MexpernoHajibHasi OJIMMITHAIA IKOJbHUKOB
«BYAYHIUE HCCJIETOBATEJIN — BY IYIHIEE HAYKW» 2023/24 y4.r.
OYHbIU OTBOPOYHDBIMU TYP. Bpemsa evinonnenusn — 90 munym.

1 Bapuant
10 kaace
3apava 10-1
TpusionH b — 3TO XMMHUYECKMN peareHT, KOTOPhIA IIMPOKO HCIOJB3YETCS B AHATUTUYECKOU
xumuH. OH TpeaCcTaBiIsieT cO00M NUHATPUEBYIO COJIb ATHIICHIUAMUHTETPAYKCYCHOM KUCIOTHI U
B3aMMOJICMCTBYET C HMOHAMU Pa3JIMYHbIX METAJUIOB B MOJISIPHOM CcOOTHomeHun 1:1 ¢
00pa3oBaHMEM yCTOMYMBOTO KOMIUIEKCHOTO cOequHeHus. Hamummure ypaBHEHHE peaKIuu
TpwioHa b ¢ WOHaMU JABYXBAJEHTHOTO METa/la, YYUTHIBas, YTO TMpU OO0pa3oBaHUU
KOMIUIEKCHOTO COSAMHECHHSI MOH METajllla 3aMeIllaeT MOHBI BOJAOPOJa KapOOKCHIBHBIX TPy U
OJIHOBPEMEHHO 00pa3yeT CBS3H C aTOMaMH a30Ta MO JOHOPHO-aKIENTOPHOMY MEXaHU3MY.
HOOCH,C__ _ CH,COOH
"N—CH,CH,- N, ATWICHINAMUHTETPAYKCYCHAsI
HOOCH 3C CHZCOOH KHUCJI0Ta

s onpeneneHus oOmieil :)KecTKOCTH BOBI (CyMMapHOE COJIepKaHNe COJIeH KalblUsg U MarHus)
K 20 mun ananuszupyemoit Boabl mpwinian 0.05 Monw/n pacTtBop TpwioHa b 10 okoHuaHUsS
peakuu. Beero morpeboBanock 5.6 mit. OnpenenuTe ®KECTKOCTh BOJIBI B TPagycax >KeCTKOCTH
(°XK), yuuteiBas, uro 1°K = 0.5 mmoinb/n. MOXHO M TUTh TaKyl BOJY, €CIU >KECTKOCTh
NUTHEBOM BOIbI He JopkHAa mpeBblmarh 7°)K? KakoBa KOHLEHTpauus KanblHs B
aHAIM3UPYEMOW BOJIE B MI/J, €CIM B HEMl HET MOHOB MarHus, U BCSl JKECTKOCTh 0OYCJIOBJIEHA
noHaMHu Kanplusa? Kakum o6pa3oM MOKHO YMEHBUIUTH KECTKOCTb BOJbI?

Pemienne

Peakuus B3anMopeincTsus TpuiioHa b ¢ HOHaMM IByXBaJIEHTHOTO MeTajlIa:

HOOCH,C _ _ CH,COOH .
"N—CH, CH, N’ + —
NaOOCH,C CH,COONa
00, _00C,
- H,)C, CH, +OH*
,N—/C,'Hz— C‘}E N
NaOOCH,C CH,COONa

(momyckaetcs pyroe 0003HauYeHHUE JOHOPHO-AKIEIITOPHON CBSI3M)

Ha peakuuto ¢ ananusupyemoit Bos1oit norpedosanocs 0.05 mons/i - 0.0056 1 = 0.00028 mons =
0.28 mmosb Tpuiiona b. CrieoBatesibHO cyMMapHasi KOHIICHTPAIIUS COJICH MarHus ¥ KaJIbIHs B
Bojie coctasisgeT 0.28 mmounb / 0.02 1 = 14 mmons/n1 = 14/0.5 = 28°)K. Takyro Bogy NUTh HEJIb3s.

KoHIieHTpaniyst HOHOB KaJIbLIKs B aHAITM3UPYEMOM BOJIE B OTCYTCTBHE HOHOB MArHHsi COCTaBIISICT
0.014 mouns/n - 40 r/mMomns = 0.56 r/11 = 560 mr/i1.

