Penienust 3aganui 3aKJI1I0YUTEIBLHOIO dTana
Onumnuansl «JloMmoHOCOB» 10 HH:KeHepHBIM HaykaMm 2020/2021
10-11 kiaaccenl

3agaua 1 (20 0a1710B)

Ha cerognsmHuii €Hb XUMHYECKME MCTOYHMKM TOKAa MMEIOT IIHPOKOE IPUMEHEHHE B
pasnuYHBIX ycTporcTBaXx. OMHO W3 HANpPaBIEHUN pa3BUTHS ITOH OOIACTH DHEPTCTHKU —
pa3paboTKa XUMUYECKHUX UCTOYHUKOB TOKA, KOTOPbIE MOTYT pa00TaTh Ha HOBBIX BUJAaX TOILUIMBA,
HalpuMep, TOIUIMBHBIX 3JIEMEHTOB, paOOTAIOLIMX HA MeTaHoje (CM. PUCYHOK). ToIIMBHBIE
3JIEMEHTHI COCTOST U3 JBYX JJIEKTPOJOB (aHOAA M KaTOAA), HA KOTOPBIX IMPOMCXOAT MPOLECCHI
OKHMCIICHMsI M BOCCTAHOBJCHMs, M MeMOpaHbl. MoHBI BOIOpOJa, KOTOpbIE MOJy4aroTcs B
pe3yabTaTe MoJypeakiuy Ha aHOJIe, MUTPUPYIOT Yepe3 MeMOpaHy, pa3AeisioIIyi0 JIEKTPOIbI, a
AJIEKTPOHBI, KOTOPBIE IOJIYYAIOTCSI B PE3yJbTaTe TOH XK€ MOJypeakUuu, UAYT TOJIbKO uepes
BHEUIHIOIO 1I€Nb. B METaHOJbHO-KUCIOPOJAHOM TOIUIMBHOM 3JIEMEHTE CYMMAapHO IpPOTEKaeT
peakuus okucieHus MeraHoisa. MHxxeHnep-uccnenoBarens Anekceit [letpoBuy pemmi 3apsauThb
aKKyMyJIITOp TenedoHa ¢ MoMOLIbl0 OaTapeu U3 HECKOJbKUX COEIMHEHHBIX MOCIEeI0BaTEIbHO
METaHOJbHO-KUCIOPOJHBIX TOIUIMBHBIX 3JIEMEHTOB. Yepe3 aHoj KaXJoro U3 BXOAAIIUX B
6arapero TOMJIMBHOIO 3JIEMEHTa OH IpomycTtuia o 1 1 0,25 M MeTaHosbHOro BOAHOTO pacTBOpa,
a Ha Karoabl OH B H30BITKE MOJaBal KUCJIOpoJ. V3BECTHO, YTO €MKOCTb 3apsKEHHOI'O
akkymyisitopa Tenedpona paBHa 3 A-4. YIPOUIEHHO, €MKOCTBIO aKKyMyJIATOpa, OOBIYHO
u3MepsieMod B MA -4 uiau A-d4, Ha3bplBaeTcs 3apsl, KOTOPbI OH MOXXET OTIAaTh IPU paspsizie
yepe3 BHEUIHIOK 1enb. CTporo roBopsi, 3TOT 3aps] 3aBUCUT OT TOTO, KaK UMEHHO MpPOTEKaeT
IpoLecc pa3psiia, HO B IEPBOM NPUOIMKEHUHM MOXKHO CUUTaTh, YTO OH paBeH 3apsfy,
MpOUIeIIEMY Yepe3 aKKyMYJISITOp IPU IPOMyCKaHUH Yepe3 HEro ToKa OT BHEIIHEr0 UCTOYHHMKA
B IIPOLIECCE 3aPSIIKM AKKyMYJISTOpA U3 HE3aPSHKEHHOTO COCTOSIHUS 10 TOCTHKEHUS HAIIPSKEHUS,
COOTBETCTBYIOILIETO TOJHOCTBIO 3apsDKEHHOMY akkymyisatopy. Kakas gons  MeraHona
npopearupoBaia Ha aHoAax OaTaped METaHOJIbHO-KHCIOPOJHOTO TOIUIMBHOTO 3JIEMEHTA, €CIU
Anekcero [letpoBuuy ynanoch 3apsauTh akkyMyasTop tenedona ¢ 0 1o 40 %?
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Pewenue:

