TEKCTbI OJIUMITUAJHBIX 3AJTAHUI PETMOHAJIBHOI'O STAIIA
BCEPOCCHUNCKOM OJIUMITUAJIbI ITKOJIBHUKOB ITO XUMUWH

(111 y4aCTHUKOB)

1 typ

2023-2024



Teopemuueckuit myp

Qounnaouamaolii Kiacc

3aoaua 11-1
Crpanu jesuk!'

CepOckuii xumuk ["aBpriio Bpauap nu3yuasn cocraB oOpasiia criaBa, K KOTOPOMY
ObLJ1a MPUIIOKEHA ITUKETKA C HAAMKUCHIO O COJAEPKAaHUM B HEM YETHIPEX AIIEMEHTOB:

"Jlerypa canpxu 49.0% 6uszmyTa, 23.4% onoBa, Kajaj u KuBy."

Xumuk pactopui 10.00 r o6pasia B u30bITKE KOHIICHTPUPOBAHHOM a30THOM
KHUCJOTHI. [omy4eHHBIN pacTBOp pa3/ieiini Ha IBE€ paBHBIC YaCTH.

[locne BblapuBaHUsi TMEPBOM TMOJOBUHBI pacTBOpa U JJIMTEIHHOTO
npokanuBaHus octarka mpu 650 °C Obuto monydeHo 4.969 r TBepIoro mopoiika
u otorHano 0.610 r xxuakocTH, KoHaeHcupyromeiics mpu 350 °C. Bropyro nojgoBuHy
TOTO XK€ pacTBopa ['aBpuio ymapuina 10 HEOOJbIIOro o0bema, pa3daBui ropsueci
BOJION M OT(PUIIBTPOBAJ BhITIaBIIMK 0cafok. Ero npokanuBanue npu 650 C npuseno
K oOpazoBanuto 3.709 r TBepAOro TMOpOIIKA, ¥  BBIICJICHUIO MapoB,
KOHAEHCUpyrommxcs aumb okono 100 °C.

B pesynbrare 3THX onbITOB ['aBpuiio yOenusics, 4To 4rciia Ha STUKETKE BEPHBI.
1. 3anumwuTte CUMBOJIBI BCEX YETHIPEX JIEMEHTOB, U3 KOTOPHIX COCTOUT OOpasell.
HaiimuTe maccoBble HONHM JBYX DJEMEHTOB (Kajaj M JKMBa), HE yKa3aHHbIE Ha
ATUKETKE.

2. 3anumuTe YpaBHEHHUS BCEX PEAKIUW, MPOTEKABIIMX B XOJ€ OMUCAHHBIX
OTBITOB.

3. Kak nepeBoautcs caoBo Jierypa?

! B nepeBojie ¢ cepOCKOro — “UMHOCTPAHHBIN A3BIK”

2



3adaua 11-2
B 1752 rony ¢paniy3ckuit xumuk [Isep-Jlxxo3ed
Maxkep 0oOHapyXuj, YTO MPH UIUTEILHOM KHUIISTYEHUH
o0pa3sIia «IpyCcCKOro CHHETO» C pAaCTBOPOM THAPOKCHIA
KaJIMus €ro CHHUH IBET HCYE3aeT, a MOCIE OTIEICHUS

Oyporo ocajika U3 (pUIbTpaTa MpU OXJIAKICHUU MOKHO

BBIJICJIUTH CBETJIO-KENTHIE KPUCTAILIBI BELIECTBA A.

B Bakyyme BemecTtBo A pasznaraercs Bacunék cunnii
B HECKOJIBKO cTaaui. Ha mepBoii cTainu nmpoTeKaeT ero (mar. Centauréa-cyanus)
nosiHoe o0e3BokuBaHuE (p-uusa 1), npu Oosee BBICOKOW TeMIepaType MPOUCXOIUT
nanpHelIIee pa3inoxeHue (p-yusa 2) c oopazoBanueM mnpoctoro Bemectsa B, comu C
Y KpaliHe SI0BHTOrO rasa D, KOTOpBIM HCHONB3YIOT B OPraHUYECKOM CHHTE3E
Y B KQYeCTBE TOpIOYEro ra3za JUIi  CBapKd  TYIOIUIABKHX  METaJUIOB.
[Tpu B3aumogeiicteun 1.000 r B ¢ uz0bitkom D o6pasyercs 1.072 r E u npocrtoe
BemectBo F (p-uyusa 3).

