3aganus or00pouHOro 3rana OQuumMnuaabl MKOJIbHUKOB CaHKT-
IHeTepOyprckoro rocyrapcrseHHOro ynusepcurera 2023/2024
y4eOHOro roja no XuMHuu

8 kiacc

3aganme 1, 25 6a10B
B npuBeneHHoM HIKe pedyce KapTUHKK 0003HAYAIOT 3aIn(POBAHHBIC JIEMEHTHI, @ YACIIA — UX

MAacCCOBBIC JOJIM B BEUICCTBC.

30M1A
[QPEBECHAA

26,69% 40,49% 32,82%

Omnpenenute cocTaB JaHHOTO BemliecTBa. M3BecTHO, 4TO Tpu 00paboOTKe ero pa3zdaBiIeHHOMN
COJISTHOM KHCJIOTOW 00pa3yeTcsi COeMHEHHUE, Apyras MoAu(UKaNrs KOTOPOTO OYEHb IMTOX0XKa Ha
OJTHO M3 HauOoJiee M3BECTHBIX MPOCTHIX BellecTB. KakoB MOPSIKOBBI HOMEP 3TOTO MPOCTOTO
BeuiecTa?

Kpurtepuu onenuBanmus.

1. Onpenenenuie 3eMeHTOB (Kalluid — OJIOBO — cepa) — Mo 5 0aJuIoB 3a DJIEMEHT

2. Onpenenenue coctaBa BeniectBa — KoSnSz — 5 6amnos

3. OnHa u3 Moau@UKaAIMA — «CycallbHOE 30JI0T0» («MYCCHBHOE 30J0TO», «30J0T0 Mowuces»)

[I0X0’Ka Ha 30J0TO — djieMeHT Ne 79 — 5 OamoB

3aganue 2, 25 6a/710B

B Bamem pacnops)keHHMM HWMEIOTCS — allOMOKAaJMeBble  KBaclbl  (IBEHAAIATUBOIHBIN
KpUCTAJJIOTHAPAT Cyib(haTa Kaaus-aJIlOMMHMS), KayCTHUecKas cofa M >KeJe3HbIl Kymopoc
(cemuBomnbIii cynbdar xemeza(ll)), a Takxke HEOrpaHWYCHHBIH BBIOOp OOOpyHOBaHUS (3a
UCKITIOYCHHEM HEOOXOIMMOTO HJisi MPOBEICHHS sAepHBIX peaknwmii). Ilpemnoxure He MeHee
BOCHMH IPOJIYKTOB, KOTOPBIE MOYKHO MOJIYYUTh B YUCTOM BHUJE B OJIHY WJIM HECKOJIBKO CTa/HIA,
HCIIOJIB3YSl TOJIbKO BEIEeCTBAa M3 JaHHOTO Habopa. IIpuBenuTe ypaBHEHHS COOTBETCTBYIOIIHX
peakuuii, KpaTKo OMUILIUTE CIIOCO0 BbIJIETICHHUS 1I€JIEBOTO BEIIECTRA.

Kpurepun onenuBanmus.



1. 3a xkakoe MPEAIOKEHHOE BEIIECTBO, BMECTE C YPABHEHHEM PEaKIMH M CHOCOOOM BBIICICHHS
— 3 O6amma. OrcyrctBue koddduimenToB — mrpad 0,5 Oaia, HEBEpHBIH METOJ| CHHTE3a WIIH
BhIziesieHus — mrpadel o 0,5 6amna. Eciu Bce 8 BemiecTB npemioxkensl 6e3 ommobok — 1 6amn
OoHyca.
3ananue 3, 25 0aJ1710B

Ha cxeme mokasansl npeBpalieHus ¢ yqactueM cepbl. Kax1oii cTpenke Ha cxemMe OTBeYaeT O/1Ha
peakuusi (B KOTOpoi, kpome coeauHeHuid A-D, Moryr mnomydarbcs W Apyrue HPOAYKTHI).
Unentupunmpyiire coenunenus: A-D, HanumuTe ypaBHEHHUS IPOTEKAIONIMX PEAKIUN U YKaXKUTE

YCJIOBUSA UX ITPOBEACHU.
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Bemecta A, B, C, D — cM. cxemy, o 2 6aia 3a KakJ0€ BEIIecTBO (B CyMMe 8 0alioB)
Hamucannsle 1 ypaBHEeHHBIE peakuuu (Bcero 8 peaknuid) mo 2 6amia 3a KaKIyH peakiuio (B
cymme 16 6anmos).

JononuurensHbli 1 6ayii 3a MOJHOCTHIO MPABUIIBHYIO CXEMY U PEaKIUU.

Hcnons3oBano yuebHoe mocodbue P.A.Jluaun, B.A.Monouko, JLJI.AHapeeBa «XHUMHUYCUKUE

CBOMCTBA HEOpraHuueckux pemectsy, M. Xumus, 1997.



3aganmue 4, 25 6a10B

Ha nonnyro weirpammsanuio 40,0 T pacTBopa KUCIOTHI X, 00pazoBaHHOM 31eMeHTOM VI rpymnims
[Tepuonnueckoit cucrembl 3nemMeHtoB /[[. M. MeHneneeBa, ¢ MaccoBOW JOJE€d PACTBOPEHHOIO
Bemectsa 1,45% Ob110 n3pacxonosano 40,0 cM® pacTBOpa TUAPOKCHIA PyOUIHs, B IATPE KOTOPOTO
conepskanock 0,2 monb BemectBa. Onpenenure Gopmyiny BemecTBa X U COCTaBbTE €ro Ha3BaHUE
corimacHo Homernknarype lUPAC. U3BecTHO, 9TO KUCIIOTa X SBIISCTCS CUIBHBIM OKHCIUTEIIEM H TIPU
HarpeBaHuy CIIOCOOHA PAaCTBOPSATH 30JI0TO. HamuimmTe mpuMep OKHCIUTEIbHO-BOCCTAHOBUTEILHOM
pEaKiuu C y4acTUeM JaHHON KUCIOTHI B KAUECTBE OKUCIUTEIS.
Pemenue:

H2A + 2RbOH = RbA + 2H20

Konmgecto Beniecrsa ROOH B pacTBOpe HaxoauM 13 mponopuuu (yUuThiBask IEPEBO] CTUHHUII):

0,2 mosts — 1000 M

X MoJab — Ha 40 mu1,

orcioga X wiu N(RbOH) = 0,008 mous.

