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YyacTHuK: BLR-3

Oﬁmne YKazaHus

DTOT KOMITJIEKT 3aJJaHIi TEOPETUIECKOTO Typa COACPKUT 66 cTpaHUILy.
Bb1 MokeTe HaUMHATH pabOTY, KaK TOJIBKO YCIBIIINTE KOMaHay «Starty.
YV Bac ecThb 5 4acoB Ha BBINIOJHECHUE 3aIaHH.

Bce PE3YIBTATEI U OTBCTHI AOJI)KHBI OBITE AKKYpPAaTHO HallMCaHbI py‘lKOfI B CII€OHaJIbHO
OTBCACHHBIX sSyeiKax Ha CTpaHuIIax KOMILICKTA. OTBCTBI, YKa3aHHbIC BHC OTBCACHHBIX
SAYCCK, OICHUBATHCA HE 6y,Z[YT.

Ecnu Bam HE00XOAMM YEpPHOBHK, HCIOJB3YHTE OOpaTHBIE CTOPOHBI CTPAHMIl JTAHHOTO
KomIUiekTa. [loMHHTE, 4TO BCe, YTO HAXOAMTCS BHE CHELUAIBLHO OTBEJCHHBIX SYECK,
OLICHUBATbCA HE OYET.

Hcnons3yiTe TOIBKO T€ PYUYKY U KAIBKYJIATOP, KOTOPBIE BaM BbIJIaHBI.

OdunmanpHas BepcHsi KOMIUIEKTa Ha aHTIIMICKOM SI3bIKE JJOCTYITHA TI0 3aIPOCY TOIBKO JIJIst
YTOYHEHUS (POPMYIUPOBOK.

Ecan Bam HE0OX0AMMO MOKUHYTH IK3aMEHAIMOHHYIO ayJAUTOPHUIO (CXOAUTH B TyaJleT WU
MEePEeKYCUTh), MOAHUMHTE COOTBETCTBYIOIIYIO KapTouky. Habmronarens Bac CONpOBOAMT.

Eciu BBl XOTHTE HM3MEHUTH OTBET Ha BOIIPOC € MHOKCECTBCHHBIM BLI60pOM, 3aKpacCbTC
KBaApAaTHUK MOJHOCTBIO, a4 3aTEM HapHCYﬁTC HOBBIM HyCTOﬁ KBaJApaTUuK psAsaAOM C HUM.

Hab6monarens cienaer oObsBieHue, koraa ocranercs 30 MUHYT 10 OKOHYAHUS Typa.

BbI 10KHBI OCTaHOBUTH pabOTy HE3aMEAJIUTENBHO MOCIe TOTo, KaK MPO3BYYUT KOMaH1a
«Stop». Ecniu Bel He mepecraHere nucath B TeueHue 30 cekyHa, Bama pabora Oyner
aHHYJIMPOBaHA.

[Tocne Toro, Kak BbI YCJIBIIINTE KOMaHAY «Stop», MOJ0KUTE KOMIUIEKT 0OpaTHO B KOHBEPT
1 OcTaBaiTech Ha cBoeM Mecte. HabmrogaTens mooiiier, 3aKIeuT KOHBEPT U 3a0epeT ero.

YIAUM!
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Copep:xkanne

YyacTHuK: BLR-3

JlaHHBII TEOPETUIECKHUI Typ COACPKUT 9 He CBA3aHHBIX APYT C APYTroM 3amad. MIX cooTBETCTBYOIINE

0aTpl yKa3aHbl B CKOOKaXx.

3amaua T1: IloTeHIMATBbHBIN UMK U OyTaaueH
3agayva T2: [Tonyuenue Bogopoa pa3aoKeHUEM BObI
3anava T3: Xnopun cepedbpa

3anauya T4: Ot yepHOro nopoxa K OTKpPBITHIO MO/

3anaua T5: Komruiekc a3006eH30I1 — B-IUKIOAEKCTPUH IS
HaHOMAIINH

3anaua T6: Xapakrepuszamus 6J10K-comoauMepa

3amaua T7: JIBrokeHue MUKIIOB B [2]kaTeHaHE
3amaua T8: CuHTE3 M MACHTUPUKALIUS HHOSUTOB

3anaua T9: Cunres neBoOynuBaKanHa

51-aa MXO — TeopeTunyeckui Typ

(6 6amoB)
(7 6am0B)
(5 6am10B)
(7 6amoB)

(8 6ays1oB)

(8 6ami0B)

(6 6ays10B)
(6 6ays10B)

(7 6ammoB)

CcTp.

CTp.

CTp.

CcTp.

CcTp.

CTp.

CcTp.

CcTp.

CcTp.

8

14

21

27

33

42

50

56

62



dusnyecKkue KOHCTAHTHI U YpaBHEHUHA

YyacTHuK: BLR-3

B nanHOM KOMITIEKTE aKTUBHOCTH BCEX YAacTHIl B BOJHOM PAcTBOPE MPHHSTHI paBHBIMHU UX MOJISIPHOI
KOHIIGHTpauu B Mojib/I. ns ynpomeHus ¢GoOpMyn W BBIPaXCHHH CTaHIApTHas MOJSpHAs

KoHIeHTpamus C° = 1 Monb 1! onmymiena.

[TocrossnHas ABorazpo:
VYHuBepcanbHas ra3oBast IOCTOSTHHAS
CrangapTHoe JaBJCHHE:
ATMochepHOoe TaBlieHue:

Hynp o mikane Lenbcus:
[Tocrossunas ®@apanes:

Barr:

kuinoBarr-yac:

[Tocrosunas [lnanka:

CkopocTb cBeTa B BaKyyMe:
DneMeHTapHbIN 3apsia;
DNEeKTPOH-BOJIBT

DneKTpruYecKasi MOIHOCTh:

KIII:

CootHouenue [Inanka-OiHiTeiHa:
YpaBHEHHE UEATLHOTO rasa:
CBoOojnas sueprust [ mb6ca:

OtHowenune Q i peakun

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

VYpasuenue Hepucra-ITutepcona:

rie Q »3TO CcoOTBETCTBYyMOLIEE
OTHOIOCHHUE I TIOJYypCaKIn
BOCCTAHOBJICHHS

3akon Jlambepra-bepa:

Kunetnueckre 3aKOHbI B MHTErPAITHHOM
dopme:

- HyneBoit nmopsiaok:

- [lepBblii OPSIIOK:

- Bropoit nopsok:

Bpewms nonynpeBpamenus uis peakuui
IIEPBOTrO MOPsIIKA:

Cpenneuncnosas MoisipHas macca Mp:
CpenneBecoBast MossspHast Macca Mw:
WNunekc nonuaucnepcuoctu lp:
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Na = 6.022-:10%° monp *
R =8.314 JIx mons 1 K™
p°=16ap=10°IIa

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

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

1 kBr-u = 3.6-108 ]Ik
h=6.6261-10"%* Ix ¢
€c=2.998108 mc™?

e =1.6022-10 ° Kn
1 5B =1.6022-107%° Tk
P=AE x|
n= Puonessoe/ Pnpunomeﬂaoe
E=hc/i=hv
pV =nRT
G=H-TS
A/G° = —RT InK®
A/G° = —n F Ecen®
A/G = A/G° + RT InQ

o _ G

[A]2[B]®
H=pK, +1o (A ]
PH = pK, + log s

E=E°—2InQ

mpu T =298 K, = In10 = 0.059 B

A=¢le

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

In2
k
i N M;

M, = Y N;

1 1 2

M, = XiN; M;

Z]\i}’i M;
Ip = V:




YyacTHuK: BLR-3

Ilepuoanyeckas Tadauua

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
2299 | 2431 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

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

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr|Y |Zr [Nb|Mo|Tc |Ru|Rh|{Pd|Ag|Cd|In |Sn|Sb|Te| I |Xe
85.47 87.62 | 88.91 | 91.22 92.91 95.95 - 101.1 102.9 106.4 107.9 112.4 | 1148 118.7 121.8 127.6 126.9 | 131.3

55 56 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs|Bafstmn|Hf | Ta| W Re |Os | Ir | Pt |[Au|Hg| Tl |Pb| Bi |Po | At |Rn
132.9 137.3 1785 | 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 68 69 70 71
La|[Ce | Pr |Nd|Pm|Sm|Eu|Gd|Tbh |Dy|Ho| Er [Tm|Yb|Lu
138.9 | 140.1 | 1409 | 1442 - 1504 | 152.0 | 157.3 | 1589 | 1625 | 1649 | 167.3 | 1689 | 173.0 | 175.0

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac|Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf|Es |Fm|Md|No| Lr

232.0 | 231.0 | 238.0
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YyacTHuK: BLR-3

'H sIMP

XuMHYeCKHe CABUTH MPOTOHOB (B ppm (M.1.) / mo oTHomeHuo k TMC)

(heHoIBI:

CIIMPTHI:

AJIKCHBI:

aJ'IKI/IHLI - CH3—CR3 -

AMUHBI:

aMI/I)lI)I :NH—CO R:

. | _ R—CHz—OR’
E Kap60HOBI>Ie KI/ICJ‘IOTBI CH3—I\iRz: “ CH3—SiR3: B

povrucs: I esuunae CHy—Cobt. NN

110 100 90 80 70 60 50 40 30 20 L0 00

KoncranTsl cimH-cinHOBOT0 B3anMoaeicreus H-H (B ')

Tun nporoHa |Jan| (')

R2CHaHy 4-20

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

R2H.C—CR2Hp

npu cBoOoHOM BpatieHuu: < 0.1
R2H.C—CR2>—CR:zHs Bo Bcex apyrux cimydasx (’KeCTKas CTpyKTypa):
1-8

yuc: 7-12

RH.C=CRH, mpanc: 12-18

R2C=CH:Hp 0.5-3

Ha(CO)—CRHs 13

RH.C=CR—CR:Hp, 0.5-2.5

9KB = 9KBAaTOPHUaJIbHBIHN, aKC = aKCUAJIbHBIN
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YyacTHuK: BLR-3

Tadimna UK cnekTpockonumn

Tun kosiedanmii o (em?) MHTEHCHBHOCTH

ciupt O—H (BasieHTHBIC) 3600-3200 CHIIbHAA
kapOoHoBas kucnora O—H (BaseHTHBIE) 3600-2500 CHJIbHASA
N—H (BasenTHsbIE) 3500-3350 CUJIbHAS
=C—H (BaJ'IeHTHBIe) 3300 CHJIbHasA
=C—H (BaJIeHTHBIe) 3100-3000 ciabas
C—H (BayientHbIe) 2950-2840 crnabast
_(CO)_H (BaﬂeHTHI)Ie) 2900'2800 CJ'Ia6a}I
C=N (BaJieHTHBIE) 2250 CHJIbHAS

C=C (BaneHTHBIE) 2260-2100 3aBHCHUT OT COCTUHEHHUS
anpaerug C=0 (BaJeHTHbBIC) 1740-1720 CUJIbHAs

aaruapua C=0 (BaJeHTHEIE) 1840-1800; 1780-1740 ciaabas; cHiIbHAs

cinoxkHbIi 3¢up C=0 (BasieHTHBIC) 1750-1720 CUJIbHAs
ketoH C=0 (BaJeHTHbIC) 1745-1715 CUJIbHAs
amur C=0 (BaJICHTHBIC) 1700-1500 CHJIbHAS
anken C=C (BaJIeHTHBIE) 1680-1600 crnabas
apoMatnynbie C=C (BaJICHTHbIC) 1600-1400 cnabas
CH2 (nepopmaunontsie) 1480-1440 CpeHss
CHs (nedopmanmonnsie) 1465-1440; 1390-1365 cpeHsis
C—O—C (sanenrhbie) 1250-1050 CHJIbHAS
C—OH (arentie) 1200-1020 CHUbHas
NO2 (astenHbie) 1600-1500; 1400-1300 cutbHAs
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YyacTHuK: BLR-3

3amaua Bompoc 112|134 |5|6|7)| 8 9 | 10| 11 | Bcero
T1 Ouku 314|412 |3|2|2|45]25| 3| 3 33

6 0as10B PesymnbTar

3amaua T1: [loTeHUMAJbHBIN ANIUK U OyTaAHEH

®opmyny 1,3-Oyragmena wacto 3anuceiBatoT kak CH2=CH-CH=CH: c uepenyrommmucs
OJMHAPHBIMU M JBOWHBIMHU CBs3IMHU. OJHAKO, €r0 XUMHUYECKHE CBOICTBA HE COTJIACYIOTCS C
TaKoW (pOPMYIIOi U MOKA3bIBAIOT, YTO M-3JCKTPOHBI JYYIIE OMMUCHIBATH KAaK PacIpe/ieiICHHbIC
10 TPEM CBSI35M:

C—=—=C—=—C=—==C

1 2 3 4

9Ty CUCTEMY MOKHO pacCMAaTpUBATh KakK OI[HOMGpHBIfI MOTCHIUAIBHBINA SIIHK C OECKOHEYHO
BBICOKMMH CTCHKAMH, B KOTOPOM 3JICKTPOHBI ABUKYTCIA CBO60I[HO. 9Hepr1/m QJICKTpOHA B

SIMUKEe MUPUHON L Moxer ObITh ompenencHa mo ¢opmyine E, =

n?nh?

