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1. HEJINX U 3AJAYN OCBOEHUA JUCIIUITJIMHBbI

1.1. HeassMu  oOCBOEHHUSI JAUCHMIVIMHBI «Du3nyeckass XHMHSD»  SABJISIOTCH:
dbopMupOBaHHE COBPEMEHHBIX MPEICTABICHUN O pOJiM PU3NYECKON XUMHUU KaK TEOPETHUECKOTO
dynnamenTa coBpeMeHHOW XuMHHM. O3HAKOMIIEHHE CTYAEHTOB C OCHOBAMH XHMHYECKOMH
TEPMOJMHAMHKH, TEOPUU pPACTBOPOB M (Da30BBIX pPABHOBECUM, 3JIEMEHTAMU CTAaTUYECKOU
TEPMOJMHAMHKH, KaTalu3a H  JJIeKTpoxuMuu. @DopmupoBaHue  (HU3MKO-XUMHUYECKOTO
MBIIIECHHUS.

1.2. 3agaun ocBOeHHsI JUCHUILUIMHBI: TPUOOPETEHNE HABBIKOB PEIICHHS KOHKPETHBIX
(U3UKO-XMMHYECKUX 33/1a4; OBJIAJICHUE CTYJICHTAMU HABBIKAMHU M YMEHUSMU PAOOTHI C pa3iind-
HBIMH W3MEPUTEIBLHBIMU IPHOOpPaAaMU M HAyYHBIM O0OPYIOBAaHHUEM, C COBPEMEHHOMN BBIYHMCIIH-
TEJIbHOW TEXHUKOMW; IMOCTAHOBKOW M MPOBEJACHUEM XHMHYECKOrO 3KCIIEPUMEHTA, MareMaTuye-
CKOM 00pabOTKO# pe3yabTaTOB HAOIIOJACHUN U TEOPETUICCKON TPAKTOBKOW OTBITHBIX JIaHHBIX.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII

2.1. Yueonas nucuumimHa «®@u3ndeckasi XMMHD» OTHOCUTCS K 0053aTEIILHON YacTh
b.1 B.11. u ocBamBaetcs B 7-8 cemecTpax.

Jucnunnuna BcrpauBaetcs B ctpykrypy OIIOII (maremaruka, uHdopMaruka, Heopra-
HUYCCKasd XUMHA, aHAJIMTUYCCKAad XUMHA, OpTraHNYCCKad XUMHA, BLICOKOMOJICKYJISIPHBIC COCOU-
HCHHSI, XUMUYECKasi TEXHOJIOTHS, PU3NYECKUue U PU3NKO-XUMHUUECKUE METOJIbI UCCIICIOBAHHS B
XUMHHU, KBAHTOBAaA MCXaHHWKAa W KBAHTOBAasA XHUMHA, O3HAKOMUTCJIbHASA IIPAKTHUKA, XHWMHKO-
TEXHOJIOTUYECKasl MPAKTHKA, MPEIUILIOMHAs TPAKTUKA) KaK C TOYKH 3PCHHUS IPEEMCTBEHHOCTH
COJIepKaHus, TaK M C TOYKH 3PEHHUS HEMPEPBIBHOCTHU Ipolecca GOPMHUPOBAHUS KOMITCTCHIIUH
BBIITYCKHHKA.

2.2. lnst u3y4yeHUsl JAHHON y4eOHO# AMCHUIIMHBI HEOOXOAHMBI CJeAyolue 3Ha-
HHSl, YMEHUS, HABbIKH, (popMHUpyeMble NMpeIlIecCTBYIOIMMI Y4eOHbIMH JUCHHUIIMHAMU:
yueOHBIN KypC JIOTUYECKU CBS3aH C TEOPETUYECKUMU OCHOBAMH HEOPTaHMYECKOW XMMHH; aHa-
JUTUYECKON XUMHUH; OPTaHUYECKON XMMHH; KBAHTOBOM XUMHH; KOJUIOUTHOW XUMHEH.

CrnenoBarenbHO, «BXOJHBIE» 3HAHUS M yMEHHS OOydYaromIerocs CBA3aHBI CO 3HAHUEM
TEOPETHUUECKUX OCHOB BBIIIEO003HAYEHHBIX YIEOHBIX XUMUUECKHUX TUCIUTIINH.

3HaHus: MECTO (PU3NUECKON XUMHUH B PSAAY JPYTHX €CTECTBEHHBIX AUCIUIUINH, €€ 3HaJe-
HUE B JKU3HU COBpEeMEHHOro ooOmiectBa. COBpeMEHHbIE MPEACTaBIECHUN O (yHIaMEHTaIbHbIX
JOCTHKEHUSIX B U3YYEHUH XUMUYECKOW TePMOJUHAMUKH, TEOPUU PACTBOPOB U (Ha30BBIX PaBHO-
BECHUI, PJIEMEHTAMHU CTAaTUYECKON TEPMOJUHAMUKH, KaTAIN3a U DJIEKTPOXUMUH.

YMeHusi: aHanu3 KOHKPETHBIX (U3MKO-XMMHUECKUX 3a]ad, ONpPEesiTh TePMOIMHAMUYEC-
ckre (YHKIIUU MPOIECCOB, PABHOBECHBIE COCTOSIHHSI CHUCTEM, KOMIIOHEHTHI M UX B3aUMOJICH-
CTBHE B PAcTBOpaX, PJIEKTPOXUMHUECKHE OCHOBBI XUMUUYECKUX MPOLECCOB, KHHETUYECKHUE U Ka-
TaTUTHYECKUE TTapaMeTPhl, pacCCMaTPUBATh XUMUYECKHUE CUCTEMBI C TIO3UIIUN 2JIEMEHTOB CTaTH-
CTHYECKON TepMoAMHAMHUKHU. OCYIIECTBIATh B TaOOPATOPHBIX YCIOBHUSX HCCIEIOBAHHE TEPMO-
JTUHAMHUYECKUX, PABHOBECHBIX, DJIEKTPOXUMHUYECKUX, KHHETUUECKUX CBOWMCTB PAacCTBOPOB U pa3s-
JUYHBIX XUMUYECKUX CUCTEM.

HaBpiku: TexHuku 0€30MacHOCTH TPHU BBHIMOJHEHWH paboT B jJabopaTopun (U3HUECKOU
XUMUH, PETUCTPAIIUU U 00paOOTKHU Pe3yabTaTOB (PHU3UKO-XUMHUYECKHUX SKCIIEPUMEHTOB, METOa-
MU 0TOOpa MaTepHualia JAJjig TEOPETHUYECKUX 3aHATUN U J1aOOopaTOPHBIX padoT.

2.3. MMocaenyomue yyeoHble THCHUIIMHBI H MPAKTUKH, 1JIsI KOTOPBHIX HEOOX0aU-
MBI 3HAHHUSI, YMEHHS M HABBIKH, (p)OPMHpYeMble JAHHOH Y4eOHOH 1M CIMIIJIMHOM:
- KOJIJIOWTHASI XUMHUSI
- KaTaJIu3 B TOHKOM OPraHUYECKOM CHUHTE3€ JIEKAPCTBEHHBIX CPEICTB;



- TOHKOCJIOHas1 XxpoMaTorpadus B aHanu3e OMOJIOTMYECKH aKTUBHBIX BEIECTB;
-TOKCUKOJIOTUYECKasd XUMUS;
- IPOU3BOJICTBEHHAS MPAKTUKA (MPAKTHKA MO MOIYYEHUIO MPO(PECCHOHANBHBIX YMEHUH U

orbITa MPOGECCHOHATBLHOMN JIESITETBHOCTH).

- IPOU3BOJICTBEHHAS MTPAKTUKA (TIPEITUTLIIOMHAs).

3. INTAHUPYEMBIE PE3YJIbTATbI OBYYEHMUS 11O JUCHUIIJINHE

[Tporiecc OCBOCHMS AMCHIMILIMHBI HAMpaBICH Ha (OPMUPOBAHHME SJIEMEHTOB CIICTYIOIINX
komnereHnuii B coorerctBuu ¢ ®I'OC BO u OIIOIT BO no nanHoMy HanmpaBi€HUIO MMOJATOTOB-

Ku:

6) OIIK-1- CnocobeH aHaIM3UPOBATh W HMHTEPIPETUPOBATH PE3YNIbTATHI
AKCIIEPUMEHTOB, HAOIIOJCHUN 1 U3MEPEHUMH;

XHUMHUYCCKUX

OIIK-2 - CnocobeH MmMpoBOAWTH C COOJIOICHHEM HOPM TEXHHKH O€30MacHOCTH XUMUYECKUN

HKCIEPUMEHT,

BKJIIOYasi CHHTE3,

aHajms,

U3Y4YEHUE CTPYKTYpHI

MaTepHraJIoB, UCCICAOBAHUC ITPOUCCCOB C UX YUACTUCM.

Tadoiauuna 1 - JlekoMno3nnus pe3yabTaToOB 00y4eHUs1

U CBOWCTB BELIECTB U

Kon n nammeHno-
BaHHE KOMIIETEH-

[Tnanupyemsbie pe3yabTaThl O0YUYCHHS MO JUCIUILTHHE

11001 3nats (1) Ymerts (2) Bnanets (3)

HOIIK - 1.1.1. Cuctre- | UOIIK — 1.2.1. Unrepmpe- | MOIIK-1.3.1. Dopmynu-
MaTH3UPYET W aHAIW3U- | THPOBATH PE3YNIbTAThl COO- | POBKOM  3aKIIOUCHUS U
pyeT pe3yibTaThl (PU3M- | CTBEHHBIX OSKCIEPHUMEHTOB | BHIBOJIOB 10 pe3yjibTaTaM
KO-XMMHUYECKHX DJKCIIe- | U PacYeTHO-TEOPETHUYECKHX | aHAIW3a  JIMTEPaTyPHBIX
PUMEHTOB, HaOmo/ie- | paboT C UCHOJIB30BAHMEM | JaHHBIX, COOCTBEHHBIX
HU#, U3MEPEHUH. TEOPETUYECKUX OCHOB TpPa- | SKCIICPUMEHTABHBIX U
HOIIK - 1.1.2. Cnoco- | IUIIMOHHBIX U HOBBIX pa3- | paCueTHO-TEOPETUUECKUX
ObI, METOJIBI U METOJHU- | IeJO0B (DU3MUSCKOW XUMHH | paboT ¢uzuko-
KM aHallu3a, CUCTeMaTH- | XUMHHU. XUMUYECKOH HarpaBIeH-
3auun U obpabotku pe- | MOIIK — 1.2.2. Ocymects- | HOCTH.
3yJIBTaTOB pacueToB | JsaTh camocrosTenbHo uc- | MOIIK — 1.3.2. cuctemoit

OINK-1 CBOWCTB BEIIECTB U Ma- | CJICJJIOBAHHE ¢busnko- | pyHIaMEHTANBHBIX  (HU-
TEPUAJIOB. XUMHYECKUX MPOIIECCOB. 3UKO-XUMUYECKHUX TOHS-

Croco0eH aHajau-
3WpOBAThH U UH-
TEePIPETUPOBATH
pe3yJIbTaThl XU-
MHYECKUX JKCIIE-
PUMEHTOB,
HaOJIIOJICHUI U
HU3MEpEeHUH

HOIIK - 1.1.3. Ilpun-
IUIBI U OCHOBBI XHUMHM-
YECKOH TepMOJAMHAMH-
KM, XUMHUYECKOro U (ha-

30BOTO paBHOBeCHS,
TEOpHUn pacTBOpoOB,
AIIEKTPOXUMHUYECKIX

NpeBpallleHnii, KUHETH-
YECKHE U KaTallnyecKue
napamMeTphbl IPOLIECCOB,
3JIEMEHTOB CTaTUCTUYE-
CKOM TepMOJIMHAMUKH.

HOIIK - 1.2.2. Ananu3u-
pOBaTh KOHKpETHbIC (QH3H-
KO-XMMHUYECKHE  3aJayH,
JieNiaTh BBIBOJBI O XapaKTe-
pe W MexaHu3Me Ipolec-
COB, OIPENEINATh TEPMOIU-
HaMHYECKHE byHKIMH
MPOLIECCOB, PABHOBECHBIE
COCTOSIHUSI CHCTEM, KOMIIO-
HEHTBl M WX B3aUMOJCH-
CTBHE B pPAacTBOpax, dIEK-
TPOXUMHUECKHE XapaKTe-
PUCTUKH XUMHUYECKUX HPO-
[IECCOB, KHHETHYECKHE WU
KaTaIMTHYECKHE Tapamer-
pBI, paccMaTpuBaThb XUMH-
YEeCKHE CHCTEMBI C MO3ULIUHI
3JIEMEHTOB CTaTUCTHYE-
CKOH TEPMOJMHAMUKH.

THA UM HPaKTUYECKUMHU
HABBIKAMH TPU PEIICHUU
npoh)eCCHOHANBHBIX  3a-
Ja4 B oOsactu (usnde-
CKOM XHUMHHU.

HOIIK — 1.3.3. HaBEIKaMU
OTpeAeTICHMUS ¢buznKo-
XAMHYECKHUX BEJINYNH
AHAIUTUYECKUMUA W Tpa-
(hryeckuMHu METOJITaMU 110
3KCIIEPUMEHTAIBHBIM
JTAaHHBIM, METOJIaMHU PErH-
cTpamuu W 00paboTKH
PE3yJIbTaTOB XMMHYECKUX
9KCIIEPUMEHTOB, HaBbIKA-
MU TEPMOJUHAMHYECKHUX,
AHAIUTUYECKUX PacdyEToOB
B JIAaHHBIX pa3jeax.




OIIK-2 Cniocoben
IIPOBOJIUTE C CO-
OJI0ICHNEM HOPM
TEXHUKH 0e3-
OIACHOCTH XMMH-
YECKHMH dKCIEepU-
MEHT, BKJIOUYas
CUHTE3, aHAJIN3,
U3y4EHUE CTPYK-
TYpBI U CBOMCTB
BEIIECTB U MaTe-
pHaNoB, HCCIEN0-
BaHUE MPOIIECCOB
C X y4acTHeM

HOIIK-2.1.1. OcHOBHI
CHHTE3a, aHan3a, W3y-
YCHHSI  CTPYKTYpPBl U
CBOWCTB BEIIECTB U Ma-
TEpUAJIOB,  HUCCIEIOBA-
HUE TIPOIIECCOB C WX
YYaCTHEM.
HOIIK-2.1.2. Teopetu-
YecKHe  acleKThl U
UMETh TPEJCTABICHUE O
OpraHM3alMd U IPOBE-
NEHUN CTaguil XUMHYe-
CKOTO  DKCIEPUMEHTA:
YCIIOBUSI  MPOBEICHUS
9KCIIEPUMEHTA, TEPMO-
JUHAMUKA W KUHETHKU
MIPOIIECCOB.
HOIIK-2.1.2  Hopwmsl
TEXHUKH 0e301acHOCTH
U TOXapHOH Oe3omac-
HOCTH TIpU paboTe ¢ XH-
MUYCCKUMH BEIECTBA-
MU B (hmzuko-
XUMHUYECKOM j1abopato-
pHH.

HOIIK-2.2.1  IIpoBomuTh
CUHTE3 BEIIEeCTB U MaTepu-
aJ0B PA3HOM NPUPOABI C
WCTIOJIb30BAHUEM  HMEHO-
IIUXCS METOIVIK.
HOIIK-2.2.2. IIpoBoauth
CTaHJIapPTHHIC oreparuu
JUTSL ONIPEJICIICHUST XUMUYEe-
cKoro u (a3oBOro cocraBa
BEIISCCTB M MAaTEPHAJIOB Ha
WX OCHOBE.

HOIIK-2.2.3. TToaroToBUTH
0o0opymoBaHNE U PEAKTHBBHI
JUTSL TIPOBEACHHUS XHMUYC-
CKOr0 3KCIlepuMeHTa. BbI-
OpaTh METOMBI TOyYEHUS
n HCCIICAJOBAaHHUA XHUMUYC-
CKHUX BELIECTB U PEAKIUH.

HOIIK-2.3.1. TexHHUKOM,
QJITOPUTMOM pabOTHl Ha

ammapatype, IpeIHa3Ha-
YEHHOH JJIs1 (PU3NIECKOTO
/Wi ¢duzuKo-
XUMHAYECKOTO  aHallu3a:
CHeKTpohoTOMETpaX, HO-
HOMeEpaXx, pH-Metpax,
xpomarorpadon, pedpak-
TOMETpax.

NOIIK-2.3.2. HaBbIKamMu
MPOBEICHUSI  CTAaHAAPT-

HBIX OIEepalyi AJid ornpe-
JeNeHUsT XUMHYECKOTO U
(azoBoro cocraBa Be-
IIeCTB U MAaTepualioB Ha
HUX OCHOBC.

NOIIK-2.3.3. npaBunamu
W HOpMaMHU TEXHHUKH 0e3-
OIIaCHOCTH M TIOXKapHOU
Oe3omacHOCTH TIpU pado-
T€ ¢ XUMHUYECKUMH Bellle-
CTBaMH B ¢uzuKo-
XUMHUECKON  Jaboparo-
pyH.




4. CTPYKTYPA U COAEPKAHUE JUCTIUITJIMHBI

O0beM aucuuruHbl «PU3nueckas XUMHs» B 3a4€THBIX eAuHMIaX cocTtamisier 20 3a-
yéTHbIX equHul (6 cemectp - 10 3.e., 7 cemecTp — 10 3.e.), 720 akagemuyeckux vacon (6 ce-
mectp — 328 gacoB, 7 cemectp — 392 yaca). Ha koHTakTHYIO paboTy 00y4aromuxcst ¢ mpero-
JaBaresieM 1o BujgaM yueOHbIx 3ansatuii 120 gacoB (6 cemectp — 56 yacos, 7 cemectp — 64 ya-
ca): 60 uacos nekiuii (6 cemectp — 80 yacoB, 7 cemectp — 14 yacoB), 272 vaca 1a00paTOPHBIX
pabot (6 cemectp — 28 uacoB, 7 cemectp — 32 uyaca); 30 4acoB MPAKTHIECKO-CEMUHAPCKUX
3aHsaTuil (6 cemectp — 14 yacos, 7 cemectp — 16 wacoB); 18 wacoB kypcoBas pabora (8 ce-
MecTp), 582 vaca Ha caMOCTOATENBHYIO paboTy oOywaromuxcs (6 cemectp — 272 4vaca, 7 ce-

mectp — 310 yacoB).

Tabauua 2 - CTpyKTypa u cojiepskaHue I1CHUIITHHbI

KonrakrHas pabota DopMBbI TEKYLIETO

Ne | Pazgen, Tema qUCHUILTHHBI (B yacax) CamocroAT. KOHTPOJI yCIIEBAEMOCTHU

n/n e pabora dopma MPOMEKyTOUHOH

3 aTTecTaluu

=

ks (no cemecmpam)
J 113 JIP KP CPp

1. Paznea |. OcHOBLI XUMHYECKO
TEePMOTUHAMHKH

2 Tema 1.1. Ilpumenenue N
MEPBOTO 3aKOHA TEPMOIU- YCTHbli onpoc

Oryer o JI.P.1,2
HAMUKA K XUMHYCCKHM 7 4 2 2 20
Pemenne
mporieccam. Tenmoem-
AHATTUTHYCCKUX 32129
KocTb. TepMoxumusi.

3 Tema 1.2. IlpumeHenue VYeTHbIN onpoc
BTOPOT'0 3aKOHa TEPMOJU- Otuer o JI.P.3
HAMUKA K XUMHYCCKHM 7 2 1 1 20 Pemenue
mporeccam. DHTPOTIHSL. AHATUTUYECKUX 3a]1a4

Tect Nel

4 Tema 1.3. TepmonuHamu- VYeTHbll onpoc
YecKHe IOTeHUUabl. XH- Oryer o JI.P.4
MUYECKHUI IOTEHIMAIL. 7 2 1 1 20 Pemienne
[Ipenen mporekanus peax- AHATUTUYECKUX 3a]1a4
uund. TemnoBas Teopema Pelitunrosas
HepHucra. K.P. Nel

5 Pazngea Il. Xumuueckoe
paBHOBecHe

6 Tema 2.1. 3akoH AeHCTBY-

omux Macc. KoHcraHTa
XMUMHYECKOTO PaBHOBECHSI
M COCTaB CHCTEMBI. XH- 7 2 1 1 20
MHUYECKHE H aJICcOpOIHOH-
Hble paBHOBecus. Cmere-
HHUC XHUMHUYCCKOTO paBHO-

VYeTHbll onpoc
Ortuet o JI.P.5
Pemenue
aHAJIMTHYECKHUX 3a/1a4

BECHS.

7 Tema 2.2. MakcumanbHas YcrHbiit onpoc
paboTa 1 XuMHUIeCcKoe Oruer o JI.P.6
CPOJICTBO. YpaBHEHHS 7 2 1 1 20 Pemenune
M30TEPMbI XUMUYECKOM AHATUTHYCCKUX 3319
peaKIuu. Tect No2

8 Tema 2.3. 3aBUCUMOCTD VYeTHbli onpoc
KOHCTaHTBl XUMHUYECKOTO Oruer o JI.P.7
paBHOBECHsI OT TeMIIepa- 7 2 1 1 20 Pemenue
TypBL. DMIIIPUYCCKUC Me- AHATUTHYCCKUX 3319
TOJIBI pacyeTa KOHCTAHT PetiTiaroBas
paBHOBECHS. K.P. Ne2




Pazgen I11. da3oBbie

paBHOBecHSI.
PactBopsI

10 | Tewma 3.1. [IpaBmio da3 VeTHui onpoc
I'n60ca. PaBHOBECHBIE Oruer 1o JL.P.8
COCTOSIHUS TIPH (pa30BBIX 20 PCHIGEHI/IE; ’
NePeXoJax. YpaBHeHHe AQHAIUTUYECKUX 33134
Kiaysuyca-Knalinepona.

11 | Tema 3.2. MonexymspHbIe VYcTHBIH ompoc
pactBopbl. PU3NKO- 20 Oruer o JI.P.9
XUMUUYECKHE CBOMCTBA Pewmenue
pa30aBJICHHBIX PACTBOPOB. AHAJIMTUYECKUX 3a/a4

12 | Tema 3.3. bunapHsle pac- VeTHbii onpoc
TBOPBI KHJKUX JIETYYHX Oruer o JLP.10
BelecTB. MneanbHbie U Pewmerue
HeuJeanbHble CUCTEMBI. 20 AHATHTHYECKIX 32124
YacTUYHO CMEIINBAIOIIHE-

Cs1 1 HECMEIINBAIOIIHECS Tecr Ne3
JKHUJKOCTH.

13 | Tema 3.4. PacTBOPpUMOCTB YcTHBIH ompoc
ra30B B JKUIKOCTAX. 3aKOH 20 Otyer mo JI.P.11,12
pacnpeneneHus. DKCTpak- Peiitunrosas
M. K.P. No3

14 Paznea V. Daexkrpoxumus

15 | Tema 4.1. PacTBOpHI 71CK- VYcTHBIH ompoc
TPOJIUTOB. 24 Otyer o JI.P.13,14

Pewenne
AQHAIMTHYECKHX 3334

16 | Tema 4.2. HepaBHOBecHBIE VYeTHbIN onpoc
SIBIIEHUS B PACTBOPAX Otuer mo JI.P.15
3JIEKTPOJIUTOB. 24 Pemenne

AQHAJTUTUYECKUX 3a/1a4
Tect Ned

17 | Tema 4.3. DnexTpoHBIE YeTHbll onpoc
nporeccel. TepmoanHamMu- Ortyer no JI.P.16
Ka ¥ KHHETHKA 3JIEKTPO- 24 Pemenune
XMMHUYECKHX ITPOLIECCOB. AQHATMTHYECKUX 33134

Peiitunrosas
K.P. Ne4

18 Paznen V. DieMeHTHI
CTATHCTHYECKOH
TePMOJIMHAMHUKH

19 | Tema 5.1. Mexanudyeckoe
OIIMCAHUE MOJIEKYJISIPHOU VYeTHbll onpoc
cucremsl. [locTynaTel cra- 40 Otuer no JI.P.17
TUCTUYECKON TEPMOAMHA- Pewenue
Mukd. CymMma 1o cocTosi- AHATTUTHYECKUX 3a/1a9
HUSIM.

20 | Tema 5.2. BpruucieHus YcTHBIH ompoc
TEPMOANHAMHYECKIX Pemenne
¢ynkmid. CraTuctTyeckas 40 AQHATMTHYECKUX 337124
TEPMOJIUHAMUKA PEAIILHO- Tect Ne5
TO ra3a U KOHJECHCUPOBAH- Peiitnnrosas
HOI'0 COCTOSIHUS BELIECTBA. K.P. Ne5

21 Pasgen VI. Xumuueckast
KHHETHKA

22 | Tema 6.1. CkopocTb Xu- VYcTHslii onpoc
MUYECKOM peakuuu. 3aBu- 40 Oruer no JI.P.18

CHMOCTB CKOPOCTH peaK-

LMY OT TEMIIEPATYpHl.

Pemenue
aHAJIMTUYECKUX 3a7a4




23 | Tema 6.2. Kuneruka VYerHblii onpoc
CJIOKHBIX peaKIuil. 8 4 2 2 40 Ortuer mo JI.P.19
Pewenne
AHATMTHYIECCKUX 3319
24 | Tema 6.3. TeopeTmueckue VYcTHBIH ompoc
MIPEICTABICHUS XUMITIe- Oruer o JI.P.20,21
CKOM KMHETHKH. 8 4 2 2 40 Pemenne
AHATTUTHYECCKUX 337129
Tect No6
25 | Tema 6.4. Ilennbie, poTo- YcTHEI ompoc
XUMMYECKHE U pajnaly- Ortuer no JI1.P.22,23
OHHO-XMMUYECKHE TIPO- 8 4 5 5 40 Perenue
I[ECCHI. AHATUTHYCCKUX 3a]1a4
Peiitunrosas
K.P. Ne6
26 Pasngen VII. Karanus
27 | Tema 7.1. Karamms. O0- VYcTHBIH ompoc
1€ MPUHLMIIBI IPOTEKa- 8 4 2 2 35 Oryer o JI.P.24
HUS KaTaJIUTHICCKUX pe- Pemenune
aKIUH. aHAJIUTHUYECKUX 3aJ1a4
28 | Tema 7.2. Kunernka ka- YcTHbli onpoc
TaJIUTHYECKUX MPOIIECCOB. Ortuer o JI.P.25
8 4 2 2 35 Pemienne
AHAJTUTHYCCKHX 3a/1a4
Peittunrosas
K.P. No7
UTOI'O 7 CEMECTP - JU®3AYET
8 CEMECTP -3AIIIUTA
720 60 30 30 18 582 KYPCOBOII P A]?(I)T})I,
9K3AMEH

Ipumeuanue: JI — nexkuus; [13 — npaktudeckoe 3anarue, cemunap; JIP — nmabopatopHas

pabora; KP — kypcoBast pabora; CP — camoctosrenbHas pabora.

Ta6auna 3 - MaTpuua cCOOTHeCeHHs Pa3/iesioB, TeM y4eOHOH JUCHUILIMHBI U opmupye-

MbIX KOMIIETE€HIIUH

Paznen, Tema TUCIATUIHMHEI Koi- OO01ee
BO Kox xommieTennnm KOJIH-
4a- YECTBO
COB KOM-
TIeTEeH-
N5 051
OIIK-1 OIIK-2
Paznen |. OcHOBBI XUMHYECKOH TePpMOIU-
HAMHKH
Tema 1.1. Ilpumenenue mnepBoro 3akoHa | 28 + + 2
TEPMOJMHAMUKYM K XUMHUECKUM IPOIIECCaM.
TemnoemkocTb. TepMoxumus.
Tema 1.2. Ilpumenenue BTOporo 3akoHa | 24 + + 2
TEPMOJMHAMHUKYM K XUMHUECKUM IPOIIECCaM.
OHTpomusl.
Tema 1.3. TepMoauHamMuueckue MNOTEHIUA- 24 + + 2
nel. Xumuueckuit noreHuuan. IIpegen mpo-
TekaHus peakuuu. TeruioBas Teopema HepH-
cra.
Pa3nen |1. Xumuueckoe paBHOBecHe




Tema 2.1. 3akon aeiictByromux macc. Kon-
CTaHTa XMMHYECKOTO PaBHOBECHS U COCTAaB
CUCTEMBl. XUMHYCCKHE U aJCOPOLMOHHBIC
paBHOBecusa. CMeEIIEHUE XUMHUYECKOTO PaB-
HOBECHHI.

24

Tema 2.2. MakcuMaapHas paboTa B XUMHIe-
CKO€ CpOJICTBO. Y paBHEHUS U30TEPMBI XU-
MHYECKOU PEeaKIu.

24

Tema 2.3. 3aBUCHMOCTE KOHCTAaHTEI XUMHYE-
CKOT'O PAaBHOBECHSI OT TEMITEPATYPBI. DMITH-
PHUYECKHE METO/IbI pacyeTa KOHCTAHT PaBHO-
BECHS.

24

Paznen 111, ®a3oBbie paBHOBecusi. Pac-
TBOPBI

Tewma 3.1. IIpaBuno ¢a3 'n66ca. PaaoBec-
HBIE COCTOSIHUS MPH (Pa30BBIX IEpPexoax.
YpaBuenue Knaysuyca-Knaiinepona.

24

Tema 3.2. MonekynsipHsie pacTBopbl. Ou3u-
KO-XMMUYECKHE CBOHCTBaA pa30aBlieHHBIX
PacTBOPOB.

24

Tema 3.3. BunapHble pacTBOPHI KUIAKUX Jie-
Ty4uX BCHICCTB. I/IIICEUH)HI)IC 1 HCUJICAJIbHBIC
cucteMbl. YacTUuHO CMcHIMBaroOmuecsa u
HECMEIIMBAOIINECS KUIKOCTH.

24

Tema 3.4. PacTBOpUMOCTE T'a30B B KUIKO-
CTAX. 3aKOH pacupeieieHus. DKCTPAKITHUSI.

24

Pazgen IV. Daexkrpoxumust

Tema 4.1. PacTBOpBI 3JIEKTPOJIUTOB.

28

Tewma 4.2. HepaBHOBeCHBIE SIBJICHUS B pac-
TBOpax 3JEKTPOJIUTOB.

28

Tema 4.3.OnexTpoaHsle mpoueccsl. Tepmo-
JUHAMHUKA 1 KHHETHKA 3JIEKTPOXUMUIECKUX
IIPOLIECCOB.

28

Paznea V. DiaeMeHTHI
CTATHCTHYECKOM
TEPMOIMHAMHUKH

Tema 5.1. Mexanndeckoe OImMucaHue MoJie-
KyJsipHOU cuctemsl. [loctynarter craTucTu-
yeckoi TepmoauHaMuku. CyMMa o cocTosi-
HUSAM.

48

Tema 5.2. Bprunciaennus TepMoanHAMUYE-
ckux ¢yHkuuil. CtaTucTHYECKast TEPMOIH-
HaMHKa peajbHOro ra3a u KOHJEHCUPOBaH-
HOI'O COCTOSIHMSI BEILIECTBA.

48

Paznea VI. XumMundeckas KHHETHKA

Tema 6.1. CkOpOCTh XUMUUYECKOHN peaKIUH.
3aBHUCHMOCTH CKOPOCTH PEAKIIUH OT TeMIIe-

paTypsl.

48

Tewma 6.2. KuHeTHKa CI0XKHBIX peaKuil.

48

Tema 6.3. TeopeTuueckne npeCTaBICHUS
XUMHAYECKON KHHETHKH.

48

Tema 6.4. llenHbie, GOTOXMMUYECKUE U Pa-
JIUAITIOHHO-XUMUYECKUE TTPOIIECCHI.

48

Paszgen VII. Karanus




Tewma 7.1. Karanuz. O0mue npuHuune! npo- | 43 + + 2
TEKaHUS KATATMTHYCCKUX PEAKIHH.

Tema 7.2. KuHeTrka KaTalIUTHYECKHUX IIPO- 43 + + 3
I[ECCOB.

Kypcosas pabora 18 + + 2
HToro 720

Kparkoe cogep:xanue y4eOHOW TMCHUATIIAHBI
Pa311e.]1 . OcHOBBI XUMHYECKOIi TEPMOAUHAMHUKH

Tema 1.1. Ilpumenenue nepeozo 3aKOHA MEPMOOUHAMUKU K XUMUYUECKUM RPOUECCaM.
Tennoemkocme. Tepmoxumus. 1lpenmMer XUMUYECKON TEPMOJUHAMUKU. TepMoarHAMUYECKHE
nepeMeHHble. THTeHCHBHBIC M OKCTEHCUBHBIC BeMHMUMHBL. OOpaTUMbIe M HEOOpAaTUMBIC TIPOIIEC-
Chbl ¥ UX cBOMcTBAa. OCHOBHBIE MOHATHS U ONPENEICHUs: CUCTEMA, TEPMOJAUHAMUYECKHUE ITPOLIEC-
CBbI, BHYTPCHHSISI DHEPIHsI, SHTAJBIMS, TEIUIoTa, pabora. MakcumanbHas paboTa pacuIupeHus
UJIabHOr0 ra3a B pa3HbIX Ipolieccax. Y paBHEHUE COCTOSIHUS MIEaNbHOrO rasa, raza Ban-nep-
Baanbca. Teopema 0 COOTBETCTBEHHBIX COCTOSIHUAX U OO0IIasi poOsieMa ypaBHEHUSI COCTOSIHUSL.
[lepBblil 3aK0H TepMoaUHAMUKU. [[puMeHeHre nepBoro Hayaia TEpMOJUHAMUKY K ITpoLieccaM B
mo0bix cuctemax. Kiaccupukanus terioeMkocTd. CBSI3b TEINIOEMKOCTH C TePMOJIUHAMUYC-
CKUMHU (YHKIUSMU. 3aBUCUMOCTb TEINIOEMKOCTH OT TeMIepaTyphl. TemioeMKoCcTh ra3oB, TBEp-
JBIX TEJI U CMecel. 3aBHCHMOCTh TEIUIOBOTO 3(PeKTa XMMHUECKON PEeaKIuu OT TEeMIIePaTypHl,
ypaBuenue Kupxrodda. Tepmoxumus. 3akon ['ecca u cnenctBue u3 Hero. [IpubnmxeHHbie Me-
TOJIBI pacyeTa TeTUIOT 00pa30BaHusl, CTOPAHUs, PACTBOPCHHUS, HEHTpaTU3any.

Tema 1.2. Ilpumenenue 6mopozo 3aK0HA MePMOOUHAMUKU K XUMUYECKUM NPOUECCAM.
Oumponusn. CaMONpOU3BOJIBHBIE U HECAMOINPOU3BOJIbHBIE TpOIecChl. BiusHue ycimoBuid Ha
HaIpaBlIeHUE XMUMHUYECKOTO Ipoliecca. BTopoil 3ak0oH TepMOJUHAMHUKU U €ro paznudHble (op-
MYJIMPOBKH. YPaBHEHHE BTOPOTO Hadajla TEPMOJUHAMHUKHU ISl OOpaTHUMBIX U HEOOpPaTUMBIX
nporeccoB. O60CHOBaHME BTOPOro Hayana tepmoauHamuku. Teopema Kapuo-Knaysuyca. DH-
Tpomusi Kak (PyHKIUSI COCTOSHUA. VMI3MeHeHHne HTpONuU MpU pa3IMyHBIX mporeccax. M3mene-
HUE€ SHTPOIUU KaK KpUTEPUIN HaAIpaBJIEHUs MPOILIECCOB B M30JIMPOBAaHHBIX cucrtemax. Iloctynar
[Tnanka.

Tema 1.3. Tepmoounamuueckue nomenyuanvi. Xumuueckuii nomenyuan. Ilpeden
npomexanun peakyuu. Tennosan meopema Hepucma. ®ynnamentansHoe ypapHeHue ['uooca.
Xapakrepuctuueckue GyHkuu. DHeprus [ m66ca, sneprus ['eapmrosbiia 1 UX CBOWCTBA. Ypas-
HeHre MakcBellia U €ro MCIOIb30BaHME ISl BBIBOJIA PA3IMYHBIX TEPMOJUHAMUYECKUX COOTHO-
nieHud. XUMUYECKHe MOTEHIMANbl, UX ONpE/eJIeHUE, BhIUUCIEHUE U CBOMcTBA. OnpeneneHue
HaIlpaBJICHUs PEaKIUU MPU CTAHAAPTHHIX YCIOBHSX.

Paznen |1. Xumnueckoe paBHoBecue

Tema 2.1. 3axon oeiicmeyrwuux macc. Koncmanma xumuueckozo pasnosecusn u co-
cmae cucmemol. Cmeuwjenue xumuyeckozo pasnogecusa. OOpaTHUMble peakUMU. 3aKOH Jeii-
CTBYIOIIUX Macc MPUMEHHUTEIHHO K 00paTUMBIM HAECATbHBIM OJHOPOIHBIM XUMHUYECKUM CHUCTE-
MaM U pealbHbIM. MICTOpHS €ro OTKpBITHS U COBPEMEHHAas TpakToBKa. KoHCTaHTa paBHOBecus U
crocoObl ee BbIpakeHUs. KoHCTaHTa paBHOBECHS! B Fe€TEpOTreHHON peakiuu. XUMHUYECKOE PaB-
HOBECHE B MICATBHBIX U HEUJICATBbHBIX CUCTEMAX. Y CJIOBUS XUMUYECKOro paBHOBecus. CMmere-
HUE XMMUYECKOT0 PaBHOBECHS: BIUSIHUE TEMIIEPATYpPhl, KOHIEHTPALIUH, 1aBJICHUSI.

Tema 2.2. Makcumanvnasa paboma u xumuueckoe cpoocmeo. Ypasuenusn uzomepmoul
Xumuyeckou peakyuu. MakcuManabHas paboTa pacIIMpeHHs UealbHOro raza. TepMoanHaMu-
YyecKasi TPaKTOBKa TMOHATHS O XUMHUYecKoM cpozctBe. [Ipunimn beptio u obnacts ero npume-



HumoctH. [IpuBenennas sneprust ' ub6ca u ee UCHOIB30BAHUE JUISI PACUETOB XUMHUECKUX PaB-
HOBECHH.

Tema 2.3. 3aéucumocms KOHCMAHMbL XUMUYECKO20 PAGHOGECUS OM MEMNEPANYPb.
Imnupuueckue memoovl pacuema KOHCHAHM PAGHOBECUA.

N3zotepma Bant-T'odda. 3aBUCHMOCTD KOHCTAaHT PaBHOBECHS OT TEMIIEPATyphl. Y paBHe-
HUS U300apbl U U30XOPBl PEAKLIUU UX TePMOJUHAMUYECKUH BbIBOJ. M3MeHnenue snepruu ['n66ca
Y JHEpPIruM l'enpMrosiblia npyu XMMHUYECKON peaknuu. PacyeT KOHCTAaHT paBHOBECHS SMIIMpPHUYE-
CKMMH METOJAMH HA OCHOBE CIEKTPOCKOINYECKUX U KAIOPUMETPUUYECKUX NAHHBIX, MeTox Tem-
kuHa-IlIBapumana.

Paznea |11. ®a3oBbie paBHOBecusi. PacTBopsl

Tema 3.1. Ilpasuno ¢paz I'uooca. Pagnosecnvie cocmoanus npu hazoevix nepexooax.
Ypaseuenue Knayszuyca-Knaitnepona. I'ereporennbie cuctembl. [lonarus ¢aza, KOMIOHEHT,
crerieHb cBoOonbl. [IpaBmiio a3 ['mb6ca u ero BHIBOX IS pa3HBIX CHUCTEM. TepMoauHaMuye-
CKO€ YpaBHEHHE IPU PaBHOBECHBIX MEPEX0/1axX BelIeCcTBa (MCIapeHue, CyoIumanus).

Tema 3.2. Monekynapuuie pacmeopvl. Pu3uKko-xumuyecKue ceoiucmea pazoaeieHHbx
pacmeopos nenekmponumos. OO01Ias XapaKTepUCTUKa pacTBOpoB. MeanpHbie pacTBOphl. He-
UjcalIbHBIC PACTBOPBI U UX CBOWCTBA. AKTHBHOCTH, KO3 uIMeHT akTuBHOCTH. CBOMCTBA pas-
OaBJICHHBIX pacTBOpOB. JlaBneHue mapa Haj pacTBOpPUTENEM U pacTBOpoM. 3akoH Payns u ero
TEPMOJUHAMHYECKUN BbIBOJ. J[aBieHUE HACBIIIEHHOTO Mapa pacTBOPUTENS HAJl pacTBOPOM, 3a-
BHUCUMOCTh OT TeMmmeparypbl. Temreparypa 3amep3aHusi U KUIEHUS pa30aBICHHBIX PacTBOPOB.
Kpuockorus u 30ymmmockonusi. OcMoc ¥ OCMOTHYECKOoe JaBiieHue. YpapHenue Bant-I'odda,
€ro TepMOJIMHAMUYECKUI BBIBOJ M 00JIaCTh TPUMEHEHHUSI.

Tema 3.3. Bunapuvie pacmeoput y3cuokux nemyuux eeuiecme. Hoeanvnvie u Heude-
anvHble cucmemol. dacmuuno cmemusarouuecs u Hecmewusarujueca xHeuokocmu. Pactso-
pBI JIETY4HX KUIKUX BemiecTB. CocTaB mapoBoit u xuakol (a3. Pa3nuunbie BUIBI 1Uarpamm co-
ctosaus. 3akoHbl ['n66ca-KonoBanoBa. Pa3znenenue BemecTB myTeM MeperoHkKu. A3eoTpomHbIe
CMecH U UX cBoiicTBa. JlaBneHue nmapa OMHApPHBIX CUCTEM M3 YACTHYHO CMELIMBAIOLIUXCS U He-
CMENIHUBAIOIIUXCS XuIKocTel. [leperonka ¢ mapom.

Tema 3.4. Pacmeopumocmsv 2a306 8 HcuOKocmax. 3aKoH pacnpeodeneHus. IKCmpaK-
yua. PacTBOpBl Ta30B B KUAKOCTAX. BlMsHHE KOHIIEHTpAIMHM SJEKTPOJIUTOB, TeMIEpPaTyphl,
IPUPOJIBI PACTBOPUTEIIS HA PACTBOPUMOCTH Ta30oB. 'paduueckoe BbIpa)k€HHUE COCTaBa TPEXKOM-
MOHEHTHBIX cucTeM. TpeyronpHUK [u60ca. OOmre mpencTaBieHUs O TPEXKOMIIOHEHTHBIX U
MHOTOKOMITOHEHTHBIX KOMITJIEKCHBIX COSIMHEHUSX U MOHHBIX accolaTax M METO/JaX MX HCClie-
noBanus. 3akoH ['enpu. Pacpenenenue TpeThero KOMIIOHEHTa MEXTY ABYMsI HECMEIIUBAIOIIH-
MUCS KUJKOCTAMH. 3aKOH pacrpeerneHusi. JKCTparupoBaHUE B XUMUHU.

Paznea V. DnexkTpoxumus

Tema 4.1. Pacmeopwt 31ekmponaumos. 1[pudriHbl 1 MEXAHWU3M DJIEKTPOJUTHUECKON JUC-
couunanu. OCHOBHbIE MOJNOXKEHUs1 Teopun Appennyca. Henoctatku 3toit Teopun. Pabotsr UL A.
Kabnykosa u J[.M. MenaeneeBa. MoH-aumonbsHOe B3aMMOJICHCTBHE KaK OCHOBHOE YCIIOBHE
YCTOMYMBOCTH PACTBOPOB AIEKTPOJIIUTOB. TepMOIMHAMUYECKOE ONHMCAHWE MOH-MOHHOI'O B3au-
MmojecTBus. [loHsiTue cpeiHelt akTHBHOCTH U cpeiHero Koa(dduiineHTa akTUBHOCTH;, UX CBSI3b C
AKTUBHOCTBIO U KOA(P(PHUIIMEHTOM aKTUBHOCTH OTJENbHBIX MOHOB. OCHOBHBIE JOMYIIEHUS TEO-
pun JleGas-I'tokkens. YpaBHeHnue s koddduireHTa akTHBHOCTH B IEPBOM, BTOPOM U TPEThEM
npubimxennu teopun Jlebas-I'tokkens. CoBpeMeHHBbIE MPEICTABICHHUS O PAacTBOPax 3JEKTPO-
JIUTOB.

Tema 4.2. HepasnosecHole asnenusn 6 pacmeopax iekmpoaumog, Ilotoku muddysuu
u murpanuu. ®opmyna Hepucra-OitHmrelina. J(udQy3rnonHbi moteHman. Y aeapHas U SKBH-
BaJICHTHAs 3JIEKTPONIPOBOAHOCTh. Yncna nmepeHoca u MeTonbl ux omnpeaeneHus. IlonsuxkHoctn



MOHOB U 3ak0oH Kombpaymma. @usndeckue ocHoBBI Teopun [lebdas-Itokkens-Onzarepa; 35eKTpo-
doperndeckuii U penakcanroHHbId 3P dekTsl; d3PdexkTel Buna u Jlebas-DanpkeHrarena. 3aBu-
CUMOCTh MOJIB’KHOCTH HMOHOB OT IMPHUPOJIbI PACTBOPUTENISA, OT TEMIEPATypbl U KOHILIEHTPALUU
pactBopa. MexaHu3M 3JIeKTPOIIPOBOJHOCTH BOJHBIX PACTBOPOB KUCIIOT U IIEIOYEH.

Tema 4.3. DiiekTpoaHbie npouecchbl. TepMoAMHAMIKA U KMHETHKA JJIEKTPOXUMHYe-
CKHMX MPOLECCOB. YCJIOBHS 3IEKTPOXMMHUUYECKOTO PAaBHOBECHS HA IpaHulax pasaena ¢a3 u B
anexTpoxumudeckoit nenu. Cesazp DJC ¢ cBoOonHoM 3Heprueil 'nb60ca. Ypasuenne Hepruera u
['u60ca-I'enbMronpiia AJi1 paBHOBECHOW SJIEKTPOXMMHYECKOW Ienu. [IoHSATHE AJIEKTpOIHOTO
noreHnuana. Kiaccupukanus 37IEKTPOJOB M IJICKTPOXMMHUECKHUX Iierneid. [loHsTHe moBepx-
HOCTHOT'O, BHEIIIHErO M BHYTPEHHEr0 MOTEHIIMAJIOB; Pa3HOCTH MoTeHuanoB ["anbBanu u Boib-
Ta. JIBOMHOMN AIEKTPUUYECKUI CIIOM U €r0 POJib B KHHETHKE JIEKTPOAHBIX MPOLEccOB. EMKOCTh
JBOMHOTO 3JIEKTPUYECKOT0 CJIO0s; MPUYMHBI €€ 3aBHUCHUMOCTH OT MOTEHIHala 3jekTpoia Mo-
JIETIbHBIC MPEJCTABICHUS O CTPYKTYpe ABOUHOrO cios. Teopus I'yu-Hanmena-I'pama; cxoactso
U pa3Inyuus dTOW TEOpUU C Teoprer noHHou atMocdeps! Jlebas-I'tokkens. [noTHOCTS TOKa Kak
Mepa CKOpPOCTHU 3JIEKTPOJHOrO Ipolecca; HoJjspu3auus 31ekTponoB. CTaauu 3JI€KTPOJHOIO
npouecca. MexaHu3Mbl Maccorneperoca: Auddys3us, MUTpalus U KOHBEKIHUS. Tpu OCHOBHBIX
ypaBHEeHUS MU Y3MOHHONW KMHETUKHA W OOIIMIA MOJXO0J K pemeHuto ee 3aaad. [lomsporpadums.
YpaBHeHHE IS TOKa B TEOPUHU 3aMEIJICHHOTO pa3psija; TOK 0OMeHa U MepeHanpsiKeHne. XuMu-
YECKME UCTOYHUKH TOKA; UX BUJIbI 1 OCHOBHBIE XapaKTEPUCTUKH.

Pa3nes V. D1eMeHTBhI CTATHCTHYECKOH TePMOAMHAMHUKH

Tema 5.1. Mexanuueckoe onucanue monexkyaapnoiu cucmemsot. Ilocmynamor cmamu-
cmuyeckoii mepmoounamuku. Cymma no cocmoanuam. Oynkuus pacnpenenenus Makcsera-
bonpumana. Ee ncronbs3oBaHHME U1 BBIYMCIICHMS CPEIHHUX CKOPOCTEH M SHEPIMM MOJIEKYJ B
ujieabHbIX Ta3ax.

CratucTudeckue CpeHHe 3HAYEHUS MAKPOCKOIMYECKHUX BenumunH. AHcamOmu ['ub6ca.
Meron ¢yHKUMH pacnpeneneHus i KAHOHUYECKOTO U MaKpOKaHOHHWYeCKoro ancamoieit. Oc-
HOBHBIE ITOCTYJAThl CTATUCTHUUECKON TepMoAHaMUKHN. KaHoHMUYeckass QyHKIUS pacrpeaeneHus
I'n66ca. CymMMa o COCTOSIHUSIM KaK CTaTUCTHUYECKas XapakTepuctudeckast pyHkius. CTaTucTu-
YECKUE BBIPAXKEHHUS 11 OCHOBHBIX TEPMOJAMHAMHUYECKUX (PYHKINN — BHYTPEHHEH >HEpPIrUuH, dH-
Tponuu, 3Hepruu ['enpmronbua u sHeprun ['mu66ca. Cratuctuueckue pacuersl SHTponuu. Pop-
myina boneumana. [Toctynar [Inanka u aOcoMrOTHAS SHTPOTIHSL.

Tema 5.2. Bviuucnenus mepmoounamuyeckux @ynkyuii. Cmamucmuueckans mepmo-
OUHAMUKA PealbHO20 2a3a U KOHOEHCUPOBAHHO20 cocmoaHnua eeujecmed. COCTaBIAIOIINE JH-
TPOIHMH, BHYTPEHHEN SHEPIUU U TEIUIOEMKOCTH, 0OYCIOBIEHHBIE MOCTYIATEbHBIM IBH)KEHUEM.
®opmyna 3akypa-Terpone. BpamarenbHast cyMMa 1Mo COCTOSIHUSAM JUIs )KecTKoro poraropa. Co-
CTaBISIOLIME PHTPOIUHU, BHYTPEHHEH SHEPTUU M TEIUIOEMKOCTH, OOYCIIOBIIEHHBIE BpaIlaTeNlb-
HbIM JABMKeHHeM. KonebarenabHas cymMma IO COCTOSHUSIM JIJISi TaApPMOHUYECKOIO OCLUJUIATOPA.
CocraBisiomuye SHTPONHUU, BHYTPEHHEH >HEPrUU U TEIUIOEMKOCTH, OOYyCIIOBIEHHbIE KoyeOa-
TEIbHBIM JIB)KEHUEM. «3aMOpOKEHHbIE» KoJjiebaTellbHble CTENeHH CBOOOABI U MX CBOMCTBA.
Pacuer KOHCTAaHT paBHOBECHS XMMUYECKUX PEAKLUN B MACAIbHBIX ra3ax METOJOM CTaTUCTUYE-
CKOM TEPMOJMHAMHUKH.

Pazgen VI. XuMmudyeckas KHHETHKA

Tema 6.1. Cxopocmb Xumuueckoii peakuuu. 3a6UCUMOCMb KOHCHMAHMbL CKOPOCHIU
XUMUYECKOU peakyuu om memnepamypel. 3aJja4l XUMAYECKOW KUHETUKU. CKOPOCTh XMMUYe-
CKOM peakuuu. |'OMOreHHbIE U T€TePOTeHHbIE peakiuu. MeToabl UCCIENOBaHNS CKOPOCTEN XU-
Muueckux peakuuil. Kunertuueckue kpusble. Kunernueckue ypaBHeHus. [lopsaok peakuuu u
MOJIEKYJIAPHOCTh. OmpeeieHne KWHETHYECKUX TOPSAIKOB M KOHCTAaHT CKOPOCTEH XWMHUYECKHX



peakumii. [IopsoOK XMMUYECKOM peaKkIUU KaK OTpaKCHUE MEXaHU3Ma €€ IIPOTEeKaHus. Y paBHE-
Hue Appennyca. «3pPexTuBHaAsI» U «UCTUHHAS) YHEPTUS aKTUBALIUH.

Tema 6.2. Kunemuxa cnoxcuvix peakyuit. Cinoxsble peakuuu. [IpyHuun HesaBucumo-
CTH DJIEMEHTApHBIX cTaauii. MeToabl cOCTaBlIeHHs] KHHETHUYECKUX ypaBHeHUH. OOpaTumbie pe-
aKLIMY 1epBoro nopsnaka. OnpeneneHue 3J1€MEHTapHbIX KOHCTAHT U3 OINBITHBIX JaHHbIX. [lapa-
nenbHble peakiuu. [locnenoBaTenbHble peakiiii Ha IpUMepe ABYX HEOOpaTUMbBIX pPeakIiuil mep-
BOI'O MOPSAKA.

Tema 6.3. Teopemuueckue npedcmasieHus Xumudeckoi KUHEemuKu.

Teopus coynapenuii B xumnuueckon kuHetuke. @opmyina Tpayrua-JIsrouca. Teopus ne-
PEXOAHOTO COCTOSHUA (AaKTUBUPOBAHHOTO KoMIuiekca). CTaTUCTUYECKUN pacueT KOHCTaHTHI
ckopoctu. OCHOBHBIE JIOMYIICHUS! TEOPUU aKTUBUPOBAHHOT'O KOMIUIEKCA M 00JIaCTh €ro MpuMe-
HUMOCTHU. TepMOJIMHAMUYECKUI ACTIEKT TEOPUU aKTUBUPOBAHHOTO KOMILIEKCA. DHTPOIHS aKTH-
Baluu. Teopusi akTUBUPOBAaHHOI'O KOMIUIEKCA B IPUMEHEHUH K MOHOMOJIEKYJISIPHBIM PEAKLUSM,
OMMOJIEKYJSIPHBIM pEaKLUsIM M TPUMOJIEKYISIPHBIM peakiusaMm. ComocraBieHHE pe3yibTaToB
TEOPUH AKTUBUPOBAHHOI'O KOMILIEKCA U TEOPUH COYAAPECHMUIA.

Tema 6.4. llennvie, homoxumuueckue u paduayuonHno-xumuyeckue npoyeccol. llen-
HbIe Tporiecchl. OCOOCHHOCTH KMHETHKH IEMHBIX Peakifii. DIeMEeHTapHbIe MPOIECChl BO3HUK-
HOBEHUS, MMPOJOJKEHUS, pa3BETBICHHUA U 00pbIBa meneil. Jlnnua nenu. Pagukanel. Pa6otsr H.H.
CeMeHOBA 10 TEOPUH LIETIHBIX PEaKIUH.

DOTOXUMHUYECKUE U PATUALUOHHO-XUMHUYECKHUE Mpouecchl. DOTOXMMUYECKHE aKTUBHBIE
YacTUIBl. DKCHUMEpPHI, SKCUIUIEKCHI M MX CBOWCTBa. M3MeHeHHME (QHU3UYECKUX U XUMHYECKUX
CBOWCTB MOJIEKYJ IIPHU 3JIEKTPOHHOM BO30YXJeHuH. KBaHTOBbIN BbIXOA. 3aKOH (poTOXMMUYE-
CKOM IKBUBAJICHTHOCTH DWHIITeHHa. Onpenenenne KUHETUIECKUX MOCTOSIHHBIX (OTOXHUMHYE-
CKHMX peaklMi METOJOM CTAllMOHAPHBIX KOHLIEHTPALUU.

Paznea VII. Karamns

Tema 7.1. Kamanus. Obujue npunyunst npomeKkaHus Kamaiumu4yeckux peaxuyuil.
Oco0eHHOCTH U KJIacCU(pUKAIM KaTaTUTUYECKHX IMporeccoB. 'omorennslii karanus. Kucnor-
HO-OCHOBHOM Katanu3. Kiaccugukanusi peakiuil KMCIOTHO-OCHOBHOrO KaTanu3a. DyHkuuun
KHMCIIOTHOCTH ['aMMeTa M MX UCIOJIb30BAaHUE Ul BBIUMCICHUS CKOPOCTH PEAKLUU U KUHETHYE-
CKHX IOCTOSIHHBIX. ['eTeporenHsblil kaTanus. OnpeneiaeHre CKOpocT reTepOreHHON KaTaluTHie-
CKOM peakuu. Y JeNbHas U aTOMHasi aKTUBHOCTb. SIBIEHUS OTpaBJIEHMs KaTaIn3aTOpPOB. AKTHUB-
HOCTb U CEJIEKTUBHOCTh KaTaIU3aTOPOB. DHEPTUs aKTUBALIMY KATaIUTHUECKUX PEAKIIHM.

Tema 7.2. Kunemuka kamanumuueckux npoyeccoé. KuHeTnka 1 MEXaHU3M PEaKIUi
00I11ero KUCIOTHOTO KaTanu3a. Y paBHeHue bpeHcrena u ero ucnoiab30BaHUE B KWHETHKE KaTa-
JUTUYECKUX peakunid. KaTanns KOMIUIEKCHBIMU COEMHEHUSIMU NTEPEXOAHBIX MeTalIoB. ['oMo-
TE€HHBIE PEAKIUU THIPUPOBAHMS, UX KUHETUKA U MEXaHU3MBI.

5. METOAUYECKHUE YKA3BHMUS 110 ITPENNIOJJABAHUIO
N OCBOEHMIO JUCIUIIVINHBI

5.1. Yka3zanus 1Jis1 npenojasBaresieii 1o OpraHu3aluy U NMPOBeIeHUI0 YUeOHbIX 3a-
HATHIT M0 AucuuIInHe «Pu3ndecKkasi XUMHUI»

[Ipuctynas K U3yuyeHHIO HOBOM yueOHOH AUCHUIUINHBL, CTYJCHTbI JOJDKHBI 03HAKOMUTh-
csl ¢ yueOHOM MmporpaMMoil, yueOHOM, HaydHO! 1 METOAMYECKOM IUTepaTypoi, MoJIydnuTh B Oub-
JHOTEKE PEKOMEHJOBaHHbIE YUYEOHUKU U y4eOHO-METOAMYECKHE MMOCOOUs, 3aBECTH HOBYIO TET-
panab uist paboThl ¢ IEPBOMCTOYHUKAMHU.

B xone NeKIMOHHBIX 3aHATUH BECTH KOHCHEKTHpOBaHHE ydeOHoro matepuana. OOpa-
1IaTh BHUMAaHHME Ha KaTeropuu, (popMynHpOBKH, PACKPHIBAIOIIUE COJIEpP’KaHUE TeX WM HMHBIX
SBJICHUHN U INPOLIECCOB, HAyYHBIE BBIBOJABI U NPAKTUUYECKUE peKoMeHJanuu. JKenaTenbHo ocTa-



BUTh B pa00OYMX KOHCIIEKTaX MOJIs, HA KOTOPBIX JIeNaTh MOMETKHU M3 PEKOMEHI0BAaHHOW JTUTepa-
Typbl, JOMOJHSIONIME MaTepua MPOCIYIIaHHOW JIEKIHUH, a TaKKe MOAYEPKHBAIOIIUE 0COOYIO
BaXHOCTh T€X WJINM MHBIX TEOPETUYECKHUX IOJIOKEHUH. 3a/1aBaTh MPENoIaBaTeN0 YTOUHSAIOMNE
BOIPOCHI C IIEJIbI0 YSICHEHUS] TEOPETUYECKUX MOJIOKEHUM, Pa3pelIeH s CIIOPHBIX CUTYaLIUH.

Bo Bpems mpakTHYeCKHX M CEMHUHAPCKUX 3aHATHI MCIONB3YIOTCS CIOBECHBIE METO[BI
oOydeHus, Kak Oecela U IUCKYCCHS, YTO MO3BOJISIET BOBJIEKATh B yYEOHBIH MPOLECC BCEX CITY-
mIaTesiel ¥ CTUMYJIMPYET TBOPUECKUH moTeHuan odyyaromuxcs. [Ipernogasarento HeoOX01MMO
UMETb, 7151 IPOBEJCHUS MPAKTUYECKUX U CEMUHAPCKUX 3aHATUHN, HArJIsAHbIE TOCOOUs — HAaOOPbI
Ta0JIML 110 TEME 3aHATUS, CXEMbI U Ap. [Ipy NOAroToBKE K NPaKTUUECKUM U CEMUHAPCKUM 3aHsI-
TUSM MPENoAaBaTeNto HeoOX0UMO 3HaTh IJIaH €ro MPOBEAEHUS, MPoaAyMaTh GOPMYIUPOBKU U
coJiepKaHne Y4eOHBIX BOIIPOCOB, BHIHOCUMBIX Ha O0CYX/I€HUE, TTO3HAKOMHUTHCS C HOBBIMH ITYO-
JUKauusAMU 1Mo TeMe. B Havane 3aHsATHs MpernoiaBaTeb OJIKEH PacCKPbITh TEOPETUUYECKYIO U
IPAKTUYECKYI0 3HAYUMOCTb TE€MBbl 3aHATHS, ONPEIEIUTh MOPSIOK €ro INPOBEACHMsS, BpeMs Ha
o0cyxJIeHHEe KaXXJI0ro y4eOHOro Borpoca. B xoje 3aHsATHs claeayeT JaTh BO3MOKHOCTb BBICTY-
IIUTh BCEM KEJIAIOIUM U MPEUIOKUTh BBICTYIIUTh TEM CIYLIATENsAM, KOTOPbIE MPOSBISIOT Mac-
cuBHOCTb. LlenecoobpasHo, B Xxo1e 00CyKAeHHs Y4EeOHBIX BOMPOCOB, 33/1aBaTh BBHICTYMAIOIIUM U
ayJIUTOPUU JOTIOJIHUTEIIbHBIE U YTOUHSIOUINE BOIPOCH C LIEbIO BBIACHEHUS UX MO3ULUHI 10 CY-
HIeCTBY 00CYXk/1aeMbIX MpoOJIeM, a Tak)Ke MOOILIPSITh BHICTYIUIEHHE C MECTa B BUJIE KPATKUX JI0-
NOJIHEHUH. B 3aKII0YMTENbHON YacTH NMPAKTUYECKOrO 3aHATHS CIEAYyeT IMOJBECTU UTOr: JaTh
O0BEKTHUBHYIO OLIEHKY BBICTYIUICHHUS CIIyIIaTens U y4eOHOI rpynmsl B L[EJIOM, PaCKPBITh MOJIO-
JKUTEJIbHbIE CTOPOHBI M HEJOCTATKHU MPOBE/ICHUS 3aHATUS, OTBETUTh Ha BOIPOCHI, Ha3BaTh TEMY
OUEepEe/HOTO 3aHATHS U J1aTh HeoOXoauMble 3ananus. [locie moaBeaeHs] UTOTOB YCTPAHUTh He-
JIOCTAaTKU, OTMEUYEHHBIE TIPEI0/1aBATEIIEM.

[Ipu moaroToBKe K sK3aMeHaM (B KOHIIE CEMECTPOB) MOBTOPATH MIPONICHHBII MaTepual B
CTPOTOM COOTBETCTBUHU C y4eOHOW MPOTPaMMOil, MPUMEPHBIM IepEUYHEM Y4eOHBIX BOIIPOCOB,
BBIHOCAIIMXCA Ha 3a4eT M COJAEpXKAIlUXCs B JaHHOW mporpamme. Vcmonb3oBath JIUTEpaTypy,
pEeKOMEHAOBaHHYIO TpenoaaBareneM. OOpaTute 0co00e BHUMAaHUE HA TEMbI y4eOHBIX 3aHITHH,
NPOMYIIEHHBIX CTYIEHTOM IO pa3HbIM NpuyrHaM. [Ipu HEoOXOIUMOCTH OOpaTHThCA 3a KOH-
CyJbTallel 1 METOINYECKOM MMOMOIIBIO K MPENoJaBaTelto.

B cnyyae BO3HMKHOBEHUS! BOIPOCOB OHM MOT'YT OBITh 33JJaHbl IIPEIoIaBaTelto Ha popyme
(moodle@asu.edu.ru).

K BbImonHeHuto, oGOpMIIEHUIO M OTYETY MO J1a0OpaTOpPHBIM paboTaM MHpPEIbsBISIOTCS
ob1re TpedoBaHUS:
1. Lenb u 3a1a4M UCCIIE€IOBAHUS.
2. KpaTkoe onucanue 3KCIepuMeHTa: Coco0bl, METO/Ibl, METOJJUKH UCCIIEOBAHUS U TEOPETH-
YECKHUE MOJIO0KEHHUS.
3. 3axoHBl, IOJOXKEHUS, MaTEMaTHUECKUH anmnapar, ypaBHEHuUs peakuuil. Pe3ynbTaTsl uccneno-
BaHUS U pacyeTsbl (ypaBHEHMs JOJDKHBI OBbITh IPUBEACHBI B OOLIEM BUJE U C MOJCTAaBICHHBIMU
JaHHBIMU). Pe3ynbTaThl HCCIe10BaHUs U PACUE€TOB JOJIKHBI OBITh CBEJIEHBI B COOTBETCTBYIOIINE
tabnuikl. CtatucTudeckas 00padoTKa JTaHHBIX.
4. T'paduueckas 00pabOTKa IKCIEPUMEHTANIbHBIX JAaHHBIX: I'Pa(UKH U CXEMBbI JOJKHBI BBIIOJ-
HATBHCS TOJBKO Ha MIJUTUMETPOBOM Oymare. Ha och opauHaT HaHOCUTCS (PyHKIMSA, HA OCh abc-
LIUCC — apryMEHT C yKa3aHUEM eAWHMI] u3MepeHus. Ha ocax HaHOcCHTCA IIKaja COTJacHO BbI-
OpanHOoMy MacmTa®y. EnuauIel Macmitada TOKHBI OBITh BRIOPAHBI B COOTBETCTBUHM TOYHOCTH
oTcyeTa IpU 3KcnepuMeHTe. KoopauHaThl SKCIEPUMEHTAIbHOM TOYKHM HAHOCSTCS TOJBKO Ha
IUIOCKOCTH M OTMEYaroTcsl Toukoi. [1o skcrepuMeHTanbHbIM TOYKaM MPOBOAUTCS YCPETHSIOMIAs
KpHBas. BrinaBiie TOUKH He UCTONB3YIOTCS, HO MOKa3bIBAIOTCS. DKCIEPUMEHTAIbHbIE JaHHBIE
JUTSL TIOCTPOEHUS TPaAyupOBOYHOrO rpaduka oOpadaTeIBarOTCs O METOAY HAUMEHBIINX KBaJpa-
TOB. Ha MIJUTUMETPOBOM Oymare m300pakeHbl rpa)uyecku 3aBUCUMOCTH, MOTY4YE€HHbIE B X0
BBITMIOJTHEHUS SKCIIEPUMEHTA (BCE BBIMOJIHAETCS TOJIBKO MPOCThIM Kapanpamom!). I'padux mms
KaX/10i cuctembl oopmisieTcs Ha OTAeNbHOM JucTe, MacmTaba A4 (win 2 nucra Macitaba
A4, 6omee MeNKME PUCYHKH HE JIOMycKaroTcs!) ¢ moapoOHOH moapucyHoYHOU nmoanuckio (Puc. 1
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...... ). Ecniu st cuctembl MpUBOASATCS JaHHBIE IPH HECKOJIBKUX TEMIepaTypax, OHU HAHOCSTCS
BCE Ha OJUH rpaduk. B nmoapucyHo4YHOHN MOANMCH YKa3bIBAKOTCS, YCIOBMS MOJyYCHHs JaHHbBIX
(JUTMHA BOJIHBI, pa3Mep KIOBET, KAKOW TeMIIepaType COOTBETCTBYIOT HAHECCHHBIC JIMHUH, KOH-
LEHTpalMs aHAIU3UPYEMBbIX PACTBOPOB U T.I.). KoMIbIOTEpHBIN BapuaHT MpeCTaBICHUS Ipa-
¢uxoB He nomyckaetcs! [Ipu pabore ¢ rpadhukom s onpeaeneHus Kakux-Iu00 BEITUYUH, 10-
IIyCKaeTCsl MOCTPOEHUE Ha TpaduKe JONMOJHUTEIbHBIX JUHUH, OJHAKO PacyeThl, CBSI3aHHbIC C
TUMHU TpaduKaMmHu, CIeAyeT NOMENIaTh B TEKCTe paboOThl, a HE HAa KOOPJIMHATHOM IIOCKOCTH
rpaduka WiIM puUCyHKa. B moamucu mox puCyHKOM JIOJIKEH CTOSTh HOMEpP PUCYHKa, Ha3BaHHUE
rpaduka u pacmuppoBKa Mo HoMepaM JHHUN Ha rpaduke. XKenaTeabHO, 4TOOBI HA OJJHOM JIUCTE
pacriosiaraics OJIuH PUCYHOK;
5. AmnHanum3 5KCHepUMEHTAIBHO MOJIYYEHHBIX 3aBUCUMOCTEH.
6. BrIBonmnl.

Pabora cuntaeTcs BBIIOIHEHHOMN, €CIIM IPUBEIEHb! BCE HEOOXOAUMBIE PACUYETHI, OCTPO-
€HBI U3y4aeMble 3aBUCUMOCTH, IPUBEICHBI BCE CTPYKTYPHBIE (POPMYIIBI H3y4aeMbIX BEILECTB U
00pa3yeMbIX COETUHEHUH, C/IeNIaHbl COOTBETCTBYIOIUE BHIBOIBI.

5.2. Ykazanus 1751 00y4aroluxcs M0 0CBOEHUIO TUCHUIIMHBI « Du3nyecKkass XUMHSD)

Tadoiauua 4 - Cogep:kanne caMOCTOATEIbHOI PadoThI 00y4ar0IMXCst

Bonpockl, BEIHOCUMBIE HA CAMOCTOSTENLHOE NU3YyUYEHHE Kom-Bo Dopmbl

4acoB paboThl

Pa3ned |. OcHOBBI XUMH4YeCKOH TePMOAUHAMUKH

Tema 1.1. Ilpumenenue nepeoco 3aKoHa MepPMOOUHAMUKU K XUMUYECKUM 20
npoyeccam. Tennoemxocms. Tepmoxumus.

[Ipeamer xumuueckoil TepMoauHaMUKU. OCHOBHBIE ONPEIECICHUS: CUCTE-
Ma (rOMOTeHHasl U TeTepOreHHas, N30JIMPOBAHHAS, OTPHITAast U 3aKphITas,

COCTOSIHUE CHCTEMBI); TEPMOJIMHAMUYECKUN MPOIeCC (M30TECPMHUUCCKUIA, Bomnpocs k ycr-

n300apHbIid, M30XOPHBIH, aarMadaTHYECKUil, KPyroBoil mpoiecc, ooparu- HOMY
MBI 1 HeoOparumelii). Henneansubie raspl. [lpu xakux ycloBHSX WHC- 0 onpocy
MOJNIB3yIOTCSl ypaBHeHus1 Ban-nep—Baanbca, durepuun, Beptno? Koag- @;pPM J;GZH ne
(GUIMEHT CKUMAEMOCTH Ta30B, CIIOCOObI ero onpezaeieHus. Kak paccun- Pelwerie
TaTh paboOTy M30TEPMUYECKOTrO pacIIMpeHHs | KMOJIb peanbHOro rasza? AHATHTHYCCKIX
Temnora oOpa3oBaHus (B pa3HBIX arperaTHbIX COCTOSHHSAX, HOHOB B pac- 3ayau

TBOpPAax), HEUTPAJIU3aINH, PACTBOPEHUs (MHTErpajbHast, TBEPIOTO COEIH-
HEHMS), pa3BeleHus, cropanus. llpuOnmkeHHBIE MeTOAbI pacueTa(Io
SHEPTHUAM CBSI3€H ISl OpraHMYECKUX COEIMHEHUH, METOJ] CPaBHUTEIBHO-
T'0 pacyeTa Jyisl TOJ00HBIX XUMUYECKUX COCTHMHEHUM).

Tema 1.2. IIpumenenue 6mopo2o 3aK0HA MEPMOOUHAMUKY K XUMUYECKUM 20

npoyeccam. SHMPORUs.

OcHoOBHbIE TOHATHS (CaMOIIPOM3BOJILHBIE M HECAMONPOW3BOJIBHBIE MPO-

neccel).Bropoe nauano tepmogmaamuku. Llukn Kapno. IIpuanun Kapa- Bompocs! K ycr-
TeoopH. MeXy HEKOTOPBIM HMCXOJIHBIM COCTOSSHUEM | M KOHEYHBIM HOMY
cocrosinueM |l ocymecTBistoTcs aBa nepexoaa. OQuH U3 HUX MPOTE- ompocy
KaeT o0patumo, apyroii — HeoOpaTumo. M3BecTHBI TemoBble 3¢ dek- OdopmieHue
TBI 3THX HpoueccoB: Qosp M Queosp, TPHIEM Qosp > Queosp. KakoBo coot- J.P.3
HOIIICHHE MEX]y U3MEHEHHEM DHTPONMUH AS B TOM H JIPYyTOM Ipoliec- Pemenne
ce? YUto Oonpure? Kakue mapameTpbl cUCTEMBI HEOOXOIUMO MOAACPIKH- AHATUTHICCKAX
BaTh IMOCTOSIHHBIMHU, YTOOBI MO 3HAKY W3MEHEHHUs HHTPONUU MOXKHO sajad,
ObUTO OBl CYJUTh O HAMpPABIEHUH CAMOINPOHM3BOIBLHOTO TPOTEKAHHS Tonrorosxa k
nporecca? Tecty Nel

B KakoM COOTHOIIEHHWH HaXOAATCS MOJISIPHBIE SHTPOIHMH TPEX arperat-

HBIX COCTOSIHUH OJHOTO BeIeCTBa: rasa, JKHUJKOCTH, TBEpJOro tena?

Yro Gonpuie?

Tema 1.3. Tepmoounamuueckue nomenyuanvl. Xumuueckuti NOMeHYUa. 20 Bomnpocsr k yct-

Ilpeoen npomexanus peaxyuu. Tennoeas meopema Heprncma.

HOMY




Xapakrepuctuueckue GpyHKuun. YpaBHenue ['noOca - ['enpmromnsia. ompocy
XUMHUYECKUI MOTEHIMA UI€AIbHOTO U pealibHOro razoB. @yruTuBHOCTH Odopmenne
U KO3QPUIUEHT QYTUTUBHOCTU. AKTUBHOCTh M KO3()(UIHEHT aKTUBHO- JLP4
CTHL Pemenne
AHATTUTHYCCKUX
3amad
ITonroroBska k
PEUTHHTOBOM
K.P. Nel
Pa3nen |l. Xumunyeckoe papHoBecue
Tema 2.1. 3axon oeticmgyrouux macc. Koncmanma xumuueckozo pagHo- 20
gecusi u cocmas cucmemvl, Xumuyeckue u a0copOYUOHHbIE PAGHOBECUSL. Bompocs K ycr-
Cuewyenue Xumuiuecko2o pagHo6eCUs. HOMY
XuMHuYecKre U aAcopOILMOHHBIC pPaBHOBecHs. UTO O3HAYaeT COCTOSHUE ompocy
XUMU4ecKoro pasHoBecusi? Kak MOXKHO oIpenenuTb, 4TO B CHUCTEME Odopminenne
HacTYIWJIO paBHOBecHe? YCIIOBUS XMMHUYECKOro paBHOBecHs. KoHcTaHTa JLP.5
paBHOoBecus. Kakue ¢akTopbl BIUSIOT HA KOHCTaHTHI paBHOBecus K, u Pemenue
K¢, ecnmu pearupymoIinyr CUCTEMY paccMaTpUBaTh KakK HJICATbHYIO? AHATUTHYCCKUX
Hanuimure MaTeMaTHYECKOE COOTHOLIEHHE Mexkay Benununnamu Kp u K 3alad
JUIsL XUMU4eckoi peakiyu. Kakas U3 3TuX BeJTU4nH O0Jibie?
Tema 2.2. Maxkcumanvuas paboma u Xumuueckoe cpoocmeo. Ypasuenus 20 B
. OIPOCHI K yCT-
U30MepMbl XUMULECKOU Peakyuu. HOMY
MakcumManbHas paboTa 1 XUMHUYECKOE CPOJICTBO: MPH CTaHJAPTHBIX yCJI0- onpocy
BUSIX, B HEPABHOBECHOW CHCTEME, IPU YCIOBUH, €CIIH JIaBICHUS TpUBEIe- OdopmieHue
HBI B pa3MepHOCTH — atMoc¢epa. Hanmuure ypaBHeHHe, CBA3BIBAIOIIEE JLP.6
CTaHJapTHOE CPOJCTBO AGT u KOHCTaHTy paBHOBecus Kp, mpu mocTo- Pemenne
sSsHHBIX P u T, eclu NaBlIEHHE BBIPAXXEHO B mackaisax. Urto sBusercs AHATMTHICCKHX
Mepoil CTaHIAPTHOT'O CPOJICTBA XUMHUECKON PEAKIUH MPU TOCTOSHHBIX sanad,
P u T? JIns xakux peakuui KOHCTaHTa paBHOBecus K, paBHa paBHOBeC- HE}MOTO;E; K
HOMY JAaBJICHUIO B CUCTEME IIPH TAHHOW TemMieparype? ooty 72
Tema 2.3. 3asucumocms KOHCMAHMbL XUMUYECKO20 PAGHOBECUSL OM MeM- 20 Bonpocsr k ycr-
nepamypbul. IMRUpUTEcKue Memoovl paciema KOHCMAHM PAeHOGECUs. HOMY
OMIUpUYECKUE METOJIbI pacueTa KOHCTaHT paBHOBecHs: MeTo TeMKuHa- onpocy
[[IBapumaHa, pacyeT, OCHOBaHHBIA HA HCIOJBb30BAHUU CIIEKTPOCKOIHYE- Odopmerne
CKHUX U KaJJOPUMETPUYECKUX JTAHHBIX. JLP.7
Pewenue
AHAJIUTUYCCKUX
3a1ay
[HoaroroBka k
PEUTUHTOBOI
K.P. Ne2

Paznen |11. ®a3oBbie paBHOBecus. PacTBopsl




Tema 3.1. Ilpasuno paz I'uboca. Pasnogechvie cocmosnus npu ¢pazovix
nepexooax. Ypasuenue Knaysuyca-Knaiinepona.

PacueTsl ¢ ncronb3oBaHueM (a30BbIX THATPAMM COCTOSIHUS.

OOBscuuTe mpu momony ypaBHenus Kiaysuyca-Kianeiipona, mouemy
JIaBJICHUE HACBIMICHHOTO Mapa HaJl )KUJKOCTBIO PACTET MPH YBEIHMYCHUH
TeMmeparypel. TpeOyercsi rpa@UuecKkd pacCyUTaTh TEILIOTY HcIape-
HUS JKMIKOCTH TIPH 3aJaHHOi Temmeparype. Hapucyiite rpaduk, Ko-
TOPBIM HEOOXOAMMO TMOJB30BATHCS, W HAMHUIIUTE COOTBETCTBYIOIIYIO
pacueTHyr0 dopmyiy. Kak nu3meHsieTcs Temreparypa IiiaBiIeHUs Bellle-
CTBa C POCTOM JIaBJIeHHA?

20

Bompocs! k yer-
HOMY
orpocy
Odopmienne
JLP.8
Pemenne
AQHAJTUTUYECKHX
3a1a4

Tema 3.2. MonexkynapHvie pacmeopul. Duzuxko-xumuieckue ceolcmsea 20 Bompocsr k ycr-
pazdasienHbIx pacmseopos. HOMY
KonnuratuBHBIE CBOMCTBA pa30aBIICHHBIX PACTBOPOB: MOHIKCHIE JaBIIe- ompocy
HHsI HACBIIIIEHHOTO Tapa HaJl paCTBOPOM, KPHOCKOIHS M 30YILTHOCKOIIHS Ogopmienne
KaK METOMBI OTPE/ICICHUS] MOJIEKYIISIPHBIX MAcC BEIICCTB P9
Pewmenue
AHAJIUTUYCCKUX
3amaq
Tema 3.3. Bunapuvie pacmeopwl HcUOKux remyqux eeujecms. MoeanvHole 20 Bormpocs! K ycT-
U HeuoeaibHbvle cucmemvl. dacmuuno cmeuusaowuecs i HeCMeuusaio- HOMY
wuecst HCUOKOCmi. omnpocy
BuHapHble pacTBOPHI JKMIAKMX JIETYYUX BELIECTB. AHAIM3 JUarpamMm Ogopmierne
«COCTaB-/IaBJICHHE Mapay 1 «COCTAB-TEMIIEPaTYpay NPH OTPHLATENLHOM H Pgi;gle
TIOJIOKUTEIEHOM OTKJIOHEHHH OT JIMHEWHOW 3aBucuMocTd. lleperonka AHATHTIICCKIX
KUAKUX cMeceil. YacTHYHO CMemuBarmuecss W HECMENTHBAIOIIHeCs sama,
KUAJIKOCTH [MoaroToska K
Tecty Ne3
Tema 3.4. Pacmeopumocms 2a3068 8 HCUOKOCHAX. 3AKOH pacnpedenetus. 20 Bompocs! k yct-
Oxempaxyus. HOMY
I'padmyeckoe BeIpakeHHE COCTaBa TPEXKOMIIOHEHTHBIX CHCTEM. Tpe- onpocy
yroibHuk ['u66ca. OOIKe PeJCTaBIEHHS] O TPEXKOMIIOHEHTHBIX U MHO- Odopmrenne
TOKOMITOHEHTHBIX KOMIUIEKCHBIX COEJIMHEHHMSX W MOHHBIX accoIMarax M JII);HIGL;S
METO/aX MX UCCIIEIOBAHUS. DKCTParUPOBAHUE B XHMHUH. AHATHTHYCCKIX
3amaq
IToxroroska x
PEUTUHTOBOI
K.P. Ne3
Paznea V. Daekrpoxumus
Tema 4.1. Pacmeopbl 31eKmMpoaumos. 24 Bompocsr k ycT-
OcHoBHble pomyuienus: teopun Jlebas-I'tokkens. YpaBHeHHe A KO- HOMY
(uImeHTa akTUBHOCTH B TIEPBOM, BTOPOM H TPEThEM MPUOIMKESHUN TEO- Onpocy
pun Jlebas-I'tokkens. CoBpeMEHHBIE MPEICTABIEHUS O PaCTBOPAX DJIEK- Odopmierne
TPOTOB, JLP.13,14
Pemenne
AHAJIUTUYCCKHUX
3aga4d
Tema 4.2. HepasnoeecHvle s611eHUs 6 pacmeopax 371eKmpoumos. 24 Bompocs! k ycr-
dusnueckue OCHOBBI TEOPHH Jebas-I'rokkenss-Onzarepa; HOMY
anekTpodopeTHUecKuil U pesakcaroHHbd 3ddexTsr; 3pdexTsl Buna u onpocy
JleGag-DanpKeHraresa. Odopmnenne
JILP.15
Pewenune
AHAJIUTUYCCKUX
3amad,
IoxroroBka k
Tecty Ned4
Tema 4.3. Dnexmpoonvie npoyeccoi. TepMoouHamura u KUHemuKa 3J1ex- 24 Bomnpocsr k yct-
MPOXUMULECKUX NPOYECCOB. HOMY
IToHsITE TOBEPXHOCTHOTO, BHEHTHETO M BHYTPEHHETO MMOTEHIINAJIOB; Pa3- Oonpocy




HOCTH IIOTCHIINAJIOB I'anpBanu u Bonbra. MexaHu3MbI MacCCOIICpeHOCa:

Odopmienue

nudGy3us, MUTpaIis ¥ KOHBEKIUA. Tpu OCHOBHBIX ypaBHeHUS 1uddy- JLP.16
3MOHHOW KMHETHKH U 0OLIMI TTOAXO0] K peleHuto ee 3a1ad. [lomsporpa- Pewerne
(us. YpaBHeHHE 111 TOKA B TEOPUH 3aMEIEHHOTO pa3psja; TOK oOMeHa aHATITHICCKIX
Y TIepeHanpsHKEHHE. sanat
ITonroroBska k
PEUTUHTOBOM
K.P. Ne4
Pa3nen V. DiieMeHTHI CTATHCTHYECKOI TEPMOANHAMHKH
Tema 5.1. Mexanuueckoe onucanue monexynsapuou cucmemsi. [locmyna- 40
mul cmamucmuyeckot mepmoounamuxu. CyMma no cOCmosHusaM. Bormpocsr k ycr-
CTaTHCTHYECKHE CPEAHNE 3HAUCHUS MAKPOCKOIIMYECKUX BETHMYMH. AH- HOMY
cambiu ['u66ca. MeTon GpyHKIMEH pacmpeaeieHus 1l KAHOHUYECKOTO U o orpocy
MaKpOKaHOHUYECKOTo ancaMmoOend. CTaTHCTUYECKIe BEIPAKESHHS IS OC- (b%PII;d J;(;Hne
HOBHBIX TEPMOIMHAMUYECKIX (DYHKIIHA — BHYTPEHHEH SHEPTUH, SHTPO- Pemene
nuy, dHepruu [enpMronbiia u saeprun [ m66ca. CTaTHCTHYECKHIE PacueThl AHATHTHYECKIX
saTpormu. @opmyna bonpnmana. [Toctymar [lnanka u abcomoTHas 3H- 3ana4
TPOITHSI.
Tema 5.2. Buruucnenust mepmoounamuyeckux gyuxyui. Cmamucmuye- 40 Bompocs! k yer-

cKas mepMOOUHAMUKA PeanbHO20 2a3a U KOHOEHCUPOBAHHO20 COCIOAHUS
sewecmsa.

®opmyna 3akypa-Terpoae. BpamarenbHas cyMMa 10 COCTOSHUSIM JUIst
XKecTKoro potaropa. KonebatensHast cyMMa 10 COCTOSIHUSIM JJIsl TapMO-
HUYECKOTO OCLHMILIATOPA. «3aMOPOKEHHBIE» KOJeOaTeIbHbIE CTEIICHH
cBOOOBI M X CBONCTBA.

HOMY
oTpocy
Pemenue
AHATUTUYCCKUX
3a7a4,
IToxnroroska x
Tecty Ne§
ITonroroBska x
PEUTUHTOBOI
K.P. No5

Pazgea VI. XuMunueckass KHHETHKA




Tema 6.1. Cxopocms xumudeckou peakyuu. 3a8UcUMOCmsb CKOPOCHU pe-

40

Bomnpocs! k ycT-

aKyuy om memnepamypal. HOMY
3amaun XUMHUYECKON KUHETUKU. MeTo/bl Hccael0BaHus CKOPOCTEN XH- ompocy
MMYECKUX peakiuil. [TopaIoK XMMUYIECKON Peaklu KaK OTPaKEHHE Me- Ogopmienne
XaHU3Ma €€ MPOTeKaHMs. JLP.18
Pewenue
AHATTUTHYCCKUX
3aaa4d
Tema 6.2. Kunemuxa cloi#CcHbiX peakyuil. 40 Bomnpocs! k ycr-
MeTo/pl COCTaBICHMSI KHHETUYECKUX YPABHEHHH JUIsl TOCIICIOBATEIBHBIX, HOMY
MapajuIeTIbHBIX U 00PaTUMBIX PEaKIINH. ompocy
Odopmienue
JL.P.19
Pemenne
AHATTUTHYCCKUX
3a1a4
Tema 6.3. Teopemuueckue npedCmasieHusi XUMUYECKOU KUHEeMUKU. 40 Bompocsr k ycT-
®opmyna Tpayrua-JIstouca. Teopust akTHBUPOBAaHHOIO KOMILIEKCA B HOMY
MPUMEHEHUN K MOHOMOJIEKYJIIPHBIM PeaKkIusaM, OUMOJICKYIIPHBIM peak- onpocy
[MAM M TPUMOJIEKYIAPHBIM peakiusaM. COMoCTaBIeHUE PE3YIILTATOB TEO- 0%015’1\24862*11“6
PUU aKTHBHPOBAHHOTO KOMITJIEKCA H TEOPUH COYIapPECHUH. Pertere
AHAJIUTUYCCKUX
3a1ad
[ToaroroBka x
Tecty Ne6
Tema 6.4. llenuvie, pomoxumuneckue u paouayuoOHHO-XUMULECKUE NPO- 40 Bomnpocs k ycr-
yeccol. HOMY
Pa6oter H.H. CemeHoBa 10 TeOpuu LEMHBIX PeaKIUi. DKCUMEPBI, IKCUII- onpocy
JIEKCHI ¥ MX cBoMcTBa. ONpeneeHne KUHETUUECKUX TIOCTOSHHBIX (DOTO- Ogopmerne
XUMHYECKUX PEAKIIUil METOIOM CTaI[MOHAPHBIX KOHIICHTPAIIHH. J1.p.22,23
Pewenue
AHAJIUTUYCCKHUX
3a1ay
[Tonroroska x
PEUTUHTOBOM
K.P. Ne6
Pa3nea VII. Karaau3
Tema 7.1. Kamanusz. Obwue npuHyunsi nNpomexkanus Kamaiumuyeckux 35 Bonpocsr k ycr-
peaxyuii. HOMY
@YHKIMU KACIOTHOCTH ["'aMMeTa U UX UCIIONb30BAaHUE JUJISI BBIYMCIICHUS ompocy
CKOPOCTH PEAKIUK ¥ KUHETHYECKUX MOCTOSHHBIX. Ogopmuerne
YaenvHas M aTOMHAst aKTHBHOCTb. J1.p.24
Pemenue
AHAJIUTUYCCKUX
3a1a4
Tema 7.2. Kunemuxa kamamumuyueckux npoyeccos. 35 Bompocs! k ycT-
YpaHenune bpeHcTena W ero HMCIONB30BaHWE B KUHETHKE KaTalUTHYe- HOMY
CKHX peaknuid. Katanns KOMIUIEKCHBIMU COETUHEHUAMH NTEPEXOIHBIX Me- onpocy
TAILIOB. Odopmienue
JL.P.25
Pewenue
AHAJIUTUYCCKHUX
3aga4d
IlogroToBka
PEUTHHTOBOM

K.P. No7




5.3. Buasl u ¢popmMbl NCbMEHHBIX PadoT, MPeIycCMOTPEHHbIX IPH 0CBOCHUHU M CIH-
IIHHbI «DU3nvecKasi XUMHUD), BbITOJHsIeMbIe 00y4al0IMMUCH CAMOCTOATEIbHO

TemaTuKa KypcoBBIX IPOEKTOB (KyPCOBBIX padoT) 1o y4eOHOM AUCHMIIINHE

Pegpepamuenan uacmo Kypcoeoi padbomot
WneanbHble 11 HensleabHbIe ra3bl. MONEKYISIPHO-KUHETHIECKAs! TEOPHS ra30B.
TemnoeMKoCTh BeLIeCTB.
TlepBrIil 3aK0H TEPMOJIMHAMUKY B Pa3HbIX Mpolieccax.
Tepmoxumus. 3akon ['ecca.
3aBUCUMOCTb TEIIOBOTO AP PEeKTa XUMUIECKON peakiu OT TeMIiepaTypsl. 3akoH Kupxrodga.
BTopoii 3ak0H TepMOAMHAMUKA. DHTPOTIIHS.
XuMHYeCcKUi U TEpMOJAMHAMUYECKE TOTeHIMalbl. Termnoas Teopema HepHcra.
XUMHYECKOE paBHOBECHE.
CMenieHre XMMUYECKOTo paBHOBecHs. MakcuManbHas paboTa 1 XHMHYECKOE CPOJICTBO.
0. 3aBHCHMMOCTb KOHCTaHTBHI XUMHUYECKOI'O PABHOBECHUSI OT TEMIIEPATYPhl. DMIUPHUUECKHE METOIbI
pacyeTa KOHCTaHT PaBHOBECHL.
11. ®a3oBblec paBHOBECHSI.
12. OOmmas xapakTepuCTHKa PacTBOPOB. PacCTBOPHMOCTH ra30B B KUAKOCTSIX.
13. ®Pu3HKO-XUMHUYECKHE CBOMCTBA Pa30aBICHHBIX PACTBOPOB HEANIEKTPOIHUTOB.
14. Ocmotuueckoe namienue. 3akoH Bant-I'odda.
15. BuHapHBIe pacTBOPHI KHIKHUX JIETYYHX BELICCTB.
16. IleperoHka >KUIKUX CMECEH.
17. 3akoH pacrpeneneHus. DKCTPaKIIHSL.
18. DeKTpoIpPOBOAHOCTH PACTBOPOB. 3aKOH pa3zbarieHus. KoHIyKTOMETpUSI.
19. PaBuoBecHBIe dnekTpoAHbIe MoTeHIHa b 1 J./.C. ranpBaHIYECKOTO 3JIeMEeHTa.
20. Kmaccuukanus 3IeKTpoIoB.
21. DNEeKTPOXUMHUECKHUE IICTIH.
22. TepmMoauHaMHKa 3IEKTPOXUMHUYECKUX IPOLIECCOB.
23. CymMa O COCTOSHHSIM CHCTEMBI. PacueT CyMMBI 110 COCTOSIHUSIM.
24. OnpeneneHue TEPMOIUHAMUYECKUX (DYHKINH.
25. Cxopoctb peaknnu. Kunetnueckast kinaccu@uKaIus peakiiiii B CTATHYECKUX YCIOBHSIX.
26. Metoapl omnpeneneHus nopsaka peakuuid. [lopsmok peakunum Kak OTpaKeHHE MEXaHHM3Ma ee
MPOTEKaHUSI.
27. 3aBHCUMOCTH CKOPOCTH PEAKIIMU OT TEMIEPATypPHI.
28. OOparumble, napajviesibHbIE U OCIEA0BaTEIbHbBIC PEAKLIUH.
29. TeopeTrnuecknue OCHOBBI XUMHUYECKONH KHHETHKH.
30. IenHble peakuuu.
31. doroxumMHUecKHE U PaIdalliOHHO-XUMHUECKUE PEaKLINH.
32. KuneTuka rereporeHHbIX peaKIi.
33. KuHeTHKa 3JICKTPOXUMUYCCKUX PEAKIIHH.
34. T'oMOTreHHBIN KaTaJu3.
35. T'ereporeHHslil KaTanus.

RBOoo~Noa~wNE

3adanus 013 pacuemno-zpagpuyuecKkoil uacmu Kypcoeoi padomot

1.Boipasuth 3aBucuMocTh TemioBoro 3¢ dexra peaknuu 2H2 + CO = CH30H(r) ot Temneparty-
pBI, €CIIM M3BECTEH TEIUIoBOM 3ddekT 3Toil peakiuu npu T=298K, u ypaBHeHHE 3aBUCUMOCTH
Cp=f(T). Boruncoutp terioBoi 3¢dext peakuuu npu T=500K u ompeneianTts, HACKOIBKO MPH
3TOH Temnepatype otianuaercs AHt ot

AU°t(TermoBoit 3¢ (deKT peakuuu Mpu MOCTOSHHOM JIaBIICHUH OT TETUIOBOTO 3(dekra mpu mo-
CTOSIHHOM 00beMe). Beruucnuth usmeHeHus sHTponuu, suepruu ['mb6ca, snepruu ['ensmromnbia
IIPY CTaHAAPTHBIX ycnoBUAX. CaenaTs BBIBOJ O HAIPaBIEHUH Mpoliecca.



2. Belpa3uTh ypaBHEHHEM 3aBUCUMOCTH TEIUIOBOTrO 3 dexTa B JIHK/KMONIb peakuu:

2Nz + 6H20(r) = 4NH3 + 302 oT TeMriepaTyphbl, €CJIM H3BECTECH TEIUIOBOM 3(D(PEKT ITOM peakiuu
npu 298 K. Ypasaenus 3aBucumoctu Cp=f(T) B35Th M3 CHpPAaBOYHUKA. BBIYMCIUTH TEILIOBOM
sbdekr peakuun npu Temmeparype 1300 K. IToctpouts rpaduxu 3aBucumoctd 1% NiCp-
npoo=F(T), 12 niCpucx.eewy=f(T) u AH°=f(T) B untTepBane Temneparyp ot 298 no 1300K. Omnpe-

O0AH w
JENUTh rpaduydecKu (a—_r) p nipu temmeparype 1000K. Paccuutars ACp npu Temmneparype
1000K.

3. HaiiTu n3MeHeHue SHTPONUHU IIPU OXJIAXAEHUH MPHU IOCTOSHHOM JIaBJIEHUH B UHTEpBAJIC TEM-
nepatyp 01423 no 223 K 8 Kr yKCyCHOM KHUCJIOTBI, €CIM M3BECTHBI 3HAUEHHUS €r0 TeMIIepaTyp
IUIaBJICHUS U KUIEHMs (MCIAapeHMsl) U 3aBUCUMOCTbh UCTUHHOH TEIUIOEMKOCTH, 3HAYCHHs KOTO-
PBIX IPECTABIIECHBI B CIIPABOYHUKE.

4. NmeroTed ABa cocynia, U30JIMPOBaHHBIE OT BHELIHeH cpenbl. B onHom Haxoautes 0,7 KMOJIb,
TBEpAON 1 0,3 KMOJIb KUAKOW BOABI NIPU TEMIIEpaType Iu1aBieHus, B Apyrom 0,7 KMoib, TBEp-
noi 1 0,3 KMOJIb JKUIKOW YKCYCHOHM KHMCIIOTHI IpU TemIieparype IiasineHus. Oba cocyna npu-
BOJSITCS B CONPUKOCHOBeHUE. Onpeienure B KaKOM HalpaBlieHUU Oy/eT MPOUCXOAUTh MPOLIECce
B CHCTEME, YTO Oy/eT IIIaBUThCS U 4TO OyJeT 3aTBep/eBaTh — BOJIA WM YKcycHas kucnota? [pu
KaKUX YCJIOBUSAX (TeMIiepaTypa, KOJUYECTBO MOJIb BOJbl U YKCYCHOH KHCIIOTBI) B CHCTEMA J0-
CTUrHeT paBHOBecusi? Yemy OyzneT paBHO M3MEHEHHE SHTPOIIMHU CHCTEMbI IIPU MEPXO0Jie U3 UC-
XOJTHOTO COCTOSIHUS B paBHOBecHOE? OOpaTiM Mk HeoOpaTuM gaHHbIi nponecc? s pacuéTos
HOJIb3YWTECh CIIPABOYHBIMH JaHHBIMH.

5. Ilpu mepexozie cepoBOIOpO/a, Mapbl KOTOPOTO MOTYUHSIOTCS 3aKOHAM HJICAIbHOTO ras3a, u3
JKHIKOTO COCTOSIHMS B ra3oo6pasnoe mpu 202 K u masrenuu 1,01-10° u/M? pacxomyercst CKphi-
Tas TeroTa napooOpa3oBanus. [IpuHATH, UTO TEIIOTa UCIAPEHUS HE 3aBUCHUT OT TEMIIEpaTyphl
U BBIYUCIIUTH, YEMY DPABHBI W3MEHEHMs SHTPONUH, M300apHO-W30TEPMHUUECKOro MOTEHIMANA,
HU30XOPHO-U30TEPMHUYECKOTO MOTEHIMAa, BHYTPEHHEH SHEPTUH, SHTAIBINHA U pabOTHl paciiv-
penus 1 KMo cepoBOJIOpOa B 3TOM Ipoliecce. OnpeaeauTb N3MEHEHHE IePEUNCIEHHBIX BBIIIE
(GYyHKINH, €ClIi mapbl CepOBOIOPO/Ia B KOIMYECTBE | KMOJIb HArpeBalOTCs Ha 25 TPaaycoB H30-
XOpHuecKH, u3o00apuuecku. Ha ckoibko rpagycoB mojaHsiaack Obl TeMIeparypa cepoBOJOPOAA,
ecnu Obl M3MEHEHHE BHYTPEHHEW DHEPTUU TPH TEePEX0Jie U3 JKUAKOTO COCTOSHUS B Ta3000pa3-
HOE BBIPAKAJIOCh B MOBBIIIEHUH TeMIepaTypbl? HeoOxoqumble TaHHbBIE B3STh U3 CIIPABOYHHUKA.
6. Haiitu AG nipu 400K st peaktuu 1/2N2 + 3/2H2 = NHas, ecin AGogg = -16,635 xJ[/MOmb,
IpH pacyeTax YUMTBIBaTh 3aBUCUMOCTb SHTPOIMH U TETIJIOEMKOCTH OT TeMIIepaTyphl.

7.3aBucuMocTh KOHCTaHThI paBHOBecus peakuuu: 4NO + 6H20 = 4NH3 + 502, oT TemnepaTypbl
BeIpakaercsi ypaBHenuem tuna: IgK = - 47500/T — 1,751gT — 13,706. OnpenenuTb KOHCTAHTY
paBHoBecust nipu Temreparype 1000 K. moctpouTts rpaduk 3aBucumocTtr B koopauHarax IgK = f
(1/T) B mpenenax temneparypsl oT 900 1o 1100 K. yka3are kak W3MeHSETCSI KOHCTAHTa PaBHO-
BECHsI C U3MEHEHUEM TeMIIEpaTyphl. ONpeNesuTh TermioBoi apdext peakuun AH mpu 1000 K.
[Tony4yeHHYIO BETMUMHY COIMOCTABUTh C BEIMYMHON TEMI0BOro 3¢ (dekra, BHIUUCICHHYIO MO 3a-
kony Kupxroda. OnpenennTs cTaHIapTHOE CPOACTBO pearupyromux Bemects AGP, a Takxke AS
npu 1000K.

8. Ha ocroBanmu Tabmuunbx gaaex Gynxmumii [(- G° — HO)/T] u AHo®, onpenennts kKoHCTaHTY
paBHOBecus peakiuu: NO2 = NO + 20, npu remmepatype 800 K.

9. Beruucnuth ko3ddurmentsr A u B ypaBHenus IgP = A - B/T, Beipaxaroliero 3aBUCUMOCTb
JIABJICHHs HACBILLIEHHOTO Mapa »XUAKOrO aJlOMUHUSA OT Temneparypbl. [IpoBepuTh HalileHHBIE
BEJIMYMHBI, BHIYUCIMB TEMIIEPATypy KHUIICHHS QJIOMHHHUS B HOPMalbHBIX ycioBusx (2600 K).
JlaHHBIE 3aBUCUMOCTH JIaBJICHUS Tapa OT TeMIepaTyphl peICTaBlIeHbl B Ta0IHIIE:



T,K 1734 1974 2093 2237
P, n/m? 89,3 1333 3972 13410
10. ITo 3aBUCHUMOCTH JaBJCHMs HACBIIIEHHOIO Mapa OT TeMIIEPaTypbl U IUIOTHOCTU JIaHHOTO Be-
1IIECTBA, C MOJEKYJISApHOi Maccoii 81 r/moib, B TBEpaoM (1,626-10° xr/m3) 1 sxuaxom (1,610-1073
KI/M®) COCTOSIHMSX B TPOHHOM Touke mocTpouth rpaduk 3asucumoctu IgP = f (1/T), onpenenuts
1o rpaduKy KOOpAUHATHI TPOMHON TOUKH, PACCUUTATh CPEIHIOI TEIUIOTY UCIIAPEHHsI U BO3TOH-
KU, ONPENEIUTh MPUOIMKEHO TeMIIepaTypy KHUIIEHHUs BELIECTBA MPH HOPMAJIbHOM JaBICHUU U
MIPOBEPUTH MPUMEHUMOCTh YpaBHEHUs TpyTOHa, ONpeAeTUTh TEIUIOTY IUIaBJICHUS BEIECTBA MpU
TemIiepaType TpoiHo# Touku, BeramciuTh dT/dP 1yt mporecca miaBieHUs MPH TeMIepaType
TPOIHOM TOYKH, BBIYHCINTH TEMIIEPATypy IUIABICHMS BemecTBa npu aaBieHnu 300-10° /M2,
BBIYUCIIUTh U3MEHEHUE SHTPOMUH, U300apHO-U30TEPMUYECKOTO MOTEHIIMAIa, CBOOOIHOM HEp-
UM, BHYTPEHHEH HEPIruu, SHTAJbIHUM JUIs Mpollecca BOTOHKM 1 MOJIb BellecTBa B TPOMHOMU
TOYKE.

TBEépnoe cocTosiHue JKuzkoe cocrosHue
T, K 174 175,7 180 182 184 185,5 180 185,5 188 191 194 196,8 199
HEMZ 11997 | 15996 | 19995 | 23994 | 28659 | 31992 | 26660 | 31992 | 37057 | 43456 | 51987 | 59985 | 67449

11.ITpu Temneparype 288,2K naBienue napa pactBopa ¢ maccoBoit nosneit 0,5% Hen3BeCTHOro
HEJIETy4ero BeUIeCTBa B )KUJKOM pacTBoputese paBHo 1598I1a, mioTHOCTH 3TOr0 pacTBopa
1r/cM3. MonekynspHas Macca pacToputens 18 r/mMonb. I10 3aBUCHMOCTH IaBIeHUS HACHIIICH-
Horo napa Hax xuakum (1:269,2;272,2; 273,2; 275,2; 278,2; 283,2; 288,2K; u P: 505; 533,2; 73;
656; 760; 982; 1600I1a) u TBepabim (T: 268,2; 269,2; 270,2; 271,2; 272,2K; u P: 401,2; 437,2;
475,9; 517,2; 533,2I1a) 4uCTHIM paCTBOPUTEIEM OT TEMIIEPATYPbI MOCTPOUTH KpuByto p=F(T)
JUIsL JAaHHOTO pacTBOpa U pacTBOPUTENISA. BbIUNCINTL MOJEKYISPHYIO MAacCy pacCTBOPEHHOTO Be-
[IECTBA; OMPEJCIUTh MOJIAPHYIO U MOJISTIbHYIO KOHIIGHTPAIIMK PacTBOpa; OMpPeIeIuTh rpaduue-
CKU TEMIIEPATypy, IPH KOTOPOH JaBJIEHUE Mapa Ha/l YUCTHIM pacTBOpUTENIEM Oy/IE€T pPaBHO
1598I1a; onpenenuTs rpaguuecky MOBBILIEHUE TEMIIEPATypbl KUNIeHHs pu AaieHuu 159811a
pacTBOpa JaHHOM MOJISIPHOM KOHILIEHTPAIMK; ONPEIEIUTDh TOHKEHUE TEMIIEpaTyphl 3aMep3aHus
pacTBOpa; BBIYMCIUTH F0YIITMOCKONMUYECKYIO U KPUOCKOITNYECKYIO IIOCTOSHHYIO.

12.1ana 3aBucuMoOCTh cocTaBa xuakou (0; 8,4; 12,3; 22,1; 30,8; 38,3; 40,2; 46,5; 53; 61,5; 100
% mou.) u razoobpasuoii (0; 0,6; 1,8; 6,6; 16,6; 38,3; 60,2; 75,9; 89,1; 92,1; 100 % mo:n.) ¢pa3 ot
temneparypsl (373; 379,5; 385; 391,5; 394,6; 394,9; 394; 391; 385; 372; 357 K) nns OunapHoi
xuakor cucteMbl HNO3-H2O mipu moctostaroM naeneruu 103.3 klla. CocTaBsl )KUAKOW U Ta30-
o0pa3Ho# (a3 BeIpaXkeHbl B MOJIIpHBIX IporeHTax BemectBa HNOs. [Toctpouts rpaduk 3aBu-
CHMOCTH COCTaBa Imapa OT COCTaBa KUIKOH (hasbl MPH MOCTOSTHHOM JlaBieHuH. [locTponTs rpa-
(UK 3aBUCUMOCTH «COCTaB- TeMIIepaTypa KureHus». OnpeneanTsb TeMIepaTypy KUIeHus Cu-
CTeMBl, coaepkarniei SSmoinb (%) komnonenta HNOs; kakoB cocTaB TiepBOro Mmy3sIpbKa Mapa;
IpU KaKoi TemrepaType UCUe3HET MOCIEAHAS KAl dKHUIKOCTH U KaKOB ee cocTaB. OnpeaenuThb
COCTaB Mapa, HaXOJSIIETOCS] B PABHOBECHH C KUAKOW OMHApHOI cucTeMOil, KUMsIel Ipyu TeM-
neparype 388K. Kakoii KOMIOHEHT ¥ B KAKOM KOJTU4ecTBE (II0 Macce) MOXKET OBITh BBIACTICH U3
cuctemsl, coctosimerd u3 81kr HNOs u 19xr H20. Ckonbko HNOg3 (kr) OyneT B mapax u B xKH/I-
Koil paze, ecnu 2Kr cMecH, coneprxkarieii 55 monspHbix npouenTos BemectBa HNOsz, Harpets 10
teMriepatypsl 388K. Onpenennts BApHaHTHOCTh CHCTEMBI B a3€0TPOITHOM TOYKE.

13. Jlana 3aBucuMocTh coctaBa xxunkoit (0; 2; 4; 6; 8; 10; 20; 30; 50; 90,8; 96; 98; 99; 100) u
razoo6paznoii (0; 10; 19; 36; 68; 81,1; 89; 90,5; 90,8; 90,8; 91,8; 92; 94,5; 100) da3 ot Temme-
parypsl (435; 431,8; 427,8; 419; 395.5; 382,5; 373,6; 371,7; 370,9; 370,9; 370,9; 371,1; 371,6;
373K) nns 6unapnoit xuakoit cucremsl H20-CeHsO2 mpu noctossuHoM naBienun 103,3 klla.
CocraBsl )KUJIKON U ra3000pa3HoOil (a3 BeIpakeHbl B MOJISIPHBIX mporieHTax Bemectsa H20. I1o-
CTPOUTH IpauK 3aBUCUMOCTH COCTaBa Mapa OT COCTaBa *MJIKOH (a3l MPH MOCTOSIHHOM J1aBjie-
HuM. [locTpouTs rpaduk 3aBUCHMOCTH «COCTaB- TeMIIEpaTypa KuneHus». OnpenennuTs TeMnepa-




Typy KUIEHMs cucTemsl, comepxkameid S0moinb (%) xommnonenta H20; kakoB cocTaB IEpBOIoO
My3bIpbKa Mapa; Mpu Kakol TeMIepaType UCUE3HET MOCIEIHSS KaIulsl AKHUJIKOCTH U KaKOB €€ CO-
ctaB. OnpenenuTh COCTaB Mapa, HaXOMAALIETOCS B PABHOBECHH C KHMJIKOH OMHApHOW CHCTEMOM,
kursieit npu Temneparype 372K. Kakoit KOMIOHEHT, 1 B KAKOM KOJIMYECTBE (TI0 Macce) MOKET
OBITH BBIJIETCH U3 cucTeMbl, coctosied u3 15,8kr HxO u 84,2xr CsHsO2 . Cronbko H20 (kr)
OyJIeT B Mmapax M B XKUIAKOH (ase, eciii 2Kr cMecH, coaepxarieit SO MOJISIpHBIX TPOIIEHTOB BeIlle-
ctBa H20, Harpets 10 Temnepatypsl 372K. OnpenenuTs BApMAHTHOCTb CUCTEMBI B a3€0TPOITHON
TOUKE.

14. ITpu remneparype 306,7K naBienue napa pactBopa ¢ MaccoBOM a0Jei 5% HEU3BECTHOTO
HEJIETy4ero BEeUIECTBa B )KUJAKOM pacTBoputene paBHo 16108I1a, mnoTHOCTh 3TOrO pacTBopa
1,59r/cm®. MonekyisipHast Macca pacTBOpHTENs 32 T/Moub. 10 3aBUCUMOCTH JaBJICHHS HACHI-
nienHoro napa Haja xuakum (T: 273,2; 282,5; 298,2; 306,7; 312,5; 316,5 K; u P: 4786; 6665;
12697; 16396; 18929; 21328 I1a) u tBepabim (T: 229,2; 248; 257; 267,2; 273,2 K; u P: 133,3;
694,5; 1333; 2966; 4786 I1a) uncThIM pacTBOPHUTEIEM OT TEMIIEPATYPHI TOCTPOUTH KPUBYIO
p=F(T) nns nanHOrO pacTBOpa U PaCTBOPHUTEIS. BHIYHUCINTS MOJCKYISIPHYIO MacCy PaCTBOPEH-
HOT'O BEILIECTBA; ONPEAEIUTH MOJISIPHYIO U MOJISUIbHYIO KOHIEHTPALUU PAcTBOPA; ONPENEIUTh
rpaduyuecku TemmnepaTtypy, Ipu KOTOpO# JaBlieHUE MMapa HaJl YUCTHIM pACTBOPUTENEM OyaeT
paBHo 16108I1a; onpenenuTs rpaduyecku MOBBIIICHUE TEMIIEPATYPbl KUIICHUS TIPU JaBICHUN
16108I1a pacTBopa 1aHHOI MOJSPHOI KOHIIEHTPALIMK; OIPEICIUTh TOHIKEHUE TEMIIEPaTypPhl
3aMep3aHus pacTBOPa; BBIYUCINUTD F0YIIIMOCKOIINYECKYIO M KPHOCKOIIMYECKYIO [TOCTOSHHYIO.

15. Hadranwma mpakTH4ecKH HepacTBOpUM B Boje. ONpeneinTh, KaKoe KOJIWYECTBO BOJISHOTO
napa norpedyercs i neperonku 0,1 kr HadTanuHa ¢ BOASHBIM MApOM MPU HOPMAJILHOM J1aB-
nenuu. [Ipu kakoit Temmneparype OyaeT nmpoucxoauTh neperonka? Jlyis pacuéra BOCHOIb30BaTh-
cs 3aBucuMocthio P = f (T).

Bona Hadranuu

T, K 368 369 370 371 372 373 368 369 370 371 372 373

H/M?

P-10#4, | 8,451 | 8,767 | 9,094 | 9,43 | 9,775 | 10,132 0,203 0,211 | 0,221 0,233 0,245 0,260

16. Iloctpouts auarpamMmy (ha30BOro COCTOSIHUS CHCTEMbI (DeHO-BOJA IO JaHHBIM O COCTaBax
paBHOBECHBIX (ha3:

1. Bona nackimena ¢genosniom a0 konreHTpamuu Ci, (EHOJI HACKHIIMIEH BOJION A0 KOHIICHTPAIUU
C2 (koHIIEeHTpaIyH B Bec.%)

T,K 280 300 320 330 335 338 341,8
C1 7,9 8,8 11,4 15,5 18,5 22,0 35,9
C2 75,1 70,5 64,0 58,3 54,0 49,5 35,9
2. TBEpaplil peHoa B paBHOBECHH C PACTBOPOM
T,K 280 290 300 314
C 84,0 91,5 95,3 100
3. TBépaas Bo/ia B pABHOBECHUHU C PaCTBOPOM
T,K 272,99 272,38
C 1,2 5,82

4. IlepBast uHBapuaHTHas Touka okono 272,1 K: néxn, genosn, pactBop. Bropas nHBapuanTHas
touka 274,5 K: dbenon, n1Ba pactBopa.

[TossicHuTh Monmy4yeHHyro auarpamMmy. OnpenenuTts (pa3oBble COCTOSIHHUS CUCTEM B Kax10il o0ma-
ctu nuarpammbl. OnpeIeNuTh COCTaB U KOMMYeCcTBO (a3 B cMmecH, coaepxkaiieit 0,03 kr ¢henomna
u 0,07 xr Boxsl npu Temmneparype 300 K. O003HauuTh TOUKaMU a — TOMOT€HHBIA PacTBOp, CO-
nepxxamuii 80% ¢enona npu 320 K; 6 — cucremy, comepxkamyto 50% ¢enomna, paszaenstonyrocs
HE JIBa HeCMEIIMBAIOIIMXCS PAcTBOpPA, colepkanmx oauH 9,5, npyroit 63,0 % denona; B — ro-
MOTEHHBIN pacTBOp, coaepxkamuii 5% denona npu 320K. Yto Oyaer NpoucXoauTh ¢ Kaxa0i u3
yKa3aHHBIX CHUCTEM, €CJIM K HUM MOCTENEeHHO J00aBiATh GeHnon? PacTBophl, copeprkaiiyne oJuH



20, a gpyroit 605 ¢enona, umeror Temneparypy 340K. o kaokii TeMnepaTypbl HaZ0 OXJIAJAUTh
KKl M3 HUX, YTOOBI BBI3BaTh PaccioeHue?

17. Ha puc. 1 mpexacraBieHa 3aBUCUMOCThH TEIJIOTHI 00pa3oBaHHs pacTBOpoB AU—SN oT
coctaBa npu 873 K. Paccuuraiite TenioTy pactBopeHus AU B TaHHOM PacTBOPE.

AH,
KL/ MOT

481

Au

Puc.1

18. 3aBucUMOCTbh KOHCTaHTHI paBHOBecus peakuuu: S2 + 4H20 = 2S0; + 4H», ot Temnepatypsl
BeIpaXkaercst ypaBHenueM tumna: IgK = - 13810/T — 10.877IgT — 0.00267T + 8,386. Onpenenuth
KOHCTaHTy paBHOBecus mpu temieparype 1000 K. moctpouts rpaduk 3aBUCUMOCTH B KOOPIH-
narax IgK = f (1/T) B npenenax temneparypst ot 900 1o 1100 K. yka3aTh Kak M3MEHSETCSI KOH-
CTaHTa PAaBHOBECHUS C U3MEHEHHEM TEMIIepaTypbl. ONPEAeIUTh TeIoBoil addekt peakuun AH
npu 1000 K. [TonydyeHHyI0 BEIWYMHY COMOCTAaBUTH C BEIMYMHON TEIIOBOTO 3¢ (deKTa, BhIYKC-
JeHHy0 1o 3akoHy Kupxroda. Onpeaenuts CTaHZAPTHOE CPOJACTBO PEArHPYIOUIMX BEUIECTB
AGP, a Taroxe AS npu 1000K.

19. PactBopumocTh ra3o00pazHoro 6pomuctoro Bogopoaa B 6enzone mnpu 303 K xapakrepusy-

€TCsl CIIeNYIOIMMHU JTAHHBIMU:

Mzgi‘;a" 0,000612 | 0,005459 | 0,01149 | 0,2535 | 0,02913 | 0,04713
P, u/M> | 1016,29 | 8460,64 | 25771,00 | 40053,77 | 46832,41 | 75537,79

N300pa3uth rpaduyuecku 3aBUCUMOCTh PACTBOPHUMOCTA OpPOMOBOIOPOJIa OT JABJICHUS M HAWTH

CpeIHee 3HAaUeHHe KOHCTAaHTHI B ypaBHEHUU [ eHpH.

20. Ha ocHOBaHMM IUIOTHOCTH BOIHBIX PAacTBOPOB MeTHsIOBOro cnupra npu 293,2 KK Berumc-
JIUTH C IOMOIIBIO0 MeTO1a epecedeHuid V2o U VCH30H AJIS yKa3aHHBIX KOHIIEHTPAIHil:

Crm%T, 0 20 40 60 80 90 100
Bec.%
Hﬂ‘r’ffh;’fb’ 0,9982 | 09666 | 09345 | 08946 | 08469 | 08202 | 0,7917

21. Onpenenuth rpaduuecku mapiuaiIbHbId MOJIBHBIA 00BEM XJIOpUIa TPEXBATICHTHOTO JKeJe3a
B pacTBOPE, MOJISIBHOCTH KOTOPOTO 0,4, HA OCHOBaHUM CIEAYIOINX JAHHbBIX:

Yucao MoJIb XJI0pHJIa JKe- 0 0,0126 0,0257 0,0394 0,0536
ne3a B 100 r BozbI

O0BEM pacTBopa, coZlep; 100,13 100,58 100,98 101,38 101,73

skamero 100 r Bogsl, cMm




TpeGoBanns k 0(popMIIEHHIO KYPCOBO# padoThl 0 PU3NIECKOI XUMHUHU

Ha npoBepky cnaercs:
1) akKypaTHO BBINOJHEHHBIN, pacrieuaTaHHbI COPOIIIOPOBAHHBIN (Hanka ¢ (paiaaMu WK mamnka
KOHBEPT Ha KHOIIKE) BApUAHT KypCOBO# paboThl, 00bEMOM He Oosiee 30 cTpaHUIL;
2) snekTpoHHbIi BapraHT B popmare Word 2007 wiu 97-2003 (Tak uToObI POpMYIIBI M rpadUKH
OTKPBIBAIKChH) U MPE3CHTAIUs TOK/Ia/la Ha TUCKE, BIOKEHHOM B KOHBEPT U MPUKIIEEHHBIM K 00-
JI0’KKE Tarnku (WIM BBICIATh Ha MOuTy npemnoaasarento djegola@mail.ru);
3) pacnieyataHHas CIpaBKa aHTHUILIArHaT ¢ OPUTMHAIBHOCTHIO He MeHee 40%

OpueHTanus CTpaHHUIbl — KHWKHAsA, popmar Oymaru A4, TEKCT Ha OJHOM CTOPOHE JIUCTA.
[Tomst: BepxHEee U HIKHEE — 2 ¢M, JieBoe — 3 cM, mpaBoe -1,5 cM. OTcTynsl B TeKCTe (clieBa, mpa-
Ba, nepen u nociue tekcra) — 0 cm (). OTetyn KpacHoii ctpoku — 1,25 cMm. BeipaBHuBaHME Tek-
CTa 1o IIMPHUHE, 3ar0JIOBKU 10 LEeHTpYy. PaccTanoBka nepeHocos B Tekcre. He pomyckarores me-
PEHOCHI B 3aroJIOBKax M Ha3BaHUAX Tabnuu. Hymeparust crpanuil — BHH3Y cripaBa, LIpUT HO-
Mmepa crpanuibl - Times New Roman, 12 pt. [lIpudt 0CHOBHOIO TEKCTa U 3ar0JI0BKOB 10 TEKCTY
Times New Roman 14 pt, ogquHapHbiii muHTepBaji. Vcnonp3oBanue apyrux mpudToB HE TOIMYyC-
kaercs. Ha3Banus rnaB — npomnucHbiME, Times New Roman 14 pt, monyxupHbeiM. 3arojioBKU B
TEKCTE JIOIYCKACTCS BBLACIATH MOIYKUPHBIM MIpH(PTOM H/miu KypcuBoM. CCBUIKM Ha JIMTEpa-
TYpy PacCTaBIISIFOTCS MO TEKCTY B MOPSAKE IIUTHPOBAHHS B KBAaApaTHBIX ckoOKkax [7]. bubmmo-
rpaduvecKkuii ciucok opopmiIsieTcst B KOHIE paboTsl B opsiake muTuposanus corinacao [OCT
7.1 -2003. Marematu4deckue ypaBHEHHs HaOuparoTcs Bo BcTpoeHHbM B Word pemnakrope dop-
MyJI, HE JIOIYCKAETCs CKAaHUPOBAHHBIN BapHaHT. Y paBHEHUs peakuuil (HaOuparoTcs) U GopMyIibl
3aMKCHIBAIOTCS HAa OTAENBHOMN CTpOKe, HyMepyloTcs (CKBO3HAas Hymepalus). PucyHku ¢ moapu-
CYHOYHBIMHU HAJIITUCSMU pacrojiaralorcs 1o 1neHTpy, Hymepyrotcs. [lpudt Times New Roman,
12 pt nomnyxupusiii (Hanpumep, Puc.1).

Tabmuibl B TeKCTe 0POPMIIATH cienyromuM oopaszom: mpudt Times New Roman, 12 pt.

Tabnuna 1
Ha3zBanue Ta6aunpl (Mo neHTpy moay:;kupabiM, TNR12 pt)
Ne IToka3zaTens BpeTHOCTH JlonycTrmast KOHIIEHTpaLysl, I/KT TOYBBI
1 TpaHCIOKALIMOHHBII 15
2 | MurpanvoHHbIH BOTHBIN 13,1

CripaBoYHble JaHHbIE IPUBOAATCS B BHJIE TaOJIUI (MOKHO B KOHIIE PaOOTHI KaK MPHJIIO-
JKEHHE) C yKa3aHUEM Pa3MEpPHOCTH U YCIOBUH MX OINpENEIeHHs U CChUIKM Ha UCTOYHUK, OTKYy/1a
OHU B3ATHI.

Pexomenaanuu 1Jisi BbINOJIHEHHUS

3alaHusl KypPCOBOil pacuyeTHOH padoThl N0 pU3NIeCKO XUMHUH
1. W3noxuth TeOpeTHYEeCKHe CBEIEHUs IO TeMme paboThl (OrpaHUYUTh 1O MHUHHUMYyMa
UCIOJIb30BaHUE Y4eOHOW JUTepaTypbl, NMPUBETCTBYETCS 0030p HAayuHBIX MyOJMKaluid, a He
nepecka3 yueOHHUKOB).
2. CornacHO BapHaHTy 3a/laHus, MOJIb3YysACh CIPABOYHBIMM, HA MUJUIMMETPOBOI Oymare nzobpa-
3UTh rpaduuecku 3aBUCUMOCTH. ['paduk 115 Kax a0l cucteMbl 0hOpMIIsieTCs] Ha OTJEIbHOM JIH-
cre, Maciitaba A4 ¢ moapoOHON MOAPUCYHOUHON moamuchio. Ecnm uist cuctemMbl pUBOASTCS
JaHHbIE TIPU HECKOJIbKUX TeMIepaTypax, OHM HAHOCSTCS Bce Ha oJuH rpaduk. B nmoapucyHnou-
HOW MOANNCH YKa3bIBaIOTCS, KAKOM TEMIIEpaType COOTBETCTBYIOT HAHECEHHBIE TMHUU. Kommbro-
TEpHBIN BapHaHT pelleHus rpaduueckux 3ajgad He jomyckaercs. [lpu pabote ¢ rpapukom amns
OTIpe/ieNIeHUs] KaKUX-JIMOO BEJIMYMH, JOMYCKAETCS MOCTPOCHHE Ha rpaduKe JOMOJHUTEIbHBIX
JMHUM, OJIHAKO pacyeThl, CBS3aHHbIE C ATUMHU IpaduKaMu, ClelyeT MOMEeNIaTh B TEKCTe Kypco-
BOi, a HE Ha KOOPAMHATHOMN IJIOCKOCTHU rpaduka MM pUCYyHKa. B moamucu moa pucyHKoM J10J1-
’KEH CTOSATh HOMEp PUCYHKA, Ha3BaHME rpaduka U paciu@poBKa M0 HOMEpaM JIMHUHN Ha rpadu-
ke. JKenarenbHo, YTOOBI Ha OJJTHOM JIUCTE PacIoiarajics OJUH PUCYHOK.
3. [Ipoananu3upoBaTh JaHHbIE 3aBUCUMOCTH, O(DOPMHUTH PE3YJIbTaThl PACUETOB.
4. IToaroToBUTH NPE3EHTALNIO AOKIAAA, B KOTOPOU OTPa3UTh KIIIOUYEBBIE MOJIOKEHHUS B BUJIE BU-
3yaJu3aliy MaTepraia (CXeMbl, TabauIlbl, rpaduKy, TUarpaMMbl, PUCYHKH, (DOTOTpAITUH | T.II.)



Obpasey mumynibH020 aUCma Kypcosotl pabomsl
MHWHOBPHAYKHU POCCUN
denepanbHOE rOCyIapCTBEHHOE OI0KETHOE
o0pa3oBaTeNbHOE YUpEeXKICHHUE BhICIIEro 00pa3oBaHus

«AcTpaxaHCKuil rocynapcTBeHHbIN yHUBepcuTeT uMenu B. H. Tatumesa»
(AcTpaxaHckuii rocyapcTBeHHbIN yHHBepcUTeT UM. B. H. Tarumesa)

Kadenpa xumun

KypcoBas pa6ora no ¢pusnyeckoin XuMun
«HA3BAHUE PABOTbBI»
Bremonuun(ina): ctyneHt (ka) rpynnst XM
@O (1osIHOCTHIO)
IIpoBepwuiia: 1OUEHT, K.X.H.,
3aBKadepoit XuMuu
JLA. Ixuroma

Actpaxanb 20

Obpaszey cmpykmypwvi Kypcosoi pabombi
Conep:xanue (ne Orsasienue!!!)

Benenue (1-2 crpanuiibl 000CHOBBIBAETCS 11€1b pabOThI, aKTyaJIbHOCTb, 33]1a4H)

I'maBa 1. Jlutepatypusiii 0630p (HasoBute rnaBy, Hampumep, Qusuxo-xumuueckue memoobl
onpeodenenus CIIAB 6 obwvexmax oxkpysicaioweti cpeobt)

1.1.

1.2.

M T.J.

I'naBa 2. Pemenue pacuérHo-rpadpuueckoil 3a1auu Mo TeME: «....»
2.1.

2.2.

U T.1.

BriBos! (3akiroueHue)

bubnuorpaduueckuii crimcok

[Tpunosxenus (eciu ecTb)



IIpuMepHBIe TeCTOBbIE 32/1aHUSA
Tect Nel:«Tepmogunamuka. Tepmoxummusi»

1. MaremaTndeckoe BBIPAXKCHUC IICPBOI'O0 3aKOHA TCPMOAMHAMHUKHU IJIsA OCCKOHEYHO MAJIoro U
KOHCYHOI'o NIBSMCHCHU COCTOAHUA CUCTCMBI UMCCT BU/I:

a) oH =dU + dV;,
0) 8Q =dU +dV;
B) 6Q = dU + dA.

2. JIBa raza: OJHOATOMHBIN M JIByXaTOMHBIN, a1na0aTHUYeCKH pacIIupsIoTcs. J{Js Kakoro u3 3Tux
ra3oB pabora pacuupeHust OyneT OoJble, €ClIu YUCI0 MOJIeH 000X ra30B OAMHAKOBO, a TEM-
neparypa Kaxaoro ra3za NOHHU3WIACh Ha OJMHAKOBYIO BEJTUUHHY:

a) 1715l IBYXaTOMHOTO;

0) 7151 OJTHOATOMHOTO;

B) OJIJMHAKOBA.

