Pemenus 3aganuii 0TOOPOYHOIO dTana oaMMNuaaAbI «JIoOMOHOCOBY» 10 XMMHUU
11 kaacce

3agaua 1 (4 6as1a)

1.1. B HenoanucaHHBIX MPOOUPKAX HAXOAATCS BOIHBIC PACTBOPHI a30THOW KHCIIOTHI, HUTpAaTa
aMMOHHUA U HHUTpaTa cepeOpa. Kak mpu momouiy omgHOro peaktuBa (He MHAMKATOpPA) pacro3HaTh
pacTBOpbI? 3aNUIINTE YPaBHEHUS PEaKIUi, KPAaTKO ONMUIINTE HAOIIONAEMbIE SIBICHHUS.

Pewenue. Bo3MOXHBIN BAPUAHT PEAKTHBA — PACTBOP LLEIOUH.

1) HNO3 + NaOH — NaNOs; + H,O

PeaKHI/Iﬂ IIPOTEKACT 0e3 KaKuX-JIM00 BHEIIHUX IIPHU3HAKOB.

2) NH4NO3 + NaOH — NH371 + NaNOs + H,O

PeaKHI/Iﬂ COIMPOBOXKAACTCA BBIACICHHUEM Ira3a ¢ pE€3KHUM XapaKTCPHBIM 3allaXOM.
3) 2AgNOs + 2NaOH — Ag,0| + 2NaNOs + H2O

06pa3yeTC$I 0CaJIOK TCMHO-KOPUYHCBOI'O IIBCTA.

1.2. B HemoxamucaHHBIX MPOOUpPKAX HAXOAATCA BOJHBIE PACTBOPBI YKCYCHOM KHCIOTHI,
cynb(para aMMOHHUsSI M arerara cepebOpa. Kak mpu moMomm OmHOro peakTuBa (HE WHIMKATOPA)
pacmo3Harh pacTBOPHI? 3aUIINTE YPAaBHEHUS PEAKIUil, KPaTKO OMUIIUTE HAOMI0AaeMBbIE SIBIICHUS.

Pewenue. Bo3MOXXHBIN BApUAHT PEAKTUBA — PACTBOP ILEIOYH.

1) CH;COOH + KOH — CH3COOK + H,0

Peakius nmporekaet 0e3 Kakux-11u00 BHEITHUX MPU3HAKOB.

2) (NH4)2S04 + 2KOH — 2NH31 + K2SO4 + 2H20

Peakuust conpoBoKaeTcst BbIACIEHUEM ra3a ¢ pe3KUM XapaKTEPHBIM 3aI1aXOM.
3) 2CH3COOAg + 2KOH — Ag>O| + 2CH3COOK + H,0

OO6pazyercs 0calok TEMHO-KOPUYHEBOTO I[BETA.

1.3 B HenmoanucaHHBIX MPOOUpPKaX HAXOJATCS BOJHBIE PACTBOPHI OPOMOBOJOPOTHOM KHCIIOTHI,
OpoMuia aMMOHHMsS W HMTpara cepebpa. Kak mpu momomu oAHOro peakTuBa (HE HMHIUKATOpa)
pacrno3Harh pacTBOPHI? 3aUIINTE YPAaBHEHUS PEAKIUM, KPAaTKO OMUIINTE HAOII0AaeMbIe SBJICHUSI.

Pewenue. Bo3MOXXHBIN BapUaHT PEAaKTUBA — PACTBOP ILEIOYH.

1) HBr + NaOH — NaBr + H,O

Peaxnus nporekaet 6€3 KaKMX-JIMOO BHEIIHUX MPU3HAKOB.

2) NH4Br + NaOH — NHs1 + NaBr + H>O

Peaknus conpoBOXkKAaeTCs BBIIEICHUEM T'a3a ¢ PE3KUM XapaKTEPHBIM 3aI1aXxoM.
3) 2AgNOs + 2NaOH — Ag,0| + 2NaNOs + H.O

OO6pa3syeTcs 0caloKk TEMHO-KOPUYHEBOTO I[BETA.

1.4. B HemoamucaHHBIX MPOOMPKAX HAXOJATCS BOAHBIE PACTBOPHI MYpPaBBUHOW KHCIOTHI,
XJIOpUJa aMMOHHUS U anerara cepebpa. Kak mpu momomu onHOro peakTuBa (HE HHIMKATOpa)
pacro3Harb pacTBOPHI? 3alMIIUTE yPaBHEHUS PEAKIIMN, KPAaTKO OMUIIUTE HAOII0aeMble SIBJICHUS.

Pewenue. Bo3MOXXHBIN BapUaHT PEaKTUBA — PACTBOP IIEJIOYH.

1) HCOOH + KOH — HCOOK + H,0O

Peakuus nporekaer 6e3 KaKux-1u00 BHEITHUX IPU3HAKOB.

2) NH4CIl + KOH — NH371 + KCI1 + H20

Peakuust conpoBokaaeTcs BbIACIEHUEM raza ¢ pe3KUM XapaKTEPHBIM 3aI1aXOM.
3) 2CH3COOAg + 2KOH — Ag>O| + 2CH3COOK + H>0

OO6pa3yercs 0calok TEMHO-KOPUYHEBOTO I[BETA.



Cucmema oyenuanus eOuHas 60 6cex 8apuanmax 3aoayu: no I 6anny 3a eepHyo peakyuio ¢
VKA3aHHbIMU HAONI00aeMblMu AieHuamu, 1 0ann 3a npasunvhvill n00OOp peaxmusd, KOmopbulil
N0380aUmM pACno3Hamb 6ce mpu pacmeopa. Beezco 1 -3 + 1 = 4 banna.

3agaya 2 (6 6a/1J10B)

2.1. JIee wm3oMepHBIE aMHUHOKHCIOTHI, oTBevatonue Gopmyne CsHoNO»>, pearupyror c
a30TUCTON KHUCIIOTOW Oe3 BbIIENeHUsT a3ora. [Ipu HarpeBaHWM AaMHHOKHUCIOT B pe3ylbTare
JETUpaTalul  00pa3yroTCsl JBa HW30MEPHBIX COCAMHCHHS. YCTAHOBUTE CTPOCHHE YETHIPEX
YIOMSIHYTBIX COCIMHEHUH, 3aITUIINTE YPABHCHUS PEaKIIUi IerHpaTaIlHu.

Pewenue. Tlapa n30MepHBIX AMUHOKUCIIOT, HE BBIACISAIONIUX a30T MPHU PEaKIMU C a30TUCTOU
KHUCJIOTOM, 3T0 N-3TUjIaMuHOyKCycHast U 2(N-MeTUIIaMUHO )TPOIIaHOBasI KUCJIOTHI:

0
H
/O tO N/C2 5
2 CyHs—NH—CH,—C > + 2H,0
“OH N
C,H
2115 0O
0
H
0 oy H,C Nﬁ 3
2CH3—NHfCH—C\O — N + 2H,0
dn, OH G CH,

2.2. [Ipu HarpeBaHHM [IByX HM30MEpPHBIX aMHUHOKHUCIOT, oTBedaromux ¢opmyne C3H7NO2, B
pe3ynbTare JAerujparanuud o0pa3yroTcs JBa H30MEPHBIX COCJUHEHHUS. YCTAaHOBUTE CTPOCHHE
YEThIPEX YIOMSHYTBIX COCTUHEHHH, 3aUIINTE YPaBHEHUS pPeaKluil JeTuApaTalyi.

Pewenue. 3o0MepHbIE aMUHOKUCIOTBI — N-METUIAMHUHOYKCYCHasi M 2-aMHHOIIPOIaHOBAast
KHCIIOTBIL:
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YYacTHUKM  OJIMMIOHAAbI MNpEIUIOKHUIIN €€ OAWH BAPHUAHT PCHICHUA: HN30MCPHBLIC
AMHWHOKHUCIIOTEI — OIITUYCCKUC U30MCPEI O-aJlTaHWHA:
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2.3. J/IBe wu30MepHbIE aMUHOKHUCIOTHI, oTBevarontue ¢opmyne CsHoNO>, pearupyror c
A30TUCTOM KHCIIOTOW C BblAENeHHEeM a3oTa. llpu HarpeBaHUM aMUHOKUCIOT B pE3yJbTare
JeTuapaTaud  00pa3yroTcsl JBa H30MEPHBIX COEAMHEHMs. YCTAaHOBUTE CTPOCHHE YeThIpeX
YIOMSIHYTBIX COCIMHEHUM, 3aUIINTE YPABHEHUS PEAKIMK IeTHApATAIIH.

Pewienue. VI3oMepHbIe aMUHOKHCIIOTBI, pEarupyroume ¢ a30TUCTON KUCIOTOM ¢ BbIIEICHUEM
a30oTa — 2-aMHMHOOYyTaHOBAs U 2-aMUHO-2-METHIITPONIAHOBAS KUCIIOTHI.
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2.4. [Ipu HarpeBaHMU JABYX HM30MEPHBIX aMHHOKHUCIOT, oTBedaromux (opmyne C4sHoNO2, B
pe3yabTare JOeruaparaiuud o0pa3yroTCsl COCIUHEHHS, MOJSPHBIE MAacChl KOTOPBIX Ppa3IndaroTCs
BABOE. IIpemioxknure cTpoeHne YeThIpeX YIOMSHYTBIX COSAMHEHNH, 3alUIINTE YPABHEHUS PEAKIUN
JerupaTaum.

Pewenue. 4-amnHo0yTaHoBas U 2-aMMHOOYTaHOBAasE KUCIIOTHI.
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B nepBom citywae mpoaykt — C4H7NO, Bo BropoM — CgH14N202. MosnsipHbIE MacChl OTITMYAOTCS
B 2 paza.



B kauecTtBe BTOpPO aMHHOKHCIIOTHI, OOpa3yroIIed MNpPOAYKT ¢ OONbIIeH Maccod, Takke
MOJIXOIAT CIEAYIOIIHE:
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Cucmema oyenusanusi 00UHAKOBAsL Ol 6CeX BAPUAHMO8 3adayu: no 1 6anny 3a kax)coyio
NpasuUIbHY0 CmpyKkmypy (08e ucxoonvlie AMUHOKUCIIOMbL U 08a NPOOYKMa), no 1 6anny 3a kaxcoyro
peaxyuio decuopamayuu. Bceco 1 -4 + 1 - 2 = 6 6annos.

3agaya 3 (10 6as10B)

3.1. VpaBuenne Knanelipona—MeHzeneeBa He Bcerja XOpOIIO ONHCHIBAET IOBEICHHE
peabHBIX I'a30B, OTKJIOHEHHSI CTAHOBSATCS BECbMa CYILIECTBEHHBI ITPU BBICOKUX JABJICHUSIX U HU3KUX
TeMmIepaTrypax, 0ocOOEHHO eciH Ta3 OJIM30K K COCTOSHHIO KOHJEHCAIMU B KUAKOCTh. OmHO U3
HanboJiee U3BECTHBIX YPAaBHEHUI COCTOSIHMSI peajibHOI O raza — ypaBHeHue Ban-nep-Baanbca:

RT a
,
V.-b V2
rre Vm — MonbHBIN 00bEM raza. [IputskeHne Mex 1y MOJIEKyJIaMH B Ta3e YUYUTHIBACTCS C TOMOIIBIO
KoHcTaHThl . KoHcTaHTa b Xapakrepusyer Ty 4acTh 00beMa, KOTOpasi HEAOCTYITHA ISl IBU)KCHHS
MOJIEKYJI, TIPY 3TOM JOIMYCKAETCsl, YTO MOJIEKYJIbI Ta3a BeAyT ceOs MOA0OHO MallbIM HEC)KUMAEMbIM
chepam.

1) Ha kxakoe HauMEHbIlIee PACCTOSHUE MOTYT CONMU3UTHCS JIBE KECTKUE ChepruuecKre MOJICKYIb?
PaccMOTpeB CTONKHOBEHHE ABYX TaKMX MOJIEKYI, MOKaxuTe, uto b = 4Vo, riae Vo — cOOCTBEHHBIH
00BbEM OJTHOT'O MOJISI MOJIEKYI.

2) OrienuTe paaryc MONEKy bl METaHa, ecly I Hero b = 42.78 cm®/Mons.

p:

Pewenue. 1) HauMeHbIINM pacCTOSIHUEM CONMKEHHS JBYX KECTKUX CHEPHUECKUX MOJICKYI
ABIISIETCA CyMMa MX paauycoB. M3-3a TOro, 4ro >KeCTKHE CQepHuuecKue MOJEKYJIbl HE MOTYT
cONMM3UTHCA Ha MEHbBIIIEE PACCTOSHUE, U BO3SHHUKACT «3alpelleHHbl 00bem». LlenTp cepuueckoit
MIPaBOil MOJIEKYJIbI HE MOKET OKa3aTbCsl BHYTPHU CEphI C paanycoM 2I, ONMUCAHHON BOKPYT LIEHTpa
JIEBOM MOJIEKYJIBI (CM. PUCYHOK).

