OJIMMITNA JA HIKOJIBHUKOB CIIoI'yY 110 XUMHUH.
3AJAHUA 3AKIIOYUTEJIBHOI'O DTAITA

8 kiaacc

3agaua 1. «Qaement I» (25 Gayios).

B 1669 rony nemeukuii anxuMuk XeHHUT bpann mpu momckax (puiaocodckoro KamHs
CIIy4ailHO OTKPBUI HOBBIA XUMUYECKHUI 3JIEMEHT 3.

HaBecky mpocroro BemecTBa, 0Opa30BaHHOIO 3jieMeHTOM O, maccoil 1.0 T coxrim B
3aKpBITOM CUCTEME B H30BITKE KENTO-3€JIEHOrO Tasza, IMOCiIe OXJAXACHUS JI0 KOMHATHOM
TEeMIIepaTypbl B cUCTeMe 00pa3oBaiuch xkenroBarbie Kpuctauibl K. IlomydeHHBIE KpHCTAILIBI
MOMECTUJIM B cocys o0béMoM 1 nuTp u 3amasnu ero noja Bakyymowm. Ilpu 20 °C B cocyne
ycranoBuioch nasiueHue 0.012 MM pr. CT., IpU 3TOM IUIOTHOCTH Ta3a MO BO3AYXY COCTaBIIsIET

7.181. Cocyn narpenu a0 350 °C, kpucTauibl HCYE3JH, a TUIOTHOCTH Ta3a Mo BO3/IyXY COCTaBUIA

3.5905.

Bomnpocsr:
1) Ompenenure 3IEMEHT O, IPUBEIUTE €r0 HA3BAHUE U YKAKUTE, IOYEMY OH TaK Ha3bIBACTCS.
2) HamumuTe ypaBHEHHS POTEKAIOIIUX PEaKIIHH.
3) OrmpenenuTe KauecTBEHHBII COCTAaB ra3oBOW cMecH M O0Ilee JaBICHHE B COCYAE MPH
temneparype 350 °C.
4) HamummTe peakiMyd MPOCTOTO BEHIECTBA DJIEMEHTa O TMpU  KHUISTYCHUH B
KOHIICHTPUPOBAHHOM a30THOW M KOHLIEHTPUPOBAHHOW CEPHOM KUCIIOTE.

5) Yto mpou3oiaéT, eciu BChIMaTh KpUCTALIb K B CTakaH ¢ qUCTHIUIMPOBAHHON BOIOM?

Pemenne.

1) TlockoybKy MIOTHOCTh HACHIIIEHHOTO mapa 1o Bo3ayxy mpu 20 °C 7.181, To MojeKyssipHas
Mmacca raza 7.181*%29 = 208.25 r/monb. (1 6amn). XKénro-3enensrit raz — xiop (1 6amr). B
U30BITKE XJIOpa MOJTy4yaeTcs BbIcIuii raorenu (1 6amr), Ui 5 aTOMOB XJ10pa aTOMHas Macca
anemenTta D =208.25-5*35.45 = 31 — ato docdop (3 6amra). Hazparue pochop — «HECYIIHIA
CBET» MPOUCXOAUT OT TOro, 4yTO Oemnblii pocdop CBETUTCS B TEMHOTE 32 CUET MEIJICHHOIO
OKHCJICHUS KHCIIOPOJIOM BO3yXa (2 Oaa).

2) VYpaBHEHHs pEaKIHii:

P(tB) + Cl2 = PCls(tB) (2 Gama)
PClIs (r) = PCl3(r) + Cl2 (2 6amna)



3) IIpu 350 °C monekymnsipHas Macca raza 3.5905%29 = 104.125 r/mounb (1 6amn). YMeHbIeHHE
MOJICKYJISIPHOM MaccChl CBSI3aHO C JUCCOIMAIUEel nmeHTaxiaopuaa gochopa Ha TPUXIOPUI U
xJop (1 Gamn).

Takum oOpazom, kauecTBeHHBIH coctaB mapa mpu 350 °C PCls u Cl, (1 6amn).
KomnyectBo nenTaxmopuna pochopa paBHo xosmuectBy B3sitoro ¢ochopa 1/31 = 0.03226
MoJib. (1 6am). Obmiee konmdecTBo ra3a npu 350 °C BaBoe 6onbie u cocrapisieT: 0.06452
moJib (1 6arn), a obIIee JaBIeHUE B COCYC
PV =nRT; P=0.06452*0.082*(273.15+350) = 3.3 arm. (2 6aa).
4) Peakuuu Gocdopa ¢ KOHIEHTPUPOBAHHBIMU a30THOM U CEPHOM KHUCIOTOM:
P(tB) + 5SHNO3 = H3PO4 + 5NO; + H0 (2 6asna).
2P(tB) + 5H2S04 = 2H3PO4 + 5502 + 2H,0 (2 6anna).
5) Tlenraxsnopua ¢pochopa B M30bITKE BOBI MOJHOCTHIO THAPOIH3YETCS:

PCls(tB) + 4H20 = H3PO4 + 5HCI (2 6ana).

3agaua Ne 2. «M3BecTm» (25 OamioB)

Kak u3BecTHO, TEpMUH U3BECTh BXOJAUT B Ha3BAHUE IIEJIOTO Psila XUMUYECKHUX BElIeCTB. YeThipe
U3 TUX BEIIECTB SBJISIOTCS WHIAMBHIYAILHBIME coequHCHUsMH. C 00pasliaMy TaKuX H3BECTEH
OBLTN TIPOJIETIaHbI CIEAYIOIINE OTBITHI:

A) HaBeckn w3Bectm | u wu3BeCTM 2 TMOMECTUIM HE TepeMelnBas B TOPHU30HTAIBHO
pacmooXkeHHyl0 MeaHyto TpyOky. Uepes TpyOky mpomycTuiu u30BITOK Harperoro mo 200 °C
dropoBogopoaa. ['a3 Ha BbIXO/e cOOpasii B KOHTEMHEpP M OMPEACIUIN €r0 OTHOCHTEIbHYIO
MJIOTHOCTH 10 HeoHY. OHa OKa3aiach pOBHO B 2 pa3a 0oJibliie, YeM MIOTHOCTH (PTOPOBOIOPO/IA IO
aprony. OmnbIT TOBTOPWUJIM, B35IB TENEpb HABECKH H3BeCTHU 3 W u3Becth 4. Pe3ynbrarsl
HKCIIEPUMEHTA OKA3aINCh UIEHTUYHBI IPEIBIAYIIEMY.

b) Bo BTOpOI# cepuu SKCTIEpUMEHTA OIBIT TPOBOJIAIN C TAKMMHU K€ HAaBECKaMH TEX K€ BEIECTB,
OJIHAKO MPOIYCKAIH uyepe3 TPyOKy He GTOPOBOAOPO, a YIIAEKUCIBIN ra3, Harpetsiit g0 200 °C. B
MEPBOM CJIy4ae OTHOCHUTEINIbHAs MJIOTHOCTh ra3a Mo a30Ty OCTalach HEM3MEHHOM, a BO BTOPOM
YMEHBILINIACH.

1. O kakux u3BECTAX HUIET peub B 3agave? [IpuBeaure TpuBUAIbHbIE HA3BAHUS U XUMHYECKHE
dbopmynel 3TUX BemecTB. [IpemmoxkuTe XoTs Obl OAHY W3BECTh, COCTOSIIIYIO U3 HECKOJBKUX
BEIECTB.

2. Onpenenure cocTaB CMecei 3BECTh | — M3BECTh 2 M U3BECTh 3 — M3BECTh 4. B Kak1X MacCoBBIX

COOTHOIIIEHUAX OBLIM B3SITHI OTH BeliecTsa?



Pemenue:

1. K unauBHIyabHBIM BEIIECTBAM OTHOCSITCS:

H3ssects — CaCOg,

Heramenas uzsects — CaO

["amenas uzBects — Ca(OH):

Xnopuas (Oenunbhas) usBects — CaOCl»

CMechI0 BeIeCTB SBISETCS HaTpoHHAs (HaTpoBas) u3BecTh — cMech Ca(OH)2 m NaOH
2. Ilpu nporycKaHuu XJIOPOBOAOPO/Ia OYAYT MPOTEKATh PEAKIIHH:

Ca0 + 2HF = CaF2 + H20

Ca(OH), + 2HF = CaF; + 2H,0

CaCOgz + 2HF = CaF, + H2O + CO>

CaOCl; + 2HF= CaF; + Cl> + H20

[TockonbKy cpenmHsisi MOJIIpHAas Macca CMECH Ta30B Ha BBIXOJIE paBHA MOJISIPHOW Macce
¢$TOpPOBOIOPO/IA, BOBMOXKHBI B KOMOMHAIMH BEUIECTB:

A) CaO + CaCOs u Ca(OH), + CaOCl>

b) CaO + CaOClz u Ca(OH)2 + CaCOs3

[Tpu npomyckaHuy YIrJIEKUCIOro ra3a uayT CIEIYIOIINE IPOLECCHI:

Ca(OH); + CO2 = CaCO3 + H20

CaO + CO2 = CaCOs

4CaOCl; + 2C0O2 = 2CaCOs3 + 2CaCl, + 2Cl2 + O2

O4eBHIHO, YTO HEU3MEHHONW OTHOCHUTEJbHAS MJIOTHOCTH I'a3a Ha BBIXOJIEe OyJIET B CiIydae CMECH
CaO u CaCOs. Toraa Bropas cmech - Ca(OH)2 u CaOClo.

[TockonpKy B IEPBOM 3KCIEPUMEHTE IUIOTHOCTh I'a3a HE MEHSUIACh, CPENHSAS MOJIIpHas Macca
CMECH MPOAYKTOB B3aMMOJEHCTBUS OKCHAA M KapOOHaTa KalbliUs C XJIOPOBOAOPOJIOM JIOJKHA
0bITh paBHa 20 r/Moib. I1ycTh B peakiiyio BCTYNHIIO X MOJIb OKCHJIA KaJIbLIUS U Y MOJIb KapOoHaTa
kanbuud. Torpa:

(18x + 18y + 44y)/(2x + 2y) =20

Orcroma x/y = 11. YMHOXHUB KOJMYECTBO KaXKIOTO W3 BEIIECTB Ha €r0 MOJBIPHYIO Maccy,

noay4daeM maccoBoe cootHorenue: m(Ca0)/m(CaCOs3) = 6,16

I[J'IH BTOpOﬁ CMCCH BCIICCTB ITOJydacM:

(36x + 18y + 71y)/(2x + 2y) =20



Orcroma x/y = 12,5. YMHOXHB KOJUYECTBO KaXKIOTO W3 BEIIECTB HA €ro MOJSIPHYIO Maccy,

noaydaeM MaccoBoe cootHorrenue: m(Ca(OH)2)/m(CaOCly) = 7,3.

OunenuBanue:.

1. 3nanue «m3Bectei» - 10 6amnoB (1mo 2 6amra 3a KaXIyr «HU3BECThY)

2. BeiOop cocTaBoB ByX cMecel — 7 OaisioB

3. Pacuer maccoBbIx nojneil — mo 4 OGamia = 8 GayyIoB (€CiM OMpPEAETICHO TOJIBKO MOJIBHOE
COOTHOIIIEHHE, 10 2 6alia 3a Kaxaoe = 4 Oayia)

Hroro: 25 damoB

3agaua Ne 3. « ) Ku3HeHHO-BaKHBIH KATbUUID (25 6a7II0B)

OfHUM M3 KU3HEHHO BaXKHBIX SJIEMEHTOB SIBISETCA KalbLMM, KOHTPOJb 3a COJEpKAHHUEM
KOTOpOTro B IJIa3M€ KPOBU SIBJISIETCS aKTyaJlbHOW 3adauell MEeIUIMHCKOW auarHoctuku. Cpenu
pa3paboTaHHBIX METOUK OIPEIEICHHS KOHIIEHTPALUH KaJIbIs B IJIa3M€ KPOBU MallMEHTa OJIHOM
U3 HaubOosiee HaJEXKHBIX sBisAeTcs (oToMeTpus IIaMeHd. B sTtom merone oOpasen KpoBU
HalMeHTa BHOCAT B IIaMsl aHAJIUTUYECKOM TOPEJIKH, ONPEIEISIIOT UHTErPAIbHYI0O HHTEHCUBHOCTh
AQHAIUTUYECKOr0 CUrHaia (OHa MPONOPLHMOHAIbHA COAEPIKAHUIO aHAUTA) U aHAIU3UPYIOT €€
W3MEHEHHE TIPU BBEICHUH JOOABKU CTaHAApTA.

VY AByX MalMeHTOB B3sUTH O JIBE OJJMHAKOBbIE MPOOBI KpoBU 00beMoM 1o 0,25 mi. [Tocne aToro
K Kaxaoi npoOe nobaBuiu mno 9,75 ma Boasl. K onHONM M3 mMpoO KpOBH KaXJIOTO MaIMEeHTa
npubasuu o 10,0 Mk pactBopa CaCl, ¢ konnentpanueii 0,05 mons/i. [Tocie KoMIBIOTEpPHOTO
MHTETPUPOBaHUs (ONpeIesIeHNUs TUIOIIAI1 ) TOJIYyYEHHBIX CUTHAJIOB IUIOIIAIN MMKOB COCTAaBUIIM: Y
nepsoro naruenta - 32,1 - 1081 58,6 - 108 yci1. ex1. cooTBeTCTBEHHO, Y BTOpOro TMaruenTa — 38,5
- 105 m 65,4 - 108 YCII. €lI. COOTBETCTBEHHO.

Paccuuraiite conepskanue Kajiblys B IJ1a3Me KPOBH MallMEHTOB (B MMOJIb/J) U ONpEAENIuTe, HE
CTpaJaeT Ju KTO-T1M00 U3 HUX rHuIepKaiblemMueil (pedepeHCHbIe 3HaUe€HUs COJIepKaHus KaIbIus

—2,10 — 2.55 MMoOuB/1I.

Pemenne.

[To ycmoBuio 3a1a4M HHTEHCUBHOCTh aHAJTMTUYECKOTO CHTHAIA IPOIOPIIMOHAIBHA COIEPIKAHUIO
aHanuTa. Torma uist mpoObl KPOB TIEPBOTO MAI[MEHTA BBITIOIHICTCS COOTHOIIICHHE:

(n(ucx.) + n(mo6asi.))/ n(ucx.) = 58,6/32,1 = 1,826, rae n — KOTUIECTBO BEIIECTBA KATBIUS
n(zo6asi.) = 0,05%10%10° = 5,010 Mmos

n(ucx.) = 6,05%¥10™* Mmos



C =6,05%10"/0,25 = 2.42*10°2 monb/1 = 2.42 MMOJIB/1T

[TomryueHHast BeTMUMHA JIGKUT B MpeenaXx peepeHCHBIX 3HAYCHHA.

Jl1s1 BTOpOro nanueHra

(n(ucx.) + n(no6asn.))/ n(ucx.) = 65,4/38,5 = 1,700, rae N — KOJIUUYECTBO BEIIECTBA KAJIBIIH
n(mob6asi.) = 0,05*10*10° = 5,0*10™* Mmoub

n(ucx.) = 7,14*10™* mmonn

C=7,14%¥10"/0,25 = 2.86*10° moub/11 = 2.86 MMOJIB/IT

[TomryuenHasi BelMuMHA NpPEBbIIAET peepeHCHbIe 3HAYCHUSI.

IIpeasio:keHus M0 OLIEHUBAHUIO:
1. Pacuer koHneHTpanuu Kanpuus — no 10 6amios
2. BBIBOJ O COCTOSIHUY 3/I0POBBS — 5 OaiioB

Hroro 25 6auios

3anaua 4. «BanagaTsl peko3eMeJabHBIX 3J1eMeHTOBY (25 0aioB)

N3-3a cX0XeCTH MOHHBIX PAJAMYCOB PeaKo3eMeNbHbIX 37eMeHTOB (P33), MHorue coeauHeHuUs
pPEeAKO3EMENbHBIX HOHOB, K KOTOPBIM OTHOCSTCSI WTTPUM, CKaHAMM, JJAHTaAaH M JIaHTAHOW/]IbI,
CHOCOOHBI 00pa30BbIBaTh TBEPIBIE PACTBOPHI 3aMELIEHMs, B KOTOPBIX OJMH BHJ HOHOB B
KPUCTAIZIMYECKOM PEMETKE YaCTUYHO 3aMEIlE€H Ha Jpyrue. HecMoTpss Ha OTHOCUTENBHYIO
CXOXECTb XUMHYECKHX CBOMCTB, pa3jiM4Hble MOHBI MPOSABIAIOT YHHKAIbHbIE (U3NYECKUE
CBOICTBa, HalpUMep, JIIOMHUHECLICHIIMIO U BBICOKHE 3HAYEHHUS MAarHUTHOM BOCIPUUMYHBOCTH.
[TosTOoMy, BBOJS B COCTaB MaTepHasioB pasnudHbie P33, MOXHO mosyyaTh (yHKIMOHAJIbHBIE (B
TOM YHCJIe HAHOpPa3MepHbIE) MaTepHaIbl JUIsl IPUMEHEHUS B MEIUIIUHE (JIFOMUHECLIEHTHbIE METKH
1 MPT KoHTpacTHbIE BELIECTBA) U TEXHUKE (CBETSIIMECS MOKPHITHS, 3allMTHBIE 3HAKU JEHET U
JOKyMeHTOB, miazMeHHble 1 OLED skpanbl). Tak, HanmpuMep, HAHOYACTHULbI BaHAJaT UTTPHUS C
N00aBKOW MOHOB €BPOIHUS MOTYT NPHUMEHSATCS KaK JIIOMUHECIIEHTHBIE TEPMOMETpPHI B YKHUBOU
KJIETKe, TaK KaK (popMa CHEKTpa JIIOMUHECIICHIIUN TaKUX YacTHUI] 3aBUCHUT OT TEMIIEPaTypBhl.