CyIIecTBYIOT pa3IMYHBIC CITIOCOOBI YMEHBIIIEHUS )KECTKOCTH BOJIBI:

- TepPMHYCCKUH MeTOJT (ITO3BOJISICT YCTPAHUTDh BPEMEHHYO KECTKOCTH);

- peareHTHBII MeToT (peareHThl IEPEBOAST HOHBI KAl U MarHus B TPYTHOPACTBOPHMBIC
COCIMHECHUS );

- YMSITUYEHUE BOJIBI TUATTU30M;

-yMSTY€HHE BOJIbI HOHHBIM OOMEHOM H JIp.

Paszoasiopka |- 3a HanucaHue ypaBHEHUS peakLlUU 10 6.

T 2.3apacuer o0uIeif 5KeCTKOCTH B rpajlycax ’eCTKOCTH 56.
3. 3a pacueT KOHIICHTPAIIUY HOHOB KaJbIIHsI B MI/ 50.
4. 3a OTBET Ha BOMPOC MOKHO JIM IUTHh BOJTY 20
4. 3a ykazaHue crnoco6a ycTpaHeHHs KECTKOCTH BOIBI 36

Bcero: 25 6.



3amaua 10-2
benoe kpucrtammdeckoe BEMIeCTBO A BCTpeYaeTcs B MPUPOJE B BHUJEC MUHEpaia, OHO MOXKET

UCIIONIb30BATHCS B COCTABE cMecei st O0phObI C BPEIUTENAMHU, B CPEIICTBAX JIJISl CTUPKU U JaXKe
U OTOENMBaHUs 3yOOB. B MPOMBININIEHHBIX YCIOBUSX 3TO BEIIECTBO MOXET OBITH IOIYYEHO
OCTOpPOKHBIM ~ f00aBineHreM OopHoit  kucioTel H3BOs k  HachllleHHOMY — pacTBOpY
KaJbIIMHUPOBaHHON coipl NaxCO3 v HarpeBaHHeM IMOJYYEHHOW cMecH 110 TemrepaTypbl 90-
100°C. B cootBerctBuM co crexuomerpuen peakuuu 503 ma 17.7% pactBopa consl ¢
wioTHOCThIO 1.191 /™M1 B3aumopericTByet ¢ 248 r 60pHOit kucnoTel. [lpu 3ToM BeIAENseTCS 44 T
raza M OCTaeTcsi pacTBop, coiepxkammii 25.16% Bemectsa B. M3 »sToro pacrtBopa myrem
OCTOPOKHOTO BBHITIAPUBAHUS BOJABI MOXET OBbITH MoiiydeHo 382 T BemecTBa A. YCTaHOBHTE
dbopmynel BemectB A u B, ecnm um3BecTHO, WTO BemecTBO B o0pa3syercss B pesyJibrare
neruapaTaudu A, npu HarpeBaHuu 1 Monb A yObuTh Maccel coctaBisier 180 r. Hammmumte
ypaBHEHHE IpoTeKarolel peakiiui. OTBET MOSCHUTE U MOATBEPAUTE pacueTaMu.

Pemienue

Haitnem Macchl 1 KOJIMYECTBA PEArupyrOIIUX BEIIECTB.

m(Na2CO3) = V(p-pa) - p(p-pa) - ®(Na2CO3) = 106 r, n(Na2CO3) = 106 t /(106 r/mMmonb) = 1 Monb
m(H3BO3) =248 r, n(H3BO3) = 248 r / (62 r/moib) = 4 MOJb

m(cmecu 10 peakiun) = m(p-pa Na2CO3) + m(H3BO3) = V(p-pa) - p(p-pa) + m(H3BO3) =
=503r-1.191 r/mMma+ 248 r=599 + 248 r=847r

EnvHCTBEHHBIN ra3, KOTOPBIN MOKET BBIIEIUTHCA B pe3ysbrate peakuuu Na2COs ¢ H3BO3 — ato
COa.

m(CO2) =44 1, n(CO2) =44 r / 44 r/mons = 1 MoIb

m(cmecu nociie peaknun) = 847 r—44r=803r

m(B)=803r-0.2516 =202,

m(A)=382r,m(A)-m(B)=382r-202r=180Tr

B ycrnoBum ckazano, uto BemecTBo B oOpasyercs B pesyipTaTe neruaparanud A, a mnpu
HarpeBaHuu | Mombp A yObulb Maccel coctaBisgeT 180 r. CrenoBarenbHO, B pe3ylibTaTe
B3aumozeiicteus 1 monb Na2COs3 ¢ 4 mons H3BO3 obpasyetcst 1 monp BemiectBa B (a u3 Hero
npu BeinapuBanuu 1 mons A), 1 moss COx.

