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BBegeHue

Pabo4en nporpammon yyebHom gucumnimHbl «Pusmyeckas n KonnongHasa XMMmmsa»
npegycMoOTpPeHO NpoBedeHWe Tpex MpakTUYecKUx 3aHAaTMi no cneumanobHoctn 35.02.10
«Ob6paboTka BogHbIX BUopecypcoBy.

Llenbio npoBeaeHUs NpakTUYeCKUX 3aHATUN ABMSETCA 3aKkpensieHne TeopeTuYeckmux
3HaHUN 1 NpuobpeTeHne HeobXOAMMbIX NPaKTUYECKNX HABbLIKOB U YMEHWI NO OTAENbHbIM
Temam Kypca. Hapsgy ¢ popmupoBaHnemM yMeHUN U HaBLIKOB B Mpouecce npakTUyYecKnx
3aHATMI  0oboOLarTcs, CUCTEMATU3MPYIOTCS, YrIybnsaTca U KOHKPETU3MPYHTCA
TeopeTudeckne 3HaHus, BblpabaTbiBaeTCss CNOCOOHOCTb M FOTOBHOCTb MCMONb30BaTb
TeopeTnyeckne 3HaHUSA Ha NpakTUKe, pa3BnBatOTCH MHTENEKTYyanbHble YMEHNS.

B pesynbrate ocCBOeHUs maTepuana no MpakTUYECKUM 3aHATUAM Y Yyyallumxcs
dopmupytotcsa crneqyrowme komneteHuuun: MK 1.1, 1.6, MK 2.1,2.6, MK 3.1.,3.4.

lMepen npoBedeHWEM nNpPaKTUYECKUX 3aHATUA CTyAeHTbl 00si3aHbl NpopaboTaTb
COOTBETCTBYHOLUMA MaTepuan, YACHUTb Lefnb 3aHATUS, O3HAaKOMUTBLCSA C coaepXXaHnem u
nocrnefoBaTeNibHOCTbIO ero NpoBefeHus, a npenofasaTeflb — NPOBEPUTb MX 3HAHUA U
rOTOBHOCTb K BbINOJSTHEHUIO 3agaHUS.

lMocne kaxgoro MpakTUYEeCKOro 3aHATUS NpoBoAMTCA 3a4yeT. Ha 3advete CTydeHT
AOJDKEH: 3HaTb TeOoputo MO [aHHOW Teme; MOSICHUTb, Kak MpPOBOAUTCA pacyeT unu
ynpaxHeHue; ymMeTb NpoaHann3npoBaTb MOMyYEeHHble pe3ynbTaTbl (B COOTBETCTBUU C

OCHOBHbIMM TpeboBaHNSIMU K 3HAHUSIM M YMEHWUSIM NO AaHHOW TeMe paboyeit nporpammeil).

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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MepeyeHb NpPaKTUYECKUX 3aHATUN

Ne n/n MpakTnyeckoe 3aHATUE Kon-Bo
yacoB
1 MpakTnyeckoe 3aHAaTHe Ne 1 PeweHune 3agad Ha pacyeT TennoBoro addekta 2
(3HTANbNUKN) XMMNYECKMUX PeakLni
2 Mpaktnyeckoe 3aHaTME Ne 2 PeweHwe 3agad. PacyeT 0OCMOTUYECKOro 2
JaBneHus, TemnepaTyp KUNeHusa n 3amep3aHus
3 MpakTuyeckoe 3aHsaTve Ne 3 CoctaBneHvne ¢oopmMyn u Cxem Muuenn 2
UTOIro 6

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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PA3OENT 1 ®USNYECKAA XUMUA

Tema 1.2 OCHOBbI XMMUYECKOM TepMOAUHAMUKU, TEPMOXMMUM U XUMUYECKOMN
KUHEeTUKM

MpakTuyeckoe 3aHATUEe Ne 1 PeweHune 3agay Ha pacyeTt TennoBoro adgpdekra
(aHTanbNUKU) XMMUYECKNX peakLuin

Llenb 3aHamusi:

Yrnybutb 3HaHMS NO Teme, yMeTb MNPOM3BOAUTb pacyeTbl TennoBoro addekta
XUMWNYECKNX peakumn n kanopumHoctn nuwesblx npogykros MK 1.1, 1.6, MK 2.1,2.6, MK

3.1.,3.4.
Ucnonb3yembie ucmoyHuku: [1], [2], [3], npunoxeHue A.
Teopemuyeckas Yacmb:

Bce xumudeckue peakumm COMPOBOXAAKTCA MOrfOWEHUEM WU BblAeNeHneMm
TennoBon 9Heprun. Peakuun, wgywme C  BblgeneHMeM  Tenna, HasblBalTCH
ak3oTepMmmyeckumn. K Takum peakumsim OTHOCATCA: ropeHue Yyrnd, cnupTa, MeTaHa,
peakuuMm HeuTpanusauum u gpyrue. Peakuuu, npoTtekawowme € MorfnoweHneMm Ttenna,
Ha3bIBalOTCA aHAOTEpPMUYECKUMU. Hanpumep, pasnoxeHne BOAAHOro napa, Yriekucrnoro
Kanbuus, rMapoOOKUCH Meau u T.n.

KonuyectBo Tenna, BblOenvBLUEECA WM MOrMOTUBLLUEECH B Mpouecce peakuuu,
Ha3blBalOT TennoBbiM 3addekToM peakumn. Pasgen duamMyeckon XMMuK, U3y4vatoLlen
TennoBble 3PPEKTbl XMMUYECKUX peakuui, HasblBaeTCad TepMOXMMUeEN. Xnmuyeckue
ypaBHEHUS, B KOTOPbIX YKasblBaeTCA TennoBouM 3IPgeKkT peakuun, HasbiBaOTCSA
TEPMOXMMUYECKNMN YpaBHEHNAMU. B HUX TennoBon apdekT peakumm OTHOCUTCA K Yncny
MOSMEeNn pearvpyrowmnx mnn obpasyowmxca BewecTB (CornacHo Mx KoadduumeHTam) u
BblpaxxaeTcsi 0ObIYHO B Kurokanopusax unu kunogxoynsax (1 kkan = 4,184 k[x).

B oTnuune oT TepMoaMHamMuki, B TEPMOXMMUM BblAensemoe B npouecce Tenso
cynTaeTcsa nonoxutenbHbIM M obo3HavaeTcs +Q, a nornowaemoe Tenno —
oTpuuaTtenbHbiM 1 0603HavaeTca —Q. Hanpumep, Tepmoxmmmyeckoe ypaBHeEHUE:

N2 + O2 =2 NO — 43,3 kkan

nokasblBaeT, YTo npu obpasoBaHUM U3 a3oTa WM KMcnopoda LBYX MOSEN OKUCK
asoTa nornowaetcd 43,3 Kkan.

[ns oTHeceHna TennoBoro adpdpekrta peakumm K 0gHOMY Mo obpasyrouierocs
BelllecTBa CTaBsAT APOOBHbIE KOIPDULIMEHTDI:

Y2 N2 + %2 O2 = NO — 21,6 kkan.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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KonuyectBo TennoTbl, BblAenuBLUEECA UnM nornowatroweeca npu obpasoBaHun
OLHOrO MOMSA XUMMYECKOTO COEOMHEHUS U3 MNPOCTbIX BELLECTB, Ha3biBAETCHA TENnOTOM
obpa3oBaHNs OaHHOro coefuHeHus. I3 npuBedeHHOro Bblle ypaBHEHUS crieyeT, 4To
Tennota obpasoBaHns okMcK asoTa paBHa — 21,6 kkan/monb — (4Ng Apyrux coeanHeHun
CM. nNpunoxenne A, Tabnuua - 1).