Banagatel uTTpus U €BpONMs MMEIOT TETParoHaJbHYI0 KPUCTAIUIMYECKYIO pEeHIETKY,
AJIEMEHTApHbBIE SYEUKNM KOTOPBIX IPEACTABICHBI HWXKE. DJIEMEHTApHAas S4YeiKa ONpeneisieTcs
TpeMsi 6a30BBIMHM BEKTOpaMH (TIapaMeTphl JIEMEHTApHOI stueiiku a, b u ¢); ABa U3 Tpéx 6a30BbIX
BEKTOPOB MMEIOT OJMHAKOBYIO JUIMHY, a TPETHH OTJIMYaeTcss OT HHUX. Bce Tpu BekTopa

NEePNEeHIUKYISAPHBL Ipyr Apyry. 3HAYeHUs] MapaMeTpoB SJIEMEHTApHOM SYEeWKH IJi1 BaHajaTa



UTTPHS COCTABIAIOT - a=b= 0.7126 uMm, c= 0.6295 uMm, a 11 BaHagara eBponus - a=b= 0.7237 HwM,

c=0.6368 HM. ATOMBI, TOMEUYEHHBIE KENTHIM, JIEKAT HA TPAHIX FeKca’apa.

1)

2)
3)

Pemenmue:

Onpenenure (opMyibl BaHAIATOB UTTPUS M €BPOIUS MCXOIS M3 UX CTPYKTYphl U
yucia0 (GOPMYNIbHBIX €IMHUL, MPUXOASLIMXCS HA 3JIEMEHTapHYI0 S4YeHKy. YKaxure
CTENIEHH OKUCJIEHMsSI BCEX 3JIeMeHTOB. Ompenenure KOOpAUHAIlMOHHbIE YKCia HOHOB
UTTpUS U €BPONMs, YUYMTHIBAs, YTO BaHAJMl He 00pa3yeT XMMHMUYECKYIO CBs3b C
UTTPUEM U €BPOIHEM.

OnpeieNuTe MIOTHOCTH BAHANATOB HTTPHUS U €BPOIHS B I/CM".

Banapgatel uTTpus M eBpomMs CIOCOOHBI 0Opa30BBIBATH TBEPJIBIE PACTBOPHI
3ameneHusi. To ecTb, MOHBI €BPOMMSI CIOCOOHBI HEOTPAHMYEHHO 3aMelaThb HOHbI
UTTpUs B KpUcTaluimdyeckod pemérke. g TBEPABIX pacTBOPOB 3aMELCHUS
BBITNOJIHAETCS 3aKOH Berapna, oHUM M3 CIEICTBUN U3 KOTOPOTO SBJISAETCS JIMHEWHAsS
3aBUCUMOCTh OOBEMA DIIEMEHTApPHOW SYEHMKH OT aTOMHOM JOJIM dJIEMEHTAa.
Paccunraiite 00BEM dIeMEHTAPHOM SYEHKH U IIIOTHOCTh BAHAJATa UTTPUS B I/CM°, B

KOTOpOM 16 IMPONCHTOB HOHOB UTTPUA 3aMCHCHO HAa MOHBI CBPOIIHA.

1) B snemeHTapHO# sueiike BaHajata UTTpHs Haxozasrcs 2+4(na rpansx)*0.5 = 4 aroma

utTpus, 2+4(Ha rpansax)*0.5 = 4 aroma Banaaus u 10+8(Ha rpansax)*0.5 = 16 aromos

KHCIIOpO/a.

Utoro, Opyrro popmyna Y4V4016 Popmyna Bananara urtpus YVO4. B snementapHoit

sTYerKe HaxoasaTCsa YETBIPE (bODMVJ'II)HI)IX CAWMHUILI BaHaaAaTa UTTPUS.




2)

3)

AmnanmornuHo a1 BaHaaara eBponusi EUVO4. B anemenTapHO# siueiike HaXOaITCs YeThIpe

d)ODMVJ'H:HBIX CAVMHUIIBI BaHaZlaTa CBPOIIHA.

Crenenu okucienus: YRV©P02, EuV¥02.

KOOpI[I/IHaI_II/IOHHOC YUCIO HUTTpHUA HW CBPOIHUA OIPEACTIACTCA YHUCIOM CBsA3CH C

kucaoposioM. Takum oOpa3oM, KOOPIMHAIIMOHHBIE YHCIa UTTPUS U €BPOIIHS COCTABIISIOT
I

Paccuntaem 00BEMBI >IEMEHTApPHON SYEWKH BaHAgaTOB WUTTpus u eBpornus. OO0BbEM
9JIEMEHTAPHOM STYEHKH paBeH MPOU3BEICHHUIO TApaMETPOB dJIECMEHTAPHO# siueiiku a, b u C,
T.K. (Qurypa, oOpa3oBaHHas JaHHbBIMH BEKTOpPAMH, SBJSIETCS IPSIMOYTOJIbHOMN
TETParoHaJbHOMN IPU3MOM.

Vss(YVOs) = a*b*c = 0.7126 am*0.7126 am*0.6295 am = 0.3196 um® = 3.196:10%2 cm®
V,s(EuVO4) = a*b*c = 0.7237 um*0.7126 um*0.6368 um = 0.3335 am® = 3.335:10% cm®
PaccuntaeM Maccy 0JIHOM 3JIEMEHTapHOMN STYEHKU

M 5:(YVOa) = 4*M(YVO4)/Na = 4*204r-Mm0151/6.022-10%° Mmons = 1.355:10% r

M 5:(EUVO4) = 4*M(EuVO4)/Na = 4*267 r-M01152/6.022:10?° Mmonp = 1.773-10% 1
PaccuuTaeM mi0THOCTB:

p(YVOs) = Ms(YVO2)/V,a(YVOs) = 1.355:102 1/ 3.196-102% cm® = 4.240 r/cm®
p(EUVO31) = M »(EuVO4)/Vos(EUVO4) = 1.773:102 1/ 3.335:10%2 cm® = 5.316 1/em®

Tak kak B TBEPABIX pacTBOpax 3aMelleHUss OObEM 3JIEMEHTAPHOU SUEHKH JIMHEHHO
3aBHCUT OT aTOMHOM JOJIM 3JIEMEHTa, TO OOBEM 3JIEMEHTAPHOM SUEHKU COeIMHEHMS
Y 0.84EU0.16VVO4 MOKHO MOCUUTATH KaK:

Vou(Yo0.84EU016VO0s) = 0.84* Vou(YVOs) + 0.16*% Vou(EUVOs) = 0.84%0.3196 um® +
0.16*0.3335 um® = 0.3218 um® = 3.218-10% cm®

Msa(Y0.84EU0.16V04) = 4*(0.84* M(YVOg4) + 0.16* M(EuVO4)) /INa= 4*(0.84*2041-M0mB"
14+ 0.16%267 r-Monp 1)/6.022:10%% Mons™t = 1.422-102 1

p(Y0.84EU016VO4) = M 54(Y0.84EU0.16VO4)/Vos(Y0.84EU0.16VO4) = 1.422:1021 1/ 3.218:10°%

oem® = 4.419 r/em®

Kpurepun onenuBanus:

1) TlpaBuibHO ompenencHbl (HOPMYIIbI BaHAAATOB MTTpUs W eBporus — 2*1 Oamn = 2
Oama
[TpaBuUIbHO paccyMTaHO YHCIO (POPMYIBHBIX €IUHUIL B 2JIEMEHTAPHBIX siueiikax — 2*1
6am1 = 2 Ganna

[TpaBuiibHO ompenienieHbl CTeneHu okuciaeHus 2*1 6amia = 2 Ganna



[IpaBunpHO OmpeaeieHbl KOOPAMHAIMOHHBIC YHCIIa UTTPHs U eBporus 2*1 Oamn = 2
Oamna
2) TlpaBuibHO paccyMTaHbl 00BEMBI AIEMEHTAPHOM SUCHKY BAHAIaTOB UTTPHSI U EBPOIIHS
2*3 Gamna = 6 6aysioB
[TpaBHIIbHO paccYMTaHbI JIOTHOCTH BaHAIaTOB UTTPUSA U eBponus 2*2 Oamia= 4 Ganna
3) IIpaBwibHO paccuuTaH 00BEM 3IeMEHTapHOU TBEPIOTO pacTBOpa 4 Oayia
[TpaBuIBHO paccuuTaHa INIOTHOCTH TBEPOTO pacTBopa 3 Gaiia

Hroro 25 6amios



9 kjaacc

3agaua 1. «DuemeHT I» (25 6aI0B).

B mectHanuarom Beke anxuMuk Bacunuii BaneHTuH B cBOEM TpakTaTe Onucai criocoObl
MOJIyYEHUSI, COSMHEHUS] U PEaKI[H dJIeMEeHTa .

Hagecky mpocroro BemiectBa, 00pa3oBaHHOTO 3JeMEHTOM J, maccod 1.0 T coxriau B
3aKpBITOM CUCTEME B H30BITKE KENTO-3€JIEHOrO Tas3a, IOCie OXJIAXICHUS J0 KOMHATHOM
TeMIepaTypbl B cuctemMe oOpazoBasiack OecriBeTHas kuiakocts K. [lonydeHHyr0 XKUAKOCTH
MOMECTHIIM B cocysr o0béMoM 1 muTp u 3amasum ero nmoja BakyymoM. Cocyn Harpenu a0 90 °C,
IIPU 3TOM KUJAKOCTb M34€3ja, B COCYJE yCTaHOBUIIOCH AaBieHue 0.1 aTM, a IUIOTHOCTH rasa 1o

Bo31yxy coctasuia 10.31. [Ipu narpese 10 250 °C mioTHOCTH ra3a 1o Bo3ayxy cocraBuia 5.155.

Bonpocsr:

1) Omnpenenure 3J€MEHT I, MPHUBEIUTE €r0 COBPEMEHHOE HA3BaHWE W YKAKUTE, KaK OH
Ha3bIBAJICA B TpakTare Bacunus BanenTuna.

2) HanwummTe ypaBHEHHS IPOTEKAIOIMINX PEAKIIUIA.

3) OrmpenenuTe Ka4eCTBEHHbI COCTaB ra3oBOW CMECH M IaplUabHbIC JaBJICHHS ra3oB B
cocyne npu remnepatype 250 °C.

4) HanumuTe peakiiu MPOCTOTrO BEIIECTBA JIeMEHTa D ¢ KOHICHTPUPOBAHHOW a30THOM M
KOHLICHTPUPOBAHHOM CEPHON KHUCIIOTOM.

5) Yto nmpou3oiaeT, eciu BBUINTH KUIKOCTh JK B CTakaH ¢ JUCTHILTMPOBAHHOM BOIOM?

Pemenue.

1) TlockoibKy IUIOTHOCTH ra3a no Bo3ayxy mpu 90 °C 10.31, To MonekyssipHas macca rasa
10.31*29 = 299 r/mons. (1 6ana). XKénro-3enensiit ra3 — xjop (1 6amn). B uzdeiTke xmopa
noJiyyaeTcsl BbIcIIMi rajoreHua (1 6am), g 5 aToMOB XJIopa aTOMHasi Macca 3JIeMeHTa J
=299-5*%35.45 = 121.75 — »10 cypbMa (3 6ansia), B TpakTaTe JIEMEHT HA3bIBAJICSI aHTHUMOHUIA
(1 6amwn).

2) VYpaBHEHHs pEaKIHii:

Sb(tB) + Cl2 = ShCls(;x) (2 6amna)
SbCls (r) = SbCls(r) + Cl2 (2 6anna)

3) Ilpm 250 °C monekynsipHas macca raza 5.155%29 = 149.5 r/monb (1 6ami). YMeHbIICHUE
MOJIEKYJISIPHOM Macchl CBSI3aHO C JUCCOIMALMEl MeHTaxjopuaa Ha Tpuxjiopun u xjop (1
oas).

Taxum o6pa3om, kauecTBeHHBIN coctaB mapa SbClz u Clz (1 6asmw).



KonuuecTBo neHTaxaopuaa cypbMbl paBHO KOJHUYECTBY B3siTol cypbMbl 1/121.75 = 0.00821

Mok, (1 6asr). O6miee konmudectBo rasa npu 250 °C BuBoe 6ombine u cocraiset: 0.01642

Moutb (1 6aJun), a naBneHue

PV =nRT; P =0.01642*%0.082*(273.15+250) = 0.7 atm. (1 6aw).

Torpa mapruansabie nasienus SbClz u Clz cocraistror 0.35 at™ (2 6aJiia).
4) Peakuuu CypbMbI ¢ KOHIICHTPUPOBAHHOM a30THOM U CEPHOM KUCIIOTOI:

Sb(tB) + SHNO3 = H3SbO4 (1 Sb20s-nH20) + 5NO2 + H20 (2 6ana).

2Sb(tB) + 6H2S04 = Sb2(SO4)3 + 3SO2 + 6H20 (2 6anna).
5) TlenTaxyopua CypbMbl B U30BITKE BOJIBI THPOIH3YETCS:

SbCls(x) + 4H20 = H3SbOs (uau Sb20s5-nH20) + 5HCI (2 6asra).
3anaua Ne 2. «M3Bectu» (25 OamioB)
Kak u3BecTHO, TEpMUH U3BECTh BXOAUT B Ha3BaHUE IEJIOTO Psiia XUMUYECKUX BeliecTB. YeTkipe
U3 STUX BEIIECTB SBJSAIOTCS MHAMBUIYAIbHBIMH coeanHeHusMHu. C oOpasliaMu TakuxX H3BECTei
OBLIM MPOJIETaHbl CIEAYIOIINE OIBITHI:
A) HaBecku wu3Bectu | u wu3BeCTM 2 NOMECTUIM HE IE€peMellnBasl B TOPU30HTAIBHO
pacmoiokeHHylo MeaHyto TpyOky. Uepes TpyOky mpomyctunu u30bITok Harpetoro jno 200 °C
dTopoBogopona. I'a3 Ha BbIXxoAe coOpalu B KOHTEHHEp M OMNPEICIUIN €ro OTHOCHUTEIbHYIO
IUIOTHOCTH TI0 HeoHYy. OHa 0Ka3anach POBHO B 2 pa3a 0oJIbIIe, YeM TUIOTHOCTh (PTOPOBOIOPOIA TT0
aprony. ONBIT NOBTOPUJM, B35IB TENEeph HABECKU M3BeCTH 3 M u3Bectd 4. Pe3ynbpraTsl
DKCIEPUMEHTA OKa3aJIUCh WIEHTUYHBI IPEABIAYIIEMY.
b) Bo BTOpOI1 cepun skcriepuMeHTa ONBIT IPOBOMIN C TAKMMHU e HaBECKaMH TeX )K€ BEIECTB,
OJIHAKO MPOIYCKAIH uyepe3 TPyOKy He GTOPOBOAOPO, a YIIAEKUCIbIN ra3, Harpetsiit g0 200 °C. B
MEPBOM CJy4yae OTHOCHUTENbHAs MJIOTHOCTH rasza Mo a3oTy OCTajJach HEM3MEHHOM, a BO BTOPOM
YMEHBLINIACH.
1. O xakux u3BecTIX UIET peub B 3anaue? [IpuBenute TpUBHAIbHBIE HA3BAaHUSA U XUMHUYECKHE
dopmynbl 3THX BemecTB. lIpemioxkure XOoTs Obl OJHY U3BECTh, COCTOSIIYI0 U3 HECKOJIbKUX
BEIIECTB.
2. Onpenenure cocTaB CMecei U3BECTh | — M3BECTh 2 M U3BECTh 3 — U3BECTh 4. B KaknX MacCoBBIX

COOTHOIIICHUSX OBUIHM B3SIThI TH BeIJ.IeCTBa?

Pemenne:

1. K uHauBUAYyanbHBIM BEIIECTBAM OTHOCSTCS:
HsBects — CaCOgs,

Heramenas nsects — CaO

["amenas uzBects — Ca(OH):



Xnopuas (6enmunbHas) usBects — CaOCly

CwmechIo BelleCTB SIBISIETCS HAaTpOHHAs! (HaTpoBasi) u3BecTh — cMech Ca(OH), u NaOH
2. IIpu nmpomyckaHuy XJIOPOBOIOPOAa OYIyT MPOTEKATh PEAKITUH:

CaO + 2HF = CaF; + H20

Ca(OH)2 + 2HF = CaF; + 2H,0

CaCO3 + 2HF = CaF, + H20O + CO>

CaOCl; + 2HF= CaF; + Cl> + H20

[TockonbKy cpeaHsisi MOJIsIpHAsE Macca CMECH Tra30B Ha BBIXOJE paBHa MOJIIPHOW Macce
¢bTopoBOIOPOIA, BO3MOXKHBI JIB€ KOMOMHAIIUY BELIECTB:

A) Ca0O + CaCOz u Ca(OH)2 + CaOCl;

b) CaO + CaOClz u Ca(OH), + CaCO3

[Ipu nponyckaHuyu YIIEKHCIOTO ra3a UayT CIEAYIOIIUE MTPOIECCHI:

Ca(OH), + CO2 = CaCO3 + H20

Ca0 + COz = CaCOs

4Ca0Cl; + 2C0O; = 2CaCO0s3 + 2CaCl + 2Cl2 + O2

OueBUIHO, YTO HEM3MEHHOI OTHOCHTENbHAs IUIOTHOCTH T'a3a Ha BRIXOJE OyJeT B Cllydyae CMECH
CaO u CaCOs. Torma Bropast cmech - Ca(OH)2 u CaOCla.

