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OtoT npubop n300pakeH Ha KapTHHKE 1.

HemeTamn >k€nToro mBeTa, BBIACISIONIMICA B CBOOOJHOM BHAEC NIpPHU
U3BEPKCHUH BYJIKAHOB.

DTOT npudOp U300paKEH HA KapTUHKE 3.

O1oT pubOp N300pakeH Ha KapTUHKE 4.

56 J1. 3TOrO ra3a npu H.y. BECUT S Tp.

benok, yyacTByroluii B poiiecce ra3o00MeHa.

['a3, oOpasywomuiics B pe3yJbrare OpoKeHUs TMPU PUTOTOBICHUU
HAI[MOHAJLHOTO HAMTUTKA KYMBIC.

OT0T npubop N300paXkeH Ha KapTUHKE 8.

HoH sTOoro Meraia B CTENEHU OKUCIeHUs +4 umeer 18 371eKTpOHOB.

10.MimeHHO u3-3a 3TOT0 MeTauia Mapc UMeeT KpacHBIN IIBET.
11.TTocyna nnst npoBeaeHUsT XUMHUUECKUX PEaKUUid B MaJIbIX 00bEMax, a TaKkKe

JUTsl 0TOOpa XMMHUYECKUX MPOO.

12.3t1ot mpubop n3obpaxeH Ha KapTUHKE 12.

13.6.02*10% equuuUIl 4ero-auoo.

14.9ToT s5eMeHT ObLT Ha3BaH B 4ecTh ocTpoBa Kump.
15.JIparotieHHbIA KaMEHb, UCTIOJIB3YIOIIUNICS MPU OYPEHUN CKBAKHH.



3aaHus.
1. Ucnonn3ys moAcKasku, pasrajaite KpoccBopa. OTBEThI IEPETHIINATE HA JIUCT

¢ Bammmu pemenusMu B hopMate «KHOMEP — CIIOBOY.

2. W3 3akpaiieHHbIX KJIETOK COCTaBbTe M0 OykBaM (haMUJTUIO U3BECTHOTO
Y4E€HOTO.

2. Kucjopon

B nabGopatopunm coOpaid YCTaHOBKY JJig TIOJIY4EHHS Ta3000pa3HOro
KHCJIOPOJA.

1) B nmaHHOW yCTaHOBKHM ra3 COOMpaeTcs CIOCOOOM BBITECHCHHEM BOIBI,
KakuM 00pa3oM CjeAyeT pacrloIOKUTh MPOOUPKY (BBEPX JHOM WM BHU3 JTHOM),
eciu coOupath ra3z MEeTo0M BeITeCHEHHUs Bo3ayxa (M(Bo3ayxa) = 29 r/moiib).

B nannom crioco6e ucnonb3yercs peakmus pazinoxeHus NaxOs.

NaXO;=>NaXxX0,+0,

2) PaccraBbTe KOG GUIMEHTHI B yPAaBHEHUH PEAKIINY.



3) Ycranosure popmyny BemectBa NaXOs;, eciiu M3BECTHO, YTO MaccoBast
noust kucsopojsia B NaXOs 56,47%.

4) 3a 3 muHyTHI coOpaym 12 mit kuciaopoja. PaccuunTaiite, kakoe KOJIMIECTBO
MOJICKYJI COIEPIKHUTCS B 9TOM OOBeEMeE.

5) Kakoe MakcumalibHOE JUTPOB KHUCJIOPOJa MOXKET BBIIEIHUTCS IPH
HOPMAJIBHBIX YCJIOBHSIX, €CJIM Macca UCXOAHOTO BemecTna 2,55 rpamm?

6) KakuM 00pa3oM MOXHO IMPOBEPHUTh, YTO B XOJI¢ PEAKIIMU BBIACISACTCS
MMEHHO KUCTIOpOJ?

7) Onpenenute IWIOTHOCTh KMCIOPOa (B T/J1) IPH HOPMAJIBHBIX YCIOBUSX.

BriaenstomuMcst KUCIOPOJOM 3allOHUIN KOJIOY, B JIOKEUKY JT00aBHIIN
HEMHOTO KpacHOT0 MopoIika — (ochopa 1 COXKIIHN €T0 B KUCIOPOIE.

8) Hanumure ypaBHEHHE IPOTCKAIOIINN PEaKIUH.

[Tocne peakiuu koyi0a 3aMoaIHUIACH OCJIBIM ILIMOM MPU MOTJIOIMIEHUU STOTO
IpIMa BOJIOM oOpasyercss HOBoe BeulecTBO Y. Ilpu noGaBneHMH MeTHIIOpaHKa
pacTBOp MPUOOPETACT KPACHBIH IBET.

9) Hanummmrte ypaBHEHHE TMPOTCKAIONINI pEeaKIUy U YKaKUTE THIT CPEJIbI.

3. Ananusz wecmepénku

Komasice B rapaxe ortma, roHbIM XxuMuK Kapum Hamén
necTepéHKy. HemaBHO OH uyWTan KHUXKKY, B KOTOpOH ObLia
Ta0JIMIIA C CAMBIMU MTOMYJIAPHBIMU cIIaBaMu. EMy cTano oueHb
MHTEPECHO, W3 KaKoro CIUIaBa M3rOTOBJICHA IIECTEPEHKA,
KOTOpYIO OH Ham€n. Kapum pemmn B3BecUTh MIecTepEHKY. Eé
Macca coctaBuia 50,56 r. J[yig aHann3a OH pemniI MOJIOKUTh €€
B PacTBOp COJIsIHON KuMCJa0ThI. KapuM cobpan ycTaHOBKY ISt
cOopa BeesIONIerocs Bogopoa. Ilocne okoHuaHus peakuuu
OH U3MEpPHII 00bEeM BBIJICIUBIIETOCS Bojopoia (oH coctaBui 3,136 i1 (H.y.)), Takxke
oOpazoBascst xjopun meramia A (comepxkut 52,2% xiopa no macce). [locne
¢bunpTpanu pactBopa KapuM 3aMeTws, 4YTO OCTajloCh HEPacTBOPHUBILEECH
BEILIECTBO PO30BOTO 1BeTa (MeTayul b). [IpoBens BBIUKMCICHUS U CBEPUBIIKUCH C
TaOauIel, OH TOHSJI, KAKOU CIIaB €My MomaJics.

