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1. lean u 3agaun AUCHUATIHMHBI

1.1 Henp qucuuruivHel — GopMUpOBaHUE KOMIIETEHIIHIA:

OIIK-1 CnocobGeH aHanmu3upoBaTh W WHTEPIPETUPOBATH PE3YJIBTAThl XUMUYECKHX OKCIIEPUMEHTOB,
HaOJIFONIEHUH U U3MEPEHUN

1.2 Tumbl 3amad mpodecCHOHATBHOW JEATETLHOCTH, K KOTOPBIM TOTOBATCS OOydYaroluecs B paMKax
OCBOCHHUS JUCIUILTUHBL:

- OpPraHU3aLMOHHO-YIIPABICHYECKUN

- TEXHOJIOTMYECKUH

1.3 JlucuuriinHa OpUEHTHPOBAHA HAa MOATOTOBKY OOydYaroUIMXCs K MPO(ecCHOHAIbHOM AEATEIbHOCTH B
chepax: 26 XuMHUECKOE, XHMHUKO-TEXHOJIOTHYECKOE TPOU3BOACTBO (B cdepe  ONTUMH3ALUU
CYIIECTBYIOIIUX U Pa3pabOTKH HOBBIX TEXHOJIOTUH, METOZAOB U METOJUK MOJTYUYCHHUS U aHAJIN3a MPOIYKIIUH,
B c(hepe KOHTpOIS KauecTBa ChIPbs, MOMy(HaOpUKAaTOB M TOTOBOM MPOAYKIHMH, B cepe MacrnopTH3aluu U
ceprudukanuu npoaykuun), 40 CkBo3HbIE BUABI TPO(HECCHOHANBHON AEITETLHOCTH B MPOMBIIIICHHOCTH
(B cdepe HaydHOTEXHUYECKUX, OINBITHO-KOHCTPYKTOPCKUX pa3pabOTOK U BHEAPEHHUS XUMHUECKOU
NPONYKIMHM PA3IUYHOTO Ha3zHA4YeHHs, B cepe METPOJIOTUH CEepPTU(UKANN U TEXHUYECKOTO KOHTPOJIA
Ka4ecTBa MPOIYKIIUH)

1.4 B pe3ynbTare 0CBOCHHS JUCHUIUIMHBI y 00YYarOIUXCs TOJKHBI OBITH C(OPMUPOBAHBIL:

O06001TIeHHBIEC TPYIOBEIE
(yHKIMH / TPYAOBBIC
(YHKIMY / TPYAOBBIC HIIH

Kon n HammenoBaHue
xommnereniuu ®I'OC BO,
HEOOXOOUMOM IS

MHankaTopbl JOCTHKEHUS] KOMIIETEHIIAM

npodeccruoHaIbHEIC (hopMHpOBaHUS TPYJOBOTO
nercTBus (MIPH HAUTHIUAH WIH TIPO(heCCHOHATBLHOTO
npodcrangapra) TEHCTBUS

OIIK-1 Cnocoben
aHAJIM3UPOBATH U
WHTEPIIPETUPOBATh
Pe3yabTaThl XUMUYECKUX
AKCIIEPUMEHTOB,
HaOJIONECHUH 1 U3MEPCHUI

d)opMyﬂpreT 3aKIIOUYCHUA M BBIBOALI IO pPE3ylibTaTaM
aHaJIN3a JIUTCPATYPHBIX JAaHHBIX, SKCIICPUMCHTAJIBHBIX U
PpacdCTHO-TCOPCTUUCCKUX pa60T

1.5 CormacoBanue MCKIUCHTUIITIMHAPHBIX CBsI3eH JAWUCIMIIINH, OGCCHG‘-II/IBEIIOH_II/IX OCBOCHHC KOMHGTGHHHﬁ:

OIIK-1 Cnoco0GeH aHamu3upoBaTb M HWHTEPIPETHPOBATH PE3YJAbTAThl XUMHUYECKUX
HKCTIIEPUMEHTOB, HAOIIOAEHUI U U3MEPEHUI

No
n/n

HanmenoBanme
JMCIATUINH,
OTIPEIICIISTFOTITIX
MEKTUCITUTUTHHAPHEIE
CBSI3U

®dopma oOydeHus

Ounas
(cemecTtp)
1 {2314 |51|6

1 [AnannTryeckas + | +
XUMHUS

2 |buoxumus +

3 [Kosumonguas xumust +

4 |Heoprannueckas + | +
XUMUS

5 [Texnomormueckas +
MIPaKTUKa

6 | Pu3nUYeCcKue METOAbI +
HCCICO0BaHUA




2. Mecto nucuuninabl B cTpykrype OIl 6akanaBpuara:

HucuunnuHa «@Du3udeckass XUMHUS» OTHOCUTCA K o0si3aTenbHOM dYactu ydeOHoro miana OIT mo

HanpasneHuto noarorosku 04.03.01 - Xumus.

HucuumnHa «Puszndeckas Xumus» usydaercs B 4, 5, 6 cemecTpax.

3.00beM U coep:kaHMe TUCHUILTHHBI

3.1.00beM QUCLMIUIUHEL 15 3.€.

Ounas: 15 3.e.

Bun yueOHo# paboTh (BCSEZ’ZZOB)

O0mast Tpy10éMKOCTb TUCHMILIHHBI 540
KonrakTHast pabora 378
Jlexuuu (Jlexuum) 156
JlaGoparopnsie (J1ab. pab.) 82
[Tpaktuueckue (IIpakr. pab.) 140
CamocrostenbHas pabota (CP) 126
DK3aMeH 36
3auer -

3.2.Conepxanue Kypca:

No Haspanue Bun yuebnou DOpMBbI TEKYIIETO
TEMBI pasnena/TeMbl paboThI, yac. KOHTPOJISI
Jlex |JIa6 |TIpa| CP
muu| . |KT
pab. [pad.
OO0 |0 ]|O
4 cemecTp
1 Bsenenue B TectupoBanue
(bu3HYECKYIO 8 - - 8
XUMHUIO
2 OCHOBBI TectupoBanue;
XUMHYECKOMN 20 | - |26 | 20 KonTponbHas
TEPMOJIMHAMHKHU pabora;
KOJUIOKBHUYM
3 TepmoguHamuka TectupoBanue;
MOJIEKYJISIPHBIX 201 - 122120 KontponpHas
pacTBOpOB pabora;
KOJUIOKBHUYM
5 cemecTp
4 ®da3oBbIe TectupoBanue;
paBHOBeCHs 8 - 8 | 6 KonrtponbpHas
pabora
5 XHUMHUECKHE BBIITOJIHEHHE
paBHOBECHS nabopaTopHOM
paboTHI;
8 8 8 6 KonTponbHas
pabora;
TectupoBanue;
KOJUIOKBHUYM




6 AncopOIuoHHbIE naboparopHas
paBHOBECHS pabora;
8 8 | 8| 6 KonrtponbpHas
paborta;
TectupoBanue
7 DNEeMEHTHI TectupoBanue;
CTAaTUCTUYECKOU 8 - - 4 KOJIJIOKBUYM
TEPMOJUHAMUKHU
8 XuMHuueckas nmabopaTtopHas
KHUHETHKA 2 2 | g |6 pabora;
KonTponbHas
pabora
9 Karanuz nabopaTtopHas
2 g i 4 pabora;
TectupoBanue;
KOJUIOKBHUYM
6 cemecTp
10 Nonuka naboparopHas
14 |12 [ 20 | 10 padora;
KonrtponbpHas
pabora
11 TepmonnHamuka naboparopHas
ANIEKTPOJHBIX 14 (12 120 | 12 pabora;
IIPOLIECCOB KOJJTOKBUYM
12 Kunerunka nmabopaTtopHas
AMEKTPOIHBIX 16114 1201 12 pabora;
MPOIECCOB KonTponbHas
pabora
13 Teopus nabopaTtopHas
DIIEKTPOXUMUMECKO | 4 | 15 | | o pabora;
1 KOppO3uun TectupoBanue
METaJJIOB
Tema 1. Beenenune B puszndeckyro xumnio (OIIK-1)
Jlexknus.

[Tpeamer u 3amgaun puznyeckoit xumun. OCHOBHBIEC 3Tambl pa3BUTUSA. MeTonsl uccienoBanus. CTpykrypa

Kypca.
IIpakTH4Yeckoe 3aHATHE.

HE TIPETyCMOTPEHO
JlaboparopHbie padoThbI.

HE TIPETyCMOTPEHO
3anaHus AJ51 CAMOCTOSITEILHOI padoThI.

YcTaHOBUTH CBA3b (PU3MUECKON XUMUU C IPYTUMH HallPaBIEHUSIMU XUMUYECKOW HAyKH, TPUBECTH
KOHKPETHBIE TPUMEPbI MEKIUCIUILTMHAPHBIX CBSA3CH.

Tema 2. OcHoBbI xuMu4eckoil TepmoguHamuku (OIIK-1)
Jlexknus.
Jlexums 2.1.



[Ipenmer TepmomuuHamuku. TepmomuHamuueckue cuctembl. @aszpl. Temmora u padora. IlepBwiii 3aKoH
tepmoauHaMuku. Dopmbl ABUMXKEHUsT MaTepuu. Bunbl sHepruu. 3aKOH SKBUBAJICHTHBIX MPEBpalIeHUN
SHEpruMu. 3aKOH COXPAaHEHHWs M TIPEBpAIICHHUS JHEPrHH. | 3aKOH TEPMOAMHAMUKH, (OPMY-THUPOBKH,
aHATUTUYECKUE BBIpAKEHHUS B auddepeHrnanibHol U uHTerpajdbHoi ¢dopmax. [lpunoxenune 1 3akoHa
TEPMOAMHAMHUKHA K WHAcanbHbIM rasaM. HMpaeanenblid ra3. HM3orepmuueckue mnpoueccol. M30xopHbie
npouecchl. U300apHbie mporecchl. TermmoeMKocTH.

Jlekusa 2.2

[Tpunoxxenue 1 3akoHa TEPMOAMHAMHKH K XMMHUYECKHM IporeccaM. TeraoBbie 3¢-PeKTbl XUMHUUECKUX
MPOIIECCOB. DK30TEPMUYECKHE peakIuu. OHIOTepMHuUeckue peakuumu. Tepmoxumusi. 3akoH [ecca.
Cnencrsus 3akona ['ecca. 3akon Kupxrodda.

Jlexkmmsa 2.3.

2 3axkoH TepMmoauHaMuku. @opmynupoBku 2 3akoHa. [{ukn Kapno. CratncTuueckuil xapakTep 2 3akoHa.
[TpuHIUT HEAOCTHHKUMOCTH aOCOMIOTHOTO HYJS. AHAIN3 TEOPUH TEIUIOBOW CMEPTH BCEJICHHON. DHTPOMHSL.
[Tonstre »HTponuH. DHTpPONHSA KaK KPUTEpUH HalpaBiIeHMs MPOLECCOB B cucre-me. Metonbl pacuera
suTponuu. [loctynar Ilnanka. AOCOTIOTHAs BEIUYHHA SHTPOITUH.
Jlexuus 2.4.
TepmonuHamMuueckne MOTeHIMabl. M30XopHO-M30TepMUuUuecKkuii moTeHmai. M3obap-Ho-u30TepMHUIECKU
noTeHIan. M30XOpHO-U3HTPONHBIA TOTeHIHaN. M300apHO-M3IHTPOINHBIA TMOTEH-IIHAN. YpaBHEHHUE
MaKCUMaJlIbHOM paboThl. XapakrepucTHueckue (YHKIUMM YCIOBUS pPaBHOBECHS, BbIpa-)KEHHbIE Uepe3
XapakTepucTuueckue (QyHKIMH. YpaBHEHHE MaKCUMallbHON paboTel B auddepeHnnans-Hoi Gdopme.
VYpaBHEHHE MaKCUMalbHOW paboThl B HHTErpaibHOW (opme. TepmomnHaMUUecKHuE TMOTECHIIU-AJIBI
MJCaJbHbIX ra30B. TepMoaAMHAMUUYECKUE TTOTEHIMANIBI PEAJIbHBIX Fa30B. YPaBHEHHUS COCTOSIHUS pe-aJIbHbIX
ra3zoB. Meroz serydectu. OnpeneneHue JIeTy4eCTH PU Pa3IudHbIX JABICHUIX.

IIpakTn4yeckoe 3ansATHE.
IIpakTnueckoe 3anstue 2.1.
1. BapuaHThl penieHus 3ajlaqyi Ha U30TE€PMUYECKHUI TPOLIECC.
2. BapuaHTsl penieHus 3ajjaud Ha U30XOPHBIH Ipoliecc.
3. BapuaHTsl penienus 3aa41 Ha U300apHBIN MTPOIIeCC.
4. BapuaHThbl pelIeHus 3a7a4u Ha aquadaTHbIHN mporecc.

5. TermmoeMKOCTH HUIealTbHBIX Ta30B: CPEIHSSA, HICTHHHAS TEIUIOEMKOCTH. VX CBsI3b Mexay coOoil. PacueTs
TeIIOEMKOCTeH. PacueTHRIE 3a1a4H 110 TEME.

[IpakTuyeckoe 3ansarue2.2

1. BapuaHTbl pemieHus 3a1adyd Ha KOMOMHHPOBAHUE PEAKIU M pacyeT TEIUIOBBIX A(PQEKTOB MO 3aKOHY
I'ecca.

2. BapuaHTsl pelieHus 3ajjaui Ha UCIIO0JIb30BaHUE CIIEACTBUM U3 3aKoHa [ecca.

3. Pacuer TemnoBBIX 3G (HEKTOB XMMHUECKMX pEaKUUid MO0 CTAaHAAPTHBIM TEIJIOoTaM OOpa3oBaHUS WIH
CrOpaHusi XUMHUYECKUX COCAMHEHUN. BapuaHThl pelieHns 3a/1a4u ¢ UCTOJIb30BaHUEM TaOIUIl CTaHAAPTHBIX
BEJIMYMH.

4. 3aBUCUMOCTD TEIIOBOTO A PeKTa XUMHUUECKON peakluy OT Temneparypsl. 3akon Kupxrodda

Bapuantel pemenus 3amad ¢ ucmofib3oBaHWeM 3akoHa Kwupxrodpda B HEOONBIIOM H IIUPOKOM
TeMIIepaTypHOM HHTEpPBAJE.

[IpakTuueckoe 3ansarue 2.3
1.BapuaHTsl pelieHus 3ajauu Ha pacueT U3MEHEHUs SHTpoNuu npu u3Menenuu T u P.

2. BapuaHTbl pelieHds 3aJadyd Ha pacuyeT HM3MEHEHMs] SHTPONHHM MpPH HArpeBaHUM KUAKOCTH IPHU
MOCTOSTHHOM JaBJICHUU.

3. BapuaHTsl pemeHus 3a1a4 Ha pacyeT U3MEHEHHs SHTPOIINY IIPU CMEILIECHUH T'a30B.
4. BapuaHThl pelIeHus 3a7a41 Ha pacyeT U3MEHEHUS SHTPOIUU NPH (PAa30BbIX MPEBPALICHUSX.

5. BapuaHTbl pelnieHHust 3aa4d Ha pacyeT MU3MEHEHUS SHTPONUU TMPU CMEUICHHUHM YKUJKOCTEH C pa3HOM
TeMIepaTypou.

[IpakTuueckoe 3ausarue 2.4.



Brruncnenue n3menenus sneprun [ m60ca XuMudeckoi peakiuy mo 3HaY€HUsIM CTaHAAPTHBIX SHTAIBINN U
SHTpoNMH. BapuaHTsl pelIeHus 3a1a4u 1o TeEMeE.

JlaboparopHbie padoThbI.
He npenycmotrpeno
3anaHus AJ51 CAMOCTOSITEILHOI padoThI.

1. O3nakomiieHue ¢ 1 3aKOHOM TEPMOJMHAMUKH, €T0 (POPMYITUPOBKOH, aHATUTHICCKUM BHIPAKCHHUEM.
YMeTh BBIBOAUTH MATEMATUYECKOE BhIPAKEHNE | 3aKOH TEPMOJIMHAMHUKHU.

2. Hayuutbcs pemarb pacueTHbIC 3aJ1a4M MO TAaHHOU TeMeE.

3. Ilpopaborars MOHATHE «UACATBHBIN ra3» W PacCMOTPETh H30TEPMHUUYECKUE, W30XOPHBIE, M300apHBIC
IIPOLIECCHI C €r0 YYaCTHEM.

4. VI3yuuTh pa3iuyHble BUIbI TEIUIOEMKOCTH: yAEIbHBIC, MOJbHbIC, IPH MOCTOSHHBIX JaBICHUH U 00beMe,
CBSI3b MEXAY HUMHU

5. Paccmotpets TemioBbie 3(hPEKTH XUMUYECKUX TPOIECCOB, 3akoH lecca u ero cienctBus. Hayuuthbes
pelaTh pacyeTHHIE 3a1a4H 110 TEME.

6. 3akon Kupxrodda. 3amoMHuTs MaTemMaTHueckoe BBIpaKEHHE 3akOHA. HayuuThcsl pemiaTh pacueTHbIE
3aJ1a4u 110 TEME.

7. YMeThb BBIBOIUTH (POPMYITy H30XOPHO-M30TEPMUYECKOTO TOTEHIINAA.

8. YMeThb BBIBOIUTH (HOpMYITy H300apHO-U30TEPMUUECKOTO MOTEHIHAIA.

9. YMeTh BBIBOIUTH (POPMYITY H30XOPHO-M33HTPOITHOTO OTEHIINAA.

10. YMeTb BBIBOIUTH POpMYITy H300apHO-M3IHTPOITHOTO TTOTCHITHAIIA.

11. YMeTh BBIBOIUTH YpaBHEHHE MaKCUMalbHON paboTsl (I mb60ca-I'enbMromnbiia)

12. Hayuurtcst omnpenensT HaNpaBlICHUs MPOLECCa M YCIOBHUS PABHOBECHS, BBIPAXKEHHBIE 4Yepe3
TEPMOJNHAMHUYECKUE TOTCHIINAJIBI.

13. PaccMOTpeTh BbIpaKe€HUsI TEPMOJUHAMHUYECKUX ITOTEHIIMAIOB UICAIBHBIX U PEAJIBHBIX [a30B.

14. O3HaKOMUTBCS C MOHATUEM «JIETYUYECTh» U €T0 UCIIOJIb30BAHUEM B TEPMOAMHAMMUYECKUX BBIPAKECHUSIX.

Tema 3. Tepmogunamuka MosieKyasapHbIX pacteopos (OIIK-1)
Jlexknus.

XUMUYECKUH TOTEHIMAJ KOMIIOHEHTa pacTBopa. CrnocoObl BBIpAKEHHS KOHIIGHTPAllUd pPacTBOPOB.
N300apHblii MOTEHLMAN TPOU3BOJIBHOM MAacChl pacTBOpa. YCIOBHE CaMOIIPOM3BOJILHOTO MEpexoaa
KOMIOHEHTa U3 (as3bl B (hazy. MaremMaTHueckoe BBIPAKCHHE XMMHUYECKOTO IMOTEHIMaNa KakK (YHK-IIUH
NapLHUAIBHOTO JaBJIECHNS KOMIIOHEHTA B CMECH ra30B. M ieanbHble U peanabHble PAaCTBOPHI. 3a-KoH Payns ans
UCATBHBIX PacTBOpOB. [padumueckre 3aBUCUMOCTH MapIHMaIbHBIX JABICHUH KOM-TIOHEHTOB TMapa u
o0IIIero JaBJIeHUs Mapa OT KOHIEHTPALUU pacTBopa. PacTBOpHI C MOJOKHUTENb-HBIMU OTKJIOHEHUSMHU OT
3akoHa Payns. PacTBOpel ¢ OTpULATENBHBIMU OTKJIOHEHHMSAMHU OT 3akoHa Payns. IIpuymHBI OTKIOHEHWM
peanbHBIX paCTBOPOB OT 3aKOHa Payirs.

3axonbl KonoBanoBa. M3oTepMudeckue auarpaMMbl paBHOBeCHs] OMHApHBINA pacTBop — map. M3o0apHbie
JIMarpaMMbl paBHOBeCHs OWHapHbI pactBop -—map. 1-biif 3akoH KonoBasoBa. Marema-THueckoe
BbIpakeHue. 2 3akoH KonoBanmoBa. Maremaruueckoe BbIpaxeHue. Aseorponbl. lleperon-ka OMHapHBIX
pacTBOpPOB.

Temneparypa kurmeHusi npeaesibHO pa3OaBieHHBIX pacTBOpoB. llomunHenue 3akoHy Payns mpenenbHO
pa30aBIeHHBIX pacTBOpoB. [paduyeckuil aHanmms Temmeparypbl KHUIIEHHS YUCTOTO pPAC-TBOPUTENS U
pactBopa. CBs3b NOBBILIEHMSI TEMIIEpaTypbl KWUIIEHUS pacTBOpa C KOHLEHTpalMeHW pac-TBOPEHHOIO
BemiecTBa.  ODOynmuockonus.  DOynuockonmuyeckas — kKoHcTaHTa.  OmnpeneneHHe  MOJSPHBIX — Macc
HEDJICKTPOJIUTOB M CTETICHU JIUCCOLUAIIMU HIIEKTPOIUTOB 30Y/UTMOCKOTUYECKUM METOIOM.

Temneparypa 3amep3aHusi TpeAeiabHO pa30aBlIEHHBIX pacTBOpoB. Ipaduueckuii aHaiu3 Temmeparypsl
3aMep3aHUs YUCTOTO pacTBOPUTENS U pacTBopa. CBsI3b NOHMKEHUS TEMIIEpAaTyphbl 3aMeEp3aHusl pacTBoOpa C
KOHIIEHTpale pactBopeHHoro Bemiectsa. Kpuockonus. Kpuockonuue-ckas koHcraHTa. OnpeneneHue
MOJISIPHBIX MACC HEAIEKTPOIUTOB U CTETIEHU AMCCOLUALIMU IEK-TPOJUTOB KPUOCKOIINYECKUM METOA0M
CpoiictBa mpenenbHO pa30aBieHHBIX pacTBOpoB. Ocmoc. Ocmornueckoe nasineHue. OcMO-MeTpus.
PacTBOpHMOCTB Ta30B B KUAKOCTAX. 3aKOH [ eHpH.

IIpakTH4eckoe 3aHATHE.



1. BapuaHTs! pemeHus 3aadu ¢ UCII0JIb30BaHUEM 3aKoHa Payis.

2. BapuaHTbl pemnieHHsi 3aJaud C HCIOJb30BAaHUEM IMOBBIIICHUS TEMIIEpaTypbl KHUIEHUS Jid pacdera
MOJIIPHOM Macchl PACTBOPEHHOTO BEIIECTBA.

3. BapuaHThl penieHust 3a1a4u onpeaeaeHus 20y/UTHOCKOTNYECKONH KOHCTAHTHI.

4. BapuaHTbl pelIeHHs 3aa4M C MCIOJb30BAHMEM NOHMKEHUS TEMIIEpaTypbl 3aMep3aHMsl pacTBopa Ul
pacdera MOJISIPHOM MacChl PACTBOPEHHOI'O BELIECTBA.

5. BapuaHTsl peleHus 3a1a4u ONpeaeIeHUs. KpPUOCKOIIMYECKOW KOHCTAHTHI.
6. BapuaHTbl penieHust 3aJ1a4u ¢ UCIOJIb30BaHUEM 3aKkoHa [ eHpu.
7. BapuaHThI pEILICHM 3a1a4U C UCIIOJIB30BAHUEM OCMOMETPHH.
JlaGopaTopHbie padoThbI.
He npenycmorpeno
3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.

1. PaCCMOTpeTB MOHATHE «XUMUYCSCKUMN NNOoTCHIMAJD» KOMIIOHCHTA PacTBOpa, €ro MaTeMaTU4e CKUHM BBIBO/]
AHAJIUTUYCCKOI'O BBIPAKCHUS.

2. V3yunTh criocoObl BEIPAKEHUSI KOHIICHTPAIIUK PACTBOPOB, MX B3aUMHBIE IIEPECUETHI.
3. YMeTb BBIBOIUTH YCIOBHE CaMOIIPOU3BOJIBHOIO MEPEX0/1a KOMIIOHEHTA U3 (a3bl B (asy.
4. HayuuTtbcsl pemars pacyeTHbIE 3a4a49K 110 TEPMOJUHAMUKE PACTBOPOB.

Tema 4. ®a3oBbie paBHoBecusi (OIIK-1)
Jlexknus.

Tepmonunamuka (azoBbix nepexonoB. Tumsl (azoBbIx mepexonoB. YpaBHenue Knameiipona - Knaysuyca.
IIpunoxkenue ypaBHeHus Kunanelipona-Knaysmyca k mponeccam IuiasieHus. [lpuioxe-Hue ypaBHEHUs
Knaneiipona-Knay3uyca Kk 1mpoueccaM HCIapeHUss W BO3IOHKM. BujaousmeHeHHE — ypaBHEHMS
Knaneiipona-Knay3uyca st mporieccoB ucnapeHus: U Bo3roHKu. uddepeHunanbHas u UHTErpaibHas
¢bopMmbI.

[TpaBuno a3 'ub6ca. BriBox mpasuna ¢a3 ['md6ca. [Ipunoxenne npaBuia (a3 K 0JHO-KOMIIOHEHTHBIM
cucreMaM. Jluarpamma cocrosiHus BOAbl. [lnarpamma COCTOSIHMS CEpbl. [[ByXKOM-TIOHEHTHBIE CUCTEMBI.
CucTeMsbl ¢ POCTON IBTEKTUKOM, HE 00pa3yIone XUMUIECKUX COeTUHEHUNH. XUMHUUECKUE COSIUHEHHS B
JByXKOMIIOHEHTHBIX CUCTEMaX. B3auMHas paCTBOPUMOCTD ABYX JKMJIKOCTEH.

IIpakTH4eckoe 3aHATHE.

1. BapuaHTbl pemieHus 3aj1a4 ¢ UCIoJIb30BaHHeM ypaBHeHus Kitaneiipona — Knay3uyca aiist mporeccon
TUTABJICHUS, UCTIAPEHUS U BOTOHKH.

2. BapuanTsl penieHus 3aa4d ¢ UCIoJib30BaHUEM ypaBHeHUs Kianelipona — Knaysuyca, mpeoOpa3oBaHHOTO
JUIS TIPOLIECCOB UCTIAPEHUSI U BOTOHKH.

JlaGopaTopHbie padoThbI.
HE TPEAYCMOTPEHO

3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
1. BeiBo 0CHOBHOTO ypaBHEHUs (a30BbIX nepexonoB (Ypasuenue Knaneiipona-Knaysuyca).
2. PaccMOTpeTh NPUIIOKEHNE 3TOTO YPAaBHEHHUS K PA3IMYHBIM (Da30BbIM IIEPEXOAAM.

3. YMeTh BBIBOIUTH BUIOM3MEHeHUE ypaBHeHUs Kianeipona-Kiaysmyca st mporeccoB HCHapeHHs U
BO3TOHKH, ero AuddepeHInanbHy0 U UHTETpalbHyl0 GopMbl. HayduTbest pemiaTh pacueTHBIC 3a7a4dl ¢
MCIONb30BaHUEM PA3ITUYHBIX (DOPM ypaBHEHHUSI.

4. Paccmotpers mnpuiioxkeHue mnpaBuia (a3 ['mb0ca K OIHOKOMIOHEHTHBIM M JBYXKOMIIOHEHTHBIM
CHUCTEMaM, YMETh HaXOAuTh oOsacTu ogHoda3zHoro, AByX(ha3HOro u Tpexha3HOro paBHOBECHS, CUUTATh B
HUX YHUCJIO CTETIeHEeN CBOOOIBI.

5. Paccmotpets quarpaMMsl COCTOSHMS BOJBI U CEPBI.

6. YMeTh aHAJIU3UPOBATh IUATPAMMBI COCTOSIHUS ABYXKOMIIOHEHTHBIX CUCTEM C MPOCTOM 3BTEKTUKOW, HE
oOpa3yomue XUMHUYECKUX COCAMHEHUH, M C XHMHYECKHMMH COEIMHEHUSIMU. YMeTh HU300paxarb
JyarpamMmbl COCTOSIHUS JIBYXKOMIIOHEHTHBIX CUCTEM Ha OCHOBE KPUBBIX OXJIAXKICHHS cCMeceil KOMITOHEHTOB
Pa3IMYHOTO COCTaBa

7. PaccMOTpeTh pa3iM4HbIe CIydyand B3aUMHON paCTBOPUMOCTH JIBYX KUIKOCTEH.



Tema 5. Xumnueckune pasHoBecusi (OIIK-1)

Jlexnus.
3akoH aeicTBUS Macc. KOHCTaHTBI paBHOBECHS M CBSI3b MEXKIy HUMHU. M30TepMa XMMHYECKOH peakiuu.
3aBHCUMOCTh PABHOBECHSI XUMHUECKUX PEAKIIUI OT JaBJICHUS U TeMIieparypsl. TeroBas Teopema Hepucera
U €€ CIIEACTBHA.

IIpakTH4eckoe 3aHATHE.
1. BapuaHThl penieHus 3a/1a4i Ha BBIYMCICHUE COCTaBa PABHOBECHOM CMECH I'a30B.
2. BapuaHThl pemieHHs 3aJa4d Ha BBIYMCIEHUE CTENEHM TEPMMUECKOM IHMCCOLMALMU WM KOHCTAHTBI
paBHOBECHS.
3. BapuaHTsl pemieHus 3a1a41 Ha BBIYUCIEHNE KOHCTAHTBI PABHOBECHUS B CMECHU PEAJIbHBIX T'a30B LIECC.
4. BapuaHThI pelIeHus 3aja4yd Ha PacyeThl 10 YPABHEHHUIO U30TEPMbI XUMUYECKON PEAKIIUH.
5. BapumanThl pemieHMs 3aJaud Ha pacueThl MO ypaBHEHHsIM H300apbl U u3zoxopbl Bant-Todda B
muddepernnanbHoi Gpopme.
6. BapumanTbl pemieHMs 3aJaud Ha pacueThl IO ypaBHEHHsIM H300apbl U u3zoxopbl Bant-Todda B
WHTETPaNTbHON opMe.
7. BapuaHThI pelieHus 3aJaui Ha pacueThl Ha BHIYMCIEHUE KOHCTAHT PABHOBECUS XMMHUECKUX PEaKLUi 110
NPUBEACHHBIM dHeprusM [ udoca.
8. BapuaHThl pemieHusl 3aJaud Ha BBIYMCIIEHHE KOHCTAaHT PAaBHOBECHs IPU JAHHOM TemImepaTrype IO
TabauIaM cTaHaapTHBIX BenuuH (Meton Temkuna-1lIBapumMana).

JlaboparopHbie padoThbI.
JlaGopaTopHasi padora 1. OnpeneseHue NJIOTHOCTH PACTBOPOB.
Ilens: ompeneneHue 3aBUCUMOCTH OTHOCUTENBHOM IUIOTHOCTH pactBopoB KCI oT KoHIEHTpanuu
PacTBOPEHHOIO BEIIECTBA U TEMIIEPATYPbl TUKHOMETPUYECKUM METOIOM.
[TpunaanexxHocTn Ui pabOTHI: aHATUTHYECKUE BEChl, MUKHOMETP WM apeoMETp, PacTBOPHI COJEH
3aJJaHHOM KOHILIEHTpaIH, TEPMOCTAT.
Oneir [. Omnpenenenue 3aBUCHUMOCTH OTHOCHUTENBHOM mIoTHOCTHM pacTBopoB KCI OT KoHUEHTpauuu
PacTBOPEHHOI'O BEIIECTBA.
[TuKHOMETPUYECKH OIPEeTUTh OTHOCUTENBHYIO IIIOTHOCTH pacTBopoB NaCl konuentparuu (%): 2, 6, 10,
12, 18. Haueptuts rpaduk 3aBucumoct d = f(CNaCl), caenars BBIBOJIBI.
OneiT 2. OmnpeneneHue 3aBUCUMOCTH OTHOCUTENBHOM moTHocTH pactBopa KNO3 (0=20%) ot
TeMieparypsl. IIukHOMETpUYECKH ONpeNeauTh OTHOCUTENBHYIO IOTHOCTh 20%-r0 pactBopa KNO3 npu
temneparypax, °C: 20, 25, 30, 35, 40. Haueptuts rpadux 3aBucumocts d = f(t). Caenarb BHIBOJBI.

JlaGopaTropHass paGora 2. Omnpeneinenue audpPepeHIUATbHON MW HMHTErPAJbHOM  TEIUIOThI
PacTBOpPEHHUSsI COJIH.

Lens: ompeneneHue TEIUIOEMKOCTH KaJOPUMETPUYECKOW CHCTEMBI MO U TEIUIOTHI pacTBOpPEHUs cyibdara
Kanus (HATpaTa Kajaus, HUITpara aMMOHUS U JIP. COJICH).

[IpunannexHoCTH K paboTe: KaJOpUMETp, UMIUHAP, MENIanKka, TEepPMOMETpP, CEKyHAOMEp, XJIOPHUI Kajus,
cynbdar Kaaus

OmnpiT 1. OnpenesieHue TEMJI0EMKOCTH KAJOPUMETPUYECKON CHCTEMBI.

B kanopumerp HanuBaroT 200 M1 BOJIbI, U3MEPSIOT €€ TEMIEPATYPY. 3aKPHIBAIOT KAJIOPUMETP KPBIILIKOW 1
OIlyCKaloT B Hero tepmoMerp. Ilpu HenmpepplBHOM NMOMEIMIMBAHWM B T€YEHHME 5 MUHYT depe3 Kaxzable 30
CEKYyH/]I 3alMChIBAIOT TEMIIEPATYpy. 3aTEM B KaJOPUMETP 3aCHINAIOT OTBELIEHHBIE U PACTEPTHIE B CTYIIKE 5 T
KCI n nmpopomkaroT 3anuchiBaTh nokazaHus tepMmomerpa enie 10-15 munyT. Ilo momyd4eHHBIM AaHHBIM
CTPOAT TpaduK 3aBHCHMOCTH, OTKJIAJbIBasi Ha OCH aOCHUCC BpeMs B MHUHYTaX, a Ha OCH OpAUHAT
TeMIeparypy, o rpaguKy HaXOIAT U PACCUUTHIBAIOT TEIJIOEMKOCTh KAJIOPUMETPUUECKOM CUCTEMBI/

TermmoBoit apdexr pacrBopenus comu KCI BbmciseMm, MONB3YACHh CIACAYIOMUMH JTaHHBIMHU: TIPH
pactBoperuu 5 r KCI B 200 mut Bogsr pu 19,72° tennooii addext pactBopenus paser 1290,76 [Ix, a npu
25°C on pasen 1188,26 JIx.

OmnbIT 2. OnpeneneHne HHTErPAJbHON TEIVIOTHI PACTBOPEHHUS CyJab(aTa KaJIus.
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B xanopumerp HanusaroT 200 M BOABI, 3aKPBIBAIOT KPBIIIKOM, OIYCKAIOT B HETO MEIIAIKY U TEPMOMETP.
IIpu HenpepbIBHOM NMOMEIIMBAaHUM B TEUEHHE 5 MHUHYT uepe3 Kaxable 30 CeKyH[ 3alMChIBAalOT NOKa3aHUS
TEPMOMETpA. 3aTeéM B KaJOPUMETP 3achlllalOT 3apaHee OTBelleHHoe KkomuuecTBo (2 1) K2SO04
(mpeaBapUTENBHO PAcTEPTOrO B CTYIIKE) U MPOAOJIKAIOT 3allMChiBaTh Temreparypy eme 10-15 munyt. Ilo
MOJYYECHHBIM JaHHBIM CTPOST TpaduK, OTKJIAbIBAs HA OCH aOCLUCC BpeMsl B MUHYTaxX, Ha OCH OpJAUHAT -
temneparypy. [1o rpaguky HaXomAT U pacCUUTHIBAIOT TEIJIOTY, pACTBOPEHUs/

[lepecunThIBalOT TEIJIOTY PAcTBOPEHUs, NMPHUXOAALIYIOCA Ha 1 Kr pacTBOpa - HMHTETPAIbHYIO TEIUIOTY
pacTBOpEeHHST AHAJIOTMYHBIM 00pa30M OIPEACIIAIOT HHTETpabHbIE TEIIOTHI pacTBopeHus B 200 mMi1 BoAbI 5
71,10 121

Brruucnenue nuddepeHanbHoN TemI0TH pacTBOPEHHUS

CrposiT TpaduK, OTKIaabIBas Ha OCH aOCIMCC KOHIICHTPAIIMIO B MAacCOBBIX JOJISIX, HA OCH OPIUHAT -
WHTETPaJbHYIO TEIUIOTYy pacTBOpeHMs. [lomydaror KpuByr, KOTOpas OyIeT MATH OT Hadyalla KOOpIMHAT.
OnucaHHBIM BBIIIE CITOCOOOM OmNpeAeNsioT 1mo rpaduky auddepeHnaIbHy0 TEIUIOTY PAaCTBOPEHUS MPH
JTAaHHOW KOHIICHTpAINH (3HAYCHHE KOHIICHTPAIMK YKa3bIBACTCS MPETIOIABATEIIEM ).

JlaGopaTopHasi padora 3. OnpeneseHue TenJ0Tbl THAPATANMH COJIH.
Llenb: onpeneneHue TEIUIOTH 00pa30BaHuUs MATUBOJHOTO KpUCTaIIoOrHapara cyiabdara meau (11).

[IpuHamiexxHOCTH K paboTe: KAIOPUMETP, CTEKISHHBIN IIJIWHIP, MEIIaiKa, TEPMOMETP, aHAITUTUYECKUE
Bechl, O0okc ¢ kpoimikoi, . KCI, CuSO4-5 H20, CuSO4, cekyHmomep.

OnbiT 1. Onpeae/sieHne TEMI0EMKOCTH KAJOPUMETPUYECKO cucTeMbl (CM. J1a00paTopHyI0 padoTy
Ne2, onwIT 1).
OnpIT 2. OnpenesieHue TEMJIOTHI THAPATANNHM CyJb(aTra Meau.

JlaGopaTopHasi padora 4. OnpenesneHue TenJ0Thl HEUTPAJN3ANMU U TEIVIOTHI JUCCOIMALIMH.

[lenb: OSKCIEPUMEHTAILHOE OIPENeICHHe TEIUIOTHl AMCCOIUAIMKN CIaboro d3JIeKTponuTa (TUIPOKCH
aMMOHHS WJIM YKCyCHas KHCJIOTa) MyTEeM OIpeNeeHHs] TEIUIOT HEeHTpaau3aliu CUJIBHOTO M ClIaboro
OCHOBaHUS OJTHOHM U TOH K€ CHIBHOW KUCIIOTOHM (CHIIBHOHM M caboi KUCIOTHI OTHUM U T€M )K€ CHIIBHBIM
OCHOBAHHUEM).

[TpuHAIIEIKHOCTH K paboTe: KaJOPUMETP, CTCKIISTHHBIN IIMIIMHIP, MEIIajaka, TePMOMETP, CEKYHIOMED,
npobupka Ha 15 mut, Boporka, NaOH u 5 = pactBopst HCI[1] (o 11 mn), 0,25 # pactBopst NaOH, NH4OH,
HCI u CH3COOH (1o 200 mu).

Boimmonusitorcss nBa  ombita. OAMH ONBIT COCTOUT B  KAJOPUMETPHUYECKOM OINPEAETICHUH TETUIOThI
HEWUTpaau3aluu c1aboro OCHOBAHMSI CUJILHOM KUCJIOTOW  ; IPYTOM - B OTMPENEICHUN - HEHTpaau3aluu
CHWJIBHOTO OCHOBAaHHUS TaKOM e KHUCIOTOM. B KakqoM ombiTe H3MepseTcs MOBBIINICHHE TeMIIepaTypbl B
pacTBoOpe, MPOUCXOIAIIEE 3a CUET BBIJCIUBIIEHCS TEIIOThI HEUTPaTU3aI|H.

Ecnu Gb1 ObTO BO3MOXKHO OCYLIECTBUTH HEHTpAIU3allMIO U 3apErUCTPUPOBATh MOBBIIICHUE TEMIIEPATYPHI
MIHOBEHHO, TO JOCTAaTOYHO ObLIO Obl B KaXKIOM OINbBITE MEPUTH JIBE TEMIIEpaTyphl - 0 M TOCIe
HehTpanu3auuu. MoHHbIe peakuuu B pacTBOpax MPOTEKalOT MPAKTHUECKHM MTHOBEHHO, HO Ha CJIMBAaHUE
pacTBOPOB BMECT€ M Ha HMX INEpEeMEUIMBaHUE YXOIUT HEKOTOpPOe BpeMs, TEPMOMETP MPUHUMAET
TEMIIEpaTypy TOXK€ HE MTHOBEHHO, MO3TOMY HaOIIOJaeMO€ IMOBBIIIEHUE TEMIIEpaTypbl MPOUCXOAUT HE
MTHOBEHHO, a MOCTENEHHO, NMPUOIM3UTENBHO Ha MPOTSHXKEHUH ONHOM MuHYTHl. HOo B 3TO Bpemsi yacTh
BBIJICTISIOLIEICS TEIUIOTHI yCIIeBAeT YHTH B OKpYKarolllee MPOCTPAaHCTBO, 3a MPeaebl KajJopumeTpa. YToObl
y4eCTb 3THU MOTEpPHU, T.€. YTOOBI OMpEAETUTh HUCTUHHOE B MOMEHT HEHTpanu3aluu, NPUXOAUTCA
HKCIEPUMEHTAJIbHO YCTAaHOBUTD 3aKOH M3MEHEHUS TEMIEpaTyphl CO BPEMEHEM JI0 U MOCje HeUTpaau3aium,
a 3areM rpaduuecKky IKCTParoIupoBaTh MOTyUYEHHbIE 3aBUCUMOCTH J0 CEpEAMHbI IPOMEKYTKAa BPEMEHH, B
TEYCHUE KOTOPOTO MPOUCXOAUT HEUTpaIu3amus. ITOT MPUEM KaJOPUMETPUHU MOSICHEH B padboTe Ne 2.
KanopumeTrp cOCTOUT M3 XMMHUYECKOTO CTaKaHa, MOMEIIEHHOIO B TOJCTOCTEHHBIM CTaKaH, HAKPBITHIM
KPBIIIKOM ¢ TPEMSI OTBEPCTHSIMH JIJISl TEPMOMETPA, MEIIATKA U JUIS POOUPKHU C METKOM, COOTBETCTBYIOIIEH
o0bemy 10 mut. Kaxapliii ONBIT BRIIOTHSAETCS CIEAYIOMUM 00pPa30M.
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W3 kanmopuMeTpa BBHIHUMAIOT MPOOMPKY, BCTABISIOT HAa €€ MECTO BOPOHKY, Yepe3 KOTOPYIO BIMBAIOT: B
craka 200 ma 0,25 H pacTBOpa ocHOBaHMA. B mpoOupKy HamuBaroT Ha 2-3 MM BBIIIE METKH 5 H COJISHYIO
KHCJIOTY (3aBEIOMBI M30BITOK 1O CPAaBHEHHIO C KOJIMYECTBOM OCHOBAHMS) U BCTaBISIOT NMPOOHPKY Ha
MECTO, TaK 4TOOBl HMKHSAS 4YacThb MPOOMPKU C KUCIOTOH Oblla MOTrpyXeHa B pacTBOp OCHOBaHHS. DTO
JenaeTcs A TOro, YTOObl OCHOBAaHME M KHMCJIOTa MPHUHSIM OJMHAKOBYIO TEMIIEpaTypy A0 HEHTpaau3aluu.
Cnycts 10 MMHYT HauMHAIOT IPU MOMELIMBAHUU YE€pPE3 MUHYTY 3alUCHIBATh TEMIIEPATYPY PACTBOPOB C
touyHOCThIO 10 0,02. TouHbIl OTCUeT BpeMeHM BeOyT € IMOMOUIbIO ceKyHaomepa. Korma ycraHoBuTcs
OTIpEJeIICHHBIN 3aKOH M3MEHEHHUs TEMIEepaTypbl CO BpPEeMEHEeM, T.e. Temmeparypa OyneT M3MEHSThC 3a
KaXIYI0 MUHYTY Ha OJHY U Ty K€ BEJIMUMHY B T€UeHUE 6-8 U3MEpEHUH, 3alMChIBAIOT IOCIEAHHUM pa3 BpeMs
U TeMIeparypy, BBIHUMAIOT MPOOUPKY K3 KAJIOPUMETpa M OCTOPOXKHO BBUIMBAIOT M3 HEE KUCIOTY 4epes
BOPOHKY B CTakaH C pacTBOpoM oOcHOBaHus. IlepememmBas pacTBOp MeELIAIKOM, IPOIOJIKAIOT
pPETUCTPUPOBATh TEMIIEPATYPy BO BPEMEHHU [0 TEX IOP, MOKA HE YCTAaHOBUTCS 3aKOHOMEPHOE M3MEHEHHE
TeMIeparypsl co BpemeHeM (6-8 Touek). [locne npoBeaeHus onbITa CleyeT MPOBEPUTH PEAKIIUIO CPEbI C
IIOMOLIbI0 MHANUKATOPA.