3. B xakoM u3 nporeccoB paboTa paciiupeHus: HanOoJIbIIAs:

a) 1 kmons CO; pacumpsercs nsorepmuuecku npu 300K ot 10 1o 100 M3,

6) 1 kMo H, pactmpsercs uzotepmudecku mpu 1000K ot 10 1o 100 m?;

B) 4 kmonb CO; pacmupsitorces uzobapudecku npu HarpeBanuu ot 300 qo 550K;
r)2 kMoib Hz pacmupsirorest uzobapudeckn rpu HarpeBanuu ot 300 mo 1300K?

4. TTpu 300K ra3 B HaeaTbHOM COCTOSHHM M30TEPMUUYECKH U 006paTuMo paciupsiercs oT 1072 o
10" M. KosuuecTBo MOrIomenHoro npy 3ToM Temna 17,26 kJIx. CkonbKo Mojieli ra3a yqacTBy-
€T B 3TOM IIpoliecce:

a) l;

0) 2;

B) 3;

r) 4.

5. Teroty cropanusi OpraHUYECKOr0 COCTUHEHHS, pacrioyiaras JaHHBIMH IO TerioTaM o0pa3o-
BaHUs PA3IMYHBIX BEIIECTB, MOKHO PACCUUTATH:

a) He0OXOMMO U3 TEIUIOTHI 00pa30BaHUs 3TOTO COCTUHEHUS BHIYECTh CYMMY TEIJIOT 00pa3oBa-
HUS IPOAYKTOB CTOPAHUS OPTaHMYECKOTO COSTUHEHUS;

0) HEeOOXOAMMO U3 CYMMBI TEIJIOT 00pa30BaHUs MPOAYKTOB CrOPAHUS OPTaHUYECKOTO COEINHE-
HUS BBIUECTH TEIIOTY 00pa30BaHUS dTOTO COSAUHEHUS;

B) HEOOXOJIUMO M3 CyMMBI TETUIOT 00pa30BaHUs MPOIYKTOB CTOPaHUs OPTaHUYECKOTO COEIUHE-
HUS BBIUECTh TEIUIOTY Pa3NIOKEHHUS ATOTO COSTMHEHUSI.

6. XapakTep 3aBUCUMOCTH TEIJIOBOTO (P PeKTa XUMUIECKON peakluy OT TeMIepaTyphl onpesie-
JSAETCA:

a) coBepIaeMoi paboToM;

0) U3MEHEHUEM TETNTIOEMKOCTH;

B) arperaTHbIM COCTOSIHUEM BEIIECTB.

7. B untepBane temneparyp 273-298K ynenbHas TemiIoeMKOCTb rpadura Ooisblie yaeabHOH
TEII0EMKOCTH ayiMasa Ha 215 J[x/kr-rpaa. TeroBol s ekt peaknuu mepexoaa rpadura B aji-
Ma3 MpH MOBBIIIEHUH TeMneparypsl oT 273 1o 298K n3meHuTcs:

a) YMEHBIINTCS;

0) yBETUUUTCS;

B) HE UBMEHUTCH.



8. COOTHOUIEHME SHTAJIBIIMM M BHYTPEHHEH SHEPruu JaHHOW TEPMOJMHAMHYECKON CHCTEMBI
OIMCHIBAETCS:

a)H=U +PV;
6)U=H+A;
B)U=H+AV.

9. OuH MOJIb OJTHOATOMHOI'O Ia3a U OJJUH MOJIb IBYXaTOMHOI'O T'a3a N300apU4eCKU HarpeBaroT-
cs Ha 100 °C. Jlnst kakoro u3 3TuX ra3oB paboTa pacIIMpeHus OyueT GobIIe:

a) 1715l IBYXaTOMHOTO;

0) 711 OJTHOATOMHOTO;

B) OJINHAKOBA.

10. BenuunHbl BHYTPEHHEW 3HEPTUN U SHTAJIBIINHU JUIsI XUMUYECKONW peaklMy HaXOIATCs B COOT-
HOIICHUMU:

a) AH = AU + nRT;

6) AH = A + nRT;

B) AH = AU +AnRT.

Tect Ne2: « Xumuyeckoe paBHOBecHe»

1. Ecau pearupyromyroo CHUCTEMY paccMaTpuBaThb KaK MJ€aIbHYl0, TO Ha KOHCTaHTbI
paBHoBecus Kp u K¢ BiausiroT cnenyromye hakTopsl:

a) 1aBJICHUE;

0) Temriepatypa;

B) MIPUPOJIA PEArHPYIONINX BEIIECTB;
r) o0beMm.

2. BnusiHue TemnepaTypbl Ha KOHCTAaHTY paBHOBecus Ky onpenensiercs:
a) 3HAKOM M BelMuuHOM sHepruu ['mb6ca;

0) 3HaKOM U BEJIMUMHOM TEMI0BOTO 3 (PeKTa peakini;

B) 3HAKOM M BEJIMUYMHOMH TemoBoro sHepruu I'enbMromubua.

3. CooTBeTcTBHE MeKIy u3menennem Kp mpu AHY:
a) AH? < 0;

6) AH°=0

B) AH® > 0;

r) Kp magaer;

1) Kp HE 3aBUCHUT OT TeMIepaTypsl;

e) Kp pacrer.

4. PaBHOBeCHBIH BBIXOJ BOAOpoja mo ypaBHeHuto peakiuun CHs+2H2S = CSz+4H2, npu no-
BBIIIEHNUN OOIIET0 aBJICHUSI B CHCTEME, €CJTM BCE BEIIECTBA HAX OAATCS B HI€aJTbHOM ra30BOM
COCTOSTHUM U3MEHHTCS:

a) YMEHBIIIUTCS,

0) yBETUUYUTCS;

B) HE U3MEHUTCH.

5. Mepoii cTaHIapTHOTO CPOJCTBA XUMUYECKOU PEAKITUHU MPHU MOCTOSHHBIX P u T siBisieTcs:
a) yobuib sHepruu ['n66c¢a;

0) MakcuMaJsbHas moJyie3Has pabora;

B) yObIIb 3HEepruu ['enpmrosbia.



6. Koncranra paBHoBecust xumuueckoil peakuuu Ke u K, mpoTekaromieil B uealbHOM razo-
00pa3HOM COCTOSIHUH, 3aBUCHUT JIM U KaK OT KOHLEHTPALUH Pearupyrommx BeLecTB:

a) 3aBHCHT;

0) HE 3aBHUCHUT;

B) YMEHbIIIAETCS;

T') YBEJIMYHUBACTCA.

7. Koncranra paBHoBecus K, paBHa paBHOBECHOMY JIaBJICHHIO B CUCTEME NPH JAHHOW TeMIIe-
partype Uil peakLuu:

a) TOMOTEHHAs peaKIys, B KOTOPOil 00pa3yroTcsi ra3000pa3Hble POIYKTHI;

0) reTeporeHHast peakius, B KOTOpoil 00pa3yeTcst OAUH ra3000pa3HbIil IPOAYKT;

B) TOMOT'€HHasl PEaKIysi, B KOTOPOi 00pa3yeTcsi OAWH ra3000pa3Hblid IPOIYKT.

8. PaBnoBecue B peaknun COClz = CO + Clz npu no0aBieHHM K PaBHOBECHOW CHUCTEME
MHEPTHOTO Ta3a MpH MOCTOSTHHOM OO0IIEM J1aBJICHUU CMECTHTCS:

a) B IPSIMYIO CTOPOHY;

0) B 00paTHYIO CTOPOHY;

B) HE CMECTHTCHI.

9. Benmuunsl K, u Ke s peakuuu So(TB) + 4H20(ra3) =2S02(ra3) + 4Hz(ra3) nHaxonsarcs B
COOTHOIIICHUH

a) Kp=K;

0) Kp<Kg;

B) Kp>Ke.

10. Koncranra paBHoBecusi K, XMMHUECKO#l peakiuu, MPOTEKAIOIIEH B UICAIBHOM Tra3000-
pPa3HOM COCTOSIHUHM, 3aBUCHUT JIM M KAaK OT KOJIMYECTBA MOJIEM BEIIECTB, YYaCTBYIOIIUX B
HEH:

a) 3aBHCHUT;

0) HE 3aBUCHUT;

B) YMEHBIIAETCS;

T') YBEJIMYUBAETCSI.

Tect Ne3: « Ma3oBble paBHOBecusi. PacTtBopbi»
1. HacpleHHBIM IapoOM >KHJIKOCTH Ha3bIBAECTCSA:

a):map, HaxoASLUNCS B pAaBHOBECUHU C KOHJIEHCATOM;
0):map, HaXOAAIIUKCS B PABHOBECUU C MapoM;
B):IIap, HAXOAIIUICSA B PABHOBECHUH C KUJIKOCTHIO.

2. Uucino TepMOJUHAMUYECKUX CTEIeHer cB000 bl C OJJTHOKOMIIOHEHTHON CHCTEMBI, COJIepxkKa-
Il KUAKYIO U TBEPAYIO (ha3bl B COCTOSSHUM PaBHOBECHUS PABHO:

a) 0;

0) 1;

B) 2;

r) 3.

3. TpoifHast ToUKa Ha AMarpaMMe COCTOSTHUS OJHOKOMIIOHEHTHON CHCTEMBI:

a) 9TO TOYKA Ha JUarpamme, mapaMmeTpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEHHOMY CYIIIECTBO-
BaHUIO TpeX (a3, HaXOSAIMIUXCS B PABHOBECUU;

0) ATO TOUYKa Ha U30TEPME, MapaMeTPbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEHHOMY CYIIIECTBOBA-
HUIO TpeX (pa3, HaXOASIMUXCSI B PABHOBECHUH;



B) 3TO TOYKa Ha IPaJyupOBOYHOM Tpaduke, mapameTpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEH-
HOMY CYIIECTBOBAHUIO TpeX (a3, HaXOAALIMXCS B PABHOBECUH.

4. «CoCTaBISAIONICH» CHCTEMbI HA3bIBACTCS:

a) CTeneHb CBOOO/IHI;

0) BEIIECTBO, KOTOPOE MOKET OBITh BBIJICIICHO U3 CHCTEMBI M CYILIECTBOBAThH BHE €€;
B) caMoe JIeTy4ee BEIIECTBO B CUCTEME.

5. KakoBo of1iee TepMoIMHaAMUYECKOe YCIOBHE (Pa30BOro paBHOBECHSI:

a) MePBBIN 3aKOH TEPMOIMHAMUKH;

0) paBEHCTBO XMMUYECKHUX TOTEHIIMATIOB Ka)X/JI0r0 KOMIIOHEHTA BO Beex (azax;
B) sHeprus [ 'u66ca =0.

6. 3aBUCMMOCTH JJaBJICHUS HACBIIEHHOIO Mapa HaJl TBEPJbIM TE€JIOM OT TeMIIepaTyphl:
a) YBEJIMYUBACTCS C POCTOM TEMIIEPATYPBI;

0) YMEHBIIIAETCS C POCTOM TeMIEPATYPHI;

B) HE 3aBUCHUT OT TEMIIEpPaATypHl.

7. KOMIIOHEHTOM CHUCTEMBbI Ha3bIBaETCS:

a) TBepaas ¢asa;

0) xxmakas ¢asa;

B) HE 3aBUCHMas COCTABJISIONIAs CUCTEMBI.

8. Ykaxkure nuarpammy COCTOSIHMS BOJIbI (JuarpaMmy paBHOBecus (a3) B KoopauHaTtax P =

£(T):

a)
r
Audrocms
fas
Tbepdoe
7
0)
Ji
Téeadoe
Hudrocms
7
B)
p

Audrocms

Thepioe




9. Yucno TepMoAMHAMHUYECKHX —cTerneHeil cBoOoabl C 0JHOKOMIIOHEHTHON CHCTEMBI B TPOMAi-
HOU TOYKE PaBHO:

a) 0;

0) I;

B) 2;

r) 3.

10. KakumMu TOYKaMU HAaYMHAETCS M KOHYACTCS KPUBAs 3aBHUCHUMOCTH «JIaBJICHUS  HACHI-
IICHHOTO Tapa )KHUJIKOCTU OT TeMIIEPATyphI»:

a) TpolHas TOYKa,

0) UCXO/HAsI TEMIIEPATYpa;

B) DBTECKTHKA,

I') KpUTHYECKAs TeMIepaTypa.

Tect Ne4: «nekTpoxumusny

1. Yncnom nepeHoca noHa Ha3bIBACTCS:

a) KOJIHUYCCTBO IICPCHCCCHHOT'O JJICKTPUYCCTBA,
6) OTHOIICHHEC KOJIMYCCTBA JJICKTPHUICCTBA, ICPCHCCCHHOC NOHAMU JAaHHOI'0 poJia CKBO3b
CCUYCHHUC JJICKTPOJINTA, K O6H.[€My KOJIMYCCTBY JJICKTPUUCCTBA,

B) CyMMa KOJIMYCCTBA SJICKTPHUICCTBA, ICPCHCCCHHOC NOHAMU JaHHOI'O pOJia CKBO3b CCUCHUC
QJICKTpPOJIMTA, C O6I_I_II/IM KOJIMYCCTBOM JJICKTPpHUYCCTBA.

2. 3aBHCUMOCTh MEKIY YUCIAMHU TEPEHOCAa KATHOHOB M aHHOHOB M CKOPOCTSIMH HX JIBHOKCHHSI
UMeEET BULL:

a) t+() = U+/U+ +U;

6) t+(-) =U++U.;

B) t+() = U+ +U_/U+(.

3. IIpormopIMoHaNbHO KBaJAPAaTHOMY KOPHIO W3 MOJISUIBHON KOHI[EHTPAI[MH H3MEHSOTCS
a) a;

0) o;

B) 4,

T) Ao,

n) 19y,

e) K

xK) TT.

4. Hanbomnp1iei noABMKHOCTHIO B BOJHBIX pacTBOpax 00J1a/1al0T HOHBI:
a) Na™;

6) Cr¥*;

B) H';

r) OH".

5. ®opmyiia, CBA3bIBAOIIAS YACIBHYIO JIEKTPOINPOBOTHOCTh K, KOHCTAHTY STYCHKH (@ U COTPO-
THUBJICHHUC paCTBopa BHCKTpOHI/ITa Rx UMECT BUI.

a) K= q)-::i-ﬁi:eRX;

0) k = @+Ry;

B) K = @/Rx.



6. Ecnu cpaBHHBaTh pacTBOPUTENH, OJTWU3KHE MO CBOMCTBAM, TO KOHCTAHTAa IUCCOILHUAINH
3JIEKTPOJIUTA C POCTOM JTUAIEKTPUUECKON MPOHUIIAEMOCTH PACTBOPUTEIIS

a) YMEHbIIIAETCs

0) yBeIMYHBaCTCS;

B) HE U3MEHSETCSI.

7. DKBUBAJIICHTHAS 3JIEKTPOIPOBOJHOCTh MPU OSCKOHEYHOM pPa3BEIACHUH PACTBOPA YKCYCHOM
KHCIOTHL B 1,5 pa3a Gosblie Tako# ke 3JIEKTPOINPOBOJIHOCTH THIPOKCHIa aMMOHHUs. PacTBo-
pet 0,1 5. CH3COOH u 0,05 5. NH4OH uMmeroT oquHakoBYO SKBUBAJICHTHYIO 3JIEKTPOIIPOBOI-
HOCTb. COOTHOIIEHUE CTENEHEH AMCCOLMAIMU 3TUX 3JEKTPOJIUTOB B JAHHBIX pacTBopax (a1
— CTCIICHb Aucconuanuy KUCJIOThI UJIN &2 — CTCIICHb AUCCOMAallu OCHOBaHI/IH):

a) a1 =

0) o1 < ;

B) a1 > .

8. IIpaBuio noHHOM cumsl (IpeaenbHbIi 3aKkoH Jlebas — ['tokkens) popmynupyercs:

a) B KOHIIEHTPUPOBAHHBIX PACTBOPAX CPEIHUN MOHHBINH KOA(P(PUIMEHT aKTUBHOCTH HE 3aBH-
CUT OT IPUPOJIBI AIEKTPOJIUTA U ONMPENENICTCS BENUUYNHON HOHHOMN CHUJIBI,

0) B pa30aBIEHHBIX PacTBOpax CpPeAHUN MOHHBIA KOA(P(UIIMEHT aKTUBHOCTH HE 3aBHCHUT OT
IPUPOJIBI AIEKTPOIUTA U OMPEAENICTCS BEIMYMHON HOHHOW CHIIBL;

B) B CUJIbHO pa30aBJIEHHBIX pacTBOPaxX CPEIHUN MOHHBIN KO3(PPUIMEHT aKTUBHOCTU HE 3aBU-
CUT OT IPUPOJIBI MIEKTPOIUTA U OMPEACISICTCS BETMNYMHON HOHHOM CHUIIBI.

9. CBolCTBOM pacTBOPUTEIS, ONPEACISIIONIUM €ro ClIOCOOHOCTh MOHU3UPOBATh PACTBOPEHHOE
BEIECTBO (KPOME €ro CIOCOOHOCTH K XUMHUYECKOMY B3aWMOJICHCTBHUIO C 3THM BEIICCTBOM)
SIBJISICTCSI.

a) MOHHAsI CUJIa;

0) BA3KOCTb;

B) JUDJICKTPpHUUYECKAS TPOHUIIAEMOCTb.

10. Ctenenp Aucconmaniy ciadoro 3JIEKTPOIUTa B BOJHOM PACTBOPE C POCTOM TeMIIepaTy-
pBI:

a) U3MeHseTcs 1o napabdoie

0) MPOXOIUT Yepe3 MaKCUMYM;

B) HE U3MEHSETCH.

Tect Ne5: «J1eMeHTBI CTATHCTHYECKOH TEPMOAUHAMUKH»

1. BuyrpenHioto sHepruto wuaeanbHoro raza (U—Ug) ¢ cymmoii cocTosiHuid Z CBSI3bIBAcT
dopmymna:

a) U-U% = RT?(5InZ/6T)p;

6) U-U° = RT?(6InZ/6T)r;

B)U-U® = RT?(6InZ/5T)v.

2. [Ipn HarpeBaHWU TETUIOEMKOCTh PacTeT ObICTpee, T. €. TOCTUTAET KJIACCHUECKOTro Mpejieria
paBHOTO BenuurHe R. mpu Oonee HU3KOW TeMIlepaType AJis:

a) Cly;

0) O2;

B) Fo.

3. TermnoeMKOCTh Ta3a B UACATbHOM COCTOSHUU MPH MOCTOSHHOM o0veme Cy ¢ cymMoii co-
cTostHu# Z cBs3bIBaeT (hopMmyra:

a) Cy=2RT (5InZ/0T)v + RT?(0%INZ/5T?)v;



6) Cv=2RT (3InZ/6T)p + RT?(SINZ/5T?)p;

B) Cv= 2RT (5InZ/5T)r + RT2(8°InZ/5T?)r.

4. Jlns BeIYUCIICHHUS KojeOaTenbHON cocTaBsstomnieii sHepruu ['enbmromnbiia (F—Fo) nByx-
aTOMHOT0 Ta3a MMPH JaHHON TeMIlepaType U JaBJICHUHM CTATUCTUYECKUM METOJ0M HEOOXOIUMO
3HATb.

a) XapaKTepPUCTUUYECKYIO TeMIIEpaTypy;

0) 4acTOTy BHYTPUMOJEKYJISPHBIX KOJICOaHUI;

B) 00J1aCTh IMOTJIOIICHUS.

5. Temumoemkoctu npu nocrossuHaoM aasiaenuu D2, HD, H2 u HC1 pu 1000 K cooTBeTcTBEHHO
pasubl 31,66; 30,71; 30,59 u 31,24 Jx/Monb-rpaa. [locnenoBarenbHOCTh BO3pACTaHUS XapaK-
TEPUCTUYCCKOM TeMITepaTypsl 0:

a) HD;

0) Do;

B) Ho.

r) HCI,;

6. OuTanenuio uaeadsHoro raza (H—Ho) ¢ cymmoii coctosinmit Z cBsi3piBaeT Gpopmyra:
a) H-HY=RT [ 1+ T (6InZ/5T)e];
6) H—H=RT[1+ T (5InZ/6T)V];
B) H-HY=RT[1+ T (5InZ/6T)1].

7. BpamaTeabHyr0 COCTaBISIOIIYIO CYMMBI COCTOSIHUM C MapaMeTpaMu COCTOSTHHSI U MOJIEKY-
JSIPHBIMHA KOHCTAHTAMHU JABYXaTOMHBIX MOJICKYJI CBsI3bIBaeT (hopmya:

a) Zep = ©°IT/N%o;

6) U-U% = RT?(5INZ/6T)p;

B) Zep = 8t2IKT/h%o.

8. BosiHOBbIE unca BHYTPUMOJIEKYJISIPHBIX KosiebaHUI cepoBogopoa paBHbl 2722, 2739 u
1214 cm. TlocieroBaTenbHOCTS BOTHOBBIX YHCEN B MOPSIKE YOBIBAHMS BKIIAJA:

a) 2739 cmL,

6) 1214 v’

B) 2722 cml;

9. I'maBHBIN HEAOCTATOK KJIACCUYECKON TEOPUH TEIJIOEMKOCTH B TOM, UTO:

a) He JTaeT O0BSICHEHUS IKCIIEPUMEHTAIIBHON 3aBUCUMOCTH TEIUIOEMKOCTH OT JIaBJICHHUS;

0) He 1aeT 0OBIACHEHUS SKCIIEPUMEHTATILHON 3aBUCUMOCTH TEIJIOEMKOCTH OT 00beMa,

B) HE J1aeT OOBSICHEHHS SKCIICPUMEHTAILHON 3aBUCHMOCTH TEIUTOEMKOCTH OT TeMIIEPaTyphI.

10. CymMa cocTOSIHHIT OT TeMIepaTyphl:
a) 3aBUCHT;

0) He 3aBUCHT;

B) YMEHBIIAETCS;

T') yBEIMYUBAETCS.

11. Duepruto ['m66ca (G—G0) c cymMoii cOCTOSIHUH CBsI3bIBaeT hopMyia:
a) G -G’ =-RT(1 - In2);

6) G- G° = RTInZ;

B) G — G’ =RT(1 - InZ).

Tect Neb6:«Xumnueckasa kuHeruka. Karaaus»



l. VYpaBHeHHE 3aBHCHUMOCTH KOHCTaHTBl CKOPOCTH PpEaKIHH OT TeMIepaTypbl B
nuddepeHnuaibHol GopMe UMEET BU/I:

a) din k/dT = E/RT?
6) dIn k/dT = AH/RT?;
B) dig k/dT = - E/RT?;
r)dIn k/d 7= E/RT?.

2. I3MeHeHue KOHIICHTPAIMH MPOIYKTa PEaKIMHU CO BPEMEHEM, €CIIU PeaKIis UMEeT HyJe-
BOU MOPSAIOK, UMEET 3aBUCUMOCTbD:

a) YMEHbILIAETCs 110 Iapadolie;

0) yBeIMUMBACTCSI 10 Mapadorie;

B) YMEHBILIAETCS 110 JIMHEHHOM 3aBUCUMOCTH;

T') YBEJIMYMBACTCS TI0 JITHEHHOM 3aBUCHMOCTH.

3. BpeMsa nocTmkeHHs MaKCHMalbHON KOHILIEHTPAllUU MPOMEXKYTOYHOTO BelmiecTBa B B mo-
CJe0BaTeIbHON peakuuu neporo nopsaaka A—B—C 3aBucur:

a) OT CyMMBbI KOHCTAHT CKOPOCTEH MOCIIeI0BATENIbHBIX CTAUN PEaAKIIUH;

0) OT pa3HOCTH KOHCTAHT CKOPOCTEN MOCIEA0BATEIbHBIX CTAANI PEaAKIUH;

B) OT OTHOIIEHHSI KOHCTAHT CKOPOCTEHl MOCJEeN0BATENbHBIX CTAUN PEaKIIUU U OT UX Pa3HO-
CTH;

I') OT OTHOLIEHUS KOHCTAHT CKOPOCTEH MOCIEJOBATENbHBIX CTAJANM PEAKIIUHA U OT UX CYMMBI.

4. T'paduk 3aBUCUMOCTH Jorapu(hMa KOHCTAHTI CKOPOCTH peakiuu ot 7! umeer Buj:
a) THIepOOIThL;

0) mapaboJIbL;

B) IIPSIMOH.

5. KoHcraHThl ckopocTell JBYX peakluil BTOPOTO MOPSAKA, €CIM MCXOJHblE KOHILIEHTpPALUU
000MX pearupyrommx BEIIEeCTB OJMHAKOBBI MMEIOT COOTHOLICHHE. 3HAUEHUS MCXOJHBIX KOH-
LHEHTpAalUi ¥ Mepuojabl MOJYNpeBpalleHus A 3TUX peakuuil: 1-1 peakuus—I1,5 mMoub/i;
200 muH; 2-5 peaknus —2,0 monb/1; 300 MuH:

a) ko = 2kg;

0) k1 =4ko;

B) ko =4kg;

F) ki =2ko.

6. MakcumanpHOE KOJHMYECTBO MPOMEKYTOYHOTO BellecTBa B B mociieoBaTeIbHON peaKiiu
nepsoro nopsaaka A—B—C onpexnensercs:

a) OTHOLIEHHMEM KOHCTAHT CKOpPOCTEeH M HadaJdbHOM KOHLEHTpauuel HCXOJHOrO Bellle-
CTBA;

0) OTHOLIIEHUEM KOHI[EHTpalHil BEIIECTB;

B) OTHOUIEHHMEM KOHCTAHT CKOPOCTEN U PaBHOBECHOM KOHIEHTpAIMel UCXOJHOTO Belle-
CTBa;

I') OTHOUIEHUEM IEepPUOJ0B Mojypacnana U HadyalbHOW KOHIEHTpalHued HMCXOIHOTO Be-
1eCTBA.

7. Ilepuoa monymnpeBpamieHus I peakiuu 2-ro MOopsaKa 3aBUCUT OT MCXOJHBIX KOHIIEHTpa-
W pearnpyronx BEIECTB:

a) 0OpaTHO MPOIMOPLUOHATIEH HCXOIHON KOHIIEHTPAIlHH;

0) mpsIMO TIPOTIOPIIMOHATIEH PABHOBECHON KOHIICHTPAIUH;

B) IPSIMO IPOMNOPIIMOHATIEH UCXOJHOW KOHIIEHTPALIUH.

8. DKcrepuMEeHTaIbHOM SHEeprueil akTHBAllMK CJI0KHOM peakliy Ha3bIBaCTC:



a) napameTp E B ypaBHeHUM AppeHnyca;

0) napametp E B ypaBuenuu Bant-I'odda;

B) napametp E B ypaBHeHUM Teopun abCOIIOTHBIX CKOPOCTEi;
r) napametp E B ypaBHeHHHU DiipuHra.

9. Peaknuss A—>B—C nepBoro nopsaka. U3menenue konueHtpamnuu BenectB A, B u C ¢
TEUYCHUEM BpeMeHH, eciu Ki1>Kz oTpa)kaeT 3aBUCHMOCTb

¢

a) 0) B)

10. B npuMeHeHHH METO/]a CTAIIMOHAPHBIX KOHIIEHTPAIIUi UMEIOTCS OTpaHUYCHHUS
a) He MpUMEHsIeTCs [l KOHEUHOTro NEepHO/a PeaKIiH;

0) He mpUMEeHsIeTCs /JIsl Ha4aJIbHOTO IIEPUO/ia PEaKIIMH;

B) HE IPUMEHSETCS /1711 MOMEHTA PaBHOBECHUS;

T') HE IPUMEHSIETCS B KATAIMTUYECKUX PEAKLIHSX.

IIpumepHBbIii NepedeHb TeM J1a00pPaTOPHBIX PAdoT MO JMcHUILIMHEe «Pu3nyeckass XMMHS»

Pazoen |. Tepmoounamuxka u mepmoxumus
1.Omnpenenenue TEIIOTH PACTBOPEHUS COITU
2.0mnpeneneHue TemI0Thl HEUTpaTN3altu.

3.0mpenesneHne TEIIOTH PEaKIIUU OKUCIICHUSI.

4. OnpeneneHue TeIIOT CTOPaHUsl OPTaHUYECKUX BEIIECTB

Pazoen |1. Tepmoounamuueckue u pasnogecnvie XapaKmepucmuKku peakyuil ¢ pacmeopax

1 .3y4yenne TepMOAMHAMUYECKUX U PABHOBECHBIX XapaKTEPUCTUK PEAKLU B pacTBOPaXx.
2.M3yyeHuie KOHCTaHT HOHU3ALUN UHAUKATOPA (OTOMETPUUECKUM METOAOM.

3.M3yueHre KOHCTaHT paBHOBECHUSI XUMHUYECKOI peakiny B pacTBOpax (POTOMETPUYECKHM METO-
JIOM.

4.M3y4yeHue COOTHOLIEHNS KOMIIOHEHTOB KOMIUIEKCHOTO COETUHEHUS B PaCTBOpax (GOTOMETPH-
YECKUM METOIOM.

Pazoen |1l. @uzuko-xumuueckue ceoiicmea pacmeopos

1. BnusitHue MOHHOM CUJIBl HA KOHCTaHThI MOHHU3AIMH UHIUKATOPOB.

2. BriusiHe MOHHO# CHITBI HA TEPMOIMHAMUYCCKUE XapaKTEPUCTUKH 00pa30BaHUs KOMILUIEKCHO-
rO COeIMHEHUS B PACTBOPAX.

Pazoen \\. dnekmpoxumusn

1. KoHCTpynpOBaHue XUMHUYECKUX HCTOYHUKOB TOKA.

2.M3ydeHne S5KBUBAJICHTHOM JIEKTPOIIPOBOTHOCTH U KOHCTAHT MOHM3ALIUHU CIA0bIX 3JIEKTPOJIN-
TOB.

3.IloTeHUIMOMETPUS U HOHOMETPHUSI.

4. V3y4yeHue pacTBOPUMOCTH TPYIHOPACTBOPUMBIX COEIUHEHUH.

Pazoen N. Xumuueckaa kunemuxa
1. U3yueHue cKOpoCTH peakiMi OKUCIEHHS NOJI0BOIOPOIHOM KUCIOTHI MEPOKCUIOM BOAOPOIa



2. doToMETpUUECKOE N3YUYEHUE KUHETUKU PEaKLIMU 00pa30BaHUs OKPAIIEHHOTO KOMIIEKCHOT'O
COETUHEHUSI.

3. M3yueHne CKOpOCTH peakuy pa3IokKeHUsI MypeKCHIa B KUCIION Cpe/ie.

4. V3yyeHue CKOpOCTH MHBEPCUU TPOCTHUKOBOTO caxapa.

Pazoen V1. Kamanu3s

1.3y4yeHre KHHETUKHN KaTATUTUYECKOTO PA3I0KCHUS

MIEPOKCH/IA BOJIOPO/IA

2. KaranuTtrdeckoe BIMSHUE NOHOB MEIH U XKeJie3a Ha CKOPOCTh OKHCIICHUS MOIOBOIOPOTHOM
KHCJIOTBI TepCyIbhaToM aMMOHHUS

3.Karanurtudaeckas neruaparanus STHIOBOTO CIIUPTA.

6. ObPA3OBATEJIBHBIE U TH®POPMAIIMOHHBIE TEXHOJIOI'MU

B cootBerctBum ¢ tTpeboBanusiMu ®I'OC BO no HanpaBieHUIO MOATOTOBKH peanu3aius
KOMIIETEHTHOCTHOT'O IMOJX0JIa MPEeAyCMaTpUBAET HCIIOJIb30BAHUE B YYEOHOM MPOIECCE AKTHUB-
HBIX U UHTEPAKTUBHBIX ()OPM MPOBEICHUS 3aHATHI. (KOMIIBIOTEPHBIX CUMYJISIIIUN U TIP.) B cOYe-
TaHUH C BHEAYAUTOPHOU pabOTOM ¢ 1eNbi0 (POPMHUPOBAHUS U PA3BUTHUS TPEOYEMbIX KOMIIETEH-
Ui obydaromuxcs. Bo3aM0XHO MpUMEHEHHE 2JIEKTPOHHOTO 00y4eHHUs U AUCTAaHIIMOHHBIX 00pa-

30BaTCIILHBIX TEXHOJIOTHI.

6.1. O6pa3oBaTe/ibHbIE TEXHOJIOTUHN

Tabnuna S — O0pa3oBaTebHbIe TEXHOJIOTHH, UCIOJIb3yeMble NPH peaau3aluu y4eOHbIX

3aHATHH
Paszpnen, Tema dopma yueOHOro 3aHATHS
JTUCIUIUTAHBI (MOJTYIIS) Jlexums [TpakTuueckoe 3a- JlabopaTopHas
HATHE, CEMUHAP paboTta
Pazoen |. OcHosbl Xumuueckoii mepmooOuHamMuKku

Tema 1 IlpumMeneHue nepBoro 1 BTO-
pOro 3aKOHa TEPMOJIMHAMHUKH K XH-
MHYECKUM TporeccaM. TepMoxumusi.

[MpobnemHuas (uH-
TEepaKTUBHA) JIEK-
LUSI-TIPEe3EHTals

®poHTaNbHBIN
OTIPOC, BHITIOJTHCHHE
MIPAKTHYECKUX 3aHsI-
THH, TUCKYCCHH IO
BOIIPOCaM K TEME

Y4eOHBbIii TPOEKT
- BeimoHenue JI.P.
B MUKPOTPYIHITax

paszena
Tema 1.2. ITpumeHeHue BTOPOro 3a- WnTepakTuBHAsA ®poHTANBHBIN Y4eOHbII MPOeKT
KOHa TEPMOJUHAMMKH K XUMHUe- JIeKIIUsS- OTIpOC, BHITMOTHEHUE | - BbIonHeHue JI.P.
CKUM IIpolieccaM. DHTPOIH. Mpe3eHTanus MPAKTHYECKUX 3aHA- | B MHKpPOTPYIIaxX

THH, TUCKYCCHU TIO
BOMPOCAM K TEMe
paszena

Tema 1.3. TepmoguHamMuydecKue mo-
TEHLMANbl. XUMUYECKUM MOTEHIUA.
IIpenen nporekanus peakuuu. Tem-
JioBas Teopema HepHcra.

[Ipo6nemnas (uH-
TepaKTUBHAA) JICK-
usA-Ipe3eHTaus

®poHTaNBHBIN
OTIPOC, BBITIOJTHEHNE
MIPAKTHYECKUX 3aHS-
THHA, AUCKYCCHUH 110
BOIpOCaM K TeMe
paszena

Y4eOHBbIii TPOEKT
- Beinostnenue JI.P.
B MUKPOIPYIIIax

Pazoen ||. Xumuueckoe pasnosecue

Tema 2.1. 3akoH AeHCTBYIOMIHIX
Macc. KoHcTaHTa XUMHYECKOTO paB-
HOBECHS M COCTaB CUCTEMBI. XHUMH-
YeCcKHe U aJICOPOIIMOHHBIE PAaBHOBE-
cust. CMeneHre XUMHUIECKOro paB-

[Ipo6nemuas (uH-
TEpaKTUBHA) JICK-
LUSI-TIPEe3EeHTals

®poHTaNBHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTHUYECKUX 3aHsI-
THHA, AUCKYCCHUH 110
BOIPOCAaM K TeMe

Y4eOHBbIii TPOEKT
- Beinostnenue JI.P.
B MUKPOTPYIIIax




HOBCCHI.

paznena

Tema 2.2. MakcumanbsHas paboTa u
XUMHYECKOE CPOJICTBO. Y PaBHEHUS
M30TEPMbI XUMHUECKOUN PEaKITUH.

[Ipobnemuas (MH-
TepaKTHBHAs) JIEK-
LU -TIPE3CHTAIUS

®poHTaIBHBIN
OIIPOC, BHITIIOJIHEHHE
MIPaKTHYECKUX 3aHsI-
THNA, AUCKYCCUH 1O
BOIIPOCaM K TeMe
paszena

YueOHBIN TPOSKT
- BeImtostHenue JI.P.
B MUKPOTPYIIIax

Tema 2.3. 3aBUCUMOCTH KOHCTAHTEI
XHMHYCCKOT0 PAaBHOBECHS OT TEMIIE-
patypbl. OMIHPHUECKIE METOIbI
pacyera KOHCTaHT PaBHOBECHSL.

[Mpobnemuas (uH-
TepaKTHBHAs) JICK-
US-TTPE3CHTAIINS

OpOoHTAIBHBIN
OTIPOC, BBITIOITHEHUE
MIPAKTUYECKUX 3aHsI-
THH, AUCKYCCHUH T10

BOIIPOCAaM K TeMe
pazgena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MHUKpOTpyIIIax

Pazoen |11. Dazosvie pasnosecus. Pacmeoput

Tema 3.1. IIpaBuio ¢a3 ['udoca.
PaBHOBecHBIE cocTostHUS TIPH (a3o-
BBbIX MIEpEX0JIaX. Y paBHECHUE
Knaysuyca-Knaiinepona.

[Tpobnemuas (uH-
TEepaKTUBHAS) JIEK-
IUSI-TIPE3CHTALUS

OpOoHTAIBHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTHYECKUX 3aHsI-
THHA, AUCKYCCHUH 10

BOIIPOCAaM K TEME
paznena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MUKpOTpYIIax

Tema 3.2. MonekysipHbIE pacTBOPBL.

DU3UKO-XUMUYECKUE CBOMCTBA pa3-
0aBIIEHHBIX PACTBOPOB.

[IpoGnemuas (uH-
TepaKTUBHAs) JIEK-
LUSI-TIPE3EHTals

OpOHTAIBHBIH
OITpOC, BBIITOJHCHUEC
MIPAKTUYECKUX 3aHs-
THNA, AUCKYCCUH 1O
BOIIpOCaM K TeMe
paszena

Y4eOHBbIi TPOEKT
- BeinosHenue JI.P.
B MHUKPOTPYIITax

Tema 3.3. buHapHbie pacTBOPHI KU1~
KHX JIETy4uX BelecTs. MneansHble u
HENJACaJIbHbIC CUCTCMBI. YacTuuno
CMEIIMBAIOLINECS M HECMEIINBAIO-
LIMeCs KUAKOCTH.

[IpoGnemuas (uH-
TEepaKTUBHAS) JIEK-
UA-TIPE3CHTALUA

OpOHTAIBHBIH
OIIPOC, BHITIOJIHEHHE
MIPAKTHUYECKUX 3aHS-
TUH, AUCKYCCHUU TIO
BOIIPOCaM K TEMe
paszena

Y4eOHBbIi TPOEKT
- BeimtontHenue JI.P.
B MUKPOTPYIIIax

Tema 3.4. PacTBOpUMOCTH ra3oB B
KUJKOCTSAX. 3aKOH PacIpe/IeIIeHusI.
DKCTpaKLUSL.

[MpobnemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OIPOC, BBIMOJIHEHHE
MPAKTUYECKUX 3aHS-
THHA, AUCKYCCHUH 10
BOIIPOCaM K TeMe
pasnena

Y4eOHBbIii TPOEKT
- BeimtostHenue JI.P.
B MUKPOTPYIHITax

Pazoen IN. dnekmpoxumusn

Tema 4.1. PacTBOPHI 3JIEKTPOJIUTOB.

[MpobnemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTUYECKUX 3aHsI-
THHA, AUCKYCCHUH 110
BOIIPOCAM K TEME
paszena

Y4eOHBbIii TPOEKT
- BeimostHenue JI.P.
B MUKPOTPYIHITax

Tema 4.2. HepaBHOBECHBIE ABIECHHUS
B PacTBOPAX 3JIEKTPOJIUTOB.

IIpobnemuas (uH-
TEepaKTUBHAS) JIEK-
LUSI-TIPEe3eHTalNs

®poHTANBHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTHYECKUX 3aHsI-
THH, TUCKYCCHH IO
BOIIPOCAM K TeMe
paszena

Y4eOHbII MPOeKT
- BeInoniHeHue JI.P.
B MHUKpOTpYIIIax

Tema 4.3. DneKTpoHbIE MTPOLIECCHI.
TepMmoaMHaMUKa U KHHETHKA JJIEK-
TPOXUMHUYECKUX MPOIECCOB.

ITpobnemuas (uH-
TepaKTUBHAA) JICK-
US-TTPE3CHTAIINS

®poHTANBHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTHYECKUX 3aHS-
THHA, AUCKYCCHUH 110
BOIpOCAaM K TeMe
pazgena

Y4eOHbII MPOeKT
- Bemmoanenue JI.P.
B MUKPOIPYIIIax




Pazgen V. DjieMeHTBI CTATHCTHYECKOH TEPMOIMHAMHKH

Tema 5.1. Mexanuueckoe onucaHue
MOJIEKYJIIpHO# cucTteMsl. IlocTynarsl
CTaTHUCTUYECKON TEPMOJUHAMUKH.
CymMa 110 COCTOSTHUSIM.

[Ipobnemuas (MH-
TepaKTHBHAs) JIEK-
LU -TIPE3CHTAIUS

DpoHTaNIBHBIN
OIIPOC, BHITIIOJIHEHHE
MIPaKTHYECKUX 3aHsI-
THNA, AUCKYCCUH 1O

BOIIPOCaM K TeMe
pazaena

YueOHBIN TPOSKT
- BeImtostHenue JI.P.
B MUKPOTPYIIax

Tema 5.2. Beruncnenus tepMoan-
HaMu4ecknx QyHkuuid. Ctaructude-
CKasi TepMOIMHAMUKA PEAILHOTO
ra3a 1 KOHZEHCHPOBAaHHOTO COCTOS-
HUSI BELIECTBA.

[Mpobnemuas (uH-
TepaKTHBHAs) JICK-
US-TTPE3CHTAIINS

OpOoHTAIBHBIN
OTIPOC, BBITIOITHEHUE
MIPAKTUYECKUX 3aHsI-
THH, AUCKYCCHUH 10

BOIIPOCAaM K TeMe
paznena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MUKPOTPYyIIax

Pazgen VI. Xumnueckasi KHHETHKA

Tema 6.1. CKOpOCTh XUMUYECKOU
peakiuu. 3aBHCUMOCTH CKOPOCTH
peaKIiMy OT TEMIIePaTyPhI.

[Tpobnemuas (uH-
TEepaKTUBHAS) JIEK-
IUSI-TIPE3CHTALUS

OpOoHTAIBHBIN
OTIPOC, BBITIOTHEHNE
MIPaKTHYECKUX 3aHsI-
THH, AUCKYCCHUH 10

BOIIPOCAaM K TEME
pazgena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MUKPOTpYIIIax

Tema 6.2. KuHeTHKa CIIOKHBIX peak-
UH.

[IpoGnemuas (uH-
TepaKTUBHAs) JIEK-
LUSI-TIPE3EHTals

OpOHTAIBHBIH
OITPOC, BBIITOJIHCHUEC
MIPAKTUYECKUX 3aHs-
THNA, AUCKYCCUH 1O

BOIIpOCaM K TeMe
paszena

Y4eOHBIi TPOEKT
- BeInonHeHue JI.P.
B MUKPOTpYIIax

Tema 6.3. TeopeTuueckue npeacTas-
JICHUSI XUMHUYECKON KUHETUKH.

[IpoGnemuas (uH-
TEepaKTUBHAS) JIEK-
UA-TIPE3CHTALUA

OpOHTAIBHBIH
OIPOC, BBIIOJIHEHHE
MIPAKTHUYECKUX 3aHS-
TUH, AUCKYCCHUU TIO
BOIIPOCaM K TEMe
paszena

Y4eOHBbIi TPOEKT
- BeimtontHenue JI.P.
B MUKPOTpYIIax

Tema 6.4. Llennbie, HOTOXMMUYCCKUE
U paJHaIHOHHO-XUMUYECKHUE MPO-
I[ECCHI.

[MpobnemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OIPOC, BBIMOJIHEHHE
MPAKTUYECKUX 3aHS-
THHA, AUCKYCCHUH 10
BOIIPOCaM K TeMe
pasnena

Y4eOHBbIii TPOEKT
- BeimtostHenue JI.P.
B MUKPOTPYIHITax

Pasnea VII. Kataau3s

Tema 7.1. Karamuz. O0mime npuH-
LUTIBI TPOTEKAHUS KAaTATUTHYECKAX
peaKiuii.

[MpobnemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OTIPOC, BBITIOJTHEHNE
MPaKTUYECKUX 3aHsI-
THHA, AUCKYCCHUH 110
BOIIPOCAM K TEME
paszena

Y4eOHBbIii TPOEKT
- BeimostHenue JI.P.
B MUKPOTPYMITax

Tema 7.2. KuneTtnka xataauTude-
CKHX TIPOIIECCOB.

IIpobnemuas (uH-
TEepaKTUBHAS) JIEK-
LUSI-TIPEe3EeHTas

®poHTANBHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTHYECKUX 3aHsI-
THH, TUCKYCCHH IO
BOIIPOCAM K TeMe
paszena

Y4eOHbII MPOeKT
- BeInoniHeHue JI.P.
B MHUKpOTpYIIIax

VY4eOHbIe 3aHATHS 110 AUCIHMIUIMHE MOTYT TaK)Ke IPOBOIUTHCS C MPUMEHEHHEM HH(pOpMa-
[IHOHHO-TEJICKOMMYHHKAIIMOHHBIX CETEH MpPU OMOCPETOBAHHOM (HA PACCTOSHHU) WHTEPAKTHUB-
HOM B3aUMOJICHCTBHM OOYYaIOUIMXCS W TpernojaBarens B pexkumax oOn-line w/mnm off-line B



dopmax: BHIEO-JIEKINH, BUACOKOH(PEpEHIINH, coOeceIoBaHUs B peKUMe 4YaT, (popyma, yata B
Pa3IMYHBIX MECCEHKEPAX, BBIITOTHEHMUS BUPTYaIbHBIX IPAKTUYECKUX padoT U ap.

6.2. UndopMmanmoHHble TEXHOJOTHI

NudopmanoHHbIe TEXHOJOTHH, HCIIOJb3YeMbIe IPH pealH3allyd Pa3IHYHBIX BHIOB
yueOHOI 1 BHEYUYeOHOU pabOTHI:

—  WCIOJIb30BaHUE BO3MOYKHOCTECH HWHTEpHETa B YUeOHOM Iporecce (HMCIOIb30BaHUE
caiitTa mpemnogaBaTelns (pacchlika 3aJaHHi, MPEIOCTABICHUE BBIMIOJHEHHBIX pabOT, OTBETHI Ha
BOIIPOCHI, 03HAKOMJICHUE O0YYAIOIINXCSI C OLIEHKaMH U T. [1.));

—  WCITOJIb30BaHUE DJICKTPOHHBIX YYCOHMKOB W Pa3IMUYHBIX CAHTOB (HAIpUMeEp, dJICK-
TPOHHBIX OMOJIMOTEK, )KYPHAJIOB H T. JI.) KAK HCTOYHHKOB WH(OpMAITUH;

—  HCIOJIb30BAaHHME BO3MOXHOCTEH 3JIEKTPOHHOM IMOYTHI PO/ 1aBaTeIs;

— UCIIOJIb30BaHUE CPEACTB MPEACTaBICHUS Y4eOHOM MH(MOpMANUU (IJIEKTPOHHBIX y4eO-
HBIX TIOCOOMI M MPAKTUKYMOB, IPUMEHEHHE HOBBIX TEXHOJOTHH IS TIPOBEACHHS OYHBIX (Tpa-
JUITNOHHBIX ) JICKIIMA U CEMHUHAPOB C UCITOJIb30BAHUEM MTPE3CHTAIMM U T. 11.);

- UCIIONIb30BaHUE BUPTYyaiabHOU oOyuaromieil cpensl (LMS Moodle «29nexkrponHoe 06-
pa30BaHUE») MM UHBIX HH()OPMAIMOHHBIX CUCTEM, CEPBUCOB U MECCEHIKEPOB.

6.3. IIporpammHoe ol0ecneuyeHune, COBpeMeHHbIEe NMPO(ecCHOHATIbHbIE 0a3bl TaHHBIX
U MH(OPMAIMOHHBbIE CIIPABOYHbIE CHCTEMBbI

6.3.1. [IporpammHoe obecnieueHne

HanmenoBanue nporpaMmmMHOro

Hasznaueunue
obecreueHus

Adobe Reader | ITporpamMma asist IpocMOTpa AIIEKTPOHHBIX JOKYMEHTOB

[Tnardopma TuCTaHITMOHHOTO

o6yuenns LMS Moodle Buptyanphas obyuatomas cpena

Mozilla FireFox | Bpaysep

Microsoft Office 2013,
Microsoft Office Project 2013,
Microsoft Office Visio 2013

[TakeT opuCcHBIX TporpamMm

7-zip

Apxusarop

Microsoft Windows 7 Profes-
sional

OHepaI_II/IOHHaSI cucrema

Kaspersky Endpoint Security

CpencTBo aHTUBHPYCHOMW 3aIUTHI

Google Chrome

bpaysep

OpenOffice

[TakeT ouCHBIX TporpamMm

Opera

bpaysep

Paint .NET

PacTpoBblil rpaduueckuii penaktop

VLC Player

MenuanpourpsiBaTeiib




WinDjView | IIporpamma mist mpocmoTtpa daitnos B hopmate DIV u
DjVu

6.3.2. CoBpeMeHHbIe NPodecCHOHATIbHBbIE 0a3bl JaHHBIX U HHGOPMAIHOHHBbIE CIIPa-
BOYHbIE CHCTEMBI

1. Dnexrponusi katamor Hayunoit 6ubnuorekn AI'Y na 6aze MARK SQL HIIO «udopm-
CUCTEM.

https:/library.asu.edu.ru
2. DnekTpoHHash OuMOIMOTEeKa «ACTpaxaHCKHM TOCYIapCTBEHHBIM YHHUBEPCUTET» COOCTBEHHOMN
reHepanuu Ha 31eKTpoHHoM argopme DbC « IIeKTPOHHBIN YUTATBHBIN 3al - bubmuoTex».

https://biblio.asu.edu.ru

Yuemnas 3anuce oopaszosamenvrozo nopmana AI'Y
(Pecucmpayus 6 905 ayoumopuu. Ilpucmpoii)

3. Dnexrponnas 6ubimoreynas cucrema (OBC) OO0 «Ilomurexpecype» «KOHCYNbTaHT CTy-
neHTa». MHuoronpodunsHelii 0O0pazoBatenbHblil pecypc "KoHCynbTaHT cTyneHTa" sBIsieTCS
AJIEKTPOHHOM OMOIMOTEUHOM cHcTeMOM, IpenocTaBisiouiel foctyn uyepe3 cerb MHTepHeT K
yueOHOI TUTepaType U TOMOJHUTEIbHBIM MaTepHraliaM, MPUuOOPETEHHBIM HA OCHOBAHHUH MPSMBIX
JIOTOBOPOB € npaBoobianatensimu. Karasnor B HacTosimee BpeMsi cogepxut okoso 15000 nanme-
HOBaHHIA.

www.studentlibrary.ru
Pezucmpayus ¢ komnvtomepos AI'Y

7. ®OHJ OHEHOYHbIX CPEACTB JISA TEKYLIEI'O KOHTPOJISA 1
MPOMEXYTOYHOM ATTECTAIIMU MO JUCIUATIJIMHE

7.1. ITacopT (pOHIA OLIEHOYHBIX CPEACTB MO AUCHMILIUHE «DU3HMUYecKast XUMM D)

IIpy mpoBeneHUN TEKYILETO KOHTPOJS U IMPOMEKYTOYHOM aTTECTALMM IO JUCLHUILINHE
«®Du3nueckas XUMHSI» IpoBepsieTcsl chopMHUPOBAHHOCTh y OOY4YarOIIMXCS KOMIIETEHIUH, yKa-
3aHHBIX B pa3jene 3 HacTosmel NporpaMMbl. DTaTHOCTh (POPMUPOBAHUS JAaHHBIX KOMIETEHIUI
B IIPOLIECCE OCBOEHUS 00pa30BaTEIbHON MPOrPAMMBI ONPENENAETCS MOCIEA0BAaTEIbHBIM OCBOE-
HUEM JUCLUIUIMH U MIPOXO0XKACHUEM IIPAKTHUK, a B IIPOLIECCE OCBOEHUS AUCLUIIIMHBI - TIOCIEN0-
BaTEJIbHBIM JIOCTH)KEHUEM PEe3YyJIbTaTOB OCBOEHUS COJEPXKATENIbHO CBSI3aHHBIX MEXIY CO00M
paszesioB U TEM.

Tab6auua 6 - CooTBeTcTBHE pa31ejioB, TeM JUCHHMILIMHBI, Pe3yJIbTATOB 00y4eHHUs 10 TUC-
IMILIMHE U OLICHOYHBIX CPeCTB

No KonTponupyemeie pa3nesnbl Koa xonTpomupyeMoi HanmenoBanue

n/n JUCIUIIMHBI KOMIIETEHIIUU OLICHOYHOT'O CPEJICTBA

1 | Tema 1.1. IlpumeneHnue mepBOTO OIIK-1 Bomnpoce! k cemunapy,
3aKOHA TEPMOAMHAMMKU K XHUMH- OIIK-2 KpYyTJIOMY CTOIY, KOJUIO-
YeCKMM  Iporeccam. Termmoem- KBUYMY, [TIEPEUYECHb aHAJIH-
KOCTb. TepMOXUMHsL. TUYECKUX 3a/1a4

2 | Tema 1.2. I[lpuMeHeHWE BTOPOTO OIlK-1
3aKOHA TEPMOJMHAMUKU K XHUMHU- OIIK-2 Tect Nel

YECKHUM MponeccaM. JHTPOIUSL.



https://library.asu.edu.ru/
https://biblio.asu.edu.ru/
http://www.studentlibrary.ru/

3 |Tema 1.3. TepmoanHaMHUYECKHE OIIK-1
MOTEHLHAIbl. XUMUYECKHI MOTEH- OIIK-2 Peittunrosas
nuan. Ilpenen mporexkanus peak- K.P. Nel
uuu. TerutoBast Teopema HepHcera.

4 | Tema 2.1. 3akoH JIEHUCTBYIOIIHNX OIIK-1 BoOIbOCh! K CeMuHa
macc. KoHCTaHTa XUMHYECKOIO OIIK-2 p Py,

KPYTJIOMY CTOIly, KOJUIO-
paBHOBECHSI M COCTaB CHCTEMBI.

KBUYMY KOJJIOKBUYMY,

XuMH4ecKkue | ajacopOLUOHHBIE

nepeyeHb aHATUTHYECKUX
paBHOBecus. CMelleHHe XHUMHYe- sanau
CKOI'0 paBHOBECHSI.

5 | Tema 2.2. MakcumanbsHas paboTta u OIIK-1
Tect Ne2

XUMHUYECKOE CPOJACTBO. Y pPaBHEHUS OIIK-2
M30TEPMbI XUMUYECKOM peaKIuu.

6 | Tema 2.3. 3aBUCUMOCTH KOHCTAHTHI OIlK-1
XMMHUYECKOI'O pPABHOBECHUS OT TEM- OIIK-2 Peiitunrosas
nepaTypbl. DMIUPUIECKUE METO/IbI K.P. No2
pacueTa KOHCTaHT PaBHOBECHS.

7 | Tema 3.1. IlpaBuno ¢a3 'u606ca. OIIK-1 Bomnpocs! k cemunapy,
PaBHOBecHBIE cocTosiHUS TpU (ha- OIIK-2 KPYTJIOMY CTOJTy, KOJUIO-
30BBIX IIEpexoaax. Y paBHEHUE KBUYMY KOJIJIOKBUYMY,
Knaysuyca-Knaiineposna. NepevYeHb AHATUTUYECKUX

3a/1a4

8 | Tema 3.2. MonekynsipHble pacTBO- OIlK-1 Bomnpocs! x cemunapy,
pbl. PU3UKO-XMMHYECKHUE CBOMCTBA OIIK-2 KPYIJIOMY CTOJY, KOJUIO-
pa30aBIIEHHBIX PACTBOPOB. KBUYMY KOJIJIOKBUYMY,

NepevYeHb AHATUTUYECKUX
3a/1a4

9 | Tema 3.3.bunapHbie pacTBOPHI OIlK-1
JKUJIKUX JIETYy4nX BerecTs. Ue- OIIK-2

A v Hl A Tect Ne3
aJbHBIC U HEUJICATbHbBIE CUCTEMBI.
YacTUYHO CMENIMBAIOIINUECS U He-
CMEITUBAIOIINECS JKUJIKOCTH.

10 | Tema 3.4. PacTBOpUMOCTH T'a30B B OIlK-1 .

PeittunaroBas
KUJKOCTSAX. 3aKOH pacIpeieNieHus. OIIK-2 KP. No3
o
OKCTpaKIusl. T
11 | Tema 4.1. PacTBOpHI 251€KTPOITH- OIIK-1 Bonpocs! k cemunapy,
TOB. OIIK-2 KpYyTJIOMY CTOIY, KOJUIO-
KBUYMY KOJIJIOKBUYMY,
NepevyeHb AHATUTUYECKUX
3a/1a4

12 | Tema 4.2. HepaBHOBECHBIE sBIIE- OIIK-1

Tect Ned
HHUs B PaCTBOPax JIEKTPOJIUTOB. OIIK-2
13 | Tema 4.3.20eKTpOHBIC TPOIECCHI. OIIK-1 .
Peirtunrosas
TepMoauHaMuKa 1 KHUHETHKA DJIEK- OIIK-2 K.P. Nod
)
TPOXUMHUYECKHUX IPOLIECCOB. T

14 | Tema 5.1. MexaHnuueckoe onuca- OIlK-1 Bonpocsl k ceMunapy,

HUE MOJIEKYJIApHOH cuctemsl. [1o- OIIK-2 KpYyTJIOMY CTONY, KOJUIO-

CTYJIaThI CTAaTHCTHYCCKOM TEPMO-
JUHaMUKH. CYMMa 10 COCTOAHUAM.

KBUYMY KOJIJIOKBUYMY,
[IepEUYCHb AHATUTHYECKUX
3a1a4y




15 | Tema 5.2. Beruucnenust TepMoIu- OIIK-1
HamMuuyeckux ¢pyHkuuid. CTaTucTu- OIIK-2 Tect Ne5
Yyeckasi TepMOIMHaMHUKa PealbHOTO Pelitunrosas
ra3a U KOHJIEHCUPOBAaHHOI'O COCTO- K.P. Ne5
SIHUS BEIIIECTBA.

16 | Tema 6.1. CkopocTh XUMHUYECKOM OIIK-1 Bonpocsl k ceMuHapy,
peakuu. 3aBUCUMOCTb CKOPOCTH OIIK-2 KpYIJIOMY CTOJY, KOJIIO-
pEaKIMU OT TEMIIEPATYPHI. KBUYMY KOJUIOKBUYMY,

nepeyeHb aHATUTHYECKUX
3a/1a4y

17 | Tema 6.2. KuneTuka cioxHbIX pe- OIIK-1 Bormpocsl k cemunapy,
aKIHil. OIIK-2 KpYTJIOMY CTONY, KOJUIO-

KBUYMY KOJIJIOKBUYMY,
NepeYCHb AHATTUTHICCKIX
3a/1a4y

18 | Tema 6.3. TeopeTnueckue mpe- OIlK-1 Bonpocsl k ceMuHnapy,
CTaBJICHUS XUMHUYECKON KHUHETHKHU. OIIK-2 KPYTJIOMY CTOITy, KOJUIO-

KBUYMY KOJJIOKBUYMY,
nepeyeHb aHATUTHYECKUX
3a/1a4y

19 | Tema 6.4. Llennsbie, poToxumuye- OIlK-1 Tect Ne6
CKHE U paJuallMOHHO-XUMUYECKHE OIIK-2 Peiitunrosas
MIPOIIECCHI. K.P. Ne6

20 | Tema 7.1. Kartanuz. OGmiue npuH- OIlK-1 Bormpocs! k cemunapy,
LUIBI TPOTEKAHUS KaTAJIATHYE- OIIK-2 KPYTJIIOMY CTOITY,
CKUX pEaKIIHH. KOJJIOKBUYMY

KOJIJIOKBHYMY, IT€PEUCHb
AQHATUTUYECKUX 3a/1a4
21 | Tema 7.2. KuHeTuka KataauTuye- OIlK-1 .
Peittunrosas
CKHX TTPOIIECCOB. OIIK-2

K.P. No7




7.2. Onucanue nokasarejied 1 KpUTepHeB OLCHNBAHUSI KOMIIETeHIHIi, ONMCaHue
IIKaJI OLlCHHBAHUA

Tabauna 7 - [loka3aTesin oneHUBaHNsI Pe3yJabTAaTOB 00y4eHHsl B BU/Ie 3HAHUI

JlemoHCTpUpyeT riyO0OKHe 3HaHUS TEOPETUYECKOro MaTepuana, yMeHue oooc-

) HOBAHHO M3JIaraTh CBOM MBICIIH 110 00CYKJaeMbIM BOIIPOCAM, CIIOCOOHOCTb

«OTJINYHO» | IIOJIHO, TPAaBWJIBHO U ApIYMEHTUPOBAHHO OTBEYATh HA BONPOCHI, IPUBOJUTH
IIPUMEPBHI.

4 JIeMOHCTpHUpYET 3HaHHE TEOPETUYECKOTO MaTepUaa, ero ociaea0BaTeIbHOe

«XOPOIIOY U3JI0KEHUE, CTIOCOOHOCTD MTPUBOAUTH PUMEPHI, JONYCKACT CAMHUYHBIC
OLIMOKH, MCIIpaBJIi€Mbl€ TIOCIIE 3aMEUaHMsl IPENOAaBaATEs.

3 JleMOHCTpHpYET HEMOJIHOe, PparMeHTapHOE 3HAHUE TEOPETUIECKOTO MaTepH-
«YIOBICTBO- asia, TpeOyrole HaBOIALIMX BOIIPOCOB MIPENoiaBaTelis, JOIMyCKaeT Cyle-
PHTCIBHOY CTBOBaHHE OIIMOKH B €T0 U3JI0KECHUH, 3aTPYAHIETCS B IPUBEICHUH IPHMEPOB

1 GOPMYIHPOBKE BHIBOJOB.

2 JIeMOHCTpHpYET CYIIECTBEHHBIE MPOOEITbl B 3HAHIH TEOPETUYECKOTO MaTepHa-
«HEeyJIOBIIe- | Jia, HE CIIOCOOEH ero W3JIOKUTh U OTBETUTh HA HABOASIIME BOIPOCHI NPENnoaa-
TBOPUTEJIb- | BaTeJsl, HE MOXET IPUBECTU IPUMEPBHI.

HO»

Ta6auna 8 - Iloka3zaTesin olleHUBAHMS Pe3yIbTATOB 00y4eHUs] B BU/e YMEHUIl U BIaJeHU il

HGMOHCTpI/IpyeT CIIOCOOHOCTH IMPUMCHATDb 3HAHHUC TCOPCTHUUCCKOI'O MaTCpraia

5 IIPY BBIIIOJIHEHUU 33JaHUM, TIOCIIE0BATEIbHO U PABUIBLHO BBIIIOJIHSAET 3aa-
«OTIUYHO» | HUsL, yMeeT 0OOCHOBAHHO U3JaraTb CBOM MBICIH U AeJaTh HE0OXOAUMBIE BbI-
BOJIBL.
JleMOHCTpHUpPYET CIIOCOOHOCTh MPUMEHATh 3HAHUE TEOPETHUECKOr0 MaTepuaa
4 IIPY BBITIOJIHEHUU 33JaHUM, TIOCIIEI0BATENbHO U MPABUIIBHO BBIMOJIHSET 3a/1a-
«XOpOIIO» HUS, yMeeT 00OCHOBAHHO M3JIaraTh CBOM MBICIIU U JIeNIaTh HEOOXOJUMBbIE BbI-
BOJIbI, IONYCKAET €MHUYHbIE OIINOKH, UCIIPABIIsiEMBbIE [TOCIIE 3aMEUYaHUs Ipe-
110/1aBaTEIsl.
3 JIeMOHCTpUpPYET OTIENbHbBIE, HECUCTEMATU3NPOBAHHBIE HaBBIKH, HCTIBITEIBACT
«Y10BIETBO- 3aTpyJHEHUS U TOMYCKAeT OIIMOKY IIPU BBIIOJHEHUH 33/1aHUMN, BBITIOIHSET
PHTCITBHOY 3aJJaHMe TP MOJCKa3Ke MpenoaBares, 3aTpyAHsaeTcs B GOpMYyIUPOBKE BbI-
BOJIOB.
2 He criocobeH npaBuiibHO BBITIOJIHUTE 33/1aHUE.
«HEey/10BJIe-
TBOpPUTEIb-
HO»

Kpurepun oueHKH TeCTOBBIX 32/1aHUI:

1. OIICHKA «OTJIMYHO» BBICTABIACTCA CTYACHTY, €CJIW OaHO HE MCHEC 90% IMpaBUJIBHBIX
otBeToB (MHTEpBas 0T 90 10 100%);
2. OIIEHKa «XOpOIIo» eciu JaHo He MeHee 70% MpaBUIIBHBIX OTBETOB (MHTEepBaiI OoT 70 0

89%):

3. OlIEHKa «YIOBJIETBOPUTEILHOY» €Clii JaHo He MeHee 50% MpaBHIBHBIX OTBETOB (MHTEPBAI

ot 50 10 69%);

4. olleHKa «HEYJIOBIETBOPUTEIBHOY, ecliu JaHo MeHee 50% MpaBUIIbHBIX OTBETOB.

Kpurepun oueHkH 115 J1a00pPaTOPHBIX padoT




1. onenka «oranuno» (90-100 6a/J10B) BBHICTABIISETCS CTYIAEHTY, €CIIH TIOJHOCTHIO BHITIOJIHEHDI
obmue TpeOOBaHUS K BBITIOJHEHHIO, O(DOPMIICHHIO M OTYETY IO JIabOpaToOpHBIM paboTam, a
UMEHHO:

o oTYeT Mo paboTe Mpe/CTaBIeH He MO3HEeEe IBYX HEAENb MOCIEe BBIMOJIHEHUS U/
WIM BOBpeMsl TMpPHUKPEIUIEH Ha NPOBEPKY B AIIEKTPOHHO-00PAa30BAaTEILHOM pecypce
moodle.asu.edu.ru (mo vyKa3aHuIo npemnogasareis!);

. aKKypaTHO (uMTtaemo) odopmiieHa paborta (I1esb, 00OpPYIOBaHHUE, PEAKTHUBHI,
X0Jl paboThl, TAaOMUIBI C pe3ylbTaTaMu, TrpaQUKd, pacyeTbl, YpaBHEHUS DPEAKIHUI WU
CXEMBI, CTATUCTHYECKast 00padOTKa TaHHBIX, BHIBOJIBI)

o 00s13aTeNIbHO MPOJIEMOHCTPUPOBATH B pabOTe HCIONIb3yEeMblil MaTeMaTUYeCKUil
anmapar Mo TeMe BBIMOJHSAeMONW paboThl (0003HAaYeHUS, (HOPMYIIbI, YpaBHEHHUS peaKIuii,
CXEMBI U T.I1.).

® Ha MIULTUMETPOBOM Oymare m300paxeHbl rpa@uuecku 3aBUCUMOCTH, MOJIYYEHHBIE B XOJIE
BBITIOJIHEHUS SKCIIEPUMEHTa (BCE BBIMOJIHACTCS TOJIBKO MPOCThIM Kapanmamom!). I'padux
JUISL K10 cucTeMbl oopmiisieTcss Ha OTIENbHOM JHcTe, MaciTtaba A4 (unmu 'z aucta
macmTaba A4, Oojee MelKHe PUCYHKH HE JOMyCKaroTcs!) ¢ MOoApPOOHON MOAPUCYHOUHOH
noamnuceto (Puc.1 ...... ). Ecnu ana cuctembl mpuBOASTCS JaHHBIE TPU HECKOJIBKHUX TEMIIe-
patypax, OHH HaHOCSTCS Bce Ha OAMH Tpaduk. B moaprCyHOUHOH MOANMCH YKa3bIBAIOTCA,
YCIIOBUS MOJIy4€HUsl JaHHBIX (IJIMHA BOJHBI, pa3Mep KIOBET, KAaKOW TeMmrepaType COOTBET-
CTBYIOT HAaHECEHHBIC JIMHUH, KOHIEHTPAIHUS aHAIM3UPYEMBIX PAacTBOPOB U T.II.). Kommbio-
TEpHBIN BapuaHT MpejcTaBieHus rpadpukoB He nomyckaercs! [Ipu pabore ¢ rpaduxom s
OTIpeNIeNIeHUs] KaKUuX-ITH00 BEJIMYMH, JTOMYCKAETCs MOCTPOCHUE Ha rpaduKe JOTOTHHUTENb-
HBIX JIMHUN, OIHAKO PacueThl, CBA3aHHbBIE C AITUMH rpapuKaMu, ClIeyeT MOMEeIaTh B TEKCTe
paboThl, @ HE HAa KOOPAMHATHOM TUIOCKOCTH rpaduKa WM PUCYHKA. B moamucu noa pucyH-
KOM JIOJDKEH CTOSATh HOMEp pUCYHKa, Ha3BaHHe rpaduka U pacmu@poBKa M0 HOMEpaM JIH-
HU Ha rpaduke. XKemaTenpHO, 9TOOBI HA OHOM JICTE PACIIOIATANICS OJHH PHCYHOK;

. OLIMOKM M HEJ0YEThl B pacyeTax OTCYTCTBYIOT, IIPUBEACHBI Pa3MEPHOCTH BCEX
BeJIMYMH B cucteMe equnun CH;

o CTY/ICHTOM TPaBUJIHHO MPOBENIECH aHAIHM3 M OICHKA MOJyUYE€HHBIX Pe3yJbTaToB,
Npe/CTaBlIeHa  CTaTUCTHUYECKass  oOpaboTKa  TONYyYEHHBIX  pe3ylbTaToB,  JaHO
apryMeHTHpPOBaHHOE 00OCHOBaHME HalJIECHHOMY IIPOLIEHTY OIIMOKH B padoTe;

o CTY/ICHT TPAaBWJIFHO ¥ apTyMEHTHPOBAHO OTBETHJI MMMCHMEHHO Ha BCE BOIPOCHI
nocJie JabopaTopHO paboThI, a Takke 0€30IMMO0YHO BHITIOJIHEH KOMIUIEKT 3aj7a4 10 TeMe
nabopaTopHOil paboThI (TP HATUYHHN).

2. ouenka «xopomo» (70-89 6aa10B) BHICTABJIAETCS CTY/ECHTY, €CIH MOJHOCTBIO BBINOIHEHBI
oOure TpeOoBaHMUS K BBIIOJHEHHUIO, 0QOPMIIEHHIO U OTYETY IO J1a0OopaTOpHbIM paboTam, cM.
nyHKT 1. Ho B paboTe umeroTcs He CyIeCTBEHHbIE 3aMEUaHuUs:

o HE TOJHOe OQOpMIIEHHE, MPEACTaBICH HE IOJHOCThIO MaTeMaTHYeCKHi
anmapar, IPONYIIEHbI pa3MEPHOCTH BEJINYUH;

o €CThb HE KPUTHUYECKHUE 3aMEeYaHUs K O(OPMIICHHUIO U TPAKTOBKE Tpa(UKOB;

. CTY/EHT NPaBUJIBHO U apryMEHTHPOBAHO OTBETHJI MUChbMEHHO Ha Gosiee 80-%

BCEX BONPOCOB IMocje jabopaTopHOM paboThl, a Takke He MeHee 80-% mpaBUIBHO
pEIIEHHBIX 33aJa4 [0 TeMe JIabopaTOpHOU paboThI (TIPU HATUYUH).

3. OLleHKAa  «yJA0BJETBOPUTENbHO» (60-69 0a/I0B) BBICTABIAETCS CTYNEHTY, €CIH HE
MOJTHOCTBIO BBITIOJIHEHBI OOMIMe TpeOOBaHUSA K BBIIOJIHEHHIO, O(DOPMIICHHIO W OTYETY IO
7ab0paTOPHBIM paboTaM, CM. MYHKT 1, a UMEHHO:
o OTYeT 1Mo paboTe MpeICTaBICH HEe BOBpeMsl (ITO3HEE IBYX HEMIENb TOCIe BbI-
NOJHEHWs) ¥/ WIM HE BOBPEMS TPHKPEIUICH Ha TMPOBEPKY B  DICKTPOHHO-
obpasoBatensHOM pecypce moodle.asu.edu.ru (mo yka3anuio mpenoaaBareisi!);




HeOpexHoe odopMieHHE, B pabOTe YaCTUYHO MPEACTABIECH MaTeMAaTHYECKUN
arnmapar, IpOITyIeHbl Pa3MEPHOCTH BEIHYHH;

€CTh KPUTUYECKHE 3aMeYaHus K 0pOPMIICHHIO U TPAKTOBKE IpauKOB;

CTYACHTOM WJIM He JAaH, JAu00 OmHMOOYHO TPOBEACH aHAIM3 U OICHKA
MOJYYCHHBIX pe3yJlIbTaTOB, HE IPOBEICHA CTATUCTHYECKass OO0pabdOTKa IOIy4YeHHBIX
JIAHHBIX, HET Pa3bsICHEHUWH IO PACCUUTAHHOMY MPOLEHTY OLIMOKM IO MOJY4YEHHBIM
HKCIIEPUMEHTAIBHBIM JJAHHBIM.

CTyzmeHT MpaBWIBHO U apryMEHTHPOBAHO OTBETWJI MHCbMEHHO Ha Oonee 70-%
BCEX BOIIPOCOB TOCie JlabopaTtopHOW paboThl, a Takke He MeHee [0-% mNpaBHIBHO
pEILIEHHBIX 3aJa4 10 TeMe J1abopaTOpHOU paboThI (IIpU HAIMYUK).

4. oueHka «HeyA0BJETBOPUTEILHO» (50-59 6a/1J10B) BEICTABIIAETCS CTYAEHTY €CIIH:

OTYET MO paboTe MPEJCTaBICH HE BOBpeMs (IO31HEE IBYX HENENb IOCIE BbI-
TIOJTHEHUs1) ¥/ MJIM HE BOBPEMS WJIM BOOOIIE HE TIPUKPEIICH Ha MPOBEPKY B AJIEKTPOHHO-
oOpazoBarenbHOM pecypce moodle.asu.edu.ru (mo yka3zanuio mpemnonaBatens!) Oe3
YBOKUTEIbHOW IPUYHHBI,

HeOpexHoe odopMieHHE, B pab0oTe HE TPEICTABICH MAaTEeMAaTHICCKUH anmapar,
IPOIMYIIEHBI PAa3MEPHOCTH BEJMYNH;

UMEIOTCS TpyObIe OIUOKH B 0()OPMIICHUH M TPAKTOBKE IPapHUKOB, B pacyeTax u
(unu) ypaBHEHUSIX PEaKIIHii;

CTYZICHTOM HE TIpEICTaBICH aHAIM3 M OICHKA IOJIyY€HHBIX pPEe3yJbTaToB, HE
NpoOBE/IeHA CTaTHCTUYeCKas 00pa0OTKa MOJYYCHHBIX JaHHBIX, HET Pa3bsICHEHUH I10
paccYMTaHHOMY MPOICHTY OIIMOKH 110 TIOTYYEHHBIM 3KCIIEPUMEHTAIBHBIM JaHHBIM.

CTY/ZICHT HE OTBETHJI NPaBWJIBHO MHCbMEHHO Ha MmeHee 50-% Bcex BOIMPOCOB
nocJie J1abopaTopHO padOThI, a TAK)KE HE BBITOJIHWII MPABUIBHO XOTs Obl 1 3amady u3
KOMIUTEKCA 3a/1a4 1mociie 1abopatopHoit paboTsl (MpH HATHYHUH).

Ta6auna 9 - Kpurepum BoicTaB/IeHUs OLIEHOK, IIPH 3alTe KYPCOBOil padoThl (IIpoeKTa)
1o AucHuIInHe pusndeckas XuMus



Pemenne
NMPaKTHYECKOIi 3a1aun

Hrorosast ouenka (ot 1 10 30 6a/10B):

Ananmz YCJI0BHA 3ala4M, YKa3aHNE HA TPUHONIHAJIBHBIC UIA PCINCHUA ITYHKTBI.

[MocTanoeka 3amaun BBezneHue 10OMOMTHUTENBHBIX YCIOBUI U OTPaHUUCHHH, B PaAMKaX KOTOPBIX OyaeT no5
pemaTbes 3ajava. 0asioB
AHanu3 OpUrHHANBHBIX HCTOYHUKOB (KHUTH, CTaTbH, TATEHTHI, AUCCEPTALHH. ..
00630p nHPOpPMALINH TTO p ( . ’ ’ P ),
Tewe sanaun MIOJTHOTA M IOCTOBEPHOCTH MCIIOIB30BAHHOW HH(OpMALIUH, 10 10
CTETeHb 3aMMCTBOBAaHMUS (QHTHUILIAruar) GaILIOB
Oyenusaemcs no 603MOACHOCHIL.
IIpopaboTka - CxeMBl Ipe1araeMoro mpouecca, ycTaHOBKH, CHHTE3a U T.JI.
MPEJIOKEHHOT O - PacueTsl, 060cHOBBIBatOINE pabOTOCIIOCOOHOCTD PENICHNUS
pelieHns - DKCIEpUMEHTAJILHOE MOATBEPKICHUE PELIEHUS 1o 10
- OueHKa peHTa0eNbHOCTH NIPEUIOKEHHON UIEU 6ans10B
AHanms3 u oIeHKa PaccMoTpeHre IpenMyIIecTB U HEAOCTATKOB PEIICHNUS, & TAKXKE CPaBHUTEIbHAS 105
CBOETO PELICHUS XapaKTEePUCTHKA U3BECTHBIX MTOJXOOB C MPEATI0KEHHBIM PEIICHHEM GaIIOB
- dakTHYecKue OMUOKY M HEBEpHBIC YTBepKACHHS B petuenn (1-3)
Iirpadybr - Jlornueckue ommOKu B mocTpoeHuu penterus (1-2)
p - 3ayiaya pelreHa He 710 KOHIA, JaH OTBET He Ha Bce BOmpock (1-4)
- Penrenne He paboTaeT WM He IPHMEHUMO B YCIOBHSX 3amaun (1-2)
- OpUrMHAIBHOCTH PELICHUS: HAJIMYHE U KaYeCTBO COOCTBEHHBIX MACH MITH
BOHYCEI yIy4IIeHn i n3BeCTHBIX perieHuii (1-2)
Y - PaccmoTpenne HeO04eBUAHBIX, HO BAXHBIX (PaKkTOB, BIUIONIMX HA pemeHne(1-
2)
IIpesenTanus
p a HUtorosas ouenka (ot 1 10 30 6a/510B):
IIDOEKTa
OroGpaxenue JlocTymHOCTh TOKJIaAa AJIS CIyLIaTessl, yMeCTHOE IPUMEHEHHE CXeM, PUCYHKOB,
HAYuHOH HIeH TaOJIHI ¥ IPYTUX WUTIOCTPATUBHBIX 3JIEMEHTOB B JIOKJIAJIE, TOSICHEHUS CIICLIU- 1o 10
buYecKux TEPMHUHOB. GajoB
Odopmrerte Jlu3aiid npe3eHTalMu 1 BU3yanbHOe HanoyiHeHue. Hammure u GyHKIHoHab-
npeseHTaIH HOCTb 3ar0JIOBKOB, OAINUCEH, PUCYHKOB, pacIli(ppPOBOK COKpAIEHHH, CCHIIIOK no 10
Ha JTUTEeDPATVDV. HOMEPOB CIANIOB U T.J. bajuios
B3anMocBs3b pa3aMyHbIX YacTell qokIaaa, yoeIuTeIbHOCTh U TIOHSTHOCTD X0/
IlocaemoBaTenbHOCTDL U N
pentenust. Hanname u noctynHoCTh HHGOpManuy, HEOOXO0IUMOH U1t MOHUMaHus | 10 10
JIOTUKA M3JI0KEHHSA
CYTH 331241 ¥ MPEATI0KEHHOTO PEIICHHSI. Oansos
T rpads: - YUrenue Tekcra ¢ ucTa/co caaimos (1-3)
- ITpo6aembl co BpeMeneM BhICTVIUTeHHUS (1-2)
BOHVCEI - Jlo11. 1eMOHCTPalMOHHBIN MaTepHall, TOMOTAIOINH BocHpusTHIO pereHus (1)
Y - Y 1auHO€ penieHue B IeMOHCTPAIMH TPYAHOTO /s IOHMMaHus Matepuana (1)
Jlnunbie oueHku Jdokaaguuky (ot 1 g0 40 6a1510B):
OTBETHI HAa BOIIPOCHI, 3pYAH- . .
Hayuynast 000CHOBaHHOCTB BBICKA3bIBAaHUH, YMEHHE MBICIIUTH U BIa/IeHHE HAYIHOM
[POBAaHHOCTb, BIaJICHHE . 10 20
TepMUHOJIOTHEH, 3HAHNE TTpeIMeTa JOKJIa1a, OTBETHI HAa BOIIPOCHI
MaTepHaIoM OamroB
NV MeHIE BecTH 'YMeHHe TpaMOTHO TUCKYTHPOBATh U 33/1aBaTh BOIIPOCHI, HAXOAUTH Cllabble MecTa B
HonemiKy 4yKOH apryMeHTalyy, CIyIIaTh 1 CIBIIATh YyXKHUE BOIPOCHI M ONTHMAIBHO Ha HUX| 10 1()
I oTBEYaTh GAILIOR
|OpaT0pcxoe OMOIMOHAIBEHOCTD, KpaCHOPEUHe U 00111as yOeANTeIbHOCTh BBICTyIIIeHus. [1pa- 10 10
MacTepcTBO BIJIBHOCTB TIOCTpOeHUs (pa3 n GopMyIHpOBOK. GAILIIOB
- GakTHUeCcKHe OMMOKY 1 HEBEpHbIE YTBEP KICHHUS BO BPEMs TTOJIEMUKH M OTBETOB
Ha Bonpocs! (1-3)
[ Tpadsr

- Jlornueckue omunbku (1-2)
- HexoppekrtHoe noseaenue (1-2)

bonycel

Haxom4uBOCTh M yMeHHE Iepxath yuap (1-2)




7.3. KoHTpOIbHBIE 32JaHUA M HHBIE MATePHAJIbl, HE00X0AUMbIe 1JIsl OHEHKH pe3yJib-
TATOB 00y4YeHHUsI N0 JUCHHILIHHE

Pazoen |. Ocnoevt xumuueckoi mepmoouHaMuKu
Tema 1.1. Ilpumenenue nepeozo 3aKoHa MepmMOOUHAMUKU K XUMUUECKUM NPOUECCaM.
Tennoemkocms. Tepmoxumusn
1. Bonpocwt k ycmuomy onpocy

e IIpeamer xumudeckoil TepMoauHaMUKU. OCHOBHBIE OINpe/eIeHHs: cucTeMa (TOMOTreHHast
U FeTepOreHHas, U30JIMPOBAaHHAsA, OTPHITAsl U 3aKPbITasl, COCTOSIHUE CUCTEMBI); TEPMOJIU-
HaMHUYECKHH TIporiecc (M30TEpMUUYECKHM, H300apHBIN, H30XOPHBIM, aauadaTUYCCKUH,
KPYTOBO¥ Iporiecc, 00paTUMBbIil 1 HEOOPATHMBIiA).

e TepmomuHamuueckue (QYHKIMH: BHYTPEHHSS SHEPrus, SHTANBINSA, TEIUIOTa M padorta.
[lepBoe Hauano TepMoarMHaAMUKHU. COIJIaCHO MEPBOMY 3aKOHY TEPMOJIMHAMHUKU TEIIIOTA
ecTb (yHKIus mporecca. 3akoH ['ecca yTBepkaaeT, 4TO TEIUIOBOW 3PQPeKT Xxumude-
CKOM peakIK He 3aBUCUT OT MyTH npouecca. [laiite oObsiCHEHHE 3TOMY MPOTUBOpE-
YUIO.

e @DyHKIUU COCTOSHMS CUCTEMBIL. [loKa3aTenbCcTBO.

e Pabota pacmmpeHus UAEaIbHOTO Tra3a B pasHbIX mporeccax. BeiBon ¢opmyn. 3a cuer
Yero coBepllaeTcs MakcuMalibHas Moje3Has paboTa XMMHUYECKOW peakiuu MpHu Mo-
CTOSIHHBIX JaBJIEHUU U TemrepaType?

e Heuneanbnsie rassl. [Ipy kakux yciaoBHUsX HUCIONB3YIOTCS ypaBHeHUs Ban-nep—Baanbca,
Hutepuun, beptno? KoapduuueHT cKUMaeMOCTH Tra3oB, CIOCOOBI €ro OMpeesIeHUs.
Kak paccunrate paboTy H30TEpMUYECKOTO pacIiupeHusi 1 KMoJb peajibHOTo raza?

e Temnoemkocts. Knaccudukanus ternoeMmkoctedl. CBsi3b TEMIOEMKOCTH C TEPMOIMHA-
mudeckumu Qynkuusimu. Kakoo cootnomenue mexay Cp u Cy 11 uaeanbHoro rasa’?

e [IpumeHeHHe NepBOro Hayala TEPMOJUHAMUKH K IPOLECCaM B JIIOOBIX cUCTEMaX. 3aKOH
I'ecca u cnencTBus U3 3aKOHA.

e 3aBHCHUMOCTH TEIUIOBBIX 3(h(PEeKTOB OT TemmepaTyphbl YeM OINpeaeseTcs XapakTep 3Toi
3aBucuMoctu? 3akoH Kupxroda. I'papuyeckoe Beuncnenue temiooro 3¢gdekra. B ka-
KUX CIIydasx JUls XMMHYECKOM peaklnu MOXHO npeHedpeus pasHuueil mexny AH u AU,
B KAKOM COOTHOILIEHUU HAXOJSTCS 3TU BEIUYUHBI?

e Tepmoxumus. Tennora oOpa3zoBaHus (B pa3HbIX arperaTHbIX COCTOSIHUSAX, MOHOB B pac-
TBOpAax), HEHTpaIu3aluy, pacTBOPeHHs (MHTErpalibHasi, TBEPJOrO COCIAMHEHHS), pa3Be-
neHus, cropanus. [TpubnmkenHble MeTo bl pacueTa(Iio SHEPrusM CBSA3eH Ul opraHuye-
CKUX COEIMHEHM, METOJ] CPAaBHUTEIBHOIO pacyeTa JUIsl MOAOOHBIX XUMUYECKUX COEIU-
HEHUIN).

2. Jlabopamopuas paboma Nel «Onpeodenenue menyosvix 3ppekmos npoueccos. Onpeoeie-
HUe IHMANbNULL HeUMPAIUAUUN)

L]env pabomur. OnpenenuTh KOHCTAHTY KaniopuMmeTpa. OnpeaenuTh SHTaIbINI0 HelTpa-
JU3aLUH.

Annapamypa u peaxmusevl. KanopumMmerpuueckast ycTaHOBKA, MEPHBIN IHJIMHIP, TEPMO-
metp ¢ ueHoit aenenus 0,1°C wim 0,05°C, cexynaomep, Becbl. PacTBop 11e104M ¢ KOHLEHTpAIH-
et 0.2 H., consHas kucnota (HCI) 5 H., xopua aMMoHUS

OcHogHble meopemuyecKue noi0IHceHus

1 TennoBoii 3ppexT xumMnueckoi peakunu. Kaxnaoe puznko-xuMHueckoe MnpeBpaiieHue Be-
IIIECTBA COINPOBOXAAETCSA NPEBpAIICHUEM 3HEpPruM. s comocTaBiIeHUs W3MEHEHHUs SHEPIUu
IPU Pa3IMUHBIX pPeaKlIUsIX B TEPMOJMHAMUKE UCIOIb3YIOTCS MOHATHE TEII0BOro ¢ ¢ekra, T.e.
KOJIMYECTBA TEIUIOTHI, KOTOPOE BBIAENSETCS WJIM IOTJIOLIAETCS B XMMHUYECKOM IIPOLECCE MPHU
YCIIOBUU PAaBEHCTBA HaYaJIbHON M KOHEUHOW TemnepaTypsl. TernnoBoi 3ppeKT 0ObIYHO OTHOCST
K MOJIIO pEarupyoIero BENIECTBa U BRIPAXKAIOT B JHKOYIAX (k) mim kuimo pxoyiax (k).

TemoBbie 3¢ (PeKThl OTAUYAIOTCS IPYT OT APYra, €CIU MPOLECChl MPOUCXOIAT B 3aKPbITOM CO-
cyne (mpu moctossHHOM o0beme V=CONSt) uiii B OTKPBITOM COCY/€ (TPU MOCTOSSHHOM JaBJICHUU



P=const).

TennoBoii 3 dexT mpu NoCTOSHHOM 00beMe PaBEeH YOBLIIM BHYTPEHHEH YHEPTHUU:

Qvt = —AU~, a npu MOCTOSITHHOM J1aBI€HUU — yObLIH SHTaNbIHKU Qpr= —AHT

B u300apnuix u u30xopHuix yciosusax mennogou IQhghekm xumuueckou peakyuu npuoopema-
em ceoicmea (YYHKyuu coCmoaHuA 6 IMUX YCilo6UAX mennoeoul rhghexkm ne 3agucum om
NPOMENHCYMOUHBIX CIMAOUIl, A OnpPedeaAemca AUl HAYaiabHbIM U KOHEUHbIM COCHMOAHUEM
cucmemul RPU YCi06UU, Ymo eOUHCMEEeHHOU pabomoii, coeepuiaemoil CUCIeMOoll, ABIAEeMcs
paboma npomue eHeuwinezo oaesnenusn (3akoH I'ecca). C momompro 3akoHa ['ecca u creacTBuid
U3 HEro IPOU3BOJAT Pa3IN4HbIE TEPMOXUMUYECKUE PACUETHI.

2 DHTanbNMA HellTpaau3auuu. CUIbHBIC SJIEKTPOJIUTHI B BOJHBIX PACTBOPAX MOJHOCTHIO JHC-
COLIMMPOBAHbI HAa MOHBI, IO3TOMY pEaKLUs HEUTPAIU3aLUU CUIbHOW KHCIOTHI CHIBHBIM OCHO-
BaHUEM CBOJUTCS K COEIMHEHHIO | MOJb MOHOB BOJOpOJa (TOUHEE TUIPATUPOBAHHBIX MOHOB
BOJZI0po/ia) ¢ | MOJIb MOHOB TUIPOKCHUIIA:

H* + OH — H20; AH%Eiire.

CnenoBarenbHO, HE3aBUCUMO OT MPHUPOIbI KUCIOTHl U OCHOBAaHUS HEUTpalM3alus CBO-
TuTCs K 00pazoBaHuio 1 Mok Bojbl. VI3MeHEeHHEe SHTANBINUY B 3TOM PEeaKIMK HAa3bIBAIOT HTAJb-
IYEH HEUTpaIU3alnu.

DOHTaNbIHs HEUTpaNIU3aluu cladbIX KUCIOT CUIbHBIMU OCHOBAHUSMU UJIM CHIIBHBIX KHC-
JIOT c/1a0bIMU OCHOBAHMSIMHM 3aMETHO OTJIMYAETCS, YTO BBI3BAHO MAJION CTENEHBIO IMCCOLMALUN
CIa0BIX AIIEKTPOIIUTOB.

DuTanenuio Heidtpammsanun npu T=298K AHChgiite, 208 MOXHO BEIYHCIINTH, MCHIOIB3YS
CIIEICTBUE U3 3aKOHa ['ecca M CHpaBOYHBIC JAaHHBIE MO TEPMOAMHAMHYECKHM CBOWCTBAM Be-
miectB (cM. Ilpunoxenue, Tabn. 1 «TepmonnHaMuyeckue CBOWMCTBAa BOJIBI U 0Opa3yroOIIMX €€
HOHOBY).

AH%giitp, 208 = AH%, 208(H20x)) — AH%, 208(H*) — AH, 295(OH"). 1)

Tpeoosanun mexnuku 6e3onacnocmu
[Ipu BBIMONIHEHNH TAHHOM JTA0OPATOPHOU pabOTHl HEOOXOAMMO COOIIOAATH OOIINE TIpa-
BUJIa paObOTHI B XUMHUYECKOH JTa00paTOpuu.
HeoOxonumo akkypaTHO paboTaTh ¢ pTYTHBIM TEPMOMETPOM.
Crenyer coboaTh OCTOPOKHOCTD MPU paboTe ¢ SH. pacTBOPOM XJIOPOBOIOPOTHON
kucnoThl. KoHLleHTpalys 3Toro pacTBopa COOTBETCTBYET pa30aBiIeHHUIO KOHIIECHTPUPOBAHHOM
XJIOPOBOAOPOJHON KUCIIOTHI 1:1. DTO enkoe BenecTso.

Buvinonnenue pabomur

Dtan 1. OnpenejeHue KOHCTAHTHI KAJOPHUMeETPa

YcrpoiicTBo KajlopuMerpa

Ompenenenne TeIIOBLIX 3(PHEKTOB MPOU3BOAT B CHEIUATBHBIX MPUOOpPax, HA3BIBAEMBIX
KaJIOpuMeTpaMu. B 3aBUCUMOCTH OT XapakTepa MpolLecca U pearnpyoux BEIIECTB IPUMEHSIOT
KaJIOpUMETPbI Pa3IMuHbIX KOHCTpYKUMH. [IpocTelmmii kamopumerp IpeacTaBiseT coOor H30-
TEPMUYECKYI0 000JI04Ky (Hampumep, cocyn Jptoapa). B kpbliike cocyna caelaHbl OTBEPCTHS
JUIsL TEPMOMETpa, MEIIAJKU U NIl BHECEHMsI HAaBECKU Huccienyemoro BemiectBa. Copepxkumoe
cocyJia nepeMerrBaeTcs Memankoi. OTBepcTHe A BHECEHHUS HABECKU 3aKpbIBAeTCs MPOOKOIL.
Temriepatypy U3MepSIFOT ¢ IOMOIIBIO TepMoMeTpa ¢ eHo aenerns 0,1°C nmm 0,05°C.
Jnist onpeneneHust TEMIOBBIX A(PHEKTOB peakiHii, MPOTEKAIONINX B BOJHBIX PAaCTBOPAX, MOXKHO
HCIIOJIb30BaTh KaJJOPUMETPUUECKYIO YCTAaHOBKY, H300paKeHHYIO Ha puc. 1.
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Puc. 1 Cxema KaJlopuMeTpUUECKOM YCTAaHOBKH: 1 — Hapy»KHBIN CTakaH; 2 — peakIIMOHHbIN cTa-
KaH; 3 — I0JICTaBKa; 4 — KpbILIKa; 5 — Mellaika; 6 — TepMOMETp; 7 — BOPOHKA.

Kajiopumerpuuyeckuii onbIT

Kanopumerpuuecknii OnbIT AE€IUTCS Ha TPU NIEPUOJA!

1. npenBapuTenbHBIN NEPUOJ, TPOAOKAIOLIUICST 5 MUH.

2. TIJIaBHBIHA NepuoJ — BpeMs IPOTEKaHUs U3y4aeMoro mnpolecca (peaklus HelTpanu3a-

MM | T. T1.).

3. 3aKJIIOYUTEbHBIN EPUOJ, 5 MUH.
[lepen npoBeeHNEM KaIOPUMETPUUECKUX U3MEPEHUM HE00X0IMMO YCTaHOBUTH 3HAYEHUE KOH-
cTaHThI KajopumMerpa. [locTosHHas kanopumerpa «K» o ¢puznyeckoMy CMBICITY MpEACTaBIsSET
co00i1 TEMI0EMKOCTh KaJJOPUMETPa BMECTE C MOMEIIEHHBIMH B HETO PACTBOPOM, MEIIATIKON U
YacThIO TepMOMETpaA. TeII0eMKOCTh KAJIOPUMETPa — 3TO KOJIMYECTBO TEIUIOTHI, HEOOXOJMMOE
JUIsl HarpeBaHus kamopumeTpa Ha 1°C. Dta nocTosiHHAs 3aBUCUT OT TETIJIOEMKOCTH BCEX COCTAB-
HBIX yacTell Kanopumerpa. [l HarpeBaHus KanopuMeTpa Ha Aty motpedyercs Terna:

Ouan = K -Alx (2

Bennunna «K» nocTosiHHA U1 JAHHOTO KaJOpUMeETpa U IaHHOTO KOJIMYECTBA ONpeie-
JIEHHOM *XUJKOCTH, Hartpumep i 200 r BoabI.
KoHcTaHTy KanopumeTpa MOKHO OIPEIEIUTD 10 U3BECTHON TEIIOTE paCTBOPEHUS KaKOH-I100
COJIH.

Xoa padoTsl

s onpenenenus «K» coOuparot kanopumeTrp. Bo BHyTpeHHMI cTakaH HAJIMBAIOT Mep-
ueM maEIpoM 200 ev® (200 T) IMCTHITHPOBAHHOM BOBL. 3aKPHIBAIOT CTAKAH KPBIIIKOH 1
HOTPYKAIOT TEPMOMETP B BOJY TakK, YTOOBI PTYTHBIN MIAPUK HAXOMIICS B CPEIHEH YyacTu KUI-
KkocTu. [IpoBoAT IpeaBapUTENbHBIN TEPUO ONbITa. HaunHaIOT NepeMemmBaTh BOly MEIIAIKON
Y 3aIIMCBIBAIOT MTOKA3aHMs TepMOMeTpa uepe3 Kaxaple 30 cek. 3anuch BEIyT B TEUEHUE 5 MUH.
Jlns oTcueTra BpeMeHHU y/100Hee MoJIb30BaThCs CEKyHIOMEPOM. Pe3ynbTaThl OnbITa 3alIUCHIBAIOT
B Tabnuiy 1.

Ta6auna 1. Vi3MeHeHne TemnepaTypsl B X0/1€ ONPEAEIEHHUS KOHCTaHThI KaJIOpUMETpa

BpCMH OT HayaJia OoIlbITa, MHUH.

Temneparypa, °C




3areM HpOBOJAT IJIaBHBIN mepuof. st 3Toro, He ocTaHABIMBAas CEKyHIOMEpA, OTKPbI-
BAIOT OTBEPCTHUE JUIsl BHECEHUSI HABECKHU, OBICTPO BBICBHIIIAIOT TOYHO B3BEILICHHYIO 3apaHee COJlb —
XJI0puJl aMMoHHs (5-6 T), oTBEpcTUE 3aKpbIBatOT. [Ipy 3TOM BeAyT NOCTOSHHOE NEPEMEILINBAHNE
pactBopa. ' TaBHBIM NEPHUOIOM CUMTAIOT IMPOMEKYTOK BPEMEHH, B TEUEHHE KOTOPOro HabII01a-
€TCsl pe3K0€ U3MEHEHUE TEMIIEPATYPHI.

3aKJIIOYUTEIbHBIN MEePHOA MPOAOIKACTCs 5 MHUH. IIOCIE TJIABHOTO IEPHUOJa, NMPUYEM
TEeMIIEpaTypy 3alUCHIBAIOT TaKKe uepe3 Kaxbie 30 cex.

PesynpraThl HaOMIOAEHUH 3alUCBHIBAlOTCS B TAONHMIly, a 3aT€M Ha OCHOBAaHUM IOJy4YEH-
HBIX JJAHHBIX Ha MUJUIUMETPOBOW Oymare crpoutcs rpaduk t = f (T) aus onpeneneHus aeicTBu-
TEJIBHOTO U3MEHEHMsI TEMIIepaTyphl IIPU PACTBOPEHUH cOJu (pHcC.2). 3aTeM onpeaesstoT Aty.

t
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Puc. 2 Fpa(bm( A OIIPCACIICHUA JEUCTBUTEILHOT'O U3MECHECHUS TEMIICPATYPhI B XOA€ OIIbITA

IIpu rpaduyeckom onpenenenuu Aty Ha MUJITUMETPOBOI Oymare Ha ocu abCLUCC OTKJIIa-

JBIBAIOT BpeMs B MaciiTade: | MMH COOTBETCTBYET 1 CM; Ha OCH OpAMHAT — TEMIIEPATYpPY, BHIOOD
MaciTada KOTOpOH 3aBUCUT OT BETUYMHBI Aly.
Ecmu Ati< 1°C, 10 1°C cootBetctByeT 1 cm; ecnu Aty > 1°C, to 1°C coorerctByeT 0,5 cm. Ilo-
CJie TOro, KaK Ha rpauK HaHECeHbI BCE IKCIIEPUMEHTaIbHbIE TOUKH, Iostydaercs kpuBasi ABDE.
VYyactok AB cooTBeTcTBYyeT HauambHOMY nepuony, BD — rmaBnomy nepuony, DE — 3akmroun-
TEIBHOMY.

YroObl onpenenuTb M3MEHEHHE TeMIepaTypbl, HE HCKa)KEHHOE TEMJIOBBIM OOMEHOM,
MPOUCXOAIIMM B TeUeHHE TaBHOro nepuoaa, muHu AB u DE skcrpanonupytot. Bpems rias-
Horo nepuoja aAensaT nonoiam (touka C). M3 Toukn C BOCCTaHABIMBAIOT MEPIIEHAUKYIISP J10 TIe-
pecedeHus ¢ o0eMMHU NPOAOLKEHHBIMHU NpsAMbIMU. OTpe3ok Mexay Toukamu K u F, BbpaxkeH-
HBIH B Ipajycax, MOKaXeT HCTUHHOE M3MEHEHHE TemrepaTypsl Ati, BBI3BIBAEMOE MTPOLIECCOM, C
Y4€TOM TOIMPABKH Ha TEIIIO00MEH.

PacTBopenune conu (xjopuga aMMOHHS) MPOTEKAET C MOTJIOLIEHUEM TeIUIoThl. B cooT-
BETCTBUHU C TEIUIOBBIM OalaHCOM KOJHMYECTBO TEIUIOTHI, PACXOyeMOW Ha paCTBOPEHHUE XJIOPUAA
aMMOHHUS, PAaBHO KOJIMYECTBY TEIUIOTHI, OTHUMAEMON OT KaJOpUMETpa!

Oxan =K ‘A1 = QpacTs.
3arem BeaucIAOT K:
K = gpacte/Ats
geacTB = Q PACTB.COJH V conm WK
K = (Q pactB.comn* M com ) / (At1- Mcom) , (3)
riae Q pactB.com — TemI0Bo# 3¢hekt pacTBopeHus 1 Mok CoIH, ¢ 0Opa30BaHUEM pacTBOpa MO-
nsuTbHOM KOHIIEHTpauH Cm, KJ[/MOJIb.
Mcoym — HaBECKA COJIH, T.
M cosm— MoJsipHas Macca coJi, T' / MOJIb.



Q pactB.comu (AHpactB.conu) ompeaensitor mo crnpaBoyHbiM gaHHbIM ([Ipunoxenue, Tabm. 2
«MHTerpanpHas TEIIoTa pacTBOPEeHHs cojeil B Boje mpu 25°C»). Q pacTB.com 3aBUCUT OT MO-
JTsutbHOW KOHIeHTpauun Cm pactBopa conu. UtoObl HaiiTH B Tabiuie HYXHOE 3HAuCHHE
AHpacTB.cOM, HEOOXOAMMO PACCUUTATh MOJSUIBHOCTh MOJdy4aeMoro pactBopa. Cm MOKa3bIBaeT,

CKOJIKO MOJIb PACTBOPEHHOTO BEIIECTBA Vp 5. IPUXOMUTCS HA | KT PACTBOPUTEIIS Mp-ns
Cm — Vp.e. — Mpe. — Meom
Mp_pgie  Mpg -Mp_1g82 Megym (H,0),xe

Jrtan 2. OnpejesieHue Ten1080ro 3¢ dexra peaknuy HeHTPATU3ANNY CHIbHON KHCIO0ThI
CHJIbHBIM OCHOBAHHEM

B uucThIii BHYTpeHHUI cTakaH KajopuMerpa HanusaioT 200 cm® 0.2 H. pacTBOpa mIemno-
Yyy. 3aKpbIBAIOT KAJOPUMETP KPBIIIKON M MPOBOJAT HIPEABAPUTENIbHBIA MEPUOJI, KAK OMUCAHO
Bblle. [10 OKOHUAaHUU TpeBApPUTEIBLHOrO NEPUOJA Ha 6-0if MUHYTE B KaJOPUMETP OCTOPOXKHO
BpuHBatoT Kucioty (10 cm® 5 1. HCI), mpoBOAAT IIaBHEIH MEPHO, a 3aTeM 3aKIIOUYUTEIbHBIN,
KaK OIMCAHO BBIIIC. Pe3ybTaThl OIBITA 3aHOCAT B TAOJMILy 2, aHAJIOTHYHYIO Tabmuie 1, a 3aTeM
HAHOCST Ha puUC. 3, aHAJIOTMYHbIE puc.2 g HaxoxaeHus Atz.Mlcxons u3 nony4yeHHbIX 3HaYeHUN
Al ¥ TIOCTOSIHHOM KaJIOpUMETpa, ONPEACISIOT TEIIOBOM >(PQeKT peakiuyu HEeUTpaau3alud B
pacuere Ha 1 MOJIBb-3KBUBAJICHT BelllecTBa. Pacuer BegeTcs 1o KOJMYECTBY IIEJI0UH, T.K. KUCIOTa
Oepercst B U30BITKE.

TemmoBoii 3 dexT, CBI3aHHBIN ¢ U3MCHEHHEM TEMITEPATypPhl BCICACTBHE MPOIIEcca, MPo-
TEKAaIOIIIEr0 B KaJIOpUMETPE, PAaCCUUTHIBACTCS MO ypaBHEHUIO (4):

g ueitre = K -Ata. (4)

Jlanee KOJIMYECTBO TEIUIOTHI, BHIACSIOLIEHCS B POLIECCE HEUTpAIU3aliH, IEPECUUTHI-

BaloT Ha 1 MOJIb 1IENT0YH.

QuEitte = q HEiiTe/ VIIET;
viien = CuenViges;
—AHCEiitp, 208 =QuEiiT.

Dtan 3. O0padoTKa IKCIEPUMEHTAILHBIX JaHHBIX. OnpeaegeHe a0COJIOTHOWH U
OTHOCHTEJIHLHON MOrPEIIHOCTH ONBITA

A6COJ’IIOTHYI-O " OTHOCUTCIIbHYIO TOTPCIIHOCTH ONIPCACIICHUA QHEP[TP BBIYHCIIAIOT I10 (bOpMy.]'IaM
(5) u (6).

A = |AH iiire, 208 oxen —AH HEiite, 208 TAB |; ®)
8=(A-100 %)/ AH %giiTp, 208 TAB, (6)

rae A — abcomoTHas nmorpemHocts onpeaenenus AHugiire, kJk / MoJib;
0 — OTHOCUTEJbHAS MOTPEITHOCTh OnpeaeneHus, %.

4. TpeOoBaHUs K COAEP/KAHUIO OTYETA

OTueT 10MKEH COAepHKaTh:
1. uenb paboTHI;

ypaBHEHHE PEAKIINN HEUTpalIU3allnH;

pacyeT PHTAIBITNHA HEUTPATU3aIlUH 110 TEPMOJIMHAMHYECKUM JTAaHHBIM;

cxemy Kajgopumerpa (puc.l);

X0J1 paboTHI,

tabnuiy 1 u Tabnuiry 2, B KOTOPBIX GUKCUPYETCS N3MEHEHUE TeMIIepaTyphbl IPU OTpe-

JIeJICHUH KOHCTAHTBI KaJIOPUMETPa ¥ MPH ONPEIETICHNN SHTAIBITNY HeUTPaTH3aIlnu.

7. puc.2 u puc.3, Ha KOTOPBIX N300paxkeHbl 3aBUcuMocTH t = f (T) u onpenenensr At u Atz
COOTBETCTBEHHO.

8. pacyerbl, IpUBEICHHBIE MTOJHOCTHIO:

ook owd



— KOHCTaHTHI KaJIOPUMETPA,
— TeIUIOTHI (SHTANBIIMU HEHTpaau3aluuu) Ha | MoJb 1eNnouH,
— abCOJIOTHOM ¥ OTHOCHUTEJIBHOM MOTPEUTHOCTH ONPEACICHUS YHTAIBIINN HEUTPATH3AIIH,
9. BBIBOJBI: B BEIBOJAX yKA3BIBAIOT ONpEIEICHHOE YKCIIEpIMeHTanbHO 3Hadenne AH ygiite,
298 DKCII C IOTPELIHOCTHIO.

MPUJITOKEHMUE K JI.P.Nel
Ta6auna 1. TepmoaguHaMUYecKre CBOWCTBA BOBI M 00pa3yronux ee noHoB pu 25°C [3]
BemecTBo, HOH AHOf,zgs, S%qg, AGOf,zgs,
kJ[x/Momb JIx/(mob-K) kJ[x/MoITh
H200x0) —285,83 69,95 —237,23
H* 0 0 0
OH" —230,02 -10,71 -157,35

Ta6uua 2. MaTerpanbHas TemioTa pacTBopenus coneil B Boae mpu 25°C [3]

Cm, Mo comm Ha 1 | AHm, x/Ix-Momnp
kr H20

NH4CI NH4NO3 KCI K>SOy
0,1 15,10 25,75 17,55 24,78
0,2 15,19 25,56 17,57 24,58
0,3 15,23 25,38 17,55 24,27
0,4 15,27 25,21 17,50 23,95
0,5 15,27 25,06 17,43 23,58
1,0 15,31 24,31 17,28 -

3. Jlabopamopnas paboma Ne2 «Onpedenenue meniogvlx ghghexmos npoyeccos.
Onpedenenue meniomol pacmeoperuss Xopouio pacmeopumulx coneii

Llenv pabomur. OnipenenuTh KOHCTAHTY Kanopumerpa. OnpeaenuTsh TeIIoTy pacTBope-
HUS HEU3BECTHOM COJIU. Y CTAHOBUTH HEU3BECTHYIO COJIb.

Annapamypa u peaxmuevl. Kanopumerpudeckasi yCTaHOBKA, MEPHBIA IUIHMHAP, TEPMO-
meTp ¢ nenoit aenenus 0,1°C umm 0,05°C, cexkynmomep, Bechl. TOUHbIE HAaBECKHM HEU3BECTHBIX
COJIEH, Maccou 5 rpamm.

OcHoeHnble meopemuuecKue nOA0HCeHUus

[Ipu mpoBeneHun OmbITa JaBIEHUE B KAJTOPUMETPUYECKON CHCTEME OCTAeTCsl MOCTOSH-
HBIM U paBHBIM aTMOchepHOMY AaBieHut0. [103ToMy B3auMopeiicTBHE PaCTBOPUTEINS C PaCTBO-
PpAE€MBIM BEIIECTBOM IpU P=CONSt conmpoBOKIaeTCsI N3MEHEHUEM YHTAIBITHI

AH=H—(n1 H% + na H%) 1)
rae H — moyiHast SHTaNbIMS 00pa30BaBIIETOCsS PACTBOPA;
H% u H% — sHTambmmM 0HOTO MOJH PACTBOPHTENS M PACTBOPSIEMOTO BENIECTBA B UHCTOM CO-
CTOSIHUU;
N1 ¥ N2 — KOJIMYECTBO MOJIb PACTBOPUTENSI I PACTBOPEHHOTO BEIIECTBA B PACTBOPE.

[TonHoe M3MEHEeHnEe YHTANBINY MPU PACTBOPEHUU N2 MOJb BEUIECTBA B N1 MOJIb PacTBO-
pUTENs, OTHECEHHOE K OJHOMY MOJIb PACTBOPEHHOTO BEIIECTBA, HA3bIBAETCS MHTETPATHHOM TeTl-
JI0TO# pacTBOpeHus U o6o3HadaeTcss AHm.

AH,, = 4AH H—(ny-Hy+ny-Hy) (2)
no ns

WNHpekc M — 3To yncaeHHOE 3HaUeHUE KOHIEHTPAIMU pacTBOPa MO MOJISIILHOM IIKaJe.

HNHuTterpanbHas TerioTa pacTBOPEHUS 3aBUCHT OT TEMIIEpaTyphbl U KOHIeHTpaluu. [1oTto-

My TIpHU yKa3aHWUU 3HAUYEHUS MHTETPATBLHON TEIUIOTHI paCTBOPEHUS TOJDKHBI TAaKXKE YKa3bIBATHCS
TeMIepaTypa U KOHIIEHTpAIis 00pa3yIolerocs mpu pacTBOPEHUH pacTBopa. s TBepabIxX Tel



WHTETPAIbHAS TEIJIOTa PACTBOPEHHS CKJIQJBIBACTCS M3 TEIUIOBBIX dPHEKTOB pa3pyIICHUS KPU-
CTAJUTMYECKOM pElIeTKH, COJIbBAaTallUM U cMelleHus. Ha pa3pyienue KpucTauiM4ecKor pemieT-
KM TEIUIOTa 3aTPAuyuBacTCsA, a MPOLECC COJIbBATALIMU COIMPOBOKIAAETCA BBIJICICHUEM TEILIOTHI,
MOATOMY 3HAK TEIUIOTHI PACTBOPEHUS MOXKET OKa3aThCsA KaK MOJIOKUTEIbHBIM, TAK U OTPHIIA-
TEJIbHBIM. BEJIMYMHA TEIUIOThI CMELICHUS 3HAYUTEIbHO MEHBILE TEIUIOTHI Pa3pyLIECHUS PELIETKU
W COJIbBATAIlHH.

TernnoTra pacTBOPEHHS — TEIUIOTA BBIACIAIOMIASACS WM MOTJIOUIAOIIASICS IIPU PACTBOPE-
HUW OJTHOTO MOJIb BEIIECTBA B OECKOHEYHO OOJIBIIIOM KOJUYECTBE pacTBopuTesst. Onpenensercs
PaCYETHBIM METOJIOM.

HNuTerpanbHbie TEIJIOTHI paCTBOPEHUST ONPEICTAIOTCA dKCIIEpUMEHTANIbHO. MccnenoBa-
HUE 3aBUCHMOCTH TEIUIOT OT KOHIICHTPAIMH TO3BOJISET MOJIYIUTh MHOTO HHPOPMAITUH O CTPOE-
HUM PACTBOPOB.

Pacuer sMnupudeckon TENIOTHI PACTBOPEHHUS MMPOBOJAT HA OCHOBE YPaBHEHUS TEILJIOBO-
ro 6anaHca.

—AH = ATX(m; - ¢;) 3)
rae Miu Ci — Macca U TEIIOEMKOCTh COCTABHBIX YacTel KaJOPHMETPa.
Wi

AH = —[(my + my) - ¢ + X lham; AT 4)

r7ie M1 ¥ M2 — Macchl BOBI M COJIU, COOTBETCTBEHHO, T
¢ — ylenbHas TermIoéMKOoCTh oOpa3yromerocs pactsopa, x/(r-K).

TemmoémkocT pa30aBICHHBIX PACTBOPOB HEOPTAHMUYECKUX COJICH B BOJIC MPAKTHUSCKU
OJIMHAKOBHI U HE3HAYUTENIbHO OTJIMYAIOTCS OT TeruioeMkocTu Boabl (4,18 Jx/(r-K)). IlosTomy
TEIUIOTa PacTBOPEHHs OyJeT Majo 3aBECHUTh OT TEMIIEPATyphl U TEIUIOEMKOCTh PacTBOpa C J0-
CTaTOYHOW TOYHOCTHEO MOXKHO MPHHSTH PABHOM TETNIOEMKOCTH BOJIBI.

To4yHO OmpeneUTh TEIUIOEMKOCTH COCTABHBIX YacTeH KaJlopuUMETpa He MPEICTABIIICTCS

BO3MOXKHBIM, IO3TOMY ), . m ¢; = K.
K — mocTosiHHas KaJopuMeTpa, 3HaUeHHEe KOTOPO OMPEENIOT 10 H3MEHEHHIO TeMIIepaTyphl
pPacTBOpPEHUS ONPEICTICHHOTO KOJTHMYECTBA COJU C M3BECTHOU TETUIOTON PACTBOPEHHUS (XJIOPH]T
KaJIMs WK XJIOPHT aMMOHHUSI).
YpaBHeHUE TEIIOBOTO OanaHca Oy/1eT UMEeTh CIAEAYIOIINN BU/:
AH = —[(my + my) - ¢ + K]AT (5)
Ortcrona

AH
K=—-———(m +my)- c (6)

rae AH = AHm N2, AHm — uHTEerpasibHas TEII0Ta pacTBOPEHUs coiu, [ /MoIb.

Temora pacTBOpeHHs COJIM 3aBUCUT OT KOHLEHTpaLKU OOpa3yrollerocsi pacTBopa, Io-
ATOMY HEOOXOJIMMO PACCUUTHIBATH KOHIIEHTPALIMIO PaCTBOPA, 00Pa3yIOLIErocs Ipy pacTBOPEHUN
COJIM C U3BECTHOW TEIJIOTOM PACTBOPEHHUS U, B COOTBETCTBHM C ITHM, MHTEPIIONSLMEN onpese-
JUTH TEIUIOTY PACTBOPEHMSI STOM COJIM Ul JAaHHOW KOHLEHTPALMH, a 3aTEM pacCUnUTaTh IOCTO-
SHHYIO KaJIOpUMeTpa. 3Has KOTOPYI0, PACCUUTHIBAIOT TEIJIOTY PACTBOPEHUSI HEU3BECTHOW COJIH.
JI1s 3TOr0 SMNMPUYECKH ONPEAETSAIOT U3MEHEHNE TEMIIEPATYPhl IIPU PACTBOPEHUN HEM3BECTHOU
coy U paccuuthiBaloT AH o gopmyie 5, a TakKe pacCUNTHIBAIOT YACIBbHYIO TEIJIOTY PacTBO-

penus g o popmyie:

__AH

=

3HavueHHE YAENbHOM TEIUIOThl PACTBOPEHUS HApsAy C JAPYTMMH JAHHBIMH MOXHO HC-
MOJIB30BATh IS OMPEIEICHUsT COMu. JIJIsl 3TOTO CpaBHHBAIOT, TOJYYEHHOE 3HAYEHHE CO CIpa-
BOYHBIMH 3HAYEHUSIMU YACIIbHBIX TEIIOT PACTBOPEHUS PA3IUYHBIX COJIEH.
Tpebosanua mexnuxu 6ezonacnocmu

[Tpu BBIIOTHEHUU TaHHOM Ta60PaTOPHOI pabOTH HEOOXOAUMO COOIIIOIaTh OOIIIHE MPaBUIa pa-
0O0THI B XUMUYECKOH J1aboparopuu. HeoOxoaumo akkypaTHO paboTaTh C pTYTHBIM TEPMOMET-

poMm.



Buvinonnenue pavomot
Oran 1. OnpenejeHue KOHCTAHTHI KAJOPUMeETPa

YcrpoiicTBO KajjopuMeTpa

Omnpenenenne TemoBbIX 3(P(HEKTOB MPOU3BOIAT B CHIEIHATBHBIX MPHOOpax, HA3bIBAEMBIX
KajopuMeTpaMu. B 3aBucuMocCTH OT XapakTepa npolecca U pearupyrolux BeIecTB IPUMEHSIOT
KaJOPUMETPbI Pa3NUYHBIX KOHCTpYKUM. [IpocTelimmii kamopumerp nmpeacTasisier coboil u3o-
TEPMUYECKYI0 000s104Ky (Hampumep, cocya Jlptoapa). B kphliike cocyna caeisaHbl OTBEPCTHS
JUIsL TEPMOMETPA, MEIIAJIKU U JUJIsl BHECEHUs HABECKM uccienyemoro BeuniectBa. Copepxumoe
cocyJia nepeMerirnBaeTcst Memmankoi. OTBepcTHe AJ BHECEHUs HABECKH 3aKpbIBAaeTCs MPOOKOIL.
Temriepatypy U3MepSIIOT ¢ TOMOIIBIO TepMoMeTpa ¢ neHoi aenerus 0,1°C nmm 0,05°C.
Jliis onpeneneHust TEMIOBbIX A3PPEKTOB peaklUii, MPOTEKAIOUIMX B BOJHBIX PACTBOPAX, MOXKHO
UCIIOJIb30BATh KAJIOPUMETPHUUECKYIO YCTAHOBKY, H300paskeHHYI0 Ha puc.l.

6

S~

C’ 3
a

L]

Puc. 1 Cxema kanopuMeTpu4ecKor yCTaHOBKU: | — HapyKHbBIN CTakaH; 2 — peaKllMOHHbIN CTa-
KaH; 3 — OJICTaBKa; 4 — KpbIIIKa; 5 — Melanka; 6 — TepMOMETp; / — BOPOHKA.

Kanopnmerpuyeckuii oneIT
KaopumeTrprdeckuil onbIT ASIATCS HA TPU NEPUOJA!
1. npenBapuTenbHBIN MEPUO, TPOAOIKAIOIIUICS 5 MUH.
2. TJaBHBIA IEPHUO — BPEMsI MPOTEKAHMSI U3y9aeMOro Ipoliecca (PacCTBOPEHUE COJIH).
3. 3aKJIIOYUTETbHBIN IEPHOJ, 5 MUH.
[lepen nmpoBeneHHEM KalOPUMETPUUYECKUX U3MEPEHHI HE0OX0UMO YCTaHOBUThH 3HAUEHHE KOH-
cTaHThl Kajopumetpa. [locTosHHas kamopumerpa «K» mo ¢usnueckoMy cMbICTy NpeICTaBiseT
co00i1 TemI0EMKOCTh KaJlOpHUMeTpa BMECTE C IMOMEUIEHHBIMU B HETO PacTBOPOM, MEHIANIKON U
YacThlO0 TepMoMeTpa. TemnaoeMKOCTh KaJopuMeTpa — 3TO KOJMYECTBO TEIUIOTHI, HEOOXOAUMOE
JUIsl HarpeBaHus Kanopumerpa Ha 1°C. Drta mocTosiHHas 3aBUCUT OT TEIUIOEMKOCTH BCEX COCTaB-
HBIX yacTeil Kanopumerpa. [y HarpeBaHus KanopumeTpa Ha Aty motpedyercs Tera:
Oxan = K -Aly @)
Benmnunna «K» moctosHHA [UIsi JaHHOTO KaJOPUMETPA M JTaHHOIO KOJMYECTBA ONpeJe-
JICHHOM XU JKOCTH, Hanpumep, 11t 200 T BOAbI.
KoHcTanTy xanopumerpa MOXKHO ONpPEAETUTh 0 U3BECTHOW TEIUIOTE PAaCTBOPEHUS KaKOH-JINO0
COJIH.



Xoa padoTsl

st onipenenenust «K» cobuparor kanopumeTrp. Bo BHyTpeHHUH CTakaH HaJIMBalOT MeEp-
HbIM 1aHIpoM 200 om® (200 r) mUCTHUTMPOBAHHOW BOIbI. 3aKPHIBAIOT CTaKaH KPBIIMIKOW U
MOTPY)KAIOT TEPMOMETP B BOJY TaK, YTOOBI PTYTHBIN IIAPUK HAXOJWJICA B CPEIHEH YACTH KUJI-
kocTd. [TpoBoAsT peaBapuTeNbHBINM NEpUOA onbiTa. HaunHarT nepememmBaTh BOy MEIIAJIKOM
Y 3alIMCHIBAIOT MTOKa3aHMs TepMoMeTpa dyepe3 Kaxasie 30 cek. 3anuch BeyT B TEUEHHUE 5 MUH.
st oTcyeta BpeMeHH yJ00HEE MOJIb30BaThCS CEKYHIOMEpPOM. Pe3ynbTaThl OIbITa 3alMChIBAIOT
B Ta0wmIy 1.

Ta6auna 1. 3meneHnue TemnepaTypsl B X0/I€ ONpeAeTIeHUS] KOHCTAHThI KaJIOpUMeTpa

Bpewmst oT Hayasia onbiTa, MMH.

Temneparypa, °C

3areM MpOBOJAT IMABHBIM mepuoa. st 3Toro, He ocTaHaBIMBasi CEKYHIOMEpa, OTKPHI-
BalOT OTBEPCTHUE JJIs1 BHECEHUSI HABECKU, OBICTPO BBICHIIAIOT TOYHO B3BEILICHHYIO 3apaHEe COJb —
xyopusl ammonus (5-6 T), oTBepcTUe 3aKpbIBatoT. [Ipy 5TOM BeAyT MOCTOSHHOE MEepEMEIINBaHNE
pacTtBopa. ['TaBHBIM EPUOJOM CUMTAIOT MPOMEKYTOK BPEMEHH, B TE€UEHHE KOTOPOro HabJo1a-
€TCs pe3K0e U3MEHEHUE TeMIIepaTypPhI.

3aKIIOUYUTEAbHBIA MEPUOJ MPOJOJIKAETCS 5 MHUH. MOCJIE I[JIaBHOIO IMEpHOJa, MpPUYEM
TEMIIEPaTypy 3aMUCHIBAIOT TaKkke yepe3 Kaxapie 30 cek.

Pe3ynbrarel HaO/IOIEHUH 3alMCHIBAIOTCA B TaOJMIly, a 3aTEM Ha OCHOBAHWUU IOJY4YEH-
HBIX JTAaHHBIX Ha MHIJTUMETPOBOM Oymare crpoutcs rpaduk t = f (t) ast onpeneseHus aeicTBu-
TEJIHHOI0 U3MEHEHHUS TEMIIEPaTyphl IPU PACTBOPEHUU COH (PHUC.2). 3aTeM OmpenemstoT Als.

t

-
I-

L T

Puc. 2 rpa(l)I/IK AJIg OIIPEACIICHUS JIECTBUTEIIFHOIO N3MEHEHHUS TEMIICPATYPHI B XOJ€ OIIbITA

ITpu rpaduyeckom onpenenenuu Aty Ha MUJITUMETPOBOI Oymare Ha ocu abCLUCC OTKJIIa-
JBIBAIOT BpeMs B MaciiTabe: | MMH COOTBETCTBYET 1 €M; Ha OCH OpAMHAT — TEMIIEPATypy, BHIOOP
MaciTada KOTOpOH 3aBUCUT OT BETUYMHBI Aly.

Ecmn Ati< 1°C, to 1°C cootBerctByet 1 cMm; ecnu Aty > 1°C, To 1°C cootBerctByeT 0,5
cmM. ITocne Toro, kak Ha rpadUK HaHECEHBI BCE DKCIEPUMEHTAIbHbIE TOUKH, MOJTy4aeTcsl KpuBas
ABDE. Yuactok AB cooTBeTrcTByeT HauanpHOMY niepuony, BD — rmaBaomy nepuony, DE — 3a-
KIIFOUUTEIIEHOMY.

UroObl OnpenenuTh M3MEHEHHE TEeMIEepaTyphl, HE HMCKaKEHHOE TEIJIOBBIM OOMEHOM,
MIPOUCXOSAIIMM B TEUEHHE TJIaBHOTO nepuona, muHnu AB u DE skctpanonupyror. Bpems rias-
Horo nepuoa aensaT nononam (touka C). M3 Toukn C BoCCTaHABIMBAIOT MEPIIEHAUKYIIAP /10 Te-
peceueHus: ¢ 00eUMH MPOAOKEHHBIMU NpsMbIMHU. OTpe3ok Mexay Toukamu K u F, BeipaxeH-



HBII B Tpajycax, MOKaXeT UCTUHHOE U3MEHEHHE TeMIlepaTypbl Ali, BbI3IBAEMOE MPOIECCOM, C
Y4eTOM IOMPABKU Ha TETJIOOOMEH.

PactBopenue conu (xjopujia aMMOHUS) MPOTEKAET C MOTJIOIMIEHHEM TEIUIOThl. B coot-
BETCTBUU C TEIJIOBBIM 0ajlaHCOM KOJHMYECTBO TEIJIOTHI, pAaCX0yeMOil Ha pacCTBOPEHHUE XJIOpUIA
aMMOHHUSI, PAaBHO KOJIMYECTBY TEIUIOTHI, OTHUMAEMOU OT KaJOpUMETpa:

Oxan =K -At1 = QpacTs.
3aTeM BriuncisoT K:
K = gpactp/Al
gractB = Q PACTB.COMM *V conu MK

K= (Q pactB.comui* M com ) / (At1- Mcom) , (8)
rae Q pacT.com — TeIIOBOM 3¢ ekt pacTBopeHus: | MOIb CoH, ¢ 00pa3oBaHUEM pacTBOpa MO-
TIbHON KOHIEHTpau Cm, KJ[/MOJIb.
Mconu — HaBecKa CoJu, T.
M con— MoJspHas Macca Coid, T / MOJIb.
Q pactB.comu (AHpactB.comm) ompenenstor mo crpaBodHbiM jgaHHbIM ([Ipwnoxenne, Tabdn. 2
«MHTeTpanbHas TEII0Ta pacTBOPEHUs coseil B Boje mpu 25°C»). Q pacTB.com 3aBUCHUT OT MO-
JIsbHOM KOoHIeHTpauuun Cm pacTBopa coid. UToObl HallTM B Tabiuile HYKHOE 3HAUYEHUE
AHpacTB.coi, HEOOXOIMMO PACCYUTATh MOJISIIBHOCTH MOJydyaeMoro pactBopa. Cm MOKa3bIBaeT,
CKOJIbKO MOJIb PACTBOPEHHOTO BEIIECTBA Vp 5, IPUXOIUTCS HA 1 KT paCTBOPUTEIS Mp-ys

Cm = Vpee. - Mp.e. — Moo (9)
Mp_pqk2 My g -Mp_ g2 Meonm(Ho0),52

Jran 2. OnpeaeeHue TENJIOThI PACTBOPEHUS X0POLIO PACTBOPUMOM COJIM

BHyTpeHHuii crakaH KaJOpuUMeTpa BBIMBITH, ONOJOCHYTH JMCTHWJLIMPOBAHHOW BOJAOW,
Hamuth 200 cM® IUCTHIIMPOBAHHON BOMBL. 3aKpHIBAIOT KAJOPHMETP KPBIIIKOW M MPOBOIAT
[peABAPUTENILHBINA MEPUO, KaK OnucaHo Beime. [1o okoHUYaHUM TpeABapUTEILHOTO TIEPHOJIa HA
6-0if MUHYTE B KQJIOPUMETP OCTOPOKHO UYepe3 BOPOHKY BHOCAT 5 T HEU3BECTHOU COIU, POBOJIAT
[JIABHBIM MIEPUOJI, a 3aT€M 3aKIIOYUTEIbHBINA, KaK OMMCAHO BhIIIE. Pe3ynbTaThl OMbITAa 3aHOCST B
Tabnuiy 2, aHaJOrM4Hy0 Ta0nuie 1, a 3aTeM HaHOCAT Ha pHUC. 3, aHAJOTHUYHBIE pHC.2 A
HaxoxaeHus Aty. Mcxons u3 mojiydeHHbIX 3HaUYeHUH At2 M MOCTOSHHOW KalopuMeTpa, onpeze-
JIAIOT TeMI0BO 2 (eKT peakuy pacTBOPEHUs HeU3BECTHOM cou B KJIk -krt wmm kL.

