3aganus oroopouHoro typa Omumnuansi «JlomoHocoB-2023» mo xumum (5-9 Kiaaccol)
3anava 1 (6 6a/10B)

1.1. I'a3 X, nposBisIFOIINIA KHUCIOTHBIE CBOWCTBA, pearupyeT Mpu OOBIYHBIX YCIOBUSAX C KUIKOCTHIO
Y B MonbHOM OTHOIICHUHU 1:1 U B MaccoBoM oTHoIIeHUH 8:7 ¢ 00pa3oBaHWEM TBEPAOIO BEIIECTBA
Z, UMEIOIeT0 MOHHOE CTPOeHHE W pacTBopumoro B Boje. Ompenenurte BemectBa X, Y u Z,
3aMUIIMATE UX GOPMYJIBI U ypaBHEHUE peakiiui. OTBET MOATBEPIUTE PACUETOM.

1.2. T'a3 X, IpOsIBIISAIONINI KUCIOTHBIE CBOMCTBA, PEarupyeT MpU OOBIYHBIX YCIOBHSX € razoM Y B
MOJIbHOM oTHoIeHuu 1:1 u B maccoBom oTHomieHuu 4:1 ¢ oOpa3zoBaHHeM TBEpIOro BeliecTBa Z,
HMMEIOIIETO MOJIEKYJISIPHOE CTPOEHUE M pacTBOpumoro B Boje. Omnpenenute BemectBa X, Y u Z,
3anuiuTe uxX GopMyJibl U ypaBHEeHUE peakiuu. OTBET NOJITBEPAUTE PACUETOM.

1.3. T'a3 X, nposBIISIFONTUN KUCIOTHBIE CBOMCTBA, pearupyeT MpH OOBIUYHBIX YCIOBHSX € Ta3oM Y B
MOJIEHOM oTHoOIIeHuu 1:1 u B MaccoBoMm oTHomieHuu 2:1 ¢ oOpa3zoBaHHEM TBEpAOTro BemiecTBa Z,
MMEIOIIETO HOHHOE CTPOCHHE U pacTBOpUMOro B Boje. Onpenenute Bemectsa X, Y u Z, 3alUIIUTe
ux GopMyJibl U ypaBHEHHE peakuuu. OTBET MOATBEPAUTE PACUETOM.

1.4. T'a3 X, IpOsIBIISIONINI KACIOTHBIE CBOMCTBA, PearupyeT MpU OOBIYHBIX YCIOBHSX € TazoM Y B
MOJIbHOM OTHOWIEHUH 1:2 ¥ B MaccoBoM oTHomieHuu 1:1 ¢ oOpa3oBaHueM TBepIOro BeuiecTtBa Z,
HMMEIOIIET0 HOHHOE CTPOSHHUE U pacTBOpUMoOro B Boze. Onpenenute Bemecta X, Y u Z, 3aMUIIUTE
ux (hopMyJibl U ypaBHeHUE peakiuu. OTBET NOATBEPAUTE PACUETOM.

3anaua 2 (12 6am10B)

2.1. IlpexkpacHyl0 pacTBOPUMOCTb aMMHaKa B BOJIE€ JEMOHCTPUPYET XOPOIIO M3BECTHBIM ONBIT —
«ammuaunbii  onran» (https://youtu.be/qvCKIDx UHs). Tlocmorpute 3TOT ombiT. PactBop
aMMMaKa B BOJIE MOJ JAEHCTBHEM BHELIHETO JABJIECHUS 3aJMBaeTcs B KoiOy. DTOT mpouecc Oyaer
MIPOUCXOJUTH JI0 T€X IMOp, MOKa JAaBJIEHHUE OCTaBIIErocs B ra3oBoil (paze aMMuaka He CpaBHSETCS C
aTMOC(EepHBIM.
HcxonHble naHHbIE:

e 00beM Kos1ObI 500 M1

e Temmeparypa 25 °C

e rmamieHue 1 aT™

e MaccoBas J10JI1 aMMHaKa B HAaChIIIEHHOM BOJHOM pacTBope 32%.
Paccuuraiite, CKOJIBKO IPOLEHTOB 00beMa KOJIOBbI Oy I€T 3aHATO HACKIILIEHHBIM BOJAHBIM PacTBOPOM
aMMMaKa 1ocjie OKOHYAaHHUS OTIbITA.

2.2. IIpekpacHyr0 pacTBOPHMOCTh aMMHAaKa B BOJE JAEMOHCTPHPYET XOPOIIO M3BECTHBIA OIBIT —
«ammuaunbii  ponran» (https://youtu.be/qvCKIDx_UHSs). Tlocmorpute 3TOT ombiT. PactBop
aMMHaKa B BOJE ITOJ] ACHCTBHEM BHEUIHEro JaBJICHUS 3aUBaeTcs B K0J0y. DTOT mpouecc Oyaer
MIPOUCXOIUTH A0 TEX TOp, MOKa JaBJICHUE OCTABIIETOCS B Ta30BOM (aze aMMHaKa HE CPaBHSETCS C
aTMOC(EepHBIM.
Wcxomnsie maHHabIe:

e 00beM koosr 1000 M

e Temmeparypa 22 °C

e nasnenue 0.95 atm

® MaccoBas JOJIs aMMHAaKa B HACHIIIIEHHOM BOJTHOM pactBope 33%.
Paccumraiite, CKOJIBKO MPOLIEHTOB 00beMa KOJIOBI OYAET 3aHATO HACBHIIIEHHBIM BOJHBIM PaCTBOPOM
aMMHaKa 1ocjie OKOHYAaHHUS OTIbITA.



https://youtu.be/qvCKfDx_UHs
https://youtu.be/qvCKfDx_UHs

2.3. [IpekpacHyio pacTBOPUMOCTh aMMHAKa B BOJE JIEMOHCTPUPYET XOPOIIO M3BECTHBIM OMBIT —
«ammuaunbii - goutan» (https://youtu.be/qvCKIDx_UHS). Tlocmorpute 3TOoT oOmbIT. PacTBOp
aMMHaKa B BOJIE IMOJ JICHCTBUEM BHEIIHETO JaBJICHUS 3aIUBaeTCsi B KOuOy. DTOT mpoiecc Oyner
MIPOUCXOUTH IO T€X IMOP, TOKA JABJICHHUE OCTABIIETOCS B ra30BOi (paze aMMuaka HE CpPaBHICTCS C
aTMOC(EPHBIM.
Hcxonubie naHHbIE:

e 00beM KOJIObI 2 11

e Temmneparypa 24 °C

e masinenue 0.93 atm

e MaccoBas JI0JISI aMMHUaKa B HAaChIIIEHHOM BOJHOM pactBope 32%.
PaccuuTaiite, CKOJIBKO MPOIIEHTOB 00beMa KOOI Oy/IeT 3aHATO HACHIIIEHHBIM BOJHBIM PACTBOPOM
aMMHaKa 1ocje OKOHYaHUsI OIBITA.