Jlns cocraBieHus peakiy U ycTaHOBJIeHHs (hopMyIibl BemecTBa B paccuntaem maccy BOJbI A0
Y TIOCJI€ PEaKIIUH.

m(H20 no peakuun) = m(p-pa coapl) — m(Na2CO3) =599 r—- 106 r =493 1,
n(H20) =493 r/ 18 r/mone = 27.4 Mmonb

m(H20 nocne peakuun) = m(p-pa nocie peakuun) — m(B) = 803 r — 202 r = 601 r; n(H20) =
601 r/ 18 r/monb = 33.4 MoIb

CrnenoBartenbHO, B X0Jle peakUMu 00pazoBajioch 6 MoJib BOAbl. Ha OCHOBaHMM yCTaHOBJICHHBIX
K02(pPHUIIMEHTOB 3anHIIeM YpaBHEHUE peakiiu ¢ K03 uimenTaMu u Haiinem Gpopmysl B.

Na2CO;3 + 4H3BO3 = NaxB4O7 + CO:2T + 6H20,

A —Na2B40O7 - 10H20 (6ypa) B — NaxB4O7

Pa3baanoBka

3a ycranoBneHus popmyn BemectB A u B (Bkirouas pacuers) o 10 6. 20 6.
3a ypaBHEHHE pPEaKLUU 56

Bcero: 25 0.



3agaua 10-3
[Tonnoe cropanme 53.4 r (8.96 n) mapoB opranmdyeckoro BemectBa A Tpedyer 17.92 n

KHUCTIOpOJia W TMPHUBOIUT K OOpa30BaHMI0O B KayecTBE MPOAYKTOB TOJIBKO 79 T cMecu ABYX

ra3000pa3HBIX IPH HOPMAIBHBIX YCIOBUSAX MPOAYKTOB b 1 B 00mmm o6bemom 44.8 11, MonTbHAs
nonst b cocraBnser 40%. [Iponykt B mpencraBnsieT 6MHapHOE BEUIECTBO M COAEPIKUT
1.2 r Bomopona. Cmecs b u B nipu nponyckanuu yepes3 CKISHKY Jpekcens (cM. puc.) ¢
M30BITKOM HACBIIIEHHOTO pacTBOpa THUIpoKapOoOHaTa HaTpus (TMUTHEBOW COJIBI)
BbI3BaJIa OypHOE BCKHUIIAHME PACTBOPA, HA BBIXOJIE U3 CKISTHKH 00BhEM KOHEYHOTO Ta3a
coxpanuiucst 44.8 1, a Macca yBenuumiach Ha 9 r mo cpaBHeHuto ¢ maccor (b+B).
[Iponykra B B kKOoHEeuHOM Ta3e HeT. Bce oObeMbl onpenenensl npu H.y. Onpenenure
BEILECTBO A, KOTOpOE BKJIIOYAET 3 3JIEMEHTAa U HE COIEPKUT Kuciopod. Hanumure
CTPYKTypHBbIE (OopMyibl JByX ero wuszomepoB. CocTaBpTe ypaBHEHHS BCEX

MPOTEKAIOIIUX PEAKIUH.

Pemienue

OnpenenyiM KOTUYECTBO BEUIECTBA M MOJISIPHYIO MAacCy OpraHudeckoro BemectBa A: n(A) =
8.96/22.4 = 0.4 mosib. M(A) = 53.4/0.4 = 133.5 v/mMoOb.

OnpenenyM KOJIWYECTBO BEIIECTBA U MOJSIPHYIO MacCy KOHEYHOro rasa: n(KOHEYHOro rasza) =
44.8/22.4 = 2 monb. M(xoHeuyHoOro raza) = 88/2 = 44 r/Mosb. DTO YUCTHIN YTIIEKUCIBIH ras.
OnpenenuM KOIMYECTBO BEIIECTBA JIeMeHTa Bojopoaa B npoaykre B: n(H) = 1.2/1 = 1.2 monb.
BunapubpIM coemuHEeHNEM BOAOpoa B He MOXKeT OBITh BOJA, TaK KaK OHA HE Ta3000pa3zHas mpu
H.y. 3HauuT OMHAPHOE BEIIECTBO B — 3TO coeamHeHne BOIOpOa U TPEThETo djeMeHTa Z, OHO
MOTJIONIAETCS COIOM C BBIJICIICHUEM YTIICKUCIIOTO Ta3a.

