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Ilosacnumenwvnan 3anucka

Pernonanbueiil 3Tan OnuMmnuaabl MO0 XMMUAM MPOBOAUTCA B 2 Typa. g Tpex BO3pacTHBIX
napameneit: 9-x, 10-x wm 11-x KJaccoB MOJATOTOBIEH OTACIbHBIA KOMIUICKT 3aJaHUi
TEOPETHYECKOTO M IMPAKTUYECKOTO TypoB. B 3amaHue TeopeTHyeckoro Typa BXOAMT S5 3aaad U3
Pa3IMYHBIX PA3/AEIIOB XUMHUU I KaXIO0W BO3PACTHOM Mapaljiesid y4acTHUKOB. [Ipuyem B kaxaom
KOMIUICKTE 3aJaHuil  €CTh TMOOLIpUTENbHBIE W auddepeHuupyomme 3agadd. 3agaHue
9KCIIEPUMEHTAIBHOTO Typa TOCTPOCHO KaK HeOOJIbIIOe HCCieNoBaHue. B HeM comepKuTcs
oApOOHAsT MHCTPYKIUS IS BBITIOJTHEHHSI paOOThl M OMUCAHBI TIPpaBmia O()OPMIICHUS TTOTYICHHBIX
PE3YJBTaTOB.

I[J'II/ITGHBHOCTB KaXA0T0 Typa COCTaBJISICT 5 (HHTB) ACTPOHOMHYCCKHX YaCOB.

PacnpeneﬂeHHe TEMATHUKHU 3a4a4 110 KjracCaM MpEeACTaBJIICHO B Ta0JIHIIE:

3agaua
1 2 3 4 5
Knacc
duznueckas
9 Heopranmueckast Xumus
XUMHS
Oprannyeckast | Pusnyeckas
10 Heopranunueckas xumus
XUMUS XUMHUSA
duznueckas
11 Heoprannueckas xumus Opranuyeckast XUMHUs
XUMHS
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BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuuii 200
3adanus meopemuueckozo mypa

[esamuwtit Knacc
3adaua 9-1
OO0pa3zelr cruiaBa Kajus C €Iie OJHHMM MIeNoYHbIM MeTauioM maccoi 20,00 r oGpaboTanu
n30biTkOM BoAbl. Ilpu 3Tom Bbmenwiocs 2,87 1 rasa (u3mepeno npu 25,0°C u naBneHun
105,00 xITa).
1. Paccuuraiite, Kakoii MeTaJIJI BXOAUJI B CILJIaB C KaJUEM, YUYUTHIBAs, YTO MOJIbHAS JIOJISI HA
OJTHOTO M3 €ro KOMITOHEHTOB He TpeBbimaeT 60 %.
2. PaccuuraiiTe MacCOBYIO JOJIO KaJIHS B CILJIaBE.
3. Paccuutaiite MakcuMaabHyt0 Maccy Fe3Oy4, KOTOPYIO MOKHO BOCCTAaHOBHUTH JI0 JKEIe3a

BBIACIINBIIMMCS I'a30M.

3aoaua 9-2
[Ipu cxuranum B KHUCJIOPOJE HEU3BECTHOTO CepedOpUCTO-0esIoro MpoCTOro BemecTBa A
HOJy4eH >KenToBarelii mopoumiok B (peakuus 1), KOTOpBI pacTBOPWIM B COJISHOW KHUCIIOTE
(peakuus 2). ObpazoBaBumiics pactsop Bemectsa B oxmagunmu go —20 °C. IIpu sToM U3 pactBopa
BBIJIETIMIINCH HIECTUYTOJIbHBIE TNIACTUHYAThIE KPUCTAIIBI BenjecTBa I', KoTOphle IpH HarpeBaHUu 10
KOMHATHOH TeMIlepaTyphl MpeBpaimaroTcs B BemiectBo B ¢ motepeii maccol 38,1 % (peakuus 3).
PactBopumocts B nipu 100 °C cocrasnser 40,6 r B 100 M Bogst, ipu 0 °C — 35,9 r B 100 M1 Boztbl,
npu —20 °C — 30,4 r B 100 M1 BOABL.
1. Onpenenure Hem3BecTHBIE BenlecTBa A — I', HanuIMTe YypaBHEHUsI peakLUi.
2. Cxonmpko TpammoB BemectBa I' moxxkHo momyuuth u3 100 r Hacemmensoro npu 100 °C

pactBopa B myrem oxnaxaenus ero go —20 °C?

3aoaua 9-3
Cepeiit mopomIok Maccoi 18 r mpu HarpeBaHWU pas3iaraeTcs C BBIJEICHUEM raza 0e3 IBeTa
3araxa, KOTOpPOro JOCTaTO4HO A okucieHus 10,8 T mMarHueBod CTpyXKu. TBepnblil OcCTaToK,
00pa30BaBIIMICS MPU HArPEBAaHUH MTOPOIIKA, TPH 00paboTKe BOJON 00pasyeT 2 I TEMHOI0 Ocajka 1
OecuBeTHbIil pacTBop. Ilpu geiicTBum Ha pacTBOp HUTparoM cepebpa Bbimagaer 21,5 r 6emoro
TBOPO’KHUCTOTO OCa/IKa, HEPACTBOPUMOTI'O B KUCJIOTaX.
1. KaxoB coctaB ceporo nopoiika? OTBEeT NOATBEPIAUTE pacyeTaMu.
2. Yto mpou30HIET, eciu OJHY 4YacTh IHOPOIIKAa BHECTH B KOHIEHTPHUPOBAHHYIO COJISIHYIO
KHCIIOTY, a IpYT'yio 00paboTaTh BOAON U MPUIUTH K PACTBOPY XJIOpUIA Le3usi?
3. 3anummTe ypaBHEHHSI BCEX YIOMSIHYTHIX B YCIOBUHU peakiuid (6 peakiuii).

Bce onucannbie IpeBpaliCHUA TPOUCXOAAT C KOJIMYCCTBCHHBIM BbIXOJ0M.
© LITMK BcOIIl o xumun



3aoaua 94

BcOI no xumuu, 1l pecuonanvuwiii sman

2014-2015 yuebnuuii 200
3adanus meopemuueckozo mypa

Jaunbl 1Be cMmecH, KaxJas M3 KOTOPBIX COCTOMT M3 JIByX BeliecTB. Bce 3tu 4 pasznuunbie

BEIICCTBA MOT'YT OBITE IMOJIY4YCHBI U3 OKCHAa HaTpHsd, YIJICKUCIIOrO rasa M BOAbI, 1 Ha3bIBAIOTCA

coJaMu. PaBHBIE Maccel cMecel PAaCTBOPUIIM B PABHBIX o0beMax BOAbI U OTTUTPOBAJIA COJITHOM

KHUCJIOTOM OINpeieeHHON KOHIIEHTPAllUU ¢ UHIMKaTOPOM METUJIOBBIM OPAaHKEBBIM (B IPUCYTCTBUU

KOTOpOTro KapOOHAT OTTHTPOBBIBACTCS 10 YIVICKHCIOTO Ta3a W BOIbI). Ha THUTpoBaHHWE KaxI0TrO

pactBopa ymwio 13,0 M1 HCIL. Ilocie 3Toro aHamoru4Hbie PAcTBOPHI OTTHUTPOBAIN COJISTHOM

KHUCJIOTOM TOM e KOHIIEHTpaluu ¢ ¢eHondTaaenHoM (B 3TOM cllydae KapOOHAT OTTUTPOBBIBAETCS

1o ruapokap6onara). Ha TurpoBanue nepBoit cmecu ynwio 10,7 mut, a Bropoid — 1,5 mit Tutpanra.

3amanmue:

1. HpI/IBeI[I/ITe (bOpMy'J'IBI U HOMCHKJIIATYPHBIC Ha3BaHUA YCTBIPEX BCHICCTB, OTBCHANOLINUX

HU3BCCTHBIM COJZlaM, a TaAKKC TPHUBUAJIBHBLIC HAa3BaHWA CaMUX COJ.

2. YmopsmodbTe TH BEIIECTBA IO BO3PACTaHWIO PH MX BOAHBIX PacTBOPOB PaBHOW MacCOBOIA

KOHLICHTPAI1H.

3. Kakne p€aKuun IIPOTCKAOT IIPpU THTPOBAHHH COJITHOM KHCIIOTOM pacTtBOpa CMECH BCCX

YeThIPEX COJl C METUJIOBBIM oOpamxkeBbM? C QenondTanenHomM? 3anuiuuTe ypaBHEHHUS

peaKkuui.

4.  YcTaHOBHMTE KaueCTBEHHBIM M KOJMYECTBEHHBIN (Macc. %) cocTtaB cMeceil, 0 KOTOPBIX HJIET

peyb B YCIOBUHU 33/1a4H.

3adaua 9-5

3aKOHOMepHOCTI/I B TEIJIOTaX CropaHus ajJKaHOB

MornsipHble TEIUIOTHI CTOPAHMS TEPBBIX YETHIPEX MPEICTbHBIX YITIEBOJOPOJIOB (AJKAHOB)

MPUBECHBI B TAOIHIIE.

Bemectso KI[S(C/T/IP(’)JIB

Metan CHy 800

OTtan C2H6 1500
[Tpoman C3Hg 2200
byran C4Hsg 2900

1. 3anummre YpaBHCHHA IMOJIHOTO CropaHusd 3TUX YITICBOAOPOAOB B KUCJIOPOIC.

2. JIyig Ka)KA0ro BEIIECTBA ONPEIEIINTE YIEIbHYIO TEIJIOTY CrOpPaHMs B pacuére Ha 1 rpamm.

3. IocTpoiite rpaduku 3aBUCUMOCTEH MOJISIPHOM TEIJIOTHI CTOPAHUS U YIEITBbHON TETUIOTHI
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BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuuii 200
3adanus meopemuueckozo mypa

CropaHus aJIKaHOB OT YMCJIa aTOMOB YIJIEpO/ia B MOJIEKyJe yrieBonoposa. [Ipennoxure ypaBHEHUS
JUISL OTIMCaHUS ATUX 3aBUCUMOCTEH.

4. Ilpu cropanuu 4,1 1 mapoB HeusBecTHOro ajnkaHa (u3mepeHo mnpu 60 °C u 1 arm)
BeIIeIIOCh 540 x/[x TeruoTel. Onpenenure Gopmynny ankaHa.

5. OueHuTe 3HA4YE€HUE TEIUIOTHl CTOpPaHMs «aJKaHa», €CIM YHUCIIO aTOMOB YIVIEpOJa PaBHO

HyII0. YeMy COOTBETCTBYET OIY4EHHOE 3HAYECHUE?

© LITMK BcOIIl o xumun



BcOL no xumuu, |1l pecuonanvuviii sman
2014-2015 yuebnuuii 200
3adanus meopemuueckozo mypa

Hecamuwtit Knacc
3aoaua 10-1 .
Xumuueckuid smemMeHT E  mumpoko pacnpoctpaHeH Ha Hamed r1aHere. Ha cxeme
MPEAICTABIICHBl XUMUYECKUE MTPEBPAIICHUS BEIIECTB, COJIEPKAIIUX ITOT JIEMEHT.
Jlononnumenvnasa ungpopmayusn:
BemectBa A u C — OecuBeTHbIC raspl, UX IUIOTHOCTH TMPU HOPMAJIBHBIX YCIOBHUSX DPABHBI
1,432 r/n u 4,647 /1, COOTBETCTBEHHO.
L — GecuBeTHAs KUAKOCTh, ABIMSIINAs HA Bo3ayxe, G — cuibHast KUCIIOTa, BeniecTBo D Bxoaut
B COCTaB FOPHBIX MOPOJI.
Bonpocowi:
1. Hanummmre ypaBHEHMs peakiMii Bcex ykazaHHBIX mpeBpamieHuii. CoctaB Bemects A, C
MTOATBEPIUTE PACUETOM.

2. TlpuBenurte 0JHO HAa3BaHHWE MUHEpAJa, UMEOIEro cocras D.

HCl(p-
A (p-p) B

R
O
i Mg, t

C 2l D_Mat |, g_Cht | |

] 6]
p-p’ 11|t NaOH
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BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuuii 200
3adanus meopemuueckozo mypa

3adaua 10-2

becuBetrHoe kpucTaIIIMYeCKoe CoOeTMHEHUE X1, coAeprkallee MeTayl X, XOpOIlIO PaCTBOPUMO
B Boge. OHO HCHONB3yeTCs KaK peareHT B aHAIUTUYECKUH XuMuU. B 1menodynoit cpeme oHO
npeBpaiiaercs B OuHapHoe coeauHenue Xp (peakuus 1), cogepxariee 6,9 % xuciopoaa mo macce.
ITpu HarpeBanuu X; pasnaraercs ¢ norepei maccsl 36,5 % (peaxuus 2).

[Tpu moGaBneHNM HEOOBIIOTO KOJMYECTBA THOCYIb(aTa HATPHs K pacTBOpy X HaOmromaeTcs
OKpAIllMBaHUE PACTBOPA B KPACHBII IIBET, KOTOPBIN CTAHOBUTCS KPACHOBATO-KOPHUYHEBHIM U Yepe3
HECKOJIbKO MHUHYT BBINAJaeT TEMHO-KOPHUYHEBBIM 0OCaZOK BemlecTBa Xz, COACPIKAILETO B CBOEM
cocTaBe JBa pa3inuyHbIx aHuoHa (peakuus 3). [lpu HarpeBanum Ha Bo3ayxe 1,1 T X3 mo 600 °C
oOpaszyertcs cepslii mopoiok Maccoit 0,9 r (peakuus 4).

1. Ompenenure metami X u coenunenus Xi, Xp, Xs. K kakomy kiaccy coeiMHEHUN OTHOCUTCS
BEIIECTBO X37?

2. 3anuiuMTe ypaBHEHHS BCEX YIIOMSIHYTBIX PEAKIIHA.

3adaua 10-3

Xumuky Konboukuny npucHuiics cod. OH U J1Ba €ro Jpyra Mnomnajiy B CKa304HOE KOPOJIEBCTBO
U UM TNPEACTOUT NPONTH cepbe3HOe HcnblTaHue. OHM CTOAT BO3JE 3aMKa, Y KaXKIOTO B PyKax
nycrasg XUMHUYecKasl CKIIsiHKa. B 3amMke yeTblpe KOMHAThl, OAMH BXOA U TPH BBIXOAA (CM. CXeMy
3aMmka). KonGoukuH ¢ 1py3bsiMHU JOJKHBI BOWTH B 3aMOK UM BBIWTH 4Yepe3 pazHble BbIXobl. Kaxayro
KOMHAaTy OHM MMEIOT IPaBO MPONTH TOJIBKO OXUH pa3. [Ipu 3TOM Haxomsuiuiics B HEM CTPa)KHUK
BBUINBAET B UX CKJISHKU 1o 10 mMi1 TOro pactBopa, KOTOpBIM yKa3aH I 9TOM KOMHATBHI HAa CXEME.
Takum 00pa3oM, Ha BBIXOJE€ B CKISHKE Y KaXJA0ro W3 Apysei Oymer mo 20 mi pactBopa
HEU3BECTHOIO COCTaBa W ¢ HeusBecTHbIM 3HaueHueM PH. Eciau KonOoukuH u ero apys3es He
paccuuTaroT 3HaueHus PH CBOMX pacTBOPOB M HE OTBETAT HAa HEKOTOPHIE APYIHE BOMPOCHI, TO
HaBCErJa OCTaHYTCs B CKA30YHOM KOPOJIEBCTBE U HE BEPHYTCS JTOMOM.

[Tomorure KonboukuHy u ero apy3bsaM MpOUTH HCTIbITaHHE!

YrtoOBI 3TO clenaTh, A Kaxc0020 U3 mpex BApUAHTOB MPOXOJa Yepe3 3aMOK:

1. Hanwumure MonekynsipHoe(ble) ypaBHEHUE(s ) XUMHUECKOM(1X) peakuuu(it),
MpOTEKaoIEH(1X) B CKIISIHKE, U3 KOTOPOTo(bIX) MOKHO YCTAaHOBUTH MOJIEKYJISIPHBIN COCTaB
MPOJYKTOB ATON(MX) peakiuu(it).

2.  PaccuwmraiiTe KOHIICHTpAIUIO(HM) STOT0(MX) MPOIYKTA(OB).

3. OtBerbTe Ha BONPOC, MPOTOTUTHYECKAsI CUCTEMa KaKoro Tuna onpezaenser pH momyyennoro

pacTBopa (KHuciioTa, ocHoBaHue, amponut, OydhepHas cmech)? HamoMHnM, 94TO COTIIaCHO

8
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BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnoii 200
3adanus meopemuueckozo mypa

MPOTOIUTUIECKON TEOPUH, KICIIOTA — 3TO YaCTHUIIA, OTA0IIAsi IPOTOH (MOH BOJAOPOA),
OCHOBaHHWE — YaCTHIIA, TIPUHUMAIOIIAsl IPOTOH, aM(OIUT — YaCTHIIA, CTIOCOOHAS KaK
NPUHUMATh, TaK ¥ OTAABaTh MPOTOH, Oy(epHasi cMech npeAcTaBisieT co00i cMech
COIPSDKEHHBIX KHCIIOTHI M1 OCHOBaHUSI.

Hanummre ypaBHeHue(s1) TucconManuy coiu(eif) U CoKpanieHHOe(bIe) MOICKYIIPHO-
noHHoe(bIe) ypaBHEHHE(s1) paBHOBecHsi(i1), onpeaenstomiero(nx) pH pactBopa.
3anuinuTe BeIpaskeHue(s) 1uist KOHCTAHT(bl) 3TOr0(3TUX) paBHOBeCHUs(i1).

Ouenute 3HaueHue pH pacTBopa B CKISIHKE ¢ TOYHOCTBIO /10 JIECATHIX J0JIei
norapu(MUIECKON ¢TUHUIIBI.

Cnpaesounvie oannvle (KOHCMAHMbL KUCTOMHOCHU OCPHOPHOU Kuciomul):
Kai=6,9-10"

Kan = 6,23-1078

Kd||| = 4,79' 10_13
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BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuuii 200
3adanus meopemuueckozo mypa

3adaua 10-4

CMech Tpex CTPYKTypHO u30MepHbIX ankeHoB A, B u C B u30ObiTke Bomopona oOmImM
obveMom 7,17 11 (H.y.) MPOMYCTUIN HAJl HUKEJICBHIM KaTaJM3aTOPOM NPHU HarpeBaHWH. Peakius
npouuia Ha 75 %, u o0beM cMecu yMmeHbluwica 7o 5,15 n (d.y.). [Ipu nmponyckaHuu ucxoqHON
CMECH Yepe3 CKIISIHKY ¢ U30BITKOM OpOMHON BOJBI aJKEHBI MOJTHOCTHIO TMOTIOTHUINCH, U Macca
CKJIIHKM yBenuuuiack Ha 10,1 .

1. PaccuwmraiiTe cyMMapHbIii 00bEM ATKEHOB B HCXOHOW CMECH.
2. YcTaHOBHUTE MOJIEKYJISIPHYIO (DOPMYITY JIKEHOB.

N3BectHO, uTOo MOjekyiabl C XupalbHbl (COmEpKaT ACUMMETPHUYECKHUN aroM yIiiepona,
uMermmii 4 pasnuunbix 3amectutens), B u C — axupanbsubl. [lpu rugpupoBanuu B IPUCYTCTBHE
karanusaropa (Ho/Ni) A, B u C narot oauu u TOT ke npoaykt D, a npu B3aumoneiicteuu ¢ HBr
OCHOBHBIM IIPOIYKTOM BO BCeX ciyuasix siBisiercs coenunenue E. Ecnu peakuto ¢ HBr mpoBonuts
B MPUCYTCTBHE MEPEKUCH, TO OYIAYT MOIydeHBI TpH pa3HbIX Opomuna Aj, B; u C; cOOTBETCTBEHHO.
[Tpu sTom Opommn B, monydenusii u3 B, B xome o0pabOTKM CIIUPTOBBIM PACTBOPOM CHITBHOTO
OCHOBaHUs — TpeT-OyTuiara Kanus — npeBpaiaercsa B cmecb B u C ¢ npeobnananuem C.

