TEKCTBI OJIUMITUATHBIX 3AJTAHUN PETUOHAJIBHOT'O STAITA
BCEPOCCHICKOM OJIMMITHA IbI ITKOJILHUKOB 10 XUMUWH

(115 y4aCTHUKOB)
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Teopemuueckuit myp
Bce uucnennvie pesynvmamovl O0NHCHbI OblMb NOOMEEPAHCOEHBL pacyemom. Bce kauecmeennvie
omeemul Q0JICHbL UMemb 00ocHo8aHue. B npomusnom ciyuae oyenxa () 6annos!

Oounnaduyamaolil Kiacc

3adaua 11-1
Mapraneri B mpupo/ie BCTpeyaeTcs JUIb B BUJIE €ro coequHeHui. J{s 6eAHbIX KapOOHATHBIX Py,
coJepKalx KapOOHAaThl MapraHiia, KaJblUs M JKelle3a CYLIECTBYET CHOCO0 XHMHUYECKOTO
o0orarieHus — 3To 00padoTKa UX BOJAHOM CYCIIEH3UH TUOKCHAOM yriepoja noa aasienuem. [Ipu
3TOM JaBJICHUE TUOKCHIA YyIJepoJa PeryaupyroT TakK, 4yToObl KapOOHAT MapraHiia BMECTE C
KapOOHATOM KallbLiMs IMOJIHOCTHIO MEpEeIUId B PacTBOpP B BUAE TMAPOKapOOHATOB, a KapOoHAT
KeJe3a pacTBOPHIICS JIUIIb YacTHIHO. KOoJIM4ecTBO BO/IBI B CUCTEME JIOJKHO OBITh JJOCTATOYHBIM,
4YTOOBI TOCJIE€ CHIDKEHHUS NaBJCHHs IUOKCHIA yriepoia A0 OAHOW aTtMocdepbl B Mpoiiecce
00paTHOTO OCaXICHMs KapOoHAaTa MapraHiia, Mepeuie i B pacTBOP KaJIbIUH HE OCa)Iajcs,
a Maprasell BMecTe C jKeJIe30M B BHJI€ KapOOHATOB OOJIbIIEH YaCThIO BHIMAIN B OCAJIOK.

1. Hammmmure peakuuu rnepexoja B pacTBOp KapOOHATOB MapraHIia, JKeje3a U KaJlbIus B 001IeM
Buje: «MCO3z(g) + CO2(ras) ... ... » U paccunuTaiiTe KOHCTAHTHI ATHX TPEX PABHOBECHIA, HCTIONB3YSI
CHPaBOYHYIO HH(POPMAIINIO, 3aMTUIINTE MOJIPOOHOE PEIICHHE C BBIBOJIOM BCexX (popmyir:
[TP(MnCO3) = 5.05%x107°,
[IP(FeCO3) = 2.11x101,
IIP(CaCOs) = 4.82x107,
a) CO, +H,0 =COz-aq Ka=3.6x1072,
6) COz-aq +H>0 = H,CO3-aq Ks=3.0x107,
B) H:COs-aqg = H" + HCOs™ K, =2.5x10%,
r) HCO; = H" + CO3* K;=5.0x10",
CTaHJApTHOE JIaBJIeHUE Ta3a NPUHATH 1 aTM.

PaccmoTrpuM nporiecc XuMU4ecKoro 00oraiieHus MapraHiieBon py/sl, conepxarieir MnCO3
(32.9%), FeCOs3 (23.0%), CaCOs3 (28.6%), a Takxke HEpaCTBOPUMBIE TPUMECH (B CKOOKaX yKa3aHBbI
MacCOBBIE JIOJIM BEIIECTB B CMECH).

2. PaccuunTaiite MUHMMalbHBII 00BEM BOABI, B KOTOPOM MOXHO PacTBOPHUTH BeCh KapOOHAT
Kanplus, comepkamuiics B 1 kr pyasl npu aaeiaenuu CO2 paBuom 1 artm. (a) Oe3 yuéra
CoJepKaHusl THIPOKapOOHATOB MapraHia M Jkene3a B 3TOM pactBope U (0) ¢ yu€rom

ux cozepkanus. [[pumute, 4TO MpU paCTBOPEHUH 00HEM pacTBOpa HE U3MEHSIETCS.