O0mBem 3To# cdephl cocTaBIsIeT

V=2m(2r)?=8-2mri= 8,

rje Vo — 00beM OHOM MoJieKyJbl. Eciu paccMoTpeTs 1| MOJTh BelecTBa, TO OOIIee YMCIO MOJIEKYIT
Oyznet paBHo uuciy Aoraapo Na, a yucnmo map monekyn — Na/2. Torga oOumii «3anmpenieHHbINH
00BbeM» B pacueTe Ha | MOJIb BEIIeCTBA COCTABUT

V=8"Vvo-Nal2=4V,,

rae Vo — cOOCTBEHHBIN 00BEM MOJISI MOJIEKY.



[MocTostHHast b — 3T0 M ecTh «3anpeneHHBIA 00BEM»:
b = 4V,.

2) Paccmotpum 1 Mo MeTaHa:
b =4V, =4-mr3N, = =mriN,,

TOr A

, b _, 42.78
(16/3)7zNA (16/3)7r .6.02-10%
Omeem: 1.62-1078 cm.

=1.62-107° cm.

3.2. YpaBuenne Knamelipona—MeHzeneeBa He Bcerja XOpOIIO ONHCHIBAET IOBEICHHE
peabHbIX I'a30B, OTKJIOHEHHSI CTAHOBATCS BECbMa CYILIECTBEHHBI IPU BBICOKUX JABJICHUAX U HU3KUX
TeMmIepaTrypax, 0ocOOEHHO eciH Ta3 OJIM30K K COCTOSHHIO KOHJEHCAIMU B JKUAKOCTh. OmHO U3
HaunboJiee U3BECTHBIX YPAaBHEHUI COCTOSIHUS pealibHOIO ra3a — ypaBHeHHe Ban-nep-Baanbca:

D= RT a
- ]
V.-b V2
rae Vm — MosbHBIN 00bEM raza. [Iputsxenne Mexy MoJIEKyJIaMH B ra3e yUYUTHIBACTCS C IOMOILBIO
koHcTaHThl @. KoHcTanTa b Xapakrepusyer Ty 4acTb 00beMa, KOTOpasi HEAOCTYITHA ISl IBUIKCHHS
MOJIEKYJI, IPU 3TOM JOIYCKAeTCsl, YTO MOJIEKYJIbI Ta3a BeAyT ceOsl MOA0OHO MallbIM HEC)KUMAEMbIM
chepam.

1) Ha kxakoe HauMEHbIIIee PACCTOSHUE MOTYT CONM3UTHCS JIBE KECTKUE ChepruuecKre MOJICKyIb?
PaccMoTpeB CTOJIKHOBEHHE JIBYX TaKUX MOJIEKYJ MoKakuTe, 9to b = 4Vo, rae Vo — coOCTBEHHBIMH
00BbEM OJTHOT'O MOJISI MOJIEKYJI.

2) OrenuTe paaryc MOIEKYIbl 3TaHa, ecru Ans Hero b = 63.80 cM®/Moib.

Pewenue. 1) HauMeHbIIMM pacCTOSIHUEM COMMKEHHS JBYX KECTKHX CPEPHUSCKUX MOJICKYI
ABIISIETCA CyMMa MX paauycoB. IM3-3a TOro, 4ro >kecTKHE CQepuyecKue MOJEKYJIbl HE MOTYT
CONMM3UTHCSA HAa MEHbBIIIEE PACCTOSIHUE, U BO3SHUKACT «3alpelleHHbI 00bem». LleHnTp cepuueckoit
MIPaBOil MOJIEKYJIbl HE MOKET OKa3aThCsl BHYTPH Cephl ¢ paanycoM 2I, OMUCAHHON BOKPYT LIEHTpa
JIEBOM MOJIEKYJIBI (CM. PUCYHOK).

O6beM 3Tol cepsl cocTaBIseT
4 4
V= 57’[(27")3 =8- 577.'7"3: 8-Vo,
rje Vo — 00beM OHOM MoJieKyJbl. Eciu paccMoTpeTs 1| MOJTh BelecTBa, TO OOIIee YUCIO MOJIEKYIT
Oyznet paBHO unciy ABoragpo Na, a 4ucio map MOJEKy
— Na/2. Torpa obmmii «3amnpenieHHbIi 00beM» B pacueTe
Ha 1 MOIb BellecTBa COCTaBUT
V=8 vo-Nal2=4V,,
rae Vo — cOOCTBEeHHBIN 00BEM MOJISI MOJIEKYI.
[MocTostHHas b — 3T0 M ecTh «3aNpeneHHBIA 00BEM:
b = 4V,.
2) Paccmotpum 1 Moub 3TaHa
4 16
b=4V,=4- ;nr3NA = ?nr3NA,

TOTAa




r:?’\/ b =3\/ 6380 _ _ | 85.108 cu.

N4 ()m6.02:1023

Omeem: 1.85-10°8 cm.

3.3. YpaBuenne Knanelipona—MeHzeneeBa He Bcerja XOpOIIO OIKMCHIBACT TOBEICHHE
pEAIbHBIX Ta30B, OTKJIOHEHUS CTAHOBSTCS BEChMa CYIIECTBEHHBI ITPU BBICOKUX JABICHUSIX M HU3KUX
TeMIepaTrypax, 0oCOOEHHO €ciH Ta3 OJIM30K K COCTOSIHUIO KOHJIEHCAIMU B JKUAKOCTh. OIHO W3
HanboJiee U3BECTHBIX YPAaBHEHUI COCTOSIHUSI peajibHOTO raza — ypaBHeHHe Ban-nep-Baanbca:

D= RT a
- L
V. -b V2
rne Vm — MonbHBIN 00bEM Taza. [IpurskeHne Mex Iy MOJIEKyJIaMH B Ta3€ yUYUTHIBACTCS C TOMOIIBIO
KoHcTaHThl . KoHcTaHTa b Xapakrepusyer Ty 4acTb 00beMa, KOTOpasi HEAOCTYIHA IS IBH)KCHHS
MOJIEKYJI, TIPX 3TOM JOIMYCKAETCsI, YTO MOJIEKYJIBI Ta3a BEAYT ce0s MOA0OHO MaJIbIM HEC)KUMAEMBIM
chepam.

1) Ha kakoe HauMeHbIIIEEe PACCTOSIHUE MOTYT COJTU3UTBCS JIBE KECTKUE CHEPUICCKIE MOJICKYJIbI?
PaccMOTpeB CTONIKHOBEHHE JBYX TaKMX MOJICKYJ, MOKaxuTe, uto b = 4Vo, riae Vo — coOCTBEHHBII
00BEM OJTHOTO MOJISI MOJICKYIL.

2) OrenuTe pamryc MOIEKyIbl aMMHAKa, ecu s Hero b = 37.07 cm®/monb.

Pewenue. 1) HaumeHbImmum paccTOsTHUEM
COMIKEHUST JBYX MKECTKUX COHEPUYECKUX MOJICKYI
SBJIETCSI CyMMa UX painycoB. M3-3a TOTo, 4TO KECTKUE
cepuveckue MOJICKYJIBl HE MOTYT COJM3UTBHCS Ha
MEHBIIIEe PACCTOSHUE, M BO3HHUKAET «3alpelleHHBbIH
o0bem». LleHTp cdepuueckoil mpaBoid MOJIEKYJIBI HE
MOXKET OKa3aThCsi BHYTPU cdepbl ¢ paauycoM 2r,
ONMCAaHHON BOKPYT IIEHTPa JIEBOH MOJIEKYJBI (CM.
PHUCYHOK).

O6beM rTol cepsl cocTaBIseT

V= gn(Zr)‘?’ =8 -gnr‘?’: 8-Vo,
rze Vo — 00beM ofHo# Mosekyssl. Ecnu paccmoTrpers 1 Monb BemiecTBa, TO 00I1ee YHCI0 MOJIEKYJI
Oyner paBHo uuciny ABoraapo Na, a yucio map mosiekyn — Na/2. Torma oOmmil «3anpernieHHbIil
0o0BemM» B pacueTe Ha | MOJIb BEIIecTBa COCTaBUT
V=8 vo-Nal2=4V,,
rae Vo — coOCTBEHHBIH 00beM MoJIst MoJteKyJ1. [TocTosiHHast b — 3To 1 ecTh «3ampelieHHbIH 00beM»:
b = 4V,.

2) PaCCMOTpHM 1 Monb aMMHaKa:
4 16
b= 4V0 =4. _T[TBNA = _7TT'3NA,
3 3

TOor;a

r:i/ b —3\/ 3707 - 154108 em.

G4 a ()m6.02:1023
Omeem: 1.54-1078 cm.

3.4. VpaBuenune Knanelipona—MenzeneeBa He Bcerja XOpOILIO ONMCHIBAET IOBEJCHUE
PEAIBHBIX T'a30B, OTKIIOHCHUSA CTAHOBATCA BECbMA CYIICCTBECHHBI ITPH BBICOKUX MABJICHUAX M HU3KHUX
TeMIIepaTypax, OCOOCHHO €CIM Ta3 OJM30K K COCTOSHHUIO KOHAEHCAIMHM B XUAKOCTb. OnHO U3
HauboJsiee U3BECTHBIX YPAaBHEHUN COCTOSHUS peajbHOro ra3a — ypaBHeHue Ban-nep-Baanbca:
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D= RT a
V. -b V2
rae Vm — MoJbHBINH 00bEM Taza. [IpuTshkeHre MexX Iy MOJIEKYJIaMH B Ta3€ YUYUTHIBACTCS C TIOMOIIBIO
KoHcTaHThl &. KoHcTaHTa b Xapakrepusyer Ty 4acTb 00beMa, KOTOpasi HEAOCTYITHA JUIsl IBUOKCHHS
MOJIEKYJI, TIPY 3TOM JOIMYCKAETCsI, YTO MOJICKYJIbI Ta3a BEAyT ceOs MOA0OHO MalIbIM HEC)KUMAEMbIM
chepam.

1) Ha kakoe HauMEHbIIICEe PACCTOSIHUE MOTYT COJTU3UTHCS JIBE KECTKUE CHEPUICCKHE MOJICKYJIbI?
PaccMoOTpeB CTOJIKHOBEHHE JIBYX TaKUX MOJIEKYJ MOKakuTe, 4to b = 4Vo, rae Vo — coOCTBEHHBIM
00BEM OJTHOTO MOJISI MOJICKYIL.

2) OrenuTe pagnyc MOIEKYIbl BOIbL, eciau aus Heé b = 30.49 cm®/Mob.

Pewenue. 1) HauMeHbIINM PacCTOSIHUEM COJVDKEHHS JBYX KECTKUX CHEpHUECKUX MOJICKYII
ABIIIETCA CyMMa MX paauycoB. M3-3a TOro, 4ro ’XecTKHE CepudecKue MOJEKYJIbl HE MOTYT
CONMM3UTHCA HAa MEHBIIEE PACCTOSHUE, U BO3HUKACT «3ampelieHHbld 00bem». Llentp chepuueckoit
IIPaBOIl MOJIEKYJIbl HE MOKET OKa3aTbCsl BHYTPH Cephl ¢ paanycoM 2I, ONUCAHHON BOKPYT LIEHTpa
JIEBOM MOJIEKYJIBI (CM. PUCYHOK).

O061bem 310l cepbl cocTaBgeT
V= gn(Zr)3 =8- %nr3= 8-Vo,
rze Vo — o0beM oiHoM Mosiekyiisl. Eciu pacemotpets 1
MOJIb BEUIECTBA, TO 00IIee YHCIO MOJIEKY OyAEeT paBHO
uncny ABoranpo Na, a uucio map monekyn — Na/2. ,°
Tornma obmmii «3anpemnieHnslii 00bemM» B pacuere Ha 1,7
MOJIb BEILIECTBA COCTABUT /
V=8"vo-Nal2=4Vp, /
rae Vo — cOOCTBEHHBIN 00BEM MOJISI MOJIEKYI. "
[MocTostHHAst b — 3TO M €CTh «3aNpPenICHHBIA 00BEM): \

b =4Vo. *
2) PaCCMOTpI/IM 1 moib BOJBI: \\\
4 16
b = 4‘VO =4. §T[T3NA = ?HT‘:"NA,

TOT A

r:i/ b —3\/ 3049 - 145108 cem.