3. Hanwumute cTpykTypHBIE (DOPMYIIBI BCEX COCTUHEHU, TPUBEAUTE CXEMbI PEaKIIUH.
4. Jlns Kakoro M3 ASTHX COEIWHEHUN BO3MOXKHAa reoMeTpuueckas wuzomepusi? Hamummre

HN30MCPbI 1 HA30BUTE UX C UCIIOJIB30BAHUEM Z,E-HOMCHKJ’IaTypI)I.

3adaua 10-5
PasJio:kenue OKCHI0B a30Ta
21,6 T okcuaa azota (V) MONHOCTRIO pasnaraercs B atmocdepe 0,2 Moib KUCIOPOoaa B COCYIE
o0bemoM 10 1 mpu moctosHHOM Temneparype. Ilocie okoHuUaHUS peaklMM JAaBIEHUE B COCYIE
YBEIUYMIOCH B 4 pa3a. B cocyne ycTaHaBIMBaeTCs CISIYIONIee XUMHUYECKOE paBHOBECHE:
2NO + O; &2 2NOs.
1. B kxakom arperaTHoM cOCTOSTHUH (TBEPAOM MJIM Ta3000pa3HOM) HaxonauTcs okcun azora (V)
npu 370l Temneparype? OOOCHYiTE OTBET C MOMOIIBIO pacyéTa.
2.  Omnpenenure creneHb pasznokeHus NO;, MOIbHBIE JONH Ta30B B TOJYyYEHHOW CMECH U
TUIOTHOCTH CMECH TIO0 BOJIOPOJTY.
3. Bo gpyroMm ombiTe B3sJIM WHOE KOJMYECTBO OKcHja azota (V), OCTaJbHBIC YCIOBHS HE
u3MeHunnch. B pesymbprare NyOs pa3nokuics MOTHOCTBIO, a CTeMeHb pasnoxkeHus NO;
cocraBuna 40 %. Cxonbko Monelr NyOs ObUTO B3STO ¥ BO CKOJIBKO pa3 paBHOBECHOE JIaBIICHUE

0Ka3aJI0Ch 0OJIbINIE TIEPBOHAYATILHOTO?

10
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BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuuii 200
3adanus meopemuueckozo mypa

Oounnaouamotii Knacc

3aoaua 11-1

Xumudeckue aeMeHThl X U Y 00pa3yroT MKy co00i 4 OMHAPHBIX COCTUHCHUS.

Coemunenue | o(X), % LBet
A 17,02 OebIi
b 29,09 OebIi
B 45,07 JKENTBIN
r 55,17 | opaHxeBbIi

N3BecTHO, uTo Y 00pa3yeT XJIOopHUa U KapOOHAT, paCTBOPUMBIE B BOJIE.
1. Omnpenenure HEU3BECTHHIE BELIECTBA.
2. Hammmmre ypaBHeHUs B3ammoneictBus A—I ¢ xonoxHoil Bomo# (peakumu 1-4), a taxke
peakuuto BeuiecTB A u B Mmexy coboil (peakuus 5).

3. Kak xumuueckum myreM otianuuTh A oT b (ogHa peakuus 6)?

3aoaua 11-2
Xumuky Konboukuny npucHuics cod. OH U [iBa €ro JIpyra rnonajiy B CKa304HOE KOPOJIEBCTBO

U UM TNPEACTOUT NPOHTH cepbe3HOe HcnblTaHue. OHM CTOAT BO3JE 3aMKa, Y KaXKIOTO B PyKax

nycTasi XUMHUECKasi CKIIsIHKa. B 3aMke MmATh KOMHAT, OJJMH BXOJ M TPU BBIXOJA (CM. CXEMY 3aMKa).

KonGoukuH ¢ 1py3baMU JOJKHBI BOUTH B 3aMOK U BBIUTH uepe3 pa3Hble BbIXOAbl. Kaxayro koMHaTy

OHHM MMEIOT IIPABO MPOWTHU TOJIBKO OAMH pa3. [Ipy 3TOM HaxonAmumics B HEW CTPAKHUK BBUIMBAET B

UX CKIHKHM 1o 10 mMi TOro pactBopa, KOTOpBIM YyKa3aH JUIsl 9TOM KOMHAarbl Ha cxeMe. Takum

o0pa3oM, Ha BBIXOJIE B CKJISIHKE y KaXJoro u3 japyseid Oyner mo 30 mu1 pacTBOopa HEHM3BECTHOIO

cocTaBa U ¢ Heu3BecTHbIM 3HaueHueM pH. Eciin KonGoukuH 1 ero npy3ps He pacCUMTarOT 3HAYSHUS

pH cBomX pacTBOpPOB M HE OTBETAT HA HEKOTOPBIE APYIME€ BOIPOCHI, TO HAaBCETAA OCTAHYTCS B

CKa309YHOM KOPOJIEBCTBE U HE BEPHYTCS JTOMOM.

[Tomorute KonboukuHy U €ro Apy3bsiM OpONTH UCTIbITaHuE!
YrtoOBl 3TO clienaTh, A1 Kaxc0020 U3 mpex BApUAHTOB IIPOXOJA YEPE3 3aMOK:

1. Hanwumwure MoJeKysipHOe(bIe) ypaBHEHUE(s) XUMUYECKOM (1X) peakuuu(it),
IPOTEKAoLIeH(1X) B CKISHKE, U3 KOTOPOro(bIX) MOKHO YCTaHOBUTH MOJIEKYISPHBIH cOCTaB
IIPOAYKTOB DTOM pEaKIUU.

2.  PaccuwnraiiTe KOHIIEHTpAHUIO(K) 3TOTO(MX ) TPOAYKTA(OB).

3. OrtBeTbTe Ha BONPOC, MPOTOJIUTHYECKAs] CHCTEMa KAakoro Tuma ompenenser pH nomydeHHOro
pacTtBopa (KHCIIOTa, OCHOBaHHE, amM(oauTt, OydepHas cmecb)? HamomHuM, 4TO COINacHoO

MPOTOJIUTHYECKOM TEOPUU, KHUCIOTa — 3TO YacTUIA, OTAAIOIIas MPOTOH (MOH BOAOPOAA),
11
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OCHOBaHME — 4YaCTHIlA, MPUHUMAKOIAs MPOTOH, aMQpOIUT — YaCcTHIA, CIOCOOHAs Kak
OpUHUMaTh, TaK W OTAaBaTb NOpPOTOH, OydepHas cmech mpeacTaBIseT CcOOOH cMech
COIPSDKEHHBIX KACIOTHI M OCHOBAHHSI.

Hanummure ypaBHeHue(s1) aucconuanuu coiu(eil) U CoKpalleHHOe(ble) MOJEKYISIpHO-
nonHoe(ble) ypaBHeHHe(s1) paBHOBecusi(i), onpenenstomero(ux) pH pactBopa.

3anuimuTe BhIpaXeHUe(sT) A1l KOHCTAHT(bI) 3TOro(3THX) paBHOBeCHs(i1).

Ouenute 3HaueHue pH pacTBopa B CKISSHKE C TOYHOCTBIO JO JACCATHIX JOJIEH
JOTapUPMHUUECKON STUHHIIBI.

CnpaBouHble JaHHbIe (KOHCTAHTHI KUCJIOTHOCTH (pocopHOii KUCIOTHI):

Kai = 6,9-107° Kan = 6,23-1078 Kain = 4,79-107"3

3aoaua 11-3

CMmech Tpex CTPYKTypHO H30MepHBIX ankeHoB A, B u C B u30bITKE BOmopona oOIMIKUM

obvemMom 7,17 1 (H.y.) TpONMYCTHJIM HAJl HUKEJIEBBIM KaTallM3aTOpOM MpH HarpeBaHwu. Peaxius

npouuia Ha 75 %, u o0beM cMecu yMmeHblnwica 7o 5,15 n (H.y.). [Ipu nmponyckaHuu MCXOTHON

CMCCH YCpPEC3 CKIIIHKY C HU30BITKOM 6pOMHOﬁ BOAbI AJIKCHBI ITOJIHOCTBIO IIOITIOTHIIMCH, M MaccCa

CKJIIHKM yBenuuuiachk Ha 10,1 .

1. PaccuwmraiitTe cyMMapHbIii 00bEM ATKEHOB B UCXOIHON CMECH.
2. YCTaHOBHTE MOJEKYJSIPHYIO (OpMYITy aIKeHOB.

N3BecTHO, uTO Monekynsl C XupanbHBI (COmep)KaT aCUMMETPUUYECKHI aToM YIJIepoia,

12
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umeroumit 4 paznuunbix 3amectutens), B u C — axupanpsl. [Ipu rugpupoBanun B NPUCYTCTBUE
karanuzaropa (Hz/Ni) A, B u C naror ogun u Tot xe npoaykt D, a npu B3aumoneiicteuu ¢ HBr
OCHOBHBIM IIPOYKTOM BO BCeX ciiydasix siBisiercs coenunenue E. Ecnu peakiuto ¢ HBr mpoBonuts
B MPUCYTCTBUE MEPEKUCH, TO OyAYyT MOJIyuyeHbl TpU pa3HbIX Opomuna Aj, B; u C; cooTBeTCTBEHHO.
[Tpu sTom Opomun B, monydenusiii u3 B, B xome oOpabOTKM CIIUPTOBBIM PACTBOPOM CHIIBHOTO
OCHOBaHHMA — TpeT-OyTuiara Kanus — npespamiaercsa B cmecb B u C ¢ nmpeobdnaganuem C.

3. Hanwumute cTpykTypHBIe (DOPMYIIBI BCEX COCTUHEHUI, TPUBEAUTE CXEMbI PEAKIIUH.

4. Jlns Kakoro M3 A3THX COEIWHEHUN BO3MOXKHAa reoMmerpuueckas uzomepusi? Hamummre

HN30MCPbI 1 HA30BUTEC UX C UCIIOJIB30BAHUCM Z,E-HOMCHKﬂaTypBI.

3adaua 11-4
Umoobul obnecuums cmpadanus, oH 68EN ell AGepMmuH
P. Cmaym «C npucrkopouem uzsewaem»
Hanpumep, <Z>, xomopuiii 1ecko docmamo. Eciu eco pacmeopumb
8 KakoM-HubyOb ... HanumKe, OH NOYMuU He 0aém NPUBK)ca
P. Cmaym «Oxonuamenvhoe pewenue»
JlelicTBYIOIIMM BEIIeCTBOM aBEpTHHA SIBJISETCS COCIMHEHHE A, KOTOPOE, KaK U BELeCTBO Z,
MOJYYaloT W3 COCOUHEHWs B, wucmonb3yemoro, Hampumep, B KadecTBe pactBoputens. llpum
o0paboTke B mpocThiM BemecTBoM X, oOpasyercs coequHeHue C, KOTOpOE BOCCTAHABIMBAIOT B A
neiicTBueM u3omnpomnokcuaa amomuans. Eciu peakuuio B ¢ X; mpoBonuTh B IPUCYTCTBHE LIEIOYH,
oOpasyercst coeaunenue D. Ero MoxkHO monyunts Taxoke, ecin C o0paboTarh KpenKou IIeI0ublo.
A xopo1o pacTBOpUM B O€H30JI€ U CIIUPTE U YMEPEHHO B Boje. [Ipu HarpeBaHWM BOAHOTO pacTBOpa
A Boime 40 °C on paznaraercs ¢ otuieruienneM HX u obpazoanunem E. Coenunenue Z (Xoporio
pPacTBOPUMO B BOJIE M CIIUPTE, MaJloOpacTBOpUMO B OeH30J1€e) moyvaroT u3 B npu aeiictBuu apyroro
IPOCTOrO BellecTBa Y, KOTOPOE B NMPHCYTCTBUE ILEIOYM JIaeT coeluHeHue F, aHanorunyHoe mo
cTpykrype coemaunenuto D. Comepxanme snementoB X u Y B coenmuHenusx A, C-F, Z nmano B

Tabuie.

Coenqunenue A C D E F Z
Maccosas nosst X (Y), % | 84,8 | 85,4 |194,9|79,2|89,1|64,4

1. Harummmre crpykrypHbie popmyisl coenunennii A—F u Z, snementsl X u Y. OTBeT o0ocHYyiiTe.
2. Hanumure ypaBHeHue peakuuu npespauienus B B C.
3aoaua 11-5
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Honyqenne CBEPXIUCTOI0 HUKEIH

B Hukenesblii cocyn o0séMom 20,2 1 BBEIM MOHOOKCH] YITIEpONa, JABICHUE KOTOPOTO MPH

temrieparype 30 °C cocrtaBuio 2,0 6ap. Cocyn marpenu no 105°C u 3arem moaiep>XuBajid MpU

MIOCTOSTHHOW TeMIieparype. JlaBnenne Hadyano majarh U B KOHIE KOHIIOB IMOHU3MWIOCH 10 1,0 Gap.

1.

3anumuTe ypaBHEHUE MPOTEKAIONIEH B COCyle pEaklMd M HAWIUTE JABIICHUS BEIISCTB B
IIOJIy4YEHHOU ra30BOM CMECH.

PaccuuraiiTe mIOTHOCTH MOTYYEHHOUW CMECH 110 BO3IYXY.

a) 3anuiuMTe BbIpaXXEHUE JJIs1 KOHCTAHTHl PAaBHOBECHS, YCTAaHOBMBILErocs B COCyle, H
onpenenute e€ 3HaueHue. (MoxxeTre uCnoyib30BaTh JaBICHUS UIH KOHIICHTPALIHMH. )

0) W3menutcs nu 3TO 3HaueHHWe, eciu: a) HadanbHOoe maBieHue CO cocraBut 10,0 Oap;
0) peakius OyeT mpoUCXoauTh rpu Temieparype 90 °C?

[lonyyeHHy0 ra3oBYyI0 CMECh IE€pPEHECIM B Jpyroil peaxkrop, rae Harpenu jgo 250 °C.
CKOJIbKO TPAaMMOB CBEPXYHCTOTO HUKEIIS YIaJI0Ch MOYUUTh?

Ecim ObI ipu TEX ke yCIOBHSX 3KCIIEPUMEHTA COCYT ObUI CIIeIaH HEe U3 HUKEIIS, a U3 CIUIaBa
JKesie3a ¢ HUKeJleM, TO KaKuM ObLI0 Obl KOHeUHOe aaBienue: 6ombiie 1,0 6ap, menbmie 1,0 6ap
win poBHo 1,0 6ap? KpaTko oObscHUTe. YUTHTE, YTO >KeJIe30 IMPH ITUX YCIOBHUIX HE

pearupyet ¢ CO.

14
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[esamuwtit Knacc
amanue: BaMm BBIIAHBI TPH CMECH TBEPIBIX COJEH IO JBE COIM KaXkIas U3 CIIEAYIOLIErO
nabopa: Ba(NOs),, MnCl,, Pb(NO3),, KI, NH4Cl Na,COs. [l onpeaeneHus coieii ecTh 4eThipe
pearenTa. Ha CKJISIHKaX ¢ KHCJIOTOM U IIEIOYbI0 OTCYTCTBYIOT STHKETKHU. VICIIONB3Ys 1Ba M3BECTHBIX
peareHTa, ONpEAEINTE CKISHKH C KHCIOTOM M MIEJI0YbI0, a 3aT€M YCTAHOBHMTE COCTaB KaXIOM
cMmecu. Hanwmmre ypaBHEHMs peakUuil is ONpENCIICHHsS PEareHTOB M II0 OIHOW pPEaKIUH,

KOTOpas NMOATBEPKAACT OTKPBITUE Ka)I(,HOﬁ COJIN.

PeaktuBbi: 2M NH3-H,0, 2M NaOH, 1M H,S0,4, 0,1M AgNO3;, deHondranenHoBas Oymara

(,Z[J'ISI OIIpCACIICHUSA HOHOB aMMOHI/IH), JUCTUIIIIMPOBAHHAA BOAA.

OOopynoBanue: OrOKChl ¢ 3agadamu (2 wT), WTATUB C Npobupkamu (4-5 1T), mIIaress,

najoyka JJisi TMepeMEeIMBaHMs, MPEIMETHOE CTEKJIO, BOJAsHAas OaHs, MUIETKa IJisi oTOopa mpoo,

CTakKaH C BOJOM JJIs IIPOMBIBAHUA ITUIICTKH.

15
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Hecamuwtit Knacc

3ananme: [70oko3a — ONMH M3 BAXHEWIIMX MPEICTABUTENCH Kjacca YIIIEBOJOB —
MIPEICTABIIIET COOOKW OCHOBHOM MPOMYKT (DOTOCHHTE3a M SBIISICTCS I YEJIOBEKA W YKMBOTHBIX
WCTOYHHKOM JHEPTUU JUIsl 00ecredeHuss MEeTa0O0IMIeCKIX MPOIECCOB. BaXKHO yMeTh OmpenemsaTh
COJICpKaHUE TIIOKO3bl B OMOJIOTMYECKUX OOBEKTaX Pa3IUYHON MPUPOABI U (papMareBTUYECKUX
npenaparax.

Bam mpencrout ompenenuTs colnep)kaHUE TIIIOKO3bI B BBIJAaHHOM Bam pacTBope mMeTomom
MIEPMaHTaHATOMETPHUH B COOTBETCTBUU C HIDKCTIPUBEACHHONW METOAUKOW. B MeToauke mpormymieHb
(OpMYITBI HCITOJIB3YEMBIX PEAKTUBOB U IIBETA PACTBOPOB IO U MOcie TUTpoBaHus. [lomymaiiTe, kak
3aIOJIHUTH MPOMYCKH.

PeaktuBbi: KMnO,; pactBop (TouHasi KOHIIEHTpanusi yka3zaHa Ha ckisHke), 0,10 M
Na,Co04, 1 M H2SO,.

QOoopynoBanme: mepHas koi6a oobemom 100 mit ¢ mpobkoi, urnierka Mopa oobemom 10 M

(2 wrt.), pe3uHOBas TpyIIa WM MHIIETATOP, YHCTHIM CyXOW cTakaH oObeMoM 50 MJ, MEpHBIH
nuuHAp oobemom 10-50 My, Oroperka oObeMOM 25 MiI, AJIEKTPOILIMTA WM TiecyaHas OaHs,
KOHUYECKasi TEPMOCTOMKast Ko6a oobemom 100 mit, 4acoBO€ CTEKIIO, PE3MHOBBIE HATAJIBYHHKH.

MeToauka onpeaeJaeHus :

Beinannsiit Bam B MepHOI k0s10€ pacTBOp INTFOKO3bI JOBEAUTE A0 METKH JTUCTUIUIMPOBAHHOMN
BOJIOM, TIIATENILHO MepeMelaiiTe, MHOTOKpaTHO mepeBopaunBas Koily. Orbepure NHUIETKON
AJIMKBOTY pacTBOpa INTIOKO3bl 00beMOM 10 MJI B KOHUYECKYIO KOJIOY JUIsl TUTPOBaHUS (€CIH IIapuK
MUINETKH HE TO3BOJSET MOrpy3UTh KOHYMK IMUIETKH B PacTBOp, IMEpesiedTe 4acTh pacTBOpa B
YUCTBIA CTaKaH, MPEABAPUTEIBHO OINOJOCHYB €r0 CTEHKH HEOOJBLIIMM KOJIMYECTBOM pacTBOpa U
BBUIUB €r0 B CJIUB, U BO3bMHTE aJMKBOTY MUIETKOM M3 CTakaHa). MepHbIM LUIMHIPOM MpHIIEHTE K
pacTBOpy B KOHHMYECKOW kKomoe ~ 10 mu .../mponyck Ne []. 3anonHuTe OIOPETKY PAcTBOPOM
...[nponyck Ne 2], ne 3a0bIB BBITHATh U3 HOCHKA BO31YX, U 100aBbTe B KOJIOY U3 OropeTku To4HO 10
MJI peareHTa. 3aKpbIB KOOy YacCOBBIM CTEKJIOM, HarpedTe MOJyYeHHYI0 CMECh Ha 3JIEKTPOIUIUTKE
WIN TIecyaHol 0aHe M KHUISATUTE B TeyeHHe 3 MUHYT. Bropoii uncToii nunetkoit Mopa n06aBbTe B
ropsiunii  (OynpTe akkyparHel!) pacTtBop TouHO 10 M ...[/mponyck Ne 3]. Topsamii pacTtBOp
HEMEJICHHO TUTPYWUTE PACTBOPOM .../[/nponyck Ne 4] 10 u3MEHEHUsI OKPACKH C .../nponyck Ne 5] Ha
...[nponyck Ne 6]. 3aduxcupyiite pe3ynpTar THUTpOBaHUS B pabouell Terpaau. IloBropute
HKCIIEPUMEHT JI0 MOJYy4YeHUs TpeX pe3yJabTaToB, OTIMYaloumxcss He Oomee yem Ha 0,1 muL

YcpenHute 3TH pe3ynnbTaThl M pacCYMTANTE MacCy TIIOKO3bI, BbIIaHHOW Bam B MepHOI Kooe.
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WTaK, BLINOJHUTE CJAeAVIOIIEe:

1. 3anonnute nmpomycku B Meroguke. OTBET NPeACTaBbTE B BUAE TAOJIULBI HA OMOENbHOM

aucme:
[Tpomyck Ne. | [Ipomymennas popmyna
1
2
3
4
Okpacka
5
6

2. B Bameil pabodyeil TeTpaau 3amMIINTE YpaBHEHUS pPEAKIUi, MPOTEKAOIUX TMpU

OIIPEETICHUY TJTFOKO3HI.
3. OtBeTbTe HaA BONPOC, MOYEMY HEIb3d IPOBOAUTH MPAMOE
MepMaHTaHATOM KaJusi?

