OJIMMITNA TA HIKOJIBHUKOB CII6I'Y 110 XUMHMU.
3AJAHUA OTBOPOYHOI'O 3TAITIA

8 kiacce

3anaua 1. 25 6a10B

[Ipennoxute (HopMyiny COSAMHEHHUsS, COCTOSAIIETO0 MHUHUMYM M3 TpPEX JJIEMEHTOB, Ha3BaHUS
KOTOPBIX HAYMHAIOTCS Ha OJHY U TY € OYKB pycckozo andaBHTa, HO UX CHMBOJIBI IIPH ITOM,
HAaYMHAIOTCS HA pa3JIMuHble OYKBHI lamuHxckozo andabuta. Hanummure 5 peakuuii pa3Horo THIia

C Y4aCTUEM O3TOro COCAUHCHU.

Pewenue.
HawubGosnee u3BecTHbIME B 8 Ki1acce COCAMHCHHSMH, COCTOSIIAMH MHHUMYM M3 TPEX aTOMOB,
SIBJISIFOTCSL COJIA KHJIOPOJICOAEPsKAIUX KACIOT. CaMH KHCJIOTHI M OCHOBAHHUS HE MOIXOJIAT IO
YCJIOBHUS 3a/1a4d, IOCKOJIBKY BOJOPOJ M KHCJIOPOJ HAYMHAIOTCS Ha pasHble OykBbl. Takum
00pa3oM HYXXHO HaWTH JBa 3JeMeHTa (METaul U HeMEeTa/ul) HaYMHaromuecs Ha OykBy «K».
Haubosnee mpocThIM BapHaHTOM MPEACTABJISAIOTCS KPEMHUH M Kanuil (Kalbliif) a camo
coenunenue - cuaukar kKanmusg KySiOz wim kameums CaSiOs. (5 6awnos) EcrecTBeHHO,
BO3MOJKHBI U JIPYTHE BAPUAHTHI PELIEHUS.
Bo3MoskHBIE peakIiy pa3HOTo THIIA C YYACTHEM MEPBOTO COSTUHECHUS:
K2SiO3 + 2HCI = 2KCI + H,Si03] (B3aumoneiictBue ¢ kucinotoit) (4 bania)
K,SiO3+ CO; + H,0 = K,CO3 + H,Si03| (B3anmoaelicTBIE ¢ KUCIOTHBIM OKCHIoM) (4 bana)
K,SiO3 + 2LiCl = Li,SiO3] + 2KCI (B3anmoeiicTBue ¢ coibio) (4 banna)
3K;SiO3 + 2AICI; + 6H,0 = 6KCI + 2AI(OH)3] + 3H,SiO3| (coBmecTHbIii ruaponaus) (4 6aria)
K,SiO3 + Ba(OH), = BaSiO3| + 2KOH (B3aumoseiicTBue 0 111€5104bI0) (4 6ania)

3anaua 2. 25 6ay1i0B

Bapuant 1. Ha mnanere Kaccuomnes WHOIMJIaHETSHE HAyYWINCh YIPABISATH 3JICKTPOHAMHU H
MOJIy4aTh XUMHUYECKUE COCTUHCHHUS, UCIOIb3ysS MAKCUMAaIbHOE JUIS JaHHOTO 3JIEMEHTA YHCIIO
3HeKTpOHOB. HpI/I 3TOM CTCIICHL OKHCJICHUA )Iperl"O DJICMCHTA MOKCET OCTATHCA HpI/IBBILIHOﬁ JJIs1
nac. Hampumep, Ha mranere Kaccronest BO3MOXHO MOJyYCHHE COSTUHEHUS HATPUS C XJIOPOM

coctaBa NaCly;, nnm ais sxenesa ¢ kuciopoiom cocraBa FeOqs.



M3BeCTHO, YTO YHMCIO aTOMOB TaJIOr€Ha, KOTOpbIE MOIYT NPHCOEAWHUTHb 371eMEHThl X u Y
ornuaercs Ha 4. Ecim nnsg snemeHta X TrajoreH 3aMEHUTh KUCJIOPOJOM, TO YHUCIIO
MPUCOETUHEHHBIX aTOMOB Tajorexa ajs Y u kuciopona aist X OyAer orinnyarbes Ha 6.

O Kakux 3JeMeHTax HaeT pedb? MOTryT JIM 3TH 3JIEMEHTHI B3aUMOCHCTBOBATh MEX1y COOON Ha

mwanere 3emusi? Eciau MOTyT, TO HAlUIIMTE YPABHEHUE 3TOM XUMHYECKOM peakiuu

Pewenue.
Yucao 37eKTPOHOB PaBHO MOPSIIKOBOMY HOMeEpy 3iemenTa. ClieoBaTeNbHO, B IIEPBOM Cliydyae
Pa3HOCTh aTOMOB TajJOreHa COBIMATAET C PA3HOCTHIO MOPAIKOBbIX HOMepoB X u Y. Bo BTopom
YCIIOBUU YMCIIO aTOMOB rajioreHa B JiBa pasza 0oJibliie yncia aToMoB Kuciaopoaa. OTcroaa MOKHO
COCTaBUTh 2 YpaBHEHHUS:
X -y =4 (5 6annos)

y - XI2=6 (5 6annos)
(06paTHOTO OBITH HE MOKET, T.K. PA3HOCTh YBEJIIUYUIACH, @ HE YMEHBIIINUIIACH).
Pemas cucremy, Haxogum x = 20, Y = 16. D10 Kanbuii (5 6arios) u cepa (5 6annos).
BsanmoneicTByst MexX Iy COO0H, OHM 00pa3ytoT CyIb(HI KaTbIIHs:

Ca+ S =CaS (5 bannos)

Bapuanr 2. Ha nnanere Kaccuomness MHOIUIaHETSHE HAYYWINWCh YIPABIATh JIEKTPOHAMU U
M0JIy4aTh XUMUYECKUE COEIMHEHHUS, UCIOIb3ysd MaKCHUMaJIbHOE JJISl ITaHHOTO 3JIE€MEHTa YUCIIO
2N1EeKTpOHOB. [Ipu 3TOM CTENEHb OKUCIEHUS APYTOro 3JIEMEHTA MOXKET OCTaThCS IPUBBIYHOMN AJIS
Hac. Hanpumep, Ha tutanere Kaccrnoness BO3MOXKHO IOJIyY€HHUE COEIMHEHUs HATPHUS C XJIOPOM
coctaBa NaClyq, umm nist xenesa ¢ kuciaopoaom coctaBa FeOqs.

W3BecTHO, YTO YMCIO aTOMOB rajoreHa, KOTOpble MOTYT IMPHUCOEAMHUTDH dJIeMeHThl X U Y Ha
ma"ere Kaccnones ornuyaercs Ha 2. Ecin uist anemenTa X rajoreH 3aMEHUTh KUCIOPOAOM, TO
YHCII0 IPUCOEIMHEHHBIX aTOMOB rajioreHa /it Y ¥ Kuciopoja uisg X OyJIeT OTJIn4aThes Ha 5.

O kakux 37eMeHTax uJeT peub? MOryT JM 3TH 3JIEMEHThI B3aMOIEHCTBOBAaTh MEXAy cOO0l Ha
raHeTe 3emis’?

Omeem: Mg u Si.



Bapuanr 3. Ha muranere Kaccuomes wHOIUTaHETSIHE HAyYWJIMCh YIPABISITH JJICKTPOHAMH H
MoJTy4aTh XUMHYECKHE COSAMHEHUS, MCIOJb3ysd MaKCUMaJIbHOE IS IAaHHOTO AJIEMEHTA YHUCIIO
31eKTPOHOB. [Ipu 3TOM CTeneHb OKUCICHHUS IPYTOTro 3JIEMEHTA MOXKET OCTAThCs MPUBBIYHOM 115
Hac. Hanpumep, Ha minanere Kaccuories BO3MOXHO MOJIYYEHUE COCAMHEHUSI HATPUS C XJIOPOM
coctaBa NaClyq, nim mis xenesa ¢ kuciaopoaoMm coctaBa FeOqs

N3BecTHO, YTO YMCIIO aTOMOB TrajJioreHa, KOTOPhIE MOTYT MPHCOCIUHUTH AJIEMEHTHl X U Y Ha
ma"ere Kaccuones ornuyaercs Ha 13. Ecnu aiis anemenTa X rajloreH 3aMEHUTh KHCIIOPOJIoM, a
it Y a30TOM, TO YHCIIO MPUCOCTUHEHHBIX aTOMOB KHCIIOpO/Ia U a30Ta OyaeT orinndathes Ha 10.
O kakux 37MeMeHTax uJeT peub? MOryT Ju 3TH 3JIEeMEHTH B3aUMOICHCTBOBATh MeXkay co00il Ha
miaHeTe 3emis?

Omeem: Sc u Se.

3amaua 3. 25 6a10B

Bapuanr 1. becupetssie razsl A U B (tutotHocTr 1o Bojopoay 8.5 u 63.95 coOTBETCTBEHHO)
MpU KOMHATHOW TEeMIEpaType B 3aKPBHITOM CTEKISIHHOM COCYJE€ pearupyroT ¢ oOpa3oBaHUEM
TBepaoro Oesnoro coeauHeHus C B KauecTBE EIUHCTBEHHOIO TPOJyKTa peakuuu. [lpu
kurstueHuu C co mEnoubio BhIIETSETCS ra3 A.

Omnpenenure coenunenus A, B, C, HanummTe ypaBHeHHs BCeX MPOTEKAIONIUX peakiuii. B kakoi
IIBET OKpAIIWBaET JAaKMYC BOAHBIA pacTBOp coeauHenus B? Kakoro tuma cBsi3b peanusyercs B

coenquuenuu C?

Pewenue.
[TnoTHOCTH TIO BOJIOPOAY paBHA OTHOIICHUIO MOJISIPHBIX MacC BEIECTBA U BOJIOpOJaA. (2 banna).
Hcxonst n3 3HaUEHMI TIOTHOCTH O BOAOPOY, HAMAEM MOJISIpHBIE MacCchl coequHeHud A u B,
ato 8.5:2 = 17 (I 6ann) u 63.95-2 = 1279 (I 6ann). Torna A — ammuak (2 6anra), B —
MOJI0BOJIOPOS (2 bania).
[Tpu peaknnu Mexxay HUMH 00Opasyercs TBepAbiit noau amMmonust, C — ato NHyl (2 6anna).
VYpaBHEHHUsI peakIyii:
NHj3 (ra3) + HI (ra3) = NH4l (tB.) (2 6anra)
NH4l + NaOH = Nal + NH31 +H,0 (2 6ana)



Coenunenue B okpammBaer JIakMyc B KpacHBIM LBET (2 6anna), mockonbky HI — cunbHas
kuciota (1 6amr), B pacTBOpe AUCCOMMUPYET HANeno (1 b6aun).

Coenunenne C uMeeT HOHHYIO KPUCTAUIMUECKYIO DTy (2 6anna), kaTuoH ammonus NHy™
(1 6ann) v nogun-auuoH | (1 6ann), cBsI3b MOHHAS (3 Oaia).

OTtBet: A — ammuak NH3, B — nomoBomopon HI, C — NHyl.

Bapuanr 2. becupernsie razsl A u B (miotHoctu o mertany 1.063 u 5.056 cooTBeTCTBEHHO)
pU KOMHATHOM TEeMIIepaType B 3aKPhITOM CTEKISHHOM COCYJIE€ PEarupyrT ¢ 00pa3oBaHHEM
TBepaoro Oenoro coeauHenuss C B KauecTBE EIWHCTBEHHOrO MPOAyKTa peakuuu. I[lpu
kursiaeHud C co mENoubio BBIETSETCS ra3 A.

Onpenenure coenuaenus A, B, C, HanumuTe ypaBHEHHUs BCEX MPOTEKAOIIMX peakuuid. B
KaKOW IIBET OKpallMBaeT JIAKMyC BOJHBIA pacTBOp coeamHeHuss B? Kakoro tuma cBs3b
peanusyetcs B coequHennu C?

Omegem: A — amvuak NH3, B — 6pomoBogopon HBr, C — NH4Br.

Bapuanr 3. becisernsie ra3sl A u B (motHoctu no azoty 0.607 u 1.304 cOOTBETCTBEHHO) MpHU
KOMHATHOW TeMIlepaType B 3aKpbITOM CTEKJISIHHOM COCYyJl€é pearupyroTr ¢ o0pa3oBaHHEM
TBepaoro Oenoro coenuHeHuss C B KadyecTBe €AMHCTBEHHOIO MpOJyKTa peakuuu. I[lpu
kunsiyeHnu C co mEnousio BeIENsAETCS ra3 A.

Omnpenenure coenuHenus A, B, C, Hanmummure ypaBHeHMs BceX MpOTeKamoIuX peakuuil. B
Kakol IBET OKpallMBaeT JAaKMyC BOJHBIN pacTBop coeauHenuss B? Kakoro tuma cBs3b
peasmzyercs B coequHeHnn C?

Omeem: A — ammuak NHs, B — ximopoomopon HCI, C — NH4CI.

Bapuanr 4. Becusernsie ra3sl A u B (mnmotHoct no renuto 4.25 u 5.0 COOTBETCTBEHHO) MpHU
KOMHATHOM TeMmIepaType B 3aKpbITOM CTEKISIHHOM COCYJE€ pearupyrwoT ¢ o0pa3oBaHHEM
TBepaoro Oenoro coenuHeHuss C B KayecTBE €JMHCTBEHHOIO MPOAYKTa peakiuu. Ilpu

kunssuennu C co IIEI0YBIO BRIACIISICTCS ra3 A.



Onpenenure coenuuenus A, B, C, Hanmummre ypaBHEHHsS BCEX MPOTEKAOIIUX peaknuii. B
KaKOH IIBET OKpallMBaeT JIAKMyC BOJHBIA pacTBOp coeamHeHuss B? Kakoro tuma cBs3b
peanusyercs B coequHernn C?

Omegem: A — amvuak NH3, B — dropoBonopon HF, C — NH,4F.

3agaua 4. 25 60a1710B

Boanstit pactBop Nel conepkuUT CEpHYIO U COISHYIO KMCIIOTY B HEU3BECTHBIX KOHIIEHTPALUX.
Boansbiii pactBop Ne2 comepkutr Cynbpun HaTpus M THAPOKCHZI Oapus B HEU3BECTHBIX
KOHILIEHTpaLUX.

[Ipu cmemenun 100 ma pactBopa Nel u 100 ma pactBopa No2 mpouCXOAUT UX MOJTHAS B3aUMHas
HEUTpanu3alus, mpy 3TOM BbiaenseTcss 89,6 Mi (H.y.) ra3a v BbIIAJAAaeT 0CaI0K, Macca KOTOPOTo
B CYXOM BHJI€ cOocTaBisieT 467 Mr.

Ecimu xe x 100 mn pactBopa Nel mob6aButh 200 mi pactBopa Ne2, macca Cyxoro ocajika
yBeanuurces 10 700 mr.

