[loKyMeHT NoAnucaH NpoCToil 3NeKTPOHHOM NOANMUCHI0
NHbopmaums o Bnagenbue:

®UO: LLLéknHEBEPa BrTaNBEBHa
[omkHocTb: RekTgr

MHUHHUCTEPCTBO HAYKH U BBICHIEI'O ObPA3OBAHUA

(RIS W rrer=erry POCCHIICKO# ®EJIEPAIMN
YHUKanbHbIiA [np MM bl KN . (I)ellepa.ﬂbﬂoe rocyiapCcrBeHHO€ 610[[)ReTH06 06pa30BaTeJILH06
a2232a5515Fe576b5 e COURTY r @3 89420420336ffbf5733434%5&i§8m1enne BBICIIIETO 06pa30BaHHﬂ

«baaroBemeHcKuii FocyﬂapCTBeHHbIﬁ negaroru4ecKuii YHUBEPCUTET

OCHOBHAS OBPA3OBATEJIBHASA TPOTPAMMA
PaGouyasi nporpaMma quCUMIIMHBI

YTBEPXKJIAIO
JlexaH ecTeCTBEHHO-reorpagpueckoro
¢axyasrera ®LT'BOY BO «BI'TTY»

=
«22» man 2019 r.

H.A. Tpodumnosa

Pa6Gouas nporpaMmma quCUMILTHHBI
OUBNYECKASA XUMUSA

HanpasJ/ieHue noaroroBKu
44.03.05 TIEJATOI'MYECKOE OBPA30BAHUE
(¢ nBymMs NpoUJISAMH MOATOTOBKH)

IIpodnin
«BUOJIOI'UST»
IIpodunisn
«XHUMMHUSA»

YpoBeHb BbIcIIero 00pa3oBaHusA
BAKAJIABPUAT

IIpunsTa Ha 3aceqannu Kadeapbl XHMUH
(mpotokoa Ne 8 ot «15» masi 2019 r.)

Bbaarosemenck 2019



COJEPKAHUE
1 TOSACHUTETBHAS BATIHICKA . .c....eevveeeeeeeeeeeeeeeeeeeeeseeeseneeessesssseeessesssssesssenns 3
2 YYEBHO-TEMATHYECKOE IIVIAHUPOBAHME ......cccvvveeeeeeeeeeeeeeeneeeesneens 4
3 COTEPKAHME TEM (PA3ZIEJIOB)......eeeeieeeeeeeeeeeeeeeeeeeeseneeesseessnseessessseesssmns 6
4 METOJIAYECKHWE PEKOMEHJIALINU (YKA3ZAHMS) JIUISI CTYJAEHTOB IO
N3YYEHUIO JIMCIIATITIFHDBL. .......vvveeeeeeeeeeeeeeseeeeeeeeseseeeseesseseesssesssseesesssssnnn 9
STIPAKTAKYM IO JIUCTIATITIMHE . .....c..eeevveeeteeeeeeeeeeeeeeeesaeeesseeesessssmeseseesnns 11
6 IMJAKTUYECKHAE MATEPHAJIBI JUISI KOHTPOJISI(CAMOKOHTPOJIS)
YCBOEHHOT O MATEPHAUIA. .....ccceeieeneeeeeeeeeeeeeeeseiseeeessssssseessssssseessssessnnns 41
7 HEPEYEHb MTHOOPMALIMOHHBIX TEXHOJIOT Mil, UCIIOJIb3YEMBIX B
TIPOIIECCE OBYUEHMSL.....cc.cceuvveeeeeeeeeeeeeeesieseeseesssseesssssssseesssssssseessssssseeees 61
8 OCOBEHHOCTH N3YYEHUSA JACHUATLIAHBI THBAJIMIAMM U JTALIAMHA C
OTPAHUYEHHBIMH BO3MOKHOCTAMU3BIOPOBBSL. .....ccceeeeeeeeeeeereeeeennnes 62
9 CIIMCOK JINTEPATYPBI U HTHOOPMALIMOHHBIX PECYPCOB..................... 62
10 MATEPHAJTBHO-TEXHUYECKASI BA3A....ccoeeeeeeeeeeeeeeseeeeeeseeeseesneesessreesen. 63

11 JUCT UBSMEHEHUM U JOIOJTHEHMM........ccuvvvnieneenniiniierneeerienneennennnnns 65



1 HIOACHUTEJIBHASA 3AIIMCKA

1.1 Heab aucuumiInHbl: chopMUpOBaTh PyHIAMEHTAJIbHBIC 3HAHMS B PAa3IMYHBIX pa3-
nenax (pusnyeckod XMMUU (XMMHUYECKasi TEPMOJAMHAMUKA, (a30BbIe, XUMHUUECKUE U aacopOIu-
OHHbIE PaBHOBECHS, YUCHHE O PACTBOpaX, XMMHUECKas KUHETUKA, KaTaJIu3 U SJIEKTPOXUMHUS).

1.2 MecTo aucuuninusl B crpykrype OOIL

Hucuumnnuna «®dusudeckass XUMUS» OTHOCUTCS K AMCLUMILIMHAM O00s3aTEIbHOM 4acTH
osoka b1 (51.0.27).

Jliis ocBoeHus OUCHUIUIMHBI «Du3ndeckas XUuMus» 00ydaroluecs UCHOIb3YIOT 3HaHUS,
yMeHusl, CQOPMHUPOBAHHBIC B XOJC U3YUCHHSI HEOPTaHUIECKOW U aHAIUTUICCKONU XMUMHUH.

1.3 ucuunjnHa HanpaBJjieHa Ha (pOpMHPOBaHHUE cJaeAyOmuUX KomneTenumnii: YK-1,
OIIK-8, I1K-2:

-YK-1. Cnoco0OeH OoCylIecTBISTh MOUCK, KPUTHUECKUI aHAllM3 U CUHTE3 HUH(OpMaIHH,
MPUMEHSATh CUCTEMHBIN MOAXOJ [l PEMICHUS ITOCTABJICHHBIX 3a/1a4, MHAMKATOPAMHU JTOCTHXKE-
HUS KOTOPOU SIBJISIETCS:

e VYK-1.1 JlemoHCTpHpyeT 3HAHHE OCOOEHHOCTEW CHCTEMHOTO M KPUTHYECKOTO MBIILICHUS U
TOTOBHOCTB K HEMY.

o VYK-1.2 HaxomuT ¥ KpUTHYECKH aHATH3UPYET WH(OPMAIHIO, HEOOXOIUMYFO JIUIS PEIICHHUS T10-
CTaBJICHHOM 3a7a4u.

e VK-1.3 AprymeHtupoBaHHO (popMupyeT coOCTBEHHOE CYXKIEHHE M OLEHKY HH(opMmaimy,
NPUHAMAET 00O0CHOBAHHOE PEIICHHUE.

- OIIK-8. CniocobeH ocyIiecTBIATh MEJarornyeckyro IesiTeIbHOCTh HA OCHOBE CIEIH-
AJIbHBIX HAYYHBIX 3HAHUW, HHAUKATOPOM JOCTUKEHHUS KOTOPOU SIBISETCS:

e OIIK-8.3 /IeMOHCTpHUpYET CliEUUAIbHBIE HAYYHbIE 3HAHUS, B TOM YHUCJIE B IPEIAMET-
HOM 0071acTH.

- TIIK-2. CrocoGeH oCymecTBISATh TENarorndeckKyro JesiTeIbHOCTh 10 MPO(UIBHBIM
npeaMeTam (JUCHUILTHHAM, MOJIYJISIM) B paMKax MpOTrpaMM OCHOBHOTO OOIIETO U CPEAHETo 00-
miero o0pa3oBaHus, HHAMKATOPOM JOCTUKEHUSI KOTOPOU SIBIISIETCSI:

e JIK-2.2 [Ipumensier OCHOBBI Teopuu (yHIAMEHTAIBHBIX U TMPHUKIAJHBIX pPa3/eioB
XUMHUH (HEOPTaHUYECKOM, aHATUTHIECKON, OpraHuveckoi, pusudeckoit, xumuu BMC, xumnye-
CKHX OCHOB OHMOJIOTMYECKHX IPOIIECCOB, XUMUUYECKONW TEXHOJIOTUM) JUIsl PEUICHUs TeOpeThye-
CKHX U MTPaKTUYECKHX 3a]1a4.

1.4 IlepeyeHb MIAHUPYEMbIX pe3yJbTAaTOB 00y4eHHMsi. B pe3ynbrare u3ydeHUs aucC-
LUUITUHBI CTYAEHT T0JKEH

- 3HATh:

® TyTU MOWCKAa MHPOPMAIMH IJI UCIIOIH30BAHUS MOIYYEHHBIX TEOPETUYECKUX U TIPaK-
TUYECKUX 3HAHUN B 001acTH (PU3NUIECKON XHUMUH;

® OCHOBBI TIOMCKA, KPUTUYECKOTO aHAJIN3a U CUHTE3a WH(OpMAIIUU, CHCTEMHOTO TI0JIXO-
Jla JJI peIIeHUs TOCTaBICHHBIX 3a/1a4 B paMKaxX JUCIUIUIMHBI (DU3UYECKas XUMUS,

® METOJbl M CIOCOOBI 00paboTKM WH(MOPMALMU PE3YIbTATOB XUMHYECKOTO JKCIEepH-
MEHTa, Pe3yJIbTaTOB HAOIIOACHUI U U3MEPEHHIA;

e uH(}OpPMAIIMOHHBIE UCTOYHUKHU CITPABOYHOTO, HAYYHOTO, HOPMAaTHBHOTO XapaKTepa;

® OCHOBBI XUMUYECKOW TEPMOJINHAMUKH;

® XUMHUYECKYIO KUHETUKY U KaTajus;

® OCHOBBI JIEKTPOXUMUHU.

- yMeTh.

® T[IPUMEHATHh U AHAJIMU3UPOBATH OCHOBBI MOKUCKA, KPUTUUECKOTO aHaM3a U CUHTE3a UH-
dbopmariu, CHCTEMHOTO TTOIX0/1a JJIsSI PEIICHUS TTOCTABICHHBIX 33]1a4;

® COIOCTaBIISICT pa3HbIE HCTOYHUKHN MH()OPMAIIMU C LETbIO BBISIBICHUS UX MPOTUBOPE-
YUU U MTOUCKA JOCTOBEPHBIX CYKICHHUI;

® UHTEPIPETUPOBaTh (U3UKO-XMMHUYECKHE CBOWCTBA BEIECTB Ha OCHOBE IMOJTYyYEHHBIX
TEOPETUYECKUX 3HAHUU.
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® TPOBOAMTH CAMOCTOSITENIBHBINA MOUCK XUMHUYECKOW MH(POPMALUU C UCIOIb30BaHUEM
Pa3IMYHBIX MCTOYHUKOB (HAyUHO-IOMYJIAPHBIX M3IAHUH, KOMIbBIOTEPHBIX 0a3 JaHHBIX, pecyp-
coB Internet).

- BJaJeTh:

e HaBbIKAMH AaHAJIM3a, IPUMEHEHHUS OCHOB IOMCKA, KPUTHUYECKOTO aHalM3a U CHHTE3a
uH(pOpPMaLIMU, CHCTEMHOTO MOAX0a JJIsl PELICHUs TOCTABICHHBIX 33]a4 B paMKaX JUCIUILTHHBI
bu3nyeckas XuMus;

® HaBbIKAMHM TPAMOTHO, JIOTHYHO, ApryMEHTHUPOBAHHO (OPMHUPOBATH COOCTBEHHBIC
CYKIECHUS U OLIEHKU;

® HaBbIKaMHM JI€JaTh 3aKIIOUEHMsS] U BBIBOJBI 110 pe3yibTaTaM aHaJIN3a JUTEPATypPHBIX
JTAHHBIX, COOCTBEHHBIX 3KCIIEPUMEHTAIBHBIX U PACUETHO-TEOPETUUYECKUX PAadOT 10 (HU3NYECKOI
XUMHUU;

® [PaKTUYECKUMU HAaBbIKAMM SKCHEPUMEHTAIbHON paboThI;

® METOJIaMH pEIlIeHHs pacueTHbIX 3ajiau.

1.5 O0masi TpyA0eMKOCTh JHCHMILINHBI «PH3H4eckass XUMHSD» COCTaBIIAET S 3ayer-
Hbix eqununl (nanee — 3E) (180 yacos).

IIporpamma npenycMarpuBaeT U3ydeHUE MaTepuaa Ha JIEKIUAX U Ja00paTOpHbIX 3aHs-
tusx. IIpenycmorpena camocrositenpHas paboTa CTyIEHTOB IO TeMaM U pasneinam. IIposepka
3HaHUH OCyIECTBIIAETCS PPOHTAIBHO, HHAUBUYATbHO.

1.6 O0beM AUCUMIIMHBI U BU/IbI y4e0HOI 1eATeTbHOCTH

O0beM TMCHMIIMHBI M BUAbI Y4e0HOM 1eATeJIbHOCTH

Buj yueoHoii paboTbl Bcero yacoB Cemectp 5
OO61as TpyA0eMKOCTh 180 5
KonrtakTHas padora 72
Jlexuun 30
JlabopaTopHbie pabOThI 42
CamocrositenpHas pabora 72
By nTOroBoro KOHTpoJis: 36 DK3aMeH

2 YYEBHO-TEMATHYECKOE IINTAHUPOBAHHUE

YueOHO-TeMaTH4YeCKHH IV1aH (0uHast popMa 00yUeHHs)

Aynurtopsble 3ansatust | Camocros-
Ne HaumenoBanue Tem (pa3iesioB) Beero JlabopaTop- | TeJbHasA
qyacoB | Jlekuuun
HbI€ 3AaHATUA padora

Beenenne B pu3nyecKyr0 XUMHIO 4 2 2

| |OcHOBBI XMMHYECKOH TEPMOTMHAMHKH 58 8 22 28

1 |OcHOBHBIE MOHATUS XUMHYECKOH TEpMO- 3 1 2
JTUHAMUKH

2 |TemnoeMkocTs. Teopun TEIUIOEMKOCTH 3 1 2

3 |llepBblif 3aKOH TEPMOAMHAMHUKH MU €ro 4 2 2
MPWIOKEHNE K Pa3IUYHBIM IPOIIECCaM.
Tepmoxumus

4 |Bropoil u TpeTuil 3aKOHBI TEPMOIMHAMHU- 3 1 2
K. DHTpONUs

5 |Tepmomunamuveckue MOTEHIUAJIBI 3 1 2
(oneprus I'enbmronbua u sueprus ['u60-
ca). XUMHUYECKUI TTOTCHITHAIT

6 |TepmoauHaMHKa XUMHUYECKOTO PaBHOBE- 3 1 2
CcHs

7 |da30oBbie paBHOBECHS B TETEPOTCHHBIX 3 1 2
crcTeMax




8 |OmpeneneHne WHTETPAIBHOW TEIUIOTHI 6 4 2
pacTBOpEHUs] COJIU B BOJIC

9 |Ompenenenue coaepkaHus KpPUCTAIUIIH- 6 4 2
3allMOHHOM BOJABI B KpPUCTAJUIOTHUIpATE
cynbdara meau

10 |OnpeneneHue TEIUIOTHI HEUTpaTU3aAIUU 6 4 2

11 |OmnpeneneHue TEIUIOTHI  AUCCOIMAIIUN 5 3 2
c11a00r0 IEKTPOIINTA

12 |Ompenenenune KOHCTAaHTHI PaBHOBECHUS 3) 3 2
TOMOTCHHOH XUMHUYECKOW PEaKIH B pac-
TBOpE

13 |Tepmuueckuii aHamM3 CHUCTEMBbI (PEHOII- 8 4 4
Ha(TaITNH

Il |PacTBOpBI 20 8 4 8

1 |TepmoaumHamuka pacTBOPOB HEDIEKTPO- 4 2 2
JIUTOB

2 |TepmomuHamMuKa JETY4YHX >KHJIKHX CMe- 4 2 2
cel

3 |KommmraruBHbIe CBOWCTBA pa30aBICHHBIX 6 4 2
pPacTBOPOB HEAJIEKTPOJIIUTOB (paBHOBECHE
B CHUCTEME JICTYYUil pacTBOPHUTEIb - He-
JIeTy4ee pacCTBOPEHHOE BEIIECTBO)

4 |OmnpeneneHre MOJIIPHONH Macchl PacTBO- 6 4 2
PEHHOTO BEUIeCTBA METOJOM KPUOCKOITUHU

Il [DaexkTpoxumus 24 6 4 14

1 |PacTBOpBI 3J€KTPOJUTOB 3 1 2

2 |DNeKTpOnpPOBOJIHOCTH PACTBOPOB JJICK- 3 1 2
TPOJUTOB

3 |PaBHOBecusi B JIEKTPOXUMHYECKUX CH- 3 1 2
cTeMax

4 |Tunbl 3ME€KTPOAOB. DIEKTPOXUMHUYECKHE 3 1 2
nenu. [lorennmomerpust

5 |HepaBHOBeCHBIE 2JIEKTPOIHBIEC MPOIIECCHI. 3 1 2
OnexTponau3. DIEeKTPOXUMHUYEcKas KUHe-
THKA

6 |Koppo3swus u 3amura METaIoB 9 1 4 4

IV |AncopOunoHHbIE paBHOBeECHSI 12 2 4 6

1 |IloBepXHOCTHBIE SIBICHUS 3 1 2

2 |AncopOrus 3 1 2

3 |AzncopOiust yKCYCHOM KHCIOTBI Ha TIIO- 6 4 2
BEPXHOCTH aKTHBHPOBAHHOTO YTIIS

V | Xumu4Yeckasi KHHETHKA U KaTAJINu3 26 4 8 14

1 |BBenmeHue B XHMHUYECKYIO KHHETHKY. 3 1 2
dopmanibHass KHUHETUKA OJHOCTOPOHHHUX
MIPOCTHIX PEAKINH B 3aKPBITHIX CUCTEMaX

2 |Cnoxwuble peakuuu. Llennsie u oroxu- 3 1 2
MHUYECKHE PEaKIuu

3 |Teopun XuMHUYECKON KUHETUKHU 3 1 2

4 | Xumnueckasi KHHETHKA 2 2

5 |Karamus 3 1 2

6 |Ompenenenue KOHCTaHTBHI CKOPOCTH pe- 6 4 2




aKIUM OKUCIICHUS] HOJO0BOJOPOTHON KHUC-
JIOTHI IEPOKCHIOM BOAOPOAA
7 |Karamutrdeckoe BIUSHNE MOHOB MEIU U 6 4 2
’KeJie3a Ha CKOPOCTh OKHUCIICHHUS HOJI0BO-
JOPOJHOM KUCIIOTHI IEPCyabhaToM am-
MoHMs KaTanutudeckoe BIMsHIEC HOHOB
MEJIM U JKeJe3a Ha CKOPOCTh OKUCIICHUS
MOJIOBOZOPOAHOM KHCIOTHI EpCybda-
TOM aMMOHHUS
DK3aMeH 36
Hroro 180 30 42 72
HNHTepakTHBHOE 00yUYeHHe MO TUCIUTLIHHE
Ne HaumenoBanue TeM (pa3aesioB) Bun dopma Kou-Bo
3aHsI- HHTEPAKTUBHOTO 4acoB
THS 3aHATHA
1. .1 TemmoemkocTth. Teopuu TEII0EMKO- JIK Jlexuusa-KOHCYIbTAIHS 2
CTH
2. .2 OcHOBHBIE NOHITHS XUMHYECKOHN JIK Jlexuus-KOHCYIbTAIHS 2
TEPMOTUHAMUKHU
3. | 1.8 OnpenencHue MHTErpaIbHON TETUIOTHI JIb Pabota B ManbIx rpynmnax 2
pacTBOPEHUS COJIM B BOJIE
4, I1.1 TepmoarHamMuKka pacTBOPOB HEDJIEK- JIK Jlexuus-KOHCYIbTAIHS 2
TPOJIUTOB
5. | I1.3 Komnmurarususie cpoiictBa paszbaB- | JIK | Jlekuus ¢ ommOkamu 2
JICHHBIX  PAacTBOPOB  HEDJIEKTPOJIUTOB
(paBHOBECHE B CUCTEME JIETY4YUl pacTBO-
pUTETH - HEJIETy4ee PacTBOPEHHOE Bellle-
CTBO)
6. | I1l.1 PacTBOpBI 31€KTPOJIUTOB JIK | BuneokoHpepeHms 2
7. | .4 Tumer snektponoB. Dnektpoxumu- | JIK | Case-study (ananu3 koH- 2
yeckue 1enu. [loreHunomerpus KPETHBIX TMPAKTUYECKUX
CUTYalHl
8. | I11.6 Koppo3us u 3amuTa MeTauioB JIb PaboTa B MaJIbIX Tpynnax 2
9. | IV.3 AncopOrmusi yKCYCHOM KHCIIOTBI Ha JIb PaGota B manbIx rpymmax 2
MOBEPXHOCTH aKTUBUPOBAHHOTO YISl
10. | V.6 Omnpenenenne koHcTaHTHI ckopoctu | JIb | PaGora B MamnbIX rpymmax 2
pEeaKkIMKU OKHCICHHS HOJOBOJOPOIHOM
KHCJIOTHI IEPOKCHJIOM BOJIOPOJIA
11. | V.7 Karanutudeckoe BIUSHUE HOHOB JIb PaboTa B MaJibIx Tpymnmnax 2

MeJM U XKelle3a Ha CKOPOCTh OKUCIICHUS
MOJIOBOJIOPOHOMN KUCIIOTHI TIepcybda-
ToM aMMOHUs Kartanmutuueckoe BIusHHAE
MOHOB MEJIM U JK€JIe3a Ha CKOPOCTh
OKHCJIEHHS NOJI0BOJIOPOAHON KUCIOTHI
nepcynbpaTroM aMMOHUS

UTOIo

22/72=30 %

3 COAEP)KAHUE TEM (PA3JIEJIOB)

BBenenue B pu3n4eCcKy0 XUMHIO
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[Ipenmer, meTo U coaepxanue Hu3ndeckor XUMuu. Mecto (pU3NUECKOi XUMHUH B €CTe-
cTBOo3HaHUM. Du3nueckas XUMHUSA KaK TEOpETHYECKas OCHOBA XUMUU. OCHOBHBIE 3TAlbl PA3BU-
TUSL PU3NYECKON XUMHHU. Poib pycCKuX yueHBIX B pa3BuTHH (puznueckod xumuu. Briaz 3apy-
OEKHBIX YYEHBIX B pa3paOOTKy TEOPUHU JIEKTPOXUMHUHU, XUMHUUECKOW TEPMOJUHAMUKH, PACTBO-
poB, karanu3a. CoBpeMeHHOE COCTOSIHME (PU3NUECKOr XUMuu. Poib Gu3nueckold XUMUM B TOA-
TOTOBKE YUUTEJIsl XUMUU U OHOJIOTUH.

| OcHOBBI XMMHYECKOH TEPMOJIMHAMHUKH

IIpenMer M METOH XMMHUYECKOW TEPMOAUMHAMMKHU. OTambl PA3BUTHS TEPMOIWHAMUKH.
OCHOBHBIE TIOHATHS: CUCTEMBI U MX KJIacCU(UKAIMs, COCTOSIHUE M KIacCU(UKAIUS TPOLIECCOB.
®dopMbl 0OMEHA SHEPTUEH CUCTEMBI C OKPYIKAIOIIIEH Cpelloi: TerioTa u paboTa. YpaBHEHHE CO-
CTOSIHUS HaeanbHOro ra3za. OCHOBHOE ypaBHEHHE KMHETHYECKOH Teopuu ra3os. Pabora pacmm-
peHHUs UeaNbHOro raza. MakcumanbHas padorta. TermioeMKocTb, BUIbl TEIIOEMKOCTH. Teopuu
TEIJIOEMKOCTH a30B U TBEP/BIX BEIIECTB. 3aBUCUMOCTh TEINIOEMKOCTH OT TEMIIEPATYPHI.

IlepBblii 3aKkOH TepMOAMHAMUKHU. MaTeMaTUUECKUE COOTHOILEHUS, CBA3BIBAIOLIME 1apa-
METPbI COCTOSIHUS. DKBUBAJIEHTHOCTh TEIIOTHI U paboThl. PopMynupoBKU | 3aKkoHa TepMOaU-
HaMMKHM U UX MaTeMaTU4eCKue BbIpakeHUs. BHyTpeHHss sHeprus cuctemsl. [Ipunoxenue | 3a-
KOHA TEPMOJAMHAMHUKH K U30TEPMHUYECKUM, U30XOPHBIM, H300apHBIM MpoLeccaM. DHTAIBIUS CH-
cTeMbl. ATnabaTUYECKHUM MpoIIecC.

[Ipunoxenue | 3akoHa TEPMOJMHAMUKUA K XUMHUYECKUM U OMOJIOIMYECKUM IPOLECCAM.
3akoH I'. U. I'ecca u cnenctBust U3 Hero. TepMOXUMHUYECKHE YpaBHEHUS. DHTAIbIMS (Pa30BbIX
npeBpamieHuii, 00pa3oBaHus, CrOpaHus, pacTBOpeHHs. Pacder TemnoBbIX 3((HEKTOB pEaKIHid,
SHEPrUM CBA3M, KPUCTAJUINYECKOM PEIIETKH, TMIpAaTallii, HOHU3ALUU. 3aBUCUMOCTb U3MEHEHUS
SHTAIILITNY XUMUYECKOUW PEaKIuu OT TemrepaTypsl. 3akoH P. Kupxroda.

Bropoit 3akoH TepmonuHaMuku. GOpMyIUPOBKH BTOPOTO 3aKOHA TEPMOJUMHAMUKHU, €rO
3HaueHue. [ukn C. KapHo u MakcuManbHbIi KOAPPUIUEHT 101e3HOro erucTBus. OdbpaTumbie U
HEoOpaTHMBbIE MPOLECCHl. DHTPOIHUS U BEPOSTHOCTb. TepMOAMHAMUYECKas U CTaTUCTHYECKast
MHTEpIIpEeTalds SHTpONuU. YpaBHeHue bonbliMaHa. YpaBHEHHs, OOBEIUHSIOUINE IEPBLIM U
BTOPOH 3aKOHBI TEPMOAVMHAMMKY. 3aBUCUMOCTb SHTPOIIUH OT IIapaMeTPOB COCTOSIHUSA. DHTPOIUS
CMeIlIeHUs ra3oB. MI3MeHeHne S3HTpoNnuK B HEOOpaTUMBbIX Iporeccax. PacueT uaMeHeHus 3HTpo-
UM JUI PA3IMYHBIX MPOLIECCOB. DHTPONHUS U UH(OpMAIHSL.

Tperuit 3axoH TepMmoHaMuK. DOPMYIHPOBKU U CTATUCTUYECKOE OOOCHOBAHUE TPETh-
€ro Hauana TepMoaAuHaMuKu. HenocTnkuMocTh abCOMIOTHOTO HYJs Temrneparypbl. CieacTBus
U3 TPeThero Hauvajga TepMOAMHaMUKH. TeruioBas TeopeMa HepHcra. AOGCOJIOTHBIE DHTPOIHUU.
PacueT aOcomoTHBIX SHTpoNUiA. MI3MeHeHne SHTpONUH NPH U3MEHEHUH 00beMa CUCTEMBI U TEM-
NepaTyphbl, YUCIIa YaCTULL, IPU (PAa30BbIX MPEBPALLECHUAX.

Oneprust ['u66ca u snHeprus I'enbmronsua. Kpurepun paBHOBecHs M HanpaBlIEHHOCTH
CaMOIIPOU3BOJIbHBIX MporieccoB. PU3NUECKUN CMBICT TEPMOAMHAMUYECKUX MOTEHIINAJIOB, 3aBU-
CHUMOCTb UX OT IapaMeTpoB COCTOsHUSA. MakcumalnbHas paboTa mpolecca U XUMHYECKOe CPoJI-
cTBO. Pacyer n3menenus cranaapTHoi sHepruu ['mb0ca M KOHCTaHTHI PaBHOBECHS C OMOIIIbIO
¢byHKUIMM npuBeAeHHON sHepruun ['udoca.

TepMonnHaMuKa CHUCTEM C MEPEMEHHBIM YHCIOM YacTull. PacueT HampaBJIEHHOCTH XHU-
MHUYECKHUX MpoueccoB. OTKPBITbIE CUCTEMBI. XMMHUECKUNA MOoTeHIMal. CBsI3b XUMUYECKHUX I10-
TEHI[MAJIIOB C TEPMOJMHAMHMYECKUMHU NOoTeHUuanamMu. Oopmysbl 1 pacdueTa XUMHUYECKUX MO-
TeHuanoB. dyH1aMEHTaIbHbIE YPaBHEHUS XMUMHMUYECKON TepMoauHamMHuKU. O NMpUMEHEHUM 3a-
KOHOB TEPMOJIMHAMUKH K OMOJIOTUYECKUM CHCTEMaM.

TepMonrHaMuKa XMMHUYECKOIO paBHOBECHs. TepMOAMHAMMUYECKUN BBIBOJI 3aKOHA JEH-
CTBYIOIIUX MAacC ISl COCTOSIHUS XHMHUYECKOro paBHOBecHs. DU3MUECKHil CMBICT KOHCTaHTHI
XUMHUYECKOro paBHOBecus. OCHOBHBIE NPU3HAKU COCTOSIHMS XMMHYECKOIO paBHOBecus. Bzan-
MOCBSI3b MEXJIY KOHCTAaHTaMH XHMHUYECKOTO PAaBHOBECHS. YpaBHEHHE M30TE€PMbl XHMMHUYECKOM
peakiuu. CMmelieHne XMMUYECKOTO paBHOBECHS. YPAaBHEHHS H30XOpbI, N300apbl XUMHUECKON
peaKuuy, ypaBHEHUE 3aBUCUMOCTH KOHCTaHTBI PaBHOBECHS OT AABJICHUA. BiusHue M3MeHeHus
KOHIIEHTpAllUU Ha CMeEIlleHHe paBHOBecus. OmnpeneneHne paBHOBECHBIX BBIXOJ0OB BEIIECTB I10



KOHCTaHTE PaBHOBECHSI.

Tepmoaunamuka (pa3oBbIX paBHOBECUI B F€TEPOreHHBIX CUCTEMaX. Y CJIOBUS PABHOBECHS
mexay dazamu, pazossie paBHoBecus | u |l poxa. Knaccudukanus rereporennsix cuctem. [pa-
B0 ¢a3 ['m66ca. [laBneHune mapa TBEpAbIX M )KUIKUX Tel. YpaBHeHue Knaneiipona-Knaysuyca.
[Tpumenenue mpaBmia (a3 ['mb66ca Kk 01HO-, TBYXKOMIIOHEHTHBIM cucTeMaM. JlparpamMmel co-
CTaB-TeMIIEpaTypa KpHUCTAUIM3alMK, COCTAB-TEMIIEPATypa MUCHApEHUs IBYXKOMIIOHEHTHOH CH-
cremsl. Tepmuueckuii ananus. Padotel H. C. KypHakoga.