G4 - ()m6.02:1023
Omeem: 1.45-10°8 cm.

Cucmema oyenusanusi eOunas Ol 6cex 8aApUAHMO8 3a0ayu. nyHkm 1) oyenka MUHUMATLHO2O
paccmosnus — 2 6anna, céa3v b ¢ Vo — 4 6anna; nynkm 2) pacuem paouyca monexyivi — 4 6ania.
Bceco 2 + 4 + 4 =10 6annos.

3agaua 4 (12 6a/u10B)

4.1. IIpu BOCCTAaHOBJICHUH YKCYCHOM KHCIIOTBI BOJOPOIOM oOpa3oBajiock 15 i1 stana (1 atm,
25 °C). Kakoe KoiM4yecTBO TEIIOTHI BBIACIUTCS IPU CrOPAHUH MOTYYEHHOTO ATaHa, €CJIU TEII0BOM
3¢ eKT peaki BOCCTAHOBJICHUU YKCYCHOM KHCIOTHI BOAOPOAOM cocTaBisieT 52.06 kkan/Molb, a
TEIUIOTHl CrOpaHusl YKCYCHOW KHUCIOTBI U Boaopoia paBHbl 9203 u 285.8 k/x/mMoib
COOTBETCTBEHHO.

Pewenue. KOJ'II/ILICCTBO BCIICCTBA BBIACIMUBIICTOCS DTaHaA.
v(C2Hg) =15 - 101.3 /(8.314 - 298) = 0.61 MoJIb.
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TennoBo# 3 PexT peakuu BOCCTaHOBICHUS
Q =52.06 kxan/monb = 52.06 - 4.184 = 217.8 xJI>k/MOJIb.

CH3COOH + 3H2 — CoHe + 2H20 Q1 =217.8 xJI>x/M01b
H> +% 02 — H20x Q2 = 285.8 kJ>x/mMoIB
CH3COOH + 202 — 2CO2 + 2H20 Q3 =920.3 x/{x/Mob
CoHe + %Oz — 2C0O2 + 3H20 Q.

Jlig onpeiesieHns: MOJIBHOM TEIJI0ThI CrOpaHus 3TaHa KOMOMHHUPYEM TPU MEPBBIX YPABHEHMUS:
Qc=Q3+3-Q2—Q1=920.3 +3 - 285.8 —217.8 = 1559.9 k/I)x/mou1b.
Torna npu cropanun 00pa3oBaBIIErOCs KOJMYECTBA dTaHA BBIJICIUTCS
Q=0.61-1559.9=0951.5 x/Ix.

Omeem: 951.5 x/Ix.

Pacuem xonuuecmea sewpecmsea smana 4 b6anna, no 1 6anny 3a kaxcooe ypasuenue peakyuu,
2 banna — pacuem MOIbHOU MENIOMbl C2OPAHUsL IMAHA, 2 OaLIa — paciem 8blOeUBUIEIICSI MENJIOMbL.
Umocod+1-4+2+2= 12 6amos.

4.2. Ha BoccTaHOBJICHUS KHUIKOH YKCYyCHOM KucnoTsl monwto 18.3 i Bogopoaa (1 atwm, 25 °C),
B Xoje mporecca Bolaenuioch 54.45 x/x Temnotel. Onpenenure TEMIOTY UCHApEHHs! YKCYCHOM
KHCJIOTBI, €CIIM TeIJIOBOW 3((EKT peakMd BOCCTAHOBJIECHHM Tra3000pa3HON YKCYCHOH KHCIIOTHI
BOJIOpOJIOM cocTaBisieT 4 kJx/T.

Pewenue. KonnuecTBo BelecTBa 3aTpay€HHOr0 BOJOPO/Ia:
v(H2) =18.3 - 101.3/(8.314 - 298) = 0.75 moub.
KonmuecTBo BemecTBa BOCCTAHOBIEHHON YKCYCHOW KUCIIOTHI:
v(CH3COOH) =v(H2) / 3 = 0.25 momb.
MounbHbIH TernoBoi 3QPeKT peaknu BoccTaHoBlIeHUs razoo0pasHoit CH3COOH:
Q =4 xJIx/r - 60 r/moinb = 240 kJI>kx/MOIb.

MounbHbIi TernoBol 3@ dexT peakunu BocctanoBiaeHus xuakoit CH3COOH:

Q =54.45/0.25=217.8 xI)x/mMoIb.

CH3COOH) + 3H2 — CoHg + 2H20 Q1 = 240 x/x/MoIb
CH3COOH ) + 3H2 — C2Hg + 2H20 Q2= 217.8 xIx/M0b.
CHSCOOH()K) — CH3COOH(r) Qucn.

TOF,I[a TCIUIOTAa UCIIAPCHUA yKCYCHOﬁ KHCJIOTHI
Qucn. = Q2 - Ql =217.8-240=-22.2 KH)K/MOJ'IB.

Omeem: —22.2 xJ»/Mo0b.

Pacuem konuuecmeé 6o0opoda u ykcycHou xuciomel — no 2 6anna, pacyem MOIbHO2O
Meniogozo d¢hghexma 60cCmMaHOBIeHUS HCUOKOU KUCTOMbl — 2 06anna, NpasuiibHblll nepecuem
MONbHO20 Menioeo2o g gexma peakyuu soccmanosienus 6 eounuyvl cucmemvt CH — 1 bann, mpu
ypasnenust peaxyuii no 1 6anny, pacuem meniomoi ucnapenus CHsCOOH — 2 6anna.

Hmoco2+2+2+1+1-3+2=126amos.

Bocecmanosnenue ykcychoul Kuciomsi 6000po0oOM He 00 3MAHA, a 00 O0py2020 NpoOyKma
(nanpumep, smanona), u NPasuIbHvLE paciemsl 0Jis MAKO20 6apUAHMA NPUHUMANUCH KAK 8ePHbIe.
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4.3. IIpu BOCCTaHOBJICHUU YKCYCHOHM KHCIIOTHI BOJOPOJOM BBIAETHIOCH 30.4 KKajl TEIJIOTHI.
Omnpenenure o0beM kuciopoaa (1 arm, 25 °C), HE0OXOIUMOTO ISl CKUTAHUSI ITAHA, TIOTYYCHHOTO
BOCCTAHOBJICHEM YKCYCHOM KHCIOTHL. TeruioTa peakiuu BOCCTAHOBICHUS YKCYCHOW KHCIIOTBHI
BoaopooM coctasisieT 217.8 kx/Mob.

Pewenue. B xone peakiium BOCCTAaHOBJIEHUS
CH3COOH + 3H2 — CoHg + 2H20
00pa30BaJIiCs ATaH B KOJTUYECTBE
v(C2He) =30.4 - 4.184 / 217.8 = 0.584 mou1b.
Ha cxxuranue nonydeHHOro 3taHa
C2Hs+ 3.502 — 2CO2 + 3H20
3aTpayeHo KUCIopoia
v(O2) = 3.5- 0.584 = 2.04 momnb.
O0BeM KHCTIOpO/1a COCTABUIT

V=vRT/p=2.04"-298 - 8.314/101.3 =50 .
Omeem: 50 1.

Ilo 1 6anny 3a kasxcooe ypasHenue peakyuu, paciem Koaudecmea smauna — 4 oanna, pacuem
KOAUu4ecmaea Kuciopooa u e2o obvema — 6 oannos. Umozo 1 -2 + 4 + 6 = 12 bannos.

4.4. TIpu BocctanoBnenuu 10 1 razoodpas3Hoit ykcycHou kucioTsl (1 atM, 25 °C) Bomopoaom
BBLIETTIIOCH 23.4 KKal TerioTel. OmpeeNnTe TeIIoTy CropaHus ra3000pa3Hoi YKCYCHOW KUCIIOTHI,
€CJIM TEIUTIOThI CrOPaHUs dTaHa U BoAopoaa cocTaBistoT 1560 u 285.8 kJ[)K/MOIb COOTBETCTBEHHO.

Pewenue. KonnyecTBo BemecTBa ra3000pa3Hoil YKCyCHOW KUCIOTHI:
v(CH3COOH) =10 - 101.3 /(8.314 - 298) = 0.41 mous.
TemnnoBoit a¢ ekt peakuun Boccranorienuss CHsCOOH
Q=23.4-4.184/0.41 = 238.8 xJ]»/M0IIb.

CH3COOH) + 3H2 — CoHg + 2H20 Q1= 238.8 kJI>x/M0IB
CoHe + %Oz — 2C0O2 + 3H20 Q2 = 1560 xJIx/mMomb
H> +% 02 — H20¢x Qs = 285.8 k/]x/mMomb
CH3COOH ) + 202 — 2CO2 + 2H20 Qc

Hns onpenenenust MoibHOM TernoThl cropanuss CH3COOH komOuHHMpyeM TpH MEpBBIX
YpaBHEHHUS:

Q:=Q1—-3-Q3+Q2=238.8—-3 - 285.8+ 1560 =941.4 x/[)x/mM07b.
Omeem: 941.4 x]J]x/MoIb.

Pacuem «ronuuecmsea eewecmea CH3COOH u monbHoco mennosozo 3ggexkma ee
goccmanognenus — 6 bannos, no 1 banny 3a kaxcooe ypagueHue peakyuu, 2 6auia — pacuem meniomol
ceopanuss CH3COOH. Hmoeo 6 + 1 -4 + 2 = 12 bannos.



3agaua 5 (14 6a1510B)

5.1. becuBeTHbIe KpUCTaUIBI O€3BOAHOIO XJIOpUIA A TIOTY4arOTCs PU HarpeBaHUU MeTauia X
B Toke xuyiopa. Ilpu mocreayromeM CIUTaBIeHUH A € XJIOPUAOM HaTpHsi 00pa3zyercsi KOMIUIEKCHOE
coenunenue b, conepxatuee 9.8 macc% Harpus. Metam X JIerko pacTBOPSIETCS B COJISTHOM KHUCIIOTE,
IIPUYEM U3 IOJYYEHHOIO PACTBOPA MOXKET OBITh BBIJAENIEH KpucTamoruapar cocrasa A-nHxO,
cogepxamuid 36.0 macc% storo meramna. Ecnu ke oOpaborarh pacTBop X B CONSHOW KHCIIOTE
M30BITKOM aMMHaka, oOpa3yercss OECIBETHBIA OcaloKk B, Jerko pacTBOPSIONIUIICS B THAPOKCHUIC
Kanusi ¢ oOpa3zoBaHueM KomruiekcHoro coeaunenus I'. [lpu qo6aBneHuu K pacTBOpy, colepkaniemMmy
I', nocratoyHOro KoJaMuYecTBa CEPHOM KHUCIOTHI U IOCIEAYIOIIEM OXJIAXJIEHUU oOpa3yrorcs
kpuctasuibl conu A, conepxaniue 13.5% meranna X.

Omnpenenure Metann X, a TAK)KE COCTaB BCEX HEU3BECTHBIX COENMHEHUH MeTaia X (COCTaBbl
A-nH>0, b u JI moarBepauTe pacueToM). Hanummure ypaBHEHHs BCEX PEaKITHi.

Pewenue. Metamn X — rajuinii.

t
2Ga + 3Cl; » 2GaCls
BemectBo A — GaCls. Ero cruasienue ¢ NaCl:

GaCls + NaCl  Na[GaCly].

BemectBo b — Na[GaCls], B Hem
o(Na) =23 /235 =10.0980 (9.80%) — COOTBETCTBYET YCIOBHIO.

Ga + 3HCI + H20 5 GaClsHy0 + 3/2Ha1

Kpucrammoruapar A-nH>O — GaClz-H>O, B Hem
o(Ga)=70/194.5=0.360 (36.0%) — COOTBETCTBYET yCIOBHIO.

GaClz + 3NH3-H20 — Ga(OH)3 | + 3NH4Cl
Ocanok B — Ga(OH)s, o6pazoBanue komruiekca I':
Ga(OH); + KOH — K[Ga(OH)4]
I' - K[Ga(OH)4]
2K[Ga(OH)4] + 4H2SO4 — Gaz(SO4); + K2SO4 + 8H20

Gax(SO04)3 + K2SO4 + 24H20 — 2KGa(SOs)2 -12H,0

I — nBoitaas coab KGa(SO4), -12H>0,
®(Ga)=70/517=0.135 (13.5%) — COOTBETCTBYET yCIOBHUIO.

Omeem: X — ramumaid, A — GaCls, A-nH>O — GaCl3-H>O, b — Na[GaCls], B — Ga(OH)3,
I' - K[Ga(OH)4], A — KGa(SO4)> - 12H20.

