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Hepelteub Komnemenmui u uﬂdukamopoe 00CHMUIICCHUA Komnemelmuﬁ C yKazanuem smanoe c[)opmupoeanuﬂ 6 npoyecce oceoernus ()ucuunﬂuubt

Komnerenmus: OIIK-1 Crniocoben usydaTh, aHaTM3UPOBATh, UCIIOIb30BATh MEXaHU3MBl XMMHUUECKUX PEAKIINM, MPOMCXOIAIINX B TEXHOJOTHYECKHX IpOIeccax 1
OKpY’KafoIleM MHpe, OCHOBBIBASICh HA 3HAHHSX O CTPOSHHUH BEIIECTBA, MPUPOJIEC XUMHUYECKON CBS3M M CBOMCTBAX Pa3IMYHBIX KJIACCOB XMMHYECKHX 3JIEMEHTOB,
COEIMHEHUM, BEUIECTB U MaTEpUaJIOB.

Nuaukatopel JOCTHKEHUS KOMIIETCHIIUU:

OIIK 1.1 3HaeT TeopeTHYECKHUE OCHOBBI XHMHUH, TPUHIIMITBEI CTPOCHHS BEIIECTBA, OCHOBHI KIacCH()UKAINY COENUMHEHHH, CTIOCOOBI IOMYUeHHS 1 XHMIYECKHE CBOHCTBA
COCJIUHCHHMI, OCHOBHBIC MEXaHU3MBI MPOTEKAHUS XUMUUECKUX PEAKIIHA, OCHOBHBIC 3aKOHBI U COOTHOIIEHUS (DU3MUYSCKON XMMHH, OCHOBHBIC 3aKOHBI TEPMOIUHAMHUKHU
HOBCpXHOCTHBIX HBHGHHﬁ, CBOﬁCTBa )Z[I/ICHepCHBIX CUCTEM, MCTOAbI UCCIICAOBaAHNA HOBerHOCTHBIX }IBHCHI/Iﬁ ILI/ICHCpCHBIX CUCTECM.

OIIK 1.2 ymeer uCHOIB30BATh XHMHYECKHE 3aKOHBI, CIPAaBOYHbIC IaHHBIE W KOIWYECTBEHHBIC COOTHOIICHHS B XHMHUYECKHX pEAKIUAX UIsl PElIeHUs
npodecCHOHANBHBIX 3a/1a4, TPOTHO3UPOBATh BIMSHUE Pa3IMYHBIX (PaKTOPOB Ha PABHOBECHE, COCTABIIATH KHHETUIECKUE YPAaBHEHHUS, KIaCCU(PHUIIMPOBATH SIEKTPOIBI
nu C—)HCKTpOXI/IMI/I‘IeCKI/IC eIy, HpOBOI[I/ITb pvaeTm C UCIIOJIB30BAHUEM OCHOBHBLIX COOTHOIHGHI/II\/'I TepMOILI/IHaMI/IKI/I HOBerHOCTHBIX SIBJ]CHI/II\/'I nu paC‘-ICTI)I OCHOBHBIX
XapaKTEePUCTUK JUCIIEPCHBIX CUCTEM.

OIIK 1.3 BnageeT HaBbIKAMU OMKMCAHUS CBOMCTB MPOCTHIX U CJI0KHBIX BEIIECTB HA OCHOBE 3JIEKTPOHHOT'O CTPOCHHUSI, SKCIIEPUMEHTaIbHBIMU HaBbIKAMU OINPEICICHUS
(¢U3NUECKNX M XUMHUYECKHX CBOWCTB COCTUHEHHUH, YCTAHOBICHHUS CTPYKTYPhl COCIMHEHHH, HAaBbIKAMU PpEIICHHWs THUIOBBIX 3aJad B 00JaCTH XHUMUYECKOU
TEPMOJIMHAMHKH, (ha30BBIX paBHOBECH U (ha30BBIX MEPEXOIOB, IEKTPOXUMUHU H XUMHYECKON KHHETHKU

Nupukatopsl Orarsl GOpPMUPOBAHUS KOMITETEHITHH HanmenoBaHue oeHOYHOTO
JIOCTUKEHHUS (ykazatb Bce Temsl u3 PI1J]) cpeacTsa
KOMICTCHIIHA Jlekuuu IMpakTHyeckue JTabGopaTopHbIe KypcoBoii mpoekt
KOMICTCHIINA 3aHATHS, 3aHSATHS (pabota)
nabopaTopHBIN
PAaKTUKYM
OIIK-1.1 Tema 1, Tema 2, Tema 3. | He npegycMoTpeHbl Temal, Tema 2, Tema 3. | He npegycMoTpena Jlabopamopnas paboma.

Konnoxeuym. Konmponvras
paboma y 3a04HUKO8, IK3AMEH.

OIlIK-1.2 Tema 1, Tema 2, Tema 3. | He npegycMoTpeHbI Temal, Tema 2, Tema 3. | He mpegycMoTpena Jlabopamopnas paboma.
Konnoxeuym. Konmponvnas
paboma y 3a04HUKO8, IK3AMEH

OIIK-1.3 Tema 1, Tema 2, Tema3. | He npexycmMoTpeHbl Temal, rema 2, Tema 3. | He npeagycmorpena Jlabopamopnas paboma.
Konnokeuym. Konmponvras
paboma y 3a0UHUKO8, IK3AMEH




Hepeuenb OUECHOUYHbBIX cpedcme no 0ucuunﬂune

3 — cemecmp — ounasn/ouHo-3a04HaA GHopmol:

Ouyenounvle cpeocmea Kon-60 Min, oannoe Max, 6annoe
Jlabopamopnas paboma 32 3*4=12/2*6=12 3*8=24/2*10=20
Konnokeuym 4/4 4*6=24/ 4*9=36/4*10=40
Ix3amen 24 40
Hmozo 36 60

3 — cemecmp — 3a0unasn gopma:
Ouyenounvle cpedcmea Kon-60 Min, 6annoe Max, oannos
Jlabopamopuasa paboma 1 1*9=9 1*15=15
Konnoxeuym 2 1*9=9 1*15=15
Konmponsnasa paboma 1 1*18=18 1*30=30
Ix3amen 24 40
Hmozo 36 60

1 — cemecmp — 3a0unan popma:
Ouyenounvle cpedcmea Kon-60 Min, oannoe Max, oannos
Jlabopamopuasa paboma 1 1*9=9 1*15=15
Konnoxkeuym 2 1*9=9 1*15=15
Konmponsnasa paboma 1 1*18=18 1*30=30
Ix3amen 24 40
Hmozo 36 60




Illkana ouenueanusn

IMudposoe | Boipaikenue B | CioBecHoe Kpurepum onieHkM HHIUKATOPOB N1OCTHKeHUS NPU GopMe KOHTPOJIS:
BbIPa)KeHH e 0aJsnax: BbIPa)KeHH e IK3AMEH / 3a1em C OUEeHKOU 3auem
5 87 -100 Ornmnyno  |OLeHKa «OTJIMYHO» BBICTABISETCS CTYAEHTY, €CIM TEOpEeTHYECKOoe
(3auTeHo) |conepKaHUE Kypca OCBOCHO MOJHOCTHIO, 0e3 MpoOenoB; McUepIbIBAIOLIE,
[IOCJIEIOBATENIbHO, YETKO M JIOTMYECKHM CTPOMHO H3JaraeT MaTepual;
CBOOOJHO CIpaBISIETCs C 3ajadaMM, BOIPOCAMHU WU APYIMMH BHIAMH
MPUMCHCHUSA 3HaHI/II\/'I; HCIIOJIB3YCT B OTBCTE I[OHOJ]HI/ITGHI)HI)II\/'I MaTcpual BCC
MIPEOYCMOTPEHHbIE TPOrpaMMOM 3aJaHusl BBIIOJIHEHBI, KadecTBO HX
BBIMIOJIHCHHUS OLICHEHO YHCJIOM OamioB, OMU3KUM K MaKCUMaJbHOMY;
AHAIU3UPYET HOJIYYECHHBIE PE3YIIbTATHI; [IPOSIBIISAET CAMOCTOATENBHOCTD IIPH
BBITIOJTHEHHUH 3aJaHUI
Onenka «3aYTEHO» BBICTaBIIACTCS
4 74 - 86 Xopomo |OmeHKka «OTIMYHO» BBICTABISETCS CTYACHTY, €CIH TEOPETHYEeCKOe
CTYACHTY, €CJIM OTBCTHI Ha BOIIPOCHI IIO
(3auTeHO) |comepikaHHE Kypca OCBOCHO MOJHOCTHIO, 06€3 MpOoOeNoB; WCYEPIBIBAOIIE,
o TeMaM JUCLUIUIMHBI IOCIIEAOBATEIbHBI,
MOCJIeIOBATENIbHO, YETKO M JIOTHYECKH CTPOWHO H3JaracT MaTepHual;
JIOTMYECKH  M3JIOKEHBI,  JIOIyCKAaroTCs
CBOOOJHO CIpaBIsieTCs C 3aJadyaMM, BOIPOCAMH W APYTMMH BHIAMH
o o HE3HAYUTCIIbHBIC HCEAOYCTBI B OTBECTC
MIPUMEHEHUS 3HAHUH; HCIONB3YET B OTBETE AOMOIHUTEIBHBII MaTepHai Bce
. CTyACHTa, TaKHMe Kak  OTCYTCTBUE
npeaAyCMOTPCHHBIC IIPOrpaMMON 3aJlaHUA  BBIIIOJHCHBI, KadY€CTBO HUX
CaMOCTOSITETIBHOTO ~ BBIBOJA, pEUCBBIE
BBIIIOJTHEHUS OIICHCHO 4YUCIOM 63J'IJ'IOB, 6JII/I3KI/IM K MaKCUMaJIbHOMY;, OIHI/IGKI/II/IH
aHAJIM3UPYET MTOJYyUCHHBIE PE3YIIbTATHI; MPOSBISET CAMOCTOSTEILHOCTD IIPH p:
BBITIOJTHEHHUH 3aJaHUI
3 60-73 YnoenetBopH [OIleHKa  «yIOBJIETBOPUTEIBHO»  BBICTABISACTCS  CTYAGHTY,  €CIIU
TEJBHO TEOPETUIECKOE COJiepKaHUEe Kypca OCBOCHO YacTUYHO, HO TpoOessl He
(3a4TeHO) |HOCAT CYIIECTBEHHOI'O XapakTepa, OOJBLIIMHCTBO HPEAyCMOTPEHHBIX
MPOrpaMMOii 3aJIaHUI BBITIOJHEHO, HO B HUX UMEIOTCS OLITHOKH, ITPU OTBETE
Ha TTOCTaBJICHHBIN BOIPOC CTYACHT AOITYCKA€T HETOYHOCTU, HEAOCTATOYHO
NpaBWiIbHbIE (OPMYJIUPOBKH, HAOIIONAIOTCS HApYIIEHUS JIOTMYECKON
MOCJIE/IOBATEILHOCTH B U3JI0KEHUH IPOrPaMMHOI0 MaTepuaa.
2 Hwxe 60 Heynosnersop|OlieHKa «HEYI0BIETBOPUTENILHO» BBICTABJIAETCA CTYAEHTY, ecau OH He|OleHKa «HE 3a4TeHO» BBICTABISETCSA
WTeIpbHO  |3HAET 3HAUUTENbHOM 4YacTH NPOrpaMMHOIO Marepuana, JAOIYCKaeT|CTYAEHTY, €cld CTYAEHT He 3HaeT
(He Sa‘lTCHO) CYIIECTBECHHBIC OHH/I6KI/I, HCYBEPEHHO, C 6OJ'II)HII/IMI/I 3aTpYAHCHUAMU | OCHOBHBIX MOHATUM TEMBI AWCIMUIIINHEI,
BBIMOJIHSIET ~ TIpaKkTHYecKue paboThl, HEOOXOAMMBIE TPAKTUYECKHE|HE OTBEYaeT Ha JONOJHHUTEIbHBIE H
KOMIICTCHIIM HE C(I)OpMI/IpOBaHBI, 60J'IBH_II/IHCTBO MMPEAYCMOTPECHHBIX [ HABOAANIUE BOIIPOCHI IPETIOAaBaTEIIA.

mporpaMMoi 00y4ueHus1 y4eOHBIX 3aJaHWl HE BBIMOJIHEHO, KadyeCTBO HX
BBITIOJTHEHHSI OIICHEHO YUCIIOM 0aJIIOB, OJIM3KMM K MUHUMAJIEHOMY




MuHHCTEepCTBO HAYyKH U BhICIIero oopa3zoBanus Poccuiickoit deneparun
HmxHexkaMCKul XUMHKO-TEXHOJIOTHYECKUI HHCTUTYT ((huiuai)
(benepanbHOro rocy1apcTBEHHOTO OI0PKETHOTO 00pa30BaTEIBHOIO YUPEKICHUS
BBICILIET0 00pa30BaHuUs
«KazaHckuii HaIlMOHAIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTHYECKUI YHUBEPCUTET
Daxynomem- mexHOA02ULECKULL
Kageopa - buomexnonoeuu
Hampasnenue 18.03.01 «XuMudeckas TEXHOJIOT U
[Mpoduns/mporpamma:
«XUMHYeCcKast TEXHOJIOTHS OPraHUu4Y€CKUX BEHICCTB)
«XUMHYCCKAST TEXHOJIOTHS BBICOKOMOJICKYJIAPHBIX COGHHHEHHﬁ))
«XuUMHUYecKast TeXHOJIOTHUS MMPpUPOAHBIX 3HepFOHOCHTCHCI>'I " YIJICPpOJHBIX MAaTCPUAJIOB»
Cemectp_3

JK3aMeHAUMOHHbIE BONPOCchI M0 aucuuiuinie b1.0.21 «®Pu3nyeckass XuMushH)

1. OcHoBHbIE ompefeNieHuss U MOHATUS XMMMUYECKOM TepMOIMHAMHMKHU (CUCTEMa, MapameTp,

(GyHKIMS COCTOSIHUS, TIpoliecc). BHyTpeHHss aHeprus, Temnora u padota. CBsi3b MEXly HUMHU.

I[TepBblIii 3aKOH TEPMOAMHAMUKH, GOPMYIUPOBKU U MaTEMATUYECKOE BBIPAKEHHE.

3. Tepmoxumus. TeroBbie 3(h(eKThI peakuii Mpu H30XOPHOM B H300apHOM mporeccax. CBs3b
MEXJY TEpPMOJMHAMMYECKMMM BEIMUYMHAMM H300apHBIX M HM30XOPHBIX MPOLECCOB. 3aKOH
I'ecca u ceacTBHs U3 HETO.

4. TennoemkocTh BelecTB. M30xopHas u m3o0apHas TEIUIOEMKOCTH. 3aBUCUMOCTb TEIJIOBOIO
addexTa peakuu oT Temreparypsl, 3akoH Kupxroda, ananmus ypasuenust Kupxroda.

5. IlpubnmxeHHOe W TOYHOE HMHTErpupoBaHHe ypaBHeHHs Kupxroda u pacdersl TEIIOBBIX
a¢hekToB Tipu 000U TeMIepaType.

6. Camonpon3BOJIbHBIE, paBHOBECHBIE M HECAMONPOM3BOJBbHBIE TMpolecchl. JlBa MeToaa
onpezeNeHuss BO3MOXKHOCTHM, HAIpaBJIEHUs M TIpeAesa MNpPOTEKaHUS CaMONPOU3BOJBHBIX
IPOLIECCOB.

7. ObpaTtumble U HEOOpaTUMBIE MPOILECCHl. DHTPONUS Kak Mepa Oecropsaka. DHTPONUS U
TEpMOJIMHAMHMYECKasi BEPOSATHOCTh. YpaBHeHHEe bonbumMana. TepmoauHaMuueckuit B3I Ha
SHTPOTHIO.

8. BTopoii 3aK0H TepMOIMHAMUKH, MAaTEMAaTHUYECKOE BbIPAKEHHE.

9. DHTpoONUS KaK KPUTEPHIA HAPABIEHHOCTH CaMOIIPOU3BOJIBHBIX IPOIIECCOB.

10.Oueprus 'n66ca u sneprus I'enbMronbua, UX CBsI3b ¢ pabOTOI Mmporiecca.

11.Tepmogunamuueckue (yHKIMM KaK KPUTEPUM HAINPaBJIEHHOCTH CaMOIPOM3BOJIBHBIX
IPOLIECCOB.

12 . TepmomuHamMHuyeckre XapakTepucTuueckue GyHkmmu. BwBox ypaBHenms ['mObca-
I'enbMromnsbna.

13.XuMHUYEeCKHil TOTEHIMAI.

14 . Xummnueckoe paBHOBecHe. 3aKOH JIeiCTBUS Macc. BbIBOJ KOHCTaHTBI PABHOBECHS.

15.Crioco6b! BblpaxeHHs] KOHCTAHT PaBHOBECHSI U CBSI3b MEXAY HUMHU. XMMHUECKOE paBHOBECHE
B F€TEPOTE€HHBIX CHCTEMAX.

16.U3otepma Bant-I'opda n ee mcrmonp3oBaHHe IS ONPEICIICHUS HANIPABICHHS MPOTEKAHUS
XUMHUYECKON PEaKIHH.

17.3aBucuMOCTb KOHCTAHTBI pABHOBECHS OT TeMIIEpaTyphl (ypaBHEHUE N300aphl U H30X0phl BaHT-
T'odda): ananu3 ypaBHeHUs: N300apHI.

18.UnTerpupoBanue ypaBHeHUs n300apsl Bant-I'odda.

19.3aBrcHMOCTh KOHCTAHTHI paBHOBECHS OT JIaBJIeHus, ypaBHeHue [1nanka, ero ananms.

20.YpaBuenue n3o00apsl Bant-I'odda n ypaBHenue [lnaHka kak KOJTUYECTBEHHOE BBIpAKCHHE
npunuuna Jle [larense.

no



21.Tperwnii 3akoH TepMoauHaMuku. TermoBas Teopema Hepuera. Pacimpennas ¢popMmynupoBka
[Tnanka. PacueT aGCOMOTHOI SHTPOITHH.

22.PacueT KOHCTaHThl PaBHOBECHS 1O TaOJIMYHBIM 3HAYEHUSIM, IIpH 3agaHHoN Temmnepatype (| u
Il mpubnmwxenue Ynuxa, meron llIBapimana-TeMkuHa), UHTErPUPOBAHUEM H300apbl, IO
KOMOMHHPOBAHHBIM PABHOBECHSIM.

23.TepMoMHAMHKA pPEAJbHBIX TA30BBIX CHUCTEM. YPAaBHEHHE COCTOSHHS pEAIbHBIX Ta30B.
TepMoanHaMuKa paBHOBECH B pealIbHBIX Fa30BbIX cucTeMax. OYyruTUBHOCTh U AKTUBHOCTD.

24.®a3zoBoe paBHOBECHE, MOHATHS «(aza», «KKOMIIOHEHT», «CTereHb cBoOoab». [IpaBuno a3
I'u66ca. Knaccudukanus cucteMm B COOTBETCTBHH ¢ MpaBuiioM ¢as ['udoca.

25.0THOKOMIIOHEHTHBIC CUCTEMBI. J{narpammel cocTostHus Bozbl, CO2 U cepahl.

26.TemoBbie 3¢ dexTsl (a3oBbIX nepexoaoB. YpaBHeHue Knaneiipona - Kmaysuyca, BeIBOA U
aHanu3. MHTerpupoBanue ypasHenus Kianelipona - Knaysuyca.

27.PacTBOphl. XapakTEepUCTUKA U CBOMCTBA PACTBOPOB, CHOCOOBI BBIPAKEHUS KOHIECHTpALUH.
WneanbHble, npeaeabHo pa30aBiIeHHBIC U pealbHbIE PACTBOPHI.

28.JlaBneHre HACBIIICHHOTO TMapa Haj pacTBopoM. 3akoH Paynsa. OrtpunarensHbie U
II0JIO’KUTEIbHBIE OTKJIIOHEHUSI OT 3aKoHa Pays.

29.JluarpaMMbl  «JIaBJICHHE - COCTaB» M «TEMIleparypa - COCTaB» JKHMJIKHX CHUCTEM C
HEOrpaHMYEHHOW B3aMMHOM pacTBOPUMOCTbIO KOMIIOHEHTOB. 3akoHbl KoHoBaIOBA.

30.Ileperonka u pexTudUKaMUs ABOWHBIX JKUIKAX CHUCTEM C HEOTPAaHHMYEHHOW B3aMMHOI
PacTBOPUMOCTbIO KOMIIOHEHTOB.

31.JIByXKOMIIOHEHTHBIE PACTBOPBI, OJUH K3 KOMIIOHEHTOB KOTOporo HeneTyd. [loBwimieHue
TEMIEPATypbl KUIIEHUS, MOHWKEHUE TEMIIepaTypbl 3aMmep3aHus pacTBopoB. OmnpeneneHue
MOJIIPHOM MacChl pacTBOPEHHOTO BemiecTBa (30ynuockonus U kpuockonus). Koaddunuent
Bant-TI'odda i. OcmoTHYECKOE TaBIeHNAE PACTBOPOB.

32. Xumuueckass kuHetuka. @DopmanpHas kuHeTHka. CKOpPOCTh XUMHUYECKHX PEaKIHM.
MoOneKyJIsIpHOCTb ¥ NOPSIOK XUMUYECKUX PEAKLIUN.

33.Kunernueckue ypaBHEHHs Pa3INuHbIX TOPAAKOB. OnpeaeneHue nopsijaKa peakiuu.

34.0OcuoBHble Teopun xummdeckoid knnetuku. TAK u TAC.

35.0Heprus aktuBanuu. OnpeaeneHrne YHEPru aKTHBAIIHH.

36.3aBUCHMOCTh CKOPOCTH XWMHYECKOW peakiuu oT temmepatypsl. IlpaBuno Bant-T'odda n
ypaBHEeHUE AppeHuyca.

37.Cnoxubpie  xuMudeckue peakmuu. OOpaTmMble, TIOCIEIOBATENIbHBIC, TapalieiIbHBIC,
comnpspkeHHble. LlenHble 1 (oTOXMMUYECKHEe peaKkIuy.

38.Karanu3. [OMOreHHBII 1 TeTepOTreHHBIN KaTaju3.

Ilpumepnuie 3a0auu K IK3ameny

1. Jns peakuuu CO; + H2 = HCOOH(y) paccunTaiite a)renioBoit 3 dexT nmpu p=const; 0) mpu
V=const; B) AS; r) temnoBoii »pdext npu T=500 K, cumras C,=const; m) HamummTe
BbIpa)KE€HU JUIsl KOHCTAaHT paBHoBecus Kp u K.

2. B oobeme 10 1 cmemmanu 29 T 6yrana u 10 v Ho. Onipenenure coctaB paBHOBECHON CMECH, €CITH
JUIsl TaHHOM peakimu rpu temneparype T koncranta paBHoBecust Kec=2 (CsH10 = C4Hs + 2H2).

3. B oobeme 10 i1 B3strt 320 T O2, 10 T H2 m 180 r mapoB Bojiel. OnipeieiuTh, B KaKyt0 CTOPOHY
noiaer peakuus, eciu Ke=10 npu temneparype T. B kakyto CTOpOHY CMECTUTCS] paBHOBECHE
XUMHYECKON peakiuu, eciii 1) B paBHOBECHYIO cMech JOOAaBUThH MAapOB BOJbI, 2) MOBBICUTH
TEMIIeparypy, 3) yBeJIUUUTh JIaBJICHHUE.

4. Bonuslii pactBop, coaepxaruii 0,225 mons/kr NaOH, 3amep3aet npu temneparype -0,667°C.
Omnpenenute Kaxymytocss crenenp aucconmanmu NaOH B srom  pactBope, ecnn
KpHOCKOMMUYecKast KOHCTaHTa Bozbl 1,86 K-kr/mMoub.

5. 68,4 T caxapossl pactBopeHo B 1000 r Boapl. PaccuuTaiite: a) Temmneparypy 3amep3anus, 0)
TeMIeparypy KureHus pactBopa. Kpuockomuueckas M 30yJUIMOCKONUYECKas MOCTOSHHBIE
BOJIbI paBHbI 1,86 1 0,52 K-kr-Monb ™, cOOTBETCTBEHHO.

6. Omnpenenure 3Hak AV, AH, AS, dp/dt qns nepexona H2Ory — H2O ).



7. Paccuuraiite maBneHwe mapoB BoAbl Han 10%-HbIM BOJHBIM pacTBOPOM aleTOHA MpHU
temneparype 60 °C, cuutas pacTBOp UAcaIbHbIM. /|aBleHNE HACHIILIEHHOTO NIapa HaJl YUCTON
BOJIOH IIpHU JaHHOM Temmneparype paBHo 19919 Ila.