11 PacTBOpBI

TepmonnHaMmuueckass Teopusi pacTBopoB. [lapiuaiibHble M MOJSPHBIE BEJIMYMHBI U UX
3HaYCHUE B TEPMOJMHAMHUKE PAaCTBOPOB. 3aBUCUMOCTb PAaBHOBECHBIX CBOMCTB pacTBOpa OT XU-
MUYECKOT0 ITOTEHIIMAJIA U IPYTUX NapLUUaIbHbIX MOJISIPHBIX BEJIMYMH.

WneanbHble, npeAeabHO pa30aBiIeHHbIE U HEUCaIbHbIE PACTBOPHL. /laBieHne HaCBhIIIEH-
HOI'0 Tapa KOMIIOHEHTAa HaJ pacTBopoM. YpaBHeHue Payns u ['eHpu. PacTBoprMOCTH ra3os.
PacTBoprMoCTh TBEpABIX BellecTB. Pacnpenenenue pacTBOPEHHOTO BENIECTBA MEKIY IBYMs He-
CMEIINBAIOIIUMUCS PACTBOPUTEIAMU. DKCTPAKLUS.

TepMonnHaMuKa pacTBOPOB JKUIKUX JIeTyuuX BemecTs. 3akoHsl . I1. Konosanosa. Jle-
Ty4ue€ CMECH C HEOTPAaHMUYEHHO CMEIIMBAIOIMMUCS KUAKOCTIMU. MieanbHble JeTy4une CMEeCH.
ITeperonka neTy4nux kuakux cmeced. OrpaHMu4E€HHO PacTBOPUMBIE U NIPAKTUYECKH B3aMMHO HE-
pPacTBOPUMBIE JIETYYHE CMECH.

KommratuBasle CBOMCTBA pacTBOPOB HEMIEKTPOJIUTOB: IOHWKEHUE MJABJICHUS HACHI-
IIIEHHOT'O I1apa pPacTBOPUTENS HaJ PacTBOPOM, IIOHMKEHUE TEMIIEpaTyphl 3aMep3aHMsl U MOBBI-
LICHHE TeMIepaTypbl KumneHus. OCMOC M OCMOTHYECKOE JaBicHHE. 3akoHbl Payns m Banrt-
Fodda. 3HaueHre KOUTMTaTUBHBIX CBOMCTB pacTBOPOB. Poik ocMoca B OHOIOrHYeCcKHX Mporiec-
cax.

111 DaexTpoxummus

OTKJIOHEHUS B KOJUIMTaTUBHBIX CBOMCTBaX PaCTBOPOB AIEKTPOJINTOB OT CBOMCTB PacTBO-
POB HEINEKTPOIUTOB. M30TOHMYECKU KOI(PPUIIUEHT, €ro CBSI3b CO CTEMEHbIO AJIEKTPOTUTHYEC-
CKOM muccornuanuu. 3akoH pa36asneHuss OctBasibia. [IpyumHBI M MEXaHMU3M 3JIEKTPOJIUTHYE-
CKOM JUCCOLMALNH.

TepMonnHaMuyeckas ¥ JIEKTPOCTaTUYECKAs! TEOPHUS PACTBOPOB AMIEKTPOINTOB. CpetHui
KOA((UIMEHT aKTUBHOCTH CHJILHOTO 3JIeKTposuTa. OCHOBHBIE MOHATHUS 3JIEKTPOCTATHUECKOMN
TEOPHH PACTBOPOB CHIIBHBIX 3JEKTpoauTOB Jlebas u Xrokkens. Pacuer koaddunmeHToB akTuB-
HOCTH.

ONEeKTPONPOBOAHOCTh PACTBOPOB IJIEKTPOJIIMTOB. Y IE€NIbHAs M OKBUBAJIECHTHAS JJIEKTPO-
IPOBOAHOCTh, 3aBUCUMOCTh UX OT KOHLEHTpALMU, TEMIEPATYpPbl, JaBICHUS U MPUPOABI dJIEK-
TponuTa. TeopHs NMEeKTPOIUTUYECKON MPOBOAMMOCTU pacTBopoB Jlebas-On3arepa. AHOMalb-
HbI€ TMOJBUHOCTU MOHOB. MeToa M3MEpeHHsl AJIEKTPONPOBOJIHOCTH U €ro npumeHenue. Kon-
nykroMerpust. [IogBMKHOCTE M yKcla IEpeHOca MOHOB. MeXaHn3M 3JEKTPOIIPOBOJHOCTH BOJ-
HBIX PACTBOPOB KHUCJIOT U ILIET0YEH.

PaBHOBecHBIE aseKTpOAHBIE mporecchl. OmpeneneHue 3IEKTPOXUMHUYECKUX CHCTEM.
DNEKTPO/, dJAEKTPOJHBIN MOTEHIIMAI, JJIEKTPOIBIXKYILAS CHUIIA AJIEKTPOXUMUYECKOM LIETH.

PaBHOBecusi MeTaI-pacTBOp, PacTBOP-pacTBOp, MeTa-MeTamt. Mexdas3Hble MOTEeHIH-
anbl (ragbBaHu-NIOTeHIMANbI). COOTHOILIEHNE MEXTy U3MEHEeHHEeM Heprun ['nboca u snmekTpo-
HBIM MOTEHIMAJIOM 3JIEKTPOXUMHUYECKON cucTeMbl. YpaBHeHHe HepHcra ans pacuera BEIMYUH
AIIEKTPOJHBIX MOTeHIHanoB. CTaHIapTHBIM NOTEHIMaN 3JeKTpoja. BomoponHas mikana craH-
JAPTHBIX IEKTPOJHBIX IOTEHLINAJIOB.

Tunel  37I€KTPOAOB. DNEKTPOABI IEPBOTO W BTOpOro poja. OKHUCIHUTEIBHO-
BOCCTAaHOBUTENBHBIE AJIEKTPObI. ['a30BbIe 21eKTpoabl. oHOCENEKTUBHBIE 1eKTpoabl. [Ipume-
HEHUE Pa3IMYHbIX TUIIOB 3JIEKTPOIOB.

l"anpBannueckue smeMeHTsl. Kiaccudukanms raapBaHHUECKUX JIeMEHTOB. TepmoanHa-
MHKa TaJIbBAaHUYECKOrO yeMeHTa. XuMmudueckue nenu. Konnenrpanuonssie nenu. [lotenumo-
metpus. IloTeHIMOMeTprUecKoe onpesieNieHHe CTaHAAPTHBIX TEPMOAMHAMHUYECKUX (YHKUUN U
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KOHCTAHTHI PAaBHOBECHS AJIEKTPOXUMHUECKUX PEAKIUi, cpeHero KodQPuIueHTa akTMBHOCTH U
AKTHUBHOCTH 3JIEKTPOJIUTA.

HepaBHoBecHblIe 3neKkTpoHbIe Tpoliecchl. 3akoHbl Dapajes. INeKTPOXUMUUECKUE IKBU-
BaJIeHThI. Bbixox BemecTBa 1o Toky. CKOpOCTh AJIEKTPOXUMUUYECKHUX IpoueccoB. onspusanus
AJIEKTPOJIOB IIPU MPOXOXKIEHUU IEKTPUUECKOTO TOKA. 3aBUCUMOCTh CKOPOCTH JIEKTPOJIHOM pe-
aKIMM OT MOTEHUHUaa 31eKkTpoaa. IlepeHanpspkeHue 371€KTPOXUMHUUYECKOW PEakUUU U IepeHa-
npsbKeHne KoHueHTpauuu. Hanpspkenue pasnoskenus. IlepenanpsikeHne BOCCTaHOBIEHUS BOJO-
ponHbIX MOHOB. YpaBHeHnue Tadens. [Ipenenbusiii Tok quddys3uu. [omsporpadpus. OcodbeHHO-
CTH 3JIEKTPOJIM3a BOJHBIX PACTBOPOB U PACILIABOB 3JIEKTPOJIHUTOB.

XuMudeckasi U AJIEKTPOXUMUYECKasi KOPPO3Usi METAIJIOB U MeToAbl 00pbObI ¢ Heil. [lac-
CUBHOCTH METAJNIOB. IHTHOUTOPHI KOPPO3UH. 3aIIUTa OT KOPPO3UH.

IV AncopOunoHHbIe paBHOBeCHSI

[loBepXHOCTHBIE SIBIIEHUSI B AUCIIEPCHBIX cucTeMax. [IoBEpXHOCTHOE HATSKEHUE U MPU-
pona BemiecTBa. TepMOAMHAMUKA IMOBEPXHOCTHBIX SIBJICHUN B OJHOKOMIIOHEHTHBIX CHCTEMax.
PaBHOBecue (ha3 mpu UCKPUBJICHHON MOBEPXHOCTH pasjena. KammumspHOCTh. Anre3us U Kore-
3usi. CMauuBaHue U pactekanue. [IoBepXHOCTHOE HATAKEHUE PACTBOPOB.

Ancopbuus. Ypasaenue ancopommu ['n66ca. O0mmit 0030p cOpOIMOHHBIX SBIICHUHN. AJl-
copOIHs Ha TpaHHIle pa3zena TBepaoe Teno-ras. [lpupona amcopOIMOHHBIX B3aUMOACHCTBUIA.
Tepmuueckoe ypaBHeHue ancopOouun. M3zorepma ancopOimu. MoHomoeKymsipHast acopOouus u
uzotepma anacopounu JIrarmropa. Teopus nomumonexkynsapHoii agcopouuu. [lonsaTus o xpoma-
Torpadumu.

V Xumuyeckasi KHHETHKA H KaTaJIu3

[Ipeamer u meTon xumudeckor kKuHETHKU. OCHOBHBIE TOHATHSA. Mepa CKOPOCTH peak-
Uuid. 3aKOH JeHcTBUS Macc. MOJIEKYJIIpHOCTh M MOPSAOK peakiuil. OnpeneneHue nopsaka u
KOHCTaHTbl CKOpoCTHU peakiuu. CroxHble peakuuu. KuHeTnka peakuuii B ra3oBOM IOTOKE.
BnusHaue temiepaTypbl Ha CKOPOCTh peakiuu. Teopusi aKTUBHBIX CTOJKHOBEHM. Teopus nepe-
XOJTHOTO cOCTOSIHUA. TeopHsi a0COMOTHBIX CKOPOCTEHN peaklni.

Lennsle peakiuu. Teopus pa3BeTBICHHBIX LENHbIX peakuuil. Paborel akagemuka H. H.
Cemenona 1 0. O. XaputoHa B 001acT TEOpUU TOPEHHUS U B3phIBA.

@DOTOXMMUYECKHE PEAKIMU. 3aKOH SKBUBAICHTHOCTU. [[pyrue 3akoHBl (POTOXHUMUHU.
KBanToBBIi1 BbIX0/. 3HaUeHNE (POTOXMMHUECKUX pPEeaKlIUi B OMOJIOTHH.

Karanus. 'omorennsiii katanu3. OcHOBHbIE TOHATHUSA. [IpUYMHBI KaTaTUTHUECKOTO AEH-
cTBUS. MexaHn3M rOMOT€HHOro Karanu3a. KucioTHO-OCHOBHOM Katain3. | 'OMOreHHbIE KaTaiu-
3atopbl. [Ipodunb Myt TOMOT€HHON KaTAIUTUYECKOU PEaKIuu.

['eteporennsiii katann3. MexaHu3Mm reTeporeHHoro kartanusa. [Ipoduns mytu rerepo-
TEHHON KaTaJIMTUYECKOW peakiuu. KMHeTnKa reTeporeHHoro Karaiausa. Teopuu reTeporeHHOro
KaTajan3a. 3HaueHHe KaTaJuTHUYEeCKUX PEeaKIUi.

4 METOJUYECKHUE PEKOMEHJALIMU (YKAZAHMS) V151 CTYJIEHTOB
MO U3YUEHUIO JUCHUTINHBI

PaGouas mporpamMMa mpu3BaHa MoMoub CTyJIEHTaM B OpraHU3alliu CaMOCTOSITENILHOM pa-
OOTHI TTI0 OCBOCHHIO TUCHUILIUHBI «Du3udeckas XxuMmus». Ouzndeckas XuMus SBISIETCS Teope-
TUYECKOM OCHOBOM XHMMHH, T. K. XUMUYECKUE PEAKIUU CBS3aHBI C Pa3HOOOpa3HBIMU (u3Hye-
CKMMH MpOolLiecCaMu: TEIUIONEPEIadeii, MOTJIOMIEHUEM WIIH BBIACICHUEM TEIUIOTHI, TOTJIOIIEHUEM
WM U3ITy4EHUEM CBETA, NEKTPUUYECKUMU SBICHHUSIMH, U3MEHEHHEM o0bema U T. 1. Heobxomu-
MOCTh 3HAHHUS (PU3UYECKON XMMHH OOYCIIOBIMBACTCS BCE YBEIMYHMBAIOIIUMCS 3HAYECHUEM OT-
JIETIbHBIX €€ Pa3/IeIIOB.

Pexomennamuu:

- Tepel OdYepeaHON IeKIHel HEeoOXOAMMO MPOCMOTPETh MO KOHCIEKTY MarepHal
npeapiaymen Jekiuu. [Ipu 3aTpyIHeHUAX B BOCTIPUSATHH MaTepHaia HaJ0 OOpaTUThCS K OCHOB-
HBIM JIUTEpaTypHBIM UCTOYHUKaM. Eciu pa3o0parbes B MaTepuaie OmsTh HE YAaloch, 0OpaTH-
TECh K MPEToaBaTeo Mo rpaduKy ero KOHCYJIbTAIIMN UIH Ha MPAKTHYECKUX 3aHATHSIX;
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- 00patuth 0co00e BHUMaHHE Ha (PU3UYECKYIO CYIIHOCTh M rpaduyeckoe COmpoBOXKIE-
HHE OCHOBHBIX PACCMaTPHUBAEMBIX TEOPETUUECKUX TTOJIOKCHUH.

- Ha 3aHATHUA HOCUTh PEKOMEHIOBAaHHYIO IIPENoaBaTeieM JUTepaTypy;

- 00513aTEIBHO UMETh COOCTBEHHBIN MHKEHEPHBIN KaJIbKYIATOD;

- J10 OYEPEAHOTO MPAKTUYECKOTO 3aHATHS MO KOHCIEKTY (WU JIUTepaType) mpopadboTars
TEOPETHYECKUI MaTepuall, COOTBETCTBYIOIIUI TeMe 3aHSTHS;

- B Hayaje 3aHATHH 33JaTh IMPENOaBaTel0 BOIPOCH 110 MaTepHally, BBHI3BABIIEMY 3a-
TPYIHEHHUS B €T0 NOHUMaHUH U OCBOCHHH NPYU PEIICHNUH 33/1a4, 33IaHHBIX JJIsI CAMOCTOSTEIBHO-
IO PEUICHUS;

- UMETh NIPH ce0e KOHCIIEKT JICKIHIA;

- pelIeHue 3a7auu BCera HaunHATh C BBIPA)KEHUS, TTO3BOJIIONIETO TOJTYYUTh KOHEUHBIN
pEe3yJIbTart, a 3aTeM HaXOAUTh HEOOXOIUMbIE KOMIIOHEHTHI JUIS €T0 MOTY4CHHS;

- Ha 3aHATUU JOBOAUTH KKIYIO 33/1a4y 10 OKOHYATEIbHOTO PEIIEHHs, B CIIydae 3aTpya-
HEeHUI 00pamaThCs K MPenoaaBaTelio;

- BCE pacyeTHHIC BEIMYUHBI JOJDKHBI UMETh COOTBETCTBYIOIIYIO Pa3MEpHOCTh, a Gopma
3allCH PacyeToB JIOJDKHA UMETh BHJ — CUMBOJIbBI, YHCIA, pe3yibTaT. Takas ¢opma 3ammcu mo-
MOYXET OBICTPO OOHAPYKUTh HETOYHOCTH B pacueTax M IMOJIydYUTh PABHIBHBIN pPE3yIIbTaT.

Y4eOHo-MeTOoAMUYECKOE 0O0ecieYeHHe CaMOCTOATEeIbHOH padoThl CTYACHTOB MO JMCUHUILIHHE

KoaunuecTBo 4acos,

B COOTBETCTBUMA C
HaunmenoBanue

paszaesa (TemMbl)

®opMBbI/BHIBI CAMOCTOATEIBbHON PA0dOTHI

yueOHo-
TeMaTHYECKUM
TJIAHOM

BBenenue B ¢u-
3UYECKYI0 XUMHUIO

N3yueHne 0CHOBHOM JIUTEpATyphI
N3ydeHne nONONHUTEIBHON JTUTEPATYPBI
KoHcnektupoBaHye n3y4eHHbIX HCTOYHUKOB

2

OCHOBBI XUMHYE-
CKOM  TepMOau-
HAMUKU

N3yueHne oCHOBHOM IUTEpaTyphl

N3yuenue noMOTHUTETHLHON TUTEPATYPHI
KoHcnektupoBaHue n3y4eHHbIX HICTOUHHUKOB
Odopmienne mabopaTopHOil pabOTHI
[ToaroroBka oTuera 1o abopaTopHO paboTe
Pemenue pacueTHbIx 3a1a4

IToaroroBka pedeparon

28

PactBops!

N3yueHnne 0CHOBHOM JIUTEpATyphI

W3yuenne qOMOTHUTEIBHON JINTEPATypPhl
KoHcniekTrpoBaHue n3y4eHHBIX HCTOYHHKOB
Odopmiienne mabopaTopHoil paboThI
[ToaroroBka ot4era mo gabopaTopHOit paboTe
Perienue pacueTHbIX 3a1a4

[Toaroroska pedepaton

DNEKTPOXUMUS

N3yueHnne 0CHOBHOM IUTEpaTyphI

N3yuenne 1OMOTHUTETHFHON TUTEPATYPHI
KoncnektupoBanue n3y4eHHbIX HICTOUHUKOB
Odopmierue mabopaTopHO pabOTHI
[ToaroroBka oTuera mo 1abopaTopHOM padboTe
Pemenue pacueTHbIxX 3a1a4

14

AncopOuroHHBIE
pPaBHOBECHSI

N3yueHnne oCHOBHOM IUTEpaTyphI

N3yuenne nOMOTHUTETHFHON TUTEPATYPHI
KoncnektupoBanue n3y4eHHbIX HICTOUHUKOB
Odopmierne 1abopaTopHO padOTHI
[ToaroroBka oTuera 1Mo 1abopaTopHO padboTe
Pemenue pacyeTHbIX 3a1a4
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[Toaroroska pedepaton
VI. | Xumnueckas ku- | MI3yueHue oCHOBHOM JIUTEpaTyphbl 14
HEeTHKa U KaTanu3 | M3ydeHue JOMOIHUTENbHOMN JIUTEPATyphl
KoHcrniekTnpoBaHue N3y4eHHBIX UCTOYHUKOB
Odopmierue 1abopaTopHO padOTHI
[ToaroroBka otyera 1o gadbopaTopHOil padboTe
Pemenue pacueTHsIX 3a1a4
[ToaroroBka pedeparon
UTOIro 72
5 IPAKTUKYM IO JUCHUIIJINHE
ILi1an JadopaTopHBIX padoT MO AMCHUIVINHE «PU3nYecKass XUMHU»
Kon-Bo
No Tema Bua pabotsl
JacoB
1 | Ompenenenuie MHTErpaIbHON TEIUIOTHI pacTBopeHus | Jlaboparopnas pabota 4
COJIU B BOJIE
2 | Ompenenenue cojaep)KaHHsl KpUCTaIM3aluMoHHON | JJaGopartopHas pabota 4
BOJIBI B KPUCTAJUIOTHAPATE Cylibara meau
OrnpeneneHne TEII0Thl HEUTpaIU3alun JlaboparopHas pabota 3
4 | Onpezenenre TEIUIOTHI AUCCOMANIMK ci1aboro 3jek- | JlabopaTopHas pabora 3
TPOIUTA
5 | OmnpeneneHue KOHCTaHTHI paBHOBecUsi TOMOTeHHOH | JlaGoparopnas pabota 4
XMMHYECKON PEAKIMU B pacTBOPE
6 | Tepmudeckuii aHau3 CHCTEMbI (peHOI-HATATIH JlabopaTtopHas pabota
7 | Ompenenenue MOJSPHOM Macchl pacTBOpeHHOro | Jlaboparopras pabota
BEIECTBA METOI0M KPHUOCKOITUN
8 | Koppo3sus u 3amura MeTaioB JlaGoparopHas paboTa
9 | AncopOmus yKCyCHOM KHCIOTBI Ha ToOBepXHOCTH | JlaGopatopnas pabota
AKTUBUPOBAHHOTO YTJIS
10 | Ompenenenue KOHCTaHTBI CKOPOCTH M SHEPTHHU aK- JlaGoparopHas paboTa 4
THUBAIMN PEAKITUH OKHUCIICHUS HO0BOIOPOTHOM
KHCIIOTHI TIEPOKCUIOM BOJOPOIA
11 | Katanutudeckoe BIMSHUE HOHOB MeNU U kene3a Ha | JlabopaTopHast pabota 4
CKOPOCTh OKHCIIEHUS] HOAOBOAOPOTHON KHCIOTHI
nepcyiab(aroM aMMOHUS
Bcero 42

IIpaBuia TexHuKH 6e30MaCHOCTH
1. CryneHT pomyckaercss K pabore B 1aOOpaTOPUH TOJBKO MOCIE MHCTPYKTaXa MO TeX-
HUKE O€30M1aCHOCTH, YTO IMOATBEPIKAAETCS POCHHCHIO CTYIEHTa M JIMIA, MPOBOJMBIIETO WH-
CTPYKTaX, B CIIELIUAIIBHOM >KypHAaJI€.
2. Bce CTyneHThl, MpOLEIINEe HHCTPYKTaX, JOJDKHBI CTPOrO MPHUIECPKUBATHCS ITPABUIL
TEXHUKH O€30IaCHOCTH. 3a HGCO6JHOI[€HI/IG npaBuJl YCTaHOBJICHA OTBCTCTBCHHOCTL B aIMUHU-
CTPaTHUBHOM WJIU Cy1I€0HOM MOPSIIIKE.
3. Pabota cTyzneHTa B 1aOOpaTOpUH pa3peniacTcsi B 4achl, OTBEACHHBIC IO PACITUCAHUIO, &
TakXe B JOIOJHHUTEIBHOE BPEMs, COINIACOBAHHOE C IperojaBaTesieM, 1Mo HaOII0IeHHEM Ipe-
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M01aBaTesl WU JIabopaHTa.

4. 3anpeniaercss IpUHUMATh MUILY B JIAOOPAaTOpUH, TPOOOBATh HA BKYC XMMHUYECKUE Be-
IIECTBA, OCTABIIATH KaKHe-TM0O PEaKTUBHI B IOCYyA€ 0€3 COOTBETCTBYIOIICH HAIITUCH.

5. Bce pacTBOpBI, HE MOAJIEXKAIINE CIUBY B KaHAIM3ALMIO (OPraHUYECKUE PACTBOPUTEIH,
COJI PTYTH U cepelpa, JErKOBOCIUIAMEHSIOIIUECS KUAKOCTH, KOHIIEHTPUPOBAHHBIE KUCIIOTHI U
IIEJI0YH U T. 1.), CIeyeT BbUIMBATh B 0COOble OAHKM VIS CJIMBA, IIOJIy4YUB yKa3aHUE JJaOOpaHTa.

6. KoH1leHTprpOBaHHBIE KUCIOTHI U LIENIOYH, CUIBLHOJCHCTBYIONIINE PEAKTUBHI (OpoM H
Jp.) HAaJI0 XPaHUTh B BBITSDKHOM LIKa(y MOJ TATON Ha MOJIHOCE U HE BBIHOCUTh MX OTTY/A.

7. IIpu Bcex paboTax ¢ €KMMH BEIIECTBAMM (KHCIIOTHI, IIEIOYH U JIp.) HE0OXO0AUMO CO-
0Jr071aTh MaKCUMAaJIbHYIO0 OCTOPOXKHOCTb, UM€sl B BUJY, YTO HECUACTHBIE CIy4al BCETAa IpOMC-
XOJISIT B pe3y/IbTaTe HEOCBEJOMIICHHOCTH, HEBHUMATEIbHOCTH UM HEOPEKHOCTH pabOTArOILETo.

8. beps BewecTBO Ui OMNBITA, CIEyEeT BHUMATEIBHO IPOYUTATh ITUKETKY U MPOBEPUTH
COJICPKMMOE 10 KaUeCTBEHHBIM MTPU3HAaKaM (IIBET, 3amax, KOHCUCTEHIHS U JIp.).

9. Ilpu nmonajsaHuM €AKOro BEILECTBAa Ha CTOJ MJIM Ha IOJ CIEIyeT 3TO MECTO cpa3y XKe
3aChINaTh MECKOM, 3aTEM IMEeCOK coOpaTh M BBIHECTH M3 nomenieHns. O0IuToe KUCIOTONH MECTO
IPOMBITh PACTBOPOM COJIbI.

10. Peakuuu, KOTOpble MOTYT CONPOBOXKJIATHCS CUJIBHBIM pa3orpeBOM (pacTBOpEHUE
KUCIIOT, LIeJoYeit), ciaelyeT NPOBOJUTh TOJIBKO B MOCYJI€ U3 XMMHUYECKOro CTEeKJIa, a HE B TOJI-
CTOCTEHHOM mocye. [Ipu 3ToM peakIMOHHBII COCy/l TOMEIIAI0T B KPUCTAILTU3ATOP.

11. 3acachlBaTh €JKHE XUAKOCTH B IMIIETKY HEOOXOAUMO TOJBKO C MOMOIIBIO I'PYLIH
VI TTHEBMOHACOCA, & HE PTOM.

12. HarpeBatb pacTBOpHI Ha IUIUTKE CIEAYET TOJBKO B MOCYJE M3 XUMHUUYECKOrO CTEKIIa
6e3 mpoOku. [Ipu 3TOM mocyaa 1omkHA OBITH CYXO# CHapyXu. bpaTk HarpeTbie mpeaMeTs Heoo-
XOJJMMO C TOMOIIBIO MTOJIOTEHIIA WK CHEeMaIbHbIX HallalbuUHUKOB.

JIABOPATOPHAS PABOTA 1.
OITPEJIEJIEHUE MHTET'PAJIBHOM TEILJIOTHI PACTBOPEHU S COJIM B BOJIE

Teopernueckast yactb. TemnoBsiM 2PHEKTOM XUMHUUECKON peaKlUy Ha3bIBACTCSA KOJIH-
YCCTBO TCIIJIAa, KOTOPOC BBIACIACTCA WU MOTJIOMIACTCA IPU NPOTECKAHUU PCAKIMU B YCIIOBUAX,
KOT'JIa MICXO/HBIE BEIECTBA M MPOIYKTHl PEaKIIMH UMEIOT OJIHY U TY K€ TEeMIepaTypy, CUCTeMa
HE IIPOU3BOJUT HUKAKOM pabOThl MPOTUB CHJI BHELTHETO JaBJIE€HUs, 00BEM WM JaBJIEHHUE M1OCTO-
SIHHBI.

PactBopenue BeliecTB COMPOBOXKAAETCS TEIUIOBHIMU d(dekTamu (TerioTa pacTBope-
Hus). [lox TermnoBeM 3ppexkToM pacTBOPEHUS MOHUMAIOT KOJTMYECTBO BBIACIUBIICICS WU TIO-
[JIOIIEHHOH TEIJIOTHI PU PacTBOPEHUHU | MOJIs BelecTBa B OOJIBIIOM KOJMYECTBE PACTBOPHUTENS
(e menee 300 momb).

Temnota rugparanuu wik ruapatoodpazoBanusi (AHmp) — 3TO TEmI0Ta, KOTOPYIO cucTeMa
BBIJICJIIET, MPUCOEANHASL K 1 MoOJb TBepAod OE3BOJHON COJMM COOTBETCTBYIOILIEE KOJIMYECTBO
KpucTauM3aunoHHoi Boabl. Henocpencteennoe onpenenenne AHpugp 3aTpyAHEHHO, IMOTOMY
ee onpeaensroT 1o 3akoHy ['ecca (1837 r.): TeruioBbie 3P hEKThl XUMHYECKUX PEAKIIUi HE 3aBH-
CAT OT MYTH, IO KOTOPBIM PEaKIUU MPOTEKAIOT, & 3aBUCST JIUIIL OT MPUPOIBI U (PUINIECKOTO
COCTOSIHUSI UCXO/IHBIX BEIIECTB M MPOIYKTOB peaknuu. Mcmonb3ys 3akoH ['ecca, MOXHO paccun-
TaTh TEIUIOBBIE YPPEKTHI MPOIIECCOB, KOTOPHIE MO TEM HIIM MHBIM IMPUYMHAM HEMOCPEICTBEHHO
HE MOTYT ObITh onpezeneHbl. Hanpumep, 3Hast HHTErpalibHbIE TEIIOTHl PACTBOPEHMS O€3BOIHOM
COJIM W KPUCTALIOTHIpPATA B TAKUX KOJMYECTBAX BOJIbI, YUTOOBI MOJYyYEHHBIH PAaCTBOP B 00OUX
ciIydasx UMEJI OJJMHAKOBYIO KOHICHTPAIUIO U ObLI OBI JOCTAaTOYHO p336aBHeHHBIM, MOXHO pac-
cuntath AHpyp. PaccMoTpuM ompeneneHue TEIUIOTH THAPATAIINHN XJIOPUAA KalbIHs, JJIS YETOo
BOCITOJIB3YEMCA CICAYIOIMUMU TCPMOXUMUYCCKUMU YPAaBHCHUAMMU:

CaCl; + 6H20 = CaC|2'6HZO, AHFI/IZ[p
C&C'z + I’IHZO = CaCIZ'nHZO, AHpaCT’Z

TOTAAa I10 3aKOHy Fecca AHrH;[p = AHpaCT’Z - AHpaCT,l.



13

DKCIEepUMEHTAIBHO OMpEAEsisl TEIUIOTY pacTBOpeHus kpuctayoruapata AHpacr,1 1 6€3-
BOAHOM ol AHpacr2, paCCUNTBIBAIOT TEIIOTY ruApaTo00pazoBanus AHpyp. PacTBOpenue B Bo-
ze 0€3BOTHBIX coJieit MPOTEKAET 00BIYHO c BBIJICJIEHUEM TEIUIOTHI
(AHpacr2 < 0), a KpUCTaTIOTHAPATOB dYallle BCEr0 COMPOBOXKIACTCS IMOTJIOMICHUEM TEIIOTHI
(AHpaCT,l > 0)

Ternnora pacTBOpEHUs TBEPAOrO COEAUMHEHHS C MOHHOM KPUCTAILNIMYECKOM PEIIETKOU
ONpEeNENsAeTCs B OCHOBHOM CYMMOM JBYX BEJIWYHUH: TEIUIOTHI Pa3pylI€HUs KPUCTAILUINYECKOH
pEIIETKU U TEIUIOThI COJIbBAaTallMM MOHOB MOJIEKYJaMHU pacTBOpuTeNd. B cBsi3u ¢ Tem, 4To Ha
pa3pylLleHHe KPUCTAJUIMYECKOM PELIETKU TEIUIoTa 3aTpauuBacTCs, a MPOLECC CONbBATallMM CO-
MIPOBOKJIAETCS BBIICJIIEHUEM TEIUIOTHI, 3HAK TEIJIOTHl PACTBOPEHUSI MOXKET OKa3aThCs KaK I10JI0-
KHUTEJBHBIM, TaK U OTPHULIATEIILHBIM, B 3aBUCHMOCTH OT TOTO, KAKOE€ U3 JABYX CJaracMbIX OOJIbIIIe
10 a0COJIIOTHOM BETMYMHE.