TernoBoii 3 dexT, CBA3aHHBIN ¢ U3MEHEHHEM TeMIIepaTyphl BCIEICTBHUE MpoIlecca, Mpo-
TEKAaIOILIEr0 B KAJIOPUMETPE, PACCUUTHIBAETCS IO YPABHEHHUIO:

geacTs(comn) = K- At (10)
U niepecuuThIBatOT B JIk /T. 11 3TOro racTB(COJIN) AETAT HA TOUHYIO MacCcy HaBECKHU COJIH,
BBIPAKEHHYIO B TPaMMax.
QpacTs = gpracta(comu) -1000/m (11)
rie gpacTB(COJIM) — KOJTMYECTBO TEIUIOTHI, BBIICTSIONIEECS MMPU PACTBOPEHUN HABECKU COIIH;
M — macca oOpa3siia (conn);
1000 — koaddunment mis nepecyera kJx B Jxk;
Q PACTB — TEIIOTA PACTBOPEHMSI HCcieyeMoro oopasma, JIx /r (k[ x/kr).
Jran 3. O0padoTKa IKCIEPUMEHTAJBHBIX IaHHBIX. Onpe/esieHue a0COJNKTHON U
OTHOCHTEIbHOW NOrPeIHOCTH ONbITA

AGCOIOTHYIO U OTHOCUTENBHYIO OTPEIIHOCTU ONpeaeneHUus Qpacrs BBIYUCISIOT O hopMysnaM
(5) 1 (6).

A= |AHOpaCTB, 298 DKCIT *AHOpaCTB, 298 TABJI | (12)
5=(A-100 %)/ AHpacrs, 208 TABIL, (13)

rae A — abconoTHas norpemHocts onpeneneHust AHpacrs, K/ / MOTIB;
0 — OTHOCHTENbHAS IOTPEIIHOCTD ONpeieneHus, %.



4. TpeGoBanus K coePKAHMIO OTYETA
OTyer 10JKEH ColepXkKaTh:
L{enb paboTHI;
1. pacyer PHTAIBIUH PACTBOPEHHS MO TEPMOANHAMUYECKUM JAHHBIM;
2. cxeMy Kaiopumerpa (puc.l);
3. Xoj paboThI,
4. tabmuny 1 u Tabnuuy 2, B KOTOPBIX (DUKCHUPYETCS M3MEHEHHE TeMIepaTypbl Ipu
OIIPEIETICHNN KOHCTAHTHl KaJOpPUMETpa M IMPU ONPEAETICHUHN SHTAIBIIUH PAaCTBOpE-
HUSL.
5. puc.2 u puc.3, Ha KOTOPBIX n300pakeHsl 3aBucumoctd t = f (1) u onpenenensr Ati u
At2 COOTBETCTBEHHO.
6. pacuerbl, IPUBEICHHBIE MTOJHOCTHIO:
— KOHCTaHTHI KaJIOpUMETpa,
— TEIUIOTHI (SHTAIBIIMU PACTBOPEHMUS),
— abCOJIIOTHOM ¥ OTHOCHUTENIFHOU TTOTPEUTHOCTH ONPEIEIICHHS YHTAIBINH PACTBOPEHHS,
7. BBIBOJBI: OINEJACHUTh HEU3BECTHYIO COJIb MO TIOJIYYEHHBIM HKCIEPUMEHTAIBHBIM JaH-
HBIM, TaK)K€ B BBIBOJAX YKa3bIBAIOT OIPECIICHHOE JKCIIEPUMEHTAIbHO 3HAUYCHHE
AH pacrs, 298 SKCI C TIOTPEMHOCTEIO.

IMPUJIOKEHUE K JI.P.Ne 2

Ta6auna 1. TepMoarHaMHUYECKUE CBOMCTBA BOJBI M 00pa3yroux ee noHOB mpu 25°C [3]

BerectBo, noH AH% 59, S%%gs, AG% 20,
kJ[x/MOITB JIx/(Moub-K) k/[x/Monb

H200x) —285,83 69,95 —237,23

H* 0 0 0

OH" —230,02 -10,71 -157,35

Tadauua 2. UaTerpanbHas TemioTa pacTBopeHus coneit B Boje npu 25°C [3]

Cm, Mo conu Ha 1 AHm, xJlx-Mob
kr H.O
NH.CI NHsNO3 KCI K250

0,1 15,10 25,75 17,55 24,78

0,2 15,19 25,56 17,57 24,58

0,3 15,23 25,38 17,55 24,27

0,4 15,27 25,21 17,50 23,95

0,5 15,27 25,06 17,43 23,58

1,0 15,31 24,31 17,28 —

4. Komnnexkm 3aoau no meme «llepeviii 3axon mepmoounamuxu. Tennoemkocms. 3axon
Kupxzoghgha»

1. CpenHsisi TEMIIOEMKOCTh TTApoB O€H30y1a B mpuaenax temrepatyp 85-115° C (mpu HOpMalb-
HOM atMocdepHOM AaBieHun) paBHa 1,257 kJ[k/kr-°rpaa. Belunciauth cpeHue MOJIbHbBIE TeM-
JI0OEMKOCTH TIPU TTOCTOSTHHOM JaBJIeHUH U 00beme, U ux cootHomenue (Cp/Cv).

2. TemneparypHasi 3aBUCUMOCTh UCTUHHOM MOJIBHOM TEIUIOEMKOCTH JJI1 BO3yXa BBIPAXKAETCS
ypaBHeHueM C, = 27,2+0,0042T. Heo6Xx01uMO paccunuTaTh:

a) UICTUHHYIO MOJIbHYIO M yJEJIbHYIO TEIJIOEMKOCTH BO3/lyXa MPHU MOCTOSHHBIX 00bEME U JaBJie-
Huu ripu 400°C, ecnau cootHomenue Cp/Cy Anst Bo3tyxa paBHo 1,4;



0) cpenHIO0 TemIoeMKocTh B uHTEepBasie Temneparyp 200-500°C. MonekynspHast Macca BO3Ty-
xa 28,96.

3. MonpHasi TEMIOEMKOCTh a30Ta MPH HOPMaJIbHBIX ycioBusx paBHa 20,95 kJ[/KMOJb-Tpaj.
Onpenenuts yaeabHyI0 1 00bEMHYIO TEIJIOEMKOCTH a30Ta MPH TEX )K€ YCIOBUSX.

4. TemnepaTypHasi 3aBUCUMOCTb UCTUHHON MOJIbHOH TeruioeMKkocTH remaruta (Fe203) Bbipaxa-
€TCsl ypaBHEHHEM

C,=103,58 + 67,21 -10° 717,74 - 10° T .

Ornpenenutb KOJIMYECTBO TEIUOTHI (k[k), HeoOxonumoe Juist HarpeBaHust 1 kr remaTtuTa ot 16
o 1538° C.

5. TemneparypHasi 3aBUCUMOCTb MCTHHHON MOJIBHOW TerutoemkocTH kpuctadbonuta F(SiOz2) ot
TEMIIEPATYPbI BBIPAXKAETCS YPaBHEHUEM

C,=7161+19 - 10° 7-37,59 -10° T 2. OnpenenuTh KOIM4eCTBO TEIIoTHI (K/[X), He0OX0-
JIUMoe T HarpeBaHus 1 kr kpuctaboauta ot 16 mo 1538° C.

6. 3aBHCHUMOCTh MOJIBHOM TEIJIOEMKOCTH ITapOB alleTOHA OT TEMIIEPATypPhl BBIPAXKACTCS ypaBHE-
HUEM

C,=131,59 + 154,94 -10° 730,38 - 10° 72,

Paccuurate pacxon Ternotsl ([x) npu narpeBanuu 116,2 r anerona ot 298 no 500 K.

7. PaccunTaTth KOJMYECTBO MOTJIOMICHHON TeIUIoTHl (kJ>k) mpu HarpeBaHuu 1 Kr 3THUIOBOTO
criupta ot 127 no 327°C (mpu mOCTOSTHHOM JaBJICHUH), €CIIM TEMIIEPATYPHYIO 3aBUCUMOCTh HC-
TUHHOU MONbHOU TemmoeMkocTu (K x/kmonb-K) Beipaxaercs popmynoii: C, = 9,05 + 0,208 T —
0,0651 -1073 72,

8. BBIUMCINUTD KOJIMYECTBO TEIJIOTHI, OTAaHHOE 150 Kr mapoB ATHIJIOBOTO CHUPTA MPHU OXJIaxK]Ie-
Huu ux ot 400 no 100° C npu HOpManbHOM AaBiaeHUM. CpellHUE, MOJIbHBIE TEIIOEMKOCTH OT 0°
C no t° C nns cnimpra npu temmeparypax 100° C u 400° C coorBeTcTBeHHO paBHbl 80,5 u 97,2
KJ[K/KMOJIB-Tpaj (IaBJICHHE HOPMATBHOER).

9. Kakoe konuuecTBO TerIoThl moTpedyercs ans HarpeBanus S50 kr atusnena ot 200° C go 500°
C pu HopMmanbHOM JaBieHun? CpeqHue MonbHbIE TeroeMKocTH dTrieHa pu 200° C u 500° C
COOTBETCTBEHHO paBHbI 48,6 1 62,5 kJ[x/KkMonb-rpa.

10. Kakoe KOJHYECTBO TEMIOTH HoTpebyercs a1 Harpesanus 100 m® merana ot 100 10 200°C
IpY HOPMAJIBHOM JIaBJICHUH, €CIIM TEeMIlepaTypHas 3aBUCHMOCTh UCTHHHOM 0OBbEMHOW Teruio-
emxoctH (kJlx/M3Tpan) Beipakaercs Gopmymoii: Cos = 1,62 + 3,56-10 2 t.

11.3aBUCHMOCTb MOJIBHON TEINIOEMKOCTH alleTUIIEHA OT TEMIIEPATYPhI BhIpaXKaeTcs

C,=24,46 + 64 -10° 7-21,87 -10° 12,

Boruncnuth cpenHioro yaenbHyro temioeMkocTs (Cp) B uHTepBasie Temnepatyp ot 400 mo 500 K.
12. BblunuCANTh CPEIHIOI0 MOJIBHYIO TEIUIOEMKOCTh aMMHUaka B MHTepBaie Temrepatyp ot 100
10 200°C, ecu C, = 24,8 + 3,76 -102 77,39 - 10° 72,

13. OnpenenuTb CPEHIO YIENbHYIO TEMJIOEMKOCTh OKCH/IA KalbLMs B MHTEpBAJEe TEMIIEpaTyp
1200 - 1300°C, ectu C, = 48,77 + 4,525 -10° T.

14. Onpenenuts cpenHUe MOJBHYIO, YAEIbHYIO U OOBEMHYIO TEIJIOEMKOCTH OKHCH yIiiepoja
npu nocrosHHoM o0beme ot 0 10 500 °C, eciiu C, = 29,08 + 0,002818 T.

15. OnpenenuTs CpeqHIOW yAEIbHYIO TEIJIOEMKOCTh IPU KOMHATHOW Temmnepartype 0,2 H pac-
tBOpa CUSO4 (IIOTHOCTH pacTBOpa MPUHSTH paBHOH 1T/cM®). CpeHue yaeNbHEIE TEIOEMKO-
CTM TP KOMHATHOM Temmeparype ans cyiabdpara meau 1,128 x/x/xr-rpax, a Boael 4,2
k/Jx/Kr-rpan.

16. TIpu  20°C B 1 M Boxsl pacTBopuau 200 Kr ToBapeHHOH comu. ONpenenuTh CPEeaHIO0
YIAEIbHYIO TEMJIOEMKOCTh IOJyYEHHOTO pacTBOpA, €CJIM IIPU KOMHAaTHOW TEMIEPAType CpeaHss
yleapHas TeIUIOEMKOCTh MmoBapeHHoU coy paBHa 0,864, a Boasr 4,2 k/[x/kr-rpan. [TnoTHOCTH
BoztbI ipu 20°C pasHa 998,2 kr/ M°.

17. Tonp3ysich MpaBUIIOM aAJUTUBHOCTH, paccuuTaTh Hpu 25°C MO aTOMHBIM TEIUIOEMKOCTSIM
AIIEMEHTOB MOJIbHYIO TETUIOEMKOCTh nuputa FeSy. CpenHss yaenpHasi TETIOEMKOCTh poMOnde-



CKoii ceprl B uHTepBajie Temneparyp 0-95,6°C pasna 0,735 k/[x/kr-rpan, a TemneparypHas 3a-
BHCHMOCTB CPEIHEH yIelbHOU TeruioeMKocTH xeine3a (kJk/kr-rpan) B uareppaie 0-777°C BbI-
paxkaercst hpopMyIoi

C=0453+1,05-10 %t + 0,175 - 10 © t2. Beruucaurs MOJIBHYIO TEIUIOEMKOCTh IMUPUTA TIPH
25°C, HCroNb30BaB TEMIIEPATYpHYIO 3aBUCUMOCTh UCTUHHOM TeroeMKocTu FeS; B mHTepBane
temneparyp 0-600°C

C=(0,611+788-10*t)-M FeS,.

18. OnpenennTs M3MEHEHHE BHYTPEHHEH SHepruu npu n3obapuaeckoM (1,013 - 10° ITa) ucna-
penun 1 kr Boasl mpu 150°C (00BEMOM KHUIKOCTH BOJIBI IPEHEOPEUh), €CIIM TEIIIOTa mapoodpa-
3oBanus Boabl npu 150°C paua 2112,8 JIx/r. CuuraTe map uacalbHBIM Ta30oM, MpPeHEOpeUb
00BEMOM KHUJKOCTH.

19. Onpenenuth U3MEHEHUE BHYTPEHHEH AHEPruM Mpu U300apHUECKOM HCHApEHUU STHUIOBOTO
cnupta Maccoit 10 r mpu temmneparype kumnenust 78 °C, eciiu TeIoTa UCapeHus: CupTa paBHa
922,77 dx/r. OOBEeMOM KUAKOCTH MTPeHEeOpeyb.

20. Kakoe KOJMYECTBO TEIUIOTHI HEOOXOAWMO ISl M30XOPHUECKOTO HAarpeBaHUsS a30Ta Maccoi
10 r ot 10 mo 20°C?

21. OgHoaTOMHBIN ra3 MNPy HOPMAIbHBIX yciaoBHsIX HarpeBatoT 10 600°C mpu mocToSHHOM 00b-
eme. Mcxoauelii o0bem raza 5 j1. KakoBbl KOHEUHOE JTaBJICHHE U KOJIMYECTBO 3aTPAYEHHON Tel-
J0THI?

22. Kakoe KoJIM4eCTBO TEIJIOTH HE0OXOAMMO /ISl H30XOPUYECKOTO HArpEeBaHUs YIIIEKUCIOTO
ra3a maccoit 50 r B untepaie temnepatyp ot 300 no 400°C, ecnu Cy = 40,2 Jx/monb-K.

23. Ilpu AeficTBUM KUCIOTHI HA METAJLT BBIAEIHICS Bogopox oobemom 0,007 M3 mpu maBnenun
1,013 - 10° ITa. Onpenenuts paboTy, HPOU3BOJUMYIO Ta30M MPOTHB ATMOC(EPHOTO JaBJICHHUS.
24. Benson maccoii 100 r ucnapsiercs npu Temneparype kunenus 80,2°C u nasnennu 1,013 - 10°
[Ta. OnpenenuTs TPOU3BOIUMYIO MapaMu OeH305a paboTy, U3MEHEHUE BHYTPEHHEH 3HEpruu u
W3MEHEHHUE DHTAJBITNH, €CIIH TeIJIOTa ucnapeHus Oer3ona paBaa 395,2 JIx/T.

25. OnpenenuTh 3aTpadeHHYI0 U COBEpLIEHHYIO paboTy uzobapudeckoro (1,013 - 10° Ila) pac-
mupeHns Kucnopoaa oosemom ot 0,005 10 0,00551 M3 mpum 50°C.

26. Tpum 2,142-10° Ta u 25°C 10 Kr Bo3ayXa IOABEPTAIOTCA H30TEPMHUIECKOMY CXKATHIO 710 1/3
OT MepBOHAYaIbHOro oobema. Kakoe npu 3TOM yCTaHOBUTCS J1aBJieHUE, KaKylo paboTy Heo0Xo-
JIIMO 3aTPATHTh U CKOJIBKO TETUIOTHI IIPH TOM OTBOJIUTCS?

27. Paccuuraiite paboty uzorepmuueckoro (27°C) pacimpeHus yrieKUucIoro ra3a KoIm4ecTBOM
BemrectBa 0,5 mons ot 1 1o 25 1.

28. Paccumraiite paboty mzorepmuueckoro (0°C) pacuupeHust Xjaopa KOJIMYECTBOM BEIIECTBA
0,5 mons ot 1 1o 25 1.

29. Paccuuraiite paboty uzorepmuueckoro (25°C) pacmupenus Bogopoaa Maccoit 20 T ot 10
10 40 1.

30. Omnpenenure paboty uzorepmuueckoro (50°C) pacmupenuss 1 Moiab UA€aNbHOTO ra3a npu
M3MeHeHnH maBienns ot 5,065-10° Ia mo 1,013-10° Ia. Kakoe KOIHYECTBO TEILIOTHI NPy ATOM
MOTJIOIIEHO?

31. Onun monb renus, B3aTeid ipu 100°C 1 gaBneHun 1,013-10° I1a, aguabaTudecku pacumpsi-
ercs. [Ipu sTrom Temneparypa nonusunack a0 25°C. Onpenenure padoTy, COBEPIICHHYIO TEIH-
eM.

32. B pesepsyape emkocthio 5-102 M® mpu Temnepatype 200 K u mapnennu 0,5-10°TIa conep-
KUTCS a30T. Onpenenuts paboTy, KOTOPYIO HEOOXOIMMO COBEPIIUTH Ta3y, YTOOBI 1aBJIEHUE CO-
craBunio 2 - 10° ITa. CunTaTh a30T B yKa3aHHBIX YCIOBHAX MealbHBIM TazoM. HeoOxomumble
JUTSL pEIICHUS 3a/1a4¥ JaHHBIC B3SITh U3 CIIPABOYHHUKA.

33. ITpu 298 K 1-1072 r xucnopona cxumaercs agunabatndecku ot 8-10° o 5-10°2 m3. Onpene-

JMTE KOHEYHYIO TEMIIEpaTypy, paboTy mpoliecca CKaThus W M3MEHCHHWE BHYTPEHHEH dHEPIHH,
ecin Cy = 5/2R..



34. B pesepByape nipu 298 K HaxoauTCa HEU3BECTHBIN ra3; Mpeanoiaraercs, 4To 3To a3oT Wiu
aprod. [Ipu 6picTpOM pacimpeHuu 5 J1 3Toro rasza 10 oodbema 6 J1 ero remrneparypa ymana Ha 15
K. Kakoii ra3 conepxutcsi B pe3epByape?

35. IIpu 298 K ogHOATOMHBIH Ta3 B HICATLHOM COCTOSIHUM M30TEPMUYECKH U 0OpaTUMO PacIlIv-
psercs ot 1,5-10° no 10-10° Mm%, npu stom norsnomaercs 9,66 xJlx Temna. Paccuurats 4ucno
MoJIeH Ta3a, y4acTBYIOIIMX B IIpOLiecCe.

36. [leficTBuEM KUCIIOTHI HA METAJLI NTOJIY4€HO 35 J1 BOAOpoa Mpu AasieHuu 1 atm. Berauciute
paboTy, COBEpIIaeMYyIO ra30M MPOTUB aTMOC(HEPHOTO IaBICHUS:

a) B 1-aMT; 0) B KQJIOPUSIX; B) B JKOYJISIX.

37. CxonbKo nMoTpedyeTcs TeIIOThI, YTO0BI MOBBICUTH Temreparypy 10 r aprona (0 JHOaTOMHOTO
rasza) Ha 10°C: a) mpu mocTosTHHOM 00BeMe; 0) IPU MOCTOSTHHOM JIaBJICHHUH.

38. OnuH KMOJIb HeanbHOro rasa, B3storo npu 300 K, HarpeBatoT npu nOCTOSIHHOM J1aBJIE€HUU
1o 600 K, a 3areM anrabaTHYECKH pacIIupsIOT 10 IEpBOHAYAIbHON TeMIiepaTypbl. Haliqure pa-
00Ty, TEIUIOTy, U3MECHEHHE BHYTPEHHEH YHEPIHHM M SHTAIBIIHUU B ITOM mporecce, ecnu Cy =
5/2R.

39. Haiinure TemioTy, paboTy, U3MEHEHUE BHYTPEHHEH SHEPIUH U SHTAIBIINU IIPU UCHIAPEHUU 6
r Tonyona. Temmneparypa kumneHus Toiyona paBHa 383 K, a ynenpHas temnora ucnapenus 33,6
k/[x/Monb. [TpuHITE 00BEM KHIKOCTH MTPEHEOPESIKUMO MAITBIM 10 CPAaBHEHUIO C 00BEMOM I1apa;
nap CYMTaTh UICATBHBIM ra3oM.

40. I'a3oBas cMeCh, KOTOPYIO MOKHO CUHTATh UICATBHBIM Ta3zoM, coaepxut 0,12 kr Bomopoaa u
1,4 kr a3ota u HaxoauTcs mox aapieHuem 1,1013 - 108 Ila. Haiinure paboTy U30TEPMUYECKOTO
pacmmpenus cMecu ripu 298K 1o masnenus 1,1013-10° Ia.

41. 2 MOJb UIEATBHOTO Ta3a HArpeBaloOT MPHU MOCTOSHHOM JIABJICHUH JO TEX IOp, MOKa ra3 He
coepuT padoty, paBayto 5000 Ix. Kak u3MeHHUTCS ero BHYTPEHHSSI DJHEPTHsl U SHTAIBIINS B
aToM mporecce, eciu Cy = 5/2R?

42. Bocronb30BaBIIMCh 3HAYCHUSIMHU SHTAIBIUN Tra30B MPU Pa3IUYHBIX TeMIepaTypax U HOp-
MaJbHOM JIaBJICHUM (HEOOXOJMMbIC JaHHBIC B3SATh M3 CIPABOYHMKA), OMPEACTUTh KOJIMYECTBO
TEIJIOTHI, OTAaHHOe pH oxynaxaeHun 100 kr ammuaka ot 500 go 100°C.

43. Vcnonp3yst TaONWYHBIC JaHHBIE DSHTAJBIHNI Ta30B MPHU PA3IUYHBIX TemIepaTypax U HOp-
MaJbHOM JIABJICHHH, PACCYUTATh KOJIMYECTBO TEIJIOTHI, HeoOxoaumoe Jyist HarpeBanust ot 100 1o
700°C 100 xmomab cMecH ra3oB, coaepxaiieit 20% oxucu yriepoaa u 80% IByOKHCH yriepoa.
44. T'openue cepoBoOpoa MpoTekaeT corinacHo ypaBHeHUIo 2H>S + 30,—2H>0(map) + 2S0o.
Brraucnuts TemnoBoit 2 ekt peakiun ropenus cepoogoposa mpu S00°C, BOCIoNb30BaBIINCH
TaOJIMYHBIMU 3HAYEHUSMHU TEIJIOT 00pa30BaHUS M DHTAIBIUSMHU Ta30B, yYaCTBYIOIIHUX B peak-
. TertoTel oOpa3oBaHus cepoBogopoaa, H>O(map) u IBYOKUCH cepbl COOTBETCTBEHHO pPaB-
Hbl 20,15; 241,84 u 296,9 k]JIx/MOIb.

45*. Haitmute paboTy, TEIUIOTY, M3MEHEHNE BHYTPEHHEW SHEPTUU U SHTAJIBIUU B mporecce abc
(puc. 1), coBepimaemom 1 KMOJIb H/I€aTLHOTO ra3a.
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46*. HalimuTe 3aBUCUMOCTD Mex Ty mapameTpamu P u T mieanbHOrO ra3a B mporiecce, n300pa-
’KEHHOM Ha puc. 2.



47*. Ban-nep-Baanbsc ycTaHOBUII CIEYIOIIYIO 3aBUCUMOCTD MEXy ITapaMeTpaMu PEaJIbHOTO
rasa:

a
(P+73)- v —b)=RT
Haiinure paboty nzotepmuueckoro pacmupenusi | monp raza Ban-nep-Baanbca ot o0bema Vi
1o oowsema Vo pu temmeparype 7To.

48*. I3BeCTHBI CIICIYIOIINE YPABHEHUS COCTOSHUS pealbHBIX Ta30B:

ypaBuenue urepuun (1): (P + is) -(V—b)=RT
V3

ypasuenue beptio (I1): (P + :TT) -(V—b) =RT,

rne @ u b — KOHCTaHTHI, 3aBUCSIIUE OT Pa3MEpPOB M CBOMCTB Moliekyl. Onpenenure paboty, co-
BEpILIAEMYIO MPU PACIIMPEHUH ITHX ra30B IPU U30TEPMHUECKOM pacIIMpeHuu oT odbema Vi 10
o0bema Vo.

49. Berunciuth nasiaeHue 1 KMok Bogoposa, 3aHumaromero mpu 0°C oovem 448 1. Mcnons3o-
BaTh JUJISl pacue€TOB YpaBHEHUS COCTOSHUS UAEAIBHOIO U peanbHOro razoB. CpaBHUTH MOJIYYEH-
HBIE B TOM H JPYTrOM CIy4asX pe3ylbTaThl ¢ ONBITHON BemuunHoi 52,28 - 10° u/M2,

50. Ilo ypaBHenuio Ban-nep-Baanbca Berumciuth naBieHne 1 kmonb ammuaka mpu 200 °C,
Haxosmerocs B cocyae eMkoctbio 500 s1. Ha ckoibko MpOIEHTOB MOTYyYeHHOE JaBICHHE OTIH-
YyaeTcs OT BHIYMCIIEHHOM BETMYMHBI 110 YPABHEHUIO COCTOSIHUS UA€aIbHOTO ra3a’?

51. Ilo ypaBHenuto Ban-nep-Baanbca BeuMCIUTh TeMIepaTypy, Mpu KOTOpoid o0beM 1 KMOJb
cepoBOIOpo/Ia cTaHeT paBHBIM 500 11 1 aBneHnu 6,66 - 10° n/m2,

52.0npenenuts o6beM 1 kmomb asora mpu 100 °C u 6,79 - 107 w/M? ¢ yyetoM KodddumrenTa
CKMMAaEeMOCTH Tra3a IpU yKa3aHHBIX ycioBusaxX. Kputunueckue temmepaTypy U JaBj€HHE a30Ta
HAWTH 10 CIPaBOYHHUKY.

53.0mpeaenutb Maccy IBYOKHCH yriepoa (Kr), coiep Kaluics B COCyAe €MKOCThio 1 J1 mon
JaBJICHUEM

2,216 - 10® n/m? u 300 °C, ¢ yuerom ko> durmenta cxumaemocTu rasa. Kpurndaeckue napamer-
pBI HAlTH 1O CIIPABOYHHUKY.

54. BeiBecTH TeMIepaTypHYIO 3aBUCUMOCTh TenIoBoro 3¢dexra peakunu C2HsOH(2) «» C2Ha

+ H20(2)

nipu 25°C 1 HOPMAJIBHOM JIaBJICHUH TEIUIOTH 00Pa30BaHUS: Ta3000pa3HOT0 ATHIIOBOTO CITHUPTA

235,3 xJIxx/Monb, aTrieHa 52,28 kJ[>/Moinb, mapooOpasHoii Boasl 241,84 kJ[»/Monb. Temnepa-

TypHast 3aBHCUMOCTh HICTUHHBIX MOJIHBIX TEIIOEMKOCTEH:

C,?01 = 9 05 + 0,208T — 0,0651 - 10372 ITx/monw; C,°H = 27,9 + 0,067T Tx/mons

C,1?0 = 28,8+ 0,01375T— 1,435 - 1072 [Tx/momb

Beruucnure temnooit addext mpu 400 K.

55. TernoBoit 3¢ekt oOpazoBanus ammuaka 3H2 + N2 = 2NH3 npu cTaHIapTHBIX YCIOBUAX

paseH 92,2 x/Ix. Boeruncnure temnoBoii s ekt stoi peakiuu npu S00°C u HopManbHOM /1aB-

JICHWUU TI0 DHTAJIBITUSM.

56. CranmapTHas Temiora oopa3oBaHus anMasa u3 rpadura pasna 1,8975 kJx/monb. 3aBucu-

MOCTh TEIUIOEMKOCTH TpaduTa U ajMasa OT TEMIIePATypPhl BEIPAXKAETCS CIEAYIOIINMU YPaBHEHH-

SAMU:

Cp(rpagur) = 934 + 1,487T — 40,75-10°T2 JTx/kr-rpa; Cpamas) = 737 + 0,913T — 45,47-10°T2

Jx/Kr-rpa.

Haiinute QpyHKIIMOHAIBHYIO 3aBUCUMOCTb (AHO) oT Temneparypsl Wit peakiuu Copagum = Canvas

57*. Onpenenuts TerioBoit 3¢ dext peakipn 2NaOH + SiO2 = Na SiO3z + H2O nipu naBnenun
101,3 xIla u mpu Temneparype 800K, eciu u3BEeCTHBI CAEAYIOMINE BETUINHBIL:

Bermie- CocTosHIe AHage-10 6, TemnepaTypHblil HHTEP-
CTBO JIK/KMOJIb BaiL, K

Cp, x/kmonb-K




NaOH TB -427,1 51,21-10% + 33,5T 298-595
NaOH xK - 100,49-10° - 22,86T 595-1500
SiO2 TB -860,0 45,51-10° + 36,47T 273-848
NazSiOs TB -1519,9 131,47-10° + 40,2T 298-1361

H20 r -242,0 30,14-10% + 11,30T 273-2000

Temnora masnerns NaOH mpu 595K 6,82-10° Jx/kmMois.

58*. BeIpazuth 3aBUCUMOCTH Ter1oBOro 3ddekra peakiuu 1/2S(r) + 2C0O2 = SO, + 2CO or
TEMIIEPATYPHI,

€CJIM W3BECTEH TeIIoBoM 3¢ ekt »Toi peakiuu npu T=298K, um ypaBHEHHE 3aBUCHUMOCTH
Cp=f(T). Boruncautp terioBoii 3¢dekr peakuuu npu T=800K u ompenenuth, HACKOIBKO MPH
atoil Temneparype oriaudaercs AH°r ot AU°r (TermoBoit 3¢ deKT peakiuu mpu MOCTOSTHHOM
JABJICHUU OT TEIUIOBOTO A (PeKTa mpH MOCTOSHHOM 00BbeEME).

59*. BeIpa3uTh ypaBHCHHEM 3aBUCUMOCTH TeIuioBOro 3ddekra B JIx/kmonb peakiuu 2N +
6H20(r) = 4NH3 + 302 ot TemnepaTypsl, €Clii U3BECTEH TEIIOBOU 3((EKT ITOi peakuu npu
298 K. YpaBuenus 3aBucumoctu Cp=f(T) B3aTh U3 cripaBouHKMKA. BerarcauTh TeruioBoi 3¢ dexrt
peakuuu 1pu Temnepatype 1300 K. IToctponts Tpaduku 3apucumocts 12 NiCpnpoo=Ff(T), 12
niCpucx.eewy=f(T) 1 AH'=f(T) B untepBane Temmeparyp ot 298 no 1300K. Onpenenuts rpadu-

YECKU (?—TH)p npu temneparype 1000K. Paccuurars ACp npu temneparype 1000K.

60. Ykaxure kakomy u3 pucyHKoOB 3-10 cooTBercTByeT Kaxablii u3 pucyHko 11-18. Otser
o0ocHyi#iTe.
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Tema 1.2. Hpumenenue 6mMOpoO2o 3aKOoHa mepmm)ummuku K XUMuuecCKum npoueccam.

Oumponusn

1. Bonpocut k ycmuomy onpocy

1.

2.
3.
4

OcHoBHbIE TOHATHSA (CAaMOIIPOU3BOJIbHBIE U HECAMOIIPOU3BOJIbHBIE ITPOLIECCHI).

Bropoe nHauano tepmoaunamuku. [uxn Kapno. [puanun Kapareonopu.

Bropoe Hauano TepMOAMHAMUKH JIJIs1 OOPATUMBIX ITPOLIECCOB.

B kakom u3 cienyromux mpoIeccoB: H30TEPMUUECKOM, aJnadaTHYecKoM, H30X0opHuye-
CKOM, M300apHYeCcKOM - MPU OOpaTUMOM HX MPOTEKAHUU HE MPOUCXOAUT U3MEHEHUS
SHTPOIUU CUCTEMBI?



ol

Bropoe Hadano TepMOAMHAMUKY JJI1 HEOOPATUMBIX MTPOIIECCOB.

6. Mexay HEKOTOPBIM HCXOIHBIM cocTosiHueM | u koHeuHbiM cocrosiHueM Il ocy-
HISCTBISAIOTCA ABa nepexoaa. OauH U3 HUX MPOTeKaeT oOpaTumo, APyroi — HeoOpa-
tuMo. M3BecTHbI TernoBbie 3P dekThl 3TUX mpoueccoB: Qosp U Queosp, IPUIEM

Qoop > Queosp. KakoBO cooTHOIIIEHHE MEXKTy MU3MEHEHUEM SHTPONUU AS B TOM H IPyroM Mpo-
necce? Yro Oosbie?

7. Kakme mapameTpsl CHCTEeMBI HEOOXOJHMMO TMOIJACPKUBATH MOCTOSHHBIMH, YTOOBI IO
3HaKy WU3MCHEHHUS SHTPOIHUU MOXHO ObUIO OBl CYyIWUTh O HAIpPaBICHUU CaMOIPOU3-
BOJILHOTO IIPOTEKaHUs Ipolecca’?

8. N3meHeHme SHTpONHMM B pPa3HBIX MpoleccaXx. BrIBOA MaTeMaTWYecKHX 3aBHCUMOCTEH.
Ykaxure, B KaKuUX MpoIeccax, U MPU KAKUX YCIOBHSIX M3MEHEHUE DHTPOIUHU MOXKET
OBITH PaBHO paboTe mpoliecca.

9. B KakoM COOTHOIICHHH HAXOJATCS MOJISIPHBIC SHTPOIIMHU TPEX arperaTHbIX COCTOSHUIN

OJIHOT'O BEIleCTBA: r'a3a, )KUIKOCTH, TBepaoro tena? Urto Gomnbie?

2. Jlabopamopnasa pavoma Ne3 «OnpeneieHue TenJaoBbix 3¢ dexkToB npouecco. OnpeaeJe-
HHeE TeMJIOTHI JUCCONUALMHU CJIA0BIX KUCJIOT U LIeJ04Yeiy

Lenv pabomer. OnpeeNInTh: KOHCTAHTY KAJTOPUMETPA; TEIJIOTHI - 00pa30BaHUs BOJIBI U3
noHoB (JI.P. No2 unu cripaBoyHbI€ TaHHBIC), AUCCOIUAIINH CIIA0BIX KUCIOT UM OCHOBAaHUH, pas-
BEJICHUS KHMCIIOTHl OCHOBAaHHMEM, Pa3BEJICHUS OCHOBAHUS KUCIIOTOW. BBIUUCIHTE TEIUIOTY TUCCO-
[UAIH cTa00N KUCIOTHI CUIIbHBIM OCHOBAHUEM.

Annapamypa u peaxmuevl. KanopumeTpudeckasi yCTAaHOBKA, MEPHBIA IWUIMHIP, TEPMO-
meTp ¢ uenoit nenenus 0,1°C umm 0,05°C, cexynaomep, Bechl. PacTBop 11e/10491 ¢ KOHIIEHTpAIH-
eit 0,1 H., cmabas kucnota (ykcycHas) 5 M, XxJ10pu aMMOHHUS.

OcHoeHble meopemuyecKue no10IHceHus

Cnalpie 2JIEKTPOIUTHI, B YaCTHOCTHU CIa0ble KUCIOTH U OCHOBAHHUS B PACTBOPE JIUCCOIIU-
UPYIOT Ha HOHBI HE TONHOCTHIO. [loATOMY, pU cMemuBaHUK cIab0i KUCIOTHI C CUIIBHBIM OCHO-
BaHWEM WM C1a00r0 OCHOBAHUS C CHIILHOM KUCIIOTON KpoMe 00pa3oBaHus BOJBI U3 HOHOB H' 1
OH’, uzer nmpotiecc qucconuanuu cnadoi KHUCIOTH WK ciaboro ocHoBaHus. [IpudeM nuccorm-
aIusl MPOXOJIUT MOTHOCTBIO. Tak Kak MpH CMENICHUH HEOOXOMMO YYHUTHIBATh Pa3BEICHUE KHC-
JIOT ¥ OCHOBAHUH, TO TeTJI0BOK 3(h(PEeKT cMelIeHrs B TOM ciydae OyJeT paBeH CyMMe Cleaylo-
X TeTUIOBBIX 3P hekToB: Qcement. = Q1 + Q2 + Q3 + Q4 1)
rae Qi — TeruioTa 00pa3oBaHus BOABI U3 HOHOB, J[)/MOIIb;

Q2 — mennoma Ouccoyuayuu cirabvix Kuciom uau ocHosanuil, Jx/Moinb; (HE0OXOAMMO
HaWTH)
Q3 — TEIIOTHI pa3BeIeHUs KUCIOTHI OCHOBaHHMEM, J1>K/MOJTb;
Qs — TETOTHI pa3BeICHUs OCHOBAaHUS KUCIOTOH, [[k/MOTb.
Tpebosanus mexuuku de3onacnocmu

[Tpu BBIMOTHEHUM JAaHHOU JIAOOPATOPHONM PabOTH HEOOXOAMMO COOJIIOIaTh OOIIHE Tpa-
BUJIa pabOThI B XUMUYECKOH J1a00paTOpuu.

Heo0OxomuMo akkypaTHO paboTaTh ¢ PTYTHBIM TEPMOMETPOM.

Crnenyet cobi0/1aTh OCTOPOKHOCTE IIpU padoTe ¢ 5 M pacTBOPOM YKCYCHOM KUCTOTHI.

Boinonnenue pavomot
Jran 1. OnpeaeeHne KOHCTAHTHI KAJOPUMETPA. Y CTPOCTBO KAJ10PUMETPa

Onpenenenre TEIIOBLIX 3(h(HEKTOB MPOU3BOIST B CIIEIUATBHBIX TPUOOPaX, Ha3bIBAEMBIX
KaJIOpuMeTpaMu. B 3aBUCHMOCTH OT XapakTepa MpoIecca U pearnpyromux BEIeCcTB MPUMEHSIOT
KaJIOPUMETPHI Pa3IMUHbIX KOHCTpYKIMA. [IpocTeiimuii kamopuMeTp MpeacTaBisieT co0oi H30-
TepMUYECKy0 00070uKy (Hampumep, cocyn Jproapa). B kpblliike cocyna cAelaHbl OTBEPCTHS
JUTSE TEPMOMETpA, MEIIATKA U JIJIsl BHECEHHUS HAaBECKH Hccienyemoro BemiectBa. Coaepxumoe
cocy/a TepeMenrBaeTcsl Menaikoi. OTBepCTHE I BHECCHHS HABECKU 3aKPBIBACTCS MPOOKOM.
Temmeparypy U3MepstoT ¢ HOMOIIBI0 TepMoMeTpa ¢ neHoi aenenus 0,1°C nmm 0,05°C.




Jlnst ompeneneHns: TEIUIOBBIX 3(PQPEKTOB peakiuii, MPOTEKAOIIUX B BOJHBIX PAacTBOpax,
MO>KHO HCIIOJIb30BaTh KAIOPUMETPHUUECKYIO YCTaHOBKY, H300pakeHHYI0 Ha puc.l.
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Puc. 1 Cxema KalopuMeTpHIECcKOil yCTaHOBKY: | — HApY>KHBIH CTakaH; 2 — peaKIIMOHHbINA CTakaH; 3 — MOACTaBKa; 4 —
KpBIIIKa; 5 — MeIaka; 6 — TepMOMeTp; 7 — BOPOHKA.

Kanopumerpuueckuii onpIT

Kanopumerpuuecknii ONbIT IEIUTCS HA TPU IEPUOJA!
1. TpexBapUTEIbHBIN EPHUOL, MPOAOJIKAIOIIUNACA 5 MUH.
2. TJIaBHBIH NEpUOJ — BpeMsl MPOTEKaHUs U3y4aeMoro mpoliecca (peakius HelTpainu3anuuu u T.

m.).

3. 3aKJIIOYUTEINIBHBIN IEpUOJ, 5 MUH.

[lepen mpoBeneHHEM KaJIOPUMETPUUECKUX M3MEPEHUN HEOOXOIUMO YCTAaHOBUTH 3Haye-
HUE KOHCTaHThI Kanopumerpa. [locrosiHHas kanopumerpa «K» no ¢gusmueckomy cMbicay npea-
CTaBIISIET COOOH TEIIOEMKOCTh KaJOpPHMETpa BMECTE C NOMEIICHHBIMUA B HErO pacTBOPOM, Me-
IIAJIKOW U 4acThIO TepMOMETpa. TemnaoeMKoCTh KalopuMeTpa — 3TO KOJIMYECTBO TEIJIOThI, HEOO-
X0JIuMoOe JUIsl HarpeBaHusi kanopumerpa Ha 1°C. DTa MOCTOSIHHAs 3aBUCHUT OT TEIUIOEMKOCTU
BCEX COCTABHBIX YacTel KanopumeTpa. [y HarpeBaHUs KajJopuMmeTpa Ha Aty morpebyeTcs Temn-
na:

qKan =K Atl
)

Bennunna «K» mocTossHHa A TaHHOTO KaJOpUMETpa U JIaHHOTO KOJMYECTBa ONpe[e-
JIEHHOM *XUJKOoCcTH, Hanpumep i 200 r BoabI.

KoHcTanTy kanopumerpa MOKHO ONpPENEIUTh MO M3BECTHOM TEIJIOTE pacTBOPEHHS Ka-
KOI-11100 conu (XJIOpUAa aMMOHUS UITH XJIOPUAA KaJIHs).

Xon pa6oTsl

s onpenenenust «K» cobuparot kanmopumerp. Bo BHyTpeHHHH CTakaH HaJUBarOT Mep-
HeM mumuEApoM 200 cM® (200 T) IMCTUIIMPOBAHHON BOMABL 3aKPHIBAIOT CTAKaH KPHIIKOH H
HOTPYKAIOT TEPMOMETP B BOAY TakK, YTOOBI PTYTHBIN IIApUK HAXOAMJICS B CpEAHEH YacTH KH[-
koctu. [IpoBoAT npeaBapuTenbHbli epruo onbiTa. HaunHaroT nepememmBaTe BOLY MEIIAIKON
Y 3aIMCBIBAIOT MTOKa3aHMUs TEpMOMETpa depe3 Kaxkzable 30 cek. 3anuch BEAYT B TEYEHHE 5 MHUH.
Jns orcueta BpeMeHU yA0OHEe MOJIb30BaThCsl CEKYHAOMEPOM. Pe3ynbTaThl OnbiTa 3aMMChIBAIOT
B Tabnuiy 1.

Tab6anna 1. Mi3MeHeHne TemMnepaTypsl B X0/I€ ONPEAEICHHUS KOHCTaHThI KaJIOpUMETpa

Bpewmsi oT Hauasa onbiTa, MUH.

Temnepatypa, °C

3aTeM IPOBOJAT IIABHBIM NepuoA. i 3TOro, He OCTaHABIMBAs CEKYHAOMEpPA, OTKpPbI-
BAIOT OTBEPCTHUE JUIsI BHECEHHSI HABECKH, OBICTPO BBHICHINIAIOT TOYHO B3BEIICHHYIO 3apaHee COJb —
xjopu aMmMoHus (5-6 T), oTBepcTHe 3aKphIBatoT. [Ipy 3TOM BeIyT MOCTOSIHHOE TTepEMEITNBAHNE
pacTBopa. [ TaBHBIM NEPHUOIOM CUUTAIOT IPOMEKYTOK BPEMEHH, B T€YEHHE KOTOPOro HalIo/1a-
€TCsl Pe3KOE N3MEHEHNE TEMITEPATYpHI.



3aKIIOYUTEABHBIN NEpPHOJ] MPOJOJDKAETCS 5 MHUH. IMOCJE TJIABHOTO IEpuoja, MpuyeM
TEMIIEPATypy 3aMUCHIBAIOT TaKkke yepes Kaxkapie 30 cex.

PesynpraThl HaOMIOACHUH 3aMUCHIBAIOTCS B TaONMIly, a 3aT€M HA OCHOBAHUH MOJYYCH-
HBIX JAHHBIX Ha MUJTUMETPOBO# Oymare crpoutcs rpaduk t = f () amsa onpenencHus aeicTBu-
TEJIBLHOTO U3MEHEHUS TEMIIEPaTyphl PU PACTBOPEHUH COJIH (puc.2). 3aTeM onpenestor Ats.
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Puc. 2 l"paq)mc JUIA OIIPEACIICHUA Z[efICTBHTeHLHOFO U3MEHEHUS TEMIIEPATYPHI B XOJI€ OIIbITa

[Ipu rpaduyeckom omnpeaeneHun Aty Ha MIUITUMETPOBOM Oymare Ha ocu aOCIHCC OTKIIa-
JBIBAIOT BpeMsl B MaciiTade: 1 MUH COOTBETCTBYET 1 ¢M; Ha OCH OpJIMHAT — TEMIIEPATYpPy, BBIOOP
MaciTada KOTOpoi 3aBUCUT OT BEITMYUHBI Afy.

Ecmu Ati< 1°C, To 1°C cootBerctByeT 1 cm; ecinu Aty > 1°C, to 1°C cootetctByet 0,5
cm. Ilocne Toro, kak Ha rpaMK HAaHECEHBI BCE SKCIIEPHUMEHTAIBHBIC TOUKH, MTOy4aeTCs KpUBast
ABDE. Yuactokx AB cooTtBercTByeT HayanpHOMY niepuony, BD — rmaBaomy nepuony, DE — 3a-
KIIIOUUTEIIHOMY.

UYroObl onpenenuTb M3MEHEHHE TEeMIepaTypbl, HE HMCKaKEHHOE TEIJIOBBIM OOMEHOM,
MPOUCXOAIIMM B TeUeHHE riaaBHoro nepuoaa, muHu AB u DE skcrpanonupyror. Bpems rnas-
Horo nepuoa aenst nononam (touka C). M3 toukn C BOCCTaHABIMBAIOT NEPIIEHAUKYIIAP J10 TIe-
pecedeHus ¢ o0eMMHU MPOJOHKEHHBIMU NpsAMbIMU. OTpe3ok Mexay Toukamu K u F, BbpaxkeH-
HBIM B Ipajycax, OKaXeT HCTUHHOE M3MEHEHHE TeMIepaTypsl Ati, BBI3BIBAEMOE MTPOLIECCOM, C
Y4€TOM TOIMPABKH Ha TEIIIOOOMEH.

PactBopeHune conu (xjopuja aMMOHHS) MPOTEKAET C IMOTJIOLIEHUEM TeIUIoThl. B cooT-
BETCTBUHU C TEIUIOBBIM OalaHCOM KOJMYECTBO TEIUIOTHI, PACXOYEMO Ha pacTBOPEHHUE XJIOpUIA
aMMOHUSI, PaBHO KOJMYECTBY TEIJIOThI, OTHUMAEMOM OT KaJIOpUMeETpa:

Oxan =K -At1 = QpacTs.

3areMm Bbruucisior K:
K = qracTs/Aty
geacTB = Q PACTB.COMM *V oM UITU
K = (Q pacts.coma* M com ) / (At1- Mcom) ,
3)

rae Q pacTs.comu — TEMIOBOM 3 (deKT pacTBopeHus 1 MOJIb coiid, ¢ 00pa30BaHUEM pacTBOPa MO-
JsUTbHOU KOHIEHTpauu Cm, K>K/MOIIb.
Mcosm — HaBEeCKa COJIH, T.
M comu— MoJsipHas Macca CoJi, T' / MOJIb.

Q pactB.com (AHpacTB.com) ONpeAenstoT no cupaBoyHbiM AaHHbIM (IIpunoxenue, Tabdi.
2 «HTeTpaNbHAas TEIIOTa PACTBOPEHHMS coield B Bojie ipr 25°Cy»). Q paCTB.cOJM 3aBUCUT OT MO-
JTsUIbHOW KOHIEeHTpauuu Cm pacTBopa conu. UtoObl HallTH B Tabiuile HYXXHOE 3HAYCHHE
AHpacTB.cOM, HEOOXOAMMO PACCUUTATh MOJISUIBHOCTh MOJdy4yaemMoro pactBopa. Cm MOKa3bIBaeT,
CKOJIBKO MOJIb paCTBOPEHHOTO BELECTBA Vp.5. IPUXOAUTCA HA | KT pacTBOPUTEIS My



Ci = Vpe _ Mpeg. - Meom
m— - - .
My gk Mpg Mp_1%2 Megy M (H;0),x2

Jran 2. OnpejieieHue TENJIOThI CMelIeHUs PACTBOPA YKCYCHOH KHUCJI0ThI
acTBOpPOM 11e104M (QcmEmL.

B uucTHIif BHyTpeHHMi1 cTakaH KanopumeTpa HamupaoT 100 cm® 0.1 H. pacTBopa Imenoun.
3aKppIBalOT KaJIOPUMETP KPBILIKON U MPOBOAAT IPEABAPUTEIbHbBIN IEPUOJL, KaK OIMCAHO BBIILIE.
[To oxkoHYaHMM MPEIBAPUTEIHLHOTO NEPHOJIa Ha 6-0 MUHYTE B KAJIOPUMETP OCTOPOKHO BHUIH-
BaroT cnadyro kucinoty (3 cm® 5 M CH3COOH), mpoBOAAT IIaBHBII IIEPUO, @ 3aTeM 3aK/IIOUH-
TEIbHBIN, KaK OMKCAHO BhIIIE. Pe3ynbTaThl OMBITAa 3aHOCAT B TAOJUIY 2, aHAJIOTUYHYIO Ta0JIHIIe
1, a 3aTeM HAHOCAT HA pUC. 3, aHAIOTUYHBIC pUC.2 Il HaXOXKIAEHUS Atcwen. VICX0Oa8 U3 moOITY-
YCHHBIX 3HAYCHHUU Alcyen ¥ IOCTOSHHOM KaJOPUMETPA, OMPEACIISIOT TEIIOBOM dPPEKT peakiun
HelTpanu3anuu caaboil KHCIOTH B pacueTe Ha 1 Monb-dKkBUBAICHT BemecTBa (Qcmer.). Pacuer
BEJIETCSI 110 KOJIMYECTBY LIENIOUH, T.K. KUCIOTa OepeTcs B U30bITKE.

TemmoBoit 3pdexT, CBA3aHHBIN ¢ H3MEHEHHEM TeMIIepaTypbl BCICACTBHE IMpoIliecca, po-
TEKAaIOIIIEr0 B KaJIOpUMETPE, PACCUUTHIBACTCS MO0 ypaBHEHUIO (4):

q cvem = K -Atewew.
Jlanee KONIMYECTBO TEIUIOTHI, BBIACIAIONICHCS B IpoLecce HEUTpaau3aluu, NepecuuThl-
BaIOT Ha | MOJIb IIETIOYH.

QcMEr = ( evem / VIET

(4)

viuen = CuenViges;
—AHCcMEmL, 208 = QemE,
Stan 3.0npeejeHne TeMJI0Thbl HeHTPAIN3AIMNN CHILHOH KHCJI0Thl CHJILHBIM OCHOBAHHEM

(Q1)

OnpenensroT TemIoTy o0pa3oBaHUs BOJBI/TEIUIOTY HEHTpanu3aiuu (cM. 1a00paTopHYIO
paboty Ne2 mnu 1o cipaBoOYHbBIM JIaHHBIM).
Otan 4. Onpenesenne TENJIOThI Pa3BeleHNs CJ1a00i KHCI0ThI CHILHBIM 0CHOBaHHeM (Q3)

OrnpenensioT TeIIOTy pa3BeACHHs CIa00i KUCTOTHI (YKCYCHOM) mienoubto. J[iis aToro B
YMCTEIl BHYTPEHHMH CTakaH KajopuMmerpa HanmuBaroT 100 cm® nuctmmnmmposanHo#t Bombl. 3a-
KPBIBAIOT KAJIOPUMETP KPBIIIKOW W MPOBOJAT MPEIABAPUTESIBHBIN MMEPHOJ, KaK OIKMCAHO BEHIIIE.
[To okOHYaHMM TIPEIBAPUTENHHOTO MIEPUOAA Ha 6-0if MUHYTE B KaJOPUMETP OCTOPOIKHO BBLIH-
BaroT cnadyro kucinoty (3 cm® 5 M CH3COOH), IpoBOASAT IIABHEIH MEPHOJ, @ 3aTeM 3aK/IIOUH-
TeNbHBIN, KaK OMHCAHO BhIIIE. Pe3ynpTaThl OMbITa 3aHOCAT B TAONMUIlYy 3, aHATIOTUYHYIO TaOJIHIIe
1, a 3aTem HaHOCAT Ha puc. 4, aHAJTOTUYHBIN puc.2 nis HaxoxaeHus Ats. Micxons u3 moiyueH-
HBIX 3HAYeHHUI Al3 M MOCTOSHHON KaJOpUMETpa, OMPEAENSIOT TerioBoi 3¢ ¢deKT pazBeneHus
cmaboif KUCTOTHI B pacyeTe Ha | Monb-3KkBHBaJIeHT BemiecTBa (Q3.). Pacder Bemercs mo xonude-
CTBY KHCIIOTHI.

TennoBoit 3pdexT, cBA3aHHBIN ¢ U3MEHEHHEM TeMIIepaTyphl BCIEACTBHE IMpoliecca, Mpo-
TEKAIOIIETO B KAIOPUMETPE, PACCUMTHIBACTCS 10 ypaBHEeHUIo (5):
q3,paBez[ =K -Afta.

Jlasiee KOJIMYECTBO TETUIOTHI, BBIICISIONMICHCS B TPOIECCe HEUTpaTH3aIliy, TepeCIHThHI-

BalOT Ha | MOJIb KHCIIOTHI.

Q31PA3BE)1. = 03,pasen /VK-TBI
®)
Vik-T61 — CK-TLI'VK-TLI;
—~AH a5, 208 = Q3,pA3BEL
Jran 5. OnpeeseHne TEMI0THI pa3sBeIeHus MeJ1049H cJIa00i KHca0Toi (Q4)
Temnmotoit pa3BeaeHus mienoun Kuciotoi (Q4) MOXKHO MpeHeOpeub, TaKk Kak 00beM IIie-
JIOYH 3HAYUTEJIHLHO OOJIbIIE 00bEMA KUCIOTHI.
O0paboTKa SXCIEPUMMEHTAJBHBIX JJAHHBIX




N3 dpopmynsl: Qemem. = Q1 + Q2 + Q3 + Qa, BelpaxkaroT Q2 — TEIIOTY JUCCOLUALINY ClIa-
6o# (yrcycHoi) kucnothbl. Q2, mucc. = Qemem - Q1 - Q3

(6)

OHGHI/IBaI-OT IMOJIYYCHHBIC PE3YJbTAaThl, COITIACHO TCOPETHYCCKUM IIPCACTABICHUAM TCP-

MOIWHAMHKU U TCPMOXHUMUHU.

6. TpeOGoBaHus K COAEPKAHUIO OTYETA

11eJIb pabOoTHI;

XOJl pabOTHI;

o0k wn

OTuer JOKEH COepHKaTh:

ypaBHEHUE PEAKINH HEUTPATU3alNN;
cxemy kaopumerpa (puc.l);

tabnuny 1,2 u 3, B KOTOPBIX GUKCHUPYETCS U3MEHEHUE TeMIIepaTyphl IPU ONPEIeIICHUN
KOHCTaHTBI KaJIOPUMETPa U IIPH ONPEACIICHUH TEIJIOT B3aUMOJICHCTBHUS.

7. pwuc.2, puc.3, puc.4, Ha KOTOPbIX H300pakeHbI 3aBUcUMOCTH t = T (T) 1 ompenenenbr Afy,

At At3 COOTBETCTBEHHO.

8. pacyersl, IPUBEJCHHBIE IOJHOCTHIO:
— KOHCTaHThI KaJIOpUMETPA,
— TEIJIOTHl (PHTaNbIMM HeWTpanu3auuu) Ha 1 monp menoun (JI.P. Ne2 unum cnpaBounbie

JTAaHHBIE),

- TEIUIOT JMCCOIMAIIMU CIA0BbIX KUCIOT WJIM OCHOBAHUM, pa3BEJCHUSI KUCIOTHI OCHOBAaHUEM,
pa3BeJIcHUS] OCHOBAHUS KUCIOTOM;
- TeTUTOTHI JUCCOIUAIIUY CIA00N KUCIOTHI CUIIbHBIM OCHOBAHHUEM.
9. BBIBOJBI: B BBIBOJAX YKA3BIBAIOT OMPEEICHHOE dKCIepUMEHTATBHO Qmucc. OneHnBaoT

IMMOJIYYCHHBIC PE3YJIbTAaThl, COTJIACHO TCOPCTUUCCKUM IPCACTABJICHUAM TECPMOJAUHAMUKHA U

TCPMOXUMHUMU.

Ta6auna 1. TepMoarHaMUyecKre CBOMCTBA BOABI M 00PA3yIOIIUX €€ HOHOB ITf

IMPUJIOKEHUME K JI.P.3

ou 25°C [3]

BeliecTBo, HOH AHO% 29, SO2s, AG 298,
kJIx/MoITh JIx/(monb-K) k/>x/MoIh
H200x) —285,83 69,95 -237,23
H* 0 0 0
OH- —230,02 -10,71 -157,35
Ta6auna 2. UaTerpanbHas TeIuioTa pacTBopeHus comeit B Boje npu 25°C [3]
Cm, MOJIH cosii Ha 1 KT AHnm, xJlx-Momp
H20
NH4CI NH4NOs3 KCI K2S04
0,1 15,10 25,75 17,55 24,78
0,2 15,19 25,56 17,57 24,58
0,3 15,23 25,38 17,55 24,27
0,4 15,27 25,21 17,50 23,95
0,5 15,27 25,06 17,43 23,58
1,0 15,31 24,31 17,28 -

3. Komnnexm 3ao0au no meme «Tepmoxumus. Bmopoe nauano mepmoounamuku. Iumponus,
1. l'openue dochopa MoxkHO BBIpa3UTh ypaBHeHHEM: 4P+502 = 2P20s. IlpeacraBbTe 3TOT Npo-
[IECC TEPMOXUMHUYECKUM YpaBHEHUEM, €CIIM U3BECTHO, YTO MpHU cropanuu ¢ocdopa maccoit 1 r
BeIIEaUTCS 24,7 KJ[>K TEIIIOTHI.
2. Tennora cropanus staHo’na paBHa 1367,7 x/lx. Haliqute TemnoTy oOpa3oBaHUs 3TUIOBOTO
CIHPTA, €CIIU MPU TOPEHUH 00pa3yeTcsl YTIASKUCIBINA I'a3 U BOJIA B )KUAKOM COCTOSIHUH.




3. OnpenenuTe TEMJIOTY MOJHOTO CrOPaHUsl HUTPOOEH30 14, €CIIM ero TeIIoTa 00pa3oBaHus IpU
cranaapTHeIX yciaoBusax (AHoeg) paBua 15,9 kJIK/MOIIb.
4. PaccuuTaiite TeroTy oOpaszoBanus okcuaa Fe2Osz, ecnu M3BECTHO, YTO TNPHU PEAKIHH:
2Al + Fe 03 = AloO3 + 2Fe. Ha xaxasie 80 r BocctanaBiuBaemoro okcuaa sxenesa (111) Beime-
mutcs 424,1 xJx Tera.
5. Beruucnure TemioBoi 3¢ deKT peakiuy mpu mocTOSHHOM AaBieHuu u 250C:
2NH4ClI(m) + H2SOa4(orc) = (NH4)2SO0a4(xp) + 2HCI(2).
6. Peakuus pa3noxeHus kapOoHaTa KaJbIUs BIPAXKAeTCsl ypaBHEHUEM:
CaCO3 = Ca0 + COy; AH = 143,5 k/Ix/moi1b
CKOJBKO TEIUIOTHI HAJI0 3aTpaTuTh ISl pazioxenus CaCO3z maccoit 500 r.
7. Onpenenute TeroTy cropanus dtanona: CoHsOH + 302 = 2C0O; + 3H20 + Q
JlaHHbI€ 17151 pacyeTOB: C+02 = CO2 + 394,0 x/I»x/MoITb
H; + 17202 = H20(x) + 285 x/Ix/mMoinb
2C + 3H> + 1/202 = C2Hs0H + 278,2 xJ]x/Monb
8. Paccunraiite TermoBoit adpdexr peakumun C2Hs + H2 = 2CHs + Q
€CJIM TEIJIOThI CrOpaHus 3TaHa, METaHa W BOJIOPOJa COOTBETCTBEHHO paBHbI 1562; 891,2; 286,3
K /[K/MOTB.
9. Paccuwuraiite Terioty obpazoBanus 6enszona 6C + 3Hz = CeHs + Q
€CJIM TETUIOTHI CTOPAaHMSI BOJIOPO/Ia, YIiIepo/ia, 0€H301a COOTBETCTBEHHO paBHBI, KJ[x/Moib: 285;
394; 3282,4. Bona oOpasyercs B ®KHUAKOM COCTOSHUU.
10. Onpenenute Temoty cropanus ¢pocdopuctoro Bogopona 2PH3 + 402 = P20s + 3H20 (k)
+Q,
UCIIOJIB3YS CIIEAYIOIINE TEPMOXUMHUECKUE JaHHbIE
2P + 3H> = 2PH3 — 48,62 xJI>x HA 2 MOJIb
2P + 5/202 = P20s + 1508.,4 x]JIx/M0J1b
Hy + 1/202 = H20 (x) + 285 x/]x/mMomnb
11. BoruucnuTh CTaHAPTHYIO TEIUIOTY 00pa3oBaHMs MEHTaHoJIa (K) U3 MPOCTHIX BEIIECTB, €CIIN
U3BECTHA €r0 TEIJIOTa CrOPaHHs P CTAaHAAPTHBIX ycioBusix (AHzgg) -3323,222 ][/ MOJIb.
[TpunsTsh, yto poayKThl cropanust — COxzr), H2O@x). TennoTel cropanusi NpocThIX BEUIECTB:
Crpag + O2=CO2r) 393,795 xIx/mMonb
H2 + 1/202 = H20¢x) + 286,043 x/]x/Monb
12. Onpenenure TennoBoi 3¢hdekT peakuuu, MpoTeKkarolei B ra30Boi ¢ase.
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BenuuuHel 3HEPTUi CBSA3U HAUTH B CIIPABOYHHUKAX.
13. PaccuuTaiite TerioBoi 3¢ dext peakiuu Q meruaparandy STHIOBOTO CIIUPTA
10 PEAKIUU:

— — —
I \ %

HCccoOoOH——> /GC\ -+ HOH-
— H —

Tennora ucnapenus >TuoBoro cnupra pasHa 41,68, a Boas! 44,0 x[x/mMoub.
14. Onpenenute TeruioBoit 3p ekt (AH298) peakiinu CHHTE3a aKPUIOBOM KUCIOTHI
CH=CH + CO + H20(c) «» CH,=CH-COOH ()
mpu 1,013 - 10° H/M? 1 298 K, eciti n3BECTHBI TeIUIOBBIE 2D(EKTH 06pa30BaHMS IPOTYKTOB Pe-
aKIIMU 1 UCXOJHBIX BEIIECTB:
CH=CH AH%gs = 226,90 kJI/MOIb
CcO AH%gg = -110,60 k[/mMomb



H0O AH%gg = -286,03 xJ[>x/M01b

CH,=CH-COOH AH%gs = -382,66 xJ[/Mob

Onpenenure TakkKe TEIIOBOM A(P(HEKT ITOM PEaKIuu MPH OCTOTHHOM 00BeME.

15. Onpenenute tertoBoit 3G dexT (AHzgs) peakuuu CH=CH + CO + H20(orc) <» CH,=CH-
COOH (xc)

mpu 1,013 - 10° H/M? 1 298 K, ecitit m3BeCTHBI TEMIOBbIE S(DEKTHI CrOPAaHHs BCEX BEIIECTB:

CH=CH AHP%gg = -1300,50 x/Ix/M0IB
CcO AHC%gg = -283,18 x/I/MOJIb
H>O AH%gs =0 kJI/MOIb
CH>=CH-COOH AH%gg = -1371,18 xJIx/M01b

Onpexnenurte Takxe TEII0BOM 3(p(EKT ITOM peakuu pyU MOCTOSTHHOM 00beMe.

16. CkonbpKO TEIUIOTH BhIeuTes, ecnu K 0,1 Kr cepHO#l KUCIOTHI ¢ KoHlleHTpanueh 50% mobda-
BuTh 0,3 Kr Bozpbl? JlaHHbIE O TEIUIOTaX PACTBOPEHHUS B3SITh U3 CIIPABOYHHKA.

17. CxonbKO BBIAEINUTCS TEIUIOTHI IPpU pacTBOpeHUuU 50 T MOHOTUIPATHI CepHON KUCIOThl B 100
cM® BOJIBI?

18. Cxonpko BbIenuTcst TemoThl npu pactBopenun 200 r 38%-Hoi consHON KucinoTsl B 400
cM® BOJIBI?

19. CKOIBKO BBIIEITHTCS TETIOTHI IpH pacTBopernu 100 T 67%-Hoit a30THO# kucioTsl B 150 cm®
BOJIBI?

20. IIpu HeHTpaIU3aIuu CEPHON KUCIIOTHI Maccoi 6,86 T THAPOKCHIOM HaTpHs 10 00pa3oBaHUs
runpocyibdara HaTpus Beraensercs 4,32 kK TerI0Th, a IpH HEHTpaIN3alluy STOTO Ke KOJIH-
4eCcTBa KUCIIOTHI 10 CyJb(ara HaTpus Boiaensercd 9,26 k/x Temnorsl. Beruucnure temioBoi

3 PeKT B3aNMOACHCTBUS THAPOCYIb(haTa HATPHUS C THAPOKCHUIOM HATPHSL.

21. BbIUMCIINTh MHTErPaJIbHYIO TEIUIOTY PACTBOPEHUS XJIOPH/IA KaJIus B BOJIE, €CIIU B pe3yJIbTaTe
pacTBopenus HaBecku 9,3413 r B 445,38 T BozbI TeMmepaTypa nonusunack Ha 1,115 °. Vienpnas
TEIIOEMKOCTh MOJy4eHHOro pactBopa 4,068 [x/r- rpan, a TeMI0eMKOCTh Kamopumetpa 122,7
Jlx/rpan.

22. Beruucnuts 1o ¢popmyne J1.I1. KonoBanoBa temnoTy cropanust MeTuinaneruiaesa Qv , Temso-
Ty CropaHusi MeTiIaneTiieHa QpP, ¥ CpaBHUTH MOTYYCHHBIH Pe3yIbTaT C TAOIUIHON BETHIUHON
Qp= 1946 x/>/M0b.

23. Beruucnutsb no popmyne J1.I1. KoHoBasioBa TenaoTy cropaHus )KHUJIKOTO STUIOBOTO CIIUPTA U
CpaBHUTH ¢ TaOIMUHBIMU 3HaueHreM Qp= 1366,91 x/lx/monb. Temiora ucnapeHus coupra
41,68 xIx/mMoib.

24. BpIluMCIUTh TEPMUUYECKYIO XapakTepucTUKy kKopruuHoro anpaernga CeHs-CH=CH-COH n
paccuutath 1o popmyine JI.I1. KonoBanoBa TemnoTy cropanus ra3000pasHoro KOpU4HOTO allb-
neruaa. Heobxonumble TaHHBIE B3SATh U3 CIIPABOYHHUKA.

25. Onpenenute pasHocTh Mexay Qp n Qy mpu 25°C st crieyromux peaximii:

N2 + 3H2 ¢» 2NH3

2502 + O2 ¢» 2S03(2)

2C(epagpum) + O2 = 2CO

NH4Cl(xp) = NHz + HCl(2)

26. Terumora cropanust CO B KaJOpUMETpPE C IMOCTOSTHHBIM 00beMoM paBHa -67,370 kkai/MOJIb.
BoeruncnuTh TEIIIOTY cropaHus B KAJIOPUMETPE C MOCTOSTHHBIM JIaBJIEHUEM IPU JOMYIIEHUH, YTO
ra3el uaeanbueie CO(2) + 72 O2(eaz) = CO2(2a3)

27. Haiitu TeruioBoit a3pdext oOpa3zoBaHusi MeTaHa U3 MPOCTHIX BellecTB pu Temrneparype 298K
U TIpY U300apHOM U M30XOPHOM IIpOILeccax, €CJIM U3BECTHHI 3HAUE€HHUS TEIUIOBBIX 3P (HEKTOB 00-
pa3oBaHMs U3 NPOCTHIX BewecTs npu 298K u cTaHgapTHOM 1aBIEHUU:

CO; AH%gg = -393,78 xJ[/MOTB
H20(o1c) AH%gs = -286,03 K JIx/MO1IB
CH4 AH 208¢ropan = 890,91 kJIx/Mob

28. BBIYMCTUTE U3MEHEHNE SHTPOIIUU IIPHU CTAHIAPTHBIX YCIOBUW JUISl pEAKIU:



2H>S + SO2 = 2H20 + 3S
Zn + H2SO4 = ZnSO4 + H»

CHs + 202 = CO2 + 2Ho.

29. OnpenenuTh U3MEHEHHUE SHTPOIINH TIPH TIJIABICHUH MEIU Maccoi 63,5 T, eciu Teriora
naBneHns Meau pasHa 12980 JIx/Monb, a Temneparypa miasnenns meau 1083°C.

30. Paccuutath U3MEHEHHE SHTPOMUU JIJIS CIEAYIOLIUX MPOLIECCOB:

a) maBneHye 1 MOMb aNTIOMUHKS B €ro Touke miasiaenus npu 660°C (Temiora miasaenus 8
k/J[>x/MOIB);

6) ucrapeHne 2 MOJIb KMCIOPOA B €ro Touke kuneHus npu —182,97°C (tennora ucnapenus 6,82
kJ>x/Mob);

B) Harpesanue 10 T cepoBogopozaa ot 50 1o 100°C npu nocrosirroM nasnennn (Cp, = 7,15 +
0,00332T).

31. B n1ByX cocynax 0iMHAKOBOM BMECTUMOCTH HAaXOJATCS: B IIEPBOM a30T Maccou 2,8 T, BO BTO-
pom apron maccoii 4,0 r. OnpeneauTe U3MEHEHUE SHTPONUH TpH 11U Py31un, BOSHUKAIOIICH B
pe3ysbTare COeJMHEHMs ¢ ra3aMu. TeMiieparypa U JaBlI€HHUE OCTOSHHBI.

32. HaiiTu u3aMeHeHue SHTPOIUHU B MIpoliecce 00paTUMOro H30TEPMHUIECKOro cxaTtus 1 MoJb
kucaopona ot 1,013-10° o 10,13-10° ITa.

33. PaccuuTaiite H3MEHEHHE SHTPOIHUH MPU H30TEPMHUUECKOM CMEIICHUU | KMOJIb KUCIOPO/a C
1 kMonb a3ota npu Aasnenuu 1,013-10° ITa. [IpunsTh, uto 06a ra3a HOTUHHAIOTCS YPABHEHUIO
COCTOSIHUS U/1€aJIbHOTO rasa.

34. T'azoBas cMech, 3aMeHSIoNIas BO3AYX, COAEPKUT Kuciaopon (20,95% mo o0bemy) u a3ot
(79,05% mo o6bemy). Halinure, KakuM H3MEHEHHUEM SHTPOIIUN COMTPOBOXKAAETCS 0OpaTHMOe
paszenenne 1 M® cMecH Ha YHCTHIE Ta3bl IPH CTAHAAPTHBIX YCIOBHSAX.
35.Kax u3MeHnTCs sHTponHus 1 Monb renus npu Harpeanuu ero ot 20 10 70°C ecnu o6beM npu
3TOM M3MeHUJICS OT 24 no 28,117
36. 37. HaiiTn M3MeHeHNe SHTPOIIMH TIPH Mepexoie 3 Mok Kuciopoaa ot o6bema 0,0336 M ox
nasnennem 2,026-10° ITa k o6vemy 0,0672 M o nasienuem 1,013-10° Ta. Momnsipras temio-
emkocTh kucnopona C, pasaa 29,37 Jx/moinb-K, Temmnepatypa mocTosiHHa.

37. Haiitn u3mMenenue suTporuu npu HarpeBanuu 58,82 kr B2O3 o1 298 1o 700K, Termoem-
KOCTb
Cp (B203) = 36,5525-10% + 106,345T JTx/xmoms K.

38. Teruora peakiuu HeuTpanu3auuu H ' gooq + OH g00a = H2O tipu Temmeparype 298 K cocras-
nset 57,3 J/Monb. MOXHO 7T paccUUTaTh SHTPONUIO KaK OTHOLIEHHE TEIUIOTHI ITpolecca K
Temneparype?

39. Onpenenuts pasHocTh dHTponwii 1 T Boas! mpu 0 u 100 °C (naBnenue HopManbHOE), CUUTAS
TEIIOEMKOCTb BOJbI IOCTOSTHHOM U paBHOI 4,19 JIx/T rpan.

40. PaccumTaiite u3amenenue sHTpornuu AS mis 100-kpaTHOTO 00paTHMOTO pacurupeHus |
MOJIb Ta3a B HI€aIbHOM COCTOSIHUM IPHU MOCTOSIHHOM Temneparype. MI3MeHuTcs u u Kak Be-
anarHa AS, ecnu paciupeHne MPoBECTH HeoOpaTuMo?

41.HaiiTi KOHEUHYIO TeMIIEpaTypy, €CIIU MPOBOJUTCS 00OpaTUMOE BhIpaBHUBAHUE TEMIIEPATyp

10 xr Bozsl, B3sToi ipu 0°C u 10 kr Bow! B3aToi mpu 100°C. TemnoeMKocTh BOBI PUHSATH T10-

CTOSTHHOM.

42*. JTOKaXHTE PABEHCTBO: Ty = (I - 1, )7oems,

rae Tk — KOHeYHas TeMIieparypa, JoCTUraemasi mpu oopaTiMoM BbIpaBHUBAHUM TEMIIEPaTyp B
CHCTEME, COCTOSIIIEN M3 ABYX YaCTeM;

m1 u 71 — Macca U HavaJlbHas TeMIIepaTypa OJHOM YacTH CUCTEMBI;
m2 u 72 — Macca 1 HadaJlbHasl TeMIepaTypa APYyroi 4acTH, MpH YCIOBUH, UTO YAEIbHBIEC TEILIO-
€MKOCTH 00eHX YacTel OJJMHAKOBBI U HE 3aBHCAT OT TEMIIEPATYpHI.

43*. JIBa KycKa OJHOTO M TOTO € MEeTaJlla OJJMHAKOBBIX Pa3MEPOB C Pa3HBIMU TEMIIEPATypaMH

T1 u T> npuBeeHbI B COIPUKOCHOBEHHE M OCTABIICHBI JIJIsl BIpaBHUBaHUs Temnepartyp. [Toka-
3aTh, YTO U3MEHEHHE SHTPOMUU BBIPAXKAETCS YPAaBHEHUEM:!

(T +T2)*

4T, T

A5=¢C, In



ecu C, nocrosiHHa. Kakum 00pazoM MOKHO CAENaTh BBIBOJ, YTO MPOLECC MPOUCXOAUT CaMo-
MIPOU3BOJIbHO? p
44", Hailigute U3MEHEHHE SHTPOIIUH UJI€AIbHOTO ra3a B IPOLECCE OT TOUKE Py - ———
1 o touku 2 (puc. 1).

45. Jloka)xuTe paBeHCTBO: (Z—;]T = _c‘% %]5

46. Bona maccoit 100 T mpu 25°C npeBparmena B map ¢ Temmepatypoii 150° ;
1,013-10° I1a. BeruuciuTe H3MEHEHHE SHTPOIMH ITOTO TIEPEX0Ia, ECIIH Yl |
pennst Bogpl pu 100°C pasHa 2257 JIxk/T, yIenbHAs TEIIOEMKOCTb BOJIBI 4 |

yleIbHAas TEIIOEMKOCTh BOJSAHOTO Tapa npu aasiennu 1,013-10° Ia pasr '

Puc. 1
47. Haiitu cymMMapHO€ U3MEHEHHE SHTPOIIUH [IPU HArPEBAHUU 1 MOJIb BOJIBI OT 1cmitcparypbl

IIJIABJICHUS JI0 TIOJIHOTO UCHIAPEHUsI IPH TeMIiepaType KuneHus. Temnora miaBjieHus apaa 335,2
JLx/r, Termora mapoodpazoBanus Bojbl 2260 Jx/T, yaenbHas TEIIOEMKOCTh BoAbI 4,188
JIx/r-K.

48. OnuH MOJIb BOASIHOTO Tapa KOHACHCUPYETCS MPH lOOOC, Boja oxuakmaercs 10 0°C u npe-
Bpamfaercs B jiell. Yemy paBHO U3MEHEHHE SHTPONUHU BOAbI? CpeiHss TEINIOEMKOCTh KUIKON
BOJIbI paBHA

1,0 ka/K-r. Termmora ncnapeHus B TOYKE KUIICHHUS U TETUIOTA IUIABJICHHS B TOYKE 3aMEP3aHUs
PaBHBI COOTBETCTBEHHO 539,7 u 79,7 Kai/r.

49. BeluucianTh M3MEHEHHE SHTPOIMH B IIPOLIECCE 3aTBEPACBaHUS NIEPEOXIIKICHHOTO OeH301a
ipu 268,2K, ecu ipu 278,2K AHuscone = 9956-10% JI/xmons, Cp.conoix) = 127,3-10°
Jx/xkmonb-K,

Cp.conem =123,6-10° x/kmons-K. OnpenenuTs HanpasieHne TOTO MPOLECCA.

50. BeruucinuTh U3MEHEHHE SHTPOIUH MPU HArPEeBaHUM | KI CBUHIIA OT TEMIIEpaTyphl €ro IIaB-
JICHUU 327,40C 10 800 °C. Temora ruiaBJeHus CBUHIA 24,8 k]JI>K/KT, TEIJIOEMKOCTh JKHIKOTO
CBMHIIA B MHTepBaie Temnepatyp 327-1000 °C pasua 0,1415 x/Ix/Kxr rpa.

51*. Cucrema coniepuT 5 T npaa (yaenbHas Temora masieHus 335 JIx/r) npu temmeparype
wiassenus u 20,0 r Bogs! npu temnepatype 348K. Tennora ot Boabl nepenaercs Jibay B oOpa-
THMOM TPOLECCE O T€X MOp, MOKa JieJ HE PaCIUIaBUTCS MOJHOCThIO. [IpUHSB TEMI0EMKOCTh BO-
nel, paBHou 4,187 JIx/r- K, onpeaenure, HaCKOJIbKO MOHU3UTCS €€ TeMiiepaTypa. Kakyro padoty
COBEpIIINT 3Ta cucTeMa?

4. Komnnekm mecmosvlx 3a0aHUll 071 RPOMENHCYMOUHO20 KOHMPOA 3HAHUIL

Tect Nel:«Tepmoamnamuka. TepMoxumus»
1. MaTematudeckoe BbIpa)KEHHE MEPBOI0 3aKOHA TEPMOJMHAMMKH JUI OECKOHEYHO Majioro u
KOHEYHOT'O U3MEHEHUS COCTOSIHUSI CHCTEMBI NUMEET BUJI:

a) 0H =dU + dV;
0) 6Q =dU +dV;
B) 6Q = dU + dA.

2. JIBa raza: OJHOQTOMHBIN M JIByXaTOMHBIN, aIna0aTHUECKH PaCIIUPSIOTCS. J{JIs KaKoro u3 3THX
razoB paboTra pacmmpeHus: OyaeT O0bIlne, €Cli YUCIO MOJIEH 000MX ra3oB OJMHAKOBO, a TEM-
neparypa Kaxxaoro ra3za NOHU3WIACh Ha OJMHAKOBYIO BETUUHUHY:

a) 715l IBYXaTOMHOTO;

0) U1 OTHOATOMHOTO;

B) OJTMHAKOBA.

3. B xakoM u3 mporeccoB paboTa pacuiupeHus HanOOoJIbIIas
a) 1 xmomb CO; pacmmpsiercs n3otepmudecku mpu 300K ot 10 10 100 M3;
6) 1 kmomb Hz pactmpsiercs nzotepmuuecku pu 1000K ot 10 10 100 m;



B) 4 kxmoab CO2 pactmpsitoTest n3obapuiecku npu HarpeBanuu ot 300 mo 550K;
r)2 kmoJib Hz pacmmpsirorcs nzobapuduecku npu HarpeBanuu ot 300 1o 1300K?

4. TTpu 300K ra3 B HIeaIbHOM COCTOSHHM M30TEPMUUYECKH U 00paTHMo pacmmpsiercs oT 1072 1o
10! M3, KomuuecTBo moromensoro mpu 3tom Temna 17,26 kJlx. Ckonbko MoJIel ra3a y4acTBy-
€T B 3TOM IIpoliecce:

a) l;

0) 2;

B) 3;

r) 4.

5. Tennoty cropanusi OpraHM4ecKOro COeAMHEHMsI, pacioiaras JaHHbIMU 110 TEIJI0TaM 00pa3o-
BaHUS PA3IMYHBIX BEIIECTB, MOKHO PACCUUTATh:

a) HEOOXOIMMO U3 TEIJIOTHl 00Pa30BaHMUs STOTO COSAUHEHHS BBIYECTh CYMMY TEILIOT 00pa3oBa-
HUS IPOAYKTOB CTOPaHHUs OPTraHUYECKOr0 COSTUHEHUS;

0) HEOOXOMMO U3 CYMMBI TEIJIOT 00pPa30BaHuUs MPOAYKTOB CrOPAaHUSI OPTaHUYECKOTO COeINHE-
HUS BBIUECTh TEIJIOTY 00pa30BaHUS STOTO COSAUHEHUS;

B) HEOOXOAMMO U3 CYMMBI TEIUIOT 00pa30BaHMsI MPOJYKTOB CTOPAHUSI OPTraHUYECKOTO COETUHE-
HUS BBIUECTh TEIUIOTY Pa3NIOKEHHUS ITOTO COSIUHEHUSI.

6. Xapaktep 3aBUCHMOCTH TEILIOBOTO (P PeKTa XUMUICCKON Peaklu OT TeMIIepaTyphl Ompejie-
JSIETCS:

a) coBepiaeMoi paboToi;

0) U3MEHEHUEM TETNTIOEMKOCTH;

B) arperaTHbIM COCTOSIHUEM BEIICCTB.

7. B unrepBane temmepatryp 273-298K yaenbHas TemiaoeMKOCTh rpadura Oomblie yaenbHOMN
TETUTOEeMKOCTH anMasa Ha 215 Jlx/kr-rpan. TemnoBoit adgdexr peakun nmepexona rpadura B aji-
Ma3 IIpH MOBBIIIEHNHU TeMmIiepaTypsl oT 273 no 298K uzmenurcs:

a) YMEHBIIIUTCS,

0) yBenUUYuUTCS;

B) HE U3MEHUTCS.

8. COOTHOUIEHHE SHTAJbINM M BHYTPEHHEH SHEpruM JaHHONW TEPMOJMHAMHUYECKOW CHCTEMBI
OIIUCBHIBACTCH!

a)H=U+PV;
6)U=H+A;
B)U=H+AV.

9. OaMH MOJIb OIHOATOMHOTO T'a3a U OJJMH MOJIb JIByXaTOMHOI'O ra3a H300apHuecKy HarpeBaroT-
cs Ha 100 °C. Jl;st kakoro 3 3THX Ta30B paboTa pacuIupenus 6yaeT GobIIe:

a) JUIs ABYXaTOMHOT0;

0) II71s1 OTHOATOMHOTO;

B) OJIMHAKOBA.

10. BenmmuuHb BHYTpeHHeﬁ OHCPTUU U SHTAJIBIIUA IJIA XUMHUUYECKOHN PCaKkuu HAXOAATCA B COOT-
HOIIICHUU:

a) AH = AU + nRT,;

0) AH = A + nRT;

B) AH = AU +AnRT.

11. PaGota pacmupenus ra3a B HACIbHOM COCTOsTHUH OT V1 10 V20yzaet Oosbiie:
a) B U30TEPMHUUECKOM;



0) agnadaTHYECKOM;
B) H30XOPHUYECCKOM;
T') ©300apUYECKOM.

12 3aBI/ICI/IMOCTL OHTAJBIIMHU OT TeMHepaTypr I/IH[[I/IBI/II[yaJIBHOFO BCIIECCTBA OIIMCHIBACT BBIpa-
JKCHUC:

a) (SH/ST)p = ACy;

6) (SH/ST), = Cp;

B) (SH/ST), = AC.

13. CootHomenne mexay Cp u Cy UIsl HIeaIbHOTO Ta3a:

a)Cv:Cp+R;
6)Cp:Cv+R;
B)Cv+Cp:R.

14. ITpu n300apHOM HarpeBaHUU 1 MOJISI OJTHOATOMHOIO Ta3a U 1 MoJs JByXaTOMHOI'O ra3a yBe-
JMYUIIACh HA OJIMHAKOBYIO BEJIMYMHY 00BEMBI Ia30B. J[j1sl KAKOro U3 3TUX ra30B U3MEHEHUE IH-
TanbIuu OyaeT Oosblie:

a) /Ui IBYXaTOMHOTI0;

0) [U1s1 OJJTHOATOMHOTO;

B) OJIMHAKOBA.

15. ®yHKIMU SHIOTEPMUYECKON PEaKIIMH U3MEHSIOTCS CIICAYIOIIUM 00pa3oM:
a) PHTAJIBIIHS PEAKIIMOHHOM cucTeMbl yBenuuuBaercs (AH > 0);

0) teruoBoi 3¢ ekt peakiuu nojoxutencH (Qp> 0);

B) SHTAJIBITNS PEAKIIMOHHOMN cucTeMbl ymenbiaercs (AH< 0);

T) pe3KO0 3aMeIIISIeTCs] CKOPOCTh XUMHYECKOM PEaKIUH.

16. MonsipHBIC SHTPONUU TPEX arperaTHBIX COCTOSHUM OJHOTO BEIIECTBA: Ta3a, KUIKOCTH,
TBEPJIOTO TeJla HAXOAATCS B COOTHOIICHUU:

a) S(TB)>S(x)>S(T);
0) S(r)>S(TB)>S(k);
B) S(1)>S(k)>S(TB).

17. CooTHomenue mMexay sHeprueit ['m66ca G u sHeprueil 'enbmronbsua F 1t ganHON Tep-
MOJMTHAMHUYECKOW CUCTEMBI IMEET BH/I:

a) G=F+A;
0)G=F+PV,
B) G+ F=PV.

18. B xakoMm u3 CleIyIOIUX MPOLECCOB MpU 00paTUMOM UX MPOTEKAHWU HE MPOUCXOIUT U3-
MEHEHUSI SHTPOIIUU CHCTEMBI.

a) U30TEPMHUECKOM;

0) agnabaTUIECKOM;

B) U30XOpUYECKOM;

') U300apUYECKOM.

19. TepmonuHamuueckne QYHKIMHA MPUOOPETAIOT CBOWCTBA TEPMOJAWHAMUYECKUX ITOTEHITH a-
JIOB, €CJIH:
a) yMEHbIIEHUE caMOi TepMOJAMHAMUYECKONH (QYHKLIHUH PaBHO MaKCHUMAaJbHO MOJIE3HOU padoTe
nporecca;
0) yBeIMYEHUE CaMOW TEPMOJAMHAMUYECKON (DYHKIIMM PAaBHO MaKCHMAaJIbHO TOJIE3HOU paboTe



npolecca;
B) TAKUX CIIy4aeB HET.

20. CooTHOIIEHHE MEXTy U3MEHEHHUEM SHTpONHU AS B 00paTuMOM M HEOOpaTUMOM IpoIlec-
cax MpH yCIOBUH, 4YTO Ter1oBbIe 3P PekTrl Qosp > Queosp, UIMEET BU:

a) AS(obpart) < AS(aeobpar);

6) AS(o6par) = AS(reobpar);

B) AS(0o0pat) > AS(aeobpar).

21. DHTpONUSA MPABUIBHO 00Pa30BAaHHOTO KPHUCTAJLIa MPU MPUOIMKECHUN TEMIIepaTyphl K a0-
COJIFOTHOMY HYJTIO CTPEMUTCS K:

a) + oo,

6) - oo;

B) 0.

22. B xauecTBe KpUTEPHS HAMPABICHHS PEAKIMH, €CIM OHA IPOTEKAEeT B 3aKPHITOM aBTOKJIA-
BE€ IPU MOCTOSIHHOW TeMmIeparype, cieayeT BhlOpaTh:

a) n300apHO - U30TEPMUUECKUNA TOTCHIIHAT;

0) U30XOPHO-U30TEPMUUECKHI TOTEHITUAT;

B) XUMUYECKUN MOTEHIHAII.

23. TloHsiTHE O TEPMOJUHAMUYECKUX IMOTSHIATIAX BBOUTCS:

a) JUTsl OIIpeJIeIeHHsI HAallPaBJICHUS MIPOLIECCOB, MPOTEKAIOIINX B U30JIMPOBAHHBIX CUCTEMAX;
0) [U1s oTpe/IeTICHUsT HAITPaBJICHUS ITPOLIECCOB, MTPOTEKAIONINX B HEU30JIUPOBAHHBIX CUCTEMAX;
B) JUIsl ONIPEJICIICHUSI HAIIPABJICHUS XUMHUYECKOM PEaKIvH.

24. CpsizaHHas dHEPrusi CUCTEMBI |S MpPU HArpEeBaHUU rasza W MPU €r0 KOHJCHCAIlMU HU3Me-
HSIETCS:

a) IpU HarpeBaHUHN YMEHBIIUTCS;

0) Mpu HarpeBaHUU YBEIUYUTCS,

B) IPU KOHJEHCAIIUN YMEHBIIAETCS;

T') IPpU KOHJICHCAIIMU YBEITUYUBACTCS.

25. Xumudeckasi peakius o0s3aTeIbHO COITPOBOXK/IAETCS BbIIEICHUEM WIH MOTJIOIEHUEM SHEp-
T'MH, TaK Kak:

a) ee IpPOTEeKaHUe 3aKIIF0YaeTCs B pa3pblBe OAHUX U 00Pa30BaHUU APYTUX XUMUYECKUX CBSI3EH;
0) ee mpoTekaHue TPeOYeT CTOJKHOBEHHUS PearupyoNuX YacTHI;

B) /115 €€ MPOTEKaHMsI HE0OX0AUMa YHEPrHsl, paBHAsl YHEPTHH aKTUBAIIHH;

I') IpU ee MPOTeKaHUM He 3aTParuBaroTCs sJIpa aTOMOB.

26. TeroBoMmy 3(pekTy peakiiui COOTBETCTBYET OTPE30K Ha auarpamme (puc. 1):

a,

0;

B,

T.

é % 150
3 i

z z

@

g § 100
g 5

a 8

Y

Xon peakmuu Puc. 1. Xon peaKmm Puc.2.



27. U3menenne sHTanbnuu peaknu A + B—C paBHO (11 OTBETa UCIOIB3YHTE dHEPreTHYC-
CKYIO IMarpaMmy puc.2):

a) AH=-150 /I (TernoTa BBIICTIIAC);

0) AH =100 /I (TertoTa moraoTUIIACh);

B) AH = -75 x/[x (TeruioTa BbIICINIIACS);

r) 4H = 25 x/[x (TermioTa morjaoTuiIach).

28. Kakue 13 HIKENPUBEACHHBIX PEAKIUN SBISIOTCS YHIOTCPMHUYCCKUMH M 3K30TCPMHUUYCCKH-
Mu?

a) 1/2Hz + 1/21; = HI, AH = 26 x/]:)x/Mob;

0) Ho + 1/20; = H20, AH = -242 x/I:x/Mo11b;

B) 1/2N2 + 1/20, = O2, AH = 90 x/[)x/Mmo115;

r) 1/2N2 + 3/2H2 = NH3, AH  995= -46 kJ[5x/MOTIb.

1) DHIOTEPMHUYECKas

€) 9K30TepMHUYIecKast

29. Dueprun nucconmanuu Hz m Clz u sHTanenus obpazoBanuss HC1 cocTaBisiOT COOTBET-
cTBeHHO 436, 243 u -92 x/{x/Monb. DHeprus cBs3u H-C1 paBHa:

a) - 46 xJx/Moib;

0) - 486 x/[x/mMoub;

B) 431,5 kJI>x/MOIIB;

r) 218 x/[>x/MOIB.

30. /s mostHOTO pasniokenus Hekoroporo koimdectBa MgCO3 morpedoBanock 5,1 k[ Teruio-
Thl. [Tomyuennsiii CO2 6bu1 norsomeH 5,7%-ubiM pactBopom Ba(OH), maccoii 75 r. TemnoBoi
s ekt peaknuu paznoxerns MgCOs — 102 x/x/monb. MaccoBast 105151 00pa30oBaBIIeHCs COJTN
paBHa:

a) 8,4% Ba(HCO3)y;

0) obpazoBaics ocagok BaCOs;

B) 10% (BaOH)2COs3;

r) 10% Ba(HCO3)..

Tema 1.3. Tepmoounamuueckue nomenyuaipl. XumuieckKuii NOmMeHyuanl.
Ilpeoen npomekanus peaxyuu. Tennosas meopema Hepucma

1. Bonpocwt kK ycmuomy onpocy

1. Dueprus ['mG6ca u sHeprus I'enpmronbia. B kakux ciydasx TepMOIUHAMHUYECKHE
¢byHKIMK TPUOOpETal0T CBOWCTBA TEPMOAMHAMUYECKUX MOTEHIINATIOB?

2. Tlpomecc mpoTekaeT B yCIOBUSAX MOCTOSIHCTBA TeMIepaTypsl U naBieHus. Kakoit tep-
MOJAMHAMHUUYECKUN MOTEHLIHAN CleAyeT BbhIOpaTh B KauecTBE KPUTEpHUs MPOTEKaHUS
CaMOIIPOU3BOJIBHOTO MPOIECCA B ITUX YCIOBUAX?

3. B kakux ciiyyasix MOKHO PacCUMTaTh U3MEHEHHE TEPMOJUHAMUYECKUX PyHKIHH (A4S,
AG, AF, AU, AH) nnst HeoOpaTUMBIX MPOLIECCOB, UCIOJIB3Ys YpaBHEHUE JUIsl oOpaTu-
MBIX IIPOLIECCOB?

4. B ycloBHSX IOCTOSTHCTBA TEMIIEPATYPhl U JABJICHHUS CTPEMJICHUE CUCTEMBI K PaBHOBE-
CHIO ompeJesseTcs: BeMuunHoi u 3HakoM AG. B To ke BpeMs mpoleccsl MOTYT ObITh
KaK AK30TEPMUYECKUMH, TaK U HHIOTEPMUUYECKHUMH, a SHTPONUS MOXKET YBEIUYH-
BaThCs WJIM YMEHbIIAThCA. UTO C 3TOW TOUKH 3peHUs OyJIeT crocoOCTBOBATH MOJHOTE
NPOTEKaHUsI CaMONPOU3BOJBHOIO Mpoliecca MPH MOCTOSHHBIX TeMIeparype U JaBie-
HUU?



5. Xapaxtepucrtuyeckue GyHkimu. YpaBHenue ['ubo6ca - ['enbMronbua.
6. XUMHUYECKUH TOTEHIMAT HWACAJBbHOrO M peasbHoro razoB. Dyrutus-
HOCTb ¥ KOO(PGHUIHUEHT PyrUTUBHOCTH. AKTUBHOCT M KOA((DHUIIMEHT aKTHBHOCTH.

2. Jlabopamopnaa paboma Ne 4 «Onpedenenue cooeprcanus KpUCmMaaiu3ayuoHHoU 600bl 6
Kpucmannozuopame

Lenv pabomei. OnpenenuTh KOHCTAHTY Kajopumerpa. ONpeaenuTh TeIIoTy pacTBOpe-
HUS OTPEJICIICHHOT0 KOJIMYecTBa KpucTayuioruapata. OnpeaenuTs coiepkKaHie KpucTauiu3aliu-
OHHOI1 BozibI B kpuctamutoruapare CuSOs - vH20.

Annapamypa u peaxmuevl. KanopumeTpuyeckasi yCTaHOBKA, MEPHBIM IMIIMHIDP, TEPMO-
metp ¢ ueHout nenenus 0,1°C wmm 0,05°C, cexynaomep, Becbl. TouHbIE HABECKH KPUCTAIIIOTH /-
paToB, Maccoi 4 rpamma.

OcHogHble meopemuyecKue noa10HceHus

besBonnblil cynbdar meau rurpockonuveH. [lpu conmpukocHOBEHHMH ¢ BOAOW oOpasyer
Tpu POPMBI KPHCTAIIIOTHIPATOB U B 3aBUCHUMOCTH OT JIaBJICHHS ITaPOB YCTAHABIMBACTCS PaBHO-
Becuel,2 mim 3:

CuSQO4 + H20 = CuSOs4 - H20 (1)
CuSO4 - H20 + 2H20 = CuSOg4 - 3H20 2
CuSOs4- 3H20 + 2H20 = CuSO4- 5H20 (3)

KomnyectBo Bojabl B TBepaoM CuSO4-NH2O miam COOTHONICHUE KOJIMYECTB KPHCTAILIO-
THJIPATOB PA3JIMYHBIX (POPM MOKHO YCTAaHOBUTH KaJIOPUMETPHUECKUM criocoOom. [y 3Toro
HEOOXO0IMMO ONPEICIUTh KCIIEPUMEHTAILHO TEIUIOTY PACTBOPEHHS KPUCTAIIOTHIPATa U COTIO-
CTaBUTh €€ C TaOJIMYHBIMU JAHHBIMU TEIUIOT pacTBopeHus Oe3BogHoro CuSOs4 u Bcex ¢Gopm
KpUCTA/UIOTUAPaToB (Tadu. 1)

Ta6auna 1. Daransnun pactBopenus CuSO4 - vH>O

Kpucramnoruapar Tenuora pactBopenus 1 comu B 50 cM® Bopl,
kJIk / kr (QpacTB)
CuSO4 417
CuSOs4- H20 219
CuSO4 - 3H20 70,9
CuSO4 - 5H20 -46,9

Ha ocHOBaHWMM TaOJIMYHBIX JAHHBIX U SKCIIEPUMEHTAILHO ONMPEIEICHHON TEIUIOTHI pac-
tBopenus coar CuSO4 - VH20 (QpacTB) MOXHO YCTAaHOBHUTD, KAKOM THIT pAaBHOBECHS MMEET Me-
CTO B JIaHHOM cITy4ae, T.€. B KAKOM COOTHOILIEHUH CMEIIaHbl KPUCTALIOTUAPATHI Cyb(aTra Meau
B uccienxyeMoMm obpasie. Hampumep, ecmu Qpacts coctaBisieT ot 219 xJlx/kr mo 417 xJx/xr,
TOo B cucreMe umeer paBHoBecue (1), T.e. comepxarca CuSOs u CuSO4 - H20. Ecin Qpacts
Haxoautcst B uHTepBasie ot 70,9 kJIx/kr no 219 xJIx/Kr, TO B cUCTeMe UMeeT paBHOBecue (2),
T.e. cogepxkarcst CuSOs - H20 u CuSOg4 - 3H20. Ecnu Qpacts HaxonuTcst B MHTEpBaje oT -46,9
k/x/xr go 70,9 x/[x/kr, TO B cucteme umeeT paBHoBecHe (3), T.e. conepxkarca CuSOs - 3H20 u
CuSOs4 - 5H:0.

Jlnst ompeneneHnuss COOTHOUICHHs KOJMYECTBA THUAPATOB pasHBIX (OPM M COICpKAHUS
KpPHUCTaJNTU3A[MOHHON BO/IbI B uccieayemoM oopasie CuSO4 - vH20 HyXKHO COCTaBUTh COOTBET-
CTBYIOIIIAE TTPOITOPIIUH.

Tpeooeanun mexnuku 6e3onacnocmu

[Ipu BeIMOTHEHWN JAaHHOW JTaOOpPaTOPHON PabOTHI HEOOXOIUMO COOIIOATH OOIIHe Tpa-
BUJIa paboOTHI B XUMUYECKol 1abopaTtopun. HeoOXxoammo akkypaTHO paboTaTh ¢ PTYTHBIM Tep-
MOMETpPOM.

Boinonnenue pavomot
Jran 1. OnpeaeneHne KOHCTAHTHI KAJ0pUMeETpa
YcrpolicTBO Kajl0opuMeTpa

Ompenenenue TeIOBLIX 3P GEKTOB MPOU3BOIAT B CHEIUATBHBIX MPUOOpPAX, HA3BIBAEMBIX
KaJopuMeTpaMu. B 3aBUCHMOCTH OT XapakTepa mpoliecca U pearupyroiux BemecTB MPUMEHSIOT
KaJIOPUMETPBI Pa3IMYHBIX KOHCTpyKIwi. [IpocTeimmii kamopuMeTp mpencTapiseT co0oil u3o-




TEPMHUECKYIO0 000JI0uKy (Hampumep, cocyn Jlproapa). B Kpblmike cocyna caenaHbl OTBEPCTUS
JUIsL TEPMOMETpa, MEIIAIKU U JIJIs BHECEHMsI HaBEeCKH uccienyemoro BemiectBa. Copepkumoe
cocyJia repeMemrBaeTcst Memankoi. OTBepcTHE /711 BHECEHUS HABECKH 3aKPBIBACTCS MPOOKOIA.
TemmnepaTypy U3MepSIOT ¢ MOMOIIIBIO TepMomMeTpa ¢ 1ieHoi aenenus 0,1°C wmm 0,05°C.

Jliis ompeneneHus TEIUIOBBIX d()D(PEKTOB peakiuii, MPOTEKAIOIMINX B BOJHBIX PAaCTBOpax,
MO>KHO HCIIOJIb30BaTh KAJIOPUMETPHUUECKYIO YCTAaHOBKY, M300paskeHHYI0 Ha puc.l.

6 £ 4
N’

1
2
5

- 5
a

Puc. 1 Cxema KalopuMeTpHUYECKOil yCTaHOBKY: | — HAPY>KHBIH CTakaH; 2 — peaKIIMOHHbINA CTaKaH; 3 — MOACTaBKa; 4 —

KpBIIIKa; 5 — MemIaka; 6 — TepMoMeTp; 7 — BOPOHKa.

KajopuMerpruyeckuii onbIT

Kanopumerpuuecknii ONbIT AEIUTCS HA TPU IEPUOJA!
1. TpexBapUTEIBHBIN NEPUOL, MPOAOIKAIOIINNCI 5 MUH.
2. TJIaBHBIH NepUOJ] — BpeMs IPOTEKAHUS U3y4aeMoro npolecca (pacTBOPEHUE COMHN).
3. 3aKJIIOYUTEIbHBIN IEPUOJ, 5 MUH.

Ilepen mpoBeneHNEM KaJIOPUMETPUUECKUX M3MEPEHMH HEOOXOAMMO YCTaHOBUTH 3Haue-
HUE KOHCTaHThI KasopuMmetpa. IlocrossHHas kanopumerpa «K» no ¢usnueckoMy cMbICIy Npea-
CTaBIsIeT cOOOM TEIIOEMKOCTh KaJOpUMeTpa BMECTE C MOMEIICHHBIMU B HETO pacTBOPOM, Me-
HIAJIKOM U 4acThiO TEpMOMETpa. TermnoeMKoCTh KaJlOpUMeTpa — 3TO KOJIMYECTBO TEIIOThI, HE0O-
XOIMMOE JUIsl HarpeBaHus kajopumerpa Ha 1°C. DTa MOCTOSHHAs 3aBUCUT OT TEIUIOEMKOCTHU
BCEX COCTaBHBIX yacTed kamopumeTpa. g HarpeBaHusi Kajopumerpa Ha Aty moTpelyercs Ter-
na:

Orar = K Aty (1)

Benmnunna «K» moctosHHa Uil JaHHOTO KaJIOPUMETPA M JTAHHOTI'O KOJIMYECTBA OIpeJe-
JIEHHOM XWUJIKOCTH, Hartpumep, A 200 r BoJbI.

KoHcTaHTy KanopuMerpa MOXKHO OINpPEAEINTh IO M3BECTHOM TEIUIOTE PACTBOPEHMS Ka-
Koii-m1bo conu.

Xoxa padoTsl

Hns onpenenenust «K» codupatot kanopumerp. Bo BHyTpeHHHI CTakaH HaJUBAaIOT Mep-
HeM mumEEApoM 200 cM® (200 T) IUCTHUITMPOBAHHON BOABL 3aKPHIBAIOT CTAKaH KPHIIKOH H
HOTPYKAIOT TEPMOMETP B BOJAY TakK, YTOOBI PTYTHBIN IIApUK HAXOAMJICS B CPEIHEH YacTH KU[-
koctu. [IpoBoAT npeaBapuTenbHbIi epruo onbiTa. HaunHaroT nepememmBaTe BOLY MEIIAIKON
Y 3aIMCBIBAIOT NT0OKA3aHUs TepMoOMeETpa depe3 Kaxkasle 30 cek. 3anuch BEAYT B TEUEHHE 5 MHUH.
s orcueta BpeMeHU y00HEe MOJIb30BaThCsl CEKYHAOMEPOM. Pe3ynbTaThl OnbiTa 3aMiChIBalOT
B TaOIUILy 2.

Tadauua 2. 3meneHnue temnepaTypbl B XO€ ONPEAEICHUS] KOHCTAaHThI KaJTOpUMETpa

Bpewmst ot Havasa onbITa, MUH.
Temnepatypa, °C




3areM NMPOBOJAT I[VIaBHBIN Mepuo. s 3TOro, He OCTaHABIMBAas CEKyHJIOMEpa, OTKPbI-
BAIOT OTBEPCTHUE JUISI BHECEHHS HABECKH, OBICTPO BBICHINIAIOT TOYHO B3BEIICHHYIO 3apaHee COJb —
xsopu aMMonust (5-6 r), oTBepcTHE 3aKphIBatOT. [Ipy 3TOM BeyT MOCTOSHHOE MEPEMEIIUBAHNE
pacTBopa. [ TaBHBIM NEPUOIOM CUUTAIOT MPOMEKYTOK BPEMEHH, B TEYCHHE KOTOPOTo HaOI0/1a-
€TCsl pe3K0e U3MEHEHUE TeMIIepaTyphl.

3aKJIIOYUTEIbHBIN MEPHOA MPOAOIDKACTCS 5 MHUH. IMOCIE TJIABHOTO TMEPHOAA, MpUYEM
TEMIEPaTypy 3aUCHIBAIOT Takke yepe3 Kaxzabie 30 cek.

PesynpraThl HaOMIOACHUI 3aMMCHIBAIOTCS B TAONHMIy, a 3aT€M HAa OCHOBAHUU IOJyYEH-
HBIX JIJAHHBIX HAa MIJLTUMETPOBOM Oymare ctpouTcs rpaduk t = f (1) A onpeneneHus aeiCTBH-
TEJIbHOI'0 U3MEHEHHUS TEMIIEPATyphl IPU PaCTBOPEHUHU COJH (puUC.2). 3aTeEM OnpeneistoT Ats.

t

i
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VA z

Puc. 2 l"paq)mc JUJIA OTIPEACIICHUA JIEACTBUTEILHOTO U3MECHCHHUS TEMIIEPATYPhI B XOA€ OIIbITa

[Ipu rpaduyeckom omnpeneneHu Aty Ha MIUITUMETPOBOI Oymare Ha Ocu aOCIHCC OTKJIIa-
JIBIBAIOT BpeMsl B MaciiTade: 1 MUH COOTBETCTBYET 1 cM; Ha OCH OpPIMHAT — TEMIIEPATYpPy, BHIOOP
MaciTada KOTOpOH 3aBUCUT OT BETUYMHBI Aly.

Ecmn Ati< 1°C, to 1°C cootBerctByeT 1 cMm; ecnu Aty > 1°C, to 1°C cootBerctByert 0,5
cM. Iocne Toro, kak Ha rpadvK HaHECEHbI BCE SKCIEPUMEHTAIbHbIE TOUKH, TIOJyYaeTCsl KpuBas
ABDE. Yuactok AB cooTBeTcTByeT HauanpHOMY niepuony, BD — rmaBaomy nepuonay, DE — 3a-
KIIIOUUTEIILHOMY.

UYroObl onpenenuTb M3MEHEHHE TEeMIIepaTypbl, HE HCKa)K€HHOE TEIJIOBHIM OOMEHOM,
MPOUCXOAIIMM B TeUeHHE riaBHoro nepuoaa, muauu AB u DE skcrpanonupyrot. Bpems rnas-
Horo nepuoja aensat nonoiam (touka C). M3 Toukn C BoccTaHABIMBAIOT NEPHEHAUKYIISP JI0 TIe-
pecedenus ¢ o0eMMHU MPOAOLKEHHBIMHU NpsAMbIMU. OTpe3ok Mexay Toukamu K u F, Bbpaxken-
HBIM B Ipajycax, MOKaXeT HCTUHHOE W3MEHEHUE TemIepaTypsl Ati, BBI3bIBAEMOE IIPOLIECCOM, C
Y4€TOM TOIMPABKH Ha TEIJI000MEH.

PactBopenune conu (xjopuja aMMOHHMSI) IPOTEKAET C MOTJIOUIEHUEM TeIUIoThl. B cooT-
BETCTBUHU C TEIUIOBBIM OalaHCOM KOJHMYECTBO TEIIOTHI, PACX0yeMOi Ha pacTBOPEHHUE XJIOpUIA
aMMOHUSI, PaBHO KOJMYECTBY TEIJIOThI, OTHUIMAEMOM OT KaJIOpuMeTpa:

Oxan =K ‘At1 = QpacTs.
3areM BeIUHCISIOT K:
K = gpacte/Al1
geacTB = Q PACTB.COMM *V oM UITU
K = (Q pactB.comu- M com ) / (At1- Mcom) , (2)
rie Q pacTs.coiu — TemIoBoi 3¢ ekt pactBopeHust 1 Mok coiu, ¢ 00pa3oBaHUEM PacTBOPa MO-
nsuTbHOM KOHIIEHTpau Cm, KJ[/M0ITb.
Mcomm — HaBECKA COJIH, T.
M conu— MoJspHas Macca CoJu, T / MOJTb.

Q pactB.comt (AHpacTB.coiM) ONpPEAENSIOT MO crpaBoyHbIM AaHHBIM ([Ipunoxenue, Tad.
2 «HTeTpaNbHAS TEIIOTa PACTBOPEHHS coield B Bojie ipr 25°Cy»). Q paCTB.CcOJM 3aBUCUT OT MO-
JsUTbHOW KOHIEHTpauuu Cm pactBopa conmu. UtoObl HaliTH B Taliuile HY)XXHOE 3HAYCHHE



AHpAcTB.cOM, HEOOXOUMO pacCYUTATh MOJILIBHOCTH MOJydyaeMoro pactBopa. Cm moka3bIBaerT,
CKOJIBKO MOJIb PaCTBOPEHHOTO BEILECTBA Vp.z. IPUXOAUTCA HA | KT paCTBOPUTEISA Mp-s!

Cm: Vp.z — Mp g, — Meom (3)
Mp—na KT Mp g My g KT Mgy, -m(Hy0),x2

Jrtan 2. OnpeesieHue TeNI0Thl PACTBOPEHUS] KPHCTAJIOTHAPATA

BHyTpeHHuli cTakaH KaJlOpuUMeETpa BBIMBIThb, ONOJOCHYTh JAMCTHJLUIMPOBAHHOW BOJAOW,
Hamuth 200 cM® IUCTHIIMPOBAHHON BOMBL 3aKPHIBAIOT KATOPHUMETDP KPBIIIKOH M HPOBOIAT
IpEeABapPUTENIbHBIA NEPUO, KaK ONKUCaHO Bblle. [I0 OKOHYaHNMK NpeBAPUTEIBLHOTO IEPHOIA HA
6-0if MUHYTE B KQJIOPDUMETP OCTOPOIKHO Yepe3 BOPOHKY BHOCAT 4 T HaBECKY KPHCTAJIOTHIpaTa,
IIPOBOJAT IJIABHBIM MEPUOJ, a 3aTEM 3aKJIIOUUTEJbHbIN, KaK OMKMCAHO BhIIIE. Pe3ynbTaThl OonbiTa
3aHOCAT B TaONuUIy 3, aHATOTUYHYIO Tabmuie 1, a 3aTeM HAHOCAT Ha pUC. 3, aHATOTUYHBIE PHC.2
Ju1st HaxoxkaeHus Aty. Mexons U3 mony4eHHbIX 3Ha4eHU Atz M IOCTOSSHHOM KaJlOpUMETpa, orpe-
JETAIOT TemnoBoil A3p(EeKT peaKIuy pacTBOPeHHs HensBecTHoM comu B K[k -krt mmm [kl

TemnoBoii 3 dexT, cBA3aHHBIN ¢ H3MEHEHUEM TeMIIEpaTyphl BCIIEICTBUE Mpoliecca, po-
TEKAIOILEr0 B KAJIOPUMETPE, PACCUUTHIBAETCS 110 YPABHEHHUIO:

gractB(CuSO4- vHO) =K - At 4)

¥ riepecunthiBaroT B [k /r. s atoro geacte(CuSOs - VH20) mensT Ha TOUHYIO Maccy HaBECKH
COJIH, BEIPQKEHHYIO B TPaMMax.

QpacTB = Qpacta(con) -1000/m (5)
rae QeactB(CuSOs - vH20) — KOIHYECTBO TEIIOTHI, BBIACIAIONICECS P PACTBOPEHUH HABECKH
KPHUCTaJIOTHIPATa;

m — macca oOpasna (cMecH KpUCTaJUIOTHPATOB);
1000 — ko3 dunment nis nepecuera kJx B JIk;
Q PACTB — TEIIOTA PacTBOPEHMsI HccieayemMoro oopasna, JIx /v (k[x/kr).

Dtan 3. O0padoTKa IKCIEPUMEHTAJBHBIX TAHHBIX. PACUYET COAEPKAHUS BOILI B
KPHUCTAJJIOrHAPATEe

B cootBetrcTBHM ¢ mpaBuioM ¢a3 ['ub0ca, B uccieqyeMom odpasiie MOKET OBITH TOJIBKO
nBe (OPMBI TUAPATOB.

Torma 1 rpamm obpasna cocrout u3 N rpaMmmoB CuSOs - aH20 u Kk rpammor CuSOy -
bH20, 1.0. 0<a,b<5. KonuuectBo (hopM KpUCTAIIOTHIPATa BBIYHUCIISAIOT, PEIlasi CUCTEMY ypaB-
HEHMUII:

n+k=1
Qract1- N+ Qpacte2 - K= QpacTs, (6)
rae, N u K — maccel kpuctautoruaparos (T) B 1 rpamMme oOpasiia;
M — Macca HaBECKH CMECH KPUCTAJUIOTUAPATOB, T;
QpacTB 1 1 Q PACTB 2 — TEIUIOTHI PACTBOPEHUS KPUCTAIIIOTUAPATOB, J[K/T (13 Tabnuiisl 1,);
QPACTB — TEIUIOTa PACTBOPEHHUS HCCIEAYeMOro Kpucramtoruapara, JDK/T (HaiijeHo SKcrepH-
MEHTAJIBHO TI0 YP.5).

[MonydeHHbIe, pellieHHEM CUCTEMbI ypaBHEHH, 3HAYCHUS N U K mepecunTarh Ha M, Maccy
HABECKU KPUCTALIOTUAPATA, MTOTYYHM 3HAUYCHUS X U ), T.€. MacChl KPUCTAJUIOTHIPATOB B TAHHOU
Macce HaBEeCKH.

Jlanee HEOOXOAMMO BBIUUCIUTE COAEPIKaHUE BOJBI B CMECH KPUCTAJUIOTUPATOB:

m (H20) = (x/M1) - aMmu20 + (y/M2) - b-Mmoo, (7
rae m (H20) — conepxaHue BOIBI B CMECH KPUCTAILIIOTHIPATOB, T;
M1 u M2 — MOJISIpHBIE MacChl Pa3TUYHBIX (OPM KPHCTATUIOTHAPATOB, OMPEACeIICHHBIC MO Ta0IHIIe
1.
(x/M1)-a-Mmu20 1 (y/M2)-b-Mu20 — KonmdecTBa BOIbI B pa3inyHbIX popmax (a u b xommyectBo
MOJIb BOJIBI B KpHCTaJUIOTHIpaTax ¢ M1 u Mz, onpenenenHsle o Tabdi.l);
M (H20) — momnsipHast Mmacca BOJBI, I/MOJIb.



MaccoByto fgomto Boabl B oopasie ow(H20) Beraucasaior o popmye:
® (H20) = [M(H20) - 100 %]/ Myas. (8)
4. TpeooBaHHUSA K COAEPKAHHUIO OTYETA
OTyYeT NOKEH CONEPIKATh:

ens paboTsr,

1. uenb paGoTHI;

2. cxemy Kasopumetpa (puc.l);

3. xop paboThl.

4. Ttabmuny 1, Tabmnuusl 2 U 3, B KOTOPBIX (PUKCUPYETCA U3MEHEHHE TeMIIepaTyphl P OIpeie-
JICHUW KOHCTAHTHI KAJIOPUMETpa U MPH ONPEACICHUN DHTAIBIIUN PACTBOPEHUS KPUCTAIIIO-
TUJIpaTa;

5. pwuc.2 u puc.3, Ha KOTOPBIX M300pakeHbl 3aBucumocTh t = f (t) u onpenenensr Aty u Atz co-
OTBETCTBEHHO.

6. pacdersl, MPUBEACHHBIE TOJTHOCTHIO:

— KOHCTAHTBI KaJIOPUMETPA,

— Ka4eCTBEHHOI'0 ¥ KOJINYECTBEHHOI'O COCTaBa CMECU KPUCTAJIOIHIPATOB;

— MacCcOBOH J10JIM BOJIbI B CMECH KPHUCTAJIIOTUIPATOB;
7. BBIBOJBL: B BBIBOJIaX YKA3bIBAIOT KAUECTBEHHBIM M KOJMYECTBEHHBIN COCTaB CMECU KPHUCTAJ-

JIOTUAPATOB U MACCOBYIO JIOJIIO BOJIbI B CMECH KPHCTAJUIOTUIPATOB.

MNPUJIOXEHHUE K J1.P.4

Tadamua 1. MaTerpanbHas TemioTta pacTBopeHus coseit B Boje npu 25°C [3]

Cm, Mon conu Ha 1 kr AHnm, xJIx-Momp

H20

NH4CI NHsNO3 KCI K2S04
0,1 15,10 25,75 17,55 24,78
0,2 15,19 25,56 17,57 24,58
0,3 15,23 25,38 17,55 24,27
0,4 15,27 25,21 17,50 23,95
0,5 15,27 25,06 17,43 23,58
1,0 15,31 24,31 17,28 -

4. Komnnaexkm 3a0au no meme « Tepmoounamuueckue nomeHyuanvl)

1. JlaBieHue HACHIIMIEHHOTO Tapa HaJ XKUAKOW BomoW W Haja abaoM npu 268 K coorser-
cTBeHHO paBHO 421,7 u 401,7 Ila. Paccuuraiite u3smenenue sHeprun ['mu66ca AG ansa nepe-
X0J1a OJTHOTO MOJIS )KHAKOM BoJbI B ey nipu 268 K.

2. Ilpu oOpaTUMOM H30TEPMHUYECKOM CXKaTHM HEKOTOPOTO KOJMUYECTBA ra3a B HAE€aJbHOM
COCTOSTHUH OT JaByieHus P1 1o maeinenus P2 sHeprus [m66ca G m3menmnack Ha200 JIx. Ka-
KOBO 10 CPAaBHEHHIO C 3TOH BenMYMHON Oyner m3MeHeHue sHepruu ['mb6ca npu nogodHOM
Xe, HoO HeoOpaTuMoM miepexoie ot P1 1o Po?

3. B pesynbrare pacmupenus 20 kr Bogopoaa npu 300 K o6sem raza ysennumiics B 1000
pa3. Beruucnure nzmenenune >Heprun ['mb66ca (M300apHO-M30TEPMHUUYECKOTO MOTEHIIMANA) B
ATOM IIpOLECCE, CUUTAsA BOAOPO] UI€AIBHBIM Ia30M.

4. Paccunraiite BenmunHy AG® mpu m300apuyecKOM HarpeBaHud | MOJb Ta3000pa3HOTO
xiopopopma ot 310 mo 360 K, monp3ysich cupaBOYHBIMU AAHHBIMU M CUHUTAasl TeMIIepa-
TypHBIH K03 dunuent suepruun I'm66ca (1300apHO-U30TEPMUUECKOTO MOTEHIMANA) BETUYH-
HOH MOCTOSIHHOM.

5. B pesynbrare cxarus 16 xr Oz npu 400 K nasnenue yBenuuunock B 100 pa3. Beruucaure
M3MEHEeHUe dHepruu [ enpbmrombia (M30X0pPHO-U30TEPMHUUECKOr0 MOTEHIMANa), CUUTAsi KUCIIO-
pPOX NIeaIbHBIM Ia30M.



6. Onpenenure u3mMeHenue >Heprun ['n66ca (M300apHO-MU30TEPMUUECKOTO MOTEHIIUANA) TIPH
pPaBHOBECHOM KOHAEHcanuu 1 KMok BoasHOTro napa npu 373 K u naBnenuun 1,0133-10° I1a,
eCJIM TEemIoTa ucrnapeHns Boasl paBHa 40,7-10% [/kMo07b, a M3MEHEHHe SHTPOIUU BOIBI IPH
ucnaperun 109-10° JHx/kmons-K.

7. s peakiuu Ho + Cl2 = 2HCI (Bce BemecTBa ra3oo0pa3Hbie) H3MeHeHHe dHepruu [ mboca
pu 298 K AG paBno —190,5 x/[x. Paccuuraiite Benuuuny AG mist aToil peakuuu mpu 348
K, monp3ysch CipaBOYHBIMH JAHHBIMH M CUHTAs, YTO MU3MEHEHHE SHTPOIHH B XOJE€ ITOH pe-
aKI[MU HE 3aBUCUT OT TEMIIEPATyPHI.

8*, 3aBucumocts sneprun ['n66ca ot Temneparypsl peakiuu Al (k) + Clz = AICI3(x) B npenenax
Temnepatyp 466-720K Bripakaercs ypaaeHneM AG = -483000 — 54,6 TInT + 6,36-10 T2 —
21400 1/T + 494T (/Ix). Haiinure 3aBUCUMOCTD OT TEMIIEpaTypbl SHTPOIIUU STON PEaKIUU U
olpenenuTe u3MeHeHue dHeprun [ mo6ca, SHTPOIMH U SHTAIBITUH.

9*. Haiitu AG mpu 400K mns peakmum 1/2N2 + 3/2H2 = NHs, ecnmm AGzes = -16,635
kJ>K/MOJTb, TIpU pacyeTax yYUTHIBATH 3aBUCUMOCTb SHTPOINUHU U TEIUIOEMKOCTH OT TEMIIepa-

TYpBI.

4. Konmponvnaa paoboma Nel no meme: «Ilepeviii 3akon mepmoounamuxku. Bmopoii 3axon
mepmoounamuru. Tepmoxumusny,
BapuanTt 1
3aoanue 1. Kakoe KOJTUYECTBO TEIUIOTHI MOTpeOyeTcs g HarpeBaHusi 10 Kr mapoB u3o-
npeHa ot 127 no 227°C npu HOpMaJIbHOM JAaBJICHUH, €CIIM TEMIIepaTypHas 3aBUCUMOCTh
HMCTUHHOW MOJIHOM TerioeMKocTH ([ k/Momb-Tpax) Beipaxaercs GopMynoi:
C,=3,98+0,337t-0,1243 - 103 1,
3aoanue 2. BeruncnuTh naBieHue | KMOIb ABYOKHCH cepbl, Haxoasmuiicsa npu 100°C B
emxoctu 10 M°. Mcrons3oBath s pacueToB ypaBHEHHsS COCTOSHHUS MAEaTbHOTO U pe-
anbHOrO ra3oB. CONnoCTaBUTh MOJYYEHHBIE B TOM M JPYTOM CIydasx pe3yibTaThl U CHe-
JIaTh 3aKJIOUYEHHE O BO3MOXXHOCTH NMPUMEHEHHS B pacueTax MpPH 3aJlaHHBIX YCJIOBHUSX
ypaBHeHus Menzeneesa-Knanelipona.
3aoanue 3. Haiinute usmeHeHue sHTponuu npu cmemenuu 200 r BoJibl, B3SITON MIpH
temneparype 320 K, u 150 r apaa, B3sitoro npu temneparype 263 K. TeroemkocTs
BOJbI paBHa 4,187 JIx/r-rpan, nena — 1,88 Lx/r-rpan. st onpeaeneHnsi KOHEYHOTO
COCTOSIHHSI CUCTEMBI HEOOXOIUMO YUECTh TEIUIOOOMEH MPU OXJIAXKJIECHUHU BOIBI U TIPU
HarpeBaHUU JibJa.

Bapmuanr 2

3adanue 1. 6 T Bogoposa, B3aTOrO NipH Aasaenuu 1,1013-10° Ia, HarpeBaroT MpH MOCTO-
SIHHOM 00beMe, paBHOM

67,2 -10° M3, ¢ TakuM pacdyeToM, YTO6HI BHYTPEHHSS SHEPrUs ero Bozpocna Ha 8650 JIx.
TernnoemkocTh BOOpOa MpHU MOCTOSHHOM JaBieHuu paBHa 28,83 Jlx/monb-rpan. Ka-
KM OKa)KeTCs KOHEYHOE JaBJICHUE BOIOpoa?

3aoanue 2. Haiitn TeruoBoit agdexT peakiwn ZnS(m) + 3/202(ea3) = ZnO(m) +
SO2(2az)

pu Temneparype 900°C, ecin 3aBUCHMOCTH TEIIIOEMKOCTEN peareHTOB OT TEMITEpaTyphl
TaKOBBI:

Cp, zns(n= 54-10% + 4,96T — 8,12 - 108T2 JIx/xmons-K;

Cp, znom= 47,6-10% + 4,8T — 8,25 - 108T? T/xmoub-K;

Cp, 02(9=31,5-10% + 3,39T — 3,77 - 108T2 [Ix/xmons-K;

Cp, so2m= 71,5-10% + 10,73T — 12,72 - 10T Tx/kmomb-K.

CraHgapTHBIE TETUIOTHI 00pa30BaHMs BELIECTB U3 AJIEMEHTOB CIICAYIOIIHUE:

AHPgg, zns = -203-10° Tx/kmoub, AH%gs zno = -348-108Txx/xMoi5,

AH%9s s02 = -297-108 Ixx/xMoi1b.



3aoanue 3. TennoBoii 3 ekt cropanus HaQTaTIWHA 0 IBYOKHUCH yIiepoja 1 Boabl (B
JKUJIKOM COCTOSIHUH) TIpU ToCcTOSTHHOM 00beme u 18°C paBen 5162 kJIx/Monb. Onpe-
JEUTH TEIIOBOK 3 eKT cropanus HadTaIuHA NPU MOCTOSTHHOM JAaBICHUH U TOH ke
TeMIiepaType.

Pazoen |l. Xumuueckoe pasnosecue
Tema 2.1. 3akon oeiicmeyroujux macc. Koncmanma xumuueckozo pagnosecus u cocmae cu-
cmembl. Xumuueckue u adcopoyuonHsle pagnosecus. Cmeujenue XumuuecKko2o pasHo8ecus.

1. Bonpocwt k ycmuomy onpocy

1. O6parumeie peakuu.

2. Uto 03Ha4yaeT COCTOSIHME XMMHUYECKOro paBHoBecus? Kak MOXHO ompenenuTb, 4YTO B
CUCTEME HACTYIUJIO paBHOBecue? YCIIOBUS XMMHUYECKOTO paBHOBecus. KoHCTaHTa paBHOBECHS.
Kakue ¢aktopsl BIuaOT Ha KOHCTaHTHl paBHoBecus K, u K¢, ecnu pearupyromyio cuctemy
paccMaTpuBarh Kak uaeaiabHyro? Hamummure mMaTeMaTHYeCKO€ COOTHOLICHUE MEXIY BEIUYM-
Hamu Kp u Kc Jlnsa xumudeckoit peakiuu. Kakas u3 3tux BeauduH 0osbline?