8m_Lz’ rome N — meJjgoe
e

ITOJIOXKUTCIBHOC YHCJIO.

1.

PaCCMOTpI/ITC ABC PAa3HbIC MOJCIIH, ITPCACTABIICHHBIC HHUKC. Ha[gncyﬁTe HE MCHCC, YEM II0
TPpU HUKHUX DHCPICTUYCCKUX YPOBHSA En IUIS1 KAKI0i MoJeJaHu Ha COOTBGTCTBYIOHIGIZ
AuarpamMmme. Yurure n OTpPAa3UTC OTHOCUTCIIBHOC ITOJIOKCHUC IJJICKTPOHHBIX ypOBHCfI B
pPaMKax MOACIIN U MCKIY MOACTIAMMU.

2d 3d 0 d 2d 3d

o -
O -

Mogeas 1 («i0OKaJdu30BaHHAsI»): T-AJMEKTPOHBI Moaeab 2 («IeJIOKAJIU30BAHHASD»).  T-

JJOKAJIN30BaHbLI Ha KpaﬁHHX CBA3SIX, KOTOpEBIE OJICKTPOHBI ACJIOKAIN30BaHbI 110 BCeH MOJICKYJIC,

SIBISIIOTCS AMUKAMH UIPHHOH d. KOTOpast SIBJISICTCS SIIMKOM IUPUHO#H 3d.

51-aa MXO — TeopeTunyeckui Typ 8




YyacTHuK: BLR-3

2. PaccraBbTe T-3JIEKTPOHBI 1O YpOBHSM B Mojenu | Ha mOpensiaynieil guarpamMme H
3aNMIINTE BbIPAsKEHUE JUIS TIOJHOM SHEPIHH T-CUCTeMbI B Mojienu 1 kak yHkuuio h, me

ud.

E(1) =

3. PaccraBbTe T-3JEKTPOHBI 1O YPOBHSM B MOJENH 2 Ha MpPEIbIAyLIeH AuarpaMme H
3aNMIINTE BhIPAsKEHUE JUTS TIOJTHOM SHEPIHH TT-CHCTEMBbI B MOJIeNH 2 Kak (GyHKmuio h, me

ud.

E(2) =

DHeprusi CONMpsHKEHUS paBHA MOJTHOM SHEPTHU PEaTbHON T-CUCTEMBI MUHYC TIOJTHASI SHEPTUS T~
CHCTEM HECKOJBbKMX MOJIEKYNI OSTHJCHA, COACPKAIIMX B CYMME TaKO€ J>K€ KOJIHMYECTBO
T-3JIEKTPOHOB.

4. 3anumurte BBIPDAXKCHUC IJISI SHEPIrUU COIPSAKCHUA AECOprDKCHI/I}I 6YT3.I[I/ICH3 KakK (I)YHKI_II/II/I
h, Me 1 d

AEconmeem/m -

Monenu 1 u 2 cnumkoM IIPUMUTHUBHBI. Hixe MbI MNOCTPOUM HOBYIO MOJCIIb.

5. HapucyiiTe Tpu Ipyrue pe3oHaHCHbIE CTPYKTYpbI JIbtonca GyranneHa.

CH,
HZCN

UtoO0BI yuecTb COOCTBEHHBIN pa3Mep aTOMOB yIJIepoa, TOCTPOUM Ha OCHOBE MOJIEIH 2 MOJIEITb
3 crneayromuM o0pa3om:

51-aa MXO — TeopeTunyeckui Typ 9




YyacTHuK: BLR-3

- HoBas mmpuHa sinuka paBHa L, ¢ Hayanom 1o ocu aderuce B 0 M KOHIIOM B L;
- ATOMBI yriepoaa UMEIOT KOOpAUHATHI 1o ocH adciuce L/8; 3L/8; 5L/8 u 7L/8.
JIs1st ypoBHSL N BOJIHOBas DYHKIIHS TT-3JIEKTPOHA UMEET BHUI:
2 mnx
Yo(x) = I sm( )

L

a M-3JICKTPOHHAS TUIOTHOCTH I cucTeMbl ¢ N 7T-3JIeKTpoHaMU paBHa:
N/2

p() = 2 ) i

YeTslpe T-BOJHOBBIE (PYHKIMH, COOTBETCTBYIOIIME MOJICKYJISIPHBIM OpPOUTANISAM TT-CUCTEMBI

OyTajueHa, IpUBeIeHbI HUXKE (B CJIy4ailHOM MOpsiaKe).

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

W(x)
W(x)

6. PacmoJio:xure B pAA IO BO3PACTAHUIO SHECPIruH, COOTBETCTBYIOIIHUC 3THUM UYCTBIPEM TT-

BOJHOBBIM (pyHKIMsM (EA, EB, Ec 1 ED).

7. Yxaxurte, kakue opoutanu (A, B, C unu D) 3anonHeHsl 37eKTpoHaMu B OyTalueHe.

8. B pamkax mozenu 3, mpuUBeAUTE 3HAUYEHUS T-BOJIHOBBIX (DYHKUMN Y, IS 3aHATHIX

opburaneit B Toukax 0, L/4 u L/2 qnsn =1 u n = 2, BeIpazuB ux yepes L.
51-aa MXO — TeopeTunyeckui Typ 10




YyacTHuK: BLR-3

1/)1(0) =

Y, (0) =

51-aa MXO — TeopeTunyeckui Typ
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YyacTHuK: BLR-3

9. B pamkax monenu 3, IpUBEIMTE 3HAYCHUS TT-DJICKTPOHHOH IJIOTHOCTH B Toukax 0, L/4 u

L/2.

p(0) =

10. Hapucyiite rpaduk n-3nekrponHoi ioTHocTH ot 0 10 L.

L
L
LI R U I
L
A
L
2
L
0 f------- ° * * Gl - - - - -
L 3L s 7L
8 8 8 8

51-aa MXO — TeopeTunyeckui Typ
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11. Pacnoaoxure ykazansble yriepon-yriepoansie (CC) cpssu (B1, B2,

YBCIMUYCHUA NJIMHBI, UCIIOJIB3Yd CUMBOJIbBI = UJINA <

B1:
B2:
B3:
B4:
B5:

C1C2 B monekyne OyraaueHa
C2C3 B monekyne OyraaueHa
C3C4 B monekyne OyraaneHa
CC B Mosiekysie aTaHa

CC B MoJiekyJie 3TujIeHa

YyacTHuK: BLR-3

..., BS) B nopsiake

51-aa MXO — TeopeTunyeckui Typ

13




YyacTHuK: BLR-3

3agaua Bompoc 1 2 3 4 5 6 7 8 9 | 10 | Beero
T2 Ouku 1 4 2 3 3 6 4 1 8 2 34
761108 | pesypprar

3anaua T2: IoanyyeHue BOAOPOAA Pa3I0KEHUEM BOAbI

Jlannbie:

BemectBo Hao(r) | H20(0k) | H20(T) | O2(1)
AfH° (x]Tx Momb ) 0 —285.8 | —241.8 0
Sm® (Jlx mons K1) | 130.6 | 69.9 188.7 | 205.2

Monekyssipusiii  Bogopoa  (H2) MoXeT CIyKuTh  albTEPHATHBOW  TPaAMIIMOHHBIM
YIJIEPOJACOAEPKAIIUM BHIaM TOIIMBaM. Ba)kHOM 3a1adeil ABISETCS CHH)KEHUE €0 CTOMMOCTH
Y BO3JICMCTBUS HAa OKPYXKAIOIIYIO Cpely IPU €ro Mpou3BOACTBE. Pa3noxeHue BOJAbl — OJJHO U3
BO3MOJKHBIX PELICHUH 3TOU 3a/1a4u.

1. 3anummure YPaBHCHUC PA3JTOKCHUA )KI/I,HKOﬁ BOJIbI Ha IIPOCTBIC BCIICCTBA, IPHUHAB
CTEXHOMETPUYCCKUI KOBd)(bPIHPI@HT BOJbI PaBHBIM 1.

2. HCHOHBSYSI TOJIBKO TC€ TCPMOAMHAMUYCCKHUEC JaHHBIC, KOTOPLIC NPHUBCACHBLI BBIIIC,

onpejeauTe YUCJAECHHO, SBISETCS JIU 3Ta peaKLUs TEPMOINHAMHYECKHU BBITOJTHON UK HET
npu 298 K.

PacueTsr:

Brirogna nu peakius TepMOJIUHAMUYECKHU?

O a [ Her

PaznosxeHnue BOJbI MOKHO OCYIECTBUTH C MOMOILBIO AJIEKTPUUECKOTO TOKA, UCIOJIb3Ys JIBa
3JIEKTpPOJia B KUCIOW cpese, COeNUHEHHbIe C UCTOYHUKOM Toka (puc. 1). Ily3bippku rasza
00pa3yroTcst Ha 000HX AJIEKTPOIaX.

51-aa MXO — TeopeTunyeckui Typ 14




YyacTHuK: BLR-3

(1) (2)

Puc. I — Snexmpoxumuueckas aueuxa 0Jis pazioxcenuss 600bl

3. 3anumuTe ypaBHEHHsS JJIEKTPOXMMUYECKHUX IMOIYpPEaKIMid, MPOTEKAIOUINX Ha Ka)KIOM
JNEKTPOAE.

Ha snexrpone (1):

Ha snexrpone (2):

4. Hcnonb3ys TOJBKO T€ TEPMOJAMHAMHUYECKHE JTaHHBIE, KOTOPbIE NMPHUBEIEHB! BbILIE (MIN
OTBET Ha Bompoc 2), paccuntaite AEr, - MUHMMaTbHOE HEOOXOAMMOE HAINpsKEHHUE
MEXy JIEKTPOIaMu JUIs sieKkTposin3a. IlpuBeamTe pe3ynbTaT pacueTa ¢ 3 3HaKaMH 1ocie
3anaTo. OnpejeaMTe YyCIOBHE, KOTOPOMY JOJDKHO YIOBJIETBOPATH IPAKTUYECKH
NpUIokKeHHoe HanpsikeHue AEnpuiox B CpaBHEHUM € AEreop, A7 TOro, 4ToOBI Mpolecce
pasnokeHusi OblT TEpMOAMHAMHMUYECKH BBITOJHBIM npu 298 K. BblbepuTe npaBuibHOE
yciioBue. Bee peareHThl ¥ POIyKThl HAXOSATCS B CTAHJAPTHOM COCTOSIHHUH.

Pacuer:

AErcop= ..on.n. B (c tpems 3nakamu nmocne 3ansToir)
O AEHpHHO)K = AETeop

D AEHpHJ’IO)K > AETCOP

O AEinmmK < AETeop

Ecnu 6v1 me cmoenu npouszeecmu pacdem, mo 60 6cex noazedyioumx BblYUCTIEHUAX npumume
AETcop = 1200 B
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B PE€AIBHOCTH JIA JJICKTPOXHUMHYECKOI'O Pa3jI0KECHUA BOJIbI TpCGyeTCH 0oyiee BEBICOKOE

HamnpspbkeHue. Ecnu B3saTh Pt kaTonm, To MuHUManbHO HeoOxoaumoe HampspkeHue, AEuus,
3aBUCHUT OT MaTepuaja aHoJla, KaK MoKa3aHo B TaOJIHIIC:

Anon AEyuwm (B)
| rOx 1.6
NiOx 1.7

CoOx 1.7

Fe O3 1.9

Paznuune mexny AEvun 1 AEreop mpuBoauT K cHikenuto KIIJI yerpoiictsa.