2.4. IlpekpacHyl0 pacTBOPUMOCTb aMMHaKa B BOJE JEMOHCTPUPYET XOPOIIO M3BECTHBIM ONBIT —
«ammuaunbii  onran» (https://youtu.be/qvCKIDx UHs). Tlocmotrpute 3TOT ombiT. PactBop
aMMMaKa B BOJIE MOJ JAEHCTBHEM BHELIHEro JABJICHUS 3aJMBaeTcs B Kojily. DTOT mpouecc Oyaer
MIPOUCXOJIUTH A0 TEX TOp, MOKa JaBJICHUE OCTABIIECTOCS B Ta30BOM (aze aMMHaKa HE CPAaBHSETCS C
aTMOC(EPHBIM.
HcxonHble naHHbIe:

e o6bem konos1 1000 M

e Temmeparypa 22 °C

o nasnenue 0.95 atm

e MaccoBas J10JI1 aMMHaKa B HAaChIILIEHHOM BOJIHOM pacTBope 33%.
PaccuuTaiite, CKOIBKO MPOIIEHTOB 00beMa KOOI OYIeT 3aHATO HACHIIIIEHHBIM BOJHBIM PACTBOPOM
aMMMaKa 1ocjie OKOHYAaHHUS OTIBbITA.

3agauya 3 (12 6as710B)

31 HOCMOTpI/ITe BHUICO ,Z[eMOHCTpaI_II/IOHHOFO OIIbITA, IIOCBAIIICHHOTI'O HOJ'Iy‘{eHI/IIO erMHI/Iﬂ:
https://youtu.be/T2 54yAbZI8
3aHI/II_HI/ITe ypaBHCHI/IH BCECX peaKHHfI, KOTOpre HpOTeKaIOT BO BpeMH BBIITOJIHCHU A OIIBITOB.

32 HOCMOTpI/ITe BUACO ACMOHCTPAIMOHHOI'O OIIbITA, IMOCBAIICHHOTO IIOJYYCHUIO CMCHIAHHOTO
OKcHJa cepedpa U U3yUSHHIO €ro CBOWCTB!

https://youtu.be/yOP7Z5eC3K8

3aHI/IIHI/ITe ypaBHeHI/ISI BCCX peaKHHfI, KOTOpBIG HpOTeKaIOT BO BpeMSI BBITIOJIHCHUSA OIIBITOB.

3.3. [TocmoTpuTE BUICO AEMOHCTPAIMOHHOTO OMBITA, TOCBSIICHHOTO MOMYYSHHUIO BBICIIIETO OKCH/IA
MapraHnga 1 U3y4C€HUIO €ro CBOMWCTB:

https://youtu.be/gbHRhOpfCrg

3aHI/II_HI/ITC YpaBHCHHA BCEX peaKuHﬁ, KOTOPLIC IPOTCKAOT BO BPEMA BBIITIOJIHCHUA OIIbITA.

3.4. [TocmoTpuTe BHUIEO IEMOHCTPAIIMOHHOTO OIBITa, TMOCBSIIEHHOTO PAaCTBOPEHHIO XpoMa B
COJISTHOM KHCIIOTE:

https://youtu.be/3VzDmBInMks

3anumuTe ypaBHEHUS BCEX peaKlUi, KOTOphIE MPOTEKAIOT BO BPEMs BBIMOJTHEHHs ombITa. Kak
MOYHO MPEBPATUTH 3€JICHBIN PacTBOpP 00paTHO B TOIy00#?

3anaua 4 (14 6ay510B)

4.1. Ilpu narpeBanuu a0 400 °C naBecku (ochopHoit kuciotel Maccoit 20.485 r obpaszoBanoch
16.991r Gemoro BemiecTBa, MPEACTABISAIONIET0 OO0 NUHEHHBIA onuromep (T. €. MOIUMEP C


https://youtu.be/qvCKfDx_UHs
https://youtu.be/qvCKfDx_UHs
https://youtu.be/T2_54yAbZl8
https://youtu.be/y0P7Z5eC3K8
https://youtu.be/gbHRh0pfCrg
https://youtu.be/3VzDmBInMks

HEOOJIBIIUM YHUCIOM 3BeHbEB). CKOJIBKO aTroMoB (ochopa BXOIUT B COCTaB OJHOM MOJIEKYJIBI
omuromepa? Ormpenenure MOJCKYJISIpHYIO (OpMYTy TMPOAYKTa pEaKIMH M COCTaBbTE €ro
CTPYKTYpHYIO (popmyry. CuuTaiite, 4To BCE€ MOJEKYJbl MPOIYKTa COIEPIKAT OJMHAKOBOE YHCIIO
3BCHBCB.

4.2. Ipu narpeBanuu a0 400 °C naBecku ¢ochopHoii kucnoTsl Maccoir 20.485 r obpa3oBanoch
17.012 r Gemoro BemiecTBa, MPEICTABISAIONIETO COOOW JWMHEHHBIM onuromep (T. €. MOJUMEP C
HEOOJBIIMM YHCIOM 3BeHBEB). CKOIBKO aTOMOB ¢ocdopa BXOAUT B COCTAB OJHOW MOJICKYJIBI
omuromepa? Ormpenenure MOJCKYJISIpHYIO (OpPMYTy TMPOAYKTa PEaKIMH € COCTaBbTE €ro
CTPYKTYypHYIO (opmyrny. CuuTaiite, 4TO BCE MOJEKYJBl MPOIYKTa COIEPXKAT OJAWHAKOBOE YHCIIO
3BCHBEB.