Temora pacTBOpeHUs 3aBUCUT OT KOHILIEHTpALMK 0Opazyrouierocst pactsopa. Hampumep,
npu pactBopeHuu ogHoro Mojb CuCOsz - 2H20 B 8 mMoap Boabl noriomaercs 3,35 kJx Terio-
ThI, TP PACTBOPEHUH TOT'O K€ KOJIMYECTBA KpUCTAJUIOrHApaTa B 12 MOJIIX BOJBI TEIJIOTA pac-
TBOPEHHUS paBHA HYIIO, a [P PACTBOPEHHH B OYEHb OOJBIIOM KOJIMYECTBE BOBI BBIICISACTCS
17,67 x]JIx TETJIOTHI.

Pasznuyarot unTerpanbpHyto u audQepeHuanbHyo TeIIoTh pacTBopeHus. Temnora, Ko-
TOpasi TOIJIOIIAETCS WIN BBIIEISETCS IPU PACTBOPEHUM OJHOIO MOJIb BEILIECTBA B TAKOM KOJIU-
YeCTBE PaCTBOPUTEIIS, YTOOBI 00pa30Baiics PaCTBOP C ONpPEAETICHHON MOJISIIBHOCTBIO M, Ha3bIBa-
€TCSl MHTETPAJIbHON TETUIOTOM pacTBopenus. AnddepeHnuanbsHol TEIIoToi pacTBOPEHUS HA3bI-
BaeTCs TEIIOBOM 3(PeKT, COMpOBOXKIAIONININ POIIECC PACTBOPEHUSI OJHOTO MOJb BEIIECTBA B
0EeCKOHEUHO OOJIBIIOM KOJIMYECTBE PACTBOPHUTEIISL.

Juddepennnanbabie TEIIOTH PACTBOPEHUS OMPEIEIIAIOTCS pacyeTHbIM MeTo10M. MHTe-
rpajgbHbIE TEIUIOTHI PACTBOPEHUS HAXOAATCS SKCIIEPUMEHTAJIBHO.

TemnoTsl pacTBOpEHUs ONPENEIAIOT KAJTOPUMETPUUYECKUM METOJOM, KOTOPBI OCHOBaH
Ha U3MEPEHUH U3MEHEHUs TeMIIepaTyphl pacTBOpa MPU PaCTBOPEHUHU COJIEH.

Henap padorel. OnpenenuTs HHTETPANbHYIO TEIUIOTY PaCTBOPEHUS HEU3BECTHOM COJIA B
BOJIE.

3agaun:

- OIIPEJENUTh U3MEHEHNE TEMIIEpaTyphl IPH PAaCTBOPEHUHU U3BECTHOM COJIN;

- ONPE/IETINTh UHTETPATbHYIO TEIUIOTY PAaCTBOPEHMS JJAHHOM COJH (IO CIIPaBOYHUKY);

- paccunTaTh MOCTOSIHHYIO KaJIOpUMETPA;

- onpenenuts AT npu pacTBOPEHNN HEM3BECTHOM COJIN;

- paccunTaTh UHTETPAIBLHYIO TEMJIOTY PACTBOPEHUS HEU3BECTHOM COMH.

IIpnGopsl U peakTuBBI. YueOHO-Ta00PATOPHBIN KOMIUIEKC «XUMHs» (LEHTpabHBINR
KOHTpoJep, Moy «TepMocTaT» B KOMILIEKTE CO CTEKISHHEIM cTakaHumkoM (150 cm®), Tep-
MOJAaTYUKOM U YCTPOMCTBOM JJISi pa3MEIICHUs HaBECKH); XJIOpUA aMMoHus; cyxue comu Ki,
NaCl, NHsNO:s.

Ilopsinoxk BbIMOJHeHHsA PadOTHI. /(151 SKCIEPUMEHTAIBHOTO OINPEAEIEHUS TEIIOTHI
pacTBOpPEHMs] HEW3BECTHOM COJIM BHayajie OMpPENENsIOT MOCTOSHHYIO Kanopumerpa. s 3toro

CTakKaH, B KOTOpbIi HasimTo 100 oM’ JUCTWIMPOBAaHHOW BOJBI, YCTAHABJIMBAIOT B KAJTOPUMETP U
3aKpbIBAIOT KPBIIIKOM C YKPEIJIEHHBIM B HEW JaTYMKOM TeMIleparypbl. B oTBepcTue KpbIIIKH
BCTABIISIOT CHEIMATIBHYIO IPOOUPKY, B KOTOPYIO MPEABAPUTEIHHO HACBHIIAHO 2 T U3MEIbUeHHOM
comu ¢ u3BectHoi Teriotoit pactBopenust (NH4Cl). TlpoBoast pactBopenue conu. I'paduue-
CKHM METOJIOM ONPEIEISIOT U3MEHEHUE TEMIIEPATYPBl P PACTBOPEHUU COJIM U PACCUUTHIBAIOT
MOCTOSTHHYIO KaJIOpUMETpA.

3aTeM BBUIMBAIOT U3 CTaKaHa pacTBOP, OMOJACKUBAIOT IUCTUINIMPOBAHHON BOJOW, HAIN-
BaroT B Hero 100 cM® IMCTHILTMPOBAHHON BOJIBI M YCTAHABIMBAIOT B KAIOPHMETP. 3aTeM MPOBO-
JIT PAaCTBOPEHHE 1 I' HEM3BECTHOM COJIM aHAJIOTUYHO PACTBOPEHMIO COJIM C U3BECTHOM TEIUIOTON
pPacTBOPEHMS, ONPEICIIAIOT U3MEHEHHE TEMIIEPATYPhl U PACCYUTHIBAIOT UHTETPAIIBHYIO TEILIOTY
pacTBOpEHHUS.
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Pacuer TennoTsl PACTBOPCHUSA NPOBOJAAT HA OCHOBC YPAaBHCHU A TCIIJIOBOT'O Oananca:

n
Q=|(m+my)c+> mc AT,
i>3
rze M1 1 Mz — Macca BOABI M COJIM, COOTBETCTBEHHO, T; ¢ — TEIUNIOEMKOCTh 00pa3yroIIero-
cs1 pactBopa, Ix/r K, (u1s ucrons3yeMbiX B TaHHOW paboOTe KOJWYECTB BOJBI U coJiel ¢ ~ 4,18
JIx/r-K); mi 1 Cj — Macca ¥ TeIUIOEMKOCTh COCTABHBIX YaCTeH KaJOPHUMETPA.

TouHo onpenenutes M K Ci HE HpPeACTaBIsAETCA BO3MOKHBIM. [loaToMy cymmy Zn:mi -C
i>3

o0o03HauaroT cuMBOJIOM K, Ha3bIBa€MbIM IOCTOSHHOM KaJOpHUMETpa, U ONPEAEISIOT €ro 3Hade-
HUE 110 U3MEHEHUIO TEMIEpaTyphbl NPU PAaCTBOPEHUHU OINPEAEIEHHOIO0 KOJIMYECTBA COJU C W3-
BECTHOH TeruioToil pactBopeHus. IlocrosHHas kamopumerpa K — KoJIM4YECTBO TeIuia, KOTOPOE
HE00X0/IMMO TOABECTH K y4YacTBYIOIIEH B TEIJIOOOMEHE YacTH KaJlOPUMETPa, YTOOBI MOJHATH
ero temneparypy Ha 1 °C.

VYpaBHEHHUE TEIIOBOro OanaHca 3alHIIeTCs] TOTAA:

Q=[(m, +m,)c+K]AT.
Otcroga

Q

K:E—(ml+m2)c,

rne Q = AH mz; AH — unTerpanbHast TEIIOTa pacTBOPEHHs cou, JIK/T.
B xauecTBe conM ¢ U3BECTHOM MHTETPAIILHOM TEIUIOTOM PAaCTBOPEHMSI MOXKHO HCIIOJIB30-
Bath NH4Cl (Tabmnuma 1).

Ta6muna 1 — Uarerpanbras temiora pactBoperus NH4Cl npu 25 °C

M, MOJIX COJIX Ha 1KT BOBI AHm, xJI>x/Mo1b
0,1 15,10
0,2 15,19
0,3 15,23
0,4 15,27
0,5 15,27
1,0 15,31

I'padpuuecknii Metron ompenejieHus: U3MeHeHus: Temmneparypbl. Heob6xoaumbie st
OTpe/ieNIeHUs] U3MEHEHHs TeMIIepaTyphbl JMHUU MPOBOJATCS CleAyomMUM obpa3zoMm. Haxumaem

KHOIIKY «IIpsiMasi JIMHUS (\\ ), MOABOJUM KYypCOp K COOTBETCTBYIOLIEH TOuke rpaduka u,
Ha)kaB JIEBYIO KJIABUIILY MBI, YCTAaHABINBAEM HAaYaJbHYIO TOUYKY JIMHUU. 3a(UKCUPOBATH JIH-
HUIO HY’KHO ITOBTOPHBIM HaKaTHEM KHOIIKHM (OTMEHUTH — IPABOIl KHONIKOW MBIIIN).

Jlnst uzmepenuss AT IpoBOJAMM BEPTUKAIBHYIO JIMHUIO 10 IEPECEUEHHUSI C MTOITYYEHHBIMHU

JTUHUAMM. I 5TOro Ha)KMMaeM KHOIIKY <«JIMHEHKa» (“gzl ), YCTaHaBJIMBaeM Kypcop Ha OJHOM 3

JUHUN U MPOBOJIMM BEPTUKAIBHYIO JIMHUIO. B none «Pe3ynpTaT» MOXKHO yBUAETh U3MEHEHHE

TeMIIepaTypbl IPH PaCTBOPEHUH COJIU (PUCYHOK 1).
T T

=] lavide

o ammein | apmpses |

Pucynok 1 — I'paduueckuii ciocod onpeneneHus N3MEHEHHSI TEMIIEPaTyphI
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N3mennuts macmTab rpaduka MOXKHO C TMOMOIIBIO KHOIOK, PACIOIOKEHHBIX B JICBOM
BepxHeM yriy. [IpoBeeHHbIE TUHUHM MOXHO YOpaTh, UCIOJIb3YSl COOTBETCTBYIOUINE PEeKUMBL. B
PEKHUME «IIpsSIMast IMHUSD) TOJABECTH KypCOp K JIMHUU U HaXaTh MPABYIO KHOIKY MBIIIH, B PEXKHU-
Me «JIMHEeHKay yOoupaercs pe3ysibTaT U3MEpEeHHsI TUHUSL.

IIpumep pacyeTa TEmJIOTHI PACTBOPEHHsS] HEM3BECTHOH coJin. VICXOnHbBIC JaHHEIC.
[Ipu ompeieIeHHH TTOCTOSHHOMN Kanopumerpa, B 500 cm® Bosl pactBopsiiock S T NH4Cl. Jleii-
CTBUTEIIBHOE U3MEHEHHUE TeMIIepaTyphl, OMPEeICHHOe TpaduIecKuM MeToJoM, cocTaBmio 0,6
°C. IIpu pacTBOpeHHHU 5 T HEU3BECTHOM COJIM ACHCTBUTEIHLHOE U3MEHEHHUE TEMIIEPATYPhI COCTA-
B0 0,68 °C. Temneparypa Boasl — 25 °C.

Onpenenum MOJSUIBHYIO KOHIIGHTPAIMIO pacTBopa, 00pa3yromerocsi Ipu pacTBOPEHUH 5
r NH4CI.

Momsipuast macca NH4Cl — M = 53,5 r/monb. 5 r NH4Cl cocraBnser 5/53,5 = 0.0935
moiib. B 500 r Bogst pactBopuiu 0,0935 mons, a B 1000  6yner pactBopeno 0,187 momns. Crie-
JIOBATEIbHO, MOISIIBHOCTE M = 0,187 MOJIB/KT.

B rtabmuue 1 miast NH4Cl nanbl mHTEerpanbHbie TEIIOTH pacTBopeHus: mpu m = 0,1
Moub/Kr, AHm = 15,1 xJlx/mMoas u ipu m = 0,2 monb/kr, AHm = 15,19 x/[x / mons. MeTonom
UHTEPIOJISIINAN OTIPENIEIsieM HHTETPATBHYIO TeIIOTY pacTBopeHus it m = 0,187 mMonb/kr. YBe-
nnuenne AHm npu yBenuyeHu MoisuibHOCTH Ha 0,1 mMonb/kr coctaBmsier 15,19 — 15,1 = 0,09
kJ>x/MOJIb.

Torma, yBenuuenne AHm Ha 0,187 — 0,1 = 0,087 moub/kr pasro 0,09 - 0,087/0,1 = 0,08
kJIx/Monb. OTcroa, nHTerpanbHas temiora pactBopenus NH4Cl, mpu o6pazoBanuu pactBopa ¢
MoJIsTbHOCTBEIO M = 0,187 Moub/kr paBao 15,1 + 0,08 = 15,18 xJx/Mone = 15,1873/53,5 = 284
JIx/T.

[Mpu pactBopenuu 5 1 NH4Cl nornotunocs Q = 284 - 5 = 1,42 x/Ix terorsl. Teroem-
KOCTb pacTBopa npuommkeHHo pasHa 4,18 JIx/r-K.

K :%—(ml+m2)~c :%—(500 +5)-418 = 2551 k/[x/K

OmnpenesieHue TEMJI0THI PACTBOPEHUs HEM3BECTHOM COJIM

Q= [(m1 + m2)c + KJAT =[(500 +5)4,18 + 255,1]0,68 = 1638,8 JT:x

VY aenpHas TEII0Ta paCTBOPEHUS HEU3BECTHON COJIU

q=1638,8/5=327,6 Ix/r

B cnpaBo4HMKaX NPUBOISATCS UHTETPAIBHBIE TEIUIOTHI PACTBOPEHUS PA3IMUHBIX COJIEH B
kJ>x/mMonb. Tak kak MOJIsIpHAst Macca COJIM HEM3BECTHA, TO HEOOXOIMMO MEePecYUTaTh MOJISIPHBIC
WHTETpaJIbHbIE TEIUIOTBl  PacTBOPEHUS Ha  yJelbHBIE. Tak s Kl —
g = 1255 «xJx/r, mim NaCl - q = 73 «x/xr, mix NHsNOs -
gq=321,87 xIx/T.

TpebdoBanus k ordery. HarimeHoBanue paboThl, 11e7b padOThl, KpaTKOE OMHMCAHUE METO-
JIMKHU, CITUCOK PUOOPOB M PEaKTHBOB, MOPSAIOK BHITOIHEHUS J1JAOOPaTOPHON pabOThI, pe3yabTaThl
M3MepeHnH 1 BbIuucieHuil (rpaduku, GopMysibl), onpeiesieHre OIMO0K H3MEPEHUI, BBIBOIBI.

JIABOPATOPHAS PABOTA 2.
OITPEJIEJIEHUE COJEPXKAHMS KPUCTAJIJIM3AIIMOHHOM BO/IbI B
KPUCTAJUIOTUJIPATE CYJIb®ATA MEJIN

Teopernueckass yactb. B mporiecce XUMUUYECKUX MPEBPALICHUN MPOUCXOIUT U3MEHE-
HUE DHEPIHU CUCTEMBI, OOYCIOBIEHHOE TEM, YTO 3HAYEHHS] BHYTPEHHEW SHEPTUU MPOAYKTOB U
WCXOJHBIX PEeareHTOB pa3jNydHbl. B pe3ynbTare peakiuu BhIACISETCS WIH MOTIJIOMASTCS TEIUIO U
coBepuiaercs pabota. B cooTBETCTBUU € MEPBHIM 3aKOHOM TE€PMOIAMHAMHKU HW3MEHEHHE BHYT-
PEHHEH SHEPTruu TEPMOJIUHAMUYECKON CUCTEMBI 3aMUChIBAEM TaK:

dU =R —-PadV £ 04’

rae 8Q — BeImensieMas (TorjomaemMas) Teriora; PdV — MexaHudeckas paboTa paciimpe-

Hust; ). 0A' — Bce apyrue Bubl paboT; 3HAK + yKa3bIBacT, YTO BBHIOOP 3HAKa paboThl (MCKIIOYas
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MEXaHUYECKYI0) YCIOBEH U OepeTcs 1o TIOTOBOPEHHOCTH.
Ecnu peakius nporekaeT NpH MOCTOSTHHOM 00beMe U IIPU 3TOM HE COBEpIIAeTCs Mexa-
HUYECKOM, AIIEKTPUYECKON M IPYTUX BUJOB paboThL, TO pu T = CONSt MOXKHO 3amucaTh:

2 2
{(dQ)\/ ={dU =AU =Q, .

Ecnu peakuus mporekaer MpH MOCTOSHHOM JaBJICHUU U COBEpIIACTCS TOJIBKO paboTa
pacuMpenusi, a Bce APyrue BUIbI pabOT OTCYTCTBYIOT, TO U3MEHEHUE YHTAIBIIMU B XOJE peak-
uu OyzeT paBHa TeIUIOTe:

2 2 2
:{(dQ)p ={d(U +PV)= {dH =AH =Qp.

W3 3akona I'ecca BBITEKaeT OYEHb Ba)KHOE JJIA XUMHHK CICACTBUC. OHTAJIBIINUA (TCHJ’IOTa)

peakiuu AH_ paBHa cymMMme SHTaNbIHil (TEIIOT) 00pa30BaHUs MPOAYKTOB PEAKIINH Z:viAHi 3a
i

BBIYETOM CYMMBI SHTAIIBINM (TEILIOT) 00PA30BaHMs HCXOAHBIX BEIIECTB ),V AH,
j

AH p :IZViAHi —%VjAHj )
rZe Vj — CTeXHOMETPHUECKUE KOAIPPHUIIMEHTH! MPOTYKTOB: Vj — CTEXHOMETPHYECKHE KO-
3¢ (HUIMEHTHI UCXOTHBIX BEIIECTB.

HOCKOJ‘IBKy OHTAJIBIIUA ABJIACTCA (bYHKLII/Ieﬁ COCTOSIHHSI, TO HET HEOOXOIMMOCTH 3HATh
(TaOynupoBaTh) 3HAYCHHS TEIUIOT BCEX BO3MOKHBIX PEAKIHil; TOCTATOYHO UMETh CBEIEHUS 00
SHTAJIBIIHUAX JTHUIIb MUHUMYMa peakiui, U3 KOTOPbIX MOKHO IIOJIYYUTh BCEC OCTAJIBHBIC. [Tono6-
HBIi MHHUMYM TIPEJICTaBISIET COOOH CTaHIapTHBIC SHTANBIIMU OOpa30BaHMS COCAMHEHUH W3
IIPOCTHIX BECIIICCTB u/un CTOpaHUsl COCTUHEHUI. OTH BEJTMYUHBI TaGyJ'II/Ip}IIOTC}I B pa3IMYHBIX
TEPMOANHAMHUYCCKUX CIIPAaBOYHHKAX.

CranmapTHas oHTajbnus obpazoBanus AH,,(f) — Temsora, Bbiensemas (rmoriomiae-

MaH) npu O6pa3OBaHI/II/I 1 moms BCIICCTBA U3 IMPOCTBHIX BCHICCTB, €TI0 COCTABJIANOMIUX, HAXOM -
MUXCA B CTAHAAPTHBIX COCTOSAHUAX.

CrannapTHas SHTaIbIUA cropanus AHge (cr) — Temiora, morsomaemas (BblenseMas)

MIpH TOJTHOM cropanuu 1 Mous BemiecTBa B atMocdepe kucimopoza npu 1 atm (MpoaykTamu pe-
akuuu cropanus oobr9Ho ABisitoTest CO2, H2O(x), N2 1 1p.).

CraHmapTHasi SHTAIBIHUS PEAKIMU ArHj, — TEIIoTa, morjiomaemas (Bbiiensiemas) B
CTaHJApPTHBIX YCIOBUSIX MPHU B3aMMOEHCTBUM OINPEIEICHHOI0 YUCiIa MOJIEH peareHToB, 3a/1aBa-
€MOr0 ypaBHEHHMEM peakiuu. KpoMe TemnoT peakiuii, TEpMOXMMHS 3aHUMAETCAd U3YYEHUEM
TEIUIOT Pa3JInYHBIX MPOLIECCOB, HANIPUMED, (ha30BbIX MEPEXO/I0B, PACTBOPEHHUS U T.1I.

Ternora pacTBOpPEHHs] TBEPAOTO KPUCTAIIMYECKOTO BEILIECTBA B JKUJIKOM PAaCTBOPHUTEIE
oTpezenseTcss B OCHOBHOM CYMMOH JBYX BEJIHMYMH: TEIUIOTHI pa3pyLICHHs] KPUCTAJUITMUECKOM
pEIIeTKH ¥ TEIUIOTHI CONMbBATAIIMK MOHOB (ATOMOB HJIM MOJIEKYJ) PacTBOPSIEMOTO BEIIECTBA MO-
JIEKyJIaMHu pacTBOpHUTENss. AnreOpandeckas cCyMMa TEIJIOBBIX d(P(HEKTOB ITHUX JABYX MPOIECCOB
JaeT TeIUIoTy (M3MEHEHHUE YHTANBIIMK) MPOoIlecca PACTBOPEHUS CONM. 3HAYEHUS TEIUIOT PacTBO-
PEHUS 3aBUCAT OT KOHIICHTPAIIUUA COJM B PACTBOPE M OT TOTO OBUIH JIU CMEIIMBAEMBbIE KOMIIO-
HEHTHI B Ha4aJie B3AThl B YUCTOM BUJE. TEII0Ta, COMPOBOXK/IAIONIAS MTPOLIECC U30TEPMUUECKOTO
pacTBOPEHMsI OJTHOTO MOJISl BEUIECTBA B TAKOM KOJIMYECTBE PACTBOPUTEINS], 4TOObI 0Opa3oBasics
pPacTBOp C OMpPEACICHHOW KOHLEHTpaluel, Ha3bIBaeTCsl UHTETPAIbHOM TEMJIOTOM pacTBOPEHUS
AH

m

Temnora pacTBopeHUs MOJs BellecTBa (YCIOBHO MPHUHSATOTO BTOPHIM KOMIIOHEHTOM) B
0eCKOHEYHO OO0JBIIOM KOJIMYECTBE PAacTBOpPa HEKOTOPOU MOCTOSIHHOM KOHIEHTpPAllUU Ha3bIBaeT-

cs muddepeHnaTbHON WM NapIualbHONW TEIUIOTOH pacTBOPEHUS H2. OTOMy OIpenEIeHHUIO

COOTBETCTBYET COOTHOIIICHUE:
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2
P,T,n1

AHasiornuHasi BeIu4MHa JUisl pacTBOPUTEIIS (MIEPBOr0 KOMIIOHEHTA) — TEIUIOTa PacTBOpe-
HUSL MOJISI pacTBOPUTENSI B OOJILIIOM KOJMYECTBE PAacTBOpPA MOCTOSHHON KOHIEHTPALMU Ha3bl-

BalOT U HEepeHIMANTBHON UM NapIUalbHOM TEIIOTON pasbasienus AH,

_ aAHm
H =
1 anl
P,T,n2

WuTerpanpHas TEIIOoTa PacTBOPEHHS MOXKET ObITh MoiydeHa u3 auddepeHInanbHbIX
(mapuuanbHbIX) TEIIIOT:

AH_, =n,AH, +n,AH:.

Hagecka kpuctammoruapata CuSOs ipu COPUKOCHOBEHHUH € BOJION 00pasyeT Tpu ¢op-
Mbl KpuctamioruapaToB: CuSOs - H20; CuSO4 - 3H20; CuSO4 - 5H20. Bee atu ¢popmsl cBsiza-
HBI IPYT C APYTOM U C TTapaMH BOJIBI CIEAYIOIMIMMU YPABHEHUSIMH XUMHUECKOTO PABHOBECHS:

CuSOy4 - H20 <=> CuSQO4 + H20 + AHz; (1)

CuSOg4 - 3H20 <=> CuSO4 - H20 + 2H20 + AHy; @)

CuSO4 - SH20 <=> CuSO4 - 3H20 + 2H20 + AHs. (3)

Ecnu B conpuKOCHOBEHUH C BIa’KHBIM BO3/1yXOM XpaHUThCs 6e€3BoaHbIN CuSOa, TO B cu-
CTeMe, B 3aBUCMOCTH OT JIaBJICHUs BOJSHBIX I1apOB, yCTaHaBIUBaeTcs paBHoBecue 1, 2 u 3. Ko-
mraecTBO Bobl B TBepAoM CuSO4 * xH20 nnm cooTHOIIEHNE KOTMYECTB THAPATOB Pa3HBIX GOpM
MOYKHO YCTAHOBMTD IIPH MOMOLIY KAJIOPUMETPUUECKUX U3MepeHHi. /i 3TOro Hy»HO 3HaTh (U3
Tabyui) TerioTel pactBopeHust 6e3soanoro CuSO4 u Bcex GopM THAPaTOB U AKCHEPUMEHTANb-
HO OIpPEJeNUTh TEIJIOTY PACTBOPEHMS OIPEEIEHHOTO KOJMYECTBa MCCIENyeMOro KpHCTaIo-
ruzaparta. Jlias CuSOs 1 ero KpUCTaIOTHAPATOB TEIIOTH pacTBopenus 1 T B 50 cM® BosbI paBHBI
(8 x/1):

CuSO4 — 389,67,

CuSOq - H20 - 217,88;

CuSOq4 - 3H20 - 71,23;

CuSO4 - 5H20 —-46,09.

Hean padorbl. OnpenenuTs couepKaHue KPUCTAUIU3AMOHHON BOJBI B KPUCTAILIOTH/I-
pare CuSOq - xH20.

IIpubopsl U peakTHBBI. Y4eOHO-Ta0OPATOPHBIN KOMIUIEKC «XHUMHUS» (LEHTPaJIbHBIN
KOHTpoJiep, MOAymb «TepMocTaT» B KOMIUIEKTe CO CTEKISHHBIM cTakaHuukoM (150 cm®), Tep-
MOJIATYUKOM H YCTPOMCTBOM JJISl Pa3MEUICHHUS HABECKH), XJIOPHI aMMOHUS, KPHCTAIIOTHIPAT
CuSOa.

IMopsinok BbIMOJHeHUs1 padoThl. [loaktoueHEe TEpMOCTAaTa K KOHTPOJIEPY, MOAKIII0YE-
HUE TepMOJAaTYMKa, BKIIOUYEHUE NEpEeMEIIUBAaHUS M U3MEpEHUE TeMIIepaTypbl B XOJE OIbITa
MIPOBOJISIT COTIIACHO MPHIIOKEHHIO.

OmnpeenuTh MOCTOAHHYIO KazopuMeTpa. Jjist 5Toro cTakad, B KOTopblid HamuTo 100 cvm®
TVCTHJUTUPOBAHHOM BOJIBI, YCTAHABIMBAIOT B KAJIOPUMETP M 3aKPBIBAIOT KPBIIIKOH C YKPEIJIeH-
HBIM B Hell JaTYMKOM TeMIiepaTrypbl. B oTBepcTHe KPBIIIKH BCTABIISIOT CIICIHATBHYIO TPOOUPKY,
B KOTOPYIO MPENBAPUTEIHHO HACHITIAHO 2 T M3MEIBYCHHOW COJIM C M3BECTHOW TEIUIOTON PacTBO-
penust (NH4Cl). IIpoBoast pactBopenue conu. ['padudeckum MeTo10M ONPEACISIFOT H3MEHEHUE
TEMIIepaTyphl IPH PACTBOPEHUH COJIM M PACCUUTHIBAIOT MTOCTOSIHHYIO KAJIOPUMETPA.

3areM BBUTMBAIOT U3 CTaKaHa PAaCTBOP, OMOJIACKUBAIOT JUCTUIIUPOBAHHOMN BOJIOM, HAIM-
BaroT B Hero 100 cM® IMCTHILTMPOBAHHON BOJBI M YCTAHABIMBAIOT B KAIOPHMETP. 3aTeM MPOBO-
AT pacTBopeHue 2 r kpucramtorugpara CuSOs, onpenensoT U3MEHEHHE TEMIIEPATYPhI U pac-
CUHTBIBAIOT COJIEPKAHNE KPUCTAIIM3ALIMOHHON BOIBI.

PexoMeHnanum no npoBeieHnI0 pacyeToB. Ha ocHOBaHMM TaOIMYHBIX JAHHBIX U DKC-
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NEPUMEHTAJIBHO OIpPENeNIEHHONW TEIUIOTHI PAaCTBOPEHUS ( OJHOTO IpaMMa MCCIEeIyeMOW COJu
CuSOs4 - xH20, MOXXHO yCTaHOBUTH, KaKOW THIT pAaBHOBECHSI UIMEET MECTO B JAHHOM ClIydae.

Bennuuna q 3aBUCHT OT TOTO, B KAKOM COOTHOIICHUHU B UCCIIEAYEMOM 00pa3iie CMEIIaHbl
KPUCTAJUIOTUAPATH Cyiabdara menu. O4YeBHUIIHO, YTO €CJIM ( HAXOIUThCA B mpenenax 389,67-
217,88 JIx, To B cucreme umeer paBHoBecue (1) u, ciemoBarenvHo, coaepxkutca CuSOs u
CuSOs4 - H20.

Ecnun q naxonutses B npenenax 217,88-71,23 JIxk, TO paBHOBECHE OMUCHIBACTCS ypaBHE-
HueM (2) u B cucrteme coaepskarcs — CuSOg4 - H20 u CuSOgs - 3H20.

N ecnu q maxoauthes B uHTepBaie 71,23-(—46,09) Ik, TO paBHOBECHE OMMCHIBACTCS
ypaBHeHUEM (3).

Jl1st pacueTa KpucTauIM3alMOHHOM BoibI B uccieayemoM oopasie CuSOs - xH20 nyx)HO
COCTaBUTh COOTBETCTBYIOIIHNE ITPOTIOPIIUH.

B coorBercTBuu ¢ nmpaBuiiom ¢a3 ['ud6ca, B uccaenyemMom o0pasie MOXKET ObITh TOJIBKO
nBe GOpMbI THAPATOB.

Torma 1 r o6pasia coctout u3 n rpammoB CuSO4 - yH20 u m rpammoB CuSO4 - zH20 (0
<y, x<5):

l=n+m.

Temnora pactBopenusi 1 r© oOpasua CKIaAbIBaeTCs U3 TEIJIOT PACTBOPEHUS N TPaMMOB
CuSOs4 - yH20 u m rpammoB CuSOg - zH20:

g = nQCuSO0s4 - yH20 + mQCuSOs - zH,0.