Tennota ob6pas3oBaHMs XUMUYECKOrO COEOUHEHUS YUCINEHHO paBHa TennoTte
pasnoXeHns aToro BeLLecTBa, HO MMeeT NPOTUBOMOOXHbIV 3HaK.

TennoTton cropaHusi Kakoro-nMbo BelwecTBa HasbiBalOT TEMMOTY, BblAENAIOLLYIOCS
npw NOJSTHOM CropaHnmn O4HOro MOsisi BELEeCTBa B TOKE KMUcnopoaa.

Hanpumep,

C2H2 + %/2 O2=2 CO2 + H20 + 310,5 kkan.

B paHHOM cnyyae Tennota cropaHus auetuneHa pasHa +310,5 kkan (cm.
npunoxenne A, Tabnuua - 2). Tennota cropaHus onpegenserca CKuraHuem
onpenerieHHoro KonmMyecTsa BellecTBa B crneuvanbHoOM npubope — KanopumeTpudeckom
Bombe (3TO NPOYHBIN KOHTEMHEP, EMKOCTb KOTOPOro NOCTOsiHHA). Ha OCHOBaHMK BENWMYUH
TennoTbl CropaHnsa, B YaCTHOCTWU, PacCYNTbIBAETCS KaNOPUWHOCTb TOMSMBA U MULLEBbIX
NPOAYKTOB.

B ocHOBe Bcex TEPMOXMMUYECKMX PacyeToB NEXUT OAWH U3 OCHOBHbIX 3aKOHOB
TepmMoxmmum (3akoH 'ecca): TennoBon 3dEKT peakumm 3aBUCUT TOMbKO OT Ha4anbHOMo U
KOHEYHOro COCTOSIHUA pearnpyrowmx BewecTB, HO He 3aBUCUT OT ee MPOMEXYTOYHbIX
cTagun. 3TO 03HAYaeT, YTO TenoBOM A(PPEKT XMMNYECKOTO NpoLiecca paBHAETCS CyMMe
TennoBbIX 3P (EKTOB BCEX MPOMEXYTOUHbIX CTaANN.

B Tepmoxmmmnuyeckux pacdetax 4acTto NOMb3ylTCA CrneacTBMeM 3akoHa [ecca:
TennoBon 3PdEKT peakuunm paBeH pasHOCTM Mexay CYMMOW  BEefMYMH  TennoThbl
obpa3oBaHNA NPOAYKTOB peakumm U CyMMOW BENUYUH TennoTbl 06pas3oBaHUA UCXOOHbIX
BeLlecTB (C y4eToM K03t dPMUNEHTOB).

Hanpumep, ansa peakuum tvna: mA +nB = hC + p[] + Q,

g1 Q2 g3 g4
roe
m, n, h, p — koacpmumeHTsl Npy popmynax BewecTts A, B, C, [;
A n B — ncxogHole BellecTBa;
C n [ — npoayKTbl peakuunu;
g11 Qg2 - Tennotbl obpasoBaHusa ncxogHbix BewecTs (A n B);
g3 1 g4 - TennoTbl obpa3oBaHus npoaykTos peakumm (C n 1);

Q — TennoBon apPEKT XMMNYECKON peakuuun.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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CornacHo cnegcteuio 3akoHa ['ecca, TennoBon a(peKT peakunmn paBeH:

Q = (hgs + pg4) — (Mg1 + ng2), (1)

Mpu pacyeTtax crnegyeT yu4nTbiBaTb, YTO TennoTbl 06pa3oBaHMsA NPOCTLIX BELLECTB
MPUHSITbI PaBHBIMU HYIHO.

MuweBas LEeHHOCTb NPOAYKTOB NUTaHUS B 3HAYUTENbHOM CTerneHu onpenenseTcs
NX XUMUYECKMM COCTaBOM.

Ha npakTvke nuwieBble OOCTOMHCTBA MNPOAYKTA OUEHWBAKT NPUBMMKEHHO MO
Konu4yecTtBy cbefobHon Yyactu (T.e. 63 0TX040B NPU XONOOHON U TEMSIOBOW KyNMHAPHOM
o6paboTKke) U coaepXaHMto B HEM OCHOBHbIX NMUTaTENbHbIX BELECTB — GEnkoB, XUPOB,
yrneBoaoB.

CyToyHas Hopma noTpebneHus aHeprum ansa ycnosHoro (“cpegHero”) B3pocnoro
yenoseka (18-29 neT) cocTtaBnseT B cpegHeM 2775 kkan. 3Has XMMUYeCKM coctaB (CM.
npunoxenune A, Tabn. 4) n aHepreTUYecKyro LLEHHOCTb BEfKoB, XXMPOB U YrNeBo40B MOXHO
COCTaBUTb 3HepreTn4eckn cbanaHCMpoBaHHOE MEHI0 Ha Uenbi AeHb, BKo4arollee
3aBTpak, 06eal, NONAHUK, YXKWUH.

[Ona npubnmxkeHHoOro pacyerta 3SHepreTM4eckon (NULEBOM) LEHHOCTU pPaLMOHOB
NCMONb3YIT TakoW MNoKasaTesnb, Kak KarnopuMHOCTb MpoAyKTa, T.e. KONMMYecTBO Tenna,
KOTOpOe MOXET ObITb NOMTyYEHO B OpraHn3me 4yerioBeka npu oKMCneHum 6enkoB, KUPOoB U
yrneeogos, cogepxawmxca B 100 r npoaykrta (kkan/100 r npoaykra).

Mpwn okncnenun 1 r 6enkosB Bblgendetcsa 4 kkan, 1 rxuvpos — 9 kkan, 1 r yrnesogoB
— 4 kkan (gaHbl cpegHne 3HaYeHus).

PasnuyaloT TeopeTUyecKyro U MnpakTUYeCcKyr KanopumHocTb. [Onda onpefeneHus
NPaKTUYECKOW KanopumMHOCTU Npu pacyeTe BBOAAT KO3I(PMUUMEHTbl YCBOEHUA MULLEBLIX
BellecTB B opraHuame. KoadpdpuumeHT ycBoeHnsa OenkoB coctasnseT B cpegHem 0,94,
xupos — 0,845, yrnesogos — 0,956.

[MpakTnyeckyto kanopunHocTb NpoaykTa K, Kkan, HaxoaaT no oopmyne:
K=Bb-Ki-x+X -K2-y+¥Y-Ks-z, (2)

roe

B, K, Y, — cogepxaHue 6enkoB, XXMpoB, yrneBooB B NpoaykTe, %;

K1, K2 ,K3, — aHepreTnyeckas LEHHOCTb (KanopumnHOCTb) 1 r cOOTBETCTBEHHO GENKOB,
XWpOB, YrNeBOAOB, KKan;

X, Y, Z — KOO PULUNEHT YCBOEHNSA COOTBETCTBEHHO BENKOB, XXMPOB, YrNeBOAOB.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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lNpumep 1. Paccuntatb TennoBon apdeKkT peakunm ropeHnst aueTuneHa.

PeweHue.

[OpeHune aueTuneHa NpoTekaeT No TEPMOXMMUYECKOMY YPaABHEHMIO:

C2oH2 +2 2 O2 = 2 CO2 + H20 xua.

N3 Tabnuubl 1 npunoxenuna A Haxoamm: g CO2 = 94,0 kkan; g H20 = 68,3 kkan;

g CoHz2 = - 54,2 kkan; g O2 = 0 kkan.