[Ipumedanune: AHaIOTMYHO oOmnpenenstorcs TermnoThl HeWTpanmu3auuu pactBopoB HCI m CH3COOH wu
paccuutbiBaetcs terora aucconuann CH3COOH. B kanopumetp nHanusarot o 200 mut 0,25 H pactBopa
KHCJIOTHI, a B TpoOupky 10 M 5 v pactBopa NaOH.

JlaGopatopHasi pabora S. PacTBOpHUMOCTD KHAKOCTH B :KHAKOCTAX. CHcTeMa (peHoJI-BOAA.

Llens: ompeneneHue pacTBOPUMOCTU CHCTEMbl OTPAHMUYEHHO PACTBOPUMBIX >KUIKOCTEW NMpPU H3MEHEHHE
TEeMIIEpaTyphl, MOCTPOEHUE THArPaMMbl PACTBOPUMOCTH CUCTEMBI (DEHOI-BOJIA.

[TpunagnexxHocT K padbore: mpoOupKa ¢ MPOOKOH M MEIIAKOM, HOPMAJIbHBIE TEPMOMETPHI CO MIKAJION OT
0° mo 100°C m or 0°C mo 50°C m or 50°C mo 100°C, Tpm TepmocToiikux crtakana Ha 500 mui,
AIIeKTpUYEcKas MIINTKa, OropeTka, muneTku Ha 2 M ¥ Ha 10 mu1, 75%-HblIil pacTBOp ¢deHoma B BOAE.
[TocTpoenue nuarpaMm pacTBOPUMOCTH CHCTEMBI BoAa-(heHOM.

Paccunrtars KOMTUYECTBO BOABI, KOTOPOE HEOOXOAUMO T00AaBUTH K UCXOTHOMY: 75%-HOMY pacTBOpY (peHona
B Boje Juis mosyueHust 70%, 65%, 60%, 50%, 35%, 20%, 14%, 10%, 8,5%-nubix pacTtBOpOB. 70%-BbIi
pacTtBop (eHona rotoButcs u3 75%-noro pactBopa pazbaBieHueM ero Bonoil. [lis sToro 6epyT nNUIeTkoit
ToyHO 6 M HcxomHOro 75%-HOro pacTBopa (eHoda M PpacCUUTAaHHOE KOJIMYECTBO BoOAbl. B
puroToBieHHOM 70%-HOM pacTBOpe ONpEAENIeTCsl TeMIIepaTypa roMoreHn3anuu. st 3Toro HarpeBaroT
MpPOOUPKY C pacTBOPOM Ha BOJASHON OaHE MpU PHEPrMYHOM IMOMEIIMBAHUM M 3aMeyaloT TeMIleparypy
ucue3HoBeHus MyTu. [locie 3Toro mpoOUpKy ¢ pacTBOPOM BBIHMMAIOT U3 0aHU M OXJIAXJAIOT Ha BO3AYXE,
SHEPTrUYHO MOMEINBas, TeMeph 3aMeYaloT TeMIeparypy nossieHus Mytu. Onpenenus rpyoo Temmeparypy
TOMOTEHH3AI1H, TPOU3BOAAT 00Jiee TOUHOE OIpeleIeHUE TEMIIEPaTyPhl.

[TpUroTOBNIAIOT B ABYX CTaKaHax BOASHBIC OaHU C TEeMIIEpaTypaMu: B OHOM Ha 2° BhILIE, a B IPYroi - Ha 2°
HIDKE TpyOO HalJeHHOW TeMreparypsl romoreHuzauuu. [locie 3Toro mpowusBoaar Oonee TOYHOE
OIpeesIeHNe TeMIIepaTypbl TOMOTEHU3ALMHU, TOOUEPEAHO OIyCcKasi MpOOMPKY B 3TU OaHM M HaOIIonas B
rOpsiYe€M CTaKaHE 3a TEMIIEPATypOi MCUE3HOBEHUS MYTH, a B IPYIOM CTAaKaHE - 32 TEMIIEPATypOii OSBICHUS
MYTH.

Temneparypa mosiBIEHHs M HCUE3HOBEHHMS MYTH HE JOJDKHA pacxonuTbes Oosee, yem Ha 0,2°. Dto
JOCTUTACTCS TEM, YTO TEMIIEpaTypa BOIsHOW OaHM OyaeT Onn3Ka K ONpeesieHHON TeMIieparype, Korjna npu
SHEPTUYHOM TIOMEIIMBAaHUM He OyneT HaONo#aThbcsl HU TEperpeBa, HU MEPEOXJIAXKICHHS >KUAKOCTH.
HarpeBanue u oxnaxaenue 70%-Horo pactBopa (heHonma MPOM3BOIAT JBAa MM TPU pa3a JUId MOITy4EHUS
TOYHOTO 3HayeHHs Temneparypsl. [locie 3toro roroBar 65%-Hbiil pacTBop (heHoma, pazdasinss 70%-HbIi
pacTBOp, B KOTOPOM OIPENEIIAIOT aHAJIOTHYHBIM 00pa3oM TeMIeparypy TOMOTE€HH3aIlluH. 3aTeéM TOTOBST
nocnenoBaresnibHo  60%, 50% u  35%-HbIid pacTBOpbl (OHONA B BOIE W HAXOAAT TeMIeEparypy
TOMOTEHM3ALUH JUIsl KaKI0T0 pacTBopa.

Jlist mosydeHus 3HAUEHWM TeMIleparypbl T'OMOIE€HU3AallMM Ha BTOPOM BETBUM KPHUBOM TIOTOBAT CHadalla
20%-ub1il pacTBOp ¢enona B Boxme. i 3Toro HamuBaroT B mpoOupky 1,5 mu 75%-Horo pactBopa u
I00aBISIOT K HEMY Takoe€ KOJMYECTBO BOABI, 4TOOBI MoyunTh 20%-HbIi pacTBOp. PacueTsl mpou3BoasTCS
TakuM ke oOpa3oM, Kak ObUIO ykazaHo Bbime. [locie atoro ompemensitor mist 20%-HOro pacTBopa
TEeMIIepaTypy TOMOTEHHU3AIUH. 3aTeM MocieoBaTebHO TOTOBAT 14%, 10% u 8,5%-HbI1ii pacTBOpHI (heHoa,
KXl pa3 no0aBiisisi HEOOXOOMMOE KOJIMYECTBO BOJBI, M HAXOOAT TEMIeparypy TOMOTEHU3AIMH IS
Ka)KI0r0 pacTBOpa.
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[To moTy4eHHBIM JaHHBIM CTPOAT IUArpamMmy (peHoN-BOja, OTKIJIAJbIBAs Ha OCH abCIMCC COCTaB, a HAa OCH
OpIMHAT — TeMIeparypy romoreHusanuu. Ilocime 3Toro mo rpaduky HaxXo[sT TeMIEpaTypy M COCTaB
KPUTHYECKOU TOYKH.

[Tpumeuanwue. [Ipu pabote ¢ peaktuBamu, conepxammmu 70%, 65%, 10% u 8,5%-Hb1it pacTBOpHI heHona
MOJIB3YIOTCSI HOPMAJIBHBIMU TepMoMeTpamu co 1mkaiaoil oT 0°C go 50°C. JInsg apyrux BBIMIEYTTOMSHYTBIX
pacTBOPOB MPUMEHSIOT TepMoMeTp co mkanoud oT 50° mo 100°C. Ilpm pabore ¢ ¢eHomoM coOmonaTh
OCTOPOXKHOCTB - (DEHOII OCTaBIISIET OXKOTH!.

[TocTpouts auarpamMmy «QpeHOI-BOAA», OTKIAAbIBas Ha OCH abcCLUMCC COCTaB, a Ha OCH OpJAUHAT —
TEMIIEpaTypy T'OMOTECHU3AIUH.

JlaGoparTopHasi padora 6. KanuOpoBanue repmonapsbl.

HGHBZ CHATUC KPUBLIX OXJIAXKACHUA TCpMOIIapbl B paciulaBax oO0JioBa, CBUHIOA W HU3MCPCHUC
TEPMODJICKTPOBIIKYILEH CHIIBI B Mapax KUIISIIEH BOIbI, IOCTPOECHUE KaTMOPOBOYHOTO rpaduka.
[IpunagnexxnocTn K pabore: TepMmomnapa, THIEJIbHBIE MIMIIBL, My(enbHas Teyb, CEKyHIOMeEp,
IMOTCHIMOMCTP, CBUHCH, CTCKIIIHHBIC HAKOHCUHHKHU, OJIOBO, HpI/IGOp‘-II/IK IJI1 MPOBCPKU TCPMOIIAphI, JICH,
TpH HapPOPOBBIX TUIIIAL.

JlJi IpUTOTOBJIEHUS TEPMOIIapbl OEpyT JIBE MPOBOJIOKH CHEJIaHHbIE W3 PA3IUYHBIX METAJUIOB (HampHUMep,
MeAM M KOHCTaHTaHa). KOHIIbI MpPOBOJIOK C OAHOW CTOPOHBI 3aUMIIAIOT, CKPYUYHMBAIOT M CBApUBAIOT B
IUIAMEHHU BOJIBTOBOM Ayrd. UTOOBI MpH CBapuMBaHUU HE MPOU3OILIO OKUCIEHHSI MPOBOJIOK, CKPYyUEHHBIE
KOHIIBI MX CHayaja clierka CMauMBalOT BOAOW U OIyCKAaIOT B MOPOIIOK Oypbl, a IOTOM YK€ BHOCAT B ILIaMsl
BOJITOBOM Ayru. Ilociie Toro, Kak KOHIbI MPOBOJIOKH CBAPHIIMCH, MPOBOJIOKU H3OJUPYIOT APYT OT JApyra
OKOJIO crasi CTEKJISHHbIMU Wi (aphopoBbIMU TPyOKaMu, a Jajbilne TpyOkamu w3 xjopBuHmia. Crai
MIPOBOJIOK, HM30JUPOBAHHBIX JpYr OT Jpyra (aphopoBoil WM CTEKISHHOW H30JIALMEH, MOMEIIAloT B
CTEKJISIHHBIN KOXKYX. DTOT crail Oy/eT ABISATHCS TOpsiuuM craeM Tepmornapsl. K 1pyrum KoHIIaM MpoBOJIOKH
MIPUCOCAUHSIOT MEAHbIE MPOBOJHUKH (JJI1 COEIMHEHUS C PEeOoCTaToM WIM MWILIMBOJITMETpoM). Mecta
COCTMHEHHS] M30JUPYIOT JIPYr OT JIpyra HU30JSILHOHHOM JIEHTOM M MOMEIaloT B CTEKJISHHYIO MPOOHUPKY.
DTOT chail Ha3bIBaeTCAd XOJOAHBIM craeMm Tepmomnapbl. [ns usmepenus tepmo-O]C KOHIBI MEIHBIX
MIPOBOJIOK OT XOJIOAHOTO CIasi TepMOIapbl MOXXHO TMOAKIIOYUTH K YYBCTBUTEIHHOMY HOTEHIMOMETPY
nocTosiHHOTO Toka Tuna I, mpaBuia moap30BaHUS KOTOPHIM UMEIOTCS B UHCTPYKIIUU.

XOJIOMHBIN CITail TepMOTaphl OIMYCKAIOT B COCY/ CO CMECHIO Jib/ia U Boaibl. B hapdhopoBslii TUTEN
nomernraroT 20-25 T CBUHIIA U CTaBAT B MydeabHY0 Tiedb. Ha TUTIeM YKpeTIaioT B IITaTUBE TOPSYNi criai
tepmonapsl. [locie 3Toro BkioyatoT MyenbHYIO MeUb U CIEAT 3a TEM, YTOObI CBUHEI] TOJIHKO
pacIuIaBuiICs, OCTOPOXKHO OMYCKAIOT B PaCIljiaB rOpsiYMil Criaii TepMOIaphl, BCTABICHHBIN B CTEKJISTHHBIN
HAKOHEYHHK (KOTOPBIH TOJDKEH OBITh COBEPIIICHHO CYXHM M YHUCTHIM).

Tepmormnapy B IITaTUBE YKPEIUISIOT TAKUM 00pa3oM, 4TOObI CTEKJIIHHBIM HAKOHEYHHUK HE Kacalici HU JHA, HU
CTEHOK THUIVIS U OBbLI MOTPYKEH B paciuiaB He MeHee, ueM Ha 1,5 cMm. [locne pacruiaBneHus: CBUHIA NEYb
BBIKJIIOYaEM U HAaYMHAE€M CHHUMAaTh KPUBYIO OXJIXKICHMS, 3alMChIBasl MMOKA3aHWsS MUJUIMBOJIBTMETpA 4epes
kaxabie 30 cek. s mosydeHus BCe KPUBOW OXJIAKICHHS TMOKAa3aHHUS MUJUIMBOJIBTMETPA MPOIOHKAEM
3aIMChIBATh €llle B TeueHUe 3-4 MUHYT MOCe OKOHYaHUs KPUCTATM3alnU (TeMIepaTypHO OCTaHOBKH Ha
KpHUBOi1) Bcero paciuiaBa. [1o mogydyeHHBIM JaHHBIM CTPOUM KPUBYIO OXJIQ)KJIEHHUS CBHUHIIA, OTKJIAIbIBasi Ha
ocH alciucc BpeMsi, a Ha OCH OpJIMHAT - MOKa3aHUS MWIUIMBOJIBTMETpA. 3aTeM CBHUHEI pacIUlaBisieM U
BBIHMaeM TE€pMOIIapy.

AHAJIOTHYHBIM CIIOCOOOM CHHUMaeM KPHUBYIO OXJKICHUS Il ojioBa (TeMmeparypa IutaBieHus 232°C,
ceunma - 327°C). Ilociae 3TOro HaxoAMM TIOKa3aHHWS MUUIMBOJIBTMETPA, KOTOPBIE COOTBETCTBYIOT
temmneparype 100°C. st aToro B crienuaibHBIA TPHOOPUMK HammBaeM okojio 100 M1 IUCTHITMPOBAHHOMN
BOJIbI M CTaBHM Ha 3MEKTPOIUIUTKY. Korma Boja 3akumut, momeriaeM Tropsyuil crail TepMorapsl B Mapbl
KuIse Boasl. Yepes 2-3 MUH., KOorma TepMonapa npuMeT TeMIeparypy NapoB KHUISIIEH BOJbI, HAUMHAEM
3anuchiBaTh 4yepe3 Kaxzable 30 cek. B TedeHHe 3 MHUHYT MOKa3aHUS MUJUIMBOJIBTMETpA, a 3areM Oepem
CpelHee 3HAaYeHHWE IOKa3aHWW, KoTopoe H Oymer coorBercTBoBarh Temmeparype 100°C. Ilokazanwmst
MUJUIMBOJIETMETPA, TPH KOTOPHIX HAOMIONAIOTCS OCTAaHOBKM Ha KPUBBIX OXJIAXKACHHUS, COOTBETCTBYIOT
TeMreparypam IuiaBieHuss Pb u Sn, xoTopble u3BecTHBI (CIpaBouHble AaHHbIe). Ha ocHoBaHMM 3THX
JaHHBIX CTPOMM KpPHUBYIO KamuOpOBaHHUS TepMONaphl B KOOpAHMHATAX: TeMIeparypa - MOKa3aHUs
MUJUTMBOJIETMETPA.
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JlabopaTtopnasi paGora 7. Tepmudeckuii aHaaus.

[lenb: mocTpoeHue AuarpamMMbl TUIAaBKOCTH CHCTEMBI OJIOBO-CBUHEI] ¢ coctaBamu: 20, 40, 60, 80% nHa
OCHOBAHUU KPUBBIX OXJIAXKICHHUS ITHX COCTABOB C UCIIOIH30BAHUEM TEPMOIIAPHI.

[Tpunagnexxnoctu K pabore: 6 TUIICH, TepMomnapa, MOTEHIIMOMETDP, My(delbHas Tieub, BEChI, CEKYHIOMED,
0JIOBO, CBHMHEII, IITATUB, aCOECTOBAas CETKa.
B miects Tumieit nomemiarot o 40 r. cMecH CIeyIOIIEro COCTana:

| N cMecH 1 2 3 4 5 6
Coctas Sn 100 30 60 40 20 0
cmecH, o Pb 0 20 40 60 80 100

Turmu nomemaioT B MyQelbHyI0 NeYb U PacIUIaBIAIOT MPU HAarpeBaHUU. 3aTEM IMOOYEPETHO BHIHUMAIOT
TUIJIM, BCTABIISIOT B HUX TEPMONApPy CO CTEKJIIHHBIM HAaKOHEUHUKOM, TOIKIIOUEHHYIO K TIOTCHIIMOMETPY, U
3alUCHIBAIOT €ro MokKa3aHusd Kaxasle 10 cek. 10 MOJHOro 3arBepieBaHusi pacmiana. [lo momydeHHbIM
JTAHHBIM CTPOSIT KPUBBIE OXJIAKICHHUS, OTKIIAIbIBAs 10 OCHU a0CIHUCC BPEeMs, a IO OCH OpPIMHAT — MOKa3aHUs
noreHromerpa. 1o u3noMam KpUBBIX OXJIQXKJIECHHS ONPENENIAIOT TeMIeparypy KpHCTaTU3alUH YUCTHIX
BEIIECTB U 3BTEKTHKH U TEMIIEpaTypy Havaja KpUCTAJUIM3ALUU OCTaJIbHBIX CMECEH, UCIIONb3Yys I 3TOTO
KaJTHMOpOBOYHBIN Tpaduk TepMonapsl. Pe3ynbTarhl 3aUCHIBAIOT B TAOJHILY.

Coctag, % Ph 0 20 40 60 80 100
t Havaaa KpH-
CTALTHIANHHA

Ha ocHOBaHMHU JaHHBIX 3TOH TaOMUIBI CTPOST JUarpaMMy IUIaBKOCTH CHUCTeMBI Sn — Pb, oTknansiBas Ha
ocH abCcLUCC COCTaB CMECH, a Ha OCH OPJMHAT — TEMIIEPaTypy Hauajga KpUCTAJUIU3ALINH.

JlaGopaTtopHasi paGora 8. XumMnueckoe papHoBecHe.

Ilenb: O3HAKOMJIEHHE C OCHOBHBIMHM CBOMCTBAaMHM OOpAaTHUMBIX pEaKUMH M C OJHMM U3 METOJOB
UCCIIEIOBAaHUS XMMHMUYECKOTO PaBHOBECHs HA NMPHUMEPE peakluu OKHCICHHs uona xjgopuaoM sxenesa (III),
HKCIIEPUMEHTAIBHOE ONPEAETICHNE KOHCTAHThI PABHOBECHS PEaKIUH.

[Tpunaanexxnoctu k padote: 8 konbd emkocthio 100 My, TepmocTar, 4 KOO b ¢ IPUTEPTHIMU MPOOKaAMHU,
nunerka Ha 10 mu1, TuTpoBaHHbIM pacTBOp THOCYIb(haTa 0,015M, TuTpoBanHble pacTtBopsl 0,03M FeCl3,
0,03M KJ, cBeXeNpUroTOBIEHHBIN pacTBOp KpaxMasia.

bepyT ueTrsipe cyxue KOJIOOYKH C MPUTEPTHIMU NpoOkamMu eMKkocThio Ha 100 mur. IIponymepoBaB KoJIOBI,
HanuBaT B HUX cienytomnme konmdectBa 0,03 M pactBopa FeCl3 u 0,03 M pactBopa KJ, kak ykazaHo
mke: 1- 50 ma FeCl3, 2 - 50 mix KJ, 3 — 55 ma FeCl3, 4 - 45 M KJ.

[Tocne 3Toro ko0l momemaioT Ha 30 MUHYT B BOASHON TepMOCTaT, UMeromuid Temneparypy 25°C. 3arem
JUIS  TUTPOBaHHS TOTOBAT & KoHMUecknx konO Ha 100 mu. B kaxamyro nHammBaor 35-50 i
JUCTUILTUPOBAHHOM BOJIBI M CTAaBST UX JJIS OXJIaKIACHU Ha Jiea. CIuBaroT BMecTe conepkumoe koib 1 u 2,
a uepe3 10 MuHYT mocine 3Toro u coxepxkumoe koiad 3 u 4. MOMEHT CIMBaHUS PAacTBOPOB OTMEYAIOT 10
gacaM. KoiObl MJIOTHO 3aKphIBalOT MPOOKaMHM M YCTAHABIMBAIOT B Tepmocrtare. Yepe3 25 MUHYT OT
MOMEHTa CMEIIMBAaHUS M3 KKIAOH KOJIOBI, HE BBIHMMAs €€ M3 TepMocTaTa, OTOMparoT numeTkoil 10 mu
pacTBopa M CIMBAIOT B OXJIAKJICHHYIO KOJIOY JUIsl THTPOBAHUSI.

Bpemst mpoObl oTMeuaroT ¢ ToyHOCThIO 10 | MuHyThl. Cpasy mocie or6opa mpoObl BBIIEIUBLIMICS HOx
tutpytot 0,015M pactBopoM rumnocynbpura.

PacTtBOp runocynspuTa npubaBisioT 10 O6JIeTHO-KENTOM OKpAaCKU pacTBopa. 3areM N00aBISIOT HECKOIBKO
Kamesib pacTBOpa Kpaxmaja M TUTPYIOT PAacTBOPOM THIIOCYNIb(UTA 10 HCYE3HOBEHHUS] CHHEH OKpacKH.
CBeTIo-CUHSISI KpacKa pacTBOPA, MOSBIIAIONIASICS [TOCIIE TUTPOBAHUS, B PacUeT He IPUHUMACTCS.

[Tunerky nepen oTOOPOM IPOOBI ONOIACKUBAIOT UCCIIELYEMBIM PACTBOPOM.

Yepe3 30 muHyT mocie orOopa mpoObl U3 Kaxaoil konOel oTOuparoT cHoBa 10 M1 pacTBOpa U TUTPYIOT.
3arem yepe3 40 MuHyT OepyT TpeThio mpoly u T.A. IlosyueHne OJMHAKOBOTrO YHCiIa MJ THIOCYIb(UTA,
3aTpadyeHHOr0 Ha TUTPOBaHME HoJa B IBYX MOCJIEIOBATENBHO B3ATHIX MPOOAX M3 KaKI0U KOJIOBI, yKa3bIBaeT
Ha JIOCTHKCHHE PAaBHOBECHS B PEAKIIMH.



JlaGopaTtopnasi pa6ora 9. 3akon pacnpenenenns Hepacra

Lens: onpenenenue ko3 duimenta pacupeneacHus: yKCyCHONW KHCIIOTHI B BOZIE ¥ O€H3051€ (TOJIyOJIe).
[TpunaanexxHocTn 1iasi pabOTHI: YKCycHast KucioTa (koHueHTpupoBaHHast, 70%); Oenzon (CO6H6) wmm
tomyon (CO6HSCH3) (100 mum)[2]; TtuTpoBanHbIi pactBOop mmienmoun 0,1 H.; denHondramens; KonObl ¢
npobkamu Ha 100 M — 3 mT.; MepHas koiba Ha 100 mi; OropeTka Ui THTPOBAHUS; KOJIOBI [ TATPOBAHUS
— 3 w; nunerk Ha 5, 10, 20 u 25 Mu1; WITAaTUB ¢ TpEeMs JEIUTEIbHBIMU BOPOHKAMHU.

B mepnyto xonOy Ha 100 ma HanmBaioT 10 MiI KOHIIGHTPHUPOBAHHOW YKCYCHOW KHCJIOTBHI U JIOJHBAIOT IO
MeTku Bojoi. [lomyuator pactBop Nel, mocnemoBarenbHBIM pa3baBieHueM B aBa paza u3 50 mu 1-ro
pacTBopa TOTOBAT BTOpOM pacTBop (T.e. W3 KojObl HamuBatoT 50 mur 1-ro pacTBOpa W JONHMBAOT K
octaBmmmMces 50 mi B MepHyto kosOy Ha 100 Mi JUCTHITUPOBAHHOM BOABI). AHAJIOTMYHBIM 00pa3oM u3
2-ro pacTBOpa rOTOBAT TPETUH.

B npuroroBneHHbIE TPU CKISHKH C MPUTEPTHIMU NMpoOKamu HaiuBaioT mo 30 Mi1 pacTBopa yKCYCHOM
kucioTel U 1o 30 mu 6enzona. [lomyyeHHble cMecH B TeuyeHHE 45 MUHYT MEPUOANYECKH yepe3 Kaxple 5
MUHYT CHJIBHO BCTPSIXMBAIOT, MHOTJA OCTOPOXKHO MPUOTKPBIBasS MPOOKH (U1 BBIMYCKa CKOMMBIIUXCS
ra3oB), 3aT€M CJIMBAIOT PACTBOPHI B TPU ACIUTEIIBHBIE BOPOHKM M OCTABISIIOT Ha 30 MUHYT JUIsl TIOJHOTO
paszmeneHusi cioeB >kuakocteil. Ilocie 3TOro cnuBarOT BOAHBIM CIIOM B COOTBETCTBYIOIIME KONOBI, a
OEH30JIbHBIN CIIOM OCTABISIOT B JCIUTENbHBIX BOPOHKaX. ONpeaensioT KOHIECHTPAIMIO KaK B BOTHBIX, TaK
U B OCH30JBHBIX pacTBOpax yKCYCHOM kucnoTel TuTpoBanueMm 0,1 H. pactBopom NaOH B mpucyrctBun
¢denondranenna. Tak Kak BOTHBIE pacTBOPHI O0OJIee KOHIIEHTPUPOBAHHBIE, TO B KOJOOUKU JIJIsl TUTPOBAHUS
OTOMPAIOT MHUIETKOM MEHBIIee KOJMUYECTBO BOJIHBIX PAaCTBOPOB, 4eM O€H30JbHBIX. KommdecTBO BOAHBIX
pactBopoB: Nel — 2 mut, Ne2 — 5 mut, Ne3 — 10 mi. KonmmuectBo OeH3051bHBIX pacTBOpoB: Nel — 20 mur, Ne2 —
20 mi, Ne3 — 25 mn. Ilpu TuUTpoBaHHMM OEH30JIBHOTO PacTBOpa IMOCIE KaXJAO0TO NMPUOABICHUS IIEIIOYH
KOJIOOYKY C TUTPYEMBIM PACTBOPOM XOPOILIO BCTPSIXUBAIOT U TOJIBKO MOCIIE HCUE3HOBEHUS PO30BOM OKPACKU
B HIDKHEM CJIO€ J00aBISIOT €Ille HECKOJBbKO Kamellb IIEJIOYH M TaK TUTPYIOT IO TMOSIBICHHS yCTOWYMBOMN
p030BOI OKpacku. KoHLIEHTpaly pacTBOPOB BBIPa)Kat0T B MOJIb Ha JIUTP.

PaccuuTtbiBatoT k03(h(HUIIMEHT pacnpeneeHUs U KOHCTaHTY acCOLMALUU KUCIIOThI B OEH3011e.
JlabopaTopunas patora 10. Kpuockonus

Ilenb: ompeneneHue MOJIAPHBIX Macc JU(EHMIAMHMHA WIM Ha(TaauMHa 1O MOHMKEHUIO TEMIEpPaTyphl
3aMep3aHMs pa30aBICHHBIX PACTBOPOB ITHUX BEIIECTB B OeH30€ (ONpeaeaeHne MOISIPHBIX MacC MOYEBUHBI
Y TJIIOKO3BI B BOAHBIX PACTBOPAaX KPUOCKOIUYECKUM METOJIOM).

[Tpunaanexxnoctu Kk padore. mpubOp AN KPUOCKOMUYECKUX M3MEPEHMI; KprocTar; TepMoMeTp bekmana,
TepMOMETp co mKkanoi ot -10 no +50 °C, nyma, nex (cHer), conb (XJI0pu HATpuUs), OCH301, TUPEHUITAMUH
(v HadTaNKH), TUCTULTUPOBAHHAS BOAA, TIIIOKO3a, CaXapo3a, MOUEBUHA.

Bapuant 1. OnpeneneHne MOISpHBIX Macc JU(QEHUIAMHUHA WM Ha(TaIMHA 0 MOHWKEHHUIO TEMIIEPATyphbl
3aMep3aHus pa30aBIEHHBIX PACTBOPOB ATUX BEIICCTB B OEH30JIE.

Jnis  onpeneneHus TOHMKEHHMsI TEMIIEpAaTypbl 3aMep3aHus pa30aBICHHBIX pPAacTBOPOB HCIONb3yeTCs
TepmoMeTp bekmana.

[Ipexne Bcero, TOTOBAT OXJAXIAMOIIYI CMeCh (BOAa-Jea-coib) ¢ Temreparypor Ha 3-4°C Hmke
TEMIIEPATYpPhl 3aMEP3aHUs PAaCTBOPUTENs. 3allOJIHUB OXJIAXKNAIOIIEH CMECBhI0 CTaKaH &, 3aKpBIBAIOT €TI0
KPBIIIIKOW CO BCTaBJICHHOM B Hee Memankod 9, tepmomerpom 10 m mpoOupkoit 7. B mpobupky 1,
MPEBAPUTEIILHO BBIMBITYIO W BBICYNICHHYIO, HAJIMBAIOT THUNETKOM 20 MUUTMUIMTPOB O€H30Ja. 3areM
IIPOBOSAT OIpENe/ICEHUEe MPUOIU3UTENPHON TeMIepaTypbl 3aMep3aHusi pactBopuTens. s 3Toi 1enu
npobupky 1 ¢ pacTBopuTeneM M CO BCTaBJIEHHbBIM B Hee TepMoMeTpoM bekMana mnomemaror
HEMOCPEICTBEHHO B OXJIAJUTEIbHYI0 cMech. [loMemmBas KHMIKOCTb, HAOMIONAIOT 3a IOKa3aHUEM
TepMoMeTpa. Benencreue nepeoxnaxkaeHus TeMIieparypa nagaeT Huke TOYKy 3aMep3anus. Korna Haunercs
KPUCTAJUIN3alKsA, TO B Pe3yJbTarTe BBIIEICHHS TEIUIOTHI KPUCTAJIM3ALUU TEMIIEpaTypa pacTBOpa CTAaHET
noBeimarbed. Ilo Tepmomerpy bexkmaHa OTCUMTBIBAIOT MAaKCUMAaJbHYIO TEMIEPATypy, KOTOpas H
IPUHUMAETCA 32 IPUOIU3UTEIbHYIO TEMIIEPATYPY 3aMEP3aHUS PACTBOPUTEIISL.

15



[Tpubnu3uTensHOW OHA SABISETCS MOTOMY, YTO OIBIT NPOU3BOAUTCS B YCIOBHAX, HE HCKIIOYAIOIIUX
HEPaBHOMEPHOCTH OXJaxJaeHus. Ilocie mpuOIM3UTENBHOTO OIpeeNeHHs] TeMIepaTypsl MPOOHPKY
BBIHUMAIOT M3 OXJIAXKIAIOIIEH CMECH W paCIUIaBIIAIOT BBIACIHUBINUECS KPUCTAIUIBI, HarpeBas HpOOUpPKY
pyKOH. 3aTreM BCTaBISIOT €€ B MpOOHpPKyY. [ yckopeHus mporecca OXJIaXICHHs KUIKOCTh B MPOOHpKE
NEPEeMEIINBAIOT MEMIAJKOW. MaKCUMalbHyI0 TeMIepaTypy, HaONoJaeMyl0 Tpu  KpHCTaUTU3alUH
pacTBOpUTENSA, OTMEYalOT IO TepMoMmeTpy bexkmana, monb3ysack synoi, ¢ TouHocThio A0 0,002°C u
3aIUCHIBAIOT KaK TEMIIepaTypy 3aMep3aHus pacTBOPUTEIIS.

Temneparypy 3amep3aHusi YUCTOTO PACTBOPUTENS U3MEPSIOT HECKOIBKO pa3. [locie kaxmaoro onpeaeneHus
npobupky 1 BbIHMMAaIOT U3 npubopa W 0o0pa3oBaBLIMECS KPUCTAJUIBI PACIUIABISAIOT, KaK OBLIO YKa3aHO
BbIIIE. M3 OTENbHBIX U3MEPEHHUH BHIYUCISIIOT CPEJHEE 3HAUCHUE TEMIIEPATyphbl 3aMep3aHusl PACTBOPUTEIIS.
IIpenenbHas morpemHocTs He noikHa npesbimars 0,005°C.

3areM B3BEIIMBAIOT Ha aHanuTHueckux Becax 0,2-0,3 rpamma wHccieIyeMoro BeleCTBA M BHOCAT B
pacTBopuTenb yepe3 00koBOi oTpocTok 2. [IpuOnm3uTenbHy0 TeMmIeparypy KpHCTajUIM3alldl pacTBOpa
OIIPENETAIOT TaK ke, Kak U pactBopurens. Ilocne pacruiaBieHuss KpUCTaIoB pacTBOP B OXJIaJAMTEIbHOU
cMecH JoBOIAT 10 Temneparypsl Ha 0,1-0,15°C Bbimne mpuOMU3UTENEHONW TeMIIepaTypbl KpUCTaUIN3alluH,
3aTeM MpPOOUPKY C PacTBOPOM IMOMEIIAIOT B BO3AYIIHYIO pyOalky, pacTBop nepeoxnaxnator Ha 0,2°C u
II0CJIE NIEPEMEILIMBAHUS IPOU3BOAAT TOUYHBIA OTCUET TEMIIEPATYpPhl KPUCTAJUIM3ALMH PACTBOPA. DTOT OTCUET
JOJDKeH OBITh TIOBTOPEH HECKOJIBKO pa3 TaK K€, KaK U B OIBITE€ C YUCTHIM PACTBOPHUTENIEM. 3aT€M BHOCST
BTOPYIO MOPIHMIO HCCIEIYyeMOro BEHIECTBA W ONPENENSIIOT TeMIeparypy 3aMmep3aHusi BTOporo Oomee
KOHILIEHTPUPOBAaHHOTO PacTBOPA.

IIpu nepexome pacTBOpa W3 NEPEOXJIAXKIEHHOIO COCTOSIHMS B PAaBHOBECHOE 4YacTb pPaCTBOPHUTENS
BBIJIENIETCS B KPUCTANIMYECKOM COCTOSIHUM, PACTBODP BCJIEACTBUE 3TOrO KOHLEHTPUPYETCS U paBHOBECHAs
Temneparypa OyaAeT COOTBETCTBEHHO HHWXKE, 4YeM JuId [epBOHadalbHOro pacrtsopa. C  1enbro
MpEeIOTBpAIeHUsT 0ONIBIIOTO TepeoxnaxkaeHus (Oonpire, uem Ha 0,2°C) B pacTBOp OIyCKAIOT KPUCTAJUTHKA
pactBoputens. llenecooOpa3HO omyckaTb KpHCTAIMK B KaXJAOM OIBITE IPU OJHOM M TOM XK€
NEPEOXJIAXKICHHH.

Ilo pe3ynbraraM HECKOJIBKHUX H3MEPEHHM TeMIepaTypbl KpUCTaUIM3allMM B OIHOM pPACTBOPE HAaXOAAT
CPEIHIOI0 MOJIIPHYIO MAacCy pacTBOPEHHOIO BEILIECTBA. OJKCIEPUMEHTAJIBHO OIPEICIIEHHYI0 MOJSPHYIO
Maccy CpaBHHUTB C PACCYMTAHHON MO (hOpMyIie BeIIECTBA U pacCuuTarh % OMIMOKH.

BapuanTt 2. Onpenenenue MOJISIPHBIX MacC MOYEBHUHBI U TIIFOKO3bl KPHOCKOITUYECKUM METOJIOM.

B kauecTBe pacTBOpuTEINs UCTIONB3yeTCs BoAa. OMBIT BEAETCS TaK e, KaK U ¢ OEH30JI0M.

[1] Ucnionp30oBaHue 5 H CONSIHOM KUCIOTHI, OTHOCsMIekcs k Tabnume 111, cricka IV npexypcopos, o6opot
koTopbIXx B Poccuiickori denepanuu OrpaHUYeH U B OTHOLICHUMM KOTOPBIX YCTaHABIMBAIOTCS MEPBI
KOHTPOJIsI B COOTBETCTBUM C 3aKOHOHArenbCTBOM Poccuiickor ®Penepauuun U MEXAYHApOIHBIMU
noroBopamMu  Poccuiickoii  ®Pexepauyy, penNIaMEHTUPYIOTCS JACUCTBYIOIUMM  3aKOHONATEIbCTBOM U
HOPMATHUBHBIMHU IIPABOBBIMU aKTAMHU YHUBEPCUTETA.

[2] Ucnonp3oBanue Tomyosa, oTHocsmerocs k tadmune III, cnucka IV mpekypcopoB, 060pOoT KOTOPHIX B
Poccuiickoii ®enepanyu OrpaHUYeH W B OTHOIIEHHM KOTOPBIX YCTAHABIMBAIOTCA MEpPbI KOHTPOJSI B
COOTBETCTBMM C 3aKOHOAATeNbCTBOM Poccuiickoii @Denepanmud W MEXIYHAPOJIHBIMH JOTOBOpaMHU
Poccuiickoit Denepanuu, periaMEeHTUPYIOTCS JEUCTBYIOIIUM 3aKOHOJATEILCTBOM M HOPMATHBHBIMU
MIPABOBBIMU aKTaMU YHHUBEpPCUTETA.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
1. YMeTh BBIBOIUTH MAaTEMATUUYECKOE BHIPAKEHUE 3aKOHA JIEUCTBYIOIINX MaccC.

2. O3HAKOMHTBLCI C OCHOBHBIMHM CIIOCOOAMH BBIPAXKCHUA KOHCTAHT PABHOBCCUSA U HAYUYUTHCSA BLIBOAWUTH
CBA3b MCXKIY HUMHU.

3. BeiBecTu ypaBHEHUE U30TEPMbl XUMUYECKON PEAKIMU.
4. YMeTp BBIBOAMTH 3aBUCUMOCTb PABHOBECHSI XUMUYECKUX PEAKIIUN OT JABJICHUS U TEMIIEPATypBhI.
5. Pemats 3a1auu 1o teme.
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Tema 6. Ancopounonnsnie paBHoBecus (OIIK-1)

Jlexknus.
SBnenus  aacopbumu.  AncopOeHt. Axncopbar.  Buasl  amcopOruu.  MoHOMOJNEKyNsipHas U
noJauMo-neKkynsapHas agcopouus. Teopun Jlenrmiopa, [Tonstau u BOT. YpaBuenue ['u66ca, IInmkoBckoro
n Opeiinuiuxa. [IAB u noBepXHOCTHOE HaTsKEHME pacTBOpoB. lIpaBuiio ypaBHUBaHMS MOJSIPHOCTEM
Pebunpepa, nmpaBuia n3duparenbHON HOHHOU afcopounu. AncopOuuonHas xpomarorpagusi.

IIpakTH4Yeckoe 3aHATHE.
1. BapuaHTsl penieHus 3a7jaun Ha pacueThl M0 YpaBHEHUIO U30TEPMBI aicopOumu Jlenrmropa.
2. BapuaHThbl pelieHus 3a1a41 Ha pacyeThl 110 YpaBHEHHUIO H30TepMbl ajicopounn Opeitnpimxa.
3. BapuaHThl penieHus 3a71a4i Ha PacueThl M0 ypaBHEHUIO U30TepMBI aacopoumu bOT.
4. BapuaHThI pelIeHUs 3a7a41 Ha pacyeThl 110 YpaBHEHUIO H30TepMbl I 1OOca.
5. BapuaHTsl penieHust 3aJ1a4i Ha pacueTsl o ypaBHeHuo [1IumkoBckoro.
6. BapuaHTbl perieHus 3a/1a4u Ha pacyeThl [0 YPaBHEHHIO TEIUIOTHI aJCOPOIIUH.