4.3. ITpu narpeBanuu a0 400 °C naBecku (ochopHoil KuciaoThel Maccoit 25.119 r obOpa3oBanoch
20.860 r Oemoro BemiecTBa, MPEACTABISAIONIETO COOON NUHEHHBIA onuromep (T. €. MOIUMEP C
HEOOJIBIIIMM YHCIIOM 3BeHbEB). CKOJIBKO aToMOB (ocdhopa BXOJUT B COCTaB OJIHOW MOJICKYJIbI
omuromepa? Ormpenenure MOJEKYISIPHYIO (OpPMYTy TMPOAYKTa pEaKIMH € COCTaBBTE €ro
CTPYKTYpHYIO (opmyny. CuuTaiite, 4To BCE MOJEKYJbl MPOIYKTa COJIEPIKAT OJUHAKOBOE YHCIIO
3BCHBCB.

4.4. TTpu narpeBanuu a0 400 °C naBecku ¢ochopHoi KuciIoTel Maccoi 25.119 r obpazoBanock
20.813r Oemoro BemiecTBa, MPEACTABIAIONICTO COOON JIMHEWHBIH oJuroMep (T. €. TOJUMEp C
HEOOJNBIINM YHCIOM 3BeHBbEB). CKOJIBKO aToMOB (ocdopa BXOIUT B COCTaB OJHOM MOJIEKYJIIBI
omuromepa? Ormpenenure MOJCKYJISpHYIO (OpMYTy TMPOAYKTa PEAKIMH € COCTaBbTE €ro
CTPYKTYypHYIO ¢opmyrny. CuuTaiite, 4To BCE MOJEKYJBl MPOIYKTa COIEP)KAT OJAWHAKOBOE YHCIIO
3BCHBEB.

3agauya S (18 6ass10B)

5.1. HanuimmTe ypaBHEHHS PeaKIMii COTIACHO CXEME TTPeBPaIleHHUIA:
Cr — Cr(NOz3)3 — Cr(NO3)2 — Cr.03 — CrClzs — Cr2Sz — Cr203

5.2. Hantmmre ypaBHEHHs PeakIii COTIIACHO CXeMe MPEBPAICHHIA:
Ag — Ag2S0s4 — AgNO3 — [Ag(NH3)2]OH — AgCIOs — AQ2S — Ag

5.3. Hantmmre ypaBHEHHs peaklnii COTJIAaCHO CXeMe MIPEBPAICHHIA:
AgNOs; — Ag20 — AgF — CH3COOAg — Ag — Na[Ag(CN)2] — Ag

5.4. Hanummre ypaBHEHUs peakLUii COrJIaCHO CXeMe IpEeBpallleHH:
CuO — Cu20 — CuSO4 — Cu(OH)2 — Cu20 — [Cu(NH3)4](OH)2 — H2[CuCl,]

3anaua 6 (18 6an710B)

6.1. B pactBopax kapOoHaTa HaTpusi — CHJIbHOIIEJIOYHAs cpena. 3aBUcMMOCTh PH pactBOpa OT
MOJISIPHOM KOHIIeHTpanuu comn C:

pH =12.16 + 0.5-1g(C),
rne |g — nmecsitmuneni sorapudm. CKOJIBKO T'pPaMMOB JIECATHBOJHOTO KapOOHATa HATPUS HAJ0
n06asuth kK 100 M1 BoIbI, 4TOOBI OTY4YHUTh pacTBop ¢ PH = 12.00 (mmotHoCcTh pactBopa 1.05 r/mim)?

6.2. B pactBopax kapOoHaTa HaTpusi — CHJIBHOLIEJOYHAs cpena. 3aBUCHMOCTh PH pacTBOpa OT
MOJISIPHOM KOHTIeHTpanuu con C:

pH =12.16 + 0.5-1g(C),



rae |g — mecsituunbiii orapudm. I[Ipy KOMHATHOW TeMmepaTrype pacTBOPHUMOCTh JECATHBOIHOTO
kapbonara HaTpus coctaBisieT 91 r Ha 100 r Boxsl. [I1OTHOCTH HACKIIIEHHOTO pacTBOpa KapOoHaTa
Hatpus paBHa 1.19 r/miu. Uemy paBen pH HachiieHHOTO pacTBOpa?

6.3. B pactBopax kapOoHaTra Kajius — CHJBHOILIENOYHAs cpeaa. 3aBUcHUMOCTh PH pacTBOpa oT
MOJISIPHOM KOHIeHTpanuu cou C:

pH =12.16 + 0.5-1g(C),
rne lg — necstuunblit sorapudm. [Ipuy KOMHATHOW TemIepaType pacTBOPHUMOCTh OE3BOIHOTO
kapOonaTta kaymsi coctasiseT 112.8 rua 100 r Bogsl. [I10THOCTS HACHIIIIEHHOTO pacTBOpa KapOoHaTa
kanust paBHa 1.57 r/min. Yemy paBen pH naceimenHoro pactopa?

6.4. B pactBopax kapOoHaTa HaTpusi — CHJBHOIIEJIOYHAs cpena. 3aBucuMocTh PH pactBOpa OT
MOJISIpHOI KOHIeHTpauuu coiu C:

pH =12.16 + 0.5-1g(C),
rae lg — mecsrtuunblii sorapudm. CKOJIBKO TIpaMMOB JIECSITUBOJHOIO KapOoHAaTa HATpHs HAJO0
n06aButhb K 200 M1 BOJII, 9TOOBI TOTY4YHTh pacTBop ¢ PH = 11.80 (mmotHoCcTh pactBopa 1.02 1/mi)?