3. Ompenenure naBienue CO2 HeOOXOAUMOE IS TIOITHOTO pacTBOpPeHus B 164 11 Bo/IbI KapOOHATOB
MapraHiia U Kaublus, coaepkamuxcs B 1 kr pyapl. Kakas nonst kapOoHara »kene3a mepenér
IpY 3TOM B pacTBOp. Berumcnure Macchl KapOOHATOB MapraHiia M jkejiesa, BBINABIINE B OCaJI0K
nocite cHkenus napnenns COz 1o 1 at™., cunraiite pactBop HackmieHHBIM o CaCOs. Kakas momst

Kap60HaTa MapraHna BbIIAZACT B OCAJ0K IMOCJIC CHUXKCHUA NABJICHUSA 10 1 aT™.
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3adaua 11-2
Heopranuyeckmii Kayuyk

bunapHoe kpucTamIMuecKoe COCTUHEHHE A CONEPXKUT B KPUCTALIUYECKOH CTPYKType
OKTa3ApUYECKNE AaHUOHBI U TETPA3IPUUECKUE KATUOHBI (Pa3HUIA B MACCOBBIX JI0JIIX JJIEMEHTOB,
BXOJAIIUX B cocTaB A — 70,25%). B anetonuTpuiie A Takxe CyImecTByeT B popMe HOHOB, IPHYEM
IPY HU3KUX KOHLIEHTPALUIX A OKTadIpUUECKHE aHUOHBI IOYTH OTCYTCTBYIOT. A €CIIM MOJSPHBIN
pacTBOpUTENb 3aMEHUTHh Ha HEMOJAPHBINA, K npumepy, Ha CCly, U3-3a mpoueccoB cojibBaTalluu
U IUMEpU3alUU MOXeT o0pa3zoBarbecsi Oenblii ocagok B (MaccoBas momns camoro Jerkoro
AJIEMEHTA B JTAHHOM coeauHeHun — 2,11%).

0,1674 v A npu 160°C moxeTr pearupoBaTb ¢ T'MIPOCKONUYHBIM KHUCIOTHBIM OKCHJIOM
(comepkuT TOT ke 37aeMeHT, uto U A) C ¢ obOpazoBanuem 0,1674 T OeCUBETHOW IBIMSIICH
xkuakoctd D (Beixon 81,50%) (p-uua 1), KOTOPYIO MOXKHO HCIIOJIB30BAaTh IS TOJYYCHUS
3ameneHHoi kucioTel E mo Mmetoauke Crokca: Ha cBexenepernanubie D (p = 1,645 /M) u dpenomn
(B34ThIE B COOTHOIIEHUH | K 2 COOTBETCTBEHHO) JICHCTBYIOT CIIMPTOBBIM PACTBOPOM aMMHUaKa Mpu
0°C (p-uuu 2-3). [anee mnpoBOAAT MNpoUEAYpPY OMBUIEHMS ¢ wucnoiab3oBanuemM KOH
710 00pa30oBaHMs KPUCTAIUIOB KajdueBoi conu. IlomydeHHOe TBepaoe BeEmecTBO 00pabaThIBAIOT
XOJIOJHOM XJIOPHOW KHUCHOTOH (p-yua 4). OOpa3oBaBmIMIACA O0CAJ0K OT(QHIBTPOBHIBAIOT,
a E BeicanuBator ciuprom (u3 152,0 mxa D nonydaercs 40,0 mr E ¢ Beixogom 25,28%).

XJI0pUpYyIOUIMA areHT A MOXHO pacTBOPUTh B TETPaxJIOpITaHE M  CMeIaTh
C TOHKOM3MEJBYEHHBIM XJIOpuJIoM aMMoHus. Yepe3 13 wyacoB mnepememmBanus npu 135°C
(p-yun 5) wW3OBITOK HEMPOPEATHPOBABIIETO XJIOPHAA AMMOHUS OTACNAIOT (QUIBTPOBAHHUEM,
OTTOHSIOT PacTBOPUTENb U (UIBTPYIOT M30bITOK Macia. [lomyueHHbIN TBepablil ocTaTok (Bce
PaBHO MIPONUTAHHBIA HEOOIBIIUM KOJTMYECTBOM MACISTHUCTON JKUAKOCTH) 00padaThIBatOT CHaJaIa
XOJIOIHBIM O€H30JI0M, a 3aTe€M MPOBOJAT MEPETOHKY C BOJASHBIM I1apoM, MOIydasi €AMHCTBEHHbIN
npoaykt: TpuMep F, conepkamuii cBsazu I-2' (O u ' — anemeHTsl oaHOM rpynmnsl [lepuogunueckoit
CUCTEMBI).