OHpG[{GHI/ITe MOJIAPHBIC KOHIHCHTPAIMKU BCEX PCArCHTOB B UCXOAHBIX pacTBOpax.

Pewenue.
OdeBHIHO, YTO OCAJOK B JAHHOW cucTeMe mpeiacTaBinser coboit BaSO, (I 6ann), a
BBIETsTIONUCS Ta3 — HyS (1 6ann). Bo3aMoXHBIE peakIuu:
Ba(OH); + HS04 = BaSO,4d + 2H,0 (2 6aa)
Ba(OH), + 2HCI = BaCl; + 2H,0 (2 6ania)
NayS + HyS04 = HST + NaySO4 (2 6anna)
NayS + 2HCI = H,ST + 2NaCl (2 6amia)
[To yciioBHIO TpH CMEIICHWH PaBHBIX OOBEMOB PACTBOPOB IMPOUCXOJUT IIOJHAS B3aWMHAS
HerTpamu3anus. ClenoBaTelbHO, UCXOIS M3 CTEXHOMETPHH PEAKIHi, MEXITY KOJIUIeCTBAMU
peareHToB UMEET MECTO COOTHOIIIEHUE
N(H2SO4) + 0.5-n(HCI) = n(Na,S) + n(Ba(OH),) (2 6anra)

KommgectBo BemenuBmierocst HpS paBusercs 89,6/22,4 = 4 mmons. (1 6ann) ITO KOITHYECTBO

OJTHO3HAYHO OIPEJICIACTCS HCXOIHBIM KojmaecTBOM Na,S.



KomuuectBo BeinenuBmierocs: BaSO, paBasieTcst 467/233.4 = 2 MMonb. (1 6an) DTO KOJTUYECTBO
MOeT coorBeTcTBoBarh kak Ba(OH),, tak m H,SO, — B 3aBHCHMOCTH OT TOr0, Kakoil H3
peareHTOB HAXOAUTCS B HEJOCTATKE.

13 BTOpOro 3KCrepuMeHTa U3BECTHO, YTO MPH yBeIHMUeHUU KommuectBa cmecu Na,S + Ba(OH),
B 2 pasa Mmacca BeiaenuBiierocs BaSO, momyuaercs 700 mMr, 94TO COOTBETCTBYET 3 MMOJIb. (2
oanna) Ho ecnu Ob1 B mepBoM 3kcriepuMenTte H2SO4 Obuta B HETOCTAaTKE MO OTHOIICHHIO K
Ba(OH),, To Kosm4ecTBO Ocaika BO BTOPOM 3KCIIEPUMEHTE Obl He TOMEHsUT0Ch. ClieIoBaTeIbHO,
H,SO,4 B nepBoM oribiTe ObUTa B M30BITKE M KOJUYECTBO 2 MMOJb coorBercTByeT Ba(OH),. (2
banna)

Ecnu 651 H2SO4 ocTaBanach B U30bITKE U BO BTOPOM OIIBITE, TO KOTUYECTBO 0CAKa BO3POCIIO OBl
npomnopiroHanbHo KonuuectBy Ba(OH), — nmo 4 mmoinb. (2 6arna) OnHAKo MO YCIOBHIO OHO
BO3POCIIO JHIIB 710 3 MMOoJIb. ClieoBarensHO, BO BTOpoM ombiTe H,SO,4 HaxomuTes B HEMOCTATKE
1 e€ KOJIMYECTBO PaBHICTCS 3 MMOJIb. (2 baiia)

Cymmapnoe kosimyectBo NaS u Ba(OH), B mepBom ombiTe cocraBiser 6 MMoib. V3 Hux 3
Mmonb pearupyer ¢ HpSO,. Ha Helitpanuzanuio ocraBmmxcs 3 MMOJIb HoTpedyeTcst 6 MMOJIb
HCI. Jenum Ha 00béM 0.1 1 M monydaeM MOJISIPHBIC KOHIICHTPAIMU BEIIECTB B HMCXOJHBIX
pacTBopax:

C(H2S04) =0.03 M (1 6ann)

C(HCI)=0.06 M (1 6ann)

C(NayS) = 0.04 M (1 6ann)

C(Ba(OH),) = 0.02 M (1 6ann)



9 KJacce

3agaua 1. 20 6a110B

Bapuant 1. B ra3oBbIX IMTax MHOTOKBAapTHPHBIX IOMOB OOBIYHO HMCIIOJIB3YETCS MPUPOIHBINA
ras — MeTaH, B TO BpeMsI KaK Ha JlayaX [MPUTOTOBJICHHE IMHUIIU MPOUCXOINT C MCIOIb30BAHHEM
OyTaHa, MpomaHa WIM UX CMeCH. HamuimuTe TEpMOXUMHUYCCKUE YpaBHEHHS PEAKIUi TOpeHHUs
MeTaHa W mporana. Mcxoas M3 CHpaBOYHBIX JAHHBIX, PACCUMTANTE, HPU IOJHOM CrOPaHUH
OJIMHAKOBOW MacChl KAKOT0 ra3a, MeTaHa WM IIpolaHa, Beiiessiercst 6ombiue Termia? Qogp(H20(m)
= 242 xJIx/momnb, Qosp(COxry) = 394 x/Ixx/Momb, Qosp(CHamy) = 75 klx/Moinb, Quep(CoHe(r) = 85
kJx/Moutb, Qosp(CaHsry) = 105 k/Ix/Momb, Quep(CaHiowm) = 126 kk/MOIB.

Pewenue.
TepMoxumMHYECKOE ypaBHEHHsI TOPECHHS METaHa:
CHa(ry + 202y = COxy + 2H20y + Q1 (1 6ann)
Q1 = Qoep(H20()) 2 + Qo6p(CO2ry) - Qosp(CHa(ry) = 803 [ Ix/Mons (2 6anna)
CHyqy + 205y = COyyy + 2H20(;y + 803 xlx/Monb (2 6anna)
TepmoxumHuyeckoe ypaBHEHHsI TOPEHHS IPOTaHa:
CsHsy + 50,1 = 3COxry + 4H20ry + Q2 (1 6ann)
Q2 = Quop(H20()*4 + Qosp(CO2r)) -3 - Qusp(C3Hs(ry) = 2045 kJIx/Monb (2 6anna)
CsHg(r) + 50, = 3COyry + 4H20(ry + 2045 xIx/Monb (2 banna)
PaccunraeM, CKOJIBKO TEIIa BBIICIUTCS PU CrOPaHKK | KT METaHa U MpOIaHa.
n(CH4) = 1000 r / 16 r/mMoms = 62.5 moins (2 6anria)
Qcropanus(1 Kr CH4) = n(CH4)-Q1 = 62.5 mons-803 x/x/Monb = 50.19 M/Ix (2 6anna)
n(CsHg) = 1000 r / 44 t/monb = 22.7 monb (2 bania)
Qcropamms(1 Kr C3Hg) = n(C3Hg) Q2 = 22.7 Mostb-2045 kJIx/mMonb = 46.42 Mk (2 6anna)
Qcroparms(1 KT CH4) > Qcropanns(1 xr C3Hg) (2 6anna)
CrefioBatebHO, OOJIBIIE TEIUIA BBIICIUTCS PH TMTOJHOM CTOPaHHH OJJHHAKOBON MAcChl METaHa
Omeem.
CHaqy + 205y = COyry + 2H20(ry + 803 xIx/MOTIb
CsHg(ry) + 50, = 3COyry + 4H20(ry + 2045 xJIx/Monb

boabmie Temnia BEIACIUTCS IIpU MMOJIHOM CrOpaHHuUn OJMHAKOBOM MacChl METaHa.



BapuanTt 2. B ra3oBbIX IJIMTaX MHOTOKBAPTHPHBIX JIOMOB OOBIYHO HCIOIB3YETCS MPUPOTHBIN
ra3 — METaH, B TO BpeMs Kak Ha Jadax MPUTOTOBJICHHE IMHUIIU MPOUCXOJUT C HUCIOJIb30BaHUEM
OyraHa, TIpollaHa WM MX CMECH. Hamuimmre TepMOXMMHUYECKHE YPABHEHHS PEaKIMi TOpeHUs
MetaHa u OyraHa. Mcxons W3 CIPaBOYHBIX JTaHHBIX, PACCUMTANTE, MPHU IOJHOM CTOPaHUU
OZIMHAKOBOW MAacChl KAKOTO ra3a, MeTaHa wi OyraHa, Beiaensercs 0ompiue Temia? Qosp(H20(m)
= 242 xJIx/monb, Qosp(COxry) = 394 k/Ik/Momb, Qosp(CHam) = 75 kx/Moinb, Qqep(CoHery) = 85
kJ1x/Moib, Qosp(C3Hsm) = 105 x/Ix/Momb, Qosp(CaHiowm) = 126 x/Ix/Momb

Omeem.

CHy(y + 2054 = COypy + 2H20) + 803 xIxk/Mounb

CaHio@m + 6.505() = 4COxy + 5H20 () + 2660 x1x/MoI1b

bonpme Tenna BBLACIUTCS IPHU ITOJIHOM CTOpaHun OHHHaKOBOfI MacCChl ME€TaHa.

3agaua 2. 20 0a1710B

[Ipennoxute (HopMyiny COEAMHEHHUS, COCTOAILIETO0 MHUHUMYM M3 TpEX 3JIEMEHTOB, Ha3BaHUS
KOTOPBIX HAYMHAIOTCS HAa OAHY M TY )K€ OyKB pycckozo andaBuUTa, HO UX CHMBOJBI IPU ITOM,
HAYMHAIOTCS HA pa3IMYHbIe OYKBBI lamunckozo andasuta. Hanwmmre 5 peakuii pa3Horo Tuma

C Y4aCTUEM OTOIro COCIUHCHMUL.

Pewenue.
HauGonee u3BecTHBIMU B 8 Kilacce COCIMHEHUSMH, COCTOSIIAMH MUHUMYM W3 TPEX aTOMOB,
SIBJISTIOTCSI COJIM KHJIOPOJICOJCPKAIMX KHCIOT. CaMH KUCIOTHI M OCHOBaHUS HE MOAXOJAT O]
YCJIOBHS 3aJlaud, TOCKOJIBKY BOJOPOJ M KHUCIOPOJ HAUYWHAIOTCS Ha pa3Hble OyKBBL Takum
0o0pa3oM HYXXHO HaWTH JIBa JIEMEHTa (METAUT M HEMEeTalul) HauuhHawIuecs Ha OykBy «Ky.
HaubGonee mnpocTbiM BapHaHTOM MPEICTABISIOTCS KpeMHUN W Kainuil (kaipLuid) a camo
coequnenne - cuaukar kamus KoSiO; wmimm kamenums CaSiOsz. (5 6annos) EcrecTBeHHO,
BO3MOYKHBI M IPYTUE BAPUAHTHI PEIICHHUSL.
Bo3MoxHBIE peakIiuy pa3HOTO THITA ¢ YIaCTHEM IIEPBOTO COCTUHEHUS:
K,SiO3 + 2HCI = 2KCI + H,SiO3| (B3aumoaeiicTBue ¢ kuciaoToi) (3 6ania)
K,SiO3+ CO, + H,0 = K,CO3 + H,Si03] (B3aumozeicTBHE ¢ KUCIOTHBIM OKCUI0M) (3 6ania)
K,SiO3 + 2LICIl = Li,SiO3] + 2KCI (B3aumoeiicTBue ¢ conbo) (3 6anna)
3K;Si03 + 2AICI; + 6H,0 = 6KCI + 2AI(OH)3| + 3H,Si03| (coBmecTHbIi ruaponus) (3 6ania)



K,SiO3 + Ba(OH), = BaSiO3| + 2KOH (B3aumoaeiictBue o 1menounio) (3 banra)

3agaua 3. 20 6as10B

Bapuant 1. Cmech ¢ocdopucroit u ¢ochopHoil KucaoT 00paboTanu CTEXHOMETPHYECKUM
KOJMYECTBOM Hoja, HeoOXOAMMOro ajisi ee OokucieHus. Ha mocnenyromyro HeHTpaIu3anuio
MOJIYYEHHOM cMecH (0 MOIyd4eHHus cpeAHux coiiei) Obuto morpaueHo 100 r 4,4% pacTtBopa
NaOH. Onpenenuts conepkaHue KUCIOT B UCXOAHON cMecH B Mac%, €CIIM Ha HEUTPaATU3aIUI0

MCXO/IHOM cMecH OBUIO MOTpadyeHo 72,7 T pacTBOpa IIEI0YN TaKOH )K€ KOHIIEHTPAIUH.

Pemenne. B rcxoqHOM cMecH OKUCIISIETCS TOJIBKO GochopHast KUCIOTa 10 YPABHEHUIO:
HsPO3 + I, + H,O = H3PO4 + 2HI (3 6anna)
Takum 0Opa3oM B KOHEYHOU CMeCH OyIyT IBE KHCIOTHI: pochopHasi U HOTOBOIOPOIHAS.
3anuineM ypaBHEHHs HEUTpaAIU3alUuU dTUX KUCIIOT:
H3PO4+ 3NaOH = NazPO,4 + 3H,0 (2 6ania)
HI + NaOH = Nal + H,0 (2 6ana)
O0603Ha4MB 3a X — KOJIMYECTBO (ocHOPHOI KHCIOTHI B HCXOAHOM PACTBOPE, a 32 Y — KOJINYECTBO
(bocopucToit KUCIOTHI, MOKHO COCTaBUTh TIEPBOE YpaBHEHHE:
3(x+y) + 2y =0.11 (2 6anra)
YpaBHeHHE peakurii HEUTpAITM3alMU UCXOJHOM CMECU KUCIIOT IIETOYbIO:
H3PO3 + 2NaOH = Na,HPO,4 + 2H,0 (docdopucras kucnora — asyxocHoBHas!) (3 bania)
HI + NaOH = Nal + H,0 (2 6anra)
W3 BTOpOrO yCcIoBHs MOYKHO COCTaBHTh BTOPOE YpaBHEHUE:
3x + 2y =0.08 (1 6aun)

Pemras sty cucremy ypaBHEHUI, HAXOUM KOJUYECTBA KACIOT B UICXOJHOM CMECH:

X =10.02 momb, y = 0.01 momas. (I bann)
Torma Macca KUCJIOT B HICXO/IHOM cMecH:

m(H3PO,4) = 0,02-98 = 1,96 1, (1 6an)

m(HsPO3) =0,01-82=0,82 1, (1 6amn)
U OTIPEACTTUM UX MACCOBBIE JIOJIH

®(H3PO,4) =1,96/(1,96 + 0,82) = 0,705 (70,5%), (1 6annr)
o(H3PO3) =0,82/(1,96 + 0,82) = 0,295 (29,5%). (1 6anr)



Oteer: o(H3POy) = 70,5%, w(H3POs) = 29,5%.