Kpumepuu oyenxu sxzamena no oucyunaune b1.0.21 « Qusuueckana xumusny

Onenka Onucanmue
OI11eHKa «OTIIMYHOY BBICTABIIIETCS CTYACHTY, ECIIH TEOPETHIECKOE COAEPIKaHEe
Kypca OCBOEHO MOJIHOCTHI0, 0€3 MPo0eIoB; NCUEePIIBIBAOIIIE, TOCIEA0BATEIHHO,
YETKO M JIOTHYECKU CTPONHO M3JIaraer Marepual; CBOOOJHO CIPAaBISICTCS C
OtinuHOo 3aJjlayaMy, BONPOCAMHU U APYTUMHU BUJAMH MIPUMEHEHHUS 3HAHUM; UCIIOIB3YyET B

(87-100 6a/1;10B)

OTBETC JOMNOJHUTCIbLHBIN Marcpuaial BCE TMPEAYyCMOTPCHHBIC nporpaMMoﬁ
3aJaHusl BBIIIOJHCHBI, Ka4€CTBO HX BBIIIOJTHCHHA OLNCHCHO 4YUCIOM 6aJ'IJ'IOB,
OIM3KUM K MaKCUMaJIbHOMY, AQHAJU3HUPYCT TMOJYYCHHBIC PE3YyJbTAThI;
MMPpOABJIACT CAMOCTOATCIBbHOCTD IPU BBITTIOJITHCHUHA 3aJaHui

Xopo1o
(74-86 6ann10B)

OneHKa «XOpOIIO» BBICTABIAETCS CTYIEHTY, €CJIM TEOPETUYECKOE COIAEpKaHUE
Kypca OCBOEHO IIOJHOCTbIO, HEOOXOIUMBIE IPAKTUYECKHUE KOMIIETEHIUU B
OCHOBHOM C(OPMHUpPOBaHbI, BCE IMPEIYCMOTPEHHbIE IPOrpaMMON OOy4YeHUs
yueOHbIE 3aJaHHsl BHIMOJIHEHBI, KAYECTBO MX BBIIIOJHEHUS TOCTATOYHO BBICOKOEC.
CryneHT TBepAO 3HAeT MaTepHaj, IPaMOTHO M IO CYIIECTBY H3JaraeT €ro, He
JIOITyCKasl CYIIECTBEHHBIX HETOYHOCTEH B OTBETE HA BOIPOC.

Y 10BIETBOPUTEIND
HO
(60-73 6ans10B)

OneHka «yJIOBIIETBOPUTENIBHO» BBICTABISETCA CTYACHTY, €CIH TEOpeTHYecKoe
COZIep’KaHUE Kypca OCBOEHO YAaCTHYHO, HO IPOOEbl HE HOCSAT CYIIECTBEHHOTO
XapakTepa, OOJBIIMHCTBO MPEIYCMOTPEHHBIX MPOrPaMMON 3aJaHUil BBIIIOJIHEHO,
HO B HHUX UMEIOTCA OLIMOKHM, NPU OTBETE€ HAa MOCTABJICHHBIM BOIPOC CTYIECHT
JOMTyCKaeT  HETOYHOCTH,  HENOCTATOYHO  MpaBHIbHBIE  (OPMYIUPOBKH,
HaOJIIONAIOTCSI HApyLIEHHS JIOTMYECKOM MOCIEIOBAaTEIbHOCTH B H3JI0KECHUU
IPOrpaMMHOI0 MaTepHaIa.

He ynosnetso-
pUTEIBHO
(menee 60

0a/J10B)

OrneHka «HEyIOBJIETBOPUTEIHHOY» BBICTABIAETCS CTYIEHTY, €CIM OH HE 3HaeT
3HAYUTEIBHOM 4YacTUM MHPOrpaMMHOI0 MaTepuana, MAOIYCKAeT CYLIECTBEHHbIE
omnOKH, HEYBEPEHHO, ¢ OOJIBIIMMHU 3aTPYJHEHUSIMH BBIIOJIHSAET NMPaKTHYECKHUE
paboTbl, HEOOXOOMMbIE MPAKTUYECKUE KOMIETEHIMH He Cc(OpMUpPOBAHBL,
OOJIBIIMHCTBO TPEAYCMOTPEHHBIX MPOrpaMMoil oOydeHHs Y4eOHBIX 3aJaHui He
BBITIOJIHEHO, KaueCTBO HMX BBINOJHEHHUS OLEHEHO YHMCIOM 0ajioB, ONU3KUM K
MHUHHUMAJIBHOMY




MuHHCTEPCTBO HAYKH U BBICIIEro oOpazoBanus Poccuiickoit depepannu
HuxHexaMCKkuii XMMUKO-TEXHOJIOTHUECKUA HHCTUTYT ((usuan)
(deaepanbHOro TOCy1apCTBEHHOTO OI0/PKETHOTO 00pa30BaTEIBHOTO YUPEIKICHUS
BhICIIIEr0 00pa3oBaHus
«Ka3zaHCKui HallMOHAJIBHBIN UCCIIEIOBATEIILCKUI TEXHOJIOTMYECKUN YHUBEPCUTET
Dakynbmem- mexHoI02UYECKUll
Kageopa - buomexnonocuu
Hamnpasnenue 18.03.01 «Xumuueckasi TEXHOJIOTHSI»
[Tpoduns/mporpamma:
«XHUMHYECKasi TEXHOJIOTUSI OPTaHUYECKUX BEILIECTBY
«XUMUYECKas TEXHOJIOTHSI BBICOKOMOJIEKYIISIPHBIX COEIMHEHUI
«XUMHYECKasi TEXHOJIOTUSI IIPUPOIHBIX SHEPTOHOCUTENCH U YIIIEPOJIHBIX MAaTEPUATIOB)

Cemectp_3

KommniekT 1aboparopHbix padoT
no puciumiange 51.0.21 «®uznveckas XuUMHU»
Tema 1

«OcHOBHBIE IOHATHUS Pu3nyecKol XuMHU. XUMHYECKAsi TEPMOAUHAMHUKA U
XuMH4yeckoe paBHoBecue. Tepmoxumus
Jladoparopnas padora Nel
«IKCNEePUMEHTAIbHOE ONpeaeieHHe TEMJIOTHI PACTBOPEHHUS COTH»

[{eap paboThI:

1. OsHakomiileHHE C TEPMOJIUHAMHUKON pacTBOPEHUS COJICH;
2. OcBoeHHE KaJIOPUMETPUUYECKOTO METOa U3MEPEHUS.
IIpropkl M PEaKTHUBLI:
1. Kamopumertp B cbope.
2. CekyHIOMED WUITH APYTOM XPOHOMETD.
3. Crakan xumudecknit Ha 300 miI.
4. Becnl ananutuaeckue g0 200 r.
5. Boma nuctumpoBaHHas.
6. Comu: Kl, KCI, KBr, K2SO4, NHsNO3, NH4Cl wmu ap.
1. Teopernueckoe BBeJeHHe.

1.1. Tertora pacTBOpeHHUsI CONEMN.
[Ipu pacTBOpeHuUHU coseil MpOUCXOIAT ABAa OCHOBHBIX MpoILecca:
¢buznyeckuil — pazpyuieHue KpUCTAIIIMYECKON PEIIeTKH ¢ OHOBPEMEHHOM 3JIEKTPOIUTUYECKOM
JUCCOIMAlMell COJIM M XUMHMYECKHH — COJIbBaTalusi MOJIEKYJ]l M HOHOB COJIM B PacTBOpE.
CrnenoBarenbHO, COrJacHO 3akoHY ['ecca, TEIUIOTY pacTBOPEHUS COJIM CIEAYET paccMaTpHUBaTh
KaK CyMMY TEIJIOT YKa3aHHBIX MPOLIECCOB:

AHp= AHgy + AHy,
rie AHg— TeruioTta ¢pu3ndeckon CTaanuu;

AHx - TerioTa XMMHUYECKOM CTaauu mpoliecca.

Temnora ¢u3znyeckoil cTaauu pacTBOPEHUS 3aBUCUT OT MPOYHOCTH KPUCTAIITMYECKON
pEIIeTKH COMU U OOBIYHO ObIBaeT monoxuTensHoi (AHp>0). Xumuueckas cTaiuu pacTBOpEHUs
0OBIYHO COTIPOBOXKIAETCS BBIICIICHNUE TETUIOTHI, T.€. €€ TeruioTa oTpuratenbHas (AHx<0). Ho 3nHak
TeroThl pacTBopeHus (AHp) conmu Oyner ompeaensaTbes 3HAKOM TETUIOTH TOW CTauu mpoliecca,
3HAYE€HHE KOTOPOM OyieT 0O0JIBINE 110 MOJIYIIIO.

Kpome Toro, Ha 3HaueHue TEIIOTHl XUMUYeckoll ctaauu (AHx) cyliecTBEeHHO BIUSET
TyOMHa TpoIiecca, a OHa HaXOAUTCS B MIPSIMOM 3aBUCUMOCTH OT 00bheMa (MacChl) pacCTBOPUTEIS.
[ToaTomy, MpUBOAS 3HAYECHUE TETIJIOTH PACTBOPEHHUSI, HEOOXOAUMO YKA3bIBaTh U KOHIICHTPAIIUIO




oOpasytorero pacTBopa. B cripaBoyHuKax (CM. MPUITIOKEHHE ) KOHIIEHTPAINIO OOBIYHO BRIPAKAIOT
B MOJIb COJIH Ha 1 KT PACTBOPUTCIIA — MOJIAJIBHOCTD.
Paznuuarot cnenyromume OCHOBHBIE (DOPMBI TETIOTHI PACTBOPEHUSI:

UHTErpajibHas TemioTa pactBopenus (AH m) — nmpencraBisieT co0ol TEIIOTY pacTBOpeHus 1 MoJib
COJIM B 3a/IaHHOM Macce pacTBOpHUTEIIs (B KT); mepBast TerioTa pactBopenus (AHo) - mpeacrasiser
co00ii TerIoTy pacTBOpeHus | MOJIb coi B 0ECKOHEYHO OOJIBIIION Macce pacTBOPHUTEIIS; TOJIHAS
teriota pactBopenust (AHs) — 3To Termota pactBopeHuss 1 Mojb coiau ¢ 00pa3oBaHHEM
HACBHIIIEHHOTO PAacTBOpA.

1.2. Kanopumerpuyeckas yCTaHOBKA:

[Ipocrelimmii KaloOpuMeTp C HM30TepMHUYECKOH 000510uk0il m300paxkeH Ha puc 1.
XuMudeckui ctakaH | BcTaBiieH B O0OJIOUKY 2 Ha MOJACTaBKE 3 W3 Marepuaia ¢ Maylod
TEIJIONPOBOAHOCThIO  (MpoOKa,  pe3uHa, jAepeBo). s  yMEHbIIEHUS  HCIApEHUs
KOJIOPUMETPUYECKOW KHUJIKOCTH M JUIsl TNPUAAHUS BCEed YyCTaHOBKE B COOpPaHHOM BHUJE
MEXaHUYECKON KECTKOCTH CTaKaH 3aKpPbIBAIOT KPBIIIKOW 4 W3 TaKOro e MaTepuala, Kak
nojctaBka 3. B Kpbllike caenaHbl OTBEPCTHS JUIsl MEIIAIKHA, TEPMOMETpa M JIPYrHX yacTeil
Kajopumerpa. s OBICTPOTO  YCTAaHOBJIGHUS TEIUIOBOTO PABHOBECHS MEXIY 4YacTsIMHU
KaJIOpUMETPUYECKON CHCTEMBbl M [UIsl DHEPTUYHOTO CMEUICHHS HCCIEAYEeMBbIX BEIIECTB
UCIIOJIB3YIOT MEIIAIKY S5, MPUBOJMMYIO B JABUKEHUE JJICKTPUUYECKUM MOTOpoM. M3meHeHue
TEMIEPATyphl B XOJI€ OIBbITa HAOIIOAAI0T C MMOMOIIBI0 TepMoMeTpa bekmaHna 6, yKperieHHOro 3a
BEPXHIOIO YacCTh JIANKOW 7 mTaTusa 8.

Z i 1 - XUMHYECKHUI CTaKaH
6 2 - U30TepMHUYECKasi 000I09Ka
3 - moxacraBka
4 - xpblIlIKa
5 - Memanka
8y 6 - repmometp bekmana
7 - nmamnka
5 8 - mrratus
2 9 - oTBepcTHE 111 BBOJIA TIPOOBI
Puc.1
g |

1.3. ITpuHIMOnaIbHble OCHOBEI KAJIOPDUMETPHH.

B ocHOBy KkanopuMeTpudecKuX U3MEpPEeHHI 3aJ0KeH 3aKOH COXPAHEHHsI SHEPTUU B €ro
4acTHOH (hopMe — MPHUHIMIIE TEIIOBOro OamaHca: 3HaueHWe TeruioThl (Qk), mocTymaromeid B
TEIUIONPUEMHHUK, YUCIIEHHO PABHO 3HAUYEHUIO TEIUIOTHI (Qy), TEpsAeMOil TEMI00TAATYUKOM.

(Q) = (Qw)

JlJis BBITIOJIHEHUS KATOPUMETPUYECKUX HM3MEpPEHUH, CIeq0BaTeNbHO, TpeOyeTcs WMETh
YETKOE pa3TpaHUYCHHE MEXKIy TNPUEMHHKOM H OTJATYMKOM TerwioThl. (OOBYHO OHU
NPECTaBISIOT CO00M HEKOTOPOE MHOXKECTBO MpeaMeToB. Tak, B JaHHOM paboTe MpPOUCXOAUT
TEIUIOOOMEH MEXJIy MHUKPOYACTHIIAMH COJIM W BOJBI, - C OJHOW CTOPOHBI, W JCTAISIMU
KaJopuMeTpa (XMMHUUYECKUN CTakaH, BOJa B CTakaHe, PTYyTh TEPMOMETpa, MeIlaika U T.I.), C
npyroii ctopoHsl. COrjlacHO MPHHIUIY TEIJIOBOTO OanaHca, sHeprus Qx , ocBOOOXKmaromasicst
B3aMMOJICHCTBYIOIUM YaCTUI[AMU COJH U BOJBI, paBHA YHEPTUH (TEIIOTE Qxan), MOCTYMAIOMIEH K
qacTsIM YCTaHOBKH: Qx = Qxan.

TakxuMm 0Opazom, 7S onpeAeNieHus TETIOThl Qx M3yd4aeMoro mpolecca, TI0CTaTOYHO OMPEeAeTUTh
Qxan , TOCTYITAOIIEH K YACTSIM KaJIOPUMETPA.

Jjis 5TOr0 HEOOXOAMMO 3HATH TEIUIOEMKOCTh Kanopumerpa (K) u 3HaueHne u3MeHEeHHs

ero temriepatypsl (AT) B pe3yibpTaTe TEIIIOOOMEHA C HCCIIETYEMBbIM 0OBEKTOM:




Qx = Qrax =K-AT (1)
TemnoeMKoCcTh KaJIOpUMETpa JIETKO PACCUUTATh KaK CYMMY TEIIJIOEMKOCTEHN €ro 4acTeil:

K:VHg' CHg+ mHt0 . CHLO + Mer - Cer (2)
I'ne: Vhg - 06beM pTyTH B Tepmomerpe bexkmana (cm®)
Chg - 06bemMHas TemnoeMkocTs pryTa (Jix/ (cm®-K))

mH-0 - Macca JKMIKOCTH B CTaKaHe KaIOPUMETPa)

C "0 - ynenpHas TemoeMkocTs pacTtBopoB (Jx/(r-K))
Mer - Macca cTakaHa KajopumeTpa(r)
Cer - ynenpHas TeroeMkocTh crekna ([x/(r-K))

3unauenne M™° u me; ompenensercs Ha TEXHUUECKUX Becax ¢ TOUHOCTRIO 0,05 1. 3HayeHue Vg
MO>XHO ONpPEIETUTh C IOMOIIBI0O MEPHOTO IIWIMHApPAa 1O O00beMy BOJbI, BBITECHSIEMOM
MOTPYKEHUEM PTYTH TEPMOMETpA.

3HavYeHHE TEINIOEMKOCTEN MaTepUaIOB COOTBETCTBEHHO PaBHBI:
Chg = 1,930 JIx/ (cM®K);
Cer= 0,790 I[)K/(FK),

CH:0 = 4,187 Jix/(r-K)

2. JKcnepUMeHTAIbHAas YacTh
2.1. IToaroToBKa K 3KCOEPUMEHTY.
1. YOeaurech B KOMIUIEKTHOCTH KaJIOPUMETPA.
2. C noMOIIbI0 MEPHOTO LIMJIMH/APA OIPEesInTh 00bEM PTYTH TepMoMeTpa bekmana o oobemy
BBITECHAEMOM BOJIbI (cr10c00 Apxumena). Y CTpOHCTBO CMOTPHU B IIPUIIOKEHUU.
3.B3BecHTh HAa TEXHHYECKHX BEcax IyCTOH XMMHYECKHil CTaKaH BMECTHMOCTHIO 250-300 cmd ¢
TOYHOCTBIO £0,05 T (My).

4 Hanuth B 3TOT CTaKaH 10 METKH JUCTHIUTHPOBAHHOM BOJIBI M CHOBA B3BecHTh (M M0 + m.,).

5. YCTaHOBUTH CTakaH C BOJOH B KaJOpPUMETP M coOpaTh yCTAaHOBKY: YCTAaHOBUTH MEULIAJIKY,
HNOTPY3UTh PTYTh TEpMOMETpa bekMaHa B KHUIKOCTb U BCE 3aKPEIUTh.

6.B3Becuthr Ha aHamuTHYeckMX Becax ( = 2-5 I) MpeIoKeHHOW pPYKOBOIMTEIEM COJH C
TouHocThio £0,0005 1.

7.1IpoBepUTH UCIIPABHOCTb CEKYHIOMED.

2.2. [lops/ioK BBIMOIHEHUSI SKCIIEpUMEHTA

1. BkimounTh Memanky KajlopuMeTpa U JaThb eMy nopaboTtarb | MHHYTY (OTperyiupoBaTh
000pOTHI MOTOPUHUKA).

2. BKIIOUNTH CEKYHIOMEpP M NPUCTYNHUTHh K PETHUCTpAalUy IOKa3aHWW TepMomeTpa bekmana.
PexomeHyercst perucTpupoBarh 4yepe3 Kax1yro MUHYTY.

3.Y0eauBmIUCh, YTO TEMIEpaTypa YCTAaHOBKHM CTaOMJIM3UpOBaNach (3TO MPUMEpHO depe3 5-6
MUHYT NOCJI€ BKJIIOYEHHS MEIIAJIKH ), aKKYPaTHO BBECTH (TIOCHINATh) HABECKY UCIIBITYEMOU COJIN.
Buumanue! Cexynnomep HE BBIKJIFOYATD, peructpanunto mnokaszanuii tepmomerpa HE
[TPEPBIBATD!

4.Y06enuBIIMCh, YTO TEMIIEpaTyp KaJOpHUMETpa CHOBa CTaOWIM3UpOBajach (3TO MPOU3OUIET
IpUMEpPHO Ha 6-7 MUHYTE TOCJe BBOJIa HABECKU COJIM), MOXKHO MPEKPATUTH 3aIllUCh MOKa3aHUI
TEPMOMETDPA.

5. OcTaHOBUTH MEMIANIKY U pa3o0paTh ycTaHOBKY. CTakaH KaJlOpUMETpPa BBIMBITh U OMOJIOCHYTH
JUCTWIITMPOBAaHHOU BOJOM.

3. O6padoTKa pe3y1bTATOB

3.1. Pacuer Teniao0eMKOCTH KajlopuUMeTpa BBINOIHSIETCS 1o popmyse (2).

3.2. 3nauenue ckauyka temnepatypbl (AT) ompenensercss mocrpoeHueM rpaduka MU3MEHEHUs
TEMIEPATYpPhI BO BpEMEHH (CM. puc.2).
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3.2. PacueT UHTETrpaJIbHOM TEIJIOTHI PACTBOPCHHUS COJIH.
1. ITo dopmyie (1) paccunTsiBaeTcs 3HaYCHHE TETUIOTHI Qyan, TTOCTYIHUBIICH K YaCTSIM

KaJIOpUMETpa.
2. Takoe KOJMYECTBO TEIUIOTHl CONPOBOKIAET pacTBOpEHHME M T cojau. JTa Macca

COCTaBIISIET (MOJIb):

M

comn
Tormaa, TeruIoTa, COMPOBOXKIAIOMIAS pacTBOpEeHUE | MOJb CoH, OyaeT cocTaBiIATh (IK/MOIb):
— QKaJ'I — QKZL"I ) MCOJ‘Il/l

AH
; nC mC
3. MonsnbHOCTh 00pa30BaBILIEroCsl pacTBOpPAa PacCUUTHIBAETCS MO (opmyse (MOJIb/KT
BOJIbI):
M m, -1000
mB'MCOHH

rage:  Me¢— macca coJju, T

Mg — Macca BOJbI, T

Mo — MOTIIpHAS] Macca COJU, T/MOJTb.
4. KoHTpoJibHbIE BONPOCHI

1. OO0BscHUTE TPUPOAY TEIUIOTH PACTBOPEHUSI.

2. [Touemy pactBoperne CuSO4 CONMpOBOXKAAET BBHIJEIEHUE TEIUIOTHI, @ PAaCTBOPEHHUE
CuSOq4 - 5H20 — nornorienue?

3. [Touemy mnpu pa30aBiIe€HUU KOHIIEHTPUPOBAHHBIX PACTBOPOB CHJIBHBIX KHUCIOT U
11eJI04el IPOUCXOANT BBIIETIECHUE TEIIOTHI?

4. Hcrnonb3ys cCipaBOYHUK, paccuuTaiiTe TertoTy npurorosinenus 100 xr 1 mui pactBopa
NaOH, B Boze.

Tema 2

«TepmoannamMunka (pa30B0oro paBHOBeCHs B O/IHO-, IBYX- U
TPEXKOMIIOHECHTHBIX CUCTEMAX))
JlabopaTopnasi paGora Ne2



«IKCNepUMEHTAJIbHOE N3yYeHe PABHOBECHS KUAKUI PacTBOP — HACBILIEHHbIH Map
B IByXKOMIIOHEHTHBIX cucTtemMax. [locTpoeHue nuarpaMmMbDy

[lenb paboOThHI: W3YYUTHh pPABHOBECHE MEXIY KHUAKOCTBIO U IMAapOM U IOCTPOHUTH
PAaBHOBECHYIO JHarpaMMy «COCTaB-TeMIIepaTypa KUIEHUS ABOMHON >KUJIKOW CUCTEMBI» (CMECH
JETYYHX KOMIOHEHTOB).

IIproOpBI U PEAKTUBBI:

1. Cocya niid neperoHku;

2. Konbonarpenaress;

3. KunaruiasrHUKY;

4. Tepmomerp;

5. XOJIOMUIBHUK;

6. CucremMa "aleToH - U30IPONWIOBBIN criupT";

7. PedpakTomeTp

B o6miem citydae cocTaBbl paBHOBECHBIX KHUIKOCTH U TIapa B CUCTEME JICTYYHX CMECEH He
COBIAJAIOT Jpyr ¢ JapyroM. Ha yka3aHHOM pa3iIMuMHd COCTAaBOB SIBICHUE IE€PErOHKU
(pa3neneHus) KOMIIOHEHTOB CMECH, KOTOPOE MIMPOKO HCHOJB3YETCs ISl MOTYyYEHUS YUCTHIX
JKUIIKOCTEH.

Ecnu npurotoButh psij OMHapHBIX CMECEW HEOTPAaHMYEHHO PAacTBOPUMBIX >KHMJIKOCTEH,
OTpEeAeNUTh UX TeMIepaTypy KUIIeHUS IpU aTMOc(EepHOM JaBJICHUU U COCTaBbl PABHOBECHBIX
¢da3 (map + XKUIAKOCTH), TO HA OCHOBAHUHM ATHUX JAHHBIX MOXXET OBITh MOCTPOEHA JHarpamma
«TeMrneparypa KUIMEeHUsI — COCTaB» JIJIsl UCCIEI0BAHHOM CUCTEMBI.

Takass paumarpamMmma xapakTepu3yeT (ha30Bble pPaBHOBECHSI B CHUCTEME, KOTOpPBIC
noauuHsI0TCS paBuiy ['ub0ca.

IMopsiiok BbINOJIHEHHS PA0OTHI

1. Cocyn nyist neperonku (puc. 1) yepes uud 3amnonaure Ha 2/3 ero o0bEMa uccieayeMoit
KUAKOCTBIO. J[J1s1 TpeToTBpamieHuss OypHOTo KUIIEHUS U Tepedpoca KUIKOCTH OMyCTUTE
B He€ 2-3 KycouKa KHpInu4a, 0ObIYHO HA3BIBAEMBIX «KUISATHIbHUKaMu». [IpoBeppTe TOKa
BOJIbI B XOJIOJTUIILHUKE.