JlaGopaTopHbie padoThbI.
JlaGopaTtopnasi pa6ora 1. Ancopouus
Llens: uccnenoBaHue aacopOIUM YKCYCHOM KHCJIOThl Ha aKTUBUPOBAHHOM YIVIE, HAXOXJACHHE KOHCTaHT
n3orepMbl OperHInXa.
[Tpunagnexxnoctu k padore: 12 xkond Ha 100 M1, OropeTka aiis TUTpOBaHUsA, muneTku Ha 10 mut, 5 u 20 mut,
MepHbIM nuauHAp Ha 100 M1, akTUBHpPOBaHHBIN yrosb, deHondTanens, 2 koaosl Ha 100 M1, pacTBOPHI:
CH3COOH - 0,4 1, KOH - 0,18.
HccnenoBanue aacopOIMU CBOAMTCSA K ONPENENICHUIO KOHIIGHTPAIMKM PacTBOpa 10 W TOcje aacopOIuu.
HcxonueiM pacTtBopoM ciykuT 0,4 H. pacTBOp YKCYCHOM KHUCIOTHL. M3 MCXOOHOro pacTBOpa TOTOBSIT
pazbaBieHreM pacTBOpHI cienyrommx konmeHtpanwii: 0,4; 0,3; 0,2; 0,1; 0,07; 0,03 u. dus agcopOuum
Oepercss 50 M pacTBOpa KHCIIOTBI, B KOTOpPbIM BBoAMTCSA | T akTHBHpOBaHHOrO yrist. Kaxmoro pactBopa
rotoBaT 1o 100 mi, u3 xoropeix 50 M MCHONB3YIOT [UIsl BBEACHUA YL, a ocTajbHble 50 Mi ans
OTIpeaeNieH!s] KOHIICHTPALUU KUCIOTHI 10 aacopOunu. TuTpoBaHHE Ka)XIOTO pacTBOpa MPOU3BOIAT 2-3
pasza 0,1 H. pacTBOpoM mienoun ¢ GenonpranenHoM. /s Manbix KOHIEHTpaUui oTOuparoT OoJbIuue, s
OOJBIINX - MEHBIIIHE OOBEMBI.
[Tocne 4acoBO# BBIAEPKKH PACTBOPOB C yINIEM HMX THUTPYIOT, OTOHMpas Te€ >XK€ KOJIMYeCTBa, 4TO U [0
azcopOumu. PacCUMTHIBAIOT KOHLIEHTPALIMH KaXKJ0r0 pacTBopa 10 u nocie agcopouun CO u Cp. Bennuuny
ancopoumun I' paccuuteiBator 1o ¢opmyne. HaxomaT rpaduyeckd METOIOM KOHCTAHTHI ypaBHEHHS
n3orepmsl OpenHINXa.
JlaGopaTtopHasi pabora 2. M3yueHne CBA3H MeK1y MOBEPXHOCTHBIM HATSKEHHEM U aJcopouuei
Lens: onpeneneHue MOBEPXHOCTHOTO HATSHKEHUS PacTBOPOB METOIOM HAaMOOJBIIETO JaBIE€HUS My3bIPHKOB
(pabota ¢ mpubopom Pebunnepa), pacuer BenmuuHbI ancopOuum I M ompeneneHne KOHCTAHT YpaBHEHHS
Jlenrmropa.
[Mpunagnexxnoctn st pabotsl: npubop Pebunaepa, MepHBI UWIMHApP, TUCTWUIMPOBAHHAs BOJA,
pactBopsl [TAB.
[ToBepXHOCTHOE HATSDKEHHE OIPENENAIOT OTHOCHUTEJIBHBIM METOIOM: HaXOAAT HauOoJbllee JaBICHUE
oOpa3oBanus my3bIpbka B unctoil Boae (P0) u 3atem — B mccnemyemoii xxuakoctu. (Px) IloBepxHOcTHOE
HaTSOHKCHUE MCCIEAYEMON JKUAKOCTH MOXHO BBIYHUCIMTH 1O (opmyrie: , TIe - MOBEPXHOCTHOE

HaTSDKEHUE BOJIbI, 3HAYEHHUE KOTOPOTO MpHU TaHHOW TeMIepaType MOXKHO HaiiTh B cnpaBouHuke. [Ipu 200C
=72,75-10-3 Ixx/m2.
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[lepen Hauanom paboTHl TPYOKY € KamMUIIPOM M COCYA C OOKOBBIM OTPOCTKOM IPOMBIBAIOT XPOMOBOM
CMecChbi0 M BONoi. BHauane ompenenstor Haubosnbliee AaBieHHe 0O0pa3oBaHUs Iy3bIPHKOB B YHCTOM BOJE.
JUist 3TOTO HANUBAIOT B COCYZ BOJBI M BBOAAT KAaNMUIIPHBIA KOHUYMK TaKUM 00pa3oM, uyTOOBI TIIyOMHA €ro
MOTPY>KEHHS B JKUAKOCTh MPAKTUYECKH paBHsIach Hymo. Cocyq MOrpykaloT B TEpMOCTAaT, CO3IAIOT
paspexeHre 3a CYeT aclupaTopa M PeryJupyroT CKOPOCTh 00pa30BaHHUs My3bIPHKOB MPH MOMOIIM KpaHa.
Yucno my3bIpbKOB HE TOJDKHO MPEBBIIIATH 5-8 B MUHYTY; IIPH OOJBIIECH CKOPOCTH paBHOBECHBIE YCIOBHS HE
JOCTUTAIOTCSL U Pe3yJIbTaThl OKa3bIBAIOTCS HEMPAaBUJIBHBIMH. JaBlIeHHE M3MEpPSIOT MO Pa3HOCTU YPOBHEH
KHUJIKOCTH B MaHOMETpE, COCJMHEHHOM C KanmWUIAPHOM TpyOKoil. 3areM NpOM3BOAAT H3MEpPEHHE
HauOOJBIIEro JaBlICHUE OOpa3oBaHMs IMY3BIPHKOB ISl psAAa pacTBOPOB M30aMHIIOBOTO CIHPTa C
koHueHtpamusamu: 0,1 M; 0,05 M; 0,025 M; 0,0125 M; 0,00625 M, nony4eHHBIMU MOCIEN0BATEIbHBIM
paz6asnenuem 0,1 M pactBopa BaBoe. 1o popMysne  paccuuThIBalOT — JUIs KaXKI0TO PacTBOpA.

Jlnst pacdera BelMYMHBI agcopOumu [ U ompeseneHnss KOHCTAHT ypaBHEHUs JIeHrMIopa cTposiT Tpaduk B
KoopauHaTax - ¢. [1o aToMy rpaduky onpenessifoT BETHYNHY IPOU3BOAHON ISl KO0 KOHIICHTPAIUN
KaK TaHTCHC YIJIa HaKJIOHA KacaTeJIbHOW, MMPOBEACHHON K MOJyYeHHON KPUBOW B TOYKE, COOTBETCTBYIOIICH
KaXIOW 3aJaHHON KOHIEHTpanuu. HalieHHble BeJIMYUHBI TOICTABISIIOT B ypaBHeHHe [ubOca wu
PaCCUMTHIBAIOT BEJMYUHBI [ U151 BCEX MCCIIEIOBAaHHBIX KOHIIEHTpaIii ciimpta: . Jlajnee cTposT rpaduk B
koopauHatax ' — C u rpaduk B koopauHarax C/I' — C, 1mo KoTopoMmy TpaguuecKy ONPeneIsTIOT BETMIHHBI
['o u «b» (cm. puc. 4). 3anuceiBaioT ypaBHeHue JleHrMiopa ¢ HaiiieHHBIMH KO3 dUILIMeHTaMu: [Tpn
pacuerax cneayeT moMHUTH, uyTto R=8,31 [Ix/mons K. Temmeparypa OGepercs mo mikane KenbBuna.
KoHneHTparmst pacTBopoB BbIpakaeTcs B Mojib/M3. [Ipumedanue: BmecTo pacTBOPOB H30aMHIIOBOTO
crupTa MOTYT OBITh JaHbI pacTBopbl Oytanona (0,5 M), uzo-6yranona (0,6 M), uzo-nponanona (1,5 M),
sTa”ona (2 M) (1o yCMOTpPEHUIO MPEToaaBaTes).

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. HayuuTbcs pemiarh pacyeTHbIE 3a7a4d 110 JAHHOW TEME.

2. Ilpu moOAroTOBKE K TECTHPOBAHUIO, KOJUIOKBUYMY, KOHTPOJILHOW paboTe oOpaTUTh BHUMAaHHUE TEOPHUIO
MOHOMOJIEKYJISIpHOU ajcopOumu Jlenrmiopa ' monumosexkyisipHoit aacopOrmu [omstau u BOT.

3. IlpoananusupoBars ypaBHeHus: [ u66ca u dpeitnmxa

4. BeiBectu ypaBHeHue JIeHTMIopa Ha ocHOBE ypaBHeHUH [ mO66ca u [lIumkoBckoro.

5. HayuuTbcs MpOBOOUTH pacyeTbl BETUYMHBI AACOPOIMM C HCIOJIb30BaHMEM ypaBHeHHs [ubOca u
Opeinannxa.

6. O3HaKOMUTBCS C MPABWJIOM YpaBHUBAHHS MOJIApHOCTEH PeOuHaepa u ero mpuMeHeHHeM [uis 1moadoopa
a/IcOpOCHTOB U1l OYMCTKU BOAHBIX M HEBOJIHBIX CPEJl OT 3arpsi3HEHUH.

7. PaccMOTpeTh JOCTOMHCTBA METO/IA a/ICOPOIIMOHHON XpomaTorpaduu U HAMTH 00JacTy ee MPUMEHEHHS.

Tema 7. DiemeHnTsl cTaTucTHYecKON TepMmonnHaMuku (OITK-1)

Jlexknus.
Oyukuuu pacnpeneneHus Makcsemia u Makcsesuia - boisimana. MosiekyisipHast CyMMa 110 COCTOSIHUSIM U
CyMMa IO COCTOSHUSIM MAaKpOCKOIMYecKoll cucreMbl. IlocTymarenbHas CcyMMa IIO CO-CTOSIHHSIM.
CrarucTuueckre BBIPKEHHS JII OCHOBHBIX TEPMOAMHAMUYECKHX (YHKIMI: COCTABISIOIIME SHTPOIHUH,
BHYTPEHHEH DHHEPrMM U  TEIUIOEMKOCTH, OOYCIIOBJIEHHBIE MOCTYNAaTEeNbHBIM, Bpa-IIaTelbHBIM,
Kojie0aTeIbHbIM JABIKCHHEM. PacdeT KOHCTAaHT paBHOBECHS XMMHYECKHMX PEaKIMi B WACATBHBIX Ta3ax
METOZIOM CTaTUCTUYECKON TEPMOJUHAMUKHY.

IIpakTnyeckoe 3ansATHE.
HE IIPENYCMOTPEHO

JlaGopaTopHbie padoThbI.
HE IIPENYyCMOTPEHO

3ajanus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
1. U3yunts ¢pyHkuuu pacnpenenenus Makcpesuia 1 Makcsesuia - bonbiimaHa.
2. 3y4nTh MOJIEKYIISIPHYIO CYyMMY I10 COCTOSIHUSIM M CyMMY IO COCTOSIHUSIM MaKpPOCKOIIMYECKOM CUCTEMBI.
3. Ilony4uTh CTaTUCTUYECKHE BBIPAXKEHUS ISl OCHOBHBIX TEPMOANHAMHUYECKUX (DYHKITMHA.

4, Hay‘H/ITI)CH PpaCCUUThIBATh KOHCTAHTBI PaBHOBECUA XUMHNYCCKUX peaKuHﬁ B MJACAJIbHBIX Ira3aX MCETOIO0M
CTaTUCTUYIECKOM TEPMOAHAMUKH.
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Tema 8. Xumuueckas kuneruka (OIIK-1)

Jlexknus.
OCHOBHBIE IOHATUS XMMHUYECKON KUHETUKHU. MOJIEKYISIPHOCTD U MOPSIIOK peakuuil. OnpeneneHue nopsaka
peakiii M KOHCTaHT ckopocteil. HeoOparumble peakuuu 1-ro, 2-ro0 ¥ N-r0 TOPSJIKOB M BHJIBI
KUHETHYECKOTO ypaBHeHUs. CIOXKHBIE peakiu: 00paTuMble, OCiIeA0BaTeIbHbIe, Tapai-ieIbHble, LIEHbIE,
COMNpsKEHHBIE. 3aBUCUMOCTb KOHCTAHTBl CKOPOCTH OT TEMIIEpaTyphl. DJIEMEH-TapHbIE aKThl XMMHYECKUX
peakimii W (QU3MYECKUH  CMBICH  OSHEPrUM  aKTHUBAUMU. MeETol  MEepexXOiHO-TO  COCTOSHHSA
(aKTHBU3UPOBAHHOTO KOMILIeKca). TpaHcMuccHOHHBIN KodhduiimeHT. Teopus coyaa-peHUN B XUMHUYECKOM
kuHetuke. Cxema JIunnemana. @OTOXMMUYECKUE U LIETIHbIE peakui. KnHe-THKa reTepOreHHbIX peaKIHii.

IIpakTH4Yeckoe 3aHATHE.
1. BapuaHTs! pemieHus 3aJauy Ha pacyeThbl 10 OCHOBHOMY MOCTYJIaTy XUMUYECKON KHHETUKH.
2. BapuaHTsl penieHus 3aa4 110 ONPEIEICHUIO MOPSIIKA PEaKLUK.
3. BapuanThl pemieHus 3a7add Ha pacyeThl MO0 KHHETHYECKUM YpPaBHEHHMSIM HeoOpaTumou peakuuu [
Mopsi/IKa.
4. BapuaHTbl pelieHHs 3aJadyd Ha PAcueThl MO0 KMHETHYECKMM ypaBHEHUsM HeoOpatumon peaxnuu I
Mopsi/IKa.
5. BapuaHThl pemieHus 3a7adyd Ha pacueThl Mo ypaBHeHHIo Bant-lTodda (BmusiHME Temmeparypbl Ha
CKOPOCTbh XUMHYECKOH peaKIiH).
6. BapuanTsl penieHus 3aJja4uu Ha pacueThl 110 ypaBHEHUIO AppeHuyca (BIUsSHIE TeMIIepaTypbl Ha CKOPOCTh
XUMHUYECKOM peaKIum).

JlaGopaTopHbie padoThbI.
JIaGoparopHast pabota. Onpenenenne KOHCTaHT CKOPOCTEH XUMUYECKHUX PEaKIuil.

[lens: ompeneneHre CKOPOCTH PEaKIMM METOIOM OTOOpa MpoO, BBISICHEHHWE BIUSHUSA TEMIIEpaTryphl Ha
CKOpPOCTb peakIuu (OnpenesieHne YHEPTuu aKTUBAIMK B TeMIieparypHoro ko3¢ dunuenta Bant-I'odda) Ha
MIpUMEpPE PEeaAKIIUN NOMPOBAHUS AIlETOHA.

[Mpunannexxuoctu k padote: pactBopbl Na2S203 — 0,01 a5, CH3COCH3 — aneton 1 1, J2 B 4% KJ - 0,1 =,
NaHCO3 — 0,1 u, HCI — 1 H, kpaxmaJn, rumTka, BoJsiHas OaHs, TEpPMOMETp, YCTaHOBKA JJiIsi TUTPOBAHUS,
KOJIOBI JIJIsl TATPOBaHUS, nureTka Mopa.

Xon peakiMu KOHTPOJIHMPYETCA MO aHalu3y NpoO, MepuoIuvYecKd OTOMpAaeMbIX B PEaKIMOHHOW CMECH.
[Tocne ycTaHOBKHM TepMOCTaTa Ha 33JaHHYIO TEMIIEPATypy B MEPHYIO KO0y €eMKOCThIO 250 MJI HAIMBAIOT 25
mi 0,1 H pactBopa ona B 4% pactBope KJ, nobasmnstor 25 mi 1 H HCI (coneprkanne KUCIOTHI MOXKET OBITh
YBEJIMUYEHO WM YMEHBIIEHO MO YKa3aHUIO MpenojaBareis) U JOJUBAIOT BOJOW HECKOJIBKO HUXKE METKHU
(mpumepno Ha 30-35 M1 HUXKE), 3aTeM KOJIOY ¢ pabouyuM pacTBOPOM M JIPYTYIO KOOy C AUCTHILTHPOBAHHOM
BO/IOM morpykaroT B TepMocTtar. Crycts 15-25 MuHYT B KOJIOy C pPEaKIMOHHOM CMEChIO TOOABIISIIOT
npumepHo 1,5 T amerona wnm 25 mu I H pactBopa arletoHa. MOMEHT BIMBaHMS alleTOHA OTMEYAIOT IO
gacaMm. [locnme BiIMBaHMS aneToOHAa COAEPKUMOE KOJOBI OBICTPO MOBOJSAT OO METKH J00aBlIeHHEM
JUCTUJUTMPOBAHHOM BOJIbI, IPEIBApUTENIHO BBIJEPKAHHOM B TepMocTare, OBICTPO, HO THIATEIBHO,
B30QJITHIBAIOT U TOTYAC OTOUPAIOT CyXou mumeTkor 20 M1 IpoOBI, OTMEUast TOT MOMEHT T10 YacaM.

3a Havano peakuuu (t = 0) mpUHKMMAIOT BpeMs BIIMBaHUS alleTOHA B pPEaKIHOHHYIO cMmech. Konby c
PEaKIIMOHHOM CMEChIO 3aKpBIBAIOT MPOOKOH BO M30eaHWe yneTyduBaHus aneroHa. OToOpaHHYIO0 MpoOy
BJIMBAIOT B KOJIOY JUTsl TATPOBaHMsI, yxke coaepskamtyto 25 mi 0,1 H pactBopa NaHCO3, u conepkanue iona
onpenestoT TutpoBanreM 0,01 H. pactBopom Na2S203 B npUCYTCTBUM Kpaxmara.

3a X0/IoM peakiuy HaOMIOAA0T IMyTeM 0TOOpa M aHajm3a Mpo0 PeakIMOHHOH CMECH Yepe3 ONpeieIeHHbIC
MIPOMEKYTKH BpeMeHH. Bo Bpems or6opa mpo0 kosly u3 TepMocTaTa He BBIHUMATh!

B Tedenme ompbiTa pekomMeHAyeTcs B3ATh HO MeHee 7-8 mpob. Bropyto mpolOy otbuparor uepe3 10 MuHyT
nociie - W TO pe3ynbraraM WX TUTPOBAHHS OIPEICIISIOT BpEMs, Yepe3 KOTOpOe HAIUICKHUT Oparb
CIIeIyIONTUE TTPOOHI.

Pacxox runocynbhuTa Ha KaXIyI0 CIeIyIONIyI0 MpoOy MOKEH U3MEHAThCS Ha 1-3 ML
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ITo xomy peakuuu Bpemsi MEXAY MOCJIENI0BaTeIbHbIMA TUTPOBAHUSMM IIOCTENIEHHO CIIEAYET YBEIMYMBATh
(HarpuMmep, NepBble TPU TUTPOBAHUS MPOBOAUTH uyepe3 10 MUHYT, 3aTEM TUTPOBAaHUE - yepe3 15 MUHYT W,
HakoHel, yepe3 20 MuHyT). UeM Bbllle TeMIepaTypa, NpU KOTOPOH MPOU3BOASATCS UCCIEIOBAHMS, U YEM
OosbliIe colepKaHUE KHUCIOTHl B PEaKIIMOHHON CMECH, TE€M Yallle HaJJIe)KUT OTOMparh npoObl. Bennunna
Cx ompenensiercst 10 ypaBHEHUIO:
Cx = rae nt - uncino Mia pactsopa Na2S203 npu TUTpOBaHUM AAHHOMN
npo6bl, N - HopmasibHOCTH pacTBopa Na2S203 u n0 - yncio ma pactBopa Na2S203 , KoTopoe J0IKHO
ObUTO OBl MOWTH Ha TUTPOBAHME B MOMEHT Hayasla peakiuu. 3HadeHue n) MpaKkTHUECKU ONpPEACTUTH He
yaaercs, Tak Kak OT MOMEHTa BJIIMBAaHUS alleTOHA 70 MOMEHTA B3ATHUs |- MpoObl MPOXOIUT 3HAUYUTEIHHOE
Bpems. [loaTomy n0 ompenensor 3KCTpanosuen mo rpaduky ClIeayonM o0pa3oM: Ha MUJITUMETPOBKE
CTpOAT TpaduK B KOOpAMHATAX N — T M IKCTPAMOJALMEN MoidydeHHOW nuHuu A0 T = 0 Haxomat no.
Ucnonb3ys pacueTHoe ypaBHeHUE U 3HaueHus C C , Cx, T, BBIYHUCISAIOT KOHCTAHTY CKOpOCTH k 1
3alUCHIBAIOT €€ 3HaueHus B Tabmuily. Ilocie 3TOro ompenesisitorT CpenHIO BEIHMYMHY K M BBIYHCISIOT
TeMreparypHblii K03()(OUIIMEHT U SHEPrui0 aKTUBAIMK (3HAUYEHHE NMPHU APYTod TemIeparype MOXeT ObITh
COOOIICHO MpPEeTo1aBaTeieM) 0 YPaBHEHUSIM:

3anaHus AJ151 CAMOCTOSITEILHOI padoThI.
1. U3y4nTh NOHATHS «MOJIEKYIIPHOCTEY) U CIIOPSAOK PEAKLIUN.
2. PaccMoTpeTh criocoObl OIpeesieH sl MOopsIKa peakiii 1 KOHCTAHT CKOPOCTEH.
3. HayuuTbcs pemiarh pacyeTHbIE 3a7a4U 110 TEME.
4. HayuuTbCst BBIBOIUTB 3aBUCHMOCTh KOHCTAHTBI CKOPOCTH OT TEMIIEPATYPHI.

5. PaccmoTtpeTh aneMeHTapHbIe aKThl XUMUYECKUX PEaKIuil U (U3UYECKUA CMBICT YHEPTUU aKTHBAIIUU U
MPEIAKCIIOHEHIIMATEHOTO MHOYKUTEIS B YpaBHEHUU AppeHuyca.

6. PaccMoTpeTh METO MEPEXOAHOr0 COCTOSHUS (AaKTUBMPOBAHHOTO KOMIUIEKCA) U TEOPUIO COyAapeHUil B
XxuMHueckoil kuHeTuke. PaccMmoTrpers cxemy Jlunaemana Uit OMMOJNIEKYJISIPHOTO  MeXaHH3Ma
MOHOMOJIEKYJISIPHBIX PEaKInil.

7. PaccMOTpeTh OCHOBHBIEC IPU3HAKU (POTOXMMUYECKUX MPOIIECCOB M OCHOBHBIE 3aKOHBI (DOTOXHUMMHU.

Tema 9. Karanus (OIIK-1)

Jlexknus.
Omnpenenenne karanus3a. [ OMOIEHHBIM, TETEpOreHHBIM Karajau3. XapaKTepHbIE YEpPThl TETEPOTEHHBIX
KaTaIMTHYECKUX TpoIleccoB. Teopunm B TreTeporeHHoM Kartanus: bamanguna, Teitnmopa, KoO3eBa,
[TucapxeBckoro. depMeHTATUBHBIA Karanu3. Meramnsl Kak Karaiau3aropbl. OcOOEHHOCTH KHHETHKHU
KaTaJIUTUYECKUX PEaKIIU.

IIpakTH4eckoe 3aHATHE.
HE TIPESYCMOTPEHO

JlabopaTropHbie padoThbI.
JlaGopaTopHasi padora. Karaiuruyeckoe okucjieHre HOAUIA KAJTUA
IMens: ompenencHue KaTaIUTUYECKOrO ICHCTBUS HMOHOB JKejle3a M MEIM Ha PEAKLUIO B3aUMOACHCTBUS
MOMJIA KaJIUs C Mepcynb(paTtoM aMMOHHUS.
[Mpunamnesxxnoctu st paborel: Tepmoctar, 8 xkon6 wHa 100 M, 4 nunerku Ha 10 M, Oroperka IS
TUTPOBaHUsA, 4 NMIMHApPA Ha 25 MI, CBEKENPUIOTOBIEHHBIH pacTBOp Kpaxmana. Pacteopsr: 0,12 m KI,
0,025 u. H2SO4, 0,1 u. (NH4)2S208; 0,06 r/n CuSO4-5H20; 0,09 r/n FeSO4-7H20; 0,01 1 Na2S203
(1,69 r/n Na2S203-5H20).

4 xonOBbI 3aMOIHAIOTCS PACTBOPAMH COTIIACHO TalIuIe

[TepcynbhaT aMMOHUS BIUBAEM B MOCIIETHIOI OYepelb U 3aCEKaeM 3TO BpeMs 10 Yacam, KaK Bpems Hadala
peakiuu 2KI + (NH4)2S208 + H2SO4 = J2 + 2NH4HSO4 + K2SO4. Ha 3Ty peakuuio KaTaaIUTHIYECKOE
JIEMCTBHE OKa3bIBalOT MOHBI MEIU U Xkele3a. Bce pacTBOpHI 10 U MoOcie CMELIEHUS TOJKHBI HAXOAUTHCS B
tepmocrare npu 25°C.
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O CKOpOCTM peaKkIMM MOXHO CYyOUTh IO KOJIMYECTBY HOAA, BBIICISAIOIIEIOCS YEpe3 ONIpECIICHHBIE
IIPOMEXKYTKH BpEMEHH Nocie Hadana peakuuu. O KOJIWYECTBE BBIIEIMBIIETOCS MO MOXKHO CYIOUTH I10
KOJIMYECTBY THOCYNb(aTa HATpUs, MOLIEIIIEr0 Ha er0 TUTPOBAHUE B MPUCYTCTBUHU Kpaxmalia, KOTOPBIHA ¢
HOZIOM JlaeT CHMHee OKpallnBaHHe. TUTPYIOT MpoObl peakMOHHON cMecu B mpucyTcTBUM kpaxmaina 0,01 v
pacTBOpoOM THOCYNb(haTa HATPUS 10 MCUE3HOBEHUS CUHEHW OKpacKH. YpaBHEHHE MPOTEKAIOUIEH IpU 3TOM
peakiuu umeet Bu: J2 + 2Na2S203 = 2Nal + Na2S406

[TpoObI peaknmoHHOW cMmecu oTOuparoT munetkor Ha 10 M gepes 5, 10, 20, 40,. 60 MuHYT OT Havasa
peaKkIMu W BIWBAIOT B KOJOBI JJIi TUTPOBAHMS, B KOTOPBIC MpeABapHUTENIbHO HanmuBaloT 20-25 M.
oxynaxaeHHou 10 ~10 °C mucTUITMPOBaHHOMN BOJIBI (3TO HEOOXOUMO JIJIsl 3aMEIJICHUST PEAKIIHH ).

[Tony4yennsie pe3ynpraThl HaHECTH Ha rpaduk B KoopanHarax V(Na2S203) - t, mun. Crenarb BBIBOJBI O
JEWCTBUHU KaTaJau3aropoB

3anaHus AJ51 CAMOCTOSITeILHOI padoThI.

1. PaccMoTpeTh 0COOEHHOCTH Karanu3a (hepMeHTaMH; YyCTAHOBUTh OCHOBHBIE MPEUMYIIIECTBA U HEIOCTATKU
(bepMEeHTaTUBHOTO KaTain3a, yka3aTh OCHOBHbIE 00JaCTH MPUMEHEHUSI Ha TPAKTHKE.

2. PaccMoTpeTh 0COOEHHOCTH MHUKPOTETEpOTreHHOIO KaTajiu3a; YCTAHOBUTH OCHOBHBIE MPEHMYLIECTBA U
HEJ0CTaTK! MUKPOTETEPOTreHHOT0 KaTann3a, yka3aTh OCHOBHbIE 00JaCTH MPUMEHEHHSI Ha MTPAKTHKE.

Tema 10. Honuka (OIIK-1)
Jlexknus.
OcCHOBHBIE TIOJNOKEHUS TeOpUU AppeHHyca, €€ HEJOCTATKU U JaJIbHENIIee pa3BUTHE. DIIEKTPOCTA-TUYECKAs
TCOpUSA CHUIIBHBIX 3JICKTPOJIUTOB. Hon - JUIIOJIBHOC U HMOH - HMOHHOC B3aHMOI[eI>’ICTBHSI. AK-THUBHOCTh H
ko3¢ ¢ureHT akTUBHOCTH. MoHHBIE aTtMocdepbl. YaenbHas W IKBUBAJIEHTHAs 3JIEKTPO-IPOBOIHOCTH
aneKkTpoauToB. [TogBuxHOCT HOHOB U 3ak0oH Konbpayma. Yucna nepenoca nonos. Kongykromerpusi.
IIpakTH4eckoe 3aHATHE.

1. BapuaHTsl pemeHus 3aa4 Ha pacyeThl 10 YpaBHEHUSAM CBOICTB pa30aBIeHHBIX PACTBOPOB
AIIEKTPOIUTOB.

2. BapuaHTbl pelieHHs 3aJaud Ha pacueThl AaKTUBHOCTH HMOHOB U 3JIEKTPOJUTOB, K33(dduunenra
aKTUBHOCTH, MIOHHOM CHJIBI pacTBopa, pubmmkennit J{ebas-Itokkens.

3. BapuanTsl penieHus 3aa4u Ha pacyeThl yAeIbHOM AIEKTPONPOBOAHOCTH PACTBOPA ANEKTPOIIUTA.
4. BapuaHThbl pelIeHHs 3aJ]a4id Ha pacueThl SKBUBAJICHTHON AJIEKTPOIPOBOJHOCTH PACTBOPA AIIEKTPOJIHUTA. .
5. BapuaHThl penieHust 3aJ1a4i Ha pacyeThl 10 3aKOHY pa3BeneHus: OcTBaibaa..
6. BapuanTsl penieHus 3aa4yu Ha ONpeeIeHHE MOABUKHOCTEH HOHOB.
7. BapuaHTsl penieHus 3aa4u Ha onpeiesieHUue Yncen nepeHoca HOHOB.

JlaboparopHbie padoThbI.
JlaGoparTopuasi padora 1. Kpnockonus
Lenb: ompeneneHre CTENEHU HSIEKTPOJUTUYECKONM JHUCCOLMALMU DIEKTPOJIIUTA MO TMOHUKECHHUIO
TEeMIIepaTypbl 3aMep3aHusl pacTBOpa.
Ipunaonexcnocmu xk pabome. npubop 01 KPUOCKONUYECKUX UBMEPEeHUll;, KPUocmam, mepmomemp
bexmana, mepmomemp co wikanoti om -10 0o +50 °C, ayna, ned (cnez), conv (xnopud nampus), 5%-viii
pacmeop KCI (xnopuoa nampus, x10puda MasHus, HUumpama Kauus,).
Bapuant 3. Onpenenenue cTeneHu MEeKTPOJTUTHYECKON JUCCOLUALIY.
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Jlns  ompenenieHUs TOHIDKEHHMS TEeMIIepaTyphl 3aMep3aHusi pa30aBICHHBIX pPAcTBOPOB HCIOJIb3YeTCs
TepmoMeTp bekmana. [OTOBAT oxiakJIaroliyro cMech (BoAa-JieA-coib) ¢ Temieparypoil Ha 3-4°C Huke
TEMIIEpPAaTyphbl 3aMEpP3aHusl PacTBOPUTENSI. 3allOJHUB OXJIAXKAAIOIIEH CMECBhIO CTaKaH §, 3aKpbIBAIOT €r0
KPBIIIKOM CO BCTaBIEHHOH B Hee Mewmankod 9, tepmomerpom 10 m mpoGupkoir 7. B mpobupky 1,
IIPEBAPUTEILHO BBIMBITYIO U BBICYIIEHHYIO, HAIMBAIOT NMUNETKON 20 MUJUTMIIMTPOB BOJBI. 3aTEM IPOBOJAT
orpenesieHre NMPUOIU3UTENBHON TeMIepaTypbl 3amep3anusi pactBopurens. s stoi nenu npodupky 1 ¢
pacTBOpPUTENIEM M CO BCTaBICHHBIM B He€ TepMOMETpoM bekmaHa IMOMENIAIOT HENOCPEICTBEHHO B
OXJIQJIUTENIbHYI0 cMech. [lomemmBas KUIKOCTh, HAOMIOMAIOT 3a MOKa3aHWEM TepMomeTrpa. BceriencrBue
NEepEeOXIaXKICHUsI TeMIIepaTypa MaJacT HUKEe TOUKM 3aMmep3aHus. Korma HauHeTcsl KpucTtamnusauus, TO B
pe3yabTare BBIACIEHUS TEIUIOTHl KPUCTAIIM3AaLlMM TeMIlepaTypa pacTBopa cTaHeT mosblmarecs. llo
TepMOMETpy bekmaHa OTCUMTBIBAIOT MAaKCHUMAJbHYIO TEMIEpaTypy, KoTopas W MpUHMMAeTcs 3a
NpUOTU3UTENBHYIO TEMIIEPATYPy 3aMep3aHusl PACTBOPHUTEIIS.

[TpuOnu3uTEeNnbHON OHa SIBISETCS MOTOMY, YTO OIBIT MPOU3BOAMUTCS B YCIOBHUSX, HE HCKIIIOYAIOIINX
HEpPaBHOMEPHOCTU oOxJaxaeHus. Ilocne mNpuOIM3UTENBHOIO OMNpPENENICHUs TeMIepaTypbl MNpoOUpKY
BBIHUMAIOT U3 OXJIAXKIAIOIIEH CMECH M PacIUIaBISIIOT BBIACIMBIINECS KPHUCTAJUIbI, HarpeBas MpOOHpKY
pyKoil. 3aTeM BCTaBIAIOT €€ B MpoOHpKy. il yCKOpeHUs Mpoliecca OXJIaXACHUS JKUIKOCTh B MPOOUpPKE
MEePEeMEIIMBAIOT Melalkoil. MakcuMaabHyl0 TeMmIeparypy, HaOmoqaeMylo TMpu  KpPUCTAUIU3ALUN
pacTBOpUTEIIS,, OTMEUYAIOT MO TepMOMETpy bekMana, monb3ysach Jynod, ¢ ToyHOocThio 10 0,002°C wu
3aMKCHIBAIOT KaK TEMIIepaTypy 3aMep3aHusi paCTBOPUTEIIS.

Temneparypy 3aMmep3aHusi YUCTOTO PACTBOPUTENS MU3MEPSIOT HECKONIBKO pa3. [locne kaxaoro onpeaeneHus
npoOupky 1 BRIHMMAIOT M3 MpUOOpa M 0Opa30BABIIMECS KPUCTAUIBI PACIUIABISAIOT, KaK OBLJIO yKa3aHO
BbIlIe. V3 OTneabHBIX U3MEPEHUN BHIYHUCISIOT CpEeHEE 3HAUCHUE TeMIIepaTypbl 3aMep3aHUs PACTBOPUTEIIS.
[IpenenvHas norpemHocTs He nopbkHa mpeBbimathk 0,005°C. Omnpenensgercss Temieparypa 3aMep3aHus
YUCTOTO pacTBOpUTENs (AUCTWIUIMPOBAHHOM BONBI), a 3areM pacTBOpa AJIEKTPOJIUTA 3aJaHHOMN
KOHIICHTpAITUH (110 YKa3aHHUIO MTPETIoaBaTelIsi) ONMMCAHHBIM BBIIIE CIIOCOOOM.

[Ipu mepexome pacTBOpa W3 TEPEOXITAKICHHOTO COCTOSIHHSI B PAaBHOBECHOE 4YacTh pPACTBOPHUTEIS
BBIJICTISICTCS. B KPUCTAUTMYECKOM COCTOSIHUM, PACTBOP BCIEACTBHE 3TOTO KOHIICHTPUPYETCS U pPaBHOBECHAs
TeMreparypa OyIeT COOTBETCTBEHHO HIDKE, 4YeM JUid TepBOHadanbHOro pactBopa. C  mensio
MpeIoTBpalieHus O0IbIIOro nepeoxnaxacHus (Oonpine, ueM Ha 0,2°C) B pacTBOp OMYCKAIOT KPUCTALITUKA
pactBoputens. llenecooOpa3Ho oOmyckaTh KPHCTAUIMK B KAXKJIOM OIBITE IMPU OJHOM U TOM IKe
MePEeOXIIaXKICHUH.

[lo pe3ymbTaTaM HECKOJbKHUX H3MEPEHHM TemmepaTypbl KpHUCTaUIM3allMM B OJHOM pPACTBOPE HAaXOAST
CPEIHIOI0 MOJISIPHYIO Maccy pacTBOPEHHOIO BelllecTBa. PacueT BeIMUMHBI H30TOHUYECKOTO KOA(pdUIIeHTa
MPOBOJAT O popmyre a BEJINYUHBI CTETNIEHU JTUCCOLUALIUY SJIEKTPOIHUTA IO

dopmyne: . Hampumep, ecnu 6511 B34T 5%-b1it pacTBop KCI, oml =95, m2 =51, M =M (KCI) = 74,5

r/Moib. PaccuMTaHHylO0 BENWYMHY CTENEHH AMCCOLMAIMM AIIEKTPOJIUTA CPaBHUBAIOT C TaOIUYHBIMU
naHHbIMU (cM. CITpaBOYHUK XUMHKA).

JlaGopaTtopHasi pa6oTa 2. JJIeKTPONPOBOAHOCTD JIEKTPOJUTOB

Llens: ompeneneHue NOCTOSIHHOM cocyna (const) HM3MEpPEeHHEM COIMPOTUBJICHHSI PacTBOpA, yAENIbHas
AIIEKTPONPOBOAHOCTh KOTOPOTO HM3BECTHA; OMpENEJICHUE, AJIEKTPONPOBOAHOCTH PACTBOPOB CJIabOro u
CHWJIBHOTO JJIEKTPOJIUTOB PAa3UYHON KOHIIEHTPALUU, YCTAHOBJICHHE KAYECTBEHHBIX T KOJIWYECTBEHHBIX
3aKOHOMEPHOCTEH.

Ilpunaonexcnocmu 0ns pabomul: cocyo 01 UsMepeHust 3NeKMponpo8oOHOCMU, NPUOOp OISl UBMEPEHUs.
anekmponpogoonocmu, 0,04 n. pacmeopvr CH3COOH, NaCl, KCI;. cmanoapmuwuii pacmeop 0,02 n. KCI
07151 onpeoenenuss NOCMOSHHOU cocyod.

OmneiT 1. Onpenenenue nocTossHHOW cocyna. s omnpeneneHust NOCTOssHHOW cocyna npumensitor 0,02 H.
pactBop KC1, »1ekTponpoBOAHOCTE KOTOPOrO INpU pa3IMYHBIX TEMIIEpaTypax HMMEET 3HAYCHUS
CrpaBounuk). Cocyn npoMbIBarOT BOAOH, a 3aTeM ABaxkabl cnionackusatoT 0,02 H. pactBopom KCl1, nocne
yero HanuBaioT B Hero 40 miu 0,02 H. KC1, TepMmocTaTupytoT €ro u u3MepsitoT CONMPOTUBIICHUE PACTBOPA.
[TocTosiHHYIO COCyZIa paCCUUTHIBAIOT MO (hopMyIIe:

Omnsit 2. Onpenenenue 3nexTponposoaHocTy pactBopoB CH3COOH u pacueT KOHCTaHTBl JUCCOLUALIMU.
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B cocyn s um3mepenus anekrponpoBogHoctH HanmBaroT 40 ma 0,04 H. pactBopa CH3COOH
(mpeaBapUTENBbHO NBaXAbl CIIOJIOCHYB €r0 3TUM pPAacTBOpoM). OnpenenstoT CONpPOTUBIEHHUE PAaCTBOPA.
3areM mocnenoBaTeNbHBIME pa3daBieHusMu B 2 paza rotoBar 0,02H., 0.01n. , 0,005H. pacTBOpHI, H
ONPENCIAIOT  UX  YHACIBHYIO DJIEKTPOIIPOBOIHOCTD. IIpoBomaT  pacuérel SKBUBAJICHTHOMN
ANIEKTPOIPOBOAHOCTH, CTPOST HA MHJUIUMETPOBOW Oymare rpaduku =f(c), A=f(c), o=f(c). . Aoo mus
CH3COOH B3ath u3 cnpaBounuka. IIpumeuanne. Ilo ykazanuto npenopasarens smecro 0,04 H. pacTBopa
CH3COOH pnns BeimonHeHust pabotsl MokHO B3aTh 0,04 H. pactBopsl NaCl, KC1. B stom ciyyae Aoo
HeoOXoaMMO HalTH 1o Tpaduky A=f(\c). OtHomeHne /Ao B 3TOM ciy4ae mpeacTaBisier coboit  fA
Crenath BBIBOALI 0 3HaYeHuH Kauc..

JlabopatopHas padora 3. Konagykromerprueckoe THTPOBaHHE

Llenn: ompenencHWe KOHICHTPAlMM CWJIBHOM, clla0oii ©W CMecH CUJIbHOW © ciaaboit  KuCioT
KOHJYKTOMETPUYECKUM METOZOM, padoTa C KOHIYKTOMETPOM.

Ipunaonexcnocmu kK pabome: npubop 01 onpedenenus 31eKmponposoOHOCmU, cocy0 OJisl U3MepeHUs
nekmponpogoonocmu, owopemxa Ha 25 ma, nunemxa Ha 10-20 mn, 0,1 u. pacmeop HCI, HNO3,
CH3COOH,. 1-2 n pacmeop NaOH.

B cocyn misi u3MepeHHs SIEKTPONPOBOIHOCTH TMHIETKOW HAJIMBAIOT OMNpEACTICHHBIH o0beM (20 M),
uccinenyemoro pactsopa kuciaotel (0,1 H). DnekTpoisl B COCyle MOJKHBI MOJTHOCTHIO HAXOAUTHCS B
pacTBope, B MPOTUBHOM cCllydae 00aBISIOT TUCTHUIMPOBAHHYIO BOAY IS MOJBbEMa YPOBHs pacTBopa. B
OrOpeTKy HalMBarOT pactBop menouun B 10-20 pa3 Gomee konunentpupoBanubld (I H - 2 H). Cocyn
MOJKJTIOYAIOT K MPUOOpPY AJIsl U3MEPEHUsl CONpOTUBIEeHUA. [IpoBoasST n3MepeHue 10 Hadala TUTPOBAHMUS, a
3areM rocie npumBaHus kaxaou nopiuu (0,5 M) pactBopa menoun. [Tociae nocTrkeHns SKBUBaIEHTHON
TOYKH JeNatoT ee 3-4 onpeneiaeHus, pruOapisis U30BITOK pacTBOPA IIEIOYH.

OnpiT 1. TuTpOBaHME CUIIBHOM KHUCIOTHI CHIIBHOM IIEIO0YBIO.

OmnpiT 2. TuTpoBanue cnadoif KUCIOTH CHUIILHOH IIEI0UBIO.

OmeiT 3. TuTpoBaHKE CMECH CHIIBHOW U C1a00N KUCIIOT MIETI0YBIO.

OmnpiT 4. Onpenenenre KOHIEHTPAIMU KUCTOTHI B KOHTPOJIHLHOM PacTBOPE.

BrruepunBaior rpaguky 3aBUCMMOCTH 3JEKTPOINPOBOJHOCTH PAacTBOpa OT KOJMYECTBA MPUIMTOM IIETOYN
U1 BceX 4-X OTBITOB, PACCYUTHIBAIOT KOHLIEHTPALIMIO KUCIOTHl B KOHTPOJIBHOM PacTBOpE.

JlabGopaTopHas padora 4. Uucsia nepeHoca MOHOB

[enp: 3KCTIEpUMEHTAIBHOE OTIPEICTICHUE YHCEN IMepeHoca pacTBOpa CEPHOM KUCIOTHI MeTofoM [ uTTopda ¢
HCIOJIb30BAHUCM MCIHOT'O KYJIOHOMCTpA U TUTPOBAHUA PpACTBOPOB B AHOAHOM M KATOAHOM HPOCTPAHCTBAX
LIEJIOUBIO.

[Ipunaonesicnocmsv  0na  pabomwvi: 2 cmakana emxocmovio 100 mn, 2nexmporumudecKuli Ko,
VHUBEPCANIbHBIU UCMOYHUK NUMAHUS (8bINPAMUMENb), MULIUAMAEPMEmp, KVIOHOMemp, peocmam, bopemka
Ha 25 mn u 3 konuueckue konoouxu na 100 mn, pacmeopor 0,02 1 u mumposannwiti 0,1 H pacmeop NaOH,
ayemon (2 mn) ons obesxcupusanus.[1]

[lepen HauamoM OIbITa KaTOA MEIHOTO KyJOHOMETPA JIEKTPOIUTUUECKU MMOKPBIBAIOT MEIbI0, TPOMBIBAIOT,
cylmiar W B3BemMBalOT. sl ompeneneHuss yucen nepeHoca ucnonbzyerca ~ 0,02 H pacTBop . Ilepen
OTIBITOM YCTAHABIIMBAETCS TOYHOE 3HAUYEHUE KOHIIEHTPAIUH . Jns atoro Tutpytor 10 ma pactBopa,
orMepeHHoro nwuneTkoi, pactBopom 0,1 H# NaOH ¢ denondranennom (mnm MmetwnopamkeMm). M3 Tpex
TUTPOBaHUN OepyT cpenHee 3HaueHUE. 3aTeM B3BEIIMBAIOT CTAaKaH, B KOTOPBIA BIOCIEACTBUM OyaeT
nometieH karofl. [locne 3Toro 06a crakaHa 3amoHSIIOTCS PACTBOPOM M B HUX OITyCKAIOT MPEABAPUTEIHHO
3a4MILEHHBIC HAa HAX/1aKe CBUHIIOBBIE 3JIEKTPObI. DIEKTPOTUTHUECKHUI KITI0U 3aMOJIHAETCS pacCTBOPOM €
MMOMOIIBIO PE3UHOBOU TPYIIIHN.

