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3anauya 1 (25 6a10B)
Bapuanm 1.

B nepuoaunueckoit cucreme 3J1€MEHTOB aTOMHAsi Macca MHOTUX 3JIEMEHTOB HE SIBJISIETCS LEJIBIM
YHCIIOM BCJIEJICTBUE HATMYMSI PA3JIMYHBIX U30TOIOB, a TAKXKe U3-3a edekra Maccel. Onpenenure
MaccoByro 101110 Moneky1 NO,, cocrosiux Tonbko u3 uzoronos N u *°0. M3oTonHblii cocras
azota (atomHas jaons): 98,64 % YN u 1,36% N. M3oronusiii cocras KHcIopoia (aToMHast
noiist): 99,76 % 16O, 0,04 % YO u 0,20 % 180, CpenHue aTOMHBIE MacChl a30Ta U KUCI0pOJia
npuMHTE paBHBIM 14 1 16.

Pewenue:

Bosbmem 1 moas mosexyir NO;

Macca NO; cocrasiser M(NO,) = 1 mosb - (14+ 16-2)r/mMonb =46 T

MonbHast 7051 MOJIEKYJT 15N1802 COCTAaBIISIET X(15N1802) =0,0136-0,002-0,002 = 5,44 - 10

Kosnuuectso Bemectsa N0, cocrasnsger 1)(15N1802) = X(15N1802)- v(NOy) =5,44- 1081 Mo
=5,44-10® monb

Macca N0, cocrapmser m(*®N'0,) = v(**N0,) - p(™N®0,) = 544-10° moms
(15+18-2)r/momb =2,77-10% r

Maccosas nons °N*®0, cocrasnser oa%(lSngOg) = m(15N1802)/ m(NO,)-100% 2,77 10%r/46
r -100 %= 6,03 -10° %

Bapuanm 2.

B mepuoaudeckoii cucreMe 3JIEMEHTOB aTOMHAsi MacCca MHOTHX JJIEMEHTOB HE SIBJISCTCS LIEITBIM
YHCIIOM BCJICJICTBUE HATMYHSI PA3JIMYHBIX N30TOIOB, a TAKXKe M3-3a JMedekra Maccel. Onpenenure
maccoByto om0 Mosiekyn N2Os, cocrosiux Tobko u3 m3otornos N i 20, M3oromnusiii cocras
azorta (aromHas nous): 98,64 % YN u 1,36% N. UsoronHslii cocras KHCIIOpoJa (aToMHast
nonst): 99,76 % %0, 0,04 % Y0 u 0,20 % 80. CpenHre aTOMHBIC MAacChI a30Ta U KHCIIOPO/Ia
IpUMHTE paBHBIM 14 1 16.

Omeem: Maccosast nomst “°"N,*°03 cocrasmser 0%(*°N2™°03) = 1,64-10™° %

Bapuanm 3.

B nmepuoaudeckoii cucreMe 3IeMEHTOB aTOMHAsi MacCca MHOTHX DJIEMEHTOB HE SIBJISIETCS LIEIbIM
YHCIIOM BCIIEACTBUE HAJTUYHS Pa3IMYHBIX U30TOIMOB, a TakKe U3-3a fedekra Maccel. Onpenenure
MaccoByro 107110 Mosekyn NoOs, cocrostiux Tobko u3 u3otonos —N u *0. Usoromnusiii cocras
azora (aromHas mous): 98,64 % YN u 1,36% N. UsoronHslii cocras KHUCJIOposia (aToOMHast
nonst): 99,76 % 16O, 0,04 % Yo u 0,20 % 180, CpenHre aTOMHBIC MAacChl a30Ta M KHCIIOPO/Ia
puUMHTE paBHBIM 14 1 16.



Omeem: Maccosast noms “°N,™%0s cocrasnser ©%(*°N,™%0s) = 6,58-10™° %

Bapuanm 4.

B nmepuoauueckoii cucreMe 3JIEMEHTOB aTOMHAsi MacCa MHOTHX JJIEMEHTOB HE SIBJISETCS LIEIBIM
YHCIIOM BCJICJICTBUE HATMYHSI PA3JIUMYHBIX U30TOIOB, a TAKXKE U3-3a Nedekra Maccel. Onpenennure
maccoByio gomo mosekyn NO, cocrosiux Tonbko 3 usorornos N u 0. Msoronnsrii cocras
azora (aromHas noist): 98,64 % YN u 1,36% N. UsoronHslii cocras KHUCJIopoia (aToMHast
noms): 99,76 % °0, 0,04 % O 1 0,20 % 0. Cpennme aroMHBIe MAacCh a30Ta U KHCIOPO/IA
MpUMHTE paBHbIM 14 1 16.

Omeem: Maccosas nois N0 cocrasser 0%(*°N*0) = 2,99-10° %

3apaya 2 (25 0ans10B)
Bapuanm 1

B naGopaTopuu ecTh 0aUIOHBI C aMMUAKOM, aprOHOM, BOJOPOJOM, XJIOPOBOIOPOIOM U XJIOPOM.
Kakue mapel razoB HY)XHO B35iTb M B KAaKMX OOBEMHBIX COOTHOILEHUSAX MX HYKHO CMEILATh,
YTOOBI IIJIOTHOCTD MOJTYYEHHON CMECH 1O BO3ayXy Obuia paBHa: 1.0. [IpuBeauTte Bce BO3MOXKHbBIE
peLeHHMs.

Pewenue. OTHOCHTEIBHBIC IIIIOTHOCTH YKa3aHHbIX I'a30B 110 BO3AYXY COCTABJIAIOT:

Dyosa(Ar) = 40/29 = 1.38; Dyosu(NH3) = 17/29 = 0.59; Dyosu(H2) = 2/29 = 0.069; Dyosa(HCI) =
36.5/29 = 1.26; Dyos(Cl2) = 70/29 = 2.41.

AHanu3 MOKa3bIBaeT, YTO IS YAOBJIETBOPEHHS YCIOBUS 3a/a4d 3TO JIOJDKHBI OBITH CMECH
OJHOTO M3 JABYX JIETKMX Tra30B (BOJOPOJ, aMMHUAaK) C OIHHUM M3 TSDKENBIX ra3oB (aproH,
XJIOPOBOJOPOJ, XJ10p). OHAKO IPU 3TOM CIIETyeT UCKIFOUUTh HAPBI BELECTB, MEXK/Y KOTOPBIMU
IPOTEKAaeT XUMUYECKash peaklus: aMMUAaK U XJOPOBOAOPOA (0OpaszyeTcst HENeTyuuil Xjopup
ammonus: NHsry + HClyy = NH4Cliy), amvmuak n xmop (o6pasyercst a3oT M XJIOPOBOJOPO:
2NH3y + 3Clyry = Nogy + 6HCly), a Takoke HeycToOiUMBas Ha CBETY CMECh BOAOPOJA C XJIOPOM
(obpazyercs xsopoBonopo: Haqy + Clyry = 2HCl ).

TakuM 00pazoM, BO3MOXKHBIMH BapHaHTAMH OCTAIOTCS CMECH: BOAOPOJ — aproH, BOJOPOA —
XJIOPOBOJIOPO/JI, aMMHUAK — aproH.

CornacHo ypaBHeHutro MenzaeneeBa-Knaneiipona pV = nRT, cooTHomieHne o0BEMOB TrazoB
PaBHO MOJIBHOMY COOTHOIIEHUIO Ta30B.

Cpenusisi MOJEKyJIspHash Macca CMECH JIOJDKHA OBITh paBHA MOJIEKYISPHOW Macce BO3ayXa.
[Tycth MonbHAst 10l JIETKOTO Ta3a X, TOrJa MOJIbHAas JoJsl Tsokenoro rasza (1-X), torma amns
cMecH Boziopox — apron: 29 = 2-x + (1-x)-40, otkyna X = (40-29/40-2) = 0.29; (1-x) = 0.71,
MOJIBHOE OTHOIIIEHHE aproH — Bogopoa (1-X)/X = 2.45, Toraa cooTHomieHre 00EMOB BOAOPOIa
u aproHa 1:2.45.

JUIE CMECH BOJIOPOJl — XJjopoBojmopox: 29 = 2:X + (1-x)-36.5, oTkyaa mosnydaeM 0O0BEMHOE
COOTHOIIIEHUE BOJIOPOT — XJIopoBogopoa 1:3.6.

JUISE CMECH aMMHaK — apro: 29 = 2-X + (1-X)-36.5, oTkyna nojsydyaeM 00bEMHOE COOTHOIIICHUE
ammuak — apros. 1:1.09.



Omeem: 00bEMHOE COOTHOIIICHHE BOAOpOA — aproH 1:2.45; Bomopon — xmopoBogopon 1:3.6;
aMmmuak — apros 1:1.09.

Bapuanm 2

B naboparopun ectb O0amsioHbl ¢ aMMHUAKOM, apTOHOM, BOJIOPOAOM, XJIOPOBOJIOPOAOM U XJIOPOM.
Kakue mapel razoB HY)XHO B35Th M B KaKHMX OOBEMHBIX COOTHOILIEHHUSX MX HYKHO CMEIaTh,
YTOOBI IJIOTHOCTDH MOJTYYEHHON CMECH MO BO3ayxy Obuia paBHa: 0.8. [IpuBeauTte Bce BO3MOXKHbBIE
penieHusl.

Omeem: 00BEMHOE COOTHOIICHHE BOAOPO — aproH 1:1.26; Bomopoa — xmopoogopon 1:1.59;
aMMmuak — apros 2.71:1.

Bapuanm 3

B naGopaTopuu ecTh 0AUIOHBI C aMMUAKOM, aprOHOM, BOJOPOJOM, XJIOPOBOJOPOIOM U XJIOPOM.
Kakue mapel razoB HY)XHO B35ITb M B KaKMX OOBEMHBIX COOTHOILIEHUSX MX HYKHO CMEILaTh,
YTOOBI IIJIOTHOCTb MOJTYYEHHON CMECH 10 BO31yXy Obuia paBHa: 1.2. [IpuBeaure Bce BO3MOKHBIE
peLeHus.

Omeem: 00bEMHOE COOTHOIIIEHHUE BOJOpOA — aproH 1:6.31; Bogopox — xyopoBogopoa 1:19.3;
aMMuak — apros 1:3.42

Bapuaum 4

B naboparopuu ectb 6aJUIOHBI ¢ aMMHUAKOM, aprOHOM, BOJIOPOJIOM, XJIOPOBOIOPOIOM U XJIOPOM.
Kakue mapel ra3oB HY)XHO B35Th U B KaKUX OOBEMHBIX COOTHOILICHHSX MX HYXHO CMEIIATh,
4TOOBI IJIOTHOCTH TIOJYYEHHOW CMecH 1o BO3ayXy Obuia paBHa: 0.9. [IpuBenute Bce BO3MOXKHbBIE
peLIeHus.

Omeem: 00bEMHOE COOTHOIIEHUE BOOpOa — aprod 1:1.73; Bogopoa — xiopoBojgopon 1:2.32;
ammuak — apros 1.53:1.

3anauya 3 (25 6ay10B)

Bapuanm 1
B MenutmHe U IpeaynpexaeHus MPOJIeKHEH Y JeKaunXx OOJNBHBIX UCHOIB3YIOT KaM(OpPHBIN
cnupt. Ilpu ero npurorosnenun 10 r kampops! pactBopsitoT B 70 Ma 90% BOJHOTO 3TUIOBOTO
criupta (mwrotHocTh 0,863 r/mMi1) u goGaBisitor 20 mut Boasl. OmnpenenuTte, CKOJIbKO MPOTOHOB
conepxkutcs B 20 r momyueHHoro mnpenapara. CTpykTypHas ¢opmyna kamdopsl IpuBeeHa
HIDKE.

@)

OOpatuTe BHUMaHUE, YTO HEHAJINMCAHHBIC «YTOJKM» B 3TOH (OpMyJe O3HAYAIOT aTOMBI
yriaepojaa, TMPUTOM YIJIEpoa B cocTaBe KaMm(opwl, Kak W B JIFOOOM JPYroM OPraHHYESCKOM
COCJTMHEHUH, YETHIPEXBAJICHTCH.

Pewenue.

1. Onpenenum O6pytTo-hopmyny kambpopsl: C100His. B 1 Monekyne kambopsl comepxkurces 6-10
+ 8 + 16 = 84 mpotona



B 1 monekyne stanona Co;HsOH conepxurcs 62 + 8 + 6 = 26 mpoTOHOB

B 1 monexyine Boab! 8 + 2 = 10 npoToHOB

CMmech, TPUTOTOBICHHE KOTOPOM oOmucaHo B ycioBuu, conepxkur 10/152 = 0,066 mons
kampopsi, 70-0,863-0,9/46 = 1,182 moms stunosoro cnupra, 70-0,863-0,3/18 = 2,118 Mok BOIbI
B nanHo# cMecu conepxKutcs

(0,066-84 + 1,182-26 + 2,118:10)-6,02:1023 = 3,46-10%° nporoHoB

B ycnoBum 3anaun onucano nomnydenue 10 + 70-0,863 + 20 = 90,41 r npenapara. Torga B 20 r
ero OyzieT coepKaThCs

3,46-10% -20/90,41 = 7,65-10%* npomonos

Bapuanm 2
Pactop Jltoromns ¢ raurepuHoM, MpUMEHSEMBI B MEUIIMHE TIPU JICYCHUH aHTUHBI, COCTOUT U3
nona (1 macc. %), noguaa kanus (2 %) u 97%-Horo BOAHOTO pacTBopa riuiepuHa. Onpenenure,
CKOJIBKO 3JIEKTPOHOB coepkuT 20 r Takoro pactsopa. @opmyiia TiauleprHa IpUBeIeHa HUXKE.

OH
Ho\/K/OH

OOpatuTe BHUMAaHUE, YTO HCHAJIMCAHHBIC «YTOJKH» B 3TOW (OpMylie O3HAYAIOT aATOMBI
yriepoja, MPUTOM YIJIEPOJ B COCTaBe TJIMIICPHHA, KaK M B JIOOOM JIPYyrOM OpPraHHMYECKOM
COCJIMHCHUH, YCThIPEXBAJICHTCH.

Omeem: 6,38:10” 3JICKTPOHOB

Bapuanm 3
B MenunuHe B kauecTBe YCIOKOUTEIBHOTO CPEJICTBA IPUMEHSAETCS MEHTOJIOBbIN cupT. [Ipu ero
npuroroBiaeHuu 0,5 r mentona pactBopstor B 50 mMa 90% BOAHOrO STUIOBOrO CIHPTA
(mmotnocts 0,863 /™M) u goGaBistor 10 M Boabl. Ompenenurte, CKOJIBKO IMPOTOHOB

conepxkutcs B 30 T monydeHHoro npenapara. CTpykTypHas (opmysia MEHTOJIa IPUBEICHA HUXKE.