PemienneM coctaBieHHON CHCTEMBI YPABHEHUM HAXOJUTCS KOJUYECTBO U COOTHOLIEHUE
rUApaToB. 3Hasi KOJUYECTBA THIPATOB U MX COCTaB, JIETKO PACCUUTATh KOJIUYECTBO U MPOIEHT-
HOE COJIep )KaHNE KPUCTAIIM3ALUMOHHOMN BOJIBI.

Ipumep pacyera. IIpu pactBopeHnu 3 T cMecu TuapatoB B 150 cm® Bosl q = 450 JIx.
[Tpu pactBopernu It q = 450/3 = 150/1x. CiienoBarensHO, B 00pa3ie CONCPKUTCS JABE (HOPMBI
ruapaToB — CuSO4 - H20 u CuSOg4 - 3H20.

CocTaBuM cucTeMy ypaBHEHHIA:

1=n+m

150 = nQCuSO4 - H,0 + m-QCuSOs4 - 3H,0 =n217,88 + + m71,23.

Pemas cucremy ypaBHenuid, onpeaensem: n = 0,537; m = 0,463, t.e. B | r uccnegyemoro
obpasna coxepxures 0,537 v CuSO4 - H2O n 0,463 r CuSO4 - 3H20,aB 31— 1,611 1 1,389 1,
coorBercTBeHHO. g CuSO4 - H20 m CuSOs4 - 3H20 monexynspHbie macchl paBHbI159,5 n
213,5 r/M0ab, COOTBETCTBEHHO.

Cocrasnsiem nponopiuu: B 159,5 r CuSO4 - H20 conmepxutcs 18 r H20, a B 1,611 1
CuSOs - H20 comepxkutcs x T H20. x = 0,18 1. AHaJIOTHYHO OTpeneNnseM COJIepyKaHHE BOIBI
CuSOq4 - 3H20, ono pasno 0,351 r. Obmee coaepxkanue Boabl B oopasue 0,531 r. [IporenTHOE
coJiep’KaHue BOJIbI paBHO:

a):%-lOO =17,7%.

TpebdoBanus k ordyery. HarimeHoBaHue paboThl, 11e7b padOThl, KPaTKOE OMHMCAHUE METO-
JIMKH, 000pY/I0BaHUS U X0Ja PabOThI, pe3yIbTaThl U3MEPEHU U BBIYUCIICHUH (Tpaduku, GopMyIibl),
BBIBOJIBI.

JIABOPATOPHAS PABOTA 3.
OITPEJIEJIEHUE TEITJIOTHI HEUTPAJIM3AITUN
Teopernyeckas yactb. [Ipyu B3aMMOAEHCTBUM MOJIb-3KBUBAJIEHTAa CUJIBHOW KHUCIIOTHI C
CHJIBHBIM OCHOBAaHHMEM B Pa30aBJICHHBIX PACTBOPAX BBIICTSETCS MOUYTH OAMHAKOBOE KOJTHUYECTBO
teroThl (55,9 xJx/mons ipu 298 K).
[ToCTOAHCTBO TEILUIOT HEUTPAIU3ALMU CBA3AHO C TEM, YTO IIPU B3aUMOJIEVCTBUH CUIIBHBIX
KUCJIOT ¥ OCHOBAHHH, MOJIHOCTHIO JUCCOLMMPOBAHHBIX B BOAHBIX pacTBopax, u3 uonos H* (Tou-

uee H3O") kucrotsr u nonos OH™ ocHoBaHus 00pa3yroTCst MOJICKYJIBI BOJIBL:
H*+ClIr+K*+OH =H,0 + K"+ CI".
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[Tpu onpenenennn TeroBbIX 3(PPEKTOB peakuuii HEeHTpaIn3auy HEOOXOIUMO YUUTHI-
BaTh, YTO MPU CIMBAHUH PACTBOPOB KUCIOTHI U OCHOBAHUS IIPOUCXOAUT U3MEHEHHE 00BEMOB, TO
€CTb HY)KHO €Ill¢ YYUTHIBATh JIBE MPOMEKYTOUHBIE TEIUIOTHI PAa3BEICHUS:

g=01—0Q2

rZie  — TeIIOTa HeWTpaau3alyy; g1 — TeIUI0Ta HeUTpaTu3aliy U pa3BeieHus; 2 — Tel-
JI0Ta pa3BEACHHUS.

TenoToli pa3BefeHUs EIOYN MOXKHO MpeHeOpeyb, T. K. B JaHHOH padoTe K OoybIioMy
00BbeMy 1IeI0YH A00aBISIIOT HEOOIbIIONH 00BEM KUCIOThI, U 00BEM IIEJI0YH MaJIO U3MEHSIeTCS B
nporiecce onbiTa. TemmoTy HeHTpanu3auu MOXHO OIPEIeTUTh 1Mo (popmyie:

g =—(m1C1 + maC2 + K)AT1 — (M2C2 + m3c3 + K)ATo,

rae mi, C1 — Macca U TEMJI0EMKOCTh IIEJI0YH; M2, C2 — Macca M TeIIOEMKOCTh KHUCIIOTHI;
M3, C3 — Macca U TeroeMKocTh Bofbl; AT1, AT, — pa3HOCTh TeMneparyp Npu HEUTpalu3aluu U
pa3BeIEHUU COOTBETCTBEHHO.

[TpuHMMast, 4YTO TEMJIOEMKOCTH PACTBOPOB ILIEIOYH U KUCIOTHI IPUMEPHO PaBHBI TEILIO-
€MKOCTH BOJIBI (C1 = C2 = C3 = C), paCCUUTHIBACM TEIIOTY HEUTpaTu3anuu o hopmye:

g = (mic + moc +K) (AT1 — AT>).

Heas paborbl. KanopuMeTpuyeckuM METOAOM ONPEACITUTh TEIUIOTY HEHTpatu3aluu
CUJIbHOM KUCJIOTHI CUJIbHBIM OCHOBAaHUEM.

IIpudopsl U peakTHBBI. YueOHO-Ta0OPATOPHBIN KOMIUIEKC «XHUMHUS» (LEHTPAIbHBIN
KOHTpoJIep, Moy «TepMocTaTy» B KOMIUIEKTE CO CTEKISHHEIM cTakaHumkoM (150 cm®), Tep-
MOJATUYUKOM M YCTPOUCTBOM JIJIsl pa3MeIEeHUsl HaBECKH ), XJtopu1 aMMoHus, pactBop NaOH (C =
0,15 moms/nm), pacteop HCI (C = 5 Mons/aM°®), IMCTHITHNPOBAaHHAS BOJIA.

IMopsiiok BbINOJIHEHHS PAGOTHI.

[IpoBoAsT KanopuUMETpUYECKOe OINpeiesieHue ACHCTBUTEIBHOIO 3HAUEHUS M3MEHEHUS
TEMIIepaTypbl PACTBOPEHUS COJIA C U3BECTHOM TETIOTOW PaCTBOPEHHS.

JIns 3TOrO CcTaKaH, B KOTophlid Haauto 100 cM® IUCTHIIMPOBAHHON BOBI, YCTAHABIHBA-
IOT B KaJIOPUMETP ¥ 3aKPHIBAIOT KPBIIMIKOKH C YKPEIUIGHHBIM B HEW JaTYMKOM TeMmIepaTypbl. B
OTBEPCTUE KPBIIIKU BCTABJSAIOT CHEIMATIBHYIO MPOOHPKY, B KOTOPYIO IpEBapUTEILHO HAChINa-
HO 2 T U3MENbUYCHHOM cosu ¢ u3BecTHOM Terutoroi pactBopenus (NH4Cl). TIpoBoasit pactBope-
HUe cond. ['paguueckum METoI0M ONpEeAeNSOT U3MEHEHNE TeMIIEpaTyphl IPU PaCTBOPEHUH CO-
JIM ¥ PaCCUMTHIBAIOT TIOCTOSIHHYIO KaJOPUMETPA.

ITpoBoIAT KaOpUMETpUUYECKOE ONpeeIeHHE TEIJIOThI Mpoliecca HeTpalnu3aluu u pas-
BeieHus 1. st aToro B KanopuMeTpuieckuid ctakad BHecuTe 100 Mt pacTBopa mIienoyu, u3me-
psiiiTe TemnepaTypy B T€4EHUE 5 MUHYT, 3aT€M 4Yepe3 OTBEPCTHE B KPBILIKE KaJOpUMETpa, C Mo-
MOIIBIO YCTPOMCTBA JUIsl pa3MeIlleHusl HaBecKH mpuiieiite 3 mit kucioTsl. [Ipogomxaiite 3amepbl
TeMIIepaTyphl J0 TeX Iop, IoKa B Te€YeHHWE 5 MUHYT He Oynere HaOII0AATh MJIABHOE paBHOMEP-
HOE ee M3MEeHEeHHe (TO eCTh JI0 OKOHYAHUS 3aKIIOYUTEIBHOTO TepHoAa omnbita). ['paduueckum
METO/IOM ONPEENAIOT U3MEHEeHne TeMnepaTypsl ATi.

[TpoBomAT KamOpUMETPUUYECKOE OTPEICTICHHE TEIUIOTH pa3BeACHUsT KUCIOTHL. J[iist 3TOTo0
MOBTOPUTE MPEABIAYIINI OMBIT, HO BMECTO PacTBOPA IMIEJIOYH HCIONB3YHTE JUCTUILTUPOBAHHYIO
Boay. ['padpriueckum MeTOIOM OIpeNestoT U3MeHeHue TeMiiepatrypsl ATo.

Tennoty HelTpanuzanuu q paccuuTtaiite o Gopmyie:

g = (m1c + maoc +K) (AT1— ATo).

[Tony4yeHHoe 3HaueHHE TEIIOTHI HEUTpaIM3alUU MepecuuTaiTe Ha 1 MOJb KUCIOTHI IO

dbopmyre:

100 -
a0
VC

3. 3
rae V — 06beM KucioTel, cM”; C — KOHIEHTpAaIUs KUCTIOThI, MOJIb/IM”.
Ecnu onbIT mpoBOAUTH MPH APYTUX KOHLUEHTPALUAX WK 00beMax LIEIO0UYH UIH KUCIOTHI,
TO TEIJIOBOM 3P PEKT MEPECUUTHIBAIOT HA BEIIECTBO, B3ATOC B MEHBIIIEM KOJIMYECTBE.
CpaBHurte MTOTYYEHHBIN pe3ysbTaT c TaOJTMYIHBIM

(55,9 xI>x/Mo0b), HAAUTE TIOTPENTHOCTD BHITIOTHEHHSI OMBITA
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TpedoBanus k or4yery. HanmeHoBanue paboThl, 11e7h pabOThI, KPaTKOE OMHMCAHUE METO-
JTUKH, 000PYA0BaHUS M X0/1a Pa0OThI, pe3ysIbTaThl U3MEPEHUH U BBIYUCIICHUH (Tpaduku, GopmyIib),
OTIpEJIeTICHUE OMMOOK N3MEPEHUI, BHIBOIBI.

JIABOPATOPHAS PABOTA 4.

OITPEJIEJIEHME TEIUIOTBI AMCCOLUMALNN CIIABOI'O DJIEKTPOJIMNTA

Teopernueckasi yactb. Crnadbie 3JEKTPOIUTHI, B YACTHOCTH CJIa0ble KUCIIOTHI (B HAILIIEM
CJlydae 3TO YKCYCHasi KUCJIOTa), B BOJHOM pacTBOPE JIMILIb YACTUYHO JUCCOLIMUPOBAHbI HA HOHBI.
[Tpu cMemmBanuM caboil KUCIOTHI ¢ CHIIBHBIM OCHOBAaHHEM MPOUCXOAUT MPOIecC HeUTpaan3a-
UM KUCJIOTHI, KOTOPBbIH MOXKHO IPEACTaBUTh KaK IOCJIEIOBATEIHOCT CIEAYIOUINX CTaJAul —
JUCCOLIMAIIIY CJIA00M KUCIIOTHI U, COOCTBEHHO, PEaKIIUu HelTpanu3auu. B 3Tom cirydae Terio-
BOM 3(peKT cMmelnIeHns BOAHBIX pacTBOPOB c1a00M KUCIOTHI U CHJIBHOTO OCHOBAHUS CKJIa/lbIBa-
eTcs U3 TEIUIOTHl 00pa30BaHMs BOJBI M3 MOHOB (pEaKIMM HEUTpaTu3aliu), TEMIOThI JUCCOIHa-
UM c1a00H KUCIIOTHI U TEIJIOThI pa30aBIeHUs KUCIOTHl OCHOBAHUEM.

Hean padoTbl. OnpenenuTs TEIUIOTY AUCCOLUUAIMH C1a00l KUCIOTHI IIPU €€ B3anMO/IeH-
CTBHMHM C CUJIbHBIM OCHOBAHHUEM.

IIpudopsl U peakTHBBI. Y4eOHO-Ta00PATOPHBIN KOMIUIEKC «XHUMHUS» (LEHTPaJIbHBIN
KOHTpoJiep, MOAyib «TepMocTaT» B KOMIUIEKTe CO CTEKISHHBIM cTakaHuukoM (150 cm®), Tep-
MOJIATYMKOM M YCTPOMCTBOM ]ISl pa3MenieHust HaBecku), pactBopsl: 0,15 H. NaOH, 5 u. HCI, 5
H. CH3COOH; xyopua aMMOHUsI, ATMCTUIUIMPOBaHHAs BOJIA.

IMopsiiok BbINOJIHEHHS PAGOTHI.

OnpeieNsIoT MOCTOSHHYIO Kaniopumerpa. I 5Toro cTakaH, B KOTophlil Hamuto 100 cm®
JUCTUIIIIMPOBAHHOW BOJIbI, YCTAHABIUBAIOT B KAJIOPUMETP U 3aKPbIBAIOT KPBIIIKOW C YKpEIUIEH-
HBIM B HEeW JaTYMKOM TeMIlepaTypbl. B oTBepcTre KpBILIKY BCTABISAIOT CIIELUAIBHYIO IPOOUPKY,
B KOTOPYIO MPEABAPUTEIbHO HACKIIAHO 2 I U3MEIbYEHHOM COJIM ¢ U3BECTHOM TEIJIOTOM pacTBoO-
penust (NH4ClI). TIpoBoasT pactBopeHue conu. I'paduueckuM METOIOM ONPEICTSIOT U3MEHEHHUE
TEMIEPATYPhI IPU PACTBOPEHUHU COJIU M PACCUUTHIBAIOT MOCTOSIHHYIO KaJIOpUMETPA.

JIi1st onpeesieH st TeIIOThl CMELICHHs PACTBOpa YKCYCHOM KHCIIOTHI co mienoubio (Q1) B
KaueCcTBE KAJIOPUMETPUUECKOM )KuaKkocTH ucnoib3yroT 100 ma 0,15 H. pactBopa NaOH. B cme-
UalbHYI0 MpobupKy nomemaroT 3 mi 5 H. pactBopa CH3COOH u 3akpemisior ee B KpbIIIKe
KajopuMmeTpa. B Teuenne 5 MUHYT (QUKCUPYIOT TEMIIEpaTypy Ha4aJbHOTO MEPHOJIA.

3areM NPWIMBAIOT, HAXKaB Ha MOPILEHb CIENUATbHOW MPOOUPKH, K PacTBOPY IIEIOYU
pacTBOp KUCJIOTHI, MPOJOJIKasi U3MepeHne TemnepaTypsl. Korja nu3amMeHeHue temnepaTypsl cTa-
HET PaBHOMEPHBIM, POJIOJDKAIOT OIBIT €Ile 5 MUHYT.

OnpenensitoT TemjaoTy 00pa3oBaHus BOAbl (HEUTpaTU3allui CUIIBHON KUCIIOTHI CHIIBHBIM
ocHoBanueM — (Q2), u3 omebita (cM. 1abopatopHyto padoTy Ne 4) Win U3 TAOMMYHBIX JaHHBIX.

Onpenensitor temioty passeaenuss CH3COOH menousto — (Qz). st aToro BimMBaoT
pacTBOp KHUCIOTHI (B TAKOM ke 00beMe, Kak MpH HeUTpaIu3alur) B YUCTYIO BONy, B3SATYIO B Ta-
KOM XK€ 00beMe, Kak 1Ies109b. | paduueckum meToaoM onpenensioT AT U pacCUMTBHIBAIOT TEILIO-
Ty pa3BeJCHUS:

Ql = QZ + Q3 + szcc " szcc = Ql - QZ - Q3-

TennoToli pa3BeseHus MIEI0YH KUCIOTOM MOXHO IpeHeOpeub, Tak Kak 00beM IIeI04H
3HAYUTENIbHO O0JIbIlIe 00bEMa KHCIOTHI.

TpeGoBanus k oruery. HanmeHnoBanue paboTbl, 11e1b pabOThI, KPAaTKOE ONMHUCAHHE METO-
JIMKH, 000pY/ZI0BaHUs U X0J1a paboThI, pe3yNIbTaThl M3MEPEHNH U BbIUUCIIeHu (Tpaduku, Gpopmyisl),
BBIBO/JIBI.

JIABOPATOPHAS PABOTA 5.
OITPEJIEJIEHUE KOHCTAHTBI PABHOBECHS TOMOI'EHHOM XUMWYECKOM
PEAKIIUN B PACTBOPE
Teopernyeckasi 4yacTb. 3HaUCHNE KOHCTAHTHI CBSA3aHO ¢ dHepruent ['mboca:
AG°298 = —RTInK..
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OTO0 ypasnenue uzomepmvl XUMU4eCKoil peaKyuu, OHO UCIIONb3YETCs ISl PACUETOB B
MOMEHT paBHOBecHs. V3 ypaBHEHUS M30TEPMbI MOXKHO OMNPEIECIUTh HANpPaBICHHUE MPOTEKAHUS
nporecca:

- ipu BeIcoKuX 3HaueHusx K¢ AG < 0 — npsimas peakuus,
- ipu HU3KUX 3HaueHusx K. AG > 0 — obpaTHas peakuus.

CylecTBYeT noJinHoe ypasnenue uzomepmvl XUMU4ecKoil peaKyuu, Koraa KOHIEHTpa-
[[UU BEIIECTB B CUCTEME SIBJITFOTCSI HEPAaBHOBECHBIMHU:

AG®93 = —RTInK, + RTInIL;

AG®98 = —RTIn(K /1) = RTIN(I1/K).

[Ipoananu3upyem MoyiHOEe ypaBHEHUE W30TEPMbI peakuu. C MOMOIIBI0 HETO MBI MOXKEM
0oJj1e€ TOUHO OIPENEIUTh HAIIPABIEHHOCTb Mpoliecca:

K¢ > I, AG < 0 — npsimast peakiusi;
K¢ <TIl, AG > 0 — oOparHas peakius;
K¢ =TIl¢, AG = 0 — xuMHUYeCKOE paBHOBECHE.

Kc, BeIpaskeHHas depe3 KOHIEHTPAIUIO, MOXKET UCIOJIb30BATHCS TOJBKO JIJISl BEIICCTB,
HAXOJSIIUXCS B PACTBOPEHHOM cocTOsSiHUU. Ecnu BeriecTBa OyayT AaHbI B ra3000pa3HOM COCTO-
STHAH, TO HEOOXOJMIMO BBIpaKaTh KOHCTAHTY PAaBHOBECHSI Yepe3 MapIUaIbHOE JIaBIICHUE:

K, = (P°c-PYp)/(P3a-PPB).

Ecnu peaknus reTeporeHHas, TO B BRIPAXKEHHE KOHCTAHTBI TMOJCTABIISIOT TOJIBKO Ta3000-
pasHble BelecTBa. Hampumep:

2NO(1) + Oa(r) <> 2NO2(1), K¢ = [NO2JY/[NOJ?[O2];

2C(1) + O2(r) <> 2CO(1), K, = PZ(CO)/P(Oy).

B tepmonuHamMuke paznuyaloT ucmuHHoe U J10cHoe paBHoBecue. [Ipu3Haku HCTUHHOTO
paBHOBECHS:

- PaBEHCTBO CKOPOCTEH MPAMOI M 00paTHOM peaKiuii;

- 3HaueHue 3Heprun [ mdo6ca muanMansHO, AG = (. 3HaUueHUEe SHTPONHUHA MAaKCUMAJIBHO,
AS =0;

- XapaKTepu3yeTcs TOABMKHOCTHIO, CIIOCOOHOCTBHIO CaMOITPOM3BOJILHO BOCCTaHABIIHU-
BaThCs MOCJe HEOOJBIIMX CMEUICHUI BHEIIHUX ycioBuil. Hampumep, BO3IyX CKMMaeTcs Mpu
BO3/ICICTBUM Ha HETO JaBJICHUS, KOTJA K€ JaBIICHHE MCUYE3aeT, TO OH BOCCTAHABIMBACTCS O
MEPBOHAYAIILHOTO COCTOSIHHS;

- COXpaHEHHUE CBOETO COCTOSHUS BO BPEMEHH IPU OTCYTCTBUU BHEITHUX BO3JICHCTBHIA,

- B MOMEHT PaBHOBECHS COCTOSIHUE CHCTEMbI OJIMHAKOBO, HE 3aBUCUMO OT TOTO, C KaKOh
CTOPOHBI CHCTEMa ITOJIONIA K HEMY.

JloxxHOE paBHOBECHE, KOTOPOE UMEET CXOJICTBO C HICTUHHBIM, ITTUTELHO BO BpEMEHH, HO
npu 3toM AG # 0 (rpemydasi cMech, TIepeChIIIeHHbIe pacTBOPhI). VICTHHHOE paBHOBECHE TTOTIH-
HSETCSl YPaBHEHUIO U30TePMBI (OHO paboTaeT TOJIBKO MPH MOCTOSHHOW TeMIlepaType, YTo TPY/I-
HO JIOCTHIKMMO B YCIIOBUSIX OMbITa). Ha mpakTrke ynoOHee Mob30BaThCs ypasHeHuem uzooapul
XUMUYECKoUl peaKyuu, T. K. OTHOCUTEIIbHOE MOCTOSHCTBO JaBJIEHUsI O0eCeunBaeT caMa BHEIll-
HSIs cpefa:

(dInKp/dT)p = AH/RT? — ypaBHeHHE H300apEI.

W3 ypaBHEeHHS ClieIyeT, YTO C MOBBIIIEHUEM TeMIIepaTyphl KOHCTaHTa paBHOBECUs OyneT
BO3pacTaTh B JHJIOTCPMUUYCCKUX PEAKIUAX, B IK30TCPMHUCCKUX K€ OHA OYJIET YMEHBIIATHCA.
Jlst yBenM4eHUs KOHCTAHThI B DK30TEPMUYECKUX PEAKIUIX HEOOXOIUMO MOHUKATh TeMIIepaTy-
py.

[Tocne nHTErpUpOBaHUS YpaBHEHHE OyI€T UMETh CIEAYIOITNI BUI:

In(K(T2)/K(T1)) = AH-(T2 — T1)/RT2T1.

W3 sTOrO ypaBHEHUS BBHITEKAET 3aBUCUMOCTD TEILIOBOTO 3P eKTa OT TeMIepaTypsl, T. €.
MO’KHO PacCYUTATh BEIUYHMHY TEIUIOBOTO 3P QeKTa, €clii N3BECTHBI KOHCTAHTHI MPU JBYX TEM-
neparypax:

AH = (RT2Td/(T2— Ty)) - In(K(T2)/K(T1))



22

Hcnonb3ys 3T0 ypaBHEHHE MOXXHO PacCYMTaTh KOHCTAHTY PaBHOBECHS MPH JIIOO00H TeM-
neparype, eciu Oynert u3BectHa AH.

Leas padoTbl. M3yueHne paBHOBECHS TOMOTEHHON peakuy (HPOTOKOIOPUMETPHUECKUM
METOJIOM U pacyeT €€ KOHCTAaHThl PABHOBECHSI.

IIpudopsl n peaktuBbl. Qorosnexkrpuueckuil kosnopumerp KDK-3, BoceMb MepHBIX
ko106 Ha 100 mu, mepHas koioa Ha 25 mur; 0,1 M pactBop FeCls, 0,1 M pactBop NH4CNS, HCI
(1:1), muctumupoBanHas Boaa. ['oroBum padounii pactBop FeCls (pazbasmsem B 10 pa3: 10 M
0,1 M pactBopa g0 100 mi).

ITopsiiok BhINOJHEHUS PAaGOTHI.

XUMUYECKHE peaklUU JeNATCA Ha TOMOT€HHbIE U reTeporeHHble. [ OMOreHHBIMH peaKiin-
SIMU Ha3bIBAIOT PEAKLUH, MPOTEKAIOMKe B Ipeaenax onHoi (azpl. K roMOreHHbIM peakuusiM
OTHOCSITCSI MHOTHE XMMHYECKHE IMPOLIECChl, MPOTEKaoIIMe B Ta30BOM ¢a3e Wiu B pacTBOpax.
Hanpumep:

COq) + H20@) <=> COxr) + Ha.

XuMuyeckasi peakliys, NpoTeKarollasi Ha rpaHulie paszena (a3, Ha3bIBaeTcs
rereporennoii. Hampumep:

CaOs) + COzr) <=> CaCOs31p).

Peakuus mpoTekaeT 10 paBHOBECHS, IPU KOTOPOM MMEIOTCS KaK MPOAYKTHI,
TaK M UCXOTHBIC PEAreHThI, U TMPH 3TOM HE MPOUCXOAUT NU3MEHEHHE X KOHIICHTpPA-
HH.

Hccnenyemast peakuus NpoTekaeT M0 YpaBHEHUIO:

FeCls + 3NH4CNS = Fe(CNS)3z + 3NH4Cl,

WIA B MOHHOM BUJIE:

Fe**+3CNS™ = Fe(CNS)s.

B pesynpraTe mpoTekaHMsI peakUuu 00pazyeTcsi XMMHUYECKOE COEAUMHEHHE KpOBaBO-
KPacHOTO LBeTa — POJaHU] TPEXBAJIEHTHOI'O kese3a. IHTeHCUBHOCTh OKPAacKu pacTBopa Oyjaer
3aBUCETh OT KOHIeHTparuu obpasyromieiics conu Fe(CNS)s. DTo mo3BoisieT MPUMEHUTH IS
U3y4eHHsI peakiiy (POTOKOIOPUMETPHUUECKUN METO/.

Omnpit 1. ITocTpoenne rpaiyMpoBO4YHOM KPUBOii

1. B MepHbIe k011061 eMKOCTHI0 100 MIT TOCTIE1I0BAaTENBHO HAIUTH:

- 9TamoHHbIN pacTBop comnu xene3za(lll) B konmuuectse 0,5; 1,0; 2,0; 3,0; 4 mi;

- B KQXYIO KOJIOY MO 2 MJI COJNISIHOM KUCIIOTHI;

- o 10 mut 0,1 mob-3kB. pactBopa NH4CNS;

- JOBECTH 00BEM JI0 METKHU BOJON M MepeMelaTh.

2. 3meputh ONTHYECKHE TUIOTHOCTH pacTBOpoB (A = 420 uMm). [ kaxxmoro pactBopa
c/enaTh ABa-TPU 3aMepa U B3SATh CpellHUe apu(pMeTHIecKrue 3HaueHHs! ONTUYECKOM MIIOTHOCTH.

3. Paccunrtath HauanbHylo KoHIeHTpauuio coiu kenesa(lll) Co B kaxmoil konbe mo
YPaBHEHHIO pa3BEACHUS:

V,
C, =C,-—+,
VZ
rne Ci1 -  koHmeHTtpammsi comu  kene3a(lll) B sramonHoM  pactBOpe

0,1 M BemiectBa 3kBHBasieHTa; V1 — 00beM pacTBopa coiu xene3a(lll), B3sToro miast mpuroros-
neHus npoOsl; V2 — 00beM MpUroToBIeHHOTO pacTBopa, 100 mir.

T. K. BO BceX MPUTOTOBJIEHHBIX PACTBOpaX CO37aH O4Y€Hb OOJIBIION N30BITOK HOHOB, PaB-
HOBECHE M3y4aeMOM peakKIMd CHIIBHO CIBHHYTO B CTOpPOHY obOpasoBanus coimu Fe(CNS)s. Ilo-
sromy KoHueHTpanusi Fe(CNS)3 paBHa HadanpHOI KoHUEeHTpauuu conu xxene3a(lll) B uccneny-
eMbIX pactBopax. Konnenrpanuto poganuaa xenesa(lll) Heodxonumo BeIpa3uTh B rpaMM-MOJISIX
Ha JIUTP:

C 2—mono 1 C MOb — 9K8

Fe(SCN), ,T = 5 Fe(SCN);* P .

4. TlocTpouTh TPalyMpOBOYHYIO KPHBYIO, OTJIOKHB Ha OCH aOCLUCC MOJIbHYIO KOHIICH-

Tparuto poaanuaa xenesa(lll), a Ha ocu opIMHAT — ONTUYECKYIO TNIOTHOCTH PaCTBOPOB.
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OmnbIT 2. Onpenenenne paBHOBECHON KOHIEHTPALIMH POIAHM/IA Kesle3a

1. [IpurotoBuTh 4 KCCIETyEeMBIX PacTBOpa C Pa3IMUYHBIMU HAYaJbHBIMH KOHILEHTpPALIK-
mu noHoB xene3a(lll) u pomanuma. s 3Toro B MepHbie KOJIOBI eMKOCTHIO 100 MJT BIHTH:

- yKa3aHHbBIC B TAOJIHUIIE KOJIMYECTBA 3TATOHHOIO pacTBopa coiu keneza(lll);

- 10 2 MJI COJISIHOM KUCJIOTHI;

- YKa3aHHbIE B Ta0JIMIIE KOJIMYECTBA POJAAHH]Ia aMMOHUS;

- 00bEM PacTBOPOB JIOBECTH JI0 METKU AUCTHIIMPOBAHHOW BOJIOM U MepeMenIaTh.

Ne k01051
5 6 7 8

O6weMm FeCls, mn
0O6beMm NH4CNS, Mt
OnTHyeckast IIOT- 1 1 1 1
HOCTB, D 2 2 2 2

3 |3 |3 |3

D D D D
Hawans- | Fe*
HBIE
KOHIICH- CNS
Tpaluu
PaBHo- Fe3*

BecHble | CNS™
KOHILIEH- | Fe(CNS)
TpaMu | 4

Kec

2. I3MepuTh ONTHYECKUE MIIOTHOCTH PaCTBOPOB.

3. Pe3ynbratel 3aHecTd B TaOIMIly (KOHLIEHTPALUU BBIPA3UTh B I-MOJIb/J).

4. Tlonb3ysicb TPaJlyMpOBOYHBIM I'pa)UKOM, HAWTH PABHOBECHbIE KOHLEHTPAIMU COJIU
Fe(CNS)3 (r-momb/i1) B HCCIIEIyeMbIX pacTBOPAX.