3anuieM ypaBHEHHUS IOJypeakLUui, KOTOpble IPOTEKal0T Ha aHOJE M KaToJleé METaHOJIbHO-
KHCJIOPOAHOTO TOIJIMBHOI'O 3JIEMEHTA, U YPABHEHUE CYMMApPHOM peaKkuu:

na anone: CH;OH + H,0 - CO, + 6HT +6e™;

na katoge: 6 H* +20, + 6e” - 3H0 ;

cymmapsas peakiusi: CH;OH + %OZ - CO, + 2H,0.
W3 ypaBHeHUs TOJypeakIMd Ha aHOAE CIEAyeT, YTO MPU OKUCICHUU OJHOM MOJEKYJIbI
METaHOJIa TOIUTMBHBINA 3JIEMEHT OT/AAeT BO BHEUIHIOIO 1eTb 6 3JeKTpOoHOB. Toraa moiHsi 3apsi,
MPONICIINI Yepe3 akKKyMyJIATOp TelaedOoHa BO BPEMS €0 3apsaKH, paBeH q = 6q,VNy, T1e q, —
3aps] JIEKTPOHA, V — KOJMYECTBO IPOPEAarupoBaBIIErO Ha aHOAE MeTaHojda, a N, — 4Yucio
ABoranpo. Ecian 0003HaunTh 4epe3 ® HCKOMYIO JOJIO IMPOpPEarupoBaBIIETO METaHOJa, TO
vV = wVy, TIe Vo = cV — KoIn4ecTBO METaHoJa, H3HAYaJIbHO COAEPIKABIIETOCS B MPOMYIIICHHOM
yepe3 aHoJ KaKJIOro TOIUIMBHOTO 3JEMEHTa PacTBOPE C MOJIAPHON KOHIICHTpaIueil MeTaHola
c=025 M u oovemom V =1 n. CnenoBarenbHo, q = 6q.,NywcV. C npyroit CTOpOHBI,
MOCKONbKY Ajiekcero [lerpoBuuy ynmanock 3apsauTh akkymyssitop Teinedona mo 40 %, B
MPOIIECCe 3apsiIKU Yepe3 akKyMyssitop mpornen 3apsg q = nQ, tne 1 =04, a Q =3 Ay =
10800 Ki — emkocTh akkymyssiTopa. Toraa u3 pasencrsa q = nQ = 6q,N,ywcV Haxoaum

w = L ~ 0,03.

6q.NycV

Omeem: w =~ 0,03.

3agaua 2 (20 6a1710B)

YeTsIpe OIMHAKOBBIE METAIMYECKHE IUIACTHHBI, PACIIOJIOKEHHBIE MapajuIeIbHO JIPYT APYTY,
nojkiaroueHsl kK uctoyHukaMm toka ¢ DJIC E; u E; yepe3 kmoun K; u K (cMm. pucynok). B
UCXOJIHOM COCTOSTHMM IUIACTHHBI HE 3apsKEHbI, a KJIIYM Pa30MKHYTHI. B HEKOTOPBIE MOMEHT
BPEMEHHU KIIIOYM 3aMKHYJIM, W Ha JIeBOM M MpaBoOil CTOpOHAX IUIACTUHBI 2 BO3HMKIHU

MOBEPXHOCTHBIE 3apsi/ibl C TUIOTHOCTSIMU Oy U 0,5 COOTBETCTBEHHO. Uemy paHa DJIC BTOpOTO
%L _
O2R -
IJIAaCTUH ropasgo MCHBIIC paCCTOﬂHI/II\/JI MCXKIAY HUMHU, a PACCTOAHUA MCKY IIJIAaCTUHAMU Iopa3go

1
ncroynnka toka E,, ecnmm m3BectHo, uto E; = 5 B, a _E? CuuraTh, YTO TOMIIIAHA

MCHBIIC pa3MCPOB CaMUX TIACTHH.
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Pewienue:

[TycTh 0; — MOJHAs MOBEPXHOCTHAS IJIOTHOCTH 3apsija Ha I-i iacTuHe (T.e. CyMMa IUIOTHOCTEH
3apsiga Ha JIeBOi (0;;) ¥ mpaBoil (0;z) MOBEPXHOCTAX IUIACTHHBI, 0; = O0;, + O;r), a E; —
HAMPSDKEHHOCTh 3JICKTPUYECKOTO MMOJIST B MPOMEXKYTKe Mexay -d u (i + 1)-i mmactuHamu
noclie 3aMbIkaHus kiouedd. CHavyalla MIacTHHBI HE 3apsKEHBI; MOTOMY CYMMAapHBIH 3apsj Ha
wiactTiHax 1 u 3 (Tak ke Kak ¥ Ha IUIacTHHAX 2 U 4) paBeH Hy0, T.¢. 0y + 03 =0, 0y, + 04 =

0. IlockoyibKy paBHOMEPHO 3apspKEHHAs IIOCKOCTh C MOBEPXHOCTHOH IIOTHOCTBIO 3apsiia G
g g
co3maer cmpasa (cieBa) OT ceOs OAHOPOJHOE INMEeKTpuyeckoe mone E = Y. (E = - ;)'
0 0
MI0JIy4aeM CIIEAYIOIYI0 CUCTEMY U3 ABYX YpaBHEHUIL:

Eld + Ezd = 81
d
Ezd + E3E = 82,

E, = (01t 0, —03—04) _ 0110, E., = (o1t 02+ 03—04) _ 03
] 2 - - ] 3 - - - -

280 &o 280 &o 280 &o
Pernienue 310 CUCTEMBI OTHOCUTEILHO 07 U 05 AT

R T P e

[TocKOBbKY BHYTPH JIFOOO0# METAITMYECKOM ITACTHHBI (B YaCTHOCTH, BTOPOI) SJIEKTPUIECKOE
110JI€ OTCYTCTBYET,

(01-02-03-04) _ 01

E1:

1 3 &o
0y, = —0op = (=& ——8)—.
2L 1 (2 27 2¢1)7
Torna
1 1 &9
O2r = 0 — 031 = (;gz"‘ 151);

o 1
OTCI-O,Z[a JJIs1 OTHOIICHUA O_LL, KOTOPOC 110 YCJIOBUIO 3a/1a4i paBHO — E, Iojrygacm
2R

O2L __ _2 1

1
O2R a+E 2

roe a = 22
Pl _81'

5 5 25
Pemras nocnennee ypaBHEHHE OTHOCUTENIBHO (O, HAXOIUM O = oo Te. & = " &= - B~=4,17
B.

Omeem: E, ~ 4,17 B.

3axaua 3 (20 6a,1710B)

[To o3epy TuIBIBET HMJIMHIPUYECKUW IUIOT, PaAnyC OCHOBaHHS KOTOporo R paBeH 5,65 cwm,
W3TOTOBJICHHBIM M3 N CJI0E€B OYEHBb JIETKOW BO3IYIIHO-TY3bIPHKOBOM (MYIBIPYATOM) TUICHKH
(pucynoxk 1). [Inenka umeeT cieayomme XapakTepUCTUKU:

. My3bIPbKHU MIPEACTABISIIOT COO0H Torychepsl paguycoM 7 MM (pucyHku 2 u 3);



o CIIOM IUICHKH YJIOXEHBl TaKMM 00pa3oM, UYTO MEXIy IMy3bIpbKaMH HaXOAUTCS
MUHHUMAJIbHBIA 00b€M BO3IYIITHOM IMPOCIOUKH.

[1n0T repmeTHYHBINA, BOJBI MEXKY CIOAMH HET. [lo mepuMerpy miuoTa UMeeTcsl IPOYHbIA TOHKUI
HEBECOMBIN OopTuK BhicoTOM d = 5 cM. Ha 1uioTy HaxomuTCs OTKPBITBIA COCYI KyOHUYECKOM
dopmbr Maccoit 113,5 r u BbICOTOH, coBmamamimieid ¢ BbICOTOW OopTuka. BHyTpm cocyna
Haxoautes 13,7 r nopomka Oapus (pucyHok 1). Haunnaer uaru noxas. Haxoasimuiics B cocyae
Oapuil pearupyeTr ¢ YUCTOM J10k1A€BOM BOJOM. M3 CKOJNIBKUX CIOEB MJIEHKHM M3rOTOBJIEH IUIOT,
€CJIM OH IOJIHOCThIO yTOHYN uepe3 1000 cekyHna, a moxab UAET ¢ MHTeHCUBHOCTbIO 00,0472
Kr/(M2 “cek)?