CnuaBsr:
bponsa Menbxuop | Ctanb Jlatynp | ABnainb Huxpom
Menp, Menp, Keneso, Menp, Amomunuii, | Hukens,
OnoBo Huxesnb Yraepon | HuHk Maruaun Xpom

1. Hanumure GopmMyy COASIHONH KMCIOTHI.
2. Hatinute metamisl A u b.
3. Hanwumure ypaBHEHUS! TPOTEKAIOUIUX PEAKIIHMA.

Haiinure MaccoBble 10JIM METAJJIOB B CIIJIaBE.



4. Cunmes
3HaHUA, KOTOpPHIE BBl MOJIydaeTe€ B Kypce€ XHMHHU, BaXKHO yMEThb MPUMEHSTh Ha
MpaKTUKe. B 3TOM MBICIIEHHOM SKCIIEPUMEHTE Bbl CMOJICIUPYETE MPOIIECC HACTOSAIIETO
HEOPraHUYECKOTO CHHTE3A.
JlanHas 3ajaya MOMHUMO TEKCTa COJEPKHUT BCIIOMOTATEIbHBIM BHUACO(DpPArMEHT,
JOCTYIHBIN 0 cchutke: hitps://youtu.be/jog079E-2No4.
CornacHo MeTouKe, Heo0X0 Mo Hucnonb3oBath 200 M pactBopa H,SO4 ¢ maccoBoit
nouert 30% (pactBop 1). i1 ero npuUroToOBIEHHS] UMEETCS PACTBOP CEPHOM KUCIIOTHI
H,SO,4 HensBecTHOI KoHLIEHTpanuu (pacTBop 2)(mo Bueo p 2 = 1,824 r/em®) u Boza.
1) Ha xakom u3HueCKOM 3aKOHE OCHOBAH MPUHITUIT pabOThI apeomeTpa?
2) PaccuuTaiite 00beMBI BOJBI M PACTBOpPA KHUCIOTHI 2 ISl MPUTOTOBJICHUS
HEe00X0oIMMOoro oobreMa pactopa 1.
Ta6nuua mioTHocTel cepHoit kucnotsl mpu 20 °C

IInorHocTh, r/Ma | MaccoBag noins, % |[[1moTHOCTE, I/MIT Maccosas gomns, %
1,0661 10 1,8195 91
1,1394 20 1,8240 92
1,2185 30 1,8279 93
1,3028 40 1,8312 94
1,3951 50 1,8337 95
1,4983 60 1,8355 96
1,6105 70 1,8364 97
1,7272 80 1,8368 98
1,8144 90 1,8372 99

PactBop maccoit 200 r, B KOTOPOM COAEPKUTCS 111eJI0Yb, HeoOXoauMast JIJisi TTOJTHOM
HEUTpaIU3aIuu KUCIOTHI, OB MPUToTOBIIEH U3 cyxoro NaOH.
MeieHHO, IO CTEHKE, pacTBOP KUCIOTHI 100aBISETCS B PaCTBOP LIEIOYH.
3) Hanumite ypaBHEHHWE PEAKIMKM HEHTpaIM3allMd  CEPHOM  KHUCIOTHI
TUAPOKCHUJIOM HaTpHsL.
4) PaccuuTaiiTe Maccy meIoun U 00beM BOIbI JIJIsl IPUTOTOBJICHUS pacTBOpA.
5) PaccuuTaiite maccy cyibdara Hatpus Na,SOs, 00pa3oBaBHIETOCS MOCIE
HEUTpaIM3alyu.
6) OOBsicHHTE, TOYEMY BaXKHO JOOABIIATH CEPHYIO KUCIOTY K paCTBOPY LICIOYN
MOCTENEHHO MO MOPLUSIM.

[Tpu oxmaxaeHUN pacTBOpa B OCaJ0K BbImagaeT 17,56 T kpucramioruapara cocraBa
Na,SO,*xH-0.
7) Onpenenute GopMysly KpUCTaLIOTHApaTa cyabhaTa HATpHUs, €CIIM MaccoBast
JIOJISI KUCIIOPO/ia B HeM paBHa 69,6%
8) Haiigure maccy cynbdara HaTtpus Na,SO,, ocTaBierocs B pacTBope.
9) PaccuuTaiite MOJIsApHYIO KOHIIeHTpanuio Na; SO, B pacTBOpe Haa OCaaKOM
[MOmB/1], p(PACTBOPA)saz ocamxon = 1,415 T/MI1


https://youtu.be/jq079E-2No4

HapaGoTanHyto B X0/1€ HECKOJIbKMX aHAJIOTUYHBIX CUHTE30B COJIb OYHINAIN METOIOM
IEPEKPUCTAIN3AMU — PAcTBOpM €€ B Boje npu Temneparype 80°C u MemneHHO
oxnaxaanu 10 20°C, 4To Mo3BOIMIIO TOTYyIUTh YUCThIE KPHCTAILIEL.

10) Cuwmras, uyto coctaB (dopMmyiaa CTPYKTypHOW EIMHUIIBI) BBIMABIINX
KPUCTAJVIOB HE OTJIMYAETCS OT B3SITOrO JUJISi OUYMCTKH, pacCUUTaiTe mMaccy
00pa30BaBIIKXCS KPUCTALIOB, eClik Macca Hackimennoro npu 80°C pacteopa
200 r, a paCTBOPUMOCTH COCTABJISIIOT:
npu 80°C - 108,8 r Bemectsa Ha 100 T BogbI
npu 20°C — 52,0 r Bemectsa Ha 100 T BOJbI



Pemienus MYHHIUIIAJIBHOI'O 3Talla

PecnyOinkaHCKON OUMIIMAABl OHUOPOB MO XUMUHU
2020/2021 yu. ron
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OToT npubdop M300pakeH Ha KapTUHKE 1.

