3aganug 3aKJII0YUTEeIHLHOro dTana Oaumnuaas! MKoJALHUKOB CIIOIY no
xumuu 2019/2020 yuyedHoro roga

8 kuacce
3aoaua Nel. «Cozpeit ceosn cam» 25 bannoe
Bapuanm 1

[konpauK [eTs moexan 3uMoit Ha qady. Korma oH mpuexai, oka3aioch, 4TO B JOME ObLIO
OUYEHb XOJIOJHO, ¥ OH PELIWII 3aTONUTh Neuky. OnpeaennuTe KoJINYecTBO APOB B KI', KOTOPOE
HeoOxoauMo cxedb [lere, 4ToOBI HarpeTh KOMHATY 00bEMOM 40 M° 10 25 °C, eciy HaYATBHAS
Temreparypa KoMHaThl -15 °C, Terumoémkocts Bozayxa 1005 JIx/kr-°C, mmoTHOCT Bo3ayxa 1,21
KI/M° a CTaHZapTHBIC TEIUIOTH 0OPA30BAHMS BEILIECTB IPSACTABICHE! B TAOIIHILC.

Lennrono3a
BemectBo (CoHigOs)T COy T H,O, r
AH° xJIx/Mo1b -988,6 -393,5 -241.8

Onennre noxydeHHoe perieHue. B 4éM MoryT ObITh IPHYUHBI MTOTYYEHUS TAKOTO 3HAUCHHS?
OtBer o0ocHyiiTe.

Pewenue:

JlpeBecrHa B OCHOBHOM cOCTOMT U3 1eilTr0103bl (CsH19Os). 3anuiem e€ peakiuto ropeHus:
CsH1005 (T) + 8,5 O2 (1) = 6 CO2 (1) + 5 H20 (1)

Tenepp paccunTaem SHTANBINIO peakluu roperus usz AsH®

AH° = 5*AH°(H,0) + 6*¥AH°(COy) - AH® (CgH1005) = 5*(-241,8) + 6*(-393,5) — (-988,6) = -
2581,4 xJIx/Monb.

Taxum o6pa3om, mpu CHKUTAHUHM | MOJIS TIEJUTI0I03bI BeIemsieTcs 2581,4 kJ[>K TErIoTHI.

Temneps paccunTaeM TO KOJMYECTBO TEMIOTHI, KOTOPOE HEOOXOAUMO COOOIIUTH BO3AYXY B
KOMHATe 4ToObI HarpetTh ero ot -15 1o 25°C:

Q=40 M * 1,21 xkr/m® * 1005 [ix/xr °C * 40 °C = 1945,68 kK TEIUIOTHL.

Takum oOpa3zom, g 060rpeBa KOMHATBI TOTpedyeTcs cxkedb Bcero 0,75 MOMb EeNTI0I03bI HIIN
121,5 r npos.

Otser: 121,5 r npos=0,121 xr npos
B peanbHOCTH TpebyeTcs ropas3no 0osibliee KOJIUYECTBO APOB TaK KaK:

1) [peBecuHa cropaeT He MOJTHOCTHIO, OOJIBIIOE KOJIMIECTBO [EIUTIONIO3BI PasiiaraeTcs 10
MIPOCTOTO YT (M yJIeTaeT B BUJIE CaXKH) C MOTIIOMICHUEM TETUIOTHI

2) B nmpoBax 00b14HO ObiBaeT 10 30% BOJBI M TAKUM 00pa30M HEKOTOPAst YaCTh YHEPTUH
TPaTUTCS Ha €€ Harpes

3) Bo3ayx Takke MOXKET OBbITh BIQXKHBIM H €T0 TEIIOEMKOCTh CHIIBHO TIOBBICHTCSL.



Bapuanm 2

[xonbuuk [lers moexan 3umoii Ha gady. Korna on mpuexan, oka3ajaoch, YTO B JIOME ObLIO
OYEHb XOJIOJTHO, U OH PEIIWJI 3aTONUTh NeuKy. OnpeaenuTe KOJIMIeCTBO APOB B KT', KOTOPOE
HeoOxoaumo cxedb [lere, uToObl HarpeTsh oM 00BEMOM 200 M° 10 20 °C, eciy HaYaIbHAS
temriepatypa komHatsl -10 °C, Termoémkocth Bo3ayxa 1005 [x/kr-°C, mioTHOCTh Bo3ayxa 1,21
KI/M® @ CTaHIAPTHBIC TEILIOThI 06PA30BAHMS BEIIECTB IIPEICTABICHBI B TAOIIHLLE.

Lemmronosa
BemectBo (CeH10s5) COy T H,O, r
AH® kJIx/Moab -988,6 -393,5 -241,8

Onenure noyueHHoe perieHue. B 4éM MoryT ObITh IPUYUHBI MTOIYYEHUS TAKOTO 3HAUCHHS?
OtBer o0ocHyiiTe.

Oteert: 458,3 1 npoB = 0,458 kr 1pOB
Bapuanm 3

HIxonbhuk Ilets noexan 3umoit Ha gauy. Koraa o mpuexai, oka3anoch, 4YTO B JoMe ObLIO
OYEHb XOJIOJHO, ¥ OH PELIWII 3aTONUTH NeuKy. ONpenenuTe KOJu4ecTBO IPOB B KI', KOTOPOE
HEo6XO0MMO ckedb Iere, 4T06BI HarpeTh KOMHATY 006&MOM 30 M° 10 25 °C, eciy HayambHas
Temreparypa KoMHatsl -5 °C, TemnoéMkocTb Bo3ayxa 1005 Jx/kr-°C, mioTHoCcTh Bo3ayxa 1,21
KI/M° a CTaHapTHBIE TEIIOTH 0OPA30BAHMS BEILECTB PESACTABICHE! B TAOIHILC.

emmonoza
BemiectBo (CeH1Os)T COy T H,O, r
AfH® xJ]/MOITB -988,6 -393,5 —241,8

OreHuTe MoMy4eHHoe perieHne. B 4ém MOryT ObITh MPUYHHBI TOTYYEHHUS TAKOTO 3HAUCHUS?
OTtBeT 060CHYHTE.

OrtBer: 68,8r npos = 0,068 kr ApoB
Bapuanm 4

[konpauk [leTs moexan 3umoit Ha gauy. Korna o npuexa, oka3anoch, 4TO B 10Me ObLIO
OYEHb XOJIOJJHO, U OH PEIINJ 3aTONUTh NeuKy. OJTHaKO 0Ka3al10Ch, YTO Ha Jadye €CTh TOJIbKO
caxap. OnpenenuTe CKOJIBKO caxapa B rpaMMax He0OXOIuMO Ckeub lleTe, 4ToOBI HArpeTh
KOMHaTy 00BbEMoM 40 M° 110 25 °C, eci HaYaTbHAS TeMreparypa KomHarsl -15 °C,
termoéMKocTh Bo3zayxa 1005 Jlx/kr-°C, minotHocTs Bo3nyxa 1,21 xr/™m° a CTaHJIapTHBIE TEIITOTHI
o0pa3oBaHUs BEIIECTB MPEJICTABICHBI B TAOIHIIE.

Caxapo3a
COy, H,0,
C12H2,011 T 2T

AH° xJIx/Moab -2222,1 -393,5 —241.8

BemiectBo




OueHure nonydeHHoOe pernieHue. ['opuT u caxap mpu OOBIYHBIX YCIOBHUAX? UTO HYKHO
W3MEHUTH, YTOOBI peakius Hadaja nporekarh? OTBeT 000CHYHTE.

OtsBet: 129,1 r caxapa
Bapuanm 5

[konpauK [eTs moexan 3uMoit Ha qady. Korma oH nmpuexan, oka3aioch, YTO B JOME OBLIO
OYCHb XOJIOJJHO, M OH PELIHJI 3aTOMUTH MeuKy. OTHAKO 0Ka3aJI0Ch, YTO HA J1a4€ €CTh TOJIbKO
caxap. OnpenenuTe CKOJIBKO caxapa B rpaMMax HeoOXoaumo cxeub [leTe, 4ToObl HarpeTh oM
06BEMoM 200 M° 10 20 °C, eciy HaYATBHAS TeMITepaTypa KOMHATHI -10 °C, TemI0EMKOCTS
Bo3yxa 1005 Jix/kr-°C, mioTHOCTs Bo3ayxa 1,21 kr/mM°® a cTaHzapTHEIE TEIIOTH 06pa3oBaHMs
BEIIECTB MPEICTABIEHBI B TA0JIHUIIE.

BemectBo Caxapo3a COy 1T H,O, r
AH® KJTic/Mo 22221 3935 2418
f C12H2,011 ’ '

OuenuTe nony4yeHHoe penieHue. I'oput au caxap npu 0ObIYHBIX YCI0BUAX? UTO HYKHO
U3MEHUTH, 4TOOBI peaklus Hayasa nporekars? OTBeT 000CHYHTE.

Otgert: 484,0 T caxapa
3aoaua Ne2. Xumuueckuii cunmes 8 00MauwiHux yciogusx. 25 6annoe

Bapuanr 1. Ilpennoxure 10 BemecTB, KOTOpblE MOTYT OBITH ITOJIY4E€HBI B OJJHY WJIM HECKOJIBKO
CTaJuil ¢ UCIOJIb30BAaHUEM B KaUECTBE HCXOHBIX BEIIECTB TOJIBKO TEX, KOTOPbIE BXOSAT B
cocTaB domauineli anmeuku. [IpuBenTe ypaBHEHUs] COOTBETCTBYIOIINX PEAKIIMH, YKaXKUTE
YCIIOBHSI UX OCYILECTBIICHUS.

Pewenue (0ooun uz 603mMoxicHbIX 86apUAHMO8):
2KMnO4 = Ko;MnOy4 (1) + MNnO; (2) + O, (3) (Harpes)
2NaHCO3; = Na,CO3 (4) + H,0 (5) + CO;, (6) (narpes)

3Na;CO3 + 2CeH4(COOH)(OC(O)CH3) = 2C¢H4(CO,Na)(ONa) (7) + CH3COONa (8) + 3CO,
(marpes)

Na,CO3; + 2B(OH); = 2NaBO; (9) + CO,+ 3H,0 (crutaBienue)
2AgN03 = 2Ag (10) + 2NO, (11) + 0O, (HarpeB)

Bapuanr 2. Ilpennoxure 10 BemiecTB, KOTOpble MOTYT OBITH ITOJIYY€HBI B OJJHY WJIM HECKOJIBKO
CTaJuil ¢ UCTOIB30BaHUEM B Ka4ECTBE HCXOIHBIX BELIECTB TOJABKO NUlLe8blX NPOOYKHOE.
IIpuBenuTe ypaBHEHHS COOTBETCTBYIOIIMX PEAKLIMN, YKAKUTE YCIOBUS UX OCYLICCTBICHUS.

Bapuant 3. Ilpeanoxwure 10 BemiecTs, KOTOpble MOTYT OBITH ITOJyY€HBI B OJHY UJIM HECKOJIBKO
CTaJuil ¢ UCTOJIb30BaHUEM B KaUECTBE HCXOHBIX BEIIECTB TOJABKO Cpedcme Oblmosoti Xumuil.
[TpuBenuTe ypaBHEHHUS! COOTBETCTBYIOIINX PEAKLNN, YKAKUTE YCIOBUS UX OCYILECTBICHHUS.

Bapuanr 4. Ilpennoxure 10 BeriecTB, KOTOpble MOTYT OBITh ITOJIYY€HBI B OJJHY WJIM HECKOJIBKO
CTaJuil ¢ UCTOJIB30BaHUEM B Ka4ECTBE HCXOHBIX BELIECTB TOJABKO 1M08ap08 OJisl CA0080008.
IIpuBenuTe ypaBHEHMS COOTBETCTBYIOIIUX PEAKLUM, YKAXKUTE YCIOBUS UX OCYLIECTBICHUS.



3aoaua 3. Coceou. 25 b6annoe

Bapuanr 1. /[Ba snementa 1 u 2, Haxomsumecs B coceqHux kierkax [lepumonnueckoi
CUCTeMBI, O0O0IaJal0T CXOXKHUMH XHMHYECKUMHU CBOHCTBaMH. Kaxablii dJeMEHT mpu
ONpENIEEHHBIX YCIOBUSAX PEearupyer ¢ MOJICKYJISIPHBIM BOJAOPOJOM C 0Opa30BaHUEM TBEPJIOTO
coequHeHusi. MaccoBas 7011 Bogopoaa B HuX cocrtasisieT 12.7 % muga 91 u 7.7 % nna I2.
[ToryueHHbIe TBEpble COCIMHEHUS pa3iiaraloTcs BoJoN ¢ oOpazoBaHHeM OECLIBETHOIO rasza 6e3
BKyca W 3amaxa. Onpegenute sieMeHTbl 1 W 2, HANUIIUTE YPABHEHHUS IPOTEKAIOIIUX
peakuMii M yKakKuTe YCIOBUA HMX MpoBeAeHUs. Hamuiumre ypaBHEHUs peaklUMil CropaHus
npocteix BemectB 1 w2 Ha Bo3ayxe. llpuBenure AOMOJHUTENBHBIE MPUMEPHI,
WJUTIOCTPUPYIOLIUE CXOXKECTh XUMUYECKOTO MOBEACHUS ATUX 3JIEMEHTOB U UX COSAMHEHUM.

Pewenue

B obmem Buae Gopmyia BOZOPOTHOTO COCIMHEHHS MOXET ObITh 3amucaHa kak DHy, rme x —
CTEIEHb OKUCIICHUS DJIEMEHTA.

3Has MacCOBEIE JA0JI1 BOOOPOAa B BOAOPOAHBIX COCANHCHUAX, MOKHO OIPCACINTD HCU3BCCTHLIC
9JICMCHTHI.

I[J'IH IICPBOIro 3JICMCHTA:

M(H) - x
w(H) =
M(H) -x + M(31D)
0127 = 1%
T x+ M)
M) - 0873x _
0,127 x

Ipu x = 1 monmyuaem Li. AHaOrMUYHO I BTOPOTO 3JIEMEHTa Ipu X = 2 moiy4aem Mg.
YpaBHEHHUs peaKLIMil:

2Li + Hy = 2LiH (narpeBanue)

Mg + H, = MgH; (narpeBanue)

2LiH + H,0 = 2LiOH + H,

MgH; + 2H,0 = Mg(OH), + H,

2Mg + O, = 2MgO

2Mg + N, = MgsN; (B cocTaB Bo3ayxa BXOIHUT a30T)

4Li + O, = 2Li,0

6Li + N, = 2Li3N

CX0XecTh B CBOMCTBAaX MOXET OBITh MMPOUJINTIIOCTPHUPOBAHA, HAIIPUMCP, TEPMHUUYCCKUM
Pa3I0KEHUEM HUTPATOB C O6pa30BaHI/IeM OKCHUJOB:

4LINO3 = 2Li,0 + 4NO; + O,
2Mg(NO3), = 2MgO + 4NO; + O;
Ortser: Li, Mg.



Bapuant 2. J[Ba snementa 1 u 2, Haxongmmecs B coceaHux kierkax [lepuomnueckoit
CUCTEMBI, OOJaAl0T CXOXXMMHU XHMHYECKUMHU CBoicTBamu. W3BecTHO coemuHeHue 1 ¢
yraepoaoM (MaccoBas JoJisl yriaepoaa coctaBiser 72.7 %), npu oOpaboTke KOTOPOTO COSTHON
KHCIIOTOHM BBIJENSCTCS T'a3, UMEIOIINI TUIOTHOCTh 1O Bojgopoay 13. D2 ¢ yriepomom obpaszyer
COCMHEHUE, MaccoBas JIOJIs YIiiepoja B KOTOpoM coctaBisieT 25 %, a mpu o0paboTke
MOJYYEHHOTO COCIMHEHUS COJSHOM KHCIOTOM BBIAENSETCA Ta3, UMEIOLUWA IUIOTHOCTH IO
Bozopoay 8. Onpenenute 31neMeHThl 1 ¥ J2, HaNMIIUTE ypaBHEHUS MIPOTEKAIOIINX peaKUuil 1
YKaXHUTE YCJIOBUS HMX MPOBEICHHSI. B COCTaB Kakoro MuHepajga BXOIAT o0a ITHX dJeMeHTa?
Hanummure ypaBHeHus peakuuil B3aumozewcteus A1 u 2 co ménousto. [lpusenure
JIOTIOJIHUTEIbHBIE TPUMEPHI, WJUIIOCTPUPYIOLIUE CXOXKECTh XUMHUYECKOTO TIOBEICHUSI ITUX
9JIEMEHTOB M UX COCTUHEHHI.

Otset: Be,Al

Bapuanr 3. /IBa snementa 1 u I2, Haxomsumecs B coceaHux kierkax [lepumonnueckoi
CUCTEMBI, O00JaNaloT CXOKHMH XUMHYECKUMH CBoiicTBamu. [IpocThie BemiecTBa Ipu
OTpPEACIEHHBIX YCIOBHUSAX AKTHBHO B3aUMOJICHCTBYIOT C BOJOPOJIOM, 0O0pa3ys MpPOIYKTHI,
MaccoBas J10J1s1 Bojopoaa B KoTopsix coctasisieT 11.2 % mna 91 u 2.7 % nnsa 2. H3BecTHO
TaKke u Apyroe coeauHenre 1 ¢ BOJOPOAOM, MaccoBast A0Sl BOJOPOa B KOTOPOM COCTABIISIET
5.9 %. Ilpu cxxuranuu Bo prope mpocToro BemecTBa I2 odpazyercs ra3, CKUKAIOIMUICT HUXKE
10 °C B xenro-3eN€HYI0 B3PBIBUATYIO JKHMJKOCTh, BOCIIAMEHSIONIYI0O OETOH U TMEeCOK.
Onpenenure 3neMeHTl J1 U J2, HANMIIUTE YPaBHEHHUSA MPOTEKAIOIINX PEAKIUN U YKaKUTE
ycrnoBusi ux mnpoBeaeHus. Kakuwe mpocTeie BemiectBa oOpasyer sneMeHT I1? Hanwummre
W3BECTHBIE BaM COEIUHEHUS 3yeMeHTOB J1 u I2 mexay coboit. Kak MOXHO MOXy4uTh 3TH
Ounapubie coenuHenusi? llpuBenute npuMepsl, WUTIOCTPUPYIOIIUE CXOXKECTh XUMHYECKOTO
IMOBEJCHMS DTHX 3JIEMEHTOB U X COCIUHCHUH.

Otsert: O, CL

Bapuanr 4. [IBa snementa 1 u IJ2, HaxonsdmMecs B cocelHMX KieTkax [lepumommueckoit
CHCTEMBI, 00JaJal0T CXOXKUMHU XUMHYECKUMHU cBoiicTBamu. M 1, u 2 obpa3yroT Goibiuoe
KOJINYECTBO Pa3HOOOPA3HBIX MPOCTHIX BewlecTB. [IpH COKUTaHMU MPOCTHIX BELIECTB B M30BITKE
XJIOpa U MPUBEAECHUH MPOAYKTOB PEeaKLMU K KOMHATHOM TeMIiepaTtype o0pa3yroTcsl Mpo3padHast
OeclBeTHast KUJAKOCTb, YCTOMUMBAs Ha BO3QyXe M Oejloe TBEpJIO€ BELIECTBO, JbIMsAIIECEe Ha
BO3yxe. MaccoBast 101 XJI0pa B MOJTY4YEHHBIX COEIMHEHNUAX cocTaBisieT 92.2 % B citydae 1 n
85.1 % B ciydae J2. Onpenenure 37meMeHTsl 1 U 2, HaNUIINTE YPAaBHEHMS MTPOTEKAIOIINX
peakuuil U yKaXXUTe yCIOBHS UX NpoBeAeHUs. Hanummnre ypaBHeHUs peakluii B3auMOIEHCTBUS
npocTeIX BemecTs A1 n A2 ¢ amoMuHUEeM. YTO NPOU30MAET, €CAM K MOJyYEHHbIE MPOIYKTHI
o0muth Bojoi? [lpuBenute mpumepsl, WUTIOCTPUPYIOLINE CXOKECTh XMMUYECKOTO MOBEIECHUS
asieMeHTOB I1 1 D2 U UX COeTUHEHUH.

Otsert: C, P.

Bapuanr 5. [IBa snementa 1 u 2, Haxonsdmuecs B cocelHHMX KieTkax [lepumommueckoit
CHCTEMBI, 00JIaIal0T CXOXKUMHM XHMHUYECKUMHU cBoiicTBaMu. OAMH M3 3JIEMEHTOB 3aHHMAET
BTOPOE MECTO I10 pactpocTpaHéHHOCTH Ha 3emie. [Ipu cxxuranum mpocThIX BEUIECTB BO pTope U
NPUBEJICHUN MPOAYKTOB peakIMM K KOMHAaTHOM Temrieparype anst J1 oOpasyercs OeclBEeTHBIH
ra3, UMEIOIIUi MIIOTHOCTH 10 Bojgopoay 34, a uist 2 - OeCIBETHBIN a3, UMEIONIUi IOTHOCTD
1o Bogopony 52. Ilpu pacTBOpeHMM Ka)k[I0ro raza B BOJE PEAKIMUSA CPEAbl CTAHOBUTCS KUCIIOM.
Uro mnpoucxXoAuT MNpU CMELIEHWH 3TUX Tra30B € Tra3000pa3HbIM aMmmuakoMm? Omnpenenure
aneMeHTsl 1 U 2, HaNMIIWTE YPAaBHEHHs NMPOTEKAIOIIMX PEAKIMM U YKaKUTE YCIOBHUS HX



npoBencHus. [IpuBenute  AOMONMHUTENBHBIC TPHUMEPHI, WUTIOCTPUPYIOIIAE  CXOXKECTh
XUMHUYECKOTO IMMOBEACHUSA 31eMEHTOB J1 ¥ D2 U X COeTUHEHUN.

Ortser: B, Si.
3aoaua Ned. U3 xncu3nu akeananzucmos. 25 oéannos

Bapuanm 1.

(25 6amoB) LlkonsHuk [leTs Hamien 6amIoH IS AKBATAHTUCTOB C HAAMKUCHIO «KUCIIOPOJIHO-
reaueBas cMecb». s onpenenenus cocraBa JaHHOW cMmecu [leTst mpojienan CEpuro OIbITOB.
[TeTs B3s1 KOJIOY, 3aKpBUI €€ TIIOTHO IPOOKOM U ONPeaeTI €€ Maccy ¢ BO3IyXOM BHYTPH.
Macca cocrasuna 306,530 r. 3atem [lers 3amonHUI KOJIOY CMECHIO U3 OAJJIOHA U B3BECHIT
ko0y. Macca cocraBuia 305,661 r. ITocie atoro [lers onpenenun 06beM KOJIObI, 3aII0THUB €€
BOJIOH, M 3aT€M C TIOMOIIIBIO MEPHOTO IIJIMHAPA ONPEACTUB 00BEM BOJIBI B KoJIOe. OO0beM KOI0bI
coctaBwi 1120 mu. TemnepaTypa B komHaTe cocTaniisiia 20 OC, a nasnenue — 730 MM.pT.CT.
Omnpenenure 00beMHBIE JOTH KUCIOPOa U renus B 6ayuione. CpelHIOI MOJISIPHYIO Maccy
BO3yxa nmpuMuTe 3a 29 r/mounb. Kakyro Maccy cepbl MOKHO CXK€4b CMEChIO, COZIeprKalleiics B
Oaymone?

Pewenue:

[TepeBenem naBneHue, 00beM KoJIOBI B enuHuIbl CU, a TeMmnepatypy B rpanycel KenbBuHa:
P =730 mm.pt.ct. = 730/760*101300 ITa = 97300 ITa

V = 1120 mx = 0,001120 m°

T=20°C=293K

U3 ypaBHenus Menaeneea-Knaitnepona (PV=nRT) onpenenum konn4yecTBO BellecTBa rasa,
Haxogsmerocst B konbe: N = PV/RT = 97300 [1a*0,001120 m%/(293 K*8,31 [Ma-m*/mons-K) =
0,0448 moIb.

AnvmepHamugHblil N0OX00. HAXO00UM MOJAPHBIL 00bem npu 20 °%Cu 730 mm.pm.cm. NV (20 oc,
730 mm.pm.cm.) = 22,4 n/monv *(760/730)*(293/273) = 25,03 n/mons

Konuuecmeso sewgecmea 2aza, naxoosiyezocs 6 konbe pasno: N = Vg5l Vim (20 OC, 730
mm.pm.cm.) = 1,12 1/25,03 i/monv = 0,0447 monw.