Macca KUCIIOTBI B pacTBOpe M = W*Mp-pa) = 40-0,0145 = 0,58 r.

[To ypaBHEHHIO peaKlIuy KOJIMYECTBO BEIIECTBA KUCIOTHI B JiBa pa3a MEHbIIE KOJINYECTBA

BelecTBa ruipokcuaa kanus u pasao 0,08/2 = 0,004 monb.

Torma M(H2A) = m/n = 0,58/0,004 = 145 r/mois.

Momnsiprast macca KuciaoTHoro ocratka (A): 145 — 2 = 143 r/mounb.

BapuaHTbl cTpoeHHsI KHCIIOTHOTO OcTaTKa Jyuist aieMmenTta VI rpynmst:

A =03, A(D) = 143 — He mOAXOAUT, DNIEMEHTA C TAKON aTOMHOM Maccoii HeT.

A =303, A(D) = 143 — 48 = 95 — He MOIXOMT, dTIEMEHTA C TAKOW aTOMHOW MacCOH HeT.

A =304, A{(D) =143 — 64 =79 — moaXOIUT, TO Macca CeJeHa.

3nauut kucaora X — ceneronas, H2SeO4

[Tpumeps! peakiuii ¢ yaacTueM KUCIOTHI X KaK OKUCIUTES:

2AU + 6H2Se04 — Auz(SeOa)s + 3SeO2 + 6H20

H2SeOs + 2HCI — H3SeO3 + Cl; + H20 (moxHONSEO?)

Zn + H2Se04 — ZnSe04 + SeO2 + H20

Kpurepun onenuBanus.
1. TlpaBunbHBIE pacdyeThl U BBIXOJ HA MOJIIpHYIO Maccy 145 r/momns — 10 6annoB

2. 3a BBIBOJ] CEJICHA U CEJICHOBOM KHUCIIOTHI, TOATBEPKAEHHBIX pacueTaMu — 7,5 Oajuios.
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3. 3a nmpaBWJIBHO HANMCAHHYIO PEAKIIMIO C YYACTHEM CEJICHOBOM KUCIOTHI — 7,5 0asuioB.



9 Kjaacc

3aganmue 1, 20 6a10B
B npuBeneHHOM HIKE pedyce KapTUHKK 0003HAYAIOT 3aIIM(POBAHHBIC JIEMEHTBHI, a YHCa — UX

MacCCOBBIC JOJIM B BEUICCTBC.

59,72% 21,72% 18,56%

OmnpenenuTe COCTaB JaHHOTO BeIIeCTBa. M3BECTHO, YTO MPHU BOCCTAHOBICHUU 3TOTO BEIIECTBA
BOJIOPOJIOM B MOMEHT BBIJICICHUSI 00pa3yeTcs ra3000pa3HbIid MPOAYKT C XapaKTEPHBIM 3aIIaxOM.
KakoBa MoJIsIpHast Macca 3Toro mpoykra?

Kpurepum oueHuBanus.

1. OnpenencHue 31eMeHTOB (0apuil — MBIIIBSK — KUCIOPO) — 10 4 Oajiia 3a SJIEMEHT

2. Onpenenenue coctaBa BemiectBa — Baz(AsOs)2 — 4 Ganna

3. Monspnas Macca apcuHa — 78 r/monb — 4 Oanna

3aganue 2, 20 0aa10B
Ha cxeme noka3zaHnsl peBpalieHus ¢ yaactueM aieMenTa J. Kaxnoii cTpenke Ha cxeme OTBedaeT
oJlHa peakuus (B KOTOpoi, kpome coequHeHuit A-D, Moryr nmomy4arbes U Jpyrue mpOJyKThI).
[Tpoctoe BemiecTBO MeMeHTa D UMEET HECKOIBKO aJUIOTPOIHBIX MOIU(BHUKALIMN, Pa3INYaIOLINXCS
IO IIBETY, a €ro Ha3BaHHE C JIATUHCKOTO MEPEBOUTCS KaK «Hecylui ceet». Uaentuduuupyiire
aneMeHT D U coenuHeHuss A-D, HamummTe ypaBHEHHs MPOTEKAIOMIUX PEaKIMi U yKaKHUTe

YCJI0BUS UX ITPOBCACHUS.
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OnemeHT D — docdop (4 6anna).

Bemecta A, B, C, D — cMm. cxemy, o 2 6ajuia 3a KaxJ10€ BEIecTBo (B cymme § 0ansioB)
HanucanHble U ypaBHEHHbIE peakiiu (Bcero § peakiuii) mo 1 6amry 3a KaxkIylo peakiuio (B
cymme 8 0aioB).

Ucnons3zoBano yuebHoe nmocodbue P.A.Jluaun, B.A.Momnouko, JI.JI.AHnpeeBa «XuMudedkne

CBOICTBA HEOPTaHMYECKUX BemecTB», M. Xumus, 1997.



3aganmue 3, 20 6as10B
PaboTHUKYM a3pONOPTOB MOCTOSIHHO UMEIOT JEJI0 C Pa3HBIMU IIBETAMU CUTHAJIBHBIX OTHEH. B TOM
YUCJIe, UCIOJIB3YETCsl CIENyIoas IOCIIEA0BATENbHOCTh LIBETOB: JIYHHO-O€JbBI — JKeNnThIil —
cunuii. Takyro MOCIe10BaTEeIbHOCTD IIBETOB HECI0KHO CMOJEINPOBATH, IPOBOS T€ MM HHBIE
xumuueckue peakuuu. Ilpemnokure, kakue BellecTBa U3 IPEUIOKEHHOIO CHMCKA (MM UX
PacTBOPBI) HAJO B3ATh, YTOOBI IOIYUUThH CIEAYIOIIYIO IIOCIEA0BATEIBHOCTh CMEHBI 1{BETOB!
3 4
1 + 2 — Jlynso- —  KeNThli  — CUHMH

OebIi

Bemecra: Na,COs, Pb(NO3),, K2CrO4, NaClO, CrClz, HCI «wom, HNO3 womn, kpaxman, Ki,
Zn(OH)2, KNCS.

HanuiimTe ypaBHEHHsI COOTBETCTBYIOIIMX PEAKIU B MOJICKYJIIPHOM U HOHHOM BHUJIE.
Kpurepuu oneHuBaHus.