4. Paccuuraiite Maccy miroko3sl (T), BblgaHHON BaMm B MepHoii konOe.

17
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Oounnaouamotii Knacc

3ananue:

Yacrs 1

MeTtox nepMaHraHATOMETPUYECKOTO TUTPOBAHUS — 3TO OJUH M3 OCHOBHBIX aHAIMTUYCCKUX
METOJIOB OIPECIICHUS] OTHOCUTEIBHO BBICOKUX COACpPKaHUM pa3Iu4HBIX BoccTaHoBUTENe. OH
OCHOBaH Ha THUTPOBAaHUU BOCCTAHOBUTENIEW MepMaHraHaroM Kanus. IloMuMo BBICOKOM
OKHUCJIUTEJIbHOW CIOCOOHOCTH, Ba)XHbIM JIOCTOMHCTBOM II€pMaHraHaTa Kallusg Kak THUTpaHTa
SIBJISICTCS. MHTCHCHUBHAS COOCTBEHHAs! OKpacKa, YTO CHHUMAeT HEOOXOJAMMOCTh HCIIOJNIB30BAHUS IS
BU3YyQJIM3AllMA KOHEYHOW TOYKH TUTPOBAHUS KAKOTO JIMOO MHIUKATOpAa — TEpBasi JIMIITHSS Karuis
pacTBopa NepMaHraHara MpuaaeT pacTBOPY PO30BYI0 OKpacky. OJHAKO Y 3TOTO OKHCIUTENS €CTh U
HEIOCTaTKU — BO-TIEPBBIX, HEBO3MOXKHO IIPUTOTOBUTH PACTBOP C TOYHO M3BECTHOM KOHIEHTpalUei
KMnO, no HaBecke BemecTBa, a BO-BTOpeix, KMnNO, HeycTOWYWB B pacTBOpE, MOITOMY €ro
KOHIICHTpAIMsl YMEHBIIACTCS C TeUeHHEM BpeMeHW. UToObl m30exarh JaHHOW MpoOiieMbl, Ha
MPAKTHKE MOCTYHAIOT CIEAYIOUIMM 00pa3oM — TOTOBST PAcTBOp MEpMaHraHara ¢ MpPUMEpPHON
KOHIICHTpAIlMei, a 3areM, HEMOCPEACTBEHHO IMepel IMPOBEICHHUEM IEPMAHTaHATOMETPUUYECKOTO
TUTPOBAHUS, MPOBOIAT €0 CTAaHIAPTH3ALUI0 — TUTPYIOT PACTBOP BOCCTAHOBHUTEIS H3BECTHOM
KOHIIEHTPAIIM M PACCUYUTHIBAIOT MOJSPHOCTH IMepMaHraHara. [Ipm 3TOM, €ciM KOHIEHTpalus
BOCCTaHOBUTEJS TaK)Ke HE M3BECTHA, TO MOKHO YCTAaHOBHTH €€, UCIOIb3ysl CTAaHIapPTHBIN PacTBOP
JPYroro OKUCIUTENS.

B mHacrosmieit pabore Bam mpemnaraercsi OCyIIECTBUTh TE€PMAHTaHATOMETPUUYECKOE

onpeneneaue FeSO,.

[Ipexne 4eM MPHUCTYNUTh K SKCIIEPUMEHTAIBHOW 4YacTU pabOThl, OTBETHTE HA HECKOJIBKO
TEOPETUUYECKUX BOIIPOCOB:

1. [louemy HEBO3MOXXHO TPUTOTOBUTH pacTBOP € TOYHO HM3BECTHOU
koHueHtpamen KMnO4 nmo naBecke BemiectBa? OTBET MOATBEPIUTE COOTBETCTBYIOIIUM
YPaBHEHHUEM PEAKIIUH.

2. [Iporexkanue Kakoil XUMHYECKON peakluu OOYCIIaBIMBAET HEYCTOMYUBOCTH
KMnO, B BomHOM pacTBope? 3anumnTe ypaBHEHUE PEaKIUH.

3. JU1g yCIenIHoro OCyIECTBICHHsI IEPMAaHIAHATOMETPUUECKOTO OINPENEICHUS
FeSQO,4, momuMo camoro nmepmaHranara, UCHOJIB3YIOT elle JBa peaktuna. Kak Bwl mymaere,
Kakye 310 peaktuBsl? Beioepute us crmcka: Cry(SO,)3, Fe(SO4)s, H3PO4, HSO4, MgSQOy,
MnSQO,, Na;COs3, NaOH, Na,SO,. Beibop kax1oro u3 peakTUBOB 0OOCHYHTE.
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Yacrtp 2

Hwxe mnpuBeneHbl 1Be MeTOAWKH ompenencHus comepxkanus FeSO,. Hcmonw3ys 3Tw
METOJIMKH, YCTAaHOBUTE TOYHYIO KOHIeHTparuto (Mosb/i1) KMnO,, ucnonszyemoro Bamu B ponm
TUTpaHTa, u conepxkanue FeSOy (T) B BeanHOM Bam pacTBope (MosisipHasi Macca cynbdara xenesa
(1) — 151,9 r/monb). 3anuimuTe MOJCKYSPHBIC yYPaBHEHHS OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIX
pEaKIHii, MPOTEKAIOIIUX B XOJI€ ONPEACTICHHUS.

Peaxkmugoi: ~ 0,01 M KMnQO4, K,Cr,07 (ctana. pactsop), 1M H,SO4 (pactBop Ne 1), 2M
HsPO4 (pacTBop Ne 2).

Oobopydosanue: vepHas koiba oobeMoM 100 MJ1 ¢ BBIIAHHBIM aHAJM3UPYEMBIM PAaCTBOPOM

— 1 wt., npobka st MepHO# KoaObl — 1 1mT., nunerka Mopa Ha 10 mi — 2 mT., pe3uHoBas rpyiia
win nunerarop — 1 mr., 6roperka Ha 25 mit — | 1T., KOHUYECKas Kojaba A TUTPOBAHUS 00bEMOM
100 Mo — 1 —3 mr.

Memoouxa 1

Brigannetii B MepHO# konbe pactBop FeSO4 moBOMST 10 METKH TUCTHILTUPOBAHHOW BOIOH H
THIATEIbHO MepeMennBaloT. B konly mist THTpoBaHUs ¢ OMOIIbIO uneTku Mopa BHocsT 10,00 mu
tutpyemoro pacteopa FeSO,, MepabiM mumuHapoM 106aBisatoT 10 M HySO4 (pactBop Ne 1) u 2 mn
H3PO, (pactBop Ne 2) u Tutpytot pactBopoM KMnO,4 10 nosiBieHus: ycroitunBoii OneaHo-po30Boii
OKpacku. THUTpoBaHUE TIOBTOPSIOT J0 MOMYYSHHS TPEX Pe3yNIbTaToOB, OTIIMYAIONIMXCS HE Oojee uemM
Ha 0,1 mu, »TH pe3ynbrarel ycpenHsior. Konmenrpanuto FeSO, paccuuThiBatoT mo Qopmyre:

5c(KMnO,)V (KMnO,)

c(FeSO,) = V(FesO.)
4

, te ¢(KMnQy) — koutieHTparust tupanta, Moiis/ir; V(KMNO,)

— 3arpaueHHbI 00beM THTpanTa, MiT; V(FESO4) — 00beM aTMKBOTHI aHATM3UPYEMOTO PACTBOPA, MJI.

Memoouxa 2

Briganneiit B MepHOit konbe pactBop FeSO4 MOBOAST 10 METKH TUCTUILTUPOBAHHOW BOIOM 1
TIIATETHHO MEpeMeNTnBaloT. B konly muist TUTpoBaHUS ¢ TOMOIIBIO ueTkH Mopa BHocsT 10,00 mu
tutpyemoro pactBopa FeSO4, mepabIM 1ITHHIPOM Mo0aBistor 10 Mt HaSO4 (pactBop Ne 1) 1 2 mit
H3PO4 (pactBop Ne 2). Ywncroit mumerkoit Mopa BHocsT 10,00 mut ctaraaptHoro pactBopa K,Cr,Oy7,
cMech mepememuBaioT. Uepes 2—-3 muH HenpopearupoBaBimii FeSO, OTTUTPOBBIBAIOT pacTBOPOM
KMnO, no mepexoma OKpacKd W3 3€JI€HOH B CEpPO-CUPEHEBYIO. THTpPOBaHHE MOBTOPSIOT [0
MOJIYYCHHST TpEX pe3ylIbTaroB, OTIWYaromuxcs He Oomee vem Ha 0,1 i, 3TH pe3ynbTaThl
YCPEAHSIIOT.

Pacuer konuentparuu FeSO, npoBoast o gopmyre:

5¢c(KMnQ,)V (KMnG,) +6¢(K,Cr,0,)V (K,Cr,0,)
V (FeSO,) ’
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KOHIIeHTpalus Tupanta, Moib/J; ¢(KoCr,07) — KoHLIEHTpanus CTaHIApPTHOTO PacTBOpa JUXpoMara
kanust, Moib/1; V(KMnO,) — 3arpaueHnsiii o0bem tutpanta, mii; V(K,CroO;) — o0beM ajauKBOTHI

nuxpomara kanust, My, V(FeSO4) — 00beM aTuKBOTHI aHAIM3UPYEMOT'O pacTBOPa, MIL.
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[esamuwtit Knacc

Pewenue 3a0auu 9-1 (asmopul Apxanzenvckas O. B., onowcenko B.J1.)

2K + 2H,0 = 2KOH + H,

PV 105-2,87

2Me + 2H;0 = 2MeOH + Hy v(H,) =-— =
RT 8314.298

=0,122 mons ;

v(merawmoB ) = 2-0,122 = 0,244 monb

M, (cimaBa) =20 / 0,244 = 81,96 r/mons.

[TprMeMm 3a X MOJIBHYIO JTOJTFO KaJIHs, @ HEM3BECTHBIN MeTaJllI 0003HAUUM A, TOTAA:

M(K) x+M(A) - (1 -x) = My, otkyma X =(M(A)—- M)/ (M(A) — M(K))

CorylacHO YCIIOBHIO 33[a4ll MOJIbHBIC JIOJH KOMIIOHCHTOB CMECH HE JOJDKHBI TPEBBIINIATH
60%, ciemosarensuo, 0,4 <x<0,6.

T.K. x>0,4 M(A) > M u M(A) > M(K);

T.K. My > M(K), B cityqae M(A) < Mg, 1 M(A) < M(K), X > 1, gero He MOXeT ObITh

Perum HepaBeHCTBA:

(M(A) — M) / (M(A) — M(K)) > 0,4, cienosatenisno M(A) > (M, — 0,4-M(K)) /0,6 = 110,5
(M(A) — M) / (M(A) — M(K)) < 0,6, creroBarensro M(A) < (Mg, — 0,6-M(K)) /0,4 = 146,3
takuM o6pazom 110,5 < M(A) < 146,3. Dtum ycnoBusiM otBedaer L[E3UIA.

K aHaoru4HOMY BBIBOIY MOXHO MPHITH, PYKOBOJICTBYSICH CIICAYIONMMHU COOOPAKEHHSIMHU:
M(K) = 39,1 r/monb, 3T0 3Hauut, uto M(A) apyroro Mmeramia IO/DKHA OBbITh OOJIbINE
81,96 r/monb. D10 Moxer Obith Rb (M = 85,47 r/mons) mwimu Cs (M = 132,91 r/mons).
Monsipaast macca Rb Omm3ka x M, u ero mons JomkHa ObITh Oonbmie 60%, dTO
MPOTUBOPEYUT YCIOBHUIO. 3HAUUT, BTOPOU METAILIT — [{E3UIA.

MonsHras nons K Beraucistercs mo gpopmyine: x(K) = (M(Cs) — M) / (M(Cs) — M(K))=0,5431
o(K) = M(K) - x/ M., - 100% = 25,9% u »(Cs) =100 — 25,9 = 74,1%

Takke NCKOMBIE 3HAYCHUST MOYKHO MOJYYUTh, PEIIUB CICAYIONICe YPaBHEHHE:

M(K) -y + M(Cs) - (0,244 — y) = 20, Tae Y — KOJTMYECTBO BEIIECTBA KAJIUS B CILIABE.
y =(0,244-M(Cs) — 20) / (M(Cs) — M(K)) = 0,1325 mosnb kamus,

Mosbras gomst kamus coctasisieT ¥ (K) = v(K) / vosw = 54,3%, T.€. 0,4 < % (K) < 0,6,
YTO YIOBJICTBOPSET YCIOBHIO 3a/IaUH.

m(K) = M(K) -y =5,181r, a ®(K) = m(K) / m(crara) * 100% = 25,9%

Fes3O4 + 4H; = 3Fe + 4H,0

v( Fes04) = Yav(Hy) = 0,122/4 = 0,0305 mosnb

m(Fes04) =0,0305-231,5=7,06 T
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Cucmema OUEHUBAHUA.

1. YpaBHeHuUs peakiuii METaJIOB CIIaBa ¢ BOJoN (ypaBHeHus | u 2) 2 Gama
Pacuer uncna moieit Bogopoaa 3 damwa
PacueTsl 1 000CHOBaHME TOTO, YTO BTOPOU METAILT — LIE3UH 6 OaJUI0B

2. PacdyeT MaccoBOM 0OJIM KaJIus B CILJIABE 3 Oamna

3. YpaBHeHHE peaKlMu B3aUMOACHCTBUS OKCHAA XKeJle3a ¢ BOJIOPOIOM 2 Gann
Pacuer maccer Fe30q4 4 6aa

HUTOI'O 20 6aiuios

Pewenue 3adauu 9-2 (asmopwt A. A. Jlpozoos, M. H. Anopees)

1) Cepebpucro-6enoe IpocToe BElIeCTBO CKOpPee BCEro MeTal. B pesysnbrare ero ckuraHus
nojydaercsi coequHeHue Metaia ¢ kucioporoMm (B). IIpogykrom pactBopenus Bemiectsa b B
COJISTHOM KHCJIOTE SIBIAETCS coidb B — xmopupa atoro meramia. M3 Toro, 4ro mpu OXJIaKICHUU
pactBopa comu B oOpasyercs ocamox I', mpu He3HaYMTENbHOM HArpeBaHUM KOTOPOTO OISThH
oOpasyercs coib B, MOXXHO npennonaoxuTs, yto I' — 3T0 KpHcTamoruapar Heu3BecTHOH conu B.
[TpencraBus hopmyny kpuctamtoruapara kak B-xH,O, momydaem

18x/(18x+ M(B))=0,381 unu M(B) = 29,24x.

ITpu x = 1, M(B) = 29,24 r/Mo01b, 4TO MEHbIIIE aTOMHOI Macchl XJI0pa.

[pu x = 2, M(B) = 58,5 r/moib, uTo cooTBeTcTBYeT MOJsipHOM Macce NaCl.

[Mpu x = 3, M(B) = 87,7 r/mons. Conb MOXKET coAepKaTh OJMH aToM XJIOpa, TOTAAa METajll
uMeeT MoJsIpHYto Maccy M = 52 r/monb. OHOBaJIEHTHOTO Takoro MeTayia HeT. [[ng JByX aToMoB
XJiopa B cocTaBe coiau B momyuaem MomsipHyro maccy merauia M = 16,7 r/mMmons. Takoro metania
HeT. Tpu atoma xj0pa He MOKET OBbITh IPH MOJTY4EHHON MOJIsIpHOI Macce B.

CepeOpucTo-6eroe BenecTBo — MeTasut HaTpui. [Ipu ero cxuranuu B KUCJIOPOIE TOTydaeTCs
nepokcu] Hatpusi. Takum oOpasom, A — Harpuii Na, b — nepoxcua narpusi Na,O,, B — xaopun
Harpusi NaCl, I' — nuruapar xaopuaa narpus NaCl-2H,0.

Ypaenenus peaxyuii:

1. 2Na + Oz = Na;0O,

2. NayO; + 2HCI = 2NaCl + H,0,

3. NaCl-2H,0 = NaCl + 2H,0

2) B 100 r nacermenHoro pactopa NaCl npu 100 °C comepsxurcs (100 - 40,6 /140,6) =289 r

coimu. Macca Bonbl coctasisier 100—28,9=71,1 r. [Ipu oxnaxnaenun HacwimenHoro npu 100 °C
pacTBOpa 4YacTh XJIOpHAAa HATpus ocaxnaercs B Buae OezpogHoit comu (m0 0 °C), MOCKOIBKY

JUTUIpaT JErkKo pasnaraercss npu HarpeBaHuu. [Ipm oxnaxaenun no 0°C B 71,1 ¢ Bombl
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pactBopsiercst (35,9 - 71,1)/100=25,5 r xnopuaa Harpus. [lycte U3 pacTBopa BBIACIUTCS X MOJb
NaCl-2H,0, torma 71,1 —36x — macca Bozpl, octaBiuasics B pactBope npu —20 °C. Torma macca
XJIopHJia HaTpus, ocTaBiierocst B pacrBope mpu —20 °C, paBHa 25,5 —58,5x. CoctaBum ypaBHEHHE
Ha OCHOBE pacTBopuMocTH npu —20 °C:

30,4(71,1—36x)/100=25,5—-58,5x,

otkyna x = 0,082 mMomb, unu 7,75r guruapara Xjaopuaa HaTpusl.

Cucmema OUEHUBAHUA.

Omnpenenenue A, b, B, I' o 2 6amna 8 OamnoB
VYpaBuenus peakiuii: 3 mo 2 6amia 6 6auIoB
Pacuer maccer I' 6 OamioB

UTOI'O 20 6amios

Pewenue 3adauu 9-3 (asmopwl A. A. JIpozoos, M. H. Auopees)

1. becusernslif, 0e3 3amaxa ra3, BBIICTSIONIUICS MPU TEPMHUUECKOM DPA3IOKEHUU MOPOIIKA U
OKHCJISIFOIIMN Maraiui — KUCJIOPOI.

2Mg + O, = 2MgO

n(Mg) = 10,8/24 =0,45 momb, 3uaaut N(O,) = 0,225 Mob.

Benblit TBOPOXKUCTBINM OCAIOK, MOIYYAIOIIUICS MPpU IeHCTBUU HUTpaTa cepedpa — 3to AQCl,
ero N=21,5/143,5=0,15 monb. Takum 00pa3oM, B COCTaB CEPOro IMOPOIIKA BXOTUT COJb,
coJieprKaliiasi HeM3BECTHBIM METAJLJI, XJIOp U KUCIOPOJ, KOTOpyro 00o3HaunM kak MClOy.

[Monyaaem n(Cl) : n(0,) =0,15:0,225=1:1,5.

