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1. HEJIX 1 3AJAYN OCBOEHUA JUCIIUITJIMHBbI

1.1. HeassMu  oOCBOEHHUSI AUCHMIVIMHBI «Du3nyeckass XHMHSD»  SABJISIOTCH:
dbopMUpOBaHHE COBPEMEHHBIX MPEICTABICHUM O poJid PU3NYECKON XUMUU KaK TE€OPETUYECKOTO
dyHgaMeHTa COBPEMEHHOH XHMMHHU; O3HAKOMIICHHE CTYACHTOB C OCHOBAMH XHMHUYECKOMH
TEPMOJMHAMHKH, TEOPUU PACTBOPOB M (Ha30BBIX PABHOBECUH, JJIEMEHTAMHU CTAaTUYECKOU
TEPMOJIMHAMHKH, KaTaJIn3a U 3JIEKTPOXUMHH; (HOpMUpPOBaHHE (PU3UKO-XUMHUECKOTO MBILIUICHHS.

1.2. 3aga4yn ocBOEHHS AUCHHUIIINHBI:

- MPUOOPETCHHE HABBIKOB PEIICHHS KOHKPETHBIX (PM3MKO-XMMHYECKUX 3aj1a4; OBJIAJICHUC
CTYJICHTAMH HAaBBIKAMU W YMEHUSMHU PaOOThI C PA3IMYHBIMH U3MEPUTEIBHBIMHU MPUOOpPAMH U
Hay4HBIM 000PYy/IOBAaHUEM, C COBPEMEHHOM BBIUMCIUTEILHON TEXHUKOM;

- MIOCTAaHOBKOW M MPOBEICHUEM XMMHYECKOTO IKCIIEPHUMEHTa, MaTeMaTHIeCKoli 00paboT-
KOH pe3ynbTaToB HAOIIOEHUIN U TEOPETUUECKON TPAKTOBKOW OMBITHBIX JIaHHBIX.

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OIIOII

2.1. YueOHas MUCIMILINHA «DPH3NUecKass ¥ KOJUIOMIHASA XHMHSI» OTHOCHTCH K 00s-
3aTeJIbHOM YaCTH M OCBaMBaEeTCs B 4 ceMecTpe.

Jucnunnuna BctpauBaetrcs B cTpykrypy OIIOII (Heopranuueckas Xumus, aHATUTHYE-
CKasl XuMuwus, OpFaHI/ILIeCKaFI XHUMMHA, HpaKTI/IKYM 110 (1)I/ISI/IKO-XI/IMI/I‘-ICCKI/IM METOAaM HCCJIEa0Ba-
HUS, yueOHasi MPAKTHKa) KaK ¢ TOYKU 3PEHHS MIPEEMCTBEHHOCTH COJEP)KAaHUSA, TaK U C TOYKHU
3peHusl HENPEPBIBHOCTH Ipoliecca (GOpMUPOBAHUS KOMIIETEHIIMI BBITYCKHUKA.

2.2, Jlas u3ydyeHHs1 JAHHOW y4eOHOH IMCHUILIMHBI HeO00XOAMMBI CJeAylolue 3Ha-
HHSl, YMEHHS, HABBIKH, (popMHUpyeMble NpPeJIIecTBYIOIMMHE Y4eOHbIMH JMCIHIIIMHAMU:
y4eOHBIA KypC JIOTUYECKU CBSA3aH C TEOPETUYECKMMHU OCHOBAMHU HEOPraHMYECKON XMMHH; aHa-
JUTUYECKON XUMHUHU; OPraHUYECKON XUMHUHU.

CnenoBarenbHO, «BXOJIHBIE» 3HAHHUS U yYMEHHS OOYyYarolerocsi CBsI3aHbl CO 3HAHUEM
TEOPETUYECKUX OCHOB BBIIICOOO3HAYEHHBIX YIEOHBIX XUMHUECKUX AUCLUIUINH.

3HaHMs: MeCTO (PU3MUECKON U KOJUIOMJAHON XMUMHHU B PNy IPYTHUX €CTECTBEHHBIX TUCIIH-
IUIMH, €€ 3HaueHHUe B )KM3HHU COBpeMeHHoro obuiectBa. CoBpeMeHHbIE NpeACTaBIeHNu 0 GpyHaa-
MEHTAJIbHBIX TOCTHKEHUSX B U3YUEHUU XUMHUYECKON TEPMOANHAMUKH, TEOPUU PACTBOPOB U (a-
30BBIX PaBHOBECHM, DJIEMEHTaMHM CTAaTUYECKOW TEPMOJAMHAMUKH, KaTajau3a M JJIEKTPOXUMHH,
JUCTIEPCHBIX CUCTEM, TOBEPXHOCTHBIX SIBJICHUSIX.

YMeHus: aHanu3 KOHKPETHBIX (PM3MKO-XMMHUECKUX 3aJ1a, ONpeAesTh TepMOJIUHAMHUYe-
CKMe (PyHKUHHU IMPOLIECCOB, PAaBHOBECHBIE COCTOSIHUS CHUCTEM, KOMIIOHEHTBHI W UX B3auMOJEH-
CTBUE B PacTBOpax, 3JIEKTPOXUMHUYECKHE OCHOBBI XMMHUYECKHX NIPOLIECCOB, KNHETUYECKUE U Ka-
TaJIUTUYECKUE MTapaMeTphl, pacCMaTpPUBAaTh XUMHUYECKHUE CUCTEMBI C MO3ULUN 3JIEMEHTOB CTAaTH-
CTHUYECKOU TepMOJIUHAMHUKH. OCYIIECTBIATh B JaOOPATOPHBIX YCIOBHUAX HCCIEIOBAHUE TEPMO-
JTUHAMHYECKHUX, PABHOBECHBIX, AJIEKTPOXUMUYECKNX, KUHETUYECKUX CBOMCTB PAacTBOPOB U pas-
JIMYHBIX XUMHYECKHUX CHCTEM.
HaBpiku: TexHukH O€30MaCHOCTH MPU BBHIMOJHEHUH padoOT B jabopaTopuu (PU3NUECKON

XUMHHU, PETUCTPALIMU U 00pabOTKH pe3ynbTaToB (PU3NKO-XUMHUUECKUX IKCIIEPUMEHTOB, METO 1a-
MU 0TOOpa MaTepHualia JAJjig TEOPETHUYECKUX 3aHATUN U J1aOOpaTOPHBIX padoT.

2.3. IlepeueHsb nmociaeayOmMX y4eOHbIX JMCUHUILIMH NPAKTHK, A5l KOTOPBIX HEe00-
XOAMMBI 3HAHUS, YMEHHS ¥ HABBIKH, (D)OpMHUpYyeMble JTAHHOH Y4eOHOM M CIMIIJIMHOM:
- MEJUIMHCKas OMOXUMUS;
- o0m1as (apMareBTHUECKAs XUMHUS;
- TOKCUKOJIOTHYECKasi XUMHUS;
- cenyaibHas (papMaleBTHUECKas XUMHUS,



-XUMHsI OMOT€HHBIX 3JIEMEHTOB;
- XMMHs BKYyCa, 3a11axa U L{BETa;
-IPOM3BOJICTBEHHAsl INPaKTHKa (IIpaKTUKa [0 KOHTPOJIO KayecTBa JIEKAPCTBEHHBIX

CPENCTB);

- OpEeAIUIUIOMHAs TPAKTUKA.

3. INIAHUPYEMBIE PE3YJIbTATBI OBYYEHUSA 110 JUCIUIIJIMHE

[Iporiecc ocBOCHUS MUCIUIUIMHEI HAMIPABJICH Ha (DOPMHUPOBAHKE JIIEMEHTOB CIIETYIOIINX
komnereHnuii B coorseTctBrM ¢ ®I'OC BO u OIIOII BO no nanHOMY HanpaBJI€HHIO MOJATOTOB-

Ku:

0) obmmenpodeccnoHaIbHbIX:

OIIK-1- Crioco0eH UCToabh30BaTh OCHOBHBIC OMOIOTHYECKHE, (PU3UKO-XUMHUYECKHE, XH-
MHYECKHE, MaTeMaTHUYECKHE METOIbI IS pa3paO0TKH, UCCIICAOBAHUN 1 IKCIICPTU3HI JIeKap-
CTBEHHBIX CPEJICTB, U3TOTOBJIICHUS JICKAPCTBEHHBIX MPEIapaTOB.

Tadauua 1. lekoMno3nuus pe3yJabTaTOB 00y4eHUs

Koz u [Tnanupyemsbie pe3yabTaThl 00yYEHHUS IO TUCIMIUTHHE
HalMEHOBaHHUE
Kon
KOMIIETEHIN | Ao KaTOpa JI0-
CTYDKEHHS KOM- 3nath (1) Ymerts (2) Brnanets (3)
NEeTEHINH
OIIK-1.1. [IIpwm- | - TeOpeTHYecKne | - 00pabaTbiBaTh H | - HaBBIKAMH IIPOBE-
MEHSET  OCHOB- | OCHOBBI (DM3MUYCCKOW | aHAIM3UPOBATh TEO- | JCHUS HMCCICIOBaHUIMA
HBbIC 6I/IOJ'IOI‘I/I‘IC- )41 KOHHOI/II{HOﬁ XU- | pCTUYCCKUEC OCHOBBI | C YUCTOM TCOpPCTUUC-
CKHe MeTOAbl | MUK (OCHOBBI Tep- | GU3MUECKOW M KOJI- | CKHUX OCHOB (pusnde-
aHanM3a Ui pa3- | MOJAMHAMUKH, XU- | JIOUTHOU XUMHHU | CKOU U KOJUJIOUJIHOH
pabotku, wuccie- | Mudeckoro u (azo- | (OCHOBBI  TEPMOJH- | XUMHUH (OCHOBBHI Tep-
JNOBaHMM M D3KC- | BOTO  PAaBHOBECHS, | HAMUKH,  XMMHYe- | MOAWHAMUKH, XHUMH-
MEPTU3Bl  JIEKap- | pacTBOPOB, 3JIeK- | ckoro W (a3oBOro | yeckoro u (a3oBoro
CTBEHHBIX TPOXUMHH,  CTaTH- | pABHOBECHS,  pac- | paBHOBECHS, PacTBO-
CPEACTB U JIEKap- | CTHYECKOM  TEpPMO- | TBOPOB, JJIEKTPOXHU- | POB, 3JEKTPOXHMUH,
CTBEHHOI'O pac- | IMHAMUK{, KHHETU- | MUM,  CTAaTHCTH4Ye- | CTATUCTHYECKOMN
TUTCJIIBHOT'O Cbl- | KU u KartaJiu3a, CKOH TCPMOJUHAMH- | TCPMOJNHAMUKU,
popst CTpOEHHUS [JHCIEPC- | KU, KHHETUKH, CTPO- | KHHETHKH, CTPOCHUSA
HBIX CHCTEM M IO- | €HHS  AMCIEPCHBIX | AUCHEPCHBIX CUCTEM
OIIK 1 BCPXHOCTHBIX 4BJIC- | CHCTEM MW TIOBEPX- | U IMOBEPXHOCTHBIX

HUA).

HOCTHEIX SIBJIEHUIL.

SIBIICHUI)

OIIK-1.2. IIpu-
MEHSET  OCHOB-
HbIE (huzuxo-

XUMHUYCCKUEC u
XUMHYECKUE Me-
TOABI  aHajau3a
IUIsT pa3paboTKH,
HCCIEAOBAHUM U
AKCIIEPTHU3BI  JIe-
KapCTBCHHBIX

CPeICTB, JieKap-
CTBEHHOTO  pac-
TUTCIIBHOTO CbI-
pbs U OHONOTH-
YECKUX O0BEKTOB

- JKCHEPUMEHTAaIb-
HbIE U TeOopeTuye-
CKHE METOABl IIPO-
(heccuonanpHOU JE-
SITEIHOCTH JUTS
TpaHchopmauu
CIIeIUAIbHBIX Hayd-
HBIX 3HaHUH 10 ¢u-
3UYECKOM U KOJLJIO-
HIHON XUMHUH

- OCYILECTBIIATH,
AHAJIM3UPOBATH JKC-
[IEPUMEHTAJIbHBIC |
TEOPETHUECKHE Me-
TOIBI  TpodeccHo-
HaJILHON  JeSTElb-
HOCTH JUIsI TpaHC-
dopmaruu  crieru-
QTBHBIX  HAYYHBIX
3HaHWN mo (u3mde-
CKOH M KOJIJIOMJTHOMH
XHAMUH.

- COBPEMEHHBIMU
TEXHOJOTHSIMH Opra-
HU3anuu coopa, 00-
paboOTKM JaHHBIX |
OCHOBHBIMH TPHHITHU-

ImaMu HpOBe)IeHI/ISI
HCCIEI0BaHui B 00-
JacT  mpodeccHo-

HaJIbHOH ACATCIIBHO-
CTH.




0OTKYy JTaHHBIX,
MONYYCHHBIX B
X0Jie pa3paboTKu
JICKapCTBEHHBIX

CPE/ICTB, a TaKKe
HUCCIICAOBAHUM U

HBIX CPENICTB, a TaK-
JKe HCCIICIOBaHMN U
SKCIEePTU3Bl  JIeKap-
CTBEHHBIX CPEJCTB,
JIEKapCTBEHHOTO

pacTUTENHHOTO  CHI-

OKCIIEPTU3bl JIC- | PbAd U 6I/IOHOFI/I‘-IC-
KapCTBEHHBIX CKUX OOBEKTOB.
CPEICTB, JieKap-

CTBEHHOTO  pac-

TUTEJIBHOTO  ChI-
ppsi U OwuonorU-
YECKHX OOBEKTOB

a TaKXe HCClieIoBa-
HUA M DKCHEPTU3BI
JICKaApCTBCHHBIX
CPEIICTB, neKap-
CTBEHHOTO  pacTH-
TEIBHOTO CBIPhS U
OHOJIOTHYECKUX
OOBEKTOB.

OIIK-1.3. [Ilpm- | - TEOpEeTHUYECKHE | - OCYIIECTBIATh, | - COBPEMEHHBIMU
MEHSET  OCHOB- | OCHOBBI METOJIOB | aHAJIM3UPOBATh IKC- | TEXHOJOTHSIMH Opra-
HbIe MeTOABI GU- | GUIUKO- MepUMEHTaNbHBIE W | HU3auu cOopa, 00-
3HKO- XHUMUYECKOT0  aHa- | TEOpeTHYeCKre Me- | padOTKH JAaHHBIX H
XHMHYECKOTO JM3a B M3TOTOBJE- | TOZIBI (GU3UKO- | OCHOBHBIMH HPHHIIH-
aHanM3a B M3rO- | HUM JIGKAPCTBEHHBIX | XMMUYECKOTO aHa- | MaMH  TPOBEICHHS
TOBJICHHH JIeKap- | mpenapaTos. Jau3a B M3TOTOBIIE- | UCCIIEAOBAaHUN B 00-
CTBEHHBIX  IIpe- HUM JICKQPCTBEHHBIX | JIACTH ¢duzuKo-
aparoB IPenapaToB. XMMHYECKOTO aHaJIH-
32 B M3TOTOBJICHUH
JIEKapCTBEHHBIX IIpe-
1apaTos.
OIIK-1.4 [Ilpm- | - wMareMaTHYeCKHe | -OCYIIECTBIIET Ma- | - METOJaMH MaTeMa-
MEHseT MareMa- | MeToJIbl 00pabOTKH | TEMaTH4YeCKyl0 00- | THYECKOM CTaTUCTHU-
THYECKHE METO- | OKCIEPUMEHTAIbHBIX | pa0OTKY  JaHHBIX, | KU T1pu obOpaboTke
Ibl W OCYIIECTB- | JaHHBIX, IIOJNy4eH- | TIOJy4eHHBIX B XOJ€ | JAHHBIX,  ITOJIyYeH-
JSeT MaTeMaTh- | HIX B XOJie paspa- | pa3paOOTKu JieKap- | HBIX B XOAE paspa-
YeCKyl0  0o0pa- | OOTKM JIeKapCTBEH- | CTBEHHBIX CPEICTB, | OOTKM  JIEKapCTBCH-

HBIX CPEICTB, & TakK-
’)Ke MCCIIEIOBaHUN U
OKCIEePTH3BI  JIeKap-
CTBEHHBIX  CPEJCTB,
JIEKaPCTBEHHOTO pac-
THTEJIBHOTO CBHIPBS U
OHOJIOrHYeCKUX 00b-
€KTOB.

4. CTPYKTYPA U COAEP)KAHUE JUCIIUITJINHBI

OO0mast TpyI0éMKOCTh TUCITUIUIMHBI B COOTBETCTBUU C YUEOHBIM IIJIAHOM COCTABIISICT 8

3a4eTHbIX eauHuil (288 yacos).

Tpyno€MKoOCTh OTAETBHBIX BUIOB Y4€OHOI pabOThl CTYZEHTOB OUYHOU (hOpMBI 00yUEHUS

npencTaBieHa B Tadbnuie 2.1.

Tab6auna 2.1. TpynoeMKocTh 0TAeIbHBIX BHA0B Y4eOHOH padoThl 0 (hopMaM 00yUeHHust

Bun yuebHol 1 BHEy4eOHOI pabOThI

JUIs1 O4HON (OpMBI 00YUEHHUSI

O0beM TUCIUIIIMHBI B 3aU4€THBIX €IMHUIAX 8
O0BEM IUCIUIUIMHEL B aKaJeMAYECKUX Yacax 288
KonTakTHas pabota oOydaromuxcsi ¢ mpernojaBaTeneM (BCero), 91 25
B TOM 4HCII€e (4ac.): ’
- 3aHSTHSI IEKIIMOHHOTO TUIIA, B TOM YHUCIIE: 36

- MpaKTH4YecKasi MOATOTOBKA (€CIIM MPEAyCMOTPEHA) -
- 3aHATHS] CEMUHAPCKOTO TUTA (CEMUHAPBI, MPAKTHIECKHUE, JIa-
O6opaTopHbIE), B TOM YHUCIIE: 54

- MpaKTH4YecKasi MOATOTOBKA (€M MPEAyCMOTPEHA) -
- B X0JI€ OJITOTOBKH U 3aIIUThI KypCOBOH pabOTHI -
- KOHCYJIbTanus (mpea3K3aMeHalMoHHas) 1
- IPOMEXKYTOYHAsl aTTECTALMsI 110 AUCHHUIIINHE 0,25
CamocrosiTenbHas pabora oOyJaronuxcs (4Jac.) 196,75




Bun yaeOHol 1 BHey4eOHON pabOThI JUIst OUHOM (hOpMBI 00YUICHUS

®opma NpoMeKyTOYHOU aTTecTaluy odyJaromerocs (3a-

sK3aMeH — 4 cemecTp
4yeT/9K3aMeH), ceMecTp (bI)

ConeprkaHue AUCIUILUIMHBI, CTPYKTYPHPOBAHHOE MO TeMaM (pa3zeiiaMm) ¢ yKa3aHHEeM OT-
BEJICHHOT'O HA HUX KOJMYECTBA aKaJCMHUYECKHUX YaCOB M BHUJOB yUCOHBIX 3aHATHI M CaMOCTOSI-
TEIBLHON pabOThI, Ul KaXka01 (hOpMBI 00yUeHUs MPEACTABICHO B TabuIe 2.2.

Tadauna 2.2. CTpyKTYypa U cojiepKaHue U CHUIIITHHBI
KonrakTHas pabora, yac. o dopma Tekyuie-
b 13 JIP S 0 KOHTPOJISt
<
Paznen, rema nucnu- KP CP, = YCIIEBAEMOCTH,
TUTHHBI (MOYJI) B B B / Jac. g dopma npome-
J | 1a. (113 | tu. | JIP | 7.9 | gpp = JKYTOUHOI aTTe-
11 I1IT 11 CTAIHH
Cemectp 4.
Pa3zpnen |. OcHoBbl
XHUMHYECKOH TepMo-
AUHAMUKH
Tema 1.1. [Ipumene- 2 2 6 10 .
HUE TMePBOTO 3aKOHA ¥ CTHII onpoc
p Otyer no JI.P.1
TEPMOJIMHAMUKH K
Pemenue
XUMHUYECKHUM IpoILIec-
AQHATUTUYECKUX
caM. TennoeMKoCTs.
3aja4
Tepmoxumus.
Tema 1.2. [TIpumene- 1 2 6 9 .
YcTHBII onpoc
HHE BTOPOTO 3aKOHA
Pemenue
TEPMOJIMHAMUKHU K
AHATTUTUYECKUX
XUMHUYECKHUM TPOIIEC-
3a1a4
cam. DHTpPONHs.
Tema 1.3. Tepmou- 1 2 6 9
HaMUYECKHE MOTEHIU- VYcTHBII onpoc
aspl. XUMHAYECKUH T10- Pemenue
teHuuan. [Ipenen npo- AHAITUTUYECKUX
TEKaHUs PEaKIIUU. 3aja4
TermoBast reopema Tect Nel
HepHncra.
Paszpea Il. Xumuue-
cKoe
paBHOBecHe
Tema 2.1. 3aKkoH Jeii- 1 2 6 9
cTBytoux macc. Kon-
CTaHTa XUMHUYECKOTO VYcTHbIii onpoc
PaBHOBECHS U COCTaB Ortuer no JI.P.2
CHUCTEeMBbI. XUMUYE- Pemenue
CKHE U aJICOPOIMOH- AHATTUTUYECKUX
HBIE paBHOBECHSI. 3ajaq
Cwmenienre Xxummuue-
CKOT'O paBHOBECHSI.
Tema 2.2. Makcu- 1 2 6 9 VYcTHbIl onpoc
MajbHas paboTa u Xu- Pemenue
MHUYECKOE CPOJICTBO. AHATTUTUYECKUX




KonrtakTHas pabota, gac. o dopma Tekyuie-
1 13 JIP 3 r0 KOHTPOJIS
Paznen, rema nucuum- KP | CP, X YCIIEBAEMOCTH,
TTHHBL (MOTYJ1s) B B B |/ | wac. | £ dbopma mpome-
1. |13 | 7a. [ JIP | T | kpp é’ JKYTOUHO aTTe-
11 [TIT 11 CTALHH
YpaBHEHUS U30TEPMBbI 3ajaq
XAMHUYECKOW PEaKIUU.
Tema 2.3. 3aBucu- 2 6 9
MOCTb KOHCTAHTHI XU- YcTHblii onpoc
MHUYECKOI'0 PaBHOBE- Pemenue
CHsl OT TEMIIEPATYPBHL. AHATTUTUYECKUX
OMIIUPUYECKHE METO- 3ajaq
JIbl pacyeTa KOHCTaHT Tect N2
paBHOBECHSI.
Paznea |11. ®a3oBbie
paBHoBecusi. Pac-
TBOPBI
Tewma 3.1. IIpaBuno 2 6 9
¢a3 ['mb6ca. PaBHO- .
BECHBIE COCTOSHUS ¥ CTHBI onpoc
Pemenue
npu (a3oBBIX MEPEXO-
jax. YpasHeHue AHATTUTUYECKUX
3aaq
Knaysuyca-
Kunaitnepona.
Tema 3.2. Monexy- 2 8 12 YcTHBIN onpoc
JISIPHBIE PACTBOPBI. Oruer no JI.P.3
DU3NKO-XUMUYECKHE Pemenue
CBOIicTBa pa3z0aBieH- AQHATUTUYECKUX
HBIX PACTBOPOB. 3aja4
Tema 3.3. bunapnsie 2 8 11
pacTBOPHI KUIKUX Jie- Vormiii opoc
Ty4yuXx Bewects. Mne- PeweHme
albHbIE U HENUJeallb-
AHATTUTUYECKUX
HbIe cUCTeMBI. Ya-
CTUYHO CMEINBaIO- sanat
IIMeCsl U HECMENIUBa-
FOLIIUECS JKUJKOCTH.
Tema 3.4. PactBopu- 2 6 9 VYcTHBIN onpoc
MOCTB T'a30B B JKHIKO- Tect Ne3
CTSIX. 3aKOH pacrpe- Pemenue
JeJIeHUs. DKCTPaKIIUS. AHATTUTHIECKUX
3a/1a4
Paznen V. Daektpo-
XUMMUS
Tema 4.1. PacTBOpHI 2 6 9 YcTHBIN onpoc
3JIEKTPOJIUTOB. Ortuer no JI.P.4
Pemenue
AQHAIUTUYECKUX
3a/1a4
Tewma 4.2. HepaBHo- 2 6 9 YcTHBI onpoc
BECHBIC SIBJICHUS B Pemenue




KonrtakTHas pabota, gac. o dopma Tekyuie-
1 13 JIP 3 r0 KOHTPOJIS
Pasnen, rema nucuu- KP | CP, X YCIIEBAEMOCTH,
TTHHBL (MOTYJ1s) B B B |/ | wac. | £ dbopma mpome-
1. |13 | 7a. [ JIP | T | kpp é’ JKYTOUHO aTTe-
11 [TIT 11 CTALHH
pacTBOpax AJIEKTPOJIU- AQHAIUTUYECKUX
TOB. 3aj1a4
Tewma 4.3. DnexTpo- 2 8 11 YcTHBIN onpoc
HbIE npoueccel. Tep- Pemenue
MOJIMHaMHUKa U KUHEe- AQHAIUTUYECKUX
THKA JJIEKTPOXUMUYE- 3aj1a4
CKHUX IPOIIECCOB. Tect Ned
Pa3nes V. DiemeHTHI
CTATHCTHYECKOH
TEPMOJAMHAMHKH
Tema 5.1. Mexanunye- 1 8 10
CKOE ONICAHUE MOJIe- VeTaiii onpoc
KYJISIPHOM CHCTEMBI. Oruer 1o JLP.5
[Toctynatel craTucTu- Pewienne
YECKOW TEPMOJUHAMU- AHIMTHICCKUX
k. CyMMa [0 COCTOS- sanat
HUSIM.
Tewma 5.2. Beruuciie- 1 8 11
HUS TePMOJIUHAMUYE-
ckux dyHkrmii. Cra- VYernbli onpoc
TUCTUYECKast TEPMO- Pemetiie
AHAJTIUTUYCCKUX
JTUHAMHUKA PEaTbHOTO J—
ra3a u KOHJIEHCUPO- Tect Ne5
BaHHOTO COCTOSIHUS
BEIIIECTBA.
Pazpnen VI. Xumuue-
ckast
KHHeTHKA
Tema 6.1. CkopocTb 2 6 9 YcTHBIH ompoc
XUMHUYECKON PEeaKIH. Ortuer no JI.P.6
3aBUCHMOCTB CKOPO- Pemenne
CTH PEaKIUH OT TEM- AHATUTUYECKUX
nepaTypel. 3a/aq
Tema 6.2. Kunetuka 2 6 9 VYcTHbIl onpoc
CJIOKHBIX PEaKIIUM. Pemenue
AQHATUTUYECKUX
3as1a4
Tema 6.3. Teopetnue- 1 6 8 YcTHBIN onpoc
CKHE TIPEJICTaBICHHUS Pemenwue
XUMHUYECKON KUHETH- AQHATUTUYECKUX
KH. 3aj1a4
Tema 6.4. Llenusle, 1 7 9 VYcTHbIl onpoc
(hOTOXMMUYECKHE U Pemenue
paaranuoHHO- AHATUTUIECKUX
XUMHUYECKHE MpolLIec- 3ajaq
CBI. Tect Ne6




KonrtakTHas pabota, gac. o dopma Tekyuie-
1 13 JIP 3 r0 KOHTPOJIS
Paznen, rema nucuum- KP | CP, X YCIIEBAEMOCTH,
TTHHBL (MOTYJ1s) B B B |/ | wac. | £ dbopma mpome-
1. |13 | 7a. [ JIP | T | kpp é’ JKYTOUHO aTTe-
1T [T [T cTarmu
Pasznea V. Karaau3s
Tema 7.1. Karanus. 2 8 11 VYcTHbIl onpoc
OO01Ke MPUHIIKITBI Otuer o JI.P.7
[POTEKaHUs KaTaau- Pemenue
TUYECKHUX PEAKLIMM. AHATTUTUYECKUX
3a/1a4
Tema 7.2. Kunetuka 2 6 10 VYcTHBIN onpoc
KaTAIUTUYECKHUX TPO- Pemenue
LIECCOB. AHAITUTUYECKUX
3a/1a4
Hroroas
ceMecTpoBast
K.P.
Ot4ets 1o na6o-
Paznea VIII. Kosuio- paTopHbIM pabo-
HAHAA XUMUA tam 1-5. Pemenue
3a/1a4.
Tema 8.1. IToBepx- 2 6
HOCTHBIE SIBJICHUSA U VYceTHsIl onpoc
azicoponus
Tema 8.2. JIBoitHOM 2 8 11 | Oruer no nabopa-
ANEKTPUYECKUI CIIOU TOPHOM pabore.
Tect
Tema 8.3. KomnougHo- 2 6 10
JICTICPCHBIC CUCTEMBI Oraer 1o n1abopa-
TOpHOH paborTe.
U UX PU3HKO- § Tect
XUMUYECKHE CBOMCTBA.
Tema 8.4. DnexTpoku- 2 8 11 | Otuers no 1abo-
HETHUYECKHUE CBOMCTBA paTopHsIM pabo-
JUCIIEPCHBIX CUCTEM Tam 1-5. Pemenne
3a71ay
Tema 8.5. Ycroitun- 2 8 11 | Oruers! no ma6o-
BOCTb KOJUJIOUJHO- paTopHBIM pabo-
JUCIIEPCHBIX CUCTEM tam 1-2. Pedepar.
Tema 8.6. Muxkporete- 2 6 10 | Otuers! mo nabo-
pOT€HHBIE CUCTEMBI paTopHBIM pado-
tam 1-3.
Tema 8.7. KoxmonagHo- 2 8 11 OrtyeTsl 110 J1a00-
XUMHYECKHUE CBOMCTBA paTopHbIM pabo-
BMB TaMm 1-2. YcTHbIN
ompoc
Tema 8.8. Peonoruye- 2 7,75 | 10,75 | Oruereino nabo-
N paTopHBIM pado-
CKHE CBOMCTBA JIHC- Tam 1-5. Perenye
MEPCHBIX CUCTEM sanaw.
Koncyabranuu 1
KonTposb npomexy- 0,25 SK3aMeH

TOYHOM aTTecTalluu




KonrtakTHas pabota, gac. o dopma Tekyuie-
1 13 JIP 3 r0 KOHTPOJIS

Pasnen, rema nucuu- KP | CP, X YCIIEBAEMOCTH,

TTHHBL (MOTYJ1s) B B B |/ | wac. | £ dbopma mpome-

JI | 1a. |13 | 1u | JIP | 1.9 | Ky = JKYTOUHO aTTe-

11 TI1 11 = S—
HUTOI'O 3a 4 ce- 36 54 196,75 | 288
MecTp:
Hroro 3a Bech nepu- | 36 54 196,75 | 288
on

Ta6auna 3. MaTpuna cooTHeceHUs1 pa3jae/ioB, TeM Y4eOHOM JUCHUILINHBI U GopMHPYyeMBbIX

KOMIIETeHIM A

Paznen, TemMa IUCIIMIIIMHEL

Kon-
BO
4acoB

Kox xomire-
TEHINH

Oo01tee
KOJIMUECTBO
KOMITETEHIIUHA

OIIK1

Pa3nen |. OcHOBBI XMMHUYECKOH TEPMOIMHAMUKHT

Tema 1.1. [IpuMeHenne mepBoro 3akoHa TEPMOJIMHA-
MUKH K XUMHUYECKHM IporeccaMm. TemioeMKoCTb.
Tepmoxumus.

10

+

Tema 1.2. TlpumeHeHre BTOPOTro 3aKOHA TEPMOJUHA-
MHUKH K XUMHUYECKUM TPOIIeCCaM. DHTPOIIHUS.

Tema 1.3. TepmoauHaMuyecKrue MOTEHIUAIIBI. XUMU-
yeckuii mnoreHuuman. Ilpexen mpoTekaHus peakiuu.
TermoBast reopema HepHcera.

Pa3nea |1. Xumnueckoe paBHoBecue

Tema 2.1. 3akon npelictByronux Macc. KoHncranra xu-
MHUYECKOTO0 pPaBHOBECHUSl U COCTaB CHUCTEMbl. XUMHUE-
CKHE U aJcopOIMOHHBIE paBHOBecHs. CMelleHne Xu-
MHUYECKOI'0 PaBHOBECHSI.

Tema 2.2. MakcumasnbHas paboTa 1 XUMHUYECKOE
CPOACTBO. YpaBHEHUS N30TEPMbl XUMUYECKON peak-
IIUH.

Tema 2.3. 3aBUCUMOCTE KOHCTAaHTHI XUMHUUYECKOTO
paBHOBECHUSI OT TEMIIEPATYPbl. DMIUPUUECKHAE METObI
pacdeTa KOHCTaHT PaBHOBECHSI.

Pa3nea |11. ®a3oBbie paBHoBecusi. PacTBopsl

Tema 3.1. IIpaBuso ¢a3 I'u66ca. PaBHOoBecHBIE COCTO-
SHUA NIpU (Pa30BBIX Nepexoaax. Y paBHEHUE
Knaysuyca-Knaiinepona.

Tewma 3.2. MonekynsipHble pacTBOpbl. PU3HKO-
XMMHUYECKHE CBOWCTBA pa30aBlIeHHBIX PACTBOPOB.

12

Tewma 3.3. bruHapHbIe pacTBOPHI KUJKHUX JETYUUX BeE-
niecT. MaeanbHple U HeuaeanbHble CUCTEMBI. Ya-
CTUYHO CMEILIMBAIOIIUECS U HECMEUITNBAIOLINECS KU/
KOCTH.

11

Tema 3.4. PacTBOpUMOCTH Ta30B B )KUAKOCTAX. 3aKOH
pacnpeneneHus. JKCTpaKIusl.

Paznen V. DaexkTpoxumus

Tema 4.1. PacTBOpBI 3J1E€KTPOIUTOB.




Tewma 4.2. HepaBHOBECHBIE SIBJICHUS B PaCTBOPax 9 + 1
HIIEKTPOJIUTOB.

Tewma 4.3.OneKkTpoaHbIC MPOIIECCH. TepMOIMHAMHKA U 11 + 1
KMHETUKA JJICKTPOXUMHUYECKUX MPOIIECCOB.

Paszgea V. DiaeMeHTHI

CTATUCTHYECKOI

TePMOIMHAMMKH

Tema 5.1. Mexanndeckoe onMCaHUE MOJIEKYIISIPHOM 10 + 1
cuctemsl. [locTynaTel cTaTUCTUYECKOM TepMOIMHA-

MUKH. CymMMa 110 COCTOSIHUSIM.

Tema 5.2. BerauciieHus: TepMOAMHAMUYECKUX (DYHK- 11 + 1
ruit. CTaTucTuyeckas TepMOIMHAMUKA PEaTbHOTO ra-

3a U KOHJICHCHPOBAHHOT'O COCTOSIHMSI BEIIECTBA.

Pa3znen V1. XuMnueckass KWuHeTHKA

Tema 6.1. CKOpOCTh XMMHYECKOU peakinu. 3aBUCH- 9 + 1
MOCTb CKOPOCTH PEaKIMU OT TeMIIEPaTyphI.

Tema 6.2. KuneTuka cioXHbIX peaklui. 9 + 1
Tema 6.3. TeopeTnueckue npeaCTaBICHUS XUMUYE- 8 + 1
CKOM KMHETHUKH.

Tewma 6.4. Llennbie, POTOXMMUYECKHE U PATUAIIMOH- 9 + 1
HO-XUMHUYECKHE MTPOIIECCHI.

Pasznea V. Karaau3s 1
Tema 7.1. Katanu3z. OOniye npuHIHUITBI TPOTEKAHUS 11 + 1
KaTaJIUTHUYECKUX PEaKIIUi.

Tema 7.2. Kunetnka KaTaJuTHYECKUX TIPOIECCOB. 10 + 1
Paznen V. Koanonanas xumus

Tema 8.1. IloBepXHOCTHBIE SIBIEHUS U aJICOPOITUS 10 + 1
Tewma 8.2. JIBOMHOMN SJIEKTPUIECKUIN CIIOU 11 + 1
Tema 8.3. Kosnmon1HO-1uCHIEPCHBIE CUCTEMBI U UX 10 + 1
(U3HKO-XMMHUYECKHE CBOMCTBA.

Tema 8.4. DIEKTPOKMHETUYECKUE CBOWCTBA AUCIIEPC- 11 + 1
HBIX CHCTEM

Tema 8.5. YCTONYMBOCTD KOJIOMIHO-IACIIEPCHBIX 11 + 1
CUCTEM

Tema 8.6. MukporereporeHHble CUCTEMBI 10 + 1
Tewma 8.7. KonnongHo-xumnueckue cpoiictea BMB 11 + 1
Tema 8.8. Peonornueckue cBOMCTBA TUCTIEPCHBIX CH- 10,75 + 1
CTEM

HUroro 286,75

KITA 0,25

KoHcynpranum 1

HTroro 288

Kparkoe cogep:xanue y4eOHON TMCHUTIIHHBI

Pazgen |. OcHOBBI XUMHYeCKOIl TePMOIMHAMHUKH
Tema 1.1. IlpumeHeHHe NepPBOro 3aKOHA TEPMOJAMHAMHUKH K XMMHUYECKHM IpoLec-
cam. TemoemkocTs. Tepmoxumus. [IpeaMer XUMUYECKOM TepMOAVMHAMUKU. TepMOIUHAMU-
YyecKHe NepeMeHHble. VIHTEeHCHBHBIE U 3KCTEHCUBHbIE BeJMYMHBL. OOpaTuMble U HEOOpaTHMBbIE
IpoLEecChl U UX cBOMCTBA. OCHOBHBIE MOHATHUS U ONPENEICHMS: CUCTEMA, TEPMOJANHAMUYECKUE
IPOLIECCHI; BHYTPEHHSISI SHEPIHsl, SHTAIBINS, TEIUIoTa, padoTa. MakcumanbHas padoTa pacuiu-




pEHMS M€alIbHOIO raza B pa3HbIX IIpoleccax. YpaBHEHHME COCTOSHHUS HIEAIbHOIO rasa, rasa
Ban-nep-Baanbca. Teopema 0 COOTBETCTBEHHBIX COCTOSHUSX M oOmias npobiiemMa ypaBHEHUS
cocrosHus. IlepBblil 3aKk0H TepMoauHaMUKU. [IpuMeHeHue nepBoro Hadanga TEPMOJAMHAMUKHU K
nporeccaM B Mo0bIx cucteMax. Kinaccudukanus temnoeMkocTu. CBsi3b TEMI0EMKOCTH € TEPMO-
JUHAMAYECKMMU (YHKIUSAMHU. 3aBHCHMOCTh TEIUIOEMKOCTH OT TeMIeparypbl. TemaoeMKocTb
ra3oB, TBEPJbIX TN U cMecei. 3aBUCUMOCTb TEIJIOBOro 3(pPeKTa XUMUUECKONH peaky OT TeM-
nepatypsl, ypaBHeHnue Kupxrogga. Tepmoxumus. 3akon 'ecca u cinencrsue u3 Hero. [pubnu-
JKEHHbIE METO/Ibl pacyeTa TEIUIOT 00pa30BaHuUsl, CTOPAHUS, PACTBOPEHHUS, HEUTPATIH3aHH.

Tema 1.2. IlppMeHeHHe BTOPOro 3aKOHA TEPMOJUHAMUKHN K XMMHYECKHM IpoLec-
caMm. JHTponusA. CaMOIIPOU3BOJIbHBIE U HECAMOIIPOU3BOJIBHBIE ITPOLIECCHl. BiusiHue ycinoBuii Ha
HanpaBJIeHUE XUMUYECKOTo Tporecca. BTOpoil 3aKOH TepMOIUHAMUKHA U €r0 pa3IndHble Gop-
MYJIMPOBKHU. YpaBHEHHE BTOPOIO Hayajla TEPMOAMHAMHUKHU JUIsI OOpaTUMBIX U HEOOpaTHMBIX
npoueccoB. O00cHOBaHME BTOPOro Hadana tepmoauHamuku. Teopema Kapno-Knaysuyca. OH-
Tponus Kak (yHKIMsS COCTOSHUS. VMI3MEeHeHue 3HTPONMM NP Pa3IUYHbIX Ipolreccax. M3meHe-
HUE DHTPOIIMH KaK KpUTEPUH HaIIpaBJICHUS IIPOLIECCOB B M30JIMPOBAHHBIX cucreMax. llocrynar
Ilmanka.

Tema 1.3. TepmoamHamMmuyeckHe NOTEHUHMAJIbl. XuMu4yeckuii morenuuaji. Ilpexen
nporexkanusi peakuun. TensioBasi Teopema Hepucra. ®ynnamentansHoe ypaBHenue ['nboca.
Xapakrepuctuueckue GyHkun. DHeprus [ mo0ca, sueprus I'enpMrosbiia 1 UX CBOWCTBa. Ypas-
HeHue MakcBesula M €ro UCIIOJIB30BAHUE JUUIS BBIBOJIA PA3JIMYHBIX TEPMOJAMHAMUYECKUX COOTHO-
HnieHU. XUMHYeCKHe MOTEHLUabl, UX OIpe/eieHNe, BbIUMCIeHUEe U cBoicTBa. OnpeneneHue
HaIPABJICHUS PEAKLVH IIPU CTAHJAPTHBIX YCIOBHSIX.

Pa3nen |l. Xumuueckoe papHoBecue

Tema 2.1. 3akon aeiicTByommx Macc. KoHCTaHTa XHMH4eCKOIro paBHOBeCHSI H CO-
craB cucreMbl. CMelleHe XMMH4YeCKOro paBHoBecusi. OOpaTuMble peakluu. 3aKoH Jeil-
CTBYIOIIMX MacC MPUMEHUTEIBHO K 0OpaTUMBIM UAECATBbHBIM OJHOPOIHBIM XUMHUYECKUM CHUCTE-
MaM U pealbHbIM. ICTOpHs €ro OTKPBITHS U COBpEMEHHas TpakToBKa. KoHCTaHTa paBHOBECHS U
crocoObl ee BbIpaxkeHUs. KoHCTaHTa paBHOBECHS B I€TEPOTr€HHONW peaklnu. XUMHUYECKOE paB-
HOBECHE B MJICAJbHBIX U HEUJICAIBHBIX CUCTEMAX. Y CIIOBUSI XUMUYECKOrO paBHOBecus. CMmere-
HUE XMMUYECKOTO PABHOBECUS: BIIMSIHUE TEMIIEPATYPHI, KOHLEHTPALMH, JABJICHHUSL.

Tema 2.2. MakcnMaJjibHasi padoTa 1 XMMHYECKOe CPOACTBO. YPABHEHHUS U30TePMbI
XHMHYecKOl peakuuu. MakcumalnbHas paboTa paclIMpeHus UaeaabHoro ra3a. TepMoauHamu-
YyecKas TPaKTOBKA MOHATHS O XUMHUYECKoM cpojacTtse. [Ipunuun beptino u obiacte ero npume-
HuMocTu. [IpuBenennas sneprust ['mdb0ca u ee UCHOIB30BaHUE /TSl PACYETOB XMMHUYECKUX paB-
HOBECUH.

Tema 2.3. 3aBHCHMOCTH KOHCTAHTHI XMMHM4YeCKOI0 PaBHOBecHsl OT TeMIlepaTypbl.
IMIMpPHYECKHEe MEeTOAbI pacyeTa KOHCTAHT PaBHOBeECHS.

N3orepma Bant-T'odda. 3aBUcHMOCTh KOHCTAHT paBHOBECHSI OT TEMIEPATYphl. Y paBHe-
HUS M300apbl U U30XOPBI PEAKLUU UX TepMOJUHAMUYEeCKU BbIBO. VI3MeHnenue sHeprun ['n6o6ca
Y SHEpPIruM ['enpMrosiplia Mpyu XMMHAYECKON peakliyu. PacyeT KOHCTaHT paBHOBECHS IMIUpPHUYE-
CKMMH METOJAMH Ha OCHOBE CIEKTPOCKOINYECKUX M KaJOPUMETPUUYECKUX aHHBIX, MeTO TeM-
kuHa-I1lIBapumana.

Paznea |11. ®a3oBbie paBHoOBecusi. PacTBopbl

Tema 3.1. [IpaBuiio ¢pa3 I'n60ca. PaBHoBecHbIe cOCTOSIHUS NPH (PA30BBIX NEepexogax.
VYpasuenue Knaysuyca-Knaiinepona. ['ereporennsie cuctemsl. [lonstus ¢dasza, KOMIOHEHT,
creneHb cBoOobl. [IpaBmiio ¢a3 ['mG6ca u ero BBIBOJ Ui pa3HBIX cHcTeM. TepMoauHaMuye-
CKO€ ypaBHEHHE TIPH PABHOBECHBIX MEPEX0/Iax BENIECTBA (MCIapeHHUE, CyOIMMaIus).

Tema 3.2. MoJiekyJsipHble pacTBOpbl. PU3NKO-XMMHYECKHE CBOCTBA pa3daBJiieH-
HBIX PACTBOPOB HedJIeKTPOInTOB. OOmIas XapakTepucTHKa pacTBOpPOB. M aeanbHble pacTBOPHI.
HewnneanbHble pacTBOpbI M MX CBOWCTBA. AKTMBHOCTb, KO3(@uIUEHT akTHUBHOCTH. CBOICTBa



pa30aBICHHBIX PAacTBOPOB. JlaBieHue mapa HaJ PacTBOPHUTENEM U PAacTBOPOM. 3akoH Payms u
€ro TepMOJMHAMHUYECKHI BbIBOJ. /[aBieHMe HACBIIIEHHOTO Mapa pacTBOPUTEINS HaJ PaCTBOPOM,
3aBUCHMOCTH OT TeMIleparypbl. TeMrieparypa 3amep3aHus U KUTICHHUS pa30aBICHHBIX PaCTBOPOB.
Kpuockorus n 30ymmuockonus. OcMoc U ocMOTHYECKOoe aaBieHue. YpaBHeHue Bant-I'odda,
€ro TePMOJIMHAMUYECKUH BBIBOJ] M 00JIACTh IPUMEHEHUSI.

Tema 3.3. buHapHbIe pacTBOPbHI KUAKHX JIeTy4uX BemiecTB. UaeajqbHble U Heue-
ajJibHbIe cucTeMbl. YacTHYHO cMelIMBaKOIIMecs U HeCMeIIMBaomuecs *Kuakoctu. Pactso-
PBI JETY4YHX KUAKUX BemiecTB. CocTaB mapoBoil u kuakou (a3. PasznuyHbie BUIBI TuarpaMm co-
crosiaus. 3akoHbl [ nO6ca-KonoBaioBa. Pa3nenenue BemecTB myTeM MeperoHku. A3eoTpOnHbIe
CMecH U uX cBoiicTBa. JlaBiieHue mapa OMHAPHBIX CUCTEM W3 YACTHMYHO CMEIIMBAIOIIMXCS U He-
CMEIIMBAKOIIMXCS KUAKocTel. [leperonka ¢ mapom.

Tema 3.4. PacTBOPUMOCTb I'a30B B KMIAKOCTSIX. 3aKOH pacnpeaejeHusi. IKCTPAK-
nusi. PacTBOpHI Tra3oB B KHAKOCTSIX. BiUsHME KOHIIEHTpALUU AJIEKTPOJIUTOB, TEMIIEPATYPHI,
MPUPOJIBI PACTBOPUTEIIS HA PACTBOPUMOCTH razoB. [ paduueckoe BhIpakeHUE COCTaBa TPEXKOM-
NOHEHTHBIX cucTeM. TpeyronbHUK ['u60ca. OOmue npeacTaBieHHUs O TPEXKOMIIOHEHTHBIX U
MHOTOKOMIIOHEHTHBIX KOMIUIEKCHBIX COCTMHEHHUSIX M MOHHBIX acCcOIMaTax U METO/ax UX Hcclie-
noBanusd. 3akoH ['enpu. Pacripenenenne TpeTbero KOMIOHEHTa MEXKIY ABYMSI HECMEIINBAIOIIIH-
MUCA KUJKOCTAMH. 3aKOH pacnpeaeneHusi. JKCTparupoBaHUuE B XUMUHU.

Pazpen V. DaexkTpoxumus

Tema 4.1. PacTBopbI 3/1eKTPOIUTOB. [[pUUnHBI 1 MEXAHU3M AJIEKTPOJIMTUUECKON AMC-
couuanuu. OCHOBHbIE MONOXKeHUs Teopuu Appenuyca. Henocratku stoit Teopun. PaGotsr U.A.
KabnykoBa u J[.M1. MenneneeBa. MoH-TUNONBEHOE B3aWMOJCHCTBHE KaK OCHOBHOE YCIIOBHC
YCTOMYHMBOCTH PAaCTBOPOB IEKTPOJIUTOB. Te€pMOAMHAMUYECKOE ONHMCAHUE MOH-MOHHOI'O B3au-
mopeiicTBus. [loHsTHE CpeqHel aKkTUBHOCTH B CpeTHEero KOd(pUIIMEHTa aKTUBHOCTH; UX CBS3b C
AKTUBHOCTBHIO U KOA((PHUIIMEHTOM aKTUBHOCTH OTIENbHBIX MOHOB. OCHOBHBIE JOMYIIEHUS TEO-
puu Jlebas-I'tokkens. YpaBHeHue i K03 PUIMEHTa aKTUBHOCTH B IEPBOM, BTOPOM U TPETHEM
npubnmxennu teopun Jlebas-I'tokkens. CoBpeMeHHbIE MPEICTABICHHUS O PacTBOpax 3JEKTPO-
JIUTOB.

Tema 4.2. HepaBHOBeCHbIe SIBJIeHUSI B PACTBOPax 3J1eKTpoauToB, [ToToku nuddysuun
u murpanuu. ®opmyna Hepucra-OitHmreliHa. J(udQy3rnoHHbIi noTeHuan. Y aeiabHas U 3KBU-
BaJICHTHAs 3JIEKTPOIIPOBOAHOCTh. YKcna nepeHoca U MeToAsl ux omnpeneneHus. [logsmxHOCTH
noHOB U 3akoH Kombpaymia. @usndeckue ocHoBbl Teopun Jlebas-Itokkens-OHnzarepa; 35eKTpo-
dopernyeckuii u penakcaliuoHHbIA 3¢ ¢dekTrl; 3¢ dexTsl Buna u [lebas-Danbkenrarena. 3aBu-
CUMOCTbh TOJBHUXXHOCTU MOHOB OT IMPHUPOJABI PaCTBOPUTENS, OT TEMIIEpPATypbl U KOHIIEHTPALUU
pacTtBopa. MexaHu3M 3JIEKTPOIIPOBOJHOCTH BOJHBIX PACTBOPOB KHUCIIOT U IIEJIOYEH.

Tema 4.3. duexkTpoanbie npoueccbl. TepMoanHaMUKa U KMHETHKA 3JIeKTPOXHUMHYe-
CKHX MpoueccoB. YCIOBUS JIEKTPOXUMHUYECKOTO PaBHOBECHs Ha IpaHUIax pasnena (a3 u B
anektpoxumudeckoit nenu. Cesizp DJC ¢ cBoboHOM 3Heprueit [ n66ca. YpaBuenue HepHera u
['n66ca-I'enpMronbua A1 paBHOBECHOM 3JIEKTpOXMMHUYECKOM Ienu. IloHsATHE 37eKTpoIHOTrO
noreHuuana. Kiaccupukanus s7IeKTpoAOB M 3NEKTpoxuMHueckux 1nened. [lonstue moBepx-
HOCTHOT'O, BHEILIHETO M BHYTPEHHErO NOTEHLIMAJIOB; Pa3HOCTH NOTEeHIUaNnoB ['anpBanu u Bomb-
Ta. JIBOMHOMN AIEKTPUUECKUN CIIOM U €r0 poJib B KHHETHKE 3JIEKTPOJHBIX MPOIECCOB. EMKOCTH
JBOITHOT'O 3JIEKTPUUYECKOIO CJIOs; INPUUYMHBI €€ 3aBUCUMOCTH OT IMOTEHIMala 31ekTpoaa Mo-
JIeTIbHBIE TIPEJICTABICHUSI O CTPYKTYpe ABOMHOrO ciod. Teopusa ['yn-Hanmena-I'pama; cxoactso
U pa3n4Ms 3TOM Teopuu ¢ Teopueil nonHoi armoceps [ebas-I'tokkens. [110THOCTh TOKa Kak
Mepa CKOpPOCTH D3JIEKTPOJHOTO Mpolecca; MOJspHu3anus eKTpoaoB. CTaguu 3JIEKTPOJAHOTO
nporecca. MexaHu3Mbl Maccornepenoca: TudQys3us, MUTpalist U KOHBEKUUS. TpH OCHOBHBIX
ypaBHeHUs TuHPY3MOHHOW KMHETHUKUA U OOIIMNA MOAXOM K pemeHuro ee 3anaad. [lomsporpadusi.
YpaBHeHUE 17151 TOKA B TEOPUU 3aMEIJICHHOTO pa3psaa; TOK 0OMeHa M MepeHanpsoKeHne. XuMu-
YECKUE NCTOYHMKY TOKA; UX BUJBI U OCHOBHBIE XaPAKTCPUCTUKH.



Pa3zznen V. DiieMeHTBHI CTATHCTHYECKOI TEPMOAUHAMMKHA

Tema 5.1. Mexannyeckoe onmucaHue MoJieKyJsspHOi cuctembl. IlocTyaarsl craru-
cruyeckoi repmoguHamMuki. Cymma no cocrosinusM. OyHkuus pacripeneneHus Makcpesia-
bonbumana. Ee ucnonp3oBaHUE i1 BBIUMCICHMS CPEAHMX CKOPOCTEM M DHEPTHH MOJIEKYHI B
UJCAIBbHBIX Ta3ax.

CratucTuyeckue CpefHHe 3HAuY€HHUs MAaKpOCKOIMYECKMX BeauuuH. AHcamOun I'mG0Oca.
Metoa ¢yHKIMIA pactpeneneHus Uit KAHOHUYECKOr0 ¥ MaKpOKaHOHWYECKoro ancambomieit. Oc-
HOBHBI€ ITOCTYJIaThl CTATUCTUYECKON TepMoauHaMuKU. KaHoHHYecKast pyHKLUS paclpenesieHus
['n66ca. CymMMa 10 COCTOSIHHSIM KaK CTaTUCTHYECKasi Xapakrepuctuieckas Gpynkmust. CTaTucTu-
YECKHE BBIPAXKEHUS U1l OCHOBHBIX TEPMOJMHAMMUYECKHX (PYHKLUN — BHYTPEHHEH HEepruu, sH-
Tponuu, 3Hepruu ['enpmronbua u sHeprun ['u60ca. Cratuctuueckue pacders SHTponuu. Pop-
myna bonbumana. ITocrynat [1nanka u abcosoTHast SHTPONHUS.

Tema 5.2. Boruuciaenusi TepmoanHamMudyeckux pynkomii. CraTrucrudyeckasi TepMo-
AUHAMHKA PeaJbHOI0 ra3a M KOHJCHCHPOBAHHOIO COCTOSIHHS BemecTBa. CocTaBistoniye
SHTPONHH, BHYTPEHHENW 3HEPTUU U TEIJIOEMKOCTH, 00YCIIOBIEHHbBIE IOCTYNATEIbHBIM JIBH)KEHU-
em. @opmyna 3akypa-Terpozae. BpamarenbHas cyMMa 0 COCTOSIHUSIM IS )KECTKOIO pOTAaTopa.
CocraBisitoliie 3HTPONUM, BHYTPEHHEM SHEPIUU U TEIUIOEMKOCTH, OOYCIIOBJIEHHbBIE Bpalla-
TeJIbHBIM JIBHKeHUeM. KosebaTenbHast cyMMa 110 COCTOSHUAM JJIsl TApMOHHUYECKOTO OCIIMIUIATO-
pa. CocTaBiidomuye SHTPOIINU, BHYTPEHHEN SHEPTUHU U TEIUIOEMKOCTH, 00YCIOBIEHHBIE KoJieha-
TEJIbHBIM JIBUKEHHEM. «3aMOpOXKEHHBbIE» KoyieOaTelabHble CTENEHU CBOOOABI M UX CBOWCTBA.
Pacuer KOHCTAaHT paBHOBECHS] XUMUYECKUX PEAKIUI B UJI€AIbHBIX ra3aX METOJIOM CTaTUCTHYE-
CKOHM TEpMOJMHAMUKH.

Paszaea V1. XuMuyeckass KHHETHKA

Tema 6.1. CxopocTh XMMHYECKOH peaKnMu. 3aBHCHMOCTH KOHCTAHTBI CKOPOCTH
XHMHYECKOH peakluu 0T TeMIeparypbl. 3a1a4yl XUMHUECKON KUHETUKU. CKOPOCTh XUMUYE-
CKOM peaknuu. ['OMOreHHble U reTeporeHHble peakiuu. MeTobl HCCIIeOBaHUs CKOPOCTEN XH-
mudeckux peakuuil. Kunernueckue xpusble. Kunetnueckue ypaBHeHus. llopsaok peakunuu u
MOJIEKYJISIpHOCTh. OmpeneneHne KUHETUYECKUX MOPSAKOB M KOHCTAHT CKOPOCTEH XMMHYECKHUX
peakuuii. [lopsiiok XMMHUECKON peaklUy KaK OTPaXCHHE MEXaHU3Ma €€ NPOTEKaHUs. Y paBHe-
Hue Appenuyca. «pPexkTuBHasA» U «MCTUHHASD) SHEPTUs aKTUBALIUH.

Tema 6.2. Knnernka ciokHbIx peaknui. CioxxHble peakuuu. [IpuHinmn HesaBUCUMO-
CTH 3JIEMEHTAapHBIX cTaauil. MeTo/bl COCTaBlIeHUs] KHHETUUECKUX ypaBHeHUl. OOpaTumble pe-
aKLIMY NepBOro nopsaaka. OnpeneneHue MEMEHTapHbIX KOHCTAHT U3 ONBITHBIX JaHHBIX. [lapai-
nenbHble peakuu. [locnenoBaTenbHble peakiMi Ha IpUMeEpe JABYX HEOOpaTHUMbIX peaklHi mep-
BOT'O MOpPSAKA.

Tema 6.3. TeopeTrudeckue npeacraBjieHus] XMMHYECKO KMHETHKH.

Teopus coynapenuii B xumuyeckon kuHeruke. @opmyina Tpayrua-JIsrouca. Teopus ne-
PEXOAHOTO COCTOSIHUSA (aKTUBUPOBAHHOTO KoMIulekca). CTaTUCTUYECKUH pacueT KOHCTaHThI
ckopocTu. OCHOBHBIE JIOMYIIEHUS] TEOPUU aKTUBUPOBAHHOI'O KOMIUIEKCAa M 00JIaCTh €ro Mpume-
HUMOCTH. TepMOIMHAMUYECKUH ACTIEKT TEOPUU aKTUBUPOBAHHOTO KOMIUIEKCA. DHTPONUS aKTH-
Baluu. Teopusi akTUBUPOBAaHHOI'O KOMIUIEKCA B IPUMEHEHUH K MOHOMOJIEKYJISIPHBIM PEAKLUSAM,
OMMOJIEKYJSPHBIM pEaKUUsIM M TPUMOJIEKYISIpHbIM peakiusMm. ComocTaBieHHE pe3ylbTaToOB
TEOPUH AKTUBUPOBAHHOI'O KOMILJIEKCA U TEOPUU COYNAPEHUN.

Tema 6.4. Llennnbie, poToxmMuyecKue U pagHaliiOHHO-XMMHYECKHe npoueccol. Llen-
Hble Tporecchl. OCOOEHHOCTH KMHETHKH LIETTHBIX peakiyil. DIeMeHTapHbIe MPOIecChl BO3HUK-
HOBEHMSI, IPOIOJKEHUS, pa3BeTBICHUs 1 oOpbIBa Lenei. Jlnuna nenu. Paaukansr. Padoter H.H.
CeMeHOBA 1O TEOPUH LIETIHBIX PEAKIIUIA.

DOTOXUMUYECKHE U PATUALNOHHO-XUMHYECKHUE MPOLECChl. POTOXUMUYECKAE aKTHUBHBIE
YaCTHUIIBl. DKCHMEpBI, SKCUIUIEKCHI M HMX CBOiicTBa. M3MeHeHue (U3MUYECKHX M XHUMHYECKUX
CBOMCTB MOJICKYJI MPHU SJICKTPOHHOM BO30YyXJeHUU. KBaHTOBBINA BBIXOJ. 3aKOH (HPOTOXHMHYE-



CKOM 3KBHBAJIEHTHOCTH JHHIITeHHa. OmnpeneneHne KMHETHUYECKUX MOCTOSHHBIX (HOTOXMMUYE-
CKHX PEaKIMi METOIOM CTAallMOHAPHBIX KOHLICHTPALIUM.

Paspen VII. Karanus

Tema 7.1. Karaqu3. O0mye NPpUHUMIBI NMPOTEKAHUS KATAJIMTHYECKHX PeaKUMid.
Oco0eHHOCTH U KJIacCHU(pUKAIMA KaTaTUTHYECKUX IMporeccoB. I'omorennsnii karanus3. Kucnor-
HO-OCHOBHOHM Kartanu3. Knaccudukanus peakimi KHCIOTHO-OCHOBHOIO Karanusa. DyHKIMH
KHMCJIOTHOCTH ['aMMeTa M MX MCIOJIb30BAaHUE VISl BBIUMCICHUS CKOPOCTH PEAKLUU U KUHETHYE-
CKHX IIOCTOSIHHBIX. [ eTeporenHslil katanus. OnpeneneHue CKOpoCTH reTepOreHHON KaTauTH4e-
CKOH peakuu. Y iesibHas U aTOMHasi akTUBHOCTb. SIBJI€HMSI OTpaBJIEHUs KaTaau3aToOpoB. AKTHB-
HOCTb U CEJICKTUBHOCTD KaTaJIM3aTOPOB. DHEPIUs aKTUBALIMY KATATUTHYECKUX PEAKIIUH.

Tema 7.2. Knneruka KkaTaJuTH4YeCKHX NpoueccoB. KuHeTnka 1 MexaHU3M peaklui
o0111ero KUCIOTHOIO KaTajau3a. Y paBHeHue bpeHcrena u ero ncnosab3oBaHne B KHHETUKE KaTa-
JUTUYECKUX peakuui. KaTranu3 KOMIUIEKCHBIMU COCUHEHUAMU IIEPEXOJIHBIX METAILIOB. ['oMo-
TEHHBIE PEAKIIMK TMAPUPOBAHNUS, UX KUHETUKA U MEXaHU3MBI.

Paznen VIII. Kosutounnas xumus

Tema 1. [loBepxHoCTHBIE iBJIeHUs U aacopOuus. [Ipenmer kowtonanon xumuu. Hc-
TOpUS Pa3BUTUS KOJUIOMJIHOM XMMUU, pOJIb OTEUECTBEHHBIX M 3apyOEKHBIX yueHBIX. TepMoau-
HaMHUKa IIOBEPXHOCTHBIX sABJIEHUN. OCHOBBI TEPMOJUHAMUKY ITIOBEPXHOCTHOIO C10sl. OCHOBHBIE
OTJIMYUS CBOMCTB MOBEPXHOCTHOTO CJIOS OT CBOMCTB 00beMHBIX (ha3. [Ipupoma B3aumozeicTBy-
oIMX (a3 u MoBEepXHOCTHOE HaTspKeHue. I[loBepxHOCTHOE HaTsKeHue — Mepa 3Hepruu ['nd6ca
mexdaszHoit moBepxHocTH. [loBepxHOCTHOE HaTsDKEHUE U aacopOums. OnpeneneHne aacopOIuH.
VYpaBHeHHe cocTosiHUS npu afcopOuun. dyHaaMeHTanbHoe aicopOoLnoHHoe ypaBHeHue I'n6oca
(CBSI3b MOBEPXHOCTHOTO HATSHKEHUS C XUMHUYECKUM MOTEeHIManoM). [ m66coBckast (M30bITOUHAS)
ancopbums. YactHoe BbIpaxkeHHe ypaBHeHHMs ['nOG6ca. IloBepXHOCTHas aKTUBHOCTH BEIECTB.
[ToBepXHOCTHO-aKTUBHBIE, TOBEPXHOCTHO-MHAKTUBHBIEC BEIIECTBA HAa Pa3HbIX MEX(a3HBbIX rpa-
HULaxX. AQre3us, CMauMBaHUE U pacTeKaHMeE KUIKOCTeH. Anre3us u koresus. IIpupona cun B3a-
MMOJICUCTBUS TPHU AAre3uu. AJIre3MOHHOE COCIMHEHUE W €ro XApaKTEPUCTHUKU. XapakTep M
YCIIOBUS Pa3pyLICHUs aAre3UOHHOToO coequHeHus. CmadnBaHue U KpaeBou yrois. 3akoH IOHra.
CBs13b paboThl aare3uu ¢ KpaeBsIM yriioM (ypaBHenue [lronpe-tOnra). JInodunbheie u 11odoo-
Hbl€ TIOBEPXHOCTU. Mexda3Hoe HaTsHKEHHE Ha TPaHUIe MEXIY B3aMMHO-HACBHIIIEHHBIMH JKU/I-
KOCTAMH U npaBuwiio AHToHOBa. Kiaccudukanus Mmexann3MoB agcopounu (puzndeckast aacopo-
151, XeMocopOLus 1 HoHooOMeHHast agcopOuus). [Ipupoaa ancopOunonssix cuil. OcobeHHOCTH
cocTaBisolMX cuil BaH-nep-Baanbca (OpreHTalIMOHHBIX, MHIYKIIMOHHBIX U JMCIIEPCHOHHBIX )
npu aacopOuuu. YpaBHEHHE JJi1 NOTEHIUAIbHON SHEPTruU B3aUMOJICHCTBUS aToMa (MOJIEKYJIbI)
C TIOBEPXHOCTHIO Tela MpH ajxcopounu. AyncopOuus ra3oB U MapoB Ha OJTHOPOJHON MOBEPXHO-
CTU. YpaBHEHHE MOHOMOJEKYISIpHOU ancopOiuu Jlenrmiopa u ero ananu3. OmnpeneneHue KOH-
CTaHT ypaBHeHUs. YpaBHeHue dpelinauxa. M3orepma ancopOumu. XapakTepucTUKa y4acTKOB
U30TEpMBI. AJICOpOIMS Ha TPaHUIIE pa3fieNia KHUAKOCTb-Ta3 U KUIKOCTb-KUAKOCTb. Y paBHEHHE
ancopbuun I'm60ca. CtpoeHue ajcOpOIMOHHBIX CIIOEB: OPUEHTAIUS MOJIEKYN. AncopOrus Ha
IpaHuULe pa3ziesia TBEPJOe TeI0-Ta3 U TBEPAOE TENO-KUIKOCTh. V3MepeHne BeIHUnHbI acopo-
IIUM Ha 3TUX IPaHMIAX pa3zena. YpaBHeHHe aacopOuu JIeHrMiopa, BEIBOJI M aHAIIN3.

Tema 2. /IBoiiHON dj1eKTPpUYECKUH cJIOH. AcopOuus 37aeKTpoiauToB. TepmoauHamu-
YeCKHe OCHOBBI BOSHMKHOBEHHMsI ABOMHOIO 3nekrpuueckoro cios ([I3C). Obpazosanue [123C Ha
MHOHHBIX KpucTauiax u okcuaax. [IOU u IIN. IlpaBuno Ilanera-®dasnca. MoHHBII 0OMEH:
MOHUTHI, 3aKOHOMEPHOCTH HOHHOro obOmeHna. Teopum crpoenuss [ADC: D'enbmronsua, ['yn-
Yenmena, ['yu-lUltepna-I'pama. Ilorennumansr JA2C. ®akropsl, Biusmomue Ha (-TOTEHIUAI:
TEMIIEpATypa, KOHIIEHTpAIKs, IPUPOAA U 3apsi[ HOHOB 3J1eKTponnuTa. CTpOEHUE MULIEIIIBI 30JI5.

Tema 3. KosuionaHo-qucnepcHbie cucTeMbl U MX (PU3MKO-XMMUYECKHE CBOICTBA.
HucnepcrHocts. JucnepcHas ¢aza u aucrnepcuoHHas cpena. Knaccupukanum AUCHEpCHBIX CH-
CTEeM: 110 JUCIEPCHOCTH, [0 arperaTHOMY COCTOSIHMIO (ha3, 0 CTPYKType, 0 Mex(pa3HOMY B3a-
UMOJIeiicTBUIO, TI0 (pa3oBoil pazmrmuumMocTH. OCHOBHBIE OOIME CBOWCTBA JAMCIEPCHBIX CHCTEM:



MOJICKYJISIpHO-KMHETHYECKue, Tu(dy3us, OCMOTUYECKOE JaBJICHUE, CEAMMEHTAIIMOHHOE PaBHO-
BECHe, ONTHYECKUE CBOMCTBAa — 00LIMEe 3aKOHOMEpHOCTH. [losyueHune M OuucTKa JUCIEPCHBIX
cucreM. llonydeHne MeTogamMu IUCHEPTUPOBAHUS, KOHIACHCALUH, (PHU3UKO-XUMHUYECKOTO TUC-
NeprupoBaHus (menTusanuu). MeToasl OYMCTKU AUCHEPCHBIX CUCTEM: JUAIN3, SJIEKTPOIUAIIU3.

Tema 4. J1eKTPOKHHETHYECKHE CBOMCTBA JMCIEPCHBIX CHCTEM. DJIEKTPOKUHETHYE-
CKUE sBJICHMS. DJIEKTPOKMHETHUECKUH MOTEHIMAl U BIMSHUE HAa HEro Pa3IuYHbIX (AKTOPOB.
DNEKTPOKUHETUYECKUE CBOWCTBA JUCIEPCHBIX CUCTEM, OMNbITHI Pelica M Mpu4YMHbBI BOSHUKHOBE-
HUS 2JIEKTPOKMHETUYECKUX siBieHUH. IIpsMble m oOpaTHBIE 3JE€KTPOKMHETUYECKHE SBICHMUS,
AIIEKTPOKUHETHYECKUI OTEHIHA. DneKTpodopes, MeKTpodopeTHiecKas MoABUKHOCTb, YPaB-
HeHue ['enbMmronbua-CMOIyXOBCKOTO, METOJbI ONPENENCHHs 3JIEKTPOPOPETUIECKON MOIBUXK-
HOCTH, TPAaKTUYECKOe MPUMEHEHHE 3JeKTpodopesa. DieKkTpoocMoc, ypaBHeHue [ enbmroibiia-
CMOITyXOBCKOTI'O JUIsl pacyeTa 3J1eKTPOKMHETHYECKOro noTeHuuana, OQeKTsl, He yuuTbIBaeMble
3TUM ypaBHEHHEM (TIOBEPXHOCTHAS IPOBOAUMOCTD, IIEKTPOPOPETUYECKOE TOPMOIKEHHUE, PEllak-
canMoHHbIN 3¢ dekT). [IpakTHyeckoe UCroIb30BaHUE MIEKTPOKUHETUYECKUX SBICHUH.

Tema S. YcTONYHBOCTh KOJUIOUAHO-IUCIEPCHBIX CHCTEM. Y CTOWYHUBOCTh KOJUIOUI-
HO-AMcCIIepCHBIX cucteM. CeAMMEHTallMOHHAs YCTOMYMBOCTh U €€ HapylleHue, (hakTophl, BIMs-
IOLUE HA CEJMMEHTALMOHHYIO YCTOMUNBOCTh. ATperaTuBHasl yCTOMUHUBOCTh — TEPMOIMHAMUYE-
CKue M KuHeTuueckue (axtopbl. Hapyiienue arperaTuBHOM ycTOMUMBOCTH M (DaKTOphI, HA Hee
Bhusomye. Teopun ycToWduBOCTH M Koarymsinuu 3oieit. Teopus JJIDO (Hdepsruna-Jlannay-
®epres-Opepbeka). OcHoBHble nonoxkeHust Teopun JIDO. Koarynsanus B nepBUYHOM U BTO-
PUYHOM MHUHUMYyMax. DJIEKTPOIUTHAS KOATyJsLus; HEUTpaln3allMOHHAs U KOHUEHTPalMOHHAS
koaryysauuu. Ilopor xoarymsanuu. [lentuzanns koarynatos. BiusHue Ha nopor KoaryJsinuu 3a-
pana noHoB anekTponuta. [IpaBuno lyneue-I'apau (3axkon [epsruna). Koarymsius cmecsMu
371eKTpoauToB. CTpyKTypHO-MexaHHuyeckuil Oapbep mo Pebunnepy. dopmupoBaHHE CBA3HO-
JUCIIEPCHBIX CTPYKTYp. Peosmornyeckue napamerpbl Mex(}a3HbIX afcOpOLUOHHBIX CI0EB (MO-
NyJb YIPYTOCTH U BSI3KOCTH). JIMopunn3anus noBepXHOCTH YaCTHIl AUCIIEPCHON (a3bl (YMEHb-
IIEHHE CIO0XHOU KOHCTaHThI ["amakepa). Mojenu arperaiiyii B IMCIEPCHBIX CUCTEMaXx, arperaThbl
Kak (pakraibHble cucTeMbl. OCOOEHHOCTH JTUCIEPCHBIX CUCTEM, cTaOmnu3upoBanHeix BMC u
ITAB. Kuneruka xoarymsiuuu: ObicTpas U MeajieHHas koarynsius. KuHetnka koaryisiquu 1o
CMOIyXOBCKOMY. YpaBHEHHME CKOPOCTH KOAaryisiliu¥, KOHCTaHTa CKOPOCTH M BpEeMs IIOJIOBHH-
HOM Koarynasuuu. 3aBUCUMOCTb YHMCIIA YACTHI[ Pa3HOTO MOpSAKAa OT BPEMEHHU. ArperaTuBHas
yCcTOMUUBOCTh JIMOPOOHBIX crucTeM. PakTopsl YCTOWYMBOCTH JIMO0GOOHBIX cucTeM. Koarymsanus
ruApoQOOHBIX 30J1€H MO AeWCTBUEM AJIEKTPOIUTOB. BiusHue 3apsaa HOHOB AJIEKTPOJINTA, IIpa-
Buno Ilynene-I'apau. KoHuenTpannonHas U HeHUTpalnu3aluoHHas Koaryssauus. CBepX>KBUBa-
JICHTHAsl a/icopOIusi, HempaBuiabHbIe psAabl. JInoTponHele psaabl. KommonnHas 3ammura U ceHCH-
Oounuszanus. Mcnonp3oBaHMe yCTOMUMBOCTH U KOATyJISLUHN AUCIIEPCHBIX CUCTEM B TEXHOJIOTHYE-
CKHX IpOLEeCcCcax MOJy4EeHHS JIEKAPCTBEHHBIX MIPENapaToB HA UX OCHOBE U 3aIlIUTE OKPYXkKaroLEen
Cpenbl.

Tema 6. MukporereporeHHble CHCTeMbl. OMYJIbCHUH. MeTOAbl MOTyYEHUs, KIIACCU-
¢dukanuu no npupoae ¢a3 U KOHIEHTpAaUUUu. MeToabl onpeaeseHus THIIa SMYJIbCUU. Y CTOIYn-
BOCTb dMYJIbCUM. Poib U MpUHIMI NEHCTBUS AMYJIbraTOPOB B CTAOMIM3AIMK 3MYJIbCUN. THUIIBI
MyNnbraropoB. OCHOBHBIE MPUHIMIIBI TOAOOpA 3MYIBraTopoB. TeopHH yCTOMUMBOCTH pa3iuy-
HBIX TUIOB 3MYyJbcuil. Pazpymenue smynbcuil. Jleamyneratopsl. [lensl, ux crabunuzanus u
paspyuenue. ToHkue miaeHku (cepble, yepHbie). [IOBEpXHOCTHOE HATSKEHHWE TOHKUX IUIEHOK.
Opdextrr ['n66ca 1 Mapanronu-I'ud6ca. Aspo3onu: npIMbl, kUK, TyMaHbl. [lonydenue, cBoM-
CTBa U CIOCOOBI pa3pylieHus aspososieit. [lopomiku, ux TeKy4ecTb, CKIIOHHOCTb K KOATYJISIIHH.
OU3NKO-XUMUYECKHE OCHOBBI EPEPAOOTKU MOPOILIKOB.

Oo6mas xapakrepucTtika U kinaccupukanus [TAB. CpoiictBa BonHbIX pacTBopoB [TAB.
MunennoobpazoBanue. BausHue qJIMHBI YIIIEeBOJOPOIHOTO pajuKaia Ha KpUTHUECKYIO KOHIIEH-
tpanuio acconmanuu 1 KKM. Touka Kpadra. Ouenka mudunbabix cBoiictB [TAB. T'uapoduib-
Ho-nmunoduneHb 6amanc (I'JIB), ruapodubHO-0M€0)HIIBHOE COOTHOIIIEHUE W WX OIpesee-
Hus. ['mapodobubie B3auMoeiicTBusa B BOAHBIX pacTBopax [IAB. M3mMeHneHue cTpyKTypbl BOAbI



Opyd MHUIEIUI000pa30BaHUK. DHTPONMIHAs MPHUpOJa MHLEI000pa3oBaHUs B BOIHON cpeje.
®DakTOpPHI, BIUAIONIME HA KPUTHUECKYIO KOHIIEHTpamuio mutemiooopazoBanus (KKM). Merozs
onpeaenenuss KKM. Ob6pa3zoBanue muieiur B HEBOJIHOUM cpene (oOparHbix mwuient). [Ipupona
CWJI TIPH MHILIEIUI000pa30BaHUM B YTJIIEBOIOPOAHOMN cpene. TepMoauHaMuKa MHIIEI000pa3oBa-
Hus. KBasuxumudeckuit u nceBaoda3Hpiii moaxosl. J[Ba ypoBHs accoruanuu. CoaroOuan3arus.
Mukposmynbcnr. OCHOBHBIE (DAKTOPBI MOFOIIIETO ACHCTBUS B BOJHON M HEBOAHOM cpeae. Cmecu
UITAB u HITAB. buopasnaraemocts 1 TokcuuHoCcTh [TAB.

Tema 7. Kosutongno-xumnueckue cpoiictrea BMB. BricokoMonekyssipHble BEIIeCTBa
(BMB). Knaccudukanuu. OcHoBbl Teopun snactuyHoctd BMB. ®azoBbie coctosinus BMB,
TepMOMeXaHu4eckas kpuBas. BzanmonericteBue BMB ¢ pactBoputensmu, HabyxaHue, KHHETHKA
HaOyxaHMs, TEPMOJAMHAMUKA Tporiecca HaOyxaHus. M303mekTpuyeckas Touka moiuamMmgpoInToB
(UDT), metonsl ee onpeaenenus. PactBopet BMB. BricanuBanue, koanepaius, GpakTopsl, Ha
HuX Bimsomue. OcMoTrdeckoe aBieHue B pactBopax BMB, memOpanHoe paBHOBecHe (paBHO-
Becue Jlonnana). ®azoBble AUMAarpaMMbl PACTBOPOB MOJIUMEPOB. TepMoanHaMUYECKHil KpUTepuil
JICJIEHUs] pacTBOPOB Ha Pa30aBlIEHHbIE M KOHLEHTpUpOBaHHbIE. TepMoanHaMuKka HaOyXxaHUs U
PacTBOPEHMS MONIUMEPOB. MEKMONEKYIISIPHBIE U BHYTPUMOJIEKYJISIPHBIE B3aUMOJCICTBUS B pac-
TBOpax nojaumepoB. CBOMCTBA pa30aBIEHHBIX PACTBOPOB MOJIMMEPOB. PacTBOPHI MOIUAIEKTPO-
JUTOB. beaKoBbIE CUCTEMBI, KOMILIEKCHI TOIUAJIEKTPOoIuTOB U [TAB.

Tema 8. Peostornueckne cBoiicTBa AucnepcHbIx cucreM. Peonorust pacteopos BMB
U KOJUIOMIHO-AUCIEPCHBIX CUCTEM. Peosiornueckue cBOMCTBA YUCTBIX KUJAKOCTEH U HECTPYKTY-
PUPOBAaHHBIX KOJUIOUAHBIX cucTeM. 3akoH HbroToHa u ypaBHenue Ilyaseiins. BaskocTs, meTosl
ee omnpeaeneHus. YpaBHeHUEe DUHIITEHA 1M pacueTa BSI3KOCTU. HEeHbIOTOHOBCKHUE KMIKOCTH.
AHomainus Bs3KocTH. CTpyKTypHasi M IJIaCTHYECKasl BSI3KOCTh. YpaBHeHue bunrama. CTpykry-
poobpazoBaHue B IUCIEPCHBIX cucTemMax. opMUpOBaHHE CTPYKTYP B Pa3IUYHBIX TUCHEPCHBIX
cucreMax (HaHOCHCTEMAaX) KaK YacTHBIM Clydald Koaryysiiuu. Teopusi CTpyKTYpoOoOpa3oBaHUS.
Peonoruueckuii MeTo uccienoBaHus AUCHEPCHBIX cucTteM. Knaccudukanus TUCHEpCHBIX CH-
CTEM I10 CTPYKTYPHO-MEXaHNYECKUM CBOMCTBaM. HbIOTOHOBCKHE U HEHBIOTOHOBCKHE YKUIKOCTH.
MeTtoasl n3MepeHus BSI3KOCTH. BSI3KOCTh JKMIKUX arperaTMBHO YCTOMUYMBBIX AUCIEPCHBIX CH-
cteM. YpaBHeHue DiHmTelHa. YpaBHenus Llltaynunrepa, Mapka-Kyna-XayBuHka u Xarrusaca
JUIS pacTBOPOB IMOJIMMEPOB. Peonornyeckue cBocTBa CTPYKTYPUPOBAHHBIX JKUAKOOOPa3HBIX U
TBEPA000pa3HbIX CUCTEM. THUINYHBIE KPUBbBIE TEUEHUS.

5. METOANYECKHUE YKA3BHMUS 110 ITIPENIOJABAHUIO
N OCBOEHMIO JUCIUITVINHBI

5.1. Yka3anusi 1Jis1 IpenojaBaresieid 0 OPraHM3aluy U NPOBEICHHUIO YYeOHBIX 3a-
HATHH M0 AucuuInHe «Pu3nyeckass U KOJUIOMIHAST XUMUS»

[IpenoaBaTenb MTOMKEH aKTUBHO HETOCPEACTBEHHO y4acTBOBATh B yU€OHOM Ipoliecce U
MIPOBOAMTH IMOATOTOBKY K HeMy. HeoOXoIuMOoCTh MOCTOSHHOM MOATOTOBKH K JIEKIIMOHHBIM U
7a00paTOPHBIM 3aHATHSIM OOYCIIOBJIE€HA MOTPEOHOCTHIO OTPaXaTh COBPEMEHHbIE MOIXOJBI,
B3IVIS/IBl, ITaHHBIE IO TEMaM M paszenaM. [IpoBoast HOAroTOBKY K yueOHOMY IpoLeccy HeoOXo-
JUMO HU3y4yaThb COBPEMEHHBIE METOINYECKUE PEKOMEHIALIMH, PE3YIbTaThl HAYYHBIX UCCIIEIOBA-
HUM, HOBBIE TeXHOJIOTUU U T.A4. [Ipu peanuzanuu paznuyHbIX BUIOB yueOHOW paboThHI mpemnoja-
BaTeNlb JIOJDKEH MCIOJB30BaTh 00pa30BaTeIbHbIE TEXHOJOTHH: CO3JIaHHME MHTEPAKTUBHBIX Ipe-
3eHTalui, 00yJarole KOMIbIOTEPHbIE MPOTrPaMMbl, TEXHOJIOTUH pa3BUTHs MblILIeHUS (3P dek-
TUBHAs JIEKIUs, TaOIuIIbL, padoTa B rpynmnax 1 T.1.)

JlaBopatopHble 3aHATHS CIOCOOCTBYIOT 3aKPEIUICHUIO 3HAHUH. MTOJIyU€HHBIX CTYyJ€HTAMH B
X0JIe TEOPETUYECKOr0 OOYyYEHHUS U CaMOCTOSTENbHON paboThl, (HOPMUPOBAHHIO KOMIIETEHIIHIH,
HaBBIKOB B MOJIYYeHUH UH(DOpMAaIK, TPUOOPETEHNIO0 YMEHUHN IPOBECTH ee 00paboTKy U aHAIH3,
OBJIA/ICHUIO HABBIKAMH TUIAHUPOBAHUS, aHaiIu3a U ynpasieHus. OOmiee TpeboBaHMe Mpu paspa-
00TKE TeMaTUKH MPAKTUYECKUX TAKOBO - ATOT BHUJ] ayTUTOPHBIX 3aHATUN JOJIKEH HAY4YUTh CTY-
JICHTa MPABWIBHO OLICHUTh U MPEIABUIETh Pa3BUTHE CUTYallUU, YIPABIATH €€ (pOopMUpOBaHUEM,



BJIQJICHUIO METOaMHU aHanu3a. Ha 3aHATUSX MPOBOIUTCS 0TpabOTKA MPAKTUUYECKUX YMEHHUN MO
KOHTPOJIEM IIperojaBareiis. B KOHIIE KaKI0ro MPaKTHYECKOIO 3aHATHS MPENoaaBaTeib MIaHu-
pyer 6-7 MUHYT JUIsl ToABeeHus: uToroB. OH oOpaiiaeT BHUMaHUE HA TO, KAK OCBOCH y4eOHBIN
MaTepuaj 1o TeMe B IEJIOM, aHAIM3UPYET THITMYHBIC OIMIMOKK W HEJAOpaOOTKH CTYJICHTOB, aK-
[EHTUPYET UX BHUMAHKE HA 3HAYMMOCTh TEMBI.

Bo Bpemst 1abopaTOpHBIX 3aHATHH UCIIOJIB3YIOTCS CJIOBECHBIC METOIBI O0OyUeHHs, Kak Oe-
Ce/la U TUCKYCCHSI, YTO MO3BOJISIET BOBIIEKATh B YUEOHBIM MPOIIECC BCEX CIYIIATENCH U CTUMYITH-
pyeT TBOopYeCcKHil moTeHIMan odydaronuxcs. [IpernogaBaTento He0OOX0IMMO HUMETh, JIJIs IIPOBe-
JeHUs Ta00paTOPHBIX 3aHITHN, HATIISTHBIC TOCOOMS — HAOOPHI TAOIUI] TIO TEME 3aHSTHS, CXEMBI
u j1p. [Ipu moaroroBke K 1a00paTOPHBIM 3aHATHAM MPEIOIaBATEIII0 HEOOXOAMMO 3HATH TUIaH €ro
MPOBEJICHUS, TPOAYMaTh (OPMYIUPOBKH M COJCp)KAHUE YYEOHBIX BOIMPOCOB, BRIHOCUMBIX Ha
00CyX/IeHUE, TO3HAKOMHUTLCSI C HOBBIMH ITyOJUKALMAMHU 10 TeMe. B Hauase 3aHsaTHs mpemnoja-
BaTeNb JIOJDKEH PACKPHITh TEOPETUUYECKYIO M MPAKTHUUYECKYIO 3HAYMMOCTh TEMBI 3aHSITHS, OTpe-
JICITUTh TOPSJIOK €ro MPOBEICHHS, BpeMsi Ha 00CYKICHHUE KaXI0ro yueOHOTro Bompoca. B xoze
3aHSITHSI CJIEIYeT JAaTh BO3MOXKHOCTH BBICTYITUTH BCEM KEJIAIOIIUM W TPEIJIOKHUTH BBICTYITUTH
TEM CJYIIATEeNsIM, KOTOpPbIC MPOSBISIIOT MAacCHBHOCTH. LlenecooOpa3Ho, B xolie OOCYXKICHHS
y4eOHBIX BOIPOCOB, 33/1aBaTh BHICTYMAIOIIMM U AYJAWUTOPHH IOIOJHUTEIBHBIC W YTOYHSFOIINC
BOIIPOCHI C IIEJIbI0 BBISICHEHUS MX MO3UIUI MO CYNIECTBY 0OCYKIaeMbIX MPOOJIeM, a TaKXkKe To-
OIIPSATH BBICTYIUICHUE C MECTa B BUJC KPATKUX JOTIOJHEHWH. B 3aKkimounTenbHON YacTu abopa-
TOPHOT'O 3aHSATHS CIEAYET MOJBECTH UTOT: 1aTh OOBEKTHUBHYIO OLICHKY BBICTYIUICHUS CIIyIIATEIs
¥ y49eOHOM TPYIIIBI B IEJIOM, PACKPHITh TOJOKUTEIBHBIE CTOPOHBI M HEIOCTATKH MPOBEICHUS
3aHSATHS, OTBETHTh Ha BOIPOCHI, HA3BaTh TEMY OUYEPEIHOTO 3aHATHUS U JaTh HEOOXOUMBIC 3a7a-
Hus. [locie moaBeIeHNs UTOTOB YCTPAHUTh HEAOCTATKH, OTMEUCHHBIC TPEI0/1aBATEIICM.

5.2. Ykazanus Ui 00y4aromuxcs 1Mo 0CBOCHHI0 JMCHHILIMHBI «Du3nueckas M KoJI-
JIOMTHAS XUMM»

[Ipucrynas Kk U3y4eHHIO HOBOM y4yeOHON NHCHUIUIMHBI, CTYJEHTHI TOJKHBl 03HAKOMUTh-
csl ¢ yueOHOM porpaMMoii, yueOHOM, Hay4HOH M METOJUYECKOM TUTepaTypoil, MoJy4uTh B OMO-
JMOTEKE PEKOMEH/I0BaHHbIE YUEOHUKU U y4eOHO-METOIUYECKHe MocoOus, 3aBECTH HOBYIO TET-
panab it paboThl ¢ IEPBOMCTOYHUKAMHU.

B xone nexnuoHHBIX 3aHATHNA BECTH KOHCIEKTHpOBaHHE yueOHOro Marepuana. Obpa-
IaTh BHUMAaHHUE Ha KaTeropuu, (HOpMyIHpPOBKH, PACKPHIBAIOIINE COACPKAHHE TEX HIW WHBIX
SBJICHUN U IPOLIECCOB, HAYYHbIE BBHIBOJBI U MPaKTUUYECKHE peKoMeHAanuu. JKenaTeapHo ocTa-
BUTh B pab0OYMX KOHCIIEKTaX MOJIs, HA KOTOPBIX JIeNIaTh MOMETKU M3 PEKOMEH/10BaHHON JuTepa-
TYpbl, JOTOJHSIOMIME MaTepuas MPOCIYIIaHHOW JIEKIIMH, a TaKKe MOJAYEpPKUBAIOLINE 0COOYI0
BaXHOCTb T€X WJIN MHBIX TEOPETUYECKHUX IOJIOKEHHUH. 3a/1aBaTh MPENOJABATENI0 YTOUHSAIOINE
BOIPOCHI C LIEJIBIO YSICHEHHS] TEOPETUYECKUX MOJIOKEHUH, Pa3pelIeHHs CIIOPHBIX CUTYaLIUH.

IIpu moaroToBke K 3K3aMeHy (B KOHIIE C€MecTpa) MOBTOPSTH MPOHAEHHBIH MaTepuall B
CTPOTOM COOTBETCTBUHU C y4€OHOM MpOrpaMMoil, MpUMEpHBIM NEpeYyHEM Y4YeOHBIX BOMPOCOB,
BBIHOCSLIMXCA HAa 3a4€T U COAEpXKAIUXCs B JaHHOW nporpamme. lMcnonp3oBaTe nuTepaTypy,
PEKOMEHIOBaHHYIO TipenoaaBaTesieM. OOpaTuTh 0c000€ BHUMaHUE HA TEMbl YU4€OHBIX 3aHITHH,
NPOMYIIEHHBIX CTYJIEHTOM MO pa3HbIM mpuuuHam. [Ipu HeoOXoauMocTH oOpaTHUTHCS 3a KOH-
CyJbTallel 1 METOINYECKON MOMOIIBIO K MTPEToAaBaTelto.

B cnyyae BO3HMKHOBEHUS BOIPOCOB OHM MOTYT OBITh 3aJJaHbl IPENoJIaBaTesto Ha popyme
(moodle@asu-edu.ru).

K BbImonHeHuto, opOpMIIEHHIO M OTUYETY MO J1abOpaTOpHBIM PadoTaM MPEAbABISAIOTCS
obmue TpeboBaHMS:
1. Ilenp u 3agaun UcCCiIeOBaHMUS.
2. KpaTkoe onucanue 3KCIEpUMEHTa: CIIOCOOBI, METO/Ibl, METOAMKHI MCCIIECAOBAHUS U TEOPETH-
YECKHUE MOJTO0KEHUS.
3. 3aKoHBbI, MOJOKEHUS, MATEMATUYECKUI amnmapar, ypaBHEHUs peakuuil. Pe3ynbrarsl uccueno-
BaHUs U pacyeThl (ypaBHEHUS JOJKHBI ObITh MPUBEICHBI B OOIIEM BUE U C MOJACTABICHHBIMU
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TAHHBIMH). Pe3ynbTaThl HCCIEI0BAHUS U PACUETOB JAOJDKHBI OBITH CBEIEHBI B COOTBETCTBYIOIIHE
tabnuiel. CTatrucTHYeckas o0paboTKa TaHHBIX.
4. T'paduyeckas o0pabOTKa IKCIIEPUMEHTAIBHBIX TAaHHBIX: TPAPHUKH U CXEMBI JOJDKHBI BBITOI-
HATHCS TOJBKO Ha MHJUIUMETPOBOM Oymare. Ha ock opauHaT HaHOCHTCS (DyHKIUS, Ha OCh a0c-
IICC — apryMEHT C yKa3aHWeM €JUHMIl hu3MepeHus. Ha ocsiX HaHOCHTCS IIKaia COTJIACHO BbI-
OpanHoMy Mmacmtady. Enuauier mMacmrada 10DKHBL OBITH BHIOPaHBI B COOTBETCTBHH TOYHOCTH
oTcyera mpu 3KcrepuMeHTe. KoopauHaThl SKCIEpUMEHTAIbHON TOYKHM HAHOCATCS TOJBKO HA
IUTOCKOCTH M OTMEYAOTCs TOUKOH. [10 IKCcTIeprMeHTaIbHBIM TOUYKaM HPOBOAUTCS YCPETHSIOMIAs
KpHBasi. BrinaBiime TOUKH HE UCTIONB3YIOTCS, HO MOKa3bIBAIOTCS. DKCIEPUMEHTAIbHbIEC TaHHbIC
JUISL IOCTPOSHHS IPalyipOBOYHOTO rpadrika 0OpadaThIBatOTCS 110 METOAY HAUMEHBIINX KBaJpa-
TOB. Ha MIJUTUMETPOBOW Oymare n3o0paskeHbl rpa)uiyecKyd 3aBUCUMOCTH, TOJTYYEHHBIE B XO€
BBITIOJTHEHUS HKCIIEPUMEHTA (BCE BBINOJHACTCS TOJIBKO MPOCTHIM KapaHmamiom!). I'paduk s
KaX/10i cuctembl oopmisieTcs Ha OTAeNbHOM JHcTe, MacmTaba A4 (wmm ‘2 nucra macmTaba
A4, Gonee MeNKHE PUCYHKH HE JIOMYCKalOTCs!) ¢ moapoOHoi noaprcyHouHOH noanuckio (Puc.1
...... ). Ecnn u1st cuctemMpl PpUBOASATCS JAHHBIE TIPH HECKOJIBKUX TEMIIEpaTypax, OHH HAHOCSTCS
BCE Ha o/WH rpaduk. B moaprucyHOYHOH MOJNMKCH YKa3bIBAIOTCS, YCIOBHS MOJXYYCHHS TaHHBIX
(IUTMHA BOJIHBI, pa3Mep KIOBET, KaKOH TeMIIepaType COOTBETCTBYIOT HAHECEHHBIC JIMHHUH, KOH-
HEHTpPAMs aHAIM3UPYEMBIX PAaCTBOPOB M T.II.). KOMIBIOTEpHBIN BapuaHT MpeICTaBICHHS I'pa-
¢uxoB He momyckaercs! Ilpu pabore ¢ rpadukoM Ui onpeAeseHnus KakKux-I1u00 BEITHUYWH, J0-
MyCKaeTCsl MOCTPOEHUE Ha TpaduKe TOMOIHUTEIbHBIX JHHUAN, OJHAKO pPacueThl, CBSI3aHHBIE C
THMH TrpadyKaMu, CIEAyeT MOMelaTh B TEKCTe paboThl, a HE HA KOOPAWHATHOW IJIOCKOCTH
rpaduka Wik pucyHKa. B moamucu moj pUCYHKOM JIOJDKEH CTOSITh HOMEp PHCYHKA, Ha3BaHHE
rpaduka u pacmudpoBKa 0 HOMepaM JIMHUH Ha rpaduke. XKenarenbHo, 9TOOBI HA OJJTHOM JIHCTE
pacrioyaraicsi OIMH PUCYHOK;
5. AHanm3 3KCTIepUMEHTAIBFHO TOJYYSHHBIX 3aBUCHMOCTEH.
6. BrniBoapl.