2. Bxmrounte konOoHarpeBaTtenb U JOBEIUTE 0 paBHOMEpPHOTO kumenwus. [lpu u3yueHun
JIETKOBOCTUIAMEHSIONIUXCS W TOPIOYMX  JKUJKOCTEH  HEOOXOauMO  COOJIOJATh
MaKCHMalbHYI0 OCTOPOKHOCTh M TOJB30BaThCS HArpeBaTeNbHBIMH  MPUOOpaMH
3aKPBITOTO THIIA.

3. 3a reMmeparypy KUIEHHS CIeAyeT MPUHATH CPETHIO M3 BEIUYHH TeMIIepaTyphl Havyana

Y KOHIIa Ieproja oToopa KOHIeH caTa.

[Tocne orOopa KOHIEHCATa OTKITIOYUTE U yOepHuTe KoiaboHarpeBaTeb.

Omnpenenure cocTaB KOHJEHCATA.

6. PesynbTaThl OmbITOB 3amummTe B TaOM.l (/i1 CUCTEMBI «alleTOH — H3OMPOMHIOBBIN
CITAPTY).

oA~



/ OBpaTHER XONOAWNEHWEK
/ TepmomeTp
Kapman ana cbopa
KOHOeHcaTa
KpaH anda cnuea
KOHAEHCaTa

[NeperoHHBIR kb

Puc. 1. IIpubop CBeHTOCHIABCKOTO.

Tabmuna 1
Ne Konnenrparms ITokaszarens KonuenTtparus Temneparypa KuIeHuUs,
pacts HCXOJIHOTO MPEIOMIICHUS KOHJICHCAaTa °C
opa pacTBopa
00.% MOIL.% HUcxon ITaposoro 00. MOIL.% S s
HOTO KOHJCHCAaTa % Lg Lg
pactBo 5 5
a =
’ 5| o @ =
ol 50 =
c gl &g &
N E| FE @)

CocTaB cOOpaHHOTO KOHJAEHCATa, KOTOPBIH MPUHUMAIOT PaBHBIM COCTaBY PaBHOBECHOTO
mapa mpu TEMIIEpaType KHIICHUS PACcTBOPA, OMPEACISIOT PePPaKTOMETPHUSCKUM METOIOM.
[Tokazarenb mperoMiIeHHUs pacTBOpa JIMHEHHO 3aBUCHUT OT €r0 KOHIIEHTPAIMH, BHIPAKECHHOU B
00BeMHBIX moistx W.

o Vg
"V, +V (1)
ATVp

Omnpenenenue cocTaBa KOHIEHCATa MPOU3BOIUTCS MO KATMOPOBOYHOMY Tpaduky. [[is ero
MOCTPOCHUST M3MEPSIIOT IMOKa3aTeldd MPEIOMIICHUS YHUCTBIX KOMIIOHCHTOB aleToHa |
M30MPOMUIOBOTO CIIUpTa (WK €CIM HET YBEPEHHOCTH B YUCTOTE UCXOTHBIX KOMIIOHEHTOB, IS
KOHJICHCATa, COOPAHHOTO MPH OTPEICIICHUU TEMIIEPATyp WX KHUIICHUS) U MMPOBOAAT Ha rpaduke

o 0
3aBUCHUMOCTL IIOKa3aTels MPEIOMIICHHS N OT 00BEMHOM J0JIHN WB KOMIIOHCHTa aIl€TOHa,

COEMHAIONIYIO NIOJTyYeHHbIe 3HaueHus (puc. 2.).
I'l'I n

g

WEI =0 WEI,X WB =1




Puc. 2. KanubpoBounas npsiMasi 1Jist OnpeneseHrs cocTaBa KOH/IEH caTa.
Onpenesnenue cocTaBa paBHOBECHBIX (pa3 M NOCTPOEHUE AHATPAMM

Jlis ompeneneHus coctaBa MOryT ObITh MCHOJB30BAHbI Pa3IMUHbIE METOJbl OOBEMHOIO
WIM HHCTPYMEHTAJIBHOTO aHAJIN3a.

JUis OpraHMYecKUX >KUAKOCTEH IOJIb3YIOTCS HM3MEPEHHEM I10Ka3aTels IPeOMIICHHUS.
I/I3MepHIOT IMMOKas3aTcjin NpCIOMIICHHUA HCXOJHBIX pPaCTBOPOB HM3BCCTHOI'0 COCTaBa M YHUCTBIX
BemlecTB. Jlasee BbhIYEpUMBAIOT KAIMOPOBOUHYIO KPUBYIO 3aBHCHUMOCTH  IOKa3aTes
npejaoMiIeHus: oT coctaBa. [1o 3Toil KanMOPOBOYHOW KPUBOM, 3HAsl TOKA3aTENb MPEIOMIICHHS
KOHJIEHCaTa, OIPEEIIAIOT ero COCTaB.

KonnyecTBeHHBIN COCTaB PacTBOPOB BBIPAXKAIOT Pa3IMUHBIMU criocoOamu. OJHAKO Ha
JarpaMMax paBHOBECHSI «OKHUIKOCTb — I1apy» COCTaB OOBIYHO BBIPAXKAIOT B MOJIBHBIX JOJISIX WU
MOJIIPHBIX TIporieHTax. i mepeBoia 0ObEMHBIX MPOIICHTOB B MOJISIPHOE HAJ0 CHaJalla HalTH
YHCIIO0 MOJIEH KaXK10I0 KOMIIOHEHTA.

rae vi - o0béMHast 10 I-ro KOMIOHEHTa B PacTBOPE;

_ i
Vi = ?
P MOJ'ICKYJ'IHPHLII;'I 00BEM 1-T0 KOMIIOHEHTA B YHCTOM BUIC:

M; - MOJ'IeKy.]'IHpHBII‘/‘I BeC I-T0 KOMIIOHCHTA,
Pi— IJIOTHOCTH KOMIIOHCHTA, r/cm3.

I[anee HaxoaiaT A0JrO I-r0 KOMITOHEHTA B pacTBOpPC MO YPAaBHCHUTIO

N

izz—ini’

rze Y Ni - CyMMa 4mciia MOJIel BCeX KOMITOHEHTOB B CMECH.

Monsipuslit iporieHT onpenensercs kak N 100.

Jnist mocTpoeHus IuarpaMMbl «TeMIlepaTypa KHIIEHHS - COCTaB» Ha OCH alcCImce
OTKJIAJIBIBAIOT COCTaB B MOJ. %, a Ha OCSAX OpAMHAT — TEMIIePATypPhbl KUIIEHUS YHUCTHIX BEIIECTB
U H3yYCHHBIX pacTBOpoB. Kax 1ot Temmneparype (kpome TeMIepaTyp KUTIEHUS YUCTHIX BEIIECTB)
COOTBETCTBYIOT JIB€ TOYKH, OMPECNSAIONINE COCTaBbl KUAKOCTH U PAaBHOBECHOTO C HEHW mapa.
CoenuHsisi COOTBETCTBYIOIINE TOUKH, ITOJTYYAIOT JIBE KPUBbBIC; KPUBYIO KHUIKOCTH U Iapa. AHAIU3
MOJTyYEHHOU JuarpaMMbl IPOBOSAT Ha OCHOBE 3akOoHOB KoHOBanoBa u mpasuina ¢as.

[Tocne mepecdera cocTaBa pacTBOpa W Tapa B MOJBHBIE JIOMU CTPOST JAArpamMmy
cocTtosiHUsl cucTeMbl. Ha rpaduke B KOOpauHATaX COCTaB — TeMIlepaTypa HAHOCST TOYKH,
oOpa3yromiue J1Be 3aBUCHMOCTH: 3aBHCHMOCTh TEMIIEPATyphl KUTICHUS OT COCTaBa pacTBOpa U
3aBUCHUMOCTh TEMIIepaTypbl KUIIEHUS pPacTBOpa OT COCTaBa paBHOBECHOro mapa (puc. 3).
CoeauHsIs 3TH TOYKH, TIOTYYarOT JUArPAMMY COCTOSIHHSI CHCTEMBI.



0 XB'I

Puc. 3. Iloctpoenue nuarpaMMbl COCTOSIHUS CUCTEMBI PACTBOP — Hap.

Tema 3
«XuMHYeCKass KHHeTHKA H KaTaJu3».
JladbopaTopnasi padora Ne3
«H3yyeHHe CKOPOCTH T'HIPOJIN3A CAXapo3bD»

[{enb paboOTHL:

1.
2.

3.
4

5.

O3HaKOMHTHCSA C MeTOI[HKOfI HAY4YHOI'O OKCIICPUMCHTA.

OcBouth MCTOJUKY OIPCACICHUA KHUHCTUYCCKUX XAPAKTCPUCTUK XUMHUYCCKOI'O
mpounecca.

Y cTaHOBUTH KHHETHYICCKOE YpaBHCHHUEC r'UAPOJInM3a CaxapOo3bl.

Br1sBUTH TEMIICPATYPHYIO 3aBUCUMOCTDb CKOPOCTU I'MAPOJIN3a CaXapO3bl.

BBIsSBUTH 3aBUCHMOCTH CKOPOCTH THIPOJIM3a CaXxapo3bl OT KOHIeHTpanuu noHoB HzO"
B CHCTEME.

[TpubopkI M pEAKTUBEL:

CoNoOARWNE

[Tonsipumetp ¢ HAGOPOM KIOBET (TPYOOK).
XpoHoMeTp (cekyHIoMep | T.I1.)
Tepmocrar.

XuMmuyeckas nocyna ( crakaH4uKH, KOJIObI)
[Munerku Ha 1, 2, 5, 10, 15, 20, 25 M.
Bonnkrii pacTBop caxapossl (<0,25 r/emd).
Bonnsrii pactsop HCI (4M).
JuctumpoBaHHas BoJa.
dunpTpoBasbHas Oymara.

TeopeaneCKoe BBE¢JACHUE

Caxapo3a — Aucaxapu, MOJICKYJIbI KOTOPOT'O COCTOAT U3 3BCHBEB I'NITFOKO3bI U (1)py'KTO3BI,
CBS3aHHBIX MCKIY c00011 3a cuer TIIAKO3UIHBIX TUAPOKCUIIBHBIX T'PYIIIL:

CH:0OH |
H CH:OH H

i i—o0 0
‘< H H OH
0
OH

H OH OH H

CH:0OH

[Ton peiictBMEeM KucCIOT WU (epMeHTa MHBEpPTa3bl caxapo3a THIPOIUTHYECKU



pacmieruisieTcsi ¢ oopazoBanueM o-D-Timoko3b1 U B-D-hpykTo3sr:

C12H22011 + H2O0 = CgH1206(rm) + CeH1206(ap)

Kak caxaposa, Tak u oOpazyromuecs Mpu TUAPOIHU3E TIOKO3a U (pYyKTO3a 00IadaroT
ACHMMETPUYECKIMHU aTOMaMH yIJIepo/a, YTO MPUAAET UM ONTHYECKYIO aKTUBHOCTb.

OnTHyeckoi aKTUBHOCTBIO HA3bIBAIOT CIIOCOOHOCTH BpalllaTh IUIOCKOCTH IMOJISIPU3ALINAN
MPOXOJALIETO Yepe3 BEIIECTBO MOJIIPH30BAHHOTO Jyda CBETa. YToJ (0) MOBOPOTA MIOCKOCTH
MOJIIPU3ALUU U €ro HampaslieHue (+ - HampaBoO WU - - BJIEBO) 3aBHUCST OT MPHUPOJbI
BertecTBa, ToimuHsl (1) cnos u konrentpanuu (C) BemecTsa (17151 pacTBOPOB):

a=[a]-1-C, (A)

rue [o] - yaenbHOe BpallleHHe paBHO yIily MOBOPOTA IIOCKOCTH IMOJSIpU3AIMU CBeTa 1 T
BEIIECTBa, cojiepsKanIerocs B 1 M pactBopa npu Tommuae cios | = 1,0 avm. Y caxaposs [o]c =
+66,55°, y riroko3sl [a] m = +52,56°, y dpykTo3sl [a] gp =-91,9°.

VYron BpamieHus, cyas mno dopmyie (A), SBISETCS IKCTEHCUBHOW BEIIMYHMHOH, T.€.
oOnanaer anIuTUBHOCTHIO. Clle10BATEIbHO, YTOJI BPAILlEHUsI CMECH BELLIECTB (dcx) PABEH CyMME
YIJI0B BpaleHHs] KOMIIOHEHTOB CMECH C YYE€TOM HX COJIEP:KaHUs B CMECH:

aen=([a]1- C1+[a]2- Cot+[a]z- C3+...) | (B)

JlomycKas, 4To MCXOJHAs KOHIIEHTpAIMs Ccaxaposbl B CHCTEME o1 T/CMS, K MOMEHTY
BpeMeHH 7 oHa ctasia C; M KOHIIEHTPALUS TIIIOKO3BI U (PPYKTO3BI CTAJIM PAaBHBIMH, COTIACHO
cTexuomeTpudeckomy ypaBHeHHIO (1) o, - C; 17151 yria BparieHusi CUCTEMbl K MOMEHTY BPEMEHH
T UMEeM:

acy = (66,55 C; + (a - C;)-(52,56 —91,9)) - |

Brmonass npeodpa3oBaHus, MOIYIUM:

Oen — (66,55' C‘[ + 39,34 (a - C‘[ )) ' I;
Ocn = ((66,55 + 39,34)' C‘[ = 39,34' OC) ' I;
acy = (105,89 - C; -39,34-a) - I;

C:= (aeud 1 +39,34 - &) / 105,89

wik C; = (0ten +39,34 - @+ 1) /(105,89: ).  (C)

ITkana nonspumerpa CY-4 rpagynposana B 'S (100°S = 34,62° yrioBbix).

VYuuteias 3710, popmyina (C) mpuMeT BUIL:

C:= (a: +113,63 - a- 1) /(1305,9: 1) (C

rle o — HauanbHas KOHLEHTPAIHs caxaposbl, I/cM?;

| — nTuHa KIOBETHI (MOISIPUMETPUIECKON TPYOKH, IM);

0 - yroIl TIOBOPOTa JIy4a, 'S,

C: — KOHIIEHTpAIUs CaXapo3bl B MOMEHT M3MEPEHNH yTIia OBOPOTA JTy4a, T/cM°.

Ucnone3ys mnonyueHHoe Boipakenue (C'), MO 3HAYCHUSIM MCXOTHOM KOHIEHTpanuu (o)
caxapo3bl B CHCTEME U yIJla MOBOPOTa (i), ONPEAEIEHHOIO0 BO BPEMEHHU, MOKHO PacCUUTATh
KOHIIEHTPALMIO Caxapo3bl B PEarupyrouieil CMECH B COOTBETCTBYIOIIIMIA MOMEHT BpEMEHU. TakuM
00pa3oM MOYHO BBINIOJIHUTh H3Y4YE€HHE KHHETUKH KHUCJIOTHOTO (WM (PepMEHTATUBHOIO)
TU/IPOJIN3A CaXapo3bl.

[IpennonoxuTensHO MPEACTOUT BBISIBUTH 3aBUCUMOCTb CKOPOCTH THAPOJIU3a OT
KOHIIEHTpAIIUK CaXapo3bl, BOjIbI, HoHOB H30™, a Takxke TeMIiepaTypsi:

w=f (Ccax; C m30+ Cm20 T)

BrinoJiHeHHe IKCIIEPUMEHTA

Jlist u3yueHust KHHETUKH THIPOTIN3a caXxapo3bl 11eIeCO000pa3HO BOCIOIB30BATHC METO0OM
uCKItoueHus. B naHHoOM ciyuyae yjnoOHee BCEro BOCHOJIb30BaThCS BO3MOKHOCTBIO CO3/IaHUS
TaKOro M30BITKA COJAEP)KaHHUS OJHOTO W3 KOMIIOHEHTOB (HAlpuMep BOJBI) B CHUCTEME, YTO
U3MCHEHHE €ro KOHIIEHTpanuu OyJneT He3HauuTedbHO. be3 BHUAMMOrO HMCKaKEHUs
KOHIIEHTPAIMIO BOJIBI MOKHO CUMTATh MOCTOSHHON. Hanpumep, eciiv ucxo/iHas KOHIIEHTPAIUs
caxapa Oynet coctaBmisiTh 20% Macc, 4TO COCTaBIISET:



Neax = 201 / 3421/MO0m6 = 0,06 Mo / 100T pacTBOpa
TO COZIEpKAHHUE BOJBI B CUCTEME COCTABUT:

N2o = 80r / 18r/moinb = 4,44 monb / 100r pacTBOpa

[Ipu nomuom rugponusze 0,06 wMoiap  caxapo3bl  M3pPACXOJyeTCsl  COIVIACHO
crexuoMmeTpuueckoMy ypaBHenuto (1) peakiuu 0,06 MOJIb BOJIBI. DTO COCTABJISAET BCETO JIUIII:

(0,06-100%) / 4,44 = 1,3%

YTO HE MPEBHIIIAET NOTPEUIHOCTh U3MEPEHUI.

[TpuroToBIEeHHBIN UCXOAHBIA PACTBOP Caxapo3bl JOJKEH OBITH TOCTATOYHO MPO3PAYHBIM,
HE COJIepKaTh B3BELICHHBIX YACTHUI] U PACTBOPEHHBIX MPUMECEH.

1. IlpeaBapuTenbHO HEOOXOAUMO ONIPENEIUTh "HYJIb" TOJISIPUMETPA, YTOOBI B
pacueTax y4uThIBaTh 3HaU€HUE Ao B KAUECTBE MHCTPYMEHTAIbHON nontpaBku (o) K
NOKa3aHusIM ipuoopa (a):

Ouem = o' + auz

B nonyreHeBOM nossipuMeTpe MoJI0KEHHUE IIIOCKOCTH MOJIIPU3AIUU CBETA OIpeIesieTCs
[0 HACTYIUICHHIO PaBHOW CJIa0OW OCBEHICHHOCTH. B ApYrux IMOJIOKCHUSX aHAIM3aTopa I0JIie
3peHUs B OKYJSIpe PE3KO pa3/esieHO Ha JIB€ YaCTHU MO OCBEIICHHOCTH WJIM BCE OCBELICHO SIPKO.
Ecin mnonyreHeBoe IOJOKEHME HAWIEHO MpaBwibHO (pucl), TO ManeHmuii noBOpOT
aHanuzatopa BrpaBo (pucl, B) wim BineBo (puc 1, a) HapymiaeT paBHOMEPHOCTb OCBEILICHUS
BIUTIOTH JIO PE3KOT0 KOHTPACTa B OCBEIIEHHOCTH 00CUX ITOJIOBHH OIS 3PCHUSI.

a ; 31

Pucynok 1

2. Iomectuth peaktuBbl (pactBop HCI u pacTtBOp caxaposbl) B TEPMOCTAT U BBIZAEPKAThH
15-20 MuH AJ1 HaAEKHOTO TEPMOCTATUPOBAHUSI.

3. IlpUroToBUTH PEAKIMOHHYIO CMECh CMELIMBAHMEM CTPOTO ONpEeNeHHBIX 00BEMOB
TEPMOCTATHPOBAHHBIX PACTBOPOB caxapo3bl (Vcax) U CONSTHON KHUCIOTHI (VHcl) M3BECTHBIX
KOHILICHTpaLUH.

Buumanue! B MOMEHT cMemmMBaHHs PacTBOPOB BKJIKOYHUTH XPOHOMETP, T.K. C ITOTrO
MOMEHTa HAaYMHAETCS IPOLECC TUAPOIIN3A.

4. 3anmpaBuTh KIOBETY (TpyOKY) MOJSpUMETpa MPUTOTOBIEHHON CMEChIO. 3aKpbhIBas €e,
UCKITIOYUTh HaJTM4Ke My3bIphbKa BO3yXa B KioBeTe (TpyOKe).

5. YcTaHOBUTH KIOBETY (TpyOKY) CO CMECHIO B MOJSIPUMETP U MPOU3BECTH 3aMep yria
BpaIllCHHUs PacTBOpa, OTMEYasl IPH STOM BPEMsl BBITTOJIHEHHS 3aMepa (T1 - 01).

OTtcueTsl MPOU3BOAAT CIEAYIOMIKUM 00pazoM. UHCIIO LENbIX I'pagycoB OMPENENsOT IO
MOCJIEAHEMY JEJIEHUIO ILKaJIbl, KOTOPOE OKAa3bIBAETCS CJIEBA OT HYJs (LEHTPAJIbHOM METKH)
HOHMYCA; JeCsThIe JJOJIU Ipaayca ONpenessiioT Ha MPaBOi 4acTu LIKaibl HOHUYCA 0 JEJICHUIO,
COBMAJIAOIIEMY B JAHHOM IOJIOKEHUH C KaKMM-TTHOO JIeIeHHeM OCHOBHOM IIKaibl mumba. Tak
OTCUUTBIBAIOTCSI TIOJIOKUTENbHBIE YINIbl BpamieHus. Hampumep, puc.2 yroia BpalleHus
coorBerctByeT 20,3°. Ilpm BpameHun aHanu3aTopa B IPOTHBOIIOJIOKHYKO CTOPOHY
OTCUUTBIBAIOT OTpHUIATENIbHbIE YIJbl BpamieHus. [lecsaTeie monu rpajgyca omnpeaenstorcs Mo
JIEJICHUSIM B JIEBOM YacTU HOHUYCA.



Pucynok 2. OnpeneneHue COThIX J10J€H Ipaayca Ha MOJIPUMETPE KPYTOBOM.

6. KioBery (TpyOKy) CO CMECBIO MEPEHECTH B TEPMOCTAT U MO HCTEYECHUH HEKOTOPOTO
BPEMEHM €€ U3BJIeUb U3 TEPMOCTaTa, IPOTEPETh HACYXO U MPOU3BECTH OYEpEeAHON 3amep (72 -
a2).

3amMepsbl cenyeT BBINMOJIHATH MOKa He YOeAUTeCh B IOCTATOYHOM 3aMEIUICHUH TIpoliecca
(M3MEHEeHHMs B MOKA3aHMIX MOJSIPUMETPA CTaTl HE3HAYUTEIHLHBIMU ).

Bce u3mepenus, BKIIIO4ast MOMPABKY a7, 3HAUCHUSI 00eMOB Veax U VHcl , TEMITEPATYPHI
TEepMOCTaTa, TOJIIMHBI CII0S pacTBopa (AJIMHaA TPYOKH ), 3aMEPbI Ha OIS PUMETPE U JIP., JOTKHBI
OBITH BHECEHBI B XKypHaJl HA0JIIOICHUH.

BBbIMOIHUTE HECKOJIBKO CEPUH OIBITOB, Bapbupys koHIeHTpauu HCI u caxapo3sbl, a Taxke
TEeMIEpaTypy mnpoliecca.

[To mony4eHHbIM TaHHBIM YCTAHOBUTH 3HAYCHHUSI MTOPSJIKA, KOHCTAHTBI CKOPOCTH, SHEPTUU
aKTUBAIMKA M TEMIIEpaTypHOro Kod(duimeHTa CKOPOCTH PEeaKInu, UCHOIb3Ys JII0OOH METOx
pacuera.

JaiiTe 060CcHOBaHME BEIOPAHHOTO METOJIA pacueTa.

KonTposbHbie BONPoChI

1. Kak oTpakaeTcss Ha MeXaHU3ME peaKIMK ydacTue KaTalau3aTopa pu TOMOr€HHOM
Karanuse?

2. Ompenenute BIMSHHE KaTalu3aTopa Ha HSHEPrUI0 aKTHBALlMM B M3ydyeHHOW Bammu
peaxkuuu.

3. CocTaBbTe MOJTHOE KNHETUYECKOE ypaBHEHUE U3yueHHOo Bamu peakiuu.

4. OnpenenuTe akTUBHOCTD KaTalnu3aTopa B U3ydeHHOW Bamu peakuu.

Kpumepuu ouenxu nadopamopuvix pabom: (0/0-3/3)

[Tpu moaroroBke Kk jabopatopHoil padore mo «Pu3nMveckoil XUMHUK» B 3 CeMECTpe CTYIEHT JOJDKEH
BBITIOJIHUTD CJICIIYIOIINE BUIbI PA0OT:

- caMOCTOsITeNbHAS TIPOPabOTKa TEOPETHUESCKOTO MaTeprala K 1abopaTopHoO# paboTe;

- 03HAKOMJICHHE C YCTaHOBKOM, MPUOOPOM, METOIMKOM BBITOTHEHUs JTaO0paTOPHOil paboThI;

- BBINIOJIHEHHE HEOOXOAUMOT0 IKCIIEPUMEHTA;

- 00paboTKa pe3yNbTaToOB UCCIIEA0BAHMS, TIOCTPOCHUE TPa(UKOB;

- aHAJIN3 PEe3yJIbTaTOB UCCIIC0BAHMUS U BBIBOJ IO padoTe.