OH
_CH
HC  CH,
OOparuTe BHUMaHHWE, YTO HEHANUCAHHBIC «YTOJKW» B 3TOW (opMylie O03HAYArOT aTOMBI
yriepoja, TPUTOM YIJIEpOJ B COCTaBE MEHTOJA, Kak W B JIIOOOM JPYyroM OpPraHHYECKOM
COCIMHECHUH, YEThIPEXBAJICHTCH.
Omeem: 6,28-1024 JJICKTPOHOB

3anaua 4 (25 6a710B)
Bapuanm 1

MaccoBble A07U JIBYX pPAacTBOpPOB IMenoud oTiaudaroTcss Ha 10%. Ompenenute Macchl 3THX
pacTBOpOB, eciu B nepBom conepxkutcs 800 r., Bo Bropom 600 T. menouu, a Npyu UX CIMBAHUU
MOJIy4MJIM pacTBop maccoi 10 kr.

Pewenue:

Pemenue. O003HaYMM MacChI pacTBOpOB 3a X 1 Y. Torma MOXXHO COCTaBUTh JIBa YpaBHCHUA:



x+y =10

0.8/x-0.6/ly = 0.1 (B nmaHHOW CHTyalluM HEBa)XHO B KaKOM pPAaCTBOPE MPOLIECHT COJCpIKaHHS
KHCJIOTHI BBIIIIE).

Pemas cucremy monydaem X=4 u y=6. [I[pyrue pemienus (U3NIeCKOro CMbICIa HE UMEIOT.
Omeem: 4 Xr u 6 KT
Bapuanm 2

MaccoBble 1014 ABYX pacTBOpOB cyib(dara HaTpus oTiauvaroTcs Ha 5%. OnpenenuTe Macchl
3THUX PAaCTBOPOB, €cii B nepBoM cojaepxkutcs S00 r., Bo Bropom 300 r. coyiv, a IpH UX CIMBAHUHN
MOJIYyYUIIA PacTBOP Maccoit 4,5 Kr.

Omeem: 2 xr u 2,5 Kr
Bapuanm 3

MaccoBbie 071 JIByX pacTBOPOB XJjopuaa Kaiblius oTinyatorcs Ha 40%. Onpenenure Macchl
ATUX PAaCTBOPOB, eciiu B iepBoM cojiepxkutcs 700 1., Bo BTopom 100 1. conu, a mpy UX CIUBAHUU
MOJIyYHJIM pacTBOp Maccout 12 kr.

Omeem: [ Xr u 5 Kr
Bapuaum 4

MaccoBbie 1011 JIBYX PacTBOPOB CEepHOM KUCIOTHI oTianvaroTcs Ha 10%. Onpenenure macchl
ATUX PacTBOPOB, eciin B nepBoM conepxkutcs 200 1., Bo BTopoMm 300 T. KHCIOTHI, a MpU HUX
CJIMBaHMH IOJIYYUIIU PACTBOP Maccoi 2 Kr.

Omeem: 1 xr u 1 KU



9 kJs1acc
3agaua 1 (20 6as10B)

Bapuanm 1
DileMeHT GOp IPEICTaBICH B MPUPOLE AByMs m30Tonamu — °B u B C aTOMHBIME Maccamu
1,663-10%° 1,828~10'26 KI', COOTBETCTBEHHO.
- OnpenenuTe CoepKaHUEe JAHHBIX H30TOIOB B MPUPOJIE B MACCOBBIX JIOJISX;
- Maccel Mokost MpOTOHA U HEUTPOHA COCTABIISIOT, COOTBETCTBEHHO, 1,673:10% u 1,675-10‘27 KT,
a mMacca JJIeKTpOHa — 9,110-10°* kr. OGbsicHure, MOYEeMY MacChl aTOMOB 0Opa HE paBHBI CYMMeE
MacC COCTABJISIFOIIMX UX JIEMEHTAPHBIX YACTHII.
- Omnpenenure, Kakas JHEpPrusi BblenseTcs (TOTJIONIACTCS) MPU CHUHTE3e sapa Oopa-10 u3
HYKJIOHOB.
Pewenue.
1. Cpennss atomHast macca 6opa cocrapisier 10,810 a.e.m. [yis pacuera conepikaHus U30TOIIOB
B NPUPOJHOM OOpe mepeBefeM aTOMHbIE Macchl M30TonoB B a.e.M. Onu cocraBsat 10,015 u
11,008 a.e.M., COOTBETCTBCHHO.
ITycte aTomHas noas 6opa-11 cocrasnsger x%. Torna cnpaBeIMBO COOTHOILIEHUE:!
10,015-(100 — x) + 11,008- x = 10,810-100
x = 80,06%.
s ompeneneHus MacCOBBIX JIOJIEH M30TOIOB MPHMEM, YTO OOIee KOJIMYECTBO siep Oopa
cocrapiisiet 1 monb. Torna maccoBast 1oist 6opa-11 cocraBut:
80,06-11,008/(19,94-10,015 + 80,06-11,008) = 81,53%, cooTBETCTBEHHO MaccoBas 101 6opa-10
—18,47%
2. Macca aroma 60pa MeHbIIIe CYMMbI Macc HyKJIOHOB BCIIEICTBUE JIe()eKTa Macc.
3. Macca siapa 6opa-10 cocrapiser 1,663-10‘26— 5-9,11-10‘31 = 1,663-10‘26 KT
Jleext mace cocraBur Am = 1,663-102°—5:1,673-10%" —5:1,675:10%" = -1,1-10 2 kr
E=Amc?=1,1-10%-9-10'° = 9,9-10™%? /e

Bapuanm 2
DIeMeHT KallHii MpeCTaBIeH B pUpose AByMs m3otomamu — K n “'K ¢ aromusvMi Maccamu
6,470-10%°u 6,808-10'26 KT, COOTBETCTBEHHO.
- OnpenenuTe coJepKaHue JAHHBIX H30TOIOB B IPUPOJIE B MACCOBBIX JOJISIX;
- Maccel mokost mpoTOHA U HEHTPOHA COCTABIISIOT, COOTBETCTBEHHO, 1,673-10'27 u 1,675-10'27 KT,
a macca s1ekrpona — 9,110-10°%! kr. O6bsicHHTE, TTOYEMY MACCHI ATOMOB KaJHsi HE PABHBI CYMME
Macc COCTaBIISIONINX UX DJIEMEHTAPHBIX YaCTHII.
- Ompenenute, Kakas dHEprusi BblIensieTcs (IOTJIOLIAeTCs) MpH CHHTE3e sAnpa kKanua-41 us
HYKJIOHOB.
Omeem: a) 93,08% xanus-39 u 6,92% kanusa-41
B) 5,0-10" JIx

Bapuanm 3
DNeMEeHT Mellb MPEACTaBICH B IPUPOJIE IBYMS U30TOIIAMU — %3Cu 1 **Cu ¢ aromubIME MaccaMu
1,045:10%° 1,078-10'25 KT, COOTBETCTBEHHO.
- OmnpenenuTe cojiep>kaHue JaHHBIX H30TOTIOB B MIPUPOJE B MACCOBBIX JIOJISIX;
- Macchl TOKOst TPOTOHA M HEUTPOHA COCTABIISAIOT, COOTBETCTBEHHO, 1,673-10'27 u 1,675-10“27 KT,
a Macca JJIeKTpOoHa — 9,110-10°*! kr. O6wsicHuTE, [I0YEMY MacChl aTOMOB MEZM HE PaBHBI CyMME
MacC COCTABJISIFOIINX UX AJEMEHTAPHBIX YACTHII.



- Ompenenure, Kakas SHEPrUsi BbiACHseTCs (TOTJIOMIACTCA) MPU CHUHTE3E sApa Meau-63 w3
HYKJIOHOB.

Omeem: a) 68,48% menu-63 u 31,52% menu-65

B) 6,7-10™ I

Bapuanm 4
DJIeMEHT CypbMa IPEJACTABICH B HPHPOAE ABYMs m3oromamu — 2-Sh u ?Sb ¢ aromubiMu
maccamu 2,008:102° u 2,041-10%° kr, COOTBETCTBEHHO.
- OnpenenuTe coiep>KaHue JaHHBIX H30TOTIOB B MMPUPOIEC B MACCOBBIX JIOJISIX;
- Macchl okost IpOTOHA U HEUTPOHA COCTABIISIOT, COOTBETCTBEHHO, 1,673:10% u 1,675-10'27 KT,
a Macca 3JIeKTpoHa — 9,110-10% kr. OGwschure, MMOYeMy MacChl aTOMOB CYPbMbI HE PaBHBI
CYMME MAacC COCTABIISIOLIMX MX 3JIEMCHTAPHBIX YACTHIL.
- Onpenenurte, Kakas dHEPrUsl BbIACISACTCS (IIOTJIONIACTCS) MPU CHHTE3E sapa cypbMbl-121 u3
HYKJIOHOB.
Omegem: a) 56,8% cypbmbl-121 u 43,2% cyppmbi-123
B) 1,6:10™° JIx

3amaya 2 (20 6ay510B)

Bapuanm 1
Hagecky munka maccoit 3,00 r coxrau npu 150 °C u naBiaenun 0,8 atM B 3aKpPHITOM COCYIE
o0vemMoMm 5,0 11, 3aMOJHEHHOM ra3000pa3HbIM BEIIECTBOM C IJIOTHOCTHIO MAPOB IO Gecesiuemy
ra3y 5,77. [lo okOHYaHHH peaklMU COCYJ OXJaAWUIN A0 KOMHATHOW TEMIIEpaTypbl U BHECIH B
Hero 1 mutp 50% BogHOrO pacTBOpa a30THOM KuCIOTH (TioTHOCTH 1,30 r/mit). Onpenenute
MOJIBHYIO JIOJIF0 aTOMOB KHCIIOpOAa B TMOJYy4eHHOM pacTBope. [lpuBeaute ypaBHEHHS
YIIOMSIHYTBIX peaKIui.
Pewenue.
1. OnmpenenuM HeM3BECTHOE BeliecTBO. Ero MonsipHas Macca COCTaBIseT:
M = 5,77-44 = 254 r/moib — 04eBUAHO, HCKOMOE BemecTBO nox (1)
Paccuntaem KOMMYECTBO BEIIECTBA MO/ B COCY/IE:
n=pVIRT = 0,8-101325-5-10'3/(8,31-423,15) =0,115 monp
KonuyectBo BemectBa muHka coctasiser 3/64,5 = 0,047 mons. Takum oOpazoM, moa B3ST B
HN30BITKE
Peakiuu:
Zn+ 1, =2Znl,
Znl; + 14HNO; = Zn(N03)2 + 2HIO3 + 12NO, +6H,0
I, + 10HNO3; = 2HIO3 + 10NO; + 4H,0 (Bo3MOXeH pacdeT Ha MOHOOKCH]T a30Ta)
ITo oxOHYaHMM peakilHil B paCTBOPE COAEPIKUTCS:
0,047 Monp HUTpaTa IMHKA
0,230 MOJIBL HOJHOBATOM KHUCIIOTEI
8,980 MOJIb a30THOM KUCJIOTHI
36,665 MOJIbL BOJBI
KonmnuecTBo BemiecTBa OTACIBHBIX JIEMCHTOB COCTABJISACT:
[uuka — 0,047 monb
Hona — 0,230 moib
A3zora — 9,074 momab
Bonopona — 73,56 monb



Kucnopona - 64,577 monb
ModnbHast 107151 aTOMOB KHcTIopoJa coctasisier 43,78%.

Bapuanm 2
Hagecky amomunus maccoit 2,00 r coxriu npu 200 °C u naBinenun 0,5 aT™ B 3aKPBHITOM COCY/IE
obbemoM 6,0 71, 3alOJTHEHHOM Tra3000pa3HBIM BELIECTBOM C IUIOTHOCTBIO MAPOB IO JIUCbEM)
xeocmy 5,52. 1o OKOHYaHUM peaKLUU COCY OXJIAIWIN JO KOMHATHOM TeMIIepaTypbl U BHECIIU B
Hero 1,5 mutpa 40% BomHOTO pacTBOpa a30THOM KHCIOTHI (mIoTHOCTH 1,25 r/min). Onpenenute
MOJIBHYIO [JIOJIF0 aTOMOB KHCJIOpOAAa B IOJYy4eHHOM pacTtBope. IlpuBeaure ypaBHEHUS
YIOMSHYTBIX pEaKLU.
Omeem: 2Al + 31, = 2All3
Allz + HNO3 = Al(NO3)3 + HIO; + H,O
Al + HNO3 — naccuBanus
MonbHas noas atoMoB kuciopoja 41,25%

3apaua 3 (20 6an710B)
Bapuanm 1

B naboparopuu ectb 6aJUIOHBI ¢ aMMHUAKOM, aprOHOM, BOJIOPOJIOM, XJIOPOBOIOPOIOM U XJIOPOM.
Kakue mapel ra3oB HY)XHO B3Th U B KaKUX OOBEMHBIX COOTHOIICHUSAX HUX HY)KHO CMEIIATh,
4TOOBI IJIOTHOCTH TIOJYYEHHOW CMeCH 1o BO3ayXy Obuia paBHa: 1.0. [IpuBenuTe Bce BO3MOXKHbBIE
peLIeHus.

Pewenue. OTHOCHTEIBHBIC IIIIOTHOCTH YKa3aHHbIX I'a30B 110 BO3AYXY COCTABJIAIOT:

Dyosa(Ar) = 40/29 = 1.38; Dyosu(NH3) = 17/29 = 0.59; Dyosu(H2) = 2/29 = 0.069; Dyosa(HCI) =
36.5/29 = 1.26; Dyos(Cl2) = 70/29 = 2.41.

AHanu3 TOKa3bIBaeT, 4TO AJSL YJOBJIETBOPEHUS YCIOBHS 3aJaud 3TO JOJDKHBI OBITH CMECH
OJIHOTO M3 JABYX JErKMX Ta3oB (BOJOPOJ, aMMHAaK) C OJHUM U3 TDKENBIX Ta30B (apro,
XJIOPOBOJIOPOJ, XJI0p). OHAKO MPU 3TOM CIIEAYeT UCKIIOUNTH MAPHI BEIECTB, MEXKy KOTOPHIMU
IPOTEKAeT XUMHUYECKas PeakIMs: aMMHAaK M XJIOPOBOZOPOA (0Opa3yeTcss HeldeTyduil XJIOpHI
ammonus: NHsry + HClyy = NH4Cliy), ammuak n xmop (oOpasyercst a3oT M XJIOPOBOIOPO:
2NH;() + 3Clyry = Ny + 6HCl ), a Taxoke HeycTolumBas Ha CBETYy CMeCh BOJOPOJA € XJIOPOM
(obpazyercs xsopoBoopo: Hary + Clyry = 2HCl ).