Korma Bcsi ycraHoBka coOpaHa TO CXeMe€ pHUCYyHKa, HEOOXOIMMO OOpaTHThCS K MPENoJaBaTeNI0 s
MIPOBEPKU MPABWIBHOCTH TMOAKIIOUEHHUS. BKiloueHHe TOKa MPOU3BOAUTCS MPU MOJHOCTHIO BBEACHHOM
peocrare. PeoctaT BBIBOAST MOCTENEHHO M YCTAaHABIMBAIOT CHIIy Toka oOkojio 50 MA, KoTOpyro
MOJACPKUBAIOT MOCTOSIHHOM B TEUEHUE BCETO OMBITAa. BHIOOP yKa3aHHOMN CHIIBI TOKA ONPEAEISeTCS TEM, YTO
TOK TaKOH CHJIBbI, POXOAS Yepe3 AEKTPOIUTHUECKUI KIII0Y, 3aMETHO HarpeBaeT ero cojepxumoe. Terias
U M03TOMY OoJiee JIeTKas KUAKOCTh B KJTI0UE MPEMSITCTBYET KOHBEKIIMOHHOMY TIepeMENINBAaHUIO PACTBOPA B
o0oux crakaHax. [Ipu cHMKeHHH CUIIBI TOKA HarpeBaHue Oy/ieT MEHbIIIE.
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DNeKTPOoIH3 BEAYT B TEUEHUE OIHOTO Yaca. BBIKIIOUMB TOK, OTKPHIBAIOT KPaH B AIEKTPUUYECKOM KITIOUE U
Jal0T CTeYb COIEPKUMOMY B 00a cTakaHa. BeIHUMast KIIIOY U KaTo[, TAKXKE JAIOT CTEYb COACPKUMOMY B 00a
crakaHa. KaToqHblil cTakaH BHOBb B3BEIIMBAETCS ¢ KUCIOTOM ¢ TouyHOCThIO 70 0,01 r. Ompegenstor Bec
katogHou xuakoctu. Jns 0,02 H pactBOpa OH YHCIICHHO paBeH ee o0wvemy. s ompeneneHus
KOHIIEHTpAIIMM KHUCIOTHI TIOCJIE ONbITa CHOBAa MPOBOIAT TUTpoBaHHE. Karom MeaHOro KymnoHomeTpa
MIPOMBIBAIOT, CyIIAaT M B3BeHIMBalOT. [0 mpuBecy MeIHOro Karoga pacCUMTHIBACTCS OOIIee KOJIHMYECTBO
ANIEKTPUYECTBA , MPOIIEIIEE B LEMH 3a BpeMs deKTponu3a (cM. padoty «KynoHomerpusi») Pacuet uucna

nepeHoca MoHa BOIOpoJa MpoBoAMTCA 1Mo (opmyne: , rae V - 00beM pacTBOpa B KaTOJHOM CTakKaHe,
YHCJICHHO PAaBHBIA Macce pacTBopa, M - 00BEMBI pacTBOpa ILEJIOYM B MJI, OLIEIINE HAa TUTPOBaHHE |
MJI pacTBOpa KHUCJIOTHI O WU IOCie omblta, - TUTp pactBopa NaOH B , - o011ee KOJIMYECTBO
AJIEKTPUYECTBA MpOLIEAlIee B Lenu (M0 KyJOHOMETPY), - yncno Papages. ,a , CONIACHO 3aKOHY
@apaness paccumuThiBaeTcs 1mo Gopmyne  ,rae - IpPUBEC MEJHOTO Karoza B KyinoHoMmerpe. Ilocie
O0beIMHEHNs] YPAaBHEHUH, IOJydaeMm: Mucno mepeHoca s cyab(ar-MOHA PACCUUTHIBACTCS TI0
YPaBHEHHUIO

[1] Ucnons3oBanue anetoHa, oTHocsmerocs k Tadmute 111, cnucka IV mpexypcopoB, 000pOT KOTOPBIX B
Poccuiickoit @enepanyu orpaHUYEH U B OTHOIIEHUH KOTOPBIX YCTAHABIMBAIOTCS MEPBI KOHTPOJIS B
COOTBETCTBHUU C 3aKOHOAATENLCTBOM Poccuiickoit denepanuu U MeXAYHAPOAHBIMU JOTOBOpaMU
Poccuiickoit @enepanuu, periiaMeHTUPYIOTCS JEUCTBYIOIIUM 3aKOHOIaTEILCTBOM U HOPMAaTHBHBIMU
MIPABOBBIMU aKTaMU YHHUBEPCUTETA.

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. PaccMOTpeTh OCHOBHBIE TTOJIOKEHUS TEOPUH APpEHHYCa, €€ HEJOCTATKU U JajbHENIIIee pa3BUTHE.
2. PaccMOTpeTh 3IEKTPOCTATUUECKYIO TEOPUIO CHIIBHBIX 3JIEKTPOJIUTOB.
3. PaccMoTpeTh MOHATHUS «aKTUBHOCTB» U «KO3()(PUIIMEHT aKTUBHOCTH AJIEKTPOJIUTOB.

4. 3y4nuTh yAeIbHYI0 U SKBUBAJEHTHYIO IEKTPONPOBOJHOCTD ANIEKTPOIUTOB, 3akoHbI Konbpaymia, ['oma,
pasBenenust OcTBanpia, CBA3b NOABHKHOCTH HOHOB CO CKOPOCTBIO MX JBH)KEHUS.

5. PaCCMOTpeTB qHucia HepeHoca MOHOB U MCTOAbI UX OHpGI[eJICHI/ISI.
6. Pemarh pacu€THble 3a71a41 MO TEME.

Tema 11. TepmoguHaMuKa 3JIeKTPOAHBIX NPOLIECCOB
(OIIK-1)

Jlexknus.
DNEKTPOJABMKYIINE CUITBI U 3JIEKTPOJIHBIE MOTEHIIMAbl. BOZHUKHOBEHHE CKAUKOB MOTEHIIMAJIA T1a TPaHULEe
pasgena  ¢a3. Knaccudukamus  INEKTpPOIOB U IJICKTPOXUMHUYECKHX  lened.  OmpeneneHue
¢usuko-xumudeckux BenmumuuH MetofoMm DJIC. JIBoiHOM 31eKTpUudYecKuii clioil. XUMHUECKHE UCTOU-HUKU
TOKa

IIpakTH4eckoe 3aHATHE.
1. BapuaHThl penieHus 3a/1aqyi Ha pacuyeThl MOTEHIMAaI0B ekTpoaoB I u II-ro poaos.
2. BapuanTsl pemienus 3agaun Ha pacuetbl 3/]C 31eKTpOXUMUYECKOTO 3JIEMEHTAa XUMUYECKOTO THIIA.

3. Bapuantsl pemieHus 3agaud Ha pacyeTbl JJ{C 37I€KTPOXMMHUYECKOTO 3JIEMEHTa KOHUEHTPAIMOHHOTO
THUIIA.

4. BapuanTsl peleHus 3a1a4u Ha pacueTsl pH pactBopoB ¢ momoipsio IJ1C.

5. BapuaHTbl perieHus 3a/1a4u Ha pacdeThbl JuQPy3nOHHOTO MOTEHIIMANA.
JlaGopaTopHbie padoThbI.

JlabopaTopHas pa6ora 1. D1eKTPOABUKYIINE CHIIbI M JIeKTPOIHbIE MOTEeHUHAJIbI.

[lenp: TMPUTOTOBICHUE AJIEKTPOAOB W HM3MEPEHHE WX IOTCHIIMATIOB; COCTaBJICHUE DJIEKTPOXUMHUYCCKUX
ueneit u usmepenue ux IJC.



Ilpunaonexcnocmu kK pabome: memaniuyeckue NeKMpoObl,  CONEGOU  MOCMUK,  3ANOTHEHHbIl
s3acmyonesuium azap-azapom ¢ KCI, nascoaunas oymaea, pacmeopwl coneii (Co, Zn, Pb, Al, Fe, Cd),
HACbIWeHHbLU XT10pcepedpsaHblUL JIeKMPoO, KAMOOHbBIU 80IbIMMemp, NPO800d, CIAKAHbL, MepHble YUTUHOPYL,
sama, ayemon3 (2 mn) 015 06e3HcUpUBaHUs.

OmpiT 1. M3MepeHne NOTCHIMANIOB OTACIBHBIX AIEKTPOAOB. [l M3MepeHHs MOTEHIMajda OTACIBHOTO
ANIEKTPO/Ia HEOOXOIMMO COCTABUTH IEKTPOXMMUYECKUHN AIIEMEHT, B KOTOPOM OJHUM U3 3JIEKTPOJOB OyaeTr
UCCIIEIyeMbIl 3JIEKTPOA, a IpyruM — XJopcepeOpsHbIi 3mekrpon cpaBHeHus. [lnsa umsmepenus JOC
UCIIONIB3YETCS KaTOAHBINA BOJIBTMETP. DTO MPUOOP C OONBIIMM BXOIHBIM CONIPOTHBICHUEM, BCIESICTBHUE YETO
Yyepe3 JIEMEHT NPU U3MEPEHUH MPOTEKAET OUeHb MAJICHBKUI TOK M 3TO ITO3BOJISIET DJICMEHTY HaXOAHUTHCS B
YCIIOBHSIX OOPaTUMOCTH.

[IpuroToBuTh HSnekTpoabl 1o ykazanumio mpenomaBatens (Co, Zn, Pb, Al, Fe, Cd). [ns »storo
METaJUNIMYECKYI0 IJIACTHMHKY TINATEJIbHO 3aUMUIAlOT HaKJauHOM Oymaroil, 00e3KMpHBAIOT alleTOHOM U
MOTPY’KAIOT B PacTBOP COOTBETCTBYIOMIEH coilu | H KOHIEHTparuu. XJIOpPCEepPeOPSHBINH 3IIEKTPO.
MOTPY’KAIOT B HACHIIIICHHBIA pacTBOP XJIOpHUAA Kaiaus. B cTakaHbl ¢ pacTBopamu morpy»katot 11 — oOpa3HbIit
COJICBOM MOCTHK JJIsl OCYIIECTBJICHUSI KOHTAKTa MEX]y pacTBOpaMH. DIEKTPO C MOMOIIbIO MPOBOAHUKOB
MPUCOEUHSIIOT K KAaTOAHOMY BOJIETMETpPY. AHanormyHoe usmepenue mnposogar B 0,51, 0,1 u, 0,01 H
pacTBOpax JaHHOU COJIH.

OmnbiT 2. U3mepenue IOJIC ranpBanndeckoro anemenTa.llo ykazanuio npemnogaBaressi IPUroTOBUTh
raJIbBAHUYECKUN AJIEMEHT U3 HECKOJIbKUX Map METAJIJIOB.

[Tpoectu m3mepenne DJIC ameMeHTOB NMpU pa3audHor KoHIeHTparuu pactBopoB (0,1 w; 0,01 =H; 1 H).
[TomyueHHsie TaHHbIE COTIOCTaBUTh c paccuuTaHHBIMU BEJIMYUHAMU YpaBHEHHUS:
,JJlIe aH U a K - COOTBETCTBEHHO aKTUBHOCTH HAYaJIbHBIX U KOHEYHBIX BEIIECTB (MOHHBIX), YYaCTBYIOIIHUX B
CYMMapHON XMMHYECKOM peaKIy MpoTeKaroie B anemenTe (a=f-c).

JlaGopaTopHas padora 2. Onpenenenue pH meronom IAC

Lens: onpenenenue pH psna OydepHBIX pacTBOPOB € MOMOIIBIO0 XUHTUIPOHHOTO IEKTPO/Ia U MIOCTPOCHUE
OyhepHoil tuarpamMMel.

Ipunaonexcnocmu 0nsi pabomsi: Xxiopcepebpsauviil 31ekmpoo, Pt - 2nexkmpod, npoeooa, XuHUOpPOH,
MOCMUK C a2ap-a2apom, KamooHwlil eonommemp, pacmeopwi: 0,2 m Na2HPO4 %2 H20; 0,1 M numonuas
Kucioma.

Omeir 1.  Omnpenenenne pH ¢ nOpuMeHeHWMEM  XUHTHUAPOHHOTO  3nekTpojga.  CocTaBUTh
XUHTHIPOHHO-XJIOPCEPEOPSHBIN 37eMeHT, s u3Mepenus IJ{C KOTOporo MOIKIIOYUTh €r0 K KaTOIHOMY
BoisTMETpY BK 7-9, onpenenuts IJ1C sanementa, paccunrars pH pactBopa.

OmneiT 2. [loctpoenue OydepHoit auarpammsl. s moctpoenus OygepHol quarpaMMsbl B3sTh IO YKa3aHUIO
IIPETIO/IaBaTENsl HECKOJIBKO PAacTBOPOB, COIEPIKALIUX OIPENEICHHBIE COOTHOIIEHUS PAaCTBOPOB JMMOHHOMN
kucnotel 1 Na2HPO4 .JIns kaxxaoro pactBopa NPUIOTOBUTH XMHTUAPOHHBIN DJIEKTPOA, COYETATh €ro C
XJIOpcepeOPSHBIM AEKTPoIoM, u3MepuTh JJIC moyueHHOro 31eMeHTa 1 paccuutarh pH B3sToro pactsopa
no ¢opmyne (8). [locTpouts rpaduk B KoopaumHaTax «komudecTBo mil pactBopa Na2HPO4 - pH». Ha
rpaduKe IPOM3BOJIBHO B3ATh Kakoe-TnOo 3HaueHWe pH M HaliTH COOTBETCTBYIOILEE €My COOTHOIICHUE
Na2HPO4 u nuMOHHOM KHCIOTBHL. B3SIThb 3TO COOTHOIIEHHE PACTBOPOB M ONHCAHHBIM BBILIE CIIOCOOOM
onpenenuts pH.

JlaGoparopnasi pa6ora 3. IloreHIIHOMeTpHYECKOEe THTPOBAHHUE.

[ens: TUTPOBaHUE pacTBOpOB KHCJIOT LICJIOYBIO C XUHTUIPOHHBIM IIEKTPOJOM.
OKHCIIUTENTFHO-BOCCTAHOBUTEILHOE TUTPOBaHKE (TUTpoBaHUE pacTBopa FeSO4 pactBopom mepmaHraHara
KaJMsl ¢ TUIATHHOBBIM 3JIEKTPOJIOM).

Ipunaonexcnocmu 0ns pabomul.kamooHwvill gonrvmmemp, cmaxarn Ha 100-200 mn, 6rwpemka nHa 25 wma,

nunemxa Ha 20 mu, Xa0pcepeOpsHblil 91eKmMpoo, XUHSUOPOH, NIAMUHOBLIUL 91eKMpPoo, a2ap-a2aposblil
conesou mocmux. Pacmeopwvr: [ n HCI (H2S04), I h NaOH; 0,1 1 KMnO4, 0,05 M FeSO4. Koumponvnuii
pacmeop.
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BapuanTtl. TurpoBaHue pacTBOPOB KHCIIOT LIEN0YbIO C XUHIHAPOHHBIM NIEKTpoaoM. B crakan | HanmuBaror
¢ momomipto munetku 20 mu pactBopa HCl (mmm H2SO4) HeusBecTHON KOHIIEHTPAIMU, 3aT€M BCHIMAIOT
IIETIOTKY XWHTHIAPOHA M OMyCKaioT Pt snextpon. XimopcepeOpsHBIN 3IEKTpoJ MOMEINAIOT B CTakaH 2 C
HacelmeHHbIM  pactBopoM KCI1. O0a crakaHa COEIUHSIIOT arap-arapoBbIM COJIEBBIM MOCTHUKOM 3.
[Tonmy4eHblif XUHTUIPOHHO-XJIOPCEPEOPSHBI 3JI€MEHT MPUCOCTUHSIOT K KAaTOJAHOMY BOJBTMETpPY IS
m3mepenuss OJIC. XUHTUAPOHHBIA SNIEKTPOA SIBISETCS KarogoM B COOpaHHOM 3JeMeHTe. biopetky 4,
HAIOJHEHHYIO PaCTBOPOM LIEJIOUN U3BECTHON KOHLIEHTPALMM, YCTaHABJINBAIOT HAJl CTAKAHOM C TUTPYEMBIM
pacTBOpoM KUCHOTHL. M3mepsitor HauanpHOe 3HadeHue JJIC anemenTta. 3atemM u3 OIOpPETKU M00ABISIOT K
pacTBOpY KHCIOTBI 2 MJI pacTBOpa IIEJIOYH, XOPOILIO IEPEMEIINBAIOT TUTPYEMBIH pacTBOpP M CHOBA
m3MepsitoT JJIC. IlpunuBaroT o 2 M1 pacTBopa IIea049H A0 Tex nop, noka JAC craHeT pe3Ko U3MEHSATHCS.
Ilocne aroro mpuiumaror o 0,1 mi pactBopa mienoun 10 Tex nop, noka JOJ[C cHoBa cTaHeT Malo
u3MeHAThCA. 110 moMy4eHHBIM JaHHBIM CTPOST rpaduK, OTKIAAbIBas HA OCH aOCIHCC YHMCIO MJI pacTBOpa
1es04M, a Ha ocu opauHar - BennuuHy JJ[C. ITo rpaduky HaXoAsT SKBUBAJIEHTHYIO TOYKY M BBIUHCIISIOT
KOHLIEHTPAILUIO KUCIIOTHI.

Bapuant 2. OKuCIMTENBHO-BOCCTAHOBHUTEIBHOE THUTpOBaHHE (TUTpoBaHHE pacTtBopa FeSO4 pactBopom
MepMaHraHara Kajdsg C TUIATUHOBBIM JJIEKTPOJOM). AHaANIOruyHo (cM. BapuaHT 1) mpoBogsT
OKHCIIUTEIIbHO-BOCCTAHOBUTEILHOE TUTPOBAaHME TOJIBKO B cTakaH | HamuBaroT pactBop FeSO4, a B
OropeTky - TtuTpoBaHHBIH pacTBop KMnO4. B wuccnemyemsiii pactBop mnorpyxkatwotr Pt - smekrpon
(XMHTUIOPOH 371ech He HyxeH). [Ipu mocTpoeHmu rpaduika Ha OcH aOCIMCC OTKJIAABIBAIOT YHCIO MJI
pacTBopa nepMaHranara, a Ha ocu opauHar — I1C.

3ananHus AJ151 CAMOCTOSITEILHOI padoThI.

1. PaccMoTpeTh BO3HUKHOBEHHE CKAaYKOB MOTEHIMANA [1a TpaHulle pasaena (a3 u KiaccupuKaluio
AIIEKTPOJIOB U ANIEKTPOXUMHUUECKHUX LIETeH.

2. PaccMoTpeTs OCHOBHBIE (POPMYIIBI ISl pacueTa BEIMYMH MOTEHIMAIOB 3EeKTPoAoB o Gopmyne Hepuera
JUIS Pa3IMYHbIX THUIIOB JIEKTPOJIOB,

3. BwBectu Qopmynasr g pacuéra IIC  dIEKTPOXUMHUYECKUX DJIEMEHTOB XHUMHUYECKOTO U
KOHIIEHTPAI[MOHHOTO TUIIOB.

4. PemiaTh pacu€THBIC 3a]1a4M 110 TEME.

Tema 12. Kuneruka siiektpoansix npoueccon (OIIK-1)
Jlekumus.

[T1OTHOCTH TOKa KaKk Mepa CKOPOCTH AJIEKTpOmHOTro mpouecca. [Tonspusamus amekrpomoB. Tok 00-MeHa.
DNEeKTpOXUMHUYECKass W  KOHIICHTPAIIMOHHAs  MOJSIpH3alUsA.  DJCKTPOKANMWUISPHBIC  SIBICHHSL.
[epenanpspkenue Bomopoaa, Teopu. [lepeHanpspkeHue kucinopona. [laccCHBHOCTh METaJIOB, TEO-PHUH.

IIpakTH4eckoe 3aHATHE.
1. BapuaHTsl pemeHus 3a7a4 Ha AJIEKTPOIIU3 PACTBOPOB U PACIIIIABOB 3JIEKTPOIUTOB.
2. BapuaHThl pemieHMsl 3aJjadyd Ha pPAcyeThbl BbIXOJA IO TOKY M BBIXOAA IO SHEPTUM AJIEKTPOIM3HOU
YCTaHOBKH.
3. BapuanTsl pemienus 3a1a4u Ha pacdetsl DJ]C u nmone3Hoit paboThl XUMHUYECKUX UCTOUHUKOB TOKA.
JlaGopaTopHbie padoThbI.
JlaGoparopnasi pabora 1. HanpsizkeHue pasJioxkeHust
Lenb: sxcriepuMeHTaIbHOE ONpeIeTICHIE BEIMYMHBI HAPSHKEHUS Pa3IoKEHUs psia KUCIOT U OCHOBAaHUH C
UCIIOJIb30BaHUEM 3JIEKTPOIUTUYECKON SUEHKH C MIATUHOBBIMH JIEKTPOJIAMHU.
[Ipunaonesicnocmu k pabome: 8bInpsAMUMENb NEPEMEHHO20 MOKA WU YHUBEPCATIbHBIU UCMOYHUK NUMAHUS,
sonommemp Ha 3 B, munnuamnepmemp na 150 mA, peocmam, anekmponumuyeckas aueuka ¢ niamuHo8blMu
ALEeKMpoOamu, coeouHumenbHvle npo8ood, pacmeopul snekmpoaumos: 0,5 u pacmeop ceprou kuciomul, 1 H

pacmeop consnou kuciomvl, 1 H pacmeop gocgopHotli Kuciomol, 1 H pacmeop azomuou Kuciomol, 1 H
wenouu (NaOH, KOH, NH4OH).
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Jlnst omnpeseneHnss HapsDKEHUs pas3iioKeHUs] cOOMpaloT yCTaHOBKY. PacTBop anekrponuTa (IO yKa3aHUIO
NPEToJaBaTelis) HaJMBAIOT B ANIEKTPOJIUTHYECKYIO SUEHKY Tak, YTOOBI AJIEKTPOAbl OBUIM TOJHOCTHIO
norpy>keHsl B pactBop. IIpeaBaputenbHo syeiika IOHKHA OBITH MPOMBITA JUCTHIUIMPOBAHHOW BOJOW U
JBaXKJbl MCCIEAYEMBIM PacTBOPOM. 3aMbIKAIOT LIEMb, C MOMOIIBIO peocTara R 3amator Hanpsixenue 0,1
BOJIBT, yepe3 | MUHYTYy 3alMCBIBAIOT NIOKa3aHUS MWIIMAMIIEpMETpPA. 3aTeEM C MOMOIIBIO ABUKKA peocTara
YBEIMUUBAIOT HamnpsbkeHue 10 0,2 BOIXBT M BHOBb uepe3 | MMHYTY 3alMCBIBAIOT I1OKa3aHMS
MIWIIHaMIiepMeTpa. Takum 00pa3oM MpOJOIDKAIOT MOBBIMIATH HANpPsDKEHHE Kaxablid pa3 Ha 0,1 BoibT g0
T€X IOp, NOKa CHJIa TOKA HaYHET PE3KO BO3pacTaTh C yBEJIWYEHHEM HampspkeHus. 1lo okoHuaHuuM ombiTa
pa3MBIKalOT LENb KJIIOYOM 3, a JBHXKOK peocTaTa BO3BpAIlalOT B UCXOAHOE cocTosiHMe. [lo momydeHHbIM
JaHHBIM CTPOSAT rpaduK, OTKJIaAbIBas Ha OCH alCIMcC HamnpspKeHHE, a Ha OCH OpAUHAT cuiy Toka. [lo
rpaduKy ONpeneNnsioT HapspKeHHE Pa3IoKeHHS.

JlaGoparTopHasi padora 2. KyJioHOMeTpus

[lens: scneprMEHTaNbHOE OIPENEICHUE KOJIMYECTBA AJEKTPUYECTBA, IPOIIECAIIETO Yepe3 INIEKTPOJIUT ¢
MIOMOIIBIO0 METHOTO KYJIOHOMETpA, BBIACHEHHE Y(PPEKTUBHOCTH PabOTHI KyJOHOMETpPA

IIpunaonesxcnocmu 013 pabomul. yHugepcanvbhwiti ucmoynux numanus (YHUII), meoHwvlii KynoHomemp,
peocmam, ceKyHOOMep, MULIUMEMPO8As ITUHEUKA, AHATUMUYECKUe 8echl, HCUOKOCMb Ol KYIOHOMempd,
npoeooa, Koy, ayemoun3 (2 mn) 0nsa 00e3:4#CUpusanusl.

[lepen HayamoM oOmbBITa MEOHBIE O3JEKTPOABI  3aYMINAIOT  HAXJa4HOM  Oymaroil, MPOMBIBAIOT
JUCTWIJIMPOBAHHOW BOJOW, alleTOHOM M BBIACPKHUBAIOT Ha Boszayxe S5-10 munyt. IlpensapurenbHo ¢
ITOMOIIBIO JINHEWKHU OIPEACIIAIOT IUIOIIA[b MOBEPXHOCTH KATOJA M PACCUMTHIBAIOT CHIIy TOKAa B LEIH,
yTOOBI IUIOTHOCTHh TOKA HA KaToe cOocCTaBisiia He MeHe 2 MA/cM2. 3areM MEIHBIA KaTol B3BEIIMBAIOT HA
aHaIUTHYeCKUX Becax. [locie 3Toro MeaHble AMEKTPOABI 3aKPEIUIIOT B KPBILIKE U MOIPYKAIOT B CTAKaH C
AIIEKTPOIUTOM. SldeiKy BKIIOYAIOT B Iemlb (PHUC.2), BKJIIOYAIOT TOK M OJHOBPEMEHHO IIyCKAaIOT B XOJ
CEKyHIOMep. DIIEKTPOIHU3 BenyT B TeueHne 30 MUHYT, OAJEPKUBAsA B TEUEHUE BCETO ITOTO BPEMEHU CUITY
TOKAa HEM3MEHHOM Npu nmoMouy peocrara. Yepes 30 MUHYT OJHOBPEMEHHO BBIKIJIFOUAIOT TOK U CEKYHIOMED.
Karon BBIHMMAIOT W3 3NEKTPOIUTA, MPOMBIBAIOT AUCTWLIMPOBAHHOW BOJOHM, CylIaT M B3BEIIMBAIOT.
Pa3Hocth Macc maeT Maccy ocaxkieHHOM Ha karone Meau. OO01iee KOIMYeCcTBO 3IEKTPUUECTBA, TPOTEKIIETO
yepe3 JaHHYIO LIENb B TEYEHHE OIbITa, PACCUMTHIBAIOT MO 3aKoHy Dapases.

JlabopaTopHas padora 3. AHOAHASI U KATOAHAsS NMOJSIPU3allHOHHbIEe KPUBbIEe HA MeTaJLIe

enp: nosydyeHWe MNONSAPU3ALMOHHBIX KPUBBIX HA Pa3IUYHBIX METAJUIMYECKUX JJIEKTPOJaX; H3y4deHUe
BIIMSIHUSL TIPUPOABI MIEKTPOAA U COCTaBa PaCTBOPA HA MOJIIPU3ALUIO; UCIIOIB30BAHUE HIIEKTPOIIUTHYECKON
SIYEUKH, INIATUHOBOTO, METHOTO, [IMHKOBOTO U APYTHX IEKTPOAOB.

Ilpunaonesxcnocmu K pabome: nomeHyuocmam, A4elKd, Xi10pCepeOpAHblll I1eKmpoo, HIAMUHOBbIIL
INEKMpPOO, UCCIe0yeMblil IeKmpoo U pacmeop no yKazauuro npenooaeéamensd, ayemou3 (2 ma) o0aa
0be3cUpUBanUs 31eKmpooa.

[lonsipu3aliuoHHbIE KpUBbIE HA MeTajule MOTYT OBbIThb TOJY4Y€HBbI JIByMsl OCHOBHBIMH METOJaMHU:
raJjbBaHOCTATUYECKUM M MOTEHINOCTAaTUYECKUM. B mepBoM citydae 3aaeTcsl TOK ONPeIeICHHON BETMYHHBI
U U3MEPSIETCSl COOTBETCTBYIOIINK €My IMOTEHIMaN 3JIeKTpoaa. Bo Bropom ciyuae 3aaercs ONpenesieHHOe
3HaYeHHE TOTEHIMala, IOCJIeI0BaTeIbHO H3MEHsieMoe, U (PUKCHpYeTCs COOTBETCTBYIOIIMM KaXa0My
MOTEHIMATy TOK. /J[I CHATUS TOTEHIMOCTATUYECKUX IMOJISPU3ALUOHHBIX KPHUBBIX IPUMEHSIOT
cHeluaibHble NpPUOOpPHl — MOTEHUUOCTAThl. lloJspu3allOHHBIE KPHUBBIE MOXKHO TaKXe IMOIYYHUTh
MOTEHI[UOJUHAMUYECKUM MeTonoM. i1 3TOro Ha 3JIEKTPOJA HaKJIA[bIBAECTCS pa3BepTKa IOTEHIHMAada C
omnpenesieHHo ckopocThio. B coBpemenHoM mnoreHnuoctare I[PC-PRO  ocymecTBisiercs 3amuck
MOJIIPU3AITMOHHON KPUBOM, KOTOPAsi COXpaHsIETCs B onpeecHHOM (aite.

Pabounii anekTpoa apMHUpOBaH B IUIacTMacCcy U OOHa)KEHA JIMIIb OJIHA €T0 TpaHb, KOTOPas Mepes OMbITOM
3aUMIIAETCS HaXJauHOW OyMaroil pasHONl 3epHHCTOCTH N0 3€pKaJbHOro Oiecka, 00e3KUPHUBACTCS
allEeTOHOM, M DJEKTPOA Torpykaercs B pacTtBop. s M3MepeHus €ero MNOTEHLIMala HCIOIb3yeTCs
XJIopcepeOpsHbIN 27eKTpoa cpaBHeHMA. [loTeHman pabouero »IeKTpoja MEPEeCUUTHIBAIOT OTHOCHUTEIHHO
CTaHJapTHOTO BOJOPOJHOIO 3JEKTpona. BcrmomorarenbHbIM 3JEKTPOIOM NpU MOISPU3ALUU  SABISAETCS
[JIATUHOBBIN AIEKTPOI.

27



Bnauane u3mepsieTcss MOTEHLMAN 3JIEKTPOAA B OTCYTCTBHE BHEIIHETO HAINPSDKEHUS. 3aTeM ISl CHATHS
KaTOAHOW KPUBOW 3aJIal0TCs 3HAYCHUS MOTEHIIMaa, Bce Oojee u Oojee OTpUllaTeNIbHBIC, [0 CPABHEHUIO C
HadaJlbHEIM 3HaueHueM, ¢ maroM 0,02 B mo cMmemieHus moTeHIuaaa oT HadanbHOro 3HadeHus Ha 0,2 B.
Beigepkka KaXIOro 3alaHHOTO 3HaueHust moreHmuana 10 cek., mociae dero QUKCHpyercs
COOTBETCTBYIOLIUU TOK MO MOKA3aHUSAM MHUKPOAMIIEPMETPA.

[Tocne »TOro CHUMAIOT AHOIHYIO TMOJSPU3AUOHHYIO KPHUBYIO, TPEIBAPUTEIHLHO COPOCHUB KaTOMHYIO
MOJISIPU3AIMI0O U BBIAEPKAB DJJIEKTPOA B PACTBOPE O YCTAHOBICHHS TE€PBOHAYAIBHOTO 3HAYCHUS
MoTeHIMana. B 3ToM ciyuyae 3aial0T TOCIEAOBAaTEeNbHBIM P 3HAYeHUU BcCe OoJiee TMONOKUTEIHHBIX
MOTEHI[MAJIOB, MO0 CPAaBHEHUIO C PAaBHOBECHBIM 3HaueHueMm, ¢ Tem ke marom 0,02 B o cMemeHus
MOTEHIIMANa OT HayaJIbHOro 3HaueHus Ha 1 B.

MOXHO CHSTH MOTCHIMOAWHAMUYECKYI0 KPHBYIO CO CKOPOCTBIO HallOKeHHs moTeHmuana 1 mB/c u3
KatogHoW oOmactu (oT moreHmmana Ha 200 MB oTpumarenpHee CTAaMOHAPHOTO) B aHOAHYIO (10
noTreHian€a Ha 1 B nonoxurenbHee CTalMOHAPHOTO)

Pabota nmpoBonuTcs ¢ MeTamuiamu, B3AThIMU 10 yKkazanuto npenogasarens (Cu, Fe, Ni, Cr, Ti, Zr u T.1.) B
BomHbIX pacTBopax H2SO4 wmm HCl wmnm B HeBomubIX cpemax. CTyIEeHT MODKEH OBITh JIeTallbHO
MPOUHCTPYKTUPOBAH /I PAOOTHI C IIOTEHITHOCTATOM.

Tok mepecuuTHIBAIOT HA TIOTHOCTH TOKa B A/cM2 . JIJist 3TOT0 M3MEpSIOT Iiomaah pabodell MOBEpXHOCTH
anekrpoza ( , ). llomydeHHsle qaHHbIE U300paXKAIOT TpaPUIECKU B
KOOpAMHaTax HIIH . AHAJIM3UPYIOT TMOJYYEHHBIEC MOJSIPU3ALUOHHBIE KPUBBIC, HaXOAs CIEIYIOLIUE
XapaKTEepPUCTUKHM MeTallla: TOTEHIMAN MAaCCUBAIlMU; TOK MMACCHUBAIMU; CHJIY TOKa B MACCHBHOW 00JacTH
TOJISIPU3AIMOHHON KpPUBOH; MOTEHIMANl HaJalla BBIICICHHUS KHUCIOpPOJa B aHOJHOW OONACTH; BEIUYUHY
KaTOAHOU MOJIAPU3ALIHUH.

3ajaHus AJ151 CAMOCTOSITEIbHOM PadoThI.
1. I3y4nTh 37IEKTPOXMMHUYECKYIO U KOHLIEHTPALIMOHHYIO MOJISIPU3ALINIO.
2. 3yunTh nepeHanpsiKeHue BOAOpoAa U KUCIOPOa.
3. HSy‘II/ITb MaCCUBHOCTb MCTAJUIOB U OCHOBHBIC TCOPHUH MACCUBHOCTH.
4. PemaTh pacu€THBIC 3aJ1a4M 110 TEME.

Tema 13. Teopusi 3jiekTpoXumMmnuyeckoil koppo3uu mera/uioB (OIIK-1)
Jlekumus.

['OMOTre€HHO-3EeKTPOXUMUYECKUA U TE€TEPOr€HHO-XMMHUYECKMA  MeXaHuW3Mbl  Koppo3uu. Craaum
AMEKTPOXUMHUIECKON Koppo3un. KonTpomupyromuii pakTop koppo3un. MeToap! 3alUTh OT KOPPO3HUH.

IIpakTn4yeckoe 3ansATHE.
HE MIPETyCMOTPEHO

JlaGopaTopHbie padoThbI.
JlaGopatopHoe 3ansitue. Koppo3us u 3amura MeTa/uIoB
Lens: ompeneneHre CKOPOCTH KUCIOTHOW KOPPO3MM LIMHKA C MOMOIIbIO BOJOPOJHOTO KOPPO3UMETPA;
OTpe/ieJICHUE 3allUTHOTO JAeUCTBUA U UHTUOUTOPHBIN 3 (EeKT ypoTpOoNrUHa U €0 CMECH C HOAUIOM Kajus
IIPU KOPPO3HUH CTAJU B paCTBOPE CEPHOM KUCIIOTHI; ONpeAesieHUe 3alUTHOTO 3 (dekra mporekropa.
Bapuanr 1. Onpenenenue CKOpoCTH KUCIOTHOW KOPPO3UHU LIMHKA C MOMOIIBIO BOJIOPOAHOTO KOPPO3UMETPA.
Ilpunaonexcnocmu k pabome: 6000pOOHbIL KOPPOZUMEMP, YUHK pasiuyHol yucmomsl, pacmeopwvl HCI (1H;
0,11, 0,051, 0,011, 0,001n), pe3unosas epywa, ayemon3 (2 mn) 01 00e34#CUPUBAHUSL.
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OO6pa31pl 17151 KOPPO3UOHHBIX UCTIBITAHUN HApe3aloT B BUJE IJIACTUHOK pazMepoM 2X25x%4(0 MM M3 LIMHKA
mapok 1O um X4. Ilepen ombpITOM TMOBEPXHOCTh OOpAa3LOB IOJIBEPraeTcs MEXaHHMYECKOW 3auyUCTKe
HAXKIa4HOM OymMaroil 10 3epKaJbHOrO Ollecka W OO0EIKUPUBAHHUIO aleTOHOM. M3MepsieTcs Miomaib
noBepXHOCTH. CKOpPOCTb KOPPO3WH OIpenesieTcss Mo 00beMy BBIICTUBIIETOCS BOJOPOAA C MOMOIIBIO
CIeMaIbHOTO MprOOpa, Ha3bIBAEMOT0 KOppo3uMeTpoM. OH COCTOUT U3 OIOpPETKH, CHAOKEHHOW B HIDKHEH
YacTU pacUIMpeHHEM, BHYTPU KOTOPOTO Ha KpIOYKe IMojBemmBaeTcs oOpasen. broperka momermiaercss B
XUMHMUYECKHM CTakaH C pacTBOPOM KHUCJIOTBI M C TIOMOIIBIO PE3MHOBOW TPYLIM 3alOJIHAETCA ATHUM
pactBopoM. Ilocime Toro, kak Bcsg ycTaHOBKa coOpaHa, OTMEYAalOT BpeMs IO CEKyHIOMEpy U
COOTBETCTBYIOLIIEE 3TOMY HA4aJIbHOMY MOMEHTY IIOJIOKEHUSI MEHMCKA JKUAKOCTH B BEPXHEH YacTu
OropeTku. B mocienyromem orcueTsl 00bEMOB MPOU3BOATCS Yepe3 ONpPEAeTICHHbIE TPOMEXKYTKH BPEMEHH
B TeueHue 1-2 Jacos.

[TomyueHnHsle naHHBIE HaHOCAT Ha rpaguk «OO0beM BbIAEIEHHOTO Bojgopoja — Bpemsh». Ecimu mpouecc
MPOTEKAET C MOCTOSTHHOW CKOPOCTHIO, 0OBEM BBIJEICHHOTO BOAOpO/Aa OyAeT MPOMOPLUOHANIEH BPEMEHHU.
Haxiion »Toli mpsiMoii 1aeT HENMOCPEACTBEHHOE 3HAYCHHE CKOPOCTH Koppo3uu ImHKa B kuciore Kv (Kv =
tga): Kv BeIpaxkaetrcs B cM3H2/cm2uac. Bemmunny KV cienyeTr mepecuntarh Ha MacCOBBIN MOKa3aTesb

koppo3uu K, o dhopmyiie: rine P — armocdepnoe nasnenue B [1a, KV —
00BEMHBIN TIOKa3aTeb KOPPO3uH, BeIpakeHHBIN B M3H2/cm2 vac, R = 8,31 J[x/(monb-K), T — Temneparypa
no mkane KenbBuHa, — MOJSIpHAs Macca XMMHYECKOTO SKBUBajieHTa IMHKA (= AZn/2).

Ecnu ckopocTh KOppo3UM LIMHKA BO BPEMEHU M3MEHSETCs, Ha rpaduke MOIydnuTCcsl KpuBas JuHMs. B 3ToM
Cllydyae pacCUMTBIBACTCS CPEIHSS CKOPOCTh KOPPO3MM 3a BpeMs OIbITa MO0 00beMYy ra3a, COOPaHHOIO B
OropeTKe.

BapuanT 2. 3amuTHbIe CBOHCTBa HHTHOUTOPOB KUCIOTHON KOPPO3HUU.

Llenv onvima: onpedenums 3awumuoe oeticmeue U UHSUOUMOPHDIL dPheKkm YpomponuHa u e2o cmecu ¢
UOOUOOM KaNUsl NPU KOPPO3UU CIMANU 8 PACMEOPe CEPHOU KUCTIOMb.

Ilpunaonexcnocmu x pabome: mpu naacmunxku cmaiu Cm3 ¢ omeepcmusamu, mpu cmaxana Ha 150-200 max,
mepuwiti yununop Ha 10 ma, ypomponun, uoouo kanus, 10%-vii pacmeop H2S04, nascoaunas 6ymaea,
JuHetiKa, ayemon3 (2 mi) 015 00e34cupusanus.

B 1pu crakana nanusatot o 100 mi 10%-ro pacTBopa cepHOM KUCIOTHL: B IEpBbIi cTakaH n06asisioT 0, 1
I' YpOTpoIlMHa (reKcaMeTUJIEHTeTpaMuHa), Bo Bropoil crakad — 0,1 r yporponuna u 0,1 r KI, a Ttperuit
CTaKaH OCTAaBJISIOT JJIs1 KOHTPOJIA. 3aTeM TyAa OIyCKAlOT MOJBEHICHHBIE HA TMOJHUXJIOPBUHUIOBON KUIIKE
obpasziel cranmu Cr.3, MpenBapUTENbHO 3a4UIECHHBIE 10 3EpPKATbHOTO Oliecka HaXKIauHOW Oymaroi,
IIPOTEPTHIE BATOM, CMOUEHHOW alleTOHOM M B3BEILLIEHHBIE HA aHAJIMTUUYECKUX Becax. Yepes 1,5-2 yaca nocne
MOTPY>KEHHS B PAacTBOPHI 00pa3Ilbl M3BJIEKAIOT, TIIATEIBHO MPOMBIBAIOT BOAOH, Cymar (MIBTPOBAIBLHON
Oymaroii u B3BemMBaloT. CKOPOCTh KOPPO3UU PACCUUTHIBAIOT 1O (popmyrie:

[Tnomans obpasua S, cM2 ONpEAENSAIOT IMyTeM H3MEpEeHHs JMHEHHBIX pa3MepoB obOpasua. Pesynbrars
OIBITA 3aMMCHIBAIOT B Tabnuily. Bpems (t) BbIpaxaror B yacax. Ha OCHOBaHMHM MOJY4YEHHBIX PE3yJbTAaTOB
paccuuThIBaeTCS 3alIUTHOE JIEHCTBUE MHTHOUTOPOB U WHTUOUTOPHBIN 3 dekT (xoaddurueHT
TOpMOXKEHHUs). JlenmaroT BBIBOM O IEHCTBUU HHTUOUTOPOB.

Bapuanrt 3. [IpoTrekropHas 3amuTa cTaju.
Llenv onvima: onpedenernue 3auumHo2o 3ggdexma npomexkmopa.

Ipunaonexcnocmu k pabome: 2 obpasya cmamu Cm.3, obpazey npomekmopa (Zn umu Mg), 3%-bvili
pacmeop NaCl, 2 cmaxana wna 150-200 mn, Hadxcoaunas Oymaea, auneuxa, ayemon3 (2 mn) 014
06e3HCUpUBanisl. KApaHOAuWHas pe3unKa, Quibmposaivras bymaaa.
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JlBa oOpasna cranu Ct.3 3auuMmiaroT HaxjaauHoW Oymaroil 10 3epKaJbHOro Onecka, 00e3KHUPHBAIOT
alleTOHOM W B3BEIIMBAIOT HA aHAJIMTHUYECKUX Becax. AHAJIOTUYHBIM 00pa3oM IOArOTaBIMBAETCs 00paser
nporekropa (Zn, Mg), HO He B3BemmuBaercs. Jlajgee oauH oOpasen MeTala U MPOTEKTOP YKPEIUISIOT B
OJTHOM CTaKaHe, IOABEIINBAs UX Ha XJIOPBUHUIIOBBIX JKUJIKAX TaK, YTOObl OHU HAXOJWJINCh HAa OTHOM U TOM
K€ YpPOBHE, COCIMHUB MX MEXIy COOOW METa/NTM4eCKUM IPOBOIHUKOM, a BTOpOil o0Opasen meramia — B
Apyroil crakaH 0e3 MPOTEeKTOpa Ha TOM ke ypoBHe. 3anuBatoT 3%-biii pactBop NaCl B o0a crakaHa Ha
OZIMHAKOBOM YPOBHE M 3acekaioT BpeMms. Uepe3 2 yaca Bce 0Opaslbl BHIHUMAIOT W3 CTAKaHOB, OBICTPO
3aMepsIOT MOBEPXHOCTh CTajM, CONPHUKACAIOLIYIOCS C PacTBOPOM AJIEKTPOJIUTA IPU MOMOIIM JIMHEHKH.
3areM y#aisoT ¢ MOBEPXHOCTHU IUIACTUH MPOLYKTHI KOPPO3UHU BIAKHOM BATOM MM MSITKOM KapaHAAIIHOU
PE3MHKOH, MPOMBIBAIOT 00pa3Ibl BOIOH, BHICYIIMBAIOT (PUIBTPOBAIBHOM OyMaroif 1 BHOBb B3BEIIMBAIOT Ha
AHAJIUTUYECKUX BECAX.