1. Onpenenenne Bemiects: Na2CO3z u Pb(NO3)2 (B mo6om mopsiake) — KI — kpaxmai ¢ a3oTHOH
KHCJIOTOM — 110 2 Oaia

2. VpaBHeHUsI peakinii — o 1,5 6ayia 3a ypaBHEHHE B MOJICKYISIPHOM/HOHHOM BHJE — UTOTO 12
OaJioB

Bo3MOXHBI BApHAHTHI.

3ananue 4, 20 0aa10B

B Bamem pacniopspkeHHE UMEIOTCS JKeTTe30aMMOHHMITHBIE KBACIIbl, OpOMUJ] KAJIHSI U MApPTaHIICBBIMA
KYIIOpOC, a TaK)K€ HEOTpaHWYESHHBIN BBIOOP 000pyI0BaHUs (32 UCKITIOYEHUEM HEOOXOAMMOTO st
npoBeNeHUs siAepHbIX peakuuii). [Ipeanoxutre He Menee 10 MPOIYKTOB, KOTOpPBIE MOKHO
MOJIYYUTh B YHCTOM BHUJE B OJIHY WJIM HECKOJBKO CTaJWi, WCIOJB3YsS TOJBKO BEIECTBA W3
nanHoro Habopa. [IpuBenuTe ypaBHEHHs] COOTBETCTBYIOIIMX PEAKIIUNA, KPATKO OMHUIITUTE CIIOCO0
BBIJICJICHUSI 11€JIEBOTO BEIIECTBA.

Kpurepun onenuBanmus.

1. 3a kax10€ MPEeI0KEHHOE BEIIECTBO, BMECTE C YPaBHEHUEM PEAKIIUH U CIIOCOOOM BBIJICIICHHS
— 2 Oamna. OrcyrctBue kodddurmentoB — mrpad 0,5 OGamna, HEBEPHBIM METOJ CHHTE3a WU

BbIJIesIeHus — mTpadsel o 0,5 Gama.



3aganmue S, 20 6as10B

B mectu mpoHymMepoBaHHBIX MpoOHMpKax Oe3 HAAMKCEeH HAXOASATCS PACTBOPBI CIEIYIOIIMX
BEIIECTB: THIPOKCHUJ CTPOHIHS, CYTb(PUA Kajus, Cyab(OUT HATPHS, XJIOPUJ KaJbIUs, WOIH]
kamusi, ¢Gropun HaTpus. s ompeneneHuss coAepKUMOro MPOOUPOK OBLIM B3STHI: a30THAsS
KHCJIOTa, pacTBOp aMMHuaka u peakTuB X. M3BecTHO, UTO peakTuB X UCHOJIB3YETCS B MEIULIUHE
JUTSI IPYDKUATAHMSI PaH U yAaJieHUs: 00pOIaBOK U COACPIKHUT B CBOEM COCTaBe OJIaropoaHbIN MeTasll
9, a30T ¥ KUCIOPoJ. MaccoBbie H0JIU MOCIEIHUX JBYX 3JIEMEHTOB B peakTuBe X paBHbl 8,245%
u 28,255%.

3amanus:

1. Ompenenute peakTus X;

2. HWcnonp3ys nqpyrue mycTbie IPOOMPKH U BBIIICYKA3aHHBIC TPU PEaKTHBA IS
UACHTU(DUKAINH, OTIPEJEIIUTE COAEPKUMOE KaK 101 MpoOupku. Hanuimmre ypaBHeHUS
MPOTEKAHUS PEAKINI U YKAKUTE MPU3HAKU UX MPOTEKAHUS.

Pemenue ¢ pa3oajsioBKOM:

Urto06 HaiiTu peakTuB X MPOBEJAEM pacyeThl COOTHOUICHUS UHIEKCOB UCXOJsl U3 MACCOBBIX JI0JICH
(mpeaBapUTENHHO BBIUKCINB MACCOBYIO JIOJIIO METAJIA):

w(32):w(N):w(O) = 63,500/AD : 8.245/14 : 28,255/16

w(2):w(N):w(O) = 63,52/AD : 0,589 : 1,766 — nenum Ha HAUMEHBIIIEE YUCIIO MOTYYAEM:
w(2):w(N):w(0) =107,8/A3 : 1 : 3, momygaem ONOg;

n(3) =107,8/AD, Tak kak 1o popmyIe 3TeMeHT OJHOBaNeHTHBIH (n=1), To AD = 107,8, 3Hauut
aneMeHT — cepedpo. Takum ob6pazom momyuniu, uyTo BemectBo X — AgNO3, Toraa onpeneneHue
BEIIECTB Oy/IET MPOUCXOANUTH CIEAYIOIINM 00pa3oM:

1) Jo6aBum AgNO3 Bo Bce MpOOUPKH, MPOUCXOIAT CIASAYIONINE PEAKIINH:

2AgNO3 +Sr(OH)2 = Ag20 +H20 +Sr(NOs3). — BbInagaeT cepo-vepHbIii 0Ca0K OKCHIa cepedpa
K2S + 2AgNO3 = AQ2S + 2KNO3 — BeiliagaeT cepo-4epHbIii 0calok cynbhuaa cepedpa

Na>SO3 + 2AgNOs = Ag2SO3 + 2NaNOsz — BeimaiaeT Oesblid 0caok cyibpuTa cepedpa

CaCly + 2AgNO3 = 2AgClI + Ca(NOs3), — BeimamaeT Oernblii 0ca0K XJIOpUaa cepedpa

K1+ AgNOs = Agl + KNO3 — BeImaiaeT xenThlil 0cagok ioauaa cepedpa

NaF + AgNOs— Het peakiiuu, I3MEHEHHU HEe HAOIIOAETCsI, pACTBOP OCTaeTCs OECIBETHBIM
Takum oOpazom, Mbl TouHo ompenenii NaF u Agl. Ho emte ects 2 mpobupku ¢ 4epHbIM
0CaIKOM U 2 ¢ OeJbIM.

2) B mpoOupku ¢ YepHBIMH OCaJIKaMH I00aBUM PacTBOp aMMHAKa!

AQ20 + 4NH3*H,0 = 2[Ag(NH3)2]OH + 3H20 — HabitoiaeTest pacTBOPEHHE OcajKa

Ag2S + 4NH3*H20 = net peakiuun

B cnyuae cynbduna cepedpa, ocagok He pacTBOPSETCS BBUIY HUZKOTO IMPOU3BEACHUS
8



pPacTBOPUMOCTHU MOCIIEIHETO.