Hemeramn >kéntoro mBeTa, BBIICISIOMMNACA B CBOOOJAHOM BHJIE TMPHU
U3BEP’KEHUU BYJIKAHOB.

OToT npudop M300pakeH Ha KapTUHKE 3.

OToT npubdop M300pakeH Ha KapTUHKE 4.

56 1. 3TOrO raza mpu H.y. BECHUT 5 Tp.

benok, yuacTByromuii B mporecce ra3o000MeHa.

['a3, oOpazyrommiics B pe3yibTaTe OpOXEHUS TMIPU TMPUTOTOBICHUU
HAIMOHAIBHOTO HAIMUTKA KYMBIC.

OToT npubdop N300pakeH Ha KapTUHKE 8.

NoH 3TOr0o Metajia B CTeNEHN OKUCIEeHUS +4 umeeT 18 aIeKTpOHOB.

10.imeHHO u3-3a 3TOTO MeTaia Mapc UMeeT KpacHbBIi 1IBET.
11.Tlocyna nmst mpoBeaeHUS XUMHUYECKUX PEaKIUid B MaJIbIX 00beMax, a TaKkKe

JUIs1 0TOOpa XMMHUYECKHUX MPOO.

12.31oT nmpubop n3o0pakeH Ha KapTUHKE 12.

13.6.02*10% equuuUIl 4ero-mmoo.

14.9toT 35neMeHT ObLI Ha3BaH B 4eCTh ocTpoBa Kump.
15./IparorieHHbIN KaMEHb, UCTIOIb3YIOIIUNICS TPH OypEHUU CKBAYKUH.
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3aganust:
1. Hcnonp3ys nmojackasku, pasrajgainte KpoccBopa. OTBETHI IEPENUIINUTE Ha JTUCT

¢ Bammmu pemienusiMu B popMare «KHOMEP — CIIOBOY.
2. W3 3akpallleHHBIX KJIETOK COCTaBbTE M0 OyKBaM (haMUIINIO U3BECTHOTO
Y4EHOTO.

Pemenne u KpUTEPUU OLIEHUBAHUSA:
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Kpurepuu oueHuBaHus:
1. Kaxnoe npaBmibHOE c10BO 110 1,56 1,56 * 15=22,5 6anna
2. ®amunus ya€HOTO 2,5 bann
UTOro 25 pannoe
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3amanus, peuieHus U BUIC0pa300phl 3aaHui OyIyT pa3MeIleHbl B TPYIITIE OJIMMITHA/IBI
https://vk.com/anod_rb

2. Kucjopoa
B nabopatopum coOpaiu YCTaHOBKY MJIS TIOJYYCHHS Ta3000pa3HOTO
KHCJIOPO/A.

1) B naHHOW yCTaHOBKH Ta3 COOMpAaeTcs CIOCOOOM BBITECHEHHEM BOJIBI,
KaKiuM 00pa3oM CIeAyeT PacloIOKUTh MPOOUPKY (BBEPX AHOM WM BHU3 JTHOM),
€CJIM cOOMPAaTh ra3 METOJIOM BhITeCHEeHHUsI Bo3ayxa (M(Bo3ayxa) = 29 r/morb).

B manHOM crioco6e ucnonb3yercs peakmnus pazinoxeHuss NaXOs.

NaXO;->NaX0,+0,

2) PaccraBbre K09 (DUITMEHTHI B ypaBHEHUH PEAKIIHH.

3) Ycranosute dopmyny BeriectBa NaXOs, ecii M3BECTHO, YTO MacCOBast
nois kuciopoaa B NaXOs 56,47%.

4) 3a 3 muHyTHI coOpaiu 12 mut kuciaopoaa. PaccunTaiite, kakoe KOJIHYECTBO
MOJIEKYJI COJIEPKUTCSI B ’TOM 00BEME.

5) Kakoe MakcuMajabHOE JIMTPOB KHUCIIOPOJA MOKET BBIJACIUTCSA IPH
HOPMAJIBHBIX YCJIOBHSIX, €CJIM Macca UCXOQHOTO BelecTa 2,55 rpamm?

6) KakuM 00pa3oM MOXHO IMPOBEPHUTH, YTO B XOJE PCAKIMH BBIACIIACTCS
UMEHHO KUCTIOpO?

7) Onpenenute MIOTHOCTh KMCI0POa (B I/J1) IPH HOPMAJIbHBIX YCIOBHUSIX.

BoigenstomuMess  KUCIOPOJOM 3allOJIHWIM KOO0y, B JIOKEUKY J00aBUIH
HEMHOT'O KpPacHOTO NopoIika — pocdopa 1 COKIIU €ro B KUCIOPOIE.

8) Hamumvte ypaBHeHHE IPOTEKAIONMIUN PEaKIIHH.

[Tocne peakiuu Koj0a 3aMoaIHMUIACH OEJIBIM JBIMOM MPHU MOTJIONIEHUU 3TOTO
JIbIMa BOJIOM oOpasyeTcsi HoBoe BemiecTBO Y. Ilpu nmoGaBieHun MeTUIIOpaHKa
pacTBOp NMpUOOpPETAET KPACHBIH 1IBET.
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MynununansHbIi 9Tan Pecniy6nnkanckoit onumnua sl ;oHuopoB o xumuu 2020/2021 yu. roga
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9) Hanmmute ypaBHEHHE POTEKAOIINN PEaKIIUN U YKAKUTE TUIT CPEJIbI.