[Tpu HarpeBaHNU BBIIEIECHNE ra3a IPOUCXOAUT M0 PEAKLIUN

MCIO, = MCI + (x/2)O,, Torma 1 : 0,5x=1:1,5; otkyma X = 3.

Paznoxkenuto ObT MOABEPrHYT XJopar. XJopaThl IIENOYHBIX METAIJIOB — OeJible
KpucTajmmiyeckue nopomku. [lo ycioButo, pa3inokeHue Mpouuio KOJIMYECTBEHHO, 3HAUUT, B CMECU
Obu1 Karanuzarop. VICXOmHBIA cepblil MOPOIIOK — CMECh, COZEprKalllas MOMHUMO XJopara elie U
karanu3arop. OcTaBmImiAics TEMHBIH OCAIOK — 3TO M ecTh Karaim3arop, MnO,. Takum obpazom,
macca MCIO3 paBra 18 —2=16T1.

Cepplil OPOIIOK —CMECH XJIOpaTa HaTpus U Kataiuzaropa MnO,.

n(MCIO3) = 16/(M + 35,5 + 48) = 0,15 moub, cnemoBarensHo M = 23,1 . Dto HaTpwHii.

2. 2NaClO3 = 2NaCl + 30, (karamuzarop MnO,)

3. NaCl + AgNO3; = AgCl| + NaNOs
2. Ilpu 06paboTKe ceporo MopoIIka pacCTBOPOM COJITHOM KUCIOTHI OyyT MPOTEKATh PEaKIHH:

4. NaClO3z + 6HCI = NaCl + 3Cl;, + 3H,0
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5. MnO; + 4HCI = MnCl; + Cl, + 2H,0 (BbiaeneHuE rasa)
6. CsCl + NaClO3; = CsClO3d + NaCl (BbInaieHre 6EI0ro 0casaKa)

Cucmema OUEHUBAHUA.

omnpenenenue N(Oy) 2 Gamna
onpenenenue N(Cl) 2 Gaa
BBIBOJ] O TOM, YTO B HCXOTHON CMECH XJIOpAT 4 Ganna
HaXO0XJICHUE MOJIIPHON Macchl Xjiopara 3 bayta

HaIMCaHUE PeaKINil (pa3iokeHUe XJiopara, FrOpeHue Maraus,

peaKkIus C HUTPATOM cepedpa) 3 Gamna
HalKMCcaHUe peaklui ¢ COJISTHOM KUCIOTON — 2 peakiuH 1o 2 daia 4 Ganna
HAIMCAaHUE PEAKIIMA C XJIOPHUIOM IIe3HUS 2 Gana

HUTOI'O 20 GamnosB

Pewenue 3adauu 9-4 (asmopwt Macoyo C., Anspu B.)

1. Vcxons w3 yclnoBHMU 3aqadd, COAbl — OTO HATPHEBBIC COJIM YrOJBHON KHUCIOTBI M HX
TUAPAThI, a TaKKe THIPOKCU] HATPHS, KOTOPBIA MOXKET OBITh MONy4eH M3 OKCHJA HATPHUs U BOIBI.
@opMyibl ¥ Ha3BaHHs YETHIPEX BEIIECTB, OTBEYAIOIIMX H3BECTHBIM COJAM, a TaK)Ke Ha3BaHUS
CaMHX COJI CJIEAYIOIINE:

NaHCOj3; — ruapokapOoHaT HaTpusl; MUILEBast UM MUThEeBas coa

Na,CO3; — kapOoHaT HaTpUs; KaJbIIMHUPOBAHHAS COAA

Na,CO3-xH,O — ruapar kapOonara Harpus; Kpuctamimdeckas coma (IIpumedanue:
JIOITyCKaeTcsl HamucaHue Jiroboro koHkperHoro ruapara: NaCOs-10H,0, Na,CO3z:7H,O wnm
N3.2CO3‘H20)

NaOH — ruapokcua HaTpus; KaycTU4IecKas coaa

2. pH pactBopa TeM BbIlIe, yeM OoiblIe B HEM OyneT KOHIEHTPAIHs THIPOKCHI-WOHOB,
KOTOpasi 3aBHCUT OT CKJIOHHOCTH aHHWOHA K THAPOIH3Y (€r0 OCHOBHBIX CBOKMCTB) W, TPU TPOYHX
pPaBHBIX YCJIOBHSIX, OT KOHIIGHTpAallMM aHWOHA. M3 TpUBEACHHBIX BEIIECTB HAUMEHBIINMHU
OCHOBHBIMH CBOMCTBAMHM XapakTepu3yeTcs TruapokapOoHar Harpus. [Ipu paBHBIX MacCOBBIX
koHneHTpamusax Na;COz u Na,CO3;-xH,O MosipHOCTE pacTBOpa TEPBOTO COCTUHEHHUS Oyner
OoJbiIe (TTOCKOJIBKY OHO MMEET MEHBIIYI0 MOJISIpHYI0 Maccy), mostomy pH ero pacrBopa Oyaer
Boiie. Hakonen, campiM cuiIbHBIM OcHOBaHHMeM siBisieTcst NaOH, mpu 3ToM MOJSpPHOCTBH €ro
pactBopa Oymer emie Ooible, mockoinbky MoisipHas macca NaOH menbmie, yem Na,COsz. Ha

OCHOBAHUU ATUX COOOpaKCHUH TOTYUNUM CICTYIOIIUHA PSI;
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NaHCO; < Na,CO3-xH»,0 < Na,CO3 < NaOH

3. C METUJIOBBIM OpPaHKEBBIM:

NaHCO3; + HC1 — NaCl + CO; + H,0

Na,CO3 + 2HCI — 2NaCl + CO, + H,0O

NaOH + HCI — NaCl + H,O

C dbenondranennom:

Na,CO3; + HCI — NaCl + NaHCO3

NaOH + HCI — NaCl + H,0

4. CpaBHUM OOBEMBI THUTPAHTA, 3aTPAYCHHBIC HA TUTPOBAHUE KAKIOW CMECH C METHUJIOBBIM
opamxeBbiM (Vyo) U ¢ dpeHondranenHoM (Voo). [lockonpKky HHM B OZHOM ciydae HE HMEEM
paBeHcTBa Vo = 2Voo (KOTOPOE BBIMOIHSAIOCH OB MPU TUTPOBAHHUHM PACTBOPA, COACPIKAIICTO
TONILKO KapOoHar), To HeT cMmecH, cocTosmiei u3 Na;COz u Na;CO3-XxH,0. A Tak Kak 1Mo yCJIOBHIO
M3BECTHO, YTO BCE 4 KOMIIOHEHTA B CMECSX Pa3jIMYHBbI, TO, CIICIOBATEIIFHO, HET U CMECH, COCTOSIIEH
n3 NaHCO3; u NaOH. 3Haunt, ogHMM M3 KOMIIOHEHTOB KaK CMeCH 1, Tak M CMecCH 2 SBIISETCS
KapOOHAT HATpHs WIM ero ruapar. YTo ke MpeAcTaBiIseT co00il BTOpOH KOMIIOHGHT cMecH 1 u
cmecu 27

Kak Ob10 cKa3aHO BbIIIE, MPU TUTPOBAHUHM TOJNBKO KapOOHATa HATPUS BBITIOTHSIETCS
cootHommenue: Vyo = 2Vee WK, 9T0 TO ke camoe, Voo = Vmo — Voo. B Toceaaem citydae yieBas
4acTh OTBEUAET 00bEMY THUTPAHTA, MOMISANIEMY Ha TUTPOBAaHUE KapOOHATa JI0 THIPOKapOoHaTa, a
npaBasi — 00beMy TUTpaHTa, MOUIEANIEMY Ha TUTPOBaHHE THAPOKApOOHATA 10 YTOJBHON KUCIOTHI.
O4eBHIHO, YTO €CJIH MOMUMO KapOoHaTa B CMECH MPUCYTCTBYET THAPOKapOOHAT, To OyneM HMeTh
HepaBeHCTBO Voo < Vmo — Voo, @ €CTU B CMECH MPUCYTCTBYET THIAPOKCH]I, KOTOPBIM BMECTE C
KapOoHaToM TUTpyeTcs To ¢deHondTarenHy, To Oymer BepHo obparHoe: Voo > Vmo — Voo
CpaBHuBas 00beMbI TUTPAHTA, MPUBEJACHHBIC B YCIOBUHU 33/1a4H, IPUXOUM K BBIBOJY, UTO B CMECH
1 mpucyrctByer NaOH, a B cmecu 2 — NaHCOs.

OcTtaercsi BBIACHUTH, B KaKOM cMecH CONEp)KUTCSA caM KapOoHaT HaTpus, a B KakoW — €ro
ruapar. UtoOsl 3TO cienarh, 0003HAYUM KOMITOHEHT cMecH 1 3a Xj, a KOMITIOHEHT cMmecH 2 — 3a Xo.
Torna, ecnu kouueHTparuo HCl (Mosb/11) IpUHATH paBHOM ¢ (TOYHAS BEIUYMHA KOHIICHTPAIIMK HE

HMCECT 3HAUCHU, TAK KaK U3 PaACYCTOB BUJAHO, YTO KOHICHTPALUSA coxpamaeTc;I), TO:

2v(X,) + v(NaOH) =13c
v(X,) +v(NaOH) =10,7c
, TJIe V — KOJIMYECTBO BEIeCTBa (MMOJIb).
2v(X,) +v(NaHCO,) =13c
v(X,) =15¢

Otcroma maxomuMm: v(X;) = 2,3c; v(NaOH) = 8,4c; v(X2) = 1,5¢; v(NaHCO3) = 10c. Torma
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Macchl cMmeceil (Mr) BeipazsTcs kak: Mp = M(X3)2,3c + 40-8,4c, m, = M(X3)'1,5¢c + 84-10c.
[TockonbKy MO YCIOBUIO Mj =Mp, MPUPABHIEM TMpaBble YaCcTH ATHUX BBIPAKEHUH U TOCIE
HECITOKHBIX TpeobpaszoBanuii monyunm: 2,3M(X1) = 1,5M(X;) + 504. Ecin npusste X, = Na,CO3
(M(X2) = 106), To momyanm M(X;) = 288, uro OIM3KO K MOJISIPHOM Macce JeKaruapara KapooHara
Harpus Na,CO3-10H,0.

Takum o00pa3zoM, paccMarpuBacMble CMECH HMMEIOT CIEAYIOUINA KadyeCTBEHHBIH COCTaB:
1) NaOH + Na,CO3-10H,0; 2) NaHCO3 + Na,COs.

Brrancianm MaccoBble JOJIN KOMIIOHECHTOB:

40-84C 10096 -338%,
286-2,3c+40-8,4c Cwmecs |

»(Na,CO, -10H,0) = 66,2 %

0 ®(NaOH) =

) o(NaHCO,) = — 3410 16006 — 8410,

106-1,5¢ +84-10c Cmecs |1
»(Na,C0,)=159%

Cucmema OUEHUBAHUA.

dopmynsl BemecT — 4 o 0,5 6anna 2 Ganna
Ha3BaHM BemecTB — 4 mo 0,5 Gamra 2 Gamra
HaszBaHus con — 4 o 0,5 Oamna 2 Oamna
KaX/1asl [IpaBUJIbHO yIopsioueHHas (1o Bo3pactanuto pH) mapa cocennux 1,5 Gamna

4iieHoB psga — mo 0,5 6anna

KaXJ10e ypaBHEHHE peakuuu — 5 o 0,5 6anna 2,5 Ganna
Ka)K/IbI MPAaBHJIBHO OTHECEHHBIN KOMITOHEHT cMecH — 4 1o 1,5 6anna 6 6aimioB
pacdeT MaccoBO# J07u KOMIIOHEeHTa — 4 1o 1 Gamty 4 Gamna

HUTOI'O 20 6amnos
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Pewenue 3adauu 9-5 (asmopwr Kapzos C. H., Epéwun B. B.)

1) YpaBHEHUS cropaHus YIIIEBOAOPOJIOB B KHCIOPOIE:

CH;+20,=C0; +2H,0

CHs+350,=2C0O,+3H,0  (wm 2CyHg + 70, =4CO; + 6 H,0)

C3Hg +50,=3CO0O; +4H,0

CsH1o+6,50,=4C0O, +5H,0  (mmm 2 C4Hjp + 130, =8 CO; + 10 H,0)
2) TerutoThl cropanus Ha 1 TpaMM yIiieBOIOpOa:

Q1 =800 x/I»/momb / 16 r/monb = 50 kJx/T

Q2=1500 xIx/momb / 30 r/momb = 50 kJx/T

Q3=2200 xIx/momnb / 44 v/monb = 50 kJIx/T

Q4=2900 xIx/Moab / 58 r/moab = 50 xJx/T

3) I'pauiku:
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MoutsipHBbIE TEIUIOTHI CTOPAaHMs AJIKAHOB JIMHEHHO 3aBHCAT OT 4YHCIAa aTOMOB yIIIepoJa B
mosekyne. [Ipu yBennyeHun umciaa atomMoB Ha 1 Temora yBenuuuBaercs Ha 700 k/[x/mMonb.
YpaBHeHuE:

Qcrop(n) = 100 + 700n (xdx/mois).

OObscHeHne: KaxJas MOocenyromas MoJIeKyja ajlkaHa OTJIMYaeTcsl OT Mpelblaylied Ha
rpynny CHj, u kxaxxgast Takas Tpynna BHOCHUT NPHOJM3UTENBHO OAMHAKOBBIM BKJIaJ B TEIUIOTY
CropaHusi.

VYrnenpHass TemjaoTa CropaHusi aJKaHOB B IIPEJENax TOYHOCTH JI@HHBIX IIOCTOSIHHA H
coctasisier 50 kJ[x/T. YpaBHeHHeE:

Qyremn = 50 KK/

4) HaiiieM MOJISIpHYIO TEIUIOTY CTOPaHUsl HEU3BECTHOTO aJIKaHa:

v(CnH2ns+2) = PV/RT = 101,3-4,1/ (8,314-333) = 0,15 mounb

Qcrop = 540/ 0,15 = 3600 k[Tx/Moub

27
© LITMK BcOIIl o xumun



BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuwuii 200
Pewienue 3a0au meopemuueckozo mypa

100 + 700n = 3600

n =35, dopmyna ankana — CsHj, (menran).

5) CormacHo HOHy‘ICHHOﬁ JIMHEHHOMN 3aBUCUMOCTH, TCIUIOTA CropaHuAa IJis1 HYJICBOI'O 4YHCJId

aTOMOB yIJIepojia paBHa

Q(0) = Q(1) — 700 = 100 kJHK/MOJE.

HOJIY‘-ICHHOG OICHOYHOC 3HAa4YCHHUC COOTBCTCTBYCT CIrOpaHHUIO BOAOpPOAd, ITOCKOJIBKY

eciu BeruecTh U3 CH, rpynimy CHo, To momyuutcs Ho.

Cucmema OUEHUBAHUA.

1.
2.

VYpaBHeHus peakiuii — o 1 6amny 3a KaxJ10€ MpaBUILHOE YpaBHEHUE
Tennotsl cropanus Ha 1 ' — 1o 1 Oamy 3a KaXkJ10€ MPaBUILHOE 3HAYCHHE
[IpaBunbHbIH Tpaduk — mo 2 6ana,

3a KaXk10€e MpaBUIbHOE YpaBHEHUE — 110 2 Oaiia

3a npaBUIIbHBIN pacy€T TEIUIOTHI cropaHusi— 1 Oam,

3a MpaBWJIbHOE ompeaeneHue Gpopmysbl ankana — 1 Gamn

3a mpaBWIIbHOE 3HaYeHHE — 1 6amn

3a MpaBWJIbHBIN OTBET Ha Bompoc — 1 6amn

UTOro

28
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4 dauta
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2 bayuta

2 Oamia

20 6amoB
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Hecamuwtit Knacc

Pewenue 3aoauu 10-1 (asmop Honxcenko B. 11.)

1. BemectBo B o06pa3syercs npu B3aumopaeicTBuu mpocroro BemectBa E ¢ Mg, T. e. umeer
coctaB MgyE, nmamee »To BellecTBO pearupyer C KUCIOTOM MpuU 3TOM oOpasyercs ras. Takum
obpaszom, ra3 A oOpaszoBan 3nemeHToM E u Bomopomom (MgyE + 2xHCI = xMgCl, + HyE). U3
IUIOTHOCTH Ta3a MpH H.y. BBIYKCISAEM €ro MoJspHyro wmaccy: M=d-Vy=1,4323-224=
32,08 r/moinb, uTo cooTBeTCTBYET SiH4, M0 MoMsApHOI Macce moaxoaut Takxke NoHy, ogHako B crimy
OCHOBHOTO XapakTepa 3TOT0 COCAMHCHHSI OHO HE MOXET OBITh IMOJNy4EHO JEHCTBUEM COJISTHON
KHCJIOTHI.

D oGpa3yercst mpu B3auMoneiCcTBUU A ¢ KUCIOPOAOM, U3 4ero cienyet, uro D ckopee Bcero
SIBIISIETCSL OKCHJIOM.

[Tpu B3ammoneticteuu D ¢ F,, oOpasyercst dropun nnm okcodropun (T. k. D o6pazyercs npu
B3aumojeiicteuu ¢ O), ero mossipHas Macca: M =d - Vy=4,647 - 22,4 = 104,09 r/moinb. brnuskue
Mostsipabie Maccel umerotT RbF, ZnF,, SiF4,POF;. Onnako RbF, ZnF, — TBepabie coeMHEHNS B CHITY
noHHOro xapaktepa cBsizu. POF; He momxomut, T. k. B aToM ciydae E — ¢ocdop, B — pochun
maraus, A — ¢pochun, a D — HPOg3, 310 Bs3Kas TUTPOCKOTIMYHAS KUJAKOCTh HE MOXKET BXOIUTH B
COCTaB TOPHBIX TTOPOT.

Takum o6paszom, anemenT E — kpemuwii, B — Mg,Si, A — SiH4, D — SiO,, C — SiF,.

[Ipu B3aumozeiictBuu Si C xiopom obpasyercs xiopun SiCly (L). Kpemuuit pearupyer c
IIeJI0YaMU C BBIJICJICHHEM BOiopoja u odpazoBanueM cuinkara (1), «KpeMHueBas KUCIIOTa OYeHb
crabas 1 Jierko BeITecHseTcs u3 coserd B Buae SiO2-XH,0 (H). CpoactBo kpemHUS K GTOPY BEIUKO
U TUIPATUPOBAHHBIA OKCHUJ pAcTBOpSETCS B IJIAaBUKOBOM KHUCIOTE C 0OOpa3oBaHUEM
rekcapTopkpeMHueBoit kuciotsl H,ySiFg (G).

A B C D | E L G H I
SiH4 | M@,Si | SiF4 | SiO; | Si | SiCls | HaSiFg(p-p) | SiO2-xH20 | NaySiOs

Ypaenenus peaxyuii:

1) Mg,Si + 4HCI = SiH4 + 2MgCl,
2) SiH, + 20, = SiO; + 2H,0

3) Si + 2Mg = Mg,Si

4) Si0; + 2F, =SiF4 + O,

(B Xome 3TOM peakIMy BBIACIACTCS OOJIBIIOE KOJUYECTBO TEIIOTHI, modtomy OF; B ycroBmsx
peakimu 00pa3oBaTbCsi HE MOXKET, T. K. TEPMHUUECKH HEYCTONUHUB)

5) SiO, + 2Mg = Si + 2MgO
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6) Si + 2Cl, = SiCl,

7) SiF4 + 2HFp.p) = HoSiFep-p)

8) Si + 2NaOH + H,0 = Na,SiO3 + 2H;

9) Na,SiO3 + 2HCI + (x — 1)H,0 = SiO,-xH,0 + 2NaCl

(SiOz, H,SiO3 wmum H4SiO; — HeBepHO, T. K. B YCIOBUSIX pEakIUu 00pasyercs CMecCh
MMOJIMKPCMHUCBBIX KI/ICHOT)

10) SiO2-xH20 + 6HF (5.p) = H2SiFspp) + (X +2)H0

11) SiO2-xH20 = SiO; + XH20 ras)

CxeMa npeBpalieHuii:

SiH. « HCl(p-p) Mg:Si
,

2]j0:

HF, NaOH
e
I

v

"
H:SiFs %iSiOz’tzOoﬂ%ﬂ-ﬁ Na:SiOs

2. Munepansl umeronue coctaB SiOp — KBapil, KPUCTOOAIUT, CTPUILIOBUT, TPUAUMHT, KOICHUT,

TOPHBIN XPYyCTallb U MHOTHE JIpyTHE.