3. HanmmmTe MaTeMaTHuecKoe BhIpaKEHHE 3aKOHA JEHCTBYIOIINX MAcC MPUMEHHUTEIBHO K
00paTUMbIM HJCAbHBIM OJHOPOJHBIM XUMUYECKUM CHUCTEMaM M peajbHbIM. B Kakux ciydasx
00paTUMBbIe peakIy MPOTEKaT 10 KoHIA? OOBSICHUTE 3TO C TOYKH 3PEHHUS 3aKOHA JIEHCTBYIO-
IIMX Macc.

4. ChopmynupyiiTe MPUHLIUI CMEUICHUsT XUMU4ecKkoro paBHoBecus Jle-Illatense. Cmerie-
HUE XUMHYECKOT0 PAaBHOBECHUS: BIUSIHUE TEMIIEPATYpPbl, KOHIICHTPALMH, JaBI€HUsA. 3aBUCUT JIU
U KaK KOHCTaHTa paBHOBecHs xumuueckoi peakuuu K. u Ky, mporekaromieil B uaeaibHOM
razoo0pa3HOM COCTOSIHMHM, OT KOHIEHTpAaIlMu pearupyroumx BeniectB? 3aBUCUT JU U Kak
KOHCTaHTa paBHOBecUs K, XUMUYECKOW PEaKIHNH, MPOTEKAIOIICH B UICATBHOM ra3000pa3HOM
COCTOSIHUHU, OT KOJIMYECTBA MOJIEH BELIECTB, YYaCTBYIOIIUX B HEW?

2. Jlabopamopnas paboma Ne5 «Onpeodenenue KOHCManm UOHU3AUUU KUCTOMHO-OCHOBHBIX
UHOUKAMOPO8»

Lenv 0annou pabomul: onpenieNeHue KOHCTAHT HOHU3AlUN KUCIOTHO-OCHOBHBIX MH/MKA-
TOPOB CIIEKTPO(POTOMETPUUECKH.

Ilpubopwvr u peakmugwl: cieKTpoGoTOMETp WK (HOTORIEKTPOKOIOPUMETP, HAOOP KIOBET;
npobupky, mumerka Ha 1 cm®, muneTka Ha 10 em3;0ydepHbie pactopsl ¢ pH ot 1,0 1o 14,0; pac-
TBOp MHIMKATOpa ¢ KoHIeHTpanuei 10~*M (KOHTo KpacHbIii, Kpe30I0BbIil KpacHbI, THMOJIOBBIIA
CHHWUIA, KCUJIMHOJIOBBIN OpaHXeBbIi, OPOM(EHOIOBBIH CHHUIA U Jp.).

IHopsinok BbINOJHEHHS Pa0OTHI

1. B 14 npo6upok ¢ moMoIsio muneTku Ha 1 cm® BHOCAT 10 1 cM® pacTBopa MHAMKaTOpa,
3aTeM ¢ moMomibio muneTky Ha 10 cv® BHOcAT GydepHe pactBops ¢ pH ot 1 10 14 mo 10 cm®
(T.e. nobasmsor 10 cm® GydepHOro pacTBopa, CeIyIONIUM 00pa3oM: B 1 TIPoGUPKY pacTBOp ¢
pH =1, Bo BTOpyto — ¢ pH =2, B Tpetbto —c pH =3 u 1.1.).

2. Yepe3 10 MUHYT U3MEPSIOT ONTHYECKHUE IUNIOTHOCTH MOJIYYEHHBIX PACTBOPOB IIPHU OINTH-
MaJbHOM JUIMHE BOJIHBI, B KIOBETE Ha 5 CM. B KadecTBe pacTBOpa CpaBHEHUs HMCIOJB3YIOT JIH-
CTHJUITMPOBaHHYIO Boay. [TomydeHHble JaHHbIe BHOCAT B Tabuuiy 1. OnbIT HOBTOPSIOT TPH pasa.

Taomauna 1
IMIMPpHYECKHEe JaHHbIe 1JIs1 TPa(UYeCKOr0 HAXO0KICHUA
KOHCTAHT HOHU3ALUM HHAUKATOPA
OnTuyeckas IVIOTHOCTh, A
pH
1 cepus 2 cepust 3 cepusn

1
2




Puc.1 3aBucumocTs ontuueckoi miaoTHoctd A oT pH pacTBopa.

! 4. Tlo rpaguky (cm. puc.l) Kk KpUBOW CBETONOIJIOIIEHUS, Ha
\\g; y4acTke KpyToro mnoabema (obmacts pH, rie mpoucxoaut Auc-
COLIMAIIMS ), OTPAHUYCHHBINA JBYMSI Y9aCTKaMH B 001aCTH HU3KHUX
pH (rzme Her nqucconmanum) u o6xactu Beicokux pH (T1e peareHT
HAXOJHUTCSI B TIOJHOCTHIO IMCCOLIMUPOBAHHON (hopMe) MPOBECTH
TPU FOPU30HTAIIBHBIX KacaTeabHBIX a, 0, c. OTMETUTH TOUKH I1e-
pecedeHus kacatenbHbIX (1-2). Halitu rpaduyecku cpenHee 3Ha-
YCHHE MEX Ty TOYKaMu | 1 2 U cripoenmpoBaTh Ha OCh abcruce —

»pH

3TO W OyJeT uucieHHoe 3HadeHne pK HOHU3alMU U3y4aeMoro
WHJIUKATOpAa.

B 3aBHCHMOCTH OT CTPOEHMSI MHAMKATOPBI MOT'YT MMETh HECKOJBKO 3HAUYEHUN KOHCTAHT
nonuszauu B untepBasie pH ot 1 no 14. I'paduk cTposT Tpuxkasl, Ui Kaxaoil cepun. [lanee
IPOBOJAT CTATUCTUYECKYIO 00pabOTKY MOJTYyYEHHBIX PE3YJIbTaTOB.

5. Jlanee BeimuchiBatoT u3 crpaBouHuka (Jlypse FO.}O. CnpaBouHMK MO aHaIUTUYECKOU
XUMHHK) 3HaueHus: pK uHIuKaTopa A BceX €ro nepexojoB OKPackd U CPaBHUBAIOT €ro C MOIy-
YEHHBIMHU.

6. BommceiBatoT u3 crpaBounuka (JIypse FO.JO. CipaBouHUK 1O aHAIUTHYECKOW XUMUHM)
dbopMyny UHAMKATOpPA U IPUBOJAT YPAaBHEHUE €r0 TUCCOLIMALINHU, B 3aBUCUMOCTH OT CpeJIbl pac-
TBODA.

7. PaccuuThIBalOT OTHOCUTENBHYIO OIIHOKY onpexaeneHus pK.

Cmpykmypa u cooeprcanue omuema

OTuer 10JIKeH COepPxKaATh:
1. DxcnepuMeHTaIbHBIE JAaHHBIE U PE3YJIbTaThl pacueToB (Tadnuua).
2. I'papuueckoe onpenenenue pK mHImKaTOpA.
3. ®opMynly HHAMKATOPA U YpaBHEHHE €ro AUCCOLHUAINH, B 3aBUCMOCTH OT CPEIbl pacTBOpa
4. Pac4eT OTHOCUTEHHOU U a0COJFOTHOM OIIMOKH OMpEETICHUsSI C BEIBOJOM O TOYHOCTH OIpe-
JIEJICHUS.
Bonpoch! 1 3a1auu AJ151 CAMOKOHTPOJIS

1. B uem coctout 3akoH Jlambepta-bepa-byrepa? CunTe3oM Kakux JIByX 3aKOHOB OH SIBJISIETCS?
2. Uto Ha3bIBaeTCS KOOPPHUIMEHTOM TOTIIOMCHHS?
3. Kakast Benmn4urHa Ha3bIBa€TCs ONTUYECKON IIJIOTHOCTHIO?
4. Yro nipencrapiisier coOO# CIIeKTp MOTJIONICHHSI BEeIecTBa?
5. Jlatb onpezaeneHyre NOHATUIO MHAUKATOP. [IpuBecTn kiaccudukanno HHINKATOPOB € IpUMe-
paMu CTPYKTYp JAHHBIX BEILECTB.




6. O0nacTu NpUMEHEHUS! HHIUKATOPOB.
7. ApryMeHTHOBaHHO 000CcHOBaTh paBeHcTBO pK=pH.

3. Komnnexm 3a0au k meme 2.1.

1. Ompenenute paBHOBECHYIO KOHIIEHTpaluio Bogopoaa B peakmun:2HI = Hz + l.ecnu mcxon-
Hast konterrpanus Hl cocrasisier 0,55 monb/i, a koHcTanTa paBHoBecus K. = 0,12,

2. IIpu HekoTopoii TeMmepaType KoHcTanTa paBHoBecus nuccormannu N2Os = 2NO2 K. = 0,26.
PaBnoBecHast koHnentpanus NO; paBna 0,28 Monb/n. Beruucinute paBHOBECHYIO W TIEpPBOHA-
yanbHyto KoHneHTpauuio N20Os. Kakas maccoBast 1051 B % 3TOro BemiecTBa NpoIuCCOLUUPYET K
MOMEHTY YCTaHOBJIEHUSI paBHOBeCHA?

3. Iaruxnopucteiit pocdop nuccounupyet npu HarpeBanuu no ypaBHenuto PCls «» PCls +
Clonipu Hexotopoii Temmepatype u3 1 mosb PCls, Haxoasierocsi B 3aKkpbITOM COCY/I€ EMKOCThIO
10 n, paznaraetcs 0,75 monb. OnpeAeuTb KOHCTAHTY PAaBHOBECHS IIPU ITOU TeMIIepaType.

4. Tlpu cocrossanu paBHOBecusi cuctembl N2 + 3H2 ¢«» 2NH3 koHnenrtpamus azora pasHa 0,3
Monb/1; Bopopoaa — 0,9 monb/i; ammuaka — 0,4 Mosb/f. BIUMCIUTE KOHCTaHTY paBHOBECUS U
MCXO/IHBIC KOHIIEHTPAIIUH a30Ta U BOJIOPOIA.

5. Peakuus obpa3zoBanusi BOJASHOTO Napa npoTekaeT no ypaBuenuto CO, + Hz «» CO + H20 nipu
1936 K u 1,013 - 10° ITa paBHOBecHas cMech umeer coctas: Cco= Cuo = 30,1%; Cco2 = Cuz =
19,9%. BbIUMCIUTD KOHCTAHTY PAaBHOBECHS PEAKIIMU M UCXOAHbIC KOHIeHTpanuu (%) AByokucu
yriaepojaa u BOAOpoa.

6. TTpu 986°C xoncranTa paBHOBecus 11s peaktmu CO + H20<» CO2+ H; paBHa 1,60. Onpene-
JUTH COCTaB cMecH Ipu paBHOBecuu (%), eciiu B UCXOIHOM cmecu coaepxanock 40% okucu yr-
nepona u 60% napoB BOJBI.

7. Koncranra paBHoBecus peakuuu paBHa 4. CH3COOH + C:HsOH <» CH3COOC:Hs + H20
KakoB OyzeT coctaB paBHOBECHOM CMeCH, €CIM BBECTU B peakuuio 1 Moinb 3¢dupa u 3 Moib Bo-
IIBI?

8. KoncranTa paBHOBecus peakuuu paBHa 4.CH3COOH + C2HsOH <» CH3COOC2Hs + H20
Kaxkoe xonmmnuectBo a¢upa (r) moaydutcs, eciau B3sATh 115 1 ciupra u 45 T yKCYCHOM KUCTOTHI?

9. Peaxius mpotekaet no ypaBHeHUto A+b <> C+]I. KoHcTanTa paBHOBecusl Mpu HEKOTOPOI
Temneparype pasHa 3-102. OmpesienuTh paBHOBECHYIO KOHIIEHTpAIHMIO BemecTBa b, ecnm pas-
HOBECHBIE KOHIIeHTparuu paBHbL: Ca = 0,5 momnw/n, Cc = 0,2 monb/n, Cx = 0,1 Monb/1.

10. KoncranTa paBHOBecus peakunu pasHa 4. CH3COOH + C2HsOH [0 CH3COOC2Hs + H20
KaxoB Oyner coctaB paBHOBECHOM CMECH, €CJIM UCXOHASI CMECh COCTOUT U3 | MOJIb KUCIIOTHI, 2
MOJIb criupTa, 1 Mosb Boabl U 1 Mok 3dupa?

11.MomucThii BOXOPO/ AMCCOLMUPYET IPU HATPEBAHHH HA HOX M BOAOPOX Mo peaximu 2HI =
H2 + |2 mpu HekoTOpoii TeMnepaType KOHCTaHTa paBHOBECHsI 3TOM peakuuu paBHa 1/64. Paccuun-
TaTh KOMM4ecTBO (%) HOAUCTOr0 BOAOPO/A, MOABEPIIIErocs AUCCOLUAINM [IPH JaHHOW TemIie-
patype, eciu HadallbHas KOHIIEHTpalKs HOJIUCTOrO BOJOPO/Ia PaBHsIACH 4 MOJIb.

12. OnpenenuTh COCTaB cMecH K MOMEHTY paBHoBecHs s peakunn CO + H,O<¢» CO2+ H,
ecim ripu 930,5°C koHcTanTa paBHoBecus (K.) paBHa 1 u 10 peakuu B cMecu 66110 1 Moms CO
U 5 MOJIb TIapOB BOJBI.

13. KoncranTa paBHoecus K. peaktmn SOz + Clz «» SO2Cl, mpn 102°C pasna 13,33. Onperne-
JUTH 3HaUeHue K, mpu JaHHOU TemrepaType.

14. KoncranTa pasroBecus K, peaxmuu CO + Clp < COClp nmpu 600°C npubnmsuTensHo paBHa
1,67 - 10°°. Berancinuts K, peakuuy Ipy JaHHOH TeMIIepaType.

15. Koncranta pasnoBecus peakuuu Nz + O2¢32NO pasna 3,510 npu 2675K. Paccuurath BbI-
x011 (%) NO, eciiu a30T ¥ KHCIOPO/ B3AThI B 3KBUMOJICKYJIIPHBIX KOJHUECTBAX.

16. Ins peaktun SOz + % O, ¢» SO3 KoncranTa paBroBecus K, mpu 900 K pasma 2,058-1072,
Boeruncnuth K U1l TaHHOW peakIuy Mpu yKa3aHHOU TeMIepaType.

17. OnpeaenuTsh COCTaB CMECH B MOMEHT paBHOBecHs /i peakimu FeO + CO «» Fe + CO3,
ecmu ipu 1000°C K, = 0,4.



18. Ipu mocTixkenun paBHOBecuu peakuun 3Fe + 4H,0 «» FesOs + 4Hz npu 200°C napiu-
aJTbHOE JaBJIeHHUE 00pa30BaBIIETOCs BOJOpoaa paBHseTcs 127168 H/m?. HauansHOe 1aBiieHue
BOJIHOTO mapa Obu1o 133322 H/M?. BHIYMCINTH KOHCTaHTY PaBHOBECHS NAHHOM peaKiyH IpH
YKa3aHHOH TeMIieparype.

19. Onpenenuts kKoHCTaHTYy paBHOBecust K. s peaknuu 3Fe + 4H,O «» FesOs + 4H; ecnu
npu 900 K mapuuansHoe faBieHne Bogopoaa pasao 9571 H/m2, Boasr 6571,7 H/M?.

20. Paccunrath K, u K. s peakiuu PCls «» PCls + Clz ipu 500 K, eciin k MOMEHTY paBHOBe-
cuss npoauccouunpoBano 54% PCls, a wucxomnas koHueHtpauus PCls Obuta paBaa 1
Mmoutb/1. KorTposbHas padota Ne2: «Xumuueckoe paBHOBecrue. CMEIIEHHE XMMUYECKOTO PaBHO-
BECHS.

Tema 2.2. Maxcumanvhasn paboma u xumuieckoe cpoocmaeo.
Ypasuenus uzomepmor xumuueckoii peaxkyuu
1. Bonpocwt kK ycmuomy onpocy

1. MakcumainbHas paboTa ¥ XUMUYECKOE CPOJICTBO: IIPU CTAHIAPTHBIX YCIOBUSX, B HEPAB-
HOBECHOUM CHUCTEeME, IIPH YCJIIOBUM, €CIIM JAaBJICHUS MPUBEACHBI B PA3MEPHOCTU — aTMO-
chepa.

2. Hammmmrte ypaBHeHMe, CBA3BIBAaOIEe cTaHaapTHOe cpoacTBo AGT’ u KoHCTaHTY
paBHoBecus Kp, npu noctossHHbIX P U T, eciiu JaBJI€HUE BhIPAXKEHO B MAaCKaJIAX.

3. Uro sBIgeTCS MEPOM CTaHAAPTHOTO CPOJCTBA XUMUUYECKONW PEaKIUU MPU MOCTOSHHBIX
P u T? JIna kakux peakiuii KOHCTaHTa paBHOBecus K, paBHa paBHOBECHOMY JaBjie-
HUIO B CUCTEME MPU TaHHOU TeMmneparype?

2. Jlabopamopuasa paboma Neb «H3yuenue e1usanue uOHHOU CUbl PACMEOPA HA KOHCHAHMbl
UOHU3QUUU KUCIOMHO-OCHOGHBIX UHOUKAMOPOB)

Llenv Oannou pabomul: yCTAaHOBUTH 3aBUCUMOCTb BIIMSHHMSI MOHHOW CHJIBI pacTBOpa Ha
KOHCTaHTbl MOHU3ALIUY KUCIOTHO-OCHOBHBIX MHJIUKATOPOB CHEKTPO(HOTOMETPUUECKH.

IIpubopuvl u peakmuewl: cIEKTpoGOTOMETP UM (POTOINEKTPOKOIOPUMETP, HAOOP KIOBET;
npobupky, mumerka Ha 1 cM®, munetka Ha 10 cm®; 6ydepusie pactsopsl ¢ pH ot 1,0 1o 14,0;
pacTBOp MHAMKATOpa ¢ KoHueHTpamueidl 10~*M (KOHro KpacHBIH, Kpe30JI0Bblil KpacHBIH, THMO-
JIOBBI CHHUH, KCHJIMHOJIOBBIH OpaH)XeBbIH, OpOMQEHOIOBbINH cuHMii U 1p.), 4M pacteop KCI
(NaCl).

Xoa padoTsl

I. Iran. [IpuroroBuTh 4 cepun pacTBOPOB € Pa3HBIM 3HAYCHHEM MOHHOW CHJIBI PACTBOPOB.
1. HepBas cepus: B 14 npo6upok BHectu 10 1 cM> pactBopa uuaukaropa (C=10"* mons/gm>),
o 1 cm® 4M KCl u nosectn o6mmii 066em 10 10 cm® 6ydepasivu pactBopamu ¢ pH=1-14.
2. Bropas cepus: B 14 npo6upok BHecTH 1o 1 cm® pactBopa maamkatopa (C=10"* mons/am?),
o 2 cm® 4M KCl u nosectu o6muit 06bem 10 10 cm® 6ydepusivu pactBopamu ¢ pH=1-14.
3. Tperbsa cepus: B 14 npo6upok BHecTu 1o 1 cmM> pactBopa uuaukaropa (C=10"* mons/am?),
o 4 cm® 4M KCl u nosectn o6mmii 066em 10 10 cm® 6ydepasivu pactBopamu ¢ pH=1-14.
4. Yersepras cepusi: B 14 mpobupox BHectm mo 1cm® pactBopa mHmmkatopa (C=10*
mons/am®), o 6 cm® 4M KCl u nosectu o6uimii 06bem 10 10 cM® GydhepHbIME pacTBOpaMu ¢
pH=1-14.
5. PaccunTtaTh HOHHYIO CHITYy PACTBOPOB KaXK/IOM CEPUH C YIETOM pa3OaBIICHHS.

1. 9ran. Yepe3 10 MUHYT U3MEPSIOT ONTHYECKUE TUIOTHOCTH TIOJYYCHHBIX PaCTBOPOB MPH
ONTHUMAJIBHOM JUIMHE BOJIHBI, B KIOBETE Ha 5 CM. B KauecTBe pacTBOpa CpaBHEHUS MCIOJIB3YIOT
JTUCTUJUTMPOBAaHHYIO BOAy. [lomydueHHbIe JaHHBIC BHOCAT B TaOHILy 1.



Taoaunma 1
IMNUpUYEeCKHe TaHHbIE IS TPa(uYecKoro HaxXoKIeHust
KOHCTAHT HOHM3AIIUM MHIMKATOPA NPHU Pa3HOl MOHHOM CHJIe PACTBOPOB
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I11. ITan — 00padoTka IKCIIEPUMEHTAIbHBIX JAHHBIX.

1.

Ctposdr rpaduk 3aBUCUMOCTU «ONTHYECKas MIIOTHOCTh — pH» 11sl KaXK0ii cepuu pacTBOPOB,

B KOTOpbIe 100aBisuuch oquHakoBbie konmudectBa NaCl (KCl).

2.
3.

Hanee rpadpuuecku HaxoaaT pK HHAMKATOPOB JUISl KaXKA0H CEpHH.

Crposit rpaduk 3aBucumoctu «pK — /u», rae g — noHHast cuina pacteopa (puc.). [Ipsimast ot1-
CEKAeT OT BEPTUKAIBHOW OCU OTPE30K, YUCICHHO PAaBHbBIN
pK?, T.e. 0OpaTHBIi TOrapu(pM KOHCTAHTH HOHU3AINN HH-
JUKaTOpa IPpU HOHHOM CHJIE PaBHOM HYIIIO.

~ Torna pnsa mo6oi noHHOM cuitbl pK paccunThbiBa-

~ ercas mo ¢opmyne: pK = pK° + By/u. Bemuuuna «B»

orpejensercs Kak tg¢@ — yrioBoi KOdpGHUIMEHT NPsMOH.

—IlgK

_1gK® Tonvko nocne naxoxncoenus pK no npusedennoi ¢op-

Myne paboma cuumaemcs 3aKOHYEHHOI.
tgp=B
3/5.p%/
B=T7/2-D /2
- D — nuanekTpuyeckas IpOHUIIAEMOCTh CPEBI.

N

Puc. 3aBucumocts pK nHaukaTopa ot 1L pactBopa

—
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Cmpykmypa u cooepicanue omuema
OTu4er 10JIKeH COaepxKaATh:

. DKCIIepUMEHTAIbHBIE TaHHBIE U PE3YIbTATHI pacyeToB (Ta0IHIA).
. I'paduueckoe onpenenenne pK nHaMKaTOpa MPU pa3HO HOHHOW CHJIE pacTBOpa.
. @opMyly MHIMKATOpaA U YPABHEHHE €T0 IUCCOLUAIINH, B 3aBUCUMOCTH OT CPEJIbl pacTBOpa

BOHpOCbI " 3aa494 AJd CAMOKOHTPOJIsA

. B uem coctout 3akon JlamGepra-bepa-byrepa? CuHTe30M KakuX JABYX 3aKOHOB OH SIBJISIeTCA?
. Uro Ha3piBaeTcsa KOA(G(HULIMEHTOM MOTTIOMEHUS?

. Kakas BenmnunHa Ha3bIBa€TCsl ONTUYECKON MIJIOTHOCTHIO?

. Uto mpeacTaBisieT co00# CIEKTp MOTJIONMIEHUS BemecTBa?

. ApryMeHTHOBaHHO 000CHOBATh HOTyYeHHbIe 3akoHoMepHOCTH pK = pK® + By/L.

. Komnaexm 3aoau k meme 2.2.
. BeiBecTHn ypaBHEHUE JIJISI KOHCTAHTHI PABHOBECHS PEAKIIHN




2Fe0 ¢«»2Fe + O2 +Q

KOMOMHHPOBAHUEM CIIEAYIOLINX PEaKIU:

FeO + H, «» Fe + H,O + Q1

2H0 «»2H2 + O2 + Q2

2. BoiBecT ypaBHEHHE 15l KOHCTaHThHI PAaBHOBECHSI peaKluu

CO+ H0 «»>CO; + H2+Q

KOMOMHHPOBAHUEM JIBYX PEaKIUHi:

2CO+ 02 ¢ 2C02 + Q1

2H> + 02 <3 2H20 + Q2

3. BoasHoii map (1 momas) auccouuupyet no ypaBHeHuto HoO = Hz + 1/202. Beipazute koHcTaH-
Ty paBHoBecus K, uepe3 cremens aucconuanuu o U obuiee nasienue B cucteme P. M3me-
HUTCS JIM M KaK KOHCTaHTa PaBHOBECHUs, €Clii o0lIee NaBJICHUE Pearupyromeid CMeCH yBelu-
YUTH BJIBOE (CHCTEMA HeaabHast)?

4. luccoumarysi YeThIpeXOKUCH a3oTa nporekaeT no ypaBHeHUI0 N204=2NO;. IIpu 298 K u
P = 1,0-10° I1a N204 nucconuupoBana Ha 18,5%. Onpenenure cTeneHb AUCCOIMALMU MPHU
Tolt 5ke Temneparype, eciu P=0,5-10° I1a.

5. OnpenenuTte, MONB3YSACh JAHHBIMU CIIPABOYHUKA, CTEIICHb MPEBPAICHUS YTIECKHCIOTO ra-
3a mo ypaBHeHuwo peakuun COz + H=CO + H:0, ecnu B cocya MOCTOSHHOTO o0beMa MpH
298 K 65110 BBeneHno 44 kr CO2 u 2 xr Ho.

6. Kp1 ects koHcTaHTa paBHOBecHs peakiuu 3/2H2 + 1/2N2 = NH3, a Kp2 — koHcTaHTa paB-
HoBecus peakuu 3H2+N2 = 2NHs. Byner nu pasnuuue B Benmumunnax Kpi u Kp2 npu onuna-
KOBOM Temnepatype? Hanumure maTeMatuueckoe cootHomenue mexay Kpi u Kpo.

7. B KaKkyr0 CTOPOHY CMECTATCS PAaBHOBECHSI PEAKIUN:

2C0O + Oz «»2C0O; + 566,9 x/[c

H2S «» H2 +S2 — 41,9 k/[onc

2CO + Hz «» CHs + CO2 +Q

CO + 2H2¢» CH30H + 113,13x/{oxc

a) IIpU MOBBIIIEHUHU TeMIEPaTypBhl;

0) Mpu MOBBIIICHUH J1aBJICHUS?

Kak M3MeHHUTh KOHIIEHTPALUH, YTOOBI TOOUTHCS CMELIEHHUs pPaBHOBECUI MPUBEICHHBIX PEaKIUU
BIIpaBo?

8. I3MeHeHneM Kakux (pakTOpOB MOYHO OCYIECTBUTh CABUI PABHOBECHS BIPABO Y PEAKIIMIA:
2502 + O ¢«» 2503 + 176,8 k/loc

CO; + C «»2CO - 160,5 k.

9. PaBHoBecue peakiuu 2502 +O2 ¢» 2503 ycTaHOBUIIOCH NMPH KOHIIEHTPALUAX pearupyrommx
BemecTB cso2 = 0,2 Monb/i, coz = 0,1 Monb/i, csos= 1,8 Moib/a. PaccuuTaTh, KaKk U3MEHSATCS
CKOPOCTH MPSIMOU M OOpAaTHOW peakilHii, €CIM YMEHBIIUTh 00beM, 3aHUMAEMBbIi Ta3aMu, B TPU
pasza. CMecTHTCS JIM IPU 3TOM paBHOBecHe?

10. TIpu cunteze pocrena CO + Cly ¢» COCl> paBHOBECHBIC KOHIIEHTPALUH Pearupymommx Be-
miectB Obiu: Cco= 0,2 monb/T; Cco= 0,1 monw/n; Ccoce= 2 monb/a. Kak u3MeHSTCS cKOpocTH
npsiMON M 0OpaTHOW peakiMii, eciii yBeIHM4nuTh AaBieHue B 10 pa3? B kakom HampasiieHuu Oy-
JIeT cMellaThcs paBHOBecHe?

11. Koncrantsl paBHOBecust K), peakiun SOz + /202 «» SOz mpu 900K u 950K cooTBeTCTBEHHO
paBHbI 0,02043 1 0,01062. OnpenenuTh 3Ha4€HHE KOHCTaHTBI paBHOBecus rpu 930K.

12. CrangapTHas TeIIoTa CropaHusi MeraHosia paBHa -750 k/[k/Moib, cTaHAAPTHBIN TEIIOBON
s dexT 0Opa3oBaHUs U3 MPOCTHIX BEMIECTB BOJBI paBeH -242 kJ[»/Monb. PaccunraiiTe KOHCTaH-
Ty paBHoBecus K, npu 400 K peakuun cuHTe3a MeTaHosa:

CO, + 3H; <» CH30H(2) + H>0(2), ecrm ipu 298 K koncranTa K, pasna 1,5-10°%,

13. Haiitu cooTHOomeHue koHcTaHT paBHoBecus npu 500 u 600K mis peakiuun

HgCl> + 2KBr«»HgBr, + 2KCl, eciu teriosoit a¢dekT peakiuu cocrasiser 16,8 kJx.



14. Onpenenute koHcTaHTy paBHOBecus K. ipu 1060K misa peakuuun 2COC + CO2, ecnu npu
1000K K, = 8,110 a Q, = 109,5 x[/MOb.

15*. TemnepaTypHas 3aBUCUMOCTb KOHCTaHTHI paBHOBecuUs K), peaKkIMi B3aUMOIEHCTBUS OKCHUIA
azota (II) ¢ xkucnoponom 2NO + Oz ¢«» 2NO2 nepenaercs caeyIOIUM YPaBHEHUEM:

g K, =¥— 1,751g T+ 0,5-107°T + 2,113,

Haiinute ypaBHeHue, OTpaxaroliee TEMIIEPATypHYIO 3aBUCUMOCTb TEIUIOBOrO 3((heKTa peakuuu
AH, u onpenenure ero 31adenue mnpu 1000 K.

16. TemnepaTypHas 3aBUCHMOCTb KOHCTaHTBI PAaBHOBECHUSI PEAKIIMH BOCCTAHOBIIEHHUS OKCHJA Ce-
psl (1V)

2502 + 4H2 ¢» S2(2) + 4H20(2)

BBIPAXAETCS] YPABHCHHUEM:
13810

IgK, = +0,8771gT — 2,67 -107°T + 1,620.

Omnpenenure cTaHAapTHBIE W3MeHeHus TepMoauHamudeckux ynkmuit AG®, AH® u AS? mpu 900
K.

17*. Ina peakuu N2+02=2NO 3aBUCHUMOCTh KOHCTAHTBl PAaBHOBECHUS OT TEMIIEPATyphl BbI-
paxaercs ypaBuenuem Ig K, = -9490,7/T — 0.02IgT + 1,43.

BriBeauTe ypaBHEHHE 3aBUCUMOCTH TEILIOBOTO 3P PEeKTa ITOW PEaKIMK OT TEeMIIePaTyphI.

18. Onpenenute koHCTaHTy paBHOBecus Kp peaknmu SO + /%202 ¢» SOs mpu Temmepartype
700K, ecu u3BectHO, uto pu S00K Kp= 588,9 u/M?, a TemnoBoii 2(eKT peaKkiu B 3TOM TeM-
TepaTypHoM HHTepBaie pasen -99,48-10°% Ix/kmomb.

19. [lnst peaxkuuu CO + H20(1)=CO2 + H2 onpenenuts Kp npu 600K, ecru ipu 298K xoHCTaH-
Ta paBHOBECHS 3TOM peakiuu pasHa 1-10°.

20*. ITo u3BeCTHBIM 3HAYCHUSM KOHCTAHTHI PABHOBECHUS peakluu Jo ¢«»2J mpHu HECKOIBKHUX TEM-
neparypax mnoctpoutb rpaduk 3aBucumoct IgKp=f(1/T); onpenenuts rpadudecku TerioBoit
3¢ deKT peaknud B W3YYEHHOM Juana3oHe temiepartyp. CocTaBUTh ypaBHEHUE 3aBUCUMOCTH
IgKp=f(1/T) B TemnepaTyprnom unTepBaie ot 950 no 1250K:

T,K 950 1050 1150 1250

Kp, u/mM?  1,149-10? 7,413-10° 3,428-10° 1,288-10*

4. Komnnekm mecmogulx 3a0anuii 0711 RPOMENHCYMOUH020 KOHMPOJIA 3HAHUTL
Tect Ne2: « Xumuyeckoe paBHOBecHe»

1. Ecau pearupyromyio CHCTEMY paccMaTpuBaTh Kak MJ€albHYl0, TO Ha KOHCTaHTHI
paBHoBecus Ky u K¢ BnusitoT cneayromme GpakTopsl:

a) 1aBJICHUE;

0) Temriepatypa;

B) MMPUPOJA PEaruPyIOIINX BEIIECTB;
r) 00BeM.

2. BnustHue Temneparypbl Ha KOHCTaHTY paBHOBecus Ky onpenensiercs:
a) 3HAKOM M BeMYuHOM sHeprun ['nb6ca;

0) 3HAaKOM U BEJIMYMHON TETIIOBOTO (hPeKTa peakiuu;

B) 3HAKOM M BEJIMYMHOH TerioBoro sHepruu I'enbMrosnbia.

3. CooTBeTcTBHE MekIy u3Menennem Kp mpu AHY:
a) AH® < 0;

6) AH® = 0;

B) AH? > 0;

r) Kp mamaer;

n) Kp He 3aBUCHUT OT TeMIiepaTyphl,



e) Kp pacrer.

4. PaBHOBECHBIH BBIXOJl BOJopoaa mo ypaBHeHuto peakiuu CHs+2H.S = CSz+4H2, npu no-
BBIIICHUU OOIIETr0 IaBJICHUSI B CHCTEME, €CIIM BCE BEIIECTBA HAXOASATCS B HI€aTbHOM ra30BOM
COCTOSTHUU U3MEHHTCS:

a) YMEHBIIIHUTCS;

0) yBeIU4UTCS,

B) HE U3MEHUTCH.

5. Mepoii cTaHAapTHOTO CPOJCTBA XUMUYECKOW PEAKIIUU MPU OCTOSTHHBIX P u T siBnsiercs:
a) yosutb suepruu ['m66c¢a;

0) MakcuMaJbHas ToJie3Hast paboTa;

B) yObLIb 3HEpruu [ enbMrobia.

6. Koncranra paBHoBecus xumuueckoil peakiuu K u Ky, mpoTekaromeil B uaealbHOM razo-
00pa3HOM COCTOSTHUM, 3aBUCHUT JIM U KaK OT KOHLEHTPALMH1 pearupyroIux BeLecTB:

a) 3aBUCHUT;

0) HE 3aBHCHUT;

B) YMEHbIIIAeTCs;

I') yBEIMYMBACTCA.

7. Koncranra paBHoBecus K, paBHa paBHOBECHOMY JaBJICHUIO B CUCTEME MPU JAHHOU TeMIie-
paType aJisl peakLuu:

a) TOMOT€HHAs peakius, B KOTOpor 00pa3yroTcsi ra3000pa3Hble MPOIyKTHI;

0) reTeporeHHas peaxius, B KOTOpOil 00pa3yercsi OiuH ra3000pa3Hblid POIYKT;

B) TOMOTEHHAsl peakiius, B KOTOPOi 0OpaszyeTcst OAuH ra3000pa3Hblii MPOIYKT.

8. PaBHoBecue B peakiuun COClz = CO + Clz npu no0aBieHMH K PaBHOBECHOH cucTteMe
MHEPTHOTO Ta3a MPU NOCTOSIHHOM OOLIEM JaBJIE€HUHU CMECTUTCS:

a) B IPSIMYIO CTOPOHY;

0) B 00paTHYIO CTOPOHY;

B) HE CMECTHUTCS.

9. Benuuunsl K, u K s peakiuu So(TB) + 4H20(ra3) =2S02(ra3) + 4Ha(ra3) HaxoaaTcs B
COOTHOIIICHUH

a) Kp=K;

0) Kp<Ke;

B) Kp>Ke.

10. KoncranTta paBHoBecuss K, XMMHUECKO#l peakiuu, MPOTEKAIOIIEeH B HIICATHHOM Ta3000-
pPa3HOM COCTOSIHMH, 3aBUCHUT JIM U KaK OT KOJHMYECTBA MOJIe BEUIECTB, YYAaCTBYIOIIUX B
HEW:

a) 3aBUCUT;

0) HE 3aBHUCHUT;

B) YMEHBIIIAETCS,;

T') YBEJIMYUBAETCSI.

11. OGmee naeinenue B paBHoBecHOM cucteme NH4C1l(tB) = NHs(ra3) +HC1(ra3) pasuo P.
3aBUCUMOCTh KOHCTAHThI paBHOBecHs Kp 3TOM peakuuu yepe3 o0IIee TaBIeHUE BBIPAKACTCS:
a) Kp=Kq;

6) Kp=P;

B) K,=P?%/4.



12. MaTtemaTH4ecKoe COOTHOIICHHEe Mexay BeanduHamu Kp m Kc Ui XuMUYeckol peakiuu
MMEET BUL.

a) Kp=K;

0) Kp<K¢;

B) Kp>Ke;

r) Kp=K(RT)".

13. YpaBHeHue, cBA3bIBaONIee CTaHAApTHOE cpoacTBO AGT M KOHCTaHTY paBHOBECHS, TIPHU
noctossHHBIX P u T, ecnu naBiaeHue BRIpaXEHO B MacCKaysaX:

a) AG = - AnRT(1,0133-10°);

6) AG = -RTInKp + ANRT(1,0133-10°);

B) AG = -RTInKp.

14. Paz0aBieHue peakIMOHHOW CMECH MHEPTHBIM Tra30oM C OJHOBPEMEHHBIM YBEITUYEHHEM 00-
[IeTO JAaBJICHHUS B CHCTEME, TJIe TPOTEKaeT CIeAyromas peakuus B ra3oBoil dase 2 A +
B = % C+D orpasurcs Ha paBHOBecHOM Bhixoje BemecTB C u D:

a) YMEHBIIIAeTCs;

0) yBenMuMBaeTCs;

B) HE U3MEHUTCSI.

15. JIns HEKOTOpOW XUMHUYECKOW peakiuu B ra3oBoi (aze mpu moctossHHBIX P u T AGT>0.
OTa peakuus NpoTeKaeT caMOIPOU3BOJIbHO:

a) B IPSIMOM HalpaBJIeHUH,

0) B 00paTHOM HaIpaBJICHUU,

B) HE CMECTHTCHI.

16. Ecnu ob1iee naBieHune B CHCTEME YBEJIUYUTh B 2 pa3a, TO 3HaU€HUE KOHCTAHTHI paBHOBE-
cus K, peakuun A+2B = AB: (Bce BeliecTBa HaxosATCs B U€aJIbHOM Ia3000pa3HOM COCTO-
STHUM )

a) U3MEHUTCH,

0) HE U3BMEHHUTCS;

B) YMEHbIIIaeTCs;

I') yBEJIMYMBACTCA.

17. 3aBucumMocThs KOHCTaHThI paBHOBecus peakuuu 2C12 + 2H20(ra3) = 4HC1 + O2 ot temre-
paTypbl MOKHO BBIPa3UTh cieayronmm ypaBaenuem: IgKp = -6007/T+5,407. Teno B 3T0M pe-
aKIUU:

a) BBIJCIISIETCS;

0) morJomaeTcs.

18. Ha xoHcTaHTy paBHOBecHs peakiuu K,, eciu peakius mpoTeKkaeT Mexay BEelleCTBAMH B
uJeaJbHOM ra3000pa3HOM COCTOSTHUM BIIMSIOT!

a) P;

0) T,

B) MPUCYTCTBUE HHEPTHOTO rasa,

T') IpUpPOJa PEarupyoImuX BEIIECTB,

1) mapuuaibHble gaBiaeHus Pj.

19. ConocraBbTe paBHOBECHBIH BBIXOJ MPOIAYKTOB JBYX XMMHUYECKHX pEaKLUl, MPOTEKaI0-
mux B ogrHakoBbIX ycnoBusax (P u T ) B razosoii ¢paze A+B = AB u C + D = CD, eciiu AGy
nepBoit peakuuu 6omabiie AG2 BTopoil peakiuu:



a) paBHOBecHbIE BbIxo/ibl AB 1 CD ouHakoBbr;
0) paBHOBecHBIH Bbxoq AB>CD ;
B) paBHOBecHbIH Bbixox AB<CD.

20. JIna naHHBIX peaKIuid B ra30BOM (aze COOTHOIIEHUE KOHCTAaHT paBHOBecus Kp nnn Ke:
a) Kp=Kq;

0) K;

B) Hz + C1,=2HCI,;

r) CO + Cl2 =COCL.

21. YcnoBueM, pu KOTOPOM JJIsSE PACUETOB MOKHO MOJIb30BAThCS YPaBHEHUEM

INKo/Ky =-AH/R (1/T2 — 1/T1) siBisiercs:

a) IPUCYTCTBHE HHEPTHOTO Ta3a;

0) B TaHHOM HHTEpBaJie TEMIIEPATYyp TENI0BOK 3P(HEKT MOKHO CUYUTATH MOCTOSHHBIM;
B) coOmoaeHue npasuina Baut-I'odda.

22. Ecnu cucrema ujeanbHas, TO KOHCTaHTa paBHoBecus Kp peakiun
CO2=CO + '%20z2:

a) 3aBUCHUT OT JIaBJICHUS U TEMIIEPATyphl;

0) HE 3aBHCUT OT JABJICHMSI, HO 3aBUCUT OT TEMIIEPATYpPbl;

B) [IPY YBEJIMYECHUH TEMIICPATYPhI U JIaBJICHUS KOHCTAHTa YBEIMYUBACTCS;
T') IPY YBEJIMUYEHUH TEMIIEPATypbl KOHCTAHTA YBEITMYMBACTCSI.

23. B kakux ciy4asx 1o 3HaKy U3MEHEHHUs SHTAIBIINHN B XOJ€ XUMUUYECKON PEAKIIUU MOXKHO
CYIUTh O BO3MOXXHOCTHU €€ NMPOTEKaHUs MpU NOCTOSHHBIX T u P:

a) AH® <<TAS?;

0) TakHUX Cily4yaeB HET;

B) AH? >>TAS?

24. OcHOBHBIMH (PaKTOpaMH, ONPEIEIISIOIIMMU CMELIIEHHE XUMUYECKOTO PAaBHOBECHS SIBJISIOTCS:
a) KOHILIEHTpAalMsl pearupyromux BellecTB;

0) aBiIeHUE, €CIIM pearupyrole BelecTBa HaXoATCs B ra3000pa3HOM WM TapooOpa3HOM Co-
CTOSIHMH;

B) TeMIepaTypa, Ipu KOTOPOIl MPOUCXOANUT XUMHUECKHUI Mpolecc;

T') YUCJIEHHOE 3HaU€HUE KOHCTAHThl XUMUYECKOI'0 PABHOBECHS.

25. Tlpu4nHOM CMENIeHHs XUMUYECKOTO PAaBHOBECHS TIPU M3MEHEHHH KOHIICHTPAIINH, JTABICHUS
WJIM TEMIIEPATYPhI pEarupyIOIINX BELIECTB ABIACTCSA:

a) YBEIMUEHUE CKOPOCTH MPSIMON peaKkIuy;

0) COOTHOIIIEHHE KOHCTaHT XUMHU4eckoro paBHoBecHs K,=Ke;

B) HapyIIEHNE PABEHCTBA CKOPOCTEH MPSIMOM U 0OpaTHON peaKInii;

r) yosutb sHepruu ['n66ca.

26. IMpunnun Jle-111atenbe ¢ HEKOTOPBIME JOMYIIEHUSIMA TPUMEHHM
a) K TOMOTCHHBIM CHCTEMaM;

0) K TeTepOTreHHBIM CHCTEMAM,

B) K JIFOOBIM CHCTEMaM.

27. JIns HEKOTOPOW XMMHYECKOH PEakIMU 3aBHCUMOCTh JSHTAIBIIUA HCXOJHBIX BEIICCTB H
KOHEYHBIX MPOAYKTOB OT TeMIEpaTyphl mpeacTaBieHa rpadgudyecku Ha puc. 1. Ha koHcTaH-
TY PaBHOBECHUSA 3TOM peaKIMy MOBBIIIEHUE TEMIIEPATYPHI BIUSET:

a) Ky;



0) K;
B) YMCHBIIIUTCS,
') YBEJIUYUTCS

Czﬂsfﬁ' l
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28. 3aBucumocth IgKp HEKOTOPO# peaknuu OT 00paTHOM TeMIepaTypbl MPEACTABISICT MPSIMYEO
JTUHUIO (puc. 2). DTa peakuus:
a) PK30TePMUYECKas;
0) sHAOTEpMHUYECKAS;
B) B OTOU PEAKIMU HE MPOUCXOJHUT TEII000OMEHA.

29. 3aBucumocts I1gKp = f(1/T) npencrasiena Ha puc. 3 npsmoit muauei. Kakoe 3akiroue-
HUE MOXXHO CJIeJIaTh O 3HaKe M XapakTepe TeMieparypHoii 3aBucumoctu AH B JaHHOM HHTEp-
BaJie TeMIIEparTyp:

a) AH > 0;

0) AH< 0;

B) 3aBHCHT OT TEMIICPATYPHI;

') HE 3aBUCUT OT TEMIIEpPaTYpBHI.
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30. Mero1amMu BEIYHCTICHUS] KOHCTAHT PABHOBECHS SIBJISFOTCST.
a) Meron1 Temkuna-I1IBapimana;

0) pacyer, OCHOBaHHBII Ha CIIEKTPOCKOIMYECKUX JaHHBIX;

B) METOJ] HAMEHBIIINX KBA/JPaTOB;

T) pacyeT, OCHOBAaHHBIN Ha KAJIOPUMETPUUCCKHX TAHHBIX.

Tema 2.3. 3asucumocms KOHCMAHMbL XUMUUECKO20 PAGHOGECUA OM memnepamypuvl. IMnu-
puyecKue memoovl pacuema KOHCIMAHM PAGHOGeCUs
1. Bonpocwt kK ycmnomy onpocy
1. 3aBUCHMMOCTH KOHCTAHTHI PaBHOBECHs OT TeMIepaTypbl. BeIBOJ ypaBHEHHs M300apbl U
nu3zoxopsl Bant - ['odpda. Kak Bauser temneparypa Ha KoHcTaHTy paBHOoBecus K,? Uro
SBJIAETCS MEpOM 3TOTO BIAUsHUS? HanmuimuTe COOTBETCTBYIONIEE YPAaBHEHHUE.
2. VYpaBHEHHsS HM30TEpM XUMHUYECKOW peakuuu. [IpoTexaHue M HampaBiIeHHE XUMHYECKOM



peakiluy, XapaKTepu3yeMoi COCTOSSHUEM PaBHOBECHS.
3. Pacuer koHcTaHT paBHOBecus: meton TemkuHa-llIBapimaHna, pacder, OCHOBaHHBIH Ha
HCIIOJIb30BAHUHU CIIEKTPOCKOIMUYECKUX U KATIOPUMETPUUECKUX JAHHBIX.

2. Jlabopamopuas paboma Ne 7 « Bruanue Konyenmpayuu peazupyroujux 6eujecme u mem-
nepamypuvl Ha cCMeujeHUe XUMUUECKO20 PAGHOBECU)

Lenv pabomei. VI3yunTh BIHMSHUE CKOPOCTU MPSAMOI U 0OpaTHOM peakiuu Ha CMEIICHHE
XUMHUYECKOTo paBHOBecus. Ha OCHOBaHMM SMIUPUYECKUX MAHHBIX, MCMOJNB3ysd NpuHuuUI Jle
[aTtenbe, 00bACHUTL HAOTIOJaeMble U3MEHEHUS B U3y4aeMOil cucreme.

OnpiT 1. BiusiHue KOHUEHTPALMN Peardpyrouiux BellecTB HA CMellleHHne XUMHuYe-
CKOI'0 PaBHOBeCHUsI 00pPaAaTHUMbIX peaKIuii.

Annapamypa u peaxmuevl. Konnueckas xon6a émk. 50 cM°, MepHbIH MuIMHAP EMK. 50
cM®, rpagyupoBaHHas KOHHWYeckas Mpobupka éMk. 10 cM® 2 mrT., Ipo6UpKU 4 INIT., MHIETKY,
0,1n. pactBop xjopuaa xenesa (I11), 0,1H. pacTBop pojaHHIa aMMOHUS/KaIKsl, KOHIICHTPHPO-
BaHHbIE pacTBOphl xjopuaa >kenesza (l11) u pomanuaa aMmMmoHus/Kamus, KPUCTAJUTMYECKYIO COJb
XJIOPHJIa aMMOHUSI/KaJTHS.

Botnoanenue pabomut

OtmMepbTe MepHBIM tumuHIpoM 10 ev® 0,11, pacTBopa xiopuaa xenesa (1), mepenecu-
Te pacTBop B Koy éMk. 50 cM® u mpuneiite k Hemy 10 cm® 0,1H. pacTBOpa poJaHHAa aMMO-
HUSI/KaJTusl.

OKpalIeHHbIil pacTBOp U3 KOOI pasieiiTe mo 5 cM° B YeThIpe MPOHYMEPOBAaHHBIE MPO-
oupku. Ecim okpacka pacTBOpOB MHTEHCHBHAS, 100aBbTE BO BCE YeThIpe mpobupku mo 10 cm®
TUCTHITMPOBAHHOM BOJBl. B mepByto mpoOMpKy BHECHTE HECKOJIBKO Karellb KOHIIEHTPHUPOBaH-
HOro pactBopa xyopuaa xeinesa (I11), Bo BTopyio — Takoe e KOJHYECTBO Kareib KOHIIEHTPUPO-
BaHHOTO PacTBOpPa POJaHUIA AMMOHUS/KAlUs, B TPETbI0 — BHECUTE HAa KOHYHMKE IIMATeNs KpH-
CTAJUIMYECKYIO COJIb XJIOPHJIa aMMOHHMsI/Kaius. PacTBop B 4eTBepTOil MPOOHpPKE — KOHTPOIBHBIH.
[TpoOupKH BCTPAXHUTE, COJIU TOJKHBI TOTHOCTBIO PACTBOPUTHCS U HAOIIOIalTEe 32 N3MEHEHHUEM
OKpacku pacTBOpoB B mpoOupkax Nel, 2 u 3 mo cpaBHEHHIO C OKPACKOW KOHTPOJILHOW CMECH.
Pe3ynbrarel HaOMIOACHUI TTpEICTaBbTE B BUE TAOJIUIIBL:

Tadauua. 3HayeHus1 ONTHUYECKON MIIOTHOCTU HKCTPAKTOB

Howmep npobupku 1 2 3 4

HaGuoeris FeCls (koHir.) NH4CNS (xoHr.) NH4CI (xpucr.) Konrpoib

Hanummre peakuuro B3aumoeiictus xiaopuaa xenesa (111) u ponannna ammonus. O0b-
SCHUTE HaO0/laeMOe W3MEHEHUE OKPAacCKW pacTBOpPOB, ucrnonb3ys npuiun Jle Illartense.
Hanummre BelpakxeHue sl KOHCTaHThl XMMHUYECKOTO paBHOBECHUS HCCIIEIOBAHHOM peaKIiH.

OnbIT 2. Binsinue TeMnepaTypbsl Ha XMMHYeCKOe paBHOBeCHe.

Annapamypa u peaxmugwi. I'payipoBaHHbIC KOHUYECKUE TPOOUPKH 2 MIT., XUMHYECKHUI
cTakd éMK. 50 cM®, MMNETKH, CIUPTOBKA, AepKaTelb IS TPOOUPOK; CBEKENPUTOTOBJICHHbII
10%-p1it pacTBOp Kpaxmaiia, pacTBOp Hoja.

Buinonnenue padomot

B nBe mpoGupku BHECTH TI0 2-3 cM° pacTBOpa Kpaxmana. B 06e mpoOupku 106aBUTH 1O
1-2 xamum pactBopa ioxa. OTmeTuTh HabmoaemMble u3MeHeHus. [lomorpeiite onHy U3 MpoodU-
POK M OTMEThTE HalOioaeMble U3MeHeHUs. OXJIaauTe 3Ty NPOoOUPKY, OTMEThTE HaOII01aeMble
WU3MEHEHUS

Hanummure cxemy obpazoBaHus HOAKPaXMalIbHOIO KOMIUIEKCHOTO coearHeHus. O0bsc-
HUTE HaOIr0/1aeMoe U3MEHEeHUE OKpacku. HanmummTe BbIpakeHUE Uil KOHCTAHThl XMMUYECKOTO
paBHOBecHsI Mccie0BaHHOM peakuuu. Crenaiite BHIBOJA O BIUSHUM TeMIlepaTypHOro (axropa,
ucnons3ys npunnun Jle Ilarense.



OnbIT 3. O0paTUMOCTHL CMEIIEHUS] XHMHYECKOT0 PABHOBECHSA

Annapamypa u peaxmuswl. XUMHUecKuii cTakaH éMK. 50 cM® — 3 mT., TpagyHpoBaHHAS
KoHHuecKas npooupka; 10% pactBop Ouxpomata Kanusi, KOHIEHTPHPOBAHHBIE PACTBOPHI CEPHON
KHUCIIOTHI U IEJIOYH.

Buinonnenue paoomot

B xumuuecknii ctakan BHecTH 5 cM® 10% pactBopa 6uxpomara kanus. ITo KamisM 106a-
BUTH KOHILIEHTPUPOBAHHBII pacTBOP ILEJIOYM U OTMETHTh HaOo1aemMble n3MeHenus. Koraa pac-
TBOP U3MEHUT OKpPACKY, J00aBUTH MO KaIlIsIM KOHIIECHTPUPOBAHHYIO CEPHYIO KHCIIOTY, OTMETUTH
Habromaemble n3MeHeHus. [lociie mosiBIeHus: HCXOIHOM OKpPacKH pacTBOpa, MOXKHO CHOBA NPH-
0aBUTH IIEIOYM U IMOJYYUTh M3MEHEHHE OKpacku. Hamummre cxemy paBHOBECHS B CHUCTEME:
Xpomatr-uoH — Ouxpomat-uoH. OObsICHUTE HAOMI0IaeMOe U3MEHEHNE OKpacku. Hamumure BbI-
pajkeHue ISl KOHCTAaHThl XUMUYECKOI0 paBHOBECHUS MCCIeI0BaHHOM peakiuu. Caenaite BHIBOJ
00 00paTUMOCTH CMELLEHUSI paBHOBECHUS, UCNOb3Ys npuHimn Jle HlaTtenbe.

PaGota cuntaercs BHIIOTHEHHOMW, €CIIM MPEACTABICHBI SKCIIEPUMEHTAIIBHBIE PE3YIbTATHL,
NIPUBE/ICHBI BCE YPAHEHUSI PEAKLUI U CXEMBI, C/IeTaHbl BEIBOIBI.

3. Komnnexkm 3a0au k meme 2.3.

1. ns peakmun CO + Cloe»COCI, npu 600°C K. = 6,386.B kakyro CTOPOHY MOMIET PeaKius
IpH CJICAYIOIIMX KOHIEHTPALUIX pearupyromux Bemiects: a) 1 moibp CO, 1 monb Cl2 u 4 mMonb
COCl3; 6) 1 moas CO, 1 mons Cl2 u 8moae COCl; ; B) 1 moas CO, 1,565mo0mb Clz u 10 mons
COCl2?

2. OnpenenuTb U3MEHEHHE U300apHOr0 TEPMOIMHAMUYECKOTO TOTEHIMAaNIa Py MpeBpaiieHun 1
Moib CO, B3groro nox gasienreM 303975 I1a; 1 mons Clz mon nasinennem 202650 I1a u 1 moib
COCl; o napnenueM 50662 ITa mpu 600°C. s peaxuun CO + Clz ¢» COCl, K, = 1,678-10°
ipu 600°C.

3. Haiitu u3mMeHeHue n30X0pHOro TEpMOAMHAMUUYECKOTo noteHuuana () s peakuuu

SOz + Cl2 ¢» SO.Cly, ecnu mpu 191 oc K, = 75107, a KOHIIEHTPAllUU UCXOJHBIX BEIIECTB U
MIPOJIYKTa PaBHBI CIUHUIIE.

4.PaccuuTaiiTe, MONB3yACh CIPABOYHBIMU JAHHBIMH, cTaHAapTHOe cpoactBo AGos mns peak-
i 2NO + O2=2NO:; u ompeznenuTe HamnpaBieHHE €€ CAMONPOU3BOJIBHOIO MPOTEKAaHHS B
CTaHAAPTHBIX YCIOBHSIX.

5. OnpenenuTh XMMHUYECKOE CPOJCTBO MeIM K KMCIOpOAy TipH TemmepaType 500°C, eciu koH-
CTAaHTa PaBHOBECHS PEAKIIUH TIPH JTOi Temmeparype pasHa 1,013-10%° ITa™,

6. Onpenenutb TemmnepaTypy, Npu KoTopoil nasiaenue auccounanun CaCOs Ha CaO u CO2
(Pco2 = 101,3 xIla) pasuo 0,56-10° Ila, a xummdeckoe cpoactBo CaO x CO2 paBHO - 5568
JK/MOTTB.

7. BoIumMcIuTh KOHCTaHTYy paBHoBecus peakuun Cly + Hy «» 2HCI npu temnepatype 227°C, ec-
JIM MakcUMallbHas paboTa ee mpu 3Toi TeMmeparype paBHa 19,29 kJ{x.

8. Yrpyrocts aucconuanuu kapbonata maraus npu727°C pasua 42189 n/m? , a npu 747°C —
80313m/mM? . Onpenenuts TermnoBoit d3ddext peakumn MgCO3«»MgO + CO; u Temmeparypy,
TIPH KOTOPO# YIPYTrocTh AUCCONMAIMY KapOOHATa MarHHs CTaHET paBHOM 101325 n/M? .

9. BHIYMCITHTH CTaHAAPTHOE CPOJICTBO JKejle3a K KHCIopody Bosayxa (Pox = 20265 n/m? ) npu
1000K, ecriu KOHCTaHTa PaBHOBECHS PEAaKIIHH TIPH JTOH Temreparype pasHa 2,42-10%° .

10. Boruucaute CpocTBO 0JI0Ba K Kuciopoy Bosayxa (Pox = 20265 Ila) npu o6pazoBaHUN OKH-
cu onoga (1) mpu 25°C, ecmn ynpyrocts mucconmanum SNO TIpH yKa3aHHOH TeMIiepaType paBHa
9,026-10'? ITa.

11. Koncranta paBaoecus Kp s peakuun C + O2¢» CO, npu 1300K pasna 101562 | Onpe-
JIEJIUTh CTaHAapTHOE XUMUYECKOE CPOJICTBO YIiiepoJa K KUCIOPOIY.

12. Koncranrta paBHoBecust Kp peakuuu ruapuposanusi ¢popmansaeruna CH.0+H«»>CH30OH
npu 400K pasna 0,475. CtannapTHble TEIUIOTHI CrOpaHus (opMalibJeTHIa U METaHOoIIa, a TaKXKe
TEIUT0Ta 00pa30BaHMs BOJABI UMEIOT cienyrone 3HaucHus (k/x/moms): -561,4; -680,3; -286,1.
CUMTas, YTO TEIIOEMKOCTH PEArupyIOLINX BEUIECTB OCTOsHHbIE, BhIuncauTe Kp npu 500K.



13.KoHcTaHTa paBHOBECHSI peaklMy JeTuapupoBaHus 3Tuiosoro cnupra C2HsOH-CH3CHO +
H>, Bce BEleCTBa B ra3000pa3HOM COCTOSHUHM, npH Temrepatype 473K pasna 1,374-10°, a npu
498K papua 4,58-10°. ITap crmupta, B3aThIi mpu Temneparype 473K, BbliepKUBAETCS IPH MOCTO-
sunoM pasnenuu 1-10° ITa 10 o6pasoBanus paBHOBecHOH cMecH. COXpaHsis COCTaB TOH cMecH
HEW3MEHHBIM, ee HarpeBatoT 10 498K. KakuM 10mKHO ObITh KOHEYHOE JABJICHUN CMECH?
14.3aBucumocts 3Heprun ['m00ca or Temmepatypsl s peakiuuu Pb(owc)+Clo(e)¢> PbCla(orc)
BBIPAKAETCA CIIEMYIOIMM SMITMPpUYecKiM ypaBHeHneM: AG = -368 000 -48,6InT + 0,126-103T?
— 142 5001/T + 477T (Jx/monb). HaiiguTe KOHCTaHTBI paBHOBECHS Mpu Temreparypax 800 u
900K.
15. Haiitu koHcTanTy paBHOBecusi K, 1 paBHOBecHbBIH BbixoA 1o Metony Temkuna-IlIBapimana
(yka3aTh mpH KaKuX YCJIOBHUSAX HCIOJB3YETCS AaHHBIA METOJ), €CJIM UCXOIHbBIC BEIIECTBA B3SThI
B CTEXMOMETPUUYECKUX COOTHOIICHUsAX. B MoMeHT paBHOBecus temmneparypa 300K u naBienue
4.10° [1a
Clz + CO < COCl; ()
16*. PaccuuTaiiTe, moabp3ysach CIPaBOYHBIMHM JaHHBIMHU, 0 MeToay TemkuHa —IlIBapumana
3HaueHue ctanaaptHoro cpoactsa AG° peaknuu Hz = 2H npu 1000 K. B kakyio cropony
MOUJIET ATa peakius B CTAHIAPTHBIX YCIOBUSIX MPU AAaHHOHN Temiieparype?
17*. Tlonp3ysach CpaBOYHBIMU JAHHBIMU O MPUBEACHHOM HM300apHO-U30TEPMUUYECKOM MOTEH-
nmane (G° — H%)/ T u 3navenun AH%, paccumTaiiTe KOHCTaHTy paBHOBecus peakuuu Np +
02 =2NO 1000 K.
18. JInsg HEeKOTOpON XMMHUUYECKOW PEAKLMU 3aBUCUMOCTb SHTAJIBIUN MCXOJHBIX BEILIECTB U
KOHEYHBIX MPOJYKTOB OT TeMIIepaTyphl mpeacraBieHa rpadpuuecku Ha puc. 1. Kak Bausier
MOBBIIICHUE TEMIIEpaTyphl HA KOHCTAHTY PAaBHOBECHSI TOM peakinuu? ApryMeHTUPYHTE OTBET.
ZmyH |
¢
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19. 3aBucumoctsb IgK, HEKOTOpOIT peakiiu OT 00paTHON TEeMIIepaTyphl MPEACTABISET IPIMYIO
JUHMIO (pHC. 2). DK30TepMHUUEcKas WIM dHAOTEpMUUECcKas 3Ta peakus?
20. 3aBucumocts IgKp = f(1/T) npencraBnena Ha puc. 3 npsmoii auHHel. Kakoe 3akito-
YEHHE MOXHO CHEJaTh O 3HAKE U XapaKTepe TeMIIepaTypHOU 3aBUCUMOCTU A/ B JaHHOM HH-
tepBaje temneparyp? Kak mpu momomu rpaduka onpenenuts Beaunuuny AH? Hanummre

pacueTHyto GopMmyiy.
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4. Konmponvnaa paboma Ne2 no meme: «Xumuueckoe pasnosecue. CmewjeHue XumMuueckozo
pasnogecus»

BapuanTt 1
3aoanue 1. Haiitu kKoHCTaHTY paBHOBecHs K, 1 paBHOBECHBIN BBIXO[ 110 METOTYy TeMKH-
Ha-IIIBapimana (yka3aTh OpU KaKHX yCIOBHUSIX UCIIOJIb3YETCS IaHHBIM METO/), €CIIU HC-
XOJIHBIE BEUIECTBA B3ATHI B CTEXUOMETPUYECKUX COOTHOIICHHUSX. B MOMEHT paBHOBECHs
temnepatypa 400K u nasnenue 0,5-10° I1a.

2C2HsOH <> CH3COCH () + 3H2 + CO
3aoanue 2. B cocyne npu 386°C nporekaeT peaxius

4HCI + Oz «» 2H20 + 2Cl;

npu cmemeann 1 kmons HCI ¢ 0,48 kmonb Oz o6pazoBanocs 0,402 KMOJIb XJ10pa.
JlaBnenue B cucreme 1,013-10° ITa. Berunciants K), peakiiui OKHCIIEHHS XJIOPHCTOTO
BOJZIOpOJIa P JAHHOM TeMIieparype.
3aoanue 3. Jlna peakun 2503 = 2S02 + O2 AGeoox = 82,1 xJIx. Onpenennure cCTeneHb
mucconmarmuu SOz mpu 600 K, ecru obuee naBinenue paBHOBecHO# cmecu 0,5-10°
ITa (0,5 atm). (ITpu pacuere mpUHATH, 4TO 0u«l.)

Bapuanr 2
3aoanue 1. Tennora o6pazoBanusi PCls(TB) B ctangapTHbiX ycnoBusx npu 298 K pas-
Ha -463,5 x/x/mMonb. Kak Hy)KHO M3MEHUTH JABJICHHE U TEMIEPATypy, YTOOBI yBEIHU-
YUTh PABHOBECHBIHN BBIXOJI NTEHTaxJopuaa ¢pochopa B peakiuu ero oopazoBaHus?
3aoanue 2. ina  peaxmun  N2Os = 2NO; mpu 328 K Kp= -1,38-10° ITa. CkomnbKo
moneit N2O4 cliefiyeT IOMECTHTH B COCY/l eMKOCTBIO 1 M3, 4TO6BI MpH HACTYIIEHUM
paBHoBecus koHnenTpanus NO, B HeM 6bia 0,1 Momb/M>?
3aoanue 3. Koncranra paBHoBecus Ky U1t peakuuu AeruipupoBaHus 3TaHOIa

C2Hs0OH <> CH3CHO () + H2 ()
npu 378K pasna 6,4-10°. TennoTsl cropanmus 3TaHONA W YKCYCHOTO albIerHIa COOTBET-
CTBEHHO paBHbI (B KJ[k/Momb): -1412 u -1196. Teriora o6pazoBaHus Boabl paBHa —287
k/x/monb. Ilonb3ysics aTuMu ganHbsIMu pacuuTtaiite K, npu 403K.

Pazoen |1l. @azoevie pasnosecusn. Pacmeoput

Tema 3.1. Ilpasuno ¢paz I'uooca. Pagnosecnvie cocmosanus npu ghazoswvix nepexooax.
Ypasnenue Knaysuyca-Knaitnepona

1. Bonpocwt kK ycmuomy onpocy
1. [Tousrus «dasza», KKOMIOHEHT», «CTENeHb cBOOOAB. [IpaBuio ¢a3 ['mboca.
2. Pacyetsl ¢ ucnoibp30BaHueM (Da30BBIX TUarpaMM COCTOSHUS. UTO Takoe TpoifHast TOYKa Ha JHarpam-
M€ COCTOSIHUSI OJJTHOKOMITOHEHTHOM CHCTEMBI?
3. PaBHOBecHBIE cocTOSHUSA TTPH (ha30BEIX Mepexoaax. Y paBHenue Knaysmyca-Knamnetipona.
4. O0OBsicHuTe TIpU noMoIy ypaBHeHus: Kiaysuyca-Knaneiipona, modemy aBiieHHE HACBIIIEHHOTO Ia-
pa HaJl )KUAKOCTHIO PACTeT MPU YBEIHYCHUU TEMIIEPATypPHI.
5. TpeOyercst rpaduueckr paccYUTATh TEILUIOTY MCIAPEHUs XKUJAKOCTH MPHU 3aJaHHOM TeMIiepaTtype.
Hapucyiite rpaduk, KOTOPbIM HEOOXOAMMO TOJIb30BATHCS, M HAMUIIMUTE COOTBETCTBYIOIIYIO PacdeT-
Hy1o popmyny. Kak u3mMeHsieTcs Temmneparypa IiaBiIeHus BEIIEeCTBA C POCTOM JIaBICHUS?

2. Jlabopamopnasn pavoma Ne 8 «H3yuenue pagnosecus 20M02eHHOU PEAKYUU 8 PACMEOPE)

Lenv pabomei. I3ydeHne BIUSHUS CKOPOCTH MPSMOM M OOpPAaTHOM peakIy Ha CMelle-
HUC XMMHNYECKOT'O PaBHOBECH. Pacuetr koHCTaHT PABHOBECHUS IIPHU UCCICAYECMBIX TEMIICpaTypax
U TePMOJIMHAMUYECKUX BETUYHMH: HOPMAJIbHOTO XUMHUYECKOTO CPOACTBA, YHTPOITHUH.



Annapamypa u peaxmuswi. Konbsl ¢ nputepthiMu npobkamu (cyxue) émk. 100 cm® — 4
1T, MepHbIil umHAp éMK. 25 n 50 cm®, koHnueckue kon6s1 éMk. 100 cm® — 8 miT, GropeTKH, Imi-
TIETKM, XUMHUECKHUH cTakaH éMK. 50 cM®, TepmocTar, cekynaomep, 0,015M pactop Tuocymbdha-
Ta ¢ u3BecTHBIM TUTpOoM, 0,03M pactBop xiopunaa xenesa (111), 0,03M pacTBop noauaa Kayws,
cBexenpuroroBieHHbii 10 % pacTBop kpaxmarna.

Teopemuueckasn yacmeo

XUMHUYECKUE PEaKIMK TOIPA3ACIAIOTCS HA TOMOTEHHBIC M TeTeporeHHbIe. [ 0MOreHHbI-
MM Ha3bIBAIOTCS peakluy, IPOTEKalolue B OJTHOM (pa3e: B CMeCcH ra3oB, B )KMJIKOM WJIM UHOTJIA B
TBEP/IOM PacTBOPE.

Hanpumep:

CO )+ H20 )= CO2 () + Ha2 (1)
CH3COOH () + C2Hs0H () = CH3COOC2H5 () + H20 ()

I'eTeporeHHbIMH Ha3bIBAIOTCS PEAKIIMH, MPOTEKAIOIINE HA TPaHUIE pa3jiena ABYX ¢as:
TBEPAOE TEJIO — KHUJAKOCTh, TBEPJOE TEJIO — ra3, TBEPJOE TEJIO — TBEPJOE TENO, KUIKOCTh —
KUIKOCTD.

Hampuwmep:

CaO () T CO2 r) = CaCOs (tB.)
C ()t O02¢)=CO2 1)

Muorune xuMmudeckue pC€aKuuu, B 3aBUCUMOCTH OT YCHOBI/Iﬁ MOr'yT TCPpMOAUHAMUYICCKHU
MMPOTCKATh CaMOIIPOU3BOJIbBHO KaK B IIPSIMOM, TaK U B O6paTHOM HaIlpaBJICHUH. HpeHeHOM caMo-
IMPOU3BOJIBHOI'O MPOTCKAHUS PCAKIHHU ITPU OMPCACIICHHBIX YCIOBUAX SABJISICTCA HJOCTUIKCHUC XU-
MHYCCKOI'0 paBHOBECHA.

PaBHOBecHOE cocTOsHHIE XapaKTCPU3yCTCA HCU3MCHHOCTb COCTAaBa, IMOJABUKHOCTH (I[I/I-
HAMUYHOCTBIO) ¥ HYJICBBIMU 3HAYCHHUSIMH TepMOoIuHaMu4eckux GyHkiui AG, AF.

CocraB paBHOBECHOU PEaKIIMOHHONW CMECH XapaKTEPHU3YETCs TEM, YTO KOHIIEHTPAIUN
HNCXOJHBIX BCHICCTB U KOHCYHLIX MMPOAYKTOB HAXOAATCA IO OTHOICHUIO APYT K APYTr'Y B OIIPEAC-
JIEHHOM JUHAMHUYCCKOM paBHOBCCI/II/I.

PaccMoTprM 00paTHMY0 TOMOTCHHYIO PEaKIHIO:

aA+bB < dD +eE 1)

MMPOTCKAIOIIYHO MEKAY BCIICCTBAMU B I/1306apH0-I/ISOTepMI/I‘{eCKI/IX YCI0BUAX (P =constu T =
const).
B cocTosiHuu paBHOBECHSI CKOPOCTH NMPSIMON M 0OpaTHOM peakuuii OJMHAKOBBI:
Uy =72
" COIJIaCHO 3aKOHY Z[eﬁCTBHH MacCcC — OCHOBHOMY 3aKOHY XUMHUYECKOM KHHCTHKH, COOTBCTCTBCH-
HO paBHBI:

vy =k - C§-CE vy =k Cf - CE (2
kyC§-CR =k, Cf-C§ ©)

rne ki u ko — KOHCTaHTBI cKOpocTH TpsiMoii 1 oOpatHoii peakuuii; Ca, Cg, Cp, Cg — paBHOBECHBIE
KOHILICHTPALMK YYaCTHUKOB PEaku; a, b, e, d — crexnoMeTpruueckre KodQpPHUIUEHTH peaKIuH
(1); A, B, E, D — y4acTHUKH peaxiuu.

KonnuecTBeHHO# XapaKTepUCTUKONW XMMUYECKOTO PABHOBECHS CIYKHT BEIWYHHA, HA3bI-
BacMasi KOHCTAHTOWH XMMH4YecKoro paBHoBecusi. Koncranta xumudeckoro paBHoBecus (Kc),
BBIPKCHHAsI Y€Pe3 PAaBHOBECHBIC KOHIIGHTPAIIMHU, paBHA OTHOIICHHIO KOHCTAHT CKOPOCTEH psi-
MO 1 00paTHOM peakInu:



K cf-cg
€7k, Ul Ke = cg-ct 4)

[Tpu nocrosiHHoM Temmnepatype (T = CONnst) koHCTaHTa paBHOBECHsS OOpPAaTUMOM peaKIUU
apnseTcss BenuunHou moctostHHO (Kc = const), mokaspiBaroliell COOTHOLIEHHE PaBHOBECHBIX
KOHIIGHTpAllUi MPOJYKTOB PEAKIMIl U HMCXOJHBIX BEIIECTB B CTEMNEHU MX CTEXMOMETPUUYECKHUX
K03 PHUIMEeHTOB.

VYpaBHEeHHE KOHCTAaHThI paBHOBECHS (4) MOKA3bIBAET, YTO B YCIOBUAX PABHOBECUS KOHIICH-
TpalMK BCEX YYACTHUKOB PEAKIIMH CBS3aHbl MEXy cOO0U. VI3MeHeHne KOHLIEHTpAIUU JH000r0
W3 HUX BBI3bIBAET U3MEHEHUE KOHIEHTPAIMI BCEX OCTAJbHBIX; B PE3YJIbTATEe YCTAHABIUBAIOTCS
npyrue KoHueHTpauuu. Ho cooTHomeHne Mexay HUMU HEM3MEHHO OyIyT OTBEYaTh KOHCTaHTE
paBHOBECHSI.

Ecnu peakuusa (1) mpoTekaeT B rOMOreHHOW ra3oBoil (ha3e, TO KOHCTAaHTY pPaBHOBECHS
MO>KHO BBIPa3UTh Y€pe3 PaBHOBECHBIEC MaplHaJIbHbIC JaBJICHUS YUaCTHUKOB PEAKIIUU:

_
~ pg-pl ®)

Kp

VpaBaenus (4) u (5) BeIpaKaroT 3aKOH JeiicTBHS MacCC.

Koncranta paBHOBecHs KakK MOCTOSIHHAs BEJIMYMHA YKa3bIBa€T HA MOCTOSHCTBO COOTHO-
IICHUSI PAaBHOBECHBIX KOHIICHTPAIMI WJIM PABHOBECHBIX IMAPIHAIGHBIX JTaBICHUNA Y9aCTHUKOB
peaKuu Mpu OMpPEEICHHbIX YCIoBUAX. [Ipy n3ydeHnr XMMUYECKOI peakuu CieayeT onpese-
JUTh, OYJIET JIM OHA MPOTEKATh CAMOIIPOU3BOJILHO, U €CJIA Oy/IeT, TO B KaKOM HampasiieHuu. [Ipu
P,T = const peakuus mpoTekaeT CamMOIPOU3BOJIBLHO B HAIMPABICHUH YMEHBIICHHUS H300apHO-
uzotepmuueckoro norernuana AG, a mpu V,T = CONSt B HampaBIeHUN YMECHBIIICHUS H30XOPHO-
n30TepMHUYECKOro noteHuana AF.

Ecnu Bce yyacTHUKM peaklMy HaXOJIATCS B Ta3000pa3HOM COCTOSIHUU U MOAYUHSIOTCS 3a-
KOHaM HJICAJIbHBIX Ta30B, TO YMEHBIIEHUE HW300apHOTO MOTeHIManta (KoTopoe Oymer HaOmro-
JaThCs IPU OOPaTHOM MPOTEKAHUH PEAKIIMU JI0 COCTOSIHUS paBHOBecus npu P, T = const) Moxer
OBITH IPEJICTABICHO YpaBHEHUEM, KOTOpO€E Ha3bIBaeTcsl n300apoit Bant-I'odda:

p.a‘.lp.e
Ap=—AG=RT(InKp—In : 5) (6)

p%.p}

OTO ypaBHEHHE IOKa3bIBaeT, KaKyl0 padOTy COBEpIIaeT cHcTeMa MpU Nepexoae u3
HA4aJIbHOTO HEPABHOBECHOI'O COCTOSIHUS B KOHEUHOE PABHOBECHOE.

Ecnu peakuust ocymiecTisiercss B ujeanbHoM pactBope npu V,T = const, To u3oxopa
Bant-T'odda nmeer Bua:

il e
AV=—AF=RT(EnKC—EnCDCE) 0

c'%-cy

rae T — aGcomoTHas Temmneparypa, K;
R — yHuBepcanbHas ra3oBasi IOCTOSTHHAS;
P’a, P'B, P'e, P'D— He paBHOBECHbIE JaBJICHUSI yUaCTHUKOB PEAKIIUH;
C'a, C', C'p, C'e — He paBHOBECHBIC KOHIICHTPAIIMH YIACTHUKOB PEaKIIHH;
a, B, d, e — crexuoMeTrpuueckrue KodpHUIUEHTHI;
AG, AF — u3MeHeHHne TepMOIMHAMHYECKOT0 MOTEHIMAalla CHCTEMBI B IIPOIecce Peakluu — KOJIU-
YECTBEHHAs Mepa XMMUYECKOTO CPOJICTBA, XapaKkTepusyromascs mpu P = const yosuisio cBoOOI-
Hol sHeprun ['m66ca (Ap = —AG), a npu V = const yobuibio cBOOOHOM Hepruu I enbMrobia
(Av = —AF).

VYpaBuenus (6) u (7) yka3bpIBalOT Ha BO3MOKHOCTh U3MEHEHUS HAIIPaBJIEHUS MpoIecca Iy-
TEM MU3MEHEHHMs UCXOIHOTO HEPAaBHOBECHOIO COCTaBa PeaKLMOHHOM cMecu. [loaTomy pacuér Be-



mnarH AG u AF 1o3BosisieT TepMOIUHAMUYECKH OIICHUTHh BO3MOXKHOCTH MPOTEKAHUS PEAKIINH B
PSIMOM HaIPaBJICHUU:

eci A > 0 (AG u AF < 0) — peakuus mpoTeKaeT caMOIPOU3BOJIBHO B IPSIMOM HAIPaBIICHHUH;
ecid A <0 (AG u AF > 0) — peakuust caMOIPOU3BOIBHO UATH HE MOKET (U151 €€ POX 03K ICHHS
HEOOXOIUM TIOABOJ] SHEPTHH);

ecii A =0 (AG u AF = 0) — cucrema HaXOAUTCS B COCTOSIHUM PAaBHOBECHS:

d, e
Ke = Ejgg (8)

XHMMHY€eCKHM CPOJACTBOM Ha3bIBa€TCA CIIOCOOHOCTH Pa3IMUHBIX BEIIECTB BCTYNATh B XH-
MHYECKOE B3aUMOJICHCTBUE MEXKTY COOON.

B cranpapTHBIX YCHIOBHSIX, KOTJa UCXOAHbBIE MaplHalibHble JABICHUS U KOHICHTpAIUSI
Ka)XJIOTO YYaCTHUKA PEaKIMU paBHbI COOTBETCTBEHHO latm (760 mm.pt.cT. unu 101,3 kIla) unu
1 Momb/1, ypaBHeHHs ©30TepMBblI (6) U (7) ynpoCTATCS U yObLIIb HOPMaJIbHON CBOOOIHON SHEPTUU
MPUMET BH/I;

A, = —AG° = RT InK, )

Ay = —AF° = RT InK, (10)
rae AG®° u AF° — HOpMabHOE (CTaHIAPTHOE) XMUMHUYECKOE CPOJCTBO WIIM MEpa XUMHUYECKOTO
CPOZCTBA, KOTOpas MOKa3bIBaCT M3MEHEHNE CBOOOIHOM SHEPTUU CHCTEMBI I OOPATHOM IPOBE-
JIEHUH TIpoliecca, paBHOE MaKCHUMalbHOU paboTe mporecca. CUMBOM «°» yKa3bIBaeT, UTO U3Me-
HEHUE M300apHO-U30TEPMUUYECKOTO TIOTEHIIMATIA OTHOCUTHCS K PEaKIUd, B KOTOPOU MapIuaib-
HBIE JIABJICHUS WM KOHIIEHTPAIMK YYaCTHUKOB PEaKIMK PaBHBI 1.

3aBUCUMOCTh KOHCTAaHThl XMMHUYECKOT'O PABHOBECHUSI OT TEMIIEpaTyphbl BBIBOJIUTHCS, BO-
MEPBBIX, U3 YPaBHEHHS HOPMAJIbHOTO XMMHUYECKOTO CpojacTBa — u3oTepmbl Baut-T'opda (cm.
BBIBOJI ypaBHEHUs 9):

—4G° = Ap = RTInK, (11)
U, BO-BTOPBIX, U3 ypaBHeHus ['n66ca-I'enpMmrombia:
AG2 = AH? — TAS® (12)
0 _ 0 . daac°
AGY = AHY+T - (%42 )p (13)

yoOHO COYETAIONINX MEPBhIH U BTOPO 3aKOHBI TEPMOJUHAMUKH TIPUMEHUTEIBHO K 00paTHMBIM H30-
TEPMUYECKUM IIpOLEccaM,
rae AH% — TemnoBoii 3 dexT peakuum,
AS’- u3MeHeHMe SHTPOIHH.

i HaxoXAeHUs] 3aBUCHMOCTH KOHCTaHTBHl XMMHYECKOTO PaBHOBECHS OT TEMIIEPATyphbl BO3bBMEM
MIPOM3BOAHYIO TIO TEMIIepaType U3 ypaBHEHUs u3otepmsl (11)

daac° dink,
_(aT):REnKF’JFRT'( dar ) (14)

[Moncrasus 3nauenne AG (11) u e€ mpousBoxHo# o Temneparype (14) B ypasaenue (13), nmomy-

YUM:
dlnK
—RT InK, = AH° — RT InK,, — RT?>—_F (15)
WJIn 1ocCJie npeo6pa30BaHI/m:
dinK AHO
- p_ /7
dr  RT? (16)
dln Ky

rae T — temneparypHblii KO3(QQUIUEHT KOHCTAHTHI XUMHYECKOTO PABHOBECHS.

Bripaxenue (16) Ha3biBaeTcsl ypaBHeHHEeM H300apbl BanT-I'ogda.



Ecnu mponiecc mpoTekaeT mpu MOCTOSTHHOM 00BEME, TO 3aBHCHMOCTh KOHCTAHTHI PaBHOBECHS OT

TeMIepaTyphbl onpenenseTcs ypaBHeHueM u3oxopbl BanT-T'odga, koTopoe BHIBOJUTCS aHATOTHYHO:
dink, _ au°
ar  R? (17)
rae AU° — ctanpapTHOe H3MEHEHNE BHYTPEHHEH YHEPTUH CUCTEMBI.
s peakiuii, IpoTEKaOMUX B HEUACAIBHBIX PACTBOPAX, B ypaBHEHUH U30X0phl K¢ 3amensieTcs Ha

K. (C — KOHIIEHTpaIHsI 3aMEHSIETCS] Ha aKTHBHOCTh a):
dink, ay°

ar _ RT? (18)
Ypaeuenus (16), (17) u (18) moka3pIBaIOT, €CIIM PEAKIIMS MPOTEKAET C BBIACICHUEM TEIIOThl (AH®
<0, °AU < 0), To

dlnkKp dlnh’cudl?a!{a
ar ' dr dr

<0

CrnenoBaTenbHO, C MOBBIIIEHUEM TEMIEpaTyphl KOHCTAHTA PABHOBECHUS! YMEHBIIIAETCS U paBHOBE-
CHE CMEIAeTcsi B CTOpPOHY oOpaTHoii peakuuu. [losToMy 3K30TepMUUecKrne peakuu HEOOXOJUMO MPo-
BOJIUTH NPY IOHMKEHHOM, a S3HI0TepPMHUUECKHE — ITPH MOBBILIEHHON TeMIleparype.

YpaeHenus uzo0apsl (16) u uzoxopsl (17 u 18) onpenensar 3aBUCUMOCTh KOHCTAHT PAaBHOBECHS OT
TeMIepaTypsl B Ju(GepeHIHATEHOM BH/IE.

s mpakTU4ecKUX pacyeToB XapaKTEpPUCTUK PAaBHOBECHUH CJeIyeT MPOUHTETPUPOBATh 3TH ypaB-
HEHUS B TIpeeiaX BYyX TeMIIepaTyp C y4eToM, 4TO TeruoBoi 3QdexT peakunn AH B HEOOIBIIIOM TemIIe-
paTypHOM MHTEpBaJIe N3MEHSAETCS HE3HAUYHUTENIbHO M €ro MOXHO CUMTaTh MOCTOSHHBIM. [Ipu TakoM mo-
MyCKe HHTerpupoBanue ypaBHeHus (16) MpUBOIUT K BHIPAKEHHIO:

Kp, _4H° (1 1 0 _RTLT , Ky,
In Kp, R (?3 T)HHH a4 (T2=Ty) n Kp,y (19)

DTO ypaBHEHUE MTO3BOJISET:

— BBIUMCIIATH CTaHJAPTHBIN TerioBoi 3ddext AH® mo skcneprMeHTaIbHO HAHACHHBIM TIPH ABYX
TeMIIepaTypax KOHCTaHTaM PaBHOBECHS;

— BBIYMCIIUTh KOHCTAHTY PAaBHOBECHUS IPU 33JaHHOW TEeMIEpaType, €CIU U3BECTEH CTaHIapTHBII
TeTIoBOH 2 (EKT peakluy U KOHCTAHTa paBHOBECHS MPH APYTOd TeMIepaType.

TouHoe 3HadeHne TEIoBoro 3 dekra peakuy, yIUTHIBAIOLIEE €ro 3aBUCUMOCTb OT TEMIIEPATYPhI
T, paccunThiBaeTcs 1o 3akony Kupxroda:

T

AHY = AHog + [0, AC,dT (20)

rie AH%gg — OnpenensioT no cTaHJapPTHBIM TEMIOTaM 00pa30BaHus;
ACp — u3MeHeHHe TEIUIOEMKOCTH BEIIECTB B IIPOIIECCE PEAKITUH.

Heonpenen€unslit uaTErpan ypaBHenus n3obaps! Bant-I'odda (16) naér:

nK, = —%

ITpu nmepexoe K JeCATUIHOMY JOTapr(pMy MOTyINM:

. % + const (21)

AH 1 const

lgKy = ——=->+
9B 23R T 23 (22)
0O003HaUMM [TOCTOSIHHBIE caraeMble OykBamu A U B, Torna ypaBHeHHE IPUMET BHL:

A

Ig Kp = ; +B (23)

Bripaxkenus (22) u (23) ynoOHBI 171 rpadMuecKoro aHaiau3a MpoleccoB, TaK Kak 3aBUCUMOCTDH B
koopaunarax InKy = f(1/T) npezacrapisietr co00# MPSIMYIO JTHHUIO, T/IE

23R _ yriioBoit K03 pUIIMEHT NPAMOH,

__ const
23

— 0Tpe30K adCIKCcChl, OTCEKaeMo 3ToH npsMoii U paBHblii InKp mpu 1/T = 0.



lgkp] lgkp]

1/'|' 1/'||'
AH >0 AH <0

Puc.1. 3aBucumocTsb JorapudMa KOHCTAHTHI pABHOBECHSI OT BEIMYMHBI 00PaTHOH TeMIIepaTyphl
IKcnepumenmanvbHas uacmoy
PaccMoTpuM paBHOBECHE FOMOIEHHBIX PEAKLMH Ha IMpUMeEpe MPOTEKAIOLUIMX B BOJAHOM pPacTBOpe
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEaKLIN:

2FeCl; + 2KI = 2FeCl, + |, + 2KCI
FEQ(SO4)2 + 2KI1 = 2FeS04 + |, + 2K5S0,
WoHHbBIN BUI 9TUX peaKIuil OJIMHAKOB:

2Fe + 21" = 2Fe?* + I..
KOHCTaHTa PaBHOBECHS COTIIACHO 33.KOHy HeﬁCTBHH MacCC BbIPA3UTLCA ypaBHeHI/IeMZ

€2 i2°C
KC — _Fe 2 24
2z 2
(24)
Buvinoanenue pabomot

B cyxue npoHyMepoBaHHbIe KOnObI éMK. 100 cM® ¢ mpuTepThIME MPOOKaMK BHECTH 3a-
JTAHHOE KOJIMYECTBO PacTBOPOB xyopua xenesa (1) u monuaa xanus u3BeCTHON KOHIICHTPAIMU
(tabin.1). Konbel TepmoctaTupoBate npu Temmeparype 298+2 K. Ilo ykasaHuio mpernojaBaTens
IIPOBECTH SKCIEPUMEHT NpU BTOpoi TeMneparype 31312 K.

Ta6auna 1. PacTBOpHI HCXOHBIX PeareHTOB

3 Howmep ko5108b1
0,03M pactBOp, c™M 1 > 3 4
FeCls 50 - 55 -
Kl - 55 - 45

[IpUroTOBETE AN THUTPOBAHHA 8 KOHHMUYECKHX Koi0 émk. 100 cv®. B kaxmyio komby
Haneiite 35-50 cM® AMCTHIIMPOBAHHOK BOJBI M OXJIAJUTE UX BO NIy He MeHee 15 mumyrt. Jle-
JiHasl BOJa JIOJKHA NMPUOCTAHOBUTH PEAKIUIO0 U (PUKCUPOBATH MOMEHT, K KOTOPOMY OTHOCHUTCS
u3MepeHue KoHieHTpanuu. Cmemaiite conepxxkumoe koiad Nel u Ne2, a uepe3 10 MuH oTHEIBHO
cMmemmaiite coaepxumoe koiad Ne3 u Ne4. OtmerbTe Bpemsi cimBaHUsA pacTBOpoB. KosObr 3a-
KPBITh MMPOOKAaMHU U TEPMOCTATUPOBATh. [IpoTekaHne peakiuyu KOHTPOIMPYHUTE MO YBEINUECHUIO
KOHIeHTpauuu Hona. IloctosiHHast KOHLIEHTpauust |2 CBUAECTENLCTBYET O JIOCTH)KEHUU PaBHOBE-
cusi. KoHTponupyroT U3MEeHEeHHe KOHIEHTpaluu Hoja cienyromum oopazom. Uepes 20 MuH OT
MOMEHTa CMEIINBAHMSI U3 KaXKJ10i KOJIObI, HE BHIHUMAS €€ U3 TepMOocTaTa, OTOEpUTE MUIETKON
15 cm® pacTBOpa M creiiTe B OXTakIeHHBIE KONObI A1 TUTPOBAHHA. 3a BpeMs 0TOOpa mpoOsl
CUMTaTh MOMEHT CJIMBAaHUS PACTBOpA W3 MUIETKU B KOJOY A TUTpoBaHUS. Bpems oTMeuarts ¢
TOYHOCTB 710 | MUH.



Cpasy mocnie orbopa mpoObl BeyienuBImiics ion orrutpyiite 0,015 M pactBopoM THO-
cynbdara Hatpust NaxS03 ¢ u3BecTHbIM THTPOM. [IpH TUTpOBaHHM IPOTEKAET PEAKITUS:

2Na2S203 + 12 = Na2S406 + 2Nal

Tutpant mobasisiiTe 10 OJETHO-KEITOM OKPACKHU pacTBopa. 3aTeM J00aBUTh HECKOJIBKO
Karesab CYCIICH3MH KpaxMajia M MPOJOJDKAUTE THTPOBAHHUE JO MCYC3HOBEHHSI CHHEHW OKPACKU
pacTBopa. CBETIIO-CHHSS OKpAcKa, MOSBILIIONIASACS Yepe3 HEKOTOPOE BpEMsI, HE YUUTHIBACTCA.

Uepes 20 MHH HOCIIE IEPBOTO 0TOOpa MPod M3 KaKI0H Kool oTOepuTe eme mo 15 cm®
PacTBOPOB, BHECUTE B KOJIOBI ¢ OXJIAKIEHHON BOJIOW M TAK)KE MX OTTUTPYHUTE. 3aTeM C MHTEpBa-
70M B 20 MUH 0TOEpHUTE TPETHIO U YETBEPTYIO IIPOOKI U T.I.

OT60p Npo6 U UX TUTPOBAHKE MTPOBOJIUTE JIO TEX MOP, IMOKa 00BEM THUTPAHTA, U3PACXOI0-
BaHHBIM Ha TUTPOBAHUE JBYX IMOCIIEIOBATEIHHO B3SATHIX IPOO U3 KAXJI0M KOJIOBI HE CTAaHET PaB-
HBIM. DTO CBHJIETEILCTBYET O JOCTH)KCHHH PABHOBECHOT'O COCTOSIHHS B CHCTEME. DKCIIEPUMECH-
TaJbHBIC U PACYETHBIC TAHHBIC 3aHECUTE B TAOIUILY 2.

Ta6auna 2. Pe3ynbrarsl THUTPOBaHUS

Bpewmst, mun 20 40 60 80 100 120
Howmep nmpoOsI 1 2 3 4 5 6
O6wvem NazS203, cm®
Komnba Temmneparypa T1
1+2
3+4
Temmneparypa T2
Konba
1+2
3+4

Oopabomka IKcnepumMeHmaibHvIX OAGHHBIX
Oman 1. PacueT KOHCTAHT PaBHOBECHUS CMeceil MpH ucciae1yeMbIX TeMiepaTypax.

KoHcTanThl paBHOBeCHSI N3ydyaeMOil XUMUYECKON PEeaKIMH MPU HCCIEAYEMbIX TeMIIe-
paTypax OnpeernstoTcs Mo ypaBHeHUo (24).
PaBHOBecHas KOHILIEHTpalus oxa OyeT paBHa:

V.
G, =05 Cr- (25)

e Cr — MoJiipHas KOHIEHTPAIUs TUTPAHTA, THOCYIb(aTa, MOJIb/IM>;
VT — 00bEeM THUTpaHTa, H3PACXOAOBAHHBIN Ha THTPOBAHUE 10/1a B MOMEHT PABHOBECHS, MII;
VN — 06beM B3ATOI TIPOOHI, CM°.

PaBHOBecHas koHIeHTpauus noHOB sxerne3a (ll), cornacHo ypaBHEeHMIO peakiuu, OyJer

paBHa yJIBOCHHON KOHIIEHTpallUu Hoja:

Crez+ = 2Cj, (26)
Toraa paBHOBecHast KOHLIeHTpanusi noHOB >kene3a (l11), paBHa pasHOCTH HavyambHOUM KOH-
neHTpanuu noHoB skene3a (1) u paBHOBecHO KoHIIeHTpaluu HoHOB kene3a (l1) u 6yaer ompe-
JeISATHCS ypaBHEHHEM:
CF€3+ = Cgeg+ - Cgez+ = Cgeg+ - 26}2 (27)
HavansHas xoHnenTpaiust noHoB >kene3a (1) Beraucnsercs u3 MOISPHON KOHIIEHTPAIUU
ucxoanoro pactsopa FeClz u crenenu ero pasbaBieHus mpu CMeIIeHnu ¢ pactBopom KJ.



0 _
Crez+ = Crect, -

VEeciy
Vreciy Vi)

(28)

rae V(FeClz) u V(KJ) — 06beMBl COOTBETCTBYIOIIMX PACTBOPOB, B3AThIE /IS IPOBEACHUS PEaK-

LUH, B CM°.

PaBHoOBecHas KOHIOCHTpAal g HOHOB ﬁOHa BBIYHCIIACTCA aHAJIOTHYHO:

rae C(KJ) — MomspHAas KOHIIEHTPAIKs HCXOIHOTO PACTBOPA, B MOJIb/IM .

Cr- =G} —20,

VK]

CO— = CK —
] J VEecia tVEkJ

(29)

Ha ocHOBaHMU 3KCIIEPUMEHTAIbHBIX JTAHHBIX PACCUUTAWTE KOHCTAHThl PaBHOBECHS HCCIIe-
JlyeMOH peakuu 10 ypaBHEHUIO (24) npu yKa3aHHBIX TEMIIEpaTypax. OMIUPUUYECKHE U PACUET-
Hbl€ JJaHHbIE 3aHeCTH B Tabnuny 3. O0beM THOCYIb(haTa HATPUS SKBUBAJIEHTHO COOTBETCTBYIO-

IIEMY PaBHOBECHOMY KOJIMUYECTBY HOAA.

Tabauua 3. Pe3ynbrarsl aHAIUTHYECKUX PACYETOB MPU UCCIEAYEMbIX TEMIIEpaTypax

O6bem PaBHOBeCHAs KOHIIEHTPAIMS, MOJIB/IM°
Komnba Na2S20s3, K
N C(J2) C(Fe?) C(Fe*) C() ¢

Temmneparypa T1

1+2

3+4
Temmneparypa T2

1+2

3+4

Pacuér xoncrant PaBHOBCCHUA KC MMPOU3BOJAAT OTACIBHO IJIA ABYX B3ATBIX UCXOAHBIX CMC-

cel.

Iman 2. Pacuet TepmognHaMu4ecKkuX GpyHKIHUIA.

Paccunraiite m3o6apHo-u3zoTepMudeckuii morennuan AG mo ypasuenuto (11) HopmamsHO-
T'0 XUMHUYECKOTO CPOJICTBA MIPH ABYX TEMIIEpPATypax.

Paccuuraiite TemnoBoii a¢ ekt peakuun AH no ypasaenuto nzobapsl Bant-I'odda (19).

Paccunraiite nsmenenue suTporuu AS 1o ypaBHeHHIO (12) ipu ABYX TeMIiepaTypax.

Ha mumnmeTpoBoii 6ymare moctpoiite rpaduk 3apucumoctu InKe = f(1/T).

Onpenenure TeruoBoi »¢dext peakuuu AH rpadudeckn n aHaJIUTHUECKH (ypaBHEHHE

23).

Bcee MOJIYUCHHBIC PE3YJIbTAThI PACUCTOB BHECUTC B Ta6n1/1uy 4,

Tabauna 4. Pe3ynbrarsl pacueToB IpU UCCIEYEMBIX TEMIIEPATYPAX

S — Koncran- AH, Jx/monb AG, AS,
ta paBHo- | /T | tga
pa, K I teopetrd. | rpaduu. | kJx/Monb | Ix/mons-K
T1
T2

[Ipoananuzupyiite Bce MoyueHHbIE pe3yabTaThl U CHOPMYIUPYHTE BHIBO.

5.KaxoBbI 1ienu paboThI?
6.KakoB mopsi1ox BbIMOJIHEHUS pa0OThI?
7.Kaxkast 3akoHOMEpPHOCTh TIpOBEpsETCS B padboTe?

Bomnpocs! 115 g1onycka k padore




8. Tlo kakuM mpHU3HAKaM CYIAT O JOCTHKECHUU PAaBHOBECHS?

PaboTa cuntaercst BBIIIOJHEHHOM, €CJIN IPECTAaBIEHbI 3KCIIEPUMEHTANIbHBIE PE3YJIbTATHI,
NPUBE/ICHBI BCE YPaBHEHUS PEAaKIUi, rpadUKy U aHATUTUYECKUE PACUETHI, C/I€TaHbl BHIBOIBI.

3. Komnnexm 3a0au k meme 3.1.

1. Beraucauth 4ncino creneHeld cBoOOIbI, KOTOPBIME 00JIajaeT CHCTEMa, COCTOSIIAst U3: a) pac-
tBopa KNO3 1 NaNOs B mpHCyTCTBHM KpUCTAJUIOB 00EUX COJIe M MapoB BOAbI, 0) pacTBOpa
obenx cosieir B npucyrcTBuu jbaa, kpuctamioB KNOs u NaNOsz u mapoB Bojbl; B) pacTBOpa
00enx coJieil B IPUCYTCTBUH JIb1a U MAPOB BOJBI.

2. BbucuTh 9MCII0 cTerneHel cBoOO bl B IEPHO/ 3aTBEPICBaHUS CIIaBa, COCTOSIIETO U3 IBYX
METaJUIOB, 00Pa3yIOLINX ABE KPUCTAJUINYECKUE CTPYKTYPHI.

3. B BoiHOM pacTBOpe HAaXOIHUTCS CMECh XJIOpUJA COJIeH HATpus U XJjopuia Kaimblius. Onpeae-
JIMTE KOJIMYECTBO COCTABHBIX YaCTeH M KOMIIOHEHTOB B JIAHHOW CHCTEME.

4. VI3 ®UIKOTO pacriaBa CBHHIIA U 0JOBA YaCTHYHO BBINAIM KPUCTAILIBI ojioBa. KakoBa Bapu-
AQHTHOCTbH JJAHHOM CHUCTEMBI.

5. BeIpa3ute KOHCTaHTY PaBHOBECHS PEAKIIMU PA3JIOKCHHS KapOOHaTa KaIbIUs U MIOKAKUTE, YTO
9TO BBIPAKEHHE HE MMPOTHBOPEUUT MPaBUITy (as3.

6. B BoIHOM pacTBOpe HaXOIUTCSI CMECh COJICH: XJIOpUa MarHus U cyibdara Hatpus. Onpene-
JUTE KOJIMYECTBO COCTABHBIX YACTEH U KOMIIOHEHTOB.

7. BelYMCANTh MaKCHMaIbHOE YHCIIO CTEIIEHEH CBOOOBI U MAKCUMAJIbHOE YUCIo (a3, HaXxoms-
IIMXCSI B PABHOBECHH B OJTHOKOMITOHEHTHOM M JIByXKOMITOHEHTHOW CHCTEMaX.

8. Ilonb3ysick mpaBmiioMm (a3, A0Ka3arh, 4TO JHOOOW IBTECKTHYECKUH CILIAB M3 JIBYX BEILNCCTB
JIOJDKEH 00JIafiaTh CTPOTO OIPENEIIEHHBIM COCTABOM M MOCTOSHHOM TeMIIepaTypol IIIaBJICHHS.
SIBysieTcsl M 9BTEKTUKA XUMUYECKUM COSTMHEHHUEM KOMITOHCHTORB?

9. Bocnonk3oBaBiuck auarpamMmmont cocrostausi Sb — Pb (puc. 2),

OTIPEICTUTh KOJMYECTBO BBIKPHCTAITM30BABILECIHCS CYpPbMBI

npu oxiaxaeHun 10 4301C 3 Kr )KUIKOro cIjiaBa ¢

conepxanueM 40% cBuHLA.
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Puc. 1. Inarpamma cocrostaus Sb — Pb
10. DBTEKTUYECKHIT CIUIAB CYpbMbI M CBUHIIA cOAepKUT 13% cypbMbl (cM. puc. 1). Kakoit u3 me-
TaJIJIOB U B KAKOM KOJIMYeCTBE Oy/IeT HaXOUThCA B CILJIaBE
B BUJIE KPHUCTAJUIOB, BKPAIUIEHHBIX B 3BTEKTHKY, €ciau 10 Kr KHJAKOro CIUIaBa, COJEPKAIEro
10% cypbMBI OXJIAJUTh 70 TIOJIHOTO €T0 3aTBEPICBAHMS.
11*. Tlo nuarpamme COCTOSIHUSI CUCTEMBI 0-KCUIION—M-KCHIION (PHUC. 2) ONpeeNnTh, Kakas TBep-
nas (a3a ¥ B KAKOM KONMMYecTBe OyfeT BBIKPUCTAIIN30BBIBATLCS TIpH oxnaxaeruu 10 -50°C 1
KI' CMECH 0-KCWJIONIA U M-Kcuiloia ¢ coaepxkanueM 30 Bec. % m-kcumona.
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12*. IMocTpouth auarpammy coctosiHusi koHaeHcupoBanHoii cucrembl LICI — KCI, ecau Temme-
parypa mrasienus KCl 800°C, LiCl 600°C, srextnueckoro cruraBa 300°C. CocTaB SBTEKTUKH
60% LiCl u 40% KCI. Onpenenutb, CKOJIBLKO CTEIIEHEH CBOOOIBI HMEIOT CIICAYIOIIUE COCTABBI
IPY COOTBETCTBYIOIIUX TEMIIEpaTypax:
LiCl, Bec. % 40 60 80 100
t,°C 700 300 200 500

13*. 1) Vka3zare Ha puc. 3 dassl, Haxoasmuecs B paBHoBecuu B Touke O. OmpeaenuTs 4UCIO
CTereHei cBO0O/IbI B TAHHOM TOYKE;

2) onmcaTh MyTh KPUCTALIM3AIMHU paciuiaBa, cocrosmiero u3 85% SiOz u 15% Na.O. Cuenatb
TaOJMYHYIO 3aIUCh PE3YJIbTATOB OXJIAXKJICHUS 110 CIEAYIoIeH Gopme:

Temneparypa Cocras xunkoit ¢pazer | Cocras TBepaoi ¢azel | [Ipumedanus

3) yctaHOBUTH (HOPMYITy XMMHUYECKOTO CoeTuHEHusI, cocTosiero u3 50,8% Na2O u 49,2% SiOy;
4) ykazaTh TeMIIEpaTypy, IpH KOTOPOH HaYHETCS KPHCTAJUIN3aIHs paciuiaBa, coaepsxkaiero 70%
SiO2 u ykazaTh TeMIiepaTypy, Ipu KOTOPO# 3aKOHYUTCS MPOLIECC KPUCTAIUTA3AIHH.
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Puc. 3. luarpamma cocrosiausi cuctembl Na,O — SiO»

14. YnenbHas TeruioTa IUIaBieHUs HadTalWHA MPU €ro HOPMAIbHOW TeMIepaType IUIaBICHUs
79,9°C paBHa 149,25 JIx/r. Pa3HOCTh yIenbHBIX 0OBEMOB B KHIKOM W TBEPJIOM COCTOSIHUU TPHU
Temmneparype masnenus (AV) 0,146 cm®/r. OnpenenuTs U3MeHeHHe TEMIEpaTyphl IIABICHHS
HadTanuHa npu yBenuyeHuu AasieHus B 100 pa3 mo cpaBHEHHIO ¢ HOPMAJIbHBIM aTMOC(HEpPHBIM
nasnenneM (101325 H/m?).

15. TemnepaTypa KuMeHHs PTYTH O HOPMATbHBIM aTMochepHbIM naBnerueM 357°C. Temnota
napooOpazoBanus 283,2 Jlx/r. OnpeaenuTs U3MEHEHHE YIIPYTOCTHU Mapa PTYTH MPH U3MEHEHUU
TemmnepaTyphl Ha 1°C BOIM3H TemmepaTyphl KUMEHHS PTYTH T0J HOPMAIbHBIM aTMOCHEPHBIM
JTaBJICHUEM.




16. 3aBUCHUMOCTh TeMIIepaTyphl IJIABICHUS Ha(TanuHa OT JABICHUS BBIPAXaeTcs ypaBHeE-
HUEM

t (°C) = 79,8 + 3,7-107P + 1,88-10'P? (naBnenue BeIpa’keHO B mackansx). PasHocTs
yIENBHBIX 00BEMOB JKHIKOTO U TBEpAOTo HadTanuHa pasHa 0,146 cm®/r. Paccunraiite Temiory
(JIx/T) nnapienus HadTamuHa npu aapienun 5,07-10° Ia.

17. JIo xakoro 3HaYeHHs HY)KHO CHU3HTD JIaBJICHHUE, YTOOBI TEMIIEpaTypa KUIMECHHs TUITHIIAHU-
nuHa ynana g0 463 K, ecii B HopMalibHBIX yCi0oBUsX OH Kunut npu 489 K, a cpennss Temno-
Ta ero ucnapenus 48,5 x/[x/mMonp?

18. Ompenenute, Ha KaKyl0 BEJIMUYMHY HAJIO MOBBICUTH JABJICHUE, YTOOBI PTYTh MJIaBUIACH
npu 236,3 K, eciu npu temneparype TpoitHoil Touku (234,3 K) tennora miuasneHuss AHp, =
2266 JIx/Momb, a MOJISIpHBIE 00BEMBI TBEPJICH U KUIKOW (a3 COOTBETCTBEHHO paBHHI 14,14 u
14,65 cm>/Mob.

Tema 3.2. Monexynapusie pacmeopvl. Duzuko-xumuuecKue coicmea pazdasieHHbvxX pac-
meopoe
1. Bonpocwt kK ycmuomy onpocy
1. O01as XxapakTepUCTHKA PACTBOPOB.
2. CeoticTBa pa30aBiIeHHBIX pacTBOPOB. 3akoH @.M.Payis.
3. OcmoTtrueckoe mgaBienue. 3akoH Bant-I'odda. B kakoM COOTHOIEHNH HAXOMATCS BETUIUHBI OCMO-
TUYECKOTO JaBiieHus N1ByX BoaHbIX 0,005 M pacTBOpPOB IIFOKO3BI U CyJIb(haTa HaTpus?
4. TloHmxeHue TeMIepaTypsl 3aMep3aHus U MOBBILIEHUE TEMIIEPaTypbl KUIIEHHs pacTBOPOB.

2. Jlabopamopnasa paboma N9 « Duzuko-xumuueckoe ucciedo08anue o0pazoeanus KOMHIEKCHbIX CO-
€OUHEHUIL 8 PACHEOPax»

Llenvto oannotl pabomel SIBISETCS MPUOOPETEHIE HABBIKOB M3YYEHUS peakluii o0pa3oBa-
HUS OKPALICHHBIN U (PIIyOPECIUPYIONINX COSTUHEHUI B pacTBOpax.

OO0pazoBaHue COEMHEHHUM B pacTBOpaxX MO>KHO OXapaKTEpU30BaTh U3YUYEHUEM:

PH, mpu KOTOPOM CYIIECTBYET JTaHHOE COEAMHEHHE (CoepKalie MeTall U JINTaH Ibl);
COOTHOILIEHUE KOMIIOHEHTOB B COE/IMHEHUY;
MOJISIPHOTO KO3 (HUIMEHTa CBETOIOTJIOICHUS WM KBAHTOBOT'O BBIX0/1a JIIOMUHECIICHLIUY;
KOHCTAaHT JUCCOLMAIUY JINTaH/I0B (OPraHNYeCKUX PeareHTOB);
KOHCTaHT PaBHOBECHS, U3YUYEHHBIX NPU HECKOJIBKUX TEMIIEPATYpax W Pa3IMUHbIX 3HAYEHMSX
WOHHOW CHJIBI pAaCTBOPOB;
6. OCHOBHBIX TEPMOJUHAMUYECKHX XapaKTEPUCTUK OOpa30BaHUS COCAMHEHUN M3MEHEHUs 3H-
TaJbIINH, SHTPOIINH U N300apHO-U30TEPMHUUECKOT0 TOTEHIMAA.

IIpubopbi u peaxmusvl. pacTBOPbl OPraHMUYECKUX PEAareHTOB C KoHIeHTpanuei 10 M
(mo 3amaHuUI0 TPENoaBaTess: KCUIEHOI06bLIL OPAHICEBbLil, TTHMPOKATEXHUHOBBINA (DHOJICTOBBIH,
OpOMITUPOraJoOBbIf KpacHbBIN, MUPUIMHA30PE30PLUHH, 3-aMUHO-5-Cyab(hocaTulniIoBas KUCIOTA
U JIp.), pacTBOpPHI cojiell cBuHIA, kagmus, nuHka, pryta (1), xpoma (II), xenesza (1), xenesa
(1), amomunus (¢ konuenmpayuein 10* M), xnopun Kamus (HaTpus), YKCyCHash KHMCJIOTaA
(kKOHII.), aMMHaK BOJHBIN, 25%-HbIH, Bosia qucTuumpoBanHas. [Ipooupku emk. 20 cM®, mumnetku
rpagyupoBansble eMk. 1,2,5 u 10 cM3, ciekTpodoTomMeTp uiH (pOoTOIIEKTPOKOIOPUMETP, (IIyo-
puMeTp Jr000ii cucteMbl, HoHOMep WiH PH-MeTp 11000i1 CUCTEMBI, XOIOIUIBHUK OBITOBOH. By-
depubie pactBopsl ¢ PH ot 1 10 10 ¢ nonHoit cunoii 0,1.

Xoxa padoTsl

I.9Tan- nzyyenue Bausinus PH Ha o0pa3oBaHue KOMILIEKCHOTO COeUHEHHS.
1. B 10 npo6upok BHeCTH THMeTKo# 1m0 2 cM® 10 M pacTBOpa opraHmdeckoro pearenra (1o 3a-
JaHuIo npenogasatens), o 4 cm® 10% M pacTtBopa conu Metasia u OydepHsie pactBopsl pH oT
1 10 10, ¢ uaTepBanom B 1 exunmy, 0 10 cM®.
2. TlapaniensHO NPUIOTOBHTH CEPHIO PACTBOPOB, COAEPIKAIINX MO 2 CM° PacTBOpA OpraHHye-
cKkoro pearenTa u 6ydepusie pactops ¢ pH ot 1 10 10 (mpuuts mo 14 cm®).
3. IlepememiaTe OJIy4eHHBIE PACTBOPHI U 1aTh OTCTOAThCA 10-15 MuHYT.

agrwdE



4. I3MepuTh ONTHYECKHE INIOTHOCTU pacTBOopoB B uHTepBaie oT 400 1o 700 HM B KrOBETE TOJI-
IIIMHOM 5 CM OTHOCHUTEIHHO BOJIBI.

5. B TOYHOCTH Takue e cepuu pacTBOPOB MPUTOTOBUTH Ipu Temreparypax 1-3°C u 35°C, us-
MEPHUTh ONTUYECKHUE TUIOTHOCTH, KaK M JJIT KOMHATHOM TeMIIepaTyphl IIPU ONTUMAJILHOM 3HaAYe-
HUU JUTHHBI BOJHBI (HEOOXO0UMO TOICPKAHUE TIOCTOSIHCTBA TEMIIEpaTyp ¢ TOYHOCThIO 10 + 1°
Q).

I1.9Tan - 00padoTka SMIUPHUIECKUX JAHHBIX.

1. ITo pe3ynbTratamM U3MEPEHUN ONTHYECKUX TUIOTHOCTEH pacTBOPOB MOCTPOUTH rpadKu B KO-
opauHatax «pH — onTudeckas MIIOTHOCTBY IMPHU HCCICIYEMBIX TEMIEpaTypax, BUI KOTOPBIX
MIPE/ICTaBIJICH Ha puc. 1.

A Amax Puc. 1. Bnusnue pH Ha onTryeckue mIoTHOCTH pacTBOPOB:
1 — peareHT; 2 — KOMIIJIEKCHOE COEIMHEHNE.
Temneparypa pactBopa 295K.

Ha puc. 1 npencraBieHsl KpUBbI€, JaHHBIE ISl IOCTPO-
2.3 pHonr P eHHS KOTOPBIX MOJYYEHBI JUIS KECTKO(PHUKCUPOBAHHOMU IJIUHBI
BOJIHBI (OOBIYHO 3TO MAaKCUMyM IOIJIOIIEHUSI KOMIUIEKCHOI'O

coenuHeHus1). Kpupas 2 ciyxut Juisi pacueTa KOHCTaHTBl paBHOBECHs 00pa30BaHUSI KOMILIEKC-
HOT'O COEIMHEHHUS.
2. PacueTbl KOHCTAaHTBI paBHOBECHS 00Pa30BaHMs KOMIUIEKCHOT'O COEIMHEHUS B CAMOM IPOCTOM
BapHaHTE MPOBOJIUTCS ClIEAYyIOIKUM oOpazoM. Ha Bo3pacraroiieM yyacTke KpUBOW KOMILIEKCO-
o0Opa3oBaHus BbIOpaTh paBHOYIAJICHHBIC APYT OT Apyra 4eTbipe TOYKU. OnpenenuTb 3HauYeHus
(Ax; pHx) anst kax o ToukH. JJaHHbBIC IPEICTABUTh B BUJIC TAOJHUIIBI.
3. Jlnst BEIOpaHHBIX 3HAYEHUN ONTHYECKHUX TUIOTHOCTEH (Ha puc. 1 — Ay ) mpu COOTBETCTBYIOIINX
uM pH ( Ha puc. 1 — pHx ) paccunutsiBaetcst pyHkuus «B»:

— AX

B [":1r||3_":l-x]'2
[Tomyuatorcs Benuuunbl By, B 2 ...By. PacueTsl mpoBOAST 7151 KXKI0M TEMIIEpATYPHI.
4.Ctpost rpaduku B KoopauHaTax «-IgB — pH» s kaxaoro 3HaueHus temepatypbl. [Ipsmas
OTCEKAeT OT BEPTUKAIILHOM OCH OTPE30K, YnciIeHHO paBHbI [gK,, 3Has MoxHO HaliTu K,.

=¥ Puc. 2. I'paduueckuii meron pacuera jorapugma KOHCTAHTbI
paBHOBeCHs! peakiyst U3 (HOTOMETPUUECKUX U3MEPEHUI

N — YUCIJIO MPOTOHOB OTUIETIIEMBIX OT peareHTa Npu KOMILIECO-
o0Opa3oBaHUU

5. KoHcTaHTBI paBHOBECHH, pacCUMTaHHBIC JITIT HECKOIBKUX 3HA-
YCHHWI TeMITepaTyp, UCIIOJIBb3YIOT JUIsl OIIEHKH OCHOBHBIX TEPMO-
JTUHAMHYECKHX XapaKTePUCTUK peakiuii 00pa30BaHUS KOMIUIEKCHBIX COCTUHEHHUI: W3MEHEHUS
satanemuu (AH), saTpornu (AS) 1 n306apHO — n30TepMudeckoro nmoreHmana (AG). Bexnunna
AH paccuntsiBaercs o popmyse:

_2,3-R-T1-T2-1g§—i

AH
T, T,

Pacuer AG npoBoasr no ypaBHenuto: -AG = -2,3-R-T-IgKp.



N3 BennuuH AH u AG MOXXHO paccuuTaTh U3MEHEHUS SHTPOIIUHU PEAKIUU KOMIUIEKCOOOpa3oBa-
Hust AS: AG=AH - T -AS.
Bemmuunst AS 1 AG paccunThIBaIOT A7 BCEX MCCIIETYyEMBIX TEMIIEPATyp

Cmpykmypa u cooeprcanue omuema

OTuer 10JI7KEH coiepPKaTh:

1. DkcniepuMeHTaIbHbIE JaHHBIE U PE3YJIbTaThl pacyeToB (Tadnuua).
2. I'padmueckue 3aBUCUMOCTH BiusiHEe pH Ha ONTHYECKUE TNIOTHOCTH PACTBOPOB MPH HCCIETY-
emMbIX Temneparypax. Caenars BbIBOJ 00 00pa30BaHMM KOMIUIEKCA M O BIMSHUU TEMIIEPATyphl
Ha 00pazoBaHUE KOMILJIEKCHOTO coenuHeHus. [Ipenrnonoxurs xapakrep mpouecca KOMILIEKCO-
o0OpazoBaHwUs.
3. I'paduk 3aBHCUMOCTH ONTHYECKUX IUIOTHOCTEW pacTBopoB oT pH B koopamHarax «-IgB —
pH»; paccuuTaTh YUCIO MPOTOHOB «N», OTILEIUIAEMBIX OT peareHTa Mpu KOMILJIEKCooOpa3oBa-
HUM, ONIPENEIUTh Benu4uuHy [gK,. HaliTn 3Ha4eHns KOHCTaHT 00pa30BaHUs KOMILIEKCA TIPU HC-
CllelyeMbIX TeMIepaTypax.
4. PaccunraTh 3Ha4eHUs TepMmoanHamuueckux ¢pynkuuit AH, AS u AG. IIpoananu3upoBarp 1mo-
Jy4YEeHHBIE 3HAaYEHUS U 0XapaKTepU30BaTh IPOLIECC KOMITJIEKCOOOpa30BaHusl.

3. Komnaexkm 3a0au k meme 3.2.

1. B KakuX BECOBBIX COOTHOIICHUSX HAIO B3ITh 92%-HbIN 1 2%-HBII PacTBOPBI CEPHOM KHUCIIO-
ThI J1s1 IpUroroBieHus 45%-noro pacteopa?

2. B naboparopun umeercsi 10%-Hb1it pacTBOp enkoro kanu. KOHIIEHTpAIHO €ro MOBBIIIAIOT JI0
22% npubaBieHHEM TEXHUYECKOH mienouu, conepkameid 85% KOH. B kakux BECOBBIX COOT-
HOILICHHUAX HAJ0 OpaTh pacTBOp M TEXHHYECKYIO IEIO0Yb IS MOJYYEHHsS pacTBOpa 3aJaHHOU
KOHIIEHTpaluu?

3. B Boge oobemom 200 Mt pactBopen Opomua kanust maccoit 50 r. [ImoTHOCTE pacTBOpa paBHA
1,16 r/cm®. BeIpasute cocTaB pacTBOpa: a) B MAacCOBBIX JOJIAX; 6) B MOJIAPHBIX JOJAX; B) B MO-
JSUTBHOCTH; T) B MOJISIPHOCTH; /1) B HOPMAJIbHOCTH.

4. TInotHocTh pactBopa H3POs pasma 1,1805 r/cm®. Haiimute MaccoByio n0mo (%), MOJBHYIO
JIOJTI0, MOJISIPHYIO, MOJISUTbHYIO U HOPMaJIbHYIO KOHLIEHTPALUK pacTBOpa.

5. CmelaHsl 3TUIIOBBIN CIIUPT, YKCYCHAsl KACJIOTA, alleTOH M BOJA C MACCOM KaKIOr0 KOMIIO-
Henta 1o 100 r. [InoTHOCTH 3THX BemecTB cooTBeTcTBeHHO paBHbl 0,789, 1,049, 0,792 u 1,0
r/cm®. BeluncIMTe MONbHBIE JONMM KaIOTO KOMIOHeHTa. CUMTaTh, YTO TIPH PACTBOPEHHHU Be-
IECTB 00BbEMBI UX CYMMHUPYIOTCS.

6. Koo duuuent abcopbuuu anerunena sonoit npu 20°C pasen 1,03. Beraucauts kodduiment
PacTBOPUMOCTH JJAHHOTO T'a3a MPU yKa3aHHOM TeMIeparype.

7. TIpu 17°C ocMoTtrueckoe JaBieHne pacTBopa, coaepskamero 0,125 r MoueBHHBI B 25 M BO-
761, paBHO 2,006 - 10° H/M2. Beruncinte MONEKYISPHYIO MACCy MOUEBHHEL

8. OcmoTuueckoe masnenue 0,1  pactsopa ZnSO4 mpu 0°C pasro 1,59-10° H/M2. OmpenenuTs
KQ)KYILYIOCS] CTETIEHb JUCCOLMAIMYU COJIM B IaHHOM pacTBOPE.

9. lloxacunraiite ocmotudeckoe nasiueHue 0,05 M pacrBopa Na;SO4 mpu 300 K, ecnu kaxy-
nasics CTeNneHb aucconuanuu cyinbdara sarpus a—~0,8.

10. Beruucnuts naBnenue mapa 20%-Horo pactopa rmokossl (CeH1206) mpu 25°C. laBnenue
TapoB BOJIBI MPH JaHHOM Temmepatype 3167,73 H/m?,

11. JaBnenue HachimerHoro napa Boasl mpu 40°C pasuo 7375,9 Tla. Berauciure naBneHue napa
pactBopa, coaepsxamiero 10 r rmuuepuna B 400 T BOABI.

12. CxoNbKO TIUIEPUHA JOJDKHO OBITH pacTBOpeHO (%), uTOOBI JaBJeHHE Tapa pacTBOpa ObLIO
Ha 2 % HWKE TaBJICHUS IMapa YUCTOU BOJBI?

13. CkonbKO rpaMMOB OJIOBA HAJI0 pacTBOPUTH B 50 T pTyTH, YTOOBI AaBJIEHHE MTAPOB €€ CHU3H-
70ck oT 94637 o 93275 I1a? MonekyIbl pTYTH U 0JI0Ba OJTHOATOMHBI.

14. BeruncnuTh naBnenue napa 10%-uoro pactBopa MoyeBuusl CO(NH2), mpu 50°C. Japnenne
napos Boas! mpu 50°C pasro POs = 12320 H/m?.



15. Jasnenue napa uuctoro anerona npu 20°C pasno 23940 H/m?. JlaBnenue mapa pacTBopa
kamdophl B alleToHe, coaeprkamiero 5 r kamdopsl Ha 200 T ameToHa Ipu TOH Ke TeMIeparype,
paBHO 23710 H/M2. OnpenenuTs MOJIeKyIApHBIHA Bec KaM(POpHI B PACTBOPE aLETOHA.

16. Onpenenure Temreparypy kuneHust pactBopa 10 r rirroko3sl B 90 r Bobl. DOYUIHOCKOITHY €-
CKasi KoHcTaHTa BojibI paBHa 0,512.

17. PactBOp, coaepxamuii 0,5 T HEJIETy4ero paCTBOPEHHOIO BEIIECTBA C MOJICKYJISIPHON Maccou
182 B 42 r 6enzona, xkurut npu 80,27°C. TemmnepaTypa KuneHnus 4uctoro 6ensona passa 80,1°C.
Onpenenure MOJIIPHYIO TEIIOTY UCMIapeHUs OeH301a.

18. TemmepaTypa oTBepAeBaHHs uucToro oensona — 5,5°C, a pacteopa 1,632 T TpHXJIOpyKCYC-
Hoit kucyotsl B 100 r 6enszona — 5,15°C. [TonsepraroTcs 1M AUCCOIMALIMM UM ACCOLIMAIIUM MO-
JEKYJIBI TPUXIIOPYKCYCHOM KHCIIOTHI B OEH30JIbHOM PACcTBOPE U B KaKOH cTeneHn?

19. Beruucnuts Temneparypy 3amep3anus 7,308 r xjopuma Hatpus B 250 T BOABI, €CJIM MpPH
18°C ocmoTtuueckoe napieHue pactBopa — 2,1077-10° H/m2. TInoTHOCTH pacTBOpa MPUHSTH PaB-
HO 1.

20. BeIpa3uth KOHIIEHTpAIUIO BOAHOro pacTBopa riuueprHa C3HgO3 B BECOBBIX MPOIIEHTAX, €C-
1 oH 3amep3aet npu — 0,52°C.

21. Ilpu kaxoii mpuMepHOH TeMIeparype 1oJkeH 3amep3arb 40%-Hblil BOJHBIN pacTBOpP 3TUJIO-
BOT'O CITHPTA.

22. Temmneparypa kunenus uncroro 6enzona 80,1°C, a pactBopa, congepsxamero 0,3020 T gude-
nunamuHa B 30,14 1 6ensona, 80,255°C. CxpriTas TemnoTa ucnapeHus 6eH30a IpH TeMIepaTy-
pe ero kunierust pasaa 396,0 JIx/r. Beraucinte MONEKyYISApHBIN Bec AudeHnIaMruta B 0eH3071e.
23.PacTBOp, coaepxKaiuit 107 kr HEJIETYYEero BEIIeCTBA C MOJIEKYJIsIpHOUM Maccon 186 B 0,1 kr
BOJbI, 3amep3aeT Ha 0,10° Hibke TeMiiepaTypsl 3aMep3aHus pacTBoputensi. Kpuockonnueckas
NOCTOSTHHAs BOJIbI paBHa 1,86. Omnpenenure cTeneHb IUCCOLUALIMN PACTBOPEHHOTO BEIIECTBA,
YUMTBIBAs], 4YTO Ka)K/1asi €ro MOJIEKyJia B paCTBOPE MOJKET pacnajgarbcs Ha TPU YACTHUIBI.

24. TeMmeparypa 3amMep3aHus YUCTOro OEH30Ja BBIIIE TeMIepaTyphl 3aMep3aHusl PacTBOpa,
conepxamntero 0,2242-10° xr xamdopsr u 30,55-10° xr 6enszona, Ha 0,246°. Temnora mias-
JeHus OeH30J1a IpU TeMmepaType 3amep3anus paBHa 9,8 k/[x/Monb. Onpenennute MOICKYIsIp-
HYI0 Maccy KaM(popsbl.

Tema 3.3. Bunapuvie pacmeopul Hcuoxkux n1emyuux eéeuwjecme. Hoeanvnvie u neuoeanvnole
cucmempl. Yacmuuno cmewiugaroujuecs u HecmeuusaOUWuecs HeuoKocmu
1. Bonpocwt k ycmuomy onpocy
1. EHHapHI:Ie PAaCTBOPLI X KUAKHUX JICTYUUX BCHICCTB. I[aBJ'IeHI/Ie rnapa HaJg )KH,I[KOf/'I CMCCBIO.
2. 3axonsl /[.I1.KoHOBanmoBa. A3e0TpomnHas CMECh.
3. HpOElHEU'II/I?,I/IpOBaTB AuarpaMmbl «COCTaB-JaBJICHUC Mapa» U «COCTaB-TEMIIEpaTypa» Npu OTPULATCIIb-
HOM W TIOJIOKUTEILHOM OTKIIOHEHHH OT JIMHEHHOH 3aBHCHMOCTH.
4, Heperomca KHUIKHUX CMeceH. I[aBJ'IeHI/Ie napa 4aCTU4HO CMCIIMBAOIIUXCA U HECMCUINBAIOIINUXCA KU~
kocrel. [TpuBecTy mpuMeps! IEPETOHKU € BOASIHBIM [TAPOM.