3) K Genbim ocagkaM 100aBUM a30THYIO KHCIIOTY.

B citydae ¢ cynbuToM cepedpa HabIIOJaCTCS €T0 PaCTBOPEHUE ¢ 00Pa30BaHUEM CEPHUCTOTO
ra3a c pe3KuM 3amaxom, a XJIOpuJl cepedpa He pacTBOPSETCS B A30THOW KHUCIIOTE.

Ag2S03 + HNOs = AgNOs + SO; + H,0

AgCl+ HNO3 = ner peakuuu

Jpyroii BapuaHT: MO>KHO Pa3IUTh UCXOTHBIC PACTBOPHI B IPYTHe MPOOUPKH C COXpaHECHUEM
HyMEpaluH U K TeM UCXOIHBIM PACTBOPaM, TJI€ BbIMaalu Oelble OCAJAKU HAIUTh a30THYIO
KHCTIOTY.

Taxoke mosrydum B 0IHOM ciydae Boiiesienne SOz, a B Ipyrom He OyeT HUYEro MPOUCXOIUTD.
Na2SO3 + 2HNO3 = 2NaNO3 + SO, + H20

CaClz + HNO3 — mer peakuuun

Kpurepun oneHuBanus:
1. TlpaBuibHOE ompeneneHrne HUTpaTa cepedpa ¢ pacueramu — 4 6aia,
2. llpaBunbHOE omnpeaesieHne Kak10ro BemecTa — 2 6amna (2*4 = 8 6amion),

[TpaBuiibHOE ypaBHEHHE KaxK0i peakiuu — 16amt (1*8 = § 6annos).



10 kaacc

3aganmue 1, 20 6a10B
HeusBecTHbIlt HEpa3BETBICHHBINM YIIIEBOJOPOJ (2 MOJb), HE COJEpXkaIIMK HUKIMYECKUX
¢dbparMeHTOB, pearupys ¢ pacTBOpoM OpoMa B YKCYCHOU KuclioTe, 00pa3oBbiBall 2 mpoaykTa (0e3
ydeTa JHaHTHUOMEPOB) paBHOIl Macchl. [IpenoxkuTe BO3MOKHYIO CTPYKTYPY YIIeBOJI0POAa, €CIIU
MoJIbHAs A0JIs MPOAYKTa ¢ OoJiblei MOJIEKyIsIpHOU Maccoi coctaisieT 47,60%.

OTBeT: yrneBofopos - neHT-1-eH (Apyrve M3omepHble anKeHbl He NogonayT, T.K. Tam 6yayT eule
N30MepHbIe NPOAYKTbI)

Pemenne

X*Mx = Y*My

X+Y=2

Y/(X+Y)=0.4760

X =0.9521

Y =1.0478

0.9521*(Z+160) = 1.0475*(Z+139)

Z=55.97

Banasi: [lonHoe pemenue - 20 6amioB, ycraHoBieHa opyrro-popmyna CsHio — 10 6annos,

MPaBUJILHO COCTaBIICHA CHCTEMa YpaBHEHUHN — 5 OasioB

3apanue 2, 20 6a/710B
Ha cxeme nokasansl IpeBpalleHus ¢ ydacTueM 3ieMeHTa O. Kaxkoi cTpeske Ha cXxeMe 0TBedaeT
oJlHa peakuus (B KOTOpoi, kpome coenuHeHnit A-D, Moryt nmonmyuaTecsi U Ipyrue mpoayKThl).
OnemMeHT D Ha3BaH B 4ecThb CclyTHUKA 3emin. Unentuduuupyiite sanement O u coenunenus A-D,

HAIMUIINTC YPABHCHUA ITPOTCKAOIINX pCaKI_II/II‘;I " YKAXXUTC YCJIOBUA UX ITPOBCIACHHA.

10



&’C
NaOH HzOz
H2 N3202

Pemenue ¢ pa3danjioBKoii:

zse

AN

Na,Se ~Mge 2. —Se0O,

NaOH
paso leoz

H2 N3202

NaZSeO4

OneMeHT D — ceneH (4 6anna).

Bemecta A, B, C, D — cMm. cxemy, o 2 6ajuia 3a KaxJ10€ BeIecTBo (B cymme § 0ansioB)
HanucanHble U ypaBHEHHbIE peakinu (Bcero § peakiuii) mo 1 6amry 3a KaxkIyro peakiuio (B
cyMMe 8 0aiioB).

UcnonszoBano yuebnoe nocodbue P.A.Jluaun, B.A.Momnouko, JI.JI.AHnpeeBa «XuMu4yeukne

CBOMCTBA HEOPraHMYECKHUX BeniecTs», M. Xumus, 1997.
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3aganmue 3, 20 6as10B

B BameM pacnopsskeHMM MMEKOTCS XPOMOKAIMEBBIE KBACILBI, BAJIIEPUAHOBOKUCIBIM HAaTPUM U
HUKEJIEBBIM KYMOpPOC, a TaKKe HEOrpaHMYEHHBIH BBIOOp 000pynoBaHHsA (32 HCKIIIOYCHHEM
HEO0OXOIUMOro i MpoBeAeHUs siAepHbIXx peakuuit). [lpemnoxute He mMenee 10 mpoaykToOB,
KOTOpPbIE MOKHO IOJIYYUTh B YUCTOM BHUJE B OJHY WJIM HECKOJBKO CTaIUl, UCIOJb3Yys TOJBKO
BellecTBa M3 JaHHOro HabOopa. IlpuBenure ypaBHEHHUS COOTBETCTBYIOIIMX DPEAKIMM, KpaTKO
OTUIINTE CIIOCO0 BBIICTICHUS 1IEJIEBOTO BELIECTBA.

Kpurepun oueHuBanmsi.

1. 3a kaxkJ10€ MpeAI0KEHHOE BEILIECTBO, BMECTE C YPAaBHEHUEM PEAKIMK U CIOCOOOM BbIIETICHUS
— 2 6ammma. OrcyrcrBue koddduimenToB — mrpad 0,5 Oaia, HEBEPHBIH METOJ| CHHTE3a WIIH

BblieneHus — mrpadsl o 0,5 6anna.
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3ananue 4, 20 0a/10B
W3 npensioxkeHHOTO TIEpeYHs PeareHTOB U KaTallu3aTOPOB COCTaBbTE CHHTETHYECKYIO 4-X
CTaQIUMHYI0 CXEMY IMpeBpalllcHUi, O00paTuTe BHUMAaHWE, 4YTO OJWH W3 PEAarcHTOB WIIU

KaTaJIn3aTOPOB ABJIACTCS JIMIITHHUM. OTBeTr IpeaACTaBbTEC B BUJIC 6YKBCHHOI71 IOCJICIOBATCIIBHOCTH.