5. Hpuseaute Boipaxkenue g KIIJ[ ycTpoilcTBa 7snexrp (0J11 MOTPEOICHHONW 3HEPIUH,
KOTOpasi U3pacxo/i0BaHa Ha pa3joxKeHue Bobl) yepe3 AEqeop M AEyuy. PaccumnTaiite KI1/]
anekTposm3a Boasl 1y Pt katoma u Fe;Oz anona. Ykaskurte camblii 3 HEKTUBHBIN aHO U3

T€X, KOTOpbIE IPUBEACHBI B TAOIHIIE.

Monexrp =

KII[ snexrponusa mist Pt u Fe2O3 91eKTpos1oB, ety =

Camblit 3¢ppexTUBHBIN aHO:

Ecnu 61 ne cmoanu paccuumamy Msexrp, 015 NOCIEOVIOWUX PACUEMOE NPUMUME 1] spextp = 19%0.

AJ'ILTCpHElTHBOfI QJICKTPOJIN3Y CIIYXKHUT HPAMOC (I)OTOKaTaJ'II/ITI/I"IeCKOG Pa3JI0KECHUC BOJBI. B
HEM B Ka4YCCTBC KaTalllu3aTopa HCIOJb3YIOTCA IMOJIYIPOBOJHUKH, KOTOPBIC ICPEXOLAT B
npoBOAAIICC COCTOSHUC ITPU IMMOITIONICHUN CBETA.
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Puc. 3 —Jlesas ocv: Cnexmpanvhoe pacnpedeneHue (3a8ucumocms om OAUHbl B0JIHbL) NHOMOKA
CONHeyHo2o uznyyenus ¢ [lomox — amo uucio pomonos Ha eOuHuYyy NIOWAOU, HONAOAIOUIUX
Ha NOIYNPOBOOHUK 6 eOuHuyy epemenu. Ilpasas oco u nyHKMupHas JUHUA: UHMESPATbHbLU

nomok (m.e. 00/11 NOMOKA 8ceX (YOMOHO8 ¢ ONUHOU BOJIHbL MeHbulell OAHHOU, oM NOJHO20
nomoxa).

6. Omenure 10 rpaduKy MHUHUMAIBHYIO JOJI0 TIOTOKA COJHEYHOTO H3JIYYCHUS,
HEOOXOUMYIO JIJISl IEPEBO/Ia B MPOBOJISIICE COCTOSHUE CICTYIOUIUX HOTYIPOBOHHKOB:
TiOy, CdS, Si. IlpuBenuTe B SBHOM BHJC BBIPOKCHHS M CIMHUIBI BEJIHYHUH,
WCIIOJIb30BAaHHBIX IS BEIYUCIEHUMN.

OOmbsicHeHHe / pacuer:
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MI/IHHMaﬂLHaﬂ J0JIs1

II0TOKAa
TiO; %
Cds %
Si %

HpI/I B036}7)KI[CHI/II/I IMOJIYIIPOBOAHUKA MEHAIOTCA €I'0 3JICKTPOJHBIC ITIOTCHIHUAJIBI OKHCIICHUA U
BOCCTAHOBJICHU, TIOTOMY €TI0 MOKHO HUCIIOJIB30BATh B KAYCCTBC KAaTOAa U aHO/1a.

7. Wcnonb3ys naHHble Ha pHUC. 2, BbIOEPUTE TE€ TMOJYNPOBOAHUKH, KOTOPHIE MOMXHO
MCIIOJIb30BATh B KAUECTBE KaK KaToja, Tak U aHo/a JUIsl pa3fokeHus Bofbl. [Ipumure, 4ro
BCE YaCTHUIIbI IPH 3TOM HAXOJIATCS B CTAHIAPTHOM COCTOSIHHH.

O ZrO2 0 ZnO O TiO2 0 WOs3
O CdS 0 Fe2O3 O CdSe O Si

8. Ykaxkure IMMOJIyIIpOBOJHHUK, KOTOpBIﬁ, IIpH UCIIOJIB30BAHMH B KAUCCTBC KaK KaTo[a, TaK U
aHOJda, OKaXCTCiA Hauboee 9(1)(1)CKTI/IBHBIM Inpu pas3jio’dKCHUMW BOAbI IIPpHW 3aAdHHOM
OCBCILICHUH. HpI/IMI/ITe, 4YTO BCC YaCTHULBI ITPH 3TOM HAXOIAATCA B CTAHAAPTHOM COCTOAHHH.

B ogHOM 13 SKCIEpUMEHTOB M3ydanoch Beienenne Hz u O2 mpu 005ydeHnn moTypoBOAHUKA
conHeuHBbIM cBeToM mpu T = 25 °C u atMoc(epHOM JaBIEHUH Parw. [IpH MOIIHOCTH CBeTa
P=10xBrmM? u doroasiekTpone mromanaslo S = 16 MM?
V = 0.37 cM® Ho(T) ipH yKa3aHHBIX YCIOBHSX.

3a At=1 4ac BBIIEITNIOCH

9. Paccuntaiite KII/I 77npsv iporiecca.

Pacuer:
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Mupsm = %

Ecnu vl ne cmoznu onpedenums MNupsw, NpuMume 3uauvenue Mupsw = 10% 0ns danvhetiuie2o
pacuema.

B 3akiroueHue cpaBHUM J1Ba crioco0a MoyyeHus BOAOPo/a o1 JEHCTBUEM COJTHEUHOT'O CBETA!
npsiMoii  poTokatanmz M HENmpsIMO (HOTORIIEKTPONIU3, TPU KOTOPOM COJNIHEYHAs Oarapes
coequHeHa ¢ atekrposnzepom. KIIJ[ kommepueckoit coiHedHON OaTapen NMPUMHUTE PaBHBIM
Hcomn.6ar. — 20%.

10. Cpasuure KIIJ] 1ByX crocoOGOB, 7Jupsv M uenpsv, IPH HCIIOIB30BAHUM DIEKTPOJIOB W3
Fe2O3 u Pt nns snexkrponusa.

Pacuer:

O Nupsv > Muenpsv O Nnpsm ~ 1] menpsm a Nupsv < 7] wenpsam
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Bomnpoc 1 2 3 4 5 6 7 8 9 10 | 11 12 | Bcero
3amaua

T3 Oukn 1 3 3 3 4 2 7 2 2 3 4 6 40
5 6as10B

Pesynprar

3apaya T3: Xuopua cepedpa

CnpaBo4Hble JaHHbIE /15 TemnepaTtypbl 298 K:

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

Koncranra ycroitunBoctu komiiekca [Ag(NHs)a]*: B = 1072

DJIeKTPOIHBIC MOTEHIIMATIBI OTHOCUTEIBHO CTAHAAPTHOTO BOIOPOIHOIO 3JIEKTPO/IA:
Crangaprabiii norennuan aus Ag/Ag(te): E°(Ag*/Ag(te)) = 0.80 B

VYenosueiii morennuan Oz(Boan)/HO (Boan) (B mopckoii Bozae): E'(O2(Boan)/HO (Boan)) =
0.75B

Yacrtp A: llutaTs! u3 gekuun I'eit-Jlroccaka

[IpuBenennrie manee nurtathl U3 jgekuuu ['eit-Jlroccaka (ppaHiry3ckoro XxuMmuka U (QuU3HKa,
1778-1850) onuchIBatOT HEKOTOPHIE CBOMCTBA XJIopUaa cepedpa.

Hurara A: “Ceituac s pacckaxy o XJIOpHae cepedpa, KOTOPbIN MPeCTaBIseT COO0M MOJIOYHO-
Oenoe TBEp10€ BEUIECTBO. JJaHHOE BEIIECTBO MOXKET OBITh JIETKO MOJIYYEHO MMyTeM 100aBIeHUS
COJISTHOM KHCIIOTBI K BOAHOMY pacTBOPY HUTpaTa cepedpa’.

Iurara B: “/lanHast conb HE UMEET BKyCa, TaK Kak SBJISIETCS HEPACTBOPUMON ™.

Iurara C: “/lanHoe coequHeHne aOCOIIOTHO HEPACTBOPUMO B CIIMPTE U JIaXKe B KUCIIOTAX, 3a
HCKJIIOU€HHEM KOHIIEHTPUPOBAHHON COJISTHOM KHCIIOTHI, B KOTOPOM OHO JIErKO pacTBoOpsieTcs”.
Hurara D: “C apyroii cTopoHsl, XJI0puj cepedpa XOpOoILIO pacTBOPUM B BOJIHBIX pacTBOPaxX
aMMuaka’.

Hurara E: “3arem Mbl MOXKEM BHOBb OCAJUTh XJIOPU cepedpa MmyTeM J00aBIeHUs] KUCIIOTHI,
KOoTOpas OyAeT B3auMoJIeiiCTBOBaTh C aMMHUAKOM .

Hurara F: “Ecnu ynapuTh MOPCKYIO BOJY B CEpEOPSTHOM THUTJIE, TO MOTYIUTCS XJIOPU HATPHS
B CMECH C MOJIOYHO-O€JIBIM TBEP/ABIM BEIIECTBOM.”

1. Jns uuratel A: 3anumure ypaBHeHue peakiuu cunre3a AgCl(TB).

2. Jlna uuratsl B: PaccunTaiite pacteopumocts (S) AgCI(TB) B Boae npu 298 K B monb 1 2.

Pacuer:

S= MOJIb J1
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3. Jlna muratrel C: B pacTBOpax ¢ BBICOKOH KOHIIGHTPAIMEH XJIOPHI-HOHOB 0Opa3yercs
KOoMILIeKC co ctexuometpueit 1 : 2. Huxe npuezaena mkana PCl 6e3 maciirada (3HaucHus
pCl yBenuumBaroTcsi ciieBa HampaBo). IloMecTHTe B KaXAYyH0 O0JIACTh IIKAJIBI
npeobianaronyo popmy cepedpa (MOHOB WM TBEPJBIX YACTHI]). YKa3bIBaTh 3HAYCHUS
pCl Ha rpanunax obnacreit He TpeOyeTcs.

.
-

pCl = —log[Cl—]

Jins umuratel D: mpu nobGaBneHuM pacTBopa aMMuaka K XJOpUAy cepebpa obOpasyercs
KOMIUIEKC C N MOJIEKyJIaMUd aMMHUaKa.

4. 3anuummMre ypaBHEHHE PEAKIMU, KOTOPask COOTBETCTBYET CHHTE3y Komiuiekca [Ag(NH3z)n]*
U3 XJIopHa cepedpa, 1 paccunuTaiTe COOTBETCTBYIOIIYIO KOHCTAHTY PABHOBECHS.

YpaBHEHHE peakyu:

Pacuer:

Ecnau Bam ne yoanoce paccuumamo 3nauenue K,
ucnonvzyiime eenuuuny K = 1073 npu nocneoyiowux sviuucnenusx.

5. K cycnensun 0.1 monb xnmopuna cepedpa B 1 1 Boabsl 100aBIAIOT aMMHUAK JI0 MOMEHTa
MCUYE3HOBEHHUs TBEPOTO BemecTBa. B 3TorT MomenT [NH3] = 1.78 monb 1 1. Onpeaenunre
CTEXHOMETPHUIO 00pa3yIoIIerocsi KOMILIeKca, mpeHedperas pa30aBieHUEM.

PacuerTsr:
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n=

6. 3anummTe ypaBHEHHE peaKLUH, KOTOpas OomnHcaHa B nurare E.

7. Mopckas Bojia 061agaet cnabouielouHoi peakiueit u odoraiieHa Kuciaopoaom. B naHHbIX
YCIOBUSX METANIMYECKOE CEpedpOo MOXKET BOCCTAHABJIMBATH KHUCIOPOJ. 3ANMIINTE
yYpaBHEHHE XHMMHUYECKOH pEaKIiH, KOTOpas COOTBETCTBYET OOpa30BAHMUIO TBEPIOTO
BEIIIeCTBA, yoMsiHyToro B muTare F. [l Kuciopona crexuoMerpruieckuii KodOUIMEHT
J0JKEeH ObITh paBeH 1. PaccuuTaiiTe KOHCTAaHTY paBHOBECUS Ui JAHHOW PEaKIUH MpU
298 K.