Haiinem maccy Bo3nyxa B Kojbe:

Mgosx = 29 T/Monp*0,0448 monb = 1,299 r

Haiinem Maccy KomObI: Myonsa = Myondatsosn — Meosn = 306,530 — 1,299 r = 305,231 r
Haiinem Maccy KUCTOPOAHO-TEIHEBON CMECH: Mpe+02 = Myonsat He+02 — Myonsa = 305,661 1 -
305,231r=0,430T

Haiinem MonsipHyt0 Maccy KUCIOPOTHO-TEINEBON CMECH:

M(He+0O;) = 0,430 r/ 0,0448 moub = 9,60 r/mMo1B

Haiinem monbabie nou renust X(He) u kuciopona X(O2) B cMecH, yUUTBIBasI, YTO
X(0,) + X(He) =1

MonsipHas macca cMecu razoB pasHa M(He+0,) = X(He)*M(He) + X(O2)*M(0O,) =
= X(He)*M(He) + (1 - X(He))*X(0,)

X(He)*4 + (1 - X(He))*32 =9,60

X(He) =0,8

X(©Oy) =1-0,8=0,2

OOBEeMHBIE JTOJIN TN U KUCIIOPOJIa TaK OTHOCITCS APYT K IPYTY UX MOJIBHBIE JIOJIH.
®o5(02)/ wos(He) = X(0O2)/ X(He)



Taxum o6paszom, B cMecu coaepkutcs 80% remus u 20% xuciaopona (o oobem
p p p y

Bapuanm 2.

(25 6amnoB) LlkonsHuk [leTs Hamien O0amIoH IS AKBATAHTUCTOB C HAAMKUCHIO «KUCIIOPOJIHO-
reaueBas cMecb». s onpenenenus cocraBa JaHHOW cMmecu [leTst mpojienan CEpUro OIbITOB.
[TeTs B3s1 KOJIOY, 3aKpBUI €€ TIOTHO IPOOKOM U ONpeaeTI e€ Maccy ¢ BO3AyXOM BHYTPH.
Macca cocrasuna 302,430 r. 3arem [leTs 3amoHUI KOJI0Y CMECHIO U3 OAJIJIOHA U B3BECHIT
kos0y. Macca cocrasuia 301,657 r. [Tocie atoro Ilers onpenenn 06beM KOJIOBI, 3aIIOTHUB €€
BOJIOH, M 3aT€M C TIOMOIIIbIO MEPHOTO IIJIMHAPA ONPEACTUB 00BEM BOJIBI B KoJIOe. O0beM KOI0bI
coctaBuia 1050 M. Temneparypa B koMHaTe cocTaBiisiia 25 °C, a nanenue — 760 MM.PT.CT.
Onpenenure 00bEMHBIC JOTU KUCIOPOa U Telivs B 0ayuioHe. CpelHIOI MOJISIPHYIO Maccy
BO3/yxa npuMuTe 3a 29 r/mounb. Onpenenute Maccy Kaus, KOTopas MOXKHO ITpOpearupoBath
IIPU HarpeBaHUU CO CMECKIO, CoJieprKaleiics B Oamione?

Omeem: 6 cmecu cooepacumces 75% eenus u 25% xucnopoda (no oo6vemy)

Bapuanm 3.

(25 6amnoB) LxonsHuk [leTs Hamien OanioH 1S aKBATAHTUCTOB C HAAMKUCHIO «KUCIIOPOJIHO-
renveBas cMechy. g onpenenenus coctaBa JaHHOU cmecH [lets mpojenan cepuio OmbITOB.
[TeTs B35 KONIOY, 3aKpbLI €€ MIIOTHO IPOOKOI 1 onpeaen e€ Maccy ¢ BO3AyXOM BHYTPH.
Macca coctasuna 311,969 r. 3atem Ilets 3anonnmn konly cMechio U3 6ajIoHa U B3BECUII
kos0y. Macca coctaBuia 311,110 r. [Tocne atoro Ilets onpeaenun 06beM KoObI, 3aOTHUB €€
BOJIOH, M 3aT€M C TIOMOIIIbI0 MEPHOTO LIJIUHAPA ONPEAETUB 00BEM BOJIBI B KoJi06e. O0beM KOI0bI
coctaBui 1180 mi. Temneparypa B koMHaATE cocTaBiisiiia 22 %C, a nasnenue — 780 MM.PT.CT.
Ornpenenure 00beMHBIE TOJIA KUCIOPO/ia U Tenus B 0ayuione. CpeHIo MOJISIPHYIO Maccy
BO31yXa npumuTe 3a 29 r/moins. OnpenennTe Maccy HaTpHsi, KOTOpast MOJKHO ITPOPEarupoBaTh
IIPU HarpE€BaHUU CO CMECHIO, CoJieprKalleiics B Oamone?

Omeem: 6 cmecu cooepacumces 72% eenus u 28% xucnopooa (no oovemy)

Bapuanm 4.

(25 6annoB) lIxonpHuk [leTs Hamien OamioH s aKBATAHTUCTOB C HAAMKMCHIO «KUCIIOPOJIHO-
reymeBas cMech». [l onpenenenns cocTaBa JanHou cmecH [lers mpoaenan cepuro OnbITOB.
[TeTs B35 K0JIOY, 3aKpbLI €€ MIIOTHO IPOOKOH U onpeaenut e€ Maccy ¢ BO31yXOM BHYTPH.
Macca cocrasuna 148,738 r. 3atem Ilets 3anonnun kosby cMechio U3 6auIoHa U B3BECHII
kos10y. Macca cocraBuna 148,379 r. [Tocne storo Ilers onpenenun o6beM KoIObI, 3a110JIHUB €€
BOJIOM, ¥ 3aT€M C ITOMOIIIbIO MEPHOTO LIWJIMH/PA ONPEaesIuB 00beM BOJIbI B Kostbe. O6beM KoJI0bI
cocraBuia 530 mi. Temneparypa B KOMHaTe cocTasisiia 18 °C, a naBnenne — 740 MM.PT.CT.
Onpenenute 00bEMHBIE JOIH KUCIOPOAA U renus B 6amnone. CpeHIo MOJIIPHYIO Maccy
BO3yXa npumuTe 3a 29 r/moinb. OnpenennTe Maccy Katapusins, KOTopas MOKHO
IpopearupoBaTh MPH HarpeBaHUM CO CMECHIO, coiepxalleiics B 6amione?

Omeem: 6 cmecu cooepacumces 70% eenusn u 30% xuciopooa (no obvemy)

Bapuanm 5.

(25 6amnos) llIkonpauk [leTs Hamen OAMIOH 71T aKBAJIAHTUCTOB C HAIUCHIO «KHCIIOPOTHO-
reaueBas cMecb». s onpenenenus cocraBa JaHHOW cMmecu [leTst mpojienan CEpuio OIMbITOB.
[Tets B3s1 KOOy, 3aKpBUT €€ TIIOTHO MTPOOKON U OTPEIETIIT €€ MacCy C BO3yXOM BHYTPH.
Macca cocraBuia 157,181 r. 3arem Ilets 3anmonHmn koia0y cMechio U3 OallJIoOHa U B3BECHIT
kon0y. Macca cocraBmia 158,820 r. ITocne atoro Iletst onpeaennn 06beM KOJIOBI, 3aMIOTHUB €€



BOJIOM, U 3aTE€M C IMIOMOIIHI0 MEPHOTO IIMJIMH/IPA OTPEICTUB 00beM BOJIbI B K0s10e. O0BheM KOOI
cocraBuia 540 mi. Temneparypa B KOMHaTe cocTaBisia 23 °C, a maBnenue — 770 MM.PT.CT.
Onpenenure 00bEMHBIC JOTU KUCIOPOA U Telus B 0ayuioHe. CpelHIOI MOJISIPHYIO Maccy
BO31yxa mpuMuTe 3a 29 r/moinb. Kakyro Maccy uyryna, conepskaiiero 4,5% yriepoja mo mMacce,
MOYKHO OKHCIIUTB CMEChIO, CoJiepKaleiics B Oaone?

Omeem: 6 cmecu codepacumcest 68% eenus u 32% xuciopooa (no ob6vemy)

Bapuanm 6.

(25 6amnoB) LlkonsHuk [leTs Hamien 6amIoH IS AKBATAHTUCTOB C HAAMKUCHIO «KUCIIOPOJIHO-
renyesast cMecb». [l onpeneneHus coctaBa JaHHOW cMmecu [lets mpozenan cepuro OnbITOB.
[TeTs B3s1 KOJIOY, 3aKpBUI €€ TIOTHO IPOOKOH U OmpeaeNni e€ Maccy ¢ BO3yXOM BHYTPH.
Macca cocraBuna 80,417 r. 3arem I[lets 3amoHII KO0y CMEChIO M3 OaJTOHA M B3BECHIT KOJIOY.
Macca cocraBuia 80,257 r. [Tocne atoro IleTst onpenenin 00beM K0JIOBI, 3aII0JHUB €€ BOJIOH, U
3aTeM C MOMOIIbIO MEPHOTO LUJIMHIPA ONpeienB 00beM BObI B Kosi0e. O0beM KOJIObI
coctaBuia 260 mi. Temneparypa B KOMHare coctasisiia 24 °C, a maBnenue — 750 MM.pT.CT.
Onpenenure 00beMHBIE JOTH KUCIOPOAa U renus B 6ayuione. CpelHIOI MOJISIPHYIO Maccy
BO3ayXxa npumure 3a 29 r/moins. Kakyro maccy OpoH3bl, cogepxairyro 15% onoa nmo macce,
MO>KHO OKHCITUTh CMECBIO, cofieprkalleiics B 6amnone?

Omeem: 6 cmecu cooepacumces 65% eenusn u 35% xuciopooa (no oovemy)

9 kjacc.
3amaua Ne 1. 20 0ay1;10B

Bapuanr 1. Cmech aByx HUTpaTOB MeTaJIoB Maccoit 20,0 r npokanunu npu temneparype 600
°C u nasnenuu 1 armocdepa. [pu 3tom nomyunu 15,04 11 ra3000pa3HbIX MIPOIYKTOB,
IUIOTHOCTh KOTOPBIX TPHU JAHHBIX YCIOBUSX cocTaBmia 1,18 r/im. Onpenenute BO3MOKHBIN
KaueCTBEHHBIN U KOJIIMYECTBEHHBIH (B MACCOBBIX JIOJISIX) COCTAB CMECH.

Pewenue:

1. OnpenenyM MOJIbHBIN 00bEM ra3za IpU YKa3aHHBIX YCIOBHSX.
Vm=224"-(273,15+600) : 273,15 = 71,6 n/Mob.

Torpaa cpenHss MoJispHasi Macca ra3a CoCTaBJIsieT

M=71,6 - 1,18 = 84,49 r/monb

KonngecTBo BeliecTBa MOIy4E€HHBIX ra3000pa3HbIX MPOIyKTOB cocTasiseT 0,21 Monb

2. IlomyyeHHOE 3HAUCHHE CPETHEN MOJISIPHOM MacChl yKa3bIBaeT Ha TO, YTO MOMUMO JNOKCHIA
a30Ta M KUCIIOPOA B COCTAB ra30BOi CMECH BXOJUT €Ille KAK MUHHMYM OJIMH, IIPUTOM TSDKEITBIN
KoMItoHeHT. C OOJIBIION J10JIel BEPOSATHOCTH TAKMM KOMIIOHEHTOM SIBIISIETCS PTYTh,  OJIUH M3
uckombix HUTPaToB — HY (NO3), mimm Hga(NO3)a:

Hg(N03)2 = Hg + 2NO, + O,
ng(NO3)2 = 2Hg + 4N02 + 202
3. PaCCMOTpI/IM BO3MOJXHBIC BAPUAHTBI:

A) BTOpOI1 HUTpAT pa3ziaraeTcsi 10 HUTPUTA U KUciaopoa. Toraa BO3MOKHO YEThIpe BapuaHTa!



(1) x moss HY(NO3), + y Mmosis MNO3

(2) x moss HY(NO3), + y moss M(NO3),

(3) x mosb Hg2(NO3), + y mosie MNO3

(4) x moss Hg2(NO3), + y mois M(NO3);

(1) Cpenusist MmosipHas Macca ra3000pa3HBIX MPOTYKTOB PA3I0KEHUSI COCTABIISET
X - (200,6 +2:46 +32) +y - 16 =84,49 - (4x + 0,5Y),

nipu 3ToM 4X + 0,5y = 0,21

Torna x = 0,056 monb, y < 0 — pemeHust HeT

(2)x - (200,6 +2:46 +32) +y - 32=284,49- (4x +Y),

4x +y=0,21

MoutsipHas Macca BTOpPOTO HUTpaTa cocTaBisieT 38,73 T/MOJb — TaKUX HUTPATOB HET
(3)x - (200,6 - 2 +2:46 +32) +y - 16 = 84,49 (5x + 0,5y),

5x +0,5y=0,21

MoutsipHast Macca BTOPOTO HUTpPATa COCTABISIET 26,7 I/MOJIb — TAKMX HUTPATOB HET
(4)x - (200,62 +2-46 +32) +y - 32=84,49 - (5x +Y),

5x +y=0,21

MonsipHasi Macca BTOpOT0O HUTpaTa cocTaBisieT 42,9 r/Moiib — TAKMX HUTPATOB HET

b) BTopoil HUTpaT pasnaraercs A0 OKCHAa MeTallla, AMOKCUIA a30Ta U Kuciaopoaa. Torzna
(cuMTasi, UTO CTETIEHb OKUCICHUS METaJla MIPU 3TOM OCTAETCS HEM3MEHHOI ) TaKkKe BO3MOYKHO
YeTbIpe BapuaHTa:

(1) x moss HY(NO3), + y mosis M(NO3);

(2) x Mo Hg(NO3), + y Mo M(NO3)3

(3) x moss Hg2(NO3), + y mois M(NO3);

(4) X mosb Hg2(NO3), + y Mmoss M(NO3)3

(1) Cpenusist MoIsipHas Macca ra3000pa3HbIX MPOIYKTOB PA3JIOKEHUS COCTABIISCT
X - (200,6 +2-46 +32) +y - (246 +0,5-32) = 84,49 - (4x +2,5Y),

npu 3Tom 4X + 2,5y = 0,21

Tornma x = 0,041 momb, y < 0 — penreHust HeT

(2) x - (200,6 + 2-46 + 32) +y - (3-46 +0,75-32) = 84,49 - (4x + 3,75y),
4x +3,75y=0,21

y <0 — pemreHus HeT

(3)x -+ (200,62 +2-46 +32) +y - (2:46 +0,5-32) = 84,49 - (5x +2,3y),



oX +2,5y=0,21
Mousipaast Macca BTOporo HuTpata cocrasiisieT 189,0 r/Moab — 3TO HUTPAT IUHKA.

KonunyectBo BemecTBa 060oux HUTpaToB coctapisieT 1mo 0,028 Mok, Torma maccoBast 1ost
HuTpara 1uHKa cocrasiset 0,028*%189/20 = 26,46%, maccoBas 10151 HUTpaTa TUPTYTH —
73,54%.

Omeem: cmeco cocmoum uz 26,46% ZN(NOs), u 73,54% Hg2(NO3),.

BapuanTt 2. CMech IByX HUTPATOB MeTauioB Maccoi 15,0 r npokanunu npu temneparype 600
°C u paBnenuu 1 armocdepa. [Ipu sTom nonyurian 13,78 1 ra3000pa3HbIX IPOAYKTOB,
IUIOTHOCTh KOTOPBIX MPHU JAHHBIX ycIoBUsX coctaBmia 0,85 r/im. Onpenenute BOZMOXKHBIN
KaueCTBEHHBIN U KOJIMYECTBEHHBIHN (B MACCOBBIX JIOJISIX) COCTAB CMECH.

Omeem: 51,25% Cu(NO3); u 48,75% Hg(NO3),.

Bapuanr 3. Cmech aByx HUTpaTOoB MeTaiioB Maccoit 10,0 r mpokanunu npu temneparype 700
°C u paBnenuu 1 armocdepa. IIpu sToM monyumin 9,43 J1 ra3000pasHbIX IPOLYKTOB, INIOTHOCTh
KOTOPBIX TIPH JaHHBIX YCIOBUsAX cocTaBmia 0.984 1/i1. Onpenenure BO3MOKHBIN Ka4eCTBEHHBIH
Y KOJIMYECTBEHHBIN (B MACCOBBIX JIOJISIX) COCTAB CMECH.

Omeem:. 29% Al(N03)3 u11% ng(N03)2.

Bapmuanr 4. Cmech 1Byx HUTpaToB MeTaiioB Maccoit 20,0 r npokanunu npu temneparype 700
°C u nasiennn 1 armocgepa. [pu arom nonyumsu 12,38 11 ra3000pasHbIX MPOAYKTOB,
IUIOTHOCTb KOTOPBIX IIPU JJaHHBIX YCIoBHsX cocTaBuia 0,736 r/n. Onpeaenute BO3MOKHBIN
KaueCTBEHHBIN U KOJMYECTBEHHBIN (B MACCOBBIX JIOJISIX) COCTaB CMECH.

Omeem: 50% AI(NO3); u 50% Hg(NO3)s,.

Bapuanr S. CMmech aByx HUTpaToB MeTauioB Maccoi 20,0 r mpokanuiau npu temneparype 550
°C u nasiiennn 1 armocgepa. [pu arom nonyumsu 21,43 11 ra3000pasHbIX MPOAYKTOB,
IUIOTHOCTh KOTOPBIX MPU AAHHBIX YCIOBHsX cocTaBuia 1,102 /1. Onpenenute BO3MOKHBIN
KaueCTBEHHBIN U KOJIMYECTBEHHBIN (B MaCCOBBIX JIOJISIX) COCTAaB CMECH.

Omesem: 50% Hg2(NOs), u 50% AgNO3

BapuanT 6. CMech IByX HUTPATOB MeTauioB Maccou 12,0 r mpokanuinu nipu temneparype 550
°C u paBnenuu 1 armocdepa. [Ipu sTrom nonyuauan 9,00 J1 ra3006pa3HbIX MPOLYKTOB, IIOTHOCTE
KOTOPBIX MPH JAHHBIX yCJIOBUsIX cocTaBuia 1,041 r/n. Onpenennte BO3MOXKHBIA KaueCTBECHHBIN
Y KOJIMYECTBEHHBIN (B MACCOBBIX JIOJISIX) COCTAaB CMECH.

Omeem: 65,63% HQ2(NO3), u 34,37% AgNO;

3aoaua Ne2. «Cocpeit ceosn cam» 20 d6annoe



Bapuanm 1

[xonbuuk [lers moexan 3umoii Ha gady. Korna on mpuexan, oka3ajaoch, YTO B JIOME ObLIO
OUYEHb XOJIOJHO, U OH PELIWII 3aTONUTH NeuKy. ONpeaenuTe KoJIu4ecTBO IPOB B KI', KOTOPOE
HeoOxoauMo cxeub [lere, yToOBI HarpeTh KOMHATY 00BEMOM 40 M° 110 25 °C, eci HaYATbHAS
TeMriepaTypa kKomHatsl -15 °C, Temoémkocts Bo3ayxa 1005 [x/kr-°C, mioTHOCTh Bo3ayxa 1,21
KI/M° a CTaHapTHBIE TEMIOTH 0OPA30BAHMS BEIIECTB PEACTABICHE! B TAOIHILC.

Lemmronosa
BemectBo (CeH10s5) COy T H,O, r
AH® kJIx/Moab -988,6 -393,5 -241,8

Onenure noyueHHoe perieHue. B 4éM MoryT ObITh IPUYUHBI MTOIYYEHUS TAKOTO 3HAUCHHS?
OtBer o0ocHyiiTe.

Pewenue:

JlpeBecruHa B OCHOBHOM cOCTOMUT M3 11euTr0s103bI (CsH19O05). 3anumiem e€ peakiyio ropeHus:
CeH1005 (1) + 8,5 O2 (1) = 6 CO2 (1) + 5 H20 (1)

Teneps paccunTaeM SHTAIBIINIO PEAKIMK ropeHus u3 AfH®

AH° = 5*AH°(H,0) + 6*¥AH°(COy) - AH® (CgH100s) = 5*(-241,8) + 6*(-393,5) — (-988,6) = -
2581,4 x/I»/Moib.

Takum o0pa3om, mpu CHKUTAHUHM 1 MOJIS 1IEJUTI0I03bI BeIaemsieTcs 2581,4 kJ[>K TernoThI.

Temneps paccunTaeM TO KOJIMYECTBO TETIIOTHI, KOTOPOE HEOOXOAUMO COOOIIUTH BO3AYXY B
KOMHATe 4ToObI HarpetTh ero ot -15 1o 25°C:

Q=40 M * 1,21 xkr/m® * 1005 [ix/xr °C * 40 °C = 1945,68 kK TEIUIOTHL.

TakuMm oOpa3zom, [u1g 060rpeBa KOMHATBI OTpedyeTcs cxkedb Bcero 0,75 MoJIb EITI0I03bl WU
121,5 r opos.

Ortser: 121,5 r npos=0,121 xr npos
B peansHOCTH TpebyeTcs ropa3ao Oosibliee KOJINYECTBO JPOB TaK KaK:

1) [peBecuHa cropaeT He MOJIHOCTHIO, OOJIBIIOE KOJINYECTBO HEIUTIONIO3BI Pa3iaraeTcsi 10
MPOCTOTO YTJIs (M YJIETaeT B BUJIE CAXKH) C MOTJIOMIEHUEM TEIUIOTHI

2) B nmpoBax 00b1uHO ObiBaeT 10 30% BOJBI M TAKUM 00pa30M HEKOTOPAsi 4YaCTh YHEPTHUH
TPaTUTCS Ha €€ Harpes

3) Bo3ayx Takke MOXET OBbITh BIQXKHBIM H €r0 TEIIOEMKOCTh CHIIBHO TIOBBICHTCSL.

Bapuanm 2

[konpauK [leTs moexan 3uMoit Ha gauy. Korna oH nmpuexan, oka3anoch, 4TO B JOM€ OBLIO
OYEHb XOJIOJTHO, U OH PEIINJ 3aTONUTh Neuky. Onpeaenure KoJInuecTBO APOB B KI', KOTOPOE
HeoOxoaumo cxeub [lere, uToObl HarpeTh JoM 00BEMOM 200 M° 10 20 °C, eciu HavaIbHas



teMriepaTypa komHatsl -10 °C, Termoémkocts Bo3ayxa 1005 JIx/kr-°C, mmoTHOCTH Bo3ayxa 1,21
Kr/M a CTaHJapTHBIE TEIUIOTHI 00Pa30BaHUS BEIIECTB MPEICTABICHBI B TAOIHUIIE.

[Hemnronio3a
BemectBo (CoHgOs)T CO,, T H,O, r
AfH® xJ[x/M0I1b -088,6 -393,5 -241,8

Onenure moyueHHoe perieHue. B 4ém MoryT ObITh IPHYUHBI TOJTYYEHUS TAKOTO 3HAUCHHS?
OtBet 060CHYyIHITE.

OtBet: 458,3 r apos = 0,458 xr qpoB

Bapuanm 3

[xonbuauk [lets moexan 3umoii Ha gady. Korna on mpuexan, oka3ajaoch, YTO B JIoMe ObLIO
OYEHb XOJIOJJHO, U OH PELIMJI 3aTONUTh Nedky. Onpenenure KOJIU4eCTBO APOB B KI', KOTOPOE
HeoOxoaumo cxeub [lere, uToObI HarpeTh KOMHATY 00BEMOM 30 M 1o 25 °C, ecnu HayajgbHas
Temreparypa KoMHatsl -5 °C, TemnoéMkocTb Bozayxa 1005 Jx/kr-°C, mioTHocTh Bo3ayxa 1,21
KI/M° a CTaHapTHBIE TEMIOTH 0OPA30BAHMS BEIECTB IPSACTABICHD! B TAOIHILE.

[emonoza
BemectBo (CoHigOs)T COy T H,O, r
AfH® xJ]x/M0IIb -988,6 -393,5 -241,8

OreHuTe MoMy4eHHoe perieHrne. B 4émM MoryT ObITh MPUYHHBI TOTYYEHHUS TAKOTO 3HAUCHUS?
OTtBeT 060CHYHTE.

Otgert: 68,8r n1poB = 0,068 kr 1poB

Bapuanm 4

[xonbauk [leTs moexan 3umoii Ha gady. Kornma on mpuexan, oka3aaoch, YTO B JIoMe OBLIO
OYEHb XOJIOJTHO, U OH PEIINJI 3aTONUTh NIeuKy. OJIHAKO 0Ka3aj10Ch, YTO HA JJa4€ €CTh TOJIBKO
caxap. Omnpegenure CKOJIBKO caxapa B rpaMMax Heo0X0auMo cxedb [lete, yToObI HarpeTh
KOMHAaTy 00BbEéMoM 40 M° 110 25 °C, ecit HavalbHas TeMriepatypa KomHatsl -15 °C,
termoéMKocTh Bozayxa 1005 Jlx/kr-°C, minotHocTs Bo3ayxa 1,21 Kr/M° a CTaHJIapTHBIE TEIITOTHI
0o0pa3oBaHUs BEIIECTB MPE/ICTABICHBI B TAOIHIIE.