Pabora cuntaeTcs BBIOITHEHHOW, €CIIH MTPUBEICHBI BCE HEOOXOAUMBIEC PACUYETHI, TIOCTPO-
€Hbl U3y4aeMble 3aBUCUMOCTH, ITPUBEJICHBI BCE CTPYKTYPHbIE (DOPMYJIBI H3y4aeMbIX BEIIECTB U
00pa3yeMbIX COCTUHEHNH, C/IeNIaHbl COOTBETCTBYIOIINE BBHIBO/IBI.

Ta6auna 4. Cogep:xanne caMmocTosITeJIbHON padoThl 00y4arOLIUXCs

Bomnpockl, BBIHOCUMBIE HAa CaMOCTOSATEIIbHOE U3YUEHUE Kon-Bo dopmbl

Pazjen |. OcHOBBI XMMHY€ECKOH TEPMOIMHAMUKHI JacoB paboThI
Tema 1.1. IlpuMeneHre nepBoro 3ak0Ha TEPMOJUHAMHKHN K XUMHYECKHM 10 Bompocsr
npoueccam. TemioeMKocThb. TepMoxumusi. K yCTHOMY

IIpenmer xuMudeckoil TepMoarHAMUKHA. OCHOBHBIE ONPEIEIECHH: CUCTE- POHPOCY
elLICHHE

Ma (FOMOFGHHaH U IeTCpOrcHHas, U30JIMPOBAHHAA, OTPBITASA U 3aKpbITasd,

. 3 9] AHAITUTHYCCKUX
COCTOSIHHE CHCTEMBI); TEPMOJANHAMUYECKHNA Tpolecc (M30TePMHYECKUH, sanau
n300apHBIA, U30XOPHBIHA, aJnabaTHYECKUd, KPYroBoW mporiecc, odparu- Odpopmere

MbIi 1 HeoOpaTumblil). HenneansHble raspl. Ilpy Kakux yCIOBHSIX HC- JLP.1
MOJIB3yIOTCSl ypaBHeHus: Ban-nep—Baanbca, durepuun, Beptio? Koaog-
(hUIMEeHT C)KMMAaEeMOCTH Ta30B, CIIOCOOBI ero ompeneneHus. Kak paccum-
TaTh pabOTy M30TEPMUYECKOTO pacIiupeHHus 1 KMOoJib peanbHOro rasa?
Temnora oOpa3oBaHus (B pa3sHBIX arperaTHBIX COCTOSIHUSIX, HOHOB B pac-
TBOpPAax), HEUTPAIU3AINH, PACTBOPEHUS (MHTETpajbHast, TBEPIOTO COEIH-
HEHUs), pa3BeneHus, cropanud. llpubmmkeHHbIE MeTOABl pacueTa(To
SHEPTUAM CBSI3€H ISl OpraHUYECKUX COEIMHEHUH, METOJ] CPaBHUTEIBHO-
T'O pacyeTa Jyisl TOJT00HBIX XUMUYECKUX COCJTMHEHHH).

Tema 1.2. [IpuMeHeHNE BTOPOTO 3aKOHA TEPMOJIWHAMUKH K XUMHUYICCKUM 9 Bompocsr
npoieccam. DHTPOMUsL. K YCTHOMY
OcHOBHBIE MOHATHS (CAMOIPOU3BOJIBHBIE U HECAMOIIPOM3BOJIBHBIE IIPO- onpocy
neccel).Bropoe Hawano tepmomunamuku. L{ukn Kapno. IMpuanun Kapa- Pewenne
AHAJIUTUYCCKHUX
TeoJopu. MeXIly HEKOTOPBIM HCXOJHBIM COCTOSHUEM | M KOHEYHBIM sanau

coctositareM |l OCYHICCTBIISIFOTCA ABaA NEpexoaa. OnuH U3 HUX IIPOTCKa-




eT obpatumo, Apyroit — HeoOpaTtumo. U3BecTHHI TemioBble 3()QPEKTH
3THX TponeccoB: Qosp U Queosp, MPUUEM Qosp > Queosp. KakoBo cooTHoOIIIE-
HHE MEXIy H3MEHEHHeM SHTponuud AS B TOM M ApyromM mpoiecce?
Uro Oompme? Kakue mapaMeTpbl CHCTEMBI HEOOXOIUMO IMOAACPKUBATH
MOCTOSTHHBIMHU, YTOOBI 1O 3HaKy M3MEHEHHS DHTPOIHH MOXHO OBIIO
OBl CyIUTh O HapaBJICHUH CaMOIPON3BOJIBHOTO IPOTEKaHUs Iporecca?
B xakoM COOTHONIEHWH HAaXOAATCS MOJISIPHBIC SHTPOIHMH TPEX arperar-
HBIX COCTOSIHMH OJHOTO BELIECTBA: rasa, >KUIAKOCTH, TBEpAOro Tema?
UYro Gonbie?

Tema 1.3. TepMoamHAMHYECKHE MOTEHITHAIBI. XUMUYCCKHN MOTCHIIHAI. 9 Bonpocsr k ycT-
IIpenen nmporexanus peakuuu. Temnosas Teopema HepHcTa. HOMY
Xapakrepuctuieckue GyHKIuH. YpaBHenue [ ub6ca - 'enpMronbua. onpocy
XVMMHYECKUI OTEHIHANl HI€albHOTO U PeajJbHOro razoB. @yruTUBHOCTh Pemenue
1 ko3 punreHT GyruTUBHOCTH. AKTHBHOCTh M KOX(GHUIIMEHT aKTUBHO- aHaHI;Z;I::CKHX
CTHU. ITonroroska
Tecty. Nel
Pazjnen |1. Xumuyeckoe papHoBecue
Tema 2.1. 3akon aeiicTByromux macc. KoHCTaHTa XUMHUYECKOTO paBHOBE- 9 Bompocsi k yer-
CHUSl M COCTaB CHUCTeMBl. XWMHYECKHE M aJCOPOIMOHHBIE PAaBHOBECHSI. HOMY
CMernieHre XMMUYECKOTO PaBHOBECHSI. ompocy
XuUMHYECKHE M aJCOPOLMOHHBIE PaBHOBECHs. UTO O3HAYAET COCTOSHHE Pemerme
XUMU4ecKoro pasHoBecusi? Kak MOXKHO oIpenenurb, 4TO B CHCTEME AHATHTHIACCKHX
HacCTYIWJIO paBHOBecHe? YCIIOBUS XMMHYECKOro paBHoBecHs. KoHcTaHTa 0 (bj;l\ﬂ/[i‘;ﬁl/le
paBHOBecus. Kakue ¢akTopbl BIUSAIOT HAa KOHCTaHTH paBHOBecHus K, u JLP.2
K¢, ecnu pearupyromyro CHCTEMY paccMaTpUBaThb KaK HACAIbHYIO?
HanmnmuTe MaTemMaTndeckoe COOTHOIIEHNE MexXay BeanunHaMu Kp n K.
JUIsL XUMu4eckoi peakiuu. Kakas U3 3Tux Beau4uH OoJiblie?
Tema 2.2. MakcumainbsHast paboTa 1 XUMHUYECKOE CPOJICTBO. Y paBHEHHUS 9 Bompocsr k ycT-
M30TE€PMBbI XUMUYECKOM pEeaKLIUH. HOMY
MaxkcuManbHas paboTa 1 XUMHUYECKOE CPOJICTBO: TIPU CTAHAAPTHBIX YCIIO- onpocy
BHAX, B HEPAaBHOBECHOW cHCTEME, IPU YCIIOBUH, €CIIU JaBJICHUS NPUBEJIE- Pemerme
HBI B pa3MepHOCTH — arMocdepa. Hanummre ypaBHeHHE, CBA3BIBAIOIIEE AHATIMTHHACCKHX
cranmaptHoe cpoactBo AGT® u koHcrauty pasHosecus Kp, npu mocro- A
sHHBIX P u T, ecinm naBneHue BHIpaXKEHO B mackaisix. Urto siBisercs
MEepOo# CTaHIAPTHOTO CPOJCTBA XMMHUUYECKON pEaKIUU MPU MOCTOSTHHBIX
P u T? lns kakux peakiuii KOHCTaHTa paBHOBecusi K, paBHa paBHOBec-
HOMY JaBJICHUIO B CUCTEME IIPH JAHHOW Temmeparype?
Tema 2.3. 3aBUCUMOCTb KOHCTaHTBI XMMHUYECKOTO PABHOBECHSI OT TEMIIE- 9 Bompocs! k ycr-
paTypbsl. OMIUPUYECKHE METO/IbI pacueTa KOHCTAaHT PaBHOBECHSI. HOMY
OMIUpPUYECKUE METOJIBI pacueTa KOHCTAHT PaBHOBecHs: MeTo/ TeMKuHa- onpocy
[[IBapumaHa, pacyeT, OCHOBaHHBIA Ha HCIHOJB30BAHHU CIEKTPOCKOIMHYE- Pemenue
CKUX M KaJIOPUMETPHUUECKUX JAaHHBIX. AHATITITICCKIX
3amad
ITonroroBska x
Tecty Ne2
Pazgen I11. ®a3oBble paBHoBecusi. PacTBopsl
Tewma 3.1. IlpaBuio a3 I'n60ca. PaBHOBecHBIe cocToAHUS MTPH (HA30BBIX 9 Bomnpocsr k ycT-
nepexoaax. YpasHenue Kiaysuyca-Knaiinepona. HOMY
Pacuetsl ¢ ncrnonb3oBaHreM (a3oBbIX TUArPAMM COCTOSIHUSI. onpocy
OGbsicHuTe npu noMoinu ypasHenus Kiaysuyca-Kianeiipona, mouemy Pemerme
JaBJICHUE HACBILIEHHOTO Mapa HaJ >KUIKOCTBIO PAacTeT MPH yBEIWYCHUN aHaHZI;Z:ECKHX
TemrepaTypbl. Tpebyercs rpadudeckn paccyuTaTh TEIIOTY HCIape-
HUS )KMJIKOCTH NpH 3aJaHHO#l TemmepaTtype. Hapucyiite rpaduk, xo-
TOPBIM HEOOXOAMMO MOJIb30BATHCA, W HAMMIIUTE COOTBETCTBYIOIIYIO
pacueTHyo dopmyity. Kak nsmensiercs remneparypa IUlaBiIeHHs Belle-
CTBa C POCTOM JaBJICHUS?
Tema 3.2. MonekynsipHble pacTBOpbl. PU3HKO-XUMHUYECKHE CBOICTBA 12 Bomnpocsr k ycT-




pa30aBICHHBIX PacTBOPOB. HOMY
KonnuratnBHBIE CBOMCTBA pa30aBIICHHBIX PACTBOPOB: MTOHIKCHIE JaBIIe- onpocy
HUS HACBIIIEHHOTO T1apa HaJl paCTBOPOM, KPHOCKOIHUS U 30YJUTHOCKOTIHS Pemenne
KaK METOJIbI ONPEIENEHUS MOJIEKYISPHBIX MACC BEIECTB aHaH:;I::CKHX
Odopmienne
JL.P.3
Tema 3.3. buHapHbBIe pacTBOPHI KUAKUX JIETY4HX BelecTB. aeansHbie U 11 Bompocs! k ycT-
HeuJlealbHble CUCTEMBI. YaCTHYHO CMEIIUBAIOIIUECS U HECMEITHBAIOIIH- HOMY
€csl )KUJKOCTH. OIpocy
BHHapHBIE PAcTBOPHI JKMAKUX JIETyYMX BEHIECTB. AHAIM3 JUarpamm " ai eﬂ?;::cemx
«COCTaB-/IaBICHHE apay 1 «COCTAB-TEMIIEPTYpay NPH OTPHLATENLHOM U sana,
MOJIOKHUTENbHOM OTKJIOHEHHWH OT JIMHEHHOH 3aBucuMocTu. [leperonka
KUIKHX cMeced. YacTHUHO CMelMBamoIecs M HECMEIINBAIOIIUECS
KHUJIKOCTH
Tema 3.4. PacTBOPUMOCTh Ta30B B KUAKOCTSIX. 3aKOH paclpeeicHus. 9 Bompocsl K ycT-
DKCTpaKLUSL. HOMY
I'padmyeckoe BeIpakeHHE cOCTaBa TPEXKOMIIOHEHTHBIX CHCTeM. 1pe- Onpocy
yronsHuk ['n66ca. OOLIMe IpeacTaBIeH s O TPEXKOMIIOHEHTHBIX M MHO- Pemenne
TOKOMITOHEHTHBIX KOMIUIEKCHBIX COEAMHEHHAX W MOHHBIX acCOIMaTax M AHATITIHECCIIX
METOAAX UX UCCIIENOBaHUs. DKCTPArUpOBAHUE B XUMUH. Ho;[izﬂ;;xa «
TecTy Ne3
Paznea V. Daekrpoxumus
Tema 4.1. PacTBOpBI 3JIEKTPOITUTOB. 9 Bomnpocsi  ycT-
OcHoBHbIe nomymieHust Teopun Jlebas-Itokkens. YpaBHeHue mias Kod(h- HOMY
(uImeHTa akTUBHOCTH B TIEPBOM, BTOPOM H TPETHEM MPUOIMKESHUN TEO- Onpocy
pun Jle6as-I'tokkesns. CoBpeMEHHBIE MPECTABIECHUS O PAacTBOPAX dJIEK- Pemenne
TPOJIUTOB. AHAJIUTUYCCKHUX
3aja4
OdopmiteHne
JL.P.4
Tema 4.2. HepaBHOBECHBIE ABJICHHUS B paCTBOpax JIEKTPOIUTOB. 9 Bompocsr k ycr-
dusnyeckne OCHOBBI TEOpUu Hebas-I'tokkens-On3arepa; HOMY
aNeKTpodopeTHUSCKUl U penakcaloHHbId 3(dekThl; 3hdexTsl Buna u onpocy
Jle6as-DanpkeHrareHa. Pewenne
AHAJITUTUYCCKUX
3aj1ady.
Tema 4.3. DnexTpoHbIe porecchl. TepMoarHAMIKA U KHHETHUKA JJICK- 11 Bonpocsl K ycT-
TPOXHUMHYECKUX IIPOIECCOB. HOMY
[lonsiTHE TOBEPXHOCTHOTO, BHENITHETO W BHYTPEHHETO MOTEHITUAIOB; Pa3- onpocy
HOCTH noTeHnranoB ['anbeanyu 1 Bonbra. MexaHu3Mbl MaccornepeHoca: Pemerme
i dy3us, MUTpalys 1 KOHBEKIMA. Tpu OCHOBHBIX ypaBHEHUs Juddy- AHATITIHECCIHX
3MOHHOM KMHETHKH U OOLIMI TOAXO0] K peleHuto ee 3a1ad. [lomsporpa- Ho,ui?)i?)téxa «
¢us. YpaBHeHHe JUIsl TOKAa B TEOPUH 3aMEIJICHHOTO pa3psijia; TOK OOMeHa Tecty Ned
U TIepEeHAIPsHKCHNE.
Pa3nes V. DiieMeHThI CTATHCTHYECKOH TePMOAMHAMMKH
Tema 5.1. Mexannueckoe onricaHre MOJIEKYIISIpHOI cucTeMsbl. [locTynaTs 10 Bompocsr k ycT-
CTaTHCTUYECKON TepMoauHaMHUKH. CyMMa 10 COCTOSTHUSIM. HOMY
CrarucTryecKe CpeHNue 3HaYCHUSI MAKPOCKOIIMYECKUX BEJTMYUH. AH- onpocy
cam6iu 'u66ca. Meton QyHKIMI pacipeaeeHus I KAHOHUIECKOTO U Odopmnenne
MaKpOKaHOHHWYECKOro ancaMmonen. CTaTHCTUYEeCKIe BRIPAXESHHS I OC- P;;E;Le
HOBHBIX TEPMOANHAMHUYECKUX (PYHKIIMH — BHYTpEHHEW SHEPTUH, SHTPO- AHATHTHICCKIX
nuu, 3Hepruu ['ensmronbua u sHepruu ['u66ca. CraTucTHUECKUE pacyeThl sanaq
suTpormu. @opmyna boneumana. [Toctymnar [Tnanka u abcomoTHas 3H-
TPOIHSL.
Tema 5.2. Beruucnenus repmoguHamMudeckux Gynkuuil. CraTucTuyeckas 11 Bompocs! k ycr-

TCpMOAHAMHUKA PCAJIbHOTO I'a3a U KOHACHCUPOBAHHOT'O COCTOAHUA BCIIIC-
CTBa.

HOMY
orpocy




®opmyna 3akypa-Terpozae. Bpamarenbsnas cyMMa 10 COCTOSIHUAM IS
XKecTKoro poraropa. KonebatenbHast CyMMa 110 COCTOSHUSM 11 TapMO-
HUYECKOTO OCHUILIATOPA. «3aMOPOKEHHBIE» KOJeOaTelbHbIe CTeIICHH
CBOOOJIBI M UX CBOUCTBA.

Pemenne
AHATUTUYECKUX
3a71a4,
ITonroroBska k
Tecty Ne§

Pazgea VI. XuMmudeckas KHHETHKA

Tema 6.1. CkOpoCTh XMMUYECKOM peakiuu. 3aBUCUMOCTh CKOPOCTH peak- 9 Bompocs! K ycT-
LIUX OT TEMIIEPATyPHI. HOMY
3amaun XUMHUYECKON KHHETUKA. MeTOIbI HCCIeTIOBaHMUsI CKOPOCTEH XU- onpocy
MHYECKUX peakiuii. [TopsI0K XMMUIECKON PEeaKiliu KaK OTPaXKEHHe Me- Pemerne
XaHHU3Ma €€ MPOTEKaHUs. AHATMTHTICCKIX
3a1au
Odopmienne
JLP.6
Tema 6.2. KnHeTHKa CIIOKHBIX PEAKITHA. 9 Bormpocs! k ycT-
MeTo/ibl COCTaBIEHUSI KHHETUUYECKUX YPABHEHUM 1JI4 MOCIIEI0BATENbHbIX, HOMY
napajiebHBIX U 00paTUMBIX PEaKLInii. Ompocy
Pemenune
AHAJIUTUYCCKUX
3a1a4
Tema 6.3. TeopeTnueckue NPeACTABICHUS XUMUYECKON KHHETUKH. 8 Bompocsl K ycT-
®opmyna Tpayrua-JIptouca. Teopust akTHBUPOBAHHOIO KOMILIEKCA B HOMY
MPUMEHEHUH K MOHOMOJIEKYJISIPHBIM PEaKLUsIM, OMMOJICKYIISIPHBIM peak- onpocy
LMSAM M TPUMOJIEKYIISPHBIM peakiusaM. COIOCTaBIEHUE PE3YILTATOB TEO- Pemenne
pUU aKTUBHPOBAHHOTO KOMITJIEKCA ¥ TEOPUH COYTapEeHUH. aHam;;;I::CKHX
Tema 6.4. Llenabie, GOTOXUMHUYECKUE U PATHAITIOHHO-XUMUYECKUE TIPO- 9 Bompocs! k ycrt-
LICCCHI. HOMY
Pa6otst H.H. CemeHOBa 10 TEOpHU LEMHBIX peakluii. DKCUMEPHI, IKCHII- oupocy
JIEKCHI M MX CBOicTBa. OnpeeneHne KMHETHYECKUX MOCTOSHHBIX (OTO- Pemerme
XUMHYECKUX PEAKIIUil METOIOM CTAI[MOHAPHBIX KOHIIEHTPAIINH. aHam:;;::CKHX
[ToaroroBka x
Tecty Ne6
Pazgen VII. Karaaus
Tema 7.1. Katanus. O0uiye NpuHUNIBI TPOTEKAHHUS KaTATUTHYECKHUX pe- 11 Bompocsi k yer-
AKIU. HOMY
DYHKIMHU KUCIOTHOCTU ['aMMeTa U UX UCTIOJIb30BaHUE JIsl BBIYMCIICHUS omnpocy
CKOPOCTH PEAKIMU U KHHETHIECKHUX TOCTOSHHBIX. O‘b(}ffl\;ﬂ;’}me
VY nenbHast 1 aTOMHAas aKTUBHOCTD. o
Pemenune
AHAJIUTUYCCKUX
3a1a4
Tema 7.2. Kunetrka KaTaIUTUYECKHAX TIPOIIECCOB. 10 Bompocs! k ycr-
VYpaBuenue bpencrena m ero UCroib30BaHWE B KMHETHKE KaTalUTH4e- HOMY
cKHX peakuuil. KaTtanu3 KOMIUIEKCHBIMUA COETUHEHUSIMU MEPEXOTHBIX Me- Omnpocy
TAJLIOB. Pewenue
AHAJIUTUYCCKHUX
3aga4d
[HoaroroBka k
urorosoii K.P.
Pazjnen VIII. Kossonanas xumust
Tewma 8.1. [loBepXHOCTHBIE SBICHUS U aJICOPOITHS 10
[loBepxHOCTHBIE ABNICHUS U ancopOuus. [loBepXHOCTHO-aKTHBHBIE, T10- Odopmernue
BEPXHOCTHO-WHAKTHBHBIC BEIIECTBA HA Pa3HBIX Mk (Pa3HbIX TPaHHIIAX. OTHeTa MO Ja-
Oco0eHHOCTH COCTaBIIOMUX CHT Ban-nmep-Baanbca (OpreHTaIMOHHBIX, GoparopHoi
WHAYKIUOHHBIX U JUCIIEPCHOHHBIX) P aAcopOUru. Y paBHEHHE IS T10- pabore. Pere-
TEHIIHAIBHOM SHEPTUH B3aNMOACHCTBUSA aTOMa (MOJIEKYJIbI) C TOBEPXHO- HHUE 3a1124.
CTBIO TeJa MPHU aACOPOITHH.
Tema 8.2. JIBOWHOM JICKTPHYSCKUN CIIOH 11 ToaroToska K

Teopun crpoenns [I9C: I'enpmronsiia, ['yn-Uenmena, I'yn-I1lltepaa-

YCTHOMY OTIPO-




I'pama. [Morenumans JI9C. @akTopsl, Bausomue Ha C-MOTEHIIAAT: TEM-
reparypa, KOHIICHTPAIUs, IPUPOJIA U 3apsi]i HOHOB 3JICKTPOJINTA

Cy IO BOIpOCaM

10

Tewma 8.3. KoyumonaHo-1ucnepcHbIe CUCTEMBI M MX (PU3HKO- Odopmretue
XMMHYECKHUE CBOMCTBA. OTHeTa II0 JIa-
OcHoBHBIE 001IME CBOHCTBA AUCIEPCHBIX CHCTEM: MOJIEKYJISIPHO- GopaTopHOi
KHHEeTHYecKne, Au(pPpy3nus, 0CMOTHIECKOE JaBICHNE, CEIUMEHTAIIMOHHOE pabore. Tectu-
paBHOBECHE, ONITHYECKHE CBOMCTBA — OOIIUE 3aKOHOMEPHOCTH. poOBaHHC
Tema 8.4. DIEKTPOKMHETUYECKHUE CBOMCTBA IUCIIEPCHBIX CUCTEM 11

Vpasuenue [ enpmronbsa-CMOITyXOBCKOTO JUIS pacdeTa JIeKTPOKHHETH- Odopmrenue
YeCcKOoro noreHnuana, IPQekTsl, He yYUTHIBACMbIC 3THM YPaBHCHUEM Ogse;:()m;g;'
(TTOBepXHOCTHAsI TPOBOJUMOCTD, 3JEKTPO(HOPETUIECKOE TOPMOKEHHE, paGETe_ %ecm_
penakcanroHHbIH > @ekT). [IpakTHueckoe HCIOIB30BAHUE DIEKTPOKUHE- poBamHe
THYECKHX SBICHUN

Tema 8.5. YCTOMYMBOCTD KOJUIOUIHO-AUCIIEPCHBIX CUCTEM 11

dopmupoBaHne CBA3HO-IUCIEPCHBIX CTPYKTYp. Peomornyeckne napamer- Odopmernue
pBI Mexk(a3HbIX aACOPOLIMOHHBIX CI0EB (MOIYNb YIIPYTOCTH U BSA3KOCTH). OTYeTa MO Ja-
OcobeHHOCTH AHCIIEPCHBIX chcTeM, cTabmin3npoBanHbix BMC u [TAB. GopartopHoi
Hcnonbs3oBaHuEe yCTOMYMBOCTH U KOAryJISILUU AUCHEPCHBIX CUCTEM B TEX- pabote. Peme-
HOJIOTHYECKHX MpOoleccax MOJTyYeHUs TCKApCTBEHHBIX MPENapaToB Ha UX HUE 321124
OCHOBE U 3aIlIUTE OKPYKAIOIIEH Cpeabl

Tewma 8.6. MukporereporeHHble CUCTEMBI 10

[Tens1, ux cTabunm3anys U paspymenne. ToHKHe IIeHKH (cepble, dep- Odopmiterne
HbI¢). [IoBepXHOCTHOE HATSHKEHUE TOHKUX IIeHOK. DddexTh ['nb0ca u oTyera 1o Jia-
Mapanronu-I'uo0ca. A3po30in: JbIMBI, IBLIH, TyMaHbl. KBa3uxumuue- GopaTopHOi
ckuil u iceBnodazHpiit moaxonsl. JBa ypoBHs accoruanmn. Como0nmm- pabore. Haru-
3anusi. Mukposmynbcun. OCHOBHBIC (haKTOPBI MOIOIIETO JCHCTBHSI B BO/I- CaHuC U 3alluTa
HO#t 1 HeBoHOM cpene. Cmecu UTTAB u HITAB. BruopasiaraemocTs u pedepara.
ToKcHU4YHOCTh [TAB.

Tema 8.7. Kommongao-xumnyeckue csoricrea BMB 11
MeXMOJIEKYJISIPHBIE U BHYTPUMOJIEKYJIIPHBIE B3aUMOJCHCTBUS B PACTBO- (())T?;ZE ;’Igz}ﬁle_
pax momumMepoB. CBoiicTBa pa30aBIeHHBIX PaCTBOPOB MOIMMEpOB. Pac- SopaTopHoi
TBOPBI MOJIMAIIEKTPOIIUTOB. BEIIKOBBIE CHCTEMBI, KOMILIEKCHI TTOJIUAJICK- paGore.
TposiutoB u [1AB

Tema 8.8. Peonornueckue cBOMCTBA AUCHEPCHBIX CUCTEM 10,75

Peosornueckue cBOWCTBA YUCTHIX KUIKOCTEH U HECTPYKTYPUPOBAHHBIX

KOJUIOUJHBIX cucteM. DOpMUPOBAaHUE CTPYKTYP B Pa3JIMUHBIX AUCIIEPC- OdopmieHne
HBIX CHCTeMax (HAHOCHUCTeMaXx) KaK YaCTHBIN ciTydaii koarysiuu. Teo- OT4eTa 110 JIa-
pus CTpyKTypooOpa3zoBaHus. Peoornyeckuii MeTo1 HCCIeJOBaHUs TUC- GopatopHoi

nepcHBIX cucteM. Kiaccuukanms AUCIepCHBIX CHCTEM MO CTPYKTYpPHO-
MEXaHUYECKUM CBOMCTBaM. HbIOTOHOBCKHE U HEHBIOTOHOBCKHE KUIKO-
cTi. MeTozsl n3MepeHus BA3KocTu. Peosornueckue cBoiCTBa CTPYKTypH-
POBaHHBIX KHKOOOPa3HBIX U TBEPJ000Pa3HBIX cucTeM. THIIMYHBIE KPH-
BbIC TCUCHMSI.

pabote. [Toaro-
TOBKA K YCTHO-
My OTIpOCY

5.3. Buabl 1 ¢gopMbI NMCbMEHHBIX PadoT, NPeIyCMOTPEHHBIX IPH OCBOCHUM AUCIH-
IVINHBI «@PHU3HYecKasi M KOJJIOWAHAS XMMH», BbINOJIHsIEMble 00y4YalOIMMUCS CaMOCTOSI-

TECJIbHO

IIpumepHbIe TecTOBbIE 32 JaHUSA

Tect Nel:«Tepmoannamuka. Tepmoxumus»

1. MaremaTuueckoe BhIpa)KEHHE MEPBOr0 3aKOHA TEPMOIAMHAMHKH IS OECKOHEUYHO MAjoro u

KOHCYHOI'O UIBMCHCHHUA COCTOAHHUA CUCTEMbI UMCCT BU/I.
2) 5H = dU + dV;
6) 5Q = dU + dV;




8) 5Q = dU + dA.

2. JIBa raza: OJHOQTOMHBII U IBYXaTOMHBIH, al1a0aTUUECKN PACIIUPSIOTCS. [ KaKoro u3 3TUX
ra3os pabota pacimupeHus Oyzaer OoJiblie, €ClIM YUCIO MOJIeH 00OuX ra3oB OJMHAKOBO, a TEM-
repaTtypa KaxJoro ra3a NOHU3MUIach Ha OJIMHAKOBYIO BEIMYHHY:

a) /Ui ABYXaTOMHOTI0;

0) JIJ1s1 OIHOATOMHOT0;

B) OJINHAKOBA.

3. B kakoM u3 npoiieccoB paboTa pacuIMpeHus HauOOobIIas:

a) 1 kmomns CO; pacmmpsiercs notepmuuecku mpu 300K ot 10 g0 100 M3,

6) 1 kmomb Hz pacmupsiercs nzotepmuuecku npu 1000K ot 10 go 100 m°;

B) 4 kmob CO; pacmmpsitores nzobapudecku npu HarpeBanuu ot 300 mo 550K;
r)2 kmoJib Hz pacmmpsirorcs nzodapudecku npu HarpeBanuu ot 300 1o 1300K?

4. TTpu 300K ra3 B HeanbHOM COCTOSHUM M30TEPMUUECKH U 0OpaTHMo pacmmpsercs ot 1072 o
10! m3. KommuecTBo moromenHoro mpu 3toM Temna 17,26 kJlx. Ckonbko MoJieif ra3a y4acTBYy-
€T B 3TOM IpoIiecce:

a) 1;

0)2;

B) 3;

r) 4.

5. TemoTy cropaHusi OpraHM4ecKoro COEIMHEHHUs, pacioaras JaHHbIMH IO TerjIoTaMm o0pa3o-
BAaHMsI PA3JIMYHBIX BEIIECTB, MOXKHO PACCUUTATh:

a) HEOOXOIMMO U3 TEIJIOTHl 00Pa30BaHUs 3TOTO COETUHEHUS BBIYECTh CYMMY TEIJIOT 0Opa3oBa-
HUS NIPOJYKTOB CTOPAHUs OPTraHUYECKOTO COCUHEHHS;

6) HEOOXOJMMO U3 CYMMBI TEIUIOT 00pa30BaHUS MPOAYKTOB CrOPAHHsI OPraHUYECKOTO COEHHE-
HUS BBIUECTh TEIJIOTY 00pa30BaHUs 3TOTO COEIMHEHUS;

B) HEOOXOAMMO U3 CyMMBI TEIUIOT 00pa30BaHMsI MPOAYKTOB CTOPaHMs OPTaHUYECKOro COeqHHE-
HUS BBIYECTH TEIUIOTY PA3JIOKEHUS ITOTO COCTUHEHHUS.

6. XapakTep 3aBUCUMOCTH TEIUIOBOTO 3(PdeKTa XMMHUIECKON peakiiui OT TEMIIEPATyphl Ompee-
JSETCA:

a) coBepliaeMoi paboToif;

0) UI3MEHEHHEM TETUIOEMKOCTH;

B) arperaTHbIM COCTOSTHUEM BEIIIECTB.

7. B unrepBane temmnepatryp 273-298K ynenbHas TemiaoeMKoOCTh rpaduta Oojiblie yIeIbHON
TEIIOEMKOCTH anmasa Ha 215 Jlx/kr-rpan. Temnooit apdext peakuu nepexoa rpadura B aj-
Ma3 [IpH MOBBIIIEHNHU TemriepaTypsl oT 273 1o 298K usmenurcs:

a) YMCHBIIIUTCS,

0) yBeIMUYUTCSH;

B) HE U3MEHUTCH.

8. COOTHOLIEHUE SHTAJIBIIMM U BHYTPEHHEW SHEPrHHM JAHHOM TEPMOJMHAMMYECKOW CHUCTEMBI
OIIMUCBhIBACTCA:
a)H=U+PV;
O)U=H+A;
B)U=H+AV.



9. OuH MOJIb OJTHOATOMHOT'O Ta3a M OJJUH MOJIb IBYXaTOMHOT'O raza n300aprHuecKyu HarpeBaroT-
cs Ha 100 °C. JInst kakoro U3 3THX Ta30B paboTa pacIIMpeHns 6yaeT GobIe:

a) JUIsl IByXaTOMHOT0;

0) 711 OJTHOATOMHOTO;

B) OJINHAKOBA.

10. BenuunHbl BHYTPEHHEW 3HEPTUU U SHTAJIBIINHU JUIsI XUMUYECKONW pEeakLMy HAaXOSATCs B COOT-
HOIICHUU:

a) AH = AU + nRT;

06) AH=A + nRT,

B) AH = AU +AnRT.

Tect Ne2: « XumMu4eckoe paBHOBecHe»

1. Eciu pearupymoiiyro CHCTEMY paccMaTpuBaTh KaK MJICaIbHYI0, TO Ha KOHCTAHTBI
paBHoBecust Kp u K¢ BusoT cneaytoniie GpakTopsi:

a) 1aBJICHUE;

0) Temmepartypa;

B) MPUPOIA PEATUPYIOIINX BEIICCTB;
') 00bEM.

2. BnusiHue TeMIiiepaTypbl Ha KOHCTaHTY paBHOBecus K, onpenensercs:
a) 3HaKOM M BeIn4MHOM 3Hepruu ['n60ca;

0) 3HAKOM M BEJIMYUHOMN TEIUIOBOTO () PeKTa peakiuu;

B) 3HAKOM U BEJIMYMHOI TEIIOBOro 3Hepruu I'enbmromibua.

3. CootBercTBHe Mex 1y m3menenneM Kp mpu AHY:
a) AH? < 0;

6) AH® = 0;

B) AH® > 0;

r) Kp nmagaer;

1) Kp He 3aBUCHUT OT TeMIepaTypsl;

e) Kp pacrer.

4. PaBHOBECHBII BBIXOJ BOJOpOJia 1Mo ypaBHeHUIO peaknuu CHi+2H.S = CSy+4H;, npu mo-
BBHIIIICHUU OOIIETO JaBIEHUS B CUCTEME, €CJIM BCE BEIIECTBA HAXOAATCS B UACATHHOM ra30BOM
COCTOSTHUY U3MEHHTCS:

a) YMEHBUIUTCS;

0) yBEITUYHUTCS,

B) HE U3MEHUTCH.

5. Mepoii cTanAapTHOTO CPOJCTBAa XMMUYECKOW peakuy npu nocTostHHbIX P u T sBnsiercsa:
a) yosub sHepruu ['nb60ca;

0) MakcuMasbHas 1oje3Has pabora;

B) yObUIb 3Hepruu ['enpmromsia.

6. KoncranTa paBHOBecHs xuMuueckoit peakiuu K¢ u Ky, mpoTekaromeii B uaeaibHOM ra3o-
00pa3HOM COCTOSIHUH, 3aBUCHUT JIM U KaK OT KOHLEHTPALUU Pearupyomux BeIecTB:

a) 3aBHCHUT;

0) HE 3aBHCHUT;

B) YMCHBIIIAETCS;

I') YBEJINYUBAETCS.



7. Koncranra paBHoBecus K, paBHa paBHOBECHOMY JIaBJICHHIO B CHCTEME IIPH JTaHHOW TeMIIe-
parype Uil peakLuu:

a) TOMOTEHHAsl peaKIys, B KOTOPOil 00pa3yroTcst ra3000pa3Hble IPOIYKTHI;

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

B) TOMOT'€HHAs PEaKIysi, B KOTOPOi 00pa3yeTcsi oAnH ra3000pa3HbIi MPOIYKT.

8. PaBnoBecue B peakmuu COClz = CO + Clz npu m00aBiIeHHM K PAaBHOBECHOW CHCTEME
MHEPTHOTO I'a3a IPU IOCTOSHHOM O0IIEM J1aBJIECHUU CMECTUTCS:

a) B IPsIMYIO CTOPOHY;

0) B 00paTHYIO CTOPOHY;

B) HE CMECTHTCH.

9. Bennuunsl K, u Ke s peakiuu So(TB) + 4H20(ra3) =2S02(ra3) + 4Ha(ra3) Haxoasarcs B
COOTHOIIICHUH

a) Kp=K;

0) Kp<Ke;

B) Kp>Ke.

10. Koncranra paBHoBecusi Kp, XUMHUECKO#l peakiuu, MPOTEKAIOMIEH B HUIeaIbHOM Tra3000-
pa3HOM COCTOSIHMM, 3aBUCHUT JIMW U KaK OT KOJIMYECTBAa MOJIEH BEIIECTB, YYAaCTBYIOIIUX B
HEH:

a) 3aBHCHUT;

0) HE 3aBUCHUT;

B) YMEHbIIIAeTCs;

T') YBEJIMYUBAETCSI.

Tect Ne3: « da3zoBble paBHOBecusi. PactBopb»
1. HachIeHHBIM TapOM >KHJIKOCTH Ha3bIBAETCS:

a):map, HaxoASLUNCS B paBHOBECUHU C KOHJIEHCATOM;
0):map, HaXOISIUNCS B PABHOBECUU C N1ApOM;
B):IIap, HAXOAIINICSA B PABHOBECUH C KHUJKOCTHIO.

2. Uucno TepMOJUHAMUYECKUX CTeIeHer cB000 bl C OJTHOKOMIIOHCHTHON CHCTEMBI, COCpIKa-
Il KUAKYIO U TBEPAYIO (ha3bl B COCTOSTHUU PABHOBECHUS PABHO:

a) 0;

0) 1;

B) 2;

r) 3.

3. TpoitHas Touka Ha UarpamMMe COCTOSHUS OJHOKOMITIOHEHTHOM CUCTEMBI:

a) 9TO TOYKA Ha Juarpamme, rnapamerpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEHHOMY CYILECTBO-
BaHMIO TpeX (pa3, HAXOAIUXCS B PABHOBECHH;

0) 5TO TOUKa Ha U30TEpME, MapaMeTpbl KOTOPOH COOTBETCTBYIOT OJTHOBPEMEHHOMY CYIIECTBOBA-
HUIO TpeX (a3, HaxoAIuXcsl B paBHOBECHH;

B) ATO TOYKa Ha T'PaJyUPOBOYHOM rpaduke, mapameTpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEH-
HOMY CYIIECTBOBAHHUIO TpeX (a3, HaXOAALIMXCS B PABHOBECUH.

4, «CoCTaBIAIOLIEN) CUCTEMBI HA3bIBAETCH:
a) cTerneHb CBOOOIHI;
0) BelIecTBO, KOTOPOE MOKET OBITh BBIJICIICHO U3 CUCTEMEI M CYIIECTBOBAThH BHE €€



B) CaMOC JICTYUCC BCUICCTBO B CUCTCMC.

5. KakoBo of1iee TepMoIuHaMU4eCcKoe yclioBUEe (a30BOro paBHOBECHS:

a) MePBBIN 3aKOH TEPMOAHMHAMUKY;

0) paBEHCTBO XMMUYECKUX TOTEHIIMATIOB KaXKI0TO KOMIIOHEHTAa BO BCeX (pa3zax;
B) sHeprus [ 'n66ca =0.

6. 3aBUCMMOCTbH JJaBJICHUS HACBIIIEHHOTO Napa HaJ TBEPAbIM TEJIOM OT TEMIIEpPaTyphl:
a) YBEJIMYUBAETCS C POCTOM TEMIIEPATYyphI;

0) yMEHBIIIAETCsl C POCTOM TEMIEPATYPbI;

B) HE 3aBUCHUT OT TEMIIEpaTypHl.

7. KOMIIOHEHTOM CUCTEMBbI Ha3bIBAETCS:

a) TBepaas ¢asa;

0) xxmakas ¢asa;

B) HE 3aBHCHMas COCTABJISIOIIAS] CUCTEMBI.

8. YkaxuTe nuarpaMMy COCTOSIHUSI BOJIBI (AMarpaMMmy paBHOBecus ¢a3) B KoopamHatax P =

f(T):

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

Audrocms

Thepioe

9. YUncno TepMoauHaAMUYECKHX cTeneHeil cBo0oapl C 0THOKOMIIOHEHTHON CHUCTEMBI B TPOU-
HOW TOYKE PABHO:

a) 0;

0) I;

B) 2;

r) 3.



10. Kakumu ToukaMu HaYMHAETCS U KOHYAETCs KpUBas 3aBUCUMOCTHU «IaBJIEHUS HACHIIICH-
HOTO Iapa >KMJAKOCTH OT TEMIIEpaTyphI»:

a) TpoifHas TOUKa;

0) UCXoHAasl TeMIIeparypa;

B) DBTECKTHKA,

I') KpUTHYECKas TeMIlepaTypa.

Tect Ne4: «dnekTpoxumus»

1. Yncnom nepeHoca noHa Ha3bIBACTCS:

a) KOJIMYECTBO NIEPEHCCCHHOT'O SJICKTPHUUCCTBA,
6) OTHOIICHHEC KOJIMYCCTBA JJICKTPHUICCTBA, ICPCHCCCHHOC NOHAMU JaHHOI'0 po/Jia CKBO3b
CCUYCHHUC JJICKTPOJINTA, K 06].].[6My KOJIMYCCTBY JJICKTPUUCCTBA,

B) CyMMa KOJIMYCCTBA SJICKTPUYCCTBA, ICPECHCCCHHOC NOHAMHU JAHHOT'O pOJia CKBO3b CCHCHHC
QJICKTpPOJIMTA, C O6I_I_II/IM KOJIMYCCTBOM JJICKTPHUUICCTBA.

2. 3aBUCHUMOCTb MEXKy YHMCIAMHU [EPEHOCAa KATUOHOB U AHUOHOB M CKOPOCTSIMU MX JIBHXKEHUS
HMEET BU;

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

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

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

3. [IpomoprmoHaIEHO KBaAPATHOMY KOPHIO M3 MOJISUIBHON KOHIICHTPAIINU U3MEHSFOTCS:
a) a;

0) a;

B) A\,

T) Ao,

n) 1gy;

e) K,

xK) T

4. HauOompIel moJBM»KHOCTHIO B BOJHBIX PACTBOpPax 00J1aIat0T UOHBI:
a) Na*;

6) Cr¥*;

B) H';

r) OH".

5. ®opmyina, cBsI3bIBaroLIasl YACIbHYIO 3JEKTPOIPOBOAHOCTD K, KOHCTAHTY SYEUKHU ( U COTMPO-
TUBJIEHUE PACTBOPA EKTPOJIUTa Rx UMeeT BUI:

a) Kk = pRy;
0) K = p+Ry;
B) K = @/Rx.

6. Ecnmu cpaBHWBATh PacTBOPUTENIH, OJTU3KHE IO CBOMCTBAM, TO KOHCTAHTa JUCCOIHAIHH
AIEKTPOJIUTA C POCTOM AUDIICKTPUUECKON MTPOHUIIAEMOCTH PACTBOPUTEIIS:

a) YMEHBIIIAeTCs

0) yBenu4IuBaeTCs,

B) HE U3MEHSETCSI.



7. DKBUBAJICHTHAS 3JEKTPONPOBOAHOCTh MPU OECKOHEYHOM pPa3BEJICHUU PacTBOpa YKCYCHOU
KHCIOTHI B 1,5 pa3a Gosblie Tako# ke 3JIEKTPOINPOBOJIHOCTH THIPOKCHIa aMMOHuUs. PacTBo-
pet 0,1 5. CH3COOH u 0,05 5. NH4OH uMmerotr oquHakoBYO SKBUBAJICHTHYIO 3JIEKTPOIIPOBOI-
HOCTb. COOTHOIIEHUE CTEMEeHEeH NHUCCOLMAIMU ITHX 3JEKTPOJIUTOB B JAHHBIX pacTBopax (ou
— CTENEHb JIUCCOIMALIMYI KUCIIOTHI UM O2 — CTENEHb IUCCOIUAIIU OCHOBAHUS):

a) o = oo,

0) o1 < a;

B) Ol1 > Ol2.

8. [IpaBuio noHHOM cuibI (IpeaenbHbIN 3aK0H [{ebass — ['rokkens) hopmynupyeTcs:

a) B KOHIICHTPUPOBAHHBIX PACTBOPAX CPEAHUN MOHHBIM KO UIHEHT aKTUBHOCTH HE 3aBU-
CHUT OT MPUPOJIBI FJICKTPOIUTA U ONPELISICTCS BETMIUHON HOHHON CHITBI;

0) B pa30aBIEHHBIX PacTBOpaxX CPEIHHUI MOHHBIN KOI(PPUIMEHT aKTHBHOCTH HE 3aBUCUT OT
IPUPOJIBI AIEKTPOIUTA U ONPEACIICTCS BEIMUNHON HOHHON CHUIIBI;

B) B CHJIbHO pa30aBJIICHHBIX pacTBOPaX CPEIHUN MOHHBIN KOA(DPUIIMEHT aKTUBHOCTH HE 3aBU-
CHUT OT MPUPOJIBI FJIECKTPOJIUTA U ONPEESISICTCS BETUYMHON HOHHOW CHJIBI.

9. CBoiicTBOM pacTBOpUTES, OMPEAEISAIONIUM €ro ClIOCOOHOCTh MOHU3UPOBATh PACTBOPEHHOE
BEIIECTBO (KPOME €ro CHOCOOHOCTH K XMMHUYECKOMY B3aWMOJCHCTBHUIO C 3THM BEIIECTBOM)
SIBIISICTCSL:

a) MOHHAsI CUJIA;

0) BA3KOCTb;

B) IMJICKTPUYECKAs TPOHUIIAEMOCTb.

10. CreneHp aucconuanyu ciadoro JIEKTPOJIUTa B BOJHOM PacTBOPE C POCTOM TeMIepaTy-
pBI:

a) u3MeHseTcs 1o napadoie

0) MPOXOIUT Yepe3 MaKCUMYM;

B) HE U3MEHSETCH.

Tect Ne5: «J1eMeHTBI CTATHCTHYECKOH TEPMOANHAMHUKI

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

a) U-U% = RT?(8INZ/5T)p;

6) U-U° = RT?(3InZ/3T)r;

B)U-U® = RT?(8InZ/5T)v.

2. [Ipn HarpeBaHUU TEIUIOEMKOCTh PAcTeT OBICTpee, T. €. TOCTUTAET KIACCHYECKOTO Mpeeia
paBHOTO BenuuuHe R. mpu Oonee HU3KOM Temmeparype AJis:

a) Cly;

0) O2;

B) Fa.

3. TemoeMKOCTh Ta3a B UJ€ATBHOM COCTOSHHU MpHU MOCTOSSTHHOM o0beme Cy ¢ cymmol co-
cTosTHUM Z CBA3BIBAaET Ghopmya:

a) Cy=2RT (3InZ/8T)v + RT?(§%InZ/8T?)y;

6) Cv=2RT (3InZ/5T)p + RT?(8%INZ/5T?)p;

B) Cy=2RT (8InZ/8T)r + RT(8%InZ/8T?)r.

4. Jnst BRIYMCIEHUSI KoyieOaTenbHOW coctaBisroniel sHeprun [empmromnsiia (F—Fo) aByx-
ATOMHOT'O ra3a npu I[aHHOI\/'I TEMIICPATYpPC U AABJICHUU CTATUCTUYCCKHUM MCTOIOM HGOGXOIII/IMO
3HATH:

a) XapaKTePUCTHIECKYIO TEMIIEPaTypy;



0) 4aCTOTy BHYTPUMOJEKYISIPHBIX KOJIeOaHUH;
B) 00J1aCTh MOTJIOIICHUS.

5. TemumoemkocTtu npu nocrossHaom gasieHun D2, HD, H2 u HC1 pu 1000 K cooTBeTcTBEHHO
pasubl 31,66; 30,71; 30,59 u 31,24 Jlx/Monb-rpaa. [locinenoBarenbHOCTh BO3pACTAaHUS Xapak-
TEPUCTUYCCKON TeMITepaTypshl 0:

a) HD;

0) Do;

B) Ho.

r) HC1;

6. DuTansnuio uneanbHoro raza (H—Ho) ¢ cymmoit cocTosinuit Z cBsizpiBaeT hopmyna:
a) H-H°=RT [1+ T (8InZ/5T)e];
6) H-—H=RT[1+T(8InZ/3T)V];
B) H—H=RT [1+ T (3InZ/8T)1].

7. BpamaTeabHyr0 COCTaBISIOIIYIO CYMMBI COCTOSIHUM C TapaMeTpaMyu COCTOSHHS U MOJIEKY-
JSIPHBIMH KOHCTAHTAMH JBYXaTOMHBIX MOJIEKYJI CBSI3BIBACT (hOpMyIIa:

a) Zep = ?IT/h%;

6) U-U% = RT?(8INZ/5T)p;

B) ZBp = 87°IkT/h%G.

8. BonHoBBIE uKClia BHYTPUMOJEKYISPHBIX KoJieOaHUM cepoBoaopoaa paBHbI 2722, 2739 u
1214 cm. TlocneoBaTenbHOCTS BOTHOBBIX YHCEN B MOPSIKE YOBIBAHMS BKIAJA:

a) 2739 cmt.

6) 1214 cm'!;

B) 2722 emL;

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

a) He J1aeT OOBSICHEHUS IKCIIEPUMEHTAIIBHON 3aBUCUMOCTH TEIUIOEMKOCTH OT JIABJICHHUS;

0) He 1aeT 0OBACHEHUS SKCIIEPUMEHTATIHLHON 3aBUCUMOCTH TETJIOEMKOCTH OT 00beMa;

B) HE J1aeT O0OBACHEHUS SKCIIEPUMEHTATHHOM 3aBUCUMOCTH TEIIJIOEMKOCTH OT TEMITEPATYyPHI.

10. CymMa COCTOSIHHI OT TeMIEpaTyphI:
a) 3aBHCHT;

0) He 3aBUCHT;

B) YMEHbIIAETCS;

T') yBEIMYUBAETCS.

11. Duepruto ['m66ca (G—G0) c cymmoii cocTosTHUH CBsI3bIBaeT hopMyIa:
a) G -G’ =-RT(1 - In2);

6) G — G° = RTInZ;

B) G - G*=RT(1 - InZ).

Tect Neb:«Xumnueckasa kunernka. Karaaus»

1. VYpaBHeHHE 3aBHCHMOCTH KOHCTAHTBI CKOPOCTHM pEaKIHH OT TEMIEepaTypsl B
muddepeHanbHoi hopme UMeeT BUA:

a) din k/dT = E/RT
6)dIn k/dT = AH/RT?;
8) dlg k/dT = - EIRT
r)din k/dt = E/RT?.



2. VI3MeHeHue KOHLEHTpAIUu MPOJIyKTa PeaklUu CO BPEMEHEM, €CJIM peakius UMeeT HyJie-
BOH MOPSAJIOK, UMEET 3aBHCHUMOCTH!

a) YMEHBIIIAeTCs 110 TIapadoJe;

0) yBeTMUMBACTCS T10 TIapadoIIe;

B) YMEHBIIIACTCS 10 JIMHEHHOM 3aBUCUMOCTH;

I') YBEJIMYMBAETCS] 110 JIMHEWHOM 3aBUCHMOCTH.

3. Bpemst nocTmKeHHs] MaKCUMaJbHOM KOHIICHTpAIMH MPOMEKYTOYHOTO BemecTBa B B mo-
CIIeI0BaTEIbHON peakuuu neproro nopsigka A—B—C 3aBUCHT:

a) OT CYMMBbI KOHCTaHT CKOPOCTEH MOCJIe0BATEIbHBIX CTAUN PEAKIINY;

0) OT pa3HOCTH KOHCTAHT CKOPOCTEH MOCIIeI0BATEIbHBIX CTAAUN PEAKIINH;

B) OT OTHOILIEHUSI KOHCTAHT CKOPOCTEN MOCJIeA0BATEIbHBIX CTAUNA peakiud U OT UX Pa3Ho-
CTH;

r') OT OTHOIIEHHUSI KOHCTAHT CKOPOCTEH MOCIEI0BAaTEIbHBIX CTAANN PEAKIIUU U OT UX CYMMBI.

4. T'padMK 3aBHCHMOCTH Jorapr(Ma KOHCTAHTH CKOPOCTH peakimu ot T~ umeer Bu:
a) TUIIepOOITBI;

0) mapaborbr;

B) IPSIMOH.

5. KoHcTaHThl cKOpocTel JBYX peakluil BTOPOTO MOPSAJKA, €CIU HUCXOJHbIE KOHLIEHTpaluu
000X pearupyrommux BEIIEeCTB OJMHAKOBHI UMEIOT COOTHOIICHHE. 3HAYCHUS MCXOJIHBIX KOH-
LEHTpaluil ¥ Mepuoasl MOJIyHpeBpalleHus s 3THX peakuuil: 1-1 peakuus—I1,5 Moib/m;
200 muH; 2-5 peakus —2,0 moub/i1; 300 MuH:

a) ko = 2ky;

0) k1 = 4ko;

B) ko = 4kg;

r) k1 =2ko.

6. MakcumanbHOE KOJIMYECTBO MPOMEXKYTOUYHOIO BellecTBa B B mociienoBaTenbHON peakiuu
nepsoro nopsaaka A—B—C onpexnensercs:

a) OTHOLIEHHMEM KOHCTAaHT CKOPOCTEH M HaudalbHOW KOHIIEHTpalueill HCXOJHOro Belle-
CTBa;

0) OTHOLIEHUEM KOHIIEHTpalui BEIIeCTB;

B) OTHOLIEHUEM KOHCTAHT CKOPOCTEH M paBHOBECHOU KOHIIEHTpaluel UCXOAHOIo Belle-
CTBA;

I') OTHOLIEHHEM MEepUOJIOB Mojypaciaja W HavyajdbHOM KOHIEHTpaluHued HCXOJHOTO Be-
IECTBA.

7. Ilepuon momynpeBpauieHus: I peakuuu 2-ro MOopsaKa 3aBUCUT OT MCXOJHBIX KOHIEHTpa-
U pearnupyroIInX BEIeCTB:

a) 0OpaTHO MPOTMOPIIMOHATICH UCXOHOU KOHIICHTPAIIHH;

0) mpsMO POTOPIMOHATIEH PABHOBECHOW KOHIICHTPAIIUH;

B) IPSIMO MPONOPLHUOHATIEH UCXOAHONW KOHIIEHTPAIUH.

8. DKCIIepUMEHTAIBHOW SHEPTUEH aKTHBAIIUU CII0KHON PeaKIMK Ha3bIBACTCS
a) napametp E B ypaBHeHUn AppeHuyca;

0) mapametp E B ypaBHenuu Baut-I'odda;

B) mapametp E B ypaBHEHUU TeopHuH aOCOTIOTHBIX CKOPOCTEH;

r) napametp E B ypaBHeHHU DiipuHra.



9. Peakuss A—B—C nepBoro nopsaka. MI3amenenune konieHtpamnuu semects A, B u C ¢
TEUCHHEM BpeMeHH, ecitn K1>K2 oTpa)kaeT 3aBUCUMOCTbD:
[4

2) 0) B)

10. B npuMeHeHNU METOa CTAallMOHAPHBIX KOHLIEHTPAIMI UMEIOTCSI OrpaHUYCHUS:
a) He IPUMEHSETCS AJI1 KOHEYHOT 0 I1epUoJ1a PeaKLuu;

0) He mpUMEeHsIeTCs A7l Ha4aJlbHOTO MepUoa Peakiluu;

B) HE IIPUMEHSIETCS JIJIsl MOMEHTA PaBHOBECHS;

T') HE PUMEHSIETCS B KATATUTHYECKHIX PEAKIIUSX.

IIpumepHbIii IepeyeHb TeM Ja00PATOPHBIX PA0OT MO JUCUHUIIIIMHE
«Du3nyecKkas U KOJUIOUIHAST XUMHUSD)

Paznes |. TepmoannaMmuka 1 TepMOXUMUS
1.OnpezneneHue TEMIOTH PACTBOPEHHSI COJIU
2.0mnpeneneHue TerIoThl HEUTpaTu3aluu.

3.0OnpezneneHue TEMIOTHl PEAKIIMUA OKHCIICHHUS.

4. OnpeneneHue TEIIOT CrOPaHUsl OPTaHUYECKUX BEIIECTB

Pa3nes |1. TepmoannaMuyeckne 1 paBHOBeCHbIE XapaKTEPUCTUKHU PeaKUMii B pacTBopax
1.3y4yeHne TepMOAMHAMUYECKUX U PABHOBECHBIX XapaKTEPUCTUK PEAKLIMI B paCTBOPaXx.
2.M3yyeHue KOHCTaHT MOHU3ALWU UHAUKATOpa OTOMETPUUYECKHM METOIOM.

3.M3yueHre KOHCTaHT paBHOBECHUS] XUMUUECKOM peakluy B pacTBOpax (OTOMETPUUECKHM METO-
JIOM.

4.M3y4yeHue cOOTHOLIEHNs KOMIIOHEHTOB KOMIUIEKCHOTO COETUHEHUS B pPacTBOpax GOTOMETPH-
YECKUM METOIOM.

Paznea |11. ®usuko-xumMuyeckue cBoiicTBa pacTBOPOB

1. BnusiHue MOHHOM CHJIBI HA KOHCTAHThl HOHU3ALUU UHIMKATOPOB.

2. BnusiHue MOHHOM CUJIBI HA TEPMOJIMHAMUYECKUE XapaKTEPUCTUKNA 00pa30BaHUsI KOMIUIEKCHO-
IO COEIMHEHUS B PACTBOPAX.

Pazpen IV. Dnekrpoxumus

1. KoHCTpynpOBaHNe XUMHUYECKMX HCTOYHUKOB TOKA.

2.M3ydeHne S5KBUBAJICHTHON 3JIEKTPOIIPOBOTHOCTH U KOHCTAHT MOHU3ALIMHU CIA0BIX 3JIEKTPOJIN-
TOB.

3.IloTeHUIMOMETPUS U HOHOMETPHUSI.

4. N3ydeHne pacTBOPUMOCTH TPYIHOPACTBOPUMBIX COECIMHEHHM.

Pa3znen V. Xumuueckass KHHETHKA

1. 3yueHue cKOpoCTH peakIuu OKUCIEHUS H0I0BOAOPOIHON KUCIIOTHI MEPOKCHUIOM BOIOPO/Ia
2. doTroMeTpruIecKOe U3YICHNE KHHETUKH PEAKIIUU 00pa30BaHUS OKPAIIEHHOTO KOMIIEKCHOTO
COCIMHCHMUS.

3. M3ydeHne CKOpOCTH peaKIuu pa3aoKeHUsI MypeKCHIa B KUCIION Cpejie.

4. VI3ydyeHne CKOpOCTH MHBEPCUU TPOCTHUKOBOTO caxapa.



Pasznea VI. Karaaus

1.3y4yeHre KHHETUKH KaTaIMTUYECKOTO PA3I0KCHHUS

MIEPOKCH/IA BOJIOPO/Ia

2. KaranuTtrdeckoe BIHSIHIE HOHOB MG H JKeJie3a Ha CKOPOCTh OKHCIICHUST MOIOBOIOPOTHOM
KHCJIOTBI MepCyabhaToM aMMOHHMS

3.Karanutuueckas neruaparans 3THIOBOTO CIIUPTA.

MeToanuyecKue PCKOMEHIAIUHN K PCIICHUIO 3a/1a1

1. Onpenenure ko3puureHT TUPPy3un KpacuTeass KOHIO KPaCHOTO B BOJHOM PAaCTBO-
pe, ecitd IpH rpajguente konnentparmu 0,5 kr/m® 3a 2 1 gepes 25-10* m? npoxoaur 4,9-107 r
BEIIIECTBA.

Pemenne. Kosdpduuuent auddysun Haxonum us neporo 3akona Ouka

Am
D=——«—,
S-At-[grad c]
rjae Am - Macca BeIecTBa, S - miomniaas, Af- Bpemsi, grad ¢ - rpaJiieHT KOHIICHTPAIUH:
49-107-10°°

- - —5,4.10 (M?/c).
25-107-2-3600-0,5

2. Onpenenute kodpdunuent auddysun D u cpeaHuii ciBUr X - 4aCTHIIBI THIPO30JIS 32
Bpems T = 10 ¢, ecnu paauyc yactuupsl I = 50 HM, TeMieparypa onsita 293 K, BA3KOCTb Cpezbl M
=103 a-c.

Pemenne. CpeHEKBAIPATHYHBIN CIBUT YACTHIIBI X~ 33 MPOMEXKYTOK BPEMEHH T OIpe-
JiensieTcs Mo 3aKkony DHHIITelHa - CMOJITyXOBCKOTO:

=2
x =2Drt
Koadpdurnment quddyszun D paccuntsiBaeTcs o ypaBHEHUIO DHUHINITEITHA
kT 1,38-107%-293

D = = — 4 29 . 10—]2 2
67nr 6-3,14-10*3 .50-107° > M</c

Torna Cpe,[[HI/Iﬁ CABHUI HaCTHULIbI COCTABUT:
X=v2Dr =+2-429-10"-10 =9,26-10° m = 9,26 MkM.

3. OmpenenuTh pagnyc YacTUIl THAPO30IIS 30JI0Ta, €CIIU Mocie yeTaHoBIeHus auddy3n-
OHHO-CeTMMEHTAIIMOHHOro paBHOBecus mpu 293 K Ha BricoTe h = 8,56 cM KOHIIeHTpauus ya-
CTHII M3MeHseTcs B € pa3. [ImoTHocTs 30mota p = 19,3 r/em®, mmoTHOCTH BOIBI po = 1,0 T/em®.

Pemenne. Pacnpenenenue wyacTuil MO BBICOTE€ NPU YCTaHOBJIEHUH U Y3HOHHO-
CEeIMMEHTAIIMOHHOTO PABHOBECHSI OTIMCHIBACTCSI THTICOMETPUIECKAM YPaBHEHUEM

Vi __Blp=p)h

In Vv, kT
rae v- 00BeM YaCTHUIIBI, paBHBIﬁ JJIA C(I)CpI/I‘-IeCKI/IX qacTHUIl % 7Z7"3 .
CornacHo ycioBuio 3amauu, v, = V,/e u Inv, /v, = —1. C y4eTom 3TOro BeIpaXeHUE IS
paanyca 4aCTHULl IPUHHUMACT BUJ
N :3\/ 3-1,38-107-293 —208.10°° 4= 3.98 s
drgh(p—p,)  \4-314-981-856-10°-(193-1)-10° ’



4. Paccuuraiite ocmoTrueckoe amnBienue 30 %-noro (Macc.) ruapo3zois SiOz2 npu 293 K,
eCIy yesbHas TOBEPXHOCTh YACTHIL Syy = 2,7-10° m%/kr. TINOTHOCTH YacTHI[ THAO30MS p = 2,2

r/cM, IIOTHOCTB cpefbl po = 1,15 r/em®.
Pemenne. OcMoTHYECKOE JABJICHUE B JUCIIEPCHBIX CUCTEMAaX PACCUUTHIBACTCS IO ypaB-
Henuto Bant-I'odda

=T ="SkT,
m

rae C - MacCoBasl KOHICHTpAaLMs 4YaCcTHUIl; M - Macca OJIHOM YaCTHUIIBI.
PaccuntriBaeMm MAaCCOBYIO KOHICHTpalHuro I[PICHCpCHOﬁ (1)8,3511

0,3 0,3
= : = : = 402,7 xr/m>.

“T03/p+0,7/p  03/22-10°+0,7/115-10° K

Jiis cheprdeckux 4acTuil
=V
m=Jal’p
I 6 tod T
OCKOJIbKY § , = —, TO = . loraga
¥ dp Syép
367 36-3,14 N
m=— =1,19-10" kr

S (2710 (2,2-10°)

by
PaccuuteiBacM OCMOTHYECKOC JaBICHUC:

_ 4027 361077293 = 137-10° HAZ
=190 b M

5. YacTuipsl 6eHToHuTa AucnepcHoctbio D = 8-10° M ocenaror B BoaHoi cpejie o eii-
CTBHEM CHWJIBI TsbKecTH. Omnpeienurte BpeMs: oceanus t1 Ha paccrosaue h = 0,1 M, ecnu mior-
HOCTh OenTonuTa p = 2,1 T/cM®, mmoTHOCTH cpenst po = 1,1 T/em®, BaskocTs cpeasr 1 = 2-1073
[Ta-c. Bo ckonpko pa3 ObicTpee OCAIyT YacTHIIBI HA TO JK€ PAaCCTOSIHUE B IIEHTPOOEKHOM IOJIe,
€CJIM HayaJIbHOE PAacCTOsIHUE OT ocH BpamieHus x, = 0,15 M, a CKOpoCTh BpalleHus HEHTPUPYTH
n =600 o6/c.

Pemenne. CkopocTh OCelaHMsI YaCTHI] C paJlycoM I B CIUIOIIHON cpeje Mpu cobmtoe-
HuM 3akoHa CTOKCa BBIPa)KaeTCsl ypaBHEHUEM

_h_2p-per
- T - 9n ’
OTKyZJa
9nh4D? 1
TP P
9.2:107-0,1-4-(8-10°) .
T, = =2,35-100 ¢

! 2-(2,1-11)-10°-9,81
Jy1st 9acTuIl, OCeMaroIINX B IIEHTPOOESIKHOM T10JI€, CITPaBEUTHBO COOTHOIIICHUE
x 27 (p-p)e’s,
nx—0 = o ,

e x =X, +h; @=27N - yriaosas CKOPOCTh BPAIICHUS IIEHTPUPYTH.
Bpewms ocenanus B IeHTpOOEKHOM MOJIE COCTABUT:
. 9nin(x, +h)/x0 4D’ 92 107 -In(0,15+ 0,10)/0,15-4- (8-10°)° 083 ¢
P 2Ap-p)arnt 2-(2,1-1,1)-10° - 4- (3,14)* - 600 -
Hckomoe COOTHOLIEHUE PABHO




523510 oo
r, 083 7 '

6. Kaxoe 1eHTpo6exHOE yCKOpEeHHe I0KHA UMETh IEHTpU(yra, 4To6bI BHI3BATh OCEa-
Hue yacTur] pagumycoM r = 5-10% M u mmorrocTeIO p = 3-10% Kr/M® B Ccpene ¢ MIOTHOCTBIO Po =
1-10% kr/m® u BsazkocTio 1 = 1:107 a-c mpu T = 300 K?

Pemenne. /711 TOro 4to6bl MPOUCXOMIO OCEIAHNE YACTHUI, HEOOXOUMO Npeodiaganue
CKOPOCTH OCEJaHHs HaJl CKOPOCTHIO TEIIOBOTO JBMKEHUS NPUMEPHO HA TOPAIOK. J{1sl OlleHKH
CKOPOCTH TETIOBOTO JBMKEHHS YacTHUI] PACCUNTHIBAETCS cpemuuil casur X 3a 1 c. ITo ypaBHe-
HUIO

KT

37[77rT’
_ \/ 1,38-102 - 300
Y TV3314-10°-5-10°°

3agaeTcs CKOpOCTh OceaHusl Uy = 3.107 m/c, nanee HAXOMmAT LEHTPOOEIKHOE YCKOPEHUE
10 YPaBHCHHIO

X =

=3.-10"°m/c.

) 1, 977 ) 3-10°-9-10° s
h=—" . 2h= ~27-10° w/
O o2 YT 2022510 e
NnJIn
27 -10°
wth =222 _ 2 74.10%
9,81

7. PaccunTath U CpaBHUTH BpEMsI OCEIaHUs YAaCTHIl B TPAaBUTALIMOHHOM U LIEHTPOOEKHOM
TIOJNAX TIPH CIEXYFOIMX YCAOBMSX: paguyc dacTull r = 107 M; IIOTHOCTh AUCHEPCHOI (a3l p =
3-10° xr/m®; muoTHOCTH AMcIepcHoHHOH cpensl po = 1-10% kr/m®; Baskocts M = 1-10° Ta-c; BHI-
cota ocenanns h = 0,1 M; eHTPOGEKHOE yeKopeHne N = 100g.

Pemenne. CKopocTh OCEIaHNs YaCTHIl B TPAaBUTALIMOHHOM IIOJIE:
_2(p- Po)Or° _2-(3-10°-1-10°)-9,81-(10")* _436.10m/c.

9 9.10°

CKOpOCTh OCETaHMs YaCTUII B IICHTPOOESKHOM T10JIE:

_ o’h(p—p,)2r* _100-(3-10° ~1-10°)-981-2-(107)*

Ur

" = =4,36-10"°wm/c
I 9-10
Takum 06pazoM, Ug = Ur - 100 =4,36-10% -100 = 4,36-10° m/c.
Bpewms ocenanus T= E
u

C __o 2,3-10°c = 27

JIEIOBATEIILHO, T, = 436 10° =2, c= CyT,

0,1 .
7, :W =2,3-10"c = 38 muH.

8. Paccunrats pagmnyc yactui 30151 AgCl B Bozie, eci BpeMst UX OCellaHusI B IEHTPUQYTe
coctaBwio 10 MUH MpH CIIEAYIOIUX YCIOBHUIX: UCXOAHBINH ypoBeHb h1 = 0,09 M; KOHEUHBI! ypo-
BeHb h2 = 0,14 M; mIOTHOCTB McTepcHOl (as3el p = 5,6-10% kr/M>; IOTHOCTD TUCTIEPCHOHHOM
cpensl po = 1-10° xr/m>; wactora Bpamenus nenTpudyru U = 1000 06/MuH; Bs3kocth 1 = 11073
I1a-c.



Pemenue. Paqnyc gacTui] pacCUUTHIBAIOT 10 YPABHEHUIO

L \/ 9n  In(h/h)
20p-p)o* 7T
VYrioBas ckopocth @ = 27m/ 60, rae N - 4uciio 00OPOTOB B MUHYTY (YacToTa Bpariie-

2-3,14-1000 1
Hus). Clie10BaTebHoO, @ = w0 - 105¢™,
~ \/ 9-10°  1n0,14/0,09

2-4,6-10°-105*  10-60

=2,6-10""m.

9. BBIYHCINTD CPEAHIOK MOJICKYJSIPHYIO MAacCy TeMOIJIOOWHA I10 OINBITHBIM JAHHBIM
CeenbOepra. CequmeHTaiMOHHOE paBHOBecue Hactymwio depe3 39 4 mpu T = 293 K. Yacrora
BpameHus HenTpudyry N = 8700 06/MMH; MIIOTHOCTH pacTBOpuTens po = 1,008-10° xr/ms;
YIETBHBIA 00BEM T'eMOTJIOOMHA U =0,749-10°° m%/xr. KoHuentpanuu remorio0rMHa €1 U €2 Ha
paccrosiausx h1 u h2 ot ocu BpaneHust potopa 1eHTpuyru NpuBeIeHbI B TabJIHIIE:

h,-10%, M h1-10%, m c2, % c1, %
451 4,46 0,930 0,832
4,21 4,16 0,437 0,398
4,36 4,31 0,639 0,564
Pemenne. [To ypaBuenuto Cendepra
_ 2RTIn(c,/c,)
(L-Opy)a? (h2 —h2)’
_ 2/m _ 2-3,14-8700 _ 910c-'-
“=760 60 :
2-8314-10° -293-ln0’930
M, = , 0,832 = 59446;
! (1-0,749- 107°-1,008 - 103) . 9102(4,512 107 —4,46% - 10’4) ’
2-8314-10° ~293-1n0’437
M, = : 0,598 = 54938;
2 (1-0,749 - 107 - 1,008 - 103) . 9102(4,212 107 - 4,16 - 10’4) ’
2-8314-10° -293~ln0’639
M, = : 0,564 = 69695;
3 (1-0,749- 107°- 1,008-103) . 9102(4,362 10 —4.31° -10’4) ’
M .= 59446+ 54238+ 69695 = 613601/ MOJIL

10. PaccunTarh MOJEKYJISPHYIO Maccy TMOJMaMHUIa B METAHOJIE TIO0 OINBITHBIM JIaHHBIM
METO/a YIbTpaueHTpudyrupoBaus: K03(pPUIMEHT KOHCTAHThI CEIUMEHTAIUN NpU OECKOHEeU-
HOM pa3BelieHnH pacTsopa S, = 1,95; koncTanTs ypasrenns K = 1,86-102; b = 0,47.

Pemienue. MonexyIsIpHYIO MacCy paCCUMTBIBAIOT MO0 YPABHEHUIO
lg§, —IgK

b ;
0,2900—2,2695  0,2900— (—1,7305)
lgM = =
0,47 0,47

lgM =

=4,2989, M =1,99-10".



6. OBPA3OBATEJIBHBIE U THOOPMAIIMOHHBIE TEXHOJIOT' TN

B cootBerctBuu ¢ TpedoBanusimu @PI'OC BO no HanpaBieHUIO MOATOTOBKH pealn3anus
KOMIIETEHTHOCTHOT'O IOJXOJa IpPeaycMaTpuBaeT HCIOJIb30BaHUE B y4eOHOM IpOLECcCe aKTHB-
HBIX ¥ HHTEPAKTUBHBIX ()OPM MPOBENCHHS 3aHATUN. (KOMITBIOTEPHBIX CUMYJISILUI U TIp.) B cOYe-
TaHUM C BHEAYAUTOPHON paboOTON C LeTIbl0 (POPMHUPOBAHUS U Pa3BUTHs TPeOyEeMbIX KOMIIETEH-
it o0yvaronmxcs. Bo3MoKHO IpUMEHEHHUE 3JIEKTPOHHOTO 00yUYeHHS U TMCTAaHLIMOHHBIX 00pa-

30BaTEJIbHBIX TEXHOJIOTHI.

6.1. O0pa3oBaresibHbIE TEXHOJIOTHH

Taouauna 5. O0pazoBarejibHbIE TEXHOJOTHH, UCIOJIb3yeMble NIPH pPeaju3aluu y4eOHbIX 3a-

HATH

Paznen, Trema

dopma y4eOHOr0 3aHATUS

JTUCIUILIAHBL (MOJTYIIS) Jlekusa [Ipaktrueckoe | JlabopaTtopHas pabora
3QHATHE, CEMHU-
Hap
Pazgen |. OcHOBBI XUMHYECKOH TEPMOTUHAMHUKH

Tewma 1 [IpumeHeHne epBOTO U
BTOPOT'0 3aKOHA TEPMOJIUHAMUKH K
XUMUYECKUM IpoueccaM. Tepmo-
XUMHUSL.

[Ipobnemnuas (MH-
TepaKTUBHAA) JIEK-
LUS-TIPE3EHTALUS

He npenycmor-
peHo

Y4eOHBII MPOeKT
- BeimtostHenue JI.P. B
MHUKPOTpYyIIax

Tema 1.2. IIpumeHeHne BTOPOro HNHurepakTuBHas He npenycmor- Y4eOHBII MPOeKT
3aKO0HA TEPMOJMHAMUKYU K XUMHU- JIEKIIMsI- peHo - BenonHenue JI.P. B
YECKUM TIpoleccaM. HTPOIH. MIpe3eHTAlNS MHUKpOTrpynnax

Tema 1.3. TepmoanHamMuueckue
NoTeHIMaNbl. XUMHYECKHUH ITOTEH-
uuan. [Ipenen nporekaHus peak-
uuu. TeroBas Teopema HepHcTa.

[IpoGnemnuas (uH-
TepaKTHBHAA) JIEK-
LUSI-TIPE3EHTaLUS

He npenycmort-
peHo

Y4eOHbII MPOeKT
- BeinoniHeHue JI.P. B
MHUKPOTPYIIIax

Pa3nea |1. Xumuyeckoe paBHOBecHe

Tema 2.1. 3akoH ACHUCTBYIOMHX
Macc. KoHcTaHTa XUMHYECKOTO
PABHOBECHS U COCTAB CHCTEMBI.
XHUMHYECKHE U aJICOPOIIMOHHBIC
paBHOBecus. CMeleHne XUMu4e-
CKOT'0 PaBHOBECHSI.

[Mpobnemnuas (uH-
TePaKTHBHAs) JICK-
LHSA-TTPE3CHTALHS

He npenycmot-
peHo

Y4eOHBbIii TPOEKT
- BeinostHenue JI.P. B
MHUKPOTpYyIIax

Tewma 2.2. MakcumanbHast paboTa u
XUMHUYECKOE CPOJICTBO. Y paBHEHUS
M30TEPMBI XUMHUYECKOW PEAKIIHH.

[IpoGnemnuas (uH-
TepaKTUBHAA) JIEK-
USI-TPE3EHTALUS

He npenycmort-
peHo

Y4eOHbII MPOeKT
- BenoniHeHue JI.P. B
MHUKPOTPYIIAx

Tema 2.3. 3aBUCHMOCTb KOHCTAHTEI
XUMUYIECKOTO PABHOBECHS OT TEM-
nepaTypbl. DMIHPUIECKAE METOIBI
pacyeTa KOHCTAHT PAaBHOBECHSL.

[Ipobnemnas (uu-
TepaKTHBHAA) JIEK-
USI-TIPE3CHTALINS

He npenycmort-
peHo

Y4eOHbII MPOeKT
- BenonHenue JI.P. B
MUKPOTPYIIax

Pazgea 1. ®a3oBble paBHOBecHs.

PacTtBopsI

Tewma 3.1. IIpaBuno ¢a3 I'n66ca.
PaBHOBecHBIE cocTosiHUS TIpH (a-
30BBIX NIEpPEX0Jax. Y paBHEHHUE
Krnaysuyca-Knaiinepona.

[Ipo6nemnas (uH-
TepaKTHBHAA) JIEK-
LUSA-TIPE3EHTALHS

He npenycmot-
peHo

Y4eOHBbIii TPOEKT
- BeimostHenue JI.P. B
MHUKpOTpyInax

Tema 3.2. MosexkyIsipHbIe pacTBO-
pbl. PU3NKO-XMMUYECKUE CBOMCTBA
pa30aBICHHBIX PACTBOPOB.

[IpoGnemnas (uH-
TepaKTHBHAA) JIEK-
LUS-TIPE3EH TS

He npenycmor-
peHo

Y4eOHBbIii TPOEKT
- BeimontHenue JI.P. B
MHUKpOTrpynnax

Tewma 3.3. bunapHbie pacTBOpPbI
KUJKUX JIETY4HX BellecTs. Mne-
aJbHBIE M HEU/ICATbHBIE CUCTEMBI.
YacTuyHO cMeIMBaIOIMECs U He-

[Ipobnemnas (uH-
TEepaKTHBHAS) JICK-
LUSI-TIPE3CHTaLUS

He npenycmort-
pEHO

Y4eOHBII MPOeKT
- BeinonHenue JIL.P. B
MHUKPOTPYIIax




CMCIINBAOIUECCA XKUIKOCTH.

Tema 3.4. PacTBOpUMOCTE Ta30B B
JKHUJIKOCTSX. 3aKOH pacrpe/ielICHHS.
OKCTpakuusl.

IIpobnemuas (uH-
TepaKTHBHAS) JICK-
U -TIPE3CHTAIHSI

He npenycmor-
pEHO

YueOHBIN TPOSKT
- BeimontHenue JI.P. B
MUKpOTpyIIax

Pazgea 1V. DaekTpoxumus

Tema 4.1. PacTBOpEI 37IEKTPOIIH-
TOB.

IIpobnemuas (uH-
TepaKTHBHAS) JICK-
U -TIPE3CHTAIHSI

He npenycmor-
pEHO

YueOHBIN TPOSKT
- BeimostHenue JI.P. B
MUKpOTpyIax

Tewma 4.2. HepaBHOBECHBIE SIBIIC-
HUS B PaCTBOPAX HIICKTPOJIUTOB.

[Ipobnemnas (uH-
TepaKTHBHAS) JICK-
USI-TPE3CHTALNS

He npenycmor-
peHo

Y4eOHBII MPOeKT
- BeinonHenue JI.P. B
MHUKPOTPYIIax

Tema 4.3. DnexTpoHbIe MpoLiec-
cbl. TepMoTMHAMUKa ¥ KHHETHKA
AIIEKTPOXUMHUYECKHX TPOIIECCOB.

[Ipobnemnas (uu-
TEepaKTHBHAS) JICK-
IUSI-TPE3CHTALIUS

He npenycmor-
peHo

Y4eOHBII MPOeKT
- BeinonHenue JL.P. B
MHUKPOTPYIIIAX

Paznen V. DjieMeHTBI CTATHCTHYECKOI TEPMOTMHAMUKH

Tewma 5.1. Mexanuueckoe omnuca-
HUE MOJIEKYJISIpHOU cucTeMsl. [1o-
CTYJaThl CTATUCTUYECKOM TEpMO-
JUHaAMUKH. CYMMa 110 COCTOSIHUAM.

[Ipobnemnuas (uH-
TEepPaKTHBHAA) JICK-
[US-TIPE3CHTALH

He npenycmort-
peHo

Y4eOHBII MPOeKT
- BeimontHenue JI.P. B
MHUKPOTpYyIIax

Tewma 5.2. BeruncneHusi TepMoJiu-
HamMu4eckux QyHkuuid. CtaTucTu-
yecKast TePMOJMHAMHKA PEaTbHOTO
ra3a U KOHAEHCUPOBAHHOI'O COCTO-
SIHUSI BELIIECTBA.

[Ipobnemnuas (uH-
TEepaKTHBHAA) JIEK-
[US-TIPE3CHTAL

He npenycmor-
peHo

Y4eOHBII MPOeKT
- BeimontHenue JI.P. B
MHUKPOTpYyIIax

Paszgen VI. XumMnyeckasi KHHeTHKA

Tema 6.1. CKOpOCTh XMMHUYECKOU
peaxuuu. 3aBUCUMOCTb CKOPOCTH
PEaKIyu OT TEMIIEPATYPHI.

[IpoGnemnuas (uH-
TepaKTUBHAA) JIEK-
LUSI-TPE3EHTALNUS

He npenycmort-
peHo

Y4eOHBIi TPOEKT
- BeimtostHenue JI.P. B
MHUKPOTpyIIax

Tema 6.2. Kunetuka ClI0KHBIX pe-
aKIHH.

[IpoGnemnuas (uH-
TepaKTHBHAA) JIEK-
USI-TPE3CHTALIUS

He npenycmort-
peHo

Y4eOHbII MPOeKT
- BeinoniHeHue JI.P. B
MHUKPOTPYIIax

Tewma 6.3. TeopeTuueckue npea-
CTaBJICHUS XUMHYECKOW KHHETUKH.

[IpoGnemnuas (uH-
TepaKTHUBHAA) JIEK-
USI-IPE3CHTALINS

He npenycmort-
peHo

Y4eOHbII MPOeKT
- Beimontnenue JI.P. B
MHUKPOTPYyIIax

Tema 6.4. lleniabie, hoTOXMMUYE-
CKHUE M PaJHaIMOHHO-XUMHYECCKHE
MIPOIIECCHI.

[Mpobnemnuas (uH-
TepPaKTHBHAs) JICK-
LHsI-[IPE3CHTALHS

He npenycmort-
peHo

Y4eOHBbIii TPOEKT
- Beimontnenue JI.P. B
MUKpOTpyIHax

Paznea VII. Karaaus

Tewma 7.1. Katanuz. O6miue npuH-
LUIIBI IPOTEKaHMsI KaTaJIUTHYE-
CKMX peaKLHi.

[Mpobnemnuas (uH-
TepaKTUBHAs) JICK-
OUS-TTPE3EHTAISA

He npenycmor-
peHo

Y4eOHBbIii TPOEKT
- Beinostnenue JI.P. B
MHKPOTPYyITIax

Tema 7.2. Kunernka xaraauTude-
CKHX IPOLIECCOB.

[IpoGnemnas (uH-
TEpaKTUBHAA) JICK-
LUSI-IPE3EHTALNUS

He npenycmot-
peHo

Y4eOHBIii TPOEKT
- Beinostnenue JI.P. B
MHUKpOTrpynnax

Paznea V. Konnounanasa xumus

Tewma 1. [loBepXHOCTHBIE SBICHUS
1 aJIcopOIHst

Jlexuus ¢ npeseH-
Taluen

He npenycmort-
peHo

Pa6ota B nmapax, npu
BBINOJIHEHHE J1abopa-
TOPHBIX PadOT. AHAIIN3
CUTyalUil U pelIcHue
3a/1a4 Ipu caade Jado-
patopHoi paboThI

Tema 2. JIBOMHON 31EKTpUIECKHI
CIIof

Jlexuus ¢ npeseH-
Tauueu

He npenycmort-
peHo

®poHTaIBHBIN OITPOC

Tema 3. KomtonaHo-aucnepcHbie
CUCTEMBI U UX (pHU3uKO-
XHMHYECKHE CBOMCTRA.

Jlexuusa ¢ npe3eH-
Taluen

He npenycmot-
peHo

Pabora B mapax, npu
BBIMOJTHEHHE JTAbOpa-
TOpHBIX pabot. TecTu-




pOBaHHE.

Tema 4. DIeKTPOKHHETHYECKHE Jlexmmst ¢ mpe3eH- He npenycmort- Pabota B mapax, npu

CBOICTBa JUCIIEPCHBIX CUCTEM Tanuei peHo BEITIOJTHEHHE JTabopa-
TOpHBIX padot. Tectu-
poBaHHe.

Tema 5. YcTOHYHMBOCTD KOJIITOU- Jlexuusa ¢ npe3eH- He npenycmor- Pabota B mapax, npu

HO-IUCTICPCHBIX CUCTEM Tanuen peHo BBITIOJTHEHHUE J1abopa-

TOPHBIX PadOT. AHAIIN3
CUTyallUi U pelIcHue
3a/1a4 Ipu caade J1ado-
paToOpHOU paboTHI

Tema 6. Mukporeteporensnsle cu- | Jlekuus ¢ npeseH- He npenycmor- Pabota B mapax, npu
CTEMBI Tanuen peHo BBINOJIHEHHE JIabopa-
TOPHBIX PadOT. AHAIIN3
CUTYyalMil IpH 3aciy-
IIMBaHUH pedepaToB

Tema 7. KomutongHo-xummaeckue Jlexuus ¢ npeseH- He npenycmort- Pabora B mapax, mpu

cBoiictea BMB Tauen peHo BBITIOJTHEHHUE J1abopa-
TOPHBIX PadOT.

Tewma 8. Peonoruueckue cpoiictBa | Jlekuus ¢ mpe3eH- He npenycmort- Pabora B mapax, npu

JUCTIEPCHBIX CHCTEM Tanuen peHo BBINOJIHEHHE J1Iabopa-
TOPHBIX Pa0OT. Y CTHBINH
onpoc

VY4eOHbIe 3aHATHS 110 AUCIMIUIMHE MOTYT TAKXKe MPOBOJUTHCS C IPUMEHEHHEM HH(pOpMa-
[IHOHHO-TEJICKOMMYHHUKAIIMOHHBIX CETEil MPH OMOCPEIOBAHHOM (Ha PACCTOSHHH) MHTEPAKTHB-
HOM B3aUMOJICHCTBUU OOYYAIOUIMXCS M IperojaBareiisi B pexxumax on-line w/mnm off-line B
dopmax: BHIEO-TEKINHA, BUACOKOH(PEPEHIINH, coOOeCeJOBaHMs B peXHUMe 4at, (opyma, yara B
Pa3IMYHBIX MECCEHIKEePAX, BBIMOIHEHUS BUPTYAJIbHBIX MPAKTUYECKUX padoT U JIp.

6.2. UndopmanmoHHble TEXHOJIOTHH

[Tpu peanu3zanuu pa3nTUUHBIX BUJIOB YUeOHOI U BHEy4eOHOM pabOThl HCIOIb3YIOTCS:

- UCIOJb30BaHUE BO3MOXKHOCTEH HMHTEpHETa B yueOHOM Ipoliecce (pacchlika 3aJaHuM,
IPEJOCTaBIIEHUE BBIMOJIHEHHBIX PadOT, OTBETHI HAa BOIIPOCHI, O3HAKOMJICHHE yJallluXcs C OLeH-
KaM# | T.]1.);

- UCTIOJIb30BAHUE IEKTPOHHBIX Y4EOHUKOB U PA3IMYHBIX CAlTOB (Hampumep, JIEKTPOH-
Hble OMOTMOTEKH, KYpPHAIIbI U T.J.) KaK UICTOYHUKOB MH(OPMaLINU;

- HCTIOJIb30BAHNE BO3MOKHOCTEH 3JIEKTPOHHOM MMOUYTHI IPEIo1aBaTels;

- WCIIOJB30BAHUE CPEJICTB MpEACTaBICHUsT yueOHOW MHpOopMaIuu (dJIEKTPOHHBIX y4eo-
HBIX MOCOOMH M MPAKTUKYMOB, IPUMEHEHUE HOBBIX TEXHOJIOTUH JJIs1 MPOBEJCHUS OUHBIX (Tpa-
JTUIIMOHHBIX ) JIEKITUI ¥ CEMUHAPOB C UCTIOIH30BAHNEM MPE3CHTANNHN H T.1I.);

- HCTIOJIb30BaHKE BUPTYaJbHON 00yyaroei cpeasl (MM CUCTEMBI YIIPaBIeHHUs 00y4eHU-
eM LMS Moodle «2nexTpoHHOe 00pa30BaHME») WU UHBIX UH(GOPMAIIMOHHBIX CHUCTEM, CEpBHU-
COB M MECCEH/IKEPOB.

6.3. IlporpammHoe olecniedyeHne, cOBpeMeHHbIe NMpodeccHoHaIbHbIe 0a3bl JaHHBIX
U MHGOPMalHOHHbIE CIIPABOYHbIE CHCTEMBI

6.3.1. IlporpammHoe o0ecnieyeHue

HanmenoBanue nporpaMmMHOIO

Hazuauenue
oOecrieueHus

Adobe Reader [Mporpamma Ui MPOCMOTpa 3IEKTPOHHBIX
JTOKYMEHTOB

[Tnatdpopma nucranumonHoro obOydenuss LMS | BupryanbHas oOyyaromas cpeaa




Moodle

Mozilla FireFox Bpayzep

Microsoft Office 2013, [TakeT o(hHUCHBIX TPOrpamMm
Microsoft Office Project 2013, Microsoft Office

Visio 2013

7-zip ApxuBarop

Microsoft Windows 10 Professional OmneparroHHast CHCTEMA
Kaspersky Endpoint Security CpelICTBO aHTHBHPYCHOM 3aIMTHI
Google Chrome Bbpaysep

OpenOffice ITakeT 0(HUCHBIX TPOrpamMm
Opera Bpayzep

Paint. NET PactpoBslii rpaduueckuii pegakTop

6.3.2. CoBpeMeHnHbIe npodeccHoHATbHbIE 0a3bI JAHHBIX U HH(OPMALMOHHbIE CIIPa-
BOYHbBIE CHCTEMbI
OnektpoHHblii katajgor Hayunoit Oubmuotexku AI'Y nHa 6aze MARK SQL HIIO «Wudopm-
CUCTEM.
https://library.asu-edu.ru
OnekTpoHHas OuOIMOTEKa «ACTpaxaHCKUI TOCYAapCTBEHHBIM YHUBEPCUTET» COOCTBEHHOU
reHepanuu Ha 31eKTpoHHoM margopme DbC «IIeKTPOHHBINM YUTANBHBIH 3al - bubnuoTex».
https://biblio.asu-edu.ru
YyeTHas 3anmuch oOpazoBaTenbHOro noprana AI'Y
(Peructpauus B 905 ayauropuu. [Ipucrpoii)
OnektponHas 6ubmoteunas cucreMa (ObC) OO0 «llomutexpecypc» «KoHCynbTaHT cTyneH-
Ta». MHoronpoguibHbIl 00pa3oBarenbHbld pecypc "KoHCynbTaHT cTyneHTa" sSBIsSETCS 3JeK-
TPOHHOM OMOIMOTEUHOH cucTeMoil, mpeaocTaBiAoNIei 1ocTyn Yepe3 ceTb IHTepHeT K yueOHOM
JUTEpaType U JOMOIHUTEIbHBIM MaTepuaiaM, IPUOOPETEHHBIM Ha OCHOBAHUHU MPSMBIX JI0TOBO-
poB ¢ mpaBooOianarensimu. Katamor B Hactosiiee BpeMs coaepkHuT okojo 15000 HanmeHoBa-
HU.
www.studentlibrary.ru
Peructpanus ¢ komnbrotepoB AI'Y

7. ®OHJ1 OHEHOYHBIX CPEACTB JIs1 TEKYHIEI'O KOHTPOJISI A
MPOMEXYTOYHOU ATTECTALIUU 110 JUCHUIIJIMHE

7.1. lacnopT (poHAA OLIEHOYHBIX CPEICTB MO AUCHUILINHE «DPU3NYecKass XUMHUD)

ITpy mpoBeAeHMM TEKYLIETO KOHTPOJISI M IPOMEXKYTOYHOW aTTecTalud MO JUCLUILIIMHE
«®Du3nueckas U KOJUIOUIHAS] XUMUS» MPOBeEpsieTcsl CPOPMUPOBAHHOCTD Y 00yUYaAIOLTUXCSI KOMITE-
TEHIMH, yKa3aHHBIX B pasjenie 3 HacTosIeH MporpaMMbl. DTamTHOCTh (POPMUPOBAHMS JTAHHBIX
KOMIIETEHIIMI B Mpoliecce OCBOEHHUSI 00pa30BaTEbHON MPOTrpaMMbl ONpENeNseTcs Mociae10Ba-
TEJIbHBIM OCBOCHHEM IUCLMIUIMH U IPOXOXKACHUEM IPAKTHK, @ B IIPOLECCE OCBOECHUS AMCIIH-
IUTMHBI - TIOCIIEI0BATEIbHBIM JIOCTH)KEHUEM Pe3yJIbTaTOB OCBOEHUS COJEPKATENbHO CBSI3aHHBIX
MEXy COOOH pazzesioB U TEM.



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

AUCIHUIJINHE M OIEHOYHBIX CPeJCTB

Ta6auna 6. CooTBeTCTBHE Pa3/iesioB, TeM IUCHMIIJIMHBI, Pe3yJIbTATOB 00y4YeHHUSs N0

Ne KonTponupyemsie pasaens Kon xonTponupye- Haumenosanue

/o JUCHUIUIMHBL MOW KOMIIETEHLIUH OLIEHOYHOI'O CPEJICTBA

1 Tema 1.1. IlpuMeHeHHE TIEPBOTO 3aKOHA TEp- Bompocsr k cemunapy,
MOJIMHAMHUKHU K XMMHUYECKUM TpoleccaM. Ten- OIK-1 nepeyeHb aHaIUTH4e-
JI0EMKOCTh. TepMOXUMHSL. CKHUX 3a7]a4, BOIIPOCHI IO

JLP.1

2 Tema 1.2. Ilpumenenne BTOPOro 3aKOoHa Tep- OIlK-1 Bomnpocs! k ceMuHapy,
MOIWMHAMUKH K XUMHUYCCKUM IHPOILECCaAM. OH- [epeYeHb aHAJIUTHYE-
TpomuA. CKHX 3a/1a4

3 Tema 1.3. TepmoguHAMHUYECKHE TTOTEHITHAEI. OIIK-1 BoInpock! k ceMHHApY,
Xumunueckuit norernnuain. Ilpeaen nporekanus TnepeueHpb aHATUTHYE-
peakuuu. TemnoBast reopema HepHera. CKHX 337124

Tect Nel

4 | Tema 2.1. 3akoH aeiicTByrommx Macc. KoH- OIIK-1
CTaHTa XUMHYECKOT'O pPAaBHOBECHUS U COCTaB Bonpockr k cemurapy,
cucTeMbl. XHUMHYECKHE W aACOpOIMOHHBIC [ICPCHICHD AHaITHHAE

CKHUX 3a7a4, BOIIPOCHI IO
paBHOBecHs. CMelIeHne XUMUYECKOIO PaBHO- P2
BECHSL.