YpaBHEHHE peakyu:

PacuerTsr:
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Yacrs B: Merox Mopa

Meton Mopa OCHOBaH Ha KOJOPUMETPUYECKOM THTpOBaHWH XJopua-uoHOB (Cl') monamu
cepebpa (Ag") B mpucyrcTBun xpomata kamus (2K*, CrO4*"). Tpu xarmu (0.50 mi) pactBopa
K2CrO4 ¢ koHIIEHTpanuen 7.76-1072 mMomb 1+ no6asisior K Vo = 20.00 Mt pacTBopa XJIopuaa
HaTpust Hen3BecTHOU KoHLeHTpauu Ccy. [lonydeHHbI pacTBOp TUTPYIOT paCTBOPOM HUTpATa
cepebpa (Ag", NOsz) ¢ xounentpanueii Cag=0.050 Mons 1l wuro mnpuBomur K
MOMEHTAIFHOMY BBIMIAJIEHUIO Ocaaka TBepaoro BemectBa A. KpacHelii ocagok (TBepaoe

BemecTBo B) mosiBiisiercst ipu Vag = 4.30 Mot

8. 3ammmmre YpaBHCHHA OBYX peaKuHﬁ, KOTOPBIC MPOTCKAOT B JAHHOM 3KCICPUMCHTC.
BuIuMcaIMTE KOHCTAHTHI PpaBHOBECHUS JAHHBIX peaKI.IHfI.
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9. Hanummte hopMyJabl TBEPABIX BelIecTB A u B.

TBepaoe BemecTBo A:

TBepnoe BemecTBo B:

10. PaccumTailiTe HEM3BECTHYIO KOHIIEHTpAIUIO XJopuia-uoHoB Cci B pacTBope XJopuia

HaTpUAL.

PacuerTsr:

Cc = MOJTb JT *

Ecnu Bam ne yoanocs nonyuums omeem,
ucnonv3ytime eenuuuny Cci = 0.010 monw 1 npu nocredyowux evruucieHusx.

11. PaccunTaiiTe MUHUMAJIbHBIH 00beM Vag(MHH), HEOOXOIUMBIH Il TIOSBICHHS OCaJIKa
AgCI(TB).

PacuerTsr:

Vag(Mun) = MIT

25
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12. PaccumTaiiTe octarounyio KoHIeHTparu XJIopua-uoHOB ([Cl Jocr) B MOMEHT, KOrja
HaunMHaeTcss oOpa3zoBaHME ocaaka xpomara cepeOpa. CpaBHEHHEM [JBYX BEITHYUH
obocnyiite, mouemy CrOs>  sBisieTcss TOAXOMAIIMM HHAMKATOPOM JUIS OIpeelIeHHs
KOHEYHOU TOYKH TUTPOBAHMUS.

PacuerTsr:

[ClToer = MOJTb JT

CrO4* sBaseTcs MOIXOIAINM HHAMKATOPOM KOHEYHOH TOUKH TUTPOBAHHUS, TAK KaK
(cpaBHUTE BEIMYUHBI):
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3anaua Bompoc 1 2 3 4 5 6 7 8 Bcero
T4 Oukn 6 9 8 5 6 2 2 12 50
76a110B | pesyiyrar

3agauya T4: OT 4epHOro MOPOXa K OTKPBITHIO HOAA

B 19 Beke ¢panmysckuii npeanpuauMarens b. Kyprya 3anumancs moiaydenuem HuTpara A
(MA(NO3)m), wuCHmonbp3yeMoro B IPOM3BOJACTBE YEPHOTO Iopoxa. IlepBoHAYaILHO
UMIIOPTHPYEMBIN U3 A3um, A Hadalx B OCIEACTBHH TPOu3BoanuTh u3 HuTpara B (Mg(NO3)n)
oOMeHo# peakiuelt ¢ coequaeHreM C, momydaeMbIM U3 BOAOPOCICH.

1. YcranoBure dopmynsl HuTparoB A u B, mpencraBnsromux coboil 6e3BOAHBIE COIU
LIEJIOYHBIX WM LIEI0YHO3eMENbHBIX MeTauloB (Ma u Mg). O0pa3zer 01HOro U3 HUTPATOB
conepxut He 6oree 1 % mo Macce He CoAepKAIIUX METAJUTBI PUMeEceH, a 00paselr BTOPOro
HuTpaTa coaepxut 9 £ 3 % mo macce Takux npumeceid. MaccoBas nonst metaia Ma B
0JIHOM U3 00pa3noB paBHa 38.4 %, a maccoBas 107 Metaia Me B ipyrom o0Opasiie paBHa
22.4 %. IlonTBepauTe CBOI OTBET BHIKJIAJAKAMHU U PACYETAMM.

A: B:
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st monmydenust A K pacTtBopy, cojepkamemy 442.8 T BemectBa B, B3siTOMYy B H30BITKE,
npubaBmim TBepaoe BemiectBo C maccoit 262.2 r. Ilpu stom obpazosanoce 190.0 r Gemoro
ocaaka D, koropsiii Obi1 ymaneH ¢uibTpoBaHHeM. DUIBTpaT BBINAPUIM, a MOJYyYCHHYIO
TBEPYI0 cMech E HarpeBanu 710 TeX 1mop, moka Macca ocTaTka (CoIeprKaliero TojIbKO HUTPHUTHI,
NO2") ne nepecrana u3MeHATHCS. [Ipr 3TOM €MHCTBEHHBIM ra3000pa3HbIM MPOIYKTOM OBLI
kucnopoa oosemom 60.48 1 mpu 0 °C u 1 aT™ (cumTaiiTe KUCIOPO UACATHLHBIM T'a30M).

2. PaccumrajliTe MaccoBble [0JM KOMIIOHEHTOB B cmecu E, cocrosimeil Tombko u3
coenuHeHuil A u B, u He coaeprkamieil Hukakux npumecei. [Ipu cuHTe3e nenop30BaIOCh
yucToe 6e3BoaHOe BemecTso C.

Briknagku u pacuersl

w% (A): w% (B):

3. YcranoBure QGopmynsl coequHenuid C u D, a Takxke 3anMiuuTe ypaBHEHHE PEaKIUU
mexny B u C.

Briknagku u pacuCThL
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Peakuus mexnay B u C:

B 1811 rony, pabortas c¢ 3omoif Bomopocneil, KypTya 3amerusn, uyTo MeIHBIE COCY[bI
W3HAIIMBaIOTCS ObIcTpee, yeM 00blYHO. Kora oH m3yuan 3To siBJ€HHE, ero KOIKa BOILIA B
71a00paTOpHI0 M MPOJIWIIA PACTBOP KOHIIEHTPUPOBAHHOM CEPHOM KUCIIOTHI Ha CyXYHO 301y
Bosiopocieil. [Ipu 3ToM HeMeJIeHHO BBIIETUIIUCH (PHOJIETOBBIE aphl (peakius 1, B Hell cepHas
KHCJIOTa siBisgeTcs okucautenaeM). Tak Obu1 oTKphIT nox 2! Moa 6611 npruunHON KOPPO3UH MEH
(peaxkumst 2). IlpumeHeHue wuoAa B MEIMIMHE MMO3BONWIO KypTya OTKpBITH HOBOE
MPOM3BOICTBO TI0 €r0 MOYYCHHUIO ICHCTBUEM XJIOpa Ha BOJIOPOCIH (peakius 3).

B macrosimee Bpems uon moiydaror, ucnoibdys NOz', I, H (peakuus 4) wim 103, I°, H*
(peakitus 5).

4. 3anuuiuTe ypaBHEHHS A7 peakuuii 1-5.

1
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PacTBOoprMOCTH HO/1a B BOJIE OUE€HDb MaJla, HO PE3KO BO3pacTaeT MpH AJ00aBICHUN NOJUI-HOHOB.
[Tpu 5TOM 00pasyeTcs TpUUOAUI-HOH [3™:

I"(BoxH.) + I2(BoaH.) = I3 (BoaH.) (6)
PaBHoBecue (peakmmst 6) MoOKeT OBITh HW3YYEHO C WCIOIB30BAaHUEM OKCTpakiuu Ip
nuxyopmeraHoM. Monel I” u I3~ He pacTBOpMMBI B OpraHMY4eCKOM pacTtBopurene, a Iz
pacTBOpUM XOpOWIO M TMpPH HKCTPAKUUU €ro JAUXJIOPMETAaHOM, €ro KOHIICHTpauus B
IUXJIOpMeTaHe B 15 pa3 npeBbllaeT KOHIIGHTPALUIO B BOJHOM PacTBOPE.
beut mpoBeneH clieqyromuid dKCrepuMeHT. McXomHbIi pacTBOp OBUT MPUTOTOBIEH ITYyTEM
pacTBopeHus: Kpucraumueckoro ona B 50.0 Ma BogHOro pactBopa, cojepxkaiero 0.1112 r
nonuja kanud. K ucxognomy pacrsopy godasmiu 50.0 Mi1 1UXJI0pMETaHa U CMECh TILATEIBHO
nepeMeInany 0 ycraHoBieHUs paBHoBecus. Ilocie pasnmenenus ¢a3 kaxaas U3 HEX ObLia
OTTUTPOBaHA B MPUCYTCTBUU KpaxMmaja, Ha 4yTo noTpedoBanoch 16.20 M (111 opraHu4YecKoi
da3er) 1 8.00 M (s BoaHO# (a3sl) craHaapTHOro pactBopa, B 1,000 1 KOTOPOro COmepKUTCS
149080 r mnenrtarumparata TUOCydb(paTa HaTpus. Bech JKCIEPUMEHT CXEeMaTHYECKH
MIpe/ICTaBJICH HIKE:

S,04% nobasunum
2 4 Kpaxman 6 TUTpPOBaHue
MoYTU A0 TOYKU 0 KOHua
3KBUBAJIEHTHOCTU \
Pasgenenne sonwas hasa 8
. +CH,CI
NcxoaHbii 22 Pa3
pacTBop
opraHuveckasi asa 9
Jobasunu
2-
3 S205 Kpaxman 7 TUTpOBaHWe
_ >
noYTU A0 TOYKN 'D'O KOHLla
3KBMBANeHTHOCTU
{ = f { “ 4 {
FOJ’Iy6OI71 TeMmuO Kopuunessrit
Kopwu- CHHMI Tonms TeMHO
HEBBIN Pozossiit brosteToBHIi (uoneToBbIH
/ < f F S {
becuser- XKenrosatsrit Kento- BecuBeTHBII
HbIN Po3oBbiii BaTbIH BecuBeTHmE;
J J

f g h i

5. YCcTaHOBHTE COOTBETCTBHE MEX Iy HOMepoM cMmecH (1-9) Ha BepxHeii cxeme u OyKBo# (a—
I) Ha PHCYHKE.
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o0o3Hayaromas
CTaKaH
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6. IlpuBeauTe ypaBHEHHUE JBYX BO3MOXKHBIX peakUUi B BOJHOW (paze, MPOTEKAIOMIMX IMPH
TUTPOBAHUH, C YYaCTUEM HOJa U TUOCY/Ib(aTa HaTPHSI.

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

Brraucinenns

m(l2) =

8. PaccumTraiiTe KOHCTaHTY paBHOBecus K° st peakuu (6).

Brruucinenus
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KO
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3amaua
T5
8 6as10B

Bomnpoc 2 10 | 11 | 12 | Beero
Oukwu 3 4 2 2 2 41
PesynbTar

3apauya TS: Kommiexkce a300eH30.1 — B-IIUKJI0AEKCTPUH A5
HAHOMAIIIUH

HaHoMammHbl - 3TO MOJICKYJISIpHBIC YCTPOMCTBA, KOTOpPBIE IO3BOJIIOT NpPeoOpa3oBHIBATH
SHEPTHIO B IBIYKCHHE, HAIPUMED, ISl IOCTABKH JIeKapcTB. MHOTHE HaHOMAIIUHBI HCIIOTB3YIOT
n3omepuzaruio azocoeauHeHuit (R—-N=N-R’) nmpu o6ayuenun.

1. H3obpaszure crepeomsomepsbl azobenszona (HsCe—N=N-CesHs) u mpoBeamre B Kaxaoi
MOJICKYJIE JIMHUIO MEXAYy JIByMs CaMbIMU YyJQJIEHHBIMH aTOMaMy YIJepoJa B 3TUX
Mosiekyitax. CpaBHUTE ATHHBI OTUX JUHUH (Orpanc U Oiuc), TOCTABHUB 3HAK “O0JIbIlE” HIIN

“meHbIIe”.
mpanc- yuc-
CpasHeHue: Olrpasc Ol
NH,
COCH
A\
/ N N \\\N (o)
HOOC COOH
M
™~
N
| ] a

Puc. 1 — Bozmooicnvie peacenmoi 0ns cunmesa M.