TakuM 00pazoM, BO3MOXKHBIMH BapHaHTAMH OCTAIOTCS CMECH: BOAOPOJ — aproH, BOJOPOA —
XJIOPOBOAOPO/JI, AMMHAK — apTOH.

CornacHo ypaBHeHuro MenzaeneeBa-Knaneiipona pV = nRT, cooTHomieHne o0BEMOB TrazoB
pPaBHO MOJIBHOMY COOTHOILIEHHUIO T'a30B.

Cpennsisi MoJeKyJsipHasi Macca CMeCH JOJDKHA OBbITh paBHAa MOJIEKYISIPHOM Macce BO3yXa.
[Tycte MonbHAst OISl JIETKOTO Ta3a X, TOTJa MOJIbHas JoJsl Tsokenoro rasza (1-X), torma amns
cMecH Boziopox — apron: 29 = 2-x + (1-x)-40, otkyna X = (40-29/40-2) = 0.29; (1-x) = 0.71,
MOJIBHOE OTHOIIIEHHE aproH — Bogopoa (1-X)/X = 2.45, Toraa cooTHomeHre 00HEMOB BOAOPOIa
u aprona 1:2.45.

JUIE CMECH BOJIOPOJl — XJjopoBojmopox: 29 = 2:X + (1-x)-36.5, oTkyaa mosnydaeM 0O0BEMHOE
COOTHOIIIEHUE BOJIOPOT — XJIopoBogopoa 1:3.6.



JUISE CMECH aMMHaK — aprou: 29 = 2-X + (1-X)-36.5, otkyma moiydaeM 00bEMHOE COOTHOIIICHHUE
aMMmuak — aprod. 1:1.09.

Omeem: 00bEMHOE COOTHOILIEHHE BOAOPOA — aproH 1:2.45; Bomopon — xjmopoBogopon 1:3.6;
aMmmuak — aprod 1:1.09.

Bapuanm 2

B nabopatopun ecth 6aJUIOHBI C aMMHAKOM, aprOHOM, BOJIOPOJIOM, XJIOPOBOIOPOJIOM U XJIOPOM.
Kakne Hélpbl ra3oB HY’>KHO B34Tb U B KaKHX OGLéMHBIX COOTHOHICHUAX HX HYKHO CMCIIATh,
YTOOBI TVIOTHOCTH MOJIYYEHHOU cMecH 1o Bo3Ayxy Obuta paBHa: 0.8. [IpuBeauTe Bce BO3MOXKHbBIE
peIICHHS.

Omeem: 00bEMHOE COOTHOIIEHUE BOJOopoa — aproH 1:1.26; Bogopon — xsopoBogopoa 1:1.59;
ammuak — apros 2.71:1.

Bapuanm 3

B naGopaTtopuu ecTh OasIOHbI C aMMHAKOM, aprOHOM, BOZOPOAOM, XJIOPOBOIOPOJIOM U XJIOPOM.
Kakue napel ra3oB HY)XHO B3ATh U B KakKuX OOBEMHBIX COOTHOLICHUSAX HUX HY)KHO CMEIIATh,
4TOOBI MJIOTHOCTh MOJIYYEHHON CMECH 10 BO3yXy Obuta paBHa: 1.2. [IpuBenuTe Bce BO3MOXKHBIE
peneHus.

Omeem: 00bEMHOE COOTHOIICHHE BOAOPO — aproH 1:6.31; Bomopoa — xmoposogopox 1:19.3;
aMMHaK — apro 1:3.42

Bapuanm 4

B naGopaTtopuu ecth OasIOHbI C aMMHAKOM, aprOHOM, BOZOPOAOM, XJIOPOBOIOPOJIOM U XJIOPOM.
Kakue napel ra3oB HY)XHO B3ATh U B KaKUX OOBEMHBIX COOTHOLICHMSAX MX HYXHO CMeIIaTh,
4TOOBI MJIOTHOCTh MOJTYYEHHON cMecH o BO3ayXy Obuia paBHa: 0.9. [IpuBenute Bce BO3MOXKHbBIE
pelLIeHusl.

Omeem: 00bEMHOE COOTHOIIIEHUE BOJopoa — apron 1:1.73; Bogopon — xmopoBogopoa 1:2.32;
ammuak — apros 1.53:1.

3anava 4 (20 6ans10B)
Bapuanm 1

MaccoBble 10U ABYX pPAacTBOPOB mienoun oTinuyatorcs Ha 10%. OmpenenuTe Macchl 3THX
pactBopoB, ecinu B iepBoM cozepxkutcs 800 r., Bo BTopom 600 r. mienouu, a Mpu UX CIUBAHUH
MOJIYYHJIM pacTBOp Maccoit 10 kr.

Pewienue:
Pemenne. O603HauMM Macchl pacTBOPOB 3a X U Y. Torja MOKHO COCTaBUTD JIBa YPABHEHUS:
x+y =10

0.8/x-0.6/ly = 0.1 (B nmaHHOW CHTyallMl HEBa)XHO B KaKOM pPAacCTBOPE MPOLEHT COJCpIKaHHS
KHCJIOTHI BBIIIIE).

Pemras cucremy nonmyuaem X=4 u y=6. [lpyrue pemeHust pU3nuecKoro CMbICiia HE UMEIOT.

Omeem: 4 Xr 1 6 KT



Bapuanm 2

MaccoBble 101H BYX pacTBOpPoOB cyibdara HaTpus oTimyaroTcs Ha 5%. Ompenenure macchl
ATUX PACTBOPOB, eciid B iepBoM cojiepxkutcs 500 ., Bo BTopom 300 . conu, a py UX CIUBAHUU
MOJIYYUIIA PacTBOp Maccoit 4,5 Kr.

Omeem: 2 xr 1 2,5 KT
Bapuanm 3

MaccoBsie 10/ ABYX pacTBOPOB XJjopujaa Kaiblusa otianyaroTcs Ha 40%. Onpenenure Macchl
3THUX PAaCTBOPOB, €cii B nepBoM cojaepxkutcs 700 r., Bo Bropom 100 1. cosu, a Ipu UX CIMBAHUHN
MOJIYYHJIM PacTBOP Maccoit 12 kr.

Omeem: 7 Kr u 5 xr
Bapuanm 4

MaccoBble 1011 JBYX PacTBOPOB CEPHOM KHUCIOTHI oTianyaroTcss Ha 10%. Onpenenurte maccsl
3THUX PacTBOPOB, eciu B nepBom coaepxkutrcs 200 r., Bo Bropom 300 r. KUCIOTBI, a TIPU UX
CIIMBAHUU TOJYYHIH PACTBOP MAacCou 2 K.

Omeem: 1 xr u 1 xr

3amaya 5 (20 6as10B)
Bapuanm 1

OKBUMOJIIPHYIO CMECh TPEX I'a30B C IUIOTHOCTBIO MO Bo3ayxy 0,782 pasznenunu Ha /Be 4acTu.
[lepByt0 4YacTh HPOIMYCTHIIM 4Yepe3 TOPSYMil PacTBOP KHCIOTHI, B pe3yibraTte 00bEM CMecH
yMmeHbmmics B 1,5 pasa, a ee INIOTHOCTh yBenuuymwiach Ha 5,8 %. BTopyro yacte mpomycTiiin
yepe3 XOJIOAHbIM pa30aBiieHHBIH PacTBOp IIEJIOYH, B pe3yiabTare 00beM CMECH YMEHBIIMJICS B
TpU pasza, a ee IUIOTHOCTh Hu3MeHWIach Ha 82,36 %. YCTaHOBUTh KayeCTBEHHBIN U
KOJIMYECTBEHHBIA COCTaB ra3zoBoil cmecu (B% IO Macce) U HalucaTh YPaBHEHUS MPOBEICHHBIX
peakuuii. Bce ra3pl HaXOIMIUCh MPU OJJMHAKOBBIX YCIOBUSX.

Pewenue:

[TockonbKy cMech 3KBUMOJISpHas, TO KOJMYECTBA U OOBEMBbI BXOJMIIMX B €€ COCTaB ra3oB
ouHaKkoBbl. [Ipy mponyckaHum yepes ropsyuil pacTBOp KUCIOTHI MOTJIONIAETCS TOIBKO OJIUH ra3
(0O6bem ymenbIIaeTcs B 1,5 pasza), mpu NporycKaHUM yepe3 pacTBOP ILEIOYH HOTJIOMAIOTCS /1Ba
raza (0o0beM yMeHblIaeTcs B 3 pasa).

MossipHast Mmacca Ha4aJIbHOM Ta30BOM CMECH
M(cmecn) = Dyosp'Mgosy = 0,782:29 = 22,678 r/moms

TakuM 00pa3oM, MOKHO ONPEEIUTh MOJISIPHYIO Maccy ra3a, OCTaBILErocs MOCie MPOIyCKaHUU
yepe3 pacTBOp MIeno4yd. Bo3MOXKHO JBa BapuaHTa — IUIOTHOCTh Ta3a yBEJIWYUBAETCS IIO
CPaBHEHHUIO C HAYAJIbHOM WJIM yMeHbIIaeTcsl. ECliy MII0THOCTh YBETUYMBAETCS, TO

M(raza 3) =22,678:1,8236 = 41,35 /™Mo,
TaKOro rasza HeT. EcJii IIIOTHOCTh yMEHbBINAETCS, TO

M(raza 3) =22,678:0,1764 = 4 r/monb



DTOT ra3 He pacTBOPSETCS HU B BOJIC, HU B paCTBOPE IIeI09d. TakuM razoM MoxKeT ObITh He wmim
BOJIOPOJI, coAep Kanuii Tsokenbie u3otonsl Dy, HT (moxxoaut mro60ii BapuaHT).

["a3oBast cmech, OCTaBLIAsACSA MOCJE NPONYCKAaHUM Yepe3 ropsiuei pacTBOP KUCIOTHI COIEPIKUT
tpetuii a3 (He) u emie ouH ra3 B 5KBUMOJISIPHBIX KoJIMuecTBax. Ee MossipHas macca

M(cmecu 2x ra3oB) = 22,678-1,058 = 24 r/moub.

0O0603HauMM MOJISIPHYIO Maccy BTOPOro ras3a 3a My U COCTaBUM ypaBHEHUE:

M, + M
M(cMmecu 2X rasoB) = %
M, + 4
24 = — M, = 44 r/moub

OTOT Ta3 pacTBOpsiETCS B IIEJIOYM, HO HE PACTBOPSIETCS B TOPSYEM pACTBOPE KHCIIOTHI,
CJIeIOBATENILHO, ATO yriekucibiid ra3 CO,.

O003HaYMB MOJISIPHYIO MaccCy IMEpBOro rasa 3a Mj M 3Has MOJIIPHYIO Maccy MCXOJHOW CMeCH,
MOYKHO HAMTH MOJISIPHYIO Maccy IepBOro rasa:
M; + M(CO,) + M(He)

3

M(ucxonHoM cMech) =

M, +44+ 4
22,678 = B — M; = 20r/moub

DTOT ra3 pacTBOPSIOTCS M B TOPSYCH KHUCIOTE, U B XOJIOAHOM PAacTBOpPE MICIOUU. TakuM razom
MOXKET OBbITh AerTepupoBaHHbIil ammuak NDs.

OnpeneJmM MAacCCOBBIC JOJIM I'a30B:

m(He) M(He) o
wlHe) = ec) ~ M(He) + M(CO,) + M(NDy) ~ »0°88 (5:88%)
0(C0,) = M0 _ M(C0,) — 0,6471 (64,71%)

m(cmecu) M (He) + M(CO,) + M(ND3)
w(NDy) = 0,2941 (29,41%)

YpaBHeHHs] TPOBEICHHBIX pPEaAKIMi (B MOJIEKYISPHONH WM B HMOHHO-MOJIEKYJSIpHON (opme
dbopme):
ND;3; + HCI = ND3HCI

CO, + NaOH = Na,CO3 + H,0O

Bapuanm 2

DKBUMOJISIPHYIO CMECh TPEX Ta30B C IJIOTHOCTHIO MO BO3ayxy 0,931 pa3aenunu Ha IBE 4acTH.
[TepByr0 YacTh MPOMYCTUIIN Y€pPe3 PACTBOP KUCIOTHI, B pe3ylbTare 00bEM CMECH YMEHBIITHIICS B
1,5 pa3za, a ee muoTHOCTH yBennumiiach Ha 18,5 %. BTopyto yacTe nponycTiiiv yepe3 XOI0IHbII
pacTBOp IMIENOYH, B pe3yibTare O0OBEM CMECH YMEHBIIWICS B TPU pa3a, a €€ IUIOTHOCTh
n3MeHuaIack Ha 25,9 %. YcTaHOBUTh KaueCTBEHHBINH M KOJMYECTBEHHBIM COCTAaB ra30BOM CMECH



(8% mo Macce) W HamMcaThb YpaBHEHHsI MPOBEIEHHBIX peakuuil. Bce ra3pl Haxonuwiauch mpu
OJIMHAKOBBIX YCIOBHSIX

Omeem: NH3 (20,99%), CO; (54,32%), CD,4 (24,69%).
Bapuanm 3

OKBUMOJIIPHYIO CMECh TPEX ra30oB C IUIOTHOCTBIO 10 BO3AYyXy 2,471 paznenuiu Ha ABE YacTH.
[TepByr0 YacTh MPOIMYCTUIIN Y€PE3 PACTBOP KUCIIOTHI, B pE3yJIbTaTe 00BEM CMECH YMEHBIITHIICS B
1,5 pa3a, a ee mIOTHOCTH yBennumiach Ha 36,1 %. Bropyro yacTs nponycTuiu 4epes X0JI0AHbII
pacTBOp IIENIOYH, B pe3yinbraTe O00BbEM CMECH YMEHBIIWICS B TPU pasza, a €€ IUIOTHOCTb
n3MeHuIach Ha 82,8 %. YcTaHOBUTh KaUYEeCTBCHHEINA M KOJIMYSCTBEHHBIN COCTaB Ia30BOH cMecu
(8% mo Macce) W HamMcaTb YpaBHEHMsI IIPOBEIEHHBIX peakuui. Bce rassl Haxoauwiauch Ipu
OJIMHAKOBBIX YCIIOBHIX

Omeem: NDj3 (9,3%), SO, (29,77%), Xe (60,93%).
Bapuaum 4

OKBUMOJISIPHYIO CMECh TpEX T'a30B € IJIOTHOCTHIO MO BO3ayxy 1,161 pa3penunu Ha aBe yacTu.
[TepByr0 YacTh IPOMYCTUIIN YepPe3 PACTBOP KUCIIOTHI, B pe3ysbTare 00bEM CMECH YMEHBIINIICS B
1,5 pa3a, a ee moTHOCTH yBennumiiach Ha 24,7 %. BTopyto yacTh NponycTHIA Yepe3 XOI0IHbII
pacTBOp IIENOYH, B pe3yibTare Oo0OBbEM CMECH YMEHBIIWICS B TPU pa3a, a €€ IUIOTHOCTh
n3menuiack Ha 40,6 %. YcTaHOBUTh KaueCTBEHHBLINM M KOJMYECTBEHHBIM COCTAaB ra30BOM CMECH
(8% mo Macce) W HamMcaTh YpaBHEHHsI MPOBEIEHHBIX peakiuil. Bce ra3pl HaxXoIWiIHCh MpH
OJIMHAKOBBIX YCIOBHSIX

Omeem: NH; (16,83%), SO, (63,37%), CD. (19,8%).