5 | Tema 2.2. MakcumanbHas paboTa 1 XUMHUYe- OIIK-1 Bompocsl k cemunapy,
CKOE€ CPOJICTBO. Y paBHEHUS U30TEPMbI XUMU- nepeyeHb
YECKOH peaKuuu. AHATUTUYECKUX 3a7a4

6 Tema 2.3. 3aBUCUMOCTb KOHCTAHTbI XUMHUYE- OIIK-1 Bomnpocsl k ceMunapy,
CKOTO paBHOBECHSI OT TeMIIEPaTyphl. DMIUPHU- nepeyeHb aHaIUTH4e-
YeCKHEe METOJIbl PaciyeTa KOHCTAaHT paBHOBE- CKHUX 3a7a4
CHSlL. Tect No2

7 | Tema 3.1. IlpaBuno ¢a3 ['u66ca. PaBHOBeCcHbIE OIlK-1 Bomnpock! k cemuHapy,
COCTOSIHUSI TTpH (ha30BBIX Tepexoax. Y paBHe- nepeyeHb aHaIUTHIe-
nue Knaysunyca-Knaitnepona. CKUX 3aJ1a4y

8 Tema 3.2. MonekynspHsle pacTBopbl. PU3nKoO- OIIK-1 Bompocsl k cemunapy,
XUMHYECKHE CBOWCTBA pa30aBICHHBIX PaCcTBO- nepeyeHb aHaIUTHIe-
pOB. CKHX 3a/1a4, BOIIPOCHI IO

JLP.3

9 Tema 3.3.buHapHbIe pacTBOPHI )KUIKUX JETY- OIIK-1
X BellecTB. MneanbHble U HeUea bHbIE CH- Bonpocst k cemirapy,
cTeMbl. YaCTHYHO CMELINBAIOLINECS U HECMe- TEpEHCHb aHaMTHHe:
HIMBAIOLINECS JKUIKOCTH. X 3anat

10 | Tema 3.4. PacTBOPHMOCTB Ta30B B KHKOCTSIX. OIIK-1 Bomnpocs! k ceMuHapy,
3aKoH pacmpeaeieHns. DKCTPAKITHUSI. TepeICHb

aHAJTUTUYECKUX 3a]ad,
Tect Ne3
11 | Tema 4.1. PacTBOPHI 2IEKTPOIUTOB. OIIK-1 Bomnpocs! k ceMuHapy,
NepeyeHb aHATUTHIEe-
CKHX 3a/1a4, BOIIPOCHI 110
JI.P.4

12 | Tema 4.2. HepaBHOBECHBIE SIBIICHUS B PACTBO- OIIK-1 Bonpockl K ceMHHapy,

pax SJEKTPOJIUTOB. IIEpEYCHb aHAJIUTHYE-
CKHX 33/1a4

13 | Tema 4.3.DneKTpoaHbIC MpoLiecchl. TepmMoau- OIIK-1 BOIpock! kK ceMHHApY,
HaMUKa ¥ KHHETHKA IEKTPOXUMHIECKHUX TepeyeHb aHATHTHYIe-
HpoLeccoB. ckux 3amad , Tect Ned




14 | Tema 5.1. MexaHuueckoe OMUCAHUE MOJIEKY- OIIK-1 Bompocsl k cemunapy,
JsipHOM cucteMsl. [locTynarel cTaTHCTUYECKON MepevyeHb aHATUTHYe-
TepMoauHaMuKi. CyMMa 1O COCTOSTHUSIM. CKHUX 3a7]a4, BOIPOCHI IO

JLP.5
15 | Tema 5.2. BerauciaeHus TepMOIMHAMHUIECKUX OIIK-1
N Bomnpocs! k ceMuHapy,
¢dhyaxmuit. CtaTucTHdecKas TepMOIMHAMHUKA
peanbHOro ra3a U KOHJEHCUPOBAaHHOTO COCTO- TIECpEHCHb atauTHic:
ckux 3agad, Tect Ne5
SIHUSI BEIIIECTBA.

16 | Tema 6.1. CKOPOCTh XUMHUYECKON PEAKIINU. OIIK-1 Bompocsr k cemunapy,
3aBHCHUMOCTH CKOPOCTH PEAKIUU OT TeMIIepa- IepevYeHb aHAIUTHYE-
TYpBIL. CKHUX 3a7]a4, BOIIPOCHI IO

JLP.6
17 | Tema 6.2. KuneTnka CIOXKHBIX PEaKITHH. OIIK-1 Bompocsr k cemunapy,
nepeveHb aHaAIUTHYe-
CKHUX 3a7a4

18 | Tema 6.3. TeopeTndeckue MpeICTaBICHUS XH- OIIK-1 Bompocsr k cemunapy,

MHUYECKOH KHHETUKU. NepevYeHb aHAIUTHYe-
CKHUX 3a7a4

19 | Tema 6.4. LlenHble, hoTOXUMHUYECKHE U PaU- OIIK-1 Bompocs! K CeMHHapY,
AIIMOHHO-XMMHYECKUE MPOLIECCHI. TepeyucHb aHATHTHYE-

cKkux 3agay, Tect Neb

20 | Tema 7.1. Katanu3. O0mie NpuHIMITEI IPOTe- OIIK-1 Bomnpock! k cemuHapy,
KaHUS KaTATUTHYECKUX PEaKIii. nepeveHb

aHAJIUTUYECKUX 3a]ad,
Bonpockl 1o JL.P.7

21 | Tema 7.2. KuneTnka KaTaJuTHIECKUX MpOIIEC- OIIK-1 Bompocsl k cemunapy,

COB. nepeveHb aHAIUTHYe-
CKHUX 3a71a4, UTOTOBast
K.P.

22 OIlK-1 Ortuer no 1abopatop-
Tema 8.1. IloBepxHOCTHBIE SBIEHUS U a- o
copbist HoMi pabote. Pemenue

3ajad.

23 | Tema 8.2. JIBOWHO# MEKTPUUCCKUIA CIIOH OIlK-1 v N

CTHBIH OTPOC

24 | Tema 8.3. KoutoniHO-TMCTIEPCHBIE CUCTEMBI U OIIK-1 Ortuer no aboparop-
X PU3UKO-XMMHYECKUE CBOHCTBA. Hoii padote. Tect

25 | Tema 8.4. DJEKTPOKMHETUYCCKHUE CBOWCTBA OIIK-1 Oruer 1o 1abopatop-
JUCTICPCHBIX CHCTEM Hoii padote. Tect

26 | Tema 8.5. VYCTOHYMBOCTH  KOJUIOMIHO- OIIK-1 Ortuer no aboparop-
JUCTIEPCHBIX CHCTEM Holi pabote. Pemenue

3aj1a4

27 | Tema 8.6. MuUKpoOreTepOreHHbIE CUCTEMBI OIIK-1 Ortuet no 1aboparop-

HOH paboTe.

28 | Tema 8.7. KomnmongHo-XMMHUYECKHE CBOWCTBA OIIK-1 Oruer 1o 1abopatop-
BMB HO¥1 pabore.

29 OI1K-1 Ortuer 1o 1abopatop-

Tema 8.8. Peomornueckne cBoWCTBa AMCIIEPC-
HBIX CUCTEM

HO¥1 paboTe. Y CTHBI
oIpoc




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

Taoauna 7. [loka3zaTeu oneHUBaHUs Pe3yJIbTATOB 00y4YeHHsI B BU/Ie 3HAHM

JlemoHCcTpUpyeT ITyO00KHe 3HaHUS TEOPETUUECKOro MaTeprasia, ymeHue ooboc-

) HOBaHHO M3JIaraTh CBOU MBICJIH IO 00CYKAaeMbIM BOIIPOCaM, CIIOCOOHOCTh
«OTIMYHO» | IIOJHO, IPABUIBLHO U ApI'YMEHTUPOBAHHO OTBEYATh HA BOIIPOCHI, IIPUBOJUTH
IIPUMEPBHL.
4 JIeMOHCTpUpYET 3HaHHE TEOPETUUECKOTO MaTepuaa, €ro mociae10BaTeIbHOE

M3JI0KCHUC, CIIOCOOHOCTH MNPUBOAUTH NPUMEPLI, JOMMYCKACT CAUNHUYHBIC

«XOpOoUIo» 6
OINMOKH, UCIIPABJIACMBIC ITOCJIC 3aMCYaHUA IPCIIOaBaTCIIs.

3 JleMOHCTpHpYET HEMoJIHOEe, PparMeHTapHOE 3HAHUE TEOPETUYECKOTO MaTepH-
ana, TpeOyrolre HaBOIALIUX BOIIPOCOB MPENo1aBaTes, JOIMyCKaeT cylie-
CTBOBaHHE OIIMOKH B €r0 M3JI0KEHUH, 3aTPYAHSACTCS B IPUBEICHUH TPUMEPOB
1 (hOPMYIIUPOBKE BBIBOJIOB.

«YZJOBJIETBO-
PUTEIBHO»

2 JleMOHCTpUpYET CYLIECTBEHHBIE TPOOEIIbI B 3HAHUHN TEOPETUYECKOT0 MaTepHa-
«HEeyJlOBIIe- | Jia, HE CIIOCOOEH ero W3JIOKUTh U OTBETUTh Ha HaBOJALIME BOIPOCHI MTPENoia-
TBOPUTENb- | BAaTeJs, HE MOXKET IIPUBECTU IIPUMEPHI.

HO»

Ta6auna 8. [loka3zaTeu oneHUBaHUs Pe3y/JbTATOB 00y4eHHs B BH/le YMeHMIi U BJIa/IeHUH

HGMOHCTpI/IpyeT CIIOCOOHOCTD INPUMCHATDb 3HAHHUC TCOPECTUUCCKOI'O MaTCpHrajia

5 MIPY BBINOJHEHUH 33/IaHUH, TTOCJIEI0BATEIBLHO U TPABUWJIBHO BBIMOJIHSET 3a/1a-
«OTJIMYHOY» | HUS, yMeeT 0OOCHOBAHHO M3JIaraTh CBOU MBICIIH U JeNaTh HEOOXOAUMbIE BbI-
BOJIBI.
JleMoHCTpUpYyeT CIOCOOHOCTh MPUMEHSTH 3HaHUE TEOPETHUECKOTO MaTepuaia
4 MIPY BBINOJHEHUH 33/IaHUH, TTOCJIEI0BATEIBLHO U TPABUWJIBHO BBIMOJIHSET 3a/1a-
«&opomoy HUS1, yMeeT 00OCHOBAHHO M3JIaraTh CBOM MBICIH U JeNIaTh HEOOXOIMMbIE BbI-
BOJIbI, TOTTYCKAET €AMHUYHbBIE OMINOKH, UCTIPABIIIEMbIE TIOCIIC 3aMEYaHUs TIpe-
rojaBaTelsl.
3 JleMOHCTpUpYET OTAENBbHBIE, HECUCTEMATU3UPOBAHHbIE Haanfn, HCITBITHLIBACT
«TIOBIETBO- 3aTPyAHEHUS U JIOMYCKAET OMIMOKHU TIPH BBHIMOJIHEHUH 3aJJaHWMN, BBITTOTHIET
PHTELHO? 3aJlaHue TP TOJICKa3Ke MPEeroiaBaTes, 3aTpyaHseTcs: B GOpMYIHPOBKE BbI-
BOJOB.
2 He ciocobeH mpaBHIbHO BBITTOIHUTE 33JaHHE.
«HEeyAOBJIE-
TBOPUTENb-
HO»

Kpurepun oueHKH TeCTOBBIX 32/1aHUI:

1. OICHKA «OTJIWMYHO» BBICTABICTCA CTYACHTY, €CJIM OJaHO HE MCHEC 90% IMpaBHUJIBHBIX
orBetoB (uHTEpBai oT 90 1o 100%);

2. OIIEHKa «XOpOIIo» eciu JaHo He MeHee 70% MpaBWIIBHBIX OTBETOB (MHTEepBalI oT 70 0
89%);

3. OllEHKa «y/IOBJIETBOPUTEIEHOY» €Clii JaHo He MeHee 50% MpaBHIILHBIX OTBETOB (MHTEPBAI
ot 50 10 69%);

4. OlleHKa «HEYJOBJIETBOPUTEILHOY, €cH 1aHo MeHee 50% mpaBUIIbHBIX OTBETOB.



Kpurtepun onenkn 11 J1abopaTopHbIX padoT

1. onenka «oranuno» (90-100 6aJ1J10B) BBHICTABIIAETCS CTYAEHTY, €CIIH TIOJHOCTBIO BHITOJIHEHDI
obmue TpeOOBaHUS K BBIMIOJIHCHHUIO, O(DOPMIICHHIO M OTYETYy MO J1abopaTOpHBIM paboTam, a
UMEHHO:

o oTYeT Mo padoTe Mpe/CTaBIeH HE MO3JHEe ABYX HeJlelb MOCIE BBITOIHEHUS 1/
WIM BOBpeMsl TMpPHUKPEIUIEH Ha TPOBEPKY B IIIEKTPOHHO-00PAa30BATEILHOM pecypce
moodle.asu-edu.ru (mo ykasaHuio npemnogasareas!);

. aKKypaTHO (uMtaemo) odopmiieHa padora (1enb, 000pYyIOBaHHUE, PEAKTHBBI,
X0Jl paboThl, TAaOMUIBI C pe3ylbTaTaMH, rpaduku, pacueTsl, ypaBHEHUS peaklUuid WIn
CXEMBI, CTaTUCTHYeCcKast 00paboTKa JaHHBIX, BBIBOJIBI)

o 00s13aTeNIbHO MPOJIEMOHCTPUPOBATH B PabOTe HUCIIOIb3yEeMbIii MaTeMaTU4eCKUil
anmapar Mo TeMme BBINONHsIeMONH paboThl (0003Ha4YeHUs, GOPMYIbl, YpaBHEHHS PEaKIIMiA,
CXEMBI U T.I1.).

® Ha MIULTUMETPOBOM Oymare m300pakeHbl rpauuecKky 3aBUCUMOCTHU, MOJYUYECHHBIE B XOJE
BBITTOJIHEHHS SKCIIEPUMEHTA (BCE BBIMOJIHACTCS TOJIBKO MPOCThIM Kapanmamowm!). I'padux
JUISL K10l cucTeMbl oopmiisieTcss Ha OTIENbHOM JHcTe, Macmraba A4 (umm ‘4 aucra
macmTaba A4, Goriee MelKkHe pUCYHKH HE JONyCKaroTcs!) ¢ MoIpoOHOI MOJPHCYHOUHOM
noanuceto (Puc.1 ...... ). Ecnu ans cuctembl mpuBOASTCS JaHHBIC MPU HECKOJIBKHUX TEMIIe-
parypax, OHH HaHOCSTCSI BC€ Ha OJMH Tpaduk. B MmoaAprCyHOUHOH MOANMCH YKa3bIBAIOTCA,
YCIIOBUS MOJIyYEHUsl JaHHBIX (UIMHA BOJHBI, pa3Mep KIOBET, KaKOil TeMIieparype COOTBET-
CTBYIOT HAaHECEHHBIC JIMHUH, KOHIEHTPAIHUS aHAIM3UPYEMBIX PAacTBOPOB U T.II.). Kommbio-
TEpHBIN BapuaHT MpejcTaBieHus rpadukoB He nomyckaercs! [Ipu pabore ¢ rpadukom mis
OTIpeNIeNIeHUs] KaKuX-IH00 BEJIMYMH, OMYCKAETCs IMOCTPOCHUE Ha rpaduKe JOTOTHUTEINIb-
HBIX JIMHUH, OJTHAKO PacyeThl, CBA3aHHbIE C ’TUMHU I'paduKaMy, caeyeT IOMEIIaTh B TEKCTe
paboThl, @ HE HAa KOOPAMHATHOM TUIOCKOCTH rpadka WiM pucyHKa. B mommucu moj pucyH-
KOM JIOJDKEH CTOSITb HOMEp PHCYHKa, Ha3BaHUe rpaduka U pacmiuppoBKa M0 HOMEpaM JIH-
HUi Ha rpaduke. XKenaTenpHO, 9TOOBI HA OJHOM JICTE PACIIOJAraliCsl OJJMH PHCYHOK;

o OmMOKH ¥ HEJAOYETHI B pacdyeTax OTCYTCTBYIOT, PUBEICHBI Pa3MEPHOCTH BCEX
BeIMYMH B cucteMe equnun CU;

o CTY/ICHTOM TPaBUJIBHO TPOBENICH aHAIM3 M OIICHKA MOJyYEHHBIX PE3yJIbTaTOB,
NpeJCTaBlIeHa  CTaTUCTHUYECKas  oOpaboTKa  TMOJNy4EHHBIX  PE3YJNbTaTOB,  JaHO
apryMeHTHPOBaHHOE 00OCHOBaHNE HAWJICHHOMY MPOILIEHTY OLIMOKH B paboTe;

o CTY/ICHT TPaBHJILHO ¥ apTyMEHTHPOBAHO OTBETHJI MMCHMEHHO Ha BCE BOIIPOCHI
nocJie JabopaTopHOM paboThI, a Takke 0€30MTMOOYHO BBHIMOJHEH KOMIUIEKT 3a/a4 M0 TeMe
nabopaTopHOil paboThI (IIPU HAIUYHH).

2. oneHka «xopomo» (70-89 6a10B) BHICTABJIAECTCS CTYACHTY, €CIH MOJHOCTBIO BBHINOIHEHEI
oOmue TpeOoBaHUS K BBIMOJHEHUIO, OPOPMIICHHIO M OTYETY MO JabopaTOpHBIM paboTam, CM.
nyHKT 1. Ho B paboTe uMeroTcst He CylecTBEHHbIE 3aMeYaHUsl:

o HE TONHOe O¢GOpMIIEHHE, MPEACTaBICH HE IOJHOCTHIO MaTeMaTHYeCKHi
anmapar, IPONYyIIEHbl pa3MEPHOCTH BEJINYUH;

o €CThb HE KPUTHUYECKHUE 3aMeYaHHst K 0(OPMIICHHUIO U TPAKTOBKE TpaduKoB;

. CTY/I€HT NPaBUJIBHO M apryMEHTHPOBAHO OTBETHJ MUCbMEHHO Ha Goiee 80-%

BCEX BONPOCOB Mocie JabopaTOpHOM paboThl, a Takxke He MeHee 80-% mpaBUIIBHO
pEIIEHHBIX 3a]a4 [0 TeMe JIabopaTOpHOU paboThI (U HATUYMH).

3. OlleHKa «yJA0BJIETBOPUTENbHO» (60-69 0a/I0B) BBHICTABIAETCA CTYJEHTY, €CIM He
MIOJTHOCTBIO BBITIOJTHEHBI O0IIME TpeOOBaHWSI K BBIOJHEHHIO, O(DOPMIICHHIO W OTYETy II0
n1abopaTopHbIM paboTaM, CM. MYHKT 1, a UMEHHO:



OTYET 0 padOTe MPEICTaBICH HE BOBpeMs (TIO31HEE JBYX HENENb MOCIE BbI-
HOJHEHUs) ¥/ WIM HE BOBpPEMsl MPUKPEIUICH Ha NPOBEPKY B  DICKTPOHHO-
obpasoBatensHOM pecypce moodle.asu-edu.ru (mo yka3anuio mpenojaaBaredisi!);

HeOpexkHoe odopmileHHe, B padOTe YaCTUYHO IPEICTABICH MaTeMaTHYCCKHMA
armapar, poIyneHbl pa3MEpPHOCTH BEJINYMH;

€CTh KPUTHYECKUE 3aMEUYaHUs K OOPMIICHHUIO U TPAKTOBKE IPAPHKOB;

CTYZGHTOM WJM He JdaH, Ju00 OmHOOYHO TMPOBEACH aHaIW3 M OILEHKa
NOJYYCHHBIX PE3yJbTaTOB, HE INPOBEJCHA CTATUCTUYECKas 00pabOTKa IMOJy4YEeHHBIX
JaHHBIX, HET PAa3bsICHEHUIH 0 PACCUUTAHHOMY MPOLEHTY OLIMOKH IO MOJYYCHHBIM
IKCIIEPUMEHTAILHBIM JIAHHBIM.

CTyneHT NpaBUIIbHO U apryMEHTHPOBAHO OTBETWII IMHChbMEHHO Ha Oosiee 70-%
BCEX BOIPOCOB IOCie J1abOpaTopHOM paboThl, a Takke He MeHee 70-% MpaBHIBHO
PELICHHBIX 33/1a4 110 TeMe JIAO0paTOPHOU PaObOTHI (TIPU HATTMYHUH).

4. oneHka «Heym0BJIETBOPUTENLHO) (50-59 6a/JI0B) BEICTABIAETCS CTYCHTY €CIIH:

OTYET MO paboTe MPEJCTAaBICH HE BOBpeMs (IO3JHEE JIBYX HENENb IOCIE BbI-
TIOJTHEHHs1) ¥/ MJIM HE BOBPEMS WJIM BOOOIIE HE TIPUKPEIUICH Ha MPOBEPKY B JICKTPOHHO-
oOpazoBarenibHOM pecypce moodle.asu-edu.ru (mo yka3aHuio mpemnoxaBatens!) 0e3
YBOKUTEILHOU TPUYHHBL;

HeOpexHoe odopMileHHE, B pab0OTe HE MPEICTABICH MATEMAaTHICCKUH anmapar,
HPOIYILICHBI PA3MEPHOCTH BEJINYHH;

UMEIOTCS TpyOblie OMMOKHK B 0(OPMIICHUH U TPAKTOBKE TPAPUKOB, B pacyeTax
(M) ypaBHEHUSIX PEaKIIHii;

CTY/ZICHTOM HE NPEACTaBJICH aHAINW3 M OICHKA IOJIyYeHHBIX PE3yJIbTaTOB, HE
NpOBE/IeHA CTaTHCTUYECKas 00pa0OTKa TOJTYYECHHBIX JAHHBIX, HET pPa3bsSCHEHHH TI0
PAacCUNTaHHOMY TIPOLIEHTY OIIMOKH TIO TOyYEHHBIM SKCIIEPUMEHTAIbHBIM JaHHBIM.

CTYJEHT HE OTBETWJ NpaBUIbHO MUCbMEHHO Ha MeHee 50-% Bcex BOIPOCOB
nocJe J1abopaTopHOi pabOTHI, a TaKKe HE BBITOIHMI MPABWIBHO XOTs Obl 1 3amauy u3
KOMIUIEKCa 3a/1a4 1ocie 1abopaTopHoi padoThl (IIpH HATTMYUH).

7.3. KOHTpOﬂbHLIe 3a/laHUA WIN UHBIC MaTepuaJbl, H606XOI[I/[Mble AJId OIIEHKH pe-

3yJbTaToOB Oﬁy‘leﬂl/lﬂ o TMCHMIIJIMHE

Pa3nes |. OcHOBBI XUMHUYECKOH TePMOTUHAMUKH

Tema 1.1. HpuMeHe}me MEPBOro 3aKkoHa TEPMOAMHAMUKHA K XUMHUIECCKUM IIpoueccam.

Tennoemkocts. Tepmoxumust

1. Bonpockl K YCTHOMY ONpoCy

1.

w

[Tpenmer xumuueckoil TepMoanHaMuku. OCHOBHBIE ONpEIeNIeHus: cucTeMa (TOMOr€HHas
U TeTepOreHHas, N30JIMPOBAaHHAs, OTPBITAs M 3aKpBITasi, COCTOSIHUE CUCTEMBI); TEPMOIHU-
HaMUYECKHH TIporiecc (M30TePMUYECKUM, M300apHBIN, H30XOPHBIA, aTuadaTHYECKUH,
KPYTOBOM mporece, 00paTUMbIH 1 HEOOPaTHUMBIi).

TepmoannamMuyeckue (QYHKUMU: BHYTPEHHSS 3HEPIHUs, SHTANbIUS, TEIsoTa U paboTa.
ITepBoe Hauano TepmoarHaMHUKU. COrJIacHO NEPBOMY 3aKOHY TEPMOJMHAMUKH TEILJIOTA
ecTh QyHKIUS mporecca. 3akoH ['ecca yTBepKaaeT, 4To TeruioBod 3pdekT Xxumude-
CKOM peakIMM He 3aBUCHT OT MyTH mpoiiecca. [laiite oObsIcCHEHHE 3TOMY MPOTUBOpE-
YUIO.

@YHKIMM COCTOSIHUS CUCTEMBI. J[0Ka3aTenbCTBO.

PaboTa pacmmpenusi uaeaapbHOTO ra3a B pa3HbIX Iporeccax. BeiBoa dopmyn. 3a cyer
Yero COBEpIIACTCS MaKCHMallbHas MoJyie3Has padoTa XMMHUYECKOH peakIuu MpU IOo-
CTOSIHHBIX JIaBJICHUH U Temneparype?



5. HenpneansHble rasel. IIpyu kakux ycroBUsX HCIOIB3YIOTCA ypaBHeHUs BaHn-nep—Baainbca,
Hurepuun, beprino? KosdduuueHT cxuMaeMoCTH ra3oB, CHOCOOBI €ro OIpeeseHHS.
Kak paccunrath paboTy H30T€pPMHUYECKOTO pacIipeHus | KMOJIb peabHOTo ra3a?

6. Temnoemkocts. Knaccudukauus terioeMkocteid. CBsi3b TEINIOEMKOCTH C TEPMOJMHA-
muaeckumMu QyHkiusamu. KakoBo cootHomenue mexay Cp u Cy ans nuaeanbHoro raza?

7. IlpuMeHeHMe nepBOro Hayajga TEPMOJUHAMUKH K IIpOLEccaM B JIFOOBIX cUCTeMaX. 3aKOH
['ecca u ceAcTBUS U3 3aKOHA.

8. 3aBMCHMOCTb TEIUIOBBIX 3(PPEKTOB OT TeMIEpPaTypbl UEM ONpEAEIAeTCs XapaKkTep 3TOH
3aBucumMoctu? 3akon Kupxroda. I'paduueckoe Brruncienue temioBoro 3¢ dekra. B ka-
KHUX CITydasx JJIs XMMHUYECKOW peakiMu MOXHO MpeHeOpeub pazauiieid mexay AH u AU,
B KAKOM COOTHOUIEHUHU HaXOJSTCS 3TH BEIUYUHBI?

9. Tepmoxumus. Terora o6pa3oBaHus (B Pa3HBIX arperaTHbIX COCTOSIHUSAX, HOHOB B pac-
TBOpPAaX), HEUTpaIU3alUH, PACTBOPEHUs (MHTETpalibHasA, TBEPJAOrO0 COECIUHEHUS), pa3Be-
neHus, cropanus. [TpubnmkeHHble MeTo bl pacueTa(Ilo 3HEPrusiM CBsi3eH Ui opraHuye-
CKHX COEAMHEHUN, METOJ] CPAaBHUTEJIBHOIO pacyeTa Uil MOJ00HBIX XUMHUUYECKUX COEIU-
HEHUH).

2. JIaboparopHas padora Nel «Omnpeaesnenue TenjoBbix 3¢ ¢exToB npoueccoB. OnpeneJie-
HHUE SHTAJBIINNA HelTpaJInu3auum)

Lenb paboTel. OnpenenuTb KOHCTAHTY KajgopumeTpa. OnpeaennuTh SHTAIBINIO0 HeHTpa-
JIM3aLMH.

Anmnaparypa u peaktuBbl. KaiopumeTrpuueckas ycTaHOBKa, MEPHBIA LIUIIUHAP, TEPMO-
meTp ¢ rieHou aenenus 0,1°C umu 0,05°C, cekyHaomep, Becbl. PacTBOp mieno4yu ¢ KOHIGHTPAIIH-
eit 0.2 H., consnas kucnota (HCI) 5 H., xmopua aMMoHus

OcHoBHbBIE TeOpeTHYECKHE MOJI0KeHHU S
1 TenuioBoii 3 dexT xXumMuyeckoi peakuun. Kaxnoe pusnko-xuMniyeckoe npeBparieHue Be-
IIECTBA COMPOBOKIACTCS MPEBpallleHueM 3Hepruu. s conocTaBieHns H3MEHEHNS SHEPTUU
IPY PA3TUYHBIX PEaKIUIX B TEPMOJMHAMUKE HCIIONIb3YIOTCS TOHATHE TEIIOBOro 3¢ ¢eKra, T.€.
KOJIMUECTBA TEIJIOTHI, KOTOPOE BBIJEINISAETCS WM MOTJIOIAETCS] B XUMUYECKOM Ipoliecce Mpu
YCIIOBUM PABEHCTBA HA4aJIbHON M KOHEUHOU Temmneparypsl. TemnoBoil a¢dekT o0bIYHO OTHOCAT
K MOJIIO PEarupyroniero BemecTa U BeIpaxaroT B JKOYIsiX (k) unu kunmomkoynax (kx).
TennoBble 3¢ (GeKThl OTAMYAIOTCS IPYT OT APYTa, €CIU MPOIECCHl MPOUCXOIAT B 3aKPHITOM CO-
cyne (mpu mocTossHHOM 00beMe V=CONSt) i B OTKPHITOM cocy/ie (TIPH MOCTOSTHHOM JaBICHUH
P=const).
TenoBoit 3¢ (pexT npu NOCTOTHHOM 00bEME paBeH YOI BHYTPEHHEW SHEPTUU:
Qvt = —AUr, a py MOCTOSIHHOM JIaBJI€HUU — YOBUIM SHTaIbIMU Qpr= —AHT
B u300apHBIX M M30XOPHBIX YCJI0BHUSAX TelJI0OBOI 3P¢eKT XUMHYECKOI peakiuy nNpuodpe-
TaeT CBOMCTBA (PYHKIHMHU COCTOSTHUSA B ITHX YCJIOBHUAX TEIIOBOM d(PPEeKT He 3aBUCUT OT
NPOMEKYTOUYHBIX CTa/Mii, a onpeeaseTcs JUIIb HAYAJIbHbIM U KOHEYHBIM COCTOSIHHEM
CHCTEeMBbI IIPH YCJIOBHH, YTO ¢ANHCTBEHHOH pa0d0oToii, COBepIIAeMOii CHCTEMOii, ABIAETCS
paboTa npoTuB BHelIHero AaBjenus (3axoH ['ecca). C momompto 3akoHa ['ecca u cnencTeuii
13 HErO IPOU3BOJAT Pa3INYHbIE TEPMOXUMUYECKUE PACUETHI.
2 DHTaabLNuA HelTpaau3anuu. CUIbHBIE AIEKTPOJUTHI B BOJHBIX paCTBOPAX MOJHOCTHIO AUC-
COLIMMPOBAHBI HAa MOHBI, IO3TOMY PEaKIMsI HEUTPATN3alluN CUIIBHON KUCIIOThI CUIIBHBIM OCHO-
BaHUEM CBOJIUTCS K COEUHEHHUIO | MOJIb HOHOB BOAOPO/a (TOUHEE THAPATUPOBAHHBIX HOHOB
BOZI0pO/a) ¢ | MOJIb MOHOB T'UIPOKCHUIIA:
H* + OH™ — H20; AH%giire.

CrnenoBaTenbHO, HE3aBUCUMO OT NMPUPOABI KUCIOTHI U OCHOBAaHUS HENTpaIu3aus cBo-
IuTes K o0pa3oBaHuio 1 Moib Bojibl. I3MeHEeHHe SHTAIbIIMU B 3TOM peakiMy Ha3bIBAlOT YHTAb-
MHUEN HEUTpaIu3aluu.



DHTaNBMIHS HEUTPATU3ALUN CIA0BIX KUCIOT CHIIbHBIMA OCHOBAHHUSIMH WJIH CUJTBHBIX KU C-
JIOT c1a0bIMU OCHOBAHUSMHU 3aMETHO OTJIMYAETCS, YTO BBI3BAHO MAJIOM CTEMEHBIO JUCCOLUAIIIT
CJ1a0BIX AJIEKTPOJIUTOB.

DHTtansnuo HelTpammszanun npu T=298K AH uEiite, 208 MOYKHO BBIYUCIHTE, HCIIOIB3YS
CJIEJICTBUE U3 3aKOHA ['ecca U cripaBOYHBIE JaHHbIE 110 TEPMOAMHAMMUYECKHUM CBOICTBaM Be-
niectB (cM. [Ipunoxenue, Tabn. 1 «TepmoaguHamMuueckrie CBOMCTBA BOJIbI U 00Pa3yIOMIUX €€
HMOHOBY).

AHPggiire, 208 = AH%, 208(H200x)) — AH%, 208(H*) — AH%, 208(OH"). (1)

TpebGoBanus TeXHMKHU 0€30IACHOCTH
[Ipu BBIMOJIHEHUH TAHHOH JTa0OPAaTOPHOM pabOTHl HEOOXOMMO COOJIIOIATh OOIIHE Mpa-
BUJIa Pa0OTHI B XMMUYECKOH J1TaOOPaTOPHH.
Heo6xoauMo akkypaTtHO paboTaTh ¢ PTYTHBIM TEPMOMETPOM.
Cremyet cobI0aaTh OCTOPOKHOCTE TIPU paboTe ¢ SH. paCTBOPOM XJIOPOBOIOPOTHON
KUCIOTHI. KOHIIEHTpalys 37TOro pacTBopa COOTBETCTBYET pa30aBICHUIO KOHIICHTPUPOBAHHOM
XJIOPOBOAOPOJHOM KHUCOTHI 1:1. DTO enkoe BemecTso.

Boinosinenue paéorsl
Dtan 1. OnpenejeHne KOHCTAHTHI KAJOpPHUMeETPa

YcrpoiicTBO KajlopuMeTpa

Omnpenenenne TEMIOBBIX 3P PEKTOB MPOU3BOIAT B CIICIHATIBHBIX TPUOOPax, Ha3bIBAEMbIX
KajopuMeTpaMu. B 3aBUCHMOCTH OT XapakTepa npolecca U pearupyromux BeecTB IPUMEHSIOT
KaJIOPUMETPbI pa3IMYHbIX KOHCTpYKUUU. [IpocTeiinii kanopumerp npeacrasiser codoil uszo-
TEPMUYECKYI0 000J104KY (Hampumep, cocya Jproapa). B kpbliike cocyna caeaanbl OTBEpCTHS
JUISL TEPMOMETPA, MEIIANIKY U JJI1 BHECEHUS! HABECKHU HcciieayeMoro Bemectsa. Conepxumoe
cocyJia mepeMenIBaercs: Memankoi. OTBepcTe sl BHECEHHUS HAaBECKH 3aKphIBAETCS MPOOKOIA.
Temriepatypy U3MeEpSIFOT ¢ IOMOIIBI0 TepMoMeTpa ¢ neHo aenenus 0,1°C nmm 0,05°C.
Jnist onpeniesieHust TeIUIOBBIX 3 ()EeKTOB peakiuii, IpOTeKaroIUX B BOJHBIX paCTBOPaX, MOKHO
MCIIOJIb30BaTh KaJJOPUMETPUUECKYIO YCTAaHOBKY, H300paXKeHHYIO Ha puc.l.
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Puc. 1 Cxema KaiopuMeTpUYECKOM YCTAHOBKHU: |1 — Hapy>KHBII CTakaH; 2 — peaKIMOHHbIN CcTa-
KaH; 3 — OJICTaBKa; 4 — KPBILIKa; 5 — MeIaika; 6 — TepMOMETp; 7 — BOPOHKA.




Kanopnmerpuyeckuii onsIT

Kanopumerpudeckuii onbIT I€TUTCS HA TPU IEPUOJA;

1. npenBapuTenbHbBIN NEPUOJ, MPOAOIIKAIOLIUICT 5 MUH.

2. TIIaBHBIW MEPUOJ — BPEMS IPOTEKAHUS N3ydaeMOro Ipoliiecca (peakius HeuTpain3a-

IIWH | T. 11.).

3. 3aKIIOYUTENIBHBINA TEPUOI, 5 MHH.
[Tepen mpoBecHHEM KAIOPUMETPHUSCKUX U3MEPEHH HE0OX0IUMO YCTAHOBUTh 3HAYCHHUE KOH-
cTanThl KanopuMetpa. [locrosiHHas kanopumerpa «K» 1mo Gu3ndeckoMy CMBICITY TTPEACTABIISIET
c000H TEMI0EMKOCTh KaJOpUMETpa BMECTE C TOMEIICHHBIMU B HETO PaCTBOPOM, MEIIATIKON U
YacThIO0 TepMOMETPA. TeIT0eMKOCTh KAIOPUMETPA — 3TO KOJTUYECTBO TEILIOTHI, HEOOXOAMMOE
JUIsl HarpeBanus kajgopuMerpa Ha 1°C. D1a nocTosiHHAs 3aBUCUT OT TEINIOEMKOCTH BCEX COCTaB-
HBIX yacTel kamopumerpa. i1 HarpeBaHus KaiopuMeTpa Ha Aty moTpeOyeTcs Teruia:

Orarn = K -Aty (2)

Benuunna «K» mocrosiHHa J1s1 JAHHOTO KAJIOPUMETpPa U TAHHOTO KOJMYECTBA OIpesie-
JIGHHOM >KuKOCTH, Harpumep 11st 200 T BOJbI.
KoHcTanTy KajmopuMeTpa MOKHO OIIPEIETUTh 10 U3BECTHOU TEIJIOTE PACTBOPEHHS KaKOM-THO0
COJIH.

Xoa padoTsl

s onpenenenus «K» cobuparot kanopumerp. Bo BHyTpeHHU CTakaH HaJMBalOT Mep-
HeM tmaHIpoM 200 ev® (200 T) IMCTUITHPOBAHHOM BOIBL. 3aKPHIBAIOT CTAKAH KPBIIIKOH U
MOTPYXAIOT TEPMOMETP B BOJY TaK, YTOOBI PTYTHBIN IAPUK HAXOAUJICS B CPEAHEN YacTH K-
KocTd. [IpoBoAST npeaBapuTeNbHbIA NEPUO ONbITa. HaunHAIOT epeMelnBaTh BOAY MEIIAJIKOMN
Y 3aMMCBIBAIOT MOKA3aHMsI TepMoMeTpa uepe3 Kaxable 30 cex. 3anuch BeAyT B TEUEHHUE 5 MUH.
st oTcueTa BpeMeHU yi00HEe MOJIb30BaThCsl CEKYHAOMEPOM. Pe3yibTaThl OIbITa 3alUCHIBAIOT
B Tabnuiy 1.

Tab6auna 1. Vi3MeHeHne TemnepaTypsl B X0/1€ ONPEAEICHNS] KOHCTAHThI KAJIOPUMETPA

BpeMH OT HaydaJia OIlbITa, MHH.

Temmnepatypa, °C

3aTeM NpOoBOJAT INIaBHBIN Mepuo. st 3Toro, He OCTaHABIMBAs CEKYHIOMEPA, OTKPHI-
BaIOT OTBEPCTHE ISl BHECEHHUSI HABECKHU, OBICTPO BBICHITIAIOT TOYHO B3BEUICHHYIO 3apaHee COJb —
xJopuzl aMmMoHus (5-6 1), oTBepcTHe 3aKphIBatOT. [Ipu 5TOM BeAyT MOCTOSTHHOE TIepeMEIINBaHIe
pactBopa. [ TaBHBIM MEPUOIOM CUUTAIOT MPOMEKYTOK BPEMEHH, B TEUEHHUE KOTOPOro Hab01a-
€TCs pe3K0e U3MEHEHUE TEMIIEPATYPHI.

3aKJIFOYUTEIBHBIN MEPHUO]T MTPOJAOIIKAETCS S MUH. TIOCJIE IJIABHOTO NEpUoa, IpuyemM
TEeMIIepaTypy 3alHChIBAIOT TaKKe yepe3 Kaxasie 30 cek.

Pe3ynbrarel HaOMIOIEHNI 3aNTUCHIBAIOTCS B TAOIUILY, a 3aTE€M Ha OCHOBAHHUH TTOJTy4YEeH-
HBIX JIAHHBIX Ha MUJUTUMETPOBO# Oymare ctpoutcs rpaduk t = f (t) it onpenenenus neicTBu-
TEIHHOT0 U3MEHEHHUS TEMIIEPATyphI IIPH PACTBOPEHUU COMH (PHUC.2). 3aTeM OnpeaenstoT Als.




VA z
Puc. 2 I'paduk ans onpeneneHus 1eiHCTBUTEIBHOTO N3MEHEHHS TEMIIEPATYPHI B XO/€ OTIbITA

[Tpu rpaduueckom onpeneneHny Aty Ha MUJITUMETPOBOM Oymare Ha OCH a0CIIHCC OTKJIa-
JBIBAIOT BpeMs B MaciiTade: 1 MUH COOTBETCTBYET 1 ¢M; Ha OCH OpAMHAT — TEMIIEpaTypy, BHIOOp
MaciTaba KOTOpoi 3aBUCUT OT BETUYMHBI Atg.

Ecimu Ati< 1°C, o 1°C cootBerctByet 1 cm; ecu Aty > 1°C, o 1°C cootBerctByer 0,5 cm. Ilo-
CJIe TOro, KaK Ha rpaduKk HAaHECEHbI BCE SKCIIEPUMEHTANIbHbIE TOUKH, roydaercs: kpuBas ABDE.
VYyactok AB cootBercTBYeT HauanbHOMY niepuoy, BD — rmaBromy nepuony, DE — 3akmtoun-
TEIbHOMY.

UToOb! OnpeAenuTh U3MEHEHHE TEMIIEPATYPbI, HE HCKAXKEHHOE TEIIOBBIM OOMEHOM,
MIPOUCXOSIINM B TEUEHHE TTIaBHOTO nepuoaa, iuaund AB u DE skctpanonupytot. Bpems rias-
HOTo nepuoja aensaT nomnouam (touka C). U3 touku C BoccTaHaBIMBAIOT NEPIIEHANKYIISP 110 T1e-
pecedeHus: ¢ 00enMH MPOJOHKEHHBIMU NPpsAMBIMU. OTpe3ok Mex 1y Toukamu K u F, BeIpakeH-
HBIN B rpajycax, MOKaXXeT HCTHHHOE U3MEHEHHE TeMIepaTypbl At1, BBI3bIBAEMOE MPOLIECCOM, C
Y4€TOM IONPABKU Ha TETIJIOOOMEH.

PacTtBOpeHue conu (X10pua aMMOHUS1) MPOTEKAET € MOTJIOMEHUEM TeTJIoThl. B cooT-
BETCTBUU C TEIJIOBBIM 0aJJlaHCOM KOJIMUYECTBO TEILIOTHI, PACX01yeMON Ha pacTBOPEHHUE XJIOpUaa
aMMOHHSI, PAaBHO KOJIMYECTBY TEIUIOTHI, OTHUMAEMOM OT KaJOpUMETpa:

Oxas = K -At1 = gpacTs.
3arem BeruucisoT K:
K = gpacte/Als
geacTB = Q PACTB.COMH V conm HITH
K= (Q pactB.comi* M com ) / (A t1- Mcom) , (€))
rae Q pactB.cosm — TEMIOBOM 3(pdekT pacTBOpeHHs 1 MOJIB COMK, C 0Opa30BaHUEM PACTBOPA MO-
JsUTbHOU KOHIEHTpau# Cm, K>K/MOIb.
Mconu — HAaBECKa COJIH, T.
M conu — MoJIsIpHas Macca CoJid, T' / MOJIb.
Q pactB.comi (AHpACTB.CcOM) OTIPENEIISIOT 1O CIpaBOYHbBIM JaHHbIM ([Tpumokenue, Tadm. 2
«MHTerpanpHast TeIIoTa pacTBOpeHHs coiieil B Boae mpu 25°C»). Q pacTB.cou 3aBUCUT OT MO-
JsIbHOM KOHIeHTpauu Cm pacTBopa coiu. YToObl HailTh B Tabunlle HYKHOE 3HAUYECHUE
AHpACTB.coM, HEOOXOJIUMO pacCUUTATh MOJISUIBHOCTD MOJy4aeMoro pactBopa. Cm IMOKa3bIBaeT,

CKOJIKO MOJIb PACTBOPEHHOTO BEIIECTBA Vp 5. IPUXOMUTCS HA | KT PACTBOPUTEIIS Mp-ns:
C. = Vp.a. _ Mpe. _ Meom
M = My 382" Mpg My 82~ Megy, m(Hp0),x2"

Jrtan 2. OnpeneseHue Ten1080ro 3gdexra peaknuy HeHTPATU3ANNH CHIbHON KHCIO0THI
CHJIbHBIM OCHOBAHHMEM




B umcThIi BHyTpeHHHMiT cTakaH kanopuMeTpa HanusaoT 200 cm® 0.2 H. pacTBOpa Meno-
Yyy. 3aKpbIBAIOT KAJOPUMETP KPBIIIKON U MPOBOAAT NPEIBAPUTEIbHBIN NEPUO, KAK OITUCAHO
BhiIe. [1o OKOHYaHUM TPEeIBAPUTEIBLHOTO NIEPHO/Ia HA 6-0i MUHYTE B KaJIOPUMETP OCTOPOKHO
BBUTHBAIOT KUcioTy (10 cm® 5 5. HCI), mpoBoAAT IIABHBII IIEPHOJI, @ 3aTeM 3aKIIOUNTEIIbHBINH,
KaK OIMCAHO BhINIE. Pe3ynbTaThl ONbITa 3aHOCAT B TAOJHILY 2, aHATIOTUYHYIO Taduuie 1, a 3aTem
HAHOCST Ha pUC. 3, aHAJIOTMYHbIE PUC.2 11 HaX0xaeHUs Atz.MIcxons u3 nony4eHHbIX 3HAaYeHUH
At; ¥ TOCTOSIHHOW KaJOpUMETPa, ONPEACISIOT TeIUIOBOM A PEKT peakuy HeHTpaIn3aum B
pacuere Ha 1 MOJIb-3KBUBAJICHT BellecTBa. Pacuer BeeTcs 1o KOJIMYECTBY HICJIOYH, T.K. KUCIOTa
Oepercst B U30BITKE.

TemmoBoii 3¢ ek, CBI3aHHBIN C H3MEHEHHEM TEMIIEPATYPhI BCIEACTBHE MPoIiecca, Mpo-
TEKAaIOILIEr0 B KaJIOPUMETPE, PAaCCUUTHIBACTCS 10 ypaBHEHUIO (4):

g uEeitre = K -Ato. (4)

Jlanee KOJIMYECTBO TEIUIOTHI, BBIACISAIOLIEHCS B POLIECCE HEUTPAU3alluK, 1IEPECUUTHI-

BAIOT Ha | MOJIb IIETIOYH.

QuEitte = q HEiiTe/ VIIET;
viien = CuenViges;
—AHCyEiitp, 208 =QuEiiTp.

Itan 3. O0padoTKa DKCIEPUMEHTAJLHBIX TAHHLIX. OnpenejieHue a0COJIOTHON U
OTHOCHUTEJILHOW MOTPEIIHOCTH ONbITA

AOGCOIOTHYIO U OTHOCUTENBHYIO IOTPEIIHOCTH OonpeesieHnss QHEiiTp BBIUUCISIIOT O (hopMyiaM
(5) 1 (6).

A = |AH %giitp, 208 ok —AHuEiiTe, 208 TAB |; )
8=(A-100 % )/ AH hgiirp, 298 TAB, (6)

rae A — abconroTHas morpenrHocTs onpeaeneHus AHugiire, K[k / Mounb;
0 — OTHOCUTENbHAS MOTPEIIHOCTh ONpeaAeaeHus, %.

4. TpeOoBaHHSA K COAEPKAHHAIO OTUYETA
OT4er JOKEH ColepiKaTh:

1. uenb paboTHI;

2. ypaBHEHHE PEaKINU HEUTpaTH3alHu;

3. pacyer SHTAJIbIHUM HEUTpaTU3aluK 110 TEPMOIMHAMUYECKUM JJaHHBIM;

4. cxemy kanopumerpa (puc.l);

5. xon paboTsr;

6. Tabmuimy 1 u TabmuIly 2, B KOTOPBIX (PUKCHPYETCSI U3MEHEHHE TEMIIEPATyphI ITPH OTIpe-
JIEJIEHNN KOHCTAHTHI KAJIOPUMETPa U P ONPEJIEIICHUN SHTAJIBIINN HEUTpaIU3aIiiy.

7. puc.2 u puc.3, Ha KOTOPBIX U300pakeHbl 3aBUCUMOCTH t = f (1) u onpenenensl At u Atz

COOTBETCTBEHHO.
8. pacyerbl, IpUBEJCHHBIE MTOJHOCTHIO:
— KOHCTAHTbI KaJIOPUMETpa,
— TEIUIOTHI (SHTAJIBIIUK HEHTpaNn3auuu) Ha 1 MOJIb 1IeNouH,
— abCOJIIOTHON ¥ OTHOCUTEIHHOW MOTPEIHOCTH ONPEeNIEHUs SHTAJIBIIUU HEUTpaIu3alui,
9. BBHIBOZBL B BHIBOJAX YKA3BIBAIOT OMpeeNeHHOe SKCIEpUMenTanbHO sHadenne AH ugiirp,
298 KCIT C OTPEIIHOCTHIO.
IMPUJIIOKEHHUE K JI.P.Nel

Ta6auna 1. TepMoarHAMHUYECKHE CBOWMCTBA BOJBI M 00pa3yronmx ee moHoB nipu 25°C [3]

| BerecTBo, HOH | AH% 505, | 5%, | AG%% 205, |




kJI>x/MOIB JIx/(monb-K) kJI>x/Monb
H200x) —285,83 69,95 —237,23
H* 0 0 0
OH" —230,02 -10,71 -157,35

Tabauna 2. MaTerpanbHas TemioTa pacTBopeHus coieil B Boae npu 25°C [3]

Cm, Mo comu Ha 1 | AHm, kJlx-Moub
kr 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 -

3. KommutekT 3apau no teme «lIlepBblii 3akoH TepMoauHaAMHKH. TeminoeMKkocTb. 3aKoH
Kupxrogda»

1. Cpennsisi TEIUIOEMKOCTh MapoB OeH3o0la B mpuaenax temmeparyp 85-115° C (mpu HOpMalib-
HOM aTMoc(epHOM naBieHuM) paBHa 1,257 xJDK/Kr-°rpan. BeraucnuTh cpenHue MOJIBHBIC TeTl-
JIOEMKOCTH TP TIOCTOSTHHOM JIaBJIeHUU U 00beme, U ux cootHomenue (Cp/Cv).

2. TemneparypHasi 3aBUCUMOCTb UCTMHHOM MOJIbHOM TEIUIOEMKOCTH JJIsi BO3AyXa BbIpa)KaeTcs
ypaBaenueM C, = 27,2+0,0042T. HeoOXoauMo paccUnTaTh:

a) MCTUHHYIO MOJIBHYIO U Y/IE€TBbHYIO TEIUIOEMKOCTH BO3/lyXa IPU MMOCTOSIHHBIX 00beMe U JIaBJie-
Huu npu 400°C, ecnu cootHomenue Cp/Cy an1s Bo3ayxa pasHo 1,4;

0) cpenHIO0 TemIoeMKocTh B uHTepBaiie Temneparyp 200-500°C. MonekynspHast Mmacca BO31y-
xa 28,96.

3. MonpHast TEMJIOEMKOCTh a30Ta MPH HOPMalbHBIX ycioBusx paBHa 20,95 x/[x/kmomnb-rpa.
OnpenenuTtsd yaelbHYI0 U 00BEMHYIO TEIUIOEMKOCTH a30Ta MPH TeX Ke YCIOBUSX.

4. TemnepaTypHas 3aBUCIMOCTh UCTHHHOW MOJIbHOW TerioeMKkoctu rematuta (Fe203) Beipaka-
eTcsl ypaBHEHUEM

C,=10358+67,21-10°T-17,74-10° T 2,

Onpenenutb KOIMYECTBO TEMIOTHI (K [X), HeoOxoaumoe Juist HarpeBaHus 1 Kr rematura ot 16
mo 1538° C.

5. TemmeparypHasi 3aBUCHMOCTh MCTHHHOW MOJIbHON TerutoeMkocT kpuctabomuta B(SiO2) or
TEMIIepaTyphl BEIpaXKaeTCsl ypaBHEHUEM

C,=7161+19- 108 T-37,59-10° T 2 Onpenenuth KOTHMYECTBO TETUIOTHI (KJ[K), HEOOXO0-
IuMoe Juid HarpeBaHus 1 Kr kpuctabonura ot 16 1o 1538° C.

6. 3aBUCUMOCTh MOJIbHOM TEIJIOEMKOCTH ITAPOB AIIETOHA OT TEMIIEPATYphl BBIPAXKAETCS ypaBHE-
HUEM

Cp=31,59 + 154,94 - 10° T — 30,38 - 10° T2,

Paccuurats pacxon ternotsl ([x) nmpu HarpeBanuu 116,2 r anerona ot 298 1o 500 K.

7. PaccuuTaTh KOJIMYECTBO MOTJIONIEHHOM TeruioThl (kJ[>k) mpu HarpeBaHuUU | KI' STHIOBOTO
cnupta ot 127 o 327°C (npu NOCTOSHHOM JIaBJICHUH), €CIIM TEMIIEPaTypHYIO 3aBUCUMOCTb HC-
TUHHOW MOJBHOH TeruoemMKkocTH (k/[x/kmoinb-K) Beipaskaercs popmymnoit: Cp = 9,05 + 0,208 T —
0,0651 - 102 T2

8. BBIUMCIUTD KOJMYECTBO TEIUIOTHI, OTIaHHOE 150 Kr mapoB 3TUIIOBOIO CIIHUPTA MPU OXJIAXKIE-
Huu ux ot 400 no 100° C npu HopMasibHOM AaBiieHuu. CpeaHue, MOJIbHBIE TEINIOEMKOCTH OT 0°



C no t° C nns cnimpra npu temneparypax 100° C u 400° C coorBercTBeHHO paBHbl 80,5 u 97,2
kJ>K/KMoITb-Tpan (HaBjaeHUE HOPMATIBLHOE).

9. Kakoe xonuuecTBO TeIoTh noTpedyercs a1 HarpeBanus 50 kr atunena ot 200° C go 500°
C npu HopManbHOM JlaBieHuM? CpeqHue MosbHbIe TeroeMkocTu TriieHa npu 200° C u 500° C
COOTBETCTBEHHO paBHBI 48,6 1 62,5 kJ[>x/KMOJIB-Tpa.

10. Kakoe KONMYECTBO TEILIOTH MoTpedyeTcs s HarpeBanus 100 m® merana ot 100 mo 200°C
IIpY HOPMAJILHOM JIaBJICHUH, €CITU TEMIIepaTypHasi 3aBUCUMOCTh UCTHHHOM 00BbEMHON TEIUIOEM-
koctH (kJ[x/M>-Tpan) Bepaskaercst popmyioit: Cos = 1,62 + 3,56- 10 2 t.

11.3aBUCHUMOCTH MOJIBHON TEIIOEMKOCTH alleTHJIEHA OT TEMIEPATyphl BbIPasKaeTCs
Cp=24,46+64-10°T -21,87-10° T2

Bbraucnuts cpenioro yaenbHyto terioeMkocTs (Cp) B unTepBaie temmeparyp ot 400 go 500 K.
12. BoIYUCAUTH CPEAHIOI0 MOJIBHYIO TEIUIOEMKOCTh aMMHaka B MHTepBajie Temmeparyp oT 100
1o 200°C, ecu Cp = 24,8 + 3,76 - 102 T-7,39-10° T2

13. OnpenenuTb CPeTHIO YIENIbHYIO TEINIOEMKOCTh OKCH/Ia KAJIbLIUA B UHTEpBAJle TeMIIepaTyp
1200 - 1300°C, ecu Cp = 48,77 + 4,525 - 103 T.

14. OnpenenuTh CpeHHE MOJIbHYIO, YACIbHYIO U OOBEMHYIO TEIIOEMKOCTH OKHCH YTIepoia
npu noctosiHHOM 006beme oT 0 10 500 °C, ecu C, = 29,08 + 0,002818 T.

15. Onpenenuth CpeiHIO YAEIbHYIO TEIUIOEMKOCTh IpU KOMHaTHOM Temmeparype 0,2 H pac-
tBOpa CUSO4 (IIOTHOCTH pacTBOpa MPUHSATH paBHOH 1r/cM®). CpemHue yaenbHEIE TEMIOEMKO-
CTH TIpM KOMHATHOW Temmeparype mns cyibdara meam 1,128 x/Dx/kr-rpax, a Bomel 4,2
kJK/Kr-Tpa.

16. TIpu 20°C B 1 ™M® Bomsl pactBopmin 200 Kr moBapeHHOH comn. ONpeaeluTh CPeIHIO0
YIEIbHYIO TEIJIOEMKOCTh IIOJyYEHHOTO pacTBOpa, €CiIu MpU KOMHATHOM TeMIIepaType CpemHsis
ylenbHas TeMIOEMKOCTh MmoBapeHHOU conu paBHa 0,864, a Boasl 4,2 k/[x/kr-rpan. IlnoTtHOCTH
Bozw! ipu 20°C pasHa 998,2 kr/ M3,

17. Ilonb3ysick MpaBUIIOM aJAMTHUBHOCTH, paccuuTarh npu 25°C MO aTOMHBIM TEIIOEMKOCTSIM
3JIEMEHTOB MOJIBHYIO TEINIOEMKOCTh nuputa FeSz. CpenHsis yaenbHasi TEIII0OEMKOCTh poMOnye-
cKoit cepnl B uHTepBajie temmeparyp 0-95,6°C pasna 0,735 kJx/kr-rpam, a TemMneparypHas 3a-
BHUCUMOCTb CpeIHEN yneabHOU TemoeMKocTH xene3a (kJx/kr-rpan) B untepsane 0-777°C BbI-
paxkaercs hopMysoi

C=0453+1,05-10 %t + 0,175 - 10 ® t°>. BelunciuTh MONBHYIO TEIIOEMKOCTh MUPHUTA TIPH
25°C, uCIoNb30BaB TEMIIEPATYPHYIO 3aBHCUMOCTh UCTHHHOW TeruioeMkocTn FeS; B mHTEpBaie
temmneparyp 0-600°C

C=(0,611+7,88-10 *t)-M FeSs..

18. OnpenenuTs U3MEHEHHE BHYTpPEHHeH sHeprun npu uzobapuueckom (1,013 - 10° I1a) ucma-
penun 1 xr Boasl mpu 150°C (00BEMOM KUAKOCTH BOJBI IPEHEOPEUH), €CIIM TETUIOTa Mmapoodpa-
30BaHus Bozbl npu 150°C pasna 2112,8 Jx/r. Cuntarh nap uaealbHbIM Ia3oM, NpeHeOpedb
00BEMOM JKUJIKOCTH.

19. Onpenenuth U3MEHEHNE BHYTPEHHEH 3HEPruM MpU U300apUUECKOM HCTIApEHUH ITHIIOBOTO
cnupra maccoil 10 r npu temneparype kunenus 78 °C, ecau TemioTa UCHIApEeHUs CIUpPTa paBHA
922,77 x/r. OOBEeMOM KUAKOCTU MIPEHEOPEUb.

20. Kakoe KOJMYECTBO TEIUIOTHI HEOOXOAUMO JUIsl M30XOPHUECKOT0 HAarpeBaHUs a30Ta Maccoi
10 r ot 10 mo 20°C?

21. OgHOoaTOMHBIN ra3 MNPy HOPMAIbHBIX YCIOBUSIX HarpeBaloT 10 600°C mpu NOCTOSHHOM 00b-
eme. Mcxoaubiit 06beM rasza 5 1. KakoBbl KOHEUHOE /JaBJICHUE M KOJIMYECTBO 3aTpayeHHOM Tem-
J0THI?

22. Kakoe KoJIM4ecTBO TEIIOThl HEOOXOAUMO JUIS H30XOPUUYECKOTO HarpeBaHUsl YTIEKUCIOTO
raza maccoit 50 r B maTepBase temneparyp ot 300 mo 400°C, eciiu Cy = 40,2 Jx/Mons-K.

23. Ilpu peicTBUU KUCIOTH HA METAJUT BhIACIUICS Bogopoa oobemom 0,007 Mo MpY JABJICHUU
1,013 - 10° ITa. Onpeneauts paboTy, HPOU3BOIMMYIO Fa30M IIPOTHB aTMOC(EPHOTO JaBJICHHUS.



24. Benson maccoit 100 r ucnapsiercs npu Temneparype kunenus 80,2°C u nanenun 1,013 - 10°
[Ta. OnpenenuTs NPOU3BOAUMYIO MapaMu OeH30Jla padoTy, U3MEHEHUE BHYTPEHHEH 3HEpruu u
W3MEHEHHUE HTAJIBIINY, €CITH TeII0Ta UcmapeHus 6ensona pasHa 395,2 JIx/r.

25. OnpenenuTh 3aTpaucHHYIO M COBEpIICHHYIO paboTy m3obapuaeckoro (1,013 - 10° ITa) pac-
mumpeHus kucnopoaa oobemMom ot 0,005 1o 0,00551 M mpu 50°C.

26. Ipu 2,142-10° Ta u 25°C 10 Kr Bo31yXa IOABEPralOTCS H30TEPMHUIECKOMY CXKATHIO 10 1/3
OT IepBOHAYANIBLHOr0 00beMa. Kakoe mpu 3TOM yCTaHOBHUTCA JaBlIEHUE, KaKyl0 paboTy HE0OXO0-
JUMO 3aTPaTUTh U CKOJIBKO TEILJIOTHI IPH 3TOM OTBOAUTCSA?

27. Paccuuraiite paboty u3zorepmudeckoro (27°C) pacmmpeHus yriieKUCIoro ra3a KOJIn4ecTBOM
BemecTsa 0,5 mons ot 1 1o 25 1.

28. Paccumraiite padoty uzorepmudeckoro (0°C) pacmmpeHus XJiopa KOJIUYECTBOM BEIIECTBA
0,5 mons ot 1 o 25 n.

29. PaccuuTaiite padoty nzorepmuueckoro (25°C) pacmmpenus Bogopoaa maccoit 20 r ot 10 1o
40 n.

30. Ompenenute padory uzorepmuueckoro (50°C) pacuupenust | MOIb HEANBHOTO raza mpu
M3MeHeHnH naBieHus ot 5,065-10° Ia mo 1,013-10° IMa. Kakoe KOIHYECTBO TEILIOTHI IpH 3TOM
HOTJIOUIEHO?

31. Ogun Mok renus, B3saThid npu 100°C u naBneHun 1,013-10° I1a, agnabaTuyecku pacuups-
ercs. [Ipu aTom Temrieparypa nmorusmiack 10 25°C. Onpenenure padoTy, COBEPIICHHYIO T'eJIH-
eMm.

32. B pesepsyape emkocTsio 5-102 M° mpu Temmepatype 200 K un naBnennn 0,5-10°TIa conep-
KUTCs a30T. Onpenenuts padoTy, KOTOPYIO HEOOXOJMMO COBEPILUTH ra3y, 4YToObl JaBIEHHUE CO-
craBunio 2 - 10° Ia. CumuTaTh a30T B yKa3aHHBIX YCJIOBHMAX MiealbHbIM TazoM. HeobXxomumble
JUTS pEIICHUS 3a/1a4M JaHHBIC B3SITh U3 CIIPABOYHHUKA.

33. TIpu 298 K 1-1072 xr kucnopona cxxumaercs aguadaruaeckn ot 8-10° 1o 5-10° M3, Onpene-
JUTE KOHEYHYIO TeMIepaTypy, paboTy mpolecca ckaThs U MU3MEHEHHE BHYTPEHHEH SHEeprud,
eciu Cy = 5/2R..

34. B pesepByape npu 298 K HaxoauTCs HEM3BECTHBIN T'a3; NMPEAINONAraeTCs, YTO 3TO a30T WIH
apros. IIpu 6sIcTpoM pacimupeHuu 5 1 3Toro rasa 70 oobsema 6 11 ero remmnepaTypa ynaina Ha 15
K. Kaxkoit ra3 conepxuTtcst B pe3epByape?

35. TIpu 298 K o1HOATOMHBIH ra3 B U€aJbHOM COCTOSSHUU U30TEPMUYECKH U 0OpaTUMO pacIliu-
psercs ot 1,5-10° 1o 10-10° M3, mpu sTom morsomaercs 9,66 xJx Temna. PaccunraTs dmcio
MoJIEH Ta3a, y4aCTBYIOIIMX B IIPOLIECCE.

36. [leficTBMEM KUCIIOTHI HA METAJUI MOIY4eHO 35 J1 Bogopoa npu AasieHuu 1 atMm. Beraucnuts

paboTy, coBepIIaeMyro ra3oM IpOTUB aTMOC(HEPHOTO JaBJICHUS:

a) B J1-aMT; 0) B KQJIOPUSX; B) B JIPKOYJISIX.

37. Cxonbko moTpedyeTcs TeIIOThl, YTOObI MOBBICUTH TeMneparypy 10 r aprona (0JHOaTOMHOTO
ra3a) Ha 10°C: a) npu nocTosTHHOM 00BbeMe; 0) TPU MOCTOSTHHOM JIaBJICHUH.

38. OauH KMOJIb MACANIBHOTO Ta3a, B3aroro npu 300 K, HarpeBatoT npu MoCTOSHHOM JIaBJICHUU
1o 600 K, a 3arem agnabaTudecku paciupsioT 10 NepBOHaYalnbHOM TeMnepaTtypsl. Haiinute pa-
00Ty, TEmIO0Ty, N3MEHEHNE BHYTPEHHEH SHEPruM W SHTAIBIIMHA B ATOM mporecce, ecimu Cy =
5/2R.

39. Haiinure TemioTy, paboTy, M3MEHEHUE BHYTPEHHEN SHEPIUH U SHTAIBIINU NIPU UCTIAPEHUU 6
r Tosyosa. Temneparypa kuneHus Toiyosna paBHa 383 K, a ynensHas terora ucnapenus 33,6
k/[x/Monb. [IpuHATE 00BEM )KHJIKOCTH MTPEHEOPEKMMO MaJIbIM MO0 CPaBHEHUIO ¢ 00BEMOM Mapa;
nap CYMTATh UCATBHBIM ra30oM.

40. I'a3oBas cMeCh, KOTOPYIO MOXHO CUUTATh UJICAIBHBIM ra3oM, coaepkut 0,12 kr Bogopoa u
1,4 xr a3oTa u HaxoauTCs Tox AaBinerueM 1,1013 - 10° Ta. Haiingure paboTy H30TepMHYECKOTO
pacupenus cMecu npu 298K 1o nasnenus 1,1013-10° Ia.



41. 2 MOJb UIEATBHOTO ra3a HArpeBaloT MPU MOCTOSSHHOM JIaBJIEHUWU JI0 T€X MOp, MOKa ra3 He
coBepmuT padory, paBHyro 5000 JIx. Kak u3MEHHUTCS €ro BHYTPEHHsIS SHEPTUs U DHTAIBIHS B
aTom mporuecce, ecnu Cy = 5/2R?

42. Bocronb30BaBIIMCh 3HAYSHUSIMHU SHTAJIBIIUN Ta30B MPU Pa3IUYHbIX TeMIlepaTypax U HOp-
MaJIBHOM JIaBJIeHUH (HEOOXOIUMBIC JaHHBIC B3STh M3 CIPABOYHHKA), OMPEACITUTH KOIUYECTBO
TEIUIOTHI, OTAaHHOE npu oxJaxaeHuu 100 kr ammuaka ot 500 mo 100°C.

43. Hcnonb3yst TaOMWYHBIC JAHHBIE DHTAIBIUN Ta30B MPHU PANIUYHBIX TEMIIEpaTypax U HOP-
MaJIbHOM JaBJIEHUH, PACCUUTATh KOJIMYECTBO TEIUIOTHI, He0OXoaumoe i HarpeBanus ot 100 1o
700°C 100 xmomb cMmecH ra3oB, cogepxaiiei 20% okucu yriepoga u 80% IBYOKUCH yriiepoja.
44. Topenue cepoBOAOpoOJa MPOTEeKaeT cortacHo ypaBHeHuto 2HzS + 30,—2H0O(map) + 2S0,.
Brerauciuth TemnoBoit a3 dekt peakiuu ropenus ceporoaopoaa nmpu S00°C, BOCIoib30BaBIINCH
TaOJIMYHBIMU 3HAYCHUSIMHU TEIJIOT 00pa30BaHUsl U DHTAJBIHSIMH Ta30B, YJACTBYIONIUX B peak-
nuu. Ternotel 00pazoBanus cepoBoaopoaa, H2O(map) u AByOKHCH cepbl COOTBETCTBEHHO PaBHbI
20,15; 241,84 u 296,9 xJ[>x/M0JIb.

45*, Haiimute paboTy, TEIUIOTY, M3MEHEHHUE BHYTPEHHEH SHEPTHU U SHTAJBIIUHU B mpoiecce abc
(puc. 1), coBepmaemom 1 KMOJIb UAEATBEHOTO ra3a.
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46*. HalimuTe 3aBUCUMOCTh MeX Ty mapameTpamu P u T mmeanbHOTO Ta3a B mporecce, n300pa-
’KEHHOM Ha puc. 2.

47*. Ban-nep-Baansc ycTaHOBUIT CIEAYIONIYIO 3aBUCMOCTh MEX]TY ITapaMeTpaMu peaabHOTO
rasa:

(P+%)-(V—b):RT

Haiinute paboty n3orepMuyeckoro pacmupenus 1 mMonb ra3a Ban-gep-Baansca ot o6bema Vi
1o oovema V2 nipu remmneparype To.
48*. 13BeCTHBI CIEeyIOIINE YPABHEHUS COCTOSHUS peallbHbIX ra30B:

ypasuenue Jlutepuun (1): (P + %) -(V—b)=RT

ypasaenue beprio (I1): (P + :Tr) -(V—b) =RT,

rrae a u b — KOHCTaHTBI, 3aBUCSIIIE OT Pa3MEPOB U CBOWCTB MoJeKyll. Onpeaenute padboTy, co-
BEpILIAEMYIO [IPH PACIIMPEHUN 3THUX T'a30B IPU U30TEPMUUECKOM pacUIMpeHuu oT o0bema Vi 10
o0bema Va.

49. Berunciuth naBieHue 1 KMok Bogoposa, 3aaumartomiero npu 0°C oowsem 448 1. Ucnons3o-
BaTh /ISl pacue€TOB YPaBHEHMS COCTOSHUS MAEAJIBHOTO U PEalbHOIO ra3zoB. CpaBHUTH MOJyUYEH-
HBIE B TOM H IPYTOM CIy4asX pe3ylbTaThl ¢ OMBITHOH BemuanHoi 52,28 - 10° u/M2,

50. Tlo ypaBHenuto Bau-nep-Baanbca BbIUMCIHTH AaBieHue 1 kmomb ammuaka mpu 200 °C,
Haxozsuerocs B cocyne eMkocThio 500 51. Ha ckoJIbKO MPOIEHTOB MOTY4Y€HHOE JaBICHHUE OTIIU-
4aeTcs OT BBIYMCIEHHOW BEJTMYMHBI 10 YPaBHEHUIO COCTOSIHUS MI€albHOIO ra3a’?

51. ITo ypaBHenuto Ban-nep-Baansca BBIUUCIHTE TEMIIEpaTypy, IpH KOTOpol o0beM 1 KMOIb
CepoBOIOpO/Ia cTaHeT paBHBIM 500 11 u faBneHnu 6,66 - 10° n/m2,



52.0mnpenenuts o6bem 1 kmomb azora npu 100 °C u 6,79 - 107 u/M? ¢ ydetoM kodddunuenta
C)KMMAaeMOCTH Tra3a IpU yKa3aHHBIX yciaoBHsX. Kputuueckue TemmepaTypy U JaBieHHE a30Ta
HaWTHU 110 CIPABOYHUKY.

53.0mnpeaenutb Maccy JABYOKHCH yriiepoaa (Kr), COAEpaIIUics B COCyle €MKOCThIO 1 J1 moj
JaBJICHHEM

2,216 - 108 5/m? 1 300 °C, ¢ yueTom ko3 dHIHEeHTa CKUMAeMOCTH ra3a. KpuTnueckue mapamer-
PBI HAUTH 110 CIIPABOYHHUKY.

54. BeiBecTH TeMITEpaTypHYIO 3aBUCUMOCTH TerioBoro 3¢ dekra peakiuu C2HsOH(r) <> CoHg +
H20(1)

npu 25°C 1 HOpMAJIBHOM JIaBJICHUH TEIIOTHI 00pa30BaHUsA: ra3000pa3HOro ATHUJIOBOTO CIIUPTa
235,3 xJIx/mMonb, aTriiena 52,28 kJIx/mMoib, mapoodpasnoit Boabl 241,84 k/[x/Monb. Temmepa-
TypHasi 3aBUCUMOCTh HCTUHHBIX MOJIBHBIX TETUIOEMKOCTEH:

C,CH0H = 9 05 +0,208T — 0,0651 - 10T JIxx/mons; Cp M =27,9 + 0,067T Jlx/Mons
CpM120=28,8+0,01375T — 1,435 - 10°T? [T:x/moms

Berancnute ternosoit agdext mpu 400 K.

55. TemnoBoii ad ekt obpazoBanus ammuaka 3Hz + N2 = 2NH3 npu cTanaapTHBIX yCIOBUSX pa-
BeH 92,2 k/x. Berauciure TernoBoii a¢dext sroi peakunu npu S00°C 1 HOpMaIBLHOM J1aBiie-
HUU 110 SHTAJIBITUSM.

56. CranmapTHas Tersiora oOpa3oBaHus aamasa u3 rpadura paBHa 1,8975 kJlx/Moib. 3aBucu-
MOCTb TEIUIOEMKOCTH rpaduTa U anMasa OT TeMIIepaTyphl BhIpaxaeTcsl CASAYIOUUMHI YpaBHEHU-
SIMU;

Cprpapur) = 934 + 1,487T — 40,75-10°T2 JIsx/xr-rpan; Cpamas = 737 + 0,913T — 45,47-10°T2
JIx/kr-rpa.

Haiimure GpynxmmonansHyto 3asucuMocts (AHC) o Temneparypsr mus peakimn Corpagur = Canas
57*. Onpenenuts TemioBoit 3¢ dext peakuu 2NaOH + SiO2 = NaxSiOs + HoO nipu gaBneHnn
101,3 xIla u npu Temnepatype 800K, ecnu n3BECTHBI CIEAYIOIINE BENUUNHBL:

Bermie- CocTostiie AHa810 5, Cp. Jix/xmons K TemriepaTypHbIii HHTEP-
CTBO JIK/KMOTB BaiL, K
NaOH B -427,1 51,21-10% + 33,5T 298-595
NaOH K - 100,49-10% - 22,86T 595-1500
SiO; TB -860,0 4551-10° + 36,47T 273-848
NaxSiOs TB -1519,9 131,47-10% + 40,2T 298-1361
H20 r -242,0 30,14:10° + 11,30T 273-2000

Tennora muasnerns NaOH mpu 595K 6,82-10° Jx/kMosb.

58*. BrIpazuth 3aBHcHMOCTh TeruioBoro 3 dekra peakuun 1/2S(r) + 2CO2 = SOz + 2CO or
TEMIIepaTyphl,

€CIIM U3BECTeH TeIuloBod ekt 3Toi peakimu npu T=298K, u ypaBHEHHE 3aBHCUMOCTH
Cp=f(T). Boruncnuts TemnoBoit apdexr peaximu npu T=800K u onpenenuTs, HACKOIBKO MpH
aTol Temmeparype orminyaercss AH°r or AU°r (TemioBoit 3pdekT peakiuu mpu MOCTOSHHOM
JIaBJIEHUH OT TEIUIOBOTO 3(peKTa mpu NOCTOSHHOM 00bEME).

59*. BeIpa3uTh ypaBHCHHEM 3aBUCUMOCTH TeruioBoro 3ddekra B J[x/kmonb peakmum 2N +
6H20(r) = 4NH3 + 302 ot TemnepaTypsl, €ciii U3BECTEH TeIIoBOM 3¢ (deKT 3Toil peakuuu npu
298 K. YpaBuenus 3asucumocti Cp=f(T) B34Th U3 cripaBouHHKA. BRIYUCINTH TEIIOBO# A heKT
peakuuu npu Temmnepatype 1300 K. Ioctpouts rpaduku 3asucumoctu 1% NiCprpoa=F(T), 12

niCpucx.sem=f(T) u AH°=f(T) B unteppane Temneparyp ot 298 no 1300K. Onpenenuts rpadu-
dAH
YECKHU (y)p npu temneparype 1000K. Paccunrars ACp npu temneparype 1000K.

60. Ykaxure KakoMy U3 pUCYHKOB 3-10 cooTBETCTByeT Kaxxablii u3 pucyHkoB 11-18. Otser
obocHyiiTe.
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meMm | u xoneunsIM coctosiuueM |l ocymiecTs-
poTekaeT oOpaTUMO, IPyroil — HeoOpaTHUMO.
1eccoB: Qoop U Queodp, IPUUEM

SHEHUEM SHTponuu AS B TOM H Ipyrom mpo-

MO TIOJJIEP)KMBATh TMOCTOSHHBIMHU, YTOOBI TIO
bUIO OBl CYIUTh O HANpPaBIEHUH CaAMOIIPOU3-

ccax. BpIBog MaTreMaTHYECKUX 3aBUCUMOCTEH.
(AKX YCJIOBHUSX HU3MEHEHHE DHTPONUU MOXKET

[PHBIE PHTPOIHH TPEX arperaTHbIX COCTOSHUMA
yroro tena? Yro Oomnpme?

2. Kommuekr 3amxa4 no teme « Tepmoxumusi. Bropoe Hauajio TepMOIMHAMUKH. DHTPOMUS»
1. Topenue ¢ochopa MokHO BbIpazuTh ypaBHeHHeM: 4P+502 = 2P;0s. [IpencraBbTe 3TOT Hpo-
[IECC TEPMOXUMHUYECKUM YpaBHEHUEM, €CIIM U3BECTHO, YTO MpHU cropanuu ¢ocdopa maccoit 1 r
BoeigenuTces 24,7 KJIK TEIIOTHI.
2. Tennora cropanus sTa”ona paBHa 1367,7 xJ[x. Haiinure tennoty oOpa3zoBaHHUsl STHIIOBOTO
CIHPTa, €CIIU MPU TOPEeHUH 00pa3yeTcs YIIeKUCIbIN Ta3 U BOJA B XKUIKOM COCTOSTHHUH.

3. OnpenenuTe TEMIOTY MOJHOTO CrOpaHUsl HUTPOOEH30I1a, €CJIN €ro TeIuIoTa 00pa3oBaHMsl IpU
cTaHaapTHBIX ycinoBusx (AH29s) paBHa 15,9 k/[x/Momb.



4. Paccumraiite TeroTy oOpa3oBaHus okcunpa Fe;Os, ecnu W3BECTHO, YTO TPH PEaKIUU:
2Al + Fe;03 = Alb,O3 + 2Fe. Ha xaxsie 80 r BoccranaBiuBaeMoro okcupaa »xeinesa (111) Beige-
nutcs 424,1 xJx Tera.
5. Beruucnure TemnoBoi 3G GeKT peaKkiuu Ipu MocTOsTHHOM JaByiennu u 250C:
2NH4CI(t) + H2SO4(k) = (NH4)2SO4(xp) + 2HCI(1).
6. Peakuus paznoxeHus kapOoHaTa KaJbIUs BRIPAXKAETCs YPaBHEHUEM:
CaCO3 = CaO + CO2; AH = 143,5 x/I:x/Mob
CKOJBKO TEIUIOTHI HAJI0 3aTpaTtuTh Aisl pasnoxenus CaCO3z maccoit 500 r.
7. Onpenenure TerioTy cropanus dtaHona:C2HsOH + 302 =2CO2 + 3H20 + Q
Hannbie nis pacueroB: C+0O2 = CO2 + 394,0 xJIx/mMoib
Hz + 1/202 = H2O(x) + 285 xJI>x/MOb
2C + 3H2 + 1/202 = C2HsOH + 278,2 x/{»/Moib
8. Paccuuraiite TemnoBoit 3¢ dext peakuun C2Hs + Ho =2CHa + Q
€CJIM TEIJIOThl CropaHus dTaHa, METaHa U BOJIOPOJIa COOTBETCTBEHHO paBHbI 1562; 891,2; 286,3
K /[K/MOTb.
9. Paccuuraiite Terioty oopazoBanus 6enszona 6C + 3Hz = CsHe + Q
€CJIM TETUIOTHI CTOPAHMsI BOJOPO/Ia, YIiiepoa, O€H30JI1a COOTBETCTBEHHO paBHBI, K/ [/Momb: 285;
394; 3282,4. Boga o6pasyercst B KHUIKOM COCTOSTHUU.
10. Onpenenute Temioty cropanus ¢pocdopuctoro Bogopoaa 2PHz + 402 = P2Os + 3H20 (k) +
Q,
UCIIOJIB3YSI CIIEIYIONIME TEPMOXUMUUYECKHE JIAaHHbBIE
2P + 3H> = 2PH3 — 48,62 xJI>x Ha 2 MOJIb
2P + 5/202 = P20s + 1508,4 x/[/M0JIb
H2 + 1/202 = H20 (k) + 285 x/{»/Mo1b
11. Beluucnuth cTaHAapTHYIO TEIUIOTY 00pa30BaHus NEHTaHOA (K) U3 IPOCTHIX BEIIECTB, €CIIN
U3BECTHA €r0 TEIJIOTa CrOPaHHMs P CTAaHAAPTHBIX ycIoBusX (AH29g) -3323,222 kJ{/MOJb.
[TpunsTsh, yto npoaykThl cropanust — COxz(r), H2O@x). TennoTel cropanusi mpocThIX BEUIECTB:
Crpag + O2=CO2) +393,795 xJI>x/mM0nb
H2 + 1/202 = H20¢x) + 286,043 x/]x/Monb
12. Onpenenute TemnoBoi 3G (heKT peakiuu, MpoTeKarIiel B ra3oBoi ¢ase.

aOoH—icecCcHHi—— T aaaeaedEeic

= b,

BenuuuHel 3HEPTUil CBA3M HAUTHU B CIIPABOYHUKAX.
13. PaccuuTaiite TerioBoi 3@ dekt peakuu Q neruaparaniy THIOBOTO CITUPTA
10 PEaKIUU:

i —
|| A

HoeCOH—> oS¢+ HOE
i = H

Tennora ucnapenus STuoBoro cnupra pasHa 41,68, a Boast 44,0 xx/MoIib.
14. Onpenenute TeruioBoi 3p ekt (AH298) peakiinu CHHTE3a aKPUIOBOU KUCIOTHI
CH=CH + CO + H20(x) <> CH2=CH-COOH(x)
npu 1,013 - 10° H/m? 1 298 K, eciti n3BeCcTHBI TemnoBble 2 (heKTh 06pa30BaHus IPOLYKTOB pe-
aKIIMU 1 UCXOJHBIX BEIIECTB:

CH=CH AH%gg = 226,90 kJ[x/MOTB
CO AHC%gs = -110,60 x/I/MO0Ib
H0 AH%g5 = -286,03 kJIK/MOTB

CH>=CH-COOH AH%gg = -382,66 kJI/MOTb



Omnpexnenurte Takxe TemI0Boi 3(h(eKT ITol peakuu Mpu NOCTOTHHOM 00BeMe.

15. Onpenenute tertoBoit 3G dext (AH298) peakimu CH=CH + CO + H20(x) <> CH=CH-
COOH(x)

mpu 1,013 - 10° H/m? 1 298 K, ecitit n3BeCTHBI TerIoBbIe 3G(hEKTHI CrOPaHHs BCEX BEIIECTB:

CH=CH AH%gs = -1300,50 x/Ix/MOIB
CO AH%gg = -283,18 xJ[:x/MOTIb
H20 AH%gg = 0 xJ[>x/MOITb
CH>,=CH-COOH AH%gg = -1371,18 xJ[x/M01b

Omnpexnenurte Takxe Tem10Boi 3(h(eKT ITol peakuu Mpu NOCTOTHHOM 00BeMe.

16. CkOJIBKO TEIIOTHI BBICTUTCS, eciau K 0,1 Kr cepHOU KUCIOTHI ¢ KoHIeHTparuei 50% moba-
BUTh 0,3 Kr Boabl? JlaHHBIE O TEIUIOTaX PACTBOPEHHUS B35ITh U3 CIPABOYHUKA.

17. CkonbKO BBIAEIUTCA TEIJIOTHI IpU pacTBOpeHUr S0 T MOHOTHAPATHI CEpHOM KHUCIOoThI B 100
cM® BOJIBI?

18. Cxonpko BbaenuTcs TermioTsl npu pactBopeHuu 200 r 38%-Ho# cossiHOM kuciaotel B 400
cM® BOJIBI?

19. CKONBKO BBIIEITUTCS TETUIOTHI IPU pacTBoperun 100 T 67%-Hoii a30THOH KucnoTsl B 150 cm®
BOJIBI?

20. Ilpu HelTpanu3auu cEpHON KMCIOTHI Maccoi 6,86 T rTHAPOKCUAOM HaTpus A0 00Opa3oBaHUs
ruzpocyibdara HaTpus Bbiaessercs 4,32 kJK TeMI0Thl, a IPU HEHTpaIn3aluu 3TOro Ke KOJIU-
YecTBa KUCIIOTHI JI0 cynb(aTa HaTpus BeiAenseTcs 9,26 kI TemnoTsl. BeraucnuTe TemoBon

3¢ ekt B3auMoeiicTBUs TuApocyibdaTa HaTpUs C TUAPOKCHIIOM HATpUS.

21. BpIlUMCIUTD HHTErPAIbHYIO TEIUIOTY PACTBOPEHMSI XJIOPHIa KU B BOJIE, €CIIU B PE3YJIbTaTe
pacTBopeHnus HaBecku 9,3413 r B 445,38 T BoapI TeMnepaTypa noHns3unack Ha 1,115 °. Vienpnas
TETUIOEMKOCTb MOJTydeHHOTO pactBopa 4,068 Jx/T* rpaj, a TEIUIOEMKOCTh Kanopumerpa 122,7
Jx/rpan.

22. Berauciuts 1o ¢popmyne J1.I1. KonoBanoa Temmory cropanus Mmetuianeruiena QV , Terio-
Ty Cropanusi MeTuianeTuieHa QpP, u CpaBHUTD MOJTYUYEHHBIH pe3ybTaT ¢ TAOIUYHON BETMYMHON
Qp= 1946 x/Ix/MoITb.

23. Beruucnuts no ¢popmyne J1.I1. KonoBanoBa TemioTy cropanus »KMIKOT0 THJIOBOTO CIIUPTa U
CpaBHUTH ¢ TabarmuHBIMU 3HaueHHeM Qp= 1366,91 x/[»/moxb. Temnora ucrapeHus: cnupra
41,68 x]JIx/MoIIb.

24. BpIUNCIUTh TEPMUUECKYIO XapakTepucTuky kopuuHoro anpaeruga CeHs-CH=CH-COH u
paccuutath o gopmyse J[.I1. KonoBanosa TenaoTy cropanusi ra3000pa3HOro KOPUYHOIO allb-
neruja. Heo6xonnmeble TaHHBIE B3SITh U3 CIIPABOYHMKA.

25. Onpenenute pasHocTh Mexkay Qp u Qv mpu 25°C s cnemyromux peaxuwii:

N2 + 3H2 <> 2NH3

2S02 + O2 <> 2S03(1)

2C(rpadur) + 02 =2CO

NH4Cl(kp) = NH3z + HCI(r)

26. Tenora cropanust CO B KalOpUMeTpe C MOCTOSIHHBIM 00beMOM paBHa -67,370 Kkai/MoJIb.
BbraucnanTs TEmIOTy cropaHusi B KaIOpUMETPE C MOCTOSIHHBIM JJaBI€HUEM P AOMYILEHUH, YTO
ra3sl uaeanbubie CO(T) + Y2 Oz(ra3) = CO2(ra3)

27. Haiitu TermoBoit apdext 06pa3zoBaHuss METaHA U3 MMPOCTHIX BEIIECTB IpH Temmeparype 298K
U TIPU U300apHOM M U30XOPHOM IPOIIeccax, €CIIM U3BECTHBI 3HAYCHHS TEIIOBBIX 3 (PEKTOB 00-
pa30BaHMs U3 NPOCTHIX BemecTs npu 298K v cTaniapTHOM 1aBIICHHUH:

CO2 AHP98 = -393,78 k]Jlx/Mo1B

H20(x) AH%gg = -286,03 xJ[/MOIb

CHs  AH%98cropan = -890,91 kJIk/MOJIB

28. BpluucTUTE U3MEHEHHUE SHTPOIUH IIPU CTAHIAPTHBIX YCIOBHUH U1 pEaKIIMA:

2H2S + SO2 = 2H20 + 3S

Zn + H2SO4 = ZnS0O4 + H>

CH4 + 20, = CO2 + 2H..



29. OnpenennuTs U3MEHEHUE SHTPOIINU IIPHU IIJIaBJIIEHUN MEAU Maccol 63,5 T, ecu Temsora
TuIaBieHns Meau pasHa 12980 Jx/Monb, a Temneparypa miasiaenns meau 1083°C.

30. PaccunTaTth U3MEHEHHE SHTPOIUU [ CAEAYIOLIUX IIPOLIECCOB:

a) I1aBieHre 1 MOJIb ATIOMHHHMS B €ro Touke raBienus npu 660°C (Terora riaBineHus 8
k/[>x/Mo1B);

6) ucriapeHne 2 MOJb KMCIOPO/Ia B €ro Touke KuneHus npu —182,97°C (temora ucnapenus 6,82
k/[>x/Mo1B);

B) Harpepanue 10 r cepoBogopoza ot 50 g0 100°C npu nocrosanoM napnennu (Cp = 7,15 +
0,00332T).

31. B 1ByX cocynax oIMHAaKOBOW BMECTUMOCTH HaxXOAATCA: B IEPBOM a30T Maccou 2,8 T, BO BTO-
pom apros maccoii 4,0 r. OnpenenuTe U3MEHEHHE SHTPOIIUH NPpH U dy3un, BOSHUKAIOIIEH B
pe3yNbTaTe COeAMHEHUs ¢ Ta3aMu. TeMreparypa U AaBJeHHEe OCTOSHHBI.

32. Haiitu u3aMeHeHue 3HTPOIIUU B IIPOLIECCE 0OPaTUMOro U30TEPMHUUECKOr0 Ckatus | Mob
KHCJIOPOJIa OT 1,013-10° no 10,13-10° Ia.

33. PaccuuTaiite n3MEHEHHUE SHTPONUHU [IPH U30TEPMHUECKOM CMEIIEHUHU 1 KMOJIb KUCIIOpoAa ¢
1 xmonb azota npu gasnenun 1,013-10° I1a. IIpuHATS, uTO 002 ra3a HOAYUHSIOTCS YPABHEHHIO
COCTOSTHUS U1€aJIbHOTO ra3a.

34. I'a3oBast cMech, 3aMEHSIIOIIAs BO3/IYX, CONEPKUT Kuciaopo (20,95% mo oobemy) u a30T
(79,05% no o6bemy). HaiinuTe, kakuM U3MEHEHUEM SHTPOIIUU COMIPOBOXKIAETCS 00paTUMOe
pasnenenne 1 M3 cMecu Ha YHCTHIE Ta3bl IPH CTAHAAPTHBIX YCIOBHSAX.
35.Kak u3MeHHTCS SHTponHs | MoJb renus npyu Harpesanuu ero ot 20 1o 70°C ecnu 06beM npu
9TOM HM3MeHuJjcs ot 24 no 28,11?

36. 37. HaiiTu M3MeHEHHe SHTPOIIMH IIPH Mepexojie 3 Mok Kuciaopoa ot o6bema 0,0336 M mox
nasnennem 2,026-10° ITa k o6vemy 0,0672 M3 oz nasneruem 1,013-10° ITa. Monspras Temio-
eMKocTh kucnopozaa Cp paBua 29,37 Jlx/mons-K, TemnepaTtypa nocTosiHHa.

37. Haiitn n3MeHenue 3HTponuu npu HarpeBanuu 58,82 kr B203 ot 298 no 700K, ternmoem-
KOCTh

Cp (B203) = 36,5525-10% + 106,345T JTx/xmoms K.

38. Temnora peakuuu HeldTpamu3auuu H soma + OH sona = H2O mpu Temmeparype 298 K cocras-
astiet 57,3 JIx/Moiab. MOXHO JIM paccuuTaTh SHTPOIUIO KaK OTHOILIEHHE TEIJIOTHI Ipoliecca K
TeMriepatype?

39. Onpenenuts pasHOcTh 3HTponwii 1 T Boas! mpu 0 1 100 °C (naBnenue HopManbHOE), CUUTAS
TEIJIOEMKOCTh BOJIbI TIOCTOSIHHOM U paBHOM 4,19 Jx/r Tpan.

40. Paccuntaiite namenenue sutponuu AS ans 100-kpaTHOro odparumoro pacmupenus 1
MOJIb Ia3a B UJ€aJbHOM COCTOSIHUHU NPU NMOCTOSHHOW Temnepartype. MI3MeHuTcs u u Kak Be-
au4rHa AS, eciu pacliupeHue NpoBecTd HeoOpaTumo?

41.HaiiTu KOHEUHYIO TEeMIIEpaTypy, €CIIU MPOBOAUTCS OOpaTUMOE BHIpAaBHUBAHUE TEMIIEPATYP

10 Kr BOABI, B3ATOU MpH 0°C u 10 Kr BOJIBI B3SITOM pH 100°C. TermmoeMKOCTh BOIBI TIPUHATH T10-

CTOSIHHOM.

42*. JIOKaKWTE PABEHCTBO: T, = (I - 1™ )7,

rae Tk — KoHeuHas TeMneparypa, 1ocTUraeMasi ipu 00paTUMOM BbIpaBHUBaHUM TEMIIEPATYDP B
CUCTEME, COCTOSAILEH U3 IBYX YaCTEH;

M1 u T1 — Macca 1 HayaJIbHAs TEMIEPATypa OJJHON YaCTH CHCTEMBI;

M2 u T2 —Macca u HavYaJIbHasi TEeMIEpaTypa IPyrol 4acTH, Mpy yCIOBUHU, YTO YAEIbHbIE TEIIO-
€MKOCTH 00eHX 4acTell OJJUHAKOBBI U HE 3aBUCAT OT TEMIIEpaTyphl.

43*. JIBa KycKa OZHOTO M TOTO K€ MeTaJula OJJMHAKOBBIX Pa3MEPOB C Pa3HbIMU TEMIIEpPATypaMH
T1 u T2 npuBeaeHbI B CONPUKOCHOBEHHUE U OCTABJIEHBI JIJIsl BRIpaBHUBaHUs Temneparyp. [loka-
3aTh, YTO U3MEHEHHNE SHTPOIUU BhIPAXKAETCS YPABHEHUEM:

A5 =C,In TutTy)®
aTT, !

eciu Cp nocrostHHa. Kakum 00pa3oM MOXKHO cenaTh BBIBOJ, YTO MIPOLECC IIPOUCXOJUT CAMO-
MPOU3BOJIBHO? p
44*. HaiinuTe N3MEHEHHE SHTPOIIUYU HICAIBLHOIO T'a3a B IIPOLIECCE OT TOUKE Py - ———




1 mo Toukwu 2 (puc. 1).

45. JIokaxuTe paBeHCTBO: (Z—;)T = —CL(% B

46. Boxa maccoit 100 r ipu 25°C npeparmena B map ¢ Temnepatypoii 150°C u naBnennn
1,013-10° I1a. BeruuciuTte H3MeHEHHE SHTPOIMH ITOTO TIEPEX01a, €CIM yebHAas TeMI0Ta UCTa-
penus Boasl ipu 100°C pasna 2257 JIx/r, yaenbHas TelI0eMKocTh Boabl 4,187 Jlx/rK, a
yJlebHAas TEIIOEMKOCTh BOJAHOTO napa npu aasnexnu 1,013-10° I1a pasna 1,968 Hx/r-K.

47. HaliTu cyMMapHO€ U3MEHEHHE SHTPOIIUU MPU HarpeBaHuu 1 MOJIb BOJbI OT TEMIEPATypPhl
TUTABJICHUS JI0 TIOJTHOTO MCTIAPSHMSI IPU TeMITepaType KUMneHus. TeroTa miaBieHus Jpaa 335,2
Jx/r, Termota mapooOpa3zoBanust Bojbl 2260 [k/T, yaenbHas TeII0EMKOCTb BObI 4,188
Jx/T-K.

48. OguH MOJIb BOJSIHOTO Tapa KOHJICHCUPYETCS TPU IOOOC, Boja oxuaxaaercs o 0°C u npe-
Bpamfaercs B jiell. YeMy paBHO U3MEHEHHE SHTPONUH BOAbI? CpeHsis TeIII0OEMKOCTh SKHIKOU
BOJIbI paBHA

1,0 ka/K-r. Termmora ncnapeHus B TOYKE KUIICHHUS U TETUIOTA IUIABJICHHS B TOYKE 3aMEP3aHHS
paBHBI cOOTBEeTCTBEHHO 539,7 1 79,7 kain/r.

49. BpuuciauTh U3MEHEHHE SHTPOIUH B MPOIIECCe 3aTBEPACBAHMS IEPEOXITAKIACHHOTO OeH3011a
npu 268,2K, eciu ipu 278,2K AHuy.cons = 9956-10° Tx/kmonb,Cp coneer = 127,3-10°
Jx/xkmonb-K,

Cp.coner =123,6-10% Irx/xmons-K. Onpenenuts HanpasIeHHe 3TOT0 HpoIecca.

50. Beruucinuth U3MEHEHHE SHTPOIUH MPU HArpEeBaHUM | KT CBHHIIA OT TEMIIEPATypPhI €To IJIaB-
JICHUU 327,40C 10 800 °C. Temnora ruiaBJeHus CBUHIA 24,8 kJI>K/KT, TEIJI0EMKOCTh JKHIKOTO
CBMHIIA B HHTepBaie Temnepatyp 327-1000 °C pasua 0,1415 x/Ix/kr-rpap.