Caxapo3a
BemecTBo CuaHpO11 CO, 1 H,O,r
AH° xJIx/Moab -2222,1 -393,5 —241.8

OuenuTe noyvyeHHoe perieHue. ['oput iau caxap npu 0ObIYHBIX yelIoBUsAX? UTo HYKHO
U3MEHHTD, 4TOOBI peaklus Havaia nporekars? OTBeT 000CHYHTE.



OrtBer: 129,1 1 caxapa

Bapuanm 5

[xonbuauk [lets moexan 3umoii Ha gauy. Korna on mpuexan, okazajlock, 4TO B JOME ObLIO
OUYCHb XOJIOJJHO, M OH PELIMJI 3aTOMUTH MeuKy. OTHAKO 0Ka3aJI0Ch, YTO HA /1a4€ €CTh TOJIBKO
caxap. Onpezenure CKOJIBKO caxapa B rpaMMax HeoOXo1umo cxedb [lete, 4ToObI HarpeThb JoM
06BEMoM 200 M° 10 20 °C, eciy HaYATbHAS TeMITepaTypa KOMHATHI -10 °C, TeII0EMKOCTS
Bo3yxa 1005 Jix/kr-°C, mioTHOCTs Bo3ayxa 1,21 kr/mM°® a cTaHzapTHEIE TEIIOTH 06pa3oBaHMs
BEILIECTB IPE/ICTABIICHBI B TA0IHIIE.

BemectBo Caxapo3za COy T H,O, r
AH® KJTic/Mo 22221 3935 2418
f C12H22011 ’ '

Onennre noydeHHoe perienue. ['oput nm caxap npu oOBIYHBIX yCI0BUAX? UTO HYKHO
U3MEHUTH, 4TOOBI peaklus Havasa nporekars? OTBeT 000CHYTE.

Otgert: 484,0 T caxapa

3aoaua Ne3. Xumuueckuii cunmes 6 oomawinux ycnosuax. 20 oannoe

Bapuant 1. Ilpeanoxure 10 BewiecTs, KOTOpble MOTYT ObITh I1OJIy4€HBI B OJHY UM HECKOJIBKO
CTaJuil ¢ UCIOJIb30BAaHUEM B KaU€CTBE HCXOHBIX BEIIECTB TOJAbKO TEX, KOTOPbIE BXOAT B
cocTaB domauineli anmeuxu. [IpuBennTe ypaBHEHUS] COOTBETCTBYIOIINX PEAKIIMM, YKaXKUTE
YCIIOBUS UX OCYIIECTBIICHHUS.

Pewenue (0oun us 603moxicHbIX 86apUAHMO8):
2KMnO,4 = K;MnOy4 (1) + MnO; (2) + O, (3) (arpes)
2NaHCO3; = Na,CO3 (4) + H,0 (5) + CO; (6) (narpes)

3Na;CO3 + 2CH4(COOH)(OC(O)CH3) = 2C¢H4(CO,Na)(ONa) (7) + CH3COONa (8) + 3CO,
(narpes)

Na,COs + ZB(OH)g = 2NaBO, (9) + CO,+ 3H,0 (CHJ‘I&BJ‘IGHI/IG)
2AgNO; = 2Ag (10) + 2NO;, (11) + O, (HarpeB)

Bapuanr 2. Ilpennoxure 10 BemiecTB, KOTOpble MOTYT OBITH ITOJIY4€HBI B OJJHY WJIM HECKOJIBKO
CTaJuil ¢ UCTOIB30BaHUEM B Ka4ECTBE MCXOIHBIX BELIECTB TOJABKO NUlLe8blX NPOOYKHIOE.
IIpuBenuTe ypaBHEHHS COOTBETCTBYIOIIMX PEAKLIMN, YKAKUTE YCIOBUS UX OCYLICCTBICHUS.

Bapuant 3. Ilpeanoxwure 10 BeiecTs, KOTOpble MOTYT OBITh ITOJyY€HBI B OJHY UJIM HECKOJIBKO
CTaJuil ¢ UCTOJIb30BaHUEM B KaUE€CTBE HCXOHBIX BEIIECTB TOJABKO Cpedcme Oblmosot Xumuil.
[TpuBennTe ypaBHEHUS COOTBETCTBYIOIINX PEAKLINN, YKAKUTE YCIOBHS UX OCYLLIECTBICHHUS.



Bapuant 4. Ilpeanoxwure 10 BemecTs, KOTOpbIe MOTYT OBITH MOJyYEHBI B OHY MM HECKOJIBKO
CTaJuii C UCIIOJIb30BAHUEM B KQUECTBE HCXOAHBIX BEIIECTB TOJIBKO M06ap08 01 cA0080008.
[TpuBeauTe ypaBHEHUS COOTBETCTBYIOLINX PEAKINHN, YKQXKUTE YCIOBUS UX OCYLIECTBICHHUS.

3aoaua 4. Coceou. 20 oannoe

Bapuant 1. J[Ba snementa 91 u 2, Haxongmmecs B coceaHux Kierkax [lepuomnueckoit
CHUCTEMBI, O0O0JIaJal0OT CXOKUMH XUMHUYECKUMH CBOHMCTBaMH. KaXIbplii 3JeMEHT mpu
OTpeNIeTEHHBIX YCIOBUSAX PearupyeT ¢ MOJICKYJISIPHBIM BOJOPOJIOM C 0Opa30oBaHUEM TBEPIOTO
coequHeHusi. MaccoBasi 7011 Bogopoaa B HuX cocrtasisieT 12.7 % muga 91 u 7.7 % nna I2.
[Tomy4yeHHBIE TBEpBIC COSAMHEHUS Pa3IaraloTcsl BOJIOM ¢ 0Opa3oBaHHEeM OECIBETHOTO ra3za 0e3
BKyca U 3amaxa. Onpegenute siaeMeHTbl 1 W 2, HANUIIUTE YpPaBHEHUS] MPOTEKAIOIIUX
peakiuii M YyKaKUTE YyCIOBHS HMX IMpoBeneHus. Hamumiure ypaBHEHHS peakIMil cropaHus
npocteix BemiectB 1 u D2 nHa Bo3ayxe. IllpuBenure AOMOIHUTENbHBIE MPUMEPHL,
WJUTIOCTPUPYIOUTUE CXOKECTh XUMUYECKOTO MOBEACHUS ATUX JIEMEHTOB U UX COCAMHEHUM.

Pewenue

B o6mem Buze dbopMyna BOJOPOAHOTO COEAMHEHHUS MOXET ObITh 3amucaHa kak OHy, rae x —
CTEIEHb OKUCIIEHHUS DJIEMEHTA.

3Has MacCOBBIC A0JIn BOJAOpOZaa B BOAJOPOJHBIX COCIUHCHUAX, MOXKHO ONPCACINTE HCU3BCCTHLIC
JJICMCHTHEI.

[ mepBoro anemeHTa:

M(H) - x
w(H) =
M(H) -x + M(31D)
0127 = 1%
T x+ M)
() — 0873x _
0,127 x

Ipu x = 1 monmyuaem Li. AHamOrMuHO I BTOPOTO 3JIEMEHTa IpHu X = 2 moiydaem Mg.
YpaBHEHHUsI peakIuil:

2Li + Hy = 2LiH (narpeBanue)

Mg + H; = MgH; (narpeBanue)

2LiH + H,0 = 2LiOH + H,

MgH; + 2H,0 = Mg(OH); + H,

2Mg + O, = 2MgO

2Mg + N, = MgsN; (B cocTaB Bo3ayxa BXOIUT a30T)

4Li + O, = 2Li1,0

6Li + N, = 2Li3N



CxoxecTh B CBOMCTBaX MOXKET OBbITh NPOWUIIOCTPUPOBAHA, HANpUMEp, TEPMUUYECKUM
pa3I0KEeHNEM HUTPATOB ¢ 00pa30BaHUEM OKCHUOB:

4LINO3 = 2Li,0 + 4NO; + O,
2Mg(NOs3), = 2MgO + 4NO; + O,
Otser: Li, Mg.

Bapuant 2. J[Ba snementa 1 u 2, Haxongmmecs B coceaHux Kierkax [lepuomnueckoit
CUCTEMbI, OO0IAJal0T CXOXXUMHU XHMHUYECKUMHU cBoiicTtBamu. W3BecTHO coenunHenue 1 ¢
yraepoaoM (MaccoBas JoJis yriaepoaa coctaBiser 72.7 %), npu oOpaboTke KOTOPOTO CONSTHON
KHCIIOTOHM BBIJENSETCS T'a3, UMEIONINI TUIOTHOCTh O Bojgopoay 13. D2 ¢ yriepomom obpaszyer
COCMHEHUE, MaccoBas JIOJIs YIJiepoja B KOTOpoM coctaBisieT 25 %, a mpu o0paboTke
MOJYYEHHOTO COCIMHEHUS COJSHOM KHCIIOTOM BBIAENSETCA TIa3, UMEIOIUNA IUJIOTHOCTh IO
Bozopoay 8. Onpexnenute meMeHThl 1 ¥ J2, HaUIIUTE ypaBHEHUS MPOTEKAIOIINUX PeaKuil u
YKQXHUTE YCJIOBHUS HMX IMPOBEICHHSA. B cOocTaB Kakoro MuHEpajga BXOIAT 00a ITHX dJIeMeHTa?
Hanumwure ypaBHeHus peakuuil B3aumozeiictsus A1 u 2 co ménousto. [lpusenure
JIOTIOJTHUTEIbHBIE TPUMEPBI, WJUTIOCTPUPYIOLIUE CXOXKECTh XMMHYECKOTO TMOBEICHUS 3THX
3JIEMEHTOB M UX COCTUHEHHI.

Otset: Be,Al

Bapuant 3. JI[Ba snementa 1 u I2, Haxongmuecs B coceaHux Kierkax Ilepuomnueckoit
CHUCTEMBl, OOJIaJJaloT CXOXKUMHM XUMHMUYECKUMM cBoiicTBamu. IIpocTele BemecTBa Impu
OIpeNIeNIEHHBIX YCIOBUSX AKTUBHO B3aMMOJICHCTBYIOT C BOAOPOAOM, 00pa3ys MpOIYKTHI,
MaccoBasl 10JI1 BOJOpoAa B KOTOpbIX cocTaBiseT 11.2 % nna 1 u 2.7 % nna 2. M3BecTHO
TaK)Ke U Jpyroe coequHeHue 1 ¢ BOZOPOJOM, MaccoBast 1011 BOLOPOAA B KOTOPOM COCTaBIISIET
5.9 %. Ilpu cxuranuu Bo GTOpe MpOCTOro BemecTBa I2 oOpa3yeTcs ra3, CKUKAIOLIUICS HIKe
10 °C B XenTo-3eN€HYI0 B3pPBIBUATYIO MKHJKOCTb, BOCIJIAMEHSIOUIYI0O OETOH M MECOK.
Onpenenure snemMeHTsl 1 M D2, HANUMIIWTE YPAaBHEHHs NPOTEKAIOUIMX PEAKLIUN U YKaKUTE
ycinoBus MX mpoBefeHus. Kakue mnpoctele BemecTBa oOpasyer snemeHT 1?7 Hamummute
U3BECTHBIE BaM coeluHEHMs 37eMeHToB 1 u I2 mexnay coboil. Kak MOXXHO MOIy4uTh 3TH
OunapHble coenuHeHusi? IlpuBenuTe npuMepbl, WUTIOCTPUPYIOLIUE CXO0KECTh XMMHUYECKOIO
MIOBEJICHUS ITUX DJIEMEHTOB U UX COEANHEHU.

Otsert: O, CL

Bapuant 4. J[Ba snementa 91 u I2, Haxongmmecs B coceAHuX Kierkax [lepuommueckoit
CHUCTEMBI, 00JaZal0T CXOKUMHU XUMHUYeCKMMH cBodcTBamu. 11 D1, u D2 obpasyror Oombioe
KOJIMUECTBO Pa3HOOOpA3HBIX MPOCTHIX BemiecTB. [Ipy ckxMraHuM MpPOCTHIX BEHIECTB B M30BITKE
XJIOpa U MPUBEJACHUH MPOAYKTOB peaklMM K KOMHATHOW TemIiepaType o0pa3yroTcsl mpo3paydHas
OeclBeTHast KUIKOCTb, YCTOWYHMBAasi Ha BO3JyXxe M Oeloe TBEepAOe BELIECTBO, IbIMAIIEE Ha
BO3/Iyxe. MaccoBas J10JIsl XJIOpa B MOTYyYEHHBIX COSIUHEHUSIX cocTaBiseT 92.2 % B ciayyae I u
85.1 % B ciydae J2. Omnpenenure 3meMeHTsl 1 U 2, HaNUIINUTE YPABHEHMS MTPOTEKAIOIINX
peaklMil U YKaKUTE YCIOBUS MX MpoBeeHus. Hanummre ypaBHEHUS peakinil B3auMoAeCTBUS
npocTeix BemecTB A1 u A2 ¢ amomMuHMEM. YTO NPOU30MAET, €ciau K MOJIYyYEHHBIE MPOTYKTHI



06muTh Bomoi? [lpuBenuTe mpUMEpHl, WILTIOCTPUPYIOMIUE CXOKECTh XUMUYECKOTO TOBEACHUS
31eMeHTOB J1 1 D2 U UX COSTUHEHUN.

Otser: C, P.

Bapuanr 5. /IBa snementa 1 u I2, Haxomsmmecs B coceaHux kierkax [lepumonnueckoi
CHCTEMBI, 00JaJIal0T CXOXKUMH XHMHUYECKUMHU cBoiicTBaMu. OAMH W3 3JIEMEHTOB 3aHMMAET
BTOPOE MECTO I10 pacnpocTpanéHHocTH Ha 3emie. [Ipu cxxuranuu mpocThIX BEHIECTB BO pTope U
NPUBEJICHUN MPOAYKTOB pEaKkIMM K KOMHAaTHOM Temrieparype s J1 oOpasyercst OeclBeTHBIH
ra3, UIMEIIIUN TIOTHOCTh 10 Bojopoay 34, a st 32 - OECIBETHBIN ra3, UMEIONIHIA TUIOTHOCTh
1o Bogopony 52. Ilpu pacTBOpeHMM Ka)kOro ra3a B BOJI€ PEAKIMS CPEAbl CTAHOBUTCS KUCIIOM.
UTo mpoMCXOAUT MpHU CMEUIEHWH STHUX Ta30B € ra3oo0pa3HeiM ammuakoM? Orpenenure
sneMeHThl 1 W D2, HANUIIUTE ypaBHEHUS MPOTEKAIOIIMX PEAKIMl U YKaKUTE YCIOBUS MX
npoBeneHus. IlpuBenure  JOMONHUTENbHBIE MPUMEPBI, HIIIIOCTPUPYIOIIME  CXOXKECTh
XUMHUYECKOTO MOBeIeHUs 371eMeHTOB D1 1 I2 U UX COCTMHEHUM.

Otsert: B, Si.

3aoaua 5. be3 ¢00wi. 20 6annoe

Bapuant 1. Ilpennoxure crnocod cuHTe3a 6Oe3600Hoco HuTpaTa THTana (IV) ucnonn3ys B
kaduecTBe ucxoaHeix TOJIBKO mnpocteie BemiectBa. Ecnu juisi mpoBeieHUs peakiuid Bam
noTpeOyYIOTCSl BCIOMOTaTeIbHbIE BEIIEeCTBA (PACTBOPUTEINN, KATAIM3aTOPHI U T.I1.), TO BbI TAKXKe
JIOJKHBI HallUCaTh UX CUHTE3 U3 MPOCTHIX BEIIECTB. YKAKUTE YCIOBUS IPOBEICHUS PEAKLIUMN.
Kakumu mpumecsMu MoXKeT OBITh 3arpsi3HeH KOHeuHbld mpoaykt? Ilpemnoxkwure cmocob ero
OYUCTKH.

Pewenue (ooun uz eapuanmos)

FHaBHOG, YTO JOJI?KHO OBITH B peUICHUHN 3aJaul — HE UCIIOJIb30BATh B XOA€ CUHTE3a KOHCYHOI'O
MMpOAYKTa BOJHBIC PACTBOPHBI WJIM HE HCIOJB30BATH PACTBOPLI BOO6H_IC. HonyquI/Ie a30THOH
KHCJIOTBI U3 IPOCTHIX BCUICCTB!: last cragust — CHHTE3 aMMHUaKa:

N2 + 3H; = 2NHg, (kat. XKeneszo + Al,O3) 2Al + 1,50, = Al,O3 (t) (1 6amn)

2as — ero katanutudeckoe okucienue a0 NO,

2NH3; + 2,50, = 2NO + 3H,0 (kart. mnaruna) (1 6amn)

3-as oxucienne NO o NO,

NO + 0,50, = NO; (peakius mpotekaet 63 JOMOHATENBHBIX yeIIoBUH) (1 Gam)

4as peaxrus NO; ¢ BOJ10i B TPUCYTCTBUH KUCIOPO/A.

2NO; + H,0 + 0,50, = 2HNOj3 (peakuust mpoTekaet 6e3 JOMOTHUTENBHBIX ycnoBuit) (1 6amn)

Cunre3 Benercsi ¢ ucnoiab3oBaHueM N;Os, KOTOpBI MOXKET OBITH MONyYeH 00€3BOKUBAHUEM
A30THOM KHUCIIOTHI ¢ TOMOIIBI0 oKcuaa Gocdopa:

4HNO3 + P40 = 2N,05 + 4HPOs3. (1 6ann)



Peakuuio crieayer mpoBOAUTH MpU MOHMKEHHOM TeMIIEpaType U B TOKE KUCIOPOAa, C IPUMECHIO
030Ha [ ipenoTBparienus paznoxkenus NyOs. (1 6amr) OcHOBHBIC TPUMECH — OKCHIBI a30Ta B
Oonee HU3KUX cTeneHsx okucieHus (1 Oamr). B kayecTBe albTEpHATHBHOIO METOJA CHHTE3a
MOHO TpetoxkuTh okuciaeHue NO; o3oHoM 1o peakiun: NO; + O3 = N2Os + Oo.

KOHEUHBIN NPOAYKT MOJIyYaroT 110 PEaKLIUU:
TiCly + 4N,Os = TI(N03)4 + 4NO,CI (6 6am1013)

Peakuuto npoBoasat B pactBope CCly. (2 6amta) YeThIpeXXJIOPUCThI TUTAH MOYKHO MOJYYHTh
IPSIMBIM CUHTE30M UJTU XJIOPUPOBAHUEM TUOKCUIA.

Ti + 2Cl, = TiCly (1 6am)

OCHOBHO# €ITOCOO OYHMCTKM KOHYEHOTO NMPOJYyKTa — MepecyOonuMariis B Bakyyme. (2 Gaa)
OCHOBHbBIC IPUMECH — OKCHJIbI a30Ta B O0Jiee HU3KUX cTeneHsax okucieHus kuciaopoa u NOCI (2
Oain).

Bapuant 2. Ilpemnoxure crmocob cuuTe3a 6Oe3600n020 CrO(NO3), (HuTpata Xpommia)
ucnonb3ys B kauecTBe ucxoaubix TOJIBKO npocteie BemecTBa. Ecnu uist mpoBeneHus peakuuit
BaM IOTPEOYIOTCS BCIIOMOTATENIbHBIC BEIIECTBA (PACTBOPUTEINH, KATaIW3aToOpbl U T.I.), TO BBI
TaKXe JOJDKHBI HAlMCaTh UX CHHTE3 M3 IMPOCTHIX BEHICCTB. YKaXUTE YCIOBHUS MPOBEICHHS
peaknuii. Kakumu mnpuMecsiMi MOXXET OBbITh 3arpsi3HEH KOHEYHbIH mnpoaykt? [Ipemnoxwure
CIoco0 ero O4YNUCTKH.

Bapuant 3. [Ipemnoxure cnocod cuntesa Heszsoonozo ClI(NOs3) (HuTpata Xjaopa) UCHONb3YS B
kauectBe ucxomHsix TOJIBKO mpocteie BemectBa. Eciau ans mpoBeaeHus peakiuii Bam
noTpeOyIOTCSl BCIIOMOTaTeNIbHBIC BEIIECTBA (PACTBOPUTENH, KATaIU3aTOPhI U T.I1.), TO BbI TAKKE
JOJKHBI HAIMMCaTh WX CHUHTE3 W3 MPOCTHIX BEIIECTB. YKAKUTE YCIOBHUS MPOBEICHUS PEaKIUi.
Kakumu mpumecsiMu MOKET OBITH 3arps3HeH KoHeuHbl mpoaykt? Ilpemmnoxute crocod ero
OYHCTKH.

Bapuanr 4. [Ipennoxute cnocod cunresa 6ezsoonozo Br(NO3) (HuTpaTa Opoma) MCIONB3ys B
kauectBe ucxonHbiXx TOJIBKO mnpocteie BemectBa. Eciam s mpoBeneHUs peakuuid Bam
noTpeOYIOTCSl BCIIOMOTaTeIbHbIE BEIIEeCTBA (PACTBOPUTENHN, KATAIM3aTOPHI U T.I1.), TO BbI TAKKe
JIOJKHBI HallUCaTh UX CUHTE3 U3 MPOCTHIX BEIIECTB. YKAXKHUTE YCIOBUS MPOBEICHUS PEAKLIUMN.
Kakumu mpumecsMu MoOXKeT OBITh 3arpsi3HeH KOHeuHbld mpoaykt? Ilpemnoxkure crmocob ero
OYUCTKH.

Bapuant 5. Ilpemnoxure cnocod cunTe3a 6e3goonoco |(NOs); (HuTpaTa Hoja) MCHONB3YS B
kauectBe ucxonHbix TOJIBKO mnpocteie BemectBa. Eciam s mpoBeneHus peakuuid Bam
noTPeOYIOTCSl BCIIOMOTaTeIbHbIE BEIIeCTBA (PACTBOPUTEINHN, KATAIU3aTOPHI U T.I1.), TO BBl TAKXKE
JIOJKHBI HallUCaTh UX CUHTE3 U3 MPOCTHIX BEIIECTB. YKAXKHUTE YCIOBUS MPOBEICHUS PEAKLIUMN.
Kakumu mpumecsiMu MOKET OBITH 3arps3HeH KoHeuHbI mpoaykt? Ilpemmoxute criocod ero
OYHCTKHU.



10 kaace

3amauya Ne 1. 20 6anioB

Bapmuanr 1. Cmech aByx HUTpaTOB MeTaiioB Maccoit 20,0 r npokanuiu npu temneparype 600
°C u nanenun 1 armocdepa. [pu 3tom nomyunu 15,04 11 ra3000pa3HBIX MPOIYKTOB,
IUIOTHOCTh KOTOPBIX IIPU AaHHBIX YCIOBHSX cocTaBmuia 1,18 r/in. Onpenennure BO3MOKHBIHI
Ka4eCTBEHHBIN M KOJIMYECTBEHHBIH (B MAaCCOBBIX JI0JIIX) COCTaB CMECH.

Pewenue:

1. OnpenenuM MoOJIbHBIN 00bEM raza Npu YKa3aHHBIX YCIOBUSIX.
Vin=22,4-(273,15+600) : 273,15 = 71,6 n/mo1b.

Torpaa cpenHss MoJiipHasi Macca ra3a CoCTaBJIseT

M=71,6 - 1,18 = 84,49 r/moinnb

KonmgecTBo BemiecTBa MOIy4eHHBIX ra3000pa3HbIX MPOAYKTOB cocTaisier 0,21 Monb

2. TlonyueHHOE 3HAYEHHE CPEAHEH MOJIIPHON MAcChl yKa3bIBaeT Ha TO, YTO IIOMUMO JHOKCH/IA
a30Ta ¥ KHCIIOPO/Ia B COCTAB ra30BOM CMECH BXOJUT €Ille KaK MUHUMYM OJIMH, IIPUTOM TSKEIIBII
komitoHeHT. C GOJIBIION J10JIel BEPOSITHOCTH TAKMM KOMIIOHECHTOM SIBJIIETCS PTYTh,  OJIUH H3
uckoMbix HEUTpaToB — HY (NO3), umm Hgo(NO3),:

Hg(NOs3), = Hg + 2NO;, + O,

Hg2(NO3), = 2Hg + 4NO, + 20,

3. PaccMOTpUM BO3MO>KHBIE BapUAHTBHI:

A) BTOpOI HUTpAT pazjaraercs 0 HUTPUTA B KHCI0poaa. Tora BO3MOKHO YEThIpE BapHaHTA:
(1) x monb Hg(NO3), + y Mo MNO3

(2) x momb Hg(NO3), + y Mmoas M(NO3),

(3) x moss Hg2(NO3), + v mois MNO3

(4) x monb Hg2(NO3), + y mosie M(NO3),

(1) Cpennsist MossipHast Macca ra3000pa3HbIX MPOYKTOB Pa3I0KEHUSI COCTABISET

X - (200,6 +2-46 +32) +y - 16 =84,49 - (4x + 0,5Y),

npu 3Tom 4X + 0,5y = 0,21

Torma x = 0,056 moJib, y < 0 — penieHus: HeT

(2)x - (200,6 +2:46 +32) +y - 32=84,49- (4x +Y),

4x +y=0,21

MousipHast Macca BTOPOTO HUTpaTa coctaBiisieT 38,73 1/MOJIb — TAKMX HUTPATOB HET
(3)x - (200,6 - 2+2-46 +32) +y - 16 =84,49- (5x + 0,5y),

5x +0,5y=0,21



MounsipHast Macca BTOPOTO HUTpATa COCTaBIsIeT 26,7 I/MOJIb — TAKMX HUTPATOB HET
(4)x - (200,62 +2-46 +32) +y-32=84,49 - (5x +Y),

5x +y=0,21

MounsipHasi Macca BTOpOTro HUTpaTa cocTaBisieT 42,9 r/MoJib — TAKMX HUTPATOB HET

b) BTOpOIi HUTpAT pasznaraercs 10 OKCHIAa MeTajlla, TMOKCH Ia a30Ta U Kuciopojaa. Torma
(cuuTas, 94TO CTENEeHb OKMCIICHHUS MEeTaJljla TIPU TOM OCTAeTCs HEM3MEHHOM ) TaKKe BO3MOKHO
YeThIpe BapUaHTA!