[Ton MHTEHCUBHOCTBIO JOXKSA CIEAYeT NOHMMATh MAaccy BOJIbl, KOTOpas MaJaeT Ha €AUHULY
IUIOLIA/IM 32 €AUHMILY BPEMEHHU.

[TnoTHOCTH BOABI B 03epe cuutaiite pasHoi 1000 Kr/m®.

N cnoés naéHKu

/\>R\ o
Pucynok 1.

Pucynok 2. Bun miieHku cOoky Pucynok 3. Bua nnenku cBepxy
Pewenue:
1. 3anuiieM ypaBHEHUE peakluu, KOTopas OyAeT IpOXOauTh B COCYE:
Ba + 2H,0 = Ba(OH), + H»1

B .

v(Ba) = T:((Bz)) = 0,1 MoJib, TOT/1a U3 ypaBHEHHs XUMUYECKOH peakunu V(Hz) = 0,1 monb, my, =
0,2r.
2. B ycinoBum 3amaum cka3aHo, 4TO IUIEHKAa YJIOXKEHAa TakuM 00pa3oM, 4YTO MEXay

My3bIpbKaMH HAXOAUTCS MHUHHUMAJIBHBIH 00BEM BO3MYIIHONW mpociioiiku. OIeHUM, KaKyro
TOJIIIMHY OYAEeT UMETh CJIOHN U3 ABYX IJIeHOK. M300pa3um B MJICHKU CBEPXY U COOKY:



A H B
AC = CB = 2R, AB — nuaronans kBajpata ADBE co cTtoponoii 2R, 3nauut, AB = 2V2R;
AH = %AB = V2R. Taxk xax AC = 2R, CH = V2R.

3. [TnoT yroHeT, Koria OYACT BBIOJHATHCS CICAYIOIIEe YCIOBHE:

Meucremnd = p)l(gVCI/lCTCMbI , TAC (1)

Meucremsr = Muamxn + MBa + Maoger — My, , Maoge = ISt (I — MHTEHCHBHOCTD, C KOTOPOM HJIET TOK/Ib,
S — mromaas MOBEPXHOCTH IJIOTA, T — BpeMsl, Yyepe3 KOTOPOe IUIOT YTOHYN), Veucrems = ON =
nRz(hHneHKH +d), a Nyyenn — CyMMapHas TosmmuHa uckoMbix N cioes mienku. Torma

Meucremsr = Muamn + Mpa + ISt - mHZ (2)
Meucrems = VCI/ICTCMpr)l( = 7T]E{Z(hrmel-uq/l + d)pm (3)
hnnex—ncn = % CH= ?RN (4)

W3 ypaBHeHuii 1 — 4, nomyuum:

m + mg, — my. + IMR?t V2
N = YalIKu Ba H, —d) -2 ~ 2 cyog
TIR2p,, R

Omeem: 2 cnos.

3amxaua 4 (20 6a1710B)

Ha OBOIICXPAHUIINIIC UCTIOJIB3YHOT BEIICCTBO H AJIA 3aMCIIJICHUSA CTapCHUSA OBOIIEH U q)pYKTOB.

BeIlIeCTBO H moxHO CUHTE3UPOBATDH, OCYIICCTBUB LICTIOYKY npeBpameHI/Iﬁ:
02, 100°C, SMHa, KaT.B C, H2$04, t HCZ, (PhCOO)z. 02 F KOHCI'[I/IpT E Clz, 130°C Gl, KaT., t