[TockoabKy B MEPBOM IKCIIEPUMEHTE IUIOTHOCTh T'a3a HE MCHSJIACh, CPEJIHSS MOJISIpHAs Macca
CMEeCH TPOAYKTOB B3aUMOIEUCTBHS OKCHJA M KapOOHATa KaJbIHs C XJIOPOBOJOPOIOM JOJDKHA
ObITh paBHa 20 1/Momb. [1ycTh B peakiuio BCTYIHIIO X MOJIb OKCH/IA KaJIbLIUsS U Y MOJIb KapOoHaTa
kanpuus. Tornpa:

(18x + 18y + 44y)/(2x +2y) =20

Otcroga x/y = 11. YMHOXHMB KOJMYECTBO KaXKJOTO M3 BELIECTB HAa €r0 MOJSIPHYIO Maccy,

nosixydaem mMaccoBoe cooTHomenue: m(Ca0O)/m(CaCOz) = 6,16

[t BTOpO# cMecH BEHIECTB MOJIyYaeM:
(36x + 18y + 71y)/(2x + 2y) = 20
Orcroga x/y = 12,5. YMHOXUB KOJUYECTBO KaXKIOTO M3 BEIIECTB HAa €ro MOJSPHYIO Maccy,

noixydaem maccoBoe cootHomenue: m(Ca(OH)2)/m(CaOClp) = 7,3.

Ipensioxenns Mo OEHUBAHUIO:
1. 3nanue «u3BecTeit» - 10 6amnoB (1Mo 2 6aia 3a KAy «U3BECTHY)

2. Bri6op cocTaBoB 1BYyX cMmeceit — 7 6amioB



3. Pacyer MaccoBeIX moiieii — 1o 4 Oamra = 8 OayuioB (€Ciau ONPEACNICHO TOJIBKO MOJIBHOE
COOTHOIIIEHHE, 10 2 Oalia 3a Kaxaoe = 4 6ana)

Hroro: 25 dauioB

3agaya Ne 3. «Munepajb» (25 6amioB)

BemiectBa A u B BcTpedarorTcss B mIpupoAe Kak B BHJE JOCTaTOYHO PACIpPOCTPaHEHHBIX
CaMOCTOSTENILHBIX MUHEPAJIOB, TaK U B BUJIC TBEP/IbIX pacTBOPOB 3ameriieHust. C 00pa3IioM Takoro
TBEPAOr0 pacTBopa ObLI MPOJCIAH PSI OMHOTHIIHBIX OIBITOB: €r0 PacTUPAId B CTYIKE B
MOPOIIOK, TIOMEIIATM B KBaplEBYIO aMIlyly, MPOKAJIWBAIA B TOKE TOrO HMJHM HWHOTO ra3a |
OTNpENEISIA  OTHOCUTEIILHOC YMEHBIICHHE MacChl HaBeCKH. Pe3yibTaThl 3IKCIEPUMEHTA
IpE/ICTaBICHBI HIKE B TAOMIHUIIE.

las N2 | N2 |H2 | HCI | HCI+Cl;
Temmepatypa, °C | 150 | 500 | 500 | 500 | 500
Am/m*100% 0 51.3|52.2|-12.7 | -5.7

1. Onpenenure coctaB 0Opasma.

2. [IpuBeauTte Ha3BaHUSI MUHEPAJIOB, 00pa3yeMbIX BelecTBaMu A u B.

Pemenue. OTCYTCTBI/IC IMMOTCPU MACCHI IIPU HAIrp€BaHUH B TOKE a30Ta A0 150 rpaycCoB IMO3BOJISICT
TOBOPUTH O TOM, 4TO BemecTBa A U B He aBistoTCs Kpuctaymoruaparamu. [lorepss maccel npu
HarpeBaHuu 710 500 rpaaycoB MO3BOJSET MPEANOIOKUTh, YTO JaHHBIE BEIIECTBA OTHOCSTCS K
I(ap60HaTaM. Torna MMoTepst MaACChl IIpH ,[[aHHOfI TEMIICPATYypPC 06y0J'IOBJ'IeHa Pa3JI0XKCHUCM
Kap60HaTa J0 OKCHAA. HpI/I 9TOM pC€Ub UICT O Kap60HaTe ABYXBAJICHTHOI'O MC€TAaJlJIA — Kap60HaTLI
OJIHOBAJICHTHBIX MeTaJlJIoB NpH HarpeBanuu 1o 500 rpaaycoB He pasziaratorcs, a KapOOHaThl
TPEXBAJICHTHBIX METAJUIOB B  IPUPOJE OTCYTCTBYHOT. TOJNBKO OOUH M3  OKCHJIOB
BOCCTAHABJIMBACTCA B TOKEC BOAOPOAA — BTOpOI>'I OKCHUJI, MO-BUAUMOMY, OTHOCUTCA K OKCHIaM
METAJUIOB 2 TpyMIbl (MarHUH UM KalblUi — KapOOHATHI CTPOHIIMA U Oapus BCTpEYaroTCs ropaszio
pexe). [Ipu HarpeBaHUM B TOKE XJIOPOBOAOPOJIa 00pa3zyeTcst AUXIOPH, a B IPUCYTCTBUH XJIOpa
OJVH U3 METAJUIOB MPEBPALIAETCS B JIETYUHUI TPHU- WIIH TETPAXIOPHU.

TOPI[a MOKHO COCTAaBUTH CJIICAYIOIIINEC YPABHCHUA:

[n1(M1+16) + n2(M2+16)]/[(n1(M1 + 60) + n2(M2 + 60)] = 0.487

[n1(M1+ 16) + n2M2]/ [(n1(M1 + 60) + n2(M2 + 60)] = 0.478

[N1(M1+ 71) + n2(M2 + 71)]/ [(n1(M1 + 60) + n2(M2 + 60)] = 112.7

n1(M1+ 71)/ [(n1(M1 + 60) + n2(M2 + 60)] = 105.7



PaccmaTtpuBas B kKauecTBe MEpBOro MeTallIa MarHUil U KaJIbLIMi, MOJy4aeM, 4TO CUCTEMA UMEET
pewmerne npu M1 = 24 r/monb, M2 = 56 r/monb, nl/n2 = 20.

Taxum 06pa3oM, HCKOMBIN 00pa3ell — TBEP/Iblid pacTBOp KapOOHaTa xele3a B KapOOHaTe MarHus,
c conepkaHueM kapOonara >enes3a 4.76 moibH. %. Munepansl A u B — marnesur (kapOoHar

MarHus) u cuaeput (KapOoHaT Keje3a).

Ipensio:kenns N0 OLEHNBAHUIO:
1. «OTOpaceiBaHME» KpUCTAUIOTHApaTa — 2 Oaia.
. Beixoy Ha kapOoHat — 3 6ania
. Beixo Ha [ByXBajeHTHBIN MeTaul — 3 Oaia
. O0cyx1eHHe JIeTy4ero BICIIEro Xjaopuaa — 2 6ania
. Onpenenennie MeTaioB — 6 6amoB (o 3 6aia 3a MeTa)

. Ompenenenue cocraBa oopasua — 5 6amioB

~N O D AW N

. HazBanue Munepanos — o 2 6asuia = 4 Gamna

Hroro 25 6auios

3anaua 4. 25 0aJL10B.

YcioBue 3amauu:

B 3akpeIThIX KOJI0axX TPUTOTOBWIM 5 pacTBopoB BemiectB A, B u C ¢ pa3nuyHbIMU
koHuentpausamu [Alo, [Blo, [Clo (cM. Tabmuiry). Cryctst 1 yac BeIZCp)KMBaHUS TIPU TTOCTOSHHOU
TEMIIepaType aHajli3 PacTBOPOB IMOKAa3ajl, YTO KOHIIEHTPAIMU HCXOIHBIX BemiectB A, B u C
HECKOJIbKO YMEHBIIMIIUCh, @ TAKXKE MOSIBUIIMCH HOBBIC HEU3BECTHBIC BemecTBa X, Y U Z:

Hauvansnubie KOHIICHTpaluu, MMOJIb/JT

PactBop Nel | PactBop Ne2 | PactBop Ne3 | PactBop Ne4 | Pacteop Ne5

[Alo 10 20 20 20 5

[Blo 10 10 20 20 20

[Clo 10 10 10 20 8
Konuenrpanuu crycts 1 yac, MMOIb/1

[A] 9.2 18.4 18 18 ?

[B] 9.7 9.5 19 18.4 ?

[C] 9.8 9.8 9.6 18.4 ?

[X] 0.6 1.2 1.2 1.2 ?




[v] 0.2 0.4 0.8 0.8 ?
[zZ] |02 0.2 0.4 1.6 ?

Ha ocHoBe umerommxcs IaHHBIX, MPEANOJIOKHUTE, KaKUe PEaKLUu IPOUCXOIAT B CHCTEME.
3anumuTe UX CTEXMOMETPUYECKHE YpaBHEHHs, cOXpaHss OyKBEHHbIE O0O3HAYCHHS BELICCTB.
[Tpenckaxute, yuemy OynyT paBHbl KOHIIeHTpawu A, B, C, X, Y u Z cniycts 1 yac B pactBope Ne5.
Jnst cripaBKu:

* CKOpOCTb MPOCTON TOMOI€HHOW XUMHUYECKOW pEakUuu OINpeAeseTcss Kak YHuCio
JIEMEHTApHBIX AKTOB pEaKLUHU, IMPOUCXOASIIUX B €IMHULE 00BEMA CUCTEMBI 32 EAMHUILY
BPEMEHH, U MOJKET ObITh M3MEPEHa B €AMHHUIIAX [MOIb 1T -4 1],

* 3a cyéT MPOTEKaHUs PEAKUUU KOHLIEHTPALMs KaKI0ro €€ y4aCTHUKA 3a €IMHHUIY BPEMEHHU
U3MEHSAETCSs Ha  BEJIUYMHY, pPaBHYIO CKOPOCTM  peaklMM, IIOMHOXKEHHOH  Ha
CTEeXHOMETpUYECKH KOd()(PUIIMEHT TaHHOTO Y4YacCTHHKA, B3ATBIA CO 3HAKOM — WM +, B
3aBHCHUMOCTH OT TOTO, PAcXOAyeTcsi JU OSTO BEIIECTBO (peareHT) WJIM HaKaluluBaeTCs
(MIpOAYKT).

* (CornacHo 3aKOHY JEHCTBHS Macc, CKOPOCTh IPOCTOM pEeaKuuu B pa3z0aBICHHOM pacTBOpPE
IPONOPLUOHANIbHA MPOU3BEICHUIO0 KOHLIEHTpAllMi €€ peareHTOB B CTENEHSAX, PaBHBIX HX
CTEXUOMETPUUYECKUM KOIPPUIIUEHTAM.

Pemenmue:

OueBuHO, uTO BeniecTBa X, Y U Z 00pa3yroTcs 3a cuét peakuuii Mexxay A, B u C. HeoOxoaumo

MOHSTbh, CKOJIBKO TAKUX PEAKIIMI MPOUCXOJUT OJHOBPEMEHHO.

W3 nanHbIX TaOnUIbI BUAHO, YTO cTeneHu mpeBparienus BemectB A, B u C neBenuku. Tak Kak,

cornmacHo 3/IM, CKOpOCTh KaKAOW pEaKLUU 3aBUCUT OT KOHIICHTpALMil pEarcHTOB, MOKHO

CUMTaTh, 4TO 32 | Yac 3T CKOPOCTU Majio MEHSIOTCS U MOT'YT ObITh BBIPa)KEHBI Uepe3 HaualbHbIE

KOHIIEHTpanuu peareHToB. Ckopoctu oOpa3zoBaHus BemiecTB X, Y U Z, MO CYIIECTBY, PaBHBI

NpPUBEIEHHBIM B TaOJIMIE KOHLIEHTPAIHMAM, T.K. OHU BBIPOCIIM € HYJIS J10 3TUX 3HaYeHMH 3a 1 yac

(T.e. 32 €AMHUILY BPEMEHHU).

Paccmorpum BemectBo X. BujHO, 4TO Ha CKOpPOCTh €ro oOpa3oBaHUs BIUSET TOJIBKO

KOHIIeHTpanus A: npu e€ yaBoeHHH (cpaBHEHUE pacTBOpoB 1 — 2) X oOpa3yeTcst Toxe B 2 pasa

Oonbire. YBenuuenue konueHTpauuid B u C (cpaBuenue pactBopoB 2 — 3 u 3 — 4) He BIMSET Ha

CKOpocTh ero oOpazoBanus. CrenoBaTenbHo, X 0o0pasyeTcst ToIbKO U3 A. T.K. CKOPOCTb peakiuu

IPONOPLHUOHATIbHA KOHLIEHTPAIMH A (TIEpBBIH MOPAA0K), CTEXMOMETPUUECKUN KO DUIMEHT MPH

A nomkeH ObITh paBeH 1.

Taxum obpaszom, peakust 1: A — X.

pu [A]o = 10 MMoIB/1T €8 cKOpocTh paBHA 0.6 MMOIB-IT 1+ L,



Ecnu Obl peaknust 1 Obl1a €eIMHCTBEHHBIM ITyTEM MpeBpalleHus A, TO €ro pacxo] JOJIKEeH ObITh
paBeH KoinuyecTBy oOpa3zoBasiierocs X. OHaKO Mbl BUJUM, YTO B JICHICTBUTEIBHOCTD OH OOJIbIIE:
st pactBopa Nel [A]o — [A] = 0.8 mmounb/it (a momxHO OBITE 0.6)

s pactBopa Ne2 [A]o — [A] = 1.6 mmonb/11 (a 10KHO OBITH 1.2)

CnepnoBarenbHO, A TOMOJHUTENBFHO PACXOAYETCsl Ha 00pa30BaHUE IPYTHX BEUIECTB.
Paccmorpum BemecTBO Y. BuaHO, 4TO CKOpOCTh ero oOpa3oBaHHUs YABaMBAETCS Kak IpU
yaBoeHuu [A]o (cpaBHeHuE pacTBOpoB | — 2), Tak u npu yaBoeHuu [Blo (cpaBHeHuE pacTBOpoB 2
— 3), a ot koHneHtpauu C — He 3aBUCHT (cpaBHeHHE pacTBOpoB 3 — 4). CiemoBarenbHo, Y
JOJKHO 00pa3zoBbIBaThCs U3 A u B, npuuéM nmponopiuoHanbHOCTh CKOPOCTH KOHIEHTpPALUsIM
000MX peareHTOB (IEPBBIM MOPSAOK MO KaXXJIOMY) TOBOPUT O TOM, YTO CTEXMOMETPUUYECKUE
ko3 unmenTs! npu A u B 1omxHbI ObITH paBHBI equHMLE. CTEXHOMETPUYECKHA KOI(DUITHESHT
npu Y Toke paBeH 1, T.K. B mepBoM pactope u3 0.8 mmons/n A 0.6 monuio Ha oOpa3oBanue X, a
0.2 — na o6pazosanue 0.2 Mmonb/n Y (cootHommenue 1:1).

CrnenoBatenbHo, peakuusi 2: A+ B > Y.

1 1

[Tpu [A]o = [B]o = 10 mmounb/n €€ ckopocTh paBHa 0.2 MMOJIb T 9 .
W3 maHHBIX TAaOMMIBI MBI BUAMM, YTO JJIS KaKAOTO PacTBOpPAa yMEHBIICHHE KOHICHTpanuu A
pPaBHO CyMMe€ KOHLIEHTpauuil oOpa3oBaBmMXc X U Y. DTO MOATBEP)KIAEeT NPaBUIBHOCTh
C/I€JIaHHBIX BBIBOJOB U TOBOPHT O TOM, YTO A pacxoayercs Toiabko Ha oOpa3oBanue X u Y. B to
e Bpemsi, pacxos B 6omblie, yem HakomieHue Y — 3HAUUT, TaHHBIA peareHT PacxoyeTcsl U Ha
obpazoBanue Z.

PaccmoTpum BemectBo Z. CkopocTh ero oOpa3oBaHMsI HE 3aBUCHUT OT KOHIIEHTpamuu A
(cpaBHeHue pacTBopoB 1 — 2), ynBauBaercs npu yaBoeHuu [Blo (cpaBHeHue pacTtBopoB 2 — 3), a
npu ynBoenuu [Clo Bo3pactaet B 4 pa3a. CiejoBaTelIbHO, CTEXHOMETPUUYECKHH KO3 DUIIEHT U
B nomxen 6b1Th 1 (nepBbiii nopsaaok), a npu C — 2 (BTopoii nopsanok). Haitném koagpunuent npu
Z. B nepsomM pactBope 0.3 mmoiib/a B 6b110 n3pacxonoBano Ha oopazoBanue 0.2 mmons/n Y u 0.2
MMOJIb/11 Z. TTockonbky K03 duuuent npu Y paseH 1, 0.2 MMoib/11 Z 10MKHO ObLII0 00pa3oBaThes
u3 0.1 mmonw/n B, 1.e. k03ppunnent npu Z paBeH 2. DTO NOATBEPKIACTCS TAKKE TEM (HaKTOM,

YTO KOJNYECTBO Z paBHO pacxoay C BO BceX pacTBOpax.