- makcumaiabno 3*8=24/2*10=20/1*15=15 3a xax Iy BBIIOJHEHHYIO Ja0OPAaTOPHYIO paboTy, €CIH
paboTa BBINOJHEHA B MIOJHOM 00beMe, B OTYETE MPABWIBHO U aKKYPAaTHO BBINIOJHEHBI BCE BHIYMCICHHS U
HOCTPOCHBI TpadUKH, JIOTHYECKA 1 0OOCHOBAHHO IPHUBE/ICHBI BEIBOJIBI TI0 TEME JIA0OPATOPHOH pabOTHI.

- munumanabHo 3*4=12/2*6=12/1*9=9 eciu B X0m€e DKCIEPUMEHTa JOMYIIEHBI TPyOble MPOMaxH, B
OTYeTE eCTh IpyObIe OIMOKH, MPUCYTCTBYIOT OIIMOKH B BEIYHCIICHHUSX, HETOYHO MOCTPOCHBI IpadUKu, He
Jmoruyecku ¢hopMUPOBaH BEIBOJ K JJaOOpaTOpHOI pabore.



MuHHCTEepCTBO HAYKHU U BhICIIETr0 oOpa3zoBanus Poccuiickoit deneparuu
HwmxHekaMCKuit XUMHKO-TEXHOJIOTUYECKUN HHCTUTYT ((uinan)
(benepanbHOro rocy1apcTBEHHOTO OI0/PKETHOTO 00pa30BaTEIBHOIO YUPEKICHUS
BBICILIETO 00pa30BaHuUs
«Ka3zaHckuii HalMOHAIBHBIN UCCIEN0BATEIbCKUNA TEXHOJIOTHUECKUI YHUBEPCUTET)
Daxynomem- mexHoOA02ULECKULL
Kageopa - buomexnonoeuu
Hanpasnenue 18.03.01 «XumMuyeckas TEXHOIOTHI»
[Tpodunb/mporpamma:
«XUMUYECcKasi TEXHOJIOTHS OPraHMYeCKHUX BEIIECTB)
«XUMHUYeCKas TEXHOJIOTHSI BEICOKOMOJIEKYJISIPHBIX COSTMHEHUIN
«XUMHYECKask TEXHOJIOTHS TepepabOTKH MOIUMEPOB U 3JIaCTOMEPOB)»
«XUMHUYECKask TEXHOJIOTHS IPUPOJIHBIX YIHEPrOHOCUTEIIEH U YIIIEPOAHBIX MAaTEPUAIIOB)

Cemectp_3
KoMiuiekT BonpocoB 1Jisl KOJIJIOKBHyMa
no qucoumande b1. O.21 «Dusnueckass XUMHI»

Tema 1
«OCHOBHBbIE NOHATHA (PU3NYECKON XUMUH. XUMUYECKAS TEPMOAUHAMMKA H
XHMHYecKoe paBHoBecHe. Tepmoxumusn»
KoanokBuym 1: «IlepBblii 3akoH TepmoauHamMuku. TepmMoxumus»

Bapuanm Ne 1
K ka:xgoMy 3aqaHni0 A 1aHbI HECKOJIBKO 0TBETOB, H3 KOTOPBIX TOJILKO OJWH BepHBIii. BbiGepuTe BepHBIii, M0
Bamemy MHeHHI0, OTBET.

Al. 13 npuBeeHHBIX HIKE POPMYI BEIOEPUTE Ty, KOTOPasi CIpaBeIMBa TOIBKO IS UA€aTbHOTO
rasa.

e, =[2AH o uspv:) (Y] 200 4)s0=dUu+swW:  5)sW = PdV.
»~\Tor ), )

A2. SIBnsroTcs v TeTuioTa U paboTa PyHKIMUSAMU COCTOSTHUS?
1) Ternora — 1a, a paboTta — HET;

2) TemioTa — HeT, a paboTta — 1a;

3) u TeroTa, U paboTa ABJISIOTCS QYHKIHUSIMHU COCTOSHHUS;

4) v TeroTa, U paboTa He ABJISAIOTCS QYHKIIUSIMU COCTOSHHUS,
5) OTBET 3aBHCHUT OT HAIIPABICHHS MTpoIlecca.

A3. Kax Beiouparot 3Haku Q 1 W B ypaBHEHHH NIEpBOTO 3aKOHA TEPMOTUHAMUKH? DTH BEIINIHHBI
CUMTAIOTCA MOJIOKUTEIbHBIMHU, €CIIN

1) TenoTa moryoniaeTcsl CUCTEMOM, a paboTa COBEpIIAECTCS HAall CUCTEMOM;

2) TenyoTa MOTJIOLIAETCs CUCTEMOH, a paboTa COBEPIIAETCS CaMOM CUCTEMOI;

3) TemoTa BBIJCISIETCS CUCTEMOM, a paboTa cCoBepIIaeTCsl HaJl CHCTEMOM;

4) Teryora BBIZENSAETCS CUCTEMOM, a paboTa coBepIaeTCs CaMOl CHCTEMO;

5) mpoiiecc MPOBOAUTCS OOPATHUMO.

A4. CrangapTHas Temiota oOpa3oBaHUs aMMuaka paBHa AH ?’298(NH3) =-2941 x/Ix/monb. B

KaKoW U3 MPUBEACHHON HIKe peakinii TeroBoil apdext npu T=298 K paen 3Toit Bennunne?
1) HCN + 3H2 = NH3 + CHg;

2) 1/2N2 + 3/2H2 = NHs;

3) N+ 3H = NHg;

4) NH2,COONH4 = CO2 + 2NHs;

5) 2NO2 + 6H20 = 4NH3 + 70:.



AS. JIns xakux BemiecTB crpaBeaianBo cootHomenne Cpy=Cy + R?
1) ans TBEpIBIX; 2) Ui KUAKUX; 3) AN KOHACHCUPOBAHHBIX;
4) nnst uaeaNbHBIX Ta30B; 5) it MPOCTBIX KPUCTATUIMUYECKUX CUCTEM.

K xaxxgomy 3amanuio B 1aHbl 0TBeTHI, H3 KOTOPBIX MOI'YT OBITh BePHBIMH HECKOJIBKO BAPHAHTOB. BridepuTe
BepHbIe, M0 BameMy MHeHH10, OTBEThI.

B1. Belpaxkenus, cripaBeanuBble A U30XOpHOM TemoeMkocTd Cy OJHOrO MOJIs MJI€alIbHOIO
rasa.

oH\ oG\ oF\ _ ou)
o(G) 2[R a(F) aem 9(F) aaw

B2. Vkaxwure peakuuu, Ui KOTOPBIX MOXHO MpeHeOpeub Pa3HOCTbIO MEXKIYy H3MEHEHUEM
SHTAIBIIUU U U3MEHEHHEM BHYTPEHHEU SHEPTUH.

1) Ca(OH)2(p-p) + CO2(r) = CaCOs3(rs) + H200); 2) CaOs) + COx) = CaCO3(mm);

3) 2AsH3) = 2AS@s) + 3H2); 4) Pb(s) + PbO21s) = 2PDO 1),

5) Sb204(rs) + 4C 1wy = 2Sb(m) + 4CO); 6) Sicm) + 2L120(w) = SiO2¢ws) + 4Li(1s).
B3. BriGepute sKCTEHCUBHBIE MTapaMeTphl polecca:

1) naBnenue; 2) macca; 3) oObewm; 4) Temneparypa; 5) KOHLIEHTpaIus;

6) BHYTPEHHSSI DHEPTHS; 7) MONbHAS TETNIOEMKOCTb.

3apanusa C

Cl. Haitnure cooTBEeTCTBUE MCKAY NPEACTABICHHBIMU PCAKIUAMHA U COOTHOIICHUCM DHTAJIBIITNN

U BHYTPEHHEW »HEpruu (omeem npedcmasbme 8 6ude nociedosameibHocmu OyK8, Hanpumep,
ABD).

1) COq) + Y202 = COxr); A) AH > AU,
2) CaCO3(1s) = CaO(rs) + CO2(r; b) AH = AU;
3) HaS(r) + SNy = SNS¢rs) + Hom. B) AH < AU.

C2. HaiimuTe COOTBETCTBHE MEKTY 3HAKOM U3MEHEHHSI TETUTIOEMKOCTH TPOIECcca U 3aBUCUMOCTHIO
AH=F(T) (omsem npeocmasome 6 sude nociedosamenvrnocmu 6yke, nanpumep, ABI).

1) AC,=0; A) anf B) anf B) aH
2) AC, > 0;
3) AC, <0. / / \
T T T
r) asf o) auf
T T

C3. CrannapTHbIe SHTAJIBIINK CTOPAHMS BEIIECTB B KMcIopoze (k[ x/Mob) npu Temmeparype 298
K

CoHs (p C(ts,rpadur) Ham
-1411 -393 -286




[To mpuBeneHHBIM TaOJMYHBIM AAHHBIM O CTaHAAPTHBIX SHTAJBIMIX CrOPAHUS BEILECTB B
Kuciopoae npu remmepatrype 298 K BeruuciuTe cTaHAapTHYIO SHTAIBIINIO 00pa30BaHuUs 3TUIICHA
C2Hs u3 pocThIX BelecTB NpH ykazaHHOH TeMieparype. OTBET BbIpazute B KJ[/Mob.

C4. CoBOKYITHOCTD TeJI, B3aUMOCHCTBYIOITUX MEXITY CO00M M 000COOJEHHBIX OT OKpYKaroIIei

cpedpl peaJbHON MM BOOOpaskaeMoi 000JI0UKOM, Ha3bIBACTCA..... (Hanuwiume nponyujeHHoe
Cl108O).
CS5. ITapameTp TepMOAMHAMUYECKON CUCTEMBI, HE 3aBUCSILIUN OT OOIIET0 KOJIMYECTBA BEIIECTBA
B CUCTEME, Ha3bIBAETCH. ... .. (Hanuwume nponyweHnnoe cnogo).

BapuanT Ne 2

K KaKI0MY 3a/1aHU10 A AaHbl HECKOJBKO 0TBE€TOB, U3 KOTOPLIX TOJILKO OJIUH BeprIﬁ. Bblﬁepnre BepHLlﬁ, mno
BameMy MHCHHUIO, OTBET.

Al. Ilpu kakoM mpormecce paboTa, coBeplIaeMass CHCTEMOH, JOCTUraeT MaKCUMaJbHOIO
3Ha4YeHUA?

1) mpu U30TEPMUYECKOM;  2) IIpH HEOOPATHMOM; 3) mpu oOpaTUMOM;

4) npu aguabaTHOM; 5) npu KpyroBOM.

A2. CranzapTHasi Teruiora o6pasoanus HUTpoOeH3ona A H{ e, (CsH NO,) =-11,2 kJlx/mouns. B

KaKOl M3 MPHUBEICHHBIX HIDKE peakiuil TeruioBoid agdext npu T=298 K paBeH 31oii Benmunne?
1) CeHetHNO3=CeHsNO2+H20;  2) CeHsNH2+3S+6NH3+3H20=CsHsNO2+3(NH3).S;

3) 12C+5H2+N2+20,=2C¢HsNO2;  4) 6C+5/2H2+1/2N2+02=CeHsNOy;

5) CeHsNH2+2H20=CeHsNO2+3Ho.

A3. Kakoe BrIpakeHHE CIPaBEUIUBO JJIs U300apHOil TerioeMKocTH Cp 0JJTHOTO MOJIS HI€aTbHOTO
raza?

1) (8—Hj . 2) (@j ;o 3) (ﬁj ;o 4) (Qj ;. 5) AU+W.
or ), oT J, T )y oT )y

A4. JIns kakux BeIIeCTB crpaBeiuBo cooTHomenue Cp = Cy?

1) TOJNIBKO JIs1 TBEPIBIX; 2) TONBKO JJIS KUJKUX; 3) [T uIeaTbHBIX TA30B;

4) i KOHJIEHCUPOBAHHBIX BEILIECTB; 5) TOJIBKO AJIS KPUCTAJUTMYECKUX CHCTEM.

AS. Uro nokaseiBaet BenuunHa AH cucteMsl ipu €€ nepexoze n3 OQHOr0 COCTOSIHUS B Ipyroe?
1) paboTy, COBEpIICHHYIO CHCTEMOM MPU MOCTOSIHHOM JIaBJICHHH;
2) paboTy, COBEpIICHHYI CHCTEMOH MPU MOCTOSHHON TEMIIEpaType;
3) TemIoTy, OTJaHHYIO WU MOTJIOIICHHYIO CHCTEMO# MPH OCTOSHHOM JIaBJICHUH;

4) TCIIOTY, OTAAHHYIO WJIH ITOTJIONICHHYTO CUCTEMOU npu MMOCTOSIHHOM TEMIICpaType.
K kaxnomy 3aganuio B 1aHbl 0TBeTbI, U3 KOTOPBIX MOI'YT ObITh BEePHLIMHM HECKOJILKO BapUAaHTOB. Boioepure
BepHbIe, M0 Bamemy MHeHHI0, OTBETHI.

BI1. BelpaxkeHue nepBoro Hadaja TEPMOJAWMHAMHKHU, 3alMMCAHHOE C MCIIOJIb30BAaHUEM TEILTOTHI
npouecca Q, UMeeT BUIL:

1) Q = AU-W; 2) 8Q = dU+PdV;  3) 6Q = PdVvV—dU; 4) Q = AU+W,

5) AU=Q+W, 6) AU=Q-W; 7Y)W=AU+Q; 8) oW = dU-3Q.

B2. BriGepure Bce Bubl ypaBHeHus: Kupxroda:
1) AH7 = AHZ, —AC (T —298); 2) AH; = AH . +AC (T —298);

3) (MJ ~AC,; 4) (a(AH)j = AC,;

oP ot
5) (a(ﬁvu)J —AC,;  6) (a(aATU)) _ AC, .



B3. Beibepute HHTEHCUBHBIC TApaMeTPhI MpoIlecca:

1) naBnenue; 2) Macca; 3) oOBewMm; 4) remneparypa; 5) KOHIIEHTpAaIHS;
6) BHYTPEHHSSI DHEPIHS; 7) MOJIbHAS TETNIOEMKOCTb.
3amanua C

C1. Onpenenure, kKako (GpyHKIMEH (COCTOSHUSA WU TPOIECca) SIBISIOTCS HIDKETPUBEICHHBIC
byukuuu (omeem npedcmasbme 6 ude nociedosamenrvHocmu Oyks, nanpumep, AABA)?

1) suTansnus AH; A) dbyHnkms nporecca;

2) BHyTpeHH:s sHeprus AU, b) pynkuus cocrosHus.

3) Ternora Q;

4) naBnenue P,
5) pabora W.

C2. Hcnonp3ysi CipaBOYHHK, HAWIUTE COOTBETCTBYIOIIUE MPHUBEICHHBIM BEIIECTBAM TEILUIOTHI
cropanust (AH?,q., KJDK/MONb) (omeem npedcmasbme 6 6ude nociedo8amenbHoCnu OyKs,

nanpumep, ABBJII).

1) atunen CoHar; A)-4194,75;
2) caxapo3a C12H22011(s); b) -3301,51;
3) aranon C2HsOH g, B) -5646,73,;
4) rexcan CeHia(r); ') -1410,97,
5) 6enzon CeHeg(r); ) -1370,68.

C3. Usmenenune >HTanbnuu peakuuu npu T=298 K 2NaOHx)+CO21)=Na2CO3()+H20() paBHO

AH joe =—126,4xoic 1y .. y y
298 4Kl . Haiinute TtemmoBoit addext sTol peakiuu npu Temmepatype 800 K,
WCIIOJIB3YS JIAHHBIE O MOJIBHBIX TermoeMKocTsX BemecTB ([[x/(monb-K). OTBet Beipasute B kK.

NaOH ) COxn Na2CO3(s) H20)
38,49 37,13 110,50 33,57
C4. Ilepexon cuCTEMbI U3 OJHOTO COCTOSIHUS B JIPYro€ BCIIEACTBUE MU3MEHEHHsI XOTs Obl OJJHOrO
napameTpa Has3bIBaeTcs. ... .. (Hanuwume nponywennoe cnogo).
CS. [TapameTp TepMOIMHAMUYECKON CHCTEMBI, 3aBUCSIIUI OT OOILEro KOJMYecTBa BELIeCTBa B
CHCTEME, HAa3bIBACTCH. ... .. (Hanuwume nponywenHoe cnogo).
Bapuant Ne 3

K KaXKA0MYy 3a1aHU 10 A AaHbI HECKOJBbKO 0TBETOB, U3 KOTOPLIX TOJLKO OIUH BepHLIﬁ. Bblﬁepl/lTe Bep]—lblﬁ, mo
Bamemy MHeHH10, OTBET.
A1l. Kak sHTaNbnus mporecca 3aBUCUT OT TEMITepaTyphl?

T, C T,
1) H$Z=H$l+j?PdT; 2) H) =H} +[C,dT;
T T
T, T,
3) AH = AHY + [AC,dT ; 4) HY =HP + [AC,dT.
T T
A2. KakoBo ananutuueckoe BolpaskeHue | 3axkoHa TepMoJuHaMUKN?
1) 8Q = dU+3W, 2) 6Q = dU+dW; 3) dQ = dU+3W,
4) dQ = dU+dW; 5) dQ = sU+3W.

A3. 13 npuBeaeHHBIX HIDKE (hOpMYI BEIOEpUTE Ty, KOTOpast CIIpaBeIiIMBa TOIBKO JUIS HI€AIbHOTO
rasa.

”Cp:(é(ﬂji DH-U+PV;3) (D] =0;  45Q=dU+ow; 5w =Pdv.
oT » N ).

A4. Yro Takoe A H? ,o, TaHHOTO BellecTBa? DTO M3MEHEHUE SHTAILITMY MPH



1) wmarpeBanuu 3toro Bemiectsa ot 0 10 298 K;

2) peakiuu 00pa30BaHMs ITOrO BEIIECCTBA U3 AJICMEHTOB;

3) peakiuu 00pa30BaHUS 3TOTO BEIIECTBA M3 MPOCTBHIX BEIIECTB, B3ATHIX B MX Hamboice
YCTOHYHMBBIX COCTOSIHUAX, ITpH T=298 K u nmapuuanbHBIX JaBICHUSX BCEX KOMIIOHEHTOB
razoBoi (ha3bl, paBHBIX 1 aTMm;

4) peakiuy OKHCICHHS JAHHOTO BEIICCTBA.

AS. Yto nokasbiBaer BenuunHa AU cUCTeMBI 1pu €€ epexoe U3 0JHOr0 COCTOSIHUS B Apyroe?
1) paGoty, COBEpILIEHHYIO CUCTEMOM MPU MOCTOSHHOM 00bEME;

2) paboTy, COBEPIIEHHYIO CUCTEMOM IIPU OCTOSSHHOM TeMIIEpaType;

3) TemnoTy, OTAAHHYIO WJIH MOTJIOIIEHHYIO CUCTEMOM NP MOCTOSITHHOM 00bEME;

4) TemnoTy, OTIaHHYIO UJIM IOIJIOUIEHHYIO0 CUCTEMOM IIPU ITOCTOSIHHOM TeMIeparype.

K kaxxpomy 3amannio B naHbl 0TBeThbl, H3 KOTOPBIX MOIYT ObITh BEPHBIMH HECKOJIbKO
BapuaHTOB. BoiOepuTe BepHble, M0 Bamemy MHeHHI0, OTBETHI.

B1. BeiOepure xumuueckue peakiud, y KOTOPbIX MU3MEHEHHE SHTAJIbIINUU OO0JbIIE€ M3MEHEHUs
BHYTPEHHEH HEprumu.

1) MgCO3(15=MgOzs)+COxr; 2) 2H2(r)+O21)=2H20v);
3) H2S)+2NaOH )=Na2S@)+2H200x); 4) 2CO2(n=2COn)+O02(;
5) NH4Cl(y=NH3+HCl v 6) CHsr)+CO2n=CH3COOHy).

B2. Kakue Bemn4nHbI HIMEIOT pa3MepHocThb JIk/(Moib-K)?
1) Terutota Q; 2) padora W; 3) monbHas nzobapHas TemmoéMkocts Cp;  4) arTansnus AH;
5) yHuBepcaibHas ra3oBas nocrosiudas R; 6) surpomnus S; 7) BuyTpeHHss sHeprust AU.

B3. YcnoBus, oTnnyaronue n30JMpoBaHHYI0 TEPMOIUHAMUYECKYIO CUCTEMY:

1) 3anac BHyTpEHHEW SHEPTHH B U30JIMPOBAHHON CUCTEME MTOCTOSIHEH;

2) 3amac BHYTpEHHEH HEPTUU B U30JIMPOBAHHOMN CHCTEME HE TOCTOSIHEH;

3) uckiroueH 0OMEH BELIECTBOM U SHEPTHUEN C OKPYKaIOIEeN CpeIoi;

4) Bo3MOXkeH 00MeH dHepruel ¢ OKpyxaroleil cpeioi, Ho UCKITI0UeH 0OMEH BEIECTBOM;

5) BO3MOKeH 0OMEH BEIIECTBOM C OKpYKaroIIel cpeioi, HO UCKITF0YEH OOMEH YHEPTUEH;

6) BO3MO>XEH OOMEH BEIIECTBOM U SHEPTUEH ¢ OKpYXKarollel cpesioi.

3aganus C

Cl. Haiinute COOTBETCTBHE MEXIy Ha3BaHUEM IIpollecca M €ro 00O3HAaYeHHEM M3 IPaBOro
croidna (omeem npedcmasgvme 6 ude nociedosamenbhocmu oyks, Hanpumep, ABBJET).

1) uzo6apHHbIif; A) T=const;

2) N30TEPMUYECKUI; b) P= const;

3) U30XOPHBIN; B) T=const u P= const;
4) n3006apHO-U30TEPMHUUECKHUIA; I') T=const u V= const;
5) U30XOPHO-U30TEPMUYECKUI; ) Q=0;

6) anuabaTHBIN; E) V= const.

C2. Haiiagure COOTBETCTBHE MEXAY NPHHAMIEKHOCTHIO MapaMeTpa M YKa3aHHOM BEJIMYWHON
(omeem npedcmasvme 6 6ude nociedosamenvrocmu Oyks, Hanpumep, ABBAB).

BEJIMYNHA [TAPAMETP
1) remnepatypa T; A) DKCTCHCHUBHBIN;
2) BHyTpeHH:s 3Heprus AU, b) nHTEHCUBHBIN.

3) naBnenue P;

4) MonbHas n3o0apHas TeroEMKOCTh Cp;
5) konnentpanus C;

6) macca m;

7) 06béM V.



C3. Ilo TemyioraM cropaHusi O-TJHOKO3bI, B-PpyKTo3bl U caxapossl (B k/x/moiab) npu 25 °C
paccumrtaiite Teruory ruaposmsda caxaposbl Ci2H22011+H20=CsH1206(0-rmoxosatCeH1206(8-
dpyxrosa). OTBET BbIpa3uTe B KJK.

OL-TJIIOKO03a B-dbpyxToza caxaposa

-2802 -2810 -5644
C4. OrtHouleHHE KOIMYECTBA TEIUIOTHI, IOJBEICHHOM K CUCTeME, K TOMY H3MEHEHUIO
TEeMIepaTypbl, KOTOPOE NPH 3TOM MPOUCXOIHT, HA3bIBACTCH....... (Hanuwume nponyujennoe
Cl108O).

C5. IIpu MOCTOSIHHOM JIaBJICHUU WU 00BEME TeroBOM 3(h(HEeKT XUMHUUECKON peakuu 3aBUCUT
TOJBKO OT BUJIa M COCTOSIHUS HCXOHBIX BEIIECTB U MPOIYKTOB PEAKLUH, HO HE 3aBUCUT OT MyTH
nepexona (Hanuwume, KaKou 3aKOH CHOPMYIUPOBAH).

KosutokBuym 2: «BTopoii 3aK0H TePpMOAMHAMUKID
Bapuanm Ne 1

K KaKI0MY 33 1aHU 10 A AaHbI HECKOJIBKO 0TBE€TOB, U3 KOTOPLIX TOJbLKO OIUH BepH])Iﬁ. Bblﬁepl/lTe Bep]—lblﬁ, mo
BameMy MHCHHUIO, OTBET.