DSE+C
Opranuyeckoe BEIIECTBO A OKUCISIOT KHUCIOPOAOCOAEPKAIUM Ta3oM B IPUCYTCTBUU
Katanmzaropa npu Temneparype 100°C u naBnenuu 5 MIla ¢ oOpasoBanuem BemiectBa B
(peakuust 1), conepxalmiero TPETUYHBI aTroM yriepoja M MPHUMEHSEMOro B KadyecTBe
pactBopuTtens. BemectBo B moparor B peaktop TpyOuaTtoro Buaa Ui JalbHEHIIEH peakiuu ¢
BemecTBoM C (peakius 2). 3areM NpoAayKT peaknuu D pasnaraior ¢ moimydeHuem BeriectBa E u
pererepanueii BemectBa C (peakius 3). Jlamee mpoBOAST peakIuio THAPOTATIOTCHUPOBAHUS
BemecTBa E ¢ mpeumyiiiecTBeHHBIM 00pa3oBaHueM u3oMepa F (peakius 4), pearnpyromiero Ha
CJIeIyIOIIeN CTaJuy CO CIIUPTOBBIM pacTBOpoM efkoro kamu (peakuus S). Ilpoaykr peakinuu E
rajoreHupyrotT (peakuus 6), a oOpasyromieecs BemecTBo G MmoaBepraloT B3aUMOJEHCTBHIO C
HEOpPraHMYeCKUM BellecTBOM | B NPHUCYTCTBUHM HMHEPTHOTO PACTBOPHUTENS C 0Opa3oBaHHEM
BemectBa H (peaknus 7).

Cunre3s pearenTa | 1715 3aKIIOUNTENBHON CTaUU ONUCBHIBAETCS PEAKIIUEH:

400°C



[Ipo BemiecTBO A HM3BECTHO, YTO 3TO YIJIEBOJOPOA, IS KOTOPOrO HE XapaKTEpHbI peakluu
NPUCOCTUHEHUS U B MOJIEKYJE KOTOPOTrO COJIEpXKUTCS B 8 pasa Oojplie HEHTPOHOB, 4eM
AIIEKTPOHOB OTJIAET ATOM-BOCCTAHOBUTEIb B PEAKIIMH OKUCIICHHSI aMMHUaKa B CpeJie KHUCIopoa.

1. VYcranoBure cTpykTypHbIE hopMyIsl BemecTB A-l.

2. IlpuBenute ypaBHEHHUs PEaKLUi, OMHMCHIBAIOIINX BCE YIOMSHYThIC TPEBPAILCHUS.

3. IloarBepaute popmyiy BemiecTBa A pacueTamu.

Pewenue:

Crpykrypable hopmyisl BemecTB A-l:

A B C D E

CH
Cl /l\ 3
s Hs HC™ L "CH,
| e \
HsC CH, CH,

HsC CH, # HsC CH,
F G H |
CH, CH,
CH
Cl K .
/k/ = LiNH,
HsC CH,

Peakiuu, onuceiBaroniye NenoyKy MNpeBpalieHUum:

1 peakuus:
CH, CH,
)\ + 0 =
H,C CH, HCT 5 TCHs
2 peaxkuus:
CH, CH,
4\ . H3C—'OH H,50,, 180°C J\ + H,0
H,C CH, H,C CH,
HO 0
N

CH,



3 peakuus:

CH, H,
/4\ 5 /L +  HC—OH
H4C CH,
(0] H,C CH
\ k) 2
CH,
4 peakius:
CH, CH,

(PhC00),, O,
+ HCI —_— cl
H4C CH, H,C

5 peakius:
CH, CH,
)\/q + KOHiproson = /K + KCl + H,0
H,C HaC CH,
6 peakuus:
CH, CH,
130°C
/K + Cl, — CI\/K + HCl
H,C CH, CH,
7 peakuus:

CH,

CH,
C'\/K + LiNH, — + LiCl + NH;
CH,

Peaxnus okucienust aMmmMmuaka KHUCJIOPOIOM:
4 NH; + 30, - 2N, + 6H,0
[IpeBparieHrie arToMa-BOCCTAHOBUTEIS ONKCHIBAECTCS MOTypEaKIHeH

2N73 — 6 - N?