JKropu onumnuaowvl uzeecmuo, umo 6 yciosuu sadauu 5.1 codepxcanacy onewamxa. emecmo
Mmaccogou donu memainna 6 kpucmainnoeuopame A-nH>O 36.0% 6Ovino ykazano ouubouHoe sHaveHue
56.7%. Pabomwsl yuacmuuxos, NOIYYUBWIUX SMOM BAPUAHM 3a0adu, OyOym nposepeHvl 0Co00
BHUMAMENBHO.

5.2. Merann X cropaer Ha BO3AyXe C OOpa30OBaHHEM IKEITOBATOTO COENWHEHUS A,
coneprkamiero 27.2 macc% xucimopona. A pearupyet ¢ okcuziom yriepoaa(ll), naBas cons B, xoporo
pacTBopumyr0 B Bome. M3 pactBopa conmun B mpu  OXJaXkIEHWH MOXKET OBITh BBIJIEICH
kpuctamoruapar cocraBa b-nH>O, comepxamuii 43.5 macc% wmeramia X. CoenuHeHue A
pearupyer ¢ BOAOH ¢ 0Opa3oBaHHEM pacTBOpa COEAMHEHUS B, Jerko mepeBomsIero B pacTBOP
THIPOKCH]T aJIFOMUHUSA ¢ 00pazoBaHueM komiuiekcHoro coenunenus I. [1pu qo6aBnenuu k pactBopy,
cogepxaimeMy I', JOCTaTOYHOTO KOJIMYECTBA CEPHOW KHCIOTHI U TOCIEAYIOIIEM OXJIKICHUU
obpasytorcs kpuctaiuisl cou [, conepxamme 16.4 macc% metamna X.
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Omnpenenure MeTall X, a TAKXKE COCTaB BCEX HEM3BECTHBIX COeMHEHUN MeTaiia X (COCTaBbI
A, b-nH>0 un [l nonrBepaute pacueroM). Hanummre ypaBHEHHsI BCEX pEeaKIUiA.

Pewenue. Merann X — pyOuuit.
Rb + O2 — RbO»

Coenunenue A — Hagnepokcus RbOz, B Hem
®(0)=32/117.5=0.272 (27.2%) — COOTBETCTBYET yCIIOBUIO.

2RbO;, + CO — RbCO3 + Oy
Bemtectso b — Rb,COs3

Rb,COs + 9H,0 —5 RbyCO3 - 9H,0

Kpucramnorunpar b-nH>O — Rb,CO3 -9H>0, B HEM
®(Rb) =85.5-2/393 =0.435 (43.5%) — COOTBETCTBYET YCJIOBHIO.

2RbO> + H,O — 2RbOH + 3/20;
Bemectso B — RbOH, pactBopenune rupokcuia amoMUHUS:
AI(OH); + RbOH — Rb[AI(OH)4]
KomrmnekcHoe coemuuenue I' — Rb[AI(OH)4]
2Rb[AI(OH)4] + 4H2SO4 — Al2(SO4)3 + Rb2SO4 + 8H20
Alx(SO4)3 + Rb2SO4 + 24H20 — 2RbAI(SO4)2 - 12H20

I — nBoitnas conb RbAI(SO4)2 -12H,0,
®(Rb) =85.5/520.5=0.164 (16.4%) — cOOTBETCTBYET yCIOBHIO.

Omeem: X — pyounuii, A — RbO2, b — Rb2CO3, b-nH>O — Rb2CO3 -9H>O, B — RbOH,
I' — Rb[AI(OH)4], I — RbAI(SO4)> - 12H-0.

5.3. Metann X pearupyer ¢ XJI0poM IpU HEOOJBbIIOM HarpeBaHUM ¢ 0Opa30BAHUEM YKHUJIKOTO
xyopuaa A, comepxkaiiero 54.4 macc% xmopa. [Ipu nobasneHnn Kk A KOHIIEHTPUPOBAHHOM COJISTHOM
KHCJIOTBI 00pa3yeTcst pacTBOp, colepkaliuii kommiekcHoe coenuHenre b. M3 atoro pactBopa mpu
OXJIQKJIEHUH MOTYT OBITh TTOJTy4eHbI KpucTasuibl A-nH>O, cogepxantue 33.9 macc% meranna X. [Tpu
no0aBneHNH K MeTauly X pacTBOpa MEIHOTO KyNopoca, HMOAKHCICHHOTO CEPHOM KHUCIOTOH, B
pactBope oOpazyercs coeauHeHue B. O6paboTka pacTBopa, comepxainiero B, pacrBopom NaxCO3
IIPUBOJIUT K 00pa3zoBaHuto Oesoro ocajka I', KOTOpBII pU HarpeBaHUM pazjaraercs ¢ 00pa3oBaHHEM
cuHe-uepHoro coeaunenus [, conepxkaiero 88.1 macc% meramna X.

Omnpenenure Metamt X, a TaKXKe COCTaB BCEX HEM3BECTHBIX COEMHEHUI MeTasuia X (COCTaBhl A,
A-nH20 u [l nonrBepaute pacueroM). Hanummre ypaBHEHHs BCEX pEeaKIIHid.

Pewenue. Metamn X — 010BO.

t
Sn + 2Cl; = SnCly

BemectBo A — SnCly, B HEM
o(Cl)=35.5-4/261=0.544 (54.4%) — COOTBETCTBYET yCIOBHIO.

SnCly + 2HCl(xon11) — H2[SnClg]
Bemecto b — H2[SnClg]

Ha[SnClg] + 5H20 — SnCly-5SH20| + 2HCI

Kpucramioruapar A-nH>O — SnCls-5H20,
®(Sn) =119 /351 =0.339 (33.9%) — COOTBETCTBYET YCIOBHIO.

H2S04
Sn+ CuSO4 —— Cu + SnSOq4
Bemectso B — SnSO4
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SnSO4 + Na,COs3 + HoO — Sn(OH)2| + Na;SO4 + CO»
Ocanoxk I' — Sn(OH)»

t
Sn(OH)2 —» SnO + H>O

Bemectpo JI — SnO:
®(Sn) =119/ 135=0.881 (88.1%) — COOTBETCTBYET yCIIOBHIO.

Omeem: X — onoBo, A — SnCls, A-nH>0 — SnCls-5H20, B — H2[SnCls], B — SnSO4,
I' — Sn(OH),, J — SnO.

5.4. Ilpu HarpeBaHWUHU MajIOpPacTBOPUMOTO cyiab(dara meTamuia X B Toke Bogopoaa (t = 1000 °C)
oOpasyercs BemecTBo A, conepxkainiee 26.7 macc% cepsl. [Ipu noGaBineHnn K A CONSHONM KUCIOTHI
oOpasyercsi pacTBop, coxepxkauuii conp b. M3 atoro pactBopa mpu OXJIaxJA€HUU MOTYT ObITh
nonydyensl kpuctaiel b-nH>O, conepxamue 33.0 macc% wmerama X. Ecnu ke pactBop,
cogepxamuii coenunenue b, oOpaborars pactBopom K>COs, Bbimagaer OeCHBETHBI OCaIOK
coenunenuss B. Ocanok B nerko pactBopsieTcsi B a30THOM KuciIoTe ¢ oOpa3zoBanuem conu I,
no0aBlIeHHe K KOTOPOM pacTBOpa AMXpoMara Kajius MPUBOAUT K BBHIMAJCHHUIO JKEITOro ocaaka /I,
conepskaero 43.1 macc% meramna X.

Omnpenenure MeTann X, a TaKKe COCTaB BCEX HEU3BECTHBIX coeMHEeHU MeTaia X (COCTaBbl
A, b-nH>0 u [l noarBepaute pacuetoM). Hanummmre ypaBHeHHs BCEX pEaKITUil.

Pewenue. Metann X — cTpoHIUN.

S1SO4 + 4Hz — SrS + 4H,0
BemecTBo A — SrS,
®(S)=32/120=0.267 (26.7%) — COOTBETCTBYET YCJIOBHUIO.
SnS + 2HCI1 — SrCl, + H,S?
B - SrCl,

SrCl, + 6H20 —SrClo-6H20]
b-nH>O — SrCl»-6H>0,
®(Sr) =88/267 =0.330 (33.0%) — COOTBETCTBYET yCIOBHIO.
SrCl, + NaxCO3; — SrCO3 + 2NaCl

B - SrCOs3
SrCO3 + 2HNO3 — Sr(NO3)2 + H,0 + CO»
I' — Sn(NO3),
2Sr(NO3)2 + KoCr2O7+ HoO — 2SrCrO4 + 2KNO3 + 2HNO3
I — SrCrOs,

o(Sr) =88/264=0.31(31.0%) — COOTBETCTBYET YCIOBHIO.

Omeem: X — ctponnuii, A — SnS, b — SrCl, b-nH>0 — SrCl-6H>0, B — SrCOs3, I' — Sr(NO3)2,
I — SrCrOa.

JKiopu onumnuadsr uzeecmno, umo 6 yciosuu 3a0auu 5.4. cooepicanacy onewamra: Mecnmo
maccoeou donu memainna 8 ocaoke J] 43.1% o6wvino ykazano owubounoe 3uavernue 31.0%. Pabomuol
VUACMHUKOS, NOIYHUUBUIUX IMOM 8APUAHM 3A0aduU, 6YOYM NPoepeHbl 0000 GHUMAMENLHO.

Cucmema OYEHUBAHUA eounas Ons 6cex eapuarnmoes. no 2 banna 3a Kascooe npaesujlbHoe

gewecmao npu HAIU4UU COOMBEMCMEYIOUUX PeaKyull U NOOMBEEPHCOAIOUWUX PACHEemOa.
Bcezo 2 - 7 = 14 6annos.
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3agaua 6 (16 6a,1,10B)

6.1. ITociie ycranoBneHusi paBHoBecus B peakiuu A = B + C npu obmem naenenuun 2.4 6ap
paBHOBECHAs ra3oBas CMeChb cozaepkana 3 Moib raza A, 3 mosib raza B u 3 monb raza C. Ilocne
N00aBIeHHsI K CMECH HEKOTOpOro kojaudectBa raza C mpu MOCTOSHHBIX TEMIIEpaType U AAaBICHUU
CHOBA yCTaHOBHJIOCH PaBHOBECHE, IPH 3TOM O0BEM PaBHOBECHOM cMecH yBenuuwics B 1.5 pasa.
Paccuuraiite: a) KOHCTaHTy paBHOBeCHs peakluu Kp (BBIPAKEHHYIO Yepe3 NaplyaibHble JaBIeHHs)
u 0) Konm4ecTBO Mok 100aBiIeHHoro rasza C.

Peuwienue. Koncranra PaBHOBCCHA PCAKIHM, BBIpAXKXCHHAA YCPC3 IMMapUUaJIbHBIC HdaBJICHHUA

ra3oB, paBHa
_ p(B) p(C)

Ky p(A)

[To 3akony /laysibTOHA MapUHUAIbHBIE TABICHUS Ia30B PABHBI

_v@ .
p(A)= v P
v
p(B)=—"="p,

C
p©)==2p,

rae V(A), v(B) u v(C) — uncia Mosieii ra3oB, v — 00IIIee YMCI0 MOJICH ra3oB, p — 00IIIee JaBjIecHHUE.
[Toncrarisist B BIpaskeHUE /11 KOHCTAHTBI PABHOBECHSI, ITOJTy9IaeM

v(B) v(C)
K, = p@B)-p(© _—, P 7P _v(B) v(C):p
b p(A) Y& p v(A) v

OO11ee YKciI0 MOJel Ta30B PaBHO
v=v(A)+v(B) +v(C)=3+3 + 3 =9 mons.

vB)-v(Q)-p _ 3-3-24
Ty 39 = 0.8 (bap).

[TycTp k cmecu nobaBunu a moib raza C. Ilocne no6aBnenus raza C paBHOBECHE B PEAKITUH 110
npunnuny Jle Illarense cmectunoch BneBo. IlycTh mpu 3TOM mpopearupoBajio x Mojb. Toraa
PaBHOBECHBIC YHCIIAa MOJICH ra30B PaBHBI

vV(A)=3+x, v(B)=3-x, v(C)=3+a—x,

Torna K, =

a o0I1Iee YMCIIo MOJIeH Ta30B PaBHO
v=v(A)+v(B) +v(C)=9+a—x.