8 |

A - ©/\Br E - ©/Mgsr

B - H,, Pd F - Mg, Et,0O

| - |«mno, H*

C = | Brz PPhs G - ©£OH
D-l" H- G

J = | H,0, Hg**

PEHIEHMUE:

OH

(0]
.
C o KMnOy H ©)J\OH Hz, Pd H Bry, PPhy ©/\Br Mg. Et20 ©/\MgBr
= —_— > _— —_— —_—

OTBET: HIGBDCAFE — 100%
3a HaJIM4ue B NOCIIEN0BATENBHOCTH 3-X MOCJIE0BATENBHO YTaJaHHbIX CUMBOJIA 110 25% oT

MaKCHMaJIbHOTO OaJa:

e HIG-25%
e GBD-25%
e DCA-25%
o AFE-25%
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3ananue 5, 20 0a/10B

B mectu mpoHymMepoBaHHBIX MpoOHMpKax Oe3 HAAMKCEeH HAXOASATCS PACTBOPBI CIEIYIOIIMX
BEIIECTB: TUAPOKCUA Oapusi, Cynbdu HATpHs, CyabGUT Kalus, XJIOpHI Oapusi, HOAUI HATPHS,
arrerat Kanus. [y onpeeseHus CoaepKUMOro MPOOMPOK ObUTH B3SATHI: a30THAs KKcIoTa (paso.)
pacTBOp eaKoro HaTpus ¥ peakTuB X. M3BecTHO, 4TO peakTuB X SIBISCTCS TOKCUYHBIM JIJIS KHBBIX
OpPTaHU3MOB H COJICPKUT B CBOEM COCTaBE TSDKEIBI METAIIT 3, a30T M KHCIOPO/I, MACCOBBIE JTOJIN
KOTOPBIX paBHBI 62,559 %, 8,458% u 28,983%.

3amanus:

1. Onpenenute peakTus X;

2. Wcmonp3ys papyrue TmycTble TPOOMPKH W  BBINICYKAa3aHHBIE TPH pPEaKTHBA IS
UACHTH(DHUKAIINK, OTPEICIIUTE COJACPIKUMOE KaKI0W MpoOupku. Hamummre ypaBHEHUS
NPOTEKAIIIUX PEAKIUN M YKOKUTE MPU3HAKU MX MPOTEKAHUSI.

Pemenmue:

UTo0BI pa3iuyuuTh BCE TAIOTCHUI-HOHBI, TO HYXHO MOA00paTh TaKOH peakThB X, 4T00 Kakue-
100 COJIM TaJIOTEHUI0B OBUTH HEPACTBOPUMEIC B BOJIC (HU KUCJIOTA, HU AMMHAK HE TTOAXOJIST JIs
5TOr0). I3 TaGIIHIIBI PACTBOPHMOCTH, BEPOSTHO HOIXOIAT pacTBOpUMEIe cou Pb?*, Hg?*, Ag*.
Janee mpoBeieM pacyeThl COOTHOIICHHUS MHIEKCOB UCXO/ISI U3 MACCOBBIX JIOJICH:
w(2):w(N):w(O) = 62,559/A» : 8.458/14 : 28,983/16

w(2):w(N):w(O) = 62,559/A» : 0,604 : 1,811 — nenuM Ha HAMMEHBILIEE YHUCIIO MOTYIACM:
w(2):w(N):w(0O) = 103,57/A5 : 1 : 3, momyuqaem DNO3;

n(®) = 103,57/A», ipu n=1 B Tabmuie He HU oxHa A(D) HE MOIXOAUT, 3HAYUT COOTHOIICHHE
YMHOKHUM Ha 2, TOTyYUTCS:

w(3):w(N):w(O) = 207,14/A5 : 2 : 6, momygaem DN20g;

[Tpu n=1 A(D) = 207,14, nox »neMeHT MOAXOAUT CBHHEN. TakuMm 00pa3oM MONYUUIIH, YTO
BemectBo X — Pb(NOg3)2, Torma ompeneneHue BemeCTB OyAeT MPOUCXOAUTH CIIEAYIONHM
obpazoM:

1) JHo6aBum Pb(NO3)2 BO Bce MpOOHMPKH, MPOHMCXOIAT  CICAYIOIIHE  PEAKIIHU:
Pb(NOz3). +Ba(OH)2 = Pb(OH), +Ba(NO3)2 — Beimagaet Oeblii 0calok THAPOKCH]IA CBHHIIA
NazS + Pb(NOz)2 = PbS + 2NaNOs — BeinaiaeT 4yepHbIii 0caf0K CyIb(pu1a CBHHIIA

K2SO3 + Pb(NO3)2 = PbSO3 + 2NaNO3z — Beinagaet Oenblit 0caaok cyib(uTa CBUHIA

BaCl, + Pb(NO3)2 = PbCl> + Ba(NO3)2 — BeimagaeT Gelblit 0cagok xjopuaa cepedpa

2Nal + Pb(NO3)2 = Pbl> + 2NaNOs3 — Beinagaet sspko-KeJIThlil 0CaI0K HOaua CBUHIIA
CH3COOK + Pb(NO3), — Her peakuuu, M3MCHEHUIl HE HAOJIOJAETCS, PACTBOP OCTAETCs

O€eCILIBETHBIM
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Takum o6pazom, mel Touno onpenenmwm CH3COOK, Nal u NazS. Ho eme ects 3 mpoOupku ¢
OeNbIMH OCa/IKaMH.

2) B mpoGupku ¢ GebIMU OCaKaMu JT00aBUM PACTBOP €IKOTO HATPHS:

Pb(OH)2 + NaOH = Naz[Pb(OH)s] — na6mronaercs pactBopeHne ocanka (nmpuaumaem Pb(OH)s*)
PbSO3 + NaOH = ner peaxiuu

PbCl, + NaOH = ner peakuuu

3) K ocraBmumcs 6embiM ocaikaM 100aBUM a30THYIO KUCIIOTY.