CrnenoarenbHo, peakius 3: B + 2C — 27,

1 1

ITpu [B]o = [Clo = 10 mmois/it €€ ckopocTs paBHa 0.1 MMOJIB T ~*4 -,
IIpeackakeM Tenepb cocTaB pacTBopa NeS.

CkopocTb nepBoii peakiuu (00pa3oBaHus X) 3aBUCHT TOJBKO OT KOHIEHTPALUU A, TPU 3TOM
npsiMo el rpornopuroHaibHa. [1o cpaBHEHUIO ¢ MEepBBIM SKCIIEPUMEHTOM [A]o yMEHBIIUIACH B 2
paza — cCIe[OoBaTeIbHO, BABOE YMEHBIIUTCS U KOJMYECTBO oOpa3oBaBIIerocs X:

[X] = 0.3 mMoutb/m.



CxopocTb BTOpO# peakimu (oOpazoBaHus Y) MPsSIMO MPOMOPIIMOHATIbHA KOHIIEHTpalusaM A u B.
ITo cpaBHEHUIO ¢ EPBBIM pacTBOPOM [A]o yMeHbIIMIACH B 2 pa3a, a [B]o — yBenuumnacs 2 pasa.
CrnenoBarenbHO, CKOPOCTh peakiiuu He momeHsiercs: [Y] = 0.2 Mmmomns/m.

CxkopocTb TpeTbeil peakuuu (oOpa3oBaHust Z) NpSAMO IPONOPIUOHATIbHA KOHIEHTpanu B u
koHieHTpauun C B kBaapare. CocTaBUM OTHOIIEHHE CKOpocTel g pactBopa NeS wu
pacteopa Nel: vs/vi = (20-82)/(10-10%) = 1280/1000 = 1.28. Bo cTOIBKO pa3 CKOPOCTh PEAKIHH 3
B IISITOM pacTBope Oyzaer Oosnbliie, yeM B iepBoM. CieioBaTenbHO, KOHIIGHTpauus Z OyaeT paBHa
[Z] =0.2-1.28 = 0.256 MmMoB/1

[IprHrMas BO BHUMaHUE CTEXUOMETPUIO PEAKIMM, HAlIEM HEAOCTAlOIINe KOHLIeHTpauu A, B u
C:

[A] =5-0.3-0.2 =4.5 mmoub/n

[B]=20—-0.2 -0.256/2 = 19.672 mmounb/n

[C]=8—0.256 = 7.744 mmonb/n

OtBeThbl 1 pa3da/uIOBKA:

Peakuu

Peaknusg 1 A—->X 4 bamna
Peakuus 2 A+B->Y 4 Gamna
Peaknus 3 B+2C—»2Z 5 Gamna

CocraB pactBopa Ne5

[A] 4.5 MMoITB/NT 2 Gamn

[B] 19.672 MmMomb/n 2 bamna
[C] 7.744 mmonb/n 2 bamna
[X] 0.3 MMoITB/7T 2 Gamna
[Y] 0.2 MMoOITB/TT 2 baina
[Z] 0.256 MMoITB/N 2 baina

Cymma: 25 GanioB



10 kaace

3amaua 1. «KoHcTpykTOp XHMUYecKknX peakumii» (20 6amios)

Huxkens Penes, nMHaue «CKEJIETHBI HUKENIb» — TBEPIABIA MHUKPOKPUCTAIIIMYECKUI
IIOPUCTBIA HUKEJIEBBIM KaTaJW3aTop, HCIOJIB3YEMBbI BO MHOTHX XMMHMKO-TEXHOJOTHYECKHX
npolieccax; Crnocod ero MpUTrOTOBICHHS MpeIoKuid B 1926 rogy amMepuKaHCKUN HHXKEHEp
Miroppeii  Peneii. JlaHHBIM KaTaJM3aTOp MCHOJB3YEeTCS JUIL IIPOLECCOB T'MAPUPOBAHUS
OpPraHUYECKUX COEJUHEHUH (Hanpumep, '’MIpUpPOBaHUS apEHOB, AJIKEHOB, PACTUTEIbHBIX Macel U
T. 11.). Hukenp PeHes kaTaquTHuecKu 3HAUUTENBHO MEHEE aKTUBEH, YEM MeTalllbl INIaATUHOBOU
TPYMIbI, HO 3HAYUTENBHO JEUIeBle MocienHuX. B mpeacraBieHHON cxeme 3amm@poBaH Kak
METO/] IOJyYEHHS JTaHHOTO KaTaJIn3aTopa, Tak U BaApUAHT €ro UCIOIb30BaHUS.

W3 mpennokeHHOro nepeyHs pearcHTOB M KaTajau3aTOPOB COCTABBTE CHUHTETHYECKYIO
cxemy npespatieHuil. O6paTuTe BHUMaHUE, YTO OIMH U3 PEareHTOB WM KaTalu3aTopoB sBISETCA

JIMIITHHUM.

A

Y

A e
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@ + Na3AI(OH)6
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=
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3anava 2. (20 6ayu0B.)

[Ipy  HEKOTOpOH  TeMIeparype MOJIBHOE COOTHOIICHHE OpPraHUYeCKHX  IPOAYKTOB
MoHoOXJIopupoBanus 1 1,1,4,4-teTpa(TpeTOyThi)KIoreKcana cocrasiser 3:2, a s 2,2,4,4-
terpameTui-3-(tperOyrmwin)nenrana  —  7:1.  OueHdTe  MaccoBble  JOJUM  IMPOAYKTOB

MOHOXJIOpupoBaHus 4,6-au(u3onpomnun)-2,2,3,8-TeTpaMeTUIIHOHAHA B ATHX K€ YCIOBHUSIX.

Pemenue: Momnekyna 1,1,4,4-terpa(TpeTOyTHII)IUKIOTEKCaHA COAECPKUT 36 aTOMOB BOJOPOJIA
IpU MEPBUYHBIX aTOMax Yriepoja M 8 aTOMOB BOAOPOJa MPU BTOPUYHBIX aTOMax YIJepoja.
[TockoNbKYy BEpOSITHOCTh 3aMEIEHUsT TOTO WU HWHOTO aToMa BOJOpPOJAA OINPEACIsSeTCS Kak
CTaTHCTUYECKUM (DaKTOPOM, TaK M KOHCTAHTOW CKOPOCTHIO MpoIiecca (a TouHee, IPOU3BEICHUEM
3TUX JBYX NapaMeTpPOB), CIIPaBEJIMBO CIIEAYIOIIee:
8k2/36k1 = 3/2 umm 8k2/36k1 = 2/3
B nepBom ciryuae k2/k1 = 6.25, Bo Bropom - k2/kl = 3. YunuTsiBas HEBHICOKYIO CEICKTHBHOCTb
PaAMKaNIbHOIO XJIOPUPOBAHUS (CYLIECTBEHHO MEHBIIYIO IO CPaBHEHUIO C OpOMHPOBAHHUEM),
MO>KHO 3aKJIFOUUTh, YTO CIPABEUIMBO BTOPOE COOTHOIICHHE: KOHCTAHTa CKOPOCTHU XJIOPUPOBAHUS
110 BTOPUYHOMY aTOMY YTJiepoJa B 3 pasa BbIIIE, YEM 110 TIEPBUYHOMY.
Monekyna 2,2,4,4-terpametni-3-(TpeTOyTHII)IGHTAaHA COJACPXKUT 27 aTOMOB BOJOPOA IPH
MEPBUYHBIX aTOMAaX Yriiepoja u 1 aToMOB BOJOPO/I ITPH TPETHYHOM aTOME YTIIepoa.
k3/27k1 =7 wnu k3/27k1 = 1/7. Paccyxaast aHamOTUYHO MPEIbIIYIIEMY CIy4aro, oJy4yaeM
k3 = 4,14Kk1.
[Ipy MOHOTAJOTCHHPOBAHWH IIOJIY9aeTCS OJIHO W3 TPUBEIACHHBIX HIDKE HW30MEPHBIX
MOHOXJIOPIIPOU3BOIHBIX U XJIOPOBOAOPOA. MaccoBast A0Js ocaeaHero coctaniseT 36,5/(36,5 +
302,5) =10,8%
MaccoBble J10J11 TaTOTeHITPOU3BOTHBIX

e 1-xmopo-4,6-mu(uzonponun)-2,2,3,8-retpamerunHonana — 12,0%

e 3-xyopo-4,6-mu(uzomnpomnmn)-2,2,3,8-rerpamMerniTHonaHa — 5,5%

o 3-xmopomertni-4,6-mu(u3omnpornmn)-2,2,8-rpuMmerniHonana — 4,0%

e 4-xyopo-4,6-mu(u3onponmn)-2,2,3,8-TerpamMeTiiiHoOHaHa — 5,5%

e 4-(2-xnopnpoman-2-mi)- 6-au(uzonponun)-2,2,3,8-rerpameTriiHoHaHa — 5,5%

e 4-(1-xnopnpoman-2-mi)- 6-au(uzonponun)-2,2,3,8-rerpamerriinonana — 8,0%

e 5-xn0p0-4,6-mu(uzonpomnun)-2,2,3,8-rerpamerniaHonana — 8.0%

e 6-xst0p0-4,6-mu(u3onponmn)-2,2,3,8-TerpamMeTiiiHOHaHa — 5.5%

e 6-(2-xmopnpomnan-2-un)- 6-nu(u3onpomnun)-2,2,3,8-rerpamMeTriiHoHana — 5,5%

e 6-(1-xmopnpomnan-2-un)- 6-nu(uzonpomnun)-2,2,3,8-rerpamerriHonana — 8,0%



e 7-xs0po-4,6-mu(uzonponun)-2,2,3,8-terpamermiinonana — 8.0%
e 8-xnopo-4,6-mu(uzonpomnun)-2,2,3,8-rerpameruiHonana — 5.5%

e 1-xsopo-4,6-mu(u3onponun)-2,7,8,8-terpamerminnonana — 8.0%



o

4-(2-chloropropan-2-yl)-6-isopropyl-2,2,3,8-
4,6-diisopropyl-2,2,3,8-tetramethylnonane tetramethylnonane

Cl
1-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane

4-(1-chloropropan-2-yl)-6-isopropyl-2,2,3,8-
tetramethylnonane

Cl
3-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane %Kb\

5-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane

Cl
3-(chloromethyl)-4,6-diisopropyl-2,2,8- cl
trimethylnonane

6-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane

C
4-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane

-(2-chloropropan-2-yl)-4-isopropyl-2,2,3,8-
tetramethylnonane

C
3-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane

-(1-chloropropan-2-yl)-4-isopropyl-2,2,3,8-
tetramethylnonane

ik

tENE



Cl

1-chloro-4,6-diisopropyl-2,7,8,8-tetramethylnonane

Cl
Cl

7-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane 8-chloro-4,6-diisopropyl-2,2,3,8-tetramethylnonane

OuenuBanmue:

1. O6cyxneHre HEOOXOAMMOCTH ydeTa KaK KOHCTaHTbl CKOPOCTH, TaK M CTaTUCTUYECKOI'O
daktopa — 4 6aia.

2. OmnpeneneHye COOTHOIIEHUSI KOHCTaHT CKOPOCTH — 6 0aiioB.

3. Pacdyer MaccoBbIX J0J€M NPOAYKTOB MOHOXJopupoBaHus — mo 0,5 Oamna 3a Kaxablid
opranudeckuii npoaykr (7 6ayuioB, eciy NpUBEEHbI Bce) U 3 6allia 3a XJIOPOBOAOPOI.

Hroro 20 6aios

3agaua 3. (20 6amioB)

VYcnosue 3agauun:

B 3akpeIThIX KOM0ax mpurotoBWiaM S5 pactBopoB BemectB A, B u C ¢ pasnuuHBIMH
kouueHrpanusmu [Alo, [Blo, [Clo (cM. Tabawuiy). Criyctst 1 4ac BbIAEPKHUBAHUS IPH MTOCTOSHHOM
TEeMITEpaType aHaju3 PacTBOPOB MOKa3ajl, YTO KOHIIEHTpAIWd MCXOAHbIX BemnectB A, B u C
HECKOJIbKO YMEHBIIUIINCh, a TAK)KE TOSBUINCH HOBBIE HeM3BeCcTHBIE BemecTBa X, Y u Z:

HavanpHbIe KOHIICHTPAIIMHA, MMOJIB/JT

PactBop Nel | PactBop Ne2 | PactBop Ne3 | PactBop Ne4 | PactBop Ne5
[Alo 10 20 20 20 5
[Blo 10 10 20 20 20
[Clo 10 10 10 20 8




Konuenrpanuu crycrst 1 yac, MMOJIb/1

[A] ]9.2 18.4 18 18 ?
[B] |97 9.5 19 18.4 ?
[C] |98 9.8 9.6 18.4 ?
[X] |06 1.2 1.2 1.2 ?
Y] |02 0.4 0.8 0.8 ?
[zZ1 |02 0.2 0.4 1.6 ?

Ha ocHoBe uMerommxcsi NaHHBIX, MPEANOJIOKHUTE, KAaKUE PEAKIMU IMPOUCXOJSAT B CHCTEME.
3anumuTe UX CTEXHOMETPUYECKHE YPaBHEHHsI, COXpaHss OYKBEHHbIC O0O3HAYCHUS BEIIECTB.
[Tpenckaxute, uemy OynyT paBHbl KoHLeHTpamu A, B, C, X, Y u Z ciiycta 1 gac B pactBope Ne5.
Jls cipaBku:

* CKOpOCTb MpPOCTONl TOMOI€HHOW XUMHUYECKOW pEeakUuu OIpeAeseTcss Kak YHucCio
DJIEMEHTAPHBIX AKTOB PEAKIIMH, MPOUCXOMSIINX B SIMHUIC 00BEMA CHUCTEMBI 3a CAMHHILY
BPEMEHH, U MOKET OBITh H3MEPEHa B €MHUNAX [MOIb T +-4 1],

* 3a cuéT mMpOTEeKaHUs PeaKlUU KOHLEHTPALUA KaXIOro e€ yJyacTHHKA 3a €IUHUIlY BPEeMEHU
U3MCHSCTCS Ha  BEIUYHMHY, PaBHYI CKOPOCTH  peaklHuH, TIOMHOKCHHOH  Ha
CTEXHOMETPUYCCKUN KOIDPUIMEHT TAHHOTO yYaCTHHKA, B3SATHIA CO 3HAKOM — WIH +, B
3aBHCHUMOCTH OT TOTrO, PacXoAyeTcsl JH OTO BEIIeCTBO (peareHT) WM HaKarlliBaeTcs
(MIpOYKT).

» CorJIlacHO 3aKOHY JICWCTBUS MacC, CKOPOCTh MPOCTON PEaKIMH B pa30aBICHHOM pPacTBOPE
MPOTOPIIMOHANIbHA TIPOU3BEICHUIO KOHIICHTpAIMA €€ pearcHTOB B CTEMEHSX, PAaBHBIX HX

CTCXUOMCTPUICCKHUM KOB(I)(i)I/IL[I/IeHTaM.

Pemenne:

OueBuHO, uTo BemecTBa X, Y u Z oOpa3yrotcs 3a cuér peakiuii Mmexay A, B u C. Heooxoammo
MOHSITh, CKOJIBKO TAKUX PEAKIHH MPOUCXOTUT OJHOBPEMEHHO.

W3 nanHbIX TaOMUIbI BUAHO, YTO cTeneHu npespaiienus BemiectB A, B u C nepenuku. Tak kak,
cormacHo 3J[M, CKOpOCTh KaXIOW peakIMy 3aBHUCUT OT KOHIUEHTPAIMl PEareHTOB, MOXKHO
CUYHMTATh, UTO 3a | 4ac 3TH CKOPOCTH MaJI0 MEHSIOTCS U MOTYT OBITh BRIPOXKCHBI Yepe3 HaYaJIbHbBIC
KOHI[EHTpaluu peareHToB. CkopocTu oOpazoBanus BemiecTB X, Y u Z, MO CYIIECTBY, PaBHBI
NpUBENEHHBIM B TaOJIUIE KOHIICHTPAIIUSAM, T.K. OHU BBIPOCIIU C HYJIS 10 9TUX 3HA4YeHMI 3a 1 yac
(T.€. 32 €IUHUILY BPEMEHH ).

Paccmorpum BemectBo X. BuaHO, 9TO Ha CKOpPOCTh €ro OOpa30BaHUs BIHUSET TOJBKO

KOHILIeHTpauus A: nipu e€ yaBoeHnu (cpaBHeHHE pacTBOpoB 1 — 2) X oOpasyercst Toxke B 2 pasza



Oosbie. YBenunuenue konmneHTpamuii B u C (cpaBHeHue pacTBOpoB 2 — 3 u 3 — 4) He BIUSICT HA
cKopocTh ero oOpazoBanus. CrnenoBaTenbHo, X oOpa3yercs Tonbko u3 A. T.K. CKOPOCTh peakIiuu
PONOPLHMOHATIbHA KOHLEHTpAIK A (TIEpBBIN MOPAA0K), CTEXUOMETPUIECKUN KO (DUIIHEHT MTPH
A noipkeH ObITH paBeH 1.

Takum obpazom, peakius 1: A — X.