BemectBo G — Oonee peakIMOHHOCHOCOOHBIM romosor BemectBa F, pacTBopuMBbIit
B JIEJITHOM YKCYCHOM KUCIIOTE 0e3 pa3pylleHHUs.

[Ipu nobGaBneHnn Kk cMecu MPOAYKTOB TosiHOTO THApoau3a 50,0 mr BemecTtBa G (p-uus 6)
n30bITKa pacTBOpa HUTpara cepedpa BhINagaeT Oelblil TBOPOXKUCTHIIN 0canok Maccoit 123,7 mr.

ITpu narpeBanuu F 10 250°C obpa3zyercst «Heopranuueckuit kayuyxk» H.

Bonpocsr:
1. Onpenenute Hem3BecTHBIC coearHeHUsT A-F, 1 000CHYITE KaXKIbIi OTBET.
2. Hanmmmmre ypaBHeHus peakyuit 1-6.

3. HM3obpaszute crpykrypubie hopmynsl F, G u H.
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3adaua 11-3
ITap — HachbIIIEeHHBI U HEe 0YeHb
Ecnu OTKpBITBIM cOCyll C JKMAKUM BEHIECTBOM X IMOCTaBUTh B MOMEIIEHHWU, B KOTOPOM
JIaBJICHUE Iapa BELIECTBA Py MEHBIIE HACBIEHHOTO Pracem, TO )KUAKOCTh HAYHET HCHAPSTHCA,
a JJaBJICHHE TIapa pacTU. 3aBUCHUMOCTh JaBJICHHUS Iapa oOT BpeMeHu P(f) omuchiBaeTcs
KUHETUYECKUM YPaBHEHUEM
P(t) - PHaCbmJ, = (PO - PHaCblm,)e_kt

Iac k — KoHCTaHTa CKOPOCTH KOHACHCAIUU I1apa B XXUJKOCTb.

1. Kakoil kuHeTHYeCcKMH TOpSAOK MMEET IMpoLecC KOHJAEHCAlUMW Iapa B JKUIKOCTH?

Kparko nosicuure.

2. Tloctpoiite rpaduk 3aBUCUMOCTH JaBICHUS Mapa OT BPEMEHU B MPOIECCE HCIApPEHUS

KNIKOCTH. OTMeTETE HA IMMOJIY4YCHHOM rpa(bHKe 3HaueHus Po u P HACBILI -

3. B 3akpeiTyt0o KOMHaTy, B KOTOpPOW BIaXHOCTh paBHa 70 %, MOCTaBUIM BEAPO C BOIOM.
UYepes 10 yacos BnaxxHocthb Bbipocia 10 80 %.
a) Halimute KOHCTaHTy CKOPOCTH £.

0) Uepes CKOIBKO YacOB BIAXKHOCTH BhIpAcTeT 10 95 %7

4. Bona u3 Beapa NOJIHOCTBHIO HCIIAPUIIACh, U BIAXKHOCTh B KOMHArTe ctajia paBHa 95 %. Ckonbko
rpaMMOB BOJIbI ObLIO B Besipe? O6bEM KoMHaThl 60 M>, KoMHaTHas Temmneparypa 25 °C, naBineHue

HACBIIIEHHBIX apOB BOABI 23.8 MM PT. CT., HauajabHas BIaXHOCTh 70 %.

5. JlaGopatopHslii cTakaH 00bEMoM 500 MJT 3aTIOTHIIM KUJIKUM YIIIEBOAOPOIOM X U B3BECHUIIH,
a 3aTeM HaKpbUIM CTEKISIHHBIM KosimakoM oObéMoM 5 n1. [locne ycraHoBieHMsI paBHOBECHS
JaBleHue moj koimakoMm ysenuuwiock Ha 58 klla mpu temmneparype 20 °C. Konmak cHsuu,

U CTaKaH ¢ XHUJAKOCTHIO B3BECUIIH, €r0 Macca yMeHbInuaach Ha 7.70 . YcranoBure dpopmyny X.

Iloocka3zku.
Bnaxxnoctb — 310 oTHOMIEHUE P / Pyacenn JUTSI TAPOB BOJIBI.

I atm =760 MM pT. CT.

Ykazanue. Bce uncieHHbBIe OTBETHI B 3a/1a4€ JOJLKHBI OBITH MMOATBCPIKACHDBI paC‘{éTaMI/I.