OO6paser BerecTBa A BBICYIIIWIIN B BAKYyMe, MOTEps Macchl coctaBmia 12.8%.
Janee uccienoBanu pasnoxkeHue 6e3BonHoro BemectBa. Hasecky maccoi 1.000 r
Harpeiu B MHEPTHOM aTMocdepe B TUIVIE, 3aKPBITOM KpBIIIKOM, Macca TBEpAOro
ocTarka coctaBuia 867 MrL.

[Ipu B3aumopeiicTBun A ¢ HUTpUTOM Kanusg B kuciod cpene (HoSOs)
obpasyercst ra3 D u npyrue nponyktel (p-uusa 4). K momyueHHomy pacTBOpy
N00aBWIIM KOHLUEHTPUPOBAHHBIA PAaCTBOP MEIHOTO KYyNOpoca, MpH STOM BbINAd
0CaZ0K, KOTOPBIA OTIEJIMIIM, IPOMBIJIM BOJAOM W BHECIM B HACBILICHHBIM PacTBOP
ruapokapOonara Hatpus (p-yua 5). Ilocne oraeneHus ocajaka U3 IMOJTYYEHHOTO
pacTBopa W yrnapuBaHus QuibTpara o0pa3oBajucCh TEMHO-KpacHble KpucTawibl G.
N3 10.00 r A 6su10 IoTTydeno 5.70 r G ¢ BeixogoMm 80%.

1. Onmnpenenure BemectBa A — G, OTBET 000CHYHTE.
2. 3anumwure ypaBHeHUs peakuuid 1 — 5.
3. Ompenenure MaccoBble JOJAM BEIIECTB B TBEPAOM OCTAaTKEe IOCIE

IMPOKaJINBAHUA A B THIJIE 101 KprHIKOﬁ.



3aoaua 11-3
Poxienne, ;ku3Hb M CMEPTh KBAHTOBBIX TOUYEK
KBautoBbIMU TOYKAMU Ha3bIBAIOT  KPHCTAJLIBI

TIOJTYTIPOBOJHUKOB HAaHOMETPOBOTO pa3Mepa, 00Ialaromiue

CIIOCOOHOCTBIO K JIIOMUHECIICHIU Y. Mmuorue
CBETOM3JIYYaIOlMe KBAHTOBBIE TOUYKH UMEIOT JBYXCIOWHYIO CTPYKTYpy — OHHU
COCTOAT |3 sijipa (OMHapHOE BemecTBOX) U 000JI0ukH (OMHApHOE BEMIeCTBOY).

Anpo X cuHTe3upoBaiu, HarpeBas B OKTajeleHe-1 cMech, COCTOAIILYIO0 W3
MUpHUCTATa IBYXBaJIEHTHOTO MeTalia (Colb TeTpaJeKaHOBOM KUCIIOTHI, 19.8 macc. %
MeTajla) U okcujaa Hemerama (28.8 macc. % xuciopona). st crabunuzanuu
HAHOKPHUCTAVIOB B pAcTBOP J00ABISUIA OJICMHOBYIO KHCIOTY. llomydeHHbie
KBaHTOBbBIE TOUKH OCAXKIAJIA allETOHOM.

Jlnst HapaimuBaHust 000709k Y BOKPYT siipa KBAHTOBbIE TOUKH X PAaCTBOPUITU
B OKTajeleHe-1, 1o0aBWiIM oJieaT TOTO K€ METajljla, OKTAaHTHUOJI W HarpeBajau Mpu
300 °C, B pe3ynbrare 4ero MpOUCXOAMJI MEIJICHHBIM MOCIONHBIN pOCT 000I0YKH
BOKDPYT sjIpa.

1. VYcranoBute Qopmynbl BemectB X U Y, OTBET MOATBEPAUTE PACUCTOM.
Hanummure ypaBHeHue peakuuu odpazoBanus Y.

2. [InameTp MOJTYYECHHBIX KBAHTOBBIX TOUYEK COCTaBWI 7.6 HM, a AHAMETp sAlpa—
2.7 am. O60n04Ka coCcTOUT U3 ciioeB BemecTBa Y TonuuHoi 0.35 um. Onpenenure
YHCIIO CIIOEB.