OnpeaenuM KOJIMYECTBO BEIIECTBA KUCIOPOAa, yuyacTBOBaBIiero B ropenuu: n(0z2) = 17.92/22.4
= 0.8 mMosb. Bech kucinopoa u3pacxomoBaics Ha OKUCICHUE YIIIepo/ia, CoAepkKamerocs B A, 110
YIJIEKUCIIOTO ra3a — npoaykTa b. 3naunt yriepoaa B cropeBmeMm A 6b110: n(C) = n(0O2) = 0.8
moib. m(C) =0.8%12=9.6T.

Nrak, 0.4 monb A cogepxut 0.8 Mosib yriepona u 1.2 Mmosib Bogopoaa.

CrenoBarenbHo, popmyry A MOXxKHO orpenenuts kak CoHsZz.

CoH3Z, + 202 => 2CO2 + zHZ Cootnomenue ra3zoB b (CO2) u B mo ycnosuto pasuo 40 : 60 =
2 : 3. CnenpoBarenbno, B —sto HZ, z = 3.

CoHsZ3 + 202 =>2C0O2+ 3HZ

Omnpenenum Z. Ilo ypasuenuto: n(Z) = n(H) = 1.2 monb. m(Z) = 53.4 — m(C) — m(H) = 53.4 —
9.6-12=42.6 . M(Z) =m(Z)/n(Z) =42.6/1.2 = 35.5 r/mons. 3nauut Z — 310 CI.

Ob6mas popmymna: C2H3Cls.

CrpykrypHble ¢popmysl 2 usomepon: CH3-CCls (1,1,1-tpuxnoparan, Al), CHCl2-CH:Cl (1,1,2-
TpuanopaTad, A2). M = 133.5 r/Moub, 3TO COBMIAJIO C pACUETHBIM.

YpaBHeHus:

C2H3Cl3 + 202 =>2CO2 + 3HCI

CO2 + NaHCOs3 => Her peakuuu

HCI + NaHCO3 => NaCl + H20 + CO21

Pa3baanoBka
3a ¢popmynst Al, A2, b, B u 3a anement Cl o 3 6. 156.
3a ypaBHeHHUs peakiuii ¢ yuactueM O2 u cofsl 1o S 0. 10 6.

Bcero 250



3anaua 10-4
Moutekyna BemecTBa A, OTHOCSIIETOCS K KJIacCcy MEPOKCUAOB, BKIIOYaeT 2 aroma 3nemenTa C,

UMEIONIETOo B Ape 16 HEHTPOHOB M OTIMYHOE OT 3TOTO YHUCIIO MPOTOHOB, 8 aTOMOB 31ieMeHTa B,
OTHOCSIIEToCcs KO 2 mepuoay (aroMbl B HaxomsTcst B 2 pa3HBIX CTENEHSX OKUCICHUS, CPEIHSS
CTeNeHb OKHCIIEHUs WX paBHa -1.75), a Taxke 4 aroma anemeHta D, mumeromero B simpe 11
NpOTOHOB. B BOJHOM pacTBOpe MoJeKyJa pacnagaercss Ha S wuoHOB. K mpospauHomy
OeclIBETHOMY BOJHOMY pacTBOpYy BemiectBa A 100aBuiu H30BITOK pacTBopa cyib(ara
xeneza(Il) (100 mn, kornertparus 0.04 MOJIB/JT), IPU STOM BBIICIIHIICS KENThI ocanok. CMech
MOJKHUCIUIA CEPHOM KUCIOTOM, M oO0pa3oBaBIIMiica Mpo3padyHblii pacTBOp oTTUTpoBanu 0.02-
MOJIIPHBIM PACTBOPOM IEPMaHTaHaTa KaJIHsl 10 HEMCUe3aromeh (GruoIeTOBON OKPACKH, IIPU 3TOM
SKBHBAJICHTHBI 00BEM pacTBOpa TMepMaHranata kamus coctaBuil 10 ma. Omnpenenure
HEU3BECTHOE BEIIECTBO A, HAMUIIUTE €r0 CTPYKTYPHYIO (OpMyJy, HalJUTE €ro KOJUYECTBO B
UCXOIHOM pacTBope. Hamummre ypaBHEHHE 3IEKTPOIUTHUECKON TUCCOLMAIMU BellecTBa A U
YPaBHEHUS BCEX MPOTEKAIOIINX PEAKIINMN.