Cucmema OYeHueanrnusd.

VYpaBuenus peakuuii 1-11 no 1,5 6amna, 16,5 6amioB
Pacuer monsipHoii maccsl (A, C) mo 1,5 6amna 3 Gamna
Ha3zBanune MmuHepana 0,5 6amnma

HUTOI'O 20 6ammosB

Pewenue 3adauu 10-2 (asmopwr A. A. JIpozoos, M. H. Anopees)

1. Tlo ycrnoBuro 3amauu coenvHeHHe X; MOXET ObITh okcuaoMm Mmetaia X. OOmas dopmyrna
okcuyia metaiuia XOy, Toraa CrpaBeyIuBO COOTHOIICHHE

93,1/M(X):6,9/16=1:n; (1)

rae M(X) — monsipaast macca metayuia u N = 0,5; 1; 1,5; 2; ... TIpeo6pa3sys (1), momyuum

M(X) = 215,9-n u pu n = 0,5 monygaem M(X) = 107,9 r/M0J1b, 4TO COOTBETCTBYET MOJISIPHOIA

Macce cepeopa.
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X —Ag, X5 —Agzo.

HarpeBanue coseii cepeOpa 00bIYHO MPUBOAMT K BOCCTaHOBJICHUIO MeTauia. Torma M(X;) =
M(AQ)/(1—0,365) =170 r/mMoib. DTO COOTBETCTBYET MOJISIPHOM Macce HHUTpara cepedpa, KOTOpoe
HIMPOKO UCTOIB3YETCS B AaHATUTUYECKOW XUMHUH.

Cepslif TIOpOIIOK, 00pa3ylomUiics MPU HarpeBaHUU X3 HA BO3AYXE — ATO METATHYECKOE
cepedpo. B 1,1 r X3 conepxkurcs 0,9 r cepebpa. B pacuere Ha 1 Monb cepebpa MonsipHas Macca X3
=(108-1,1)/0,9=132 r/mMonb. MOXHO MPEANOIOKNUTb, YTO X3 COCTOMT TaKK€ H3 CEpPbl H
kuciopoga. Torma 132 = 108 + 32/2 + 16/2, To ecth npocteimas dpopmyna Xz — AgS1201, nmm
Ag,SO. DTO MOKET COOTBETCTBOBATh CMEIIAHHOM COJIM ABYX aHHOHOB — cynb(humaa u cyibdara
(cynbpuTa TamM OBITh HE MOXKET, TaK KaK CYJIb(HUTHI pasiaralorcs KHCIOTaMH, a B PEAKIUU
00pa3oBaHUs CONM IPOUCXOAUT BbIIETIeHHE KHUCIOTH) coctaBa AgonSx(SOs)y. CoorercrBue

opyrro-popmyne Ag,SO Bo3zmoxkuo ipu N =4, X = 3,y = 1. X3— AgsS3SOs..

X-Ag
X1 — AgNOs
X5 —Agzo

X3z —AgsS3SO4
2. YpaBHEHUE peaKIIMii:
1. 2AgNO3 + 2NaOH — Ag,0 + 2NaNO3 + H,0
2. 2AgNO3 — 2Ag + 2NO; + O3
3. 8AgNO3 + 3Na,S;03 + 3H,0 — AgsSsSO4d + 2Na,SO,4 + 2NaNO3 + 6HNO3 mitu
8AgNO3 + 3Na,S,03 + 3H,0 — 4Ag,SOY + 2Na,S0,4 + 2NaNO3 + 6HNO;
4. AgsS3SO,4 + 20, — 8Ag + 4SO,

Cucmema OYeHueanrnusd.

1. Omnpenenenne X u X; — 1o 2 6anna 4 bamna
2. 3aompenencaue Xo 2 Gaiuta
3. 3aompexnenenue npocrenmieit Gopmyisl X3 2 Gamna
4. 3a4 ypaBHeHUs peakiuii — o 2 6anxna 8 6amoB
5. 3a ycTaHOBIIEHHE TOYHOTO COCTaBa X3 3 Oama
6. 3aorHeceHune X3 K CMENIaHHBIM COJISIM 1 Oamn

HUTOI'O 20 6amios
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Pewenue 3a0auu 10-3 (asmopwl Ansipu B. B., Apxanzenvckas O. B., Emenvanos B. E.)

Ilo ycnoBuro 3agauu B KaKIOM M3 3-X CllydaeB IIPOMCXOIUT JABYKpaTHOE pa30aBlieHHE BCEX

B€OICCTB B CMCCH.

Boixoo 1
1.
MOJIB/JI H;PO, + 3KOH = K3PO, + 3H,0
Bruto 0,05 0,15
ITpopear. 0,05 0,15
Ocr., oOpas3. 0 0 0,05

2. Monsipuas kornentpanus KsPO, pasaa 0,05 Momb/m.
3. PO437 — OCHOBAaHUE.
4. K3PO4 — 3K* + PO,>

PO, + H,0 = HPO;” + OH~

_[HPO{ J[OH"] _[HPO; J[OH ][H"] _ K, _ 107"

3. Kr 3- 3- + - -13
[PO; ] [PO; 1[H"] Kegn 4.79-10

=0,0209

6. M3 ypaBHEeHMs paBHOBECHs CIIEAYET, YTO KOHIIEHTpAllUU NMPOAYKTOB THUAPOIU3A PABHBI MEXKIY

co0oit u PpaBHBI KOHOCHTPALUH TPOTUAPOIN30BABIINXCA HOHOB COJIH. OTCIOI[aZ

K _[HPO J[OH]  [OHJ?
" [POJ]  C.-[OH]

IMycts [OH ] =x, Torma:
0,0209(0,05 —x) = x*;
x?+0,0209x —0,001045=0

x = 0,024 (0,044 He moaxomuT)
pOH =—1g0,024 = 1,62,
pH=14-162=1238~12,4
*[IpuHuMaeTcs U pelrreHue 0e3 yuera BKjaa MPOrHapOIH30BaBIINXCS HOHOB COJIH.
Ho nockosbky 3neck crenens rugpousa h = [OH ]/C(K3PO,4) = 0,024-100/0,05 =48 %, 3a oueHKy
snadeHust pH B aToMm ciyuae naercs 0,5 Gana.

K _[HPO; J[OH] [OH T
" [PO¥1 0 C

C
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[Mycts [OH ] =x, Torxma:
0,0209-0,05= x*
x=0,032
pOH =—1g0,032 = 1,49,
pH=14-1,49=12,49~125

Bvixoo 2
1.
MOJIB/T H;PO, + KOH = KH,PO, + H,0
Bewto 0,05 0,07
ITpopear. 0,05 0,05
OcT., 00pa3. — 0,02 0,05
JAJIEE
MOJIB/JI KH,PO, + KOH = K;HPO, + H,O
Bruto 0,05 0,02
ITpopear. 0,02 0,02
OcT., 00pa3. 0,03 - 0,02

HNnu CYMMApHOC YpaBHCHHUC:

MOJIB/TI 5H;PO, + 7KOH = 3KH,PO, + 2K,HPO, + 7H,0
bruto 0,05 0,07

IIpopear. 0,05 0,07

Ocr., 00pas. - — 0,03 0,02

2. Monspuas xonnentpamus K,HPO, paBna 0,02 mons/n. Momsipaas konteHTpanus KH,PO,
pasHa 0,03 monb/1.
3. bydepnas cucrema. B oartoii cucreme K;HPO4 (HPO) UTPaeT poJIb COIPSKEHHOTO
ocuoBanus, a KH,PO, (H,PO4 ) — poitb cOnpsiyKeHHOM KUCTOTHI.
4. KH,PO; — K" + HoPO,~

K;HPO, — 2K* + HPO,*
PaBHoBecue, cps3biBatoniee kuciaoty HoPOs ¢ conmpsbkeHHBIM ¢ HEil OCHOBaHUEM HPO,* B BosHOM

pacTBOpe, MOKET OBITh 3aIMCAHO U KaK JUCCOMHUALINS, U KaK THAPOJIH3:
nucconmanug: H,PO, = H' + HPO,>
TUAPOIIH3! HPO42_ + H,0 = H,PO, + OH

* [IppyHUMaeTCs 3aMuch JIF0OOTO U3 3TUX PABHOBECHI

5.k, _IHPOLIH'] \ _ [H;POL]IOH ]
[H,PO;] [HPO} ]

* IlpuHuMaeTcst 3amuch 000 U3 3TUX KOHCTAHT (T. €. pacueT MOKHO BECTH IO JI0OOMYy U3 2-X
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pPaBHOBECHI U, COOTBETCTBEHHO, KOHCTAHT.
6. PaBHoBecHas koHueHTparus auruapodocdar-uonos pasHa Cyv(KH,PO,;) 3a  BeryeToM
KOHIIEHTPAINK TIPOIMCCONMUPOBaBIIX noHoB HoPOy, , xoTopas, B cBolo ouepens, paBHa [H'], u
Itoc KoHueHTpanust noHoB HoPO, , koTopsie 00pa3oBaInch 3a CYET THAPOIM3a HPO427, paBHas
[OH"]. Ananornuno, koHuenTpamus noros HPO,* yBenmunBaercs Ha BenmuuHy, pasuyio [H'], u
yMEHbIIIAeTCs Ha BeIMuuHY, paBHyto [OH ].
KoncranTa paBHoBecHoro nporecca (Kg = 6,23+ 1078):
_[HPOII[H] _[H']-(C.+[H']-[OH]) [H']-C
" [HPO]  CHI+[OH]  C

: [H+]: Kdu_K

K C

0|0

C C
H=—lg[H']=-lgK =& = pK+Ig K =<
p g[H"] gC p gC

c K
q)aKTI/I‘-IGCKI/I, MBI BBIBCJIM YPAaBHCHHC FGHIIepCOHa, KOTOPOC MOXXHO HMCIIOJIb30BaThb HAIPsAMYIO, HC

3arpayrBas BPpEMCHHU Ha €TI0 BbBIBOA.

C 0,02
H=pK,, +lg—=<=-196,23-10° +Ig—— =7,205-0,176 = 7,0
PH=PKqyy gC g9 9003

K 1

Ecnu pacder BecTu 110 ypaBHEHMIO THPOJIN3a, TO CHaYas1a Hajo paccuuTarsb K.

- - - - + -14
Kr — [HZPO4]E?H ] — Kr — [H2P04]E?H ][H ] — KW — 10 ~ =1,60510—7
[HPO; ] [HPO; J[H"] K,, 6,23-10
C 0,03 _ _
pOH=pK_ +Ig CK =6,79+Ig m =6,79+0176 =6,97 pH=14-6,97=7,03=7,0
Boixoo 3
1.
MOJIB/JI H;PO, + 2KOH = Ky;HPO, + 2H,0
Beuto 0,05 0,1
[Ipopear. 0,05 0,1
OcT., 00pa3. - - 0,05

2. Monspaas koHnentpauus K;HPO4 pasna 0,05 momb/m.
3. K;HPO, sBasieTcst, contacHO MPOTONMTUYCCKON TeOpHH, aM(OIUTOM, T. €. aHHOH 3TOW COJIN
MOXET TMpPOSBIATH CBOWCTBA KHUCIIOTHI (OTJaBas TNMPOTOH) M CBOMCTBA OCHOBaHUS (IMPHHUMAs

IIPOTOH):

4. K,HPO, — 2K* + HPO,>
HPO,> = H" + PO, HPO,* — kucioTa.
HPO42_ + H,0O = H,PO4 + OH  rumponus, HPO42_ — OCHOBaHUE
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- - -14
[H,POJOHT] K, 10 oo,

[HPO? ] K, 62310°

_ [H71[POY ]

5. Ky = = = 4,79-10°%, K, =
[HPO; ]

6. K. >> Ky (Oostiee ueM Ha 5 MOpSIAKOB), 3HAYUT MBI MOXKEM paccuuThiBaTh pH 1o paBHOBECHIO

THIPOIHN3A.

k - [H:POJIOH] _ [OH ]’
" [HPO*]  C,-[OH]

ITycts [OH ] = X, Torna:
1,6-107-0,05-1,6 - 10 x=x?
x*+1,6-107x-8-107=0
x=8,94-107
pOH =—1g x=4,05; pH=14-pOH =9,95 ~ 10,0
*MOXHO CUUTATh U 110 YIPOIICHHON dopmyre:

K _[H,PO;][OH] [OHT
T [HPOX]1  C

Torma [OH ]=/K. -C, =+/1,6-107-0,05 =8,9-10°, pOH =4,05, pH = 9,95 = 10,0

Cucmema OUEHUBAHUA.

Breixox 1 | Beixon 2 | Beixog 3
Ne Urto oneHuBaercs
OauTb

1 | VYpaBHenue(s1) peaxuu(ii) 0,5 1 0,5
2 | IIpomykT(BI) M KOHIIEHTPALIUU TPOAYKTA(OB) 0,5 1 0,5
3 | Tun cucremsbl 1 1 15
4 | YpaBHeHHE(s1) IUCCOIHAIINN 0,5 1 0,5

VYpaBHeHMe(s1) paBHOBECHUS 0,5 1 1
5 | Beipaxenue(s1) 1151 KOHCTAHT(bl) paBHOBECUS 0,5 1 1

CpaBHEeHHUE KOHCTAHT U BBIBOJI 1
6 | Onenka 3naueHust pH 10 gecaTeIX nonei gorapudm.en. 1,5* 1,5 1,5

UTOT'O 20 6ammoB

*Ecnn peHicHuc oe3 yu€Ta BKJaaa IMPOruapoIM30BaBIINXCSA MOHOB COJIM, TO 3a OLICHKY 3HAYCHUA

pH naercs 0,5 Gamna.
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Pewenue 3adauu 10-4 (aemop C. I baxmumn)

1. Jlnist ynpoIieHust pacyeTra COCTaBUM Ta0JIUIly, 0003HAYMB Kak @ — O0mMi 00beM aJKeHOB B

HCXOHHOﬁ CMCCH:

V, n CnHon + H, —  ChHone2
Bewio a 7,17 —-a 0
Berynuno B peaknuro  0,75a 0,75a 0,75a
[Tocne peakmuu 0,25a 7,17 — 1,75a 0,75a

Koneunsrit 00beM cmecu = 0,25a + (7,17 - 1,75a) + 0,75a = 5,15. Torma a = 2,693 n ~ 2,7 1.
2. M(CnHyn) = 10,1/(2,7/22,4) = 84, T0 ecth MonekyJsipHast hopmyiia CeHio.
3. Monekynsl C copepkaT aCUMMETPHYCCKHI aTOM YIJIepojaa, TO €CTh aTOM C YETHIPhMS

pasabiME 3amectutensmu. [[ist anmkenoB CgHi2 93TO BO3MOXKHO JIMIE st 3-MEeTHIIIIeHTeHa- 1!

/ﬁ’/\ c

ITpu runpupoBanuu C npeBpamiaercs B 3-MeTuinenTaH. CyliecTBYeT €llle TOJIbKO 2 CTPYKTYpHO

M30MEPHBIX aJKEHA, TAK)Ke 00Pa3yoIIKX 3TOT MPOIYKT B X0/1€ THIPUPOBAHUS:

/ﬁrfﬂ\ Ho/Ni /YD\
T

Ha ocHoBanuu pesynbTara B3auMoJeHCTBUSI ankeHOB ¢ HBr neBo3moxkHo paznuuute A u B,
MIOCKOJIbKY, COTJIACHO YCJIOBHIO, OCHOBHBIM IMPOJIYKTOM B PEAKIUSAX BCEX TPEX YIJIEBOJOPOJIOB
spisiercst Opomua E. Onnako B3anmoaeiicteue ¢ HBr B mpucyrcreue nepekncu (ROOR) nmporekaer

MPOTUB IpaBuiia MapKOBHUKOBA U IPUBOJUT K OOpa30BaHUIO Pa3HBIX IPOIAYKTOB:

HBr/ROOR
/ﬁ/\ . BrVﬁ/\
C Cq
Br/ROOR Br
/\r’ﬁ\ L»
HBr/ROOR

Y =

Bpomug C1 non aeiictBuem ocHoBanus otiervisier HBI, npespamascs oopatao B C. TouHo Tak

xKe, B TpeTheM BapuaHTe oTmieruieHne HBr Bo3MOXXHO eMHCTBEHHBIM CIOCOOOM ¢ 00pa3oBaHHEM
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ucxoaHoro ankeHa. CienoBarenpHo, 3To coenuHenne Al. Dnumunuposanrne HBIr Bo3Mo)kHO 1ByMs

IIyTSIMU TOJIBKO JUJISL IPOJYKTA BTOPOM PEAKLIUU:

a
Br — N\
t-BuOK
—b> /Y\

[Iytb a — 3T0 OOBIYHOE SIMMHHHpPOBAHHE MO MpaBwmiy 3aineBa. OH NPUBOIUT K 0Opa30BaHUIO

ucxoaHoro ankena. [yte b — anumunanpoBanue «o I'opmany». [Iporekanue JITMMHUHUPOBAHUS 110
ATOMY IyTH OOBSACHSAETCS TEM, UTO mpem-OyTHIIAT Kanusg — 00beMHOe ocHOBaHue. [loaToMy aTaka
Ha 0oJjiee cTepuyecku JOCTYIHBIN aroM Bojopoaa CHjz rpynmsl npoTekaeT ObICTpee, 4eM aTaka Ha

MeHee TOCTyHbINA Bogopos rpymisl CH. UTak, CTpyKTypbl COeAMHEHMIA:

OcHoBHoO# mpoaykT B3aumozencteus A, B u C ¢ HBr umeer ctpykrypy:

Br
/\1/E\

OT0 pe3ynbTaT O0O0BIYHOro 3nekTpoduiabHOro mnpucoenuHenuss HBr x A wim B no mpasuiy
MapxosuukoBa. U3 C coenunenue E nonydaercs B pe3yiapTaTe NeperpynnupoBKH IEepPBOHAYAIBHO

o0pa3yroierocss BTOpHUHOro KapOOKaTHOHA B 00Jiee yCTOMUMBBIA TPETUYHBIN:

H* ©) Br Br
/w/\ /\(\ I /%\ N /\‘/\
(] E
4. T'eomeTpuvecKHe U30Mepbl BO3MOKHBI [ B!

~ X

E-3-meTunneHTeH-2 Z-3-MeTuUnneHTeH-2
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Cucmema OUEHUBAHUA.

1 Pacuer oObeMa aKeHOB 2 Gamna
2 YcraHOBIIEHHE MOJICKYJISIPHON (hOPMYJIbI aJIKEHOB 2 Gamna
3 Crpykrypusie popmyibl coennaernii A—E — o 2 6amta. CTpyKTypHBIS 13 6ammoB

dbopmynel coeuaennit A;—Cp — o 1 6amry

4 TlpaBunbHoe yka3zanue coequHenus B — 1 Gamn. /IBa nu3omepa c 3 Gamna
NPaBUIBHBIM Ha3BaHUEM — 110 | 0auty 3a KaXabli (€CIIU €CTh H30MEPHI, HO
HET Ha3BaHUs C UCHOJb30BaHueM E/Z-nomenkarypsl, To o 0,5 Gaia)

HUTOI'O 20 6amos

Pewenue 3aoauu 10-5 (Epémun B. B., Jlucuuwvin A. 3.)

1. Ipu nmomHoM paznoxennu 21,6 (0,2 moinb) N2Os:
2N,05 — 4NO;, + O,
obpasyercs 0,4 moms NO; u 0,1 moiie Oy, Bcero B cmecu craio 0,7 MOJIb Ta30B (BKJIFOUAsi UCXOTHBIC
0,2 moms Oy). Jlaxe ecu 661 Bech NO, 3arem paznoxuiicst Ha NO u Oy:
2NO;,; — 2NO + Oy,
TO 00IIee KOJIMYECTBO Ta30B cocraBmwio Obl 0,9 Moib, Ha camMoM Ieiie — MeHblne, Tak kak NO;
paznaraercsi oOpaTumo.
[To ycnoBHrO, KOJTMYECTBO Ta30B MOCTE PEAKITUN YBETUIHIOCh B 4 paza. Eciu 661 N2Os 0BT
ra3om, TO B KOHEUHON CMECH JIOJDKHO ObLIO OBl comepskarbes 1,6 MONb Ta30B, YTO HEBO3MOXKHO.