1.471

ITpu [A]o = 10 mmoJb/11 €€ ckopocTh paBHa 0.6 MMOJIB T "4 -,
Ecnu 6561 peakuus 1 Obl1a €TUHCTBEHHBIM IyTEM MpeBpaIieHust A, TO €ro pacxoi J0JDKeH ObITh
paBeH KoinuecTBy oOpaszoBasiierocs X. OQHaKO Mbl BUUM, YTO B JICHICTBUTEIBHOCTD OH OOJIbIIE:
Jns pactBopa Nel [A]o — [A] = 0.8 Mot/ (a 10mkHO OBITE 0.6)

Jns pactBopa Ne2 [A]o — [A] = 1.6 mMouib/11 (a 10KHO OBITE 1.2)

CrnepnoBarenbHO, A TONOIHUTENBHO PACXOAYETCsl Ha 00pa30BaHUE IPYrUX BELIECTB.
Paccmorpum BemecTBO Y. BHIHO, 9TO CKOpOCTh €ro oOpa3oBaHWs YABAaMBACTCS KakK IpU
yasoenuu [Alo (cpaBHeHue pacTBopoB 1 — 2), Tak u nipu yaBoeHuu [Blo (cpaBHeHHE pacTBOPOB 2
— 3), a ot xoHueHtpauu C — He 3aBUCUT (cpaBHeHHE pacTBOpoB 3 — 4). CrnexoBarenbHO, Y
JOJKHO 00pa3oBbiBaThes U3 A u B, npuuéM nponopruoHaibHOCTh CKOPOCTH KOHUEHTPaLUsIM
000MX peareHTOB (IEPBBIA MOPSAOK MO KaXXJIOMY) TOBOPUT O TOM, YTO CTEXMOMETPUUYECKHE
koad¢uiments! npu A u B gomksb! ObITh paBHBI enuHuie. CTexuoMeTpuueckuil kKodhduureHt
npu Y Toxke paBeH 1, T.K. B mepBoM pactBope u3 0.8 mmons/nm A 0.6 monuio Ha oOpazoBanue X, a

0.2 — na obpazosanue 0.2 mmons/n Y (cooTHomenue 1:1).

CrnenoBarenbHo, peakiust 2: A+B — Y.

1 1

[Tpu [A]o = [B]o = 10 mmounb/n €€ ckopocTh paBHa 0.2 MMOJIB T —9 .
W3 maHHBIX TaOMHMIBI MBI BUAMM, YTO JJISl KaXJIOTO PacTBOpa YMEHbBIIECHHE KOHIIEHTparu A
paBHO cymMMe KOHLeHTparuil oOpaszoBaBmmxcs X u Y. DTO NOATBEPXkIAeT MPaBUIBHOCTb
C/I€JIaHHBIX BBIBOJOB U TOBOPHT O TOM, 4yTO A pacxoiyercs TojdbKo Ha oopa3oBanue X u Y. B To
Ke Bpemsi, pacxoj B 6omnbie, yem HakomieHne Y — 3HAYHT, JAaHHBIA peareHT PacXoyeTcs U Ha
obpasoBanue Z.

Paccmorpum BemectBo Z. CKOpoCThb €ro oOpa3oBaHMs HE 3aBUCUT OT KOHIEHTpauuu A
(cpaBHeHHME pacTBOpoB 1 — 2), ynBauBaetcs npH yaBoeHuu [Blo (cpaBHeHme pacTBOpoB 2 — 3), a
npu yaBoennu [Clo Bo3pacraeT B 4 pa3za. CiieJ0BaTe/IbHO, CTEXHOMETPHUYCCKHH KO DUIIMEHT IpH
B nomxken 6b1Th 1 (epBsIii opsinok), a npu C — 2 (BTopoit mopsaok). Haitném koaddurment npu
Z. B mepBom pactBope 0.3 mmons/1 B 66110 3pacxonoBano Ha o6pazoanue 0.2 mmons/n Y u 0.2
MMoJIb/11 Z. TTockonbky K03 duuuent npu Y pasen 1, 0.2 Mmonb/i Z 1omxHO ObLIT0 00pa3oBaThes
u3 0.1 mmons/n B, T.e. koaddumuent npu Z paBeH 2. ITO MOATBEPKIAETCA TaKKe TeM (HaKTOM,

4TO KOJM4ecTBO Z paBHO pacxoay C Bo Bcex pacTBopax.

CrnenoBarenbHo, peaknus 3. B + 2C — 2Z.



1.41

I[Tpu [B]o = [C]o = 10 mmois/it €€ ckopocTs paBHa 0.1 MMOJIB T ~*4 -,
IIpeackaskeM Tenepb cocTaB pacTBopa NeS.

CkopocTth mepBoil peakiuu (00pa3oBaHus X) 3aBUCUT TOJBKO OT KOHIICHTpAruu A, MpH 3TOM
npsMo et mponopuroHanbHa. [10 CpaBHEHHUIO ¢ MEPBBIM SKCIIEpUMEHTOM [A]o yMeHbIIHIACH B 2
paza — cleAoBareiIbHO, BABOE YMEHBUIMTCS W KOJMYECTBO oOpaszoBaBmierocs X:
[X] = 0.3 mmoub/m.

CkopocTb BTOpO#i peaknuu (0OpazoBanus Y) MpsiMo MPONOPIIMOHATbHA KOHIIeHTpalusaM A u B.
ITo cpaBHEHUIO ¢ TIEpBBIM pacTBOpoM [A]o yMeHbIIHIACH B 2 pa3a, a [B]o — yBeanuunnacs 2 pasa.
CrnemoBaresbHO, CKOPOCTh peakiuu He momensercs: [ Y] = 0.2 Mmmoub/i.

CkopocTh TpeThbeil peakiuu (oOpa3oBanus Z) TpsMO MPOMOPIMOHANFHA KOHICHTparmu B u
koHneHtpauun C B kBaapare. COCTaBHMM OTHOIIEHHWE CKOpOCTeH st pactBopa Ne5S u
pactBopa Nel: vs/vi = (20-82)/(10-10%) = 1280/1000 = 1.28. Bo cTOIBKO pa3 CKOPOCTH PEaKINH 3
B IISITOM pacTBope Oyzer 6oJblie, yeM B iepBoM. Ciie1oBaTeNnbHO, KOHIIEHTpanus Z OyJaeT paBHa
[Z] =0.2-1.28 = 0.256 MmMmoJB/1

[TpuHMMast BO BHUMaHUE CTEXUOMETPHUIO PEAKIIHA, HalAEM HejocTarone KormnenTpanuu A, B
C:

[A] =5-0.3-0.2 =4.5 mmonb/n

[B]=20-0.2-0.256/2 = 19.672 mmounb/m1

[C]=8—0.256 = 7.744 mmob/1



OTBeTbI M pa3daIoBKa:

Peakuuun

Peaknus 1 A—->X 3 bamna
Peaknug 2 A+B->Y 3 Gama
Peakmus 3 B+2C—>2Z 3 bamna

CocraB pactBopa Ne5

[A] 4.5 MMOITB/TT 1 6amn

[B] 19.672 Mmmonb/n 2 Gamna
[C] 7.744 mmonw/n 2 Gamna
[X] 0.3 MMOIIB/1T 2 Gama
[Y] 0.2 MmMoITB/7T 2 Gamna
[Z] 0.256 MMomB/7 2 Gamna

Cymma: 20 6anos

3agaua Ne 4. «JKu3HeHHO BasKHBIH Kaabuuin» (20 6aU10B)

OnHMM M3 JKU3HEHHO BaXKHBIX 3JIEMEHTOB SBISAETCS KaJbLIMKM, KOHTPOJb 3a COIEPKAHUEM
KOTOpOTr0 B IIJIa3M€ KPOBU SIBJISIETCS aKTyaJlbHOW 3adauell MEeOUIMHCKOW auarHoctuku. Cpenu
pa3paboTaHHBIX METOJUK ONpEENIEHUs KOHLEHTPAalMHU Kalbliid B IUIa3ME€ KPOBU MNaIlMEHTa
BOXHEHIINMU SBISIIOTCA CIEKTpooToMeTpus U poToMeTpus IuiaMeHu. B nepBom ciydae mpooy
KpoBH maruenTta pa3Boaar B 100 pa3 0.001 M aneratHeiM Oy(epHBIM pacTBOpOM, 3aTeM IO
KarisM 100aBisiioT ammuak 10 pH 11, mpubaBnstoT u30bITOK 0-Kpe3oadTalienHa U OnpeesioT
BEJIMYMHY ONTHYECKON IJIOTHOCTH MpH JUIMHE BoJHBI 570 HM B KioBeTe ToimMHON 1 cM. Bo
BTOPOM cllyyae oOpa3el] KpOBH MaIlMeHTa BHOCAT B IUIaMsl aHAJIUTUYECKON TOPENIKH, ONPEEIISIOT
UHTETPaIbHYI0 HHTEHCUBHOCTh aHAIUTUYECKOTO CUTHaNA (OHA MPONOPLUOHAIIbHA COJEPKAHUIO
AQHAJINTA) U aHAJIU3UPYIOT €€ U3MEHEHHE NPU BBEACHUH JOOABKH CTaHAapTa.

[Tpu aHanu3e KpoBH ManueHTa ObUTN TOTYYEHBI CIETYIOIINE PE3YIbTaThI:

1. CnexTpodoTOMETPUYECKHI METO.

C, 16 |18 2.0 2.2 2.4 2.6 2.8 3.0 Hccaen. | On xKe,
10° O6paser | pa36aBIeHHbIIT
MOJTB/JT B 1,2 paza

D 0.15]0.22 (037 | 052 |0.67 [0.82 |[0.92 |097 |[0.84 0.53




2. Meron ruiaMeHHO# GpoToMeTpun

K nBym ogrHakoBeIM 00pa3ziam npoost oobemom 1o 0,25 mi go6aBuiu 1o 9,75 mi Boasl. K ogHol
u3 npo6 mobasmmm 10,0 mxin pactBopa CaCly ¢ konmentpamumeit 0,05 wmone/n. Ilocie
KOMITBIOTEPHOTO MHTETPUPOBaHHS (OMPEIEICHUs TUIOIAAHN) TOJTYYCHHBIX CHTHAJIOB ILIOMIAIN

nuKoB cocTaBuau 32,1 - 10°% u 58,6 - 108 yen. en. cooTBercTBeHHO.

PaccuuTaiite conepaHue Kajablysl B TUIa3Me KPOBU (B MMOJIB/J) M OTNIPEACIIUTE, HE CTPAJaeT JId
MAalMeHT THUNepKanblieMuel (pedepeHcHble 3HaueHUs coxepkaHus kampius — 2,10 — 2.55

MMOJIb/J1.

Pemenne.

OmnpepenM, Kakoil METOJ] KCCIICIOBAHUS SBJISICTCS. ONTHUMAIbHBIM. KabIiuii He sBIsieTCs
€MHCTBCHHBIM KATHOHOM, NPHCYTCTBYIOIIMM B IUIa3ME KPOBH, CJICIOBATEIBHO, BO3MOXHO
o0pa3oBaHNE OKPAIICHHBIX KOMILIEKCOB € O-Kpe30ITalenHOM M JPYTUMH MOHAMU (HAIIPUMED,
HMOHOM Maruus). B yka3aHHO# MeToIMKe HE MPOBOAMTCS MACKUPOBAHHE MEIIAIOIINX HOHOB, YTO
B MTOTE MOXXET MPHBOJUTHh K 3aMETHOMY 3aBBIIICHUIO pe3yiabTaToB. [1o 3TOM mpuumHe Oosee
HAJICKHBIM MPEICTABIISIETCS METOJ CIIEKTPOPOTOMETPUH TUTAMEHHU.

VHTEHCUBHOCTh QHAJIMTHUYECKOTO CHTHAIA TPOIMOPIIMOHATBLHA COJCPKAHHUIO aHAIHMTa. Toraa
MO>KHO 3aIUCAaTh:

(n(ucx.) + n(mo6asn.))/ n(ucx.) = 58,6/32,1 = 1,826, rae N — KOJTUYIECTBO BENISCTBA KATbIIHS
n(mo6asmn.) = 0,05*10%10° = 5,0*10 mmons

n(ucx.) = 6,05%10 mmons

C =6,05%10"/0,25 = 2.42*10°% monb/1 = 2.42 MMOJIB/TT

HonyquHaﬂ BCJIMYMHA JIC)KUT B IpCAcIax pe(l)epeHCHBIX 3HAYCHUH.

IIpensio:kenus Mo OLEeHNBAHUIO:
1. Beibop Hage)kHOTO MeTOoIa HccleoBanus — 8 6amioB (6e3 o0ocHoBaHUS — 4 Oanna).
2. Pacuer koHIeHTpanuu Kanbius — 10 6anoB (ecau MpoBeieH IPaMOTHBINA pacueT Mo JaHHBIM
CHEKTPO(POTOMETPUU — pacyeT IO JaHHBIM ISl JIMHEHHOTO y4acTKa, BHIBEICHO ypaBHEHHE
psIMOI — 5 6aIIIoB)
3. BIBO/1 O COCTOSIHMHM 37J0POBbs — 2 Oaia

Hroro 20 6aios

3anaya 5 (20 6anoB)



N3-3a cX0XKECTH MOHHBIX PAJAMYCOB PEAKO3eMENbHBIX 37eMeHTOB (P33), MHOTHE coenmHEHUs
PEIKO3eMENIbHBIX HMOHOB, K KOTOPBIM OTHOCSITCSI WUTTPHUM, CKaHIWW, JIAHTAH WU JIAHTAHOWBI,
CIIOCOOHBI 00pPa30BBIBATH TBEPIBIC PACTBOPHI 3aMENICHHsS, B KOTOPBIX OJUH BHJ HOHOB B
KPUCTAJIMYECKON peméTke YacTHYHO 3aMelléH Ha apyrue. HecMOTpsi Ha OTHOCHTENIBHYIO
CXOXECTh XUMHYECKHX CBOMICTB, pa3jMYHble HMOHBI MPOSABIAIOT YHHUKAIbHbIE (U3UUYECKUE
CBOMCTBA, HalpUMEp, JIIOMUHECLECHIIMIO U BBHICOKHE 3HAYCHHUS MAarHUTHOW BOCIIPUUMYHUBOCTH.
[ToaTomy, BBO/ISI B COCTaB MaTepualioB paznudabie P30, MoxHO moiydaTh QyHKIIMOHATBHEIE (B
TOM YHCJIE HAHOPa3MEpHBIE) MaTEePHUAIIbI AJIsl IPUMEHEHHS B MeIULIMHE (JTIOMUHECIICHTHbBIE METKU
u MPT koHTpacTHbIE BELIECTBA) U TEXHUKE (CBETSIIMECS MOKPBITHS, 3alllUTHBIE 3HAKU JICHET U
JNOKyMeHTOB, tu1asMennsie 1 OLED skpansbr). Tak, Hanpumep, HaHOYACTUIBI BaHAAT UTTPUS C
n00aBKOW HMOHOB €BPOIHS MOTYT MPUMEHSTCS KaK JIOMHUHECICHTHBIC TEPMOMETPHI B JKHBOU
KJIETKe, TaK Kak (popma crieKTpa JFOMHUHECLEHIIUN TaKMX YaCcTUIl 3aBUCHUT OT TEMIEPATYpPHI.

Banagatel uTTpUsT W €BpONHMS HMMEIOT TETPArOHAIbHYIO KPUCTAIUYECKYIO PEIIETKY,
AJIEMEHTApHbIE AYEHKU KOTOPBIX IPEJCTaBICHbI HUXKE. DJIEMEHTapHas siueiKa OIpeaessieTcs
TpeMsi 6a30BBIMH BEKTOpPaMH (ITapaMeTphl 3JICMEHTAPHOM stueiiku &, b u C); 1Ba u3 TpEx 6a30BBIX
BEKTOPOB HMMEIOT OJMHAKOBYIO JUIMHY, a TPETHH OTJIMYaeTcs OT HUX. Bce Tpu BekTopa
NEPIEeHIUKYIAPHBL IpYr Apyry. 3HaYeHHUs MapaMeTpoB DJIEMEHTApHOM SYEWKH Jisd BaHajaTa
UTTPHS COCTABIISIIOT - a=b= 0.7126 um, ¢= 0.6295 HM, a 1151 BaHasara eBpornus - a=b= 0.7237 um,

€= 0.6368 HM. ATOMBI, IOMEUEHHBIE KENTHIM, JIS)KAT HA TPAHIX reKca’apa.

4) Omnpenenute (HOpMyIbI BaHAJATOB UTTPHSI U €BPOIUSI UCXOIS M3 UX CTPYKTYPHI U

YHUCIIO (POPMYIBHBIX €IUHUL], TPUXOAAIIUXCS Ha dJIEMEHTapHYo sueiiky. Onpenenure



KOOpJMHALIMOHHBIE YHCJIa WOHOB UTTPUS W €BPOINA, YUYMTHIBAs, YTO BaHAIWM He
00pa3yeT XUMHUYECKYIO CBS3b C HTTPUEM U €BPOITUEM.

5) Omnpenenure MIOTHOCTh BAHAATOB UTTPHUS U €BPOMHUS B I/CM°.