Bapuanr 2. Cwmecp QocdopHoBatucToii 1 Qochopucroii  kucior  obpaboTanu
CTEXHMOMETPUYECKUM KOJIMYECTBOM 012, HEOOXOMMOTO 1Uisi ee okucieHus. Ha mocneayromryro
HEUTpaIM3allMI0 TOJYYCHHOW CMecH (10 TOIYyYeHHUsSI CPEIHHMX COJIeH) ObLIO moTpavyeHo 532 T
20% pactBopa KOH. Omnpenenuth copepxaHue KUCIOT B UCXOAHON cMmecu B mac%, eciu Ha
HEHTpaln3anuio HMCXOAHON cMmecu ObUTO TOTpadeHo 364 T pacTBOpa WHIENOYM TaKOW JKe
KOHLIEHTpALUH.

OtBer: o(H3PO,) = 85,6%, w(H3PO,) = 14,4%.

Bapuanr 3. Cwmecp QocdopHOoBatucTOii u  Qochopucroii  kucior  obpaboTanu
CTEXMOMETPUYECKUM KOJIMYECTBOM HoJa, HE0OX0IUMOTo I ee okucieHus. Ha mocienyromyro
HEWTpaITHU3aIUIO MTOJyYeHHON CMECH (JI0 MOJTy4eHHUs CPeTHUX CoJieil) Obu1o moTpavyeHo 923 r 5%
pactBopa RDOH. Ompenenuth conepkaHue KHCIOT B HCXOAHOW cMmecH B Mac%, eciu Ha
HEHTpaIU3alui0 UCXOAHOM cMecu Obulo morpayeHo 205 r© pacTBopa IIEIOYM TaKOM ke
KOHIOCHTpAlHH.

OtBer: o(H3PO3) = 48,2%, w(H3PO,) = 51,8%.

3anaua 4. 20 6aJJ10B

Bapuanr 1. Uepe3 narpetslii BOAHBIA pacTBOp, coaepxkamuit 20,0 T xarvyuruposanHoti coovl,
MPOMYCTUIIN Ta3, nosydeHHbIi B3aumonenctarueM 200 mi 40% mypuesoti kuciomol (MIOTHOCTD
1,2 /ma) ¢ 5,00 r uepnoii maenesuu. PacTBOp OCTOPOXKHO BhIMApHIK. B Kakux mpenenax Moxer

MCHATBHCA MaccCa IMOJIy4YCHHOI'O ocalea?

Pewenue.

1. Hazsanus eewecms:

Kamermauposannas coga — Na,COj3 (6e3BoanHas) (2 6ania)

MypueBas kuciota — consiHas kucnora (pacrsop HCI B Boze) (2 6anna)
Yepnas maruesusi- MnO, (2 6anna)

2. Peaxyuu:

MnO; + 4HCI = MnCl, + Cl, + 2H,0 (2 6an1a)



Cl, + Na,CO3; = NaCl + NaClO + CO,
3Cl; + 3Na,CO3; = 5NaCl + NaClO3 + 3CO; (2 6anna)
(B HarpeToM pacTBOpPE ITH pPeaKLUU NOWTYT NapaJIEIbHO)
3NaClO = 2NaCl + NaClOg3 (npu ynapuBauun) (2 6ania)
3. Pacuem:
nN(MnO,) = 5:87 = 0,0575 mouns (1 bann)
n(HCI) =200-1,2-0,4/36,5 = 2,63 monsb (1 6ain)
OueBUAHO, YTO KUCIIOTA B U30BITKE.
Torpa B pesynbrare peakuuu noiayuuiocs 0,0575 mons xjiopa
n(NayCOgz) = 20/106 = 0,189 mous (1 6arn)
[Tpu mponyckaHUH XJIOpa Yepe3 pacTBOP COJBI BO3MOXKHO JIBa IPEJACITbHBIX BAPHAHTA!
A) Ta3 mpomycKalT O4YEeHb OBICTPO — OH HE YCIEBAaeT MPOpearupoBaTh — NpPU yHapUBAHUH
nony4atot 0,189 mons Na,COj3-10H,0, uro cocrasuser 54,054 r. (2,5 6anna)
b) xmop momHOCThIO TpopearupoBaid — TOrjAa NpH BbimapuBanuu nomyyaetrcs 0,019 mons
xyopara Harpus, 0,096 monp xsopuga Hatpus u 0,1315 mone Na,COs-10H,0. Macca cmecu
cocraBisiet 45,25 1 (2,5 banna)

OTtBer: Macca ocraTka cocTaBuT oT 45,25 1o 54,05

Bapuanr 2. Uepes Harpetblii BOJHBINH pacTBOp, coaepxamuii 15,0 r nomawa, nponycTuiu ras,
nony4deHHbIN B3aumopaeiictBueM 200 ma 40% mypuesoui kucnomst (Tiotaocts 1,2 /M) ¢ 10,00
I xpomnuxa. PacTBOp OCTOpOKHO BbIIapuiau. B kakux mnpenenax MOXET MEHATbCS Macca

IOJIYYCHHOT'O ocaz[Ka?

Pemenne.
1. Hazsanusa eewjecms:
IToram — K>,CO3
MypueBas kucinoTa — consHas kuciora (pactsop HCI B Bojie)
Xpowmmuk — CrO3
2. Peaxyuu:
2CrOs3+ 12HCI = 2CrCl3 + 3Cl; + 6H,0
Cl, + K,CO3 = KCI + KCIO + CO;



3ClI; + 3K,CO3 = 5KCI + KCIO3 + 3CO,
(B HarpeToM pacTBOpE ITH peakluy MOWIYT NapauIeIbHO)
3KCIO = 2KCI + KCIOj3 (mipu ynapuaHum)
3. Pacuem:
n(CrO3) =10:100 = 0,1 moJb
n(HCI) =200-1,2-0,4/36,5 = 2,63 mounb
OueBUAHO, YTO KUCIIOTA B U30BITKE.
Torna B pe3ynpraTe peakunu noayuunocs 0,15 Mo xjtopa
n(K,CO3) = 15/138 = 0,11 momnb
[Ipu npomyckanuu Xjiopa 4epe3 pacTBOp MoTalia BO3MOXKHO /IBa MPEIeIbHbIX BapUaHTa!
A) Ta3 mpomycKalT O4YeHb OBICTPO — OH HE YCIEBAaeT MPOpearupoBaTh — NpPU yHapUBaAHUH
nosrygatot 0,11 Mo K;COg3, uto cocrasmsier 15,0 r.
b) mortam monmHOCTRIO MpopearupoBall — Torna npu BeimapuBaHuu momydaercs 0,037 moinb
xjopara kanus, 0,183 Monb xsopuaa kanusi. Macca cmecu coctapisieT 18,18 r

OTtBer: Macca ocraTka coctaBut ot 15,0 1o 18,18

Bapuant 3. Uepes Harperslil BOAHBIN pacTBoOp, conepxkammii 15,0 v kaycmuueckoeo nomawa,
MPOMYCTUIIN Ta3, noyydyeHHbId B3aumoaencteueM 200 mi 40% mypuesoti kuciomol (MIOTHOCTD
1,2 t/mi) ¢ 20,00 T 6epmonemosoii coau. PacTBOp OCTOPOKHO BhIMapuiiu. B kakux mpenenax

MOKCT MCHATBHCA MaccCa IMOJIY4CHHOI'O oca):[Ka?

Pemenue.
1. Hazsanus sewecms:
Kayctnueckuit moram — KOH
MypueBas kucinoTa — cossiHas kuciiora (pactsop HCI B Bozie)
bepronerosa cons — KCIO3
2. Peaxyuu:
KCIO; + 6HCI = KCI + 3Cl; + 3H,0
Cl; + 2KOH = KCI + KCIO + H,0
3Cl; + 6KOH = 5KCI + KCIO3 + 3H,0

(B HarpeToM pacTBOpPE ATH peaklUy MOUIYT NapaIebHO)



3KCIO = 2KCI + KCIOj3 (mpu ymapuBaHun)
3. Pacuem:
n(KCIO3) =20:122,5 = 0,163 mob
n(HCI) =200-1,2-0,4/36,5 = 2,63 mounb
OueBHIHO, YTO KHCIIOTA B U30OBITKE.
Torna B pe3ynbTaTe peakiuu noayuusiocs 0,0575 Momis xjopa
n(KOH) = 15/56 = 0,268 mob
[Ipu npomyckanuu Xjopa 4epe3 pacTBOpP CO/bI BO3MOKHO JIBa IIPEIEIbHBIX BapUaHTa:
A) ra3 mpomyckarT O4eHb OBICTPO — OH HE YCIEBaeT MPOpearupoBarb — MPU YHAPUBAHHUH
nonyyatot 15 r KOH.
b) xymop monHOCThIO mpopearupoBaid — TOrjAa Ipu BblmapuBaHuu noiayyaercs 0,019 moinb
xjopata kanus, 0,096 monp xnopuaa kanus u 0,153 mons KOH. Macca cmecu coctasmisier 18,05
r

OTtBer: Macca ocraTka coctaBut ot 15,0 7o 18,05

3agaua 5. 20 6as10B
BemectBo X sBiseTcss KOMIIOHEHTOM pakeTHoro TorumBa. CTaOMIBHO Ha BO3JAyXe MpH
KOMHATHOM TemnepaType, HO aKTUBHO pazjaraetcs npH HarpeBanuu Boie 200°C, B pe3ynbraTe
yero oOpasyercst 3 pa3JIMuHbIX ra3a U BOJa MO CIEAYIOIIeH peaKinu:

1) 4X =211 + 3T, + 2I'3+ 8H,0
IIpu pasnoxkenun 14,1 T 1TaHHOTO BEIECTBA IUIOTHOCTD MOJIy4aeMOM I'a30BOM CMECH IO BO3AYXY
npu H.y. paBHa 1,6. [Ipu HarpeBanuu rasza I's oH paznaraercst ¢ oOpa3oBaHueM rasa ['; u HeKoro
MHEpTHOTO ra3a ['4, OTHOCUTENbHAs IUIOTHOCTh IO BO3IyXY CMecH KOTOpBIX cocTasisier 1,01.

2) 2I'3=15+2I,.

IIpu pactBopenuu raza ['; B BoJie MOIy4aroTCsl BE KUCIOTHI B PaBHBIX KOJMYECTBAX, OJHA U3
KOTOPBIX MEJJICHHO pa3JlaraeTcsi Ha CBeTy ¢ oOpa3oBaHueM rasza ['o. Ilpu B3aumopaelcTBUM rasa

I'4 ¢ Bomopogom 06paszyercsi ra3 ¢ IIOTHOCTHIO TI0 Bo3ayXy 0,59. HazoBute BemecTBo X.

Pemrenne.
PaccmoTpuM peakuuio B3auMoIecTBrs MeXAy ra3oM ['4 1 BogopoaoM. /laHo, 4yTo B pe3yibraTe

peakuuu oOpa3yercs eIWHCTBEHHBIM ra3000pa3Hblid MPOIYKT C IUVIOTHOCTh MO BO3AYXY pPaBHOM



0,59, To ecTh ero moissapHas macca coctaisier 29-0,59=17,1 r/mons (1 6ann), U3 4ero MOKHO
caenaTh, 4YTO NPOAYKTOM THIAPHUPOBAHMS SBISETCS aMMuak. Torma rasom [ sBisercs
MOJIEKYJIIPHBIN a30T, a ra3 ['3 sBisieTcst a30TCOAEPKAIIUM COEAUHEHUEM.

3anumeM BBIPaKCHUC IJIA MOHHpHOﬁ MacCChl CMECH I'a30B, 06p330BaBmeﬁCﬂ I10 p€aKkuuu 2:

1 2
MCMeCI/I = Xraza ZMrasaZ + XasoTaMasoTa = ;Mrasaz + ; ' 28 = 101 29 = 29r29 F/MOJH% (3

oanna)

I'ne x — monbHas nomns, a M — MosipHast Mmacca COOTBETCTBEHHO. Toraa MossipHas macca rasa ['s
Oyner paBHa ~32 T/MOJIb, U3 YETO MOXKHO CJEJaTh BBIBOJ, YTO |2 — MOJIEKYJISIPHBIA KUCTIOPOI. (2
banna)

EnvHCTBEHHBIM BEILIECTBOM, KOTOPOE NPU TEPMUYECKOM Pa3JI0KEHUH JAET MOJICKYJIIPHBIE a30T
U Kuciopon, sisiercs okcup azora (1), rakum oopazom I's — N2O. (2 6anra)
Teneps 3anuiieM BoIpakeHUE AJIs CPEIHEN MOJIEKYJIIPHONW MAacChl CMECH ra3oB, 00pa30BaHHBIX

B PE3YJIbTATC Pa3JIOKCHUS BCIICCTBA X:

2 3 2
Meyeen = ;Mra3a 1t ;MKchopo,qa + ;Moxcn,qa asota (I) = 1.6 - 29 = 46,4 r/mons (2 6anna)

W3 3TOTO BBIpOXEHUSI MOXHO PACCUUTATh MOJIIPHYIO Maccy 1’1, kotopast Oyner paBHa 71 r/Modb,
U3 4ero MOXKHO c/eJaTh BBIBOA 4TO I'1 3TO MoJeKyJsipHbIH xnop (2 Oanna). JlaHHBIA BBIBOA
MOKHO MOJTBEPMTH 110 JaHHOMY cBoCTBY; Cl, mpu pacTBopeHHH B BOJE JCHCTBUTENBHO Ta&T
T.H. XJIOPHYIO BOJIY, KOTOPAs SIBJISIETCS CMECHIO COJITHOW M XJIOPHOBATUCTON KUCIIOT:
Cl,+H0 < HCI+HCIO (2 6anna)
B cBoro ouepenr HCIO mennenHo pasnaraercst ¢ 00pa3oBaHHEM KUCIOPOJA MO PEaKIIUH:
2HCIO — 2HCI + O, (2 6anna)
Taxum 00pa3oM, HCXOJHOE YpaBHEHHE PA3JIOKEHUS 3aIUIIETCS KaK
4X — 2Cl; + 30, + 2N,0 + 8H,0. (2 6anra)
Toraa X ato N1Cj1H404 nim nepxnopar ammonnst NH4ClO, ¢ monsipro#i maccoit 117,5 r/mouns,
(2 6anna) KOTOPYIO MOXKHO NPOBEPHTH, T.K. JaHA HCXOJHAsl Macca BEIIECTBA M ypaBHEHHE

peaKIvH.



10 xknace

3agaua 1. 20 6a110B

BapuanTt 1. B 1808 rony I'eii-JItoccak mpu npoBeaeHNN peakuy MKy OSCIIBETHBIMU ra3aMH
A u B (mmotHocTH 1o Boaopoay 8.5 u 33.9 cOOTBETCTBEHHO) MpPU KOMHATHOM TeMmIeparype B
3aKpBITOM CTEKISIHHOM cocylae HaOmrogan obpasoBanue TBepaoro Oenoro mopomka C B
KauecTBe €AMHCTBEHHOro npoaykTa. [lpu kumsuenun C co ménounto Beiaensercs ra3 A. Ipu
TEPMUYECKOM pa3ioxkeHuu coeanHeHus C oOpa3yercsi OrHEYIOPHbIM KepaMHUECKU MaTepua
D.

Omnpenenure coequnenuss A, B, C, D, manumure ypaBHEHHs BCeX MPOTEKAIOIIMX PEaKLIUU.