B atom cnyyae Tennosou appeKT peakuuu cCOrfnacHo crneacteusi 3akoHa [ecca
paBeH:

Q=(29g CO2+gH20)—-gCoH2 =(2-94,0 + 68,3) — (— 54,2) = 310,5 kkan vnu
1298 k[x.

lMpumep 2. Tlpn cropaHum 1 Monb 3TaHa Bblgendetca 372,8 kkan Tenna.
Bbluncnute Tennoty obpa3oBaHWs 3TaHa, €Cnyv M3BECTHO, YTO BENMYMHbLI TENMOThl
obpasoBaHna H20 n CO2 coctaBnAlT COOTBETCTBEHHO 68,3 kkan n 94,0 kkan.

PeweHue.

[opeHne aTaHa NpoTeKaeT No TEPMOXMMUYECKOMY YPaBHEHUIO:

CoHe +3%202=2C0O2 + 3 H2O + 372,8 kkan

Q = (2g CO2 + 3g H20) — g C2Hs, oTkyAa

g CoHs = (2g CO2 +3g H20) —g=(2 - 94,0 + 3 - 68,3) — 372,8 = 20,1 kkan unu

84,0 k[1x. B pelueHnn 3agaum ncnonb3oBaHo creacTteme 3akoHa [fecca.

lMpumep 3. Peakunsa ropeHms MeTaHa NpoTeKaeT No ypaBHEHWIO:

CHs + 202 =C0O2 +2H0 + 219,9 kkan. BblumMcnuTb KoNnMYecTso Tenna,
KoTopoe Bbigensetca npu cropaHun 100 1 meTaHa npu HOpMarsnbHbIX YCITOBUSIX.

PeweHwve.

CocTasnsiem nponopLmtio:

npu cropaHum 1 Monb MeTaHa, 3aHumatowero obvem B 224 n (M3 cneacTeus
3akoHa ABoragpo), Bolaensetca 219,9 kkan;

npu cropaHun 100 n meTaHa — X Kkan,

x =100 -219,9/22,4 =981,7 kkan = 4107 ,4 k[x.

lMpumep 4. Onpegenutb kKanopumHoctb 200 r monoka, 3Has ero XMMUYeCKun
cocrtaB: 6enku — 2,79 %, xupbl — 3,5 %, yrnesoapl — 4,69 %.

PelweHne.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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K=279-4-094+35-9-0,845+4,69-4-0,956 =10,49 + 26,62 + 17,93 =55
kkan/100 r.

CnepoBaTtenbHo, kanopunHocTb 200 r Monoka coctaBuT: 55 + 2 = 110 kkan.

Mpumep 5. PaccuntaTb KanopumHOCTbL 3aBTpaka, ecnv cbegeHo: 2 anuya (100 r),
200 r xneba n yan ¢ caxapom. MNpuHATbL NPOLEHT YCBOSIEMOCTMN BCEX MULLEBLIX BELLECTB,
pasHbin 0,85.

X1UMUYECKMIA coCcTaB NPOAYKTOB NpeacTasrieH B Tabnuue 1.

TABJITMLUA - 1
B npoueHTax
MpoaykTt Benkun XKupbl YrnesoAabl
Anuo 12,7 11,5 0,7
Xneb 12,0 6,0 55,0
Yai ¢ caxapom - - 99,8

PeweHue.

1) KanopunHoctb 2 auu (100 r):

Kreop.= 12,7 -4 +11,5-9+0,7 - 4 =157,1 kkan/100 .

Knpaxr. = 157,1 - 0,85 = 133,5 kkan/100 r.

2) KanopunHocTtb xreba:

Kreop.= 12,0 -4 +6 x- 9+ 55 -4 =331 kkan/100 .

Knpaxr. = 331 - 0,85 = 281,35 kkan/100 r.

KanopwuinHocTtb 200 r xneba coctaBut 562,7 kkan.

3) KanopunHocTb 4asa c caxapowm:

Kreop.= 99,8 - 4 =399,2 kkan/100r.

Knparr. = 399,2 - 0,85 = 339,3 kkan/100 r.

KonnuyecTtBo caxapa Ha cTakaH 4asa coctasnseT 30 r, NOSTOMy KanopumHOCTb byaeT
COOTBETCTBEHHO paBHa:

339,3 - 30/100 = 101,8 kkan.

Yai aHepreTMyeckom LEHHOCTU HE NMEET.

4) KanopunHocTb 3aBTpaka coctaBut 133,5 + 562,7 + 101,8 = 797,8 kkan, 4to
COCTaBNSAeT TPETbIO YacTb OT CYyTOYHOW NOTPEBHOCTU B SHEPrUN.

NCXOOHbIE MATEPUAINBLI N OAHHbIE:

3agaHumn

Paccuntatb TennoBon adeKT peakuumn ropeHns 3TUIoBoro cnupTa:
C2Hs0H + 302=2C02+ 3H20 + Q,

1

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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g C2HsOH = 56,2 kkan, g Oz = 0, (TennoTbl 06pa3oBaHMs MPOCTbIX BELLECTB MPUHATHI

paBHbiMUK HyM0), g CO2 =94,0 kkan n g H20 = 68,4 kkan.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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MpogonxeHne
BapuaHTtbl 3apgaun
3agaHun

Peakuus ropeHuna MmeTaHa npoTekaeT No ypaBHEHUIO:

2 CH4 + 202 = CO2 + 2H20 + 212,9 kkan. Belanmcnutb KONNMYECTBO Tenna, Bblaenswoweecs npu
cropaHuu 250 n meTaHa npu HopMarbHbIX YCNOBUSAX.
OnpenenuTb TENMNOTY CrOpaHus aTUNeHa:
C2Hs + 302=2C02+ 2H20 (k) + Q
3 Mcxoaa ns cnegyowmx gaHHbIX:
g C2Hs = — 62,01 kx/monb; g CO2 = + 393,9 k[x/Monb;
g H20 (k) = + 284,9 k[x/Morb.
Bbluncnute TennoBoW peakuuuM MONHOTO OKUCMEHMSI 3TUMIOBOTO CnuMpTa A0 YKCYCHOM
KMCIOThI, eCnn TennoTta 06pa3oBaHns BCEX BELLECTB y4aCTBYHLLMX B peaKkLum, paBHbI:
4 g C2Hs0H (k) = — 277 kx/monb; g CH3COOH (x) = — 487 k[x/monb;
g H20 (k) = — 285,9 k[x/monb; g O2 = 0.
Peakuus okncnenuns atunosoro cnmpta: C2HsOH + O2 = CH3COOH + H20
Mpy XpaHeHWM MyKM MOHOcCaxapuibl MeANEeHHO OKUCMSIOTCA KWUCNOpodOM Bo3gyxa C
BblgeneHnem Tenna. Hangute Tennoson adeKkT 9TOM peakumn, ecnu  TennoThbl
5 obpa3oBaHusi paBHbl:
g CO2=-393,6 kx/monb, g H2O = —285,9 k[x/mMonb,
g CeH1206 = — 1272,45 k[Ix/mMonb.
Peakuusi ropeHus MeTaHa NpoTeKaeT Nno ypaBHEHUIO:
6 CH4 + 202 = CO2+ 2 H20 (Q = —891,3 k1)
Ckonbko TennoTsbl Bbigenutcs npu cropaHun 100 n meTaHa, M3MEPEHHOro Npu CTaHAAPTHbIX
ycnosusix (25 °C, 1atm)?
Peakuus ropeHusi okcuga yrnepoga uaet no ypaBHEHUIO:
. CO + 7% 02=CO02 (Q =—284,7 k[Ix)
CkonbKko NUTPOB oKcuaa yrnepoaa, U3MepeHHoro nNpu ctaHgapTHbIX ycrnosusx (25 °C, 1atm),
Ha[o cXeyb, YToObI Bblaenunock 4,187 k> TennoTbl?
Peakuuns mexay Xnopom n MoaMaom Bogopoaa MAeT No YpaBHEHMIO:
Clz+ 2HI = 12+ 2HCI
8 3Has, yto npu yyactum B peakuum 1 n Clz, namepeHHoOro npu CraHAapTHLIX YCMOBUSX,
BolaensieTcs 10,47 kX TennoTbl, BbIYUCAIUTE TENNOBON 3dhheKT peakumu.
Mpu cnuptoBom BpoxeHun 0,5 MoNst rNIOKO3bl, NPOUCXOASILLLEM MPU U3rOTOBIIEHUU TECTA,
9 Bolgensetca 35,1 k[x Tennotbl. BeiuncnuTe Tennoty obpa3oBaHus rmioko3bl, ecnu g CO2 =
— 383,6 k[x/Monb, g C2HsOH = —277,9 k[x/Monb.
Mo ypaBHeHuio ropeHus auetuneHa CqoHz + 2 %2 O2 = 2C0O2 + H20 (r) v TennoTtam
10 06pa3oBaHMsA y4acTBYIOLMX B peakLMu BELLECTB BbIYMCIMTE TENNoBOW 3¢hdeKkT OaHHON