B ciyuae ¢ cynbduToM CBHHIIA HAOIIOIAETCS €r0 PAaCTBOPEHHE C 00pa30BaHUEM CEPHUCTOTO Ta3a
C PE3KHM 3aIlaxoM, a XJIOPHUJ] CBUHIIA HE PaCTBOPSIETCS B @30THOM KHUCIIOTE.

PbSO3 + HNO3 = AgNO3 + SO> + H>O

PbCl; = Her peakiuu

Jlpyroii BapuaHT: MOXHO Pa3JIUTh HCXOJHBIC PACTBOPHI B JAPYrHe MPOOUPKH C COXPaHCHHEM
HYMEpalluu U K TEM HUCXOJHBIM pacTBOpaM, TJi¢ BbINANaIUd Oelble OCaJKH HAIHUTh a30THYIO
KHUCIIOTY.

Taroke moay4uM B 0 JHOM citydae BbiaenacHue SOz, a B IpyroM He OyAeT HUUETrO MPOUCXOANUTh.
K2SO3 + 2HNO3 = 2KNO3 + SOz + H20

BaCl, + HNOs — net peaxiuu

Kpurtepuu onennBanus:
1. TlpaBuibHOe ompezeneHHe HUTpaTa CBUHIIA ¢ pacueTaMu — 4 Oania
2. TlpaBunbpHOE onpezeneHne Kaxaoro seniecTsa — 2 6ana (2*4 = 8 6amioB)

3. TlpaBunpHOE ypaBHEHHE Kax a0 peakmun — 16amt (1*8 = 8 Gayos).
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11 kjaacc

3aganmue 1, 20 6a10B
W3 npennnoskeHHOro nepeyHs peareHTOB U KaTaln3aTOPOB COCTaBbTE CUHTETUYECKYIO 4-X
CTaQIUMHYI0 CXEMY IMpeBpalllcHUi, O00paTuTe BHUMAaHWE, 4YTO OJWH W3 PEAarcHTOB WIIU

KaTaJIn3aTOPOB ABJIACTCS JIUIITHHUM. OTBeTr IpeaACTaBbTEC B BUJIC 6YKBCHHOI71 IIOCJICA0BATCIIBbHOCTH.

6]
e e Ll e A e N

“HO (Y
A - Bry hv E -

OH
I - | KMno, H*

B = | KOH, H,0 F - (jo

o) w

0-[O] H- [T

PEIIEHMUE:

()t (Y eme oy e o morme
—_ > —_— > e

OTBET: DAHBGIFCJ - 100%

3a HaM4ue B noCJaCA0BATCIBHOCTHU 3-x MOCJICAOBATCIIBHO YralaHHBIX CUMBOJIA 11O 25% ot

MaKCUMaJILHOTO OaJria;

e DAH-25%
e HBG-25%
e GIF-25%
e FCJ-25%
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3aganmue 2, 20 6as10B
Ha cxeme noka3aHbl IpeBpalleHus ¢ y4acTUEM IPOCTOr0 BELIECTBA A1eMeHTa O. Kax 1ol ctpenke
Ha CXEME OTBEYAaeT OJHa peakius (B KOTOpoil, kpome coenuHeHuit A-D, MoryT nomyuyaTtscs u
npyrue npoaykrtsl). Uaentupunupyiite snement D u coequHenus A-D, nHanummure ypaBHEHUs
IPOTEKAIOIUX PEAKIMA U YKaXHUTE YCIOBUS HUX IpPOBEACHUA. YKaXuTe JaObOpaTOpHbIE U
IPOMBIIIJICHHBIE CITOCOOBI TOTYYEHHUSI IPOCTOTO BEIIECTBA 3JIEMEHTa O, HAIUIINTE YPaBHEHUS

IIPOTEKAIOIINX PEAKLIUN.

H2804 B H2

KOHIT A

Harpes D NaOH

Pemenne ¢ pazdannoBkoii:
H,50, HCI

KOHII

NaC12e CL™2, cL0

lNa(y

A (xom)

NaOH
NaClO

DnemeHt D — xJop (4 6amna).

BemectBa A, B, C, D — cwm. cxemy, o 2 Gana 3a KaKa0e BeecTBo (B cyMMe 8 OalioB)
Hammcannspie 1 ypaBHEHHBIE peakiuu (Bcero 8 peakmuii) mo 1 0amry 3a Kaxayr peakmuio (B
cyMMe 8 0aiioB).

Hcnons3oBano yueOHoe mocobue P.A.JIuaun, B.A.Momnouko, JL.JI.AHapeeBa «XuMHUEUKHE

CBOMCTBa HEOPraHUYECKUX BenlecTs», M. Xumus, 1997.
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3aganmue 3, 20 6as10B
Pacumdpyiite crpykrypsl coenunenunii A-G. B Buae KakuMxX HM30MEpOB MOXKET MOJIy4aTbCs

coenquuenue F?

0
EtNH, AcCl tBuOK
A B C
KCN EtsN 50°C
AcOH/H,0
KnnadeHne
Br(CHo)4Br (MeO),CHNMe,
E D - G
K,CO3 CH30H
(2 Monb) C11H47NO;
H* | PhCHO
F
Pemienue:
O _Me o)
EtHN_ CN
EtNH, AcCl tBUOK
- L BN N TR L N NHy, o
KCN Et;N 50 °C
Q o
ACOHH,0  g¢~N o 1.NaBH,; MeOH Y \
KnunayeHue 2 H+
K,CO A
Br(CHy)4Br (Zinomi) H o/
Et—N 0
o)
Et—N 0

E n Z ctepeounsomepbl

[TpaBuibHO onpeneneHHoe BeuecTBo A — 2 6ana, octajabHble — 110 3 6asia.