Pemenne u KpUTEPHN OLEeHUBAHMS

1. Kucnopon tsokenee Bozayxa: M(O2) = 32r/mois>M(Bo3ayx) = 29 r/mMoib.
[To3aToMy mpaBUIBLHO OYJIET PaCcIOIOKUTH TPOOUPKY BHHU3 AHOM. Kucimopon Oymer
IIOCTEIICHHO 3aITOJIHATh MPOOUPKY M BBITECHATH U3 He€ Bo3ayX (1 6asia).

2. KoadhpurmeHTsl B ypaBHEHUH PEAKITNU:
2NaX03; 22NaX0; + O (1 6anna)

3. UTo06s! ycTaHOBUTH (hopMyITy 3JieMeHTa X, HaM He0OXO0IMMO OIpeIeTUuTh
ero aroMHyro maccy A(X). Onpenenum Moiekysipayto Maccy BemectBa NaXOs:

A(O)-3 — 10 56,47% 0T Macchl
M(NaXQOs3) — sto 100 % ot macchl, Toraa

M(NaXOS) _ A-(0)-3x100 _ 16x3x100
56,47 56,47
Haiinem atomnyro maccy X:
A.(X) = M(NaX03) —A.(Na) —A.(0) x3=85—-23—-16 X 3 =14 r/™MoJb
=> X — 9710 a30t. Toraa ¢popmyna BemectBa 6yaer NaNO; (2 6a).
12Ma

1000

= 85 r/mouib(2 6ana)

4. IlepeBenem oObeM U3 MJI B JI: = 0,012 51 kucsopoa obpasyeTcs.

O6beM 1 MoJb raza mpu HOPMAJIBHBIX YCIIOBUAX paBeH 22,4 1. Torjga KOJIWYECTBO

V) _ 9912 _ ) 00054 Mosb(2 Gaswna). YroGs:
22,4 22,4

HATH KOJIMYECTBO MOJIEKYJI KHCIOPOa, HEOOXOUMO YMHOKHUTh MOJIM KMCIOPO/a
Ha uncno Asoraapo: N(0,) = n(0,) X Ny = 0,00054 X 6,02 x 1023 = 3,251 x

10%% monekyn (2 6am) .

_ m(NaNO3) _ 2,55
5. n(NaNO3) = M(NaNO;) 81
n(0;) =

n(NaNO3) _ 0,0315
2
npu  HopMmanbHbeIX  ycnoBusax:  V(0,) =n(0,) X 22.4 = 0,01575 x 22,4 =
0,3528 s1(1 amn)

MOJIb KHciopoa paBHo: n(0,) =

= 0,0315 mosib. Tlo ypaBHeHHIO peakiuu

= 0,01575 mouib (1 6amn). Haiinem 00bEM Kucaopoaa

6. [IpoBepuTh HaTMYUE KUCIOPO/Ia MOKHO C TTOMOIIBIO TICIOMIEH JIYYHHKH.
[Ipu ee onmyckaHuM B MPOOMPKY C KUCIOPOJAOM OHA SIPKO BCIBIXUBAET (2 6aJ1a).

7. m(0,)=n(0,)*M(0,)=0,01575*32=0,504 (r)

_m(02) 0,504
p(0,)= r;‘(oz) = hies = 143 (i) (2 6asa)
Jomyckaercs Ipyrou BapuaHT peLIeHus.

Bosbpmém 1 moab kuciopoza. V(02)=n(02)*Vn(0,)=1*22,4=22,4 n
m(0,)=n(0,)*M(0,)=1*32=32r
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02 32 r
0(02)= ‘3((02)) = 2% =143 (5) (2 6anna)

8. BemectBo Y - P,0s5(2 6anma). Ilpu mobGasiienun ¢ocdopa B KoIOy C
KHCJIOPOJIOM TpoTeKaeT ciemyromias peakius: 4P + 50, 22P,05(2 6ania)

9. Ilpu noGaBienuu BoAbI 00pazyeTcs pochopHas Kuciora:
P,Os + 3H,0 = 2H5PO, (2 621.]1.]121)

Oo0pasyercs KuciioTHas cpeza (3 6as).

Kpurepuu oueHuBanus:

Ecnm y4aCTHHK HMCHOJIB3yeT MHOW METOJ PELICHUsI WM PELICHHE B SBHOM
BHUJIE HE COACPKHUT YKA3aHHBIX JJIEMEHTOB OLICHHWBAHUS, HO MOJIKPEIUIEHO
BEPHBIMH PACUETaMU/PACCYKICHUSIMU W TPUBOJAUT K BEPHOMY OTBETY —
pELIEHNE OLIEHUBAETCS MOJHBIM OaJlJIOM.

1. IlpaBunpHOE yKa3zaHUE€ PACHOJIOKEHHS POOUPKHU 1 6ann
2. KosddumnuenTts B ypaBHEHUN pEaKIIUU 1 6ann
3. Ompeneneaue mospHoit macchl NaNOs 2 banna
Omnpenenenue popmyisl BemectBa NaNOs 2 banna
4. HaxoxaeHue KoJIMYecTBa MOJIb KUCIOPOIa 2 banna
Ornpenenenue KoJIMYeCcTBa MOJIEKYJI KUCIOPOaa 2 banna
5. Haxoxnenue koimdecTBa MOJIb KUCIOPO/Ia 1 6ann
[IpaBunpHO HaiiieH 00bEM KUCIOPOIa 1 6anna

6. IIpemnoxen cmoco® MNPOBEpPKHM HAIMUUA KHUCIOpoJa B 2 baila
npoOupke

7. HaiimeHa T1IOTHOCTh KHCJIOpOAA TPU HOPMAIBHBIX 2 Oaiia

YCIOBHSIX
8. Haiinena popmyia Bemecta Y 2 banna
VYpaBuenue peakuuu P ¢ Kuciopoaom 2 banna
9. Vpasuenue peakuuu P,Os ¢ Bomoi 2 banna
[IpaBunbHO yKa3aHa cpesia pacTBOpa 3 banna
nTOoro 25 bannoe
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MynununansHbIi 9Tan Pecniy6nnkanckoit onumnua sl ;oHuopoB o xumuu 2020/2021 yu. roga
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3. Ananusz wecmepénku