3anaua 7 (20 6a1710B)

7.1. Ta3 A oOpa3yercs npu TEpPMHUYECKOM pa3ioxeHUn (peakyus [) TBeproro semiectBa X,
COCTOSILIETO U3 TPEX JIEMEHTOB, OJIUH U3 KOTOPbIX — Kucnopon (60.0 macc.%). I'az A nposiBiser
JBOWCTBEHHYIO OKHCIIUTEIFHO-BOCCTAHOBUTEIFHYIO TIPUPOAY: OH MEUIEHHO 00€CIBEYHBACT
IIOJIKUCIIEHHBIA pacTBOp NEepMaHraHaTta Kaiuus (peaxyus 2), a IpU NPOIyCKAaHUM Yepe3 pacTBOD,
conepxamuii Sn?*, mpespamaercs B BemecTso B (9.1 Macc.% Bomopona). ITonHoe BoccTaHOBIEHNME
raza A MpoOHCXOIUT HPH B3aUMOICHCTBHIH C CONISTHOKHCIBIM pacTBopoM TiCls (peaxyus 3). BemectBo
B Bcrynaet B peakmuio cepeOpsiHoro 3epkana (peakyus 4), B kotopoit oopasyercs 3.00 r cepebpa u
Bbitengercss 311 mu (H.y.) raza B, KOTOpbIi sBiSE€TCS OCHOBHBIM KOMIIOHEHTOM BO3yXa.
Ycranosure popmyisl BemecTB X, A — B (moaTBepauTe pacyeTom) U HAaUIIKUTE YpaBHEHUS peakunuii
1-4.

7.2. Ta3 A oOpa3syeTcs Hpu TEPMUUYECKOM pas3iioxkeHuu (peaxyus [) TBepporo BemiectBa X,
COCTOSIIIIETO M3 TPEX 3JEMEHTOB, OAUH U3 KOTOpbIX — Bojopox (5.0 macc.%). ['a3 A mposiBisier
JIBOMCTBEHHYIO OKHCIIUTEIbHO-BOCCTAHOBUTENIBHYIO TIPUPOAY: OH MEUIEHHO O00eclBeYHBaET
MOJAKUCIIEHHBIN pacTBOp MepMaHraHara Kanus (peaxyus 2), a IpU MPOMYCKAaHUU YEpe3 pacTBOP,
conepxkammii Sn?*, mpespamaercs B BemectBo B (9.1 macc.% H), u3 kotoporo raz A MOKHO
MOJIyYUTh B3aUMOJICHCTBHEM C HUTPUTOM HATpUsl B COJITHOKUCIOW cpene (peakyus 3) WIH C
xnopuzaoMm xenesa(lll) B Toit xe cpene (peakyusa 4). Ilpu npomyckaHuu raza A Haj pacKaJeHHOU
MEIbI0 OH TpeBpamaercs B ra3 B, KOTOpPBI SBISETCS OCHOBHBIM KOMIIOHEHTOM BO3IyXa.
Ycranosure popmyiisl BemecTs X, A — B (moaTBepauTe pacyeToM) U HaIUIINTE YPaBHEHUS peakui
1-4.

7.3. I'a3 A oOpasyercst mpu BOCcCTaHOBIIEHUU (peakyus 1) xene3oM(+2) B COMITHOKHCIOM PacTBOpE
comu X, COCTOAIIEH W3 TpeX HJIEMEHTOB, OJUH M3 KOTOpbix — Harpuii (33.3 macc.%). ['az A
MPOSBIISIET JBOMCTBEHHYIO OKHCIMTEIbHO-BOCCTAHOBUTEIBHYIO TNPUPOLY C MHpeoliajaHueM
BOCCTAHOBUTENIBHBIX CBOUCTB. OH JIeTKO 0OeclBEYMBAET MOJKUCIECHHBI pacTBOp IEepMaHraHara
kanust (peaxyus 2), Ho okucisier ra3 b (peaxyus 3) ¢ oopazoBanuem cmecu (Dsosy = 4/3) ABYX ra3os,
BXOJISIIIMX B COCTaB BO3/yXa. BeriecTBo A crmocoOHO BBICTYNATh B POJIM JIMTaHJa B KOMIUIEKCHBIX
COEUHEHUSAX: TPU B3aUMOJAEUCTBUU A € TeKcakapOOHMIIOM Xpoma oOpa3yercss HelTpaibHbIN
xomruieke B (30.2 macc.% Cr), comepskainuii Turassl TOJIBKO OJHOTO THIIA. Y CTAHOBUTE (DOPMYJIBI
BeulecTB X, A — B (moarBepauTe pacueToM) M HaNUIIUTE ypaBHEHUsI peakuuit 1 — 4.



7.4.Ta3el A u B (A — TspKesee) 00pa3yroTCs MPH TEPMUIECKOM pasnioskeHuu (peaxyus 1) comu X,
COCTOSIIEH U3 YEThIPEX JIEMEHTOB, OJIUH U3 KOTOPhIX — a30T (22.2 macc.%). Oba raza mposBIsIOT
MIPEUMYIIECTBEHHO BOCCTAHOBHUTEIbHBIE CBOWCTBA: OHU PEArupyrOT C OKCHUAAMH MalIOaKTUBHBIX
METaJIJIOB, a ra3 A BOCCTaHABJIMBAET METAJUINYECKOE CEPEOPO U3 aMMHUAYHBIX PACTBOPOB €r0 COJIEH
(peakyusn 2). B3aumopeiictBue A 1 b B IPUCYTCTBHM KaTaau3aTopa IpH OOJIBIION TeMIIEpaType
(peakyus 3) mpuBOAMUT K 0OpPA30BaHUIO MAPOB OYEHB smoBUTOrO BemiectBa B (51.9 macc.% a3ora),
KOTOpOE MPHU OXJaKICHUN KOHICHCUPYETCS B JIETYUYIO KUIKOCTh. Y CTAaHOBUTE (DOPMYJIbI BELIECTB
X, A — B (moarBepauTe pacyeToMm), HAMUIIUTE ypaBHEHUs peakuuid | — 3 u mpeanoxure cnocod
paznenenus cmecu A u b Ha uHAMBHUIyalIbHBIE BEILIECTBA.