Al. V3BECTHO COOTHOIIICHUE dSZ? . Korpa ciemyer 6parpb 3HaK > M Korjia 3HaK =7

1) > st HeoOpaTuMoOro nporecca U = AJis H30TePMUYECKOI0;

2) > ni1st HEM30TEPMHUYECKOTO TIpoIiecca U = JJIsi 00paTUMOTO;

3) > U1 N30TEpPMHUUECKOro MpoLecca U = JUisl HEeM30TePMUYECKOT0;

4) > 1 HEeU30JUPOBAHHOW CHCTEMBI U = JJIsl H30JIMPOBAHHOM;

5) > m1s HeoOpaTUMOTO TIpoliecca U = JUIsl 00paTHUMOro.

A2. MoeT 11 S3HTpONUS BEIIECTBA ObITh OTPULIATENBLHOM?

1) TONBKO NpU HU3KUX TeMIIepaTypax; 2) TONBKO MPHU BBICOKUX TeMIIEpaTypax;

3)TONBKO AJIs IPOCTHIX BEILIECTB, B3ATHIX B UX HauOoJiee YCTOMYMBOM COCTOSIHUM; 4) 11a;5) HerT.
A3. VkaxuTe npaBUIbHYIO popMymy:

1) dH =Vdp+TdS + > sdn; ; 2) dH =—pdV +TdS + > zdn; ;
3) dH = pdV +SdT - > wdn, ;  4) dH =—pdV +SdT = > sdn; ;
5) dH =-Vdp—-TdS + ) _ dn; .

A4. YkaxuTe npaBWIbHYO Gopmyny:
1) F=U-TS; 2) F=H-TS; 3)F=U+TS; 4)F=H+TS; 5)F<U+TS.

AS. YxaxuTe npaBUIbHYIO GOpMyITy:
1) (ﬁj -v:2) (L) -5y 3 (ﬁj —-S; 4) (@j =V 5) (@] =S,
or ), aT ), ar ), oT ), ot ),

K KaXXA0MYy 3a1aHUIO B nanbl OTBE€TbI, U3 KOTOPLIX MOTYT ObITh BCPHBIMM HECKOJIbKO BAPDUAHTOB. Bblﬁepl/lTe
BE€pHbIE, 11O BameMy MHCHHIO, OTBETHbI.

B1. CBoiicTBa XUMHUYECKOTO MOTEHIIMATIA KOMIIOHEHTA CUCTEMBI B O0IIEM Cllydae
1) yHKIMS COCTOSIHUSI CHCTEMBI; 2) pyHkIus porecca;

3) aKkcTeHCHBHAs (PYHKIINS, 4) uateHcuBHas QYHKITHS;

5) byukmus, paBHas TEIUIOTE Tipotiecca;  6) QyHKIMsA, paBHas paboTe mporecca.

B2. Jlam psa yTBepkaAeHHH, Kacaromuxcs SHepruu [uO6ca. Ykaxure, Kakue W3 HUX -
MIPaBUJIbHBIE.



1) yosuts sHEeprun ['m60ca paBHa moJsie3HOM paboTe mporiecca;

2) yosutb sHepruu ['m66ca paBHa mosHo paboTe mporecca;

3) pasmepHocTh 3Hepruu I mdoca k/[x/(moinb-K);

4) pazmepHoCTb dHeprun [ no66ca k/Ix/Mob.

3aganusa C

C1. Haiigute cOOTBETCTBUE MEX]Ty YACTHBIMU MTPOU3BOIHBIMH TEPMOJUHAMHYECKUX (QYHKITUH U
napameTpamu Tporecca (omeem npedcmasbme 6 8ude NOCied08amenbHocmu 0yKs, Hanpumep,

ABBI).

0(Z) 25 s olF)
oT oV J; oS ), oV )

A)-S;Bb)S; B)P; I)-P; IDT; E)V; X)-V.

C2. Hanumure onpenesieHue XMMUYECKOro MoTeHIHaIa.

C3. Hanmmure ypaBHeHue ['n66ca-I'ensMronbia st CHCTEMBI.

Bapuant Ne 2
K KaKI0MY 33 1aHU 10 A AaHbI HECKOJIBKO 0TBE€TOB, U3 KOTOPLIX TOJbLKO OIUH BepH])Iﬁ. Bblﬁepl/lTe Bep]—lblﬁ, mo
BameMy MHCHHUIO, OTBET.

Al. JInsa kKakux TIpoIecCOB CIPaBEIIMBO COOTHOIIIEHUE dSZ? ?

1) nnst mr0OBIX; 2) st TF0OBIX U30TEPMUYECKHUX; 3) st anuabaTHBIX;
4) nnst MrOBIX 00pAaTUMBIX; S) JUIsl OOPATHMBIX H30TEPMHUYECCKHUX.

A2. Kak cBs13aHEbI MCKOAY c00011 BETUYMNHBI I/ISMepeHI/Iﬁ OHTPOIINHU, SHTAJIIBIIUA U TEMIICPATYPHI ITPpU
¢da3zoBbIX nepexoaax”?

AH AH
1) AS="— T 1 2) AS=AH-T . 3)As_—$, 4)AS:dd—T; 5) AS=AH

A3. YkaxuTe npaBUIbHYIO POpMYTTyY:

R L P R
ot ot ot ), ot ),

o) -r.

A4. YkaxuTe npaBWIbHYO popmymy:
1) dF =Vdp +SdT + z,uidni ; 2) dF =—Vdp +SdT + Z,uidni ;

3) dF =—pdV — SdT+Zy,dnl 4) dF =—pdV —SdT - Zu.dn:
5) dF =Vdp+SdT — Zy,dn.

AS. Vkaxure npaBuIbHY0 Gopmyny:

1) G=U-TS+PV; 2) G=U-TS-PV; 3) G=U+TS+PV; 4) G=U+TS-PV; 5) GSU+TS+PV.

K xkaxxnomy 3amannio B gaHbl 0TBeThbl, H3 KOTOPBIX MOIYT ObITh BEPHBIMH HECKOJIbKO
BapHaHTOB. BoiOepure BepHbIe, 10 BameMy MHEHUI0, OTBETHI.

B1. CgoiicTtBa sHepruu ['m60ca KOMIIOHEHTa CUCTEMBI B OOIIIEM Cilydae

1) yHKIMS COCTOSIHUSI CHCTEMBI; 2) GyHKIMs Tporiecca;

3) aKcTeHCHBHAs (PYHKIINS, 4) uaTeHcUBHAas QYHKITHS;

5) byukmus, paBHas TEIUIOTE Tipotiecca;  6) QyHKIMA, paBHAs MOJIE3HOM paboTe mporiecca.

B2. /laH psan yTBEpKIEHHM, KACAIOIIUXCA SHTPOIUH. Y KAXKUTE, KAKUE U3 HUX - IPABUJIbHBIC.
1) sHTpOMHS — Mepa OecTopsiiKa CUCTEMBI, 2) sHTpONUS — TEIJIOTa MPOIIECCa;
3) pa3MepHOCTh SHTPOMUHU KI>K/MOIb; 4) pazmepHOCTh dHTporHHU KJ[x/(Monb-K);



5) sHTpOIHS - SKCTCHCUBHAS () YHKIIHS; 6) SHTpOMHS - UHTCHCUBHAS () YHKIIHSL.
3amanua C

C1. Haiinure cOOTBETCTBHE MEXK/TY YaCTHBIMU MMPOU3BOIHBIMU TEPMOIUHAMHYCCKUX (QYHKIIUN U
napaMmeTpamu mporiecca (omeem npedcmasbme 6 8uoe NOCie008amerbHocmu 0yKs, Hanpumep,

ABEI).

W) 2(5) 9G] o)

A)-S;B)S; B)P; T)-P; [T; E)V; X)-V.

C2. Hanumure nocrynatsl || 3akoHa TepMOIMHAMUKY.
C3. Hanmmure ypaBHenue ['m60ca-I"enpmronbIia ajis mporecca.

Bapuant Ne 3
K xa:xxgomy 3aaHMI0 A JaHbI HECKOJbKO OTBETOB, U3 KOTOPBIX TOJBHKO OAUH BEPHBIM.
Bri0epuTe BepHbIii, 10 BameMy MHeHU10, OTBeET.
Al. Kak u3aMeHsieTcs SHTPONHS BEIIECTBA MPH €r0 HArPEBAaHUH IPU MOCTOSHHOM OO0BbeMe MU
HOCTOSIHHOM JlaBJIeHUH?
1) yBenuuuBaercs;  2) yMEHbIIAETCS; 3) He u3MeHsercs;
4) MOXET U3MEHATHCSI HEMOHOTOHHO;
5) Bo3pacTaeT NpONOPLUUOHATIBLHO H3MEHEHUIO TEMIIEPATYPHI.
A2. Vkaxure npaBuwibHyl0 (opmynupoBky: «lIpu mnocrossHHOM o0bemMe U Temrmeparype
CaMOIIPOU3BOJIbHBIE NPOLIECCHI UIIYT B CTOPOHY...»
1) Bo3pactanus sHepruu ['u60ca cucremsr; 2) yobiBaHus sHepruu ['n60ca cucTemsr;
3) Bo3pacTaHusi SHTPOIHUU CUCTEMBIL; 4) Bo3pacTanusi 3Hepruu I'eapMrosibiia CUCTEMBI;
5) yObiBaHust 3HEpruu I'enbMrosbiia CUCTEMBI.
A3. Ilpu kakom mpormecce padoTa, coBepliaeMas CHCTEMOM, OCTHraeT MaKCHUMaJbHOI'O
3HAYEHHUS?
1) npu “30TEPMUUYECKOM; 2) pu HEOOPATUMOM; 3) npu obpaTUMOM;
4) npu annabaTHOM; 5) npu KpyroBom.
A4. YxaxuTe npaBUiIbHyIO GOpMyTy:
1) dG =Vdp+SdT + > udn; ;2) dG=-Vdp+SdT +>_ wdn; ;3) dG=Vdp—SdT + > zdn, ;

1 1

4) dG=—pdV +TdS+ > wdn, ;  5) dG=VdT + pdT - > zdn, .

AS. Vkaxure npaBuIbHY0 popmyny:

1) H=U-PV; 2) H=U+PV; 3) H=U/PV; 4) H=U-PV; 5) H<U+PV.

K kaxnomy 3aganuio B 1aHbl 0TBeThl, U3 KOTOPBIX MOI'YT OBITH BEPHBIMHM HECKOJILKO BapUAaHTOB. BoiOepure
BepHbIe, N0 Bammemy MHeHU10, 0OTBETHI.

B1. CroiictBa sHepruu I'eabmMronbiia KOMIIOHEHTA CUCTEMBI B OOIIEM CTy4yae

1) GyHKLMS COCTOSHUS CUCTEMBI; 2) dyHKuMA npoliecca;

3) sKkcTeHCUBHAs PYHKIINS; 4) naTeHcUBHas QYHKIIHS;

5) ¢ynkuus, paBHas TeIIoTe nporecca;  6) pyHKUUs, paBHas paboTe mpoliecca.

B2. Jlan psax yTBEpKI€HNAN, KACAFOUIUXCS SHTAJIBIIAN. Y KAKUTE, KAKUE U3 HUX - IPABUJIbHBIE.
1) sHTanbmus — Mepa Oecropsiika CUCTEMBI; 2) sHTaNBNHUA — TEIJIOTA MPOIIecca;

3) pa3MepHOCTh SHTANBIUU K/[K/MOIB; 4) pazmepHOCTh dHTaIbINH KJk/(MoIb-K);
5) sHTaIBNUS - SKCTEHCUBHAS QYHKIIHS; 6) PHTANBIUS - UHTEHCUBHAs (QYHKIUS.
3amanua C

C1. Haiiaute cOOTBETCTBHE MEX/ly YACTHBIMU NPOU3BOJAHBIMHU TEPMOJIMHAMUYECKUX (DYHKIUN 1

napamMeTpamMu npounecca (omeem npedcmaebme 6 8“08 nOCﬂedoeameﬂbHocmu 6yK'8, Hanpumep,
ABBI).

2wl 2@ o)l o &)



A)-S;Bb)S; B)P; ID-P; IDT; E)V; X)-V.

C2. [laiiTe ompeneneHuss CaMOINPOU3BOJIBHOTO, HECAMOIPOM3BOJIBHOIO U PABHOBECHOTO
IIPOLIECCOB.

C3. Hanumute GopMyity XMMHUYECKOTO MOTEHIIMANAa KOMIIOHEHTAa MPU MOCTOSSHHOM o0beMe U
TeMIlepaType.

KosiokBuym2: «XuMuuYecKoe paBHOBeCHE.
Bapuant Ne 1

K KaKA0MY 3a/1aHU 10 A AaHbI HECKOJIBKO 0TBE€TOB, U3 KOTOPLIX TOJBKO OIUH Bepl—[];lﬁ. BBIﬁepHTe BeprIﬁ, mno
Bamemy MHeHu10, OTBeET.
Al. Ypauenue uzorepmbl Baut-I'odda ais xummueckoit peakuuu 2ASH3x) = 2ASas) + 3H2(n)

(ra3sl - uacanbHbBIC, TBEPAAS (asza - YHUCTOE BEIIECTBO)
3

P..P P,

1) AG,; = AGY +RT In &Mz . 2) AGp; = AG] +RT In—7=—;

AsH,4 AsH,

0 I::'AsH 0 I:)AZSH

3) AG,; =AG; +RT In —; 4) AG, ; =AG; +RT In—=3=;

AsPHZ H,

2

5) AG,; =AG; +RT In ZP—ASPs ; 6) AGy =AG{ +RT In(P,R, Py, )-

AsH; ' H,

A2. B 130XOpHBIX YCIIOBUSAX TEMIIEpaTypHasi 3aBUCUMOCTb KOHCTAHTbl XUMHUYECKOI'O0 PABHOBECHUS
BbIPAXXaCTCsA ypaBHeHI/IeMZ
In K AH din K AU din K din K
) ANKe A oy dK AU g AN, _AH Ly dNE, AU,
dT RT dT RT dT RT dT RT
5) AG°=-RT K.

A3. Jlis XMMHYECKOH peakiuu B uacaibHON rasoBoit (aze C2Hiw) + H2Ow = C2HsOH
CTAaHJAPTHOE W3MEHEHWE OHHTAJIBIIUU OTPULIATEILHO M cocTaBisger okojo -47xJxk. s
YBEJIMUYEHUS BBIXO0/1a TPOAYKTa HEOOXOIUMO

1) yBeTMUUTH TEMIIEPATYPY U AABICHHE;

2) yBeNUYUTH TEMIIEPATYPy, YMEHBIIUTH JIaBIICHHE;

3) yMEHBIIUTH TEMIIEPATYPY, YBEITUUUTD JaBICHUE;

4) yMEHBIIUTh TEMIEPATYPY U JABICHUE;

5) yBeNUYHTH TOJIBKO TEMIIEPATYPY, T.K. TABICHUE HE BIHMICT HA PABHOBECHBIN BBIXOI;

6) YMEHBIIUTH TOJIBKO TEMIIEPATYPY, T.K. JaBJICHNE HE BIUAET HA PABHOBECHBIN BBIXOT;

7) YBEIMYHUTH TOJIBKO JaBIIEHUE, T.K. TEMIIEpaTypa HE BIUSET HA PABHOBECHBIN BBIXO/I;

8) YMEHBIIIUTH TOJBKO JaBJICHUE, T.K. TEMIIEpaTypa He BIHIET Ha PAaBHOBECHBIN BBIXO/I;

9) TemnepaTypa U JaBJ€HHE HE BIUSIIOT HA PABHOBECHBIN BBIXO/I.

K KakxaomMy 3aJ1aHUIO B AaHbI OTBE€TBI, U3 KOTOPLIX MOIYT ObITh BEPHBIMH HECKOJbKO
BapHaHTOB. BeiGepuTe BepHbIe, 10 BanieMy MHEHHIO, OTBETHI.

B1. Peaknnn, XuMHueckoe paBHOBECHE B KOTOPBIX IPY YBEJIMYEHNH JIABJIICHHS CMELIAETCS BIIPABO
(B CTOPOHY ITPOAYKTOB)

1) Ca(OH)2p-p) + CO2(r) = CaCOs3(rs) + H20 0 2) CaOm) + CO2r) = CaCO3(mm);

3) 2AsH3) = 2AS@s) + 3H2); 4) PB(rs) + PDO2(rm) = 2PDO sy,

5) Sb204(m) + 4C ) = 2Sbrs) + 4CO(r); 6) Siws) + 2L120(m) = SiO2¢m) + 4Li(m).

B2. Peaknuu B umaeanpHOW ra3oBoi (a3e, paBHOBECHE KOTOPBHIX IMPH YMEHBIICHHH OOIIETO
JTaBJICHUS CMEIIAeTCsI BIEBO (B CTOPOHY MCXO/JHBIX BEIIECTB)

1) 2NO2 = 2NO + O2;2) N2 + 3H2 = 2NHj3; 3) Ha + Jo) = 2HJ();

4) 250, + Oz = 2S503;5) CO + H2O() = CO2 + Hy; 6) CHs + H2O() = CO + 3Hy;

7) CHy + CO2 = 2CO + 2Ha.



B3. Peakuuu, XuMHU4ecKkoe paBHOBECHE B KOTOPBIX IPU YBEIMUYEHUM TEMIIEpaTypbl CMELIAETCS
BIIPaBo (B CTOPOHY MPOAYKTOB)

1) CsHg = CaHs + Ha (AH® = 266,06 xIx);

2) 4HCI + Oz = 2Hy0¢) + 2Cl2 (AH® =-119,9 kJTx);

3) 2C2HsOH = CH3COCH3 + 3H + CO (AH® = 141,5 xJTx);
4) CO + 3Hz = CHq + H20( (AH® = -206,13 kIx);

5) CH4 + CO, = 2CO + 2H; (AH® =247 3 kJTx).

3aganusa C

C1. Haiinute COOTBETCTBUE MEKIY XMMHUECKOHN peakluel, NpOTEKAOUIe B UeaIbHOM T'a30BOM
daze, W COOTHOIICHHEM KOHCTAHT paBHOBecHs (omeem npedcmasbme 6  Guode
nocnedosamenvrocmu Oyks, nanpumep, ABHABF)

Ke .oy Ko =K, (RT)?, . K, | Ky .
1) Kp:RT’Z) = K,(RT) ;3) K, =K,RT ; 4) KN:?",S) Kp=P_§,6) Ky =K,P.
A) N2 + 3H2 = 2NHg; b) 2S0; + Oz = 2S0s; B) 2NO2 = 2NO + O..

C2. HanumuTe BBIpaKEHUE CBSI3M TEPMOJMHAMUYECKOW KOHCTaHThI paBHOBecus (K) peaxiun
CaOs)+CO2n=CaCOsas) (K) ¢ koHcTanTamu paBHoBecus (K1 — K3) crieayrommx peaxiiuii:

Ca(n;) +1/202= CaO(m) (Kl),
C(TB, rpagur) 0= COZ(r) (Kz),
Caas) + Can) + 3/202 = CaCOsas) (K3).

Bapuant Ne 2
K xaxxnomy 3aganuio A J1aHbl HECKOJbKO OTBETOB, U3 KOTOPBIX TOJBLKO OJWH BepHbI. BoiOGepuTte BepHbIii, Mo Bamemy
MHEHHIO, OTBET.

Al.B I/1306aprIX YCIOBUAX TEMIIEpATypHAsS 3aBUCUMOCTb KOHCTAHTBI XUMHYCECKOI'O pPaBHOBECUA
BBIPAXKACTCA YPAaBHCHUCM:

dinK din K
1)dIanzAHZ;Z)dInKCZAUZ;3 p:AH2;4) p:Auz;
dT RT dT RT dT RT dT RT
5) AG° =—RT In K,-

A2. JIng xumuueckoil peaknuu B uaeanbHoi razoBoi daze 2NO2 = 2NO + O2 kputepuem
CaMOIIPOU3BOJILHOCTH TIpoliecca pasiokeHust NO2 Mpu MOCTOSHHBIX AaBJICHUHU U TEMIIEpaType
NpY 3aJIaHHBIX MAPLIUATIbHBIX TABICHUSIX PEareHTOB Pj CIyXUT BbIpakeHHe

Po PNZO o PNZO 0 PNZO
1) RTInK, <RT In—2=; 2) RTInK, =RT Ih—2=:3) RTInK, >RT In—=*—;
P
NO, NO, NO,
Pyo Pyo Pyo
4) RTInK, <RT In ——; 5) RTInK, >RT In ————:6) RTInK_  =RT In ——.
O, " NO 0, NO 0, "NO

A3. [l XuMUYeCKOW peaknwu B wmaealbHOM ra3zoBoil (aze COw) + 2H2p) = CH3OH
CTaHJAPTHOE W3MCHECHUE DHTAIBIUKM OTPHUIATEIILHO W COCTaBisieT okoyo -91x/lxk. [ns
YBEIMYEHHUS BBIXO/Ia MPOAYKTa HEOOXOTMMO

1) yBEeIMUUTH TEMIIEPATYPY U JaBIICHHE;

2) yBEJIMYUTH TEMIIEPATYPy, YMEHBIIHUTD AaBIICHHE;

3) YMCHBIIUTH TEMIIEPATYPy, YBEINYHUTh JTaBICHHE;

4) yMEHBIIIUTH TEMIIEPATYPY U JIaBJICHUE;

5) yBENIMYHTD TOJIBKO TEMIIEPATYPY, T.K. TABICHUE HE BIUSCT HA PABHOBECHBIH BBIXOI;

6) YMEHBIIUTH TOJBKO TEMIIEPATYPY, T.K. JaBJICHHUE HE BIMIET Ha PABHOBECHBIN BBIXO/I;

7) YBEIMYHUTD TOJBKO JABJICHUE, T.K. TEMIIEpATypa HE BIUSCT HA PABHOBECHBIN BBIXO/I;

8) YMEHBIIUTH TOJBKO JaBJICHHUE, T.K. TEMIIEpATypa HE BIUSACT HA PABHOBECHBIN BBIXO/T;

9) TeMniepaTypa U JaBJICHHE HE BIUSIOT Ha PABHOBECHBIN BBIXO/I.



K xaxnomy 3aganuio B naHbl 0TBeThbl, U3 KOTOPBIX MOIYT ObITh BEPHBIMH HECKOJIbKO
BapuaHTOB. BoiOepure BepHblie, mo BameMmy MHeHUI0, 0TBETHI.

B1. Peakiuu, XuMrueckoe paBHOBECHE B KOTOPBIX MPU YBEJIIMUECHUU JJABJICHUS CMEILIAETCS BIIEBO
(B CTOPOHY MCXOJIHBIX BEIICCTR)

1) Ca(OH)2¢p-p) + CO2r) = CaCO3(mm) + H20(0); 2) CaOs) + CO2r) = CaCO3w);

3) 2AsH3) = 2AS(m) + 3Haom); 4) Pb(rs) + PbO2(rs) = 2PDO sy,

5) Sb2O4(wm) + 4C ) = 2Sb(s) + 4CO(r); 6) Sis) + 2L120(m) = SiO2¢wm) + 4Li(m).

B2. Peaknuu B umaecanpHOM ra3oBoi (a3e, paBHOBECHE KOTOPBIX NMPU YMEHBIICHUU OOIIEro
JIABJICHUS HE U3MEHSETCSA

1) 2NO2 = 2NO + 02;2) N2 + 3H2 = 2NH3; 3) Ha + Jo() = 2HJ(); 4) 2S02 + O2 = 2S0s;

5) CO + H20() = CO2 + Hz; 6) CH4 + H20() = CO + 3Hz; 7) CHs + CO2 = 2CO + 2Ha.
B3. Peakuuun, xumMuuyeckoe paBHOBECHE B KOTOPBIX MPU YBEIMYEHUU TEMIIEpaTypbl CMELIAETCS
BJIEBO (B CTOPOHY MCXO/HBIX BEIIECTB) (peakiy MPOTEKAIOT B UCATbHON Ta30BoM (aze)

1) C3Hs = CsHg + Hz (AH® =266,06 k/[x);

2) 4HCI + Oz = 2H,0¢) + 2Cl2 (AH® =-119,9 kJTx);

3) 2C2HsOH = CH3COCH3 + 3H + CO (AH® = 141,5 x[Ix);
4) CO + 3H2 = CH4 + H20¢) (AH® =-206,13 kJIx);

5) CH4 + CO2 = 2CO + 2H2 (AH® =247 3 k]Ix).
3apanus C
C1. Haiigute cooTBeTCTBHE MEXKIYy Ha3BaHHEeM (YHKIMH U e€ popmyIoi (omeem npedcmasbme

6 sude nociredosamenvHocmu Oyks, Hanpumep, ABEBA).