Penrenue

BemectBo A — nepokcuaudocdar nHatpus NasP20s (Na0)2P(=0)-0-0-P(=0)(ONa)2
Na4P20s <> 4Na" + P20s*

NasP20s + 2FeSOs — 2NaxSO4 + 2FePOa4|

2FePO4 + H2SO4 — Fe2(S04)3 + 2H3PO4

10FeSO4 + 2KMnO4 + 8H2S04 — 5Fe2(S04)3 + K2SO4 + 2MnSO4 + 8H20

n(FeSO4 ucxonnoro) = 100:0.04 = 4 mmob.

n(KMnO4) = 10-0.02 = 0.2 MMOb.

Toraa n(FeSO4, nmpopearuposasmiero ¢ KMnO4) =0.2:5 = 1 MMoOIb.

3naunt n(FeSO4, npopearuposasuiero ¢ NasP20g) =4 — 1 = 3 MMob.

3nauyut n(Na4P20g) = 0.5-3 = 1.5 Mmoub.

Pa3zbannoBka

3a omnpezenenue 3 y1eMeHToB 110 1 0. 30.
3a 00mryto U cTpyKTypHYIO (hopmyy 1o 2 0. 4 0.
3a 4 ypaBHeHUs peakiuii mo 3 0. 12 6.
3a Haxoxaenne n(KMnOs) 0.2 mmons u (NasP20s) 1.5 mmons o 3 6. 60

Bcero 25 0.



MexpernonajibHasi 0JIMMIIHAAA HIKOJIbHUKOB
«bBYAYIIUE HCCJIEJOBATEJIM - BY IYIIEE HAYKHW» 2023/24 y4.r.
OYHbIU OTBOPOYHDbIU TYP. Bpemsa evtnonnenus — 90 munym.

2 BapuaHT

10 kaacc
3agaua 10-1
Kucnora A ucnonb3yercss B MUIIEBOM NMPOMBIIIJIEHHOCTH KaK PEryJAaTop KHCIOTHOCTH. OHa
MOXET 00pa3oBaTh C MOHaMH MeTamia X Tpu Oe3Bonubie conu B, C u D B 3aBucuMocTu ot
KHUCJIOTHOCTH Cpelibl. YcTaHoBUTE (OpMYIIbI 3aii(PpOBAHHBIX BEIIECTB, YUUTHIBAS CICIYIOIINE
JAaHHBIC:
- MaccoBas J0Js Kuciopoja B A cocrasisieT 65.3%,
- MeTaJuT X B BOJHOM PAaCTBOPE MPOSBIISIET MOCTOSHHYIO CTENEHb OKUCTIEHUS 2,
- mossipHble Maccebl B, C u D otHOcsTCS Kak 1.72 : 1 : 2.28.
OTtBeT 000CHYHTE W TOATBEPAUTE HEOOXOAMMBIMU pacueTamu. B pacuerax MOJISIpHBIC MacChl
OKPYTJISIATE 10 IECATHIX.

Penrenue

[TockonbpKy KHCITIOTa A B 3aBUCUMOCTH OT KHCJIOTHOCTH CpPelbl 00pa3yeT ¢ HOHaMH MeTayia X
Tpu O€3BOJHBIC COJH, TO OHA SIBISIETCS TPEXOCHOBHOM KHUCIIOTOW U ee (hopmyiay B oOIeM BHIE
MOJKHO 3amucaTh cieayoomuM odpazom: H3D0y. MonspHyio Maccy KUCIOTH MOXKHO HalTH MO
MacCOBOM J0JI€ KUCIOPOAa:

M(A) =M(O)-y / 0.653.

Orcrona Haiinem M(D):

M) =M(A) - 3-M(H) - y-M(O) = M(0)-y / 0.653 - 3 - y-M(O) =0.531-M(O)-y - 3.
EnuHCcTBEHHBIN MPUEMIIEMBIN OTBET MOJTy4YaeM Npu y = 4:

M(3) =31.0 — docdop, A — H3POs- dhocodpnas kucnora.