Pemenus 3a1a4 0oT00poYHOro Typa oaumMnuaabl «JloMmoHoCcoB» Mo xumum (5-9 Ki1accol)

3agaya 1 (6 6a/10B)

1.1. X - HCI, Y — N2H4, Z — N2HsCl.
HCI + NoHs4 — N2HsClI
m(HI) : m(N2H4) =36.5:32=1.14=8:7.

1.2. X — BF3 (kucnora JIstouca), Y — NHz, Z — HsN-BFs.
BF3; + NH; — H3N-BF3
m(BF3) : m(NH3) =68 :17=4: 1.

1.3. X—H2S, Y — NH3, Z — NHsHS.
H2S + NH3z — NH4HS
M(H2S) : m(NH3) =34 :17=2:1.

1.4, —H:S, Y — NHs, Z — (NH.)2S.
H2S + 2NH3z — (NHy)2S
m(H2S) : m(NH3)=34:(2-17)=1:1.

3anava 2 (12 6an1710B)

2.1. B ycnoBuu 3a1a4M €CTh CJI0Ba «HACHIIIEHHBIH pacTBop». Ecnu cunrtaTh, 9YTO BEeChb aMMHAaK U3
ra3oBoi (as3pl 0OYeHb OBICTPO PACTBOPUTCA B BOJIE U 0Opa3yeT HACBILICHHBIH PacTBOP, TO MOXKHO
HaillTu nomo0 o0beMa HACBIIEHHOTO pacTBOpa OT oObeMma KoiObl. [ 3Toro cHavana Haiinem
KOJINYECTBO BEILIECTBA U MACCy aMMHAKa:

V(NH3z) =pV/RT=101.3- 0.5/ (8.314 - 298) = 0.0204 moub,

m(NHs) = 0.0204 - 17 = 0.348 .

Haiinem maccy n 00beM HaChIILIEHHOTO pacTBOpa (INIOTHOCTDH HachIeHHOro pacTBopa 0.886
r/M):

m(uacem.p-pa) = 0.348 / 0.32 = 1.086 1,
V(nacem.p-pa) = 1.086 / 0.886 = 1.23 mu.
Takum oOpa3om, OTHOIIEHHE 00bEMa HACHIIIIEHHOTO PacTBOpa K 00beMy KOJIOBI
V(uacseir.p-pa) / V(xo6sr) = 1.23 / 500 = 0.00245 (wnmu 0.245%).

[TonubIit 6amt craBuiics 3a oTBeThl 0% (3TOT OTBET MOJpPa3yMeBall, YTO PacTBOP B KoyOe He
Oyzaer HachlmeHHbIM), 100%, 0.2% u 1100b1e 000CHOBAHHBIE COOOPAaXKEHUS O TOM, YTO PAacTBOp B
KoJ10e OyJIeT He HaCBILIEHHBIM, a pa30aBICHHbIM.



Omeem: konba 0ynet 3anonHeHa Ha 100% pa30aBieHHBIM PACTBOPOM aMMHUAKA.

2.2. B ycnoBum 3a1auu eCTh CIIOBAa «HACHIIICHHBIA pacTBOp». Ecnu cunrath, 4T0 BeCh aMMHaK U3
ra3oBoil (a3pl 0UeHb OBICTPO PACTBOPUTCS B BOJIE U 00pa3yeT HACBHIIICHHBIH PacTBOP, TO MOXHO
HAWTH JOM0 O00beMa HACBIIIEHHOTO PacTBOpa OT oObeMa KoyObl. Jlst 3TOro cHavana HaiiaeMm
KOJINYECTBO BEIIECTBA U MAacCy aMMHAKa:

V(NH3) =pV/RT=0.95-101.3-1.0/(8.314 - 295) = 0.0392 mou1s,

m(NH3) = 0.0392 - 17 = 0.666 T.

Haiinem Maccy 1 00e€M HACBIIIEHHOTO pacTBOpa (MIOTHOCTh HACKIIIIEHHOTO pacTBopa 0.886
r/M):

m(racei.p-pa) = 0.666 / 0.33 =2.018 1,
V(naceim.p-pa) = 2.018 / 0.886 = 2.28 m.
Takum 00pa3oM, OTHOIIEHHE 00beMa HACBIIICHHOTO PacTBOpa K 00beMy KOJIOBI
V(naceiur.p-pa) / V(koa6sr) = 2.28 / 1000 = 0.00228 (nnu 0.228%).

[MonnbIit 6amt ctaBuiics 3a oTBeThl 0% (3TOT OTBET MOJPa3yMeEBall, YTO PacCTBOP B KOJIOE HE
oyzaer HachimeHHbIM), 100%, 0.2% u 110061e 000CHOBaHHBIE COOOPAXEHHUS O TOM, YTO PAaCTBOp B
KoJ10e OyJIeT He HACBILICHHBIM, a pa30aBICHHBIM.

Omeem: konba Oynet 3anonHeHa Ha 100% pa30aBiieHHBIM paCTBOPOM aMMHUAKa.

2.3. B ycnoBum 3a1a4m €CTh CI0Ba «HACHIIIEHHBIA pacTBOp». Ecnm cunrtaTh, 9YTO BEChb aMMHAK U3
ra3oBoil (pa3pl OYEHb OBICTPO PACTBOPUTCS B BOJIE U 0OpazyeT HACHIIICHHBIH PacTBOP, TO MOXKHO
HaWTH NTOJII0 00bEMa HACKHIIIEHHOTO pacTBopa OT oObeMa KoJOBL. [l 3TOro cHayana Haiaem
KOJIMYECTBO BEIIECTBA M MAcCy aMMHaKa:

V(NH3) =pV/RT =0.93 - 101.3 - 2.0/ (8.314 - 297) = 0.0763 mou1b,

m(NHs) = 0.0763 - 17 =1.297 r.

Haiigem maccy u 00beM HaCBIIIEHHOTO pacTBOpa (IMIOTHOCTH HACKIIEHHOTO pacTBopa 0.886
r/M):

m(uaceim.p-pa) = 1.297/0.32 =4.053 r,
V(naceim.p-pa) =4.053 / 0.886 = 4.57 mu.
Taxum 00pa3oM, OTHOIIEHHE 00beMa HACBILIEHHOT0 pacTBOpa K 00beMy KOJIObI
V(naceim.p-pa) / V(xonosr) = 4.57 / 2000 = 0.00229 (unu 0.229%).