peakLuu.

CodepxaHue u nopsidok 8bINoSIHEHUST pabombi:

1 O3HakomMuUTbCS C TeopeTquCKoﬁ 4acCTblO.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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2 Mo BapwmaHTy, 3agaHHOMY npenogaBaTteneM, pewnTb 3agady ¢ HeobxoaMMbIMn
NOSICHEHMSIMW U yKa3aHMEM eauHuy, namepeHus. Kcnonb3oBaTb AaHHble Tabnvy 7 n 8
npunoxexHus [3].

3 OhopmMunTb OTHET NO NpakTU4eckon padore.

4 OTBETUTb Ha KOHTPOJ1bHbIE BOMPOCHI.

CodepxxaHue omyema:

HanmeHoBaHMe NpakTUYeckoro 3aHATUS

Llenb 3aHATMSA

BapwuaHT 3agaHus

OTyeT 0 BbINOMHEHUN pabOoThI

CnncoK ncnonb3oBaHHOW NUTepaTypbl U APYrMX UCTOYHUKOB
BbiBoAabI

[aTbl 1 NognNucK KypcaHTa 1 NpenoaaBaTens

Bonpocbi 0r1si caMorposepKu:

UTto nsyyaet tepmoxumma’?

Kakne peakumm Ha3bIBalOTCS 9K30TEPMUYECKUMU, IHOOTEPMUYECKMMN?
UTto HasbIBaloT TennoBbiM apdekTtom? KakoBbl equHuLbI ero namepeHnsa?
Kakvne ypaBHeEHMS Ha3bIBAOT TEPMOXUMUYECKNMN?

UTto HasbIiBalOT TENNOTON 06pa3oBaHNSA, PasnoXeHNs, CropaHns?

Kak dpopmynupyeTtcs 3akoH ['ecca?

Kak TpakTyloT crnieacteue 3akoHa ecca?

© N O g bk w0 DN =

KakoBa ponb 3akoHa ['ecca gnga dpumsnonorum n bunoxmmmm?

©

HasoBuTe cpefHIo0 BENUYNHY CYyTOYHON NOTPEBHOCTHN B 3HEPrnn Ans
YyernoBeka.
10. CogepxaHnem Kakux BeLeCcTB onpeaensitoT NMLLEBYO LLEHHOCTb NpoayKkTa?
11. YT0 NnogpasymeBatoT No4 KanopuMHOCTBLIO NULLLEBOrO NpoayKTa?

12. B 4em 3aknoyaeTcsa oTnmyne TeOPETUYECKON KanopumHOCTN OT NPaKTUYECKON?

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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HeKOTOpre cnpaBo4vHble AJaHHble CbVI3VIKO-XVIMVIHeCKVIX BeJIM4nH

MPUNOXEHWME A

TABJIMLA 1 — TENNIOTA OEPA30BAHMA HEKOTOPbLIX COEQMHEHWI

B KKan/mornb

H20nap. 57,8 NO -21,6 CO2 94,0
H20xwug. 68,3 P20s 360 CO 26,4
HCI 22,1 CHg4 17,9 CaO 151,7
02 71,0 CoH4 -12,5 Ca(OH) 236,0
NH3 11,0 CoH> — 54,2 Fe20s3 195,2
N2O -19,5 C2oHsOH 56,2 Al203 393,3
TABJIMLA 2 — TEMJNOTA CTOPAHNA HEKOTOPBLIX BELLECTB
B KKan/mornb
MeTaH +248,5 AueToH +437,2 Tonyon +938,2
OT1aH +372,8 AmMuMak (cropaet oo +69,85 MeTtaHon +289,1
OKUCKM a3oTa)
OTnneH +337,1 AmMMBMak (cropaet oo + 75,8 [NponaHon +481,0
asoTta)
AueTnneH +310,5 ntoko3a +674,0 Caxaposa +1351,3
MponaH +579,8 MoueBuHa +151,7 YKCycHasi kucrnota +208,3
ByTaH +747,0 BeHson +783,4 JOunatunosein acmp +660,9

TABJIMUA 3 — TEMJIOTA CTOPAHUA 1 T MUWEBBLIX BELWWECTB B )KUBOTHOM

OPIrAHU3ME
B KanopumeTtpe
KKarn
B TennoTa cropaHus TennoTa cropaHus
eLlecTBo
B OpraHu3sme B KanopumeTpe
Yrnesoabl 4,0 4,0
YKnpebl 9,0 9,0
Benkun 4,0 5,6

TABNVUA 4 — COOEPXAHWME OCHOBHbIX BEWWECTB B NMUWEBBIX NMPOOYKTAX

B npoueHTax

MoHopuca OHepreTnye

Xapuabl Kpaxma cKasl
Mpoaykr Bopa Benkun | Xupbl n 3ona LEHHOCTb,
kkan/100 r
Xneb n xnebobynoyHble n3genus

Xneb pxaHo nogoBbI 39,5 4,7 1,0 1,4 42,2 1,8 208
Xneb nweHnYHbIN 41,0 8,7 1,5 1,4 37,3 2,0 209
BbaToH npocTon 36,6 8,0 0,9 0,8 48,1 1,5 235
Cnoba obblkHOBEHHas 27,5 8,0 5,3 7.2 46,5 1,7 299

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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[MpogosmkeHne
MoHoauca OHepreTnue
MpoaykTt Bopa Benkn | Xupbl Xapuakl szzma 3ona ue::zsz,
kkan/100 r
Cyxapwu 12,0 11,2 1,4 1,5 66,3 2,1 337
KoHanTtepckue nagenns
Caxap-necok 0,14 0 0 99,8 0 0 379
Opex cdyHayk 4.8 16,1 66,9 - 9,9 2,3 707
Wokonag 0,8 5,4 5,4 35,3 47,2 1,1 544
Kakao nopoLuok 4,0 24,2 17,5 3,5 244 6,3 380
lMeyeHbe caxapHoe 55 7,5 11,8 23,6 50,8 0,3 436
MonouHble NpodyKTbl, XUpbl, Macna

Monoko 3,2 % xwupa 88,5 2,8 3,2 4,7 - 0,7 58
CwmetaHa 25 % xwpa 68,5 2,6 25,0 2,7 - 0,5 248
TBOpOr NONY>XUPHbLIN 70,3 16,7 9,0 2,0 - 1,0 159
Mosnoko cryLwwéHHoe ¢ 26,0 7,2 8,5 12,5 43,5 1,8 320
caxapom