5. PaBHOBecHbIe KOHIIEHTpAllMM HEMpOpearupoBaBuMx uoHoB Fe* paccumrats mo
HaYyaTbHBIM KOHIEHTpaIMsM HoHOB Fe®* U paBHOBECHBIM KOHIIEHTpAIMAM pPOJAHHIA JKele-
za(ll1):

C —

Fe%* ,pasu (:O,FEE’Jr - CFe(CNS)SvPW‘H '

6. PaBHOBECHBIE KOHLIEHTpALMKM POAAHNU-MOHOB ONPEAEIUTD N0 HaYaIbHBIM KOHLIEHTPA-
IIMSIM 3TUX MOHOB M PABHOBECHBIM KOHIIEHTpanusM poaanuia xxenesa(lll):

CCNS*,pagn = CO,CNS’ —3Cre(cns),, pasn -

7. HauansHsle koHnenTparun noHos Fe3* u CNS™ paccuuraTs 10 hopmyrie pazBeeHus U
BBIPA3UTh B I-MOJIb/JI.

8. Jlmsi deThIpex OMBITOB BBIYMCIUTH KOHCTAHTY paBHOBecusl K¢ M3ydeHHOW peakuuu u
HalTH ee CpeHee 3HAaUCHUE.

9. Ucnonb3ys cpennee 3HaueHue K, paccuntaTs CTaHIapTHOE XUMHUECKOE CPOJICTBO Pe-
aKIUU.

Tpe6oBanus k oruery. HanmeHnoBanue paboTsbl, 11e1b pabOThI, KPAaTKOE ONMHUCAHUE METO-
JIMKH, 000pyI0BaHUs M X0Aa paboThl, pe3yabTaThbl M3MEPEHNH U BbIuUcIeHul (popmyrbl, Tabnuua,
rpaduku), BBIBOBI.

JIABOPATOPHAS PABOTA 6.
TEPMUYECKNUU AHAJIM3 CUCTEMbI ®EHOJI-HAD®TAJIMH
TeopeTnueckasi yacTb. B IByXKOMIIOHEHTHON CHUCTEMeE, COTIIacHO mpaBuiy a3 ['md0ca
c=k—-D+2
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B PaBHOBECHU MOXKET OJHOBPEMEHHO HAaXOIUTCsS He Oosiee deThipex (a3 — HOHBapUAHTHAs CH-
crema (¢ = 0). MakcumanibHOE YHCIIO cTerneHed cBoOoawl (mpu @ = 1) paBHO Tpem, T. €. HE
Hapymas ($a3z0BOro COOTHOIIEHUS B TAKOH CHCTEME B OMpPEICIICHHBIX Mpeenax, MOXXHO H3Me-
HATH TPU MapaMeTpa COCTOSHUS (AaBiieHUE, TemrepaTypy U coctaB). [loaToMy assi mosiHOTO
OTMCAHMSI UArpaMM COCTOSIHHSI IByXKOMIIOHEHTHBIX CHCTEM HEO0OXOAMMO HCIIOJIb30BaTh IPO-
CTPaHCTBEHHYIO CUCTEMY KOOpIHMHAT, YTO HE Bceraa ynoOHo. Yamie Bcero oJIMH U3 MapamMeTpoB
(maBieHue WM Temreparypa) GUKCUPYeTcs, U AMarpaMMy COCTOSIHHS TPEICTABIISIOT B IByMep-
HOH IIOCKOCTH.

Haubonpiiee pacrnpocTpaneHre MOTYYHIH AUArPaMMBbl IIABKOCTH, NEPEAAONIie 3aBuU-
CHUMOCTb TeMIIEpaTyp paBHOBECHUS TBEPIBIX U KUIAKUX (a3 (T.e. TeMIieparyp MIIABICHUS), a TaK-
e TeMIepaTyp COCYIIECTBOBaHMS TBEPIBIX (a3 OT cocTaBa CHCTEMBI. Bua nuarpamMm cocrtos-
HUS 3aBUCUT OT MPHUPOJBI BellecTB. J(uarpaMMbl COCTOSIHUS, KOMIIOHEHTBHI KOTOPBIX HEOTPaHU-
YEHHO PacTBOPAIOTCS IPYT B ApYre Kak B KMJIKOM, TaK U B TBEPJIOM COCTOSHUSX, AHAJOTUYHbI
JuarpaMmaM COCTOSIHHSI OMHAPHBIX JKUAKUX PAaCTBOPOB, MPH 3TOM OOJIACTH KHUAKOIO paciiaBa
NEePBBIX JUarpamMM OTBEYAeT 00JIacTh TMapa BTOPBIX, a 00JACTH TBEPABIX CILIABOB MEPBBIX — 00-
JIACTH KUAKOCTU BTOPBIX U T. 1.

Juarpammy cocTOSTHUSI OMHAPHOTO CIIJIaBa MOXHO ITOCTPOUTD, CHSIB KPUBBIE OXJIAXACHUS
YHCTHIX METAJIJIOB U COOTBETCTBYIOIIMX CILIaBOB. lJis M3MepeHus TeMIiepaTyphl CIJIaBOB Yalle
BCEr0 IOJIb3YIOTCS TepMOnapaMu. TepMOaIeKTpUYECKUe TEPMOMETPHI (TEpMOIaphbl) IpeacTaB-
JSI0T cO00M JIBa pa3NUYHBIX MPOBOJHHMKA, CIASHHBIX WM CBAPEHHBIX OJHHUMHU KOHIIAMH (Tak
Ha3bIBAEMbIH TOpSIUMN cHail), a IpyrMMH KOHLAMHU COEAMHEHHBIX C MHJUIMBOJBTMETpOM. Me-
TaJNIMYECKUE MPOBOIHUKH U30JMPOBAHBI PYT OT Jpyra. MecTa CKperieH!s! IPOBOJIHUKOB Maphbl
C IPOBOJAHMKAMU LENH HA3bIBAIOTCS XOJIOJHBIMU CIIAsiMU. DTHU CIlau MOJAJIEPKUBAIOT MPU MOCTO-
SIHHOH TeMIieparype.

JleiicTBre TepMoOMapbl OCHOBAHO Ha TepModJiekTpudeckoM dddekre (3ddekt 3ecdeka).
CyTb TEpMOINIEKTPHUUECKOr0 3PPeKTa COCTOUT B TOM, YTO MEX]y KOHIIAMHU ITPOBOJIHUKA HA KO-
TOPBII HAJIOXKEH TPaIMEHT TeMIEepaTypbl BOSHUKAET Pa3HOCTh MOTEHIIMAJIOB, BEIMYMHA KOTOPOM
3aBUCHUT OT Pa3HOCTH TEMIIEPATyp Ha KOHIAX U MPUPOJBI METAJUIOB. T. K. TepMoONapa cOCTaBJIe-
Ha U3 JIByX Pa3HOPOAHBIX NMPOBOJHUKOB, TO pe3ynbtupyromas J/]C nponopuuoHaibHa pa3HoO-
CTH TEMIIEpPATyp MEXIY FOpSAYUM CIIA€M U XOJIOAHBIMH KOHLIAMHU. DTO CBOMCTBO W IOJIOKEHO B
OCHOBY U3MEPEHUS TEMIIEPATYPHI C TOMOLIBIO TEPMOTIAp.

Jlist HoCTpOoeHUs JMarpaMMbl COCTOSIHUS IBYXKOMIIOHEHTHOW cUCTeMBbI (peHosa 1 Hadra-
JMHA METOJIOM TEPMHUYECKOI0 aHaju3a HEOOXOAMMO MOCTPOUTH KPUBBIE OXJIAXJACHUS KaK YH-
CTBIX KOMIIOHEHTOB ((peHoa U HapTalMHa), TAK U UX CMecell B pa3InYHbIX COOTHOIIEHUX. [ns
MOCTPOEHHUS 3TON JuarpamMmbl BIOJHE JOCTaTOYHO MCMOJIb30BaHUE HECKOJIBKUX CMECEH COCTaB-
neHHbIx yepe3 10 % Bo BceM BO3MOKHOM AMaIa30HE U3MEHEHUs KOHLEHTpaluii. Bee cmecn s
BBITNIOJTHEHUS] paOOThI MPUTOTOBJIEHBI 3apaHee U HAXOJAATCSA B FEPMETUYHBIX aMITyJlaX U3 HepKa-
BEIOIIIECH CTAJIN.

Kaxnyro cmech HE0OX0IMMO HarpeTh /10 TEMIEPATyphl, HA HECKOJIBKO TPaJyCOB MPEBBI-
HIAOIIEeH TeMnepaTypy MOJHOTO IJIaBJIEHHUs] CMECH, YTOOBI HCClIeyeMas CcTeMa HaxouIach B
BUJE paciuiaBa. Jlyis HarpeBaHusi aMIyJ CO CMECSIMH MOAYJb «TepMHuecKuil aHalIHu3) UMEET
HarpeBaTeNIbHBIN AJIEMEHT, NPEJHA3HAYEHHBIN U1 OAHOBPEMEHHOIO HArpEBAHMsI HECKOJIBKHUX
amnyi. Jlagee HE0OXOAMMO MPOBECTH MOCTENEHHOE OXJIAXKACHNUE KAKIOW aMIyJibl ¢ (PUKCUPO-
BaHUEM 3HAUYEHUS TEMIIEPATypbl YEpPEe3 ONpeAcICHHbIE UHTEpBaibl BpeMeHU. OXJlaXaeHue aM-
MyJI TIPOMCXOJNUT B CIEIUAITHPHOM U3MEPHUTEIILHOM OJIOKe MOYJst. JIJisi cO3/1aHmid YCIIOBUMA paB-
HOMEPHOTO OXJIQXKJICHHS aMITyJIbl 001yBaIOTCSI TOTOKOM Bo3/1yXxa. CKOPOCTh OXJIAXKICHHS aMITyJl
3aBHCHUT OT TEMIIEPATyphbl BO3/yXa B J1a0OpaTOpUH, MOITOMY OXJIaXJAEHHUE A0 HEKOTOPOW orpe-
JICJIEHHON TeMIepaTypbl MOXKET 3aHMMaTh pa3IMYHOE BpeMs. B CBA3M C IOCTaTOYHO HU3KOU
TEMIEPATYPOIl IBTEKTUKU U3y4aeMON CUCTEMBI OXJIAXK/IEHUE CJIEyeT MPOBOAUTH /10 TEMIepaTy-
pbl 25-26 °C. B HEKOTOpBIX cIydasix BO3MOYKHO MPOSIBICHUE SBJICHUS [IEPEOXJIAXKACHUS pacIula-
Ba. B 3TOM cily4yae nmpoucXoauT BpEMEHHOE NMOHMKEHUE TeMIIepaTypy HUXKe TeMIiepatrypsl ¢a-
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30BOr0 MEpexoa C MOCIeIyIOIUM HEKOTOPBIM MOBBIIIEHHEM TeMIieparypbl. OcOOEHHO CHIBHO
ABJICHUE TIEPEOXIIAKICHUS MPOSBIISIETCS B CIy4ae YACTBIX BEIIECTB U DBTEKTUYECKON CMECH.

Haunbonee OTBETCTBEHHBIM ATAIIOM BBIMOJIHEHUS paOOTHI SBISIETCS aHAIU3 MOTYyYSHHBIX
KPUBBIX OXJIAXACHHA. B Hamem ciy4ae KpUBbIE OXJIAKICHHS MMEIOT JTOBOJBHO CIIOXKHBIN Xa-
pakTep. DTO CBSA3aHO C TE€M, YTO MPHU CTOJb HEBBHICOKUX TEMIEpaTypax TPYAHO TOOUTHCS yCio-
BUI PaBHOMEPHOTO OXJIAXKJIEHUS CHUCTEMBI U II0 MEPE CHHIKEHUS TEMIIEPaTypbl CUCTEMBI CKO-
POCTb OXJIAXKJICHUS CYLIECTBEHHO CHUXAETCS, T. K. OHA 3aBUCUT OT Pa3HOCTU MEXAY TeMIlepaTy-
paMy CUCTEMBI M OXJIAKJAIOILEro oToKa Bo3yxa. [103ToMy Ha KPUBBIX OXJIaXKAECHUS Neperuobl
U TeMIIepaTypHbIE OCTAHOBKH MOTYT UMETh MaJOBbIpaXeHHBIN XapakTep. Kpome Toro, o6pabdot-
Ky KPHUBBIX 3aTPYAHSET IIPOSBICHUE B TOW WM NHOW Mepe NEPEOXIAKICHNS B CHCTEME.

Ecnu no oxnaxaeHus cuctemMa Haxo/Aujach B MOJHOCTBIO PacIIaBIEHHOM COCTOSIHUU, TO
HepBbIi eperud ykas3bIBaeT Ha TEMIIEpaTypy Hauala KpUCTAIIM3alM CUCTEMBI (3TOT neperud B
HAIlleM cllydae BUCH HanboJjee oTueT/inBo). Hannume nmocieayomumx neperndoB wiM Temrepa-
TYPHBIX OCTAaHOBOK OyJeT yKa3bIBaTh Ha IOSBJICHHUE B CUCTeME HOBBIX (ha3. JIroOoii nepernd mim
TEMIIepaTypHasi OCTaHOBKAa Ha KPUBOW OXJIAXKIACHUSI COOTBETCTBYET MEPECEUCHUIO JIMHUH HA (a-
30B0M auarpamme. IloaTomy IU1si MOCTpOEHHs AMArpaMMbl COCTOSIHUS M3Yy4aeMOW CHCTEMBI Ha
Hee IEPEHOCSTCS BCE BBISIBICHHBIE HA KPUBBIX OXJIAXKIACHUS TOUKU. J[JI 3TOro CTOST AUarpaMMy
B KOOpPJIMHATaX TeMIIEpaTypa-coCcTaB U Jajnee JUIsl KaX10i U3y4yeHHOH cMecH (COCTaB CMECH CO-
OTBETCTBYET OMNpPE/CIICHHON KOOPANHATE HAa OCH COCTAaBOB) OTKJIA/IBIBAIOTCS TEMIIEpaTyphl (a3o-
BBIX II€PEX0/I0B, KOTOpbIE ObUIM OINpPENEEeHbl B pe3yibTaTe aHallu3a KPUBBIX OXJaxIeHus. Ta-
KAM 00pa3zoM, OpAMHATa KaX/I0i TOYKHA COOTBETCTBYET TEMIIEpaType Hadaia BBIIBICHHOTO (a-
30BOT0O Nepexoa Ul ONpeIeIeHHON cMecH, a abclucca — CoCTaBy 3TOM cMecH (Hampumep, Mac-
COBOMY IPOILIEHTY OJJHOTO U3 KOMIIOHEHTOB).

Jlaee Ha OCHOBAHMM IOJIYYEHHBIX TOYEK CJIELYET IPOBECTH JIMHUU AuarpaMMsbl. [Ipu
ATOM CIIEAYeT y4eCTh BAPHAHTHOCTh CUCTEMBI B TEX WJIM MHBIX 00JacTAX M YOSTUThCA, YTO Mpa-
BIIO (a3 cobmronaeTcs Uil Bcex oOnacTei monyuyeHHON auarpammbl. CienyeT OTMeTHTb, YTO
BO3MOXKEH HEKOTOPBIN 3KCIIEPUMEHTAIBHBINA pa30poc TOYEK U, KpOME TOT0, METO]l TEPMHUUECKO-
r'0 aHaJlu3a ABJSIETCS KUHETHUECKUM, U, CIIeZI0BATENIbHO, MTOJyYeHHbIE JaHHBIE JIUIIb MPHOIHKe-
HO COOTBETCTBYIOT PaBHOBECHOMY COCTOSIHMIO CHUCTEMbI. 1103TOMYy BO3MOXXHO HEKOTOpPOE OT-
KJIOHEHHE NIOJIyUYEHHBIX PE3YJIbTATOB OT TEOPETUUECKH 0)KHIAEMBIX.

eab padoTel. MeTOIOM TEPMHUUYECKOTO aHAJIN3a MOCTPOUTH AMArpaMMy IIABKOCTH CHU-
cTeMbl heHon-HaTaInH.

IIpubops! u peakTuBbI. YueOHO-1a00paTOPHBIM KOMITIIEKC «XHUMHUS» B KOMIUIEKTAIlUU
(LeHTpanbHbIM KOHTpoOJUIEp, MOy «TepMuueckuil aHamus»), KOMIUIEKT u3 11 ammyn, coaep-
Kalux cmecH ¢eHosa u HadTanuHa pa3audHbiX cocTaBoB (0T 10 10 90 %) u aMmynbl ¢ YUCTHIM
(eHooM 1 HaTaNUHOM.

Ilopsinok BbINOTHEHHS PadOTHI.

1. AMIynbl co cMecsiMHM HarpeBaroT BbIIlIe TeMIiepaTypsl miasienus cmeceit (100 °C).

2. 3aTeM HaYMHAIOT OXJIAXKIECHHE aMITyJl ¢ (PMKCUPOBAHHEM Ye€pe3 paBHbIE MPOMEXKYTKU
BpemenH (0T 10 1o 30 cexyHn) 3HaUeHHUI TeMIEPATypbl B K101 aMITyJIe.

3. Ctpodar KpHuBbIE OXJaXKICHHUS — TpadUKy 3aBUCHMOCTEH TeMIepaTypbl B aMIyjie OT
BPEMEHHM OXJIAXKICHUS.

4. ITpoBoAsT aHANIM3 KPUBBIX OXJIAXICHUS U MO MEpPEerudoaM U TeMIepaTypHbIM OCTaHOB-
KaM Ha rpaduKax ONnpeiessiioT TeMIepaTypbl (pa30BbIX MEPEX010B IS HCCIEAYEMBIX CMECEH.

5. Ha ocHOBaHMM MOJIyYE€HHBIX JTAHHBIX CTPOSAT (Pa30BYIO AMATPAMMY CHCTEMBI (EHOJI-
Ha(TaIUH.

6. IIpoBOJAT MOJIHBIN aHAINW3 AMATPAMMBI, IPU 3TOM HEOOXOJIUMO: OINPENETUTh CMBICI
BCEX I0JIEH, JIMHUI ¥ TOYEK Ha TuarpaMMe, Olpe/ieuTh TUIl PABHOBECHS MEX1y TpeMs (dazaMu
(MHBapUaHTHOE COCTOSHUE).

Pabora ¢ ycranoBKoii.

1. YHuBepcaJbHBII KOHTPOJUIEP MOJKIIOYAETCS K MEPCOHATIBHOMY KOMIIBIOTEPY 4Yepe3
COM-1iopT C MOMOIIIBIO CIIEIUATBHOTO COSTUHUTEIHLHOTO KabeTsl.
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2. Tlpu BKJIIOYEHHOM KOHTPOJUIEPE HEOOXOAMMO 3alyCTUTh MPOTPaAMMYy YIIPABICHUS
VIJIK «Xumusy» (elsms.exe).

3. B nmosiBuBmIemcs okae nHummanmzanuu («obpo moxanosats B YJIK») HeoOxoaumo
BBIOpaTh BapuaHT paboThl ¢ YJIK — «Pabota ¢ koHTposuiepom». [Ipu npaBUiIbHO 1MOCOCTUHEH-
HOM MOJyJie ¥ KOHTpOJIIEpE CIpaBa JOJDKHBI ObITh Hagnmucu: «KOHTposiep akTUBEH» M HIKE
«Mopaynb: Tepmudeckuid aHamu3». 3aTeM HEOOXOIWMO BOWTH B mporpammy ympasienus YJIK
IyTEM HAKATUS KHONKH «BXom».

4. Jlanee nmomnagaeM B OKHO YIpaBlieHHs] Nporpammoi. COOTBETCTBHE MEXIY H3MEpPH-
TENHHBIMU KaHAIAMU M JATYUKAMH MTPOUCXOJUT aBTOMATHUUYECKH, HEOOXOJIUMO JTUIIH BKIIFOUUTH
UCIIOJIb3YeMbIe B paboTe JAaTyuKku. B Hamem ciyyae HeoOXOIMMO BKIIIOUUTH BCE LIECTh TEPMO-
JATYHKOB.

5. YcranoBka temneparypsl HarpeBarens (100 °C) ero BkItoueHHE M BKIFOYCHHE BEHTH-
JSATOpa MOIYJISl IPOU3BOAUTCS B IPYIIIE 3JI€MEHTOB «VICIIOHUTENBHBIE YCTPOUCTBAY.

6. [locne 3TOoro HEOOXOAMMO HACTPOHUTH MapaMeTphl U3MepeHus. (s 3Toro B rpymmne
anemMeHTOB «l[lapaMeTpbl U3MEPEHHIN» YCTaHABIUBAEM MYHKT «ABTOMATUYECKUN PEKUM» U YKa-
3bIBAEM HMHTEPBAT MEXAY H3MEPEHUSMH B COOTBETCTBYIOIIEM mojie. Uncio u3mepeHuil peko-
menayercs yka3ath — 100. [lanee HeoOX0quMO CIeAUTh 3a TEMIEPATYpOll B HArpeBaeMbIX amMIly-
nax (kaHaibl 5 U 6). AMmynbl HarpeBaTh 10 Temmepatypst 90-100 °C.

7. B xone npoBeneHuss pabOThl KPUBBIE OXJIAXKIEHUS OJHOBPEMEHHO CTPOSITCS JJIs HE-
CKOJIbKUX aMITyJl, [TO3TOMY JUISl Ka)XJI0W aMIyJibl YKa3bIBaeTcs ee coctaB. [[ist aToro B rpymnme
AJIEMEHTOB «J{|OMOJHUTENBHBIN apaMeTp» HEOOXOAUMO YCTaHOBUTH MYHKT «/crosnb3oBarh J0-
MOJIHUTENIBHBIN MapamMeTpy», yoparh «rajioduky» B moje «OO0muii» u B COOTBETCTBYIOLIUX MOJIAX
«/lonoaHUTENBHBIN MapaMeTp» Ul KaKJI0ro KaHajla yKa3aTb MPOLIEHTHYIO KOHLIEHTPAIUIO OJ-
HOTO M3 KOMIIOHEHTOB B ammyine. PasmepHocTh ykaswiBaeTcs B moisie «PazmepHocThy. (Pazmep-
HOCTh HEOOXOJIMMO YKa3bIBaTh TOJIBKO OJIUH pa3.)

8. Korna Temneparypa B ammynax npuOIu3uTcs K TpeOyemMoil, MOKHO HAaUMHATh U3Mepe-
Hus. Harpetble aMIyinbl repectaBiisieM B U3MEPUTEIbHBIA OJIOK M MPOU3BOJIUM 3aIlyCK U3MEpe-
HUH HakatueM kHomku «3mepenue». [losBUTCS OKHO cocTosiHUS M3MepeHus — «OOMeH JaH-
HBIMU C KOHTPOJIIEPOMY», Tie OyAYyT OTOOpa)kaThCsl Pe3yJbTaThl TEKYIIUX M3MepeHuid. B xone
MPOBEJICHUS U3MEPEHHI B OKHE Oy/IeT 0TOOpaxaThCsl KpUBask OXJIAKICHHUS B OJTHOM M3 aMITyIL.
HabGmonenue 3a Tekyield TemnepaTypoil B OCTAJIbHBIX aMITyJlax CJeAyeT MPOW3BOJIUTH, MEpe-
KIIF0Yasi KaHallbl B Tpymie 3eMeHToB «OToOpakeHue KaHaloBy. M3aMepeHuss Heo0XouMo mpo-
BOJAUTH 710 Temneparypsl 25 °C Bo Bcex ammyJax.

9. Korna Temneparypa B ammyiax NnpuMeT TpeOyemoe 3HaueHHe, He0OOXOAMMO OCTaHo-
BUTh M3MEPEHUS ITyTEM HAXKaTHs B OKHE COCTOSIHUS m3MepeHus («OOMeH TaHHBIMHU C KOHTPOJI-
nepom») KHONKU «CTom.

10. ITocne npoBeneHust MEPBOro IKCIEPUMEHTA CIEAYET MPOJAOHKUTH MPOBEAeHNUE pado-
ThI C OUEPEIHBIMH aMITyJIaMu. J{J1s TOro He0OX0UMO MEPENTH B OKHO «YTIpaBlIeHUE» U HAXKATh

KHOTIKY «Tekyiiee coctosiHuey. Jlanee MOKHO TIPOJOJKUTh BBITIOJTHEHHWE pa0OThl, HAYWHAA C TI.
7.

CocraBsl uccieayemeix cmeceit B % (penon/madramun): 1 — 100/0; 2 — 9010; 3 — 80/20;
4 —70/30; 5 — 60/40; 6 — 50/50; 7 — 40/60; 8 — 30/70; 9 — 20/80; 10 — 10/90; 11 — 0/100.

O0padoTka pe3yabTaToOB IKCIIEPUMEHTA.

1. ITony4yeHHBIC PE3YNbTATHI XPAHATCS B AMATH KOMIbIOTEpa. J{J1s MOCTPOCHHSI KPUBBIX
OXJIQXCHUST HEOOXO0IMMO TIPOBECTH OTEpaIuio 1o0asieHus rpaduka. JlobaBieHue ouepeHoro
rpaduka OCyIIECTBIISETCS MOcie HaXaTusa KHONKU «J/{00aBUTh rpaduk» B CleHUAIBHOM OKHE, B
KOTOPOM ONpEAETSeTCS COOTBETCTBHE MEXKIy KOOpAWHATAMU TpaduKa W JTaHHBIMHU, MOJTyYEH-
HBIMH Ha W3MEPUTENBbHBIX KaHAJIAaX WIA BPEMEHEM (3HAUYCHHEM BapbUPYEMOTO IMapameTpa).
Heobxomumo BeIOpaTh utst ocu adcrmcc (X) «Bpemsi», a ast ocu opauHar (Y) — TpeOyeMblid KaHa.
Taxoke He0OX0IUMO BBIOpAaTh HOMEP SKCIIEPUMEHTA, B X0JIe KOTOPOro ObLIa MOIy4eHa odepe-
Hasl KpuBas OXJiaxaeHus. Takum 00pa3oM, MbI IIOCTPOUM BCE KPUBBIC OXJIAXKICHUSI.
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2. B pe3ynbTare moxy4uM mnepBUYHBIC TpadUKH 3aBUCUMOCTH TEMIIEPATYpPhl B aMITyJax
oT BpeMeHH oxyaxzaeHus. ['paduku otoOpaxkarorcs mo ogHoMy B okHe «I'padukmy». [lepexiro-
YeHHE MEXy TpapuKaMy OCYIIECTBIISETCS HaXXaTHEM KHOIMOK < M > B IMPABOU YaCTH yIpaBIIs-
foleil manuTpel. Tam e oToOpaxkaeTcs HOMEp TEeKyIero rpaduka u HOMep SKCHEpUMEHTa, B
X0JIe KOTOPOT0 OH OBUI MOJTyueH. 3Ha4eHUE JOTOIHUTEIBHOTO TTapaMeTpa 0ToOpaxaercs B mpa-
BOM BEpXHEM YIIy rpaduka.

3. Jlaiee HE0OXOAMMO MPOBECTH OOPAOOTKY KPUBBIX OXJIAXKIACHUS U ONPEACITUTH TeMIIe-
parypsl Hayasia (pa3oBbIX MEepexo/10B. Bce oTMedeHHbIe TOUKH aBTOMAaTHUYECKH OYAyT NEepeaaHsbl
Ha CYMMAapHBII pe3yIbTHPYIOUIHHA IrpaduK, €CiIu MOCTaBUTh «TAN0UKy» B moje «M3mepeHus Ha
CYMMapHBbI# rpapuK».

4. lanee B okHe «I padukm» HeoOX0AMMO BHIOpaTh N3MEPUTENLHBIH HHCTPYMEHT «IpH-
1e», PacloI0KEHHBII Ha YIPaBISIONICH MaJuTpe B BEpXHEW 4acTu rpaduka, 1 OTMETHTH (J1e-
BOW KHOIIKOM «MBIIIKI») TOYKH M3JIOMOB Ha KPUBOH OXJIAXICHUS WM TEMIIEpaTypHBIE OCTa-
HoBKHM. Ha pucynke npuBeneH nmpumep oOpaOOTKM TUIMYHONW KPUBOM OXJIQXICHHS. Y IalIUTh
OMMOO0YHO YCTAaHOBJIEHHBIE TOYKH MOYKHO, HAKaB IMPABYIO0 KHONKY «MBIIIKH» MOCJE MO3HIINO-
HUPOBaHUsI Kypcopa Ha TpeOyeMoii TOUKe.

B ciaydae ecim mposiBisieTcs CyIIECTBEHHOE IEPEOXJIaXKAEHHE, TO TMOPAIOK 00paboTKu
HECKOJIBKO YCIOXHSAETCA. JlJIsl Moy4eHus] MpaBUIBHBIX PE3yJIbTaTOB CIENyeT SKCTPAIOINpO-
BaTh YYaCTOK KPHBOW OXJIAXIEHUS, HaXOISIMICHCS MMOCe TepeoXIaxaeHus, 10 y9acTKa, Haxo-
JSIIETOCs 10 MepeoXIIaKAeH s, C TOMOLIbI0 HHCTpyMeHTa «JInneiikay. [lepeceyenue aTux nm-
HUI OyJeT ykasplBaTh Ha TOYKY, B KOTOPOW JOJDKEH ObUT HavaThes (a3oBblii mepexon. s
ya00CTBa MPOBEACHUS TOCTPOCHUSI MOYKHO YBEITMUUTh HHTEPECYIOMINI YIacTOK.

5. Tlocne Toro xak OTMe4YeHHI BCE TOYKH Ha KPUBBIX OXJIAXKACHUA, ITOJYUYCHHYIO AHa-
rpaMMy MOHO MOCTPOHTH B OKHe «Pesymbrary. {1 3TOro HE0OXOJMMO HAa3HAYUTH COOTBET-
CTBHE OCH a0CIIMCC CyMMapHOro rpadguka coctaBaMm cMmeceil uccienyemoit cuctemsl. [lomyuen-
HbIE Tpa@UKU MOTYT OBITH pacriedyaTaHbl Ha MPUHTEPE C COXPAHEHHWEM BBIOPAHHOTO MaciTada u
aneMeHToB odopmiieHus. s 3Toro HeoOXoAMMO TIeperTH B OKHO «OT4eT» U BHIOpATh TpeOye-
MBI€ JUI NTe4aTu rpaduku.

TpedoBanus k oruery. HaumenoBanue paboThl, 11e1b pabOTHI, KPaTKOE OIMMCAHUE METO-
JIKH, 000pyIOBaHUS U X0J1a pa0OTHI, Pe3YJIbTaThl U3MEPEHUI U BEIYUCIICHUH (Tpa(yKH ), BBIBOJIBL.