6) Banamatel WTTpHUs W €BpONHMs CIIOCOOHBI OOpa30BBIBATH TBEPIBIC PACTBOPEI
3amelieHus. To ecTb, MOHBI €BpONHUs CIIOCOOHBI HEOIPAaHMYEHHO 3aMellaTbh HOHbBI
UTTPUS B KpUCTAIIMYECKOM pemérke. g TBEPABIX pacTBOPOB 3aMELICHUS
BBIIIOJIHSIETCS 3aKOH Berapaa, OTHUM U3 CIIEACTBUM U3 KOTOPOIO SBJIAECTCS JIMHEHHASA
3aBUCUMOCTb 00BbEMA 3JIEMEHTApHOM SAYEHKHM OT aTOMHOM JIOJIM 3JIEMEHTA.
Paccuuraiite 00BEM 21eMEHTApHOMN SYEHKH U IIOTHOCTH BaHAATa MTTPHS B T/CM°, B
KOTOpPOM 16 IPOLIEHTOB MOHOB UTTPUS 3aMEHEHO HA MOHBI EBPOIIHSL.

7) TlpemnoxuTe METOJbl CHHTE3a BaHAIATOB EBPOIMS, UTTPHUS, a TAKKE YKAa3aHHOTO
TBEPAOIO pacTBOpa, B3sIB B KA4eCTBE MCXOJHBIX COEAMHEHHH OKCH[BI JIaHHBIX

PEAKO3CEMCIIbHBIX MCTAJIJIOB. HpI/IBeI[I/ITC YpaBHCHUA XUMUYCCKHUX peaxunﬁ.

Pemenmue:

4)

5)

B snemenTapHoil siueiike BaHajmata UTTpHs HaxoasTcs 2+4(Ha rpansax)*0.5 = 4 atoma
utTpus, 2+4(Ha rpansx)*0.5 = 4 aroma Banagus u 10+8(Ha rpansax)*0.5 = 16 aromoB
KHCITIOpO/Ia.

Uroro, 6pyrro hopmyna YsV4016 Popmyna Bananata uttpust YVOa4. B snemenTapHoi

sTICHKE HaxXoadaTCsa 4YE€ThbIpe (l_)ODMVJIbeIX CAIMHHUIIBLI BaHaaaTa UTTPUs.

AHanoru4dHo /g BaHazaarta espornus EUVO4. B snementapHoii siuelike HaX0AATCs YeThbIpe

!l)O[)MVJIbHLIX C/IMHUIIBI BaHaaaTa €BpOIIns.

KoopauHanvoHHOE YHCIIO WTTPUS W €BPONMS  ONPEAEIAECTCS YHUCIOM CBSI3€d ¢

kuciopooM. Takum oOpa3om, KOOPIMHAIMOHHBIE YHCIIa UTTPUS U €BPOIUS COCTABIISIOT

7.

PaccuntaeM 00BEMBI 3JIE€MEHTAapHOM sSUelKM BaHagaToB WUTTpUs M eBpornus. OO0BEM
AJIEMEHTAPHO STYEHKU PaBeH MPOU3BEICHUIO MTAPaAMETPOB JIEMEHTAPHOM siueiKH &, b u C,
T.K. @urypa, oOpa3oBaHHas JaHHbBIMM BEKTOpPAMH, SBISIETCA MPSIMOYTOJbHOMN
TETParoHaJbHON IPU3MOA.

Vss(YVO4) = a*b*c = 0.7126 am*0.7126 uM*0.6295 um = 0.3196 1m® = 3.196:10%? oM
V,s(EuVO4) = a*b*c = 0.7237 am*0.7126 am*0.6368 umM = 0.3335 am® = 3.335:10%2 cm®
PaccunTaeM Maccy OJTHOM DJIEMEHTAPHOM STYEHKH

M5s(YVO4) = 4*M(YVO4)/Na = 4*2041-M01152/6.022-10%° Mons 1= 1.355:102* ¢

M >s(EUVO4) = 4*M(EuVO4)/Na = 4¥267 r-Mom162/6.022:10?% Mmons = 1.773-10% 1
PaccunTaeM miI0THOCTB:

P(YVO41) = M(YVO4)/Vos(YVOs) = 1.355:1021 1 / 3.196-1022 cm® = 4.240 1/em3



p(EUVO31) = M »(EuVO4)/Vos(EUVO4) = 1.773:102 1/ 3.335:10% cm® = 5.316 1/em®

6) Tak kak B TBEPABIX pacTBOpPax 3aMEUICHUS OOBEM DJIEMEHTApHOW SYCHKU JIMHEWHO
3aBHCUT OT aTOMHOM JOJNM DJIEMEHTa, TO OOBEM 3JIEMEHTAPHON SUCHKU COeIUHEHHS
Y 0.84EU0.16VVO4 MOXXHO 1MOCUUTATH KaK:
Vss(Y0.84EU0.16VO04) = 0.84* Voy(YVOs) + 0.16* Vou(EUVOs) = 0.84%0.3196 um® +
0.16*%0.3335 um® = 0.3218 um® = 3.218:10% cm®
Msa(Yo0.84EU0.16VO04) = 4*(0.84* M(YVOg4) + 0.16* M(EuVOQOs)) /INa= 4*(0.84*204r-M0mnB"
1 +0.16%267 r-Monp1)/6.022-10%% Momp™ = 1.422-102! ¢
p(Y0.84EU016VO04) = M 5s(Y0.84EU016VO4)/Vos(Y0.84EU0.16VO4) = 1.422:102 1/ 3.218:10°%
cM® = 4.419 r/em®

7) OpauH U3 BO3MOXHBIX METOI0B CHHTE3a:
Y203 + 6HNO3 = 2Y(NO3)3p-p) + 3H20
Y (NO3)3p-p) + NazVOsp-p) = YVO4| + 3NaNOs
Eu203 + 6HNO3 = 2EU(NO3)3(p-p) + 3H20
EU(NO3)3p-p) + NazsVOupp) = EUVO4] + 3NaNO3
0.16EU(NO3)3(p-p) + 0.84Y (NO3)3(p-p) + NazVOup-p) = Y0.84EU0.16VO4] + 3NaNO3
HeoOxonumo ykazath, uto HUuTpatsl eBponusi(l11) u utTpus Heo6x0AUMO B3STh B CTPOTO

onpeieTICHHBIX MOIBHBIX cooTHOIIEHUX (0.16 : 0.84)

Kpurepun onenuBanus:

4) TlpaBWIILHO OIpe/eNeHbI (POPMYIIbI BAHAIATOB UTTPUsI M eBporus — 2*0.5 data = 1
Oamn
[TpaBUIBHO paccYMTaHO YHCIO (POPMYITBHBIX €TMHUIL B DJIEMEHTAPHBIX stueiikax — 2*1
6am1 = 2 Ganna
[TpaBuibHO OmpeseneHbl KOOPANHAIIMOHHBIE YHCa UTTPUs U eBponus 2*1 6amn = 2
Oama

5) TlpaBuibHO paccuMTaHbl 00BEMBI AIIEMEHTAPHOM SUYCHKY BAaHAATOB UTTPHUS M €BPOIIHSI
2*2 G6anna = 4 6anna
[TpaBuiIbHO paccunTaHbl IVIOTHOCTH BaHAJATOB UTTPUS U eBponus 2*2 6amuia= 4 6asna

6) IIpaBuIBHO paccuuTaH 00BEM BIIEMEHTAPHON TBEPIOTO pacTBopa 2 Oasia
[IpaBunpHO paccunTaHa MIOTHOCTH TBEPAOTO pacTBOpa 2 Oayia

7) Mertozpl cHHTE3a BaHAJATOB UTTPHS U eBponus — o 1 6amry = 2 Gayuta
Mertox cuHTe3a TBEPAOTO pacTBopa ¢ ykazanuem coenuHenus esponus(l1l) u urrpus
HEOOXOIMMO B3SITh B CTPOTO ONPENIEICHHBIX MOJBHBIX COOTHOMIEHHSX — | Gat

Hroro 20 6amos



11 kaace

3anaua 1. KoncTpykTop Xumuyeckux peakumii (15 6amion)

3umaza (epey. {OUN, «3uUMe» — 3aKBacCKa) — COBOKYMHOCTh (DEpPMEHTOB CHHPTOBOTO
OpoxeHus (OpoKeHHs caxapoB), BRIJICISAEMBIX ApOoxoKamMu. BriepBbie 3uMa3a OblUTa BbIIEICHA U3
KJIETOK Apoxoked B 1897 romy HeMeUkUM XMMHMKOM JJyapAoM ByxHepoM, KOTOpBIM BIiepBbIE
dbepMeHTHpOBall caxap 03 yJacTus )KUBBIX KJIETOK, 32 uyTo mony4ws B 1907 roqy HoGeneBckyro
MPEMHUIO 110 XUMUHU.

W3 mpennokeHHOro MepeyHs peareHTOB M KaTajJu3aTOPOB COCTaBbTE CHHTETHUECKYIO
cxemy npeBpatieHnii. O0paTuTe BHUMaHHE, YTO OIMH U3 PEareHTOB WM KaTalu3aTopOB SBISETCS

JIMIITHHUM.
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Pemenue

NH,
3*PhNHNH, oy o+ ©/

CHOH

3*PhNHNH,

caxaposa 3*PhNHNH2 25% HNO;

/m -\

L D-rntokosa -:‘ D-¢dppyKTO3a 1 S L D-maHHO3a 1

C,H;OH

3anaua 2. «O6pa3oBanue u npeBpaiienus 3pupa Xaremanuay. (20 6anion)

1. Pacumudpyiite crpykrypst A-E.

2. llpenyoxure MexaHu3M 00pa3oBaHus coenHeHus1 F — apupa XaremanHa.

3. Kak, ucronb3ysl STUJICHIJIMKOJb W HEOpraHWYecKue peareHTsl, u3 F momyuuts ciupt G B 3
cragun? Ha kakoi cTaguu IpOMCXOAUT MUTpALUs IBOWHOM CBSI3U?

4. Kakoit quacrepeomep H nomyunrcest npu rugapupoBanuu F na Pd/C?

5. Kakoe(ue) coenunenue(s) | moxkeT(MOryT) nosydurcs B peakuuu F ¢ 1ByMsi SKBUBaJIeHTaMH
METHIIMOIM/IA TIOA IeCTBUEM H30bITKA THIpHIA HATPUs?

6. Kakue mnponykrel J, K u L momywarcs u3 F mpu a) peakuuu C OJHUM SKBHUBAJICHTOM
METH/UIUTHS; O) mpu Oojiee HU3KOH Temmepatype u jgoOaBineHuu wuomuaa wmenu(l)

(opranokyrnpaTHbI HUHTEpPMEIUAT); B) C TPEMS IKBUBAJIEHTAMH METUJUIATHUS?
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a. 1 akB. Meli, -10 °C;
' L b.0.5 ake. Me,CulLi, -20 °C;
c. 3 akB. MelLi, 0...25 °C



Pemenne:

\w«' MeCO,H

Me 04 0-0 B H,S0, (kat.)
| — L MeCO,Et
Me CH2C|2 H4 D
EtOH
C Na (meT.)
KunsiyeHne
o_ 0 OH o 1. CH,0
. 2V,
HO™ ™ BuOK/tBuOH )(L/co .
4— —y
Me 2
Me H*, Tonyon Me 2. KUNsYeHue E
CO,Et KunsyeHue CO,Et
HO. Me

a
F
1. LiAIH, \ |
2. H*, H,0
2 "z l NaH b Me
Pd/C

o) 0 CO,Et
¢ 0
Me Me HO. Me
CO,Et Me K
HO
G H CO,Et Me CO,Et
MeIlNaH Me——OH
Me L

a. 1 akB. MelLi, -10 °C;
b. 1 akB. MeLi+Cul, -20 °C;
c. 3 akB. Meli, 0...25 °C

Murpaniuss ABOWHON cBsi3u mpu cuHTe3e G MPOUCXOAWT HA TMEpBOM cTaguu 0OpazoBaHUs
[UKIUYECKOrO aleTalii — B YCJIOBUAX TEPMOJWHAMHUYECKOTO KOHTPOJS Mojy4aercs Oosee
BBITOJTHBIH, COMTPSIKEHHBIN CO CIOKHOI(PUPHOU TPYITION aJIKEH.

Mexanu3m O6paSOBaHI/I$I COCAMHCHUA F:
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3agaua 3. «KApreHTuHcKuii MuHepa» (20 6ayioB)

[Tanma Anzapest npuBe3 U3 reoJOrMUECKON SKCHeAUIMY MUHepan X KOPUYHEBO-KPAacCHOIO IIBETa,
oOHapy’KeHHbII B APreHTHHE, U MPEITI0KIII ChIHY YCTaHOBUTH €r0 COCTaB. AHAPEH B3sJI KycOYek
ATOro0 MUHEpaJia U OTIPABUIICS B JIaDOPATOPHUIO CBOETO OTLA.

Cnauana AnHApel MCTOJIOK MHMHEpajl B araroBOM CTyNKe B MeNKud mopomiok. [lopomok He
pacTBoOpsUICS B BOJIE, TOATOMY AHJIpel B3sT HaBecKy 3Toro nopouika (42,48 r) u odpaborain ero
KOHIIEHTPUPOBAHHON a30THOM kuciaoToi (peakuus 1). B pesynbraTe mosyumics OeclBETHbIN
pactBop 1 u oOpa3oBascs CBETIO-KENTHINA 0CaioK A. AHJIpel OTPUIBTPOBAT OCATOK U MPOKAIUIT
ero B MydemsHol meun mpu Temmeparype S00°C (peakums 2). O6pa3oBaBIIMIACS IKEITHI
nopouiok B (Maccoii 8,19 r) minoxo pactBopsiics B Boje (peakius 3), HO IPOIYKT €ro CIUIaBIeHUs
¢ runpokcuaoM Kanusi C (peakuus 4) B BoJie pacTBOpsiIcs mpekpacHo. 1,82 r B Anzpeit oopaboTait
KOHIICHTPUPOBAHHOM COJISTHOM KUCIOTOM (peakius 5), B pe3ynbTaTe BBIACTHIOCH 224 M (H.Y.)
ra3za D, a pacTBop npuoOpen sipko-CUHUMN 1IBET U3-3a MPUCYTCTBUS B HeM 2,76 T conu E. Jlpyryto
yacTh nopomka B AHapell pacTBOpui IpU HarpeBaHUM B a30THOW kuciote. llpu 3Tom oH He
HaOro1a BeIJeneHus rasa (peakuus 6). 13 noiayyeHHOro pacTBopa oH cyMmel BBIICIUTh Colb F
KUPIUYHO KpacHoro 1sera Maccoit 8,69 r. [Ipu npokanuBanuu F Anzapeit cHoBa nomyuui 5,46 r
nopoinka B (peakius 7).

@unpTpat 1, ocraBiuiics nocie otaeneHus A, Anapeii o6padboTan HUTpaToM cepedpa (peakius
8). Brimasmmii 6enblii ocaiok G pacTBOPSIICS B HAIIATBIPHOM CIHPTE C 00pa30BaHUEM KOMILIEKCa
H (peakuus 9), Ho npu nanbHeiIIEM 100aBICHUN paCTBOPa HOIUIA Kajust 00pa3oBbIBaioch 7,04
rocanka | (peaknus 10). PactBop, ocraBimuiics nmocine otaenenust G, AHapeit ymapui ¥ MpOKaIHiI
B My¢enbHoit neun (peaxmust 11). B pesynbrate oOpa3oBaics kpacHslii nopomok K (34,28 r). Ha

ATOT MOPOIIOK AHJPEH MOIeHCTBOBANI KOHIIEHTPUPOBAHHOW COJISTHON KHCIOTOH (peakius 12), B



pesynbTaTe BeIIeamiock 1,12 i (H.y.) )xenTo-3eneHoro raza D, u obpazoBanack conb L maccoi
41,72 r.
1. Omnpenenute Gpopmyny muHepana X, €CIH U3BECTHO, YTO B €70 COCTAB BXOST TOJIBKO JBa
MeTalia u JBa HemeTaiuia. OTBET MOATBEPIUTE pacueTaMu.
2. YcranoBute 3amudpoBaHHble BemecTBa A — L.
3. Hanmmure ypaBHEHHS poBeAeHHBINA peakuuii 1 — 12.
4, Kakwue elne coeaMHEHHUS, HMEIOIIHE TOT K€ KadeCcTBEHHBIM coctaB, uto M K, Bam
u3BecTHbI? [IpuBeuTe HE MEHee IBYX MPUMEPOB TAKUX COEIUHEHUM.
5. K, ucronp3yomuiicss B Ka4yecTBe OpPaH)KEBOI0 MUTMEHTa B KUBOIMCH, BIIEPBbIE ObLI
IOJIyY€H U3 ApYyroro 0enoro nurmeHra (peakuus 13), copepkalero ToT )Ke MeTall, 4To
u K. [IpuBenurte ypaBHEHUE 3TOI peakLUu.
Pemenne.
1. Ilo ommcaHuio TpOIIE BCEro YCTAaHOBHUTH AJIEMEHT, BXoAsmui B coctaB G. Benblil ocanok,
oOpa3yromuiics mpu J00aBICHUH HUTpaTa cepedpa U PacTBOPSIIOMIMICS B M30BITKE aMMHAaKa C
oOpa3oBaHueM KomIuiekca — 3To xyopuna cepedpa (G). Takum oOpa3om, B cocTaB MUHEpalia
BXOJIUT XJIOP. YCTaHOBUTDH €r0 KOJIMYECTBO MOXKHO 3Hast Maccy ocazka | (peaxius 10).
AgCI + 2NHs = [Ag(NH3)2]CI (H)
[Ag(NH3)2]CI + KI = KCI + 2NH3 + Agl| (1)
n(Agl) = n(AgCl) = n(CI") = 7,04/235 = 0,03 moub
m(Cl B munepade) = 0,03-35,5 = 1,065 r.
2. ITo onucaHnI0 MOXKHO TakK K€ YCTAaHOBUTH METaI, BXoAsAmuii B coctaB K — aTo cBuHenl. Peub
UACeT O CBUHIIOBOM cypuke Pbz0s, KOTOpBIN OBUI BIIEpPBBIC IMONYYCH W3 CBUHIIOBBIX OCIHII
(PbOH).COs.
EcTecTBeHHO, YTO YCTaHOBUTH CBHUHEI] MOKHO U ¢ TIOMOIIBIO pacueToB. K, oOpa3yromuiica npu
MPOKAJIMBAaHUM M B3aUMOJCHCTBYIOIIMI C COJISIHOW KHUCIOTOM C BBIACIEHHEM Xjopa (XKENTo-
3enénblii ra3z D, peakius 12) oTHOCUTCS K OKcHuaaM (ITOCKOJIbKY 00pa3yeTrcst Ipy NPOKATUBaHUN ),
00J1a1at0IUM IPKUMH OKHCJIMUTEIIbHBIMUA CBOMCTBAMH (OKUCIIEHUE COJISTHOM KUCIIOTHI).
3anuiem peakiuio B3auMoaecTBus K ¢ consiHO# KUCIOTOM (+X — cTeleHb OKUCICHHS MeTaslia
B OKCHJIE, +Y — CTETICHb OKUCJICHHSI METalllla B XJIOPUIE):
M2Ox + 2xHCI = 2MCly + (x-y)Cl2 + xH.0
n(Clz) =1,12/22,4 = 0,05 mob
0O0603HaUMM MOJISIPHYIO Maccy MeTajia 3a M, Tor[ja MOKHO COCTaBHTh JIBA YPaBHEHUS:

n(M20x) = 0,05/(X-y) moJib;
34,28
0,05/(x—y)

n(MCly) = 2-0,05/(x-y) Moib

M(M20y) = =685,6(x —y) = 2M + 16x (ypaBuenue 1)