[lornomiasi CHUHMIM CBET, KBAHTOBBIE TOYKH TMEPEXOIAT B BO30YKICHHOE
COCTOSIHUE W CaMHU HUCITyCKalOT CBET, JJIMHA BOJIHBI KOTOPOTO 3aBUCHUT OT pa3Mepa
yactulibl. OJIHAKO, IOJT JCHCTBHEM CBETa HAKaYKW, KUCJIOPOAA BO3/AyXa U MapoB
BOJIbl KBAaHTOBBIE TOUKH IIOCTEIIEHHO PAa3pyIIAIOTCsA, MOATOMY HMHTEHCUBHOCTH
UCITyCKaeMOTO MMM CBETa YMEHBINIAETCS CO BpeMeHeM. B Tabmwie mpuBenacHbI
JJAaHHBIE OJIHOTO DJKCIEPUMEHTa O 3aBUCUMOCTH HWHTEHCUBHOCTU W3TyUYCHUS
KBaHTOBbIX Touek [(f) ot BpemMeHu ([p — HayajgbHasi HWHTEHCUBHOCTD)

npu temneparype 298 K:



T=298K
{, MUH 1/ 1
0 1
200 0.76
500 0.40

3. a) Cuuras, 4YTO UHTEHCUBHOCTb U3JIy4EHUS MPONOPLHOHAIbHA KOHIEHTPAUU
KBAaHTOBBIX TOYEK, HAUAUTE MOPSANOK peakuuu ux pasznoxeHus. llonrBepaure
pacyeToM.

0) Halinute BpeMs, 3a KOTOpOE€ MHTEHCUBHOCTb U3JIyYEHUS YMEHBIIUTCA B 2 pasa.
B) Uepes kakoe BpeMs CBEUEHUE IPEKPATUTCS COBCEM?

4. DHeprus akTUBAallUM pPEAKUUU PA3JOKEHUS KBAHTOBBIX TOYEK paBHA
60 k/[x/Moinb. BeiOepute m100y10 (LI€I0UMCIEHHYI0) TEMIIEPATypy B IUAINIa30HE OT
310 no 350K wm mnpu »TOM Temmeparype HalaWTe BpeEMs, 4YEpe3 KOTOpPOe
MHTEHCUBHOCTh U3JTyYECHHsI KBAHTOBBIX TOUEK CHU3UTCS B 2 pasa.

ﬂOl/lOJlHumefleCl}l MHCbODMauZ/l}Z

3aBUCHUMOCTb MHTEHCUBHOCTH U3TyYEHHS OT BPEMEHHU:
kt=1o—1(t) 0-i1 mopsiAoK
kt =In(1y/1(¢)) 1-if mopsi oK
kt =1/1(t) — 1/1p 2-i nopsaaox

3aBUCUMOCTb KOHCTAHTHI CKOPOCTH OT Temrepatypsl:  In k&(T) = const — E,/(RT)

3adaua 11-4

B kuure II. Caiikca «MexaHU3Mbl pEakUil B OPraHUYECKON XUMUM»
OTMEYAETCS, UTO «... HYKJICO(DUIbHOE 3aMEIIEHUE Y HACBIIIEHHOTO aToMa yriepoja
(Sn) u3yueHo Oosiee neTanbHO, YEM PEAKIIMU KaKOTGJIM0O0 Apyroro Tumay. Bel yxe
HEOJHOKPATHO BCTpeYalin Takue peakuuu. Hampumep, 3Hakombeii Bam cuHTes
cnuptoB u3 ankuiaranorennoB HO™ + R—Hal — HO-R + Hal™ u apyrue cxonnbie
B3aumoyencTBus oomiero suaa Nu™ + R;C—X — Nu—-CR; + X

JleranpHble HCCIEAOBAaHUS IMOKAa3ajdd, YTO HMMEIOTCS JIBa OCHOBHBIX BHUJA
peakuuii Sn. IlepBeiit Bux (MexaHu3M Sn2) BKITHOYACT OJHOCTAIUMHYIO THUIOBYIO

araKy Hykjeodwmia ¢ OXHOBpeMEHHbIM paspbiBoM cBsizu C—Hal; Bo BTOpOM
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MexaHu3me (Sy1) BHauanme MPOUCXOAMT MeEJJIEHHAs AHcCcolManus cyOcTpara C
oOpa3zoBaHneM kapOokaTtuoHa u Hal™, 3areM kaTHOH BO BTOPOW CTaauu OBICTPO
pearupyer ¢ Hykjieo(prIbHON YacTUIeH

1. Pacmonoxwure kapookarnousl CH;", MeCH,", Me,CH", Me;C" B psag no
yeenuuenuro ctabmibHoctu (Me = CH3).

M3BecTHO, YTO CKOPOCTh peEakiMH, MPOTEKAoNIe Mo MeXaHu3My Sn2,
YyBCTBHUTEIbHA K CTEPUUECKOM TOCTYITHOCTH aToMa yriieposaaB cyoctpare. C apyroi
CTOPOHBI, CKOPOCTb PEaKIIMM, MpOTeKaroulel mo mexaHusmy Syl, ompenensiercs
CTa0MJILHOCTHIO 00pa3yIoIIerocs: KapooKaTHOHA.