2. Coenunenne M MoxeT OBITH CHHTE3MpPOBAHO B JIB€ CTAIUU U3 IMPOCTHIX PEareHTOB
(puc. 1). Cpenu nupemtokeHHbIX peareHToB (or N 10 Q) BbIOepHTE Te, KOTOpHIC
MO3BOJISIIOT MOJyd4aTh M C O4YEHb BBICOKOM pErMOCENeKTUBHOCTBHIO. HUTpUT HaTpus
(NaNO2) B X0J0AHOM BOJHOM PacTBOPE COJSHON KHCIIOTHI HCIIONB3YETCS B KaueCTBE
peareHTa Jijisl IEPBOM CTaIMK 3TOTO CHHTE3a (YKaKUTE OyKBHI)
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PearenTsr: u

Onpenesnenne KOHCTAHTHI ycToHYNBOCTH Kt

B-uuknonexctpu (C, puc. 2) sIBIseTCS HUKIMISCKHUM FelTaMepOM [ITFOKO3bI, KOTOPBII MOXKET
00pa30BBIBATH KOMILIEKCHI BKIIOUYCHHS C 230COSAMHCHUSIMH. B TTyHKTax ¢ 3 10 6 ¢ TOMOIIIBIO
CIIEKTPOCKONIMM OyIeT oOmpelelieHa KOHCTaHTa ycroWduBocTH Ki —COOTBETCTBYROILAS
o0pa3zoBaHMi0 KoMIUTeKca BKIIOYEHUS! CMrpane, KaK MoKa3zaHoO Ha pHC. 2.

CM

C M rpanc TpaHC

Puc. 2 — Obpazosanue xomnnexca exaoueruss CMrpanc.

Bbi1 mpuroTOBNIEH psAZl pacTBOPOB MyTeM cMmemieHuss pacTBOPOB C u Muipane B pasHbIX
HpOMOPIHsIX. B MOMy4YeHHBIX pacTBOpax HadvalbHbIe KOHICHTpaimu ctamu paBHbl [Clo u
[M1panc]o. B npuroroBnennbix pactBopax [ Mupanc]o omuHakoBo st Beex, a [Clo - BapbupyeTcsi.
[Tpu ¢pukcpoBaHHOH AJTMHE BOJIHBI U3MEPSUTH U3MEHEHHE Pa3HOCTH MOTIOMEeHusT AA MexIy
MOTJIONIEHUEM Ka)XKJIOTO M3 MPHUTOTOBJIEHHBIX PACTBOPOB M TOTJIOMIEHUEM PAacTBOpA YUCTOTO
Mipane. Bynem o6o03nauats mMossipuble ko3¢ duienTsl noriomeHust CMapane 1 Mipane Kak
€CMrpanc M EMmpanc COOTBETCTBEHHO. L - /uIMHa omTuWyeckoro myTH Jiyda depe3 oOpasel.
[Tornomenuem C (¢C) MOXHO TpeHEOPEYb.

3. Hoxaxure, uro AA = o[CMripanc] ¥ BbIpa3uTe o Yepe3 U3BECTHYIO
KOHCTaHTY(KOHCTaHTHI).

Briknagku:
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4. Ilokaxwute, uro, korja C HaxoauTcs B OONBIIOM M30BITKE MO OTHOMEHUIO K Mipane (TO
ectb [Clo >> [Mipanc]o), konnenTparuo C MoxxHO cunutaTh nocrosiauoit, [C] = [Clo.

Brixinagku:.

5. Hokaxure, uro, eciau KoHueHTpamuss C cwipHO mnpeBbmaeT Muipane (TO ecTb

[Clo >> [Mipanc]o), To AA =« - % U BbIpa3uTeE [ uepe3 MOCTOSHHYIO (TIOCTOSIHHBIE)
t° 0

Y HAYaJIbHYIO (HaYaIbHBIC) KOHIIEHTPALIMIO (KOHIICHTPAIIUH ).

Briknagku:
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6. Omnpeneante K: ¢ MCHOIb30BaHUEM CIEAYIOMICH YKCIIEPUMEHTATBLHOM KaTuOPOBOYHOM
npsimoii (puc. 3).

20 -
15_5 Z (1000, 17.2)—___
163 -
14 3
12 3

10 3 -

1/AA

TSY100;4.2)

0 F El'.l]lﬂ | 4;]'[! | ﬁEIlD | EEIHI} | 1l]IEID
1/[C], (7/M0.1B)
Puc. 3 — 3asucumocmo 1/A4 om 1//C]o.

Briknagku u pacyeTsl:

Kt =
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OmnpenesieHne KOHCTAHTHI yeTouuBocTH K

B nynkrax ¢ 7 mo 9 Bam mpeAcTOMT OINMpPEAETHTh C MOMOIIBI KHHETHUYSCKHX JAHHBIX
KOHCTAHTy YCTOMYHUBOCTH K¢, COOTBETCTBYIOIIYIO OOpa30BaHHMIO KOMIUIEKCA BKIIFOUCHHS
CMuuce 13 Mume. Ob6pasen, conepxkammmii TOIEKO Mipane, 00Ty4aroT CBETOM, MONTydasi, TAKUM
0o0pa3oM, H3BECTHOE KOJUYECTBO Muue, KOTOpOe OyaeM o00o03HauaTh KakK [Muuc]o.
Oo6pazoBaBmuiics Muue (CBOOOAHBIH WIM B COCTaBe KOMIUIEKCA BKIIIOUEHUS) 3aTEM
TepMuuecku uzomepusyercsi B Murpane. B orcyrctBue C m3omepuzamusi ONUCHIBACTCA
KMHETHKOW TIEPBOrO  TOpsiiKa €  KOHCTaHToW ckopoctd Ki.  Bce  paBHOBecus
KOMILJIEKCOOOpa30BaHMsl SBIISIIOTCS  Ooyiee OBICTPHIMH  Y€M MPOLECCHl  M30MEpH3aLUH.
Kunerndeckast cxema, COOTBETCTBYIOIIAs ITOMY SKCIICPUMEHTY, MIpEICTaB/IcHa Ha puc. 4.

M
COOH
COOH
C M e CMuac
er.‘
C+M IHC " = CM ITHC
ki ks
hrl
C + l.IT]]ﬂ.I'[G = Ci‘l TpaHC

Puc. 4 — Kunemuueckas cxema uzomepuzayuu Muue 6 npucymcemeuu C.

CxopocTs pacxomoBaHus I' o011ero koaudecTBa Mume (CBOOOTHOTO U CBSI3aHHOTO B KOMILIEKC)

onpejienseTcs Kak:
r= kl[Muuc] + kZ[CMuMc].

BKCHepI/IMeHTaJ'II)HO I' OIHMCBIBACTCS KHMHETHYCCKHM YpPaBHCHHMEM IICpPBOTO MOpsakKa C

Ka)XYILEHCs KOHCTAHTON CKOPOCTH Kobs:
r= kobs ([Muuc] + [CMunc]).
+8k2[C
7. Ilokaxute, 4Yto Kkops = V1+K—?([:]] U BbIpaduTe Y U J Uepe3 U3BECTHYIO
C
KOHCTAHTY(KOHCTaHTBI).

Brikmagku:
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8. BblGepure, B KakoM(-UX) yCIOBUH(-5IX) IEPUO/I MOTYIpeBpaIeHus tiy,

In2

COOTBETCTBYIOIIMH Kobs, MOJKHO BBIPA3UTh KaK L1/, = 5 (1+ K.[C]p), cunras,

410 [Clo >> [Muuc]o. OG0cHYIiTE CBOI OTBET COOTBETCTBYIOIIMMH BBIKJIAIKAMH .

o000

Briknagku:

Ouenp MeuIeHHas nzoMepu3aus Muue B IIUKIOJEKCTPUHE
Odenp MeIeHHAs U30MepH3aIis cB0OOIHOTO Muuc
CMuuc SBISIETCS OY€HDb CTAOMIILHBIM

CMpanc ABIIIECTCS OYCHBb CTAOMIILHBIM

9. [Ilpenmonaras, 4To ycIoBUE(-Hs) B ITYHKTE 8 BBITIOJHACTCS(-FOTCS), C IIOMOIIBIO JTMHEHHON
perpeccun omnpeneaure Kc, ucrmonw3ys JgaHHBIE HWKE. Bbl MOXETe HCIOJIB30BATh

KaJIBbKYJIATOP WU MOCTPOUTH TpaduK.

[Clo (Momb 1Y) tw2 (¢) [Clo (Momb 1Y) t12 (¢)
0 3.0 3.0-107° 5.9
1.0-107* 3.2 5.0-107° 7.7
5.0-10* 3.6 7.5-1073 9.9
1.0-107° 4.1 1.0-1072 12.6

51-aa MXO — TeopeTunyeckui Typ

38




YyacTHuK: BLR-3

YpaBHEHUE TMHENHON PETPECCUN:

Kc:
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HanomammHubl
9 .
;:" r" :
g N F N s
; . '-'Tl' I‘._"—:' \I
— L
. fEmB . A
£ - 2) (C) f M F; < J
. . VAN D288 TH
j" .H"/r"\‘ \‘_. ) _F'/ - l? :ISF - .’._‘l
5 f/ L
*-_, azobenzoa (Tpanc)
*1 azobenzo. (mHC) .
Puc. 5 — Paspywenue KoMNIeKca GKIOYEHUs aA300eH301-YUKIOOEKCMPUH, Bbl36AHHOE

pomouszomepuzayueti, 015 00CmMasKu Kpacumeis (NOKA3aHHO20 8 8UOE CEPBIX KPYIHCKOB).

Jlpyroe mpousBoaHOoe azobeH3oma (st kotoporo Ke << Ki) B mpanc-popme, KOBaJICHTHO
MPUBHUTO HA JUOKCU KpeMHUs (puc. 5). [lopsl AHOKCHAAa KpEMHHS 3alIOJHEHBI KpacUTEIeM
(pomamuH B, cepbie kpyxku Ha puc. 5). [Ipu no6aBnenuu C 06pa3yercsi KOMITJIEKC BKIIOUEHUS,
KOTOPBI OJIOKHPYET TIOPBI U IPEIOTBPANIACT BEICBOOOKICHNE KPACHTEIIS.

10. Boibepute Hanbosiee MOAXOAAIIEE YCIOBHE (TOJBKO OJHO), YTOOBI MOPHI M3HAYAIILHO
Os10KkHpoBanuck B npucyTcTBUM C, U KpacUTEIb MOT BBICBOOOXK1aThCsl IPU 0OJTyUEHUH.

Ki>>1
Ki>1uKc<<1
Ki/ Ke<<1
Ki>1uK¢>1
Ke<<1

OO0O00O0

[Topomok AuoOKcHIAa KPEeMHHS C TPUBUTHIM KOMILIEKCOM a300€H30J-IUKIONEKCTPUH U
3aMOTHEHHBIMHU KpacUTElleM MOpaMH, TOMEHIAl0T B yroll KIOBETH (puc. 6) TakuM o0pas3om,
YTOOBI MOPOIIOK HE MOT MepeiTu B pacTBop. [Toporiok 00ay4yaroT Npu JIMHE BOJIHBI A1, YTOOBI
BBI3BAaTh BBICBOOOXKIEHHE KpacuTens u3 mop (puc. 5). UToObl KOHTPOIUPOBATH 3TO
BBICBOOOXK/IEHUE C TIOMOIIBIO CIIEKTPOCKOMHU, U3MEPSIOT MOTJIOIIEHNE pacTBOpa Ha JJTUHE
BOJIHEBI A2.

270 nm 330 nm 550 nm

| J‘

v, Cc )
hv, | .

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

Puc. 6 — Cnesa: sxcnepumenmanvras ycmaHno6ka, Ucnonv3yemdas OJist KOHMpois
8b1C80002ICOCHUS KpACUMeNs, CNpasa. CReKmpbl NO2IOWeHUs MPAHC-A300eH301a (CHI0WHAs
JUHUSA), YUc-a300eH301a (TUHUS MOYKAMU) u pooamuna B (nynkmupras aunus).
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11. Onpeaeante 1.