1) dinK. _ AU . A) ypaBuenue [Inanka;

dT  RT?
9 Sofe -2 B) ypasnenne n3o6apsi Bant-Todda;
3) d |2F|‘)<N _ % : B) ypaBuenue nzoxopsl Bant-T'odda.
P RT

5 InK, =—%(%)+const.

C2. Brruncaure craHIapTHOE M3MEHEHHME SHTponuu npu Temneparype 298 K B xumnueckoi
peakin CaCzae) + 2H200k) = Ca(OH)2as) + C2H2(r) M0 mpuBeieHHBIM B TaOIHIIE 3HAUCHHSM
CTaHJApTHON HTPONUH BELIECTB MU JaHHOU Temmeparype. OTBet Bbipazute B J[x/K.

BemectBo CaCom) H2O 0 Ca(OH)2r) CoHo
Soos 70 70 83 201

JIx/(monb-K)

Bapuanrt Ne 3
K KaxKaA0MYy 3aJaHUIO A JAaHbl HECKOJbKO 0TBETOB, U3 KOTOPbLIX TOJbBKO OAUH BepHLlf/i. Bblﬁepl/ITe Beprlﬁ, nmo Bamemy
MHCHHUIO, OTBET.
Al. Beibepure npaByro yacTh ypaBHEHUS TEMIIEPATYPHOU 3aBUCUMOCTH KOHCTAHThI XUMHUYECKOTO

K
o T.
paBHOBECHSI, COOTBETCTBYIOIILYIO JIeBOM yacTu In —PE) -

p(Ty)



AH AH( 1 1 AH AH AH(1 1
A AL L A A AL 1 ) AT
T R\T, T, RT RT R\7T, T, TAV
A2. JIng XUMHYECKOW peakiuu B HaeanbHOi razoBoi (aze 2503 = 2SOz + O2 kputepuem
CaMOIPOU3BOJIBHOCTH ITpoliecca pasnioxeHus SO3 Mpy NOCTOSIHHBIX JABICHUU U TEMIIepaType u

IIPpU 3aJaHHbIX MapUHUAJIbHBIX JaBJICHUAX PCArCHTOB Pj CJIYKUT BBIPpAXKCHUC
2 2 2

1) RTINK, <RT I —2:2%:2) RT InK, =RT I —°%:3) RT I K, > RT I 2% ;
R P

S0, S0, S0,

4) RTIn K, <RT In —=— o, ;5) RTInK, >RT In —=— o, ,6) RTInK, =RT In —=—
0, ''so, 0, "'so, 0, "'so,
A3. Jlns XuMHUYecKoW peakunuu B wjaeanbHOW razoBoil ¢dasze CO2 + 4H2 = CHa + 2H20()
CTaH/IAPTHOE€ HM3MEHEHHME OHHTAJIBIMU OTPULATEIBHO M cOocTaBisieT okoyno -165k k. s
YBEJIUYCHUS BbIXOJ]a METaHa HEOOXO0IUMO
1) yBenmu4HUTh TEMIIEPATYpPy U JIaBJICHHE;
2) yBETUYHUTH TEMIIEPATYPY, YMEHBIIUTH JaBJICHUE;
3) yMEHBIIUTH TEMIIEPATYPY, YBEITUYUTD JaBICHUE;
4) yMEHBIINUTD TEMIEPATYPY U JABIECHUE;
5) yBenUYHUTH TOJIKO TEMIIEPATYypy, T.K. 1aBIICHUE HE BIUSET HA PABHOBECHBIN BBIXO/I;
6) YMEHBIIUTH TOJILKO TEMIIEPATypPy, T.K. IaBJIICHUE HE BIUACT HA PABHOBECHBIN BBIXO/I;
7) YyBEIUYHTD TOJIBKO JAaBJICHUE, T.K. TEMIIEpAaTypa HE BIMSIET Ha PABHOBECHBIN BBIXO/I;
8) YMEHBIIHUTH TOJIBKO JaBJICHHUE, T.K. TEMIIEpATypa HE BIMUSIET HA PABHOBECHBIN BBIXO/I;
9) TemnepaTypa ¥ JaBJiCHHE HE BIUSIIOT HA PABHOBECHBIN BBIXO/I.

K kaxnomy 3aganuio B 1aHbl 0TBeTbI, U3 KOTOPBIX MOI'YT ObITH BePHBIMHM HECKOJILKO BapuaHTOB. BoiGepure
BepHbIe, M0 BammeMy MHeHHI0, OTBEThI.

B1. Peakuuu, XuMH4YeCKOE paBHOBECHE B KOTOPBIX HE CMEIIACTCS TIPU YBEIHMUCHHUH JaBIICHHS

1) Ca(OH)2¢p-p) + CO2(r) = CaCO3rw) + H20x); 2) CaOs) + CO2r) = CaCOs3(rs);

3) 2AsH3) = 2AS@s) + 3H2); 4) Pb(s) + PbO2(1s) = 2PDO 1),

5) Sb204(rs) + 4Crw) = 2Sb(m) + 4CO); 6) Si(m) + 2Li120(m) = SiO2¢ws) + 4Li(rs).

B2. Peaknuu B umaeanpHOM ra3oBod (a3e, paBHOBECHE KOTOPBHIX IMPHU YMEHBIICHHH OOIIETO
JABJICHUS CMEIIaeTcs BIPaBo (B CTOPOHY MPOAYKTOB)

1) 2NO2 = 2NO + O2;2) N2 + 3H2 = 2NHs3; 3) Ho + Jo) = 2HJ(); 4) 2SO2 + O, = 2S03;

5) CO + H20() = CO2 + Hy; 6) CH4 + H2O() = CO + 3Hy; 7) CH4 + CO2 = 2CO + 2H..
B3. Peakiun, XuMHYECKOE paBHOBECHE B KOTOPBIX NIPU YMEHBIIEHUH TEMIIEPAaTyphl CMEIIAeTCs
BJIEBO (B CTOPOHY MCXO/HBIX BEIIECTB) (peakiy MPOTEKAIOT B UeabHON ra30Boi (asze)

1) CsHg = CsHg + Hz (AH® = 266,06 x/1x);

2) 4HCI + O = 2H,0¢) + 2Cl2 (AH® =-119,9 kJTx);

3) 2C2HsOH = CH3COCH3 + 3Hz + CO (AH® = 141,5 xJIx);

4) CO + 3H2 = CHq + H20¢) (AH® =-206,13 x/Ix);

5) CH4 + CO2 = 2CO + 2H2 (AH® =247 3 k]Ix).

3amanua C

C1. JJana peakmuss CO2 + 4H2 = CH4 + 2H20). Brauasie Obut0 B35ATO 1O 1 MOJIO KaK7I0TO
BEIIECTBA. 3aTeM IO peakiuu npopearupoBasio X Moineil CO2 10 yCTaHOBJIEHUS PaBHOBECHUs
peakmmu. Haliiure coOTBETCTBHE MEX /Ty PAaBHOBECHBIMHU YHCIIAMH MOJIEH KOMITOHEHTOB PEaKIHN
(omeem npedcmasvme 6 sude nociedosamenvrHocmu Oyks, hanpumep, ABBA).

1) COy; 2) Hz; 3) CHs; 4) H20¢;

A)X; B)1-x; B) 1+x; I') 1-4x; ) 1+2x; E) 1-2x; K) 2x.

C2. Haiinute cBsI3b M@Ky KOHCTAHTAMH PaBHOBECHS CJICTYIONINX PEAKITU:

Sar) + 3/202¢) = SOs() ( K; );

S(TB) + OZ(r) = SOZ(T) ( K; )’



SOz + 1/202¢) = SO3() ( Kz ).

Tema 2.
«Tepmonnnamuka ¢a3oBOro paBHOBeCHUs
KouanoxkBuywm 3: «IlpaBuiio ¢a3 I'n60ca. O1HOKOMIIOHEHTHBIE CUCTEMbI»
Bapuant Ne 1
K KaKA0MY 3a1aHU10 A AaHbI HECKOJIBKO O0TBE€TOB, U3 KOTOPLIX TOJILKO OIUH BeprIﬁ. Bblﬁepl/lTe Bep]—lblﬁ, mo
BameMy MHCHHUIO, OTBECT.
Al. Ywucino cremeHei cBoOOABI (BapHAaHTHOCTh COCTOSIHUA) CHCTEMBI, cocrosmeil n3 K
KOMIOHEHTOB U @ (a3, Ha KOTOPYIO U3 BHEIIHUX YCIOBUW BIHSIOT TOJBKO JABICHHEC U
TeMIeparypa:
1) K+®d+2; 2) ®-K+2;  3) K-®-2; 4) K-0+2;  5)K+®d-2;  6) D-K-2.
A2. Yucno da3 B paaoBecHoi cucteme NH4Clx) = NHaw) + HCl:
1)1, 2)2; 3) 3; 4) 4.
A3. Haubonbiiee yucio pa3iuuHbIX (a3, KOTOPhIE MOTYT COCYIIECTBOBaTh B PAaBHOBECHH B
JIBYXKOMIIOHEHTHOM IreTEpPOreHHO CUCTeME, Ha KOTOPYIO M3 BHEIIHUX YCJIOBUU BIUSET TOJIBKO
TeMmreparypa (1aBlieHue MOCTOSIHHO)?
1)1; 2)2; 3)3; 4) 4.
A4. BeiOepure mMpaByl YacTh YpPaBHEHHUsS, OMMCHIBAIONICTO XOJ JIMHUW MOHOBApHUAHTHOTO
paBHOBecuss Ha P-T-muarpamme cocTOSHUSI JUIsi OJHOKOMIIOHEHTHOW IBYX(a3HON CHUCTEMBI,
COOTBETCTBYIOINYIO JieBor yactu dP/dT=
1)£; 2)£(i—ij; 3)£; 4) AHZ ; S)EKL—AJ; 6)£-
T R\T, T, RT RT R\7, T, TAV

AS. Jlnarpamma COCTOSIHUSI CEPBI.




B coorBerctBHM ¢ (azoBoi auarpaMmoit
cepbl pu MTOBBIIIECHUHU JIaBJICHUS
151°C TEeMIIEpaTypa IUIABJICHUS POMOMYECKOHN Cepbl
1288 a™™ 1) yBennuuBaercs;
2) yMeHbILIAeTCH;
K 3) He U3MEHsIeTCS;
4) wu3MeHsieTcs pa3IM4yHBIM 00pa3oM B
3aBHCHUMOCTH OT JIaBJICHUS.

T

K kaxnomy 3aganuio B 1aHbl 0TBeTbl, U3 KOTOPBIX MOI'YT ObITh BEPHBIMH HECKOJIbKO BApUAHTOB. BoiOepure
BepHEIe, M0 BameMy MHeHHI0, OTBETHI.

B1. Haxomsimasicst B cocrostauu paBHoBecus cucreMa NHaHCO3u) = NH3) + CO2y +H20¢x)
1) romoreHHas; 2) reTeporeHHasi; 3) onHodasHas; 4) nByxa3nasi;
5) Tpexdaznas; 6) ueThipexdaszHasi.

B2. Haxomsimasicst B coctosiauu paBHOBecus cuctema 2SO0z + Oz = 2SO3(r)

1) romoreHHas; 2) reTeporeHHasi; 3) onHodasHas; 4) nByxa3nasi;
5) tpexdaznas; 6) geTsIipexdazHasi.

B3. Haxoasiasics B coctossuuu paBaoBecusi cucrema PClsexy = PCl3r + Cla

1) romoreHHas; 2) rereporeHHasi; 3) ogHOdazHas; 4) nByx(¢a3nasi;
5) TpexdasHnas; 6) ueThipexdazHasi.

3aganus C

Cl. T'omoreHHass yacTb T€TEpPOT€HHOW CHUCTeMbl, OOIajaroIias OIpeaesieHHbIM HabopoM
(GU3NUECKUX M XMMHYECKMX CBONCTB W OTIEJNEHHas OT JAPYrux (a3 MOBEpPXHOCTHIO paserna
Ha3bIBACTCH. ..... (6cmasbme nponywieHHoe clo8o).

C2. Yucno mapamMeTpoB paBHOBECHOW TEPMOAMHAMHUYECKOW CHCTEMBI (HAlpUMep, TeMIIeparypa,
JlaBJIeHUE, KOHIEHTpalus Ui MHOTOKOMIIOHEHTHON CHUCTEMBI), KOTOPbIE MOXXHO IMPOM3BOJIBHO
MEHSTh 03 H3MEHEHUS Juciia v Buja (a3, Ha3pIBaeTCs ......... (6cmasvme nponyweHHoe cio6o).
C3. JluarpaMma COCTOSIHUSI BOJbI IIPU HEBBICOKUX JaBieHUsAX. Haliiure coOTBETCTBHE MEXKAY
o0o3HaueHneM ob6sacTeil U TOYEK JAMarpaMMbl U PaBHOBECHBIM COCTOSTHHEM CHUCTEMBI (omeem
npedcmasbme 6 sude nociedosamenvhocmu 6yke, nanpumep, ABB).

[3 [+

5740
218 ames

1)

2) 001 °C

3) A 58 ram proT 3
4)




C4. Jlmarpamma cocTostHUS cepbl. HaliguTe cOOTBETCTBHE MEXKTy 0003HAYECHUEM KPUBBIX U
PaBHOBECHBIM COCTOSTHHEM CUCTEMBI (omeem npedcmagvbme 6 uoe nocied08amenbHoCmu 6yKa,
nanpumep, ABP).

P 1) AE; A) paBHOBecHe KUIKOCTH U T1apa;
2) BD; b) paBHOBECHE poMOHnUecKoi
TBEPAOU CEpbl U MOHOKJIMHHOM;
12;:?—,7.“ 3) CK; 13) paBHOBECHE  MOHOKJIMHHOM
TBEPAOH Cepbl U KHUAKOCTH;
4) AB; I paBHOBeECHE MOHOKJIMHHOU
K TBEPOH Cephl U Mapa;
5) BC; 1) paBHOBECHE poMOuYecKoii
TBEPOH Cephl U Mapa;
6) AC; E) paBHOBecCHE poMOuYecKoii
TBEPAOH Cepbl U KUAKOCTH.

C5. CKOJBbKO TPOHHBIX TOYEK Ha UArpaMMe COCTOSIHUSL Cephl (omeem Hanuwume Yuciom u
obo3naubme pasrnogectule ¢hasw). UT0 Takoe METaCTaOMIBLHOE COCTOSHUE (Oatime onpedenenue).

Bapunant Ne 2

K xaxiaomy 3aaHui0 A JaHbl HECKOJbKO OTBETOB, M3 KOTOPBIX TOJbLKO OJIWH BEPHBIN.
Bri0epuTe BepHblii, 10 BameMy MHeHU10, OTBeET.

Al. Yucno creneHeil cBOOOIBI (BapUaHTHOCTh COCTOSHUSI) CHUCTeMbI, coctosimed u3 K
KOMIOHEHTOB M @ (a3, HA KOTOPYIO M3 BHCIIHUX YCJIOBHU BIHUSIOT TOJILKO TeMIIeparypa
(1aBJICHHE ITOCTOSHHO)

1) K+®d+1; 4) D-K+1;  2) K-®-1; 5) K-®o+1;  3)K+d-1;  6) D-K-1.

A2. Yucno da3 B paBHoBecHOI cucteme NH4HCO3x) = NH3@r) + CO2¢r) +H20):

1)1; 2)2; 3)3; 4) 4.

A3. HauGonpiiee 4uciio pa3iuvHbIX (a3, KOTOpPbIE MOTYT COCYIIECTBOBAThH B PAaBHOBECHU B
JIBYXKOMITOHEHTHOW FeTePOreHHOM CHCTEME, Ha KOTOPYIO U3 BHEIIHHUX YCIOBUI BIHSIOT TOJBKO
TeMIIepaTypa 1 JTaBJICHUE

1)1; 2)2; 3)3; 4) 4.

A4. BeiOepuTe NMpaByIo YacTh YPAaBHEHHS TEMIIEPATYPHOU 3aBUCUMOCTH JaBJICHHS HACBHIIIICHHOTO
napa, COOTBETCTBYIOIIYIO JieBo# yactu In(P2/P1) =

AH AH
D—; L2 927, 4)
T R\7, T, RT

AH AH(1 1) AH
2 1 5 y 6) .
RT RI7, T, TAV

)_ = _ =

AS. I[I/Ial" paMMa COCTOSIHUA BOABI IIPHU HCBBICOKHUX JABJIICHUAX

874°C
218 At

0.01°C
A 58 am pToT 3




B cootBercTBUM ¢ (a30BOil nuarpaMMoil BOJbI IPY MOBBIIICHUH JABJICHUS TEMIIEpaTypa IJIaBJICHUS
Ipaa

1) yBennumuBaercs;

2) yMEHbIIIaeTCs;

3) He U3MeHseTCs;

4) u3MeHsieTcs pa3IMyHbIM 00pa30M B 3aBUCUMOCTHU OT JJaBJICHHUSL.

K ka:xxgomy 3axanuio B 1anbl 0TBeThI, U3 KOTOPBIX MOT'YT OBITh BEPHBIMHU HECKOJILKO BapHaHTOB. BoiOepuTe BepHblIe,
no Bamemy MHeHH10, OTBETHI.

B1. Haxonsmasicst B COCTOSSHUM PaBHOBECHSI CUCTEMA
4Ca)+10HNO3) = 4Ca(NO3)2@x) + N2O) + 5H20 )

1) romorenHas; 2) rereporeHHas; 3) onHOda3zHasi; 4) nByx(aznas;

5) TpexdazHasi; 6) ueThipexdaszHasi.

B2. Haxonmsmasicst B cocrossHuu paBHOoBecus cucreMa SOz + NaOHex = NaHSOzx)
1) romoreHHas; 2) reTeporeHHas; 3) onHodasHas; 4) nByxdaznas;

5) Tpexdasnas; 6) deTbipexdazHasi.

B3. Haxopsimasicst B cocrostuuu paBaoBecust cucrema Clzay + Hagy = 2HCl

1) romorenHas; 2) rereporeHHas; 3) onHOa3zHasi; 4) nByx(aznas;

5) TpexdazHasi; 6) yeThipexdasHas.

3aganus C

C1. YacTb TepMOJMHAMUYECKON CUCTEMBI, KOTOPasi MOXKET OBITh BBIJIC/ICHA U3 HEE M CYIIICCTBOBATh BHE
3TON CHCTEMBI, Ha3bIBACTCA. ...... .. (6cmasvme nponyweHHoe cl08o).

C2. TepmoauHaMuyeckass CUCTEMa, B KOTOPOM YHCIIO CTENEHEeH CBOOOJbI paBHO HYINIO, Ha3bIBACTCS
.......... (6cmasbme nponyujeHHoe cio8o).

C3. lnarpamma cOCTOSIHUS BOJIbI ITPU HEBBICOKMX JaBleHUAX. Haliaure cooTBETCTBHE MEXKITY
0003HaYeHHEM KPHBBIX U TOUEK JHAarpaMMbl U pABHOBECHBIM COCTOSIHUEM CHUCTEMEBI (omeem
npedcmasvme 6 sude nociedosamenvhocmu 0yke, nanpumep, ABD).

P 1]

a7a°c
218 e

0.01°C
458 ram proT 3

T

1) AD; A) paBHOBecHe KUAKOCTD - TIap;
2) AB;  B) paBHOBecHe JIe]I - )KUAKOCTD;
3) AC; B) paBHOBecwue neq - map;

4)T. A; T') kputnyeckas TOUKa;

5)T.B; ]l) TpoiiHas TouKa.

C4. [lnarpamma coctostHus cepbl. HaliiuTe COOTBETCTBUE MEXK 1Y 0003HAYCHUEM TOYEK U HO-MEpaMu
obnacTeil 1 paBHOBECHBIM COCTOSTHHEM CUCTEMBI (0meem npedcmasbme 8 8uoe nocie-008amenbHoCmu
oyke, nanpumep, ABD).



1581°C
1288 aT™

1). 95.5°C

2) .

3) 3; B) cepa tBepnas p0M6TI/IquKa;I;
4) 4, I') cepa TBepasi MOHOKIIMHHAS,
5)1.B; J1) KpuTHYecKas TOUKa;

6) T.A; E) tpoiinas Touka.

7 1.C;

8) T.K.

C5. Hanummre, 4TO XapakTepuU3yeT TpOWHAs TOYKa Ha JuarpaMme cocTosHUs. UTo o3HayaeT
MOHOBapHUaHTHOCTb CUCTEMbI?

Tema 3 «Xumuueckasi KHHETHKA U KaTAJIH3»
KOJ’IJ’IOKBI/IyM 4: «(I)OpMa.]'[I)Haﬂ KHHETHKA»
Bapuanrt Ne 1
K kaxaomy 3agaHuI0 A JaHBI HEeCKOJIbKO OTBETOB, H3 KOTOPBIX TOJbKO OAUH BepHblii. Bbi0epure BepHbIi, N0
Bamemy MHeHu10, OTBeET.

Al. Ykaxwure onpeieieHine CKOPOCTH TOMOTeHHOM peakiuu aA + bB — cC.

1) w=kC,Cs; 2)W=dCA; 3)W:—dCA; 4)wz_1dCA;
4 dr a dr
5) W=deA dCg .
dr dr
A2. VKaxuTe pa3MepHOCTb CKOPOCTH PEaKIHH, TIOPs/IOK KOTOPOit paBeH N=1.
U MOTb Mo Mo’ 1

1) , 2) ) —; 4 5) =,

MOTb - ¢ n-c e 2 .c c

A3. TlopsinkoM peakuy Ha3bIBAETCS
1) KOIMYECTBO Pa3IMYHBIX BHIOB YACTHIl HCXOHBIX BEIICCTB;
2) KOJMYECTBO PA3IMYHBIX BHOB YACTHIl HCXOIHBIX BEIICCTB U IPOIYKTOB,;
3) KOJMYECTBO YACTHUI] UCXOJHBIX BEIIECTB, B3aUMOJICUCTBYIOIIUX B OJHOM 3JIEMEHTAPHOM aKTe

IIPEBPALICHMUS;
4) KOJMYECTBO YACTHIl, B3aUMOJICUCTBYIOIIUX U OOPA3yIOUIMXCS B OJHOM JJIEMEHTApHOM aKTe
IIPEBPALICHMUS;
5) mokasaTenb CTENEHM NPU KOHIEHTpAIMH B IUPPEpeHIUATBHON (OopMe KHHETHYECKOTO
YPaBHEHUS;

6) moka3aTenb CTENEHH MPU KOHICHTPAI[MHA B MHTETPAITbHON (POpPME KHHETHYECKOTO YPaBHEHHUSI.

A4. Ot yero 3aBUCUT KOHCTaHTa CKOPOCTH PEAKIIUN?
1) oT npuUpOBI BEIIECTB U TEMIIEPATYPHI;
2) TOJBKO OT MPHPO/IBI BEIIECTRA,
3) TOJBKO OT TEMIIEpPaTyphI,



4) oT TeMIepaTyphl U BPEMEHH;

5) oT Temmeparypbl U KOHIICHTPAIIUH PEarupyroIInX BEIIeCTB.
AS5. B Kakux KOOpAMHATaX CJIeAyeT CIPSAMIIATH 3aBUCUMOCTh Ca(T), 4TOOBI yOCAUTHCS, YTO PEaKIus
aA+bB—cC wumeer TpeTI/Iﬁ IOPAIOK, €CJIM HCXOAHBIC BEIICCTBA B3ATbhl B CTCXHOMETPHUYCCKOM
COOTHOILUEHUU?
1) x=1, y=Ca; 2) X=r1, y=1/CAx; 3) X=t1, y=InCa; 4) x=Int, y=InCa; 5) x=1, y=1/
C.
K kaxnomy 3aganuio B 1aHbl 0TBETHI, U3 KOTOPBIX MOTYT OBITh BePHBIMU HECKOJIbKO BApHAHTOB. BriGepuTe BepHbIe,
no Bamemy MHeHHI0, OTBETHI.
B1. Huxe npuBeneHsl 31€MEHTapHbIE OJHOCTOPOHHUE PEAKLUH, MPOTEKAIOIIME B OJHY CTaJuIo.
Br16epuTe MOHOMOJICKYIISIPHBIC PEAKIIAH.
1) A+B—D; 2)2A—-D; 3)A->B+D; 4)A—-D; 5)2A+B—D; 6) A+B—D+E.

B2. Kakue ypaBHEHUSsI IPUMEHUMBI JIJIS1 pacdeTa KOHCTAHThl CKOPOCTH peaKuu BTOPOTo Mmopsiaka?