(1) x Mo HG(NO3), + y moss M(NO3),

(2) x moss HY(NO3), + y mosis M(NO3)3

(3) x mostb Hg2(NO3), + y Mo M(NO3),

(4) X mosb Hg2(NO3), + y Mmoss M(NO3)3

(1) Cpennsis MosisipHast Macca ra3000pa3HbIX MPOILYKTOB Pa3I0KEHUS COCTABISAET
X+ (200,6 +2-46 +32) +y - (2:46 +0,5-32) = 84,49 - (4x + 2,5Y),

pu 3ToM 4X + 2,5y = 0,21

Torma x = 0,041 monb, Yy < 0 — pemeHust HET

(2) x - (200,6 +2:46 +32) +y - (3-46 + 0,75-32) =84,49 - (4x + 3,75y),

4x + 3,75y =0,21

y <0 — pemeHus HeT

3)x - (200,6:2 +2:46 +32)+y - (246 +0,5-32) =84,49 - (5x +2,5y),

5x +2,5y=0,21

Momnsiprast Mmacca BTOporo Hutpata coctapiser 189,0 r/Moiab — 9TO HUTpPAT IIUHKA.

KonuuecTBo BemecTBa 06oux HUTpaToB cocTasisger 1o 0,028 monb. Torna maccosast 1ois
HuTpata ruHKa coctasiseT 0,028*%189/20 = 26,46%, maccoBasi 0J11 HUTpaTa AUPTYTH —
73,54%.

Omeem: cmecw cocmoum u3 26,46% ZnN(NOs), u 73,54% Hg2(NO3)s,.

Bapuanr 2. CMech AByX HUTpaTOB MeTauioB Maccoi 15,0 r mpokanuinu npu temneparype 600
°C u nasyennu 1 armocgepa. Ipu aTom nonyumsu 13,78 11 ra3000pa3HbIX POLYKTOB,
IUIOTHOCTh KOTOPBIX IIPU AaHHBIX YcIoBHsIX cocTaBuia 0,85 r/in. Onpenenure BO3MOXKHBIHI
KaueCTBEHHBIN U KOJIMYECTBEHHBIH (B MaCCOBBIX JIOJISIX) COCTAaB CMECH.

Omeem: 51,25% Cu(NO3), u 48,75% Hg(NO3),.

Bapuant 3. CMmech aByx HUTpaToB MeTauioB Maccoi 10,0 r npokanuinu npu temneparype 700
°C u nasiennn 1 armocgepa. [pu aTom nonyuwsu 9,43 11 ra3000pa3HbIX MPOLYKTOB, IJIOTHOCTD



KOTOPBIX MPH JAHHBIX ycJIoBUsIX cocTaBuia 0.984 r/n. Onpenenute BO3MOXKHBIA KaueCTBECHHBIN
Y KOJIMYECTBEHHBIN (B MAaCCOBBIX JIOJSAX) COCTAB CMECH.

Omeem: 29% Al(N03)3 u 1% ng(N03)2

Bapuanrt 4. Cmech 1ByX HUTpaTOB MeTaiIoB Maccoit 20,0 r npokanunu npu temneparype 700
°C u nanenun 1 armocdepa. [pu 3tom nomyunnu 12,38 11 ra3006pasHbIX POITYKTOB,
IUIOTHOCTh KOTOPBIX MPU JAHHBIX YCIOBUsX cocTaBmia 0,736 /1. Onpenennute BO3MOKHBIH
KaueCTBEHHBIN U KOJIMYECTBEHHBIH (B MaCCOBBIX JIOJISIX) COCTAB CMECH.

Omeem: 50% AI(NO3); u 50% Hg(NO3)s,.

Bapmuanr 5. Cmech 1Byx HUTpaTOB MeTaiIoB Maccoit 20,0 r npokanuinu npu temneparype 550
°C u naBnenuu 1 armocdepa. ITpu stom nomyunnu 21,43 11 ra3000pasHbIX IPOAYKTOB,
IUIOTHOCTh KOTOPBIX MPU AaHHBIX ycIoBUsAX cocTaBmia 1,102 r/n. Onpenennute BO3MOKHBIM
KaueCTBEHHBIN U KOJUYECTBEHHBIHN (B MAaCCOBBIX JOJISX) COCTAB CMECH.

Omeem: 50% Hg2(NO3), u 50% AgNO3

Bapmuant 6. CMmech 1Byx HUTpaTOB MeTaJI0B Maccoi 12,0 r npokanunu npu temneparype 550
°C u naBnenuu 1 armocdepa. ITpu stom nomyumna 9,00 J1 ra3000pa3HbIX IPOAYKTOB, INIOTHOCTh
KOTOPBIX MPHU JaHHBIX ycIoBUsAX cocTaBmia 1,041 r/n. Onpenenute BO3MOXKHBIN KaueCTBEHHBIH
Y KOJIMYECTBEHHBIN (B MACCOBBIX JIOJSAX) COCTAaB CMECH.

Omeem: 65,63% HQ2(NO3), u 34,37% AgNO3

3aoaua 2. «Kamuon nanocum omeemmnutii yoap». 20 é6annoe
Bapmuanr 1

CymecTBoBaHHE KaTHOHA X, COAEPIKAIIETo TOJIbKO OAMH JIEMEHT, ObUIO Mpejcka3aHo B 1986,
HO TOJIYYUTh €0 COeTUHEHU yaanoch Juiib B 1999. Haubonee ycroitunBas conb, cojepxKanias
ATOT KAaTHUOH, OOpa3yercs B pe3yibTaTe JABYX IOCIENOBaTENbHBIX peakiuil. B xone mepsoit
IIPOUCXOIUT B3aUMOJEHCTBUE rajloreHuaa X ¢ CHIBHOM KuciaoTol JIptonca, koTopas sBIsSETCS
OJIHUM W3 KOMIIOHEHTOB JUIsl TIOJIYYEHMsI CYNEPKHUCIOTHI. ENMHCTBEHHBIM NMPOAYKTOM IEPBOM
peaKkIuu SIBISETCS cojico0pa3HOe COEIMHEHHE C MacCOBOW jaojei katuoHa 16,6%. Ha BTopoit
CTaJIu¥ MPOAYKT U3 NEPBOM B3aMMOIEHCTBYET C BOJIOPOAHBIM COelMHEHNEM X ¢ 00pa3oBaHUEM
JIBYX BEIIECTB — COJMM KaTHOHa X U Jerkokumsmied xuakoctu (T KI/IH~2OOC) — BTOPBIM
KOMITOHEHTOM JIJIsl OJY4YEeHHsI CYNepKHUCIOThl. MaccoBasi 10J1s1 KaTUOHA B KOHEYHOM MPOJYKTE
27.6%. Ob6pa3yromiascsi coiib JIETKO OKUCISET BOJLY U MOHOOKCHJ a30Ta, HO HE OKHUCIISET XJIOp.
[IpennoxuTe cocTaB U CTpOeHHE KaTHOHA X. YKaXHUTE NPUUUHY, IOYEMY IPEJIOKEHHOE BaMU
CTpOEHHeE fABIIsEeTCS HanboJiee BEPOSATHBIM. B KakuxX yClIOBUSX HYXKHO MPOBOJUTH CHHTE3 COJIEH
KaTuoHa X? 3aluIlnTe YpaBHEHUE PEAKIIMU COJIM KaTHOHA X C BOJIOM, a TaKKE€ YpaBHEHUS BCEX
ONMCAHHBIX XMMHUECKUX MPEBPAILECHUN.

Pewenue:



N3 nipencTaBiieHHBIX CBOMCTB KaTHOHA CJIEAYET, YTO OH CUJIbHBIA OKUCIUTENb. [loaTOoMy, cCkopee
BCEr0, B peakUusAxX ydacTByeT (prop. B Takom ciydae, oOpasyromasics BO BTOPOH peakiuu
JIETKOKHUIIAIIAs KUIKOCTh — (ropoBogopon (1 6amm). [lepBast peakuusi — peakuus COeAMHEHUS,
MOSTOMY BCe ee ydacTHHKH (ropuabl. Hanbonee cuimpHbIMU KHciaoTamu JIpronca SBISIOTCS
¢dTopuIBl 3MeMEeHTOB 15 rpynmbl — MbImbAKa U CypbMbl (1 O6amr). @Topua CypbMBbl SBISETCS
KOMIIOHEHTOM CyINEpKUciaoT. OTCroa HCHOJIb3YyS 3TO IPEANOJ0KEHHUE, MOKHO IOCUHUTATh
MOJIEKYJISIPHYIO MacCy KaTHOHA

M = 235,7-0.166/0.834 = 47 r/moub.

OnemeHTa ¢ Takoi maccoil HeT. Eciu BbIUeCTh JBE aTOMHbBIE Macchl (Topa, TO ocraercs 9
I/MOJb, YTO TMOAXOJUT MOJ aTOMHYIO Maccy Oepusuiusi, HO OH HE MOXeT ObITh B c.0. +3.
Ocraercst BapuanT ¢ oaHUM (propoMm U1 M = 28 U 3TO MOXKET OBITH KPEMHHIA, HO OIAThH K€ B
HexapakTepHod c.0. +2 nubo aBa aszora(2 Oamna). Ilo BTOpoii MaccoBoi ojie MOXKHO
YCTaHOBHTH YMCIIO aTOMOB a30Ta B KATHOHE

M (xatuona) = 235,7-0,276/0,724 = 70 r/momns; 70 /mMomb : 14 r/Mons = 5 aromoB(3 Gaia).
IlepBas peakuus

N,F, + SbFs = NoF[SbFg] (3 Gamnna)

Bropas NoF[SbFs] + HN3 = Ns[SbFg] + HF (3 6ana)

Hckomas coib Ns[SbFg].

@ N’-:, o
F/ \b ”“l‘l‘
CprKTypa KaTUOHa YIOJIKOBas (2 63.]1]13) T.K. COOTBCTCTByIOIlII/Iﬁ

LHUKINYECKUM (pparMeHT UMEeeT aHTHAPOMATUYHOE YHCIIO AJIEKTPOHOB (2 6ainn).

Peaxkius ¢ Bogoit Ns[SbFg] + H,O = HF + SbOF3 + N, + O, (3 6aimna)

L

B 3aBucuMocTH OT KOJIMYECTBa BOJBI BO3MOXHBI U IPYTHe MPOAYKTHI THAPOIN3a eHTadTopuaa
CYpPBMBL.

Bapmuanr 2

CymiecTBoBaHME KaTHOHA X, COJIEPKAIIETr0 TOJIHKO OJUH 3IIEMEHT, ObLIO mpeackazaHo B 1986,
HO TIOJIYYUTh €Tr0 COeAMHEHHUs yAaanoch auiib B 1999. OnHa u3 conel, copepxaiiasi 3TOT KaTHOH,
oOpa3yercs B pe3ylbTaTe IBYX IOCIENOBaTeNbHBIX peakuuidl. B Xxoxe mepBoi MpoMCXOIUT
B3aMMOJIEUCTBHE TajloreHua X ¢ CWIbHOM KUCHOTOW JIbronca. EAMHCTBEHHBIM NPOIYKTOM
MEPBOM peakIlUu SIBISIETCS COJe00pa3HOe COeAMHEHHE ¢ MaccoBOi nonei karuoHa 19,9%. Ha
BTOPOM CTaJWM MNPOAYKT M3 IEPBOM B3aUMOAEHUCTBYET C BOJOPOAHBIM COEAUHEHHEM X C
o0pa3oBaHHEM JIBYX BEIIECTB — CONM KaThoHAa X M JIETKOKUIsIIeH xuakoctu (T KI/IH~200C) -
KOMIIOHEHTOM JUISl TIOJIYYEHHUs CYNEpPKUCIOT. MaccoBas 10151 KaTHOHA B KOHEYHOM MPOIYKTE
32.3%. Obpa3yromasicsi CoJib JErKO OKHCIISIET BOJY U MOHOOKCHJ] a30Ta, HO HE OKHUCIISIET XJIOP.
[Ipennoxure cocTaB U CTpOEHUE KaTHOHA X. YKaXUTE MPUUYUHY, MIOYEMY MPEITI0KEHHOE BaMHU
CTPOCHHUE SIBJIICTCS Hauboyiee BEPOSTHBIM. B KakuX yCIOBUSAX HY)KHO MPOBOAUTH CHHTE3 COJIEH
kKatroHa X? 3anuiinTe ypaBHEHUE PEaKIMK COJIM KaTHOHA X C BOJOM, a TAaK)KE YpaBHEHHUS BCEX
OMHUCAHHBIX XUMUYECKUX MIPEBPALLICHUMN.

Omeem.: Ns[AsFg]



Bapuant 3

CymiecTBOBaHHE KaTHOHA X, COJIEPKAIIET0 TOJIBKO OIMH AJIEMEHT, ObUIO TpeacKa3aHo B 1986,
HO TIOJIYYHTh €r0 COeAMHEHUs yAaanochk Juiib B 1999. Hanbonee ycroitunBas coib, copepxarias
9TOT KaTHOH, 00pa3yercs B pe3yJbTare ABYX IOCIENOBaTEIbHBIX peakmuid. B xome mepBoit
MIPOMCXOAUT B3aUMOJICHCTBUE TaJOTeHUAA X C JABYKPAaTHBIM HM30BITKOM CHJIBHOW KHCJIOTOMH
JIptonca, KoTOpasi SBIAETCSA OIHUM U3 KOMIIOHEHTOB [UIi TIOJYYCHHS CYINEPKHUCIOTHI.
EauHCTBEHHBIM TTPOIYKTOM TIEPBOM PEAKIIMHU SBIISETCS COJC00pa3sHOE COSIUHEHUE C MAaCCOBOM
noneit katnoHa 9,4%. Ha BTopoil ctaauu npoAyKT U3 MEpBOI B3aUMOJEHCTBYET C BOJOPOAHBIM
coequHEeHUEM X ¢ 00pa30BaHUEM JIBYX BEIECTB — CONHM KaTHOHA X ¥ JICTKOKHITSIIEH KUIKOCTH
(T KI/IH~2OOC) — BTOPBIM KOMIIOHEHTOM JUISl TOJY4eHUs CYNEpPKHCIOTBl. MaccoBas 1omns
KaTHOHa B KOHEYHOM mpoaykre 16.6%. OOpasyromascs coiib JeTKO OKHUCISET BOIY H
MOHOOKCH]I a30Ta, HO He OKuciseT xJjop. [Ipennoxure coctaB u cTpoeHrue KaTuoHa X. YKaKuTe
NPUYMHY, TMOYEMY IPEIIOKEHHOS BaMU CTPOCHHUE SBIIICTCS HanOoJiee BEPOATHBIM. B Kakux
YCJIOBHSIX HY)KHO TIPOBOJUTH CHHTE3 CoJied KarhuoHa X? 3aluIIuTe YpaBHEHHE PEaKIUU COJIU
KaThoHa X ¢ BOJIOH, a TaK)Ke YpaBHEHHS BCEX OMHMCAHHBIX XMMHUYECKUX MPEBpAIlCHUH.

Omeem Ns[Sb,F11]
Bapuant 4

CymiecTBoBaHUE KaTHOHA X, COJIEPKAIIEr0 TOJIbKO OJUH 3JIEMEHT, ObLIO mpezackazaHo B 1986,
HO TIOJIYYUTb €r0 COEAUHEHHUs yaanock auiib B 1999. OnHa u3 conel, conepxaiiast 3TOT KaTHOH,
oOpa3yercs B pe3ylbTaTe IBYX IOCIEIOBATEeNbHBIX peakuuid. B xone mepBoi MpoMCcXOauT
B3aMMOJIeiicTBUe TajoreHuaa X C JABYKPaTHBIM H30BITKOM CHUJIBHOW KucioTod Jlptouca.
EnMHCTBEHHBIM MPOAYKTOM MEPBOM peakluu SBISETCS COJIe00pa3HOe COeIMHEHUE C MAacCOBOM
noinen katuona 11,6%. Ha BTopo#i cTaguu npoayKT U3 NEPBOM B3aUMOJEHCTBYET C BOJAOPOIHBIM
coequHEeHUEM X ¢ 00pa30BaHUEM JIBYX BEIIECTB — COJM KaTHOHA X U JETKOKHIISIIEH KUAKOCTH
(T KHH~200C) —KOMIIOHEHTOM [UJIsl TIOJY4YEHUsl CYNEpKHCIOT. MaccoBasg A0Js KaTHOHA B
KoHeuyHoM npoaykTe 20.0%. O6pazyromascst Coib JIETKO OKUCIISET BOY U MOHOOKCH] a30Ta, HO
He okucisieT xjaop. [Ipemnoxure coctaB U CTpoeHHE KaThuoHa X. YKaXHUTe MPUUYHUHY, MOYEMY
MpeJIOKEHHOEe BaMU CTPOCHHE SIBIISIETCS HauOollee BEPOSTHBIM. B KakMX yCIOBHSIX HYXKHO
IPOBOAMTH CUHTE3 cojiell kaTnoHa X? 3anuIinTe ypaBHEHHE Peakuu COJIM KaTHOHAa X C BOJOH,
a TaK)K€ YpaBHEHUS BCEX OMHCAHHBIX XMMHUYECKUX MPEBPAILICHUMN.

Omeem N5 [ASZ Fll]

3agaua 3. 20 0a;1710B

Bapuanrt 1. [Ipeanoxute coco0 cunrtesa rekcaruanodeppara (11, II) kanus ucrnons3ys B
kauectBe ucxoaHbix TOJIBKO npocteie BemecTBa. Ecnu it mpoBeneHus peakiuii Bam
noTPeOYIOTCS BCIIOMOTaTeNbHBIE BENIECTBA (PACTBOPUTEINHN, KaTAIU3ATOPHI U T.11.), TO BBl TAKXKE
JTOJKHBI HAITUCATh UX CUHTE3 U3 MPOCTHIX BEIIECTB. Y KAXKUTE YCIOBUS IPOBEACHUS PEAKIUH.
Kakumu mpumecsiMu MOXKeET OBITh 3arpsi3HeH KOHeuHbIH npoaykT? [pemioxure criocod ero
OYUCTKH.

Pewenue (0oun uz sapuanmos).

H,+ Cl, = 2HCI (cBeT)



Fe + 2HCI = FeCl, + H,

2Fe + 3Cl, = 2FeCl3

N2 + 3H;, = 2NHj3 (Fe, narpes)

2NH3 x. + 2K = 2KNH; + H;

KNH, + C = KCN + H; (narpes)

FeCl, + FeCl; + 6KCN = K[Fez(CN)g] + 5KCI

Bapuanr 2. [Ipepyioxute cmocod cuaTe3a xsopoauoen3onBanaausi(l) ucmoap3ys B kauecTBe
ucxoaubix TOJIBKO npocteie BemecTBa. Eciu i1 mpoBeieHus peakiiuii BaM MoTpeOyroTes
BCIIOMOTaTeNbHbIE BEIECTBA (PACTBOPUTEIIN, KaTAIU3ATOPHI U T.I1.), TO Bl TAKIKE JTOJKHBI
HAIUCaTh UX CUHTE3 U3 MPOCTHIX BEUIECTB. Y KAKUTE YCIOBUA MIpoBeeHus peakiuii. Kakumu
MIPUMECSIMH MOXKET OBITh 3arpsi3HEH KOHSUHBINH TpoAyKT? [IpenoxkuTe crmocod ero O4ncTKy.

Bapuanr 3. [Ipennoxute crioco6 cunresa nuamnuionukensi(ll) ucnonb3ys B kauecTse
ucxoausix TOJIBKO npocteie BemecTBa. Eciau 11 mpoBeaeHus peakiuii Bam noTpedyroTcs
BCIIOMOTaTeIIbHbIC BEIECTBA (PACTBOPUTEIH, KATAIU3aTOPHI U T.11.), TO BBl TAKIKE JTOJIKHBI
HAIUCaTh UX CUHTE3 U3 MPOCTHIX BEUIECTB. Y KAKUTE YCIOBUA MTpoBeeHus peakiuii. Kakumu
MPUMECSIMH MOXKET OBITh 3arpsi3HEH KOHSUHBIA TPoayKT? [IpennoxkuTe crmocod ero OYrcTKy.

Bapuanr 4. [Ipenioxute crocod cuHTe3a JUTrHapara TeTpaaneTara JuXpoma UCIob3ys B
kauectBe ucxoaHbIx TOJIBKO npocteie BemecTBa. Ecnu anig npoBeaeHus: peakuuii Bam
NOTPeOYIOTCS BCIIOMOTaTeNbHbIE BENIECTBA (PACTBOPUTENH, KaTaTH3aTOPHI U T.I1.), TO Bl TAKKE
JIOJKHBI HAlIMCATh UX CUHTE3 U3 MIPOCTHIX BEIIECTB. Y KAXKUTE YCIOBUS IPOBEICHUS PEAKLIUMI.
Kakumu nmpumecsiMu MOXET OBbITh 3arpsi3HeH KoHeuHbI npoaykT? [pemnoxure criocob ero
OUYHCTKH..

Bapuanrt 5. [Ipeanoxute cnoco0 cunresa rekca(tuonuanato-N)xpomara(lll) Hatpus
ucnonb3ys B kauecTBe ucxoaubix TOJIBKO mpocteie BemectBa. Ecnu i1 npoBeieHus peaxiuii
BaM MOTPEOYIOTCS BCIIOMOTaTeNlbHbIE BEIIECTBA (PACTBOPUTEIH, KAaTaIU3aTOPHI U T.I1.), TO BbI
TaKXe JJOJDKHBI HAalMCaTh UX CUHTE3 U3 MPOCTHIX BELIECTB. Y KAKUTE YCIOBUS MPOBEICHUS
peakuuii. Kakumu mpuMecsiMu MOXKET OBbITh 3arpsi3HEH KOHEUHbIH mpoaykT? [Ipennoxure
CHoco0 €ro OUYUCTKH.

Bapuant 6. [Ipeanoxute cioco6 cunresa Terpa(tuonuanaro-N)kymnpara (1) ammonus
ucnonb3ys B kauecTBe ucxoaubix TOJIBKO npocteie BemectBa. Ecim i npoBeieHUs peaxiuii
BaM MOTPEOYIOTCS BCIIOMOTaTeNbHbIE BEIIECTBA (PACTBOPUTEIH, KATaIM3aTOPHI U T.I1.), TO BBI
TaKXe JJOJDKHBI HAalMCaTh UX CUHTE3 U3 MPOCTHIX BEUIECTB. Y KAKUTE YCIOBHS MPOBEACHUS
peakuuii. Kakumu mpuMecsiMu MOXKET OBbITh 3arpsi3HeH KOHeUHbIH nmpoaykt? Ipeanoxute
Croco0 ero OUYUCTKH.