YyacTHuK: BLR-3

1= HM

12. Onpeaeaure /2.

A2 = HM
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3agaua Bompoc 1 2 3 4 5 6 7 8 9 Bcero
T6 Ouxkn. 4 4 5 3 10 2 9 6 5 48
8 6auion Pesynbrar

3agaua T6: Xapakrepusauus 0JI0K-comoJIMMepa

bnok-cononmmepsl, moiydyaembple IMyTEM CIIUBKHM pa3HBIX MOJIUMEpOB (OJI0KOB), 00sagaroT
YHUKaJbHBIMH CBOWCTBaMH, HAalpHUMEp, CIOCOOHOCTBIO K CaMOCTOSTENBHOW cOOpKe B
HAJMOJIEKYJIIpHbIE CTPYKTYpBL. B nanHOl 3a1aue paccMaTpuBaeTcs CUHTE3 U XapaKTepu3anus
TaKOI'0 IOJUMEpA.

H3yuyenue nepBoro 6,10ka

o)
H2N/\’< \/>OCH3
n

1

B oroifi wactTh MBI U3y4MM BOAOpPAacTBOpUMBIA romomoiumep 1 (a-meTokcu-m-
AMUHOTIOJIMATUIICHTJIUKOJIB).

B cnexrpe *H SIMP coequnenns 1 (JIMCO-ds, 60 °C, 500 MI'11) HaGmoaroTCs ClIeayonue
CUTHAJIBL:

HNupexe | o (m.a.) HNHTerpajbHasi HHTEHCHBHOCTD
a 2.7* 0.6
b 3.3 0.9
c 3.4 0.6
d ~3.5 133.7

Tabnuya 1, *¢ npucymemeuu D20, cuenan npu 2.7 m.0. ucuesaem.

1. Coornecure curnansl B 'H SIMP cnextpe (a, b, ¢, d) u3 Tabmuupl 1 ¢ KaxasM u3
MIPUBEICHHBIX HUXKE MPOTOHOB.

o o o oU

H

H H H H H ]
L e
/ " ]
H H HH H

O OO0 O

2. BbIpa3uTe Cpe[HIOI CTEMEHb MOJUMEpU3alMk N Kak (QYHKIUIO HHTErPabHON
unteHcuBHocTH curHasia OCyHs (AocoH4) TOBTOPSIIOIIETOCS 3BEHA W WHTETPATBbHOM
untencuBHoctH curaaiga OCH3 (AocHs). Beruncaure n.
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n=

Ecnu 6am ne yoanoce natimu n, vt Modxceme ucnonvbzosams snavenue n = 100

80 6CexX NOC1e0YIWUX NYHKMAX OAGHHOU 3a0ayl.

I/I3y'{e}me COImoJIMMEpa, NOCTPOCHHOT'0 U3 IBYX 0JI0KOB

CunTe3 BTOporo OJOKa COMONKMMEpa MPOBOIUTCS B XOJI€ peakuuu coeaumHeHuss 1 ¢
coenuHenneM 2 (e-(OeH3mIOKCHMKapOOHMW)-TM3uH N-KapOOKCHaHTUAPHI), B pE3ylibTare
KOTOpO# 00pasyeTcst 010K-conmoaumep 3.

e
BUUN I o' Nt
N NH\H/O s
oﬂ\o 8
o)

2: C15H;5N505, 306.3 g mol™” 3

NHCbz
1
Cha. ©ﬂo s;

3. HapucyiiTe cTpykTypHYyI0 (opMyny WHTepMenuaTa peakiiu, KOTOpbIi oOpa3yeTcs Ha
nepBoil ctanuu npu ao6asiaeHun 1 k 2. YuTurte, yTo B X0Jie BTOPOH CTAAMU BBIJEIAETCS
ra3 G. Hapwucyiite cTpykTypHyto ¢popmyny G.

§ NH o\/©
H2N/\’<OV>\OCH3 + O:<NI\/\/ \[( . ?
1 " 0N . 0

NHutepmenumar
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4. XapakTepH3alul COEIWHEHHH YacTo mpoBoaaT mo uHdpakpacHbiM (MK) crmekrpam.
Cootnecute Tpu MK criekTpa, mpeacTaBIeHHBIX HIXKE, C coeuHeHusMHA 1, 2 u 3.

100
80 CoeauHeHue:
§ 60
40 1 0O2 O3
20
4000 3500 3000 2500 2000 1500 1000
o (em™)
100 ~
50 CoeauHeHue:
= 60
X 4 01 0O2 O3
20
4000 3500 3000 2500 2000 1500 1000
a(mn*l)
100 L
o0 w CoeauHeHue:
= 60
X 40 O1 0O2 O3
20
4000 3500 3000 2500 2000 1500 1000
o (em™)

5. 'H SIMP-cnextp comommmepa 3 (JIMCO-ds, 60 °C, 500 MI'm) npuBeneH Ha puc. 1.
M crionp3yst HEKOTOpBIE HITH BCE CUTHAITBI, MHTETPajibHAst HHTEHCHBHOCTH KOTOPBIX yKa3aHa
B TabyuLe 2, paccuuTaiiTe CpeAHEUNCIOBYIO MOJIAPHYIO Maccy Mn, UCIIONIB3YS 3HaUEHHE
N u3 myHkTa 2. Q0BeaNuTE KPY)KKOM(-aMH) rpyminy(-bl) aTOMOB, KOTOPBIE BBl HCIIOIb3yeTe
JUIsL  pacyeToB, a TaKKe YKaKUTe€ COOTBETCTBYIOIIMHI(-ME) UM  CUMBOJI(-bl)

(a, B...).

Tabnuya 2
3
ITux | WHTerpanbHas
HNHTCHCUBHOCTbH
o 22.4
* B 119
| 5 * v 23.8
] 5 ) 47.6
.JLAAV ﬁ ) A 6 622
8 7 6 5 a 3 2 1
6 (ppm)
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Puc. I — cuenanwvi, nomeuennvle *, omnocames Kk pacmsopumenio
u 6ooe.

H™ N>/\/é \/%OCH?,
H n
m
HNT]/O

O

Mp = KI' MOJIb *

3anumuTe OTBET ¢ ABYMs LM(pamMu mocie 3amsTou.

Peakmmst mexxy 1 u 2, mpoBenennas nmpu 40 °C, mpuBesa K 00pa30BaHUIO comojimMepa 3a uepes
20 4, commoumepa 3b gepes 25 1 u comonmmepa 3¢ uepes 30 4. Pe3ynbraThl renb-GuIbTpanum,
TaK)Ke Ha3bIBAEMOW OSKCKIIFO3MOHHONW WJIM Teb-MIPOHUKAIONIEH XpomaTtorpaduei (Size-
exclusion chromatography, SEC), npuBenens! Ha puc. 2.
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Puc. 2. SEC-xpomamozcpamma coeounenuii 3a, 3b u 3C 6 6ude 3asucumocmu omriuxka
demekmopa om 06véma smoenma, Ve.

6. CooTHecuTe CUTHAJIbBI HA pUC. 2 ¢ comoanmepamu 3a, 3b u 3c.

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

C nenpio KaMMOpPOBKH XpoMaTOrpaMMBbl ObLJIa UCTIOIB30BaHA CMECh CTAHJIAPTHBIX MOJIUMEPOB
¢ n3BecTHBIMU Maccami (3, 30, 130, 700 u 7000 kr-momb 1) (puc. 3).

JlecaTUYHBIN JorapudM MOJSPHON MacChl SBIAETCS JUHENHON dVHKIMEN 00beMa HII0EHTA,
Ve.

V. (mL)

Puc. 3. SEC xpomamoepamma cmecu cmanoapmmusix nOJUMEPOS.
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7. W3 ananu3a KpUBBIX Ha puc. 2 U 3, onpeneaurte Ve moiaumepa, KOTOpOMY COOTBETCTBYET
kpuBasg X. Mcnonb3yiTe HalJIEHHOE 3HAYEHUE /U1 OUEHKHM CTEINEHU MOJUMEpU3alud M
BTOporo Osioka. IIpuBeIMTEe BAIIW pPacyeThbl; I OINEHKA Bbl MOXKETE HCIIOIH30BATh
KaIbKYJISATOP WU TIOCTPOUTH TpaduK.

Ve = M

Cunrte3 TpUOJIOK-CONIOIUMEPA
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Tpubnok-cononumep 9 Moxer OBITh HCHOIB30BAH B OHOJOTMYECKUX MCCIEIOBAHUSAX,
CBSI3aHHBIX C oOpazoBanueM wmuuewl. Comomumep 9 MOXKeT OBITh CHHTE3HPOBAH IIyTEM

BHEAPCHUA CPEAHETO 6noka B ¢ ucrnonap3oBaHueM MOHOMCpPa 5.

(0]
0 H catalyst /04/\ 9@\/\/\/O>
H4C <\/\0% + pS H4C 0 H
n 110 °C n p
4: A 6: A-B
MsCI/NEt NaN Pd/C, H
6 ; 3 2 7 M2 g + nme
o) b CaHgNH,
HsC. N
CF;COOH/HBr 3C Of\/O%‘/\/\/\O%J\/\/\/ WN>H
8 n o) p-1 0O H'm
9: A-B-C
. I
MsCl: 0=§-0
CH;

8. M3oOpa3zute CTpyKTYphl 5, 7 1 8, eciiu M3BECTHO 4TO B Xoje peakuuu «4: A» = 6
oOpa3yeTrcs JHIIb OJUH MPOIYKT, 0003HaYeHHBINH «6: A-By», a Takxke, 94TO Ha MOCIeTHEH

craquu 8 2 «9: A-B-C» Beizensercs ras.
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9. Ambudwibnblii  Omok-comomumep 9: A-B-C  Haxomur mnpuMEHEHHME B MEAMIIMHE,
MOCKOJIBKY OH CHOCOOEH CaMOIPOM3BOJILHO COOMpaThcs B MHUIEIUIBI B BOJHOW cpene
(pH =7), uto MOXeT OBbITh HCIOJIB30BAHO IS AAPECHOM JOCTABKH JICKAPCTBEHHBIX
mpermapaToB. YKa;KUT€ CBOWCTBO  KaXJIOro 0OJIoOKa comoiuMepa. Y UYUThIBas
YCTaHOBJICHHBIC COOTBETCTBUS, HAPUCYITE CXEMYy MHIICIUTBI, TOCTPOSHHOM U3 4 MOJIEKYT

COMoJIUMEpa.
A: O runpodoOHBbIit O ruppoduiibHbI
B: O ruapodoOHbIit O ruapoduibHbIii
C: O ruapodoOHbIit O ruapoduiibHbIii

A \WW B === C ---

N f

Lowne”
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3apaua Bompoc 1 2 3 4 5 6 7 8 9 10 | 11 | Bcero
T7 Ouku 4 12 2 2 2 5 5 8 4 5 5 54
6621108 | pesyyprar

3apaya T7: /IBn:keHne mMUKJIOB B [2]kaTeHaHe

B 2016 rony CaBax, Ctoanapt u depunra 6su1n yaocroeHsl HobeneBckoit mpemun "3a ousatin
u cunmes monekyaapuolx mawiun”. Ilpumepom Takoil “MammHbl” SBISETCS [2]kaTeHaH —
MOJIEKYJIa, COJIep Kallasi 1Ba CUEIJICHHbIX HUKIIA. B 3TOM cucTeMe 0IMH MakpOLUKII COAECPKUT
OUIEHTAHTHBIN (EHAHTPOIMHOBBIA JHMTaHJ a JPYrol MaKpOLMKI COJEPXKHUT JIBa JHMraH/a:
(EHAaHTPOIMHOBBIA W TPUACHTAHTHBIA TEPHUPUAWHOBBIA. MOH Memum KoopAMHUpPYETCS K
OJIHOMY M3 JIMTaHJOB Ka)KJOr0 MaKpOLMKJIAa U B 3aBUCUMOCTHU OT CTEIEHU OKMCIEHUS, YTO
CTaOMIM3HUPYET OJIHY U3 ABYX KOH(purypamuii (pucyHok 1).

Pucynox. 1. Mynemucmabdbunbnocme yukios 6 [2]kamenane.

CxeMa cuHTe3a MaKpOUHMKJIa MPUBCACHA HUKCE:

Bra_~ OO

(0)
C
(N N LDA ~_ THPO (N N7 OTHP 2
_ N S (2 equiv.) (2 equiv.)
| N EE— B EE— E
=
A
MsCI LiBr
(2 equiv.) E (2 equiv.)
—T T —e T
Et;N Ca23H27N306S,

1. IlpuBeaute cTpykTypy B.

B
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2.