Macno cnMBo4yHoe 16,0 0,5 82,5 0,8 - 0,2 748
Cobip «Poccunckmn» 41,0 23,0 29,0 - 2,0 4,6 360
Anuo kypuHoe 74,0 12,7 11,5 0,7 - 1,00 157

Mnoabl, cokun

Abnoko 87,0 0,4 0,4 9,0 1,6 0,5 45
JIumoH 87,5 0,99 0,1 3,0 3,7 0,5 33
Cok abpuKoCcoBbIN 84,0 0,5 0 13,7 0/0,8 0,4 56
Cok TomMaTHbIN 94,3 1,00 0 3,3 0,2/0,5 0,7 19
CokK A6n04YHbIN 88,1 0,5 0 9,1 -/0,5 0,3 38
BuHorpag cyLieHbin 18,0 2,3 0 56,0 1,2 3,0 262

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx

lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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Tema 1.3 PacTtBOpbI

Mpaktnyeckoe 3aHATME Ne 2 . PeweHue 3apay. Pacyer ocmMoTUYeCKOro
AaBrieHUsA, TeMnepaTtyp KUNeHUs u 3amep3aHus

Llenb 3aHsmus:

Hayuntbca pewaTb 3agaqm no onpeneneHnio 0CMOTUYECKOro AaBfieHnst pacTBOPOB,

TemnepaTtyp kunenus n samepsaxna MK 1.1, 1.6, NK 2.1,2.6, MK 3.1.,3.4.

Ucnonb3yembie ucmoyHuku: [1], [2], [3].

Teopemuyeckasi Hacmab:

OcmMoTnyeckoe gaBneHue

OcmoTu4eckMM [aBreHMeM HasbiBaeTcs cura Ha eavHudy nnowagu (MMa),
3acTaBnglowan pacTtBopuTenb MepexoauTb Yepes MnonynpoHUUaemMyro neperopoaky B
pacTBOp, HAXOOALWMACA NPU TOM Xe OaBfIeHUN, YTO U pacTBOpUTESb.

[1Ba pacTBOpa pasfuyHbIX BeLLeCTB NpU OOMHAKOBLIX TeMrepaType U MOSISIpPHON
KOHUeHTpaumMmM obnagawT OAMHaKOBbIM OCMOTUYECKMM [aBfieHMEM U  HasblBalOTCA
N30TOHNYeckMMn. Pa3baBneHHble pacTBOpPbI XOPOLUO MOOYUHSOTCH 3akOHaM uaearnbHbIX
rasoB. CxoacTBo pasbaBrieHHbIX pacTBOPOB C vMAaeasnbHbIMU ra3amu ronfiaHacKUn XMMuK
BaHT-['0b Bblpasnn B BUAe 3aKoHa, BblpaXkatloLWMMCs ypaBHEHNEM:

n = CRT, (3)

roe

T — OCMOTMYECKoe aaBneHue, la,

C — KOHLeHTpauus pacTteopa, KMosb/M2 unv monb/n;

R — yH1BepcanbHas ra3zoBasi NOCTOAHHAS;

T — abcontoTHasa TemnepaTtypa, K.

MonsapHocTb pacTteopa, C, BbluMCAAT No doopmyne:

C=n/V=m/M-V, 4)

roe

N — YMCNO MOSEN PaCTBOPEHHOrO BELLECTBA;

m — Macca pacTBOPEHHOIO BELLLECTBa B pacTBOpe, Kr;

M — mornekynsipHas Mmacca pacTBOPEHHOrO BeLLEeCTBa, KI/KMOJSb;

V — 06bem pacTteopa, M3.

Mpy BbIYMCNEHUMM OCMOTUYECKOrO [aBIIEHUS PacTBOPOB 3JMEKTPONUTOB B
ypaBHeHue (3) BBOAAT NOMNPaBOYHbIN (M30TOHNYECKNIA) KOIPMDULMEHT i > 1, y4UTbIBAIOLLNIA
yBernvYyeHne 4ucra 4yactuy, B pacTBope, BCreACTBME 3IEKTPONUTUYECKOW Auccoumaumm

MOJIeKyIn pacTBOPEHHOro BelllecTBa:

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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7 =iCRT (5)

[na pacTBOPOB HE3NEKTPONINTOB U3OTOHMYECKUI KOIPPULUMEHT paseH 1.

lMpumep 1. PaccuntanmTe MOMEKYNSAPHYHO MaccCy HeanekTponurta, ecnn B 5 n
pacTtBopa cogepxatcsa 2,5 r Heanektponuta. OcMoTUYecKoe AaBrneHne 3Toro pacreopa
paBHo 0,23 10° Ma npu 20 °C.

PeweHue.

N3 cbopmyn (3) u (4) HAXOANM MONEKYNISAPHYO Maccy:

M=m-R-T/n-V=25-8,314-10%-293/0,23 - 105- 5 - 10 = 52,96 r/mornb.

3amMep3aHne n KkmnneHume pactBopoB.3akoHbl Payna

PactBop 3amep3aeT npu 6onee HM3KOM TeMnepaType, YEM YUCTbIN PacTBOPUTESb.
C yBenvyeHMeM KOHLEHTpauuM pacTBopa Temnepatypa 3amMep3aHusi MOHWXaeTcs.
lMoHWXeHWe TemnepaTypbl 3aMep3aHna pacTBopa, A tsam, OripegenseTca no gopmyrne:

A tsam = Ksam® C, (6)

roe

Ksam — KprocCKonnyeckasa NoCTosiHHas (KOHCTaHTa 3aMep3aHus),

C — mMonsanbHasa KOHUEHTpauusl, Y4cro Mosnen pacteopeHHoro Bewectsa B 1000 r
pacTBopuUTens.

Kpunormgpatel — cmecu conen (NaCl, KCI...) ¢ Bogon, 3amepsatowme npu
TemnepaTtype Hwke 0° C B 3aBUCMMOCTU OT KOHLEHTpaLmu pacteopa.

PactBop kvnuT npu Temnepatype Bonee BbICOKOW, 4YeM YUCTbIn pacTtBoputens. C
yBenMYeHneM KOHLIEHTpaL MM pacTBopa Temnepartypa KuneHust nosbiwaeTtcs. MNoBbiweHne
TemnepaTypbl KUNEeHWst pacTeopa, A twn, OrpegenseTcs no opmyne:

A tiwn = Kan - C, (7)

roe

Kivn — 3Bynunockonnyeckas NoCTossHHas (KOHCTaHTa KUNeHuns),

C — monsnbHasi KOHUEHTpaUMs, YMCNo Monen pactBopeHHoro Bewlectsa B 1000 r
pacTBopuTens.

YpaBHeHus (6) u (7) 6binun BbiBEAEHbLI ANA pa3baBreHHbIX pacTBOPOB (PpaHLy3CKUM
yyeHbiM Paynem. BTopown 3akoH Payns rnacut: noHwxeHue TemnepaTtypbl 3amep3aHus
UM MOBbIWEHWEe TemnepaTypbl KUMEHUS pPacTBOPOB MPAMO  NPOMOpLMOHAribHO
KOHUEHTpaunmn pacTBOPEHHOIO BELLECTBA.

MonsanbHOCTb pacTtBopa, C, BbIMUCASAIOT MO hopmyne:

C=n/1000=m - 1000/M - A, (8)

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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roe

N — YUCIO MOJIEN PACTBOPEHHOIO BELLECTBA;

m — macca pactBopeHHoro Bewectsa B 1000 r pactBoputens, r;

A — macca pactBopuTens, T;

M — MOJeKynapHad MacCa BelweCcTBa, r/Monb.

lMpumep 2. MNpun kakon TemnepaTtype OyaeT 3amep3aTb BOOHbLIN pacTBOp 3TUMOBOrO crnvpTa

40 % -Hon KoHueHTpaunn? Ksam BOObl paBHa 1,86.