2. Jlabopamopuas paboma Nel0«Bausanue uoHHoU cunvl pacmeopa Ha odpazoeanue u
YCmOou4u80Cmys KOMNIAEKCHO20 COCOUHEHUA)

Llenv Oannou pabomoel: yCTAaHOBUTH 3aBUCHUMOCThH BJIMSIHMSI MOHHOM CHJIBI pacTBOpa Ha
KOHCTaHTY 00pa30BaHMsI KOMIUIEKCHOTO COEJMHEHUS CIIEKTPO()OTOMETPUUECKH.

IIpubopwl u peakmugwl. cIeKTPOHOTOMETP WA (POTOIIEKTPOKOJIOPUMETP, HAOOP KIOBET;
npoGupku, mumeTka Ha 1 cM®, nunetka Ha 10 cm®; 6ydepusie pactsops ¢ pH ot 1,0 mo 10,0;
PacTBOp ATIOMOKAIHEBBIX KBACIOB C KOHIeHTparmeii 10~M, pacTBOp opraHMYecKOro peareHTa
— KCHITMHOIIOBOTO OPAaHKeBOTo ¢ KoHIenTparueii 10-*M, 4M pactsop KCI (NaCl).

Xox padoTsl
I. Oran. IIpuroroBuTh cepuu pacTBOpPOB NMpu KOMHATHOM TemmnepaType T1 =298 K:
Cepus 1. B 10 mpoOupoK TIPHIMTH 10 3 ¢M® OpraHMYECKOro peareHrta, mo 6 cM® pacTBopa
ATIOMOKATMEBBIX KBACIIOB U JOBECTH 00muii 066eM 10 20 cm® 6ydepasiMu pacTBopamu ¢ PH ot



1 no 10. Ilepememars, nate orcTosAThCs 10-15 MuHyT. I3MEpUTh ONTUYECKYIO TUIOTHOCTH pac-
TBOPOB.

Cepus 2. B 10 npo6upok npunuts 110 1 cm® KCI, mo 3 cm® opraanueckoro pearenra, 1mo 6 cm®
pacTBOpa AIFOMOKAJIMEBBIX KBACIIOB M JOBECTH o0 00bem a0 20 mut Oyd. pactBopamu pH ot
1 no 10. Ilepememars, gate orcTosAThC 10-15 MunyT. I3MEpUTh ONTUYECKYIO TUIOTHOCTH pac-
TBOPOB.

Cepus 3. B 10 npo6upok npumuts 110 2 cm® KCI, o 3 cm® opraanueckoro pearenra, 1mo 6 cm®
pacTBOpa AIFOMOKAJIMEBBIX KBACIIOB M JOBECTH o0muii 00bem a0 20 mut Oyd. pactBopamu pH ot
1 no 10. Ilepememars, gate orcTosAThC 10-15 MuHYT. I3MEpUTh ONTUYECKYIO TUIOTHOCTH pac-
TBOPOB.

Cepus 4. B 10 npo6upok npumuts 110 3 cm® KCI, mo 3 cm® opraanueckoro pearenra, 1mo 6 cm®
pacTBOpa AIFOMOKAJIMEBBIX KBACIIOB M JOBECTH oOmuii 00bem a0 20 mut 0yd. pactBopamu pH ot
1 no 10. Ilepememars, gate orcTosAThCS 10-15 MuHYT. I3MEpUTh ONTUYECKYIO TUIOTHOCTH pac-
TBOPOB.

Cepus 5. B 10 npo6upok npumuts 110 6 cm® KCI, mo 3 cm® opraanueckoro pearenra, 1mo 6 cm®
pacTBopa aJIFOMOKAJIMEBBIX KBACIIOB M 10BECTH 00mmmii 00bemM 10 20 mi 6yd. pactBopamu pH ot
1 no 10. Ilepememars, gate orcTosiThCs 10-15 MuHYT. I3MEpUTh ONTHYECKYIO TUIOTHOCTH pac-
TBOPOB.

Ilposecmu ananozuunsvie uccnedosanusn ona T = 308-310K.

Il. Oran. Yepes 10-15 MUHYT U3MEPSIOT ONTHYECKUE IUIOTHOCTU IOJIYYEHHBIX PacTBOPOB IPHU
ONTUMAJILHOW JJIMHE BOJIHBI, B KIOBETE Ha 5 cM. B kauecTBe pacTBopa CpaBHEHMS MCHOJIb3YIOT
JTUCTUILIMPOBaHHYIO BoAy. IlomyueHHble faHHBIE BHOCST B Tabiuny 1.

Tadauna 1
OMIMpUYECKHUe TaHHbIe IPU Pa3HOIl MOHHOI CHJIe pAaCTBOPOB
Onruyeckas MJIOTHOCTh, A
1 cepusi | 2 cepusi | 3 cepus | 4 cepusi | 5 cepus
pH Temnepatypa, K
298 308 298 308 298 308 298 308 298 | 308

1

2

3

4

5

6

7

8

9

10

11

12

13

14

I11. OTan — 06padoTKa IKCHIEPUMEHTATBHBIX JAHHBIX.

1. TlocTpouTts rpaduku 3aBucumMoctu «A—pH» mpu pazHoil HOHHOW cuiie (JUIsl HAarJIAJHOCTH Ha
oJlHOM pucyHke). Ha ka0l kpuBoi BbIOpaTh TOUKY A, 4, 1 Ha y4acTKe MoabeMa BbIOpaTh ue-
TBIpE TOUKU U paccuuTaTh QyHKINIO B:

B4 = T.€. 5 pa3 (g 5 KpUBBIX).

i
[Amax_‘qi)z’
AHaJIOTUYHO NMPOBECTH pacueT GyHKIMA B1-4 mpu BTOpOI TeMmeparype.

2. PaccuntsiBatoT IgB u ctpost 3aBucumocth «lgB—pH» mis kaxmoii cepun. Ilo rpaduka Haxo-

1t Kyg, K.C.: K moTy4eHHOM KPUBOM IPOBOAAT KacaTENbHYIO 10 nepeceyenus ¢ ocsimu. Ha ocu




OPIMHAT OTCEKAETCS OTPE30K, YMcIeHHO paBHbIA [gK 6, K.C. (5 3Hauennii 1 Kaxao0i Temie-
parypabl).
AHaIOrMYHO IpoBecTH pacyeT GpyHKIui B nmpu BTOpoii Temieparype.
3. Manee nocTpouth 3aBUCUMOCTE «[gKj_5 — +/p». TIpsiMast oTcekaeT Ha OCH OpPAMHAT OTPE30K,
4qHCIeHHO paBHBIA pPK,, T.e. 0OpaTHBIN lorapumM KOHCTAHTHI 0Opa30BaHMs MPH MOHHOH cHIe,
paBHO} Hymo0. Torna ms mo6oi nonnoi cuiel pKyg, K.C. paccunteiaercs no ¢popmyie:

pK = pK® + By/p,
IJe |l - HOHHAs CHJIa pacTBOpa: |1 = %(zf,at Crar + 22, Can),
Zpar — 3apap katuoHa (KY); z,,, — 3apaz anuona (Cl7);

C — KOHIIEHTpALUsl PACTBOPOB C yUETOM pa30aBiICHHUS.
C= M; Vge cocTaBasn 1, 2, 3,4 c®
Voﬁ]u

AHaJOrMYHO NPOBECTH pacueThl IPU BTOPOU TEMIIEPATYpE.
3. Benmnuuna «B» ompenensiercst kak tge — yrioBoi koddduument mpsmoil. Tonpko mocie
HaxoxaeHus pK, mo npuBeneHHoit popmyie, padbora cunTaeTcs 3aKOHYEHHOU.
4. Vcnonb3ys HalJIEHHbIE 3HAYEHUsI KOHCTAHT IPH Pa3HOW MOHHOW CUJIE MPU ABYX TEMIIepaTy-
pax paccuuTaTh TEPMOJANHAMHUYECKUE (DYHKIIUH:
a) M0 YPaBHEHUIO U300aphl - SHTAJIBIIHNIO B UCCIEAYEMOM TEMIEpAaTypHOM HMHTEpBalie (5 3Haue-
HMI), TIOCTPOMTH 3aBUCHMOCTh «AH; 5 — +/p» (1Ba rpaduka, T.k. aBe Temmeparypsi). [Ipsmas
OTCEKAET HAa OCH OpPJMHAT OTPE30K, YUCIECHHO paBHbId AHy, T.€. SHTANBIUN XUMUYECKOW peak-
LMY [IpY MOHHOM cuiie, paBHOM Hyit0. Toraa i 1t000it monHoi cuisl AH  oOpa3oBaHus KOM-
IJIEKCHOTO COEIMHEHUS PACCUUTHIBAETCS 10 (hopMyIie:

AH = 4H °+Byp,
6) Benuuuny sHeprun ['m66ca mo popmyne AG = -RT-InKp B rccneayemom TemepaTypHOM HH-
TepBasie (0 5 3HAYCHUH JUIS KaXION TEMIIEPATypshl), MOCTPOUTH 3aBUCUMOCTh «AG;_5 — +/|1»
(nBa rpaduka, T.K. ABe Temrepatypbl). [IpsmMast oTCeKaeT Ha OCH OpJMHAT OTPE30K, YUCICHHO
paBHbIN AGg, T.€. SHTAIBIINU XUMUYECKON peakLUU TP HOHHOW cuJie, paBHOW Hymo. Toraa ams
10001 MOHHOM cuibl AG  00pa30BaHUsl KOMIIJIEKCHOTO COEIMHEHHs] pacCUMThIBAeTCs MO (op-
MyJe:

AG = AG °+ Byp,
B) BesmuuHy dHTpomnun 1o Gopmyine AG = AH - T-AS B ucciieyeMoM TeMIiepaTypHOM UHTEpBa-
ne (mo 5 3Ha4yeHWi A KaXIOW TeMIepaTyphl), MOCTPOUTH 3aBUCUMOCTh «AS;_s — /u» (1Ba
rpaduka, T.K. ABe TeMreparypsi). [IpsMasi oTcekaeT Ha OCH OpAMHAT OTPE30K, YUCICHHO PaBHBIN
ASg, T.€. DPHTAIBIINM XUMUYECKON peaKIuu Mpyu MOHHOW Cuiie, paBHOUM Hy0. Toraa s 1000
MOHHOM cmiibl AS  00pa30BaHMs KOMIUIEKCHOTO COEIUHEHUSI PACCUUTBIBAETCS 110 popMyIie:

AS =45 °+ Byp,

Cmpykmypa u cooepicanue omuema

OTuer n0/IKeH CoAepPKATh:
1. DKcriepuMeHTaIbHBIE TaHHBIE U PE3YJbTAThl pacueToB (TabauIa).
2. I'papuueckoe onpeneneHre KOHCTaHT U TEPMOJMHAMUYECKUX (DYHKIMH MpU pa3HOM MOHHOM
CHUJIE pacTBOpA U MPHU JBYX TEMIIEpaTypax.

Bonpocsl 1 3a1a4u 17151 CAMOKOHTPOJIS
1. B gem coctout 3akoH JlamOepra-bepa-byrepa? CuHTE30M KaKuX JBYX 3aKOHOB OH SIBIISIETCS?
2. Yro Ha3zpiBaeTcs KOA(G(GHUIIMEHTOM MOTIOMIEHUS?
3. Kakas BenmnurHa Ha3bIBa€TCS ONTUYECKON TJIOTHOCTHIO?
4. Yo npencrasmusieT coO0H CIEKTP MOTIIONICHHSI BEIIeCTBa?
5. ApryMeHTHOBaHHO 00OCHOBATH MOJYYCHHbIE 3aKOHOMEPHOCTH BIIHSIHHSI HOHHOW CHITBI pac-
TBOpa Ha 00pa30BaHNE KOMIUIEKCHOTO COSTUHEHUS.

3. Komnnexm 3aoau k meme 3.3.



1. Onpenenuth obliee U MapIUaIbHOE JaBIeHHE HachlleHHBIX napos mpu 70°C Ham cMmechio
OeH30J1a C TOJIYOJIOM, B KOTOPOM MoJIbHas 10 OeH3oma paBHa 0,35. JlaBineHust napoB OeH30J1a U
TOJTyOJNa TIPH YKA3aHHON TeMIIepaType COOTBETCTBEHHO paBHEI 72980,4 u 26984,3 H/m?.

2. Tonyon u 3TUIOEH301 HEOTPAHUYEHHO PACTBOPHUMBI IPYT B apyre. JaBieHnue mapa 3TuiaOeH-
3oma ipu 90°C pasro 29741 H/m?. BBIMMCIUTE OTHOIIEHHE YMCIA MOJIei TOIyoNna K 4HCITy MO-
Jeit 3TunbeH3oa B mapax Mpu yKazaHHOM TeMIlepaType HaJl CMechlo, cojepxaiuei 75 moin. %
Tomyomna u 25 mMon. % >tundenszona. Jlapnenue napos Tonyona npu 90°C pasHo 53942,1 H/m2.

3*. Boga u HadTanMH MPaKTHYECKH HEPACTBOPUMBI JAPYr B jApyre. /laBieHue mapoB HTHX Be-
mectB pu 90°C coorBercTBeHHO paBHBI 97740,9 u 2386 H/M?, a mpu 100°C — 101325 u 2466
H/m?. B unTepBane temmneparyp mMexay 99 u 100°C naBneHne mapa kamaoro KOMIOHEHTA pac-
TET MPONOPLHUOHAIBHO TeMueparype. OnpeaenuTs TeMIIEpaTypy KUIEHHUsI CMECH IIPU JaBJICHUU
100640 H/M? u MIPOLICHTHBIN COCTAB AUCTHILIATA.

4. 3aBUCUMOCTbH TEMIEpPaTyphl KUIIEHUSI CMECH XJIOpOQOpMa U alleTOHA OT €€ COCTaBa BhIpaXka-
eTcsl KpuBOH, umeromeld MakcumyM. Ilonb3ysice auarpamMmoii (puc. 4) ompenenuTh: a) COCTaB
KHIKOH cMecu u mapa npu 61°C; 6) cocTa u TemmepaTypy KUIEHHs a3e0TPOIHOH CMECH; B)
TEeMIEpaTypy KUIIEHUs U COCTaB Iapa HaJ cMecklo, coctosmiei u3 10 mons xinopodopma u 40
MOJIb all€TOHA.
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Puc. 4. JluarpamMMa neperonku
CUCTEMBI XJIOpOPOpM—AalleTOH

5. Kakum 00pa3oM MOKHO JT0Ka3aTh, YTO a3€0TPOMHASI CMECh HE SIBISETCS XMMHYECKUM COEIU-
HeHueM?

6*. Tlo nuarpamMmmMe «reMrepaTypa KUIEHHS — COCTaB JABYXKOMIIOHEHTHOM cuctembl A—B» (puc.
5) ompenenuTh U3MEHEHUE COCTaBa JKUJIKOW M MapooOpa3Hoi (a3 Mpu HarpeBaHUHM HCXOIHON
JKUJIKOW CMECH COCTaBa, XapaKTEPU3YIOMIETOCS TOYKOU @, M KOJMYECTBA TapOOOpa3HON U JKUJI-

Koi (a3 npu Oxnam,ue?ﬂnn rana coCTara a 710 TeMrenatvnri to (Touka n).
T hun

c a il :b
A W W 30 40 50 60 7 60 90 B(100)
()gp 80 70 60 &0 40 50 20 W0
Cocmad, Gec.%,

Puc. 5. lnarpamMmma coCTOSIHUS IByXKOMIOHEHTHOM XKUJIKOM CU-



4. Komniekm mecmogulx 3a0anuil 0711 RPOMENCYmouH020 KOHMPONA 3HAHU

Tect Ne3: «®a3oBble paBHOBecHus. PacTBopbD»
1. HachImeHHBIM TapOM >KHJIKOCTH Ha3bIBACTCH:

a):map, HaxoAsLUKCS B pAaBHOBECUHU C KOHJIEHCATOM;
0):map, HaXOASIIUICS B paBHOBECUHU C TTAPOM;
B):IIap, HAXOAILMICSA B PABHOBECUU C JKUJIKOCTHIO.

2. Yucno TepMOAMHAMUYECKUX cTerneHei cBo0oabl C 0JHOKOMIOHEHTHOW CHCTEMBI, CO/IepKa-
1iel )KUJIKYI0 U TBepAyIo (a3bl B COCTOSHUM PaBHOBECUS PABHO!

a) 0;

0) I;

B) 2;

r) 3.

3. TpoiiHast TouKa Ha AMarpaMMe COCTOSIHUSI OJHOKOMIIOHEHTHON CHCTEMBI:

a) 9TO TOYKA Ha Juarpamme, rnapamerpbl KOTOPOH COOTBETCTBYIOT OJJHOBPEMEHHOMY CYILECTBO-
BaHUIO TpexX (a3, HaXOAIMIUXCS B PABHOBECUU;

0) 3TO TOUKa Ha U30TEpPME, apaMeTPbl KOTOPOH COOTBETCTBYIOT OJIHOBPEMEHHOMY CYILIECTBOBA-
HUIO TpeX (pa3, HaXOASIIUXCsl B PABHOBECHUU;

B) 3TO TOYKa Ha IPaJyMpOBOYHOM Tpaduke, mapameTpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEH-
HOMY CYIIECTBOBaHUIO Tpex (a3, HaXOASIIMXCS B PABHOBECHH.

4., «CoCTaBIAIONIEN» CUCTEMBI Ha3bIBAETCS:

a) CTerneHb CBOOOIHI;

0) BEIIECTBO, KOTOPOE MOKET OBITh BBIJICIICHO U3 CHCTEMBI M CYILIECTBOBAThH BHE €€;
B) caMmoe JIeTydee BEIIeCTBO B CUCTEME.

5. KakoBo o01iee TepMoiHaMUUECKOE YCI0BHE (pa30BOTO PAaBHOBECHS:

a) TMepBbI 3aKOH TEPMOINHAMUKH;

0) paBEHCTBO XMMHUYECKUX TIOTESHITHAIOB Ka)KJI0r0 KOMIIOHEHTA BO BCeX (azax;
B) aHeprus ['n66ca =0.

6. 3aBUCHMOCTb JaBJIEHUS HACBIILIEHHOTO Mapa HaJ TBEPJbIM TE€JIOM OT TEMIIEpPaTyphl:
a) YBEJIMYMBAETCA C POCTOM TeMIIepaTyphl;

0) YMEHBILIAETCS C pOCTOM TEMIIEPaTyphI;

B) HE 3aBUCHUT OT TEMIIEpPaTypHl.

7. KOMIIOHEHTOM CUCTEMBI Ha3bIBAETCS:

a) TBepaas Qasa;

0) xunkas Qasa;

B) HE 3aBUCHMas COCTABJISIONIAs CUCTEMBI.

8. Ykaxkurte nuarpammy COCTOSIHUSI BOJBI (IuarpaMmy paBHoBecHs (a3) B KoopAauHaTax P =

f(T):

a)



Hugrocms

fas
Téepioe

0)

Theadoe
Mudkocms

Hugrocms

Téeodoe

9. Uucno TepMOAUHAMHYECKHUX CTeneHer cBo0oabpl C 0JJHOKOMIIOHCHTHOW CUCTEMBI B TPOU-
HOU TOYKE PaBHO:

a) 0;

0) 1;

B) 2;

r) 3.

10. Kakumu TOYKaMu HAaYMHAETCS U KOHYAETCS KpUBas 3aBUCHMOCTH «JIaBJICHUS  HACHI-
MICHHOTO Tapa )HUIKOCTU OT TeMIIEPATyphI»:

a) TpoifHas TOUKa;

0) UCXOHAasl TeMIIepaTypa;

B) DBTEKTHKA;

T') KpUTHYECKAs TeMIepaTypa.

11. HopmanbHble TeMIlepaTypbl KUIeHUs: OeH301a, HapTaduHa U YETHIPEXXJIOPUCTOTO YIiie-
poza cooTBeTCTBEHHO paBHHI 353,3, 491,1 u 349,9 K. Monsipabie BeTUYUHBI ASycn TIPU HOP-
MaJIbHOM TeMIiepaType KUIICHHS JIJIs 9TUX BEIIEeCTB HAXOSATCS B COOTHOIICHHH .

a) ASucn(0en3051a)>ASycn(HadTaMHA)>AS Her (U THIPEXXITL. );

0) MpUMEpPHO PaBHHBI;

B) ASucn(0eH30712)<ASycn(HadTanmHa)<AS,cn(4eThIpexXIL. ).

12. TIpu moMoIIH KaKOTO YpaBHEHHUSI MOXXHO OOBSICHHTB, IOYEMY JIaBJI€HUE HACKHIIEHHOTO Ta-
pa HaJ TBepAoH (a3oif Bcerja pacTeT IpH YBEIUYEHUH TeMIlepaTyphl:

a) Knaitnepona-MeHieneeBa;

6) Knaiinepona-Knaysuyca;

B) TpyroHa.



13. Ilouemy npu HArpeBaHUM HA BO3IyXE JIe] TUIABUTCS, a KPUCTAITUNYSCKUI HOJI BO3TOH -
ercs:

a) MOJI UMEET MCHbIIICEC 3HAUCHHUE YHEPTUHU [T CCOIHAIINH;

0) Temnieparypa KUICHUS U0/Ia BBIIIE TEMIIEPATyphl KUTICHUS JbA,;

B) BEJIMYMHA JIaBJICHUS HACBHIIICHHOTO Mapa B TPOWHOM TOYKE JIsi BOABI MEHbINE, a JJIsi MOJa
OombIre aTMocepHOTO TaBICHUS.

14. BenuuunHa 30yJNTHOCKONTUYECKOM MOCTOSIHHOM ONIPEesIeTCs .

a) CBOMCTBAaMHU PACTBOPEHHOI'O BEIIECTBA;

0) CBOMCTBaMH PacCTBOPHUTEIIS;

B) TEMIIEpaTypoil.

15. ITpu pacTBOpeHUH caxapa B BOJI€ IPU MOCTOSHHBIX TEMIIEpaType U JaBICHUHN U300apHO-
U30TEePMHYECKHUI MOTEHLUA CUCTEMBI !

a) YMEHbIIAeTCs;

0) yBenIM4HNBaeTCH;

B) HE U3MEHSETCH.

16. ImeroTcs ABa pacTBOpa OJMHAKOBON KOHIICHTPAIIUU B JIETy4YeM pacTBopurelie. B omHOM
pacTBOpE pacTBOPEHHOE BEILIECTBO JIETYYEE, B IPYroM — HeleTydee. [laBieHrne HachIEHHOTO
rapa HaJl STUMHU PaCTBOPAMU:

a) MEHBIIIE HaJl PACTBOPOM JIETYUETO;

0) He paznuyaercs;

B) OOJbIIIE HAJl pACTBOPOM JIETYUETO.

17. Acconmanus pacTBOPCHHOTO BEIISCTBA HA JIaBJICHUE HACBIIICHHOTO Tapa HaJl pa30aB-
JICHHBIM PaCTBOPOM HEJIETYUYEro BEIIEeCTBA B JICTyUYEeM PACTBOPUTEIIC BIUSCT:

a) YBEJINYHMBAET;

0) yMeHbIIIaeT;

B) HE MEHSIET.

18. HaunOonpiiyto TeMneparypy KuneHust OyJIeT UMeTh:

a) JIeTy4YUil pacTBOPUTEIb;

0) pa3zbaBieHHBII PaCTBOP HEJETYUEro BEIECTBA;

B) pa30aBiIeHHBIN PaCTBOP JIETYUYEro BEIECTBA C TOM K€ KOHIIEHTpaueH.

19. Kpuockonudeckre MOCTOSTHHBIE BOJIBI, O€H301a U KaM(OPhl COOTBETCTBEHHO paBHBI 1,86;
5,16; 40,00. Ins HanGonee TOYHOTO OMpeaeNieHUs MOJEKYISIPHOW MacChl HEJIETy4ero Bellle-
CTBa KPUOCKOITMYECKHM METOJIOM ITPEANOUYTUTEIIbHEE:

a) BoJa;

0) OeHzou;

B) Kamdopa.

20. 3aBHCHMOCTb PacCTBOPUMOCTH T'a30B B )KHJIKOCTSAX OT POCTA TEMIIEPATYPHI:
a) MPsIMO MPONOPIUOHANIbHAS;

6) oOpaTHO MPOMOPIHMOHATIbHAS;

B) TaKOM 3aBUCHMOCTH HET.

21. ] COBEpIIICHHOTO OWHAPHOTO pPACcTBOpa IPHU IOCTOSHHOW TeMIlepaType CIpaBeUIHBbI
YTBEPKICHUS:

a) 3akoH Payns coOmromaeTcs i1 KaK 100 KOMIIOHEHTa pacTBOpa: Pi=P{°N;:

6) AVCMBIH = 01



B) AScvem ::O;
F) AGeyen =0
I[) AHcyem = 0.

22. CBsa3b Mex1y K0dhpumeHTaMu akTHBHOCTH KOMIIOHEHTOB OMHAPHOTO pacTBOpa B COOT-
BETCTBHUHU C 3aKOHOM I'mb60ca — [lrorema:

a) N1dInys + Nodiny, = 1;

0) N1diny1 + NaodIny2 = 0;

B) N1dIny1 = NadIny..

23. B onHOM cocy/ie HaXOOUTCS JIETY4YUid pacTBOPHUTEINb, B APYrOM — KOHIIEHTPHPOBAHHBIN
pacTBOp HEJIETY4Yero BeIlecTBa B 3TOM pactBopurene. Oba cocyna HAKpPBITHI OOLIMM KOJIA-
KOM, U30JINPYIOLINM MX OT BHEUIHEH Cpelbl, U TepMOCTaTUpOBaHbl. KOHIIeHTpausi pacTBo-
pa 1O MPOILIECTBUH TOCTATOYHO OOJBIIOrO MEPHOJIa BPEMEHHU:

a) HE U3MEHUTCS;

0) YMEHBIIIUTHCS;

B) YBEIIMYUTCS.

24. TepmoarHAMUYECKOE YCIOBHE CAaMOIMPOU3BOJILHOrO 00pa30oBaHUS MCTHHHOTO pacTBOpa
IIpY NOCTOSIHHBIX P u T

a) u3MeHenue sHepruu ['m66ca — BennunHa OTpUIATENbHAS;

0) u3meHeHnue >Hepruu [ MO6Oca — BeTMUMHA TTOJIOKUTEIIBHAS,

B) u3MeHeHue dHepruu ' moo6ca = 0.

25. MoneM pacTBopa Ha3bIBaIOT:

a) Takoe KOJIMYECTBO PacTBOpPA, IIPHU KOTOPOM YHCIIO MOJICH KaKJJ0TO KOMIIOHEHTa PaBHO €ro
MOJILHOU HoJie;

0) Takoe KOJIMYECTBO PACTBOPA, MPHU KOTOPOM YHCIIO MOJIEH KaKJIOTO0 KOMIIOHEHTA PaBHO HY-
J10;

B) TaKO€ KOJIMYECTBO PACTBOPA, MIPU KOTOPOM YHCIO MOJIEH KakJ0ro KOMIIOHEHTa HE PaBHO
€ro MOJILHOM J0JI€.

26. TepMoaguHaMu4eCKUil CMBICT KO3 (UIIMEHTAa AKTUBHOCTH KOMIIOHEHTA B PACTBOPE - ATO:
a) coBepiraemasi pabora, KOTOPYIO clieIoBasio Obl 3aTpaTUTh Mpu MOCTOSHHBIX P u T st mpe-
OJIOJICHUS CUJT B3aUMO/ICHCTBUS,

0) Mepa JIOMOJTHUTEIBHOU PaboThl, KOTOPYIO CJIEIOBAIO OBl 3aTPATUTH NMPU MOCTOSHHBIX P u T
JUTSL TIPEOIONICHUS CUJT B3aMOICHCTBHS.

27. AKTUBHOCTBIO KOMIIOHEHTa pacTBOpa Ha3bIBaeTCs:

a) Mepa JAOMOJHUTEIbHONU paboThl, KOTOPYIO Cle0BaO Obl 3aTpaTUTh MpH MOCTOSIHHBIX P u T
JUISl IPEOJOJIEHUS CUJT B3aUMOIEHCTBHS;

0) Takoe KOJIMYECTBO pacTBOpPaA, MPU KOTOPOM YUCIO MOJIEH KaJI0ro KOMIOHEHTa HE PaBHO
€ro MOJIbHOU JI0JIE;

B) (pyHKIIMS KOHIIEHTpAIMH, MOJCTAHOBKA KOTOPOW B TEPMOJMHAMHYECKHUE YpaBHEHUS JUIsl Uie-
aJIbHBIX PACTBOPOB JI€JAET 3TU YPaBHEHMSI IPUMEHUMBIMH I PEAJIBHBIX PACTBOPOB.

28. 3akonsl KoHoBanoBa GopMyIupyIOTCS CIEAYIOMUM 00pa3om:

a) IEpPBBIN 3aKOH,

0) BTOpOIi 3aKOH;

B) B IBYXKOMIIOHCHTHOM CHCTEMe HACBIIIEHHBIH Nap 10 CPAaBHEHHUIO C paBHOBECHBIM pac-
TBOPOM OTHOCHUTEJIBHO OOoraue TeM KOMIIOHEHTOM, IpHOaBIeHHE KOTOPOTO K CUCTEME T10-



BBIIIIAET 00IIIee JaBICHHE TIapa, UM MPH JaHHOM JaBIICHUU CHIDKACT TEMIIEpaTypy KuIe-
HUS,

r) TOYKM MaKCHMyMa M MHHUMyMa Ha KPHUBBIX OOIIETO MaBJICHUS Tapa Ui JIBYXKOMIIO-
HEHTHOM CHCTEMBI OTBEYAIOT PacTBOPaM, COCTAB KOTOPBIX OJJMHAKOB C COCTaBOM paBHOBEC-
HOT'O C HUM I1apa.

Tema 3.4. Pacmeopumocms 2a308 8 HcuOKOCmAX. 3aKOH pacnpeodeienus. IKCmpaKyus
1. Bonpocwl k ycmuomy onpocy
1. PacTBOpHI Ta30B B KHUIKOCTSX. UeM ompenenseTcsi paCTBOPUMOCTD T'a30B B KUIKOCTAX?
2. [Touemy pacTBOPHI IEKTPOIUTOB HE MOJUUHSIOTCS 3akoHaM Payns u Bant-T'odda? OcHoBHBIE TIOMO-
JKEHUS] TEOPUH AIIEKTPOIUTHYECKON aucconnanuu. [[puMeHenne 3akoHa JEHCTBYIONINX Macc K AJIEKTPO-
JUTaM.
3. OCHOBHBIE TOJIOKEHHS TEOPHH CHIIBHBIX AJIEKTPOJHUTOB. PackpoiiTe MOHATHS MOHHAS CHIIA PacTBOPA,
aKTUBHOCTH, Kod(¢uimeHT akTHBHOCTH? KakoBa B3aMMOCBSI3p MEXIy STUMH BennmuuHamu? B kakmx
CITy4asiX MOXHO OTOXKJIECTBIISITh HOHSATHS aKTUBHOCTD M KOHIICHTPALUs?
4. Yem pa3nnuvaloTcsl CUIIBHBIE U CIa0ble AIIEKTPOIUTHI? MOXKeT Ju clabblii DIIEKTPOIUT B BOJHOM pac-
TBOpE OBITH CHIIFHBIM 3JIEKTPOJIIUTOM B IpyroM pactBope? [loueMy KpuTepueM CHITBI SIEKTPOITUTA SIBIISI-
€TCs €T0 KOHCTAHTA AIIEKTPOITUTHIECKON AUCCOIHAIIAN ?
5. PackpoiiTe TOHATHS SHEPTrHsl KPUCTAUIMYCCKON PEIICTKH, TUApaTaiuy (COJbBATAIMK), aCCOIUAIINY,
nucconuanuu? KakoBa B3auMOCBSI3b 3TUX SHEPIHM MPU CaMONPOU3BOJIBHOM PACTBOPEHUHU BellecTBa?
6. 3aKOH pacnpeaeneHus. DKCTPaKIUsl.

2. Komnnexkm 3adau k meme 3.4.

1. PacTBopuMocTh cepoBozopona B anunune (Cx) npu 22°C B 3aBucumoctH oT jgasienus (P)
WU3MEHSETCS CIICYIOIINM 00pa3oM:

P, H/m? 13590 51990 116200 154600
Cx, /1 2,74 10,6 24,0 31,6

[TokazaTk, 4TO pacTBOPEHHE CEPOBOIOPO/Ia B AHUIIMHE MTOAYUHSETCS 3aKoHY [ eHpu.

2. KoadunuenT pactopumoctu cepoogopoaa npu 0°C pasen 4,67. Tlox KakuM JaBIeHHEM
HE00XO0/IUMO PACTBOPATH CEPOBOIOPOJL, UTOOBI MOMy4uuTh 10%-HbIi pacTBOp?

3. Ipu 0°C u maBmennu 1,013-10° H/m? 2 1 CO B3GonTanu B 3aKpeIToM cocye ¢ 20 11 BOJBI.
Bbruucnuth Maccy 1 00beM MOTJIOIIEHHOTO BOJION okcuaa yriepoaa. Koadduuuent pactopu-
moctu CO B H20 pasen 0,0354.

4. CocraB atmoctepHoro Bo3ayxa (00.%): kuciopon 20,96; azor 78,1; apron 0,9; auokcun yr-
nepona 0,04. OnpeneanTh NPOIEHTHEIH COCTAaB PACTBOPEHHOI B Bosie cMecH raszos mipu 0°C. Ko-
3¢ UIMEHTHI PaCTBOPUMOCTH TEPEUYHCIEHHBIX ra30B cOOTBeTCTBEHHO paBHBI 0,0489, 0,0235,
0,058 u 1,713. IlpunsTh, 4TO HaYATHHBIEC U PABHOBECHBIC JABJICHUS OJMHAKOBHI.

5. Koab¢uimenT pacTBOpuMOCTH AByoKucH yriaeponaa B Boae mpu 0°C pasen 1,713. Kakoe ko-
JTMYECTBO JABYOKUCH yriepona (T) pacTBopuTcs B 5 11 Boas! npu 0°C u papiennu 20,26-10° H/m?,
6. Ilpu pacnpenenenuu geHona MexIAy BOJAOW U OEH30JI0M MoJydeHbl ciaeayronue aanubie (C

KMOJIB/M°):
C B BOZIC 0,0316 0,123 0,327 0,750
C B Genzoie 0,077 0,159 0,253 0,390

Omnpenenute cpeqHee 3HaYCHHE KOAPPHUIIMEHTa paclpee]ieHus U ToKas3aTessl cTeneHn B (op-
MyJie, OMMCHIBAIOIICH 3aKOH paclpeaeeHus!.

7. Ilpn pacnpeneneHnn YKCYCHON KUCIIOThI MEXIY YETBIPEXXJIIOPUCTBIM YIIIEPOIOM U BOJOM 1O-
JTydeHbl CleyIoNie KOHIeHTpanuu (Kr/m°):

C B CCly 2,92 3,63 7,25 10,7 14,1

C B BOZIE 48,7 54,2 76,4 93,0 107,0
Onpenenure k0dPGUIUEHT pacmpenesieHus, MoKa3aTeiab CTENeHu B (GopMmylie, ONMUChIBAIONIEH
3aKOH pacrpeneneHus. B BOMHOM pacTBOpe YKCYCHasl KHCIIOTa UMEET HOPMAIIbHYIO MOJIEKYIISIp-
HyI0 Maccy. OnpeaeuTh MOJIEKYISIPHY0 Maccy yKCycHO# KUcIoThl B CCla.



8. Koaddunument pacnpeneneHus #oma MeKIy aMIJIOBBIM CIIUPTOM M BoJ0M paBeH 230. B3ban-
teBatoT 1 71 Bojsl ¢ 400 cm® amuioBoro CIIUpTa, coJepxaiiero 2,5 T oga. Beraucauts konude-
CTBO 10/1a, IEPELIEAIEr0 B BOJHBII pacTBOpP.

9. Koadduument pacnpenenenuss HOpMaIbHONH MacCIsTHOW KUCIOTBI MEXKIY XJI0pOPOpPMOM U BO-
noii pasen 0,52 mpu 25°C. Kakoe KOJIMYECTBO MAC/ISHON KHMCIOTH MOKHO H3BIeub u3 100 cm®
0,5 M pacTtBOpa MacIsTHOM KHCIOTHI B XJI0pohopMe TPH BCTPSAXHUBAHUH €ro ogHokpaTHO co 100
cM® BOJIBI M TIPH YETBIPEXKPATHOM BCTPSXMBAHUH, HCIIONB3Ys KAK/IBIH pa3 110 25 cM° BObI?

10. B 1 1 pactBopa xmopunaa prytu (1) B 6enzone cogepxurcs 0,5 r HJClo. Ckonbko sxerparu-
pOBaHMI HEOOXOAUMO CHIENaTh BOAOH mopuusaMu mo 20 cM3, 4ToOBI OCTATOK CONH B UCXOZHOM
pactBope coctaBui 1% oT nmepBoHauanbHOro koiudecta? KoaddunueHt pacnpeneneHus Xio-
puna pryru (1) mexay 6ersonom u Bogoit mpu 25°C pasen 0,084.

11. PactBop, comepxkamuii 50 T ykcycHOATHI0BOrO 3dupa B 1 11 OeH30ja, B30ANTHIBAIA MPHU
25°C ¢ nonopunHbIM (110 06BEMy) KOJIHYECTBOM AUCTHILIMPOBAHHOM BOJIBI 10 TEX MOp, MOKa He
JOCTUTJIA paBHOBECHS. BBIUMCINTD pazHUIYy MEX]y TeMIlepaTypoil 3amep3aHusi oOpa3oBaBIlie-
rocs BOJAHOIO CJIOSl U TeMIlepaTypoi 3amep3aHusi uuctoil Boasl. Koagunuent pacnpenenenus
YKCYCHOATHIIOBOTO 3(upa Mex Ty 6en3onom u Bojoii mpu 12°C pasen 10,7.

12. Tpu 15°C BommbIii pacTBOP AHTAPHOIH KMCIOTHI, coepKamiuii 12,1 I/11 KHCIOTHI, HAXOAUTCS
B PaBHOBECHH C 3(UPHBIM PacTBOPOM, COAEpKaIiuM 2,2 r/7 sHTapHON KucnoTbl. Onpenenurthb
KOHIIGHTpaluio 3(UpHOTo pacTBopa (T/7), KOTOPHIH HAXOIUTCS B PABHOBECHH C BOJHBIM pac-
TBOPOM cozepxaiieM 9,68 1/11 ssHTapHOUM KUCTOTHI. SIHTapHas KUCIOTa UMEET HOPMaJbHBIA MO-
JIEKYJISIPHBINA BEC B BOJIE U B d(hupe.

3. Jlabopamopnasn paboma Nell «Onpedenenue coomnowenus KOMROHEHMO8 6 COCMABE KOMNIEKC-
HbIX COCOUHEHUIL 8 PACMBOPAX)

Lenv pabomui: cieKTPOHOTOMETPUUECKU, UCTIONB3YS TPU METOJIa, ONPEAETUTh COOTHO-
IIEHHE KOMIIOHEHTOB B KOMIUIEKCHOM COE€UHEHUH.

IIpubopvl u peakmuswi: OpraHudecKkue peareHTbl (KCUJICHOIOBBIA OpaHKEeBbIN, MUPUIU-
HA30pE30pLHH, MUPOKATEXUHOBBIN (PHOJIETOBBIN, 3-aMUHO-5-CYyIb(OCATUIMIOBAs KUCIOTA, aJlH-
sapun-¢ u jp.), comu ceuHna(ll), pryru(ll), xagmus(ll), nmaka, xpoma(lll), xenesza(lll),
xenesa(ll), aMFOMUHNS, XTOPU Kaaus, MPOOUpKH eMK. 20 cM°, TUIIETKU TPaJyHpPOBAHHEIE EMK.
1, 2, 5, 10 cM® BOTORIEKTPOKATIOPUMETPBI, CTIEKTPO(YOTOMETPHI HiTH (hITyOPUMETPhI JTIOOBIX CH-
CTEM, XOJIOIUIIbHUK OBITOBOM.

1. METOJ HENIPEPBIBHBIX UBSMEHEHUH (METOJI U3OMOJISIPHBIX CEPUI)

MeTo OCHOBaH Ha OIpPEAEICHUH OTHOIIEHUS M30MOJIIPHBIX KOHIIEHTpAIUil pearnpyo-
IIMX BEIIECTB, OTBEYAIOIIEr0 MaKCUMaJIbHOMY BBIXOAY OOpa3yIOIErocsi KOMIIEKCHOTO COEIu-
HeHus: Mm Rn ,00pa3yromerocs no peakuuu MM + nR — Mm Rn, a ee nonoxenue (adbcuucca)
OJITHO3HAYHO CBSI3aHA CO CTEXUOMETPUUYECKUMH KOdpPHULreHTaMu M u N

Xuaxe = Cr / (CM + CR) =n/ (m+ n)

3neck Cm u CR - HauasIbHbIE KOHIIEHTPALMHN pearupyromux KoMIoHeHToB M u R.

Jlns BeIMONHEHUs pabOThl TMPUTOTABIMBAIOT PACTBOPHI OOOMX KOMIIOHEHTOB OJMHAKOBOI MoO-
nspaoit koHreHTpanuu (0,0001 M) u cMemuBarOT WX B aHTUOATHBIX COOTHOIICHHSIX (Yallle BCe-

»/ ro ot 0,5:9,5 10 9,5:0,5), coxpaHsisi HEU3MEHHBIM OOIIHI 00bEM
Vi |\ pactBopa (Vm + VR, = V = const). [Ipu 3ToM cymMMapHOe YHCIIO
',/ ) Molieli 000MX KOMIIOHEHTOB B 00LIEM O0bEME CMECH BCEraa
5 el \ ocraetcst noctostHEEIM (Cm + Cr = C = const).
/ l N W3mepenne onTHYECKOW MIIOTHOCTH NMPOBOAAT MPH IO-
2 ' CTOSIHHBIX 3HAaYeHUsX MOHHOM cuiibl U pH pactBopoB. Bydep-
5 ' HBI PacTBOp I MOJJAEP)KaHUS TMOCTOSHHOrO 3HadeHus pH
| , Cpezpl MOAOUPAIOT TaK, YTOOBI MEXIY KOMIIOHEHTaAaMH H30MO-
| JsipHOM cpenbl U OydepHON cMecH KOMILJIEKCOOOpa3oBaHUE
: e OTCYTCTBOBAJIO.
:{ SLS ey I gi ) Puc.1. 3asucumocts A (AA) WM KOHIIEHTPAITMH KOMILITEKCA OT CO-

CTaBa U30MOJIIPHOTO PAacTBOpA.



N3mepuB onTuyeckre TUIOTHOCTH PUTOTOBICHHBIX PACTBOPOB U30MOJISIPHOU CEpHH,
CTPOST rpauK 3aBUCUMOCTH A OT COOTHOIICHUS KOHLIEHTPALUN WK 00bEMOB KOMIIOHEHTOB
WU30MOJISIPHOU CEPUHU:

A=f(Cr/Cwm); A=f(Vr/Vm)
WIH
A=f[Cr/(Cm+CRr)]
U OIIPENCIAIOT N0JIOKEHUE MAKCUMyMa IOTJIOIIEHHs HAa U30MOJISIPHOM KpUBOM. MakcuMallbHBIM
CBETOIIOIJIONIEHHEM 00Ja/laeT TakoW pacTBOp, B KOTOPOM COJEpKaHHE 00pa3yroIIerocs KOM-
TUIEKCHOTO COCTMHEHUS SBJISICTCS HanOompmMm (puc. 1).
Xoxa padoTsbl

B 11 npo6upok Brocar 0,5; 1; 2; 3; 4;5; 6; 7; 8; 9; 9,5 cm® 10* M pacTBopa pearenra (110
3aJIaHuI0 TIpenoaasarens), naitee 9,5; 9; ... 0,5 oM pacTBOpa COJIM MeTalljla ¢ KOHIICHTpAIHEH
10* M u no 5 cm® 6ydepHoro pactopa ¢ pHyy, (onpenenuts B JI.P.Ne9), nepememats. Uepes
10 MuH| U3MEPSIIOT ONTUYECKUE MJIOTHOCTH PACTBOPOB U CTPOST TpaduK B KOOpAWHATAX "ONTH-
yeckasl TNIOTHOCTD - cocTaB” (puc.l). K MakcumMyMy CBETOINOIIIONIEHUS CTPOSAT KacaTelbHbIE U
TOUYKY TIepeceueHHs] KacaTeJIbHBIX IKCTPANOIMPYIOT HA OCh KOHIIEHTpauuil. JlemaroT 3akiroue-
HUE O COOTHOILIIEHNH KOMIIOHEHTOB B COEIMHEHUHU.

2. METOJ HACBIINEHUSA (METO/I T'APBESI U MEHHHUHT A)

Ecnu npurotoBuThH Ceprio pacTBOPOB, B KOTOPOH Oy/IeT MOCTOSHHON KOHIEHTpALUs Me-
Tajyla ¥ TIEPEeMEHHON — KOHIICHTpAIMS pearcHTa, TO 3aBUCHMOCTh ONTHYECKOW TUIOTHOCTH OT
KOHIIEHTPAIlUU peareHTa OyJaeT BoIpakaThCs B BUJE TUIEPOOIIBL. (CM. puc. 2).

Puc.2. KpuBble HACBIILICHUS:

A A \ e 1) mpu MOCTOSHHON KOHILIEHTpaLMK MeTaia u
| AT IEpEMEHHOM KOHIIEHTpallU1 PeareHTa;
| R : 2) pH MOCTOSIHHOM KOHILIEHTPALlUK peareHTa u
| : s ‘ NIEPEMEHHOM KOHLIEHTPALUKA MeTala
Arfe = e e Y = = = -
A==
iR e L)
g ’ Ecin m3MepuTh ONTHYECKHE IIOTHOCTH
L Loy l A Ciae Cepuil pacTBOPOB C MOCTOSIHHOM KOHIEHTpaLHEn

¢ peareHTa M MEPEMEHHOM KOHLEHTpalMel MeTal-
J1a, TO 3aBHCHMOCTB ONITUYECKOH IJIOTHOCTH PACTBOPOB OT KOHIICHTPAIIMU METaJlIa TaKke Oyaer
BBIPQ)KEHA Yepe3 THIepOOMUeCKYI0 3aBUCUMOCTh (puc.2.). Ecian onycTuTh NepreHanKyIsp Ha
TOPU3OHTAJIBHYIO OChb M3 TOYKH IMEPCCCUCHUA KAaCATCIIbHBIX K BCTBAM FI/Il'Iep6OJ'I, TO TOYKa 1epe-
CeueHUs MEePHEeHIUKYISIpa ¢ TOPU30HTAIBHON OCBI0 KOOPAWHAT YKaXET Ha KOJUYECTBO peareHTa
(Meraia), MPUXOSIIErocs Ha KOJIMYECTBO MeTailjia (peareHTa), T.€. MOSIBISIETCS BO3MOKHOCTh
OTpeNIeNIUTh CTEXHOMETpHUECKUE KO3((HUIIMEHTH B yPaBHEHUN PEAKLIUU.
Xoxa padoTsl
1. Heo6xoauMo MpUrOTOBUTH JIBE CEPUH pacTBOPOB. KoMM4ecTBO KOMIIOHEHTOB Il IPUTOTOB-
JICHHSI PacTBOPOB MPECTABICHO B TadmmIe 1.
Tabéumna 1.
O0beMbl peareHToB /1Jisl IPUTOTOBJICHUS] PACTBOPOB IIPH ONpPeEAEICHUH COOTHOLLICHUS
KOMIIOHEHTOB MeTO10M HACBIIIEHHUSI

Homep npo6upkn

1 2 3 4 5 6 7 8 9 10 11

Cepusal | Vg,em® | O 0,5 1 2 3 4 5 6 8 10 | 12
VMe,cM® 5 5 5 5 5 5 5 5 5 5 5

pH, cm? 15 14,5 14 13 12 11 10 9 7 5 3

Cepusi2 | Vg, om® 5 5 5 5 5 5 5 5 5 5 5




Vive,cm® | 0 0,5 1 2 3 4 5 6 8 10 | 12

pH,em® | 15 | 145 14 13 12 11 10 9 7 5 3

A

[TonydeHHble pacTBOpHI epeMeniaTh, AaTh OTCTOATHCS 10-15 MUHYT.
2. 3mMepeHHe ONTHYECKUX IUIOTHOCTEH PAaCTBOPOB MPOBOJAT MPH MAKCHMyME MOTJIOIIECHUS
KOMIUIEKCHOTO COE/IMHEHUS B KIOBETE C TOJIIMHOMN 5 cM. JlaHHbIe BHOCAT B Tabnuiy 1.
3.lasiee cTpOSIT KpUBBIE HACBIILEHUS AJIs 2-X CEpPHUIl paCTBOPOB U HAXOIAT CTEXMOMETPUUECKUE
KO3(PUITMEHTHI B YpPaBHEHUH peakiuu (puc.2).
2.3. METO/Jl OTHOIIEHUS HAKJIOHOB

HavanpHble BeTBU KpUBBIX HACBIIIECHUS (PUC.2) MOKHO MCIOJIB30BaTh AJIS OMpPEIEICHUS
CTEXHOMETPUYECKUX K03()(DUIIMEHTOB B ypaBHEHUU peakuuu. J{jast 3Toro HeoOXOMMO MOCTPO-
UTh rpaduueckre 3aBUCUMOCTH B KOOpJUHATax "iorapudmM onTHUYECKOH IIIOTHOCTH - KOHIICH-
Tpauust" JUIs IEPBBIX YETHIPEX 3HAUEHUN ONTUYECKHUI IUIOTHOCTEN cepuu pacTBOpoB (cepus 1 u
2). OOBIYHO - 3TO MPSAMBIC JIMHUH, HAKIIOHEHHBIE K TOPU30HTAIbHON ocu o yriioM f1 u fo. Yr-
JoBbIe K03 dunmenTsl npsimbix tgfy u tgf, uncienHo paBHBI crexnoMeTpuueckuM KoddduimeH-
TaMm M u n.

o Cu
Puc.3. I'padnueckoe onpenenenre CTeXuoMeTpudeckux Ko3((PpUIneHToB B ypaBHEHUH peakluu
METO/I0M OTHOIIECHHS HAKJIOHOB
Xoa padoTsbl
Paccunrare BenmuuuHbl JorapudmMoB g 4-X 3HAUEHUN ONTUYECKUX IIIOTHOCTEH, MOTy-
YEHHBIX METOJIOM HachlllieHus (Taba.1) u mocTpouts, rpaduku B KoopauHaTax "morapudm om-
TUYECKOH TUIOTHOCTH - KoHIeHTpanus". Onpenenuts 3Hauenue tgfy u tgfo (puc.3) m 3anucats
npocTeiiliee ypaBHEHUE peakliMi KOMILUIEKCOOOpa30BaHusl.
Cmpykmypa u cooepicanue omuema
OTueT 10/I7KEH CoAepPKaTh:
1. DxciepuMeHTaNIbHBIE TaHHBIEC U Pe3YyJIbTaThl pacyeToB (TalauIa).
2. I'padprueckre 3aBUCUMOCTH IO METOJaM U30MOJISIPHBIX CEpUil, KPUBBIE HACBIILIEHUS, OTHOIIIE-
HUS HAaKJIOHOB.
3. IlpeacraBuTh pacueTsl COOTHOIIECHHSI KOMIIOHEHTOB TI0 TPEM METOJIaM.
4.IlpoaHanu3upoBaTh MOTYYCHHBIE 3HAYCHHSI H OXapaKTEePH30BaTh MPOIECC KOMILJIEKCO0Opa3o-
BaHUs, 3allMcaTh MPOCTelllee ypaBHEHHE PEaKIui KOMILUIEKCO0Opa30BaHusl.

4. Jlabopamopnas paboma Ne 12 «Ixcmpaxkyuonnoe onpeoenenue pomocunmemuiecKux
nuzmenmos (OCII)»

Llenv pabomwvi. O3HAKOMJIEHHE C METOJIMKON M HKCHEPUMEHTAJIbHOE OMNpeJesieHHe CO-
nepxxanns OCII B pacTeHUAX SKCTpAKIMEN OPraHMYECKUMU PACTBOPUTEIISIMH.

Annapamypa u peakmueul. Becbl, ¢papdopoBas cTynka ¢ MecCTUKOM, MEpHas KOHUYeCKast
POGHpKa, IIeHTpHYXKHEIE TPOOUPKN 12 MITYK, XUMHYECKUE CTaKaHEl 8MK. 50 cM, cTeKIIHHas
MajoyYKa, Bara, CeKTpooToMeTp Nto0o0i cuctemsl ¢ nornomienneM ceeta oT 400 mo 800 HM, 1




nBe KioBeThbl ¢ ToimuHON ciost 1 cm. Ilocyna creknsuHas mepnas, [OCT 1770-20292-74.
®dunbTpoBasibHas Oymara. PedHoii mecok, rekcan (meTposeiHblil 3gpup), 3TaHoI.
Buinoanenue padomut

Jljis BBIMOJHEHUS] ONpENeNIeHUs coliep:KaHus (OTOCHHTETHUECKUX MUTMEHTOB HAaBECKY
JUCTHEB UCCIEAYEMOTO pacTeHus: Maccoil 1 T momecTuTh B haphopoByro CTYIIKY, Tyaa ke 100a-
BUTh | I XOpOIIO IPOMBITOTO peuHoro mnecka. [lomydyeHHylo cMmech IepeTeperb, MOocie 4ero B
dbaphopoByIo CTYNKy IpHINTh 5 cM° TekcaHa (TeTpoeiHoro >(upa), IpU TOM B OpraHHYE-
CKYIO 4acTh IepeusieT f-k. DKCTPaKT MEePEeHEeCTH B LEHTPUPYKHYIO TPOOUPKY U TOBECTH 00bEM
cozepxuMoro mpobupku 10 10 cm® rexcanom (merponeitaeiM 3¢pupom). CMech HeHTpHBYTHPO-
BaTh M TeueHue 4-5 mun npu 1500 006./MuH, najee H3MEPUTH ONTUYCCKYIO INIOTHOCTh IKCTPAKTa
npu januHe BOJIHBI 450 HM B KIOBETE TOJIIMHOM | CM OTHOCHUTEIBHO rekcaHa (IeTpoJIeHHOro
>¢upa). LlenTpudyrar BINTH U3 TPOOUPKH, a B Hee BHecTH 10 cM® cMecH rekcana (meTponeii-
HOro 3¢upa) u TaHoNa, B COOTHOIICHUU 1:1, cMeCh TIIATEIbHO MEepeMelaTh CTCKJISIHHOM Ta-
JIOYKOM, TIPU ITOM B OPraHMYECKHH cjoi mepeiayt xiaopodusibl. Yepes 4-5 MUH cMech IICH-
Tpudyruposath, 0T06path 1 cM® nenTpudyraTa u g0BecTH A0 10 cM® CMECHIO reKCaHa U TaHO-
Ja, B cOOTHOIIEHUH 1:1, 1 CHOBa M3MEPUTh ONTHYECKUE TUIOTHOCTH PACTBOPOB MPH AJIMHAX BOJH
645 u 663 HM B KIOBETE TOJIIMHOW | CM OTHOCHTEIHHO cMecH pacTBoputeneid. U3 gpuibTpo-
BaJIbHOU OyMaru caienarb XpoMaTOorpaMMBl.

Pe3ynbrarhl m3MepeHHid IPEICTaBUTh B BUJC TAOIHIIBI 1:
Ta6auna 1. 3HaueHus: ONTUYECKOM MIIOTHOCTU IKCTPAKTOB

Howmep Onrtryeckast IIOTHOCTb, A
OTbITa A =450 am A= 645 am A =663 H™M
1
2
3
4
5
6

Ha 0CHOBaHHM SKCIIEPUMEHTABLHBIX JaHHBIX paccuntarh Kouuenrpaiuu Chl,, Chly u -k
o ¢popMynam:
Chl, = 12,7-Ases — 2,69 Apss (Mr/100 1);

Chlp=22,9-Asas — 4,68 Aes3 (Mr/100 T);
Mg« = 2057 Ags0 (Mr/100 ).
[TpoBeCcTH CTATUCTHYECKYO 00pPAabOTKY JaHHBIX U (PU3MKO-XMMHYECKUE XaPAKTEPUCTHKH

OTIBITHBIX 00PA3IOB MPEICTABUTH B Ta0OIHIIE 2.

Ta6auna 2. Cogepxanune OCIIL, t, =2,57, P =0,95, n=6

Conepxanne OCII, mr
B 100 r ncxognoro odpasiia

Chl,, Chlp Sk

PaboTa cuntaercst BBIOTHEHHOM, €CIM MPEICTaBICHBI SKCIIEPUMEHTANIbHBIE PE3YIIbTATH,
MIPOBEJICHBI COOTBETCTBYIOIIME PACUEThl, CTaTUCTUYECKass 00paboTKa JaHHBIX, IPUBEACHBI BCE
CTPYKTYpHBIE (hOPMYJIIBI H3Y4aEMBIX BELIECTB, XPOMATOIPaMMBI.




5. Konmponvuaa paooma Ne3 no meme «@azoevie pasnosecusn. Quzuko-xumuueckue ceoli-
cmea pacmeopoe»
Bapmuanr 1
3aoanue 1. BeluuCIUTh MaKCUMAJIBHOE YHUCIIO CTENEHE CBOOOABI U MaKCUMAJIbHOE YHUC-
70 ¢a3, HAXOAAIUXCS B PAaBHOBECHH B OJJHOKOMIIOHEHTHOW M JBYXKOMIIOHCHTHOW CH-
cTeMax.
3adanue 2. Tlpu HopmansHOM atMochepHom pasnennn u 0°C 1 11 stuneHa B36onTaNnN B
3aKpBITOM cOCyle C 5 J1 BOAbl. BBIYMCIUTH KOHEYHOE JaBJICHHE HEPACTBOPHUBIIETOCS
OCTaTKa TUJICHA, MacCy U 00bEM MOTJIOLIEHHOTO BOJOM 3TUJICHA ITPH 0°C u Parm—101325
1/M2. Kosddurment pactBopumocty stiieHa B oje npu 0°C pasen 0,226.
3adanue 3. Berauciuth qaBieHHE Mapa pactBopa 6,4 v HadrammHa B 90 r OeH3051a TIpH
20°C. JlaBnenne napoB GeH30I1a PH JaHHO TemrepaType 9953,82 u/m2.
3aoanue 4. XXunkoe opraHMUECKOE BEUIECTBO, MPAKTUYECKU HE PAaCTBOPHMOE B BOJIE, T1E-
PETOHANIOCH C BOASHBIM IapOM 107 HOPMAIBHEIM aTMochepHbIM AaBiienHuem mpu 98,4°C.
CopepxaHue OopraHMuecKol KUIKOCTU B KoHaeHcaTe 23,1 Bec.%. OnpenenuTs MONEKy-
JISIPHBIN BeC BEIIECTBA U JIABJICHHE €ro MapoB MPU YKA3aHHOUN TeMmIepaTrype, eCiu JaBlie-
HHE HACHIIIEHHOTO Mapa BOABI B 3THX YCIOBHAX PaBHO 95665 n/M2,
Bapuanr 2
3aoanue 1. B 1 n BogHoro pactBopa coaepxurcs 0,15 r itona. KakoBa 6yner crenenp us-
BieueHns (Bec.%) Hoaa U3 JaHHOTO pacTBopa 40 cM® YeTHIPEXXJIOPUCTOTO YIIIeposa: a)
MIPU OJTHOKPATHOM M3BJICUEHUU BCEM KOJIMYECTBOM PACTBOPUTENS; 0) MPH YETHIPEXKpaT-
HOM m3BJIedeHHn nopuusaMu 1o 10 cm®? KospdurmenT pacnipesienenns #oma MexIy Bo-
JIOM 1 YEThIPEXXJIOPUCTBIM yrieposioM paseH 0,0117.
3aoanue 2. Kakoe KOJIMYECTBO IIIMICpUHA HY)HO 100aBUTh K 1000 T BOJBI, 4TOOBI pac-
TBOp He 3amep3an j0 -5°C.
3aoanue 3. CKONBKO TpaMMOB STHIJIOBOTO CIIHPTA JIOJDKEH COJICPXKATh JIUTP PacTBOPA,
YTOOBI €r0 OCMOTHUYECKOE JaBJIeHHE ObUIO TaKUM e, KaK MOJIIPHOTO PacTBOpa a30THOM
KHUCJIOTBI, KQXKYIIAsCs CTETIEHb TUCCOIMAlMU KOTOPOU B 3TOM pactBope 80%.
3aoanue 4. T'azoBas cmech, coaepxkamas 35 00.% N20 u 65 06.% NO, pactBopsietrcs B
Boge npu 17°C U NMOCTOSHHOM JABIEGHHH IO MOJHOTO HACHIMIeHHs. ONpeienuTh mpo-
IIEHTHBIH COCTAaB PACTBOPEHHOM B BOJE CMECH Ta30B, ecnu pacTBopumocts N2O mpu 17°C
cocrasisieT 0,69, a NO mipu Toii ke Temmiepatype 0,05?

Pazoen V. Inekmpoxumusn

Tema 4.1. Pacmeopwt Inekmpoaumos
1. Bonpocwt k ycmuomy onpocy
1.YaenbHas U SKBUBAJICHTHAS 3JIEKTPONPOBOIHOCTh PACTBOPOB. 3aBUCHMOCTh OT Pa30aBJICHUS PAaCTBO-
poB (3akonbl Konbpayina). [TokakuTe 3aBUCUMOCTb, CBSI3BIBAIONIYIO YACIBHYIO 3JIEKTPOIPOBOJIHOCTS |,
KOHCTAHTY STY€HKH U COTPOTHBIICHHE PACTBOPA dJIeKTpoauTa Ry.
2.DJIeKTPOIPOBOTHOCTD MU OECKOHEYHOM pa30aBiieHUH. Kak CBS3aHBI MOJBHKHOCTH HOHOB U JJIEKTPO-
HPOBOJHOCTB MPU OeCKOHEYHOM pa3daBieHnn? Kakue noHBI 00J1a1al0T HanOOJIbIICH MMOIBUKHOCTBIO B
BOJHBIX pacTBOPax U MoYeMy?
3.Yucna nepenoca. Kak cBsizaHbl 4ncia nepeHoca, CKOPOCTH HOHOB, TIOIBHKHOCTH MOHOB U DIIEKTPOIIPO-
BOJIHOCTh NPH OECKOHEYHOM pa30aBiIeHUU?
4. Kaxk, uCIIoNb3ys 3Ha4YeHUs] SKBUBAJIEHTHOMN AJIEKTPOIIPOBOAHOCTH MPH 33AaHHON KOHIIEHTPAIMH U TIPU
0eCKOHEYHOM pa30aBJIeHUH, PACCUUTATh CTEIEHb JUCCOLMAIINN, KOHCTAHTY JMCCOLMAIIMY U KOHIEHTPA-
IIY OTJICJILHBIX HOHOB B pacTBOpe?
5. MeHsieTcst I M KaK KOHCTaHTa JIUCCOLUAIIMH 3JIEKTPOIUTA C POCTOM JAMAIICKTPUIECKOH MPOHUIIae-
MOCTH PaCTBOPHUTEJIS, €CJIM CPABHUBATH PACTBOPUTEINIH, OJMU3KHE IO CBOHCTBaM?
6. Hapucyiite rpaduk 3aBUCHMOCTH SKBHBAJICHTHOH 3JEKTPOIPOBOIHOCTH OT PA3BEICHMS JUIS CHIIb-
HBIX U CIIA0BIX AJIEKTPOJIHUTOB.
7. ChopmynupyiTe IpaBUII0 HOHHOHN CHIIHI (TIpeneNbHbIN 3aKkoH Jebas — [ Tokkens).
8. Kakoe cBOHCTBO pacTBOPHUTEIS SIBISIETCS OMPECISIONINM B €r0 CIIOCOOHOCTH HOHU3UPOBAThH PAacTBO-
peHHOE BemecTBO (MIOMHUMO €ro CIIOCOOHOCTH K XUMHUYECKOMY B3aHMOJICHCTBHIO C THM BELIECTBOM)?



9. MeHsieTcst 1M U KakK CTENEHb JHMCCOLMALMU CJIa00ro 3JEKTPOJIMTa B BOAHOM PacTBOPE C POCTOM
TeMIlepaTypsl? ApTyMEHTHPYHTE OTBET.

10. Hanumure ypaBHEHHE 3aBUCHMOCTU SKBUBAJICHTHOM 3JIEKTPONPOBOJHOCTH PACTBOpa CHUIBHOTO
3JEKTPOJIUTA OT KOHIIEHTPAIHH.

11. KakoBbI IPUYMHBI AUCCOLUALMH IEKTPOIUTOB B PACTBOPE HA HOHBI?

12. Yto Takoe AS ruapatanuu noHoB? Kakop 3Hak AS rujparamnuu 1 Kak €ro MOXHO OObSCHUTH?
13. Kakne maHHbIe 00 DJIEKTPOIPOBOJTHOCTH PACTBOpA CIIA0OT0 3JIEKTPOIUTA HEOOXOIMMO HMETh,
YTOOBI PACCUNUTATh TEIUIOTY TUCCOLMALMU ITOTO SJIEKTPOIUTA?

14. U3MeHHUTCS M ¥ KaK KOHCTAHTa IMCCOLMAIUYU cab0ro 3JEKTPOIHNTa, €ClIM B KAYECTBE PacTBO-
pUTEIS BMECTO BOJBI B3SITh METHJIOBBIH CHUPT (IPH YCIOBHM, YTO XUMHUYECKOE B3aUMOJEHCTBHE
MEXAY PaCTBOPEHHBIM BEUIECTBOM U PACTBOPHTENEM OTCYTCTBYET). JlaiiTe 00bsCHEHHE.

15. Haueptute rpaduk 3aBUCUMOCTH YAETBHON 3JIEKTPOIIPOBOAHOCTH 3JEKTPOIHUTA OT pa3BeleHUSI.

16. Kak usmensercs yaenbHast 3JI€KTPOIIPOBOIHOCTL BOJHOTO PacTBOpa €1ad0ro 3JaeKTPOJINTa C pOCTOM
KOHIICHTpAIIUH pacTBoOpa’?

17. Kakue GaxTopsl BIUSIIOT Ha SKBUBAJICHTHYIO 3J€KTPOMPOBOIHOCTD 3JIEKTPOIUTA?

18. 3aBUCHUT 1M W Kak paJuyc HOHHOH aTMoc(depbl OT KOHICHTPAIMHU CHIBHOTO 3ekTponura? Kak
WU3MEHUTCSl palnyc MOHHOH aTMocdepsl mpu mepexoie OT BOAHOIO (IMINEKTpHUUYECKas HMpOHHUIlae-
MOCTH paBHa 81) pacTBOpa CHIBHOTO 3JEKTPOJIUTA K CIIUPTOBOMY (JIMAJIEKTpUUECKas MPOHUIIAEMOCTb
paBHa 24) Toil ke KOHLIEHTpalluU MpH TOi ke TemnepaTtype? JlaiiTe 0ObscHeHue.

19. OOpscHUTE NPUUMHY YBEIWYCHUS 3KBHUBAJCHTHOW 3JIEKTPONPOBOJHOCTU B 3JIEKTPUUECKOM MOJIE
BBICOKOH yacToTHl (3¢ dext [ebas — DanpkeHxarena).

20. Haueptute rpaduku 3aBucumocteil Kouee = f(T) U AHpuce = f(T) mas BOOHBIX pacTBOPOB ClIa0bIX
91eKTponuToB. [lokaxuTte 3TH rpaduKu B COUYETAHUH JPYT C APYTOM.

21. Kak 3KCIepUMEHTaIbHO OMPENEINTh YMEHBIICHHE JKBUBAJICHTHOH AIIEKTPONPOBOJHOCTH, O0Y-
CJIOBJIEHHOE 3JICKTPOPEIAKCAIUOHHBIM TOPMOKEHHUEM HOHOB?

22. Kak 3KCnepUMEHTAIbHO HAWTH YMEHBIIEHUE AJICKTPOIPOBOIHOCTH, O0YCIOBICHHOE 3JIEKTpodope-
TUYECKUM TOPMOXKEHHUEM?

23. ChopmynupyiiTe 3axkoH pa3eaeHus OcTBanpaa.

24 .PaBHOBECHBIE 3JICKTPOIHbBIC MMOTEHIHMAIBI: KaK OOBSICHUTh BO3ZHMKHOBEHHE CKauKa IOTEHLUAJIOB Ha
rpanuie Metami-pactBop? CTpoeHne JIBOHHOIO 3JEKTPUUYECKOTO CJI0S Ha TpaHUIle METaJlI-pacTBop. 3a-
BHCHUT JIM M KaK TOJNIIUHA THPPY3HONU YaCTH JABOWHOTO ANEKTPHUYECKOTO CIOS OT MOHHOM CHIIBI pac-
TBOpa, B KOTOPBI morpyxen Merami? KakoBo TepMoarHAMUYECKOE YCIOBHE O00pa30BaHUs MOJIOKH-
TEIBHOTO 3apsfa Ha TMOBEPXHOCTH METalla, OMYIIEHHOTO B PacTBOp cojiu 3Toro metamia? KakoBo
TEPMOJMHAMUYECKOE yCIIOBHE OTCYTCTBUA 3apsi/ia Ha MOBEPXHOCTH METANIJIa, OMYUIEHHOTO B PacTBOP
cBoell conu? UTo Ha3bIBAIOT 3MEKTPOAHBIM MOTEHLUMAIOM METaJlIa, OT KaKUX (PaKTOPOB 3aBHCUT 3Ta Be-
nrnunHa? Hanumunte MaTeMaTHYeCKOe BBIPaKECHUE.

25. Yto Ha3bIBAa€TCS YCIOBHBIM 3JIEKTPOIHBIM MOTEHIIMAIOM?

26. Uto Takoe muddy3HOHHBIN MMOTEHIIMAN, KaK OOBICHSIETCS ero BOSHHKHOBeHHe? Hammmmre maTema-
THYECKOE BBIPasKEHHE.

27.410 Ha3BIBAIOT aJICOPOIIMOHHBIM U MEMOpPaHHBIM MOTeHIanoM? Kak BO3HHKAIOT U KaKO€ UMEIOT 3Ha-
yeHue?

2. Komnnexkm 3a0au k meme 4.1.

1. IIpu 75°C naBnenue napa Boasl paBHoO 385 rlla. Ono nonmsunock Ha 4,92 rlla mpu pacTBope-
Hun 10 r xmopuaa amMoHus B 454,5 T BoAbl. BerancnuTe Kaxynyrocs CTENEHb ITUCCOIUANAN
XJIOpHJIa aMMOHUS B 9TOM PacTBOPE.

2. TemmepaTypa 3aMep3aHus pacTBOpa THApoKcHuaa 6apus, comepxkamero 1 moias Ba(OH), B 64
1 Boabl, paBHa -0,083°C. Beruncauts pH u pOH nannoro pactsopa.

3. CKOJIBKO IPaMMOB caxapo3bl COepKUTCS B Boje Maccor 100 r, eciii 3TOT pacTBOp 3amep3aeT
IIpU TOU e TeMIepaType, YTO U PacTBOP XJIOpHJIA Kalnus MOJIsipHON KoHueHTpauu 0,1 Monb/n?
Kaxxymmasicst crenens quccoruaiuu coiy paBHa 83%.

4. CompoTtuBieHue pacTtBopa cylbhaTa HATpuUs B DIEKTPOIUTHYECKOM cocyrne 2,86 Owm.
Bbruuciuth yaeapHy0 3J€KTPONPOBOIHOCTh PACTBOPA, €CIU IJIONMIAAb JIEKTPOIOB 5,38 cM?, a
paccrosinue mexay Humu 0,82 cM.



5. Cocyn st U3MEpEHHs 3JICKTPONPOBOAHOCTH, HamojHeHHb 0,02 H. pactBopom KCIl mpu
20°C, nmeer comporusienue 82,4 Om, a HamonHeHHBIH 0,005H. pacTBOpoM cyibdara Kams —
326 OM. BeIuucianTh SKBUBATICHTHYIO 3JIEKTPOIIPOBOTHOCTh PAcTBOpaA Cyibdara Kausl.

6. YnensHas anekTporpoBogHocTs 10% pactsopa CaCly mpu 18°C pasma 11,4-102 Omtem™.
[TnotHOCTh pactBopa 1,08 r/cM® . Brrumcauth kaxymryrocs crenedb muccormanuu CaCly B
pacTBope.

7. VaensHas snmekTponpoBogHocTs 4,2% pactopa KOH npu 18°C papma 0,1464 Omtl.cm™,
[InotHocTs pacTBopa 1,038 r1/cM®. BBIMHCINTL SKBMBANEHTHYIO 3JIEKTPOIPOBOAHOCTH U
KaXyIyrocs KoHIeHTpauio nonos OH™ B pactBope.

8. DxBuBasieHTHas 3nekTpornpoBogHocTs 0,00102 H pacTBOpa yKCyCHOW KHCIOTHI mpu 25°C
paBHa 4,815 CM-M?/Kr-5KkB. DKBHBAJIEHTHAS 3JIEKTPOIPOBOJHOCTh TNPH OECKOHEUHOM
paszBenennu 39,06 Cm-M%/kr-5KkB. Paccunraiite crerneHb JICCOLIMAIMY, KOHCTAHTY JAUCCOIUAIINT
YKCYCHOM Kucn0Thl U pH nanHOro pacreopa.

9. Tlpu 25°C ymembHas »IeKTpONpPOBOAHOCTH pacTBopa sThiaamuHa (C2HsNH3OH) mpu
pasBenennn B 16 1 pasma 1,312:10° Oml-cml. Belumciuts cremeHs 3MEKTPOIHTHYECKOM
JUCCOLMAlMY, KOHIIEHTPAl[MI0 HOHOB THJAPOKCWJIA W  KOHCTaHTY AJIEKTPOJIUTUYECKOU
aucconuanuu. [Toasumxaocts nona CoHsNH3*™ pasna 58,6.

10. IIpu 18°C »>KBUBaJIEHTHAsl 3JIEKTPONPOBOJHOCTh HOANWCTOBOJOPOJHON KHUCIOTHI IpPU
GeCKOHEYHOM pa30aBIeHNH Ao = 38,4 CM-M%/ KMOIIB, a yienbHas anekTponpoBoasocts HI (C =
0,406 monn/m) paBnHa 13,32 Cm-m?. KakoBo 3HaueHHE aKTMBHOCTU HOHOB BOJOPOAA B ITOM
pactBope?

11. TIpu 25°C ynmenvHas ameKTponpoBoAHOCTE 9,55% pacTBOpa MypaBBHHON KHMCIOTHI PaBHA
7,56-10°

Omt-em. TTnotHOCTH pacTBOpa 1,024 T/cM3, a KOHCTaHTA AMCCONMMAIME MyPaBHEHHON KHCIOTHI
1,77-10®. Bbluucnuth HSKBUBAIEHTHYIO »siekTporpoBogHocts HCOOH mnpu  GeckoHEYHO
00JIBIIIOM pa30aBJICHUH.

12. lns 6eckoneuno pasbasientnoro pactBopa NH4Cl mpu 298,2 K umcno nmepenoca katuona t+
= 0,491. Ber4uciuTe 3JEKTPOIUTHYECKYIO MMOIBIKHOCTh M a0COMOTHYIO cKOpocTh anuoHa Cl;
Ao NH4cl = 15,0 CM-M?/KMOJTb.

13. TIpu 18°C oxBHBalmeHTHas 5IeKTpoNpoBogHOCTH mpomunamu#a (CsH/NH3OH) mpu
pasBenennn B 64 1 paBHa 35,4 Owml.cml. Koncranra mmccormarnuu mpommnamuHa 4,7-107.
Brruuciure moasmkHoCTs KaTrona npormiamuna (I CsH7NHs™).

14. OmnpenenuTh >KBUBAJIECHTHYIO 3JEKTPONPOBOAHOCTh NpU OECKOHEYHOM pa30aBICHUM IS
LiBr, eciiu ipu 298 K A miis KBr, K2SQO4, LioSOscootBeTcTBeHHO paBHbl 151,9; 153,3; 118,5
Omtem?,

15. B pactBope xymopuaa aMMOHHUS 4HCIO TnepeHoca aHuoHa pasHo 0,491. Omnpenenute
a0COIOTHYIO CKOPOCTh M TOJBHUXKHOCTh KAaTHOHA, €CJIM AJIEKTPONPOBOJHOCTH pacTBOpa MpuU
GeckoHeuHOM pa3bapieHuy paBHa 14,9 CM-M%/KMOIb.

16. AGCOMIOTHBIE CKOPOCTH HOHOB cepebpa M XJIopa COOTBETCTBEHHO paBHHI 5,7-10* n 6,9-10°
“cM?/cex-B. BBIYMCTUT AKBUBATEHTHYIO 3JIEKTPOMPOBOAHOCTh OECKOHEYHO pa30aBIEHHOTO
pacTBopa Xxjopuja cepedpa.

17. Temmeparypa 3amepsanms 0,IM  pactBopa CaCl, -0,482°C. DxBuBaneHTHas
3NIEKTPONPOBOJHOCTh 3TOr0  pacTBopa 82,79 Owml-cM?, a mpu 6eckoHeYyHo OONBIIOM
pas6apnennn 115,8 Omlcm? IlnotHocTs pactBopa 1,008 T/cM®. BEIUMCIMTG KaXKyIIyIOCS
CTENeHb JUCCOLUAIMH: a) M0 3JIEKTPOIPOBOAHOCTH PAcTBOPa; 0) MO MOHMKEHHUIO TeMIIepaTyphbl
3aMep3aHMs pacTBOpa.

18. DxBHBaJIEHTHAs 3JIEKTPOIPOBOJIHOCTh PACTBOPA HUTPATa KAJIbLMS, coJepKamero 1 Mons B
23,81 11, pasHa 98,9 OmlcM?, a mpu GeckoHeuHo Gombimom pasz6asmenun 1292 Owml.cm?,
KakoBa remnepaTypa 3amMep3aHust JaHHOTO pacTBopa’?



19*. Byaer nu o0mamate 3aMETHOM AJIEKTPONPOBOIHOCTHIO pacTBOp xjopuaa menu (1) B
STHJIOBOM CIIHPTE, €CIU pacTBop, coiepxamuii 3,614 r CuCly, B 100 r cnmpra, KUIHT MPH
78,308°C. TemnepaTypa Kumenus yuctoro crmpra 78,000°C.

20. IIpu 25°C naceimennsiii pactBop Coz[Fe(CN)s] mMeeT ymenbHYIO 3JIEKTPONPOBOIHOCTD
2,06-10% Cm-m?t, B TO BpeMs Kak YyJelbHas 3JICKTPONPOBOIHOCTh BOJBI 4.10° Cm-mL
[oxemxrocTs MoHA |y(Co?") paBHa 4,3 Cm-M%*/kmonb u nona Y Fe(CN)e*" 11,1 CM-M?/kMOTIb.
Omnpenenure pactBopumocth Coz[Fe(CN)s] B Boae mpu 25°C.

21. IIpu 18°C ynenbHas 3IEKTPONPOBOAHOCTh HACBHIIIEHHOI'O pacTBOpa XJIOpHAa cepedpa paBHa
1,374-10° Cm-cm™. YienbHast 57eKTpOHNpOBOJHOCTH BOJBI, B3ATOW IS PACTBOPEHHUS, paBHA
4-108 Cm-cm. OnpenenuTe nmpy yka3aHHOH TeMIepaType KOHIIEHTPALMIO XJIopuaa cepedpa B
HACBIIIIEHHOM PacTBOpPE (MOJIb/M).

3. Jlabopamopnasn paboma Nel3 «Koncmpyuposanue u ucnvlmanue XumMu4ecKux UCMo4HuUKo08 moka.
Dnexkmponus pacmeopoey
Ileny pabompl: KOHCTPYMPOBAHHME MPOCTEUIIMX HCTOYHUKOB TOKA M HCIBITAHUE HX
SJIC.
Ilpunyun memooa:. TpeOyeTcsi WU3rOTOBUTh MEIHO-IIMHKOBBIM, MEIb-MEIHBIA KOHIICH-
TPALIMOHHBIN, IUHK-IIMHKOBBIA  KOHIEHTPAILIMOHHBIN
——~ 3 MapraHieBoO-UMHKOBBIN 3nemMeHThl. U3mepurs IJIC co-
OpaHHBIX AJIEMEHTOB U CPAaBHUTH PE3YNIbTaThl H3Mepe-
HUSI C pAacCUMTAaHHbIMH BenuuuHamu. [IpoBectu ¢ wuc-
MOJIb30BAHUEM  MEIHO-IIMHKOBOTO W  MAapraHieBo-
OUHKOBOT'O 3JIEMEHTOB JJIEKTPOJIA3 PAaCTBOPOB HMOIKAA
Kausl.
Annapamypa u peazenmul: SIEKTPOJbI MEIHBIE,
IUHKOBBIE, MPOBOJIa MEIAHBIE M30JIMPOBAHHBLIE JTUAMET-
— pom ot 0,06 1o 1 MM, nr00ble TPUOOPHI I U3MEPEHUS

2 -— = - -- 6

- =" -~ nanpsxerus (DJ]C) nenn; crakassl eMk. 100-250 cm® —

1o 5 wTt. Y-o0pa3Hble TpyOKH pa3HbIX pa3MepoB — IO 5
LIT; BaTa. Arap-arap CyxoH, XJOopuJ Kalus, IepMaHraHaT Kajaus, XJOpuJ aMMOHHUS, MEHBINA Ky-
opoc, cynb(har HUHKA, JUOKCH] MapraHiia.

BoinosiHenune padoTsl

Onvim 1. MeOHo-yunKo8blll 2anb8anu4ecKull d1eMeHm.
1. Hpurotosuts 0,1 M pacTBOp cynbdarta Menu u cymbdara munka (mo 250 cvd).
2. IIpuroTOBHUTH COJIEBOM MOCTHK, JUUISl UETO B Mallyto Y — 00pa3Hyto TpyOKy MPOMyCTUTh MaJIbIi
KTYT U 321UTh TpyOKy 1 M pacTBOpoM XJopuia Kajius B arap-arape (arap 6pats 1 1 Ha 50 cm®
BOJIbI, ITOJIYYNTh MPU HarpeBaHUM PACTBOP U BHECTU B ATOT PAacTBOP CYXOW XJIOpUJ Kajus B Ta-
KOM KOJIMYeCTBE, UTOObI KOHIIEHTpalus ero cocTaBisna 1 mons/amS). Tlocie ocTwiBamus V-
o0pa3Hoil TpyOKH, COEIUHUTH CTaKaH C pacTBOpaMU cyjib(paTa MEIW U cylbdaTa IIMHKA 3TUM
COJIEBBIM MOCTHKOM.
3. [Torpy3uTth B pacTBOPHI MEHBIN ¥ IMHKOBBIN DJIEKTPOJIBI, TAaK YTOOBI OHH HE KaCaJIUCh CTEHOK
U JIHA CTaKaHOB, U M3MepuTh D/]C coOpaHHOrO 31IeMEHTa.
4. Ilpoectu Tpu napaenbHbix uaMepenus 2J]C. CpaBHUTH NPAKTUYECKUE PE3YJbTaThl C TE€O-
petnueckoi BenuunHOM. [IpoBecTu craTucTHueckyro 00paboTKy JaHHBIX, BBIYUCIUTH a0CONIOT-
HYIO U OTHOCUTEIbHYIO OITHOKH.
5. Hanmcatp ypaBHEHUS peaklMii, IPOTEKAIOINX Ha 3JEKTpoJax, CyMMapHOe ypaBHEHHE peak-
. HauepTutes cxemy rajabBaHU4ECKOIO HJIEMEHTA.

Pucynok 1. Cxema MEJHO-IIMHKOBOTO TaJIbBAHUYECKOTO AIEMEHTA!
1. 1luHKOBBIH JIEKTPOSI;
2. PactBOp cynb¢aTa HUHKA,;
3. HsmepurenbHoe ycrpoiicTtBo mis DJ1C;



4. ColeBoii MOCTHK;
5. MenaHslii 37EKTPOI;
6. PactBop cynbdara memu.

Onvim 2. Konyenmpayuonuwlii s1emeHm.
1. Ipurorouts 10® M BommBIA pacTBOp cymbdara Meau MOCIEHOBATEIBHBIM pa3baBIcHHEM
pactBopa cynb(hara meau ¢ konnentpamuei 0,1 M, KOTOpbIi ObUT MPUTOTOBIICH B MPEIBIIYIIEM

OIIBITC.

2. IIpombITh BO/IOI MenHBIE 37eKTpoibl. OMyCTUTh B pacTBOpP cyib(dara MEAu C pa3IHuHBIMU
KOHIIEHTPALUsMH, YCTAHOBUTH COJIEBOM MOCTUK U M3MepUTh DJ]C M3roTOBICHHOIO KOHIIEHTpPa-
LIMOHHOTO 3JIeMeHTa. CpaBHUTh NOJyUYEHHBIA PE3YJIbTAT C PACCUNTAHHBIM TEOPETUUECKH.

3. Ipurorosuts 10° M BomHBIH pacTBOp Cynb(aTa MHKA U M3TOTOBHTH IIMHK-IIMHKOBBIH KOH-
LEHTpaUnoHHbIN 31eMeHT. M3meputs DJIC 1aHHOTO 3JIEMEHTa U CPaBHUTH PE3YJIBTAT C PACCUU-

TaHHBIM.

4. ITpoBectu Tpu napayenbHbix uzMepenust DJ1C. CpaBHUTH NPaKTUUECKHE PE3YIbTAThI C TEO-
perndeckoit BeanuuHou. [IpoBecTu craTucTHYECKyl0 00pabOTKY aHHBIX, BBIYMCIUTH a0COIIOT-

HYIO U OTHOCUTCIIBHYIO OIIMOKH.

5. Hanucats YpaBHCHUA peaKuHﬁ, MMPOTCKAOIIUX HaA 3JICKTPOAaX, CYMMAPHOC YPABHCHUC pCAK-
OuH. Ha‘lepTI/ITI) CXEMbI KOHIICHTPAIIMOHHBIX I'aJIbBAHUYCCKUX 3JICMCHTOB.

Onwvim 3. Mapeanyeso-yunkoswiil eanrbeanuyeckutl snemenm (MI]D)

AKTHBHBIM MaTepUalIOM MOJOKUTEIbHOTO 3ekTpoaa MILID saBnsercs AMOKCHI MapraH-
112, @ OTPHUIIATEIIEHOTO JIEKTPOJa — METAJUNTMIECKUN IIMHK. B KauecTBe JIeKTPOINTa IpUMEHSET-
Csl yaIle BCEro BOJHBIN pacTBOp XJIOPHAa aMMOHHUS C JI00ABKOM JPYrux MHUHEPAIbHBIX COJNei U
3arycTutens — Mykd. MLD B 3aBUCMMOCTH OT cOCTaBa 3JIEKTPOJIUTA CIIOCOOEH paboTaTh B WH-
tepBasie Temmeparyp ot -40 C° mo +60 C°. Dnementsl u Oatapeun MII-cuctemsl sBIsSIOTCS Ca-
MBIM PAaCIPOCTPAHEHHBIM CPEIH JPYTUX TUIIOB TaJbBaHHUECKUX JIIEMEHTOB.

Uszeomoenenue snemenma: MIPUTOTOBUTH HACKIIIEHHBIM pacTBOP XJIOPHIa aMMOHHUS (OKO-
10 100 cm®), B moTydeHHBIH pacTBOpP BHECTH 0KOJI0 10 I Kpaxmana Hiid MyKH, TIIATeTbHO Mepe-
MeNIaTh U HarpeBaTh MOJYYCHHBII pacTBOP MOYTH 10 KUTIEHUS. YTONBHBIN 3JIEKTPOJI TOMECTUTD
B MEMIOYEK M3 MapJH, B TOT MEIIOYEK C JIEKTPOJOM HACKHINATh 4 T TMOKCHIa MapraHiia v IpH-
JUTH KieWcTep (OCTHIBIIMKI pacTBOp XJIOpUIa aMMOHUS C MYKO#). Melouek moMecTUTh B CTa-
KaHYUK U Ty/a K€ TIOMECTUTh ITMHKOBBINA ICKTPO/I.
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Pucynok 2. O6muii BUI MapraHieBO-IIMHKOBOTO 3JEMEH-
Ta:

YTONBHBIN ANEKTPOL;

[IMHKOBBII 3JIEKTPOI;

CrakaHYNK;

Memoyek ¢ IMOKCHUJIOM MapraHila B KpaxMajJbHOM KJIEH-
crepe.

1. Paccunrare DJIC MapraHieBo-IIMHKOBOTO AJIEMEHTAa UCXOJI U3 CyMMapHOW OKHCIHMTEIIbHO-
BOCCTAaHOBUTEIBHOM peakiuu, uameputsh IJ{C snemenra.



2. IIpoBectu Tpu mapamienbHbXx u3mepenus J/1C. CpaBHUTH MpaKTHUECKUE PE3yIbTATHI C TEO-
perndeckoit BeanuuHoM. IIpoBecTu craTucTHyeckyto 0OpabOTKy aHHBIX, BBIYMCIUTH aOCOJIOT-
HYIO U OTHOCUTENBHYIO OIINOKH.

5. Hamucarp ypaBHeHuUs peakuuii, IPOTEKAIOIMX Ha MIEKTPOAAX, CyMMapHOE YpaBHEHHE peak-
uu. OTMETUTh MPAKTUYECKYIO 3HAUMMOCTh KaX/10I0 XMMHUUYECKOT0 BellecTBa. HauepTuth cxe-
My MIID.

Onwvim 4. [Iposecmu s1ekmpoau3 pacmeopa uooudd Kaaius, SMIUpuiecKoe onpeoeienue Kamooa
U aHooa s1emMeHma.
1. CoenuHUTh METHO-IIMHKOBBIM 3JIEMEHT ¢ 3JeKTponm3epoM. [IpencraBistommm coboit V-
00pa3Hyr0 TpyOKY C yrOJIBHBIMU 3JIEKTPOJIaMU, 3alOJHEHHYI0 2%-HbIM PacTBOPOM HOAMJIA Ka-
TSl
2. [TpunuThk K 2JIEKTpOJIaM 10 2 Karuld BOJAHOTO pacTBOpa Kpaxmana u peHondTanenHa.
3. Onucarb HaOIO1aeMble SIBJICHUS, ONPEJICIUTh PACIIONOKEHHE KaToAa U aHOa Y AJICKTPOIIH-
3epa ¥ ralbBaHUIECKOTO DJIEMEHTA.

OT4er o J1aboparopHoii padore
1. Otyer o pabote (cMm. o61Me TpeOOBaHUA).
2. latb onpenenenue XWUT nepBoro u BTOporo poja, MpUBECTH UX KIACCUPHUKAIUIO.
3.Bo3HUKHOBEHHE CKauka TOTCHIMAJa Ha TpaHUIE MeTaul-pacTBop. OKHCIUTEIBLHO-
BOCCTaHOBUTENIbHBIN MOTEHIMAI, ypaBHeHUEe HepHcTa.
4. Pacuer D/1C paznuunbix ['3.
5. OueHuTh TOCTOMHCTBA U HEJIOCTATKH KOHCTPYUPYEMBIX U UCTIBIThIBaeMbIX 1.
6. [Monspu3arus 37eKTpo1oB. [IpUIHHBI BOSHUKHOBCHHSI © METOJIBI YCTPAHCHUS.
7. OcoOeHHOCTH IIEKTPOIIN3a B PACTBOPaX U paciuiaBax.

4. Jlabopamopnasa paboma Ne 14 «I padyuposka uonoceneKmugHuvix 31€KmMpoo0s»

Ilens padomui: cornacno unctpykuusm k MCOD nposectu ux rpangynpoBky. OnpenenuTb
JMana3oH U3MEPSAEMbIX KOHIEHTPALU HOHOB, KPYTHU3HY I'PalyHpOBOYHON XapaKTEPUCTUKHU B
nuHeHo yactu. IIpoBecTu aHaIn3 KOHTPOIBHON MPOObI

Annapamypa:
1. Anammzarop xuakocti «OKCITEPT-001-3» B pesxume pabOThI — BOJIBTMETP JUIS U3MEPEHUS
notennuana UCHD (MB), mpenen ocHOBHOW abCONMIOTHON MOTPENIHOCTH JaHHOW MOIU(pUKALUN
M3MEPUTENIbHOTO IIpeoOpazoBatenst cocTanisier +1,5, nnana3oH u3MepeHus B JaHHOM PeXUME —
-3200...+3200 MB.
2. MonocenextnsHblii s1extpon (MCD) Ha nonsl Meramnos (Cd?*, Cu?*,Zn?", Ca** u np.).
3. DrekTpoJ BcroMoraTenbHbIH JabopaTopHblil xynopcepedpsHbiii OBJI-1M3.1 unu snextpoa
cpaBuenus DCp-10101 (aByxKiIH04€BOI J1aOOPATOPHBIN) NMPeAHA3HAYEHBI IJIs1 CO3/TaHUsI OTIOPHO-
ro MOTEHIMaja Npu paboTe B Mape ¢ UHAUKATOPHBIM JIEKTPOAOM NP MOTEHLIUOMETPHUUECKUX
U3MEpPEHUSIX B BOJHBIX pacTBOpax. BbrIOOp 31ekTpoja CpaBHEHHUS 3aBHCHUT OT OIpEAEIseMBbIX
KOMITOHEHTOB ¥ HOHOCEJIEKTUBHOTO 3JEKTPOJIa (B MHCTPYKIIUN K HOHOCEIEKTUBHOMY AJIEKTPOIY
YKa3bIBAIOTCS HEOOXOAMMBbIE 3JIEKTpObl cpaBHeHus). [lepen HadasoM pabOThl MOHOCENIEKTHUB-
HBIN 3JIEKTPOJI U DJIEKTPOJ CPAaBHEHMS, COIJIACHO MHCTPYKIIMU, HEOOXOIMMO MOJrOTOBUTH K pa-
oore.
[IITaTuB AJIs AIEKTPOIOB.
Xumndeckne cTakassl eMk. 50 cm® u 250 e
MepHas konb6a emk. 50 cm®
I'paynpoBaHHEIE THIIETKH EMK. 5 cM .
['pagynpoBanHas MepHas npodupka emk. 10 cm®,
. ITuneTka a1 3amoHEHUs 3JIEKTPOJIa CPAaBHEHUS.
10 OunpTpoBaibHas Oymara.

©oNo A

Peaxkmueui:



1. Wcxonmslit pactop comm metamna (Cd?*, Cu®*,Zn?*, Ca?* u np.) xomuenrtpaumeii 0,1
MOJIB/ M.
2. Bydepnsrii pactBop ams perynuposanus oomerr nonnoit cuisl (BPOMC). B xauectse bPO-
WC U1 MOHOCETEKTHBHOTO 3J1eKTpoaa « iUt — 241» Ha monsl Cd?*pexoMenyercs pacTBop
HUTpaTa HaTpus KoHIeHTpauueit 0,3 MOJIB/ M.
3. BydepHblii pactBop ¢ ontuManbHbIM 3HaueHneMm pH. Jlns Cd?* ameraTHO-aMMOHMITHBII
Oydepnsrii pactBop pH7.
4. JlucTuiuiMpoBaHHAs BOAA
Ilpuzomosums pacmeopet:
1. 50 cm® paGouero pacTBopa conu kKaamus koHneHtpanueit 10~ mons/mv®,
2. 100 cm® BPOUC.
Hopaook evinonnenusn pabomot
1. JTan - nocTpoeHue rPalyupPOBOYHOI0 rpaduka.
[Ipu pabore c wuoHocenekTuBHbIM 3ekTponoM (MCD) Heobxoauma ero mpenBapUTelbHas
KaTMOpPOBKA — YCTAaHOBJICHHUE 3aBUCUMOCTH MEXKIY MOTCHIIMAJIOM JJICKTPOJa M KOHIICHTpAIHeH
WIM aKTUBHOCTBIO OINpeAeNsieMbIX HOHOB. [l MOCTpoeHHs] TPaayUpOBOYHOrO rpaduka B
koopauHatax «E — pCi» UCHONB3YIOT CTaHAAPTHBIE PACTBOPHI OMPEAENSIEMBIX COCIUHECHHM.
MeTtoauka mpenBapuTENbHON KaauOpPOBKH, YCIOBHM pabOTHI 3JEKTpoJa, Croco0a XpaHEHUs
NCD Mexay u3mMepeHus MU yKa3bIBa€TCsl B MHCTPYKIMM K HOHOCEIEKTUBHOMY JIEKTPO/TY.
2. JTan - MeTOIMKA aHAJIM3A.
OTtob6parhk MepHOii Konboit 50 cM® aHAaMM3MPyeMOro pacTBOpa COMM METalla M IOMECTHTH B
ctakaH eMkK. 50 CM3, no6asute 5 cm® BPOUC. N3meputs norenuman MCO, u nonb3ysack
ypaBHeHueM o MHK HaliTu KoHIIEHTpaluo HoHa MeTajlja B aHaJIU3UpyeMoil mpooe.

Oopabomka IKcnepumeHmanbHuIX OAHHBIX

1. OTan - nocTpoeHne rpaiyupoBOYHOro rpaduka.

[To pe3ynbpTatam U3MEpEHUI CTPOUTCS IKCIIEPUMEHTATIbHAS 3aBHCUMOCTh B KOOPAMHATAX
«E — -lgC» (puc.1l): mo ocu aGciyce OTKIABIBAIOT 3HAUCHHUSI OTPHUIATEIBHOrO Jorapupma
KOHIICHTPAllMd HOHOB B CTaHJAPTHBIX PAacTBOpax, a MO OCH OPJMHAT — COOTBETCTBYIOIIHE
paccuMTaHHbIE 3HaUEHUs NoTeHuuana (MB).

[Tpu 06paboTKe FKCIIEPUMEHTATBHBIX TAHHBIX MPUXOTUTCS YaCTO BCTPEUATHCS C 3a1a4ei
C omnpeAeseHHeM MapamMeTpoB (YHKIHMOHAIBHOM 3aBUCUMOCTH OT JABYX WM HECKOJIBKUX
nepemMeHHbIX. [loaTomMy HeoOxXxomumo paccuutath KOI(PPUIMEHTH ypaBHEHUS MPSIMOM:
E =m-pC +b, no Metony Haumensiux kBaaparos (MHK).

Ero cyre cocrout B ciemyromiem: TpeOyeTcs HaWTH Takue 3HAYCHUS, BXOMSIIUX B
UCKOMYIO (YHKLIMOHAJbHYIO 3aBUCHUMOCTb, IpPH KOTOPBIX CyMMa KBaJpaToOB OTKIOHEHUH
3HaYeHUH (PYHKIUHU OT SKCIIEPUMEHTAIBHBIX TAHHBIX OyeT MUHUMAIBHOM.

[Tycte uckomasi (GyHKUuUS sBiseTCs nuHeiHOU, T.e. £ = mpC + b (1), tne m u b
HeusBecTHbIC, a pC u E 3ananbl 3HaueHusmu (pCi; E1), (pCz; E2),..., (pChn; En), TOTy4eHHBIC B
pesyibrare sKkcnepumenta. [Ipu mopacraHoBke 3Hauenuit pC = pCi (i = 1,2,345,6) B
ypasuenue (1), monyuaem (Mm-pCi + b), a B pe3ynbTare sxkcrepumMenTa umeem Ei.

Pasnocts Ej - (M-pCi + b) Ha3pIBaeTCs HEBSI3KOW U BOSHUKAET B PE3yJIbTATE OIIMOOK IKC-
MepUMEHTa, OMMUOOK BBIYMCICHUHN, HETOYHON JTUHEHHON 3aBUCUMOCTH U T.I. TpebyeTcs mojo-
Opatb M u b Tak, 4TOOBI CyMMa KBaJpaTOB HEBS3OK, T.€.

n=6
S=Y (Ei - mpC;i - b)? 6bima MUHIMATEHOIA.
i=1
Heo6xoa1Mo cocTaBUTh U PELIUTh CUCTEMY YpaBHEHHIA:




n=6 n=6 n=6
/ZpCi Zm+Y pCib =Y pCi-Ei;
i=1 i=1 i=1

< n=6 n=6

> pCirm +n-b=>Ej;
i=1 i=1

~

B nanHoOl 3a1a4e KOJIMYECTBO M3MEpeHuil paBHo mectu (N=6). HaiinenHple BeTUYUHBI M,
b u usBectHeie 3Hauenust aprymenrta ( pC:1,2,3,4,5) noacraButh B ypaBHCHUE NpsSMON E =
m-pC+b, u paccumrarh 3HadeHus norennuana MCD (E), T.e. bynkuuu. ITogydeHHbIE HOBBIE
JAHHBIC C YYETOM METOJ]a HAMMEHBIIINX KBaJPaTOB BHECTH B TAOIHILy 2 M MOCTPOUTH Tpadude-
CKYIO 3aBUCHMOCTb.

Ta6auna.2

pC 1 2 3 4 5
EMB

-E, MB

200
180 |
160 |
140 F
120 F
100 F

80

-IgC

Puc.1 I'pagyuposounsiii rpagpuk no MHK

Hcnonb3ys nonydeHHsli rpagynpoBouHsblii rpa¢puk no MHK onpenenuts
KOHIIEHTPALUIO HCCIEyEMOro HOHA B aHAIIM3UPYEMOH MPo0Oe 10 3aJaHUI0 NIPENOAABATES.

Omuém no pabome
1. Ilens u 3a1auu UCCIIEIOBAHMUS.
2. Kparkoe ommcaHue 3KCIIEPUMEHTA: CITOCOOBI, METO/IbI, METOJUKH HCCIICAOBAHUS M TEOPETH-
YECKHUE MOJIO0KEHUS.
3. 3aKoHBI, MTOJIOKEHHSI, MATEMaTHUECKUI anmapar, ypaBHEHUS peakiuii. Pe3ynbprarel ucciemno-
BaHUS U pacyeTbl (ypaBHEHHs JOJDKHBI OBbITh NPUBEACHBI B OOIIEM BUJE U C MOACTABICHHBIMU
JTaHHBIMU ). Pe3ynbTaThl ccaea0BaHus U pacueTOB JOJIKHBI OBITh CBEJIEHBI B COOTBETCTBYIOIINE
tabmuipl. CratucTuyeckas 00paboTKa JaHHBIX.
4. I'panyeckas oOpabOTKa IKCHEPUMEHTAIbHBIX JTaHHBIX: TPaUKH U CXEMbI JODKHBI BBINOJ-
HATHCSI TOJIBKO HAa MUJTUMETPOBOM Oymare. Ha ock opauHat HaHocuTCs (DyHKIHS, Ha OCh abc-
IIUCC — apTyMEHT C yKa3aHUEM eIUHHI] u3MepeHus. Ha ocsx HaHOCHUTCA IIKaja COTJIaCHO BBI-
OpanHomy Maciuta®y. Enuauibel macmraba TOMKHBI ObITh BBIOpPAHBI B COOTBETCTBUU C TOYHO-



CTBIO OTCUETa MpPU IKCIepuMeHTe. KoopauHaThl SKCIIEPUMEHTANIBHOM TOYKH HAHOCSTCS TOJBKO
Ha TUIOCKOCTH M OTMeYaroTcsi Toukoi. [1o skcnepuMeHTalbHBIM TOYKaM MPOBOJUTCS yCPEaHs-
Iol1as KpuBas. BelmaBmime TOUKM HE MCMONB3YIOTCA, HO TOKa3bIBatoTcs. Ha nmucte, rae BbION-
HEeH TpaduK, TOJDKHBI OBITh YKa3aHbl HAMMEHOBaHUE Tpaduka (Mo rpaduKoM), YCIOBHUS, CHOC-
K{. DKCIIEpPUMEHTAIBHBIC JaHHBIC JUIsI TOCTPOSHHS IPaAyHpPOBOYHOTO rpadruka o0padaThIBarOT-
Csl IO METOJly HAUMEHBIIIUX KBaIPaTOB.
5. AHanu3 3KCIIEpUMEHTAIIBHO MOJTYYEHHbBIX 3aBUCUMOCTEH.
6. BeIBOILIL.
Pabora cumTaercs BBITOJHEHHOH, €CU MPUBEICHBI BCE HEOOXOIMMBIE PACUETHI, IMTOCTPOCHBI
M3y4aeMble 3aBUCUMOCTH, IPUBECHBI BCE CTPYKTYpPHbIE (POPMYJIIBI H3yU4aEMbIX BELIECTB U 00pa-
3yeMBIX COCTUHEHUH, CIIeIaHbl COOTBETCTBYIOINE BBHIBOIBI.
Oonapysrcenue oumubox

Konebanust temmeparypbl BIMSIOT HAa HAKJIOH KAIMOPOBOYHOTO rpadyika M CTaHAAPTHHIN
notrenuuan MCO. Temneparypsl CTaHIAPTHOTO U aHAIU3UPYEMOI'O PACTBOPOB HE JOJKHBI OTIH-
yatkcs Gonee yem Ha 1°C.

BnusiHue comyTcTBYIOIUX HOHOB ONPEAEINSETCS CEIEKTUBHOCTHIO U YyBCTBUTEIHHOCTHIO
BbIOpaHHOTO AM1EKTpoAa (cM. HHCTPYKLMIO k 11CD).

Tema 4.2. HepasnoseecHvle A61€HUA 6 PACMEOPAX IJIEKMPOIUIOE

1. Bonpocwl k ycmuomy onpocy
1. Dnexrpoxumudeckue nemnu. J./].C. ralbBaHIYECKOTO dIIEMEHTA.

2. Kakyo posb npu H3MEpEeHHH 3.1.C. TalbBAHUUECKUX JIEMCHTOB BBINONHSET J1eMeHT BecToHa?
K kakoMmy THITy 3IeMEHTOB OTHOCHUTCS dJIeMeHT BecToHa (KOHIIEHTpAIlMOHHBIA, XUMHYECKHH,
¢ IepeHocoM, 6e3 mepeHoca)?

3. TlanpBaHWMYecKHH 3IEMEHT COBEpIIAET DIIEKTPUYECKYI0 paboTy Oe3 M3MEHEHHUs BHYTpEHHEH
9Hepruu. B xakoM cooTHomeHuu (4T0 OONbIIE) HAXOAATCS MPH 3TOM BEIUYHHA dJEKTpUYE-
ckoit paboTel NFE 1 Beaw4mHA TEMIOTH (|, KOTOPOU 3IIEMEHT OOMEHHMBAETCS C OKpYyXKaromei
cpenoii? Kakoit 3HaK B 3TOM Cliydae UMEET TEMIIepaTypHbIi Ko puuueHr 3. 1. c?

4, CYIIIGCTBYIOT JIX TAJIbBAHUYCCKUEC DJICMCHTDI, AJId KOTOPBIX BECJIMYMWHA 3. . C. HC 3aBUCUT OT BE-
JUYUH CTAHAAPTHBIX 3JIEKTPOAHBIX NOTeHIMaoB? EciM CymeCTBYIOT, TO YKaXHTE THIl 3THUX
3JIEMEHTOB.

5. MOXHO 1 U3MEPUTH 3. . C. TAIbBAHUYECKOTO 3JIEMEHTA MPHU MOMOIIU BoJbTMeTpa? Jlaii-
T€ OTBET C 00OCHOBAHUEM.

6. 3. 4. c. ralbBaHUYECKOI'0 AJIEMEHTa KaK (DyHKUIMs TeMmIepaTypbl BbIpaKkaeTcs ypaBHEHHEM E

=q + bT. BeiBenure ypaBHeHus s pacuera AS, AG u AH npu temneparype 7.

Kaxue ranpBaHnYeCKHE 3I€MEHTHI Ha3bIBAIOT XMUMHYECKUMU?

8. B rampBaHMYECKOM 3JEMEHTE MPOTEKAaeT Peakius B CTOPOHY 0Opa3oBaHUS Tra3000pa3HBIX
IPOAYKTOB W3 KOHJICHCUPOBAHHBIX HMCXOJHBIX BELIECTB. BiuseT nM W Kak yBEIHMYCHHE
BHEIIIHETO JABJICHUS Ha BEJIIUYUHY 3. 1. C?

9. Yro HazpiBaeTcs cTaHAAPTHOH 3. M. ¢? OT 4ero 3aBUCUT BEJIMYMHA CTAHAAPTHOU 3. . C. XU-
MHYECKOTO TaTbBAHHYECKOTO 3JIEMEHTa (IPUPO/a peaKkIny, KOHIEHTPALlUs pacTBOPOB, TEM-
nepaTypa, 4YUCJIO MEPEHOCUMBIX JJIEKTPOHOB)?

10. B xakom ciydae 3HaK 3. . C. JIEMEHTa CUMTAETCS IMOJIOKHUTEIbHBIM? MEHSeTCS I U KaK
BHYTPEHHSS SHEPTUA TaIbBAHMYECKOTO JJIEMEHTA, €CIIH €r0 3. JI. C. He 3aBUCUT OT TeMIlepa-
Typb1? [Touemy?

11. Kakue KOHCTAaHTBI M SKCIEPHUMEHTaJbHbIE NAHHBIE HEOOXOAWMO MMETh, YTOOBI MOJCUYHTATH
3JIEKTPUYECKYIO pPaboTy, COBEPIICHHYIO TaIbBAHUYECKUM 3JIEMEHTOM?

12. IlpuBenuTe NpUMeEpHl TaJIbBAHUYECKUX 3JIEMEHTOB pa3lIu4HbIX THIOB. OOpaTtuMble U HEOOpaTH-
MBbI€ TaJbBaHHYECKUE 31eMeHTHI. [I0sICHUTE HAa KOHKPETHBIX NMPUMEPAx, KaAKHE PEaKLUH MPOXO-
JAT Ha 3JICKTPOJaX railbBAHUYCCKUX 3JIEMCHTOB.

13. Tlonspu3anus 3IEKTPOJIOB

14. Ilepenanpspxenue nepexona. Ot kakux (akTopoB 3aBUCUT? Hanmummre coOTBETCTBYIOLINE YpaB-
HCHUS.

15. Cymnocth quddy3Horo nepeHanpsokenus? Hamummre ypapHeHMsI.

~



2. Komnnexkm 3a0au k meme 4.2.
1*. Tlpu TuTpoBaHuM pactBopa ykcycHou kuciotbl 0,5 H. pactBopom NaOH Opliu momydeHb
CJICAYIOIINE PE3YIIbTATHI:

O6swem 0,5 1. p-pa NaOH, mn 8,0 9,0 10,0 11,0 12,0 13,0
15,0 17,0
Comnpotusienue, Om 75,0 68,1 62,3 570 532 50,8
515 52,1

Onpenenuts coepkaHue YKCYCHOM KHCIOTHI (T') B TUTPYEMOM pacTBOpE.
2*. PactBop HuTpaTra cepebpa mnoreHuuomerpuuecku TUTPyOT 0,5 H. pactBopom NaCl.

Onpenenutsb conepxanne AGNOsz (Mr) B TUTpyeMOM pacTBope. ['anpBaHndeckas Lenb:
Ag | AgNO:s (C,) | KNO3z | KCI (0,1 1.) | Hg2Cl> | Hg

O06bem nprbaBICHHOTO pacTBOpa EAQ/IAg" OTHOCHTEIBHO HOPMAJIBHOTO Kajo-
NaCl, cm® MEJILHOTO AJIEKTpojia, MB

1,00 383

1,80 342

1,98 283

2,00 224

2,02 165

2,20 106

3,00 64

3. BBIUMCIUTH KOJMYECTBO AMOKCHAA CBUHIIA, KOTOPOE BBIACIUTCA HA aHOJE IPHU BIIEKTPOIIN3E
COJIM CBUHIIA B a30THOKHUCIIOM pacTtBope TokoM 0,16 A B TeueHuu 45 MUH.

4*. Tlpu s7eKTpoiu3e TopsA4Yero pacTBopa XJopHuaa Kamaus oOpasyercst OepTojieTOBa COJb.
BbipazuTth ypaBHeHMsIMH Hpoucxojsiue peakuuu. Kakoe kosimdecTBo OepToieTOBON conu
MOJIYYUTCS MpH Mpornyckanuu Toka 10 A B TeueHun 6 yacoB 20 MUH U NpPU BBIXOJE 1O TOKY
60%7?

5. Kakue mpoayKThl BBIAENAIOTCS HPHU 3JIEKTPOJIU3€ BOJHBIX PAcTBOPOB Cyib(aTa HUKE,
xyopuna kenesa (Ill), xmopmma xanbuums, cynbbpata Hatpus? Hamucate ypaBHEHHSA
MPOUCXOSIINX MPOIIECCOB.

6. Ilpu KymoHomeTpudeckoM TutpoBanuu 10 cm® pacTBOpa HepMmaHTaHaTa KaJIust
JNIEKTPOJIUTUYCCKH TeHepupyeMmbiM kene3oM (II) Ha BoccranoBnenue woHOB MnOs
noHago6unock 28 muH npu cuie Toka 100 MA. Onpenenuts TMTp pactBopa KMNOs.
7.Beraucnmts ipu 25°C mOTeHIMAN IIHKOBOTO MIEKTPOa, TTOrpykeHHoro B 150 cM® pacTBopa,
conepxaiero 0,2 r cynabdara nuHka. CTeneHb JUCCOMALUU PUHATH paBHOH 1.

8. Harmmmre ypaBHEHUE PEaKIMii U BBIYUCIUTE IOTESHIIMAIBI CISAYIOIIUX AIEKTPOJIOB:

Ni | Ni?* (@ = 0,1);

Pb | Pb(NO3). (C = 0,1M, y = 0,405 );

Ag | AgNOs (C =0,1M, y=0,743);

Pt, H2 (P = 101300 H/™m?) || H" (pH = 7);

Pt,Cl, (P = 101300 H/m?) || CI” (a = 0,02);

Pt,02 (P = 101300 H/™?) || OH™ (a = 0,04);

Pt| Cu* (o =0,01), || Cu?* (« = 0,005);

Pt | Sn?*, Sn** || Cr®*, Cr,07%, H*| Pt;

Pt | Fe?*, Fe®* || Mn?*, MnO4", H*| Pt;

9. Boruuciuts npu 25°C moTeHIHMan IMMHKOBOTO SIEKTpoAa, morpyxkensoro B 0,1 M pactBop
cynpdara LMHKA, M TOTEHLUHAJT 3TOr0 3JIEKTPOJa, MOTPYKEHHOTO B ATOT K€ pacTBOp,
pasb6asnenHoil B 10 pa3. Kaxymascs crenens aucconnanuu 0,1 M pactBop cynbdara HUHKA
npu 25°C paBHa 40%, a U1 pa36aBIeHHOTO pacTBOpa 64%.

10. KakoBa nomxHa ObITH MoOJsipHas KoHIeHTpauuss noHoB menu (Il) B pactBope, 4TOOBI
AIIEKTPOHBIN noTeHnuan Meau npu 25°C Ob11 paBeH HyIt0?

11. OJIC uenmw:



CranpapTHbIi KCI Kenynounsiii Bonopoansrit
BOJIOPOIHBIN (HacepIl.) COK AIEKTPOJ

AIIEKTPOJ

paBHa 0,082 B. Onpenenure pH xemymnodnoro coka npu tremneparype 25 °C.

12. Beraucnuts 3J1C ranpBanndeckoro snementa npu 25°C

Cd| CdSO4 (0,1M) || ZnSO4(C=0,2M) | Zn

Kaxymascs cTeleHb AMCCONMALMH pacTBopa cymbpara mmuka mpu 25°C pasma 40%, a
pactBopa cynbdara kaamus 60%.

13. OmnpenenuTh KOHUEHTpPALMIO pacTBopa HuUTpara Hukens, eciu IJ{C rampBaHUYECKOTO
aJieMeHTa ObLTa paBHA HYIIIO.

Ni | Ni(NOs)2 (?M) || Co(NOs3). (C=0,1M) | Co

CreneHb AUCCOLMALIMU JUIST KaXKI0M U3 coliel puHsATh paBHOH 1. Temmnepartypa 25°C.

14. TIpu 25°C D/IC ranpBanndeckoro siaementa Zn | ZnSO4 (0,5M)|| ZnSO4 (0,05 M) | Zn
paBHa 0,018 B. BplunciuTh KaXKylryrocsi CTENeHb JUCCOLUAIMN pacTBopa cyibdaTa IIUHKA B
0oJiee KOHLIEHTPUPOBAHHOM PACTBOPE, €ciiu B OoJiee pazdaBieHHOM oHa paBHa 35%.

15. Bpiuuciute DJIC  KOHIEHTPAIIMOHHOTO JJIEMEHTa COCTaBJICHHOTO W3 BOJOPOIHBIX
AJIEKTPO10B, orpyxeHHbIX B 0,04 H. 1 0,005 H. pacTBOpbI a30THOM KKca0ThI 11pH 25°C. Crenenpb
JUCCOLIMAIIMU a30THOM KUCIIOTHI B PACTBOpaxX MPUHATH PaBHOM 1.

16. Beruucnuts DJ1C kounentpanunonnoii mernu Cu | CuSOs (c1 = 2,807 r/m)|| CuSOs (c2 = 1,069
r/m) | Cu

npu 18°C, ecnu Temmeparypa 3amep3aHus Oosee KOHIIEHTPUPOBAHHOIO pPAacTBOpa paBHA -
0,048°C, a 6onee pazbasiennoro -0,020°C.

17 3/IC ranpBaHMYECKOTO »SJIEMEHTa, COCTABJICHHOTO W3 BOJOPOAHOTO U HACHIIIEHHOTO
KaJIOMEJIbHOTO 3JIeKTposi0B, ipu 25°C pasHa 0,760 B. BbluncauTe BOJOPOIHBIN MOKa3aTelb
pacTBopa.

18*. ]I OKHMCIMTEIbHO-BOCCTAHOBHTENBHOrO 3neMenta Pt| Cu*?, Cu* || UO2"2,U* | Pt mo
CTaHJAPTHBIM DJIEKTPOJAHBIM IMOTEHIIMAIAM TI0JY3JIEMEHTOB HAIMCATh YPaBHEHUS PEAKIIHA, TTPO-
TEKaIoLUX Ha AIEeKTpoJax, U Beraucauth IJC snementa npu 298 K. AKTUBHOCTH HOHOB UMEIOT
cremyromue 3Ha49enus: a (Cu*?) = 0,007; a (Cu*) = 0,016; a (UO2"%) = 0,002; a (U™) = 0,050. B
nporiecce NpuHUMaoT ydactie noH H' 1 H20, MX aKTMBHOCTH NPHHATH COOTBETCTBEHHO 0,2 U
1. Yka3aTh, MOKHO JIM TIPAKTHYECKH M3MEHHUTH HAIPABJICHUE PEaKIMU B TAIbBAHUYECKOM dJie-
MEHTE 32 CUeT U3MEHEHUS KOHIICHTPAI[UH KOMIIOHEHTOB.

19. Ha noreHnmomeTpraeckoM MocTuke mpH 25°C oTcueT Jisi HOpMalIbHOTO dJieMeHTa BecToHa
Obur paBeH 48,95 cm, a g snmekTpoxa B pactBope — 34,33 cM. BerumcnuTh moTeHIman
UCCIIEIyEMOT0 3JIEKTPO/ia B pacTBOpe. BTOPBIM 371€KTPOAOM (KaToaoM) sIBISETCS HOPMaJIbHBIN
BOJIOPOJHBIN IEKTPOI.

20. IIpn 25°C orcuer Ha MOTEHIMOMETPUYECKOM MOCTHKE, COOTBETCTBYIOLIUI 3JIeMEHTYy Be-
CTOHa, paBeH 32,6 cm, a it raabBanuyeckoro amementa Ag | AgNOs (C = 0,1 u.)|| Ni(NOz3)2
(?M) | Ni— 34,3 cM. BeIukCcIuTh KOHIIEHTPAIMIO HOHOB HUKENS B pacTBope. CTeneHb AUCCOIIN-
arr AGQNO3 mpuHSITE paBHOI 1.

3. Jlabopamopnuasa paboma Ne 15 «Onpedenenue KOHUeHMPAYUU XeJ1AMHBIX A2eHM 06 NOMEH-
UUOMEMPUUECKUM MUMPOCAHUCM))

Henv pabomei: paccuntath KOHIEHTpanuio xenaTHoro aredTa (3ATA wmu ap.), oCHOBBIBa-
ACh Ha rpauuecky HailleHHOe 3HAaYeHUE SKBUBAJICHTHOTO 00BbEMa, MOILIEIIEro Ha MOTEHIIHO-
METPUYECKOE THUTPOBAHUE C KCIOIb30BAHUEM HOHOCEIEKTHUBHOTO WHAMKATOPHOIO 3JIEKTPOJa
(CD) ma monsl meramios (Cu?*,Zn?*,Cd?*, Ca?* u mp.), oOpasylomue ¢ JaHHBIM XeJIaTHBIM
areHTOM IpPOYHbIE KOMIUIEKCHbIE coeMHeHUs. Mnu oOpaTHas 3ajada: paccuMTaTh KOHIIEHTpa-
IIUI0 MOHBI METAJJIOB B Mpooe.

Ilpunyun memooa. IloTeHIIMOMETPUYECKOE TUTPOBAHNE OCHOBAHO HA ONPEJECICHUN TOUYKU
HKBUBAJIEHTHOCTH TIO pPe3yJbTaTaM MOTEHIIMOMETpUIeCcKrX u3mepenuit (£, MB). Bonmu3u Touku
SKBHUBAJIECHTHOCTH MPOUCXOIUT PE3KOE M3MEHEHHE MoTeHImana naaukaropaoro MCO. Tutpant



WIA TUTPYEMOE BEILECTBO JODKHO Y4acTBOBATh B 3JEKTPOIHOM mporiecce. /s moTeHIomeT-
pPHYECKOr0 TUTPOBAaHMs COOMPAIOT Lenb U3 muHaukatopHoro MCO B uccienyeMoM pacTBope U
AIIEKTPOA CPaBHEHUS (XJIOpCEpEOPSHBIN HITN KAJIOMEIbHBIN).

K ocHOBHBIM npeumywecmeam memooa omuocamcs.
v’ BKCIIPECCHOCTD U CEIEKTUBHOCTD);
v BO3MOYKHOCTH aHaJIM3a MyTHBIX M OKPAIIEHHBIX PaCTBOPOB;
v aBTOMAaTH3aIMs IPOIIECCa;
v auddepeHIMpoBaHHOE TATPOBAHUE KOMIIOHEHTOB CMECH;
v’ Her BiustHus 1U(PHY3HOHHOTO MOTEHIMANA, T.K. UG (Y3HOHHBINA MOTEHIIHAT BOSHUKACT HA
TpaHULIe MEXIY PACTBOPAMH JIBYX Pa3HbBIX 3JIEKTPOJIUTOB BCJIEICTBUE HEPABHOMEPHOTO pacipe-
JIeNIeHHs] KAaTHOHOB M aHMOHOB BJIOJIb TPAHUIIBI Pa3/iena u3-3a Pa3nuus B CKOPOCTAX auddy3uu
HMOHOB Yepe3 MOBEPXHOCTh pa3fena.

Buowl nomenyuomempuieckoeo mumposanus:
v KHCIIOTHO-OCHOBHOE TUTpOBaHWE. B KauecTBe MHAMKATOPA MCIONB3YIOT CTEKISIHHBIN 3JIeK-
TpoA. Ilo3BosisieT mpoBECTH KOJIMUECTBEHHOE ONPEEICHUE KOMIIOHEHTOB B CMECH KHUCIIOT IpU
pa3Irury KOHCTAHT JUCCOLUAIMN HE MEeHee TPEX MOPSIIKOB.
v KOMIUIEKCOHOMETPHUYECKOE THTPOBaHUE KAaTHOHOB KomiuiekconoM Il (3ATA) nmposomsaT ¢
WHIAUKATOPHBIM MOHOCEIEKTUBHBIM 2JIEKTPOJOM Ha MOHBI METaJlJIa WIM YHUBEPCAIHLHOTO PTYT-
HOT0 3JIEKTpOa.
v TutpoBaHKe N0 METOY OCaKICHHA. B KauecTBe MHIMKATOPHOTO BJIEKTPOJIA UCIIOIB3YIOT —
MeTaJmaeckune ni memopanasie MCD.
V" OKHCIHTEIBHO-BOCCTAHOBUTEIBHOE TUTPOBAHUE MTPOBOIAT C MCIOJIB30BAHUEM ILIATHHOBO-
IO UHIUKATOPHOTO 3JIEKTPOAA.

Annapamypa:

11.  Anammzarop xwuuakoctu «IOKCIIEPT-001-3» B pexume paboThl — BOJBTMETp IS
u3Mmepenus norennuaia MCO (MB), mpenen ocHOBHOHM aOCOMIOTHOW MOTPEUTHOCTH JaHHOU
Moau(UKAIIMK HU3MEPUTEIBHOTO TpeoOpa3oBaressi cocTaBisieT +1,5, auana3oH u3MEpeHUs B
JaHHoM pexxume — -3200...+3200 mB.

12.  WonocenextupHslii snexrpon (MCD) na mons metamios (Cd?*, Cu?*,Zn?*, Ca®" u mp.),
00pa3yrolye ¢ JaHHBIM X€IaTHBIM areHTOM MPOYHbIE KOMITJIEKCHBIE COSINHEHMSL.
13. DneKTpoa BCIOMOTATEIbHBIN J1abopaTopHblid xjopcepedpsubiii OBJI-1M3.1 unu asnex-

Tpon cpaBHenust ICp-10101 (maByxxiroueBoi 1abOpaTOpHBIN) MpeaHa3HAYEHBI IS CO3JIaHUs
OMOPHOI0 MOTEHIMaNIa pU paboTe B Mape ¢ UHIUKATOPHBIM 3JIEKTPOAOM MPHU MOTEHIIMOMETPU-
YeCKUX M3MEPEHMSIX B BOJHBIX PacTBOpax. BrIOOP 27eKTpoaa CpaBHEHUS 3aBUCUT OT OMpees-
€MBbIX KOMIIOHEHTOB M HOHOCEJIEKTHBHOIO AJIEKTpoja (B MHCTPYKUUU K HOHOCEIEKTUBHOMY
AIIEKTPOY YKa3bIBAIOTCS HEOOXOAUMBIE AIIEKTPOabl cpaBHeHUs ). [lepen HauanoM paboThl HOHO-
CEJIEKTUBHBIN AJIEKTPOJ U JIEKTPOJI CPABHEHHUS, COTIIACHO MHCTPYKIUU, HEOOXOAUMO MOJATr0TO-
BUTH K paboTe.

14. [lITaTuB 1J1g 3I€KTPOIOB.

15.  Broperku emk. 50 cvC,

16.  Xummdeckme cTakasbl eMK. 50 cm® 1 250 cm®,
17.  Mepnas kon6a emMk. 50 cm®

18. I'pagynpoBaHHEIE THIIETKH EMK. 5 CM°,

19.  TpamympoBaHHas MepHas Hpo6upKa eMK. 10 cm>,

20. TIumertka JuIst 3aNIOTHEHHS YJICKTPOa CPAaBHEHHUS.
21. ®unbTpoBasbHAs Oymara.

Peaxmuewi:
5. HWcxommwlii pactBop comu Metamia (Cd?*, Cu?*,Zn?*, Ca?* wm np.) xonnentpammeii 0,1
MOJTB/ M.
6. bBydepnsiii pactBop amns perynuposanus oduieit nonHoi cuisl (BPOMC). B xauectBe BPO-
UC 118 MOHOCETEKTHBHOTO 37eKTposa «iut — 241» Ha monsl Cd?*pexomensyercs pacTBop
HUTpaTa HATPHS KOHIEHTpanuei 0,3 Moms/mv°.



7. Bydepnblii pactBop ¢ ontuManbHbM 3Hadenuem pH. Jns Cd®* ameraTHo-amMmMoHMitHBIH
O0ydepnsbiii pactBop pH7.
8. PacrBop DJITA c¢ ompenmensemold B XOJi¢ THTPOBAHHS KOHIEHTpalueidl (1o 3aJaHHio
MIPETNOo1aBaTeis).
9. uctmimupoBaHHAs BOJA
Ilpuzomoseums pacmeopoi:
3. 50 cm® paGodero pacTBopa conu KaaMus Konuentpanueii 107 moms/nve.
4. 100 cm® BPOUC.
5. 100 cM® anamusupyemoro pacteopa DJITA.

Ilopaook evinonnenusn padomuol
1. DTan - nocTpoeHNe rPaAyMPOBOYHOrO rpadguka.

[Tpu pabote ¢ moHOCeNneKTUBHBIM 3MekTpoaoM (MCD) Heobxoamma ero mpeaBapuTelIbHAs
KaJTHMOpPOBKa — YCTAHOBJICHHE 3aBHCUMOCTH MEXIY IMOTCHIIMAIOM 3JICKTPOJia ¥ KOHICHTpaIuen
WIH aKTUBHOCTBIO OMNpEACNsieMbIX HOHOB. [l MOCTPOCHHSI TPaayUpPOBOYHOTO rpaduka B
koopauHaTax «E — pCi» UCHOJB3YIOT CTaHIAPTHBIC PACTBOPBI ONPEIEISIEMbIX COCAMHCHUH.
MeTtonuka MpeaBapUTEIbHON KaTUOPOBKH, YCIOBHH pa0OTHI JJIEKTPOJA, Crioco0a XpaHEHUs
HCD mexay n3MepeHUs MU yKa3bIBaeTCsd B MHCTPYKIMU K HOHOCETIEKTUBHOMY DJIEKTPOY.

2. JTan - METOAMKA aHAJIN3A.

2.1. OtobpaTh MepHOIl kon6oii 50 cm® paGodyero pacTBOpa CoaM KagMus KoHueHTtpanuei 1073
mons/mM° (Vcdz+) M TIOMECTHTh B cTakaH eMK. 50 cm°, mo6asuth 5 cm® BPOUC. Usmeputs
notenuuan MCD, cpaBHUTH €ro C rpalyHpOBOYHBIM IPAPUKOM.