51*. Cuctema copepxut 5 T apaa (ynenbHas Terora miaasneHus 335 JIk/T) mpu Temmeparype
riasnenus U 20,0 r Boas! npu temneparype 348K. Temora oT Boabl nepenaercs Jipay B oOpa-
THMOM TIPOIIECCE JI0 TE€X MOP, MOKa Jie] HE PaCIUIaBUTCS MOTHOCThIO. [IpHHSB TEIITIOEMKOCTh BO-
Ie1, paBHoU 4,187 Jx/r- K, onpenenure, HACKOIbKO MOHU3UTCS ee TeMiieparypa. Kakyro padoty
COBEpIUINT 3Ta cucteMa?

3. KoMIJIeKT TecTOBBIX 3aJaHUI /15 MPOMEKYTOUHOT0 KOHTPOJIS 3HAHUIA

Tect Nel:«Tepmopnnamuka. Tepmoxumus»

1. MaremaTuueckoe BbIpa)KEHHE MEPBOr0 3aKOHA TEPMOIAMHAMMKH JUIsI OECKOHEUHO Majoro u
KOHEYHOT'O U3MEHEHUS COCTOSIHUSI CHCTEMBI IMEET BUJ:

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

2. JIBa raza: OJHOQTOMHBIHN M IBYXaTOMHBIN, aIna0aTHUECKU PaCIIUPSIIOTCS. [l Kakoro u3 ATHX
ra3oB pabora pacmmpenus OyAeT OobIlne, eCau YUCIO MOJIEH 000UX Ta30B OJMHAKOBO, a TEM-
neparypa Kaxaoro ra3za HOHU3WIACh HA OJMHAKOBYIO BETUUHHY:

a) 715l IBYXaTOMHOTO;

0) Ui OTHOATOMHOTO;

B) OJIMHAKOBA.

3. B xakoM u3 mpoiieccoB paboTa paciMpeHus HaubobIIas:

a) 1 kmons CO2 pacumpsercs nsorepmudecku ipu 300K ot 10 10 100 M3,

6) 1 kMo Hp pacmmpsercs uzorepmudecku npu 1000K ot 10 1o 100 m3;

B) 4 kmostb CO2 pacmupsitoTcs nzoobapuuecku npu HarpeBanuu oT 300 mo 550K;
r)2 kmMoib Hz pacmupsttorest uzobapuyecku mpu HarpeBanuu ot 300 no 1300K?



4. Tpu 300K ra3 B ueanbHOM COCTOSHHUM M30TEPMUUECKH U 00paTHMO pacmmpsercs ot 1072 o
10! M. KonmuecTBo moromeHHoro npu 31oM Tema 17,26 kJlx. CKoIbKo MoJIei Ta3a y4acTBy-
€T B 3TOM IIpolLIecCe:

a) l;

0) 2;

B) 3;

r) 4.

5. Tennoty cropanusi OpraHM4eCKOro COSAMHEHHUs, paciojaras JaHHBIMH [0 TEIUIoTaM 00pazo-
BaHMSI PA3JIMYHBIX BEIIECTB, MOXHO PACCUUTATh:

a) He0OXO0JUMO U3 TEIIOThl 00PAa30BaHMSI ATOIO COSAMHEHUS BBIUECTh CYMMY TEIUIOT 00pa3oBa-
HUSA MPOJYKTOB CTOPAHUS OPTaHUUECKOT0 COSAUHEHUS;

0) HEOOXOAMMO U3 CYMMBI TEIUIOT 00pa30BaHUs MPOIYKTOB CTOPAHUS OPraHMYECKOTO COeIUHE-
HUS BBIUECTH TEIUIOTY 0OPa30BaHUS dTOTO COCTUHEHUS;

B) HEOOXOAUMO U3 CYyMMBI TEIJIOT 00Pa30BaHUs MPOAYKTOB CTOPaHUsl OPraHMYECKOro COeANHe-
HUS BBIYECTH TEIUIOTY PA3JIOKEHUS ITOTO COCTUHEHUS.

6. XapakTep 3aBHCUMOCTH TEIUIOBOTO (P (HeKTa XUMUICCKOW PEeaKIMH OT TeMIIePaTyphl onpee-
JIAETCS:

a) coBepiaeMoi paboToii;

0) U3MEHEHHUEM TETNIOEMKOCTH;

B) arperaTHbIM COCTOSIHUEM BEIICCTB.

7. B untepBane temmeparyp 273-298K ynenbHas TEIIOEMKOCTh rpadura Oonblie yaeabHON
TEIUIOEMKOCTH anmasa Ha 215 Jlx/kr-rpan. Temnooil adpdext peakiuu nepexona rpadgura B aj-
Ma3 [IpH MOBBIILIEHUHU TemrepaTypsl oT 273 1o 298K usmenurcs:

a) YMEHBIINUTCS;

0) yBEITUYUTCS;

B) HE U3MEHHTCS.

8. CooTHOIIICHUE SHTAIBOUU U BHYTpeHHeI\/’I 9HECPIrun JTaHHOM TepMOHHHaMquCKOﬁ CHUCTCMBI
OITMCBhIBACTCA:

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

9. OuH MOJIb OJTHOATOMHOI'O Ta3a U OJJUH MOJIb IBYXaTOMHOI'O ra3a U300apHuecKy HarpeBaroT-
cs Ha 100 °C. Jlns kakoro u3 3THX ra3oB paboTa pacmupeHus OyaeT GonbIe:

a) 7151 IBYXaTOMHOTO;

0) 111 OJTHOATOMHOTO;

B) OJIMHAKOBA.

10. BentnunHbBI BHYTPEHHEN SHEPTUN U SHTAJIBIINM U1 XUMAYECKON PEaKIMU HAaXOATCA B COOT-
HOILICHUM:

a) AH = AU + nRT;

0) AH = A + nRT,

B) AH = AU +AnRT.

11. Pabora pacimupeHus rasza B MJeabHOM COCTOSIHUU OT V1 10 V20yzer 6onblie:
a) B U30TEPMHYECKOM;

0) aabaTHYCCKOM;

B) HU30XOPUUYECKOM;

I') ©300apUYECKOM.



12. 3aBUCUMOCTH DHTAJIBIIUU OT TEMIICPATYPbl HHAUBUAYAJIbHOI'O BCIICCTBA OIIMCBIBACT BhIpa-
JKCHUC:

a) (SH/ST)p = ACy;

6) (SH/ST), = Cp;

B) (SH/3T), = AC.

13. Coornomenue mexay Cp u Cy 115 uaeanbHOro rasa:

a)Cv:Cp"'R;
0)Cp=Cv+R;
B)Cv+Cp:R.

14. Tlpu n3006apHOM HarpeBaHWU 1 MOJIST OJJHOATOMHOTIO Tra3a U 1 MO IBYyXaTOMHOI'O Ta3a yBe-
JUYIIACh HA OJIMHAKOBYIO BEIIMYMHY O0BEMBI Ta30B. J[Jis Kakoro U3 3TUX ra3oB M3MEHEHUE dH-
TaiabIuu OyaeT Ooblie:

a) 7151 IBYXaTOMHOTO;

0) 1711 OJTHOATOMHOTO;

B) OJIJMHAKOBA.

15. ®yHKUMK SHIOTEPMUYECKON PEAKIIUN U3MEHSIOTCS CIEIYIOIUM 00pa3oMm:
a) DHTAJILIINSA PEAKIMOHHOM cuctembl yBeanuubaercs (AH > 0);
0) TeruoBoi 3¢ ekt peakiuu nojoxutencH (Qp> 0);

B) SHTAJBIMs PEAKIMOHHOM cucTeMbl ymenbmaercs (AH< 0);
T') PE3KO 3aMeIAETCs CKOPOCTh XUMUYECKOU peaKIuu.

16. MonsipHBIC SHTPONUU TPEX arperaTHBIX COCTOSHUM OJHOTO BEIISCTBA: ras3a, XHUIKOCTH,
TBEPJIOTO TeJIa HAXOJATCS B COOTHOIICHUU:

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

17. CooTHomenue mexay 3Heprueit I'm606ca G u sHeprueil 'ensmronsua F 1t ganHON Tep-
MOJMHAMHUYECKOW CUCTEMBI IMEET BH/I:

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

18. B kakom u3 clenyloIMX MpoLecCcoB MpU 00paTUMOM UX NMPOTEKAHUU HE NMPOUCXOAMUT U3-
MEHEHUSI SHTPOIINU CHCTEMBI:

a) U30TEPMHUECKOM;

0) aanabaTUYECKOM;

B) U30XOPUYECKOM;

') U300apUYECKOM.

19. TepmoguHamuueckne QYHKIMH MPUOOPETAIOT CBOWCTBA TEPMOJWHAMUYECKUX ITOTEHITH A~
JIOB, €CJIH:

a) yMEHbIIEHUE caMOl TePMOJUHAMUYECKON (YHKIIMU paBHO MaKCHUMAaJIbHO MOJIE3HON paboTe
npolecca;

0) yBeIMYEHHE CaMOM TEPMOJIMHAMUYECKOW (YHKIIMU PAaBHO MAKCHUMAJIbHO TOJIE3HON padoTe
npolecca;

B) TAKMX CIIy4acB HET.



20. CooTHOIIIeHHE MEXTy I3MEHEHUEeM dHTponuu AS B 00paTUMOM M HEOOpaTUMOM Ipoliec-
cax MpH yCcJIOBUH, YTO TerioBbie 3PhexTsl Qosp > Queosp, UMEET BUA!

a) AS(oOpart) < AS(aeobpar);

6) AS(obpar) = AS(HeobOpar);

B) AS(00Opat) > AS(Heobpar).

21. DHTpONUS NMPaBWILHO 00pa30BaHHOIO KpUCTAILIA NPU NMPUOIMIKECHUN TEMIIepaTyphl K a0-
COJIIOTHOMY HYJIKO CTPEMUTCH K

a) + oo;

0) - oo;

B) 0.

22. B xadecTBe KpUTEpHS HAPABIICHUS PEaKLUHU, €CIIM OHA MIPOTEKAET B 3aKPHITOM aBTOKJ a-
BE€ IIPU IIOCTOSIHHON TeMIIEpaType, CAeAyeT BbIOpaTh:

a) n300apHO - U30TEPMUUYECKHUI MOTEHINAT;

0) M30XOpPHO-U30TEPMUUECKUI TOTEHIIUA;

B) XMMHYECKHIl TOTEHIHAJ.

23. IlonaTHe 0 TepMOJAUHAMUYECKUX MTOTEHI[MAIaX BBOJUTCS!

a) JUIsl OIIpEJIEeIeHNs] HallpaBJIEHUs TPOLIECCOB, IPOTEKAIOIINX B U30JUPOBAHHBIX CUCTEMAX;
0) A5 onpeesieHus HallpaBJIeHUs IPOLIECCOB, IPOTEKAIOIINX B HEU30JUPOBAHHBIX CHCTEMAX;
B) JUIsl OIIPEJIEIICHNS] HAaIlPaBJICHUSI XUMUYECKOM PeaKIvH.

24. CBsi3aHHAs SHEPTUsI CUCTEMBI 1S NMPHU HarpeBaHWHU ra3a U IPH €ro KOHJEHCALUU H3Me-
HsETCH:

a) IpU HarpeBaHWUU YMEHBIIHUTCS;

0) Ipu HarpeBaHUU yBEIUUYUTCS;

B) IPU KOHJEHCALlUN YMEHbIIIAETC;

I') IpU KOHJICHCAIlUU YBEIMYHBAETCS.

25. Xumudeckas peakifus 00s3aTeIbHO COMPOBOXK/IAETCS BhIICTICHUEM HIIM MOTJIONIEHUEM dHEP-
I'MH, TaK KakK:

a) ee MpOTEKaHUe 3aKIIF0YaeTCs B pa3pbiBe OAHUX U 00pa30BaHUU APYTUX XUMUYECKUX CBSI3EH;
0) ee mpoTekaHue TpeOyeT CTOJIKHOBEHUS Pearupyronux YacTull,

B) /715l €€ MPOTEKaHMsI HEOOXOAMMa YHEPTHS, paBHASI YHEPTHH aKTHBAIIHH;

T) IPU €€ TPOTEKAHUN HE 3aTParuBarOTCs SApa aTOMOB.

26. TeroBoMy 3(pekTy peakiiui COOTBETCTBYET OTPE30K Ha nquarpamme (puc. 1):
a;

0;

B;

T.
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Xon peakmuu Puc. 1. Xox peakiuu Puc.2.



27. U3menenue sHTanbnuu peakuuun A + B—C paBHO (11 OTBETa MCNONB3YHTE dHEPreTude-
CKYIO JIMarpaMMmy puc.2):

a) 4H=-150 kI (TerIoTa BBIIEINIACE);

6) 4H =100 x /I (TemnoTa IOrI0TUIACS);

B) 4H = -75 k]I (TemIoTa BBIIEIUIACS);

r) 4H = 25 k]I (TemIoTa norjaoTUIIach).

28. Kakue W3 HMKEIIPUBEICHHBIX PEAKLUH SABJIAIOTCA SHIOTEPMMYECKUMU M SK30TEPMHYECKH-
MHu?

a) 1/2Hz + 1/212 = HI, 4H = 26 xJI:x/Mob;

0) Hz + 1/20; = H20, 4H = -242 x]J{x/M0i5;

B) 1/2N2 + 1/202 = Oz, 4H = 90 kJI»/MOb;

r) 1/2N2 + 3/2Hz = NH3, 4H  J0s= -46 kJ]/Moub.
1) SHIOTEPMHUYECKast
€) K30TepMHUYECKas

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

a) - 46 xJx/mMoib;

0) - 486 x/[x/mMoub;

B) 431,5 xJI>x/MOB;

r) 218 x/[>x/MOIB.

30. /s mostHOTO pasniokeHust Hekoroporo koimdectBa MgCO3 morpedoBanock 5,1 k[ Teruio-
Thl. [Tomyuennsiii CO2 6bu1 morsoiieH 5,7%-ubiM pactBopoM Ba(OH), maccoii 75 1. TemnoBoi
s ekt peakimu paznoxernss MgCOs — 102 x/Ix/Monb. MaccoBast 10J1st 00pa30BaBIICHCS COITU
paBHa:

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

0) obpazoBaics ocagok BaCOs;

B) 10% (BaOH)2CO3;

r) 10% Ba(HCO3)..

Tema 1.3. TepmoannamMuveckue NOTeHUMAAbl. XUMUYECKHU MOTEHIIHAJL.
IIpenea nporekanus peakunu. TemoBas Teopema HepHera

1. Bonpockl K YCTHOMY ONIpoCy

1. Oneprus I'mb606ca u sHeprus I'enpbmronbia. B kakux ciayyasx TepMOJAMHAMHYECKHE
GyHKIIMM TPHOOPETAIOT CBOMCTBA TEPMOIUHAMUYECKUX TOTEHIIHATOB?

2. Tlpomecc mpoTekaeT B YCIOBHSAX IMOCTOSHCTBA TeMIIEpaTyphbl U naBiieHus. Kakoi Tep-
MOJMHAMMYECKHI MOTEHLHAN cleyeT BhIOpaTh B KauecTBE KPUTEPHUS MPOTEKAHUS
CaMOIIPOU3BOJILHOTO MPOIIECCa B ITUX YCIOBUIX?

3. B kakux ciydasx MOKHO pacCUMTaTh U3MEHEHHE TePMOAMHAMUYECKUX QyHKIHI (AS,
AG, AF,AU, AH) nns HEOOpaTHMBIX TPOIECCOB, UCMONB3YsS YpaBHEHUE ISl 00paTu-
MBIX TTPOLIECCOB?

4. B yclOBHSX IMOCTOSHCTBA TEMIIEpATyphl U AaBJICHHUS CTPEMIIEHUE CUCTEMBI K paBHOBE-
CHIO ompeesseTcsl BenuanHoi u 3HakoM AG. B To e Bpems mporeccsl MOTYT OBITh
KaK JK30TEpPMHUUYECKUMHM, TaK U IHAOTEPMHYECKMMH, a DHTPONUS MOXKET yBEIUYH-
BaThCs WJIM YMEHbIIAThCA. YTO ¢ 3TOM TOUKM 3peHus OyJeT cnocoOCTBOBATh MOJHOTE
NPOTEKAHMSI CaMONPOU3BOJBHOIO IpoLiecca IMPHU MOCTOSHHBIX TEMIEparype U AaBie-
HUH?

5. Xapakrepucrtuyeckue GpyHkimu. YpaBHenue I'n60ca - I'enbMrombia.



6. XUMHUYECKUN MOTEHLIHAN MIEAIBbHOIO M peaJbHOro razos. dyrurtus-
HOCTh ¥ KO3(P(GUIIMEHT PYTrUTUBHOCTH. AKTUBHOCTD U KOI(PPHUIIMEHT aKTUBHOCTH.

2. KommuiekT 3ana4 no teme «TepMoauHAMIYeCKHE MOTEHIIHATBD)

1. JlaBieHue HACBHIINIEHHOTO Mapa HaJ XUJIKOW BOAOW M Hax JpaoMm mpu 268 K coorsert-
ctBeHHO paBHO 421,7 u 401,7 I1a. Paccuuraiite namenenue suepruu I mb66ca AG ans mepe-
X0J1a OJTHOTO MOJIS )KMJKOM BOJbI B Jieq npu 268 K.

2. Ilpu oOpaTUMOM H30TEPMUUYECKOM CXATUM HEKOTOPOro KOJUYECTBA ra3a B HJACAIbHOM
coCTOsTHUU OT AaBiieHus P1 mo naBnenus P2 sneprus I'm66ca G msamenunacs Ha200 [[x. Ka-
KOBO 10 CPAaBHEHHIO C 3TOM BeNMYMHOUN Oyner m3MeHenue sHepruu ['m60ca mpu nmogoOHOM
Ke, HO HeoOpaTtuMoM niepexoze ot P1 go Po?

3. B pesynbrare pacmupenus 20 xr Bogopona npu 300 K o0vem rasza yseauuuniics B 1000
pa3. Beruucnure m3menenue sHepruu ['n66ca (M300apHO-U30TEPMHUUECKOTO MOTEHIMANA) B
ATOM IpOLIECCE, CUUTAsI BOJOPO] UJEAIBHBIM ra30oM.

4. Paccuuraiite BenuunHy AG° npu uzobapuueckoM HarpeBaHuM | MoJib Ta3000pa3zHOTO
xaopodopma ot 310 mo 360 K, monp3ysach cupaBOYHBIMU JaHHBIMU U CUUTasl TEMIIepa-
TypHBIH K03 dunuent sueprun ['m66ca (M1300apHO-U30TEPMUUECKOTO MMOTEHIMAIA) BEIHYH-
HOM MOCTOSIHHO.

5. B pesynbrate cxatusa 16 kr Oz npu 400 K naBnenue yenumuuiocs B 100 pa3. Beruucnure
M3MEHEeHUe YHepruu [ enpbmrombia (M30X0pHO-U30TEPMHUUECKOT0 MOTEHIMANA), CUUTAsT KHCIIO-
POA UJI€aTIbHBIM T'a30M.

6. Onpenenute u3mMeHenue >Heprun ['nd0ca (M300apHO-U3OTEPMHUUECKOTO MOTEHIIMANA) TIPH
PaBHOBECHOH KOHAeHcanuu 1 KMok BoAsHoro mapa npu 373 K u nasmenun 1,0133-10° I1a,
€CITM TeIIoTa ucrapenus Bojasl pasHa 40,7-10° JIxx/kMonb, a n3MEHEHHe SHTPOIMH BOJIBI IIPHU
ucrapennu 109-10% Jix/kmoms-K.

7. qns peakiuu Ho + Cl2 = 2HCI (Bce BemecTBa ra3oo6pa3Hbie) u3MeHeHue Hepruu [ ndoca
npu 298 K AG paBno —190,5 /. Paccunraiite Benuuuny AG it 3Toil peakuuu npu 348
K, nonp3ysch cipaBOYHBIMHM JAHHBIMH U CUMTAs, YTO MU3MEHEHUE YHTPONMH B XOJ€ ATOH pe-
aKIM¥ HE 3aBUCUT OT TEMIEPATYPHI.

8*, 3aBucumocts sneprun ['n66ca ot Temmeparypsl peakiuu Al (k) + Clz = AICI3(k) B npenenax
Temmnepatyp 466-720K Bripaxaercs ypapHeruem AG = -483000 — 54,6 TInT + 6,36-10 3T2 -
21400 1/T + 494T ([Ix). HaiinuTe 3aBHCUMOCTh OT TEMIIEPATYPhI SHTPOIIHH TOH PEeaKkiuu U
OmpeieTuTe N3MEHEHHE dHepruu [ nd0ca, SHTPONMHU U SHTAJIBITUH.

9*. Haittu AG npu 400K nns peakmuu 1/2N2 + 3/2H, = NHs, ecnmu AGaes = -16,635
kJ>k/MOIb, TIpU pacyeTax YYUTHIBATh 3aBHCUMOCTH SHTPOMHUU U TEMJIOEMKOCTH OT TEeMIIep a-

TYpBHI.

Paznen I1. Xumuueckoe papHoBecue
Tema 2.1. 3akoH aelicrByrommx macc. KoHcTaHTa XHUMH4YECKOIr0 PpaBHOBECHS M COCTAB CH-
cTeMbl. XUMHYECKHe U a1cOPOIMOHHbIE paBHOBecusl. CMeleHne XUMHYEeCKOro
paBHOBecHSI.

1. Bonpockl K YCTHOMY ONpoCy

1. OOGpaTumble peakiuu.

2. Yto 03HAYaeT COCTOSTHUE XUMHUUECKOro paBHOBecus? Kak MOXXHO oIpesenuTh, 4To B
CHUCTEME HACTYIMUJIO paBHOBecue? YCIIOBUS XUMUYECKOro paBHOBecHs. KoHCTaHTa paBHOBeCHS.
Kaxue ¢axTopsl BIUsAIOT Ha KOHCTaHTHI paBHoBecus Kp u Kc, eciau pearupyromiyto cuctremy
paccMmaTpuBaTh Kak uaeanbHyo? Hanuinure mMareMaTndeckoe COOTHOIIEHHE MEXAY BEJINYH-
Hamu Kp u K¢ g xummnueckoiil peakunu. Kakas u3 3Tux BeauuuH Oosbiue?

3. Hanmmmre MaTemMaTndyeckoe BbIpa)KEHUE 3aKOHA JEHCTBYIOIUX MACC MPUMEHUTENb-
HO K 00paTUMBIM HJCabHBIM OJHOPOJIHBIM XUMHUYECKUM CHCTEMaM U peajbHbIM. B kakux ciy-



qasgx oOpaTHMble PEaKIMU MPOTEKaloT A0 KoHIA? OOBACHUTE ITO C TOUKU 3PECHUS 3aKOHA Jeii-
CTBYIOIIUX Macc.

4. ChopmynupyiiTe NPUHLMII CMEIIEHUS XHUMHUYecKkoro paBHoBecus Jle-Illarenbe.
CMelenne XMMUYECKOrO PaBHOBECHUS: BIMSAHHME TEMIIEpATyphl, KOHLICHTPALMM, AABJICHUA. 3a-
BUCHUT JIW U KaK KOHCTaHTa paBHoBecus xumuueckoil peakuuu K¢ m Ky, mporekaromeil B
UJIbHOM Ta3000pa3HOM COCTOSIHMM, OT KOHLIEHTpallMM pearupyroliux BelecTB? 3aBUCUT
JIM ¥ KaK KOHCTaHTa paBHOBecUs Kp XMMUUYECKON peakluu, IPOTEKAOLIEH B UEaIbHOM ra3o-
00pa3HOM COCTOSIHMH, OT KOJUYECTBa MOJIEH BEIEeCTB, y4aCTBYIOIIMUX B HEH?

2. JIabopaTopHasi padora Ne 2 «BiaiusiHue KOHIEHTPALMH Pearupyliux BemecTB U TeM-
neparypbl Ha cMellleHne XHMUYeCKOr0 PAaBHOBECHSD)

[lenb pa®oThl. M3yunTh BIMSHHE CKOPOCTH MPSMOM M OOpaTHOM peakluu Ha CMEIICHHE
XUMHUYECKOTO paBHOBecHs. Ha ocHOBaHMM SMIUPHUYECKUX JAHHBIX, UCIOJB3Ys OpuHIuN Jle
[atenbe, 00BACHUTH HAOTIOAaEMbIE U3MEHEHHS B H3y4aeMOM CUCTEME.

OnbiT 1. BiusiHue KOHIEHTPALMH Pearupyloumx BellecTB HA CMelleHHe XUMHuYe-
CKOI'0 PABHOBeECHUSI 00PATHUMBbIX peaKIuii.

Annapatypa u peakTuBbl. Konndeckas xon6a émk. 50 cm®, Mepusii mumuaap émk. 50
cM®, TpagynpoBaHHas KOHHYeckas mpoOupka émk. 10 cm® 2 mT., mpoOupku 4 INT., MHIETKY;
0,11. pactBop xmopuna xene3a (l11), 0,11. pacTBop pogaHuma aMMOHUS/KaUsl, KOHIIECHTPUPO-
BaHHbIE pacTBOpHI xiopuaa xkeneza (I11) u pogannaa aMMoHMs/Kamusi, KPUCTAUNIMYECKYIO COJIb
XJIOpHJIa aMMOHUSI/KaJTHS.

Boinosinenue padoTsl

OtmMepbTe MepHBIM tmuHApoM 10 cv® 0,11, pacTBopa xnopuaa xenesa (111), nepenecu-
Te pacTBOp B K06y éMK. 50 cM® u mpuseiite k Hemy 10 cm® 0,11, pacTBOopa pomaHuaa ammo-
HUSI/Kausl.

OKpallleHHBII pacTBOP U3 KONOHI pasneiiTe mo 5 cM® B ueThIpe IPOHYMEpPOBAHHBIE TIPO-
oupku. Ecim okpacka pacTBOPOB MHTEHCHBHAs, 100aBbTE BO BCE 4eThIpe mpobupku mo 10 cm®
JTUCTUTUPOBAHHOM BOJbI. B mepByro mpoOUpKy BHECHUTE HECKOJBKO Kareilb KOHLEHTPUPOBaH-
HOTro pacTBopa xjuopuaa xkenesa (l11), Bo BTopyto — Takoe ke KOJIMYeCcTBO Karellb KOHLIEHTPUPO-
BAaHHOT'O PAacTBOpa pOJIaHU/a aMMOHUS/Kaus, B TPEThbI0 — BHECUTE HAa KOHUMKE IINATelNs KpH-
CTAJJTMYECKYIO COJIb XJIOpHia aMMOHMsI/Kanusi. PacTBop B ueTBepTON MPOOHPKE — KOHTPOJIbHBIM.
[TpoOupKu BCTPSAXHUTE, COHU JOJKHBI TTOJTHOCTBIO PACTBOPUTHCS M HAOIOaliTe 32 NU3MEHEHUEM
OKpacku pacTBOpoB B mpodupkax Nel, 2 u 3 mo cpaBHEHMIO C OKPACKOW KOHTPOJIBHOW CMECH.

Pe3yJ'IBTaTBI Ha6J'IIO)IeHPII>i IMpEaACTaBbTC B BUJC Ta6J'II/ILU:IZ
Tabauua. 3HayeHUs] ONTUYECKON INIOTHOCTH SKCTPAKTOB

Howmep npobupxu 1 2 3 4

Ha6 1o 1eHus FeCls (KOHH.) NH4CNS (KOHH.) NH.CI (KpI/ICT.) KonTpons

Hamumure peakmnuro B3aumoaeicteus xiaopuaa xenesa (I11) u pomannga ammonus. O0b-
SACHUTE HaOII0JaeMoe M3MEHEHHE OKpPACKU pPacTBOPOB, Hcmoib3ys npuHimn Jle Ilatense.
Hanummre BeIpaskeHHe 7151 KOHCTAHThl XUMUUYECKOTO PAaBHOBECHSI HCCIICIOBAHHON PEAKITUH.

OnpiT 2. Bausinue TeMnepaTypbl Ha XHMHYeCKOe paBHOBeCHE.

AmnmnapaTypa ¥ peakTuBbl. | payupoBaHHbIE KOHMUYECKHE MTPOOUPKH 2 MIT., XUMHUYECKHH
crakH émK. 50 cm®, THIeTKM, CIUPTOBKa, AepyKaTelb Ui TIPOOHMPOK; CBEKENPUTOTOBIEHHEII
10%-p1ii pacTBOp Kpaxmaia, pacTBop ioja.

BeinosiHenue padorsl

B nBe npoGupku BHecTH 110 2-3 cM® pacTBOpa kpaxmana. B 06e mpoOupku 106aBUTH MO
1-2 xamum pactBopa Hoxa. OTMeTuTh HaOMIOAaeMbie u3MeHeHus. [logorpeiiTe onHy U3 MPoOHU-
POK U OTMEThbTe HalmonaeMble U3MeHeHus. OXJIaauTe 3Ty IpoOUPKY, OTMEThTE HalIr01aeMble
U3MEHEHUS



Hanummre cxemy obpa3zoBaHusi HOAKPAaXMaIbHOTO KOMIUIEKCHOTO coenuHeHus. O0bsic-
HUTE Ha0JI0/1aeMoe W3MEHEeHHEe OKpacku. HanuimmTe BbIpaskeHUE JJIsl KOHCTAHThl XUMUYECKOTO
paBHOBECHs MCCIIEIOBaHHOM peakinuu. CrenaiTe BEIBOJ O BIMSIHHM TEMIIEPATYPHOTO (akTopa,
ucnonb3ys npuHuun Jle [larense.

OnpIT 3. O0paTUMOCTH CMELLEHUS] XUMHYECKOT0 PABHOBECHS

Anmaparypa M peakTHBHL. XUMHYECKHi cTakaH éMk. 50 cM® — 3 mT., rpagyMpoBaHHas
KoHHuecKas npobupka; 10% pacTBop OuxpomaTa Kaiusi, KOHIEHTPHPOBAHHBIE PACTBOPHI CEPHOU
KHUCIIOTHI U IIEJIOYH.

BbinosiHeHHe padoThl
B xummuecknii crakan BHectH 5 cm® 10% pactBopa 6uxpomara kanus. ITo kamisM 106a-
BUTH KOHIIEHTPUPOBAHHBII pacTBOP IIEIIOYM U OTMETHTH HaOoaemMble n3MeHenus. Korma pac-
TBOP U3MEHUT OKPACKY, JOOABUTH IO KAIUIIM KOHIICHTPUPOBAHHYIO CEPHYIO KUCIIOTY, OTMETHUTh
HabromaeMble n3MeHeHus. [locie mosiBIeH I UCXOTHOW OKPAaCKH pacTBOPA, MOKHO CHOBA MPH-
0aBHUTH IEJIOYM U IOJYYUTh U3MCHEHHE OKpacku. Hamuimure cxemy paBHOBECHS B CHUCTEME:
Xpomar-uoH — Ouxpomar-uoH. OObSICHUTE HAOMI0aeMOe U3MEHEHNEe OKpacku. Hammmmure BbI-
pakeHue JJIsl KOHCTAaHThl XUMHUYECKOT'0 paBHOBECHS HCCieloBaHHOM peakuuu. CaenaiTe BHIBOJ
00 00paTUMOCTH CMELLEHUsI paBHOBECHUS, UCIOJb3Ys npuHuun Jle HlaTenbe.
PaGoTa cuntaercst BBITOJHEHHOM, €CJIM MPECTABICHBI SKCIIEPUMEHTAILHBIC PE3YJIbTATHI,
NIPUBE/ICHBI BCE YPAHEHUS PEaKIIUil U CXEMBI, CIICIIaHbl BEIBOIBI.

3. Kommiiekr 3axa4 k teme 2.1.

1. Onpenenute paBHOBECHYIO KOHILIEHTpaLUIo Bogopoa B peakuuu:2HI = Hz + lecniu ucxonnas
konteHTpanus Hl cocrasnsier 0,55 mMoutb/11, a koHcTaHTa paBHOBecHs K¢ = 0,12.

2. IIpu HekoTopoii TeMmnepaType KoHcTaHTa paBHoBecus aucconnanuu N2Os = 2NO2 K. = 0,26.
PaBroBecnas konmentpamusi NO2 paBra 0,28 Monb/n. Berumciure paBHOBECHYIO W TEpBOHA-
yanbHyto KoHueHTpauuio N204. Kakas maccoBast 10111 B % 3TOro BeliecTBa MPOIUCCOLMUPYET K
MOMEHTY YCTaHOBJICHHUSI paBHOBECHS?

3. Msaruxaopucteiii hochop auccouuupyer npu HarpeBanuu 1o ypasHenuto PCls <> PClz +
Clonipu Hekotopoit Temneparype u3 1 mosib PCls, Haxosierocst B 3akpbITOM COCYZI€ EMKOCTBIO
10 n, paznaraetcs 0,75 monb. OnpeieIuTh KOHCTAHTY PaBHOBECHS TIPH TOU TEMIIepaType.

4. Ilpu cocrossHuu paBHoBecus cucteMbl N2 + 3H2 <> 2NH3 konnenrpauus asora pasHa 0,3
MoJIb/i1; Bomopoaa — 0,9 monw/n; ammuaka — 0,4 MOJb/1. BIUUCIUTE KOHCTAaHTY PaBHOBECHUS U
UCXOJIHbI€ KOHIIEHTPAIMH a30Ta U BOJOPOJA.

5. Peaknust o6pa3zoBaHus BOJISHOTO mapa npotekaet mno ypaBHeruto COz + Hz <> CO + H20 npu
1936 K u 1,013 - 10° ITa paBHOBecHas cMech umeeT coctas: Cco= Cuo = 30,1%; Ccoz = Cuz =
19,9%. BeIuuCIuTh KOHCTAHTY PABHOBECHS PEaKIIMN M UCXOJHbIE KOHIIEHTpauH (%) IBYOKUCH
yriaepoja u BOAOpoaa.

6. TIpu 986°C xoncranTa paBHoBecus s peakuun CO + HoO<> COo+ Hp pasra 1,60. Onpene-
JMTh COCTaB CMecH NpH paBHOBecuU (%), eciiu B UCXOAHOI cMmecu coaeprkanoch 40% okucu yr-
nepoaa u 60% mapoB BOJIBI.

7. Koncranra paBHoBecus peakiuu paBHa 4. CH3COOH + C;HsOH <> CH3COOC:Hs + H20
KaxoB OyzaeT cocTtaB paBHOBECHOM CMECH, €CJIM BBECTH B peakiuio 1 Moib 3¢upa u 3 MoJib BO-
IIBI?

8. KoncranTa paBHOBecusi peakiuu paBHa 4.CH3COOH + C;HsOH <> CH3COOC:;Hs + H20O
Kaxkoe xommuectBo a¢upa (T) moayduTces, eciau B3sATh 115 T cnupTa u 45 T yKCYCHOM KUCTOTHI?

9. Peakmust nporekaet o ypaBHeHUI0O A+b <> C+/l. KoHncTanta paBHOBecHs MpU HEKOTOPOMH
TemnepaType paBHa 3-107. OmnpesenuTh PaBHOBECHYIO KOHIIGHTPAIMIO BeliecTBa b, ecim pas-
HOBecHbIe KOHIIeHTparuu paBHbL: Ca = 0,5 Monw/n, Cc = 0,2 monb/i, Cy = 0,1 monb/1.



10. Koncranra paBHoBecus peakiuu paBHa 4. CH3COOH + CoHsOH [0 CH3COOC:Hs + H20
KakoB Oyzner cocTaB paBHOBECHON CMECH, €CIIM UCXOHASI CMECh COCTOUT U3 1 MOJIb KUCIIOTHI, 2
MOJIb criupTa, 1 Mok BoabI U 1 Mok 3dupa?
11.MoaucToiit BOJIOPOJI IMCCOIMUPYET IIPH HArpEBaHUM Ha O U BoAopo 1o peakiuu 2HI = H»
+ |2 Ipu HEKOTOPOI TemMIepaType KOHCTaHTa PaBHOBECHS STON peakuuu paBHa 1/64. Paccunrarh
KonuecTBO (%) HoIuCTOro BOJOPOAA, MOIBEPTIIETOCs AUCCOIUAINY MPU JAHHON TeMIlepary-
pe, eciM HayallbHasi KOHLEHTpalus HOAUCTOro BOJOPO/1a PaBHsIIACh 4 MOJIb.
12. Onpeaenuth cocTaB cMecH K MOMEHTY paBHoBecus Juist peakiuuu CO + H2O<«> CO2+ Hp, ec-
mu 1ipu 930,5°C xoncranta pasnosecus (Kc) paBna 1 u 10 peakuuu B cMecu 66110 1 Mons CO u
5 MOJIb TTapOB BOJBI.
13. Koncranra pasaosecus K. peaxruu SOz + Clz <> SO,Clz ipu 102°C pasna 13,33. Onpene-
nuTh 3HaueHue Kp npu nanHoi remmeparype.
14. Koncranra paBHoecus K, peaxmuu CO + Clz <> COCl, npu 600°C npubnusurensHo paBHa
1,67 - 10°°. Beruncints K¢ peakuuu npy JaHHO#M TeMIlepaType.
15. Koncranra pasaosecus peaxiuu N2 + O2¢<>2NO pasna 3,5-107 npu 2675K. Paccuurarh BHI-
x011 (%) NO, ecnu a30T U KHCIOPO/ B3SIThl B SKBUMOJIEKYJISIPHBIX KOJTUYECTBAX.
16. Jlna peaxmuu SO, + % Oz <> SO3 KoncranTta pasrosecus K, npu 900 K pasna 2,058-1072,
Beruncints Ke 1151 JaHHON peakiuu Ipy yKa3aHHOM TeMIepaType.
17. Onpenenuth COCTaB CMECH B MOMEHT paBHOBecHs il peakiuu FeO + CO <« Fe + CO2, ec-
mu ipu 1000°C K, = 0,4.
18. TIpu mocTikeHnn paBHOBecur peakuun 3Fe + 4H,0 <> FesOs + 4H; mpu 200°C mapumans-
HOE JaBJICHHE 00pa30BaBIIErocs Bojgopoaa paBHseTcs 127168 H/m?. HauansHOe JaBjeHHe BO-
nsHOTO Tapa 66110 133322 H/M2. BeUuCINTh KOHCTAHTY PABHOBECHS JAHHOH PEaKIUU HpHU yKa-
3aHHOI TeMIieparype.
19. Onpenenuth KoHCTaHTY paBHOBecus K¢ mis peaknuu 3Fe + 4H,0 <> FesO4 + 4H2 eciu ipu
900 K mapumansHoe faBiIenue Bogoposa pasHo 9571 H/m2, Boasr 6571,7 H/v?.
20. Paccuurats K, u K¢ qiis peakiuun PCls <> PCls + Cl mpu 500 K, ecniu k MOMeHTY paBHOBe-
cus npomuccouuupoBaio 54% PCls, a wucxomnas konuentpaims PCls Obuta paBha |
monb/1.KontponbsHas padora No2: «Xumudeckoe paBHoBecue. CMellleHne XUMUYECKOT0 PaBHO-
BECHUS.
Tema 2.2. MakcumaabHasi pad0Ta 1 XUMHYECKOE CPOACTBO.
YpaBHeHusi U30TePMbI XUMUYECKOH PeaKkunu
1. Bonpockl K YCTHOMY ONIpoCy
1. MakcumanbHas paboTa U XUMHUYECKOE CPOJICTBO: MPHU CTAHAAPTHHIX YCIOBHSIX, B HEPAB-
HOBECHOM cHUCTEeMe, IIPU YCIIOBUHU, €CIIA JABJICHUS MPUBEICHBI B Pa3MEPHOCTH — aTMO-
chepa.
2. HanummTe ypaBHEHMe, CBs3BIBAaIONIee cTaHAapTHOe cpoiactBo AGT’ u KoHCTaHTY
paBHoBecus Kp, mpu noctosiHHbIX P u T, eciu n1aBiaeHne BbIpaKeHO B MacKamsXx.
3. Uro sBNIAETCS MEPO CTaHIAPTHOTO CPOJICTBA XUMHYECKOW PEAKIUU MPHU MOCTOSHHBIX
P u T? JInsa xakux peaknuii KOHCTaHTa paBHOBecHsl K, paBHa paBHOBECHOMY JaBiie-
HUIO B CUCTEME MPHU TaHHOUN TeMneparype?

2. KommuiekT 3aaa4 Kk Teme 2.2.

1. BeiBecTH ypaBHEHHE JIsl KOHCTAHTBI PABHOBECHS PEAKITUN
2Fe0 < 2Fe + 02 +Q

KOMOMHHPOBAHUEM CIIEAYIOIINX PEaKIUil:

FeO + H, <> Fe + H.0 + Q1

2H20 <> 2H2 + O2 + Q2

2. BeiBecT ypaBHEHHE ISl KOHCTAHTHI PAaBHOBECHSI PEaKIIUU
CO+H0< CO+H2+Q

KOMOWHUPOBAHHUEM JIBYX PEAKIIUM:



2CO0+ 02 2C02+ Q1

2H2 + O2 <> 2H20 + Q2

3. Bomstaott map (1 monb) qucconuupyet no ypaBaenuto HoO = Hz + 1/20,. Beipa3zure kKoHCTaH-
Ty paBHOBecus K, uepe3 crenenp aucconuanuu oo U obuiee naBieHue B cucreme P. M3me-
HUTCS JIU U KaK KOHCTaHTa paBHOBECHUS, €ClU o0lee JAaBJICHHE pearupyromieil cMecu yBelu-
YUTh BJBOE (CHUCTEMa ujaeanbHas)?

4. Jlucconuanus 4eThIpexoKucH a3ora npotekaeT mo ypaBHeHUI0 N204=2NO:;. Ilpu 298 K u
P = 1,0-10° I1a N2Os muccormuposana Ha 18,5%. Onpejenure cTeneHb AUCCOLMALNU MPH
Toit 5ke Temneparype, ecnu P=0,5-10° I1a.

5. Onpenenute, MOJb3YSICh JaHHBIMU CIPaBOYHHUKA, CTEIEHb MPEBPAIICHHS YIIIEKUCIIOro Ta-
3a o ypaBHeHuro peaknuu CO2 + H,=CO + H20, ecnu B cocyll MOCTOSHHOTO 00beMa MpHu
298 K 6su10 BBeneHo 44 kr CO2 u 2 xr Ho.

6. Kp1 ecth koHcTaHTa paBHOBecus peakiuu 3/2H2 + 1/2N2 = NH3, a Kp2 — xoHcTaHTa paB-
HoBecus peakiuu 3H2+N2 = 2NHs. byzaet nu paznuuune B BenuunHax Kp: u Kp2 npu oguna-
KoBO Temnepatype? Hanumure Marematuyeckoe cootHouenue Mmexay Kpi u Kpo.

7. B KaKyt0 CTOPOHY CMECTSITCSI pABHOBECHS PEaKIIHIA:

2C0O + 02 > 2CO3 + 566,9 xJ1x

H2S <> Ho +S2 — 41,9 ]Ik

2CO + H2 <> CH4 + CO2+Q

CO + 2H2¢> CH30H + 113,13k /[

a) MU MTOBBIIICHUH TEMIIEPaTYPHI;

0) Mpy MOBBIIICHUH JIaBJICHUS?

Kak m3MeHNUTh KOHIIEHTPALUH, YTOOBI TOOUTHCS CMEIICHUSI PAaBHOBECHI TPUBEICHHBIX PEAKIIUU
BIpPaBO?

8. I3MeHeHneM Kakux (pakTOPOB MOYKHO OCYIIECTBHUTH CABHT PaBHOBECHS BIPABO Y PEAKIIHIA:
2507 + Oz <> 2503 + 176,8 k]I

CO2+ C <> 2CO - 160,5 xJIx.

9. PaBHoBecue peakiun 2502 +O2 <> 2SO3 ycTaHOBHIIOCH TIPU KOHIEHTPAIHSIX PEearupyroNnx
BemecTs cso2 = 0,2 moabp/a, coz = 0,1 Monw/n, csoz= 1,8 moab/n. Paccuntarh, Kak M3MeEHSITCS
CKOpPOCTH TPsSMON W 0OpaTHON peaklui, eclIM yMEHbIINTh 00bEeM, 3aHUMAEMBbIH ra3aMu, B TpU
paza. CMeCTUTCS JIH TIPH ATOM paBHOBECHE?

10. TIpu cuntese pocrena CO + Clz <> COCl2 paBHOBECHbBIE KOHIICHTPAIIMH PEarupyrommx Be-
miectB ObuTH: Ceip= 0,2 Mmonb/it; Cco= 0,1 mMonw/n; Ccocrn= 2 Monb/n. Kak U3MeHSITCS CKOpOCTH
npsMOi U 00paTHOM peakuui, eciiu yBenu4uuTh naBieHue B 10 pa3? B xakom HampaBieHuu Oy-
JIET CMENIaThCsl paBHOBECHE?

11. Koncrantsl paBHoBecus Kp peakiun SOz + /202 <> SOz mpu 900K u 950K cooTBeTcTBEHHO
paBHbl 0,02043 1 0,01062. OnpenenuTs 3HaUeHUE KOHCTaHTHI paBHOBecus nipu 930K.

12. CranmapTHas TEIJIOTa CropaHusi MeTaHoJsia paBHa -750 kJ[>K/MOJb, CTAaHAAPTHBIN TETUIOBON
3 deKxT 00pa3oBaHMs U3 MPOCTHIX BEIIECTB BOJIBI paBeH -242 kJx/Momnb. Paccunrtaiite KoHCTaH-
Ty paBHOBecus K, mpu 400 K peaknnn cnHTe3a MeTaHoma:

CO2 + 3Hz <> CH30H(r) + H20(r), ecnu npu 298 K koucranta K, pasna 1,5-102,

13. Haiitu cootHOmenue KkoHcTaHT paBHoBecus pu 500 u 600K niis peakunn

HQClz + 2KBr<>HgBr2 + 2KCl, ecnut TernoBoii addekr peakimuu cocramiseT 16,8 kJx.

14. Onpenennute koHcTaHTy paBHOBecus K npu 1060K nns peakuun 2CO-C + CO2, ecnu npu
1000K K, = 8,1-10% a Q, = 109,5 xJ[:x/M0b.

15*. TemnepaTypHasi 3aBHCHMOCTh KOHCTAHTHI paBHOBecHs K}, peakiinu B3auMOJICHCTBUS OKCHIA
azota (II) ¢ xkucnoponom 2NO + O2 <> 2NO2 nepenaeTcs ciaeayOIUM YpaBHEHUEM:

g K, =$— 1,751gT+0,5-107°T + 2,113,

Haiinute ypaBHeHue, oTpaxkaroliee TeMIepaTypHyo 3aBUCHMOCTb TeII0BOro 3¢ dekra peakiun
AH, u onipenenute ero 3uavenue npu 1000 K.



16. TemnepaTypHas 3aBUCUMOCTb KOHCTaHThI paBHOBECHUS PEAKLIMH BOCCTAHOBIICHHS OKCUA Ce-
psl (1V)
2S0;2 + 4H2 <> Sa(r) + 4H20(T)
BBIPA)KACTCS] ypaBHECHHEM:
13810
lgK, =———+08771gT ~ 2,67 - 107°T + 1,620.

OnpenenuTe cTaHAapTHBIE W3MeHeHHs TepMouHamudeckux Gynxmuit AG®, AH® u AS? mpu 900
K.

17* Ina peakiuu N2+02=2NO 3aBHUCUMOCTh KOHCTAHTBHI PAaBHOBECHS OT TeMIIepaTyphl BbI-
paxaetcs ypaBuenuem Ig Kp = - 9490,7/T — 0.02IgT + 1,43.

BriBeauTe ypaBHeHHE 3aBUCUMOCTH TEILJIOBOTO A (ekTa ITOW peakiiu OT TeMIIepaTyphl.

18. Ompenenuth KoHCTaHTy paBHOBecusi Kp peakimuu SOz + %02 <> SOs npu temmeparype
700K, ecnu u3BectHO, uto mpu S00K Kp= 588,9 n/M?, a TemnoBoii 3 (peKT peaKkiuy B 3TOM TeM-
TepaTypHoM HHTepBase pases -99,48-10° x/kmomnb.

19. ns peakiuu CO + H20(1)=CO: + H2 onpenenuts Kp mpu 600K, ecu npu 298K koncraHn-
Ta paBHOBECHs 3TOM peakiuu pasHa 1-10°.

20*. ITo n3BeCTHBIM 3HAYEHHSIM KOHCTAHTHI paBHOBECHS peakiuu Jo <>2J) mpu HECKOJIbKUX TEM-
neparypax noctpouth rpapuk 3asucumoctu IgKp=f(1/T); onpenenuts rpadudecku TeroBoi
3¢ dexT peaknuu B W3YYEHHOM juarna3oHe temneparyp. COCTaBHTh ypaBHEHHE 3aBHCUMOCTH
lgKp=f(1/T) B Temneparyprom untepsaie ot 950 xo 1250K:

T, K950 1050 1150 1250

Kp, u/m? 1,149-10° 7,413-10% 3,428-10° 1,288-10*

Tema 2.3. 3aBUCHMOCTb KOHCTAHTHI XHMHUY€CKOr0 PABHOBECUS OT TeMIlepaTypbl. IMIH-
pHuUYecKue MeToAbl pacyeTa KOHCTAHT PABHOBECHS
1. Bonpockl K YCTHOMY ONIpoCy

1. 3aBucuMOCTh KOHCTAHTHI PABHOBECHS OT TeMIlepaTyphl. BrIBOJ ypaBHEHHsI M300apbl U
u3zoxopsl BanTt - ['odda. Kak Bauser Temneparypa Ha KoHCTaHTy paBHOBecus K,? Urto
SIBJISIETCSI MEPOH ATOTO BiHsiHUA? HamummTe cOOTBETCTBYIONIEE YpaBHEHHUE.

2. YpaBHEHUS H30T€pM XUMHUYECKOW peakiuu. [IpoTekaHue M HampaBlIeHHE XMUMHUYECKOM
peaKInu, XapakTepu3yeMoi COCTOSIHUEM PaBHOBECHS.

3. Pacuer koHcTaHT paBHOBecusi: meton TemkuHa-llIBapriMana, pacueT, OCHOBaHHBINA Ha
HCIIOJIb30BAHHUHU CIICKTPOCKOIMMUYCCKHUX U KAJIOPUMETPUUCCKHUX JAaHHBIX.

2. Komnuiekr 3a1a4 k Teme 2.3.

1. Ina peaxiuu CO + Clo«<>COCI, npu 600°C K. = 6,386.B kakylo CTOpOHY TIOHAET peaKius
NP CIEAYIOIIUX KOHIICHTpAIMIX pearupyromux Bemiects: a) 1 moms CO, 1 monb Clo u 4 monb
COClz; 6) 1 moas CO, 1 moab Clo u 8mone COCI; ; B) 1 moas CO, 1,565mo0mb Clz 1 10 Moitb
COCl?

2. OnpenenuTb U3MEHEHHE U300apHOro TEPMOJUHAMUYECKOT0 OTEHIIMANA MIPH MpeBpalieHuu 1
moutb CO, B3groro nox gasinerrem 303975 Ila; 1 mons Clz mox nasiennem 202650 ITa u 1 moius
COCl, nox napnenuem 50662 Tla mpu 600°C. s peakmuu CO + Clp <> COCl, K, = 1,678-10°°
ipu 600°C.

3. HaiitTu u3mMeHeHue n30XOpHOro TEPMOAMHAMHYECKOT0 noTeHuana () ans peakuuu

SO; + Clz <> SOCly, ecu mpu 191 °C K, = 7,5-107 , a KOHIEHTpALMK HCXOAHBIX BEIIECTB M
MIPOIYKTa PaBHBI CTUHHUIIC.

4.PaccuuTaiiTe, MONB3yaCh CIIPABOYHBIME JAHHBEIMH, cTaHAapTHOE cpoacTBo AGls mms peak-
mi 2NO + O2=2NO:; u omnpeznenuTe HampaBlIeHHE €€ CAMOIPOU3BOJILHOTO IMPOTEKAHHS B
CTaHJApTHBIX YCIOBHSIX.

5. OnpenenuTh XMMHYECKOE CPOJICTBO MU K Kuciopody mpu Temmneparype 500°C, ecnu koH-
CTaHTa PaBHOBECHS PEaKIMH IIPH 3TOif Temmeparype pasHa 1,013-10% [Ta™t,



6. Onpenenuts TemMneparypy, npu kotopoit gasnenue nucconuanuu CaCOs va CaO u CO2 (Pco2
=101,3 xITa) pasro 0,56-10° ITa, a xumuueckoe cpoactBo CaO k CO2 paBHO - 5568 J[/MOIIb.

7. BerunciuTh KoHCTaHTy paBHoBecus peakuuu Clo + Hy <> 2HCI npu temneparype 227°C, ec-
71 MaKCHMaJIbHas paboTa ee Mpu 3Tou Temneparype paBHa 19,29 k/[x.

8. YmpyrocTs auccormanuu kap6onara Maraus npu727°C pasna 42189 u/m? | a mpu 747°C —
80313n/M? . OnpesenuTh TemnoBoit s3ddext peakuun MgCO3¢<>MgO + CO, u Temnepatypy, npu
KOTOPOH YIPYroCTh AMCCOIMAIMI KapOOHATAa MAarHUs cTaHeT paBHOi 101325 u/M?.

9. BYMCIMTB CTaHJAPTHOE CPOJCTBO Kele3a K Kucaopoay Bosayxa (Pox = 20265 u/M? ) mpu
1000K, eciii KOHCTaHTa PaBHOBECHS PEAKIUHU IPU 3TOH TeMIepaType paBHa 2,42-10%°

10. Beraucinuth CpoACTBO 0JI0Ba K Kuciaopoay Bozayxa (Pox = 20265 Ila) npu o6pa3oBaHun OKH-
cu onosa (1) mpu 25°C, eciu ynpyrocts muccormanuu SNO Hpu yKa3aHHOI TemmepaType paBHa
9,026-10? ITa.

11. KoncranTa pasnosecust Kp mns peaxiu C + O2¢> CO2 ipu 1300K pasna 102 Onpee-
JUTh CTAaHJAPTHOE XUMHUECKOE CPOJICTBO YIJIEpOJia K KUCIOPOY.

12. Koncranra paBHoBecus Kp peakiuu rugpuposanust Gopmanbiaeruna CH20+H2«<>CH3OH
npu 400K pasna 0,475. CtanaapTHbI€ TEIJIOTHI CrOpaHus (GopMalibJIerujia i METaHOJIa, a TaKkKe
TeIuIoTa 00pa3oBaHUs BOJABI UMEIOT cienyromue 3HadeHus (k/x/momnp): -561,4; -680,3; -286,1.
CUMTas, YTO TEINIOEMKOCTH PEArupyroLINX BEUIECTB MOCTOSIHHbIE, BorurcauTe Kp npu S500K.
13.KoHcTanTa paBHOBeCcHUs peakuuu aAeruapuposanus stunosoro cnupra C2HsOH«-CH3CHO +
H», Bce BemecTBa B Ta3000pa3HOM COCTOSHHH, IIpH Temneparype 473K pasna 1,374-10%, a npu
498K papua 4,58-10°. ITap crmpra, B3aThIi mpu Temneparype 473K, BbInepKUBaeTCs PH MOCTO-
suaoM pasnennu 1-10° I1a o o6pasoBanus paBHOBecHOH cmecH. COXpaHsis COCTaB ITOH cMecH
HEW3MEHHBIM, ee¢ HarpeBaroT 10 498K. Kakum 10KHO OBITh KOHEYHOE JaBJICHUU CMECH?
14.3aBucumocts 3Heprun ['u60ca ot Temneparypst st peakiuu Ph(x)+Cla(r)<> PbClo(x) BBI-
paXkaeTcs CIEeTYIONIM dMITHpHYeckuM ypaBHeHneM: AG = -368 000 -48,6InT + 0,126-103T2 —
142 5001/T + 477T (dx/monb). Haiimure KOHCTaHTBI paBHOBecus mpu Temmeparypax 800 u
900K.

15. Haiitn xoHcTaHTy paBHOBecus K, 1 paBHOBECHBIN BbIXOJ 1O Meroay Temkuna-llIBaprnmana
(Yka3aTh IpH KaKMX YCJIOBMSIX MCIOJIb3YETCS JaHHBIM METOJ), €CIIM UCXOJHbIE BEIECTBA B3STHI
B CTEXMOMETPHUUYECKUX COOTHOLICHMAX. B MomeHT paBHOBecus temmneparypa 300K u naBnenue
4.10° L]
Clz + CO < COCl; (v

16*. PaccuuTaiite, moab3ysCh CIPAaBOYHBIMU JaHHBIMM, 10 MeToAy TemkuHa —IlIBapimana
3HaueHue cranaapTHoro cpoactBa AG® peakuuu Hz = 2H npu 1000 K. B kakywo cTtopony
MOMJET 3Ta peaklus B CTAaHAAPTHBIX YCIOBUSX MPU JaHHOUN Temmeparype?

17*. Tlonp3ysch CPpaBOYHBIMH JJAaHHBIMH O MPUBEIEHHOM H300apHO-U30TEPMUYECKOM MOTEH-
nuane (G° — H%)/ T u snauenun AH%, paccumtaiiTe KoHCTaHTy paBHOBecus peakuuu Np +
02 =2NO 1000 K.

18. Jlist HEKOTOPON XMMHUYECKOW PEaKIMU 3aBUCUMOCTH HTAJBIIHMI MCXOJHBIX BEIIECTB U
KOHEYHBIX MPOAYKTOB OT TeMIepaTyphl mpeacraBieHa rpadpudecku Ha puc. 1. Kak Biauser
MOBBIILIEHNE TEMIIEpATyphbl HA KOHCTAHTY PABHOBECUS 3TOM peakuMu? ApryMeHTUPYHTE OTBET.

ézﬂﬂe !
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19. 3aBucumoctsb IgKp HEKOTOPOI peakiu OT 0OPaTHON TEMITEPATyphl MPEICTABISET MPSIMYIO
JUHMIO (pHC. 2). DK30TepMHUUEcKas WK dHI0TEepMUYEcKas 3Ta peakuus?

20. 3aBucumocTts 19K, = f(1/T) npencraBinena Ha puc. 3 npsmoii iunueii. Kakoe 3akioue-
HUE MOXKHO CJIeJIaTh O 3HaKe U XapakTepe TemreparypHoi 3aBucumoctd AH B 1aHHOM MHTEp-
Bane temmneparyp? Kak mpu momomm rpaduka onpeaenutsh Beanunny AH? Hanummumre pac-
4eTHYI0 (popmyiy.
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3. KommiekT TecTOBBIX 32 IaHM /111 IPOMEKYTOYHOT0 KOHTPOJIsI 3HAHUM
Tect Ne2: « Xumuyeckoe paBHOBecHe»

1. Ecau pearupyromyroo CHUCTEMY paccMaTpuBaTh Kak MJ€aJIbHYl0, TO Ha KOHCTaHTbI
paBHoBecus Kp u K¢ BiamstroT cienyromye hakTopsl:

a) 1aBJICHUE;

0) Temriepatypa;

B) MIPUPOJA PEaruPYIOIINX BEIIECTB;
r) o0BbeMm.

2. Bniusiaue TemnepaTyphl Ha KOHCTaHTY paBHOBecHs K, onpenensercs:
a) 3HAKOM M BelMuuHOM sHepruu ['mb6ca;

0) 3HAaKOM U BEJIMUYMHOMN TEIIOBOT0 3P (eKTa peakinu;

B) 3HAKOM M BEJIMUYMHOMH TemnoBoro sHepruu I'enbMrosnbua.

3. CootBercTBHE Mexny m3menenneM Kp mpu AHY:
a) AH® < 0:

6) AH® = 0;

B) AH? > 0;

r) Kp mamaer;

1) Kp HE 3aBUCHUT OT TeMIIepaTyphI;

e) Kp pacrer.

4. PaBHOBECHBI BBIXOJ BOJIOPOJia M0 ypaBHeHUIO peaknuu CHs+2H.S = CSy+4H;, npu mo-
BBIIIEHWHU OOIIEro JaBJICHUS B CUCTEME, €CIIM BCE BEIIECTBA HAXOAATCS B H1€aJIbHOM ra30BOM
COCTOSTHUY U3MEHHTCS:

a) YMEHBUIUTCS;

0) yBEITUYHUTCS,

B) HE U3MEHUTCH.

5. Mepoii cTaHIapTHOTO CPOACTBAa XUMUYECKOU pPEaKIMU MpHU NOCTOSHHBIX P u T sBnsiercs:
a) yosuts SHepruu ['m606ca;

0) MakcuMasbHas 1moje3Has padora;

B) yOBUIb 3HEprUu [ eapMrosbIia.



6. Koncranra paBHoBecus xumuueckoit peakiuu Ke u K, nporekaromieil B uaeaibHOM razo-
00pa3HOM COCTOSTHUH, 3aBUCHUT JIM U KaK OT KOHLUEHTPALHUH PEarupyomux BEIIeCTB:

a) 3aBHCHUT;

0) HE 3aBUCHUT;

B) YMCHBIIIAETCS;

I') YBEJIMYUBAETCS.

7. Koncranrta paBHoBecust Kp paBHa paBHOBECHOMY JaBJIEHUIO B CUCTEME IIpU JJaHHON TeMIIe-
patype s peaKuuu:

a) TOMOTeHHAsl PEaKLKs, B KOTOPOi 00pa3yroTCsi ra3000pa3HbIe IPOIYKTHI;

0) rereporeHHast peakius, B KOTOpoil o0pa3yercst OAUH ra3000pa3HbIil MPOAYKT;

B) TOMOTEHHAsI peaKIys, B KOTOPOil 00pa3yeTcst OAMH ra3000pa3HbIil MPOIYKT.

8. PaBHoBecue B peakmuu COCl, = CO + Clz mpu no0aBieHHM K PAaBHOBECHOW CHCTEME
WHEPTHOTO T'a3a MpHU NOCTOSHHOM OOIIIEM 1aBICHUU CMECTUTCS:

a) B IPSIMYIO CTOPOHY;

0) B 00paTHYIO CTOPOHY;

B) HE CMECTUTCH.

9. Benmmuunsl K, u K s peakuuun Sp(TB) + 4H20(ra3) =2S02(ra3) + 4Hz(ra3) Haxoasarcs B
COOTHOILCHUU

a) Kp=Kq;

0) Kp<Ke;

B) K,>Ke.

10. Koncranrta paBHOBecus K, xuMuueckoil peakiuu, IpOTEKarolle B MaealbHOM razo00-
pa3HOM COCTOSIHUU, 3aBHUCHUT JIM M KaK OT KOJIMYECTBA MOJIEH BEIIECTB, YYaCTBYIOIIHUX B
HEW:

a) 3aBHCUT;

0) HE 3aBHCHUT;

B) YMEHbIIIaeTCs;

T') YBEJINYUBAETCSI.

11. O6mee nasnenue B paBHoBecHOU cucteme NH4C1(tB) = NH3(ra3) +HCI1(ra3) pasuo P.
3aBUCUMOCTHh KOHCTAHTHI paBHOBecHs Kp 3TOH peakunu dyepes oOIiee TaBiIeHUE BIPAKACTCS:
a) Kp=Kq;

0) Kp=P;

B) K,=P?/4.

12 MaremaTnueckoe COOTHOIIEHHUE MCXKIY BCIMYUHAMU KP u Kc JJIsL XUMHUYECKOHN peakunun
HUMEET BUJI.

a) Kp=K¢;

0) Kp<Ke;

B) Kp>Ke;

r) Kp=K(RT)".

13. YpaBHeHue, CBA3BIBAIOIIEE CTAHIAPTHOE CPOJCTBO AGT® u KOHCTaHTY pPaBHOBECHUS, IPU
noctossHHbIX P u T, ecnu gaBieHue BBIPaXKEHO B MMACKAJIX:

a) AG = - AnRT(1,0133-105);

6) AG = -RTInKp + AnRT(1,0133-10%);

B) AG = -RTInKGp.



14. Pa36aBieHue peakIMOHHONW CMECH WHEPTHBIM T'a30M C OJHOBPEMEHHBIM YBEIUYCHHEM 00-
[IeTO JAaBJICHUS B CHCTEME, TJleé NMPOTEeKaeT CleAyromas peakuus B razoBoil daze 2 A +
B = % C+D orpasurcs Ha paBHOBecHOM Bbixoje BeniecTB C u D:

a) YMEHBIIAeTCs;

0) yBEIIMUUBACTCS;

B) HE U3MEHUTCS.

15. JIns HEeKOTOpOW XMMHYECKON peakiuu B razoBoil ¢aze mpu noctossHHbIX P u T AGT>0.
OTta peakuus NpoTeKaeT CaMOIPOU3BOJIBHO:

a) B IPSIMOM HaIlpaBJICHUU,

0) B 00OpaTHOM HaIlpaBJICHUH,

B) HE CMECTHUTCHI.

16. Ecnu ob1iee naBiieHHe B CHCTEME YBEIUYUTH B 2 pa3a, TO 3HaYCHUE KOHCTAHTHI paBHOBE-
cus K, peakuuu A+2B = AB: (Bce BemiecTBa HaxoQsATCs B U€aIbHOM Ia3000pa3HOM COCTO-
STHUHN):

a) U3MEHUTCS;

0) HE UBMEHUTCS;

B) YMEHbIIIaeTCs;

T') YBEJIMYUBAETCSI.

17. 3aBucumocTth KOHCTaHTHl paBHOBecus peakuuu 2Cl2 + 2H20(ra3) = 4HC1 + O2 ot Temne-
paTypbl MOKHO BBIPa3HTh cieayronmmM ypaBuernueM: IgKp = -6007/T+5,407.Temnno B 3T0i pe-
aKIUU:

a) BBIIEISIETCS;

0) morJomaeTcs.

18. Ha xoHcTaHTy paBHOBecHUs peaknuu K, eciu peaknusi mpoTEKaeT MEX/y BEIECTBAMH B
ujiealbHOM ra3000pa3HOM COCTOSHUM BIIHSIOT:

a) P;

6) T,

B) IPUCYTCTBHE UHEPTHOTO rasa,

') IpUPOJa pearupyromux BelecTs,

1) mapuuaibHble AaBiaeHus Pij.

19. ComocTaBhTe paBHOBECHBIH BBIXOJl MPOIYKTOB JBYX XUMHUUYECKHUX PEAKIIHH, MPOTEKA0-
mx B oanHakoBbIX yenoBusax (P u T ) B razosoit paze A+B =AB u C + D = CD, ecmu AG:
nepBoit peakiuu 6onbine AG2 BTopoil peakuuu:

a) paBHOBecHBIE BbIX0/1I AB 1 CD ofriHakoBsr,

0) paBHOBecHbII Bbixo AB>CD ;

B) paBHOBecHBIH Bbixoa AB<CD.

20. lns mnaHHBIX peakuuil B ra30Boi (haze cooTHomeHne KoHcTaHT paBHoBecust Kp mmm Ke:
a) KPZKC;

0) K;

B) Hy + C1,=2HCI;

r) CO + Cl2 =COCl2.

21. YcnoBueM, Ipu KOTOPOM JIJISl PACY€TOB MOYKHO MOJIB30BaThCSl YPaBHEHHUEM
INKo/K1 =-AH/R (1/T2 — 1/T1) stBasiercst:
a) IPUCYTCTBHE MHEPTHOTO Ia3a;



0) B JaHHOM MHTEpBaJie TEMIEPATyp TEIIOBOK 3()PEKT MOKHO CUYUTAThH MOCTOSHHBIM;
B) coOmroaenue npasuiia Bant-I'odda.

22. Ecnu cucrema ujeanbHas, TO KOHCTaHTa paBHOoBecus Ky peakiun
CO2=CO + 202:

a) 3aBHUCHUT OT JIaBJICHUS U TEMIIEPATyphI;

0) HE 3aBHCUT OT JABJIEHUS, HO 3aBUCUT OT TEMIIEPATYPBI;

B) [IPY YBEJIMYECHUH TEMIIEPATyphl U JaBJICHNUS KOHCTAHTA yBEIHMYMBACTCS;
T') IpY YBEJIMYEHUH TEMIIEPATypbl KOHCTAHTA YBEIUYHBACTCSI.

23. B kakux ciy4asx Mo 3HaKy U3MEHEHHUs YHTAIBIIHH B X0/1€ XUMUYECKON peaKIi MOXKHO
CYIUTh O BO3MOXKHOCTH €€ MPOTEKaHus Mpu NocTOosSHHBIX T u P:

a) AH® <<TAS?;

0) TakHUX CIy4aeB HET;

B) AH? >>TAS?

24. OcHoBHBIMU (haKTOPaMU, OMPEEIISIONIMMU CMEIIIEHIE XUMUYECKOTO PABHOBECHUS SIBIISIOTCS:
a) KOHIIEHTPAIIUS pearupyrolnx BEIlecTB;

0) maBneHue, €CliM pearupyrolire BelecTBa HaXoIATCs B Ta3000pa3HOM WIJIM apooOpa3HOM CO-
CTOSTHUY;

B) TeMIiepaTypa, Ipu KOTOPOH MPOUCXOAUT XUMHUECKUN MTPOIIECC;

') YACJICHHOE 3HAYCHUE KOHCTAHThl XUMUYECKOTO PABHOBECHUS.

25. Ilpu4nHOM CMENIeHHs XUMUYECKOTO PAaBHOBECHS TPU M3MEHEHHH KOHIEHTPAIMH, TABICHUS
WM TEMIIEPATypPhl pearupyroIiux BEIIeCTB SABISETCS:

a) YBEJIMUEHUE CKOPOCTHU MPSIMON peaKIuu;

0) COOTHOIIIEHNE KOHCTAHT XuMHuueckoro papHoBecus Kp=Ke;

B) HapylIEHNE PABEHCTBA CKOPOCTEH MPSIMOM U 0OpaTHON peaKInii;

r) yobu1b 3Hepruu I'n6oca.

26. IMpunnun Jle-11laTenbe ¢ HEKOTOPBIME JOMYIICHUSIMUA TPUMEHHIM:
a) K TOMOTEHHBIM CHCTEMaM;

0) K TeTepOTeHHBIM CUCTEMAM;

B) K JIFOOBIM CHCTEMaM.

27. J1ns HEKOTOPOW XMMHYECKOH pPEaKIWHM 3aBHCHMOCTH JHTAIBIIUA HCXOJIHBIX BEIICCTB H
KOHEYHBIX MPOAYKTOB OT TeMIEpaTyphl npeacTabieHa rpadgudyecku Ha puc. 1. Ha koHcTaH-
Ty PaBHOBECHUS 3TOU peakIMy MOBBIIIEHUE TEMIIEPATYPHI BIUSIET:

a) Kp;

6) Ke;

B) YMEHBILIUTCH,

) YBEITUYUTCS
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28. 3aBucumocth IgKp HEKOTOPO# peakiuu OT 00paTHO# TeMIepaTyphbl MPEACTABISIET MPSIMYIO
TuHUIO (puc. 2). JTa peakuus:

a) SK30TepMHUYECcKas;

0) sHAOTEpMHUYECKAS;

B) B 9TOH peakLHH HE MPOUCXOIUT TEII000MeHa.

29. 3aBucumocts IgKp = f(1/T) npencrasiena Ha puc. 3 npsmoit muaueit. Kakoe 3akiroue-
HHME MOXHO CIEJIaTh O 3HAaKe U XapaKTepe TemieparypHou 3asucumoctd AH B naHHOM uHTEp-
Bajie TEMIIEPATyp:

a) AH > 0;

0) AH< 0;

B) 3aBHCHT OT TEMIICPATYPhl;

T) HE 3aBUCHT OT TEMIICPATYPHI.

{gkp
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30. MeTonamu BEIYMCIIEHNS] KOHCTAHT PaBHOBECHS SIBJISFOTCS:
a) Meton1 Temkuna-I1IBapimana;

0) pacyeT, OCHOBaHHBI HA CIEKTPOCKOITMYECKHX JJAHHBIX;

B) METO] HAMEHBIIINX KBaJIPaTOB;

I') pacyeT, OCHOBAHHBII Ha KAJTOPUMETPUUYECKHX JJAHHBIX.

Paznea |11. ®a3oBbie paBHOBecusi. PacTBopsbl

Tema 3.1. IIpaBuiio ¢pa3 I'ndo6ca. PaBHoBecHblIe cocTosiHus PU (a30BbIX MEepexoaax.
YpaBuenne Knaysuyca-Knaiinepona

1. Bonpockl K yCTHOMY OIIPOCY
1. [onsitus «dazay, KKOMIOHEHT», «CTeNeHb cBOOOAB. [IpaBuno da3 ['mbo6ca.
2. Pacuets! ¢ ucnonb3oBaHreM (a3zoBBIX JUAarpaMM COCTOSIHUA. UTO Takoe TpoifHasi TOUKa Ha Auarpam-
M€ COCTOSIHUSI OJTHOKOMITOHEHTHOW CHCTEMBI?
3. PaBHOBecHBIE cocTOsIHUSA TIpH (a30BbIX Mepexonax. YpasHenue Kiaysnyca-Knaneipona.
4. O0psicHuTe IpH oMoIM ypaBHeHus: Kiaysuyca-Knaneiipona, moueMmy AaBlieHHE HACBIIIEHHOTO Ma-
pa HaJ| )KUJKOCTHIO PACTET MPU YBEIMUCHUH TEMIIEPATYPHI.
5. TpeGyetcs rpaduyecKkn pacCUUTaTh TEIIOTY MCIAPEHUS KHUAKOCTH IPH 3aJaHHOW TeMIleparype.
Hapucyiite rpaduk, KOTOpsIM HEOOXOJUMO MOJIB30BATHCS, U HAIMILIUTE COOTBETCTBYIOLIYIO pacueT-
Hyto ¢popmyny. Kak n3mensiercss temnepaTypa IUIaBICHHs BELIECTBA C POCTOM JIaBJICHUA?

2. Kommiekr 3agaq k treme 3.1.

1. Beraucnuth uncio creneHeid cBOOOIbI, KOTOPHIMU 00JIaZlaeT CUCTEMa, COCTOSIIAs U3: a) pac-
tBopa KNO3z u NaNOs B mpucyTcTBUM KpPHCTAIIOB 00EMX COJieil U mapoB BOJbI, 0) pacTBopa



o0eux conelt B mpucyrctBuu jabaa, kpuctamuioB KNOs u NaNOs u mapoB Boabl; B) pacTBopa
o0eux coseil B MIPUCYTCTBUH JIbJ]a U I1aPOB BOJIBI.

2. BBIYUCIIUTE YUCIIO CTETICHEH CBOOOIBI B TIEPUO/I 3aTBEPICBAHUS CILIaBa, COCTOSIIETO U3 JIBYX
METaJIJIOB, 00pa3yIOIIMX JABE KPUCTAJUIMYECKUE CTPYKTYPHL.

3. B BomHOM pacTBOpe HAaXOAMTCS CMECh XJIOpUIA COJel HaTpus U xyopuaa Kanpuus. Omnpene-
JINTE KOJMYECTBO COCTABHBIX YacTel U KOMIIOHEHTOB B JAHHOW CHUCTEME.

4. V3 s)kuIKOTO paciiiaBa CBMHIIA M OJOBAa YaCTHYHO BBINAJIM KPHCTALIBI ojoBa. KakoBa Bapu-
AHTHOCTb JAHHOUN CHCTEMBI.

5. BeIpazute KOHCTaHTY PAaBHOBECHS PEAKIIUH Pa3NIOKEHUsI KapOoHATa KBNS U TIOKAXKUTE, U4TO
9TO BBIPAYKEHUE HE MPOTUBOPEUUT MpaBUiy (a3.

6. B BogHOM pacTBOpe HaXOIUTCS CMECh COJIEH: XJIOpUAa Maruus u cyibdara Hatpus. Onpene-
JIUTE KOJMYECTBO COCTABHBIX YacTel U KOMIIOHEHTOB.

7. BbIUMCIATh MAaKCUMaJIbHOE YHUCIIO CTEIICHEW CBOOOBI U MaKCUMAIBHOE YUCIO (a3, Haxosl-
IIMXCS B PABHOBECHUHU B OJIHOKOMIIOHEHTHOM U ABYXKOMIIOHEHTHOM CHCTEMaX.

8. Tlomp3ysce mpaBuioMm (a3, JT0Ka3arh, 4TO JIFOOOH IBTEKTHYECKHN CIUIAB M3 JIBYX BEIIECTB
JOJKeH 00JIajaTh CTPOTO OMpEeNIEHHBIM COCTaBOM M MOCTOSHHOW TEeMIIepaTypoil IUIaBIICHUS.
SBseTCs T 3BTEKTUKA XUMUYECKUM COSTUHECHHEM KOMITOHEHTOB?

9. Bocmons30BaBIuch auarpammoii cocrosiaust Sh — Pb (puc. 2),

OTIPECITUTH KOJIMYECTBO BEIKPUCTAJUTH30BABIICHCS CYPhMBI

npu oxjaxnaennu 10 43000 C 3 Kr )KUIKOTO CIjIaBa ¢

conepxkanuem 40% cBUHIA.
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Puc. 1. lnarpamma coctosiaust Sb — Pb

10. DBTEKTUUYECKHI1 CTUIaB CYpbMBI M CBUHIIA coAepkuT 13% cypbmbl (cM. puc. 1). Kakoii u3 me-
TaJJIOB M B KAKOM KOJIMYECTBE OYJET HAXOIUTHCS B CIJIaBe

B BHJI€ KPHUCTAJJIOB, BKPAIUICHHBIX B ABTEKTHKY, €ciid 10 Kr >KHIKOTO CIIIaBa, COJEPKaIIero
10% cypbMbI OXJIaIUTH JI0 OJTHOTO €r0 3aTBEPICBAHMUS.

11*. TTo quarpaMMe COCTOSIHHSI CUCTEMBI O-KCHJIOJI—M-KCHJIOJN (pHC. 2) ONpeaennTh, Kakas TBep-
nas (a3a ¥ B KAKOM KONMYECTBE Oy/eT BEIKPUCTAIIIH30BBIBATHCS MPH oxaxaenun 1o -50°C 1
KI' CMECH 0-KCHJI0JIa M M-Kcuitoia ¢ coaepxanueM 30 Bec. % M-Kcuioa.
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12*. TloctpouTh auarpaMmy coctosiHust konaencupoBannoit cucremsl LIClI — KCI, ecin temme-
parypa maenenus KCI 800°C, LiCl 600°C, ssrektuueckoro crmasa 300°C. CocTaB 9BTEKTHKH
60% LiCl u 40% KCI. Onpenenuth, CKOJIBKO CTEMEHEH CBOOOIBI HMEIOT CICAYIOIINE COCTABhI
IIPH COOTBETCTBYIOIIUX TeMIIepaTypax:

LiCl, Bec. % 40 60 80 100

t,°C 700 300 200 500

13*. 1) Vka3atb Ha puc. 3 ¢a3pl, HaxoasIecs B paBHOoBecuu B Touke O. Ompenenuts 4ucio
cTereHer cB00O bl B JAHHOM TOYKE;

2) onmcaTh MyTh KPUCTALIM3AIMHU paciuiaBa, coctosiero u3 85% SiOz u 15% Na0. Cuenatb
TaOJMYHYIO 3aIMCh PE3YJIbTATOB OXJIAXKIECHUS 110 cienyromei gpopme:

Temneparypa Cocra xunkoit passr | CocraB Bepaoit pazsl | [Ipumeuanus

3) ycTaHOBUTH (hOPMYITy XMMHYECKOTO coequHeHusI, cocTosiiero u3 50,8% Na2O u 49,2% SiOy;
4) ykazatb TeMIeparypy, Ipu KOTOPOH HAaYHETCs KpUCTAJIM3alus paciuiaBa, coaepxariero 70%
SiO2 u ykasath TeMIeparypy, pu KOTOPOH 3aKOHYUTCS MPOIIECC KPHUCTAIUTA3AIIHH.
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Puc. 3. [lnarpamma coctosiausi cuctembl Na2O — SiO:

14. YaenbHas TemnoTa IUIaBleHUs Ha(TaauHA MPU €ro HOPMAJIbHOM TemmepaType IJIaBICHUS
79,9°C paBua 149,25 JI/r. Pa3HOCTD yIeIbHEIX 00BEMOB B JKHIKOM H TBEPIOM COCTOSHHH TIPH
TemrepaType maapienus (AV) 0,146 cm’/r. OnpenenuTs W3MEHEHHE TeMIEPaTyphl TIIABICHHS
Ha(TamMHA NpH yBeauueHuH nasieHus B 100 pa3 mo cpaBHEHUIO ¢ HOPMAJIbHBIM aTMOC(EpPHBIM
nasnenneM (101325 H/m?).

15. TemnepaTypa KumeHus pTyTH MO HOPMAIbHBIM aTMochepHbM aasaenuem 357°C. Temnora
napooOpa3zoBanus 283,2 Jlx/r. OnpeaenuTs U3MEHEHHE YIPYTOCTH Mapa pTyTH IpU U3MEHEHUHN
temmnepatyphl Ha 1°C BOIM3H TeMmepaTyphbl KUMEHHS PTYTH TOJ HOPMAIbHBIM aTMOCHEPHBIM
JTaBJICHUEM.

16. 3aBUCHMOCTH TeMIIEpaTyphl IJIaBlIeHUs HadTaauHa OT JAABJICHUS BBIpaXkKaeTcsl ypaBHEHU-
eM

t (°C) = 79,8 + 3,7-107P + 1,88-10''P? (naBneHue BBIpakeHO B TacKansx). Pa3HOCTH
YIeTbHBIX 06BEMOB KHIKOTO U TBEpHOro HadTamuHa paBHa 0,146 cvm®/r. PaccuuTaiite Temiory
(JIx/r) mnaBnenns HadTanuHa py gaBineHnn 5,07-10° Ta.




17. o xakoro 3HA4eHHS HY>KHO CHU3HUTH JABJICHHE, YTOOBI TEMIEpATypa KUTICHUS TUITUIIAHU-
nvHa ynana a0 463 K, ecnu B HopManbHBIX yCJIOBUSIX OH KUMUT nipu 489 K, a cpeanss Temno-
Ta ero ucnapenus 48,5 x/[x/mMonp?

18. Onpenenute, Ha KaKyl BEJIMYMHY HAJ0 MOBBICUTH JaBJEHHE, YTOOBI PTYTh IJIABHIACH
npu 236,3 K, eciu npu temneparype TpoitHoil Touku (234,3 K) temnora nnaBineHuss AHp, =
2266 JIx/Momb, a MOJISIpHBIE 00BbEMBI TBEpAEH U KUIKOW (a3 COOTBETCTBEHHO paBHbI 14,14 u

14,65 cM>/Mob.

Tema 3.2. Mosekyasipabie pacTBOpbl. ®U3NKO-XMMHYECKHE CBOIiCTBA
pa30aBJIeHHBIX PACTBOPOB
1. Bonpockl K yCTHOMY ONIPOCY
1. Obmias xapakTepucTHKa pacTBOPOB.
2. CeoticTBa pa30aBiIeHHBIX pacTBOPOB. 3akoH ©.M.Pays.
3. OcmoTtrueckoe aaBienue. 3akoH Bant-I'odda. B kakoM cOOTHOMIEHNH HAXOIATCS BETUIHHBI OCMO-
TUYECKOTO JaBieHus AByX BoaHbiX 0,005 M pacTBOpOB INIIOKO3bI U CyJib(aTa HaTpus?
4. IloHm>KeHre TEMIIEPATYPhl 3aMEP3aHUsI U MOBBIIICHUE TEMIIEPATyPhl KUIICHHS PACTBOPOB.

2. JlaboparopHas padora Ne3 «OnpenesieHrne KOHCTAHT MOHU3AIUM KHCJIOTHO-OCHOBHBIX
HHIHKATOPOB»

Ilens naHHOM paboOTHI: OINpeieieHue KOHCTAaHT MOHU3ALUU KUCIOTHO-OCHOBHBIX MHJIMKa-
TOPOB CHEKTPOHOTOMETPHUECKH.

[TpuGopsl U peakTUBBI: CIEKTPO(HOTOMETP UM (POTOIIEKTPOKOIOPUMETP, HAOOP KIOBET;
npobupky, mumerka Ha 1 cm®, muneTka Ha 10 cm3;6ydepusie pactopsi ¢ pH ot 1,0 o 14,0; pac-
TBOP MHIMKATOpA ¢ KoHIeHTpanueh 10~*M (KOHIo KpacHbIi, Kpe30I0BbIii KpacHbIi, THMOJIOBBIIA
CUHMMH, KCUJIMHOJIOBBIM OpaHkeBblii, OpoM(EHOJIOBbIN CHHUI U Ap.).

Iopsiiok BbINoOJIHEHUS PadOTHI

1. B 14 npo6upok ¢ MoMoIbio THIeTkH Ha 1 v BHOCAT 10 1 cM® pacTBopa MHMKATOpA,
3aTeM ¢ moMomibpio muneTky Ha 10 cv® BHOcsT GydepHe pactBopsl ¢ pH ot 1 10 14 mo 10 cm™
(T.e. noGaBmsmoT 10 cM® GyepHOTO pacTBOpa, CleayoIMM 00pa3oM: B 1 MpoGHpKy pacTBOp ¢
pH =1, Bo BTOpYy10 — ¢ pH =2, B TpeTsio —c pH =3 u T.1.).

2. Yepe3 10 MUHYT U3MEPSIOT ONTHYECKUE IUIOTHOCTH MOJIYYEHHBIX PACTBOPOB IPH OINTHU-
MaJbHOM JUIMHE BOJIHBI, B KIOBETE Ha 5 cM. B KadecTBe pacTBOpa CpaBHEHMS HCIIOJIB3YIOT JH-
CTHJUIMPOBaHHYIO Bony. [lomydeHHble JaHHbIe BHOCAT B Tabnuiy 1. ONBIT MOBTOPSIOT TPH pasa.

Tab6aununa 1
IMNupHYecKue JaHHbIe 1JIs1 TPa@uUYeCcKoro HaxXoxKIeHHUs
KOHCTAHT HOHM3ALMM UHIANKATOPA
OnTuyeckasi IJIOTHOCTH, A
pH
1 cepus 2 cepus 3 cepust
1
2
3
4
5
6
7
8
9
10
11




12

13

14

3. Jlanee cTpoAT rpaduk 3aBUCUMOCTHU onTH4ecKoi miotHocT oT pH (A — pH) (cm.puc.1).

Puc.1 3aBucumocts onTudeckoi miotTHoctd A ot pH pactBopa.

4. Tlo rpaduky (cMm. puc.l) K KpHBOH CBETONOTJIOMICHUS, HA

- , ydacTke KpyToro moasema (obnacte pH, rae mpomcxomuT muc-
] ColLIMalKsA), OTPAHUYEHHBIN IBYMS y4acTKaMU B 00JaCTU HU3KUX
i ) pH (rme et nucconuanun) u odactu Beicokux pH (Te pearent

HaXOJUTCS B MOJHOCTHIO IMCCOLMUPOBAHHON (hopMe) TPOBECTH
TPH TOPU3OHTAIBHBIX KacaTelIbHBIX a, 0, C. OTMETUTH TOYKH IIe-
peceuenus kacarenbHbIX (1-2). Halitu rpaduyecku cpennee 3Ha-
¥ ,pl] UCHHE MEXIY TOUKAMH 1 1 2 u cripoenupoBaTh Ha OCh abCIUCC —
pK2 3TO U OyneT uuciaeHHoe 3HadeHue pK MoHHM3aluu H3ydyaeMoro

WHJMKATOpA.

B 3aBuCMMOCTH OT CTPOEHHS MHAMKATOPbI MOTYT MMETh HECKOJIBKO 3HAYEHWI KOHCTaHT
nonuszanuu B untepsasie pH ot 1 no 14. I'paduk crpost Tpuxabl, Aasi Kaxao cepuu. anee
IPOBOJAT CTATUCTUYECKYIO 00pabOTKY NOJIYUYEHHBIX Pe3yJIbTaTOB.

5. Jlanee BeimuchiBatoT U3 crpaBouHuka (Jlypse FO.}O. CnpaBouHUK 1O aHAJIUTUYECKOM
XUMHHK) 3HaueHus pK mHIuKaTopa A BCceX ero nepexoioB OKPacku M CPaBHUBAIOT €T0 C MOJTy-
YEHHBIMHU.

6. BomuceiBaroT u3 crpaBoynuka (JIypse FO.JO. CipaBouHMK 110 aHATUTUYECKONH XUMMHU)
dbopMyny UHAMKATOPa U IPUBOJAT ypaBHEHUE €r0 JUCCOLMAINH, B 3aBUCUMOCTH OT Cpefbl pac-
TBODA.

7. PaccuuThIBaIOT OTHOCUTENBHYIO OIHOKY onpeaeneHus pK.

CTpyKTypa u coaep:kaHHe 0T4YeTa
OTuer N0JIKeH coAepkKaTh:
1. DKcriepuMeHTaIbHbIE IaHHBIE U PE3YJIbTaThl pACYETOB (Ta0IUIIA).
2. I'paduueckoe onpenenenue pK nHaukaTopa.
3. ®opmyny HHIAMKATOpPA U YPaBHEHHE €r0 AUCCOLUAINH, B 3aBUCUMOCTH OT CPEJbl pacTBOpa
4. PacueT OTHOCUTENHHON M aOCONIOTHOM OMIMOKM ONpENeNeHusl C BHIBOJOM O TOYHOCTH OIpe-
JIEJICHUS.
Bonpocs! 1 321241 17151 CAMOKOHTPOJISA
1. B uem coctout 3akoH Jlambepra-bepa-byrepa? CunTe30M Kakux JABYX 3aKOHOB OH SIBJISICTCS?
2. Yto Ha3bIBaeTCs KOA(PUIIHMEHTOM MOTJIOMEHHs?
3. Kakas BenMumHa Ha3bIBAETCS ONTUYECKON MIJIOTHOCTHIO?
4. Yro nmpeacrasinsieT co0O0M CEKTp MOTIIOIIEHHs BeecTBa?
5. laTb onpezeneHue NOHATHIO HHANKATOp. [IpuBecTu kiaccuukanuo HHAUKATOPOB C IpUMe-
pamMu CTPYKTYp JJaHHBIX BEILECTB.
6. O6acTi MpUMEHEHUS] UH/IMKATOPOB.
7. AprymMeHTHOBaHHO 000CHOBaTh paBeHCTBO pK=pH.

3. Kommekr 3aaa4 k teme 3.2.
1. B xakux BECOBBIX COOTHOLIEHUAX HANO B3ATb 92%-HbIll U 2%-HbII pacTBOPBI CEPHON KUCIIO-
ThI 17151 IpUroToBieHus 45%-Horo pacteopa?




2. B naboparopun umeercst 10%-Hblil pacTBOp enkoro kaiau. KOHIEHTpaluio ero NoBhIIAoT 10
22% mnpubaBiaeHUEM TeXHUYECKOHW mmenoun, comepxkameid 85% KOH. B kakux BECOBBIX COOT-
HOLICHUAX HAJ0 OpaTh pacTBOp M TEXHUYECKYIO IIENOYb JJIS MOJYyYeHHsS PacTBOpa 3aJaHHOMN
KOHIIEHTpaluu?

3. B Boge oobemom 200 Mt pactBopen Opomun kamust maccoit 50 r. [InoTHOCTH pacTBOpa paBHa
1,16 r/cm®. BrIpasuTe COCTaB PacTBOPA: a) B MACCOBBIX JOJISX; 0) B MOJAPHBIX JOJISX; B) B MO-
JSUIBHOCTH; T) B MOJISIPHOCTH; /1) B HOPMAJIBHOCTH.

4. TInotrocTs pacTBopa H3POs pasra 1,1805 r/cm®. Haiinute mMaccoByto m0mo (%), MOTEHYIO
JI0JII0, MOJISIPHYIO, MOJISUIbHYIO ¥ HOPMaJIbHYIO KOHLIEHTPALUK pacTBOpa.

5. Cmemiansl 3TUIIOBBINA CIIUPT, YKCYCHasl KUCJIOTa, alleTOH M BOJIa C MAacCO Ka)XJAOro KOMIIO-
HeHTa o 100 r. [IMOTHOCTH ATHX BemIecTB cOOTBETCTBeHHO paBHBI 0,789, 1,049, 0,792 u 1,0
r/cv®. BbluMcInTe MONBHBIE JONMM KaXXI0r0 KOMIOHeHTa. CUHTATh, YTO NPU PACTBOPEHHH Be-
IECTB 00BbEMBI UX CYMMUPYIOTCS.

6. Koadpumuent abcopoumu anerunena sojoii npu 20°C pasen 1,03. Beraucauts ko3 UIHEHT
pPacTBOPUMOCTH JAHHOI'O T'a3a IpU YKa3aHHOU TeMIepaType.

7. TIpu 17°C ocMoTHyeckoe naBiIeHHe pacTBopa, coiepskaiiero 0,125 r MOueBHHBI B 25 MII BO-
7161, paBHO 2,006 - 10° H/M2. Belunciute MONEKYISAPHYIO MAacCy MOUEBHHBI.

8. OcmoTnueckoe nasnenue 0,1 H pactBopa ZnSO4 mipu 0°C pasro 1,59-10° H/M2. OnpenenuTs
Ka)KyIIYIOCS CTETICHb JUCCOIUAIMHU COJIH B JAaHHOM PacTBOPE.

9. lloacunraiite ocmotueckoe aasienue 0,05 M pacrBopa NaxSO4 mpu 300 K, ecnu kaxy-
niasics CTeneHb Auccouunanuu cynbdara natpusa a—~0,8.

10. Berumciuts paBnerne napa 20%-rHoro pactsopa rmokossl (CeH1206) mpu 25°C. Jlapnenue
TapoB BOJIBI NP JaHHOH Temmepatype 3167,73 H/m?.

11. JlaBnenue HacwimenHoro napa sossl npu 40°C pasro 7375,9 I1a. Beranciure naBieHue mapa
pactBopa, cogepsxkaniero 10 r rmuuepuna B 400 T BOABI.

12. CKOJIBbKO TIIHIIEpUHA JTOHKHO OBITH pacTBOpeHO (%), YTOOBI JaBieHUE Mapa pacTBOpa ObLIO
Ha 2 % HWXe aBJIEHUs Mapa YUCTOU BOJbI?

13. CxonpKO rpaMMOB 0OJIOBa Ha/l0 pacTBOPUTH B 50 I pTyTH, YTOOBI JaBJICHHE ApOB €€ CHU3U-
nock oT 94637 no 93275 I1a? MoseKynbl pTYTH U 0JI0Ba OJJHOATOMHBI.

14. BerauenuTs naBnenne mnapa 10%-#oro pactsopa MoueuHEl CO(NH2)2 mpu 50°C. Jlapnenwue
napoB Boabsl pu 50°C pasro POA = 12320 H/M?.

15. Jlanenne mapa uncroro anerona mpu 20°C pasHo 23940 H/M?. JlaBneHne mapa pacTBopa
KaM(oOphl B alleTOHE, cojeprkailero 5 r kamdops! Ha 200 T alleToHa Ipu TOH e TeMIeparype,
paBHO 23710 H/M?%. OnpeienuTs MONEKY/ISpHBIH Bec KaM(pOpBI B PACTBOPE alleTOHA.

16. Onpenenute TemnepaTypy kuneuus pactsopa 10 r riaroko3sl B 90 T Boabl. D0yIIMOCKONIHYe-
CKasi KOHCTaHTa BojbI paBHa 0,512.

17. PactBOp, coneprkamuii 0,5 © HEleTy4ero pacCTBOPEHHOIO BELLIECTBA C MOJIEKYJIIPHON Maccoi
182 B 42 r 6enzona, kumut npu 80,27°C. TemmepaTypa kumeHus ncToro 6ernzona pasaa 80,1°C.
Omnpeznenute MOJSPHYIO TEIUIOTY UCTIapeHus: OeH301a.

18. TemmepaTypa oTBepaeBaHHs urcToro Oensona — 5,5°C, a pactBopa 1,632 T TpHXJIOpYKCYyC-
HO#t xucnote! B 100 T 6ensona — 5,15°C. TloasepraroTcs Iu AUCCOLMAINH MM ACCOLMAIIHN MO-
JIEKYJIbI TPUXIJIOPYKCYCHOM KUCIIOTHI B OEH30JbHOM PacTBOPE U B KaKOM CTeNeHu?

19. Beruncnute Temnepatypy 3amep3anus 7,308 T xsopuga Hatpus B 250 T BOABI, €CIM NPH
18°C ocmoTmueckoe naBieHne pactopa — 2,1077-10° H/m2. TInoTHOCT pacTBOpa MPUHSTEH PaB-
HOH 1.