Takum 00pazoM, OJWH aTOM-BOCCTAHOBHUTENb OTHaeT 3 3jekTpoHa. [lo ycrmoBuio 3amaum B
BelIleCTBE A coIepKHUTCI B 8 pa3 OoJblle HEHTPOHOB, YEM OTHACT JJIEKTPOHOB aTOM-
BOCCTAHOBUTEIb B pEAKIMM OKHUCICHUS aMMuaka B cpene kuciopoga. ClenoBaTeinbHO,
MOJIEKYJIa BemiecTBa A coaepKuT 24 HeilTpoHa. Tak Kak Mpo BEmecTBO A HM3BECTHO, YTO 3TO
YTJIEBOOPOA, €ro (HOpMysLy MOKHO HPeACTaBuTh B Buie C,H,. AToM BOIOpOAA HE COMEPHKUT
HEUTPOHOB, MOATOMY BCe 24 HEUTpOHA MPUXOIATCS HA aTOMBI yIJiepojia, T.€. YUCIO aTOMOB
yriepoaa

x =—=4,
6

ITo ycnoButo BewecTBO A — YIVIEBOAOPOJ, HE BCTYyHAOIIMM B peakUUU HPHUCOEAUHEHUS,
O3TOMY KosndecTBeHHast (popmyna BemectBa A umeet Buj C,Hqo. icxons u3 unpopmanuu o
TPETUYHOM YIJIEPOJE B MOJIEKYJIE BEIIECTBA B MOXKHO 3aKJIIOUUTh, YTO BEUIECTBO A — H300yTaH.

3amauya 5 (20 6aJ110B)

JI1s1 OYMCTKH KEJNEe3HOM pyabl OT IPUMECH CEpbl UCIIOIb3YETCS PACILIABICHHBIN KayCTUK. Pyny
CMEIIHUBAIOT C TBEPHAbIM KayCTUKOM, HarpeBaroT B mydenbHoi neun n0 600 °C u BBIHUMAIOT
yepe3 HEeCKOJIbKO 4YacoB. IIpogyKT peakuuu W3MeNnb4aroT M OTMBIBAIOT OT IIEIOYU U
00pa30BaBIINXCS BEUIECTB ropsYeii BOJOW. DTOT LIUKII OUUCTKU MOBTOPSIOT HECKOJIBKO Pas.
Oka3anoch, YTO MOCJE KaXJA0ro LUKJIAa OYUCTKUA Macca npuMmecu yMmeHbluaercs Ha 4%. OgHako
U3-32 HECOBEPILEHCTBA TEXHOJOTMYECKOro Mpolecca MpU KakIOM YIAJIEHUM HPOAYKTOB
peakiu youparoT Takke 5 KT YMCTOro Kejesa.

3anuiuuTe ypaBHEHHE peakllUM, NpoxXojsimied npu ouyucTtke. Ilocie kakoro mukiaa OYUCTKU
MaccoBasl 1oJisi IPUMECH B OCTaBILEHCS pyAe OyneT HauMeHbIleH, eciiu u3HadaabHo Obuto 500
KT JKeJie3a (He BKJIoYas Maccy NMPUMECH), a TOBTOPUTH LIMKJI OYMCTKU MOKHO He 6ozee 90 paz?
OtBer nosicHUTE.

Pewienue:
YpaBHEHHE pEaKIMH:
35S+ 6NaOH = 2Na,S + Na,S05 + 3H,0
[Tycts HavanbHast Macca mpuMecu paBHa M Kr. [Tocie N-oro 1ukiaa ouncTk octaercs (500 — 5n)
kr okeneza u 0,96 -m kr mnpumecu. MaccoBas OIS TPUMECH TPH 3TOM COCTABISET
G m

(%)"-m+500—5n
500-5n (25

n
Z) (500 — 5n). OnpenenuM, Mpu KaKUX HATYPaIbHBIX N BEPHO HEPABEHCTBO

. HY)KHO HalTH MHHUMYM O3TOI'0 BBIPpaXXCHUA, TO €CTh MAKCHUMYM BBIPAKCHHUA

S
n n+1
(£) (500 -5m) = (=) (500 - 5(n + 1):

25
— > —_
500 — 5 > = (495 — 5n)

12000 — 120n > 12375 — 125n
n=75
TakuMm o0Opa3om, 10 75-0T0 IIUKJIA OYHCTKH MaccoBasi JAOJS MPUMECH yMEHbIAeTcs, mocue 75-
0oro u 76-0ro UMKJIOB MacCOBBIE J0JM MPUMECH PAaBHBI U MUHUMAJbHBI, 4 3aTEM MaccoBasi J0Js
MIPUMECH YBEITMYNBACTCS.
Omeem: nociae 75-020 u_76-020 UUK1086.