2. YuuteiBas 3Ty HHQOpMaLuio, a Takke Bam orBeT B m. 1, ykaxkure, Kakas
IIOCJIEZI0BATEIbHOCTh N3MEHEHUS PEaKIIMOHHON CIOCOOHOCTH

CHs;—Hal > MeCH,—Hal > Me,CH-Hal > MeC—Hal
CH;-Hal <MeCH,-Hal < Me,CH-Hal <Me;C—-Hal

COOTBETCTBYET MEXaHU3My Sn1, a kakas — Sn2.

HccnenoBanus MeXaHW3MOB PEaKIMU HYKHBI HE TOJBKO UJISI TOTO, YTOOBI
3a/laBaTh HEMPOCTHhIE BOIPOCHI IIKOJBHUKAM WJIM CTyJI€HTaM, HO H IS
ONTUMAIBHOTO BBIOOpA YCIOBUI CHHTE3a OpraHNYecKuX Mosiekyi. [Ipenmonoxum,
Bam TpeOyercs mnposectu cuHTe3 ddupa R'-O-R?%, wucnomssys peaxuuro
Bunpamcona: R!'-O~ + R>Br — R'-O-R? + Br. MssecTHO, 4TO peakims
BunbsiMcoHna mporekaeT mno Sy2-mexanusmy. COmTacHO JaHHBIM CHEKTPOCKOIIHH
SIMP, mponykt R'-O-R? conepsxur nsa tuna aromos H B cootHomenun 1:3.

3. Pacumdpyiite crpykrypy s¢upa R'-O-R2 Mmesa B cBOeM pacIOpsKEHHH
R!-OH, R>-OH, HBr u Na, a Takke y4uTbIBas Bamr oTBET B I. 2, NPEMLIOKUTE
CUHTE3 1EJIeBOTO dPUpa B TPH CTAUU. YKKUTE, KAKOU MPOIYKT TMOTYUUTCS, ECIH
B [IEPBOM U BTOPOM CTaAUSIX MOMEHSTh CHUPTHI MECTaMU

PesynpraroM THUIOBOM arakd B XOA€ PEAKIMHM, MNPOTEKAIOMEd I0 Sn2-
MEXaHU3MY, SIBIISICTCS 0Opawyenue (MHBEpCHs) KOH(UTYpaIIN XUPAJIBHOTO LIEHTpa B
TOM clly4yae, KorjaHyKJIeo(PHIbHOE 3aMELIEHUE IPOTEKAET Y 3TOrO LIEHTpA .

Xumuk-opranuk Bacs IlynkuH npoBogun cuHTe3 mpoctoro 3dupa (peakuus

BuinbsiMcoHa), MCTIONB3YSI ONTHYECKU aKTUBHBIA UCXOMHBIA aJTKUIOPOMUJ C JIBYMSI
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xupanbHbiMu  1eHTpamu u  C;HsO™ B kauectBe Hykneopuna. CTpykTypy
aNKuIOpoMuIa OH M300pa3wmil B Bue nMpoekinu HeioMeHa, a meneBoro 3¢gupa — B
BUJIe IpoeKuu Puiiepa, K KOTOPOM NPUIIEN IMOCIEAOBATEIBHO YEPe3 IMPOCKIUU
«JICCOMMIIBHBIE KO3JbI» M «ITpuX-KiauHbimex». Ho Bacsa Ilynkun Obul oueHb
HEPSLUIMBBIM U PO XJIOpo(hOpM Ha JTaOOPaTOPHBIN KypHal, B pE3yIbTaTe Yero

HCKOTOPBIC 3aMCCTUTCIIN B CTPYKTYpPaAX IIPOIIaJIn.

] O O CJ ) J
iAo RNere . O —C—br _ ) —-8r G0 (J——O)
Ph Br ’ () mcCm=CHy () —1—CHs Sx2  ()——CuHs
CoHs ) () : MHBEpCHS 5
Ph = Gl - =

4. BOCCTaHOBUTE OTCYTCTBYIOIIME 3aMECTUTEIIM B MECTax, BBIJICICHHBIX
pamkamu. byovme enumamenvust! Bacs IlynkuH uMen xopoliee IpoCTpaHCTBEHHOE
BOOOpaXeHHE W MHOTJIa YMBIIIUIEHHO NIEPEBOPAYUBAIl MOJIEKYITy WJIM Bpalai CBS3U.

WNuorna mexaHu3Mm peakiuu Sy, a CJIEIOBATeNIbHO, U €€ MPOAYKTHl MOXKHO
U3MEHSTH 3a CUET BaPbUPOBAHUS YCIOBHM, HAIPUMEP PEareHTOB UM PACTBOPUTEIS.