20. BeIpa3uTh KOHIEHTpaLMO BoAHOro pactBopa riaunepuHa Cs3HgO3 B BECOBBIX NMPOIIEHTAX, €C-
i oH 3amep3aet npu — 0,52°C.

21. Ilpu kaxkoil mpuMepHON TeMIeparype 1oJkeH 3amep3ath 40%-Hblli BOJHBIM pacTBOpP 3TUIIO-
BOTO CIHPTA.

22. Temneparypa kunenus uncroro 6enzona 80,1°C, a pactBopa, coaepsxamero 0,3020 r mude-
annamuHa B 30,14 T 6ensona, 80,255°C. CkpsITast TemIoTa HCIapeHns OEH301a IIPH TeMIIepaTy-
pe ero kunenus pasHa 396,0 Jlx/r. BeraucnuTh MosieKyIsipHbIi Bec AudennnaMuta B 6eH3o17e.



23.PacTBop, comepsxamumii 10 kr HeleTydero BemecTna ¢ MOJIeKyIIpHOH Maccoit 186 B 0,1 kr
BOJIbl, 3aMep3aeT Ha 0,10° Huxke TemnepaTypsl 3aMep3aHus pactBoputens. Kpuockonudeckas
NOCTOSIHHAs BOJbI paBHa 1,86. Omnpenenure cTeneHb JUCCOLUALMN PAaCTBOPEHHOIO BELIECTBA,
YUHUTBIBAsI, UYTO Ka)K/1asi €ro MoJeKyJjia B pacTBOpe MOXKET pacnagaTbCsl Ha TPU YACTHIIBL.

24. Temmeparypa 3amMep3aHusi YUCTOrO OEH30Ja BBINIE TEMIIEPATyphl 3aMep3aHusl PacTBOPA,
CoJepIKaIero 0,2242-10° kr kamM(popsl U 30,55-10°2 kr Gensona, Ha 0,246°. TemioTa MmiaB-
neHus 0€H30Ja MpH TeMrepaType 3amep3anus paBHa 9,8 kJ/mMonbs. Onpenenute MOISKYIIsp-
HYI0 Maccy KaM(Oophl.

Tema 3.3. buHapHble pacTBOPbBI KUJAKHX JIeTy4uX BelecTB. UaeaibHble M HenaealdbHbIe
cucremMbl. YacTHYHO CMelIMBaIOIuecss 1 HeCMeIIUBaIoIMecs KUJIKOCTH
1. Bonipockl K yCTHOMY onpocy
1. burapHbBIe pacTBOPHI XKHUIKHAX JIETYUIHX BelIecTB. JaBieHne mapa Ha1 KUIKOH CMEChIO.
2. 3akons! [[.I1.KonoBanoBa. A3eoTporHas cMecCh.
3. [IpoaHamM3upoBaTh AUarpaMMbl «COCTaB-AaBIICHUE Mapa» U «COCTAB-TEMIIEpaTypa» MPU OTPULIATEIIb-
HOM H IIOJ0KUTEILHOM OTKJIOHEHUH OT JIMHEHHOM 3aBUCHMOCTH.
4. IleperoHka >xuaKux cmeceil. JlapneHue napa 4aCTUYHO CMEIIMBAIOIINXCS M HECMEIIUBAIOIIUXCS KU -
kocrel. [IpuBecTy mpuMeps! IEPETOHKU C BOASIHBIM [TAPOM.

2. Kommuiekr 3agau k reme 3.3.

1. Onpenenuth obIIee ¥ MapUUaIbHOE JABIEHHE HAchmeHHBIX mapos mpu 70°C Hajg cMechio
OeH30I1a ¢ TOIY0JI0M, B KOTOPOH MoJibHast 1oi1s OeH3oua paBHa 0,35. /laBnenus napoB 6eH301a U
TOJTyONa TIPH YKa3aHHOMN TeMIIepaType COOTBETCTBEHHO paBHHEI 72980,4 u 26984,3 H/m?.

2. Tostyon u 3THIIOEH301 HEOIPAaHUUEHHO PacTBOPUMBI ApYT B Apyre. JlaBieHue napa 3THIOEH-
3oma ipu 90°C paBHO 29741 H/M?. BBIMCINTS OTHOIIEHHE YMCIA MOJIeH TOTyoNa K 4HCIy MO-
Jei >TUIOeH301a B apax MpH yKa3aHHOH TeMmepaType HajJ CMeChIo, cofepikaiieid 75 moin. %
Tomyomna u 25 Mon. % >THn6en3ona. Jlapaenue mapos Tomyona npu 90°C paHo 53942,1 H/m2.

3*. Boma u HadTanmuH MPaKTUYECKH HEPAacTBOPHMBI Apyr B Jpyre. /laBieHue mapoB 3TUX Be-
mectB pu 90°C cootBercTBeHHO paBHBI 97740,9 u 2386 H/M?, a mpu 100°C — 101325 u 2466
H/m2. B untepsane Temmeparyp Mexay 99 u 100°C nasnenue mapa Kakmoro KOMIOHEHTA pac-
TET MPONOPLHUOHAIBHO Temneparype. OnpeaenuTs TeMIepaTypy KUIEHHUs] CMECH TIPU JAaBJIEHUU
100640 H/M? 1 pOLIEHTHBII COCTaB AUCTUILIATA.

4. 3aBUCHUMOCTh TEMIIEPATYpPhl KUTICHHUS CMECH XJI0podopMa U aleToHa OT €€ COCTaBa BhIpaXka-
eTcs KpUBOH, nMmeromeil MakcumyM. [lonb3ysice nuarpamMmoii (puc. 4) onpenenuTs: a) COCTaB
KHUAKoH cMecu u mapa npu 61°C; 6) cocTaB u TemmepaTypy KUIEHHs a3e0TPOITHOH CMECH; B)
TeMIIepaTypy KUIEHUs U COCTaB Mapa HaJ| cMechlo, coctoduiei n3 10 monp xmopodopma u 40
MOJIb alleTOHA.
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5. Kakum 00pa3oM MOKHO J10Ka3aTh, YTO a3€0TPOIHAS CMECh HE SIBJISETCS XMMHUYECKUM COEIU-
HeHuem?

6*. Ilo nuarpamme «remMreparypa KHUIEHHUS — COCTaB JIBYXKOMIIOHEHTHOM cucteMbl A—B» (puc.
5) ompenenuTh U3MEHEHHE COCTaBa JKUAKOW M MapooOpasHoW (a3 mpu HarpeBaHUM MCXOTHOM
KUJKOM CMECH COCTaBa, XapaKTepU3YIOUIErocsi TOYKOW a, M KOJUYeCcTBa MapooOpa3Ho U Ku-
KO (ha3 mpu OXJIAXKCHUY apa CocTaBa a JIo TeMIIepaTtypsl 2 (Touka n).

1 un

|P=const
iy Lﬁap

| Wudkocme

|
|
|
]
{ | o
lc a o b
A w20 30 40 50 60 70 80 90 B(/ﬁ/])
( 7170}!]0 & 70 60 &0 40 30 20 10
Gocmad, Gec.%,

Puc. 5. [Ilnarpamma cOCTOSHMS IByXKOMITOHEHTHOM KMJIKOW CHCTEMBI

3. KoMInjieKT TecTOBBIX 3aJaHUI /151 IPOMEKYTOYHOI0 KOHTPOJISA 3HAHU I
Tect Ne3: «®a3oBble paBHOBecHus. PacTBopbD»
1. HachIeHHBIM TapOM >KHJIKOCTH Ha3bIBAETCH:

a):map, HaxoASLUKCS B paBHOBECUHU C KOHJIEHCATOM;
0):map, HaXOIAIIUNCS B PABHOBECUU C N1ApOM;
B):IIap, HAXOAAIIMIICS B PABHOBECHH C KUJIKOCTHIO.

2. Uuciio TepMOJUHAMUYECKUX CTeIeHer cB000 b C OJTHOKOMIIOHCHTHON CHCTEMBI, COJIepXkKa-
el KUAKYI0 U TBEPAYIO (ha3bl B COCTOSTHUU PABHOBECHUS PABHO:

a) 0;

0) 1;

B) 2;

r) 3.

3. TpoifHast TOUKa Ha TUarpaMMe COCTOSIHUSI OJHOKOMIIOHEHTHON CHUCTEMBI:

a) 9TO TOYKA Ha Juarpamme, rnapamerpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEHHOMY CYILECTBO-
BaHUIO TpeX (a3, HaXOAIMIUXCS B PABHOBECUU;

0) 5TO TOUKa Ha U30TEpME, TapaMeTpbl KOTOPOH COOTBETCTBYIOT OJTHOBPEMEHHOMY CYIIECTBOBA-
HUIO TpeX (pa3, HaXOASIIUXCSI B PABHOBECHUU;

B) ATO TOYKa Ha T'PaJAyUPOBOUYHOM rpaduke, mapameTpbl KOTOPOW COOTBETCTBYIOT OJHOBPEMEH-
HOMY CYIIECTBOBAHHUIO TpeX (a3, HaXOAALIMXCS B PABHOBECHH.

4, «CoCTaBIAIOLIEN) CUCTEMBI HA3bIBAETCH:



a) CTeNeHb CBOOOIHI,
0) BEIIECTBO, KOTOPOE MOXKET OBITh BBIJICIICHO U3 CUCTEMBI M CYIIIECTBOBATh BHE €¢;
B) caMmoe JIeTy4ee BEIIeCTBO B CUCTEME.

5. KakoBo of1iee TepMouHaMU4ecKoe yciioBrue (ha30BOro paBHOBECHSI:

a) MePBBIA 3aKOH TEPMOJAHMHAMUKH;

0) paBEHCTBO XMMUYECKUX TOTEHIIMATIOB KaKJI0TO KOMIIOHEHTAa BO BCeX (pa3ax;
B) sHeprus [ 'u66ca =0.

6. 3aBUCMMOCTH JJaBJICHUS HACBIIIEHHOTO Napa HaJ TBEPAbIM TE€JIOM OT TeMIIEpaTyphl:
a) YBEJIMYUBAETCS C POCTOM TEMIIEPATYPBHIL;

0) yMEHBIIIAETCSl C POCTOM TEMIIEPATYPbI;

B) HE 3aBUCHUT OT TEMIIEpaTypHl.

7. KOMIIOHEHTOM CUCTEMBbI Ha3bIBAETCS:

a) TBepaas ¢asa;

0) xxmakas ¢asa;

B) HE 3aBUCUMAas COCTABIISIIOIIAS CUCTEMBI.

8. YkaxuTe nuarpaMMy COCTOSIHUSI BOJIBI (AMarpaMMmy paBHOBecus ¢a3) B KoopawmHaTax P =

f(T):

a)
P
Hugrocms
fas
Téepioe
7
0)
i}
Téepioe
Mudrocms
7
B)

Hugrocms

Téeodoe

9. Yucno TepMOAMHAMUYECKUX cTerneHer cBo0oabl C 0JJHOKOMIIOHEHTHOW CHUCTEMBI B TPOWA-
HOU TOYKE PABHO:

a) 0;



0) I;
B) 2;
r) 3.

10. KakuMu TOYKaMH HaUYMHAETCS U KOHYAETCS KPUBasl 3aBUCUMOCTHU «JIaBJICHUS HACHIIICH-
HOTO Napa XUJAKOCTH OT TeMIIepaTypbI»:

a) TpoiiHas TOUKa;

0) UCXOHAs TeMIIepaTypa;

B) DBTEKTHUKA;

') KpUTUYECKas TeMIiepaTypa.

11. HopmanbHble TeMIiepaTypbl KANEHUS OeH30J1a, Ha TallHa M YEeTHIPEXXJIOPUCTOTO yrie-
poaa cootrBeTcTBeHHO paBHBI 353,3, 491,1 u 349,9 K. MonspHbie BeTUIUHBI ASycn TP HOP-
MaJIbHOHM TeMIlepaType KUIIEHHS IS STUX BEIIECTB HAXOATCS B COOTHOIICHHH .

a) ASucn(6eH3051a)>ASycn(HadTamuHa)>ASycn(9eTHIPEXXJL.);

0) MpUMEpHO PaBHBbI;

B) ASucn(0en30ma)<ASycn(Had Tanmmnaa)<ASycn(4eTBIpEXXJL. ).

12. IIpu moMoIIM KaKOTO YpaBHEHUSI MOXXHO OOBSCHUTH, TOYEMY JABJICHUE HACBHIIIEHHOTO T1a-
pa Hajg TBepAOH (a3oil Bceraa pacTeT MpU yBEIUYCHUN TEMIEPATYPHI:

a) Knaitnepona-MeHieneeBa;

0) Knaitnepona-Knaysuyca;

B) TpyroHna.

13. IloueMy mpu HarpeBaHWU Ha BO3yXe JieJ TUIABUTCA, a KPUCTAIIIMYSCKHI HOJI BO3TOH -
ercs:

a) MOJ UMEeT MEHbIIee 3HaUeHUEe SHEPTUM AUCCOLHAIUH;

0) Temrieparypa KUIEHUs M0Jia BbIIIE TEMIIEPATyphl KUIICHUS JIbJ1a;

B) BEJIMYMHA JABJICHUS HACBHIIIEHHOTO Mapa B TPOMHOM TOYKE ISl BOJABI MEHbIIE, a Uil MoJa
60sb11e aTMOC(HEPHOTO JTaBIECHUS.

14. BennunHa 30ynIM0CKONMYECKOM TOCTOSHHOM ONpeensieTcs:

a) CBOMCTBAaMHU PACTBOPEHHOI'O BEIIECTBA;

0) cBOMCTBAMM pacTBOPUTEIIS;

B) TeMIIepaTypoi.

15. ITpu pacTBOpeHUH caxapa B BOJi€ IPU MOCTOSHHBIX TEMIIEpaType U JaBJICHUU U300apHO-
M30TEPMUUYECKUI MOTEHIIUAJI CUCTEMBI!

a) yMeHbIIaeTCs;

0) yBenu4nBaeTCs;

B) HE U3MEHSAETCH.

16. NmeroTcst 1Ba pacTBOpa OJMHAKOBOW KOHILEHTpAIMU B JIETy4eM pacTBopurene. B ogHoM
pacTBOpE pacTBOPEHHOE BEIIECTBO JIETy4ee, B APYroM — HeleTydee. /laBieHne HaChIIEHHOTO
napa Haj 9TUMHU pacTBOPaMHU:

a) MEHbIIIE HaJl paCTBOPOM JIETYYEro;

0) He paznuyaeTcs;

B) OOJIbIIIE HA/l PACTBOPOM JIETYYETO.

17. Acconmanusi pacTBOPEHHOT'O BEIIECTBA Ha JIaBJICHUE HACBHIIEHHOTO Mapa Haja pa30aBiieH-
HBIM PacTBOPOM HEJIETYYeTO BEIIECTBA B JIETYYEM PACTBOPUTEIIE BIUACT:

a) YBEJIIMYHMBAECT;

0) yMEHBIIAET;

B) HE MCHSIET.



18. HaubGomnpmyro Temneparypy KuneHus OyieT UMeTh:

a) JETy4YUil pacTBOPUTEIb;

0) pa30aBJICHHBII PaCTBOP HEJETYUYErO BEIECTBA;

B) pa30aBlIeHHBII pacTBOP JIETY4Ero BEUIECTBA C TOH K€ KOHIICHTPALUEH.

19. Kpuockonudeckue MOCTOSTHHBIE BOJIBI, O€H30/1a U KaM(OphI COOTBETCTBEHHO paBHBI 1,86;
5,16; 40,00. JIns namnbGosiee TOYHOTO OMNpPEASICHUS MOJICKYJISIPHOM MacChl HEJIETY4YEero Bellle-
CTBa KPUOCKOIIMYECKHM METOAOM MPEANOUYTUTEIbHEE:

a) BoJa;

0) OeHzou;

B) kKamdopa.

20. 3aBUCUMOCTb PACTBOPUMOCTH T'a30B B )KUAKOCTSIX OT pOCTa TEMIEPATYPHIL:
a) IpsIMO MPOTMOPIIMOHATIbHAS;

0) oOpaTHO MPONOPIIMOHAIILHAS;

B) TaKOM 3aBUCUMOCTH HET.

21. Jlns coBepuIIEHHOTO OMHAPHOTO pPAcTBOpa IPH IOCTOSHHON TEMIIepaType CIpaBe/IMBbI
YTBEPKACHHUS:

a) 3aKoH Payns co6momaeTcs s KaXI0ro KoMmonenTa pactsopa: Pi=Pi°Ni;

0) AVeyem = 0;

B) AScyem ==0;
F) AGeyem = 0;
1) AHesen = 0.

22. CBs13b Mex1y KO3 (pHUIMEeHTaMU aKTHBHOCTH KOMIIOHEHTOB OMHApHOTO pacTBOpa B COOT-
BETCTBHMU C 3aKOHOM [ ' mO0ca — [[rorema:

a) NidInys + NadInyz = 1;

0) NidIny: + NadIny2 = 0;

B) N1dIny1 = NadIny..

23. B ogHOM cocyne HaXOAUTCS JETy4duil pacTBOPHUTENb, B APYTOM — KOHIIEHTPUPOBAHHBIH
pacTBOp HEJETydero BelecTBa B ATOM pactBoputene. Oda cocyga HaKpHITH OOIIMM KOJITa-
KOM, U30JUPYIOIINM UX OT BHEIIHEW Cpeabl, U TepMocTaTupoBaHbl. KoHIIeHTpalus pacTBopa
IO TPOIIECTBUH JIOCTATOYHO OOJBIIOTO MEPHO/Ia BPEMEHH |

a) HE U3MEHHTCS,

0) YMEHBIIIUTHCS;

B) YBEJIMUUTCS.

24. TepMOAMHAMHMYECKOE YCJIOBHE CAMOIPOM3BOJIBHOTO 00pa30BaHUS MCTUHHOTO PacTBOpa
npu NOoCTOsIHHBIX P u T:

a) u3MeHeHue >Heprun ['m60ca — BenuyuHa OTpULIATENIbHAS;

0) u3menenue >Heprum ['mb606ca — BenMMUMHA MOJIOKUTENbHAS;

B) u3MeHeHue sHeprun ['m66ca = 0.

25. MoJieM pacTBOpa Ha3bIBAIOT:

a) TaKoe KOJIMYECTBO PAacTBOPa, MPH KOTOPOM YHCIIO MOJIEH KaKJ0T0 KOMIIOHEHTa PaBHO €To
MOJILHOM HoJIe;

0) Takoe KOJIMYECTBO PAacTBOPA, IPH KOTOPOM YHCIIO MOJIEH Ka)kJJOTO KOMITOHEHTa PAaBHO HY-
110;



B) TaKO€ KOJIMYECTBO PACTBOPA, IPU KOTOPOM YHUCIO MOJIEH KaXKJA0Tr0 KOMIOHEHTa HE PaBHO
€ro MOJIBHOU JOJIE.

26. TepMoaguHaMH4EeCKUM CMBICT KO3 GULIMEHTAa AKTUBHOCTH KOMIIOHEHTA B PaCTBOPE - ATO:
a) coBeplraeMas paboTa, KOTOPYIO cleA0Bajo Obl 3aTpaTUTh pu nmocTosHHbIX P u T ans mpe-
OJI0JICHUS CUJT B3aUMOJICHCTBUS;

0) Mepa JAOMOTHUTEIBHON pabOThI, KOTOPYIO CIIETOBAIO OBl 3aTPaTUTh MPU MOCTOSHHBIX P u T
JUTSL TIPEOIONICHUS CUJT B3aUMO/JIEH CTBHSL.

27. AKTUBHOCTBIO KOMITOHEHTa PaCTBOPA HA3bIBACTCS:

a) Mepa JOMOIHUTEIHHON paboThl, KOTOPYIO CIIEI0BAIO OBl 3aTPATUTh MPH NOCTOSHHBIX P u T
JUISL IPEOAOJICHHS CUJI B3aUMOJCHCTBUS;

0) Takoe KOJIMYECTBO PacTBOPA, IPU KOTOPOM YHCJIO MOJIEH Ka)KJOTO KOMIIOHEHTAa HE PaBHO
€ro MOJIBHOU J1071€;

B) (pyHKILIMS KOHLIEHTpALMH, IOJCTAHOBKA KOTOPOW B TEPMOJMHAMUYECKUE YpaBHEHMSI 1JIs HJie-
aJIbHBIX PACTBOPOB JI€NAET 3TU YPABHEHUSI IPUMEHUMBIMU ISl p€ajbHbIX PACTBOPOB.

28. 3akonsl KoHoBanoBa ¢opMynupyroTcs cleayomum o0pa3om:

a) epBbIN 3aKOH,;

0) BTOpO#1 3aKOH,;

B) B JIBYXKOMIIOHEHTHOW CUCTEME HACHIIICHHBIHN Iap M0 CPABHEHUIO C PAaBHOBECHBIM pac-
TBOPOM OTHOCHUTENIbHO O0raye TeM KOMIIOHEHTOM, TpuOaBieHne KOTOPOTO K CUCTEME T O-
BBINIIAET OOIIICe JaBIICHHE TIapa, WU MPU TAHHOM JIaBJICHUH CHUIKACT TeMIIEpaTypy KHIIe-
HUS,

I) TOYKH MaKCUMyMa M MUHHMMyMa Ha KPHBBIX OOINEro NaBIICHUS mapa ISl JBYXKOMIIO-
HEHTHOU CHCTEMBI OTBEYAIOT PACTBOPAM, COCTaB KOTOPHIX OJMHAKOB C COCTAaBOM PaBHOBEC-
HOTO C HUM Iapa.

Tema 3.4. PacTBOPUMOCTH ra30B B KUAKOCTAX. 3aKOH pacrnpeaeaeHus. JKCTPAKIHA
1. Bonpocsl K YCTHOMY ONpocy
1. PacTBOpBI ra3oB B )KUAKOCTSIX. YeM ompesensieTcs: pacCTBOPUMOCTh Ta30B B )KUIKOCTSX?
2. ITouemy pacTBOpPHI NEKTPOJIIUTOB HE MOTUUHSIIOTCA 3aKkoHaMm Paynsa u Bant-I'odda? OcHoBHBIE TOTIO-
JKEHUS] TEOPUH AIEKTPOIUTUYECKON aucconnanuu. [lpuMenenne 3akoHa JeMCTBYIOIIMX Macc K 3JIEKTPO-
JUTaM.
3. OCHOBHBIE MOJIOKEHUS TEOPHUU CHIIBHBIX 3JIEKTPOJIMTOB. PackpoiiTe MOHATHS MOHHAs cHja pacTBOpa,
AKTUBHOCTbH, Kod3(duument aktuBHocTu? KakoBa B3aMMOCBSI3b MEXAY 3TUMM BeIMYMHaMHU? B Kakux
CITydasix MOXHO OTOXKJICCTBIISITh OHSTHS aKTUBHOCTD M KOHIICHTPAITHS ?
4. YeMm pa3nuvaroTCcsl CUIbHBIC U Cl1a0ble IEeKTPOIUThI? MoXeT 1 cnalOblid 3JIEKTPOJIUT B BOAHOM pac-
TBOpE OBITH CHJIBHBIM 3JIEKTPOJIMTOM B JApyrom pactBope? [louemy KpUTEpreM CHIIBI SIEKTPOJINTA SBIIS-
€TCs er0 KOHCTAHTA AIEKTPOIUTUIECKON AUCCOIHAIIAN ?
5. PackpoiiTe MOHATHS SHEPTHS] KPUCTAUIMUECKON PEIIeTKH, THApATAIIUU (CONbBATAIINH), aCCOIMAIINH,
nucconuanuu? Kakosa B3aMMOCBSI3b 3THX 3HEPTUH IPU CaMOIIPOM3BOJIBHOM pPaCTBOPEHHH BellecTBa?
6. 3aKOH pacnpeaeneHus. DKCTPaKIIHSL.

2. Kommuiekr 3axa4 k teme 3.4.

1. PacTBOpuMoOcTh cepoBosopona B anmanHe (Cx) mpu 22°C B 3aBucumoctH oT jnapienus (P)
WU3MEHSIETCS CISAYIOMNUM 00pa3oMm:

P, H/m? 13590 51990 116200 154600
Cix, T/0 2,74 10,6 24,0 31,6

[TokazaTp, 4TO paCTBOPEHUE CEPOBOIOPO/IA B AHUIIMHE OAUMHAETCS 3aKOHY [ eHpH.

2. Kosdunuent pactopumoctn cepoogopona npu 0°C pasen 4,67. Tlox KakuM JaBIcHAEM
HE00XO0IMMO PACTBOPATH CEPOBOIOPOI, UTOOBI OXY4UUTh 10%-HbIi pacTBOp?



3. Ipu 0°C u masnenuu 1,013-10° H/m? 2 1 CO B36onTanu B 3akphiToM cocyze ¢ 20 11 BOJbL
Bbruncnuts Maccy U 00BbeM MOTJIONIEHHOT0 BOAOK okcuia yriepona. Koaddumuent pactsopu-
moctu CO B H20 pasen 0,0354.

4. CocraB armoctepHoro Bo3ayxa (00.%): kucnopon 20,96; azor 78,1; apron 0,9; nuokcup yr-
nepoza 0,04. OnpenennTsh NPOIEHTHEIH COCTAaB PACTBOPEHHOI B Boje cmecH Tazos mpu 0°C. Ko-
3 PUIMEHTH PaCTBOPUMOCTH TEPEUYHMCICHHBIX Ta30B cooTBeTcTBeHHO paBHBI 00,0489, 0,0235,
0,058 u 1,713. IlpunsTh, 4TO HaYATIbHBIC U PABHOBECHBIC JABICHUS OJIMHAKOBBI.

5. KoadHImeHT pacTBOPUMOCTH JIByOKHcH yrieposa B Boze npu 0°C pasen 1,713. Kakoe ko-
JIMYECTBO JABYOKHCH yrieposa (r) pactBopurcs B 5 11 Boasl ipu 0°C u masnennn 20,26-10° H/m?,

6. Ilpu pacnpenenennn (enona MeXAy BOJOW U OSH30J0M MOIy4eHBI cienyromme naHabe (C

KMOJTB/MS):
C B BozE 0,0316 0,123 0,327 0,750
C B Oensoie 0,077 0,159 0,253 0,390

Omnpenenute cpeqHee 3HaYCHHE KOAPPHUIMEHTA pacpeie]ieHNus U ToKa3aTess cTeneHu B (op-
MyJie, OTUCBIBAIOLIECH 3aKOH pacipeaeIeHHU .

7. Ilpu pacupenieeHuH YKCYCHOM KUCIOThI MEKY YEThIPEXXJIOPUCTHIM YIJIEPOJIOM U BOJOM I0-
JIydeHbI CIeyIoIMe KOHIeHTpaun (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
Omnpenenure KodQPHUIUEHT pacrpeneieHus, MoKa3aTelb CTeleH! B (GopMysie, OMHCHIBAIOIICH
3aKOH pacrpe/eneHus. B BoqHOM pacTBope yKCycHasi KMCI0Ta UMEET HOPMAJIbHYIO MOJIEKYJISIp-
HYI0 Maccy. Onpeae/inTh MOJICKYIIIPHYIO Maccy YKCycHO# kuciaotsl B CCla.

8. Koapuuuent pacnpenenenus ioaa Mexay aMHIOBBIM CIIMPTOM U Boo# paseH 230. B3b6ai-
TeIBaloT 1 11 Bogwl ¢ 400 cM® aMHIIOBOTO CIMPTA, COepKaIero 2,5 r iiona. Beraucauts komue-
CTBO I0J1a, neperIe/Iero B BOAHbII pacTBOD.

9. KoaddurmeHT pacnpeneneHuss HOpMaTbHON MACISTHON KUCIOTHI MEXTY XJIOPOPOPMOM U BO-
noit pasen 0,52 mpu 25°C. Kakoe KOMMYECTBO MACIAHOM KHCIOTH MOKHO H3BIedb 13 100 cm®
0,5 M pacTtBOpa MacistHOW KUCJIOTHI B XJIOpoopMe MPU BCTPSIXUBAHUU €ro oJHOKpaTHO co 100
cM® BOJIBI M TIPH YETHIPEXKPATHOM BCTPAXUBAHUM, UCTIONb3YS KaKIbIH pa3 mo 25 cm® Bojmi?

10. B 1 11 pactBopa xmopuaa prytu (1) B 6enzone cogepxurcs 0,5 r HJClo. Ckonbko skcrparu-
pOBaHMI HEOOXOIUMO CAENaTh BOAOH mopuuaMu 1o 20 cM>, 4TO6BI OCTATOK COMM B HCXOTHOM
pactBope coctaBuia 1% ot nepBoHavanbHOro konudectsa? KoaduiumenT pacnpenenenus xJjo-
puma prytu (1) Mesxay 6ensonom u Bogoit pu 25°C pasen 0,084

11. PactBop, comepxkanuii 50 T yKCycHOATHIIOBOTO 3(upa B 1 11 OeH3071a, B30ANTHIBAIN TIPU
25°C ¢ monoBUHHBIM (TT0 06BEMY) KOTMYECTBOM AUCTUTHPOBAHHON BOBI 710 TEX 1O, MOKA HE
JIOCTUTJIA paBHOBECHS. BBIUMCINTD pa3HUIly MEXIy TeMIlepaTypol 3amep3aHusi oOpa3oBaBIlie-
rocsi BOJHOTO CJIOSl U TeMIepaTypoil 3amep3aHust yucToil Boasl. KoaddummeHnt pacnpenenenus
YKCYCHOITHIIOBOTO 3(Hpa Mexry 6ern3onoM u ool mpu 12°C pasern 10,7.

12. TIpu 15°C BoaHBIIf pacTBOpP AHTAPHOI KHUCIOTH, coepskamuii 12,1 I/ KHCIOTHI, HAXOAUTCS
B pPaBHOBECHH C d(PUPHBIM pAaCTBOPOM, COJEpKaImmM 2,2 T/J SHTapHON KHUCIOTHL. OmnpenenuTsb
KOHIIEHTpaLuIo 3(pUpHOro pacTBopa (T/1), KOTOPBI HAXOAUTCS B PaBHOBECHU C BOIHBIM pac-
TBOPOM cojiepkaiieM 9,68 1/1 sHTapHON KUCIOTHI. SIHTapHas KUCIOTa UMEET HOPMAJIbHBIA MO-
JeKYJISIpHBIN BEC B BOJIE U B 3(hupe.

Paznen IV. Dnexkrpoxumus

Tema 4.1. PacTBOpBI 3J1eKTPOJIUTOB
1. Bonpocsl K YCTHOMY ONIPoOCy
1.V enbHas M 3KBUBAJICHTHAS 3JICKTPOIIPOBOJHOCTh PACTBOPOB. 3aBHCUMOCThH OT pa30aBJICHUs] pacTBO-
poB (3akoHbl Konbpaymia). [Tokaxxute 3aBUCMOCTbD, CBSI3BIBAIOIIYIO YICIBHYIO JJIEKTPOIPOBOAHOCTD |,
KOHCTAHTY SYCHKU U CONPOTUBIICHHE PacTBOpa AJIEKTponTa Ry.
2.97eKTPOIIPOBOTHOCTH ITPH OeCKOHEYHOM pa3damicHUH. Kak CBS3aHbBI MMOABMKHOCTh MOHOB U JJIEKTPO-
MIPOBOTHOCTH TIPH OeCKOHEUHOM paszbapinennn? Kakne MoHBI 00J1a1af0T HAaMOOJBIIIEH MTOABHKHOCTHIO B
BOJHBIX pACTBOPAX U Mo4YeMy?



3.Yucna nepenoca. Kak cBsi3aHbl unciia nepeHoca, CKOPOCTH HOHOB, NTOJBMXKHOCTH MOHOB U 3JIEKTPOIIPO-
BOJHOCTH IIPH OECKOHEYHOM pazbaBiieHUN?

4. Kak, ucronb3ysl 3Hau€HUs SKBUBAJICHTHON 3JIEKTPONPOBOJHOCTH MPH 33JaHHON KOHLEHTpAIK U IpU
0ecKoOHEeYHOM pa30aBIeHUH, paCCUYUTATh CTENIEHb AUCCOLUHUANNHN, KOHCTAHTY AUCCOLUHUALNN U KOHICHTpa-
LIUH OTIEJIBHBIX HOHOB B pacTBope?

5. MeHnsieTcst 11 ¥ KaK KOHCTaHTa AUCCOLUALMH JIEKTPOIUTA C POCTOM JUAJIEKTPUUIECKON NMPOHHLIAe-
MOCTHU PAacCTBOPHUTEJIS, ECIIH CPABHUBATH PACTBOPUTENH, OJIM3KHE IO CBOHCTBaM?

6. Hapucyiite rpaduk 3aBHCHUMOCTH SKBUBAJICHTHOH 3JIEKTPONPOBOIHOCTH OT Pa3BEACHUS IS CHIIb-
HBIX U CJa0bIX 3JIEKTPOIUTOB.

7. ChopmynupyiiTe MpaBUiIo HOHHOU CHIII (TIpeebHbIN 3aKkoH Jle0as — ['rokkes).

8. Kakoe cBOHCTBO pacTBOPHUTEIS SIBISICTCS ONPEACISIOUINM B €r0 CIIOCOOHOCTH MOHU3UPOBAThH PAacTBO-
PEHHOE BEmIeCTBO (IIOMUMO €T0 CIIOCOOHOCTH K XMMHYECKOMY B3aMMOEHCTBHUIO C ITHM BEIIECTBOM)?
9. MeHnsieTcsi MM M KaK CTENEHb IUCCOLUAIMHU C1ab0ro 3JEKTPOJIUTAa B BOJHOM PacTBOPE C POCTOM
TeMnepaTypbl? ApryMeHTUPYHTE OTBET.

10. Hanmumurte ypaBHEHHE 3aBUCHUMOCTH SKBUBAJICHTHOH 3JEKTPONPOBOAHOCTU PAaCTBOPA CHUIBHOIO
3JIEKTPOJIUTA OT KOHLEHTPALHH.

11. KakoBBI IPUYUHBI AUCCOLHAIIIH JIEKTPOJIUTOB B PACTBOPE HA UOHKI?

12. Yto takoe AS ruapatanuu noHoB? Kakop 3Hak AS ruapatanuu u Kak €ro MOKHO OOBSICHUTH?
13. Kakue gaHHbIe 00 3JEKTPONPOBOIHOCTH PAacTBOpa CIA0OT0 3JICKTPOJIMTA HEOOXOJUMO HMETh,
YTOOBI PACCUUTATDH TEIUIOTY AUCCOLHUALIMH 3TOTO AJIEKTpOInTa?

14. 3MeHHUTCS N1 U KaK KOHCTAaHTa IHCCOLMALNK CI1aboro 3JEeKTPOJIUTA, €ClId B KAUYeCTBE PAacTBO-
pUTEeNsT BMECTO BOJIbI B3STh METWJIOBBIA CIHUPT (MPU YCIOBUHU, YTO XMMHYECKOE B3aMMOJEHCTBHUE
MEXIY PaCTBOPEHHBIM BELIECTBOM M PACTBOPHUTENIEM OTCYTCTBYET). JlaiiTe 00bsCHEHHE.

15. HagepruTe rpadvk 3aBUCUMOCTH YACIBHOHN 3IIEKTPOMPOBOJHOCTH DIIEKTPOIIUTA OT Pa3BEICHU.

16. Kak u3MeHseTCsl yAeIbHas JJISKTPOIPOBOTHOCT BOJHOTO PacTBOPa CJIA0Or0 3JIEKTPOJIUTA C POCTOM
KOHIICHTpAIuu pacTBopa?

17. Kakue (hakTOphI BIUSIOT HA 9KBUBAJIICHTHYIO 3JIEKTPOIPOBOTHOCTD 3JIEKTPOINTA?

18. 3aBUCHUT M M KaK pajuyc MOHHOW aTMoc(hephl OT KOHIEHTPALMU CHILHOTO 3iekTponuTa? Kak
WU3MEHUTCS paJinyc MOHHOHM aTMocdepbl MpH Nepexoje OT BOJHOTO (IUAJIEKTpUUECKas MpOHHIIAE-
MOCTbH paBHa 81) pacTBOpa CHJIBHOTO 3JIEKTPOJIUTA K CIIUPTOBOMY (IUAJIEKTpUUECKasi IPOHULAEMOCTD
paBHa 24) Toii ke KOHIIEHTPAIIUH TIPH TOH ke TemmepaTtype? [lalite oObsicHeHHE.

19. OObscHUTE NMPUYHMHY YBEIHMUCHHS SKBUBAICHTHOH 3JEKTPOMPOBOJHOCTH B DIIEKTPHYECKOM MOJIE
BBICOKOH yacToTHl (3¢ ekt [ebas — DanbkeHxarena).

20. Hauepture rpaduku 3aBUCHMOCTEH Kiuee = f(T) U AHuuee = f(T) 11 BOmHBIX pacTBOPOB Ci1abbIx
aeKTpoauToB. [lokaxkure 311 rpad)uKku B COUETAHUU APYT C IPYTOM.

21. Kak 3KCIEepUMEHTAJIBHO ONPEIeNINTh YMEHBIIEHHE HKBUBAJIECHTHOH 3JIEKTPONPOBOAHOCTH, 00Y-
CJIOBJIEHHOE 3JIEKTPOPETAKCAIIHOHHBIM TOPMOXKEHHEM HOHOB?

22. Kak 3KCHepUMEHTaIbHO HAalTH yMEHBIIEHHE 3JEKTPOIPOBOJHOCTH, 00YCIIOBIEHHOE 3eKTpodope-
TUYECKUM TOPMOKEHHEM?

23. ChopmynupyiiTe 3akoH pa3Benenus OcTBanbia.

24 PaBHOBECHBIE 3JIEKTPOAHBIE MOTEHIMANBI: KaK OOBSICHUTH BO3HUKHOBEHHME CKadyKa IOTEHIIMAJIOB Ha
rpaHune Metami-pactBop? CTpoeHHE ABOMHOTO 3JIEKTPUUYECKOro €0 Ha FPAaHUIE METaI-pacTBop. 3a-
BHCHUT JIU M KaK ToJHHA MU Py3HOH YacTH JBOWHOTO DIEKTPHUECKOTO CIOSI OT HOHHOU CHIIBI pac-
TBOpA, B KOTOPBIHA MOrpyxeH Metami? KakoBo TepMOIMHAMHYECKOE yCIOBHE OOpa30BaHUS IOIOXKH-
TEJIBHOTO 3apsfia Ha TMOBEPXHOCTH METAIa, OMYLUIEHHOTO B PAacTBOpP cojiu 3Toro Mmetamna? Kakoso
TEPMOJAMHAMHUYECKOE YCIOBHE OTCYTCTBHA 3aps/la Ha MOBEPXHOCTH METAJJIa, ONMYLIEHHOTO B pacTBOP
cBoeii conu? YTo Ha3BIBAIOT AIIEKTPOTHBIM MOTEHIIMAJIOM METaJlla, OT KakuX (PakTOpOB 3aBUCHT 3Ta Be-
nmurHa? Hanumure MaTeMaTndeckoe BhIpaKeHNUE.

25. UTo Ha3bIBa€TCA YCIOBHBIM 3JEKTPOJHBIM MOTEHIIHATIOM?

26. Uto takoe audy3uOHHBINH MOTEHIIMAN, KaK 00BICHACTCS €ro BO3HMKHOBeHMe? Hamuiure mMarema-
TUYECKOE BBIPAKECHHE.

27.410 Ha3bIBAIOT aJCOPOIIMOHHBIM U MEMOpPaHHBIM MoTeHIHaaoM? Kak BO3HUKAIOT M KaKoe UMEIOT 3Ha-
yeHune?

2. KommiekT 3apa4 K teme 4.1.



1. IIpu 75°C naBnenue napa Boas! paBHO 385 rlla. Ono nonusunock Ha 4,92 rlla npu pactBope-
Huu 10 r xsnopuga ammonusi B 454,5 r Boabl. Berauciaure Kaxymniyrocs CTENEHb JTUCCOLMAIUN
XJIOpUJIa aMMOHUS B TOM PacTBOPE.

2. TemmepaTypa 3amep3aHusi pacTBOpa rugpokcuaa 6apus, conepxamiero 1 mons Ba(OH)2 B 64
1 Bojel, paBHa -0,083°C. Beruuciuts pH u pOH nannoro pactopa.

3. CKoJbKO rpaMMOB caxapo3bl coepkuTcs B Boge Maccoil 100 r, eciu 3TOT pacTBOp 3amep3aeT
IIPU TOM e TEMIIEpPaType, UTO M pacTBOP XJIOpHUIa KaJlus MOJIsipHOM KoHIeHTpanuu 0,1 Momb/n?
Kaxymasics ctenenp quccouualuy coiau paBHa 83%.

4. ConpoTHBIICHHE PaCTBOpa CyibdaTa HATPHs B MJIEKTPOIUTHIECKOM cocyae 2,86 Om.
BHIUKCIIUTD yETbHYIO SIEeKTPOIPOBOJHOCTH PACTBOPA, ECIIH TLIOMAb dIEKTPoIoB 5,38 cM?, a
paccrosaue Mexay Humu 0,82 cwm.

5. Cocyn asist u3MEpEHHsI AIEKTPOIIPOBOIHOCTH, HanoaHeHHbIH 0,02 H. pactBopom KCI mpu
20°C, numeer conpotusienne 82,4 Owm, a HanonHeHHsIH 0,005H. pacTBOpPOM cynbdaTa Kaaus —
326 OM. BbuncinTh 5KBUBAJICHTHYIO 3JIEKTPOIPOBOAHOCTD PACTBOpA CyNb(ara Kausl.

6. YaenpHas anekTponpoBoaHocts 10% pactsopa CaCl, mpu 18°C pasna 11,4-102Omt-em™.
I[TnotroCTs pactBopa 1,08 r/cm® . Beruncnuts kaxymnryrocs crenens auccoruanuu CaClo B
pacTBope.

7. VaenbHas 371eKTponpoBoaHocTs 4,2% pactBopa KOH npu 18°C pasna 0,1464 Omt-cm™.
I[TnotHOCTS pacTBopa 1,038 r/cM®. BEIYHCIUTS SKBHBANEHTHYIO 3JIEKTPOIPOBOIHOCTD 1
KaXyI1yrocs: KoHLeHTpaiuio noHoB OH™ B pacTBope.

8. OkBuBasieHTHAas eKTponpoBogHOCcTh 0,00102 H pacTBOpa yKCyCHOMN KUCIOTHI Ipu 25°C
paBHa 4,815 CM-M%/Kr-7KB. DKBHBAIECHTHAS YEKTPONPOBOIHOCTh IIPH GECKOHEUHOM
paszBenenuu 39,06 CM-M?%/kr-5KB. PaccunTaiite cTeneHb JUCCOLIMAIMU, KOHCTaHTy JUCCOLIMAluU
YKCYCHOM KncnoTsl M pH nanHOrO pactsopa.

9. Ipu 25°C ynenpHast 5neKTPONPOBOAHOCTH pacTBopa sTHnamuHa (C2HsNH3OH) mpu
pasBenennu B 16 1 pasra 1,312-:10° Omt-cm™. BeramcauTs cTemnens 3MeKTpOTTHIECKOI
JUMCCOLIMAIIMH, KOHIIEHTPALIUIO MOHOB THAPOKCUIIA U KOHCTAHTY 3JIE€KTPOIUTHUECKON
auccoraruu. ITogsmxnocts nona CoHsNH3* pasna 58,6.

10. TIpu 18°C s3xBUBasI€HTHAs ANEKTPONPOBOJIHOCTh HOAMCTOBOIOPOAHON KUCIOTHI IPU
GeCKOHEUHOM Pa30aBIeHHN A = 38,4 CM-M?/ KMOJIb, a y/ie/IbHas d1eKTponpoBoauocts HI (C =
0,406 mons/m) paHa 13,32 Cm-mL. KakoBo 3HaueHMe aKTUBHOCTH MOHOB BOJOPOJA B 3TOM
pactBope?

11. Ipu 25°C ynenpHast 2meKTponpoBoAHOCTH 9,55% pacTBOpa MypaBLUHOMN KHCIOTH paBHA
7,56-10°

Omt-emt. ITnotHOCTH pacTBopa 1,024 r/cM®, a KOHCTaHTA AUCCONMANME MyPABBUHON KHCTOTHI
1,77-10*. BelunciuTh SKBUBATIEHTHYIO 1eKTponposoaHoct HCOOH npu 6eckoHedHO
60Jb1I0M pa30aBICHUN.

12. s 6eckoneuno pasbasientnoro pacrsopa NH4Cl mpu 298,2 K gucmo nepenoca kaTroHa t+
=0,491. Bpruucnure 3IeKTPOITUTHYECKYIO TOIBUKHOCTD M a0COIIOTHYIO CKOpOocTh annoHa Cl;
Ao NH4c1 = 15,0 CM-M?/KMOJTb.

13. Ipu 18°C sKxBUBanenTHAs 31eKTponpoBoaHocTs nponunamuna (CsH/NHzOH) mpu
pasBenenuy B 64 1 paBHa 35,4 Omt-cm!. KoncranTa mucconuanyy nponmnamusa 4,7-107,
Borumcnnre moaBuxkHOCTH Katnona nponwiamuna (I CzH7NH3z").

14. OnpenenuTh SKBUBAJICHTHYIO 3JIEKTPOIIPOBOIHOCT IPU OECKOHEYHOM pa30aBIeHUH JUIs
LiBr, eciir ipu 298 K A mimst KBr, K2SQOy, LizSOscootBeTcTBeHHO paBubl 151,9; 153,3; 118,5
Omtem?,

15. B pacTBOpe XJI0pHa aMMOHUS YMCIIO0 ITepeHoca aHnoHa pasHoO 0,491. Onpenenute
a0COIOTHYIO CKOPOCTh U MOJBUKHOCTh KaTUOHA, €CIIN AJIEKTPONPOBOIHOCTh pacTBOpa Mpu
GeckoHedHOM pa3bapiaenuu papHa 14,9 CM-M2/KMOJIb.



16. AGCOMIOTHBIE CKOPOCTH HOHOB cepebpa 1 XJI0pa COOTBETCTBEHHO paBHbI 5,7-10 1 6,9-10°
4cM?/cex-B. BBIUMCIIHTB SKBUBATEHTHYIO YIEKTPOMPOBOIHOCTh OECKOHEUHO Pa36aBIeHHOTO
pacTBopa xjopuja cepedpa.

17. Temneparypa 3amep3anus 0,1M pactsopa CaCl, -0,482°C. DxBuBaneHTHAs
3JIEKTPOIPOBOIHOCTH 3TOr0 pacTBopa 82,79 Om*-cM?, a pH GECKOHEYHO GONBIIOM
paz6asnennu 115,8 Om™-cm?. ITnotHOCTH pacTBopa 1,008 r/cM®. BeIUHMCIUTD KaXKYLIyOCH
CTENEeHb TUCCOLMALIMU: @) [0 IEKTPOIIPOBOJHOCTH PACTBOPA; 0) M0 MOHUKEHHUIO TEMIIEPATyPhl
3aMep3aHHs pacTBOpa.

18. DxBHUBaJIEHTHAs 3JIEKTPOIIPOBOJHOCTh PACTBOPA HUTpATa KaJbLus, coAepKaliero | Moib B
23,81 1, paBHa 98,9 Omtem? a pu OECKOHEYHO 00JIbIIIOM pa3dasieHUu 129,2 Omtem?.
KakoBa TemnepaTypa 3amMep3aHust JaHHOTO pacTBopa’?

19*. Byner nu 061aaaTh 3aMETHOM JIEKTPOIPOBOIHOCTHIO pacTBOp Xjopuaa meau (11) B
STHJIOBOM CIIUPTE, €CIH pacTBOp, coaepskaruii 3,614 r CuCly B 100 r criupTa, KHITUT MIPH
78,308°C. TemnepaTypa Kumenus yuctoro crupta 78,000°C.

20. IMpu 25°C naceimennsiin pactBop Coz2[Fe(CN)s] umeet yaenbHy0 3JIeKTPONPOBOIHOCTD
2,06-10* Cm-M™, B TO Bpems kak yzenbHast 2eKTPOnpoBOAHOCT Boabl 4-10° Cv-mL,
HonsmwxuocTh HoHa l,(Co?") pasna 4,3 Cm-m*/xmons u nona s Fe(CN)e** 11,1 Cm-M?/kMob.
Omnpenenute pactBopumocth Co2[Fe(CN)s] B Boze mpu 25°C.

21. IIpu 18°C ynenpHas 37€KTPONPOBOJHOCTh HACHIIIIEHHOTO PacTBOpa XJIOpHAa cepedpa paBHA
1,374-10° Cm-cm™L. YV nenpHas 2neKTponpoOBOIHOCTS BOIBI, B3ATOH [T PaCTBOPEHHS, PAaBHA
4-10® Cm-cmt. Onpenenute npy ykazaHHO# TeMIepaType KOHIEHTPALHIO XI0pHaa cepedpa B
HACBIIIICHHOM PacTBOpPE (MOJIB/M).

3. JlabopaTopHasi padora Ned «KoHcTpynpoBaHHe M MCHBITAHHE XMMHYECKHX HCTOYHUKOB TOKA.
DJIEKTPOJIU3 PACTBOPOB»

Heab padoThl: KOHCTPYUPOBAHUE MPOCTENIINX UCTOUHUKOB TOKa U UctibiTanue ux DJ1C.

IIpuaumn meroga: TpeOyercs M3rOTOBUTH MEIHO-LIMHKOBBIN, Me/lb-MEIHBIH KOHIIEH-
TPALMOHHBIN, [IMHK-IIMHKOBBIN KOHLIEHTPAIMOHHBI MapraHleBO-IIMHKOBBIN 3JIeMeHThI. M3me-
putb DJIC coOpaHHBIX 3JIEMEHTOB M CPAaBHUTH PE3yJIbTaThl M3MEPEHUS C PACCUMTAaHHBIMU BEJIU-
yuHaMu. [IpoBecTr ¢ UCIIOJIB30BaHNEM MEIHO-IIMHKOBOTO U MapraHLEBO-IIMHKOBOT'O JIEMEHTOB
AIIEKTPOJIN3 PACTBOPOB MOAMIA KaJIHSI.

Anmaparypa ¥ peareHTbI: JIE€KTPOJbl MEIHbIE, [IMHKOBBIE, ITPOBOJIa MEAHBIE U30JIUPO-
BaHHbIE AuaMeTpoM oT 0,06 1o 1 MM, mo0bie npubops! 11 n3mepenus Hanpspkenus (3C) ue-
nu; cTakadel eMk. 100-250 cm® — mo 5 mt. V-06pasHble TpyOKH pa3HBIX pa3MepoB — 110 5 IIT;
BaTa. Arap-arap CyXxo#, XJOpHJ KaJlus, IEpPMaHraHaT Kajlus, XJIOpUJ aMMOHUS, MEIHBIN KyIIO-
poc, cynbdar IUHKA, THOKCU MapraHua.

BoinosiHeHune padoTsl
OmriT 1. MeaHO-TIMHKOBEIN TAITbBAHUYECKUH DIIEMEHT.
1. TIpurotosuts 0,1 M pactBop cymbdara Meau u cyibhaTa murKa (o 250 cum).
2. IIpuroToBUTH CONEBON MOCTHK, JJISl YETO B My Y — 00pa3Hyto TpyOKy IPONYCTUTh Majblit
KTYT U 321UTh TpyOKy 1 M pacTBOpoM XIopHa Kamus B arap-arape (arap 6path 1 T Ha 50 cm®
BOJIbI, MTOJIYYNTh MPU HarpeBaHUU PAaCTBOP M BHECTH B ATOT PACTBOP CYXOH XJIOPH] Kajlus B Ta-
KOM KOIMYECTBE, YTOOBI KOHIIEHTpalus ero cocrapisna 1 mons/nm®). IMocie ocTeiBanus Y-
o0pa3Hoil TpyOKH, COEIUHUTH CTaKaH C pacTBOpaMHU cyibdaTa MeAH U cyidb(dara IMHKA STUM
COJIEBBIM MOCTHUKOM.
3. [lorpy3uthb B pacTBOpPbI METHBIN U IUHKOBBIH MEKTPOBI, TAK YTOOBI OHU HE KaCaIUCh CTEHOK
U JIHA CTaKaHOB, U M3MepuTh DJ]C coOpaHHOrO ArIeMeHTa.
4. IIposectn Tpu napauienbHeIXx n3Mmepenns JJ{C. CpaBHUTh MPAKTUYECKUE PE3YyIbTAThI C TEO-
pernyeckoit BennuuHOH. [IpoBecTn craTucTHdeckyro 00pabOTKy JaHHBIX, BBIYUCIUTH a0COIOT-
HYIO U OTHOCUTENIbHYIO OILIMOKH.
5. Hamncars ypaBHEHUs peakLUi, IPOTEKAIOMUX HA JIEKTPOJAX, CYMMapHOE YpPaBHEHUE PEaK-
nuu. HauepTuTts cxeMy rajnbBaHMYECKOIO DJIEMEHTA.
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Pucynok 1. Cxema MeJHO-LIHHKOBOT'O TaJIbBAHUYECKOIO AJIEMEHTA!
[{MHKOBBI JIEKTPOI;

PactBop cynbdara nuHka;

N3mepurenbHoe yerpoiicTBo ais D/C;

Co1eBOM MOCTHK;

MenHbli 3EKTPO;

PactBop cynbdara mem.

Onpit 2. KOHLIEHTpAaLIMOHHBIN 3JIEMEHT.

1. Ipurotouts 10° M Boameli pacTBOp cyabdarta Meau TOCHENOBATENLHBIM pa30aBIeHHEM
pactBopa cynbdara menu ¢ koHneHTpamnuei 0,1 M, KOTOpsIid OBUT MPUTOTOBIICH B TIPEABLIYIIEM
OIIBITE.

2. IIpoMbITh BOAOH MeaHbIe 7eKTpoabl. OmycTUTh B pacTBOp cyibdara Meau ¢ pa3IndHBIMU
KOHLEHTPALUsIMHU, YCTAHOBUTBH COJIEBOM MOCTUK U u3MepUTh DJIC U3roTOBIEHHOIO KOHLEHTpa-
LMOHHOTO 3JieMeHTa. CpaBHUTH MOJYUYEHHBINH PE3YJIbTAT C PACCUNTAHHBIM TEOPETHUECKH.

3. Hpurotosuts 10° M BomHBII pacTBOp Cynb(haTa NUHKA U M3TOTOBUTH IUHK-IMHKOBbIH KOH-
HEeHTpaunoHHbIN 3neMeHT. M3meputs DJIC naHHOTrO 371€eMEeHTa U CPaBHUTH PE3YJIbTAT C paccuu-
TaHHBIM.

4. IlpoBectu Tpu napamenbHbix uaMepenust JJ]C. CpaBHUTH MpaKTHUECKUE PE3YyIbTAThI C TEO-
petndeckoit BennuuHoOM. [IpoBecTu craTucTHdeckyro 00pabOTKy JTaHHBIX, BBIYUCIUTH a0COIIOT-
HYIO U OTHOCUTEJBbHYIO OIINOKH.

5. Hamucars ypaBHEHUS peakLUi, IPOTEKAIOIUX HA JJIEKTPOJAAX, CYMMapHOE YpPaBHEHUE PEaK-
nnn. HauepTuTh cXeMbl KOHIEHTPALMOHHBIX I'aJIbBAHUYECKUX JIEMEHTOB.

OmnpiT 3. MapraHiieBo-IIMHKOBBIN rajgspBaHnnueckuii anement (MIL[D)

AKTHBHBIM MaTEpUAIOM IOJIOKUTEIBHOTrO AekTpona MIID sBisercs nMokcua mapras-
113, @ OTPULIATEIBHOIO AEKTPOAA — METAIUIMUECKUM IMHK. B KauecTBe 3/1eKTponuTa NpuMeHsIeT-
Csl Yallle BCEro BOJHBIN pacTBOP XJOPHJA aMMOHHUS C JOOABKOW JPYTHX MUHEPAIbHBIX COJIEH U
3aryctutens — Mmyku. MO B 3aBHCHMMOCTH OT cocTaBa AJIEKTPOJIUTA CIOCOOEH padoTaTh B MH-
TepBaje temnepatyp ot -40 C° no +60 C°. Dnements! u 6atapen MII-cuctemsl sBIAIOTCS ca-
MBIM PaclpOCTPAaHEHHBIM CPEIU APYTUX TUIIOB TaJIbBAHUYECKUX JIEMEHTOB.

N3roroBnenune 3nemMeHTa: NPUTOTOBUTH HACBHIIIEHHBIM PAacTBOP XJIOPHAA aMMOHMSI (OKO-
10 100 cm®), B mOTydeHHBIH pacTBOpP BHECTH 0KOJI0 10 T KpaxMana MM MYKH, TIIATETbHO Hepe-
MENIATh ¥ HarpeBaTh MOJIyYE€HHBII pacTBOP MOYTH 1O KUIEHHUS. YTOJBHBIN 3JEKTPOJ] IOMECTUTH
B MEIIOYEK M3 Mapiid, B 3TOT MEIIOYEK C AJIEKTPOJIOM HaChINaTh 4 T IMOKCUAA MapraHiia 1 Ipu-
JUTH Kieicrep (OCTHIBIIMIA PacTBOP XJIOpHJA aMMOHHUS C MYKOi). Merodyek moMecTUuTh B CTa-
KaHYHUK U TyJa K€ IOMECTUTh [IUHKOBBIN AJIEKTPO/I.
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Pucynok 2. O0Oumii Bua MapraHieBo-IIMHKOBOIO JIEMEHTA!

YTONbHBIN 3JIEKTPO;

[{MHKOBBII 3JIEKTPOI;

CrakaHYMK;

Memouek ¢ TMOKCHIOM MapraHia B KpaxMaJIbHOM KIIeHcTepe.

1. Paccunrtates DJIC MapraHueBO-IMHKOBOTO 3JE€MEHTA UCXOJS U3 CYMMapHOW OKUCIUTEIbHO-
BOCCTAaHOBUTEIBHOM peakiuu, u3meputs I/]C rnemenTa.

2. IIposectu Tpu napayenbHbix u3Mmepenuss J/JC. CpaBHUTH NPAKTUUECKHUE PE3YNbTAaThl C TE€O-
petnueckoit BennuuHoOU. [IpoBectu cratuctudeckyro oOpabOTKy AaHHbBIX, BBIYUCIUTH aOCONIIOT-
HYIO U OTHOCUTENIbHYIO OILIMOKH.

5. Hammcatp ypaBHEHUs peakluid, IPOTEKAIONUX HA AJIEKTPOJIax, CYMMAapHOE YPaBHEHHE peak-
uu. OTMETUTh MPAKTUYECKYIO 3HAYUMOCTh Ka)KJI0T0 XMMUYECKOro BemecTsa. Haueptuts cxe-
My MILID.

Omnpit 4. [IpoBecTu 31€KTPONIM3 pacTBOpa HOAUAA KaIHsl, SMIIMPUUECKOE ONpPEesIeHNEe KaToaa 1
aHOJIa DJIEMEHTA.
1. CoenMHUTH METHO-IIMHKOBBIN AJIEMEHT C 3JieKTpoiuszepoM. [Ipencrasnsronmm cobor VY-
0o0pa3Hyio TpyOKy C yrOJIbHBIMH DJIEKTPOJaMH, 3aOJHEHHYIO 2%-HbIM PacTBOPOM HMOAMJIA Ka-
TSl
2. [IpunuTk K 3MIEKTpoIaM 1o 2 KaIuld BOAHOTO PacTBOpa Kpaxmana u GeHoadTanenHa.
3. Onucarp HabIIOJaeMBble SIBJICHMSI, ONPEACIUTh PACION0KEHNE KaTo/la U aHO/la y 3JIEKTPOJIU-
3epa ¥ rajlbBaHUYECKOIO DJIEMEHTA.

OTtuer no J1adbopaTropHoii padore
1. Otuer o pabote (cM. oO1He TpeOOBaHUS).
2. ate onpenenenue XUT mepBoro u BTOpOro pojia, MPUBECTH UX KIACCU(PUKAIIHIO.
3.Bo3HuMKHOBEHME CKayka I[OTEHLMajda Ha TpaHulEe MeTai-pacTBop. OKUCIUTEIBHO-
BOCCTAaHOBUTEJIBHBIN MOTEHIIMAJ, ypaBHeHHe HepHcra.
4. Pacuer D/IC paznuunsix 3.
5. OueHUTh TOCTOMHCTBA U HEJJOCTATKU KOHCTPYHUPYEMBIX M UCIIBIThIBAEMBIX [ .
6. [lonspuzanus 31exkTpo10B. [IpnunHbBI BOSHUKHOBEHUS U METObl YCTPAHEHHUS.
7. OcoOEHHOCTH SJIEKTPOJIM3a B PACTBOPAX M PACIIaBaX.

Tema 4.2. HepaBHOBecHBIE SIBJICHUS B PACTBOPAX JIEKTPOJINTOB
1. Bonpocsl K YCTHOMY ONIpPoCy
1. Dnexrpoxumudeckue renu. J./[.C. rarbBaHIYECKOTO dIEMEHTA.
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10.

11.

12.

13.

14.

15.

Kakyto poib npu u3MepeHun 3.7.C. TaTbBAaHUYECKUX 3JIEMEHTOB BBITIONHSET 3JIeMeHT BecTona?
K xakoMy THIy 31eMEHTOB OTHOCHTCS 3JIeMeHT BecToHa (KOHIIEHTPAIMOHHBIA, XUMHYECKHH,
¢ mepeHocoM, 6e3 neperoca)?

lanpBaHWYeCKUH BIEMEHT COBEpLIAET AIIEKTPUYECKYl0 paboTy ©Oe3 M3MeHEeHHUs BHYTpEHHEH
sHepruu. B KakoM COOTHOUIEHUH (YTO OOJIBINE) HAXOMSTCS TMPU 3TOM BEIMYMHA JJICKTpUYC-
ckoif pa6oTel NFE n Benmnunnaa TETIOTHI (, KOTOPO# 3JIEMEHT OOMEHHBAETCS C OKPYKAIOIIEH
cpenoii? Kakoit 3HaK B 3TOM Ciiydae UMEET TeMIlepaTypHbIid K03 puiueHt 3. 1. c?
CyIeCTBYIOT U TaTbBAHHYECKUE DIIEMEHTHI, JUTSI KOTOPBIX BEJIMYHHA 3. JI. C. HE 3aBUCHUT OT Be-
JUYMH CTAHJAPTHBIX JIEKTPOJHBIX MOTEHIMATIOB? Eciu CymecTBYIOT, TO YKXKUTE THI 3THX
JJIEMEHTOB.

MO>KHO JI1 U3MEPUTH 3. J. C. TaJIbBAaHUYECKOTO dJIEMEHTa MPU MoMoIIu BoiabTMmeTpa? Jlai-
T€ OTBET C 00OCHOBAaHUEM.

3. 4. c. TalbBaHUYECKOTO JIEMEHTa KaK (YHKLIHS TeMIIepaTyphl BeIpaskaeTcsi ypaBHeHHEM E
=a+ bT. BeiBequte ypaBuenus mist pacuera AS, AG u AH npu temneparype T.

Kakue raanpbBaHnuecKue 2JIEMEHTHI Ha3bIBAIOT XMMH YECKUMU?

B ranpBaHWYecKOM 3JIEMEHTE TPOTEKAECT Peaklus B CTOPOHY 00pa3oBaHUsI ra3000pa3HbIX
MPOAYKTOB W3 KOHJICHCUPOBAHHBIX HCXOJHBIX BENICCTB. BIUsAET M W KakK YBEIUYCHHE
BHEIIHETO JaBJICHUS HA BEIUYHUHY 3. 1. ¢?

Urto Ha3pIBaeTCs CTaHAAPTHOMU 3. M. ¢? OT 4ero 3aBHCHT BEIUYMHA CTAHAAPTHOM 3. H. C. XU-
MUYECKOTO rajJbBaHUYECKOTO 3JieMeHTa (MPUPOJa PEaKlUu, KOHIICHTPAIUS PACTBOPOB, TEM-
nepaTypa, YUCIIO MePEHOCUMBIX JIEKTPOHOB)?

B kakoMm ciyuyae 3HaK 3. 1. C. DJIE€MEHTa CUMUTACTCS IOJIOKUTEIbHBIM? MeHseTcs T U Kak
BHYTPCHHSSI SHEPTHUS TAIbBAHUYECKOTO 3JIEMEHTA, €CJIM €ro 3. 1. C. HEe 3aBHCHT OT TeMIlepa-
Typsl? Ilouemy?

Kakne KOHCTaHTHI U SKCIICPUMCHTAJIBbHBIC JAaHHBIC HGOGXOI[I/IMO UMCTDb, LITO6I:»I noACUYuTaTh
ANEKTPUUECKYIO padOTy, COBEpUICHHYIO ralbBAHMYECKUM 3JIEMEHTOM?

[MpuBeauTe MPUMEPHI TATEBAHMYSCKUX 3JIEMEHTOB Pa3IHUYHBIX THIOB. OOpaTHMbie U HEOOpaTH-
MBbI€ TallbBaHUUeCcKHue 3neMeHThl. [losgcHuTe Ha KOHKPETHBIX MPUMEPAX, KaKUC€ PCaKInU IPOXOo-
JAT Ha 3JICKTPOJAaX railbBaHUMYCCKUX DJIEMCHTOB.

IMonsipu3sarys 3IEKTPOIOB

[Mepenanpsokenue nepexoaa. OT Kakux GakTopoB 3aBUCHT? Hamuiimre COOTBETCTBYIOIUE YPaB-
HCHUS.

Cymnoctb quddysHoro nepenanpsbkennsn? Hamuimure ypaBHEHUS.

2. KommekT 3aga4 k Teme 4.2.

1*. TIpu TuTpoBaHWU pacTBopa ykcycHOW kuciotTel 0,5 H. pactBopomM NaOH Obutr moirydeHsI
CJEYIOIINE PE3YNbTAThI:

O6bem 0,5 H. p-pa NaOH, mn 80 90 10,0 11,0 12,0 13,015017,0
Comnporusnenne, Om 750 68,1 623 57,0 532 508515521

OnpenenuTts coiepKaHue YKCYCHOM KUCIIOTHI (T) B THTPYEMOM PacTBOPE.

2*. PactBop HuTpaTta cepebpa mnoTeHmuomerpuuecku TuTpyoT 0,5 H. pactBopom NaCl.
Omnpenenuts coaepxkanne AGNOs (mr) B TUTpyemMoM pactBope. ["anbBaHUYeCKas 1IeTb:

Ag | AgNO3 (Cy) | KNOz | KCI (0,1 1.) | Hg2Cl2 | Hg

O6beM mpubaBIECHHOTO pacTBOpa EAQ/Ag" OTHOCHTENBHO HOPMAIBLHOTO —Kajo-
NaCl, cm® MEJIBHOTO AJIeKTpoJia, MB

1,00 383

1,80 342

1,98 283

2,00 224

2,02 165

2,20 106

3,00 64

3. BBIUMCINTG KOJIMYECTBO AMOKCUAA CBUHIIA, KOTOPOE BBIIEIUTCSA HA aHOJE MPH DJIEKTPOJIU3E
COJIM CBUHIIA B a30THOKHUCIIOM pacTtBope TokoM 0,16 A B TeueHuu 45 MUH.




4*. Tlpu >JEKTpONU3E TOpSYEro pacTBOpa XJOpHuia Kauus oOpaszyercs OepToieToBa COJb.
Bbipa3uth ypaBHeHUAMH HpoucXofsiiue peakinuu. Kakoe KoinyecTBO OepTOIETOBOM COJIU
IOJIYYUTCS MpHU Ipolyckanuu Toka 10 A B TeueHuun 6 yacoB 20 MUH U NpPU BBIXOJE IO TOKY
60%7?

5. Kakue npoayKkTel BBIACHSIOTCS HPU AJIEKTPOJIHM3E BOJHBIX PACTBOPOB Cyib(aTa HHKEIS,
xnopuga okeneza (lll), xmopuma kampmus, cyiabdara Harpus? Hanucate ypaBHEHUS
IIPOUCXOSIINX MPOLIECCOB.

6. Ilpm KynoHOMeTpudeckoM THTpoBaHMHM 10 cM® pacTBopa IlepMaHTaHaTa Kajus
ANIEKTPOIUTHYECKH TeHepupyeMbiM kene3oM (II) wa BoccranoBienne wnoHoB MnOg
noHaao0uIoch 28 muH npu cuie Toka 100 MA. Onpenenuts TUTp pactBopa KMnOs.
7.Borancnuts nipu 25°C moTeHIMan HHKOBOTO 3MEKTPOa, TorpykeHHoro B 150 cm® pacTBopa,
coaepxariero 0,2 T cynbgara muaka. CTeneHb JUCCOIMAIIMHN TPUHSITH paBHOM 1.

8. Hanummre ypaBHEHUE peakIfii U BBIYMCIUTE NOTEHIIMAJBI CIEAYIOIIUX IEKTPOIOB:

Ni | Ni%* (a=0,1);

Pb | Pb(NOs3). (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/M?) || OH™ (a = 0,04);

Pt | Cu* (.= 0,01), || Cu®* (a = 0,005);

Pt| Sn?*, Sn** || Cr¥*, Cr.07%, H*| Pt;

Pt | Fe?*, Fe®* || Mn?*, MnO4’, H*| Pt;

9. Beraucnuts 1ipu 25°C moTeHIMan IMHKOBOTO 3MeKTpoja, morpyxkernoro B 0,1 M pacTsop
cynpdara LMHKA, W TOTEHLUHUAT JTOr0 SJEKTPOJa, MOTPY>KEHHOrO B JTOT K€ pacTBOp,
pasbasnennoit B 10 pa3. Kaxymascs crenens muccoruanuu 0,1 M pacTBop cynbdara IHHKA
ipu 25°C paBHa 40%, a 715 pa36aBiIeHHOro pacTBopa 64%.

10. KakoBa nmomxnHa OBITH MoOJsipHas KoHIeHTpanuss noHoB memau (ll) B pactBope, 4TOOBI
ANIEKTPOAHBIN moTeHman Meau npu 25°C O6bu1 paBeH Hymo?

11. SAC uenu:

CranpapTHbIil KClI Kenynounsrii OI0POJHBIN
BOJIOPO/THBIN (Hacei.) COK AIEKTPOJT
ANEKTPOJ

paBua 0,082 B. Onpenenure pH xenygounoro coka mpu temneparype 25 °C.

12. Beraucnuts 3J1C ranpBaHndeckoro sneMenTa npu 25°C

Cd | CdSO4 (0,1M) || ZnSO4 (C=0,2 M) | Zn

Kasxymascs cTeneHb MCCOIMAINE pacTBopa cymbdara muaka npu 25°C pasna 40%, a pacTBopa
cynbdara kaamus 60%.

13. OmpenenuTs KOHIEHTPAIMIO pacTBopa HUTpara HUkKens, eciim DJIC raapbBaHUYECKOTO
aiieMeHTa ObLTa paBHA HYIIO.

Ni | Ni(NOz)2 (?M) || Co(NO3). (C=0,1 M) | Co

CreneHp AMCCOLUMALINM JUIST KaXK0M U3 coliel mpuHATh paBHO#l 1. Temnepatypa 25°C.

14. TIpu 25°C 3/1C ranpBanudeckoro 3aemenTta Zn | ZnSO4 (0,5M)|| ZnSO4 (0,05 M) | Zn
paBHa 0,018 B. BpruncianTh Kaxyllyrocs CTeNeHb TUCCOLMAIMU pacTBopa Cyib(aTa LUHKA B
0oJiee KOHIIEHTPUPOBAHHOM pacTBOpe, eciii B OoJiee pa3daBiIeHHOM oHa paBHa 35%.

15. Beruuciute 3JIC  KOHIEHTPAIIMOHHOTO JJIEMEHTa COCTABICHHOTO W3 BOIOPOJHBIX
ANIEKTPO10B, orpykeHHbIX B 0,04 H. 1 0,005 H. pacTBOpbI a30THOM KUCHOTHI ITpH 25°C. CreneHp
JUCCOIMAIIMN a30THOM KUCJIOTHI B PaCTBOpPax NPUHATH PaBHOM 1.

16. Beruncauts DJIC konuentpanuonnoi nenu Cu | CuSOs (c1 = 2,807 r/m)|| CuSOas (c2 = 1,069
r/in) | Cu

npu 18°C, ecnu Temmeparypa 3aMep3aHusi 0Oojiee KOHIICHTPUPOBAHHOTO pacTBOpa paBHA -
0,048°C, a 6onee pazbaiennoro -0,020°C.



17 DJIC raapbBaHUYECKOTO 3JIEMEHTA, COCTABJICHHOTO W3 BOAOPOJHOIO M HACHIIIEHHOTO
KaJIOMEJIbHOTO 3JIEKTpoaoB, Ipu 25°C paBHa 0,760 B. Berunciuth BOAOPOAHBIN IMOKa3aTelb
pacTBopa.

18*. Jyst OKHCIIMTENBbHO-BOCCTAHOBUTENIBHOTO 3neMenTa Pt| Cu*2, Cu* || UO2*2,U*™ | Pt no cran-
JApTHBIM 3JIEKTPOAHBIM MOTEHIMAaM MOJIYJIEMEHTOB HAlKCcaTh YpaBHEHUS peaklui, MpoTe-
KaIONIMX Ha 3JeKTponaax, U Berauciauth IJC snementa npu 298 K. AKTUBHOCTH MOHOB UMEIOT
creyromue 3Hagenus: a (Cu*?) = 0,007; a (Cu*) = 0,016; a (UO2*?) = 0,002; a (U™) = 0,050. B
npoiecce npuHuMaroT yuactiue HoH H u H2O, ux akTMBHOCTH IPHHATH COOTBETCTBEHHO 0,2 1 1.
VYka3arb, MOXKHO JIM MPAKTUYECKU U3MEHHUTH HANPABICHHUE PEAKIIMU B raJIbBAHUYECKOM HJIEMEH-
T€ 32 CYUET U3MEHEHUS! KOHLIEHTPAIMU KOMIIOHEHTOB.

19. Ha noTtenmomeTprdeckoM Moctrke rpu 25°C oTcUeT 1l HOpMaIbHOTO 3JieMeHTa BecTtona
Obl1 paBeH 48,95 cm, a nmns 3nekTpoia B pactBope — 34,33 cm. BelumciauTh noreHumaln
HCCJIETyeMOT'0 AJIEKTPO/Ia B pacTBOpe. BTOphIM 351eKTpo1oM (KaTooM) SIBISIETCS HOPMAJIbHBIN
BOJIOPOJHBIN IEKTPOLI.

20. ITpu 25°C orcuer Ha MOTEHLIMOMETPUUYECKOM MOCTHKE, COOTBETCTBYIOIIMI 31eMeHTy Be-
CTOHa, paBeH 32,6 cM, a ais ransBanudeckoro snementa Ag | AgNOsz (C = 0,1 u.)|| Ni(NOs)2
(?M) | Ni — 34,3 cMm. BbIuMCIUTh KOHLIEHTPAILIUIO HOHOB HUKENS B pacTBope. CTereHpb Juccoliua-
1 AgNO3z mpuHATE paBHO# 1.

3. KomimieKkT TecTOBBIX 32 IaHM 111 IPOMEKYTOYHOT0 KOHTPOJIsI 3HAHUM
Tect Ned: «nekTpoxumus»

1. YucnoM nepeHoca MoHa Ha3bIBACTCA:

a) KOJIMYECTBO NEPEHECEHHOTO 3JIEKTPUUECTBA;

0) OTHOILICHHE KOJIMYECTBA JEKTPUUECTBA, IEPEHECEHHOE HOHAMU JIaHHOTO PO/ia CKBO3b
CEYEHHE IIEKTPOJINTA, K O0IIEMY KOJIMYECTBY AJIEKTPUUECTBA;

B) CyMMa KOJINYECTBA 3JIEKTPUYECTBA, IEPEHECEHHOE HOHAMHU JaHHOTO POJia CKBO3b CEUEHHE
AIIEKTPOJINTA, C OOLIUM KOJIMYECTBOM AJIEKTPUYECTBA.

2. 3aBUCHMOCTb MEXKIY YUCIaMH HEPEHOCA KATHOHOB M AHHOHOB M CKOPOCTSMHU MX JIBHIKEHHUS
UMEET BHJI:

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

0) t+() = U+ +U;;

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

3. [IponopIroHaIBHO KBaJIPaTHOMY KOPHIO M3 MOJISUIBHOM KOHIEHTPAIUMU W3MEHSIOTCS
a) a;

0) o

B) A,

F) }boo,

n) lgy;

e) K;

K) TT.

4. HauGonblieil MoABHKHOCTBIO B BOJAHBIX PACTBOPAX 00JIAJalOT HOHBI!
a) Na*;

6) Cre*;

B) H;

r) OH".

5. @opmyia, cBs3bIBatOLIasl YACIbHYIO 3JIEKTPOIPOBOJHOCTD K, KOHCTAHTY STYEHKHU ( U COIPO-
THUBJIEHHE PAcCTBOpPA IEKTPOJINTA Rx UMeeT BULI:



a) Kk = pRy;
0) k = +Ry;
B) K = @/Rx.

6. Ecniu cpaBHUBaTh pacTBOPHUTENH, OJIM3KHE MO CBOMCTBaM, TO KOHCTaHTa JHCCOIHAINH
AIEKTPOIHUTA C POCTOM AUDIEKTPUUECKOIN MPOHUIIAEMOCTH PAaCTBOPUTEIIA:

a) YMCHBIIIAETCS

0) yBeIu4MBaeTcs;

B) HE U3MEHSETCSI.

7. DKBUBAJICHTHAs 3JIEKTPOIPOBOJHOCTh MPU OECKOHEYHOM pa3BEJCHUU PacTBOpA YKCYCHOMU
KHCIOTHI B 1,5 pa3a QoJbliie TaKoOH ke IEKTPONPOBOIHOCTH THIPOKCHIAa aMMOHUs. PacTBo-
pei 0,1 5. CH3COOH u 0,05 5. NH4OH umeroT o1MHaKOBYIO SKBHBAJICHTHYIO 3JIEKTPOIPOBO/I-
HOCTh. COOTHOIICHUE CTEMECHEH MUCCOMMAIIMHN 3THX JJEKTPOJIMTOB B JAHHBIX pacTBOpax (o
— CTEIEeHb IUCCOIUAIMH KUCIOTHI WIH (L2 — CTEICHb JUCCOIMAIIUN OCHOBAHWS):

a) o = oe;

0) a1 < 0;

B) Ol1 > O2.

8. IIpaBuio noHHO# cumsl (peaenbHbIi 3aKkoH Jlebas — ['tokkens) popMmynupyercs:

a) B KOHIICHTPUPOBAHHBIX PACTBOpPAX CPEIHUN MOHHBIN KOd(P(PHUIMEHT aKTUBHOCTH HE 3aBH-
CUT OT IPUPO/JIbI MIEKTPOJIUTA U ONPEIeNAeTCs BETUYUHON HOHHOM CHUJIBI;

0) B pa30aBJICeHHBIX PAacTBOpPAX CPEAHUN MOHHBIA KOA(PPUIIMEHT aKTUBHOCTH HE 3aBUCHUT OT
MPUPOJIBI AIEKTPOJIUTA U ONIPEesAeTCs] BETUYNHON HOHHOM CHUITBI;

B) B CUJIbHO pa30aBJIEHHBIX pacTBOPAX CPEIHUN MOHHBIA KOA(P(UIIMEHT aKTUBHOCTH HE 3aBU-
CHUT OT MPUPOJBI SJEKTPOJIUTA U ONPEENSIeTCS BEIMYUMHON HOHHON CUJIBI.

9. CBoiicTBOM pacTBOpUTENS, ONPEACISAIONIUM €r0 CIIOCOOHOCTh MOHU3UPOBATh PACTBOPEHHOE
BEIECTBO (KPOME €ro CIOCOOHOCTH K XHMHUYECKOMY B3aWMOJCHCTBUIO C 3THM BEIIECTBOM)
SBIISETCS:

a) MOHHAsI CUJIa;

0) BA3KOCTb;

B) JMDJICKTPUUYECKAS IIPOHUIIAEMOCTD.

10. Crenenp aucconmamnuy caadoro JIEKTPOJUTA B BOJHOM PACTBOPE C POCTOM TeMIIEpary-
pBI:

a) u3MeHseTcs 1o napadosue

0) MPOXOIUT Yepe3 MaKCUMYM;

B) HE U3MEHSETCH.

11. YkaxuTe ypaBHCHUE 3aBUCUMOCTH SKBHUBAJICHTHOMN JIEKTPOTIPOBOJHOCTH PAacTBOPA CHIIb-
HOT'0 3JIEKTPOJIUTA OT KOHUEHTPALIUU:

a) L= - aVC;
6) A=A+ aVC ;
B) A = A /aVC.

12. OTanuuTensHON 0COOCHHOCTBIO IEKTPUYECKON CXEMBI NIl U3MEPEHUs DIIEKTPOIPOBO -
HOCTH PAacTBOPOB 3JIEKTPOJIUTOB MO CPABHEHHUIO CO CXEMOM ISl MU3MEPEHHS AJIEKTPOIPOBO-
HOCTH MTPOBOJHUKOB IIEPBOTO poja SIBISETCS:

a) IepEMEHHBIA BRICOKOYACTOTHBIA TOK;

0) mepeMeHHbIN HU3KOYACTOTHBIN TOK;

B) DJIEKTPUYECKUN TOK.



13. IlpyunHaAM# TUCCOLMAIIUY IIEKTPOJIUTOB B PACTBOPE HA UOHBI SIBJISIFOTCSI:
a) CaMOTPOM3BOJIBHOE PACTBOPEHUE;

0) IUDIIEKTPUYECKHUE CBOMCTBA PACTBOPUTEIS,

B) B3aUMOJICHCTBHE C PACTBOPCHHBIM BEIIECTBOM;

T') 2JICKTPOJIN3.

14. AS rugpataniu HOHOB OTIPEICIIACTCS:

a) ASrm{p = ZSI/IOHOB B pacTBoOpe ~ ZSI/IOHOB B ra3000p cocT;
6) ASFI/I}:{p = ZSI/IOHOB B ra3000p cocT ~ ZSI/IOHOB B paCTBOpe;
B) Asrymp = ZSI/IOHOB B pacTBope:

15. AS ruaparanuu uMeeT 3HaK:
a) TIOJIOKUTEIbHBIH;
0) OTpHUIIATEIBHBIN.

16. Vaemsnas (B Omt-cm?) u sxeuBanentnas (8 Omt-cm?r-3xB™) smexkrpompoBoanocTH
pacTBOpa 3IEKTPOIUTA B3aUMOCBSI3aHbI:

a) L =x/C;
6) A =1000«/C;
B) A = Clk.

17. Vkaxwure 1Ba 3aKOHA, BeIBeAcHHBIE KOJbpaymem JUIs 3JIEKTPOIPOBOIHOCTH PAaCTBOPOB
9JIEKTPOJIUTOB:
a) A = 1000«/C;

6) A=A - aVC;
B) Ao = As + A}
r) A = Ao+ aVC.

18. YUtoObI paccuuTaTh TEIIOTY TUCCOLMAIIUHU CIA00TO NEKTPOIUTA HEOOXOANUMO 3HATH:
a) a;

0) a;

B) A\,

T) A,

n) 1gy;

e) K,

K) TT.

19. Ecin B KadyecTBe pacTBOPUTENSI BMECTO BOJABI B3SATh METUJIOBBIA CIHUPT (XHUMHUUYECKOE
B3aUMOJICHCTBUE OTCYTCTBYET), TO KOHCTAHTA JUCCOIMAIIUYU CIAa00TO AIEKTPOJINTA:

a) yBEJIMYUTCH,

0) HE U3MEHSIETCS,

B) YMEHBIIUTCS.

20. Ecnu B pacTBOp ¢eHONIa BBECTH CHIBHOE OCHOBAaHUE, TO KaK U3MEHSTCS TePMOJAMHAMUY e-
CKasl KOHCTaHTa Jucconnanuu K, ¥ cTeneHs JUCCOIHaIim .

a) crenenb auccormanuu Genona CeHsOH;

0) TepMOIMHAMHYECKasi KOHCTaHTa nuccoruanuu Ka;

B) YBEJIMYUTCH;

T') HE U3MEHUTCH.



21. VkaxxuTe ypaBHEHHE, CBA3bIBAIOIEE CPEAHIOI HOHHYIO aKTUBHOCTD a+ 31ekTpoauta CuBr;
C aKTUBHOCTBIO 3TOT0 3JIEKTPOJIMUTA a:

a) a. = a'’?;
0) a: = a;
B) a. = a'’3,

22. YnenbHasi 3JEKTPONPOBOAHOCTh BOAHOTO pacTBOpa €i1abOro 3JIEKTPOSIUTa C POCTOM KOH-
[EHTPAIlUU PaCTBOPA:

a) YMEHbIIAETCS;

0) yBeIMYMBaCTCS,

B) YBEIIMUMBAETCS, & 3aTEM YMEHBINIACTCS.

23. Ha 5KBUBaJICHTHYIO 3JICKTPOIPOBOJIHOCTD JEKTPOJIUTA BIHUSIOT CIEAYIOIINE (aKTOPHI:
a) koHuenrpamus C;

0) cTeneHp AUCCOIUAIUU O}

B) Temmeparypa T;

') BA3KOCTh pacTBOpa M;

1) TIOCTOSTHHASL COCY/Ia JJIsl K3MEPEHUS DJICKTPOIIPOBOTHOCTH (;

€) paauyc uoHa I;

) TUIOIIAAb 3JIEKTPOIOB S;

24. Bennuunbl pK s XJIOPHOM M a30THOM KUCIIOT B YKCYCHOM KHCIIOTE KaK PacTBOPHUTEIEC
COOTBETCTBEHHO paBHHI 4,95 1 9,38, Oosiee CHIIBLHON B JaHHOM PAacTBOPUTEIIC SBIISICTCS:

a) XJIOpHas KKCIIOTa;

0) a30THas KUCJIOTA.

25. Pannyc moHHO# aTMocdephl mpu mepexone OT BOAHOTO (AMDIEKTpUYECKas IMPOHUIAe-
MOCTb paBHa 81) pacTBOpa CHJIBHOT'O 3JIEKTPOJUTA K CIIUPTOBOMY (AMAJIEKTpUUECKasi IPOHU-
IaEMOCTh paBHa 24) TOM e KOHLEHTpALUH MIPU TOU Ke TeMIepaType:

a) YMEHbIIUTCS;

0) yBeIUUHUTCS,

B) HE U3MEHUTCSI.

26. Paanyc noHHON aTMOcdepsl OT KOHIEHTPALMU CUIIBHOTO 3JIEKTPOJINTA!

a) 3aBUCUT, 4eM OoJIbIlle KOHLIEHTpAIus, TeM OOJIbIlIEe paguyc HOHHOU aTMochepHl;
0) 3aBUCHUT, 4eM OOJIblIIe KOHLEHTPALUs, TEM MEHbIIE PaJnyCc HOHHON aTMoc(epsl;
B) HE 3aBUCHT.

27. Cpennnii HOHHBIN KO3()PHUIIMEHT aKTUBHOCTH 3aBHCUT OT KOHIEHTPAIIUU CHIIBHOTO JJIEK-
TpOJMTA (B MIMPOKOM JUaNa30He KOHIIEHTPALHil):

a) IpHU yBEJIMYEHUH KOHUEHTpaluu KOd3()PUINEHT aKTUBHOCTHU MaJaeT, MPOXOJUT Yepe3 MU-
HUMYM, a 3aT€M BO3pacTaeT AJIsl CHJIBHO KOHIIEHTPUPOBAHHBIX PacTBOPOB;

0) npu yBENMYEHUH KOHLIEHTPAUUU KOAP(UIINEHT aKTUBHOCTH YBEJIMUMUBAETCS, IPOXOIUT Ye-
pe3 MaKCUMYM, a 3aT€M YMEHBIIAETCS AJI1 CHJIBHO KOHIIEHTPUPOBAHHBIX PaCTBOPOB.

28. IlpuunHOM yBeIMUEHHs SKBUBAJIEHTHON 3JIEKTPOIIPOBOIHOCTH B AJIEKTPUUYECKOM I0JI€ BBI-
cokoii yacToThl (3dPekT [Jedass — DanprkeHxareHa) siBIsSETCS:

a) TIOHMKAETCsl AMDJIEKTPpUUEcKasi MOCTOsIHHAS;

0) PIEKTPOITH3;

B) ycTpaHseTcs 3p(eKT penakcauoHHOTO TOPMOKEHHUS.

29. IIpu HarpeBanuu ot 273 no 293 K crenens aucconuanuu OMHAPHOTO clabOro 3JIEKTPO-
auta | B BOZTHOM pacTBOpE YBEIWYHIACH BIBOE, a CTENICHb AUCCOLUAIMHM OMHAPHOTO ci1aboro



snektposuTa |l TOH ke KOHIIEHTpAIUK B BOJHOM PacTBOpE — BUETBEPO. JIJIs KAKOro dJeK-
TpOJHTa TEIJIOTAa AUCCOMAlIUA ooublIE:

a) AH, = AHy;

6) AH| < AHy;

B) AH; > AHy.

30. U3BecTHBI KpUCTAILIOrpadUUECKHUE PATUYCHI CIIE TYIOIIMX KATHOHOB:

Katnon K* Rb* Na* Cs*

r-10%°, m 2,27 2,47 1,89 2,65

Pacnonoxure 3T KaTHOHKI B IIOPANKE BO3PACTAHUS MX MOJABHKHOCTH B BOJAHOM PacTBOPE:
a) Cs".

0) K*;

B) Na*;

r) Rb*;

Tema 4.3. DiiekTpoaHbIe Ipouecchl. TepMoanHAMUKA U KHHETHKA 3JIeKTPOXUMHYECKUX IIPOLECCOB
1. Bonpocsl K YCTHOMY ONPOCy

1. Knaccudukanus snextponos. Hadepture cxembl: BOZOPOIHOIO M XJIOPHOTO (KaK M3MEHSIOTCS
3JIEKTPOJHBIE MOTEHLUAIBI BOJOPOAHOTO U XJIOPHOTO 3JIEKTPOAOB IPU YBEIMUECHUH JaBICHUS
COOTBETCTBEHHO BOJOPOJa M XJiopa?); KAIOMENBHOTO (BIMSIET JIM U KaK MPUCYTCTBUE MOCTO-
POHHHX HOHOB B PacTBOPE MaJOH W YMEPEHHOW KOHIIEHTPAIIMK HA TOTEHIIHAN KAJIOMEIbHOTO
anektpona? Ilouemy?); XjaopcepeOpsHOro; CTEKISIHHOTO; OKHCIHTEIbHO-BOCCTAHOBUTEIHHOTO;
XUHTUAPOHHOTO AJIEKTPONOB. YKaXHUTE, KaKue (PaKTOphl MOTYT BIMATH Ha BEJTUYUHBI UX ITOTEH-
nuanoB. HamuimTe n mosicHUTe MaTeMaTHUECKHE BBHIPAYKEHHS TSl TOTEHIIMAJIOB.

2. Kaxoii u3 wienoB npasoii yactu ypasHenus Hepucra ¢ = ¢° + RT/nF-Ina nyist snexrpona nepsoro
pona aeT HanOOJNBINUI BKJIa] B BEJIMYUHY JIEKTPOAHOTO TOTEHIIMANA TP JAHHOW aKTHBHOCTH
noHa? Hanumnre ypaBHenne HepHcra ans siekTpoaa nepBoro poaa (a+— aKTUBHOCTb KaTHO-
Ha, & — aKTUBHOCTb AHHOHA, & — aKTUBHOCTbH COJIM B PACTBOPE BJIEKTPOJIUTA).

3. Bnwmsier 1 U KaK NPUCYTCTBHE TOCTOPOHHUX MHAN(D(EPEHTHBIX HOHOB Ha TIOTEHIIUAI DIIEKTPOIa
NEPBOro poja B paCTBOPE MAJIOW U YMEPEHHOM KOHLCHTpanu?

4. Tlo xakoMy 3aKOHY M3MEHSETCS PAaBHOBECHBIH MOTEHIHAJ 3JEKTPOJAA MEPBOro poaa C yBe-
JUYCHUEM PACCTOSHHS OT TOBEPXHOCTH JJIEKTPOJAa B TIyOb pacTBOpa, KOT/AA TOJIIWHA
TG PYy3HOH YacTH TBOMHOTO JIEKTPUUECKOTO CII0Sl paBHA HYJITIO?

5. CocraBbTe amekTposa BToporo poxaa, eciu umerorcs Ag (metamn), AgNOs, KoCr0s, AGNO,, Pt
(metamn),HNOs, K2Cr207, Ag2CrO.. Hanmiite ypaBHeHHE SJIEKTPOIHOM peakilui U ypaBHEHUE
HepHcta 1t 3TOrO0 351€KTpOAA.

6. B dem cymHOCTb 3IEKTPOMETPUUYECKOr0 MeToa onpeneneHus pH?

7. Yto Takoe 3JIEKTPONIH3, ero MpakTuieckoe 3HaueHne? KakoBbl OCHOBHBIE MOJOXKEHUS, XapaKTe-
PU3YIOIIHE 3JIEKTPOIIN3 U3 BOJHBIX PACTBOPOB U B paciuiaBax?

2. Kommuiekr 3aaa4 k teme 4.3.

1. Ipu 25°C Berancauts DJIC raqbBaHUYECKOTO AJIEMEHTAa, COCTABIEHHOTO W3 BOJIOPOIHBIX
AJIEKTPOJIOB, MOTPYXEeHHBIX B 0,5 H. pacTBOp MypaBbUHOW KUCIOTHI U | H. pacTBOp YKCYCHOM
kucoTsl. KoHCTanTa qucconmanuy MypaBbrHO# kucnotsl 1,77-10% | a ykeycnoii 1,76-107.

2*. OJIC nenu, cOCTaBICHHONW M3 HACBIIIEHHOTO KAJTOMEIBHOTO AJIEKTpoja (clieBa) M XUHTHUI-
POHHOTO B HcclienyeMoM pactBope, paBHa 0,274 B mpu 298 K. Onpenenure pH uccnenyemoro
pactBopa. nddy3noHHBIM MOTEHITMATIOM MpeHeOpedh. 3HAYCHUS MOTECHIINATIOB HACKHIIIICHHOTO
KaJIOMEJIBHOTO M CTaHIapTHOTO XUHTUPOHHOTO AJIEKTPOIOB B3STh U3 CIIPAaBOYHHKA.

3*. Paccunraiite npu 298 K 3/1C snemenTa;

Pt, Hz HCI, AgCl (18), Al Ag, AgCI (1), rtu Ha, Pt ‘ ‘

P2 =1ar™m p-p 0,01 m p*p 0,01 m Px2 =1 atm

K xakomMy TUIy MOXHO OTHECTH 3TOT 3JIEMEHT (KOHUEHTPAIIMOHHBIM, XUMHUYECKHI, C MepeHo-
coM, Oe3 mepeHoca)? [Ipu pacuere BOCIONB3YyHTECh CIPABOYHBIMH JIaHHBIMH.



4. CpaBuaure nuy3uoHHBINA TOTEHIIMAT, BOZHUKAIOMINUN IPU KOHTAKTE PACTBOPOB COJISTHOM
KHCJIOTBI Pa3JIMYHON aKTUBHOCTH, € 1U((y3HOHHBIM OTEHIIUATIOM, BOZHUKAIOIIUM IIPU
KOHTAaKTE pacTBOPOB XJIOpUA KaJIUs C TAKUMU )K€ aKTUBHOCTSIMH, €CJIM U3BECTHBI IIOJIBUXKHOCTHU
HMOHOB BOJIOpOJ1a, XJiopa, kayms pu 25°C (B OM'l-Kr-aKB'l-MZ): 349,8:; 7,635; 7,350,
COOTBETCTBEHHO, OTHOIIIEHUSI aKTUBHOCTEN paBHBI 10.

5. PaGoty cBHHIIOBOTO aKKyMyNATOPa CXEMATHIECKH MOXKHO MPE/ICTABHTE TaK:

Pb + PbO2 + 2H2S04 —m—ZPbSO4 +2H20
Paccuuraiite 3/1C akKymynsiTopa BCeMU U3BECTHBIMH BaM criocobamu. ComocTaBbTe
IOJIy4EHHbIEC BEITUYMHBI.
6. Paccunraiite D/]C men04HOro akKyMmysisitopa B KOTOPOM IMPOXOJAT CIEAYIOIINE TPOLIECCH
Fe + 2Ni(OH)s ==Fe(OH). + 2Ni(OH)z
7. Paccunraiite n3meHneHus repmoanHamuueckux pynkunid AG, AH, AS 1 ranpBaHHUECKUX
HIIEMEHTOB, €CJIM U3BECTEeH TemrneparypHbiid kodogdumment J1C npu Temneparype t.