3amaua 4. 20 6a110B
BapuanT Nel

Cwmech 3-X pasnuuHbIX (DEHOJIOB, COJAEpXKAIIMX HE Oojiee 8 aTOMOB yriiepojaa KakJIbli, a
Takke Toiabko atombl O u H, konudyecTBeHHO OkuMCIMIU. B pesynbrare Obuta MmojgydeHa cMech,
cocTosmas U3 2-X KOMIIOHCHTOB, MMEIOIAs CPEIHIO MOJICKYJSpHYIO Maccy paBHyro 115.
H3BecTHO, YTO B MCXOMHOM CMECH MOJIBHBIE JIOJJM KOMIIOHEHTOB COOTHOCHJIMCH Kak 1:2:3, a
00111ee YMCI0 MOJIb KOMIIOHEHTOB paBHSIOCH 0.6. YCTaHOBUTE CTPYKTYPY UCXOJTHBIX (PEHOJIOB U
HalIUTEe MacCOBYIO JIOJIFO KOMIIOHEHTA CMECH ITOCJIe OKHCIICHHS, UMEIOIIET0 CaMyl OOJIBIITYIO
MOJIEKYJIIPHYIO MaccCy, €CJIM U3BECTHO, YTO MPHU PEAKIIUU ¢ METALTMYECKUM HATPUEM HCXOJIHOU
cmecu ¢eHonoB Beiaensercs 0.3 Mok Bogopona. Bo3moxkHOCThIO 0Opa3oBaHus 1,2-XUHOHOB
npeHeOpeyb.

Pewenue

O6o3nauum 3a X, Y u Z 4uciao Mojib KOMIOHEHTOB UCXOAHOW cmecu. [lo ycrmoBuio
3aJa41 U3BECTHO, UTO B MCXOJHOM CMECH MOJIbHBIE JOJIM KOMIIOHEHTOB COOTHOCUINCH Kak 1:2:3,
a o0111ee 9rciio MoJIb KOMIIOHEHTOB paBHsI0Ch 0.6. CinenoBarensHo X=0.1 MmoJjib, Y=0.2 M0JIb 1
Z=0.3 moab. B pe3ynbrare OKHCICHHUS TOJIydYaeTcsi CMeCh M3 JBYX KoMmnoHeHToB (A u B),
M03TOMY HEOOXOIMMO PacCMOTPETh 3 BapuaHTa:

1) A=X+Y =03 B=7=03
2) A=X+Z=04 B=Y=0.2
3) A=X=0.1 B=Y+Z=05

Kak wu3BecTHO, ¢eHONMbI OKHUCIAIOTCS B XHWHOHBL [lo ycnmoBuio 3amaun cpemHss
MonekyisipHass Mmacca paBHa 115. Ilpocreiimmii u3 xuHOHOB 1,4-0€H30XMHOH HMeEET
MOJIEKYJIIpHYIO Maccy paBHyro 108. A ero Ommxkaitmmii romosnor 122. Tlostomy oaHum u3
MPOJYKTOB OKUCJEHUsI 00s3aTeIbHO JIOJDKEH OBbITh  1,4-0€H30XWHOH WHA4e CpeaHss
MOJIEKYJISIpHAsi Macca cMecu cTaHeT Oombime 115.

JInst IByXKOMIIOHEHTHO!M cMecu My = Ma*A/(A+B) + Mg*B/(A+B), ecitu
IPEANOI0KHUTE, YTO OJUH U3 KOMITOHEHTOB 1,4-0€H30XWHOH, TO TIOACTABIIAA MTOCICIOBATEIHHO B
ypaBHEHHE MOXKHO ITOJYYHTH CJEIYIOIINE 3HAYEHHUS JIUIsi MOJIEKYIIIPHBIX MACC KOMITOHEHTOB.

1) A=108,B =122 uiu A =122, B =108
2) A=108, B =359 umn A =2335,B =108
3) A=108, B=208.4um A =610, B =108

C yueToMm orpaHuueHui M3 yciaoBHs 3anadyd ((eHoJsbl copepkanu He Oosiee 8 aTOMOB
yriepoja KaxIbli, a Takxke Toiabko aroMbl O m H), moaxonut Bapumant 1. Torna mpoayKThl
OKHCIIEHUS 3TO:

@)

A BapHWaHTHI HCXOJHBIX ()EHOJIOB CIICAYIOITHE: A =122, B=108
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Bapuant Ne2

Cwmech 3-X pasnmuuHbIX (DEHOJIOB, COAEpIXKAIIMX HE Oojiee 8 aTOMOB yriiepojaa KaKIbIi, a
Takke Toiabko atombl O U H, KonumvecTBeHHO OKHMCIUIU. B pe3ynbrare Obuta monxydeHa cMech,
cocTosmas U3 2-X KOMIIOHCHTOB, MMEIOIAs CPEIHIO MOJICKYJSpHYIO Maccy paBHyro 115.
H3BecTHO, YTO B MCXOMHOM CMECH MOJILHBIC JOJIM KOMIIOHEHTOB COOTHOCHJIMCH Kak 1:2:3, a
00111ee YMCI0 MOJIb KOMIIOHEHTOB paBHSIOCH 0.6. YCTaHOBUTE CTPYKTYPY MCXOIHBIX (DEHOJIOB 1
HalIUTEe MacCOBYIO JIOJIFO KOMIIOHEHTA CMECH ITOCJIe OKHCIICHHS, UMEIOIIET0 CaMyl OOJIBIITYIO
MOJIEKYJIIPHYIO MaccCy, €CJIM U3BECTHO, UTO MPU PEAKIUU C METAUTMYECKUM HATPUEM HUCXOJIHOU
cmecu ¢enonoB Beyaensiercss 0.35 monbs Bogopona. Bo3MokHOCTRIO 0OpazoBaHus 1,2-XUHOHOB
npeHeOpeyb.

Bapuant Ne3

CwMmech 3-x pa3nuuHbIX (EHOJIOB, COICPKAIIUX HE OoJiee 8 aTOMOB yriepoja KaKibli, a
Takke Tojabko aroMbl O U H, konuuecTBeHHO okucIiId. B pesynbTare Oblia moixydeHa CMecCh,
cocrosmiasi U3 2-X KOMIIOHCHTOB, UMCIOIAs CPEIHIOK MOJIEKYJSIPHYIO Maccy paBHyro 115.
H3BecTHO, YTO B HMCXOJHOM CMECH MOJIbHBIC JOJIM KOMIIOHECHTOB COOTHOCHIIMCH Kak 1:2:3, a
oO11ee Ynciao MoJIb KOMIIOHEHTOB paBHsIOCh 0.6. Y CTaHOBUTE CTPYKTYPY UCXOJHBIX (DEHOJIOB U
HaIMTe MacCOBYIO JIOJIF0 KOMIIOHEHTAa CMECH IOCIIE OKHUCIICHHUS, IMEIOIIETO caMylo OOJBIIYIO
MOJIEKYJISIPHYIO Maccy, €CIIM U3BECTHO, YTO IPU PEAKIUU ¢ METALTHYECKUM HATPHUEM HCXOIHOMN
cmecu ¢eHonoB Beiaensercs 0.4 Moiib Bojopona. Bo3mokHOCTRIO 0Opa3oBaHus 1,2-XUHOHOB
peHeOpeyb.

Bapuant Ne4

CMmech 3-X pa3nuuHbBIX ()EHOJIOB, COJACPKANIUX HE Ooyiee 8 aTOMOB yriiepoia Kax/bli, a
Takxke Toibko aroMbl O U H, xonmudecTBeHHO OKucimian. B pe3ynbraTe ObLIa mojydeHa cMech,
cocrosimas M3 2-X KOMIIOHEHTOB, MUMEIONIasi CPEIHIOI0 MOJIEKYISIpPHYIO Maccy paBHywo 115.
H3BecTHO, YTO B HMCXOMHOM CMECH MOJILHBIE OJM KOMIIOHEHTOB COOTHOCHJIHCHL Kak 1:2:3, a
oO11ee Ynciao MOJIb KOMIIOHEHTOB paBHsIOCH 0.6. Y CTaHOBUTE CTPYKTYPY UCXOJHBIX (DEHOJIOB U
HaINTe MacCOBYIO JIOJIF0 KOMIIOHEHTAa CMECH IOCJIe OKHCIICHHUS, UMEIOIIETO CaMyr0 OOJIBIIYIO
MOJIEKYJISIPHYIO Maccy, €CIIM U3BECTHO, YTO IPU PEAKINU ¢ METALTHYECKUM HATPHUEM HCXOHOMH
cMecu ¢enosioB Beinensiercs 0.45 monb Bogopoaa. BosaMmoxkHOCThIO 00pa3oBanus 1,2-XHMHOHOB
npeHedpeyb.

Bapuant NeS

Cwmech 3-X pa3nuuHbIX (DEHOJIOB, COAEpXKAIIMX HE Oojiee 8 aTOMOB yriiepoja Kaxabld, a
Takke ToJabko aroMbl O u H, konudecTBeHHO okuciawiu. B pesynbrare Oblia MonydeHa CMeECh,
cocTosAmas M3 2-X KOMIIOHEHTOB, MMEHIOIAs CPEIHIOK MOJIEKYJSIpHYIO Maccy paBHyro 115.
H3BecTHO, YTO B MCXOQHON CMECH MOJILHBIE JOJM KOMIIOHEHTOB COOTHOCHIIMCH Kak 1:2:3, a
oO1iee 4nciao MOJIb KOMIIOHEHTOB paBHsNIOCH 0.6. Y CTaHOBUTE CTPYKTYPY UCXOJHBIX (DEHOJIOB U
HallIUTe MacCOBYIO JIOJIF0 KOMIIOHEHTa CMECHU IOCJIe OKUCIIEHHUS, UMEIOUIEr0 camyko OOJIbLIYIO
MOJIEKYJISIPHYIO MacCy, €ClId U3BECTHO, YTO MPHU PEaKUU ¢ METANINYECKUM HATPUEM HCXOIHON
cmecu (eHosnoB Bbiensercs 0.5 monp Bomopona. BosmoxkHocThio 0Opa3oBanusi 1,2-XMHOHOB
npeHeOpeyb.

Bapuant Ne6



Cwmech 3-X pasnuuHbIX (DEHOJIOB, COAEPXKAIIMX HE Oojiee 8 aTOMOB yriiepojaa KakJIbli, a
Takke ToiabKo aroMbl O u H, KonudecTBeHHO OKUCTIIN. B pesynbTaTe Oblia MOTydeHa CMECh,
cocrosimas M3 2-X KOMIIOHEHTOB, MMEIOLIas CPEAHIOI0 MOJIEKYISIPHYIO Maccy paBHywo 115.
H3BecTHO, YTO B HMCXOJHOM CMECH MOJIbHBIC JOJIM KOMIIOHCHTOB COOTHOCHIIMCH Kak 1:2:3, a
o0111ee Y1cI0 MOJIb KOMIIOHEHTOB paBHSIIOCH 0.6. YCTaHOBHUTE CTPYKTYPY UCXOAHBIX (DEHOJIOB U
HalIUTE MacCOBYIO JIOJII0 KOMIIOHEHTa CMECHU IOCJIE€ OKUCIIEHHUS, UMEIOLIET0 CaMylo OOJIbLIYIO
MOJIEKYJIIPHYIO MaccCy, €CJIM U3BECTHO, YTO MPHU PEAKIIUU C METALUTMYECKUM HATPUEM HUCXOJIHOU
cmecu ¢enonoB Beaensiercss 0.55 monbs Bogopona. Bo3aMokHOCTBIO 0OpazoBaHus 1,2-XUHOHOB
npeHeOpeyb.

3amgaua 5. 20 0a1710B

BAPHUAHT 1 Pacumdpyiite nemnouxy mpespamennii (ctpykrypsl A, B, C, D, E, F, G).
[Ipemioxxute MexaHusM oOpa3zoBaHus coeauHeHUss G, eclii W3BECTHO, 4YTO COCIUHCHUE
oOpazyeTcss B BHUJIE CIUHCTBEHHOTO CTEPEOM30MEpa; M Ha HAYaJbHOM CTaauu Tmpoliecca
obpasoBanus G coenuHeHne F nmposBisieT cBoicTBa, CX0XkKHE ¢ N-XJIOPCYKITHHUMUIOM.

0o CCl,

C iH PPhg

THE = ( )
(0}

t-BuONa

t-BuONa

E + F > G mw:248

THF / 25°C
© AIC4
SOCl, 1.CO,

C B A Mg Br
CH,Cl, 2. HCl Et,0 Y

Pewenue



Cl

CCl, Cl
Ph—/< ——> Ph 1
PPhs H
t-BuONa
(@) O Ph
Z
t-BuONa
+ Ph——Cl > MW: 248

THF / RT

© AlCI4
0
)K( CH,Cl, oo, HO 2. HCl Y Et,0

BAPUAHT 2 Pacumdpyiite nenouky mpeBpamienuii (ctpyktypel A, B, C, D, E, F, G).
[Ipennoxkute MexaHu3M oOpa3oBaHus coeauHeHus G, eClIM H3BECTHO, YTO COCIUHCHHE

o6pa3yeTc;1 B BHUJIC IMApbl DOHAHTHOMCPOB, U Ha HayaJbHOU CTalyuu Impouecca 06p330BaHI/I$I G
COCANHCHUC F IMPOABJIACT CBOﬁCTBa, CXOXKHCE€ C N-6p0MCYKLII/IHI/IMI/II[OM.

H PPhs
THF = Z B
t-BuONa o)

t-BuONa

E + F > G Mw:248

THF / 25°C
© AICI;

C

socCl, 1.CO,

B A Mg Br
< \‘/
CH,Cl, 2. HCI Et,0

Pewenue



Br
Ph —_— /
_/<H PPhg Ph
H
t-BuONa Ph
o o)
o t-BuONa
+ Ph————Br > MW: 248
THF / RT

© AlCl,
o)
. SOCkh 1.CO;  Brmg Br Y
C')H/ CH,Cl, oo, MO 2. HCl EtzO

BAPUAHT 3 Pacumdpyiite nenouky mpespamienuii (ctpykrypel A, B, C, D, E, F, G).
[Tpennoxure MmexaHu3M oOpa3oBaHMsa coequHeHHs G, eciM HM3BECTHO, YTO COCIUHEHUE
oOpa3yercs B BHJE EIMHCTBEHHOTO CTEpEOM30Mepa, M Ha HA4YaJbHOM CTaAMU Ipolecca
obpazoBanus G coennHenne F nmposiBiseT cBOCTBa, CX0kKHE ¢ N-XJIOPCYKITHHUMHUIOM.

O CCly

C iH PPhs
THE= )
t-BuONa o

t-BuONa

E + F > G Mw:262

THF / 25°C
© AICI,

CH,Cl, 2. HCI Et,0

BAPUAHT 4 Pacumdpyiite nemnouky mpespamienuii (ctpyktypel A, B, C, D, E, F, G).
[Ipemioxkute MexaHusMm oOpa3zoBaHus coeauHeHUs: G, eciM HM3BECTHO, YTO COEJUHEHHE
oOpasyercs B BUJE Mapbl SHAHTHOMEPOB, U Ha HayaJbHOM cTaguu mporecca oOpasoBanus G
coeaunenue F nposBisieT cBoiicTBa, cxoxue ¢ N-OpOMCYKIIMHUMHUJIOM.



O CBry
D
C iH PPh;
t-BuONa
THF =
O

t-BuONa

E + F > G Mw: 288

THF / 25°C
© AICl,
C SOcCl, B 1. CO, A Mg Br
CH,Cl, 2. HCI Et,O \O

BAPUAHT 5 Pacumdpyiite nemnouky mpespamienuii (ctpyktypel A, B, C, D, E, F, G).
[Ipennoxkute MexaHu3M oOpa3oBaHus coeauHeHus G, eclIM H3BECTHO, YTO COEIUHCHHE
oOpasyeTrcss B BHUJEC CIUHCTBEHHOTO CTEPEOM30MEpa, W Ha HAYaIbHON CTaguM Ipoliecca
obpasoBanus G coenuHeHne F nmposBisieT cBoicTBa, CX0XkKHE ¢ N-XJIOPCYKITHHUMUIOM.

O cCly,
H PPh;
THe= ()
t-BuONa o

t-BuONa

E + F > G Mw: 266

THF / 25°C
© AICI,

C socl, B 1.CO, A Mg Br Y

CH,Cl, 2. HCI Et,O




BAPUAHT 6 Pacummdpyiite nenouky mpespamennii (ctpykrypsl A, B, C, D, E, F, G).
[Ipemioxkute MexaHusM oOpa3zoBaHus coeauHeHUss G, eciM HM3BECTHO, YTO COCJUHEHUE
oOpasyercs B BUJE Mapbl SHAHTHOMEPOB, U HA HAaYaJbHOM cTanuu mporecca obpasoBanus G
coenunenue F mposiBisieT cBoiicTBa, cxoxue ¢ N-OpOMCYKIIMHUMHUIOM.

O =
_—
H PPh,
t-BuONa
THF = Z >
(@)

t-BuONa

E + F > G mw:302

THF / 25°C
/© AICl5

C SOCl, 1. COy

B A Mg Br
CH,Cl, 2. HCI Et,O \O




11 kiaace

3agaua 1. 20 0as1710B.

Bapmuanr 1

CKOpPOCTh XMMHMYECKMX pEaKIUil 3aBHCUT OT pa3IHYHBIX (PAKTOPOB — MPUPOIBI
pearupyromux BEIIECTB, TEMIIEpaTypbl, KOHLEHTpaluu peareHToB. /[l omnpeneneHus
KUHETHYECKUX XapaKTePUCTUK B3aUMOJCHCTBUS MeTalyla C KHCIOTOM OBUIM IPOBEACHBI
cleayrolre 3KCrepuMeHTsl. B repmernunsiii cocyn oobemom 1,00 11, pa3neneHHbI Ha JBE
4acTU MEpPeropojKoi, IMOMECTHIM HaBecKy IMHKOBOM mbum u 0,100 M pactBop cepHoit
kucaoTel. Cocyll NOMECTUIM B TEPMOCTAT IpU 20,0°C u 3amonHmIH WHEPTHBIM Ta30M IIpU
crangaptHoM nasienuu (1,00 atm). Ileperopoaky yopanu. Uepe3 5 MUHYT JaBiieHHE B COCY/E
BbIpociio Ha 30%, pH 5TOM KOHILIEHTPALlUK PACTBOPEHHBIX BEILIECTB OKA3aJIUCh PaBHBI.

1.

OmnpeziennTe HAYaIbHYIO CKOPOCTh BBIAENEHHs Bojoponaa (1/mMuH). M3BecTHO, dYTO
B3aHMO/ICHICTBHE METaJIOB C KHCIOTAMH SBISICTCS peakiuel MepBOro IOpsAaKa, s
KOTOPBIX MTHOBEHHAs CKOPOCTH JIMHEHHO 3aBMCUT OT KOHIIGHTPAI[MH pEeareHTa, a
3aBHCUMOCTh KOHIEHTpAlMd peareHTa OT BpPEMEHM OMNpeeNseTcs CleayonM
BI)Ipa)KeHI/IeMZ
InC = InC°® — kt,

rae K — koHcTaHTa ckopocTH peakiut, C — KOHIIEHTpAIMs peareHTa B MOMEHT BpeMeHH t.
M3MeHUTBhCS M (M €CIM 713, TO KaK) HadanbHas CKOPOCTh BBINEICHUS BOJOPOJA, €CIH
BMECTO LMHKOBOI MBUIM UCIOJIB30BaTh a) IPpaHyibl HUHKA? 6) aTIOMHHHEBYIO MyApY?
OTBeT apryMeHTHpYiiTe.

DKCIEPUMEHT TOBTOPWIM, HO TIEpeld yJaJCHUEM IEPEeropoiKu TeMIepaTypy MHOAHSUIA 0
25,0°C. B pe3ynbTaTe AaBieHue Beipociio Ha 30% uepe3 3,5 MUHYTHI.

3.

OHpe,I[eJ'II/ITC KOHICHTpAMKU BCUICCTB B PACTBOPC U DHCPIUI0 AKTUBAIIUU (EA) JTaHHOM
pPCaKknuu. 9HeprI/I5{ aKTHBAIlUM CBA3aHA C KOHCTAHTOM CKOPOCTH YPpAaBHCHUCM AppeHHyca

U HE 3aBUCUT OT TEMIIEPATYPHI IIpoliecca.
Eg

k=A-e =rr,
rae A — MHOXKHTEIb, HE 3aBUCSALIUN OT TEMIIEPATYPBHI.

B Tperbem skcnepuMeHTe, MPOBOAUBIIMMCS MO TOH e cxeme, ucnoib3oBanu 0,15 M consnyro
KHCJIOTY, TEMIIEpaTypy IIpoLecca MOAHAIN 10 35,0°C.

4.
S.

Uepes kakoe BpeMs aBlieHUE B cocy e Bbipocso Ha 30%?

Ompenenure HaYadbHYIO CKOPOCTh BBIJICJICHHS BOJOPOJAA, €CIU  TpHU 35,0°C
ucnoiap3oBath 0,1 M coisiHyr0 KUCIOTY.

KakuM MHEpTHBIM ra3oM 3amlOJHSIIM COCY[, €CIU IUIOTHOCTh I'a30BOM CMECH B NEPBOM
skcniepuMenTe uepe3 10 MuHyT coctaBuia 5,5 r/n? OTBET MOATBEPIUTE PACUETOM.

B nocnennue roapl 11eHa Ha STOT MHEPTHBIA a3 3HAYUTENBHO BbIpocia. C yeM CBSA3aHO
TaKO€ MOBBIIICHUE IICHBI?

H3MenenueM oobeMa PACTBOPOB B PE3YJIbTATC ONIMCAHHBIX ITPOLICCCOB MOKHO HpeHe6peqL.

Pewenue 3a0auu

1.

OHpeI[eJ'H/IM KOJINYECTBO BOOOpOaa, BBIACINBIICTOCA B pe3yiabTare IepBOro
SKCIICPUMCHTA
Zn + HySO4 = ZnS0O4 + H» (1)



[Tycte X 1 — 00BEeM 100aBICHHOTO pacTBOpa CEPHOM KHUCIIOTHI, TOT/Ia HAYaJbHBIA O0BEM
uHEepTHOTO ra3a (1-x) 1 (00beMOM IMHKOBOW MBUTH MOKHO MpeHeOpeus). Tak Kak B pe3ylbTaTe
pEaKIMu  KOHIIEHTPAIlMM COJM U  KHUCJIOTHI CTAId  OJUHAKOBBIMHU, CIIEAOBATEIbHO,
mpopearupoBaja TOJOBHHA OT OOIIEro KojaudecTBa KHUCIOTH, TOo ecTh 0,1x/2=0,05X moib, u
TaKO€ K€ KOJMYECTBO BOAOpona oOpazoBanoch (peakuus 1). Beipazum KOIM4ecTBO MHEPTHOTO
ra3a uepes ero oobem:

PV 101,325 (1 -x)
RT  8314-293

n(uH.raza) = = 0,0416(1 — x) Mosb

Uepes 5 muHyT razoBas cMmech Oymer comepxkarb 0,0416(1-x) monp muHeptHOro raza u 0,05x
MOJIb BOJOpOAa, a ee pamieHue Oyaer paBuHo 101,325-1,3=131,7225 klla. TloacraBuB 3TH
3Ha4YCHUs B ypaBHeHHEe MenneneeBa-Knaneiipona (00beM U Temreparypa ra3oBOM CMeCH HE
MEHSIOTCS) HallieM X:

131,7225 - (1 —x) = (0416 - (1 —x) + 0,05x) - 8.314 - 293
x=0,21

Torna komudecTBO BhIaeuBIIerocs Bogopoaa N(H,) = 0,01 mous.

YT1o0ObI ONPCAC/INTL HAYaJIbHYKO CKOPOCTH BBIACICHUSA BOJOPOJA, H€O6XO[[I/IMO YCTaAaHOBUTH
KHMHCTUYCCKOC YPAaBHCHUC PCAKIHU. HOCKOJII)Ky peaknurga MCTAJUIOB C KHUCIOTaMHU SABJIACTCA
peaKuI/Ieﬁ MEpBOro nopsaaKa, KHHETUICCKOC YPaBHCHUEC UMCCT CHC,Z[y}OIJ_II/Iﬁ BUI.

U=k'CH+,

riae K — KoHCTaHTa CKOpOCTH peakiuu, a Cy+ - HadallbHasi KOHIICHTpAIHs MPoTOHOB. KOHCTHATY
CKOPOCTH MO>KHO OINPEIEIUTh 10 JAHHOW B YCJIOBMM 33aJa4d 3aBUCUMOCTH KOHLIEHTpalUu
peareHTa OT BpEMEHH:

InC = InC® — kt

B cnywae nmepBoro skcrnepumMenTta t = 5 MuH, C=0,5C° (pearupyer nosoBuHa KUCIOTHI). Torma
KOHcTaHTa ckopoctu npu 293K Oyzer paBHa

0

C
InC®—InC I In2 »
293K = : = . = e = 0,1386 muH

Torna HauanbHAs CKOPOCTh PEAKIUU OyIeT paBHA
W =kK- Cg+ =0,1386-0,02 = 0,00277 Moab - 1~ ' - MUH ™!

a CKOpOCThb BBIIENEHHS Bojpopona OyaeT B 2 paza Menbme, 0,001385 mosib - MuH 1. UT06
nepeiTu Kk TpeOyeMoil pa3MepHOCTH (JI/MHH) HYXXHO 3TO 3HAY€HHWE YMHOXUTbh Ha MOJISIPHBIN
o0wveM Ta3za npu AaHHbIX ycnoBusx (293K, 101,32 klla), koTopslil, B cBOIO Oodepenb, MOXKHO
HalTH 1o ypaBHeHUI0 MeHieneeBa-Kianeiipona ans 1 Mounb rasa:

_n-R-T 1-8314-293
M~ p 7 101,325

v°(H,) = 0,001385 - 24,04 = 0,0333 s1/MHH

= 24,04 n1/MoJ1b

2. 1) Ilpu ucmonb30BaHUM TpaHysl LIMHKAa CKOPOCTH BBIZECNEHHS BOJOPOJA YMEHBIIUTCS,
MOCKOJIBKY PE3KO YMEHBIIMTCS IUIOIIAAb TI'paHHIbl pasziena (a3 (TBEpAOro HUHKA U
pacTBOpa KUCIIOTHI).