[Tonnslit 6amt craBuiics 3a oTBETH 0% (3TOT OTBET MOJpa3yMeBall, YTO PACTBOP B Koj0e He
Oyznet HachlieHHbIM), 100%, 0.2% u m00bple 000CHOBaHHBIE COOOpPAXKEHHSI O TOM, YTO PacTBOp B
Kosi0e OyJIeT He HACBIIICHHBIM, a pa30aBICHHBIM.

Omeem: konba 6ynet 3anonHeHa Ha 100% pa30aBieHHBIM PACTBOPOM aMMHUAKA.

2.4. B ycnoBuH 3aJ1aud €CTh CJIOBA «HACHIIIEHHBIA pacTBOp». ECM cumMTaTh, 4TO BECh aMMHAK H3
ra3oBoii (a3el 0OYEHHb OBICTPO PACTBOPUTCS B BOJIE U 0OpazyeT HACHIIICHHBIH PacTBOP, TO MOKHO
HaWTH JOJI0 O00BhEMa HACHIIIEHHOTO pacTBoOpa OT oObema KOJIObI. [[7s 3TOro cHauana Haitnem
KOJIMYECTBO BEIIECTBA M MAcCy aMMHaKa:

V(NH3) =pV/RT =0.95-101.3 - 1.0/ (8.314 - 295) = 0.0392 mou1b,

m(NHs) = 0.0392 - 17 = 0.666 T.

Haiinem Maccy 1 005eM HaCHIIIIEHHOTO pacTBOpa:



m(Hacei.p-pa) = 0.666 / 0.33 =2.018 r,
V(umaceim.p-pa) = 2.018 / 0.886 = 2.28 m.
Takum 06pa3om, OTHOIIEHHE 00BEMa HACKIIIEHHOT'O PAaCTBOPA K 00BEMY KOJIOBI
V(naceim.p-pa) / V(xon6er) = 2.28 / 1000 = 0.00228 (mum 0.228%).

[Tonuerit 6amt craBuiics 3a orBeThl 0% (3TOT OTBET MOAPA3yMEBaJl, UTO PacTBOP B KOjiOe HE
Oyzaer HaceimeHHbIM), 100%, 0.2% u 1r00b1e 0600CHOBaHHBIE COOOPAXKEHHSI O TOM, YTO PACTBOP B
KoJIOe OyZIeT He HACBIIIIEHHBIM, a pa30aBIICHHBIM.

Omeem: xonba O6yxer 3anonHena Ha 100% pa30aBieHHBIM paCTBOPOM aMMHUAKA.
3apava 3 (12 6an10B)

3.1. YpaBHEHHS peaKIHii:
SiO2 + 2Mg — Si + 2MgO
Si + 2Mg — Mg>Si
Mg2Si + 4HCI — 2MgCl; + SiHsT
SiH4 + 202 — SiO2 + 2H20

3.2. YpaBHEHHSI pEaKIIHd:
2AgNOs + NaCO3 — AgoCO3d + 2NaNOs

Ag2CO3 + (NH2)2S5208 + NazCOs ——> AgoOd + (NH4)2504 + NazSOs + 2CO21
Ag,0; + 4HCI — 2AgCl| + CLT + 2H,0

Cl, + 2KI — I + 2KCI

5A0202 + 2Mn(NO3)2 + 6HNO3 — 10AgNOs3 + 2HMnO4 + 2H20

3.3. YpaBHEHHSI peaKIIHid:
2KMnO4 + H2SOs — Mn207 + K2SO4 + H20
2Mn;07 + C2HsOH — 4MnO; + 2C0O; + 3H20
(nmu 1o MnSOa).

3.4. YpaBHEHUsI peaKIMid:
Cr + 2HCIl — CrCl; + Hz1
4CrCl; + Oz + 4HCI — 4CrClz + 2H20
2CrCls + Zn — 2CrCl; + ZnCl;

3anaua 4 (14 6an1710B)

4.1. llpu o6e3BoxxuBanuM GochopHoil KuCIOTH 00pasyercss MeTadochopHas KUCIOTa, KOTOpas
uMeeT ctpoenue JauneitHoro onuromepa: H(HPO3),OH:

0O
I

H—O—P—OH

OH /

nH3POs — H(HPO3),OH + (n-1)H20
v(H3PO4) / v(H20) =n/(n—1)
v(H3PO4) = 20.485 /98 = 0.2090,
v(H20) = (20.485 — 16.991) / 18 = 0.1941



v(H3POg4) / v(H20) = 0.2090 / 0.1941 = 1.077.
n/(n-1)=1.077,
n=14.
Monekyaspras ¢popmysta onuromepa — H(HPO3)14OH, wmu Hi6P14043.
Omeem: 14.

4.2. Tlpu ob6e3BoxuBaHuu (HochOpHON KHCIOTHI 0Opasyercs MeradochopHasi KUCIOTa, KOTOpas
HUMeeT CTpoeHue TuHeinoro onuromepa: H(HPO3)nOH:

0O
I

H—O—P—OH

OH /

nH3PO4 - H(HPO3),OH + (n-1)H.0

V(H3PO4) / v(H20) =n/(n-1)
v(H3PO4) = 20.485 / 98 = 0.2090,
v(H20) = (20.485 - 17.012) / 18 = 0.1929,
v(H3POg4) / v(H20) = 0.2090 / 0.1929 = 1.083.
n/(n-1)=1.083,
n=13.
Mornekyspras popmysia omuromepa — H(HPO3)130H, nmn Hi5P13040.
Omeem: 13.