Kakoro tuma cBs3b pean3yeTCcsds B COCAUHCHUU C? I/I306paSI/ITC €ro HpOCTPaHCTBCHHYIO

CTPYKTYpY.

Pemenne. [1110THOCT 110 BOJIOPOY paBHA OTHOLIEHHUIO MOJISIPHBIX Macc BELIECTBA U BOAOPO/A.
(1 6ann). cxons u3 3HaUCHUH TUIOTHOCTH IO BOJIOPOAY, HAMIEM MOJISIPHBIE MAaCChl COSIMHEHHIA
A u B, ato 8.5:2 = 17 (1 6ann) n 33.9:2 = 67.8 (1 6ann). Torna A — ammuak (2 6arra), B —
tpudropuz 6opa (2 barra),
[Tpu peakuuu Mexay HUMHU oOpaszyercs TBepblii komiuieke, C — 310 BF3NH3 (2 6anna). pu
TepMudeckoM paznoxenun BF3NH; oOpasyercs nutpuz 6opa, D —sto BN (2 6anna).
YpaBHEHHUs peakIuii:
NHj3 (ta3) + BF; (ra3) = BFsNH;3 (tB.) (7 6ann)
4BF3NH; + 3.5 NaOH = 3Na[BF4] + % NayB4O7 + /4 H,0 + 4 NH3?1 (I 6ann)
BFsNH3z = BN(tB.) + 3 HF (1) (1 6an)
Coenunenne C mMeeT 3TaHOMOMO0HYIO CTPYKTYPY (I Oann) ¢ KOBAJICHTHOU MOJSPHOU CBS3BIO
MEXIy aTromamMu Oopa u azota (I 6ann), 0Opa30BaHHOU MO JOHOPHO-AKIIETITOPHOMY MEXaHU3MY
(1 6ann). HenonenénHast mapa aroMa a3oTa aMMHaka JOHHMPYET SJEKTPOHHYIO IUIOTHOCTH Ha
BaKaHTHYIO opOuTanb aroma 6opa (I Oann). OkpyxeHue aToMOB Oopa M a30Ta — MCKAKEHHBIH
TeTparap (2 banna).
OtBet: A — ammuak NH3, B — tpudropun 6opa BF3, C — BF3NH3, D — autpux 6opa BN.

BapuanTt 2. Ilpu npoBeneHnH peakuuu Mexay OecuBeTHbIMU razamMu A u B (motHocTH 1o

azoty 0.607 u 4.184 cOOTBETCTBEHHO) NMPH KOMHATHOHN TeMIlepaType B 3aKPHITOM CTEKISIHHOM



cocyne HaOmomaercsi oOpa3oBaHue TBepaoro Oenoro mopomika C B KayecTBE €IUHCTBEHHOTO
npoaykra. [Ipu kunssuenuu C co ménoupto Beiaensercs ra3 A. [Ipu TepMudecKkoM pasiioKeHUN
coequHenust C oOpasyeTcsi OrHEYNOpHBIN kepaMudeckuii marepuai D.

Omnpenenure coequnenuss A, B, C, D, manummre ypaBHEHHS BCEX MPOTEKAOIIMX PEAKIIUM.
Kakoro tmma cBs3p peanusyercss B coenuHeHuun C? HM3o0pa3ure ero mpocTpaHCTBEHHYIO

CTPYKTYpY.
OrBer: A — ammuak NH3, B — tpuxnopun 6opa BCls, C — BCIsNH3, D — autpun 6opa BN.

Bapuant 3. [Ipu mpoBenenuu peakuuud Mexay OeclBeTHbIMU razamMu A u B (mmotHocTtu 1o
Metany 1.063 u 6.5 COOTBETCTBEHHO) MPU KOMHATHOW TeMIEpaType B 3aKPHITOM CTEKISTHHOM
cocyze HaOromaercsi ooOpa3zoBaHue TBepAoro oOenoe coeauHerne C B Ka4eCTBE €IUHCTBEHHOTO
npoaykrta. [pu xunstueann C co ménousto Beiesercs ra3 A. [lpu TepMUYecKoM pa3ioKeHUH
coequHenus: C oOpaszyeTcst TepMOCTONKUI Kepamuueckuii Matepuai D.

Omnpenenure coequnenuss A, B, C, D, manumure ypaBHEHHs BCeX MPOTEKAIOIIMX PEaKLIUU.
Kakoro tuma cBs3p peanusyercss B coeauHeHuu C? HM3o0pasure ero mpocTpaHCTBEHHYIO
CTPYKTYPY.

OtBer: A — ammuak NH3z, B — terpadropun kpemuus SiF4, C — SiF42NH3z, D — murpug

kpemHus SizNg.

Bapuanr 4. becupernbie ra3el A u B (mmotHoctu no renuto 8.5 u 31.98, coOTBETCTBEHHO) NpHU
KOMHATHOM TeMmIepaType B 3aKpbITOM CTEKJISIHHOM COCYyJe pearupyrwoT ¢ 0o0pa3oBaHHEM
TBeporo 6enoro coeauHenus: C B KauecTBe €AMHCTBEHHOT'O MPoAyKTa peakuuu. [Ipu o6padoTke
C pacrBopoMm mi€nmoun B HWHEpPTHOW aTmochepe Bwimensercs raz A. a3 B Tepmuuecku
HEYCTOWYHB W TIPY HarpeBaHUM pa3iaraertcs.

Omnpenenure coenunenus A, B, C, HanumuTe ypaBHEHHUsI BCeX MpoTeKaromux peakunid. Kakyto
cpeay MMeeT BOJHBIN pacTBOp coeauHeHus B? Kakoro tuna cBs3b peaqu3yercss B COCIMHEHUU
C? Ilpenyioxute nabopatopHbIie CIIOCOOBI CHHTE3a Ta3a A.

OtBet: A — pocdhun PH3, B — nomoomopox HI, C — PHyl

3agaua 2. 20 0a1710B



Bapuanr 1. Cmecy dochopucroit u ¢ochopHoit KUCIOT 00pabOTaIH CTEXHOMETPUUYECKUM
KOJIMYECTBOM 10/1a, HEOOXOJMMOTO JUIsl €€ OKHCICHUs. Ha mocienyrolryro HeHTpaliu3aiuio
MOJIYYEHHOW CcMecH (10 MONy4YeHHs CpeaHux coiiei) Oputo morpaueno 100 r 4,4% pactBopa
NaOH. Onpenenuts conepkaHue KUCIOT B UCXOAHON cMecH B Mac%, €CIIH Ha HEUTPATU3aIUIO

HCXOJIHOM CMecH OBbLIO MOTpavyeHo 72,7 T pacTBOpA MIEIOYH TAaKOH e KOHIICHTPALIHH.

Pemenne. B ricxonHO# cMecH OKUCISIETCS TOIBKO GocopHas KUCIOTA 110 YPaBHEHUIO:
H3PO3 + I, + H,O = H3PO4 + 2HI (3 6ania)
Takum oOpa3oM B KOHEYHOU cMecH OynyT ABe KUCIOTHI: pochopHast U HOTOBOIOPOIHAS.
3anuiieM ypaBHEHUs HEUTPaIU3alUU 3TUX KUCTIOT:
H3PO4+ 3NaOH = NazPO, + 3H,0 (2 6ania)
HI + NaOH = Nal + H,0 (2 6au1a)
0O603Ha4uB 3a X — KONMU4YecTBO (POChHOPHOIT KUCITOTHI B HICXOIHOM PacTBOpE, a 3a Y — KOJIMYECTBO
(bochopucToit KUCIOTHI, MOKHO COCTAaBUTh IIEPBOE YpaBHEHHE:
3(x+y) + 2y = 0.11 (2 6anna)
VYpaBHeHHE peakurii HEUTpAIM3alMU UCXOJHOM CMECU KUCIOT IIETOYbIO:
H3PO3;+ 2NaOH = Nap;HPO, + 2H,0 (pochopucras kucnora — nsyxocHoBHas!) (3 6anna)
HI + NaOH = Nal + H,0 (2 6anna)
N3 BTOpOTO YyCIIOBUSI MOYKHO COCTaBUThH BTOPOE YPaBHEHHE:
3x +2y=0.08 (1 6ann)

Pemas 3Ty cucremy ypaBHEHUMN, HAXOJUM KOJIUYECTBA KUCIOT B UICXOJHOM CMECH:

X =0.02 mons, Yy =0.01 mons. (1 6ann)
Tornma macca KMCJIOT B UICXOJITHOW CMECH:

m(H3PO,4) = 0,02-98 = 1,96 1, (1 6an)

m(H3sPO3) =0,01:82 =0,82 1, (1 b6ann)
U OTPEJIeTTUM UX MAacCOBbIE JOJU

®(H3PO,4) =1,96/(1,96 + 0,82) = 0,705 (70,5%), (1 6ann)
o(H3PO3) =0,82/(1,96 + 0,82) = 0,295 (29,5%). (1 6ann)

OtBer: ®(H3PO,4) = 70,5%, w(H3PO3) = 29,5%.



Bapuanr 2. Cwmecb ¢dochopuoBatucToit u  ¢dochopuctoir  kucior  obOpadboramu
CTEXHOMETPUYECKUM KOJIMUYECTBOM H0J1a, HeoOXoquMoro AJis ee okucieHus. Ha mocnenyrouryro
HEHTpan3anuio MOIyYeHHOH cMecH (0 MOJYy4eHHUs CpelHuX cojeil) Obuto morpadeHo 532 r
20% pactBopa KOH. Onpenenuts comep)kaHue KUCIOT B UCXOJHOW cMecH B Macc%, eciu Ha
HEUTpaNIM3allMI0 HMCXOAHOW CMecH ObLIO mmoTpadeHo 364 r© pacTBopa IIEIOYM TaKOW ke
KOHIIEHTpAIUH.

OtBet: o(H3PO4) = 85,6%, w(H3PO,) = 14,4%.

Bapuanr 3. Cwmecb ¢dochopHoBaTtucToii u  dochopucToir  KHCIOT  oOpaboTanu
CTEeXHMOMETPUYECKUM KOJIMYECTBOM HoJ1a, HEOOXOMMOTO I ee okucieHus. Ha nocienyromnryto
HEUTpATU3aIMIO TIOJYYeHHON CMecH (710 TOyUYeHHUsI CPEeITHUX coJiel) Opu1o motpadeHo 923 r 5%
pactBopa RbOH. Omnpenenuts copepkaHue KHCIOT B HCXOMHOHW cMecH B Macc%, eClid Ha
HEHTpaM3aluoo HMCXOAHOH cMmecH Obuto morpadeHo 205 T pacTBopa MICNOYM TaKOH Ke
KOHIICHTPAIUH.

Oteer: o(H3PO3) = 48,2%, w(H3POy) = 51,8%.

3agaua 3. 20 6am0B

Ha mnnanere Kaccuomes wWHOMIaHeTsHE HAy4YWIMCh VYIPABIATh DSJEKTPOHAMH M MOJIyYaTh
XUMHYECKHE COCTMHEHUS, UCTIOIB3YsI MAKCUMAIILHOE JIJISl JAHHOTO DJIEMEHTA YHCIIO0 MJIEKTPOHOB.
[Ip 5TOM cTeneHb OKHCIEHUS JPYroro 3JIEMEHTa MOXKET OCTaThCS MPUBBIYHOW IS Hac.
Hanpumep, na mianere Kaccuomess BO3MOXHO TMOJIy4€HHE COCOUHEHHS HATPHUS C XJIOPOM
cocraBa NaClyy, wmu s sxenesa ¢ kucimopoaom coctaBa FeOss.

W3BecTHO, YTO YHCIO aTOMOB TaJIOT€HA, KOTOPBIE MOTYT IMPUCOCTUHUTH JJIEMEHTBI X U Y
ormuuaercs Ha 4. Ecimm s amementa X TajlloreH 3aMEHUTh KHCIOPOAOM, TO YHCIIO
MIPUCOEAMHEHHBIX aTOMOB TajioreHa ams Y u kuciopoaa st X OyaeT oTiinyaThes Ha 6.

O kakux 3MeMeHTax uJeT peub? MOryT Ju 3TH 3JIEeMEHTHI B3aUMOIEHCTBOBATh MEX Iy co00i Ha

maHere 3emia? Eciny MOryT, TO HaMIIUTE ypaBHEHHE 3TOM XMMUYECKON peaKkInu

Pewenue.
Uucno 31eKTpOHOB paBHO MOPSAKOBOMY HOMeEpy anemeHTa. CieaoBaTesibHO, B MIEPBOM Cllydae

Pa3HOCTh aTOMOB TajJOreHa COBIMAJAET C PAa3HOCTHIO MOPAIKOBbIX HOMepoB X U Y. Bo Bropom



YCIIOBHMH YKCIIO aTOMOB TaJIOT€Ha B JIBa pa3a OoJIbIe Yuclia aTOMOB Krciopoaa. OTCroaa MOKHO
COCTaBHTD 2 YPAaBHCHHS:
X-Y=4 (4 6anna)
y - X2 =6 (4 6ania)
(oOpaTHOTO OBITH HE MOXKET, T.K. PA3HOCTh YBEJINYNJIACh, @ HE YMEHBIIINJIACH).
Pemas cucremy, Haxoaum X = 20, Y = 16. D10 Kanbuii (4 bawia) u cepa (4 barna).
BianmoneiicTBys Mex Iy coO0H, OHM 00pa3yroT Cyab(hUa KaIbIIHsL:

Ca+ S =CaS (4 6anra)

Bapuant 2. Ha mmanere Kaccuomess vHOIUTaHETSHE HAYYIJIMCh YIPABIATH JIEKTPOHAMU U
MoJIy4aTh XUMHUYECKHE COCAMHEHUs, MUCIOJIb3ysd MaKCUMaJIbHOE ISl IaHHOTO AJIEMEHTa YHUCIIO
3JI€KTpOHOB. HpI/I 3TOM CTCIICHBb OKHUCJICHUS I[perFO 3JICMCHTA MOXET OCTAThCA HpPIBBIHHOﬁ JJIs
Hac. Hanpumep, Ha muianere Kaccuomnesi BO3BMOXKHO TMOJIy4€HHUE COCIMHEHUS HATPHUS C XJIOPOM
cocraBa NaClyq, nam miist xenesa ¢ kuciaopoaom coctaBa FeOqs.

N3BecTHO, YTO YMCIIO aTOMOB TrajioreHa, KOTOPhIE MOTYT MPHUCOCIUHUTH JIEMEHTHl X U Y Ha
nnanete Kaccuornes ornuuaercst Ha 2. Ecnu juist aneMenTta X rajoreH 3aMEeHUTh KUCJIOPOIOM, TO
YHCIIO MPUCOECTUHEHHBIX aTOMOB TaJloreHa A Y U Kuciopojaa as X OyJeT OTiandaThes Ha 5.

O kakux 3MeMeHTax UJeT peub? MOryT Ju 3T dJIEMEHTHI B3aUMOJICHCTBOBATh MEXy CO00M Ha
mianeTe 3emis?

Omeem: Mg u Si.