3aoaua 11-4

Oprannueckue coeauHeHus: I-1II umeroT oMHAKOBBIN KaueCTBEHHBIN U KOJWYECTBEHHBIN
COCTaB W TPH TOCIEAOBaTeNIbHON 00paboTKe BOJHBIM pACTBOPOM THUIAPOKCHUAA KU
MIpU HAaTrpEBaHUM W Pa30aBICEHHOW CEPHOM KHCJIOTON 00pa3yloT €IMHCTBEHHBIN OpPraHWYeCKHil

nponykt X. M3BectHo, 4ro Ha TuTpoBaHue S50 mim pacTtBOpa, coxepxamero 1.52r X,
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6bu10 3arpadeno 20.0 M 1.00 M pacTBopa ruapoKCcHIa Kalusl.

Coenunenus I u Il MoryT OBITH TIOJTyYEHBI HAMPsAMYIO W3 X HarpeBaHUEM B PacTBOPE WMIIU
TBEpION (hase B mpucyTcTBUM KHUCIOT JIbtonca. I B 3TuX ycnoBusx tawke npespamaercs B I1.
Caoticta II cyliecTBEHHO 3aBHUCSIT OT crocoda ero moiydyeHus. Tak, TemmnepaTypa IUIaBICHUS
MokeT BapbupoBaTtbcs OoT 220 mo 235 °C; paszinyaercss Takke MeXaHU4ecKash IPOYHOCTD,
IUIOTHOCTh U PACTBOPUMOCTb.

Coenunenue III He MOXxeT OBITh TTOJIy4eHO U3 X 32 OJIHY CTaJui0. B IPOMBIIIJIEHHOCTH €ro
MOJTYYaloT ra3o(a3sHbIM OKUCIEHUEM AHMOJIa A KUCIOPOJOM Ha CepeOpsIHOM KaTalln3aTope MU
00paboTkoii anprernna B a30THON KUCIOTOM.

Coenunenue 1V, uzomep III, B onMcaHHBIX BBIIIE YCIOBUAX TAKXKE JOJKHO MPEBPAIIATHCS
B X, onHako BBHUJYy HecTtabmnbHOCTH IV Takoe mpeBpaileHHe HE MOXKET ObITh OCYIIECTBIIECHO.
Ha npaktuke IV nblTanuch MOMydyuTh OUA30THUPOBAHMEM aMMHOKUCIOTHI C WM aKKypaTHbIM
NOJIIETaYMBaHUEM XJIOpCOJep Kallero Bemecrsa D, OAHAKO ATH TOMBITKM HE YBEHYAJIHUCh
ycnexoMm. K Hacrosimemy Bpemenu IV OblUT TOTBKO 3aperucTpUpOBaH MacC-CIIEKTPOMETPHYECKH
B ra30BoH (pa3e 1 He ObUT MOTYYeH B BUI€ CTA0MIHLHOTO pacTBOpA UJIU B UMCTOM BHe. BBuay Toro,
yto B Teopun IV Moxer OBITH JIErKO MpeBpalléH BO MHOKECTBO IOJIE3HBIX MOJEKYIL,
UCCJIEZIOBATEIM HE OCTAHABJIMBAIOTCS B IONBITKAX IOJyuyeHUs 3Toro BeuniecTBa. Hampumep,
HE/IaBHO C MCIIOJIb30BaHWEM KBAaHTOBOM XMMHUU Obljla pacCMOTpPEHA TEOpeTHIecKasi BO3MOXKHOCTh
nonyuenust IV nmocpeacTBoM peakiuii UKIOMPUCOSAMHEHHS pEaKIIMOHHOCIIO COOHOM yacTulbl E
K joctynHomy rasy F u raza G x npoayKkTy KpyImHOTOHHAXHOIO opranuyeckoro cunre3a H.

B 2007 rogy Ob1I0 CHHTE3UPOBAHO MHTEPECHOE COeUHEHNE V TOTO K€ KaueCTBEHHOTO
U KOJIMYECTBEHHOro cocraBa, uro u I-IV, kortopoe mnpu mnocnenoBarenbHOM 00paboOTKe
TUAPOKCUJIOM KaJlMsl U CEPHOM KHUCIIOTOM TakyKe JOJDKHO mpeBpamarbesa B X. s nonyuenus V
BemectBo 1 HarpeBanmu B npucyrcTBuM 4-mumermnamunonupumuaa (DMAP) u Na'[BPhs]
B O€H30J1€; IPEIOUYTUTETLHOMY 00pa30BaHui0 V CIIoCOOCTBOBAIA KOOPIUHAIIMS WHTEPMEIUATOB
HMOHOM HAaTpHsl, 4TO ObUIO JOKAa3aHO MHTEHCHBHBIM CHTHaJIOM ¢ m/z = 371 B Macc-CHeKTpe
PEaKIIMOHHOU CMECH.