PelweHne.

Mcnonb3yem dopmynsl (6) u (8):
A tsam = Ksam * C = Ksam - m - 1000/M - A = 1,86 - 40 - 1000/60 - 46 = 26,95 °C,
taam = taam pactB — taam pact = 0- 26,95 = —26,95 °C.

PactBop HayHeT 3amep3aTtb NPUMEPHO Npu MuHyc 27 °C.

lNpumep 3. PactBop, cogepxawmm 8 r HekoToporo BewecTtsa B 100 r oguaTnnoBoro

admpa, kmnut npmn 36,86 °C, Torga kak ymctbii acpmp kunut npm 35,60 °C. Onpenenntb

MONEKYNSIPHYIO Maccy pacTBOpeHHoro BellecTtsa. Kwn admpa pasHa 2,02.

PelweHne.

M3 ycnoeusa 3agayn Haxogumm: A twn = 36,86 — 35,60 = 1,26 °C. U3 dpopmynbl (8)

Haxoaum mondanbHocTb pacTteopa: C = A twn /Kwn = 1,26 / 2,02 = 0,624 monsi/1000 r

admpa. Wcnonb3ya dopmyny (8), Haxogum MOJSEKYNAPHYK MacCy pacTBOPEHHOro
Bewectea: M=m - 1000/ C - A =80 -1000/0,624 - 100 = 128,2 r/moneb.

NCXOAHbIE MATEPWAIBI U AAHHBIE:

BapuaHThbl
3agaHun

3apaun

1 Mpu 22 °C ocmoTU4eCckoe AaBreHne pactsopa TPOCTHMKOBOrO caxapa paBHo 7,3 - 104 Ma.
KakoBo ByaeTt ocmoTuyeckoe faBreHue, ecnu pacTeop pa3baBuTb B 2 pasa, a Temnepartypy
noBbICUTb Ha 25 °C?

2 Onpepenutb NPOLIEHTHYI0 KOHLUEHTpauutlo BOAHOMO pacTBopa [fHoKO3bl, €Cnn  OH

3amep3aeT npu — 1 °C.

1 Mpu 18 °C ocMoTUYecKoe AgaBrieHne pacteopa rnuuepuHa pasHo 3,039 - 105 Ma. KakoBo
Oypetr ocmoTuyeckoe pfaeneHue, ecnu pactBop pasbaButb B 3 pasa, a Temnepatypy
noebicuTb Ao 37 °C?

2 OnpepenuTb MPOLIEHTHYIO KOHLEHTpaUMIO caxapa B pacTBOpe, €CrvM pacTBOp 3akunaet

npu 100,5 °C.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
lposepb akmyanbHOCMb 8epcuu o opuauHany, xpaHauwemycs 1C Konnedx
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[MpogosmKkeHne
3agaHun

1 BbluMcnnTb OCMOTUYECKOE OaBneHue pacTtBopa caxaposbl npu 0 °C, ecnm npm 20 °C

OCMOTUYECKOE JaBreHune aToro e pacteopa 1,066 - 105 MMa.

3 2 Kakoe konnuyecTBO rnuvuepuHa HyxHo po6asute k 1000 r Bogbl, 4TOBbI pacTBOp He
3amep3an go — 5 °C?

1 OcmoTuyeckoe [faBrieHWe pacTBopa HeanekTponuTta npu 17 °C 4,82 - 105 MMa.

4 OnpegenuTb 0CcMOTUYECKOE JaBNeHne 3Toro xe pacteopa npu 57 °C.

2 lNpu kakon TemnepaType Oynet 3amep3atb 45 % -HbI pacTBOp METUIIOBOro cnupTa
(CHsOH) B BOAE?

1 Bblumcnntb ocmoTudeckoe pfaeneHne pacTtBopa npu 25 °C  BOgHOro pacteopa,
cogepxallero 225 r caxapa B 5 n pactsopa.

> 2 B kakom COOTHOLWIEeHUM (N0 mMacce) Hago CMelwaTb Bogy M MULEpUH, YTODbI MOnyynTb
CMecb, 3amep3atowyto npu — 20 °C?

1 BbluucnuTb ocMoTuyeckoe paeneHue npu 27 °C  pacTBopa TPOCTHWKOBOrO caxapa
C12H22011, koHUeHTpaums kotoporo 0,025 (2,5 %) maccoson gonw.
® 2 OnpepenuTb MPOLEHTHYH KOHLIEHTpauMi MOPCKOW BOAbl, €CM OHa 3amep3aeT Mnpu
TemnepaType — 2 °C.
1 BblMMCIIUTE MOMNEKYTSIPHYHO MAacCy MOYEBUHbI, ECINN BOOHBIN pacTBOp, COAEpXKaLLMM
7 0,3680 r moueBuHbl B 200 cm?3, npu 20 °C umeeT ocMoTudeckoe gaeneHme 74 630 lNa.
2 Mpu kakon TemnepaType byaet kunetb 50 % - 1 pacTBOp caxapa B Boge?
1 OcmoTun4yeckoe OaBrneHue pacTteopa, cogepxatiero B 500 cm® 1,55 r aHunuHa, npu 21°C
8,104-10% Ma. OnpenennTb MOMNeKynsApHY0 Maccy aHumnmHa.

8 2 CkonbKko rpamMMOB FMoKO3bl HYyHO gobaBuTe K 100 r Bogpl, YTOObLI pacTBOp 3akvnen npu
102,5 °C?

1 OcMoTnyeckoe gaBreHue pacTBopa, copepxallero 7,5 r caxapa B 625 cm3 pacteopa,
8,307 - 10* Ma npu 12 °C. Onpeaenutb MOMEKYNAPHYO Maccy caxapa.

9 2 BoaHbI pacTBOp, coepXallui HeneTyyee pacTBOPEHHOE BeLleCTBO (HEe3NEeKTPOonuT),
3amep3aeT npu — 2,2 °C. Onpegenutb TeMnepaTtypy KUMEHUs1 pacTBopa 1 AaBlieHve napa
pacteopa npu 20 °C. [laBneHue napa uucton sogwl npu 20 °C 2337,8 MNa.

1 PactBop, copepxawmin 9 r pacTBOPeHHOro BellecTBa (HeanekTponuta) B 250 cm?d
pacTtBopa, obnagaet ocMoTuyeckum fasneHvem 4,56 - 105 Ma npu 0 °C. Onpenenutb

10 MOIEKYMSIPHYIO Maccy pacTBOPEHHOIO BeLLEeCTBa.

2 BbluncnuTb TemnepaTypy 3ameps3aHusa pacteopa 7,308 r xnopuga HaTpus B 250 r BoAbl,
ecnu npu 18 °C ocMmoTUYeckoe AaBreHne ykasaHHoro pacteopa 2,1077 - 108 Ma. MnoTHocTb

pacTBopa NpUHATL paBHON 1.

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
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CoodepxxaHue u rnopsidok 8bIrnosiHeHuUs1 pabomsi:

1 O3HaKOMUTBCA C TEOPETMYECKOM YaCTbHO.

2 Mo BapwaHTy, 3agaHHOMY npenogasaTenieM, pewnTb 3agadm ¢ HeobxoaMMbIMn
MOSICHEHNSIMW N YKa3aHWeM eauHuL, namepeHus. Mcnonb3oBaTb AaHHble Tabnvy 7 n 8
npunoxexnus [3].