JIABOPATOPHAS PABOTA 7.
OITPEIEJIEHUE MOJISIPHO MACChI PACTBOPEHHOI'O BEII[ECTBA METO/IOM
KPMOCKOIINHA
Teoperuyeckass yactb. Temneparypa 7y, TP KOTOPOM HAYMHAETCS KPUCTAIIU3ALMS
(3amep3aHue) pacTBOpa, HIKE, YeM pacTBOPHUTENS Tip(1). 1 pa30aBiIeHHBIX PaCTBOPOB HEIJIEK-
TPOJUTOB NOHMKEHUE TEMIEPATyphbl KPUCTAIIN3ALMN PACTBOPA CBSI3aHO C MOJISUIbHON KOHIIEH-
Tpamuei M (MOJIB/KT) COOTHOIIIEHUEM:
ATy =Tip — Tipr) =K - m,
rne K — kpuockonuueckas nocrosHHas pactsoputens. st Boasl K = 1,86 kr K/mons. B
CBOIO OY€pPE/b, MOJSUIBHOCTh PACTBOpPA HAXOAUTCA IO GopMmyIie:
1000-g,
m=————,
M 2%
rze g1 — Macca pacTBopuTens, a §2 1 M2 — Macca U MoJisipHasi Macca (B I/MOJIb) pacTBO-
penHoro BeniectBa. Mcxoas u3 hopmys MOKHO HaWTH Mo:
M, = K_zo:o-gz .
w " g1
Heap padorbl. O3HAKOMUTHCA ¢ KPUOCKOMUYECKUM METOJOM OINPENCICHHUS MOJISIPHOU

MacCChbl PaCTBOPCHHOI'O0 B BOJC BCILCCTBA. OHpe,Z[eJII/ITB KPHOCKOIIMYCCKUM MCTOAOM MOJISIPHYIO
Maccy HEAJIEKTPOJIHTA.
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IIpudopsr n peaktusBbl. Kpuockon, tepmomerp bekmana, nunerka Ha 25 unu 50 mu,
MOYEBHHA, JIE]I.

ITopsiiok BhINOJHEHHS PA0OTHI.

1. CobuparoT Kpuockomn (pucyHoK 1), cocTosimuii u3 CTEKISTHHOTO cocyaa (1), 3akphIToro
KpBIIIKOU (2), B KOTOpYyI0 BcTaBisiercss nmpodupka (3) m memanka (4). IIpoOupky 3akpbIBaroT
poOKoii (5), CKBO3b KOTOpYIO mponyiieH TepmomeTp bekmana (0,01 °/men) (6) u memanka (7) B
¢dopme KoIIblIa, OXBATHIBAIOIIETO TEPMOMETP.

2. Cocyn (1) mpumepHo Ha 2/3 0O6beMa 3amOJHIIOT OXJIAIUTEIPHOW CMEChIO U3 JibAa (MITH
CHera), BOJIbI ¥ XJIOPHJIa HATPHUSL.

3. C nomomipto abopaHTa HAaCTpauBalOT TepMoMeTp bekmaHna TakuM oOpa3oM, 4TOObI
YPOBEHb CTOJIOMKA PTYTH pAcHojarajcsi B BEpXHEH YacCTH yCJIOBHOM TEMIIEPATypHOW IIKAJIbI,
MPUMEPHO MEXAY 4 U 5 NeJIeHUsIMHU [IKAbI.

Pucynox 1 — Kpuockon

4. B3BemuBaOT NPOOUPKY, 3aTEM HAIMBAIOT JUCTHILIMPOBAHHOM BOJBI 1O METKH, OIIpE-
JeNAI0T Maccy npobupku ¢ Bopoil. Ilo pasHuie Macc OmpenensioT Maccy pacTBOpUTeNns Ji.
Berapnsitor B mpobupky Tepmomerp bekmaHa M KoJplieoOpa3Hyl0 MEHIaNKy, HOTrpyXaroT Mpo-
OMpPKY B OXJIaTUTEIBHYIO CMECh.

5. TlepememmuBasi OXJaJAUTEIbHYIO CMECh U OJHOBPEMEHHO MEJUICHHO IOKa4yuBas Me-
manky (7), HabIOJar0T 3a MOHWKEHUEM TeMIepaTypsl pacTBopures. [losBiaeHne nepBbIX KpU-
CTaJUTUKOB JIbJla OTBEYAET MOBBIIIEHUIO TeMIepatypsl Boabl Ha 0,2-0,3°. B xone mocnenytoiero
MHTEHCUBHOIO NE€PEMEIINBAHUS PACTBOPUTENS JOKHO HAOMIOJAThCs YBEJIMYEHUE KOJIMYECTBA
KPUCTAJIJIOB U UX POCT, TEMIEpaTypa K€ OCTaeTcss HEM3MEHHOW. JTa TeMrieparypa u OyAeT uc-
KOMOM TeMITepaTypoi KpUCTAIUIN3ALUN pacTBOPUTENS Tkp(1), BRIPAXKEHHON B Irpaycax yCIOBHON
nIkajael TepmMomeTpa bekmana.

7. BelHuMas poOMPKY BMECTE C TEPMOMETPOM M3 KpUOCTaTa, HarpeBaloT ee pyKoH, HO
JIMILB IO MOMEHTA MOJTHOT0 UCYE3HOBEHUS KPUCTALIOB Jbaa. CTonOuk Tepmomerpa bekmana He
JIOJDKEH TIpU 3TOM BBIMTH 3a mpeaensl MKaibl. BHOBb BBOAAT MPOOMPKY C pacTBOPHUTEIEM B
KpPUOCTAT U MOBTOPSAIOT OMBIT 1O II. 5.

8. OTMepsIOT Ha aHATUTHYECKHX Becax HaBeCKy m3ydaemoro BemiectBa ¢z = 0,2-0,3 r.
W3BnekaoT npoOupkKy ¢ TepMomMeTpoMm bexkmMaHa M3 KpHOCKOIa, TOOMBAIOTCS HMCYE3HOBEHUS
KPHUCTAJIJIOB JIbJIa U BBOJSAT HAaBECKY B paCTBOPUTEIND. J[al0T BELIECTBY MOJHOCTBIO PACTBOPUTH-
csl.

9. Onpenensior TeMeparypy KpUCTaUIM3aluu pacTBopa Txp COTNIACHO yKa3aHUAM ILI. 5
n 6. HaxondaT cpenHne 3HaYeHusl TeEMIEpaTypbl KpUCTATUIM3ALUN pACTBOPUTENS Txp(1) U pacTBo-
pa Txp.

10. Ompenensror ATxp.

11. PaccunThIBaroT MOJISIpHYIO Maccy Mz M3y4aeMmoro BELECTBAa. 3HAas €ro MCTUHHBIN
XUMHUYECKHM COCTaB, OLIEHUBAIOT MOTPEIIHOCTh KPUOCKOMMYECKUX H3MepeHui. OopMyaupyroT
BBIBO/IbI, 0(OPMIISIOT padoTYy.

TpedoBanus k oryery. HanmeHoBanue paboThl, 11e1b pabOTHI, KPaTKOE OIMMCAHUE METO-
JIMKH, 000pYIOBaHMS U X0Za paboTh, Pe3yIbTaThl U3MEPEHUI U BIUMCIEHUH ((opMyIibl), onpese-
JIeHHE OIIMOOK U3MEPEHUM, BEIBO/IBI.
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JIABOPATOPHAA PABOTA 8.
KOPPO3MA U BAIIUTA METAJIJIOB

TeopeTnueckas 4acThb.

Omnplt 1. 3amUTHEIE OKCUAHBIE IUIEHKU U MX UCIIBITAHUE

HekoTopele okucnuTenbHble IUIEHKH, 00pa3yroltecs B pe3ysbTaTe KOppo3uu, 3alluiia-
I0T METAJII OT JAJbHEHIIEro ero paspymeHus. OHU MOIy4aroTCs IPU HarpeBaHUU METaJUIOB, a
TaKXe MpH crenuansHoi o0padoTke. I1oap3ysack ATUM SBICHHEM, YacTO CO3/AI0T MCKYCCTBEH-
Hble MIeHKU. OOpa3oBaHME TAKMX IUICHOK Ha3bIBaeTCsl OKCUAMpoBaHUEM. OKCHIMPOBAHUE HE
TOJIBKO UTPaeT 3allUTHYIO pOJib, HO U IPUJAET U3JEIHUSIM KPAaCUBYIO OKpacKy. ITOMY Ipoleccy
IIOJIBEPIalOT U3/EIHUs U3 CTAIU, AIIOMUHUSA U €T0 CIIaBOB, LIMHKA U €r0 CIUIaBOB!

Heap padorsl. N3yunTh KOPPO3UOHHYIO YCTOMUMBOCTh OKCUAHBIX IUIEHOK. O3HAKOMMT-
Csl C IpUMEpaMH JJIEKTPOXMMHYECKON KOPPO3HH M HEKOTOPBIMM METOIaMH 3aiiuThl. O3HaKo-
MUTBCS C IJEKTPOXUMHUECKUMHU ITPOLIECCAaMHU KOPPO3UH METAJNIOB B HEUTPAJIbHBIX CpE/ax.

Oo0opynoBanne n peaktusBbl. CTanbHas IUIACTUHKA, IITATUB C JIEP/KaTENIEM, TOPEIKA,
0,1 M pactBop CuSOs4 * 5SH20.

ITopsinok BbIMoJIHeHUst padoTbl. OO0pazoBaHKe IUIEHKM Ha IMOBEPXHOCTU MeTaila Ipu
HarpeBaHUM CTAJbHOM IJIACTUHKU MOKHO OOHApY>KUTh 110 MOSBJICHUIO TaK Ha3bIBAEMbIX I[BETOB
nobexanoctu. CTanbHYIO MIACTUHKY AITUHON 25-30 cM, mupuHoit 1,5-2 cM THIATETHHO OYUIIA-
I0T HaXJAauyHOM Oymaroil, oJJuH KOHel IUIACTUHKU 3aKMMAIOT JIep>KaTeeM ITaTUBa, a APYroi
IIOMEIIAIOT HaJ IIaMeHeM ropenku. I1o Mepe HarpeBanusl INIACTUHKY Ha HEW MOSABIISAIOTCS LIBETA
noOexainoctu. [locie 3Toro mIacTUHKY CHUMArOT € OTHs U oxJiaxaarT. Ha oxnaxaeHHyto mia-
CTHHKY 4epe3 KaxKJple 2 CM IO JUIMHE IUIAaCTMHKU HaHocAT no karmie 0,1 M pactBopa menHoro
kynopoca. Ilo ckopocTu nosiBiieHUss MEAHOIO MATHA CYAST O 3AIlIMTHBIX CBOMCTBAX PAa3IMYHBIX
Y4aCTKOB OKCHJIHOM IUIEHKH, 00pa3yrolleicsl Ha MeTaie.

OmpiT 2. OKCUAMPOBaHUE

OxcuaupoBaHUe CTAIBHBIX M3AEIMHA MPOBOJAT JABYMsI CIIOCOOAMU: MOKPBIM, WJIM XUMHU-
YECKUM, U CyXUM, KOTOPbII Ha3bIBAETCS €Ille TEPMUUYECKUM criocoOoM. [l mosyueHus 3aiuT-
HBIX IJICHOK Ha U3JENUAX U3 XKeJe3a Hanbosiee MUPOKO MPUMEHSIOT XUMUYECKUH CI1oco0.

XUMUYECKOE OKCUAMPOBAHHE MPOBOJAT B PAacTBOpAxX ILIENOYH, K KOTOPHIM TOOaBISIOT
HUTPATBl U HUTPUTBHI LIETOYHBIX METAJIOB.

O6opynoBanne u peaktuBbl. PactBop, cocrosmmii u3 800 r/m NaOH, 50 r/m NaNOs u
200 r/n NaNOg, crasibHble TUTACTUHKH, OYUILEHHBIE OT 3arpsI3HEHUS U JKUPA.

Ilopsinoxk BbIMoIHeHHst padorbl. HarpeBaroT NMpUrOTOBIEHHBIN A OKCHAWPOBAHUS
pacTBOp 10 KMIIEHMsI U OIyCKAaIOT B HETO CTaJIbHbIE IIIACTUHKU Ha 20-40 MUHYT, NTOKa U3Jene
HE MPUOOpETET KPAaCUBBIM YEPHBII 1IBET C CHHEBATHIM OTTEHKOM, I1OCJIE€ 3TOrO0 BHIHUMAIOT IJIa-
CTHUHKH U3 PACTBOPA, TIIATEIBHO IPOMBIBAIOT HX.

CpaBHUBAIOT 3alllUTHBIE CBOMCTBA OKCUAMPOBAHHBIX IUIACTUHOK C IJIACTUHKaAMH HEOKCH-
JUPOBAaHHBIMHM, JUISl YETO MOMELIAIOT HA MMOBEPXHOCTH OKCHIMPOBAHHON M HEOKCUAMPOBAHHOMN
m1acTUHOK 1o Karte 0,1 M pacTBopa MeIHOro Kynopoca ¥ OTMEYAIOT BPEMS MOSBIICHUSI MEHO-
o MATHA.

OmnbiT 3. XUMHAYECKOE OKCHIMPOBAHUE AITFOMUHUS

O0opynoBanne u peakTuBbl. [l1acTuHKa U3 aIOMUHUS WIK €TO CIUIABOB, PACTBOP IS
XUMHUYECKOro o0e3kupuBanus, 1 1 koroporo coxepxut 50 T NasPOs, 10 r NaOH, 30 r xwuakoro
CTeKJa, pacTBOp il okcuaupoBanus, cogepxamuid B 1 1 50 r NaxCOs, 15 r Na:Cr,07 wnu
K2Cr207, 2 T NaOH.

Ilopsinok BbINOJHEeHUs1 Pa00ThI. AJTIOMUHUEBBIE IUNIACTUHKHU MOTPY’KAIOT Ha 3-5 MUHYT
B pacTBOp Js 00e3:kupuBaHus, HarpeTbiil 1o 50-60 °C, mocie 4ero mpoMbIBalOT CHavajaa B ro-
psideld, a 3aTEM B XOJIOJHOM BOJE.

[IpombITBIE TIIACTMHKM MOrpyXkaroT Ha 5-30 MHUHYT B pacTBOp Uil OKCHIWPOBAHUA,
HarpeTsiii 10 85-100 °C, 3areM TIIATENBHO NIPOMBIBAIOT U BhICYIIMBarOT. Ha moBepxHocTH 1u1a-
CTHHKH ITPOMCXOIUT 00pa30BaHUE 3aIUTHOMN IJICHKH.

Omnpit 4. Koppo3usi OLIMHKOBAHHOTO JKEJIE3a U JIY>)KEHOH JKEeCTH
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B nensx 3amuThl CTAIBHBIX U3AEIUN OT KOPPO3UHU UX MOKPHIBAIOT IIMHKOM WJIM OJIOBOM.
I1epBslil IpoLECC HA3BIBACTCS HIUHKOBAHUEM, & BTOPOHN — JTY)KEHHUEM.

OnOBAHHBIE U HUHKOBBIE OKPBITUS 110 CBOEH AIEKTPOXUMUYECKONW MPUPOJIE Pa3InUHBbL.
B 351€KTpOXUMHUYECKOM psily HANPSOHKECHUM METAJIJIOB LIUHK CTOMT JIEBEE JKEJE3a, a 0JIOBO — IIpa-
BEE; CJIEI0OBATENIbHO, LIMHK O0JIee aKTUBEH, YEM XKEJIe30, a 0JI0BO — MeHee. [Ipu nokpbIThn xene-
32 UHKOM IIOJIy4arOT TaJlbBAaHUYECKYIO Iapy, 1€ KaTOAOM CIIYy’KUT JKEJI€30, a aHOAOM LIMHK, T.
€. IMHK B PacTBOPE AIIEKTPOJIUTA OyJIET paCTBOPATHCS, a HAa KaToJe — yKelie3e — OyJeT BBACTATh-
Csl BOIIOPOA.

Jly>keHast )KeCTh TaKKe MPECTaBISET cO00H ralbBaHNYECKYIO Tapy, I/ie aHOJIOM CITY>KUT
xene30. Cie10BaTeIbHO, B pACTBOPAX KUCIIOT XkKee30 OyJIeT pacTBOPSATHCS, a Ha KaTOJe — OJIOBE
— OyZIyT CKaIlJMBaThCs 3JEKTPOHBI U MPOUCXOIUTH paspsbKEHHE MOHOB Bojopoja. [loatomy B
Clly4ae pa3pyLICHMs 3alIUTHOIO IOKPBITHS MPOLIECCHl KOPPO3HH OLMHKOBAHHOIO XKEJle3a U JIy-
JKEHOM 7KECTH Pa3JIMYHBI.

OobopynoBanue u peakTuBbl. OquH cTakad eMkocTbio 200 M1 1 1Ba crakaHa Ha 100 mu,
KOHIICHTPUPOBAHHAsl CEpHAas KHMCJIOTA, KOHIIEHTPUPOBAHHBIM PAaCTBOP KPAaCHOM KPOBSHOW COJIM
K3[Fe(CN)e], miacTuHKH CTallbHbIC, IMHKOBBIC U OJIOBSHHBIC.

Ilopsinok BbIMoIHeHHst padoThl. B cTakan emkocTbio 200 M1 HaIMBaKOT JUCTHIUIMPO-
BaHHYIO BOAY, K Hell 100aBisitoT 20 Karenb KOHUEHTPUPOBAHHOTO PACTBOpA CEPHOM KUCIIOTHI U
4-5 xarenb pacTBOpa KpacHOM KpOBSIHOM coii. PacTBop pasMemnBaioT U pa3auBaioT IOPOBHY B
JBa npyrux craka"a Ha 100 mu. B oguH U3 HUX NOTPY’KarOT CTAIbHYIO IUIACTUHKY € PUCOEIU-
HEHHOW K Hell MJIacTUHKOW (KycO4yKoM) IIMHKAa. B npyroii crakan morpysaroT Takylo K€ CTajlb-
HYIO IUTACTUHKY, COCIMHEHHYIO C IIJJACTUHKOW 0J10Ba. Yepe3 HEKOTOpOoe BpeMs XKHUIKOCThb B CTa-
KaHYMKE C IUIACTUHKAMHU U3 CTaJM U 0JI0BA OKpAIIMBAETCS B CUHUU LIBET, MEX]y TEM B PacTBO-
pe, I/le HaXOAATCS CTalb M LIMHK, U3MEHEHHsI OKpacku He Habmrojaercss. CuHee OKpallMBaHHE
IEPBOTO pacTBOpa OOYCIOBIEHO 00pa30BaHMEM TYpHOYJIEBOH CHHH B pe3yJbTaTe B3aUMO/ICH-
CTBUS MOHOB JKeJle3a ¢ KPAaCHOM KPOBSIHOM COJIBIO:

2K3[Fe(CN)e] + FeSO4 — Fes[Fe(CN)g]2 + 3K2SO4

Bo BTOpOM cilyuae MpoOMCXOAUT pacCTBOPEHHUE HE XKele3a, a IIMHKA, KOTOPBIA 00pa3yer ¢
KpacHOW KpOBSIHOM COJIbIO MaJOpacTBOPUMOE KOMILJIEKCHOE COeIMHEHUE OJIeHO-KENTOro 1iBe-
Ta, IOATOMY 3€Ch HE U3MEHSETCS OKpacKa pacTBopa.

W3 3toro crienyer, 4To jKeIe30 MOYKHO NMPEAOXPAaHUTh OT KOPPO3UU MYTEM COEIMHEHUs
ero ¢ 0oJjiee aKTUBHBIM METAJIIIOM, HalpUMEp ¢ LMHKOM. Takoi MeToJ 3aIlluThl Ha3bIBAETCS MPO-
TEKTOPHBIM, U €r0 YacTO MPUMEHSIOT B TEXHUKE.

Omnpit 5. Koppo3ust METAJIIIOB B BOJE U B BOAHBIX COJIEBBIX pacTBOpax

O6opynoBanue u peakTuBbl. U-00pa3Has CTeKJIsSHHAs TPyOKa, IIMHKOBAs M JKeJIe3Has
IUIaCTUHKK pa3mepoM 20X50X2 MM, MpoBOJIOKa MeIHasl, IIMHKOBas, XKesle3Hast; dpapdopoBas ya-
HIeyKa,
3-IIPOLICHTHBIA pacTBOp XJOpHJa HaTpusi, pacTtBop (eHondtanenna, pactsop 0,2 r© KpacHOH
kpoBstHo#t conu Ka[Fe(CN)g] B 200 M1 BOBI.

IMopsinok BeIMOJIHeHHs1 PadoThl. Koppo3us B BoJie M HENTpPaIbHBIX BOAHBIX pacTBOpax
B IIPUCYTCTBUH KUCJIOPOA MPOTEKAET HA aHO/IE:

4MeO + nH20 — 4Me*'nH20 + 4¢,

Ha KaToJie:

2H20 + Oz + 48 — 40H".

Ha xaToHbIX yyacTKax HaKaruIMBaIOTCS TUAPOKCUA-HOHBI.

A. CoGupatot npubdop, Kak yka3aHo Ha pUCYHKe |.

B oxgno xomeno U-oGpa3Hoit TpyOKH, 3aII0OTHEHHONW 2-TIPOLIEHTHBIM PAacTBOPOM XJIOpHJIA
HaTpHUs, MOTPYKAIOT CBEKE3AUUIIECHHYI0 LIMHKOBYIO IIACTHHKY, B JAPYro€ — MEIHYIO, TaKKe
MpeBapUTENbHO 3aunllieHHY0. O0€e MIaCTUHKU COSAUHSIOT MEIHOM MPOBOJIOKOM.
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Pucynok 1 — IIpubop muis npoBeeHus: KOPpO3UHU B HEUTPAIBHOM cpefe

B o06a xonena Tpyoku no6aBisroT mo 2-3 karau ¢penondranenna. Yepes 0,5-1 gaca Bozie
MEIHOTO IEKTpo/a (KaToa) HabII0Aal0T MOSBICHHE MAIMHOBOM OKPACKH.

b. YUtoOb1 00HapyKUTh KaTOAHBIC M aHOAHBIC YYACTKU MPU KOHTAKTE JBYX METaJUIOB, K
3-MIPOLIGHTHOMY PAaCTBOPY XJIOpHJIA HATpUs TOOABISIOT HECKOJBKO Kareib pactBopa 0,2 r/200
w1 kpacHo# kposstHoi comu Kz[Fe(CN)e] u 5-6 kamens denondranenta. 3aremMm B pacTBOp MO-
IpYKar0T MEIHBIN CTEpKEHb, OOBUTBHIN jkee3HOM poBosiokoil. Ha menu uepes 2-3 MUHYTHI 1T0-
ABIISIETCSL KPACHOE OKpAIIMBaHUE, a Ha )KeJie3e — TEMHO-CHHEE.

311ech JKee30 — aHO; CIIeN0BATENbHO, B PACTBOP TIEPEXOIAT HOHBI Fe?*, KoTophie, B3au-
mozerictByst ¢ Ka[Fe(CN)s], 06pasytoT coib — TypHOyseBy cutb Fes[Fe(CN)g]2.

CuHee oKpalIMBaHHE yKa3bIBaET HA HAIWYKE B PACTBOPE MOHOB JKeJle3a B PE3YJIbTATE €TO
pacTBOpeHHs (KOppO3HH), a MAJIMHOBOE OKpallMBaHUE — Ha HalW4yhe H30BITKA THAPOKCHU-
MOHOB, KOTOPBIE TOSBISIFOTCS B PE3YJIbTAaTe BOCCTAHOBIICHUS KHCIOPOIA.

TpedoBanus k ordyery. HanmeHoBanue paboThl, 11e7b pabOThI, KPaTKOE OMHMCAHUE METO-
JIMKH, 000PYIOBaHUS U X012 pabOThI, ypaBHEHHUS KATOAHBIX M aHOIHBIX MPOIIECCOB, BBIBOIBI.

JIABOPATOPHAS PABOTA 9.
AJICOPBLIMS YKCYCHOM KHUCJIOTBI HA [TIOBEPXHOCTU AKTUBUPOBAHHOI'O
YI'JIA

Teopernueckasi yactb. Tesa ¢ 0ueHb OOJIBIION MOBEPXHOCTHIO MPH CONMPUKOCHOBEHUH C
ra3zo00pa3HoO WK KUAKOW (ha30il CrIOCOOHBI MOTJIOMATh YacTh Ta3000pa3HOTO BEIIECTBA WIIU
BELIECTBA, PACTBOPEHHOIO B JKUIAKOCTH. [lornomenne He Bcerna MMeeT OJMHAKOBBINA XapakTep.
Tax, norziouiaemMmoe BenecTBO MOXeT MU PyHANPOBATH BHYTPh NOTJIOTUTENA, KaK Obl pacTBOpS-
ACh B HEM, WIN )K€ IOTJIOIIEHUE MOYKET NMPOUCXOIUTh UCKIIIOUUTENBHO HAa TIOBEPXHOCTH IOTJIIO-
TUTEJIS.

SIBieHMe TOTJIOUICHUsT OJHUM BEIECTBOM JPYIMX BEIIECTB Ha3bIBaeTcs copOLueil.
CopOuus, npoucxosuiasi TOJbKO A MOBEPXHOCTHU TeJla, Ha3bIBaeTcs afcopOuuell B OTINYHUE OT
HOTJIOIIEHHS B TOJIIIE MOTJIOTUTENISA, Ha3bIBAEMOro adbcopouuei.

CopOuusi cBA3aHa M C KOHJEHCAllMEeW raza B KamWUISpax MOPHUCTHIX MOIJIOTHTENEH; B
ATOM CJIy4ae FOBOPST O KallMJUIIPHON KOHAECHCALIUU.

AncopOuust 3aBUCUT OT MOTJIOTUTENS M MOTJIONIAEMOro BEUIecTBa, OT TeMIIepaTyphl U
JIaBJICHMs ra3a WIK KOHLEHTPALlUU PaCTBOPOB.

3aBUCHMOCTh QJICOPOIIMHU OT JMaBJICHUsI Ta3a (€ro KOHIICHTPAIMH) WM COACpP)KaHUS al-
copOupyemMoro BelecTBa B pacTBOpPE MpH JaHHOW TeMIIepaType BBIPAXKAeTCs ypaBHEHHEM H30-
TepMbl aicopOruu JIsHrMiopa:

C
"K+C’

rae I u ' — KomuuecTBa (MOJIb) aACOPOHPOBAHHOTO BellecTBa Ha | M2 IOBEPXHOCTH aji-
copbenta (I' — B MOMEHT afcOopOIIMOHHOTO paBHOBeCHs, ['» — MakCMMaIbHO BO3MOXkHas); C —
MOJISIpHAsi KOHIIEHTpAIMsl pacTBOpa aJcopOMpYyeMOro BEIIECTBA B MOMEHT a/COPOIIMOHHOTO
paBHOBecUs (paBHOBECHAsI KOHIIEHTpALUs).

ITpu apcopbunu u3 razoBoit cpensl BenuynHa C 3aMeHseTCs MPONOPLUOHAIBHOM el Be-
JIMYUHOU aBJICHUSA:

P=K-C,

rne K — koHcTaHTa, 3aBUCSIIAs OT XUMHYECKON MPUPOBI U (PU3HMUECKOTO COCTOSIHHS al-
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copOeHTa 1 azicopoUpPyeMOro BeIecTna.
B cpaBHHTENBHO MIMPOKUX Hpenesiax KOHIEHTPAUM 3aBUCHMOCTH aJCOPOLMH OT KOH-
OCHTpauun (I/IJII/I IIaBJIeHI/ISI) BBIPpAXKACTCA OOBOJIBHO IMPOCTBIM OSMIIMPUYCCKUM YPAaBHCHUCM

®peliHauxa:
X
—=aC",
m

IJIe X — KOJIMYECTBO PACTBOPEHHOTO BEIIECTBA, aJCOPOMPOBAHHOTO MACCOM T MOTIOTUTE-
JIs1 ¥ HaXOJISAIIErOCs B paBHOBECUH C PacTBOPOM KoHIeHTpamuu C; oo ¥ N — KOHCTAHTHI, XapaK-
TEpHBIE JIJIsl JAHHOTO TpoIiecca aacopOIuy B OMpeACIICHHBIX Mpeenax, mpuiem N < 1.

AncopOMpoBaHHOE KOJMYECTBO BEIIECTBA HYXKHO OBbLIO OBl OTHOCUTh HE K €IMHHIIC MacC-
Chl, a K CIJUHHUIIC HOBerHOCTI/I, HO IJIA MeJIKopaSI[p06HCHHBIX BCIICCTB U OZ[HOpOI[HbIX CYCHCH-
3uid (HampuMep, B3MYUYCHHBIH JKUBOTHBIH YIrojib) 3Ta MOBEPXHOCTH PacTeT MPOIMOPLHOHAIBEHO
o0m1ei Macce.

X
Ecnu Ha ocu opJIMHAT OTJIOXKUTH COOTBETCTBYIOINIME 3HAYCHHSI — , a 1ma ocH abcrucc — C,
m
TO TMOJIYYUTCS KpHBasi, n300pakeHHast Ha pucyHke la. CHavana sTa KpuBasi UIET MOUYTH MPSMO-

o o X
JIMHCHUHO, TaK KaK JJIs1 OYCHb c1a0BIX KOHIOCHTPAaIKUH BCIINUMHA — IIPAMO IIPOIIOPHUOHAIbBHA C,
m

X
T. €. 371eCb N = 1. HpI/I BBICOKHX KOHHOCHTpALUAX AOCTUTACTCA NPCACIBbHOC 3HAYCHUE —, T. €.
m

IIOJIHOC HAChIIICHUC.

o
(f/m

Pucynok 1 — a) usorepma agcopouuu;
0) norapudmMuyeckas uzoTepma aacopOoLuu

Orto Habmrogaercs, KOrjaa Besl aicopOupyroliasi MOBEPXHOCTh MOKPHITA afcOpOUPyEMbIM
BEILIECTBOM; B 3TOM ciydae
n = 0. Mexay 3TUMHU IBYMsI TIPEIEIbHBIMU CITydasiMH UMEETCsl TIOCTETIEHHBIN Tepexo1 B 00ia-
CTH IPOMEXYTOUHBIX KOHIIEHTpALUH, /Ul KOTOPHIX BETMYMHA N OCTAETCs MPHOIM3UTENBHO I10-
CTOSTHHOM.

Ecnu nponorapudmupoBats ypaBHeHue OpeifHmxa, To OHO IPUMET BU:

X
lg—=Ilga+nlgC.
m
[TonyyenHnoe ypaBHEHHE €CTh YpaBHEHUE MpsMoi JTuHuU (pucyHok 106). ITo ocu opaunaat
X
OTKNIaJIBIBAIOT BEMMUMHEI Iy — , a o ocu adeimce — Ig C. Otpesox OA naet Benuuuny lga.
m

K anmcopbentam (MOTIOTUTENSIM) MOXXKHO OTHECTH YroOllb, CHUJIMKAreib, TJIUHY, KOAJIWH,
HEIUTI0NI03Y, (DUIBTPOBANBHYIO OyMary, XJIOMm4aToOyMaKHYIO TKaHb, HATypaJbHBIA MIETIK,
HIEPCTh U IPYTHe MaTepHAIIbI.