1. Paccuuraiite MossipHyto Maccy X M MPUBEANUTE CTPYKTYypHbIE (POPMYIIBI COeTUHEHUHN X,
I-V u A-H (s BemecTB, MOJIEKYJIBI KOTOPBIX COJEPKAT HE Oojiee TpEX aTOMOB, JOCTATOUYHO

MIPUBECTH MOJICKYISIPHBIC (DOPMYITHI).



3aoaua 11-5

Bul koecoa-Hubyov npobosanu npuyenums K noogecke
uepyueuHou MawuHKy Konéca nacmosueu?

B 1900 rogy amepukanckuii XxuMuUK Mo3zec TomOepr mpeanpuHsiI MOMBITKY CHHTE3a
CUMMETPUYHOTO YIJIeBoAopoa X T0BOJILHO HHTEPECHOTo CTpoeHUs. OHAKO BMECTO 0XKUIAEMOT0O
MPOAYKTa OH TMONYYHJI COSAMHEHHE Y, OKa3aBIeecs IMEePBbIM OOHAPYKCHHBIM CTA0MIIBHBIM

OpPraHMYeCKHM CBOOOIHBIM paauKaioMm. Jlaiee mpencTaBieH OAMH W3 CIIOCOOOB IOIYyYEHUS

CHCI Na K3[Fe(CN)gl
© 3 A g KalFe©NGl
AICl3, t NH3(knak.)

1. IlpuBenute crpykrypHble (opmyiabl coenuHeHuil A, B, X, Y u Z, ecnu u3BecTHO,

Y wu3 GeH3oia.

4TO OEClIBETHOE BEIECTBO Z UMEET XMHOUAHOE CTPOEHHE U SBIIAETCS U30MepoM X.
Panee, B 1898 rony, I'omOeprom OblI MoMy4eH HEOOBIYHBIH B CHUIIYy CBOETO CTEPHUECKOTO

HaNpsKEeHUs] CHMMETpHUUHbIN yreBogopoa W. Huxke npusenena cxema cunte3a W u3 0eH3ona 1o

HNOs . Sn.HCI 1) NaNO,, HCI
H,SO, 2) SnCly, HCI

T'omGepry.

3) OH7, H,O
I|3r
Oﬁ‘O T ;
E HNO o ! %N\\ CN:
A F G 2 . H 120 °C W NG N |
AIBN (C2H5)20 (CZHS)ZO ! < :

2. Hanummre crpykrypHble ¢opmyasl coeauHenuiit C-H u W, eciu u3BecTHO, 4TO
Harpesanue H 1o 120 °C conpoBoxaaercs BbIIEICHUEM JIByXaTOMHOIO Ta3a.

[ToCKONBbKY TOUYHOCTH 3JIEMEHTHOTO aHajiM3a He ObUIO JOCTATOYHO JJIsi TOATBEPKIEHUS
ctpykTypsl W, I'ombepr cunTe3upoBai ero npousBosanbie I u J. OH ycTaHOBUII, YTO B OTIIMYHUE
OT QHAJIOTUYHBIX TPOMU3BOAHBIX HEKOTOPHIX JAPYTMX COEAMHEHUIH C OJIM3KUM 3JIEMEHTHBIM
cocTaBoM, BemiecTBO I He oOpa3yeT MHTEHCHBHO OKpAIIEHHBIX coJiell Npu ACWCTBUM 3THIIATa
Hatpusa. Taxxe ['omOepr oOHapy»ui, 4yTO MpU JEHCTBUM Ha J KOHLIEHTPUPOBAHHOW COJITHOMN
KHUCJIOTHl B MPUCYTCTBUM METAJNIMYECKON IUIATUHBI 00pa3zyercs KpacuTelb Iapapo3aHuiINH

(coemunenue K) u BemectBo D B cooTHOmeHuu 1 : 1.

HNO;  1)Zn, CH;CO,H  HCI

W——— | > J—>=K+D

2) NaOH, H,0 Pt

3. IlpuBenute cTpykrypHble ¢dopmyisl coeauHenuii I-K. M3BectHo, uro K sBusercs

MOHHBIM coeuHeHneM u coaepxut 10.95% xnopa n 12.98% azora o macce.