W3 ypaBuenust Kunanelipona—MeHaeneeBa cienyer, 4ro ecid OO0BEM Ta30BOM CMecH
yBenanuuiica B 1.5 paza mpu MOCTOSHHBIX TEMIIEpaType W JIaBJIE€HUHU, TO YUCIO MOJEH ra3oB TOXE
yBeJIM4MIOCh B 1.5 paza. CnenoBarenso, v=9 - 1.5=13.5,umu 9 + a —x = 13.5, orkynaa —x = 4.5,
ToT/Aa

v(C)=3+a—-x=17.5.
[ToncTamusist MOMy4YeHHBIE 3HAUYEHUS B BBIPAXKEHUE /I KOHCTAHTHI PAaBHOBECHSI, ITOJTy4aeM

v(B)-v(C)-p _ (B3-x)75-24
v(A) v (3+x)-13.5

K, = =0.8.

Otcroma x = 0.75 mons. Torma konmuuecTBo q00aBIeHHOTO Ta3a C paBHO
a=4.5+x=5.25 momb.
Omeem: a) 0.8 6ap, 0) 5.25 mob.
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6.2. ITociie ycranoBneHusi paBHoBecus B peakiuu A = B + C npu obmem naenenuun 2.7 6ap
paBHOBECHAs ra3oBas cMech copaepkana 3 Moib raza A, 1 mosb raza B u 2 mons raza C. Ilocne
N00aBIeHHUsI K CMECH HEKOTOPOIo KOJIMYecTBa Ia3a B mpu NmOCTOSHHBIX TeMIepaTrype U AaBICHUU
CHOBa YCTAaHOBWJIOCh PaBHOBECHUE, IPU 3TOM OOBEM pPAaBHOBECHOM CMECH yBEIMYWICA B 2 pasa.
Paccuuraiite: a) KOHCTaHTy paBHOBeCHs peakluu Kp (BBIPAKEHHYIO Uyepe3 NnapluaibHble JaBIeHH)
1 0) KOJIM4ecTBO MOJIb 100aBIeHHOTO ra3a B.

Pewenue. KoHncTaHnTa paBHOBECUs peakliid, BBIpAKEHHAs 4epe3 MapluajibHbIe TaBICHUS
ra3oB, paBHa

_p®B)-p(©)
K==
[To 3akony /laysibTOHA MapUHUAIbHBIE TABICHUS Ia30B PABHBI

A

pA) =22 p,
B

pB) =22 p,
c

p(O)=22-p,

rae v(A), v(B) u v(C) — urcna mMoseii ra3oB, v — 00IIIee YHCII0 MOJICH Ta30B, p — o0IIIee JaBJICHHUE.
[Toncrasiisist B BRIpaKeHUE JIUIsl KOHCTAHTBI PABHOBECHS, TIOJTy4aeM

_p® p© _ 2R v v(©)p

p(A) B p v(A) v

Kp

OO11iee unciao MoJiell ra30B paBHO
v=v(A)+v(B)+v(C)=3+1+2=6 mounb.
Torma

v(B)~v(C)-p: 1-2-2.7
v(A)-v 3:6

K, = = 0.3 (6ap).

[TycTp kK cmecu nobaBunu a moib ra3a B. Tlocne no6aBnenus raza B paBHOBecue B peakiuu 1mo
npunuuny Jle [larense cmectunock BieBo. IlycTe mpu 3TOM mpopearupoBajio x Moib. Torma
PaBHOBECHBIE YHCIIa MOJIEH Ta30B PaBHBI

V(A)=3+x, v(B)=1+a—-x, v(C)=2—x,
a o0I11ee YMCIIo MOJIel Ta30B PaBHO
v=v(A)+v(B)+v(C)=6+a—x.

W3 ypaBuenust Kunamelipona—MeHaeneeBa cienyer, 4ro ecid OO0BEM Ta30BOM CMecH
YBEJIMYWIICA B 2 pa3a MpU MOCTOSHHBIX TeMIleparype W AaBIEHUH, TO YHMCIO MOJICH Ta30B TOXeE
yBEeNUYMWIOCh B 2 pasza. CnenoBarensHo, v==6 - 2 =12, wim 6 + a—x =12, oTkyzna a — x = 6, Toraa
vB)=1+a—-x=1.

HO}ICT&BJ’ISISI HOqueHHBIe 3HAYCHUS B BI)Ipa)KeHI/Ie JI1 KOHCTAHTBI paBHOBeCI/ISI, r[onyqaeM

. v(B)~v(C)'p: 7-(2-%x)-27

r v(A) v B+x)-12

=0.3.

Ortcrona x = 1.2 monb. Torna Koau4ecTBo 100aBlIeHHOTro ra3a B paBHO
a=6+x="7.2 MOJIb.

Omeem: a) 0.3 6ap, 6) 7.2 MoJb.
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6.3. ITociie ycranosneHusi paBHoBecus: B peakiuu A + B = C npu obmem naenenuun 1.2 6ap
paBHOBECHAs ra3oBas CMecChb copaepkana 3 Moib raza A, 3 mosb raza B u 3 mons raza C. Ilocne
N00aBIeHHsI K CMECH HEKOTOPOT'o KOJMYECTBAa raza A IpPU MOCTOSHHBIX TEMIIEpaType U AABICHUU
CHOBa YCTAaHOBWJIOCh PaBHOBECHUE, IPU 3TOM OOBEM pPAaBHOBECHOM CMecCH yBelnuywics B 3 pasa.
Paccuuraiite: a) KOHCTaHTy paBHOBeCHs peakluu Kp (BBIPAKEHHYIO Uyepe3 NnapluaibHble JaBIeHH)
1 0) KOJIM4eCTBO MOJIb JOOABJICHHOTO Tra3a A.

Pewenue. KoHncTaHTa paBHOBECUsl peakliid, BBIpAKEHHAs 4epe3 MapluajibHbIC TaBICHUS
ra3oB, paBHa

__r©
7 p(a) pB)
HO SaKOHy HaJ'IBTOHa HapI_[I/IaJ'ILHBIe JAaBJICHUS I'a30B paBHBI
A
pA) =22 p,
(B)
p(B)=">="p,
(©)
p(C)===0p,

"
rae v(A), v(B) u v(C) — urcna mMoseii ra3oB, v — 00IIIee YHCII0 MOJICH Ta30B, p — o0IIIee JaBJICHHUE.
[Toncrasisist B BRIpaKeHUE JUIsl KOHCTAHTBI PABHOBECHS, TIOJTy4aeM

p(C) _ @'P _v(@©-v

P @ p®) XA, B, v@) vE) b

Oo611iee unciao Momeit ra3oB paBHO
v=v(A)+v(B) +v(C)=3+3+ 3 =9 mons.
Torma

Kp_ v(iQ)-v _ 3-9

— — — —1
YA (B 5 3312 20

ITyctb k cmecu nobGaBunu a Moiib Taza A. [locne nobaBreHus raza A paBHOBECHE B peakLUu
no npuniuny Jle Illarense cmectunocs Bapaso. IlycTs mpu 3ToM mpopearupoBaio x Moib. Toraa
PaBHOBECHBIE YMCIIa MOJIEH T'a30B PaBHBI

V(A)=3+a-x, v(B)=3-x, v(C)=3 +x,
a o0I1IIee YMCIIo MoJIeH Ta30B PaBHO
v=v(A)+v(B) +v(C)=9+a—x.

W3 ypaBuenust Kunanelipona—MeHaeneeBa cienyer, 4ro ecid OO0BEM Ta30BOM CMecH
YBEIUYWIICA B 3 pa3a MpU MOCTOSHHBIX TeMIleparype W AaBIEHUHU, TO YHMCIO MOJICH Ta30B TOXeE
yBenu4umioch B 3 paza. CnengoBarensHo, v=9 - 3 =27, wim 9 + a —x =27, orkyna a —x = 18, Torma
vV(A)=3+a—-x=21.

HO}ICT&BJ’ISISI HOqueHHBIe 3HAYCHUS B BBIpa)KeHI/Ie JI1 KOHCTAHTBI paBHOBeCI/ISI, nonyqaeM

v(C) v _ _B+xn-27 —95
P y@A)-vB)-p 21-3-x)-12 7

Ortcrona x = 1.2 monb. Toraa konu4ecTBo 100aBIEHHOTO raza A paBHO
a=18+x=19.2 mons.

Omeem: a) 2.5 6ap ', 6) 19.2 MoIb.

6.4. [Tocne ycranoBieHus: paBHoBecus B peakuuun A + B = C npu oOmem nasneHun 2 0ap
paBHOBECHas ra3oBasi CMeCh cojepkaiia 2 Moib raza A, 2 Monb raza B u 2 monb raza C. I[locne
N00aBIeHUsI K CMECH HEKOTOPOIo KOJIMYecTBa ra3a B mpu MmOCTOSHHBIX TeMIepaTrype U AaBICHUU
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CHOBAa YCTAaHOBUJIOCh PAaBHOBECHE, MPHU 3TOM O00BEM PABHOBECHOW CMECH YBEIMUMWJCS B 2.5 pasa.
PaccuuraiiTe: a) KOHCTaHTY paBHOBeCHUS peakinu Kp (BIpaXEHHYIO Yepe3 NaplualibHbIE JaBICHHS)
1 0) KOJIMYeCTBO MOJIb JI00aBIeHHOTO raza B.

Pewenue. Koncranrta paBHOBeCHs pEaklldd, BBIpaXCHHas 4epe3 MapluaibHbIe JaBICHUS
ra3oB, paBHa

__p©
P pa) pB)
[To 3akony /layibTOHA MapUHUAIbHBIE TABICHUS Ia30B PABHBI
pA) =22 p,
pB) =22 p,
pO)="2p,

v

rae V(A), v(B) u v(C) — uncia Mosieii ra3oB, v — 00IIIee YMCI0 MOJICH ra3oB, p — 00IIIee JIaBjIecHHUE.
[Toncrarisist B BIpaskeHUE JIJIs1 KOHCTAHTBI PABHOBECHSI, ITOJTy9IaeM

v(C)
p(C) - P _ v(Q) v

P p®) X, B, y(A) ()’

OO011iee unciao MoJiei ra3oB paBHO
v=v(A)+v(B) +v(C)=2+2+2 =6 Monb.
Torma

_ v(©) v _ 2:6
P v(A)v(B)-p 2-2-

~=15 6ap .

[Tyctb k cmecu no6aBunu a Mmoinb ra3a B. [Tocnie nobasnenus raza B paBHOBecue B peakiiuu 1o
npununy Jle Ilarense cmectuiioch Bhnpaso. IlycTe mpu 3TOM mpopearupoBaio x Mojib. Toraa
PaBHOBECHBIE UKCIIa MOJIEN Fa30B PaBHBI

VA)=2-x, v(B)=2+a—-x, v(C)=2+x,
a o011ee Y1cIo MoJiel Ta30B PaBHO
v=v(A)+v(B) +v(C)=6+a—x.

N3 ypauenust Kunameiipona—MeHeneeBa cienyer, 4To ecid OO0BEM Ta30BOM cMecH
yBeIMUMiIcs B 2.5 pa3a IpH MOCTOSIHHBIX TEMIIEpaType W JaBJIE€HUH, TO YUCIIO MOJIEH ra30B TOXKE
YBEJIUYUIOCH
B 2.5paza. CunemoBarenbHo, v=6-'25=15 wumm 6+a—x=15 orkyna a—-x=9, Ttorma
viB)=2+a—-x=11.

HOI[CTaBJ'ISISI HOJ'Iy‘IGHHI)IC 3HAUYCHUS B BI)Ipa)KeHI/Ie IJI1 KOHCTAHTBI paBHOBGCI/ISI, HonyqaeM

_ v(© v _ (2+x-15 15
P y@A)v®B)p (2-x)-11-2

Ortcrona x = 0.75 monb. Torna konuyecTBO 100aBICHHOTO Ta3a A paBHO
a=9+x=9.75 mons.
Omeem: a) 1.5 6ap', 6) 9.75 Mob.
Cucmema oyenusanusi eOuHas O 6cexX GAPUAHMOE 3A0adU. NPABUNLHO PACCYUMAHHAS

KOHCmManma pasnosecust — 8 6an108, NPABUILHO ONPeOeieHHOe KOIUYeCmE0 000AB8NIeHH020 2a3d —
8 bannos. Bececo 8 + 8 = 16 bannos.
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3agauya 7 (18 0ass10B)

7.1. B pesynbTare NpUCOECTUHEHUS BOIbl K ajJKEHy A B HPHUCYTCTBHUHM KaTaIUTHYECKUX
KOJIMYECTB KHUCJIOTHI ObUTH TOMy4YeHbI ABa m3oMepHbIX ciimpta B u C. Ilpu mermapartanum 3TUX
CIIUPTOB TOJ JICUCTBHEM CEPHOM KHCIOTHI oOpasyercsi ankeH D, m3omepnbeii A. Oxucinenue D
MepMaHraHaTOM KaJius B KHCIION CpeJie JaeT alleTOH U YKCYCHYI0 KUCIOoTy. CriupT C He OKUCIsieTcs
nepmanrasatoM kanua. Cnupt B okucnisercs mepMaHraHatoM Kajiusi B KHUCIOH cpene, JaBas
coequnenue E, koropoe moxa aeiicTBreM Opoma M IIENIOYM IpeBpamaeTcss B OpomodopM u coib
METHJITTPOITAHOBOW (M30MACIISTHOM ) KUCIIOTHI. Y CTAHOBUTE CTPOCHHE coenuHeHuit A — E, nanmummre
ypaBHEHHUS TMPOTEKAIOMIMX peakiuid, o0bsicHUTe oOpasoBanre B m C, mpemioxkuTe MeXaHU3M
0o0pa30BaHMs 3TUX CIIUPTOB.