10 kmace
3agaua 1 (20 6as10B)

Bapuanm 1
DileMeHT GOp IPEICTaBICH B MPUPOLE AByMs m30Tonamu — °B u B C aTOMHBIME Maccamu
1,663-10%° 1,828~10'26 KI', COOTBETCTBEHHO.
- OnpenenuTte cojepkaHue JaHHBIX U30TONOB B MPUPOJIE B MACCOBBIX J0JISIX;
- Macchbl oKosi MPOTOHA U HEUTPOHA COCTABIISAIOT, COOTBETCTBEHHO, 1,673~10‘27 u 1,675-10‘27 KT,
a mMacca JJIeKTpOHa — 9,110-10°* kr. OGbsicHure, MOYEeMY MacChl aTOMOB 0Opa HE paBHBI CYMMeE
MacC COCTABJISIFOIIMX UX JIEMEHTAPHBIX YACTHII.
- Omnpenenure, Kakas 3HEpPrusi BbenseTcs (TOTJIONIAETCsA) MPU CHUHTE3e sapa Oopa-10 u3
HYKJIOHOB.
Pewenue.
1. Cpennss atomHast macca 6opa cocrapisier 10,810 a.e.m. [yis pacuera conepikaHus U30TOIIOB
B NPUPOJHOM OOpe mepeBeleM aTOMHbIE Macchl M30TOnoB B a.e.M. Onu cocrassar 10,015 u
11,008 a.e.M., COOTBETCTBCHHO.
ITycte aTomHas noas 6opa-11 cocrasnser x%. Torna cnpaBeIMBO COOTHOILIEHHUE!
10,015-(100 — x) + 11,008- x = 10,810-100
x = 80,06%.
Jns ompeneneHuss MacCOBBIX JOJieH HM30TONOB IMPUMEM, YTO OOIIee KOJIMYECTBO snep Oopa
cocraBnsieT 1 monb. Torna maccoast nonst 6opa-11 coctaBut:
80,06-11,008/(19,94-10,015 + 80,06-11,008) = 81,53%, cooTBETCTBEHHO MaccoBas 101 6opa-10
—18,47%
2. Macca aroma 00pa MeHbIIIE CyMMbl MAaCC HYKJIOHOB BCIIEICTBHE JeeKTa Macc.
3. Macca siapa 6opa-10 cocrapiser 1,663-10‘26— 5-9,11-10‘31 = 1,663-10‘26 KT
Jleext mace cocraBur Am = 1,663-102°—5:1,673-10%" —5:1,675:10%" = -1,1-10 2 kr
E=Amc?=1,1-10%-9-10'° = 9,9-10™%? /e

Bapuanm 2
DIeMeHT KallHii MpeCTaBIeH B pUpose AByMs m3otomamu — K n “'K ¢ aromusvMi Maccamu
6,470-10%°u 6,808-10'26 KT, COOTBETCTBEHHO.
- OnpenenuTe coepKaHue JAHHBIX H30TOIOB B MPHPOJIE B MACCOBBIX JIOJIAX;
- Maccel mokost mpoTOHA U HEHTPOHA COCTABIISIOT, COOTBETCTBEHHO, 1,673-10'27 u 1,675-10'27 KT,
a macca s1ekrpona — 9,110-10°%! kr. O6wsicHHTE, TOYEMY MACCHI ATOMOB KaJHsi HE PABHBI CYMME
Macc COCTABIISFOIIUX X DJIEMEHTAPHBIX YaCTHII.
- Ompenenute, Kakas dHEprusi BblIensieTcs (IOTJIOLIAeTCs) MpH CHHTE3e sAnpa kKanua-41 us
HYKJIOHOB.
Omeem: a) 93,08% xanus-39 u 6,92% kanusa-41
B) 5,0-10" JIx

Bapuanm 3
DNeMEeHT Mellb MPECTaBICH B IPUPOJIC IBYMS U30TOIIAMU — %3Cu 1 **Cu ¢ aromubIME Maccamu
1,045:10%° 1,078-10'25 KT, COOTBETCTBEHHO.
- OnpenenuTe cojiep>kaHre JaHHBIX H30TOTIOB B MIPUPOJE B MACCOBBIX JIOJISIX;
- Macchl OKOst TPOTOHA U HEMTPOHA COCTABIISAIOT, COOTBETCTBEHHO, 1,673-10“27 u 1,675-10“27 KT,
a Macca JJIeKTpOoHa — 9,110-10°*! kr. OGwsicHuTE, [I0YEMY MacChl aTOMOB MEJM HE PaBHBI CyMMeE
MacC COCTABJISIFOIINX UX AJIEMEHTAPHBIX YACTHII.



- Ompenenure, Kakas SHEPrUsi BbiACHseTCs (TOTJIOMIACTCA) MPU CHUHTE3E sApa Meau-63 w3
HYKJIOHOB.

Omeem: a) 68,48% menu-63 u 31,52% menu-65

B) 6,7-10™ I

Bapuanm 4
DJIeMEHT CypbMa IPEJACTABICH B IPUPOAE AByMs m3oTomamu — 2:Sh u ?°Sb ¢ aromubiMu
maccamu 2,008:102° u 2,041-10%° kr, COOTBETCTBEHHO.
- OnpenenuTe coiepKaHme JaHHBIX H30TONIOB B MPUPOJIE B MACCOBBIX JOJISX;
- Macchl okost pOTOHA U HEUTPOHA COCTABIISIIOT, COOTBETCTBEHHO, 1,673:10% u 1,675-10'27 KT,
a macca snektpona — 9,110-10°" kr. O6bsicHuTE, MOYEMy MACCHI aTOMOB CypbMBI HE PABHBI
CYMME MAacC COCTABIISIOIIMX MX 3JIEMCHTAPHBIX YACTHIL.
- Onpenenurte, Kakas dHEPrUsl BbIAEISCTCs (IIOTIIOMIACTCS) MPU CUHTE3E siapa CypbMbl-121 u3
HYKJIOHOB.
Omegem: a) 56,8% cypbmbl-121 u 43,2% cypsmbi-123
B) 1,6:10™° JIx

3amaya 2 (15 6ay10B)

Bapuanm 1
Hagecky nunka maccoit 3,00 r coxrau npu 150 °C u naBinenun 0,8 aTM B 3aKpHITOM COCYIIE
o0vemMoMm 5,0 11, 3aMOJHEHHOM ra3000pa3HbIM BEIIECTBOM C IJIOTHOCTHIO MAPOB IO Gecesiuemy
ra3y 5,77. [lo okOHYaHHH peaklMU COCYJ OXJAAWUIN A0 KOMHATHOW TEMIIEpaTypbl U BHECIH B
Hero 1 mutp 50% BogHOrO pacTBOpa a30THOM KuCHOTH (TuioTHOCTH 1,30 r/mit). Onpenenute
MOJIBHYIO JIOJIF0 aTOMOB KHCIIOpOAa B TMOJYy4eHHOM pacTBope. [lpuBeaute ypaBHEHHS
YIIOMSIHYTBIX peaKIui.
Pewenue.
1. OnmpenenuM HeM3BECTHOE BeliecTBO. Ero MonsipHas Macca CoCTaBIseT:
M = 5,77-44 = 254 r/moib — 04eBUAHO, HCKOMOE BemecTBO nox (1)
PaccuuTaeM KoIM4eCcTBO BEIIECTBA MOJA B COCY/IE:
n=pVIRT = 0,8-101325-5-10'3/(8,31-423,15) =0,115 momb
KonuyectBo BemecTBa muHka coctasiser 3/64,5 = 0,047 mons. Takum oOpazoM, moa B3ST B
HN30BITKE
Peakiuu:
Zn+ 1, =2Znl,
Znl; + 14HNO; = Zn(N03)2 + 2HIO3 + 12NO, +6H,0
I, + 10HNO3; = 2HIO3 + 10NO; + 4H,0 (Bo3MOXeH pacdeT Ha MOHOOKCH]T a30Ta)
ITo oxOHUaHMM peaklHil B paCTBOPE COAEPIKUTCS:
0,047 Monp HUTpaTa IMHKA
0,230 MOTB MOTHOBATOM KHCJIOTHI
8,980 MOJIb a30THOM KUCJIOTHI
36,665 MOJIbL BOJBI
KonunuecTBo BemiecTBa OTACIBHBIX JIEMCHTOB COCTABIISCT:
uuka — 0,047 monb
Hona — 0,230 moib
A3zora — 9,074 monb
Bonopona — 73,56 monb
Kucnopona - 64,577 monb



MoutbHast 107151 aTOMOB Kuciopoa coctasisieT 43,78%.

Bapuanm 2
Hagecky amomunus maccoit 2,00 r coxriau npu 200 °C u gaBiaenun 0,5 aTM B 3aKPBITOM COCY/IE
obbemoM 6,0 71, 3alOJHEHHOM Tra3000pa3HBIM BELIECTBOM C IUIOTHOCTBIO MAPOB IO JIUCbEM)
xeocmy 5,52. 1o OKOHYaHMM peaKLUu COCY OXJIAIWIN JO KOMHATHOM TeMIIepaTyphbl U BHECIIU B
Hero 1,5 mutpa 40% BomHOTO pacTBOpa a30THOM KHCIOTHI (MIOTHOCTH 1,25 r/™Mim). Onpenenute
MOJIBHYIO JIOJIF0 aTOMOB KHCJIOpOAAa B IOJYy4eHHOM pacTtBope. IlpuBeaure ypaBHEHUS
YIOMSHYTBIX pEaKLU.
Omeem: 2Al + 31, = 2All3
All; + HNO3 = Al(N03)3 + HIO; + H,0
Al + HNO3 — naccuBanus
MonbHas 1o atoMoB kuciopoja 41,25%

3anauya 3 (20 6a/,10B)
Bapuanm 1

Paznuune pu3nueckux U XMMHUYECKUX CBOMCTB M30MEPOB 3aBUCHUT IPEKIE BCETO OT MOPSAIKA U
TUTIA CBS3BIBAHUS aTOMOB U TPYII aTOMOB B MOJEKyle (CTpyKTypHbIe m3omepsl). [Ipu sTom
pa3iIYHOe B3aWMHOE MPOCTPAHCTBEHHOE PACIOJOKEHUE CTPYKTYPHBIX 3JEMEHTOB MOJICKYIIbI
OpyU  OJMHAKOBOM TIOPSAKE CBS3BIBAHMS  OINpPEAETSeT BO3MOXKHOCTh  CYILECTBOBAHUS
CTEpEeON30MEPOB (IUACTEPEOMEPOB 1 SHAHTHOMEPOB).

CKONBKO CTPYKTYPHBIX M30MEPOB 0€3 KpaTHBIX CBA3Eil COOTBETCTBYET OpyTTO-hopmyne CgHio?
CKOJIbKO M3 HUX MOTYT MMETh CTepeon3oMepbl Jiroboro tuma? CKOJBKO W3 HUX SBISIFOTCS
XUpaAJIbHBIMU (CYIIECTBYIOT B BUJIE Taphl (TIap) YSHAHTUOMEPOB)?

[TpaBUBHEII OTBET: BCero — 12, co cTepeonzomMepamMu — 5, XUpaIbHBIX — 3

b6e3
CTepeon3oMepoB
H ecTb
cTepeonsomMepsbl

(+/-) (+/-) (+1-)

Bapuanm 2

Paznuune Gpu3MuecKuX ¥ XMMUYECKHX CBOMCTB M30MEPOB 3aBUCHT MPEXK]IE BCETO OT MOPAIKA U
TUIIA CBS3BIBAHHMS aTOMOB M TPYIII aTOMOB B MOJIEKyJe (CTpYKTypHbIe u3omepbl). [Ipu sTOoM
pa3inyHOEe B3aUMHOE MPOCTPAHCTBEHHOE PACIOJIOXKCHHUE CTPYKTYPHBIX JJIEMEHTOB MOJICKYJIbI
OpU  OJMHAKOBOM  TIOPSIKE  CBSI3BIBAHUSI  ONPENENICT BO3MOXHOCTh  CYIIIECTBOBAHUS
CTEPEOH30MEPOB (IHACTEPEOMEPOB M SHAHTHOMEPOB).

CKONBKO CTPYKTYPHBIX H30MEpOB 0€3 KpaTHBIX CBS3€Hl COOTBETCTBYET OpyTTo-hopmylie
CsHoCl? Ckombko M3 HHMX MOTYT HMETh CTepeon3omepnl Jito0oro tuma? CKONBKO W3 HHX
SBIISIOTCS XUPATbHBIMU (CYIIECTBYIOT B BUJE MaphI (TIap) YJHAHTUOMEPOB)?



[TpaBunbHBII OTBET: Bcero — 14, co cTepeon3omMepamu — 8, XUPATbHBIX —

Cl I
cTepeounsomepos

@)
@)

ecTb
(+/-) (+/-) (+/-) cTepeonsomepsl

(+/-) (+/-) (+/-) (+1-)

Bapuanm 3

Paznuune pusnueckux u XMMUYECKUX CBOWCTB U30MEPOB 3aBUCHUT IPEXKJIE BCEr0O OT MOpsIKa U
TUIIA CBS3bIBAHUS aTOMOB M TPYII aTOMOB B MOJEKyJe (CTpyKTypHble m3omepsl). [Ipu 3tom
pa3Iu4HOEe B3aMMHOE IPOCTPAHCTBEHHOE PACIOJIOKEHUE CTPYKTYPHBIX 3JEMEHTOB MOJIEKYIIbI
OpU OJMHAKOBOM TIOPSAKE CBSI3bIBAHMSI  ONpPEAENSeT BO3MOXXHOCTh  CYLLIECTBOBAHUS
CTEpEOU30MEPOB (JIUACTEPEOMEPOB U SHAHTHOMEPOB).