41,72

M(MCly) = oL

= 417,2(x —y) = M + 35,5y (ypaBuenue 1)

Pa3nenuB nepBoe ypaBHEHHE Ha BTOPOE MOTYUHM:

6856(x—y) 2M+ 16x
417,2(x—y) M+ 35,5y

0,357M = 58,33y + 16x
M = 163,4y — 44,8x

Takoe ypaBHEHHE MOXHO PEUINTh TOJIBKO Mepedupas BO3MOKHbIE 3HaUeHUs X U y. [Ipu aTom y
MOET OBITh paBeH 2 WM 3, MOCKOJbKY 3TO CTEHNEHb OKUCICHHUS B OOPa3yHOIIMMCS XJIOPUJIE.
EnuHcTBeHHBIE 3HAYCHHS X U Y, KOTOPBIE YOBIETBOPSIIOT YCIOBHIO 3aaauu, Y = 2, X = §/3. [Ipu
sToM M = 207,3 1/MO0J1b, YTO COOTBETCTBYET CBHHILY. J[poOHAas CTENEHbh OKHUCICHUS X TOBOPHUT O
reTepoBaJIECHTHOM XapakTepe cBUHIIA B okcue K, hopmyna kotoporo nomydaercs PbzOas.
n(PbsO4) = 34,28/686 = 0,05 moxs; n(Pb?*) = 3n(Pb304) = 0,15 Mo
m(Pb munepane) =0,15-207=31,05r
3. Camoe CIOXHO YCTAaHOBUTb BTOPOM MeETajll, BXOASIIMN B cocTaB MuHepana. [lo cBoemy
onucanuio B ouens moxox Ha K. DTo KUCAOTHBIN OKCH (Tak Kak IJIOX0 PacTBOPSIETCS B BOJE, O
MPOIYKT CIUIaBIIEHUS 3TOT0 OKCHA CO HIETOUYBIO B BOJIE PACTBOPSETCS MPEKPACHO), 00Ia1ar0Ini
SPKUMHU OKHCJIMTEIILHBIMU CBOMCTBaMHU (BBIIETICHUE XJIOpA MPU B3aUMOJEHCTBUHM C COJISTHOU
KH1caoToM). OIHAKO 3TOT OKCUJ] PacTBOPSIETCS B a30THOM KuciaoTe ¢ oOpazoBaHueM conu F. 9to
MOJKET TOBOpUTH 00 amdoTepHOCcTH B, 0IHAKO B 3TOM cllyyae YCTAaHOBUTH METaJl HE YAAacTCA.
Bropoii BapuaHT — 00pa3oBaHKe UIOBBIX HOHOB, KOTJ[a B COCTaB KATHOHA KPOME METaslia BXOJIUT
eme u xucnoposn. IIpuMepoM Takoro MoHa MokeT ObITh Turamn TiO?*, Bxomsmmii B cocTas
paznuusbIxX coneii: TiIOSO4 u apyrux.
IIpome Bcero ycraHOBHTH BTOPOM METaJUl IO B3aUMOJCHCTBUIO B ¢ a30THOW KHCIIOTOMH,
MOCKONIBKY 3Ta peaklus He SBISIETCS OKHCIUTEIbHO-BOCCTAHOBUTENIBHON (HE MPOUCXOAUT
BbIJIEJICHHE T'a3a). B cocTaB MI0BBIX HOHOB MOKET BXOJUTH /10 TPEX aTOMOB Kuciiopoaa. [loatomy
NPUIETCS PaCCMOTPETH 3 PEeaKINu:
M20x + (2x-4)HNO3 = 2MO(NO3)x-2 + (X-2)H20 (1)
M20x + (2x-8)HNO3 = 2MO2(NO3)x-4 + (X-4)H20 (2)
M20x + (2x-12)HNO3z = 2MO3(NO3)x.6 + (X-6)H20 (3)
[Tpu sxenmaHnuM MOXHO 3amucaTh 001Iee YpaBHEHUE PEAKITUU U TIPOBOJUTE PACUETHI 0 HEMY:

M20y + (2x-4y)HNO3 = 2MO,(NOs)x2y + (X-2y)H20



Msl He OyneMm 37ech paccMaTpUBATh BCE TPH BapHUaHTa, IOCKOJBKY PELIEHHE BO3MOKHO TOJIBKO
Jutst peakuuu (2). CoryacHo 3TOMy ypaBHEHHIO, KOJIMYECTBO OKCH/Ia METAJLJIa B /IBa pa3a MEHbILIE
KOJIMUECTBO 00Pa3yIOIIErocss HUTpaTa:

2-n(M20x) = n(MO2(NO3)x-4)

, 546 8,69
2M + 16x M +48 + 62 (x — 4)

M + 62x — 200 = 0,796(2M + 16x)
0,592M = 46x — 200
M = 77,7x — 337,8

[Tepebupas pazHbie 3Ha4YeHHS X (pa3yMHO HauuWHATh ¢ X = 3) 1t X = 5 moaydaeM M = 51 r/moub,
YTO COOTBETCTBYET BaHAIHIO.
Mo0>HO yCTaHOBHUTB BaHAIUM U 110 B3aUMOJEHCTBHIO B ¢ consiHOM Kucnoroi. B aTom cinyyae uuer
OBP (Beiensiercst xyop) u obpaszyercs xymopuy Banaauiaa VOCIz. Ho pacuer u3-3a u3MeHeHUs
CTETIeHH OKUCJICHHSI METalllla OKa3bIBaeTcs 0oJiee CIOKHBIM.
n(V20s) = 8,19/182 = 0,045 mois; n(V) = 2n(V20s5) = 0,09 mob
m(V B Mmunepane) =4,59r
4. TlocnenHu HJIEMEHT, BXOISIIMKA B COCTaB MHHEpaja, pa3yMeeTcsl KUCIOpOA. 3Has Maccy
MHUHEpaja ¥ MacChl BCEX OCTAIbHBIX 3JIEMEHTOB, MOYKHO OMPEIEIUTh KOJTMYECTBO KHCIOPOIa:
m(O B munepane) = 42,48 — 4,59 — 31,05 - 1,065=5,775r
n(O B munepaie) = 12,345/16 = 0,36 momnb
Taxum obpazom, coctaB MuHepana X PbaVpOcClq:
a:b:c:d = 0,15:0,09:0,36:0,03 = 5:3:12:1
PbsV3012Cl um Pbs(V04)3Cl
5. YpaBHEHHUS peakiHil:

1) Pbs(V0O4)3Cl + 10HNO3 = 5Pb(NO3), + HCI + 3H3VO4| (A)

2) 2H3VO4=V-.0s (B) + 3H20

3) V205 + 3H20 = 2H3VO4

4) V05 + 6KOH = 2K3VO4 (C)

5) V205 + 6HCI = 2VOCI; (E) + Cl21 (D) +3H.0

6) V205 + 2HNO3=2V0,(NO3) (F) + H.0

7) 2VO2(NO3) = V205 + 2NO> + 1/20>

8) HCI+ AgNOs = AgCl| (G) + HNO3

9) AgCl + 2NHs = [Ag(NHs3)2]CI (H)

10) [Ag(NH3)2]Cl + KI = KCI + 2NH3z + Agl| (1)

11) 3Pb(NO3)2 = Pb304 (K) + 3NO2 + O3



12) PbsO4 + 8HCI = 3PbCl, (L) + Clz1 (D) + 4H,0

6. CoeMHEHHsI, UMCIOIIKE TOT )K€ Ka4eCTBEHHBIH cocTas, uTo 1 Pb30s (K): PbO, PbO2, Pb20s.
7. Ilonydenue CBUHIIOBOTO cypuKa (peakuus 13):

3(PbOH)2CO3 + O2 = 2Ph304 + 3CO2 + 3H20

Cucrema ouleHUBAHUS:

Ycranonenue Gopmyiasl MuHepaia X — 6 6amioB (3 Oaia, eciiu He OATBEPIKICHO pacueTaMH)
VYpauenue peaknuii 1-12 — mo 0,5 6ana 3a kaxxaoe ypaBHeHue, scero 12-0,5 = 6 6amon
Ycranosnenue 3amudpoannbix BemiectB A-L — o 0,5 6aina 3a kaxaoe BemectBo, Bcero 11:0,5
= 5,5 6amnoB

[TpuBenens! popmyiibl OKCHI0B cBrHIA — 110 0,5 OaysIoB 3a Kaxayro Gopmyiy, Bcero 1 6am.
[TpuBeneHO ypaBHEHUE peaKIMK MOJYUYCHUsI CBUHIIOBOTO CypHKa - 1,5 Gaiia.

Hroro: 20 dauios

3agaua 4. (20 6am10B)

VYcioBue 3a1a4u:

B 3akpbIThIX KOJ0aX MHPUTrOTOBHIM 5 pacTBOopoB BemiectB A, B u C ¢ pasnuuHbIMH
kouueHrpanusmu [Alo, [Blo, [Clo (cM. Tabawuiry). Criyctst 1 dac BbIACpKHUBAHUS IPH MTOCTOSHHOM
TEMITEpAType aHajM3 PacTBOPOB IOKa3aj, 4TO KOHIIEHTpAaIuh MCXOAHbIX BemecTB A, B u C
HECKOJIbKO YMEHBIIUIINCh, a TAK)KE TOSBHINCH HOBBIE HeM3BeCcTHBIE BemecTBa X, Y u Z:

Hauvansnubie KOHILICHTpaluu, MMOJIB/JT

PactBop Nel | PactBop Ne2 | PactBop Ne3 | PactBop Ne4 | PactBop Ne5

[Alo 10 20 20 20 5

[Blo 10 10 20 20 20

[Clo 10 10 10 20 8
Konuenrpanuu crycrst 1 yac, MMOJIb/1

[A] 9.2 18.4 18 18 ?

[B] 9.7 9.5 19 18.4 ?

[C] 9.8 9.8 9.6 18.4 ?

[X] 0.6 1.2 1.2 1.2 ?

[Y] 0.2 0.4 0.8 0.8 ?




[Z] 0.2 0.2 0.4 1.6 ?

Ha ocHoBe MMeIOLIMXCS IaHHBIX, NPEAMNON0XKUTE, KAaKUe PEaKLHUU IMPOUCXOAAT B CHUCTEME.

3anumuTe UX CTEXMOMETPUUYECKHE YpaBHEHMs, cOXpaHsisi OyKBEHHblIe O00O3HAYEHHUs BELIECTB.

[Ipenckaxute, uemy OynyTt paBHbl KoHueHTpamu A, B, C, X, Y u Z ciycrts 1 gac B pactBope NeS.

s cupaBku:

* CKOpOoCTb IPOCTOM TOMOT€HHOW XMMHUYECKOM peakUud OIpelensercd Kak YHCIo
JJIEMEHTAPHBIX AKTOB PEaKLUH, MPOUCXOMALIMX B €IUHUIIE 00BEMA CUCTEMBI 32 €IUHHILY
BpPEMEHH, U MOKET ObITh H3MEPEHa B €MHHUIIAX [MOIb T T4 1],

* 3a cuéT NPOTEeKaHHs PeaKLHUH KOHLEHTPALUs KaXI0ro e€ yyacTHHKA 3a €IMHUIly BPEMEHU
U3MEHSeTCd Ha  BEIMYMHY, PaBHY0 CKOPOCTM  peakUud, IIOMHOXEHHOH Ha
CTEXUOMETpUYECKUNA KO3()(PULMEHT JaHHOrO Y4YacTHHKA, B3ATHIH CO 3HAKOM — WM +, B
3aBUCUMOCTH OT TOT0, PacXOJyeTcsi JIM 3TO BEUIECTBO (peareHT) WIM HaKalIMBaeTCs
(mponyKT).

* (CornacHo 3aKOHY JEUCTBHS MaccC, CKOPOCTh IPOCTOM pEeaKkuHuu B pa30aBICHHOM pacTBOpPE
HIPONOPLHMOHATIPHA NPOU3BEACHUIO KOHLEHTpAlMi €€ PeareHTOB B CTENEHSX, PaBHBIX UX
CTEXHOMETPUYECKUM K03 puLneHTam.

Pemenue:

OueBuHO, uTo BemiecTBa X, Y u Z oOpa3yrotcs 3a cuér peakuii Mmexay A, B u C. Heooxoaumo

HOHATH, CKOJIBKO TAKUX PEaKLUI MPOUCXOAUT OJHOBPEMEHHO.

W3 naHHBIX TaOIUIBI BUAHO, YTO CTEeNEeHM npeBparieHus BemectB A, B u C neBenuku. Tak Kak,

cormacHo 3/IM, CKOpOCTh KaXAOW peaklUu 3aBUCUT OT KOHIIEHTpALMil peareHTOB, MO>KHO

CUMTaTh, 4TO 3@ | Yac 3T CKOPOCTU Majio MEHSIOTCS U MOT'YT ObITh BBIpDa)KEHBI Uepe3 HaualbHbIE

KOHIIEHTpauuu peareHToB. CkopocTH oOpa3oBanus BemectB X, Y u Z, 1O CYyIIECTBY, paBHBI

NpUBEJIEHHBIM B TaOJIUIe KOHLIEHTPAIHIM, T.K. OHU BBIPOCIIM C HYJIS /10 3THUX 3HaUeHMi 3a 1 yac

(T.€. 32 €IMHUILY BPEMEHHU ).

Paccmorpum BemectBo X. BujuHo, 4TO Ha CKOPOCTH €ro OOpa30BaHUSI BIMSET TOJBKO

KOHIeHTpauus A: ripu e€ ynaBoeHHH (cpaBHeHHe pacTBOpoB 1 — 2) X oOpasyercs Toxe B 2 pasa

6onbire. YBennueHue konueHtpaimii B u C (cpaBHenue pactBopoB 2 — 3 u 3 — 4) He BIUsET Ha

CKOpOCTh ero oopazoBanus. CienoBatenbHOo, X 00pasyercs Tonbko u3 A. T.K. CKOPOCTh peakiuu

MPONOPLMOHANIbHA KOHLIEHTpaluu A (TIepBbIil MOPSAIOK), CTEXMOMETPUUECKHUHN KOAPGUIIMEHT TpU

A nomxeH ObITh paBeH 1.

Takum o6pazom, peakrust 1: A — X.

1 1

[Tpu [A]o = 10 mmosb/11 €€ ckopocTh paBHa 0.6 MMOJTB T ~*U -,
Ecnu Obl peakmus 1 Oblia €AIMHCTBEHHBIM MyTEM MpeBpalleHus A, TO ero pacxoj J0JDKEH OBbITh

paBeH KonuyecTBy oOpa3zoasiierocs X. OJTHaKo Mbl BUAMM, YTO B A€MCTBUTEIBLHOCTD OH OOJIbIIIE:



s pactBopa Nel [A]o — [A] = 0.8 mMouts/11 (a 10mkHO OBITE 0.6)

s pactBopa Ne2 [A]o — [A] = 1.6 MmMouib/11 (a 10IKHO OBITH 1.2)

CnepnoBarenbHO, A TOIOIHUTENBHO PACXOAYETCSl HA 00pa30BaHUE IPYTUX BELIECTB.
PaccmoTpum BemecTBO Y. BuaHo, 4TO CKOpOCTH €ro 0Opa3oBaHUsl yJBaWBaeTCs Kak IMpU
yaBoenuu [A]o (cpaBHeHue pacTBopoB 1 — 2), Tak u npu yasoenuu [B]o (cpaBHeHHE pacTBOpOB 2
— 3), a ot koHneHntparuu C — He 3aBUCUT (cpaBHEHHE pacTBopoB 3 — 4). CrnenoBarenbHO, Y
JOJDKHO 00pa3oBbiBaThes M3 A u B, npuuéM nponopruoHanbHOCTh CKOPOCTH KOHUEHTPALUsIM
000MX peareHTOB (MEPBBIA MOPSAOK MO KaXXIOMY) TOBOPUT O TOM, YTO CTEXHMOMETPUUYECKHE
koa(durmentsr npu A u B nosmkHBI ObITh paBHBI equHUIE. CTEXHOMETPUYECKUN KOIPPHUITUCHT
npu Y Toxe paseH 1, T.k. B mepBoM pactBope u3 0.8 mmounbs/a A 0.6 nonuio Ha oOpa3zoBanue X, a
0.2 — na obpazosanue 0.2 mmons/n Y (cooTHomenue 1:1).