Pewenue. HewsBecTHblli aikeH A — 3-MeTWIOYTEH-1, ypaBHEHHE €ro THApATallud C
oOpa3zoBanuem cnupTa B:
H3C\ H+ H3C\
CH-CH=CH, +H,0 —=  CH—CH—CHj
H;C H,C OH
A B
MexaHu3M NpOTEeKaroIel peaKIuu:
3 Ho HA T Y
HaC, H3C, +r/_\HOH HC @ HOH HsC,
CH-CH=CH, +H* ——>  CH-CH-CH; — CH-CH-CHz ——  CH-CH-CHs
HsC H5C HsC HaC OH
A B

[Tockonbky criupt C HE OKUCISIETCS IEPMAHTaHATOM KaJlMsl, MOKHO CAENaTh IPEIIO0I0KEHUE
O TOM, YTO JAHHBIA cOMPT — TpeTuuHbIi. O6pa3zoBanue cnupta C MOXKHO OOBSACHUTH C IOMOILIBIO
MeXaHM3Ma peakliiy, BKIIOYAIOUIETr0 CTau0 KapOOKaTHOHHON NeperpyIUpOBKU:

HsC, ot OH
/CH_CH:CHZ + Hzo E—— H3C_CI_CH2'CH3
H3C CH,4
A c
S HgHAT N
HC, LG s HOH . HOH
CH=CH=CH, + H" ——> H3C~C~—CH~CHy —> H3C~C=CHyCH; — H3C~C~CHyCHy ——>
HiC CH,3 CHs CHs
A
HsC,
— CH-CH—CH;
HsC  OH
B
VYpaBHenus nerunparauuu cnupros B u C:
H3C, H,S0, (koHu.)  H3C
CH-CH-CHj C=CH-CH; +H,0

HisC  OH t H,C
B D
QH H,SO,4 (koHL.) H3C\

H3C_CI_CH2'CH3 - /C:CH_CH?, + Hzo

t
CH HsC

Oxucnenue ainkeHa D:
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t
5 /C:CH_CH3 + 6KMnO4 + 9H2304 — 5 /C\ + SCHSCOOH + 6Mn804 + 3K2804 + 9H20

HaC HaC™~“CHj
D
Oxkwucnenne criupra B:
H3C\ t H3C\
5  CH-CH-CHj + 2KMnO, + 3H,80, —> 5 CH—C—CHjz +2MnSO, + K,SO, + 8H,0
HsC  OH HC O
B E

O6pazoBaBmmiics ketoHn E BcTymaer B ranoopMHyr0 peakiuo:

HaC, HsC,
LCH=G=CH3 + 3Br; + 4NaOH ——= CH—COONa + 3NaBr + CHBrj + 3H,0
H3C (0] H3C
E

7.2. B pe3ynpraTte NpPUCOCAMHEHUS BOJABI K AJIKEHYy A B NPUCYTCTBUH KaTaTUTHYECKHX
KOJINYECTB KHUCJIOThI ObLIM IMOJydeHbl JBa u3oMepHbix cnupra B u C. Ilpu neruapatauuu B noa
JIEMCTBHEM CEpPHOI KMCIOThI 00pa3yeTcst UCXOAHBIN alKkeH A, Torna kak gerujaparanus C naet ajikeH
D, usomepnbiii A. Oxucinenue D mnepmaHraHatoM Kanus B KHUCIOM cpele JaeT IEHTAaHOH-3
(audTHNKETOH) M OyTaHOH (MeTWIdTHIKETOH). Cnupt C HE OKHCIAETCS NMEPMAHTaHATOM Kallusl.
Cnupt B okucisercs nepmaHraHaToMm Kajvs B KHCIIOW cpele, nasas coenuHenue E, kotopoe nox
neiictBueM Opoma M IIEJIOYM IIpeBpauljaercs B OpomMopopM U COJb  JUATHIOYTaHOBOM
(TPUATUITYKCYCHOM) KUCIOTBI. YCTAaHOBUTE CTpoeHUe coenuHeHui A —E, HanmumuTte ypaBHEHUsS
MPOTEKAMIINX Peakiuii, 00bsicHuTe oOpazoBanue B u C, mpemioxknure MexaHu3M 00pa3oBaHUS dTUX
CIIUPTOB.

Pewenue. HenzpectHblil ankeH A — 3,3-AMSTWINEHTEH-1, ypaBHEHHE €ro TUApaTallld C
oOpa3oBaHueMm crupTa B:

CaHs H* CoHs CH;y
CzH5 C HC= CH2 +H20 —— CzH5 C CH
Csz C2H5 OH
A B

MexaHu3M NpOTEKAOUIEN PEaKIUK:

H
C2H5 CzH5 /\HE)‘H C2H5 \O+ H/—H\bH C2H5 OH

CoHs5— C HC=CHj, + H* —— C,H5— C CH —> C,H5— c CH ———> C,H5— C CH
C2H5 C2H5 CH3 C2H5 CH3 CzH5 CH3
A B

ITockonbky cniupt C HE OKUCISAETCS IEPMAHTaHATOM KaJlsl, MOKHO CAENaTh IPEAIOI0KEHNE
0 TOM, YTO JaHHBIN cUPT — TpeTuuyHbll. OOpa3oBanue cnupra C MOXXHO OOBSICHUTH C TOMOUIBIO
MeXaHU3Ma peaKIiy, BKIIOYAOIIEro CTaini0 KapOOKaTHOHHOM MeperpynnupOBKH:

CZH5 H* OH C2H5
C2H5 C HC= CH2 + Hzo —_— C2H5 C CH
CZHS A C2H5 C2H5
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C2Hs CaHs, JoCoHs v Q" CoHs
CoHs— C HC=CH, + H* —> C,H5— G CH=CHg — CoHs—C— CH-CHz — CyHs— C CH-CH3 —»>
C2H5 A CZHS C2H5 Csz
OH  CoHs
- 02H5 C CH
C,Hs C2Hs
B 2015
VYpaBHenus nerunparauuu cnuptos B u C:
CoHs CH3  H,50, (komu.) CaHs
CzH5 C CH C2H5_9_HC:CH2 + Hzo
C Hs OH t CoH
2H5 2Ms
QH  CoHs  H,S0, (kowu) — CoHs  CoHs
CoHs— c CH C=C_ +HyO
C2H5 C2H5 t CZH5 CH3
B D
Oxkucnenune ankena D:
CoHs  CoMs t 2 . 0
5 /C:C + 4KMnO4 + 6H2804 —> 5 C. + AN + 4MnSO4 + 2K2804 + 6H20
CQHS \CH3 C2H5/ C2H5 C2H5 CH3
D
Oxkwucienue criupra B:
CoHs CHj4 ¢ CoHs CHj
5 C2H5 C CH + 2KMnO4 + 3H2804 — 5 C2H5_9_C\\ + 2MnSO4 + K2804 + 8H20
02H5 OH CoHs
B E
O6pazoBasmuiics keToH E BcTynaeT B ranoopMHYIO peakiuio:
C2Hs CHj4 CoHs O
CyHs—C—C_  +3Bry + 4NaOH —— C,Hs— C C + 3NaBr + CHBr3 + 3H,0
! 0 "ONa
E C2H5 CZHS

7.3. B pesynpraTte TpUCOEAMHEHUS BOJABI K alKEHy A B NPUCYTCTBUH KaTaTUTHYECKHX
KOJINYECTB KUCJIOTHI OBLIM IMOJTyueHsl JBa m3oMepHbix cnupta B u C. Ilpu germaparanum 3Tux
CIUPTOB MOJ JIEHCTBUEM CEpHON KHUCIOThI oOpasyercs ankeH D, usomepnsiii A. Oxwucienue D
NEpMaHTaHATOM KaJldsi B KUCJIOHM cpelie JaeT MEeHTAaHOH-3 (AMATHIKETOH) U YKCYCHYIO KHCIOTY.
Crupr C He okucnsieTcs nepManranatoMm Kanus. Crnupt B oKHcnsieTcss iepMaHraHaToM Kajus B
KHUCJION cpenie, AaBasg coeauHeHue E, xotopoe moja aelcTBHEM MOJa W IIEIOYM IMPEeBpaIlaeTcs B
noa0(opM U COIb ITHIIOYTAHOBOU (IMAITUITYKCYCHOM ) KHCIIOTHI. Y CTAHOBUTE CTPOCHHUE COCTMHEHUI
A — E, HanumumTe ypaBHEHHS IPOTEKAIONINX peakiuii, oobsicuute oopasosanue B u C, npeanoxure
MeXaHU3M 00pa30BaHMsI THX CIIUPTOB.

Pewenue. HewnsBecTHBbIi ankeH A — 3-dTWINEHTEH-1, ypaBHEHHE €ro THIpATalluh C
oOpa3oBanueM cnupTa B:
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5

CoHs y+ CoHs

CH-CH=CH, + H,0 ——  CH-CH-CHj,
CoHs CoHs  OH
A B
MexaHu3M NpoTeKaroIel peakiuu:
.. Hor HZ Y,
C2Hs C2Hs +/—?OH CHs @ HOH CoHs
CH—CH=CH, + H" —— CH-CH-CH3 — CH-CH-CHz —> /CH—QH—CH3
CoHs CoHs CoHs CoHs  OH
A

B
ITockonbky cnupt C He OKUCIIAETCS IEPMAHTAHATOM KaJIHsl, MOKHO CJIeNIaTh MPEAIOI0KEHHUE
O TOM, YTO JAaHHBIA COHUPT — TpeTuuyHbI. OOpa3zoBanue ciupta C MOXKHO OOBICHUTH C TIOMOIIBIO
MeXaHU3Ma peaKi1K, BKIYAIOLIEro CTaini0 KapOOKaTHOHHOH NeperpynnupOoBKH:

CoHs " OH
CH—CH=CH; + H;0 ——> CpHs—C—CH,CH,
CoHs C,H
A 7% ¢
SN S VN
CoHs e, . HOH ? HOH
/CH_CH:CHZ + H+ —_—> 02H5_CI;_CH_CH3_>02H5_9_CH2'CH3 —_— H5Cz'q_CH2'CH3 -
C2H5 C2H5 CzH5 CZHS
A
CzHs
— CH-CH-CH,
CoHs  OH
B

VYpasHenus nerunparauuu cnuptos B u C:

CoHs H,SO, (koHu.)  C2Hs
CH-CH—-CHj C=CH—-CH3; +H,0
CoHsg OH t CoHs
B D
OH H,SO, (koHy.)  CoHs
CQH5_9_CH2'CH3 > /C:CH_CH3 + Hzo
t
CyHs C2oHs
¢ D
Oxkwucnenne ankena D:
CoHs ¢ 0
C=CH-CHj + 6KMnO, + 9H,S0, —>5__ _C._ .+ 5CH;COOH + 6MnSO, + 3K,SO, + 9H,0
C.H CoHs™  CaHs
2115
D
Oxwucnenue cnupra B:
CoHs CoHs
5  CH-CH-CHj + 2KMnO, + 3H,80, —> 5 CH-C—CHjz +2MnSO, + K,S0, + 8H,0
CHs  OH CHs O
B E
O6pazosaBmuiics keToH E BcTymaeT B ramooOpMHYIO peaKITuio:
CzHs CzHs
CH=CG=CHs + 3l + 4NaOH ——= CH—COONa + 3Nal + CHlj + 3H,0
CHs O C,Hs
E

20



7.4. B pe3ynbraTe NpPUCOEAMHEHUS BOJAbI K alKEHy A B IPUCYTCTBUM KaTaTUTHUYECKHX
KOJIMYECTB KMCIIOTHI ITOJIy4eHbI ABa n3oMepHbIx cnupra B u C. [1pu neruapartanuu B nog aeiicteuem
CEepHON KHUCIIOThI 00pa3yeTcs HCXOAHBIM ajkeH A, toraa kak aerugparauus C paer anken D,
n3oMepHblii A. Okucienue D nepmanranatoMm kanusi B Kucioil cpene aaer auneroH. Crnupt C He
OKHCIIAeTCs nepMaHranaroM kanus. Cniupt B okucisercs: nepmMaHraHaToM Kaiusl B KUCIIOH cpene,
naBas coenuHeHune E, koropoe moa neiicTBueM noja U MIEJI0YH MPEBpaIIaeTcss B H010(POpM U COJIb
JUMETHIIITPOIIAHOBON (TPUMETHIIYKCYCHOM) KHCIOTHI. YCTaHOBUTE CTpoeHue coenuHeHui A — E,
HaANWIIUTE YpaBHEHHs TMPOTEKAIONIMX peakuuii, oOobsicHuTe obOpasoBanue B u C, mpemnmoxure
MeXaHU3M 00pa30BaHMsI ITUX CIIUPTOB.