Komasice B rapaxe ortma, roHblM XxuMuk Kapum Hamén
niecTep€HKy. HemaBHO OH 4yWTan KHUXKKY, B KOTOpOH ObLia
TabJMIla C CaMBIMU MOMYJIIPHBIMU cIuIaBaMu. EMy cTaiio oueHb
MHTEPECHO, W3 KaKoro CIUIaBa W3rOTOBJICHA IIECTEPEHKA,
KOTOpYyI0 OH Hamén. Kapum pemns B3BeCUTh ECTepEHKY. Eé
Macca coctaBuia 50,56 r. Jlyist aHanuza oH peniui NOJI0KUTh €€
B PacTBOp COJISIHOM KHMCJI0TBI. KapuM coOpain ycTaHOBKY JUIs
cbopa BoelaesIONIerocs Bogopoa. [locne okoHYaHUsT peakiuu
OH M3MEpUJ1 00bEM BhIACIHUBIIErOCs Bogopoaa (oH coctaBui 3,136 1 (H.y.)), Takxe
oOpazoBaincst xjopun meramia A (comepxut 52,2% xnopa mo macce). I[locne
¢bunpTpanu pactBopa KapuM 3aMeTHs, 4YTO OCTajloCh HEPacTBOPHUBILIEECH
BEIECTBO po30Boro 1sera (Meramn b). IIpoBenst BbIUMCIEHUS U CBEPUBLIUCH C
TaOauIeH, OH TOHSJ, KAKOU CIJIaB €My MomaJcs.

Cnnassr:
bpon3sa Menbxuop | Ctanb Jlatynp | ABuainb Huxpom
Menp, Menp, Keneso, Menp, AmoMmunuii, | Hukens,
OnoBo Huxeib Yraepon | Hunk Maruaun Xpom

1. Hanummre popMyity COJSIHOM KHCJIOTHI.

2. Haiigute metamisl A u b.

3. Hanummre ypaBHEHUs IPOTEKAIOLIUX PEAKLIUH.
4. Haiinute MaccoBbI€ JOJIU METAJUIOB B CILIABE.

Pemienue v KpuTEeprM OLICHUBAHMSL:
1. Consnas kuciora — HCI
2. Bapuant pemenus 1:
Jns HaxoxaeHus MeTtaiuia A BOCHOJB3YEMCS MacCOBOM JIOJEH XJiopa B
XJIOpHUJE:
[Ipenmonoxum, 4TO XJIOpUL MMEET bopmyny MeCl,
[Tpu n = 1, popmyna xnopuna - MeCl.
M(MeCl) = Ar(C1)*100 _ 35,5+100
52,2 52,2
M(Me) = M(MeCl) - M(Cl) = 68 - 35,5 = 32,5r/moub
Meramios c TaKou MOJISIPHOU Maccomn HE CYLLIECTBYET.
[Tpu n = 2: MeCl..

2+Ar(CL)*100 _ 2%35,5¥100
M(MeCly) = Tézg == - 136 r/momnb

M(Me) = M(MeCly) — 2Ar(Cl) = 136 — 71 = 65 r/momb

JlaHHO¥ MOJIIPHOHM Macce COOTBETCTBYET IIMHK (ZN).

Ecnu Mbl B3rJIIHEM Ha TaOJIMILy, TO C IIMHKOM B Ta0JIMIIE TOJIBKO OJIUH CIUIaB
— JlaryHb. OH COCTOUT U3 MEU U LIMHKA.
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Bapuanrt pemenus 2:
Metann b — BemecTBo po30BOro IBETa, KOTOpPOE HE MpPOpearupoBajo ¢
COJISTHOU KUCJIOTOM.
[Tox 310 ONKcaHue MOAXOAUT Me/b.
B taGnuiie ecth Tpu CIuiaBa ¢ MEIbIO: MEIbXHOP, OPOH3a, JIATYHb.
Ecnu mpoOyem comocTaBuTh MeETalibl, KOTOpPbIE€ B CIUIaBE C MEJbIO, C
MacCoBOI 10JI€H XJ10pa B XJIOpUIE MeTaia A, TO HAXOAUM, YTO MeTall A —
Huuk, a ero xmopun (ZnCly), umeer maccoByro noo xiaopa 52,2%.
X70opuUIbl 0J0Ba U HUKEJSI HE MOAXOSAT IO MACCOBBIM JIOJISIM.

3. Hanwmmiem ypaBHeHUE MPOTEKAIOIINX PEAKIIUM.
[lo ycnoBuiO 3a7a4u C COJSTHOM KHCIIOTOM pearupyer TOJBKO OJIWH W3
METaJUIOB B CIIABE, ATO IUHK, KOTOPBIA MBI HAIILTH BHIIIIE:
Zn + 2HCIl = ZnCl, + HzT

4. Haiiném maccoByto qoJ1t0 Metaiia A (ZNn) B cruiage:

Jlst 3TOTO MBI HalgéM MOJIA BOJIOpOAA.
n(H2) = — = 2% = 0,14 mosb
Vm 22,4

ITocne STOTO HalaéM Maccy [IAHKA.
n(Zn) = n(H;) (10 ypaBHEHUIO PEAKIINN)
m(Zn) = n(Zn) * M(Zn) = 0,14 * 65 = 9.1 rpamma
MaccoBas 10J1s1 ITMHKA B CIJIaBE:

_ _m(Zn) 0/ — 9,1 0/ ~ 180
®(Zn) Y o—— * 100% s0.56 " 100% = 18%
Haiiném maccoByro nomto metayia b (Cu) B crunase:

_ _m(Cw 0
(D(CU) a m(cniaBa) *100%
m(Cu) = m(cmnasa) — m(Zn) = 50,56 — 9,1 = 41,46 rpamma.