B 3aBHCHMOCTH OT KMCJIOTHOCTH (poc(opHas KHCIOTa C HFOHaMH X° ' 00pa3yeT TPH COJIH:

X(H2PO4)2 M(X(H2PO4)2) = M(X) + 194
XHPO4 M(XHPO4) = M(X) + 96
X3(PO4)2 M(X3(PO4)2) =3M(X) + 190

N3 ycroBust MOXKHO 3amucaTh:

M(X(H2PO4)2) / M(XHPO4) = (M(X) + 194) / M(X) + 96) = 1.72.
WA

M(X3(PO4)2) / M(XHPO4) = BM(X) + 190) / (M(X) + 96) = 2.28.
Orcrona Haxoaum, uto M(X) = 40.1 r/mMo1nb, X — 3TO KaJbIIUH.

Otser:

A —H3PO4 X —-Ca B — Ca(H2POa4): C — CaHPO4 D — Ca3(POa4)2
Pa3zbannoBka

1. 3a ycranosnenue A, B, C, D, X o 4 6. 20 6.
2. 3a 00OBSICHEHUS U pacyeThl 56

Bcero: 25 0.



3anaua 10-2
B opnoii xonbe HaxoAWTCs BOAHBIN pacTBOP YKCYCHOH KHUCIOTHI, a B JIPYyroll — MypaBbUHOU

KHCJIOTHL. MI3BECTHO, YTO KOHIIEHTPAIMKM HOHOB Bojopoaa H' B 000ux pacTBopax OIMHAKOBBI U
paBusl mo 0.001 momb/n. Paccumraiite cTeneHb OUCCOIMALMU KaXKIOW KHCIOTBI, €CIIM Ha
peakiuio ¢ 10 Ml pacTBOpa yKCyCHOM KHUCIOTHI moTpeboBanoch 5.6 mi 0.1 Monb/n pacTtBopa
NaOH, a Ha peakuuio ¢ TakuM k€ 00bEMOM MYpaBbUHOU KHCIOTHI nouuio B 10 pa3 mMeHsble
menoun. Kakoe 3akitoueHue o cuie KUCIOT MOKHO CIeJIaTh 110 pacueTHbIM 3HaueHUsIM? MoOKHO
JIM UCTIOJIb30BaTh ATH JIaHHBIE JJIs1 CPABHEHMSI CHJIbI YKCYCHOM M MypaBbuHOM kucnot? Kakas u3
9TUX KUCIOT cuibHee? OTBET O0OOCHYHTE M OOBACHUTE C TOUKHU 3PEHHsS] CTPOEHUS MOJEKYI.
Hanmmmnre ypaBHEHUS NPOTEKAIOMUX PEAKIUH.

Penienue

Peakuuu B3auMoOaeCTBUSA KUCIOT C HIEIOYBIO:
CH3;COOH + NaOH = CH3COONa + H20
HCOOH + NaOH = HCOONa + H20

[To pe3ynbraraM B3aMMOZEHCTBHS C pACTBOPOM LIEJIOUYM HAWAEM KOHLIEHTPALUU KUCIIOT.

Ha peaxmmio ¢ 10 M1 yKCycHO#M KucnoTsl notpe6osanocs 0.1-5.6-10° = 5.6-10* mons NaOH, a
Ha peakiuio ¢ 10 M1 MypaBbMHOH KMCIOTHI - 5.6:10* / 10 = 5.6:10° mons NaOH. Tak kax
KHUCJIOTHI B3aMMOJIEUCTBYIOT C ILEJIOYBI0 B MOJISIPHOM cooTHomeHuu 1:1, To B 10 mu pactBopa
YKCYCHOUM KHCIOTBI comepxkutcsa 5.6-10* mons CH3COOH, a B 10 Ma pacTBopa MypaBbHHOI
kucaoThI 5.6-107° mons HCOOH. C y4eToM 3TOro paccuuTaeM KOHIEHTPALMH KUCTIOT:
C(CH3COOH) = 5.6-10* monb / 0.01 1 = 5.6-10 Mons/1;

C(HCOOH) = 5.6-10 monb / 0.01 1= 5.6-10 mons/m.