CKOJIBKO CTPYKTYPHBIX H30MEPOB 0€3 KPaTHBIX CBSI3€i COOTBETCTBYET OpyTTO-hopmyne C4HgO?
CKOJIbKO M3 HHX MOTYT MMETh CTepeou3oMepbl Jito0oro tuma? CKOJBKO M3 HUX SBJISIFOTCS
XUpaAJIbHBIMU (CYIIECTBYIOT B BUJIE Taphl (TIap) YSHAHTUOMEPOB)?

[TpaBunbHBI 0TBET: Beero — 11, co ctepeonzomepamu — 4, XupaiabHbIX — 4

~

HO
HO @)
5 o X X
<_7 I:( O @) CTepeon3omMepoB
OH
t? © ecTb
o) A cTepeonsomepsbl

(+-) (+1-) (+1-) (+5-)

Bapuanm 4

Paznuune pu3nueckux U XMMHYECKUX CBOMCTB M30MEPOB 3aBUCHUT IPEXK]E BCETO OT MOpsAKa U
TUIA CBS3BIBAHUS aTOMOB M TPYII aTOMOB B MOJeKyJe (CTpyKTypHble u3omepsl). [Ipu 3Tom
pa3aNyHOEe B3aWMHOE MPOCTPAHCTBEHHOE PACIOJIOKEHUE CTPYKTYPHBIX 3J€MEHTOB MOJIEKYIIbI
IpU OJMHAKOBOM TIOPSAKE CBS3BIBAHMUS  OINpPEAETSeT BO3MOXKHOCTh  CYIECTBOBAHHS
CTEpEON30MEPOB (IUACTEPEOMEPOB U SHAHTHOMEPOB).



CKOJIBKO CTPYKTYPHBIX U30MEPOB 0€3 IHKJa cooTBEeTCTBYeT OpyTTo-hopmyrne CgHir? Ckombko
U3 HUX MOTYT UMETh cTepeon3oMepsl Mo0oro tuma? CKONBKO M3 HUX SIBISIFOTCS XHPATbHBIMU
(CymIecTBYIOT B BHJIE TTaphI (I1ap) SHAHTHOMEPOB)?

[IpaBunbHbIN OTBET: Beero — 12, co crepeonzomepaMu — 5, XupajbHbIX — 1

6es3
/\K )\/\ )\( cTepeon3omepoB
e G e /\)\ /*(\ /\(\ ecTs
cTepeonsomepbl

(+/-)

3anaua 4 (15 6ans10B)
Bapuanm 1

B naGopaTopuu ecTh 0aUIOHBI C aMMUAKOM, aprOHOM, BOJOPOJOM, XJIOPOBOIOPOIOM U XJIOPOM.
Kakue mapel razoB HY)XHO B35iITb M B KAaKMX OOBEMHBIX COOTHOILEHUSX MX HYKHO CMEILATh,
YTOOBI IJIOTHOCTD MOJTYYEHHON CMECH 1O BO3ayXy Obuia paBHa: 1.0. [IpuBeauTte Bce BO3MOXKHbBIE
peLeHHMs.

Pewenue. OTHOCUTENBHBIC INIOTHOCTH YKa3aHHbIX I'a30B 11O BO3AYXY COCTABJIAIOT:

Dyosa(AF) = 40/29 = 1.38; Dyosu(NH3) = 17/29 = 0.59; Dyosu(H2) = 2/29 = 0.069; Dyosa(HCI) =
36.5/29 = 1.26; Dyosx(Cl2) = 70/29 = 2.41.

AHanu3 nokasblBaeT, 4TO ISl YAOBJIETBOPEHHs YCIOBUS 3aaud 3TO JOJKHBI OBITH CMECH
OJHOTO M3 JABYX JIETKHX Tra30B (BOJOPOJ, aMMHUAaK) C OIHUM M3 TSDKENBIX ra3oB (aprow,
XJIOPOBOJOPOJ, XJ10p). OHAKO IPU 3TOM CIETyeT UCKIFOUUTh HAPBI BELECTB, MEXK/Y KOTOPBIMU
IPOTEKAeT XUMUYECKash pPeaklus: aMMUAaK U XJOPOBOAOPOA (00pa3zyeTcsi HENEeTyuuil Xjaopup
ammonus: NHsry + HClyy = NH4Cly), ammunak n xmop (o0pasyercst a3oT M XJIOPOBOJOPO:
2NH3y + 3Clyry = Nogy + 6HCly), a Takoke HeycToiUMBas Ha CBETY CMECh BOAOPOJA C XJIOPOM
(obpazyercs xsopoBonopo: Haqy + Clyry = 2HCl ).

TakuM 00pazoM, BO3MOXKHBIMH BapHaHTAMU OCTAIOTCS CMECH: BOAOPOJ — aproH, BOJOPOA —
XJIOPOBOJIOPO/JI, aMMHUAK — aproH.

CornacHo ypaBHeHuio MenpaeneeBa-Knaneiipona pV = nRT, cooTHomieHne o0BEMOB TrazoB
pPaBHO MOJIBHOMY COOTHOILIEHHUIO T'a30B.

CpenHsisi MOJEKyJIspHas Macca CMECH JIOJDKHA OBbITh paBHAa MOJIEKYJIIPHOW Macce BO3ayXa.
[TycTe MOBHAs JOJs JIETKOrO ras3a X, TOI/la MOJIbHAs J10Ji Tsbkesnoro rasa (1-X), torma muis
cMecH Boziopox — apron: 29 = 2-x + (1-x)-40, otkyna X = (40-29/40-2) = 0.29; (1-x) = 0.71,
MOJIBHOE OTHOIIICHHE aproH — Bojopoa (1-X)/x = 2.45, Toraa cooTHoleHre 00bEMOB BOIOpOIa
u aprosa 1:2.45.



JUIS CMECH BOJOPOJ — XjopoBomopoma: 29 = 2:X + (1-X)-36.5, orkyaa mosnydaeM 0O0BEMHOE
COOTHOIIIEHUE BOJIOPOT — XJIopoBogopoa 1:3.6.

JUIs cMecu aMMHak — apron: 29 = 2-X + (1-x)-36.5, otkyzaa nony4aeM 00bEMHOE COOTHOLICHUE
aMMmuak — apro. 1:1.09.

Omeem: 00bEMHOE COOTHOIIICHHE BOAOpPOA — aproH 1:2.45; Bomopon — xmopoBogopon 1:3.6;
ammuak — apros 1:1.09.

Bapuanm 2

B naboparopun ectb O0amsioHbl ¢ aMMHUAKOM, apTOHOM, BOJIOPOOM, XJIOPOBOJIOPOAOM U XJIOPOM.
Kakue mapel razoB HY)XHO B35iTh M B KaKMX OOBEMHBIX COOTHOILIEHUSX MX HYKHO CMEILaTh,
YTOOBI IJIOTHOCTDH MOJTYYEHHON CMECH MO BO3ayxy Obuia paBHa: 0.8. [IpuBeauTe Bce BO3MOXKHbBIE
penieHusl.

Omeem: 00BEMHOE COOTHOIICHHE BOAOPO — aproH 1:1.26; Bomopoa — xmopoogopox 1:1.59;
aMMuak — apros 2.71:1.

Bapuanm 3

B naboparopun ectb O0anioHbl ¢ aMMHUAKOM, apTOHOM, BOJIOPOAOM, XJIOPOBOJIOPOAOM U XJIOPOM.
Kakue mapel ra30B HY)XHO B3ATh M B KaKMX OOBEMHBIX COOTHOIICHUSX WX HYKHO CMEIIATh,
YTOOBI TJIOTHOCTH TTOJIYYEHHOM CMECH 10 BO3yXy Obuta paBHa: 1.2. [IpuBeauTe Bce BO3MOXKHbBIE
peleHusl.

Omeem: 00bEMHOE COOTHOIIIEHHE BOJOpoA — aproH 1:6.31; Bogopox — xyopoBogopoa 1:19.3;
aMMuak — apros 1:3.42

Bapuanm 4

B naGopaTtopun ecTh 6aJUTOHBI C aMMHAKOM, aprOHOM, BOJIOPOJIOM, XJIOPOBOJIOPOJIOM H XJIOPOM.
Kakne HépI)I ra3oB HY>XHO B34Tb U B KAKHX 00BEMHBIX COOTHOIIIEHUAX HX HY)XXHO CMCUIATh,
4yTOOBI TJIOTHOCTH TTOJIYYEHHOM cMecH 110 BO3ayxy Oblia paBHa: 0.9. [IpuBenuTe Bce BOZMOXKHBIE
pelIeHusl.

Omeem: 00bEMHOE COOTHOIIEHUE BOOPOa — aprod 1:1.73; Bogopoa — xiopoBojgopon 1:2.32;
ammuak — apros 1.53:1.

3agaua 5 (15 6ans10B)
Bapuanm 1

OKBUMOJISIPHYIO CMECh TPEX ra3oB C IUIOTHOCTBHIO MO Bo3ayxy 0,782 pazmenunu Ha JABE YacTH.
[lepByto yacTh HpONMYCTUIM 4Yepe3 TOpSUMN PacTBOP KHUCIOTHL, B pe3ylbTaTe 00bEM cMecu
yMmeHbIuiIcs B 1,5 pasa, a ee miIoTHOCTh yBenuuuiack Ha 5,8 %. BTopyro 4acTe mpomycTuiu
4yepe3 XOJIOAHBIA pa30aBICHHBIN PacTBOP IIEJIOYH, B PE3YJIbTaTe 00BEM CMECH YMEHBIIWICS B
TP pas3a, a ee IUIOTHOCTh u3MeHunach Ha 82,36 %. VYcTaHOBUTH KayeCTBEHHBIH U
KOJIMUECTBEHHBIA COCTaB ra3zoBoil cmecu (B% IO Macce) U HalucaTh YpaBHEHUS MPOBEIECHHBIX
peakuuii. Bce razpl HaXoAUIMCh IPU OJUHAKOBBIX YCIOBHSIX.

Pewenue:

[TockonbKy cMech SKBUMOJISIPHAs, TO KOJMYECTBA M OOBEMbI BXOSIIMX B €€ COCTaB ra3oB
onMHaKoBEI. [Ipy nmpomyckaHuu yepes ropsiauii pacTBOP KMUCIOTHI OTJIOMIAETCS TONBKO OJIMH ra3



(oObeM ymeHnsbImaercs B 1,5 pasa), mpu npomycKkaHUU 4epe3 pacTBOP MIETOYH IOTIIOIMAIOTCS Ba
ra3a (00beM ymeHbIlaercs B 3 pasa).

MousipHasi Macca Ha4ajabHOM ra30BOM CMECH
M(cmecn) = Dgosn-Mgosy = 0,782:29 = 22,678 r/moub

TakuM 00pa3oM, MOXKHO OIIPEIEIUTh MOJISIPHYIO Maccy ra3a, OCTaBILErocs IOCJE MPOIyCKaHUU
4yepe3 pacTBOp Iuesoud. BO3MOKHO [Ba BapuaHTa — IUIOTHOCTb TIa3a YBEIWYMBACTCA I10
CPAaBHEHHIO C HAYAJIbHOM MM yMeHbIIaeTcs. Eciii II0THOCTE yBEIMYMBAETCSI, TO

M(raza 3) =22,678-1,8236 = 41,35 r/monb,
TaKOro ras3a HeT. Eciii IIIOTHOCTh yMEHBIIIAeTCsI, TO
M(raza 3) =22,678-0,1764 = 4 r/moinb

DTOT ra3 He pacTBOPSAETCSA HU B BOJIE, HU B pacTBOpe I1enouu. Takum razoM MoxkeT ObITh He unun
BOJIOPOJI, COIep KAIIUH TsKeIbie u30Tombl Dy, HT (moaxomuT r000it BapuaHT).

["a3oBast cmech, OcTaBIIAsACA MOCJIE MPONYCKAaHUM Yepe3 ropsiueid pacTBOP KUCIOTHI COIEPIKUT
tpetuii a3 (He) u emie ouH ra3 B 5KBUMOJISIPHBIX KOJIMUecTBaxX. Ee MosspHas macca

M(cmecu 2x ra3oB) = 22,678-1,058 = 24 r/moub.

O003HaUNM MOJBIPHYHO MacCcCy BTOPOT'O ra3a 3a M, u cocraBum YpaBHCHHUE!

My + My,

M(cMmecu 2x rasoB) = >

M, + 4

24
2

, M, =44 r/monb

OTOT Ta3 pacTBOpsieTCS B IIENOYM, HO HE PACTBOPSICTCS B TOPSYEM pACTBOpPE KHCIIOTHI,
CJIeIoBaTeNbHO, 3TO yriaekucibiid ra3 CO;.

O0603Ha4uMB MOJIIPHYIO Maccy MepBOro rasa 3a Mjp M 3Has MOJIAPHYIO Maccy MCXOJIHOW CMecH,
MO>KHO HalTH MOJISIPHYIO MacCy IIEPBOTO Tasa:
M, + M(CO,) + M(He)

3

M(ucxonHoM cMecn) =

M, +44+ 4
22,678 = — 3 M; = 20r/moub

DTOT Ta3 pacTBOPSIOTCS M B TOPSAYEH KHUCIOTE, U B XOJOJHOM pacTBOpE IMIEIOYH. Takum razom
MOXeT ObITh eiiTepupoBaHHblii ammuak NDs.