YyacTHuK: BLR-3

IlpuBeaute ctpykTypsl E, Fu G.

E

W3 npuBeieHHBIX HUKE YCIIOBUH BbioepuTe TO(Te), B KoTopoM(-bix) D nipeBparmaercs B E.

OoOoogap «

H*, H.0

OH", H20
NaBHs, CH3OH
Ha, Pd/C, THF

B nmanHOM cuHTE3€E MsCl HUIrpacT poJib pearcHra AJjid CO3AaHusd:

oooop &

YXonsiuen rpymsl
3aIUTHON TPYIIIBI
JleakTUBUPYIOLEH IPYIIIIbI
Hamnpasistorei rpyIst

BemectBo G monydarot B3anmoetricteueM F u LiBr B anetone. 31o peakiusi:

ogooa; @

DneKTpO(YUILHOrO ApOMATHYECKOTO 3aMENEHHS
HykneopuIbHOro apoMaTuueCcKoro 3aMeIeH st
Snl

Sn2
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6. CxemaTuyecku HM300pa3uTe IMEPEXOJHOE COCTOSHHUE CKOPOCTHIMMHTUPYIOLIEH CTaauu
peakiuu F — G ¢ ykazaHueM CTepeoXUMHUH Ha MPUMEPE OAHOTO PEaKIIMOHHOTO IIEHTpA.
[maBHYO YIIIEpOIHYIO IIETIh Ha CXeMe 0003HaYbTe Kak R.

IIepexonHoe cocrosiHuE:

B cunTese [2]karenana L ucnonb3yroT TeMIDIaTHBINA 3PGEKT B KOMIUIEKCE ¢ MEbIO:

L

7. 3anummTe TMOJIHYIO 3JEKTpOHHYIO KoHpurypamuioo Cu(0) B OCHOBHOM COCTOSHUU.
[TpuBeauTe cTEeneHb OKUCIECHHS MEAH B KOMILIEKCE J U MPUBEANUTE MOJIHYIO AIEKTPOHHYIO
KOH(UTypaIuio Ui HOHA MU B 3TOW CTETIEHU OKUCIICHUSI.

[TonHast snekrponHas koH¢puryparus Cu(0):
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CreneHb OKUCIECHUI MEIU B J.

[TonHast anekTpoHHas KOH(UTYpAIUs HOHA MEAH B J:

8. Ykaxure (OTMETHTE TrajlouKoil) reomeTpuio mona meau B L. B mpenmonmoxxenuu uto
TEOMETpPHsI PACIOJIOKEHUS JINTAHI0B BOKPYI MEIU HJicalbHas, HAPUCYHTE JAUarpaMMy
AJIEKTPOHHBIX ypoBHEH d-opOWTasield COrJIaCHO TEOPUU KPUCTAJUIMYECKOTO TIOJIA.
3anogaHuTe 3Ty nuarpaMMmy sjekTpoHaMu. IIpuBenTe MakCUMalbHOE 3HAUYEHUE CIIMHA
(S) aToro komIuIekca.

['eomerpust koopauHanMoHHOM cdepbl Cu B L:
] Oxkrasapuueckas

O Terpasapuueckast

O ITnockokBaapartHas

O TpuronanbHas Ounupamuaa

3anoTHeHHAS JICKTPOHAMH Juarpamma d opOuTae:

9. W3 npuBeneHHBIX HWKE COCAMHEHHH, BbIOEpUTE TO(TE), YTO MOXKET(-TYT) yAAIATh HOH
mean u3 L ¢ o6pazoBanueM cBOOOIHOTO [2]kaTeHaHa:
NH
[0 CHsCN ?
OO0 NHsPFs
O KCN AN~
H,N NH
O tren 2 2
tren

B [2]kaTenane L, noH Men MOXET CYIIECTBOBATh B IBYX cTemneHsax okuciaeHus (+1) mmm (+11).
B kaxxnoit 3 cTeneHeit Meap MMEET pa3InyHyI0 KOOPAMHAITMOHHYIO chepy (TeTpa- UiIu MeHTa-
KOOPJIUHUPOBAHHYIO, PUCYHOK 2).
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LR \ 7
0
[Cu'N,I*
) o8 I
o O
g "4

[Cu"N,?* [Cu"Ng]%*

Pucynox 2. Cocmosanus [2]kamenana L.

CrabuibHocTh Cu(l) KOMIUIEKCOB MOKHO OLEHUTb, COOTHOCSI UX 3JIEKTPOHHOE CTPOEHHE C
JIEKTPOHHON KOH(UTypaLuel COOTBETCTBYIOIIETO OJIaropoIHOro rasa.

10. 3amoJHUTE MPONYCKU B TEKCTE M MOCTABbTE TAIOYKH

Kommexc Cu'Ns umeeT ... 371eKTPOHOB BO BHyTpeHHEH KOOPIMHAIIMOHHOH chepe MeTala.
Kowmmnekc Cu'Ns uMeer ... »71eKTpOHOB BO BHYTPEHHEH KOOPAMHAIIMOHHOM cepe MeTasa.

Kommexe Cu'Ng 6omee O / menee O crabunen uem kommmieke Cu'Ns.

11. 3anoJHUTE  «CIUIOIIHBIE»  MPSAMOYTOJIbHUKM  OOO3HAUEHHEM  BBIINIEYIOMSHYTBIX
KOMIUIEKCOB M3 pHUCYHKa 2. 3alOJHUTE «IYHKTHPHBIE» MPSIMOYTOJbHUKU YCIOBUSIMHU

AIIEKTPOXUMHUYECKOTO KOHTPOJISI CUCTEMBI, UCTIONB3Ys CIeNyroIue 0003HAUYCHUS: @
(Bpamienue); +e ;—e .
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[Cu'N,J* R
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Bomnpoc 12|34 |5|6|7|8|9|10|11]12]|13] 14| 15 | Beero
3amaua

T8 Ouwu | 2|6 |22 110|243 |4|2|6|8|2|6]4]| 64

6 6a10B
PesynbTar

3agauya T8: CuHTe3 U HAEHTH(PUKALMA UHOZUTOB

B »T0i1 3amade TepmuHbl “KJAMHOBWAHAS _(opmyaa” u “mepcnekTuBHasi _¢dopmyJia’
HCIIONB3YIOTCS, KaK ITOKa3aHO Ha MpUMEpPE -TIIFOKO3bI, CICIYIONUM 00pa3oMm:

OH
HO 0
HO OH
OoH
KIIMHOBHIHAsA (hopmMyIia nepcrneKTuBHas popmysa

WNHo3uTamu Ha3bIBarOTCS MUKIorekcan-1,2,3,4,5,6-rekcaossl. HekoTophle U3 HUX, B YaCTHOCTH
MUO-WHO3WT, IPUHUMAIOT y4acThE B psiie OMOJIOTUYECKHUX IPOLIECCOB.

Crpykrypa mMuo-uHo3ura

1. HapucyiiTe CTpyKTypHYIO (POpMYITy HHO3UTOB 0€3 yKa3aHHs CTEPEOXUMHUH.

OTO ceMelcTBO MPEJCTaBICHO 9 pa3NIuYHBIMU CTEPEOM30MEPAMHU, B YUCIIO KOTOPBIX BXOJIAT
SHAHTHOMEDBI.

2. HapucyiiTe KIMHOBUIHBIE (OPMYJIBI BCEX ONTHYECKH AKTUBHBIX CTEPEOM30OMEPHBIX
WHO3UTOB.

JU1 Muo-nuHO3UTa YCTOMUMBBIM SIBJSIETCS TOJIBKO OJUH M3 KOH(OpMEpOB THIA «Kpeciioy. Ero
CTpYKTypa 6bliia Joka3aHa Ha ocHoBaHuM H SIMP-criextpockonuu. CrieKTp Gbil OTy4eH IpH
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600 MI'm B D20. Hukakue apyrue CUTrHajbl 3TOTO COCIUHECHHS HE HaOIIOJAIOTCS B 3TOM
crekrpe. [Tox kKaKapIM CUTHAJIOM yKa3aHa ero MHTerpajibHasi HHTCHCUBHOCTD.

<t o ©O© O = M 0 O — 0 O
IS N~ S M A o0 O 10
S o o O © HId 0 0 0 NN A
< < < e e e e e o3 e e
I P ~ 17~ ~ |~
d c a
T 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

5 (ppm)

H[!HBQZ!HTE MOJICKYJIAPHYIO (1)OpMy.]'Iy OCHOBHOI'O COCIHWHCHHMHA, o6pasy}01ueroc51 nu3

MUO-UHO3UTAa B HCCICAYEMOM 06pa3ue, KOTOpass COOTBCTCTBYCT UYHUCIY HIPOTOHOB B
'H AMP cnexrpe.

Ha ocHoOBaHuMM 4YMClla CUTHAJIOB H HX HHTCIPAJIIbHBIX HHTEHCUBHOCTEH, YKAXKHUTE
KOJIHWYECTBO INIOCKOCTEM CUMMCTPUHU B 3TOM COCIUHCHHUU.

[JopucyiiTe nepcrnekTHUBHY0  QopMmyny Haubosee cTabuibHOro  KoH(popmepa
muo-uHO3uTa. OTMEThTE KaXIbld aToM Bogopoga OykBamu a8, b, ¢ m d, kKoTopsie
COOTBETCTBYIOT curHanaMm B SIMP-cniektpe Bbiie. [IpoToH a 10MKEH HaXOIUTHCS BO3JIE
yriepoja a Ha 3ToM pucyHke. HapucyiiTe KIMHOBUIHYIO (OPMYIY MUO-UHO3UTA.

KJIMHOBUHAS (hopMyIa:
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CunTe3bl HHO3UTOB

Macmrabupyemblii CUHTE3 HEKOTOPBIX MHO3UT(OC(]ATOB SBISIETCA aKTyalbHBIM JUIS psijaa
MeAUIMHCKUX 3a1a4. CHHTe3 MHO3UTa 2 U3 OpomManoia 1 uccieqoBaH HUXKeE.

OH Br OH
HO., ~_OH OH HO\_~_,OH
L, — O, = X
B —_—

HO” ™~ ~OH OH HO” ™~ ~OH
OH OH
2 1 3

o

Boi6epuTe (0J1H WM HECKOJIBKO BAPUAHTOB), KAKUM 00pa30M COOTHOCSTCSI MEXKILy COOOM
coeMHeHud 2 1 3.

YHAHTUOMEPBI
AIUMEPBI
JNacTEePEOMEPBI
aTpOIIOU30MEPHI

oood

WHo3ut 2 MoKeT OBITh TOTy4eH U3 coeuHeHnst 1 B 7 cTaauid:

______________________________

Br O Q cl
on m-cPBA | M-CPBA: g |
OH p-TsOH CHCl o
1 | p-TSOH: Oé—OH E
! 1l !
e o l
Bn-OH, BF+OFt BusSnH, AIBN °
n- , . n-busonm,
5 S 5 CigHieBrO, 3 > <
-10°C THF BnO™
6 OH
7
OH
0s0, NMO HCI (aq) A HO,, _~_OH
7 > 8 9 —>
Acetone / H,O EtOH, 25°C HO®™ ~~ “OH
e OH
! o | 2
: \ o) !
! Cw [ ] ,
O NCXNcNXCN o)
5 O CH;
5 Bn-} AIBN NMO |
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7. HapmucyiiTe KIMHOBUAHYIO GOPMYITy COeAMHEHUS 4.

4

8. B peakuuu moyrydeHus BemIeCTBa S5 y4acTByeT HaubOoJIee AIEKTPOHOOOTalICHHAS TBOMHAS
cBs3b. QOBeAUTE KPYKKOM HaumOoJee 3IeKTPOHHOOOOTAlIEHHYIO IBOMHYIO CBSI3b B
1-6pom-1,3-1uKkIIorekcagueHe, KOTOPBIM sBJIIETCS aHajmoroM coeauHenus 4. Ha
OTJCNIbHBIX PHCYHKaX HNOKAKUTE BCE 3JICKTPOHHBIC YPQEeKThl aromMa Opoma B ATOU
MOJICKYJIE.