4.3. Tlpu o6e3BoxuBaHuM (HochOpHOI KHCIOTH 00paszyercs MmeradochopHas KHUCIOTa, KOTOpas
uMeeT ctpoenue auneitHoro omuromepa: H(HPO3),OH:

Lo T Von
\ b,

nH3PO4 - H(HPO3),OH + (n-1)H.0

v(H3PO4) / v(H20) =n/(n—1)
v(H3PO4) = 25.119 /98 = 0.2563,
v(H20) = (25.119 — 20.860) / 18 = 0.2366,
v(H3POgs) / v(H20) = 0.2563 / 0.2366 = 1.083.
n/(n-1)=1.083,
n=13.
Monekynsipras ¢popmysta omuromepa — H(HPO3)130H, wmmu Hi5P13040.
Omeem: 13.

4.4. TIpu o6e3BoxxuBanuM GochopHoil KuCIOTH 00pasyercss MeTadochopHas KUCIOTa, KOTOpas
uMeeT ctpoenue Juneitnoro onuromepa: H(HPO3),OH:



nH3PO4 — H(HPO3),OH + (n-1)H20

v(H3POg4) / v(H20) =n/(n—1)
v(H3PO4) = 25.119 / 98 = 0.2563,
v(H20) = (25.119 — 20.813) / 18 = 0.2392,
v(H3POgs) / v(H20) = 0.2563 / 0.2392 = 1.071.
n/(n-1)=1.071,
n=15.
Monekynsipras ¢popmysa omuromepa — H(HPO3)15s0H, wu H17P15046.
Omeem: 15.

3anauya S (18 6ay10B)

5.1. HpI/IBeL[eM OJIMH N3 BO3MOXKHBIX BApUAHTOB PCIICHUS:
1) Cr + 4HNO3 — Cr(NOgz)3 + NO + 2H20
(HpI/IHI/IMaJII/ICB " ApYyruc nNpoaAyKTbl BOCCTAHOBJICHUSA a30THOM KI/ICHOTBI)
2) 2Cr(NOz3)3 + Zn — 2Cr(NO3)2 + Zn(NO3):

3) 4Cr(NOs)2 —'—s 2Cr,03 + 8NO; + O
4) Cr,03 + 3C + 3Cl, —— 2CrCls + 3CO
5) 2CrCls + 3H2S — > CrSs + 6HCI

6) CrsSs + 9/2 O, —L s Cr,03 + 350,

5.2. [lpuBeneM oIMH U3 BOZMOKHBIX BAPHAHTOB PEIICHUS:
1) Ag + 2HNO3z — AgNOs + NO21 + H20
2) 2AgNO3 + H2S04 — Ag2SO4l + 2HNO;
3) Ag2SO4 + 6NH3 + 2H20 — 2[Ag(NHz)2]OH + (NH4)2SO4
4) [Ag(NHz3)2]JOH + 3HCIO4 — AgClO4 + 2NH4ClO4 + H20
5) 2AgClO4 + (NH4)2S — AQ2S + 2NH4ClO4

6) AgzS + 02 — > 2Ag + SO;

5.3. TlpuBeaeM OMH M3 BO3MOXHBIX BAPHAHTOB PEIICHHUS:
1) 2AgNO3 + 2KOH — Ag20| + 2KNOs + H20
2) Ag20 + 2HF — 2AgF + H20
3) 2AgF + (CH3COO).Ca — CaF2| +2CH3COOAg
4) 2CH3COOAg + Cu — 2Ag + (CH3COO).Cu
5) 4Ag + 8NaCN + Oz + 2H20 — 4Na[Ag(CN)] + 4NaOH
6) 2Na[Ag(CN)2] + Zn — 2Ag + Naz[Zn(CN)4]

5.4. [IpuBeneM oMH 13 BO3MOXHBIX BAPUAHTOB PEIICHHUS:

1) 4Cu0 —'' 2Cu,0 + O;
2) Cuz0 + 3H,S04 — 2CuSO4 + SO27 + 3H20
3) CuSO4 + 2KOH — Cu(OH)z| + K2S04



4) 4Cu(OH)2 + N2Hs — 2Cu20 + N2 + 6H20
5)2Cu20 + Oz + 16NH3 + 4H20 — 4[Cu(NH3)4](OH)2
6) [Cu(NH3)4](OH)2 + 8HCI — Hz[CuCla] + 4NH4CI + 2H,0

3angava 6 (18 6a/L10B)

6.1. Haiiiem MOJIApHYIO KOHIICHTPAITUIO COJIH:
12.16 + 0.5-1g(C) = 12.00,
Ig(C) =-0.32,
C(NazCOs3) = 107932 = 0.479 moub/m.
O0603HaunM Maccy 100aBIeHHOTO KpucTayutoruapara (1) 3a x. Toraa
m(p-pa) = 100 + X
V(p-pa) = (100 + x)/1.05 (mu1).
v(Na2CO3) = v(Na2CO3-10H20) = x / 286 (Mmoi5),
C(Na2CO3) = 0.479 = (x / 286) / ((100 + x) / 1.05:1073),
x=15.00r.

Omeem: 5.00 r.

6.2. Bozemem 100 r H20 1 91 r Na2COs3-10H20.
m(p-pa) = 191,
V(p-pa) =191/1.19 =160.5 ma = 0.1605 n,
v(Na2,COs3) = v(Na,CO3-10H,0) = 91 / 286 = 0.318 mou1b.
C(Na2CO3) =0.318/0.1605 = 1.98 momnb/1,
pH=12.16 + 0.5-1g(1.98) = 12.31.
Omeem: 12.31.

6.3. B pactBopax kapOoHaTa Kaimusi — CHJIBHOINIEJIOYHAs cpeaa. 3aBHUCHMOCTh PH pactBopa ot
MOJIIpHOM KOHIIeHTpaluu conu C:

pH=12.16 + 0.5:1g(C)
rae g — necsatuunbiit sorapudm. Ilpu KOMHATHOH TemIiepaType pacTBOPHMOCTh O€3BOIAHOTO
kapOonata kayus coctasiseT 112.8 r a 100 r Bogsl. [LIOTHOCTE HACHIIIEHHOTO pacTBOpa KapOoHaTa
kanus paBHa 1.57 r/mn. Yemy paBen pH HacklmeHHoro pactopa?