1, C 1 1 1 (C&—x)C;
D k==In=2; 2)k==(C,-C): 3) k== In :
Jk=2he VK=ol K= or M er ych
pr-L{L L) gy ifi L),

2r\C? r\C C,

B3. B kakux ciry4yasix MOJEKYISPHOCTb U MOPSIOK PEAKIIMH HE COBIAIAOT?
1) niIst IPOCTBIX peaKuii
2) IS CIIOKHBIX PEAKIIHiA;
3) JUIg TOMOTCHHBIX PEaKIIHii;
4) U1 TeTepOTreHHBIX PEaKIlnii;
5) Juig peakiuid, rae pearupyrome BEIIeCTBA B3AThI B CTEXHOMETPUIECKOM COOTHOIICHHUH;
6) ms peakuuii ¢ K30BITKOM OJJHOTO U3 PEArnPYIONIUX BEIICCTB.
3aganus C
Cl. Haiinure COOTBETCTBHE MEXIy TMOPSAKOM peakuuu U (GopMynod [Uisi pacdyera BpeMEHU
MoJTIyTIpeBpalieHus (omeem npedcmasvme 6 sude nociedosamenvHocmu Oyke, nanpumep, ABBI).
1) n=1; 2) n=0; 3) n=3; 4) n=2.
In2 Co .

1
A) Ty, =——; B) 7y, =—; B)TI/ZZ

_1 F =
K ke, 2k ) P

2ke?

C2. HaiiguTe COOTBETCTBUE MEXKAY MOPSAKOM PEAKIIUHN U Pa3MEPHOCTHIO KOHCTAaHTBI CKOPOCTH (0omeem
npedcmasbme 8 sude nociedosamenvhocmu 6yke, nanpumep, ABBI]]).

1) n=1; A) MOb :
Jq-C
jl2
2) n=2; B) ———;
MOJb - C
ﬂl/z
3) n=0; B) ———:
MOJlb *C
Jl
4) n=3; ) ———;
MOJIb - C
1
5) n=1/2; n) —.
C

C3. Jligs XuMUYECKON PEaKIINY MOY4eHbl KHHETHYECKUE TAHHBIE:

T, MUH 0 5 10 15 20 25
C, moms/n | 0,500 0,413 0,359 0,323 0,295 0,274




Omnpenenure NOPAIOK peaklUd METOIOM MOJCTAHOBKH (OTBET HAIIUIIUTE YHCIIOM).

C4. PacnonoxxuTe OJHOCTOPOHHHE PEaKIUH, XapaKTepu3ymluecs rpapukaMu 3aBUCHMOCTH
jorapu@ma KOHIEHTpalUU OT BpeMeHU (MuHUU 1 — 4) B MOpsiike BO3pacTaHUsi KOHCTAHTBI CKOPOCTH.
(OTBeT HanUIIUTE TOCIEA0BATEIIBHOCTHIO YU CE).

ncC

BapuanT Ne 2
K kaxaomy 3agaHuI0 A JaHBI HECKOJIbKO OTBETOB, U3 KOTOPBIX TOJbKO OAUH BepHblii. Bbi0epure BepHbIi, 1O
Bamemy MHeHu10, OTBeET.

Al. Ilpu xakux ycaoBHSIX KMHETHKY XUMU4yeckoi peakuuu A+2B—C M0OXHO onucaTh KHHETUYECKUM
ypasuennem tuna W = KC,*Cg? 2

1) mpu BBICOKHX TeMIIepaTypax;

2) BAAIH OT COCTOSIHUSI PAaBHOBECHS;

3) Bcerpa;

4) HUKOT[A;

5) BOIM3H COCTOSIHHS PABHOBECHS.
A2. YxkaxuTe pa3MepHOCTb CKOPOCTH PEaKIUH, MOPSI0K KOTOPOil paBeH N=2.

1/2 2

1) g g rom L gy don g L

MOJIb - C 1-c b/ Y a1 -c ¢
A3. MonekynsipHOCTBIO PEaKIIui Ha3bIBACTCS

1)KOIMYIECTBO PA3IMYHBIX BUIOB YACTHUIl HCXOAHBIX BELICCTB;

2)KOJIMYECTBO PA3IMYHBIX BUOB YACTHUI] UCXOIHBIX BEIIECTB M MPOJTYKTOB;

3)KOMMYECTBO YACTHI[ MCXOAHBIX BEIIECTB, B3aUMOJCHCTBYIONIMX B OJHOM 3JEMCHTAPHOM aKTe

7 MOTb

MIpEBPALICHHUS;
4)KONTMYECTBO YAaCTHUIl, B3aUMOJCHCTBYIOLUIMX M OOpPA3yIOIIMXCS B OJIHOM DICMEHTApHOM aKTe
MIPEBPALICHMUS;
5)nokaszarenp CTENEHH MPU KOHIEHTpauuu B auddepeHnnanbHoi (opMe KHHETHYECKOTO
YpaBHEHUS,

6)noka3zarelnp CTeNeH! MPHU KOHIICHTPALUH B HHTETPATbHON (opMe KHHETUYECKOTO yPABHEHUSI.
A4. Ot 4ero He 3aBUCUT KOHCTaHTa CKOPOCTH peakiuu’?
1) oT npUPOIBI BEIIECTB U TEMIICPATYPHI;
2) TOJBKO OT MPUPOJIBI BEIIECTBA;
3) TOJNBKO OT TEMIIEPATYPHI;
4) ot TeMmeparypbl U BpEMEHH;
5) OT BpeMEHU M KOHLEHTPAIUH PEarnPYIOIINX BEIIECTB.

A5. B kakux KOOpAWHATaX CIIAYeT CIpSIMIISTh 3aBUCUMOCTh Ca(T), YTOOBI yOSTUTHCS, YTO peaKIlus
aA+tbB—cC wuMeeT BTOpPOH MOPSAOK, €CIM HCXOJHBIC BEIIECTBA B3STHI B CTEXHOMETPUUYCCKOM
COOTHOIIIEHUN?

1) x=r1, y=Ca; 2) X=r1, y=1/Chx; 3) x=1, y=InCax;

4) x=Int, y=InCa;  5) x=1, y=1/C;.

K kaxnomy 3agannio B 1aHbl 0TBeThI, H3 KOTOPBIX MOTYT ObITh BEPHBIMH HECKOJIbKO BADUAHTOB. BeiOepuTe BepHbIe,
o BameMy MHEHHUI0, 0TBETHI.



B1l. Hwwke mpuBeIeHBI 3JIEMEHTapHbIC OJHOCTOPOHHHE pEAaKIHMH, MPOTEKAIONIME B OJHY CTaJaHIO.
BriGepure OuMomeKyIsIpHbIE PEaKLIUu.
1) A+B—D; 2)2A—-D; 3)A->B+D; 4)A—-D; 5)2A+B—D; 6) A+B—D+E.

B2. Kakue ypaBHEeHHSI TPUMEHHUMBI JIJISI pACUE€TOB KUHETHUKH PEAKIIUA TIEPBOIo mopsaka’?

1) k=1ne; ) k=1(c,-C): 3 kr=hC,-InC:4) nc=""C.
r C T z'
1(1 1 11 1

sy k=t L 1] gr2ifi_1)

) 2r£c2 cg} ) r(c Coj

B3. B kakux ciaydasx MOJICKYJISIPHOCTD U MOPSAIOK PEaKIMU COBNAIAIOT?
1) s IpOCTBIX peakiuit
2) IS CIIOKHBIX PEAKIIHii;
3) JUIg TOMOT'CHHBIX PEaKIIuii;
4) U1 TeTepOTreHHBIX PEaKIInii;
5) Ui peakiuid, rae pearupyroiie BEIIeCTBA B3AThI B CTEXHOMETPUICCKOM COOTHOIICHHH;
6) mus peakuuii ¢ K30BITKOM OJJHOTO U3 PEArnPYIONIUX BEIICCTB.
3aganus C
Cl. Haiinure COOTBETCTBHE MEXIy MOPSAKOM peakuuu u (GopMmysnod [Uisi pacyera BpEeMEHU
MOJIyTIIpeBpalleHus (omeem npedcmasvme 6 sude nociedosamenvHocmu Oyks, nanpumep, ABBI).

1) n=1; 2) n=0; 3) n=3; 4) n=2.

c In2
A)Tyzzi;ls) Ty = B) 7y, = ——; ) 7y, =

1.
- —.
ke, k 2kc,

C2. HaiimuTe COOTBETCTBUE MEXTY TIOPSIIKOM PEAKIIH M Pa3MEPHOCTHIO0 KOHCTAHTBI CKOPOCTH (omeem
npeocmaesbme 6 sude nociedosamenvhocmu 6yke, nanpumep, ABBI]]).

1) n=0: A) MOJb ;
Jq-C
]12
2) n=2; b) ———;
MOJb - C
jZl/2
3) n=1; B —;
) ) .MOJZbl/2 - C
4) n=1/2; N ———;
MOJIb - C
1
5) n=3; 1) —.
C
C3. Jlna XuMUYECKON peakiiiy MOJTYYEHBI CISAYIONINE KHHETUYECKHE TAHHBIE!
Co, Mob/n 0,5 0,7 0,9 1,2
T1/2, MHH 50,00 25,52 15,43 8,68

Omnpenenute NOPSIOK peakiuy (OTBET HAMUIIUTE YUCIIOM).

C4. PacnonoxuTe OJHOCTOPOHHUE pEaKLMH, XapaKTepusyroluecs TrpadukaMyd 3aBUCUMOCTU
norapudpmMa KOHIIEHTPALMK OT BpeMeHM (JUHUU 1 — 4) B mopsiake yObIBaHUS KOHCTAHTBI CKOPOCTH.
(OTBeT HaNUIIUTE MOCIIEA0BATEIBHOCTBIO YUCE).



ncC
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Bapuant Ne 3
K kaxxaomy 3a1aHMI0 A JaHbI HECKOJIbKO OTBETOB, U3 KOTOPBIX TOJbKO OJMH BepHblil. BbiOepure BepHbIil, 10O
Bamemy MHeHu10, OTBeT.

Al. Ykaxwure onpeieieHiHe CKOPOCTH TOMOTeHHOM peakiuu aA + bB — cC.

dC dC dC
1) w=kC,Cs; 2) w=—" 3 w=——"2 gy w=-1%n.
dr dr a dr
5) w=k dC, dC, -
dr dr
A2. YKakuTe pa3MEPHOCTh CKOPOCTH PEAKIIUH, IIOPSAI0K KOTOPOii paBeH N=3.
1/2 2
7 MOJIb MO MOJIb 1
1) , 2) ;3 —,— 4 ——; 5 -.
MOTb - C a-c at?.e 2% c

A3. TlopsiikoM peakiiy Ha3bIBAETCS
1) KOIMYECTBO PA3IMUYHBIX BHIOB YaCTHIl HCXOHBIX BEIIECTB;
2) KOJHMYECTBO Pa3IMYHBIX BUOB YaCTHUI] HCXOHBIX BEIICCTB U MTPOAYKTOB;
3) KOJMYECTBO YACTHIl MCXOTHBIX BEIECTB, B3aMMOICHCTBYIONIMX B OJHOM 3JICMEHTAPHOM aKTe

MIPEBPALICHMUS;
4) KOJMYECTBO YACTHII, B3aUMOJCHCTBYIOIMX U OOPa3yOIIMXCS B OJAHOM DIIEMEHTAPHOM aKTe
MIpEBPALICHMUS;
5) moka3zarenb CTENEHH NPH KOHIEHTpauuu B IupdepeHIHanbHOil (opMe KHHETHYECKOTO
YpaBHEHUS,

6) moka3aTenb CTEMEHH MPU KOHIICHTPAIIMH B MHTETPATbHON (OpME KHHETHYECKOTO YPaBHEHHUS.
A4. OT yero 3aBUCUT KOHCTAHTA CKOPOCTH PEaAKITUU?
1) OT mpHUpPOIBI BEIIECTB U TEMIIEPATYPHI;
2) TOJBKO OT MPUPOJIBI BEIIECTBA;
3) TOJBKO OT TEeMIIEPATYPHI;
4) ot TeMmeparypsl U BpEMEHH;
5) oT Temmeparypbl U KOHIIEHTPAIIUH PEarupyroIInX BEIIeCTB.
AS5. B Kakux KOOpAMHATaX CIEAYeT CIPSIMIISTh 3aBUCUMOCTh Ca(T), 4TOOBI yOSTUTHCSA, YTO pEaKIius
aA+bB—cC wuMmeer TpeTHii MOPSIOK, €CITH HMCXOJIHBIE BEIIECTBA B3ATHI B CTEXHOMETPHYECKOM
COOTHOILIEHUU?
1) x=t1, y=Ca; 2) X=r1, y=1/CAx; 3) X=71, y=InCax,;
4) x=Int, y=InCa;  5) x=1, y=1/C}.
K kaxnomy 3agannio B 1anbl 0TBeThI, H3 KOTOPBIX MOTYT ObITh BEPHLIMH HECKOJILKO BApHAHTOB. BriOepure BepHbIe,
mo BameMy MHEHHMI0, OTBETHI.
Bl. Hwxe npuBeneHbl 3JIEMEHTAapHbIE OJHOCTOPOHHHE PEAaKIMU, MPOTEKAIOIIME B OJHY CTaIHIO.
Br16epute MOHOMOJIEKYIISIPHBIEC PEAKITHH.
1) A+B—D; 2)2A—->D; 3)A-»>B+D; 4)A->D; 5)2A+B—-D; 6) A+tB—>D+E.
B2. Kakue ypaBHeHUsI TPUMEHUMBI JIJIsl pacueTa KOHCTAHThl CKOPOCTU PEAKLIMKM BTOPOTO MopsIKa?
A B
1)k:1|n&; 2)k=1(CO—C); 3)k:1' Al B (C% X)COA;
r C T T C,-C;, (C;—-xC,




1(1 1 11 1
Hk=—|=S5-=1; S) k== =——1.
) ZT(CZ ng ) r[C Coj

B3. B kakux ciy4yasx MOJEKYISPHOCTh U MOPAJOK PEAKIIMH HE COBIAAIOT?

1) st IPOCTBIX peaKIuit

2) JUIs CIIOKHBIX PEaKInii;

3) sl TOMOTEHHBIX PEaKIIHIA;

4) s TeTepOTeHHBIX PeaKIIni;

5) nans peakuuii, rie pearupyroIne BEIIeCTBa B3AThl B CTEXHOMETPHUECKOM COOTHOIIICHHH;

6) ans peakuuii ¢ U30BITKOM OJTHOTO U3 PEArMPYIOLIUX BEIIECTB.
3apanusa C
Cl. Haiiaure COOTBETCTBHE MEXIy TMOPAIKOM peakiuu U (OpMyJIoH aisi pacdyera BpEeMEHH
MOJIyIIpEBpaIleHus (omeem npedcmasvme 6 sude nociedosamenvrHocmu oOyks, nanpumep, ABBI).
1) n=1; 2) n=0; 3) n=3; 4) n=2.

In 2 1 C, 3

Mre=am P Premye DTy
0 0

C2. HaiiguTe COOTBETCTBUE MEKIY MOPSAKOM PEAKIIUN U PAa3MEPHOCTHIO KOHCTAHTBI CKOPOCTH (0omeem
npedcmagome 6 sude nociedosamenvnocmu 0yks, Hanpumep, ABBI/]).

1) n=1: A) MOTb ;
Jd:C
]12
2) n=2; b) —
MOJIb - C
jZl/2
3) n=0; B —:
) ) .MOJZbl/2 - C
Jl
4) n=3; ) ——:,
MOb - C
1
5) n=3/2; o) —.
C

C3. B peakuuu 2 nopsiaka A+B— ]l HauanbHble KOHIIEHTPALMK BellecTB A U B paBHbI, COOTBETCTBEHHO
3,0 monw/n u 4,5 Moaw/1. Cxkopocts peakiuu paBHa 0,0015 Moab/a-c Ipu KOHIIGHTpALUK BeliecTBa A
2,5 mMonb/1. PaccunTaiiTe KOHCTaHTY CKOPOCTH U CKOPOCTh peaKkIMM MpU KOHLIEHTpAIMK BeliecTBa B
2,8 MOJIb/1. (OTBET HAITUIIUTE YHCIIOM).

C4. Pacnonoxute OJHOCTOPOHHHME pEAKLMHU, XapaKTepusyrwolecs TrpaduKkaMud 3aBUCUMOCTH
jorapu@ma KOHIEHTpaluu OT BpeMeHu (JTUHUM 1 — 4) B nopsiike BO3pacTaHUsi KOHCTAHTBI CKOPOCTH.
(OTBeT HaNMUIIKUTE MOCIIEA0BATEILHOCTHIO YUCEN).

n

//

A




KoanoxkBuym 4: «CioxHble peakunu. Y paBHeHHEe APpPeHnycay.
Bapuant Nel

K KaXaAoMy 3aJlaHUI0 A AaHbl HECKOJIBKO OTBE€TOB, U3 KOTOPLIX TOJILKO OAMH BepHLlﬁ. B]»Iﬁepl/ITe BepHLlﬁ, mo

BameMy MHECHMIO, OTBET.
E

Al. Vpasuenue Appennyca umeet Bug K = K,e 7. Yewm siBsiercs Bemmunna E?

1) mpemdKCIOHEHIMATbHBI MHOKHUTEIb,
2) DKCIIOHEHTA;
3) yHuUBepcajbHas ra30Basi MOCTOSHHAS;
4) sHeprus aKTUBAIIUY;
5) rtemmeparypa;
6) KOHCTaHTa CKOPOCTH PEAKLIUH.
A2. JIuddepeHnmanbHoe KUHETUYECKOE YpAaBHEHHE JJIi CKOPOCTH M3MEHEHHS KOHIICHTPALUH

© 5B (C-

k1
IIPOMEKYTOYHOIO NPOAYKTa P B NByXCTa{UWHON PeakLHUU IIEPBOIO MOPSAIAKA 4 > P
KOHIIGHTpAaLUs, T-BpeMsl)

dC dC
1) dci_P =k,Cy —k,Cp Z)d_: =k,Cy +k;Cp 3) q ® =(k, +k,)C,Cq
dc dC dc
4) d; =—k,C, +kch5)d—z_P =k,C, —k,Cy 6) dTp _KC, —k,C,

A3. ITapanneasHbIMA Ha3bIBAKOTCS
1) peakumu, KOTOpbIE MOTYT OJIHOBPEMEHHO MTPOTEKATh B IPSIMOM M 00OpPaTHOM HAIpaBIICHUY;
2) peakuuH, B X0JI¢ KOTOPBIX 00pa3yercsi HECKOJIBKO MPOIYKTOB;
3) peakiuu, MPOTEKAIOIINE Yepe3 Psijl IPOMEKYTOUHBIX CTaIUI;
4) peakuuu, B KOTOPBIX OJIHA PEAKIHs HE HIET O3 PYTOii.
A4. JIns oOpaTuMBIX peakuil MepBOro NOpsAIKa CyMMY KOHCTaHT CKOPOCTEH MOYKHO paccCuMTaTh IO

Xp

dopayze K, +K, =~ —P—
T Xp —X
1) KOHCTaHTa CKOPOCTH HPSIMOi peaKiny;
2) KOHCTaHTa CKOPOCTH OOpaTHOI peakiuw;
3) paBHOBeCHas! KOHIICHTpPAILHS POIYKTA,;
4) KOHIIEHTpAIUs MPOAYKTa B MOMECHT BPEMECHH T;
5) BpeMs MPOTEKaHHs PEAKIIUH;
6) KOHIIEHTpAILKsI HCXOIHOTO BEIIECTBA B MOMEHT BPEMEHH T;
7) paBHOBECHAas KOHIICHTPAIUSI HCXOTHOTO BEIIECTBA.
AS. Vkaxure HOMep rpaduka, KOTOPbII XapakTepu3yeT KUHETHUECKUE KpUBble 00paTUMON peakLuu

MEPBOTro NOPsAKA « A << B» ¢ KOHCTAHTOW PABHOBECHSI MEHBIIIEC €TUHUIBI.

. Uepe3 X obo3HauaeTcs:

K ka:xxnomy 3ananuio B 1anbl 0TBeTBI, H3 KOTOPBIX MOTYT ObITh BEPHbIMU HECKOJIbKO BapHaHTOB. BriOepuTe BepHble, no Bamemy
MHEHHUIO0, OTBETHI.



B1. B kakux cinyuasx co0momaercs nmpasuio Bant-I'odda?
1) »Heprus aKTUBAIMK IPUMEPHO PaBHA HYJIIO;
2) SHEprust aKTUBAIMK OOJIBIIE HYJIS,
3) Temmeparypa mnporecca CTpeMHUTHCS K OECKOHEYHOCTH;
4) TemriepaTypa Mmpolecca JSKUT B CPEIHUX Tpeeiax;
5) Temmeparypa mnporecca CTpeMHUTBCS K a0COIIOTHOMY HYIIIO.

B2. Vxaxure Bce nuddepeHuanbuble ypaBHEHUS CKOPOCTEH JIBYX MapauIeTIbHBIX PEaKLUi MepBOro
nopsaaka A-—> B (¢ koHctanTod ckopoctu ki) m A —>C (c kxoHcraHtoil ckopoctu k) (C -
KOHIICHTpALIUs, T - BpeMsl)

dC dC dC dC
1) drA =k,C,; 2) dTB =k,C,; 3) dTC =k,C,; 4) dTC =k,C¢;

dC dC dC dC
5) € =k,C,; 6) d: =k,Cy; 7) dz'B =k,Cq; 8) drA =—(k, +k,)C,.
3ananua C

Cl. Haiiaute COOTBETCTBHE MEXKIYy HOMEPOM XHMHUYECKOW PEAKIMH U CKOPOCTHIO €€ MpPOTeKaHUs
(omeem npedocmasbme 6 suoe nociedosamenvrnocmu Oyks, nanpumep, ABD).

1) A+B—npoaykTsl; Eax= 76 k/x/Mo1b; A) oueHb ObICTpast peaxius;
2) A+B—npoayktsl; Eaq= 13 xJ>x/Moub; B) oueHb MeieHHast peakuus;
3) A+B—npoayktsl; Eax= 144 x/x/Mob. B) peakiusi co cpesiHeit CKOPOCTHIO.

C2. Haiigure COOTBETCTBHE MEXAYy HOMEpOM Tpaduka ¥ KHHETHUYECKHMMHU KPHBBIMH,
yIIOBJIETBOPSIONINMHE YKa3aHHBIM YCIOBUAM (0meem npedcmasbme 8 ude nocied08ameibHocmu 0yKa,

nanpumep, bBEA/T).

5 10

3)
A) HapasnensHele peakiyy nepsoro nopsiaka A—<—>B u A—%C , npuuem ki>>ke;

B) [TocreoBaTe/bHbIE peakiui mepBoro nopsiaka A—-— P—2 5 B npuuem ki<<ks;
B) [lapaiienbHble peakiiuy nepBoro mopsaka 4——— B u A—2—C , npuuem ki<ko;

ki k2
I') IlocnenoBarenbHbIe peakuy EpBOTo mopsiaka A > P > B, mpuuem ki>>ko;

J1) TociegoBaTelbHbIe peakiuy meporo mopsiaka 4—-——s P—2 5 B npuaem ki>ke;
E) [apaninensHeie peakiuu nepsoro nopsiaka A—-—>B u A—%C , npuuem ki>ko.

C3. PaccunraiiTe SHEPruI0 AKTUBALIMM PEAKIMU BTOPOTO MOPSJKA, €CIM KOHCTAHTAa CKOPOCTH IPHU
temmeparype 918 K pasna 0,0038 11/(MuH-Mo1B), a ipu Temmeparype 953 K pasua 0,0183 n/(MuH-MOIB)
(omeem npedcmasvme uuciom ¢ mouHOCmvbIO 00 COMbIX 6 KoHc/MOb).

Bapuant Ne2
K kaxaomy 3a1aHuI0 A 1aHbI HECKOJILKO 0TBETOB, M3 KOTOPBIX TOJIbKO OMH BepHbIii. BbiOepuTe BepHblii, M0 Bamemy muenuio,
OTBeT.

Al. Peakumst «A+B—>mpoaykTel» HMeEET CIEAYIONIYI0 SHEPreTHYECKyr auarpammy. BwiOepute
MPaBUWIbHBIN BAPUAHT OTBETA OTHOCUTEIBHO SHEPIUU aKTUBALIUU MIPSMOU PEaKLUH.