2) Ilpu wuCHONK30BaHMM ATOMHUHUEBOM TYIPHI CKOPOCTh BBIACICHHS BOJOPOJIA
YBEJIMYUTCS, TIOCKOJIbKY aTIOMUHUI SIBIIsSIETCS 00Jiee aKTUBHBIM METAJIJIOM, YeM LIMHK.

3. OnpenenuM KOJIMYECTBO BOAOPOAA, BBIACIUBLIETOCS B PE3YJIbTATE BTOPOIO IKCIEPHUMEHTA.
OO0beM ra3oBOi CMECH M KOJIMYECTBO MHEPTHOIO T'a3a OCTAIMCh TAKUMHU K€, KaK U B MEPBOM
cinyuae. Torma, mpuHSB 32 X KOJIMYECTBO BOAOPOJA, MOXKHO 3alucaTh ypaBHeHHe MeHzeneeBa-
Knaneiipona u Haiith X:

131,7225-0,8 = (0,03328 + x) - 8,314 - 298
x = 0,009253 1

CnenoBarenbHO, MPOPEArupoBalio CTOJIBKO K€ CEPHOM KHCIOTHL. Torja KOHIEHTpalus
OCTAaBIICICS CEPHOU KUCIOTHI COCTABUT
0,1-0,2-0,009253

C(H,S0,) = 02 = 0,005374 M

a KOHIIEHTpaIus o0pa3oBaBIIerocs cynbhara 1uHKa OyaeT paBHa

C(ZnS0O,) = 0,01 — 0,005374 = 0,004626 M
Bocnonbp3oBaBmIKCh JaHHBIM B YCJIOBUH 3a/1adyd YpPaBHEHHUEM, MOXKHO HaWTH KOHCTaHTY
CKOPOCTH TIPU 3TOM TeMreparype

0 mS  npoet
InC” —InC _ "7z ""0,005374
t t 3,5

298K — = 0,1774 MI/IH_1

TeHepB, 3HasA ABC KOHCTAHTBI CKOPOCTHU IIPHU [ABYX TCMIICpATypax IO YPaBHCHUIO AppeHI/cha
MOJKHO HalTH OHCPIHUI0 aKTHBAUH PCAKIHU. I[JI?[ y,ZIO6CTBa, 3alIMIEM YPaBHCHUC AppeHI/cha B
JIOFapI/I(bMI/IquKOM BUC:

_Ey
k=A-e RT
Ink = InA Ea
nKk = (n RT
3Hast 1Be KOHCTaHThI CKOPOCTENH MOKHO COCTaBUTh CUCTEMY YpPaBHEHMM !
Ink,qz = InA Ea
203 = MA = 503R
Ink,oq = InA Ea
298 = M2 7 508R
BBI‘II/ITaH nu3 HepBOI‘O ypaBHeHI/IH BTOpOC HOJ'IyLII/IM BLIpa)KCHI/Ie
E, E,
Inkags = Inkaos = = 5531 + 398R
2
k,0s R \298 293
OTKyZna BBIpa3uM U PaCCUUTAEM SHEPIUIO aKTUBALUU:
k
RIn%2%  g314n (m)
k2og 0,1774
E, = 1 1= 1 1 = 35834 Ixx/MoJb
(W - ﬁ) (ﬁ - m)



4. AnanoruyHo 1.3, ompeAenuM KOJWYECTBO BBIIEIMBIIETOCS BOAOPOJAa U KOHIEHTPALUIO
OCTAaBILICHCSl CEPHOM KUCIIOTHI:

131,7225 - 0,8 = (0,03328 + x) - 8.314 - 308
x = 0,007872n
0,1-0,2-0,007872

C(H,S0,) = 02 = 0,006064 M

st Toro, yToOBI ONpPEIETUTh BpEeMsl, HAaM HEOOXOAMMO 3HATh KOHCTAHTY CKOPOCTU MPU JTAHHOU
temreparype Kspg, KOTOPYIO MOKHO PacCUMTaTh [0 YpaBHEHHIO AppeHHyca, 3Has SHEPTUI0
aKTUBAIIMU KOHCTaHTy CKOPOCTH IIPHU APYrou Temiieparype, Hanpumep, npu 293K:

] ky93 _EA< 1 1 >
"kaos R \308 293
, 01386 _ 35834( 11 )
" ks 8314 \308 293

k308 = 0,2837 MI/IH_1
TeHepL HaﬁHeM BpEMs, 3a KOTOPOC AOCTHUTACTCA TaKOE JABJIICHUE IIPpU I[aHHOﬁ TEMIIEpaType.

InC = InC°® — kt

cO I 0,01
InC® —inC In M50062
t= = = : = 1,57 MuH
k293 k293 0,2837

CxopocTb BbIACTIEHUS BOJIOPO/Ia MOKHO HAMTH Tak ke, Kak U npu remreparype 293K:
v =k-Cg+ = 0,2837-0,1 = 0,2837 Mosb - 1! - MUH

v _n-R-T 1-8314-308
M~ p 7 101,325

= 25,27 n1/MoJib

v°(H,) = 0,1419 - 25,27 = 3,59 1/MuH

6. KonnuectBo uneptHoro raza B cmecu 0,03328 momnb, KOIUYECTBO BOAOPOIa OYIET B OJITOpa
pa3za Gombine, ueM yepe3 5 MUHYT — 0,015 Monb. 3Has MIOTHOCTH Ta30BOI CMECH, MOXKHO HAWTH
MOJIIPHYIO MacCy MHEPTHOTO rasa:

Meyecn M, + Myyras Ny, MHZ + My ras * Musras
4 4 |4

_0.015 - 2 + My, oy - 0.03328

B 0.8

My ras = 131,3 r/Mosb

p:

5.5

3HA4YNUT, NHEPTHBIN ra3 — 3TO KCEHOH.

7. 3HaYUTENBbHOE TMOBBIIIEHUE IIEH HA KCEHOH CBA3aHO C €ro HCIOIb30BAHHEM B KAadeCTBE
0€30MacHOr0 aHeCTE3UPYIOLIEro CPeACTBa MPH Pa3IMUHBIX XUPYPTUUYECKUX ONepalnusix, B TOM
YHCJIE U B HEUPOXUPYPIUU.



Bapmuanr 2

CKOpOCTh XMMHYECKHX pEaKIHi 3aBUCUT OT pPANIUYHBIX (HAKTOPOB — TIPUPOJIBI
pearupyromux BeIIeCTB, TEMIepaTypbl, KOHLEHTpanuu peareHToB. Jlns omnpeneneHus
KMHETUYECKUX XapaKTePUCTHK B3aUMOJICHCTBUS MeETala C KHUCJIOTOM OBUTH TIPOBEACHBI
CIICMYIONINE JIKCIIEPUMEHTH. B repmetuunsiii cocyn oobemom 2,00 J1, pa3ieleHHBIH Ha JBE
YaCTHU MEPEropoJIKoi, MOMECTUIM HaBeCcKy anmtoMuHueBo myapel u 0,200 M pacTBOp cepHOit
KuCaoThl. CoCyll NMMOMECTUIM B TEPMOCTAT MPHU 20,0°C u sanonHmM WHEPTHBIM Ta30oM MpHU
crangaptHoM nasienuu (1,00 atm). Ileperopoaky yopamu. Uepe3 8 MUHYT AaBICHHE B COCYJIe
BBIpOCIIO HA 63,65%, TP 3TOM KOHLIEHTPAIlMU PACTBOPEHHBIX BEIIECTB OKA3aJIUCh PaBHBI.

1. OmpenenuTe HAYaIBHYIO CKOPOCTh BBIIEICHHS Bojopona (Ji/muH). M3BecTHO, 4YTO
B3aMMOJIEMCTBYE METAJNIOB C KHUCIOTAaMM SBJIIETCS PEAKIMEN IEepBOro IMOpSAAKa, IS
KOTOpPBIX MIHOBEHHas CKOPOCTh JIMHEHHO 3aBUCUT OT KOHLEHTpPAllUu pearcHra, a
3aBUCHUMOCTb KOHILIEHTpAallMM peareéHTa OT BpPEMEHHU OIpPEAEsSeTCs] CIEAYIOLUUM
BBIPAKEHUEM

InC = InC°® — kt,
rie K — KoHCTaHTa CKOpocTH peakiuu, C — KOHIICHTPAIUs peareHTa B MOMEHT BPEMEHH .

2. V3menutbcs u (M ecid J1a, TO KakK) HavajdbHAs CKOPOCTh BBIIEICHHUS BOJOPOAA, €CIH
BMECTO LIMHKOBOW IbUIM HCIOJIb30BaTh a) I'paHyJbl alOMUHUA? 0) HUHKOBYIO IbLIb?
OTBer aprymMeHTHpyWHTe.

DKCIIEpUMEHT TOBTOPWIIM, HO TMEpe]] yJaJICHUEM IEePEropoJKH TEMIIeparypy MOAHIA [0
25,0°C. B pesyubraTe aaBieHHe BHIPOCIO Ha 63,65% depes 5,5 MHHYT.

3. OmpenenuTe KOHIEHTPALUMHU BEIICCTB B pacTBOpe W 3Hepruto aktupaiuu (Ea) maHHON
peakuuu. DHEprus akTUBALMU CBSI3aHA C KOHCTAHTOM CKOPOCTH ypaBHEHUEM AppeHuyca
Y HE 3aBUCHUT OT TEMIIepaTypbl Ipolecca;

_Ea
k=A-e rr,

rae A — MHOXKHTEIb, HE 3aBUCSALIUN OT TEMIIEPATYPBHI.

B Tperbem skcnepuMeHTe, MPOBOAUBIIMMCS MO TOW e cxeme, ucnoib3oBanu 0,15 M consnyro
KHCJIOTY, TEMIIEpaTypy IIpoLecca MOAHAIN 10 40,0°C.

4. Yepes kakoe BpeMs JAaBlIEHHE B COCYJIe BBIPOCIIO Ha 63,65%7

5. OmpenenuTe HayajdbHYI0 CKOPOCTh BBIACICHHMS BOJOPOJA, €CIU TpHU 40,0°C
ucnoiap3oBath 0,1 M coisiHyr0 KUCIOTY.

6. KakuM MHEpPTHBIM ra3oMm 3alOJHsUIM COCYJl, €CJIM MJIOTHOCTh Ia30BOil CMecH B MEPBOM
SKCIIepUMeHTe uepe3 4 MunyThl coctaBuia 0,84 r/n? OTBeT NOATBEPAUTE PACUETOM.

7. Kakue npuMeHeHus: 3TOro HHEpTHOTO raza Bam n3BecTHbI?

H3MenenueM oobeMa PACTBOPOB B PE3YJIbTATC ONIMCAHHBIX ITPOLIECCOB MOKHO HpeHe6peqL.

Bapuanr 3

CKopocTh XMMHYECKHMX pEaKIHi 3aBUCUT OT pPA3IUYHBIX (AKTOPOB — TMPUPOJIBI
pearupyromux BEIIEeCTB, TEMIEpaTypbl, KOHIIEHTpauuu peareHToB. s onpeneneHus
KMHETUYECKUX XapaKTePUCTHK B3aUMOJICHCTBUS MeTallla C KHUCJIOTOM OBUTH TIPOBEACHBI
CIEeyIOIINUe JKCIepUMEHThl. B repmernuHsiii cocyn oobemoMm 1,50 1, pa3geneHHBIM Ha JBE
YacTH TMEepPEropojKoil, IMOMECTUIM HaBecKy IuHKoBoM mneumi u 0,150 M  pactBop
OpomoBogopoHOM kucIOThl. Cocyl TOMECTWIM B TEPMOCTaT MpHU 20,0°C u 3anonHmIM



WHEPTHBIM Ta3oM Tpu crangaptHoMm pnasieHuu (1,00 atm). Ileperopoaky yopamu. YUepes 10
MUHYT JaBJIEHHE B cocyae BbIpociao Ha 37,0%, Nmpu 3TOM KOHLIEHTpAalMHM pPacTBOPEHHBIX
BEIIIECTB OKA3aJIMCh PaBHBbI.

1. OmpenenuTe HAYaIBHYIO CKOPOCTh BBIIEICHHS Bojopona (Ji/muH). M3BecTHO, 4YTO
B3aMMOJICHCTBHE METANIOB C KHUCIIOTaMH SBIIETCS PEAKIMell MepBOro mopsjaka, s
KOTOpPBIX MTHOBEHHas CKOPOCTh JIMHEWHO 3aBUCUT OT KOHIEHTpPAllMUd peareHra, a
3aBHCHUMOCTh KOHILIGHTpAllUM peareHTa OT BpPEMEHH OmNpeleNsieTcs CleIyIoUM
BBIPAKCHHEM:

InC = InC° — kt,
rie K — KoHCTaHTa CKopocTH peakiuu, C — KOHICHTPAIs peareHTa B MOMEHT BpEeMEHH .

2. Wsmenutbcs au (M ecinu Aa, TO Kak) HayalbHas CKOPOCTh BBIIENICHUS BOJIOPOJAA, €CIIU
BMECTO IIMHKOBOM MbUIM UCIOJIb30BaTh a) IpaHyJibl UHKA? 0) skene3Hble onuiku? OTBeT
apryMEHTUPYUTE.

DKCTHEpUMEHT TOBTOPWIM, HO TEpe] YAAJCHHEM IEPEropOJKH TEeMIIepaTypy IOAHIIA 10
30,0°C. B pe3yiabTaTe AaBieHue Beipociio Ha 37,0% depe3 5 MUHYT.

3. OmpenenuTe KOHIEHTPALMU BEIISCTB B PacTBOpe M dHepruro aktuBauuu (Ea) maHHON
peakuuu. DHEprus akTUBALMU CBSI3aHA C KOHCTAHTOM CKOPOCTH ypaBHEHUEM AppeHuyca

M HE 3aBHUCHUT OT TEMIIEpATYPEI IIpoLecca.
Eg

k=A-e wr,
rac A-— MHOXHUTCIIb, HC SaBI/ICHH_[I/Iﬁ OT TCMIICPATYPBHI.

B TpeThem 3KcreprMEHTE, MPOBOJAUBIIMMCS IO TOH ke cxeme, ucnoib3zoBamu 0,15 M cepHytro
KHCIIOTY, TEMIIEpaTypy Ipoliecca MOAHSIIH 10 35,0°C.

4. Yepes kakoe BpeMs AaBJIEHUE B cocyze BbIpocio Ha 37,0%7?

5. OmpenennTe HAYATBHYIO CKOPOCTh BBIIENCHHS Bojopoxa, ecim  mpu  35,0°C
ucnonb3oBath 0,1 M cepHyIO KUCTIOTY.

6. KakuMm MHEpPTHBIM Ta3oM 3amOJHSIIM COCYJl, €CJI IJIOTHOCTh Ta30BOH CMECH B TIEPBOM
SKCIIEpUMEHTE uepe3 5 MuUHYT cocTaBmia 3,50 r/n? OTBET MOATBEPIUTE PACIETOM.

7. Kakue npuMeHeHHs 3TOro MHEPTHOTo ra3za Bam n3BecTHbI?

M3meHeHneM 00beMa pacTBOPOB B PE3YJIbTAaTE OMMCAHHBIX IIPOLECCOB MOXKHO NPEHEOPEYb.

Bapmuanr 4

CKOpoCTh XMMHYECKHX pEaKIMi 3aBUCUT OT pPa3NIUYHBIX (HAKTOPOB — TPUPOJIBI
pearupyromux BelIeCTB, TeMIepaTypbl, KOHLEHTpauuu peareHToB. Jlnsg onpeneneHus
KMHETUYECKUX XapaKTePUCTUK B3aUMOJICHCTBUS MeTalula C KHUCIOTOH ObUIM TIPOBEICHBI
ClIeAyIoIMe dKCIepuMeHThl. B repmernunsiit cocyn oobemom 900 mi, pasjeneHHBbIH Ha JBE
YacTU TMEPEropoJKOM, TOMECTHJIM HaBecKy amomuHueBoil nyapsl u 0,400 M pactBop
OpoMOBOAOPOAHON KHCIOTHL. CoCyl MOMECTHSIM B TEPMOCTAT TMPH ZO,OOC A 3arnoJIHUIN
WHEPTHBIM TazoM Tpu crangaptHoMm nasienuu (1,00 atm). Ileperopoaky yoOpamu. Yepes 15
MUHYT JaBJIeHHE B cocyAe BbIpociao Ha 45,0%, mpu 3TOM KOHILEHTpAMH pPacTBOPEHHBIX
BELIECTB OKA3aJIUCh PABHBI.

1. OHpCIleJ'II/ITC HAaYaJIbHYKO CKOPOCTH BBIACJICHUA BOJOPOJA (JI/MI/IH). I/I3BeCTHO, 4qTo
B3aUMOJCHCTBHE METAJJIOB C KHCIOTaMM SBJISIETCS peaKuHeﬁ IepBOro mnopsgaaka, s
KOTOPBIX MT'HOBCHHAd CKOPOCTb JIMHEHHO 3aBHCUT OT KOHLCHTpAlUK pearcHra, a



3aBHCHUMOCTh KOHILIGHTpPAllUM peareHTa OT BpEeMEHH OmIpeleisieTcs CleIyIoluM
BBIPKEHHUEM

InC = InC°® — kt,
rie K — koHcTaHTa CKOpocTH peakiiui, C — KOHIISHTPAIUsI peareHTa B MOMEHT BpeMeHH 1.
W3meHuTbes i (M €cliv J1a, TO KaK) HavyajlbHash CKOPOCTH BbIIEJICHHS BOAOPOJA, €CIU
BMECTO HUHKOBOH IbUIM UCIOJH30BaTh a) TPaHyJbl aTIOMUHUSA? 0) MOPOLIOK MarHus?
OTBeT apryMeHTUPYUTE.

DKCHepUMEHT TOBTOPWIM, HO TEpe] YAaJCHHEM IEePeropoJKd TeMIlepaTypy MOAHSIIA [0
25,0°C. B pe3ynbTaTe AaBieHue Beipociio Ha 45,0% vepe3 10,5 MUHYT.

3.

OmnpenenuTe KOHIEHTPAIMKM BEIECTB B pacTBOope W sHepruto aktuBaimu (Ea) maHHO#
peakuu. DHeprus akTUBAIMK CBsI3aHA C KOHCTAHTOM CKOPOCTH ypaBHEHUEM AppeHuyca

U HE 3aBHUCUT OT TEMIIEpATypPHI IIpoliecca:
Ea

k=A-e &rr,
rae A — MHOXKUTENb, HE 3aBUCSIIMN OT TEMIIEPATYPHI.

B Ttperbem skcnepuMeHTe, MPOBOAMBIIMMCS IO TOM ke cxeme, ucnois3oBainu 0,15 M cepuyto
KHUCJIOTY, TEMIIEPATYPY IPOLIECCa ITOAHSIN 10 35,00C.

4.
5.

7.

Uepes kakoe BpeMs JIaBlIeHHE B cocyjie Beipociio 45,0%?

Ornpenenure HavadbHYIO CKOPOCTh BBIJICJICHHS BOJOPOJAA, €CIU  IpHU 40,0°C
ucnonb3oBath 0,1 M cepHyro KUCIOTY.

Kakum MHEpTHBIM ra30oM 3alONIHAIN COCYA, €CIU IUIOTHOCTh Ta30BOM CMECH B MEPBOM
skcnepuMenTe yepe3 10 MunyT coctaBuia 1,5 r/n1? OTBeT NOATBEPANUTE PACUETOM.

Kakue npumeneHus 3roro uHepTHOro raza Bam u3zBectHbI?

H3menenneM o0beMa pacTBOPOB B PE3YJIbTATC OIMMCAHHBIX IIPOUECCOB MOXKHO npeHe6peqL.

3anaua 2. 20 6aj1710B

Bapuanr 1. Pacummdpyiite nenouxy npespaienuii (crpykrypsl A-M), yautsiBas, uto L u M —
n3oMepsl. CKOJIBKO B KaKHe CTEPEON30MEPBI MOT'YT TTOIYUUThCS TP 0Opa3oBaHuu M?

Cl, HNO3
A g Femc o
FeCly H2804 CgHeCIN
B NaCN Br, NaOCH;
SN Boner (<ar.) b E
4 . 0
A CH,Cl,, 20 °C CHOH  G.pain
0
Ii/zN-Br
HyC Br, 0 Na;SOq (coCl),
— G H |
FeBrs (PhCO,), (xar.) H,O/EtOH CH,Cl,

CCly, xumsiuenune KHIISTYCHHC
M NaH F K c

-
C17H14BrCIN,0,S DMF KoCO3  Cy3H({BrCINO,s N CH2Cl

DMF



Pemrenue:

© Cl2 HNO3 Fe/HCI
—_— —_—
FeCly H,S0,
A B C
NO, NH,
NaCN N N NaOCH "
Br\/\ a4> : 3 T
BuyNBr (cat.) | CH,Cly, 20 °C CH3OH
H,0 5 Br F
HsC Brz id Na,SO o 70
2503 (CocCly,
FeBrs Br (PhCOy); (cat.) H,O/EtOH DCM
CCly, xunsaenue I' xunsdeHue
H
(\/CN
S KOs EtzN, DCM
00 DMF
cl L Br
NaHlDMF

/ CN
/©/ ©\ or/and /©/
7 \\ 7 \\

Br

Bapuant 2. Pacindpyiite nenouky npespaiienuii (ctpyktypsl A-M), yuutsiBas, yto L u M —
n3zomepsl. CKOJIBKO M KaKHe CTEPEOM30Mephl MOT'YT MOIYYUThCS TpH 0Opa3zoBaHuu M?

NH,
AcOH HNO3 KOH
KHIISTYCHUE A B C
H2504 CeHeN202
O]
HO\H/\H/OH <iN.Br
TTUPUIUH CH3;0OH o)
o + o > D _— E _—
KUIISTYCHUE
C,H:O H2804 (KaT.) (PhC02)2 (KaT.) C:H-BrO
HsC=CHO e CCly, xunsiuenue ST
CO,CH3y Cl,
(2 Mois) 1. LiAlH,, Et,0 Na,SO; (COCl),
- _ I -5
AICl5 2. PBry CH,Cl, H,O/EtOH CHyCl,
' KUISYEHHE
. e
M NaH L K C

C43H4oClbN,0,S  EtzN, CH,Cly
DMF 13r11ovi2iN2VYg



Pemrenue:

NHAc NHAC NH,
AcOH HNO4 KOH
reflux H,S >
B c
A NO, NO,
COoH
W pyrldme 2 CH4OH CO,CH3 NBS CO,CH;
= R L __NBS
morpholine (cat ) H,S0, (cat.) (PhCO,), (cat.)
H3C—CHO reflux CH; p CH,4 E CCl, reflux CH,Br F
CO,CH
[ e LM, EL0 " SOsNa SO,Cl
- LIAIF,, Bl
© (2 mol) /@ o B NagSO; COCI)Z
AICI3 cl cl 2. PBr3 CH,ClI, HZO/EtOH
G Cl reflux
H
(302c:H3
d’ % K:CO3 O,N EtsN, DCM
DMF
NaHlDMF

hf e COLCH,
or/and N. Cl
// \\ /©/ /S\
oo
02N ON
Cl

Bapuanr 3. Pacummdpyiite nenouky npespaiieHuii (crpykrypsl A-M), yautsiBas, uto L u M —
n3oMepbl. CKOIBKO M KaKHE CTEPEON30MEPHI MOTYT MOJIYUUTRCS TIpu 00pa3zoBaHuu M?