CrnenoBarensHo, ncxomabiid NoOs ObUT TBEPIBIM.

2. B xoHeuHol paBHOBecHOU cmecu conepxkutcs 0,2 -4 = 0,8 monb razos. [IycTs X MoNb
NO; pa3inoxuiocs:
2NO,; = 2NO + Oy,
TOrJa COCTaB paBHOBecHOU cmecu — cieaytommid: (0,4 — X) momb NO,, X moie NO u (0,3 + x/2)
moiib O,.
(0,4-x)+x+0,3+x/2=0,8.
x =0,2. Cocras cmecu: 0,2 mosb NO; (25 %), 0,2 mosie NO (25 %), 0,4 moas O (50 %).
CpenHsist MOJISIpHAsI Macca CMECH:
Me, =0,25-46 +0,25-30 + 0,532 = 35 r/mob.

[TnoTHOCTH cMecH 1o Bogopoay: Dyp = 35/2 = 17,5.

3. Ilpu yBennuennu ucxonHoro konuyectBa NpOs B KOHEUHOW PaBHOBECHOH CMECH CTaHET
Oosble BEIIECTBA, OJHAKO KOHCTaHTa paBHOBecHs paziokeHuss NO; He mamenurcs. Ilockoibky
00bEM cocyna B 000HMX Cllydasix OIMHAKOBBIA, KOHCTAHTY PABHOBECHSI MOXKHO BBIPA3UTh HE Uepes3

PaBHOBECHBIE KOHIICHTPALIMH, 4 YePE3 PaBHOBECHBIE MOJIU. B 11iepBom orbITe:
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_ v(NO)*v(0,) _ 0.22-0.4 _

= > ~~ =04,
v(NO,) 0.2

[Tycte mcxomnoe kosmmdecTBO N2Os BO BTOpoM ombiTe OBLIO & MOJb, TOIJA IOCIE €ro
IIOJTHOTO PA3NIOKEHUsS B cocyze coaepskanock 2a moiab NO; u (a/2 + 0,2) mone O,. 3arem 2a-0,4 =
0,8a monb NO; paznoxunocs Ha NO u O, u B paBHOBECHOU cMecH Moayduiaock: 1,2a monb NO,,
0,8a mons NO u (0,5a + 0,2 + 0,4a) = (0,9a + 0,2) mons O,. IloacTaBiseM >TH PaBHOBECHBIE
KOJIMYECTBA B KOHCTAHTY PAaBHOBECHS:

_ v(NOY’v(0,) _ (0.8a)"-(0.9a+0.2)
~ W(NO,)? (L2a)°

a = 0,778 mons. B xoneunoit cmecu coxepxkwurcst 1,2-0,778 = 0,933 moms NO,, 0,8-0,778 =

=04.

0,622 mons NO 1 0,9-0,778 + 0,2 = 0,9 monb O, Bcero — 2,455 Mok, JlaBiieHre YBEIHMYUIOCH 110
CpaBHEHHIO ¢ NIepBOHa4YaIbHBIM aaBienuemM O, B 2,455/ 0,2 = 12,3 paza.
Omeemui.
1. B tBEpiOM.
2. 110 25 % NO u NO3, 50 % O,. ITmotHOCTH IO BOTOpOIY — 17,5.
3. 0,778 moms N2Os. B 12,3 pa3za.

Cucmema OYeHueanrnusd.

1. YpaBuenue peaxiun paznokeHust NoOs — 1 Gamn
Pacuer koHEUHOTO KOJTMYECTBA MOJICH B cirydae TBeporo u razoodpasznoro N,Os — 2 Gaa,
OTIpe/ieNIEHUE arperaTHOro COCTOSIHUS — 2 Oasa.
Hroro: 5 6anos.
2. Pacder KOHEUHOTO KOIMHM4YecTBa Mosiel — 1 Gamn
Omnpenenenre paBHOBECHOI'O COCTaBa CMECH B MOJISIX — 3 Gaia
Pacuer MospHEBIX moieli — 1 6amn
Pacuer Bbixona — 1 Gamn
Pacuer mioTHOCTH 110 Bomopoy — 2 Oana
Hroro: 8 6a10B.
3. BeipakeHue /Ui KOHCTAHTHI Yepe3 MOJIH WM KOHIIEHTpaIwu — 1 6ast
Pacuer urcneHHOTO 3HaYeHUsT KOHCTAHTHI B TIEPBOM OITBITE — 1 Gat
Omnpenenenne paBHOBECHOTO cocTaBa uepe3 rucxonHoe koinmaectBo NoOs — 2 Gamna
Pacder ucxomnoro xommaectsa N,Os uepe3 KOHCTaHTY paBHOBecHs — 2 Oaiia
Pacuer oTHOIIEHHsT naBiIeHU — 1 Oat
Hroro: 7 6a10B.

Bcero 20 6a10B

Oounnaouamolit Knacc

Pewenue 3adauu 11-1 (asmopwt A. A. pozoos, M. H. Anopees)
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1. Xunopun u kapOoHar snemMeHTa Y PacTBOPUMBI B Bofe, T. €. Y mienoyHoi metami. K orBery
MOYKHO TMPUATH AHAJIWTUYECKH, 3HAs, YTO IIEJOYHOW METalll HpOSBISIET €AMHCTBEHHYIO
HOJIOXKUTEJIBHYIO CTENEeHb OKHCIeHMs. Takum o0pa3oM, A OTBEYaeT COEAMHEHHUIO, B KOTOPOM
HEMeTallll HAaXOIWTCS B OTPHUIATENbHOM cTeneHu okucieHus. Maccoas ot Y B Al o(Y)
=100 - ®(X)=100—17,02=82,98 %.
[IpencraBuB ¢popmyny coenuHenus B Buae MpX, 11e N — BaJICHTHOCTh HEMEeTala,
npu M=7 (Li) m n=1; X=(7/0,8298)—7=1,43 r/ monb
n=2; X=((7-2)/0,8298) -7 - 2=2,87 r/moib
n=3; X=((7-3)/0,8298) -7 -3=4,31 r/moip
npu M =23 (Na) u n=1; X=(23/0,8298) —23=4,72 r/ monp
n=2; X=((23-2)/0,8298) — 23 - 2=9,44 r/monb
n=3; X=((23-3)/0,8298) — 23 - 3=14,15 r/monp
mpu M =39 (K) u n=1; X=(39/0,8298) —39 = 8,00 r/moib
n=2; X=((39-2)/0,8298)—39-2=16,00 r/M0jIb YTO COOTBETCTBYECT
JIBYXBaJIEHTHOMY KHCJIOPOZY.
n=3; X=(39-3)/0,8298 —39 - 3=24,00 r/moib
nepebopom, noiaydaeM X — kuciopos, M — kamuii, n = 2.
Taxum o6paszom, X — kuciaopos, Y — Kaaui.

A — Kzo, b - KzOz, B - KOz, | KO3.

IIo Apyromy CHOCO6y N3 JaHHBIX 3a4a4Yd MOXHO pPACCUUTATh HWHIACKCHI B (I)OpMy.]'IaX

HCHU3BCCTHBIX COGI[I/IHCHHﬁ.

o(X)% | ©o(Y)% | o(X)/o(Y) | o(X)/o(Y)/0,205 | o(Y)/o(X) | o(Y)/wo(X)/0,813 | dopmyna
A | 17,02 | 82,98 0,205 1 4,875 6 Y X
b | 29,09 | 70,91 0,410 2 2,438 3 YX
B | 45,07 | 54,93 0,820 4 1,219 1,5 Y X,
I' | 55,17 | 44,83 1,231 6 0,813 1 Y X3

OO6mmit coctaB coequnennii A—I" MoxkHO 3anucarh Kak Y nXp. Takke MOKHO MPEAMOIOKHUTH,
9T0 M U N OTHOCHUTENBHO HeOombinue umcna. [lompoOyem ux ompenenuth. CHavana HaiaEM
maccoByto gomo Y. Jlanee paccuntaem yactHbie ®(X)/o(Y) 1 o(Y)/o(X) u pazgenum ux Ha
HavMeHbIIee WX HHUX. OCTaNOCh TONBKO TIOMHOXHTH M COKpPAaTUTh 5 W 7 CTONOLBI, YTOOBI
MOJTYYHJINCh Pa3yMHbBIE COOTHOIIEHHsI MHACKCOB. Paznenum cronber; 7 Ha 3 W MOMy4yUM YHUCIIa

(2, 1, 1/2, 1/3), a cronGerr 5 ua 2 u nmonyuum (1/2, 1, 2, 3). To ecTb, HapuMep, B COSAUHEHUH A
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mn=2,an/m=12um=2,n=1. ®opmyna A — Y,X
2. Peakiuu ¢ Bonoii:

1)K,0 + H,0 = 2KOH

2)K;0; + 2H,0 = 2KOH + H,0,

3)2K0O; + 2H,0 = 2KOH + H,0; + O,

4)4KOj3 + 2H,0 = 4KOH + 50,.

5)2KO0; + 2K;0 = 3K;0;

3. Otmmunth A 0T B MOXHO 1O OKHCIICHHIO paCTBOPOM b MOKHCICHHOTO pacTBOpa MO

Kayus (BBIJCJICHUE U0JIa) WK TT0 00ECIBEUMBAHUIO MTOJAKUCICHHOTO pacTBOpa NepMaHraHara

Kalaus:

68.) 2KI + Ky05 + 2H,S0,4 = I, + 2K5S04 + 2H50 W
66) 5K,0; + 2KMnO4 + 8H,S0O,4 = 6K,S0,4 + 50, +8H,0 + 2MnSO,

Cucmema Quenusanusi:

Omnpenenenue BeNIeCTB, Mo 2 6aia 3a Kaka0e U3 4 BemecTB 8 Gannos
VYpaBHeHus peakuuii: mo 2 6asia (B3auMoeicTBre ¢ Boaoi 1 A + B) 10 6amnoB
PacniosnaBanue A u b 2 Gamna

HUTOI'O 20 6amios

Pewenue 3adauu 11-2 (aesmopul Anspu B. B., Apxanzenvckas O. B., Emenvsanos B. E.

IIo YCJIOBUIO 3a/la4 B KaXXJI0OM H3 3-x CJIY4acB NPOUCXOOUT TPCXKPATHOC pa36aBneHI/Ie BCEX

B€HOICCTB B CMCCH.

Boixoo 1
1.
MOJIB/TI HsPO, + 2KOH = Ky;HPO, + 2H,0
Bruto 0,1 0,2
[Ipopear. 0,1 0,2
OcT., 00pa3. - 0,1

2. Monspnas konuentpauus KoHPO,4 pasna 0,1 Mosnb/m.
3. KoHPO4 siBasiercs, cormacHO MPOTOJIMTHYECKONW TEOpUH, am(oIMTOM, T. €. aHHOH 3TOH conu

MOKET NPOSBISTH CBOWCTBAa KHCIOTHI (OTAaBas MPOTOH) M CBOMCTBA OCHOBaHMS (MpUHUMAs
MIPOTOH):

4. K,HPO, — 2K* + HPO,>
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HPO,> = H'+PO,> HPO,% — kucora.

HPO42_ + H,O = H,PO4 + OH  ruaponus, HPO42_ — OCHOBaHHUE

_[H1PO; ]

dhi [Hpoi_] H '

= =1,6-10""
[HPO? ] Ky 6,23-107°

6. K. >> Kjj; (Oonee yem Ha 6 MOPSAKOB), 3HAYUT MBI MOXEM PacCUUTHIBaTh pH Mo paBHOBECHIO

TruapoJum3a.

k - [HPOJIOHT] _ [OH
" [HPO*]1  C,—[OH]

ITycts [OH ] = X, Torna:
1,6-107-0,1-1,6-10 'x=x°
X*+1,6-10x—-1,6-10°=0
x=1,26-10"
pOH=-lgx=3,90; pH=14-pOH=10,1
*MOXKHO CUMTATh U TIO YIIPOILIEHHON (hopmyIie:

« _[H:POJIOH]_[OH T

' [HPOi’] C.

Torza [OH 1=K -C, =4/1,6-107-01=1,26-10*, pOH = 3,9, pH = 10,1
Boixoo 2
1.

Mons/n HPO, + 3KOH = Kj3PO, + 3H,O

BrLio 0,1 0,3

IIpopear. 0,1 0,3

Ocr.,00pa3. 0 0 0,1

2. Monsipaas konuentpanust KsPO, pasna 0,1 moms/i.
3. PO437 — OCHOBAaHMUE.

4. K3POs— 3K + PO,
PO, + H,0 = HPO,” + OH"

_[HPO{ I[OH"] _[HPO; J[OH ][H'] _ K, _ 107"

5. Kr 3- 3- + - -13
[PO; ] [PO; 1[H"] Kegn 4.79-10

=0,0209

6. 13 ypaBHEHHs paBHOBECHs CIIEAYET, YTO KOHIICHTPAIUU MPOAYKTOB THUIPOJU3a PaBHBI MEXIY

co0OM M paBHBI KOHIICHTPALIUU MPOTHAPOIM30BABIINXCA HOHOB conu. OTcrona:
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K _[HPO; J[OH]  [OHY
" [PO¥]1  C.-[OH]

ITycts [OH ] = X, Torna:
0,0209(0,1- x) = x?
x* +0,0209x — 0,00209 = 0
X = 0,036 (-0,057 e moaxoamr)
pOH=-1g 0,036 =1,44, pH=14-1,44=12,56~12,6
*TIpuHEMaeTCs | pelieHre 0e3 ydera BKIaaa IpOrHIpOIM30BaBIINXCS HOHOB COJIH:
Ho mockonbky 3aech crenenb ruaponusa h = [OH ]/C(K3PO,4) = 36 %, 3a oreHky 3HaucHus pH B

3TOM ciydae gaercs 0,5 Ganna.

K - [HPO; J[OH"] [OH T
T [PO¥]1 C

[Mycts [OH ] = x, Torna:
0,0209-0,1= x>

X =4/0,00209 = 0,046

pOH =—1g 0,046 = 1,34, pH =14 - 1,34 = 12,66 =~ 12,7

Bvixo0 3
1.
MOJIB/JT HsPO, + KOH = KH,PO, + H)0O
Bbruto 0,1 0,16
[Tpopear. 0,1 0,1
Ocrt., 00pa3. - 0,06 0,1
JAJIEE
MOJIB/JT KH,PO, + KOH = K;HPO, + H,O
bruto 0,1 0,06
[Tpopear. 0,06 0,06
Oct.,, 0o6pa3z. 0,04 — 0,06

Wnu cymmapHOe ypaBHEHHE:

Mounb/n 5H;PO, + 8KOH = 2KH,PO, + 3K,HPO, + 8H,0
bruio 0,1 0,16

[Tpopear. 0,1 0,16

Ocr.,00pas3. — — 0,04 0,06

2. Monspuas konuentpanus KoHPO, pasaa 0,06 mons/n. Monsipaas konuentpanust KH,PO, paBna
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© LITMK BcOIIl o xumun



BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuwuii 200
Pewenue 3a0au meopemuueckozo mypa

0,04 Mo/
3. Bydepnas cucrema. B atoii cucteme KoHPO, (HPOS) WUTPAET POJib COMPSIKEHHOTO OCHOBAHMUS,
a, KH2PO4(H2PO4 ) — poitb CONPSHKCHHOM KMCIOTHI
4. KH,PO, — K* + H,PO4
K;HPO4 — 2K* + HPO,*
PaBHOBecue, csizpiBatomiee kucioty HoPO,4 ¢ conpsikeHHBIM ¢ Hell OCHOBaHUEM HPO42_ B BOJTHOM

pacTBOpe, MOXKET OBITh 3aIIMCAHO M KaK JUCCOIMALIMS, U KaK THIPOJIN3:
auccommanms: HoPO, = H' + HPO427
rugpomns; HPO,Z + Hy,O = H,PO, + OH™

* [IpuHMMaeTcs 3anuch JIF000To U3 3TUX PAaBHOBECUI

5.k, _[HPOLIH'T | [H;PO,][OH ]
[H.PO;] [HPO; ]

* [IpuHuMaeTcs 3amuCh JIFOOOH M3 3TUX KOHCTAHT (T. €. pacueT MOXKHO BECTH IO JIIOOOMY U3 2-X
paBHOBECHUI U, COOTBETCTBEHHO, KOHCTAHT).

6. PaBhoBecHas koHueHTpaius auruapodocdar-uonos paBHa Cy(KH,PO,;) 3a BeryeTOM
KOHIIEHTPALMK TPOAMCCONMUPOBaBIUX HoHOB HoPOy4 , KoTopas, B cBOIO odepenb, paBHa [H'], u
ILIIOC KOHIEeHTparus noHoB HoPO, , kKoTopsie oGpasoBaiuch 3a cuer rugponusa HPO,? , pasHas
[OH]. Ananornuno, koHueHTpamms noroB HPO,> yBenmunBaercs Ha BenmumHy, pasayio [H'], u
yYMEHbIIIACeTCs Ha BeIHYuHY, paBHyto [OH ].

KoHncranTta paBHOBecHOTO Mporiecca (Kgy = 6,23 1078):

_IHPOLJH']_[HIC+HI-[OH] HIC. oy G
[H,PO,] C,—[H']+[OH] C C

K C

@)

C C
H=—lg[H']=-lgK == = pK+Ig K =<
p g[H"] gC p gC

c K
q)aKTI/I'-IeCKI/I, MBI BBIBCJIM YPAaBHCHHEC FeHJIepCOHa, KOTOPO€ MOXHO HMCIIOJIB30BaTb HAIpPsAMYIO, HE

3aTpayrBasg BPpEMCHHU Ha €T0 BBIBOM.

C. 0,06
pH=pK,, +Ig C_ =-196,23-10° +1g 004" 7,205+0,176=7,4
- - - - + -14
Kr — [HZPOA]E?H ] — }(r — [H2P04][2(?H ][H ] — KW — 10 = :1,605'10_7
[HPO; ] [HPO; 1[H'] K,, 6,23-10

C 0,04
OH=pK,. +1lg—==6,79+1g—=6,79-0,176 =6,614
p PK-+1g o g 0.06

C H
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pH=14-6,614=739=74

Cucmema oyenusanus .

Ne YT0 o1ieHMBAaETCI Breixon 1 | Beixon 2 | Beixox 3
0asbl

1 | YpaBuenue(s1) peaxiuu(it) 0,5 0,5 1

2 | IIponykT(bl) U KOHIIEHTPAIIMH TPOIAYKTA(OB) 0,5 0,5 1

3 | Tuno cucreMsl 15 1 1

4 | YpaBHEHHE(S) TUCCOITHAITUN 0,5 0,5 1
VYpaBHeHue(s1) paBHOBECHUS 1 0,5 1

5 | Beipaxenue(s1) 115 KOHCTAHT(bl) paBHOBECUS 1 0,5 1
CpaBHEHUE KOHCTAHT U BBIBOJ 1

6 | Ouenka 3HaueHus pH 1o necsaTeIx poseit orapudm.en. 1,5 1,5* 15

UTOI'O 20 6amioB

*Ecnu peUICHUC oe3 yd€Ta BKJaaa IMPOruApoIM30BaBIINXCA MOHOB COJIM, TO 3a OLCHKY 3HAYCHUIA

pH naercs 0,5 Ganna.