_  m(Cu) 0/ — 41,46 0/ = 0
o(Cu) = m(cmasa) * 100% 056" 100% = 82%

JIn60 o(Cu) = 100% - w(Zn) = 100% - 18% = 82%
Kpurepuu oueHuBanus:
Ecnm y4aCTHUK MCIOIB3YEeT MHOM METOJ PELIEHUS UM PELIEHUE B SBHOM BHUJE HE
CONEPKUT YKA3aHHBIX DJJIEMEHTOB OLEHUBAHUS, HO TMOJKPEIUIEHO BEPHBIMHU

pacueramMu/pacCyKJI€HUSIMU W TPUBOAUT K BEPHOMY OTBETY — pEIICHHUE
OIIEHUBAETCS MOJIHBIM OaJIJIOM.

1. ®opmyia CoNSTHOM KUCIOTHI 2 banna

2. 3a HaxOKJIEHUE KaXa0oro u3 MetawioB A u b 5  bamnoe  3a

KasHCObIU MemaJil

Ecmum mertann A HalieH BepHO, OJHAKO OTCYTCTBYET 3 bania

pacuért, To 3a omnpeaeliecHre MeTamuia A ctaButcs 3 Oaiia
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Ecnu metann A HaiijieH He BEpHO, OJIHAKO TIPUCYTCTBYET 2 Oania
NPaBWJIBHBIA pacyeT, TO 3a OMPEIeICHHE MeTalia A CTaBUTCS
2 0ama (eciu 8 OanbHeluwux wazax Ucnoab308aH HenPasUIbHO
HAULOEHHBII Memald, Ha paciemvl 8 NOCIeOVIOWUX NYHKMAX
BbINOJIHEHbL BEPHO, MO NOCAEOVIOuUe NYHKMbl OYeHUBAIOMCS
NOJIHbIM OaIOM)

Ecnmu mertanmn A HaiiieH HE BEpHO, HO MPHUCYTCTBYET [ Oain
NPaBWIBHBIA pacyeT, T/Ie y MeTaila He NMPaBWJIbHAS CTENECHb
OKHCJICHHUS, TO 3a OMpejelieHue MeTauia A ctaBuTcs 1 Gamn
(ecnu 8 OanvbHelwux waeax UCNOIb308aH HENPABGULLHO
HAULOEHHbII Memaild, Ha paciemvl 8 NOCAeOVIOWUX NYHKMAX
BbINOJIHEHbL BEPHO, MO NOCALOVIOuUe NYHKMbl OYeHUBAIOMCS
NOJIHbIM OaLIOM)

3. 3a ypaBHEHHE peaKIuu 3 banna
Ecnu ko3¢ duiinenTsl B ypaBHEHUH HEBEPHBI, HO BelllecTBa 2 6ania
BEPHBIC (eC/u 8 OANbHeUWUX ua2ax UCnoib308aAHA MACCa
YUHKA, pACCUUMAHHASL NO HeBEPHOMY YPABHEHUIO, HO NO
8EPHOMY NPUHYUNY — NOCAEOVIOWUe ual OYeHUBAIOMCS
NOJIHLIM OaLIOM)

4.3a MaccoBYIO JOJIFO KaKJI0T0 M3 METAJIJIOB 5 6amos  3a

(3a npomedsicymounvle cmaouu bIYUCTEHUS, eClU Hem Kaxicolll Memal

KOHEeYHO20 Pe3yIbMmama. HaxoxcoeHue KoIuiecmsd 6000pood-

2 banna, HaxoxcoeHue Maccol Yuuka — 2 oania)
NUTOI'O 25 éannos

4, Cunmes

3HaHUA, KOTOPHIE BBI TOJIy9aeTe B Kypce XHMHH, BOKHO YMETh TPHUMCHSITH Ha
MpaKTUKe. B 3TOM MBICIIEHHOM SKCTIIEPUMEHTE BbI CMOJICITUPYETE MPOIIECC HACTOSAIIETO
HEOPTaHWYECKOTO CHHTE3A.

JlanHas 3ajaya TOMHMO TEKCTa COJIEPKUT BCIOMOTATEIbHBIA BHAEO(pPArMeHT,
JOCTYIHBIN 0 cchuike: https://youtu.be/jo079E-2No4.

CormnacHo MeToIMKe, Heo0Xo Mo uctoiab3oBaTh 200 Mt pactBopa H,SO4 ¢ MaccoBoit
noineit 30% (pactBop 1). JlJig €ro mpuroToBICHUS UMEETCSI PACTBOP CEPHOUM KUCIOTHI
H,SO,4 nensBecTHOM KoHLIEHTpamuu (pacTBop 2)(mo Buaeo p 2 = 1,824 r/cm®) u Boza.