Onpez[eJmM MacCCOBBIC JOJIX I'a30B:

w(He) = e _ M(He) — 0,0588 (5,88%)
m(cmecu) M(He)+ M(CO,) + M(ND5)
w(CO,) = m(C0,) _ M(C0,) = 0,6471 (64,71%)

m(cmecu) M(He) + M(CO,) + M(ND;)
w(ND3) = 0,2941 (29,41%)



VYpaBHEHHsI TIPOBEACHHBIX peakIMii (B MOJIEKYJISIPHONW WM B HOHHO-MOJEKYJISIPHOU (dopme
dbopme):

NDs + HCI = ND3HCI
CO, + NaOH = Na,CO3 + H,0O

Bapuanm 2

ODKBUMOJISIPHYIO CMECh TPEX ra3oB € IUIOTHOCTHIO MO BO31yXy 0,931 paznenuinu Ha JABE 4YacCTH.
[TepByro YacTh IPOMYCTUIIN YEpPe3 PACTBOP KUCIIOTHI, B pe3ysibTare 00bEM CMECH YMEHBIIWIICS B
1,5 pa3a, a ee mioTHOCTH yBenuuwiach Ha 18,5 %. Bropyro yacTs nponycTuiu yepes X0JI0AHbII
pacTBOp IIENIOYH, B pe3yinbTaTe O00BEM CMECH YMEHBIIWICS B TPU pasza, a €€ IUIOTHOCTb
n3MeHUIach Ha 25,9 %. YcTaHOBUTh KaUYEeCTBCHHEINM M KOJIMYSCTBEHHBIN COCTaB Ia30BOH cMecu
(8% 1o Macce) W HammMcaTh YpPaBHCHHS MPOBEICHHBIX peakiui. Bce ra3pl HAXOMWINCHh TPH
OJINHAKOBBIX YCIOBUSIX

Omeem: NH3 (20,99%), CO, (54,32%), CD4 (24,69%).
Bapuanm 3

DKBUMOJISIPHYIO CMECh TPEX ra3oB C IUIOTHOCTBIO 1O BO3AyXy 2,471 paznenunu Ha ABE YacTH.
[lepByto yacTh NPOMYCTUITN YEPE3 PACTBOP KUCIIOTHI, B pe3ybTaTe 00BEM CMECH YMEHBIIMIICS B
1,5 pa3a, a ee mIOTHOCTH yBenuumiach Ha 36,1 %. Bropyro yacTs mponycTuiu 4epe3 XO0JI0AHbII
pacTBOp ILENIOYH, B pe3ylbTare o0BbEM CMECH YMEHBIIWICA B TPH pasa, a €€ IUIOTHOCTD
u3MeHwIach Ha 82,8 %. YCTaHOBUTH KaueCTBEHHBIN M KOJIMYECTBEHHBIN COCTaB ra30BOH cMecH
(8% mo macce) M HamMcaThb ypaBHEHMs NPOBEJEHHBIX peakuuil. Bce raspl Haxoauiauch mpu
OJMHAKOBLIX YCJIOBUAX

Omeem: NDj3 (9,3%), SO, (29,77%), Xe (60,93%).
Bapuanm 4

OKBUMOJISIPHYIO CMECh TPEX ra3oB C IUIOTHOCTBIO MO BO3Ayxy 1,161 pazmenunu Ha aBe dacTu.
[TepByto 4acTh MPOMYCTUIM YEPE3 PACTBOP KUCIOTHI, B pe3yIbTaTe 00bEM CMECH YMEHBIIMICS B
1,5 pa3a, a ee miIoTHOCTH yBennumiack Ha 24,7 %. BTopyro 4acTe IpomyCcTUIN Yepe3 XOJIOAHbII
pacTBOp IIEJNIOYH, B pe3yinbTaTe 00BbEM CMECH YMEHBIIWICS B TPU pasa, a €€ IUIOTHOCTb
n3MeHnnach Ha 40,6 %. YcTaHOBUTH KaueCTBEHHBIM M KOJUYECTBEHHBIN COCTAaB Ia30BOH CMECH
(8% mo Macce) W HamMcaThb YpaBHEHMsI MPOBEIEHHBIX peakuui. Bce rassl Haxoawiauch Ipu
OJINHAKOBBIX YCIOBUAX

Omeem: NH; (16,83%), SO, (63,37%), CD. (19,8%).



3anaya 6 (15 6ans10B)

CmiaB JIByX METaJUIOB PacTBOPUIIM B CTEXHMOMETPUUECKOM KojimuecTBe 5% mienoun. Yepes
MOJTyYEHHBI PACTBOP MPONMYCTHIN M30BITOK CEPHUCTOrO Ta3a, B PE3yJIbTAaTe BBIAN OCAJOK, a
MaccoBasi J10Jisl COIM B pacTtBope coctaBmia 17,4%. Ocanok o0paboTanu KOHIIEHTPUPOBAHHBIM
pacTBOpOM aMMHaka, MPU 3TOM €ro macca ymeHblnwiach Ha 35,2%. YCTaHOBUTH METaJLIbI,
BXOJISIIKE B CIUIaB U (pOopMyIly COJIM, OCTaBIIEHCS B PacTBOpE, €CIIM MOJIbHAS JOJs OJHOTO M3
METAJJIOB B UCXOAHOM ciuiaBe coctabisuia 30%. Hanucarh ypaBHEHHS MPOIICANINX PEAKIIHA.
PacTBOpHMOCTBIO CEpHUCTOTO Ta3a B BOJIE MpeHeOpeyb.

Pewienue

W3 ycrmoBus 3a1a4d MOHSTHO, YTO PeYb HUICT O METalUlaX, YbHM THAPOKCHABI am(oTepHbl (00
3TOM CBHJIETENbCTBYIOT PAaCTBOPEHUE B IIEJIOYM C OOpa30OBaHUEM TI'MJIPOKCOKOMILIEKCOB,
o0pa3oBaHHe OCAJKOB THAPOKCUIOB IPU MPOMYCKAHWU YEpe3 PacTBOP TI'HMIPOKCOKOMILIIEKCOB
cepHucroro rasa). [lockonbky OIWH M3 TUIPOKCHUIOB pPACTBOPSETCS B aMMHAKe, MOKHO
MPEIITOJIOKHUTh, YTO OJJHUM M3 METAJUIOB OB IIHHK:

Zn(OH)2 + 4NH;3; = [Zn(NH3)4](OH)2

Onpenenum BTOpoit metamwt. 3anumeMm ¢opmyny ero ruapokcuga: M(OH)y. Tak xak Mbl He
3HaeM, KaKoro M3 METaJIOB B CIIaBe ObLIO OOJIBIIE B CMECH, PACCMOTPHM J[BA CIIydYast:

1) ITycts 66110 0,3 Moab ZN 1 0,7 MOJIB BTOPOTO METaJlia, CUUTAasi, 4YTO Bcero Obu1o 1 Moub
criaBa 3Has, KaK MEHSIETCSl Macca THAPOKCHIOB MOCIIE paCTBOPEHUS THAPOKCH/IA [IMHKA, MOXKHO
COCTaBUThH YpaBHEHUE:

m(Zn(OH),)
0,352 =
m(Zn(OH),) + m(M(OH),)
0,352 = 0392
7 0,3-994 0,7 (M +17x)
M+ 17x =51
Ectb enuncTBeHHOE pemienue npu X = 3 M = 17r/Mo1b, 3TO altOMUHUNA.
2) [Tycts 65110 0,7 Mons ZN 1 0,3 MOJIB BTOPOTO METaJIA.
m(Zn(OH
0352 (Zn(OH),)
m(Zn(OH),) + m(M(OH) )
0,7-99
0,352 =

0,7-99+0,3- (M + 17x)
B sTom ciydae pereHus Her.

Tenepp MOXHO yCTaHOBUTH (POPMYJIy COJM. 3alMIleM YpaBHEHHS IMPOBEIEHHBIX PpPEaKIUi,
CYMTasi, 4YTO KATUOH OJHO3APsIHBIN:

Zn + 2MOH + H,0 = M[Zn(OH)4] + H,

Al + MOH + 3H,0 = M[AI(OH),] + 1,5H,
M,[Zn(OH),] + 250, = 2MHSO; + Zn(OH),
M[AI(OH),] + SO, = MHSO; + Al(OH)s

B nocnemHUX IBYX peakmusx 0O0pa3yrOTCs KUCIBIE COJIM, TaK KaK CEPHUCTHIN ra3 MPOITyCKAeTCs
B U30BITKE.



MeI 3HaeM, 9TO B UCX0aHOU cMecH ObuTo 0,3 Mostb Zn u 0,7 mMose Al, MOXHO MPOBECTH pacyer
IO PEaKIIUSIM:

n(MOH) = 2n(Zn) + n(Al) = 1,3 moxs, M(MOH) = 1,3:(M + 17)

Mpacraopa (MOH) = 1,3:(M + 17)/0,05 =26 (M + 17) r

n(Hz) =n(Zn) + 1,5n(Al) = 1,35 mons, m(Hy) =1,352=27r

n(Mz[Zn(OH),4]) = n(Zn) = 0,3 mob

n(M[AI(OH),]) = n(Al) = 0,7 monb

nN(SO,) = 2n(M,[ZNn(OH).]) + N(M[AI(OH)4]) = n(MOH) = 1,3 mosb, M(SO,) = 1,3:64 =832 1
n(MHSO3) = n(SO,) = 1,3 Mons, M(MHSO3) = 1,3-(M + 81) r

m(AI(OH)3) = n(Al) = 0,7 moas, m(AI(OH)3) =0,7-78 = 54,6 T

m(Zn(OH),) = n(Zn) = 0,3 mons, M(Zn(OH),;) =0,3-99=29,7r

Haiinem maccy KOHEUHOTO pacTBOpa, BOCIOJIB30BABIINCH 3aKOHOM COXPAaHEHHUs Macchl (TO €CTh
HAIUIIeM, KaK MEHsAJach Macca HAYalbHOTO pPAcTBOpA INEJIOYHM B OTUX PEAKIUSIX MpU
n00aBIIEHUH CIUIaBa U MPOITYCKAHUU CEPHUCTOTO ra3a):

Mkon pactBopa — m paCTBOpa(MOH) + m(AI) + m(zn) - m(HZ) + m(SOZ) - m(AI(OH)S) - m(Zn(OH)z)
Mion pactsopa = 26:(M +17) +0,7-27 + 0,3-65 — 2,7 + 83,2 — 54,6 — 29,7 = 26M + 476,6 r
3Has MacCCOBYIO JOJIKO COJIM B KOHCYHOM pacTBOPEC, MOKHO COCTABUTH YPABHCHUC!

m(MHSO
w(MHSO;) = mMHSO,)

KOH pacTBopa

1,3(M+81)

0,174 = ,
26M+476,6

otkyna M =~ 7 r/MoOJib, 3HAYUT KATHOHOM ObLT TUTHH, a popmyna comu LIHSOs.



11 kaace
3agaua 1 (15 6a10B)

Bapuanm 1
Hasecky munka maccoit 3,00 r coxrau mpu 150 °C u maBnenuu 0,8 aTM B 3aKpBITOM COCYZE
o0vemMoM 5,0 11, 3aM0JHEHHOM ra3000pa3HbIM BEIIECTBOM C IJIOTHOCTHIO MAPOB IO Gecesiuemy
razy 5,77. Ilo OKOHYaHUHU pEaKIUU COCY]l OXJIAIUIU 10 KOMHATHOM TeMIIepaTypbl U BHECIIH B
Hero 1 mutp 50% BogHOro pactBopa a30THOM kucioThl (roTHocTs 1,30 r/mut). Onpenenure
MOJIBHYIO JIOJIF0 aTOMOB KHCJIOpOAa B TMOJy4eHHOM pacTBope. IlpuBeaute ypaBHEHHS
YIOMSHYTBIX pEaKIU.
Pewenue.
1. Onpenenum HEM3BECTHOE BelllecTBO. Ero MolisipHast Macca COCTaBIIsIeT:
M = 5,77-44 = 254 r/Mo0J1b — O4EBUAHO, HCKOMOE BetiecTBO 1o (1)
Paccuntaem KOJMYECTBO BEIIECTBA MO/ B COCY/IE:
n=pVIRT = 0,8-101325-5-10'3/(8,31-423,15) =0,115 mons
KonmuecTBo BemecTBa muHKa coctapisier 3/64,5 = 0,047 monb. Takum oOpa3oM, WO B3AT B
M30BITKE
Peakuuu:
Zn+1,=2nl,
Znl, + 14HNO3 = Zn(NOg), + 2HIO3 + 12NO, +6H,0
I, + 10HNO;3; = 2HIO3 + 10NO; + 4H,0 (Bo3MOXeH pacueT Ha MOHOOKCH/]T a30Ta)
[To oxkOHYAaHUU peaKIHil B paCTBOPE COACPIKUTCS:
0,047 Monb HUTpATA LIMHKA
0,230 MOJIBL HOAHOBATOM KHUCIIOTHI
8,980 MOJIb a30THOM KUCIIOTHI
36,665 MOJIb BOOBI
KonuyecTBo BemiecTBa OTIEIbHBIX 3JIEMEHTOB COCTABIISIET:
uuka — 0,047 monb
Hona — 0,230 monn
A3zora — 9,074 moab
Bonopona — 73,56 monb
Kucnopona - 64,577 momnb
MoutbHast 107151 aTOMOB KUCopoza coctasisier 43,78%.

Bapuanm 2
Hagecky amomunus maccoit 2,00 t coxrim nipu 200 °C u naBinenun 0,5 aT™ B 3aKPBITOM COCY/IE
obbemMoM 6,0 71, 3aMOJTHEHHOM Tra3000pa3HBIM BEIIECTBOM C IUIOTHOCTBIO TAPOB IO JIUCbEM)
xeocmy 5,52. [1o OKOHYaHUU PEAKIIUU COCY]T OXJIAJIAIU O KOMHATHOW TeMIEpaTyphl U BHECIH B
Hero 1,5 nutpa 40% BoxHOrO pacTBOpa a30THOM KHUCIOTHI (MI0THOCTH 1,25 r/mi). Onpenenure
MOJIPHYIO JIOJIF0 aTOMOB KHCJIOpOAa B TMOJYy4eHHOM pacTBope. [lpuBeaute ypaBHEHUS
YIIOMSIHYTBIX peaKIui.
Omeem: 2Al + 31, = 2All;5
All; + HNO; = Al(N03)3 + HIO3 + H,0O
Al + HNO3 — naccuBanus
MonsbHas goss aromoB kuciaopoga 41,25%

3anaua 2 (15 6asiioB)



Bapuanm 1

Paznmuune Gpu3nvecknx M XUMUYECKUX CBOMCTB U30MEPOB 3aBUCHUT IMPEXK]IE BCETO OT MOPSIKA U
TUIA CBS3BIBAHMSI aTOMOB M TPYII aTOMOB B MOJIEKyJe (CTpYKTypHbIe u3omepsl). [lpu stom
pa3iIMYHOE B3aMMHOE IPOCTPAHCTBEHHOE DPACIIOJNOKEHUE CTPYKTYPHBIX JJIEMEHTOB MOJIEKYJIbI
IpU OJUHAKOBOM TIOPSAJIKE  CBSI3bIBAHUS  ONpENEIseT BO3MOXHOCTh  CYILIECTBOBaHUS
CTEpEeOH30MEPOB (IUACTEPEOMEPOB U SHAHTHOMEPOB).

CKOJIBKO CTPYKTYPHBIX U30MEPOB 0€3 KPaTHBIX CBs3EeH COOTBETCTBYeT OpyTTo-hopmyne CgHip?
CKOJIBKO W3 HHX MOTYT MMETh CTepeon3oMepbl JtoOoro Tuma? CKOJbKO W3 HUX SBISFOTCS
XUpaJIbHBIMHU (CYIIECTBYIOT B BUJIE Taphl (TIap) YSHAHTHOMEPOB)?