1) SHEPrusl aKTUBALMU Mpolecca 00pa3oBaHUS MPOIAYKTOB MEHbIIE
SHEPIrUH aKTUBALIMU IIPOLIECCca paciaa IpoIyKTOB Ha UICXOHBIE BELICCTBA,

TP OTYKTBI
2) SHEPrusi aKTUBALMU Tpoliecca 00pa3oBaHUsl MPOIYKTOB OOJbIIIE
SHEPTUU aKTUBAIIMH ITPOIECCa paciiajia MPoIyKTOB Ha HCXOTHBIC BEIICCTRA;
3) SHEPrus aKTUBALMHU Ipolecca oO0pa30BaHUS MPOAYKTOB paBHA

SHEPTUH aKTUBAIMY IpoLIecca pacia/ia PO JyKTOB Ha HCXO/JHBIC BELIECTRA.
mwpenarnt AD - JlpddepeHnaTbHOe  KMHETHYECKOE YPaBHEHHE Il  CKOPOCTH

M3MEHEHHs KOHIEHTpAllMH NpoAykTa B B 06paTuMoii peakmuu mepsoro mopsmka A< B ¢
KOHCTaHTaMH CKOPOCTH MpsMOU ctaauu ki u oOpatHoii craguu ko (C-KOHIIEHTpaIUs, T-Bpemsi)

dC dC dC

1) g £ =k,.C, +k,Cg; Z)d—:=—k1CA—k2CB; 3) dTB =(k; +k;)CACg;
dc . dC . dc,

4) dz’B =-k,C, +k,C;; 5) £ = kch - kch ) 6) dr =k,C, —k,Cyg-

A3. Cno>XxHbIMU Ha3bIBAIOTCSA
1) peakuuu, KOTOpbIE IPOTEKAOT YEPE3 PSJI INEMEHTAPHBIX CTAIUIA, IIPUYEM CKOPOCTH BCEX CTAIUMN
OJINHAKOBBI;
2) peakuMu, KOTOPBIE IPOTEKAIOT YEPE3 P SJIEMEHTAPHBIX CTAAMI, IPHYEM CKOPOCTH BCEX CTAIUI
Pa3IIMYHbIL;
3) peaxuuu, MPOTEKAIOIIKE B OAHY JIEMEHTAPHYIO CTaIHIO.
A4. Jlns oOpaTUMBIX peakluii MEPBOro MOPSAIKA CyMMY KOHCTAHT CKOPOCTEH MOXKHO PacCYHMTATh I10
1 X,
dopmyne k; +K, ==In——— Yepes X, obosnauaercs:
T Xp —X
1) paBHOBeCHas KOHLEHTPALUS IPOLYKTa;
2) KOHLIEHTpALMs IPOLYKTA B MOMEHT BPEMEHH T,
3) BpeMs IPOTEKaHUS PEAKIUH;
4) KOHILEHTpAIKs UCXOIHOIO BEIIECTBA B MOMEHT BPEMEHH T;
5) paBHOBECHAs KOHIEHTPAIMS HCXOMIHOTO BEMIECTBA.

AS. Ykaxute HOMep rpaduka, KOTOPbIM XapaKTepU3yeT KMHETUUYECKHUE KPHUBBIE MOCIEA0BATEIbHON

k1 k2
peakIuu IepBoro mopsaka A > P > B, eciu koHcTanTa Ki>>Ko.

0 10 20 o
7) . 8)
K ka:knomy 3ananuio B 1anbl 0TBeTHI, H3 KOTOPBIX MOTYT ObITh BePHBIMU HECKOJIbKO BapHaHTOB. BriOepuTe BepHble, mo Bamemy
MHEHHIO, OTBETHI.

B1. B kakux cnyyasx He coOnronaercs npasuiio Bant-I'odda?
1) sHeprus aKTHBAIMK IPUMEPHO pPaBHA HYIIIO;
2) DHeprusi aKTUBALUU OOJIbIIE HYIIS;
3) Ttemmeparypa mporecca CTpeMUTHCS K OECKOHEUHOCTH;
4) TemmepaTypa mporecca JISKUT B CPEIHUX Tpeenax;
5) Temmeparypa mporecca CTpEMHUTHCS K a0COIOTHOMY HYITIO.




B2. Ykaxure Bce BUIbl YpaBHEHUSI AppEeHHyca:
E

— E
k=ke FT’ _E dink E dink E
; k=k,e RT; = . -
1) ’ 2) 0 ’ 3) dT  RT?’ 4) dT  RT '
E E E
5)Ink=Ihk,——: ) Ink=Ink,——:7) hk=Ink, +—:
) ° RT? ) ° RT ) ° RT?

E
8) Ink=Ink, +—.
RT
3apanusa C
Cl. Haiigute COOTBETCTBHME MEXAY THIIOM pEaKIMHd W 3HAYCHHEM SHEPIHHM aKTUBauu (omeem

npedcmagvme 6 guoe nociedosamenvHocmu 0yke, Hanpumep, ABD).

1) peakuus, mpoTekawIas Mo paauKalibHOMY

MEXaHU3MY; A) E =100 u 6onee k/[x/mMomb;
2) peakuus, TMpoTeKaloUlas IO HOHHOMY B) E ~ 0 xJI)x/M071b;
MCXaHU3MY, B) E = 50+100 x/I>x/Moib.

3) peaxmusi, MPOTEKAIOIIAs [0 MOJICKYJISIPHOMY

MEXaHHU3MY.

C2. Haligute COOTBETCTBHE MEXK/Ty THIIOM PEAKIINU U KHHETHICCKIUMHE KPUBBIMHU (0meem npedcmagvme
8 sude nociedosamenvrocmu Oyks, nanpumep, BBEAJ).
1.5

15 T 15 : - Y 15 T
|

0.5 — 05
z 3

0 1 0 n =
10 20 o 10 20 0 5 10

1)’ N “2) . - 5) 6) .
A) HapasnensHbie peakiuu nepBoro mopsiaka A—<— B u A—2C , npmaem ki<ky;

b) OGparumble peakuuu A4 <> B, IpUYeM OTHOIIEHHUE KOHCTAaHT CKOPOCTEH MpsiMoil U oOpaTHOU
peaKUH MEHBIIIE EIUHULBI;

B) [apaiutenbHble peakiun mneporo nopsaka 4——— B u C—2%—> B npuuem ki>ks ;

k1 k2 .
I') IMocnenoBarenbHbIe Peakuy MEpBOTo mopsiaka A > P > B, mpuuem ki>ko;

J1) TocnenoBarenbHbIC PeakIuy MepBOro mopsiaka A K ,p—* 5B , mpuaem ki<<kp;

E) O6patumsie peakunu A <> B, NpU4YeM OTHOIIEHHE KOHCTAHT CKOPOCTEH MpsSMOM M 0OpaTHOM
peaxiuu O60bllIe eTUHULIBI.

C3. PaccuuraiiTe, BO CKOJBKO pPa3 yMEHBIIUTHCS CKOPOCTh PEAKIMH, €CIM TpU IOHMKCHUH
TeMIepaTrypsl Ha 23 rpaayca KOHCTaHTa CKOPOCTH YMeHbIIaercs B 3,5 pasza (omeem npedcmagvme
YUCTIOM C MOYHOCMBIO 00 COMBIX).

Bapuanrt Ne3
K KaxKaA0My 3aJaHUIO A AaHbI HECKOJIbLKO O0TBE€TOB, U3 KOTOPLIX TOJbKO OAWH BepHLlﬁ. Bl)lﬁepI/ITe BepHLlﬁ, mno BameMy MHCHHUIO,
OTBET.



Al. Peakumst «A+B—>mOpoaykTel» HMEET CIEAYIONIYI0O SHEPreTHYECKyro auarpammy. BwiOepute
HpaBHHLHLIﬁ BAapHUaHT OTBCTA OTHOCUTCIIbHO U3MCHCHU BHyTpGHHGfI SHEPTrHUU npouecca.

U
1) BHyTpeHHsii SHeprusi mnporecca o00pa3oBaHUs TPOJYKTOB MEHBIIE

BHYTPECHHEW SHEPrHH MpoLiecca paciaja MpoIyKTOB Ha HCXOHBIC BEIECTRA;
2) BHYTPEHHssI OHEprus mporecca o00pa3oBaHHs IMPOJYKTOB paBHA
BHYTPCHHEH SHEPrHH IpoLecca paciaia MpoIyKTOB Ha HCXOHBIC BEIIECTRA,
3) BHYTpEHHsis1 DJHEprusi mpoiecca o0Opa3oBaHUsI IPOJYKTOB OOJIbIIC
BHYTPECHHEW SHEPrHH MpoLiecca Paciaja MPoayKTOB Ha HCXOJHbIC BEIICCTBA.

TIPOTYK TR

TIy'Th PeaKLIl
A2. JluddepennmanbHoe KHHETUYECKOE YpaBHEHHE [UIsI CKOPOCTH

WU3MCHEHUSI KOHIICHTpPAIIMM HWCXOJHOTO BEUIECTBA A B MapajUIeIbHON peakIMH IEpBOro MOPsIKa
k1 k2
A——>B u A—— C (C-KkoHLEeHTpalus, T-BpeMs)

dC dC dC
1) d: =k,C, +k,C,; 2) —d—; =kC,+k,C,; 3) dr“ =k,C; —k,C;
4) dC, =—k,C, +k,C.; 5) - d(j:z'A =-kC,+k,C,; 6) - dC, =k,C, -k,C,.

A3. IlpaBuno Bant-I'odda npumennmo

1) U1 CIIOKHBIX TETEPOTCHHBIX PEaKITHii;

2) sl IPOCTBIX TETEPOreHHBIX PEaKIIHii;

3) Ul IPOCTHIX TOMOT'CHHBIX PEaKIIUi;

4) 11 CTI0XKHBIX TOMOTCHHBIX PEAKIINii;

5) s Mr00BIX peakiuii B 110001 dase.
A4. JIns napajuienbHbIX pEaKIyil EPBOTo MOPsIKa CyMMY KOHCTaHT CKOPOCTEH MOXKHO PacCUUTATh 110
a

1
dopmyne K, +k, ==In
T a—X

1) KOHIEHTpAIKsI IEPBOTO MPOYKTa B MOMEHT BPEMEHH T;
2) KOHIIGHTpAIHs POAYKTa B MOMEHT BPEMEHH T,
3) HavalbHAas KOHIIEHTPAIUS UCXOTHOTO BEIIECTBA;
4) KOHIIEHTpAIIUs HCXOJHOTO BEIIECTBA B MOMEHT BPEMCHHU T;
5) KOHIIEHTpAI¥sI BTOPOTrO MPOIYKTa B MOMEHT BPEMEHH T.
AS. Ykaxute HOMep rpaduka, KOTOpbI XapakTepu3yeT KHHETHYECKHE KPUBbIE 00paTUMON peakuuu

. Uepes a obo3Hauaercs:

nepBoro nopsiaka « 4 < B ¢ koHcTaHTOl paBHOBECHS GOIbIIE SIMHUIIBL.

7) O 10 20 8) 0 10 209) o 10 20
K KaxKaA0My 3a1aHUI0 B AaHBbI OTBETHI, U3 KOTOPBIX MOI'yT OBITH BE€PHBLIMHA HECKOJbKO BAPDUAHTOB. Bblﬁep“Te BEpHLbIE, 11O Bamemy
MHCHHUIO, OTBETHI.

B1. Ilepeuncnute BeMUUUHBI, BXOJSIINE B ypaBHEHUE AppeHnyca
1) temneparypa;
2) SHeprusi akTHBAIHH;
3) CKOpOCTH pPeaKIInu;
4) BHYTpEHHsISI SHEpIus Mmpoiecca,



5) KOHCTaHTa CKOPOCTH PEaKIIHH.
B2. Yxaxwure Bce BO3MOKHBIE BapuaHThI npaBmwia Baut-I'odga

k k
D) ~TH0 _ 3) 2 =y 4) y= |2
) . )le 14 ) 7 .
ke Ll T, Ky k
6 _2: 10 , 7 :7 2 1 8 T-10 — .
) n /4 ) y="10 . ) . /4

3apanua C

Cl. Haiigute COOTBETCTBHE MEXAY THUIIOM PEAKIUU IEPBOTO MOPSIAKA U YpaBHECHHEM H3MCHEHUS
KOHIIEHTPAIMU UCXOIHOTO BemlecTBa A (omeem npedcmasbme 8 6ude nociedosamenbHocmu 0yKe,
nanpumep, ABB).

k
1A kl B A)—dCA:leA+k2CA;
2
ky k
2) A— P 3% B B)_dCT:A:leA;
k g v
— dc,
HA B) — s =k,C, -k,C;.
ko C

C2. Haiigute COOTBETCTBHE MEXIy THUIIOM pPEaKIMU M KHUHETUYECKUMHU KPHUBBIMU (omeem
npedcmasbme 6 sude nociedosamenvhocmu oyke, nanpumep, BBEAJT).
15

1.5 T

k1 k2
A) IMapamnenbHble peakiyu neporo nopsaka A——> B u A——C, npuuem ki<ka;
b) O6patumsie peakiuu 4 << B, IpuyeM OTHOIIIEHUE KOHCTAHT CKOPOCTEH MpsMOil 1 0OpaTHOU

PCaKiuu MEHbBIIC CAUMHHNIBI;
k2

k1
B) INocnenoBarennbHbIe peakiuy mepBoro nopsijaka A > P > B, npuuem ki>>ko;

k1 k2
I') [ocnenoBaTenbHbIe peakIuu MepBoOro nopsiaka A > P > B, npuyem ki>ko;

M) [ociienoBarensHbIC PEaKIIUy MEPBOTO Mopsiaka A M ,p—* 5B, npuuem ki<<kp;
E) IMapamiensHbie peakiy nepsoro nopsaka A—=-—>B u A—2>C , npuuem ki>>ko.
p p P p p

C3. PaccumnTaiiTe KOHCTaHTY CKOPOCTH BTOPOTO Nopsiika mpu temneparype 285 K, ecnu sneprust
aKTHBaIMU Tporiecca paBHa 98,9 kJ[/Monb, a KOHCTaHTa CKOpocTH Tipu Temreparype 298 K
paBHa 1,04 11/(Moab-MuH) (omeem npedcmasbme 4ucio).

Bapuant Ned
K KaxXKA0MYy 3aJaHUIO A JAaHbl HECKOJBbKO O0TBE€TOB, U3 KOTOPLIX TOJbBKO OJHH BepHLlﬁ. BLIGCpI/ITe BepHLIﬁ, mo BameMy
MHEHHIO, OTBET.



Al. Peaknusi «A+B—TpoayKTe» UMEET CIEAYIONIYI0 SHEPTeTHUECKYI0 auarpammy. Beibepure
MPAaBWIbHBIN BApUAHT OTBETA OTHOCUTEIBHO U3MEHEHUSI BHYTPEHHEN YHEPIUU ITPOLIECCA.

U 1) BHYTpeHHsS SHEprus mnpoiecca o0pa3oBaHUs MPOJAYKTOB MEHbIIE
BHYTPEHHEH DJHEPrUM IIpoliecca pacrnaja MNPOAYKTOB Ha HCXOIAHbLIE
BEIIECTBA,

2) BHYTPCHHssS 3HEPrusi Ipolecca o0pa3oBaHUS IMPOIAYKTOB paBHA
BHYTPEHHEH SHEpruu Ipoliecca pacrnajia MPOAYKTOB Ha MCXOJIHBIE
BELIECTBA,

3) BHYTpEHHsIs dHEPrusi mpoiecca 00pa3oBaHUs MPOAYKTOB OOJIbINE
BHYTPEHHEH SHEpPruM IMpoiecca pacnaja MPOAYKTOB Ha HMCXOIHBIC
BEIIECTBA.

TIPOTTYKTHI

IyTh PEAKLIFTH

A2. TuddepeHnuanbioe KUHETUYECKOE YpaBHEHHE JUJIsI CKOPOCTH HW3MEHEHHUS KOHIEHTpPalUU

IPOMEKYTOIHOTO MPOAyKTa P B AByXCTaAMitHOI peakimu meporo nopsaka 4 —-— P—% > B
(C-xoH1EeHTpaIus, T-BpeMsl)

dC dC
1)dd%:k1CA_k2CB 2) . =leA_|_k2CB 3) . :(kl+k2)CACB
4)dCP_ kKC. +k.C S)dﬁzkc —k,C G)dcp—kC k,C
dT__lA 2Lp dr 1~ A 2%~P dT—lp_zB

A3. IlpaBuno Bant-I'odda npumennmo
1) s CIIOKHBIX TETEPOTCHHBIX PEaKITHiA;
2) 7S IPOCTBIX TETEPOreHHbBIX PEaKIIHii;
3) IS IPOCTHIX TOMOTEHHBIX PEAKIINH;
4) s CJI0KHBIX TOMOTEHHBIX PEAKITHIA;
5) s m0OBIX peakiuii B r000it dase.
A4. JIns oOpaTHUMBIX PEeaKIUi TIEPBOTO MOPsAKA CyMMY KOHCTaHT CKOPOCTEH MOXKHO pacCYMTaTh

o popmyie K, +Kk, = I X . Yepes X, o0o3HauaeTCs:
T Xp —X
1) paBHOBECHast KOHIIEHTPALMs NPOIYKTa;
2) KOHILEHTpaIUs MPOIYKTa B MOMEHT BPEMEHH T;
3) BpeMs MPOTEKAHHS PEAKIIUH;
4) KOHIEHTpAIUs UCXOJHOTO BEMIECTBA B MOMEHT BPEMEHH T;

6) paBHOBECHast KOHIICHTPAIIHS UCXOTHOTO BEIIECTBA.

AS. Vkaxure HOMep Trpaduka, KOTOPBIA XapaKTepU3yeT KHUHETHYECKHE KpPHUBbIE O0OpaTUMOMN
PEaKIMK IIEPBOTO MOPAAKA « A <> B» ¢ KOHCTAaHTOW PAaBHOBECHS MEHBILE €IUHHIIBL.
15

15 T 1.5 T

15

15

10 el 10 20

20 o

. 8) : ;
K xa:xxnomy 3amanuio B 1aHbl 0TBeTbI, H3 KOTOPBIX MOI'YT ObITh BEPHBIMH HECKOJIBKO BapHAHTOB. BeiOepuTe
BepHbIe, M0 BameMy MHeHHI0, OTBETHI.

B1. B kakux cimyqasx coomrogaercst mpasuio Bant-I'opda?
1) sHeprus aKTHBAIMU PUMEPHO PaBHA HYIIIO,



2) DHeprus aKTUBAIMK OOJIBIIC HYJIS;

3) Ttemmeparypa npoiecca CTPEMHUTHCS K OECKOHEYHOCTH;

4) TemrepaTypa mporecca JSKUT B CPEIHUX Mpe/ieliax;

4) TemrepaTypa mporecca CTpeMHUTHCS K a0COIIIOTHOMY HYJTIO.

B2. Vkaxwure Bce BO3MOKHbBIE BapuaHThI IipaBmwia Bant-T'odda

k kr, _

1) T,-T, sz 2) T+10 — 7/ 3) kT - 7/ 4) kT

7/ = 10 |[— ; ; 1 ; 7/ — 2 ;

le kT le
Tl TZ kT

kT T,-T, kT T,-Ty 7 — W 2 k

5 2 10 , 6 2 10 ’ 7 ’ 8 T—lO:y.
) . Y ) n Y ) le ) .

3aganua C

C1. HaiimuTe COOTBETCTBHE MEXTY THIIOM PEAKIIHH IIEPBOTO IMOPSIIKA U YPABHCHUEM U3MEHEHUS
KOHIICHTPAIlUX UCXOJIHOTO BellecTBa A (omeem npedcmasvme 8 gude nociedo8amenbHoCmu
oyke, nanpumep, ABD).

ky

1) A B

k,
K
) At P p

kB
3)A —
L R ¢
A) —d&:kch"'szA;
dr
B) _ 46, =k,C,;
dr
B)—dCA =k,C, —k,C,

dr



C2. Haiigute COOTBETCTBHE MEXIY THUIIOM PEAKIMU W KHHETUYECKUMHU KPHUBBIMU (omeem
npedocmasbme 6 suoe nociedosamenvrocmu oyke, nanpumep, BBEAJT).
157 T T 1.5 T

5] T 1.5 T

A) [apatensHeie peakuun mepsoro nopsaka 4—-— B u A—*—C , npuuem ki<ky;

k1 k2 .
b) IlocnenoBarenbHbIe peakIMK IEPBOro mopsaka A > P > B, npuuem k1>>ko;
B) Ob6patumbie peakiun A4 <= B, IpU4eM OTHOIIEHHE KOHCTAHT CKOPOCTEH MpsMOil 1 0OpaTHOU
peaKuu MEHbILE €AMHULIBI;

I') [apasiebHbIe peakiui nepBoro mopsiaka A——— B u A—2—C , npuaem ki>>ka.
> P— 5 B, npuaem ki>ko;
> P—*2 5 B npuuem ki<<ka;

) IMocnenoBarenbHbIC peakIMK EPBOTO Mopsiaka A

E) [locnenoBarenbHbIe peakiuu epBoro nopsiaka A

C3. PaccunTaiiTe KOHCTaHTY CKOPOCTH BTOpPOTro nopsaka npu temneparype 335 K, ecnu sneprus
aKTUBalUU Tporecca paBHa 98,9 k/[x/Monb, a KOHCTaHTa cKopocTu Ipu TemmepaTtype 273 K
paBua 0,67 11/(MoJb-MUH) (Omeem npedcmasbme 4ucio).

Kpumepuu OUEHKU KOLIIOK8UYMO86

Kaxp1ii mpaBUIIBHEIN OTBET Ha BOIPOC B TecTe— 1 Oat.

Kaxp1if HenmpaBmIbHBINA 0TBET — 0 OauIoB.

Pemenne 3a1aun: OLEHUBAETCS X0/ PEIICHNS M IPAaBUIBHOCTD YHCICHHOTO OTBETA. 3a/iaua OLCHUBACTCS B
COOTBETCTBHH C YPOBHEM CIOXKHOCTH.

HabpanHoe konn4ecTBO 6ajuIOB NMPUBOAMUTCS K MAaKCUMAJIBHOMY B IPOIIEHTHOM BBIPaXXECHUH, T.€. CTYIEHT
HaOpau 24 6asa u3 28 BO3MOXHBIX. DTO cocTaBisieT 86%. [lepeBo/| MPpOIIEHTOB TecTa B YEThIPEX OAJbHYI0 CHCTEMY
CIIeIyIoIas:

[MporeHTsI <61 61-72 73 - 86 87 -100
Baisl <3,6 3,6-4,3 4,4-52 5,3-6
Ouenka Tecr He cnaH 3 4 5

Kaxnpiii komnokBuym onenuBaercs: nias O/0-3/3 - MakcuMaiabHOE KOJTUYECTBO OAIOB

4*9=36/4*10=40/1*15=15, MuauMaILHOE KOIHUECTBO — 4*6=24/4*6=24/1*9=9.



MuHuCTEepCTBO HAyKHU U BhICIIero oopa3zoBanus Poccuiickoit deneparun
HwmxHekaMCKuit XUMHKO-TEXHOJIOTUYECKUN HHCTUTYT ((uinan)
benepanbHOro rocy1apcTBEHHOTO OIOPKETHOTO 00pa30BaTEIbHOTIO YUPEKICHUS
BBICIIET0 00pa30BaHUs
«Ka3zaHckuii HalMOHAIBHBIN UCCIEN0BATEIbCKUNA TEXHOJIOTHUECKUI YHUBEPCUTET)
Daxynomem- mexHoOA02ULECKULL
Kageopa - buomexnonoeuu
Hanpasnenue 18.03.01 «XuMuueckas TEXHOJIOTHS»
[Ipoduns/mporpamma:
«XUMUYECcKasi TEXHOJIOTHS OPraHMYeCKHUX BEIIECTB)
«XUMHUYECKask TEXHOJIOTHS BEBICOKOMOJIEKYIISIPHBIX COCIMHEHUI
«XUMHYECKasi TEXHOJIOTUS IPUPOJAHBIX SHEPTOHOCUTEINEH U YTIIEPOIHBIX MAaTEPHATIOB)
Cemectp_3

KoMIuUIeKT KOHTPOJIBHBIX padoT
o pucoumnge b1.0.21 «®usnueckass XUMUI»

Jiist KOHTpOIBHBIX pabOT MCIIONB3YETCS PAKTUKYM:

- «dusnyeckas XUMHUA: IPAKTUKyM: B 2-X yacTsax» Yacts 1/9.H.Hypuesa, T.P.Capuynnuna. —
Huxnexamck: HXTHU ®I'BOY BO «kKHUTVY» 2017r.-37c.

- «du3nyeckas XUMHUA: IPAKTUKYM: B 2-X yacTsax» Yacts 2/3.H.Hypuesa, T.P.Capuynnuna. —
Huxnexamck: HXTHU ®I'BOY BO «kKHUTVY» 2017r.-41c.

BapuaHT KOHTpOJIBHOM pabOThl COOTBETCTBYET ABYM MOCIEIHUM LU(PPaM 3a4€THOW KHUKKH.

Kpumepuu oyenxku KonmpoavHou padomut:
Y4eOHBIM IIJIAHOM JUTSE 32049HOM (hOpMbI 00yUEHHSI TPETyCMOTPEHA OJTHA KOHTPOJIbHAS paboTa.
MakcuMaabHOE KOJTHYECTBO OAJUTOB 32 MPABHIILHO BBITIOJHEHHYIO KOHTPOJIBHYIO padoTy — 30
0aJuI0B, MUHUMAJIbHOE KOJIUYSCTBO 0aioB — 18 Gasios.
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