Pemenne. HeusBectHbiii anken A — 3,3-1uMeTHIOYTEH-1, ypaBHEHHE €ro THIpaTallid C
obpaszoBanueM cnupTa B:

CHs * CHs  CH;y
HaC— C HC=CH, + H,0 ——>= HsC— C CH
CH CH; OH
3 A 5

MexaHu3M MPOTEKAIOIICH pPEaKITHH:

H
GHs CHs mCH CH; D- H/—H\bH ¢Hs OH

+ |

H3C— C HC=CH, + H* —— H,;C— C CH —> HiC-C— CH — HiC- C CH
CH, CH, CHs CHs CHs CH, CH
A B

[Tockonbky cupt C HE OKUCISIETCS IEPMAHTaHATOM KaJlMsl, MO>KHO CAENaTh IPEIIO0I0KEHUE
O TOM, YTO JAHHBIA cOMPT — TpeTUuHbIi. O6pa3zoBanue cnupta C MOXKHO OOBICHUTH C IOMOILIBIO
MeXaHM3Ma peakliiy, BKIIOYAIOUIETr0 CTa10 KapOOKaTHOHHON NeperpyIUpOBKU:

CH3 H+ OH CH3
H;C— C HC=CH, + H,O —— H3C-— C CH
CH CH, CHs
3 A 3
N . s, CHs  1oH 3 HOH
HsC— C HC=CH; + H* —> H3C— C\JCH CHz —> Hj3C- C CH- CHz — H3C- C CH- CHz —
CHs A CH, CH3 CH3
OH CH3
——> H4C- C CH
CH3 CH3
B

VYpaBHenus nerunparauuu cnuptos B u C:

CHs CH3; H,50, (Komu.) CHs
3C C C H3C_9_HC:CH2+H20
CH, OH t CH,
B A
PH  CH3  H,S0,(koru.) HsC~ CHs
HaC— C CH -~ c=c  +H,0
CH3 CHs t HsC  CHs
B D

Oxucnenue ainkeHa D:
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HisC  CHs

t
5 C=C_  +4KMnO, + 6H;SO, — =10 _C__ +4MnSO, +2K,SO, + 6H;0
D

Oxucnenue crupra B:

CHs  CH;y ¢ CHs  CH;,
5 H3C_CI:_C\H + 2KMnO4 + 3H2804 —> 5 H3C_9_C\\ + 2MnSO4 + K2804 + 8H20

C_:H3 OH CH3 O

B E

O6pazoBasiuiics ketoH E BcTynaeT B ranoopMHyI0 peaxiuio:

CHs  CHs GHs O
HeC—C—C,  +3l2+4NaOH ——= H;C-C—C_  +3Nal + CHlg + 3H,0
CHy © CHy ONa

E

Cucmema oyenuganus 015 6cex apuanmos 3aoauu oounaxosas. Ilo 2 6anna 3a kasxcoyo u3
cemu peakyuti, no 2 6a1a 3a Kaxcowlil U3 08yX Mexanusmos peaxyuti. Bceco 2 -7 + 2 - 2 = 18 6annos.

3agauya 8 (20 6as10B)

8.1. HaBecky Oenoro docdopa narpenu ¢ 350 mu pactBopa Ba(OH): ¢ xonuenTpauuei
0.1 momnb/n. BenenuBimiicst mpu 3ToM ra3 A MoxeT obectBeTuTh 160 MJI TOIKUCICHHOTO a30THOU
kucnotoit pactBopa KMnO4 ¢ konuentpamueit 0.2 mons/n. Onpeaenute A U paccuuTaiTe Maccy
B3sTOM HaBecku (ocdopa.

PactBop, momydenHnblii nocne peakiuu dochopa ¢ Ba(OH),, 61 oOpaboTtan XomomgHOU
pa30aBICHHOI CEpHOM KUCIIOTOH. DTO MPHUBEIO K BHINIAJICHUIO ocaaka B, 13 pacTBopa HaJ KOTOPBIM
3ateM ObUIM BBIAENEHBI OeclBeTHble KpucTamibl kucinotel C. Paccumtaiite maccy ocagka B,
onpenenute kuciory C u mnpuBenuTe ee CTpyKTypHyr ¢dopmyny. Paccumraiite pH pactBopa,
KOTOPHIil 06pasyercs mpu gob6asaenuu 600 M Boawl k kpuctamiaM C (Kue(C) = 5.9-1072). Kakoi
00BbEM TIOJKUCIIEHHOTO a30THOM KucnoToi pactBopa KMnOs ¢ koHueHTpanuei 0.2 MOIb/1T MOXKET
OBbITH 0OECIIBEUEH 3TUM pacTBOpoM?

Hanummre ypaBHeHHs Bcex NpoTekarommx peakuuil. Cuuraiite, 4ro Bce OHM HIYT CO
100%-HBIM BBIXOJIOM, TOOOYHBIX MPOLIECCOB HE YUUTHIBANTE.

Pewenue. Peakus 6enoro pocdopa ¢ pactBopom rugpokcua 6apus:

2P, + 3Ba(OH)2 + 6H;0 — 2PHs? + 3Ba(H2PO2);
I'a3 A — pocdun PHs.
5PH3 + 8KMnO4 + 24HNO3 — 5H3PO4 + 8Mn(NO3)2 + 8KNO3 + 12H,0
v(KMnOg4) =c - V=0.2-0.16 = 0.032 morb,
v(PH3)=0.032 - 5/8 =0.02 mM0b,
v(P4) = 0.02 momb,
m(P4)=0.02 - 124 =2.48 .
B ncxognom pactBope ObLTO
v(Ba(OH)2) = 0.1 - 0.35 =0.035 momb,
B peaknuio ¢ ¢ochopoM BCTYITUIIO
v(Ba(OH)2) = 1.5 - 0.02 = 0.03 moJ1b.
B pactBope mocne peakuuu conepxkutcs u30biTouHbli Ba(OH)2 u runogocdur OGapus
Ba(H2PO3)2 (0.03 mMo1b), OHM pearupyroT ¢ CEpHOM KUCIOTOM:
Ba(OH)2 + H2SO4 — BaS04 | + 2H20,
Ba(H2PO2). + H2SO4 — BaSO4 | + 2H3PO>
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Ocanok B — BaSOq:
v(BaSOa) = v(Ba(OH)2 ucx) = 0.035 mob,
m(BaSO4) =8.155 1.
Kucnora C — pochoproBatucras kucinora HsPOz:

H

|
H—O—}|3=O
H

U3 pactBopa Hax ocagkoMm B 6bu10 BeineneHo v(H3PO2) = 0.03 - 2 = 0.06 mouib.
[Tocne nobamenuss 600 mum Boasl k Kpuctamuiam HsPO» Obln momyueH pacTtBop ¢
KOHLEHTpalUKuen
c¢(H3PO2) =0.06 / 0.6 = 0.1 Mo/
H3PO2 = H* + HoPOy
Kamee = [H+]2/ (c—[HT),
5.9:102=[H"]?/ (0.1 — [H"]) (xonuenTpanueii H* B 3Hamenarene npenedperars Hemb3s!)
[H'] = 0.0528 moun/1,
pH =1.28.
5H3PO2 + 4AKMnO4 + 12HNO3 — 5H3PO4 + 4Mn(NO3). + 4KNO3 + 6H20
v(KMnO4) =0.06 - 4/ 5 =0.048 moub,
V(KMnOg4p-p) = 0.24 1 (240 m).
Omeem: A — pochun PHz, B — BaSO4, C — pochopuoBaructas xkucnora HsPO2, 2.48 r Py,
8.155 r BaSOg4, pH = 1.28; 240 M.

Pacuem maccor nasecku 6enoco gocgopa — 6 6annos, pacuem maccol ocaoka BaSOs —
5 6annoe, cmpykmyprnas ¢hopmyna kucromol — 2 6anna, pacuem pH pacmeopa kuciomsl — 4 6anna,
0bvem pacmeopa nepmaneanama — 3 banna: 6 + 5 + 2 + 4 + 3 = 20 b6annos.

8.2. Hasecky Oenoro ¢ocdopa maccoit 1.24 r narpenu ¢ u3zbbiTkom pactBopa Ba(OH), c
koHUeHTparuen 0.1 mMonb/n, nmpu 3ToM Bbienuics raz A. Onpeaenure A U paccuuTaiite o0beM
MOJKHUCIIEHHOTO a30THOM KucioTol pactBopa KMnOj4 ¢ xoHnenTpanueit 0.1 Mosb/1, KOTOpBIN 3TOT
ra3 MOXKeT 00€CIBETHTb.

PactBop, momyueHHslii mocne peakiuu ¢ochopa ¢ Ba(OH)2, Ob11 00paboTtan Xoyi0mHOU
pa30aBIeHHOI CepHOM KUCIIOTOM, mpu 3TOoM oOpaszoBanock 4.66 r ocanka B. Onpenenure oobem
pactBopa Ba(OH),, ucrnons3oBaHHOTO B peakiuu ¢ hochopom.

W3 pactBopa Hax ocagkomM B Obuin BblAeneHbl OeclBeTHble KpucTamibl kuciaotel C.
Omnpenenure kucnory C U NpuBeAuTe €€ CTPYKTypHYIo Qopmyny. Paccumraiite pH pactBopa,
KOTOpBIH 06pasyeTcs npu pobasnennn 400 mi Bogsl k kpuctamiaM C (Kuyeo(C) = 5.9-1072). Kaxoii
00BbEM TTOJIKMCIIEHHOTO a30THOM KucnoToi pactBopa KMnO4 ¢ koHneHTpanueit 0.2 MOIb/T MOXKET
OBbITH 0OECIBEUEH 3TUM pacTBOpoM?

Hammmure ypaBHeHHMs Bcex MNpoTeKarwomux peakuuid. CuurtaiTe, 4To BCE OHM HMIYT CO
100%-HBIM BBIXOJIOM, ITOOOYHBIX MPOLIECCOB HE YUUTHIBANTE.

Pewenue. Peakuus 6enoro ¢ochopa c pacTBOpoM rupoKkcuIa dapusi:

2P, + 3Ba(OH); + 6H20 — 2PHs1 + 3Ba(H2PO);
v(P4)=1.24/(31-4)=0.01 mounb.
I'a3 A — ¢pocun PHs:
5PH3 + 8KMnO4 + 24HNO3 — 5H3PO4 + 8Mn(NO3)2 + 8KNO3 + 12H,0
v(PH3) = v(P4) = 0.01 moub,
v(KMnO4) =0.01 - 8 /5 =0.016 moub,
V(KMnO) = 0.16 1 (160 m).

B peakmuto ¢ hochopom BeTymmiio
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v(Ba(OH)2) =1.5-0.01 =0.015 moJb.
B pactBope mocne peakiuu conxepxkutcs u30biTouHslii Ba(OH)2 u runodocdur Oapus
Ba(H2PO.)2 (0.015 mo11b), OHHM pearnpyroT ¢ CEPHOI KUCIOTOM:
Ba(OH)2 + H2SO4 — BaSO4 | + 2H20,
Ba(H2PO2), + H,SO4 — BaSOa4 | + 2H3PO>
Ocanox B — BaSO4:
v(BaSO4) = 4.66 / 233 = 0.02 = v(Ba(OH)2 ucx),

V(Ba(OH)2 uex) = 0.2 11 (200 mu).