3amuTHBINA 3¢ (deKT TpoTeKTopa paccuuThiBaioT 1o gopmyne: , rae KO u K — ckopoctu xopposuu cranu
0€3 IMPOTEKTOpa U ¢ IPOTEKTOPOM COOTBETCTBEHHO.

3ajaHus 1J151 CAMOCTOSITEJIbHOM PadoThI.
[Ipoananu3upoBarh CTAIUU AMEKTPOXUMUUECKON KOPPO3UH U METO/IBI 3aIIUTHI OT KOPPO3HUHU.

4. Konrpoab 3HaHMI 00y4alOLINXCS M THIIOBbIE OLICHOYHbIE CPEICTBA
4.1. Pactipenenenue 0auioB:

4 cemecTp

TEKYIHI KOHTpOsb — 80 6amioB
KOHTPOJIbHBIE Cpe3bl — 2 cpe3a 1mo 10 6aIoB Kax bl
npeMuanbHblie 6amsl — 10 6anos

Pacripenenenre 6aioB 1mo 3aJaHusIM:

No |HazBanue tembl | @opmbl Max. Mertonuka npoBeJEHUs 3aHITUS U OIIEHKU
Te | /BHUI y4eOHOH |TEKylIero | KOI-BO
MBI paboThI KOHTpOis | Oamios
/ cpe3sl
1. Beeageane B | Tectupos 10 MakcumanbHO 3a TecT MOXKHO Habparb 10 6amioB. Tect cocTouT U3
dbu3uIecKyio aHue 10 BomrpocoB (1 Gamr 3a Kaxaplii IpaBu
XUMHUIO
2. OCHOBEI Tectupos 10 MakcuManbHO 3a TecT MOXKHO HabOparb 10 6amioB. Tect cocTouT U3
XUMUYIECKOM aHue 10 BompocoB (1 Gamr 3a Kaxaplii IpaBu
TCPMOIUHAMUKH | KOHTPOIb 20 Ha nmuceMeHHYI0 KOHTpONIBHYIO paboTy orBoautcs 90 munyT. PaGoTa
Hast COCTOMT B peHICHMH 4 pacueTHBIX 33a/ad 10  XH-MHUYECKOH
pabora TEPMOJIMHAMUKE M MaKCH-MajbHO oleHuBaeTcs B 20 OamioB (5
0aJUIOB 3a KaXKIyI0 MPAaBUIBHO PEIICH-HYIO 3a7a9y).
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KOJJIOKB
HYM(KOHT
PONBHBINI

cpe3)

10

KomnokBuym cmaercss B ycTHOH (¢opme 1O mNpeaBapUTEIbHO
0003HAaUYEH-HBIM TEOPETHYECKUM BOMpOCaM U MaK-CUMaJIbHO
oueHuBaercs B 10 Gaiios:

9-10 0aJuIOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOTO
MaTepuaa, yMEHHE CBOOOHO BBITIOTHATH 3aJ1aHus,
MpeIy-CMOTPEHHBIE POTPaMMOlN, OCBOMBLIMM OCHOBHYIO, u
3HAKOMBI C JIOMOJHM-TENBHOM JuTeparypoil. OTBET NOCTpOEH
JIOTUYHO, MaTepuall M3Jlaracrcsd YeTKO, SICHO, XOPOIINUM SA3BIKOM,
apryMEHTUPO-BaHO, YMECTHO HCHOJIB3yeTcsi WHPOPMa-IHOHHBIA H
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl W3 MPaKTUKW, TaOIWIH,
rpa-puku u T.1.). Ha Bompocel oTBedaeT KpaTKo, apryMEHTHPOBAHO,
YBEPEHHO, IO CYILECTBY.

8-7 0aminoB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
D1y-0OKHe 3HaHUS IPOTPaMMHOT0 MaTepHa-jia, yMEHHE HCIONIb30BaTh
paHee HONTy-YeHHbIE 3HaHUSI ¢ BHOBb NMPHOOPETEHHBI-MHU, IPUMEHSTh
ux Ha mpakTuke. OTBET MOCTPOEH JIOTMYHO, MaTepuall H3/1aracT-cs
XOPOIIUM SI3BIKOM, MIpUBJIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO MPU OTBETE JIOMYCKAET HEKOTOPhIE
MOTpEeIHOCTH.  Bompocsl, 3amaBaeMble  IpenojaBareieM, He
BBI3BI-BAIOT CYIIECTBEHHBIX 3aTPyIHEHUH

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIKHOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBI-KaMH, 9yBCTBYET ceOsl HEYyBEpEHHO IIPH OTBETE
Ha BONpOCHL. B oTBETe HE Bcerna MPHUCYTCTBYET JIOTHKA, apTyMEHTBI
MpU-BIEKAIOTCSL HEJOCTAaTOYHO Beckue. Ha mocraBneHHBIE BOMPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAaeT HEJOCTATOYHO TIyOOKHE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJU3e
MpakTHUeCKuX cuTyanuil. He MoxeT mnpuBecTH mnpuMepsl U3
peanbHOI MPaK-THKH. Heysepenno u JIOTUYECKHU
HEMO-CJIEe0BATENIbHO H3naraeT Marepuai. HempaBuibHo oTBeuaeT Ha
MIOCTaBJIEH-HBIE BOIIPOCHI MIIN 3aTPyAHSIETCSA C OTBE-TOM

TepMonuHaMuka
MOJICKYJISIPHBIX
pacTBOpOB

Tectupos
aHue

20

MaxkcuManbHO 3a TecT MOXHO HaOpath 10 6amnoB. Tect cocTout u3
20 Bompocos (0,5 6ana 3a KaXKAblii pa-BIIBHBINA OTBET).

KonTtpoinb
Has
pabora

20

Ha nmuceMenHyto KOHTpOJbHYIO padoty oTBomuTcs 90 muHyT. PaboTa
COCTOWT B pemieHMH 4  pacyeTHBIX 3aaad - 1o 5 OaoB 3a
MPaBUIBHOE PEIlICHHE.
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KOJJIOKB
HYM(KOHT
PONBHBINI

cpe3)

10

KomnokBuym cmaercss B ycTHOH (¢opme 1O mNpeaBapUTEIbHO
0003HAUEHHBIM TEOPETHYECKHUM BONpOCaM U MaKCUMAaJIbHO
oueHuBaercs B 10 Gaiios:

9-10 0aJuIOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOTO
MaTepuaa, yMEHHE CBOOOHO BBITIOTHATH 3aJ1aHus,
MPETyCMOTPEHHBIE IIPOrpaMMON, OCBOMBIIMH OCHOBHYIO, u
3HAaKOMBIM C JOTOJHUTENBbHOU JuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jlaracrcsd YeTKO, SICHO, XOPOIINUM SA3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs WH()OPMALMOHHBIH U
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl W3 MPaKTUKW, TaOIWIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, IO CYILECTBY.

8-7 0aminoB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIOJIb30BaTh
paHee NONyYeHHBIE 3HAHMS C BHOBb NMPUOOPETCHHBIMH, MPUMEHATH
X Ha mpaktuke. OTBET MOCTPOEH JIOTUYHO, MaTepHaj H3jaraercs
XOPOIIUM SI3BIKOM, MIpUBJIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO MPU OTBETE JIOMYCKAET HEKOTOPhIE
MOTpEeIHOCTH.  Bompocsl, 3amaBaeMble  IpenojaBareieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIKHOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsi HEYBEPEHHO IPU OTBETE
Ha BONpOCHL. B oTBETe HE Bcerna MPHUCYTCTBYET JIOTHKA, apTyMEHTBI
MIPUBJIEKAIOTCA HEJOCTATOYHO Beckue. Ha mocraBieHHBIE BONPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAaeT HEJOCTATOYHO TIyOOKHE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJU3e
MpakTHUeCKuX cuTyanuil. He MoxeT mnpuBecTH mnpuMepsl U3
peanbHOM npakTHKU. HeyBepeHHO M JIOTMYECKH HENOCIeN0BaTENbHO
u3naraer Marepuan. HempaBuiIbHO OTBEUaeT Ha IOCTaBICHHbBIE
BOIIPOCHI WM 3aTPYIHAETCS C OTBETOM

[IpemuansHbie OaIbl

10

Hauncnsrorcsa
3aHATHUIX

3a TIIOCTOSIHHYKO AaKTHUBHOCTb Ha IPAKTHUYCCKUX

WNunuBuayansHble 3a/1aHAS,
C TMIOMOIIIBI0 KOTOPBIX
MOXKHO HaOpaTh
JIOTIOJTHUTEINTLHBIC OaJlTbI

50

Jomamass koHTposbHAsE padora (30 6amros). [Ipeacrarmsier coboit
WH-TUBHIyaJlbHOE 3aJ]aHue, cocTosliee W3 6 pacu€THBIX 3ajad
TIOBBLIIIICHHOTO yPOBHSA  CIIOKHOCTH. (5 0aioB 3a KaX-IyIO
MPaBUIBHO PEIICHHYIO 327134y ).

[Ipoxoxxnerne TtectupoBanus (40 BO-TIPOCOB) IO BCEMY KypcCy
ceMectpa (20 6ammon: 0,5 6ana 3a KaXKIbli Mpa-BUIHHBIA OTBET)

Hroro 3a cemectp

100

TEeKyIui KOHTposib — 80 6aioB

5 cemecTp

KOHTPOJBHBIE Cpe3bl — 2 cpe3a mo 10 6amioB Kaxabli

npemMuaibHbie 0amisl — 10 6amoB

Pacnipenenenne 6aJiioB 10 3aaHMSIM:

TC
MbI

HasBanue TeMbl
/ BuJ yueOHOI
paboThI

Dopmbl
TEKYILETO
KOHTPOJIS

/ cpe3sl

Max.
KOJI-BO
0aJUIOB

MCTO,Z[I/IKa MMPOBCACHUS 3aHATHA U OLICHKHU
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da3zoBble Tectupos 3 Tect coctout u3 10 Bonmpocos.
paBHOBeCHs aHue 3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe
2 Gaa — CTYAEHT paBUIIbHO oTBevyaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
0 6annoB - meHee 25% MpaBUIBHBIX OTBETOB
KonTponn 10 Ha nmuceMeHHy0 KOHTPOIBHYIO pa-00Ty oTBOIUTCS 45 MUHYT. Pabota
Has CO-CTOMT B pEIICHWHM 2 pacdYeTHBIX 3amad - 1o 5 0OamwioB 3a
pabora TIPaBUIILHOE PEIICHUE.
XWMHUYECKHE | BBITIOTHEH 15 3aruTaHUpPOBAHO BBINIOJIHEHHE S5 J1a00OpaTOpHBIX paboOT B BUIE
paBHOBECHS ne VHANBUAYAIBHOTO OKCIIEPUMEHTAIBHOTO 3aJaHus. 3a KaKIyIo
maboparop nabopaTopHyo paboTy MaKCHUMalbHO Haumcisercs 3 Oamia: 1 6amn -
HOI BBINIOJIHEHKE; 1 Oayn — pacueTsl U odopmicHue; 1 Oamn — 3armra
paboThI TEOPETHUCCKOTO MaTepraia K JaboparopHoii padorte
KonTponn 10 Ha nmuceMeHHy10 KOHTPOJIBHYIO padoTy oTBOIUTCS 45 MuHYT. PaboTa
Has COCTOHWT B PEIIEHNH 2 pacdeTHBIX 3aJad M0 TeME M MaKCHMAaJbHO
pabora ornermBaeTcs B 10 OamwmoB (5 OamioB 3a KaKIyIo Mpa-BHILHO
pEIIeHHYIO 3a7a4y ).
Tectupos 3 Tect coctout u3 10 Bompocos.
aHue 3 OGamma — cTymeHT mpaBWiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe
2 Oanna — CTy[IeHT MpaBWIbHO oTBeuaeT Ha 50-74% BOMpOCOB B TeCTe
1 Gamy — cTyZIeHT MpaBMWIBHO OTBedaeT Ha 25-50% BOMPOCOB B TeCTe.
0 6amyoB - meHee 25% MPaBIIILHBIX OTBETOB
KOJJIOKB 10 KomnokBuym cmaercss B ycTHOH (opMme 1O mNpeaBapUTEIbHO
HYM(KOHT 0003HAUYEHHBIM TEOPETUYECKHUM BONpOCaM U MaKCHMAaJbHO
PONBHBINI oueHuBaercs B 10 Gaiios:
cpe3) 9-10 0aJulOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHWE MPOTrPaMMHOTO
Marepuania, yMEHHE CBOOOIHO BBITIOJTHSATD 3aJaHusl,
NPeAyCMOTPEHHBIE MPOrPaMMOM, OCBOMBLIMH OCHOBHYIO, u

3HAKOMBIM C JOTOJHUTENbHOU JuTeparypod. OTBET NOCTPOCH
JIOTHYHO, Marepuan H3JIaraeTcsl YeTKO, SICHO, XOPOIIUM SI3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs HWH()OPMALMOHHBIH U
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl U3 MPaKTUKW, TaOIWIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, O CYILECTBY.

8-7 0amioB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIOJIb30BaTh
paHee NONyYeHHBIC 3HAHMS C BHOBb NMPUOOPETCHHBIMH, IMPUMEHATH
ux Ha mpaktuke. OTBET MOCTPOEH JIOTHYHO, MaTepHall U3JaraeTcs
XOPOILINM SI3BIKOM, MIPUBJIEKACTCS WH(POPMATHBHBIN u
WITIOCTPUPOBAHHBINA MaTepHal, HO IIPH OTBETE JOMYCKACT HEKOTOPHIC
MOTPEIIHOCTH.  Bompockl, 3amaBaeMble  NIpenoaaBaTreieM, HE
BBI3BIBAIOT CYLICCTBEHHBIX 3aTPyIHCHHUN

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUUN
y4eOHOTO M JIEKMOHHOTO Marepuaia, He B MOJTHOM oObeMe BiajeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsl HEYBEPEHHO IPU OTBETE
Ha BOIPOCHL. B oTBeTe He Bcerna MPUCYTCTBYET JIOTHKA, apIyMEHTHI
MPUBJIEKAIOTCS HEIOCTATOYHO Beckue. Ha mocTaBiieHHBIE BOMPOCHI
3aTPyAHSIETCSI C OTBETAMH, IIOKa3bIBAaeT HEAOCTATOYHO TIyOOKHeE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANbHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJu3e
MPaKTHYECKUX CcHTyanuid. He MoXeT mnpuBecTH mNpuUMEphl U3
peanbHON MpakTHUKU. HeyBepeHHO W JOTWYecKH HemoceN0BaTeIbHO
u3naraer Marepuan. HenmpaBwibHO OTBe4aeT Ha TMOCTaBICHHBIC
BOIIPOCHI WM 3aTPYIHSETCA C OTBETOM
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AncopOIIMOHHBI
€ paBHOBECHS

naboparop
Hast
pabora

3armiaHUpOBaHO BEIMONHEHUWE 2 Ja-00paTOpHBIX paboT B BUAC
WHIWBUIY-aJILHOTO 3KCIICPUMEHTAIbHOTO 3aJaHus. 3a KakIyro
ab0paTOPHYIO0 pabOTy MaK-CUMalIbHO Hauucisiercs 3 O6amra: 1 6amr -
BBIMIONTHEHKE; | Oayn — pacdetsl U odopmieHue; 1 Oamn — 3ammra
TEeOope-THUECKOTO MaTepHaa K JJaboparopHoil pabote

Kontpons
Has
pabora

Ha nuceMeHHy10 KOHTpONIBHYIO pa-060Ty oTBonuTcs 15 MunyT. Pabora
CO-CTOMT B PELICHWH pacyeTHOW 3aJayd 1o Teme - 5 0ayuioB 3a
MIPaBWJIBHO pe-IIEHHYIO 3a/1a4y.

Tectupos
aHue

Tect coctout u3 10 Bompocos.

3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe

2 Gaa — CTYACHT NpaBUIIbHO oTBevaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
0 6annoB - MmeHee 25% MpPaBUIBHBIX OTBETOB

DJIEMEHTBI
CTATUCTUYECKOHN
TEPMOTUHAMUKH

Tectupos
aHue

Tect coctout u3 10 Bompocos.

2 Gamna — CTyOeHT mpaBWIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe

1 Gamn — cTyaeHT npaBmwiIbHO oTBedaeT Ha 50-74% BOIPOCOB B TecTe
0 6ammoB - meree 50% MPaBIIFHBIX OTBETOB

KOJLJIOKB

UYM(KOHT

POJIbHBII
cpe3)

10

KommokBuyM crmaeTcss B yCTHOH (opMe IO IPeaBapUTEILHO
0003HAaYEHHBIM TEOPETHYECKHM BONpOCaM U MaKCHUMAaJIbHO
orennBaercs B 10 Gamos:

9-10 0aJUTOB  BBICTABIISICTCSA, €CIIH  CTYASHT  OOHAPYKUI
BCECTOPOHHEE, CUCTEMaTHYECKOe M MITyOOKOe 3HAHWE MPOTPaMMHOTO
Marepuana, yYMEHHE cBOOOITHO BBITIOTHSTH 3a/laHus,
MPEyCMOTPEHHBIE MPOTPAMMOM, OCBOMBIIMI OCHOBHYIO, u
3HAKOMBIM C JOTIOTHUTENbHOW JuTeparypoil. OTBET NOCTpOEH
JIOTUYHO, MaTepHhall M3JIaraeTcs YEeTKO, SICHO, XOPOIIWUM S3BIKOM,
apryMEHTHPOBAaHO, yMECTHO UCHONb3yeTCs HWHGOPMAIMOHHBIA U
WUTIOCTPATUBHBIA Marepuan (MpUMEpPsl W3 MPAKTHUKH, TaOIHIIbI,
rpaduku ¥ T.71.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, I10 CYIIIECTRY.

8-7 0a;uTOB BBICTABIIACTCS, €CIU CTYACHT OOHAPYKIII JOCTATOUYHO
[TyOOKHE 3HaHUS MPOTPAMMHOTO MaTephaia, yMEHHE HCIOIb30BaTh
paHee TONyYEeHHbIE 3HAHHUS C BHOBb NMPHOOPETEHHBIMH, MPHUMEHATH
¥X Ha mpaktuke. OTBET MOCTPOEH JIOTUYHO, MaTepuaj H3Jiaraercs
XOPOIINM SI3BIKOM, MIPUBIIEKAETCS UH(QOPMATHBHBIN u
WUTIOCTPUPOBAHHBIN MaTepHa, HO IPU OTBETE JIOMYCKAaeT HEKOTOPbIE
MOTpemHoCTH.  Bompocsl, 3amaBaeMble  TperojaBareiieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0ayuIoB: CTYIEHT MOKAa3bIBACT HE JOCTATOYHBIM ypOBEHb 3HAHUUN
y4e0HOTO U JIGKIIMOHHOTO Marepuala, He B MOJHOM 00beMe BiaieeT
MPaKTHYECKUMH HaBBIKAMH, YyBCTBYET ceOsi HEYyBEpPEHHO IIPH OTBETE
Ha BOMPOCHL. B OTBeTe HE Bcernma MPHUCYTCTBYET JIOTHKA, apTyMEHTHI
MIPUBIIEKAIOTCS HEJOCTATOYHO Beckre. Ha mocTaBieHHBIE BOMPOCHI
3aTpygHSETCS C OTBETaMH, IOKa3bIBa€T HEMIOCTAaTOYHO TIIyOOKHe
3HAHUSA

0-4 OaIIIOB: CTYICHT ITOKa3bIBACT cabbIit YPOBCHB
npoeCCHOHANBHBIX ~ 3HAHUWM,  3aTpyJHSeTCs  TpU  aHAIU3e
MpakTHYeCKuX cuTyanuil. He Moxer mnpuBecTH mNpuUMepsl U3
peanbpHON TpakTHKH. HeyBepeHHO M JIOTHYECKH HEeToCeI0BaTeIbHO
u3Naraer Marepuan. HempaBmibHO OTBeUaeT Ha MOCTaBJICHHBIE
BOIIPOCHI WJIH 3aTPYIHSIETCS C OTBETOM

XuMHudueckas
KUHETHKA

maboparop
Hast
pabora

JlabGopatopHas pabora B BHJIC WHIA-BUYaJIbHOTO
DKCIICPUMEHTAJILHOTO  3a-JaHuWs. 3a  JrabopaTtopHyio  paboTy
MaK-CUMaJIbHO HauuciaseTcs 3 Oasia: 1 O0amn - BeImoaHeHue;, 1 O6amn
— pacuetsl W odopmieHue; | Oamnm — 3amUTa TEOPE-TUYECKOTO
Marepuala K JjabopaTopHoii pabore
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Kontpons
Has
pabora

Ha nucemMenHy0 KOHTpONBHYIO paboty otBogutcs 15 munyt. Pabora
COCTOMT B PEIICHWM pACUETHOW 3aJaud MO TEME U MaKCUMAJIBHO
OLIEHMBAETCS B 5 0aIJIOB.

Karanus naboparop
Hast
pabora

JlaGoparopHas pabora B BUIE WHU-BULyaJbHOTO
9KCIEPHUMEHTAIBHOTO 3a-JaHMs. nabopaTopHyIo paboty
MaKCH-MaJIbHO HauucisieTcst 3 Oamna: 1 Gamn - BeimonHeHue; 1 Gamn
— pacuetsl U odopmieHue; | Oamnm — 3amUTa TEOPE-TUUYECKOTO
Marepuaia K J1adopaTopHoil pabote

Tectupos
aHue

Tect coctout u3 10 Bompocos.

2 Oannma — CTyIEHT NpaBHJIBHO oTBedaeT Ha 75-100% BompocoB B
TecTe

1 6ann — cTygeHT npaBuiIbHO oTBevyaeT Ha 50-74% BOmpocoB B TecTe
0 6annoB - menee 50% MpaBUIBHBIX OTBETOB

KOJIJIOKBHU
™M

10

KomnokBuym cmaercss B ycTHOH (opme 1O mNpeaBapUTEIbHO
0003HAUEHHBIM TEOPETHYECKHUM BONpOCaM U MaKCUMAaJIbHO
oueHuBaercs B 10 Gaiios:

9-10 0aJuIOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOTrPaMMHOTO
MaTepuaa, yMEHHE CBOOOHO BBITIOTHATH 3aJ1aHus,
MPETyCMOTPEHHBIE IIPOrpaMMOM, OCBOMBIIMH OCHOBHYIO, u
3HAKOMBIM C JOTOJHUTENBbHOU JnuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jaraercsd 4YeTKO, SICHO, XOPOIIUM SA3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs HMH(QOPMALMOHHBIH U
WTIOCTPAaTUBHBIA Marepuan (IpUMepbl U3 MPaKTUKW, TaOIUIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, MO CYILECTBY.

8-7 0aminoB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIOJIb30BaTh
paHee NONyYeHHBIC 3HAHWS C BHOBb NMPUOOPETCHHBIMH, HMPUMEHATH
UX Ha mpakTtuke. OTBET MOCTPOEH JIOTMYHO, MaTepHaj H3Jaraercs
XOPOIIUM SI3BIKOM, MIpUBJIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO PU OTBETE JTOIMYCKAET HEKOTOPhIE
MOTpEeIHOCTH.  Bompocsl, 3amaBaeMble  IperojaBareieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIEKIMOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsi HEYBEPEHHO IPU OTBETE
Ha BONpOCHL. B oTBETe HE Bcerna MpHUCYTCTBYET JIOTHKA, apryMEHTBI
MIPUBJIEKAIOTCA HEJOCTATOYHO Beckue. Ha mocraBieHHBIE BONPOCHI
3aTPyAHSIETCSI C OTBETAMH, IIOKa3bIBAa€T HENOCTATOYHO TIyOOKHE
3HaHU

0-4 0aJuIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHB
npodecCHOHANBHBIX ~ 3HAHUM,  3aTpygHAETCS  OpU  aHaJu3e
MpakTHYeCKUX cuTyanuil. He MoxeT mnpuBecTH mnpuMepsl U3
peanbHOM npakTHKU. HeyBepeHHO M JIOTHYECKH HENOCIeI0BaTENbHO
u3naraerT Marepuan. HempaBuiIbHO OTBEUaeT Ha IOCTaBICHHbBIE
BOIIPOCHI WM 3aTPYIHAETCS C OTBETOM

[IpemuansHbie OaIbl

10

Haumcnsrores 3a MOCTOAHHYIO AKTUBHOCTb Ha MNPAKTHYCCKUX
3aHATHUAX

WunuBuayansHble 3a/1aHAS,
C TIOMOIIBIO KOTOPBIX
MOXKHO HaOparhb
JIOTIOJTHUTEINTLHBIC OaJlTbI

50

Jomamasis koHTposbHAsE padora (30 6amros). [Ipeacrasmsier coboit
WH-TUBHUIyaJlbHOE 3aJ]aHue, cocTosliee W3 6 pacu€THBIX 3ajad
TIOBBLIIIICHHOTO yPOBHSA  CIIOKHOCTH. (5 0a/ioB 3a KaX-IyIO
MPaBWIBHO PEIICHHYIO 3a/1a4y).

[Ipoxoxxnenne TtectupoBanus (40 BO-IPOCOB) IO BCEMY KypcCy
ceMectpa (20 6ammon: 0,5 6ana 3a KaXKIbli pa-BUIHHBIA OTBET)

HUroro 3a cemectp

100

6 cemecTp



TEKYIHI KOHTpOsb — 50 6amioB

KOHTPOJIbHBIE Cpe3bl — 2 cpe3a 1mo 10 6aIoB Kax bl

npemuanbHbie 6amtel — 10 6anmon

OTBET Ha dK3ameHe: He Ooitee 30 0aiuioB

Pacnipenenenre 6aJiioB 10 3aaHMSIM:

Ne |HaszBanue tembl | Dopmbl Max. MeTtonrka npoBeACHNS 3aHATUS U OLIEHKH
Te | /BHJI y4eOHOH |TEKyIEro | KoJI-BO
MBI paboThI KOHTpoJist | 0asuioB
/ cpe3sl
1. Honnxka naboparop 9 3alIaHupOBaHO BBIMOMHEHWE 3 Ja-00paTOpHBIX  pabOT B BUAE
Has WHAWBUAY-aJbHOTO JKCIEPUMEHTAIBHOTO 3aJaHui. 3a KaKAYIo
pabora nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gam -
BbIMoNHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
TEO-PETUUECKOro MaTepHaia K Jaboparop-HOoil padoTe
Kontpons 10 Ha nuceMeHHy10 KOHTpONIBHYIO pa-060Ty oTBonuTCcs 45 MunyT. Pabora
Has COCTOUT B pEIIEHHH 2 PacyEeTHBIX 3a-7ad M0 TeME U MaKCHMAJIbHO
pabora oueHuBa-erca B 10 OammoB (5 0amioB 3a Kax-Iyl MPaBUIBHO
PELICHHYIO 3a/1a4y).
2. |TepMommHamuka |nabopatop 9 3arIaHupoOBaHO BBINONHEHHE 3 Ja-00paTOpHBIX paboT B BHAC
ANEKTPOTHBIX Has WHAWBUAY-aJIbHOTO JKCIEPUMEHTAIBHOTO 3alJaHui. 3a KaKAYIo
MIPOLIECCOB pabora nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gamn -
BbIMoNHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
TEO-PETUUECKOro MaTepHaia K Jaboparop-HOil padoTe
KOJLJIOKB 10 KomnmokBuym cmaercss B ycTHOH (¢opMme 1O mNpeaBapUTEIbHO
HYM(KOHT 0003HAaUYEHHBIM TEOPETUYECKHUM BONpOCaM | MaKCHMAaJbHO
PONBHBINI oueHuBaercs B 10 Gaiios:
cpe3) 9-10 0aJuIOB  BBICTABISIETCS, €CIM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOTO
Marepuana, yMEHHE CBOOOIHO BBITIOJTHSATD 3aJaHusl,
NPeAyCMOTPEHHBIE MPOrPaMMOH, OCBOMBLIMK OCHOBHYIO, u

3HAKOMBIM C JOTOJHUTENBbHOU JuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jaraerci 4YeTKO, SCHO, XOPOIIHUM SI3BIKOM,
apryMEHTHUPOBAaHO, yMECTHO WCHOJNB3YeTCS WH(POPMAIMOHHBIA U
WUTIOCTPATUBHBIA Marepuall (IMPUMEpPhl M3 MPAKTHKH, TaOIHIIBI,
rpaduku U T.7.). Ha BOmpockl oTBe4aeT KpaTko, apryMEeHTHPOBAHO,
YBEPEHHO, MO CYLECTBY.

8-7 0aIOB BBICTABISETCS, €CIU CTYACHT OOHAPYXHI JIOCTATOYHO
[TyOOKHE 3HaHUS MPOTPAMMHOTO MaTepuaia, YMEHHE HCIOIb30BaTh
paHee TONYyYCHHBIC 3HAHWS C BHOBb NMPUOOPETCHHBIMH, MPUMEHSTH
Ux Ha mpakTtuke. OTBET MOCTPOEH JOTUYHO, MaTepuall U3JIaraetcs

Xopoumum SI3BIKOM, MOPUBJICKACTCA I/IH(l)OpMaTI/IBHLIﬁ u
I/IJ'IJ'IIOCTpI/IpOBaHHLIf/i MaTtcepuall, HO IIPpU OTBCTC JOITYCKACT HCKOTOPHIC
MOrpeuIHOCTH. BOHpOCBI, 3aJaBacMbIC npenoaaBarciieM, HC

BBI3BIBAIOT CYLICCTBEHHBIX 3aTPyIHCHHUN

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIEKIMOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsl HEYBEPEHHO IPU OTBETE
Ha BOIPOCHL. B oTBeTe He Bcerma MPUCYTCTBYET JIOTHKA, apIyMEHTHI
MPUBJIEKAIOTCS HEJIOCTATOYHO Beckue. Ha mocTaBiieHHBIE BOMPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAaeT HEJOCTATOYHO TIyOOKHeE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  TOpuU  aHaJu3e
NPaKTHYECKUX CcHTyanuid. He MoXeT mnpuBecTH mNpuUMEpHl U3
peanbHON MpakTHUKU. HeyBepeHHO W JOTWYEeCcKH HEemoceN0BaTeIbHO
u3naraer Marepuan. HenmpaBwibHO OTBe4aeT Ha TMOCTaBICHHBIE
BOIIPOCHI WM 3aTPYIHSETCA C OTBETOM
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3. Kunernka naboparop 9 JlaGoparopHsle
ANEKTPOTHBIX Has paboThI
MIPOLIECCOB pabora
Kontpons 10 Ha nuceMeHHy10 KOHTpONIBHYIO pa-060Ty oTBonuTCs 45 MunyT. Paborta
Has COCTOMT B PEIIEHHH 2 pacueTHBIX 3a-71ad [0 TEME U MaKCHUMAaJIbHO
pabora oueHuBa-erca B 10 OammoB (5 0amioB 3a Kax-Iyl MPaBUIBHO
PELICHHYIO 3a/1a4y).

4. Teopus naboparop 3 JlaGoparopHas pabora B BHJIE HMHJUBHyaJIbHOTO
JNIEKTPOXUMHUE Has SKCIIEPUMEHTAIILHOTO 3aJaHus. JabopaToOpHyI0 paboTy MaKCUMaIbHO
CKOl koppo3un | pabora Hauucnserca 3 Oamna: 1 Oamn - BeIModHEHHWeE; | Gayl — pacuyeTsl U

METaJJIOB oopmienune; 1 Oamn — 3amuTa TEO-PETHUECKOTO Marepuana K
naboparopHoii pabote
TecTupon 10 MaxkcuManbHO 3a TecT MOXHO HaOpath 10 6amnoB. Tect cocTout u3
aHne(KoH 10 Bompocos (1 6a 3a Kax Il TPaBUIILHBINA OTBET).
TPOJbHBI
i cpe3)

5. [IpemuansHbie OaIbl 10 Hauncnsirorcst 3a  TNOCTOSHHYIO AaKTHBHOCTh Ha IPaKTHYECKHUX

3aHATHSIX

6. OTBeT Ha dK3aMeHE 30 10-17 GammoB — CTYIEHT PAcCKPhLI OCHOBHBIE BOIIPOCHI W 3aJaHUS

Ousera Ha OLIEHKY «YIOBJIETBOPUTEIHHO»
18-24 GammoB — CTYIEHT PACKPHLI OCHOBHBIEC BOIIPOCHI W 3aJaHUS
OmiieTa Ha OICHKY «XOPOIIIOY,
25-30 6amIoB — CTYACHT PacKphUl OCHOBHBIC BOTIPOCHI M 3aJaHUS
Ousera Ha OLIEHKY «OTIIMYHO».
7. |aauBHyanpHBIE 3a0aHUS, 50 Homamssist KoHTpoJbHas pabora (30 6aiios). IlpencraBnser coboi
C TIOMOIIBI0 KOTOPBIX WH-IMBUYyalbHOE 3aJjaHue, cocTosllee M3 6 pacuéTHBIX 3azad
MOXHO HaOpaTb MOBBIILIEHHOTO YPOBHS CIOXHOCTH. (5 0amioB 3a Kax-Aylo
JOTIOJTHUTENIbHBIE OalTbI MIPaBWJIBHO PEIIECHHYIO 33/1a4y).
[Ipoxoxxnenne TtectupoBanusi (40 BO-IPOCOB) MO BCEMY Kypcy
cemectpa (20 6ayos: 0,5 6ana 3a KaskKAbIi pa-BUIBHBINA OTBET)
8. Hroro 3a cemectp 100

HroroBass omeHka mo »9k3aMeHy BbicTaBisiercs B 100-OammpHON 1IKajge W B TPATUIIMOHHOMN

yeThlpexOauibHOM  mikane. IlepeBon

100-6amapHOM  PEUTHHTOBOM OIEHKH 10 JUCIUIUIMHE B

TPAAULIMOHHYIO YEThIPEXOaJUIbHYIO OCYLIECTBIISIETCS CIEIYIOIINM 00pa3oMm:

100-6ayuipHasA cucTeMa TpanuimonHas cucteMa
85 - 100 6anmoB OTnugyHO
70 - 84 6annoB Xoporto
50 - 69 Gannos YIOBIETBOPUTEIBEHO
Menee 50 HeynosnerBopurenbHo

4.2 TunoBsie OLIEHOYHBIE CPEACTBA TEKYIIIETO KOHTPOJIS

BbINOJIHEHHE JIA00PATOPHOIT padOThI

Tema 5. XuMnuueckne paBHOBECHS

KoHTposnbHbIE BOIIPOCH /U1 OTYETA TI0 JIAOOPATOPHBIM paboTam
Pabota Nel Ompenenenure miIOTHOCTHA PaCTBOPOB

1 Yto Ha3pIBaeTCH IJIOTHOCTRLIO BGH_ICCTBa?

2 Yem omM4aeTcs MIIOTHOCTh OT YAEIBHOIO Beca?

3 Yr1o Takoe OTHOCUTEIbHAS IUIOTHOCTh U KaK OHA  0003Hadaercs?

4 Kak oTHOCHTENIbHAs TIOTHOCTh PACTBOPA 3aBHCUT OT €ro KOHIEHTPALUU U TeMIIepaTypbl?

5 TlepeuncnuTe METOIBI ONPEAEICHUS TUIOTHOCTH, KAKOW W3 HUX SIBIIIETCS Haubosee TOYHBIM?



Pabota Ne2 Onpenenenue nupdhepeHnnanbHol U MHTETpaIbHON TETIOTHl PACTBOPEHHS COJIH.
Pabota Ne3 Omnpenenenre TEMIOTHI THApATAIIMH COJIH.
PaGora Ne4 Onpenenenre TEmIOTH HEUTPATH3AIUHN U TETUIOTHI AUCCOIUAIIH

1 Chopmynupyiite 3akon ['ecca.

2 2. ChopmynupyiiTe ciencTsus u3 3akona lecca.

3 Kakue TuIbl KaJIOPpUMETPOB UCIIOJIb3YIOTCS?

4 Kaxkue TersioBblie 3 GEeKThl IPU paCTBOPEHUH COJIM  HAOIIOMAOTCS?

5 OT 4ero 3aBUCHUT 3HaK TEIUIOTHl PACTBOPEHUSI CONN?

6 YUTo Ha3bIBACTCS MHTETPATBHON U JUPPepeHIIMaIbHON  TEIIOTaMu pacTBOpeHus BemecTBa? Kak
UX ONPEIEIISIOT.

7 Kak onpenensror U3MEHEHNE TEMIIEPATYPbl B KaJOPUMETPUYECKOM OIIBITE?
8 UTto Ha3pIBaeTCs  TEIJIOTON HEWTpaTIU3aALUM?
9 U3 xakux cTaguii  COCTOMT MpOIlecC HEHTpanu3auuu ciaboro OCHOBAHHS CUIIBHOM KHCIOTOM?
10 Kak paccuuTaTh TEIUIOTY  JTUCCOITMAIIMU CJ1a00TO OCHOBAHUs?
11 Kaxk paccuuTarh TeIJIOTY  JUCCOLMAIMU CIA00N KUCIOTHI?
Pa6ora Ne5 PacTBOpUMOCTB JKUJIKOCTH B KHUAKOCTIX. CUCTEMA (DEHOI - BOAA.
1 Kakue BcTpedarorcs — cilydau B3aUMHOW PacTBOPUMOCTHU ABYX KUIAKOCTEH?
2 Kak MOXeT BIMATh  TeMIlepaTypa Ha B3AMMHYIO paCTBOPUMOCTD JIBYX KHUIAKOCTEN?
3 Yro Takoe KpUTHYECKass  Temmeparypa?
4 MN3obpasute nuarpaMmMy  B3aWMHOM PACTBOPHMOCTH JIBYX JKUIKOCTEH C BEPXHEH KPUTHUECKON

TeMIepaTypou.

5 MN3oOpasurte quarpaMMmy  B3aWMMHOW PaCTBOPUMOCTH JIBYX KHUIKOCTEH C HIDKHEH KPUTHYECKOU
TeMIepaTypou.

6 N3oOpasute quarpaMmy  B3aWMHOW PAaCTBOPUMOCTH JIBYX KHUIAKOCTEH C IByMSI KPUTHUCCKHUMHU
TeMIepaTrypamu

Pabora Ne6 KanubpoBanue TepmMmonapsl
1.J11s1 4ero NpUMEHSAIOTCS TEpPMOTIaphbl?
2. I3 yero u3roTaBinBarT TEpMONaphl?
3. YUto Takoe TEPMOIIEKTPOJABIKYIIAs cuia?
4. Kak tepmo3JIC 3aBUCUT OT TeMIieparypsbl?
5. YUTo Takoe 4yBCTBUTEIIBHOCTh TEPMOMAPHI?
6. UTO 3HAYHUT «OTKAIMOPOBATH TEPMOMAPY»?
7. Kakumu cBOWCTBaMH JTOJDKHBI 00J1a/1aTh METAJUIBI, U3 KOTOPBIX M3TOTABJIMBAIOT TEpMOTapy?
Pabora Ne7 Tepmuueckuii aHaus..
1. YeM roMmoreHHasi cuctemMa OTJIM4aeTcsl OT FeTEPOreHHOM?
2. Yro HazwiBaercs (hazoii?
3. 3anummre npaBwmio ¢as ['mbdoca.
4. Yto 03HAYAET YHCIIO CTENEeHEH cBOOOIBI?
5. UeM paszinnyaroTcsi KpUBBIE OXJIAKICHHUSI YUCTOTO BEIIECTBA U CMECH JIByX BEIIECTB?
1 6. M300pa3ure nuarpaMmy COCTOSTHUSI IBYXKOMIIOHEHTHOW CHCTEMBI U OXapaKTepu3yire ee.

PaGora Ne8 Xumuueckoe paBHOBecHE
I Yto xapakTepHO I7Ii ~ COCTOSIHUSI PABHOBECHSI XMMUYECKOW PEAKIIUN?
2 Kakue ciocoObl  BBIpa)KEeHHS KOHCTAHThI PAaBHOBECHUS HCIIONB3YIOTCS?
3 BeiBenute cBs3b MeXIy — KoHcTaHTaMu paBHoBecusi Kp, Kc u Kx.
4 Kak 3alMCBIBAETCS  BBIPA)KEHHE KOHCTAHTBI PAaBHOBECHS JIJIsl TETEPOT€HHBIX PEAKINIL?
5 3anuinTe ypaBHEHHUE  U30TE€PMBI PEaKIIUU.
6 Kak paccuntarp  BETMYMHY CTaHJIAPTHOTO M300apHOTO MOTEHIIMAIA PEAKIIUN?
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7 3anumuTe ypaBHeHHsT — u300apbl U u3oxopsl Bant-Todda B nuddepennnansnom n nHTErpaibHOM
BUJIC.

Pabora Ne9 3akon pacnpenenenust Hepucra
1.YTo Ha3wiBaeTcs KodpuimeHToM pacnpeneneHus?

2. BeiBectu BelpakeHHe k03 (UIIMeHTa pacipeaeNeHHs ISl CITydasi, KOT/la pacipeiessiomieecs BeIecTBO
HE IpEeTepreBacT HUKAKUX U3MEHEHUI HU B OTHOM, HU B IPYTOM pacTBOPUTEIIE.

3. BeiBecTu BeIpaskeHHE KO3 GUIMEHTA pacpeieIeHUs A ciyyasi, Koraa 3-uil KOMIOHEHT JUCCOLUUPYET
Ha UOHBI B OTHOM U3 PACTBOPUTEIICH.

4. BeiBecTH BeIpakeHHe K03((UITMeHTa pacpeaeneHus 1Jisl Cllydasi, Korna 3-1il KOMIOHEHT acCOLMUPYET B
OJITHOM M3 PACTBOPUTEIICH.

KOJIJIOKBUYM

Tema 2. OCHOBBI XUMHUUYECKON TEPMOJUHAMUKHI
IInan 1-ro KOJUIOKBUYMA

1. IIpenmer  TepMOAMHAMHUKH. 1-i1 3aKOH TEpMOAMHAMUKU. BHYTpEeHHSS SHEPTHSL.
2. PaBHOBecHbIe  mpouecchl. MakcuManbHas paboTa.
3. Ilpunoxenue 1-ro  3akoHa TEPMOAMHAMUKH K HICATbHBIM razamM. DHTaJbIINS.

4. Ilpmioxkenue 1-ro  3akoHa TEPMOJMHAMMKHM K XMMHUYECKHUM IpoueccaM. Tepmoxumus. 3akoH 'ecca n
ero  cuexnctBus. 3akoH Kupxrogda.