BemecTtBa B 04eHb pa3apo0IEeHHOM COCTOSIHUU (KOJJIOMIHOE COCTOSIHKE) 00J1ajatoT 3Ha-
YUTETHHOU aJCOPOLMOHHON CHOCOOHOCTBIO BCIEACTBUE OOJIBIION MOBEPXHOCTU. AICOpOIUs
3aBUCHUT OT MPHUPOIBI KaK ajcopOeHTa (TOTJIOTUTEN), TaK M aICOPOUPYEMOTro BEIIECTBA BCIIEI-
CTBHE €€ M30MPATeIhbHOCTH, T. €. U3 CMECH DPA3JIMYHBIX BEIIECTB aICOPOMpPYETCS MpeuMyIle-
CTBEHHO Han0oJee TOBEPXHOCTHO-aKTUBHOE BEIIECTBO.
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[Ipu dunpTpanuu pacTBOpa CMECH BEIIECTB Yepe3 KOJIOHHY acCOpOCHTAa PacTBOPHMBIE
BellecTBa afcopOupyrorcs nocioitHo. Ha pasnuunoil apcopOupyemoctu (n3OuparenbHOU aj-
copOIIMK) U OCHOBAH TaK Ha3bIBaeMbIil Xpoma-Torpadudeckuii meroa ananusa M. C. LlBera. An-
COpOHMPYIOTCS HE TOJIBKO MOJIEKYJIbI, HO TaK)K€ MOHBI U KOJIJIOUHBIE YacTUIlbl. OCOOEHHO XOpo-
10 aJCOPOUPYIOTCSI MOHBI OPTraHMYECKUX BEIIECTB, HAPUMED Kpacutenei. Tak, OCHOBHBIC Kpa-
cuteny (METUIIOBBIA CUHUI U Jp.) TUCCOLMUPYIOT:

ROH < R* + OH",

a KUCIbIe KpacuTelu (303uH, YKCHH) AUCCOLMUPYIOT:

RH < R +H".

ean padorsl. Habmomate agcopOunio Ha rpaHMIle KUAKON U TBepaon ¢asz. [loctpouts
u3oTepmy ajacopouunu. Haiitu 3Hadenus o u N B ypaBHeHun OpeitHmxa.

IIpu6Gopsl u peakTussbl. lllecth kK010 Ha 250 MJI C KOPKOBBIMHU MPOOKAaMHU; IIECTh KOHHU-
yecKuX K0a0 Ha 150 mur; nuneTka Ha 50 MiT; numeTka Ha 25 mir; nuneTka Ha 10 MiT; numeTka Ha 5
mit; Oropetka Ha 50 mi ¢ nenenusimu B 0,1 MIT; 1iecTb BOPOHOK TSl (PMIIBTPOBAHUS; (PHIIBTPO-
BaJlbHas Oymara; akTHBUPOBaHHBIHN yroub; pactBopbl 2 M CH3COOH; 0,1 M NaOH, ¢enondTa-
JICHH.

IMopsiaok BbINOJIHEHUS PA0OTHI.

PazbaBnennem 2 M pacTBOpa YKCYCHOW KHUCIOTHI TOTOBSAT B IIECTH KOJIOaX PacTBOPHI
MPUMEPHO CIICAYIONIMX KOHIICHTPAIIUH 1 B KOJMYECTBAX, YKa3aHHBIX B TA0JUIIE:

Howmep k01061 1 2 3 4 5 6
KomuyecTBo pacTtBopa, Mt 150 150 150 125 110 105
KoHueHnTpanus, Moib/m 0,012 0,025 0,05 0,1 0,2 0,4

TouHoe conepkaHue YKCYCHOM KHUCIOTHI omnpeaenstorT turpoBanueMm 0,1 M pactBopom
NaOH (unnukarop — ¢enondranent), npuueM u3 ko6 Ne 1, 2 u 3 nunerkoit orOupatot no 50
MJ1, U3 KoJIObI Ne 4 — 25 mut, u3 konosr Ne 5 — 10 mut 1 u3 k0661 Ne 6 — 5 mut pactBopa. Takum
o0pa3oM, Bo Bcex Kosbax ocraercs o 100 mut pactBopa. B kaxkayto konlOy BHOCAT 1O 3 T aKTH-
BUPOBAHHOI'O YIJiA. 3aTeM TIIATENbHO B30AITHIBAIOT Bce KOJObI B TeueHue 10 munyTt. OTduib-
TPOBBIBAIOT OTJIENIBHO COAEPKUMOE KaKAOH KOJIOBI depe3 OymakHble (puiabTpel. OTOOpaB u3
GMIBTPaTOB MPOOBI MUTIETKON B TaKUX K€ KOJIWYECTBAX, Kakue ObLIN B3STHI IS NIEPBOHAYAIIb-
HOTO TUTPOBAHUS, ONPENEISIOT TUTPOBAHHWEM KOHIEHTPAIMIO YKCYCHOM KHCIOTHI. Pa3zHocTh
MEXly pe3ybTaTaMU IEPBOTO TUTPOBAHUS U BTOPOro (mocie nepecuera Ha 100 mir) naet konu-
4eCTBO YKCYCHOM KHUCIIOTBI X, oraomenue 3 r yrist u3 100 M pactBopa.

TutrpoBaHueM pacTBOpa YKCYCHOW KUCIIOTHI 10 A0OABJIECHUS YIJIs ONPENENSIIOT €€ MepBo-
HauanbHyl0 KoHueHTpauuio C B mepecuere Ha MuummiauTpel 0,1 M pacTBopa THIpOKCcHaA
HaTpHsl, a TATpOBaHUEM (prtbTpaTa — ee KoHIeHTpanuio Ci 1mocie aacopOIuu:

x=C-C,.

Pe3ynpTaThl HaHOCAT Ha rpaduK, IpUYeM Ha ocH abcuucc HaHocAT 3HaueHue Ci, a Ha ocH

X
OpAWHAT — 3HAYCHUC — , I/IC M — Macca NOTJIOTUTEIIA. HO.Hy‘-ICHHaH KpuBas €CTb U30TCpMa al-
m
COp6L[I/II/I. I[J'ISI I’pa(l)I/I‘-ICCKOI‘O OIIPEICIICHUA 3HAUYCHUA a U N, KaK ObLIO YKa3aHO BBIIIC, OTKJIAAbI-
X o
BarOT Ha OCHU a6cu1/1cc, 3HAa4YCHUA Ig Cl — Ha OCH OpAHHAT Ig — . HailigeHHbIe TOUKH JOJDKHEI JIe-
m

’KaTh HA IPSIMOU JINHUH.

M3mMepsoT BeMMUMHY TaHT€HCa yrila HaKJIOHA MPSAMON K OcH abcumce, 4To AaeT BEeTHYu-
Hy N. PaccrosiHue Touku nepecedeHns NpsMOM ¢ OCBIO OPAMHAT OT Hadyajla KOOPJIUHAT COOTBET-
CTByeET 3HaueHHUIO BeanunHbl I @ . TlomydeHnble pe3ynbTaThl 3aHECTH B TAOIHMILY.



34

[Tpu-

> | Omm- -

KOJ:I%H 3u- C C1 CX— C1 % 9Cy | o
TeIb-
Hasa

1

2

3

4

5

6

Tpe6oBanusi k ordery. HaumenoBanue paboThl, 1€/ pabOTHI, KPAaTKOE OMHCAHUE METO-
JIMKH, 000PYIOBaHUS U X0a PadOTHI, Pe3yIbTaThl N3MEPEHUI M BRIMUCIICHUH ((PopMyITbL, rpadukn),
BBIBOJIBL.

JIABOPATOPHAS PABOTA 10.
OINMPEJEJIEHUE KOHCTAHTBI CKOPOCTHU 1 SHEPT' AKTUBALIMU PEAKIINUU
OKUCJIEHUS NOJIOBOJJOPOJIHOM KMCJIOTHI ITEPOKCHIOM BOJIOPOJJA

XUMUYECKUE PEAKIMU Pa3IesaiOT HA TOMOT€HHbIE U reTeporeHHble. K roMOreHHbIM OT-
HOCSIT TAKUE PEAKIUH, TP KOTOPHIX KAK UCXOAHbIE BEUIECTBA, TAK U MPOAYKTHI UX B3aUMOJIEH-
CTBUSI HAXOJATCS B OJHOW W TOH ke (haze — B ra3000pa3HOi WM KUIKOH. ['eTeporeHHBIMU pe-
aKIMSAMU HA3bIBAIOTCA TaKUE PEAKIMH, IPU KOTOPBIX PEarupyrollre BeUeCTBa HaXOIATCs B pa3-
JTUYHBIX (a3ax, a cam MPOLEcC XUMHYECKOTO MPEBPAILCHHS MPOTEKAST Ha TPAHULIE pa3Jieia dTUX
¢a3. CkopocTh XUMUYECKON PEaKIUU 3aBUCUT OT TAaKHX YCJIOBMIA, KaK KOHIEHTpPALUs pearupy-
IOIIUX BEIIECTB, TEMIEpaTypa, MPUCYTCTBUE KaTain3aTopoB. OqHaKo 3TH (aKTOPHI BIUSIOT Ha
CKOpPOCTb T'OMOT'€HHBIX U T'€TEPOre€HHbIX peakiui mo-pa3zHoMy. [103ToMy IIpu M3ydyeHHH CKOpO-
CTU PEaKIMU BCET/Ia YYUTHIBAIOT Pa3inune MEKIYy 3TUMHU JBYMS THUIIAMH XUMUYECKHUX MPOLEC-
COB.

OnauM u3 GaKkTOpOB, BIUSIOMIUX HA CKOPOCTh OOJBITHHCTBA TOMOTE€HHBIX PEaKIUil, MO-
JKET OBITh KOHIIEHTPALIUS pearupyromux BemecTB. C TeueHueM BpeMEHU CKOPOCTh XUMHUYECKON
peaKIu U3MEHSETCS, T. K. U3MEHSIETCS KOHLIEHTpAIMs pearupyromux Bemects. OObBIYHO pa3iu-
YalT CPETHIO M UCTHHHYIO CKOpPOCTH peakuuu. [IpuOmmkeHHO CKOPOCTh XMMHUYECKON peak-
AW U3MEPSETCS KOJTUYECTBOM BEIIECTBA, BCTYIUBIIIETO B PEAKIIMIO WU 00pa30BaBIIETOCs B pe-
3yJIbTATE PEAKIMU 3a EAUHUILY BpEMEHHU. [Ipr 3TOM KOHIIEHTpALHIO IPUHSATO BBIPAXKATH B MOJISIX
Ha JIUTP, a BpeMs — B MUHyTaX. CpesHel CKOPOCThIO peaKIMi Ha3bIBAIOT OTHOIICHUE YMEHBbIIIe-
HUSI KOHLEHTPALIMK UCXOJHOI0 BELIECTBA WIM YBEIWYEHNE KOHUEHTPALMU MPOJYKTOB PEAKLIMU
KO BPEMEHH, B T€YEHUE KOTOPOTO ATO YBEIMYEHHE WIH yMEHbLIEHWE npownsonuio. Tak, ecin
KOHI[EHTPAIIMIO UCXOJHOTO BelIecTBa KO BpeMeHHu t1 0003HaunuTh OykBoii Ci, a KOHIICHTPAIUIO
Ko BpeMeHH t2 0603HaunuTh C2, TO CPEIHSSI CKOPOCTh PEAKITUU OyIET BHIPAKATHCS YPABHCHUEM:

P

1:1 - t2

HcTUHHON CKOPOCTBIO pEAKIMKM HA3bIBAETCS M3MEHEHHE KOHIEHTPALMU MCXOJHOIO Be-
[IecTBa 32 OECKOHEYHO MAJIbIi IPOMEXYTOK BPEMEHH, YTO MOYKHO BBIPA3UTh CICAYIOIINM ypaB-
HEHUEM:

dC

Voen= T
3HaK «MUHYC» B IIPaBOM YacTU MPHUBEICHHOIO BBILIE YPAaBHEHUS MOKa3bIBAET, YTO KOH-
LEHTpaLKs pearupyrouux BeleCTB YMEHBIIAETCs, CIeI0BaTeNIbHO, U CKOPOCTh XUMUYECKOU pe-
aKIIUK BCe BpeMsl yObIBaET.
3aBHCUMOCTh CKOPOCTH XUMHUYECKOU peaknu A + B «<» C 0T KOHIIEHTpaluu pearupyro-
HIET0 BEUIECTBAa MOKHO BBIPA3UTh YPABHEHUEM:
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v = k[A][B].

3nech [A] u [B] — KOHIEHTpAMK HCXOMHBIX BEIIECTB; K — KOA(PHUIMEHT IPOIOPIHO-
HanbHOCTH. KOapuumeHT mponopiuoHaaIbHOCTH HE 3aBHCUT OT KOHIICHTPALUU Pearupyromux
BEILECTB, €r0 HAa3bIBAIOT KOHCTAHTOW CKOPOCTU peakiuu. BernunHa KOHCTaHTBhI CKOPOCTH peak-
LIMY 3aBUCHUT OT IIPUPOJIbl PEArupyIOIINX BEIIECTB, TEMIEPATYPbl U IPUCYTCTBUS KaTaau3aTopa.
YuciieHHOe 3HaY€HHE KOHCTAHTBI CKOPOCTH PABHO KOJIMYECTBY BEILIECTBA, IPOPEArMPOBABLIETO
3a eIMHUILY BPEMEHHU MPU KOHIEHTPAIMU UCXO/IHBIX BEIIECTB, PABHOW EAMHUIIE.

KoHncTranTa ckopocTd XMMHUYECKON peakIuy MOKa3bIBaeT, Kakas J0Js U3 0OIIero 4ucia
coyaapeHui MoJieKyn BelecTB A U B npuBoauT k XxumuueckoMy B3aumozelcteuio. Ecinu peak-
LU0 OCYILECTBIISIFOT ITyTEM CTOJKHOBEHUS OJIHOM MOJIEKYJIbI A ¢ OIHOM MoJieKyJion B, To uucno
CTOJIKHOBEHHIA, a, ClIeI0BAaTEIbHO, CKOPOCTh PEAKLIUU Oy/IET MPONOPLHUOHATIbHA KOHIICHTPALIUAM
BemiecTB A u B. Ecnm ansg xumudeckoro npekpaiieHusi Heo0X0oquMo, 4TOObl OJTHOBPEMEHHO
CTAJIKUBAINCH T10 JBE HJIU MO TPU OJMHAKOBBIE MOJEKYJBI, TO CKOPOCTh peakuuu OyAeT MHpo-
MOPILHOHANIbHA KBAAPATy WM COOTBETCTBEHHO KyOy KOHIIEHTpallMu 3TOro Beuiectna. [1o yncmy
MOJIEKYJI, YYAaCTBYIOIIUX B KaXK/IOM 3JIEMEHTApPHOM aKT€, PEAKIMH Ha3bIBalOTCI MOHOMOJEKY-
JSIPHBIMU, OUMOIIEKYJISIPHBIMH, TPUMOJICKYISIPHBIMU U T. 1.

BrnionHe NOHATHO, YTO BEPOSTHOCTh CTOJKHOBEHUS Cpa3y TPeX U OOJIbLIEro Yyucia MoJje-
KyJ1 MEHbIIIE, YEM BEPOATHOCTh CTOJKHOBEHUS JABYX MoJieKys. [losTomy TpuMonekyisipHble pe-
aKLIMM MEHEEe BEpPOSITHBI, YeM OMMOJIEKYJIsIpHbIe. Eciiu B peakiuiuio 1 BCTynaeTr 0ojiee Tpex MoJie-
KyJ, TO B J€CTBUTEILHOCTH OKa3bIBAETCS, UTO OHA IPOXOJIMUT Yepe3 psll MPOMEKYTOUHBIX CTa-
I, B KOKJIOM U3 KOTOPBIX YYacCTBYIOT OJHA-/IBE MOJIEKYJbl. B 3aBHCHMMOCTH OT BUJa ypaBHE-
HUS, CBSI3bIBAIOILETO CKOPOCTh PEAKIUU C KOHIEHTPALMEH pearupyrolux BEeIECTB, Pa3IndyaoT
peakuuu nepBoro, BTOPOro M TpeTbero nopsnaka. [lopsaaok peakiuu He BCErja COBMAIAET C €€
MOJIEKYJIAPHOCTBI0. Tak, 711 MOHOMOJIEKYJIIPHBIX PEaKUUi, T. €. TAKUX PEaKui, MPpU KOTOPBIX
IIPEBPALIEHHIO OJBEPraloT TOJIbKO OJHY MOJIEKYIY KaKOro-HUOY/b BEIIECTBA, CKOPOCTh peak-
1uu OyJIeT MPOMOPIHOHANIBHA TOJBKO €T0 KOHIIEHTPAIIUU B JAHHBIH MOMEHT, YTO MOKHO 3aIlH-
caTh CIEAYIOLUUM YpaBHEHUEM:

v=-2_k@-x,
at

I7ie a — HayalbHas KOHIEHTPAIMs BEIECTBA; X — KOHIIEHTpalsa 00pa3yloIerocs Bellle-
CTBa.
CrneoBaTenbHoO, (a — X) MPEACTaBIseT co00l N3MEHEHHE KOHLIEHTPALMU HCXOJHOTO Be-
IIeCTBA 32 KaKOH-TO POMEKYTOK BPEMEHH.
[Tocne COOTBETCTBYIOMIMX MAaTEMAaTHYECKHMX IPeoOpa3oBaHMIl IMONYdYaroT CHeAyIoLIee
ypaBHEHHE KOHCTAHTBI CKOPOCTH XUMHUYECKOU PEAKI[HH TIEPBOTO TTOPSIIKA:
2303, a
ot a—x
BBI'-H/ICHSISI HpaByIO qacTb 3TOro ypaBHeHI/ISI 10 BKCHepI/IMeHTaJII)HI)IM JOAHHBIM JIA pa3-
JINYHBIX MOMEHTOB TEUEHHs Peakuuy (11 pasIuuHbIX t), HOIydaroT OJMHAKOBBIE KOHCTAHTBI
CKOPOCTH.
CKOpOCTh GUMOIIEKYNISAPHOI peaKiuy IPOHOPLHOHANLHA IIPOU3BEIEHUI0 KOHIIEHTPALUU
060uX pearupyromux semecTs. Cle10BaTeNnbHo,

v=—2 _K@-xb-x,
at

rae a u b — HavanbpHBIE KOHIEHTpalIWM BemecTB A UM B; X — KOIMYecTBO BelecTBa
(MOJ1B), IpOpearupoBaBIIEero 3a Bpems 1.
ITocne cOOTBETCTBYIOLIMX MaTeMaTUYeCKHX MpeoOpa3oBaHUi, Kak M B MEPBOM Ciydae,
MOJTy9ar0T OKOHYATEIbHOE YpaBHEHHE U1 KOHCTAHTHI CKOPOCTH PEAKIIMU BTOPOTO TTOPSIIKA:
_ 2303 | (a-X)
Ti@a+b) J(o-x
Ecnu npu 6uMonexynsipHON peakui KOHIICHTPAIIMH OJJHOTO U3 UCXOJHBIX BEIISCTB 3HA-
YUTEJIFHO OOJIbIIIE KOHIIEHTPALUH JPYroTro BEIIECTBA, TO BO BPEMs PeakIUU KOHIIEHTpaNus Be-
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IIECTBA, B3ATOrO B U30BITKE, OCTAETCS MPAKTUYECKU MOCTOSTHHOM. [103TOMY MOXXKHO 00BEAMHUTH
IOCTOSIHHYIO BEJIMYMHY KOHIIEHTPALMU U KOHCTAHTY CKOPOCTH peakLUH B OJHY KOHCTaHTy. To-
I/1a OJIYy4YaroT BBIPAKEHUE JUIsl CKOPOCTH XMMHUECKON peaKkuu, KOTOPOE aHAJIOTUYHO BbIpayKe-
HUIO JUIS PEAKLUU [IEPBOro MOpAIKa. 31€Ch KOHCTAHTY MOXHO BBIYHCIIUTH 110 YPABHEHMIO Iep-
BOro mopsijka. Takum o0pa3oM, KOHCTaHTBI CKOPOCTH JJIsi OMMOJIEKYJSIPHBIX peaKiuii, mpoTe-
KalOLIMX [IPU HAIMYMK U30bITKA OJHOTO U3 PEarpyolX BEUIECTB, BEIUUCIIAIOT 10 YPABHEHUIO
JUI peakuuu nepBoro nopsiaka. [1omo0HbIe peakuuu MpUHATO Ha3bIBAaTh IICEBIOMOJICKYIISPHbI-
MH.

Craemyer OTMETHTb, YTO OOJBIIMHCTBO PEAKLUH MPOTEKAET Yepe3 HECKOJIbKO MPOMEXKY-
TOYHBIX CTaJMN U MOPAJOK PEAKIIUU PEIKO COOTBETCTBYET KOJIMYECTBY MOJIEKYJI, BCTYMAIOIIUX B
peakuo. OOIIYI0 CKOPOCTh CIIOKHOW PEaKLUU ONPEACIIAIOT CKOPOCThI0 Hanbosee MeIJICHHOM
ee CTa/luu.

Kak Op110 yKa3aHO, CKOPOCTh TOMOT€HHOM XMMHUYECKON PEaKLMU 3aBUCUT OT TeMIepaTy-
pbl. DTy 3aBUCHUMOCTb HpPUOIMKEHHO BbIpaxaroT mnpasuioM Baut-I'odda: mpu ysenmuenuu
temneparypsl Ha 10 °C, CKOpOCTb T'OMOI€HHOM XHUMHUYECKOW pEaKIMUd BO3pPACTacT B
2-3 pa3a. Hucno, KOTOpoe MOKa3bIBAET, BO CKOJIBKO pa3 BO3pacTaeT CKOPOCTh PEAKIIUU IIPU yBe-
nudeHnn temreparypsl Ha 10 °C, Ha3pIBalOT TeMIIEpaTypHBIM KO3(PPUITMCHTOM CKOPOCTH peak-
un. Manexc 10 npu y o3Ha4yaeT Temneparypy, KOTOpOil COOTBETCTBYET KOHCTAHTa, U BBIYMCIIS-
10T KOHCTaHTY CKOPOCTH PEAKIMU 110 yPaBHEHUIO:

_ k +10
10 — kt .

3aBUCUMOCTh CKOPOCTU XUMHUYECKOW pPEaKlMU OT TEMIIEpaTypbl 00Jie€ TOUHO BBIPAKAIOT
ypaBHEHHEM AppeHuyca:

dink E

dr  RT?’

rie K — KOHCTaHTa CKOPOCTH peakinu; R — yHuBepcaabHas ra3oBasi HOCTosiHHas; T — ao-
COJIOTHAs Temrepatypa; E — sHeprust akTuBarum.

OHeprus aktuBanuu (B JI>K/MoJb) — 3T0 U30BITOK BHYTPEHHEN SHEPTUH 110 CPABHEHHUIO CO
CpenHel dHepruei uisi TaHHOW TeMIlepaTyphl, KOTOPBIM JOJKHBI 00JIaJaTh pearupyronme Mo-
JIEKYJbI, YTOOBI UX CTOJKHOBEHHE MPHUBOAUIIO K XUMUYECKOMY B3aumojiercTBrio. [locie coot-
BETCTBYIOIIUX MAaTEeMAaTUYECKUX MPEOOpa30oBaHUM ISl BBIPAKEHUS SHEPTUU aKTHUBAIMH TOTY-
YaloT JI0BOJIBHO MPOCTOE YpaBHEHHE:

E_ R-23(lgk;, —lgk,)

1 1 '
Tl T2

rae Kt2 — KoHCTaHTa CKOPOCTH peakiinu npu temrepatype Tz; KT1 — KOHCTaHTa CKOPOCTH
peakuuu npu Temrepatype T1; R — yauBepcanpHas razoBas nocrosiuaas. CrieoBaTebHO, HAMIS
U3 ONBITHBIX JAHHBIX KOHCTAaHTHI CKOPOCTH PEAKIUU MPH JIBYX TEMIEpaTypax, MOKHO paccuu-
TaTh YHEPTHIO AKTUBAITUH JIAHHOW PEaKITUH.

PaccuntaeM KOHCTaHTY CKOPOCTH JIJIsl peaKIuy OMBUICHHUS dTUIAlleTaTa:

CH3COOC:Hs + H20 «» C2HsOH + CH3COOH.

CKopocTh ATOW peakuy MOXHO 3HAYUTENbHO YBEIHUYUTH B MPHUCYTCTBUH HEKOTOPOTO
KOJIMYECTBA XJIOPOBOJOPOIHOM KUCIIOTHI B KaYeCTBE KaTaju3aTopa.

BcenencrBue TOro, 94To KOJWYECTBO BOABI MO CPABHEHUIO C KOJIMYECTBOM OdTHUJIAIETATa
OUYeHb 3HAYUTEIHHO, ATy PEAKIIMIO PACCMATPUBAIOT KaK PEAKITUIO, MPOTEKAIOIIYIO M0 YPABHEHHIO
MEePBOTO TOPSIJIKA.

[To Mepe TeyeHHs peaklui OMBUICHUS ATHIIAIETaTa KOJTUYECTBO YKCYCHOM KHUCIOTHI yBe-
JTUYUBACTCS, ¥ TI0 €€ YBEITUUCHUIO MOXKHO CYUTHh O CKOPOCTH XUMHYECKOW PEaKIIiH.

KoH1neHTpanuo yKCycHON KUCIOTH YIOOHO ONPEACTUTh TATPOBAHHEM CMECH PaCTBOPOM
ruapokcuaa HaTpus. [1o3ToMy CyImHOCTh paboThl CBOAUTCS K OTOOPY M TUTPOBAHHUIO TIPOO CMe-
CH 4epe3 OlpeieJICHHbIe, TOUHO (PMKCHPOBAHHBIE IPOMEXYTKU BpeMeHu. KoHIleHTpalus 3Tuma-
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[eTaTa A B MOMEHT B3SITUS TIEPBOI MPOOBI paBHA YBEIHMUEHUIO KOHIICHTPAIIMH YKCYCHOM KUCIIO-
ThI 32 BpeMsl OT MEPBOI J10 MocaeHed MPOOkL, T. €. MPONOPLHOHAIbHA PA3HOCTH MEKIY YUCIOM
MUJUTHIATPOB THIPOKCHA HATPUS, TMOIIEIIer0 Ha TUTPOBaHUEe 3TuX mnpob. Ecim Ha TuTpoBa-
Hue nepBoi mpoOs! momnwto b1 Mt NaOH, a Ha TutpoBanue mociueaneii mpoosl — b M1 NaOH, to
a=m(b, +b),
rae M — ko3 GUIKUEHT TPONOPLUUOHATBLHOCTHU. J{1 KOHIIEHTpaluy 3Tujamerara (a — Xx)
KO BpeMeHH [ momyuanm:
a—-x=m(b, -b),
rae by — uucno muumurpoB NaOH, moiresmiero Ha THTpOBaHUE MPOOBI, B3SITOH uepes t
MUHYT I0cJie nepBoil mpoosl. [loacTassis 3Tu 3HaUYeHUs a U (a — X) HAXOJAUM KOHCTaHTY CKOPO-
CTH:
K= 2,303I m(b, —b) 2,303 | b, —b
t m(b, —b,) t b, —b
T. K. MHOXKHUTEITF M B YpaBHEHUU COKPAIAETCS, TO JJIsl ONPEEICHUS] KOHCTAHThI CKOPO-
CTH pPEaKIUu HEeT HaJOOHOCTHU BBIUUCIISTH 3HAYCHHE KOHIICHTPAIIMU STHIIAlleTaTa, a JOCTaTOYHO
nunib 3HaTh 00beM NaOH B Musummiutpax, momieamero na TATpoBaHue mpoo.
Heap padotbl. OnpenenuTs pa3TuYHBIMU METOAAMH KOHCTAHTY CKOPOCTH XHMHUYECKOM
peakuuu.
IIpu6Gopsl u peakTuBbl. TepmocTaT, K0JIObI Ha 200 My, MepHas koj6a Ha 100 mi, Oro-
petka Ha 25 M1, CeKyHZIOMEp HITM Yachl ¢ CEKYHAHOM cTpenkoii, 0,4-mponentHeiid pactsop Kl, 1
M pactBop H2SOs4, 0,05 M pactBop H202, 0,05 M pactBop  NazS:0s,
0,5-npouieHTHBIN pacTBOp Kpaxmaina, 0,1 M pactBop (NHs)2MoO4.
Ilopsinok BbINOJTHEHHS PA0OTHI.
Peakius oxucieHus: MOJOBOIOPOTHON KHCIOTHI MEPOKCHUIOM BOIOPOJA BBIPAKAETCS
YpaBHEHUEM:
2HI + H202 = 2H20 + .
[IpopearupoBaBminii NEPOKCHA BOJOPOAA ONPEAENISIETCS SKBUBAICHTHBIM KOJIUYECTBOM
Ho/a myTeM TUTPOBAHUS TIOCIIETHETO PACTBOPOM THOCYJIb(aTa HATPHS.
NoaoBo1opoHY O KUCTIOTY MOJYYalOT IEUCTBUEM CEPHOM KHUCIOTHI HA MOIU/bI, HAIIPH-
mep Kl wm Nal.
Peakuust cepHoii kucnotsl ¢ Kl mpoTekaer mpakTHuecKd MIHOBEHHO:
2K + H2S04 = K2SO4 + 2HI.
B nanHOM ciyyae uzmepsercs JUlb CKOPOCTh:
2HI + H202 — |2 + 2H20,
T. K. B pe3y/bTaTe peakuuu
I, + 2K2S,03 — 2K + K2S406
kouuentpanus Kl, a, cnenoBarensro, Hl moctosinaa. Takum 00pa3om, CKOPOCTh peaKIiu
H202 u HI B ycioBusX ompITa 3aBUCUT TOJIBKO OT KOHIIEHTPAIIMH NIEPOKCHAA Bogopoa. J1Jist BbI-
YUCJIEHUS] KOHCTAHTBl CKOPOCTH 3TOM MCEBIOMOHOMOJEKYJISIPHON PEAKIIUU MOXHO MPUMEHUTH
ypaBHEHHE MOHOMOJEKYJISIPHOU PEaKIUM — PEAKIIMU TIEPBOTO TOPSAIKA, T. K. JIUMHTHPYIOIIAS
cTaaus

_238, a
ot Ca-x

ITons3ysce MEpHOI KOJIOOH, HaJIUBAIOT 100 M1
0,4-mponieatioro KI w5 wmm 1 M  pactBopa HSOs B  komby  Ha
200 mur.

Ha ropubiiko koia0bl HaJE€BalOT KOJIBLIO U3 TOJICTOW CBHHIIOBOM MPOBOJIOKHU (YTSXKENU-
TeNb) M CTAaBAT B TEPMOCTAT, KyJa MOMEIAIT Takxke mpodupky ¢ 15-20 ma 0,05 M pactBopa
H20>. Hax xon6oit ycranaBnuparoT 0ropeTky ¢ 0,05 M pactBopom NazS;0:s.