Br

9. HapucyiiTe KIMHOBUIHYIO ()OPMYITY OCHOBHOTO JHACTepeOMepa COSAMHCHHUS 5.

5

10. Ykaxurte O6H_ICC YHUCJIO CTCPECOU3OMEPOB COCANHCHUA 5, KOTOPBIC MOT'YT MOJIYYHUTHCA B
9TOM CHUHTE3C, CCJIM UCXOAUTH U3 SHAHTUOMCEPHO YUCTOI'0 COCANHCHUSA 1.

11. B npeBpamienuun 5 — 6 oOpasyercs Takke MOOOYHBINA MPOIYKT 6 ¢ Takoi ke OpyTTo-
¢dopmynoii. HapucyiiTe KTUHOBUAHBIE (POPMYIIBI 115 BEIIecTB 6 1 6°.
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12. HapucyiiTe KIMHOBHIHBIE (JOPMYIIBI OCHOBHBIX IHACTEPEOMEPOB coenHeHmi 8 u 9.

13. BoibepuTe npaBuIibHbIN(-¢) HA00P(-bI) YCIOBHIA A IS TOJTYYCHHUS COSAUHCHUS 2.

H,, Pd/C
K2COs3, HF
HCOOH, H,0
BFs-OEt,

oooano

14. Tlpu orcyrcTBuM Opoma B COCOUHEHHMH 1, KpoMe coeMHEHUs 2 B BBIIICTIPUBEICHHOU
cxeMe, moJiyyaercsa eunie oguH crepeonsomep. [lomarasi, 4To CTEpEOCENTEKTUBHOCTh BCEX
pEAaKUH 1 SKBUBAJIEHTHBIE COOTHOILICHUSI BCEX PEAreHTOB B 3TOM CUHTETHYECKOW CXEME
OCTAIOTCSI HEU3MEHHBIMHU, HAPUCYHTE KIIMHOBUJIHYIO (hOPMYITY BTOPOTO CTEPEOU30MEpa 1
YKQKHUTE, KaK €r0 CTEPEOXUMHUS COOTHOCUTCS CO CTEPEOXHMHEH COSTMHEHUS 2.

SHAHTHOMEPBI
SMUMEpPbI
MacTepeOMEpHI
aTpOIIOU30MEPHI

ooonO
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TPYIII B CXeME CHHTe3a coenuHeHus 2 u3 1.

YyacTHuK: BLR-3

. BI)Iﬁe[!I/lTel KaKHue CTaI[I/IH(-I/II/I) SABJOTCA CTaIUsAMHN CHATHA SaH_[I/ITHBIX/HaHDaBJIHI-OHII/IX

1—-4
4 -5
5—56
6—7
7—8
8—9
92

OO0O0O0O0Oa0

51st IChO — Theoretical Exam

61




YyacTHuK: BLR-3

3amaua Bonpoc | 1|2 |3|4|5|6 |7 |8]9 |10 11|12 | 13 | Beero
T9 Ouku 21243 |2 17|11 |2|4]|2]|2]?2 44
7621108 | pegypprar

3agauya T9: CuHre3 1eBOOyNMBAKAUHA

Yacrr 1.

MectHbiii aHecteTuk OynmBakawH (Marcaine™) BxoauT B mepedeHb BO3 OCHOBHBIX
JIEKapCTBEHHBIX BellecTB. HecMOTpst Ha TO, UTO UCHIOIB3YEMbIi ITpenapat NPUMEHSIETCS B BUAIE
pareMu4eckoi CcMmecH, ObUIO MPOJEMOHCTPUPOBAHO YTO OJUH H30Mep OyluBaKawHa,
Ha3BaHHBIN JICBOOYITMBAKAWH, UMEET MEHBIIYIO KapJUOTOKCUIHOCTh U TIOATOMY Oe3oracHee
pariemara. JleBoOynmMBakamH MOXKET OBITh CHHTE3MPOBAH W3 TMPUPOJHOW AMHHOKHCIOTHI
L-nmu3uHa.

- NH,*
Cl ER
+ (@]
H3N/M(
(@]

ruapoxnopug L-nuavHa

1. ¥Ykaxure KOHQHUTYpalHIO XHPAITLHOTO [IEHTPA B THAPOXJIOpUae L-u3uHa, MOsSICHUTE Balll
BBIOOp, YKa3aB MOPSIOK CTAPIIMHCTBA 3aMECTUTENCH IPU XUPATIHLHOM IIEHTPE.

Kondurypanus: CrapmuacTBo 1> 2 > 3 > 4:
OR g{\/\/NHfol— y{NH{ &L{COO_ g{H
as

[ ] [ ] L ][]

N

[Tpedukc L B L-TU3UHE COOTBETCTBYET ONPEEICHHON KOHPUTYpaLlUK XUPATIBLHOTO IIEHTpA.
Bbi0epuTe Bce MpaBUIIbHBIE YTBEPKICHUS:

Bce npuponsbsie L-aMMHOKHCIOTHI JIEBOBPAILAOIIIKE.

[IpuposaHble L-aMMHOKHUCTIOTHI MOT'YT OBITh KaK JI€BOBpAIIAIOIIUMU, TaK U
IIPaBOBPAIIAIOIINMH.

Bce npupoasbie L-aMHUHOKHCIOTH UMEIOT KOH(DUTYpAIIHIO XUPATBHOTO TIeHTpa (S).
Bce mpupoasbie L-aMHUHOKHCIOTH UMEIOT KOH(UTYpaluio XupaibHoro 1entpa (R).

OO0 OO0

Yacto Tpebyercsi, 9TO0BI TOTBKO OJJHA aMUHOTpyTa B L-nmu3uHe Betymnana B peakiuto. Conn
Cu?** B mpucyTcTBMEH H30BITKA BOJHOTO PACTBOPA MIENOYM MOTYT CENEKTHBHO CHHKATH
PEaKIMOHHYIO0 CIIOCOOHOCTh OJHOM M3 ABYX amuHorpym. Ilocie oOpa3oBaHus KOMILIEKCA,
Tonbko NHz-rpynmna, He cBsi3aHHAas B KOMIUIEKC, MOKET pearupoBaTh.

3. y‘-II/ITI)IBaSI, yro L-nmu3uH BBICTYIIACT B POJIN 6I/IJICHTaHTHOFO JUuragga 1 K OJHOMY HOHY
Cu?*" B BoAHON mMENOYM KOOPAMHUpYeTCs ABa L-mM3WHa, HApDHMCYHTE CTPYKTYpHYIO
bopMyITy TOTO KOMITJIEKCA.

KOMIIJICKC
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K cuacteio, B cHTE3€ JIeBOOyIMMBaKanHa, MPUBEACHHOTO Ha CXEME HUKE, HET He0OXOTMMOCTH
CHIDKATD C IMIOMOIIBI0 KOMIUIEKCOOOPa30BaHUs C ME/IbIO PEAKLIMOHHYIO CLIOCOOHOCTh OJJHOM U3

AMHUHOI'PYIII B p€aKuu C 66H321J'II>I[6FI/II[0MZ

- NHg*
Cl, o 1) 1eq.LiOH 1) NaOH, Cbz-Cl B
H3N/\/\/\H/ A
J 2)1 eq. PhCHO 2) pas6aen. HCI C14H20N204
rugpoxnopug 3) BogHbIN Bydhep
L-NIU3nHa pH 6.2
NaNO,, NaOAc C NH, D 1) KoCO3, HyO E
> —_—
AcOH C1H21NOg DCC 2) TsCl, NEt3 C29H34N206S
' AcO = CH,COO |
NH
H,, Pd/C pearenT H “__N ~"Br
e Ty - > —— > JleBoGynuBakauH
O NEt3
Co1HpgN,0,S G C1aH2aN20

peakuMOHHOCMOCOBHbIM nHTEpMeanaT

o)
A %
Coz-Cl= @O “ DCC = TsCl = /©/ o
N=C=N

N,N'-gnumknorekcun
r-tTonyorcynbgoxnopug

©6eHaunnokcmkapboHun
kapboannmmg

xnopua
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HJ’IH OTB€TOB Ha IOCICAYOINIHUE BOIPOCBI BblI MOXETEC HCIIOJIbB30BAaTh COKpPAIICHMA,
IIPUBECACHHBIC HA CXEME BEBILIC.

4. HapucyiiTe CTpyKTYpHYIO (DOPMYILYy COETUHEHHS A C YUETOM CTEPEOXUMHUH.

A

5. IlpeBpamenue L-mu3uHa B coequHeHNE A 3TO (BbIOEPHTE TTOAXOISIIHNIA(-1e) OTBET(-bI)):

[l SHaHTHOCENICKTHBHAS PEAKIIHUSI.
O suanTHOCTICUM(pHYCSCKAS PEaKIIHSL.
[ peruoceneKTHBHAs peaKius.

6. HapucyiiTe cTpykTypHBIE POpMYIBI coenuHeHuit B—F ¢ yueTtom crepeoxumum.

B C14H2oN204 C C16H21NOs¢

D E Co9H34N206S
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F C21H28N204S

Kakosa pons DCC B npeBpamenuu C — D?

3amuTHas TpyIa A1 aMUHOTPYIIIIL.
3amuTHas TPYIa s THIPOKCUTPYIIIBL.
AKTHBHUPYIOIIMIA peareHT B peakiiuu 00pa30BaHUs aMHUIHOM CBSI3U.

ooop

8. TsCl ucrionp30Banu AJ1si TOTO YTOOBI CAENIATH BO3MOKHBIM:

0 HykneopuipHoe 3aMelieHue aMHHOTPYIIIIBL.

0 DnexrpoduinbHOE 3aMelIeHNe aMHUHOTPYIIIIBL.

O HykneopwisHoe 3aMeIIeHHe THAPOKCUTPYIIIIHI.

O DnexTpoduibHOE 3aMEIICHUE THIPOKCUTPYIITIHL.

9. OTMeTbTE Bce BO3MOXHBIC PEareHThI, KOTOPBIE MOT'YT OBITh MCIIOJIBb30BaHbI KaK PearcHT
H:

U pa36asn. HCI O Zn/HCI

L K2COs 0 H2S0O4

[ pa36asn. KMnOgy [ pa3oasx. NaOH

O SOCl; O PCls

10. Hapucyiite cTpykTypHYIO (pOpMYIy J€BOOYIMBAaKanHa C YUETOM CTEPEOXUMUHU.

JleBoOynuBakaun C1gH2sN20
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Yacts 11

CuHre3 neBoOynuBakanmHa TPeOyeT UCIOIb30BaHUS ONTHYECKH 4uCcTOro L-nmswnaa. OOmuit
METO/I, UCTIOIB3YEMBIH ISl TOATBEPKICHUST YHAHTHOMEPHON YHCTOTHl aMUHOKHCIIOT — 3TO UX
MEPEBOJI B aMH/IbI C MCITOJIb30BAaHHEM KHCIOThI Moiepa (cTpykTypa (S)-u30Mepa npuBeaecHa
HIKE).

0O, CF;
HO <
(S)
O

(S) kncnota Mowepa

11. Hapwucyiite cTpyKTypHYIO (GOpMYITy aMHJa C yUYETOM CTEPEOXUMHH, 00Pa3yroIIerocs npu
AlMIMPOBaHHUU O-aMHHOTpyNIbl L-nmu3una (S)-u3oMepoM Kucinotsl Moriepa.

12. CK0JBbKO TPOIYKTOB 00pa3yeTcs M3 paleMHYecKOro JU3uHa U (S)-u3oMepa KHCIOTHI
Mormepa? CuutaiiTe, 4TO TOJIBKO 0.-aMHUHOTPYIITIA JIM3UHA allUJIHUPYETCS B TUX YCIOBUSX.

O /[IBa nmactepeomepa.

0 Yersipe nuactepeomepa.

0 Pamemudeckast cMech IBYX SHAHTHOMEPOB.

0 Yerslpe coenmuHEeHUs: [Ba YHAHTHOMEpPA U JIBA TUacTepeoMepa.

13. Boi0epute MeTo[(-bI), KOTOPbIE MOTYT OBITh HCIIOJIB30BaHBl JIi KOJMYECTBEHHOTO
oTlpezieNieHUs] SHAHTUOMEPHOW YHCTOTHI JIM3WHA TIOCJE TOJYYEHHsS] IMPOU3BOJHBIX C
KuciotToil Moiepa:

O SAMP criekTpockomnusl.

0O KuakoctHast xpomaTorpadusi.
0 Macc-crekTpoMeTpusi.

O V®-cekTpocKomws.
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