Kucnora C — ¢ocdoproBarucras kuciora HzPOo.

i
H~O~I|°=O
H

U3 pactBopa Haj ocagkoMm B 0but0 Beimeneno v(H3PO2) = 0.015 - 2 = 0.03 Mok,
ITocme nmobGaemenuss 400 ™ Bombl K kpucramiam HsPO, Obin moiydeH pacTtBop ¢
KOHILIEHTpaluen
¢(H3PO2) =0.03 /0.4 = 0.075 momb/m.
H3sPO2, = H' + HoPO2~
K e = [H+]2/(C —[H]),
5.9-102=[H"]?/ (0.075 — [H*]) (xonuenTparnmeit H" B 3HaMeHaTene npenedperats Hemb3s!),
[H*] = 0.0433 moub/1,
pH = 1.36.
5H3PO2 + 4KMnO4 + 12HNO3 — 5H3PO4 + 4Mn(NO3)2 + 4KNO3 + 6H20
v(KMnOg4) =0.03 - 4/ 5 =0.024 moub,
V(KMnO4) = 0.12 11 (120 mu).
Omeem: A — ¢dochun PHz, B — BaSOs, C — dochopHoBarucras kucimora HzPOp,
V1(KMnOg4) = 160 mi1, V(Ba(OH)2 uex) = 200 mit, pH = 1.36, V2(KMnO4) = 120 mu1.

Pacuem obwema pacmeopa nepmaneanama — 6 6annos, pacuem uUCX00HO20 00vema
auopoxcuoa bapusi — 5 bannos, cmpykmypuas ¢oopmyna xuciomol — 2 danna, paciem pH pacmeopa
Kuciomol — 4 6ania, 0bvem pacmeopa nepmaneanama — 3 6anna: 6 +5 +2 + 4 + 3 = 20 6annos.

8.3. Kpacusbiii ¢ochop maccoit 2.17 r mnpopearupoBan ¢ XJOPOM TIpU HarpeBaHUH.
OO6pazoBaBuiasics py 3TOM cMech MPoayKToB A u B (M(A) < M(B)) Oblia pa3zaeneHa Ha 1B€ paBHbIE
gactu. IlepBas yacTe cMmecu monHocThio obecusetmina 200 mi BoxHoro pactBopa KMnOs4 ¢
koHueHtpamueit 0.04 mons/n. Onpenenute A, B 1 ux xonudectsa (B MOJb) B KaKJOW MOJOBHHE
CMECH.

Ko BrOpoi#i monoBuHEe cMecH MPOIYKTOB peakuuu (ocdopa ¢ xjaopoM 100aBUIH H3OBITOK
KpacHoro Qocdopa, Harpenu, a 3areM OTOTHAJM OOPa30BaBUIYIOCS JKHMJIKOCTh U OCTOPOYKHO
oOpaboTtanu ee oxJaxaeHHON Bomoil. M3 momydyeHHOro pactBopa ObUIM BBIJIEIEHBI OECI[BETHBIE
kpuctauiel kucnotsl C. Paccunraiite MacCy OTOrHaHHOM KHAKOCTH, onpenenute C U IpuUBEIUTe
CTPYKTYPHYIO (OPMYITy 3TOM KUCIIOTHI.

Paccunraiite pH pactBopa, koTOophIii 00paszyercs nmpu godasneHnu K kpuctamuiam C 450 mn
BOAbl (KoHCTaHTa aucconmanuu C 1o mepBoi crymenm coctapiser 1.6:1072). Kakoit o6bem
MOJIKUCIIEHHOTO a30THOM kucioToi pactBopa KMnO4 ¢ koHuenTparueit 0.04 Moib/1 MOXeET ObITh
00ecIBEYEeH ITUM pacTBOpoM?

Hanummre ypaBHeHHs Bcex NpoTeKkaromux peakuuil. Cuuraiite, 4ro BCE OHM HIYT CO
100%-HBIM BBIXOI0OM, TOOOYHBIX MTPOILIECCOB HE YUUTHIBANTE.

Pewienue. TTpu mHarpeBanun Gocdopa ¢ XJI0pOM UIYT PEaAKIIHH:
t
2P + 3Cl2 - 2PCl3
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2P + 5Cl, - 2PCls
v(P)=2.17/31=0.07 Mmob.
B cmecu xmopunos BemiectBa A — PClz u B — PCls, Vo (x510praoB) = 0.07 MoJIb.
B niepBoii nonoBune cmecu v(xmopuaos) = 0.07 / 2 = 0.035 mMoub.
5PCl3 + 2KMnO4 + 12H20 — 5H3PO4 + 2MnCl, + 2KCI + 9HCI
v(KMnO4) =0.04 - 0.2 = 0.008 moub,
v(PCl3) =0.008 - 5/2=0.02 moJb,

v(PCls) = 0.035-0.02 = 0.015 mob.

Bo Bropoii monosune cmecu tak xke V(PCl3) = 0.02 moins, v(PCls) = 0.015 moms. B peaxiuio ¢
dochopom Berymaet Tosibko PCls:

3PCl5 + 2P > 5PCla
v(PClzu3z PCls) = 0.015 - 5/ 3 =0.025 moi1b.
Bcero B cymme 6b110 otornano PClz
v(PCl3z) = 0.02 + 0.025 = 0.045 mosib,
Mosw(PCl3) = 137.5 - 0.045=6.1875 1 (~ 6.19 1).
O0OpaboTKa OTOrHAHHOM JKUIKOCTH OXJIAXKICHHOM BOJION:
PCl; + 3H20 — H3PO3 + 3HCI.

Kucnora C — dpocdopucras kucinora HzPOs:

H-O\_ H

H-07" NO

W3 pactBopa Ob110 BBIIEIEHO (HOCPOPHUCTON KUCIOTHI
v(H3PO3) = v(PCl3) = 0.045 mous.
[Tocme nmobGaemenuss k kpucrauiam H3POz 450 mi Bomgel OBUT TOJNIYYEH pAcTBOp C
kourenrpanueii ¢(HsPO2) =0.045 / 0.45 = 0.1 mMoub/m.
HsPO3 = H* + H,PO3~
K! ace = [H+]2/ (c - [H']),
1.6-102=[H"]?/ (0.1 — [H*]) (npene6peraTs koHIeHTpanueii H' B 3HaMeHarene Henb3s!),
[H"] = 0.0328 mosb/11,
pH = 1.48.
5H3PO3 + 2KMnO4 + 6HNO3 — 5H3PO4 + 2Mn(NO3)2 + 2KNO3 + 3H.0
v(KMnOg4) =0.045 -2 /5 =0.018 mob,
V(KMnO4) = 0.45 11 (450 mu).
Omeem.: B xaxmon monosuHe cmecu — 0.02 moms PCls (A), 0.015 moas PCls (B), C —
docdopucras kucinora HzPOs, Moswu(PCl3) = 6.19 1, pH = 1.48, V(KMnO4) = 450 mu1.

Pacuem ronuuecms xnopuoos ocghopa nocre peaxyuu xpacmozo ¢pocgopa ¢ xnopom —
6 bannos, onpedenenue KUCIOMbl U ee KOaudecmsa — 5 0ann0s, CmpykmypHas popmyna KUciomol —
2 banna, pacuem pH pacmeopa kuciomsl — 4 b6anna, obvem pacmeopa nepmaneanama — 3 oanna:
6+5+2+4+3=206annos.

8.4. benbiit  dochop maccoir 4.34 r mpopearpoBall C XJOPOM IPU HAarpeBaHMU.
O6pazoBaBuiasics pu 3ToM cMech IpoykToB A u B (M(A) < M(B)) Oblia pazieseHa Ha IBe paBHbIE
yactu. IlepBas yacte cMmecu monHocThio obecusetmina 100 mi BomHoro pacteopa KMnOs4 c
koHueHtpamueit 0.16 mons/n. Onpeaenute A, B 1 ux xonudectsa (B MOJb) B KaKJOW MOJOBHHE
CMECH.

Ko BTOpoOii MoMIOBMHE cMecu MPOMyKTOB peakmuu docdopa ¢ XI0poM J00aBUIH HU30BITOK
KpacHoro ¢ocdopa, Harpenu, a 3areM OTOTHAJM OOPa30BaBIIYIOCS JKUIKOCTH U OCTOPOYKHO
oOpaboTtanu ee OxJaXaAeHHON Bomoil. M3 mosydyeHHOro pactBopa ObUIM BBIJENIEHBI OECIIBETHBIE
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kpuctauibl kuciotel C. PaccunmraiiTe Maccy OTOTHAHHOM KHUIKOCTH, ompeaenute kuciaoty C u
MIPUBEUTE €€ CTPYKTYPHYIO (GOpMYITY.

Paccumnraiite pH pactBopa, koTOphIli 00pasyercs npu nodasieHnu K kpuctamiam C 450 mi
BOIbl (KOHCTaHTa muccormanuu C 1o mepBoit cTymeHu cocrtapiser 1.6-1072). Kakoit oObem
MTOIKUCIICHHOTO a30THOM KucioToi pactBopa KMnO4 ¢ xonneHTpamueit 0.16 Moib/i1 MOXKET OBITh
00€eCIBEYECH ITHUM PaCTBOPOM?

Hanumure ypaBHeHHS Bcex NpoTekarommx peakuuit. Cuurtaiite, 4ro BCe OHHM HIYT CO
100%-HbIM BBIXO10M, IOOOYHBIX ITPOLIECCOB HE YUUTHIBANTE.

Pewenue. ITpu narpeBannu (pochopa ¢ XJI0pOM UIYT PEAKIUU:
t
2P + 3Cl2 - 2PCl3

2P + 5Cl, - 2PCls
v(P)=4.34/31=0.14 moub.
B cmecu xmopunos BemectBa A — PClzu B — PCls, Vo (x510praoB) = 0.14 Moiib.
B niepBoii nmonoBune cmecu v(xiopuaoB) = 0.14 / 2 = 0.07 moub.
5PCl3 + 2KMnOg4 + 12H20 — 5H3PO4 + 2MnCl; + 2KCI + 9HCI
v(KMnO4) =0.16 - 0.1 = 0.016 moub,

v(PCIl3) =0.016 - 5/2 = 0.04 mob,

v(PCls) = 0.07 — 0.04 = 0.03 mo1b.
Bo Bropoii monoune cmecu tak ke V(PCl3) = 0.04 moinb, v(PCls) = 0.03 mois. B peakumro ¢

dochopom Berymaet Tosibko PCls.

3PCl5 + 2P - 5PCla
v(PCl3u3z PCls) = 0.03 - 5/3 = 0.05 moub.
Bcero B cymme 66110 otornano PClz
v(PCl3) = 0.04 + 0.05 = 0.09 mou1b.
Mosw(PCl3) = 137.5 - 0.09 =12.375r (~ 12.38 ).
OO0paboTKa OTOrHaHHOMW JKUAKOCTH BOJIOH:
PCl3 + 3H20 — H3PO3 + 3HCI.

Kucnora C — ¢pocdopucras kucnora HzPOs.

H-O\_ H

-0 NO

W3 pactBopa ObLI10 BBIIEIEHO HOCPOPUCTON KUCIOTHI
v(H3PO3) = v(PCl3) = 0.09 mos.
[Tocme noGaBneHuss k kpucrauiam HsPO3450 ™M Boabl OBUI TIONYyYEH pacTBOp C
konmnenrpanuei ¢(HaPO3) =0.09 / 0.45 = 0.2 mos/m1.
HsPO3 = H* + H,PO3~
KY sce = [H+]2/ (c—[H']),
1.6-102 =[H"]?/ (0.2 — [H']) (npenebperats KoruenTpanueii H' B 3HamMenarene Henb3a!)
[H*] = 0.0563 moun/m,
pH=1.31.
5H3P0O3+ 2KMnO4 + 6HNO3 — 5H3PO4 + 2Mn(NO3)2 + 2KNO3 + 3H.0
v(KMnOg4) =0.09 - 2 /5 =10.036 moub,
V(KMnOg4) = 0.225 1 (225 mo).
Omeem: B xaxpoi mnonoBuHe cmecu Obuio 0.04 moms PCls (A), 0.03 mons PCls (B),
C — dochopucras xkucnora HaPO3z, Mosuw(PClz) = 12.38 r, pH = 1.31, V(KMnOQOg4) = 225 mi1.

Pacuem xonuuecms xnopuoos ghocghopa nocne peaxyuu 6enozo gpocghopa c xnopom — 6 6annos,
onpeoeierue KUCIOMbl U ee KOIULecmed — 5 6annos, cmpykmypHas opmyna kuciomel — 2 6anna,

pacuem pH pacmeopa kuciomsl — 4 6anna, ob6vem pacmeopa nepmaneanama — 3 oania:
6+5+2+4+3=206anm0s.
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