5. CaMOnpOM3BOJIBHBIE U HECAMOIIPOM3BOJIbHBIE MPOLIECCHI. 2-i 3aKOH TepMonrHaMuk. [{ukn Kapho.
HeoOparumbrii  mukiI.

6. OHTpoNUsA KaK  KPUTEPHUM caMOIPOU3BOJIBHOIO MPOTEKAHUS IIpoliecca. YCI0BUE paBHOBECUSA. MeTobl
pacuera 3HTponuH. IlocTtynar [Inanka. Ctaructuueckuil XapakTep 2-ro 3aKOHa ~ TEPMOJNHAMUKH.

7. TepmonrHaMHUUYECKHE  MTOTEHLIHAAJIBI.
8. YpaBuenne  ['mubOca-I'enbmromnbia. XapakTepucTHIeCKue PyHKITUH.
9.Jlerydectb. MeTombl ~ pacdera JeTy4eCTH.

Tema 3. TepmoarHaMMKa MOJIEKYJIIPHBIX pacTBOPOB

[1nanH 2-ro KoIIOKBHYyMa
1. TepmomuHamuka pacTBOpoB. CIIOCOOBI BEIpAKEHUS KOHIIEHTPALIUU PACTBOPOB
2. XuMHYECKHE MOTEHIIMAJbI. YCIOBHE CaMOIPOU3BOILHOTO MEPexXoaa KOMIIOHEHTOB U3 OJHOU (a3a B
JPYTYIO.

WneanbHble u peanabHble pacTBOPHI. 3akoH Payis.

D0yYITHOCKOTIHSL.

Kpuockonus.

3
4
5
6. Jlmarpamma COCTOSIHUSI PAaCTBOP — HACBIIIEHHBIH Map HaJl paCTBOPOM.
7. 3axonsl KonoBanona. [leperonka.

8. Ocmoc. Ocmornueckoe gapnenue. 3akoH Bant-Tododa.

9

PacTBOpUMOCTb ra30B B )KUJIKOCTIX. 3aKOH [ eHpH.

Tema 5. XuMuueckue paBHOBECHS
[Inan 3-ro KoIOKBUyMa
1. ®a3oBeie nepexonbl. YpaBHeHue Knaneipona-Kiaysuyca.
2. IlpaBuno ¢a3 ['u66ca (BeiBon). [lpunoxenue nmpasuia (a3 K OTHOKOMIIOHEHTHBIM CHCTEMAaM.
JlnarpaMmbl COCTOSTHUSI BOZBI U CEPHI.
3. JIByXKOMIOHEHTHBIE cucTeMbl. CHCTEMBI, HE 00pa3yrole U 00pa3yroIrue XUMHUUECKUE COSAMHEHUSL.
Oprextuka. Kpuoruaparsl. Tepmudeckuii aHaius.
4. XuUMHYECKOE paBHOBECHE. YCIIOBUE XUMUYECKOTO PABHOBECHS. 3aKOH JIEHCTBYIOIINX Macc
(TepmonuHamMuyeckuii BbIBo). CriocoObl BEIpaXKeHUsI KOHCTAHT PABHOBECHSI U CBSI3b MX MEXIY COOOH.



5. HM3orepma xumuueckoi peakuuu. CTaHAapTHBIN W300apHbII MOTEHIMA PEaKLIUH, €T0 pacyeT 1o
cTaHaapTHHIM TabnuiaM. KomOuHupoBanue paBHOBECHI.

6. BnusHue naBneHus Ha XMMUYECKOe paBHOBecue. PaBHOBecHe peakiiuii, MpOTEKaIOIMX B ra30Boil (ase
0€3 U3MEHEHMS U C U3MEHEHHEM YHCIIa MOJIEKYII.

7.  3aBUCHUMOCTb XUMHUYECKOTO PAaBHOBECHS OT TEMIIEPATYphl. YpaBHEHUSI HM300apbl M U30XOPbI
Bant-Todda. Pacyer kKOHCTaHTBI HHTETPUPOBAHUS B IIUPOKOM TEMIIEPATypHOM HHTEpPBAJIE.

8. Pacuer paBHOBecHii B KOHJIEHCUPOBaHHBIX cucTeMax. TemnoBas TeopeMa HepHera u ciieactBus us
Hee. [Tpunoxxenue TemioBoit TeopeMbl HepHCTa K peakiusM, IpOTEKaIOLINM B Ta30Boi (ase.

9. IlpuBeneHHbIN H300apHBINA MOTEHIUAT peaku. CBA3b €ro ¢ KOHCTAHTOW PABHOBECHS.
10.  Cunextpsol. CiekTpockonusi. BiusHue pa3nuyHbIX BUOB U3TYyUYECHHUS] HA COCTOSIHUE MOJICKYJIbI.

Tema 7. D1eMEHTBI CTATUCTUYECKON TEPMOIMHAMUKHI
Ilnan 4-ro KOVIOKBHYMA

1 Crartuctruyeckre  OCHOBBI METOJIA pacyeTa TEPMOJIUHAMUYECKUX BEJIMYMH. 3aKkoH bosblimaHa.
CymMMa o COCTOSTHHSM JIJIsl MOJICKYJIBI M JIJISI CHCTEMBI, MX CBSI3b MEYKTy HUMH.

2 Beipaxenus jyisi  BHYTPEHHEH 3HEpPTUH, CBOOOMIHOM dHEpruu [ ebMroIbIia, SHTPOIIHH,
TEIJIOEMKOCTH  TIPH IMOCTOSTHHOM 00beMe, JIaBJIeHus, CBOOOAHOM sHeprun [ mb0Oca yepe3 cymmy 1o
COCTOSIHUSIM MOJIEKYJIBI M CUCTEMBI.

3 CyMMa 10 COCTOSIHUSIM ~ HJI€AJIBHOTO ra3a. BeipaxkeHust [ TepMOJUHAMUYECKUX CBOWCTB
uneanbHoro rasa: U, S, F, H, npuBenenHoro  m300apHOTr0O NOTEHIHANA.

4 BplyncieHUE  MOJICKYJISIPHOW CyMMBI TI0 COCTOSTHUSIM. BBIUMCIIEHNE TEITIOEMKOCTH U
tepmonunamudeckux Benuund (U, H, CV,  CP, npuBeneHHoro  n300apHOTO MOTCHIIHAIIA)
ujeaIbHOro raza uepes mojiexyssipuyto CIIC.

5 Ancopbuus:  duznueckas, XuMHUecKasi, MOJIEKyJIsipHasi, HIOHHas, HOHHOOOMeHHas1. [IpaBuna
n3buparenbHor ancopOimu [leckoBa-DasiHca. [IpaBuno ypaBHuBaHus nodsipHocTedt  PeOunaepa.

6 MNzorepmer ancopbumu:  ['enpwu, Jlenrmiopa, BOT, Opeiipmxa.

7 Ancopbuus Ha rpanunie  pasgena skuakoctb-nap. [IIAB u [IHAB. M3otepma agcopOruu ['m60ca.
VYpasuenne  IlumkoBckoro. [Ipasuno Tpay06o.

Terutora agcop6umu. M306ape! u u3octepsl agcopOun. Xpomarorpadpust

Tema 9. Karanus
[Inan 5-ro komnokBHyMa

1 Xumunyeckas KUHETUKAa  Kak Hayka. CKOpOCTh XUMUYECKON KUHETUKHU (CpEIHssl, MTHOBEHHAs).
OCHOBHOH  TOCTYyJaT XMMHYECKON KUHETUKU. YIEIbHAsi CKOPOCTh PEAKIUH.

2 DKCIEpUMEHTANBbHOE  ONpeAeTICHHE CKOPOCTH peakiuu. Kunetndecku oOpaTuMble 1 KHHETUYECKH
HEoOpaTUMBbIEC PEAKIIHH.

3 Kunernyeckast  kinaccuukaius peakiuii. MolekyasipHOCTb, TOPSIOK pEaKIuy.

4 Heo6parumbie peakimu 0, [, [l mn-ro  mopsinkos.

5 Meronsl onpeiesieHdss  MOPSAAKOB PEAKIUU.

6 Cnoxhele peakuun  (oOpaTuMble, apajuleIbHbIE, IOCIEI0BATEIbHbIE, CONPSKEHHBIC)

7 BnusHue TeMmnepaTypbl  Ha CKOpOCTb peakuuu. YpaBHeHus Bant-Iodda u Appenunyca. Dueprus
aKTUBALUH.

8 Teopus aneMEHTAapHOIO  aKTa XMMHUYECKOI'O B3aUMOJIEHCTBUS (TEOpUsl aKTUBHBIX COyJapeHuil).
bumonexkynspHelii  MeXaHU3M aKTHBAllMM MOHOMOJEKYISIPHBIX peakiuil (cxema JInnaemana).

9 Teopust aOCOMIOTHBIX ~ CKOpOCTel. YpaBHeHUe DpHuHTra.
10 Llenueie peakiuu.  Teopust B3pbiBa B Pa3BETBICHHBIX IEMTHBIX PEAKIIUSX.
11 ®oroxumus. 3akoHbl  Qoroxumun. KBaHTOBBINM BbIxo. CeHCUOMITN3UPOBAHHEIE PEAKIIHUH.
12 Kunetnka  reTeporeHHbIX peakiuii. J(uddy3nonHas u kuaeTnueckas oomacti. TOMOXUMHUYECKUE
peakiuu. (711 JHEBHOTO OTACIICHHS).
13 T'omorennslii kaTanu3. ['eTreporeHHbIi kKataau3. Teopuu B reTeporeHHoM  Karaiause. Metasuibl Kak
Kataiu3aTtopbl. DepMEHTAaTUBHBIN KaTain3. MUKpPOT€TEpOTe€HHBIA  KaTajus.



Tema 11. TepMoarHaMUKa AJIEKTPOAHBIX IPOLIECCOB
IL1an 6-ro KoJIOKBHYMA

1 Teopust 3NEKTPOIUTUUECKON IUCCOLMAlMA AppeHryca,  HEAOCTaTKU U €€ JaJbHENIIee pa3BUTHE.
DNeKTpOCTaTHYECKasi TEOPUS CHIIBHBIX  AIIEKTPoIuTOB. KoadduimeHT akTHBHOCTH M aKTUBHOCTb.
ConbBaranus. MloHHblE — mapsl.

2 DJEeKTPONPOBOTHOCTH AIEKTPOJIMTOB: yaeabHas,  dKkBUBajeHTHas. Koaddurment
ANIEKTPONPOBOJHOCTH.

3 IMomBmwxHOCTH MOHOB. 3akoH Kombpayma. DcradeTHpiii  MexaHu3M. TopMo3siiee NeiCTBHE HOHHBIX
armocdep. Konaykromerpuueckoe  TUTPOBaHHE.

4 Yucna nepeHoca, ux onpeesieHue.
5 Ilporonurnueckas TeOpUst KUCIOT U OCHOBAHUM.

6 DIeKTpOXUMHYECKHE AIEMEHTHI: 0OpaTuMble,  HeoOparumbie. X Tepmonnnamuka. M3mepenune
OJ1C oOpaTuMoro AMEKTPOXUMHUIECKOTO  3JIEMEHTA.

7 BO3HUKHOBEHHE CKAauKOB MOTECHIMAIA HA TpaHuax pa3.  CTrpoeHue ABOWHOTO AIEKTPHUIECKOTO
cnosi. Hynesble anexTponbl. Benmnunna v 3HaK  3JIEKTPOIHOTO MOTEHIMANA.

8 3aBHCUMOCTh MOTEHIMAJIA OT KOHIIEHTPAUUH. TUMIBI  3JIEKTPOJOB. DIECKTPObI CPABHEHHUSI.

9 Knaccudukaius 31eKTpOXUMHUUECKHUX 1eMeHTOB.  KoHIeHTpaImoHHbIE 3JIeMEHTHI €3 IepeHoca u
¢ mepeHocoM MOoHOB. uddy3nonnsiii  moreHmann.

Meton OJIC kak MeTon (PU3HKO-XUMUIECKOTO HCCIIETOBAHUS
Kontponbnas padora

Tema 2. OCHOBBI XMMHUYECKOW TEPMOINHAMUKH
Bapuasnr 1.
1.1. B pe3ynbrare M30TEPMUYECKOIO pacIIMpeHMs ras3a (mosydeHHoro npu npokainuBanuun KMnO4) nmpu
1270C u P = 1,4 arm, naBnenune ymenbmmioch B 20 pa3. Haittu Q, A, DU; a Taxke mMaccy rasa, eciu
NepBOHAYAIBHBIN ero 00beM — 1650 1.

1.2. Cpennsisi ynenpHas TEIJIOEMKOCTh OeH3ona B umHTepBasie Temmeparyp or 0 mo 800C paeua 1,745
JIx/(rxK). MonsipHast TEIIIOEMKOCTh alleTHIICHA B TOM JKe TeMriepaTypHoM uHTepBaie 43,93 JIx/(mMonbxK).
TemnnoBoit 3 dexT peakuuu

3C2H2(r) = C6H6(x)
MIPU CTaHAAPTHBIX yCI0BUAX paBeH -630,8 k/Ix. Paccuntars TemmoBoi addext 3toit peakiuu mpu 750C.
1.3. Paccunrars n3MeHnenue s3uTponuu npu npespamenuu 0,1 kr Boasl, B3sroitnpu 00C, B map npu 1200C.
VnenbHast Teriora ucnapenus Boasl mpu 1000C 2,255 xJx/T; ynenpHas TEIIOEMKOCTh )KHUIKOM BoaibI 4,184
JUx/(rxK), ynenbHasi TEIII0EMKOCTh Tapa MpH MocTostHHOM AasneHuu 19,958 JIx/(rxK).
1.4. Paccuurarp TemioBoii a3dext peakuuu:

4Fe(t) + 302 =2Fe203(1); DHO1 - ? (1)
0 CJIEAYIOUINM JaHHBIM:

Fe203(1) + 2A1(t) = A1203(T1) + 2Fe(1); DHO02 = -1698 x/Ix; (2)
A103(1) +3CO = Al(r) + 3CO2; DHO03 = 826,75 x/Ix; 3)
2CO + 02 =2C02; DHO04 = -595,96 x/Ix. 4)

Bapwuanr 2.

2.1. I'a3, pacmmpssace ot 0,01 go 0,026 M3 npu noctossHHOM AaieHuu 1,013x105 Ila, nomtomaer 820 JIx
TeroTel. OnpenenuTh n3MEeHEeHNEe BHYTPEHHEHN SHepruu.

2.2. Temora koHAeHcauu 3TuioBoro crnupta npu 150C pasHa -27,62 kJ[x/mMonbs. CpegHue ynelbHbBIS
TEIJTIOEMKOCTH >KHMJIKOTO cnupTa U ero napa B npenenax ot 0 1o 780C coorBercTBeHHO paBHbI 2,418 n 1,597
JIx/(rxK). OnpenenuTs KOTUIECTBO TETUIOTHI, HeoOoxoaumoi s ucnaperus S00 r cnimpta npu 600C.

2.3. B cocyn, conepsxkamuii 0,001 M3 Boas! npu 200C, norpyskeHa >kene3Has
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mwactuHka maccoil 10 1, Harperas no 2000C. Yemy paBHO u3meHeHue sHTponuu, eciau CPFe(t) = 25,52
JIx/(monbxK), CPH20 (x) = 77,82 JIx/(MonbxK).
2.4. PaccuuTars TEmI0BOM APPEKT peaKiiu:
CH4 + CO2=2CO +2H2
IO CIEAYIOUIUM JaHHBIM:
CH4 + 202 = CO2 +2H20(r); DHO1 =-802,28 x/Ix; (1)
2CO + 02 =2C02; DHO02 = -565,96 xJlx; (2)
2H2 + 02 =2H20(r) ; DHO03 = -483,62 xJ{x. 3)

Tema 3. TepmoarHaMKKa MOJIEKYJIIPHBIX pacTBOPOB

1. Cxonpko rpammoB muriepuHa C3H8O3 Hamo pactBoputh B 90 T Boasl mpu 30°C, 4TOOBI MOHU3UTH
JaBiieHue napa Ha 266,5 I1a. JlaBnenue napa Boabl npu gaHHOM Temmneparype 4242,3 Ila.

2.Bpiuucnuth aaBiaeHue napoB BoAbl Haja 25%-HbIM (110 Macce) pactBopoM mitoko3bl C6H1206 mpu 20°C.
JlaBrieHre mapoB BOJBI IPU 3TOM TeMmneparype pasHo 23,1 rlla.

3.0npenenuTh TEMIEpaTypy KUAMEHHUs pacTBopa, coaeprkamiero B 1000 r Boxsr 0,01 mons xmopuna Gapus,
€CJTU KaXyIasicsi CTETIeHb AUCCOLUAIINK €T0 paBHA 87%. D0ymmuockonuueckas kKoHcTaHTa Boabl 0,512,

4.ITpu 25°C naBnenue napoB Boabl paBHO 32,3 rlla. Uemy paBHO JaBlieHHE MAapOB BOJIBI HAJl pacTBOPOM,
conepkamum 6 r MoueBuHbI B 180 r BoABI?

Tema 4. ®a30Bble paBHOBECHS
Bapuanr 1

1.1. Tenyora miaBieHUs METAJUIMYECKOTO CBUHIA paBHa 5188 JIx/Monb mpu TeMmiiepaType IUIaBICHUS
327,5°C. Bpluucnurh TeMIeparypy KpHCTAJUIM3alUMU pacTBopa, conepxkauiero 1% (Moin.) mnpumecei,
KOTOPBIE HE PACTBOPSIIOTCS B TBEPJOM CBUHIIE.

1.2. VYnenpHas Temora ucnapenusi amuioBoro crnupra CSH11OH npu temneparype kunenus 138°C u
nasienuu 1013 rlla pasua 592 xJ[x/kr. Onpenenuts napnenue napa npu 140°C.

Bapmuanr 2.

2.1. Temnora ucnapenus audTuioBoro 3¢dupa 360,2 k/x/kr mpu Temmeparype kurenus 34,66°C mon
nasienueM 1013 rlla. Berancnouts TeMneparypy kunenus rnpu 986 rlla.

2.2. Onpenenuts gasinenne HacoleHHoro napa CC14 npu 60°C, eciiu CC14 kunut npu 75°C u 1013 rlla,
a teruiota napoo6pazoBanus 30833,03 Jx/mMonb.

Tema 5. XuMnuueckne paBHOBECHS
Bapuanr 1
1.1. Berauciuth koHCTaHTy paBHOBecust Kp mist peakiuu C2H4 (1) + H20 (k) «» C2H50H(T)
npu Temrneparype 350°C u naBnenun 15199,5 klla, ecim 1gKf = - 4,8758 [kIla-1].

1.2. T'azoBas cmech coctaBa: 45% (00.) CO, 35% (06.) H2 u 20% (06.) H20 narpeBaercst no 1400°C.
PaccunTaTh paBHOBECHBIN COCTaB CMECH I'a30B

CO2 + H2 < CO + H20 (1),
€CJIM KOHCTAHTa paBHOBECHS NP 3TOH TeMrieparype paBHa 2,21.
Bapuant 2

2.1. Mns peakuun COCI2 < CO + Cl2 3aBUCUMOCTh KOHCTAHTBI PABHOBECHUS OT TEMIIEPATypPhl BBIpaXKaeTCs
ypaBuenueM lgKp = 5020/T + 1,751gT — 11,58.

Boruucnuts ternoBoii agdext peakuu npu 400 °C.

2.2. YcranoButh cBs3b o ¢ Kp ms peakuun C6H12 - C6H6 + 3H2 u paccuurars Kx u Kc, yuutsiBas, uro
peakuus mpoTekaeT B razoBoii daze npu t = 25°C; P=1 atm, a=10%

Tema 6. AncopOLMOHHBIE PABHOBECHS
Bapuanr 1.
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Jlns BOIHOTO pacTBOpa BasiepuaHoBOM kucioThl mpu T=273K koHctanTa ypaBHenus lllumikoBckoro b =
0,104 m3/monb, TIOHIAAb, 3aHUMaeMasi MOJEKYJIOW KHCIOTHI B HACHIIICHHOM aJICOPOIIMOHHOM CIIOE,
S0=2,6-10-19 m2. Ilpu Kakoil KOHIIEHTpALMU MOBEPXHOCTHOE HATSKEHUE PACTBOpA G OYIET COCTaBISAThH
50-10-3 JI>x/™m 2, ecnu MOBEPXHOCTHOE HATsKEHUE BOIBI cocTaBiser 75,5-10-3 [Tx/m 2.
Bapuanr 2.
[Tpu n3yuenuu apcop6buun 6poma yrieM 13 Bojbl ObIIH MOJYUYEHBI CIETYIOIUE JaHHbIE:

C, MOJIB/TI | 0.00259 0,00669 0,01708 | 0,0297
', MMoab/T | 3.1 4,27 544 | 6,8

Onpenenuth KoOHCTaHTHI ['c0 1 b B ypaBHeHun JIeHrMiopa.

Tema 8. Xumuueckasi KHHETHKA
Bapmuanr 1.
Peakuus nepBoro mopsiaka npoucxogut Ha 40% 3a 25 muH. CKOJIBKO HMCXOJHOTO BELIECTBA OCTaHETCS
HEeIpopearupoBaBIIuM yepes3 2 yaca?
Bapuanr 2.

MypaBbuHas KUCJIOTa pa3jlaraeTcsl Ha yIIIEKUCIIbINA ra3 U BOAOPOA Ha MOBEpXHOCTH 305i0Ta. KoHcTaHTa
ckopocTu 1o peakumu pu 1400C pasna 5,5%10-4, a mpu 1850C — 9,3x10-3. Haiitu TemrniepaTypHblii
K03(DQUIMEHT U PHEPTUIO AKTUBALIMY B YKa3aHHOM WHTEpBaJie TeMIepaTyp

Tema 10. Monuka
Bapuanr 1
1. ITpu 180C »>KBHUBaNIEHTHBIE IEKTPONPOBOIHOCTH MpHU OeckoHeuHoM pa3BeneHun KNO3, MgCl2 u KCl
COOTBETCTBEHHO paBHbI 126,2, 110,9 u 129,9 . Yucno nepeHoca anuona B pactBope MgCIl2 mpu stux
ycnoBusax paBHO 0,595. BbIYHCIuTh 5KBUBAJICHTHYIO AJIEKTPONPOBOAHOCTh MPU OECKOHEUHOM pa3Be/IEHUU
pactBopa Mg(NO3)2 u aGCoMOTHBIE CKOPOCTH BXOASIINX B €T0 COCTaB HOHOB.
2. PaccunTarpb 4MCIIO IEPEHOCA KATUOHOB M SKBUBAJICHTHYIO 3J1€KTponpoBoAHOCTh 0,1 H. pacTBopa AgNO3,
ecmu npu 180C abcomrOTHBIE CKOPOCTH JIBIDKCHUS KAaTHMOHA W aHUOHA COCTABJISIIOT COOTBETCTBEHHO
4,56x10-4 u 5,26x10-4 .
Bapuanr 2
1. YnenwHas snexkTponpoBogHocTh 30%-noro pactBopa H2SO4 nipu 180C pasna 0,7338

OwMm-1-cm-1, a ero mnotHocTh 1,223 1/cM3. BBIUMCIUTH KaXKYIIYIOCS CTENEHb TUCCOITMAIIMU KHCIIOTHI U
AKTUBHOCTH MOHOB BOJIOPO/IA, €CJIM MPEAEIIbHBIE MOJBHKHOCTH COCTABIAIOT = 315; = 68,4 .

2. Paccuurare cTeneHb AMEKTPOTUTHICCKON TUCCOIMaIiy Xjiopuaa 6apus B 3,29%-HoM pacTBope, eciin
ero temneparypa kunenus 0,2080C. E = 0,516.

Tema 12. KuneTHka 37€KTpOAHBIX IIPOLECCOB

Bapuanr 1
1. 9/1C xonuentparuonnoro sementa CdiiiiCd cocraBnser 4,36x10-2B. C1 = 0,05M, C2 = 0,0005M.
Koa¢p¢unuent axtuBHOCTH B mepBoM pactBope cocrtaBiuster: fl = 0,259. Paccumrars kodddunment

aKTMBHOCTH BO BTOPOM pacTBope, a Taxke DJ[C anemenTta, B kotopom BMecto C1 B3sta C3 = 0,02 M (3 =
0,370).

2. PactBop CuSO4 mnoxsepraercs 3j7€KTPOJIM3Y C MEIHBIM KaTOAOM M IIJIaTMHOBBIM aHOAOM. 3a BpeMs
AIIEKTPOJIN3A Ha KaTo/e OTIAOKUIOCH 6,35 T Meau. OObeM BBIACTUBILErOCS HA aHOAE KUCIOpOAa U3MEPHIIN

npu H.y. KakoB 00beM raza? CKOJBKO BPEMEHHU IMPOAOIDKAJICS 3JIEKTPOJIH3, €CIM CHJIa TOKa COCTaBIIseT
0,1A?

Bapuanr 2
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1. Bbluncnure NOTEHLMAN KAaIMHUEBOIO 3JIEKTpoJa, €ClM KaJMHeBas IUIacTUHAa mnorpyxeHa B 100 mi
pacTBopa, B KOTOpPOM cofiepkutTcs cynbgar kagmust maccoi 0,208 . Cpenuuii k03ppuiimeHT akTHBHOCTH
HOHOB B 3TOM pacTBope paseH 0,399. CrangapTHbIN NOTEHIIMAN KaIMUEBOTO 31eKTpoa paseH -0,403B.

2. Pa3HOCTh PAaBHOBECHBIX MOTEHIMAJIOB AIEKTPOAOB 3JIEKTPOJUTHYECKON BaHHBI paBHa 1,23 B. Haiitu
BBIXO/I 110 SHEPTHH ISl caeayroumx ycnosuii: ha = 0,7B, hk = 0,5B, Djom = 3B.

JabopaTtopHasi padora

Tema 6. AncopOLMOHHBIE PABHOBECHS
KoHTpoJibHbIE BONPOCHI JIS1 0TYETA 0 JIA00PATOPHBLIM padoTam
PaGora Nell Ancopbuus
1.YTo Ha3pIBaeTCs ajcopomueii?
2. O0BsICHUTE TIOHATHS «aJICOPOEHT» U «axcopoaTy.
3. Yem ommuaercs Gusznyeckas acopOomus OT XeMOCOPOIIHH.
4. B yeM CyIIHOCTbH NpaBHJia YpaBHUBAHU MOJsipHOCTEH Pebunaepa?
5. Kakue BbI 3HaeTe npaBuiia u30uparebHON aacopOIIuyu HOHOB?
6. Uto Takoe oOMeHHast afcopOIHs U TIe OHA TIPUMEHSIeTCs?
7. Kak Haiit k03 dUIMEeHTH YpaBHEHHS U30TepMBI ajcopommu Operinammnxa?
Pabora Nel2 M3ydenue cBs3u MEXy TOBEPXHOCTHBIM HATSHKEHUEM H a7COpOIHei
1. Yro HazbIBaeTcs aacopOuen?
2. Yt0 Takoe MOBEPXHOCTHOE HATSKEHHE?
3. Kakue BemiecTBa ABISIOTCSA MOBEPXHOCTHO-AKTUBHBIMU
(ITAB)?
4. Yto xapakTepHO IJisi CTPYKTYyphl MoJiekyn [TAB?
5. 3anummure ypaBaenus [ u66ca u llumkoBckoro?
6. Kak onpenenuTh KOHCTaHTHI ypaBHEHUs JIeHrMiopa?
7. Kak paccuutars Bennuuny ajacopOiuu [ mo JaHHBIM U3MEpeHus

Tema 8. Xumunueckasi KHHETHKA
KoHTpoabHBIe BONIPOCHI 1JIs1 0TYETAa N0 J1a00paTopHBIM padoTram
Pa6ora Nel3 OrmpeneneHrie KOHCTAHT CKOPOCTEH XMMHUECKUX PeaKuit
JlaliTe onpeneneHne CKOpOCTH XMMHYECKON PEAKIUU.
3anuIuTe KHHETUYECKOE YPABHCHHUE.
3anuiuuTe BBIPaKEHUS CPEHEN U MTHOBEHHOM CKOPOCTH XUMHUYECKOU pEaKIUu.
Kakune ucnonb3yrorcst METOIbl ONIPEACIICHUSI CKOPOCTEN peakuu?
Kakue peakuuu sIBISIOTCS KHHETUYECKH HEOOPaTUMbBIMH?
Pacckakute 0 KHHETHUECKON KJIaCCU(PUKAIIUNA PEAKITHI

o

3anumute tuddepeHanbHble YpaBHEHUS CKOPOCTEH peakuuii 1 U 2 MOPSIKOB U BBIPAKEHHS
KOHCTaHT CKOPOCTEM.

Tema 9. Karanus
KoHTpoJibHbIE BONIPOCHI JIf1 0TYETA 110 J1a00paTOpHOii padoTe
Pabota Nel4 Karanutuueckoe okuciienne K.
1 Yro Ha3pIBaeTCsl  KaTajau3om?
2 TlpuBecTu mpUMepbl  TOMOTE€HHOTO M I'€TEPOreHHOr0 Karainsa.
3 KakoBbl ~ XapaKTEpHbBIEC YEPThI FT€TEPOrC€HHBIX KaTaTUTUUECKUX MPOIECCOB?
4 B yem npuynMHa  yBEJIMYEHHS CKOPOCTH PEAKIMHU B IPUCYTCTBUU KaTaiauzaropa?.



5 N3o00pa3ure  SHEPreTUYECKyIo AUarpaMMy B TOMOT€HHOM U T'€TEPOT€HHOM KaTaln3e.

Tema 10. Monuka
KoHTpomnpHbIE BONPOCH sl OTYETa MO JabopaTopHbIM padoTam
Pabota Nel5 DnekTponpoBOAHOCTD ANEKTPOIIUTOB
1 Jlaiite  ompexaeneHue yaeabHON AMEKTPONPOBOHOCTH PACTBOPA SIECKTPOIUTA.
2 IloueMy  3aBHCHUMOCTb yAEJIBHOM IEKTPONPOBOJHOCTH OT KOHLIEHTPALIUH JIEKTPOJINTA
IIPOXOJUT YEPE3 MAKCUMYM.
3 Maiite  ompenencHUE SKBUBAJICHTHOM IEKTPONPOBOJHOCTH NIEKTPOJIUTA.
4 TlokaxkuTe, Kak Ha OCHOBE 3aKOHA KBaJIPAaTHOTO KOPHS MOXHO OMPENENTUTh A rpadudecKu?
5 3anummute  3aKkoH pa3BeAeHus OcTBanbaa.
6 Uto Takoe mOABUKHOCTHL MOHOB?
7 3anummte  3akoH Konbpaymia.
Pabota Nel6 KoHnykToMeTpuueckoe THTPOBAHHE
1 Ha yem ocHOBaH MeTOZ] ~ KOHAYKTOMETPHYECKOTO TUTPOBAHUA?
2 Hapucyiite rpaduk TUTPOBaHMS CHJIBHOW  KHCJIOTHI IIEI0YBI0 U OOBSCHUTE €TO.
3 Hapucyiite rpaduk THTpOBaHUS c1ab0il  KUCIOTHI IIEIOYBbIO U OOBSICHUTE €TO.
4 Hapucyiite rpaduK TUTPOBAHHS CMECH  CHUJILHOM M CJIa00# KUCJIOT MIEIOYbI0 U OOBSICHUTE €TO.
5 Kakas KucioTa B CMECH TUTPYETCsl  LIEJIOUbIO NIEPBON U IIoYeMy?

PaGora Nel7 Yucna nepenoca
1 Yto Ha3bIBAETCS YUCIIOM NEepeHoca?
2. Ot kakux (aKTOpOB 3aBUCAT YHCIA NepeHoca?
3. Yemy paBHa cymMa yucel neperoca’?
4. Kaxum METO0M MO)KHO OIIPENEIUTh YUciia nepeHoca’?
Pabota Ne 18 Kpuockomnus
1 Ilouemy pacTBOp  HEJETY4YEro BELIECTBA 3aMep3aeT mpu Oosiee HU3KOI Temmeparype, 4eM YUCThIH
pacTBOpHUTEND?
2 Kak cBsI3aHO MOHW)KEHUE  TEMIIEpaTypbl 3aMEP3aHusl pacTBOPA C €10 KOHIIEHTpaLuei?
3 KaxkoB usnueckuii CMBICI  KPHOCKOMUYECKON KOHCTAHTHI?
4 3aBuCHUT 1M BEJIMUMHA  KPHUOCKOIHMYECKOW KOHCTAHTHI OT MPUPO/IBI pacTBOpEeHHOro BeecTBa? Kak
ee  paccuurarb?
5 JIns KakMX BEIIECTB  MOXKHO OIPENEIUTh MOJIIPHYIO MAacCy KPUOCKOIIMYECKUM METO0M?
6 KakoB usnueckuii CMBICI  M30TOHHYECKOTO KO3 duimeHTa?

Tema 11. TepmoguHaMuKa 3IEKTPOAHBIX MPOILECCOB

KoHTposibHBIE BONPOCHI VIS 0TYETA 10 J1a00PaTOPHBLIM padoTam
Pabota Nel9 DnexkTpoaBrKyIue CUITbI M SJICKTPOIHBIC TOTECHITAATIBI

1 Yro Ha3bIBaeTCs  DIEKTPOXMMHUYECKHM BJIEMEHTOM?

2 TlpuBenute mpumMep  OOpPaTUMOTO AJIEMEHTA, 3aIUIINTE
ypaBHEHHE peaKIiny, MpoTeKkatomield B Hem, 1 popmyiy SC.

1 Kak BO3HMKaeT  CKa4OK MOTEHIHAIA Ha 3JIEKTPOJIE B pacTBOpE?

2 Yro Ha3bIBa€TCA  DIEKTPOAHBIM IOTEHIUAIOM?

3 UYro npencraBiser  cOOOM CTaHAAPTHBIM BOJOPOIHBIN AIEKTpOa?

4 Kakue TUIIBI  2JIEKTPOZIOB BBl 3HaeTe?.

5 Pacckaxute 0 KiIacCH(pUKAIMK SICKTPOXUMUYECKUX AIEMEHTOB?

6 Yto takoe  audQy3uOoHHBINA TOTCHIHAN?
Pa6ota Ne20 Onpenenenue pH metogom 9J1C
1. Yro mpencraBnsieT coO0i BOTOPOTHBINA IIEKTPO/I.
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2. 3anumuTe GopMyiTy MOTEHIIMANIa HECTAaHJAPTHOTO BOJIOPOJHOTO JIEKTPOAA.
3. BriBecTu dhopmyiy aiis pacuera pH mpu HCTIOIb30BaHUH BOAOPOTHOTO IEKTPOIA.
4. Yto Takoe XMHTUAPOHHBIN 3eKTpoa? BriBecTu popMyiy ero nmoreHmuaia.
5. BeiBectu dhopmyiy aiis pacuera pH mpu MCTIONb30BaHUM XUHTHAPOHHOTO JIeKTpoia?
6. Uto Takoe OydepHbIe pacTBOpPHI, OydepHast eMKOCTb?
Pabora Ne21 TloTeHIIMOMETpPUYECKOE TUTPOBAHUE
1. B 4eM cymHOCTh METOJA NOTEHIIMOMETPUUECKOTO TUTPOBAHUS?

2. KakuMm TpeOGoBaHMIM JOKHBI YIOBICTBOPATH PEAKIIUH, UCIIOIB3yEeMbIE B TIOTCHIIMOMETPUYECKOM
agannse?

3. Kakoil 351eKTpo/1 Ha3bIBAETCSI MHAUKATOPHBIM.

4. Tlo xakoMy NMpHU3HAKy NOAOUPAIOT HHIUKATOPHBIN 3JIEKTPOJ] B MOTEHIIHOMETPUYIECKOM TUTPOBAHUH.
IIpuBenuTe npuMepHI.

5. Kakue nHAMKaTOpHBIE AEKTPObI IPUMEHSIOTCS B pEaKLUU HEUTpanu3anuu?

Tema 12. KuneTHka 37€KTpOAHBIX ITPOLECCOB
KoHTponpHbIE BOMPOCH! Il 0TYETa 10 JabopaTopHBIM paboTam
Pabota Ne22 HanpsoxeHue pazioKeHus
1. Yto Takoe nonsgpuzauus?
2. B 4eMm cyImHOCTb 3EKTPOXUMHUECKON Mosigpu3anuu’?
3. B yeM cyniHOCTh KOHIIEHTPAMOHHOW MOoisipu3anuu’?

4. 3anucath ypaBHEHUS peaklUid, MPOTEKAIONINX Ha AIEKTPOAaX MPH EKTPOIN3E KUCIOPOACOACPKAIIIX
KHUCJIOT U LIejI0ouen

5. 3anmcars ypaBHEHUS peakluii, MPOTEKAIOIUX Ha AIEKTPOAAX MPH EKTPOJIN3E CONeH OECKUCIOPOIAHBIX
KHCJIOT.

Pabota Ne23 Kynonomerpus

1. Chopmymupyiite 1 3akon @apajies U 3aMUIIATE €0 BEIPAXKCHHE.

2. Chopmynupyiite 2 3akoH Dapajes 1 gaiiTe ero MaTeMaTH4eCKOe BEIPAKEHUE.
3. Kakue nporiecchl MpOTEKarOT Ha aHoze U katoae? [Ipumepsl.

4. YTo Takoe BBIXOJ IO TOKY?

5. YUrto nmpencraBiseT co00i KyJTOHOMETP?

Pabota Ne24 AnonHast u KaToJHast MOJSIPU3ALMOHHBIE KPUBBIE HA METAJLIE.

1. Yro Ha3bIBaeTCs TOKOM 0OMeHa?

2. Yro Takoe noisipusanus eKrpoaa’?

3. Kak 3aBucuT BeIMYMHA MOISPHU3AIAN IEKTPOAA OT TOKa oOMeHa?

4. HapucyiiTe MONHYIO KPUBYIO aHOIHOM MOJIAPU3aLUU U YKQKUTE HAa HEH XapaKTEpHbIE TOUKH.
5. B 4em nmpuuuHa naccuBanuu meraia’?

6. Kaknmu crmoco6aMu MOXHO JJOCTUYB TACCHBHOTO COCTOSIHHSI MeTasuta?

Tema 13. Teopus 3neKTPOXUMHUYECKON KOPPO3UH METAIIOB
KoHTpoJsibHBbIE BONIPOCHI /1JIs1 0TYETA 110 JIa00OpaTOpHOM padore
Pabota Ne25 Koppo3us u 3amura MeTaios.
1. Yto Ha3bIBaeTCs KOPpO3UEH MeTaia?
2. B yem npuumHa Koppo3uu?
3. [lepeunciure MeToIbI 6OPHOBI C KOPPO3HUEH.
4. Kaxkue UCIOIb3YIOTCS CIIOCOOBI BEIPAXKEHUSI CKOPOCTU KOPPO3UH?
5. KakoB MexaHu3M JeHCTBHsI HHTHOUTOPOB KOPPO3Un?
6. Kaxue ncnonb3yroTcsi KOTM4eCTBEHHBIE MTOKa3aTean 3((HEKTUBHOCTH IEHCTBUS HHTHOUTOPOB KOPPO3HUH.
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TecrupoBanue

Tema 1. Beenenue B Gpu3n4ecKyIo XUMHUIO

1. IIpenmeToM HcCIenOBaHUS XUMUYECKON TEPMOJIMHAMUKHY SIBIICTCS:

Y
2)
3)
4)

TepmoanHaMuueckas cucTema;
XuMUYECKas peaKius;
DJEeKTpUUYECKHE ITPOLIECCHI;
OtnenbHbIE MOJIEKYJIBL.

2. Paznen pusnueckoit XuMuM, U3y4aromuid CKOPOCTH XUMHUYECKUX PEAKIINI, NX 3aBUCUMOCTH OT
KOHIIEHTpAINi pearupyomux BelecTB, TEMIepaTyphl, JaBICHUS, HATMUHS KaTaau3aTopa U Apyrux
(haKTOpOB, HOCHT Ha3BaHUE:

Y
2)
3)
4)

a) YYCHHE O MIOBEPXHOCTHBIX SIBIICHUSX,

0) TepMOIMHAMHUKA XUMHUYECKUX TPOIECCOB,
B) XMMUYECKasi KHHETHUKA,

I') CTaTUCTUYECKas TEPMOINHAMUKA.

3. Yto n3ydaer TepMoIuHaAMUKa?

1)
2)
3)
4)

Ter1oBbIe 3PP EeKTH 1 padoTy, cCoBepIIaeMble MPU PU3NIECKUX U XUMUIECKUX U3MEHEHUSIX CHCTEM;
CKOPOCTSL Iepeaadr TCIIJIOTHI OT OAHOIO TCJIa K IPYTOMY;

CKOPOCTh COBEPIICHHUS padOTHI B CHCTEME;

CKOPOCTH ABUXKCHUSA CUCTEMBI B IPOCTPAHCTBC

4. DnexTpoaMKa pacCMaTpUBAacT:

1) cBOlicTBa PacCTBOPOB AJIEKTPOJIUTOB;

2) 3IEeKTPOIHBIE MPOLIECCH HA TPAHUIIE AIEKTPOJI/PacTBOP;

3) DneKkTpomHbIe POLIECChl HAa METaJIIE;

4) Ilpouecc pacnaja MOJIEKYI Ha HOHBI.

5. Tepmoxumus — pa3aen TEPMOJUHAMUKH, U3yHarOIIHA:

1y
2)
3)
4)

B3anMOCBsI3b MEKTPUYECKUX SIBJICHUH U IPOLIECCOB;

TermoBbie 3P hEKTh XUMHUYECKUX PEAKIIHIA;

3aBUCUMOCTb CKOPOCTH XMMHUYECKUX PEAKLUI OT BHEIIHUX YCIIOBHIA;
B3aumocBs3b XMMHUECKHUX IPOLECCOB C MOMIOMIEHUEM WIIM UCITyCKaHUEM CBETa

6. Y4ueHne 0 XUMHUYECKOM PaBHOBECUU U TEPMOAMHAMUKA PaCCMATPUBAIOT:

1)
2)
3)
4)

TOJIKO Ha4aJbHOE M KOHEYHOE COCTOSIHUE CHCTEMBI,
MEXaHHM3M IpoIiecca,

CKOPOCTB, C KOTOPOH CHCTEMa JOCTUTAET paBHOBECHS,

BJIIMAHUEC BHCIIIHUX q)aKTOpOB Ha CKOPOCThb JOCTHIKCHUS PABHOBCCHUS

7. B doToxuMum paccMaTpuBaroOTCs

1)

3aKOHOMEPHOCTH BIMSIHUSL ANEKTPOMArHUTHBIX KoJieOaHUH HH(paKpacHOrO U BUJIMMOTO y4acTKOB

CIEKTpPa Ha PEAKIIMOHHYIO CIOCOOHOCTh XMMHUYECKHX CUCTEM.

2)

3aKOHOMEPHOCTH BIMSIHUS AIEKTPOMATHUTHBIX KOJIEOaHUH BUIMMOTO U yABTPadHOIETOBOTO YHaCTKOB

CIEKTPa Ha PEAKIIMOHHYIO CIOCOOHOCTh XMMHUYECKHX CUCTEM,

3)

3aKOHOMEPHOCTH BIMSHUS 0COOEHHOCTEH BHYTPEHHETO CTPOEHUS pearupyronfx MOJIEKyI Ha UX

XUMHNYCCKYIO aKTUBHOCTD.

4)

0COOEHHOCTH MPOTEKAHUS PEAKIIH O] BIUSIHUEM PaJHMOAaKTUBHOTO U3ITy4EHUSI.

8. DnexkTpoxuMust — pazaes pu3nIecKoil XUMHH, U3YUYaIOIINN:
1) TerutoBsie 3¢pekTrl, conmpoBoXkaatoNINe HU3NIECKUE U XUMUYECKHE U3MEHEHHUSI CHCTEMBI;
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2) DIIEKTPUYECKHUE SIBICHNUS;
3) 3aKOHBI B3aUMOCBSI3H NEKTPHUUECKUX U XUMUYECKHX SIBIICHUIA;
4) YcnoBusi, HEOOXOAUMBIE Il CAMOIIPOM3BOIBHOTO MPOTEKAHUS IPOIIECCOB.