Peaknus t,°Cc |[94C,B dE/dT, B/rpan
1. Zn + 2AgCl = ZnCl, + 2Ag 0 1,015 -0,0004

2. Cd + PbCl; = CdCl, + Pb 25 0,1880 -0,0048
3.Zn+2 AgO =Zn0 + Ag.0 25 1,83 0,000136

4. Pb + PbO; + 2H,S0O4 = 2PbSO4 + 2H,0 25 2,04 0,00136

8. O/IC rampBaHUYECKOTO JIEMEHTa, B KOTOpoM Iipu 298 K mpoBoaAnThCS peakius

2Ag + H2Cl> = 2AgCl + 2Hg paBha -0,455 B, a usmenenue surponuu paBao 75 Jx/(mois K).

Onpenenure, 4eMy paBeH TEIUIOBOH 3PQEKT 3TOM peakinu, €Clii OHa TPOBOAUTHCS HEOOPATUMO.

9. Ucnonb3ys CTaHAapTHBIE YJIEKTPOIHBIE TIOTEHIUANBI cepedpsiHoro snektpoaa Ag*/Ag u

xsopcepedpsinoro snekrpoaa CI/AgCI, Ag npu 298 K, onpenenure mpou3BeaeHne

pPacTBOPUMOCTH XJOpUIa cepedpa.

10*. PaccunraiiTe COOTHOIICHHUSI MEXKIY MPOU3BEICHISIMA PACTBOPUMOCTH TAJIOTEHHUIOB cepedpa

Lagel © Lager: Lags 110 3HaU€HUAM CTaHAAPTHBIX 3JIEKTPOJHBIX MOoTeHManoB mpu 298 K.

11. TIpousseieHHe pacTBOPUMOCTH cyb(uaa pryTu (muccormamus HgoS«> Hg,™2 + S2) paHo

ipu 25°C 5-107°. KakoB cTaHAapTHBINA HOTeHIHAT 2nekTpoaa S%/ Hg.S,S ?

12. Paccuntarh N3MEHEHNE SHTAIBIIUU U KOJIMYECTBO TEIIOTHI, BBIJIENISAONIEECS B

rajlbBaHMYECKOM 3JIEMEHTE IPU 00pPaTUMOM MPOTEKaHUU B BOJHOM PacTBOPE peaKLuu

CuSO4 + Zn = Cu + ZnSOs4,

eciin D/IC aneMeHTa nipu ABYX TemIiepaTypax

T,K 273 276

E,B 1,0960 1,0961

13*. ITo marHbIM 3aBucuMocTH DJIC smemenTa BecToHa oT TeMmepaTyphi:

E=1,018-0,041-108(t — 20) — 9,5-107'(t — 20)* + 10°8(t — 20)3

¥ TaOJINYHBIM 3HAYCHUSM TETJIOEMKOCTH BEIIECTB, YUaCTBYIOIINX B PEAKLIUU

Cd + Hg2SO4(t) + 8/3H20 = 2Hg(x) + CdSO4 - 8/3H20(1)

Beruncruts C ,° ruppatupoBansoro cyibhara kaamus ans 298 K.

14. 5/1C snemenra Cd | CdClI2 (p-p), AgCI (1) | Ag | Cd

npu 298 K pasna 0,675 B, a remnepatypusiii koapdurment 3J]C sToro snemenTa paseH -6,5-10°

% B/rpas. HanuimuTe ypaBHEHHE PeakIuu, MPOTEKAIOIIEH B 9TOM dJIeMeHTe, U BhuucauTe AG,

AS, AH nis stoii peakiuu mpu 298 K.

15*. CocTaBbTe TaIbBAHMYECKUH DIIEMEHT, B KOTOPOM MPOTEKAET PEAKIHs 10 YPAaBHEHHIO:
5PbO; + I, + 8H* + 55042 = 5PbSO4 + 2103 + 4H,0.

PaccuuraiiTe BcemMu uzBecTHBIMH BaMm criocobamu 3JIC ganHOoTrOo 3neMenTa. [1o maHHBIM cripa-

BOYHHUKA paccuutaiite npu 298 K KoHCTaHTY paBHOBECHUS 3TOM peaklUu.

16. HanummTe ypaBHEHHE XUMHUYECKON peakiny (yKa3aB €€ HalpaBJICHHE), TPOTEKaroei B

rajlbBaHMYECKOM DJIEMEHTE IIPU CTaHIAPTHBIX YCIOBHUSAX:

Pt | Mn?*, MnOg4, H* || Co®*, Co?*| Pt



17. Paccumnratp 3HaueHue kodp¢uimenta A B ypaBHeHun Jlebast-XoKKens A1 BOJHBIX
pactBopoB npu 298,15 K. JIusnekTpuyeckas TOCTOSTHHAS € BOBI PU 3TOW TeMIEpaType paBHa
78,54.

18*. Onpenenuth KoHCTaHTy paBHOBecus peakiuu CHs + 2CO =3C(rpadur) + 2H20(k), ecnu
CTaHJIApTHBIC BJIEKTPOIHbIE TOTEHIIMANBI ITpu 25°C peakiuu:

CO + 6H* + 6¢" = CHa + H20; ¢%1 = 0,497 B

CO +2H" + 2¢” = C(rpadut) + H20; 9% = 0,518 B

19*. Onpenenute, Kak U3MEHUTCS TOTSHITUAT KaAMHEBOTO AtekTpoaa npu 25°C, ecnu k 0,05 M
pacTBOpy XJIOpHJIa KaaMus 100aBUTh THOMOUYEBUHY B KOJMYECTBE, PABHOM YHCITy MOJICH
xnopusa kaamus. TruoModeBHHa 06pasyeT ¢ HOHAMH KaJMHs KOMILIeKc o peakmumn: Cd*? +
H2NCSNH; <> [Cd (H2NCSNH2)] ™2, npuuem KOHCTaHTa HECTOMKOCTH KOMILIEKCa (BEIHYHMHA,
06paTHas KOHCTaHTE YCTOHYMBOCTH) paBHa 2,63-1072. TIpy yka3aHHBIX B 3a/aue KOHIICHTPAIHIX
BMECTO aKTUBHOCTEH MOYKHO HCIIOJIb30BATh MOJIIPHOCTb.

Pa3znen V. Dj1eMeHTHI CTATHCTHYECKOI TEPMOANHAMUKH
Tema 5.1. Mexannueckoe onucaHue MOJIEKYJISIPHOI CHCTEMBbI.
IocTyaaTel craTucTHYECKOH TepMoaAMHAMUKH. CyMMa 10 COCTOSHUSAM
1. Bonpochsl K YCTHOMY ONIPOCYy
1. OcHOBHBIE NIOJIOKEHUS U TIOCTYNAThl CTATUCTUYECKON TEPMOINHAMHUKHU.
2. Mukpo- U MakpOCKOIHUYECKHE MOIXO0/bl K omucaHuio cucreM. [Ipeacrasienue o (azoBom
MIPOCTPAHCTBE HA OCHOBAHMUM CTATUCTUKU boiblMaHa. DHTpOmuUs U BEPOSITHOCTb. MakcuMym
TEPMOJIMHAMUYECKON BEPOSITHOCTH.
3. Cratuueckuit ancamOib. OynHkius pacnpenenenus. Tunbl ancambieil. Pacnpenenenne Makc-
BeJIJIa Mo cKopocTsaM. Pacnipenenenue bonbumana.
4. HaxoxxaeHue cyMMBbI IO cOCTOSHUSM. Hamumurte obiiee MaTeMaTHYECKOe BhIpaXKEHHUE IS
CYMMBI COCTOSTHUM. 3aBUCUT JIM U KaK CyMMa COCTOSIHHH OT TemnepaTypbl? CBONCTBA CyMMBI
M0 COCTOSIHUSIM. PacueT MOJIeKyJIIpHOI CYMMBI 110 COCTOSTHUSAM UJCAIbHBIX ra3oB. B kakom ko-
JUYECTBEHHOM COOTHOIICHUH HAaXOJSATCS BEITWYUHBI SJEKTPOHHOM, IMOCTYIMATeIbHOM, Bpalia-
TETbHOW W KONEeOaTeNbHOM COCTABIISIONIMX CYMM COCTOSIHUM IJISI IByXaTOMHON MOJIEKYNBI MPHU
KOMHATHOM TeMIepaType, €CJIU OCHOBHOM 2JICKTPOHHBIN YPOBEHb HE BBIPOXKICH?

3. KommuiekT 3aaau4 k teme 5.1.

I Monekymna MOKeT HaXOUThCs Ha IBYX ypoBHsX ¢ sHeprusmu 0 u 100 cm™. KakoBa BeposTHOCT
TOTO, YTO MOJIEKY/Ia OY/IET HAXOMUTHCS Ha Hu3IIeM yposse Tipu 25 °C.

2. MoreKyna MOKET HaXOIUThCS Ha JIBYX ypoBHsX ¢ sHeprusivi 0 1 600 cv. ITpu kakoii Temmepa-
Type Ha BEpXHEM YpPOBHE Oy/IeT B J[Ba pa3a MEHbIIIE MOJIEKYJI, YeM Ha HIDKHEM?

3 Monekyna MOKET HaXOJUTECS Ha YPOBHE ¢ SHepruel () Wil Ha OJHOM M3 TPEX YPOBHEH C DHEPIH-
et E. Haiiure cpeHioro SHEPrui0 MOJIEKYIT: a) PH OYE€Hb HI3KHUX TeMIepaTypax, 0) mpu OYeHb
BBICOKHMX TEMIIEpaTypax.

4 B HEKOTOPOH MOJIEKYJIE €CTh JBa JIEKTPOHHBIX YPOBHS SHEPTHH, OTCTOSLIME JIPYr OT APYyra Ha
1000 cm L. Hikamit ypoBeHb He BBIPOK/IEH, BEPXHHIl — TPOEKpaTHO BHIpOIeH. Haiimure
CPEJTHIOIO MIEKTPOHHYIO HEPTHIO MOJEKYIIBI (B cM ) mipu Temmeparype 1200 K. 3Havenue mo-
crostaaoi he/k = 1,44 emK.

5 B HEKOTOpOi MOJIEKyIle €CTh TPH JJIEKTPOHHBIX YpoBHs sHepruu: 0, 800 u 1700 cm . Hipkmmit
YPOBEHb HEBBIPOKIIEH, CPEAHUNA — TPOEKPATHO BBIPOXKIIEH, BBICIINM — IISITUKPATHO BBIPOXK/ICH.
HaiiiTe CpeHION JMEKTPOHHYIO DHEPIHIO MOJEKYTHI (B CM 1) M 3aCeNeHHOCTh HIDKHETO
yposus1 nipu Temneparype 1300 K. 3nauenue nocrosiHoit he/k = 1,44 emK.

6 Bpramcimre cpeHee 3HaUEHHE SIEKTPOHHOM SHEPTMHM aTOMapHOM cepbl Ipu Temmeparype 1000 K
C MCTIOIb30BaHUEM CIIEAYIOIINX JAHHBIX.

DNEKTPOHHBIN TEPM Sueprus B (cM ) CraThCTYECKHiA BEC




3p, 0 5,
3p; 396,1 3
3py 573,7 1
D, 9238,6 5

7 *MorteKy/1a MOKET HAXOIMTBCS Ha TPEX SHEPrETUYECKHX YPOBHSX: HEBBIPOYKIEHHOM, TPEXKPATHO

BBIPOKJICHHOM U IISITUKPATHO BbIPOKAEHHOM. [Ipu HekoTtopoii Temmnieparype T Ha Bcex Tpex
YPOBHSIX HAXOJMTCSI OJJMHAKOBOE YMCIIO MOJIEKYJL. PaccuunTaiite sHepruu 3THX ypoBHEW (3HEp-
TSl OCHOBHOTO COCTOSIHUS IPUHUMAETCsI paBHOM 0).

8- *B paBHOBECHON CMeCH O- ¥ B-TUIIOKO3bI COZIEPKAaHKE P-aHoMepa paBHO 64% mpu TemIiieparype

25°C. Ouenure pasHOCTh SHEPTHil MEKTY STUMH H30MEPAMH.

% *IIpu OXJIAXKIEHUH 000 TEPMOIMHAMUYECKOM CUCTEMBI 3aCEIEHHOCTh OIHMX YPOBHEH YBEIH-

11.
12.
13.

16.

17.

18.

19.

20.

21.

22.

23.

24.

YUBaeTCs, a IPyruX yMeHblaercs. Vcnonb3ys 3akoH pacnpeneneHus: bobivana, orpenenmre,
KaKoBa JIOJDKHA OBbITh SHEPrHsl YPOBHS AJIsI TOrO, YTOOBI €r0 3aCeNIEHHOCTh YBEINYMBAIACH C
YMEHBIIIEHUEM TEMITIEPaTyphl.

Paccuuraiite Hanbosee BEpOSTHYIO CKOPOCTh MOJEKYJ YIVIEKHCIIOrO rasa Ipu TeMIleparype
300K.

Paccuuraiite cpeaHrOr0 CKOPOCTh aTOMOB I'€JIMS IPU HOPMAIBHBIX YCJIOBHUSIX.

[Tpu kaKoii Temrieparype CpeHssi CKOPOCTh MOJIEKYIT KHcopoa paBaa S00 m/c.

[Tpu HEKOTOPBIX YCIOBUSIX CPEIHSISI CKOPOCTh MOJIEKYN Krciopona paBHa 400 m/c. Uemy paBHa
CpeIHsIsl CKOPOCTh MOJIEKYJ BOIOPO/Ia IIPH 3THX K€ YCIIOBUSIX?

Ipu Temmeparype 25 °C cpefmsisi ckopocTh MoKy HEKOTOPOro rasa paHa 274 m/c. Uemy
PpaBHA cpe/IHss CKOPOCTh 3TOTO Ta3a IpH Temmeparype 250 °C?

.KaxoBa nonst Mmonekys, Maccoi T, IMEIOLIMX CKOPOCTh BBIIIE CpeHel mpu temneparype 17
3aBHUCHT JIM 3Ta JIOJI OT MacChl MOJIEKYJT ¥ TEMIIEPATYPBI?

[Tomp3ysack pacnipeneneHreM MakcBesuia, pacCUMTauTe CPETHIO KUHETHYECKYH) SHEPIUIO
JIBIDKEHUS. MOJIEKYJI Maccod T mpu Temrieparype T. PaBHa v 9Ta SHEprusi KWHETHYECKON SHEP-
UM TIPU CPeJTHEN CKOpOCTH?

OnpezennTe 0OIIYI0 CYMMY COCTOSHHUH U1 MoneKyisl F2 mpu 500 K u 1,0133-10° Ia,
ecin Znoer = 3,16-107, Zxon=1,07, cTaTHCTHYECKHUIA BEC OCHOBHOTO HIEKTPOHHOTO COCTO-
AHUSA Jo,on = 2, @ BpallaTeIbHasi IOCTOSIHHAS palz.Hal,75~lO'23 Jx.

BpamiaTenbHas moctosHHas Mojekynsl HBr paBra 1,68-10%2 JIxk. PaccuuTaiite Bpa-
IATEJIbHYI0 CYMMY COCTOSHUM MoJekyinbl HBr, BpamarenbHbie COCTaBISIONINE BHYT-
peHHel sHepruu u rennoeMkoct 1 mons HBr mpu 300 K u noctossHHOM 00beMe.
[Tonb3ysick CrpaBOYHBIMH JAHHBIMM, OLEHUTE, Kakas U3 CIEAYIOIINX MOJEKYJI UMEET
HanOoJIbIlIee 3HAYEHUE BpallaTeIbHON COCTABISIONIEH CyMMbl cocTOosHUU mpu 400
K: CO, HBr, HCI, N2.

[Ipu cpaBHEHMM BpallaTEeNbHBIX COCTaBISIOIIUX TEMIOEMKOCTH Ta3000pa3HbIX |2 u
HF obnapyxuBaetcs, uto nis |2 oHa moCTOAHHA, HAUMHAs YK€ C HECKOJbKUX rpa-
JycOB a0COJIOTHOM IIKAJIBI TeMIepaTyp, a aiaa HF pacteT u nocruraer mpeaenbHO-
ro 3HayeHus aub okosio 100 K. B uem npuunna 3T0r0?

Omnpenenute Zgp nas F2 mpu 300 K, ecnu ipu 500 K Zy,= 197 4.

[Touemy s nByxatoMHbix Moiekysn CO u Na. [Tpu mouTH paBHBIX MOMEHTAX MHEPLHU (pa3-
mure MeHee 5%) U TIpU OAHOM M TOW e TemIepaType BpallaTelbHas COCTaBJISIOIIAs
CYMMBI COCTOSIHUI OTJIMYAETCs MOYTH B JiBa paza’?

Monekyna HI, Haxonsmascs Ha BpamaTeJbHOM ypoBHE ¢ ] = 7, u mousekyna CO,
HAXOJAMIAsACs Ha BpPAIATEIbHOM YpOBHE ¢ | = 13, UMEIOT OJMHAKOBYH) JHEPTHUIO
BpalleHus. B KakoM KOIMYECTBEHHOM COOTHOIIEHMM HAXOMASTCS CTENEHU BBIPOXKJE-
HUS § U1 9TUX MOJIEKYJ Ha yKa3aHHBIX YPOBHAX?

Onpenenure BpalaTeNbHYI0 COCTABIISIOIIYI0 CyMMBI COCTOSIHUN Mosekyibl CO2 npu
500 K, ecnu MexbaaepHOe paccTosiHue B 3Toit Monekyne lc.o = 1,13-107% m.



25 Onpenemure momo Mmoiekyn HI (%), HaxoAsImuxcs Ha HYJIEBOM BpaIlaTElbHOM

ypoBHe npu 300 K, mosib3ysick ClipaBOYHBIMH JTAHHBIMHU.

Onpexnenure 10110 JBYXaTOMHBIX IOMOSIEPHBIX MOJIEKYJ, Haxondumuxcs npu 1000 K
Ha JecsITOM BpainateabHoM ypoBHe (J=10), ecnm BpammaTeiabHas COCTaBISIOIIAS
CYMMBI COCTOSIHMI paBHa 55, sHeprusi BpallleHHs MOJIEKYJIbl Ha 3TOM YPOBHE paBHa
1,38-10% k.

Houns wepamaromuxcs mosekyn HCI mpu 300 K cocrasnser 0,051. Onpenenure 10-
aro HeBpamatouxcs mojekya HCl npu 510 K.

Mounekynbsl PCl3 u NH3z umeroT cxoaHyio nupaMuaanbHYI0 CTPYKTYpPY U OJMHAKOBOE
YHCII0 BHYTPUMOJICKYISIpHBIX KoseOanuii. Onnako npu 298K remnoemkocts Cy (PCl3)
Ha 36,4 JI>x/MoJb-Tpas O00JIbIIe TEMI0EMKOCTH aMMuaka. OObsICHUTE TPUIMHY ITOTO.

BonHoBBIE umCiIa BHYTPUMOJICKYJISIPHBIX KOJeOaHUM CcepoBOIOpOJa paBHBI 2722,
2739 u 1214 cml. Kakoe u3 stux xoieGanuii OyzaeT naBaTh OOJBINNM, a KaKoe —
MEHBIIINI BKJIaJ B BEJIMYUHY KoJjeOaTeIbHON cocTaBisomen TennoeMkocty rnpu 1000
K? Pacrionoxxute BOJIHOBBIC YKcClia B TOPsAKE YObIBaHUS BKJIA/a.

BonroBoe uncino ogHoro u3 nedopMannoHHbIx Konebanuii moiexkyasl PC13 paBHO

189 cmt. Tlonb3ysch CPaBOYHBIME JAHHBIME, PACCUUTANTE BKIIAJ 3TOTO KOIEOAHHA B CYMMY
COCTOsIHMIA U B TertoeMkocTh 1 Mosib PCls ipu 544 K.

26.

217.

28.

29.

30.

Tema 5.2. Borunciienusi TepMoauHaMuyecKux Gpynkuuii. Crarucruyeckas

TePMOAMHAMMKA PeaJIbHOI0 ra3a U KOHAEHCMPOBAHHOI0 COCTOSIHUS BelllecTBA
1. Bonpochsl K YCTHOMY ONPOCYy
1. Bknan B MOJIEKYJISIPHYIO CYMMY I10 COCTOSIHUSIM ITOCTYIATEIbHOIO ABMKEHUS. Y KaXKUTE, Ka-
KMMHU CBOMCTBAMM BEIlIECTBAa M NapaMETPaMU COCTOSHUS OIpEAeseTcsl ocTynaTelabHas co-
CTaBJIAOIIAs CyMMBI COCTOSIHUM JUIS Ta3a B UAE€AIBHOM COCTOSIHUM.
2. BpamarenbHas cymMMa 1o coctosHusaM. Hanumure popmyiny, CBSI3bIBAIOILYIO BpallaTeIbHYIO
COCTABJISIIOLLYI0 CYMMBI COCTOSIHUM C ITapaMeTPaMH COCTOSIHUS M MOJIEKYJISIPHBIMH KOHCTaH-
TaMH JIByXaTOMHBIX MoJjekyil. Hanumure ¢popmyny s pacuera A0JU MOJIEKYJ Ha Bpalla-
TEJIbHOM YPOBHE C KBAHTOBBIM 4MCIOM | (Zsp — BpamiaTesbHasi COCTABISIONIAs CyMMBbI CO-
crosiHuii, B — BpamarenbHas nocrosiHHast). CocTaBisAOIIasi CYMMBI IO COCTOSIHUSIM BHYT-
PEHHEr0 BpaleHUs.
3. KonebaTenbHas cOCTaBIAONMIAS CYMMBbI IO COCTOSIHUSIM. 3aBUCHUT JIM U KaK XapaKTepUCTHU-
yeckas KosiebaTeabHas TeMIeparypa oT TeMIepaTypsl raza? 3aBUCUT JIM U Kak KoyiebaTesb-
Hasl COCTAaBJISIONIAsl CYMMBbI COCTOSIHMI OT YacTOThI KosieOaHWH aTOMOB B MOJIEKYJie IIPU JaH-
HOH Temneparype?
4. Bknag B MOJIEKYJISIPHYIO CYMMY II0 COCTOSIHUSIM AJIEKTPOHHBIX U SIIEPHBIX ypoBHeH. Uemy
paBHa JIEKTPOHHAsI COCTABJISIONIAs CYMMBI COCTOSIHUM, €CJIN AJIEKTPOHBI HE BO30YKICHbI?
5. CBs13b CyMMBI IO COCTOSIHUSIM C TepMOAMHaMHuecKuMU pyHKuusaMu. Ctatuctuyeckuit Pacuer
BHYTpEHHEH sHepruu Moisiekynsl. Hanumute GopMyily, CBA3BIBAIONIYI0O BHYTPEHHIOI YHEPTHIO
uaeansHoro rasza (U—Uop) ¢ cymmoii cocTostamin Z.
6. CTaTUCTUYECKUH pacdeT PHTPOIHU M DHTAJIBIUMU U KaXKIAOIO BUAA JABM)KEHUS MOJEKYJIBI.
Hanummre ¢hopmyny, CBSI3bIBAIOILYIO SHTPOIHIO ra3za ¢ cyMMoil coctosinuid. Hanumure dop-
MYy, CBSI3BIBAIOIIYIO SHTANBINIO HaeanbHoro raza (H—Ho) ¢ cymmoii coctostnuii Z.
7. PacueT TEmI0eMKOCTH CTAaTUCTUYECKUM METOJIOM JI KaKJI0OTO BHUJA JBUKEHHS MOJIEKYIIbI.
Hanummre ¢hopmyny, CBA3BIBAIONIYIO TEINIOEMKOCTh T'a3a B UJEaJbHOM COCTOSIHUM NPHU I0-
crosHHOM 00BeMe Cy ¢ cymmoii cocrostauit Z. Kakoit Bxitaa (x/moib-K) B 001Iyr0 n3oxop-
HYIO TEIJIOEMKOCTh I'a3a JaeT COTJIACHO KJIACCHUYECKOW TEeOpHH OJHa CTENeHb CBOOOABI MO-
JEKYJISPHOTO JBM)KEHUA? B ueM riaBHBIA HENOCTATOK KIACCHUECKON TEOPUM TEINIOEMKOCTH?
8. Kakue mMonexynspHble KOHCTaHTHI HEOOXOAMMO 3HATh AJISI BBIYUCIEHUS KoJiebaTeabHON Cco-
crasistoniet suepruu ['enpmronsiua (F—Fo) nByxaroMHoro rasza npu JaHHOM TeMIepaTtype u
JABJIEHUU CTaTUCTUYECKUM MeTonoM? Hamumure Gpopmyny, cBs3bIBarouIyto sHepruto ['nbdo6-
ca (G—Go) ¢ cymmoit cocrosHmit. Kakue u3 tepmoamnamudeckux ¢ynknwmii: (U—Upo),



(H—Ho), S, (F—Fo), (G—Go) — MOXHO paccuMTaTh, €CIM U3BECTHA TOJBKO BEIUYMHA CYMMBI
COCTOSIHMM TSI JAHHBIX YCJIOBHI, HO OTCYTCTBYET YPaBHEHUE 3aBUCUMOCTH CYMMBI COCTOSTHUI
OT TeMIIepaTyphl?

9. Pacder KOHCTaHT paBHOBECHS JUISI HJICATLHBIX T'a30B. BBIBOJ Yepe3 paBeHCTBO CyMM XUMHUYE-
CKHUX TIOTCHIIMAJIOB PEareHTOB M MPOAYKTOB. BbIBOJ uepe3 npuBeneHHyro sHepruto ['md0ca mo
SHTAJIBITHSIM.

2. KoMIuiekT 3apa4 K Teme 5.2.

L TIatnaTtomuas monekyna XY uMmeer 4 Tuma KoneOaHMi, XapaKTEPUCTHIECKHE TEMIIEPa-
TYpbI U CTETICHU, BBIPOXKICHUS KOTOPBIX IPUBEACHBI HUXKE!

Koisebanue V1 V2 V3 Vs

0, K 650 300 1150 400

Crenens Boipoxaenus 12 3 3

OueHute, Kakoe U3 ATUX KoJieOaHUH, 1aeT HauOOJbIIUI BKIIAJ B TEIIOEMKOCTh raza XY npu

1000 K. Bocrionp3yiiTech, TaOnHIIeH TEPMOJUHAMUYECKUX (PYHKIMA DIHIITEHHA.

2 Tlonb3ysch CHOpaBOYHBIMH AaHHBIMH, ompenenute U—Ug (xJ/MOIb) Ta3000pa3zHOro
nona nipu 342 K, ecnu xapaktepucTuueckas temneparypa uoaa pasua 308 K.

% XapakrepucTuueckas Temeparypa razooopasusix Kz u |2 coorsercTBenno pasna 134 u
308 K. Kakoii u3 3Tux ra3oB gacT OOJbIIMN BKJaa KojeOaTeabHONW PHEPTUU B 00-
Ui 3anac BHyTpeHHel sHepruu npu 298 K?

“ Ionp3ysAch CHPABOYHBIMHU JAHHBIMH, ONIpenenuTe M. (cM 1) Monexyms DI, eciu

(U—Uo)xon 3TOTO BeliecTBa B ra3oodpaznom cocrostauu mpu 1180 K pasua 3,075 kJ[x/mMoib.
> JIyiss HEKOTOPO# JIBYXaTOMHOM MOJIEKYJIBI CYMMa COCTOSHHI ONPENeISeTCs YPABHEHUEM |
InZ = 20,94 - InP + 3,51nT. Paccuwuraiite suTanenuio (H—H,) 1 monbs ganHoro nByx-
aTOMHOTO rasa npu P= 1,0133-10° ITa u T=1000 K.

- Onpenenute KojeOaTeNbHbIE COCTABIISIIONIME BHYTPEHHENH SHEPTUU M SHTPOINUHU (B pac-
4yeTe Ha MoJIb) razoo0pa3Hoi cepsl Sz npu 500 K, monb3ysich cipaBOYHBIMU JJaHHbI-
MH.

“Monekyna N2O nunelinas, a monekyna NO2 uzornyras. KonebarenbHas cocTaBisionias
termoeMkocT N20 Oonblie M3-3a JOMOTHUTENIBHON CTETIEHH CBOOOJBI KOJebaTenb-
HOTO ABMXEHHUS. B TO e BpeMs MOJSpHBIE TEIJIOEMKOCTH oboux ra3oB npu 254 K
paBHbl. B yeM nmpuumHa 3Toro? OneHWUTE BEIMYMHY Pa3HOCTU KoJieOaTENbHBIX CO-
crapisitonux Temnoemkocteit N2O u NOa.

“IIpu cpaBHEHUHU TEMIOEMKOCTHU JIByOKHCH yriepona u aByokucu cepsl npu 300 K 06-
HapyXeHo, uTo KosiebarenabHas TernoeMkocTh CO2 mpeBsimaeT TakoByo 1 SO2. B
TOKE BpeMs 00IIasi TEIUIOEMKOCTh TIpH 3TOU Temneparype mis SOz Gospine, ueM s
CO2. B uem npuunna 3T0oro?

- OnpenenuTe BETMYNHY ®e (ML) MoseKymbl Liz, MOMB3yach CHPaBOYHBIMU JaHHBIMH, €C-

JIM 3KCHEPUMEHT JaeT BeauuuHy Cy 3TOro BeuiecTBa B ra3o00pa3HOM COCTOSHUM MPHU

1010 K 28,924 JIx/monb-K.

Monekynbl CCls 1 CHs MMEIOT 0IMHAKOBOE CTpOcHUE (MTPABHIBHBINA TETPadp) U OIH-

HAKOBOE€ YMCJIO BHYTPUMOJIEKYISIpHBIX Koiebanuil. Onnako npu 298 K TermnoeMkocTH

3THUX BEIIECTB B Ta3000pa3HOM COCTOSHHUHU CUJIBHO OTJIMYAIOTCA. Y KaXHUTE, KaKoe U3

ATUX BeIeCTB 00J1aiaeT OOJbIICH TEMI0EMKOCTbIO, U 00BSCHUTE IPUYUHY ITOTO.

Temnoemkoctu nipu moctossuaoM jaaBiennn D2, HD, H2 u HCI npu 1000 K cootser-

cTBeHHO paBHbI 31,66; 30,71; 30,59 u 31,24 J[»/Monb-Tpan. Pacmosnoxure 3TH Bele-

CTBa B MOPsIKE BO3PACTaHUS XapaKTepucTuueckoil tremmneparypsl 0. ConocraBbTe Be-

JUYMHBI BpallaTeIbHOM cocTaBlsfmomIel TemioeMkocTu razoobpasueix C2Hsa m H20

npu 298 K. Yrto 6omnbie?

Paccuuraiite Cp, u (U—Uo) 1 momb kucimopoaa mpu 1510 K, nonb3ysick cripaBouHbIME

JAHHBIMH O MOJICKYJISIPHBIX KOHCTaHTaX KUCIOPOAA.

Paccunraiite Tennoemkocte SOz pu moctossHHOM o0beme u 433 K, mosb3yscek crpa-

10.

11.

12.

13.



14,

15.

16.

17.

18.

BOYHBIMU JJAHHBIMH.

O6wpsacuute, moyemy mpu 298K temmoemkocts Cy (PCl3) paBua 68,74, a rertoemMkocts Cy
(C2oH2) paBna 35,62 JI/Momb-K, xoTs 00a ra3za 4eTbipexaTOMHBIC.

JIJIst HEKOTOPO# JBYXaTOMHON MOJIEKYIBI cyMMa cocTosHuii mpu 1000 K pasma 10%°.
Paccuuraiite snepruro ['n66ca (G—Go) 1 M0JIb TaHHOTO IByXaTOMHOTO Ta3a.
BpamarensHas nocrosaHas monekynsl HCIl paBra 10,6 cm™, a Ta sxe BennmuuHa JuIs
mostekyel CO cocrabiser 1,93 cm™ . Jlna kakoif M3 5TUX MOJEKys BpaliaTesibHas
cocrapisitoniast sHepruu ['enbmrosbia (F—Fo) npu onuHakoBoii Temmnepatype Oyaer
Oonpuie?

[Tonb3ysick CpaBOYHBIMU JAHHBIMH, pacCUMTalTe KoJieOaTelIbHbIE COCTABISIONINE Tell-
noemkoctu Cy u snepruu ['enpmronbua (F—Fo) 1 Mone qyxaromuoro rasa mpu 300 K,
ecJIi cOGCTBEHHOE BOJHOBOE YHCIIO JUIS MOJIEKYII 3TOTO rasza paBHo 2775-10° mL,
Paccuurate koHCcTaHTY paBHOBecus peakuuu N2 + Oz = 2NO npu 1500K, ecnu nzBecTHO,
gyro Moiekyinsl NO, N2 u Oz nuHeitHbl. MexbsaepHble pacCTOSHUS U XapaKTepUCTHYe-
ckue (PYHKIIUU COOTBETCTBEHHO PABHBI:

NO: Ino = 1,15A% 6/Tnoy = 1,82:107;
02: lo2=1,207A% 0/T(02= 1,51-10%

N2: In2 = 1,093A% 0/T(n2) = 2,26:107%;
AH® = 90,37 kJI/ MOJIb.

19.

20.

Hns BemectBa NO onpenenuts npu temneparype 300K u gaBnenun 101,3 klla: cocras-
JSIOUIME CYMMBI 10 COCTOSIHHMSIM (IIOCTYMATeIbHYI0, BpalllaTelbHYIO, KOJIe0aTenbHYI0);
00IIYI0 CyMMY MO COCTOSHHAM; cOCTaBisiomue BHyTpenneii snepruu (U-UP) (mocrtyma-
TeJNbHYIO, BpallaTeIbHYyI0, KOJIeOaTeNbHYI0); COCTABISAIONINE TEIIOEMKOCTH (IIOCTYyIa-
TEJbHYIO, BpAIIaTEIbHYI0, KOJEOATEeNbHYI0); COCTABISIONINE SHTPONUU (TIOCTYHATEIb-
HYI0, BpalaTelbHYI0, KOJIe0aTeNbHYI0); SHTPOIIUIO MPU JAHHON TemmepaTtype; G yHKIIUIO
(G — HY/T. JlaHHBIe 0 TEOMETPHYECKHMX MapaMeTpax MOJIEKYJIBI, O 4acTOTaX KoNIeOaHuit
U CTETIEHX BBIPOXKICHUS Komebanuii: In-o= 1,15A% ono = 19,6 M.

*IInst BemectBa H2S ompenenuts mpu temmeparype S00K u masnenwu 101,3 xIla: co-
CTaBIISIIONIME CYMMBI 10 COCTOSHUSIM (ITOCTYIIAaTENbHYIO, BpallaTelbHYy0, KoiebaTenb-
HYI0); OOLIYI0 CyMMy TI0 COCTOSIHHSIM; COCTaBIIsroNMe BHyTpeHHneit sneprun (U-U°) (1mo-
CTyMaTeNbHYI0, BpallaTelbHYIO, KOJIEOATEIbHYIO); COCTaBISIONINE TEIIOEMKOCTH (TI0-
CTYMaTeNbHYIO, BpallaTeIbHY0, KONe0ATeNbHYI0); COCTABISIONINE YHTPOMUU (ITOCTYIa-
TEJNbHYI0, BpAIIaTeNIbHYIO, KOJIEOATENbHYI0); DHTPONUIO TpPH JaHHOW TeMIepaType;
dynximio (G — H)/T. MexbsaepHble pacCTOSHUS U XapaKTepUCTHUECKHe (GyHKIMH CO-
OTBETCTBEHHO PaBHBI:

ln-s = 1,35A% ZHSH = 92°20/, 0; = 3920; 0, = 3940, 03 = 1748,

21.

*Jns BemectBa NO2 onpenenuts npu Temmneparype S00K u maBmenun 101,3 klla: co-
CTaBIISIIONIME CYMMBI 10 COCTOSHUSIM (ITOCTYIIATENbHYIO, BpallaTelbHYy0, KoieOaTeb-
HYI0); OGIIYI0 CyMMY MO COCTOSIHMSIM; COCTaBlsronue BHyTpenneii snepruu (U-UP) (rmo-
CTYyMaTeNbHYI0, BpAIllaTeIbHYIO, KOJIEOATEIbHYI0); COCTABISIONINE TETUIOEMKOCTH (I10-
CTyHaTeabHYIO, BpallaTeIbHYI0, KOJIEOAaTeNbHYI0); COCTABISAIONINE SHTPONUHU (TOCTyMa-
TEJNbHYI0, BpAIIaTeNbHYIO, KOJEOATeNbHYI0); DHTPOIHUIO TPH JaHHOW TEMIIepaType;
dynximio (G — H)/T. MexbsaepHble pacCTOSHUS U XapaKTepPUCTHUECKHe (GyHKIMH CO-
OTBETCTBEHHO PaBHBI:

In-o = 1,197A% ZONO = 134°15/, 6, = 1899; 0, = 2327,9, 05 = 1079.

3. KoMnjieKT TecTOBBIX 3aJaHUI /I MPOMEKYTOYHOI0 KOHTPOJISA 3HAHU I

Tect No5: «Jj1eMeHThI CTATUCTUYECKOH TEPMOIUHAMUKI»

1. BuyrpenHioro sHepruto uaeanbHoro raza (U—Uog) ¢ cymmoii coctosiHuid Z CBSI3bIBacT
dbopmyna:



a) U-U° = RT2(5InZ/5T)e;
6) U-U° = RT2(SINZ/ST)r;
B)U-U° = RT2(5InZ/5T)v.

2. Ilpu HarpeBaHHMHU TEIIOEMKOCTH PACTET OBICTPEE, T. €. JOCTHIAET KIACCHYECKOTO MpEIea
paBHOTroO BennuuHe R. mpu Gonee HU3KOM TemMmeparype JUIs:

a) Cly;

6) Oz;

B) Fa.

3. TermoeMKOCTh Ta3a B UJICATBHOM COCTOSHHU MpPHU MOCTOSSTHHOM o0beme Cy ¢ cymmol co-
cTosiHUM Z CBA3BIBAaET GhopmyIa:

a) Cv=2RT (8InZ/8T)v + RT?(&%InZ/8T?)v;

6) Cv=2RT (3InZ/3T)p + RT?(8%INZ/5T?)p;

B) Cy=2RT (8InZ/3T)r + RT(8%InZ/8T?)r.

4. ]lns BeIUMCIIEHHS KolieOaTeNnbHOW cocTaBisomei sHeprun I'enpmronbua (F—Fo) aByx-
ATOMHOTO Ta3a NP JaHHOW TeMIlepaType U JaBICHUU CTATUCTHYECKUM METOJOM HEOOXOIMMO
3HATh!

a) XapaKTEePUCTHICCKYIO TEMIICPATYPY;

0) yacTOTy BHYTPUMOJEKYJSPHBIX KOJIeOaHUI;

B) 00J1aCTh MOTJIOIICHUS.

5. TemnoemkocTtu npu nocrosinaom gasienun Dz, HD, H2 u HC1 mpu 1000 K cooTBeTcTBEHHO
paBubl 31,66; 30,71; 30,59 u 31,24 J[/monb-rpazn. [locienoBarenbHOCTh BO3pacTaHHUS Xapak-
TEPUCTUUYECKON TeMITepaTypsl 0:

a) HD;

0) D2;

B) Ho.

r) HCI;

6. OnTanenuto uaeanbHoro raza (H—Ho) ¢ cymmoii coctosiuit Z cBsa3biBaeT Gpopmyna:
a) H-H°=RT [1+ T (8InZ/8T)e];
6) H-H°=RT[1+T(SInZ/ST)V];
B) H-H=RT [1+ T (3InZ/8T)1].

7. BpammaTenbHy0 COCTAaBISIONIYIO CYMMBI COCTOSIHUI C TapaMeTpaMu COCTOSTHHSI U MOJIEKY-
JSIPHBIMHA KOHCTAHTAMHU JBYXaTOMHBIX MOJICKYJ CBsI3bIBaeT popmyna:

a) Zsp = n’IT/h%c;

6) U-U% = RT4SInZ/5T)e;

B) ZBp = 8m?IKT/h%G.

8. BonHOBBIC YHCIIa BHYTPUMOJIEKYISPHBIX KOJICOAaHWH cepoBoopoaa paBHbEI 2722, 2739 u
1214 cm. TlocnenoBaTensHOCTH BOMHOBBIX YHCEN B HOPSIKE YOBIBAHUS BKIAJA:

a) 2739 el

0) 1214 ML

B) 2722 cml;

9. I'maBHBINA HETOCTATOK KJIACCUYECKOW TEOPUH TEIIOEMKOCTH B TOM, YTO:

a) He JaeT OOBSICHEHUS DKCIIEPUMEHTAIILHOM 3aBUCUMOCTH TETNIOEMKOCTH OT JaBIICHUS;

0) HE JaeT OOBSICHEHUS YKCIIEPUMEHTAILHON 3aBUCUMOCTH TETUIOEMKOCTH OT 00beMa;

B) HE JJaeT OOBSICHEHUS SKCIIEPUMEHTAIBHOMN 3aBUCUMOCTH TEIUIOEMKOCTH OT TEMIIEpaTypHI.



10. CymMa cocTOSHMH OT TeMIepaTyphbl:
a) 3aBUCHT;

0) HE 3aBHCHT;

B) YMEHBIIIACTCS;

I') yBEIMYUBAETCS.

11. Duepruto 'n66ca (G—GO0) ¢ cymMoiil cCOCTOsSIHUI CBSI3BIBACT opMyIia:
a) G-G°=-RT(1-In2);

6) G — G% = RTInZ;

B) G — G’ =RT(1 - In2).

12. XapakTtepuctuueckas kojebaTeapHas TeMIepaTypa OT TeMIepaTyphl rasa:
a) 3aBUCHT;

0) HE 3aBHUCHT;

B) YMEHbIIAETCS;

T') yBEIMYUBAETCS.

13. Xapakrepuctuueckas KoneOaTeabHas TeMIepaTypa onpeaesieTcs:
a) TEIJI0EMKOCTBIO;

0) ra30BOM MOCTOSTHHOM;

B) YaCTOTON BHYTPHUMOJIEKYJISIPHBIX KOJeOaHUH

r) nocrtosiHHo# [lnanka.

14 Ecnu n3BecTHA TONBKO BEJIWMUYMHA CYMMEBI COCTOSIHHUU JJIsT JaHHBIX YCHOBHﬁ, HO OTCYTCTBY-
CcT ypaBHeHI/Ie 3aBUCUMOCTHU CyMMI)I COCTOSIHI/II\/JI oT TeMHepaTypr, TO MOXHO paCCLII/ITaTBI
a) U—Uo;

6) H—Ho;
B) S;

r) F—Fo;
1) G—Go.

15. ITpu noBbIIIEHUH TEMIIEPATyphl YUCIIO MOJIEKYJI Ha HYJIEBOM K0JIeOaTeIbHOM YpPOBHE:
a) HEe U3MEHUTCS;

0) yMEHBIIIUTCS;

B) YBEJIUUUTCSL.

16. CornacHo KIaccHUECKOil TEOPUH O/IHA CTENEHb CBOOO/IBI MOJIEKYJISIPHOTO ABMKEHUS JaeT
Bkiaaj (x/mMoib-K) B 00111yI0 H30XOPHYIO TEMJIOEMKOCTb rasa:

a) R;

0) 1/2R;

B) R2.

17. TlocTymaTenbHass COCTABISAIONIAsI CYMMBI COCTOSIHMM JJIsi Ta3a B HUJICATHHOM COCTOS HHU
ONpeAeIsieTCs:

a) aTOMHOMW Maccoif;

0) MOJEKYJISIPHOM MacCol;

B) JIaBJICHUEM;

T') TEMIIEPATYPOH;

1) 0OBEMOM.

18. DieKTpOHHAs COCTABISIONIAS CYMMbI COCTOSHUI, €CIIU SIIEKTPOHBI HE BO30YK/IEHBl PaBHA:
a) Loy = O1,5m,5



6) Zan = gO,aJI,;
B) Ly = 02,511

19. KonebaTenpbHasi COCTABIISIONIAsi CYMMBI COCTOSIHHIA OT YacTOTHI KOJICOAaHUIT aTOMOB B MO-
JIEKyJIe PU JAHHOU TeMIlepaType:

a) 3aBUCHT;

0) HE 3aBUCHT;

B) ueM OOJIbIlIe YacTOTa KOoJeOaHui, TeM OOJIbIIIE CyMMa COCTOSTHU;

') 4eM OOoJIbIIIe YacTOTa KOJIeOaHuil, TEM MEHBIIIE CyMMa COCTOSTHHH.

20. YOsIBaromas mocae10BaTeIbHOCTh KOJIMYECTBEHHOTO COOTHOIICHHUSI BETTMYUH AJIEKTPOHHOMH,
[OCTYIATEeIbHON, BpalaTeIbHON U KOJE€OATeIbHOW COCTABISIOIIMX CYMM COCTOSHMH JUIS JIBYX-
aTOMHOM aTOMHOM MOJIEKYJbI IIpU KOMHATHOM TeMIeparype, €CIM OCHOBHOM JJIEKTPOHHBIN
YPOBEHb HE BBIPOK/IECH:

a) Zxonet;

0) Zspaw;

B) Znocr;

r ) Lsnexr.

21. DHTpOMHIO ra3a ¢ CyMMOI COCTOSIHUIN CBSI3bIBaeT opMya:
a) S = RInZ + RT(8InZ/8T)v;

6) S =RT(3InZ/5T)v;

B) S = RInZ + RT(8InZ/3T)p.

Paszaea VI. XuMuyeckass KHHETHKA
Tema 6.1. CkopocTh XUMHYECKOI peakIHM.
3aBMCHMOCTH CKOPOCTH PeaKIUM OT TeMIIepPaTypsbl

1. Bonpocsl K yCTHOMY ONIPOCYy
1. Yro noHMMAIOT 1OJI TEPMUHOM XUMHUUECKasi KuHeTHKa? YTo oHa u3y4aer?

2. B dyem 3akmovaeTcss KHHETUYECKUI KPUTEPHA PEaKIIMOHHOW CIOCOOHOCTH XUMHUYECKON

CUCTEMBI?

3. Uro Ha3BIBAIOT CKOPOCTHIO XUMHUYECKOW PEeaKInH (CpeIHEe U MTHOBEHHOM ), OTYEro oHa
3aBUCHUT? Kak U3MEHAIOTCSA CKOPOCTh XUMUYECKONW PEAKIIMN ¥ KOHLIEHTPALUN Pearupy-
IOLUX BelecTB Bo BpemeHu? [IpuBenute rpaduueckre 3aBUCUMOCTH.
3aauu ¥ METOJIbl UCCIIEI0BAHUSA CKOPOCTEN XMMUUECKUX PEAKIIMM.

5. Uro Takoe MOJIEKYJISIPHOCTh U TMOPSJIOK XUMUUYECKor peakiuu? [1o kakoMmy mpu3HaKy pe-
aKLIMU Pa3AeIsAoTCs Ha MOPSAAKU? B ueM oTianune MOJIEKYJISIPHOCTH OT Nopsiaka?

6. Kakmmu cmocoGamu MOXKHO OTpenenuTh MOpsaok peaknunu? [lpuBenaure ypaBHEHUS H

rpauKu.

YTo Ha3BIBAIOT NEPHOJIOM MOJYIPEBPAILLECHHUS BEIeCTBa?

8. Uro MOHMMAIOT MOJ MEXaHW3MOM XMMHUYECKOH peakuuu? JlaiiTe XapakTepHCTUKY HpO-
CTBIX U CJIOHBIX peakuuii. [IpuBennre mpumepsl.

9. IlpuBenute BBHIBOJ KMHETHMUYECKHX YpaBHEHMH W rpaduuecKue 3aBUCUMOCTH YpaBHEHHM
peaklMii HyJleBOro, epBOro, BTOPOTO M TPETHEro MOpPsAKOB? BO3MOXKHBEI M peakuuu
JPYTHUX TOPSAAKOB?

10. Kakas W3 OZHOCTOPOHHUX pEaKIMi 3aKaHYMBAETCS OBICTpee NMPH OIMHAKOBBIX HC-
XOJIHBIX KOHIIEHTPALUAX W OJAMHAKOBBIX KOHCTAHTaX CKOPOCTH: peakuus 1-ro, 2-ro uimm
3-ro mopsiaka?

11. IIpuHATO CUMTATh, UTO MOPSATOK PEAKIMH SBISETCS OTPAXKEHUEM MEXaHHU3Ma €€ IpoTe-
kaHus. [TosicauTe 31O NMONIOXKEHUE.

&>

~



12. Kaxk Biuser TeMmiepaTypa Ha CKOPOCTh XUMHYECKOH peakiuu. Maremaruyeckas U rpa-
(uueckass 3aBUCUMOCTb KOHCTAHTBl CKOPOCTH XHMHYECKOM peakiuu OT TeMIIEpaTyphl.
Kak no norenumanbHOMy 0apbepy OLIEHUTh BEIMYMHY S3HEPTUU aKTUBALUU?

2. JlabopatopHas padora Ne6 «M3yyeHne CKOPOCTH peaKIMN OKUCJIEHUS HOT0BOI0POIHOI
KHCJIOThI IEPOKCHI0M BOI0POIa»

Heap padoThl: onpe/esieHue KOHCTAaHT CKOPOCTEN peakuy Mpy ABYX TEMIIEpaTypax;
rpadu4ecKkoe HaX0Xk/IeHHE YHEPIUU aKTUBALMY, pacueT U3MEHEHUs SHTPONHUU aKTUBALUU U U3-
MEHEHHUS 1300apHO — H30TEPMUYECKOTO ITOTCHIIUATIA.

IIpuaumn meroaa. Peakuus okucIeHUs HOJOBOAOPOAHOM KMCIOTHI ABJISIETCS IPUMEPOM
TOMOTEHHOTO KaTanu3a. OHa yCKOpsieTcs B IPUCYTCTBUU HECKOJIBKUX Karelb pacTBOpa MOJIHO-
nata ammoHus. MoioBogopoHas kuciaoTa oopa3yercs Ipy B3aMMOAECHCTBUU MOANA KaTTUs
(HaTpHsl) ¢ CEpHOM KUCIIOTOM:

2K1 + H2S04 = 2HI + K2SO4 (1)

B kucnoii cpesne no10Bo10poaHAasE KUCIOTa OKUCISETCS IEPOKCUIOM BOJIOPOAA IO CXe-

Me:
2H1 + H202 = 12 + 2H20 (2)

Pacxon nepokcuia Boopo/1, ONPEeAEsIoT 110 KOJIUYECTBY BbIAEIUBILErOCs HOAA, KOTO-

PBIH TUTPYIOT PacTBOPOM THOCYJIb(aTa Kajaus (HaTpHsi) B IPUCYTCTBUH KpaxMmana:
I+ 2K2S,03 = 2KI + 2K2S40¢ (3)

Peaxiuu (1) u (3) mpoTekaroT mpakTUYECKH MTHOBEHHO, TI0O3TOMY CKOPOCTh CYMMapHOTO
npoliecca OnpeesnseTcs CKOpOCTbIO TMMUTUPYIOILEH peakiuu (2).

3a CKOpPOCThIO peakuu yaJo0HO CIeAUTh TUTPUMETPUUECKUM MeTo1oM. Yepes onpee-
JIEHHbIE IPOMEKYTKH BPEMEHHU 00pa3yrOIUIC U0/ OTTUTPOBBIBAIOT PACTBOPOM THOCYIIb(ara
KaJIMs C UCIIOJIb30BAaHMEM B KaueCTBE MHJMKATOpa Kpaxmall. B mporecce TUTpOBaHUS HO1a THO-
cyib(aToM Kalus MOAU] Kallusl pereHepupyeTcs, cieoBaTesbHo, KoHnenTpanuu Hl u Kl npak-
THYECKU TIOCTOSIHHBI, M CKOPOCTh Peakiuu (2) onpenensercs ToIbKo KoHneHTpammein Hz0:.

ANNapaTypa H peakTHBbI: GlopeTka eMK. 50 cM®; KoHudeckue Kolnosl eMk. 250 cm® — 2
IIT.; JIeJ] WJIK XOJIOAWIBHUK; MepHas kojioa emk. 100 cm® mmu numuHAp eMk. 100 cm® - 1 1T, nBe
TTUIETKH BMECTMMOCTBIO 5 1 10 eMk. cM>; MepHas mpobupka emk. 10 cm®; mpobupka emk. 20
cM°; CeKyHIOMep; TEPMOMETP IS H3MepeHus Temmeparypsl ot 0 10 70 °C ¢ 1eHoit 1eneHns
0,1°C; Kl, cyxas conb; H2SO4, 1 M pactBop; H202, 30% pactBop; monubaat ammonus, 1% Boa-
b1 pacTBop, 100 cM3; muTeTKa 171 BHECEHMS KpaxMaJa.

Mpurorosuts pacteopbi: 200 cm® 0,05 M pacTBopa THOCYMb(aTa Kamus; 100 cm® 0,05
M pactsopa KI; 100 cm® 0,05 M pactsopa H202; 250 cm? pactopa 1% xpaxmana, 0,1 M pac-
tBop (NH4)2MO0Os4.

IHopsinok BbINOJIHEHHS Pa0OTHI

B xonnueckyio konb6y (250 cm®) Buectr 50 cm® 0,05 M pactsopa Kl, 5 cm® 1 M pactBopa
H2S04. OtnensHO B mpobupky eMk. 20 em® mpumuts 5 emC 0,05 H. pactBopa H202. TTpuroros-
JIEHHBIE PaCTBOPBI TEPMOCTATUPOBATh. MI3MepuTh TeMIiepaTypy pacTBOpoB ¢ TOYHOCTBIO 1 °C.
bropetky 3anonuuts 0,05 M pactBopoM THOCYIb(haTa Kaius. Y CTAHOBUTh KOHUYECKYIO KOJIOY €
pactBopom Kl mox 6ropetkoit, BHecTH 2 cM® pacTBopa THOCYIb(aTa Kanus u3 61opeTky, 2 — 3
KaTITH pacTBOpa Kpaxmaa, ObICTPO MPHIINTE B KONOY 5 cM° pacTBOpa epOKCHIA BOIOPO/IA, K-
suBanenTHsie A cm® 0,05 M pactBopa THOCYIb(}ATa (CM. HHUKE) U OTHOBPEMEHHO BKIIIOUMTH CE-
KyHa0MeDp (B AalbHEHIIIEM ero He BhIKIoYaTh). Colep:kuMoe KoJObl TIIATENbHO epeMenIaTh.
Kak TospK0 pacTBOp B KOJIOE OKPACUTCS B CHHHUIA I[BET, OTMETUTH BPEMsI [IEPBOT0 OKpAIIUBAHHS
(T1) ¥ IPHITHTH B KOOy 2 CM° pacTBOpa THOCY Ib(aTa Kanus u3 6ropeTku. Besknii pa3, koraa
BHOBb BO3HUKAET OKpacKa pacTBOpa, OTMEUAIOT BpeMsl €€ MOSABJICHUs (0T Havyajia peaKiium) u
OBICTPO TIPHITHBAIOT 2 cM° pacTBopa THocymbgaTa. [Tocie Toro, kak 6yaer mpumuto 8 — 10 mop-
uuit THOCYNIb(haTa, B peaKIMOHHYI0 cMech NpuauBaioT 1 cm® pacTBopa MosuGaaTa aMMOHHS
(MOJIMOIAT — MIOH SIBJIETCS KaTaIU3aTOPOM, PEAKLMs IOYTH MIHOBEHHO NMPOXOJUT A0 KOHLIA).
BrinenuBuiicst 101 OTTUTPOBBIBAIOT PACTBOPOM THOCYIIb(aTa U3 OIOPETKH JI0 IOJTHOTO 0bec-



IIBEUHBAHKS ¥ OTMEYAIOT 0bIIIee KONMHIecTBO (cM°) THOCyIb(aTa, IOIIEIIero Ha THTPOBAHUE,
CUHMTAs M Te HOPIHH 110 2 cM°, KOTOpbIe OBIIH BHECEHHI IO X0y peakiuu. Takum o6pa3oM ycTa-
HABJIMBAIOT, KakoMy obmemy unciy A cm® 0,05 M pactBopa THOCYIIb(haTa SKBUBATEHTHBI B3S-
ThIe JUIsE paGoThI 5 cM® 0,05 M pactBopa H202. AHamornuno npoBozst 8 — 10 OIBITOB IpH Apy-
roil Temneparype, OTJIMYHOM oT nepBoii Ha 10 -15 °C.
O0padoTKa IKCIEPUMEHTAJILHBIX TaHHBIX

KoHcTaHTa cKOpoCTH 3TOM ICEBIOMOJIEKYIIIPHON peakuu: OKUCIIEHUS HOI0OBOIOPOAHON

KHUCJIOTHI IEPOKCUIOM BOJIOPO/IA, TOTYMHSIETCSI KHHETUYECKOMY YPAaBHEHUIO [IEPBOTO MOPSJIKA:
1 c®
k=—-In5—(1)

rme C° — koHientpaius HoO2 B HauaabHBI MOMEHT BpeMeHH (10);
X — KOHIIeHTpanus npopearuposasiiero H2O2 kK MOMEHTY BpeMEHHU T OT Hayaya peaKkiuu.

Takum 06pa3oM, B HaualbHBIA MOMEHT OIIBITA (To) coaepskutcs (A-2) ecm® 0,05 M pac-
tBopa H202 u, cnenosarensno CO = (A-2). K MOMEHTY MosBIEHHS BTOPOTO OKPAIIMBAHHS TIPO-
pearupyer eme 2 cm® 0,05 M pactBopa H20, u ciienoBatensHo, X = 2; K MOMEHTY TIOSIBJICHHS
TPEThEro OKpamuBaHus X =4 u T.1. J{71s BEIYUCIIEHUS KOHCTAHT CKOPOCTHU IaHHOM peakiuu

ypaBHeHue (1) ynobHee npeicTaBUTh B CIIEIYIONIEM BU/IE:
4

1
R=_" 'I'n‘q—.-—z 2)
rae A — obuiee KonmdecTBO (cM°) THOCYIb(ATa KaIns, HOMIEIIEe B PEAKIIHIO, X — KOJHIECTBO
(cm®) THOCYIB(aTa Kamus, BHOCUMOE B PEAKIIMOHHYIO CMECh TIPH TOSIBICHUN OKPAIIMBAHUA (X =
2,4,6,8,dT. 1.), T— BpeMsl BOSHUKHOBEHHUS OKPACKH B XOJI€ PEaKIU OT €¢ Havyaya. PaccunTol-
BaeTCs CepHsi KOHCTAHT CKOPOCTH PEAKIIUU, HAXOUTCS CPEeIHEE 3HAUCHHE, CPEAHEKBAIPATUIHOE
OTKJIOHCHHE U JIOBEPUTENIbHBIN HHTEpBa. [10 pe3ynbpTaTam ONnbITOB PACCUUTHIBAIOT KOHCTAHTHI
CKOpocTH peakuuu A temnepatyp Ti1 u Tz. Pe3ynbTatsl pacueToB U ONBITHBIE TaHHBIE 0OPM-
JISFOTCS B BUJIE TaOJIUIIBL:

Tabanna
O6bem
Ne omeiTa J00aBIEHHOTO Bpemst nosiBeHns1 OKpacKH Ti, MHH KOHCTaHTBI CKOPOCTH, K MUH
KzSzOs, CM3
temneparypa Ty, K
1
temneparypa Tz, K
1

1. PaccuMThIBaIOT PHEPTUI0 aKTHBAIMU M JIOTapu(dM MpeadKCIOHEHIIMAIBLHOTO (PakTopa B
ypaBHEeHUU AppeHunyca rpaduyecKuM METOOM.
Ink |

5 a

[’ Inpzo

= UT

Puc. 1. I'padmaeckuiit MeTo pacdera SHEPTHU aKTUBAILIMU U JIoTaprudpma
MPEAIKCIIOHEHIMAIBHOTO (akTopa B ypaBHEHUH AppeHuyca



E =8,313 ‘m-tga, rae M — oTHOIIEHHE MacIITa0oB.
2. PaccuuTaTh H3MEHEHHMS SHTPOIUHU aKTUBAIIUU PEAKIIUU 10 hopmyie:
AS*
[ =1036+1gT + ——
gpzo g 23R

3. PaccuuTaTh n3MeHeHHE U300apHO — U30TEPMUUYECKOTO MOTeHIHaa no gopmyine: AG =
AH - TAS npu n3y4aeMbIX TeMIieparypax.
Otuet o pabore (cM. oOmIue TpeOoBaHUs).

2. KoMmiuiekr 3agau K Teme 6.1.

1. Paznoxenue oxcuaa azora (l) Ha MOBEPXHOCTH 30JI0Ta TIPHU BBICOKMX TeMIIepaTypax
nporekaeT 1o ypaBHeHHIO N2O — N2 + O. Koncranra ckopoctu manHou peakuuu 0,0005 npu
900°C. HauanpHas konmeHTpanus okcuaa azora (l) 3,2 MOJIB/ M, Ornpenenure CKOpOCTh
peakuuy IIpU yKa3aHHOW TEMIIEpaType B HayaJbHbII MOMEHT BPEMEHHM M KOIZJA IIPOU3OUIET
paznoxenue 78% okcuna azora (1).

2. HaiineHo, 4To CpeHss CKOPOCTh PACXO0BaHUS 030HA B PEAKIIUU

203(r.) = 302(r.) 32 HEKOTOPKIIT TPOMEXYTOK BpeMeHH pasHa 9,0-10 atm/c. Kakosa ckopocTs
oOpa3zoBanus O23a 3TOT MPOMEKYTOK BpEMEHH?

3. Onpenenute BpeMsi B TEUSHHH KOTOPOro mpopearupyer 90% MypaBbUHOTO albJeruia, eCiiu
cvemars npu 60°C 1 gm® 1M pactBopa mepokcmma Bomopoxa ¢ 1 am® 0,5 M pacteopa
MypaBBHHOTO anbaeruaa. KoncranTa ckopoctu peakiuu papaa 0,7544 u,

4. OmnpenenuTe KOHCTAaHTY CKOPOCTH peakluu

2Ag + (NH4)2S208 — Ag2SO4 + (NH4)2S04

€CJIM U3BECTHBI CJIEAYIOLIUE OIBITHBIE IaHHBIE:

BpeMs1, MUH 5 15 25 35
C (Ag2S04), 0,00030 0,00041 0,00056 0,00076
MOJTB/ M3

5. Peakmus okcuna aszora (I1) ¢ xucnopogom 2NO + Oz = 2NO> sBnseTcss peakiueil TpeThero
nopsiaka. Kak W3MEHHMTCS CKOpOCTh 3TOM peaklMM, €cld MOJIIpHYo KoHueHTpauuio NO
YBEJIMYUTH B 2 pa3a, a MOJIIPHYIO KOHILIEHTpAILHMIO KUuciopoaa — B 3 pa3a?

6. Cxonbko BpeMeHM moTpeOyercss Uil OMBUIEHHS TUApPOKcHIOM Hatpus 99% ykcycHo-
METUJIOBOTO 3(]upa, €ciu HadajdbHbIE MOJSPHBIC KOHIIEHTpanuu pactBopa 3¢upa 0,015, a
ruznpokcuaa Hatpus 0,03 Mons/av>? KoHcTaHTa CKOPOCTH PeakIuy paBHa 2,5 I-MOMb *-MuH .

7. YCTaHOBJIEHO, YTO BEILECTBO pasjiaraeTcs Mo peakiuy nepBoro nopsaka. Ecim n3BecTHa KoH-
cranTa ckopocth K = 8,6-10 3 ¢, To kakoit mepnos moTynpeBpaIieHns IMeeT 3Ta peaKiys?

8. Nmeetca 5 mr panus C, nepuojt nosypacnajga kotoporo paseH 19,7 muH. Kakoe konnyecTBo
paaust C ocranercs uepes 2,5 u?

Tema 6.2. KuneTuka cJI0KHbIX peaKkuMi
1. Bonpochl K YCTHOMY ONPOCY
1. Yrto moHMMAIOT MOJ MEXaHU3MOM XUMHYECKOW peakmuu? [laliTe xapakTepuCTHUKY MPO-
CTBIX U CNOXHBIX peakuuid. [IpuBeaute nmpumepsl. Knaccubukanus CIOXHBIX peaKIIHii
[0 MEXaHU3MYy, 110 (pa30BOMY COCTaBYy PEareHTOB. Y CJIOBHE HE3aBUCUMOCTH MPOTEKaHUSI.

2. TlapannenbHble peakiuy MEPBOTO U BTOPOTO MOPSAKOB. [lokaxkute BHIBOJ KHHETHYECKO-

r0 ypaBHEHUS, IPECTaBbTe rpapUueCcKyI0 3aBUCUMOCTb, IPUBEIUTE IPUMEPHI.

3. Kunernka nBycropoHHHX (00paTUMBIX) peakimii. OOpaThMble peakiiy IEPBOro U BTOPOro (J1Ba

ClTydasl) TIOPS/IKOB: MOKaXXUTE BBIBOJI KMHETUYECKUX YpaBHEHUM, MpeACTaBbTe rpaduue-
CKHE 3aBHCUMOCTH OIIPEJEIICHNs KOHCTAHT CKOPOCTEN, PUBEIUTE IPUMEPHI.

4. KuHeTn4ecKuil aHaIM3 TIOCIIEA0BATELHBIX PEAKIIMM (TPH CITydas): TIOKa)KUTE BBIBOJ] KMHETH-
YEeCKUX YPaBHEHHH, MpeacTaBbTe TpauuecKue 3aBHCHUMOCTU OIPEIEIICHUS KOHCTaHT
CKOPOCTEM, MPUBEIUTE TPUMEDPBI.

ComnpspkenHble peakiyi. CKOpOCTb M CPOJCTBO XMMHYECKON PEAKLHK.
6. TynnenupoBanue. Kunetnueckuii H30TOMHBINA Y DHEKT.

ol



3. KommiekT 3aga4 k Teme 6.2.
1.%. Ilpu u3yyeHun KHHETUKU UHBEPCUU TPOCTHUKOBOI'O caxapa
C12H2:011 + H20 #L, CeH1206 + CsH1206

IPY TIOMOIIH MOJIAPUMETPA OBUIH NOJTYYEHbI TAKWE OINBITHBIC JaHHBIE:

BpeMs OT Havajia peakiuu, MuH O 30 40 00

yrod, o, Tpaj 37,2 31,5 29,8 -11,7

Paccunrarh cpenHee 3HaueHUME KOHCTAHTHl CKOPOCTH PEaKLMU HWHBEPCUHM caxapa NpHU

YKa3aHHOM Temmeparype M Bpems 3a KoTopoe mnpopearupyer 50 % BBEAEHHOro B

peaxiuo caxapa.
2. TIpu MHBEpPCHH TPOCTHHUKOBOTO Caxapa CpeiHss 3HaueHHe KOHCTAaHTHI ckopocTd K = 4,12-1073
My, ONpenenuTh MPOLEHTHOE COMAEPKAHUE Caxapa, OCTABIIEroCs B PEAKIMOHHOH cMecH
yepes 4,5 yaca oT Havaja peakiyH.
3*. Peakmus pasyioKeHUs aMMHaKa Ha ropsiueld Boib(GhpaMOBOM MPOBOJIOKE IpoTekaeT mpu 1129
K no ypaBuenuto 2NHz — N2 + 3H2 3a ckOpOCThIO peakiuu CICIWIN TI0 TIOBBIIIICHHIO OOIIETO
nasienusi AP = Pt — PO. C TeyeHnnem BpeMeHU AaBlICHHE B CHCTEME IPU MOCTOSHHBIX 00beMe U
TeMIIepaType NOBBIAIOCH CIEIYIOIUM 00pa3oM
Bpewms, 1, c. 100 200 400 600 800
AP, I1a-107 14,66 29,33 59,70 89,60 117,21
HauanbHoe naBieHHe B CUCTEME paBHsIOCH 266,06 - 10? Ila. Onpenenure NOPSAOK PEAKIUU U
paccuMTaiTe KOHCTaHTY CKOPOCTHU (BMECTO KOHIIEHTPAaLUI MOKHO OpaTh JAaBJEHUE).
4. TIpu 583 K AsH3 (ra3) pazmaraercst ¢ obpazoBanuem AS(t) u Ho. Bo Bpems peakumu mpu
IOCTOSIHHBIX 00beMe U TeMmmepaType oOllee JaBJICHHE B CHUCTEME M3MEHSJIOCH CIIEAYIOIIUM
o0pazoM:

Bpewms, u 0 5,6 6,5 8,0

P, I1a-10° 97,75 107,41 109,05 111,35

Onpenenure NOpAI0K PeaKIIMU U BEIUUCIUTE KOHCTAHTY CKOPOCTH STOW PEeaKINH.
5. Tpu B3aumoneiictBuu razoB NO, u CO, B3sTBIX B paBHBIX KoHueHTparuax (0,5 Moms/amS),
npu 435 K uepes 1 wac 6suto o6Hapyxeno 0,05 moms/nm>CO2. Ilpu Kakoii TemImepaType
kosmgectBo CO2 OyzeT B 1Boe 0OJIbIlIe, €CIIM SHEPIUs akTUBaMy paBHa 123,42 k] x/monb?
6. PaBHoe umcio momeii A m B mobasmmu k 1 am® moxxomsmero pacteoputens. 3a 500 c
I0JIOBUHA A mpopearupoBajla B COOTBETCTBHM ¢ ypaBHeHHMeM peakuuun A+ B = C. Kakoe
KonudecTBO A mpopearupyet 3a 800 ¢, eciu peakius UMeeT: a) HyJIeBoU Mopsaok mo A u B; 0)
HepBbIi MOpsAAOK 0 A 1 HyJeBo# o B; B) mepsblit mopsaok no A u no B?
7. Peakuys, umeroniasi BTOpoi Nops0K 1o peareHty A, 3a 350 mun npoxoaut Ha 50%. Eciu
[A]o = 1,35 Monb/11, TO KAKOBO 3HAYEHHE KOHCTAHTBI CKOPOCTH 3TOU peakLuu?
8. Ompenenure TeMrepaTypHbIi KOA(QGUITMEHT peaKny TSIUKIN3aUHN [IUKIONPOIIaHa, €CITN
M3BECTHO, YTO IIPH NoBbIIeHNE TemrepaTypsl oT 750 1o 800 K ckopocTh peakiiuu yBenuunuBa-
ercs B 14,5 pas.
9. KoHCTaHTa CKOPOCTH Peakiuy AeTHAPHUpOBaHus MeTunamuHa pasaa 5,0-10% ¢ L mpu 913 K.
3a Kakoe BpeMsl KOHLIEHTpaIus MeTHJIaMUHAa YMEHbIIaeTcsa B 2 paza? Yemy paBHO CpeHeEe Bpe-
M1 )KM3HU MOJIEKYJIbI METUIaMUHA?
10. Jlnst peakiuu pa3ioskeHuUs MapoB YKCYCHOTO allbJieTHaa KOHCTaHTa ckopocTu Tipu 460°C =
0,035, a mpu 518°C — 0,343 (koHIIEHTpaIKs BhIpaXKeHA B MOJIB/JI, @ BpeMs — B cek). OnpenennThb
DHEPIrHUI0 aKTUBALMY JTaHHOM peakluu U KOHCTaHTY CKOpocTH ee mpu 486°C.
11. B o6patumoii peakiun A<>b koHcTaHThI ckopocTu npsaMoit K1 u obpatnoit K1 peakiun
paBHbI 300 ¢t 1 100 ¢! . B HCXOMHOM COCTOSIHUH CHCTEMA COJICPXKUT TOJILKO BeIIecTBO A. 3a
KaKOo€ BPEMsI €r0 KOHLIEHTPALUsl YMEHBIINTCS B 2 pa3a?



Ky
12. KoncranTa paBHOBecus 00paTuMoii peakiun A —— B paBHa 10, a KOHCTaHTa CKOPOCTH

npsiMoii peaktuu pasra 0,2 ¢, OnpeenuTe BpeMs, 33 KOTOPOE KOHLEHTPAIMK 000X BEIIECTB
JIOCTUTHET PaBeHCTBA, €CJIM BHAYaJle B CUCTEME COAEP)KaIOCh TOJIBKO BEIECTBO A.
K,

13. OGparumasi peakuusi MEePBOrO MOPSAAKA A——B XapaKTEPU3YeTCs CICHYIOIIUMH IaHHBIMH:

MCXO/IHAs KOHIIEHTpanus BemecTsa A pasHa 0,05 kMomb/M3, HcXoHAS KOHLIEHTpAIUS BENIeCTBA
B paBna 0, KOHIIGHTpaIlMs BEIIECTBA A IPH JOCTHXXEGHHMH paBHoBecHs paBHa 0,01 KMOIB/M.
Omnpenenure oTHOLIEHHE KOHCTAHT ckopoctu K1 u Ka.
14. TlokazaTh, YTO NpPU HAIMYMK ABYX NapajielbHbIX peakmuii A—B u A —C sHeprus
aktuBanuu E' cymmapHO peakiuu MCYE3HOBEHMSI KOMIIOHEHTa A BbIpaXkaeTcsl uepe3 IHEPruu
aktuBanuu B v By IBYX napajlenbHbIX peakiyil cleayomuM oopaszom: E = ‘pf:ﬁ:E
15*. [TapamienbHbIe PEAKIIUU X AnavTenurveTcs CIICAYIOIUMU JTAaHHBIMU: BBIXO/T

s
BeuectBa B pasen 63%, a Bpe! A\ [0ro MpeBpalIeHus BEMECTBA A 10 IPUBEACHHOU
cxeme cocrapnsger 19 M. Haitm K2 ™\ ¢ [ koncrant cxopocreii K1 u Ko.
16*. Peakuusi pa3nokeHUs U30MPOMUIOBOTO CIUPTAa B MPUCYTCTBUM KaTajau3aTopa TPUOKCHIA
BAHAAMS UJIET IO CIEAYIOLIEH CXeME:

7 GO

GHH —— GH

T GH

[lo kakoMy ypaBHEHHIO MOXHO PacCUUTaThb CyMMY KOHCTAHT CKOpocTel aTtux peakuuii K1 + Ko
+ K3, ecnn kaxxgas U3 peakuuii KHHETUYECKU — IepBoro nopska? Yemy paBHa KOHUEHTpaLus
C3H70OH, ecnu yepe3 4,3 ¢ npu TtemrnepaTtype onbita 588 K KOHIIEHTpalMK BEIIECTB B PEAKIH-
oHHOI cMecn cremyromue (Mvoms/av): C(CsH7OH) = 27,4; C(C3HesO) = 7,5; C(C3Hs) = 1,7;
C(CsHs) = 8,17

K4 B
17. Peakiuist mpoOTEKaeT Mo CXeMe . A/

Omnpenenure koHcTaHThl ckopoctel K1 u K2, ecnu u3BecTHO, YTO B CMeCH MPOIYKTOB PEaKIUu
conepxurcs 35% BeniectBa B, a koHIeHTpanus BemecTsa A yMeHbInaeTcs Basoe 3a 410 c.
18. CxeMa pagMoaKTHBHOTO pacrazia n3orona - Bi:

#9Bi (0,5 cyrok)— “’Po (138 cyrok)— “*Pb.
Ornpezenure, 4epes CKOIBKO JHEH COepykaHne H30Toma - PO JOCTHTHET MAKCHMyMa.
19. TlocnenoBaTenbHbIE PEAKIMH THUTIA 4B .c XapaKTePU3YIOTCs CIIeIYIOIIMMH JTAHHBIMHU:
OpU JOCTH)KEHHMH MaKCHUMyMa KOHIIEHTpaluu BemiecTBa B oTHomenne konuentpaiun Ca/Cs
CTAaHOBHUTCS PaBHBIM 4 : 5, a BpeMs mpeBparieHus BemectBa A Ha 25% coctasiser 85 c. KakoBbl
3Ha4YeHUs KOHCTaHT ckopocteit K1 u K2?
20. TapannensHbie peakunn A — B u 2A — B xapakTepHu3yloTcs CIeAyIOIIUMH JTaHHBIMU:
CKOpOCTH 00eUX peakiuii paBHBI P KOHIIEHTPAIUH BellecTBa A, paBHoii 0,2 KMOIb/MS, a mpH
KOHIIeHTpamuH BemiecTsa 0,4 KMOIb/M® CKOPOCTh MpeBpamenus A cocTapiseT 0,24 KMOTb/Mo-C.
Hailinure 3Hauenns koHcTaHT ckopocteit K1 u Ko.

Tema 6.3. TeopeTnueckue npeacTaBjIeHuss XUMHYECKOH KHHETHKH
1. Bonpockl K yCTHOMY OIIPOCY
7. MaremaTtnueckas u rpaduueckas 3aBUCUMOCTb KOHCTAHTBI CKOPOCTH XMMHUYECKOH peak-
U OT TEMIICpaTyphbl. TepMOl[I/IHaMI/I‘ICCKI/Iﬁ BBIBOJI BBIpAXCHU, OIIMCHIBAIOIICTO 3aBU-
CUMOCTh KOHCTaHTBI CKOPOCTH OT Temmeparypsl. 3akoH Bant-I'odda, smmupuueckoe
ypaBHEHHE AppeHuyca sl JIEMEHTapHbIX U MHOTOCTaJAMMHBIX peaKkUUid. 3aBUCUMOCTh



IPEIIKCIIOHEHIIMAIBHOTO MHOXKUTENS OT TEMIIEpaTyphl. I paHuIIbl IPUMEHEHUS ypaBHe-
HUsi AppeHuyca.

8. DHeprus akTHBALMU NPOCTHIX U CIOXKHBIX peakiuii. Kak mo moreHumansHoMy Oapbepy
OLICHUTh BEJIMYMHY SHEPIUU aKTUBAMU? 3aBUCUMOCTh SHEPTUH aKTUBALIMM OT BHJIA pea-
THPYIOLIUX YaCTUIl U UX DHEPreTHUecKoro coctosHus. Kaxymascs, Habmonaemas u 3¢-
dexTruBHAsg 3Heprus aktuBauu. CylIecTBYIOT JIU U KaKue XMMHUYECKHUE peaKlnuu, FKCIie-
pUMEHTaJIbHas SHEPIUs aKTUBALMK KOTOPBIX OTpULaTeIbHA? 3a CUET YEr0 IPOUCXOAUT
AKTUBALMS MOJIEKYJ B MOHOMOJIEKYJIIPHBIX peakiusax? B ueM 3akiiroyaercs OCHOBHOMN
HEJOCTAaTOK TEOPHH OMHAPHBIX CTOJIKHOBEHUN?

9. Teopus akTHBHBIX CTOJKHOBeHUH xumuueckux peakuuii (TACXP). BeiBom ocHOBHOTO
ypaBHEHHUS JJisi OMMOJIEKYJISIpHBIX peakuuid. YpasHenue Tpayma-JIstonca. DHeprus ak-
tuBalu TAC. OCHOBHBIE NPEAINOIOKEHHUS, HCIOJIb3yEMbIE IPU BBIBOJAEC YpPaBHEHUS
Tpayua-JIstouca. CpaBuenue pe3ynbratoB TACXP ¢ skcnepumenTom. Bo3MmoxkHbIe 1mo-
npaBku B TACXP. I'apniyHHbIE peakuu, TPpUMEPBI.

10. Teopus axtuBupoBanHoro komruiekca (TAK). IloBepXxHOCTh MOTEHIMANBHON SHEPrUn
(III9) nns monexynspHoi cuctembl. OcHOBHBIE omnpenenenus: [1I19, monuubl peareH-
TOB U MPOAYKTOB, IIEPEXOJIHOE COCTOSIHHE, CEJIOBasi TOUKA, IyThb U KOOPJIMHATA peak-
1y, sHeprust aktuBanuu. [Ipasuno Bynsopna-I'odpmana (3amper no cummerpuun). Meto-
nel onpenenenus [I19: TeopeTnueckue n sKCrIepUMEHTaIbHBIE.

11. Teopus axtuBupoBaHHoro komiuiekca (TAK) Ditpunra u Ilonsau. [IpuBeaure marema-
TUYECKHUH ammapar BbIBOJa OCHOBHOTO ypaBHeHUs TAK — ypaBHeHus DlipuHra ¢ TOUKU
3pEHHUsI CTAaTUCTHUYECKOW TepMoAuHaMUKH. OCHOBHbIE nonyiieHus. TpaHCMHCCHOHHBIN
kod(purmeHT. [IpedKCmoHeHITNAIBHBII MHOKHUTET.

12. Dueprus aktuBaiuu TAK u onbiTHas sHeprus akTuBauuu. CBs3b MEXKIY SHEPTUAMHU aK-
tuBain TAC u TAK, cpaBHeHHE COOTBETCTBYIOIIUX KOX(PPHUIMEHTOB U OOBSICHEHHE
¢u3nueckoro cMeicia AppeHHYCOBCKHX NapameTpoB. OIeHKa CTepUYEcKoro (GaxkrTopa c
nomouisio TAK.

13. TepmoauHaMU4eCKUH OJAXO/ AJIsi ONUCAHUs KOHCTAHTBI CKOPOCTH 10 ypaBHeHHI0 TAK.

14. DHTponMs aKTUBAMM XMMHYECKON pEaKIMM: OIpenereHne, PU3NYeCKHil CMBICH, BEPO-
ATHOCTHBIN XapakTep.

2. KommuiekT 3anau k teme 6.3.
1.B tabnune gansl koHcTaHTh ckopocTy K1 u K2 peakuuil npu ByX paziudHbIX TeMIepaTypax

t1 1 to. BeIumciinTe SHEPTUIO aKTHBAIMK W HAalIMTE KOHCTAHTHI CKOPOCTH TIPU TeMIieparype t3.
Peaxius t;,°C | K1 t2,°C | K2 ts, °C

1. Ho+ 12 =2HI 410 0,066 | 433 0,375 | 420

2. 2HCOH + NaOH = HCOONa + CH30OH 50 0,005 |85 0,294 | 65

3.COClI,=CO +Cl, 382 0,005 |472 0,68 425

4. Hy02 + 2HI = 2H20 + I, 20 4,32 30 8,38 |25

2. Onmnpenenure TpapUUECKHM CIIOCOOOM DHEPTHIO0 AKTHUBAIMM PEAKIUU IO JIAHHBIM
MIPEJICTABICHHBIM B TaOJIHIIE.

Peaknns [TapameTpsl
_ t’OC 20 40 60
1. Cu + (NHq)oS20p = CuSOs + (NH2)2S0s | 1 g 9.6 18,6 82,9
3 t°C 150 200 250
2. 2NOCI = 2NO + Cl> K-10® 3,65 76,3 104,5
t,oC 0 45 65

3. N2Os = N20O4 + %502

K-10° 0,077 49,8 487




t,°C 0 50 80

4.2NO + O = 2NO2 K108 3,63 2,55 1,20

3. Jlna peakiuun O + NO + M — NO; + M Kigoox = 6-10° n%/(monp?-c) u Kipox = 3-10%°
n%/(momb2-¢). PaccuntaTh mapaMeTpsl ypaBHEHHs AppeHnyca.

4-7*. TlpuBeneHbl M30TEPMBI PEaKIMK (HEOOXOIUMBIC JTaHHBIC IPEICTABICHBI Ha PHUCYHKaX).
OnpenenuTth MOPSIOK PEAKIMH, KOHCTAHTHI CKOPOCTH, YHEPTHH U SHTPOIIHIO AaKTUBAIUH.
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8. Peakiust TepMHUECKOTO pa3iokeHus: ra3000pa3Hoil okucu stuieHa mpu 378,5°C mporekaer
1o nepBoMy nopsanaky. [lepuon nmomypacnana npu 3Toil Temreparype paBeH 364 MUH. DHeprus
akTuBamu pasHa 217 kJlx/Monb. OnpenenuTh KOHCTaHTY cKopocTu peakuuu npu 450°C.

9. M300pa3ure sHepreTHyeckre MpopuiIn Al OJHOCTAIUNHBIX PEaKIUi, XapaKTePU3YIOLINXCS
cleayromuMe 3HaueHus M Eq n AE:

a) Ea = 100 x/[x/moinb, AE = — 50 x/[/Mo11b;

0) Ea = 50 x/Ixx/monb, AE = — 120 xIx/Mo7b;

B) Ea = 120 xJI>x/mMomb, AE = 50 x/mMo1b.

10. JIBe peakunuu OAWHAKOBOTO TMOPSIKA HWMEIOT OIWHAKOBBIC TPEIIKCIIOHEIMAIbHEIE
MHOXHTENM, HO UX SHEpruu akTuBanuu paziauuaiorcs: Ex>—Ei1 = 83,196 x/lx/mons. Pac-
cunTaiTe OTHOLIECHUE MX KOHCTAHT cKkopocteit Ki/ko mpu 434 K.



11*. JIBe peakuuyu OAMHAKOBOIO IOpsiIKAa UMEIOT PaBHbIE PHEPTUU akTUBaLWU, HO npu 573 K
SHTPONHUS aKTUBallUU TepBoi peakiuu Ha 41,8 J[x/Moab-Tpax OoJbllle SHTPOIHMHA AKTUBALUH
BTOpOW peaknuu. PaccumTaiiTe OTHOIIEHHE KOHCTaHT ckopocted »tux peakumit Ki/Kz mpu
JTAHHOM TemImeparype.

12. Koncranrta ckopoctu peakiuu mpu 300 K = 0,02, a mpu 350 K — 0,6. KakoBa sHeprus
aKTUBAIMK 3TOM peakuuu? YeMy paBeH NperdKCHOHEHIMAIbHBIN KOAX(PPHUIUEHT B ypaBHEHUHU
Appenunyca?

4. KoMIUIeKT TeCTOBBIX 3aaHUii IJIsl MPOMEKYTOYHOI0 KOHTPOJIsSI 3HAHU
Tect Ne6:«XumMnueckas kuHernka. Karaaus»

1. VYpaBHeHHME 3aBUCHUMOCTH KOHCTAHTBHI CKOPOCTH pEaKIMH OT TEeMIepaTypbl B
muddepeHIranbHoi hopMe UMeeT BU:

a) din k/dT = E/RT?,
6) dIn k/dT = AH/RT?;
B)dlg k/dT = - E/RT?;
r)dIn k/dt = E/RT?,

2. I3MeHeHue KOHIICHTPAIMH MPOIYKTa PEaKIMH CO BPEMEHEM, €CIU PEaKlHs MMEeT Hyle-
BOH MOPSIIOK, UMEET 3aBUCUMOCTh!

a) YMEHbILIAeTcs 110 Mapalorie;

0) yBeM4MBaeTCA 110 Tapadorie;

B) YMEHBIIIAETCsl 11O JIMHEIHOM 3aBUCUMOCTH;

I') YBEMUMBAETCA IO JIMHEWHOM 3aBUCMOCTH.

3. Bpemst nocTukeHHs] MaKCUMallbHOM KOHIIEHTpalMu MPOMEKYTOYHOro BellecTBa B B mo-
cienoBaTeNnbHOM peakuuu nepsoro nopsaka A—B—C 3aBucur:

a) OT CyMMBbI KOHCTAHT CKOPOCTEH MOCIe10BaTENbHbIX CTAUI peaKIuy;

0) OT pa3HOCTH KOHCTAHT CKOPOCTEH MOCIEI0BATEIbHBIX CTAIUN PEAKIINH;

B) OT OTHOILIEHUSI KOHCTAaHT CKOPOCTEH MOCieI0BaTEIbHbBIX CTAANI peakiuu U OT UX pa3Ho-
CTH;

I') OT OTHOLIEHUS! KOHCTAHT CKOPOCTEN MOCIIeI0BAaTEIbHBIX CTAANM PEaKIIMH U OT UX CYMMBI.

4. T'pauk 3aBMCUMOCTH JIOrapH(Ma KOHCTAHTBI CKOPOCTH peakuuu ot T umeer Bu:
a) TUTIEepOOITBI;

6) mapabosr;

B) IIPSIMOIA.

5. KoHcTanThl ckopocTell IBYX peakluil BTOPOTO MOpPsAKA, €CIHU UCXOJHbIE KOHIIEHTPAlUH
000MX pearupyrommx BEIIEeCTB OJMHAKOBHI UMEIOT COOTHOILICHHE. 3HAUEHUS MCXOJHBIX KOH-
HMEeHTpAIMid ¥ TEePHOBl MOJYNpEeBpalleHus I 3TUX peaknuit: 1-1 peakuus—I1,5 Momb/i;
200 muH; 2-5 peakius —2,0 monb/1; 300 MuH:

a) ko = 2kg;

0) k1 =4kz;

B) ko =4kg;

r) ki =2ko.

6. MakcumanbHOE KOJIMYECTBO MPOMEKYTOUHOTO BellecTBa B B mociieoBaTenbHON peakiuu
nepBoro nopsaka A—B—C onpenensercs:
a) OTHOIIEHHWEM KOHCTAHT CKOPOCTEHW W HavaJbHON KOHIEHTpAIUeld MCXOTHOTO BeIlle-



CTBA;
0) OTHOIIIEHWEM KOHIICHTpPAIIMi BEIIECTB;

B) OTHONICHHWEM KOHCTAHT CKOPOCTEH M PaBHOBECHOW KOHIICHTpAIME MCXOJIHOTO Bellle-
CTBa;

I') OTHOIIEHUEM IEPUOJOB IMOJIypacnaga U HadyallbHOW KOHIIEHTpAllMed HMCXOJTHOTO Be-
HIECTBA.

7. Ilepuon momynpeBpauieHus: Jjs peakuuu 2-ro MopsaKa 3aBUCUT OT MCXOJHBIX KOHIEHTpa-
LU{ pearupyroux BeIeCTB:

a) o0paTHO MPOMOPIIMOHANIEH UCXOIHON KOHIIEHTPALIHH;

0) IpsIMO TPOMOPILMOHAJIEH PABHOBECHON KOHIICHTPAIUU;

B) IPSIMO MPOMOPLIHUOHATIEH UCXOAHONW KOHIIEHTPAIUH.

8. DKCrepuMEeHTaAIbHOM dHEpruei aKkTHBAIMU CI0KHON peaklui Ha3bIBACTCs !
a) napameTp E B ypaBHeHUN AppeHnyca;

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

B) mapameTp E B ypaBHEHUU Teoprun aOCOIOTHBIX CKOPOCTEH;

r) mapametp E B ypaBHeHun DiipuHra.

9. Peaknuss A—>B—C nepBoro nopsiaka. U3menenue konueHtpamnuu BemectB A, B u C ¢
TedeHUueM BpeMeHH, eciu Ki>Kz oTpaxkaet 3aBUCHMOCTB:

¢

2) 0) B)

10. B npuMeHeHnHn MeToAa CTAIIMOHAPHBIX KOHIIEHTPAIIMi UMEIOTCS OTpaHUYCHHS
a) He MpUMEHsIeTCs [l KOHEUHOTO MepHoa peaKiuiy;

0) He mpUMEHSIeTCs 111 Ha4aJIbHOTO TIeprojia peakliny;

B) HE IPUMEHSETCS /17151 MOMEHTA PaBHOBECHS;

T') HE PUMEHSIETCS B KaTATUTHYECKHX PEAKLIVSIX.

11. MonekynasipHOCTbIO XUMUYECKON peaKluy Ha3bIBAETCS:

a) od11ee YMCiIo MOJIEKYT,

0) cyMMa CTEXHOMETPHUYECKUX KOIPDHUIIMEHTOB B KHHETHYECKOM ypaBHEHHH,

B) YMCJIO MOJIEKYJ, YUAaCTBYIOILIEE B JIEMEHTAPHOM aKTe€ XUMHUECKOTO NMPEBPALCHHUS;
T) cymma KO3(HUIMEHTOB B YPaBHEHNH PEAKITAH.

12. Ot WCXOMHOW KOHIIEHTPAIMU PEarupyroIiero BEmeCTBA MEPUOJ MOJYIPEBPAIICHHS I
peaknuu 1-ro mopska:

a) HE 3aBHCHT;

0) 3aBHCHT.

13. Ilpu 0MHAKOBBIX UCXOAHBIX KOHIIEHTPAIMIX M OJIMHAKOBBIX KOHCTaHTaX CKOPOCTU 3aKaH-
YUBaeTCs OBICTPEe OJTHOCTOPOHHSS PeaKITUs :

a) l-ro mopska;

0) 2-ro mopsaka,

B) 3-TO MOpPSIIKA;



r) 0-ro mopsiaka.

14. O BiMsHUM NPOMEXKYTOUYHBIX BELIECTB M KOHEUHBIX IPOJYKTOB HAa CKOPOCTb pEAKLUU
CBUJETEIbCTBYIOT!

a) SKBUBAJICHTHOCTb MEXJy BPEMEHHBIM M KOHIICHTPAIIMOHHBIM MOPSAKAMH PEAKIUA ;

0) pazinune MeXy BpeMEHHBbIM U KOHLIEHTPALMOHHBIM MOPSIIKAMU PEaKIUi;

-BEJIMYMHBI KOHCTAHT CKOPOCTEH.

15. [lopsAnKkOM XUMHYECKON peakIuu Ha3bIBACTCA:

a) IPUMEHUMOCTh KHHETUYECKOTO YPABHEHHUSI K JaHHON peaKIuu;

0) cyMMa CTeXHOMETPHIECKUX KOI(PPUIIMEHTOB B ypaBHEHUHU P ECAKIIHH;

B) CyMMa Il0OKa3aTejield cTeneHel Npu KOHLEHTPAlUsAX B KHHETUYECKOM YPaBHEHUU JTaHHOU
peaKIuu;

I') YMCJIO MOJIEKYJ, YJaCTBYIOLIMX B PEAKLIUH.

16. Pa3MepHOCTh KOHCTaHTBI CKOPOCTHU PEAKIIUU OTPEIEIAETCS:
a) MOJIEKYJISIPHOCTBIO PEAKIINH;

0) OPSAIKOM PEaKIUH;

B) pU3UKO-XUMUYECKHUMH TTapaMeTPaMU PEaKIuu.

17. DOneprus axtuBauuu peakuuu (1) OGosibiie 3Hepruu aktuBanuu peakuuu (2). [lpu Tem-
nepatype T1 KOHCTAHThI CKOPOCTH 3THUX peakiuil paBHbl. COOTHOLIEHHE MEX1Yy KOHCTaHTa-
MU CKOPOCTH 3TUX peakuuit npu T2>Ti:

a) ki = ko;

0) ki = k2 =0;

B) K1 > Ko;

r) k2 > Ki.

18. Crenuduueckum ycioBHeM, KOTOPOE€ HEOOXOIUMO COOJIIO/IaTh MPU UCHOJIb30BAaHUM XUMU-
YEeCKMX METOJOB aHaiM3a /I W3YYCHHS CKOPOCTH PEAKIMH II0 CPaBHEHHIO C (U3UKO-
XMMHYECKMMH METO/IaMM aHaJIH3a, IBISETCS:

a) YCKOpEHHE peaKiiy B podere;

0) TopMOXKEHHE peakluu B mpooere;

B) JOCTH)KEHHE PaBHOBECHSI.

19. 3HayeHne KOHCTAHTHI CKOPOCTH PEAKIUU 2-TO TOPSAKA NPU PABHBIX MCXOJHBIX KOHIICH-
TpalMsIX Pearupyrollux BEIIEeCTB rpaduuecKu ONpeaeseTcs:

a) KOHCTaHTa CKOPOCTU YHMCIEHHO PaBHA OTPE3KY, OTCEKAEMOMY 10 OCH OpAMHAT;

0) KOHCTaHTa CKOPOCTH YMCIIEHHO paBHA OTPE3KY, OTCEKaeMOMY IO OCH a0CIIHCC;

B) KOHCTaHTa CKOPOCTH YUCJIEHHO paBHA TAHT'€HCY yIJla HaKJIOHA IPSIMOM K OCH OpJIMHAT;

') KOHCTAHTa CKOPOCTH YHCIICHHO paBHA TAHTE€HCY YIJla HaKJIOHA MPsIMOM K OcH abcuucc.

20. CymHOCTh METO/1a CTAallMOHAPHBIX KOHIIEHTPALUil B:

a) IPUHATUU KOHIIEHTPALUN aKTUBHBIX MPOMEXKYTOUHBIX YaCTHI] [IOCTOSIHHOM;

0) IPUHATUY KOHLIEHTPALUI aKTUBHBIX TPOMEKYTOUHBIX YaCTHI] PAaBHBIMU HYJTIO;

B) IPUHITUH KOHLIEHTPAIUI aKTUBHBIX TPOMEKYTOUHBIX YACTHUI] PAaBHBIMU MEKITY COOOM.

21. JInMUTHPYIOLIEH CTaANeH CIIO)KHONH XMMHUYECKON peaKIIni Ha3bIBASTCSI:
a) HauOonee ObICTpast CTaIus;

0) Hanbosee MeIJIeHHAs CTa s,

B) MOMEHT pPaBHOBECHSI.



22. BelpaxkeHue Ui TEepHoa MONYIPEBPAIIeHHs] UCXOAHBIX BEIIECTB 10 PEAKIUU 3-TO IO0-
pAIKa, €CIIM MCXOAHBIC KOHIIEHTPAIMK PEarupyONUX BEMIECCTB OJHHAKOBBI HMEET BH/I:

a) e = 3/2kCo%;

6) 1 = 6/2kCo%;

B) T2 = Ink/2;

r) 112 = 1/ kCo.