3 OhopmUTL OTHET NO NpakTU4ecKon padorTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxaHue omyema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATUSA

BapwuaHT 3agaHus

OTyeT 0 BbINOMHEHUN PabOoThI

Cnuncok ncnonb3oBaHHOWM NUTEpPaTypbl U APYrMX MCTOYHUKOB
BoiBoabl

,D,aTbI n noanncun KypcaHTta u1 rnpenogaBaterns

Bonpochbi 0risi caMornpoesepKu:

1. [dawnTe onpepeneHne 0CMOTUYECKOMY OaBIIEHUIO?

2. Y70 NOHMMAIOT NoA M30TOHMYECKMMKM pacTBopamMm?

3. Cdopmynupynte 3akoH BaHt-fodbdba v Hanuwmte ero matemaTuieckoe
BblpaxkeHne. OB603HaYeHUs U eANHNLLI U3MEPEHUS.

4. B 4yem bm3nYeCcKmin CMbICI M3OTOHUYECKOro KoadpduumeHTa?

5. B yem 0cob6eHHOCTM 3amep3aHunst U KUMEHUSI paCTBOPOB?

6. lNpencraBbTe PopMynbl MOHWKEHUS TeMNepaTypbl 3aMep3aHna U TemnepaTypbl
KnneHunsa pacteopoB. O603HaYEHNA U eOHULBI N3MEPEHUS.

7. YTO nNOHMMAaKT noA MOMSAPHOW WM MOSANbHOM KOHUEHTpauuen pacteopa?
O603Ha4YeHNs N eanHNLbI NU3MEPEHNS.

8. Kak ucnonb3yeTcsi CBOMCTBO PACTBOPEHHbLIX BELLECTB MOHWXaTb TemnepaTypy

3amep3aHusa?

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
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PA3OEN 2 KOMNOUAOAHAA XUMUA

Tema 2.2 TupapohoOHbIE KONNMONAHO-AUCNEPCHbIE CUCTEMbI
MpakTnyeckoe 3aHaTne Ne 3. CoctaBneHue hopmyn n cxem muuenn
Lenb 3aHsmus:

Yrnybutb 3HaHuma no Tteme. OCBOUTbL METOAMKY COCTaBMEHUSA MULENNSAPHbLIX
dopmyn MK 1.1, 1.6, MK 2.1,2.6, MK 3.1.,3.4.

Ucnonb3yembie ucmoyHuku: [1], [2], [3].

Teopemuyeckasi Hacmab:

«lMpremMbl Halen KynNMHaApHOW TEXHUKU, MMEIOLLIE MECTO Ha KyxHe, SBMSTCA He
YeM WHbIM KaK MpPaKTUYECKMM MPUMEHEHMEM KonnouaHou xumum»  (Bexronba).
KonnouaHas xummsa — 310 onanyeckast XMMus reTeporeHHbIX BbICOKOAUCNEPCHbIX (CUITbHO
pa3gpobrieHHbIX) CUCTEM, a TakkKe PacTBOPOB BbICOKOMOSEKYNSAPHbLIX COEANHEHWUN.

3TN CMCTEMBI LLMPOKO pacnpocTpaHeHbl B NpMpoae v umetoT 6onbluoe 3HavYeHne B
npounsBoacTBe. Benuka ponb KONMOMAOB B MNULLEBON TEXHOMOrMKM, K nNpumepy, B
NMPUrOTOBIIEHMM MULLX LUMPOKO MCMOMb3YTCA Macno, MaprapuH, ManoHes3, CMeTaHa,
CNMBKKW, MOSIOKO, NpeAcTaBnstowmne cobor CNnoXxHble KONMonaHble CUCTEMBI.

KynuHapHble npouecchl: koarynauna 6enkoB (npu TennoBon obpaboTke msica,
pbibbl, AUL WU T.N.), NOMNy4YeHWe CTOMKUX 3MYIibCUM (MHOrMe coychl), neH (B3brBaHue
CNunBOK, 6enkoB, MyccoB W T.M.), CTapeHue CTyaHen (oyepcTtBeHne xneba, oTaeneHue
XNOKOCTW OT KUCENEN, Kene u T.n.), agcopbuusa (ocBeTneHne 6ynboHOB) 1 T.4. OTHOCATCS
K KonnomaHbiM npoueccam. OHKU nexaTt Takke B OCHOBE xneboneyeHusi, KOHOUTEPCKOro
NPOV3BOACTBA, BUHOAENMS, MMBOBAPEHUSA N APYrMX NULLEBbLIX NPOM3BOACTB.

CBoMCTBa KOMNMOWOHbLIX PacTBOPOB 3aBUCAT He TOMbKO OT CTENeHUn Ux
avcnepcHocTu (pasmep Yactul ot 10° no 107 cm), HO Takke U OT UX NPMPOIbI.

KonnougHein pacteBop (305b) — AncnepcHasa cuctema, obpasoBaHHasi AUCNEepPCHON
dasomn n gucnepcHon cpegon. [ucnepcHyro ¢asy npeacTaBnsaoT KONNouaHble YacTuubl.
TepMuH «KONMoMgHas 4actuua» HOCUT HeonpedesieHHbln xapaktep. bornee TO4YHbIM
SABMSAETCHA TEPMUH «KOMNNMOMAHAA MULENa.

Mo HanpaBneHHOCTM MNepEMELLEHNS KOMMOUAHbIX YacTul, K MPOTMBOMOMOXHO
3apsHKEHHOMY 9NeKTpoay B 3nekTpudeckom rnone (anektpodopes) y4veHbiM yaanocb
AoKasaTb, YTO YacTuubl 3o5er obnagatoT aNeKkTpMyYecknum 3apsaom. 3apsg npensitcTeyeT
CNMNaHUIO KOMNNOMAHbIX Yactuy B 6Gonblime arperatbl (Koarynsumsi) M OCaKOeHUHo
KONNongHoro Bellectsa B 0CafdoK (ceaumeHTauus). lNMentmsauma — npouecc obpaTHbIN
Koarynsaumm.
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[BwxeHne XnOkonm [OUCNEepCUOHHOM cpedbl 4Yepe3 MNOopuUCTyo auadparmy B
3NEKTPNYECKOM MOsie Ha3bIBaETCH ANEKTPOOCMOCOM.

OnekTpodopes M 3SNEKTPOOCMOC MCMOMb3YKTCA B TeXHUKe, B MeguuuHe U
npoussoacTee. K npumepy, 9neKTPOOCMOTUYECKM MNPOU3BOLAT CYLUKY HEKOTOpPbIX
nopucTbix MaTepmanoB (Topd, apeBecuHa u Ap.) Ha anektpodgopese ocHoBaHa paboTa
ANEeKTPOPUNbLTPOB — AbIMOYNOBUTENEN, AENCTBNE NEKAPCTB B MEAULMHCKON NpaKTUKe.

KonnouaHas yactuua MMeeT CrioXHoe CTpoeHue. B ueHTpe yacTuubl HaxoauTcs
A0po, cocTtosuwee M3 6GONbWIOro 4ucna MOMEKyn WM atoMoB BewectBa («m»),
obpasytoLiero 3onb. Ha noBepxHoCTU fapa M3 OMCNEPCUOHHOM cpedbl aacopbupytoTcs
WOHbI TOrO UM MHOro 3Haka. COBOKYNHOCTb sApa ¢ agcopbupoBaHHBIMU Ha NOBEPXHOCTU
MOHaMM HasblBaeTCA KOMMOMAHOM YacTuuen unu rpadynon. Ha nosepxHocTu aapa
agcopOupyroTCca MOHbI, UMetoLLMecs B cocTaee agpa vactuy (npasuno lNeckosa-®asHca).
NoHbl, agcopbupytolumecs Ha NoBepPXHOCTN aapa U obycnaBnusaroLme BeSIMYMHY U 3HaK
3NEeKTPUYECKoro 3apsaa YacTvubl, Ha3blBAlOTCHA MOTeHuuanonpeaensiowumMm MoHaMmu
(«n»). OHK 0Opa3yloT Tak Ha3blBaeMbI HEMOABWXXHbBIN UM aACcOPOLNOHHBIN CNON MOHOB.