Pewenue. Bozsmem 100 T H2O 1 112.8 r K2COas.
m(p-pa) =212.8 1,
V(p-pa) =212.8 /1.57 =135.5 mn = 0.1355 n,
v(K2C0O3) = 112.8/ 138 = 0.817 mob,
C(K2COs3) =0.817/0.1355 = 6.03 mosb/1,
pH=12.16 + 0.5-19(6.03) = 12.55.
Omeem: 12.55.

6.4. B pactBopax kapOoHaTa HAaTpHs — CHJIBHOIIETOYHAs cpena. 3aBUCUMOCTh PH pactBopa oT
MOJISIPHOM KOHIeHTpauuu conu C:
pH=12.16 + 0.5-1g(C)

rne |g — nmecstnuneni norapudm. CKOIBKO TpaMMOB JECATHBOJAHOTO KapOOHAaTa HATpUs HAaJI0
n06aBuTh K 200 M1 BOJbI, 4TOOBI MOTYYUTH pacTBop ¢ PH = 11.80 (ruiotHOCTH pacTtBOpa 1.02 r/mui)?

Pewenue. Haiinem MOJISIpHYIO KOHIIEHTPALIUIO COJIH:

12.16 + 0.5-1g(C) = 11.80,
19(C) =-0.72,
C(Na2COs) = 10°72 = 0,191 momns/m.
O603HaunM Maccy 100aBJIeHHOTO KpHcTaioruapara (r) 3a x. Toraa
m(p-pa) =200 + X,
V(p-pa) = (200 + x) / 1.02 (M),



v(Na;COs) = v(Na:COs-10H,0) = X / 286 (Mon),
C(Na2CO3) = 0.191 = (x / 286) / ((200 + x) / 1.02-10%),

Xx=1132r.
Omeem: 11.32 1.
3apaua 7 (20 6ans10B)
7.1. OueBupHo, yTo B — 3T0 N3, ClemoBaTelbHO, BCE BEIIECTBA — COCIOMHCHHA a3ora. a3 A,

coZiepKalIMii a30T, OOpa3yroIIMiCs MpH PA3JIOKEHUM TBEPAOrO BELIECTBA M IPOSBISIFOIIUI
JIBOWCTBEHHYIO OKHCIHMTEIbHO-BOCCTaHOBHUTEIbHYIO Tipupoay — N20. Torga X — 3to NH4NOs:
®(0) =48 /80 = 0.60.
®opmyity B MOKHO yCTaHOBHTB IO PEAKLIUU CEPEOPSIHOTO 3epKaia:
Vv(Ag) : v(N2) = (3.00/108) : (0.311/22.4)=2: 1.
To ects, npu okucnennun b nonamu cepedpa 10 MOJEKYISIPHOrO a30Ta KaXIbl aTOM a30Ta
OTJAeT OJIMH JIEKTPOH. DTOMY YCJIOBUIO yI0BIETBOPsieT ruapokcumiaMmud NH2OH:
o(H) =3/33=0.091.
YpaBHEHHUs peakyii:

1) NHsNO3 —s N2O + 2H20

2) 5N20 + 2KMnO4 + 3H2S04 — 10NO + K3SO4 + 2MnSO4 + 3H20
3) N2O + 8TiClz + 26HC1 — 2NH4CI + 8H2TiClg + H.0O

4) 2NH;0H + 2[Ag(NH3)2]OH — N3 + 2Ag + 4NH3 + 4H,0

Omeem:. A — N20O, B — NH20H, B — N2, X — NH4NO:s.
7.2. OueBupno, uro B — 310 N2, ciegoBaTeIbHO, BCE BEIIECTBA — COEAMHEHHUS a30Ta.
X — 910 NH4NO3:
o(H) =4/80=0.05.
I'az3 A — N20, B — rugpokcunamua NH2OH:
o(H) =3/33=0.091.
YpaBHEHHUs peakIuii:

1) NHsNOs —s N2O + 2H20

2) 5N20 + 2KMnO4 + 3H2504 — 10NO + K204 + 2MnSO4 + 3H,0
3) NH20H + NaNO; + HCl — N0 + NaCl + 2H,0

4) 2NH,0H + 4FeCls — N0 + 4FeCl, + 4HCI + Hz0

Omeem: A — N20O, B — NH20OH, B — N2, X — NH4NOs.

7.3. X —oro Hutput Harpus NaNOz:
®(Na) =23 /69 =0.333.
I'a3 A —NO, B — CO, a komruiekc B —3to Cr(NO)as:
o(Cr) =52/172 = 0.302.
YpaBHEHHUs peakLyii:
1) FeCl> + NaNO> + 2HCI — NO + FeClz + NaCl + H20
2) 5NO + 3KMnOg4 + 2H2S04 — 2MnSO4 + 3KNO3z + Mn(NO3)2 + 2H.0
3) 2NO + 2CO — N2 + 2CO,
CpenHsist Macca MOJIYYEHHOM CMECH
M =28 +2-44) /3 =38.67 r/mob,
Dgosy = 38.67 /29 = 1.333 = 4/3.
4) Cr(CO)s + 4NO — Cr(NO)4 + 6CO.



Omeem:. X —NaNOz, A — NO, b - CO, B — Cr(NO)a.

7.4. Conp X — 310 HCOONHZ4:
o(N) =14/63 =0.222.
I'a3 A — CO, b — NHs, Bemectso B — HCN:

o(N) =14/27=0.519.
YpaBHEHUSs peaKknid:

1) HCOONH; —L5 CO + NH3 + Hz0
2) CO + 2[Ag(NH3)2]OH — 2Ag + (NH4)2CO3 + 2NH3
L,
3) CO + NHs —— HCN + H20.
Cmech CO u NH3 M0oxHO pa3aenuTs, IpoIyCTUB YEPE3 pacTBOP CUIIbHON KUCIIOTHI. Y TapHbIN

ra3 He MOIJIOTUTCS, & aMMHAK IMOJHOCTBIO MOIIOTUTCS. BBIACINT, aMMHAaK MOXKHO HarpeBaHHEM C
U30BITKOM ILIEJIOUH.

Omeem: X — HCOONHg4, A — CO, b — NHs, B—- HCN.