9. Paznen puzmdeckoit XuMHUH, U3ydaronui agcopOIMOHHBIC MTPOIIECCHI U SIBJIICHUE TOBEPXHOCTHOTO
HATSHKCHUS M MX 3aBUCHMOCTH OT Pa3IMUHbIX (DAKTOPOB HOCUT Ha3BaHUE:

1) ydeHue 0 MOBEPXHOCTHBIX SIBICHUSX,

2) TepMOAMHAMHUKA XUMUYECKHUX MPOIIECCOB,
3) xumHuyYeckas KHHETHKa,

4) cratucTHuYecKas TEPMOANHAMUKA.

10. Xumuueckass KHHETHKA — 3TO pasfien pu3. XUMHH, pPaCCMaTPHUBAIOLIHIA:
1) yueHHe 0 XUMHUYECKOM PaBHOBECUHU U (Ha30BbIC PABHOBECHS;

2) CKOpOCTH XMMHUYECKUX PEaKIHii U (PaKTOPbl, BIUAIONINE HA HUX;

3) BO3MOXXHOCTb WJIM HEBO3MOXKHOCTb IPOTEKAHUS XUMUUECKUX PEAKIIUH,
4) B3aUMOCBS3b XMMHUYECKUX PEAKLUHN U IEKTPUUECKUX SIBICHUH.

Tema 2. OCHOBBI XMMHUYECKOW TEPMOINHAMUKH
1. B xakom mporiecce paboTta paBHa HYJIO?
1) nzoxopHoM;
2)A30TEepPMUYECKOM;
3)uzobapHOM;
4)annabaTHOM.
2. Ilpm Bcex mpoleccax M SBJICHUAX CyMMapHas SHEPrusi BCEX YacTeH MarepHallbHOM CHCTEMBI,
Y4acTBYIOILIEH B IpoLecce:
1) YMmenbiaercs
2)¥YBenuuuBaercs,
3) He usmensiercs;
4) CHauana yBeJIMYMBACTCS, 3aTEM YMEHBIIIACTCS.
3. M3orepmudeckuii mpouece - 3T0 Npouecc, MPoTeKaroIIUi:
1) Ilpu moCTOSHHOM JaBJICHUH;
2) Ilpu mocTossHHOM 00BEME;
3) [Ipu mocTOSIHHOM TeMIIepaType;
4) Ilpu noCTOAHHOIN BHYTPEHHEN SHEPTUU.
4. Kakas u3 GopMyJIUpPOBOK SIBISETCS 2-M 3aKOHOM TEPMOTUHAMUKH ?
1) EnvHCTBEHHBIM Pe3yIbTaTOM JIFOO0I COBOKYITHOCTH MPOIIECCOB HE MOXKET OBITh MEePEXOJ] Terjia OT
XOJIOTHOTO TeJa K TOpPSYeMy.
2) Beunslii aBurarens 1-ro poga HEBO3MOXKEH;
3) TemnoTa, NOMIOLIEHHAs CUCTEMOI, pacXOAyeTCsl Ha COBEpILEHUE padOThl U U3MEHEHUE BHYTPEHHEH
SHEpPTUH;
4) TemuoTa B 0011IeM cilydae He SBIsieTCsl PyHKLIMEH COCTOSIHUSI CUCTEMBI.
5. 3akoH Kupxroddha B HeOONBIIOM HHTEPBAJIE TEMIIEPATYPhl 3aMTUCHIBAIOT:
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6. OOpaTuMBIii IPOIIECC — ATO:

1) PaBHOBecHBIN TpolleCcC, MPOTEKAIOIINA B TIPSIMOM, 3aTeéM B OOpaTHOM HaIlpaBJICHUU TaK, YTO CHCTEMa
BO3BpAIIAETCS B UCXOTHOE COCTOSHUE;

2) PaBHOBecHBI TIporiecc, MPOTEKAIOITUI B IPSIMOM, 3aTe€M B 0OpaTHOM HampaBJICHUH TaK, YTO CUCTEMA U
OKpY’Kalolllasi cpeia BO3BPAIAIOTCS B UCXOAHOE COCTOSTHUE,

3) [Ilpomecc, mpoxondmuid B TPsIMOM W OOpaTHOM HAmpaBIICHUH 4Yepe3 OAHHM M TE€ K€ COCTOSHUS,
OECKOHEUHO OJM3KHE K PABHOBECHIO;

4) Tlpouecc, MpOXOASIIMA B TPSIMOM W OOpaTHOM HAmNpaBIICHWH Yepe3 OAHHU M TE€ K€ COCTOSHUS,
OeCKOHEUHO OJIM3KHE K PABHOBECHIO TAK, YTO CUCTEMAa BO3BPAIIAETCS B UCXOHOE COCTOSHUE;

7. BeuHblil ABUTATENH BTOPOTO PO/Ia HEBO3ZMOXKEH, TaK KaK:

1) HeB03MOXXHO MOCTPOUTH MAIIMHY, KOTOPAast MPOU3BOIMIIA ObI pabOTy 3a CUET COBEPIICHHSI [IMKIMYECKOTO
Mpoliecca B U30JIMPOBAHHON CUCTEME;

2) HeB03MOKHO MOCTPOUTH MAIIIMHY, KOTOpasi MPOu3BoaAnia Obl paboTy 3a CUET TEeIUIa OKPY>KAIOIIEH CPebl,
OoJiee HArpeToi, 4YeM caMa CHCTEeMa;

3) HeB03MOXHO MOCTPOUTH MAIIMHY, KOTOpasi Mpou3Boania Obl paboTy 3a CUET TeTia OKPYKaroIel Cpebl,
He OoJiee HATPETOM, YeM caMa CHCTEMa;

4)HeB0O3MOXXHO TIOCTPOUTH MAIIMHY, KOTOPAast MPOU3BOIMIA ObI paboTy 3a CYET COBEPILCHUS IUKITUIECKOTO
Mpo1lecca B HEU30JIUPOBAHHOU CUCTEME.

8. Iloctynar Knay3uyca riiacut:

1) Ternora Hanbosee XOIOAHOTO U3 YYaCTHUKOB MPOLIecca HE MOXKET CIYKUTh HCTOUHUKOM PalOThI;

2) EAMHCTBEHHBIM pe3ylIbTaToOM JIF000M COBOKYITHOCTH MPOIIECCOB HE MOXKET OBITh MEPEXO0/] TeTia OT MEHee
HArpeToro Tena 0ojee HarpeToMy;

3) Temora Hanboee TOpSYETro U3 YYACTHUKOB MPOIECCa HE MOXKET CIIYKUTh UCTOYHUKOM PabOTHI;

4) EnvHCTBEHHBIM pE3yJIBTaTOM JIF000H pabOoThl MOXKET OBITh MEPEeXoJ| TeIla OT MEHEE HarpeToro Teja
0oJiee HarpeToMy.

9. B u3011MpOBaHHON CUCTEME CAaMOTIPOU3BOJIBHBIN MPOLECC BOBMOKEH, €CITU:

1) OHTpOonUs yMeHbIIAETCS;

2) DHTpONHUs CHaYajda YMEHBIIIAETCS, 3aTeM YBEIININBACTCS,

3) DHTpOIUS HE U3MEHSIETCS,

4)3HTpomnHs YBEITNINBACTCA.

10. B kakux eIMHHIIAX BHIPAXKACTCSI MOJIbHAS TETNIOEMKOCTh?

1) x/(momb.Tpan);

2) Ix/(r.rpan);

3)ox;

4) dx/rpan;

Tema 3. TepmoarHaMKKa MOJIEKYJIIPHBIX pacTBOPOB

1. Kak otnmuuaercs temmneparypa 3aMep3aHus pacTBOpa OT TeMIEpaTypbl 3aMep3aHusl YUCTOTO
pacTtBopuUTEIS?
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1) ona Huxe; 2) OHA paBHA T-pe 3aMEp3aHusl PACTBOPUTES; 3) OHA BbIIlIE;4) OHA MHOT'O BBILIE.
2. Kakoe naBiieHrEe TPOTUBOMOJIOKHO MO HAMPABICHUIO OCMOTHYECKOMY ?
1) runpocraruueckoe; 2) TMIEPTOHUYECKOE; 3) TUIIOTOHUYECKOE; 4) N30TOHUYECKOE.
3. Bo ckonbko pa3 HOpMaJIbHOCTh OoJibiie MoJIIpHOCTH pacTBopa AICI3?
1)B2; 2)B4; 3)B3; 4)B 1,5.
4. Korja KOMITOHEHT CaMOITPOU3BOJIBHO TIEPEXOUT U3 2-i (a3bl B 1-yio?
1) ecu ero XMMHUYECKHIA TOTEHIIMAT MEHbIIE B 1-0if a3ze;
2) eciii ero XMMUYECKHI MOTeHITMal 0obIe B 1-0it ¢ase;
3) ecnir 06veM B 1-0if (haze Gombliie;
4) eciiu Temriepatypa B 1-oi aze Oonbiie.
5. YKkaxkute BbIpaXKeHHUE 3aKOHA Payiis Ipu BBICOKUX TeMIIepaTypax.
1) fi=fi0xi; 2)m=c2RT;, 3)pi=Pxi; 4)p=1n/v)RT;
6. Kak omnyaercs naBneHue napa Haj pa30aBIeHHBIM paCTBOPOM HEJIETYUYEro BEIECTBA OT JaBJICHUS Mapa
HaJ1 YMCTBIM pacTBOpUTETIEM?
1) oHo HMKE; 2) OHO BhIIIE; 3) ONMHAKOBO; 4) OHO MHOTO BBIIIIE.
7. Yto HabmogaeTcst mpu 0OpaTHOM ocMoce?

1) NpOHMKHOBEHHE pacTBOPHUTENS W3 pPacTBOpa Yepe3 MOJYNPOHULIAEMYIO IEpPErOpoaKy B YHCTBIN
pacTBOPUTEID;

2) NPOHUKHOBEHHE PACTBOPEHHOIO BEILIECTBA M3 pacTBOpa 4epe3 IOJYNPOHHUIIAEMYIO IEPErOpoAKy B
YUCTBIA PACTBOPUTEIID;

3) IPOHUKHOBEHUE PACTBOPUTEIISL YEPE3 MOIYITPOHUILIAEMYIO TIEPETOPOJIKY B PACTBOD;
4) BBIZICTICHUE TEIUIA.

8. Kakue pacTBOpbI Ha3bIBAtOTCSI THIIEPTOHUYECKUMHU?

1) c oMOTHYECKHUM JJaBJICHUEM > ATAJIOHHOTO;

2) c OMOTUYECKM JaBJICHUEM < 3TAJIOHHOIO;

3) ¢ OAMHAKOBBIM OCMOTHUYECKUM JaBICHUEM;

4) ¢ HEOIMHAKOBBIM OCMOTHYECKUM JIABJICHUEM;

9. Uto cobupaeTcs B KOHJEHCATe MPHU MEPErOHKE PacTBOPA, COOTBETCTBYIOIIETO UarpaMMe ¢ MUHUMYMOM
Ha KPpUBOM TEMIEPATypbl KUTICHUS ?

1) YUCTBIN KOMIIOHEHT; 2) a3€0TPOIT; 3) CMECh KOMIIOHEHTOB; 4) HUYETO.

10. Yemy paBHa TemaoTa CMEIIEHNS KOMIIOHEHTOB UI€AJILHOTO pacTBopa?

1) HyneBo# Benu4uHE; 2) MOJOKUTEIHLHON BEIMYHUHE; 3) OTPUIIATEIHHON BEIMUNHE;
4) cyMMapHOH BEJIMUYUHE.

Tema 4. ®a30Bble paBHOBECHS
1. Kakoe u3 ypaBHeHuil siBnsiercst yp-uuem Kitaneitpona-Knaysuyca?
1)dP/AT=NM[T(V2-V1)]; 2)pv=nRT; 3)A'max=-Qp+ T (dAmax/dT)p; 4)G=H-TS.
2. B kakux koopaMHaTax HY>KHO MOCTPOUTH TpaduK, 4TOObI rpadUueCcKUM METOIOM OMPEEIUTh TEILUIOTY
ucnapeHus?

1) InP=1(1/T); 2) V=A1(P); 3) P=1(T); 4) P={(xi).

3. Ykaxute yp-uue Knaneiipona-Knaysuyca, npeodpazoBaHHOe I IPOIIECCOB UCTIAPEHUS M BO3TOHKHU.

1) dInP/dT = A/(RT2); 2) pv =nRT; 3) A'max=-Qp + T (d A’max/dT)p;

4) G=H-TS).

4. CocTaBISIOIINE BEIECTBA CUCTEMBI— DTO BEIIECTBA:

1) KoTOpBIE HE MOTYT OBITH BBIJCIICHBI; 2) HAUMEHbIIEE YHCIO KOTOPBIX TIOCTATOYHO JJIs1 00pa30BaHUs BCEX
¢a3; 3) KoTopele MOTYT OBITH BBLIEICHBI M MOTYT CYIIECTBOBaTh BHE CHUCTEMBI; 4) KOTOpbIE HE MOTYT
CYLIECTBOBATH BHE CUCTEMBI.

5. IIpaBuio ¢a3 ['m66¢ca rmacur:

1) Yucno creneneit cBOOOABI paBHOBECHOM reTepOTeHHOM CUCTEMBI, Ha KOTOPYIO U3 BHEITHUX (DAKTOPOB
BJIMAIOT TOJIKO TEMIIEpaTypa U AaBJICHHE PABHO YUCIY KOMIIOHEHTOB + 1 U 3a BbIUeTOM yucia ¢as;



2) Yucno creneHeit cBoOOAb paBHOBECHOM reTePOTeHHOM CUCTEMBI, Ha KOTOPYIO U3 BHEITHUX (DAKTOPOB
BIIMSIIOT TOJIKO TEMIIeparypa U JaBlIeHHe paBHO yucity ¢a3 + 1 U 3a BRIUETOM YHCIIa KOMIIOHEHTOB;

3) Yucno creneneil cBOOOABI PAaBHOBECHOW I'eTEPOr€HHOW CHUCTEMbI, Ha KOTOPYIO M3 BHEHIHHUX (PaKTOPOB
BIIMSIIOT TOJIKO TEMIIeparypa U JaBJIeHHE PAaBHO YUCITY KOMIIOHEHTOB + 2 W 3a BRIYETOM yucia (a3,

4) Yucno creneHeit cBoOOAb paBHOBECHOM reTepOTeHHOM CUCTEMBI, Ha KOTOPYIO U3 BHEITHUX (DAKTOPOB
BJIMSIIOT TOJIKO TEMIIeparypa U JAaBJIeHUE PaBHO YyuCTy ¢a3 + 2 U 3a BEIYETOM YHCIIa KOMITIOHEHTOB.

6. ®a3za - 370:

1) roMoreHHas 4acTh reTePOreHHOM CUCTEMBI; 2) TeTEPOreHHAs YaCTh TOMOT€HHOU CHCTEMBI; 3) TaKOTro
MOHSTHSI HE CYILIECTBYET; 4) KPUCTAIIINUYECKOE BEIIECTRBO.

7. Uucno KOMIOHEHTOB CUCTEMBI, B KOTOPOM MPOTEKAET peakilusi, paBHO:

1) unciy Bcex MHIMBUAYATbHBIX BEIIECTB CUCTEMBI; 2) YUCIY BCEX BEIECTB, HAUMEHBIIEE YUCIO KOTOPBIX
JOCTAaTOYHO I 00pa3oBaHus BcexX (a3; 3) YyhCIy BCEX BEIIECTB, KOTOPBIE MOTYT OBITh BBIJICIEHBI U MOTYT
CYLIECTBOBATh BHE CUCTEMBI; 4) UHCIy BCEX BEILECTB, KOTOPHIE HE MOTYT CYILIECTBOBATh BHE CUCTEMBI.

8. DBTEKTHKA — DTO:

1) Takas cMech JIByX BEIIECTB, KOTJa NMPH KPUCTAIIU3AMHA 000X KOMIIOHEHTOB OCTAETCSl MOCTOSIHHBIM UX
NEPBOHAYAIIBHBIN COCTaB; 2) Takasi CMECh JBYX BELIECTB, KOTAA MPU KPUCTAJUIN3ALUN 000UX KOMIIOHEHTOB
UX COCTaB HE COBNAJAET C IEpBOHAYAJIBHBIM;  3) Takas XKHJAKas CMECh BEIIECTB, KOTOpas He
KpUCTAJIM3YETCsl IIPU MOCTOSHHOM TemmepaTrype; 4) Takas KpUCTaJJIMYecKash CMECh BEUIECTB, KOTOpas
IIJIABUTCS B HEKOTOPOM MHTEPBAJIE TEMIIEPATYP.

9. B cucreme CaCO3, H20, NaCl koMIoHEHTaMH CHCTEMBEI SIBJISIOTCS:

1) nBa BemiecTBa; 2) Tpu BemiecTBa; 3) OAHO BEIIESCTBO; 4) HM OJHO BEIIECTBO HE SIBISETCSA
KOMIIOHEHTOM JaHHOW CUCTEMEI.

10. Yem ompenensiercs To, uto (dP/dT)mr < 0 gyist Bogsi?
1) Tem, uto pT < pK; 2) TeM, 4TO pra3 < px; 3) TeM, YTO pT > pK;  4) TeM, uTo pras < pT;

Tema 5. XumMuyeckue paBHOBECUS
1. YcinoBue XUMHUYECKOTO PAaBHOBECHS B OOIIIEM BHUJIE

1) Svu=0 mpu T=colst u P=const)’ 2)dG > VdP - SdT + Z u.dn

2. J1ng naeanbHBIX paCTBOPOB KOHCTAHTA PAaBHOBECHS BBIPAXKAETCA:

v, v,
]_[ C ]-_-[ ax.pnan

K :ﬂ;z K“:—I;

R, N T,

AR (PN oy
: H P ::FM'EH ? l_-[ '1-?:;:1 pasH

3. IloBbImIeHHE AaBICHHUS JODKHO CMEIIATh XHMUYECKOE paBHOBECHE

1) B cropoHy 006pa3oBaHus OOJIBIIET0 KOJIMYECTBA MOJIb a3000pa3HbIX MPOILYKTOB;
2)B CTOpOHY 00pa3oBaHMsI OOJBIIETO KOJIMYECTBA MOJIb )KHIKUX MMPOTYKTOB;

3)B cTOpOHY 00pa30BaHUsI MEHBIIIETO KOJTUIECTBA MOJIb KHUIKHX MIPOTYKTOB:

4) B CTOpOHY 00pa30BaHMs MEHBIIIETO KOJTMYECTBA MOJIb Ta3000pa3HBIX MPOTYKTOB.
4. B unterpanbHoil popme ypaBHeHue uzoxopsl Bant-I'odda nmeer Bu:
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1)In Ky _AH(T, -T)) ; 2)In K. = AU, - 1)) 5
IS.F';_.[ RIII: K{_l R_?Ij:
E}dlnf(r AU | 4]fe’anP AH
dT  RT*’ T RTE

5. TennoBas Teopema HepHcTa rmacur:

1) B KOHIEHCUPOBAHHBIX CHCTEMaX U - KPUBBIE CIMBAIOTCS BOMW3U aOCONIOTHOTO HYIsA, 00pa3yst oOIIyro
kacarenbHyto npu T = 0 K, napaniensHyto ocu reMieparyp;

2) B KOHICHCHPOBAHHBIX CHCTEMax BOMM3M aOCOJIOTHOTO HYyJs, ainreOpawdeckass cymMMa BCeX
TEIUIOEMKOCTEN paBHA HYJIIO;

3) B KOHJCHCHPOBAHHBIX CHCTEMaX U - KPUBBHIE CIMBAIOTCS BOMU3U aOCONIOTHOTO HYIsA, 00pa3yst OOIIyIo
kacaresnbHyto npu T = 0 K, napaniensHyto ocu reMieparyp;

4) B KOHJIEHCHPOBAaHHBIX CHUCTEMax BOJHM3M a0CONIOTHOTO HYJS SHTPONHS HE YBEIUYMBACTCS, M HE
YMEHBIIAETCs, OCTABasICh MOCTOSIHHOM.

6. KoHcTaHTa MHTErpUpOBaHMs ISl Ta30BbIX PEAKIMI paBHa!

DI=RYv,j; 2)I=-AH"> v,j;

3) 1=-RYv,j> I1=AH"S v j -

7. U3 Teopembl HepHcTa ciemyer, 4TO CyMMBbl TEIUIOEMKOCTEH MCXOIHBIX W KOHEUYHBIX BEILECTB B
KOHJIEHCUPOBAaHHBIX CHCTEMaXx MpHU abCOIIIOTHOM HyJIE TEMIIEpaTyp:

1) onuHaKOBEI M HE PaBHBI HYIIO; 2) OMUHAKOBHI M paBHBI HYJIIO;

3) HE OIMHAKOBBI U HE PAaBHBI HYJIIO; 4) MOTYT paBHATBHCA HYJIO, @ MOTYT U HET.

8. Pacuet paBHOBeCHI B KOHJICHCUPOBAHHBIX CUCTEMAX MPOU3BOIAT 34 CUET:

1) HaxoxaeHWs TeMIepaTypbl, IpPU KOTOPOH HMEET MECTO PpAaBHOBECHUE MEXAYy pearupyrommmMu
BELIECTBAMU I€TEPOT€HHOMN CUCTEMBI;

2) HaxOX/ICHHUSI KOHCTAHTBl PABHOBECHUS 10 NapIHaIbHBIM JIABJICHUSM YYaCTHUKOB;

3) HaXOX/I€HNS KOHCTAHThI PABHOBECHS M0 KOHLIEHTPAIUSIM YYaCTHUKOB;

4) HaXOXKAEHUS TEMIIEPATYPhI IO MOJBHBIM JI0JSIM YUYaCTHUKOB.

9. B nuddepennuansHoit popme ypaBHeHHE n300apbl Bant-I'odda nmeer Bum:

K . K . AU(T. —
in o2 - AT 1), 2)in ez = AU 1),
K, RT.T, K., RTT,
3}danf AU 4}danp AH

dT RT*’ dT  RT*’

10. [Inst peanbHBIX Ta30B KOHCTAaHTA PABHOBECHSI BBIPAXKACTCA:



H H . PO8H l_[-f:.r;-lﬁsﬁ
K A o

K. pm::'r « H, PaaH

]'_[ .:Ix TEN

S}Kp E K. _I-’fn-:fH - 4)Kf = —nibf
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Tema 6. AncopOIimoHHBIE PABHOBECHS
1. Ancopbuus - 310 ...
1) siBIeHHUE KOHIIECHTPUPOBAHUS BEIIECTBA B 00beMe (ha3bi,
2) sIBJIEHUE YBEIMUEHUS CKOPOCTH PEAKLIUY C ITOBBIILIEHUEM TEMIIEPATYPBI;
3) siBJIeHHEe KOHLIEHTPUPOBAHUS BEIIECTBA HA TIOBEPXHOCTH pasena (as;
4) mpotiecc mepexoa BeniecTBa u3 OAHOH ¢Ga3bl B IPYTYIO.
2. N3otepma agcopOiuu [eHpu onmuchIBaeTCs ypaBHEHUEM

P 1 1
1) = = = P;2)O=T/T,.
e e T : -

. . aP

)I'=kP .4l =1,——.

1+aP

3. IloBepXHOCTHBIM HATS)KEHUEM Ha3bIBACTCS

1) BenmumHa pabOTHI, HEOOXOMUMOM I amcopOumu co3nanus 1 r agcopOara;

2) Benm4MHA pabOTHI, HEOOXOAUMOM IS CO3MaHMsI €AMHUIIBI TUIOIAAN HOBOM MOBEPXHOCTH;

3) KOJIMYECTBO BEIECTBA, MOMIOIIEHHOE | T ajicopOeHTa;

4) NOBEpXHOCTb, MPUXOSIMIASCS HA SIMHHUILY MACChl MIIM TIOBEPXHOCTHU a/ICOPOEHTA.
4. TlpaBwiio ypaBHHBaHUs ToJsIpHOCTEN PeOunaepa racut

1) BenuuuHa aacopOLMU PACTBOPEHHOTO BEIIECTBA TEM OOJblIe, YeM OOJblle pa3HOCTh HOJISPHOCTEH
MEXTy aIcopOaToM u acopOCHTOM;

2) BenMuYMHA anCcOpPOLMU PACTBOPEHHOIO BEIIECTBA TEM OOJIbIIe, YeM OOJIbIIe Pa3HOCTh IMOJIIPHOCTEH
MEXy aCOPOCHTOM M PAaCTBOPHUTEIIEM;

3) BenuumMHA afCcOpPOIMHM PACTBOPEHHOTO BELIECTBA TE€M OOJbIIE, YEM MEHbIIE PAa3HOCTh IMOJIIPHOCTEH
MEXy aCOPOCHTOM M PAaCTBOPHUTEIIEM;

4) BenuuMHA aJCOPOLMU PACTBOPEHHOTO BEIIECTBA TeM OOIbIlIe, YeM OOJbIlIe CXOACTBA B XMMHYECKOH
MPUPOZIE MEXITY aJICOPOCHTOM U PACTBOPUTEIIEM.
5. M3octepa agcopOumu mpeacTaBisier codoit

1) 3aBHCHMOCTh KOJMYECTBA aJICOPOMPOBAHHOTO BEIISCTBA WJIM CTETICHW 3aIllOJHEHUS MOBEPXHOCTH) OT
TeMIepaTypbl IPHU MOCTOSTHHOM JIaBJICHUH ajicopOara B ra30Boi dase.
2) 3aBHUCHMOCTHh PaBHOBECHOTO AABIICHHS ajcopdara OT TeMIepaTryphbl JJIsi ONPEAEICHHOTO KOJIUYeCTBa
a7IcOpOMPOBAHHOTO Ta3a.

3) 3aBUCHUMOCThH BEIIMYHMHBI aJCOPOIMM OT PaBHOBECHOTO IABJICHHS WJIM KOHIICHTpPAIUH aacopbara mpu
MOCTOSIHHOM TeMIIepaType.
4) 3aBUCUMOCTH TEMITEPATy Pl OT BEJTHMUUHBI aICOPOIIUHU TIPU TIOCTOSTHHOM JIABICHUH.

6. BemmecTtBo, KoTOpOE aicopoUpyeTcst B Iporecce aacopOIiu, Ha3bIBaeTCs

1) ancopOeHT; 3) ancopOar

2) peareHr; 4) UHIYKTOP.
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7. BeecTBo, Ha MOBEPXHOCTH KOTOPOTO IPOUCXOIUT aACOPOLIHS, HA3bIBACTCH. ..

1) ancopOeHT; 2) amcopOTuB;

3) ancopOar; 4) amaToM.
8. XemocopOuws ...

1) oOGycnoBneHa cuiaMu 31EKTPOCTaTHUECKOTO OTTATKUBAHMS,

2) oOycoBiieHa cujiamMu npuTsbkeHus: Ban-aep-Baanbca

3) o0ycioBneHa cUuIaMi XUMHUYECKOTO B3aUMOICHCTBUS;

4) siBisieTcst 0OpaTHUMOM.
9. IloBepXHOCTHO-HEAKTHBHBIC BELIECTBA

1) HakaruIMBAaIOTCS Ha TPAHHMIIE paszielia ra3->KUIKOCTh;

2) CTpeMSTCS YITH C TIOBEPXHOCTH XKHUIKOCTH B 00BEM pacTBOPA;

3) MOHIKAIOT MOBEPXHOCTHOE HATSHKEHUE,

4) obnanarT AUPUILHOCTBIO.

10. ITepBoe nmpaBmiio n3buparenbHOM HOHHOM ancopoumu [leckoBa-dasiHca nmeeT HOPMYITHPOBKY:

1) Ha MOBEpPXHOCTH TBEPAOIO aJICOpOEHTa MPEUMYIIECTBEHHO a7COPOUPYIOTCS MOHBI, HMEIOLINE C 3THM
a7IcOpOEHTOM OOIIYI0 aTOMHYIO TPYIIITHPOBKY;

2) BenMuYMHA anCcOpPOLMU PACTBOPEHHOIO BEIIECTBA TEM OOJIbIIE, YeM OOJIbIIe Pa3HOCTh IMOJIIPHOCTEH
MEXy aCOPOCHTOM M PAaCTBOPUTEIIEM;

3) Ha TMOBEPXHOCTH TBEPAOrO aJacOopOEHTa MNPEUMYIIECTBEHHO aJCOpOMPYIOTCS MOHBI, HMEIOIIUE
HanOOJIBIINE pa3MephI;

4) Ha TOBEPXHOCTH TBEPJOTO a7COPOCHTA MPEUMYIIECTBEHHO aACOPOUPYIOTCS MOHBI, UMEIOUINE C 3TUM
a71copOECHTOM OJIMTHAKOBBIN 3apsiI.

Tema 7. D1eMEHTBI CTATUCTUYECKON TEPMOIMHAMUKHI
1.3aBucumocts S = k InW npencrasnser coboit
1) ypaBHenue bonpimana;
2) 3akoH bonbimana;
3) pacnpenenaeHue MOJISKYII 10 UX dHeprusiMm MakcBesia- bonbsiimMana;
4) ypaBHeHHE DHWHIITEHHA.
2. YpaBHEeHHE

_ 2, dinf
U= NKT? (25

OIHCHIBAET
1) BHYTpEHHIOIO YHEPTHIO HEPABHOBECHOM CHCTEMBI;

2) BHYTPEHHIOIO 3HEPTHUI0 paBHOBECHOU cuctemsl yepe3 CIIC TepMonnHaMu4eCcKoi CUCTEMBbI
3) BHYTPEHHIOIO YHEPrUto paBHOBeCHOM cucteMbl yepe3 CIIC monekysr;

4) BHYTPEHHIOIO YHEPTHIO MOJIEKYIIBI.

3. CymmMa 1o COCTOSIHUIO | MOJIb HieabHOTO Ta3a

fNa __EDNa

DZ=fN; 2)Z-"e

N,!

E0 Na —E1i
3) Z=e wr fNa; 4) Z=(3; e%)

Na

4. CIIC >neKTpOHHOIO JBUKEHUS MOJIEKYJIBI
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. BrfIkT 1
[) 1 oh2 :2) f= 1—e—Nv/KT

3
3)f = CE002 4y f=g, + grewT+gye Rt + oo,

5. HOCTynaTeJ'IBHaH J0JI4A MOHHpHOﬁ TCIINIOEMKOCTH ABYXAaTOMHOT'O HACAJIBHOI0 rasa Ipu IMOCTOAHHOM

00BEME

1) Ctg,nncr. - %R; 2) C.‘_L.’_-,rr{:n. = R;

3} _C,‘r';mcr. =0; 4} (_:_'»_',110-:1 = g R.

MOJIy4YCHHAasA MCTOAOM CTaTUCTHUYECKOM

6. 3aBUCHUMOCTb BHYTPEHHEH DJHEPIMM OT TEMIEPATYpHI,

TEPMOJMHAMUKH
1) npotuBopeunt 3akony Ieii-Jlroccaka-/[xoyns;

2) IpOTUBOPEUHUT NIEPBOMY 3aKOHY TEPMOJUHAMUKH;
3) nontBepxaaeT 3akonHy Ieii-Jlroccaka-/[xoyns;

4) HaXOUTCS B MPOTHBOPEYHH C 3aKOHOM [ ecca.

7. Cess3p mexay CIIC cucremsl, coctosuieil n3 onuHakoBblx Mosiekyl M CIIC monexynsl onpenensieTcs

COOTHOIICHUEM

DZ=fN. 2)G= kTK:]':DT - lnz].
3) 5=$ + kNInf: 4) F=- kTInZ

8. IlonHast sHEprus MoJIEKyIbl CKIIaJAbIBAETCS U3:
1) mocTymarensHOM U KoyeOaTeIbHON SHEPTHH;
2) BHYTpEHHEH U KojeOaTeIbHOMH;
3) PHEpTUM BHEIIIHETO JIBMXKEHUS U AJICKTPOHHOM;
4) noctynartenbHOH, KoebaTeTbHON, BpaIlaTeIbHON, SJIEKTPOHHON YHEPTUU
9. 3aBucumocth Ni=ke-Ei/kT npeacrasmsieT coboit

1) ypaBHeHue bonbliMaHa;
2) 3akoH bonbiiMaHa;

3) pacmpeneneHue MOJIEKy 10 UX d3HeprusM Makcsemnna- bonbimana;
4) ypaBHEHHE DWHIITEHHA.

10. Cymma 1o cocrosiauto (CIIC) -

1) yactHas mpousBonHas pakropa boiabimMana;
2) byHKIMA pacmpeneneHus, KOTOpbIe SBIAIOTCA 0e3pa3MepHOi BEIMYMHOM U B yIOOHOM MaTeMaTHuecKon

(dhopMe OMUCHIBAET CIIOCO0 pacrpeneIeH s SHEPTUU CUCTEMBI TI0 OTJEIBHBIM MOJICKYJIaM
3) BenMuMHA, CBSA3BIBAIONIAS BCE MUKPOCKOITUYECKUE CBOMCTBA MOJIEKYNT MEXKIy COOOM T.e. TaKhe CBOMCTBA

KaK MOMEHT MHEPIIMH, PACTION0KEHNE JUCKPETHBIX YPOBHEN SHEPIUH, TUIOJIbHBIM MOMEHT U T. 11.);
4) BennuyMHA, CBS3BIBAIOIIAs BCE MAaKPOCKONMYECKUE CBOMCTBA CHUCTEMBl (SHTAIBMMS, SHTPOIHS,

MOJIIpU3aLUs U T.10.).

Tema 9. Karanus
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1. Yucno MOJICKYJI, OTHOBPCMCHHbBIM B38.HMOI[GI>1CTBH€M MCIKAY KOTOPBIMU OCYHICCTBIIACTCA aKT
XUMHYCCKOTO NPCBpALICHUS, HA3bIBACTCS

a) MOPSIKOM PEAKIIHH,

0) yaenpHOM CKOPOCTHIO PEAKIIHH,

B) MTHOBEHHOU CKOPOCTBIO PEAKLIUH.

I') MOJIEKYJIIPHOCTBIO PEaKIUH.

2. DneMeHTapHBIN aKT XMMUYECKOTO B3aUMOJEHCTBUS — ITO:

a) MocJenoBaTeIbHOE MPEeBPAIEHUE YacTHUI] (MOJIEKYI, aTOMOB, PaJIMKaJiOB, HIOHOB) HCXOJHBIX BEIIECTB B
YaCTUILIBI MPOTYKTOB PEAKIUU.

0) HeNpEePBIBHBIN MPOIECC MPEBPALLEHUS BHYTPEHHEN HEPTUN IBUXKEHUS J€p B KUHETUUYECKYIO SHEPTHUIO
JBUKEHUS MOJIEKYII,

B) HEMpPEpBIBHBIA MpoleCC MPEBpAIICHNUs KUHETHUYECKON IHEpruH ABHKEHUS MOJIEKYJl BO BHYTPEHHIOIO
SHEPTHIO ABMXKEHUS S7ep.

I') CTOJIKHOBEHHE JIBYX YaCTHII.

3. UYro npeacrapisieT KBAHTOBBINA BBIXOJ PEAKIIHH?

a) OTHOIICHHE YKCIIa TOMIOEHHBIX KBAHTOB K YHCITY IIPOPEarupoOBaBIINX MOJIEKYJI,
0) OTHOIIIEHHE CKOPOCTH (DOTOXUMUYIECKON PEAKITUH K YHUCITY MOTIOMIEHHBIX KBAaHTOB,
B) OTHOILIEHUE YKCIIa MPOPEarupoBaBIIMX MOJIEKY/ K UUCITY HOIIOIIEHHBIX KBAHTOB.
') OTHOILIEHHUE YUCJa MOMIOMIEHHBIX KBAHTOB K MHTEHCUBHOCTH MAJalOLIEro CBETA.

4. Kakue u3 conpspKeHHbIX peakiuil o [1InmoBy Ha3bIBatOTCSl aBTOKATATUTUYECKUMU?
a) KOHIICHTPAIU MHIYKTOpa BO BPEMEHH YOBIBAET,

0) KOHLIEHTpAaIHsl UHIYKTOpa BO BpEMEHH HE U3MEHSETCH,

B) KOHIICHTpPAILMs UHAYKTOpa BO BPEMEHH BO3PACTAET,

I') KOHILIEHTpAIs aKTOpa BO BPEMEHU BO3pacTaeT.

5. luddepennmanbHoe ypaBHEHUE CKOPOCTH I HEOOpaTUMOM peaKinu:

A +B — ]I + E 3anmuceiBaeTcs:

k=1 & . 6) ®=k@-xx
I ala—x) dt

pk=1_1 jpda-x, N #=k@a-x) (b-x).
ta-b  alb-x) et

6. Bpems nonypacnaza ais peakiuy BTOPOTo MOPsiIKa paBHO:

1 a
a)Tin= — 0TI = — . E}n:=ﬁ.;r)n:= !
ak C 2ak

7. YpaBuenne Bant-T'odhda nmeet Bua:

- N k.
a) lnﬁi:—E{T: T’}; 0) lgi:—r" d lg 7.
k. RTT, k. 10
B) k = z exp(-E/RT); r)v=kC}Y Cj _

8. Jlns AByX mapaljiesIbHbIX Peakuil IEpBOTO MOPsIIKA CIIPABEIINBO BHIPAKEHUE:
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a) = (ky + ko) (x —a): 6) o= (ki — ko) (x — )

el ot

8) &= (k + ki) (a — x); D %=k -k)@a-x)
it el

[

il

9. Ilepuon MHIYKUIKHU B LIETTHOM MPOLIECCE — 3TO:

a) BpeMs, B TEUEHHE KOTOPOro B pe3yJbTare U3pacXoAOBaHUs MCXOJHOTO BEIIECTBa CKOPOCThH Mpoliecca
OyIeT YMEHBIIIATHCS,

0) Bpemsi, B T€UEHHE KOTOPOTO CKOPOCTh MpoIiecca U3MEHSIETCS] OT HE3HAYUTENIbHOM BEIMYUHBI 10 OYECHb
0O0JIBIION,

B) BpeMsl, B T€U€HHE KOTOPOTO CKOPOCTH MpoOIiecca HE U3MEHSAETCS U OCTAETCs OUEHb OOJBIIONH,

T') BpeMs, B TEUEHUE KOTOPOTO CKOPOCTH MPOLIEcca HE U3MEHSIETCS U OCTACTCS OYeHb MAJICHBKOU

10. CornacHO T€OpHM aKTUBHBIX COyIapEHU MHOKUTEIb Z B YpaBHEHUH ApPpEeHUYyca PaBeH:

a) MOJIEKYJIIPHOCTH PEaKLuy;

0) BpeMEHH, B TEUEHUE KOTOPOTO CKOPOCTH MPOIIeCCa HE U3MEHSIETCSI M OCTAETCsl OUYeHb OOJIBIION,

B) UMCIy CTOJIKHOBEHMH B 1cM3 3a 1 cek,

T') YUCJTy CTOJIKHOBEHHUH CO CTEHKaMH cocyza 3a 1 cek,

Tewma 13. Teopust 2IEKTPOXUMUYECKON KOPPO3UU METAIIIOB
1. Xumuueckasi KOppo3us MPOUCXOUT:
1) mpu nedcTBMM HA METAJUIBl AJICEKTPOIMPOBOASAIIMX cpeid; 2) MpU JEHCTBUM HA METaJUIbl Ta30B B
MPUCYTCTBUHU BJIard OOBIYHO MPHU BBICOKMX TeMIeparypax; 3) HpHU KOHTAaKTe JBYyX MeETajuioB; 4) mpu
JeHCTBUM Ha METAJIbl CyXHUX ra30B OOBIUHO MPHU BBICOKUX TEMIIEpaTypax.
2. II 3akon dapazest rIacur:
1) Macchl BelIecTB, MPETEPIEBIINX H3MEHEHHE Y AJIEKTPOJOB IPU TMPOXOKIECHUH OJHOTO U TOTO Ke
KOJTMYECTBA AJIEKTPUYECTBA, OOpPAaTHO NPONOPIUOHAIBHBI MOJISIPHBIM MaccaM HMX XHMHYECKHX
SKBHMBAJICHTOB; 2) KOJIMYECTBO BEIIECTBA, MPETEPHEBIIETO HW3MEHEHUS Yy JJEKTPOIOB, TMPSAMO
MPOMOPLMOHAIBHO KOJMYECTBY IPOIIEAIIET0 Yepe3 pacTBOP AIEKTPUUECTBA; 3) KOJIMUYECTBO BEIECTBA,
MPETEPIEBIIETO W3MEHEHHUSI y 3JEKTPOI0OB, OOPATHO MPOMOPLHMOHAIBHO KOJIMYECTBY MPOIIEAINIEro Yepes
PacTBOp ANMEKTPUYECTBA;; 4) MAcChl BEIIECTB, IPETEPIEBIINX U3MEHEHUE Y JIEKTPOAOB MPHU MPOXOKICHUU
OHOTO M TOTO € KOJWYEeCTBA JJIEKTPUYECTBA, MPSIMO MPOMOPLUUOHAIBHEI MOJIPHBIM MaccaM HX
XUMHUYECKUX YKBUBAJIEHTOB.
3. [loueMy npu onmycKaHMM LIMHKOBOW IJIACTUHKU B PAcTBOp Cyib(ara MHKA METaJUIMYecKas MIacTHHKA
3apsKAETCSl OTPULIATENIBHO?
1) B pe3ynprare MpoOMyCKaHHs BHEIIHETO JIEKTPUUECKOTo TOKa; 2) AHEprusl ruapaTallid MOHOB MEHbIIE
SHEPTUM BBIXO/Ia METAUTMYECKUX MOHOB U3 KPUCTAJUIMUECKOM pelIeTKH; 3) HOHBI MEPEXOAAT U3 pacTBopa
Ha JIEKTPOJ ¥ BO3HUKAET JIBOWHOM DIICKTPUUYECKUHN CIIOW; 4) MOHBI MEPEXOIAT U3 JIEKTPO/a B pacTBOp U
BO3HUKAET ABOMHOM AIIEKTPUUECKUN CITOH.

4. 3a cuer Kakoro mpolecca BblpabaThIBaeTCA ANEKTpUYecKas paboTa B KOHIIGHTPAIlMOHHBIX
ANIEKTPOXUMHUUYECKHUX IEMEHTaX?

1) xuMudeckoil peakuuy; 2) CyMMapHOTO MpOIecca BHIPABHUBAHMS KOHLIEHTPALIMM OAHOIO BEILIECTBA; 3)
CYMMapHOI'0 Ipolecca BbIpaBHUBAHUS KOHLIEHTpALMM pPa3HbIX BEIIECTB; 4) MPOLIECCOB OKUCICHUS WIH
BOCCTAHOBJIEHUS HAa OTHOM U3 JJIEKTPOJIOB.

5. uddy3roHHBIN TOTEHIHA:

1) 3TO CKa4yoK MOTEHIMAJIOB HA TPaHUIE 3JIEKTPOA/pacTBOpP; 2) 3TO CKAUOK IOTEHIMANa Ha TpaHHIE
pacTBop/pacTBOp; 3) TAKOTrO MOTCHIIMANIA HE CYIIECTBYET; 4) €ro MOBBIIAIOT, UCIIONIB3YSI COJEBbIE MOCTHKHU
KCl.