2.2. Jlo6aBuTh B XMMHMUECKHil cTakaH 5 cm® Gydeproro pactopa (Vpm) TpaayHpOBaHHOIM
nuneTkoi. Vpu nomken coctaBiarh 0,1-Vedo+, T.6 00bEMHOE COOTHOIIIEHUE TTPOOBI U OyhepHOro
pactBopa 10:1.

2.3. OTONOCHYTh AJIEKTPOJIBI AUCTHILTMPOBAHHOW BOJIOH, MOCYIIHUTh (DUIBTPOBAIBHON Oymaroit
¥ TIOTPY3UTh UX B pacTBOp. PacTBop mocTosiHHO nepemernuBarh. M3meputs notennuan MCD (EL,
MB).

2.4. [Jo6aBuTh U3 GIOPETKH MOPIMIO THTPAHTA, aHATM3UpYeMbIi pactBop DTA, 06BEMOM 5 cm®
(Vag14), epemeniath. Korza Ha MOHOMEpE YCTaHOBUTHCS OCTOSHHOE MTOKAa3aHUE MOTCHIUANA,
BHECTH BennuMHy E (MB) 1 00b€M 106aBI€HHOTO TUTpaHTa B Tabauiy 1.

Taoauna.1l
Howmep onbita O6bEM 106aBIEHHOr0 TUTPaHTa, Vogry cM° IToka3zanue norenuuana, UCO, Ej MB
1 5
2 10
20 100

2.5. [loBTOpUTH MYHKT 2.4.CTOJBKO pa3, CKOJIBKO 3TO HEOOXOIUMO ISl MOTYYEeHUs JOCTOBEPHOM
KpuBoi THTpoBaHus (16-20 pa3). B o0macTi KOHEYHOH TOUKH, HA KOTOPYIO YKa3bIBAIOT OOJIBIIHE
u3MeHeHus notenuuana MCO nmocne kaxaoil 706aBKH THUTpaHTa, Jo0aBisieMast HOPIHs TUTPaH-
Ta HE JAOJDKHA MpeBbIAaTh 1% OT 03KHMIAaeMOro SKBUBAJIEHTHOrO 00BbEMa (IpeaBapUTENBHO pac-
CUHUTAHHOTO TeopeTuuecku). JJoOaBnenue TuTpanta nopuusMu Oonbieil Benuuunsl (5-10% ot
HKBUBAICHTHOTO 00BhEMA) JIETKO MPUBOIUT K MEPETUTPOBBIBAHHIO.
Oopabomka IKcnepumMeHmanibHvIX OAHHBIX

1. Dtan - mocTpoeHne rpagynpoBoYHoro rpapuka. [lo pesyiapratam M3MEpEHUN CTPOUTCS
OKCIIEPUMCHTAIbHAS 3aBHCUMOCTh B KoopauHatax «E — -lgC» (puc.l): mo ocu abcruce
OTKJIA/IBIBAIOT 3HAYEHHS OTPHIIATEIIHHOTO Jorapudma KOHIICHTPAIMd HOHOB B CTaHIAPTHBIX
pacTBopax, a Mo OCH OpAMHAT — COOTBETCTBYIOIIME PACCUMTAHHBIC 3HAYCHUS MOoTeHuuana (MB).
[Tlpr 00paboTKe SKCIEPHUMEHTAIBHBIX TAaHHBIX TMPUXOIUTCS YacTO BCTPEYATHCS C 3aJadei ¢
OlpesielIeHueM MapaMeTpoB (YHKIIMOHAJIBHOW 3aBUCHUMOCTH OT JIByX WJIM HECKOJIBKUX
nepemeHHbIX. [ToaTOMYy HE0OX01UMO paccunTaTh KOd(PPHUIIMEHTHI ypaBHeHHS psamoit: £ = m-pC




+ b, mo merony HanmeHnbiux kBaaparoB (MHK). Ero cyts cocrout B cienyromiemM: TpeOyercs
HAWTH TaKkue 3HAYCHUS, BXOAIIUX B UCKOMYIO (DYHKIIMOHAIBHYIO 3aBHCHMOCTh, IPU KOTOPBIX
CyMMa KBaJIpaTOB OTKJIOHCHHMH 3HAUYCHMH (QYHKIMHA OT SKCICPUMEHTAIBHBIX IaHHBIX OyIeT
MUHUMaIbHOH. ITycTh McKkoMas GyHKIUS ABaAsSeTCs auHelHoi, T.c. E=mpC+Db (1), rnemu b
HeusBecTHbIe, a pC u E 3ananbl 3Hauenusmu (pC; E1), (pC2; E2),..., (pChn; En), NOTyYeHHBIC B
pesyibrare sKcnepumenrta. Ilpu moxacranoBke 3Hauenwit pC = pCi (i = 1,2,3,45,6) B
ypasuenue (1), nonyuaem (Mm-pCi + b), a B pe3ynbrare sKkcnepuMeHTa umeeM Ei.

Pasnocts Ei - (MpCi + b) Ha3piBaeTCsl HEBSI3KON M BO3HUKAET B Pe3yJIbTaTe OIIUOOK JKCIIEPH-
MEHTa, OUIMOOK BHIYMCIICHUH, HETOYHOH JIMHEHHOM 3aBHCUMOCTH | T.1. TpebyeTcs mogodpars M
U b Tak, 4TOOBI CyMMa KBaJpaToB HEBS3OK, T.C.

n=6
S=Y (Ei - m-pCi - b)? 6p11a MuEUMAaNBEHOH. Heo6X0MMMO COCTaBUTh U PELIUTH CHCTEMY ypaBHe-
HU:

i=1
4 n=6 n=6 n=6
Y pCi*m+Y pCib=Y pCiEi;
i=1 i=1 i=1
n=6 n=6
> pCirm +nb=>Ej;
i=1 i=1

~

B nanHoii 3aaue Koau4ecTBO U3MepeHuit paBHo mect (N=6). HalinenHsle BeIn4uHbI M,
b u u3BectTHbIe 3HaueHUs aprymenta ( pC:1,2,3,4,5) noaCTaBUTh B ypaBHEHUE NPsMON E =
m-pC+b, u paccunrars 3HaueHus noreHuuana UCH (E), T.e. Gpynkuuu. [lonyueHHbIe HOBbIC
JTAHHBIE C YY€TOM METO/]a HAMMEHBIINX KBaPaTOB BHECTH B TAOJIHILy 2 M MOCTPOUTH rpaduye-
CKYIO 3aBUCHMOCTb.
Tadanuna.2

pC 1 2 3 4 5
EMB

200
180 |
160 |
140 F
120 F
100 F

80 -lgC

Puc.1 I'pagyupoBounsii rpagukx no MHK

Hcnonb3ys nomydeHHbI rpagynpoBoyHbiii rpaduk no MHK onpenenuTs KOHIIEHTpalMiO
UCCIIEIyeMOT0 MOHA B aHAJIM3UPYEMOH IIpode Mo 33AaHUI0 PEernoiaBaTeds.
2. JTan - MEeTOANKA aHAJTN3A.
2.1. ITocTpouts rpaduK 3aBUCUMOCTH, TIOTYUYEHHBIX 3HaUeHUH Ej 0T 00bEéMa 100aBIEHHOTO
tuTpanTa Vogrs ¥ onpenenuTh TpaduuecKk SKBUBAJICHTHBIN 00BEM V5 Kak 00BEM,




COOTBETCTBYIOILIMI TOUKe nepernba Ha KpUBOM TUTpOBaHUS (puc.2).

2.2.PaccunTaTh KOHIICGHTPAIMIO XEJIATHOTO areHTa (WJIM MOHOB MeTajuia IMpu oOpaTHOM 3a1a4e)

Cegz+Vs
o Bpra}KeHI/II-OZCEm]"A = m , TIPY IOIYIIIEHUH, YTO X€EJIaTHBIA areHT U MOHBI METajlla
2

o0pa3yroT komiuieke coctasa 1:1. Eciu ke komieke umeer popmyny Me,Ly, To KoHIIEHTpaus
¥-Cedz4+V3

XEeJIaTHOT'0 areHTa pacCYuThIBACTCS 110 (bopMyne: CEQE[TA = -
XVode+

-E, MB
300 r

280
260 F
240
220
200 .
180
160 F '

140 F

I
: 3
1 "1 0 [l [l [l \I/ [l [l [l [l L J VaHTA’ M

0 10 20 30 40 50 60 70 80 90

Puc.2 Kpupas noteHruomeTpuueckoro tutpopanus nonos Cd** DJITA

Omuém no pabome
1. [enp u 3amaun MCCIICTIOBAHUS.
2. Kparkoe omnucaHue 3KCIIEpUMEHTa: CIIOCOObI, METO/Ibl, METOJUKH HCCIIEOBAHUS U TEOPETHU-
YECKHUE MOJIO0KEHUS.
3. 3aKOHBI, MOJIOKEHHsI, MaTEMaTHYECKUIl anmapar, ypaBHEeHUs peakiuid. Pe3ynbraTsl nccieno-
BaHUs U pacueTsl (ypaBHEHUS JOJDKHBI ObITh MPUBEIEHBI B 00IEM BUJE U C MOACTAaBICHHBIMU
JTAaHHBIMM). Pe3ynbTaThl HcCaeI0BaHUs U PaCYETOB JOJKHBI OBITh CBE/IEHBI B COOTBETCTBYIOIIHE
tabnuupl. CtatucTuyeckas 00paboTKa TaHHBIX.
4. I'paduueckast 06paboTKa SKCIIEPUMEHTAIBHBIX JaHHBIX: IPaUKNA U CXEMbI JTOJIKHBI BBIOJI-
HATBHCS TOJBKO Ha MUJUIMMETpoBOi Oymare. Ha och opauHaT HaHOocUTCS (DyHKIMS, HA OCh alc-
LIMCC — apryMEHT C yKa3aHUEM eAWHMII u3MepeHus. Ha ocsax HaHOCHTCA IIKajla COTJIaCHO BBI-
OpanHoMy MaciTa0y. Enunauiel Maciitaba JOMKHBI ObITH BRIOpaHBI B COOTBETCTBUU C TOYHO-
CTBIO OTCUETA NpH 3KcrnepuMeHTe. KoopanHaTel SKCIIEPUMEHTAIbHOW TOUYKH HAHOCSTCS TOJIBKO
Ha TUIOCKOCTH M OTMedaroTcsl Toukoi. 1o skcriepuMeHTaNbHBIM TOYKAM MPOBOJIUTCS yCPEIHS-
I01as KpUBasi. BelnaBiime TOYKM HE MCMOJIb3YIOTCS, HO MOKa3biBatoTcsl. Ha nucre, rae Beinosn-
HeH rpaduk, TOJKHBI ObITh yKa3aHbl HAMMEHOBaHHe rpaduka (moa rpadukoM), yCIOBHsI, CHOC-
KU. DKCIIEpUMEHTANIbHBIE JJaHHBIE JUIsI TOCTPOCHHSI TPaJyHpPOBOYHOTO Ipaduka oOpadaTbIBaroT-
Csl IO METOJly HAaUMEHBIIIUX KBaIpaTOB.
5. AHanu3 HKCIEPUMEHTAIBHO MOJyUYEHHBIX 3aBUCUMOCTEN.
6. BreiBoas!.
Pabora cuuTaercs BBIOJHEHHOH, €CIM MPUBEJCHBI BCE HEOOXOJIMMBIE PACUETHI, MOCTPOEHBI
M3y4aeMble 3aBUCUMOCTHU, IPUBEACHBI BCE CTPYKTYpPHBIE (POPMYJIIbI U3y4aeMbIX BEIECTB U 00pa-
3yEMBbIX COEJUHEHUH, CIENIaHbl COOTBETCTBYIOIINE BHIBO/IBI.



Oonapyscenue oumud oK

Bounbioe Bpemst ycranoBneHus oteHnuaina MCD MoxeT ObITh 00YCIIOBICHO MEIJICHHBIM
o0pa3oBaHMEM XEIaTHOTO KOMILIEKCA, & He CBOMCTBAMU 3JICKTPOa. ITO MOXKET MPHUBECTHU K TO-
Tepe YETKOCTHU TPOSIBIICHUS] KOHEYHOH TOUKH.

Ecnu xenaTHbIif areHT MPUCYTCTBYET B 3HAYMUTEIHHOM HW30BITKE, a KOHIEHTPALUS MOHA
MeTaJuia MpUOIIKaeTes K mpeneny oOHapykeHus nanHbiM MCD, Torma Hellb3si MOMYyYUTh CHM-
METPUYHYIO KPUBYIO TUTPOBAHUS.

Kosiebanust Temmeparypbl BIMSIOT HA HAKJIOH KATMOPOBOYHOTO Tpadyika M CTaHIAAPTHBIHI
norennuan MCD. Temneparypbl CTAHIAPTHOTO U aHAIM3UPYEMOTO PACTBOPOB HE JIOJKHBI OTIIH-
yarecs Gonee yeM Ha 1°C.

BrusiHue COmyTCTBYIOIIUX MOHOB OMPEICISCTCS CEICKTUBHOCTHIO M UYBCTBUTEIIHBHOCTHIO
BBIOPAHHOTO 3JIEKTpoAa (CM. MHCTPYKIUIO k CD).

4. Komnniekm mecmoguolx 3a0anuil 0114 RPOMENCYMOUYHO20 KOHMPOJIA 3HAHUTL
Tect Ned: «nekTpoxumus»

1. YucnoM nepeHoca noHa Ha3bIBACTCS:

a) KOJIMYECTBO IIEPEHECEHHOI0 3JIEKTPUUYECTBA;

0) OTHOIIIEHHE KOJMYECTBA dJIEKTPUIECTBA, IEPEHECEHHOEe HOHAMHU JJAHHOTO POJia CKBO3b
CEUEHUE JIEKTPOJINTA, K O0IIEMY KOJIMYECTBY AIEKTPUUECTBA;

B) CyMMa KOJIMYECTBA 3JEKTPUUECTBA, IEPEHECEHHOEe MOHAMH JAHHOTO POJIa CKBO3b CEUYCHUE
AIIEKTPOJINTA, C OOIIMM KOJIMYECTBOM DIIEKTPHUYECTBA.

2. 3aBHCHMOCTh MEKIY YHCIAMH TIEPEHOCA KATHOHOB W aHHOHOB M CKOPOCTSIMHM HX JBHIKCHHSI
MeeT BHJL:

a) t+( = U+/U+ +U;;

0) t+() = U+ +U,;

B) t+() = U+ +U_/U4+(.

3. TIpomopIMoHaIbHO KBaJAPATHOMY KOPHIO U3 MOJISUTBHON KOHIICHTPAIUN U3MEHSIOTCS
a) a;

0) o

B) A,

F) /100,

) lgy,

e) K;

x) TT.

4. HauGomnbIie MoABHKHOCTHIO B BOAHBIX PACTBOPAX 00JIAJal0T HOHBI!
a) Na*;

6) Cre*;

B) H';

r) OH".

5. CDopMyJIa, CBA3BIBAOIIAA YACIBHYIO 3JICKTPOIIPOBOJHOCTD K, KOHCTAHTY sTYUEHKH ¢ u colpo-
THUBJICHUC paCTBOpa SJICKTPOJIUTA Rx umeeT BUA:

a) K = @Ry
0) K = +Ry;
B) K = @/Rx.

6. Eciu CpaBHUBATbL PACTBOPUTCIINA, OJU3KHE IO CBOﬁCTBaM, TO KOHCTaHTa AUCCOoLMalluHn
SJICKTpPOJIUTA C pOCTOM ﬂHBHGKTpH'—IGCKOﬁ IPOHHUIIAEMOCTH PACTBOPUTECIIA:



a) YMEHBIIIAETCsI
0) yBeIM4YMBaeTCS;
B) HE U3MEHSETCSI.

7. DKBUBAJICHTHAS 3JIEKTPOTNPOBOAHOCTh MPU OSCKOHEYHOM pPa3BEJICHUU PACTBOpPA YKCYCHOM
KHCIOTHL B 1,5 pa3a Goiiblie Takoi ke 3JIEKTPOIPOBOJIHOCTU THAPOKCHIa aMMOHuUA. PacTBo-
pet 0,1 5. CH3COOH u 0,05 5. NH4OH uMeroT oquHakoBYO SKBUBAJICHTHYIO 3JIEKTPOIIPOBO/I-
HOCTb. COOTHOIIEHUE CTEMEeHEeH NHUCCOLMAIMU ITHX 3JIEKTPOJIHUTOB B JAHHBIX pacTBopax (a1
— CTENEeHb IUCCOIMALIMU KUCIOTHI UM (2 — CTENEHb IUCCOIUAIIU OCHOBAHUS):

a) a1 =

0) o1 < ;

B) a1 > .

8. [IpaBmiio noHHOM cuiIbI (IpeAenbHbIN 3ak0oH [lebas — [tokkens) popmynupyeTcs:

a) B KOHIICHTPUPOBAHHBIX PAaCTBOPAX CPEIHUN MOHHBIA KOX(P(OUIHUEHT aKTUBHOCTH HE 3aBH-
CUT OT IPUPOJIBI AIEKTPOJIUTA U OMPEAENSICTCS BEIMYUHOW HOHHOW CHUITBI;

0) B pa30aBIEHHBIX pacTBOpax CpPeAHUN MOHHBIA KO UIIMEHT aKTUBHOCTH HE 3aBHCHUT OT
HOPUPOJIBI AIEKTPOJIUTA U OTMPEIENIAeTCS BEIUUYNHON HOHHON CHUJIBI;

B) B CUJIbHO pa30aBJIEHHBIX pacTBOPAX CPEIHUN MOHHBIA KOA PPULMEHT aKTUBHOCTU HE 3aBU-
CUT OT IPHUPOJIBI AIEKTPOJIUTA U ONPEIENACTCSI BETUUYNHON HOHHOM CHUJIBI.

9. CBOMCTBOM PacCTBOPHUTEIISI, ONPEACIISIIONIAM €r0 CIIOCOOHOCTh HOHM3UPOBATh PACTBOPEHHOE
BEIECTBO (KPOME €ro CIOCOOHOCTH K XUMHUYECKOMY B3aMMOJICHCTBHIO C 3THM BEIICCTBOM)
SIBJISIETCSL.

a) MOHHAsI CUJIa;

0) BA3KOCTb;

B) JMDJICKTPUUYECKAS IIPOHUIIAEMOCTD.

10. Ctenenp AuiccOmMAIMU CIa0OTO JIEKTPOIUTA B BOJHOM PAaCTBOPE C POCTOM TeMIEepary-
pBI:

a) u3MeHseTcs 1o napadosue

0) MPOXOIUT Yepe3 MAKCUMYM;

B) HE U3MEHSETCH.

11. YkaxuTe ypaBHEHHE 3aBUCHMOCTH YKBUBAICHTHOMN 3JIEKTPOIPOBOHOCTH PACTBOpPA CHUIIb-
HOT'0 3JIEKTPOJIUTA OT KOHUEHTPALIUU:

A= -aVC;
O)A=AotaVC:
B) A = Ao fa VC.

12. OTaMYHATEeTHONH 0COOCHHOCTBIO DJIEKTPUUYSCKON CXEMBI IS U3MEPEHHS dJICKTPOIPOBOI-
HOCTH PacTBOPOB JJIEKTPOJIMTOB [0 CPABHEHUIO CO CXEMOM JUISI U3MEPEHUS DIEKTPOIPOBOI-
HOCTH IPOBOJIHMKOB MIEPBOTO POJA ABISETCS:

a) IEpEeMEHHBIN BHICOKOYACTOTHBIN TOK;

0) mepeMeHHbBI HU3KOYAaCTOTHBIN TOK;

B) 3JIEKTPUYECKUN TOK.

13. [IpuynHaAMU AMCCOLMALIUU TIEKTPOIUTOB B PACTBOPE HA UOHBI SIBIISIIOTCS:
a) CaMOTIPOU3BOJILHOE PaCTBOPEHUE;

0) IUPIEKTPUUYECKUE CBOMCTBA PACTBOPUTEIIS;

B) B3aMMOJICCTBUE C PACTBOPEHHBIM BEIIECTBOM;

T') 2JIEKTPOJIN3.



14. AS rugpataniu HOHOB OTIPECIIACTCS:
a) ASrm{p = ZSI/IOHOB B pacTBOpE ~ ZSI/IOHOB B ra3000p cocT;

6) Asrnap = ZSI/IOHOB B ra3oo0p coct ~ ZSI/IOHOB B pacTBOpE;
B) ASrnﬂp

ZSI/IOHOB B pacTBope:-

15. AS ruaparanuu uMeeT 3HaK:
a) TIOJIOXKUTEIIbHBIN;
0) OTpHULIATEIBHBIN.

16. Vaembnas (B Omt-cm?) u sxpusanentnas (B Omt-cm?r-5xB™) smexrpomposogHoCTH
pacTBOpa EKTPOIUTA B3aUMOCBSI3aHBbI:

a) AL =x/C;
6) A = 1000«/C;
B) A = Cl/x.

17. Vkaxwure 1Ba 3aKOHa, BhIBeAcHHBIe KOabpaymem st 3JEKTPOIPOBOIHOCTH PACTBOPOB
9JIEKTPOJIUTOB:
a) A = 1000«/C;

6) A=l - aVC;
B) heo = At + Ao}
)A=Ao+aC.

18. UToOBI paccyUTaTh TEIUIOTY AUCCOIUAIIMK Ca00T0 3TEKTPOIUTA HEOOXOAMMO 3HATH:
a) a;

0)

B) A,

T) Ao

n) lgy,

e) K,

x) TT.

19. Ecnn B kayecTBe PAacTBOPHUTENS BMECTO BOJABI B35ATh METUJIOBBIA CIHUPT (XUMHUUYECKOE
B3aUMO/ICHCTBUE OTCYTCTBYET), TO KOHCTAHTA JMCCOIMAIUU CJIab0T0 IIEKTPOIIUTA:

a) yBEJIMYUTCH,

0) HE U3MEHSIETCS,

B) YMEHBIIUTCS.

20. Ecnu B pacTBOp ¢eHONIa BBECTH CHIBHOE OCHOBAaHUE, TO KaK U3MEHSTCS TEPMOIUHAMUYE-
CKasi KOHCTaHTa aucconuanuu K, U CTeNeHb JUCCOIHAIIAHN .

a) crenenb auccornuanuu Gernona CeHsOH;

0) TepMOIMHAMHYECKasi KOHCTaHTa Aucconuanuu Ky;

B) YBEJIMYUTCS;

T') HE U3MEHUTCS.

21. YkaxuTe ypaBHCHHE, CBI3BIBAIOIICE CPEIHIO HOHHYIO aKTHBHOCTH @+ dJIekTpoiuTa CUBI2
C aKTUBHOCTBIO 3TOTO JIEKTPOJIUTA A

a) a: = a'?;
0) a: = a;
B) a: = a'®.



22. YjaenbHas 3JIEKTPOMPOBOIHOCTH BOJHOTO PacTBOpa Ci1aboro 3JIEKTPOJIMTAa C POCTOM KOH-
[EHTPAIlUU PaCTBOPA:

a) YMEHbIIAETCS;

0) yBeIMYMBACTCS,

B) YBEIIMUMBAETCS, & 3aTEM YMCHBIIIACTCS.

23. Ha 5KBUBaJICHTHYIO 3JICKTPOIPOBOJIHOCTD JEKTPOIMTA BIUSIOT CIeAyIomue haKkTophl:
a) konnentpanus C;

0) cTeneHb AUCCOIHALINU O]

B) Temneparypa 7,

') BA3KOCTh pacTBopa 71,

) IOCTOSIHHASL COCY/1a JIJIsl U3MEPEHUS SJIEKTPOIPOBOTHOCTH (]

€) paauyc uoHa rI;

) TUIOIIA/Ab 3JIEKTPOJOB S;

24. Bennuunbl pK s XJIOpHOM M a30THOM KHUCIOT B YKCYCHOM KHCIIOTE KaK PacTBOPHUTEINEC
COOTBETCTBEHHO paBHBI 4,95 1 9,38, Gosiee CHIIBLHON B JTaHHOM PACTBOPHUTEIIC SIBIISCTCS:

a) XJIOpHask KKCIIOTa;

0) a30THas KUCJIOTA.

25. Panuyc moHHO# aTMocdepbl mpu mepexone OT BOJHOTO (AMAIEKTpUYECKas MPOHUIAe-
MOCTb paBHa 81) pacTBOpa CHIIBHOTO 3JIEKTPOJUTA K CIIUPTOBOMY (AMAJIEKTpUUECKasi HPOHU-
LIaEMOCTh paBHa 24) TOM ke KOHLEHTpaLHUU [IPH TOU ke TeMIlepaType:

a) YMEHBIIUTCS;

0) yBEeIUUUTCS,

B) HE U3MEHUTCA.

26. Pagnyc noHHON aTMocdepbl OT KOHIEHTPALUU CHIIBHOTO 3JIEKTPOJIUTA:

a) 3aBUCUT, 4eM OoJIbIlle KOHLIEHTpalus, TeM OOJIbIIe paJuyc HOHHOM aTMOoc(ephl;
0) 3aBUCHUT, 4eM OoJIblle KOHLEHTPAlLlMs, TEM MEHbIIE PanyCc HOHHONW aTMocdepHl;
B) HE 3aBUCHT.

27. Cpennnii HOHHBIN KO3(DPHUIIMEHT aKTUBHOCTH 3aBHCUT OT KOHIEHTPAIIUU CHIIBHOTO DJIEK-
TPOJMTA (B MIMPOKOM JIMana30He KOHIIEHTpAIUi):

a) IpHU yBEJIMYEHUH KOHUEHTpAuu KOo3(P(PUINEHT aKTUBHOCTU MAJaeT, MPOXOJUT Yepe3 MU-
HUMYM, a 3aT€M BO3pacTaeT JUIsl CWIbHO KOHIIEHTPUPOBAHHBIX PACTBOPOB;

0) npu yBeNMYEHUH KOHIIEHTPAUKU KO3()PUIUMEHT aKTUBHOCTH YBEJIMUMUBAECTCS, IPOXOIUT Ye-
pe3 MaKCUMYM, a 3aTEM YMEHBIIAETCS JJIsl CHIIBHO KOHIIEHTPUPOBAaHHBIX PACTBOPOB.

28. [IpuunHO# yBenUUYeHUS SKBUBAJICHTHON JEKTPOMPOBOJHOCTH B DIIEKTPHUUYECKOM IOJIE BbI-
cokoii yacToThl (3dPekT [Jebass — DanprkeHxareHa) sBiaseTCs:

a) MOHWKAeTCs TUANIEKTPUYECKasi MOCTOSHHAS;

0) PIEKTPOITH3;

B) ycTpaHseTcs 9PPeKT perakCallHOHHOTO TOPMOKEHHUS.

29. IIpu HarpeBanuu ot 273 1o 293 K crenens aucconuanuu OMHAPHOTO c1aboTo 3JIEKTPO-
auta | B BOJHOM pacTBOpe yBeIMYMIIACh BJIBOE, a CTENEHb AUCCOLMAIMKU OMHAPHOTO cl1aboro
anektponuta Il ToOl ke KOHLIEHTpaly B BOJHOM pacTBope — BUeTBepo. Iyt Kakoro sJex-
TPOJIMTA TEIJIOTA JUCCOLUAINU OOJIbIIe:

a) AH, = AHuy;

0) AH| < AHyj;

B) AH, > AH.



30. U3BecTHBI KpUCTAIOrpaduuecKue paguychl CleyIOIUX KaTHOHOB!

Karnon K* Rb* Na* Cs*

r-10° m 2,27 2,47 1,89 2,65

Pacmonoxwure 3TH KaTHOHBI B MOPSIIKE BO3PACTAHUS MX MTOJIBHKHOCTH B BOJHOM PacTBOpE:
a) Cs".

0) K*;

B) Na*;

r) Rb*;

Tema 4.3. Inexmpoonsie npoyeccol. TepmoOunHamuka u KuHeMUKA INEKMPOXUMULECKUX RPOUECCOB
1. Bonpocwl k ycmuomy onpocy

1. Kinaccudukanus snextponos. Hadepture cxembl: BOZOPOIHOIO M XJOPHOTO (KaK M3MEHSIOTCS
JIEKTPOJIHBIE MOTEHLUANB! BOJOPOAHOTO U XJIOPHOTO 3JIEKTPOAOB IPU yBEINYECHUHU IaBICHUS
COOTBETCTBEHHO BOJOPOJa M XJIopa?); KAIOMENBHOTO (BIMSIET JIM U KaK MPUCYTCTBUE MOCTO-
POHHHMX MOHOB B PacTBOPE MaJOH U YMEPEHHOW KOHLEHTPALMK HA MOTEHLIHAT KaJIOMEIbHOI0
anektpona? Ilouemy?); XopcepeOpsHOr0; CTEKISIHHOTO; OKHUCIHTEIbHO-BOCCTAHOBHTEIHHOIO;
XHHTHAPOHHOTO 3JIEKTPOJOB. YKaXKHUTE, Kakre (pakTopbl MOTYT BIMATH HA BEITUYWHBI UX MTOTEH-
nuanoB. HamuimTe u mosicHUTe MaTeMaTHYECKHE BBIPAYKEHHUS TS TOTEHIMAJIOB.

2. Kakoii u3 uneHoB mpaBoii uactu ypaBHenus Hepuera ¢ = ¢f + RT/nFIna ms snexrpona mepsoro
poza naet HauOOJBIIUI BKJIa B BEIUUYMHY MEKTPOAHOIO NOTEHIMANA IPH JAHHOW aKTUBHOCTH
nona? Hanumure ypaHenue HepHceTa 115 anekTpoaa nepBoro poaa (@+— akKTUBHOCTh KaTHO-
Ha, a- — aKTUBHOCTb AaHHOHA, ¢ — AKTHBHOCTH COJIH B PACTBOPE IEKTPOIHUTA).

3. Bnwusier 11 U KaK NpUCYTCTBHE NOCTOPOHHHUX MHAM((EPEHTHHIX HOHOB HA MOTEHIIUAI JIIEKTPOIa
MIEPBOr0 pojAa B paCTBOPE MAJIOM U YMEPEHHON KOHUEHTpauuu?

4. Tlo xakoMy 3aKOHY M3MEHSIETCS PAaBHOBECHBIH MOTEHIMAN DJIEKTPoAa MEPBOTO poja C yBe-
JUYCHUEM PAcCTOSHHS OT TOBEPXHOCTH JJIEKTpoAa B TIyOb pacTBOpa, KOTJa TOJIIWHA
mud dy3HON YaCTH TBOMHOTO AIEKTPUIECKOTO CIIOS PaBHA HYIHO?

5. CocraBsTe 31eKTpOA BTOpOro pona, eciu umerorca Ag (metamt), AGNOs, KoCr04, AgNO,, Pt
(metamn),HNOs, K>Cr,07, AgCrO.. Harmummure ypaBHEHHE 3JIEKTPOAHON PeakIii U ypaBHEHHE
HepHcra nng sToro snexrpona.

B 4eM cymHoCTh 3JeKTpOMETPHUECKOr0 MeTo1a onpeaenenus pH?
7. Urto Taxoe 3MeKTPOiN3, ero MpakTHueckoe 3HaueHue? KakoBbl OCHOBHBIE MOJIOKEHUS, XapaKTe-

PU3YIOIINE 3JIEKTPOJIN3 U3 BOJHBIX PACTBOPOB U B paciuiaBax?

o

2. Komnnexkm 3a0au k meme 4.3.

1. [pu 25°C Beruncautes IJIC raJbBaHUYECKOTO 3IJIEMEHTA, COCTABJIEHHOTO W3 BOJOPOIHBIX
AJIEKTPOJIOB, MOTPYkKEHHBIX B 0,5 H. pacTBOp MypaBbMHOW KHUCJIOTHI U 1 H. pacTBOp YKCYCHOH
kucnoTsl. KoHcTanTa qucconumanuy MypaBbrHOH kuciotsl 1,77-10% | a ykeycnoii 1,76-107.

2*. DJIC menu, cOCTaBICHHON W3 HACBIIIEHHOTO KAJIOMEIBHOTO JJIEKTPoAa (CieBa) M XUHTHI-
POHHOTO B HcclleyeMoM pacTBope, pasHa 0,274 B npu 298 K. Onpenenure pH uccnexyemoro
pactBopa. duddy3noHHBIM MOTEHIIMATIOM MpeHeOpeyhb. 3HAYEHUS TMOTEHIIMAIOB HACHIIEHHOTO
KaJIOMENBHOTO U CTAaHJAAPTHOI'O XMHTUAPOHHOTO MIEKTPOIOB B3SITh U3 CIIPAaBOYHHUKA.

3*. Paccuurajite mpu 298 K 2J1C snemenra;
Pt, H, HCl, J AGCI (t8), A (t8), HCI 1 Ha, Pt
Pho=1arm'! p-p 0,01 pp0,0l m Pu2=1arm

K xakomMy THIy MOXXHO OTHECTH 3TOT 3JIEMEHT (KOHLEHTPAIIMOHHBIM, XUMHUYECKHIl, C epeHo-
coM, Oe3 nepeHoca)? [Ipu pacuere BOCIIONB3YHTECH CIPABOYHBIMU JTaHHBIMU.

4. CpaBHuTe (P PY3MOHHBIN MOTEHIINAJ, BOSHUKAIOIIMH [TPH KOHTAKTE PACTBOPOB COJISTHOM
KHCJIOTHI PAa3IMYHON aKTUBHOCTH, ¢ 1M (y3HOHHBIM MOTEHIIMATIOM, BOZHUKAIOIIUM U
KOHTaKTE pacTBOPOB XJIOpUA KaJIUs ¢ TAKUMU K€ aKTUBHOCTSIMH, €CJIM U3BECTHBI MTOJIBU’KHOCTH
HMOHOB BOJIOPOJIa, XJiopa, kanus npu 25°C (B OM'l-Kr-G)KB'l-MZ): 349,8; 7,635; 7,350,
COOTBETCTBEHHO, OTHOIIECHUSI aKTUBHOCTEN paBHBI 10.

5. PaboTy CBHHIIOBOTO aKKyMYJISITOpa CXeMaTHYECKH MOXKHO MPEJICTaBUTh TaK:

Pb + PbO; + 2H2S04 Z=2PhSO;4 + 2H20

Ag, AgClI




PaccuuTaiite 3/1C akkyMmynsiTopa BCeMU U3BECTHBIMH BaM criocobamu. CorocTaBbTe
HOJIy4EHHbIEC BEITUYMHBI.

6. Paccunraiite D/]C me109HOr0 aKKyMyJIsaTopa B KOTOPOM MPOXOASAT CIEAYIOUINE MPOIECCHI
Fe + 2Ni(OH)s ==—Fe(OH)2 + 2Ni(OH)2

7. Paccunraiite n3meneHus repmoannamuueckux Gpynkuuii AG, AH, AS 11st ranpBaHHUECKUX
HJIEMEHTOB, €CJIM U3BECTEeH TemneparypHblid koo duuuent IJ1C npu Temneparype t.

Peaxkuyus t, C | 4C, B dE/dT, B/zpao
1. Zn + 2AgCl = ZnCl, + 2Ag 0 1,015 -0,0004

2. Cd + PbCl, = CdClI2 + Pb 25 0,1880 -0,0048
3.Zn+2 AgO =Zn0 + Ag.0 25 1,83 0,000136

4. Pb + PbO; + 2H>SO4 = 2PbSO4 + 2H20 25 2,04 0,00136

8. O/IC ranpBaHUYECKOTO JI€eMEHTa, B KOTOpoM 1pu 298 K npoBoauThCs peaxius
2Ag + H2Cl> = 2AgCI + 2Hg paBha -0,455 B, a usmenenue sarponuu pasHo 75 Jx/(mois-K).
Ornpenenure, 4eMy paBeH TEIUIOBOM 3G (EKT 3TON peakiuu, €CIi OHA MMPOBOIUTHCS HEOOPATHUMO.
9. Ucnonb3ys CTaHAapTHBIE SJIEKTPOIHBIE TIOTEHIMANBI cepeOpsiHoro aiekrpoaa Ag*/Ag u
xsopcepedpsinoro snekrpoaa CI/AgCI, Ag npu 298 K, onpenenute mpousBeaeHNe
pPacTBOPUMOCTH XJOpUIa cepedpa.
10*. PaccunraiiTe COOTHOIICHUSI MEXKAY MPOU3BEICHUSIMH PACTBOPUMOCTH TJIOTEHUIOB cepedpa
Lagel : Lager: Lags 10 3HaU€HUSAM CTaHAAPTHBIX 3JIEKTPOJHBIX OTeHIManoB mpu 298 K.
11. IIpou3sBeaeHye PacTBOPUMOCTH Cynbduaa pryTH (aucconmanus Hg2S«— Hg,*2 + S2) pasno
pu 25°C 5-107°. KakoB cTaHaapTHBIH HOoTeHIHAN 3nekTpoaa S%/ Hg.S,S ?
12. Paccuntarh N3MEHEHHE SHTANBIINU U KOJIUYECTBO TEIUIOTHI, BBIIEISIOIIEECS B
raJlbBAaHMYECKOM DJIEMEHTE IPU 00PaTUMOM IPOTEKAaHUHU B BOJHOM PACTBOPE PEAKIINU
CuSQO4 + Zn = Cu + ZnS0Oq,
ecin D/1C anemeHTa npu ABYX TemIepaTypax
T,K 273 276
E,B 1,0960 1,0961
13*. o nannbM 3aBucumMoctu DJIC anemenTa BectoHa oT TeMmepaTypsi:
E=1,018-0,041-108(t — 20) — 9,5-107"(t — 20)? + 108(t — 20)*
¥ TaOJINYHBIM 3HAYCHUSM TETJIOEMKOCTH BEIIECTB, YIaCTBYIONINX B PEAKIIUU
Cd + Hg2S04(t) + 8/3H20 = 2Hg(x) + CdSO4 - 8/3H20(t)
Beraucruts C , © ruspatuposansoro cynbgara kagmus s 298 K.
14. 5J1C anemenra Cd | CdClI2 (p-p), AgCI (1) | Ag | Cd
npu 298 K pasna 0,675 B, a remnepatypHsiif koapdurment IJC sToro snemenra paseH -6,5-10°
4 B/rpaz. HanuimuTe ypaBHEHHE peakinu, MPOTEKAIOIIeil B 7TOM dIeMeHTe, 1 Bhrauciute AG,
AS, AH mst aTo#t peakiuu ipu 298 K.
15*. CocraBbTe rajlbBaHMUECKUH 2JIEMEHT, B KOTOPOM MPOTEKAET peaKiiys 0 ypaBHEHHIO:

5PbO; + I, + 8H* + 55042 = 5PbS04 + 2103 + 4H,0.
PaccuuraiiTe Bcemu m3BecTHbIMH BaMm criocobamu DJIC mannoro anementa. [1o maHHBIM cripa-
BOYHHUKA paccunTaiite npu 298 K KOHCTaHTY paBHOBECHUSI ATOW peakiuu.
16. Hartmmmte ypaBHEHNE XUMUYECKOH peakinu (yKa3aB ee HalpaBlieHHe), IPOTEKAONICH B
rajlbBaHMYECKOM JIEMEHTE NIPU CTaHJAPTHBIX YCIOBHAX:

Pt | Mn?*, MnOg4, H* || Co®*, Co?*| Pt

17. Paccumnrate 3HaueHue kodp¢uimenta A B ypaBHeHun Jlebast-X0KKes 17151 BOAHBIX
pactBopoB npu 298,15 K. JusnexTpudeckas MOCTOSIHHAS &€ BOJBI IIPHU 3TOM TEMIIEpAaType paBHa
78,54.
18*. Onpenenuts KOHCTaHTY paBHOBecus peakuun CHy + 2CO =3C(epaghum) + 2H20(oc), ecnm
CTaH/JapTHbBIE 3JIEKTPOJIHBIE MOTEHIHANBI ITpH 25°C peakuu:
CO + 6H" + 6" = CHs + H20; 9% = 0,497 B
CO + 2H" + 2¢" = C(rpapur) + H20; ¢% = 0,518 B



19*. Onpenenure, Kak U3MEHUTCS MOTEHIIMAN KaJMUEBOTO 3j1ekTposa npu 25°C, ecnu k 0,05 M
pacTBOpy XJIopuaa KaaMus 100aBUTh THOMOUYEBUHY B KOJMYECTBE, PABHOM UUCILy MOJIEH
xnopusa kaamus. TruoModeBuHa 0OpasyeT ¢ MOHAMH KaJMHs KOMILIEKC ro peakuuu: Cd*? +
H2NCSNH; <> [Cd (H2NCSNH2)]*?, npudyem KOHCTaHTa HECTOMKOCTH KOMILIEKCA (BETHUNHA,
obpaTHas KOHCTAaHTE YCTOHYMBOCTH) paBHa 2,63-1072. [Ipu yka3aHHBIX B 3a/aUe KOHIIEHTPAIUAX
BMECTO aKTUBHOCTEN MOXHO HCI0JIb30BATh MOJIIPHOCTb.

3. Jlabopamopuas paooma Ne 16 «Onpedenenue KoHUeHmpayuu UOHO8 WYUHKA NOMEHUUO-
MempuuecKumM mumposanuem XeaamHuovlm az2eHmom ¢ UCHOIb308AHUEM KAOMUIICE1eKMUBHO-
20 371eKmMpooa»

ILlenv pabomel: paccuuTaTh KOHIIEHTPALMIO MOHOB IIMHKA (WJIM IPYroro MeTaijia 1o 3ajaa-
HUIO TIpenojaBareisi) B aHATM3UpyeMoil po0Oe, OCHOBBIBasICh Ha TpadMuecKy HaiJIeHHbIC 3Ha-
YEHUS SKBUBAJICHTHBIX 00bEMOB CTaHAAPTHOTO pacTBopa conu kaamus u D/ITA, nomenmero Ha
NOTEHLIMOMETPUYECKOE TUTPOBAHUE C HCIOJB30BAHUEM HOHOCEIEKTUBHOIO HHAWKATOPHOIO
snekrpoaa (UCD) na nonsl meramios (Cd?*, Cu?*,Zn**, Ca®* u Ip.), oOpa3ymolue ¢ JaHHBIM Xe-
JIATHBIM areéHTOM IPOYHBIE KOMILJIEKCHBIE COEIMHEHUS.

Ilpunyun memooda. IloTeHIIMOMETPHUECKOE TUTPOBAHUE OCHOBAHO Ha OMPECIICHUN TOUYKH
HKBHUBAJIEHTHOCTU IO pe3yJibTaTaM NOTEHLUUOMETpUYECKUX n3MmepeHuil (£, MB). BOnusu Touku
SKBUBAJICHTHOCTH MPOUCXOJUT pe3Koe U3MEHEeHue moreHuana naaukaropaoro UCHO. Tutpant
WIM TUTPYEMOE BEILIECTBO JIOJKHO Y4aCTBOBATh B JIEKTPOJIHOM Iporiecce. s NoTeHInoMeT-
pPHYECKOr0 THUTPOBAHHS COOMpPAIOT Lenb u3 uHaukatopHoro MCHO B ucciegyeMoM pacTBope U
AIIEKTPOAA CPaBHEHUS (XJIOpCEPEOPSHBIN HITH KAJIOMEIbHBIN ).

K ocHOBHBIM npeumywecmseam memooa omHoCamcs.

v’ DKCIIPECCHOCTD U CEIEKTUBHOCTD;

v BO3MOYKHOCTh aHaJIM3a MyTHBIX M OKPAIIIEHHBIX PACTBOPOB;

v aBTOMATH3aIMs IPOIIECCa;

v muddepeHnpoBaHHOE THTPOBAHHE KOMITOHEHTOB CMECH;

v’ HeT BiustHus TU(PY3HOHHOTO MOTEHIMANA, T.K. TUPQY3HOHHBINA MOTEHIINAT BOSHUKAET HA
TPaHULIE MEXY PACTBOPaMHM JBYX Pa3HBIX AJIEKTPOJIUTOB BCJIEICTBUE HEPABHOMEPHOTO pacIpe-
JIEJIEHNs] KaTUOHOB U aHMOHOB BJI0JIb TPAHMIIBI Pa3/ielia u3-3a Pasinyusl B CKOpocTsxX nupdy3un
MOHOB Yepe3 MOBEPXHOCTh pas3zeia.

Buowvl nomenyuomempuuecko2o mumposanus.

v KHCIIOTHO-OCHOBHOE TUTpOBaHKE. B KadecTBe MHANKATOPA HUCIONB3YIOT CTEKIISIHHBIN HIIeK-
TpoA. Ilo3BosisieT mpoBECTH KOIMUYECTBEHHOE ONpE/eIEHNEe KOMIIOHEHTOB B CMECH KHUCIIOT IpU
pa3anuny KOHCTAHT AUCCOLUAILMN HE MEHEE TPEX MOPSIIKOB.
v KOMIUIEKCOHOMETPHUUYECKOE THTPOBaHUE KAaTHOHOB KomiuiekconoM |11 (3ATA) mposomaT ¢
WHIVKATOPHBIM MOHOCEJIEKTUBHBIM 3JIEKTPOJOM Ha MOHBI METAJJIa WIM YHUBEPCAIBHOIO PTYT-
HOTO 3JIEKTpOJa.
v TutpoBaHHe 10 METOIY OCaXICHHS. B KauecTBe UHIUKATOPHOTO HIEKTPOA UCIIONB3YIOT —
MeTayumueckue wim Mmemopanubsie MCD.
v OKHCIHTEIbHO-BOCCTAHOBUTEILHOE TUTPOBAHKE MPOBO/IST C MCIIOIB30BAHHEM LUIATHHOBO-
IO UHIUKATOPHOTO 3JIEKTPOAA.

Annapamypa:
1. Arammzarop xuakocti «OKCITEPT-001-3» B pesxxume pabOThI — BOJIBTMETP IS U3MEPEHUS
norennuaina UCHO (MB), mpenen ocCHOBHOU aOCOTIOTHON MOTPENTHOCTU JaHHOW MoIudUKauu
M3MEPUTENIbHOTO IIpeoOpazoBaTesst cocTanisier +1,5, nuana3oH u3MepeHusl B JaHHOM PeXXUME —
-3200...+3200 mMB.
2. MonocenextnBHbIi »mektpon (MCD) wa monel Mertamnos (CdZ*, Cu?',Zn?*, Ca** u mp.),
o0pa3yroliye ¢ JTaHHBIM X€IaTHBIM areéHTOM IMPOYHbIE KOMITJIEKCHBIE COeTMHEHMUS.
3. DiexTpoJi BCIIOMOTAaTENbHBIN JIabopaTopHbIid Xiopcepedpsaubii OBJI-1M3.1 numu aimekTpos
cpaBHeHust OCp-10101 (aByxKit0ueBOM J1aOOPaTOPHBIA) MpeHA3HAYESHBI IS CO3[aHUs OTIOPHO-
ro MoTeHlMajga npu paboTe B mape ¢ MHIUKATOPHBIM 3JIEKTPOIOM MPU MOTEHIMOMETPUUYECKUX



MU3MEPEHUSIX B BOJHBIX PAacTBOpax. BeIOOp 31E€KTpoAa CpaBHEHHUS 3aBUCHT OT OINPEAEISIEMBIX
KOMITIOHEHTOB U MOHOCEJIEKTHUBHOTO 3JIEKTPO/a (B MHCTPYKIIUU K HOHOCEJIEKTUBHOMY 3JIEKTPOAY
YKa3bIBAIOTCS HEOOXOIMMBIE dJEKTPObl cpaBHEeHHs ). [lepen HawamoMm pabOThl MOHOCEIICKTHB-
HBII AJIEKTPOJ U 3JEKTPOJ CPABHEHHUSI, COTJIACHO MHCTPYKIIHUU, HEOOXOJUMO MOJArOTOBUTH K pa-
oore.

[taTUB AJIs AJIEKTPOIOB.

Bropetku emk. 50 cM®.

Xumudeckue cTakasbl eMk. 50 cm® u 250 e,

Mepaas kon6a emk. 50 cm®

'palyMpOBaHHBIE THIIETKH EMK. 5 cM .

I'pasynpoBaHHas MepHas Ipodupka emk. 10 cm®,

10. IMumetka uist 3aMOJIHEHUS IEKTPOAA CPAaBHEHUSI.

11. ®unsrpoBanbHasg Oymara.

©oo~N A

Peaxmuewi:
1. PacTtBOp coim IIUHKA ¢ UCXOAHOM KOHIeHTpanuen 0,1 MOJTB/ M.
2. Ucxommwlii THTpyrommii pactBop comum wMmeramia (Cd¥, Cu?",Zn?*, Ca* wu gp.)
KoHIeHTparmeii 0,1 Moms/mv°,
3. bydepnsriii pactBop s perynupoBanus ooueit nonHou cuisl (BPOUC). B kauectse bPO-
UC 118 MOHOCETEKTHBHOTO 3yeKTpona «mut — 241» Ha monsl Cd?*pexomenyercs pacTBop
HUTpaTa HATPHs KOHIEHTpanuei 0,3 Moms/mm°.
4. BybepHslii pacTBOp ¢ onTUManbHEIM 3HadenmeMm pH. Jlns Zn?* ameraTHO-aMMOHHIHBII
Oydepnsiii pactBop pHS,5.
5. Pactsop DJITA c xonnenrpanueii 0,001 moms/mve.
6. .JuctminmupoBaHHas Boja
Ilpuzomosums pacmeoput:
. AHanu3upyembli pacTBOP COJIU LIUHKA.
. 50 cm® pabouero pacTBopa comu KaaMus KoHrenTpanuei 10 moms/ame.
. 100 cm® BPOUC.
. 200 cm® pactBopa DJITA ¢ xonnentparmeii 0,001 moms/mve.
Ilopaook évinonnenusn padomaol
1. JTan - mocTpoeHue rPaYHPOBOYHOI0 rpadguka.

A WDN B

I[Tpu padote ¢ HOHOCENEKTHBHBIM ekTpoaoM (MCD) HeoOXomiMa ero mpeiBapuTenbHas
KaJIMOpOBKA — YCTAHOBJIEHUE 3aBUCUMOCTH MEX]ly MMOTEHIAJIOM 3JIEKTPOJa U KOHLIEHTpaluen
WIN aKTUBHOCTBIO ONpEesieMbIX HOHOB. /11 MOCTpOeHHs IpalyHpOBOYHOIO rpaduka B
koopauHatax «E — pCi» UCTIONb3YIOT CTaHAAPTHBIE PACTBOPHI ONPEAEIAEMbIX COETNHEHUH.
Mertoaurka npeaBapuTeNbHON KanuOpOBKH, YCIOBUM paboThI 31€KTpoia, crioco0a XpaHeHUs
NCD mexy n3MepeHus MU yKa3blBaeTcsd B MHCTPYKIMU K HOHOCEIEKTUBHOMY AJIEKTPOY.

2. JT1an - MeTOAMKA aHAJIN3A.

2.1. OrtobpaTs MepHO#l Komboit 50 cm® amammsmpyemoro pactBopa comu muHKA (Vzno+) H
TIOMECTUTh B CTakaH eMK. 50 cm®.

2.2. JIo6aBUTH B XUMHYeCKHil cTakaH 5 cm® 6ydeproro pactsopa (Vyr) pH5,5 TpamxynpoBaHHOl
OUNETKON. Vi momkeH cocTaBisaTh 0,1 Vzno+, T.6 00b€MHOE COOTHOIIEHHE TPOOKI U OydepHOTO
pactBopa 10:1.

2.3. OtobpaTh MepHOI Ko6oit 50 cM® pabodero pacTBopa CONM KagMHsl KOHIeHTpauuei 1073
MOJIL/;[M3, MEPEHECTH B XUMUUYECKHUI cTakaH eMK. 50 cM®, 106aBUTH 5 cm® BPOUC. H3meputsb
notenmuan MUCD (E°, MB), cpaBHHTH €ro ¢ TpagyMpoBOYHBIM TpaduKoM. I'paayHpoBaHHOI
MUIeTKOM 0T06path 5 cM® paGouero pacTsopa conu kaamus ¢ BPOMC 1 moMecTUTh B CTakaH C
aHAJM3UPYEMBIM PACTBOPOM COJIHM IHWHKA. BemnuuHbl 00b€Ma M KOHIIEHTPAIMU MOHOB KaJMUs
JOJKHBI OBITH BBIOpPAHBI TaKUM 00pazoM, YTOOBI 'PaMM-MOHHOE OTHOIICHHE OIpenesieMOoro
BEIIIECTBA K MOHAM KaJMUs HaXxoauiiock B npenenax ot 100:1 qo 10:1.



2.4. ONONOCHYTH 3JEKTPOBl AUCTUILIMPOBAHHON BOJIOH, MOCYIINTh (DMIBTPOBAIBHOM Oymaroit
Y TIOTPY3HUTh MX B aHATM3UPYEMbIil pacTBOp. PacTBOp MOCTOSIHHO epeMennBaTh.

2.5. Jlo6aBuTh U3 GIOPETKM MOPIMIO TUTPaHTa - pacTBop DITA, 06béMoM 5 cm® (Voz74)
koHmentpanueit 10° mons/nm3, nepememats. Korja Ha moHOMEpe YCTaHOBHTBCS MOCTOSHHOE

[I0Ka3aHue NOTEHIMaNa, BHECTH BeIMUMHY £ (MB) 1 00bEM 100aBJI€HHOTO TUTPAaHTa B TA0IHILY
1.

Taoauna.l
Howmep O0BéM 100aBICHHOTO TUTPAHTA, IToka3zanue norennuana, UCO,
OmbITa Voura em® EimMB
1 0
2 5
3 10
30 150

2.6. [ToBTOpUTH MYHKT 2.5.CTONBKO pa3, CKOJIBKO 3TO HEOOXOIUMO ISl OTYYCHHUST JOCTOBEPHOM
kpuBoi TuTpoBaHus (30 pa3). B o0nacTu KOHEUHON TOYKM, HA KOTOPYIO YKa3bIBarOT OOJIbLIME
u3MeHeHus noreHiuana MCD nocie kaxaoi 100aBKy TUTpaHTa, 100aBisgeMas HOPLUsS TUTPaH-
Ta HE JIOJDKHA MpeBbIaTh 1% OT 0)KMIaeMOro SKBUBAJIEHTHOrO 00bEMa (IpeBapUTEIbHO pac-
CUMTAHHOTO TeopeTnuecku). JloGaBneHue TuTpanTa nopuusaMu Oospiieil Bennuunsl (5-10% ot
HKBUBAJICHTHOT'O 00BbEMA) JIETKO MPUBOIUT K MEPETUTPOBBIBAHUIO.
Oopadomka IKcnepumMeHmaibHovIX OAHHBIX
1. JTan - nocTpoeHue rPaayUuPOBOYHOrO rpaduka.

I[To pe3ynbraTaM U3MEPEHHI CTPOUTCS SKCIEPUMEHTAIbHAS 3aBUCHMOCTb B KOOPJIHHATAX «F
— -lgC» (puc.l): mo ocu abOCIUCC OTKIAIBIBAIOT 3HAYCHHs OTPHUIATEIBHOTO Jorapudma
KOHIICHTPALMK HMOHOB B CTaHJAPTHBIX PAcTBOpax, a MO OCH OPAMHAT — COOTBETCTBYIOIIUEC
paccunTaHHble 3HaueHUs noreHuuana (MB). Ilpu oOpaOoTke sKCHepUMEHTAIBHBIX JaHHBIX
NPUXOJMTCS YacTO BCTPEYAThCsS C 3aJauyeil ¢ ONpe/eiieHHEM MapamMeTpoB (DYHKIIMOHAIBHOU
3aBHCHMOCTH OT JBYX HJIM HECKOJBKHUX TEepPEeMEHHBIX. [l03TOMYy HEO0OXOIMMO pacCUYUTaTh
k03 durMeHTsl ypaBHeHus npsimoit: £ = mpC + b, mo merony HanMeHbux kBajaparos (MHK).
Ero cyrb cocrout B cieayromieM: TpeOyeTcss HAWTH Takue 3HAYCHHSI, BXOJIINX B HCKOMYIO
(GYHKIIMOHATBHYIO 3aBUCHMOCTh, MpPU KOTOPBIX CYMMa KBAJpaToB OTKJIOHCHHUN 3HAYCHUMH
(GYHKIIUH OT SKCIEPUMEHTAIbHBIX JaHHBIX OyaeT MUHUMalbHOW. IIycTh HMCKOMas (QYHKITUS
sBisietcst nuHedHou, 1.e. £ = mpC + b (1), tne m u b nHeussectuwie, a pC u E 3amaHbl
snauenusiMu (pCi; E1), (pC2; E2),..., (pCh; En), nody4eHHbIC B pe3yiibTaTe dKcrnepumenTa. [Ipu
nojcranoBke 3Hauenuii pC = pCi (i =1,2,3,4,5,6) B ypaHenue (1), monyuaem (M-pCi +b), a B
pe3yabTaTe 3KCIepruMenTa uMeeM Ei.

Pasnocts Ei - (M-pCi + b) Ha3piBaeTCsl HEBSI3KON M BO3HUKACT B Pe3yJbTaTe OIIUOOK JKCIIEpH-
MEHTa, OIIMOOK BBIUMCICHUH, HETOYHOU JIMHEWHOM 3aBUCUMOCTH U T.N. Tpedyercs nogodpars M
U b Tak, 4TOOBI CyMMa KBaJJpaToOB HEBS3OK, T.C.

n=6
S=Y (Ei - mpC;i - b)? 6bima MUHIMANTEHOIH.
i=1
Heo0x0auMo coCTaBUTh M PEIINTh CUCTEMY YPaBHEHHIA:
4 n=6 n=6 n=6
Y pCi2m+Y pCi-b =Y pCi-Ei.;
i=1 i=1 i=1
n=6 n=6
Y pCirm +nb=>Ej;
i=1 i=1

~



B nanHoit 3a1a4e KOIMUYECTBO U3MEpeHuil paBHo 1iectu (N=6). HaiineHHble Benmuuunbr M, b
(pelieHrEeM CHCTEMbI YPaBHEHHI) ¥ U3BEeCTHBIC 3HaueHus aprymenta ( pC:1,2,3,4,5) monctaButh B
ypaBHeHue nipsiMoii E = m-pC+b, u paccuutarts 3HaueHus noreHmuana UCD (E), 1.e. dpynkuuu. [o-
Jy4eHHbIC HOBBIE JaHHBIE C YUETOM METO/Ia HAUMEHBIINX KBAJAPAaTOB BHECTU B TAOIHILy 2 M IOCTPO-
UTH IpaUUECKy0 3aBUCUMOCTb.

Ta6auna.2
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Puc.1 Kanu6poBounsiii rpaduk mo MHK mi1s kaaMHuIICEIEKTUBHOTO AJIEKTPOa

2. JTal - METOAMKA AHAJIN3A.

2.1. TTocTpouts TpaduK 3aBUCUMOCTH, IOJTYYCHHBIX 3HaYeHUH EjoT 00bEMa 100aBICHHOTO
tutpanTa Vogry U onpenenuts rpaduuecku 006EéM pactBopa comu kaamust (Vegz+) (puc.2. T.A).u
SKBHUBAJIEHTHBINA 00BEM V5 (puc.2. T.B) kKak 00bEMBI, COOTBETCTBYIOIINE TIEPBOM M BTOPOI TOUKAM
nepernda Ha KPUBOW TUTPOBAHMS.

2.2.PaccunTarh KOHIEHTPAIMIO MJIM HOHOB IIMHKA TI0 BBIPAKECHHIO:

C _ Cagme-(Va_Vegs +)
z

ni+ Vemss r-HoH/ ,Z[MS, IIpyu AOMMYLIICHUH, YTO XEJIaTHBIN areHT U HOHBI MeTajja

00pazyroT koMmruiekc cocrana 1:1.

Ilpumeuanue. Metabl, KOTOpble 00pa3yloT OJIM3KUE 110 TPOYHOCTH WU 00JIee IPOYHbIE KOMIUIEK-
CBl, 4eM KaJIMUH, MOXKHO OTPEAETATh, CIIEAys MPAaKTUUECKN UIEHTUYHON MeTouKe aHanu3a. [losro-
puth 3Tansl pasaena «llopsaok BemonHeHus padotel» 2.1 — 2.6. [ToctpouTs rpaduk 3aBHCHMOCTH,
MOJTy4eHHBIX 3HaUeHuH EjoT 00béMa nobaBieHHoro Tutpanta Voyry. Ha kpuBoii TuTpoBanus (puc.2.
T.B) Habmogaercst TOMBPKO O/HA TOYKA Mepernda, COOTBETCTBYIONIAS SKBHBAJICHTHOMY 00bEMY V5 .

KonuenTpanmro ONpEENIEMOTO BEIIECTBA paccunTaTh o BBIPKEHUIO:
(CagrsVa—Coga +'Vioda + )
Cocpgoomea = A dat Cdd pepon/ame.
Viposs anp.eegecmea

Bo3MOskeH JPYroi MyTh: MPOBECTH €IIE OIHO THTPOBaHHe ¢ SO cM® TUCTHILIMPOBAHHON BOABI B Ka-

YecTBe MPOOBI AHAM3MPYEMOTO PACTBOPA M OMpeNenuTh 00bEM (Vedz+), COOTBETCTBYIONIMIT TOUKE

nepern6a.  ONpejleNuTh  KOHUEHTPAUMIO  ONPENENSEMOro  BEWECTBA [0 BBIPAKe-
Cagra (Vs _Vedz +)

HIEO €y =~ L r-non/nm’,

Viposu onps—sa
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Puc.2 Kpuas noTeHIIMOMETPUYECKOTO TUTPOBAHMUSI

Omuém no pabome
1. Ilenp u 3ama4n UCCIEIOBAHUSL.
2. KpaTtkoe ommcaHue SKCHEPHUMEHTa: CIIOCOOBI, METOABI, METOJUKH HCCIEAOBAHHUA U TEOPETUUECKHUE
MOJIOKCHUSI.
3. 3aKkoHbI, TOJOXKECHHS, MAaTEMATHYECKUH ammapaT, YpaBHEHUS peakiuil. Pe3yiapTaTel uccnenoBaHus u
pacuetsl (ypaBHEHHs AOJDKHBI ObITh IPUBEIEHBI B OOIIEM BHUIC M C MOJCTABICHHBIMU JaHHBIMU). Pe-
3yJBTAaThl UCCIENOBAHUS M PACUETOB JOJDKHBI OBITH CBEJCHBI B COOTBETCTBYIOIIUE Tabmumbl. CTaTucTu-
yeckas 00padoTKa JaHHBIX.
4. I'paduueckas oOpabOTKa IKCIEPUMEHTAIBHBIX AAHHBIX: IPaUKU U CXEMBbl JOJKHBI BBIOIHATHCS
TOJILKO Ha MHJUTUMETPOBOH Oymare. Ha ocb opauHaT HaHOCHTCS QYHKIMS, HA OCh a0CIIMCC — apTyMEHT C
yKa3zaHHeM eJIMHUIl H3MepeHus. Ha ocsx HaHOCHTCSI IIKaJla COTJIaCHO BHIOpAaHHOMY MaciiTady. EnuHuIb!
MacmTaba JOJKHBI OBITh BEIOPAaHBI B COOTBETCTBHM C TOYHOCTBIO OTCUETa HpH dKcnepuMente. Koopau-
HaTbl SKCIIEPUMEHTAJIBHON TOUKH HaHOCATCS TOJNBKO Ha IUIOCKOCTH M OTMevaroTcsi Toukoi. [1o sxcrepu-
MEHTAIBHBIM TOYKaM TPOBOJUTCS YCPEAHSIONIAsl KpUBas. BimaBiire TOUKH He UCHOIB3YIOTCS, HO TIOKa-
3pIBatoTcsa. Ha nucte, rae BeimosiHeH rpaduk, JOKHBI OBITh YKa3aHbl HAMMEHOBaHUE Tpaduka (1mof rpa-
(uKOM), YCIOBUS, CHOCKH. DKCIEPUMEHTAJIbHbIE JAaHHBIC Ul MIOCTPOCHMS TPagyMpPOBOYHOTO Ipaduka
00pabaTpIBalOTCA MO METOTy HAUMEHBIIINX KBaIPaTOB.
5. AHanM3 3KCTIEpPUMEHTAIBHO MOITYYEHHBIX 3aBUCUMOCTEH.
6. BrIBOAEL
PaboTa cuuTaercs BHIMOTHEHHOMW, €CIIM TPUBE/ICHBI BCe HEOOXOANMBIE PacyeThl, IIOCTPOSHBI H3ydaeMble
3aBUCHMOCTH, TIPUBEJICHBI BCE CTPYKTYPHBIE (DOPMYJIBI M3y4aeMBbIX BEIIECTB U 00pa3yeMbIX COEIMHEHHH,
C/IeTIaHbl COOTBETCTBYIOLINE BHIBOIBI.
Oonapystcenue owiubok

Bonpmioe Bpems ycranosinenus notennnaia MCD moxer ObITh 00YCIOBIEHO MEJIEHHBIM 00pa3o-
BaHMEM XeJaTHOI'0 KOMILIEKCa, a He CBOHCTBAMU 3JIEKTPOJa. ITO MOXKET MPUBECTH K MOTEPE YETKOCTH
NPOSIBIICHUS] KOHEYHOW TOYKW. Eciy XenaTHBIN areHT MpUCyTCTBYET B 3HAYUTEIBHOM M30BITKE, a KOH-
IEHTpaIis MOHA MeTalljla MPHOIIKaeTCs K Mpeaery oOHapy)eHus nanaeiM MCD, Torma Hemb3s Toiy-
YUTh CUMMETPUYHYIO KpUBYIO TUTpoBaHUs. KoiebaHusi TeMnepaTypbl BIUSIOT HA HAKIIOH KaTHOPOBOY-
Horo rpaduka u crangaptHsld notenuuan UCO. TemnepaTypbl cTaHIAPTHOIO W aHAJIM3UPYEMOTO pac-
TBOPOB HE JIOJDKHBI OTJIMYaThest Gonee uem Ha 1°C.

BrusiHre COMyTCTBYIONIMX MOHOB OTPEIENSETCS CEICKTUBHOCTHIO U YyBCTBUTEILHOCTHIO BHIOpaH-
Horo 3nekTponaa (cv. THCTPYKIUIO k CD).



4. Konmponvnasa paboma Ne4d no meme «dnekmpoxumusny
Bapmuanr 1
3aoanue 1. CyMmMapHO ypaBHEHUE PEaKIIMHA OKUCIICHHUS U BOCCTAHOBJICHHSI B
MapraHieBO-IIMHKOBOM 3JIEMEHTE MOYKHO 3alliCaTh TaK:
2Zn + 4MnO2 + 4NH4* = Zn?* + [Zn(NH3)4]** + 4MnOOH
Paccuuraiite Bcemu Bo3MokHbIME crioco0amu 3JIC Takoro 3nemMeHTa.
3adanue 2. B cocyn, comepxaruii 250 cM® BOJIBI, OIKHUCIEHHOH a30THOM KHCIIOTOH,
OMYIIEH TUIATHHOBBINA AJIEKTPO.I (KaTox) B cepeOpsiHbIi (aHoa). OnpeaeauTb Bpems,
HE00X0AUMOE IS DIIEKTPOIMTHUECKOTO PACTBOPEHHSI aHO/1a TPy cuJjie Toka 1,4 A,
4TOOBI MIOJYYUTh PACTBOP HUTpaTa cepedpa ¢ Kouuentpamuei 0,005 Monb/m.
3aoanue 3. Ilpu 3nexTpoamn3e pacTBOpa HUTpaTa cepedpa MosipHO koHteHTpamuu 0,05
MOJIB/JT Ha KaToJ1e BBIACIHIIOCH cepedpo maccou 0,1853 r. Haiitu uncna nepenoca s
nonoB Ag* u NOz".
3aoanue 4.OKkBUBaNEHTHAs 3JIEKTPOIPOBOJIHOCTh PAacCTBOpPAa MOHOXJIOPYKCYCHOM KHC-
N0TH ¢ pasBegenueM 512 n/mons mpu 298 K pasna 219,4 Omt-em?r-oxB™. Ompege-
JUTE CTETNEHb AMCCOIMUAINU KHUCIOTHl B 3TUX YCIOBHUSIX, €CIIM SKBUBAJICHTHAs JJIEK-
TPOIPOBOTHOCTH MOHOXJIOPYKCYCHOKHCITIOTO HaTpust ipu 298 K n 6eckoHeduHOM pa3Be-
nenun pasHa 89,8 Omt-cm?T-3xB L. [IpeaenbHbIe MOJBUKHOCTH HOHOB HATPUS U BOJIO-
pona cootrBercTBeHHO paBHbI 50,1 u 349,8 Omt-cm?r-sxB7L
3aoanue 5. TemnepaTypHbIi KO3PPUITUSHT 3. 1. C. 0OPATUMOTO TaTLBAHUYECKOTO dJIie-
MEHTa ¢ OJIHOXJIEKTPOHHBIM nepexooMm paBeH —0,0004 B/rpan. Onpenenure, Bolaems-
€TCSl WJTU TIOTJIONIAETCS TEIIoTa MpH paboTe ITOro JIEMEHTA U YeMY paBHA ATa TEIJIOTA
npu 300 K.
3aoanue 6. D]1C snementa Hg | HQ2Cl2, KClyac || CuSOs (o = 0,5) | Cu mpu 25°C paBHa
0,083B. OnpenenuTe MOTEHIMAT METHOTO AJIEKTPOIA U IMOIYIECHHYIO BEIUYHHY, CPABHH-
T€ C MOJY4YeHHOU 1o ypaBHeHUI0 HepHera.

Bapmuanr 2

3aoanue 1. JxBUBaJIEHTHAsI 3JIEKTPOIPOBOAHOCTh IHAHOYKCYCHOM KHCIIOTHI B BOJIE MPHU
298 K npu pa3HbBIX KOHIEHTpallMsAX paBHA:

C monb/n 0,007335 0,001856 0,000466 0

A, OmL-cm?-r-5kB1 193,9 282,6 347,0 386,1

Paccuunraiite cpenHee 3HaU€HUE KOHCTAHTHI JUCCOLIUALINY.

3aoanue 2. Onpenennurte pacTBOPUMOCTB XJlopHaa cepedpa B Boje npu 50°C, ecnu npu
stoi Temneparype 3/1C rabBaHUYECKOTO 2JIEMEHTA

Ag | AgCI (racemt.) || AgNO3 (C=0,05H) | Ag
paBHa 0,199 B, a k03 HIHEHT aKTHBHOCTH HOHOB cepedpa B pacTBOpe HUTparTa cepedpa
ripu 50 °C pasen 0,9.

3aoanue 3. Uepes pacTBOp XJIOpUa MarHus NpoIycKalu TOK Cuiloi 3,2 A B TeueHUH 2
yacoB. Kakue peakiuu nporekann Ha anekTpoaax? Kakue npoayKTsl U B KAKOM
KOJIMYECTBE BBIIEIWIUCH TIPU ITOM?

3aoanue 4. YnenpHas 3J€KTPONPOBOAHOCTH 1%-HOro (1Mo Macce) BOJHOTO pacTBOpa
nponuonopoit kuciaorel C2HsCOOH npu 298 K cocrasiuser 4,79-10% Omt-em™. Cun-
Tasi, 4TO MIOTHOCTh pacTBopa paBHa 107 kr/cm®, onpenemure pH sToro pacrsopa.
JlaHHbIE O MpeaeNbHBIX MOABUKHOCTIX HOHOB BO3BMHUTE U3 CIPABOYHUKA.

3aoanue 5. Onpenenure, NOJb3YyICh TaHHBIMU CIpaBouHuKa, pu 298 K crangapTHbie
M3MEHEHHUs CBOOOIHOM YHEPTUU U SHTPOIHNH PEeaKIuu

2MnO4 + 5Pb* + 2H,0 = 2Mn** + 5PbO; + 4H*

3aoanue 6. Paccuntaiite npu 298 K KoHCTaHTY paBHOBECHUS peaKIuu

MnO; + 4H" + 2Fe? = Mn?* + 2Fe-* + 2H,0

IMOJIB3yACh JaHHBIMHU CIIPABOYHHUKA O CTAHAAPTHBIX JICKTPOAHBIX ITOTCHIMAJIAX.



Pazoen . Inemenmol cmamucmuueckoiu mepmoouHaAMuKu
Tema 5.1. Mexanuueckoe onucanue mMoneKyaapHoil CUCHEMDbL.
Ilocmynamer cmamucmuyeckoit mepmoounamuxu. Cymma no cocmoanuam
1. Bonpocwl k ycmnomy onpocy
1. OcHOBHBIE MOJOKEHUSI U MTOCTYJIAThl CTATUCTUYECKONH TEPMOAMHAMUKH.
2. MuKpo- 1 MakpOCKOIHMYECKHE TMOAXO0Jbl K ONMucaHuio cucteM. lIpencraBienue o ¢a3zoBom
MPOCTPAHCTBE HA OCHOBAaHUU CTATUCTUKHU bosjblMaHa. DHTpONHsS U BEPOSITHOCTh. MaKCUMyM
TEPMOJMHAMHYECKON BEPOSTHOCTH.
3. Cratnueckuii ancamb6sb. OyHKIUS pactpeaenenus. Tunel ancambiei. Pacnpenenenne Makc-
BeJIJIa 10 CKopocTsaM. Pacnipenenenue bonbumana.
4. HaxoxaeHue cyMMbl IO cocTossHUAM. Hanumurte obiiee MaTeMaTUYeCKOe BbIpaXKeHUE s
CYMMBbI COCTOSTHMM. 3aBUCHUT JIM U KaK CyMMa COCTOSIHUHM OT TemnepaTypbl? CBONCTBA CyMMBbI
M0 COCTOSTHUSIM. PacyeT MoneKynsspHOil CyMMBI 110 COCTOSIHUSIM HJI€ajbHBIX ra3oB. B kakoM ko-
JIMYECTBEHHOM COOTHOIIEHWH HAaXOZATCS BEJIWYMHBI 3JIEKTPOHHOH, IOCTYNATEJIbHOM, Bpalia-
TEIbHOW W KONEeOaTelbHOM COCTABISIIONIMX CYMM COCTOSIHMM JUISi TByXaTOMHON MOJEKYJBI MpHU
KOMHATHOM TeMIepaType, €CJIM OCHOBHOM AJIEKTPOHHBIN YPOBEHb HE BBIPOXKIACH?

2. Jlabopamopnasa paboma Nel! «H3yuenue ckopocmu peakyuu OKUC1eHUs 100068000pO0OHOU
KUC/10mbl REPOKCUOOM 8000P00Q)»

Ilenv padomwi: ornpenencHUe KOHCTAHT CKOPOCTEW PEAKIUM IPU JIBYX TEMIEpaTypax;
rpaduyeckoe HaXOXKIACHUE YHEPTUHM aKTHBAIMH, pacyeT U3MEHEHUs SHTPOIUU aKTUBALIUU U U3-
MEHEHUS 1300apHO — U30TEPMHUUYECKOTO OTEHIMAIIA.

Ilpunyun memooa. Peakuys oKvCICHUS UOJAO0BOAOPOTHON KUCIOTHI SBISIETCS IPUMEPOM
TOMOTEHHOTO Kataiu3a. OHa yCKOpsIeTCsl B MMPUCYTCTBUU HECKOJIBKHX Karejdb pacTBOpa MOJIHO-
nata aMmMoHus. MomoBopopoaHas KUCIOTa oOpasyeTcsl Mpu B3aWMOACWCTBUU HOIUIA Kalus
(HaTpHsl) C CEpHOM KUCIIOTOM:

2KI1 + H2S04 = 2HI + K3SO4 1)

B kucnoit cpene moaoBoopoiHAs KUCIIOTa OKHUCISETCs] IEPOKCUIOM BOJOpOJa MO cXe-

Me:
2H1 + H202 = I2 + 2H20 2)

Pacxon nepokcuja BOIOpOA, ONPENEISIIOT IO KOJUYECTBY BBIIEIMBIIETOCsS MOAA, KOTO-

PBIH TUTPYIOT PaCTBOPOM THOCYJIb(paTa Kanus (HaTpusi) B IPUCYTCTBUU Kpaxmaa:
I+ 2K2S203 = 2KI + 2K2S406 (3)

Peakuuu (1) u (3) npoTekaroT NpakTUYECKH MITHOBEHHO, I03TOMY CKOPOCTh CYMMapHOI'O
npoliecca OnpeenseTcss CKOpOCTbIO TUMUTUPYIOIIEH peakuuu (2).

3a CKOpOCThIO peakluu yI0OHO CIEeNUTh TUTPUMETpUUYECKUM MeTojoM. YUepes ompene-
JICHHbIE MPOMEXYTKH BPEMEHU 00pa3yloLIuiicsi MOJl OTTUTPOBBIBAIOT PACTBOPOM THOCYJb(aTa
KaJIUsl ¢ UCIIOJIb30BAHMEM B KauecTBe MHAMKATOpa Kpaxmai. B mporecce TuTpoBaHMs MOJ1a THO-
Cynb(aToM Kaus HOJIUJ Kallusi pereHepupyercs, cieaoBaTenbHo, koHnenTpauu Hl u Kl mpak-
TUYECKU TIOCTOSIHHBI, 1 CKOPOCTbh PEakKIny (2) omnpeaensieTcs: TONbKo KoHmeHTpanueir H20:.

Annapamypa u peakmugsi: Gropetka eMk. 50 cM®; KoHMUYeckHe Konobl eMK. 250 cm® — 2
IIT.; JISJT WM XOJIOIUIBLHUK; MepHast koyioa eMk. 100 oM® win nmwHap emk. 100 oM - 1 IIT.; ABE
TIUIETKH BMECTHMOCTRIO 5 1 10 emk. cM®; MepHas mpoGupka emk. 10 cm®; mpobupka emx. 20
cM®; cekyHIOMep; TepMOMETp ISl M3MepeHHs TemrepaTyphsl oT 0 go 70 °C ¢ HeHol eneHus
0,1°C; Kl, cyxas comb; H2SO4, 1 M pactBop; H202, 30% pactBop; Mmonubaat ammonus, 1% Boj-
I pacTBOp, 100 cM®; MHIeTKA /IS BHECEHHS KpaXMana.

Ipuzomoeums pacmeopsi: 200 cm® 0,05 M pactBopa THOCyIb(arta kamus; 100 ecm® 0,05
M pacteopa KI; 100 cm® 0,05 M pactsopa H202; 250 cm® pactsopa 1% kpaxmana, 0,1 M pac-
tBOp (NH4)2M0O4.

Ilopaook evinonnenusn padbomaol

B xonnueckyro konby (250 cm®) Brectn 50 cm® 0,05 M pactsopa Kl, 5 cm® 1 M pactsopa

H,S04. OtenbHO B pobupky emk. 20 cm® mpumuth 5 cm® 0,05 1. pactsopa H202. ITpurotos-



JICHHBIE PAaCTBOPHI TEPMOCTATUPOBaTh. M3MepuTh TemnepaTypy pacTBopoB ¢ TouHOCThIO +1 °C.
bropetky 3amoiaauth 0,05 M pactBopoM THOCYNb(hAaTa Kaius. Y CTAaHOBUTh KOHHYECKYIO KOJIOY ¢
pactBopoM Kl mon 6roperkoii, Buectu 2 cm® pacTBopa THOCY/Ib(aTa Kajnus u3 GopeTkH, 2 — 3
KaTlTH PacTBOpa Kpaxmana, ObICTpO TIPHIIHTh B KOOy 5 cM° pacTBOpa MEepOKCHIa BOJIOPO/IA, K-
suBanentHsie A cm® 0,05 M pactBopa THOCY/Ib(aTa (CM. HUKE) M OJHOBPEMEHHO BKIIFOUHTH Ce-
KyHAOMep (B JaibHeHIIeM ero He BbIKI0YaTh). Colep:kuMoe KOJIObI THIATEIBHO MEepEMEIIaTh.
Kak Tosbko pacTBOp B K0J10€ OKpAacUTCS B CHHUMN I[BET, OTMETUTH BPEMs IIEPBOTO OKPAIIMBAHUS
(t1) ¥ mpuIMTH B KOnby 2 cM® pacTBOpa THOCYmb(haTa Kamusa U3 6ropeTku. Beskuii pas, Koraa
BHOBb BO3HHUKAeT OKpacka pacTBOpa, OTMEYAIOT BpeMs €€ INOsIBICHUA (0T Haudaja peakuuu) u
OBICTPO TIPHIMBAIOT 2 cM° pacTBOpa THOCyIb(aTa. ITocie Toro, kak 6yaer npuanto 8 — 10 mop-
uuit THOCYNb(haTa, B PEaKIMOHHYIO CMech NPWIMBAIOT 1 cM® pacTBopa MONMOGAATA AMMOHHS
(MonuOaT — MOH SBISETCS KAaTaJu3aTOPOM, PEaKLMs MOYTH MTHOBEHHO MPOXOJIUT 1O KOHIIA).
BoiienuBmmiicss oA OTTUTPOBBIBAIOT PACTBOPOM THOCYIb(aTa U3 OIOPETKH 10 MOJHOTO obec-
IIBEUMBAHHUSA U OTMEYAIOT 0OIIee KOJTMYECTBO (CM°) THOCYNIb(haTa, MOMIEANIero Ha THTPOBAHHE,
CUHMTAs U T€ MOPIHH 110 2 CM°, KOTOpBIE GBI BHECEHHI 1O X0y peakimu. Takum o6pa3oM ycra-
HABJIMBAIOT, KakoMy obmemy uuciy A cm® 0,05 M pacTBopa THOCY/Ib(aTa SKBUBAIEHTHEI B3s-
Thie U1 paboTsl 5 cm® 0,05 M pactsopa H202. AHanoruaso nposoasat 8 — 10 ombITOB mpu Apy-
roii Temmneparype, oTIn4HOM oT nepBoit Ha 10 -15 °C.

Oopabomka IKchepumMeHmMaIbHbIX OAHHBIX

KoncranTa ckopoctu 3TOH NCEBAOMOIEKYIISIPHOMN peakluu: OKUCICHHS HOA0BOAOPOTHOM

KHCJIOTBI IICPOKCUAOM BOOAOPOJa, MOAUNHACTCA KUHETUICCKOMY YPAaBHCHUIO IICPBOI'0O IMMOPAIKA:

1 c®
R=_" Incﬁ_x 1)
rae C° — konnentpanus H,O, B HaYambHBIA MOMEHT BpeMeHH (To);
X — KOHIIeHTpanus npopearuponaniiero H2O2 kK MOMEHTY BpeMEHH T OT HayaJla peakiuu.

TakuMm 06pa3oM, B Ha4aIbHBIH MOMEHT ombITa (To) comepxkurcs (A-2) cm® 0,05 M pac-
tBOpa H20; n, crenosarensuo C° = (A-2). K MOMEHTY MosBIEHHS BTOPOTO OKPANIMBAHUS HPO-
pearupyer eme 2 cm® 0,05 M pactBopa H202 U cenoBaTensHO, X = 2; K MOMEHTY HOSBJICHHUS
TPEThEero OKpamuBaHus x = 4 u T.1. [ BeIYMCIIEHUS KOHCTaHT CKOPOCTH JAHHOM pEaKIHMU

ypaBHeHHe (1) ynoOHee npeacTaBUTh B CIEIYIOLIEM BUIE:
1 4

R=_" 'I'n_q—.\-—z (2)

rie A — obmee komuuectBo (cM®) THOCYNMB(aTa Kajus, MOMEAIIee B PEAKINIO, X — KOTHIECTBO
(cM®) THOCYIB(aTa Kaus, BHOCUMOE B PEaKIIMOHHYIO CMECh TIPH MOSIBIICHAH OKPAIINBAHHS (X =
2,4,6,8, 1 T. 1.), T— BpeMsi BOBHUKHOBEHHSI OKPACKH B XOJIC pPEaKIMK OT e¢ Havyasa. PaccuuThl-
BAeTCS CEpUsl KOHCTAHT CKOPOCTH PEAKIIMU, HAXOUTCS CpeHEe 3HAYCHUE, CPETHEKBAPATHUHOE
OTKJIOHCHUE W JOBEPHUTENBbHBIN WHTepBaL. 10 pe3ynbraTaM ONBITOB PACCYMTHIBAIOT KOHCTAHTHI
cKopocTH peakiuu it Temmepatyp T1 u To. Pe3ynbraTsl pacueToB U OMBITHBIC JaHHBIE 0POPM-
JIAIOTCS B BUJIE TaOJIUIIBI:

Ta0auna
O6Bvem
Ne ombrTa 00aBIEHHOTO Bpewms nosiBiieHUSI OKPacKH T, MHH KOHCTaHTBI CKOPOCTH, K MUH
KzSzOs, CM3
temneparypa T1, K
1
temneparypa Tr, K
1

1. PaccuuThiBalOT SHEPTUI0 aKTUBAMM U Jorapudm MNpeadKCIOHEHIMANbHOTO (akTopa B
ypaBHEHUU AppeHnyca rpaduIecKuM METOOM.



Inx

Inpzo

UT

Puc. 1. I'paduaeckuii MeTo pacueTa SHEPTUN aKTUBAINHN U JIOTapupma
MIPEAIKCIIOHEHIINAIBLHOTO (DaKTOpa B ypaBHEHHH AppeHnyca

E = 8313 ‘m-tga, rae M — OTHOIIICHHE MACIITA0OB.
2. PaccuuTarth H3MEHEHWMS SHTPOITUU aKTUBAIIUU PeaKIuu 1Mo Gopmyrie:
AS*
[ =1036+1lgT + —

3. PaccuuTaTh n3MeHeHUE U300apHO — U30TEPMHUUECKOT0 noTeHuana no gopmyne: AG = AH -
TAS nipu u3ydaembIx TeMIiepaTypax.
Otuer o pabote (cM. oO1re TpeGoBaHus).

3. Komnaexm 3a0au k meme 5.1.

1.MoreKyIa MOKeT HaXOIUThCA Ha BYX YpoBHAX ¢ sHeprusvu 0 u 100 em™. KakoBa BeposSTHOCTH
TOTO, YTO MOJIEKY/Ia OY/IET HAXOMUTHCA Ha Hu3IIeM yposse Tpu 25 °C.

2. Monekyria MOKeT HaXO/UThCS Ha IBYX ypoBHSX ¢ sHeprusivu 0 1 600 cm™. TIpu kakoii Temmepa-
Type Ha BEpXHEM YpOBHE Oy/IeT B JIBa pa3a MEHbIIIE MOJIEKYJI, YeM Ha HHKHEM?

3.Morekyna MOXET HaXOIUThCS Ha YPOBHE ¢ 3Heprueit 0 Uiy Ha OJTHOM U3 TPEX YPOBHEW C SHEPTH-
eii E. Haiigure cpeHIO0 3HEPIUI0 MOJIEKYIT: @) PH OYeHb HU3KHMX TeMIlepaTypax, 0) pu o4eHb
BBICOKHMX TEMIIEpaTypax.

4.B HEKOTOpOI MOJIEKYJIE €CTh JBa MJIEKTPOHHBIX YPOBHS SHEPIUM, OTCTOSILME JIPYr OT Jpyra Ha
1000 cm . Hwknmii ypoBeHs He BBIPOKIEH, BEpXHHII — TPOEKPATHO BHIpOAKIEH. Haifmute
CPEJTHIONO MEKTPOHHYIO HEPTHIO MOJEKYIIBI (B cM ) pu Temmeparype 1200 K. 3Havenue mo-
crosuoi he/k = 1,44 emK.

5.B HEKOTOpOii MOJIEKYIle €CTh TPH JIEKTPOHHBIX YpoBHs sHepruu: 0, 800 u 1700 cm . Hikrmii
YPOBEHb HEBBIPOKZIEH, CPEAHUIA — TPOEKPATHO BBIPOXKIIEH, BBICIINM — ISITUKPATHO BBIPOXKIICH.
HaiifuTe CpeHIoN SIEKTPOHHYIO SHEPIHMIO MOJIEKYIBI (B ¢M ) M 3aCeNeHHOCTh HILKHETO
yposHs ripu Temneparype 1300 K. 3nauenue nocrosiaHoit he/k = 1,44 emK.

6. Beruncimre cpetHee 3Ha4YeHUE IEKTPOHHOM SHEPTUH aTOMApHOM cepbl Ipu Temneparype 1000 K
C UCIIOJIb30BaHUEM CJIETYIOIINX JAHHbIX.

DNEKTPOHHBIN TEPM Sueprus B (cM Y) CraThCTUYECKHiA BEC
3p, 0 5,
3p, 396,1 3
3py 573,7 1
D, 9238,6 5

7.*"Mornekynia MO>KET HaXOJIUThCS Ha TPEX PHEPTETUUECKUX YPOBHSAX: HEBBIPOXKIEHHOM, TPEXKPATHO
BBIPOXKJICHHOM U IIITUKPATHO BBIpOKAECHHOM. [Ipn Hexoropoil Temmeparype 7' Ha BCEX Tpex
YPOBHSIX HAXOJWUTCS OJMHAKOBOE YMCJIO MOJIEKYII. Paccunraiite sHEpIrUM 3TUX ypOBHEH (3HEp-
TSl OCHOBHOTO COCTOSIHUS IPUHUMAETCsI paBHOH 0).

8."B paBHOBecHOM cMecu O~ U B-ITIIOKO3bI coJiepkaHue [3-aHomepa paBHO 64% mpu Temrieparype
25°C. Ouenure pasHOCTh SHEPTHil MEKTY STUMH H30MEPAMH.



9.*TIpu oxaxaeHNN OO0 TePMOIUHAMUYIECKOM CUCTEMBI 3aCEICHHOCTh OJTHUX YPOBHEH yBeIH-
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16.

17.

18.
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20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

YMBaETCs, a APYrUX yMeHblaercs. Mcnons3ys 3akoH pactipenenenus bonbivana, onpeaenure,
KaKoBa JOJDKHA OBITh SHEPIUsl YPOBHS IS TOTO, YTOOBI €ro 3aCeJICHHOCTh YBEIMUHMBAJIAChH C
YMEHBIIIEHUEM TEeMITEPaTyphbL.

Paccuuraiite HanOosee BEPOSTHYIO CKOPOCTb MOJIEKYJ YITIEKMCIIOIO Ta3a IpH TEMIEpaType
300K.

Paccuwraiite CpeTHIOr0 CKOPOCTBb aTOMOB I'e€JIHsl IIPA HOPMAJIBHBIX YCIIOBHSIX.

[Tpu kakoii TemmepaType CpemHssi CKOPOCTh MOJIEKYJI Kuciiopoaa paBHa 500 m/c.

[Tpu HEKOTOPBIX YCIOBUSIX CPEIHSISI CKOPOCTh MOJIEKYN Krciopona paBHa 400 m/c. UeMy paBHa
CpeIHsIsl CKOPOCTb MOJIEKYJI BOAOPO/IA IPH 3THX HKE€ YCIIOBUSIX?

Ipu Temmeparype 25 °C cpemmsis ckopocTh MOJEKyl HEKOTOPOro raza paHa 274 m/c. Uemy
PaBHA CPEJIHAS CKOPOCTh ITOTO ra3a Ipu Temmeparype 250 °C?

.KakoBa nomnst mornekys1, Maccoid 71, UMEIOLIMX CKOPOCTh BBIIIE CpeHEH Mpu Temreparype 17
3aBHCHT JI1 3T JIOJIS1 OT MAcChl MOJIEKYIT ¥ TEMIIEPaTyphl?

[Tomb3ysack pacnpeneneHueM MakcBesuia, pacCUMTANTE CPEIHIOK KHHETHYECKYHO SHEPIUIO
JBIDKEHHSI MOJIEKYJI Maccoil m mipu Temrieparype 7. PaBHa ju 9Ta sHeprusi KWHETHYECKOM SHep-
MU TP CPEHEN cKopocTH?

Onpenenure OOIIYI0 CyMMy COCTOSHUM utst Monekynbl F2 mpu 500 K u 1,0133-10° I1a,
e Zuoer = 3,16-107, Zxox=1,07, cTaTucTHYecKuii BEC OCHOBHOT'O 3JIEKTPOHHOT'O COCTO-
AHUSA Jon = 2, 4 BPAIIATENbHAS HOCTOAHHAS paBHal,75-10% JIxk.

BpamarenbHas mocTosHHAS MoneKyisl HBr pasna 1,68-10%2 [Ix. PaccunTaiite Bpa-
HIATENIbHYI0 CYMMY COCTOSIHUN MOJEKYJIbl HBI, BpamaTeabHble COCTABISIONINE BHYT-
peHHell aHepruu u rermnoemMkoctu 1 monbs HBY npu 300 K u nocrosHHOM 00BEME.
[Tonp3ysichk CIpaBOYHBIMU JAaHHBIMH, OLICHUTE, KaKas U3 CIEAYIOIIHNX MOJEKYJI UMEeT
HanOoJbIllee 3HAYCHHE BpAIIaTEIbHOW COCTABIISIIONICH CyMMBI cocTossHMU mipu 400
K: CO, HBr, HCI, Na.

[Ipu cpaBHEHMM BpallaTeIbHBIX COCTaBISIONIUX TEIJIOEMKOCTH Ta3000pa3HbIX |2 u
HF o6napyxuBaetcs, uyto a4 |2 oHa MOCTOSIHHA, HAUMHAsL YK€ C HECKOJBbKUX Ipa-
JIyCcOB aOCOJIOTHOW MIKAJbI TeMmIepaTyp, a s HF pacretr u mocturaer mpeaenbHO-
ro 3HayeHus juub okoso 100 K. B yem npuunna sToro?

Omnpenenute Zy, st F2 mpu 300 K, ecnn mpu 500 K Zy,= 197 4.

[Touemy s nByxaroMHbIXx Mosiekyn CO u N2. IIpy mouTH paBHBIX MOMEHTaxX MHEPLMH (pa3-
muue MeHee 5%) M TIPH OJHOM M TOW K€ TeMIepaType BpamaTreilbHas COCTABIISIOIIAS
CYMMBI COCTOSIHUN OTJIMYaeTcs MOYTH B JIBa pa3a?

Moutekyna HI, maxonsiiasics Ha BpamiateabHOM ypoBHe ¢ | = 7, u moisekymna CO,
HaXOMsIIascs Ha BpallaTelIbHOM YpPOBHE € | = 13, UMEIOT OJAWHAKOBYIO JHEPTHIO
BpalleHusa. B kakoM KOJIMYEeCTBEHHOM COOTHOIIEHUU HaXOJSATCA CTEINEHU BBIPOXKJe-
HUS ¢ U 3TUX MOJIEKYJ Ha YKa3aHHBIX YPOBHAX?

Ornpenenure BpalaTelbHYI0 COCTABISIONIYIO CYMMBbI COCTOSTHUN Mojekynsl CO2 npu
500 K, ecitu MexKbAAEpHOE PAcCTOSHUE B 3Toit Monexyine lc.o = 1,13-10720 m.
Onpenenute gomo mosekyn HI (%), Haxoasmmxcss Ha HYJIEBOM BpallaTeIbHOM
ypoBHe npu 300 K, mosib3ysick ClipaBOYHBIMH TAHHBIMHU.

Onpenenure A0I0 ABYXaTOMHBIX TOMOSIAEPHBIX MOJeKys, Haxoxsumxcs npu 1000 K
Ha JecsIToM BpaiatenbHOM ypoBHe (j=10), ecnu BpamiaTeabHas COCTaBIAIOIIAS
CYMMBI COCTOSSHUN paBHa 55, sHEpTHs BpalleHUs MOJEKYJIbl Ha 3TOM YpPOBHE PaBHA
1,38-10% JIx.

Hons mespamatontuxcst mosekyn HCl mpu 300 K cocrasnsier 0,051. Onpenenute mo-
1o HeBpamarommxcs mojekyn HCl npu 510 K.

Monekynsl PClz 1 NH3 uMeroT cXOaHyI0 NUpaMHUIAIBHYIO CTPYKTYPY U OJMHAKOBOE
YHCII0 BHYTPHUMOJICKYIApHBIX KojeOanuii. Onnako npu 298K temmoemkocts Cy (PCl3)
Ha 36,4 Jx/Monb-Tpaa 0oiblie TENI0EeMKOCTH aMMHuaKka. OObsICHUTE TPUYUHY ATOTO.
BonHOBBIE uYMcna BHYTPUMOJIEKYISPHBIX KoJieOaHMIl cepoBomopoaa paBHBI 2722,



2739 u 1214 cml. Kakoe u3 »Tux kxoneGaHuii OymeT maBaTh OOJNbIIMiL, a Kakoe —
MEHBIIUKA BKJIAJ B BEJIMYUHY KOJeOaTeIbHON cocTaBisromei TenaoeMkoctu ipu 1000
K? Pacrionoxxute BOJIHOBBIC UKCIIA B TOPSAKE YOBIBaHUS BKJIAA.
30. BosmHOBOE unciio 0JTHOTO U3 JeGopMaIlMOHHBIX KoieObaHui Moiekyiasl PC/3 paBHO
189 cmL. TMonb3ysick CIPaBOYHBIMH JAHHBIMH, PACCUMTANTE BKJIAJ 3TOTO KOJNEOAHHUSA B CYMMY
COCTOSIHMH U B TerioeMkocTh 1 mojb PCls pu 544 K.

Tema 5.2. Boiuucnenus mepmoounamuueckux ynkyuit. Cmamucmuuecxkas

mepMOoOUHAMUKA PEeaibHO20 234 U KOHOEHCUPOBAHHO20 COCHOAHUA 6euiecmed
1. Bonpocwt k ycmnomy onpocy
1. Bxiag B MOJIEKYJISIPHYIO CYMMY IO COCTOSIHUSIM MOCTYIATEIbHOTO JABMKEHUS. Y KaKUTe, Ka-
KMMH CBOMCTBAMM BEILIECTBA M IapaMETPaMU COCTOSHUS OIpPEAEIIieTCs] OCTyaTeabHas Co-
CTaBJISAIOIIAs CyMMBbI COCTOSIHUHM JIJIs Ta3a B UACaTIbHOM COCTOSHUM.
2. BpamarenbHas cymMMa 10 cOCcTOSHUAM. Hamumute Gpopmyiny, CBA3BIBAIOIIYIO BpalaTeIbHYIO
COCTABJISIIOLIYI0 CYMMBI COCTOSIHUH C IMapaMeTpaMH COCTOSHUS M MOJICKYJISPHBIMH KOHCTaH-
TaMH ABYXaTOMHBIX MOJeKyl. Hamumure gopmyny mns pacuera qojM MOJEKYT Ha Bpalia-
TEJIPHOM YPOBHE C KBAHTOBBIM YMCIOM j (Zgp — BpalllaTesbHas COCTABIAIOIIAS CYMMBI CO-
crosiHui, B — BpamarenpHast nocrosiHHas). CocTaBisAOIIasi CYMMBI [0 COCTOSIHUSIM BHYT-
PEHHETO BpalleHUs.
3. KonebarenbHasi COCTaBIISAONMIAsi CYMMBI 110 COCTOSIHHSIM. 3aBHCHT JIM U KaK XapaKTEPHUCTH-
yeckas koyiebarenpHas TeMIleparypa OT TeMrepaTypsl raza? 3aBUCHT JIM U KaK KojiebaTenb-
Hasl COCTABJISAIONIAs CYMMBbI COCTOSIHMI OT 4acTOThI KosieOaHUH aTOMOB B MOJIEKYJI€ IIPU JaH-
HOH Temmneparype?
4. Bxiiaj B MOJIEKYJISIPHYIO CYMMY IO COCTOSIHUSIM DJIEKTPOHHBIX U SIIEPHBIX ypoBHeH. Uemy
paBHa JIEKTPOHHAS COCTABISIONIAsl CyMMbI COCTOSIHUI, €CIIN IEKTPOHBI HE BO30YKIEHBI?
5. CBsI3b CyMMBI 110 COCTOSIHUSIM C TepMOAnHaMHUecKuMH QyHKmsivu. Cratuctuueckuii Pacuer
BHYTpEHHEH SHepruu Monekyinsl. Hanummure ¢hopmyny, CBA3BIBAIONIYI0O BHYTPEHHIOK SHEPTUIO
uaeansHoro raza (U—Uop) ¢ cymmoii coctostamin Z.
6. CraTucTuyeckuii pacdyer SHTPONUU U SHTAIBIUHU JJI KaKIAOr0 BHJA JABMIKEHHUS MOJEKYJIbI.
Hanumure Gopmyny, cBA3bIBAIOIIYIO SHTPONUIO raza ¢ cyMMol coctosHuil. Hanumure dop-
MYy, CBSI3bIBAIOIIYIO SHTaNBNNIO HaeanbHoro raza (H—Ho) ¢ cymmoii coctosuuii Z.
7. PacueT TEmI0eMKOCTH CTaTUCTUYECKUM METOJOM JUIsl Ka)XJI0ro BHUJA JIBUKEHUS MOJIEKYJIBI.
Hanumure ¢popmyny, CBA3BIBAIOLIYIO TEINIOEMKOCTh T'a3a B MACAJbHOM COCTOSHUU MpPHU IMO-
crosHHOM 00BeMe Cy ¢ cymmoii cocrosiauit Z. Kakoit Bxitaa (x/moinb-K) B 0011yro u3oxop-
HYIO TEIJIOEMKOCTh 'a3a JaeT COIVIACHO KJIACCUUYECKOW TeOpuHU OJIHAa CTENEHb CBOOOIBI MO-
JEKYJSPHOTO IBHKEHUA? B ueM riiaBHBIM HENOCTATOK KIACCHUYECKON TEOPHUM TEIUIOEMKOCTH?
8. Kakue mMomnexymnsipHble KOHCTaHTBI HEOOXOIMMO 3HATh ISl BBIYMCICHUS KOJIeOaTenbHON CO-
craBistoneit sueprun ['ensmromnsia (F—Fo) 1ByXaToMHOro rasa npu JAaHHOM TeMmeparype u
JIaBJICHUU CTAaTHCTUYECKUM MeToaom? Hanummute popmyny, cBA3bIBatomIyo sHepruio ['n66-
ca (G—Go) ¢ cymmoit cocrosHmit. Kakue u3 tepmonmnamudeckux Qynkuuit: (U—Uo),
(H—Ho), S, (F—Fo), (G—Go) — MOXHO paccuuTaTh, €CIIH U3BECTHA TOJHKO BEIMYMHA CYMMBbI
COCTOSIHUM JUISl JTAaHHBIX YCJIOBHM, HO OTCYTCTBYET YPaBHEHHME 3aBUCUMOCTH CYMMBI COCTOSIHUI
OT TEMITepaTypsbI?
9. Pacuer KOHCTaHT paBHOBECHS JUIsl HJI€AJIbHBIX T'a30B. BbIBOJ uepe3 paBeHCTBO CyMM XHMHUYE-
CKHX MOTEHILMAJOB PeareHToOB U NMpOAYKTOB. BbiBoA uepe3 mpuBeneHHyro 3Hepruto ['ndoca no
SHTAJIBITHSM.

2.Komnnexm 3a0au kK meme 5.2.
1.IlarmaTomuas mosnekyna XYs umeer 4 Tuma xoneOaHui, XapaKTePUCTUIECKUE TeMIlepa-
TYpBbl U CTENIEHHU, BBIPOKIEHUS KOTOPBIX IPUBEICHBI HUXKE:
Konebauue V1 V2 V3 Va
0, K 650 300 1150 400



Cremnenb BBIPOXKJICHUS 1 2 3 3
OueHute, Kakoe U3 ATUX KojieOaHUM, JaeT HauOOJbIIUI BKIIAJl B TEIUIOEMKOCTb ra3a XYs4 mpu
1000 K. Bocrionb3yiiTech, Tabnuie TepMogMHAMUYEeCKIX QYHKINNH DWHIITEHHA.

2.ITonw3ysack crnpaBouHbiMu AaHHBIMH, omnpenenute U—Up (k/Moibp) razoobpa3Horo
nona npu 342 K, eciu xapakrtepucTuueckas teMmneparypa uoaa pasua 308 K.

3.XapakTepuctuieckas Temreparypa razoodpasnbix Kz u |2 coorBercTtBeHHO paBHa 134 u
308 K. Kakoi#i u3 3TuX ra3oB AacT OOJBIIUK BKJIAJ KOoJeOaTeIbHOW SHEPTHU B 00-
1M 3amac BHyTpeHHe# sHepruu npu 298 K?

4.Tlonb3ysch CIPABOYHBIMHU JAHHBIMH, onpeaenute . (cMt) monexynst DI, eciu

(U—Uo)xon 3TOTO BelmecTBa B razoobpasHom cocrosauu npu 1180 K pasua 3,075 kJ[/Moib.

5./1111 HEKOTOPOH IBYXaTOMHOM MOJIEKYJIBI CYMMa COCTOSIHUM ONIPEAEISIETCS YPAaBHECHUEM
InZ = 20,94 - InP + 3,51nT. Paccuuraiite suramsnuto (H—H,) 1 Moib JaHHOTO
JIBYXaTOMHOTO Ta3a npu P= 1,0133-10° ITa u 7=1000 K.

6.0npenenure KoneOaTENbHBIE COCTABIISIONINE BHYTPEHHEH SHEPTHUH M SHTPONHH (B pac-
YyeTe Ha MOJb) razoo0pa3Hoit cepsl Sz npu 500 K, monb3ysick cipaBOYHBIMU JaHHbI-
MH.

7.Monekyna N2O nunelinas, a monekyna NO; uzornyras. KonebarenbHasi cocTaBisonias
teroemMkoct N2O Gonbie u3-3a JOMOTHUTENBHON CTETIEHH CBOOOMBI KOJIeOaTeh-
HOTO JIBI)KEHHUS. B TO e Bpemsi MOJIIpHbIE TEIIOEMKOCTH 00oux ra3oB mpu 254 K
paBHbl. B yeM mpuumHa 3Toro? OneHWUTE BEIMYMHY Pa3HOCTU KoOJeOATENbHBIX CO-
crapisitonux Termnoemkocteit N2O u NOo.

8.Ilpu cpaBHEHHH TEINIOEMKOCTH JABYOKHCH yriiepona u aByokucu cepsl mpu 300 K 006-
Hapy>KEeHO, 4TO KoJsiebaTenpbHas TeraoeMkocTs CO; mpeBbilaer TakoByro ans SOz. B
TOKE BpeMs 00IIasi TeIJI0OEMKOCTh MPH 3Toi TemrepaTtype mist SOz Gosnbiie, ueM st
CO:. B uem npuumnHa 3T0r0?

9.0mpenenuTe BenUUuHy @e (cM1) Momexyisl Liz, TI0NB3ysCh CHPABOYHBIMHU JaHHBIMH, €C-
JM SKCIIEpUMEHT AaeT BeauuuHy Cy 3TOro BeLIeCTBa B Ia3000pa3HOM COCTOSHUU IPH
1010 K 28,924 Jlx/mons-K.

10. Monekynbl CCls u CHs UMEIOT OMHAKOBOE CTpOCHUE (MPaBUIIBHBIN TETPadAp) U OJIH-
HAKOBOE€ YMCJIO BHYTPUMOJEKYISIpHBIX Koiebanuil. Onnako npu 298 K termoemMmkoctu
ATUX BEIIECTB B ra3000pa3HOM COCTOSIHUM CHJIBHO OTJIUYAIOTCA. YKaXKUTE, KaKoe U3
HTUX BeIeCTB 00s1aiaeT OOIbLIEH TEMIOEMKOCTbIO, U 00BSCHUTE IPUUUHY 3TOTO.

11. TermoeMkocTH Tpu mocTossHHOM naBiennu D2, HD, H> u HCl pu 1000 K cootseT-
cTBeHHO paBHbI 31,66; 30,71; 30,59 u 31,24 J[»/Monb-rpaa. Pacmonoxute 3Tu Bere-
CTBa B IMOPSAKE BO3pACTaHUS XapaKTepucTHUYecKod TemmepaTypbl 0. ConocTtaBbTe Be-
JUYMHBl BpallaTeIbHOM COCTaBIISIONICH TemIoeMKOCTH Ta3zooOpasubix C2Hs u H20
npu 298 K. Yro 6ombie?

12. Paccumuraiite C, u (U—Ug) 1 moup kuciopona npu 1510 K, mone3ysck cripaBoYHbIME
JTAHHBIMH O MOJIEKYJISIPHBIX KOHCTaHTaX KUCIOPOa.

13. Paccumnraiite TeruioeMkocth SO mipu mocTostHHOM 00beme U 433 K, monb3ysichk cripa-
BOYHBIMU JTAaHHBIMH.

14. O6wsacuute, moyemy mpu 298K temmoemkocts Cy (PCl3) paBua 68,74, a Temmoemkoctsh Cy
(C2H2) paBHa 35,62 JI»/moinb-K, xoTst 00a ra3a 4eTbIpexaTOMHBIE.

15. JIns HEKOTOPOi JBYXaTOMHOM MONEKyJIsl cymMMma coctosaumii mpu 1000 K pasma 10,
Paccuuraiite snepruro ['n66ca (G—G,) 1 MoJb TaHHOTO JBYXaTOMHOIO rasa.

16. BpamaTtensHas noctostaHas Monekynsl HCl paBra 10,6 cml, a Ta e BenuumHa IS
mostekyssl CO coctapaser 1,93 cm™ . Jlna kakoil M3 9TUX MOIEKyJ BpalaTelbHas
cocrapistonias sHepruu ['enbmronbiia (F—Fo) npu oguHakoBoii Temneparype Oyaer
60mb11e?

17. [lonb3ysach CIpaBOYHBIMU JaHHBIMHU, PACCUMTANTE KoseOaTelbHbIE COCTABIIAIONINE TEIl-
noemkoctu Cy u 3uepruu ['enbmromnbia (F—Fo) 1 mons qeyxaTomuoro rasa nmpu 300 K,
ecJIi COGCTBEHHOE BOJTHOBOE UHCIIO JUIS MOJIEKYJT 3TOTO Ta3a paBHO 2775-10° mL,



18. Paccumntath kKoHCTaHTy paBHOBecHs peakiuu N2 + Oz = 2NO npu 1500K, ecnu u3BecTHO,
yto Monekyiabl NO, N2 u Oz nunelinbl. MexbsiepHble PaCCTOSHUS U XapaKTepUCTHYE-
CKue (YHKIIUM COOTBETCTBEHHO PAaBHBI:

NO: Ino = 1,15A% 0/Tnoy = 1,82:107%;
02 lo2=1,207A°; 0/T02= 1,51-10%;
N2: Inz = 1,093A°% 0/Tn) = 2,26:107%;
AHC = 90,37 xJI/ MOJIb.

19 Jlns BemectBa NO omnpenenuts npu temmeparype 300K u masnenuu 101,3 kIla: cocras-
JISIFOIIIE CYMMBI 110 COCTOSIHUSIM (TIOCTYNATEeNbHYI0, BpallaTelbHY0, KOJIeOaTeIbHYIO);
OOIITYI0 CyMMY TI0 COCTOSIHHSIM; COCTaBIstomue BHyTpenneii suepruu (U-U®) (moctyma-
TEJIbHYIO, BpaIlaTeNIbHYI0, KOJeOaTeNbHYI0); COCTABIAIONINE TEIJIOEMKOCTH (TIOCTyIma-
TEJNbHYIO, BpallaTelbHYyI0, KOJeOaTeNbHYI0); COCTABIAIONIME SHTPOINUU (MIOCTyMaTeNb-
HYIO, BpalaTeJIbHYI0, KOJICOATENbHYIO); SHTPOIHIO NP TaHHON TeMIieparype; GyHKIUIO
(G — H%/T. Jlannble 0 reoMeTpHUUECKHX MapaMeTpax MOJIEKYJbI, O 4aCTOTaX KoleGaHuil
¥ CTETIEHSAX BRIPOXKIeHNs Konebanuit: In.o= 1,15A% ano = 19,6 mL.

20. *1na BemectBa H2S onpenenuts npu temmnepatype S00K u gaBnenun 101,3 kIla: co-
CTaBJISIIOIIME CYMMBI 10 COCTOSIHUSIM (TIOCTYIAaTeIbHYI0, BpallaTeNbHYI0, KOJieOaTenb-
HyI0); OOIIYIO0 CyMMY MO COCTOSHHSAM; cocTaBistomue BHyTpennei sueprun (U-U°) (mmo-
CTYIAaTENbHYIO, BpallaTelbHYI0, KOJIeOaTeNbHYI0); COCTaBISIONINE TEMIO0EMKOCTH (TI0-
CTyMaTeNIbHYI0, BpalllaTelbHYI0, K0JIe0aTeIbHYI0); COCTABISIOMINE YHTPONUHU (ITOCTYyIIa-
TeNbHYIO, BpAILATENIbHYIO, KOJIEOATEeIbHYI0); IHTPOMHIO IPHU JAHHOW TeMIepaType;
dynxmuio (G — H%)/T. MexbsanepHble pacCTOSHNS U XapaKTepPUCTHUECKUe (GYHKIIUH CO-
OTBETCTBEHHO PaBHBI:

ls = 1,35A% ZHSH = 92°20/, 61 = 3920; 6, = 3940, 03 = 1748.

21. *lna BemectBa NO2 ompenenuts npu temreparype S00K u naBnenun 101,3 kIla: co-
CTaBJISIFOIIME CYMMBI [0 COCTOSIHUSIM (TOCTYIaTelbHYIO, BpallaTelbHYyI0, KojieOaTelnb-
HYI0); OOIIYIO0 CyMMY IO COCTOSIHHAM; cocTaBisiomue BHyTperHeit suepruu (U-U%) (mmo-
CTyHaTeJbHYI0, BpallaTelbHYI0, KOJeOaTelbHyI0); COCTABISAIONINE TEIUIOEMKOCTH (TIO-
CTyMaTeNIbHYI0, BpallaTelbHYI0, KOJIeOaTeIbHYI0); COCTABISIONINE YHTPONUHU (ITOCTYIIa-
TENbHYIO, BpalIaTeNbHYIO, KONEOATeNbHYI0); IHTPOMHIO MPU JAaHHOW TeMIepaType;
dynxmuio (G — H%)/T. MexbsanepHble pacCTOSHUS U XapaKTepPUCTHUECKUe (GyHKIIHH CO-
OTBETCTBEHHO PaBHBI:

In-o = 1,197A°% ZONO = 134°15/, 0, = 1899; 0, = 2327,9, 05 = 1079.

3. Komnniekm mecmoguvix 3a0anuii 011 RPOMEICYMOYHO20 KOHMPOJIA 3HAHU
Tect Ne5: «J1eMeHTHI CTATHCTHYECKOI TEPMOTUHAMUKI

1. BuyrpenHioro sHepruto wuaeanpHoro raza (U—Ug) ¢ cymmoii cocTosiHuii Z CBSI3bIBAcT
dopmyna:

a) U-U° = RT?(SINZ/5T)e;

6) U-U° = RT?(6InZ/sT)r;

B)U-U® = RT?(6InZ/5T)v.

2. Ilpu HarpeBaHMU TEIIOEMKOCTH PACTET OBICTPEE, T. €. JOCTUraeT KIACCHYECKOTO Mpeaena
paBHOTO BeanuuHe R. Ipu Goslee HU3KOM TEMIEPATypE IS

a) Cly;

0) O2;

B) Fa.

3. TermmoeMKOCTh Ta3a B MII€AJIbHOM COCTOSIHUU MPHU MOCTOSTHHOM o0beme Cy ¢ cymmoii co-
CTOsiHU Z cBs3bIBaeT popmya:



a) Cy=2RT (SInZ/5T)v + RT4(02InZ/5T?)y;

6) Cv=2RT (5InZ/6T)p + RT?(6%INZ/5T?)p;

B) Cy = 2RT (5InZ/5T)r + RT2(5%InZ/5T?)r.

4. Jlns BeIYUCIICHHUS KojeOarenbHO#l cocraBisiomieii sHepruu ['enmpmromsia (F—Fo) nByx-
ATOMHOTO Ta3a MPU JaHHOUW TeMIlepaType U JaBICHUU CTATUCTHYCCKUM METOJIOM HEOOXOAMMO
3HATh!

a) XapaKTEePUCTHICCKYIO TEMIIEPaTypYy;

0) 9acTOTy BHYTPUMOJICKYJISIPHBIX KOJICOaHUI;

B) 00J1aCTh MOTJIOIICHUS.

5. TemmnoemkocTtu npu nocrosituiaoM nasiaenuu Dz, HD, H2 u HC1 mpu 1000 K cooTBeTcTBEHHO
paBubl 31,66; 30,71; 30,59 u 31,24 J[/monb-rpazn. [locienoBaTenbHOCTh BO3pacTaHHUs Xapak-
TEPUCTUUYECKOI TemMmepaTypsl O:

a) HD;

0) D2;

B) Ho.

r) HCI;

6. Duransnuto uneansHoro raza (H—Ho) ¢ cymmoit cocTosinuit Z cBa3eiBaeT Gpopmyna:
a) H—H°=RT [1+ T (InZ/6T)e];
6) H—H°=RT[1+ T (dInZ/6T)V];
B) H-—HC=RT[1+ T (5InZ/5T)1].

7. BpamarenbHy0 COCTaBISIOUIYI0O CYMMBbI COCTOSIHUN C TTapaMeTpaMH COCTOSTHUSI B MOJICKY-
JSIPHBIMHM KOHCTAaHTAMU JIByXaTOMHBIX MOJICKYJI CBsI3bIBaeT popmya:

a) Zep = i?IT/h%;

6) U-U® = RT?(5InZ/6T)p;

B) Zep = 8r°IKT/h%o.

8. BosiHOBBIE uMca BHYTPUMOJIEKYJSIPHBIX KOoJeOaHUN cepoBojopoaa paBHB 2722, 2739 u
1214 cmt. TlocnenoBaTenbHOCTh BOJHOBBIX YHCEN B TIOPAAKE YOBIBAHUS BKIAJIA:

a) 2739 em’L,

0) 1214 ML

B) 2722 cml;

9. I'maBHBIN HETOCTATOK KJIACCUUYECKON TEOPHUH TEIMIOEMKOCTH B TOM, YTO:

a) He J1aeT OOBSICHEHUS HKCIIEPUMEHTAIILHON 3aBUCUMOCTH TEIJIOEMKOCTH OT JaBJICHHUS;

0) He 1aeT 00BSICHEHUS SKCIEPUMEHTAIILHON 3aBUCUMOCTH TEINIOEMKOCTH OT 00beMa;

B) HE J1aeT O0BSICHEHHSI SKCIIEPUMEHTAILHON 3aBUCUMOCTH TEIUIOEMKOCTH OT TEMIIEpaTyphl.

10. CymMa COCTOSTHUM OT TeMIepaTyphl:
a) 3aBUCHT;

0) HE 3aBUCHT;

B) YMEHbIIAETCS;

T') yBEITMYUBAETCSI.

11. Duepruto ['n66ca (G—GO) ¢ cymmoit cocTosiHUIM CBsI3bIBAaET hopmyIa:
a) G- G°=-RT(1-In2);

6) G — G’ = RTInZ;

B) G- G’ =RT(1 - In2).

12. XapakTepuctuieckas kojedaTenbHas TeMIepaTypa OT TEMIEpaTyphl rasa:



a) 3aBUCHT;

0) HE 3aBUCHT;

B) YMEHbIIAETCS;
T') yBEIMYUBAETCS.

13. Xapakrepuctuueckas kojiebarenbHasi TeMIepaTypa ONnpeenseTcs:
a) TeMI0EMKOCTHIO;

0) ra30BOM MOCTOSHHOM;

B) YaCTOTON BHYTPUMOJIEKYJIAPHBIX KOJIeOaHU

r) nocrostHHoM I1nanka.

14. Ecnu n3BeCcTHA TOJLKO BEIWYHHA CYMMBbI COCTOSTHHUI JJI1 JaHHBIX YCHOBHﬁ, HO OTCYTCTBY-
€T YPaBHCHUC 3aBUCUMOCTU CYMMBEI COCTOSIHUM OT TEMIICPATYPhbI, TO MOKHO paCcCUUTAThb:

a) U—Uo;

0) H—Ho;
B) S;

r) F—Fo;
) G—Go.

15. I1pu noBbIIIEHUH TEMIIEPATYPhl YMCIIO MOJIEKYJI Ha HYJIEBOM KOJeOaTelbHOM YPOBHE:
a) HE U3MEHUTCS;

0) yMEHBILIUTCS;

B) YBEJIMUUTCSL.

16. CormnacHo KJ1acCHYECKOW TEOPHH OJHA CTENEHb CBOOOBI MOJICKYISPHOTO JABHKCHHS JAaeT
Bkaas ([k/Monp-K) B 0011yI0 H30XOPHYIO TEMIOEMKOCTh rasa:

a) R;

0) 1/2R;

B) R2.

17. TloctymarenpHasi COCTaBISIONMIAs CYMMBI COCTOSIHHW JUISl Ta3a B HMJI€AJTbHOM COCTOSHHU
orpezensercs:

a) aTOMHOW Maccoif;

0) MOJNEKYJISIPHOM Maccol;

B) JIaBJICHUEM;

I') TEMIIepaTypoi;

1) 0OBEMOM.

18. DiekTpoHHAS COCTABISIONIAst CYMMBI COCTOSIHHI, €CJIH AJIEKTPOHBI HE BO30YK/IEHBI paBHA:

a) Zsn = O1,5m,5
6) Zan = gO,any;
B) VAT 02,511

19. KonebatenbHas coCTaBIsIONIass CYMMBbl COCTOSIHUM OT 4acTOTHI KojeOaHUil aTOMOB B MO-
JIeKyJie TP JaHHOW TeMIleparype:

a) 3aBHCHT;

0) HE 3aBUCHT;

B) ueM OOJIblIIe YacToTa KoJeOaHH, TeM O0JbIlle CyMMa COCTOSIHUK;

r) ueM OoJIbllle YacToTa KojaebaHuil, TeM MEHbIIEe CyMMa COCTOSIHUM.

20. YOpIBaromas mocieI0BaTeIbHOCTh KOJTMYECTBEHHOTO COOTHOIICHUS BEIMIMH JJICKTPOHHOM,
MOCTYNATEeNbHOM, BpalIaTebHON M KOJIEeOATENhbHOM COCTABIISIONIMX CYMM COCTOSIHUH Ui JBYX-



aTOMHOM aTOMHOW MOJIEKYJBI NP KOMHATHOM TeMIIepaType, €CIU OCHOBHOM DJIEKTPOHHBIN
YPOBEHb HE BBIPOXKICH:

a) Zxonet;

0) Zspaw;

B) ZHOCT;

F) Lsrexr.

21. DHTpOMHUIO Ta3a ¢ CYMMOM COCTOSIHMH CBsI3bIBaeT popmyna:
a) S = RInZ + RT(AnZ/6T)y;

6) S =RT(SInZ/ST)v;

B) S = RINZ + RT(SInZ/8T)».

4. Konmponvuaa paooma Ne5 no meme: «nemenmosl cmamucmuueckoi mepmoOuHamMuKu»

Bapmuanr 1

3aoanue 1. Paccuutath KoHCTaHTY paBHOBecus peakuuu CO + 1/202 = CO2 npu 1000K,
€CJIM M3BECTHO, YTO MOJICKYJIBl YYaCTBYIOIINEC B pPEaKIHH, JMHEHHBL. MeXbsIepHbIe
PacCTOSIHUS U BOJIHOBBIE YHCJIa COOTBETCTBEHHO paBHbI: lco = 1,128A°% wco =2170 cm?:;
lo2 = 1,207A% wo2 = 1580 em™®: lco2 = 1,130A% wico2 = 1389 em™: woco2 = 2350 em?:;
®3co2 = waco2 = 668 cmt; AHC = - 66769 kan/ Moub.

Bapuanr 2

3aoanue 1.J1ns BemectBa HCN omnpenenuts npu temneparype 298K u nasnenun 101,3
k[la: cocraBisiromiue CyMMBI 110 COCTOSIHUAM (IIOCTYNATEIbHYIO, BpalllaTelbHYI0, KoJe-
0aTeNbHYI0); OOIIYI0 CYMMY I10 COCTOSTHHSIM; COCTAaBIISIOIINE BHYTPEHHEW dHEPruu (1o-
CTymaTenbHylo, BpalarenbHyko, konebarensryo); (U-U°); coctapnsromue Temmoemko-
cTu (MOCTYIATEIbHYIO, BpalllaTeIbHYI0, KOJEOATEIbHYI0); COCTABIISIONINE SHTPOIUHU
(moctynarenbHy0, BpallaTelbHy0, KoJeOaTelbHYI0); SHTPOIUIO NP JTaHHOM TeMIiepa-
type; dynxmio (G — H%)/ T. JlanHble 0 reoMeTpHUUYECKHX MapaMeTpax MOIEKYJIbl, O da-
cTOTax KOJIeOAaHWH M CTEMEHSX BBIPOXKACHUS KOJICOAHUI B3ATh U3 CIpPaBOYHHKA. |H.c=
1,06A% oir-c = 2000 emL; le.n= 1,16A% w2 = 03 = 729 cmL; w4 = 3451 cm. Monekyna
JIMHEWHA.

Pazoen V1. Xumuueckan kunemuka
Tema 6.1. Ckopocmb Xumuueckoui peakyuu.
3asucumocms ckopocmu peakyuu om memnepamypul

1. Bonpocwt k ycmuomy onpocy

1.
2.

3.

B

~

UTo MOHMMAIOT MOJT TEPMUHOM XMMHUUYECKasi KUHeTUKa? YTo oHa n3y4yaet?

B 4ewm 3akiroyaercs KHHETUUECKUN KPUTEPUN PEAKIIMOHHON CITIOCOOHOCTH XMMHUYECKOM
CHCTEMBI?

UTo Ha3bIBAIOT CKOPOCTHIO XUMUYECKON PeakIuu (CpelHel 1 MTHOBEHHOM ), OTYETO OHA
3aBUCHUT? Kak U3MEHSIOTCS CKOPOCTh XMMHUYECKON pEaKIMKU U KOHIIEHTPAIlUH pearupy-
IOIUX BelecTB Bo BpeMeHU? [IpuBenute rpaduueckune 3aBUCHMOCTH.

3aga4u ¥ METOJbI UCCIEAOBAHUS CKOPOCTEN XUMUUECKUX PEAKIIUH.

UTo Takoe MOJEKYISIPHOCTh U MOPSA0K XUMUUeckoil peakuuu? [1o kakomy npusHaky pe-
aKIMU pa3IeSItOTCs Ha OPSAKU? B yeM oTiimuue MOJIEKYISIPHOCTH OT Mopsaka?
Kakumu crmocobaMu MOXHO ONpENeNuTh MOpsanok peakuuu? [IpuBeante ypaBHEHUS U
rpaduxmu.

UTo Ha3bIBAIOT MEPUOJIOM MOTYIPEBPAIICHHS BEIIeCTBA?

UTO MOHMMAIOT IMOJ] MEXaHW3MOM XHUMHYECKON peakmuu? JlaiiTe XxapakTepuUCTHKY MPO-
CTBIX M CJIIOHBIX peakuuil. [Ipusenure npumepsl.

[IpuBenuTe BHIBOJ KMHETHUECKUX ypaBHEHUH U rpaduyecKkue 3aBUCUMOCTH ypaBHEHUUN



peakuuii HyJlIeBOro, MepBOro, BTOPOr0 M TPEThEro MnopsaxkoB? BO3MOXHBI M peakiuu
JIPYTUX MOPSIKOB?

10. Kakass u3 OJHOCTOPOHHHX pPEaKIUil 3aKaHUYMBAETCS OBICTpee MPH OJUHAKOBBIX HC-
XOJHBIX KOHUEHTPAIUAX U OJUHAKOBBIX KOHCTAHTaX CKOPOCTH: peakius 1-ro, 2-ro wiu
3-ro mopsiaka?

11. TIpuHSATO CYMTATh, YTO MOPSIOK PEAKIIMH SBIISICTCS OTPAKECHHUEM MEXaHHU3Ma €€ MpoTe-
KaHusd. IlosicHUTE 3TO MOJIOKEHHUE.

12. Kak BimsieT Temneparypa Ha CKOpPOCTh XMMHUYECKON peakiiuu. Maremarudeckas U rpa-
¢dudeckas 3aBUCUMOCTh KOHCTAaHTBI CKOPOCTH XHMHUYECKOW pEaKIUd OT TEMIEPaTypHI.
Kaxk mo noreHnmnanbHOMYy 0apbepy OIEHUTh BEJIMYUHY SHEPTHUH aKTHBAIUHN?

2. Jlabopamopnasa pavoma Nel8 «Kamanumuueckoe eénuanue uonos meou (1Nu scenesa (1)
Ha CKOPOCHb OKUCIEHUA 110006000POOHOI KUC/IOMbL NEPCYIbPamom amMmonu»

L]env pabomul: N3y4NTh BIUSHUE KaTaIU3aTOPOB Ha CKOPOCTh XUMUYECKOM PEAKIIMH.

Ipunyun memooda. Peakuusi OKUCIECHUS UOJOBOJIOPOIHON KHUCIOTHI MepcyiabpaTom am-
MOHHMS IPOTEKAET MEAJICHHO.

(NH4)2S208+2HI — 2NHsHSO4 + 12

CKOpOCTb 3TOH peakuuu U3MEPSIOT M0 KOJIUYECTBY MO/, BBIACISAIOIIETOCs B €IUHUIY
BPEMEHHU, WU IO IPOMEKYTKY BPEMEHU OT MOMEHTa CMELIEHHs] pacCTBOPOB JI0 Hayajla BblJe-
JaeHus nona. BeaencTeue Toro, yTo MO ci1abo OKpaluBaeT pa3daBieHHbIE pacTBOPHI, K pea-
TUPYIOLIEH CMEeCH MpeBapUTEIbHO NPUOABIAIOT PaCTBOP KpaxMalla, KOTOPbIH C HOJOM AaeT
CHUHEE OKpallluBaHUe.