Peaknmm nqucconmanum:

CH3COOH < CH3COO +H"

HCOOH < HCOO +H"

CreneHb JuccoLalyu a MIPEACTABIISIET coOoi OTHOIIICHHUE KOHIICHTPALIUH
MPOIUCCOIMUPOBABIIUX MOJIEKYJI KUCIOTHI K OOIIEH KOHIEHTPALMU KUCIOTHI. YUHTHIBAs, YTO
KOHIIEHTpalKs HOHOB BOJOPO/Ia COBIAAET C KOHIEHTPALMEN MPOIUCCOLMUPOBABIINX MOJIEKYJT
KHUCJIOTHI, 3HAYEHHE O MOKHO paccuuTath 110 popmyie: oo = C(H") / Crucnorsi.

o(CH3COOH) = C(H") / C(CH3COOH) = 0.001 / 5.6:102=0.0179 nmm 1.79%

o(HCOOH) = C(H") / C(HCOOH) = 0.001 / 5.6:10° =0.179 wu 17.9%

PacuerHbie 3HaUEHUS O CBUAETENBCTBYIOT O TOM, YTO 00€ KUCIOTHI ciadbie. CpaBHUBATH CHITY
KUCIIOT TIO TIOJIyYEHHBIM PAacUYeTHHIM JaHHBIM HE KOPPEKTHO, TaK KaK CTENECHb AMCCOIMALUH
3aBUCUT HE TOJBKO OT MPHUPOAbI c1abo0il KHCIOTHI, HO U OT €e KOHIEHTpaluu (4eM MeHbIIe
KOHLICHTPALs, TeM OoJbIlie cTeneHp auccoruanui). C TOYKH 3peHHs CTPOSHUSI MOJICKYJT Ooiiee
CHJIbHOM KUCIIOTOH SIBJISIETCSl MypaBbUHAs, TaK KaK METHIJIbHAsI TPYIIIA, CBS3aHHAS C YTIEPOAOM
KapOOKCHJIPHOW TPYMIBI YKCYCHOH KHCIIOTBI, 00JalaeT TOJOKUTEIbHBIM WHAYKINOHHBIM
3P PEKTOM U SBISETCS IEKTPOHOIOHOPHOIN M OHA YACTHYHO KOMIICHCHPYET MOTPEOHOCTh aToMa
KHCIIOpPOJia B DJIEKTPOHHOM IIOTHOCTH. B pesynbrare storo cBszp O-H cranoButcs MmeHee
HOJIIPHOM, YTO 3aTPYyJHSET OTIIEIIICHUE HOHA BOAOPOIa.

Pa3baioBka

1. 3a HanucaHue ypaBHEHU peakuuu 1o 2 0. 8 0.
2. 3a pacyer CTeNeHH JUCCOLUAIUH 110 5 0. 10 0.
3. 3a OLIEHKY CHJIbI KUCJIOT IO PacCU€THBIM JaHHBIM 20.
4. 3a 00BACHEHHE OTHOCUTEILHOM CUJIBI KUCIOT 50

Bcero 25 0.



3agaua 10-3
Cpenn 3anmmdpoBanHbix BemectB A, B, C, D ecTb ankaH W ajKeH, pa3IUYaromuecss MacCOBOU

noiei Bogopoaa B 1.4 pasa.
1. Onpenenure BemecTBa A, B, C, D, Ha30BUTE WX U HAIUIIATE CTPYKTYPHBIE (DOPMYJIBI.
2. 3anummTe 5 ypaBHEHUH peakMi ¢ YKa3aHUEM YCIOBUM UX MPOTEKAHMUS.

Cl,

c HO0

Penienue

ITycts anxan umeet popmyiy CaHanv2, 171t HETO @1 = (2n+2)/(14n+2)

ITycts anken umeet Gopmyiy CnHon, an1st HEro w2 = (2n)/(14n) = 1/7 = 0.1429.

[To ycnoBuro 3anaun o1 = 1.4w2 (comepkaHue BOAOPO/Ia B ajkaHe 00JIbIIe, YEM B aJIKEHE).
CoctaBum ypaBHenue: (2n+2)/(14n+2) =1.4-0.1429 = 0.200

2n+2 =0.2(14n+2) 2n+2=2.8n+04 0.8n=1.6 n=2.

3Haumt ankad A — 3tan C2Hs, a anken C — 3ten C2Ha.

CH3-CHs + Cl2 —» HCI1 + CH3-CH:Cl xiopatan B (o6mydenue cBeToM)

CH3-CH2Cl + NaOH — NaCl + CH3-CH20H stanon D (NaOH Boas., t)

CH3-CH2Cl + NaOH — NaCl + H20 + CH2=CHz2 sten (NaOH cnupr., t)

CH>=CH2 + H2 — CH3-CH3 stan (Ni kaTtanuzarop, t)

CH2>=CH2 + H20 — CH3-CH20H »stanon (H2SO4 xonrr., t)

Pa3baanoBka

1. 3a onpenenenue A stana u C steHa ¢ ucnosibzoanueM o(H) B Hux 560.
2.3a 5 ypaBHEHHUH C yCIOBUSIMH MPOTEKAHMS, CTPYKTYPHBIMH (DOPMYJIaMH ¥ Ha3BaHUSIMHU
IPOAYKTOB 110 4 0. 20 6.