23. CKOpOCTh peakiuy ONpeeisieTcs] K3MECHEHUEM KOHICHTPAIIMH PEarupyroInX BEIeCTB B
€JIMHUIlY BPEMEHH, eCIIU:

a) MOCTOSIHHA TeMIIepaTypa;

0) cTaHapTHBIE YCIOBHUS;

B) 00BEM CHCTEMBI ITOCTOSTHEH;

') I1aBJICHHUE B CUCTEME IMOCTOSIHHO.

24. 3aBUCUMOCTh KOHIIEHTpPAIlUU BEIIeCTBA A OT BPEMEHHU IPH MPOTEKAHWU TapauIeIbHBIX pe-
Ak
> B MOXCT OBITh BBIPAKECHO YPABHEHUEM C, = C'.e Hakomrenne BemecrBa B
A\ omnpenensieTcs ypaBHeHHMEM Cp=C,(1-¢"") Hakomnenue BemiectBa C
€ onpenensiercss ypaBHEHUEM:
a) Co= Cn_f(g—o,oar _ g—o,osr);
6) Ce=C"4(1— e—o,o:r);
B) Co=C"(1—e 00y,

—0.08r

25. B nocneaoBaTeIbHBIX PEAKIUAX
At > 572 5c
a b c

pu AOCTUKCHUHN MAKCHMMyMa KOHHOCHTpAIUHU BCIICCTBA B, KOHICHTpalIuKu BCIICCTB A, BuC
CTAHOBATCA PAaBHBIMHU a, buec. HpI/I 9TOM YCJIOBUH BBIIIOJIHACTCA COOTHOMICHUC!

P

@i

6)5%

B) §=

26. Paznen xuMum, U3ydaronifii CKOPOCTH M MEXaHU3MbI XUMUYECKHX PEaKIUil, Ha3bIBACTC:
a) XMMHUYecKasi TEpMOJIMHAMHUKa;

0) TEpMOXUMHUS;

B) XUMHUECKasi KHHETHKA,;

I)KaJIOPUMETPHSI.

=

5 |

|
|

27. CKOpOCTh XMMUYECKON pEAKIUU — 3TO:

a) BpeMs, 32 KOTOPOE MOJIHOCTBIO PaCcX0OyeTCsl OJTHO U3 UCXOJIHBIX BELIECTB;

0) BpeMs, 32 KOTOPOE 3aKaHYMBAETCS PEaKIus;

B) N3MEHEHHE KOJIMYECTBA BEIIECTBA PEAareHTOB (UM MPOJAYKTOB PEaKlUK) B €IUHUILY BPEMEHHU
B eIMHUIIE 00beMa;

') KOJIMYECTBO BEILIECTBA MIPOAYKTOB PEAKIIMU K MOMEHTY OKOHYAHHUS PEaKIUH.

28. CKOpOCTh XMMUYECKON PEAKIINN BBIPAXKAETCS:
a) MOJIb-J1/c?;

0) MoJIeKyma-cM./c;

B) MOJIb;

r) 6e3pa3mMepHas BEIMYHUHA.



29. CooTBETCBHE MEXAY 3aBHCUMOCTBIO CKOPOCTH XMMHYECKHX PEakIHi B pacTBOpe U (akTo-
pamu:

a) CKOPOCTh XMMHUYECKON PEaKIy 3aBUCHUT OT;

0) CKOPOCTb XMMUYECKOH PEAaKLIMU HE 3aBUCHT OT;

B) IPUPOJIBI PEarupyONINX BEUIECTB, KOHIIEHTPAIIUHU, TEMIIEPATYPHI;

r) 00beMa peakIIMOHHOIO COCY/Ia.

30. KoncranTa ckopocTu K B 3akoHe JIEHCTBYIOIINX Macc — 3TO:

a) CKOPOCTh PEaKIIUH TPU CIUHHUYHBIX KOHIICHTPALUSAX PEarupyroIInX BEeIIECTB;

0) 6e3pa3zmepHbIil KO3PPHUITUCHT MPOMOPIUOHAIEHOCTH MEXIY CKOPOCTHIO M KOHIICHTPAIUSIMH,
B) ko3 purment B ypaBaeHuu Bant-I'odda;

') U3MCHEHHUE KOHIICHTPAIIMHU BEIIECTBA K MOMEHTY OKOHYAHUS PEaKIIHH.

Tema 6.4. Ilennblie, poToxumMuyeckne 1 paIualOHHO-XMMHYeCKHe IPOLecChl
1. Bonpochl K yCTHOMY OIIPOCY

1. TlpuHnmn cTanMOHAPHOTO COCTOSIHUSA (J€TATbHOTO paBHOBecHs) — MeTo boneHmTeiina.
Ha npumepe nokakute npuMEHEHHE METO/1a CTALIMOHAPHOTO COCTOSIHUSA ISl pacCMOTpe-
HUSl KUHETUKU XUMHUYECKOUN peaKkiuu.

2.0OCHOBHbBIE TOJIOKEHHSI TEOPHUH KUHETUKU IIETHBIX Pa3BETBICHHBIX U HEPA3BETBICHHBIX
peakuuii. [IpuBenuTe KMHETUYECKHE YpaBHEHUS I JAHHBIX peakUui Ha NpUMepax.
MOXHO M U KaK YMEHbIIUTh HUXKHUU IpeJesl NaBJEHUs, HaUhHasl C KOTOPOTO pas-
BETBJICHHAS LEIIHAsI peaKIusl pa3BUBAETCs CO CKOPOCThIO B3pbiBa? Hanuiure ypaBHe-
HUE IS pacyeTra CKOPOCTH Pa3BETBICHHON LEMHON peaklUH, €Cld BEpOSTHOCTh pas-
BETBJICHUSI OOJIbIIIE BEPOSTHOCTH 0OphIBa enu. [Ipu 3amucu ypaBHEHHS IOJIB3YHTECHh
0003HAYEHHSIMU: V — CKOPOCTh peakuuu; f— BeposATHOCTH pa3BeTBICHMS LENH; § —
BEPOATHOCTH OOpbIBA LIENH; T — BPEMsI OT Havaja peaklMK; () — KOHCTAHTa HapacTaHUs
(¢ = f—Q); A —rnocTosiHHAs BeTMUYHHA.

3.  ®oroxumuueckue peakiyu. OCHOBHbIE 3aKOHbI poToXMMHU. Kakue mapameTps! BIUSIOT
Ha CKOpocTh (OTOXMMMUECKUX peakiuii? Ha npuMepax mokaxuTe J1Ba OCHOBHBIX MeXa-
HU3Ma (OTOXMMMYECKHX peakuuil. DHeprusi GOTOXUMHUYECKH BO30YKIEHHBIX MPOAYK-
TOB. MOXeT 11 U B KakoM ciiydae (OTOXMMHYECKash peaKius uMeTh 1-i mopsaok, ec-
JM TepBUYHAs (POTOXMMHUYECKAsh aKTHBAIMs SBISETCS JTUMUTHUpYIoLed craaueit? Mo-
JKET JIM U B KAKOM CJIyyae KBaHTOBBIM BBIXOJ (POTOXUMUYECKOIN peakuu ObITh OOJIbIIE
€UHULBI?

4. PannannoHHO-XMMHWYECKUE pEaKIHUU. BHOMIOMUHECHEHIUS M XEMOJIIOMUHECIICHIIMS.
[Toxaxkute B 00111€M BUI€ CTA UM MEXAaHU3Ma XEMOJIIOMUHECLIEHIIUH.

2. KommiekT 3a1a4 Kk Teme 6.4.

1*. Peakrms pasnoxenust o3oHa 203 = 302 ONMUCAaHB KWHETHYECKAM YPABHEHHEM: —o= k%
Hamucate MexaHu3M, KOTOPBIM MPUBOAUI OBl K ATOMY KHHETHYECKOMY ypaBHeHHIO. (MoXXHO
MPEIOJIOKUTD, YTO TIEPBOM CTAUEH SIBISETCS PeakIus 00pa30oBaHUs aTOMa KHCIOPO/a).

2*. Peakuus TEPMHYECKOTO pPa3jOKEHHUS ITaHA MPOTEKAET MO PaJUKATLHOMY MEXaHH3MY B
COOTBETCTBUU CO CIEAYIOIIEH CXEMOM:
C2Hg = 2CH*3 uaunuupyromas cragus (1)

CH*3+ CoHs == CH4 + C2H*s 2
CoH®s = C,H4 + H* 3)
H*+ C2Hg = Hz + C2Hs 4)
2C,H®s = C4H1o peakiust oopbiBa emnu (5)
Peakumu (2)—(4) — peakuuu TPOAOIDKCHHS Ienu. VICHosip3ys MeEToJ CTallMOHApHBIX

KOHIIEHTpalui, BEIBEAUTE KHHETHUECKOE ypaBHEeHUE peakuuu pasznoxkenus: CoHe, ecnu peakius



(1) sBIsIeTCS MOHOMOJIEKYJISIPHOW M TPU OOBIYHBIX YCIOBHUSX, T.€. IPU HEBBICOKHX IABICHHSIX,
IIPOTEKAET 10 2-My MOPSAKY.

3*. lns peakuuu B razoBoi (haze _Hz + I > 2HI no 1967 roma sBasics oOHMICHPHHATHIM
crexyromuit mexanusm (1): Hz + 12 = 2HI.
B 1967 roay ObL10 MOKa3aHO, YTO PEAKIUS HICT, BEPOITHO, 1o Mexanusmy (I1):

l2 =21 (1)
21 =1 2)
21 +Hy =, 2HI 3)

HCHOJ’IBE&}’?{ MCTOJ CTallMOHAapHBIX KOHHCHTpaHHfI, BBIBCIAUTE YpPaBHCHUA 4 CKOPOCTH

o6pazosanus (), cootercTByronme Mexaausmy (1) u (11).

4*. Wcnonb3yss METOJ CTAallMOHAPHOW KOHIICHTPALIMM, BBHIBECTU YpPaBHEHHUE, OIPEICIISIONIee
CKOPOCTh TOMOTE€HHO-KAaTaTUTUIECKON PEaKIIun
A + B + K - C + K. T'oMoreHHo-kaTaluTH4ecKasi peakuusi MPOTEKAET IO CIEAYIOIIEMY
MEXaHU3MY:
1. Ob6pa3zoBanue nmpomexxyrouHoro npoaykta AK B pesynbpTare oOpaTHMOro B3aMMOJCHCTBUS
MEXIy KaTaIM3aTOPOM U OJTHUM U3 UCXOHBIX BEIECTB:
A+K = AK
2. OOpa3zoBaHue AaKTUBHOTO KOMILJIEKCA B pe3ylibTaTe B3aUMOJEHCTBUA 00pa30oBaBIIETOCS
MIPOMEKYTOUYHOTO MTPOJIYKTA CO BTOPHIM KOMIIOHEHTOM PEaKIUU:
AK+B &, (AB*)K
3. OGpa3oBaHr€e KOHEUHBIX NMPOAYKTOB U PErCHEpallUsl KaTaIu3aTopa:
(AB*K =, C+K.
5. Kunernka (HOTOXMMHUYECKOTO XJIOpUpOBaHMs TeTpaxyiopaTuicHa B pactBope CCls
onuchiBaeTcs nuddepeHuanbHbpIM YypaBHEHUEM:
_dICLH] o
dt
Peakuust — nenHasi, Ha 4TO yKa3bIBaeT BHICOKMI KBAHTOBBIN BBIXOJI, a TaKXKe JPOOHBIN MOPSIOK
peakiuu. [lomyunTs BeienpuBeneHHoe nuddepeHIantsHoe ypaBHEeHHE, eCITH peakius UIET 1Mo
CIEAYIOUIEH CXEME:
Clz + hv 2.2CI* (3apoxnenue nemnn)
Cl*+ C2Clg £ * CoCls
Clz +* CCls =, CClg+ CI°
* CoCls + * C2Cls = C2Clg + C2Cls (06pbIB 11€1IH).

(mpomoymKeHMe TIETTH)

6*. [Ipu ocemennu razoBoit cmecu CO + Cl2 uctounnkom ¢ umHOU BosHBI 400 HM OBLIO TIO-
aydeno o ypaBHeHuto peakiuu CO + Cl, = COCl2 0,1 kr pocrena. KonmmaecTBo MOTIOMEHHON
ra3zoMm Jyuuctoi sHepruu 300 [[x. PaccunTtaiiTe KBaHTOBBIN BBIXOJ 3TOW PEAKIUH.

7*. Ilpu hoTO6pOMUPOBAHUHN KOPUYHON KUCIOTHI JO AMOPOMKOPHUYHOM KUCIOTHI peaKIIMOHHAS
cMech 00JTydanach CHHIM CBETOM C JUTHHOM BOTHEI 435,8 HM 1 mHTeHCHBHOCTHIO 14-10 JTx/c.
3a Bpems skcniozunuu 1105 ¢ konmruectBo Brz ymensmmnocs Ha 0,075 mMons. PactBop morso-
man 80,1% cBera, mpoxoAsIero yepe3 Hero. BeruncianTe KBaHTOBBIN BBIXOI.

Paznea VII. Karanu3
Tema 7.1. Karanus. O0mue npuHUMIIBI IPOTEKAHUS KATATUTHYECKUX PeaKIui
1. Bonpockl K yCTHOMY OIIPOCY
1. KuHeTHKa reTeporeHHBIX XUMUYECKHX PEAKIIHA.
2. Karanutndeckue nporeccbl. OCHOBHBIC MOHSATHS: KaTalu3, kaTanusarop (mo Bopecko-
BY), MHTUOUTOp. CeIMpUIHOCTh M CEIEKTUBHOCTh KaTaau3aTopoB (mpumMepsl). OCHOB-



HbIE MOJIOKEHHsSI Teopuu Karanusa. [Ipomexyrounsie BemiecTBa B Kataiuse. [IpuHuun
SHEPreTUYECKOTO COOTBETCTBUSA

3. OOume nmpeacTaBIeHUS O MEXaHU3MaX KaTaTMTHYECKOTO JEHCTBHSI, CBI3aHHOM C 00pa-
30BaHMEM aKTHBHBIX KOMIUIEKCOB. Kitaccudukanus KaTaIMTHUYECKUX MTPOIIECCOB.

4. TomoreHHbI KaTanu3 B ra3oBoi (aze. Teopust mpoMexyTOUHBIX MPOIYKTOB. KnucinoTHo-
OCHOBHOM KaTayin3: CHENU(UUECKH KUCIOTHBIN KaTaau3, CHeru(UUEeCKHii OCHOBHOMN
Karajau3, OO KUCIOTHBIN KaTaiu3, OO OCHOBHOW KaTaiu3, KOPPEISIIUOHHBIE CO-
OoTHOIIEHU. ['eTepOoreHHbIN KUCIOTHBIN KaTaau3. ABTOKATAIIN3.

2. JlaGopaTopHas padora Ne7 «Karaaurudeckoe Biaussnue nonos meau (1)u :kenesa (I1) na
CKOPOCTh OKHCJICHHS H00BOJOPOAHON KHCJIOTHI Nepcyab(aToM aMMOHHUA»

Iesib paboThL: M3YUUTH BIUSHHE KaTAIN3aTOPOB HA CKOPOCTh XUMHUECKOW PeaKLnu.

[Mpuanmn merona. Peakiusi OKUCIIEHUS MOAOBOJOPOIHON KUCIOTHI MEpCylb(paTomM am-
MOHHMS IPOTEKAET MEIJICHHO.

(NH4)2S208+2HI — 2NHsHSO4 + 12

CKOpOCTb 3TOH peakuuu U3MEPSIOT 110 KOJIMYECTBY MOJIA, BBIACIAIOIIETOCS B €JUHUILY
BPEMEHHU, WIH IO MPOMEKYTKY BPEMEHH OT MOMEHTAa CMELIEHUs] PaCTBOPOB JI0 Hayajla BblJe-
JaeHus uwona. BeaeacTBue Toro, yTo MoA ciaabo OKpalluBaeT pa3daBieHHBIE pacTBOPHI, K pea-
TUPYIOLIEH CMecH MpeBapUTEIbHO NPUOABIAIOT pacTBOpP Kpaxmania, KOTOPbI C UOJIOM JaeT
CHUHEE OKpallliBaHUE.

OxwuciieHue MOIOBOJOPOJHON KHUCIIOTHI MepCysib()aToM aMMOHHS MOKHO 3HAUYUTEIHBHO
YCKOPHUTb BBEIEHUEM B pEarupyrolly cMecb HOHOB MEJIH U JKeJle3a.

B ananutHueckoil XMMUM OCHOBHOM PEAKIIMEN MOJTOMETPUUECKOTI0 METO1a TUTPOBAHUS
MOXET OBITh CEAYIOIIA:

I+ 2Na2S203 = 2Nal + 2NaxS40e

OkOHYaHUE peaklUN yCTaHABIMBAIOT B MPUCYTCTBUU pPacTBOpa Kpaxmaja IO HUCUEe3-
HOBEHUIO CHHEN OKPACKH, BBI3BAHHOM B3aUMOJECHCTBUEM MOJA C KPAXMAJIOM.

AnmnapaTypa ¥ peakTuBbl: TepMocTar Ha 25°C, aecsaTh MIOCKOAOHHBIX Koi0O Ha 300
cM, ceMb KOHMYecKHX kou6 Ha 250 cm®, mumerku Ha 20 cM3, yachl ¢ CEKYHIOMEPOM;
Kl, cyxas conb; MeaHbIi Kynopoc, xene3Hslii kynopoc, 1 M pactop H2SO4.

[purorouts pactopsl: 0,1 M (NH4)2S,0g; 0,12 M. KI; 0,025M H,SO04; 5:10*M meno-
ro kynopoca; 6,7-10* M xenesnoro kymopoca; 0,01 M Tuocynbdara HaTpus; kpaxmana (CBe-
JKEMPUTOTOBIIEHHOTO).

IHopsinok BbIMOTHEHNS PA0OTHI

OnsiT 1. B tepmocrtar ¢ temnepatypoit 25°C cTaBAT IIECTh IUIOCKOJOHHBIX KOJIO
(1a 300 cm®), B KOTOpHIE HANKTO: B TIepByI0 — 250 cm® BofkI, Bo BTopyio — 250 cM® pacTtBopa
nepcynbhara aMMoHus, B TpeThio — 250 cM® pacTBOpa MOAMAA Kanus, B 4eTBepTyio — 250
cM® pacTBopa cepHOil KMCIOTHI, B IATyI0 — 250 cM® pacTBOpa MeIHOTO KyIopoca U B Iie-
cryto — 250 cM® pacTBOpa JKeNe3HOro KyHopoca YKa3aHHBIX BEIIIE KOHIEHTparwmit. OHOBpe-
MEHHO CTaBAT B CHET MJIM B TONYEHBIH e[l ceMb KOHHUECKUX K0JI0 Ha 250 cM°, B KoTOphle
namuBaroT mo 100 cm® BobL.

[Tocne Toro kak pacTBOphl B KoJ0ax MpUMYT TeMIiepaTypy Tepmocrara (uepe3z 40—50
MUH), U3 HUX OepyT mnumneTkaMu (He BbIHUMAas KOJOBI M3 TEpPMOCTAaTa) U MEPEHOCIT B
cyxyro uncTyio kon6y Ha 300 cm® mociemosatensno 100 cM® Boasr, 50 cm® pacTBOpa
nepcynbdara ammonus, 50 cm® pacTBopa cepHolt KHCTOTH U 50 cM® pacTBOpa MOJMAA Ka-
aus. MOMEHT BIIMBaHMS pacTBOpa MOJuAA KalMsl CUATAIOT HA4yajaoM OIBITa, IO 4acaMm OTMe-
gatoT BpeMs 1o =0. CMechr B kosi0e pa3MemuBaOT U CTaBiAT €€ B TepMocTaT. Bee aTh ome-
paluu HaJ0 BHIMOIHATH OBICTPO.

Yepes 5, 10, 20, 30, 50 u 60 Mun mociie Havyasa onbiTa OTOMparoT mo 20 cM® cMmecH, He
BBIHMMasi KOJOBI M3 TEpMOCTaTa, BIMBAIOT KaXIyl0 MpoO0y B KOHHYECKYIO KOJOy € OX-
JaXI€HHOW BOJIOM, 3aTe€M TUTPYIOT pacTBOPOM THOCYJIb(paTa HaTpuUs B NMPUCYTCTBUU pac-
TBOpa Kpaxmaina. B MoMeHT oT60pa nmpoObl NUMETKOW OTMEUaroT BpeMs IO 4acaM.



TutpoBaTh Hag0 OBICTPO. 3aMMCHIBAIOT KOJUYECTBO PacTBOpa THOCYIbdara HATPUS,
M3pPacX0J0BAHHOTIO Ha KaXJI0€ TUTPOBAHUE.

OnwIT 2. JIn1s IIONydeHus peakIMOHHON CMECH B CYXYI0 YHCTyIo Konby Ha 300 cm® BBO-
14T 1o 50 cM® BOJIBI M PACTBOPOB MEHOTO KYIIOPOCA, CEPHON KHCIOTHI, IIepCyiib(ara aMMo-
HUS U MOAMJA Kajus. 3aTeM MPOJENIBIBAIOT TO XK€ CaMOe€, YTO U B MEPBOM OIbITE. TUTPY-
10T uepes 3, 5, 10, 20, 40, 60 muH, cuyutas OT MOMEHTa MPUOABJICHUS PacTBOpa MOJHUIA
KaJus.

OnbIT 3. DKCIEPUMEHT BHITIOTHSETCSA, KAK H BO BTOPOM OIIBITE, HO BMecTo 50 cM® pac-
TBOpPA MEHOTO KYIIOpOca B cMech BBOAAT 50 cM® pacTBOpa KeNe3HOTO Kymopoca.

OnebIT 4. DKCIIEPUMEHT BBITIOIHACTCS, KaK U B TIEPBOM OIIBITE, HO B CMECh BMECTO BOJIbI
BBOAMTCS 110 50 cM® PacTBOPOB MEIHOTO M KelIe3HOro Kymopoca. Tutpyror uepes 1, 2, 3,
5, 15, 30 muH, cyuTas OT MOMEHTA NMPUOABICHHUS PAacTBOPa MOKIA KaJIUS.

O0padoTKa IKCIEPUMEHTAIbHBIX JAHHBIX
1. Pe3ynbTarhl pacueToB U OMBITHHIE TaHHBIE 0(OPMIISIFOTCS B BUE TAOJIHUIIbL:

KommuectBo pactBopa NazS,03, H3pacx0I0BaHHOTO HAa TUTPOBAHHE, CM°
Ne omrwiTa Bpems, Mun
1 2 3 5 10 15 20 30 40 50 60
1
2
3
4

2. IToctpouts rpaduku 3aBucuMocT «V (NazS203) — T» u caenaTh BBIBOJ O BIMSHUE KaTaau3a-
TOPOB Ha CKOPOCTh XUMHUYECKOH pEaKIIny.
Otuer o pabote (cM. oO1re TpeOoBaHUS).

3. Kommekr 3aaa4 k Teme 7.1

1. Karanuzatop cHmkaet 3Hepruto aktuBauu ¢ 60 x/lx/monp no 20 x/lx/Monb. Onpenenure,
KaK BIIHMsET Ha TeMnepaTypHblil koaddunnent peakiuu npu 300 K BBeeHne katanuzatopa.

2. Karanmuzatop cHmxkaer »Hepruto aktuBaimu Ha 40 xJ[k/mMonb. Peakuust mpoBoauiack mpu
temneparype 300 K. Bo ckombko pa3 BO3pacTeT CKOPOCTb pEaKUUU IIpU BBEACHUU
KaranuzaTtopa?

3. Pa3nocTh sHepruit aktuBanuu peakiuii paBHa 8 xJlx/monb. [Ipu 400 K Brixon BemectBa B
cocrasiseT 25%. Kakum okaxercs Bbixo Bemtectsa npu 500 K.

Tema 7.2. KuneTuka KaTaJauTH4YeCKHX NMPOLECCOB
1. Bonpockl K yCTHOMY OIIPOCY
1. T'ereporennslil katanu3. Karanu3atopsl 1 UIX OCHOBHBIE THIIBI. Y CJIOBHSI BBICOKOM aKTUBHOCTH
KaTaJmzaropa (IUCIePCHOCTh TBEPAbIX KAaTalIW3aTOpPOB, CIIEKaHUE KaTaau3aTOPOB, IPOMOTHPO-
BaHue, OTpaBlieHUE KaTanu3aTtopoB). Ponb agcopbunn B reTeporeHHO-KaTaaIuTHUYEeCKUX peaKily-
AX — BBIBOJl KUHETUUYECKUX ypaBHEHUI. YpaBHeHue Jlenrmiopa-XunmensByna. Kunernueckas n
muddy3noHHast 06J1aCTH TeTePOreHHOT0 KaTAIUTUYECKOTO Mpoliecca.
2. Teopuu karanuza. [IpeacraBienue o0 akTHBHBIX LEeHTpaX. Poib eekToB peasbHOro TBEp-
noro Tena B katanuse (I'. Taiiinop). Posib HEOTHOPOIHOCTH TTOBEPXHOCTH U €€ YYET B aJCOpOIUu
U KaTanuse, TeOpHsl akTUBHBIX KaTamuTuyeckux ancamoOneir H.M. KobGo3esa. JluranaHo-nosnesas
teopusi b.B. EpodeeBa. Teopust mynptumieroB A.A. bananguna. [losicuute Ha mpumepax oc-
HOBHOM CMBICJI U 3HAYCHUE NMPUHIHUIIA CTPYKTYPHOTO (T€OMETPHUECKOTO) COOTBETCTBUS MYIIb-
TUMJIETHOW TEOPUU reTepOoTreHHOro Katanuia A.A. bananauHa. DJIeKTpOHHAs TEOPHs KaTaau-
3a.



3. OcobenHocT GepMeHTATUBHOTO KaTanu3a. Cxema u ypaBHeHne Muxasnuca-MenteH. KoH-
KYPEHTHOE M HEKOHKYpEeHTHOe HHruoupoBanue. CydctpatHoe TopMOKkeHue. [IpruunHbl 00JIbIIHX
CKOpOCTEH (PepMEHTATHBHBIX PEAKIIHA.

4. BnusiHMEe pacTBOPUTENS Ha CKOPOCTh XMMHUYECKUX peaknuii. Cka3plBaeTCs JU M Kak
MOHHAs CHJIa PAacTBOPA Ha CKOPOCTH PEaKIMU MEXIy HOHAMH B pacTBOpe?

3. KommiekT 3aaa4 k Teme 7.2.

1. PaccuuraiitTe 3HaueHne KOHCTaHThl Muxasnuca U 3Ha4eHHEe MakcUManbHOH ckopocT (Km u
Vmax) BCEMH BO3MOXKHBIMH METOJIaMHU ISl peaKLMHU THAPOIII3a METHIIOBOTO 3¢upa N-6enzonn-L-
aMHHOMACIISTHOM, KaTalu3UpPyeMOro O.-XUMOTPUIICUHOM. M3BECTHBI JaHHBIE O 3aBUCHUMOCTH
HAYaIbHOM CKOPOCTH OT KOHLIEHTPAIMH CyOCcTpaTa:

cs?-10%,M 2,24 2,24 1,49 1,49 1,12 1,12 0,90 0,90 0,75 0,75

Vo- 107, momw/c 4,25 4,31 3,52 3,60 3,10 3,12 2,71 2,77 2,45 2,40.

2. Onpenenute 3HaYEHUS! KHHETUYECKUX MapaMeTPOB: Vmax, KM, U Kiar THIPOJIN3a METHIIOBOTO
sapupa K-anerun-1-sanmHa, KaTaau3HpPyeMOro O-XMMOTPHUIICHHOM, WCXOIs W3 TPHUBEICHHBIX
HIKe NaHHBIX. HauansHas KoHIeHTpanus GpepMenTa pasHa 3,8 - 107 Moms/om 3 .

¢s®, moss/mm® 0,200 0,124 0,091 0,071 0,060

vO - 10%, MOJIL/(I{M3-C) 457 3,833,312,932,74

3. IIpu no6aBneHny UHIUOUTOPA B (PEPMEHTATUBHYIO CUCTEMY, IOJUUHSAIOLIYIOCS cxeMe Muxa-
anuca—MeHTeH, MakCUMaJlbHasi CKOPOCTh PEaKMM YMEHbIIMIACh B 5 pa3, a Ky He u3MeHunace.
[Tpenyioxxute cxeMy MHrMOMpoBaHUs M paccuuTaite K, eciy KOHLEHTpalus UHIMOUTOpa paBs-
msuiachk 4 - 107° Mos/mm° .

4. T'uaponu3 aneTUHXOJIMHA KaTalu3upyeTcs: (EepMEHTOM aleTUIXOIUMHACTepa3oid. Yuciao obo-
potoB coctasmser 25000 ¢ L. Ckonpko BpeMeHH moTpedyercst GepMeHTY I PacIIerUIeHUs OJ1-
HOM MOJIEKYJIbI alleTUIIXOJINHA?

5. Jlns HeKoTopoil (hepMEHTaTHBHON peakIimy KoHcTaHTa Muxadmuca paHa 0,035 Moms/mv® .
CKopoCTh peakuud Hpu KoHueHTpamuu cyberpata 0,110 moms/mm® pasma 1,15 - 1073
Mons/mv>-¢. PaccunTaiiTe MaKCHMaTbHYIO CKOPOCTh TOH PEaKITHH.

6. IIpu 1oOaBNEeHUN KOHKYPEHTHOI'O MHIMOUTOpa B ()EPMEHTATUBHYIO CUCTEMY, MOTUMHSIONLY-
rocs cxeme Muxasmuca—Menten (Km = 2,5 - 1073 mons/nm®), ckopocTh peakium yMeHbIIHIACh
Ha 60 %. Konnenrpanus cyberpara passa 3,0 - 1072 Moas/mM®, KOHIIEHTpAINS HHTHOUTOpA —
3,0 - 1074 momb/mm>. TIpu Kakoit KOHIIEHTPAIUH Cy6CTpaTa CKOPOCTh Peakiuu cocTaBut 30 % ot
UCXOJHOM, MPU TOU e KOHLEHTPALUU HHIruouTopa?

7. Ilpn noGaBIeHUN KOHKYPEHTHOI'O MHTUOUTOpA B (PEPMEHTATUBHYIO CUCTEMY, MOJIUMHSIONLY-
toca cxeme Muxasmuca—Menten (Kvm = 3,0 - 10~ Mons/nM®), cKOpoCTh peakiuy yMeHbIINIACh
Ha 70 %. Konnentparus cy6erpata pasaa 2,5 - 103 mons/nm®, koHIeHTpanus nHru6uTopa —
5,0 - 10~ moms/nm® . TIpu Kakoif KOHIIEHTPAINK CYOCTpaTa CKOPOCTh PEaKIMU COCTABHT 35 % OT
UCXOJIHOM, PH TOH e KOHIEHTpaluu HHruouTopa?

Tema 8.1. [loBepXHOCTHBIE SIBJICHUS M a1COPOLMS

1. OTuer o s1aboparopHoii padore

JlaGopatopHas pabota Nel. MI3mepeHre MOBEpXHOCTHOTO HATSHKEHUSI pAaCTBOPOB

JlaGopaTtopHnast pabota Ne2. OmnpezienieHre yaeabHON MOBEPXHOCTH YIJIS TI0 aJCOPOINH YK-
CYCHOM KHMCJIOTBI

JlaGopatopnast pabota Ne3. MccnenoBanue BiusiHus ctpoeHus mojekyn [IAB Ha ux mo-
BEPXHOCTHYIO aKTUBHOCTB. Ompe/iesieHre napaMeTpoB aCOPOIIHOHHOTO CIIOSL.

JlaGopaTtopHnast pabota Ne4. V3ydeHrne OCHOBHBIX XapaKTEPUCTHUK TBEPIBIX COPOCHTOB.

JlaGopatopHast pabota Ne5. M3yueHune TepMOAMHAMUKN aacopOLIuu (IOKYISHTOB U3 BOJI-
HBIX PACTBOPOB Ha TBEPJOM aJCOPOCHTE.



2. Pelienue 3agay4

1. I'paduueckum myrem Haiiaute B ypaBHeHHH DpedHIMXa KOHCTAHTHI JJIs aIcopOIuu
MPONMMOHOBOM KUCJIOTHI | T yIJIsi, HOJIBb3YACH CICAYIOIMMH TaHHBIMU:

HavanpHas MosisspHas KOHIICHTpAIIUS, MOJIB/IM® 0,03 0,12 0,46 0,66

PaBHOBeCcHast MOJIIpHAsT KOHIICHTPAIIHS, MOJIB/IM® 0,004 10,061 0,37 0,54

2. Omnpenenure rpadUueCKUM METOJAOM KOHCTaHTHI A» U K B ypaBHeHuu Jlenrmropa st
a1cOpOIIMK YKCYCHOW KHCIIOTHI M3 BOJHOTO PAacTBOpA XKMBOTHBIM yriieM mnipu 25°C, ucxons u3
CJIEIYIOIINX JAHHBIX:

PaBHOBecHast MoJIsipHAst KOHIICHTPAIIHS, MOJIB/IM® 0,031 0,062 0,268 0,822

A, MOIB/KT 0.624 1,01 1,91 2,48

3. Paccunraiite agcop6Oiuo a3ora (B M>/kr) Ha cmoze npu 90 K (IpuBeIeHHBIX K TeMIIe-
parype 20°C u napnenuo 1,013-10° ITa) o ypasHenuio JIeHrMiopa, eclii JaBIeHHE a30Ta PABHO
1730 u 670 Ila, Ax = 0,0385 m%/xr, K= 847.

4. PaccunraiiTe KOHCTaHTBl @ U — TpapUUYECKUM METOAOM Ul aICOpOIMH YKCYCHOMU
n

KHCJIOTBI JKUBOTHBIM YIJICM IIPU 25°C Ha ocHOBe CJICAYIOMIUX ONBITHBIX JAHHBIX:

PaBHOBeCHAs MOJIAPHAs KOHIIEHTPAIINS, MOJIb/IM> 0,018 0,126 0,268 (0,471 |2,785

%,Mom,/xr 047 |111 |155 |2,04 |427

5. Beiuucnure BenuuuHy aacopOuuu aprosa Ha yrie npu -78°C, ecnu JaBleHHE aproHa

paBuo 1,72-10% I1a, a = 4,83-107 M3/KT 1 i =0,6024.
n

6. Haiiaure miomaas, OpUXOIsIIylOcs Ha OJHY MOJIEKYJY B HACBHIILIEHHOM aJCOPOIMOH-
HOM CJIO€ aHWJIMHA Ha MOBEPXHOCTHU €ro BOAHOIO pacTBOpa C BO3AYXOM, €ClIU IpelenbHas aj-
copbuys aHuIMHA cocTapiseT 6-107° moms/m2.

7. Ilpu uccnenoBanuu aacopOuuu creapuHoBoit kucaotsl (C17H3sCOOH) ee pacTtBopoB B
H-TE€KCaHe Pa3JIMYHbIX KOHIIEHTPAIMH ¢ Ha MOPOIIKE CTAIM MOJYYEeHbI pe3yJIbTaThl:
¢-10°, monp/mm® 2 4 7 10 15 20 25

A-103, kr/xr 0,7 1,00 1,17 1,30 1,47 1,60 1,70

Paccunraiite ynenpHyr0 MOBEPXHOCTH MOPOIIKA CTAIH, IPUHUMAS MJIOLAAb | MOJIEKYJIbI
CTEapHHOBO# KHCIIOTHI B HACKIIIEHHOM MoHocoe 0,20 HM?,

8. IIpu 06paboTKe MaHHBIX MO aACOPOIMH a30Ta Ha rpaduTHpoBaHHOM caxe nipu 77 K ¢
MOMOIUIbIO TpaduKa, COOTBETCTBYIOIIETO JIMHEHHOMY ypaBHeHUto bOT, HaliieHo, 4TO TaHTEHC
yIlla HaKJIoHa TIpsAMoil coctasnseT 1,5-10%, a oTpe3ok, oTcekaeMblii Ha OCH OpAMHAT, paBeH 5
enuHMIAM (a7copOIMs BRIpakeHa B M° a30Ta Ha 1 KT ajcopOeHTa Mpu HOPMATBHBIX YCIOBHAX).
PaccuunTaiite ynenbHyIO MOBEpXHOCTh aacopOeHTa, Mpejrnojaras, 4To IUIOIAdb, 3aHUMaeMas
OJTHO¥ MOJIeKymoii a30Ta, paBHa 0,16 HM?,

9. Onpenennre KOHCTaHTHl AMIMPUUYECKOTO ypaBHEHNU DPpeliHuINXa, UCTIOIb3Ys CIENY-
IOIIIEe JaHHBIE 00 aJcopOIMK TMOKCH A yTiepoa Ha akTuBHOM yruie ripu 293 K.

p-103 Tla 1,00 4,48 10,0 14,4 25,,0 45,2
A-103, M/kr 3,23 6,67 9,62 11,72 14,5 17,7




10. YjenbHast HOBEPXHOCTh HEMOPHUCTOM caxu paBHa 73,7-10%, M%/xr. Paccuuraiite mio-
1113/b, 3aHUMAEMYIO MOJIEKYJION O€H30ja B INIOTHOM MOHOCJIOE, UCXOAs U3 JaHHBIX 00 ancopo-
1uu O6eH3osa Ha aToM aacopbente mpu 293 K:

p, Ila 1,03 1,29 1,74 2,50 6,67

A-10%, MosB/KT 1,57 1,94 2,55 3,51 7,58

[Ipenmnonaraercs, 4To U30TepMa aIcOPOIIUHU ONMUCHIBaeTCS ypaBHeHHEM JIeHrMiopa.

11. M3mepena ancopOmus a30Ta Ha HU3KOAUCIIEPCHOM HEMOPUCTOM mopoiike. HalinexHo,
yro npu 77 u 90 K crenens 3amoaHeHus MOBEPXHOCTH B, paBHas 0,5, qocturaercs mpu p/ps co-
orBercTBeHHO 0,02 u 0,2. [Tonb3ysack ypaBHenneMm bOT. PaccunTaiite M30CTEpUUECKYIO TEILIIOTY
azcopO1uu, a Takke audQepeHnraibHbple U3AMEHEHHS SHTPONUHU U dHepruu [ mbo6ca aacopOuu
npu 77 K. Tennora ucniapenus xuakoro azota rnpu 77 K cocrasnsiet 5,66 kJ[/Mounb.

12 U3oTepmbl ancopOinu razoB A U B Ha HEKOTOPOM TBEPJIOM TEJIE€ OMUCHIBAIOTCS ypaB-
Henuem Jlearmiopa. [Ipu Temmeparype 77 K crenens 3amonaenusi nopepxHoctd 0 = 0,01 yu-
CTBIM Ta30M A focturaercst npu pa = 133-10% I1a, a uncTeiM razom B — npu ps = 1330 Ila. Pac-
CUMTalTe Pa3HOCTh TEIIIOT afcopoumu ra3oB A u B.

13. IMocne nmepememmBanus 1-10° kr nopommka xoctHOro yrozs ¢ 1-10* m® pactBopa me-
TUJIEHOBOTO TOIY60Tr0 ¢ KoHIeHTpanumeii 10 kMons/M®, paBHOBECHAs KOHLIEHTPAILHS MOCIE/THE-
ro pasna 0,6-10* xmons/m>. Ecnin HaBecky yras yasouts (2107 kr), paBHOBeCHas KOHIIEHTpA-
U pacTBOpa CTaHOBHTCA paBHOi 0,4-10* kmons/M°. Mcnons3ys ypasHeHne JleHrmiopa, pac-
CUMTalTe yJEeNbHYIO MOBEPXHOCTH yriis, [lnomans noBepXHOCTH MOJEKYJIbl METUIEHOBOIO TO-
ny6oro B MoHocIoe paBHa 65-10720 M2,

14. ITpu xakoi KOHIEHTPALMU TOBEPXHOCTHOE HATSYKEHUE PAcTBOpPA BaJIEpUaHOBOM KHC-
noTel 6yaer pasHo 52,1 mJIx/M% ecim mpu Temmepatype 273 K ko3 uimenTsl ypaBHEHHS
[umKoBckoco Aw = 4-10° mons/M?, K = 56,9 mv®/mons? [ToBepXHOCTHOE HATSKEHHE BOJBI Go
=75,59 MI[)K/MZ.

15. PactBop nanbmutrHOBOM KUcnoThl C16H2202 B 6en3ome compepxut 4,24 r/mM° KUCIo-
Thl. [locie HaHeceHus: pacTBOpa Ha MOBEPXHOCTh BOJBI O€H30J HCHapseTcs, U MajJbMUTHHOBAs
KHCJIOTa 00pa3yeT MOHOMOJIEKYJISIpHYIO ieHKy. Kakoit 00beM pacTBopa KHUCIOTHI TpeOyeTcs,
4TOGB! MOKPHITH MOHOMOJNEKY/IAPHBIM CIOEM MOBEPXHOCTH S = 500 cm?. Tlmomams MOMeKyIbl
NAJTEMATHHOBOH KHCIIOTBI B MOHOCIIOE Syon = 21-10720 M2,

16. PaccuuTaiite no ypaBHeHHI0 JIeHrMIopa aacopOIMi0 IPONMOHOBOI KHUCIOTHI U3 pac-
TBOpa ¢ KOHIeHTpanue# 0,5 Mois/IM° Ha MOBEPXHOCTH pasjeNa pacTBoOp - Bo3ayx mpu 298 K,
ecJIi TIOBEPXHOCTHOE HATSKEHHE HTOr0 pacTBopa 55,6 MJIk/M?, HOBEPXHOCTHOE HATSKEHHE BO-
1b1 71,96 MJIx/M? 1 koHCTaHTa ypasHeHus Jlearmiopa K = 7,73 am®/Mors.

17. Onpenenure aacop6umio npu 10°C i pacTBopa nesaproHoBONH KMCIOThI MOJIIPHOM
koruenTparuu 0,000316 Mons/mM3, ec MOBEPXHOCTHOE HATSHKEHHE pacTBopa paBHO 57-103
H/M, a TOBEpXHOCTHOE HATSKEHHE BOJB! IIPH TOM TemmepaType paBHo 74,22-107 H/m.

18. IIoBepXHOCTHOE HATSKEHUE BOJHOIO PACTBOPA M30BAJIEPHAHOBOW KHUCIOTHI MOJISIP-
Hoit koHmenTparmu 0,0312 mons/mv® npu 15°C pasro 57,5-107° H/m. Onpenennte ancopOimio
KHCJIOTHI Ha MOBEPXHOCTH PAcTBOPA, €CIM MOBEPXHOCTHOE HATSKEHME BOIBI paBHO 73,49-1073
H/wm.

19. TToBepXHOCTHOE HATSKEHHUE BOJTHOTO PAaCTBOpa TMAPOKCHIA HATPUS MACCOBOM JOJEH
20% nipu 20°C pasHo 85,8-10° H/M. Onpenennte aacopOIuio Ha TIOBEPXHOCTH PacTBOPA H Cle-
JaiiTe BBIBOJ O MOBEPXHOCTHON aKTUBHOCTH THJApOKcHAa HaTpus. [loBepXHOCTHOE HaTsHKEHHE
BoztbI ipu 20°C pasro 72,7510 H/m, a muotHOCTH pactBopa NaOH pasna 1,219 r/em®,

20. Benuuuna ancop6uuu kpacurtens (IIAB) u3 pactBopa MOXeT ObITH HCIOJIb30BaHA
JUIS OIIEHKH y/eNbHOIH MOBEPXHOCTH Topommkos. [Ipu BBeneHun 1 T akTusHOTrO yris B 100 cm®
BOJIHOTO pacTBOpa METHJIEHOBOT'O rojly00T0 KOHIIEHTpAlUsl KpacUTelsd U3MEHsIeTCS OT Hadajlb-
Hoit 110 mons/mM® 10 KoHeuHO# paBHOBecHO# 6-107° Monb/mM3, a pu 106aBIEHNN 2 T YIS K
TAaKOMy K€ HCXOHOMY PacTBOPY paBHOBECHas KOHILeHTpaus coctapuna 4-107° moms/am3. Cuu-
Tas, 4TO aJcopOIUsl ONMUChIBaeTCcs ypaBHeHHeM JleHrmiopa, paccuurtaiite Sy, yris. [lmomanb,
3aHUMAEMyIO0 MOJIEKYJIOH KpacuTels Ha OBEPXHOCTH, HPUMUTE paBHOii 0,65 HMZ,



Tema 8.2. «/IBoiTHOI1 JIEKTPUUYECKHU I CI10ID)

1. Bonipocskl 1J1s1 yCTHOTO onpoca

1. IloueMy CKOPOCTH JBUKEHMS KOJUIOMJHBIX YACTHI] B 3JIEKTPUUECKOM I10JI€ IPUMEPHO
TOT'O K€ MOPSAKA, YTO U CKOPOCTh JBUKCHMS NPOCTBIX MOHOB, XOTS pa3Mepbl KOJUIOMIHBIX 4a-
CTHI] BO MHOT'O pa3 MPEBBILIAIOT pa3MePhl IPOCTHIX HOHOB?

2. KakoBbl BO3MOHBIE€ NPUYMHBI BO3HUKHOBEHHUS JIBOMHOIO 3JIEKTPUYECKOrO CJIOS Ha
mexdaznoil moBepxnoctu? IlpuBeaure mpuMepbl MEXaHU3MOB OOpPa30BaHMsS JBOHHOTO 3JIEK-
TPUYECKOT'O CJIOS B PA3JINYHBIX IUCIEPCHBIX CUCTEMAX.

3. JlaiiTe XapakTEpUCTUKY CTPOCHHUS JBOWHOTO JJICKTPUUYECKOTO CJIOS HAa MOBEPXHOCTU
paszznena ¢a3. Kak u3MeHsiercs NOTEHIMAI ¢ PACCTOSHUEM OT TOBEPXHOCTU?

4. Pacckaxure 00 OCHOBHBIX IMOJIOKEHHSX TEOPHH CTPOSHHS ABOWHOTO 3JIEKTPUYECKOTO
cnosi. Kakoe cCOOTHOLIEHHE JIEKUT B OCHOBE 3TOM TEOpUH?

5. UYro mOHMMAIOT MOA TOMIMHOW AU(PQPY3HOH YacTH ABOHHOTO DIIEKTPUYECKOTO CIIOS?
Yem ompenenseTcs TOAMMHA INIOTHON U 1 dy3HOM yacTel ABOHHOIO 3JIEKTPUUYECKOTO ClIost?

6. Ilepeuncnure >MEKTPOKUHETUYECKHE SBJICHUS U OOBSCHUTE, Y€M OHU O0YCIIOBIICHBI.

7. Urto Ha3pIBAIOT 3JIEKTPOKMHETHYECKUM noreHuuanoM? Kakue dakTopsl BIusAOT Ha ( -

HOTEHIMAJ OTPULIATENIBHO 3apsKEHHBIX YacTUI[ IPU BBEJICHUM B 30JIb HUTPATOB Kayus, Oapus u
naHTaHa?

8. Kakoe paznnune Mexay I3eTa-MOTEHLIUATIOM U TEPMOJMHAMMYECKUM MOTEHLHAIOM?
[Touemy n3era-moOTEHNIMAT HE MOXKET OBITH OOJIbILE TEPMOAUMHAMUYECKOTO?

9. Kak usMmensiercs BeIMUMHA A3€Ta-MOTEHIMAla IPU YMEHbIIEHUH YUCIIa IPOTHBOMOHOB
B a/ICOPOLIMOHHOM ciioe? B kakux cirydasix q3eTa-moTeHuan Oy1eT paBeH HyIo?

10. Kakas cymiecTByeT CBsI3b MEXAY TOJIIMHON JBOWHOTO 3JIEKTPUUYECKOTO CIIOS, BEIUYH-
HOM J13eTa-MOTEeHIMala U YCTOMUNBOCTBIO 301517

11. Kakoe BnusiHHE OyAyT OKa3blBaThb Ha BEJIWYMHY J3€Ta-TOTEHIIMAja BBEJICHHE B 30JIb
MOHOB IIEJIOYHBIX U IIEIOYHO3EMENbHBIX MeTalioB? BinsHue Kakux MOHOB cuibHee? B kakux
cllydasix MMPOUCXOUT Mepe3apsaKa rpaHysl KOJUIOMIHBIX YacTHIl?

12. Yto Takoe snexrpodopes u anekrpoocMoc? Kak 0OBICHSIIOTCS ITH SBICHUA? YKaXKUTE
IpaKkTUYeCcKoe NMPUMEHEHHE IeKTpodopesa U 3IEKTPoocMoca.

13. Tlpu Kakux YCIOBHIX MPUMEHUMO ypaBHEHHE | enpMrombia - CMOIYXOBCKOTO ISl CKO-
poctH 3nekrpodopesa? Kakumu cBoiicTBaMU A0JKHA 00J1a/1aTh KOHTAKTHAS! KHUIKOCTh?

14. Yto Takoe muanu3? KakoBo ycTpoWcTBO nuanu3aropa u snekrpoauanusaropa? [louemy
IpU JUIUTEIIBHOM JTMAJIN3€ MIPOUCXOIUT paspyuieHue 30i4? ['ne u i kakux 1enei B pou3Bo -
CTBE MpUMEHsEeTCs Auanu3?

15. Kakyro poib urpaer MmeMOpaHa MnpH Juaiu3e KOJIOUAHBIX cucTeM?

16. Tloyemy c yBemTMYEHHUEM PAa3HOCTH KOHIIEHTPAIMI AJIEKTPOJINTA B JHAIH3ATOPE O pas-
HBIM CTOpPOHAM MeMOpaHbl THaJIN3 YCKOPSeTCs?

17. Tlouemy npu 3meKTpoope3e UCTOTb3YETCS TOJIBKO MOCTOSHHBINA ANEKTPUIECKUI TOK?

18. KakoBo Ha3zHaueHUe qUaln3a, IEKTPOIUanu3a 1 yabTpaduiabTpaun’?

19. Kakoil KOJUIOWIHBIA arperar HaspiBaeTcs wmuieinion? Uro Takoe rpanyma? Kakoso
cTpoeHue Muuet JuodooHsix 3osei? [lokaxkure 3TO Ha MpUMepe MULEIIIBI 30Js1 Cylb(uaa
cypbsMbl (1ID).

20. Ha3zoBuTe MeTOJIbI OIpe/ieNieHus 3apsaaa TpaHyll B 30iX. [lepeuncnute 3051, rpaHysbl
KOTOPBIX UMEIOT MOJIOKUTENbHbIE U OTPUIATENbHBIE 3apsIbl.

21. Kakoe cTpoeHue KoJlouJa HasblBaeTcsl nzoanexkrpudeckum? Kak oHo ompenensiercs?
[TpuBenuTe mpUMeEphl CTPOEHUS MUIIEIIJIbI KAKUX-THOO0 30JIel B U303JIEKTPUUECKOM COCTOSIHUH.

Tema 8.3. «KonnonaHo-1ucnepcHble CHCTeMbI M MX (PU3MKO-XMMHYECKHe CBOICTBa»

1. OT4er no JiaboparopHoii padore



JlaGopatopHas padota Nel. [TonydyeHue KOTOMIHBIX paCTBOPOB

IIpumepHBIe TeCTOBBIE 32/1aHUS

1. Hedenomerpuueckuii MeTo1 UCCIIEOBaHUS AMCIIEPCHBIX CUCTEM OCHOBAaH Ha M3MeEpe-
HUH:

A) UHTEHCHUBHOCTHU CBETA, MPOIIE/IIET0 Yepe3 AUCTIEPCHYIO CUCTEMY;

b) nHTEeHCHBHOCTH CBETa, PACCETHHOTO TUCIIEPCHON CUCTEMON;

B) nokazarens npenoMiIeHNs AUCTIEPCHONW CUCTEMBI.

2. TypOunumeTpudecKkuii METO/ UCCIIEIOBAHUS TUCTIEPCHBIX CHCTEM OCHOBAH Ha M3Mepe-
HUU:
A) mytHocTH; b) onTnueckoil mioTHocTH; B) nokasarens npeaomieHus.

3. YpaBHeHue Panest mpuMeHIMO TIpu COOITIOICHUH CIISTYIONINX YCIOBHIA:
A) Het norJoieHus cBeTa; b) HeT paccesiHus cBeTa,

B) HeT MOBTOPHOTO CBETOpACCESHHUS,

') pa3Mepbl YacTUIl COU3BMEPHUMBI C JITTHHON BOJIHBI CBETA,;

J1) pa3aMepbl 4acTUI] MHOTO MEHBIIIE JITTHHBI BOJIHBI CBETA;

E) marepuan yacTuil SBJISICTCS TUAIICKTPHKOM;

7K) 9acTuIbI SBISIOTCS JICKTPOTIPOBOISITUMH.

4. B nucnepcHoll cucteMe IpU pa3Mepax 4acTULl MEHbIIIE JJIMHBI BOJIHBI 1a/1al0IIEr0 CBETa
CBETOBOI IMOTOK NMPEUMYIIECTBEHHO:
A) pacceuBaercs; b) orpaxkaercs; B) npenomnsercs; ') He meHsieTcs.

5. B nucrnepcHoi cucteMe Nnpu pasMepax 4acTUll, COM3MEPUMBIX C JJIMHOM BOJHBI IaJAk0-
LIETO CBETA, CBETOBON MOTOK:
A) pacceuBaercs; b) orpaxkaercs; B) He mensiercs.

6. Eciu 00BbEM yacTul] yBeIHMUUTCSA B 2 pa3a, TO IpHU COOMI0OeHUH ypaBHEeHUs Panes uH-
TEHCUBHOCTb CBETA, PACCESIHHOI'O JUCIEPCHOM CHCTEMOM, MPU MOCTOSHHOM MAacCOBOM KOHIICH-
TpaIuu JUCTIEPCHON (a3bl:

A) yBenuuutcs B 2 paza; b) yBenuuures B 4 pasa;

B) ymenbmutes B 2 pasa; I') ymenbuTcs B 4 pasa; J1) He u3MeHuTCs.

7. Ecnu niwHA BOJHBI MAJArONIETO CBETa YMEHBIIUTCS B 2 pasza, TO MPHU COOJIOJCHUU
ypaBHEHHUs Pa1ess MHTEHCUBHOCTD CBETA, PACCESTHHOTO IUCIIEPCHON CUCTEMOM, IIPH ITOCTOSIHCTBE
JIpYTUX IapaMeTpoB:

A) yBennuurcs B 2 pasa; b) yBennuuresa B 16 pas;

B) ymenbmuTcs B 2 pasa; I') ymenbmiutcs B 16 pa3;  J]) He u3MeHHTCA.

8. Ecniu nmameTp dacTuil yBemUIUTCS B 2 pasa, TO MPHU COOJIOICHUH ypaBHEeHUs Panest uH-
TEHCUBHOCTb CBETA, PACCESIHHOI'O JUCIIEPCHOM CHCTEMOM, MpPU MOCTOSHHOW MAacCOBOM KOHIIEH-
Tpauu JUCTIEPCHON (Da3bI:

A) yBennuurcs B 4 pasa; b) yBenuuures B § pa3; B) ymensmmres B 8 pas;

I') ymenbuTcs B 2 pasa; J1) He nu3MeHuTCs.

9. Ecniu nuaMeTp 4acTUIl YMEHBIIUTCA B 2 pasa, TO MpH COOMIOACHUU ypaBHEeHHs Panes
MHTEHCUBHOCTb CBETA, PACCESIHHOI'O TUCIEPCHON CHUCTEMOM, IPU MOCTOSIHHOW YMCIIEHHOM (4a-
CTHUYHOI ) KOHLIEHTPALUU AUCTIEPCHON (a3bl:

A) yBenuuurcs B 8 pas; b) yBenuuutcs B 64 paza;  B) ymensmuTcs B 8 pas;

I') ymenbiutcs B 64 pasa; J1) HE U3MEHUTCA.



10. YapTpaMHKpOCKOIMS OCHOBaHA Ha SIBJICHUU:

A) otpakenus cBeta; b) npenomienus cBera; B) paccessHus csera; I') mornormienus cse-
Ta.

11. T'oxyGoii iBeT HEOa 00YCIOBIICH:

A) TIOTJIOIIEHUEM CBETA; b) paccesinuem cBera; b) npenomnenuem cpera.

12. Pa3mepsl yacTull B yJIbTPaMUKPOI€TEPOTr€HHBIX CUCTEMAX (30J151X) MOXKHO OIPENEIUTD
METOAAMHU:

A) ceuMeHTalu B TPpaBUTALlMIOHHOM I10JIE;

b) ocHOBaHHBIMU Ha CEIMMEHTALMOHHO-TU(PHY3MOHHOM PaBHOBECHUHY;

B) ocmomeTpuu; I') cenumeHTanuu B IECHTPOOCKHOM TIOJIE;
J) onTHuecKkol MUKPOCKOIIHH, E) cBetopaccesnus;
2K) cutoBoro ananusa; 3) yIbTPaMUKPOCKOTIHH.

13. Pa3mepbl yacTHll B MUKpPOT€TEPOT€HHBIX CHCTEMax (IIOPOIIKH, CYCIIEH3MHM) MOKHO
OIpeNIeIUTh METOIAMHU:

A) cBeTopaccesiHMsI, OCHOBAaHHBIMH Ha ypaBHeHuu Panes;  b) cutoBoro ananusa;

B) ocmomertpuy; I') cenmuMeHTaMK B IPaBUTALIMOHHOM I10JIE;

J1) oOcCHOBaHHBIMH Ha CEAMMEHTAIIMOHHO-11()()Y3MOHHOM PaBHOBECHH;

E) ontuyeckoil MUKpOCKOIINY; X) ynpTpaMuKpOCKOIIHH.

14. Paccunraiite no ypaBHEHHUIO Panes, BO CKOJIBKO pa3 MOHU3UTCS HHTEHCUBHOCTh pacce-
STHHOTO CBETa OEJIbIM 30JIeM, €CITH 00BhEM KaXKIOH YaCTHUIIBI PU TIOCTOSTHHOW 00bEMHOM KOHIICH-
Tpaluuu JUcepcHoi (as3pl yMeHbIIUTCS B 4 pasa.

15. Paccuuraiite o ypaBHeHuUO Pasesi, BO CKOJIBKO pa3 BO3pacTeT MHTEHCHBHOCTH pacce-
SIHHOTO CBETa OENbIM 30JIEM, €CITU pa3Mephl YaCTHUIl MPU MOCTOSTHHON 00bEMHOM KOHIIEHTPALIUU
JUCTIEpCHOM (a3bl yBenuuatcs oT 5 HM 70 10 HM.

Tema 8.4. ((3J'IeKTp0KI/IHeTI/I‘IeCKHe CBOMCTBA AUCHEPCHBIX CUCTEM)

1. OT4ert no JaboparopHoii padore
JlaboparopHnas pabota Nel. Omnpenenenue pa3MepoB YacTUIl 30715 TYPOUIUMETPUIECKIM
METOJIOM

IIpumepHbIe TecTOBbIE 3aJaHUS

1. DneKTpOKMHETUYECKUI TOTEHIUAII 3aBUCHT OT:

A) Temneparypsl; b) miotHocTH nucnepcuoHHOW cpeabl; B) Bsi3kocTH AMCIEpCHOHHOMN
cpensl; ') nusnekTpuyeckoi MPOHUIIAEMOCTH TUCTIEPCUOHHOM cpefbl; []) BpeMeHH mpoBeieHus
anexTpodopesa.

2 DIIEKTPOKUHETUYECKUN TOTEHIIMA HE 3aBUCHT OT:

A) MOHHOW CHUJIBI AUCTIEPCHOHHON cpefibl; b) BA3KOCTH AMCIIEpCHOHHOM cpelbl; B) Temme-
patypsr; I') paccTosiHus Mexay anekrpoaamu; /1) 106aBOK JI€KTPOIUTOB.

3. DHIEKTPOKMHETUYECKUI MOTEHIIMAT — 3TO MOTEHIINA:

A) Ha pacCcTOSIHUM OT NMOBEPXHOCTH, PaBHOM TouuuHe quddysnoit uactu /13C; b) Ha rpa-
HUILE MeXAy MI0THOHN U nuddysnoit yactsamu [19C; B) noBepxHocTH; [') Ha rpaHulle CKOIbXKe-
HUS1, BO3HUKAIOIIEH TPU IBUKEHUU OJTHON (ha3bl OTHOCUTENIBHO JPYTOM.

4. YcTaHOBHUTE COOTBETCTBUE MEKY SBJIEHUEM U €T0 ONPE/IeIIEHUEM:

I) mepemerienue YacTHll TUCIEPCHON (ha3bl OTHOCHTEIBHO AMCIEPCHOHHOW Cpeabl MOJ
JIEHCTBUEM MPUIIOKEHHON PA3HOCTH NTOTEHIUAJIOB;

I) nepemenienne qUCIEPCUOHHOM CPEllbl B IOPUCTOM TEJIE MO AEUCTBUEM NPUIIOKEHHON
Pa3HOCTH MTOTEHLIAAJIOB;



I11) BO3HMKHOBEHHE Pa3HOCTH MOTEHLMAJIOB IIPU TEYEHUM IUCIEPCUOHHOM Cpenbl B Ka-
NWLLAPE MO, IEHCTBUEM IIepenaaa JaBICHHUs,

IV) BO3HMKHOBEHHE Pa3HOCTH MOTEHIMAJIOB IO BHICOTE CTOJI0A CYCIEH3UH MPH CEIUMEH-
TalU YaCTUL] 0] ICHCTBUEM CHIIBI TSIKECTH.

A) Dnexrpoocmoc; b) Ilorenuuan teuenus; B) [lorenuuan cequmentanuu; ') DnekTpo-
dopes.

5. DnexTtpodopes — 3To:

A) nepemelieHue 4acTul JUCIEPCHOM (ha3bl OTHOCUTENBHO JUCIIEPCUOHHOM Cpelbl 1MoA
JEICTBUEM NPUIIOKEHHOW Pa3HOCTH IOTEHLUANOB; b) mepemerienne 1ucnepcUOHHON Cpenibl B
IOPUCTOM TeJle O/ JeHCTBUEM IPUIIOKEHHOW pa3HOCTH MOTEHIMAIOB; B) BO3HUKHOBEHME pa3-
HOCTHU MOTEHIMAJIOB IIPU TEUEHUH AUCIIEPCUOHHOM Cpefibl B KallMJUIAPE 1O/ ACHCTBUEM Ieperna-
Jia 1aBiaeHuid; ') BOSHUKHOBEHHE pa3HOCTU NOTEHIMAJIOB T10 BBICOTE CTOJIOA CYCIEH3HMH IpH Ce-
JUMEHTALMK YacTHUIL [TOJ1 AEMCTBUEM CUJIBI TSKECTH.

6. DIIEKTPOOCMOC — 3TO:

A) mepeMenieHue 4acTul] JUCIEPCHOHN (ha3bl OTHOCHTENBHO JHCIIEPCUOHHON CPebl MO
JeficTBUEM MPUIIOKEHHOW PasHOCTH MOTEHLHUANoB; b) nmepemenienre TuCIepCHOHHON Cpelibl B
IIOPUCTOM TeJI€ 10/ ACUCTBUEM MPUIIOKEHHON pa3HOCTH NOTEHIMANOB; B) BO3HUKHOBEHUE pa3-
HOCTH NOTEHIMAJIOB IIPU TEUEHUH AUCIIEPCUOHHON Cpelbl B KallMJUIAPE N0 ACHCTBUEM Iepena-
J1a JaBJieHUi; I') BOSHHKHOBEHUE Pa3HOCTH MOTEHIMAJIOB 10 BBICOTE CTOJI0A CYCIIEH3UU TIpU Ce-
JUMEHTALMH YaCTHUIL IO AEUCTBUEM CUJIBI TSDKECTH.

7. IloTeHupan ceMMEHTALMU — JTO:

A) nepemelieHue 4acTUl] JUCIEPCHOM (ha3bl OTHOCUTENBHO JUCIIEPCUOHHOM Cpebl 1MoA
JIEHCTBHEM MPUIIOKEHHON PA3HOCTH IIOTEHIUAJIOB;

b) nepemenienne AucnepcuOHHON cpesibl B MOPUCTOM Telle MOoJ JeHCTBUEM MPUIIOKEHHOM
Pa3HOCTH MOTEHIIMAJIOB;

B) BO3HMKHOBEHUE PAa3HOCTU MOTEHIMAJIOB MPU TEUYCHUH TUCTIEPCUOHHOM Cpebl B KaruJl-
JsIpe Mo AeCTBUEM Iepenajia JaBJIeHUH;

') BO3HMKHOBEHHE PAa3HOCTU MOTEHIMAJIOB 110 BBICOTE CTOJI0a CYyCIIEH3UU PU CeAMMEHTa-
[IUU YaCTUI] O] IeWCTBUEM CHJIbI TSXKECTH.

8. IloreHnuman TeueHus — 31o:

A) mepemelieHrne 4acTul] TUCHepcHON (a3bl OTHOCUTENBHO JUCIEPCUOHHOM Cpeabl MO
JENCTBUEM NPUIIOKEHHON Pa3HOCTU OTEHIIUAJIOB;

b) nepemenienne qucnepcuoHHON cpesibl B HOPUCTOM Teje MOJ JeHCTBUEM MPHUIIOKEHHOM
Pa3HOCTH MTOTEHIIAAJIOB;

B) BO3HHKHOBEHME pa3HOCTH MOTEHLUAJIOB MPU TEYEHUU TUCIEPCUOHHON Cpesibl B Kalui-
JsIpe MO AEMCTBUEM IEepenaia JaBJICHUN;

') BOBHUKHOBEHHE PA3HOCTH MOTEHIMAJIOB 10 BBICOTE CTOJI0A CYCIEH3UU IPU CETUMEHTa-
LIUY YaCTUI] O] IEHCTBUEM CHUJIBI TSKECTH.

9. Ilpu BeIBOsIE ypaBHEHHUs I enbpMrosbra-CMOIyXOBCKOIO JUIsl pacd€Ta 3JIEKTPOKUHETHYE-
CKOT'O TIOTEHIMaJIa [0 JAHHBIM IEKTPOOCMOCa IPUHUMAETCS], UTO:

A) TBEpaas ¢aza sBisieTcss IpoBOAHUKOM; b) TonmuHa Auddy3HOro ciiosi HAMHOTO MEHb-
e quamerpa nop; B) ctpoenne I9C He MeHsAeTCs MO AIeHCTBUEM MPHIIOKEHHON Pa3HOCTH I10-
teHnnanoB; ') xuakas daza sBiasercs mpoBogHukom; J1) TommmHa n1uddy3HOTO CII0S HAMHOTO
OosblIe Tuamerpa mnop.

10. IIpenebpexeHne MOBEPXHOCTHOM MPOBOAMMOCTBIO TTPU PacuéTe FJIEKTPOKUHETUUECKO-
ro MOTEHLIAAJA 110 JAHHBIM 3JIEKTPOOCMOCa!

A) 3aHMKaeT a0CONIOTHOE 3HAYCHHUE JJICKTPOKHMHETHYECKOTO TMoTeHNuana; b) 3aBbimmaer
abCoIIIOTHOE 3HAYEHHE AIIEKTPOKUHETHUYECKOTO MOTeHIMana; B) He BIUsSET Ha BEIMUYUHY dJIEK-
TPOKHMHETUYECKOTO MOTEHIIHAala

11. IIpu pacuére 3MEeKTPOKMHETUYECKOIO OTEHIMAJIA 110 JaHHBIM 3JIEKTPOOCMOCAa MOXKHO
npeHeOpeyb BIUSAHUEM NTOBEPXHOCTHOM MPOBOANMOCTH, €CIIM TOIIMHA JTUPPY3HOTO CIOS:



A) paBHa quaMeTpy KanmwuisipoB; b) MHOro MeHslle nuamerpa Kanmwuiipos; B) Gosblie
JUaMeTpa KarujuisipoB.

12. PenakcannoHHbIN 3G deKT mpu dneKTpodopese:

A) yckopsieT ABIKEHUE 4acTull; b) 3amensnser ABuKeHHE yacTHll, B) He BIMsSET Ha CKO-
POCTh ABMKCHHSI YACTHII.

13. IIpu pacuére 3MEKTPOKMHETUYECKOT0 MOTEHIIMANA IO JaHHBIM 3JIEKTpodope3a MOKHO
npeHeOpeys BIMSHUEM pellakcannoHHoro dddekTa, eciu TommuHa 1udOy3HOTO CIIOS:

A) 6onbuie pa3Mepa vactull; b) paBHa pasmepy uactuil; B) MHOro mMeHbllle pa3Mepa 4a-
CTHIL.

14. DnexkTpodopeTHIecKoe TOPMOKEHHUE:

A) HE BIUSET HA BEIMYMHY AJICKTPOKHMHETHYECKOTO MOTEeHIHANa; b) 3aBblacT BeIMUUHY
ANEKTPOKUHETUYECKOr0 ToTeHInana; B) 3aHimkaeT BeMYMHY 3JEKTPOKMHETUYECKOTO MOTSHIIH-
ana.

Tema 8.5. «YCTOHYHBOCTD KOJJIOUTHO-TUCTIEPCHBIX CHCTEM»

1. OT4er no JiaboparopHoii padore

Jlabopatopnast pabora Nel. OmnpeneneHue mopora Koaryysiiiuu 3075 C TOMOIIBI0 (OTO-
IIEKTPOKOJIOPUMETPA.

JlabopatopHnast pabora Ne2. VccrenoBanue KoarylIupyromiero IeiHCTBUS HOHOB B 3aBUCH-
MOCTH OT U3 3apsja.

JlaGopaTtopuast pabota Ne3. N3yueHnue BIUsSHUS HENPABWIBHBIX PSAIOB C MOMOIMIBIO (HOTO-
JIEKTPOKOJIOPUMETPA.

JlabGopaTtopHnast pabota Ne4. Bzaumuas koaryssius 30J1€eH.

JlaboparopHuas padota Ne5. Konnmounnnas 3amura.

Pemenue 3apayu

1. 3oms 6GpoMmma cepebpa MOMydeH peakuuei JBOHHOTO 0O6MeHa 16 cM® pacTBOpa HHT-
pata cepebpa MonspHoii koruenTpamuu 0,005 Moms/nM3 u 40 cm® pacTBopa GpoMuIa Kaaus Mo-
nspHOit Kommentpamuu 0,0025 mombs/nv®. Kakoit m3 aByx osmextpomutoB - MgSOs wmm
Ks[Fe(CN)e] - Oyaer umeTh 00BN MTOPOT KOATYJISIIUH AL HOTYYEHHOT0 3011517

2. Hamucars ¢opmynsl mumnemnn 3omeii Al(OH)s, cradunmsuposannoro AlCIs, u SiOo,
cradbunmsupoBanHoro HzSiOs,. st Kakoro W3 yKa3aHHBIX 30JICH JIydIIM KOAryJisiTOpOM SIBIIsI-
etcs pactBop FeClz? NaxSO4?

3. Kak pacmosoxatcs IOpord Koaryasanuu (B Mojib/M°) B psasy pacTsopos comneit NaCl,
Al(Cl)3, Na2SO4 u NaH2POg4 st 3011 tuapokceuna xenesa (111), momydeHHOro METOI0M THAPO-
nuza? JlaiTe mosCHEHUS.

4. Tloporm Koarymsiuu SJEKTPOJIMTOB JUIS 3078 Cyib(uua Mblmbsika AS2S3 paBHBIL:

Cnuct = 60 Momb/MC, Crgcr, = 2,88 MOJIB/MS, Cac, = 0,3 MOJIB/MS, CNa, 50, = 58,6 MoIB/MS,

Omnpenenute 3apsi TpaHyiI 3051 CyIb(GHIa MBIIBIKA U OTHOILIEHHE KOATYIUPYIOLIeH CIOCOOHO-
CTH MOHOB.

5. Kakoe xomuuectso 0,01 M pactBopa K2Cr07 (cM®) myskHO 106aBuTh K 1 M 30714
THJIPOKCHUIA ATIOMUHUS, YTOOBI BBI3BaTh ero koaryisiuio? Ilopor koarymsiuu pasen 0,63
MMOITB/ VS,

6. Jms xoarymsmmu 102 M 301 AI(OH)s tpebyercs 10 cm® pactBopa Alz(SO4)s. Kon-
neHTpanus daekTponuta pasaa 0,01 kvons/M3, Paccunraiite mopor Koarymsiuu 307s.

7. Kakoii o6seM pactBopa Ba(NOs)z ¢ konmenTpamueii 0,05 kMons/M° TpebyeTcs s
xoarynsmuu 10 M3 3019 Agl? [opor koarynsuuu pasen 2-10° kmons/me,

8. Ompenenure nopor koarymsauuu 30 Al2O3, ecnu koarymsus IPOUCXOIHUT TPH J10-
6asnernn 50 cm® pactBopa K2CrOs ¢ konmenTpanueii 0,01 kmoms/MS k 1073 M3 300

9. Koarymsus 10° M3 3ona Agl mabmonaercsa npu go6apienun k Hemy 10° m3 anek-
tpoiura KNO3 ¢ koruentparmeii 1 kmons/m3. Ha ocroBanmu Teopun JIJI®O onpenenure KOH-
nentpanmo 10° m* snexrpomura Ca(NOs)2 , koTopas BbI3bIBaeT koaryssuio 10° M3 3oms.



10. Koarynsamus 10° M3 3011 Agl mabmonaercs nmpu 100aBIeHUH K HEMY 5 ¢M® 2J1eKTpo-
mata Ca(NOs)2 ¢ xonnentparmeii 0,01 kmons/M®. Ha ocHoBanuu teopun JIJIPO ompenennte
KOHIIEHTPAIUIO 10 w3 anektponuta Al(NO3)3 , KoTOpast BhI3bIBACT KOATYJISIINIO 10° m® manHO-
0 30J1.

11. Koarynsmus 3-10° M3 30oms Agl nabmronaercs npu no6asnenuu k Hemy 30 cM® amek-
tponura KNO3 ¢ xonuentparmeii 1 kmons/m®. Ha ocroBanun Teopun JIJI®O onpenenure KOH-
[EHTPALIUIO 107 M3 anektposuta Al(NO3)3 , KOTOpasi BBI3bIBACT KOAryJISAIIUIO 10° m® mannoro
307151.

12. Bpems MOJOBMHHOM Koarymsimuu ® 3078 30J0Ta B BOJE MPH JICHCTBUU XJIOpHIA
HaTpud paBHa 20 c. Onpenenure BpeMs, 3a KOTOPOE KOHIIEHTpaLus 30151 yMeHbuTcs B 10 pas.
KOHCTaHTY CKOPOCTH Koaryisinuy Berauciute 1o gopmyne K = 4RT/(3nNa); n = 102 IMac; T =
300 K.

13. KoncranTta ckopoctu Koaryisuun 30 K = 5-1018 m3.¢cl. Havanbnas KOHIICHTPALIUS
3011 coctasnser 3-10* wactun B M°. OnpeieuTh KOHIEHTPALHIO 30714 yepe3 30 MUH.

14. Tlpu uccnenoBaHUM KMHETHKHU KOATYIALUHU 30JIs1 30JI0Ta PACTBOPOM XJIOPUAA HATPHUS
MOJTyYEHBI CIEIYIOIINE SKCIIEPUMEHTANIbHBIE TaHHbBIE:

15. Onpenenute KOHCTaHTY CKOPOCTH Koaryiasiuu 1mo CMOITYXOBCKOMY TpauuecKuM
METOJIOM U CPaBHHTE e ¢ KOHCTAHTOi, paccuntanHoil mo dgopmyne K = 4RT/(3nNa); n = 103
ITa-c; T =300 K.

16. PaccuuTaiiTe 4MCI0 MEPBUYHBIX YACTHII TUAPO30JIS 30J10TA IPU KOATYIISIIIAN 3JIEKTPO-
JTUTOM K MOMEHTY BpeMeHH T = 150 ¢, ecnu mepBoHayanbHOE YMCIO YacTull B 1 M° cocTaBiser
vo = 1,93-10', a koHcTaHTa CKOpOCTH GBICTPOIi Koaryasanuy pasHa 0,2-10°1 m¥/c.

17. Tlonb3ysach ypaBHeHHEeM CMOJIyXOBCKOI'O, paCCUUTAalWTE U MOCTPOWUTE KPUBYIO U3MeE-
HEHUs OOIIEero Yncia YacTHUI] MPU KOAryJsIUK TUAPO30JiA cepbl. J{UCcrepcHOCTh UCXOAHOTO 305151
0,05-10° m!, konnenTparms 6,5 mr/am>, motHOCTH cepsl 0,9 r/cMe. BA3KocTh AuCHIEpCHOI cpe-
et ipu 295 K cocrapnser 107 ITa-c. MnTepBans BpeMeHH Bo3bMuUTe paBHbIME 1, 2, 4, 10 1 20 c.

18. Ilpu u3yyeHUH ONTHYECKUM METO/I0OM KMHETHKH 3JEKTPOJUTHOMN KOAryisluu TUapo-
30115 Agl, crabminsupoBanHoro I1AB, monydyeHo 3Haue€HUE KOHCTaHTBl CKOPOCTH OBICTPON KOa-
rynsanuy, papHoe 3,2-10°8 m3/c (mpu 293 K). Baskocts cpenst 1-10° Ia-c. CpaBHuTe 5Ty KOH-
CTaHTy C KOHCTaHTOM, AaBaeMoil Teopueil CmonyxoBckoro. O0wscuure Biausinue [IAB Ha xa-
paKkTep KOaryysiiuu.

19. Tlo sKcrepUMEHTAILHBIM JTaHHBIM BpPEMsI MOJIOBUHHOW KOATYISIUU THAPO30JIS CO-
ctaBnser 340 ¢ NPy MCXOAHOM KOHIEHTpaiuu yacTuil 2,52-10' wact./m3, BsskocTu mucnepcHoit
cpenst 1-10° Tla-c u Temneparype 293 K. Crenaiite BbIBOJ, GBICTPOIl HiTH MEIEHHOM SBISETCS
Koaryssius. Kak n3MeHUTCS CKOpOCTh KOAryJIsiiy, €CITU BI3KOCTh CPE/Ibl YBEIHYUTH B 3 pa3a?

20. Bo ckoibKO pa3 yMEHBIIUTCS CyMMapHOE YMCIIO YacTHUI[ Vs JIbIMa MAPTEHOBCKUX Iie-
yei uepes 1, 10, 100 ¢ nmocne Havyana koarysnuu? Cpennuii paanyc yactul 20 HM, KOHLIEHTpa-
s 1-107 kr/m®, motHOCT wacTH 2,2 r/cm®. KoHcTanTa GBICTpOi Koarynsun, mo CMOITyXoB-
ckomy, paHa 3-10°%6 v¥/c.

Tema 8.6. «MuKkporereporeHHble CHCTEMbD)

OTt4et no J1adbopaTopHoii padore

JlaboparopHas pabota Ne 1 «CycrieH3un, SMyIbCUU U TIEHBD)

JlabopaTtopHnast pabota Ne 2 «Onpeaenenne KpUTHIECKOW KOHIICHTPAIIMHI MHIIEIII000pa30-
BaHUs M0 U3MEHEHUIO IOBEPXHOCTHOTO HATSIKEHUS»

Tema 8.7. «KostouaHo-xumuuyeckue csoiicrea BMB»
Otuer no JaboparopHoii padorte
JlabopaTtopHnas padota Ne 1 «McciaenoBaHue KHWHETUKU HAOyXaHUS TTOJIMMEPOB



JlaGopatopHas pabota Ne 2 «OnpeneneHre MOJIEKYISIPHON MacChl OJIMMEPa BUCKO3UMET-
PHUYECKUM METOIOM
JlaboparopHuas padota Ne 3 «OnpeneneHue H303IEKTPHUSCKON TOUKH OeTTKa»

Tema 8.8. «PeoJiornueckue cBoiicTpa AUCHEPCHBIX CUCTEM»

Otuer no Jad6oparopHoii padorte

JlaGopaTtopHnas padota Ne 1 «3yueHue CTpyKTYpHOUH BS3KOCTHY

JlabopaTtopnast padota Ne 2 «M3yuenue peonsoruueckoro noseaenus pactsopa KML u
[JIULIEPUHAY

Bomnpoce! 1J1s1 ycTHOT0 onpoca

1. KakuMu OCHOBHBIMHM CTPYKTYPHO-MEXaHMYECKHMM CBOMCTBAMHU XapaKTEPHU3YIOTCS
qucnepcHele cuctemMbl? KakuM METO10M OHU BBISIBIISIOTCS?

2. KakoBbl IpUYMHBI BOSHUKHOBEHMSI CTPYKTYP B AUCIIEPCHBIX CHUCTEMAX?

3. HazoBute naBa OCHOBHBIX THIA CTPYKTYpP AWMCHEPCHBIX cucTeM (kinaccuduxamnus Pe-
6unnepa), Kak onn o0pasyrorcs (IpousuIIOCTpUpyiiTe MOTEHIMAIBbHON KPUBOI B3auMoaecTBUs
YacTHIl) ¥ YeM OTIMYAIOTCS UX PEosIorMueckre xapakrepuctuku? llpuBenure npumepsl peaib-
HBIX CTPYKTYP Pa3JINYHBIX THUIIOB.

4. Kak xmaccu(uuupyrOT IUCHEPCHBIE CHCTEMBI MO UX PEOJOTHMYECKHUM CBOHCTBaM?
[TpuBenyTe TUIIMYHBIE KPUBBIE TEUEHUS IS HUX.

5. Kakue xunkoctu Ha3bplBaroTCs HbIOTOHOBCKMMM? Hanummre ypaBHeHue Hbrorona
JUIs TedeHus xuakocteil. O0bacHUTE (PU3MUECKUI CMBICT BXOAALIMX B Hero napamerpos. Hapu-
CyWTe KpUBbIE TEUEHUSI U BA3KOCTH ISl HBIOTOHOBCKUX CHCTEM.

6. Hapucyiite kpuBble TeueHUS U 3PPEKTUBHOCTH BA3KOCTU ISl CTPYKTYpPUPOBAHHBIX
cucteM. [lokaxkute Ha rpadukax ImpeaenbHOE CTaTUCTUYECKOE HampshkeHue casura Px. u mpe-
JIENIbHOE HaIpsDKeHUEe caBura Pm , a Takke BSI3KOCTH, COOTBETCTBYIOLIME HEPa3pyLICHHON U
MIOJTHOCTBIO PAa3pyLICHHON CTPYKTypaMm.

7. Kakue M3MeHEHHUs MPOUCXOJAT B CHCTEMax C KOAryJIsALMOHHON CTPYKTypoil mnpu
HanpspkeHusX P < Py, Px <P <P; u P > P;? O0bsicHuTE sIBNEHNE NOI3YUECTH.

8. Uro mpencTaBistoT coOOW SBIEHUS TUKCOTPOIUHU U peorekcuu? Yem 00yCIIOBIIEHBI
9TH SIBJICHUS U I KaKUX CTPYKTYPUPOBAaHHBIX CHCTEM OHM XapakTepHbl? [IpuBeanute npumepsl
TaKUX CTPYKTYPHUPOBAHHBIX AUCIIEPCHBIX CHCTEM.

9. Kakoe ypaBHeHHE BbIpa)kaeT 3aBUCHMOCTH BSI3KOCTH YKHJIKHX arperaTMBHO yCTOWYH-
BBIX JIUCIEPCHBIX CHUCTEM OT KOHIEHTpaluu aucnepcHoi ¢assl [Ipu Kakux ycIOBHUSX OHO MpPH-
MEHUMO?

10. Kak 3aBUCHT BSI3KOCTb PacTBOPOB IMOJUMEPOB OT UX MOJEKYJSIPHON Macchl, (OpPMbI
MaKpOMOJIEKYJ M X TEPMOIAMHAMHUYECKOTO CPOJCTBA K pacTBoputento? Hamumure ypaBHEeHHE
Mapka-XayBuHKa 1 XarruHca u 0ObsICHUTE, IPU KaKUX YCIOBHUSIX OHU BBIITOJTHSIIOTCS.

11. Yro Ha3bpIBalOT OTHOCUTENIBHOM, YAETbHOW M XapakTepucTudeckoi Ba3KocThio? Kak
UX OIPEIEISIIOT?

12. Yem OOBSACHUTH, YTO BSI3KOCTh M JJICKTPHUYECKAs MPOBOJAUMOCTE JIMOPOOHBIX 30JIeH
IIPUMEPHO PaBHBI BA3KOCTH U IEKTPUIECKONU TPOBOAUMOCTH PACTBOPUTENS?

13. OO®BscHUTE MPUHIMIT IEHCTBHS KaMUIIPHOTO BHCKO3MMeTpa. Hanwmure ypaBHeHUE
[Tyazeiinst st 0ObeMHON CKOPOCTH JABMXKEHUS KUAKOCTH B Kamwuiape. Kak xanubpyrores ka-
MUUISPHBIE BUCKO3UMETPHI?

14. OObsAcHUTE NPUHLMI JEHCTBUS POTALMOHHBIX BHCKO3MMETPOB. ISl KakuX cCHCTEM
HCIOJIb3YIOTCSI IPUOOPHI 3TOTO THUIA?

15. Kak ocymiecTBisieTcss nepexol OT KOaryaslUOHHO-TUKCOTPOIHBIX CTPYKTYp K KOH-
JIEHCAITMOHHBIM (KpUCTAIUTU3AIMOHHBIM) U Ha000poT? Bo3zeiicTBueM Kakux (paKTOPOB MOKHO
BBI3BaTh 3TH MEPEXOIbI?



16. Kakum oOpa3oM pazmepbl YaCTHIl U B3aUMOACHCTBUE MEKAY HUMH BIUAIOT HA CTPYK-

TYPHO-MCXaHNYECCKUEC CBOMCTBaA JUCIICPCHBIX cucrem?

17. B uem 3akmouaercs 3¢dexr Pebunnepa? Kakue BemecTBa BBICTYNAIOT B KaueCTBE

NOHMU3UTENEH TBepaocTU MaTepuanos? [IpuBeauTe mpruMepsl UCIIOIB30BaHUs 3TOTO 3 dexTa.

AN

Ilepeyennb BONPOCOB U 3a1aHNii, BBIHOCUMBIX HA 3K3aMeH
IlepBoe HaYaJI0 TEPMOAUHAMUKH
[Tpenmer xumMHuueckoi TepMoiHaMUKH. OCHOBHBIE ONPEEIICHUS: cUcTeMa (TOMOT€HHAs
U FeTepOreHHas, U30JMPOBaHHAs, OTPHITasl U 3aKPhITas, COCTOSIHUE CUCTEMBbI); TEPMOIU-
HAMUYECKHUI mporecc (M30TepMUYCCKUHN, H300apHBIN, H30XOPHBIA, aarna0aTUYEeCKHA,
KpYTOBOH TIpoliecc, 00paTUMbIi U HEOOPATUMBIi).
TepmoauHaMuyeckue (DYHKIMM: BHYTPEHHSISI SHEPTHs, SHTAJIBIUS, TEIJIOTa M padoTa.
[lepBoe Hauano tepmoanHaMUKHU. COrJaCHO MEPBOMY 3aKOHY TEPMOJMHAMHUKHU TEILIOTA
ecth (yHKIUs mporecca. 3akoH ['ecca yTBepkaaer, 4TO TEIUIOBOWM 3PPekT Xxumude-
CKOM peakIM He 3aBUCHUT OT MyTH npouecca. /laiiTe o0bIcHEHHEe 3TOMY IPOTHUBOpE-
YUIO.
OYHKIHUU COCTOSIHUS CUCTEMBI. J{0Ka3aTenbCTBO.
Pabora pacmmpenus upeanbHOro Ta3a B pasHbIX mpoueccax. BemBoa dopmyn. 3a cuer
Yero coBepllaeTcs MakcHMalbHas Moje3Has paboTa XMMHUYECKOW peakiuu Mpu Mo-
CTOSIHHBIX JIaBJIEHUU U TemrepaType?
Heunpeanshubie rasel. [Ipu kakux ycnoBUsX UCIONB3YIOTCS ypaBHeHUs1 Ban-nep—Baainbca,
Hurepnun, beprino? KoadduumeHT c:knMaeMOCTH Ta30B, CHOCOOBI €r0 OMpPEeSICHHS.
Kak paccunrtats paboTy H30T€pMUYECKOTO paciiupeHus 1 KMosb pealbHOTo raza?
Termmmoemkocts. Knaccudukanust temmoeMkocTeid. CBsi3b TEINIOEMKOCTH C TEPMOJWHA-
mudeckumMu GyHkiusmu. KakoBo cootHomenune mexay Cp u Cy i naeanbHoro raza?
[IpuMmeHeHre nepBOro Havyajga TEPMOJUHAMUKH K IIpoLieccaM B JIFOOBIX cHUCTeMax. 3aKOH
I'ecca u ceacTBUS U3 3aKOHA.
3aBUCUMOCTh TEIUIOBBIX 3()(PEKTOB OT TeMIIEpaTypbl UEM OIpENEIIeTCS XapaKTep dTOU
3aBucumoct? 3akoH Kupxroda. I'paduyeckoe Boruncienue remioBoro s¢pdexra. B ka-
KHX CITy4yasix JUIsl XMMUYECKON peakllui MOKHO NnpeHeOpeus paznuueit mexay AH u AU,
B KAKOM COOTHOUIEHUHU HAaXOMAATCS 3TH BEIUYUHBI?
Tepmoxumus. Terora oOpa3oBaHus (B pa3sHbIX arperaTHbIX COCTOSIHUSIX, HOHOB B pac-
TBOpax), HEHTpaln3aluy, pacTBOPEHUs (MHTErpajibHasl, TBEPAOrO COETUHEHU), pa3Be-
neHusi, cropanus. [IpubnnxeHHble MeToIbl pacueTa(Io SHEPrusM CBsI3el JUIsl OpraHuye-
CKUX COEJMHEHUH, METOJ CPABHUTEJILHOTO pacyeTa JJs MOJA00OHBIX XUMHUECKUX COEIH-
HEHUN).
Bropoe Haya10 TepMOAMHAMHUKH. JHTPONHUS
OcHoBHbIE OHATHSA (CAaMOIIPOU3BOJILHBIE U HECAMOIIPOU3BOJIbHBIE TPOLECCHI).
Bropoe nauano repmoaunamuku. [uxn Kapno. Ipuauun Kapareonopu.
Bropoe Hauano TepMOAMHAMUKH JIJIs1 OOPAaTUMBIX MPOIIECCOB.
B kakom u3 cienyromux MpoleccoB: U30TEPMHUUECKOM, aJnadaTHuecKoM, H30X0opude-
CKOM, M300apHYECKOM - MPU 0OpaTUMOM UX MPOTEKAHUH HE MPOUCXOAUT U3MEHEHUS
SHTPOIUH CUCTEMBI?
Bropoe Hauano TepMOAMHAMUKH JIJIs1 HEOOPATUMBIX MPOIIECCOB.
Mexay HEKOTOPBIM UCXOJHBIM cocTOsiHUEM | U KoHeyHBIM cocTosiHueM |l ocymecTs-
Js10TCA 1Ba mepexoja. ONMH U3 HUX MPOTEKaeT o0paTUMo, Apyroil — HeoOpaTUMO.
N3BecTHbI TemoBbie 3G PeKkThl 3TUX TPoreccoB: Qosp U Queosp, MpUIEM Qosp > Queodp.
KakoBo cooTHoOITIEHHE MKy H3MEHEHHUEM SHTPONUH AS B TOM W JIpyrom mpoiecce?
Yrto Gomnbrie?



10.

11.

12.

13.

14.
15.

Kakue mapameTpbl CUCTEMBl HEOOXOAMMO MOAACPKUBATH MOCTOSHHBIMH, YTOOBI IO
3HaKy M3MEHEHHUS SHTPONHUU MOXHO ObLIO ObI CyIUTh O HAlpPaBJIE€HUU CAMOIPOM3-
BOJIBHOTO IIPOTEKaHUs mpolecca’?
M3MeHeHne SHTpOIMU B pasHbIX Ipoleccax. BpIBoj MaTeMaTHMYECKHX 3aBUCHUMOCTEH.
Vkaxure, B KaKUX IIPoOLECCax, U NPU KAKUX YCIOBHUAX HU3MEHEHHE DHTPOIUU MOXKET
OBITH paBHO paboTe mpoliecca.
B KakoM COOTHOLIECHUU HAXOIATCS MOJIAPHBIE SHTPOIIMM TPEX arperaTHbIX COCTOSHUU
OJIHOI'O BEIlleCTBA: I'a3a, )KUIKOCTH, TBepaoro Tena? Yro 6ompiie?
Ouneprust I'm606ca u sueprusi ['enmpmrosbia. B kakux ciaydasx TepMOIMHAMHUYECKHE
(GyHKIMM IPUOOPETAIOT CBOMCTBA TEPMOJIMHAMMYECKUX TOTEHIIMAIOB?
IIponecc mpoTeKaeT B yCI0BUAX ITOCTOSIHCTBA TeEMIIEpaTypsl U AasieHus. Kakoi tep-
MOJMHAMMYECKHI MOTEHLHAN cleyeT BblOpaTh B KauecTBE KPUTEPHUS NPOTEKAHUS
CaMOIIPOU3BOJIBHOTO MPOLIECCA B ITUX YCIOBUAX?
B kakux ciydasx MOKHO pacCUMTaTh U3MEHEHHE TEPMOJAMHAMUYECKUX QyHKUIHH (AS,
AG, AF, AU, AH) nnst HeoOpaTUMBIX MPOIECCOB, UCIIONB3YS YpaBHEHUE Ad 00paTu-
MBIX IIPOLIECCOB?
B ycnoBusX mOCTOSHCTBA TeMIIEpaTyphl U 1aBJICHUS CTPEMIIEHHE CUCTEMBI K paBHOBE-
CHIO ompenenseTcss BenudnHoi u 3HakoM AG. B To e Bpems mporeccsl MOTYT OBITh
KaK JK30TEPMHUUYECKUMHM, TAK U DHAOTEPMHYECKMMH, a DHTPONUS MOKET yBEIUYH-
BaTbCsl UM yMEHbIIAThCA. UTO ¢ 3TON TOYKHU 3peHHs OyAeT crnocoOCTBOBATh MOJIHOTE
IIPOTEKAaHMUS CaMOIPOU3BOJBHOIO IIPOLEcCca IIPU IMOCTOSHHBIX TEMIIEpaType U AaBie-
HUU?
Xapakrepuctudeckue QyHkiuu. Ypasaenue ['n60ca - 'enpmronbia.
XYUMHYECKUI MOTEHIUAN UJEAIbHOTO U PeaIbHOTO Tra3oB. OYruTUBHOCTD U KOAPPUIU-
€HT (PYTUTUBHOCTH. AKTUBHOCTb U KO3(PPULIMEHT aKTUBHOCTH.

XuMHuYecKoe paBHOBecHe
OOpaTuMble peakItu.
Urto o3Ha4yaeT coCTOSIHUE XUMUYECKOro paBHOBecusi? Kak MOKHO onpenenuTs, 4To B CH-
CTEME HACTYNWIO paBHOBecue? YCIIOBHS XMMHYECKOro paBHOBecHs. KoHcTaHTa paBHO-
Becusi. Kakue (akTopsl BIusAOT Ha KOHCTaHTHl paBHOBecus Kp u K, ecnu pearupyro-
IIYI0O CUCTEMY paccMaTpUBaTh Kak HJeanbHyr0? Hamummre mMareMaTHdeckoe COOTHO-
menne Mexay BennunHaMu Kp u Ke [Ing xumuueckoi peakuuu. Kakas u3 3Tux Benu-
4yuH 6onbiie?
Hanmmmmnre MaTeMaTnyeckoe BBIPAKEHHUE 3aKOHA JEUCTBYIOIIMX MAacC MPUMEHUTENIBHO K
00paTUMBIM HJ€ATbHBIM OAHOPOAHBIM XMMHMYECKHMM CHCTEMaM U peajbHbIM. B kakux
ClIydasix 0OpaTUMbIE peaKkliu MPOTeKaoT 10 KoHIa? OOBACHUTE 3TO C TOUKH 3PEHUS 3a-
KOHa JIEHCTBYIOLIUX Macc.
Chopmynupyiite npuHIUN cMenieHus: xumudeckoro pasHosecus Jle Illatense. Cmere-
HUE XMMHYECKOI'O PaBHOBECHS: BIHMSHHUE TEMIIEpATyphl, KOHLIEHTPALlUM, AABJIECHUA. 3a-
BHUCHUT JIM U KaK KOHCTaHTa paBHOBecus xumuueckoil peakuuu K. u Ky, mporekaro-
e B MJIeaJbHOM Ta3000pa3HOM COCTOSHUHM, OT KOHIIEHTPAI[MU pearupyromux Be-
niecTB? 3aBHUCUT JIM M KaK KOHCTaHTa paBHOBecHs K, XMMHUUecKol peakuuu, IpoTeKa-
IOIIel B MJI€aTbHOM Tra3000pa3HOM COCTOSIHUM, OT KOJHYECTBa MOJEH BEIIeCTB,
Y4acTBYIOIIHMX B HEU?
MaxkcumanbHast paboTa U XUMHUYECKOE CPOJICTBO: MPU CTAaHIAPTHBIX YCIOBUAX, B HEpPaB-
HOBECHOHM CHCTEME, NP YCIIOBHUH, €CIIA JABJICHUS NPUBEICHBI B Pa3MEPHOCTH — aTMO-
chepa. HamumuTe ypaBHeHHe, CBS3bIBAIONIEe CTaHAapTHOE cpoiacTBo AGT’ u KoH-
cranTy paBHoBecHus Kp, nmpu nocrosauubeix P u T, ecnu naBieHne BbIpakK€HO B Iac-
KaJisix. UTo ABISETCS MEpPOW CTaHIAPTHOrO CPOJACTBA XMMHUYECKOW PEaKUUH MPU TO-
crosHHbIX P u T? Jlns xakux peakuuil KOHCTaHTa paBHOBecHs K, paBHa paBHOBECHO-
MY JIaBJICHUIO B CUCTEME MPU JAHHOU Temmeparype?