3ananue 4, 20 6as10B
B mectn mpoHyMepoBaHHBIX NpoOMpKax ©Oe3 HaAluced HaXOIATCS PacTBOPHI CIEIYIOLINX
BEIIIECTB: TUAPOKCUA Oapusi, Cynbdua HATpHs, CyabGUT Kaus, XJIOpHI Oapusi, HOAUI HATPHS,
arerat Kanus. st onpeesieHus Coep>KMMOro MpoOUPOK OBLITH B3SITHI: a30THAsI KUciIoTa (paso.)

pacTBOp eAKOro HaTpus U peakTuB X. M3BecTHO, UTO peakTuB X sIBJISIETCSI TOKCHUHBIM JJIs1 )KUBBIX
18



OpPTaHW3MOB H COJICP’KUT B CBOEM COCTaBE TSHKEIBI METAJIT 3, a30T M KHCIIOPOJI, MAaCCOBBIC JTOJTH
KOTOPBIX paBHBI 62,559 %, 8,458% u 28,983%.
3amanus:
1. Omnpenenute peakTus X;
2. Wcnone3ys papyrue IycTble MNPOOMPKH H  BBIIICYKAa3aHHbIE TPU PEAKTHUBA LIS
UICHTH()UKAIIUHN, OIMPEACTUTE COIACPKUMOE KaxJA0h mpoOupku. Hamwimure ypaBHEHUS

MIPOTEKAIOIINX PEAKIUN U YKAKUTE IPU3HAKU UX IPOTEKAHUS.

Pemenue:
UToObI pa3jnyuTh BCE TaJIOTCHHUI-MOHBI, TO HYXHO MOa00paTh Takoi peakTuB X, 4To0 Kakue-
7100 COJIH TaJIOTCHUI0B ObLTH HEPACTBOPUMBIE B BOJIE (HHM KHUCIIOTA, HY aMMUAK HE TIOXOJISAT JIsI
5TOr0). I3 TaGIIHIIBI PACTBOPHMOCTH, BEPOSTHO HOIXOIAT pacTBOpUMEIe cou Pb?*, Hg?*, Ag*.
Janee mpoBeieM pacyeTbl COOTHOIICHHUS MHIEKCOB UCXO/ISI U3 MACCOBBIX JIOJICH:
w(2):w(N):w(O) = 62,559/A» : 8.458/14 : 28,983/16
w(2):w(N):w(O) = 62,559/A» : 0,604 : 1,811 — nenum Ha HAMMEHBILIEE YHUCIIO MOTYIACM:
w(2):wW(N):w(0O) = 103,57/A5 : 1 : 3, momyuqaem DNO3;
n(®) = 103,57/A», ipu n=1 B Tabmuie He HU oxHa A(D) HE MOIXOMUT, 3HAYUT COOTHOIICHHE
YMHOXKHUM Ha 2, TOTy4UTCS:
w(3):w(N):w(O) = 207,14/A5 : 2 : 6, momygaem DN20g;
[Tpu n=1 A(D) = 207,14, nox »neMEeHT MOAXOAUT CBHHEN. TakuMm 00pa3oM MONYUUIIH, YTO
BemectBo X — Pb(NOg3)2, Torma ompeneneHue BemeCTB OyAeT MPOUCXOAUTH CIIEAYIONUM
obpazoM:
1) JHo6aBum Pb(NO3)2 BO Bce MpOOMPKH, MPOMCXOIAT  CICAYIOIIAE  PEAKIIUU:
Pb(NO3)2 +Ba(OH). = Pb(OH)2 +Ba(NO3)2 — BeimamaeT 6emblii 0ca0K THAPOKCHIA CBHHIIA
Na.S + Pb(NO3z)2 = PbS + 2NaNO3z — BeImagaet yepHbIii 0Ca0K Cyib(huaa CBUHIA
K2SO3 + Pb(NO3)2 = PbSO3 + 2NaNO3z — Beinagaet Oenblit 0caaok cyib(uTa CBUHIA
BaCl, + Pb(NO3)2 = PbCl> + Ba(NO3)2 — BeimagaeT Oelblit 0cagok xjopuaa cepedpa
2Nal + Pb(NO3)2 = Pbl> + 2NaNOs3 — Beinagaet sspko-KeJIThlil 0CaI0K HOaua CBUHIIA
CH3COOK + Pb(NO3), — Her peakuuu, M3MCHEHUIl HE HAOJIOJAETCs, PACTBOP OCTAETCs
O€eCIIBETHBIM
Takum obpazom, Mel Touno onpeneamm CH3COOK, Nal u NaxS. Ho eme ecth 3 poOupku ¢
OeIBIMU OCa/IKAMHU.
2) B npoOupku ¢ 6eIbIMU OcaIkaMu JI00aBUM PaCTBOP €IKOTO HATPUS:
Pb(OH)2 + NaOH = Naz[Pb(OH)s] — Habmrogaercs pactBopenne ocanka (nmpuaumaem Pb(OH)s*)
PbSO3 + NaOH = net peaxiuu
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PbCl2 + NaOH = ner peakuuun

3) K ocraBmumcs 6embiM ocaikam 100aBUM a30THYIO KUCIIOTY.

B cityuae ¢ cynbduTom cBUHIIA HAOIOIAETCSI €r0 PACTBOPEHHE C 00pa30BaHUEM CEPHUCTOIO Tra3a
C PE3KHUM 3aI1axOM, a XJIOPU] CBUHIIA HE PACTBOPSAETCS B a30THOM KUCIIOTE.

PbSO3 + HNOs = AgNO3 + SO, + H20O

PbCl; = Her peakiuu

Jlpyroii BapvaHT: MOXHO Pa3JIUTh HCXOJHBIC PACTBOPBI B JAPyrue MPOOUPKH C COXpPaHECHUEM
HyMepalud U K TeM HCXOJHBIM pacTBOpaM, IJ/I€ BbIMaaain Oelible OCAIKH HAIUTh a30THYIO
KHUCIIOTY.

Taroke moay4uM B 0 JHOM citydae BbiaenacHue SOz, a B IpyroM He OyAeT HUUETrO MPOUCXOANUTh.
K2S03 + 2HNO3 = 2KNO3 + SOz + H20

BaCl, + HNO3 — net peaxiuu

Kpurtepuu oneHnBanus:
1. IlpaBunbHOE ompeneneHe HUTpaTa CBUHIA C pacyeTaMu — 4 Oasuia
2. llpaBunbHOE ompeaesieHne Kak10ro BemecTa — 2 6amna (2*4 = 8 6amioB)

[TpaBuiibHOE ypaBHEHHE KaxK0i peakiuu — 16amt (1*8 = § 6annos).