1) Ha xakoM ¢u3uyeckoM 3aKOHE OCHOBAH MPUHIIUI paboThI apeomeTpa?
2) PaccuuTaiite 00BeMBI BOJBI M PACTBOPA KHCIOTHI 2 ISl MPUTOTOBJICHUS
HeoO0XxoumMoro oobemMa pactsopa 1.
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Tabnuua mioTHocTei cepHoii kucnots mpu 20 °C

IInoraocts, /M1 | MaccoBag moist, % |[IimoTHOCTE, I/MIT Maccosas nomnsa, %
1,0661 10 1,8195 91
1,1394 20 1,8240 92
1,2185 30 1,8279 93
1,3028 40 1,8312 94
1,3951 50 1,8337 95
1,4983 60 1,8355 96
1,6105 70 1,8364 97
1,7272 80 1,8368 98
1,8144 90 1,8372 99

PactBop maccoii 200 r, B KOTOPOM COAEPKUTCS 1IEI04Yb, HEOOX0UMas AJIsl OJTHOU
HEHTpaIn3aluu KUCIOThI, ObLI MPUroTOBIIEH U3 cyxoro NaOH.
MenneHHo, 0 CTEHKE, pacTBOP KUCIOTHI 100ABIIETCS B PACTBOP LIECIOYH.
3) Hammmwte ypaBHEHWE pEaKIUW HEUTpaIM3allUd  CEPHOH  KHCIIOTHI
TUJIPOKCUJIOM HATPUS.
4) PaccuuTaiiTe Maccy meino4d U 00beM BOJIbI ISl IPUTOTOBJICHUS PacTBOpA.
5) PaccuuTaiite Mmaccy cyibdara Hatpus Na;SOs, 00pa30BaBHIETOCS IMOCIE
HEUTpAIU3ALUU.
6) OOBsicHHTE, TOYEeMY BaYKHO JOOABIIATH CEPHYIO KUCIOTY K paCTBOPY HISIIOUN
MOCTENEHHO 10 TOPLHUSM.

[Tpu oxmaxaeHUM pacTBOpa B OCAJO0K BbIMagaeT 17,56 r kpucramuioruapara cocraBa
Na2804*xH20.
7) Omnpenenute hopMyay KpUCTAIUIOTHIpaTa CyJib(ara HATPHsI, €CIIM MaccoBas
JI0JI KUCJIOPOJia B HEM paBHa 69,6%
8) Haiimute Maccy cynbdara HaTpusi Na;SOs, ocTaBIIerocs B pacTBope.
9) Paccuwmraiite MosipHyr0 KoHIleHTpanuio Na,SO4 B pacTBOpe HaJa OCaIKOM
[MomB/11], p(PACTBOPA)yan ocamxon = 1,415 T/MII

HapaOoTaHHy10 B X0/1€ HECKOJIbKMX aHAJIOTUYHBIX CHUHTE30B COJIb OYHUINAIN METOI0M
IEPEKPUCTAIN3AMA — PacTBOpIU eé B Boje npu Temneparype 80°C u MemneHHO
oxnaxaanu 10 20°C, 4To MO3BOIMIIO TOTYIHUTh YUCThIE KPHCTAILIbI.

10) Cuwmrasi, uyto coctaB (dopmynaa CTPYKTYpPHOW €IWHMIIBI) BBITABIIUX
KPUCTAJUIOB HE OTJIMYAETCA OT B3SITOrO JUISl OYMCTKH, pAcCUUTANTE Maccy
00pa30BaBLIIMXCS KPUCTAILIOB, €clii Macca HacklenHoro npu 80°C pacteopa
200 r, a paCTBOPUMOCTH COCTABJISIOT:
npu 80°C - 108,8 r BemecTsa Ha 100 T BOAEI
npu 20°C — 52,0 r BemecTBa Ha 100 T BOJIBI
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Pemenne u KpuTepUu OLEHUBAHUSA:

1

w

. IIpunnun paboThl apeoMeTpa OCHOBaH Ha 3akoHne Apxumeoa. Ha Tteno,

MOTPY’KEHHOE B JKUIKOCTh WJIM Ta3, JACHCTBYET BBITAIKUBAIOIIAS WA
noabEMHAS CHJIA, pPaBHAs BeCy 00BEMA KUAKOCTH WM Ta3a, BEITECHEHHOTO
YaCcThIO Tela, MOTPYKEHHOW B JKUIKOCTh WM ra3. Jlomyckaercst OTBET 0e3
yKa3aHus MOJIHOM (popMyTupoBKH 3aKoHa/ero Ha3BaHus (1 6as)
m(pactBop 1) = p(pactBop 1) =V(pactBop 1) =1,22 *200=244r
m1(H2S04) = m(pactBop 1) * w1(H2SO4) =244 * 0,3 =73,2 rp (1 6am1)

[To Tabmuile OAHO3HAYHO MOXKHO CcKa3aTh, uTo Wo(H2S0,4) = 0,92 = 92% (0,5
0aJsa)

V(pactBop 2) = m (pacTtBop 2)/p(pacTtBop 2)

m(pactBop 2) = Mp(H2S04)/ W2(H2SO04)

PactBOp 2 mMeeT Takyto e MacCy KUCIOTHI, YTO U pacTBop |

m1(H2804) = mz(stO4) =73,2 Irp (1 63.]1.11)

[Momygaem: V(pactBop 2) = mMy(H2S04)/(W2(H2SO4)*p(pactBop 2))=
73,2/(0,92%1,825) = 43,6 cm® = 43,6Mmi (1 6aJw)

m;(H,0) = 244 — 43,6*1,825 = 164,4 r (0,5 6ana)

T.kx. p(H20) =1 r/mi, V = my(H,0)/p(H20) = 164,4 ma (1 6am)

Pacuer Buna V = V(pactBop 1) - V(pactBop 2) = 200 — 43,6 = 156,4 mn
CUMTATh HEBEPHBIM, TTIOCKOJIBKY INIOTHOCTHA PACTBOPOB OTJIMYAIOTCS.