[IpaBunbHBII OTBET: Bcero — 12, co cTepeon3omMepamMu — 5, XUPAIbHBIX — 3

b6es
CTEepeon3oMepoB
H ecTb
cTepeonsomMepsbl

Bapuanm 2

Pazmune (1)I/I3I/ILI€CKI/IX 1 XUMHYECKUX CBOMCTB HN30MCPOB 3aBUCUT IPCKIAC BCCTO OT MOPAAKA U
THUIIa CBSI3BIBAHHMSA aTOMOB M TPYII aTOMOB B MOJIEKYyJie (CTPYKTypHbIe n3oMmepbl). [Ipu sTom
pa3IMYHOE B3aMMHOE MPOCTPAHCTBEHHOE PACIOJIOKEHUE CTPYKTYPHBIX AJIEMEHTOB MOJIEKYIIBI
Opyd  OAMHAKOBOM  IOPSIIKE  CBSI3BIBAHHMS ~ OIpEICTSCT BO3MOXKHOCTH — CYIIECTBOBAHHS
CTEePEON30MEPOB (ANACTEPEOMEPOB U SHAHTHOMEPOB).

CKOJBKO CTPYKTYpPHBIX HM30MEpPOB 0€3 KpaTHBIX CBs3€il COOTBETCTBYET OpyTTo-(Qopmyre
CsHoCl? Ckompko W3 HHX MOTYT MMETh CTepeou3oMepbl Jito0oro tuma? CKONBKO M3 HHUX
ABIIIOTCS XUPAJIbHBIMHU (CYIIECTBYIOT B BUJIE Maphl (I1ap) SHAHTHOMEPOB)?

[TpaBuiibHBIN OTBET: Bcero — 14, co ctepeonzomepaMu — 8, XUpaJIbHBIX — /

Cl Cl
Cl I
|:|> CTepeon3omMepoB
W:k ecTb

(+/-) (+/-) (+/-) cTepeonsomepsl

L% x

(+/-) (+/-) (+/-) (+1-)



Bapuanm 3

Paznmuune Gpu3nvecknx M XUMUYECKUX CBOMCTB U30MEPOB 3aBUCHUT IMPEXK]IE BCETO OT MOPSIKA U
TUIA CBS3BIBAHMUSI aTOMOB U TPYIN aTOMOB B MOJIEKyJie (CTPYKTypHBbIE u3omepsl). [Ipu stom
pa3iIMYHOE B3aMMHOE IPOCTPAHCTBEHHOE DPACIIOJNOKEHUE CTPYKTYPHBIX JJIEMEHTOB MOJIEKYJIbI
IpU OJUHAKOBOM IIOPSAJKE  CBS3bIBAHUA  ONPENEISeT BO3MOXKHOCTh  CYILIECTBOBaHUS
CTEpEeOH30MEPOB (IUACTEPEOMEPOB U SHAHTHOMEPOB).

CKOJIBKO CTPYKTYPHBIX H30MEPOB 0€3 KpAaTHBIX CBs3E€H COOTBETCTBYET OpyTTO-hopmysne C4HgO?
CKONbKO M3 HUX MOTYT HMETh cTepeon3oMepbl Jio0oro tuma? CKOJBKO W3 HUX SBISIIOTCS
XUpPAJIbHBIMHU (CYIIECTBYIOT B BUJIE Maphl (I1ap) SHAHTUOMEPOB)?

ITpaBuiibHBIN OTBET: Bcero — 11, co ctepeonzomepamu — 4, XxupajabHbIxX — 4

~

HO
HO, @)
5 o X %
Q I:( O 0] CcTepeon3omepos
OH
o } ° ecTb
o) A CTepeoun3omepbl

(+5-) (+1-) (+1-) (+5-)

Bapuaum 4

Pa3nnune pusndyecknx u XMMHUYECKHX CBOWCTB M30MEPOB 3aBUCHT IIPEXKJIE BCETO OT MOPSAKA U
TUIA CBA3BIBAHMS aTOMOB M TPYNIl aTOMOB B MOJIeKyle (CTpyKTypHbIe m3omepsl). IIpu sTom
pa3InYHOEe B3aUMHOE MPOCTPAHCTBEHHOE PACIOJIOKEHHE CTPYKTYPHBIX 3JEMEHTOB MOJICKYJIBI
OpU  OJMHAKOBOM  TIOPSIKE  CBSA3BIBAHUS  ONpENENsieT BO3MOXHOCTb  CYIECTBOBAaHUS
CTEpEOn30MepOB (IUaCTEPEOMEPOB M SHAHTHOMEPOB).

CKOJIBKO CTPYKTYPHBIX M30MEpOB 03 IUKIa COOTBETCTBYET OpyTTOo-(hopmyine CgHiz? Ckombko
U3 HUX MOTYT MUMETh CTepeou3oMephl J1000ro tuna? CKONbKO U3 HUX SIBJISIOTCS XMPaJIbHBIMU
(cymiecTBYIOT B BUJIE Maphl (I1ap) SJHAHTUOMEPOB)?

[TpaBuiibHBIN OTBET: Bcero — 12, co ctepeon3zomMepaMu — 5, XupajabHbIX — 1

SN

6e3
/\K )\/\ )Y CTEpPeon3oMepoB
RN N /\)\ /Y /\(\ ecTb

cTepeonsomMmepbl

(+/-)



3apaua 3 (10 6an710B)
Bapuanm 1

B naboparopun ectb O0amsioHbl ¢ aMMHUAKOM, apTOHOM, BOJIOPOAOM, XJIOPOBOJIOPOAOM U XJIOPOM.
Kakue mapel ra3oB HY)XHO B35IThb M B KaKMX OOBEMHBIX COOTHOILIEHUSX MX HYKHO CMEIIaTh,
YTOOBI IJIOTHOCTD MOJTYYEHHON CMECH MO BO3ayxy Obuia paBHa: 1.0. [IpuBeauTte Bce BO3MOXKHbBIE
perieHusl.

Pewenue. OTHOCUTEIBHBIC IIIOTHOCTH YKa3aHHBIX I'a30B 110 BO3AYXY COCTABJIAIOT:

Dyosa(Ar) = 40/29 = 1.38; Dyosu(NHs) = 17/29 = 0.59; Dyosu(H2) = 2/29 = 0.069; Dyosa(HCI) =
36.5/29 = 1.26; Dyoss(Cl2) = 70/29 = 2.41.

AHanM3 TMOKAa3bIBAET, YTO JJISl YIOBJICTBOPCHHS YCIOBHS 3a7add 3TO JIOJDKHBI OBITh CMecH
OJIHOTO M3 JBYX JErKUX Tra3oB (BOAOPOJ, aMMHaK) C OJHHMM M3 TSDKENBIX ra3oB (aprol,
XJIOPOBOAOPO/I, XJI0pP). OAHAKO P 3TOM CIIEAYET UCKIIOYUTh MAPHI BEIICCTB, MEXITY KOTOPBIMU
MPOTEKAET XUMHUYECKas PEaKIUs: aMMHAaK M XJIOPOBOJIOPOJ (00pa3yeTcsi HEeNeTYIH XJIOPHT
ammonus: NHsqpy + HClyy = NH4Cley), ammuax n xmop (oOpasyercst a3oT M XJIOPOBOIOPOA:
2NH;() + 3Clyry = Ny + 6HCl ), a Taxke HeycToluMBas Ha CBETYy CMECh BOJOPOJA € XJIOPOM
(obpazyercs xsopoBonopo: Hary + Clyry = 2HCl ).

Takum 00pa3oM, BO3MOXKHBIMH BapHAHTAMH OCTAlOTCS CMECH: BOJOPOJ — aproH, BOJIOPOJ —
XJIOPOBOJOPOJ, aMMHAK — APTOH.

Cornacio ypaBHenutro MenneneeBa-Knamneiipona pV = nRT, cooTtHomeHnue o0bEMOB ra3oB
PaBHO MOJIBHOMY COOTHOIIICHHIO Ta30B.

Cpennsis MOJIEKYJIsIpHAsE Macca CMECH JIO/DKHA OBITh paBHA MOJIEKYJISPHOW Macce BO3ayXa.
[Tycte MoOJBHAS JOJIS JIETKOTO Ta3a X, TOTJa MOJIbHAs J0Js Tsokenoro rasa (1-X), Torma s
cMecH Boiopox — apron: 29 = 2-x + (1-x)-40, otkyma X = (40-29/40-2) = 0.29; (1-x) = 0.71,
MOJIHOE OTHOLICHHE aproH — Bojopoa (1-X)/X = 2.45, torma cooTHoIIeHHEe 00bEMOB BOJOPO/Ia
u aproHa 1:2.45.

JUIS CMECH BOJIOPOJ — XJjopoBojopoa: 29 = 2-X + (1-xX)-36.5, orkyaa mosnydaeM 0O0BEMHOE
COOTHOUIEHUE BOAOPO. — XJIopoBogopoa 1:3.6.

JUISL CMECH aMMuak — apron: 29 = 2-x + (1-x)-36.5, otkyna nony4aeM 00bEMHOE COOTHOILICHUE
ammuak — apros. 1:1.09.

Omeem: 00bEMHOE COOTHOIIIEHHE BOAOPOHA — aproH 1:2.45; Bomopon — xmopoBogopon 1:3.6;
ammuak — apros 1:1.09.

Bapuanm 2

B naGopatopun ecth 6aJUIOHBI C aMMHUAKOM, aprOHOM, BOJIOPOJIOM, XJIOPOBOJIOPOJIOM U XJIOPOM.
Kakne napel ra3oB HY)XHO B3Th M B KaKuX OOBEMHBIX COOTHOIICHUSX WX HY)KHO CMEIIATh,
4TOOBI MJIOTHOCTH MOJTYYEHHOU cMecH 1o BO3ayXy Obuta paBHa: 0.8. [IpuBenute Bce BO3MOXKHbBIE
penieHusl.

Omeem: 00bEMHOE COOTHOIIIEHHE BOJOpoa — aproH 1:1.26; Bogopon — xmopoBogopoa 1:1.59;
ammuaxk — apros 2.71:1.

Bapuanm 3



B naGopaTtopuu ecTb OasIOHBI C aMMHAKOM, aprOHOM, BOJOPOOM, XJIOPOBOJIOPOJIOM U XJIOPOM.
Kakue napel ra3oB HY)XHO B3Th M B KakKuX OOBEMHBIX COOTHOLICHHAX MX HYXXHO CMELIATh,
4TOOBI IJIOTHOCTH ITOJIYYEHHOM CMecH 110 BO3AyXy Oblia paBHa: 1.2. [TpuBennrte Bce BO3MOXKHbBIE
peLeHMS.

Omeem: 00bEMHOE COOTHOIIIEHHUE BOJOpOA — aproH 1:6.31; Bogopox — xyopoBogopoa 1:19.3;
aMMuaKk — apros 1:3.42

Bapuanm 4

B naGopaTopuu ecTh 0AJUIOHBI C aMMHUAKOM, aprOHOM, BOJOPOJOM, XJIOPOBOAOPOIOM U XJIIOPOM.
Kakue mapel ra3oB HY)XHO B3ATh M B KaKuX OOBEMHBIX COOTHOIICHUSX WX HYKHO CMEIIATh,
4TOOBI IJIOTHOCTH TOJIYYEHHOH cMecH 110 Bo3AyXy Oblia paBHa: 0.9. [IpuBennre Bce BO3MOXKHbBIE
peLIeHMsL.

Omeem: 00bEMHOE COOTHOIIEHHUE BOJopoa — aproH 1:1.73; Bogopon — xsopoBogopoa 1:2.32;
ammuak — apros 1.53:1.

3anaua 4 (15 6an0B)
Bapuanm 1

3amumute (HOpMYITy COSIMHEHHS, OOpa30BaHHOTO HE MEHEEe YeM TpeMs pa3IuIHBIMU
AJIEMEHTaMH, CUMBOJIbI KOTOPHIX HAYMHAIOTCS HAa OJHY M Ty K€ JIATUHCKYIO OYKBY aiyi(haBUTA.
Hasosure 2TO coequHeHHE.

Ooun u3 sapuanmoe omeema Csp[CuCly]
Bapuanm 2

3anumute (GOopMyiny pearbHO CYIIECTBYIOIIETO HEOPTaHHMYECKOTO COEAMHEHHs, B KOTOPYIO
BXOJIAT KaK MUHUMYM YE€TBIPE 2JIEMEHTA, CUMBOJI KOTOPBIX COCTOUT U3 OJHOM JJATUHCKON OYKBBHI.
HazoBute 710 coenunenue.

Ooun u3 eapuanmos omeema KCNS
3agaua S (15 6ans10B)
Bapuanm 1

OKBUMOJISIPHYIO CMECh TPEX ra3oB C IUIOTHOCTBHIO 1O Bo3ayxy 0,782 pazmenunu Ha JABE YacTH.
[lepByto yacTh HpONMYCTUIM 4YEpe3 TOPSIUMN PacTBOP KHUCIOTHL, B pe3ylbTaTe 00bEM cMecu
ymeHbImiIcs B 1,5 pasa, a ee miIoTHOCTh yBenuuuiack Ha 5,8 %. BTopyro 4acTs mpomycTuiu
4yepe3 XOJIOAHBIA pa30aBICHHBIN PacTBOp IIEJIOUYH, B PE3YJIbTaTe O0BEM CMECH YMEHBIIWICS B
TP pas3a, a ee IUIOTHOCTh u3MeHunach Ha 82,36 %. VYcTaHOBUTH KayeCTBEHHBIH U
KOJINYECTBEHHBIN COCTaB ra3oBoil cmecu (B% IO Macce) M HamucaTh YpaBHEHHs MPOBEACHHBIX
peakuuii. Bee ra3pl HaXOAUIUCH PU OJJUHAKOBBIX YCIOBHSIX.

Pewenue:

[TockonpKy cMech SKBUMOJISIPHAs, TO KOJMYECTBA M OOBEMbI BXOSIIMX B €€ COCTaB ra3oB
onvHakoBbl. [Ipu nponyckanuu yepes ropsuuii pacTBOP KUCIOTHI MOTJIOMIAETCS TOJIBKO OJIMH ra3
(o6beM yMeHblIaercs B 1,5 pasa), mpu IponyCKaHUM Yepe3 pacTBOP LIETIOYH MOTJIOUIAI0TCS JBa
ra3a (00beM yMeHbIIaeTcs B 3 pasa).