OH
CHl HNO; - FeHcl
2C0s C/HoNO
B NaCN Br; NaOCHs
SN 5 NBr (kar.) b E
4 . o
H,0 CHally 207C CHOH ¢ ,H,BN
0
N-Br
sC o Q Na,SO
\© (2 wom) o) H 253 | {cocn,
FeBrs (PhCO,), (kar.) H,O/EtOH CH,Cl,

CCly, kunsuenue KHILTICHNC
F C
M NaH L o~ K

-

C1gH16BroN,058  DMF *Bzﬁgs C14H13BroNO5S  EtsN, CHoCly



Pemrenue:

OH OCHj OCH, QCH,
Hsl
CHj HNO; Fe/HCI
B Cc
A N02 NH2
CN o CN CN
Brao NaCN 2, Br ﬂ. =
BuyNBr (cat.) | CH,Cl, 20 °C CH3OH

H O D Br Br F

E

B Br N Br 5
HsC 2 HsC Br r SO;Na SO,Cl
\© (2 mol) \©\ Na,SO; cocn, 12
FeBrs PhCOz)z (cat.) =~ — E@\
Br Br

H,O/EtOH DCM
CCly, reflux Br 2reflux Br Br
H
K\/CN
N /, \\
s ch03 . EGN, DCM
H,CO L Br
NaH l DMF

/ —CN CN
N_ , or/and
/,S\\ // \\
OO0
H,CO Br Br H3CO Br

Bapuant 4. Pacumdpyiite nenouky npesparienuii (ctpykrypst A-M), yautsiBas, uto L u M —
n3oMepsl. CKOJIBKO B KaKHe CTEPEON30MEPBI MOT'YT TTOTYUUThCS TP 0Opa3oBaHuu M?

OCH3y
Br HNOs Fe/HCI
G ymo e
C7HsBrNO 0
HOWOH <§N-Br
NIPUPUIUH CH30H o)
O + O - D —_— E
KUILTICHHE . PhCO,), (kat.)
_ C4HgO, H2S04 (kar.) ( 2)2 CsH,BrO,
HzC~CHO CCly, kunsiuenne
CO,CH34
Cl, 1. LiAlH,4, Et,O NaySO; : (COCI),
—— 6 T o Y
AICI3 2. PBrg CH,Cl, H,O/EtOH CH,Cl,
KHTSTYCHUE
C
Mmoo o MeH o F
C19H1gBrC|NO5S DMF K2CO3 C14H13BFC|NO3S Et3N, CH2C|2

DMF



Pemrenue:

OCH; OCH; OCH; OCHs
Br, HNO, NO, NH,
— —_— — =
Fe/HCI
B C
Br A Br Br o)
HO OH QN‘BF
CO,H
DR pyridine 2" CH,0H O, 0 s
6,0 7 . —2 - —_—
morpholine (cat.) H,S0, (cat.) (PhCOy), (cat.
H;C—-CHO reflux CH; p cH; E CCI42r$aqux ) chgr F
CO,CHs CO2CHs Br SON S0,Cl
3Na 2
cly 1. LIAIH,, Et,0
Na,SO
- " = 2 3
< : o H2O/EtOH CH,Cl,
H reflux Cl Cl
| J

co CH HsCO
HsCO 2 N c
P
/, Y ch03 00 Et;N, CH,Cl,
DMF K
Br cl

NaH DMF
coch3

H;CO
©/ @ or/and
/y \\

Bapuant 5. Pacindpyiite nenouky npespaiueHuit (ctpykrypsl A-M), yuutsiBas, yto L u M —
n3zomepsbl. CKOJIBKO M KaKHe CTEPEOn30MEPhl MOT'YT MOIYYUThCs TpH 0Opa3oBaHuu M?

H3;CO

NH,
AcOH Br2 KOH
KUITAYCHUC ACOH C7H8BrN
CH,
5 NaCN Bra NaOCHj,
N Bu,NBr (kar.) b E
4 . o
H,0 CH,Cl, 207C CHOH ¢ H,BIN
o)
HC QN-Br
° \© HNO, ) " Na,S03 | (cocn,
G
H,SO4 (PhCOy), (kart.) H,O/EtOH CH,Cl,
CCly,xursiuenne KHUIITYCeHNE
F C
M NaH L K
CqgH16BrN3O,S  DMF KoCOs  Cy4H43BrN,0,S EtsN. CH2Cl

DMF



Pemrenue:

NH, NHAc NHAC
ACOH Br2
reflux AcOH KOH
CHs
CN
L Br _ NaOCHs >
Bu4NBr (cat.) CH,Cly, 20 °c CH3OH
E Br Br F
o]
N-Br
HsC SO3Na S0,CI
\© HNO, _NeSO; (coci, 2
H,SO0, NO, (F’hcoz)z (cat.) H2O/EtOH CH2C|2
G CCly, reflux Oz reflux NO,
CN
Br (\/
S cho3 Et3N, CH,Cl,
oo NO, DMF
L
C
NaH l DMF

02

Br ,——/r CN Br CN
Nig—, or/and N.g
I\ /7
(OJN6) O O
NO, N
cH, M CH
3 3

3aoaua 3. «Kamuon nanocum omeemmuulit yoap». 20 é6annoe
Bapmuanr 1

CymiecTBOBaHHE KaTHOHA X, COJEPKAIETO TOJIBKO OIWH AJIEMEHT, ObUIO TIpeacKa3aHo B 1986,
HO TOJYYHUTh €r0 COeMHEHHs yaanoch auiib B 1999. Hanbonee ycroitunBas coib, coaepKariast
ATOT KaTHOH, oOpa3yeTcs B pe3yjibTaTe ABYX MOCJIeNOBaTeNbHBIX peakiuil. B xome mepsoit
MPOUCXOJUT B3aMMOJICUCTBUE TalloreHnaa X ¢ CHIIbHOM KucioToi JIktonca, KoTopasi sBIsSETCS
OJIHUM W3 KOMIIOHEHTOB JIsl TIOJYYEHHs CYNEPKHUCIOTH. EAMHCTBEHHBIM MPOAYKTOM IEPBOI
peaKIuu SBISETCs coleoOpa3Hoe COeAMHEHHE ¢ MaccoBOi moneit katnoHa 16,6%. Ha BTOpoi
CTaJIuU MPOAYKT M3 MEPBOIl B3aMMOJICHCTBYET ¢ BOJIOPOAHBIM COeMHEHHEM X ¢ 00pa3oBaHUEM
JIBYX BEIIECTB — CONM KaTHoHa X W Jerkokumsmied xuakoctu (T kun~20°C) — BTOPBIM
KOMIIOHEHTOM JIJIsl TIOJTY4YeHHsI CYNepKUCIOTh. MaccoBasi 10y KATHOHA B KOHEYHOM IPOJYKTE
27.6%. O6pasytomascs cojb JErKO OKUCISIET BOJY M MOHOOKCH]I a30Ta, HO HE OKUCIISAET XJIOP.
[TpennoxuTe coCTaB U CTpOEHHE KaTHOHA X. YKAXKHUTE MPUUUHY, TIOYEMY TPEJIOKEHHOE BaMU
CTpOEHHE SBIISETCS HauOoliee BEPOSTHBIM. B KakuX yCIOBUSX HYKHO MPOBOJUTH CUHTE3 COJEH
kaTuoHa X? 3anuIlNTe YpaBHEHUE PEAKIMU COJIM KaTHOHA X ¢ BOAOM, a TaK)K€ ypaBHEHHUS BCEX
OTHMCAHHBIX XUMHUYECKUX TPEBPAIICHUN.

Pewenue:

W3 npenicraBieHHBIX CBOMCTB KATHOHA CIAEAYET, YTO OH CUJIbHBIN okuciutens. [loaTomy, ckopee
BCEro, B peakmusx ydacTByeT (rop. B Takom cimyuae, oOpasyromiasici BO BTOPOW peaKIuu
JIETKOKHIISAIAs KUAKOCTh — propoBomopon (1 6amr). [lepBast peakiuss — peakiusi COeTUHEHMS,



IIOTOMY Bce €€ ydacTHUKHM (ropuabl. Haubonee cunmpHbIMU KHciaoTamu JIbrouca sIBISIOTCS
¢dTOpHIBEl 3IeMEHTOB 15 rpynmbl — MbIIbAKAa U CypbMbl (1 6amr). @Topua CypbMBbl SBISETCS
KOMIIOHEHTOM CYNEpKUCIOT. OTcroga HUCHONb3ys 3TO MPEAINOI0KEHHUE, MOXKHO IOCYMTATh
MOJIEKYJISIPHYIO MacCy KaTHOHA

M = 235,7-0.166/0.834 = 47 r/moub.

DjeMeHTa C Takol Maccodl HeT. Ecim BbIYeCTh JBe aTOMHBIC Macchl (ropa, TO ocrtaercs 9
I/MOJIb, YTO MOJAXOAMT IOJ AaTOMHYIO Maccy OepujUIHsi, HO OH HE MOXET ObITh B C.0. +3.
Ocraercs BapuaHT ¢ ogHUM (pTopoM U M = 28 U 3TO MOXKET OBITh KPEMHHUI, HO OMAThH K€ B
HexapakTepHoi c.0. +2 nubo aBa aszora(2 Oamna). Ilo BTOpoii MaccoBoi ojie MOXKHO
YCTaHOBUTH YHCJIO AaTOMOB a30Ta B KaTHOHE

M (karnona) = 235,7-0,276/0,724 = 70 r/monw; 70 r/moub : 14 r/Moabs = 5 atomoB(3 Oasra).
IlepBas peakuus

N2F, + SbFs = NoF[SbFg] (3 6amna)

Bropas NoF[SbFs] + HN3 = Ns[SbFg] + HF (3 6ana)

Hckomast cosb Ns[SbFg].

o« N'.»‘
’N/ w [RUES]
CtpyKTypa KaTHOHa YTrOJIKOBas (2 Gamna) T.K. COOTBETCTBYIOIIHI

UKIMYECKHH (PparMeHT UMeeT aHTHAPOMATUYHOE YUCIIO AIEKTPOHOB (2 Gaiwn).

~hxn

Peaxmus ¢ Bomoit Ns[SbFg] + H,O = HF + SbOF3 + N, + O, (3 6ama)

B 3aBucumocTy OT KoJM4ecTBa BOABI BO3MOXKHBI U IPYrUe MPOAYKThI THApOIN3a neHTadropuia
CYpPBMBI.

Bapmuanr 2

CymiecTBoBaHME KaTHOHA X, COJIEPKAIIETr0 TOJIHKO OJUH DIIEMEHT, ObLIO mpezackazaHo B 1986,
HO TIOJIYYUTh €T0 COEAMHEHHUs yAaanoch auiib B 1999. Onna u3 conel, copepxaiiasi 3TOT KaTHOH,
o0Opa3yercs B pe3ylbTaTe IOBYX IOCIEIOBATeNbHBIX peakuuid. B Xxoze mepBoi MmpoucxoauT
B3aMMOJIEUCTBUE TajoreHuaa X ¢ CHIbHOM KUCHOTOW JIbronca. EAMHCTBEHHBIM NPOIYKTOM
MEPBON peakllUu SIBISIETCA COJeo0pa3HOe COeAMHEHHE ¢ MaccoBOi nonei karuoHa 19,9%. Ha
BTOPOW CTaauMU NTPOJAYKT W3 TMEpPBOM B3aUMOACHCTBYET C BOJOPOAHBIM COEAUHEHUEM X C
o0pa3oBaHMEM JIBYX BEIIECTB — CONM KaThoHa X M JIETKOKHUTsAIIeH xuakoct (T KHH~2OOC) -
KOMIIOHEHTOM /Il TIOJIYYeHHS! CYNEepKHUCIOT. MaccoBast 10Jisi KAaTHOHA B KOHEUHOM MPOJYKTE
32.3%. Obpa3yromascs coib JErKo OKUCISAET BOAY U MOHOOKCHJ a30Ta, HO HE OKHCISET XJIOp.
[IpensioxkuTe cocTaB U CTPOCHHE KaTHOHA X. YKaXUTE NPUUUHY, IOYEMY MPEII0KEHHOE BaMuU
CTPOCHHUE SIBJIIETCS Hanbosiee BEPOSTHBIM. B KakuX yCIOBUSAX HY)KHO MPOBOAUTH CHHTE3 COJIEH
KaTuoHa X? 3aluIlNnTe YpaBHEHUE PEAKIIMU COJIM KaTHOHA X C BOJIOM, a TaKkKe€ YpaBHEHUS BCEX
OMHUCAHHBIX XUMUYECKUX MTPEBPAILICHU.

Omeem.: Ns[AsFg]



Bapuanr 3

CymiecTBoBaHME KaTHOHA X, COJIEPIKAIIETO TOJIHKO OJUH JIEMEHT, ObLIO mpeackazano B 1986,
HO TOJIYYUTh €0 COCTUHEHUS yaaioch b B 1999. Haubonee ycroitunBas conb, coaepKanias
ATOT KAaTHOH, OOpa3yercs B pe3yibTaTe JBYX IOCIEAOBATENbHBIX peakiuidl. B xome mepBoit
MPOUCXOIUT B3aWMOJCWUCTBUE TalloreHujga X € JBYKPaTHbIM H30BITKOM CHJIBHOM KHCIIOTOM
JIptouca, KkoTopas SBISETCS OAHUM W3 KOMIIOHEHTOB JJIi IONYyYEHHUS CYHEPKHUCIIOTHI.
EnMHCTBEHHBIM MPOAYKTOM IMEPBOM peakluu SBISETCS COJIe00pa3HOE COeIMHEHUE C MAaCcCOBOM
nonei karnona 9,4%. Ha BTopoil craiuu MpoayKT U3 MEPBOM B3aUMOICHCTBYET C BOJIOPOJAHBIM
coeuHEHUEM X ¢ 00pa3oBaHUEM JBYX BEIIECTB — COJIM KaTHOHA X U JETKOKHIISIIEH KUAKOCTU
(T KI/IH~2OOC) — BTOPBIM KOMIIOHEHTOM JUIsl TOJY4YeHHs CYNEepKUCIOThl. MaccoBasi 1oist
KaTHOHa B KOHEYHOM mpoaykre 16.6%. OOpasyromascs coyib JIETKO OKHCISET BOAY U
MOHOOKCHJ a30Ta, HO He OKuciseT xJop. [Ipengoxure coctaB u cTpoeHue KaTuoHa X. YKaKuTe
IPUYUHY, TTOYEMY IPEAJIOKEHHOE BaMU CTPOEHHUE fABIIETCS Hanboliee BEPOATHHIM. B Kakux
YCIIOBUSAX HYKHO MPOBOJUTH CHHTE3 cojiei KaTuoHa X? 3amuIlNUTe ypaBHEHUE PEaKIUU COJIU
KaTuOHa X € BOJIOM, a TAK)KE YPABHEHHUSI BCEX ONMMCAHHBIX XMMHUYECKHX ITPEBPAILCHHI.

Omeem N5[Sb2 Fll]
Bapuanr 4

CymiecTBoBaHNE KaTHOHA X, COJIEPIKANIETO TOJIHKO OJUH JIEMEHT, ObLIO mpejackazano B 1986,
HO TIOJIYYUTh €T0 COCIMHEHUS yAaoch auiib B 1999. Oxna u3 coineii, coaeprkaiiasi STOT KaTHOH,
oOpasyercss B pe3yibTare JABYX IIOCJIEAOBATEIbHBIX peakuuil. B Xoje mepBoil MpouCXOoauT
B3aMMOJIeicTBUE TajoreHuaa X C JABYKpaTHbIM M30BITKOM CUJIbHOWH KucioToi Jlprouca.
EnMHCTBEHHBIM MPOAYKTOM IEPBOM peaklUy SBISETCS COJIEO00pa3HOE COEAMHEHHE C MAacCOBOM
nonelt katuona 11,6%. Ha BTopoii ctaauu nNpoyKT U3 NEpBON B3aUMOJIEHCTBYET C BOJOPOAHBIM
coeuHEHHEM X ¢ 00pa30BaHUEM JBYX BEILECTB — COJIM KaTUOHA X U JIETKOKMIISIEH KUAKOCTU
(T KI/IH~200C) —KOMIIOHEHTOM JUIsl TIOJy4YeHHUs CYNEepKHUCIOT. MaccoBass 10Jsi KaTHOHA B
KoHeuyHoM npoaykTe 20.0%. O6pazyromascst Coib JIETKO OKUCIISET BOJYy U MOHOOKCH] a30Ta, HO
He okucinseT xJop. Ilpeanoxute coctaB U cTpoeHHe KaTHOHA X. YKaXUTe NPUYHMHY, TOYEMY
NpPEeUIOKEHHOE BaMM CTPOEHHUE sBIsieTCS HauOojiee BEpOSATHBIM. B KakuX YCIOBUSX HYXHO
IPOBOJUTH CUHTE3 cojiel kaTnoHa X? 3anunTe ypaBHEHUE PEakIMU COJM KaTHoHa X C BOJIOH,
a TaKk)Ke YpaBHEHUS BCEX ONMMCAHHBIX XUMHUECKUX TIPEBPALICHHA.

Omeem N5 [ASZ Fll]

3anaua 4. 20 6a1710B
Bapuant Nel

CwMmech 3-x pa3nuyHbIX (EHOJIOB, COEpXKaIIUX HE Oojiee 8 aTOMOB yriepoJia Kakibli, a
Takxe ToJbKo aroMbl O u H, xonmuuecTBeHHO OKUCIUIN. B pe3ynbraTe Oblia mojydeHa CMech,
cocrosimas M3 2-X KOMIIOHEHTOB, MMEIOLIAasl CPEAHIOI0 MOJIEKYISIPHYIO Maccy paBHywo 115.
N3BeCTHO, YTO B MCXOAHOM CMECH MOJBbHBIE JOJU KOMIIOHEHTOB COOTHOCWIMCH Kak 1:2:3, a
o0111ee YMca0 MOJIb KOMIIOHEHTOB paBHSIOCH 0.6. YCTaHOBHUTE CTPYKTYPY UCXOIHBIX (PEHOJIOB U
HalIuTe MacCOBYIO JI0JIF0 KOMIIOHEHTAa CMECH TOCIIE OKHUCJICHHUS, UMEIOILIEr0 caMyo OOJIBIIYIO
MOJIEKYJISIPHYIO Maccy, €CJIM U3BECTHO, YTO MPU PEAKLUU C METAUNINYECKUM HATPUEM MCXOIHOMN
cmecu (eHosnoB Bbiiensercs 0.3 monp Bomopona. Bo3smokHocThio 0Opa3oBanust 1,2-XMHOHOB
npeHeOpeyb.



Pewenue

O6o3nauum 3a X, Y u Z 4uciao MOJb KOMIIOHEHTOB HCXOJHOW cmecu. [1o ycrmoBuro
3a/1a4d U3BECTHO, YTO B MCXOJIHOH CMECH MOJILHBIE JOJIM KOMIIOHEHTOB COOTHOCHJINCH Kak 1:2:3,
a o011ee Y1ciio MoJib KOMIOHEHTOB paBHsIoch 0.6. CinenoBarensHo X=0.1 mojib, Y=0.2 MoJb u
Z=0.3 moab. B pesynbraTe OKHCJIEHHS IMOJydacTcs CMeCh M3 JIBYX KommoHeHToB (A u B),
M03TOMY HEOOXOIMMO PacCMOTPETh 3 BapuaHTa:

4) A=X+Y=0.3 B=Z2=03
5 A=X+Z=04 B=Y=02
6) A=X=01 B=Y+Z=05

Kak w3BecTHO, (EHONBI OKHUCIAIOTCS B XWHOHBL [lo ycrmoBWIO 3amaud cpemHss
MoJleKyisipHass macca paBHa 115, Ilpocredimmii w3 xuHOHOB 1,4-0€H30XMHOH HMeEET
MOJICKYJIIpHYIO Maccy paBHyr 108. A ero Ommkaimmii romosor 122. Tlostomy ogHuM u3
MIPOAYKTOB OKHCIIEHUS 0053aTelbHO JOKeH ObITh 1,4-0€H30XMHOH WHA4Ye CpeaHsis
MOJIEKYJIIpHAsi Macca CMecH cTaHeT Oosbine 115.

JInst IByXKOMIIOHEHTHOM cMecu My = MaA/(A+B) + Mg B/(A+B), eciu
MPEANOI0KUTD, YTO OJUH U3 KOMIIOHEHTOB 1,4-0€H30XWHOH, TO TOJICTABIISAS MOCIEI0BATEILHO B
ypaBHEHHE MOKHO MOJIYYHUTh CIACAYIONINE 3HAUCHUS I MOJIEKYJISIPHBIX MAacC KOMIIOHEHTOB.

4) A=108,B=122 umu A =122, B =108
5) A =108, B =359 umu A =233.5, B =108
6) A=108, B =208.4um A=610, B =108

C yueroMm orpaHuueHui H3 yciaoBus 3anauyu ((EeHONbl cofepxaiu He Oosiee 8§ aTOMOB
yriaepoaa Kax[plid, a Takxke Toiabko arombl O u H), moaxoaut Bapuant 1. Torma mpomykTbl
OKHUCJIEHUS DTO:

O

A BapHaHTHI HCXOJIHBIX ()EHOJIOB CIEAYIOIIHUE: A =122, B =108
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peakuuun (I)CHOJ'IOB C MCTAJJIMYUCCKHUM HATPUCM.

B 3aBucmMocTH OT 4wHciaa TUAPOKCUWIIBHBIX TpPyHIl B (I)CHOJ'IC n 4yuciia MOJb
COOTBCTCTBYHOIICTO KOMIIOHCHTA 6YI[CT BBIACIATHCA Pa3HOC KOJHUYCCTBO BOAOPOJA. IIo
YCJIOBHUIO 3aa4U BBIACIACTCA 0.3 moab BOAOpOJa, 3HAYUT B HCXOTHOM CMecH MMpUCYTCTBOBAJIO

0.6 MOJIb TUIPOKCHIIBHBIX TpyI. [loa 3TH ycaoBUSI MOAXOIUT TOJIBKO 1 BapuaHT.
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Bapuant Ne2

Cwmech 3-X pasnuuHbIX (DEHOJIOB, COJAEpXKAIIMX HE Oojiee 8 aTOMOB yriiepojaa KakJIbli, a
Takke Toiabko atombl O u H, konudyecTBeHHO OkuMCIMIU. B pesynbrare Obuta MmojgydeHa cMech,
cocTosmas U3 2-X KOMIIOHCHTOB, MMEIOIAs CPEIHIO MOJICKYJSpHYIO Maccy paBHyro 115.
H3BecTHO, YTO B MCXOMHOM CMECH MOJIBHBIE JIOJJM KOMIIOHEHTOB COOTHOCHJIMCH Kak 1:2:3, a
00111ee YMCI0 MOJIb KOMIIOHEHTOB paBHSIOCH 0.6. YCTaHOBUTE CTPYKTYPY UCXOJTHBIX (PEHOJIOB U
HalIUTEe MacCOBYIO JIOJIFO KOMIIOHEHTA CMECH ITOCJIe OKHCIICHHS, UMEIOIIET0 CaMyl OOJIBIITYIO
MOJIEKYJIIPHYIO MaccCy, €CJIM U3BECTHO, YTO MPHU PEAKIIUU ¢ METALTMYECKUM HATPUEM HCXOJIHOU
cmecu ¢enonoB Beaensiercs 0.35 monbs Bogopona. BozmoxkHOCTRIO 00pa3oBanus 1,2-XUHOHOB
npeHeOpeyb.

Bapuant Ne3

CwMmech 3-x pa3nuuHbIX (EHOJIOB, COICPKAIIUX HE OoJiee 8 aTOMOB yriepoja KaKibli, a
Takke ToJabko aroMbl O u H, konudecTBeHHO oKucHuIU. B pesynbrare Oblia MoxydeHa CMeEcCh,
cocrosmiasi U3 2-X KOMIIOHCHTOB, UMEIOINAsi CPEIHIOK MOJICKYJSIPDHYIO Maccy paBHyr 115.
H3BecTHO, YTO B HMCXOJHOM CMECH MOJIbHBIC JOJIM KOMIIOHECHTOB COOTHOCHIIMCH Kak 1:2:3, a
oO11ee Ynciao MOJIb KOMIIOHEHTOB paBHsIOCH 0.6. Y CTaHOBUTE CTPYKTYPY UCXOJHBIX (PEHOJIOB U
HaINTe MacCOBYIO JIOJIF0 KOMIIOHEHTAa CMECH IOCJIe OKHMCIICHHUS, MMEIOIIETO CaMyl0 OOJBIIYIO
MOJIEKYJISIPHYIO Maccy, €CIIM U3BECTHO, YTO IPU PEAKIUU ¢ METALTHYECKUM HATPHUEM HCXOIHOMN
cmecu (enosoB Beigensercs 0.4 Monb Bogopona. Bo3moxkHocTeio oOpa3zoBanus 1,2-XHMHOHOB
peHeOpeyb.