Pewenue 3adauu 11-3 (asmop C. I. Baxmun)

1. [nsa ympoieHust pacyera cCOCTaBUM Ta0IMIly, 0003HAYUB Kak a — 001U 00beM alKeHOB B

UCXOIHOU CMECH:

V, 1 CiHon + H» —  CyHone2
Bbrmio a 7,17 -a 0
Berymo B peaknmro  0,75a 0,75a 0,75a
[Tocne peakiumn 0,25a 7,17 —-1,75a 0,75a

Koneunsrit 06beM cmecu = 0,25a + (7,17 — 1,75a) + 0,75a = 5,15. Torna a = 2,693 n~ 2,7 n.
2. M(CnH2n) = 10,1/ (2,7 1 22,4) = 84, T0 ectb MoseKymsipaas popmyna CgHio.
3. Mornekynsl C copepkaT aCUMMETPHYECKHN aTOM yIJIepoja, TO €CTh aTOM C YETBIPhMsI

pasubiMu 3amectutessMu. st anmkeHoB CgHiz 3TO BO3MOXKHO JIMITE JIIS 3-MeTHIIITeHTeHa- 1

/\r\ c

ITpu ruppupoBanun C npeBpamaercs B 3-MeTwineHTaH. CylecTBYET €Ile TOJIBKO 2 CTPYKTYPHO

HN30MCPHBIX aJIKCHA, TAKKC 06pa3y101111/1x 9TOT NPOAYKT B XOAC TMAPHUPOBAHUS:
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C

/\r_ﬂ\ Ho/Ni /W/D\
ah

Ha ocHoBanum pesynpTaTa B3auMoieiicTBUsA alikeHOB ¢ HBr neBo3MoxkHO paznmuuute A u B,
MIOCKOJIbKY, COTJIACHO YCJIOBHIO, OCHOBHBIM IMPOAYKTOM B PEAKIMAX BCEX TpPeX YIIEBOJIOPOJIOB
spisiercst Opomu E. Onnako B3aumopeiicteue ¢ HBr B mpucyrcrsue nepekucu (ROOR) npotekaer

IIPOTHB IIpaBHJIa MapKOBHI/IKOBa " IIPUBOOUT K o6pa30BaHmo Pa3HBIX TPOAYKTOB:

HBr/ROOR
M » Br\/ﬁ/\
C C,
Br
/ﬁfﬁ\ HBr/ROOR

HBr/ROOR

bpomun C1 nox npeiictBuem ocHoBaHus oTiieruisier HBr, npesparmasice o6patHo B C. TouyHo Tak
Ke, B TPeTheM BapHuaHTe oTiiersieHue HBr Bo3M0oXHO eTuHCTBEHHBIM CITIOCOOOM ¢ 00pa3oBaHHEM
ucxoaHoro ankeHa. CienoBarensHo, 3To coenuHenne Al. DnumunupoBanrne HBr Bo3M0XHO AByMS

MYyTSMH TOJIBKO JJIsl TPOJYKTA BTOPOM peaKIuu:

Br i» /\rﬁ\
)\(\ t-BUOK
—b> /\(\

[IyTe @ — 3TO 00BIYHOE SIMMHHHPOBAHHUE MO TMpaBuiy 3aiineBa. OH MPUBOAUT K 0OPa30BaHUIO

ucxonHoro ankena. [yte b — snumunanpoBanue «o ['opmany». [IpoTekanne SITMMHHUPOBAHUS TI0
ATOMY IYTH OOBSICHAETCS TE€M, UTO mpem-OyTHIAT Kajaus — o0beMHOe ocHOBaHMe. [loaTomy aTaka
Ha 0oJsiee cTepuyecK JOCTYIHBINH atoM Bojgopoga CHjz rpynmsl nmpoTekaer ObICTpee, ueM aTaka Ha

MeHee JoCTynHbIN Bogopoa rpynnel CH. MTak, CTpyKTypbl COEIMHEHNN:
Br
A B A, Br B1

OcHoBHO# TTpoyKT B3aumoaeicteus A, B u C ¢ HBr umeer crpykrypy:

46
© LITMK BcOIIl o xumun



BcOI no xumuu, 1l pecuonanvuwiii sman
2014-2015 yuebnuwuii 200
Pewenue 3a0au meopemuueckozo mypa

Br
/\‘/E\

D10 pe3ynbrar OO0BIYHOTO 3neKTpoduinpHOro mnpucoenuHenuss HBr x A wimu B mo mpaBuiy
MapkosuukoBa. 3 C coenunenue E nomyuaercs B pe3ysibTaTe MeperpyninupoBKU NEPBOHAYATBHO
o0pa3yrolierocss BTOpUYHOT0 KapOOKaTHOHA B 60siee YCTOWYMBBINA TPETUYHBIN:

= H+ @ ® Br Br
C E

4. T'eomeTpuuecKHe U30Mepbl BO3MOKHBI [ B:

~ X

E-3-meTunneHTeH-2 Z-3-MeTUIMeHTeH-2
Cucmema Quenusanusi:
1 Pacuer o0bema ajJKeHOB 2 Oamia
2 YcTaHOBJICHHE MOJEKYISIPHON (HOPMYITBI ATKEHOB 2 Gamna
3 Crpykrypabie hopmynsl coequaennii A—E — o 2 6amna. CTpyKTypHBIE 13 6amnoB

dopmyinsl coennnennit A1—Ci — o 1 6amny
4 TlpaBunbHoe yka3zaHue coequHenus B — 1 Gamn. [IBa n3omepa c 3 Gamna
IPAaBWJIbHBIM Ha3BaHUEM — 110 1 Oasuty 3a KaXKJblii (€CJIM €CTh U30MEpPHI, HO

HET Ha3BaHUs C UCTOJb30BaHueM E/Z-nomenkarypsl, To o 0,5 Gaa)

HUTOI'O 20 6ayuios

Pewenue 3aoauu 11-4 (asmop U. B. Tpywikos):

1. EcTh HECKOJNBKO TPOCTBIX BEMIECTB, COCTOSIIMX M3 JABYXaTOMHBIX MoJiekya: Hi, Ny, O, u
rajoreHsl. [lockombKy Ipu HarpeBaHUM BOJHOTO pacTBopa A otmersiercs HX, a F mo ctpykrype
aHanornueH D, MOXXHO cnenars BbIBOA, 4yTo X M Y — rajoredsl. Torma gopmyny A MBI MOXEM
Hanucarb B oomem Buge RHXn.1, a popmyny E — RX,,. U3 maccoBoii nonu X B coequaenusix A u E
MO>KHO BBIPa3UTh aTOMHYI0 Maccy rajoreHa X (My) uepe3 Maccy ocTajabHBIX aTOMOB B MoJiekysie E:
(MR) 1 B A (Mgr+1): 0,792=nMx/(nMx +Mg) u 0,848 =(n+1)Mx/{(n+1)Mx+ Mg+ 1}. Orciona
Mx = 1,77Mgr + 5,58. s X = Cl (Mx = 35,5) Mg = 16,9 (~ 17), uro He umMeeT (HU3HUECKOTO
cMbIcTa, yuuThiBas, uTo A u E nomxkHsl comepkars atom(bl) yraepoaa. s X = F u | pemenus
toxke HeT. Oxnako anst X = Br nmomywyaem pazymusiil orBet Mg = 42 (torna n = 2 u Mg = 202). 3to
He moxeT ObITh C3Hg, mockonmbky coemmuenne CsHgBro He moxkeT oOpas3oBarbesi B pe3ysbTare
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ormeruienus Monekyinsl HBr ot A. 3nauut, popmyna ocrarka R: Co,H,0. Urak, X = Br, E umeer
dopmyny C,H2Br0, a A — C,H3Br30O. Ipomomxkas pacy€rsl, MOKHO OMPEACITUTh, YTO COSTUHEHUE
D umeet hopmyny CHBr3. OHo 00pa3yercs B pe3y/ibTare Tak Ha3bIBAeMOU Talo)OPMHON peaKIu,
B KOTOPYIO BCTYNAlOT OOBIYHO METHUJIKETOHBI, IOJ JCWCTBHEM TrajJoreHa U IIeJI04Yd
npeBpamfammmecs B (TPUTATIOTEHOMETHI)KETOHBI, KOTOpPhIE TIPU arake TUAPOKCUI-UOHA
pacuieruisitores ¢ oopasoBanneM HCHal; u anmona kucnotbl. (XoTs peakius 3Ta HEW3BECTHA
OOJIBIIMHCTBY IIKOJIBHUKOB, BBIBOJ O CTPYKTYype BellecTBa D OmHO3HA4YHO cleayeT U3 MaccoBOM
nonu 6poma). Torma B coequHenuu E taxxe mpucyrcrByet rpynna CBrs (tem 6osee, Haau4ue npu
OZTHOM aToMme yriepoaa atoma 6poma u rpynnsl OH HeBo3MOXKHO n3-3a oTmierieHust HBr naxxe npu
MOHIKEHHBIX Temreparypax). CiaenoBarenspHo, A — 2,2,2-tpudbpomdtanon, BrsCCH,0H, a E — 2,2-
muopomykcycHblii  anpaerua, Bro,CHCHO (mpomykt wu3omepusanuu HeCcTaOUIBLHOTO €HOJMa
Br,C=CHOH). Coenunenue B — »3TaHon wunm ykcycHbli anpiaeruja. OpHako B KauecTBe
PaCTBOPUTEIIS MCIIONIB3YETCs TOJMBKO crHpT, T. €. B — CoHsOH. A o6pasyercst mpu BOCCTaHOBJICHHH
C. C yuerom conepxkanust 6poma B C MOXXHO ONPEAETUTH €ro MOJICKYISAPHYIO (HOpMyITy Kak
CoHBIr30, 1o ectp BrsCCHO — tpubGpomykcycHbiii anpaerus, uiu opomans. [Tockonbky F umeer
CTPYKTYpY, aHAJIOTHYHYIO cTpyKkType D, MOXHO crenars BbIBOM, YTO 3TO Apyroi rainodopm, CHY 3.
W13 conmepxanust B HEM TasoreHa cieayet, uto Y = Cl, a Y, = Cl,. MoxxHO Takke MpernoioKuTh,
yro Z, no ananoruu ¢ C, comepxur rpynny CCls, oqHako coiepikaHue XJiopa He COIIacyeTcs C
dopmynoit CI3CCHO, a tpebyer Mz~ 165,5, To ecth oTiauyaercs Ha 18, 4TOo paBHO Macce
MOJIEKYIIBI BOBI. EMHCTBEHHBIN CITOCO0 T00ABUTH MOJIEKYTY BOAY — MIPHCOSAMHECHHE €€ TI0 CBS3H
C=0 c oopazoBanuem Cl3CCH(OH),. Takyro mMonekyiny Ha3bIBalOT XJopajibruapar. OHa ycToiunBa,
HECMOTPS Ha TO YTO, COTJIACHO MPaBUIY DIbTeKOBa—IpleHMelepa, COETUHEHHS C ABYMsI TPYIIIIaMu
OH y onmHoro aroma yriiepoga He JOJDKHBI OBITh yCTOHUMBBL. OTiHUYME XJIOpals B TOM, YTO TPHU
3JICKTPOHOAKIIESNITOPHBIX aTOMa XJIopa co3maroT Ha arome yriepoaa rpymmbl ClsC 3HaunTenbHbIH
HOJIOKHUTENBHBIN 3apsi, 4to Aectadbummsupyer monekyny ClzCCHO, B koTopoit Ha KapOOHHIBHOM
aroMe yriiepofia TakKe MMEeTCS 3HAYMTEIbHBIA TMOJMOXKHUTENbHBIN 3apsia. [lockonbKy B ruapare
MOJIOKUTENBHBIA 3apsii Ha «KapOOHWJIBHOM)» aroMe MEHBIIe, JeCTa0MIM3alus Takoro THpara
MEHBIIIE, YTO U O0CCIICUYNBACT CTAOMIIBHOCTEH XJIOPAJIBIHApaTa, MHOTO JIET HCIIOJB30BABIIEIOCS B
KauecTBe CHOTBOPHOTO. (OG0CHOBaHUE PEIICHHS] MOXKET OBITH IOCTPOCHO U Ha JIPYTHX apTyMEHTaX;

IpUHUMAETCS JII000€e pasyMHOE 000CHOBAHUE)

CrtpykTypHbIe POPMYIIBI:
Br Br H Br H H Cl Cl OH
57 OH ~on Br>—  B—H B> o—H
Br Br O Br Br O Cl Cl OH
A B C D E F Z
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2.4 Bry; + CoHsOH = BrsCCHO + 5 HBr

Cucmema oyeHusarus ;

1 Crpykrypubie dopmynsr A-F, Z u snementst X mu Y — mo 2 Oamwra 18 6amnoB
(B cinywyae otcyrcTBUSL pPa3syMHOTO OOOCHOBAaHHUSI TNPABWIBHBIE CTPYKTYPHBI
OIICHUBAIOTCS B 1 Oasm)

2 YpaBHEHHE peakIuu 2 Gamna

HUTOI'O: 20 6aiuios

Pewenue 3adauu 11-5 (aesmop Epémun B. B.)

1. Ilpu HarpeBaHuU 0Opa3yeTcs TeTpaKapOOHHI HUKEIIS:
Ni¢s) + 4COqy == Ni(CO)y(r
KonndecTBa BEIIECTB 710 ¥ MOCIE PEAKIHH:
vo(CO) = PV /RT =200 - 20,2 / (8,314-303) = 1,6 mou1b,
v(CO) + v(Ni(COy)) = 100 - 20,2 / (8,314-378) = 0,64 Mo
[Tycte B peakiuio Betymmiio X mosb Ni, uspacxomoBaioch 4X monb CO, 00pa3oBanoch X MOJb
Ni(CO)a.
1,6 —4x+x=0,64
X = 0,32. B paBHOBecHO# cMmecu copepskutes (1,6 —4-0,32) = 0,32 monb CO u 0,32 monb Ni(CO),.
JlaBieHust 000MX ra30B paBHBI H COCTABIISIOT MOJIOBHHY OT OOIIEro JaBieHus, T. €. o 0,5 6ap.
2. CMech SKBUMOJIPHAs, TOTOMY €€ MOJIIpHasi Macca paBHA CpeAHEMY apH()METHIECKOMY
OT MOJISIPHBIX MaCC KOMITOHCHTOB!
Mcp = (28 +171) / 2 = 99,5 r/mons,
Dagosy = 99,5/29 = 3,55
3. a) B koHCTaHTY paBHOBECHS BXOJIST TOJIBKO JIaBICHHS I'a3000pa3HbIX BEIIECTB:

_ p(Ni(CO),) _ 05

=8.0
PT p(Co)* 05

WK MX KOHI[EHTPAIIHH:
[Ni(CO)4] =v/V =0,32/20,2=0,016 mons/m,
[CO] = [Ni(CO)4] = 0,016 momnb/7,

« - [Ni(C0)] _ 0.016

. = T =25-10°
[CO] 0.016

KoHcTanTa paBHOBeCHsI HE WU3MEHHUTCS NpH HadanbHOM fasieHuu 10,0 6ap, HO Oyxer apyroit mpu
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temneparype 90 °C.
4. ITpu Temmneparype 250 °C TeTpakapOOHIII HUKENS MTOJHOCTBIO Pa3jiaraercs:
Ni(CO)s = Ni +4CO
v(Ni) = v(Ni(CO),) = 0,32 moJb.
m(Ni) =0,32.59 =189 r.
5. Camsiit TpynHBIH Boripoc. Eciii B reTeporeHHoi peakuuu TBEPIOE BEIIECTBO YYaCTBYET B

BHJIC pacTBOpa, TO €ro MOJIbHAA O0Ji1 BXOAWUT B KOHCTAHTY pPaBHOBECHUA:

_ p(NiI(CO)) _ g,

P x(Ni)p(CO)*
Iockonbky X(Ni) < 1, To p(Ni(CO),) / p(CO)* < 8. D10 03HAUaeT, 4TO BBHIXOA PEAKIMH 0OPa3OBAHHS

Ni(CO), Oyzer MeHblIe, YeM C YUCTHIM HHUKEJIEM, IOATOMY KOHEYHOE JaBJICHHE OyIeT BBIIIC, YeM
1,0 Gap.

DTOT e OTBET MOXKHO JIaTh M 0€3 KOHCTAaHThl PaBHOBECHsI, HA OCHOBaHMHU NpuHIma Jle
[larense. Paccmorpum paBHOBecue ¢ unmcthiM HuKeneM: Nigs + 4COr =2 Ni(CO)yr. Ecmu

YMCHBIIUTL HOJIIO HUKEIIA, TO 3TO 6yz[eT CII0OCOOCTBOBATH CMCIICHUIO pPaBHOBECHUA BJICBO, T. €.

MEHBIIIEeH CTENEeHU MPOTCKaHUA PECAKIINU.

Omeembi.
1. CO u Ni(CO)4 —mo 0,5 6ap.
2. Dyosy = 3,95.
3. K, =80 (K= 2,5-10%). a) He usmenurcst. 6) M3sMeHnTCS.
4.189r

5. OGmiee paBHOBECHOE aBiieHue Oynet O6ombie 1,0 6ap.

Cucmema oyenusanus.

1. VYpaBHeHue peakiuu — 1 Gann
PacuéT paBHOBECHBIX JaBiIeHUMN — 1Mo 2 Oasa Kaxaoe
(ecnu mpoBeAEH pacyET TOIHKO KOJIMUECTB BEIIECTBA — TO TI0 1 GaiTy KaXkmoe)
Hroro: 5 6annos.
2. MomnspHast Macca cMecH — 2 Oasia
[TmotHOCTH MO BO3MYXY — 1 Gast
Hroro: 3 6ana.

3. BripaxkeHue 7151 KOHCTAaHTBI Yepe3 JaBJICHUS WM KOHIICHTpauu — 2 6asia
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3HayeHHe KOHCTAHThI paBHOBeCHUS — 1 Oasl
(0,5 Gama — eciiu 1aBICHUE BBIPAKCHO HE B Oapax WIIM MOJIB/JI, a B JIFOOBIX JPYTUX CAUHUIIAX ).
Ecnu s KOHCTaHTHI paBHOBECHS JAHO HE TOJIbKO 3HA4Y€HHE, HO UM Pa3MEpPHOCTh — OLIEHKa He
CHHU)KAeTCH.
3aBHCUMOCTh KOHCTAHTHI OT JaBieHust — 1 6asn
3aBUCHUMOCTh KOHCTAHTHI OT TeMIieparypsl — 1 Gamn
Hroro: S 6as10B.
4, VYpaBHeHue paznoxeHus — 1 6amn
[TpaBWIIBHEIN pacdéT MO YpaBHEHUIO PEAKIUU (J1ake ¢ HEMPaBWIBHBIM HCXOJHBIM KOJIUYECTBOM
Ni(CQO),) — 2 6anna
Hroro: 3 6asna.
5. [IpaBuibHBIN OTBET C MHOOBIMU Pa3yMHBIMU apryMEeHTaMu — 4 GaJuia.

Bcero 20 6a110B
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[esamuwtit Knacc
PEIIEHUE
(aBTOp: CamopykoBa O. J1.)

Onpeodenenue cKIAHOK ¢ KUCIOMOU U WENOYBIO
[lepeHOCHM HECKOJIKO Kallelib PacTBOpa M3 CKISHKA C ONPEACTSCMBIM PEaKTHBOM B

YHUCTYI0 MPOOUPKY M Jo0amisieM K Hemy mo kamisiMm pactBop AgGNOs, mpu sToM Habmromaercs
BBINIaJIeHUE ocanka. Ecnu BeImaBmmii ocamok Oyporo mBeTa, TO 3TO O3HAYACT, YTO B CKIISTHKE

Haxoautcss NaOH, eciu 6enbriil wim cepoBarbiid, — T0 HpSO, . [Ipu 5TOM mpoTekaroT peakiu:

2NaOH + 2AgNO3; = Ag,0| + NaNO3 + H,O

Ocanok Ag,0| pacTBopsieTcst B M30BITKE aMMHUAKA.