Bapuanr 3. Ha nuanere Kaccuoness MHOIUTaHETSIHE HAY4YMIIMCh YHOPABISTH JJIEKTPOHAMHU U
MoJTy4aTh XUMHUYECKHE COEIMHEHUs, MCIOJb3ysd MaKCUMaJIbHOE ISl TAaHHOTO JIEMEHTa YHUCIIO
3H€KTpOHOB. HpI/I 3TOM CTCIICHb OKHUCJICHUS )Iperl"O 3JIEMCHTA MOXET OCTAThCA HpI/IBBI'-IHOI\/’I JJIs1
Hac. Hanpumep, Ha miianere Kaccuornes BO3MOXHO MOJYYEHUE COEAMHEHUS! HATPUSA C XJIOPOM
cocraBa NaCly;, unmu ams sxenesa ¢ kucinopogom coctaBa FeOq3

N3BecTHO, YTO YMCIO aTOMOB TaJOr€Ha, KOTOPHIE MOTYT MPHCOCIWHUTH AJIEMEHTHl X U Y Ha
mwnanere Kaccuones ornuyaerca Ha 13. Ecin aiist anemenTta X rajoreH 3aMeHUTh KUCTIOPOIOM, a
s Y a30TOM, TO YHCIIO MMPUCOCTUHEHHBIX aTOMOB KHCIIOpO/Ia U a30Ta OyaeT orinndathes Ha 10.
O kakux 37MeMeHTax UIeT peub? MOryT Ju 3TH 3JIEeMEHTHI B3aUMOICHCTBOBATh MEX Iy co00il Ha

iagere 3eMirsa?



Omeem: SC u Se

3agaua 4. 20 0a1710B
Bapuant 1. U3 mnpemioKeHHOTO TEpeYHs PEeareéHTOB W KaTalu3aTOpPOB COCTaBBTE
CUHTCTHYECKYIO 4-X CTaJMHHYI0 CXEeMy IpEeBpalleHU, OOpaTUTe BHHMAHHUE, YTO OJUH W3

PEAarcHTOB HJIM KaTaJlnu3aTOPOB SABJIACTCA JIUIITHHM. OTBeT IpEaACTaBbTE B BH/C 6y1(BeHHOfI

IIOCICI0BATCIBHOCTH.
6]
3 9]
A- | ~— E- | T
| - | kmno, H*
B - . F - HO'BO\
- P s

Oteer: HIGBDCAFE — 100%
3a HajIu4ue B NOCIEN0BATENBHOCTH 3-X MOCJIEN0BATEIbHO ONPENEICHHBIX cUMBOJIA 110 25% oT

MaKCUMaJILHOTO OaJra;

e HIG-25%
e GBD-25%
e DCA-25%
e AFE-25%
Pemenue:
o O~°
C,H5—C=CH 4“201 " i —>sz " /OKH/ 4>H3PO4’ ¢ e — Y >



Bapuantr 2. 3 mnpemioKeHHOro TMepedHs peareéHTOB U KaTalu3aTOpOB  COCTaBbTE
CUHTETHYECKYI0 4-X CTaJUMHYI0 CXEeMy IMpeBpalleHuii, oOpaTUTe BHHMaHUE, YTO OJUH W3

PCarcHTOB HWJIM KaTaJIu3aTOPOB SABJIACTCA JIMIIHHUM. OrtBer NpeACTaBbTC B BHU/C 6yKB€HHOﬁ

IIOCIICI0OBATCIIbHOCTH.
5
3] 9
A - HyPO, © E - ﬂ/
I | -
B - KM, H* F - )
I - J - AN
D- | H- | e

Otser: FGEAJCDHI - 100%
3a HaNM4YKE B MOCIEAOBATEILHOCTH 3-X IMOCJIEI0BATENBLHO OMpEeIeIeHHBIX CUMBOJA 10 25% OT

MaKCUMaJILHOTO OaJa;

o FGE-25%
e EAJ-25%
e JCD-25%
e DHI-25%
Pemenue:
o} H,, Pd OH Br KOH, t°

HiPO,, t° Br,, CCI
- > )\/ A’/\/ T - )\/ > =

Br



3agaua 5. 20 6a1710B

BapuanT 1. B ra3oBbIX IIMTax MHOTOKBApPTHPHBIX JOMOB OOBIYHO HCIOJIB3YETCS HPUPOIHBIMA
ra3 — MeTaH, B TO BpeMs KaK Ha Jlayax MPUTOTOBJICHUE IMHIIU MPOUCXOIUT C MCIIOJIb30BAaHUEM
OyTaHa, MpomaHa WM UX CMeCH. HamuinmuTe TepMOXUMHUYECKUE YpaBHEHUS PEaKIUi FOpeHHUs
MeTaHa W mpornaHa. Mcxoas W3 CHpaBOYHBIX JAHHBIX, PACCYMTANTE, IPU IOJHOM CrOPaHUH
OZIMHAKOBOW Macchl KAaKOTo ra3a, MeTaHa WK NpornaHa, Beiaensercst 6onbuie Temia? Qosp(H20(m)
= 242 x/Ix/momnb, Qosp(COxry) = 394 x/Ixx/Momb, Qosp(CHamy) = 75 klx/Moins, Quep(CoHe(r) = 85
kJx/Moub, Qosp(CaHg(ry) = 105 x/Ix/Monb, Qouep(CaHiowm) = 126 kIx/MOIBb.

Pewenue.
TepMoxumHuYecKOe ypaBHEHUs TOPECHHS METaHa:
CHap + 2051y = COy) + 2H20() + Qu (1 6ann)
Q1 = Qo6p(H201) 2 + Qoep(CO2r) - Qusp(CHa(ry) = 803 kL/mob (2 banna)
CHy(ry + 205y = COyry) + 2H20( + 803 xx/Monsb (2 6anna)
TepmoxumHuyeckoe ypaBHEHHsI TOPEHHS IPOTaHa:
CsHsy + 50,1 = 3COxry + 4H20y + Q2 (1 6ann)
Q2 = Qosp(H20(r) 4 + Qo6p(CO2ry) 3 - Qosp(C3Hz(ry) = 2045 x/Ixx/Momns (2 banna)
CsHg(r) + 50, = 3COyry + 4H20y + 2045 xIx/Monb (2 banna)
PaccunraeM, CKOJIBKO TEIIa BBIICIUTCS PU CrOPaHKK | KT METaHa U MpOIaHa.
n(CH4) = 1000 r / 16 /™Mo = 62.5 mous (2 b6anra)
Qcropanus(1 Kr CH4) = n(CH4)-Q1 = 62.5 mons-803 x/lx/monb = 50.19 M/Ix (2 6anna)
n(CsHg) = 1000 r / 44 t/momb = 22.7 monb (2 bania)
Qcropans(1 K& C3Hg) = n(C3Hg) Q2 = 22.7 moxb-2045 k[Ix/Momb = 46.42 M1k (2 6anna)
Qcropams(1 Kr CHg) > Qcropamns(1 kv C3Hg) (2 6anna)
CnenoBarenbHO, OOJIBIIE TEIUIA BBIICIUTCS IPH ITOJTHOM CTOPaHUH OJJMHAKOBOM MacChl METaHa
Omegem.
CHaqy + 205y = COyry + 2H20(ry + 803 xIx/MOTIb
CsHg(r) + 50, = 3COyry + 4H20(r) + 2045 x/[x/Momb

boabmie Temnia BEIACIUTCS IIpU MMOJIHOM CrOpaHHuUn OJIMHAKOBOM MacChl METaHa.



BapuanTt 2. B ra3oBbIX IJIMTaX MHOTOKBAPTHPHBIX JIOMOB OOBIYHO HCIOIB3YETCS MPUPOTHBIN
ra3 — METaH, B TO BpeMs Kak Ha Jadax MPUTOTOBJICHHE IMHUIIU MPOUCXOJUT C HUCIOJIb30BaHUEM
OyraHa, TIpollaHa WM MX CMECH. Hamuimmre TepMOXMMHUYECKHE YPABHEHHS PEaKIMi TOpeHUs
MetaHa u OyraHa. Mcxols W3 CIOPaBOYHBIX JaHHBIX, PACCUMTANWTE, MPH MOJHOM CTOPaHUU
OZIMHAKOBOW MAacChl KAKOTO ra3a, MeTaHa wi OyraHa, Beiaensercs 0ompiue Temia? Qosp(H20(m)
= 242 xJIx/monb, Qosp(COxry) = 394 k/Ik/Momb, Qosp(CHam) = 75 kx/Moinb, Qqep(CoHery) = 85
kJ1x/Moib, Qosp(C3Hsm) = 105 x/Ix/Momb, Qosp(CaHiowm) = 126 x/Ix/Momb

Omeem.

CHy(y + 2054 = COypy + 2H20) + 803 xIxk/Mounb

CaHio@m + 6.505() = 4COxy + 5H20 () + 2660 x1x/MoI1b

bonpme Tenna BBLACIUTCS IPHU ITOJIHOM CTOpaHun OHHHaKOBOfI MacCChl ME€TaHa.



11 xknace

3agaua 1. 15 6aa10B

Bapuant 1. Menp-conepiaiiye MeTalI-OpraHUYeCKUe KapKacHblE CTPYKTYPbl IPUBJIEKAIOT B
HACTOAILEE BpPEMsI MHTEPEC HCCIENOBaTeNel KaK MEpCIEKTUBHBIE KaTaJau3aTOpbl CrOpaHus
pakeTHOro ToruMBa. B pamkax BbiloJIHEHUs pabOT B TaHHOM HallpaBiieHUU cTyieHtam Kare u
Koze 6b110 npeioxkeHo MPUroTOBUTh METAJUIOPraHUYeCKoe KapKacHOe COSAMHEHHE Ha OCHOBE
tepedranata meau. Ctynentsl cycniensupoBanu B N,N-aumernndopmamuie cMecs Tpuruapata
HUTpaTa Meau u tepedraneBoii (1,4-6eH3011uKapOOHOBON KUCIIOTHI), IOMECTUIIM CYCIICH3HIO B
aBTOKJIAB U Bblaepxkanu 36 yacos npu 100 °C.

Jliia momyueHHOro cuHero ocajka Kouss mpoBen TepMorpaBUMETpUYecKuil aHaimu3 (T.e., U3yduil
M3MEHEHHE MacChl C pOCTOM TemIrieparypsl). Okaszanaock, 4To B aTMoc(epe aproHa B AMara3oHe
temneparyp 200 — 400 °C nabarogaercs OJMH Yy4acTOK M3MEHEHHS MACChl, IIOTEPS MACChI IPH
aToM cocTaBisieT 24,3%.

Kars npoBena turpumerpudeckuii ananus oopasia. OHa B3ssia HaBecKy ocanka maccou 0,217 r,
nobaBuia kK Hedl 20 MJI KOHLIEHTPUPOBAHHOW a30THOM KHCJIOTHl U IMPOKHUISATHIA JO IOYTH
MIOJTHOTO BBIKUTIAHUS KUCIOTHL. Takoe «MOKpoe 030JIeHHE» ObLIO MOBTOPEHO €to 2 pasa. [locne
3TOro oHa oOpaboTana MOJYYEHHBIM OCTaTOK a30THOM KHcIOTOW, aoBena pH pactBopa
amMmuakoM 110 9,0, nobaBuiIa MHIUKATOP Mypekcu u ortutpoBaia 0,05 M pacTBopoM TpuilOHA
b. TIlocne no6asnenus 14,4 ma pactBopa TpuioHa b okpacka pacTBopa U3MEHUIACh C JINMOHHO-
YKEITON Ha JUJIOBYIO.

Kakoii ke coctaB MMeno noiydyeHHoe BelecTBo? Kakue enie MeToasl ONpeesIeHNs €ro cocTaBa

" CTPOCHU MOTJIN OBITh UCITOJIb30BaHbI CTy,[[eHTaMI/I?

Pemenue.
N3BecTHO, uTOo TpWioH b pearmpyeT ¢ MOHAMH METAUIOB, 00pa3ys KOMILICKCHI coctaBa 1:1.
Toraa HETPYAHO ONPEACTUTH COAEPKAHUE MEIM B HCKOMOM BEIIIECTBE.

n(Cu) = V(tp.):C(tp.) = 0,05-14,4 = 0,72 mmous (2 banna)
Omnpenenum aajee coiep:KaHre KOMIIOHEHTA, JIETKO OTIIEIUIIEMOro ITpy Harpesanuu. Vicxos u3
YCIIOBHM CHHTE3a, TAHHBIM KOMITOHEHTOM MOKET OBITh JINOO BO/A, JTMOO a30THAsE KUCIIOTa, JTIHOO
N,N-mumetundopmamu  (JIM®PA). VYuureiBas TemiiepaTypy MOTEPH Macchl, Hambosee

BEPOSITHBIM BBITJISIIUT TIOCIEHUN BapuaHT. (2 baiia)



Conepxxanne JIM®DA Bo B3sTOI HaBecke coctapmseT 0,217-0,243 = 0,053 r. (1 6ann) MonsapHas
Macca 3TOTO BEIIeCTBa COCTaBIIAET 73 T/MOJIb, TOTIa KoJm4yecTBO BemiecTBa MDA pasno 0,726
MMOJIb. (1 6ann) B npenenax morpeniHoCTH 3KCIEPUMEHTa MOXKHO CKa3aTh, 4To Menb U MDA
BXOJIAT B COCTaB COCIMHEHUs B cooTHomeHuu 1:1. (2 6ania)
Macca ocraBmerocs gpparmenrta coctasisier 0,217 — 0,053 — 0,046 = 0,118 r. Onpeaenum maccy
ocTaTKa, IpUXOoAlIytocs Ha | Mosb Meu:
63,546T—XT
0,046T-0,118T
Xx=162r,
YTO MPAKTUYECKU COOTBETCTBYET MOJISIpHOI Macce TepedTanar-aHuona (164 r/mons). (2 6anna)
Takum oOpa3om, B Ipeienax MOrpeurHOCTH SKCIIEPUMEHTa COCTAB UCKOMOTO BEIIECTBA!
CU(C6H4(COO)2)(HC(O)N(CHg)z) (3 banna)
OnTuUManbHBIM METOJIOM OINpEJENIeHUs cocTaBa OblT Obl PEHTTEHOCTPYKTYPHBIA aHaJM3.
Hyxnyto nHopmanmo MOXKHO TakkKe MOJYyYUTh, UCIOIb3YsI METOJbI 3JIEMEHTHOTO aHalu3a U

KoJIe0aTeIbHOM CIIEKTPOCKONuu. (2 6ania)

Bapuanrt 2. Meab-coaepixaliue MeTal-OpraHuyecKre KapKacHble CTPYKTYpPbI MPUBIEKAIOT B
HacTosilee BpeMs HMHTEpEC MCCIeNOoBaTeNel Kak MEepCIEeKTUBHBIE KaTalU3aTOpPbl CrOpaHUs
pakeTHOro ToruMBa. B pamkax BbINOJIHEHUS paOOT B JaHHOM HallpaBiieHuHu cTyieHTtam Kare u
Kose 6b110 npeioxkeHo NPUroTOBUTh METAJUIOPTaHUYECKOE KapKAaCHOE COEITMHEHUE HAa OCHOBE
tepedranata meau. CtyaeHTtsl cycnensupoBaiu B N,N-aumerunaneramuie cMech TpUTHApaTa
HUTpaTa Meau U TepedTaneBoit (1,4-6eH3011uKapOOHOBON KUCIIOTHI), TOMECTUIIN CYCIEH3HIO B
aBTOKJIAB U Bhizepxanu 36 yacos mpu 100 °C.