2NaOH + H,SO4 — Na,SO4 + 2H,0 (1 6ama)

st monmuo#t HedTpanmm3aruu koiaumdecTBo NaOH momkHO OBITH OosbIe
komuecTBa HpSO4 B 2 paza N(NaOH) = 2n(H,SO04) (1 6ag)

n (H2SO04) = m(H2SO4)/M(H,SO4) = m(H2SO4)/(2A(H)+A(S)+4A(0)) =
73.2/98 = 0.75 momsb (1 6amn)

n(NaOH) = 2*0,75 = 1,5 momab

m(NaOH) = n(NaOH)*M(NaOH) = 1.5*40 = 60 r (1 6aJw1)

V = m(H20)/p(H,0)

m(H,0) = m(pactBopa NaOH) - m(NaOH) =200-60=140r

p(H20) =1 r/mn, V = 140/1 = 140 mu (1 6amn)

n(Na2804) = n(H2804) = 0,75 MoaB

m(NaZSO4) = n(NaZSO4) * M(N&2804) =0.75*142=106,5r (1 63.]1.]1)

Kak Bumno u3 Bugeodparmenta, npu peakunu NaOH u H,SO4 BeimensieTcs
TeII0 (peakmus dK30TepMuyHa). [Ipu pe3koM CIMBaHUU PACTBOPOB MOKET
OBITh TakKOE, 4YTO OTOHW TEIUIOTHI XBATHT, YTOOBI PACTBOP BCKHIIEI,
paszopeI3ruBas cogepxkumoe cocyaa. (1 6am)

w(0) = 0.696 = m(0O)/m(Na;SO,*xH,0) = (4+x)*A(O)/(2A(Na)+A(S)+
(4+x)*A(0)+2*x*A(H)) (1,5 6aana)

16(4+x)/(78+16(4+x) + 2x) — x = 10

Na,SO,*10H,0 (1,5 6anna)
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8- m(NaZSO4)B pacTtBope = m(NaZSO4) - m(NaZSO4)B ocajke
m(NaZSO4)B ocamke — m(Nazso4*10H20)*M(N&2504)/M(N3.2804*10H20) =
7.5 (1 6a)
M(NazSO4)s pactsope = 106,5 — 7.5 =99 r (1 6a11)
9. m(pactBop) = m(pactBop 1) + m(NaOH),., — m(ocanka) = 200*1,22 + 200 —
17,56 = 426,44 rp (1 6amn)
V(pactBop) = 426,44/1,415 = 301,4 mn
n(NaZSO4)B pactBope — m(N8.2804)B paCTBope/M(NaZSO4) =99/142 = 0,70 MOJIb
C = n(NazSO04)s pacrsope! V(pacTBop) = 2,32 Mo/ (2 6asia)
10.w(Na;S04*10H,0)=m(Na;S0,)/(m(Na,S0,)+ m(H,0))
Wao(Na,SO,*10H,0)=108,8/(108,8+100)=0,521
Wa0(Na;SOs*10H,0)= 52,0/(52,0+100)=0,342
prI/ICTaJ'IJ'ILI: Mgo-M2o
mgo:mpaCTBopa*ng(Na2804*10H20):200*O,521=104,2 r (2 63.]1.]121)
Maox= Myacrsopa- Meo= 200-104,2=95 8 T
ITocne OCaAXKIACHUA MacCa pacTBOpa HU3MCHHTCA, MMOCTOSIHHON OCTaHETCs
TOJIBKO KOJIMYECTBO BOJBI. HOBTOMY
Miacrsopa 20= Maom/ (L-W20(Na2SO4*10H,0))=95,8/(1-0,342)=1456 r (1 6an1)
mzo(Nast4*10H20): Mpacreopa 20* W20(N&2804*10H20):145,6*0,342:49,8 T
Torna Mypucranm=Meo-M20=104,2-49,8=54 4 r (1 6ana)

Kpurepuu oneHuBanus:

Ecam y4acTHUK MCNOIB3YEeT MHOM METO]l PELICHHUS UM PEUICHUE B SBHOM BHUIE HE
COJICPKUT YKa3aHHBIX JJIEMEHTOB OLICHUBAaHUS, HO TMOJKPEIUICHO BEPHBIMU
pacueTaMu/pacCy>kKJICHUsIMA W TPUBOAUT K BEPHOMY OTBETY — pEIICHHE
OLICHMBAETCS TIOJHBIM OAJIJIOM.

1. BepHoe oObsicHeHWE MpuUHIUIA pabOThI apeomerpa (mooicno ez 1 6ann
UCNONIL308AHUSA CIOBOCOYEMAHUsL 3AKOH Apxumeda, HO 8E€pHO No

CMBICTY)

2. Pacder macchl KUCTOTHI B pacTBOpE 1 6ann
OrnpeneneHne MacCoBOM JT0IM KUCIIOTHI B pacTBOpE 2 0,5 banna
3akII0ueHre O paBHOM Macce KUCJIOTHI B pacTBopax 1 u 2 1 6ann
Haxoxnenne o6beMa KUCIOTHI 1,5 6anna
Haxoxnenue oobeMa BOIbI 1 bann

3. Bepnoe ypaBHeHue peakuuu 1 6ann
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Bepnoe ypasuenue 6e3 koagpghuyuenmos
3akmoueHue o koaudectse NaOH
Pacuet kommmuectBa H,SO4
Haxoxnenne maccel NaOH
Omnpenenenre 00beMa BOIbI

BepHoe, nmeroriee CMBICIT 3aKTIOYCHIE
Pacuer maccer Na,SOq

CocraBneHue BCPHOI'O YPABHCHHU:A HJIA pacuCTa KpUCTAJILUIOTrHuapara

Onpenenenue GopMyIbl KpUCTaLIOTHAPATa
Haxoxaenue Macchl oM B OCaJKe B BUJE KPUCTAILIIOTHIpaTa

HaxoxieHue Macchl OCTaBIICHCS COJIH

Ornpenenenue Maccol pacTBopa

Haxoxaenue KoHIeHTpaiuu
Pacuer maccsl conu B pactBope mpu 80°C

Pacuer maccsl pactsopa mpu 20 °C

Pacuer macchl BbIABIINX KPUCTAIIOB
nuToro
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0,5 6anna
1 b6ann
1 b6ann
1 6ann
1 6ann
1 b6ann

1 bann

1,5 6anna

1,5 6anna
1 6ann

1 6ann

1 6ann

2 banna
2 banna

1 6ann

1 6ann
25 b6annoe
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