6. DOKBUBaJICHTHAS JIEKTPONPOBOAHOCTh XapaKTepU3YeET:
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1) BennunHy 21EKTpUYECKON TPOBOJIUMOCTH PacTBOPA, COAEPHKAILETO 1 MOJIb-3KB paCTBOPEHHOTO
BELIECTBA, 3aKIFOUEHHOTO MEX/1y TUNIOCKUMHU NIEKTPOJaMH Ha PacCTOSIHUM 1 cM (M); 2) BETUUUHY
AJIEKTPUYECKON IPOBOJUMOCTH PacTBOpa, COEpKallero 1 Moiab pacCTBOPEHHOTO BELIECTBA U
3aKITIOYEHHOTO MEXIY IIOCKMMH 3IEKTPOIaMH Ha paccTOsTHUU 1 cM (M); 3) 3J1eKTpONPOBOAHOCTD €MHHULIBI
00beMa AIIEKTPOITUTA, 3aKITFOUEHHOTO MEX/Ty TUIOCKUMH JJICKTPOJaMU Ha paccTossHUH 1 cM (M); 4)
HACKOJIbKO IIOBEJIEHUE NOHOB B PACTBOPE JIEKTPOIMTA ITPU JAaHHOW KOHLIEHTPALMM OTKJIOHSAETCS OT UX
MOBEJICHUS IPU OECKOHEYHOM YBEJTMUEHUH KOHLIEHTPAIUH.

7. DNeKTpONpPOBOAHOCTh 3aBUCUT OT (PAKTOPOB:

1) crenenu ruponu3a, KOJMMYECTBA MIEKTPUIECTBA U IPUPOBI PACTBOPA; 2) MPUPOABI PACTBOPUTEIS,
IIPUPO/BI ANEKTPOINUTA, TEMIIEPATYPBI; 3) OT NOABUKHOCTU KaTHOHOB, CTENEHU AUCCOLUAIIMY HOHOB U
accoLMalluu MOJIEKY; 4) OT AaBlieHHs, 00beMa pacTBOPa U TEMIEPATyPBI.

8. Tpetnii (0ObeanHEHHBIN) 3ak0H Papasies UMeeT BU:

1) PV =nRT; 2) m = MDxIxt)/F; 3) p = CRT; 4) m1/m2=MD51/M32.

9. AHOMaQJIBHO BBICOKYIO CKOPOCTbH JIBUXKEHMsI KATUOHOB BOJIOPOA 10 CHJIOBBIM JIMHHUSAM 3JEKTPUUECKOTO
MOJIsl B BOJHBIX U CIIUPTOBBIX PACTBOPAX MOXKHO OOBSCHUTD:

1) ManeHpKUM pa3MepoM MPOTOHOB BOIOPOA; 2) HATUYUEM MOHHOW arMocdepsl Mpu mepeHoce MoHa; 3)
scTapeTHBIM MEXaHU3MOM Iiepeaayn noHa; 4) apdexrom Buna.

10. AHoHAs cTaaus MOHU3ALMK TIPU KOPPO3UH 3aKITFOYAETCA MPOIECCE:

Otsetnl: 1) Me — Men+ + ne; 2) nepeTekaHue MEKTPOHOB OT MECT OKHUCIICHHSI 10 MECT BOCCTAHOBJICHUS;
3) H30++e — 2 H2 + H20;4) 02 + 2H20 + 4e — 40H-.

4.3 IIpomesxyTouHast aTTECTAIMSA 110 AUCIUIUIMHE MPOBOIUTCS B JopMe 3adeTa, IK3aMEeHa

Tunossie Bonpocsl 3auera (OIIK-1)
4 cemecTp
1. dusnueckas XUMuUs Kak HayKa.
2. TepmoanHaMUYECKHE CUCTEMbI: TOMOT€HHbIE, T€TEPOTECHHBIE.
3. 1 3aK0H TepMOAMHAMMKH KaK CJIEJICTBUE 3aKOHA COXPAHEHUS U MPEBPAILEHUS JHEPTHH.
4. BHyTpeHHss 3Heprus. DHTanbnus. Ternora u paboTa.
5. 3akoH I'ecca 1 ero ciencTBusl.
6.3axon Kupxrodda.
7. 2-0li 3aKOH TEPMOJUHAMUKH U €T0 POPMYTUPOBKH.
8.DHTpoMuUs KaK KpUTEPUN CaMOIIPOU3BOJILHOTO TPOTEKAHMS MPOLIECCOB U PABHOBECHS.
9. Metoasl pacuera sutponuu. [loctynar [1nanka.

10. CBoGoaHas sHeprus 1 cBoboaHast sHeprust [ m60ca kak KpUTEpUN CaMOIPOU3BOIBHOTO MPOTEKAHHUS
IPOLIECCOB U PABHOBECHS.

11. Xapakrepuctuueckue QyHKIUH.

12.XuMuuyeckue MOTEHIINAIEL.

13.Coco0b1 BhIpaXXeHUsI KOHIIGHTPALUU PacTBOPOB.

14. UneanwsHble pacTBOPHI. 3akoH Payis.

15.PeanbHble pacTBOPSI.

16. D0ynrOCKOIHS.

17. Kpuockonusi.

18.3akons! KonoBasosa.

19. Ocmoc. 3akon Bant - T'odda: OcmoTuueckoe naBieHHE.
20. ITeperonka OMHAPHBIX PACTBOPOB. A3EOTPOIIHI.

5 cemectp
1. ®azoBeie nepexoasl 1-ro pona. Ypasuenue Knanelipona - Knaysuyca.



2. TereporeHHbIC CUCTEMBI: MOHATHA (ha3bl, KOMIOHEHTa, cTerneHu cBobonbl. [IpaBuio ¢a3 ['ubdbea, ero
BBIBOJIBI.

3. OpnoxoMIoHeHTHbIE cucTeMbl. [Ipumepsl.J[ByXkoMIIoHEHTHBIE cucTeMBI. [Ipumepbl. OBTEKTHKa,
o0pa3oBaHHe XUMUYECKIX COCAMHEHUH B IBYXKOMIIOHEHTHON CHCTEME.

4. B3aumHas pacTBOPUMOCTB JBYX KHUAKOCTEH. TPEXKOMIIOHEHTHBIE CUCTEMBI.

5. BbIBOJ yCIOBUS XUMHYECKOTO paBHOBECHA. T€PMOIMHAMUYECKUNA BBIBOJI 3aKOHA JICHCTBHS MaccC.
CriocoOnI BeIpaXKeHHUSI KOHCTAHTHI PABHOBECHSI M CBSI3b MEK/Ty HUMH. | €TepOoreHHbIe XUMHYECKHE
paBHOBeCHS.

6. H3orepma xumuueckoit peakuuu. CTaHAapTHBIN n300apHbIil moreHuan. KomGuHaupoBanue
paBHOBecuil. [Ipumepsl.

7.  Pacder KOHCTaHTBI PABHOBECHSI XUMHUYECKUX PEAKIIMIA C HCIIOIb30BAHUEM TAaOIUI] CTaHAAPTHBIX
3HAUEHUH TEPMOJMHAMUYECKHUX (QYHKIUH.

8. IlpuBenennas sueprus [ mb6ca u ee uCnoiab30BaHUE I PACIETOB XUMHUUYECKUX PABHOBECHIA.
PaBHOBecue peakuuii, UIYIIHX B ra30BOM (a3e 0e3 U3MEHEHUS YHCIIa MOJIb.

9. PaBHOBecue peakiuii, uAyImuX B ra3oBoil (ase ¢ msmenenuem yrciaa Moib. [Ipuauun Jle-Illatense.

10. 3aBUCUMOCTH XMMHUYECKOTO PABHOBECHS OT TEMIIEpaTyphl. YpaBHEHHs H300apbl M H30XOPBI
XUMHYECKON peakinu.

11. Temoas Teopema HepHera u ee ciencTBus.

12. SIBnenus apcop6umu. Buabl ancopOrum.

13. Teopust MOHOMOJIEKYIISIpHOU afcopOruu JIeHrMropa.

14. Teopus monuMomneKyisapHoi agcopouuu [lonsuu.

15. Teopus nomumonekyisipaoi aacoporuu bOT.

16. Ancop6uus u3 pactBopoB. YpaBHeHue [ udoca.

17. Ancopb6riust Ha TBepaOM aacopOeHTe. YpaBHeHne OpeiHpmxa.

18. NzbuparensbHas u oomenHas agcopouus. [Ipasuna IleckoBa - DasiHCa, ypaBHUBAHUS NOJISIPHOCTEH
PeGunnepa.

19. AncopOruoHHast XpoMaTorpadgus.

20. ®yukuuu pacnpenenenus Makcsesuia 1 MakceBemia - bonbiimana. MosnekymsipHas cymMma 1o
COCTOSIHUSIM M CyMMa IO COCTOSIHUSIM MaKpPOCHCTEMBI.

21. CrarucTtuyecKkue BBIpaKEHUS JUTsl OCHOBHBIX TepMOAMHaMUYecKux GyHKiui. [ToctynmarensHas cymma
10 COCTOSIHUSIM.

22. PacyeT KOHCTaHT PaBHOBECHS] XMMUYECKUX PEAKIUI B HI€ATbHBIX ra3aXx METOIOM CTATUCTUYECKON
TEPMOJTUHAMUKH.

23. XuMmuueckas KHHETHKA - HayKa O CKOPOCTAX U MEXaHU3MaxX XMMUUYECKUX PEAKIUM.
24. KoHcTaHTa CKOPOCTH, MOJIEKYJIIPHOCTD U NOPSAJOK XUMUYECKON PEAKIIUH.

25. Heobparumsie peakiuu 1-ro, 2-ro, n-ro mopsaka.

26. Metozabl onpeieneHus MOpsIIKa PeaKIUu.

27. CHOXHbIE pEaKIUu.

28. 3aBUCHMOCTbH KOHCTaHTBI CKOPOCTH OT TEMIEPATYPhl. YpaBHEHNUE AppeHuyca.

29. Teopuu 371€MEHTAPHOIO aKTa XMMUYECKOMW peakinu.MeTo mepexoaHoro coctostuus. Teopust
COyJIapeHHI1 B XUMHUUY€ECKO KuHeTuke. Cxema JInnaemana.

30. ®oroxuMHuueckue peakiu. KBaHTOBBIN BBIXOJ.
31. Karanu3. OCHOBHBbIE MOJIOKEHUS TEOPUU KaTainu3a. | OMOreHHbIN KaTtanu3. | eTeporeHHbli KaTaius.
32. Teopuu B reTeporeHHOM Karanuse. DepMeHTaTUBHbBINA KaTanu3. MeTaibl Kak KaTaJIu3aTopbl

Tunosble 3aganua 1 3adera (OIIK-1)
1. B pe3yJibTaTe N30TepMHUYECKOIr0 paclinpeHus ra3a (mojsy4eHHoro npu mnpoxkajanannu KMnO4)
npu 1270C u P = 1,4 atm, naBiaenne ymenbunjoch B 20 pa3s. Haiitu Q, A, DU; a Takaxke maccy rasa,
€CJIM NMepBOHAYAIbHBIN ero 00beM — 1650 1.
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2. Cpennsisi yaeJibHasi TeMJI0eMKOCTh OeH30/1a B HHTepBaJse Temneparyp ot 0 mo 800C pasua 1,745
Jx/(rxK). MoJsipHasi TelJIOeMKOCTh alleTHJIEHa B TOM 3Ke TeMIlepaTypHOM HHTepBajie 43,93
Jx/(MmoabxK). TemutoBoii 3¢ppext peaknuu: 3C2H2(r) = C6H6(x)

MIPHU CTaHAAPTHBIX yCI0BUAX paBeH -630,8 k/Ik. Paccunrtars TemmoBoi addext 3toit peakiuu mipu 750C.

3.Paccuurars H3MeHeHHe JHTPonuM npu npespamennu 0,1 kr Boasl, B3siToil npu 00C, B map npu
1200C. YaeabHas Temnora ucnapernusi Boabl npu 1000C 2,255 k/[x/r; ynejJbHasi TeIJI0eMKOCTh
skuakoi Boabl 4,184 /Lx/(rxK), yneabHas TenioeMKOCTb apa NpH MOCTOSTHHOM JaBjieHnu 19,958
T/ (rxK).

Tunossie Bonpocsl 3xk3amena (OIIK-1)
. OcHOBHBIE TIOJIOXKEHUS TEOpUN AppeHHryca, €€ HEJOCTATKH.
. Teopust 37€KTPOCTATUUECKON TEOPUU CUIIBHBIX IEKTPOJIUTOB.
. AKTUBHOCTb 1 KO3()(HUIIMEHT aKTUBHOCTH.
. [Ipubmmxenus teopun Jledas - ['tokkens.
. YnenbHas ¥ SKBUBAJIEHTHASI 2JIEKTPOIPOBOJHOCTbD.
. [TonBm>xHOCTH HOHOB M 3ak0H Konbpayiia.
. Uucia nepeHoca MOHOB.

00 3 N L LN

. MonHbIe aTMOChEpBI U X TOPMO3SIIEee TCHCTBHE.

\O

. AHOMaJIbHas MNOABUKHOCTb HOHOB T'MAPOKCOHUA U TUAPOKCHUAA.

—
)

. Bo3HuKHOBEHHME CKAauKOB MOTEHIMAIA HAa TpaHuIax ¢as.

—
[a—y

. 3H€KTp0ILBI/DKy1_[II/Ie CHJIBI U SJICKTPOAHLIC TOTCHIUAJIBI.

—
[\

. TCpMO,Z[I/IHaMI/IKa OJICKTPOXUMHUYCCKUX DJIEMCHTOB.

—
(98]

. Knaccugukanus anekrponos.

—
N

. Kimaccudukanmst 37eKTpOXUMHAYECKUX HIETICH.

—
9]

. JIBOMHOM 3JIEKTPUYECKHI CIIOU U €T0 CTPOECHUE.

—
[®)

. Merton OJIC xak MeTon (pr3NKO-XUMHUUIECKOTO UCCIICIOBAHNUS.

—
J

. XUMHWY€ECKHUE UCTOYHUKHU TOKA. TONJIMBHBIE 3JIEMEHTEL.

—
o0

. [ITOTHOCTH TOKA Kak Mepa CKOPOCTH AIEKTPOAHOTO Tporiecca. Toku oOMeHa.

[S—
\O

. KOHLICHTpaI_[I/IOHHaH nojigpusanus 3JICKTPpOOAOB.

[\
S

. DIEKTPOXUMHYECKasl MOJIIPU3aLUL.

\]
—_—

. Ilepenanpspkenne Bogopozna. Teopusi.

N
N

. [lepenanpsikeHne KUcaIopoa.

[\
(98]

. KaTOI[HaH " aHOAHAas MOJIAprU3anus.

[\
NN

. Teopust a1eKTPOXUMUYECKON KOPPO3UU METAIIIOB.

[\
N

. ITokazarenu ckOpoCTH KOPPO3HUH.

[\
N

. MeTozibl 3aITUThl METAJIJIOB OT KOPPO3HH.

TunosBble 3aganua 1js 3k3amena (OIIK-1)
1. IIpn 180C ynenbHas ekTponpoBoxHocTh 0,8%-Horo pacreopa ammuaka passa 6,86-10-4

Owm-1-cMm-1, motHOCTH 0,996 T/cM3. KoHcTanTa nucconuanuu NH4OH pasna 1,78-10-5. Beruuciauts
3HaueHHE YKBUBAJICHTHON AIIEKTPOIPOBOIHOCTH IpU OeckoHeuHoM pa3BeneHnn NH4OH.

2. Beruncautp J/IC KOHIEHTPAMOHHOTO0 YJ1eMeHTa npu 250C

Zni it iZn, ectu al = 0,05, a2 = 0,01, 6e3 yuema u c yuemom
oughghyzuonnoco nomenyuaa.

3. BoccTaHoB/IeHMe KHCJI0POAAa HA HHEPTHOM KaTo/e MPOTeKAeT 10 peaKkuu:

02 + 2H+ + 2e ® H202.

Paccuntats 00beM M YHCIO MOJb BOCCTAHOBHMBILIETOCS KHUCIOpOJAa W YHCIO MOJb OOpa3oBaBILEHCS
nepekucu Bonopoaa npu -30C, gaBnenun 1,99x105 Ila, ecnu yepe3 pactBop npouwio SF anexkrpuyecTsa.
Bsixon no Toky pasen 40%.
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4.4. llIkana oueHMBaHUS TPOMEKYTOUHOM aTTeCTALMKI

3auer

Onenka

Kommnerenmu

Heckpuntops! (ypOBHH) — OCHOBHBIE TIPU3HAKH OCBOCHUS (ITOKA3aTeNn
JTOCTHKCHHUSI pE3yJIbTaTa)

«3a4TCHO»
(50 - 100 6anoB)

OIIK-1

VYBEepEeHHO HCHOIB3yeT OCHOBHBIE METOAbI OTOOpa U aHalu3a
TEOpe-TUYECKOr0  MaTepuana  JUid  pELIEeHUS  KOHKPETHBIX
npodeCCUOHATBHBIX 3a/1a4.

JleMOHCTpUpPYET NOCTAaTOYHBIN ypPOBEHb 3HAHUI OCHOBHBIX 3aKOHOB
XUMHUYECKOM TEPMOAMHAMUKH.

WnuTepnpetupyer JKCIEpUMEHTaJbHble (aKTbl Ha OCHOBE
COBpe-MEHHBIX TEOpHil B 001acTH TEPMOAMHAMUKH, BBIIEISET
MEXIUCLHU-TUIMHAPHBIE CBS3U.

OTBeT MOCTPOEH JOTUYHO, MaTEpUall U3J1araeTcsi XOPOILIUM S3bIKOM

«HE 3a4TCHO»
(0 - 49 GannoB)

OIIK-1

JleMoOHCTpUpyeT  cla0blii  ypOBEHb  3HAHMHA  TEOPETHYECKUX
3aKOHO-MEPHOCTEH (hU3NIECKOI XUMHH.

He cmnocoben cdopmynmupoBarh 3akIIOUYEHHs W BBIBOABI IO
pe3yib-TaTaM aHaJIu3a JIMTEPATYPHBIX JaHHBIX, IKCIIEPUMEHTAIbHBIX
U pacueT-HO-TEOPETUYECKUX PadoT,

HeyBepeHHO 1 I0rMuecky HENOCIE0BATENbHO U3J1araeT Marepuall

DK3aMeH

Orenka

Komrmerennn

Jeckpuntops! (ypoOBHU) — OCHOBHBIC IPU3HAKKA OCBOCHUS (TIOKa3aTEIH
TOCTYKCHHSI pe3YJIbTaTa)

«OTIIMYIHO
(85 - 100 6anoB)

OIIK-1

VYBepeHHO NPUMEHSET METO/Abl O0TOOpa M aHalu3a TEOPETUUYECKOTO
Marepuaia Ui pelieHns KOHKPETHBIX MPOoQeCCHOHATBHBIX 3a/1au.
JIeMOHCTpUpPYET BBICOKUN YpPOBEHb 3HAHUS OCHOBHBIX 3aKOHOB
o01Ielt 1 XUMHUYECKON TEPMOANHAMUKH, JIEKTPOXUMHUH, KHHETHUKHU U
KaTalu3a, TIOBEPXHOCTHBIX SIBICHHA W  aacopOIMu U HX
UHTEpPIpPETa-IIMM HAa OCHOBE COBPEMEHHBIX TEOPUH, a TaKKe
Coco0OB HX TMpHME-HEHHS MJIS PpEIICHUS TEOPETHUECKUX U
IIPAaKTUYECKUX 3a1a4.

OTBeT NOCTPOEH JIOTMYHO, MaTepuaj M3jaraercsi 4YeTKO, SCHO,
XO-POLIUM S3bIKOM, apI'YMEHTUPOBAHO

«XOPOIIIO
(70 - 84 6amnoB)

OIIK-1

[TpuMeHsieT OCHOBHBIE METOJbI OTOOpa M aHAJIM3a TEOPETHUECKOTO
Marepuaia Ui pelieHns KOHKPETHBIX MPOoQeCCHOHATBHBIX 3a/1ay.
JleMOHCTpUpYET [OCTAaTOYHBI YPOBEHb 3HAHUW  OCHOBHBIX
3aK0-HOMEPHOCTEH (PU3NIECKON XUMHH.

OcyuiecTBisieT, B LEJIOM, HHTEPIPETALNIO HKCIEPUMEHTAIbHBIX
(akTOB Ha  OCHOBE COBPEMEHHBIX Teopuid B  obOjacTu
TEPMOAMHAMHU-KH, XUMUUYECKOW KUHETUKH, TIOBEPXHOCTHBIX SBJICHUI
U DJIEKTPOXU-MUHU.

OTBET NOCTPOEH JIOTMYHO, MaTEPUA U3J1aracTCsl XOPOLIUM S3bI-KOM.

«YZIOBJIETBOPUTEIHHOM
(50 - 69 6amnoB)

OIIK-1

JIeMOHCTpHUpPYET JOCTaTOYHBI YPOBEHb 3HAHHI 3aKOHOB OOIICH U
XUMHUYECKON TEepMOAMHAMUKH, 3aKOHOMEPHOCTEW 3JIEKTPOXUMUHU:
AIIEKTPOJUKU U HOHUKH, CBOMCTB PACTBOPOB AJIEKTPOJIUTOB.

C TpynoM ocyuwiecTBiIsS€T OTOOp TEOPETUYECKOro  Marepuara,
MIPUMEHSIEMOT0 B IPAKTUYECKON JAESITENIbHOCTH.

OTBeT He Bceraa JIOTUYHO BBICTPOEH, Marepuan uszjiaraercs 0es
MPUMEHEHHUS COBPEMEHHOW HAyYHOW TEPMHUHOJIOTHH.
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OIIK-1 JleMoHCTpUpyeT  cla0blii  ypOBEHb  3HAHMHA  TEOPETHYECKUX
3aKO0-HOMEPHOCTEH (PU3NYECKON XUMHH.

He cnocobeH mHTEpHpeTHpOBaTh AKCIIEPUMEHTaNbHbIe (QakTbl. He
MOYKET TNPHUBECTU NPUMEPHl M3 PEATbHOM MPAKTUKU YIIpaBJICHUS
IIPO-U3BOJICTBEHHBIMM XHMHUYECKMMHU IIpoOlleCCaMM Ha OCHOBE
3HAHUM 3aKOHOB XUMHUYECKOTO PABHOBECUS M XUMHUYECKOU
KMHETUKH.

He MoeT BpIIENMTH MEXIUCUMILIMHApHbIE cBsi3u.HeyBepeHHO n
JIOTUYECKHU HETOCIEN0BATEIbHO U3JIaracT MaTepuanl.

«HEYJIOBJICTBOPUTEIIHLHOY
(menee 50 6amoB)

5. MeTonnuyeckue ykazaHus AJis1 00y4a0IUXCS 10 OCBOCHUIO M CHUILIHHBI (MOLYJIS)

5.1 Meroauueckue yka3aHusl 10 OPraHU3alUK CAMOCTOSTEIbHOM pabOoThl 00yUYaOIUXCS:

[Ipuctynas K W3y4eHUIO TUCIUIUIMHBI, B MEPBYIO Odepelb OOydaromuMcsi HEOOXOAMMO O3HAKOMHUTBCS
comepx)aHueM paboueii mporpammbl nuctuiumHabl (PITJ]), xotopas ompezaenser coaepxaHue, o0beMm, a
TaKKe TMOPSAIOK U3YUCHHsSI U MTPETIOAaBaHus yIeOHOM TUCIUILINHEL, €€ pa3/iena, YacTu.

J171 caMOCTOSATENbHOM paboThl BaKHOE 3HaYEHHE UMEIOT pa3zeisl «O0beM U collepikaHue AUCIUTITMHBD),
«YuebHo-MeTonyeckoe U HHGOpMAIIMOHHOE 00ecieyeHIe TUCIUIUIUHBD U «MaTepruaabHO-TEXHUYECKOe
obecrnieueHre JUCITUTUIMHBI, TpOrpaMMHOE obecreueHue, MpodeccuoHaIbHbIC Oa3bl TaHHBIX 1
MH(OPMAIIMOHHBIE CIIPABOYHBIE CUCTEMBI».

B pazmene «O0beM u copepkaHHe AMCHUIUIMHBDY YKa3bIBAIOTCS BCE pas3leibl M TEMbl H3ydaeMoil
JTUCLMIUTMHBL, @ TAK)KE BUJIbI 3aHATHI U TUTAHUPYEMBI 00BEM B aKaJIeMUYECKHUX Yacax.

B pasgene «YdeOHO-meTomumueckoe U HH(POpMaLMOHHOE oOecledyeHrue AMCHUIUIMHBDY — yKa3aHa
pEKOMeH1yeMasi OCHOBHAsS U JOTIOJIHUTENbHAS JINTEpaTypa.

B paznmene «MarepuanbHO-TeXHUYECKOE OOeCIeueHue TUCIUIUIMHBL, TMPOrpaMMHOE oOecreueHue,
npodeccuoHanbHble 0a3bl JTaHHBIX W WH(GOPMAIMOHHBIE CIPABOYHBIE CHCTEMBD» COACPKHUTCS IepeueHb
npodeccruoHanbHbIX 0a3 JaHHBIX U MHPOPMALIMOHHBIX CIIPABOYHBIX CHCTEM, HEOOXOIUMBIX AJII OCBOCHHUS
JUCLUTIINHBL.

5.2 PexomeHnanuu o0y4aronmMcs o padore ¢ TEOpeTUYeCKUMU MaTepraiaMy Mo TUCIUIUINHE

[Tpu u3ydeHnn 1 mpopadbOTKe TEOPETUICCKOTO MaTepraia HeOOXOaUMO:

- IPOCMOTPETH €I1I€ pa3 Nnpe3eHTaruo Jekuuu B cuicteMe MOODLe, moBTOpUTh 3aKOHCIIEKTUPOBAHHBIN HA
JIEKIIMOHHOM 3aHSATUM MarepuaJl M JAONOJHHUTh €ro € Y4YEeTOM PEKOMEHJIOBAHHOM JOMOIHUTEIbHOU
JIUTEPaTypBhl;

- IPY CAMOCTOSITEIbHOM M3yUYE€HUU TEOPETUYECKOM TEMBbI CIENaTh KOHCIIEKT, UCIIOJIb3Ysl PEKOMEHIOBAHHbBIE
B PI1/] ucrounuku, npodeccuoHaIbHbIE 0a3bl TaHHBIX U HHPOPMAIIMOHHBIC CIIPABOYHBIC CHCTEMBI:

- OTBETUTH HA BOIIPOCHI JJIsi CAMOCTOSATENILHOW pabOTHI, 10 TeMe MpecTaBIeHHbIe B myHKTe 3.2 PI1/I.

- TP MOAATOTOBKE K TEKYILIEMY KOHTPOJIIO UCIIOIb30BaTh MaTepuaibl ¢poHna oueHouHbix cpenacts (POC).
5.3 Pexomennaruu 1o pabore ¢ Hay4HOU U yueOHOM uTepaTypoit

PaGota ¢ OCHOBHOW M JOTOJHUTEIBHOW JIUTEPATYpPOH SIBISICTCS TJIaBHOM (OPMON CaMOCTOSTEIbHOU
paboTel U HeoOXoAMMa MPU TMOATOTOBKE K YCTHOMY OMNPOCY Ha CEMUHApCKUX 3aHATHAX, K Jebaram,
TECTUPOBaHHUIO, dK3aMeHy. OHa BKIIOYAeT NMPOpPadOTKy JIEKIIMOHHOTO Marepuaja U PEKOMEHIOBAaHHBIX
HMCTOYHUKOB U JINTEPATYPHI 10 TEMATUKE JICKLIUN.

Koncnekr nekuuu 1omkeH coaepxarb pedepaTruBHyI0 3alIMCh OCHOBHBIX BOIIPOCOB JIEKIIMH, B TOM YHCIIE C
onopoii Ha pasMemieHHbie B cucteMe MOODLe mpe3eHTany, OCHOBHBIX MCTOYHUKOB W JIUTEPATYPbI IO
TeMaM, BBIBOJIbI MO KaKIOMY Bompocy. KoHCIEKT MoXeT ObITh BBHIMOJIHEH B paMKaX pacleyaTKd BbLAAYH
MPE3CHTAIMI JIEKINI WKW B OTAEIbHOW TeTpanu mo mpeamery. OH JOKEH OBITh aKKypaTHBIM, XOPOIIO
YUTAeMbIM, HE COJIEP’KaTh HE OTHOCALIYIOCS K TeMe HH(OPMAIIMIO UIH PUCYHKH.

KoHcnekTsl HaydyHON JIHUTEpaTyphl MPU CAMOCTOATEIBHOM MOATOTOBKE K 3aHATHAM JOJIKHBI COAEPKATh
OTBEThl HAa Kbl TMOCTaBIEHHBIH B TEME BOIPOC, MMETh CCBUIKY Ha MCTOYHUK HHYOpPMALUU C
00si3aTeNIbHBIM yKa3aHUEM aBTOpa, Ha3BaHUS U Trofla M3JaHMsl HMCIOJIb3yeMOIl Hay4YHOH JHUTeparyphl.
Koncniekt MoXeT OBITh OMOPHBIM (COIEp)KaTh JIMIIbL OCHOBHBIE KIIIOUEBBIE IO3MIIMK), HO TPU 3TOM
MO3BOJIIOIIMM JaTh TIOJNHBIA OTBET IO BOMPOCY, MOXET ObITh NOAPOOHBIM. OOBEM KOHCIEKTa
ONPENEISIETCS CAMUM CTYIEHTOM.



63
B nporiecce paGoThl ¢ OCHOBHOM M JIOTIOJHUTENBHOM JTUTEPATypOl CTYACHT MOXKET:
- JleNaTh 3allUCH 10 XOAy YTEHHMs B BUJAE NPOCTONO0 MM Pa3BEpHYTOro IulaHa (CO3[aBaTh INEpEYEHb
OCHOBHBIX BOIIPOCOB, PACCMOTPEHHBIX B UCTOUHHKE);
- COCTaBJISATH TE3UCHl (LMTHUPOBaHHE HaMOOJEEe BAXKHBIX MECT CTaTbU MJIM MOHOIpaduu, KOPOTKOE
U3JI0)KEHUE OCHOBHBIX MBICIIEH aBTOpPa);

- TOTOBUTbH aHHOTAITMH (KpaTKoe 0000IIeHHE OCHOBHBIX BOIIPOCOB PadOTHI);

- co371aBaTh KOHCIIEKTHI (pa3BEPHYTHIE TE3HUCHI).

5.4. PexoMeH1aliuy 10 NOATOTOBKE K OTICIIBHBIM 3aJaHUAM TEKYILETrO0 KOHTPOJISA

ColecenoBaHue TpeAnonaraeT OpraHU3alui0 Oecelbl IMpernojaBaTess CcO CTYIEHTaMH IO BOIPOCaM
MPAaKTUYECKOTO 3aHATUS C IENbl0 0ojiee OOCTOATENBHOTO BBISBICHUS MX 3HAHUN IO ONpEACICHHOMY
paszmeny, Teme, mpoOieme M T.II. Bce uieHBl Tpynmbsl MOTYT y4YacTBOBaTb B OOCYXKICHHH, 100aBIATH
MH(POPMALIUIO, TUCKYTUPOBATh, 33/1aBaTh BOIPOCH! U T.1.

VYCTHBIE ONPOC MOXKET TPUMEHATHCS B pasinyHbIX (opmax: (POHTANbHBIA, WHAWBUIYAIbHBIH,
KOMOMHUPOBaHHbII. OCHOBHBIE KaU€CTBA YCTHOTO OTBETA MOJIIEKAILETO OICHKE:

- IPaBWJIBHOCTb OTBETA I10 COACPIKAHHUIO;

- IOJIHOTA U INIyOuHa OTBETA;

- CO3HATEJILHOCTb OTBETA;

- JIOTMKA U3JI0)KEHUsI MaTepHaa;

- PallMOHAIBLHOCTH MCTIOIB30BAHHBIX IIPUEMOB U CIIOCOOOB PEILIeHHs TOCTABICHHON yueOHOil 3a1auu;

- CBOEBPEMEHHOCTh U 3((HEKTUBHOCTH UCIOIH30BaHUS HAMISIHBIX MOCOOMM U TEXHUYECKUX CPEACTB MpHU
OTBETE;

- HCIIOJIb30BaHNUE JIOMOJHUTENILHOTO MaTepurara;

- pallMOHAJIBHOCTH UCIOJIb30BAHUS BPEMEHH, OTBEJICHHOIO Ha 3aJJaHuE.

VYCTHBII Ompoc MOXET COMPOBOXKAATHCA MpE3eHTAlMei, KOTopas MOATOTaBIMBAECTCS IO OAHOMY U3
BOIPOCOB MPAKTUUYECKOTo 3aHATHs. [Ipy BBICTYIUIEHHH C Mpe3eHTaluell HeoOXxoIuMo oOpaIaTe BHUMaHKUE
Ha TaKue MOMEHTHI KaK:

- cofep)KaHUE MPE3CHTAlUHN: AKTYaJIbHOCTh TEMbI, MOJHOTA €€ PACKPBITUS, CMBICIOBOE COJAEp)KaHUE,
COOTBETCTBHE 3asIBIICHHOW TEMBI COJIEPKAHHUIO, COOTBETCTBHE METOAMYECKUM TPEOOBaHUAM (IIETTH. CCHUIKU
Ha PeCypChl. COOTBETCTBHE COJEPXKAHHUS M JUTEPaTyphl), MPaKTHUECKash HANpaBIE€HHOCTb, COOTBETCTBHE
CozIep)KaHus 3asiBICHHON (opMe, aleKBaTHOCTb MCIIOJIb30BaHUS TEXHHUUECKUX CPEJCTB yUEOHBIM 3aqadam,
MOCIIEIOBATEILHOCTD U JIOTHYHOCTbH MPE3CHTYEMOT0 MaTrepuara;

- odopmiieHHE Tpe3eHTalMu: 00beM (ONTUMAIbHOE KOJIMYECTBO), IM3aiiH (YMTaeMOCTb, HAJIWYHE WU
COOTBETCTBHE TpapUKd W aHUMAIMM, 3BYKOBOE OQOpMIICHHE, CTPYKTYypUpOBaHHE WH(POpPMALUH,
COOTBETCTBHE 3asBJICHHBIM TpPEOOBAHUSIM), OPUIHHAIBHOCTH OGOPMIICHHS, 3CTETHKA, HCIIOJIb30BaHHUE
BO3MO)KHOCTH ITPOTPAaMMHOI CpeJibl, COOTBETCTBHE CTaHIapTaM 0(hOpMIICHUS;

- IMYHOCTHBIC Ka4eCTBa: OPATOPCKUE CIIOCOOHOCTH. COOMIONEHHE PErIaMEHTa, SMOLMOHAIBHOCTD, YMEHHUE
OTBETHTb Ha BOIPOCHI, CHCTEMAaTU3UPOBAHHBIE, TITyOOKHE 1 TIOJIHbIE 3HAHUS 110 BCEM pa3JiesiaM IpOrpaMMBI:
- COlIep)KaHHE BBICTYIUICHUS: JIOTMYHOCTh M3JIOKEHUS Marepuasna, pacKpbITHE TEMbl, JOCTYIHOCTb
u3noxkeHus, dPpdexTuBHOCT npuMeHeHust cpeactB WKT, cmocoObl W  yClIOBHS  JOCTHIKCHHUS
PE3yABTAaTUBHOCTH M IPGEKTUBHOCTH AJIsI BBIONHEHUS 3a/ad CcBOed MpodeccHoHaNbHOW WU y4eOHOU
JeSITeIbHOCTH, J0KA3aTeIbHOCTh NMPUHUMAEMBIX PELICHUN, YMEHHE apryMEHTHUpPOBATh CBOM 3aKJIIOYCHUS,
BBIBOJIBI.

6. YueOHO-MeTONM4YecKoe M HHPOPMALIMOHHOE o0ecredyeHre JUCHMIIITHHbI

6.1 OcHoBHas UTEpaTYypa:

1. Ctpombepr A.T., Cemuenko JI.I1. ®duznueckas xumus : YaeO. 11t By30B. - 4-¢ u3., ucnp.. - M.: Beic.
k., 2001. - 527 c.

2. Ctpombepr A.T., Cemuenko J[.I1. ®uznueckas xumus : y4ed. JUIsl CTYIGHTOB BY30B. - 7-€ U3[., CTEP.. -
M.: Bercm. mk., 2009. - 527 c.



3. TopmkoB B. U., Ky3nenoB U.A. OcHOBBI (pu3NUECKONW XUMHUHU : y4eOHUK. - 4-¢ m3a.. - M.: bunom.
Jlaboparopus 3nanwmii, 2011. - 407 c.

4. Kapsxun H.B. OCHOBBI XMMHUYECKOW TEPMOAMHAMUKH : Y4eO. mocoOue ais CTya. By30B. - M., HwxHuit
Hogsropon: Akanemusi, M3a-Bo Hmwkueropoackoro roc. yu-ta uMm.H.WU.Jlo6aueBckoro, 2003. - 462 c.

6.2 JlonosHUTENBHAS IUTEpPATYpA:

1. lprankoBa JI.E. JIaGoparopHblii pakTUKyM 10 (PU3NUECKON M KOJUIOMTHOW XuMuH. - TamboB, 1993. -
168 c.

2. lpmrankoBa JI.E. KonTponpHbie 3amaHus 1mo (U3UYECKONM XUMHHM . XHMHYECKas TEPMOIWHAMHKA. -
Tam0Oo0B, 1994. - 81 c.

3. Hprrankosa JI.E., Burnoposuu B.M. COopHuK 3a1au o puznyueckoit Xumun. (XuMHUecKass KHHETUKA U
ANEKTPOXUMHS) : yued.-MeTol. mocodue st crya. cuen. "Xumus'". - Tam6oB: U3a-so Ilepmuna P.B., 2010.
-99c.

4. bepunaukuii I1.H., bepauukosa I'.I, JIpsukoBa T.I1. COopHUK 33134 O XMMUYECKOH TEPMOJUHAMUKE :
VYueb6.mocobue s ctyn7xumud.pak-ro yH-to/Hayu.pen.JI.E. I pirankosa. - Tam6os: TI'Y, 2003. - 175c.

6.3 VlHble UICTOYHUKMU:
1. Xumudeckas SHIUKIONEANS Ha caiTe « XuMHuK.py» - http://www.xumuk.ru/encyklopedia/
2. yueOHbIe MaTepHalbl Ha caiiTe XumMudeckoro akynasrera MI'Y - http://www.chem.msu.su/rus/chemistry

3. yueOHble  Marepuanbl Ha  caidte  xumuueckoro  (ak-ra  Kpacnospckoro I'Y -
http://kristall.lan.krasu.ru/Education
4.  yuebHple  Marepuanbl Ha  cadte  kadenpel  pusxumum  PocroBckoro @ ['Y -

http://www.physchem.chimfak.rsu.ru/

7. MaTepuaibHO-TeXHHYECKOe o0ecnedeHue M CHUILIMHBI, IPOrpaMMHOe odecrieveHne,
npodeccuoHaIbHbIE 0a3bI JAHHBIX U HHPOPMAIIMOHHBIE CTIPABOYHbIE CHCTEMbI

I[J'DI MMPOBCACHUA 3aHATUM TIO JUCHUITINHEC HGOGXO,Z[I/IMO CJICAYIOIICC MAaTCpUaAJIbHO-TCXHUYCCKOC
obOecrieucHue: y‘-Ie6HI>Ie AyauTOpruun Jid TIPOBCACHUA 3aHATHI JICKHIUOHHOI'O W CCMHUHAPCKOT0 THIIA,
rpynmnoBbIX W HWHIAWBHUAYAJIbHBIX KOHCYHLTaLII/If/’I, TCKYLICTO KOHTPOJA H HpOMe)KYTOqHOﬁ arrecranuu,
IIOMCIICHUA 1A CaMOCTOSITEIIHLHOM pa6OTI:I.

VY4eOHble ayTUTOPUN U MIOMELICHHUS ISl CAMOCTOSTEILHON pabOThl YKOMIUIEKTOBAHBI CHICIIMATIM3UPOBAHHOM
MeOeNIbI0 U TEXHUYECKUMHU CPEACTBAMH 00yUeHHUsI, CITy>KalllMMU JJIsl TIPEACTaBIeHUs yueOHoM nHpopManuu
OO0JIBIION ayTUTOPHH.

[TomereHust 111 CaMOCTOSITEIbHON PabOThl YKOMITJIEKTOBAHBI KOMIIBIOTEPHOW TEXHUKOW C BO3MOXKHOCTBIO
MOAKITFOYEHHUS K ceTn "UnTepuer” u obecrieueHreM JloCcTyna B AIEKTPOHHYIO
nH(pOPMAITMOHHO-00pa30BaTEILHYIO CPENy YHUBEPCUTETA.

Jlnst mpoBeeHusl 3aHATHI JIEKIIMOHHOTO THIIA UCTIONB3YIOTCS HA0OPBI IEMOHCTPAILIMIOHHOTO 000PYI0BaHuS,
o0ecreYnBaroIe TEMaTHYEeCKIE WILTIOCTPAINH (TIPOEKTOP, HOYTOYK, SKpaH/ MHTEPaKTUBHAS JOCKA).

JlnmeH3noHHOE U CBOOOHO pacIpOCTpaHsIeMOe IPOrpaMMHOE 00eCTICUeHHE:

Microsoft Windows 10

Kaspersky Endpoint Security 10 ais Windows "JlaGopartopus Kacnepckoro" 26.07.2018
Adobe Acrobat 8.0 Standart Russian Version Win Full Educ

Microsoft Office [Ipodeccuonansusiii mmoc 2007

[Tpodeccuonanpubie 6a3bl JaHHBIX U MH(POPMAITMOHHBIC CITIPABOYHBIE CUCTEMBI:
1. Scopus: 6a3a mannbix . — URL: https://www.scopus.com

2. Web of Science: monuremarnyeckas pedeparuBHo-OMOMMorpaduyeckass U HayKoMeTpHueckas 0Oasza
nanabix . — URL: https://apps.webotknowledge.com

3. Hayunas snexrponnas 6ubnuoreka «KubepJlennnkay. — URL: https://cyberleninka.ru
4. Hayunas snexrponHnas oubianoreka eLIBRARY.ru. — URL: https://elibrary.ru
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5. [Ipe3unentckas 6ubnuoreka umenu b.H. Expriuaa. — URL: https://www.prlib.ru
6. Poccuiickas rocynapctBernas oubnmoreka. — URL: https://www.rsl.ru

7. TambOoBckass oOnacTHasi yHHBeEpcaibHas HaydHas OuOmmuoreka uM. A.C. Ilymkuna.

http://www.tambovlib.ru

8. Dnexrponnas 6ubmmoreka TI'Y. — URL: https://elibrary.tsutmb.ru/

9. ONEeKTPOHHBIN KaTrajor @yHIaMEHTaIbHON OoubmuoTeKn TTV. —
http://biblio.tsutmb.ru/elektronnyij-katalog

JJIeKTPOHHasi HH(POPMALIMOHHO-00pa30BaTe/IbHAsA Cpeaa
https://auth.tsutmb.ru/authorize?response type=code&client id=moodle&state=xyz
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— URL:

URL:

B3aumoneiicTBue mnpernopaBaTenss M CTy[JEHTa B TIpolecce OOy4eHHUs OCYLIECTBISETCS MOCPEICTBOM
MYJIBTUMEUMHBIX, THIIEPTEKCTOBBIX, CETEBBIX, TEICKOMMYHHUKAIIMOHHBIX TEXHOJOTUH, HUCHOJIb3YEMBIX B

ANIEKTPOHHOH MH(OPMAIIMOHHO-00Pa30BATEILHON CPEie YHUBEPCUTETA.