Jlnst monmydeHHOTO cHUHEro ocanka Kars mpoBena TepMOrpaBUMETPHYECKHN aHamu3 (T.e.,
M3y4YMIIa U3MEHEHHE MacChl ¢ pOCTOM Temreparypsl). Oka3ajaock, YTO B aTMocdepe aproHa B
nuanaszone Temmeparyp 200 — 400 °C HabmarogaeTcs OJMH YY4acTOK U3MEHEHHUs MAacChl, OTEPS
Macchl IIpH 3TOM cocTaBiser 27,7%.

Konst BeImONHUI TUTpUMETpUUYECKHi aHanmn3 oOpasia. OHa B3suT HaBeCKy ocaaka maccou 0,212
r, no0aBun K Hei 20 MJI KOHIIEHTPUPOBAHHOW a30THOW KHUCIOTHI W TPOKHUIIATHI JO TMOYTH
MIOJTHOTO BBIKMITAaHUS KUCIOTHL. Takoe «MOKpoe 030JeHHe» ObUIO MOBTOPEeHO €0 2 pasa. Ilocie

3TOro oH oOpaboTall MOMyUYEeHHBIM OCTAaTOK a30THOM KuCIOTOM, noBen pH pacTBopa aMMuakom



10 9,0, nobaBun uHAUKATOp Mypekcun u ortutpoBana 0,05 M pactBopom Tpuiona b. Ilocne
nobasienust 13,5 mut pacTBopa TpuiioHa b okpacka pacTBopa U3MEHUJIACh C JMMOHHO-)KEITOW Ha
JIUJIOBYIO.
Kaxoit xe coctaB umeno nosydeHHoe BeniecTBo? Kakue emre MeToabl OnpeesieHHs €ro cocTaBa
Y CTPOCHHMSI MOTJIM OBITh UCIIOJIb30BAHBI CTYACHTaAMU?
Pemenne.
N3BectHO, uTO TpuioH b pearupyer ¢ mOHaMU METAJIOB, 00pa3ys KOMILIEKCHI cocTtaBa 1:1.
Torna HETPYAHO ONPEACIIUTH COAEPKAaHUE MEJIM B HICKOMOM BEIIIECTBE.
n(Cu) = V(tp.)-C(tp.) = 0,05-13,5 = 0,675 MmmoI1b
Onpenenum nanee coaepkaHue KOMIIOHEHTA, JIETKO OTIIEIIIEMOTo ITpH HarpeBanuu. Mcxons us
YCJIOBHI CHHTE3a, TaHHBIM KOMIIOHEHTOM MOXET OBITh JIOO BOJA, JIMOO a30THAS KUCIIOTA, TU00
N,N-gumerunaneramun (JIMA). YuutsiBas Temnepatypy NOT€pU Macchbl, Haubosee BEPOSTHBIM
BBITJISLIAT TTOCJICTHAIA BapHaHT.
Conepxanne JIMA Bo B3sTO#l HaBecke cocrtamisier 0,212:0,277 = 0,059 r. Monspnaas Macca
3TOTrO BEIIECTBA COCTABIISIET 87 T/MOJb, TOT/Ia KomuiecTBo BeniectBa JIMA paBuo 0,678 MMOJIb.
B npepenax morpenrHocTy 3KCIEpUMEHTa MOXKHO CKaszaTbh, yTo Meab U JIMA BXOAST B cocTaB
COEMHEHMS B COOTHOIIeHUHU 1:1.
Macca ocrasmierocst ¢pparmenta coctasisier 0,212 — 0,059 — 0,043 = 0,110 r. Onpenenum maccy
OCTaTKa, MPUXOIAIIYIOCS Ha 1 MOJIb MeNu:
63,546T—XT
0,043r-0,110T
X=163r,
YTO MPAKTUYECKH COOTBETCTBYET MOJIIpHOW Macce TepedranaT-aHHoHa (164 r/monb). Takum
o0pa3omM, B TIpejiesiax MOTPENIHOCTH IKCIIEPUMEHTa COCTaB MCKOMOTO BEIEeCTBA:
Cu(CeH4(COO0)2)(HsCC(O)N(CHs)2)
OnTuManbHBIM METOJIOM OTpEJeNieHHsT cocTaBa ObUl OBl PEHTTEHOCTPYKTYPHBIA aHAJH3.
Hyxnyro nHpOpManuo MOXHO TaKXKe MOJTYIUTh, UCIIONB3YsI METOIBI DJIEMEHTHOTO aHAJIN3a U

K0J1e0aTeIbHON CIEKTPOCKOIHH.

BapnaHT 3. ]_II/IHK-COI[ep)KaH_[I/Ie MCTAJUI-OPTaHUYCCKUC KAPKACHBIC CTPYKTYPBI IIPUBJICKAIOT B

HacTosIllee BpeMs MHTEpeC UCCIefoBaTeNell Kak MPEeKypcophbl BEIIECTB ¢ BBICOKOM MPOTOHHOM



MPOBOAMMOCTBHIO0. B paMkax BhIMONHEHHsS pabOT B JIaHHOM HampaBlieHUU cTyneHTam Kare u
Koze 6b110 npeioxkeHo MPUrOTOBUTh METAJUIOPraHUYECKOe KapKacHOe COSAMHEHHE Ha OCHOBE
tepepranata 1mHKa. CryneHtsl cycnensupoBaid B - N,N-aumermndopmamune cmech
rekcarujpara HuTpara mwHKa u TepedraneBoit (1,4-0eH3011MKApPOOHOBON  KHUCIIOTHI),
MOMECTHJIM CYCIICH3HMIO B aBTOKIIAB U BhIaepxanu 4 aus npu 120 °C.

Jy1g monydeHHbIX OeclBEeTHBIX KpucTamioB Ko mpoBen TepMorpaBuMeTpudecKuid aHanus (T.€.,
M3YYMJI M3MEHEHHE MacChl C pocTOM Temmeparypbl). Okaszanaoce, 4To B atMocdepe aproHa B
nuamasone temmeparyp 200 — 400 °C nabiromaercss OMH yY4aCTOK M3MEHEHHSI MAcChl, OTEPS
Macchl IPU 3TOM cocTaBisieT 2,94%.

Kara mpoBena tutpumerpuueckuii ananu3 oOpasua. OHa B3sila HaBECKY KPUCTAJIOB Maccou
0,187 r, nobaBuna x Heil 20 MJI KOHIIEHTPUPOBAHHON A30THOW KHCIOTHI W MPOKHUISATHIA IO
MOYTH MOJHOTO BBIKUIIAHUS KUCIOTHI. Takoe «MOKpoe 030JIeHHE» ObLJIO MOBTOPEHO €10 2 pasa.
[Tocne sToro ona oOpaboTasia MOTYYEHHBIH OCTAaTOK a30THOM KHUCIIOTOH, nosena pH pactBopa
amMmMuakom J10 9,0, noGaBuiia HHIUKATOP XpoMoreH uepHblid T u ortutpoBasia 0,05 M pacTBopom
tpuiona b. Ilocne nobGaenenus 15,1 mn pactBopa TpmioHna b okpacka pactBopa M3MeHUIACh C
KpaCHOM Ha CHHIOH.

Kakoii ke coctaB umeno noiydeHHoe BemiecTBo? Kakue elie MeToibl OIpeesieHus ero cocTaBa

" CTPOCHU MOTJIN OBITh UCITOJIb30BaHbI CTy,[[eHTaMI/I?

Pemenue.
W3BecTHO, uTo TpwioH b pearupyer ¢ MOHaMu MeTauIoB, 00pa3ys KOMILJIEKCH cocTaBa 1:1.
Torna HeTpyAHO ONpeAenuTh COAEPKAHUE [IMHKA B HCKOMOM BEILIECTBE.

n(Zn) = V(tp.)-C(tp.) = 0,05-15,1 = 0,755 mmob
Onpenenum nanee cojiep>kaHre KOMIIOHEHTA, JIETKO OTIIETJIieMOoro Nnpu HarpeBanuu. Mcxoas u3
YCJIOBUI CHUHTE3a, JAHHBIM KOMIIOHEHTOM MOXET OBITh 100 BOJa, 1100 a30THAs KUCIOTa, 100
N,N-mumerunpopmamun  (JAM®PA). VYuutsiBas Temmeparypy IOTEpU Macchl, HauOolee
BEPOSATHBIM BBITJIAIUT MOCIEIHUN BapUaHT.
Conepxanne JIM®DA Bo B3siToM HaBecke coctasisieT 0,187:0,0294 = 0,0055 r. MonsipHas macca
3TOTO BellecTBa cocTaBisieT 73 T/Moib, Toraa koiuuecTBo BemiectBa JIM®PA pasno 0,0753
MMOJIb. B mpezenax norpenHocTy sKCepuMeHTa MOKHO CKa3aTh, YTO HIMHK U JJM®PA BXoa4T B

CcOCTaB coequHeHus B cootHomrenun 10:1.



Macca ocrapmierocsi ¢pparmenra coctasisier 0,187 — 0,0055 — 0,049 = 0,1325 r. Onpenenum

MacCcCy OCTaTkKa, IMPUXOJAIYIOCSa Ha 1 MoJIb MCOH:

6537r—xr
0,0491r-0,13251
Xx=177r,

YTO MPEBBIIAET MOJSIPHYIO Maccy TepedTanaT-aHuoHa (164 r/mMoinb). MOXHO NPEANONOKHUTb,

9TO B COCTaB COCIUHEHUS BXOIWT JBAa HEPABHOIICHHBIX THUIA JUMETHI(POpMAMHUIA, YaCTh

KOTOPOro He oTierisercs npu Harpepanuu 10 400 °C. Toraa cocras coeMHEHHUS:
Zn(C8H4O4)(HC(O)N(CH3)2)0_28

OnTuUMalnbHBIM METOJIOM OINpEENIeHUs cocTaBa OblT Obl PEHTTEHOCTPYKTYPHBIA aHaJM3.

HyxHyto nHQOpMAIHIO MOKHO TaKXe MOTYyYUTh, UCTIOIB3YsI METOBI 3JIEMEHTHOTO aHAIN3a U

K0J1e0aTeIbHON CIIEKTPOCKOIHH.

3amaua 2. 15 6a10B

Bapuanr 1. HaBecky oprannueckoro BemiecTsa Maccoit 2,36 T o B aTMoc(epe KMCI0po/ia.
BrigenuBimecss mpoayKThl MOCIAEAOBATENIbHO MpomycTuian uepe3 U-o0pasHbie TpyOKH C
¢dochopHBIM  aHTUAPUAOM, 4YelIyHKaMH €IKOro HaTpa, pPAacKaJeHHbBIMM MEAHBIMH U
pacKajleHHbIM MarHUeBBIMHU CTpYKKaMH. IIpu 3TOM Macchl MEpBBIX TpeX TPYOOK YBEIUUYHIIUCH
Ha 1,08, 3,52 u 5,04 1, COOTBETCTBEHHO, a Macca IMOoCieIHel He n3MeHuIack. Korma takyro xe
Maccy BellecTBa 00pabdoTanu U30bITKOM peakTrBa ToJuleHca, BbINal 0cagoK Maccoil 8,64 .

A) IlpuBenute OpyTTO-POPMYILY HCXOJIHOTO BEIIECTBA, €CIM U3BECTHO, YTO MPOYKTHI CTOPaHUS
He obeclBeunBa0T OpoMHYI0 BoAy. [Ipensoxure ero crpoeHue.

b) Kax u3mensarca maccbl TpyOOK € MOTJIOTUTENSIMU, €CIIM MMOMEHATh (GOCHOpHBIA aHTHIPUI U
€KW HaTp MecTamu?

B) Kakoii 00beM kucaoposa, NpUBEICHHBIN K H.Y., ObLT B3ST?

Pewenue.

[Ipu cropaHuu OpPraHMYECKOrO BEIIECTBA MOTYT IMOJYYaThCs CICAYIONIUE JIETYYHe MPOTYKTHI:
mapbl BOJBI, YTJEKUCIBIA Ta3, BO3MOXHO Takke oOpa3oBaHHE a30Ta, CEPHUCTOTO Tasa.
[TockonbKky TPOAYKTHl CropaHus HE OOECIBEYHBAIOT OpPOMHYIO BOJYy, CEPHUCTBHIA Ta3 B

MPOAYKTax OTCYTCTBYeT. HeumsMeHHOCTh Macchl TPYOKH, 3alOJHEHHOW MarHHUEBBIMU



CTPYXKKaMH, YyKa3blBaeT Ha OTCYTCTBHME a3oTa. CremoBaTeNnbHO, B COCTaB HCXOJHOTO
OpPraHUYECKOTO BEIIECTBA BXOAAT YIJIEPO/, BOJOPO M KUCIOPOI.
OmnpenenuM COOTHOILICHHE ITHX 3JIEMEHTOB B BermiecTBe. DocOpHBIA aHTUIPH]L MOTIIONMIAET
mapbl BOJIbI, €AKHI HaTp — yriekucibii ra3. Torga n(CO,)/n(H,0) = (3,52/44)/(1,08/18) = 8:6.
Macca kucinopoia B UCXOJIHOM HaBecke cocrtasiser 2,36 — 12:0,08 — 2:0,06 = 1,28 r. Torna
cootHomeHue C:H:O B opraHn4ecKoM COEIMHEHUU COCTaBIIsIeT 2:3:2.
C,H30, — Takoro coelMHEeHUs HE CYIIECTBYET.
C4HgO4, mpuTOoM, MHOCKOJBKY COEIMHEHUE B3aUMOJEHCTBYET C peakTuBOM ToJuieHca, OHO
CONEPKUT  aNbJETHJIHYI Tpynmy. TakuM COeIUHEHHEM SBISIETCA  CIIOKHBIA  2up
STUJICHIIMKOJSA ¥ MypaBbHHON KUCI0Thl CoHa(OCOH);.
Ecau nepBeIM norioTuteneM MoCTaBUTh €IKUI HATP, OH OYJET MOTJIOMIATh KaK YIJIEKUCIIBIN ra3,
TaK U BOJSHBIE NIAapbl — U ero Macca Bo3pacreT Ha 4,60 r. [Ipu nocTato4HO 60JIBIIOM KOJIUYECTBE
eaKoro Hatpa Macca GocOpHOTo aHTHAPHIA MEHATHCS yiKe He OyIeT.
Jlnst ompeneneHus oObeMa KHCIOpOAa, HEOOXOAMMOTrO Uil CXKWUTAHUS JIaHHOW HaBECKH,
COCTaBUM ypaBHEHUE PEAKIIUU:

C4HgO4 + 3.50, =4CO, + 3H,0
KonunuecTBo BemecTBa kucinopoaa 0ynet B 3,5 paza Oounbliie, 4eM KOIUYECTBO BellecTBa dhupa,
u cocraBut 3,5:2,36/118 = 0,07 monb. YBenuueHHe Macchl TPYOKH C MEIHBIMU CTPYKKaMu
YKa3bIBa€T Ha TO, YTO KHUCJIOPOJ OBLI B3AT B M30BITKE, KOTOpBIN coctaBisn 5,04/32 = 0,1575
Moub. Mtoro B peakiuio Berynuio 0,2275 MOIb KUCIOPOJa, YTO COOTBETCTBYET o0beMy 5,096
IL.
Omegem: cnoxHblii 3QUp STHICHIUKONSA U MypaBbuHOU KUCIOTBI CoHa(OC(O)H)2; 5,096 n

KHCIIOpOa

BapuanT 2. HaBecky opranuyeckoro BemecTBa Mmaccoit 2,70 T coxriu B atMocdepe Kuciaoposa.
BrigenuBimmecss TpOAyKTHI MOCIAEAOBATENIbHO TpoOmycTuian uepe3 U-o0pasHbie TpyOKH C
(bochopHBIM  aHTHAPUAOM, YCHIyHKaMH €JIKOTO0 HaTpa, pacKaJeHHBIMH MEIHBIMH U
pacKajeHHBIM MarHMeBBIMU CTpYXKaMu. [Ipu 3TOM Macchl MepBBIX TpeX TPYOOK YBETHUUIHCH
Ha 1,62, 3,96 u 3,08 1, COOTBETCTBEHHO, a Macca MOocieIHel He u3MeHuIack. Koraa takyro xe

Maccy BelecTBa 00padoTann U30bITKOM peakTrBa ToJuleHca, BhIal 0cagoK Maccoil 6,48 .