Ag,0 + 2NH3-H,0 = 2 [Ag(NH3)2]OH + H,O

H,SO, + 2AgNO; = AgSO4| + 2HNO;3 (ocamok pacTBopsieTCss B ropsdcii Bojae U H30BITKE

aMMHaKa)

Onpeoenenue cocmaea cmeceil
Tak kak BapuMaHTOB CMecCel MOXKET OBITb O4YE€Hb MHOTO, TO MBI TPUBEAEM pPEaKINU

ONIpeAeTCHUs] sl KaXIOW COJMM W PAacCMOTPUM BapUaHTHl aHalM3a HEKOTOPBIX CMECEH.
[IpoBenenue 1r000T0 aHaNM3a HAYMHAIOT C PACTBOPEHHUS BEUIECTBA M ONPENIEICHHS KaTHOHOB M
AQHMOHOB, KOTOpPBIE MOTYT OBITh MOTEPSHBI B BHJE Ta3a B MPOIECCe PACTBOPEHHS M JaNbHEHIICH
pabotsl. B Hamem cirydae 910 MoryT 6bith Horsl NH* 1 CO3%".

Haunzaem paGoty ¢ mposepkn Ha COs® . Ha mpenMeTHoe CTEKIO MoMeIaeM HeGONMbIIoe
KOJIMYECTBO TpENBApUTEIbHO MepeMenmanHold npoosl u kanaeM H,SO4. Ecnu B aHammsmpyemom
BemecTBe ecth noHbl CO3’, To mpoba HauHET BCIICHMBATHCS, YBEIMUMBATECS B 0OBEME. JTO
3Ha4uT, 9T0 BhIIENseTcs ra3 CO,1 (pearkyus 1, cm. nusice). Tlpu pacTBOpeHUH TPOOBI B BOJIEC TAKXKe
OyleT NpPOMCXOAWTH BBHIJCICHHWE Tra3a. 3HAYMT, YTO B MPEIBAPUTEIBHBIX HCIBITAHUIX MBI
ooHapyxmmn coinb Na,COs;. Bce wuHauBuayanbHbIE BEIIECTBA, KOTOPbIE JaHbl B 3aaHUH
pacTtBopsitorcsi B Bojie. Ecim kapOoHara B cmecu HeT, HO ecTb PD(NOs3),, To mpu ee pacTBopeHun
0e3 HarpeBaHus BO Bcex ciydasx kpome cmecu ¢ Ba(NOs), B mpobupke OyaeT octaBaThCs 0CamIoK
raJoreHu/I0B cBHHIA — Oenblil B cirydae PhCly, KoTopblit pacTBopsieTcs pH HarpeBaHUH MPOOUPKH
Ha BOISHOW OaHe M BBINAACT BHOBH INPH OXJIAXKICHUU pacTBopa (peakyus 2). ITO MO3BOISET
obuapyxuth coib PD(NOg3),. Ecnu B anammsupyemoii npode ectb Kl, To mocnme oxmakmaeHus
pacTBOpa MBI YBHIMM OOpasoBaHue KEAThIX KpuctamuioB Pbl, (peaxyus 3), 9ro Taxke CIyKUT
noareepkaeHneM npucytctBus B cmecu coian PD(NOs),. [Ipyrue npoBepodHbIe peakiuu sl ATOH
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COJIM OYyT pacCMOTpPEHBI HUKE.

Yro6el He motepats noH NH,', mpoBoamm peakmuio ero ompeneneHus. bepem umcTyro
poOUPKY, NMEPEHOCUM B Hee HEOOJBINYI0 YacTh PaCTBOPEHHOW MpoObl, mobasinsem B He€ 10-15
karnenb pactBopa NaOH u HakpeiBaeM mpeIMETHBIM CTEKJIOM, K KOTOPOMY MPHUKPEIUICHA BIIAXKHAS
denondranennoBas Oymara. [lomemaem mpobupky B BoasHyto OaHroo. Eciu B mpoOe ecTh HOH
aMMOHWUS, TO Yepe3 HECKOJIbKO MUHYT (eHondTanernHoBass Oymara OKpacUTCsl B MaJIMHOBBIA IIBET
(peakyus 4). Takum ob6pazom Mbl obOHapyxkumu coiab NH4Cl. PactBopuB mpoOy u mpoems
MPEBAPUTEIbHBIC UCIIBITAHUS, BBITIONHSIEM PEAKIIMH, KOTOPHIE MO3BOJSIOT JA0Ka3aTh MPUCYTCTBUE
JIPYTUX COJEH.

B kauectBe IIpumMepa paCCMOTPUM CXEMY dHAJIN3a HCKOTOPBIX CcMeceH.

Ipumep 1. Cmecn: Pb(NO3),, NH,CI

Haumnaem paboty ¢ TIIATeThHOTO MepeMemnBaHus MPoObl, €€ pacTBOPEHUS U BBITIOJIHEHUS
npeBapUTEIbHBIX HcHbITaHuid. [IpoBepseM mpoOy Ha mpucyTcTBUE KapOoHar-uoHa. Tak Kak
BBIJICJICHUS Ta3a He HaOmomaeM, To jenaeM BbiBOH, 4To cosib Na;COs orcyrcrByeT. B umctyro
npoOUpKy OoTOMpaeM 4acTh MpoObI, JOOABIsIEM BOJbI, NEPEMEIIMBAEM U HaOII0AAEM YaCTHYHOE
pactBopenue npoOsl. [Ipobupky HarpeBaeM Ha BOASHOM OaHe W HAOIIONAEM IMOJHOE PACTBOPEHHUE
npoOsl. [Ipu oxjaxaeHHH pacTBopa HaOmomaeM BeIageHHe Oenmoro ocanka (peaxyus 2). I1o
CBHJICTENBCTBYET 0 MpUcyTcTBUU B cMecH coir PD(NO3),. Jliist moATBEp K I€HHS HAIUX BBIBOJOB
OTAETsIeM pacTBOp OT ocanka. K ocaaky mobaBiisieM HEMHOTO BOZBI, CHOBA HArpeBaM H K TOpSIEMY
pactBopy nobGaemsem mo kamisim HpSO,. HaGmiomaem Beimamenue ocaaka PbSO4 (peaxyus 5),
KOTOPBIN pacTBOpsieTcsl B M30bITKe m1etoun (peakyusi 6) (BaSO4 — He pacTBOpsieTcst). Dto enié pas
nontBepxkaaer npucyrctiue B cmecu comu PB(NOs), u orcyrcreue Ba(NOs),. bepem HOByto
MOPIIMIO PAacTBOpa W OTKPhIBAEM HOH aMMOHHs Kak OBLIO ONHCAaHO B TPEIBAPHUTENBHBIX
ucnbiTanusax (peaxyus 4). Ilo moxpacHeHuio (eHonpTaaenHoBOM OyMarud aeraeM BBIBOI O

NPUCYTCTBUH B TIpoOE MOHA aMMOHWUS, a cienoBarenbHo, 1 comu NH4Cl |

IMpumep 2. Cmecn: Ba(NO3),, Kl

Haunnaem paboTy ¢ THiaTenbHOTo nepeMeninBaHus Ipoobl, €€ pacTBOPEHUS U BBITOJIHEHUS
MpeaBapUTEeNbHBIX HUcTHbITaHUU. [IpoBepsiem mpoOy Ha TpHCYTCTBHE KapOoHaT-moHa. Tak Kak
BBIJICTICHHS Ta3a HE HaOmomaeM, TO AenaeM BbBOA, 4To coilb Na,COs; orcyrctByeT. B umcryro
npoOUpKy OTOMpaeM dYacTh MPOOBI, J00aBIsIeM BOJIBI, MEpPEMENIMBaeM M HAOIIONaeM IOJTHOE
pacTBopeHue MpooOsl. YacTb pacTBOPEHHON MPOOBI IEPEHOCHM B YHCTYIO MPOOUPKY U IIPOBEPSEM €

Ha MPUCYTCTBHE MOHOB aMMOHMs. Tak kak (eHondrTamenHoBas Oymara HE IMOKpacHesa, JejlaeM
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BBIBOJ] 00 OTCYTCTBHMU MOHOB aMMOHUs. [IepeHOCHM B YHCTYIO MPOOUPKY HOBYIO MOPIIKIO TPOOBI U
nobaeimseM 1o KarsiMm pactBop H,SO4. Habmromaem Beimagenuwe Oemoro ocanka (peaxyust 7),
KOTOPBIA HE PacTBOPSETCS B M30BITKE KHUCIOTHI, PaCTBOPE aMMHUaKa M MEI0YU. DTO MOXKET OBITH
Tosbko ocanok BaSO,. 3nauut mbl otkpbun conb Ba(NOs3),. Teneph Mbl MOKEM MOCTYIUTD JIBYMSI
croco0amMu — 3TO OTACTUTH OCAJOK OT PacTBOpa WM B3STh HOBYIO IMOPIHMIO PacTBOpa MPOOBI U
no6aButh pactBop AGNOs;. OtmensieM ocanok, a k pactBopy nobasimssem AGNOs;. HabGmromaem
BBIJICIICHUE 0CaJIKa, KOTOPBIH UMEET KENTYI0 OKpacky (peaxyus 8). Xénreiii ocamox — Agl. Takum

o0pa3oM MbI OTKpbLIH contb K.

Ipumep 3. Cmecn: Na,CO3, MnCl,

Haunnaem paboTy ¢ TIIATEIBHOTO NEpEMEIIUBaHUS MPOOBI, €€ PaCTBOPEHUS U BBHITIOJTHECHUS
npeIBapuTEIbHBIX HcHbITaHuii. [IpoBepsem mpoOy Ha TpuUCyTCTBHE KapOoHar-moHa. Ha
MPEIMETHOE CTEKJIO TTOMEIaeM JacTh MpoObl U Jo0aBisieM HecKoIbKko Karenb Hy SO, . Habmogaem
BCIICHMBaHUE TPOOBI U BbIAeeHHE Ta3a (peaxyus ). Beigensercs raz CO,. 9To 3HAYUT, YTO MBI
otkpbuin  conb Na;COs. B uuctyto npoOupky oTtOupaem yacTh HpoObI, 100aBisieM BOJIbI,
nepemMeIMBacM U HaOmomaeM obOpa3oBanue Oemoro ocanaka (peaxyus 9). YacTh pacTBOpEHHOMH
npoOBl TIEPEHOCHM B YHCTYIO NMPOOWPKY W TMpOBepseM e€ Ha MPUCYTCTBHE HOHOB aMMOHHUS.
OenondranenHoBas Oymara He TMOKpacHeda, IMOATOMY JellaéM BBIBOA, YTO HOHBI aMMOHUS
OTCYTCTBYIOT. Uepe3 HEKOTOopoe BpeMs 3aMedaeM, yTo 00pa3oBaBIIMiicsa 0CaJO0K HAYMHAET OypeTh, a

3aTeM CTaHOBUTCS YepHbIM (peakyusi 10). Mbl oTkpbutn cosib MNCl; .

IIpoBepouyHbIe peakUuM HA COJIU

1. Na,CO; + HySO,4 = Na,SO4 + COzT + H,0

2. Pb(NO3); + 2NH,CI (MnCl,) = PbCl,| + 2NH4NO;
OebIi

3. Pb(N03)2 + 2Kl = Pblzl + 2KNO3
SKENTHIN

4. NH4CI + NaOH = (t°, ¢-¢) NH31 + NaCl + H,0
(dbenondranenHoBas Oymara OKpaImBaeTCs B MAJTMHOBBIN IIBET)

5. Pb(NOg3); + H2SO4 = PbSO4| + 2HNO3

6. PbSO,+4NaOH = Nay[Pb(OH),] + Na,SO4

7. Ba(NOs3); + H,SO4 = BaSO4| + 2HNO;

(ocamok HEpacTBOPUM B KUCIIOTE, MIEIOYH U PACTBOPE aMMHUAKa)
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8. KI+ AgNO3;=Agl| + KNO3
JKEIITBIN

9. MnCl, + 2NaOH (NHs-H,0) = Mn(OH),| + 2NaCl

OeJIbIi

10. 2Mn(OH); + O, = 2MnO(OH),| (bypeer Ha BO3ayX€)

Cucmema OUEHUBAHUAL.

OTtkpeiTHE comeld: 6 coneit o 3 6aya = 18 6amioB

OHpeI[eJ'IeHI/IC CKJISTHOK C KHCJIOTOM

U LIEJIOUBIO: 2 CKIITHKH 110 2 O0aiuia = 4 0ajuia

Peakuuu obHapyxenus: 8 peakuuii mo 1 6amry = 8 6aos

Hroro: 30 6ai10B

Pexomenyemble BApHaHTBI cMeceii:

1 BapuaHT

Pb(NOs),, NH,CI

Ba(NO3)2, Kl

Na,COs3;, MnC|2

2 BapuaHT

N32C03, MnC|2

Pb(NO3)2, NH.CI

Ba(N03)2, Ki

3 BapuaHT

Ba(N03)2, Kl

Na,COs, MnC|2

PD(NOs),, NH.CI
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Hecamuwtit Knacc
PEIIEHUE

(aBTOpnbI: Ansipu B.B., Camopykosa O.J1.)

1.
Mponyex Ne [Iponymiennas
dbopmyna
1 H,SO,
2 KMnO4
3 NayCy04
4 KMnO4
Oxkpacka
5 becusernas
6 Po3oBas
2.

5CsH1206 + 24KMnNO4 + 36H,SO4 = 30CO; + 24MnSO, + 12K,S0O4 + 66H,0
2KMnQO, + 5Na,C,04 + 8H,S0O,4 = 10C0O5 + 2MnSO4 + K,SO4 + 5Na,SO4

3. Z[J'IH KOJIMYCCTBCHHOI'O OKHCJICHHS TJIFOKO3bI O YITICKHUCJIOTO ra3a U BOIBI HGO6XOI[I/IM
M30BITOK INepMaHraHara Kajus U JJIUTCIbHOC BPCM KOHTAKTa C OKUCIIUTCIICM. Ot Tpe6OBaHI/IH HC

BBITIOJIHATIOTCA B CJIydac IMpAMOTro TUTPOBAaHUS.

4. PacyeT Macchl INTFOKO3bI OCYHICCTBJIACTCA Ha OCHOBAHHWU COOTBECTCTBYIOILICTO YPABHCHUA

XUMHYECKOH pCaKIuu.

Cucmema oyeHusaHuUs;.

1. 3anonHeHne MPOIYCKOB B METOAMKE: 6 MpOomycKoB Mo 2 6anna = 12 6amioB

2. YpaBHeHMs peakiuii: 2 ypaBHeHUs 110 2 6aia = 4 6anna

3. OtBer Ha Bormpoc: 2 Gamra

4. ITpaBWJIBHOCTB ONPEAEIICHUS IIIFOKO3bI:

Kpureprem oueHKH SBIsSETCS BeIMYMHA aOCONIOTHOW MOTrpemrHocTH (Am, T) Mexay
peasbHbIM 3HAYCHHEM MacChl ITIIOKO3bI M BETMYMHOMN, MOTYY€HHON Y4aCTHUKOM, B COOTBETCTBUU CO

CIIenyIOeH TaOIuIIeH:
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Am, T bamner
< 0,005 12
0,005-0,007 11
0,007-0,010 10
0,010-0,015 8
0,015-0,030 6
> 0,030 4

Hroro: 30 6an10B
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Oounnaouamotii Knacc
PEILIEHUE
(aBTOp: Ansipu B.B.)
Yacrp 1
1.  OcCHOBHOW NPUYMHOW HEBO3MOKHOCTH IIPUTOTOBJICHUS pAacTBOpa C TOYHO H3BECTHOM
konneHntpamueir KMnO,; 1o HaBecke BemlecTBa SBISETCA €r0  HEYCTOWYMBOCTD,
00yCIIOBJIEHHASI TPOTEKAHUEM PEAKIIUU PA3TIOKEHUS:
TBepablil mepMaHraHaT Kajlus pa3iaraeTcsi B COOTBETCTBUU C yPaBHEHUEM:
2KMnO4; — Ko,MnO4 + MnO; + OzT
2.  Ilepmanranar kaausi pearupyer ¢ BOAOH B COOTBETCTBUU C YPaBHEHUEM:
4KMnO4 + 2H,0 — 4KOH + 4Mn0O3| + 30,1.
3. Otumu peaktuBamu sBisioTes HoSO,4 m H3PO,4. CepHast kucnora odecneunBaeT KHCIOTHOCTD
CpeIbl, HEOOXOMMYIO ISl KOJTMYSCTBEHHOTO BOCCTAHOBJICHHS TICPMAHTaHAT-MOHOB JIO HOHOB
Mn?* u MPEIOTBPAIICHUS THAPOIN3a 00Pa3yIOMIUXCsS B MPOIECCE TUTPOBAHHUS HOHOB Fe®":
dochopHyo KHCIOTY A00aBISIOT JJIs CBSI3BIBAHUS TUIPATUPOBAHHBIX HOHOB Fe**,
MPHUIAIONIUX PAcTBOPY Oyphlii 1[BET, B OECIBETHBIM KOMILJIEKC, YTO OONerdaer (QuKcaruio

KOHEYHOM TOYKHU TUTPOBAHUA U YBCIIUUMUBACT TOYHOCTD OINMPCACIICHUS.

Yacrtp 2

JlanHast 3ajaya MOXKET OBITH peIleHa Ha OCHOBAaHHMU COIOCTABICHHS NPUBEJICHHBIX B
meronukax 1 u 2 gopmyin. Ilockonbky koHeHTpanus xene3a (1) 1 B aHanm3upyemMoM pactBope —
€CTh BEJIMYMHA MOCTOSHHAs, Mbl MOXEM MPUPABHATH JIBA ITUX BBIpAKEHHs, O0O3HAUUB 3a
V1(KMnQOy) u V2(KMnO4) — cpenare 00beMbl TUTPAHTA, MOMIESIIIEI0 Ha TATPOBAHHUE MO0 METOIUKE
1 1 2, COOTBETCTBEHHO:

5¢(KMnG, )V, (KMnGQ,)  5¢(KMnQ, )V, (KMnG,) +6¢(K,Cr,0, )V (K,Cr,0,)
V (FeSO,) V (FeSO,) '

6c(K,Cr,0, )V (K,Cr,0,)

Otkyna ¢(KMnO,) = :
5(V,(KMnO,) ~V, (KMn0,))

ITocie HAaxXOXJACHUA KOHLCHTpAlMU TUTpPaHTa, pPaCCUUTBIBAEM KOHICHTPALHIO cym)(baTa
Keje3a B aHAJU3MPYEeMOM PacTBOpE IO JIF000iM 3 GopMyl, IpUBEAEHHBIX B METOAMKaxXx. Maccy
cynbdara xene3a HaxoxuM 1o ¢popmyne: m(FeSO,) =c(FeSO, )V (konos)M (FeSO,) .

ypaBHeHI/IH OKHCJIINTCIbHO-BOCCTAHOBUTCIIbHBIX peaKHI/If/’I, MMPOTCKAOIUX B X04e

OnpeeICHUS:
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10FeSO,4 + 2KMnO4 + 8H,S04 — 5F62(SO4)3 + 2MnSQO, + K,SO,4 + 8H,0
6FeS0O, + KoCr,O7 + TH,S0O4 — 3F62(SO4)3 + Cr2(504)3 + Ky,SO4 + 7TH,0

Cucmema OUEHUBAHUAL.

Yactp 1
1. [IpaBunbHBIH oTBET — 1 Gasmn
VYpaBHenue peakiuu — 1 6amn
2. YpaBHeHue peakuuu — 1 Oamn
3. Beibop peaktuBoB — o 1 6amty kaxplil = 2 6amia
O6ocHoBaHuE BbIOOpa peakTUBOB — 10 1 6ammy kaxkaoe = 2 Oasia

Bcero 3a yactn 1 — 7 0aJ1710B

Yacrs 2

1. IlpaBunbHOCTD ONpenenenus cyiabdara xenesa:

KputeprieM OLIGHKH SBISeTCS BEIMYMHA a0CONIOTHOM TOTrpemHocTH (AM, T) MEeXIy
peanbHBIM 3HAUEHUEM MacChl Cynb(ara Kele3a U BEeIWYMHOM, IOJIyYeHHOM YYacTHUKOM, B

COOTBETCTBHUH CO CIIEAYIOIIEH TabIHIIei:

Am, T Bamner

<0,03 21
0,03-0,05 20
0,05-0,07 18
0,07-0,10 16
0,10-0,15 12

> 0,15 8

2. YpaBHEHHS OKUCITUTEIbHO-BOCCTAHOBUTEIBHBIX peakiuii — 1o 1 6amry kaxaoe = 2 O6aia

Hroro: 30 6a10B
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