CrnenoBatenbHo, peakuusi 2: A+ B - Y.

1 1

ITpu [A]o = [B]o = 10 mmounb/1 eé ckopocTh paBHa 0.2 MMOJIB T 9 .
W3 naHHBIX TaOAMLBI MBI BUAMM, YTO JUJIsl KaXKJOTO pacTBOpa YMEHbILIEHHE KOHLEHTpauuu A
paBHO CymMMe KOHIEHTpamuii oOpazoBaBmmxcs X U Y. DTO MOATBEPKAACT NPABHILHOCTH
CIeJIaHHBIX BBIBOJIOB U TOBOPUT O TOM, 4TO A pacxoJlyercs TOJIbKO Ha oOpa3zoBanue X u Y. B To
xKe BpeMs, pacxoj B Gombiue, yeM HakomieHHe Y — 3HAYUT, JaHHbBII peareHT pacXoayeTcs U Ha
obpazoBanue Z.

Paccmorpum BemectBo Z. CKOpPOCTh €ro oOpa3oBaHHsl HE 3aBUCHT OT KOHIIGHTpauuu A
(cpaBHeHHE pacTBOpoB 1 — 2), ynBauBaercs npu yaBoenuu [Blo (cpaBHeHHe pacTBOpoB 2 — 3), a
npu ynsoenuu [Clo Bo3pacrtaeT B 4 pa3a. Ciie10BaTe/IbHO, CTEXHOMETPUUYCCKHH KO DUIMEHT IpU
B nomxken 6b1Th 1 (mepBslii mopsiok), a npu C — 2 (BTopoit nopsaaok). Haitném kosdpunment npu
Z. B nepsom pactBope 0.3 mmoub/1 B 6bu10 n3pacxogoBano Ha oopazoBanue 0.2 mmons/n Y u 0.2
MMoJIb/1 Z. TTockonbky koaduimenT npu Y paseH 1, 0.2 Mmonb/a Z 70mKHO Ob1710 00pa3oBaThes
u3 0.1 mmons/n B, T.e. koaddumment npu Z paBeH 2. IT0O MOATBEPKIAETCA TaKkKe TeM (HaKTOM,

YTO KOJIUYECTBO Z PpaBHO pacxony C Bo Bcex pacTBOpax.

CrnenoBarenbHo, peaknus 3: B + 2C — 2Z.

1 1

ITpu [B]o = [C]o = 10 mmob/i1 e€ ckopocTh paBHa 0.1 MMOJIB T ~*4 -,
IIpeackasxkem Tenepb cocTaB pacTreopa NeS.

CxopocTh mepBoii peakiuu (00pa3oBaHusi X) 3aBHCHT TOJIBKO OT KOHIIEHTparuu A, Ipu 3TOM
IpsIMO €i MpomopIoHaibHa. [10 cpaBHEHHIO ¢ TEPBBIM 3KCTIepUMEeHTOM [A]o yMEeHbIIHIACH B 2
pasa — CIeI0OBaTeIbHO, BJBOE YMEHBIIUTCS M  KOJIWYECTBO oOpaszoBaBmierocs X:

[X] = 0.3 mmoub/m.



CxopocTb BTOpO# peakiuu (oOpa3oBaHus Y) MpsIMO MPOTOPIIMOHATBHA KOHIIEHTpalusaM A u B.
[To cpaBHeHUIO ¢ nepBbIM pacTBOpoM [A]o yMeHbIIHIACk B 2 pa3a, a [Blo — yBennunnace 2 pasa.
CrnenoBaresibHO, CKOPOCTh peakiuu He nmomensiercs: [ Y] = 0.2 Mmmoub/i.

CkopocTh TpeThell peakuuu (0Opa3oBaHus Z) MPSMO MPOIMOPIIMOHATIbBHA KOHIIEHTpanmu B wu
koHneHTpauuu C B kBagpare. CocTaBUM OTHOILIEHUE CKOpocTell uis pactBopa NoS5 u
pacteopa Nel: vs/vi = (20-82)/(10-10%) = 1280/1000 = 1.28. Bo cTOIBKO pa3 CKOPOCTh PEAKIHH 3
B IISITOM pacTBope Oyner Oosbline, ueM B iepBoM. Clie1oBaTeNbHO, KOHIICHTpanws Z OyJIeT paBHa
[Z]=0.2:1.28 = 0.256 MmMoiB/1

[TpuHKMMast BO BHUMaHUE CTEXHOMETPHIO peaKIMii, HailiéM HegocTaroe KonuenTpauuu A, B u
C:

[A] =5-0.3-0.2 =4.5 mmoub/n

[B]=20-10.2-0.256/2 = 19.672 Mmmonb/1

[C]=8—0.256 = 7.744 mmomb/1

OtBeThbl 1 pa3da/uIOBKA:

Peakuu

Peaknusg 1 A—->X 3 Gama
Peaxius 2 A+B-o>Y 3 bama
Peaknus 3 B+2C—»2Z 3 Gamna

CocraB pactBopa Ne5

[A] 4.5 MMoITB/NT 1 Gamn

[B] 19.672 MmMomb/n 2 bamna
[C] 7.744 mmonb/n 2 bamna
[X] 0.3 MMoITB/7T 2 Gamna
[Y] 0.2 MMoOITB/TT 2 baina
[Z] 0.256 MMoITB/N 2 baina

Cymma: 20 GanioB



3anaua 5. [Byjaukuii SIHyc MM KATHOH - MeCTh JIOLIEHTOB. (25 6aioB)

JIBa pa3nmuYHBIX BEIIECTBA UMEIOT OJMHAKOBOE HAa3BAaHUE «TEKCON», KOTOpoe Al 00OuX He
ABIISIETCSL CTPOTMM C TOYKH 3peHHs] HOMEHKIaTyphl. O0a BelecTBa UMEIOT CTEPEOr30Mephl. Y
000MX BEIIECTB, KaK CIIEyeT U3 HA3BaHUsI, B COCTaBE cojepkurcs mectb OH-rpymm.

[TepBoe BemiecTBO, HA30BEM €T0 YCIOBHO «rekcon |», Obuto cuHTE3npoBaHo emie B kKoHIE XIX
Beka. Ero cTpoeHue M TO, 4TO OHO MMEET CTEPEOHM30MEpHI, OBIJIO OTKPBITO JHIlb B 1914 romy
M3BECTHBIM IIBEUIIAPCKUM XUMHKOM, OPraHMKOM Io oOpa3zoBaHuIo, jJaypeatomM HoOeneBckoit
npemun 1913 rona «..3a paboTy o MpHUpPOJE CBSI3E€H aTOMOB B MOJIEKyJaX...». JJaHHOe BemiecTBo,
MPEICTABISIIONIEe COOOM  KOPUYHEBATO-(PHOJCTOBBIC WM YEPHBIE KPUCTALIBI  TUIOXO
pacTBOpUMBIE B BOJIE, MOXKET OBITh CHHTE3HUPOBAHO B TpU cTaauu. [IpoaykThl Bcex cTaauii u
MCXOJIHOE BEIECTBO MHTEHCUBHO OKpAaIlIeHbl. B mepBoil ctaanu BOIHBIN pacTBOp BemecTBa X ¢
MacCCOBBIMH JIOJISIMH 371eMeHTOB B HeM 38,02%, 20,69% u 41,29% o00pabaThiBaroT MEPOKCUIOM
Bojopona B mpucyrctBuM BemectBa CN2HgO3 m mpoaykra ero ruaponusa. B pesynbrare
00pa3yroTcs KpacHble MPU3MaTHUYECKHE KPUCTAILIBI Y, BOJHBIE PACTBOPHI KOTOPBIX HEYCTONYHBBI
Ha cBeTy. Eciu k pactBopy Y 100aBUTh OOJIBINON H30BITOK KOHIICHTpHPOBaHHOTO pacTBopa HCI,
TO PacTBOpP MPHOOPETAET HACHIIIEHHYIO CHHIOI0 OKPAaCKy, M BBIJEISETCS CMECh ra30B KEITO-
3esieHoro npeta. [Ipu mponyckaHuy TaHHOW Ta30BOM CMECH uepe3 W30BITOK M3BECTKOBOW BOJIbI
pacTBOp CTaHOBHUTCS MYTHBIM. Ha BTOpoil cramuu mpous3BoaaT oOpaboTky Y pa30aBIeHHBIM
pPacTBOPOM CEPHON KUCIIOTHI C MOCIEAYIONIUM 100aBIeHnEeM HEOOIBIINMHU TOPIUSMHU 3TUIIOBOTO
criupta. B pesynbrare oOpasyercss BEmeCTBO Z, KOTOPOE MOXKET UMETh JBa T€OMETPUUYECKUX
M30Mepa, HO B CHHTE3€ 00pa3yeTcs MPEeUMYIIECTBEHHO UC-U30Mep. MaccoBbI€ 10T 2JIEMEHTOB
ncxomHoro Bemectsa X B Z coctaBiasaioT 19,2%, 15,6%, 41,7% coorBeTcTBeHHOo. Ha mociennei
CTaJuU MPOU3BOAUTCA 00paboTka Z ocHoBaHueM. [Ipu sToM umcna moneit Z u «rekcona |» B
JTAHHOM peakIuu cOOTHOCITCS Kak 4 k 1. Tperbs cragus obpaTtumMa: eciu 100aBUTh K «reKComy |»
KOHIICHTPUPOBAHHYIO COJISTHYIO KHCIIOTY, TO 0Opasyercs cHoBa Z. MaccoBbIe JJOJIA JIEMEHTOB
HCXOMHOro BemiectBa X B KOoHeYHOM «rekcone |» cocrasiasgior 28,39% 11,56% 34,69%
COOTBETCTBEHHO.

«lekconm |l» wm3BecTeH Takke TMOA Ha3BaHWEM WHO3UTON WM BUTaMUH Bg. OCHOBHBIM

MPOMBIIIIEHHBIN CIOCO0 €ro Moay4yeHus: — OMOTEXHOIOTHYECKUH:
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D-Glucose Glucose-6-phosphate myo-inositol-1-phosphate myo-inositol

MI de novo BIOSYNTHESIS from D-glucose

3anumuTe cxemy cuHTe3a «rekcoia 1». CKoIbKo cTepeo-u30MepoB ecTh y «rekcoda I» u
ckoibko y «rekcona |1»? Kakoit u3z crepeonszomepoB «rekcona |lI» Ha Bam B3risan Haubosee
yctoituuB u mouemy? Kakas teopust Obuia cosmaHa ynoMmsiHyThIM JlaypeatoM HoOeneBckoit

npemun? [louemy Ha cTaguu 2 cuHTe3a «rekconia |» 00pa3yercs npeuMyIIeCTBEHHO UC-u30Mep?

Pemenue:

Hcxons M3 BENMMYMH MAacCOBBIX JIOJE€H B MCXOTHOM BemecTBe X, MOXKHO 3aMETHUTh, YTO OHO,
CKOpee BCEro HMEEeT HEOpPraHWuYecKyr mnpupomy. Bo BcskoM ciydae, Oaxe €ciad OHO
OpPraHMYecKoe, TO OHO COBEPIIEHHO TOYHO HE COJACPKUT BOAOPOJI, COTJIACHO MAaCCOBBIM JIOJISIM
(MakcuMalibHasi MaccoBas J10J1s1 BO10poia B MeTane 25%). Ha MbIcib 0 HeopraHuueckoi npupoje
BEIIECTBA HABOJUT M TO, YTO MPOIYKTHI BCEX CTaJAWNH W MCXOJHOE COEIMHEHHE — BEIECTBA
WHTEHCUBHO OKpameHHble. [Ipi 3ToM, Kak BUIHO U3 TOCIEAYIONINX B3aUMOJICHCTBHIA BEIIECTBO
Y B KHUCIIOH cpele SBISETCS CHUJIBHBIM OKHCIUTENEM, T.K. BBIICISIONIAsCS CMECh Ta30B
COBEpILEHHO TOYHO coepkuT xiuop. BemecrBo CN2HgO3 — kap6oHaT aMMOHUS, a TPOAYKT €ro
THJIpOJIM3a — BOJHBIM pacTBOp aMMuaka. TakuM 00pa3oM UTO-TO OKHUCISIETCS HEPOKCHIOM
BOJIOPO/Ia B CITA0OMIETIOYHON CpeJie B MPUCYTCTBUU KOMILIEKCOOoOpa3oBaTelsi. Bee 5To yka3piBaeT
Ha TO, YTO B HMCXOJHOM COCIMHCHHH COJCPKUTCS mepexoanbiii Metamn 3d psma. HambGonee
HOIXOAALIMM KaHAWJATOM NPEeACTaBIsIeTCss KOOalbT, MOCKOJIbKY MMEHHO OH B INPHCYTCTBUHU
aMMMaKa WM Jpyroro KOMILIEKCO0Opa3oBaTest CX0Kel MPUPOI0H, MOKET OBITh OKUCIIEH JI0 C.O.
+3, HO TIpH pa3pyIIeHNH KOMIUIEKCa B KUCIION cpelie KOOaTbT CTAHOBUTCS CHITBHBIM OKHCITUTEIIEM.
C nmpyroii, CTOPOHBI MaccoBasi JI0JIsl OJTHOTO M3 2JIEMEHTOB B BEIIECTBE X B JIBa pa3a O0JbIIE, YeM
npyroro. Hanbomnee nmoaxoasmuMu KaHAWAaTaMU SIBIISIIOTCS cepa U Kuciaopoa. M oTcronga MoKHO
OpUNATH K 3aKIIOYEHHIO, 4TO BemecTBo X — cyinbdar kobamsta (). B mepoil peakiyn
MIPOMCXOTUT €T0 OKUCIICHUE B IPUCYTCTBUHM aMMHaka ¢ 00pa3oBaHHEM aMMHUHO-KoMIuiekca. Ho,
T0, uto nipu pobasieHnn HCI k X Bbigensercs 3KBUMOJISIpHAsE CMECh T'a30B, OJMH M3 KOTOPBIX
XJIOp, a IPYTOH, COTIaCHO MOJIEKYJISIPHOM Macce — yriiekuciblil ra3. [loaromy niam kapboHar, uiu

cyib(ar MOH BXOJAT BO BHYTPEHHIOW cepy Komrekca. Ha BTOpo#l craguu MpouCXOAUT



3aMEIIeHHE OHOTO M3 JIMTAaHJIOB BHYTPEHHEH Cephl, HO TTOCKOJIBKY 00paboTKa MPOU3BOIUTCS
pacTBOPOM CEpPHOM KHCIOTHI, TO BO BHYTPEHHEH cdepe MPOUCXOIUT 3aMeHa OWUJECHTATHOTO
KapOoHaTa Ha JIB€ MOJICKYJIbI BOJIbI, YTO MOKHO TIOHSITh 10 MACCOBBIM JOJISIM, TIPY YCIIOBUH, YTO
CTeNeHb OKHCIIeHUs! KobanbTa coxpansercs. Ha nannoil cranguu oOpa3yercs HHC-U30MeEp U3-3a
TOT0, YTO YXOSIIMUN JIMTaHJI OCBOOOXJAET JIBE COCEIHHE KOOpJAUHAIMOHHBbIE BakaHcuu. Ha
MOCJIEIHEW CTauu MPOUCXOJUT TETpaMepu3alusi KOMIUIEKCa, YTO OTPAXaeTcsi B MOJbHOM
OTHONICHWH TIPOAYKTa M pearcHtra. Boma BO BHYTpeHHEW cdepe KOMIUIeKca MOJ JIeHCTBUEM
OCHOBaHUS MPEBPAILIACTCS B TUAPOKCOTPYIIIBI, KOTOPbIE BBHICTYNAIOT KAK MOCTHKOBBIC JTUTAH/IbL.
[Ipu sToM arom KoOanbTa, CBA3AHHBIA C IIECTHIO THUIPOKOCO-TPYIIIAMHU BBICTYMAeT Kak
XUPAJIbHBINA LEHTD.

Ortser: rekconl — tpuc [Mro-guruapoxcuno-rerpaMmmMuako0ansT (111)] kobanst (1) cynbdar
rexkcon2 — nuknorekcas 1,2,3,4,5,6 — rekcon. Yka3zaHue Ha TO, 4TO rekcoi | — Heopranudeckoe
BemecTBo — 1 6amt. Mmeer 9 crepeonsomepos (2 6amna). Koopaunannonnas teopus Bepuepa (3

6aia). M3-3a OuaentaTHocTH KapOOHATHOTO MOHA (2 6ara).
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