3aganue 5, 20 6aa10B
B xumnueckoii MPOMBIIIJICHHOCTH U B IIPUPOAC XUMHUYCCKUEC ITPEBPALICHNA B BOAHBIX pacTBOpax
YaCTO HOpOoXOoaAT IIpU BBICOKOU TEMIICPATYPEC U OABJICHUMU. B Ttakux YCJIOBUAX, HA3BIBACMBIX
TUAPOTEPMAbHBIMHU, 32 CUET BBICOKOT'O JABJICHUS BOJIa HE 3aKUIIAET U paCTBOP OCTAETCS KUIKHUM.
3HaueHUs] KOHCTAHT TUCCOLMAIMU YKCYCHOM KUCIOThl Ka 1 HOHHOTO mpousBeaeHust Boasl Ky

IIPU pa3IMyYHbIX TeMIepaTypax U AaBieHud 230 aT™M. mpuBeIEHBI B TaOIUIIE.

Temmnepatypa, °C Hassene, Kw Ka
aTM.
25 230 1,25-10%4 1,78:10°
100 230 5,62:1013 1,20-10°
200 230 4,90-1012 4,27-10°
275 230 5,62-1012 8,51-107
300 230 4,57-10"2 2,88-10°7
350 230 1,20-10*2 5,13-10®
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Samanus:

1) Hanwmmmure ypaBHEHHs peaKkUMid aBTONPOTOJM3a BOJABI M JHCCOLMUALUU YKCYCHOM
KHCJIOTBI.

2) Ompenenute, 3K30- WIKA SHAOTCPMUICCKUMH SBJISIFOTCS YKa3aHHBIC PEaKIIHH.

3) PaccumraiiTe KOHIIEHTPAlMI0 HMOHOB BOAOpPOJAa B IUCTHLUIMPOBAHHOW BOJE H B
CaHTHMOJISPHOM BOJHOM PAacTBOPE YKCYCHOM KHCIOTHI TIpH TemmepaTypax 25°C u 200°C
npu nasiaeHuu 230 at.

4) Ecnu BOAHBIA PaCTBOP YKCYCHOM KHCJIOTHI BbIICPKATh B TEUCHHUE UTUTEIBLHOTO BPEMEHH
npu Temnepatype 200°C, To B pacTBope 0OHAPYXATCS TPOLYKTHI PA3IIOKEHUs YKCYCHOI
KUCHOThI. [IpenoxkuTe NpoayKThl pa3iioKeHUs YKCYCHOM KHCIIOTBI, €CIIM U3BECTHO, YTO
YKCYCHasi KUCIIOTa MPH BBICOKOHM TeMIIepaType MOABEpPraeTcs 1eKapOOKCHINPOBAHUIO H

ACruapaTranunu. Hanumure COOTBCTCTBYIOIINEC XUMHUUYCCKUEC PCAKIIUH.

Pemenue ¢ pa3doamiioBKoii:

1) 2H,0 —= H30" + OH"

CH3COOH + H20 = CH3COO" + H30" uiu CH3COOH = CH3COO™ + H* (axs)

2) 3HaucHUE KOHCTAHTBI ABTONPOTOJIH3a BOJIbI YBEIIMYUBACTCS C YBEIUICHHEM
TEMIIEPATYPHI, YTO 03HAYAET CMEIIEHNE PaBHOBECHS B cTOpony mpoaykros (Hz3O" + OHY) ¢
yBenuueHueM temreparypsl. [loatomy (no npunnuny Jle-1llatense) peakuys aBTonpoToan3a
BOJIBI SIBJISIETCS SHIOTEPMHUYECKOM.

3HaueHUE KOHCTAHThl JUCCOLUALMN YKCYCHOM KMCIIOTHl YMEHBIIAETCA C YBEINYCHUEM
TEMIEPATYPbI, YTO 03HAYAET CMEIIEHNE PABHOBECHS B CTOPOHY peareHTOB (YKCYCHasi KUCII0Ta) C
yBenuueHueM temieparypsl. [loatomy (no npunnuny Jle-1llarense) peakuus qucconuanuu
YKCYCHOM KHUCJIOTBI BJIIETCS IK30TEPMUYECKOM.

3) Kw =[H*][OH]. B nuctunmuposannoii Boae [H]=[OH], cienosarensno [H'] = \/K_W

Ipu 25 °C B qucTunmuposanHoii Boje npu gapiennu 230 atm [H'] = 1,12-107 mons/n

Ipu 200°C B gucTHIIMpOBaHHOH Boze mpH AapieHnn 230 at™ [HY] =2,21:10° mons/n

T.K. 3HaU€HHE KOHCTAHTHI IUCCOLMALIMY MaJIO, TO KOHIIEHTPALIMIO HOHOB BOIOPOia BOJJHOTO
pacTBOpa YKCYCHOM KHCIIOTHI ¢ HayalbHOU KoHueHTparueit Co = 0,01 Moiab/1 MOXKHO
paccuMTaTh 10 YIpOIEHHON dopMyIie, HCXOId X 3aKoHa pa3baBieHus OcTBajbaa:

H= VG

Ipu 25 °C B 0,01-MoIAPHOM BOZHOM PACTBOPE YKCYCHOM KMCIOTHI MPH AaBiieHun 230 aTm

[H*]=4,22-10"* Mons/n
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ITpu 200°C B 0,01-MOIAPHOM BOJHOM PacTBOPE YKCYCHOH KMCIOTHI P AaBieHuH 230 atM
[H*]=2,07-10"* mons/n

4) Tlpu nekapOOKCHIMPOBAHUHU YKCYCHOM KHCIIOTBI 00pa3yeTcsi METaH M yrJICKUCIIBIN ra3:

CH3COOH = CH4 + CO2

[Tpu nerunparanuu yKCyCHOM KUCIIOTHI 00pa3yeTcs KeTeH U BoJa:

CH3COOH = CH,=C=0 + H20

Kpurtepun oriecHMBaHMS:

1) Peakiiuu aBTOMPOTOJIN3A BOJABI M JUCCOIHAIINN YKCYCHOM KMCIOTHI — 2 peakiun*2 6aia =
4 damta

2) IpaBuibHOE ompeesieHue (C 00bACHEHHEM) 3HaKa TEIUIOBOTO dddekta — 2 peakiuu* 2
banna = 4 6bauta

3) Pacuer KOHIIEHTpAIMK HOHOB Bo0poa 4 3HaueHus * 2 Oamia = 8 Gaiia

4) Peaxiuu pa3ioKeHHs yKCYCHOW KUCIOTHI 2 peakiuu*2 Gayuia = 4 daia

Htoro 20 6amnos
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