MousipHas Macca Ha4ajabHOM Ia30BOM CMECH
M(cmecn) = Dgosn-Mgosy = 0,782:29 = 22,678 r/moub

Takum 06p330M, MOJHO OIIPCACIINTb MOJIIPHYIO MACCy ra3ad, OCTaBIICTOCs ITOCJIC ITPOITYCKAHHNHN
qcpe3 pacTBOp MICIOYH. Bo3moxno JBa BapHWaHTa — INJIOTHOCTb TIa3a YBCIIMYHUBACTCA II10
CpaBHCHHIO C HaYaJbHOU WU YMCHBIIACTCA. Ecnu ni1oTHOCTB YBCIMYHUBACTCA, TO

M(raza 3) =22,678-1,8236 = 41,35 r/modb,
TaKOro Tra3a HeT. EcIu TIIOTHOCTh YMEHBIIAETCS, TO
M(raza 3) = 22,678:0,1764 = 4 r/monb

DTOT ra3 He pacTBOPSETCS HU B BOJIC, HU B pacTBOpE IIenouu. Takum razoM MoxkeT ObITh He min
BOJIOPOJI, coAep Kamuii Tsoxenble u3otonsl Do, HT (moaxoaut mro60i BapuaHT).

I"a3oBast cmech, OCcTaBLIAsACA MOCJE NPOIYCKaHUM 4Yepe3 Topsiuel pacTBOP KUCIOTBHI CONEPIKUT
tpetuii a3 (He) u emie ouH ra3 B 3KBUMOJISIPHBIX KOJIMuecTBax. Ee MosipHas macca

M(cmecu 2x razoB) = 22,678-1,058 = 24 r/moib.

O0603HaunUM MOJISIPHYIO Maccy BTOpOro rasa 3a My v cOCTaBUM ypaBHEHUE:!

M, + M
M(cMmecu 2X rasoB) = %
M, + 4
24 = — M, = 44 r/moub

DTOT ra3 pacTBOpsETCS B IIEJI0YM, HO HE PACTBOPSCTCS B TOPSYEM pPaCTBOPE KHUCIIOTHI,
CJIeI0BaTeNbHO, 3TO yriaekuciblit ra3 CO;.

O003HaYMB MOJISIPHYIO MaccCy IMepBOro rasa 3a Mj M 3Has MOJIIPHYIO Maccy MCXOJHOW CMecH,
MOYKHO HAWTH MOJISIPHYIO Maccy IepBOro rasa:
M; + M(CO,) + M(He)

3

M(ucxogHOM cMecH) =

M;+44+ 4
22,678 = B S— M, = 20r/Moub

OTOT ra3 pacTBOPSIIOTCS M B ropsYeil KUCIOTE, U B XOJIOAHOM PAacTBOpE Hieaoud. Takum razom
MOJKET ObITh elTepupoBaHHbIii ammuak NDs.

OHpe,I[eJ'II/IM MAcCCOBBIC JOJIM I'a30B:

w(He) = e _ M(He) — 0,0588 (5,88%)
m(cmecu) M(He)+ M(CO,) + M(ND5)
w(CO,) = m(C02) _ M(CO,) = 0,6471 (64,71%)

m(cmecn) M (He) + M(CO,) + M(NDs)
w(ND3) = 0,2941 (29,41%)

VYpaBHeHHs] MPOBEIEHHBIX pPEAKIHU (B MOJIEKYISPHON WM B HOHHO-MOJIEKYJISIpHON (opme
dopme):
ND; + HCIl = ND3HCI



CO, + NaOH = Na,CO3 + H,0O

Bapuanm 2

OKBUMOJISIPHYIO CMECh TPEX ra3oB C IUIOTHOCTHIO 1O Bo3ayxy 0,931 paznenunu Ha ABE yacTu.
[TepByr0 YacTh MPOIMYCTUIIN Y€PE3 PACTBOP KUCIIOTHI, B pE3yJIbTaTe 00BEM CMECH YMEHBIITIIICS B
1,5 pa3a, a ee mioTHOCTH yBenuuwiach Ha 18,5 %. Bropyro yacTs nponycTuiu yepes X0JI0AHbII
pacTBOp IIENIOYH, B pe3ylnbraTe O00BbEM CMECH YMEHBIIWICS B TPU pasza, a €€ IUIOTHOCTb
n3MeHUIach Ha 25,9 %. YcTaHOBUTh KaUYeCTBCHHEINA M KOJIMYSCTBEHHBIN COCTaB Ia30BOH cMecu
(8% mo Macce) W HamMcaTb YpaBHEHMsI IIPOBEJIEHHBIX peakuui. Bce rassl Haxoauwiauch Ipu
OJIMHAKOBBIX YCIIOBHSIX

Omeem: NH3 (20,99%), CO, (54,32%), CD, (24,69%).
Bapuanm 3

OKBUMOJISIPHYIO CMECh TPEX T'a30B C IJIOTHOCTHIO MO BO31yXy 2,471 pa3aenuiau Ha JBE YacTH.
[TepByr0 yacTh IPOMYCTUIIN YEpPe3 PACTBOP KUCIIOTHI, B pe3ysbTare 00bEM CMECH YMEHBIINIICS B
1,5 pa3a, a ee moTHOCTh yBennumiiach Ha 36,1 %. BTopyto yacTe nponycTiiiv 4epe3 XOI0IHbII
pacTBOp IIENOYH, B pe3yibTare Oo0OBbEM CMECH YMEHBIIWICS B TPU pa3a, a €€ IUIOTHOCTh
n3MeHmnach Ha 82,8 %. YCTaHOBUTh KaUECTBEHHBIM M KOJMYECTBEHHBII COCTaB ra30BOM CMECH
(8% mo Macce) W HamucaTh YpaBHEHHs MPOBEIEHHBIX peakiuil. Bce raspl HaxoIWiIHCh TpH
OJIMHAKOBBIX YCIOBHSIX

Omeem: ND3 (9,3%), SO, (29,77%), Xe (60,93%).
Bapuanm 4

OKBUMOJISIPHYIO CMECh TPEX Ta30B C IJIOTHOCTHIO MO BO3ayxy 1,161 pa3aenunu Ha nBE yacTu.
[TepByto yacTh MPOMYCTUITN YEPE3 PACTBOP KUCIIOTHI, B PE3ybTaTe 00BEM CMECH YMEHBIIIHUIICS B
1,5 pa3a, a ee mIoTHOCTH yBenuumiach Ha 24,7 %. Bropyro yacTh IponmycTUIN Yepe3 XOJIOAHbII
pacTBOp IIEJIOYM, B pPe3ylbTare O0bEM CMECH YMEHBIIWJICS B TPU pa3a, a €€ IUIOTHOCTh
m3MeHmiIachk Ha 40,6 %. YcTaHOBUTh KaYEeCTBEHHEINM M KOJIMYSCTBEHHBINA COCTaB Ia30BOI cMecu
(8% 1o Macce) W HamMcaTh YpaBHEHHS MPOBEICHHBIX peakiui. Bce ra3pl HAXOMWINCHh TPH
OJIMHAKOBBIX YCIOBUSX

Omeem: NH; (16,83%), SO, (63,37%), CD;4 (19,8%).

3anauya 6 (15 6as10B)

BCH_ICCTBO X TCPMHUYICCKU HeyCTOI\/'I‘{I/IBO H MOXKCT OJHOBPEMCHHO pacnaaaTbCd 1o ABYyM
HE3aBUCUMBIM PEAKIIUAM, KOTOPBIC B KHHCTUYCCKOM OTHOIICHUHW MOYXHO CUUTATh ITPOCTBIMU:

1) X—A
2) X—B

B nepBom skcniepumMenTe BemiectBo X pasznaraiock npu remnepatype 50 °C u B pezynbTare
npoaykTa A o6pa3zoBanocs B 3 pa3a Oosbliie, ueM npoaykra B.



Bo BTOpOM ormbITe paznoxenne npoBoausiock npu tremmeparype 100 °C u cooTHoIIeHNE
MPOJYKTOB 0Ka3aJ0Ch PaBHBIM.

Ha KaKyI BCJIMYMHY OTJIMYAIOTCA SOHEPTHUHU aKTUBAIUU JBYX IIPOTCKAIOIINUX peaKHHﬁ?

[Tpu kakoil TeMIiepatype HYKHO MPOBECTH pa3ioxkeHue X, 4ToObl BEIXOA MpoaykTa B cocraBui
90% ?

CBsi3b PHEprUU aKTUBAIIMK C TEMIIEPATYpOH IMpoliecca ONpeesaeTcs ypaBHeHHEe AppeHunyca:
_Ea
k = Ae RT, rne K — KOHCTAaHTa CKOPOCTH PEaKIUHU, A — MHOKHUTEIb, 3aBUCAIIAN TOJIBKO OT

MIPUPObI PEAreHTOB.
Pewenue:

[To 3aKoHy JAEHCTBHS Macc CKOpOCTh 00pa3oBaHus A paBHa wa = KiX, a ckopocTh o0pa3zoBanus B
paBHa wp = KoX. OTHOLICHHE CKOpOCTEl OyIeT paBHO

Wy _ kX _ K

w, kx - k,

TO €CTh OYJCT COXPAHATHCS MOCTOSHHBIM Ha MPOTsHKeHUH peakuuu. CiieoBaTebHo,
COOTHOIICHUE KOJIMYECTB 00pa30BaBIIMXCS MPOIYKTOB B 1 A OymeT paBHO OTHOIICHUIO
KOHCTaHT CKOpocTH Kp 1 Kj.

ITo ycnoButo

k,(50C) 1 k,(100C)

k,(50C) 3 k, (100C)

Pazgemm BTOPOC COOTHOIICHHEC Ha IMEPBOC

k,(100C) /k,(100C) _
k,(50C) / k (50C)

U npoJiorapupmMupyeM

k,(100C) |k, (100C) _

n k, (50C) k,(50C)

In3.

ITo ypaBHeHHIO AppeHuyca

n@_Ea(l 1}

k) RIT, T,

IToxncraBisteM:

E E
a2 i_i _ al i_i :|n3.
RI\T, T, R{T, T,




1(1 1
(Eaz—Eut)z T =In3.

VYuureiBas, uro T1 = 323 K, T, = 373 K, nonydaem

E..,—E..= ;R In3 =22 x[x/ monb

YToObl HANTH HCKOMYIO TEMIIEPATYpPY |3, 3alMILIEM AJisl He€ aHaJJOTUYHOE COOTHOIICHHE:

11 1
(Ea,Z_Ea,l)E 1'_2_"'_3 —Ing.

[Tpu 3TOM MBI y4WIH, 4YTO OTHOCUTEIBHOE YCKOPEHHE BTOPOU PEAKIIUU 110 CPABHEHHUIO C TIEPBOU
pu niepexoie oT 7 k T3 cocTaBuio 9.

1 1 RIn9

T3 T2 Ea,z - Ea,l .
Otcroma T3 =540 K =267 °C.

Omeem: DHeprus akTUBALIUY BTOPOIl peakuuu O6osbine nepBoi Ha 22 kJ[>k/Moub, TemmnepaTypa
HeoOxouma 267 °C.

3apaua 7 (15 6ans10B)

Bapuanm 1

KucmoTHOCT M OCHOBHOCTH OpPTraHHUYCCKUX MOJICKYJI BBICTYIIACT B Ka4CCTBC BaKHEHIIIEro
(baKTopa, OMPEACIIAIOMECTIO UX PCAKIMUOHHYIO CIIOCOOHOCTb. Z[J'ISI peaACKa3aHus peaKHHOHHOﬁ
CIIOCOOHOCTHU COE€IUHEHHI Ba)KHO YMETh OLICHUBATH UX KHCJIIOTHO-OCHOBHBLIC CBOICTBA.

Pacnonoxurte YKa3aHHBIC COCAUHCHUA B ITOPAAKE YBCIIMUCHUA KUCIIOTHOCTH.

{ ;) &o <_©
[e) >Q< N N
N H : H

1 2 3 4

Bapuanm 2

KucimoTHOCT M OCHOBHOCTH OpTaHHU4YCCKUX MOJICKYJI BBICTYIIACT B Ka4CCTBC Ba)KHEMIIIEro
(baKTopa, OMPECACIIAIOMECTIO UX PCAKIIUOHHYIO CIIOCOOHOCTb. I[J'IH MpeaACKa3aHus peaKHHOHHOﬁ
CIIOCOOHOCTH COE€IUHEHUI BaXKHO YMETh OLICHUBATH UX KHCJIOTHO-OCHOBHBLIC CBOICTBA.

Pacnonoxure YKa3aHHBIC COCAUHCHUA B MMOPAAKE YBECIUYCHUA KUCIIOTHOCTHU.



N

4;@ ? Ffbo%o

4 5 6 7

Pewenue eapuanmoes 1 u 2.

L0 G 00 Q5 o

1 2 3 4 5 6 7

Omeem: 2<5<4<3<6<1<7

Bapuanm 3

KucioTHOCTF M OCHOBHOCTH OPraHMYECKHUX MOJIEKYJ BBICTYMAeT B KAadyeCTBE Ba)KHEHIIIETO
(dakTopa, ONpeeNsAOIero UX PEaKIUOHHYI0 CHOCOOHOCTh. s mpenckasaHusl peaKLMOHHOM
CIOCOOHOCTH COECIMHEHHUM BaXKHO YMETh OLICHHBATh UX KUCIOTHO-OCHOBHBIE CBOMCTBA.

Pacnonoxure YKa3aHHbIC COCANMHCHUS B MMOPAAKE YBCIIMUCHUA OCHOBHOCTH.

HaC. -CHs  HaC. -CHs

N CHs
HsC. .CH3 p.C
H3C‘NJ§N N s ‘N’go
| I CH |
CHg CHs 3 CHs
1 2 3 4
Bapuanm 4

KHCIIOTHOCTP M OCHOBHOCTH OPraHMYECKUX MOJIEKYJ BBICTYNAeT B KadyeCTBE Ba)KHEHIIETO
dakTopa, ONpeAeNsOero UX PEaKIMOHHYI0 CHOCOOHOCTh. IS mpencka3aHusl peaKIMOHHOM
CIOCOOHOCTH COCTMHEHUM BaXKHO YMETh OIICHUBATh WX KUCJIOTHO-OCHOBHBIE CBOMCTBA.

Pacnonoxure ykazaHHble COEIMHEHUS B TOPSAKE YBEIIMUYCHUSI OCHOBHOCTH.
NO
L e e 1 oy
NS0 H3C\N H3C\N SN
| ] I
CH3 CHs CH; CHg

HBC\

Pewienue eapuanmoe 3 u 4.
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Omeem: 4<5<7<2<3<6<1