Bapuant Ne4

CMmech 3-X pa3nudHbBIX ()EHOJIOB, COEPKAIUX HE Ooyiee 8 aTOMOB yriiepoia Kax/bli, a
Takxke Toibko aroMbl O U H, xonmudecTBeHHO OKucimian. B pe3ynbraTe ObLIa mojydeHa cMech,
cocTosimas HU3 2-X KOMIIOHEHTOB, MMEIOUIasl CPEAHIOI0 MOJIEKYISIpPHYIO Maccy paBHywo 115.
H3BecTHO, YTO B MCXOMHOH CMECH MOJILHBIE JOJH KOMIIOHEHTOB COOTHOCHMJIMCH Kak 1:2:3, a
oO11ee Ynciao MOJIb KOMIIOHEHTOB paBHsIOCH 0.6. Y CTaHOBUTE CTPYKTYPY UCXOJHBIX (DEHOJIOB U
HaIMTe MaCcCOBYIO JIOJIF0 KOMIIOHEHTAa CMECH ITOCIIE OKHUCIICHHUS, IMEIOIIET0 caMyl0 OOJBIIYIO
MOJIEKYJISIPHYIO Maccy, €CIId U3BECTHO, YTO MPU PEAKIMH C METAUTMYECKUM HATPUEM HCXOIHOU
cMecu ¢enosioB Beinensiercs 0.45 monb Bogopoaa. BosaMmoxkHOCThIO 00pa3oBanus 1,2-XHMHOHOB
npeHedpeyb.

Bapuant NeS

Cwmech 3-X pa3nmuuHbIX (EHOJIOB, COAEpXKAIIMX HE Oojiee 8 aTOMOB yriiepoja KakJbli, a
Takke ToJabko aroMbl O u H, konudecTBeHHO okuciamin. B pesynbTare Oblia moixydeHa cMech,
cocTosAmas M3 2-X KOMIIOHEHTOB, MMEHIOIAs CPEIHIOK MOJIEKYJSIpHYIO Maccy paBHyro 115.
H3BecTHO, YTO B MCXOMHOM CMECH MOJIBHBIC JIOJIM KOMIIOHEHTOB COOTHOCHJINCH Kak 1:2:3, a
oO11ee Ynciao MOJIb KOMIIOHEHTOB paBHsUIOCH 0.6. Y CTaHOBUTE CTPYKTYPY UCXOJHBIX (DEHOJIOB U
HallIUTe MacCOBYIO JIOJIF0 KOMIIOHEHTa CMECHU IOCJIe OKUCIIEHHUS, UMEIOUIEr0 camyko OOJIbLIYIO
MOJIEKYJISIPHYIO MacCy, €Clid U3BECTHO, YTO MPHU PEaKUU ¢ METAUNINYECKUM HAaTPUEM HCXOIHOMN
cmecu (eHosnoB Bbiensercs 0.5 monp Bomopona. Bo3moxkHOCThIO 0Opa3oBaHus 1,2-XMHOHOB
npeHeOpeyb.

Bapuant Ne6



Cwmech 3-X pasnuuHbIX (DEHOJIOB, COAEPXKAIIMX HE Oojiee 8 aTOMOB yriiepojaa KakJIbli, a
Takke ToJabko aroMbl O u H, KonudecTBeHHO OKUCHHIU. B pe3ynbrare Oblia MOTy4eHa CMECh,
cocrosimas M3 2-X KOMIIOHEHTOB, MMEIOLIAas CPEIHIOI0 MOJIEKYJSIPHYIO Maccy paBHyro 115.
H3BecTHO, YTO B HMCXOJHOM CMECH MOJIbHBIC JOJIM KOMIIOHCHTOB COOTHOCHIIMCH Kak 1:2:3, a
o0111ee Y1ca0 MOJIb KOMIIOHEHTOB paBHSIIOCH 0.6. YCTaHOBHUTE CTPYKTYPY UCXOIHBIX (PEHOJIOB U
HalIMTe MacCOBYIO JIOJIF0 KOMIIOHEHTAa CMECH IOCJIe OKHMCICHHUS, UMEIOLIET0 caMylo OOJBIIYIO
MOJIEKYJIIPHYIO MaccCy, €CJIM U3BECTHO, YTO MPHU PEAKIIUU C METALUTMYECKUM HATPUEM HUCXOJIHOU
cmecu ¢enonoB Beaensiercss 0.55 monbs Bogopona. Bo3aMokHOCTBIO 0OpazoBaHus 1,2-XUHOHOB
npeHeOpeyb.

3anauya 5. Crapas kucjora. 20 6a/10B
Bapuanm 1

B naGoparopuu B mkady ¢ KUCIOTaMU XPaHATCS HECKOJIBKO CKISTHOK. Ha o1HO# U3 CKIISTHOK
cTepiach Haanuch. COriacHo CIHMCKY PEaKTHBOB, B CKIISIHKE HAXOJIUTCS pa30aBIeHHBINA PacTBOP
OJIHOM U3 CIEAYIOUINX KUCIOT: MypaBbHHasl, YKCyCcHasl, OeH30iHas1, 1100 a30THas. Mojoaoro
nabopaHTa MOMPOCUIIH ONPEICIIUTh, PACTBOP KAKOW KHCIIOTHI HAXOJAUTCS B CKJISTHKE M KaKOBa €&
KOHIIeHTpanus. B Haymuny y nadopanta 6su1 pPH-Metp, Habop mocynst u 0,1-MoJISIpHBINA pacTBOp
TUAPOKCUIA Kanusl. JlabopaHT pemmi mpoBecTr PH-MeTpuieckoe TUTPOBAaHUE HEHM3BECTHOU
KHUCJIOTHL. [{y1st THTpOBaHus OH 0TOOpas anuKBOTY 10 MIJI pacTBOpa KUCIOTHI M MOCIEA0BATEIILHO
n00aBIIsUT U3 OIOPETKH PAacTBOP THAPOKCHIA Kamusi, u3Mepsist PH pacTBopa mociie Kaxaoro
no6apienus. 3aBucuMocth PH oT o6bema gobdasnennoro KOH mpencrasinena Huxe.

ITo AaHHOMY rpa(bHKy na60paHT C JICTKOCTBIO OIIPCACINII KOHICHTPALHUIO HEU3BECTHOM
KHCJIOTHI. HpoaHaanpOBaB Fpa(I)I/IK ClIC pa3 U 3aIJIsIHYB B CIIPABOYHUK, J'Ia60paHT yCIICUIHO
OMpeaACIINII, KaKas KUCJIOTa HAXOAUTCA B CKIIAHKE.
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1) Ompenenure KOHIEHTPAIMIO KACIOTHI B CKIISTHKE.

2) Ompenenure CTENEHb AUCCOIMAIIIH KUCIOTHI B HCXOAHOM pactBope. Crnabast nim
CUJIbHAS KHCIJIOTA HAXOJUTCS B CKIITHKE?

3) OmpenenuTe, Kakasi KHCIOTa B CKIISTHKE.

4) HanummTe ypaBHEHHE €€ JUCCOIUAIINH.
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Ipumeuanue: Bomopoaubiii mokasatens pH = —IgC(H"), woHHOe mpom3BeaeHHE BOABI —

IIPOU3BEIEHNE KOHIIEHTPALNil HOHOB BOJOPOIa ¥ TUAPOKCUA-UOHOB — IIpu 25 °C paBHO 107,

CHpaBO‘{HBIe JaHHBIC:

Kucnora Koncranra
M CCOLHAIAN
MypaBbUHas 1,810
YKCyCHast 1,8:107
Gen3oiiHas 6,6:107
Pewenue:

1) Pe3kwuii ckauok pH HabGmonaercs npu godasnennn 12 min 0,1 M KOH, uro
COOTBETCTBYET TOUKE SKBHBaJICHTHOCTH. ClleI0BAaTENIbHO, KOHIIEHTPAIHS KUCIOTHI
cocrasisieT 12mm - 0,1 monb/n/ 10 Mt = 0,12 Mo/ (6 6amioB)

2) CrerneHb qUCCOLUALIMY MOYKHO ONPEICUTh U3 3HaueHus PH ucxoaHoi kucmotsr (0 M
NaOH). pH(0 v NaOH) = 2,8. [H"] = 10™" = 0.0016 mons/n1. CrereHs gucconuanum
cocrapyser o = [H]/Co(xucmorsr)- 100 %= 0,0016 / 0,12 = 1,3 % . CregoBaTensHo,
KHCJIOTa — cjadast. (6 6aoB)

3) s onpeneneHust KUCIOTHI pacculTaeM KOHCTaHTy auccounanun. T.x. a=1,3 %, 1o
MOYKHO MCTIOJIb30BaTh MPHUOJIKEHHIE, YTO KOHIICHTPALIKS HETIPOIMCCOIIMUPOBABIIECH

KHCIIOTHI PaBHO Ha4anbHO# KoHueHTpauuu. Torna [HY] = /Ky - Co , clIenoBaTensHo

[H*]? _ 0,00162 _s
ke = T o 2,1 107>, yTo HauboIee OIU3KO K KOHCTAHTE JUCCOLIHALIMI
0 ’

YKCYCHOM KHCTOTHL. HensBecTHast KHCIIOTa - YKCYCHast Kuciora. (6 6amios)
4) CH3COOH = CH3COO + H" (2 6amna)

Bapuanm 2

B naGoparopuu B mkady ¢ KUCIOTaMU XPaHATCS HECKONIBKO CKISTHOK. Ha o1HO# U3 CKISTHOK
cTepaach Haamuch. COrIacHO CIHMCKY PEaKTHBOB, B CKIISIHKE HAXOJIUTCS pa30aBIeHHBIA PacTBOP
OJIHOM U3 CIEAYIOUINX KUCIOT: MypaBbHHasl, YKCyCHasl, OeH30iHas1, 1100 a30THas. Mojoaoro
nabopaHTa MOMPOCUITH OTIPEIETUTh, PACTBOP KAaKOM KUCIOTHI HAXOAUTCA B CKIISTHKE U KaKoBa €€
KOHIeHTpanus. B Hanmuuny y nabopanta 6s11 PH-MeTp, Habop nocynst u 0,1-MospHBINA pacTBOP
TUAPOKCUAA Kanus. JlabopaHT pemun npoBecTH PH-MeTpudyeckoe TUTPOBAaHUE HEM3BECTHOU
KUCTOTHI. [[71st THTpOBaHuUsl OH 0TOOpan anukBoTy 10 M pacTBOpa KUCIOTHI U MTOCIEA0BATEIHHO
n00aBIIsUT U3 OIOPETKU PacTBOP THIPOKCHA Kamus, u3mepsas PH pacTBopa mocie Kaxaoro
nobasneHus. 3aBucuMocTh PH ot o6sema modaBnenHoro KOH mpencrasieHa HiKe.

[To nanHOMY rpaduKy J1aOOPaHT C JETKOCTHIO OMPEAen KOHIIEHTPALUIO HEN3BECTHON
kucnothl. [Ipoananu3upoBas rpaduk eie pas U 3arisiHyB B CIPaBOYHUK, JJAOOPAHT YCHEIIHO
OINpeaen, Kakasi KUCI0Ta HAXOAUTCS B CKIISTHKE.
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1) Omnpenenute KOHIEHTPALMIO KHCIOThI B CKIISTHKE.

2) Omnpenenure CTeneHb AUCCONUALNK KUCIOTHI B HICXOIHOM pacTBope. Crabast nim
CWJIbHAsI KMCJIOTA HAXOJUTCS B CKIIHKE?

3) Ompexenute, Kakasi KUCIOTA B CKIISIHKE.

4) HanummTe ypaBHEHHE €€ JUCCOLUALINY.

o +
Ipumeuanue: Bomopomubiii mokazarens PH = —IgC(H"), nmoHHOe mpouW3BeICHUE BOABI —

IIPOU3BEICHNE KOHIIEHTPAIMil HOHOB BOJOPOJIa ¥ TUAPOKCUI-MOHOB — Iipu 25 °C paBHO 107,

CnpaBquHe JaHHBIC!

Kucnora Koncranra
JIHCCOIHAIUN
MypaBbUHAs 1,810
YKCYCHasI 1,810
Oen3oiiHas 6,6 107
Omeem:

1) 0,06 monw/n

2) 5,5 % (npunumaromes snauenus 4 - 6 %). Kucioma — crabas
3) Mypasvunas kucroma

4) HCOOH == HCOO +H"

Bapuanm 3

B naGoparopuu B mkady ¢ KUCIOTaMU XPaHATCS HECKOJIbKO CKIISTHOK. Ha o1HOM U3 CKIsIHOK
cTepiach Haanuch. COriacHo CIHMCKY PEaKTHBOB, B CKIIIHKE HAXOJIUTCS pa30aBIeHHBIA PacTBOP
OJIHOM M3 CIEAYIOUIMX KUCIOT: MypaBbHHasl, YKCycHasl, 0eH30iHas1, 1100 a3oTHas. Moioaoro



nabopaHTa MOMPOCHITH OIIPEICIUTh, PACTBOP KaKOM KUCIOTHI HAXOAUTCS B CKIITHKE U KaKoBa e&
KOHIIeHTpauusi. B Hanmuunu y nabopanra 6su1 pH-MeTp, Habop nocyas! u 0,1-MonIpHBII pacTBOp
TUAPOKCUAA Kanusi. JlabopaHT pemmi npoBecTr PH-MeTpudyeckoe TUTPOBAaHUE HEHM3BECTHOU
KUCTOTHI. [[Jist THTpOBaHUsl OH 0TOOpal anmukBoTy 10 MJT pacTBOpa KUCIOTHI U MTOCIEAOBATEIHHO
n00aBIIsUT U3 OIOPETKH PacTBOP THIPOKCHIA Kamusi, u3mepsast PH pacTBopa mocie Kaxaoro
no6apienus. 3aBucumMocth PH ot o6bema godasnennoro KOH mpencrasinena Huxe.

[To nanHOMY rpaduKy J1aOOPaHT € JETKOCTHIO ONPEAETUI KOHLIEHTPALIUIO HEU3BECTHOM
kucnothl. [Ipoananu3upoBas rpaduk elie pas U 3arjisiHyB B CIPABOYHUK, JJAOOPAHT YCHEIIHO
OIpeAen, Kakasi KUCI0Ta HAXOAUTCS B CKIISTHKE.
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1) Ompenenute KOHICHTPAIMIO KUCIOTHI B CKIISTHKE.
2) Ompenenute CTENCHb AUCCOIMAIIMH KUCIOTHI B HICXOHOM pactBope. Crabast nin
CHIIbHAS KMCIIOTA HAXOUTCS B CKIISTHKE?
3) Ompexenute, Kakasi KUCIOTA B CKIISIHKE.
4) Hanwummre ypaBHEHHUE e€ AUCCOLUALIUH.
IMpumeyanue: BomoponHelii mokazatens pH = —IgC(H"), momHOe mnpomsBeneHME BOIBI —

IIPOU3BENICHNE KOHIIEHTPALMil HOHOB BOJOPOJIa U TUAPOKCUA-MOHOB — Iipu 25 °C paBHO 107,

CrnipaBouHbIe JaHHBIE:

Kucnora Koncranra
JIACCOLIHAIIAN
MYypaBbUHAs 1,810
YKCYCHas 1,810
Gensoiinas 6,6:10”
Omeem:

1) 0,08 monw/n
2) 2,9 % (npunumaromes snavenus 2 — 4 %). Kucrioma — cnabas



3) bensounasn kucioma
4) CeHsCOOH — C¢HsCOO + H*

Bapuanm 4

B naGoparopuu B mkady ¢ KUCIOTaAMH XPaHATCSA HECKOJIBKO CKIISTHOK. Ha 0THOM M3 CKISTHOK
cTepiach Haamuch. COriacHO CIMCKY PEaKTHBOB, B CKIITHKE HAXOJIUTCS pa30aBICHHBIA PacTBOP
OJIHOM M3 CIICAYIONIUX KUCIIOT: MypaBbHHasl, YKCYCHasI, OCH30MHas1, 1100 a30THas. MoJI010r0
71a00paHTa MOMPOCHIIU OIIPEICIUTh, PACTBOP KAKOM KUCIOTHI HAXOAUTCS B CKIITHKE U KaKoBa e&
KOHIIeHTpalus. B Haymuuu y nadopanta 6eu1 PH-MeTp, Habop nocyasl u 0,1-MoJIIpHBINA pacTBOP
TUAPOKCHUIA Kanus. JIabopaHT pemmi npoBecTH PH-MeTpruiyeckoe TATPOBAaHUE HEM3BECTHOU
KHCIOTHI. [{J1st THTpOBaHUs OH 0TOOpai aluKBOTY 10 MJT pacTBOpa KUCIOTHI M MTOCIIEAOBATEIBHO
J00aBJIsUT U3 OIOPETKH PAcTBOP THIPOKCHIA Kaus, u3mMepss PH pacTBopa mociie Kaxaoro
no6apienus. 3aBucumMocth PH oT o6bema nodasnennoro KOH mpencrasinena Huxe.

[To nanHOMY rpaduKy 1a0OPAHT C JETKOCTHIO OMPEACTHII KOHIIEHTPAIIMIO HEU3BECTHON
KuCIOTHL. [Ipoanann3nupoBas rpaduk emie pa3 u 3aryisiHyB B CIIPABOYHUK, JJAOOPAHT YCIEITHO
OIpEEINII, KaKash KUCII0Ta HAaXOIUTCS B CKIISTHKE.
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V (0,1 M KOH), mn

1) Ompenenute KOHICHTPAIMIO KACIOTHI B CKIISTHKE.

2) Ompenenute CTENCHb AUCCOIMAIIIMH KUCIOTHI B HICXOHOM pactBope. Crabast nim
CWJIbHASI KMCJIOTA HAXOUTCS B CKIISTHKE?

3) Ompenenute, Kakasi KUCIOTA B CKIISIHKE.

4) HanummTe ypaBHEHHE €€ JHCCOLUAIINY.

ITpumeuanue: Bomopomubii mokasatear pH = —IgC(H"), wonHOEe mpowsBeneHre BOIBI —
2

IIPOU3BEIEHNE KOHIIEHTPALNil HOHOB BOJOPOJIa U TUAPOKCUI-NOHOB — IIpu 25 °C paBHO 107,

CnpaBoYHBbIE TaHHBIE:

Kucnora Koncranra
JHCCOIHAAIAN
MYypaBbUHAs 1,810




YKCyCHast 1,810
GeH3oiiHas 6,6:107
Omeem:

1) 0,055 monv/n
2) 100 %. Kucnoma — cunvras

3) Azommuas xucroma
4) HNO; — NO3 + H*

Bapuanm 5

B naGoparopuu B mkady ¢ KUCIOTaMU XPaHATCS HECKOJIBKO CKIISTHOK. Ha o/1HO# U3 CKISTHOK
cTepiach Haanuch. COrinacHo CIHUCKY PEaKTHUBOB, B CKIIIHKE HAXOJUTCS pa30aBICHHBINA PacTBOP
OJIHOM U3 CIIEAYIOIIMX KUCIIOT: MypaBbUHas, YKCyCHAas1, O€H301Has1, 1100 a3oTHas. Moioaoro
nabopaHTa MOMPOCUIIH ONPEICIIUTh, PACTBOP KAKOW KHCIIOTHI HAXOAUTCS B CKIISTHKE M KaKOBa €&
KOHIIeHTpanus. B Haymunn y nadopanTa 6su1 pPH-Metp, Habop mocynst u 0,1-MoJISIpHBINA pacTBOp
THIPOKCUAA Kanusl. JlabopaHT penmiit mpoBecTH PH-MeTpuieckoe TUTPOBAaHUE HEHM3BECTHOU
KHUCJIOTHL. [[y1st THTpOBaHus OH 0TOOpasT anuKkBOTY 10 MII pacTBOpa KUCIOTHI M MOCIEA0BATEIILHO
n00aBIIsUT U3 OIOPETKH PAacTBOP THAPOKCHIA Kausi, u3Mepsisi PH pacTBopa mocie Kaxaoro
no6apienus. 3aBucuMocth PH oT o6bema gobdasnennoro KOH npencrasinena Huxe.

ITo AaHHOMY rpaQ)HKy na6opaHT C JICTKOCTBIO OIIPCACINII KOHLICHTPAILHUIO HEW3BECTHOMH
KHCJIOTHI. HpoaHaHI/ISI/IpOBaB Fpa(I)I/IK ClIC pa3 U 3aIJIsIHYB B CIIPABOYHUK, J'Ia60paHT yCIICUIHO
OMpCACIINII, KaKasd KUCJIOTa HAXOAUTCA B CKIIAHKE.
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1) Ompenenure KOHIEHTPAIMIO KACIOTHI B CKIISTHKE.

2) Ompenenure CTENEHb AUCCOIMAIIIH KUCIOTHI B HCXOAHOM pacTtBope. Crnabast nim
CUJIbHAsI KMCJIOTa HAXOJUTCS B CKIIIHKE?

3) OmpenenuTte, KaKasi KUCJIOTA B CKIISTHKE.

4) HanummTe ypaBHEHHE €€ JUCCOIUAIINH.



9 +
Ilpumeuanue: Bomopomubiii mokasarens pH = —lgC(H HOHHOE TMPOU3BEINCHUE BOIBLI —
2

IIPOU3BEIEHNE KOHIIEHTPALNil HOHOB BOJOPOIa ¥ TUAPOKCUA-UOHOB — IIpu 25 °C paBHO 107,

CHpaBO‘{HBIe JaHHBIC:

Kucnora Koncranra
M CCOLHAIAN
MypaBbUHas 1,810
YKCyCHast 1,8:107
Gen3oiiHas 6,6:107
Omeem:

1) 0,07 monv/n
2) 1,6 %. (npunumaromcs 3navenus 1 - 3 %) Kucnoma — crabas

3) Vkcycnas kucroma
4) CH3;COOH = CH3COO + H*

Bapuanm 6

B naboparopuu B mkagy ¢ KUCIOTaMU XPaHITCS HECKOJIBKO CKISIHOK. Ha oJTHOM U3 CKIISIHOK
crepiack Haanuch. COrnacHo CIUCKY PEaKTUBOB, B CKIISTHKE HAXOAMTCS pa30aBIIeHHBIN pacTBOP
OJTHOM M3 CIICAYIOIINX KUCIIOT: MypaBbHHAas1, YKCyCcHas, OeH30iHas1, TnOo a3oTHas. Monogoro
n1abopaHTa MOMPOCHIIN ONIPEEIIUTh, PACTBOP KAKOH KHCIOTHI HAXOAUTCS B CKIISTHKE U KaKoBa €€
KOHIIeHTpanus. B Haymuny y nadopanTa 6su1 pPH-Metp, Habop mocynst u 0,1-MoJISIpHBINA pacTBOP
ruIpoKcuaa Kanus. JlabopaHT pemmi mpoBecTd PH-MeTpuyeckoe THTPOBaHUE HEN3BECTHOM
KACIOTHL. [[1st THTpOoBaHus OH 0TOOpai anmukBoTy 10 MII pacTBOpa KUCIOTHI U TIOCIIEIOBATEIEHO
n00aBysl U3 OIOPETKU pacTBOP TMIPOKCHIA Kalus, usmepsas pH pacTtBopa nmocie Kaxaoro
no6asnenus. 3apucuMoctb PH ot o0bema nob6asnenHoro KOH npezacrasieHa Hibke.

ITo nanHOMY rpaduKy J1JaGOPAHT C JETKOCTHIO OMPEAETHI KOHLIEHTPAIIO HEU3BECTHOM
KucinoTsl. [Ipoanann3npoBaB rpaduk elle pa3 1 3arjissHyB B CIPABOYHHUK, JJAOOPAHT YCHEIIHO
OIIpeIeNINI, KaKash KUCI0Ta HAaXOAUTCS B CKIITHKE.
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1) Ompenenute KOHIEHTPAIMIO KUCIOTHI B CKIISTHKE.

2) Omnpenenure CTeNeHb AUCCOLUALINH KUCIOTHI B HICXOIHOM pacTtBope. Crabast mim
CHJIbHASI KUCJIOTa HAXOJIUTCS B CKIISTHKE?

3) Ompenenute, Kakasi KUCJIOTA B CKISIHKE.

4) Hanummre ypaBHEHUE €€ AUCCOLUALIUH.

9 +
Ipumeuanue: Bomopomaubiii mokaszatens PH = —IgC(H"), noHHOE mnpoHM3BEAEHHE BOABI —

MPOMU3BEJICHUE KOHICHTPALIMII HOHOB BOJIOPO/Ia U TUJPOKCHI-MOHOB — Ipu 25 °C paBHO 1074,

CrnipaBouHbIE JaHHBIE!

Kucnora Koncranrta
JIHCCOIHAIAN
MYypaBbUHAs 1,8:10"
YKCYCHasI 1,810
OeH30lHas 6,610
Omeem.:

1) 0,15 monv/n
2) 2,1 % (npunumaromes snavenus 1 - 3 %). Kucnoma — crabas
3) Benzounas kucioma

4) CgHsCOOH = CgHsCOO + H*