MOHbI NPOTUBOMOMOXHOIO 3Haka (NPOTMBOUOHbLI) YaCTUYHO(«N - X») aacopoupyroTca
Ha MOBEPXHOCTU A4pa YacTuubl (T.e. BXOAAT B COCTaB aacopbuMOHHOro crnos, a 4YacTU4HO
(«x») pacnonaratloTca B KUOKOCTM BONM3M rpaHynbl, o0Opasys MOABMXHbLIA UMK
Anddy3HbIA crio noHoB. COBOKYMHOCTb rpaHyrbl ¢ Anddy3HbIM 061akomM NPpOTUBOMOHOB
Ha3blBaeTcs MU L€ nnon.

CTpoeHue muuenn BbipaxarT 0cobbiMU MUUennapHbiMKM cbopmynamu. B obiem
BMAE MuLenna 3anucbiBaeTcs:

{m [agpo] n K" (n —x) A}* x A", (8)
{m [agpo]l n A" (n — x) K*} x K*, (9)

roe

K* — KaTUOHBI;

A" — aHUOHBI;

n — 4YMCcno noTeHumanonpeaensaoLwmx NOHOB;

X — YMCNO NMOHOB, Haxoaswmxcsa B Anpdy3noHHOM crioe (X > n);

(n — X) — YnCnNo NPOTUBOMOHOB, HAXOAALMNXCH B AU IDY3MOHHOM COE;

m — YMCNO aTOMOB UNKU Moriekyn B sape (m >>n).

Yucna m, n, X B 3aBUCMMOCTHU OT YCNOBUIN NPUTOTOBIIEHNS 30/1€M MOTYT UBMEHATHCS
B LUMPOKMX Npejernax, T.e. Muuernna He MMeeT CTPoro onpeaeneHHoro cocrasa. B atux
dopmynax B KBagpaTHble CKOOKM 3aKkryeHO s4po, a urypHble — rpaHyna, Hecyuwias
3apsa
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Takmm oBpasom, muuenna — SMNeKTPUYEeCcKN HenTparnbHas Yactuua, cnocobHas K
camocToATenbHOMYy cyulectBoBaHuto. OHa onpegenseT BcCe OCHOBHble CBOWCTBA
konnongHon cuctembl. CoCTOMT MuuUenna u3 agpa Kpuctanndyeckoro unm amopdgHoro
CTpOeHus, aacopbumoHHoro nnm anddysHoro cnoes.

PaccmoTpym  cTpoeHne muuennbl Ha npumepe obpa3oBaHus 3019 MOAUCTOrO
cepebpa, KOTOPbLIBMA NOfy4YaeTca Npu B3anMoLenCTBUM OYeHb pas3baBreHHbIX pacTBOPOB
AgNOs n Kl:

AgNOs + Kl = Agl + KNOs,
Ag"+ NOs + K"+ |- =Agl + K"+ NO3z

B npumepe a4po — menbYanwmnin Kpuctannuk nognaa cepebpa, coctoswmm ms

6onbworo Yyncna monekyn: m [Agl]l. Cxema muuennsl nsobpaxeHa Ha puUcyHke - 1.

PucyHok 1 — CTpoeHune muuenn 3ons nogucrtoro cepebpa, nonyy4eHHoro
B n36biTke AgNOs (1) n KI (I1)

CornacHo npaBuna [leckoBa-®asiHca Ha  noBepxHocTM  gdgpa  b6yayT
agcopbupoBaTbCs B Criyyae:

- n3dbitka AgNO3 — moHbl Ag*, n rpaHyna (konnougHasa 4vactuua) npuobpeteT
NONOXWUTENbHbIA  3apad.  ONeKTpPonuMT, B  COCTaB  KOTOPOrO  BXOAAT  WOHBI,
agcopbupylolmecs Ha NOBEPXHOCTU AUCMEPCHbIX 4YacTuy, (noTeHuuanonpegensawoLwme
WOHBbI), Ha3bIBAETCS ANEKTPONMTOM-cTabunusatopom. B aaHHom cnyvae — ato AgNOs. Ero
anccoumaums umeet Bug: n AgNOs < n Ag* + n NOs'.

dopmyna muuennsol:
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{m [Agl] n Ag* (n — x) NO3 }** x NOs3".
- n3b6biTka Kl — noHbl I, 1 rpaHyna nonyyuT oTpuuaTenbHbii 3apsag. duccounaums
anektponuta-ctabunmnsatopa Kl nmeetr Bua: nKl=nK* +nl-.

®dopmyrna muuennbi:
{m[Agl]n I (n—x) K} x K"

NCXOAHbIE MATEPWAIbI U AAHHbIE:

BapuaHTbl 3agaHun A B c
1 Nal AgNOs Agl
2 MgCl2 NaOH Mg(OHz))
3 AICl3 NH4OH Al(OH)3
4 CrCls NH4OH Cr(OH)s
5 ZnClz NaOH Zn(OHz2)
6 FeCls NaOH Fe(OH)s
7 AgNO3 HCI AgCl
8 FeCls K4[Fe(CN)e] Fe4[Fe(CN)e)]a
9 K2CrO4 AgNOs3 Ag2CrO4
10 Hg2(NO3)2 Ki Hgzl2
11 Pb(NO3):2 Ki Pblz
12 Naz2SiOs HCI H2SiOs

CodepxxaHue u nopsidok 8bINoSIHEHUST pabombi:

1 O3HaAKOMUTLCA C TEOPETMYECKOM YaCTbHO.

2 No BapuaHTy, NpeanoXeHHOMY npenofasaTtesnemM, BbiNoSHUTb 3a4aHune.
3 OdhopMUTL OTYET MO NpaKkTU4eckon paboTe.

4 OTBETUTb Ha KOHTPOJIbHbIE BOMPOCHI.

CodepxxaHue om4yema:

HanmeHoBaHMe NpakTUYecKoro 3aHATUS

Llenb 3aHATMSA

BapwnaHT 3agaHus

OT4eT 0 BbLINONHEHMN paboThI

Cnncok ncnonb3oBaHHOM NUTEpPATypPbl U APYrMX MCTOYHUKOB
BbiBOAbI

[aTtbl u nognucm KypCaHTa 1 npenogaBatens

Bonipocbi 0r1si caMorposepKu:

1. YT0 HasbIiBaeTCs KOMNOMOHbLIM paCTBopOM?

LHokymeHm ynpasnsemcs npogpaMmmHbimMu cpedcmeamu 1C Konnedx
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YTto Takoe anektpodopes?

[MpakTu4eckoe NpUMeHeHNe 3TUX NEKTPOKNHETUYECKUX SBNEHWUN.
B yem nposiBnsieTca koarynauusa pactBopoB?

B uem nposiBnsieTca cegumeHtaumnsa?

UTto Takoe nentusaumnna?

KakoBa OCHOBHasi NpMyYnHa arperatMBHOM YCTOMYMBOCTU 301157
KakoBo cTpoeHne muuennbl? KakoB ee 3apsia?

[aTtb onpegenexHve rpaHynbl.

. Mpaswuno lNeckoBa-PasHca.
11.
12.
13.

Kakne noHbl Ha3blBalOTCA NOTeHUnanonpeaensowmmm?
Kakon cnon muuennbl OHM 06pasyoT?

Kakune noHbl 06pasytoT Andy3HbIn Cron Muuensbl?
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