6. 3aBHCHMOCTH KOHCTAHTHI PaBHOBECHUS OT TEMIIEpaTyphl. BeIBOJ ypaBHEHHsI W300apbl U
u3zoxopsl Bant - ['odda. Kak Bauser temneparypa Ha KoHcTaHTy paBHOBecusa K,? Uro
SABJISIETCSI MEPOU ATOTO BiMsiHUA? HanmummTe coOOTBETCTBYIOIIEE YpaBHEHHUE.

7. YpaBHEHUS H30T€pM XUMHUYECKoW peakiuu. [IpoTekaHue M HampaBiIeHHE XMMHYECKOM
peakIny, XapaKTepU3yeMoil COCTOSIHUEM PAaBHOBECHSI.

8. Pacuer koHcTaHT paBHOBecusi: meron Temkuna-llIBapumMana, pacueT, OCHOBaHHBIA Ha
UCIIOJIb30BAHUHU CIIEKTPOCKOMUYECKUX U KATIOPUMETPUUYECKUX JaHHBIX.

®da3zoBble paBHOBecHsl. PacTBopbI

|. ®azoBble paBHOBECHS

1. [TonsaTus «pazay, KKOMIIOHEHT», «CTeNeHb CBOOOIbI. [IpaBuio ¢a3 ['mdoca.
2. Pacuetsl ¢ ucnonb3oBaHueM (pa3oBBIX AMarpamMm cocTosiHHs. UTo Takoe TpoifHas Toyka Ha
JquarpaMMe COCTOSIHHSI OJIHOKOMIIOHEHTHOM CUCTEMBI?
3. PaBHOBecHBIC cocTosiHUS TTpH (DAa30BBIX Mepexonax. YpaBHeHue Kiaysuyca-Kiamneiipona.
4. O0bscuuTe npu nomoiu ypasHenus Kinaysuyca-Knamneiipona, nodemy aaBieHHe HACBIIICH-
HOTO IIapa HaJl KUAKOCTbIO PACTET MPU YBEIMUEHUU TEMIIEPATypHI.
5. Tpebyercs rpaduuecku paccuuTarh TEMIOTY UCIAPEHUS KUAKOCTU MPHU 3aJaHHOU TeM-
neparype. Hapucyiite rpadguk, KOTOpbIM HEOOXOAMMO MOJIB30BATHCSA, U HATUIIUTE COOTBET-
CTBYIOILYIO pacueTHyIO (opmyny. Kak usmeHseTcs TemnepaTypa IMJIaBIeHUS BEIIECTBA C PO-
CTOM J1aBJIeHUS?

Il.MonekynsipHble pacTBOPHI
1. PacTBOpHI ra3oB B )KUJAKOCTSIX. UeM ornpeaensercss paCTBOPUMOCTb ra3oB B )KUJIKOCTSIX?
2. O61mas xapakTepucTrKa pacTBopoB. CBoiicTBa pa30aBieHHBIX pacTBOpoB. 3akoH d.M.Payns.
3. Ocmotnyeckoe namienne. 3akoH BanT-I'odda. B kakoM COOTHOIICHUN HAXOMSTCS BEITHYH-
Hbl OCMOTHYECKOTOo AaBieHus AByX BojaHbIX 0,005 M pacTBOpoB TriioKo3bl M cynbdata
HaTpus?
4. Ilonn>xeHHe TeMIepaTypbl 3aMep3aHusl U OBBILLIEHHUE TEMITEPATypbl KUIIEHHS paCTBOPOB.
5. bunapHble pacTBOPHI KHUJIKHUX JIETY4HX BellecTB. /laBneHue napa Haja )KUJIKONH CMeChI0. 3aKo-
Hel J[.I1.KonoBanoBa. AzeorponHas cmech. lIpoanannsupoBaTe quarpaMMbl «COCTaB-IaBICHUE
napa» ¥ «CcocTaB-TeMIIepaTypa» MpU OTPULATEILHOM U MOJOKUTEIBHOM OTKJIIOHEHUH OT JIMHEH-
HOW 3aBUCHUMOCTH.
6. Ileperonka >xuakux cMmecei. JlaBneHue mapa 4acTUYHO CMEIIMBAIOLIUXCS M HECMEIIMBAIO-
mmxcst )kujKocten. [IpuBectr mpuMepsl MEPEroHKU € BOASIHBIM [TAPOM.

[11. PacTBOpBI 371€KTPOIUTOB
1. IloueMy pacTBOpHI 3IEKTPOIUTOB HE MOTUMHSIOTCS 3akoHaMm Paynst u Bant-T'opda? OcHos-
HBIE IOJIOXKEHMSI TEOPUU IEKTPOJIIUTUYECKON auccounanuu. IIpuMeHeHne 3akoHa AEHCTBYIO-
IIMX MAcC K DJIEKTPOJIUTAM.
2. OCHOBHBIE TIOJIOKEHUSI TEOPUU CHIIBHBIX AIEKTPOJIUTOB. PackpoiiTe MOHATHS MOHHAs cuia
pacTBopa, aKTUBHOCTb, KO3 uIeHT aktTuBHOcTU? KakoBa B3aUMOCBSI3b MEXKIY 3TUMHU BeEH-
yyHamMu? B Kakux ciydasx MOKHO OTOXAECTBIISITh MOHITHUS aKTUBHOCTb U KOHLIEHTpalus?
3. Uem paznuyaroTcs CUIBHBIE U CIA0BIe IEKTPOIUTHI? MOXET i cnabbIil JIEKTPOIUT B BOJI-
HOM pacTBOpE OBITh CHJIBHBIM 3JIEKTPOJIUTOM B Jpyrom pactBope? [louemy KpuTepuem CHibl
AIIEKTPOJINTA SBJISIETCS €M0 KOHCTAHTA JIEKTPOIUTUYECKON JUCCOLUAUIU?
4. PackpoiiTe MOHATHUS SHEPTHs KPUCTAJUIMYECKON peIleTKH, ThuapaTaiuu (CoabBaTaluu), acco-
nuanuu, aucconranuu? Kakoa B3anMOCBSI3b 3TUX SHEPTUIM MPHU CAMOIPOU3BOJIBHOM PAacTBOpPE-
HUU BelllecTBa?
5. 3aKoH pacnpeaeeHus. DKCTPaKIusl.

DIeKTPOXUMHUSA



1.YenpHas U 5KBUBAJCHTHAS 3JIEKTPOIPOBOJHOCTh PACTBOPOB. 3aBHCUMOCTh OT pa3z0aBiIeHUS
pactBopoB (3akoHbl Konbpaymia). [lokakute 3aBUCMMOCTD, CBS3BIBAIOIIYIO YACIBHYIO 3JIEKTPO-
IPOBOJAHOCTb K, KOHCTAHTY SIMEMKU (0 U CONPOTUBIIEHUE pacTBOpPaA 3JIEKTpoauTa Rx.
2.25eKTpOnpPOBOIHOCTD NPU OeckoHeYHOM pazbaBieHuu. Kak cBA3aHbI MOJABHKHOCTH HOHOB U
AIIEKTPOTIPOBOIHOCTh TMpH OeCcKOHeUHOM pazbamieHun? Kakue moHBI 0051a7at0T HauOOIbIICH
MOJBUKHOCTHIO B BOJHBIX PACTBOpax U mouemy?

3.Yucna nepenoca. Kak cBs3aHbl uuclia NEPEHOCA, CKOPOCTH HOHOB, NOJIBHUXHOCTU HOHOB U
3JIEKTPONPOBOAHOCTH MPU OECKOHEYHOM pa3daBiieHUn?

4. Kak, ucnosib3ysi 3Ha4€HUs KBUBAJICHTHOU 3JIEKTPONPOBOJHOCTH MPU 33JaHHOM KOHIEHTpa-
MU U Ipu OECKOHEYHOM pa30aBJIeHUHU, PacCUUTATh CTENEHb JUCCOLMALUU, KOHCTAHTY IHCCO-
[UalM{ ¥ KOHIICHTPAIUU OTAEIbHBIX HOHOB B pacTBope?

5. MeHnsiercs M U Kak KOHCTaHTa JIMCCOLMAIMHU AJIEKTPOJIUTA C POCTOM JUAICKTPUUYECKOI
IPOHUIIAEMOCTH PACTBOPUTEIIS, €CIIU CPAaBHUBATH PACTBOPUTENH, OJIM3KHE IO CBOWCTBAM?

6. Hapucyiite rpaduk 3aBUCIMOCTH 3KBUBAJICHTHOW AJIEKTPOMPOBOIHOCTH OT pa3BeACHUs IS
CHJIBHBIX U CIA0BIX AJICKTPOIHUTOB.

7. ChopmynupyiiTe npaBuiIO HOHHOM cuiibl (TIpenenbHbIi 3akoH Jlebas — [rokkens).

8. Kakoe cBOWMCTBO pacTBOPUTEIIA SIBISETCS ONPEISISIONINM B €r0 CIIOCOOHOCTH HOHU3UPOBATH
PacTBOPEHHOE BEIIECTBO (IOMUMO €0 CIIOCOOHOCTH K XUMUYECKOMY B3aUMOJICH CTBUIO C 3TUM
BEILIECTBOM)?

9. MeHsieTcs M U KaK CTENEHb JAMCCOIMALNK CIa00T0 3JeKTPOJIUTa B BOJHOM PAacTBOpE C
pocToM TemnepaTypbl? ApryMeHTUpYHTE OTBET.

10. Hanumurte ypaBHEHHE 3aBHCHMOCTH JKBHBAJICHTHOM 3JIEKTPONPOBOJAHOCTH pPacTBOpa
CUJIBHOTO JIEKTPOJIUTA OT KOHLIEHTPALIMU.

11. KakoBbI IPUYHHBI JUCCOLMAIIMH SJIEKTPOJIUTOB B PACTBOPE HA HOHBI?

12. Yro takoe AS ruaparanuu nonoB? KakoB 3Hak AS ruapaTanuy U Kak ero MOXHO 00b-
SICHUTB?

13. Kakue naHHble 00 3JEKTPOIPOBOJHOCTH PACTBOpPA C€Ia0Oro 3JIEKTPOIUTA HEOOXOIUMO
UMETb, YTOOBI paCCUUTATh TEIJIOTY JUCCOLMUAIIMHI ITOTO AJIEKTPOIUTA?

14. 3MeHuTCS U ¥ KaK KOHCTAHTa JUCCOLMAINU CJIaboro 3JeKTPOIUTa, €CIM B KauyecTBe
pacTBOpPUTEISE BMECTO BOJBI B3SITh METHJIOBBIM CUPT (IIPH yCIOBUHU, YTO XMMHUYECKOE B3au-
MOJIECTBHE MEXJYy PACTBOPEHHBIM BEIIECTBOM U PACTBOPUTENIEM OTCYTCTByeT). JlaiiTe
00BbsICHEHHE.

15. Haueptute rpaduk 3aBUCUMOCTH YAEIBHON 3JEKTPOIPOBOJHOCTHU 3JIEKTPOJIUTA OT pa3Be-
JIEHUS.

16. Kak n3meHsercst yaeibHas 3JeKTPONPOBOJHOCTh BOJHOIO PacTBOpPa CJ1abOro 3JIEKTPOJINTa
C POCTOM KOHIIEHTpaluu pactsopa’?

17. Kakue hakTopbl BIUAIOT Ha SKBUBAJICHTHYIO AJIEKTPONPOBOAHOCTD dIEKTPOTUTA?

18. 3aBUCHT M ¥ KaK pajuyc UOHHOU aTMOC(ephl OT KOHIICHTPAIIUU CHUIBLHOTO SJIEKTPOJIHU-
ta? Kak u3MeHUTCS pajgnyc MOHHOW aTMocdepbl MpH Mepexoje OT BOJHOTO (IMU3JIEKTpHUe-
CKasl MPOHHUIIAEMOCTh paBHa 81) pacTBopa CHIBHOIO 3JEKTPOJIUTA K CIUPTOBOMY (IUAJIEK-
TpUYeCcKasi IPOHHUIIAEMOCTh paBHA 24) TOW e KOHIIEHTpAIMK MIPH TOM ke Temmeparype? Jlaii-
T€ 00BSCHEHHE.

19. O0BsAcHUTE NPUYMHY YBEIMYEHHS SKBUBAJIECHTHON 3JIEKTPOIPOBOJHOCTH B 3JIEKTPUUECKOM
noJie BbICOKON 4acToThl (3 ekt [Jebas — PanpkeHxareHa).

20. Haueprurte rpaduku 3aBucumoctedl Ky = f(T) 1 AHpuee = f(T) 151 BOgHBIX pacTBOpPOB
c1a0bIX 37eKTponuTOB. [lokaxkuTe 3T rpadvKu B COUETAHUU APYT C IPYTOM.

21. Kak 3KCIepuMEeHTaJIbHO ONPEIEIUTh YMEHbIICHHUE YKBUBAJICHTHOM 3JIEKTPOIPOBOJAHOCTH,
00yCIJIOBJIEHHOE 3JIEKTPOPENaKCAIIMOHHBIM TOPMOKEHUEM HOHOB?

22. Kak 3KCIepHMMEHTAIbHO HAWTH YMEHBIICHHE SJIEKTPOIPOBOJAHOCTH, OOYCIOBICHHOE 3JIEK-
TpoopeTrueckuM TOpMOKEHHEM?

23. ChopmynupyiiTe 3aKoH pa3Benenus OcTBanba.



24 PaBHOBECHBIC AJICKTPOIHBIC MOTCHIIMABI: KaK OOBSICHUTh BOSHUKHOBEHHE CKAa4yKa MOTCHIINA-
JIOB Ha TpaHulle Metajui-pactBop? CTpoeHHe IBOHHOTO 3JIEKTPHUUECKOro €0 Ha TPaHMIIE Me-
TaJUI-pacTBOp. 3aBUCUT JIM M Kak ToamuHa Tu((dy3HOW YacTH ABOHHOTO IJIEKTPUUECKOTO
CJI0s1 OT MOHHOM CHJIBI pacTBOpa, B KOTOPBIN morpyxkeH merami? KakoBo TepmoanHamuue-
CKO€ YCJIOBHE 00pa30BaHMS MOJIOKUTEIHLHOTO 3apsiia Ha TIOBEPXHOCTH METAaJlIa, OIMYIICHHOTO
B pacTBOp coju 3Toro Merainia? KakoBo TepMOAMHAMHYECKOE YCIOBHE OTCYTCTBHS 3apsaa Ha
MOBEPXHOCTH METajljia, OMYIIEHHOTO B PACTBOP CBOEH coiu? UTO Ha3bIBAIOT 3JEKTPOAHBIM
MOTEHILIMAJIOM MeTalula, OT Kakux (aKkTOpOB 3aBUCHUT 3Ta BenuuuHa? Hamumimte maremarnde-
CKO€ BBIPAKEHHE.

25. Yto Ha3bIBAETCs YCIOBHBIM AJIEKTPOJHBIM TOTEHIIUAJIOM?

26. Uro Takoe nudPy3HMOHHBIN MOTEHIMAN, KaK OOBSICHICTCS €ro BO3HMKHOBeHHE? Hamwmmre
MaTeMaTHUYeCKOE BhIpAXKECHHUE.

27.410 Ha3BIBAIOT aICOPOLMOHHBIM U MeMOpaHHbIM MoTeHIanoM? Kak BO3HHKAIOT M Kakoe
UMEIOT 3HaYeHue?

28. Dnekrpoxumudeckue nemnu. J./.C. raipbBaHUYECKOTO JIEeMEHTAa.

29. Kakyto poib npu U3MEPEHHH 3.7.C. TATbBAHUYECKUX SJIEMEHTOB BBHITIOIHSIET 2JIeMEHT Be-
croHa? K xakoMy THIy 3JIEMEHTOB OTHOCHUTCS 3JieMeHT BecToHa (KOHIIEHTpAllMOHHBIM, XU-
MUYECKHH, C IEpeHocoM, O6e3 repeHoca)?

30. 'anpBaHUYECKUI AIEMEHT COBEPILIAET AIEKTPUUECKYIO paboTy 0€3 U3MEHEHUs] BHYTPEHHEN
sHepruu. B xakom cooTHoueHuu (4TO OOJbIIe) HAXOASATCS MPU ATOM BEIHUYMHA DJIEKTpUUE-
ckoit paboTel NFE m BenmumHa TENIOTHI (], KOTOPOW AJIEMEHT OOMEHUBACTCS C OKPYXKaIOmeh
cpenoi? Kakoii 3HaK B 3TOM cliy4ae UMeeT TeMIepaTypHbId koddduiueHt 3. a. c?

31. CymiecTBYIOT JIU rajJbBaHUYECKUE AJIEMEHTHI, JJIsl KOTOPBIX BEJIMYMHA 3. JI. C. HE 3aBUCHUT
OT BENUYHMH CTAaHJAPTHBIX AJIEKTPOIHBIX MOTeHUHaNoB? Ecnu cylmecTBylOT, TO YKaXUTE THUII
ATUX IJIIEMEHTOB.

32. MOXHO 71U U3MEPUTh 3. . C. TAJIbBAHUYECKOIr'0 3JIEMEHTA MPH MOMOIIU BOJbTMETpa?
JlatiTe oTBEeT ¢ 000CHOBAaHHUEM.

33. D. 4. c. rabBaHUYECKOT0 dJIEMEHTa KaK (QYHKIUS TEeMIEepaTyphl BhIpakaeTcs ypaBHEHU-
em E =a+ bT. Beiseaure ypaBHenus mais pacuera AS, AG u AH npu temnepatype T.

34. Kakue raJibBaHMYECKUE 2JIEMEHTHI Ha3bIBAIOT XUMHU YECKUMU?

B ranpBaHmuecKkoM 3JIEMEHTE MPOTEKAeT PEakiusi B CTOPOHY 0Opa3oBaHHS ra3000pa3HBIX
MPOAYKTOB M3 KOHJIECHCUPOBAHHBIX HCXOJHBIX BEILIECTB. Biuser nu M Kak yBeJIHUYECHUE
BHEIITHETO JIaBJICHHS Ha BEJIMYUHY 3. 1. ¢?

35. Urto Ha3pIBaeTCs CTaHAAPTHOMU 3. 1. ¢? OT 4ero 3aBUCHUT BEJIWUYMHA CTAHJIAPTHOM 3. 1. C.
XHMHUYECKOT0 TaJbBAaHMYECKOTO 3JeMeHTa (MpUpoJia peakiu¥, KOHIIEHTpalus pPacTBOPOB,
TEeMIIepaTypa, YUCJIO IEPEHOCUMBIX dJIEKTPOHOB)?

36. B kakoM ciydae 3HaK 3. JI. C. DJIEMEHTA CUUTAETCS IMOJOXKUTEIbHBIM? MeHseTcst U 1
KaK BHYTPEHHSS DHEPIUs rajJbBaHUUYECKOTO 3JEMEHTA, €CIIM €ro 3. JI. C. HE 3aBUCHUT OT TEM-
neparypsl? [louemy?

37. Kakue KOHCTAHTBI M YKCIIEPUMEHTAIbHBIE JaHHBIE HEOOXOAUMO UMETh, YTOOBI MOACUU-
TaTh JIEKTPUUECKYIO pabOTy, COBEPIICHHYIO raJbBAHUYECKUM JIEMEHTOM?

38. IlpuBenuTe mMpUMEpHI TaJbBAHUYECKUX AJIEMEHTOB pa3NU4HbIX TUIIOB. OOpaTHMble U HEOO-
paTUMBbIE TaTbBAaHUYECKHE AJIEMEHTHI. [l0sICHUTE Ha KOHKPETHBIX NMpUMEpax, KaKue pPeakiuu
MPOXOJSAT Ha AJEKTPOIAX TAIbBAHUYECKUX DJIEMEHTOB.

39. llonspuzanus 3JIEKTPOIOB

40. Iepenanpspxenue nepexona. OT kakux ¢GakTopoB 3aBUCHT? HamuiimTe COOTBETCTBYIOIINE
ypaBHEHUS.

41. Cymuocts nuddy3Horo nepeHanpsokenus? Hanumure ypaBHeHUS.

42. Knaccudukamus 37meKTpoaoB. HadepTure cxempl: BOJIOPOIHOTO U XJIOPHOTO (KaK HU3MEHS-
IOTCS 3JIEKTPO/HBIE TOTEHIIMAJIBI BOJAOPOJHOTO U XJIOPHOTO JIEKTPOJIOB MPH YBEIUUECHUU J1aB-
JIEHUsI COOTBETCTBEHHO BOAOPOJA M XJiopa?); KalOMENIbHOro (BIUSET U M KaK MPUCYTCTBHE
MOCTOPOHHUX HMOHOB B PAacTBOpPE Majiod U yMEPEHHOM KOHIIEHTpAllUM Ha MOTEHIMAJ KaJlo-



MenbHOTO  3nektpoxa? Ilouemy?);  xyopcepeOpsHOrO;  CTEKJISSHHOTO,  OKHCIIHUTEIBHO-
BOCCTAaHOBUTEJIBHOTO; XUHTUJIPOHHOTO JIEKTPOJOB. YKaXKUTe, Kakue (HaKTOpbl MOTYT BIUSITh
Ha BEJIMYMHBI UX MOTEHIMaIOB. Hanummure U nosicHUTE MaTeMAaTUYECKUE BBIPAKEHUS Ul 110-
TEHIUAJIOB.
43. Kaxoii u3 4jeHoB 1paBoii uactu ypasuenus Hepucra ¢ = ¢° + RT/nF- Ina ans snexrpona mep-
BOT0 POjia 1aeT HauOONbIINK BKIJIAJl B BEJIMYUHY JIEKTPOJIHOTO MOTEHIIMANA IPU JAHHOW aKTHUB-
HocTH MoHa? Hanumure ypaBHenne HepHera muist anekTpoja nepBoro poja (a+— akKTUBHOCTb
KaTHOHA, a- — aKTUBHOCTb aHMOHA, a — aKTUBHOCTH COJIM B PacTBOpE AJIEKTpoiuTa). Biuser
JM U KaK MPUCYTCTBHUE MOCTOPOHHUX MHAU(D(PEPEHTHBIX HOHOB HA TIOTEHIMAT JEKTPOAA MEPBO-
ro pojJia B paCTBOPE MAJIOM M YMEPEHHON KOHUEHTpauu?
ITo kakoMy 3aKOHY M3MEHSETCS PaBHOBECHBII MOTEHIMAJ 3JEKTPOJa MEPBOTO pojaa ¢ yBe-
JUYEHHUEM PACCTOSIHUS OT MOBEPXHOCTH dJIEKTpoJa B IIyOb pacTBOpa, KOrJa TOJIIMHA
TuQy3HON YaCTH TBOMHOTO 3JIEKTPUUYECKOTO CII0s paBHA HYIIO?
44. CocrtaBbTe 3J€KTpoj BTOporo poaa, ecnu umerorcs Ag (meramr), AgNOs, K2Cr04, AgNO2,
Pt (metamr),HNO3, KoCr207, Ag2CrO4. Harmmmmure ypaBHEHHE 3JIEKTPOJHON PEaKIIUU M ypaB-
Henue HepHcra s aToro snektpoia.
45.B 4eM CyIIHOCTb JEKTPOMETPUUECKOT0 MeTo1a onpeneneHus pH?
46. Uto Takoe 3JEKTPOIM3, €ro mnpaktuiyeckoe 3HaueHue? KakoBbl OCHOBHBIE MOJIOXKEHHS, Xa-
PaKTEepHU3YIOIIKE IEKTPOJIN3 U3 BOJHBIX PaCTBOPOB U B paciuiaBax”?

DJIEeMEHTBI CTATHCTHYECKOH TePMOAMHAMHUKH
1. OcHoBHBIE OJIOKEHUS U OCTYJAThl CTATUCTUYECKON TEPMOIMHAMUKHY.
2. Mukpo- U MaKpOCKOMHYECKHUEe MOAXOAbl K omucanuio cucteM. IIpencraBienue o dazoBoM
IIPOCTPAHCTBE HA OCHOBAaHUM CTATUCTUKU bosblMaHa. DHTpoNus U BEPOSITHOCTh. MakcUMyM
TEPMOJMHAMHYECKON BEPOSTHOCTH.
3. Craruueckuii ancamOnb. DyHKuMA pacnpeneneHus. Tumbl aHcamOiell. Pacmpenenenue
Makcsesuta o ckopoctsiM. Pacnipenenenne bonbimana.
4. HaxoxxJeHue cyMMbl 110 cocTosiHUAM. Hanumure obiiee MaTeMaTHYeCKOe BhIpaKEHUE IS
CYMMBI COCTOSTHMM. 3aBUCHUT JIM U KaK CyMMa COCTOSIHMM OT TemnepaTypbl? CBONCTBA CyMMBI
[0 COCTOSTHUSIM. Pacder MoJeKyIspHOM CyMMBI [0 COCTOSIHUSIM MJI€albHBIX T'a30B. B kakoMm Ko-
JMYECTBEHHOM COOTHOIIEHWN HaXOZATCS BEIWYMHBI 3JIEKTPOHHOM, MOCTYNAaTElbHOM, Bpalla-
TEIbHOW W KONeOaTeIbHOM COCTABIISIOIIMX CYMM COCTOSIHUM ISl TBYXaTOMHOM MOJIEKYJBI NpHU
KOMHATHOU TE€MIIEpaType, €CJIM OCHOBHOM AJIEKTPOHHBIN YPOBEHBb HE BBIPOKIEH?
5. Bknax B MOJEKyNISpHYIO CyMMY IO COCTOSIHMSIM MOCTYINATEIbHOTO JIBUXKEHUS. YKaxuTe,
KaKMMM CBOMCTBAaMM BEIIECTBA M IapaMETPAMM COCTOSIHMS ONpPEAEIAETCS MOCTyNaTeabHas
COCTaBJISIIOIAsl CYMMbI COCTOSIHUM /171 ra3a B UJI€aJIbHOM COCTOS HHU.
6. BpamarensHast cymma no coctosHusM. Hanumure Gopmyny, CBA3BIBAIOIIYIO BpallaTeib-
HYIO COCTaBJISIONIIYI0O CYMMBbI COCTOSIHUHM ¢ TapaMeTpaMHu COCTOSIHUSL U MOJIEKYJISPHBIMU KOH-
CTAaHTaMHM JIBYXaTOMHBIX MoJiekyia. Hamummure hopmyny ais pacdera A07IM MOJIEKYJ Ha Bpa-
[IaTeJIbHOM YPOBHE C KBAHTOBBIM YHUCIOM ] (Zpp — BpalllaTelibHasi COCTABISAIONIAS CYMMBbI
COCTOsIHMMN, B — BpamarenabHas noctosiHHas). CocTaBisAONIas CYMMBI IO COCTOSIHUSIM BHYT-
PEHHETro BpalleHus.
7. KonebarenbHas cOCTABIAIONIAs CYMMBI 10 COCTOSTHUSIM. 3aBUCHUT JIM M KaK XapaKTepUCTHU-
yeckas KosebarenbHas TEMIIepaTypa oT TeMrepaTypsl raza? 3aBUCUT JIM U Kak KojebaTenb-
Has COCTAaBJISIONIAS CYMMBI COCTOSIHMM OT 4acTOThI KoJeOaHUil aTOMOB B MOJIEKYJIE TP J1aH-
HOU Temmeparype?
8. Bxiiag B MOJEKYJISIpPHYIO CYMMY IO COCTOSHUSIM 3JIEKTPOHHBIX U SJEpHBIX ypoBHEH. Uemy
paBHa JIEKTPOHHAS COCTABJISIONIAsl CyMMbl COCTOSIHUH, €CJIN JIEKTPOHBI HE BO30YKIEHbI?
9. CBsi3b CyMMBI 110 COCTOSIHUSIM C TepMOAWHaMHUecKuMH QyHkimsMu. Ctatuctuueckuit Pac-
YyeT BHYTPEHHEW SHepruu MoJiekynbl. Hanummure ¢popMyiy, CBSI3bIBAIONIYI0 BHYTPEHHIOIO SHEP-
ruro uneanbHoro raza (U—Uo) ¢ cymmoii coctosiamii Z.
10. Cratuctuyeckuil pacdeT SHTPOIUU U SHTAIBIUU JJIS KaKJOTO BUAA JBUKEHHS MOJIEKYIIbI.
Hanummre ¢Gopmyiy, CBI3bIBAIONIYIO SHTPOIHIO Ta3a ¢ cyMMOH coctosiHuil. Hanummure ¢op-



MyJly, CBSI3bIBAIOLIYIO SHTANBINIO HaeanpHoro raza (H—Ho) ¢ cymmoii cocroanuii Z.
11. Pacuyer TemI0eMKOCTH CTATUCTUYECKUM METOJIOM I Ka)J0ro BUA JBHKEHUS MOJIEKYIIbI.
Hanummre ¢hopmyinny, CBA3BIBAIONIYIO TEINIOEMKOCTh T'a3a B UJEaTbHOM COCTOSIHUU IPHU I0-
crossHHOM 00Beme Cy ¢ cymmoit coctostamil Z. Kakoit Bkiaj (Jx/mons-K) B 0611y10 n30X0p-
HYIO TEIJIOEMKOCTb I'a3a JaeT COIJIACHO KJIACCHUYECKOM TEOpHM OJHAa CTENEHb CBOOOABI MO-
JEKYJISAPHOTO JIBHKeHUsA? B ueMm riaBHbINA HETOCTATOK KJIACCUUECKOM TEOPUH TEIIOEMKOCTH?
12. Kakue MoeKyJIsspHbIe KOHCTAaHTHI HEOOXOAMMO 3HATh JUIsl BBHIYHMCIICHUS KojeOaTenbHOM
coctasistonieit snepruu ['enbmronbua (F—Fo) 1ByxaToMHOro rasa npu JJaHHON TeMIeparype
U JIaBJICHUH CTaTUCTHYeCKUM MeTonoM? Hanummure Gopmyiy, CBSI3bIBAIOIIYIO HEpruio [ no-
oca (G—Go) c¢ cymmoir cocrosHuil. Kakme wu3 TepMoauHaMUUYECKUX (DYHKIIUN:
(U—Uo), (H—Ho), S, (F—Fo), (G—Go) — MOKHO paccyuTaTh, €CIIUM U3BECTHA TOJIBKO BEINYH-
Ha CYMMbI COCTOSIHMH AJi TaHHBIX YCJIOBHM, HO OTCYTCTBYET YpaBHEHHE 3aBUCUMOCTU CYMMBbI
COCTOSIHMH OT TeMIlepaTyphl?
13. Pacyetr KOHCTAaHT paBHOBECHS JJs MA€aIbHBIX ra30B. BeIBOJ uepe3 paBeHCTBO CYMM XHMHU-
YEeCKHX MOTEHIIMAJIOB PEareHTOB M MPOIYKTOB. BriBo/I Yepe3 npuBeneHHyo suepruto ['mboca mo
SHTAJBITHSIM.

demeHonornYeckas kuHeTnka. Karaaus
1. Yto moHUMAIOT 1O TEPMUHOM XUMHUYeckas kuHeTuka? Uto oHa uzydaer? CBs3b C TEpMOAU-
HAMHUKOM.
2. B uem 3akiroyaeTcsi KHHETUYECKUN KPUTEPUN peaKlMOHHOW CIIOCOOHOCTH XMMHYECKOW CH-
cteMbl? OCHOBHOM MOCTYJIaT XUMUYECKON KuHETUKH. O0JIacTh MPUMEHEHHS 3aKOHA JCHCTBYIO-
HIMX Macc
3. UTo Ha3BIBAIOT CKOPOCTHIO XMMHUYECKOW peakiuu (CpeaHe W MrHOBEHHOM), OTYEr0 OHa 3a-
BucuT? Kak M3MEHSIOTCS CKOPOCTh XUMUYECKOW peaklMy U KOHIIEHTPAIMH Peardupyronx Be-
miecTB Bo BpemeHu? IlpuBenure rpadudeckne 3aBUCUMOCTH.
4. 3ama4yu U METOJIbI UCCIIEIOBAHUS CKOPOCTEH XUMHUECKUX PEaKIIHA.
5. Uto Takoe MOJEKYJSIPHOCTh U MOPSA0K XUMHUYecKoi peakiuu? [lo kakomy mpu3HaKy peak-
WU pa3JeNstoTcsa Ha nopsaku? B ueM oTinrnune MONEeKyJIIpHOCTH OT Mopsiaka?
6. Kakumu MeTogaMu MOXKHO OTIPENeNHUTh MOpsIoK peakiuu? [IpuBeaure ypaBHeHUs U rpadu-
KH.
7. IlpuHATO CUUTaTh, UTO MOPSAJOK PEAKIIMU SIBJISIETCS OTPAKEHUEM MEXaHH3Ma €€ MPOTEKaHUsI.
[TosicauTe 3TO MOJIOKEHNE HA IPUMEPAX.
8. UTo Ha3bIBAIOT MEPHOAOM MOJTYIIPEBPAIICHHUS BEIIECTBA, CPETHEM BPEMEHEM KH3HH MOJIEKY-
nel. [IpuBenuTe aHANMTHYECKUN BBIBOJ YPaBHEHUM: IS pacyera Mepuoja MOIyNpeBpalieHus
BElIeCTBa JUIsl peakluil HyJeBOro, epBOro, BTOPOro U TPETHEro MOPSAKOB; JIJIs pacyeTa Ccpe-
HETro BPEMEHHU KU3HU MOJIEKYJIBI.?
9. KuHetnyeckuii aHaIM3 MPOCTHIX HEOOPAaTHUMBIX peakiuii. [IpuBennuTe BBIBOJ KUHETHUYECKHX
ypaBHEHMI U rpaduecKue 3aBUCUMOCTH YPaBHEHUH peakluii HyJIeBOro, IepBOro, BTOPOro (/1sa
Cllydasi, aBTOKaTaJIMTUUECKasi peakiisi BTOPOro MOpsiika) U TPEThEro nopsiaAkos? Bo3MoKHBI 1
peakiuu Apyrux nopsakos? Kakas U3 0THOCTOPOHHHUX peakIuii 3aKaHUYUBAETCsl ObICTpee Mpu
OJIMHAKOBBIX MCXOJHBIX KOHIEHTPALMSIX U OJUHAKOBBIX KOHCTAHTAaX CKOPOCTH: peakius 1-ro,
2-ro Wi 3-ro nopsiaka?
10. Maremarnueckasi ¥ TpaduuecKasi 3aBUCHIMOCTb KOHCTAHTBI CKOPOCTH XHMHUYECKON peaKIiu
OT TeMIiepaTypbl. TepMOIMHAMUYECKUN BBIBOJI BBIPAYKEHUS, ONMKMCHIBAIOIIETO 3aBUCUMOCTh KOH-
CTaHTBHI CKOPOCTH OT TemriepaTyphl. 3akoH Bant-I'odda, smmupruyueckoe ypaBHeHHe AppeHmyca
JUISL SJIEMEHTAPHBIX U MHOTOCTaUIHBIX peakuil. 3aBUCUMOCTb MPEI3KCIOHEHIINAIBHOIO MHO-
KUTENs 0T TeMneparypsl. [ paHulbl IpUMEHEHHs ypaBHEHUsI AppeHuyca.
11.5Heprust akTUBAIIMU MPOCTHIX U CIOKHBIX peakiuid. Kak mo moTeHnuaipsHOMYy Oapbepy orie-
HUTh BEJTMYMHY SHEPTUU aKTUBALMU? 3aBUCHMOCTb SHEPIHH aKTUBALMU OT BUJA PEarupyrouux
YaCTHI] U UX dHEpreTuueckoro cocrosiuus. Kaxymascs, Habnronaemas u 3¢ exkTuBHas SHEPTUs
aktuBanuu. CylecTBYIOT JIU U KaKU€ XUMHUYECKHE PeaKklUu, SKCIIepUMEHTalIbHAs YHEPTUs aK-
TUBALUM KOTOPBIX OTpUIlaTEIbHA? 3a CUET Yero MPOUCXOJUT aKTUBALUS MOJEKYJI B MOHOMO-



JEKYJSAPHBIX peakiusax? B uem 3akirodyaeTcs OCHOBHOM HEAOCTATOK TEOPUH OMHAPHBIX CTOJIK-
HOBEHUN?

12. Teopuss akTUBHBIX cToNKHOBeHHMH XxuMmuueckux peakiuii (TACXP). BeiBog 0OCHOBHOTO
ypaBHEHUs JJIs1 OMMOJICKYJIAPHBIX peakiuid. YpaBHenue Tpayma-JIpronca. DHEprus aKTUBAIMHA
TAC. OcHOBHbIE NPEANOJIOKEHUS, UCIOJIb3yeMble MPU BbIBOJAE ypaBHeHUs Tpayna-Jlstouca.
Cpasuenue pe3ynbtatoB TACXP ¢ skcnepumentom. Bo3moxknsie nonpaBku B TACXP. Iap-
IIyHHBIE PEaKLUHU, IPUMEPBI.

13. Teopus axtuBupoBaHHOoro komiuiekca (TAK). IloBepXHOCTh MOTEHIIMAIBHOW SHEPTHH
(II13) nnsa monexynsapHoi cucrembl. OcHoBHBIE ompenenenus: [, nonuHbl peareHTOB U
IIPOAYKTOB, IEPEXOIHOE COCTOSIHUE, CEIUIOBAs TOUKA, IIyTh U KOOPAMHATA PEaKLUU, SHEPI U aK-
tuBaiuu. IlpaBuno Byasopaa-I'opmana (3amper mo cummerpun). Mertoast onpenenenus I1119:
TEOPETUYECKHUE U DKCIIEPUMEHTAJIbHBIE.

14. Teopus axtuBupoBanHoro komiuiekca (TAK) Oiipunra u Ilonsuu. Ilpusenure matemaruye-
CKHH anmapaT BbIBOJa OCHOBHOIO ypaBHeHUs TAK — ypaBHeHUs ODWpuHra ¢ TOUYKH 3pEHUs CTa-
TUCTHYECKOW TepMOoAMHAMHUKU. OCHOBHBIC JOMYyIICHUS. TpaHCMHCCHOHHBIN KO3(pQHIMEHT.
[TpepKCrIOHEHIMATIBHBIA MHOYKHATEb.

15.9neprus akruBauuu TAK u onbiTHast s3Heprus aktuauuu. CBs3b MEXKIY dHEPIrUsIMU aKTHBa-
mun TAC u TAK, cpaBHeHHE COOTBETCTBYIOIIUX KO3 (UIMEHTOB U 00bICHEHHE (PU3UUECKOTO
cMBbIcTIa AppeHHYCOBCKUX mapameTpoB. O1eHka creprdeckoro gakropa ¢ nomornbio TAK.

16. TepmoauHaMu4eckuid HOAXOA AJIsl OMUCAHUS KOHCTAHThI CKOPOCTH 1o ypaBHeHHio TAK.

17. DHTpOonMA aKTUBAIMM XUMHYECKOW PEaKIMH: ONpeAeieHHne, PU3NIECKUN CMBICI, BEPOST-
HOCTHBII XapakKTep.

18. YTo moHMMAIOT 1O MEXaHU3MOM XMMHYECKON peakuuu? /laiiTe XapaKTepUCTUKY MPOCTHIX U
cioHBIX peakuuil. [IpuBenute npumepsl. Kiaccudukanus ClnoXHbIX peakLui M0 MEXaHU3MY,
1o (a30BOMY COCTaBY PEareHTOB. Y CIIOBHE HE3aBUCUMOCTH MPOTEKAHMUSL.

19. INapannensHble peaky NEPBOTO U BTOPOro MopsakoB. [lokakure BBHIBOJ KMHETHYECKOTO
YpaBHEHHUS, IPEJICTAaBbTE IrPapUUECKyI0 3aBUCUMOCTh, IPUBEIUTE IIPUMEPBI.

20.Kunetuka 1BycTOpoHHHX (00paTUMBbIX) peakimii. OOpaThmble peakiiy MepBOro 1 BTOPOro (J1Ba ciry-
Yasi) TIOPSIIKOB: TTOKaKUTE BbIBOJI KWHETUYECKUX YpaBHEHUH, Mpe/icTaBbTe rpapuueckue 3aBUCH-
MOCTH ONPEIEIICHUS KOHCTAHT CKOPOCTEN, IPUBEAUTE TPUMEPHI.

21 KvHeTnuecKuii aHaI3 TIOCIIEI0BATENBHBIX PEAKIUi (TPH CITydasi): TOKaKUTE BBIBOJ] KHHETHUIECKHX
YpaBHEHMH, MpeACTaBbTe IpaduuecKue 3aBUCUMOCTH OIpEesIeHUs] KOHCTAaHT CKOPOCTeH, Mmpu-
BEJIUTE MPUMEDPBI.

22.ConpspkeHHble peakii. CKOpOCTb M CPOICTBO XMMUYECKON PEAKIIUH.

23.TynnenupoBanue. KnHeTH4ecknit H30TOMHBINA YPQEKT.

24.IIpuHIMII CTAIlMOHAPHOTO COCTOSHUS (JIeTalbHOTO paBHOBecHs) — MeToll boxenmreiina. Ha
npUMepe MOKaXUTE MPUMEHEHHE METO0Jla CTAI[MOHAPHOTO COCTOSIHUSA JUIsl pACCMOTPEHUS KHUHE-
TUKH XUMMHYECKON PEAKIIUH.

25. OCHOBHBIE TIOJIOKECHHS TEOPHH KHMHETHKH IIEMTHBIX Pa3BETBICHHBIX W HEPA3BETBICHHBIX pe-
akuui. [TpuBennTe kMHETHYECKUE YpaBHEHUS AJIs JaHHBIX peakLUi Ha mpuMepax. MOKHO JIM U
KaK YMEHBIIUTh HUKHUU Tpeaes JaBieHus, HauluHas ¢ KOTOPOro pa3BeTBJIEHHas IeMHas pe-
aKIUs pa3BUBAETCs CO CKOPOCTHIO B3pbiBa? Hammimmre ypaBHEHHUE AJI pacdyeTa CKOPOCTHU pas-
BETBJICHHON LIETTHOM peaklMM, €CIU BEPOATHOCTh Pa3BETBICHUs OOJbllEe BEPOSATHOCTH OOpbHIBA
nenu. [Ipu 3amucu ypaBHEHHS MOJIB3yHTECh 0003HAUYECHUSAMU: V — CKOPOCTh peakiun; f— Bepo-
ATHOCTb Pa3BETBIICHUS 1IETIH; § — BEPOSTHOCTh OOPBIBA LIENH; T — BpEMs OT Hayalsla peakinu; @
— KOHCTaHTa HapactaHus (¢ = f—(); A —mocTossHHas BEeIWYHHA.

26. ®otoxumuyeckue peakiui. OCHOBHBIE 3aKOHBI poToxuMuu. Kakue mapamerpsl BIUSIOT Ha
CKOpOCTh (oTOXMMHYECKUX peakuuii? Ha mpruMepax mokakute JBa OCHOBHBIX MeXaHu3Ma (o-
TOXUMHUYECKUX peakiuii. DHeprus poToXuMU4ecku B30y ACHHBIX MPOAYKTOB. MOXKET M U B
KakoM ciiydae (OTOXMMHUYECKAsl peakiys UMeTh 1-i MopsAAoK, eciny nepBUYHas (GpoToxumuye-
CKas aKTUBALMs SBIAETCS JUMUTUpPYIOIIEH cTaaueii? MoKeT 1M U B KaKOM Cilydyae KBaHTO-
BBIA BBIXOJI (POTOXUMHUYECKON PeaKuu ObITh OOJIBIIE STUHUIIBI?



27. PamuanmmoHHO-XMMUYECKUE peakiuu. buonroMuHeceHnus u xemomoMuHectenus. [Toka-
JKUTE B 00I1IeM BUJE CTAIUN MEXaHU3Ma XEMOIIOMUHECIICHIINH.

28. KuHeTHka reTeporeHHbIX XUMHUYECKUX PEaKIHi.

29. Karanutnueckue mpouecchl. OCHOBHBIE MOHATHUS: KaTanui, katanusarop (mo bopeckoBy),
uHTHOUTOp. CrielnUIHOCTD M CEJIEKTHBHOCTD KaTanu3aTopoB (mpuMepsl). OCHOBHEIE MOJIOXKE-
HUA Teopuu Katanusa. [I[pomexyrouynsie BemecTBa B KaTanuse. [[puHImn sHepreTuueckoro co-
OTBETCTBUS

30. OOuime npeacTaBlieHUs: 0 MEXaHU3MaX KaTAIUTUYECKOrO JIEHCTBUS, CBA3aHHOM ¢ 00pa3oBa-
HUEM aKTUBHBIX KOMILIEKCOB. Kiaccudukaius KaTaTuTUYECKUX MPOILIECCOB.

31.I'omorenHbIii Katanu3 B rasoBoi (aze. Teopus NMpOMEKYTOUHBIX TPOAYKTOB. KucCiaoTHO-
OCHOBHOM KaTaiu3: CHCIU(PUICCKHA KUCIOTHBIA KaTaan3, CIeU(PUIeCKHiA OCHOBHOW KaTajus,
00Nl KUCTOTHBIN KaTanus, OOIIMii OCHOBHOW KaTallu3, KOPPEJsLUOHHbIE COOTHOLIeHud. ['eTe-
POTEHHBIN KUCIIOTHBIM KaTajn3. ABTOKATaIu3.

32. I'ereporenHsblii karanu3. KaTanu3atopsl 1 UX OCHOBHBIE TUIIBI. Y CIIOBHUSI BBICOKOI aKTHBHO-
CTH KaTajau3aropa (IUCIEPCHOCTh TBEPHABIX KaTaIU3aTOPOB, CIIEKAHWE KAaTaIU3aTOPOB, MPOMO-
TUPOBaHUE, OTPABJICHUE KaTalIU3aTopoB). Poib ancopOiuu B reTeporeHHO-KaTAIUTUYECKUX pe-
aKIUAX — BBIBOJ KMHETUYECKUX ypaBHEHUW. YpaBHeHue JIeHrmropa-XuHienbByaa. Kuaetnue-
ckas u auddy3ruoHHas 00JacTU FeTEPOreHHOr0 KaTaTUTHIECKOTo Ipolecca.

33. Teopun xaranmsa. [IpencraBicHre 00 aKTUBHBIX IIEHTpax. Poib nedeKToB peasbHOro TBEp-
noro tena B karanuse (I'. Taitnop). Pons HEOTHOPOAHOCTH TOBEPXHOCTH U €€ YUET B aICOpOIIUU
U KaTaju3e, Teopusl aKTUBHBIX KataauTuueckux ancambneit H.M. Ko6o3eBa. JIuranano-nonesas
teopusi b.B. EpodeeBa. Teopust mynpTumieroB A.A. bananguna. [losicuure Ha mpumepax oc-
HOBHOUM CMBICT ¥ 3HAYEHUE MPHUHIUIA CTPYKTYPHOTO (T€OMETPUUECKOT0) COOTBETCTBUS MYJIb-
TUILJIETHOW TEOPUM FeTEPOreHHOro Katanusa A.A. banannuna. DaeKTpoHHas TEOpUsl KaTalu-
3a.

34. OcobenHoctu GepMeHTaTUBHOTO Karanu3a. CxeMa u ypaBHeHHe Muxasnuca-MenteHn. Kon-
KYpPEHTHOE U HEKOHKYpEHTHOe UHruoupoBanue. CyocTpaTHOe TopMokeHue. [[puunHbl 60IbIINX
CKOpOCTeH pepMEHTATHUBHBIX PEAKIIUN.

35.BiusiHMe pacTBOpUTENSE Ha CKOPOCTh XMMHUUYECKHX peakmuii. Cka3plBaeTcs JIM M Kak
MOHHAas CHJia pacTBOPa Ha CKOPOCTHU pEaKIIMU MEXAYy HOHAMU B pacTBope?

Komyongnas xumusa

1. TereporeHHOCTh M JUCIEPCHOCTh KaK OCHOBHBIE MPU3HAKU OOBEKTOB KOJUIOMIHOW XMMUHU.
Pa3meps! yacTul, cTeNeHb TUCIEPCHOCTH CUCTEMBI U UX B3aUMOCBSI3b.

2. IloBepxHOCTHBIE ABICHUS U UX 3HaueHHe B (papmannu. CBoOOIHAS TOBEPXHOCTHAS HEPIUs
U MOBEPXHOCTHOE HaTspkeHue. IlyTu ymeHbllleHuss cBOOOJHOW MOBEPXHOCTHOM SHEPrUM JHC-
IIEPCHBIX CUCTEM.

3. TlomepxnoctHO-akTHBHEIC BemiecTBa ([IAB). Ctpoenne monexynsl (IuduiIbHOCTD). 3Hade-
Hue u npumenenue [1AB. Knaccudukanus [TAB.

4. Xapakrepuctuku [TAB - runpodpunbHo-nunodpunbneiil 6ananc (I'JIb) u nosepxHocTHas ak-
TuBHOCTH. [IpaBuio J{roxmno — TpayoOe.

5. M3otepma nmoBepXHOCTHOrO HaTskeHUs. Y paBHeHHe LlIumkoBckoro.

6. Munemioo6pazoBanue B pactBopax [IAB. Kputnueckas KoHIEHTpalus MULEIII000pa3oBa-
Hus B pactBopax (KKM1 u KKM2). Metoas! onpenenenuss KKM.

7.  ComoOnnu3anus ¥ ee npuMeHeHre B papmanuu. JIumocomsl.

8. Ancop6mus (o0mue nousatus). Mzorepma ajcopOrum.

9. Ancop6uus ITAB Ha moBepXHOCTSX pazfena ‘““KUAKOCTh - ra3” U KUAKOCTh — XKHUJIKOCTDH .
VYpaBuenue ['u66ca.

10. Ancop6umst Ha OBEPXHOCTH paszzenia “TBEploe TeNo - ra3”. DKCIEePUMEHTAIbHOE ONpese-
JIEHWE BEJIIMYMHBI aZICOPOLUH.



11. Teopust MoHOMOJIEKYIJISIpHOH ancopOuun JIsurmiopa. BeiBog ypaBuenus JIsurmropa. ®usu-
YECKUM CMbICT KO3 (PHUIIMEHTOB 3TOr0 ypaBHEHUSI.

12. TMonumonekynsapHas aacopOus. Kanuspaas KoHaeHcausl.

13. ApncopOmust Ha TOBEPXHOCTH pasjelia “TBepJoe TeJo - KUIKocTh . [IpaBuiio ypaBHUBaHUS
noJsipHocreit PeOunnepa.

14. Ancopbuus 35eKTposiuToB. BnusiHue mpuposl HOHOB U ancopoentoB. [Ipasuio Ilanera -
QasHca.

15. O6mennas aacopOmus. MoHuThI, X Kiaaccuukaius u npumeHeHue. OOMeHHasi EeMKOCTb.
16. MexaHu3M JIeiCTBHS MOHUTOB Ha MPHMEpe yMIT4eHus U obeccoluBaHus Bojbl. Perenepa-
1Sl HOHUTOB.

17. Kores3usa. Anre3us. Pacrekanue. CmaunBanue. KpaeBoit yron cmaunBanusi. Y pasuenue On-
ra.

18. Temnora cmaunBanusi. Kosdpunment ruapodunsHocTi. HBEpCUs cMayrBaHusI.

19. Hucnepcusie cuctemsl. Knaccuduxarnms. OO1iye NpruHIMIIBI TOTy4eHUS.

20. KonzeHCallMOHHBIE METOJIBI TTOIYUYEHHS (METOI XUMUYECKON PEeaKIny, METO/I 3aMEHBI pac-
TBOPHUTEIIS).

21. JlucneprandOHHBIE METObI TIOTY4YEHUS (AUCIEPTHPOBAHUE B CTYIIKE, B IIAPOBOM M KOJIIO-
UIHON MEJIbHUIIAX ).

22. KomOWHMpOBaHHBIE METOABI MOIYYEHUS (MIENTH3ALNS, TICKTPUICCKHE METOIBI).

23. MeTobl OYHCTKH KOJUIOUIHBIX PACTBOPOB (IUAIN3, SJCKTPOAUATN3, YAbTPAQUIBTPALIHS).
24. O6pa3oBanue aBoitHOTO AtekTpudeckoro cios (JI9C) Ha Mexda3HbIX TOBEpXHOCTIX. Teo-
pun crpoenus [I9C (I'enbmromsua - [leppena, I'yu - Uenmena, [ltepna - @pymkuHa). DneKTpo-
TEPMOJUHAMHUYECKUN () U 3JIeKTpOoKUHETHYECKUH () MOTEeHIMabI.

25. Ctpoenue mMutiesuibl T1oGoOHbIX 305ei. DopMyiia MUTIEIITBL.

26. BnwusHue pa30aBieHUs U BBEACHUS dIEKTposmToB Ha TonmuHy J|9C u Ha @- u - moTeHIH-
anbl. M3oanextpuueckoe coctosaue J19C.

27. YCTOMUMBOCTH IUCIEPCHBIX CUCTEM (arperaTMBHas W CeAMMEHTalMOHHas). (DakTophl,
onpezensoonme ycroiunBocts. Koarymsiuus. Buasl koarysasiuu (CkpbiTasi, siBHasi, MeAJICHHa,
ObICTpasi) U MX CBSI3b C BETMUMHON (- MOTEHIMANA.

28. Tlopor koarymsiuu M €ro dKCIEpHUMEHTaabHOe ompeaencHue. Koarymumpyromas crmoco0-
HOCTb 37eKTponuToB. [Ipasuiio Llyneie - Iapau. JInoTponHble psabl KOaryisuuy.

29. OcoOble siBIeHUs, HAaOIr01aeMble TIPU IEKTPOIUTHOW KOATYISIUU: I TUTHBHOE, aHTar OHM-
CTHYECKOE U CUHEPTMUYECKOE JIEMCTBHUE DJIEKTPOJIUTOB TP COBMECTHOM BBEJICHUU; Iepe3apsiIKa
3071€i (“HenpaBUIIbHBIE PSAABI” KOAryJIsLun).

30. “IIpuBbikanue” 305l (OJOKHUTEIBHOE U OTpULATEIbHOE). 3aIIUTHOE JIEHCTBHE BBICOKO-
MOJIEKYJISIPHBIX BELIECTB. 30JI0TOE YUCIIO.

31. DnexkTpoKWHETHYEeCKHe SIBJICHUS B JUCIEPCHBIX CHCTeMax (31eKTpodopes, 3IeKTpoocMoc,
s dekr JopHa, apdext KBunke).

32. CremneHb OUCIEPCHOCTU M JIMHEHHBIE pa3Mepbl YacTUL. YAelabHas MOBEPXHOCTh JUCIIEPC-
HBIX CUCTEM I10 Macce U Mo o0beMy U ee pacueT. Pacuer cymmapHOi MmiIomaan NOBEpXHOCTH Ya-
CTHII.

33. BpoyHoBckoe aBrkeHue u nupdy3us B JUCIIEPCHBIX cucTeMax. 3akoHbl ®uka. Koaddum-
eHT auddy3un. YpaBHeHue DUHINTEHHA IS €ro pacdyeta. Y paBHeHUe DiHIITeHA - CMOTYXOB-
CKOT'O JIJIsl pacyeTa BeTMYMHbBI CPETHETO CIIBUTA YACTHUI] P OPOYHOBCKOM JIBUYKEHUH.

34. OcMmoTuyeckoe JaBieHHE KOJJIOUIHBIX pacTBOPOB. OCMOTHYECKHH METOJ OIpeeseHus
pa3MepoB KOJUIOMAHBIX YaCTHII.

35. Bsskocts 110 oOHBIX 3051el. YpaBHeHHE DIHIITEHHA A7 BI3KOCTH.

36. PaccestHre W TIOTJIONICHHWE CBETA B IUCIIEPCHBIX cucTeMax. Onanmecnennus. Ddpdext Dapa-
nes - Tunpans. YpaBHenue Panes.

37. OOmas xapakTepucTUKa rpyOOIUCIIEPCHBIX CUCTEM, UX OTJIMYME OT KOJUIouaHbIX. CycrieH-
3uH, nactel. [lonydyenue u crabunmsanus. [lpumenenue B hapmanuu.

38. Cemmmentamus. YpaBHenue Crokca. CeTMMEHTAIMOHHBINA aHATIN3 CYCIIEH3HI



39. Dmynbscuu. Knaccudukanus, MeTobl ofydeHus U cradmmmsanun. KoanecueHuus. IMyib-
ratopsl. [IpaBuio bankpodra. MeTonbl onpeaenenus tumna sMmynibcuii. OOpamienue ¢as dMyIib-
CHUI.

40. Ilensl. Knaccudukarys, METOIbI IOJYYCHHS U CTAOUITHU3AIIHH.

41. Ansposzomu. Knaccudukanus, METOAbI MOMyYeHHs, YCTOWYUBOCTh. [lpumenenue B apma-
IUA. A3PO30JIbHBIE YITAKOBKH.

42. MoneKkynspHO - KUHETUYECKHE M JJIEKTPUUECKHE CBOMCTBa a’dpo3oieil. Tepmodopes, Tep-
nonpenunuTaiys, horodopes. DIeKTPOOUIBLTPHI.

43. BseicokomonekyispHbie BemectBa (BMB, momumepsr). MeToasl onyueHusi, Kiaccupuka-
nusa. Ctpykrypa BMB (nmHeiHas, pa3BeTBieHHas, mpocTpaHcTBeHHas). Kondopmarus makpo-
monekyi. dusnyeckue cocrossHusi BMB (cTekioobpa3Hoe, BBICOKOIACTUYHOE, BI3KO-TEKydee).
TemmepaTypsbl nepexoa MEX1y HUMHU.

44, Habyxanue BMB u ero 3nauenue B papmanuu u megunune. TepmoanHaMuka HaOyxaHus U
pactBopenust BMB. JluoTponnsie psinbl HaOyxanus. [laBinenue HaOyxanus. YpasHenue [lo3Hs-
Ka.

45. Buckozumetpusi. Buasl BI3KOCTH KHUAKOCTEH (AMHAMHUYECKas, OTHOCUTENbHAS, KHHEMATH-
yeckas). YpaBHeHus Horotona, [Tyaseitns, Croxkca.

46. YnenbHas, MPUBEACHHAS U XapaKTEPHCTHUYECKas BSI3KOCTh pacTBOopoB BMB. VpapHeHus
IlIraynuarepa u Mapka - XayBuHka - KyHa. Bucko3umerpudeckoe ONpenereHue MOJISIPHOU
maccsl BMB.

47. Brinenenune BMB u3 pactBopoB. BeicanuBanue. Koanepsanus. Beinenenue noa neictsueM
OpraHUYECKUX PaCTBOPUTEIIEH.

48. 3acrymHeBanue pactBopoB BMB u daxTopsl, Biaustomue Ha Hero. JIMOTpomHbIA psn 3a-
CTy/IHEBaHUSI.

49. Tlommanexrponutsl. [lommamponutel. benku. M3oanekrpuueckas touka (MOT) monmanex-
TPOJIUTOB U O6eTKOB. METO/bI €€ OIpe e IeHus.

50. Crynau u remu. Knaccudukanus. [Ipumenenue B hapmariu, 3HaYeHUE B OMOJIOTHU U Me-
munuze. Cunepesuc. Tukcorponus. Auddysus B rensx. 'enb—xpomarorpadus. [lepuoanueckue
peakuuu B CTYJHSX U TelisiX.

Taﬁ.lmua 9. HpI/IMepbl OLCHOYHBIX CPEACTB C KIIIYaMHU MIPpaBUJILHBIX OTBETOB

Ne
n/n

o Bpewms
Tun IIpaBuibHBII P
DopMyIUpOBKA 3a1aHUS BBINOJTHEHHS
3a/laHus OTBET
(B MHHYTaX)

OIIK-1 — CnocoGen HCMOJIb30BATH OCHOBHBIE OHOJOTHYECKHE, (PU3NKO-XHUMHYECKHE, XHMAYECKHe, MATEMATHIECKHE MEeTOXbI JIJIst
Ppa3padoTKH, HCCIEeA0BAHMI M IKCNIEPTH3bI JIeKAPCTBEHHBIX CPeJCTB, H3Tr0TOBICHHS JIeKAPCTBEHHbIX NMpenapaToB

1.

3ananue 3akpeiToro | Bribepure [IPaBUJIbHBIN r 1
THUIIA OTBET.

W3MeHeHne KOHIEHTpaluu
MIPOJAYKTa PEakluh CO Bpe-
MEHEM, €Cllh  peakIus
UMeEEeT HYJIEBOHW MOPSJIOK,
NMEET 3aBHCHMOCTD!

a) yMEHBIIIaeTCs! 110 Napadorie;

0) yBEIIMUIMBACTCS 110 TIAPadOoIIc;
B) YMEHBILACTCS IO JIMHEHHOM
3aBUCHMOCTH;

T) YBEJIMUIMBACTCS 10 JIMHEHHOM
3aBUCHMOCTH.




Bribepure MPaBUIBHBIN
OTBET.

Koncranra paBnosecus K,
paBHa DPAaBHOBECHOMY JaB-
JICHUIO B CHCTEME NpH JaH-
HOU TemIeparype IJjs pe-
aKIUu:

a) TOMOTCHHasl peakuus, B
KOTOpO# 00pa3yroTcs raso-
00OpasHble TPOTYKTHI;

0) reTeporeHHasi peaxkuus, B
KOTOpoll o0pasyercsi OJHH
ra3000pa3HbIii IPOIYKT;

B) TOMOTEHHAsl pEakmusi, B
KOTOpOH oOpasyercss OIWH
ra3000pa3HbIi MPOAYKT.

VKkaxXuTe  COOTBETCTBHE.
IIpomeccsr  MOTYT  OBITH
9K30TCPMUYCCKUMH H JH-
JOTCPMHUYCCKUMH, a DIH-
TpOHI/IH MOXKET yBeJ'II/I‘II/I-
BaTbCA HIIU yMeHLIlIaTI)CH.
Haiigure COOTHOIIICHUE
BEJIMYUH, KOTOpblE OYIyT
CIOCOOCTBOBATL  ITOJHOTE
MPOTECKAHUSA CaMOTIpOm3-
BOJIBHOTO TIpoIecca IpHu
MIOCTOSIHHBIX ~ TeMITepaType
1 TaBJICHHHU:

1:AS<Q0;

2:AS>0;

3:AH>0:

4:AH<O0.

N -
1
W

Bribepure MpaBUIIbHBIN
otBer. KakoBo cooTHome-
nue D.J0.C. nns aByx sie-
MEHTOB
Cu|CuSOq(a+=0,1)||CuSO(a-
=1,0)|Cu(En)u

Zn|ZnSOs  (a+=0,01)[IZnSO,
(@:=0,1)|Zn (B), B3aTHIX TIpH
T=const:

a) E1=Ey;

6) E1<Ez;

B) E1>E2.

Pemmmre 3anauy. Jlnsg nosiHo-
ro pasjoKeHUus: HEKOTOPOTro
kommuectBa MgCOs motpe-
6oBanock 5,1 /[’ TEMIOTHI.
[Monyuennsrii CO; ObLT TO-
riomeH 5,7%-HbIM PacTBO-
pom Ba(OH), maccoii 75 r.
TennoBo#t addext peakyn
pasnoxenust MgCO3z  co-
craBisier — 102 xJ[»x/MoOb.
KakoBa maccoBas monsi 00-
pa3oBaBIIECs COJH:

a) obpaszoBaiicsi ocajok Ba-
COs;

6) 10% (BaOH)2CO3;

B) 8,4% Ba(HCO3)2;

r) 10% Ba(HCO3),.




3amanue
KOMOWHHUPOBAHHOTO
THIIA

IIpouuraiite Tekcr, ycTa-
HOBUTE COOTBETCTBHE U
HaNUIINATE apTyMEHTHI,
000CHOBBIBAIOIINE BBIOOD
OTBETA.

Ilpu nHarpeBanum Ha BO3-
oyxe:

1) nen

2) KpUCTAININYECKUN N0

a) BO3TOHSETCS
0) mtaBUTCS

1-0
2-a

H3MeHeHne arperaTHOr0 COCTOSIHHS (HMcmape-
HUE, MJIAaBICHUE MM BO3TOHKA) IPOUCXOIHT B
3EMHBIX YCIIOBUSX IIPU CPaBHEHUHU JABICHUS
HaCBHIIICHHOT'O Iapa HaJ paccMaTPUBAEMBIM
pPacTBOPOM OTHOCHTEIBHO aTMOC(EpHOro gaB-
nenus (101325 Ila). IIpu HarpeBaHUU Ha BO3-
JyXe JieJ MIABUTCS, a KPUCTAJNINYECKUH MO
BO3TOHSETCS, TaK KakK, MPU IIOCTPOCHUH JHUa-
rpaMMBbl  COCTOSIHHS, BEJIMYMHA JaBJICHUA
HACBHIILEHHOTO Tapa B TPOMHOM TOuke IJIs BOJBI
MeHbIIle, a a1 uona Oombine arMochepHOTo
JIABICHNS.

=
<

=

o ~

= o

= Kuakocth
g Teepaoe

= BCILECTBO

2

& 4,58 ———————

=

Temneparypa, °C
JAuarpamma cocrosinus ioaa

GO

0 100 1.(

I[narpaMMa COCTOAAHHUSA BOIAbI

5-8 mun




3a[laHI/I€ OTKPBITOTO
THIIa

CuryanuoHHas 3ajaya.

B uem cxoacTBo u pasznu-
ype MOHATHH HCTUHHASA W
SKCMEPUMEHTAbHASL JHEp-
I'vs aKTUBALMn?

DOHeprueil axTHUBAallMM Ha3bIBAlOT HM30BITOK
SHEPTUU [0 CPAaBHEHUIO CO CPEIHEN dHEPruei
pearupyomux JacTUl IpU JaHHOH Temmepa-
Type, HEOOXOAUMBIN [UIS1 IPEOAOICHUS IHEp-
reTudeckoro Oappepa, 4TOOBI CTOIKHOBEHUS
gacTul ObUTH 3P (GEeKTHBHEIMU M IMPOU30IIIA
xuMudeckas peaknus. Bemmuwmnasl Eaxr. 3a-
BUCUT OT BHJA PEarupymolUX YacTHUIl U HX
SHEPreTUYECKOro coctosHud. Jlns peakuui
MEXJly BaJIEHTHO-HACBHIIIEHHBIMU MOJEKyJa-
Mu EakT. bnuska k sHeprum guccouuanuu u
cocraBisier 25-50 kxan/monb. Peakuus mex-
Jly aTOMaMM UJIM pafguKalaMU HPOUCXOAUT C
SHepruei akTWBanWu OJNM3KOI K HYIIO, peax-
U aTOMOB (MM paIWKaloOB) C MOJIEKYJIaMHU
mpoTekaroT B nHTepBane 10-25 kkan/Moib.
UcTuHHOM »HEepruei akTUBALMHU WIJIM SHEPTHUs
AKTHBALU{ 3JIEMEHTAPHOTO aKTa XMMHYECKO-
ro IpEeBpalleHUs] Ha3bIBACTCS MHHHMAaJbHAs
DHEPIrusi, OTCYUTHIBaeMast OT HYJIEBOI'O YpOB-
HA B pacyeTe Ha | MOJb B3aUMOJICHCTBYIO-
IMIUX YacTHI, KOTOPOW JOJKHA o0JajaTh HC-
XOJIHAasi CHCTeMa, 4TOObl B HEW MOTJO IMPO-
H30TH paccMaTpuBaeMoe XHUMHUUYECKOe Ipe-
BpalieHue.

OKCHEpUMEHTANbHON  DHEPrUedl  aKTUBALUHU
CJIOKHOM XMMWYECKOW peakIMM Ha3bIBACTCs Ma-
pametrp Eakt. B ypaBHeHun AppeHuyca, KOTO-
pBIil ompenensieTcss Ha OCHOBAaHWH 3KCIEPHMEH-
TaJIbHBIX JaHHBIX W SBISETCS HEKOTOPOH (yHK-
LMeW UCTUHHOM 3HEPTrUU aKTHUBALIMHM OTIEIbHBIX
CTaJui peakLuy UM SKCIIEPUMEHTAIBHON BElu-
YUHOI.

Esken. = Euct. + %2 RT

CutyanuoHHas 3a7aya.
KakoBo BnusiHuE pacTBO-
puTens Ha DHEPTHIO aKTH-
BalUM B Tra3oBoil (a3e,
€CIM  JAaHHYI0 PEaKIIHIo
MOJXXHO IPOBECTH U B Ia3o-
Bo# (pase, u B pacTBOpE?

OHeprust akTUBAIlMH B PACTBOPE MO CPABHEHUIO C
9HEprued axkTHUBAllMM B Ta30BOM (aze MoOxKer
YMEHbLIIATHCA, YBEINYMUBATHCA UJIM HE MCHATHCA
B 3aBHCHMOCTH OT COOTHOLICHHUSI MEXJY TEIUIO-
TaMH COJIbBATALMK NP 0OPA30BAHUM MPOMEXKY-
TOYHOIO aKTUBHPOBAHHOTO KOMILIEKCA M UCXOJ-
HBIMU BELECTBAMU




10.

CuryanuoHHas 3ajaya.
MenseTrcss 11 W Kak CTe-
IIEHb OUCCOIMALMU CciIabo-
T0 BJIEKTPOIIUTA B BOJHOM
pacTBOpe C POCTOM TEM-
neparypsi?

B BoxgHom pacTtBOpe ciaboro 3ieKTposiMTa
CTETEHb ANCCOIMALINU MEHAETCS HE paBHO-
MEpHO.

Tak Tpu TMOBBIIICHUH TEMIEpPATypax CTEHCHb
JVCCONMAINH PacTET (JUCCOnUaIys - MpoIece
SHAOTepMHuYecKnit). Takke 3TO MOXKHO 0OBsicC-
HUTHb YBEINYCHHUEM CKOPOCTH IBIDKCHHS dYa-
ctul. Ho co BpeMeHeMm noctHraercs ompene-
JICHHBIH MakCHUMyM. 3aTeM, IpH Ooyiee BBICO-
KHX TeMmIlepaTypax 3HaueHHE CTENEeHH JUCCO-
LUaUN yMeHbIIaeTcs. Tak Kak ¢ pOCTOM TeM-
NepaTypsl  YMEHBIIAETCS  JUAJIEKTpHUYECKast
MIPOHUIIAEMOCTh BOJBI. A OHa HaM IOKa3bIBa-
€T BO CKOJIBKO Pa3 B3aUMOACHCTBHE MEXIy 3a-
psiiaMu B OJHOPOJHOW cpele MEHbIIE, YeM B
BakyyMme. Takum 00pa3oM 3Ha4EHHE IIEKTPO-
CTaTUYECKUX CHJI NPUTSKCHUS (COOTBETCTBEH-
HO acCOILMANnH) yBEININBACTCS.

L —"

A e

5-8




CI/ITyaHI/IOHHaH 3ajada. B CHCTCMC, COCTOHHIeﬁ U3 HCCKOJIBKUX (1)&3 5-8

[Touemy omMOOYHO MpPH- | YHUCTOTO BEUIECTBA, BO3MOXKHBI IEPEXOMBI BE-
MeHeHHe ypaBHeHus Kua- | mecTtBa m3 oxgHoit das3sl B apyryro. Takue me-
neiipoHa-Kmaysnyca k ¢ga- | pexoasl Ha3bpIBalOT (PA30BBIMH IEPEXOJIaMU.
30BOMY npeBpameHno | Da30Bble HEPEXOAbl XapaKTEPHU3YIOTCS 3aBHU-
anma3s — rpadur? CHMOCTBIO TeMIIepaTypHl (Pa30BOTO IpeBparie-

HUS OT BHENIHETO MJaBJICHUS WIN IaBJICHUS
HACBHIIIEHHOTO Tapa OT TeMIepaTyphl CHUCTe-
Mbl. YpaBHEHHE, XapaKTepu3ymolllee Takue 3a-
BUCUMOCTH, TmpejoxkeHo KranedipoHom, a
mo3xe MoauduimpoBano Kiaysuycom.

L= T-dp/dT - (Vo—V1)

VYpaBuennem Knaneitpona—Kiaysuyca Ha3bi-
BaeTCs CBsI3b MEXKAY HU3MEHEHHUEM TeMIepaTy-
pBI pa30BOTO MEpexona ¢ M3MEHEHHEM BHEIII-
HEro [aBliCHWS WIM W3MEHEHHEM IaBJICHUS
HACHIIIEHHOTO Tapa C M3MCHEHHEM TeMIIiepa-
TYPHIL, C OTHOHM CTOPOHBI, U TEILTOTOH (Ha30BOTO
mepexoja W W3MEHEHHeM oOBEMa BemecTBa
pu Ga3zoBOM Iepexoie, C IPYroil CTOPOHEI.
Anmaz u rpadur sBISIOTCS (HOpMaMH OJHOTO
U TOTO >K€ BEIIeCTBa, OJHAKO UMEIOT pa3HOe
CTPOCHHE U XapaKTEPUCTUKH.

AnMa3 MMeeT KpHUCTaJUIMUECKYyH pelIeTKy B
(dbopMe TeTpasipa, Iie KaXIblii aTOM OKpPYKEH
4 npyruMu aTOMaMu, SIBIISASCh BEPUIMHOU CO-
cemHero Tetpa’apa. OHH TMOXOXKH Ha COTHL
Takoe cTpoeHHE NaeT MPOYHBIC CBSI3H MEXKIY
MOJICKYJIaMH BEIIECTBA.

I'padur TOXKE TpencTaBICH MIECTUYTONBHUKA-
MH, HO OHH DPAaCIIOJIOKECHBI TOPU30HTAIEHBIMH
IIaCTaMU, MEXIYy KOTOPBIMH HET IPOYHON
CBSI3U. DTO JIENAeT er0 MSTKUM, MOJATIINBBIM.
I'paduT TepMOAMHAMUYCCKH YCTOWYHB B IIH-
pOKOM HMHTepBajie TeMIlepaTyp U JaBIECHUMU, B
YaCTHOCTH MIPHU OOBIYHBIX YCIOBHSIX. B CBsI3U C
STUM TIPU pacuerax TEePMOJUHAMHUYECKHX Be-
JUYAH B KayeCTBE CTaHAAPTHOTO COCTOSTHHS
yriaepoaa MpuUHUMaeTcs rpadur. AmMmas Ttep-
MOJAMHAMUYECKH YCTOWYUB JHIIL MPH BBICO-
kux naBieHusx (Beime 10 ITa). OpgHako cko-
pOCTh TIpeBpamieHHUs aiMas3a B TpadHT CTaHO-
BHUTCS 3aMETHOW JHINb TIPU TeMIlepaTypax
Beimie 1000 °C; mpu 1750 °C mpeBpaiuenue
anmMasa B TpaduT MPOUCXOTUT OBICTPO.

Anmas u TpaduT MMEIOT TBEPJOE COCTOSHUE,
BCJICJICTBHE YE€T0 HE MPOHUCXOAWT (Ha30BOTO
TpeBpamieHusi, 0 KOTOPOM TOBOPHUTCS B ypaB-
nenuu Knaneiipona—Kiaysuyca, kotopoe noju-
pasymeBaeT (ha30BOe MpEBpalICHHE COICpIKa-
HUEM OJHOU 3 (a3 HIeaNbHOTO ra3a U pas-
JUYHBIX MOJIBHBIX 00BEMOB ATHX (a3.

[TonmHBIN KOMITJIEKT OILEHOYHBIX MaTe€pHajoB MO JUCHUIUIMHE (MOayio) (poHa omeHou-
HBIX CPEJCTB) XpaHUTCS B 3JIEKTPOHHOM BHJIe Ha Kadeape, yTBepkaaroleil pabouyro mporpam-
MY AMCHUIUIAHBI (MOIYIIS).




TaToB oﬁyqennﬂ 1m0 JTMCHMIIJIMHE

7.4. MeToan4eckue MaTepHaJibl, ONpeae/siiolue Npoue1ypbl OeHUBAHUSA pPe3yJib-

Texymmii 1 BHYTPHUCEMECTPOBBIH KOHTPOJIb, POMEXKYTOUHAsI aTTeCTalUsl y4eOHBIX J0-
CTW)KEHHH CTYAEHTOB NPOBOJUTCA IyTeM OaulbHO-peHTHHroBoil cucteMbl. OOmias oLeHKa
y4eOHBIX JOCTHKEHUH CTYJIEHTa B CEMECTpE 10 y4eOHOMY KypCy OmpeenseTcs Kak cymma 0al-
JIOB, MOJIYYEHHBIX CTYAEHTOM IO pa3IM4YHbIM (pOpMaM TEKYyILIEro U MPOMEXYTOYHOI0 KOHTPOJIS
B TEUYEHUE JAHHOI'O CEMECTPA.
HtoroBoil ¢opmoii OTUETHOCTH SBJISIETCA 3K3aMeH B 4 cemecTpe, MO3TOMY OajulbHas
OLIEHKA pacIpe/IeIsieTCsl Ha JIBE COCTABIISAIONINE: CEMECTPOBYIO (TEKYIIMII KOHTPOJIb 10 y4eOHOU
JTUCLUIUIMHE B TedeHue cemectpa) — 50 6ayioB U 3k3amMeHalmoHHyro 50 6amios, uroro 3a 4 ce-
Mmectp — 100 6aioB. 50 6aJI;I0B CEeMECTPOBOr0 KOHTPOIIsS cOCTOAT U3 40 0ayioB, MOTYyYEHHBIX Ha
pasn4HbIX (popMax TeKyliero KoHTpouis U 10 6aisioB, BKIIOYAOIIKUX PA3IUYHOIO posia OOHYCHI
(oTCyTCTBHE IPONYCKOB 3aHATHI, aKTHBHAsI pab0oTa B TEUEHUE CEMECTPA).

Ta6auua 10. Texnonoruyeckasi KapTa pedTHHIOBBIX 0J1J10B MO THCIHUILIMHE

MaxkcumaJsibHOe
Ne KonTpoaupyemsblie mepo- KoanuectBo Mepo-
o/ - pHSTH/GaLTBI KOJHYECTBO Cpox npeaocraBJieHHs
0aJ1J10B
OcHOBHOI1 0J10K
1 BLIHOHHCHIfe Y OTUET 110 JIa- 18/1 18 Mo pacncanuio
6opaTopHoOli paboTe
2 Pemienue 3agau Ha npakTuye- 18/0.5 9 Mo pacncanuio
CKHUX 3aHATHIX
3 TectupoBaHue N0 pasaesiam 8/0,5 4 o pacniucanuto
4 KoHTposibHbIE paboThI 9/1 9 ITo pacnmcaHuio
Bcero 40
Baok 6oHycoB
6.1 HlonoiHeHNE K OTBETaM Ha 10/0,5 5 B koHIle cemecTpa
1a00PATOPHBIX 3aHITHIX
AkTuBHas paboTa CTYIECHTOB
6.2 Ha 3aHATHUSIX, TBOPUCSCKHUIH 10/0,2 2 B kon1e cemectpa
MOJXO]
OTcyTCTBHE MPOIYCKOB Ha
6.3 JIEKIIMOHHBIX U JTA00paTOPHBIX 10/0,3 3 B kon1e cemectpa
3aHATUH
Bcero 10
JlonotHUTEIbHBIH 0JIOK
B cootBercTBHU €
7. OKk3aMeH YCTaHOBIICHHBIMH Ka- 50 B kon1e cemectpa
(benpoii KpuTepusIMU
Bcero 50
HUTOT'O 100

Tadauna 11. Cucrema mrpadgoB (1JIs1 0JHOTO 3aHATHS)

IToka3arenn

bamn

Ono3nanue (qBa u 6oJee)

Munyc 2 6anna

He rotoB k J'Ia60paTOpHLIM 3aHATUAM

Munyc 3 6anna

[Tpomyck 3ausATHI 6€3 YBaXKUTEIbHON MPUYHHBI (32 OJHO 3aHS-

THE)

Munyc 2 6anna

Hapymenue yue6HOM TUCIMITITMHBI

Munyc 2 6anna

Hapymenue npaBuil TEXHUKH 0€3011aCHOCTH

Munyc 1 6ann




Tadoauna 12. lIkana nepeBoAa pelTHHIOBBLIX 0AJJIOB B MTOTOBYK) OLIEHKY 3a CeMecTp
1o AMCHUIJINHE (MOIYJIIO)

CymmMma 6aioB Onenka 1o 4-0aJIbHOI 1IKae
90-100 5 (OTIIMYHO)
85-89
75-84 4 (xoporo)
70-74
6569 3
60-64 (YIOBIETBOPHUTEIILHO)
Huxe 60 2 (HeyOBJIETBOPUTEIHHO)

[Ipu peanu3zanuu JUCUUILUIMHBL (MOJYJIsI) B 3aBUCUMOCTH OT YPOBHSI IIOATOTOBIEHHOCTH
00y4aromuxcsi MOTYT OBITh HCIOJB30BaHbI MHbIE (POPMBI, METOJBI KOHTPOJS U OLICHOYHBIE
CpencTBa, UCXOAS U3 KOHKPETHOW CUTYyAalUH.

8. VYYEBHO-METOJIMYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
JUCHUTIINHBI

8.1. OcHoBHas JuTEpaTypa

1. ApremoB A.B. ®usndeckast Xxumus: Yued.uist CTYII0 YUPESKICHUH BBICHLIIPOd. 00-
pazoBanus / A.B. ApremoB. M.: U3natenbckuii eHTp «Akagemus», 2013. 288 ¢ .

2. Jlxwuroma JI.LA. XuMudeckas KHHETHKA: Y4eOHO-METOIUYECKOE TI0COOHe I U3yde-
HUA pazzena. - Actpaxanb: M3narenbckuii 1om «ActpaxaHckuil yausepcuter», 2007. 64 c.

3. MHnmonutos E.I'. ®usnueckas xumus: Jon. YMO no cnerr. nieq. oOpa3oBaHus B Ka-
yecTBe y4el. 1 cTyA. By30B, mo crell. 032300 "Xumusa" / E. I'. Unmonutos, AptemoB, A.B.,
barpakos, B.B. ; [lox pexa. E.I'. UnnonutoBa. M.: Axanemus, 2005. 448 c.

4. HosuxoBa E.A. Konnougnas xumus: noBepxHocTHble siBieHus / Hosukosa E.A. - M.
: MUCuC, 2016. - 129 c. - URL : https://www.studentlibrary.ru/book/ISBN9785906846259.html
(OBC «KOHCYIBTAHT CTYIEHTa)

5. CasutkuH H.U. ®usnueckas xumus: cOopHuk BonpocoB u 3ana4 / H.W. CaBuTkus,
S.I'. Asnees, B.B. barpakos, W.I'. ['opuues. Poctos u//{: ®enukc, 2014. 319 c.: un. — (Boiciiee
obOpa3zoBaHue)

6. Crpombepr A.I'. dusnueckast xumust: Yuel. uist xum. coen. By3oB / A.I'. Ctpom06-
epr, J.I1. Cemuenko; mox pen. A.I'. Ctpombepra — 6-e u3z., crepeorurn. M.: Beicmr. mk., 2006.
527 c.: ni.

7. CymmM B.JI. OcHOBBI KOMIOMAHOW XUMHHK: JTo1T. YMO 1o KJIaCCUHYECKOMY YH-TCKOMY
o0Opa3oBaHMI0 B KadecTBe yd4eO. Moco0. s CTYACHTOB, OOYdYalONmIUXCS TO CIENHUaTbHOCTH
020101.65 "Xumus" u wanpasneauto 020100.62 "Xumus". - M. : Axagemus, 2006. - 240 c. -
(Boiciiee npodeccuonanbHoe 06pa3zoBaHue).

8. XapuronoB l0.5l. ®wusnyeckas xumus [DIEKTPOHHBIH pecypc]: y4eOHHK
/XapUTOHOB 10.41. M.: I'SOTAP-Mennua, 2013. 608 c. URL:
http://www.studentlibrary.ru/book/ISBN9785970423905.html (OBC «KoHCYIbTaHT CTYACHTa))

9. DOrtkunc I1. dusnueckas xumus. B 3-x 4. U. 1. PaBHoBecHas TepmoauHamuka / I1. DTKuHC,

ne Iayna, JIx.; Ilep. ¢ anrn. M.A. Ycenenckoil u B.A. Banosa; nox pea. B.B. Jlyanna u O.M. IlonTopa-
Ka. — M.: Mup, 2007. — 494 c.

8.2. lonoiHMTE/ILHAS JIMTEPATYPa
1. bensie A.Il. ®uszmndeckas U KOJUTOWIHAS XUMHS. 3agaduHuk[DnekTponHbiii pecype] / A. IL
benses, A. C. Uyxno, JI. A. baxonauna, B. B. I'pumun; nox pen. A. Il. bensesa.M.:
I'DOTAP-Menua, 2014. 288 c. URL:



https://www.studentlibrary.ru/book/ISBN9785906846259.html
http://www.studentlibrary.ru/book/ISBN9785970423905.html

http://www.studentlibrary.ru/book/ISBN9785970428443.html (OBC «KoHcynbTanT cTy-
JICHTA)

2.T'enbpman M.U. Tlpaktukym mo ¢usndeckoit xumuu: yded. mocobue / Ilox pen. M.U.
I'enbdmana. — CII6.: U3n. «Jlanby, 2004. 256 c.:ui.

3. Tempdman M.U. Konnmonnnas xumus. - 3-¢ uza. ; Crepeorutn. - CII6. : Jlans, 2005. - 336 c.
- (YueOHuku 17151 By30B. CrieniaibHast JINTEPaTypa).

4. @uznueckass XUMHsL. DJIEKTPOXUMHUSA. XUMUYECKas KUHETUKAa M KaTaiu3: YueO. JUIs By30B
[Tekct] / K.C. Kpacnos, H.K. Bopo6seB, .H. I'ogueB u ap.; mox pen. K.C. Kpacnosa. -.
M.: Beicmas mk.,2001. 2 1. 319 c.

5. [Ipaktukym no ¢usznueckoit xumun. Ouznyeckue METOJbl HCCIeAOBaHUA: yuel. mocodue
Ui CTYH. yupexnaeHuil Beicul. npod. obpazosanus / [E.Il. AreeB u ap.]; mox mep. M.S.
MenbnukoBa, E.Il. AreeBa, B.B. Jlynuna. M.: U3narenbckuid neHTp «Axkanemus», 2014.
528 c.

8.3. UnTepHeT-pecypchl, He00X0AMMBbIe /IJIS 0CBOCHUS! AU CHHUIIINHBI

1. OnexTpoHHbIi Katanor Hayunoit 6ubanorexu AI'Y Ha 6aze MARK SQL HITO
«UHpopm-cucrem».

https://library.asu-edu.ru

2. DnekTpoHHas OMbIMoTeKa «ACTpaxaHCKUI roCcyJapCTBEHHBIN YHUBEPCUTET» CO0-
CTBEHHOM reHepaluu Ha 1eKTpoHHoU miatdopme DbC «neKTpOHHBIN YUTATBHBIN 341 -
bubnnoTex».

https://biblio.asu-edu.ru

VYyerHas 3anuch oOpa3zoBaTenbHOro noprana AI'Y

(Peructpanus B 905 ayautopuu. [Ipuctpoii)

3. Dnexrponnas oubmmoreunas cucrema (3bC) OO0 «Ilomurexpecype» «KoHCynbTaHT
cTyzaeHTa». MHoronpoduiabHbIi 00pa3zoBarenbHbIi pecypce "KoHCynbTaHT cTyeHTa" sBisieTcs
ANEKTPOHHON OMOIMOTEYHON CUCTEMOM, PEAOCTaBIISIIOIIEH JOCTYM yepe3 ceTh HTepHeT K
y4eOHOI1 TuTeparype 1 JOMOJHUTEIbHBIM MaTepranaM, IPUOOPETEHHBIM Ha OCHOBAHUU TIps-
MBIX JOTOBOPOB ¢ paBooOaaaareasiMu. Karanor B HacTosiee BpeMs coepxut okosio 15000
HAaMMEHOBAHUM.

www.studentlibrary.ru

Perucrpanus c komnerorepos AI'Y

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCHUIIJIMHBI

MartepuanbHO-TEXHUYECKOEe oObOecriedeHne ydeOHOM IUCIMILTUHBI BKIIOYaeT B ce0s
Jlabopamopuio ¢uzuueckotl, KOINOUOHOU XUMUU U COPOYUOHHO2O KOHYEHMPUPOBAHUSL UMEHU
npogheccopa, dokmopa xumuueckux Hayk Anvikoea Hapumana Mupsaesuua coO CIeAyHOIIAM
000pyI0BaHUEM:

Y4eOHbIe CTONBI — 7 TIT.

Crynbs — 14 mr.

Jocka — 1 .

Crou C-1 TTA, moiika 443, xpan KO3-02 — 1 .

[Irarus III1-01 Byn3ena 1 kosnb1o, 2 1anku — 2 MIT.

JKainro3u BepTukanbHble «30AuaKk» — 1 mT.

[Ixad nns xpaHeHUs peaKTUBOB — | IT.

Cnexrpodoromerp [13-5400B 1.10.30.20.0302 — 1 miT.

Mounutop — 1 mr.

Kommnsrorep — 1 mr.

Konopumerp KOK-3 — 1 mir.

Tepmoctat TC-80 M2 — 1 mit.

Xpomarorpad user-500 — 1 mt.


http://www.studentlibrary.ru/book/ISBN9785970428443.html
https://library.asu-edu.ru/
https://biblio.asu-edu.ru/
http://www.studentlibrary.ru/

OnexrponuzHas ycraHoBka JIOM-11043 — 1 mir.
Pacxoanble MaTepuasl
[IporpamMmMHOe obecrieueHue.

10. OCOBEHHOCTH PEAJIM3ALIMU JUCHUIIJIMHBI MOAYJIsA) TIPU OBYYEHUN
HNHBAJINJI0B U JINI C OI'PAHUYEHHBIMH BO3MOXHOCTAMMU 31OPOBbS

Pabouas nporpamMMa AUCHUIUIMHBI (MOAYJIS) TP HEOOXOAMMOCTH MOXET OBITh aJanTu-
poBaHa /7151 00y4yeHHs (B TOM YHUCIIe C IPUMEHEHUEM JUCTAHI[MOHHBIX 00pa30BaTeIbHbIX TEXHO-
JIOTUI) JMI ¢ OTPAHUYEHHBIMU BO3MOKHOCTSIMH 3/10pOBbsl, MHBANUI0B. Jljig 3TOro Tpedyercs
3asBJICHUE OOYUYAIOUINXCS, SIBJISIOLIMXCS JIULAMU C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 3/J0POBbS,
MHBAJIMJAaMH, WJIM MX 3aKOHHBIX IIPEACTABUTENEM U PEKOMEHJAIMM ICUXOJIO0r0-MEAUKO-
nejarornyeckoit komuccuu. [Ipu oOyueHun JuIl ¢ OrpaHUYEHHBIMH BO3MOXKHOCTSMHU 3J0POBbS
YUUTBIBAIOTCS WX WHAWBUAYAIbHBIE TCUXodu3ndeckue ocoOeHHocTH. OOydyeHHne WHBAIUIOB
OCYILECTBJISICTCS TAKXKE€ B COOTBETCTBUM C MHAMBUIYaIbHOI IIporpaMMoil peabmiinTaluu MHBa-
auaa (Ipy HaIUYum).

JUist M1l ¢ HapyIIEHUEM CllyXa BO3MOXHO IpelocTaBiIeHue yueOHO! HHpOpMaluu B BU-
3yanbHOU opme (KpaTKui KOHCIEKT JISKIUW; TeKCTHI 3aJIaHui, Halle4aTaHHbIC YBEIUYCHHBIM
mIpUGPTOM), HAa AyAUTOPHBIX 3aHATHUSX JOIYCKAeTCs IPUCYTCTBUE aCCUCTEHTA, a TAKXKe CypJoIie-
PEBOYMKOB M TH(IOCYPAONIEPEBOAYNKOB. TeKyIINi KOHTPOJIb YCIIEBAEMOCTH OCYIIECTBIISETCS
B [IUCBMEHHOI (opMe: 00ydaroluiics MMCbMEHHO OTBEYAeT Ha BOIPOCHI, MTMCbMEHHO BBIIOIHS-
eT mpaktudeckue 3amanus. JJoknan (pedepar) TakxKe MOXKET OBITh NMPEJCTABICH B MUCHMEHHOU
dopme, pu 3TOM TpeOOBAHUS K COAEPIKAHUIO OCTAIOTCS TEMU XKe, a TPeOOBaHUS K KaueCTBY U3-
JIO’KeHUsl MaTepuana (MOHATHOCTh, KAUECTBO PEYH, B3aUMOJEHUCTBUE C ayIUTOpUEH U T. 1.) 3a-
MEHSIOTCS Ha COOTBETCTBYIOIME TpeOOBaHUs, MPEAbsBIsEMble K MUCbMEHHBIM paboTam (Kaue-
CTBO O(OpMJIEHUSI TEKCTa M CIMCKa JIMTEPATypbl, TPAMOTHOCTh, HAJIMYUE WILTIOCTPALMOHHBIX
MaTepHuaioB M T. 1.). [I[poMexxyTouHas arrectanus Ui JIML ¢ HAPYIICHUSMH CIIyXa IPOBOAUTCS
B NMHUCHbMEHHOH (hopMe, MPU 3TOM HCIHOJIB3YIOTCS 00IIMe KpuTepuu oueHuBaHus. [Ipu Heobxo-
JUMOCTH BpeMsl TOJITOTOBKH K OTBETY MOKET OBITh YBEIMUYEHO.

JUig uil ¢ HapylIeHHeM 3pEeHHs JOMyCKaeTcsl ayAuallbHOe MpelocTaBlieHue HHpopma-
II1H, a TAK)KE UCIOJIb30BAHUE HA AyJUTOPHBIX 3aHATHUSAX 3BYKO3AMUCBIBAIOLINX YCTPOUCTB (MK-
TOQOHOB M T. A.). Jlomyckaercss mpucyTCTBUE Ha 3aHATHSAX aCCUCTEHTA (MIOMOIIHUKA), OKa3bIBa-
IOIIEro 00yYaromuMCcsi HEOOXOJUMYI0 TEXHUUYECKYIO0 MOMOIIb. TeKymuii KOHTPOJb ycleBaeMo-
CTH OCyUIecTBIIsIeTCsl B yCTHOU opme. [Ipu mpoBeeHr mpoMexXyTOUHOM aTTecTaluy A JIUL]
C HapyllleHUEeM 3pEHUs TECTUPOBaHHE MOXKET ObITh 3aMEHEHO Ha YCTHOE cobecesoBaHUe MO BO-
pocam.

JUig A1 ¢ OrpaHMYEHHBIMA BO3MOYKHOCTSIMH 3/10pPOBbs, UMEIOIINX HapyIIEHUsI ONOPHO-
JBUTATEJILHOTO amlmapara, Ha ayJIUTOPHBIX 3aHATHSX, a TaKKe MpPU MPOBEIECHUU MPOLEIYp Te-
KYILEro KOHTPOJIS YCIEBAEMOCTH M MPOMEXYTOYHOU aTTeCTAIllMM MOTYT OBbITh MPEIOCTaBICHbI
HEOOXOJMMBIE TEXHUUYECKHE CPe/CTBA (IMEPCOHAIBHBIM KOMIBIOTEP, HOYTOYK WM APYroil ra-
JDKET); JIOIYCKaeTcs NMPHUCYTCTBUE ACCHCTEHTa (ACCHCTEHTOB), OKa3bIBAIOIIETO OOYUYaIOIMMCS
HEOOXOUMYI0 TEXHUYECKYIO MOMOIIb (3aHATh pabodyee MECTO, MepeBUraThCs MO ayIuTOpUH,
POYUTATh 3aJaH1e, OhOPMUTH OTBET, OOINATHCS C MPENOoJaBaTEIeM).