OxwuciieHue MOJ0BOJOPOJHON KUCIOTHI MEPCYIb(paroM aMMOHHS MOKHO 3HAUYUTEIHBHO
YCKOPHUTb BBEIEHUEM B pEarupyrollylo cMeCbh HOHOB MEJIH U JKeJe3a.

B ananuTHueckoil XMMHUM OCHOBHOM PEAKIIMEN MOAOMETPUUECKOTI0 METOAa TUTPOBAHUS
MOXET OBITh CIeyIoIas:

I+ 2Na2S203 = 2Nal + 2NaxS40e

OkoHYaHME peaklIMM yCTaHABJIMBAIOT B MPUCYTCTBUHU pacTBOpa Kpaxmajia 0 HcyUe3-
HOBEHUIO CHHEN OKPACKH, BBI3BAHHOM B3aUMOJIEMCTBUEM MOJA C KPAXMAJIOM.

Annapamypa u peakmugwi: TepmoctaTr Ha 25°C, necsaTh MIOCKOJOHHBIX Koi0 Ha 300
cM, ceMb KOHMYeckuxX kou6 Ha 250 cm®, mumerku Ha 20 cM®, yach ¢ CEKYHJIOMEPOM;
Kl, cyxas conb; MeaHbIi Kynopoc, xene3Hslii kynopoc, 1 M pactop H2SO4.

IMpuzomosums pacmeopwr: 0,1 M (NH4)2S20s; 0,12 M. KI; 0,025M H2SO4; 5-10*M men-
HOro Kymopoca; 6,7-10% M sxenesnoro xynopoca; 0,01 M THocynbpata HaTpus; Kpaxmana
(CBEXKENpPUTOTOBJIEHHOTO).

Ilopaook évinonnenusn padbomaol

Onvim 1. B tepmoctar ¢ temnepatypor 25°C cTaBsT MIECTh MIOCKOJOHHBIX KOJIO
(1a 300 cm®), B KOTOpBIE HAIHUTO: B TIepByI0 — 250 cM® Bojbl, BO BTOpyIo — 250 cM® pacTBopa
nepcynbhara aMMoHuS, B TpeThio — 250 cM® pacTBOpa MOAMAA Kanus, B 4eTBepTyio — 250
cM® pacTBopa cepHOl KMCTOTHI, B IATYI0 — 250 cM® pacTBOpa MeIHOro KyImopoca H B Ie-
cryto — 250 cM® pacTBOpa JKeNe3HOro KyMopoca YKa3aHHBIX BEIIIE KOHIEHTparmii. OIHOBpe-
MEHHO CTaBAT B CHET MJIM B TONYEHBIH e[ ceMb KOHMUECKHX Konb Ha 250 cM®, B KoTophle
namuBaroT mo 100 cm® BobL.

ITocne Toro kak pacTBOpHI B KoJI0aX MPUMYT TeMIepaTypy Tepmocrara (uepesz 40—50
MUH), U3 HUX OepyT mnumneTkaMu (He BbIHUMAas KOJOBI M3 TepMoOcCTaTa) M MEPEHOCIT B
cyxyro dmcTyio konby Ha 300 cm® mociemosaTtensro 100 cM® Boawi, 50 cm® pacTBopa
nepcynbdara ammonus, 50 cm® pacTBopa cepHOI KHCTOTH 1 50 cM® pacTBOpa MOAMAA Ka-
ausi. MOMEHT BIMBaHHS pacTBOpa MOAMIA Kajus CYMTAIOT HAa4alloM ONBITa, 0 YacaM OTMe-
gatoT BpeMs 1o =0. CMechr B Koyibe pa3MeInBarOT U CTaBsT €e B TepMOcCTaT. Bece aTh ome-
panuu HaJ0 BHIOJIHATH OBICTPO.

Yepes 5, 10, 20, 30, 50 u 60 MuH mociie Hayaa ombITa OTOUPAIOT 1o 20 cM® cMmecH, He
BBIHMMasi KOJIOBI M3 TEpMOCTaTa, BIMBAIOT KaXIyl0 MpoO0y B KOHMYECKYIO KOJOYy C OX-



JTaXICHHOW BOJIOH, 3aT€M THUTPYIOT PacCTBOPOM THOCYIb(ara HATPUs B MPUCYTCTBUH pac-
TBOpa Kpaxmayia. B MoMeHT oT6opa npoObl NUMETKOW OTMEYAIOT BpeMs MO YacaM.

TutpoBaTh Hag0 OBICTPO. 3aMUCHIBAIOT KOJMYECTBO PacTBOpPa THOCYIb(daTa HATPHS,
M3PacX0J0BAaHHOTO Ha KaXKJ10€ TUTPOBAHUE.

Oneim 2. Jlns monydeHusi peakiHOHHON CMeCH B CyXyl0 4HcTylo konby Ha 300 cm®
BBOJAT 110 50 cM° BOJBI M PACTBOPOB MEIHOTO KYIOPOCa, CEPHOM KMCIOTHI, Hepcyab(ara aM-
MOHHUS U MOJUJA KaJiksi. 3aT€M MPOJEJIBIBAIOT TO K€ caMo€, YTO U B MEPBOM ombITe. TUT-
pytoT uepe3 3, 5, 10, 20, 40, 60 muH, cuuTas OT MOMEHTA MpUOaBIEHUs pacTBOpa UOIHIA
KaJus.

Onwim 3. DKCIIEpUMEHT BHIIONHAETCS, KAK U BO BTOPOM OIIEITE, HO BMecTo 50 cM® pac-
TBOpPA MEHOTO KYIIOPOCa B cMech BBOAAT 50 cM® pacTBOpa KeNe3HOT0 Kymopoca.

Onvim 4. DKCIEPUMEHT BBINOJIHAETCS, KaK U B IEPBOM OIIBITE, HO B CMECh BMECTO BO-
ae1 BBoAMTCS 110 50 cM3 pacTBOpOB MeaHOTO M XKene3Horo kymopoca. Turpyior yepes 1, 2,
3,5, 15, 30 MmuH, cuuTas OT MOMEHTa MIPUOABICHUS pacTBOPA HOIUAA KU,

Oopabomka IKchepumMeHmanbHvlX OAGHHBIX
1. Pe3ynbTathl pacueToB U OMBITHBIE TaHHBIE 0(OPMIISIIOTCS B BUE TAOJIUIIbL:

KommuectBo pactBopa NazS,03, H3pacx010BaHHOTO HAa TUTPOBAHHE, CM°
Ne onbeiTa Bpewms, Mun
1 2 3 5 10 15 20 30 40 50 60
1
2
3
4

2. TToctpouTs rpaduku 3aBucumoctu «V (NazS203) — ™ u cenaTh BbIBOJ O BIHSHUE KaTaln3a-
TOPOB Ha CKOPOCTh XUMHUYECKOW PEaKIINH.
Otuer o pabote (cM. oO1re TpeOoBaHUS).

2.Komnnexm 3a0au k meme 6.1.

1. Paznoxenue oxcuga azora (l) Ha HOBEPXHOCTM 30JI0Ta MPH BBICOKUX TeMIeEpaTypax
npotekaer 1o ypaBHeHuto N2O — N2 + O. Koncranra ckopoctu nanHoit peakiuu 0,0005 mpu
900°C. HauambHast KomueHTpamus okcuna asora (I) 3,2 momb/mm®. Ompemenute CKOpOCTH
peaKkuu MpU YKAa3aHHOW TeMIEpaType B HA4YAJIbHBIM MOMEHT BPEMEHM M KOTJa MPOU30HAET
pasznoxenue 78% okcuna azora (1).

2. HaiineHo, 94To CpefHssi CKOPOCTh PACX00BaHUS 030HA B PEAKIINN

203(r.) — 302(T.) 32 HEKOTOPHIII TIPOMEKYTOK BpeMenH pasHa 9,0-107 atwm/c. Kakosa ckopocThb
oOpa3zoBanus O23a 3TOT MIPOMEKYTOK BpeMEHU?

3. Ompenenute BpeMsi B TEYSHUH KOTOPOTro npopearupyer 90% MypaBBHHOTO aybJIeTHIA, SCIIH
cvemats mpu 60°C 1 am® 1M pacTBopa mepokcuaa Bomopoxa ¢ 1 am® 0,5 M pactBopa
MypaBBMHOTO anbaeruaa. KoncranTa ckopoctu peakmuu papHa 0,7544 q,

4. Onpenenute KOHCTAaHTY CKOPOCTH PEAKIIUU

2Ag + (NH4)2S208 — Ag2SO4 + (NH4)2SO4

€CITM U3BECTHHI CIIETYIONINE OTIBITHBIE TaHHBIE:

BpEMs1, MUH 5 15 25 35
C (Ag2S0y), 0,00030 0,00041 0,00056 0,00076
MOJTB/ M3

5. Peaknus okcuaa azota (1) ¢ kucimopogom 2NO + Oz = 2NO: siBisieTcst peakiueil TpeTbero
nopsiaka. Kak W3MEHHMTCS CKOpPOCTh 3TOW peakiuH, eciad MOJsApHylo KoHueHTpamuio NO
YBEJIUYUTH B 2 pa3a, a MOJSIPHYIO KOHIIEHTPALMIO KUCIopoaa — B 3 pasza?



6. CkonpkO BpeMEHH MOTpPeOyeTcs Ui OMBUICHHSI THUAPOKCUAOM HaTpusi 99% yKCycHO-
METHUJIOBOTO 3(Upa, €clid HayalbHble MOJIAPHBIE KOHIIEHTpauuu pactBopa 3¢pupa 0,015, a
ruapokcuna Hatpus 0,03 Mois/am>? KoHCTaHTa CKOPOCTH peakiiiy paBHa 2,5 1-MOJIb --MUH L,

7. YCTaHOBJIEHO, YTO BEILECTBO pasjiaraeTcs 1o peakiuy NepBoro nopsaaka. Eciu n3BectHa KoH-
cranTa ckopoctr K = 8,6-10 % ¢}, To Kxaxoit mepuos momynpespaieHus UMeeT 3Ta peakius?

8. Nmeercsa 5 mr panus C, nepuon nosypacmnaga Kotoporo pase 19,7 mun. Kakoe konnuecTBo

panusa C octanercs uepes 2,5 u?

Tema 6.2. Kunemuka cioxcHulx peakyuil
1. Bonpocwl k ycmuomy onpocy
1. Yto noHMMAIOT 1O MEXaHW3MOM XUMUYECKON peakuun? JlaliTe XapakTepUCTUKY MPOCTHIX U
cnoxHbIX peakuuii. [IpuBenure nmpumepsl. Kinaccudukanus cIoKHBIX peakiuil 1o MEXaHU3My,
1o (ha30BOMY COCTaBY peareHTOB. Y CJIOBUE HE3aBHCUMOCTH MPOTEKAHUSI.
2. IlapamienpHble peakuu MEPBOrO U BTOPOro MopsAakoB. [lokaxkute BBHIBOA KMHETHUYECKOTO
ypaBHEHHSI, IPEJICTaBbTe TPapUUECKyI0 3aBUCUMOCTD, IPUBEINUTE TPHUMEPHI.
3. Kuneruka aBycTOpoHHHX (00paTUMBIX) peakimii. OOpaTuMble peakiiy MepBOro U BTOPOTO (JBa CITy-
Yast) MOPSIIIKOB: MMOKAKUTE BHIBOJ KMHETHUECKUX YPaBHEHUH, MPEICTaBhTE TpaPUUECKUE 3aBUCH-
MOCTHU OTpeJIeNIeHUs] KOHCTAaHT CKOPOCTEH, MPUBEIUTE IPUMEPHI.
4. Kunernueckuii aHan3 MOCIIeIOBATEIBHBIX PEAKIIU (TPH CITydast): TOKa)KUTE BHIBOJ KHHETUUYECKHUX
ypaBHEHUH, MpeacTaBbTe rpaduueckrue 3aBUCUMOCTU OIpe/IeiIeHHs] KOHCTAaHT CKOPOCTEH, MpH-
BE/IUTE TIPUMEPBHI.
5. ComnpsoxeHnble peakimi. CKOpOCTb M CPOJICTBO XMMHYECKON PEaKIHHL.
6. TynnenupoBanue. Kunernueckuii M30TOMHBIN P HEKT.

2. Jlabopamopnasn padoma Nel9 «H3yueHue ckopocmu peakyuu iio0Upo8aHus ayemona,

Llenv pabomul: B NaHHOU paboTe CleyeT 03HAKOMUTHCS C METOAOM OTOOpa mpobd npu
M3Y4YEHUN KMHETUKU PEaKLUU U ONPEIEIUTh CPEIHIOI KOHCTAHTY CKOPOCTH, YHEPTUI0 aKTHUBA-
I[UU U TEMIEPATYPHBIN KOI(PPUIIUEHT CKOPOCTH PEaKIIUHU.

Ipunyun memooa. Peakuus HoqupoBaHus alleTOHA MPOTEKAET MO0 YPaBHEHHUIO:

H+
CH3COCH3+ I —» CH3COCH2l + H" + I

[Iponiecc mpoxXoauT aBTOKATAIIUTUYECKH, TAK KaK YCKOPSETCS OAHUM M3 MPOJYKTOB pe-
akuuu (MoHaMu Bojopozaa). B oTcyrcTBuM MOHOB Bomopoa (B HEMTpajdbHOM pa30aBIeHHOM
BOJIHOM PAcTBOpE) OH MPOTEKaeT OYeHb MeJICHHO. MoMupoBaHMe alleToHa NPOTEKaeT B JBE
CTaJuu:
1) obpaTumas peakiusi SHOIHM3AIMHU alleTOHA

+

CHy——C—CH; ==CH3——C—CH,

|
0 OH

2) B3aMMOJIEUCTBHUE 0/1a C YHOJIBHOU (HOPMOi
CHS_C:CH2 + |2 — > CH3_C_CH2| +H" + I

OH O

[TepBast peakiusi MPOTEKaET MEJICHHO, BTOpasi — OBICTPO M MpaKTU4YeCKH a0 KoHla. [ToaTomy
CKOPOCTBH TIpOIlecca OMPENETETCs] CKOPOCThIO SHOJMU3AIMHU alleTOHA, OHA MPOMOPIMOHATBHA
KOHIICHTPAIIMH BOJOPOAHBIX MOHOB, HO HE 3aBUCHT OT KOHIICHTpAllUM HONa, T. €. B COOTBET-
cTBuU ¢ ypaBHeHusmu (1) u (2):
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rne C°—mnavanpHas KoHIEeHTpanus anetona; CY,:—HadanbHas KOHIIEHTPALHS HOHOB BOIOPO-
na; Cy— KOHLIEHTpAIHMs aleToHa, MOABEPIIIerocs MPEeBpalleHUIO 3a BpeMs T (YObUIb KOHIICH-
Tpaluun); T — BpeMs OT HadyaJla peaklMK 10 JaHHOTO U3MEpEeHHUs.

Annapamypa u peaxmusvi: TepmocTar Ha 25°C, KOHHYecKHe Kool eMk. 250 cm® — 3
mr. (¢ IpoOKo# 1 1MT.); e MM XONOMMIBHHUK; MepHas Konba eMk. 100 cM® WM IHIHHID eMK.
100 cm® - 1 mmr.; munetku emk. 10 u 20 cM3; gackl ¢ ceKyHIOMEPOM; TEPMOMETP IS H3MEPEHHUS
temnepatypsl oT 0 7o 70 °C ¢ uenout aenenus 0,1°C; nunerka il BHECEHUS KpaxMalia;, HaBecKa
areToHa maccoi 1,5 r (i pacTBop)

Ipuzomosums pacmeopwi: 200 cm® 0,1 H. pactBopa nozxa B 4% pacteopeKl; 200 cm® 1.
pacteopa HCI; 200 cm® 0,1 1. BogHOTO pacTBopa anerona; 200 cm® 0,1 1. pactop NaHCO3; 250
cm® pactopa Na2S203; 1% pacTBop Kpaxmana,

Ilopsaook evinonnenus pabomel

Xof peakuu KOHTPOJIUPYETCA MO aHaJIN3y Mpol, MepruoJuvYecKl OTOMPAaEeMbIX B peak-
IIMOHHOHM CcMecH. YCTaHOBUTH TEPMOCTAT Ha 3aJaHHYIO TemIeparypy. B MepHyro koily eMk.
250 cm® mamuts 25 cm® 0,1 H. pacTBopa mozna B 4%-nHoMm pacteope Kl, mo6asuts 25 cv® 1 H.
HC1 (conepxanue KUCIOTHI MOXKET ObITh YBEIMYEHO WJIM YMEHBIIEHO IO YKa3aHUIO Ipernoja-
BaTeIs) M JONHMTH BOJIOI 10 06beMa HiDke MeTKH npuMepHo Ha 30—85 cm®. Konby ¢ pabounm
pacTBOpPOM M JAPYTYIO KOJOYy € NUCTUIUIMPOBAHHOM BOAOW MOrpYy3UTh B TepMocTar. Cmycts
15—20 muH B K010y C peakIMOHHOW CMechl0 A00aBUTH MpUMepHO 1,5 r areToHa (HaBecky
alleToOHa OTBECHUTHh HA aHAJUTUUYECKUX BeCax B 3aKPBITOM COCYIE) UM BIUTH 25 cM® 1 H. BOJI-
HOTO pacTBOpa aneToHa. MOMEHT BIMBaHUsS alleTOHa OTMETUTH Mo 4dacam. [locie BiuBaHus
areToHa 00beM pacTBopa B Koj0e OBICTPO TOBECTH /0 METKH TUCTHJUTMPOBAHHON BOAOM, BBI-
JiepKaHHOH B TepMOCTaTe, TIIATeIbHO B36ONTaTh U TOTYAC OTOOPATh CyXol mumeTkoit 25 cm®
poObl, OTMEYast 3TOT MOMEHT IO YacaM.

3a nHavano peakuuu (t=0) NPUHATH BpeMs BIMBAaHMS AlETOHA B PEAKIMOHHYIO CMECh.
Konly ¢ peakiinoHHON cMeChIO 3aKpbITh TPOOKOI BO n30exkaHue yiaeTydynBaHus aneroHa. Oro-
6paHHYI0 TPO6Y BINTH B KONOY Il THTPOBAaHHMSA, cojepxkamyio 25 cm® 0,1 H. pactBopa Na-
HCOs. Conepxxanmne nona onpenenste TurpoBanuem 0,01 H. pactBopom NazS:03 B mpucyt-
CTBUHM Kpaxmaia. 3a XOJIOM peakIuu HabmoJaTh 1Mo pe3yibraraM 0TOOpa M aHaiu3a mpod ye-
pe3 ompeeraeHHble TPOMEXYTKH BpeMeHU. Bo Bpemst orOopa nmpob konly U3 TepMocTara He
BBIHMMATh. B TeueHue onbiTa peKOMEH1yeTCs B35Th HE MEHEE CEMU-BOCHMHU MPOO.

Bropyto npoby otobpats uepe3 10 MuH mocie mepBoi U Mo pe3yiabTaTaM TUTPOBAHUI
ONpeAeUTh BpeMs, yepe3 KOTopoe cienyeT Oparh cieayrouiie npoosl. Pacxox runocynsdura
Ha KaXKIyI0 TOCIIEAYIONIYI0 TPo0y T0MKEeH H3MEHAThCS Ha 1—3 v,

[To xony peakuuu BpeMs MEX]y MOCIe10BaTeIbHbIMU TUTPOBAHUSIMU MTOCTEIIEHHO CJe-
IyeT yBEeIWYUBaTh (HalpuMep, NMepBbie TPH TUTPOBaHUS MpoBoAAT uepe3 10 muH, 3aTeM 1Ba
TUTPOBAaHUS — 4epe3 15 MuH, eme aBa TUTpoBaHUS — 4epe3 20 MUH, W, HAKOHEI], OAHO THUT-
poBaHre — dYepe3 25 muH). UeM BbIlIe TeMIeparypa, Ipu KOTOPO# MPOU3BOASTCS MCCIIeI0Ba-
HUS, U 4yeM OOJIblIe cofepKaHue KIUCIOThl B PEaKIIMOHHOM cMecH, TeM Yallle clieyeT OTOuparh
poOBbI.

Oopabomka IKchepumeHmaibHvlX OAHHBIX
1. ITo pe3yibpTaTaM OMBITOB PACCUYUTHIBAIOT KOHCTAHTHI CKOPOCTHU peaKluu i Temieparyp T1 u
T2. Pe3ynbTaThl pacyeToB U ONBITHBIE JaHHbBIE O(QOPMIISIOTCS B BUJE TaOIHIIbI:
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2. KOHI_ICHTpaI_II/IH aneroHa C OMpCACIIACTCA 110 YPABHCHUIO:

C, = Ng — Ny . NNa25203 -K
' 25 2

rae N, — xoimuectBo 0,01 H. NazS203, nuzpacxogoBanHoe Ha TUTPOBAHUE JAHHOW MPOOBI, CM
no — xomm4uecTBo 0,01 H. Na2S203, koTOpOE TOKHO OBLIO ObI TONTH Ha TUTPOBAHUE B MOMEHT
Hagana peakuun, cm; N (NazS203) — HOopmanbHOCTH pacTBopa NapS;0s; K — momnpaska Ha
HOPMaJIbHOCTb.
3. 3HaueHue 1o MPAKTUYECKU OMPEICIUTh HE YIAETCs, TaK KaK OT MOMEHTA BJIMBAHUS alleTOHA
JI0 MOMEHTA B3STHUS MEpBOK MPOOBI MPOTEKAET 3HaYUTENbHOE BpeMs. [loaTomy no onpenenstor
no rpaduky. st 3TOro Ha MIJTUMETPOBOI OyMare mocTpouTh rpaduk B KOOPIUHATAX 11— T»
Y DKCTpAnojsiuuen MoJly4eHHO! npsAaMoil 1o 1=0 HalTH no.
4. Vicnone3ys pacuetHoe ypasHerue u 3HaueHns C°, CY,+, Cy M 7, BEIYUCIUT KOHCTAHTY CKO-
poctu K, onpenenuts BEMUUUHY Kep, CPETHEKBAAPATHYHOE OTKIOHEHHE M OBEPUTCIBHBIN HH-
TepBa.
5. [Tocne aToro onpenenuTh BHIYUCIUTH TEMIEPATYPHBIN KOOPPUIIMEHT U YJHEPTUIO aKTUBAIUU.
B otuere 0 pabore (cMm. oOmue TpeOoBaHus ) JaTh OTBET HA CICAYIOIINE BOTIPOCHI:

1. Tlouemy cCKOpPOCTH peakluu HOAMPOBaHMS alleTOHA HE 3aBUCUT OT KOHILIETIT-
pauuu itona?
J171st uero mpu TUTPOBAHUM MMPUMEHSETCS pacTBOp OukapOoHaTa HaTpuUs?
[Touemy peaknuio HOAMPOBAHUS allETOHA MOXXHO HA3BaTh aBTOKATAIMTHYECKOM?
[Touemy HaBecKy alneToHa He00XOIUMO OpaTh HA aHATUTHYECKUX Becax?
Kakum eme MeTooM MOXHO OBIIIO OBl KOHTPOJHPOBATH CKOPOCTh PEaKIHUU
HonupoBaHus aneToHa?

3.
)

O kown

4. Komnnexkm 3a0au k meme 6.2.
1.*. Ilpu u3yyeHUn KHHETUKN UHBEPCUU TPOCTHUKOBOTO caxapa
C1oH2011 + H20 ~ZL. CoH1206 + CsH1206

IIPY IOMOIIH TOJISIPUMETpa ObLTH TOTYyUYEHBI TAKHE OTBITHBIC JAHHBIE:
BpeMsi OT Havaya peakuuu, MuH 0 30 40 0
yToJI, O, TPaJl 37,2 31,5 29,8 -11,7
PaccuuTath cpeaHee 3HaYeHHME KOHCTAHTHI CKOPOCTH PEAaKIMM MHBEPCHH caxapa IpH
yKa3aHHOW Temmeparype W Bpems 3a Kotopoe mpopearupyeT 50 % BBEIEHHOTO B
peaKInIo caxapa.



2. TIpu MHBEpCUM TPOCTHUKOBOTO caxapa CpeHss 3HaueHue KOHCTaHThI ckopoct K =4,12-1073
MuHL. OmnpesenuTh NPOIEHTHOE COAEp/KAaHHE caxapa, OCTAaBIIETOCS B PEAKIMOHHOH CMeCH
yepes 4,5 yaca OT Havajia peakii.

3*. Peakimus pasyioKeHusi aMMHUaKka Ha Topsiuei Boab(HpaMoBOi MPOBOJIOKE MpoTekaeT npu 1129
K no ypaBuenuto 2NHz — N2 + 3H2 3a cKOpOCTBIO peakiuy CIASAMIN IO MOBBIIIICHUIO 00IIEro
nasieaust AP = Pt — PO. C TedeHneM BpeMeHU JaBJICHHUE B CUCTEME MPHU MOCTOSHHBIX 00beMe U
TEMIEpaType MOBBIIIAIOCH CIEAYIOIIUM 00pa3oM

Bpewms, 1, c. 100 200 400 600 800

AP, I1a-10? 14,66 29,33 59,70 89,60 117,21
HauanbHOe naBieHue B cCUCTEME paBHsIOCH 266,06 - 102 Tla. Onpenenure NOPSAO0K PEAKIUN U
paccuuTaiTe KOHCTAHTY CKOPOCTH (BMECTO KOHIICHTPAIIUI MOXHO OpaTh JaBJICHUE).

4*. Tlpu 583 K AsH3 (ra3) pasnaraercs ¢ oOpa3zoBanuem AS(T) u H>. Bo Bpems peakuuu npu
MOCTOSIHHBIX O00bEMe U TemIiiepaTrype oOliee NaBleHHE B CHUCTEME HU3MEHSUIOCH CIEAYIOUIUM

o0OpazoM:
Bpewms, u 0 5,6 6,5 8,0
P., [Ta-10°3 97,75 107,41 109,05 111,35

Onpenenure NOpsAI0K PeaKIMK U BBIUUCIUTE KOHCTAHTY CKOPOCTH 3TOM peaKuu.
5. IIpu B3aumoneiicTeuu razos NOz u CO, B3sTEIX B paBHEIX KoHIeHTpanuax (0,5 Moms/mvd),
npu 435 K uepes 1 gac 6suto o6Hapyxkeno 0,05 moms/nm>CO2. Ilpu Kakoii TemmepaType
kouecTBo CO2 OyneT B ABoe O0IbIle, ecliu dJHeprusl akTuBauu paBHa 123,42 k/x/mons?
6. PaBHoe umcio momeir A m B mobasmwmm k 1 am® moxxomsmero pactsoputens. 3a 500 ¢
MOJIOBUHA A mpopearupoBajia B COOTBETCTBUU C ypaBHeHueM peakiuu A+ B = C. Kakoe
KonuuecTBO A mnpopearupyeT 3a 800 c, eciiv peakuysi UMeeT: a) HyJeBol nopsaok no A u B; 06)
NepBBIA TOPAIOK 1O A 1 HyNeBoi o B; B) nepBblii mopsaok nmo A u o B?
7. Peakuus, umeroniasi BTOpoi opsoK 1o peareHty A, 3a 350 mun npoxoaut Ha 50%. Ecinu
[A]o = 1,35 MOJIB/J1, TO KAKOBO 3HAYCHUE KOHCTAHTHI CKOPOCTH ITOW PEaKIIMK?
8. Ompenenure TeMrepaTypHbIi KO3()GUIMEHT peakuy IEIUKIN3aUHI [UKIIONPOIaHa, €CIIn
M3BECTHO, YTO ITpH NoBbILIeHUE TeMiepaTypsl oT 750 1o 800 K ckopocTs peakuyy yBenuuuBa-
ercs B 14,5 pas.
9. KoHCTaHTa CKOPOCTH PeaKIiH AeruAPUpOBaHus MeTHnamMuHa paHa 5,0-107°3 ¢ L npu 913 K.
3a Kakoe BpeMs KOHLIEHTpallis MEeTHIIaMIUHa yMEHbIIaeTcs B 2 pa3za? Uemy paBHO cpeHee Bpe-
M1 )KM3HU MOJIEKYJIbl METUIaMUHA?
10. s peakiuu pas3inoskeHus MapoB YKCYCHOTO allbJieTHAa KOHCTaHTa ckopocTu npu 460°C =
0,035, a mpu 518°C — 0,343 (koHILIEHTpaIMs BeIpaXKeHa B MOJIb/JI, @ BpeMs — B ceK). OnpenennThb
SHEPTUI0 aKTUBAIIMH JIAaHHOW PEaKIMU U KOHCTAHTY CKOpocTH ee mpu 486°C.
11. B o6patumoii peakiiun A<>b koHcTaHThl ckopocTu npsaMoit K1 u obpatnoit K1 peakiuu
pasubl 300 ¢ 1 100 ¢! . B HCcX0AHOM COCTOSHUM CHCTEMa COIEPKHUT TONBKO BENIECTBO A. 3a

KaKoe BpeMsl €r0 KOHLIEHTPAlLMs YMEHbIINUTCS B 2 pa3a?
Ky

12. KoncranTa paBHOBecus 00paTuMoii peakuuu A —— B paBna 10, a KoHCTaHTa CKOPOCTH

npsiMoit peakuuu pasHa 0,2 ¢, OnpesienuTe BpeMs, 3a KOTOPOE KOHLEHTPALMH 0O0UX BELIECTB
JOCTUTHET PaBEHCTBA, €CJIM BHAYAJIE B CUCTEME COJEPKATIOCHh TOJIBKO BEIIECTBO A.
Ky

13. O6patumas peaxiysi IEpBOro MOPSJIKA A——B XapaKTEPU3YETCs CIEAYIOUMMH JTaHHBIMU:

HCXO/IHAS KOHIIEHTpanus BemtecTBa 4 paBHa 0,05 kKMOIb/M3, HCXOIHAS KOHIIEHTPAIUS BEMIECTBA
B papHa 0, KOHIEHTpaIus BemecTBa A Mpu JOCTHKEHMH paBHoBecus pasHa 0,01 kmomb/m>.
Omnpenenure oTHOLIEHHE KOHCTAHT ckopoctu K1 u Ka.

14. TlokasaTh, YTO HpU HAIMYMH JBYX NapaielbHbIX peakuuid A——B u A —C

SHEPTrUd aKTHBAllUA E CyMMapHOﬁ pCakuu UCUC3HOBCHHA KOMIIOHCHTA A BBIPAKACTCA 4CPEC3

OHEPIHHM aKTHBALWMA £1 ¥ E2 IBYX NMapalIeNbHbIX PEAKLHi CIeayIoIuM 00pasoM: E = =iz

15, HapaHJ]CHBHBIe pceakunun XapaKTCPU3YCTCA CICAYIOIIUMHU JaHHBIMU: BbIXOJ



BelectBa B paBen 63%, a BpeMsi IOJIOBUHHOTO MPEBPALIEHUs BEIECTBA A 110 IPUBEACHHOMN
cxeme cocrtasisieT 19 M. Halinute 3HaueHus koHctant ckopocteit K1 u Ko.

16*. Peakuusi pa3ioKeHUs U30IPONMIOBOTO CIIHUPTa B MPHUCYTCTBUU KaTalM3aTopa TPUOKCHIA
BAaHAAUS UJIET IO CIEAYIOLIEH CXeEME:

/ C3HsO
C3H,OH ——» CcHy
C3H8

ITo xakOMy ypaBHEHUIO MOKHO paCCYUTaTh CyMMY KOHCTAHT CKOPOCTEHN 3TUX peakLui
K1+ K2 + K3, ecnu kaxaas u3 peakiiuii KHHETUUYECKU — IIepBoro nopsaka? Yemy paBHa KOHLIEH-
tpauus C3H7OH, ecnu yepes 4,3 ¢ npu temnepatype onbita 588 K KOHIIEHTpalluK BEUIECTB B
peaxIMoHHOM cMecH ceayromue (Mymois/am’): C(CsH7OH) = 27,4; C(CsHsO) = 7,5; C(C3Hs) =
1,7; C(CsHe) = 8,17

Ky B
17. Peakuus mpoTeKaeT Mo cxeme A —

™

Omnpenenure koHcTaHThl ckopocTeit K1 n K2, ecnu n3BecTHO, YTO B CMECH MPOIYKTOB peakluu
conepxutcs 35% BemecTBa B, a koHLIeHTpanus BewecTsa A ymeHbluaercs BjiBoe 3a 410 c.

C

18. Cxema paanoakTUBHOTO pacnaaa u3oromna - Bi:

“* Bi (0,5 cyrok)— “ Po (138 cyrox)— “* Ph.
Onpenenure, 4epe3 CKOIBKO IHEH COMEpPKAHUE U30TONA ' PO JOCTHIHET MAKCHMyMa.
19. IMocnenoBaTeNbHbIE PEAKIHH THIA A——B—>-C XapaKTePU3YIOTCS CIeTyIONMMH JaHHBIMIL
IOpU JOCTH)KEHHMM MaKCHMyMa KOHILIEHTpalMu BeuiecTBa B oTHouieHue KoHueHTpauuu Ca/Cp
CTAaHOBUTCS PaBHBIM 4 : 5, a Bpems npeBpaiineHus Bemectsa 4 Ha 25% cocraisier 85 c. KakoBbl
3Ha4YeHUs1 KOHCTAHT ckopoctelt K1 u K2?
20. IMapamnensubie peakuuu A — B u 24 — B XapaKTepU3yIOTCS CIEAYIOIINMHU JTaHHBIMU:
CKOpOCTH 00eUX peakiuii paBHBI PU KOHIIEHTPALlMH BENIecTBa A, paBHOit 0,2 KMOIB/MS, a mpH
KOHIIeHTpanuy BemiecTsa 0,4 KMOIb/M® CKOPOCTh MpeBpamenus A cocTapiser 0,24 KMOIb/M>-C.
Haiinure 3Ha4eHns KOHCTaHT ckopocter K1 u K.

Tema 6.3. Teopemuueckue npedcmagieHus Xumudeckol KUHEmuUKu
1. Bonpocwl kK ycmuomy onpocy
1. Maremaruueckas u rpaduueckas 3aBUCUMOCTb KOHCTAHTbl CKOPOCTH XMMHUYECKON peakiuu
OT TeMIlepaTypbl. TepMOIMHAMUYECKUN BBIBOJ BBIPAYKEHHUS, ONMCHIBAIOIIETO 3aBUCUMOCTh KOH-
CTaHTBl CKOPOCTHU OT TeMieparypbl. 3akoH Bant-I'odda, smnupuueckoe ypaBHeHHe AppeHuyca
JUISL DJIEMEHTApHBIX U MHOTOCTAUIHBIX peakIuii. 3aBUCUMOCTb IPEIIKCIIOHEHIIMAIIEHOTO MHO-
KUTENS OT TeMITepaTyphl. [ paHUIBl IPUMEHEHHs ypaBHEHHsI AppeHuyca.
2. DHeprus akTHBAIlMK MPOCTBHIX U CIOXKHBIX peakuuid. Kak mo moreHnuambsHOMy 6apbepy olle-
HUTbH BEIUYHMHY HEPIUU aKTUBALMK? 3aBUCHMOCTh SHEPIUU AKTUBALMK OT BHJA PEAarupyrOIINX
YaCTHI] U UX dHEpreTuueckoro coctosHus. Kaxymascs, HaOaronaemas u 3¢ (deKkTuBHas SHEPrus
akTnBanuu. CyIIecTBYIOT JIM U KAKNE€ XMMUYECKHE PEAKLIUH, SKCIIEPUMEHTAJIbHAS YHEPIrus aK-
THUBALlMM KOTOPBIX OTpHIATENbHA? 3a CYET YEro NPOUCXOAUT aKTHBALUs MOJIEKYJ B MOHOMO-
JEKYJSApHBIX peakuusx? B ueM 3akiro4aeTcss OCHOBHOW HEAOCTATOK TEOPUH OWHAPHBIX CTOJK-
HOBEHMI1?
3. Teopus akTuBHBIX cTonkHOBeHMH xuMmueckux peakiuii (TACXP). BbiBog ocHOBHOTO ypaB-
HEHMS JUIsi OMMOJIEKYIISIpHBIX peakuuil. YpaBHenue Tpayua-JIetonuca. Dneprus aktusauuu TAC.
OCHOBHBIE TIPEANOJIOKEHHS, UCIIOJIb3YEMbIE TTPU BbIBOJIE yYpaBHeHUs Tpayna-JIstouca. CpaBHe-
Hue pe3ynbTatoB TACXP c skcniepumenTom. Bozmoskublie nonpasku B TACXP. IN'apniyHHble pe-
AKIIMH, IPUMEPBHI.



4. Teopus axtuupoBaHHoro kommiekca (TAK). IloBepxHOCTP NOTEHUMAIBHOW 3HEPrUU
(IID) mnsa monexynsapHor cuctembl. OcHOBHBIE ompexaencHus: [II1D, nomuHbl peareHTOB U
IPOJYKTOB, IEPEXOIHOE COCTOSIHUE, CEJUI0OBasl TOUKA, IIyTh U KOOpAMHATA PEAKLIUU, SHEPTUS aK-
tuBanuu. [Ipasmwio Byasopna-I'opmana (3amper mo cummerpun). Metonasl onpenenenus I1119:
TEOPETUYECKHE U IKCIIEPUMEHTAJIbHBIE.

5. Teopus aktuBupoBanHoro komiuiekca (TAK) Ditpunra u [Tonsuu. I[IpuBeaure MmaTeMaTHue-
CKMH amnmapaT BbIBOJIa OCHOBHOrO ypaBHeHUs TAK — ypaBHeHUs DilpuHra ¢ TOUKHU 3pEHUs CTa-
TUCTUYECKOH TepMoAuHAMUKHU. OCHOBHBIE NOMYIICHHUS. TpPaHCMUCCUOHHBIA KO3(PHUIMEHT.
[IpenskcnoHeHIHAIbHBI MHOKHUTEb.

6. Dneprus aktuBanuu TAK u onbiTHast sHEprus akTuBanuu. CBsS3b MEXTY SHEPTUSIMU aKTHBA-
i TAC u TAK, cpaBHeHHE COOTBETCTBYIOMIMX KOA(P(PUIIMEHTOB U 00bICHEHHE (HPU3NIECKOTO
CMBbICIIa AppEeHHYCOBCKUX TapamMeTpoB. OrieHka crepuueckoro (akropa ¢ nomomipio TAK.

7. TepMOIMHAMHYECKUHN TTOXO/ JIJIsl OMMCAHUsI KOHCTAHThI CKOPOCTH 10 ypaBHeHUI0 TAK.

8. DHTpoOIUs aKTUBAllMU XMMHUYECKOW pPEaKIMH: ompeneseHue, (GU3NYECKUd CMBICI, BEpOsT-
HOCTHBIN Xapaxkrep.

2. J/labopamopnas paboma Ne20 «H3yuenue Kunemuxku peakyuu KOMnieKcooopazo8anuny

I]envio paboThI SABJIAETCS U3yUYCHHE KMHETUKU PEeaKkLMU KOMILIEKCOOOpa30BaHUsl OpraHu-
YECKOr0 peareHTa ¢ MOHaMM MeTasuia (10 3aJlaHuI0 MpernojaBaTelisd) IpU pa3IudHbIX TeMIepa-
Typax. J[jst JOCTH)KeHUs TOCTaBICHHOH L€ He00X0AUMO:

a) npurotoButh 0,001 M pacTBOpbI OPraHUYECKOro peareHTa U ColIu MeTalia;

0) Ha BHIOpAaHHOM AHAIUTHYECKOM AJIMHE BOJHBI (HOTOMETpA M3YUYUTh U3MEHEHHE ONTHYECKOU
IUIOTHOCTU PACTBOPOB BO BPEMEHU AJis Temneparypsl 295 u 278 K;

B) IOCTPOUTH U30TEPMbI PEAKIIMI B KOOPANHATAX «ONTHUYECKas INIOTHOCTh — BPEMsI»;

T') ONIPENIEUTh TPAPUUECKUM ITyTEM TOPSIOK PEaKIiH;

1) 1751 BBIOPAaHHOTO HOpsiIKa paccuuTaTh JJS JBYX 3HA4EHUH TeMIepaTyp KOHCTaHThI CKOPO-
CTEW peaKuHnii;

€) paccuuTarh rpaUuecKuM MyTeM 3HEPrui0 aKTUBALUH U JIOTapu(M Mpea3KCIOHEHIUAIBHOTO
¢dakTopa B ypaBHEHUU AppeHuyca;

) paccUMTaTh U3MEHEHUE SHTPONUM U BEIMYMHY MU3MEHEHUS M300apHO-U30TEPMUYECKOTO I10-
TEHIMaJIa PeaKui KOMIIEKCOOOpa30oBaHUsl.

Ilpunyun memooda. 11pu npoTekaHNM peakIMi B3aUMOAEHCTBUS MHOTMX, METAJITIOXPOM-
HBIX UHIWKATOPOB (OPraHUYECKUX PEareéHTOB) C METAJUIAMU BHEIIHEM IPOSBIIEHHEM 00pa3oBa-
HUSl KOMIUIEKCHOTO COEMHEHNUs SIBIISETCSI H3MEHEHHE ONTUYECKON MIIOTHOCTU pacTBopa. Yacto
CKOPOCTH PEaKIUi yJqaeTcsi IpOoCIeIuTh C UCIIOIb30BAaHUEM CIEKTpodoToMEpUN UiU (HIyopH-
METPUH.

Annapamypa u peakmuegvi. OpraHnyecKue peareHThl: KCHJICHOJIOBBIM OpaH)KEBbIH, Me-
TUJITUMOJIOBBIM CUHUHM, MUPOKATEXMHOBBIN (PHONETOBBIN, CYIb(PO(HEHNTA30XPOMOTPOIIOBAs KHC-
nora (CITAH/C), amomunon, xpomasypon — C, rawmon — UPEA, marnezon — Il u ap.;
IIOMOKAJIMEBbIe KBACLBl, CylIb(aT alOMUHUSA, cyxue coiu; OydepHsie pactBopsl ¢ pH 5, 6, 7
aleTaTHOAMMOHUIHBIE ¢ HOHHOM cwiol 0,1; ceKyHIoMep, TepMOMETPBI JUIsl MHTEPBAIA TEMIIe-
patyp 0-50°C; po6upku emk. 20 cm® — 10 mT.; Koa6b1 KOHHYecKHe eMK. 250 cM®; kKon6BI Mep-
Hele eMK. 100 cm; Gropetka emk. 50 cM3; kprucramm3zaropsl emk. 1000 nmm 2000 cm®; poTomeTp
I CTIEKTPO(OTOMETP 000 CHCTEMBI ¢ KIOBETAMH JUTMHOMN 1 umm 2 cM>; XOMOIMIBHUK GBITO-
BOH; JIe].

Ilopaook evinonnenusn padbomaol

[purotoButs 100 cM® BOJHOTO pacTBOpa OPraHMYECKOTO peareHTa (II0 3aJaHMI0 TIPEmo-
naparens) u 100 cm® conu amomunus ¢ koHuenTpamusamu 102 M. JloBecTu TeMImepaTypy Bcex
pPacTBOPOB /10 KAKOTO-TO OMPEAEIEHHOI0 3HauYeHus, Hanpumep 10 22, 24 unu 25°C. Cmemars
1,0 cm® pacTBOpa opranuyeckoro pearenta 1 9,0 cm® GydepHOro pacTBOpa ¢ ONTUMATLHBIM 3Ha-
yenreMm pH komminekcoo6pasoBanus (Hanpumep, pH 6,0), TiiatenbHo nepemeniate 1 U3MEPUTH
ONTUYECKYIO TUIOTHOCTDH IOJYYMBLIETOCS pacTBOpPA IPH UIMHE BOJIHBI U3YUYEHUS PEAKLUU KOM-



TJIEKCO0OpazoBaHus (HapuMep, peakiusi KCHICHOJIOBOTO OPaHXKEBOTO C AIIOMHHHEM H3YyJaeT-
cs ipu 560 HM). Brectu B 1,0 cM® oprarmdeckoro pearenta 2 ¢cM® pacTBOpa COJIM ATIOMHUHUS U
noBecTH o0beM pacTBopa 10 10 cm® GydepHbIM pacTBOPOM C ONTHMAIbHBIM 3HadeHueM pH
KOMIUIeKCcooOpazoBanus. Yepe3 15 MUH U3MEPUTh ONTHYECKYIO IJIOTHOCTh PACTBOPA MPU JUIUHE
BOJIHBI M3YYCHHSI KOMIUIEKCA C aFOMHHHEM 0003HAdarTcs Ag U Anp (HyJIeBOe W TpelenbHOe
3HAYEHUN).

B kioseTy doromerpa BHecTH 1,0 cM 3 pacTBopa OpraHM4YecKOro peareHTa, a B IpOOHpPKY
emk. 20 cm® — 2 cm® pactBopa conn amomunus 1 7,0 cM° 6ydepHOro pacTBOpa ¢ ONTHMAIBHBIM
3HayeHneM pH kommiekcooOpa3oBaHus. YCTaHOBUTH MOKa3aHUs (JOTOMETpaA MO BOJE HA HOJIb,
Jlajiee YCTaHOBUTH KIOBETY C PACTBOPOM peareHTa, ObICTPO MPHINTh U3 MPOOUPKU PacTBOP COJIU
MeTauia B 0ypepHOM pacTBOpe M OJHOBPEMEHHO BKIIOUMTH CeKyHaomep. Uepes Kaxisie 5 ce-
KyH/I 3allMChIBaTh 3HAYEHUS ONTHYECKHUX IUIOTHOCTEM pacTBOpa W M3MEPEHHs MPOJO0JIKaTh 0
TEX IOp, MOKa ONTUYECKas IIOTHOCTh M3y4aeMOr0 PacTBOpa HE CTAHET PaBHOM WM OJIM3KOM
3HAYECHUIO Aqp.

Bropas cepust OnbITOB aHAJIOTUYHA TIEPBOH, TOJIBKO BCE PEAreHThl U KIOBETH HEOOXOIH-
MO OXJIQJIUTh B XOJIOAWIbHUKE A0 TemmepaTypsl 4 — 5°C u mpojaenaTh OMBITHI, KaK OMUCAHbBI
BBIIIIC.

Oopabomka IKcnepumenmaibHvlX OAGHHBIX
1. ITo mosy4eHHBIM SKCIIEPUMEHTAIBHBI IAHHBIM MMOCTPOUTH U30TEPMBI B KOOPJAMHATAX «OITH-
yeckasl MJIOTHOCTh — BpeMsi», Jajiee rpaduuecku OompefenuTh MOPSA0K peakluu Mo U30TepMe
JUIS KOMHATHOM TeMIIEpaTyphl.
2. Tlopsimok peakuuu OIpeAemsieTcs CIeAyIIMM 00pa3oM: CTpOST rpaduKd B KOOpAMHATAX
«torapru(m ONTHYECKOM TIIOTHOCTH — BPEMSI», JIJISl BBIACHEHHS] BOBMOXXHOCTH IIPOTEKAHUS Peak-
uu nepBoro nopsaka. «O0paTHas BeIMYMHA ONTHYECKON IMJIOTHOCTH — BpeMs» (Al BTOPOTO
MOpsIIKa) U «oOpaTHasi BeTUYMHA KBaIpaTa ONTUYECKOH MJIOTHOCTH — BpeMsi» (IJI TPEThEro mo-
pAIKa).
3. Ilo HaliieHHOMY MOPSAKY C UCIIOJIb30BAHUEM, COOTBETCTBYIOIIETO KUHETUUECKOTO YPaBHEHUS
PacCUMTHIBAIOT KOHCTAHTBI CKOPOCTEH peakuuil. J{ins pacuera KOHCTAaHTBI CKOPOCTH PEaKLUU
MIEPBOIO MOPSAIKA UCIOJIB3YIOT ypaBHEHUE!

1 a
K=—In——vm
T a—x
JInst pacuera KOHCTaHTBI CKOPOCTH PEAKIIMU BTOPOTO MOPsAJIKa UCIIOJIB3YIOT YPAaBHEHHE, B
KOTOpOM KOHI_ICHTpaI_II/II/I B3aHMOﬂeﬁCTBYNMHX KOMIIOHCHTOB paBHLIZ

1 X

ta-(a—x)
IJie @ — KOHIIEHTPAIUs HCCIETyeMOro MeTalia-KOMIUIEKCO00pa3oBareis B Ha4a bHbI MOMEHT
BpeMeHH (10);
X — KOHIIEHTpAILUs MPOPEarupoBaBIIEro MeTalia-KOMIUIEKCO00pa3oBaTesss ik KOHIIEHTPAIHs
00pa3oBaBLIErOCsS KOMILIEKCHOTO COEAMHEHHS K MOMEHTY BPEMEHH T OT Hayajla PEaKI[HH.

Bo Bcex ciydasx BMECTO 3HAYCHUN KOHIIEHTPAIUI HCIIONB3YIOT BETHYMHBI ONTHYECKUX
MJIOTHOCTEH:

K=

1 Ai‘{p 1 A
K==-ln— K=——7——
T App—A T A,?p(Anp—A)
rae Anp — IpenenbHoe 3Ha4€HHE ONTHYECKOW MIOTHOCTH, COOTBETCTBYIOLIEE a; A — 3HAUYECHUS
ONTHUYECKUX TUIOTHOCTEH Ha BOCXOJSIIEH BETBH M30TE€PM, KOTOPHIE COOTBETCTBYIOT 3HAYEHUSIM
X; T— BpeMs OT Hayaja peaKkiuu.

Jns xaxxknoro 3Hadenus temrneparyp T1 u T2 mporecca paccuuTaTh HECKOIBKO BEJIMYHH
KOHCTaHTBI CKOPOCTH PEaKI[MU, HAUTU CpeiHEee 3HAYEHUE, CPEIHEKBAIPATUYHOE OTKIOHEHUE U
JIOBEPUTEIIbHBI MHTEpPBAJ. Pe3ynbTaThl pacueToB W OMBITHBIC JAaHHBIE OPOPMIISIOTCS B BHJIC
TaOJIHIIBI.

Taoauna



3HaYCHUS
. Bpewms or Hagasia peakuuu KoHcranTs!
Ne ONITUYECKUX IJIOTHOCTEN Ha
. KOMILIEKCOOOpa30BaHus, CKOpOCTH,
OIbITA BOCXOJIAIIIEN BETBU 1
7i MUH K MHUH
n30TepMm, A

temnepatypa T1, K

| | |

temnepatypa T2, K

| | |

4. PaccuuThIBaIOT SHEPIUI0 aKTHUBALMU M JIOTapudM MpeIdKCIIOHEHIHAIbHOro (akTopa B
ypaBHeHHH AppeHuyca rpaguuecKiuM METOJIO0M, UCIIOJB3Ys CPEeIHUE 3HAYCHUSI KOHCTAHT CKOPO-
CTHU NpHU IBYX Temmneparypax Ti1 u To.

5. PaccuuTaTh U3MEHEHHS SHTPOIUU aKTUBAIIUU PEAKIIHH.

6. Paccuutarh H3MeHEHHE M300apHO — U30TEPMUUECKOr0 MOTEHIIMAIa MPU U3yYaeMbIX TeMIIe-
parypax. Otuet o pabote (cM. obmue TpedoBaHuUs).

3. Jlabopamopnas padoma Ne2l «H3yuenue ckopocmu peaxuyuu paziodHceHus MypeKcuod 6
Kucnoi cpeoe»

Ilens padomui: onipeneneHe KOHCTAHThI CKOPOCTH Pa3JI0KEHUS MypeKCUIa B KUCIION
cpelie mpu ABYX TemrepaTypax. Pacdet sHepruu v SHTPOIUU aKTUBALIUHU, BEIMYMHBI U3MEHEHUS
1300apHO-U30TEPMHUUECKOT0 IOTEHIIMANA PEAKIUH.

Ilpunyun memooa. B xucnoii cpene Mypekcu (aMMOHUIHAS COJIb ITYPITYPOBOM KHCIIO-
ThI) pa3jiaraeTcsi Ha ypaMui U aJUIOKCaH 10 YPaBHEHUIO:

B o o) ]
C/ \\C
HN/ ~ —N:C/ \NH
| f | NH4+ + H30+_>
NN /55 O
(0] N (@] (@) (@]
H H
(@] O
I N\
C C

+ NH4+

o
C
N o 7 S \o
ypaMHIT ATIIOKGRH

o—2

~ (@)
HN™ m‘]:—NHz Ne” S
|
2N

Ecnu xonuenrpaiys noHoB Bogopoaa CH' B KHHETHYECKOM OIIBITE 3HAYUTEILHO 0O0JIb-
e KOHI_[CHTpa]_[I/II/I MprKCI/I,Z[a, TO CKOpOCTB 3TOI>1 peaKHI/II/I OIIUCBIBACTCA KUHCTHUYCCKUM ypaB-
HCHUEM nepBoro HOpf[)IKa:
0
1 l C
K=—Iln—
T C

rae C°, C — koHIeHTpamys MypeKcH/1a B Hadasle Peakiliy | uepes BpeMs T OT Hadasla PeaKIlHiL.
Peakuust paznoskeHus: Mypekcua B KUCIION cpefie COMPOBOKIAETCS MOCTEIEHHBIM
ociiabieHueM (UOIETOBOM OKpacKH pacTBopa. [losTomy Mi1st M3ydeHUs] KHHETHKU PEaKIIUU UC-
MOJIb3YETCS CIEKTPOPOTOMETPUUECKUN METOT. IHTEHCHBHOCTH OKPACKH, TO €CTh ONTHYECKas
IIJIOTHOCTH peaKHHOHHOﬁ CMECH B )IaHHLIﬁ MOMCHT BPEMCHU NPAMO IMPONMOpHHUOHAIbHA KOHIICH-



TpaLII/II/I MypeKCI/I,Z[a. CJIGI[OB&TG.HBHO, KOHCTAHTa CKOpOCTI/I I/ICCHeﬂyeMOFO Hpouecca MOXET
OBITH paccUMTaHa 1Mo YPaBHEHUIO:
0
1 , A
K=—Iln—
T A

rae A° 1 A — ONTHYECKUE TUIOTHOCTH PEAKIIMOHHON cMecH 1pH 7 = 0 U B MOMEHT BPEMCHH 7.

Annapamypa u peakmugot: HOTOITEKTPOKOTOPUMETP, KIOBETHI JUIMHO#M 1 1mm 2 cM®,
tepmoctat, repmomeTp oT 0°C o 50°C ¢ nenoit nenenus 0,1°, cekynuomep, JIB€ MEpHBIX ITH-
TIETKU EMK. 5 CM°, XUMHUecKHii cTakaH eMK. 25 cm®; 100 cm® pacTBOopa MypeKcHia KOHIIEHTpa-
nueii 8,5-107 monw/am?, 100 em® pacteopa HC1 konnentpanueii 0,1 mons/mme.

IHopaook evinonnenusn padomot

MeTtoauky u3MepeHHst ONTUYECKON TNIOTHOCTU CM. B MHCTPYKLIUU K pudopy. PacTBopsI
MYpEKCUIa U KUCIOTHI 33JTaHHOM KOHLEHTPALMU TOMEIIAIOT B TEPMOCTAT U BBIAEPKUBAIOT IIPU
Temreparype omnbita B TeueHre 10 muH. PacTBop Mypekcuia pa30aBiisitoT B ABa pa3a JUCTUILIU-
POBaHHOI BOJIOM, HAIMBAIOT B KIOBETY U U3MEPSIOT ONTHYECKYIO INIOTHOCTh OTHOCUTEIBHO JH-
cTHIITHpOBaHHOH Boabl — A°. B crakan munetkoif ormepsior 10 cm® TepmocTatupoBanHOro pa-
CTBOPAa MYPEKCH/Ia U CTOJIBKO K€ KUCIOThI. PEaKlIMOHHYIO CMECh MEPEMENINBAIOT U BKIIFOUAIOT
CeKyHIoMep. 3aMepbl ONTHYECKOH MIIOTHOCTU Ax IPOU3BOAST OTHOCUTENIBHO JIU-
CTHJUTUPOBAHHON BOJIBI Yepe3 onpeesicHHbIe TpoMexxyTku Bpemenu (0,5-1 mun).

AHaJIOTMYHBIN KCIIEPUMEHT IIPOBOJAT IIPU APYrOM TEMIIEpaType, OTINYHON OT IEPBOM
Ha 10-15 rpan.

Oopabomka IKchepumeHmanbHvlX OAGHHBIX
1. Ins xaxpgoro 3HayeHust remnepatyp Ti1 u T2 mpoliecca paccuuTaTh HECKOJIBKO BEIUYHH KOH-
CTaHTbl CKOPOCTH pEaKLM, HAWTU CpeIHEE 3HAUCHNE, CPEJHEKBAPATUYHOE OTKIOHEHUE U JI0-
BEPUTENbHBIN HHTEPBaL. Pe3ylbTaThl pacueToB U OMBITHBIE TJaHHBIE OPOPMIISIOTCS B BUE Tad-
JIULBL:
Taodauma

KoHncranTsI CKOpOCTH,

K MUH

Ne ompITa OnTrueckas IIOTHOCTD, A

temriepatypa T, K

temriepatypa Tz, K

| |

1. PaccuuThiBalOT SHEPrUI0 aKTUBAIMM U Jorapudm MpeIdKCIOHEHIMAIBHOTO (GakTopa B
ypaBHEHUH AppeHuyca rpapuyeckuM MeTOJI0M, CIOJb3Yys CPEeIHIE 3HAUE€HHUsI KOHCTaHT CKOPO-
CTH IIpH 1BYX Temneparypax T1u Ta.

2. PaccuuTaTh U3MEHEHMS SHTPOIIUHU aKTUBALUU PEaKIUH.

3. PaccunTaTh M3MEeHEHNE N300apHO — U30TEPMHUYECKOTO TIOTEHIIMAIA IPY U3y4aeMbIX TeMIIe-
parypax. Otuet o pabote (cM. o01ire TpeOOBaHMS).

4. Komnaexm 3a0au k meme 6.3.

1.B Tabmuie nanbsl koHCTaHTHI ckopocTh K1 n Ko peakiuii mpu AByX pa3iMUHBIX TEMIlepaTypax
t1 1 t2. BerunciuTe 3HEPTHUIO AKTUBALIMU U HAWIUTE KOHCTAHTBI CKOPOCTH IPH TEMITepaType ts.

Peaknus t;, °C | K1 t2,°C | K2 ts, °C
1. Ho + I, = 2HI 410 0,066 | 433 0,375 | 420
2. 2ZHCOH + NaOH = HCOONa + CH30OH 50 0,005 |85 0,294 | 65
3.COCI2=CO +Cl2 382 0,005 | 472 0,68 |425




4, H,O2 + 2HI = 2H0 + 1,

20 4,32 30 8,38 25

2. Onmnpenenure TpadUYeCKUM CIIOCOOOM JHEPTUI0 AKTUBALMM pPEaKIHH 10 JaHHBIM

MMpEaACTaBJIICHHBIM B Ta6J'II/ILIe.

Peakuus [TapameTpsi
1. Cu + (NH2)25208 = CuSOs + (NH)2S0s ;503 506 ‘112 ; ggg
o o m o m
3. N20s = N204 + 1202 ;’:fog, 8,077 33,8 227
4.2NO+ 0, =2NO ;503 2,63 2,055 ?,020

3. Jlna peakruu O + NO + M — NO2 + M Kigoox = 6-10° n%/(moms?-c) n Kigox = 3-10%°
n%/(momb?-¢). PaccunrtaTh mapaMeTpsl ypaBHEHHs AppeHuyca.

4-7*. TlpuBeneHbl M30TEPMbI peakiuu (HEOOXOJUMbIe NAaHHBIC MPEACTABICHBI HA PUCYHKAX).
Onpenenuth NOPSIIOK PEAKINH, KOHCTAHTBI CKOPOCTH, SHEPTUU M SHTPOMUIO AKTHUBALIUU.

A
I,

'] L}

I0 I5 20
Bpemsa, Mun

19. Puc. 1. 1 - 278, 2 —295,3 - 330 K.
HcXO/tHbIE KOHIIEHTPALMH PEATHPYIO-IINX
KOMIIOHEHTOB paBHbI 5-107 Mosw/i1. ITpo-
TekaeT peaknus A+B=C+]]

5

Ao,q_ J

0,3

0,2

0,1

L.
T

p
L

2 4 Bpems, mun

21. Puc. 3. 1-280, 2 - 290, 3-300 K.
Konuentparuu A u B pasnbt 2-10° moss/i.

A
1,0

Bpemsi, Mun

20. Puc. 2. 1 -278,2 - 295,3-330 K.
HcxomHbIe KOHIIEHTPAIINH Pearupyro-IInx
KOMIIOHEHTOB paBHbI 5-107 mouiw/i1. TTpo-
tekaet peakuust A+B=C+]]

A
0,6
0,4

0,2

10 20 30 40 50

Bpems, mun

22.Puc.4.1-278,2-288,3-295 K.
Konuentpammu A u B pasrsr 1-10° MOJIB/JIL.



8. Peakiust TepMHUECKOTO pa3iokeHusi ra3000pa3Hoil okucu stuieHa mnpu 378,5°C mporekaer
1o nepBomy nopsanaky. [lepuon nmonypacnana npu 3Toil Temneparype paBeH 364 MuH. DHEprus
aktuBanuu paBHa 217 xJ/mMonb. OnpeneauTh KOHCTaHTy CKOpocTH peakmmu mpu 450°C.

9. U306pazute sHepreTryeckre Npohuian sl OJHOCTAAUMHBIX PEaKuil, XapaKTepU3yIOLUUXCs
CIEAYIOUMMHU 3HaYeHUsIMU E, 1 AE:

a) E, = 100 xIxx/momnb, AE = — 50 k]I/MoJ1b;

0) E. = 50 xJIx/monb, AE = — 120 x/]»x/Mob;

B) E, = 120 xIx/monb, AE = 50 xJI>x/MOJIb.

10. JIBe peaknuu OIMHAKOBOTO TIOPSJKA HMEIOT OIMHAKOBBIE TIPEIIKCIIOHEIUATBHBIC
MHOXHUTEU, HO WX DHEPruu akTuBamuu pasznuuarotcsa: Er—E; = 83,196 k]x/monb. Pac-
CUMTalTe OTHOIICHHE MX KOHCTAaHT ckopocrteidt Ki/ko mpu 434 K.

11*. JIBe peaknuu OJAMHAKOBOTO IMOPSIKa UMEIOT paBHBIC SHEPrUU akTUBaIWU, HO mpu 573 K
SHTPONHUS aKTUBAllUU TepBoi peakiuu Ha 41,8 J[x/Moab-Tpax OOJbIIe SHTPONHMH AKTHBAIMH
BTOpOW peaknuu. PaccumTaiiTe OTHOIIEHHE KOHCTAaHT CKOpOCTEeW 3THX peakumii Kiv/Kz mipu
TaHHOU TeMIeparype.

12. Koncranrta ckopoctu peaknuu mpu 300 K = 0,02, a npu 350 K — 0,6. KakoBa »Heprus
aKTUBAIUU 3TON peaknuu? Uemy paBeH NPEIIKCIOHCHIIMAIBHBIN KOA((GUIIMEHT B YpaBHCHUU
Appenuyca?

4. Komniekm mecmogvlx 3a0aHuil 0711 RPOMENCYMOUHO20 KOHMPONA 3HAHUL
Tecr No6:«Xumunueckasa kuHeruka. Karaans»

1. VYpaBHeHHE 3aBHCUMOCTHM KOHCTAHThl CKOPOCTHM pEaKIHMH OT TeMIepaTrypbl B
muddepeHranbHoi hopMe UMeeT BU:

a) din k/dT = E/RT?
6) dIn k/dT = AH/RT?;
B) dig k/dT = - E/RT?;
r)din k/dr= E/RTZ

2. I3MeHeHne KOHIICHTPAIMH MPOIYKTa PEaKIMH CO BPEMEHEM, €CIIM pPEeaKIlis UMEeT HyJie-
BOH MOPSI0K, UMEET 3aBUCUMOCTD!

a) YMEHbILIaeTcs 110 Mapadorie;

0) yBeMUMBaETCs 1O Mapadorie;

B) YMEHBIIIAETCs 110 JIMHEIHOM 3aBUCUMOCTH;

I') YBEITMUMBAETCSA IO JIMHEWHOM 3aBUCMOCTH.

3. BpeMs nocTmkeHHs MaKCHUMalbHON KOHIIEHTPAllUM MPOMEXKYTOYHOTO BellecTBa B B mo-
CIIeI0BATEIbHON peakuuu nepporo nopsaaka A—B—C 3aBUCHUT:

a) OT CyMMBI KOHCTaHT CKOPOCTEH MOocNe0BaTeNbHBIX CTAANN PEaKIIUH;

0) OT pa3HOCTH KOHCTAHT CKOPOCTEH MOCIEI0BATEIHHBIX CTAIUN PEaKIIUH;

B) OT OTHOIICHHS] KOHCTAHT CKOPOCTEH MOCIEeN0BATENbHBIX CTAIUN PEAKIIMU U OT UX Pa3HO-
CTH;

T') OT OTHOIIEHHUSI KOHCTAHT CKOPOCTEH MOCIeI0BATEIbHBIX CTaUN PEAKIIUU U OT UX CYMMBI.

4. T'pauk 3aBHCUMOCTH Jlorapi(Ma KOHCTAHTBI CKOPOCTU peakiuu oT "' uMeeT B
a) TUTIepOOITBI;

6) mapabosr;

B) IIPSIMOA.



5. KoHcTaHThl CKOpOCTEl NBYX peaklMil BTOPOTO MOPSAKA, €CIU HCXOAHbIE KOHLEHTPALUU
000MX pearupyromux BEIIECTB OJMHAKOBHI MMEIOT COOTHOIICHHUE. 3HAYCHUS HMCXOIAHBIX KOH-
[EHTPAMid ¥ TEPUOABl MONYNPEeBPAIICHHS Ui dTUX peaknuid: 1-1 peakmus—I1,5 monb/n;
200 mun; 2-a peakius —2,0 mouw/it; 300 MuH:

a) k2 = 2ky;

0) k1 =4ko;

B) Ko = 4ky;

r) ki =2ko.

6. MakcuManbHOE KOJIMYECTBO NMPOMEXYTOYHOT'O BellecTBAa B B mocienoBaTeabHON peakuu
nepsoro nopsaaka A—B—C onpexnensercs:

a) OTHOIICHHWEM KOHCTAHT CKOPOCTEH M HayaJbHOW KOHIEHTpPAIMeld HMCXOJHOTO Belle-
CTBa;

0) OTHOIIEHHEM KOHIEHTPAIUi BELIECTB;

B) OTHOIIGHUEM KOHCTAHT CKOPOCTEH M paBHOBECHOH KOHIIEHTpAIMe MCXOAHOTO Belle-
CTBa;

I) OTHOUIEHUEM IEPUOJO0B Mojypacnaza U HayalbHOU KOHIIEHTpalueidl HCXOJHOIO Be-
IIECTBA.

7. Ilepuoa momynpeBpaiieHus s peakuuu 2-ro MOpsAaKa 3aBUCUT OT MCXOJHBIX KOHIEHTpa-
LU{ pearnpyrouux BEIECTB:

a) 00paTHO MPOMOPIMOHANIEH UCXOIHON KOHIIEHTPAIIHIH;

0) mpsiMO TIPOTOPIIMOHAJIEH PABHOBECHOW KOHIIEHTPAIIUH;

B) IPSIMO MPOMOPLHUOHATIEH UCXOAHON KOHIIEHTPAIUH.

8. DKcrepuMeHTaIbHOM Heprueil akTUBALMK CI0KHOM peakliMyM Ha3bIBaeTCs:
a) napameTp E B ypaBHeHUU AppeHunyca;

6) napametp E B ypaBHenuu Bant-I'opda;

B) nmapametp E B ypaBHeHUM Teopun aOCONIOTHBIX CKOPOCTEH;

r) napametp E B ypaBHeHuun DiipuHra.

9. Peaknius A—B—C nepsoro nopsaka. I3amenenune koHueHtpaiuu semects A, B u Cc
TeueHHEM BpeMeHH, ecin K1>K2 oTpaxkaeT 3aBUCHMOCTB!
[4

a) 0) B)

10. B npuMeHeHHH METO/a CTAIIMOHAPHBIX KOHIIEHTPAIIMi UMEIOTCS OTPaHUYCHHS:
a) He IPUMEHsIeTCs Ul KOHEYHOTO MepHoa peaKkluy;

0) He IPUMEHSIETCS [T HAYaJIbHOTO TIEPHOIa PEaKIUH;

B) HE TIPUMEHSETCS 1151 MOMEHTA PaBHOBECHS;

T') HE PUMEHSIETCS B KATATMTUYECKUX PEAKIHSIX.

11. MonekynsipHOCTbI0O XUMHUYECKOHN peaKIni Ha3bIBACTCS:

a) o0Iree Yrcio MOJIEKYT;

0) cymMMa CTEeXHOMETPUUYECKUX KOIP(DUIIMEHTOB B KHHETUYECKOM YPaBHEHUU;

B) YHCIIO MOJICKYJI, y4AaCTBYIOIICE B JIEMEHTAPHOM aKT€ XUMHUYECCKOTO TPEBPAICHIS;



T) cymMMa KO3((HHIMEHTOB B YPAaBHEHUH PEAKLIHHL.

12. OT ucxoIHON KOHIIEHTpAIIMH PEarupyromiero BEMIECTBA MEPHOJ MONYIMPEeBPAICHUS s
peaknuu 1-ro mopsika:

a) HE 3aBHCHT;

0) 3aBHCHT.

13. IIpu 0auHAKOBBIX MCXOIHBIX KOHIIEHTPALUSIX U OJUHAKOBBIX KOHCTAHTaX CKOPOCTH 3aKaH-
YUBAETCS OBICTPEE OJTHOCTOPOHHSIS PEAKIIHS:

a) 1-ro mopska;

0) 2-ro mopsiaka,

B) 3-TO MOpPSIAKa,

r) 0-ro mopsiaka.

14. O BnMsHUU NPOMEXKYTOUYHBIX BELIECTB M KOHEYHBIX MPOJYKTOB HA CKOPOCTb pPEAKLUU
CBUJIETEIBCTBYIOT!

a) SKBUBAJICHTHOCTb MEXAY BPEMEHHBIM U KOHIIEHTPALIMOHHBIM MOPSAIKAMHU PEAKIIUil;

0) pazinuue Mexa1y BpEMEHHBIM U KOHIICHTPALIMOHHBIM MOPSAIKaMU pEaKLIHii;

-BEJIMYMHBI KOHCTAaHT CKOPOCTEH.

15. [lopaakoM XUMHYECKOM peaKkIuy Ha3bIBAE€TCS:

a) IPUMEHUMOCTh KHHETHUYECKOTO YPaBHEHHUs K JaHHOU peaKIuy;

0) cyMMa CTeXMOMETPUYECKUX KOI(P(UIIMEHTOB B YPAaBHCHHH PEaKIINH;

B) CyMMa Il0Ka3aTejield CTeneHell Npu KOHIEHTpausaX B KHHETUYECKOM YpaBHEHUHU JaHHOU
peakiuu;

I') YMCJIO MOJIEKYJ, YJaCTBYIOLIMX B PEAKLIUH.

16. Pa3mMepHOCTh KOHCTaHThI CKOPOCTU PEaKLUU ONpeeseTCs:
a) MOJIEKYJISIPHOCTBIO PEaKIIuu;

0) MOPSAAKOM peaKIuu;

B) pU3UKO-XUMHUYECKHUMH NTapaMeTPaMH PEaKLHH.

17. Oneprus axktuBauuu peakuuu (1) Gosnbmie sHeprun akTuBanuu peakuuu (2). [Ipu tem-
nepatype T1 KOHCTaHTBl CKOPOCTH 3TUX peakuuil paBHbl. COOTHOLIEHHE MEX]ly KOHCTaHTaMHU
CKOpPOCTH 3TUX peakuuil mpu T2>Ti:

a) ki = ko;

0) k1 = k2=0;

B) K1 > Kk2;

r) k2 > Ki.

18. Crenduueckum ycroBHeM, KOTOpPOE HEOOXOIUMO COOI0/IaTh MPU UCIOIb30BAaHUU XUMU-
YEeCKMX METOJOB aHaiHW3a Uil W3YYCHHs] CKOPOCTH pEakluu MO CpPaBHEHUIO ¢ (hH3HKO-
XUMHYECKMMH METO/IaMU aHaAJIN3a, SIBISETCS:

a) YCKOpEHHE PEeaKIiy B mpooere;

0) TopMOKEHHE peakluu B rpoodere;

B) JOCTH)KEHHE PABHOBECHSI.

19. 3nayeHne KOHCTAHTHI CKOPOCTH PEAKIUU 2-TO TOPSAKA NMPU PAaBHBIX MCXOJHBIX KOHIICH-
TpalMsIX PearupyroIinx BemecTB rpaduuecku OnpeaenseTcs:

a) KOHCTaHTa CKOPOCTH YUCJIEHHO paBHA OTPE3KY, OTCEKAaeMOMY IO OCH OpPJIMHAT;

0) KOHCTaHTa CKOPOCTH YHCJICHHO paBHa OTPE3KY, OTCEKaeMOMY I10 OCH abCLHCC;

B) KOHCTaHTa CKOPOCTH YMCIIEHHO paBHA TAHTEHCY yrja HaKJIOHA MPSAMOI K OCH OpAMHAT;



') KOHCTAHTa CKOPOCTH YHMCIICHHO paBHA TAHTEHCY yIJjla HaKJIOHa MPsAMOi K ocu abcuucc.

20. CymHOCTh METOJa CTAIlMOHAPHBIX KOHLIEHTPALUH B!

a) PUHATHU KOHIIEHTPALUI aKTUBHBIX MPOMEXXYTOYHBIX YaCTHII HOCTOSIHHOM;

0) IPUHATHY KOHICHTPALUI aKTUBHBIX TPOMEKYTOYHBIX YACTHI] PaBHBIMH HYJIIO,

B) IPUHSTUYN KOHLICHTPALMI aKTUBHBIX IIPOMEKYTOYHBIX YACTHI PABHBIMU MEKITY COOOM.

21. JlumuTHpyrOIIEH CTaauel CI0)KHON XUMHUYECKON PeaKIIud Ha3bIBaCTCS
a) HauboJiee ObICTpas CTaaus;

0) Hanbosiee MeIJICHHAs CTa s,

B) MOMEHT PaBHOBECHSI.

22. BolpaxkeHue UIs MEPHOa MONYIPEBPAIICHHS] HCXOAHBIX BEIIECTB 10 PEAKIHUA 3-TO IO-
psijika, €CJIM UCXOIHBIC KOHIIEHTPAIIMU PEAarupYIOIIMX BEIIECTB OMHAKOBBI NIMECT BUT;

a) T = 3/2kCo%;

6) T12 = 6/2kCo?;

B) T2 = INk/2;

r) T2 = 1/ kCo.

23. CKOpOCTh peaKlMu ONpeaeseTcss K3MEHEHHEeM KOHLCHTPAIMN PearupyrolinX BelecTB B
eJIMHUIlY BPEMEHH, CCIIH:

a) MOCTOSIHHA TeMIIepaTypa;

0) cTaHgapTHBIE YCIOBUS;

B) 00BEM CHCTEMBI ITOCTOSTHEH

I) 1aBJICHUE B CUCTEME ITOCTOSHHO.

24. 3aBHCUMOCTH KOHIIEHTPAIMH BEIIECTBA A OT BPEMEHH MPH NMPOTEKAHWU TapaJUIeTbHBIX pe-

Ak

> = MOKXeT OBITh BBIPAXEHO YpaBHEHHUEM c, = c",e"°%. HakomneHue BemectBa B

. ONpEACIAETCS YPAaBHEHMEM C;=C,(1—¢ ). Hakomienune BemectBa C
©  omnpeaensieTcss ypaBHEHUEM:

Q) Cp = C° (7008 — gm008ry;

6) Co=C, (1—e7),

B) C. = C",(1—e™00%),

A

25. B nocnenoBaTenbHbIX PeaKIUsAX
K K,
A—1—>» B—=—>»C
a b Cc

IIpU JAOCTH)KEHWH MAaKCMMyMa KOHIIEHTpalMM BemecTBa B, koHueHTpauuu Bemects A, B u C
CTaHOBSATCS PaBHBIMU a, b 1 ¢. [Ipu 3TOM yCIIOBHH BBIMIOIHIETCSI COOTHOIIICHHUE:
a Ky
a) ; = IT:’
a _ Kags
6) 5 ;__1
b K.
26. Paznen xuMum, U3yJaronIfii CKOPOCTH U MEXaHU3MbI XUMHUECKUX PEAKIINi, Ha3bIBACTCS:
a) XuMU4ecKasi TEpMOJIMHAMUKA;
0) TEpMOXUMHUS;

B) XUMHUYECKasl KNHETUKA;
I)KaJIOPUMETPHSI.



27. CKOpOCTh XMMHYECKOM peakLiuyu — 3TO:

a) BpeMs, 32 KOTOPOE MOJIHOCTHIO PacX0IyeTCsl OJTHO U3 UCXOIHBIX BELIECTB;

0) Bpemsi, 3a KOTOPOE 3aKaHYMBACTCS PEaKIIUs;

B) U3MEHEHHE KOJIMYECTBA BEIIECTBA PEareHTOB (UJIU MPOIYKTOB PEAKIMH) B €AUHHUILY BpEMEHU
B €IUHUIIE 00BEMA;

I') KOJIMYECTBO BEIIECTBA MPOAYKTOB PEAKIIUN K MOMEHTY OKOHYAHHUS PEaKI1H.

28. CKOpOCTh XUMUYECKOW PEaKIMU BhIPAKACTCS:
a) Monb-11/c?;

0) MoJIeKya-cM./c;

B) MOJIb;

r) 6e3pa3mMepHas BEIMYUHA.

29. CooTBeTCBUE MEXKIY 3aBUCHMOCTBIO CKOPOCTH XMMHYECKHX PEaKIUil B pacTBOpe U (aKTo-
pamu:

a) CKOPOCTh XMIMUYECKOW PEaKIIMK 3aBUCHT OT;

0) CKOpPOCTh XMMHYECKOH peaKklliu HEe 3aBUCHT OT;

B) IPUPOIbI PEATUPYIOIIMX BEIIECTB, KOHIICHTPAIIUU, TEMIICPATYPHI;

r) o0bemMa peakLIMOHHOTO COocy/a.

30. KoncranTa ckopocTr K B 3akoHE JIEHCTBYIOIIUX MacC — 3TO:

a) CKOPOCTh PEAKIIUU TPU CIUHUYHBIX KOHIICHTPAIMSX PEarupyroliuxX BeIIeCTB;

0) 6e3pa3MepHbIi KO3IPPUITUSHT MPOITOPIIUOHATBEHOCTH MEXKIAY CKOPOCTHIO U KOHIICHTPAIUSIMU;
B) K03 unment B ypaBuenuu Baut-I'odda;

T') I3MCHCHHUE KOHIICHTPAIIMY BEIIECTBA K MOMEHTY OKOHUYAHUS PEAKIIHH.

Tema 6.4. I]ennvie, pomoxumuueckue u paouauuoOHHO-XUMUYECKUE RPOUECChl
1. Bonpocwt k ycmuomy onpocy
1. IlpuHUMI CTAIMOHAPHOIO COCTOSHUSA (A€TadbHOro paBHOBecHs) — MeToll bonenmreiina. Ha
IIpUMepe NMOKa)KUTE MPUMEHEHHE METO/Ia CTAllMOHAPHOTO COCTOSIHMSI ISl PACCMOTPEHUSI KMHE-
TUKWA XUMHYECKON PEAKIUU.
2. OCHOBHBIE MOJIOXKEHUS TEOPUU KUHETHKH IIETIHBIX PAa3BETBICHHBIX M HEPA3BETBIECHHBIX pe-
akuuil. IlpuBeauTe KNHETHYECKE YPAaBHEHM ISl IAHHBIX PEAKLUI Ha MpuMepax. MoxXHO 1 1
KaK YMEHBIIUTh HYKHUN IIPEJEI NaBJIEHUs, HAUMHas C KOTOPOTO Pa3BETBIEHHAs LIEMHAS pe-
aKIHs Pa3BUBAETCS CO CKOPOCTHIO B3pbIBa? Hamummre ypaBHeHHE Ul pacueTa CKOPOCTH pas3-
BETBJICHHOW LIEMTHON peaKlMu, €CIU BEPOSITHOCTh Pa3BETBJIECHUs OOJbIIe BEPOSITHOCTH OOphIBA
nenu. [Ipu 3anucu ypaBHEHUS MOJIB3YHTECh 0003HAUCHUSME: V — CKOPOCTh peakiuu; f— Bepo-
ATHOCTb Pa3BETBICHUS LIENH; § — BEPOATHOCTh OOpBIBA IIENH; T — BpeMs OT Hayajla peakluu; ¢
— KOHCTaHTa Hapactauus (¢ = f—(); A —T0oCTOsHHAS BETUYNHA.
3. ®oroxummueckue peaknun. OCHOBHBIE 3aKOHBI (poToxmmun. Kakue mapameTpsl BIUSIOT Ha
CKOpOCTh (hOTOXMMHUECKUX peakuuid? Ha mpumMepax MoKaKuTe JABa OCHOBHBIX MeXaHM3Ma (o-
TOXMMHUYECKUX peakiuil. JHeprusi POTOXUMUYECKH BO30YKICHHBIX MPOAYKTOB. MOXKET 1 U B
KakoM cirydae (OTOXMMHUYECKAs peakiys UMeTh 1-if mopsAaoK, ey nepBUYHas (GpoToXxuMuye-
CKasl aKTHBAIUA SABJIACTCA JUMHUTHUPYIOUIEH cTaauer? MoxkeT Ju U B KAKOM Cliydyae KBaHTO-
BbII BBIX0J (POTOXMMHUYECKOH peakiiuy ObITh OOJIbINE €AUHULIBI?
4. PagnaniMOHHO-XMMHYECKHE peakiuu. buonmomuHecueHuus u xemomomuHecuenuus. [loka-
XKHUTE B 00ILIEM BHJIE CTAIMH MEXaHU3Ma XEMOJIIOMHHECIEHIIUH.

2. Jlabopamopuaa paboma Ne22 «H3yuenue KuHemMuku paznodceHus KOMRIEKCHO20 UOHA
MPUOKCANIama mapzanya omomempuecKum memooom

Lenv pabomul: ONIpeIeINTh CPEAHEE 3HAUYCHIE KOHCTAHThI CKOPOCTH pe-
aKIIMU aHATUTUYECKUM U rpad)uuecKuM CIIoco0aMHu.



Ilpunyun memooa

doTomeTprudecKuii METO/] M3y4eHHsI KHHETHKHA XUMHUECKUX PeaKkuid yJo0eH TeM, 9TO
BEILECTBO aHAM3UPYETCsI HEIIOCPEICTBEHHO B pacTBOpe 0e3 oTOopa u aHanm3a npoO. JaHHbII
METO/]I MCCIIEOBAaHNS IPUMEHNM B T€X CIIydasX, KOT/ia OKpacka HCXOJHOTO BEUIECTBA OTINYACT-
Csl OT OKPACKHM CMECH MPOIAYKTOB PEaKIIHH.

OmnpeneneHns OCHOBaHBI Ha CPAaBHEHWH MOTJIOUICHUS WM IMPOIYCKaHMS CBETa CTaH-
JApTHBIM M MCCIICIYEMbIM OKpAIllCHHBIM pacTBOpamMu. B ocHOBe MeTo/a JIe)KUT 3akoH byrepa -
JlambGepra — bepa:

A=¢lc,
rze A — onTHYecKas INIOTHOCTh PACTBOPA; € — MOJISIPHBIN KOA((UIIMEHT MOTIIOICHHUS;
C — KOHILIEHTPAIUs pacTBOPA, MOJIb/JI;
| — ToNMHA MOTIONIAOIIETO CIIOs, CM.

Hccnenyercs peakius pa3sioKeHUs KOMILICKCHOTO HOHA TPHOKcallaTa MapraHia, mpo-
TEKAroIast o0 ypaBHEHHIO:

[MNn(C204)3]* = Mn?* + 2,5:C204> + COs,.
Peakuust conpoBoxaaeTcst ”3AMEHEHHUEM OKPacKH OT KOPHYHEBOM 10 OSCIIBETHOM.

HecMoTpst Ha TO, YTO MEXaHU3M PEAKIIMU CJI0XKEH, 3aBUCHMOCTh €€ CKOPOCTH OT Bpe-
MEHU MOJYHMHSETCS YPAaBHEHHUIO MEPBOTO Nopsiaka. KoOHCTaHTy CKOpPOCTH MpH JaHHOHM TemIiepa-
Type PaCCUUTHIBAIOT CICIYIOLIMM 00pa3oM:

1, c°
k=_-In o
rae C° — navanpHAs KOHLEHTPAIHS HCXOIHOTO BEIIECTBA, MOJIB/ M, X — KOMMYECTBO UCXOJHOTO
BEIIECTBA, 3PACXOJOBAHHOTO K MOMEHTY BpeMenH T; (CP-X) — Tekylnas uim paBHOBECHas KOH-
LEHTpalMsl pearupyroero BelecTBa.
Ecin BMeCTO KOHUEHTpalUU peareéHTa M3MEpSATh ONTHUYECKYIO IJIOTHOCTh CUCTEMBI,
TOT/1a KOHCTAHTa CKOPOCTU OY/I€T pacCUUTBIBATHCS 110 YPAaBHEHHIO:
1 4°
K=—-Iln—
T A,
rie A° — onTHYeckas MIOTHOCTh PACTBOPA B HAYANBHBIA MOMEHT BPEMEHH,
A+ —onTHYeCcKas INIOTHOCTh PACTBOpPAa B MOMEHT BPEMEHHU T.
Annapamypa u peaxmugpl. ©otomMeTp Win crnekTpodoToMerp 1000 CUCTEMBI ¢ KIOBETaMHU
munHoi 1 cm. [loaroroBute npubop k padoTe: BKIOYNUTH, YCTAHOBUTH JUIMHY BOJIHBI (CHHUH C
obmacteio ciektpa 440 — 495 um). [lpuroroButs criexyrommue pactBopbl:0,01M KMnO4, ceexe-
npurortosieHHbiit 0,1M MnSOg, 0,1M H2C204. cexynnomep, TepMOMETPHI AJIsi UHTEPBAjia TEM-
neparyp 0-50°C; mpobupku emk. 20 cm® — 10 IIT.;. XONOAUILHUK OBITOBOI; T,
Ilopaook evinonnenusn pabomaol
Cwmematp pactBopsl MnSO4 u H2C204 B cootHOmennn 1:7. Cuutath 1 yacts paBHOU |
cm3. K geTbipem yacTsiM OeclBEeTHOM cMecu MpubaBUTH OJHY yacTh pacTBopa KMnOas. Beictpo
o0Opa3yeTcs KOpUYHEBAs KOMIUIEKCHAsl COJib. BBICTpO MOMECTHTHh MOIy4eHHbIH pacTtBop B 10-
MUJJIMMETPOBYIO KIOBETY M HAa4aTh U3MEPEHUS. 3a HA4aJIO OIbITAa IPUHSTH IEPBOE U3MEPEHNUE; B
3TOT MOMEHT BKIIFOUNTH CeKyHIoMep. M3mepsaTs uepes 1, 2 1 4 MUHYTHI 1 Jjajnee marom 2 MUHY-
Thbl. 3AKOHYUTbh U3MEPEHME, KOT'1a ONITUYECKAs INIOTHOCTh cCHU3UTCS 110 0,1.
Pe3ynbrarel HAOMIOEHHI B pACYETOB CBECTH B TAOJIHILY.
JUid KaX10ro 3Ha4€HHs TEMIIEpaTyp Ipoliecca pacCUUTaTh HECKOJIBKO BEJIWYMH KOH-
CTaHT CKOPOCTH pEaKIuy, HAalTH Cpe/iHee 3HAUEeHUE, CPeTHEKBAAPaTUIHOE OTKJIOHEHHUE U JIOBe-
pPUTEIbHBIN MHTEepBall. Pe3ynbTaThl pacueToB M OINBITHBIE JaHHbIE O(POPMIISIOTCS B BHJIE TabIu-
1B

Tabauua
3HayeHusn KoncTaHnTbl
Ne Bpems ot HavyaJsa .
ONTHYECKHUX IVIOTHOCTEH, In A: CKOpPOCTH,
onbITa peaKkuuu, T MHH. 1
Ax K MHMH
temriepatypa T1 = 273-275, K




temneparypa Tz = 292-295, K

temneparypa Tz = 306-308, K

Oopabomka IKcnepumeHmanbHvlX OAGHHBIX
1. ITo momy4YeHHBIM KCIIEPUMEHTATIBHBI JJaHHBIM TIOCTPOUTH U30TEPMBI B KOOPIUHATAX «ONTH-
YCCKas MIOTHOCTb — BPEMS).
2. PaccuMThIBalOT 3HEPTUIO aKTHBALMU U JIoTapu(M MPEIIKCIOHEHIINAIBLHOTO (PaKTopa B ypaB-
HeHUM AppeHuyca rpaduuecKuM METOJOM W aHATMTHYECKUM, WCIOJB3YS CpPEeIHUE 3HAUYCHUS
KOHCTaHT CKOPOCTH TP JBYX Temreparypax T1 u Ts.
3. Paccuntarh M3MEHEHUS YHTPOIINH AKTHBAIIMH PEAKITUH.
4. PaccunTaTth U3MEHEHUE M300apHO — M30TEPMUYECKOTO TIOTEHIIMAJIA PH U3y4aeMbIX TeMIIepa-
Typax. Otder o padore (cM. oOmre TpedoBaHMs).

3. Jabopamopnas paboma Ne23 «H3yuenue ckopocmu uHgepcuu mpocmHUK08020 caxapa,
Ilens pabomwi: 03HAKOMHUTHCS C OTHUM U3 ONTUYECKUX METOAOB U3YUCHUS] KHHETHKHU
peakuuu, ONpeleanTb AHATUTUUECKU U TpadUUeCcK! CPEAHIOI0 KOHCTAHTY CKOPOCTH, SHEPTHUIO U
SHTPOMNUIO aKTUBAIUU.
Ilpunyun memooa. 11pouiecc THBEpCHM caxapa SIBJISETCS TUAPOIUTHUECKUM PaCIEr-
nenurem caxapo3bl C12H22011 Ha 1Be MOHO3BI TIIIOKO3Y U PPYKTO3Y:

C12H22011 + H20 — CsH1206 + CsH1206
IIoKo3a  (pyKTO3a
3Ta peaKHI/Iﬂ HpaKTI/I‘-IeCKI/I HeO6paTI/IMa H 110 CBOCMy MexaHI/I?:My ABJIACTCA 6I/IMOHCKy-
nspHoit. Clie10BaTeabHO, CKOPOCTh €€ MOXKET OBITh PACCUMTAHA 110 YPABHEHHMIO:

dc

7 = kCepmy0,, - Cryo

ITockonbKy MHBEpCHS TPOTEKAET B BOAHOM PACTBOPE, I'ZI€ MOJIIPHAsI KOHLIEHTPALHsI BO-
JIbl 3HAUUTEJIBHO OO0JIbIlIE MOJISIPHON KOHIIEHTpAIUK caxapo3bl, To yobuib H20 3a cuet peakuuu
MaJia 110 CPaBHEHMIO € OOIIUM KOJMYECTBOM BOJIbI B CUCTEME U KOHIIEHTPALIUIO €€, JaXKe B CPaB-
HUTEJIBHO KOHIIEHTPUPOBAHHBIX PACTBOPAX, MOXKHO CUUTATh MOCTOSSHHOW U O0BEIUHUTD C KOH-
CTaHTO# B BennuuHy K':

dc

o= =k Cepnz0,

TaKI/IM O6p8.30M, CKOpOCTB I/IHBepCI/II/I 3aBUCHUT TOJIBKO OT KOHI_ICHTpaI_II/II/I caxapa, T. €. OTa
peakuusa IpoTEKAET, KaK peakiys EPBOTO MOPSAAKA U KOHCTAHTAa CKOPOCTH HHBEPCHUHU caxapa
MOIXKET 6BITL pacch/ITaHa 110 ypaBHCHI/IIOI

1 c?
K=—-In—7——
T -,
rac CO — KOHLICHTpaI_II/ISI caxapa B UICXOJHOM paCTBOpC; Cx — KOHI_ICHTpaI_[I/ISI caxapa, Hpopeam-
POBABIIIETO 33 BPEMS 7, T — BpeMs OT Hadasa peaKI[uy 0 MOMEHTa JaHHOro u3Meperus; (C° -
Cx) — KOHIICHTpAIMs caxapa B JaHHBII MOMEHT 7.

CKOpOCTB I/IHBepCI/II/I caxapa B HCﬁTpaHBHOﬁ cpe;[e OYCHbL MaJia. HpI/IcyTCTBI/IC HOHOB BO-
JI0poja, Kak KaTaIn3aTopa, yCKOPSET PEaKIUio 1 JAellaeT €€ JOCTYITHOM IS HaOI0IeHUs, TIPH-
ycM CKOpOCTL I/IHBepCI/II/I HpOHOpI_II/IOHaHLHa KOHLICHTpaI_II/II/I HNOHOB Bonopona B paCTBope.

PacTBOpbI caxapo3bl 001aJal0T ONTUYECKUMHU CBOMCTBAMH, T.K. TPOCTHUKOBBIN caxap U
HpOILYKTBI cro pa3J'IO)KeHI/IH HpI/IHa,Z[J'IC)KaT K I-II/ICJ'Iy OIITHYCCKH aKTHUBHBIX BEIICCTB, T. €. BC-
IECTB, CHOCO6HBIX N3MCHJATH ITOJIOKCHHUC ITJIOCKOCTHU nonﬂpmam/m npoxonﬂmero qepe3 HHUX
MOJIIPU30BAaHHOTO CBETA (CBETa, B KOTOPOM KOJIeOaHUS MIPOUCXOIAT B ONPEIEICHHON TIOCKO-



ctu). OnTHyeckas akTUBHOCTb CBSI3aHA C HATMYUEM B MOJIEKYJIE aCHMMETPUYHBIX aTOMOB yTJIe-
pona. OnTuyeckue N30Mephl OTIIMYAOTCS TI0 CBOEMY CTPOSHHIO APYT OT Apyra, Kak HeCUMMET-
PHUYHBIN MPEAMET OTIMYACTCS OT CBOETO 3ePKATBHOI0 N300paxeHus. [1o ceonm pusndeckum u
XUMHUYECKUM CBOMCTBAM TaKUE MOJIEKYJIbI OAMHAKOBBI M OTIIMYAIOTCS TOJIBKO PA3JIMYHBIM IO
HaIIPaBJICHUIO HO OJIMHAKOBBIM 10 BEJIMYUHE CMEUIEHUEM, TUIOCKOCTH MOJISPU3aLMU CBEeTa. YTOII
CMEIIIEHHUS TUIOCKOCTH KOJIeOaHM MOJIIPU30BAaHHOIO JTy4ya Ha3bIBAETCS YIJIOM BpallleHHUs IJI0C-
KOCTH TOJISIPU3ALIUH.

buo (1831 r.) ycTaHOBHUJI OMBITHBIM MyTEM JUIsl PACTBOPOB ONTHYECKHUX U30MEPOB Clie-
JYIOIIUH KOJTMYECTBEHHBIN 3aKOH: YTOJI BPAILIEHUS TUNIOCKOCTHU MOJIIPU3AIIIH 0. IIPSIMO MIPOIIOp-
[IHOHAJICH TOJIIIMHE CJ105 0 ¥ KOHIIEHTPAIUK AKTHBHOTO BEIECTBA C:

o = adc.

Kosddunment nponopiiioHaaIbHOCTH @ HAa3bIBAETCS MOCTOSIHHON MOJISPU3AIMH UITH
y/EJIbHBIM BpPAIICHUEM U 3aBUCHUT OT MPUPO/IbI BEIIECTBA, IJIMHBI BOJIHBI, TEMIIEPATYPHI U MPHU-
POJIBI PACTBOPUTEIIS.

Brusinue nivHbI BOJIHBI Ha BpallaTeIbHYIO CIOCOOHOCTH (BpalareabHas JUCIepCcus)
OPUEHTUPOBOYHO BBIpaKaeTcs MpaBuiioM buo:

1
e

Brnusinue TemnepaTypsl Ha BEIMYUHY @ HE3HAUUTENbHO. Bee BeriecTBa, akTHBHBIE B
aMOp(HOM COCTOSTHUH (PACIUIaBJICHHOM HMJIM PAaCTBOPEHHOM), aKTUBHBI U B BHJI€ KPUCTAIJIOB,
XOTS MTOCTOSIHHBIE BPAIIIEHUS B 3THX JBYX CIydasX MOTYT oTiu4arbcs. Hao0opoT, cymecTByeT
PS1 BEIIECTB, HEAKTUBHBIX B aMOP(HOM BHUJIE U BPAIIAIONINX B KPHCTAUTMYECKOM COCTOSIHHH.

Benuunna ynenpHOro BpalleHus paBHa YTy BpallleHus (BbIpa)KeHHOMY B Ipagycax) 1
JIM CIIos pacTBOpa, coAepskamiero 1 r emecTsa B 1 cM® pactBopa mpu 20°, ipy onpeaeneHHoi
JUIMHE BOJIHBI (Haripumep, npu 5896 A — JuIMHE BOJIHBI JKEITOM JIMHUU CIEKTPA [apOB HATPHUS).
3Has yroJ BpallleHus, yIeIbHOE BpaIlleHUe U TOJIIIUHY CJIOS PacTBOPA, JIETKO HAWTH KOHIIEH-
TPALMIO PacTBOpA.

VY nenpHOE BpalleHue MII0CKOCTH TOJISIPU3AIliH B BOJHBIX pACTBOPAaX TPOCTHHUKOBOTO Ca-
Xapa MOCTOSTHHO ¥ MOXKET CITYXHTb JUIs OTIpeJleIeHUs] KOHLIEHTpaIMK pacTBopa caxapa. Cko-
POCTh HHBEPCHH TPOCTHUKOBOTO caxapa MOYKHO MU3y4aTh M0 U3MEHEHHIO YTJia BpalleHHs 1I0c-
KOCTH MOJISIPU3ALUH, TOCKOJIBbKY CaM TPOCTHUKOBBIN caxap U MPOIYKThl MHBEPCUU ONTUYECKU
aKTUBHBI. TPOCTHUKOBBIN caxap BpalllaeT II0CKOCTh MOJIIPU3AIK BIIPaBo (a = 66,55°), a cMech
IPOJYKTOB HHBEPCUHN — BJIEBO, TaK KaK III0OKO3a BpalaeT BIpaBo (a-=>52,5°), a ppykroza —
BJIEBO M 0OJIbINe, yeM rirroko3a (ag = 91,9°). [TosToMy 1o Mepe mpoTeKaHust MHBEPCUH YTOIT
BpAIEHU TUIOCKOCTH MOJISPU3ALMHY YMEHBIIAETCS, MAJaeT 10 HyJIs U 3aTeM CTaHOBUTCS OTPH-
narenbHpIM. OKOHYAaHUIO PEaKIIUi COOTBETCTBYET MPEeNIbHOE, HE M3MEHSIONIeecs yxKe 00bIe
OTPHIIATENIbHOE 3HAaUECHUE YIJIa BpaIlleHus 0. HazBaHue peakimu («MHBEpCHs») 00YCIOBIEHO
M3MEHEHHEM HalpaBJICHHs yTJia BpalleHus INIOCKOCTH MOJISIPU3ALINH.

CKOpOCTb HHBEPCUHU TPOCTHUKOBOT'O caxapa yCTaHABIMBAETCS 110 U3MEPEHUIO MEHSIO-
HIETOCsT CO BpEMEHEM yTJla BpalleHHsl MII0CKOCTH TOJISIPU3AIlUK HCCIIeAyeMoro pacTBopa. s
3TOTO MCIIOJIB3YIOTCS CHEIMAIbHbIE ONTHYECKHE TPUOOPBI — MOISpUMETphI. Yalle Bcero npu-
MEHSIFOTCS TaK Ha3bIBa€MbI€ TIOTYTCHEBEIE MOJIIPAMETPHI.

Annapamypa u peakmuepi: TIONAPUMETp, MEpHAs k0162 eMk. 100 cM®, mumerka umm
MepHBIi MIHApP eMK. 50 cM°; HaBecka caxapa maccoii 20 T, 6 H. pactsop HCI.

Hpuzomosums pacmeopei: 100 cm® nmpumepHo 20% pactBopa caxapa, 100 cm® 6 H. pac-
tBOp HCI.

a

Ilopaook évinonnenusn padbomaol
[Ipexxne ueM Hauath paboTYy, CleAyeT O3HAKOMUTHCS C MOJIIPUMETPOM U MOYIPAKHATHCS
B OTCYeTax 1o mkaie npubdopa. [IpuroroButs npumepHo 20%-Helii pacTBOp TPOCTHUKOBOT'O Ca-
Xapa, JUIs 9TOTO OTBECHTh Ha TeXHW4Yecknx Becax 10 o caxapa u, MOMECTHB €To B MEPHYIO KOOy
emk. 50 cM®, foBecTH 06BbeM BOJIOH 10 MeTKHU. Ecii pacTBOP MyTHBIH, HY’KHO OT(UILTPOBATS.
3aTeM MHUIETKOH MM MEPHBIM ITMIIMHAPOM 0TOOPATh B KOIOY 25 cM° 3TOTO PacTBOpa M Ty/a e



BuTh 25 cm® 6 1. HC1. CMech nepemernars ¥ MOMECTHTh B TepMocTaT Tpu 40° Ha 3-3,5 u.
OcraBmmecs 25 cM® pacTBopa caxapa CMeIaTh TAKHM ke 00pa3oM ¢ 25 cM° pacTBOpa KUCIOTHI
3a/laHHOM KOHLEHTpalUu. MOMEHT CIIMBaHUS KMCIOTHI C pACTBOPOM caxapa OTMETUTH 110 Yyacam
KaK MOMEHT Hauaia peakiuu (to). CMech TOTUaC K€ TIIATeIbHO MepeMelaTh U ObICTPO BIUTH B
XOPOIIO BBIMBITYIO MOJIIPUMETPHUYECKYIO TPYOKY, MPEABAPUTEIHHO CIIOJIOCHYB €€ AUCTUILTUPO-
BaHHOM BOJIOM U pa3a JIBa — HEOOIBIIUM KOJIMYECTBOM HccienyemMoro pactsopa. [Ipu namnosn-
HEHHUHU TPYOKH HYXXHO CIICANTH 3a TeM, 4TOOBI B Hee He monai Bo3ayxX. [1y3bIppku Bo3/1yXa BbI-
3BIBAIOT B I0JIE 3PEHMUS MOSBJICHHE TEMHBIX MATEH. UTOOBI OBICTPO 3aMOJIHUTH TPYOKY Oe3 my-
3BIPHKOB BO3/1yXa, PEIBAPUTEIHHO HY)KHO HAyYUThCS 3aMOJHATH €€ BOJIoW. TpyOKy HalOJTHHUTH
JI0 KpaeB, 4TOObI )KUJIKOCTh 00pa30Bajia BRITYKJIbIH MEHUCK, 3aTEM OCTOPOKHO COOKY HaJIBU-
HYTh TIOKPOBHOE CTEKJIBIIIKO ¥ HABUHTUTH KOJIBIIO, IPHKUMAIOIIEE CTEKIIO K TOPILY TPYOKH.
[Tpu 5TOM NPOBEPUTH TaKXKe, HE TIOATEKAET Jik TpyOKa (He oOpa3yeTcs JH IMy3bIpbKOB BO3/1yXa
Yyepe3 HEKOTOpOoe BpeMst Tociie 3anoiHeHus). HanonHennyro TpyOKy o0TepeTs CHapyxH (Huib-
TPOBaJIbHOM Oymaroi, oOpaTuB 0co00e BHUMAaHHUE HA YUCTOTY, CYXOCTh U MPO3PAUYHOCTh CTEKO,
3aKpbIBAIOLIUX KOHLbI TPYOKH, U IIOMECTUTH B JKEJI000K MOJIIpUMETPa B KpaliHee I0JI0KEHUE,
Onmxkaiiliee K OKyJsipy.

OTcueTsl ciaenyeT NPOBOIUTh TOIBKO MOCIIE MOJIYYEHUS YETKOTO U300paykeHus LIKaAJIbI U
TOJIsl 3pEHUS MPU BPAIllEHUU COOTBETCTBYIOLIEH My(ThI Ha 3pUTEIBHON TPYOKE MOISIpUMETpA.
Bce n3mepenust npoBoAUTh ITPU KOMHATHOM TeMIIEpaType ¢ 0053aTeIbHON 3alUChIO €€ 10 U T0-
cie onbiTa. B ciydae uaMepeHuil npu remnepaTrypax, OTIUYAIOMIUXCS OT KOMHATHOM, CIIeAyeT
M0JIb30BATHCS TTOJSIPUMETPHUECKUMHE TPYOKaMu ¢ pyOamkaMu Jjisi 000rpeBa, MOAKII0YaeMbIMA
K TEPMOCTATYy.

Omnpenenenue yria BpalleHus IPOU3BOJANUTCS HAX0XKIEHUEM TOJIYyTEHEBOT0O MOJI0KEHUS
MOJIIPUMETPA Yepe3 pa3InyHble MIPOMEXKYTKHA BPEMEHH OT Hauana peakuuu. Yem Oouiblie KOH-
LEHTpalus KaTtajau3aTopa (KUCIOTbl), TEM Yalle cleAyeT MPOU3BOAUTb OTCUETHI YIJIOB Bpalle-
HUS, IOCTENICHHO yBeNWYKMBas BpeMs Mexay usMmepenusmu. Hampumep, ¢ 4 1. HC1 cnenyer
IIPOM3BECTHU JIBA-TPU U3MEPEHHUS Uepe3 3 MuH, OJHO-ABA U3MEPEHUS — Yepe3 S5 muH, OAHO-/1Ba
n3Mmepenus uepes 10 wun u T. 1. Beero cnenyer caenars 10—12 onpenenenuit, npu 3TOM 3amu-
ChIBAaTh [MOKa3aHUE Kbl IPpUOOpa U COOTBETCTBYIOLIEE eMy BpeMs 110 yacaM. Bee onpenene-
HUS cJIe/lyeT MPOBOJUTH MO BO3MOKHOCTH OBICTPO.

[To oxkoHYaHMM BceX U3MEPEHUN CIIeyeT ONPEENIUTh YroJl BpallleHusl, COOTBETCTBYIO-
IMIUHA KOHILY peakmH (0o). i1t 3TOr0 Ty %€ TpyOKYy, B KOTOPOH Haxoauiics pabounit pacTBop,
3ano’aHUTh cMechlo caxapa ¢ 6 H. HC1, npeaBapuTenbHO OXJIaXk/A€HHOM 10 TeMIIepaTypbl OIbITa
(CIIONIOCHYTBH ATUM PACTBOPOM TPYOKY mepen 3anoigHeHreM). OTcueT noBTopuTh yepe3 30 mum u,
yOeIUBIINCH, YTO YTOJl BpAIllEHUsI HE MEHSIETCS, IPUHSTH €r0 3a Ok. [10 OKOHUYaHUU paboTHI pe-
KOMEHIyeTCsl IPOBEPUTH HYJIEBOE MOJI0KEHHUE MOJIIPUMETPA, YTOOBI B Cilydae HEOOXOIUMOCTH
BBECTU COOTBETCTBYIOIIME MONMPABKU. Tak Kak KUCIIOTa pa3pylIaeT METaNINYECKYIO OIpaBy Io-
JSIPUMETPUUECKOM TpYOKH, HEOOXOAUMO TOTHAC XKE MOCIe OKOHUAHHS OMbITa TPYOKY IPOMBITh
BOJIOW U BBICYILIUTb.

Oopabomka IKcnepumenmanbHvlX OAGHHBIX

1. ITo pe3ynbTaTaM OIbITa BHIYUCIUTH KOHCTAHTY CKOPOCTH PEAKIMH NP TaHHOM TeMIiepaType
JUIS KaXJ10T0 MOMEHTa, kpome T = 0 u T = oo 1o hopmye:

1 o

K=—-In———

T -,
BmecTo koHIIEHTpa1Hil B 3TO BBIPAKEHNUE MOYKHO MOACTaBUTH MTPOIIOPLIUOHAIBHBIE UM Pa3HOCTH
COOTBETCTBYIOILIMX YIJIOB BpalllEHUS:
a) yroJ BpallleHUs1 B HAYaJIbHBIA MOMEHT BpeMeHu 7=0 — ao;
0) yroJ BpallleHus TOC/Ie OKOHYaHUSI UHBEPCUU MPU T=00 — Clo;
B) YroJl BPallIEHUs B IaHHBIII MOMEHT BPEMEHU T — 0ls;
') OT HAYaJbHOTO JI0 KOHEYHOI'0O MOMEHTA MHBEPCUHU YTOJI BPAIlCHHUsI U3MEHUTCS Ha (00 - Olo),
YTO TIPOMOPIMOHATLHO HAYATBHOH KOHIEHTpanuy caxapa C°;



1) KOHIIEHTpaIMs caxapa B JaHHbli MomeHT (C° - Cy) mponopiuonanbHa H3MEHEHHUIO yTiia Bpa-
IIEHUS OT IaHHOI'O MOMEHTA Ol JI0 Oko, T.€. (Ol - Oo), TOIJA YPABHEHUE IPUHUMAET CIIETYIOLIHI
BUJL:
1 Ay — Ay
K=—-In——
T a, — a.,
Bce 3Hauenus yrioB BpallleHus MOJICTaBIIATh B YpaBHEHHE C COOTBETCTBYIOIIMMHU 3HAKa-
MH, Olc Oy/IET IMETh OTPULIATENILHBIN 3HAK, CJIEI0BATEIbHO, €0 BEIMYHHY HY)KHO CYMMHPOBATh
C BEJIMYMHOM 0lp.
2. Yroi 0o, COOTBETCTBYIOLIMI MOMEHTY Hayayla peakluy, IPaKTHYECKU ONPEACTUTh HE YAaeT-
csl, TaK KaK OT HayaJla peakiiu J10 epBOTr0 U3MEPEHUS TPOXOIUT 3HAUUTEIHHOE BPEMsI, 103TO-
MY 0o OTIpesiessieTcs SKcTpanonauueii. Ha MmumnmMeTpoBoit Oymare mocTpouTs rpaduk B KOOp-
nuHaTax «IN(o: - o) — » (PHUC.) B IKCTpanoNAIKel moaydeHHon JuHun 1o 7 = 0 Haittu In(oo -
Oloo).

In(a-[ = (x,oo)k

s In(ap - o)

:T,

Puc. I'padmaeckuit MmeTo]1 onpeneneHus oo

N3 Bemmuunbl IN(0; - 0o) paccunTaTh 0o U Kep = fgo (TAaHTEHC yIiia HAKJIOHA TPSMOM K
ocu abcnucce) (puc.).

Jnsa kaxxnoro 3HaueHus Temnepatyp T1 u T2 mporecca paccuutaTh HECKOJIBKO BETHYUH
KOHCTAHTBbI CKOPOCTH PCaKIUH, HaUTH CpE€AHEC 3HAUCHUC, CPCAHCKBAAPATUIHOC OTKIIOHCHUC U
JIOBEPUTEIbHBIM UHTEPBAT U CPABHUTH C BETHUUHOM K.y, TOTyUEeHHOM rpaduuecku. Pe3ynbTaTs
PACUCTOB U OIIBITHBIC JAHHBIC O(i)OpMHS[IOTC?[ B BUJIC Ta6J'II/IIII)I:

Taoéanna
= z =
= 2 e xS g Oz 00 - Ol Ot = Oloo Koncranra | Kep,
5| 5 SESZ .
Q. QE) g i qz) 5o CKOPOCTH MUH
Q D) <
= 5 < S8 E5 HHBEPCUH
2 2 S &g X k -1
2 I:Q °© g , MUH
ol o
Z
Temmneparypa T1, K

Temneparypa T2, K

3. PaccunTaTh 3HEPruio aKTUBALMHU U JIOTapu(M NMPeIIKCIOHEHIIMATBFHOTO (paKkTopa B ypaBHe-
HUU AppeHuyca rpapuueckuM METOA0M, UCIOJIb3Ysl CpEAHNE 3HAU€HUsI KOHCTAaHT CKOPOCTH MPHU
nByx temmneparypax T1 u Ta.

4. PaccunTath H3MEHEHMSI DHTPOIIMY aKTUBALUU PEaKLIHH.



5. Paccuntath H3MeHEHUE U300apHO — U30TEPMHUUECKOTO MOTEHIMANa IPH N3Y4aeMbIX TeMIepa-

Typax.
Otuer o pabote (cM. oO1He TpeOoBaHU).

4. Komnnaexkm 3a0ay k meme 6.4.
1*. Peakuus pasnoxenus o3oHa 203 = 302 onucaHbl KMHETUYECKUM ypaBHEHHEM: —1%!— k%

Hanucares MexaHu3M, KOTOpPBIM MPUBOAMI OBl K 3TOMY KHHETHYECKOMY ypaBHEHHIO. (MOXXHO
IPENONI0XKUTh, YTO IIEPBOM cTasuel sBiseTcs peakiys 00pa3oBaHus aToMa KMCIOPOAa).

2*. Peaknus TepMHYECKOTO pa3jI0KECHHs 3TaHa MPOTEKAeT IO PAJAUKAIHPHOMY MEXaHH3MYy B
COOTBETCTBUU CO CIEAYIOLIEH CXEMOM:
K,
CoHe — 2CH*3 ununuupyromias craaus (1)

CH*3+ C2Hs —= CH4 + C2H"s 2)
CoH*s - CoHa + H* (3)
H* + CaHg =~ Ha + C2H's 4
2CoH*s —=- C4Hio peakimst o6pbiBa meru (5)
Peakumn (2)—(4) — peakuuu TNPOAODKEHUS 1enu.  MCrmonp3ys METOA CTallMOHAPHBIX

KOHIICHTpAIlMi, BBIBEAUTE KUHETHUECKOE ypaBHEHHUE peakuuu pasnoxenust CoHs, ecnu peakius
(1) sBISIETCI MOHOMOJEKYISIPHONH U MPU OOBIYHBIX YCIOBUSX, T.€. MPU HEBBICOKHX JaBJICHUSX,
MIPOTEKAET MO 2-My MOPSIIKY.

3*. lna peaxumu B razosod dase Hz + Iz — 2HI no 1967 rona ssnsics oOMENPUHATHIM
cnemyromuit mexaumsMm (1): Hz + I, = 2HI.
B 1967 roay ObLI0 IOKa3aHO, YTO PEAKIHS HIET, BEPOATHO, 110 MeXaHusmy (| l):

l, = 21 (1)
21 =1y 2)
21 +H,= 2HI (3)

Hcronb3yss METOA CTallMOHAPHBIX KOHIIEHTpAIWiH, BBIBEIUTE YPaBHEHHS JUII CKOPOCTH
obpazosanus (L), coorsercryromue mexanusmy (1) u (11).

4*. Wcrnonb3ysh METOJA CTAallMOHAPHOW KOHIICHTPAIIMH, BBIBECTH YpaBHEHHUE, OMPEEIIoNniee
CKOPOCTh TOMOTE€HHO-KAaTaTUTUYECKOM peakiuu
A + B + K - C + K. I'oMoreHHo-kaTaquTH4eCKasi peakiusi MPOTEKAET IO CIEAYIOIIEMY
MEXaHU3MY:
1. O6pa3zoBanue mpomexxytouHoro npoaykta AK B pesynabTate 0oOpaTUMOTO B3aUMOJICHCTBUS
MCKAY KaTaJIu3aTOpOM U OJHUM U3 UCXOAHBIX BCIICCTB:
3
A+ K== AK

2. OOpa3zoBaHue AaKTHBHOTO KOMIUJIEKCA B pe3ylbTaTe B3aUMOJEHCTBUS 00pa30BaBIIETOCS
MPOMENKYTOYHOIO IIPOAYKTA CO BTOPEIM KOMIIOHEHTOM PEaKIIHM.

AK +B = (AB*)K
3. O0pa3oBaHrEe KOHEYHBIX MIPOJAYKTOB U pEreHepalus KaTau3aTopa:

(AB¥)K =, C+K.
5. Kunernka (POTOXMMHYECKOTO XJIOPUPOBaHHS TeTpaxyiopsTiiecHa B pactBope CCls

onuceiBaeTcs TuddepeHualIbHbIM YpaBHEHUEM:
d[CLH,] _

TTdar

Peakuust — nenHasi, Ha 4TO yKa3bIBAaeT BBHICOKHI KBAaHTOBBIN BBIXOJ], & TAKKe APOOHBIN MOPSIOK

peakiuu. [ToayunTs BeilienpuBeieHHOE TU(epeHIInaTIbHOE YPaBHEHUE, €CITH PEaKIIHs HIET 10
CIEAYIOUIEH CXEME:

Cly + hy =.2CI* (3aposxaeHue 1enn)

Cl*+ CoCls = * CoCls

K[CL,]¥2

(TpoIOIIKEHHE TIETIH)



Cl; + *CCls = CCls+ CI*
* C:Cls + * C2Cls == C2Clg + C2Cls (06pbIB 1emn).

6*. I1pu ocBemenun razoBoi cmecu CO + C12 uctounukom ¢ 1iauHo# BosiHbl 400 HM ObLTO TTO-
aydeHo no ypaBHeHuto peakiuu CO + Cl, = COCl2 0,1 kr pocrena. KonrdecTBo MOTIOMIEHHON
razoM ayuuctoit suepruu 300 x. Paccumraiite KBaHTOBBIM BBIXO/ 3TOM peaKIuu.

7*. Ilpu hoTOOpOMHUPOBAHUHN KOPHUYHON KUCIOTHI 1O AMOPOMKOPUYHOM KHCIOTHI PeaKIMOHHAS
cMech 00J1y4aach CHHUM CBETOM C JUTHHOM BOIHEI 435,8 HM U uHTeHCUBHOCTHIO 14-107 JTx/c.
3a BpeMs skcniozunuu 1105 ¢ konudectBo Brz ymensmmnocs Ha 0,075 mMoms. PactBop norio-
main 80,1% cBeta, mpoxoAsiero yepe3 Hero. BeruncauTe KBaHTOBBIM BBIXOI.

5. Koumponwvnasa paboma Neb6 no meme: «Kunemuxa npocmuix u cJ10H#CHbIX peaKyuil»
BapuanTt 1

3aoanue 1. KoHcTaHTa CKOPOCTH OMBUICHHUS! YKCYCHOATHUIIOBOTO 3(UpPa €KUM HATPOM IIPU
9,4 °C paBna 2,37, a ipu 14,4 °C — 3,204. BeraucnnTs, Npy KaKoii TeMIepaType KOHCTaHTa
cKopocTu Oynet paBHa 15.
3adanue 2. PacTBOp yKCycHOITHIOBOrO 3dupa koHnenTparuu 0,01r-3x8/am° mpu 20°C
ombursierca 0,02 H. pacTBOpoM eAxoro Hatpus B TedeHuu 23 muH Ha 10%. Kak uzmenurcs
9TO BpPEMsl, €CIIM YMEHBIINTh KOHIIEHTPAIIUN PEArupyIOINX BEIICCTB B MATH pa3?
3aoanue 3. Pacnian okcuna azota (I) mpu 900°C xapakrepusyercs JaHHBIMU:

BpeMs, ¢ 900 1800 3180 3900 4800 6000 7200

CTCNCHb UPe | 16 5 32 50 57 65 73 78
BpamieHus, %

Onpez[eJmTe CpeaHEC 3HAUCHUC KOHCTAHTBI CKOPOCTH U BPEMCHU MOJIYIIPCBPAILLICHU.

Bapmuanr 2
3aoanue 1. Bo cKoJIbKO pa3 yBETUIUTCS BpeMsi, HEOOXOMMOE TSl 3aBEPIIICHUS PEAKIIHH,
ecyIi MOHM3UTH TeMrepatypy Ha 45 °C? TemnepaTypHblit K03 OUIEEHT CKOPOCTH PeaK-
IIUH TIPUHATH PAaBHBIM 3.
3aoanue 2. XnopupoBaHue 6€H30I1a, IPOBOJUMOE B JIEASHON YKCYCHOW KHUCIIOTE, SBISETCA
peaxiueii BToporo mopsaka ¢ KOHCTaHTo# ckopoctu 1,5-107° m¥/(xmonb-cex). Micxommbie
KoHIeHTpanuu: 6enzona — 0,5 kmonb/M® 1 xmopa — 0,05 kMoms/M°. Onpeenuts, 3a Kakoe
BpeMsi 00pa3yeTcs IOJOBUHA BO3MOYKHOTO MPH 3TUX YCIOBUAX KOJIMYECTBA XJI0pOEH301a.
3aoanue 3. Peakuus pasnoxkenus nepekucu Bopopoaa 2H202 = 2H20 + Oz B kucnoi
cpelle U B MPHUCYTCTBUM MOHOB OpoMa Kak KaTaju3aTopa MPOTEKAaeT MO CIENYIIleMy

MCXAaHU3MY:
H>0, + Br' + H" — HBrO + H.O ()
H>0. +HBrO — H0 +Br + H"+ 02 )

Hcnonb3ys METO/I CTAallMOHAPHBIX KOHIEHTPALIUM, ONPEIeNIUTe, KaKOB MOPSI0K 3TOH pe-
aKIMU TI0 TIEPEKUCH BOJAOPO/IA.

Pazoen V1. Kamanus

Tema 7.1. Kamanu3. Qougue npunyunsl npomeKanus KAamaiumuyeckKux peaxyuil
1. Bonpocwl K ycmuomy onpocy
1. KuneTnka reTeporeHHbIX XUMUYECKIX PEAKITHA.
2. Karaymtnyeckue mporiecchl. OCHOBHBIC MOHATHSA: KaTayim3, Katanmm3atop (mo Bopeckory),
uHTHOUTOp. CielMUUHOCTD U CENEKTUBHOCTh KaTaiu3aTopoB (mpuMepsl). OCHOBHBIE MOIOXKe-
HUS TeopHuH Karanu3a. [[poMexxyTodHble BelecTBa B Karaiau3e. [I[puHIUI SHEPreTHIeCKOro Co-
OTBETCTBHUS



3. OOmmue mpencTaBieHUs] 0 MEXaHW3MaxX KaTaJIUTUYECKOTO JeHCTBUS, CBA3aHHOM C 00pa3oBa-
HUEM aKTUBHBIX KOMIUIEKCOB. Kitaccudukanus kaTauTHYECKUX ITPOLECCOB.

4. T'oMOreHHBI KaTanu3 B ra3oBoil ¢aze. Teopus MpoMEXYyTOUHBIX NpPOAYKTOB. KuciorHo-
OCHOBHOM KaTalu3: crelu(uuecKrii KUCIOTHBINA KaTalu3, crenn(uyeckuii OCHOBHOW KaTaius,
0OLIMI1 KUCIOTHBIN KaTanu3, o0IIMi OCHOBHOM KaTaJlu3, KOPPEIALIMOHHbIE COOTHOIIEHUs. ['eTe-
POTEHHBIN KACIOTHBIN KaTaaus3. ABTOKaTalIN3.

2. Jlabopamopnas paboma No24d «Honomempuueckoe uzyuenue cKkopocmu copouuu uoHoe
mMAIHCENbIX MEMATIIO6)

I]en» pabomui: onpeneneHre KOHCTAaHT CKOPOCTH COPOLIMU MOHOB TSDKEIIBIX METAJLIOB
(TM) noHOMETPHUYECKUM METOJIOM IIPU ABYX TEMIIepaTypax; rpadudeckoe HaxoxKACHUE dHEP-
MM aKTUBALMM, PacYeT U3MEHEHUS SHTPOIIMM aKTUBALUN U U3MEHEHUs N300apHO — U30TEPMU-
YEeCKOT0 IMOTSHIINAA.

Ilpunyun memooda. J1j11 n3ydyeHus: KHHETUKH PeaKLUil ¥ OlpeesieH s €€ CKOPOCTH HE0O-
XOJJIMO 3HATh M3MEHEHHE BO BPEMEHHM KOHIIEHTPAIIMH XOTs OBl OJHOTO M3 PEarupyrolluXx Be-
IIECTB WIM MPOJIYKTOB peakiuu. /g onpeseneHuss KOHIEHTPALUU BEIIeCTB MOKHO IIPUMEHSTh
KaK XMMHYECKHE, TaK 1 (PU3NKO-XUMHUIECKHUE METO/IbI aHAIIN3A.

B ¢u3uko-xuMuueckux MeTosax aHaiu3a U3MEpseTcs W3MEHEHHE BO BPEMEHHU KaKoro-
anbo Qu3myeckoro cBoicTBa cucTembl (pacTBopa). K mocTomHcTBaM 3TOM Ipynimbl METO/I0B
MOYKHO OTHECTH: OBICTPOTY OIpe/eleHUi; BO3MOXKHOCTh BBIIIOJHEHUS HW3MEPEHUH Herocpea-
CTBEHHO B PEAKIIMOHHOM cocyze 0e3 MmpeamecTByonero oroopa nmpood, 6e3 HapyluieHus paBHO-
BECHs B CUCTEME; BO3MOXKHOCTb IPOBEJICHHs HENPEPhIBHON aBTOMaTHUYeCKOW 3amucu. [lomen-
yuomempuyecKue METOJIbI, OCHOBaHHBIC Ha MPSIMOM M3MEPEHUU MOTEHIHAJIA AJIEKTPOa, HMEI0-
IIEro NPsSMO MPONOPLMOHATIBHYIO 3aBUCUMOCTh OT KOHLEHTPALMU OIIPEIEIIeMOro HOHA.

[Tpu uccnenoBaHUM KWHETHKH COPOIMU MOHOB TSKEIBIX METAJIOB PAa3UMYHBIMH COpPOEH-
TaMH HEOOXOIMMO OIpPEeNIUTh BpeMs, B TEUEHHUE KOTOPOr0 YCTAHABJIMBAETCS COPOLIMOHHOE
paBHOBecHE B cucreme: «copoent — TM "y,

Annapamypa u peaxkmuewi: noHoMepbl «IkcrepT - 001», mMTAaTUBBI AN 3JIEKTPOJIOB,
HoHOCeneKTuBHEIE dnmekTpoasl (MCD) Ha moHbl Taxémsix metamio (Cu?*, Fedt, Zn?*, Pb?,
Cd?*, Ca?" u zp.), >7eKTposl BCHOMOraTeIbHbIe 1abopaTopHble Xnopcepeopsansie DBJI-1M3.1,
UMETKH 8MK. 5 cM°, XMMHYecKHe CTakaHbl 8MK. 50 cM°, MepHbIe KoIObl éMK. 50 cM3, GpuIbTpo-
BaslbHas Oymara, HaxkJlauHasi OymMara MeJIKO3€pHUCTas,; UCXOHbIE BOJIHbIE PACTBOPHI HOHOB Tsi-
KENBIX MeTaIoB KoHueHTpamueii 0,1 Momb/mM®, KOHIUIMOHUPYIONTHE PACTBOPHI JUIS MOITO-
ToBKH K pabore MCD (cormacHo unctpykiusm k UCD), 6ydepHble pacTBOPHI A peryIupoBa-
Husi noHHOU cuibl — BPOUC (cormacHo uHcTpykiusaM k MCD), pacTBOpbl [UIsl 3alONHEHUs
3JIEKTPOOB CpaBHEHMS (COryacHO MHCTPYKIMAM k MICD), auctunimmpoBaHHas BoJa.

Ilopsaook evinonnenus pabomot

N3 ucxoaHoro pactBopa METOAOM MOCIENI0BATEIbHOIO pa30aBiIeHUsl IPUTOTOBUTH pado-
ymif pacTBOp conmu MeTasia (Mo 3aJaHMIO TIpernoaBaTens) ¢ KonnenTpanueii 107 mois/am® 065-
emoM 50 cm®, mpu HeobxoaMMocTH 106aBuTh BPOUC (cornacHo mHCTpykmusaM k MCD). Jlanee
usameputh noteniuan MCD (Eo) B pactBope nipu =0 (10 BHeceHus copbenra). [Tocne u3mepe-
HUS, B 9TOT pacTBOpP BHECTU 2-5 I' cOpOEHTa, MHTEHCUBHO NE€peMeIIaTh U HayaTh (PUKCUPOBAThH
MOKa3aHWsl HOHOMEpa Yepe3 ompeneeHable mpoMexyTku Bpemenu: 0, 5, 10, 20, 30, 40, 50, 60,
90, 120, 180 ¢, 5, 7, 10, 12, 15, 20, 25, 30 mun, 35 mun, 40 mun, 50 mun, 1 4, 1,5 4, 2 4.. [1apai-
JIETFHO TIPOBECTH TaKWeE YK€ W3MEPEHHs, T/Ie BMECTO PacTBOpa COJIM METalljla UCTIONb30BaTh -
CTHJUITMPOBAaHHYIO BONy (47151 yuera (oHa).