Hewuspectupiii 6pomua R¥-Br (o, = 59.19%), obecuBeunBaommii GpOMHYIO

BOZY, TIOJIBEPIVIM IPUBEAEHHBIM HUKE IPEBPALLICHUSM.

H NaNO
N R I R C R e

Pd anokcaH/H,O
R R bbb . H, Pd H, Hp|Pd  H,|Pd  H,|Pd
' N / \ i L J L ? ?
1 07 NMe; o (O
! DMF __/ J B
i ONOKCaH |

OcHoBHBIMH IIpoAyKTamu peakuuu R*-Br ¢ AgNO, B cMecH QHOKCaH/Boaa
spasrorcs coenunenns C u F. Bemecrsa R*-Br, A, C u D MoryT cymiecTBoBarh B
Bune yuc/mpawnc-crepeonsomepo, a E, F, G, I u J — B BuIe »HAHTHOMEPOB
(comepskar xupanbHbIi 1IeHTp); npoaykTel B, H, I, J He conepkar HUKaKMX KpaTHBIX
CBSI3EH.

5. Haninure CTpyKTYphl coequnennii R*-Br, A-J.

6. Ykaxure, mo kakuMm mexaHuzMam (Sy1 wim Sn2) MpOTEKaT peakiuu
B3aumoyeiicteus R*-Br ¢ NaNO, 8 DMF u ¢ AgNO, B cmecu mmnokcan/H,O.

OOBsicHUTE, TOYEMY B TIEPBOM peakuu 00pa3zyeTcs UMEHHO BEUIECTBO A, a HE €ro
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cTpykTypHBbIH n3omep C, a BO BTOPOH peaKIMi — MPEUMYIIIECTBEHHO 00pa3yroTCs

npoayktsl C u F, a He ux ctpykrypHble n3omepsl A u G.

3adaua 11-5

MHorue X yku cemeiicTBa HaphIBHUKOB (Hampumep, LINMaHCKas MyIIka Lytta
vesicatoria) coiep’aT BeCbMa SJAOBHUTOE BEIIECTBO KaHTapHUIWH, KOTOPOE OHH
WCIIONB3YIOT IS 3alllUThl OT XHUIMHUKOB. llomajmaHue 3TOro BellecTBa BHYTPb
YeJIOBEYECKOr0 OpraHM3Ma MOXKET MPUBECTH K KpailHE Cephb&HBIM MOCIEACTBUSM,
BIUIOTh JIO JIETAIHHOTO HUCXOJA, @ HAPY>KHBIM KOHTAKT BBI3BIBAET KOXKHBIE OXKOTU U
HapbIBbl. TeM HEe MeHee, KaHTapUIWH HAXOAUT MEIUIIMHCKOE NMPUMEHEHUE Kak
KOMITOHEHT CpEACTB I yhajdeHuss OopomaBok. HecMOTpsi Ha OTHOCHUTENbHYIO
MPOCTOTY XUMUUYECKOM CTPYKTYphl KaHTapHWIWHA, €r0 MOJHBIM CHUHTE3 OKa3aycs
BEChbMa HETPUBHUAILHOM 3amauei. Huxke mpuBeneHa cxema CHUHTE3a KaHTapUAWHA,
KJIFOUEBOM CTaJMeil KOTOPOIO SBIISJIOCH B3aMMOJCHCTBHE T€TEPOLMKINYECKUX
BemiectB E u M npu nasnenuu 15 k6ap no peakiuu Juibca-Anbaepa (CM. cxeMy) ¢

oOpa3oBaHueM ctepeon3oMepHbIX TpoaykToB N u O.

CH3OH HCN CuCl H2 02
A HC=CH c D
.. H2S0, T CuCl NH,CI Pd/BaSO, ~ CuClp, H:0 |\ o
0)0—558/0 to XUHOMMH 100 °C 4114
o)
o)
oo BT NaHS _  CHyOH B _Py OCHs
32" P(kpacH.) H,O HoSO4 o0 Py 110°C
2) H,0 65°C S I CHsOH S
NaCN
NaHSO,
H,O
E SocCl, H,0* POCI,
(N0 15 k6 " 75°C = 100°C K 55 °C
kbap _ o
H2 77 °C s 2056 C7H7N028
Ni PeHes [-H,S

KaHTapunanH

1. IlpuBenute cTpykTypHble GopMyinbl coeauHeHuid A — O. VYyrure, 4TO

OTHOCHTENbHAS INIOTHOCTH ra3za C 1o Bo3ayxy pasHa 1.8.
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