A) TlpuBenute OpyTTO-POPMYITY HCXOHOTO BEIIECTBA, €CIM M3BECTHO, YTO MPOIYKTHI CTOPAHHUSI
He 00ecIBeYnBal0T OpOMHYIO BoAy. [Ipensioxure ero crpoeHue.

b) Kak u3mensTcs macchl TpyOOK C MOTJIOTHTESIMH, €CIIM MOMEHITh (GocHOpHBINA aHTHIPHUI U
€1KUI HaTp MecTaMu?

B) Kaxkoit 00beM kuciopo/ia, IpuBEACHHBIN K H.Y., ObLT B34T?

Omeem: COXKHBIN PUP STUICHIIMKOIA U MypaBbrHO# kucaotsl HOC,H,OC(O)H

BapuanTt 3. HaBecky oprannyeckoro BemecTBa Macco 1,76 T coxriu B atMmocdepe Kucioposa.
BeinenuBumecs mOpoayKThl IOCIEAOBAaTENbHO MponycTwin uepe3 U-oOpasHble TpyOkH cC
¢dochopHBIM  aHTUAPUAOM, 4YEIIyHKaMH €IKOro HaTpa, pPAaCKaJeHHbBIMM MEAHBIMH U
pacKaJieHHBIM MarHUEeBBIMHU CTPYKKaMH. [Ipu 3TOM Macchl MEPBBIX TpeX TPYOOK YBEIUYHIUCH
Ha 0,72, 1,76 u 3,22 1, COOTBETCTBEHHO, a Macca IOocJeIHel He u3MeHuIack. Korma takyro xe
Maccy BemecTBa 00padoTanu u30bITKOM peakThBa TosieHca, Bbllal 0cajok Maccoi 6,48 r.

A) IlpuBenute OpyTTO-POPMYILYy HCXOIHOTO BELIECTBA, €CIM U3BECTHO, YTO MPOJYKThI CTOPaHUS
He obeciBeunBaoT OpoMHYI0 Boay. [Ipenoxure ero crpoeHue.

b) Kak n3mensaTcss macchl TpyOOK C MOTJIOTUTENSIMH, €CITH MMOMEHATh (HOCHOpPHBIA aHTHIPUT
€/IKMii HaTp MecTamMu?

B) Kakoii 00beM kuciaoposa, NpUBEICHHBIN K H.Y., ObLT B3ST?

Omeem: coxHbIH dpup riureprna u MypaBbuHo# kucinoTel C3Hs(OC(O)H)s

3agaua 3. 15 6a/u10B

Bapuanr 1. B 1808 rony I'eii-JIroccak mpu npoBeIeHUU PEAKIIUU MEXITY OCCIIBETHBIMU ra3zaMu
A u B (mmotHOCcTH IO Bopopoay 8.5 u 33.9 COOTBETCTBEHHO) MpU KOMHATHOM TeMIepaTrype B
3aKpPBITOM CTEKJISTHHOM cocyzle HaOmtoman oOpa3zoBaHue TBepaoro Oenoro mopomka C B
KauecTBe e€AMHCTBEHHOTO npoaykTa. [Ipu xunsuenun C co ménounto BeaensieTcs ra3z A. [lpu
TEPMHUUYECKOM pasnokeHun coenuHeHusi C oOpa3yercss OTHEYMOPHBIA KepaMUYeCKH MaTepual
D.

Ompenenure coenunenus A, B, C, D, Hanummre ypaBHEHHUs BCEX MPOTEKAOIINX PEAKIIUA.

Kakoro tuma cBsa3p peanusyercss B coeauHeHun C? HM3o0pa3ure ero mpocTpaHCTBEHHYIO

CTPYKTYpY.



Pemenune. [10THOCTB 110 BOAOPOY paBHA OTHOLIEHUIO MOJISIPHBIX MaccC BEIIECTBA U BOJOPO/IA.
(1 6ann). icxoas u3 3HAYEHUI MIIOTHOCTH 110 BOJOPOY, HAlIEM MOJISIPHBIE MACChl COCIMHEHUI
A u B, 310 8.5%2 = 17 (I 6anr) n 33.9*2 = 67.8 (I 6anr). Torna A — ammuak (I 6anr), B —
tpudTopuz 6opa (I 6anr),
[Tpu peakiuu Mexay HEUMU oOpasyercst TBepablii komrieke, C — ato BFsNH3 (I 6ann). Tlpu
TepMudeckoM paszioxennu BFsNH; o6pasyercs nutpua 6opa, D — 310 BN (1 6ann).
YpaBHEHHUs peaklyii:
NHj3 (ra3) + BF; (ra3) = BFsNH3 (1B.) (1 6aur)
4BF3NH; + 3.5 NaOH = 3Na[BF,] + % Na,B,07 + "/4 H,0 + 4 NHs?t (1 6ann)
BFsNH3; = BN(tB.) + 3 HF (1) (1 6a1)
Coemunaenne C uMeeT 3TaHOMOAOO0HYIO CTPYKTYpY (1 6ani) ¢ KOBAICHTHON MOJIIPHOU CBSI3BIO
MEXIy aroMamu Oopa u a3ota (I 6ann), 0Opa30BaHHON MO JOHOPHO-AKIENTOPHOMY MEXaHHU3MY
(1 6ann). Hemonenénuas mapa aToMa a30Ta aMMHaka JOHHPYET SJIEKTPOHHYIO IUIOTHOCTh Ha
BaKaHTHYIO opOuTasib aroma 6opa (I 6ann). OxkpyxeHHe aToMOB 60pa M a30Ta — MCKaKEHHBIH
Terparap (1 6ann).
OtBet: A — ammuak NH3, B — tpudropun 6opa BF3, C — BF3NH3, D — autpun 6opa BN.

BapuanTt 2. Ilpu npoBeneHuH peakuuu Mexay OecuBeTHbIMU razamMu A u B (mmotHocTH 1o
azoty 0.607 u 4.184 cOOTBETCTBEHHO) IPU KOMHATHOMN TeMIEepaType B 3aKPHITOM CTEKISIHHOM
cocyne HabOmomaeTrcsi oOpazoBaHue TBepaoro Oenoro mopomrka C B KayecTBE €IUHCTBEHHOTO
npoaykta. Ilpu kunstuennu C co ménousto Beiensercs ra3z A. [Ipu TepMUUECKOM pas3iiosKeHUH
coeaunenust C oOpa3yeTcst OrHEeYOpHBIN Kepamudeckuii marepuan D.

Omnpenenure coenuuenuss A, B, C, D, manummure ypaBHEHHs BCeX MPOTEKAIONINX PEAKIHA.
Kakoro tmma cBs3p peanusyercss B coemmHeHnu C? HM3o0pa3ure €ro mpocTpaHCTBEHHYIO

CTPYKTYpY.
Otget: A — ammuak NH3, B — tpuxnopuz 6opa BClz, C — BCIsNH3, D — vutpun 6opa BN.

Bapuant 3. [Ipu nmpoBeneHuu peakuuud Mexay OeclBeTHbIMU razamMu A u B (motHocTtu 1o
MeTany 1.063 u 6.5 COOTBETCTBEHHO) NMPH KOMHATHOW TEMIEpPaType B 3aKPHITOM CTEKJISHHOM

cocyzae HaOmoaaercst oOpasoBanue TBepaoro Oenoe coepauHenne C B Ka4eCTBE €IWHCTBEHHOTO



npoaykra. [lpu xunsuenun C co ménousto Beiaensercs ra3 A. [lpu TepMuyeckoM pazinoxeHUH
coenunenuss C oOpa3yeTcst TEpMOCTONKHI Kepamuieckuid Mmatepuan D.

Omnpenenure coequnenuss A, B, C, D, manummre ypaBHEHHS BCEX MPOTEKAOIIMX PEAKIIUM.
Kakoro tuma cBsa3p peanusyercss B coeauHenuun C? HM3o0pa3ure ero mpocTpaHCTBEHHYIO
CTPYKTYPY.

OtBer: A — ammuak NH3, B — terpadropun kpemuust SiF4, C — SiF4-2NH3, D — murpun

kpemuus SizNg.

Bapuanr 4. becusernsie rassl A u B (tuiotHocTH 1o renuto 8.5 u 31.98, COOTBETCTBEHHO) MpH
KOMHATHOM TeMIlepaType B 3aKphITOM CTEKJISSHHOM COCYyJleé pearupyroTr ¢ o0pa3oBaHHEM
TBepaoro oenoro coenuaeHns C B Ka4eCTBE IMHCTBEHHOTO MPOIyKTa peakuuu. [Ipu o6padboTke
C pacrBopoMm miénmoun B HWHEpPTHOW artmochepe Bboiaensercs raz A. ['as B rtepmmuecku
HEYCTONYMB U MIPU HarPEBAHUU PA3IaraeTcsl.

Omnpenenure coequnenus A, B, C, Hanummute ypaBHEHUs BCeX MpOTeKaromux peakuuid. Kakyro
cpeny uMeeT BOAHBIN pacTBOp coeauHenus B? Kakoro Tumna cBsi3b peain3yercs B COCIUHEHUU
C? [lpemyioxute 1abopatopHbie CIIOCOOBI CUHTE3a ra3a A.

OtBet: A — dhocdun PH3, B — nogosogopon HI, C — PH4l

3anaua 4. 10 6a/u10B

Bapuant 1. B ra3oBbIX IUINTaXx MHOTOKBAPTUPHBIX JOMOB OOBIYHO HCIOIb3YETCS MPHUPOAHBIH
raz — MeTaH, B TO BpeMs KaK Ha Jja4aX NPUTOTOBJIECHHE NHMIIU IIPOMCXOIUT C UCIOIb30BaHUEM
OyTaHa, IIpollaHa MM MX cMecH. HamuimTe TepMOXMMMYECKHME YypaBHEHHUS PEaKIUil rOpeHus
MeTaHa u mnponaHa. Mcxoas M3 CIpaBOYHBIX JAHHBIX, PACCUMTAMTE, NPU IMOJHOM CrOpaHUU
OZIMHAKOBON MacChl KaKOTO ra3a, MeTaHa WIH HpornaHa, Beiaensercst 6omnbure Termta? Qusp(H20(r)
= 242 xJIx/monb, Qosp(COxry) = 394 k/Ixx/Monb, Qosp(CHam) = 75 xlx/Moib, Quep(CoHer) = 85
kJx/Moib, Qosp(CaHg(ry) = 105 k/Ix/Monb, Quep(CaHiowm) = 126 kIx/MOIb.

Pewenue.
TepMOXMMHMYECKOE yPaBHEHHS TOPEHHS METAHA:
CHy(ry + 205 = COxpy + 2H20(y + Q1
Q1 = Qosp(H20(1) 2 + Qo6p(CO2(r) - Qusp(CHary) = 803 xIox/mons (1 6ann)



CHay + 205y = COyry) + 2H20( + 803 xlxx/Mons (1 6ann)
TepmoxuMHUYecKOe YpaBHEHUS TOPEHHSI ITPOTIaHa:
CsHsqy + 50, = 3COxry + 4H20( + Q2
Q2 = Quap(H20(1) 4 + Qusp(CO2) 3 - Qusp(CaHs(ry) = 2045 k] Ix/Mons (1 6ann)
CaHgr) + 50,1 = 3COyry + 4H20(y + 2045 xIx/Mons (1 6ann)
PaccunTaem, CKOJIBKO TeIUIa BBIICIUTCS MIPH CTOPaHUM | KT METaHa M MPOIaHa.
n(CH4) = 1000 r / 16 r/moib = 62.5 monb (1 b6ann)
Qcropanns(1 Xr CHg) = N(CH4)- Q1 = 62.5 monb-803 xIx/Mons = 50.19 M[Ix (1 6ann)
n(CsHg) = 1000 r / 44 r/mons = 22.7 mous (1 6ann)
Qcropama( 1 Xr C3Hg) = N(C3Hsg)- Q2 = 22.7 monb-2045 xIx/mMons = 46.42 M[Ix (1 6ann)
Qcropams(1 K& CHg) > Qcropamns(1 kr C3Hg) (2 6anna)
CrenioBaTenbHO, OOJIBIIIE TEIIA BBIICIUTCS PH ITOJTHOM CTOPaHHH OJJMHAKOBOM MacChl METaHa.
Omeem.
CHy(py + 2054 = COypy + 2H20() + 803 xIxk/Monb
CsHg(ry) + 50, = 3COypy + 4H20(ry + 2045 x/Ix/Monb

bonpme Tenna BBLACIIUTCS IPU ITOJIHOM CTOpaHun OHHHaKOBOfI MacCChl ME€TaHa.