Bcero 250



3anaua 10-4
[Ipu pactBopenun 32.8 r cMecu TBEpAbIX IMApPOKapOOHATAa HATPUS M KPUCTAIIIMUYECKON COIbI

Na2CO3-10H20 B Hekotopom kosmyectBe 10%-HOro pactBopa COJISHON KHCIIOTBI BBIAEIUIICS
ra3 oosemom 3360 ™ (HOpMmanbHBIE YyCiOBHsI). [lomydeHHBI pacTBOp HE MYyTHEET IpH
N00aBJIEHUH K HEMY pacTBOpa alerara Kajiblus.

1. CocTtaBbTe ypaBHEHHS BCEX MPOTEKAIOLIUX PEAKLIUH.

2. Onpenenute MaccoBYIO JJOJIIO THAPOKapOOHaTa HATPUs B HCXOAHOM TBEPI0H CMECH.

3. Onpenenute KOJIUYECTBO BEIIECTBA BBIACIUBIIECTOCS Ta3a (MOJIb).

4. Cpenaiite 3aKJIIOYeHHE O TOM, MOJHOCTBIO JIM MPOPEarupoBagy 00€ HCXOJIHBIE COJIH,
MOJITBEP/IUB 3aKIIOUEHUE YPABHEHUSAMHU PEAKIIHIA.

5. Hamumure ypaBHEHUs peakiMid, COCTABIAIOIIMX OCHOBY Meroja CoibBe MPOMBIIIIEHHOIO
MOJTy4€HUs TUIpoKapOoHaTa 1 KapOOHaTa HATpUs U3 XJIOpUJIA HATPUSI.

Penienue

NaHCO3 + HCl — NaCl + H20 + CO21 Na2COs + 2HCI — 2NaCl + H20 + CO21
Hcxonubie Na2CO3 u NaHCO3 npopearnpoBai noJHOCTIO. B MpoTUBHOM cityyae pacTBop
Ca(CH3COOQO)2 man 661 6emnbiit ocamok CaCOs:

Na2CO3+ Ca(CH3COO)2 — 2CH3COONa + CaCOs3]

2NaHCOs3 + Ca(CH3COO)2 —» 2CH3COONa + CaCOs] + H20 + CO21

Omnpenenum obiree konuyectBo CO2 mo 06bemy: n(CO2) = 3.36/22.4 = 0.15 monb.

[Tycts n(NaHCO3) = x mons B ucxoanoit cmecu, Toraa n(Na2CO3-10H20) = (0.15-x) Mob.
3naunt m(NaHCO3) = 84x r, m(Na2CO3-10H20) = 286(0.15-x) r.

CocrtaBuM ypaBHenue: 84x +286(0.15-x) =32.8.  Orcrona x = 0.05.

Urax, n(NaHCO3) = 0.05 mons, m(NaHCO3) = 0.05:84 =4.2 1.

m(Na2CO3-10H20) = 0.1-286 = 28.6 . B cymme macca coneit 32.8 T, Kak ¥ TOIKHO OBITb.
Maccosas nosist ®(NaHCO3) =4.2/32.8 =0.128 (12.8%).

[MTonyuyeHue copl:

NaCl + NH3 + CO2 + H20 — NaHCO3 + NH4Cl,

3areM NaHCO3 kanbsuuaupyrot npu 140°C:

2NaHCO3 — Na2COs3 + H20 + CO2

Perenepupyror NH3 neiicrBuem uszectu: Ca(OH)2 + 2NH4Cl — CaClz + 2NH3 + 2H20

Pa3banioBka

1. 3a 7 ypaBHeHu# peakuuii o 2 0. 14 6.
2. 3a 3aKJII0YEHHE O TTIOJTHOM PACXOJIOBAHUU ABYX COJICH 2 0.
3. 3a onpenenenue n(CO2) = 0.15 moub. 2 0.
4. 3a onpenenenre ®(NaHCO3) =0.128 (12.8%). 76

Bcero 25 0.