Oopabomka IKchepumeHmanbHbvIX OAHHBIX
1. Onpeodenenue koucmanm ckopocmu copoyuu. Tax Kak CcopOIMsT HWOHOB METAIJIOB
NpeCTaBIsieT cOO00H OMHOCTOPOHHUH TMpOIEcC, MOMYHHSIONUICS KHHETUIECKOMY YPaBHEHHUIO
HepBOrO TOPSIKA, TO MOKHO PAaCCUUTATh KOHCTAHTY CKOpocTH copOuuu (K), HCIONB3ys
3Hayenus noreHuana MCO:
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rae Eo - noreniman UCO npu 1 = 0; E; —moteniman UCO B MOMEHT BPpEeMEHH 7.
Hcnone3ys ypaBHeHue 1, BEIUUCINTH KOHCTAHTHI CKOPOCTU COPOIIMHM MOHOB MPHU HCCIEAYEMBIX
TEMIIEPATypax, TaHHbIC BHECTH B TAOIUILY
2. Onpeodenenue KUHEMUYECKO20 NOPAOKA U KOHCIAHM CKOPOCHU cOpoyuu

K HavaipHBIM yyacTkaMm Ha rpadukax 3aBucuMocTy rotenrmana CD or BpeMeHu npu ucclemy-
eMBIX TeMIieparypax IPOBECTU KacaTelbHbIe, IPEABAPUTEIIHLHO PA3/IeIMB HAYaIbHbIE YUaCTKU Ha YEThIPEe
paBHbIe yacTH. K BeiOpaHHBIM ueThIpéM ToukaM (Ej, Ti) Ha M30TepMax MOCTPOUTH KacaTesIbHbIE JI0 Tiepece-
YeHUs! ¢ OChI0 adcIuce. YTrioBble KOI(P(UIIMEHThI KacaTeNbHBIX HAWTH KaK BEJIMYMHY TAHICHCA YIIia
MEXTy KacaTeJIbHON U OChIO a0CIMCC, KOTOPbIE YMCIIEHHO PaBHBI CKOPOCTH COPOLIIOHHOTO B3aUMO/ICH-
CTBHS B COOTBETCTBYIOILLIMI MOMEHT BpEMEHH T. 1Jaj = Vz.

Hcnons3yst rpagynpoBounbie rpaduke, 1 3Hadenus CO Ej onpenenuts paBHOBECHBIE KOHIIEH-
Tparwu HoHOB [Ci] B MOMEHT BpeMeHH T.

TTome3ysch 3aKOHOM JIcHCTBYIOIMX Mace B obmeM Buje: Vi = Ki[Ci]" u norapudmirdgeckoii dpop-
Me:

Invi = ki + n-In[Cj], @

noctpouth JiHeiHbIe 3aBucuMocti: Invi = f(IN[Ci]), rae Ki — koHcTaHTa cCKOpOCTH COPOLIMK HOHA B MOMEHT
BPEMEHU T, YUCJICHHO paBHAasi OTPE3KYy OTCEKaeMOMY MpSMON IO OCH OpJMHAT; N — MOPSIOK PEaKIIHH,
OTpeIeIIeMbI KaK yriioBoi kodddumment mpsivoi (1).

I"paduyeckuii MeToz onpeneneHns: KHHeTUYECKHX MOPSIKOB COPOLIMY MOHOB MPEJICTABIICH HA PU-
cynke 1.

+lnv;
12 ¢

11 F

10 F

. . . , , iln[Ci]

0 0,25 0.5 0,75 1
Puc.1l. I'papuueckoe onpeneneHre KNHETUYECKUX TOPSIIKOB COPOLIUU

noHoB TM raunoit mpu 295 K

Haiinennsle rpaguuecku pe3ynbTaThl, IpeICcTaBUThH B Tabuie 1.

Taoauna 1
Kunerndeckue napamerpbl copéuun nonos , Co = 10 mosn/nm®
I'padmuecku HaiineHHbIE Honet

pE3yJIbTaTHI cu* Hg?" Cd2 Fed+ Pbh2+ Cs*
Kunernueckuil nopsioK peakum,
n mpu T~295K

KoHCTaHTBI CKOPOCTH COPOIIMU HOHOB aTFOMOCHIMKATOM, K

T~275K
T~295K




| T~305K | | | |

3. Onpeoenenue rnepzuu u 3nmponuu akmusayuu. Vicnons3ys ypaBuenue (2) AppeHuyca B
JIUHEHHOW (QopMe M pacCYMTaHHBIC 3HAYCHUS KOHCTAHT COPOIMH IMOCTPOUTH 3aBUCHMOCTH B
koopauHatax «INK — 1/T» (puc. 2).

Eaxm 1

InK=InPZo — T' - @)

Ink

J* Inpzo

UT

Puc. 2. I'paduueckuii MeTos1 pacueTa SHEPTUU aKTUBALIUU U JIoTapudma
MPEAPKCIIOHEHIIMATIBLHOTO (hakTopa B ypaBHEHHH AppeHuyca

PaccunTarth SHeprur0 akTUBAMKM W JIOTApU(PM MPEIIKCIOHEHIHAIBHOTO (hakTopa B
ypaBHeHMH AppeHuyca rpadudeckuM MeTonoM (ypaBHEHHE 3) MOJIb3YyACh 3aBUCHUMOCTBIO
npejcTaBieHHON Ha puc.l. [Ipsimast oTcekaeT OT BEpTUKAIBLHOM OCH OTPE30K, YUNCICHHO PaBHBIN
norapudmy npeadKCnoHeHIHansHoro pakropa INPZo.

Ewen=m-Rtgg 3
rae tg ¢ - yrioBo# ko3 PUIMEHT TpsIMOiA, M — OTHOIIIEHUE MacIITa0O0B.
Paccunrarh SHEPruI0 akTUBALMU 110 YPABHEHUIO 4!
K 2

RT T, In( )

K
E, = — 1 4
¢ T,-T, )

Wcnonssys ypaBHeHHe Jifpunra (ypaBHeHHE 5) paccuumTaTh H3MeHeHHe dHTpornuu (ASH)
00pa30oBaHMs AKTUBUPOBAHHOTO a/ICOPOIIMOHHOTO KOMILIEKCA.
AS”
2,3R
Paccunrtate n3meHnenre n300apHO — M30TEPMUIECKOTO TOTEHITHANIA 110 (hOpMyJIe:
AG = AH - TAS npu u3y4aembIX TeMIlepaTypax.

Pe3ynbTaTs pacdetoB Kex,, Eam, AG 1 AS* ipu 06pa3zoBaHny aKTHBUPOBAHHOTO aCOPOIIHOHHO-
T'O KOMILUIEKCA MPEACTaBUTh B BUJE TaOJIHIIBI.

IgPZo=10,36 + IgT +

()

Ta6auna. 2
XapaKTepuCcTHKH Npouecca 00pa3oBaHusi AKTUBHPOBAHHOI0 KOMILIEKCA MPH COPOIHH
MOHOB MeTAJLIA M3 CTAHAAPTHLIX pacTBOpPoB (cOve""'=10"moun/1m°%)

Eaim, Kﬂ)K/MOJ'IB —AS# AG
T ] K KCK ' '
Epacw Eepaqb H)K/ MoJb-K K,Z[)K/ MOJIb
273
298




Otuer o pabote (cM. oO1re TpeOboBaHU).
3. Komnnexkm 3a0au k meme 7.1
1. Karanuszatop cHmxkaet suepruto aktuBauuu ¢ 60 x/x/mons 1o 20 x/x/Mons. Onpenenure,
KaK BJIMSET Ha TemrepaTypHblii koogdunuent peakuuu npu 300 K BBegeHue karanuzaropa.
2. Karanuzatop cHmxkaer sHepruto aktuBanmu Ha 40 x/[x/monb. Peakuus mpoBoawiach mpu
temneparype 300 K. Bo ckoibko pa3 BO3pacTe€T CKOPOCTh pEAKIHUM MPH BBEICHUHU
Karanuzaropa?
3. PazHoCTh SHepruil aktuBanmu peakiuii paBHa 8 kJ[x/mons. [Ipu 400 K Beixon BemectBa B
cocraiseT 25%. Kakum okaxercs Bbixo[ Bemectsa npu 500 K.

Tema 7.2. Kunemuka kamanumuuecKkux npoueccos
1. Bonpocel k ycmuomy onpocy
1. I'ereporennsiii katanu3. Katanuzatopbl 1 UX OCHOBHBIE TUIIBL. Y CIIOBUSI BBICOKON aKTUBHOCTH
KaTajau3aTopa (AUCIEPCHOCTh TBEPAbIX KaTaJM3aTOPOB, CIEKAHUE KaTaJu3aTOpOB, IPOMOTHUPO-
BaHUe, OTpaBJIeHUE KaTannu3atopoB). Poib agcopOuuy B reTeporeHHO-KaTaaTuTHUYeCKUX PeaKily-
AX — BBIBOJl KHHETUYECKUX ypaBHEHUM. Y paBHeHue JIeHrmMiopa-XunmensByaa. Knuernueckas u
muddy3noHHast 00JIaCTH eTEPOreHHOT0 KaTaTUTUYECKOTO MpoIiecca.
2. Teopun xaranmsa. [IpeacraBnenue o0 aKTUBHBIX IEHTpax. Pollb 1eeKTOB peaabHOro TBEP-
noro tena B karanuse (I'. Taitnop). Pons HEOTHOPOAHOCTH MOBEPXHOCTH U €€ YUET B acOpOLuu
U KaTaju3e, Teopusl aKTUBHBIX KatamuTuueckux ancambiienn H.W. KoGosesa. JIuranaHo-nonesas
teopus b.B. EpodeeBa. Teopus mynpTureroB A.A. bamanauna. [TosscHuTe Ha mpumepax oc-
HOBHOW CMBICJI U 3HAYEHUE MPUHLUIA CTPYKTYPHOTO (T€OMETPUUYECKOT0) COOTBETCTBUS MYJIb-
TUILJIETHOW TEOPUM FeTEpOreHHOoro katanusa A.A. bananauna. DnekTpoHHas TEOpUsl KaTau-
3a.
3. Ocobennoctu ¢epMeHTaTUBHOrO Karaiu3a. Cxema u ypaBHeHue Muxasnuca-MenteH. Kon-
KYpPEHTHOE M HEKOHKYpEeHTHOe nHruouposanue. CyocTparHoe TopMoxeHue. [[pudanHbr 601bImmx
CKOpOCTeH (pepMEHTATUBHBIX PEAKIIUN.
4. BnusiHue pacTBOpPUTENSI HAa CKOPOCTh XMMHUUYECKMX peakuuil. Cka3blBaeTcs JM M Kak
MOHHAas CUJia pacTBOpa Ha CKOPOCTHU pEeaKIMU MEXJ1y HOHAMHU B pacTBOpe?

2. Jlabopamopnasn paboma Ne25 «H3yuenue KuHemuKku Kamaiumuueckozo paziloiHceHus ne-
POoKcuoa 6000pooa»

Ilenv pabomobi: 03HAKOMUTHCS C OTHUM U3 METOJIOB M3yUYEHUs KHHETUKU PEaKIIMH, OIpe-
JIETUTH TIOPSAIOK PEaKIUU Pa3IoKEeHHS TIEPOKCH/Ia BOJOPOAa M KOHCTAHThI CKOPOCTH PEaAKIINH,
SHEPTHUI0 U SHTPOIIMIO aKTUBAIIMU, U3MEHEHUE N300apHO — U30TEPMHUECKOT0 TOTEHIHAA.

Ilpunyun memooa. Ilepokcur BOJOPOIa B BOAHBIX PaCTBOPAX MEIJICHHO Pa3jiaraercs:
2H202 — 2H20 + 0.

VYckopsitoniee AeicTBHE Ha Pa3jioKeHUE EPOKCHIA BOJIOPOAA OKA3bIBAIOT KaTaIN3aTo-
pBI: HOHBI MO/1a, XKeJe3a, MeIU, KOJUIOUIHA IJIATUHA, CONU nauiaaus. /[ u3ydeHns: KHHETUKU
B HaCTOSIIEH paboTe MPUMEHSETCS Ta30MeTpHUecKuii croco0. KommdecTBo pa3nokuBIIErocs K
JTaHHOMY MOMEHTY MEPOKCH/Ia BOJAOPOa OMPENEISIIOT M0 00heMY BBIICTUBIIIETOCS KUCIOPOAA.
VYcTaHoBKa, ¢ MOMOLIBI0 KOTOPOM MOXKET OBITh M3yu€Ha CKOPOCTh MpoIiecca, IpeICTaBIeHa Ha

PUCYHKE.

= Puc. YcranoBka s nsyuyeHus
KUHETUKU Pa3IOKCHUS
MepoKcuaa BOAOPOA:

1 — mpobupka;

2 — OropeTKa;

3 — ypaBHUTEIbHAS CKIISTHKA;

4 — TepmocrTar;

5 — mTaTuB




Annapamypa u peakmuesl: yCTAaHOBKA /Ui U3y4eHUs] KHHETUKU (puc. 1), MepHas koiba
eMK. 50 cM>; IBe TTHIETKH eMKOCTHIO 1 cM®, CeKyHIoMep, pacTBOp TIEPOKCHIA BOAOPOA (C =
0,2—0,3 moms/am?), pactBop PACl2 (¢ = 0,06 momns/am’).

Ipuzomosums pacmeopsi: 1o 50 cM® pacTBopa MepoKcHIa BOJOPOAA
(c = 0,2—0,3 mons/nm°) u pacteopa PACl; (¢ = 0,06 mons/mm3).

Hopaook evinonnenusn pabomut

Iepen HauanoM OMbITa B Ipo6KPKY 1 moMernaroT o 1 cmM® pacTBOPOB MepoKCHIa BOIO-
poJia ¥ KaTaln3aTopa, BbIIEP:KaHHbBIX B TepMOcTaTe B TeueHue 30 MUH Npu JaHHOUN TemIiepaTy-
pe. [IpoOupKy MIOTHO 3aKPBIBAIOT MPOOKOH C ra300TBOJHON TPYOKOM, COSTUHEHHOM ¢ OFOpeT-
koi 2. KpaHn Ha ra300TBO/IHOM TpyOKe OCTaBJIAIOT OTKPHITHIM B TeueHUE 1 MUH (1Sl BBITECHEHHS
Bo3ayxa). Ilepememniast ypaBHUTENbHBINA COCY]T BAOIb IITATUBA, YCTAHABINBAIOT OJJUHAKOBEIC
YPOBHU BOJIbI B OIOPETKE U YPAaBHUTEIBHOM cOocyJle. BKITIoualoT cekyHIoMep U 4epe3 KaxKibie
0,5-1,0 MuH U3MepsAI0T 00BEM BBIICIHUBIIETOCS KUCIOPOAA B KyOUYECKOM CaHTUMETpe, yCTa-
HaBJIMBAas Mepel KaXIbIM U3MEPEHUEM OJIMHAKOBBIM YpOBEHB BOJIbI B OIOPETKE U B yPABHUTEIb-
HOM COCyJie. AHAIOTUYHO TPOJICNIBIBAIOT OIBIT IPH BTOPOH TeMIeparype. DKCIepUMEHTaIbHbIE
JaHHBIE 3aHOCAT B Tabnuiy 1.

Taoauna 1
T, MHH V, em®
T, K T2, K T, K T2, K
T1 T1 V1 V1
Ti Ti Vo Vo

rae Vo—o0beM KUCI0pO/a, BBIAECIUBILIETOCs MOCIE MOTHOIO Pa3IokKeHHs! IEPOKCUAA BOAOPOA.
Oopabomka IKcnepumMeHmanbHvlX OAGHHBIX
1. JIys peakuuii pa3IuuHBIX MTOPSIKOB BRIPAKCHHUS 11 KOHCTAHTBI CKOPOCTH K pa3iuyHbI:

CCHHHZOKZE'(CO—C), ecmun =2 Kzl(i_ 1)
T T

G
n=lx==-InS n—3K=—1-(—1——1)
ecan n = . c eciau n = 27 & @

rae C°, C — KOHIISHTpAIlUH pearnpyroIero BemecTBa B Ha9aIbHbId MOMEHT BPEMEHH H Yepe3
BpeMs T OT Havasa peakinH.
B nanno#i paboTe BMECTO KOHIIEHTPAIIMU TIEPOKCHUIA BOJIOPOIa U3MEPSIETCSI 00BEM BhI-
JenuBLIerocs kucinopoaa. Kak BUIHO U3 ypaBHEHUS PEaKlny,
C(H20,) = const - (Vo - V), a CO%(H202) = const » V,
CrnenoBaTenbHO, CIIPaBEIMBbI COOTHOILICHHUS:

ectu n=0, K = Coist = g , 1)

ecom n=1, K = % In VOVEV 2)
N 1 1 1

e N=2, e’ =k - const =;~ V. v _Vo , (3)

ecrm n=3, k' =k -const? = % (m - VLOZ) (4)

Crnenyer UMeTh B BUy, YTO TOJBKO B CIIydae, €CJIM PEAKIMs IEPBOro MOPAAKa, 1OACTaB-
75151 00BEMBI KUCIIOPO/1a B BBIpAXKEHHE JUIsI KOHCTAHThI CKOPOCTH, MOJIy4aeM KOHCTaHTY CKOpPO-
cru k. B npyrux ciyyasix mosry4aeM MOCTOSIHHYIO BelM4uHy K', He paBHYI0, @ TOJIBKO MPOIOPIIH-
OHAJIBHYIO KOHCTaHTE CKOPOCTH.

W3 ypaBHenuit 1 — 4 cnenyer, uto:
ectu n=0 V=kr (5)



ecu n=1 In(Vo—V) =InVo -kt (6)
N )

V-V V,

1 1 ,

( Vov )2 V2" 2 ®)

2. lnst onipeiesieHust TIOPS/IKA H3ydaeMOi peakiiuu Memoo0om HOOCMAHO8KY IKCIIEPUMEHTAITb-

HBIC JJAaHHBIC TTOJICTABIISIOT B ypaBHEHHS 1-4 U paccUnTHIBAIOT K' TOJIBKO MPU KOMHATHOU TEM-

neparype. KoHcTaHTa CKOPOCTH HE 3aBHCHUT OT KOHIICHTPAIIMH PEarnpyOIInX BEIIECTB, a B IaH-

HOM paboTe — OT 00beMa, BhIAETHUBIIErOCs Kuciaopoaa. CaeaoBaTeabHO, TO ypaBHEHHE, KO-

TOPOE JACT MPHOIU3UTEIILHO OTMHAKOBBIC 3HAYCHHST KOHCTAHTHI, YKaXKET Ha MOPSIOK PEaKIIUH.

DKCIeprUMEHTaIbHBIE JaHHBIC U PE3YIIbTAThl pacyera cjielyeT PEACTaBUTh B BHJIEC Ta0-
JILBI 2.

ecou nh=2

ecocu n=3

Taoaumna 2
3 k' k' k' k'
npun =0 npun=1 npu n =2 npun =3

Ne | -, Mua | V,cMm

HpoaHaJ'II/ISI/IpOBaB PE3YyIbTaThl, ONPCACIIAIOT MMOPAJOK PECAKIIUU PA3JIOKCHHUSA IICPOKCU A
BOJIOPOJIa U PACCUUTHIBAIOT KOHCTAHTBI, KAK CpeHee apu(pMETHUECKOE NPU ABYX TEMIIepaTypax:
ki + k... +k;
T, —

n

3. Jlyis onpeneseHus Mopsiika N3y4aeMoi peakiuu epaguueckum memooom HeoOX0JUMO o-
CTPOUTH 3aBUCUMOCTb KOHIIEHTPAIUK PEarupyroLIiX BEIIeCTB, a B JaHHOU paboTe oObema Bbl-
JIeJIUBILIErocs KUcaoposa (ypaBHEHHs 5-8), OT BpeMEHU, KOTOPOsI MOXKET OBITh BbIpa)KeHa rpa-

(UYecKH B BHJIE NPAMOI JIMHUK B COOTBETCTBYIONIMX KOOPAWHATAX:
1
ectu n=0 V=1 em n=2 =f(z)
Vo—V

1
——=f(z
( V-V )? Q

ITo 3KcIepUMEHTATBHBIM JaHHBIM CTPOSIT IpaQUKK B YKa3aHHBIX KOOPAMHATAX,

UCITOJIB3Ysl JIaHHBIE TOJBKO TP KOMHATHOM TemrepaType. KoopanHaThl, B KOTOPBIX 3aBHCH-
MOCTb OK@KETCs IMHEHHOM, YKaXKyT Ha MOPAIO0K peakiuu. DKCIIEPUMEHTAIbHBIC TAaHHBIC U Pe-

3yJbTAThl pacyeTa ClIeIyeT MPEICTaBUTh B BUJIE TAOIUIIBI 3.

eciu n=1 InV=7, emu n=3

Taoauma 3
L oof | — o
Vo=V ( Vo=V )?Z

Ne| t,mum |V,em® | Vo—V,em® | In(Vo—V), em®

[Tocne ycraHOBICHHS MOPSIKA PEAKITH OTPEACISIFOT KOHCTAHTBI CKOPOCTH Tpa@uuecKu
IpU ABYX TEMIIEpaTypax, Kak TAHT'€HC YIJla HaKJIOHA KHHETUYECKOH MPSAMON MO OTHOLICHHIO K
ocu abcruce.
4. Otuer (cM. obuIre TpeOOBaHMUs) TOIHKEH COACPHKATh PACUET Kepen, TPAPHUKH U OTIpE/IeIEHUE
KOHCTaHTBI CKOPOCTH IrpaynuecKy, HalIeHHbIE 3HAYCHHS YHEPTUN aKTHBANNH (TpaduIecKuM
METO/I0M), PACCUUTAHHbBIC 3HAYSHHSI SHTPOIIUU aKTUBALUU U U3MEHEHHSI H300apHO — U30TEPMHU-
9YEeCKOro MOTEeHIHAIA.

3. Komnaexkm 3a0au k meme 7.2.

1. PaccuuraiiTe 3HaueHHe KOHCTaHThI Muxasnuca U 3Ha4eHHEe MakcUMaibHON ckopocT (Km 1
Vmax) BCEMHU BO3MOKHBIMH METOJAMH JUIsSl pEeakuu TUapoian3a MeTusioBoro 3¢upa N-6enzom-L-
aMHHOMACIISTHON, KaTaJu3UpyeMOro O.-XUMOTPUIICHHOM. M3BEeCTHBI JaHHBIE O 3aBUCHUMOCTH
HAyYaIbHOM CKOPOCTH OT KOHLIEHTPAIMH CyOCcTpaTa:



cs? 103, M 2,24 2,24 1,49 149 112 1,12 0,90 0,90 0,75 0,75

Vo 107, Mmons/c 4,25 4,31 3,52 3,60 3,10 3,12 2,71 2,77 2,45 240.

2. Omnpepenurte 3HAYCHUS] KHHETUYECKUX MAPAMETPOB: Vmax, KM, U Kyar THIPOIHM3a METHIIOBOTO
a¢upa K-anermn-1-saimHa, KaTalu3upyeMOro O-XHMOTPUIICMHOM, UCXOAS M3 MPHUBEACHHBIX
HIKe NaHHBIX. HauansHas koHIeHTpanus pepMenta passa 3,8 - 107 mMoms/am 3 .

cs?, Moms/mm® 0,200 0,124 0,091 0,071 0,060

v0 - 10°%, moms/(mv3-c) 4,57 3,83 3,31 2,93 2,74

3. Ilpu no6aBneHun HHTHOUTOpPA B (PEPMEHTATUBHYIO CUCTEMY, IMOAUMHSIIONIYIOCS cxeme Muxa-
anuca—MeHTeH, MaKCUMallbHasi CKOPOCTh Peakllii YMEHbIIUIAch B 5 pa3, a Kv He u3MeHumnaco.
[Ipennoxxute cxeMy MHTMOMpOBaHUS M paccuuTaiite K, ecny KOHLIEHTpalyss UHIHOUTOpa paBs-
asuiack 4 - 107° Mous/mm° .

4. Tunponus aneTHHXOJIMHA KaTalu3upyeTcs: (epMEHTOM alleTUIXOIuHACTepazoil. Uncno obo-
poToB cocrasiser 25000 ¢ L. Ckonbpko BpeMeHH moTpedyercst GepMeHTY I PaclIeILICHUs O1-
HOM MOJIEKYJIbl alleTHIIXOJIMHA?

5. Jlna HekoTopoil (hepMEHTaTHBHOH peaKIuu KOHCTaHTa Muxasmuca pasHa 0,035 mMomb/am° .
CKOpOCTh PpeaKnuu TIpM KOHIeHTpamuu cyberpara 0,110 mons/am® pasma 1,15 - 1073
Mons/mM>-c. PaccunTaiiTe MaKCHMAaIbHYIO CKOPOCTh 3TOM PEaKIHH.

6. Ilpn noGaBIeHNN KOHKYPEHTHOTO MHTUOMTOpA B (PEPMEHTATUBHYIO CUCTEMY, ITOTUHHSIONLY-
tocsa cxeme Muxasmuca—Menten (Kyv = 2,5 - 10~ Mons/nM®), cKOpOCTh PeakIuy yMeHbIINIACH
Ha 60 %. Konnenrpanus cy6erpara pasra 3,0 - 10 Mons/mM®, KOHIEHTpAIns HHIHOUTOpa —
3,0 - 10 momb/mm3. TTpu KaKoii KOHIIEHTPALMHU CyOCTpaTa CKOPOCTh PEaKIK cocTaBuT 30 % oT
UCXOJHOM, MpU TOU e KOHLEHTPALUU UHIruouTopa?

7. IIpu noGaBneHUN KOHKYPEHTHOIO MHTHOUTOpa B (DEPMEHTATUBHYIO CUCTEMY, MOIYUHSIONLY-
tocsa cxeme Muxasmuca—Menten (Kv = 3,0 - 1073 Mons/nM®), cKOpoCTh peakIuy yMeHbIINIACh
Ha 70 %. Konuentpanus cybctparta paBHa 2,5 - 102 momp/aMs, KOHIICHTpaIlis UHTHOUTOpa —
5,0 - 10~ momw/am® . TIpu Kakoif KOHIEHTPAINK CYOCTpaTa CKOPOCTh PEAKIIMU COCTABHT 35 Y% OT
WCXOJHOM, MPU TOU ke KOHLIEHTPALUU HHTHOuTOpa?

4. Konmponwvnas paboma Ne7 no meme: «Kamanu3z»

Bapmnanr 1

3aoanue 1. ion Br™ B KHCIIOW cpejle KaTATU3UPYeT pPas3I0XKEeHHE MEPEKUCU BOJAOPO-
na no kucimopona u Bonbl. OOpasyromiasics 6poMHoBaTHCTass kKuciaota HBrO, xax
MPOMEXYTOYHOE COCTMHEHNUE, 10 YPABHEHUIO PEAKIHH

HoO2 + Br + H" — HBrO + H,O (1)
6BICTpO BOCCTAHABJIHUBACTCs MEPCKHUCHIO BOJOPOJa IO YPABHCHUIO PCAKIIUU:
H202+ HBrO — Br + H + Ho0 + O2 )

Obpa3yromuiics noH Br~ pearupyer ¢ apyroit mosekynoit H202 u 1. A. CymMapHoe
ypaBHEHHE KatanuzupyeMoil peakmmw: 2H>0> — 2H>0 + O». [lonb3ysach METOIOM CTa-
LMOHAPHBIX KOHIEHTPALIMH, BHIBEAUTE YpaBHEHHUE I CKOPOCTU OOpa3oBaHUsS KUCIIO-
pona. Kakoii mopsok 1o NepeKkrcu BOAOPOJa UMEET 3Ta peakuua? 3aBUCHUT JU CKO-
POCTh PEaKIMK OT KOHIEHTPAI[MU KAaTaIN3aToPOB — HOHOB Br u H'™?

3aoanue 2. Jlna pasznoxxeHus ¢ochuHa, MpoTeKaroUIero mo peakuuu 1-ro mopsaka:
APH3—> P4+6H>, 3aBHCHMOCTh KOHCTAHTBI CKOPOCTH OT TeMIIEpaTyphl BBIpakaeTCs
YPaBHEHHEM:

Igk = - 18963/T + 2IgT + 12,130. Ha ocHOBaHHMHU 3THX JAHHBIX PACCUYMTANTE SHTPOITHIO aK-
TUBaUK ykazaHHoi peakuuu rpu 800 K. TpancMucCHOHHBINA MHOXKUTENb K = 1.
3aoanue 3. Peakuus MHBEpCUU TPOCTHUKOBOTO caxapa Ci12H2011 + H20 = CeH1206 +
CsH1206 kaTanmmsupyercsa kuciotamu. B.OcBanba, KOHTPOJIHMPYS XOJA 3TOW peakUuy IO
M3MEHEHHUIO YIJIa BPAIlleHUs INIOCKOCTHU MOJIIPU3aLUU O, IOJYUYWII IIPU UCIIOJIb30BAHNH B
KauyecTBE KaTaJIM3aTopa MOJIOYHON KHUCIIOTHI CIEAYIONINE JaHHbIE:

| Bpems, | 0 | 1435 | 4315 | 7070 | 11360 | 14170 | 16935 | 19815 | 29925 |




MHWH

a, 34,50 | 31,10 | 25,00 | 20,16 | 13,98 | 10,61 | 7,57 5,08 -1,65

Haiinute cpennee 3HaueHHME KOHCTAHTBI CKOPOCTH 3TOM peakiuu. OOBSICHUTE, OYeMy
IUIs Hee IPUMEHUMO YPaBHEHUE PEaKLUU IIEpBOro MOPsIKa, XOTs B3aUMOJEHCTBYIOT J1BA
BELIIECTBA.

Bapuanr 2

3aodanue 1. Onpenenure Temnory akTupauuu AH” ruaponusa xap6amuna npu 338 K,
€CJIM KOHCTaHTBI cKopocTel 3Toil peakuuu npu 323 u 353 K cOOTBETCTBEHHO PaBHBI
0,58-10°u 0,26-10°% munt.

3aoanue 2. Peakuus nepBoro nopsiaka npoxoaut Ha 30% 3a 35 mun. KakoBa cko-
pocTh peakuuu (MoJB/AMS-4) HpPH KOHIEHTpAlMH pearupyiomero pemectsa 0,01
MO/ IM3?

3aoanue 3. Xnopucteiii cynbhypun SO2Cl2 pu BbICOKOW TemmepaType HeoOpaTUMO
pasiaraeTcs Mo peakiuu 1-ro mopsiaka Ha ABYOKHCH cephl U xyop. IIpu 552 K kon-
CTaHTa CKOPOCTH AMcconuanuu paBHa 6,09-10° mun™, a mpu 602 K ona cocrapmuser
2,74-10° munl. Onpenenure npeadKCIOHEHINATBHEIN MHOKHUTENb A B ypaBHEHHH Ap-
peHnyca.

IlepeyeHb BONPOCOB U 3a]aHUI BIHOCUMBIX HA
nud3aver (7 cemecTp) U Ik3ameH (8 cemecTp)
ITepBoe HAYAI0 TEPMOANHAMUKH
[Ipeamer xumudeckoit TepmMoauHaMuku. OCHOBHBIC ONPEICIICHHS: cucTeMa (TOMOTeHHAas
U TeTepOreHHas, N30JIMPOBAaHHAs, OTPHITASI U 3aKPbITasl, COCTOSIHUE CUCTEMBI); TEPMOJIU-
HaMUYECKHI Tporecc (M30TePMUYECKUM, HM300apHBIN, H30XOPHBINA, aauadaTHYECKUH,
KpPYTOBOM MpoLecc, 00paTUMBI U HEOOPATUMBIH).
Tepmonuuamuueckue (GYHKIIMU: BHYTPEHHSS DHEPTrUs, SHTAJBINA, TEIUIOTa U padora.
[lepBoe Hauano TepMoaMHAMUKH. COTJIaCHO MEPBOMY 3aKOHY TEPMOJMHAMUKH TEIIOTa
ecth QyHKIUS mporecca. 3akoH ['ecca yTBepkmaer, 4To TEIUIOBOM 3(PGeKT Xumude-
CKOM peakI¥ He 3aBUCHUT OT MyTU mpouecca. [laiiTe oObsiICHEHHE dTOMY MPOTUBOpE-
YUIO.
DYHKIHUU COCTOSIHUS CUCTEMBI. J[oKa3aTenbCTBO.
Pabora pacmmpenus upeanbHOro rasa B pasHbIX Ipoleccax. BeiBoa gopmyn. 3a cuer
Yero coBepllaeTcs MakcuMalibHas Moje3Has paboTa XMMHUUYECKOH peakiuu Mpu Mo-
CTOSIHHBIX JIaBJICHUH U Temreparype?
Heunneanshubie ra3pl. [Ipu kakux ycnoBUsX UCNOJIB3YIOTCS ypaBHeHUs Ban-nep—Baainbca,
Hurepuun, beptno? KoapduuueHT cxKUMaeMOCTH ra3oB, CIIOCOOBI €ro OMNpeesICHUs.
Kak paccunrtaTs paboTy H30TE€pMUYECKOTO paciIupeHus 1 KMOJb pealbHOTo raza?
Temnoemkocts. Knaccuduxanus teroemkocteil. CBA3b TEIVIOEMKOCTH C TEPMOJIMHA-
mudeckumu QyHkuusmu. KakoBo cootHomenue mexny Cp, u Cy 15 uaeanpbHoro raza?
[IpumeHeHre nepBoOro Havyajga TEPMOJUHAMUKH K MpoLieccaM B JIFOOBIX cHUCTeMax. 3aKOH
['ecca u ceACcTBUS U3 3aKOHA.
3aBUCHUMOCTh TEIUIOBBIX 3(DPEKTOB OT TeMIepaTypbl YeM ONpeaeNsseTcs XapakTep 3ToH
3aBucuMoctu? 3akon Kupxroda. ['paduueckoe Brruncnenue remnooro d¢dexra. B ka-
KHUX CITydasX JJIsi XUMHYECKOM peakilni MOXHO MpeHeOpeub pazauien mexay AH u AU,
B KaKOM COOTHOIIEHUW HAXOISATCS OTH BEITNYUHBI?
Tepmoxumus. Terora oOpa3oBaHus (B pa3HBIX arperaTHbIX COCTOSHUSX, HOHOB B pac-
TBOpPAax), HEUTpaIU3aluy, PacTBOPEHMs (MHTErpasibHas, TBEPJAOTr0 COEIMHEHUs), pa3Be-
neHusi, cropanus. [IpubnmkxeHHbIe METOIBI pacueTa(Ilo SHEPTUSM CBsI3ei ISl OpraHuye-
CKUX COEIMHEHM, METOJ] CPAaBHUTEIBHOIO pacyeTa JUIsl MOAOOHBIX XUMUYECKUX COEIIU-
HEHHUH).
BTopoe Haua/10 TepMOAUHAMUKH. JHTPONHUA




NS

10.

11.

12.

13.

14.
15.

OcCHOBHbIE TOHATHS (CAaMOTIPOU3BOJILHBIE U HECAMOTPOU3BOJIbHBIE TTPOLIECCHI).
Btopoe nauano repmoaunnamuxu. Hukn Kapno. [punnun Kapareogopu.
Bropoe Havano TepMOAMHAMUKH JJ11 OOPATUMBIX ITPOIECCOB.
B kxakoM U3 cienyromux mpoueccoB: U30TEPMUYECKOM, auabdaTHUYeCcKOM, U30X0pUUe-
CKOM, M300apHUECKOM - IPU 00paTUMOM HMX MPOTEKAHWU HE MPOUCXOAUT W3MEHEHUS
SHTPOIUU CUCTEMBI?
Bropoe Havano TepMOAMHAMUKHY AJIs1 HEOOPATUMBIX IPOLIECCOB.
Mexay HEKOTOPBIM HCXOIHBIM cocTosHueM | u koHeuHbiM coctostHMeM |l ocy-
HIECTBIIIIOTCS J1Ba nepexoaa. OQuH U3 HUX IpOTeKaeT 00paTuMo, Apyroi — HeoOpa-
tuMo. M3BecTHBI TemnoBbie 3¢ ekt 3TUX mpoueccoB: Qosp U Queosp, TpUeM Qosp >
Queoop. KakoBo cooTHOIIEHHE MEXTy H3MEHEHUEM YHTPONUU AS B TOM U APYroM IpoO-
necce? Yro Oosbie?
Kakue mapameTpsl cuCTeMbl HEOOXOAWMO MOJJCPKUBATH MOCTOSHHBIMHU, YTOOBI IO
3HaKy M3MEHEHHUsSI SHTPOMUHU MOKHO ObUIO ObI CYAMTH O HAMpaBIECHUU CAMOIIPOU3-
BOJILHOTO IIPOTEKaHUs mpolecca’?
M3MeHeHre SHTPOMUU B pa3HBIX Mpoleccax. BpIBoj MaTeMaTHUYeCKUX 3aBUCHUMOCTEH.
YkaxuTe, B KaKUxX Ipoleccax, U MPH KaKUX YCIOBHSIX W3MEHEHHE DHTPOIHH MOXKET
OBITH PaBHO paboTe mpoIecca.
B kxakoM COOTHOIICHHH HAXOAATCS MOJISIPHBIE SHTPOMUHU TPEX arperaTHbIX COCTOSHHM
OJIHOTO BeIlleCTBa: T'a3a, )KUAKOCTH, TBepaoro Tena? Uro 6onpie?
Oueprus I'm66ca u sneprust I'enpmronbia. B Kakux ciydasx TepMOJMHAMUYECKHE
byHKIMK TPUOOPETAIOT CBOKWCTBA TEPMOAMHAMUYECKUX TTOTEHIIMAIOB?
[Tporecc mpoTekaeT B yCIOBHUSAX MOCTOSHCTBA TEMIIEpaTyphl U naBieHus. Kakoi Tep-
MOAMHAMHUYECKUN MOTEHLHAN CleAyeT BbhIOpaTh B KayeCTBE KPUTEPHUS MPOTEKAHUS
CaMOINPOM3BOJIBHOIO MPOIecca B ITUX YCIOBHIX?
B Kakux ciaydasx MOXHO pacCYMTaTh H3MEHCHHUE TEPMOJUHAMHUYECKUX QyHKIUH (A4S,
AG, AF, AU, AH) nns HeoOpaTHUMBIX MPOIIECCOB, UCIONB3Ysl ypaBHEHHE I oOpaTu-
MBIX TIPOIECCOB?
B ycnoBusix mocToSTHCTBa TeMIIEpaTyphl U AaBIEHUS CTPEMIIEHHE CHCTEMBbI K paBHOBE-
CHIO ompeessieTcsl BenuunHoi u 3HakoM AG. B To e Bpems mporeccsl MOTYT OBITh
KaK JK30TEPMUYECKHMH, TaK M IHAOTEPMUUYECKHUMH, a DHTPOIMHS MOXKET YBEIUYH-
BaThCs WJIM YMEHbLIATHCA. UTO ¢ 3TOM TOUKM 3peHHUs OyJeT cocoOCTBOBAThH MOJHOTE
NPOTEKAHUS CaMOIPOM3BOJIBHOTO MpPOIEcca MPH MOCTOSHHBIX TEMIIEpaType W JaBiie-
HUH?
Xapakrtepuctudyeckue QyHkiuu. YpasHenue ['n06ca - I'enbmrosnpia.
XUMHUUECKUH MOTEHLUAN UACAITBHOTO U pealbHOro razoB. @yruTMBHOCTh U K03 duiu-
€HT QYrUTUBHOCTU. AKTUBHOCTb U KOA(P(UIIMEHT aKTUBHOCTH.

XHuMH4YecKoe paBHOBecHe
OOpaTuMmble peakiuu.
Yo 03HaYaeT COCTOSHUE XMMHUYECKOTro paBHOBecHs? Kak MOXHO onpeaenuTs, 4To B CHU-
CTeMe HACTYNHIJIO paBHOBecHe? YCIOBUS XMMHUYECKOTO paBHOBecusi. KoHcTaHTa paBHO-
Becusi. Kakue (hakTopsl BIUAIOT Ha KOHCTaHTHI paBHOBecusa K, u K, ecnu pearupyro-
IIYI0 CHCTEMY paccMaTpHBaTh Kak HealbHyl? Hamummre MaTeMaTH4ecKoe COOTHO-
menne Mexay BenununHamu Kp u Ko [l xumuueckoit peakiuu. Kakas u3 3Tux Benu-
YuH OoJIbIe?
HanumuTe MatemaTnyeckoe BbIpaKeHUE 3aKOHA JIEHCTBYIOIIMX MacC MPUMEHUTENBHO K
00paTUMBIM HACATBHBIM OJHOPOJHBIM XUMHUYECKHM CHCTEMaM W peajbHBIM. B Kakux
cilydasix oOpaTHMble peaku MpoTeKaroT 10 KoHIa? OOBSICHUTE 3TO C TOUKU 3PEHHS 3a-
KOHa JICCTBYIOIINX Macc.
Chopmynupyiite npuHIMI cMeneHust xumuyeckoro pasHoBecus Jle [atense. Cmere-
HUE XMMHUYECKOTO PABHOBECHS: BIHMSHUE TEMIIEPATypbl, KOHIIEHTPAINH, aBICHUS. 3a-
BHCHUT JIU M KaK KOHCTaHTa paBHOBECHUs XUMHUeCKoi peakunu K. u Ky, mporekaro-



e B HIeaJbHOM Ta3000pa3HOM COCTOSHUHM, OT KOHIICHTPALUU pEarupyroliux Be-
niecTB? 3aBUCHUT JIM U KaK KOHCTAaHTa paBHOBeCcHUS K, XMMHUUYECKOU PEaKIUH, MPOTEKa-
IOIIel B MJIEATBHOM Ta3000pa3HOM COCTOSIHUM, OT KOJUYECTBA MOJIEH BEIIECTB,
YYaCTBYIOIIUX B HEU?

5. MakcumanbHast paboTa U XUMHUECKOE CPOJICTBO: MPU CTAaHIAPTHBIX YCIOBHSAX, B HEpaB-
HOBECHOM CHCTEME, IIPU YCJIOBHMM, €CIIA ABJICHUS NPUBEACHBI B PA3MEPHOCTH — aTMO-
chepa. Hanummure ypaBHeHHe, CBA3bIBalOIiee cTaHaapTHoe cpoiactBo AGT® u koH-
craHTy paBHoBecHus Kp, mpu nocrossHHbIX P u 7, eciii AaBJICHUE BBIPAXKEHO B Iac-
Kanax. YTo sABisAeTCs MEPOM CTAaHAAPTHOTO CPOJCTBA XMMMYECKON PEAKLHH IIPU I10-
cTosAHHBIX P u T? Jlnsa kakux peakuui KoHcTaHTa paBHoBecus K, paBHa paBHOBECHO-
MY JIaBJIEHUIO B CUCTEME IIPH JaHHOW Temueparype?

6. 3aBHCHMOCTh KOHCTAHTBl paBHOBECUs OT TemIleparypbl. BeiBoa ypaBHEHUs M300apbl U
u3oxopsl Bant - ['opda. Kak Bnuser remneparypa Ha koHCTaHTy paBHOBecus K,? Uto
ABJISIETCSL MEPO 3TOro BiMsAHUA? Hanuimmure cooTBETCTBYIOLEE yPaBHEHNUE.

7. YpaBHeHUs M30TepM XuUMHYeckoi peaxkuuu. [IpoTekaHue M HampaBlIe€HUE XUMUYECKOU
peaxknuy, XapaKTepU3yeMoOl COCTOSIHUEM PaBHOBECHS.

8. Pacuer koHcTaHT paBHOBecus: Meron Temkuna-llIBapiMaHa, pacueT, OCHOBaHHBIA Ha
VCII0JIb30BaHUU CIIEKTPOCKOIMYECKHUX U KAJIOPUMETPUUECKUX JAHHBIX.

®da3oBbie paBHOBecHs. PacTBopbI

|. ®azoBble paBHOBECHS

1. Iousatus «dazay, «KKOMIIOHEHT», «CTeneHb cB0O0Ab». [IpaBmiio da3 ['mbbca.
2. Pacuetsl ¢ ucnonp3oBaHueM (ha30BBIX JUarpaMM COCTOsSHUS. UTO Takoe TpoifHas Touka Ha
JyarpaMMe COCTOSIHUSI OJIHOKOMIIOHEHTHOM CUCTEMBI?
3. PaBHoBecHbIe cocTostHUS MpH (a30BbIX nepexonax. YpasHenue Kiaysunyca-Knaneiipona.
4. O6bscHuTe npu nomomu ypasHenus: Knaysuyca-Kianelipona, nouemy aaBieHUE HaChIIIEH-
HOTO TIapa HaJl KUAKOCTHIO PACTET NPU YBETUUCHUH TEMIIEPATYPHI.
5. Tpebyercs rpaduuecku paccuuTarh TEIUIOTY MCHApEeHUs XUIAKOCTHU MpHU 3aJaHHON TeM-
nepatype. Hapucyiite rpadguk, KOTOpbIM HEOOXOIUMO MOIH30BATHCS, U HATUIIUTE COOTBET-
CTBYIOILYIO pacueTHYIO (opmyny. Kak u3zmeHnsercs temnepaTypa IIIaBiI€HHUs BELIECTBA C PO-
CTOM JaBJIeHUs?

I1.MonekynsipHble pacTBOPHI
1. PacTBOpHI ra3oB B )KUIKOCTAX. UeM ompeensercs pacTBOPUMOCTh Ta30B B KUAKOCTSIX ?
2. O0mmras xapakTepucTHKa pacTBOpoB. CBOMCTBA pa30aBiIeHHBIX pacTBOPOB. 3akoH @.M.Payisi.
3. Ocmotuueckoe naBienue. 3akoH Bant-I'odda. B kakoM COOTHOILIEHWH HAXOASTCS BEIUYH-
Hbl OCMOTHYeCKOro paaBieHus nByX BojmHbIX 0,005 M pacTBOpOB TIIIOKO3BI W Cylbdara
HaTpus?
4. IloHm:xeHue TeMnepaTypbl 3aMep3aHysl U MOBBILICHHE TEMIIEPATYPbl KUIIEHUS! paCTBOPOB.
5. buHapHbIe pacTBOPHI KHUJIKHUX JIETy4nX BemiecTB. [laBieHue mapa Haj KUAKOW CMEChl0. 3aKo-
Hbl J[.I1.KonoBanoBa. AzeorpornHas cMmech. [IpoaHann3upoBaTh IUarpaMMbl «COCTaB-IaBIICHUE
napa» ¥ «COoCTaB-TeMIIepaTypa» Mpu OTPUIIATEIILHOM U TIOJOKUTEIBHOM OTKJIIOHEHHH OT JIMHEH-
HOMW 3aBUCUMOCTH.
6. Ileperonka >kuakux cMmeceld. JlaBneHue mapa 4aCTUYHO CMEIIMBAIOIIUXCS U HECMEIIUBAIO-
muxcst JkunKocten. [IpuBectr mpuMepsl MEPErOHKH C BOIASTHBIM ITAPOM.

[11. PacTBOpBI 251EKTPOIUTOB
1. IToyemy pacTBOpPBI PJIEKTPOJIUTOB HE MOAUMHSAIOTCA 3akoHaMm Payns u Bant-I'odda? Ochos-
HBIE€ TMOJIOKEHUSI TEOPUU AIIEKTPOIIUTUYECKON nuccounanuu. [IpuMeHeHne 3akoHa JeicTBYIO-
IIMX MacC K 3JIEKTPOJIUTAM.



2. OCHOBHBIE TMOJIOKEHUS TEOPUH CHJIBHBIX AJIEKTPOJIUTOB. PackpoilTe MOHATHS MOHHAs CHIIA
pacTtBopa, aKTUBHOCTb, KO3 uieHT aktuBHOcTU? KakoBa B3aUMOCBSI3b MEXKIY 3THUMH BEJH-
yuHaMu? B kakux ciydasix MOKHO OTOXKJECTBJISATh MOHATUS aKTUBHOCTh M KOHIICHTPALIHS?

3. UeM pa3auvaroTCs CHIIBHBIC M Ca0bIe 3JEKTPOTUThI? MOXKET Jii ciaObIil SJIEKTPOJIMT B BOJI-
HOM pacTBOpE OBITh CHIIBHBIM JJIEKTPOJIUTOM B JIpyrom pactBope? [louemy kpurepuem CHIIbI
3JIEKTPOJIUTA SABJISIETCS] €r0 KOHCTAHTA JIEKTPOIUTUUECKON TUCCOLUALINU?

4. PackpoiiTe MOHATHS SHEPrusi KPUCTAUIMUECKON pElIeTKH, ruapaTaluy (CojapBaTallin), acco-
nuanuy, auccourannn? KakoBa B3auMOCBSA3b 3THX 3HEPrUH MPU CAMOIIPOU3BOJIBHOM PacTBOpE-
HUU BeliecTsa?

5. 3aKkoH pacnpeaesieHus. DKCTPAKIIUSL.

DNeKTPOXUMHUS
1.YenpHas U 5KBUBAJCHTHAsI JIEKTPOIIPOBOIHOCTh PACTBOPOB. 3aBUCHMOCTH OT pa30aBieHUs
pactBopoB (3akoHbl Konbpaymia). [lokakute 3aBUCMMOCTD, CBS3BIBAIOIIYIO YACIBbHYIO 3JIEKTPO-
IPOBOJHOCTb K, KOHCTAHTY SIMEMKU (@ U CONPOTUBIIEHHE pacTBOpa 3JIeKTposnuTa Rx.
2.25eKTpOnpPOBOIHOCTh MpU OecKOHEYHOM pa30aBieHuH. Kak cBsi3aHbl MOABMXHOCTH MOHOB U
AJIEKTPOTIPOBOTHOCTh MpH OSCKOHEUHOM pazbamieHun? Kakne MOHBI 00J1aal0T HaHOOIbIICH
MOJBUKHOCTBIO B BOJHBIX PACTBOPAX U MOYEMY?
3.Yucna nepenoca. Kak cBs3aHbl yucia mnepeHoca, CKOPOCTH HMOHOB, MOJBM)KHOCTH HOHOB U
3JIEKTPONPOBOAHOCTh MPU OECKOHEYHOM pa3daBiieHUn?
4. Kak, ucnosnp3ysl 3Ha4Y€HUS! IKBUBAJIEHTHOW 3JIEKTPONPOBOAHOCTH IPU 3a/laHHOM KOHIIEHTpa-
MU U TIpU OECKOHEYHOM pa30aBJICHUU, PACCUUTATh CTENEHb AUCCOIMAIMH, KOHCTAHTY JUCCO-
LU U KOHLIEHTPALUU OTJEJIbHBIX HOHOB B pacTBope?
5. MeHsieTcst 1M M KaKk KOHCTaHTa JAMCCOLMALMU DJIEKTPOJIUTA C POCTOM JUAIEKTPUUECKOMN
IPOHUIIAEMOCTH PACTBOPUTEIS, €CJIM CPAaBHUBATH PACTBOPUTENH, ONIM3KUE 11O cBOiicTBaM?
6. Hapucyiite rpaduk 3aBUCHIMOCTH 3KBUBAJIEHTHOU AJIEKTPOIPOBOIHOCTH OT pa3BeACHUS AJIS
CUJIBHBIX U CJIA0BIX AIEKTPOIUTOB.
7. ChopmynupyiiTe mpaBuIOo HOHHOM cuuibl (IpeaenbHbIi 3akoH Jlebas — ['tokkens).
8. Kakoe CBOWMCTBO pacTBOPUTEIIS SBISETCS ONPEICIAIONIUM B €T0 CTOCOOHOCTH MOHH3UPOBATH
pPacTBOPEHHOE BEIIECTBO (IOMUMO €Tr0 CIIOCOOHOCTH K XUMUYECKOMY B3aUMOJICHCTBHUIO C ATHM
BEIIECTBOM)?
9. MeHsieTcsl 1M U KakK CTENEHb AMCCOLMAIMU C1aboro 3JeKTPOJIUTa B BOJHOM PacTBOpE C
pocToM TemnepaTypbl? ApryMeHTUPYHTE OTBET.
10. Hanmmunre ypaBHEHHME 3aBHCHUMOCTH 3KBHBAJIEHTHOM 3JIEKTPOIPOBOJHOCTH pPacTBOpa
CUJIBHOTO 3JIEKTPOJIUTA OT KOHIIEHTPALIMH.
11. KakoBBI IpUYMHBI JUCCOLUALMY JJIEKTPOIUTOB B paCTBOPE HA UOHBI?
12. Yro Takoe AS ruaparamuu noHoB? KakoB 3Hak AS ruapaTanuy U Kak ero MOXXHO 00b-
SICHUTB?
13. Kakue naHHble 00 3JEKTPONPOBOJHOCTH PACTBOpPA C€Ia0Oro 3JIEKTPOIUTA HEOOXOIUMO
UMETb, YTOOBI pACCUUTATH TEIJIOTY JUCCOIMAIIUU 3TOTO 3JIEKTpoauTa?
14. 3MeHuTCS U M KaK KOHCTAaHTa JUCCOIMALUU c1aboro 3JeKTPOJIUTa, €CIU B KauecTBe
pacTBOPUTENS BMECTO BOJbI B3ATh METHJIOBBIA CHUPT (MPU yCIOBUH, YTO XUMHUUYECKOE B3au-
MOJEHCTBUE MEXAY PACTBOPEHHBIM BEIIECTBOM M PAaCTBOPUTEIEM OTCYTCTBYeT). [laiiTe
00BsICHEHHE.
15. Haueptute rpaduk 3aBUCUMOCTH YAEIBHOM 3JIEKTPONPOBOJHOCTH JIEKTPOJIUTA OT pa3Be-
JEHUS.
16. Kak u3mensiercst yJenbHas 3J€KTPOIPOBOJIHOCTh BOJHOIO PacTBOpPa CJIabOro 3JIEKTPOJINTA
C POCTOM KOHIIEHTpaIuu pacTBopa’?
17. Kakue ¢akTopsl BAUSIOT HAa SKBUBAJIEHTHYIO 3JIEKTPOIPOBOIHOCTH 3JIEKTPOIUTA?
18. 3aBucHT M U KaK paguyc HOHHON aTMoc(epbl OT KOHUEHTPAIMN CUJIBHOTO AJIEKTPOJIU-
ta? Kak M3MeHUTCs paauyc MOHHOW aTMocdepbl MpH Mepexoje OT BOJHOTO (IMAIEKTpUYe-
CKas MPOHUIIAEMOCTh paBHa 81) pacTBOpa CHJIBHOTO 3JEKTPOJUTA K CIUPTOBOMY (IUAJIEK-



TpUYECKas IPOHUIIAEMOCTh paBHA 24) TOM K€ KOHLIEHTpALMK IIpH ToH ke Temneparype? Jlaii-
T€ 00BSICHEHHE.

19. OObBsicHUTE IPUYUHY YBEIWYCHHUS SKBUBAJICHTHOHN 3JEKTPONPOBOAHOCTH B JIEKTPHUECKOM
mosie BeICOKOM 4acToThl (3 ekt Jlebas — DanpkeHxareHa).

20. Haueprure rpaduku 3aBucumocteid Kouce = f(T) 1 AHpuee = f(T) nns BoIHBIX pacTBOpOB
c1a0bIX 37eKTposuToB. [Tokaxkute 3T rpadUKU B COYETAHUU APYT C APYTOM.

21. Kak sKcnepuMeHTaIbHO ONPEAEIUTh YMEHbIIEHUE 3KBUBAJIEHTHON AJIEKTPOIPOBOAHOCTH,
00YyCIJIOBJICHHOE 3JIEKTPOPEIaKCAIIHOHHBIM TOPMOKEHUEM HOHOB?

22. Kak 3KCIeprMEHTAIbHO HAWTH YMEHBIICHHE 3JIEKTPOIPOBOJAHOCTH, OO0YCIOBICHHOE DJICK-
TpoopeTHueckiuM TOpMOKEeHHEM?

23. Chopmynupyiite 3aKoH pazBeaenus OcTanbia.

24 PaBHOBECHBIE AJIEKTPOAHBIC MOTEHIIUAJIBI: KaK OOBSICHUTh BOSHUKHOBEHUE CKayKa MOTEHIIHA-
JIOB Ha rpaHulle MeTajui-pacTBop? CTpoeHHE BOMHOIO 3JEKTPUUECKOIO €0 Ha TPaHMIE Me-
TaJI-pacTBOp. 3aBUCHUT JIM U KakK TodmuHa IuP]y3HOH YacTU ABONHOTO 3JIEKTPUUECKOTO
CJI0Sl OT MOHHOM CWJIBI pacTBOpa, B KOTOPbIM morpyxkeH merann? KakoBo TepmoanHamuue-
CKO€ YyCJOBHE 00pa30BaHMs MOJIOKUTEIHLHOTO 3apsiia Ha TTOBEPXHOCTH METalia, OMYIIEHHOTO
B pacTBOp coju 3Toro Meraiiaa? KakoBo TepMOAMHAMHUYECKOE YCIOBUE OTCYTCTBHS 3apsjia Ha
MOBEPXHOCTH METaJlJla, OMYIIEHHOI0 B pacTBOpP cBoel conu? UTO HA3BIBAIOT 3JIEKTPOIHBIM
NOTEHIMAJIOM MEeTaJlla, OT KakuX (akTOpPOB 3aBUCHUT 3Ta BenmuuHa? Hammmmre maremarnde-
CKO€ BBIpa)KECHHUE.

25. UTo Ha3bIBAETCS YCIOBHBIM 3JEKTPOJHBIM IMOTEHIIHAIOM?

26. Yto Takoe nudy3uoHHBINA MOTEHIMAN, KaK OObSICHSIETCA €ro BO3HMKHOBeHue? Hamummre
MaTeMaTUYECKOE BbIpAXKEHHUE.

27.Yto Ha3BIBAIOT aJCOPOIIMOHHBIM M MEMOpaHHBIM MoTeHIuanoM? Kak BO3HHKAIOT U Kakoe
UMEIOT 3HaueHue?

28. Dnexrpoxumuyeckue menu. J./1.C. raapBaHUYECKOTO JIEMEHTA.

29. Kakyto poib npu U3MEPEHHH 3.J.C. TaIbBAaHUYECKUX 3JIEMEHTOB BBINIOJIHSET 3JIEMEHT Be-
ctoHa? K kakoMy THIly 3J€MEHTOB OTHOCHTCS 3Je€MeHT BecToHa (KOHLIEHTpallMOHHBIM, XU-
MUYECKHUH, C IEPpEeHOCOM, Oe3 epeHnoca)?

30. 'anbBaHUYECKUI 3JIEMEHT COBEPILAET AIEKTPUUECKYIO0 paboTy 6e3 M3MEeHEeHUs: BHYTpEHHE
sHepruu. B xakom cooTHouieHUu (YTO OOJBIIE) HAXOASITCS MPU ATOM BEJIMUYMHA DJIEKTpUYe-
ckoit pabotel NFE u BeanuunHa TenaoTsl J, KOTOPOH 3J€MEHT 0OMEHUBAETCS C OKpY Karolei
cpenoit? Kakoii 3HaK B 9TOM ciiy4ae UMEET TeMIepaTypHbii K03 PuuueHT 3. 1. c?

31. CymecTByIOT M rajJbBaHUYECKHE DJIEMEHTHI, I KOTOPHIX BEJIMYMHA 3. J. C. HE 3aBUCUT
OT BEJIMYMH CTAaHJAPTHBIX AJIEKTPOJHBIX NMOTeHIHaN0B? Eciu CyIecTBYIOT, TO YKaXKUTE THII
ITUX DJIEMEHTOB.

32. MOXHO 7M1 U3MEPUTH 3. 1. C. TAIILBAHUYECKOTO JIEMEHTA MPH MOMOIIU BOJIbTMETpa?
JlaiiTe oTBEeT ¢ 00OCHOBAHHUEM.

33. D. 4. c. raIbBaHUYECKOT0 3JIEMEHTa Kak (PyHKIMS TeMIepaTyphl BbIpakaeTcs ypaBHEHU-
eM E = a + bT. BeiBenute ypaBHeHus 1is pacuyera AS, AG u AH npu temneparype 7.

34. Kakue rajibBaHUYECKUE 2JIEMEHTHI Ha3bIBAIOT XUMHUYECKUMU?

B ranpBaHMYecKOM 3JE€MEHTE NMPOTEKaeT Peaklus B CTOPOHY 00pa3oBaHUsS ra3000pa3HBIX
IPOJYKTOB M3 KOHJEHCHUPOBAaHHBIX HCXOAHBIX BEHIECTB. BiusgeT 1M M Kak yBeIHYEHUE
BHEIIIHETO JIaBJI€HUs Ha BEJIUYUHY 3. 1. ¢?

35. Uro Ha3bIBaeTcs CTaHAAPTHOM 3. 1. ¢? OT 4ero 3aBUCHUT BEeJIMYMHA CTaHIAPTHOM 3. 1. C.
XMMHMUYECKOT0 TallbBAHMYECKOr0 3jieMeHTa (MpUpoja peakluH, KOHLEHTpalus pacTBOPOB,
TEeMIIEpaTypa, YUCJIO NEPEHOCUMBIX 3JIEKTPOHOB)?

36. B xkakoM ciy4ae 3HaK 3. JI. C. 3JIEMEHTa CYMTAETCS MOJIOKUTEIbHBIM? MeHseTcs u u
KaK BHYTPEHHsISI SHEPIUs rajlbBaHMYECKOIO 3JIEMEHTA, €CJIM €r0 3. J. C. HE 3aBUCHUT OT TEM-
nepatypsbl? [louemy?

37. Kakvue KOHCTaHTHl U JKCIEPUMEHTAIbHBIE JJaHHBIE HEOOXOAMMO UMETh, YTOOBI MOACUH-
TaTh 3JEKTPUUYECKYIO0 pabOTy, COBEPIICHHYIO FraIbBAaHUYECKUM 3JIEMEHTOM?



38. IIpuBeauTe mpUMephbl raIbBAHUYECKUX JIEMEHTOB pa3iW4HbIX THMOB. OOpaTtumble U HE0O-
paTHMble TaJIbBAHWYECKHE DJIEeMEHTHI. [l0SCHUTE Ha KOHKPETHBIX IPUMEpax, KaKue peakLuu
IPOXOJAT Ha IEKTPOAAX TaJIbBAHUYECKUX IEMEHTOB.
39. [lonspuzanust 3JIeKTPOI0B
40. Iepenanpspxenue nepexona. OT kakux ¢GakTopoB 3aBUCHT? HamuimmTe COOTBETCTBYIOIINE
YPaBHEHHS.
41. Cymnocth nuddy3Horo nepeHanpspkenus? Hanummre ypaBHEHUS.
42. Knaccudukanus 31ekTposoB. Haueptute cxemsl: BOJAOPOJHOIO M XJIOPHOTO (KaK M3MEHs-
I0TCSI DJIEKTPOHBIE TOTEHLIUAJIBI BOAOPOJAHOIO U XJIOPHOI'O 3JEKTPOIOB IPU YBEJINYEHUU J1aB-
JIEHUsI COOTBETCTBEHHO BOJAOPOZA M XJopa?); KalOMEJIbHOro (BIUAET JIM U KaK MPUCYTCTBUE
IIOCTOPOHHUX MOHOB B PACTBOPE MajOW M yMEPEHHOM KOHIIEHTpallMy Ha MOTEHLHaJ Kajo-
MenbHOro  anekrpona? Ilouemy?);  XjopcepeOpsiHOrO;  CTEKJISHHOIO;  OKHUCIHMTENBHO-
BOCCTaHOBUTEIILHOTO; XUHTHAPOHHOTO 3JIEKTPOJOB. YKAKHUTE, Kakue (PaKTOpbl MOTYT BIHATH
Ha BEJIMYMHBI UX MOTEHIUAIOB. Hanummure U MoscHUTE MaTEMaTHYECKUE BBIPAKECHUS IUIS I10O-
TEHIUAJIOB.
43. Kaxoii u3 uneHoB mpaBoii yacTu ypasHenus Hepucra @ = ¢ + RT/nF- Ina s snexrpona
IIEPBOTO POJia 1aeT HauOOJbIINI BKJIAJl B BEJIMYMHY 3JIEKTPOJIHOIO MOTEHIIMAJIA [TPU JAHHOM ak-
TUBHOCTU MoHa? Hanummure ypaBHeHue HepHcTa miis ainekTpona nepBoro poja (a+— aKkTUB-
HOCTb KaTHOHA, a- — aKTHUBHOCTb aHUOHA, @ — AKTUBHOCTb COJIU B PACTBOPE 3JIEKTPOJIUTA).
Brausier 1y 1 Kak npuUCyTCTBUE MOCTOPOHHUX MHAU(PHEPEHTHBIX MOHOB HA MOTEHLUAI 3JIEKTPO-
Jla IEPBOTO pojia B paCTBOPE MaJION M yMEPEHHOU KOHIIEHTpauu?
ITo xakoMy 3aKOHY H3MEHSETCS PaBHOBECHBIN IOTEHIMAJ 3JIEKTPOJAA EPBOTO PoJa C yBe-
JUYEHUEM PAcCCTOSHUSA OT IOBEPXHOCTU 3JIEKTpOJa B IiayOb pacTBOpa, Korjaa TOJIIMHA
T y3HOH YaCTH IBOMHOIO 3JIEKTPUUYECKOTO €05 paBHA HYIIO?
44. CocraBbTe 3IEKTpoJx BTOporo poxaa, eciuu umetorcs AgQ (meramn), AGNOs, KoCr0s,
AgNOg, Pt (meramt),HNO3, K2Cr207, Ag2CrO4. Hanuiute ypaBHEeHHE 37IEKTPOJHON PeakLNu U
ypaBHeHHe HepHcTa 1iist 3TOro 31eKTpoja.
45.B 4eM CyIIHOCTB 3JIEKTPOMETPUUECKOT0 MeToa onpenencHust pH?
46. Uto Takoe 3JEKTpOIM3, €ro npakruiyeckoe 3HaueHne? KakoBbl OCHOBHBIE MOJIOXKEHUS, Xa-
pPaKTEPU3YIOLIUE JIEKTPOJIN3 U3 BOJHBIX PAaCTBOPOB U B pacIuiaBax”?

DJIeMeHThI CTATHCTHYECKOH TePMOJIMHAMMKH
1. OcHoBHBIE MONOXKEHUS U TOCTYJIAThl CTATUCTUYECKON TEPMOJUHAMUKH.
2. MuKpo- ¥ MakpOCKOIIMYECKHE TOAXOMIbI K OMHCaHUI0 cucTeM. [IpencraBienue o ¢azoBoM
IIPOCTPAHCTBE HA OCHOBAHUM CTATUCTUKU bosbiMaHa. DHTpoONHsS U BEPOSITHOCTh. MakcumMyM
TEPMOJMHAMHYECKON BEPOSTHOCTH.
3. Craruueckuil ancamOnb. DyHKuMsA pacnpeneneHus. Tumnbl aHcamOuielt. Pacnpenenenue
Makcgemia o ckopoctsM. Pacnipenenenne bonpimana.
4. HaxoxeHue cyMMbl 110 cocTossHUAM. Hanumunre obiiee MareMaTnyeckoe BbIpaKeHUe NI
CYMMBI COCTOSTHMM. 3aBUCHUT JIM U KaK CyMMa COCTOSIHUI OT TemiepaTypbl? CBONCTBA CyMMBbI
10 COCTOSTHUAM. PacdeT MoJeKyJIIpHOM CyMMBI 110 COCTOSIHUSAM HJI€aIbHBIX ra3oB. B kakoM ko-
JIMYECTBEHHOM COOTHOIIEHUM HaXOSATCS BEIWYHHBI 3JIEKTPOHHOM, MOCTyHaTellbHOM, Bparia-
TEJIbHOM M KOJeOATeNbHOM COCTABISIOIIMX CYMM COCTOSHUM JIsl ABYXaTOMHOM MOJIEKYJBI TpU
KOMHATHOM TeMIepaType, €CJIM OCHOBHOM 3JIEKTPOHHBIN YPOBEHb HE BBIPOKACH?
5. Bxiag B MONEKYIApHYIO CyMMY IO COCTOSIHUSIM IOCTYINATEIbHOTO JBHXKEHHUS. YKaXKUTE,
KaKUMH CBOMCTBAaMM BEIleCTBA M IMapaMETpaMH COCTOSHUS OIpeneNsieTcs MocTynaTeiabHas
COCTABJISOIIAsl CYMMBI COCTOSIHUH JJIsI Ta3a B U/I€AJIbHOM COCTOSIHUH.
6. BpamarensHast cymma mo coctosiHusAM. Hanummrte Gopmyity, CBS3BIBAIOIIYIO BpamiaTelb-
HYIO COCTABJIAIOIIYI0O CYMMBI COCTOSIHUI C ITapaMeTpaMu COCTOSIHUS U MOJIEKYJISIPHBIMH KOH-
CTaHTaMHU JBYXaTOMHBIX MoJiekyil. Hamumure gpopmyny ans pacuera A0JaU MOJEKYI Ha Bpa-
IaT€JIbHOM YPOBHE C KBAHTOBBIM YHUCIOM j (Zzp — BpallaTeabHas COCTABIISIONIAs CYMMBbI
cocTosiHui, B — BpamarenbHas nocrosinHasi). CocTaBisoIIasi CyMMBI 110 COCTOSIHUSIM BHYT-
PEHHEr0 BpalleHUs.



7. KonebarenpHas cOCTaBIAIONIAs CYMMBI 110 COCTOSTHUSIM. 3aBUCHUT JIM M KaK XapaKTepUCTU-
yeckas KosiebarenbHasi TemiepaTypa oT TeMIeparypsl raza? 3aBUCUT JIM U KakK KojebaTesb-
Hasl COCTABJISIONIAsl CYMMBbI COCTOSIHMI OT YacTOThI KOJIEOAHUM aTOMOB B MOJIEKYJIE IIPU JaH-
HOU Temmeparype?
8. Bxiiag B MOJEKYISIpHYIO CYMMY IO COCTOSIHUSIM DJIEKTPOHHBIX M SJEPHBIX ypoBHEH. Uemy
paBHa JIEKTPOHHAs COCTABJISIOIIAs CYMMbI COCTOSIHUM, €CJIN IEKTPOHBI HE BO30YKIE€HbI?
9. CBsi3b CyMMBI 110 COCTOSIHHSIM C TepMOAMHAMUYecKUMH PyHKIusmu. Cratuctuueckuii Pac-
YyeT BHYTPEHHEN 3Hepruu Mojekynbl. Hanumure popmyiy, CBSI3bIBatOILYI0 BHYTPEHHIO SHEp-
ruro uneanbHoro raza (U—Uo) ¢ cymmoii coctosiamii Z.
10. Cratuctuyeckuii pacyer SHTPOIUU M SHTAJIBIUM JUISl KOKJOr0 BUAA JBUIKEHUS MOJEKYJIbI.
Hanummre ¢hopmyiy, CBA3BIBAIONIYI0 SHTPOIUIO ra3a ¢ CyMMO# coctosHuid. Hanummure ¢op-
MYJy, CBSI3bIBAIOILYIO SHTAIBINIO UaeanbHoro raza (H—Ho) ¢ cymmoii coctosinuii Z.
11. Pacuyer TEmI0€MKOCTH CTAaTHUCTUYECKUM METOJIOM I Ka)J10r0 BU/A JBUKEHUS MOJIEKYJIBI.
Hanumure ¢popMyity, CBA3BIBAIOILYIO TEINIOEMKOCTh I'a3a B UACaJIbHOM COCTOSHHUU IPHU IO-
crosHHOM 00BbeMe Cy ¢ cymmoii cocrosiauit Z. Kakoit Bkiaa (x/mois-K) B 0011yr0o n3oxop-
HYI0 TEIUIOEMKOCTh ra3a J1aeT COIVIACHO KJIACCMYECKOW TEOpPHM OJIHA CTeleHb CBOOOABI MO-
JEKYISIPHOTO MBHKEHUs1? B yeM Ti1aBHBIN HEAOCTATOK KIIACCHUYECKONW TEOPHUH TEIUIOEMKOCTH?
12. Kakue MosieKyJIsipHbIE€ KOHCTaHThl HEOOXOAMMO 3HATh JUIsl BBIYMCIIEHUS KOJeOaTenbHOM
cocrassstonieit suepruu ['enpmronbua (F—Fo) 1ByXxaToMHOIr0 rasa mpu JaHHOW TeMIepaType
U JIaBJICHUU cTaTucTUYeckuM MetonoM? Hanummure Gopmyiy, cBsI3bIBaOILyI0 3Hepruto ['no-
o6ca (G—Go) c cymmoil cocrosHmii. Kakme wu3 TepMoAMHAMHYECKHX (QYHKIIHM:
(U—Uyp), (H—Ho), S, (F—Fo), (G—Go) — MOKHO paccumTaTh, €CIIM U3BECTHA TOJIBKO BEIHYH-
Ha CYMMbI COCTOSIHUH JJI JaHHBIX YCJIOBMH, HO OTCYTCTBYET YpPaBHEHHE 3aBUCUMOCTU CYMMBbI
COCTOSIHMH OT TeMIlepaTyphl?
13. PacueT KOHCTaHT paBHOBECHS IJIsl MICATBHBIX ra30oB. BBIBOJ uepe3 paBeHCTBO CyMM XHMH-
YEeCKUX MOTEHIIMAIOB PEareHTOB U NMPOJYKTOB. BbIBO uepes npuBeneHHyo 3Hepruto ['n66ca no
SHTAJIBITUSIM.

®emeHonornyeckas kuHernka. Karaams
1. Yto moHuMaIOT 101 TEPMUHOM XUMHUYecKasi kKuHeTuka? Yto ona nzyuaer? CBsi3b ¢ TEpMOIU-
HaMHUKOM.
2. B yeMm 3akitoyaercsi KHHETHUECKUH KPUTEPUH PEaKIIMOHHONW CIOCOOHOCTH XMMHYECKOH CH-
creMbl? OCHOBHOM MOCTyJIaT XUMUYECKOH KMHETUKU. O6IacTh MPUMEHEHHUs 3aKOHA JEHCTBYIO-
HIMX Macc
3. UTo Ha3bIBalOT CKOPOCTHIO XMMHUYECKON peakluu (CpelHel 1 MIHOBEHHOM), OTYEero oHa 3a-
BucuT? Kak M3MEHSI0TCS CKOPOCTh XMMUYECKOW peaklMy U KOHLIEHTPAIMM pearupyrolmx Be-
mecTB Bo BpemeHu? [IpuBenute rpadpuyeckre 3aBUCUMOCTH.
4. 3anayu U METOJIbI UCCIIEI0OBAHUS CKOPOCTEN XUMHUECKUX PEAKIIUM.
5. UTto Takoe MOJEKYJISIPHOCTb U MOPSIOK XUMUUeckoi peakiuu? [1o kakoMy MpHU3HAKy peak-
LIUU Pa3/IeNSI0TCS Ha MOpIku? B uem oTiinune MoJeKyJIsipHOCTH OT mopsiika?
6. Kakumu MeTogaMu MOXKHO ONpeNeIuTh nopaaok peakuuu? [IpuBenure ypaBHeHUs u rpadu-
KH.
7. IIpUHATO CUMTATH, YTO MOPSIOK PEAKIMH SBISIETCS OTPaKEHUEM MeXaHH3Ma ee MPOTeKaHMUS.
[TosicuuTe 3TO MOJIOKEHNE HA IPUMEPAX.
8. UTo Ha3bIBaIOT NMEPHOAOM MOJIYIPEBPAIIECHHUS BEIIECTBA, CPEAHEM BPEMEHEM KHU3HU MOJIEKY-
nel. [IpuBenuTe aHANUTHUYECKUN BBIBOJ YPAaBHEHWM: U pacdera Mepuojaa IMOIYyNpEeBpalieHus
BElIECTBA JUIsl peakLUii HyJEBOr0, IEPBOT0, BTOPOIO U TPETHEro MOPSAAKOB; AJI pacueTa cpea-
HEro BPEMEHH JKU3HU MOJIEKYJIbL.?
9. Kunetrnueckuii aHainu3 MPOCTHIX HEOOPAaTUMBIX peakiuil. [IpuBennuTe BBIBOA KMHETHYECKHX
ypaBHEHUH U rpaduyecKkue 3aBUCUMOCTH YPaBHEHHMM peakluii HyJIeBOT 0, IIEPBOro, BTOPOTO (/1Ba
ClIy4asl, aBTOKaTaJIMTUYECKasl PEaKUsl BTOPOro MOPSAKA) U TPEThEro NopsAAKOB? Bo3MOXkHBI
peaxkuuu Apyrux nopsakos? Kakas U3 oJHOCTOPOHHUX peaklUil 3aKkaHYMBAeTCs ObIcTpee mpu
OJIMHAKOBBIX MCXOJHBIX KOHLEHTPALMSIX U OJUHAKOBBIX KOHCTAHTAaX CKOPOCTH: peakuus 1-ro,



2-ro Wi 3-r1o nopsiaka?

10. MaTtemaTuueckas u rpaduyeckasi 3aBUCUMOCTb KOHCTAHThI CKOPOCTH XUMHUYECKON PEaKINU
OT TemnepaTypsl. TepMoIMHaMUYECKUI BBIBOJ BBIPAXKEHMUSI, ONUCHIBAIOLIETO 3aBUCUMOCTh KOH-
CTaHTBI CKOPOCTHU OT TeMIieparypbl. 3akoH Baut-I'odda, smnupuueckoe ypaBHeHue AppeHuyca
JUISL SJIEMEHTApHBIX U MHOIOCTAUIHBIX peakUuii. 3aBUCUMOCTb IIPEIIKCIIOHEHIIMAILHOTO MHO-
JKUTENS OT TEMIIepaTypsbl. [ paHULIbI NpUMEHEHUS YpPaBHEHUSI AppeHuyca.

11.5Heprusi aKTUBAIIMU MPOCTHIX U CIOXKHBIX peakmuii. Kak mo moreHnuaasHoMy Oapbepy orie-
HUTb BEIMYHMHY HEPIUU aKTUBAUMUU? 3aBUCHMOCTh SHEPIUU aKTUBALUU OT BHJIA PEAruPYOIINX
YaCTHI] U UX DHEpreTHuueckoro cocrosHus. Kaxymascs, Hadmonaemas u 3¢heKkTuBHas SHEPrUs
aktuBauuu. CylIecTBYIOT JIM U KaKU€ XMMUYECKUE PEAKLIUH, IKCIIEPUMEHTAJIbHAS SHEPIrus aK-
THUBALlMM KOTOPBIX OTpUILlaTeNIbHA? 3a CYET Yero MPOUCXOIUT aKTUBALUs MOJIEKY] B MOHOMO-
JIEKYJSAPHBIX peakuusx? B ueM 3akiro4aeTcsi OCHOBHON HEJIOCTATOK TEOPUM OWHAPHBIX CTOJIK-
HOBEHHUI?

12. Teopusi akTUBHBIX CTOJIKHOBeHHMH xumuueckux peakiuid (TACXP). BeiBog ocCHOBHOTO
ypaBHEHUs JJisi OMMOJICKYJIAPHBIX peakiuid. YpaBHenue Tpayma-JIpronca. DHeprus akTUBALMH
TAC. OcHOBHbIE NPEIONIOKEHUS, UCHOJb3yeMble MpU BbIBOAE ypaBHeHUs Tpayna-Jlsrouca.
CpaBuenue pesynbratoB TACXP ¢ skcnepumentom. Bosmoxnsie nonpaBku B TACXP. I'ap-
MIYHHbIEC PEAKLIMH, IPUMEPBHIL.

13. Teopusi aktuBupoBanHoro komiuiekca (TAK). IloBepXHOCTh MOTEHIMAIBHOW >HEPTUU
(III2) ana monexynsapHoil cuctembl. OcHOBHBIE ompezaeneHus: [1I1D, momuHbl peareHTOB U
IIPOJIYKTOB, IIEPEXOTHOE COCTOSIHUE, CEJIOBAs TOUYKA, ITyTh U KOOpAUHATA PEaKLIUH, SJHEPIUs aK-
tuBauuu. [Ipasuno Byasopaa-I'opmana (3amper no cummerpun). Metoasl onpenenenus [1I19:
TEOPETHUYECKUE U IKCIIEPUMEHTAJIbHBIE.

14. Teopus aktuBupoBanHoro komruiekca (TAK) Diipunra u [lonsuu. [IpuBeaute matemaruue-
CKUH anmapaT BbIBOJIa OCHOBHOro ypaBHeHUsI TAK — ypaBHeHUs DipuHra ¢ TOUKHM 3peHuUs cTa-
TUCTUYECKOH TepMoAuHAMUKH. OCHOBHBIE AOMYIIEHHUS. TpPaHCMUCCUOHHBIA KO3(PPUIMECHT.
[IpenskcnoHeHIMATbHBI MHOXKHUTEb.

15.9neprus aktuBauuu TAK u onbiTHas sHeprus aktuBanuu. CBs3b MEXIY SHEPTUSIMU aKTHBA-
nuu TAC u TAK, cpaBHeHHE COOTBETCTBYIOIINUX KOIPPHUIIMEHTOB U 00bSICHEHHE (PU3HUECKOTO
cMbICiIa AppeHNYCOBCKUX MapaMeTpoB. OneHka crepuyeckoro ¢akropa ¢ nomoinso TAK.

16. TepMoaMHAMHYECKUN TTOIXOT JIJTsI OIMMCAHUS KOHCTAHTHI CKOpocTH 110 ypaBHeHHio TAK.

17. DuTponMsa aKTHBALMM XUMHUYECKOM peakiMu: ompeneneHue, (U3NYecKHil CMBICI, BEpOAT-
HOCTHBIN Xapaxrep.

18. Yto noHUMAIOT MO MEXaHU3MOM XMMHUYECKON peakuuu? Jlaiite xapakTepucTUKy NpOCTHIX U
cloxHbIX peakuuid. [IpuBenure npumepsl. Knaccuukanus cIoXKHBIX peakiuil Mo MEXaHU3MY,
1o (ha30BOMY COCTaBY peareHTOB. Y CJIOBUE HE3aBUCUMOCTHU MPOTEKAHUS.

19. IMapannensHbIe pEaKkI NEPBOTO U BTOPOTO MOPSAKOB. [lokakuTe BBHIBOJ KHHETHYECKOTO
ypaBHEHMsI, IPEJICTaBbTE rpahuuecKyro 3aBUCUMOCTD, IPUBEIUTE TPUMEPBHI.

20.KuHeTrKa IBYCTOPOHHHX (0OpaTUMBIX) peakiuii. OOpaTuMble peakiiy TIepBOro U BTOPOTO (J1Ba CITy-
yast) MOPSIIKOB: MTOKAYKUTE BBIBOJI KWHETUUYECKUX YPaBHEHUH, peCcTaBbTe rpaduyecKre 3aBUCH-
MOCTH OIIPENENICHUS] KOHCTAHT CKOPOCTEH, TPUBEAUTE TPUMEDPBI.

21 KvuHeTnueckuii aHaM3 MOCIIEA0BATENBHBIX PEAKLU (TPU CITydasi): MOKa)KUTE BBIBOJI KWHETUYECKUX
ypaBHEHHUH, MpejacTaBbTe rpadrueckue 3aBUCUMOCTH OIpeNeIeHHs] KOHCTAaHT CKOpPOCTeH, MpH-
BEJIUTE NIPUMEDBI.

22.ConpspxeHHble peakin. CKOPOCTh M CPOJICTBO XUMHIECKOHN PEaKITHHL.

23.TynnenupoBanue. Kunetnueckuit H30TOMHBIN P PEKT.

24.TIpyuHIMTI CTAIIMOHAPHOTO COCTOSIHUSA (JIeTalbHOTO paBHOBecHs) — Meron boxenmreiina. Ha
IIpUMeEpe NMOKaKUTE MPUMEHEHHE METO0Jla CTAl[MOHAPHOTO COCTOSHHUSA JUIsl pACCMOTPEHUSI KUHE-
TUKWA XMMHYECKON PEaKIUU.

25. OCHOBHBIE TOJIOKEHUS TEOPUM KMHETHKH LIETTHBIX Pa3BETBJICHHBIX M HEPAa3BETBICHHBIX pe-
akuuil. [IpuBeauTe KNHETHYECKUE YPAaBHEHMS ISl IAHHBIX PEAKLUN Ha puMepax. MoxHO 1 n
KaK YMEHBIIUTh HWXXKHUN IIpEeAes JaBJIeHUs, HAaUMHas C KOTOPOr0 pa3BETBIEHHAs LE€NHasl pe-



aKIUs pa3BUBAETCs CO CKOPOCTHIO B3pbiBa? Hamuimre ypaBHEHUE 1) pacyeTa CKOPOCTH pas-
BETBJICHHOW LIEMTHOM PEaKLMH, €CIU BEPOSTHOCTh Pa3BETBIIECHUS OOJjblle BEPOSITHOCTH OOpbIBA
nenu. [Ipu 3anucu ypaBHEHUS MOJIB3YHTECh 0003HAYCHUSIMH: V — CKOPOCTh peakimu; f— Bepo-
ATHOCTb Pa3BETBJICHUS LIENH; § — BEPOATHOCTh OOpBIBA LIENH; T — BpEMs OT Hayajla PeakLuu; ¢
— KOHCTaHTa HapactaHus (¢ = f—(); A —I0oCTOsHHAS BETMYUHA.

26. dotoxumuueckue peakuuu. OCHOBHBIC 3aKOHBI (hoToxuMuH. Kakue mapamerpsl BIUSAIOT HA
CKOpOCTh (oTOXUMHUECKUX peakuuid? Ha mpumMepax mokaxure JBa OCHOBHBIX MeXaHHM3Ma (o-
TOXUMHUYECKUX peakiuii. DHeprus poToXxuMudecku Bo30YKACHHBIX MPOAYKTOB. MOXKET JIM U B
KaKkoM ciy4yae (OTOXMMHUYECKas peakiys UMeTh 1-i MopsAaoK, eciny nepBudHas GpoToxumuye-
CKasl aKTUBALMs SBIAETCS JUMUTUpPYIOIIEN cragueii? MoOXeT M U B KaKOM Cllydyae KBaHTO-
BbIIl BBIXO/ (POTOXMMUYECKON peakLuu ObITh 0OJIbIIE €AUHULBI?

27. PanpuanmoHHO-XMMUYECKHE peakluuu. bromomMuHeceHnys U xemomtoMuHecteHus. [Toka-
JKHUTE B 00ILEM BHJIE CTAJUM MEXAHN3Ma XEMOJIOMUHECLIEHIIUH.

28. KuHeTHka reTeporeHHbIX XUMHUYECKUX PEaKIIHi.

29. Kartanutnueckue npoueccbl. OCHOBHbIE NOHATHUS: KaTajau3, Karaiauszartop (mo bopeckoBy),
uHTHOUTOp. CrielnUIHOCTD M CEJICKTHBHOCTh KaTaIH3aTOpoB (mpuMepsl). OCHOBHBIE MOJIOXKE-
HUS TeopuM Karanusza. [Ipomexyrounsle BemecTa B kartanuse. [IpuHIMN SHEPreTu4ecKkoro co-
OTBETCTBHUSI

30. OOuue npeacTaBIeHUs 0 MEXaHU3MaxX KaTaJIUTHYECKOro JIeHCTBUS, CBA3aHHOM C 00pa3oBa-
HUEM aKTUBHBIX KOMIUIEKCOB. Kitaccudukanms kaTaTuTHIECKUX MTPOIECCOB.

31.I'oMoreHHbli KaTanu3 B ra3oBoil ¢aze. Teopus MpoMeXyTOUHBIX HPOIYKTOB. KuciorHo-
OCHOBHOM KaTaju3: cuelu(UUecKril KUCIOTHBIA KaTaiu3, Crielu(puIecKuii OCHOBHOM KaTaius,
OOImIMHA KMCIOTHBIN KaTain3, OOLIMI OCHOBHOM KaTajau3, KOppEsLHOHHbIE COOTHOIIEHH . [ 'eTe-
POTEHHBIN KUCIOTHBIN KaTajln3. ABTOKATalIN3.

32. I'ereporennslii kaTanu3. Karanuzatopsl ¥ UX OCHOBHBIE TUIIBI. Y CIIOBHS BBICOKOM aKTHBHO-
CTH KaTajau3aropa (IUCHEPCHOCTb TBEPJbIX KaTaJIM3aTOPOB, CIIEKaHHE KaTaJlu3aTOpOB, IPOMO-
TUPOBaHME, OTPaBJIEHHUE KaTaau3aTopoB). Posb afcopbunn B reTeporeHHO-KaTaJIuTUYECKUX pe-
aKIUAX — BBIBOJI KHHETUYECKUX ypaBHEHUW. YpaBHeHUe JIeHrmropa-XuHienbByaa. Kunetnue-
ckas ¥ quddy3rnoHHas 001aCTH FeTepOreHHOT0 KaTaJIuTUYECKOr o Ipoliecca.

33. Teopun xaranmsa. [IpencraBieHre 00 aKTUBHBIX IIEHTpax. Poib neeKTOB pealbHOTO TBEP-
noro tena B karanuse (I'. Tainop). Poab HEOJHOPOAHOCTH MOBEPXHOCTH U €€ YUET B aJCOpOIHH
U KaTalnu3e, Teopusl aKTUBHBIX KatamuTuueckux ancambnein H.W. KoGo3esa. JluranaHo-nonesas
teopust b.B. Epodeena. Teopuss mynstunneroB A.A. banannuna. IloscHute Ha npumepax oc-
HOBHOW CMBICJ M 3HAUEHUE MPUHLHUIA CTPYKTYPHOTO (T€OMETPUUYECKOTO) COOTBETCTBUS MYJIb-
TUIIJIETHOW TEOPUU TeTepOreHHoro karanuia A.A. banananaa. DIeKTpOHHAs TEOpUs KaTaju-
3a.

34. Oco0GeHHOCTH (hepMEHTAaTUBHOIO Katanu3a. Cxema u ypaBHeHHe Muxasnuca-MenreH. Kon-
KYpPEHTHOE U HEKOHKYpEeHTHOe HHruouposanue. CyoctpaTtHoe TopMmoxkeHue. [Ipruuntbl 0onbmmx
CKOpocTel (pepMEHTATUBHBIX PEAKIIUH.

35.BnusHuEe pacTBOpPUTENs Ha CKOPOCTh XMMHUYECKHMX peakiuil. Cka3piBaeTcs T U Kak
MOHHAas cuja pacTBOpa Ha CKOPOCTH PEaKLUU MEXIYy HOHAMH B pacTBOpe?

Tabauna 9 — IlpuMepsl OLIEHOYHBIX CPEACTB € KJIIYAMH IPABUJIBHBIX OTBETOB

. Bpems
Ne | Tun [IpaBunbHBII P
DopMyIMpoBKa 3aJaHHS BBITTOJTHEHHS
/11 | 3aIaHnus OTBET
(B MUHYTaX)
OIIK-1 — cnocoben ananusupoeamv U  UHMEPNPEMUPOSAMb  PE3YNbIMAMbBL  XUMUYECKUX
IKCHEPUMEHM 08, HADIIOCHUIL U UIMEPEHUIL.
1. | 3amanue Bribepute mpaBUIBHBIA OT- r 1
3aKpBITOTO | BET.
TUTA V3MeHeHne KOHIICHTpAIUH




. Bpems
Ne | Tun [IpaBunbHbII P
DopMynupoBKa 3a1aHUs BBITIOJTHEHUS
/T | 3aJlaHus OTBET
(B MUHYyTaX)

NPOAYKTAa PEaKkuu CO Bpe-
MEHEM, €CJIU peaklus hme-
€T HYJIEBOW MOPANOK, UMEET
3aBUCHUMOCTb:

) YMEHBIIIaeTCs 110 apaborie;

0) yBeIMUMBaeTCsI 10 Mapadorie;
B) YMEHBILIAETCS I10 JIMHEHHOM
3aBUCHMOCTY;

I') YBEIMUMBAETCS IO JIMHEHHOM
3aBUCHMOCTH.

2. Bribepute mpaBHIIBHBIA OT- 0 1
BeT.

Koncranta paBHoBecus K
paBHa pPaBHOBECHOMY JaB-
JCHUIO B CHCTEME IpH JaH-
HOH TeMrmepaType IJisl peak-
107078

a) TOMOIEHHAs peakius, B
KOTOpOH 00pa3yroTcsi Ta3o-
o0Opa3HbIe MPOTYKTHI;

0) reTeporeHHasl peakius, B
KOTOpOil 00pa3zyeTcss OJIuH
ra3000pa3HbIil POYKT;

B) TOMOIE€HHasi peaklus, B
KOTOpOW 00pa3yercss OJIUH
ra3000pa3HbId TPOAYKT.

3. VYkaxure COOTBETCTBHUE.
[Tpoueccel MOTYT OBITH K-
30TEPMUYECKUMU U DJHJIO-
TEPMHUUYECKUMH, a IHTPONUS
MOXXET YBEJIWYUBATHCS WU
yMeHbl1aThes. Hanpgure co-
OTHOLLIEHUE BEIMYMH, KOTO-
pble OynyT crnocoOCTBOBAThH
MOJIHOTE NPOTEKAaHMUSI CaMo-
IIPOU3BOJIBHOTO  Ipolecca
IpU MOCTOSIHHBIX TeMIlepa-
Type U J1aBJICHUU

1:AS<0;

2:AS>0;

3:AH>0:

4:AH <QO.

N -
1
W

4. Bribepute mnpaBMIIbHBIA OT- a 1
BeT. KakoBO cooTHOIIEHHE
O.J1.C. nng nByX 3J€MEHTOB
Cu|CuSO4(a==0,1)||CuSOu(a-
= 1,0)|Cu (Ex) m

Zn|ZnSOs  (a+=0,01)[IZnSO4
(@+=0,1)|Zn (B), B3sATHIX IIpH




n/a

Tun
3aJaHusg

DopMynMpOBKa 3aJaHUs

[IpaBunbHbII
OTBET

Bpewms
BBITIOJTHEHUS
(B MUHYyTaX)

T=const:
a) E1=Ey;
0) Ei<Eo;
B) E1>Eo.

Pemmite 3amauy. s moJsiHO-
ro pasjoXKeHUs HEKOTOPOro
konudyectBa MQCO3 motpe-
6oBanock 5,1 x/[>k TEIIOTEL.
[Tomyyennsrii CO2 ObuT TI0O-
miomeH 5,7%-HbIM pacTBO-
pom Ba(OH)2 maccoii 75 .
TermoBoit >ddexr peaxum
pasnoxxeanss MgCO3 cocras-
nser — 102 x/[x/mons. Ka-
KOBa MaccoBasi 01 00pa3o-
BABULIECHCS COJIU:

a) obOpasoBaicsi ocaaok Ba-
COg;

6) 10% (BaOH).COs3;

B) 8,4% Ba(HCO3)2;

r) 10% Ba(HCO3)..

3aganue
OTKPBITOTIO
THUIIA

CutyanmoHHas 3aj1aua.
[Touemy npu HarpeBaHUU Ha
BO3JyX€ JieJ IJIaBUTCA, a
KPUCTAJUIMYECKUNA HOJ BO3-
TOHSICTCS?

V3MeHeHHne arperaTHOro COCTOSIHUS
(ucnapenwue, MiIaBICHUE WUIH BO3TOHKA)
MPOUCXOIUT B 3E€MHBIX YCIOBHUAX IMPHU
CpPaBHEHUH JIABJIICHUS HACBIIICHHOTO
napa HaJ paccMaTpUBacMbIM pPacTBO-
pOM  OTHOCHUTEIBHO aTMOC(HEpHOTO
nanenust (101325 Ila). [Ipu Harpesa-
HUU Ha BO3JyXe JieJ TUIABUTCS, a KPHU-
CTA/UTMYCCKUIH HOJ BO3TOHSETCS, TaK
KakK, MPH MOCTPOCHHUH JUarpaMMbl CO-
CTOSIHUsSI, BEJIWYMHA JABJICHUS HAChI-
IICHHOTO TIapa B TPOWHOW TOYKE JIJISl BO-
Bl MEHBIIE, a A Hoja OOJIbIEe aTMO-
chepHOro JaBlICHUS.

[
Kuakocth

Teepnoe
BELICCTBO

JlaBneHue, MM.pT.CT.

0.0099
Temnepartypa, °C

JAuarpamma cocTosiHus oaa

8-10 muu




Bpewms

Ne | Tun [IpaBunbHbII
DopMynupoBKa 3a1aHUs BBITIOJTHEHUS
/0 | 3a7aHus OTBET
(B MUHYyTaX)
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JlnarpaMma cocTOSIHMS BO/bI
1. CutyanmoHHas 3a1aua. OHepruel akTUBalUM HA3bIBAOT M3- | O

B uem cxoacTBO U paziauune
MOHATHUA WCTHHHAS M DKC-
NepUMEHTAIbHAsL  DHEPrus
aKTHUBAaLUN?

OBITOK DSHEPrUU IO CPaBHEHUIO CO
CpelHe| PHEpPrueu pearupyroumux da-
CTULl NpHU JTaHHOW TeMmeparype, He-
00XOMUMBIN AJIsi TIPEOJOJICHHUSI IHEP-
reTUYeCcKoro Oapbepa, 4TOOBI CTOJK-
HOBEHHS 4acTUll ObUTH 3P (PEeKTHUBHEI-
MM U TNPOU30ILIA XUMHUUECKas peak-
nusg. Bennuunel Eaxt. 3aBUCUT OT BHU-
Jla pearupyrolmx 4acTUI] U UX dHEp-
reTU4ecKoro cocrosinud. s peakuuit
MEXy BaJlEHTHO-HACBILIEHHBIMU MO-
nexkynamu Eakt. baumska k sHeprum
auccouuanuu u  cocrasasger 25-50
KKaj/Monb. Peakuust Mexay aToMamu
WM pajJuKajiaMu MPOUCXOJUT C IHEp-
rueil akTuBaIuu OJIM3KOW K HYJIO, pe-
aKIus aTOMOB (MU PaJUKaIOB) C MO-
JIEKyJlaMU TIPOTEKAlOT B HWHTEpBajie
10-25 kkan/MoJb.

NcTtuHHOW SHEprueil aKTUBALMM WU
SHEPrusl AaKTUBALIMU BJIEMEHTApHOTO
aKTa  XHMHYECKOTO  IpEeBpalleHUS
Ha3bIBA€TCSI MUHUMAaJbHAs »HEpPTHs,
OTCUYMTHIBA€Masi OT HYJEBOIO YPOBHS
B pacueTe Ha 1 MOJIb B3aUMOJEUCTBY-
IOIIUX YacCTUIl, KOTOPOU JOJKHA 00-
Janath MCXOJHAsl CcHCTeMa, 4ToObl B
HEW MOTJI0O MPOU3O0WTH paccMaTpHBa-
€MO€ XMMHUUYECKOE MPEBPALICHUE.
OKCIIEpUMEHTAIBHON JHEPIHeN aKTUBa-
UUU  CIO0KHOM XUMHYECKOM pEeaKUUHu
Ha3biBaeTcs napameTrp Eakt. B ypaBHe-
HUH AppeHunyca, KOTOPbII Onpenesnsercs
Ha OCHOBaHMHM DKCIEPUMEHTATbHBIX
JIAHHBIX U SIBJISIETCS HEKOTOPOU (PyHKITH-
€l MCTUHHON HHEPruM aKTHBALUU OT-
JIETTBHBIX CTAIUN PEAKIIUU WIH SKCIIEPH-
MEHTAJIbHON BEJIMYUHOM.

Eskcn. = Encr. + 2 RT




Bpewms

Ne | Tun [IpaBunbHbII
w/n | sanamus DopmMynupoOBKa 3a1aHUS oTBeT BBITIOJTHEHUS
(B MUHYyTaX)
8. CutyaumnoHHas 3ajava. DHeprus akTUBallMM B pacTtBope 1o | 3-5
KakoBo BiusHUE pacTBOPU- | CPABHEHHIO C DHEpPrUei akTUBAllUU B ra-
Telss Ha DJHEPTHI0 AaKTHBa- | 30BOM (pa3e MOXKET YMCHbBINATHCS, YBe-
MU B Ta30BOM (aze, €cCiM | JMYMUBATHCA UM HE MEHATHCA B 3aBUCH-
JAaHHYI0 PEaKIMI0 MOXHO | MOCTH OT COOTHOIIEHUS MEXIY TeIIo-
MPOBECTH U B ra3oBoil ase, | TaMu coibBaTallMk Mpu 00pa3oBaHUU
U B pacTBOpe? MIPOMEKYTOUYHOTO AKTUBHPOBAHHOTO
KOMIUIEKCa U UCXOJHBIMU BEUIECTBAMHU
9. CutyannoHHas 3ajaya. B BogHOM pactBOpe ciaboro anekTpo- | 5-8
MeHsieTcst M W Kak CTe- | JUTa CTENEHb JUCCOIMAIIUN MEHSETCS
MIeHb IUCCOIMAIUU c1aboro | He paBHOMEPHO.
JJIEKTPOJIUTA B  BOAHOM | Tak MNpU TOBBIIICHUU TEMIIEpaTypax
pacTBOpe C POCTOM TeMIle- | CTENeHb AUCCOIUAlUU PAcTET (IUCCo-
parypsi? [UALHS - POIECC PHAOTCPMUUECKUN).
Takke 5TO0 MOXHO OOBSICHUTH YBEIH-
YEeHUEM CKOPOCTH JBHKCHUS YaCTHII.
Ho co BpemeneM gocturaercst omnpeje-
JICHHBI MaKCUMyM. 3aTeM, Ipu Ooiee
BBICOKUX TEeMIIepaTypax 3HaueHue CTe-
IIEHU JIUCCOIMAlNA yMEHbIIaeTcs. Tak
KaK C POCTOM TeMIepaTypbl yMEHbIIIa-
eTCS  JMDJICKTpUYECKass  IPOHHUIIAe-
MOCTh BOJBI. A OHa HaM IOKa3bIBa-
€T BO CKOJIbKO pa3 B3anMMOJICHCTBHE
MEXIy 3apsiJaMu B OJTHOPOJHOM cpene
MEHblIIe, 4YeM B BakyyMe. Takum obpa-
30M 3HAUEHHE JJIEKTPOCTATUYECKUX
CWJI TIPUTSOKCHHS (COOTBETCTBEHHO ac-
COIIMAIINH) YBETUIHBACTCSI.
VS
> |
T 7
10. CutyauunoHHas 3ajauva. B cucreme, cocrosiiell n3 HECKOILKUX | 5-8

[Touemy ommnbo4YHO TpHUME-
HeHue ypaBHeHus Kia-
neiipona-Knaysuyca x da-
30BOMY NPEBpAIICHUIO aJ-
Ma3 — rpapuT?

(a3 9uCcTOrO BEIIECTBA, BOSMOXKHBI TI€-
pexobl BellecTBa M3 OMHON (a3el B
apyryto. Takue mnepexolbl Ha3bIBaOT
¢dazoBeiMu mepexonamu. Da3oBbie Tie-
pexoabl XapaKTEPU3YIOTCS 3aBHCHUMO-
CTBIO TeMIlepaTyphl (pa3oBOro mpeBpa-
IICHUS OT BHCHIHCIO AaBJICHUA WA
JIaBJICHUS] HACBIIIEHHOTO Iapa OT TEM-
reparypsl CUCTEMBI. Y paBHEHHE, Xa-
paKkTepu3ylolllee TaKue 3aBUCHUMOCTH,
npemioxkeno KrianeiipoHoM, a mo3xe
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Moaupunuposano Knaysmycom.

L= T-dp/dT - (V2—V1)

VYpasuenuem Knaneiipona—Knay3uyca
Ha3bIBAETCS CBA3b MEXKAY U3MEHEHUEM
TeMriepaTypsl (a3oBoro mnepexoga ¢
W3MEHEHHUEM BHEIIHEro JaBJICHUS WIIH
U3MEHEHHEM JaBJIEHUSI HACHIIIEHHOTO
rnapa ¢ M3MEHEHUEM TEMIIEpaTyphl, C
OJIHOM CTOPOHBI, U TEIMJIOTOHN (pa3oBOro
nepexona M M3MEHeHHeM o0béMa Be-
niectBa npu ¢$azoBoM Iepexoje, ¢ Apy-
TOM CTOPOHBI.

Anmva3z u rpaduT ABIAIOTCA (hopMaMu
OJIHOTO M TOTO € BELIECTBA, OJHAKO
UMEIOT pa3HOe CTPOEHUE U XapaKTepH-
CTHKHU.

AnMa3 uMeeT KPHUCTAIMYECKYIO pe-
mIeTKy B (GopMe TeTpadapa, rae Kaxk-
IBI aTOM OKpYXeH 4 IpYyrMMH aToMa-
MU, SBISICH BEPUIMHOM COCEIHETO
terpadapa. OHU MOX0XHU Ha CcOThl. Ta-
KO€ CTpPOCHME JlaeT IIPOYHBIE CBA3U
MEXI1Yy MOJIEKYJIaMU BEIlleCTBA.
I'padutr TOXE TIpenACTaBICH IIECTH-
YTOJIbHUKAMH, HO OHHU PACIOJIOKEHBI
TOPU30HTAIBHBIMU TUIACTAMH, MEXIY
KOTOPBIMH HET MPOYHOM CBs3U. OTO
JIeJIaeT ero MSTKUM, II0/IaTIUBbIM.
I'padur TepmonuHaMUUYecKn yCTOHYUB
B IIMPOKOM HMHTEpBajie TeMIeparyp u
JABJICHUM, B YaCTHOCTHU MPU OOBIYHBIX
ycioBusiX. B cBsizu ¢ 3TUM 1pu pacue-
Tax TEePMOJWHAMHUYECKHX BEIMYHUH B
KayecTBE CTaHJIAaPTHOTO COCTOSIHUS yT-
jgepona mpuHUMaeTcs rpadut. Anmas
TEPMOAMHAMHUYECKH YCTOHYMB JIUIIb
NpU BBICOKMX JaBiieHHsX (Bbime 10
[Ta). OgHako CKOpOCTH TMpEBpaLIECHUS
anMa3a B TpauT CTAaHOBUTCS 3aMeT-
HOW JIMINb TIPU TEMIIepaTypax BBIIIE
1000 °C; mpu 1750 °C npeBparieHue
anmMasa B rpa@uT NPOUCXOTUT OBICTPO.
Anma3z u rpadurT MMET TBEpJOoe COo-
CTOSIHUE, BCIJIEJICTBUE 4YEro HE MpOUcC-
XOIUT (ha30BOT0 MpEBpalleHUs, O KO-
TOpPOM TOBOpPHUTCS B ypaBHeHHH Kiia-
nelipona—Kiayzuyca, koropoe mnoapa-
3yMeBaeT (a3oBoe€ IMpeBpallleHHe COo-
JepKaHueM OIHOM u3 (a3 uIaealbHOro
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ra3a U pasMYHBIX MOJIBHBIX 00BEMOB
aTux (as.

OIIK-2 - cnocoben npoeodums ¢ coO1I00eHUEM HOPDM MEXHUKU 0(e30NACHOCIU XUMUYECKUIl
IKCnepuMenm, 6K104Uas CUHMe3, AHAIU3, U3yueHue CIPYKmypsl U C6OUCHE 6eUleCE U Mamepuaios,
UCce006anue nPoUeccos C UX yuacmuem.

1.

3amanue
3aKPBITOTO
THIIA

Mero/, OCHOBaHHBIN Ha U3Me-
pEHHH MOTEHIIMANA 3IEKTPOa B
AQHAIU3UPYEMOM PacTBOPE U
TIOCJIC BBEICHUS U3BECTHOTO
00BéMa CTaHIapTHOTO PACTBO-
pa, Ha3bIBACTCS

1) meTo rpaynpoOBOYHOTO
rpaguka

2) MEeTOJ] TPagyHpOBKH JJICK-
Tpozaa

3) MeToJ cTaHAapTOB

4) meTox 106aBOK

4

Jns gero kanmubpyroT pH-MeTp
CTaHAapTHEIMU OypepHBIMU
pacTBOpamMu

1) cCHWXKEHUS BIUSHUS KU~
KOCTHOTO BHYTPEHHETO KOHTaK-
Ta

2) ycusneHusl BIUSHUS KU-
KOCTHOTO BHYTPEHHETO KOHTaK-
Ta

3) CHWKEHUS BIMSHUS Pa3Iiu-
YHsI COCTaBa U CTPYKTYPBI
Hapy>KHOTO ¥ BHYTPEHHETO
rUporeneld MeMOpaHbl

4) ycuneHus! BIUSIHUS TOTEHIH-
aJla aCHMMETPHH

1,3

B noHomeTpuu posib CUIBHOTO
JIEKTPOJIUTA IIPU UCII0JIb30Ba-
HUH METO/1a TPaIyupOBOYHOTO
rpaduKa 3aKI04aeTcs B

1) nmoanep>kxaHuM TOCTOSTHCTBA
MOHHOH CHJIBI pacTBOpa

2) bonee OBICTPOM YCTaHOBJIE-
HUU TOTeHIIAAaIa

3) obecnieueHUH IEKTPUIECKON
IIPOBOJIMMOCTH PacTBOpa

B kaxoii o0nactu
CBETOIOTJIOICHHS
(cBeromporycKkaHus)
OTHOCHTEIbHAs OIOKa
(hOoTOMETPHUUIECKUX U3MEPEHUI
Menbiie 2 %?

a) B o0nacTtu
CBeTOIpoITycKanus oT 25 1o 70
%;

0) B 001acTH CBETOIOTIIONICHUS
ot 0,1 no 2;




Bpewms

Ne | Tun [IpaBunbHbII
DopmyIIHPOBKA 3aJaHUS BBITIOJIHEHUS
/T | 3aJlaHus OTBET
(B MUHYyTaX)
B) B 00yacTi
cBeromnpomyckanus ot 0 mo 100
%;
T) B 00JIACTH CBETOMOTJIOMICHUS
ot 0,1 mo 1.
5. Kaxkas BoixHOBast 0 1
XapaKTePUCTUKA U3ITy4CHUS
SIBJISIETCS MEPOU €ro
MHTEHCHUBHOCTHU?
a) JUTMHA BOJIHBL;
0) aMIuHTY1a;
B) 4acTOTa KoJieOaHMii;
') BOJTHOBOE YHCJIO.
6. | 3amanue Onumurre ocHOBHEIE dTanbl Po- | DoToOMETpHIECKOe TUTPOBAHHE BHITIONHSIET- | 2-4
OTKPBITOI'O TOMETPUIECKOI'O TUTPOBAHUsA | Ci B TPH dTama.
THIIA (xocBeHHOH QoTOMETPHH). - U3MepeHHe ONTHYECKOU IIIOTHOCTH HccIle-
JlyeMOl CHCTEMBI B ITPOIECCe TUTPOBAHUS;
- IOCTPOCHUE KPHBOH (POTOMETPUIECKOTO
TUTPOBAaHUA U ONIPCACIICHUC SKBUBAJICHTHO-
ro o0beMa TUTPAHTA;
- pacyeT KOHIIEHTPALUH AHAIH3UPYEMOTO
BEIECTBA IO 3HAYCHUIO HSKBUBAJICHTHOTO
00beMa TUTPAHTA.
FA
r
£ \/.‘:‘
-
F
&
Ofnen THTpanTa
Buabl KpUBBIX TUTPOBAHMS
7. Onumure MeToauKy BbIOOpa | Bribop cBetodumnbTpa B (hoTOKOMOpHMET- | 2-3

cBeTopmiIbTpa B (HOTOKOIOPH-
METPHUH  OJHOKOMIIOHEHTHOTO
pacTBopa.

pUM OJHOKOMIIOHEHTHOI'O PacTBOpPa OCHO-
BaH Ha U3MEPEHUM ONTHYECKOW MIOTHOCTH
pacTBopa ¢ pa3IMYHBIMU CBETODUILTPAMH.
[To monmyyeHHBIM JaHHBIM BHIOHWpAeTCs CBe-
ToQUABTp, VI KOTOPOTrO ONTHYECKas
IJIOTHOCTb MAaKCHUMAJIbHA.
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10.

420 4slo 5;)0 5:;0 580 52.0 660 700 740 750 X Hou
IIpumep ompeneneHusi ceeroduiabTpa
(onTHMaNBHON JJIMHBI BOJABI CBETONO-

rJI0IIeHN)

ComocrtaBbTe YYBCTBHUTEIb-
HOCTh AAC W MOJEKyJISIpHO-
a0COpOLIMOHHOW  CIIEKTPOCKO-
i (MAC).

YyscTtBuTenbHOCTh AAC BBILIE MOJIEKY-
JSIPHO-a0COPOIIMOHHON ~ CIIEKTPOCKOIIHHY,
TaK KakK K03 duimeHT aroMHol abcopOIuu
(X) 3HAYUTENHHO BBIIIE MOJSPHOTO KOA(-
(uruenTa noryomeHus ().

3-5

Ilouemy B AAC wucnonb3yercs
PE30HAHCHOE, a HE MOHOXpOMa-
TUYECKOE U3TyyeHue?

B AAC wucnonb3yercs pe30HAHCHOE H3ITY-
YeHHe, TaK KaK ero CIEKTP MaKCHMAaJbHO
NpUOIKEH K aTOMapHOMY CIIEKTpPY HCCIie-
JIyeMOTo 3JIeMEHTa, YTO rapaHTtupyer 3¢-
(eKTUBHOE TIOTJIONICHUE CBETa M oOecrie-
YUBACT BBICOKYIO TOYHOCTH H3MEpPCHHUI.
Mounoxpomatudeckoe uznydenne B AAC
HE TPUMEHSETCS, TaK KaK CIEKTpaJbHbBIC
MOJIOCHl MOHOXPOMATHYECKOTO H3ITyYEHHS
3HAUUTENIBHO IIHPE CIEKTPAIBHBIX JIMHUH
aromoB (10 -10° um), uro 3arpyauser ad-
copOIHIO cBeTa

3-5

Ha xpomatorpamme meHTaHa u
TeKcaHa BpeMs yIepKUBaHUS
COECIUHEHUN  COOTBETCTBEHHO
37 u 54 c. llupuHa NUKOB Ha
MOJIOBMHE BBICOTHI PaBHSIACH
4.7 ¢ nns neHraHa u 6,8 ¢ s
rekcaa. PaccunmraTh CTEIlEHb
paszeneHust KOMIOHeHTOB K.

Pernrenue: cTeneHs pa3aeieHus PacCUUTHI-
BaeTcs 1o GopmyJie:
r F

R.:2 " YRL

Y Mosy s
[Moncramsst B GopMyIty TaHHBIE U3 YCIOBHSI
3aJja4uu, MOJyJdaeM:

) o4 -37
M=37res P
OTBerT: cTeneHs pasjeneHus pasHa 1,5.
KommoHeHTsI Oy IyT XOpOIIO pa3aesiThes.

3-5

[TosHBIN KOMIJIEKT OIIEHOYHBIX MAaTEPHAJIOB MO JUCHUILIMHE (MOIYJI0) (POH[ OlleHOU-
HBIX CPEJICTB) XPaHUTCS B JIEKTPOHHOM BuUje Ha Kadeape, yTBepKaaromei padouyo mporpam-
MY AUCUIUIUIAHBI (MOAYIIs), U B LIeHTpe MOHUTOpPHHTA U ayJIiTa KadecTBa O0yICHHS.

7.4. MeToanyecKue MaTepuaJbl, onpeae/somue Npoueaypbl OHeHUBAHUS pe3y.ib-

TaToB Oﬁy‘{eﬂl/lﬂ 0o JMCHUIIJIMHE

Texymuii 1 BHYTPHCEMECTPOBBI KOHTPOJIb, MPOMEXYTOUYHAs aTTeCTalusl y4eOHBIX J10-
CTH)KEHUH CTYIEHTOB MPOBOAMTCA MyTeM OalulbHO-peHTHHroBoi cuctembl. OOmias OleHKa
y4eOHBIX JOCTH)KEHUH CTyJIEHTa B CEeMEeCTpe M0 yueOHOMY Kypcy omnpezenseTcs Kak cymma 0al-
JIOB, MOJIyYEHHBIX CTYAEHTOM I10 pa3IM4YHbIM (pOpMaM TEKyILEro U MpOMEKYTOUHOI'O KOHTPOJIS




B TEUCHHME JaHHOro cemecTpa. MToroBoil (opMON OTUETHOCTH SIBJISETCS SK3aMEH, MOATOMY
OayulbHas OLIEHKA paclpezelnsieTcs Ha JBE COCTABIAIOLIME: CEMECTPOBYIO (TEKYIIUI KOHTPOJb
o y4eOHoU nucruruinae B TeueHue cemectpa) — 100 6amnos. 100 6amioB cemecTpoBOro KOH-
Tposisg coctoAT U3 90 GayuIoB MOJIyYEHHBIX Ha pasiMyHbIX (opMax TeKyllero KoHTpois u 10
0ayyI0B, BKIIIOYAIOUIMX PA3JIMYHOrO poja OOHYCHI (OTCYTCTBHE IPOIYCKOB 3aHSTHM, aKTUBHAs

paboTa B TeUECHUE CEMECTpA).

Tabauna 10 - TexHosioruyeckasi KapTa peHTHHIOBBIX 0aJ1JI0B MO AUCIHUIJINHE

MaxkcuMaJibHOe
Ne KonTponnpyemsie mepo- KoanuecrBo Mepo-
N KOJIN4eCTBO Cpoxk npegocTaBjieHHsI
n/n NpUATHUS NMPUATHIT/0ATBI
0aJ1J10B
OcHoBHOi1 0J10K (40 6aJ110B)
1 BericTymnuienus Ha ceMuHap-
CKUX 3aHATHAX:
1.1. | IomHEIi OTBET IO BOTIPOCY 1,5 6ama 12 GamtoB ITo pacmmcanmnto
Pemmenwe 3aau Ha mpaxkTHye-
2 A P 1 6amn 9 GamioB ITo pacrmcanmnto
CKUX 3aHSTHSIX
BeinonHenue u 0TYET 10 Ja-
3 . 1 6ann 10 6annoB Mo pacnucanuro
6opaTtopHoii paboTe
4 TectupoBaHue Mo paszzaenam:
41 «OCHOBBI XUMUYECKON TEP-
' MOJIMHAMUKH 1 6ann
4.2 | «XuMm4yeckoe paBHOBECHE) 1 6amn 4 6anna ITo pacmmcanmnto
«®a3zoBrie paBHOBecHus. Pac-
43 p 1 Gann
TBOPBI»
4.4 | «DneKTpoXUMHUs 1 6ann
5 KonTtpossHbie paboTHI 1O Te-
MaM:
51 «OCHOBBI XUMUYECKON TEP-
' MOJIMHAMUKHN 2 Gana
5.2 | «XuMu4eckoe paBHOBECHE) 1 5 Gamos o pacnmcanuto
53 «®da3oBble paBHOBecus. Pac- 1
) TBOPBI»
5.4 | «DNeKTpOoXuMHUI» 1
IIpomexyTOYHBIH KOHTPOJIb 40 6aan0B

Buiok 6onycos (10 6a;u1oB)

OTIOJTHEHHE K OTBETaM Ha
6.1 A 0,2-0,5 6amna 5 0aJuIoB B koHIile cemectpa
CEeMUHAPCKHX 3aHATHSIX
AkTuBHas paboTa CTYICHTOB
6.2 P y 0,2 6amna 20aia B komIile cemectpa
Ha 3aHsITUsIX
OTCyTCTBHE MPOITYCKOB MPAaK-
6.3 | THYeCKO-CEMHUHAPCKUX U Jia- 0,3 6anna 30aya B koH1e cemecTpa
0GOpaTOPHBIX 3aHATHH
Hroro 50 6an10B
Jononanuteabublii 610k (50 6a110B)
B coorBercTBUM C
7. Ok3aMeH YCTaHOBJICHHBIMU Ka- 50 6annoB
(enpoii KpuTepusIMu
Bcero 100 6ann0B

Tadauuna 11 - Cucrema mrpadgoB (17151 0JHOTO 3aHATHS)

IToka3zarenn

bamn




Ono3znanue (nBa u 6ojee) Mutryc 2 banna
He rotoB k npakTHYeCKO-CEMHUHAPCKUM U JTa0OPATOPHBIM 3aHATHIM Munyc 3 6amna
[Iponyck 3aHsATHII 6€3 YBAXUTEIHFHON MPUYHHBI (32 OJHO 3aHATHUC) Munyc 2 6anna
Hapymienue yueOHOM UCITUTUTHHBI Munyc 2 6anna
Hapymienve npaBui TeXHUKH 0€30M1aCHOCTH Munyc 1 6amn

Ta6muna 12 — IIkana nepeBoaa PedTHHIOBBIX 0AJJIOB B HTONOBYK) OLIEHKY 32 ceMecTp
1o JUCHUINJInHe (MO1YJI10)

CymmMma GasuioB Ornenka o 4-6amIbHOM mKase
90-100 5 (OTJIMYHO)
85-89
;(5):32 4 (xopommo) 3a4teHo
65-69 3
60-64 (Y1OBIETBOPUTEIILHO)
Hwxe 60 2 (HeyIOBJIIETBOPUTEIHHO) He 3auteno

HpI/I peain3aliii JAUCHUIIIINHBI (MOI[y.]'IH) B 3aBUCUMOCTU OT YPOBHS IMOATOTOBJICHHOCTHU
06yqa101111/1xc;[ MOT'YT OBITH HCIIOJIb30BAHBI HHEIC q)OpMI)I, MCTOABI KOHTPOJII W OLHCHOYHBIC
CpeacTBa, UCXOI U3 KOHerTHOﬁ CUTyalluHu.

8. YYUEBHO-METOJUYECKOE U ”THOPOPMALIMOHHOE OBECIIEYEHUE
JUCLUIINHBI

8.1. OcHoBHas qUTepaTypa

1. ApremoB A.B. ®usnueckas xumus: YueO. 4 CTYAIO yUpexIeHUil BbICHLIIPo¢. oOpa3oBa-
Hus / A.B. Apremos. M.: U3narensckuii neHTp «Axaaemus», 2013. 288 c .

2. Ctpombepr A.I'. ®usudeckas xumusi: Yued. st xum. crer. By3oB / A.I'. Ctpomb6epr, JI.IL.
Cemuenko; mox pexa. A.I'. Ctpombepra — 6-¢ u3n., crepeorun. M.: Beicmr. mik., 2006. 527 c.: wi.
3. Ortkunc [1. ®usnueckas xumus. B 3-x 4. Y. 1. PaBHoBecHas tepmoannamuka / [1. Dtkunc, ae [layna,

Jx.; Iep. ¢ anrn. U.A. Ycnenckoi u B.A. MBanosa; o pexa. B.B. JIyanna u O.M. IlonTopaka. — M.:
Mup, 2007. — 494 c.

4. WnmonutoB E.I'. ®usnyeckas xumus: Jon. YMO no cneu. men. oOpa3oBaHusi B KauecTBE
yueO. ais ctya. By3oB, mo crerl. 032300 "Xumus" / E. I'. UnnonutoB, Apremos, A.B., barpa-
koB, B.B. ; Ilox pea. E.I'. UnnonuTtoBa. M.: Axanemus, 2005. 448 c.

5. CaButkuH H.M. ®usnueckas xumus: cOopHUK BorpocoB u 3anad / H.W. CaButkun, S.I.
Asnees, B.B. barpakos, W.I'. I'opuues. PocroB n//l: ®enukc, 2014. 319 c.: nn. — (Beicuee 06-
pa3oBaHKE)

6. Jbxurona JILA. Xumuueckass KWHETHKA: y4eOHO-METOJUUECKOe ocoOue JUIsl U3ydeHUs pas-
nena. - Actpaxanb: M3narensckuii oM «AcTpaxaHckuii yHuBepcute», 2007. 64 c.

7. XaputonoB lO.f. ®usnueckas xumus [DnekTpoHHbIH pecypc]: yueOHuk /Xapuronos FO.S.
M.: I'0TAP-Menua, 2013. 608 c. URL:
http://www.studentlibrary.ru/book/ISBN9785970423905.html (9BC «KoHcynbTaHT CTyIeHTa»)

8.2. Jlono/tHUTeIbHASI JIUTEpPATypa
1. ®usndeckass XUMHS. DJIEKTPOXUMHUS. XUMHUUYECKasi KHHETHKA U KaTaiu3: Y4uel. NI BY30B
[Texct] / K.C. Kpacunos, H.K. Bopo6seB, N.H. I'ogneB u np.; nox pen. K.C. Kpachosa. -.
M.: Bercmasg mxk.,2001. 2 1. 319 c.



http://www.studentlibrary.ru/book/ISBN9785970423905.html

2.T'enbpman M.U. Ilpaktukym mno ¢usndeckoir xumum: yuded. mocodbue / Ilox pen. M.U.
I'enbdmana. — CII6.: U3a. «Jlanby, 2004. 256 c.:u.

3.benser A.Il. ®u3ndeckas U KOJUIOWAHAS XUMUA. 3alaqHuK| DneKTpoHHBINA pecypc] / A. II.
benses, A. C. YUyxno, JI. A. baxonauua, B. B. I'pumun; nox pea. A. Il. bensesa.M.:

I'DOTAP-Menua, 2014. 288 c. URL:
http://www.studentlibrary.ru/book/ISBN9785970428443.html (OBC «KoHCynbTaHT CTYy-
JICHTA»)

4. TlpakTukym 10 (pu3udecKkoi XxumMuu. DU3HYECKUE METOJBl HMCCIAeAOBaHUS: y4ued. mocooue
Ui CTYH. yupexnaeHuil Beicul. npod. obpaszoBanus / [E.Il. AreeB u ap.]; mox nmep. M.A.
MenbnukoBa, E.Il. AreeBa, B.B. Jlynuna. M.: M3narenbckuil ueHTp «Akaaemus», 2014.
528 c.

8.3. UuTepHeT-pecypchl, HE0OXOAMMBbIE 1JIsl 0CBOEHHS TUCHHMIIUHBI:
[Tepeuens DBC 1 AMEKTPOHHBIX PECYPCOB, NMpeAocTaBIsieMbIXx HayuHol OnOIMoTeKoM
AT'Y Ha 2020/2021 yueOHbIi r0J], KOTOPBIE MOTYT OBITh KCIIOJIB30BaHbI I HH()OPMAIIMOHHOTO
o0ecreueHus JUCIUILINHBL:
1. Dnexkrponnslii katanor Hayunoi 6ubmmoreku AI'Y na 6aze MARK SQL HITO «UH-
bopM-cucTem».
https:/library.asu.edu.ru
2. DnexTpoHHass OuOMMOTeKa «ACTpaxaHCKUH TOCYJapCTBEHHBIN YHHBEPCHUTET» COO-
CTBEHHOW reHepanuu Ha 31eKTpoHHOU miardgopme DBC «neKTpOHHBIH YUTaAJIbHBIN
3an - bubnaunoTex».

https://biblio.asu.edu.ru
Yuemnas 3anucwv obpazosamenvrozo nopmana AI'Y
(Pecucmpayus 6 905 ayoumopuu. Ilpucmpoti)

3. DnextponHas 6ubmuoreunas cucrema (ObC) OO0 «llomutexpecypey «KoHcynbranT
cTynenta». MuoronpoduibHbIi 00pa3oBaTenbHbIil pecypc "KoncynbTanT cryaenra"
SBIISIETCS DJIEKTPOHHOU OMOIMOTEUHON CHCTEMOM, MPeJoCTaBISAIONIeH AOCTYI Yepes
ceth MHTEpHET K y4eOHOU JUTEepaType W JIOMOJHHUTEIBHBIM MaTepuajam, mpuoope-
TEHHBIM Ha OCHOBAHHH MPSMBIX JOTOBOPOB C MpaBoobOnaaarensimu. Karanor B HacTo-
siiee BpeMs coaepKuT okosio 15000 HauMeHOBaHMIA.

www.studentlibrary.ru
Pecucmpayus ¢ komnvromepos AI'Y

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

MartepuanbHO-TeXHUUYECKOE oOecrieueHre y4eOHOM TUCHUIUIMHBI BKJIIOYaeT B ce0s JeK-
IIUOHHYIO ayJIUTOPHIO, Ja0OpaTopuu AJsl MpoBeeHHs JabopaTOpHbIX 3aHATHH. JIaGopaTopHbIi
MPAKTUKYM OOECIeueH XUMUYECKUMH peaKTUBaMHU, JaOOPaTOPHOU MOCYI0M 1 yueOHO-HAYyUHBIM
o0opy/soBaHUEM: BECHI AJIEKTPOHHBIE, criekTpodoromerpsl [1D 5400, 1132300; anamuzaTops
xuakocten pH-merper «Okcnept-001», HOHOCENEKTUBHBIE 3JIEKTPOIBI, KOHIYKTOMETP «IKC-
nept», uentpudyra OITH-3 ¢ poTopom, MarHuTHBIE MeIIANKH, peppakromerp, Tepmocrat "TC-
80"M2 xpomarorpad «lIser 500 My, DnekrponusHas ycraHoBka JI9M-11043, mukpocmecu-
tenp [19-0137 1.75.45.0032, AxBaguctmmisatop [13-4(c 3Ullom), mkad BerTspkHONM [1IB-202
ITAOT, manas pakoBuna, KO1-04. [IpoBenenne ceMMHapCKUX 3aHATUN COMPSKEHO C MPUMEHE-
HUEM KOMIIBIOTEPOB Ul BBIMOJIHEHUS MIOMCKOBOI paboThl, BHIYMCICHUH U paboTe B MHPOpMa-
[IUOHHBIX CUCTEMaX.

Pabouas nmporpaMma JUCHMIUIMHBI IPU HEOOXOAMMOCTH MOXKET OBITh aJanTUpPOBaHA IS
o0OydeHus (B TOM 4YKCie C MPUMEHEHUEM JUCTaHIIMOHHBIX 00pa30BaTeIbHbIX TEXHOJIOTUI) JIHII C
OTPaHUYEHHBIMU BO3MOKHOCTSIMU 3/10pOBbsI, MHBAJINI0B. J{J1s1 3TOrO TpeOyercs 3asBieHHe 00y-
YaIOIIMXCS, SBJSIONIMXCS JIMIIAMU C OTPaHUYEHHBIMU BO3MOKHOCTSIMH 3710POBbsSI, HHBAJTUAAMU,
WIM UX 3aKOHHBIX INPEACTABUTENEN U PEKOMEHAALNH ICHXO0JIOT0-MEINKO-TIENarorn4ecKon Ko-
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MHUCCcHU. Jl7s1 MHBaJIMIOB cojaep)kaHue pabouell mporpaMMbl TUCHMIUIMHBI (MOIYJS) MOXKET
OIpEeNeNAThCS TAK)KE B COOTBETCTBUU C MHIMBUAYAJIBHOW IPOrpaMMOi peaOMINTaluy UHBAIH-
Ja (IIpy HAJIM4KH).