BapuanT 2. B ra3oBbIX IIMTax MHOTOKBAaPTUPHBIX JOMOB OOBIYHO MCHOJIB3YETCS] MPUPOIAHBIN

ra3 — MC€TaH, B TO BPpEMs KaK Ha JadaxX MHNPUTOTOBJIICHHUE IMHUIIU MPOUCXOJAUT C HUCIIOJB30BAHUEM

OyraHa, TIpollaHa WJIM MX CMECH. Hamuimmre TepMOXMMHYECKHE YPaBHEHHS PEaKIUil TOpeHUs
MeTaHa u OyraHa. Mcxols W3 CIOpaBOYHBIX JaHHBIX, PAacCUMTalTe, MPH MOJIHOM CTOPaHUU
OIMHAKOBOW MAacChl KaKoro rasa, MeTaHa Wim OyraHa, Beinensercs: Oombie Temna? Qogp(H20(r)
= 242 xJIx/momb, Qosp(COxry) = 394 x/Ix/Momb, Qosp(CHamy) = 75 klx/Moinb, Quep(CoHer) = 85
kJx/Moitb, Qoep(C3Hsm) = 105 x/Ix/Momb, Qosp(CaHiowm) = 126 x/Ix/Momb
Omeem.

CHy(y + 2054y = COy(ry + 2H20() + 803 xIxk/Momnb

CsHioq) + 6.505) = 4COx(r) + SH20(y + 2660 x/Ix/Monb

bonpme Tenna BBIJACIIUTCS IIPHU ITOJITHOM CTOpaHUH OHHHaKOBOfI MacCChl ME€TaHa.

3agaua 5. 15 60a10B



Ha mranere Kaccuwones WHOIUIAHETSHE HAy4YWIMCh YIPABIATh 3JCKTPOHAMH M IOJIyYaTh
XUMHYECKHE COCTMHEHUS, UCITOJIb3YsI MAKCUMAIILHOE JIJIS JAHHOTO DJIEMEHTA YHCJIO JIEKTPOHOB.
[Ipy 5TOM cTeneHb OKHCIEHUS JAPYroro SJIEMEHTa MOKET OCTaThCS TPUBBIYHOW JJIsi HAc.
Hanpumep, na mianere Kaccuomess BO3MOXHO IOJIy9€HHE COCIUHEHHSI HATPHUS C XJIOPOM
coctaBa NaClyy, nnm mus sxenesa ¢ kucimopoaom cocrasa FeOqs.

W3BeCTHO, YTO YHCIO aTOMOB TaJIOT€Ha, KOTOPbIE MOTYT IMPHUCOCIUHUTH JIEMEHTBI X U Y
ormuuaercss Ha 4. Ecnmm gms asmementa X TralloreH 3aMEHUTh KHUCIOPOAOM, TO YHCIO
MIPUCOSAMHEHHBIX aTOMOB TajioreHa s Y u kuciopoaa st X OyaeT oTimdaThes Ha 6.

O Kkakux dJIEMEHTax HJET pedb? MOTYT JIM 3TH 3JIEMEHTHI B3aUMOJICHCTBOBATh MEXTy COOOW Ha

mianeTe 3emisd? Eciou MOT'YT, TO HAIIUIIIUTC YPABHCHUC 9TON XUMHYECKOH p€aKkunu

Pewenue.
Yucno 37eKTPOHOB PaBHO MOPSIKOBOMY HOMepy 3neMeHTa. ClieqoBaTeabHO, B MIEPBOM Cllydae
Pa3HOCTh aTOMOB TajJOreHa COBIMAIAET C PA3HOCTHIO MOPAIKOBbIX HOMepoB X U Y. Bo BTopom
YCJIOBUH YHCJIO aTOMOB TajioreHa B JiBa pa3a OoJiblilie yKciia aTOMOB Kuciopoaa. OTcro1a MOKHO
COCTaBUTh 2 YpaBHEHHUS:
X -y =4 (3 6ana)

y - X2 =6 (3 6anna)
(oOpaTHOTO OBITH HE MOXKET, T.K. PA3HOCTh YBEJIUYNIIACh, @ HE YMEHBIINJIACH).
Pemas cucremy, Haxoaum x = 20, Y = 16. DT0 kanbiuii (3 6awia) u cepa (3 6arna).

B3anmonelicTByst Mexay coO0i, oHM 00pa3yroT Cynb(pu KalbLus:

Ca+ S =CaS (3 banna)

Bapuanr 2. Ha muranere Kaccuoness MHOIUIAHETSIHE HAy4YWIIMCh YHIPABISATH JJIEKTPOHAMH H
[OJIy4aThb XMUMHUYECKHE COEAUHEHUs, UCIOJIb3ysd MAaKCUMaJIbHOE Ul JTaHHOI'O HJIEMEHTAa YUCIIO
9JIEKTPOHOB. [Ipy 5TOM CTEneHb OKUCIEHUS APYTOro DJIEMEHTa MOXKET OCTAThCS IPUBBIYHOM [T
Hac. Hanpumep, Ha mianere Kaccromnes BO3MOXKHO NOJIy4EHHE COCIMHEHMS HATPUSA C XJIOPOM
coctaBa NaClyq, nmm miist xxenesa ¢ kuciaopoaom coctaBa FeOqs.

N3BecTHO, YTO YUCIIO ATOMOB TaJIOr€Ha, KOTOPBIE MOT'YT IPUCOECAUHUTH dJeMEHTHl X U Y Ha
manere Kaccuones ornuyaercs Ha 2. Ecin uist anemenTa X rajoreH 3aMeHUTh KUCJIOPOAOM, TO

YHUCJIO IPUCOCTUHEHHBIX aTOMOB TaJIoTeHa Jisl Y W Kucioposa 1t X Oy/IeT OTIndaThbest Ha 5.



O Kakmx 3JIeMEHTax UIeT pedb? MOryT JIM 3TH DJIEMEHTHl B3aUMOICHCTBOBATh MEKy COO0OH Ha
mwianete 3emig’?

Omeem: Mg u Si

Bapuant 3. Ha nnanere Kaccuones nMHONIaHETsSsHE HaydyWINCh YIPABIATh 3JIEKTPOHAMHU U
[OJIy4aTh XMMHYECKUE COCTUHEHMs, UCIOJb3ys MAaKCHUMAaJIbHOE Ul JAHHOIO 3JIEMEHTa YHCIIO
3J1eKTPOHOB. [IpH 3TOM CTeneHb OKHCICHUS JPYroro 3JIeMEHTa MOXKET OCTaThCs MPUBBIYHOM JUIs
Hac. Hanpumep, Ha mutanere Kaccuoness BO3MOXHO IMOJIY4EHHE COSAMHEHUS HATPUS C XJIOPOM
coctaBa NaCly1, nim 1uis sxenesa ¢ kuciopoom cocraBa FeOq3

M3BeCTHO, YTO YUCIIO ATOMOB TaJIOr€Ha, KOTOPbIE MOTYT HPUCOEIUHMUTH 3JIeMeHThl X U Y Ha
mwanere Kaccuones ornuuaercs Ha 13. Ecnu aiis anemenTa X rajloreH 3aMEHUTh KHCIIOPOIoM, a
U1 Y a30TOM, TO YHMCJIO IPUCOETUHEHHBIX aTOMOB KHCIIOpO/a U a30Ta OyaeT orinyarees Ha 10.
O Kkakux syeMeHTax uaeT pedb? MOryT JIM 3TH 3J€MEHThl B3aUMOJIEHCTBOBATh MEX1y COOOM Ha
raHere 3emis?

Omeem: Sc u Se

3agaua 6 15 0a10B

Bapuant 1. Cmech ¢ocdopuctoit u ¢ochopHoil KucIoT 00paboTanyu CTEXHOMETPUUYECKUM
KOJIMYECTBOM #0/1a, HEOOXOAMMOTro s €€ OkucieHus. Ha mocnemayronryro HeHTpamu3aiuio
MOJIY4EeHHOW cMecH (70 moJydeHusi cpenHux coseil) Obuto motpadueno 100 r 4,4% pactBopa
NaOH. Onpenenuts coaepxkaHue KUCIOT B UCXOAHOM cmecHu B Mac%, €CliM Ha HEeUTpaIu3aluio

HCXO/IHOM cMecH ObUIO MOoTpadyeHo 72,7 T pacTBOpa IIEI0UN TaKOH )K€ KOHLIEHTPALUH.

Pemenue. B ncxoaHoi# cMecu OKUCISIETCS TOIBKO (hochopHast KUCIOTa MO ypPaBHEHHUIO:
H3POs3+ I + H,0 = H3PO4 + 2HI (2 6anna)
Takum 00pa3oM B KOHEUHOH cMecH OyayT JBe KUCIOTHI: (ochopHas U HOTOBOJOPOIHAS.
3anuuieM ypaBHEHHSI HEUTpAIU3aui 3TUX KUCIIOT:
H3PO,4+ 3NaOH = NazPO, + 3H,0 (1 6ar)
HI + NaOH = Nal + H,0 (1 6ax)
O0603Ha4MB 3a X — KOJIMUECTBO (ocHOPHOI KHCIOTHI B HCXOJAHOM PACcTBOPE, a 3a Y — KOJIMYECTBO

(bochopucToit KUCIOTHI, MO’KHO COCTAaBUTh TIEPBOE YpaBHEHHE:



3(x+y) + 2y = 0.11 (1 6ann)
VYpaBHeHuUEe peakyii HeUTpaIM3ali UCXOHOM CMECU KUCIIOT MIET0YbIO:
H3PO3; + 2NaOH = Nay;HPO, + 2H,0 (pochopucras kucnora — nsyxocHoBHas!) (3 banna)
HI + NaOH = Nal + H,O (1 6aun)
W3 BTOpOro ycnoBusi MOKHO COCTaBUTh BTOPOE YpaBHEHUE:
3x + 2y =0.08 (1 6ann)
Pemras sty cucremy ypaBHEHUN, HAXOAUM KOJIUYECTBA KUCIOT B UCXOJHOM CMECH:
X =0.02 mons, Y = 0.01 mouns. (1 6bann)
Torma macca KUCJIOT B HICXO/IHOM cMecH:
m(H3PO4) =0,02-98 = 1,96 1, (1 6an)
m(HsPO3) =0,01-82=0,82 1, (1 6ann)
U OIIpeIeSIUM X MAcCOBbIE JI0JIH
o(H3PO4) =1,96/(1,96 + 0,82) = 0,705 (70,5%), (I 6aun)
o(H3PO3) = 0,82/(1,96 + 0,82) = 0,295 (29,5%). (1 6ann)
OtBer: ®(H3PO,4) = 70,5%, w(H3PO3) = 29,5%.

Bapuantr 2. Cwmecs  (docdopHoBatHcTO 1 (ocdopucrtoil  kucior  obpaboTanu
CTEXHMOMETPUYECKHUM KOJIMYECTBOM io1a, HEOOXOMMOro i ee okucieHus. Ha nmocneayromyro
HEUTpaIU3alUI0 TOJYYEHHONW CMeCH (JI0 TIOJIy4eHHUs! CPEeIHUX CoJiel) ObLIo moTpadyeHo 532 T
20% pactBopa KOH. Onpenenuth coaepkaHue KUCIOT B UCXOAHONW cMecH B macc%, €Ciii Ha
HelTpaln3anuo HCXOAHOM cMmecH ObLIO TMOTpadeHo 364 T pacTBopa WLIENOYM TaKOW ke
KOHIICHTPALUH.

Otger: 0(H3POy) = 85,6%, o(H3PO,) = 14,4%.

Bapuantr 3. Cwmecs docdopHoBatucTOi 1 docdopucroil  kucior  obpaboTanu
CTEXHMOMETPUYECKUM KOJIMYECTBOM i0/1a, HEOOXOMMOTo is ee okucieHus. Ha mocneayromyro
HEUTpaTHM3aIMIO TIOJYYCHHON CMeCH (710 TIOyYeHHsI CPETHUX coJiel) Oputo motpadeHo 923 r 5%
pactBopa RbOH. Omnpenenuts copepskaHHe KHCIOT B HCXOMHOW cMecH B Macc%, €CiM Ha
HeHTpann3anuio HMCXOAHOM cMmecu ObuTo moTpadeHo 205 T pacTBopa WLIENOYM TaKOW ke
KOHIICHTPALUH.

Oteer: o(H3sPO3) = 48,2%, w(H3POy) = 51,8%.



3agaua 7. 15 60aa10B

Bapuanr 1. U3

MMPCIJIOKCHHOTO  IMEPCUHSA PCarcHTOB

U KAaTaJIu3aTOpPOB COCTABBTC

CHHTETHYECKYI0 4-X CTaJuiHYyI0 CXeMy TNpeBpalleHuid, oOpaTuTe BHHUMAHHE, YTO OJIUH U3

PEarcHTOB HJIM KaTaJlu3aTOPOB SABJIACTCA JIUIITHHM. OtBeT IpeaACTaBbTE B BH/C 6y1(BeHHOfI

IIOCJICOI0OBATCIIBHOCTH.
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Oteer: HCBDIJFAE — 100%

3a HaNM4YKE B MOCIEAOBATEIILHOCTH 3-X IMOCJIEI0BATEIBLHO OMpEeIeIeHHBIX CUMBOJA 10 25% OT

MaKCUMaJILHOTO OaJra;

e HCB-25%
e BDI-25%
o |JF-25%
e FAE-25%
Pemenue:
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Bapuant 2 U3 npemiokeHHOro IMepeuHsi peareéHTOB M KaTallM3aToOpoOB  COCTaBbTE
CUHTETHYECKYI0 4-X CTaJUMHYI0 CXEeMy IMpeBpalleHuii, oOpaTUTe BHHMaHUE, YTO OJUH W3
peareHTOB WM KaTalau3aTOpPOB sBIsETCS JuIIHUM. OTBET MpEACTaBbTe B BUIE OyKBEHHOM

IIOCICI0BATCIBHOCTH.

A - Ha, Ni E - ~o~NO,

| - HNO3
B - HBr,H,0, F - \/\/ILH
C- NaNO, G- S~ NH,

J- S Br
D - NS H - CHjl

Otser: DBJCEAGHF — 100%
3a HaNM4YKE B MOCIEAOBATEIILHOCTH 3-X IMOCJIEI0BATENBLHO OMpEIeIeHHBIX CUMBOJA 10 25% OT

MaKCUMaJILHOTO OaJa;

e DBJ-25%
o JCE-25%
e EAG-25%
e GHF-25%
Pemenue:
HBr,H,0, NaNO, Hy. Ni CHyl |

N ——— SoBr B ~o~NO2 ~o~oNH ~o~NH



BapnaHT 3. U3 MNPEAIOKCHHOTO IIEPCUHA PCAarcHTOB MW KaTajlu3aTOpOB  COCTABBTE

CUHTETHYECKYI0 4-X CTaJUMHYI0 CXEeMy IMpeBpalleHuii, oOpaTUTe BHHMaHUE, YTO OJUH W3

PCarcHTOB HWJIM KaTaJIu3aTOPOB SABJIACTCA JIMIIHHUM. OrtBer NpeACTaBbTC B BHU/C 6yKB€HHOﬁ

IIOCICI0BATCIBHOCTH.
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Oteer: HCEDIGJFA — 100%

3a HaNM4YKE B MOCIEAOBATEIILHOCTU 3-X IMOCJIEI0BATEIBLHO OMpEIeIeHHBIX CUMBOJA 10 25% OT

MaKCHUMaJIbHOI'O Oaia:

e HCE-25%
e EDI-25%
o IGJ-25%
e JFA-25%
Pemenmne:
HyC—CH,CHs o, o, HO.0 -
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