Korna cogepxumoe konosl u pactBop H202 (B mpoOupke) MpuUMyT TEMIIEpaTypy BOIbI
(aepe3 10-15 munyT), B K00y npubaBisroT u3 Ooperku 1 mur pactBopa NaxS;03, 3atem 5 ka-
neib
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0,5-mporieHTHOTO pacTBOpa Kpaxmana (uHaukarop Ha ion) u 10 mi 0,05 M pactBopa H202, 3k-
BuBayicHTHBIE A Mi1 0,05M pactBopa THOCYb(aTa (cM. HUXKeE). TIaTenbHO EPEeMEIIUBAOT CO-
JEPIKUMOE KOJIOBI U 10 CEKYHIOMEPY WX 110 YacaM OTMEYaroT B TaOauIle (CM. B KOHIIE pabOThI)
BpeMsl [IEPBOrO MOSABIIEHUS roJy00oro okpammrBanus to. beictpo npubasisioT u3 6roperku eme 1
i 0,05 M pactBopa NaxS203, nepememuBaiot (BCIEACTBHE YeT0 rofy0oe OKpaliiBaHue Hcue-
3aeT) U BHOBb OTMEUAIOT BpeMs MOSBIIECHUS roly0Oro okpammuBaHus ty U T. 4., IOBTOPUB 3TU
orepauuu 4-5 pa3. 3areM B K00y npuOaBIsitoT HecKonbko kanens 0,1 M pactBopa monunbaara
aMMOHHUS (KaTanu3aTop) u BeiAenuBIImiics iox tutpyrot 0,05 M pactBopom NaxS203 1o ncues-
HOBEHUS TOJIy0O0i OKPACKH.

Takum o00pa3om ycTaHaBIMBaKOT, Kakomy obmemy umciay A mi 0,05 M pacTtBopa
Na>S»203 (cumtasi ¢ caMoro Hadaja padoThl) SKBUBAICHTHHI B3AThIe Ui pabotel 10 mi 0,05 M
pactBopa H20x.

[TIpomexyTku Bpemenu ti, t2 1 T. 1. OTCUUTHIBAIOT OT MOMEHTA NIEPBOro OKpamuBaHus to,
MPUHUMAEMOT0 3a Haydajo omnbiTa. Takum o0pa3oM, B HAaYalbHBIM MOMEHT OMbITa to colepKkutTcs

A - 1 MJT
0,05 M pactBopa H202 u, cnenoBarenbHo, a = A — 1. K MOMEHTy BTOpOro MosiIBIEHUs OKpalllu-
BaHUs t1 popearupyet emie 1 MII

0,05 M pactBopa H202 u, cnegoBatenbHo, X = 1; K MOMEHTY TPETHETO MOSABICHUS OKpaIllMBaHUS
X=2HUT. .

Pexomenaauuu mno npoBeeHUI0 pacyeToB. [Jig BEIYMCIEHUS KOHCTAHTBI CKOPOCTH Pe-

aKIIMH UCTIOJIb3yeM YpaBHEHHUE CIIEAYIOIIEro BUAA:
2,303

k :T[IQ(A_D —lg(A-1-x).

[loncraBuB B 3T0 ypaBHeHue 3HaueHuss A u X; B mwumwmrpax 0,05 M pactBopa
NaS203, t — B MHHYTaX, BBIYHCIISIOT KOHCTAHTY CKOpOCTH K OTIENbHO IS KaKIOro TMpoMe-
JKyTKa BpeMeHHU {1, t2 ¥ T.JI. C TOYHOCTBIO JJO YETBEPTOT'O JAECITUYHOIO 3HAKA.

Pe3ynbrathl paboThl 3aTUCHIBAIOT B TAOIHILY

Bpewms ot Hauaia =
= OomnbITa 1~ -
= | :

= | Bpems actpono- 2,303 A_1_x = = K
— -1- = t

£ | muueckoe (pu- BpEMSI B t - L

5 MepHOE) MHH | CEK 2 —

p MHUHYTaX S -

=

& w ro i | [TosIBICHHS OKpa-

[Ipu TmiaTenbHOM paboTe pa3HUIlA B HAaWJEHHBIX JJIS KaXJOrO MPOMEXYTKa BPEMEHU
3HAUEHUAX KOHCTAHTBl HE JOJDKHA MPEBBIIATh HECKOJIBKUX JECATUTHICSYHBIX J0JIeH. JTO yKa-
3bIBAE€T Ha TO, YTO KOHCTAHTa CKOPOCTH HE 3aBUCUT OT KOHIIEHTpAIUU MepoKcHaa Bogopoa. be-
PYT cpeaHee apu(MeTHIeckoe 3HaueHue KOHCTAHThI CKOPOCTH, YKa3aB TeMIIepaTypy, IpU KOTO-
pOI TPOBOAMIICS OTIBIT.

VYuuteiBaercs, uro 10 min 0,05 M pactBopa Na2S203 sxBuBanentHs! 10 mi 0,05 M pac-
tBOpa (A = 10) H20:.

TpeboBanus k oruery. HanmeHnoBanue paboThl, 11e1b pabOThI, KPAaTKOE ONMHUCAHUE METO-
JTUKH, 000PYI0BaHUS U X0J1a paOdOThI, pPe3y/IbTaThl U3MEPEHUH U BhIUUCICHUH ((hOpMYITbI, TaOIHUI),
BBIBOJIBI.

JIABOPATOPHA PABOTA 11.
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KATAJIMTUYECKOE BJIMAHUE NOHOB MEJIN 1 XXEJIE3A HA CKOPOCTb
OKUCJIEHMS NOJIOBOJOPOJIHOM KMCJIOTHI ITEPCYJIbAATOM AMMOHU S

Teopernueckas yactb. CKOPOCTh XUMUYECKON PEAKIIUU 3aBUCUT HE TOJBKO OT KOHIIEH-
TpalMK pearupyromnx BEIIeCTB U TEMIEPaTypbl, HO TAKXKE€ U OT MPHUCYTCTBUSL B PEAKIIMOHHOMN
CMECH HEKOTOPBIX BEILECTB. DTHU BEIIECTBA, HE BXO/ B COCTaB KOHEUHBIX MPOJYKTOB PEAKIUH,
U3MEHSIOT CKOPOCTb PEaKluu, IPUYEM CaMH HE U3MEHSIOTCS KOJIMUYECTBEHHO U OCTAIOTCS] XUMU-
YeCKM HEM3MEHEHHBIMU. Takue BEIeCTBA Ha3blBalOTCA KaTain3aropamu. Karanuzaropsl B 3aBu-
CUMOCTH OT UX HPUPOJBI U MPUPOJIbI PEArupYIOIIUX BEIIECTB MOTYT YBEJIMYUBATH WM YMEHb-
11aTh CKOPOCTh XMMUYECKOW PEAKIUH, I03TOMY Pa3IMyaroT MOJOKUTENbHBIN KaTaln3 (KaTaau-
3aTOp YBEJIIMYMBACT CKOPOCTh PEaKIUH) U OTPUIATENbHBIM KaTaau3 (KaTalu3aTop YMEHbIIAET
CKOPOCTb PEaKIIUH).

Ecnu karanuzaTop HaXxoAUTCs B TOM ke (a3e, UTO U pearupyrolue BelecTsa, TO KaTaiu3
Ha3bIBAETCSI TOMOTEHHBIM. [Ipu reTeporeHHOM KaTalln3e KaTaln3aTtop HaXOauTcs B Apyroi dase,
YeM pearupyrolie BEIlecTBa; HApUMEp, €CIU pearupyrole BellecTBa HaXOAsaTcsl B ra3o00-
pa3HOM WK )KUJKOHU (a3ze, TO OH HaXOJUTCS B TBEPOH.

JlJis HEKOTOPBIX peakuil MOKHO MOJ00paTh CMECH U3 ABYX U OoJee BEIIeCcTB, KOTOphIE
MOT'YT OKa3aTbcs 0oJiee aKTUBHBIMU, YEM KaXKIO€ U3 ITHX BellecTB. BemecTBa, caMu HeakTUB-
HbIE, HO TIpU JA00aBJICHUU B HEOOJBIINX KOJIMYECTBAX K KaTalIU3aTOpaM 3HAYUTENbHO YBEIUYU-
BaIOLME aKTUBHOCTD MTOCIIEHUX, HA3bIBAIOTCS IPOMOTOPAMHU.

Peakuust okuciaeHusI HOAOBOJAOPOIHON KUCIOTHI MEPCyab(haToM aMMOHUS

(NH4)2S5208 + 2HI — 2NH4HSO4 + 1,

MPOTEKAET MEAJICHHO.

CKopocTh 3TOH peakiuy U3MEPSIOT 10 KOJIMYECTBY MOJa, BBIIEISIOLIETOCS B €IUHUILY
BPEMEHH, WU 10 MPOMEKYTKY BPEMEHH OT MOMEHTA CMEIIEHUsI paCTBOPOB 10 Haydaja Bblele-
Hus noja. BenencrBue Toro, 4ro noj ci1abo okpamiruBaeT pa30aBiIeHHbIE pacTBOPHI, K pearupy-
IOIIEH cMecH MpeIBapUTENbHO MPUOABISIOT PACTBOP Kpaxmala, KOTOPBIA C MOJIOM JIaeT CHHEe
OKpallluBaHUeE.

OxucneHre HOJOBOJOPOTHON KUCIOTHI MEPCyab(}haToM aMMOHHUS MOXXHO 3HAUUTENHHO
YCKOPUTH BBEJICHUEM B pEarupymollyro CMeCb HOHOB MEJIU U JKeJe3a.

B ananuTHyeckoil XMMUM OCHOBHOM peakuueld MOJOMETPUUECKOTO METO/Aa TUTPOBAHMS
MOKET OBITh CJIETIYIOIIAs:

I> + 2Na2S203 — 2Nal + Na2S40e.

OxoHYaHME peaKlMy YCTaHABIMBAIOT B MPUCYTCTBUM pacTBOpa Kpaxmalia Mo UCUEe3HOBE-
HUIO CUHEHN OKPACKH, BBI3BAHHOW B3aUMOJIEMCTBUEM HOJIa C KPAXMAJIOM.

Heab padorbl. M3yunTh BIMSHUE KaTaau3aTOPOB HA CKOPOCTh OKHUCIIEHUS HOJ0BOJO-
POJHOM KUCIOTHI epCyab(haToM aMMOHHUS.

OGopynoBanue u peakTuBbl. TepMocTaT, AECATh MIIOCKOAOHHBIX K0JIO Ha 300 M1, ceMb
KOHUYecknx koib Ha 250 My, BoceMb cTakaHoB Ha 100 mui, munerka Ha 20, 30 mu1, 9ackl, pac-
tBop 0,1 M (NH4)2S20s, pacteop 0,5 M u 0,12 M KI, pactop 0,5 M u 0,025 M H2SO4, pactBop
0,005 M u 0,0005 M mennoro kynopoca, pactsop 0,0067 M u 0,00067 M xene3Horo Kymnopoca,
pactBop 0,01 M trocynbedata Hatpus, pactsop 0,1 M (NH4)2MoOs, pacTBop kpaxmaia (cBexe-
MPUTOTOBJIEHHOT0); CTEKJISTHHBIE MAJIOYKHU ISl TOMEIIMBAHMSL.

IMopsiiok BbINOJIHEHUS PA0OTHI.

OmpiT 1. B Tepmoctat ¢ Temneparypoii 25 °C cTaBsAT mecTh MIOCKOIOHHBIX K010 (Ha 300
MJI1), B KOTOpBIE€ HAJIUTO: B MepBYI0 — 250 M1 BO/BI, BO BTOPYIO — 250 MJT pacTBOpa nepcyibgara
aMMOHHUs, B TpeTbto — 250 wmi pacTBOpa HMOAuAA Kajaus, B  YETBEPTYIO —
250 Mz pacTBOpa CEpHOM KHUCIOTHI, B MATYO — 250 MII pacTBOpa MEAHOIO Kylopoca U B IIECTYIO
— 250 M1 pacTBOpa KeJNe3HOro Kyrnopoca yKa3aHHbIX BbIIIE KOHLEHTpauuid. OJHOBPEMEHHO CTa-
BAT B CHET WJIM B TOJYEHBIN JIEJT CeMb KOHHYECKUX K00 Ha 250 MiI, B KOTOphIE HAJIMBAIOT IO
100 mu1 BOJIBI.

[Tocne Toro kak pacTBOpHI B KOJI0ax MPUMYT TemIeparypy Tepmocrata (depe3 40-50 mu-
HYT), U3 HUX OepyT MUMNEeTKaMu (He BBIHUMAs KOJOBI U3 TEPMOCTaTa) M MEPEHOCAT B CYXYIO UH-
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ctyto Kooy Ha 300 mi nmocnenoBatensHO 100 Mt Boabl, 50 Mit pacTBOpa nepcynbdara aMMOHHMS,
50 mu1 pacTBOpa cepHOit KUCIOTHI U 50 M1 pacTBopa noauaa Kaiausa. MOMEHT BJIMBaHUS pacTBOpa
MOJ/1a KaJIMsl CYUTAIOT Ha4aJlOM OIIbITa, IO YyacaMm oTMeuaroT Bpems to = 0. Cmech B Kosbe pasz-
MEIIMBAIOT U CTABAT €€ B TepMOCTaT. Bce 3Tu onepanuu HaJl0 BBITOIHATH OBICTPO.

Yepes 5, 10, 20, 30, 50 u 60 MuHYT Mocie Havama ombITa OTOUparT 1o 20 M1 cMecH, He
BBIHMMasl KOJIOBI U3 TEPMOCTaTa, BIMBAIOT KAKIYIO MPOOY B KOHMUECKYIO KOJIOY C OXJIaXACHHOM
BOJIOH, 3aT€M THUTPYIOT PacCTBOPOM THOCYIb(ara HATpUsl B MPUCYTCTBUU pacTBopa Kpaxmaia. B
MOMEHT 0TOOpa MPOOBI MUIETKOM OTMEUAIOT BPeMs 110 YacaM.

TutrpoBaTh HamO OBICTPO. 3aMKMCHIBAIOT KOJIMYECTBO PacTBOpa THOCYIb(haTa HATpHs, U3-
PacxoI0BaHHOTO Ha KaKJ0€ TUTPOBAHUE.

Omnpit 2. /{15 nony4eHust peakinOHHON CMECH B CYXYIO YUCTYI0 K0s0y Ha 300 M1 BBOAST
no 50 MJI BOJBI M PacTBOPOB MEIHOIO KYIMOpoca, CEPHOM KHCIOTHI, MepcyibdpaTa aMMOHUS U
MOAMIA KaJusl. 3aTeM MPOJIEIBIBAIOT TO K€ CAMOE, UTO U B TIEPBOM OIIBITE.

Tutpyrot uepes 3, 5, 10, 20, 40, 60 MuHYT, cuuTass OT MOMEHTA MPUOABICHUS pPacTBOpa
MO/IHM/Ia KaJIUs.

OmnpIT 3. DKCIIEPUMEHT BBITIONHAETCS, KaK U BO BTOPOM OIIbITE, HO BMecTO 50 MJI pacTBO-
pa MEIHOTO Kyrnopoca B cMech BBOAAT 50 M1 pacTBOpa >KEJIE3HOT0 KyInopoca.

OnpiT 4. DKCIIEPUMEHT BBIMOJIHAETCS, KaK U B IIEPBOM OIBITE, HO B CMECh BMECTO BOJIbI
BBOAUTCS 110 50 MJI pacCTBOPOB MEAHOIO U JKEJIE3HOT0 KyIopoca.

Tutpyrot uepes 1, 2, 3, 5, 15 u 30 MuHyT, cunTas OT MOMEHTa MpUOaBICHUS pacTBOpa
Mo/ia Kayusl.

dopma 3anucH pe3ylbTaTOB TUHTPOBAHMUS:

No KomnuecTBO pacTBOpa, M3pacxoI0BAHHOTO HAa TUTPOBAHKE, MJT
Bpewms, mun
1 2 3 5 10 15 20 30 40 50 60
1
2
3
4

Pe3ynbTarel TUTpOBaHMS 3aIIMCHIBAIOT 110 YKa3aHHOW (popme U cTposT rpaduk, HaHOCS Ha
ocu abcuucce BpeMs, a Ha OCU OpJUHAT — U3PACX0JI0OBAHHOE KOJIMYECTBO pPacTBOpa THOCYIb(ara
HaTpUs.

OmnbIT 5. Bocemb ctakanoB Ha 100 My cTaBsT B JBa psijia Ha JuCT Oenoit 6ymaru. B cra-
KaHbl 1-ro psana HanuBatoT pactBopsl 0,5 M cepnoit kucnots! u 0,1 M nepcynbdara aMmmoHus B
o0beMax, yka3zaHHbIX B 1-M psay TaOauibl, a B cTakaHbl 2-ro psiia — pactBopsl 0,5 M nonuna
kamus, 0,0067 M xenesnoro u 0,005 M menHoro kymnopoca u 0obeMax, yKa3aHHBIX BO 2-M PSAY
TaOJIHIIBL:

1-if psix H2SO4 — H2SO4 — H2SO4 — H2SO4 —
10 mn 10 mn 10 mn 10 mn
(NH)4S208 — 10 | (NH)4S208 —10 | (NH)4S208 — 10 | (NH)4S20g — 10
MII MII MII MII
Kpaxman — Kpaxman — Kpaxman — Kpaxman —
1 M 1 M 1 mn 1 M
Bpems nosiBneHus
OKpPacKu
2-1 psn Kl -5 mn Kl -5 M Kl -5 M Kl -5 M
FeSO4 — 5 mu CuSO4 — 5 M CuSO4 — 5 mn
FeSO4 — 5 mn
Bomga — 19 mn Boma — 14 mn Boma — 14 mn Bona — 9 mn

Bpems nosiBnenus
OKPAaCKH
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BricTpo BBUIMBAIOT pacTBOP M3 MEPBOTO CTaKaHa 2-TO psifa B MEPBBIA cTakaH 1-ro psaa
(BpeMsl Hauajla peakiiM); IepeMenInBasi pacTBOp CTEKISHHON MAaJOYKOM, OTMEYAOT BpeMs IO-
ABJICHUS OKpACKU. TO ke IpOoJenbIBatoT CO BTOPOM, TPEThEH, YETBEPTOM ITapaMH CTAKAHOB.

OmnwiT 6. B aBa crakana Ha 200 mur HanuBaroT 1o 30 mur pactBopoB 0,1 M nepcynbdara
ammoHus, 0,5 M cepHoil kucinoTsl 1 1 mMi1 pactBopa kpaxmasia. OTHOBPEMEHHO B IIEPBBIN U3 CTa-
KaHoB mpuimBaioT 5 mi pactBopa 0,5 M KI, a Bo Bropoit — 5 mut pacteopa 0,5 M Kl u 2 karum
MOJIMO/1aTa aMMOHHS, PACTBOPEHHOTO B 5 MJI IUCTUIUTMPOBAHHOMN BOJIBI.

OOpaTuTh BHUMaHKHE HAa CKOPOCTb MOSIBICHUS OKPACKU B IIEPBOM U BTOPOM CTaKaHaX.

TpeboBanus k oruery. HanmenoBanue paboThl, 11eib pabOThI, KPAaTKOE ONMUCAHHE METO-
JTUKH, 000pYIOBaHMS U X012 pabOTHI, pe3y/IbTaThl M3MEPEHHI (TAOIUIIA), BEIBOIBI.

6 IMJAKTUYECKHUE MATEPHUAJIBI IUISA KOHTPOJISAA (CAMOKOHTPOJIA)
YCBOEHHOI'O MATEPHUAJIA

6.1 OneHo4Hble CpeacTBa, MoKa3aTeJiu U KPUTCPUHN OLCHUBAHUSA KOMIIeTeHIUiA

HNupexc
KOMIIe-
TEeHINH

OnenouHoe
CpeaCTBO

IToxa3zarenun
OLICHUBAHUSA

Kpurepun onenuBanuns
c(hOpMHPOBAHHOCTH KOMIIeTEHIIUI

YK-1
OIIK-8
[1K-2

Otuer no
nmabopaTop-
HOI paboTe

Hwuskuit — veyno-
BJIETBOPUTEIBHO

CTaBUTCSI, €CJIH JIOMYIIEHBI CYIIECTBEHHbIE
OmMOKY (B X0JIe IKCIIEpUMEHTA, B 00BsCHE-
HHUH, B OOPMIICHHH pabOTHI, O TEXHHUKE 0e3-
OIIaCHOCTH, B paboTe ¢ BeniecTBaMu U mpudo-
pamu), KOTOpbIE HE UCTIPABISIOTCS 1aXKe MO
yKa3aHUIO MperogaBaTels.

IToporosslii — yno-
BJIETBOPHUTEIILHO

CTAaBUTCS, €CIIM JIOMYILEHbI OJHA-]IBE CYIIIe-
CTBEHHBIE OIIMOKH (B X0Jie¢ IKCIIEPUMEHTA, B
00BsICHEHUH, B OOPMIIEHUH pabOThI, MO TeX-
HHUKE 0€30MMacHOCTH, B paboTe C BEIIECTBAMU U
npuOopamMu), KOTOpPbIE UCIPABIIAIOTCS C TOMO-
IO TPENO/IaBaATEIsl.

ba3zoBslii — xopo1o

a) paboTa BBINOJIHEHA [TPABUIILHO, O€3 Cyllle-
CTBEHHBIX OIIMOOK, C/IENTAaHbI BEIBOJIBL;

0) IOITyCTUMBI: HETIOJIHOTA MTPOBEJICHUS WU
o(hopMIIEHHS SKCTIEPUMEHTA, OHA-IBE HeCyIIle-
CTBEHHbIE OLIMOKH B MPOBEICHUN WM O0opmIIe-
HUH DKCIIEPUMEHTA, B TIpaBHIax paboTHI C Bellle-
CTBaMH U NPUOOpaMH

Bricokuit — oTiinu-
HO

a) paboTa BBITIOJTHEHA TTOJTHO, TIPABUIILHO, 0€3
CYILECTBEHHBIX OIIMOOK, C/IE/IaHbI BHIBOJIBI;

0) PKCIIEPUMEHT OCYIIECTBIICH TI0 TUTaHY C yYETOM
TEXHUKU O0€30MaCHOCTH U MPaBUII paboTHI C Bellle-
CTBaMH M MpUOOpaMu; B) UMEIOTCS OpraHU3alu-
OHHBIE HaBBIKH (TOAJIEPIKUBAETCS YUCTOTA pado-
9ero MecTa M IOPSIOK Ha CTOJIe, SKOHOMHO UC-
MOJIb3YIOTCSl PEAKTUBBI).

KoHnTtposs-
Has paboTa

Hwuzkuii — Heyno-
BJIETBOPUTEIBHO

JOTTYCTHJT YUCJIO OMHUOOK M HEJ0YETOB MPEBOC-
XOJIsAIIiee HOPMY, TIPU KOTOPOM MOKET OBITh BHI-
CTaBJICHA OIIEHKA «3»

IToporoserii —
YIOBJIETBOPHUTEb-
HO

€CITU CTYJIEHT MPaBUJIBLHO BBIITOJHUII HE MEHEe
TTOJIOBUHBI PaOOTHI WM IOTTYCTUIT: HE OoJiee
JBYX IpyObIX OIMOOK; MK HE Oosiee 0JHOU
rpy0oii ¥ OHOM HETPyOOil OMMMOKH U OJHOTO
He/I0ueTa; UM He OoJiee IBYX-TpeX HErpyobIX
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OImMOO0K; UK OJTHON HErpyOOil OIIMOKHU U TpeX
HCOOYCTORB; UJIH ITPU OTCYTCTBHUU OIJ_II/I6OK, HO
NP HAIMYHUN YETHIPEX-TISITH HEJIOUETOB.

ba3zoBelii — XOpO- | CTYACHT BBITOJHWI PaOOTy MOIHOCTHIO, HO JI0-

110 MyCTHJI B HEM: He Oosiee 01HO# HerpyOo# ommo-
KM ¥ OJJHOTO HEJ04eTa WIIM He Ooiee AByX Hello-
4EeTOB

Bricokuii — oT- | pabota BeIonHeHa 6e3 omMOoK, yKa3aHbl BCe

JIMYHO pacueTHble (hOpMYJIbl, €IUHULIBI U3MEPEHHUS, 0€3

OIIOOK BBIIIOJHCHEI MAaTEMATUUCCKUE PaCUCTLL

Pedepar

Hwuzkuit — Heyno-
BJIETBOPUTEIIHHO

Tema pedepara He pacKpbITa, 0OHAPYKUBAETCS
CYIIECTBEHHOE HETTOHMMAaHHUE MPOOJIEMBI.

[ToporoBsiii —
yIIOBJIETBOPHUTEIb-
HO

HUMEIOTCSl CYLIECTBEHHbIE OTCTYIUIEHUS OT Tpe-
O0oBaHuil Kk pedepupoBanuio. B yactHocTu: Tema
OCBEIIICHA JINIIb YACTUYHO; TOMYIIEHbI (haKTH-
YecKHe OIMOKH B CoJepKaHuu pedepara miu
IIPU OTBETE HA JONOJHUTENbHbIE BOIPOCHI; BO
BpEMs 3aIIMTHI OTCYTCTBYET BBIBOJ.

bazoBeiii — xo0po-
110

OCHOBHBIE TpeOOBaHHS K pedepary U ero 3aIuTe
BBIITOJIHCHBI, HO ITPH 3TOM OOIIYIICHBI HGI[O'-IéTBI.
B gacTHOCTH, UMEIOTCSI HETOYHOCTH B U3JI0XKeE-
HUY MaTepuaa; OTCYTCTBYET JIOTHUECKas 10~
CIIEIOBATEIILHOCTD B CY)KJICHHUSX; HE BBIICPKAH
00bEM pedepara; UMErOTCs yIyIeHus B 0popM-
JICHUW; Ha JTOTIOJIHUTEINILHBIE BOTIPOCHI TIPH 3a-
IIUTE AaHbI HCIIOJIHBIC OTBETHI.

Bricokuii — ot-
JAYHO

BBINOJIHEHBl BCE TPeOOBAaHUS K HAMMCAHUIO U
3amure pedepara: oOo3HaueHa mpodiemMa U
000CHOBaHa €€ aKTYaJIbHOCTb, C/EJaH KpaTKHil
aHaJIN3 Pa3JIMYHBIX TOYEK 3pEHUs Ha paccMaTpH-
BaeMyl0 NpoOJeMy M JIOTMYHO H3JI0KEeHa co0-
CTBEHHasl MO3ULMS, CHOPMYIUPOBAHBI BHIBOJIBI,
TeMa pacKpbITa IMOJIHOCTBIO, BbLIEPKaH O0BEM,
coOroieHbl TpeOOBaHUS K BHELIHEMY odopMIie-
HUIO, JaHbl MPaBUJIbHBIE OTBETHI HA JIOMOJHHU-
TEJIbHBIE BONPOCHI.

Tect

Huzkuit — no 60
0ayToB (HEYyI0BIIE-
TBOPUTEJIBHO)

IToporoserit — 61-
75 Gannos
(ynoBnerBopu-
TEJILHO)

Bazosrrii — 76-84
6aJITI0B (XOPOIIIO)

Bricokuii — 85-100
Oaju10B
(oTnHYHO)

32 BEpHO BBINIOJHEHHOE 33/1aHUE TECTUPYEMBII
MoJIy4aeT MaKCUMalbHOE KOJIMYECTBO OalioB,
NPEeIyCMOTPEHHOE JJIsl ATOTO 3aJaHus, 3a He-
BEPHO BBIMOJIHEHHOE — HOJb OamoB. [locne
MPOXOXKJIEHHUS] TECTa CYMMHPYIOTCSI pe3yJIbTaThl
BBIIIOTHEHUS BCEX 3aJJaHUI.

[MoncunThIBaeTCSl MPOLEHT MPABUIIBHO BBINOJ-
HEHHBIX 3aJlaHWi TECTa, MOCJE Yero 3TOT IPO-
LEHT MEePEeBOAUTCS B OLEHKY, PYKOBOACTBYSCH
YKa3aHHBIMHU KPUTEPUSIMH OI[CHUBAHUSI.
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6.2 IIpomMe:kyToUHAs aTTeCTAIUS CTYIEHTOB MO JUCHUILINHE

IIpoMexyTouHas aTrecTranus SBJISETCS IMPOBEPKOM BCEX 3HAHWI, HAaBBIKOB U YMEHUU
CTYAICHTOB, TPUOOPETEHHBIX B MPOLECCE U3YUCHUS TUCIHUILTHHBL. DPOPMOI MPOMEKYTOUHOM atT-
TECTAaLMM 110 JUCLUIIIMHE SBJISETCS 3K3aMEH.

JUig oLleHuBaHuUs pe3yJbTaTOB OCBOEHUS JUCLUILIMHBI IPUMEHSETCS CIIEIyIOIINe KpUTe-
PHH OLIEHUBAHUS.

Kpurepun onieHuBaHNs YCTHOTO OTBETA HA IK3aMeHe

Ounenka «5» (OTJIMYHO) CTABUTCS, €CIIU CTYICHT:

1) moJIHO PAacKPBITO COEPIKAHKUE MaTepHasia Ouera;

2) Marepuai H3J0XEH I'PaMOTHO, B OIPE/CIICHHOW JIOTMYECKOW IOCIEA0BATEILHOCTH,
TOYHO MCIIOJIb3YETCSl TEPMUHOJIOTHS;

3) noka3zaHoO YMEHHUE HJUTIOCTPUPOBATh TEOPETHUYECCKUE TTOJIOKEHHS KOHKPETHBIMH TIPHMe-
pamu, IPUMEHATh UX B HOBOM CUTYalluy;

4) mMpoIeMOHCTPHPOBAHO YCBOCHHE paHEe U3YYCHHBIX COMYTCTBYIOLIUX BOIPOCOB, chop-
MHUPOBAaHHOCTb M YCTOMYMBOCTh KOMIIETEHIIMH, YMEHHUI U HABBIKOB;

5) oTBeT NpoO3ByUAT CAMOCTOSATEIBHO, 0€3 HABOASAIINX BOIPOCOB;

6) momyIeHbI OIHA — JIBE HETOYHOCTH IPU OCBEIICHHH BTOPOCTEIICHHBIX BOIIPOCOB, KOTO-
pBI€ UCTIPABIIAIOTCSA 10 3aMEYAHUIO.

7) MpaBUIIBHO PElICHa pacuyeTHas 3a/1a4a.

Ouenka «4» (XOpo1I0) CTaBUTCS, €CIIU:

OTBET CTY/ICHTA Y/IOBJETBOPSET B OCHOBHOM TpeOOBaHMSIM Ha OLEHKY «5», HO IPU 3TOM
UMEET OJVH U3 HEIOCTATKOB:

1) B M3JI0’)KEHHUHU TOMYLICHBI HEOObIIUE POOEITbI, HE MCKA3HUBIIME COACPKAHUE OTBETA;

2) JoMyLIEeHBI OJJMH — J[Ba HEOYETa MPH OCBELICHHH OCHOBHOTO COJICPXKaHHs OTBETA, UC-
IIPABJICHHBIE 10 3aMEYaHUI0 FIK3aMEHATOPA;

3) nomyieHs! omubOKa WK OoJiee IBYyX HEIOYETOB MPU OCBEIICHUH BTOPOCTEIICHHBIX BO-
IPOCOB, KOTOPBIE JIETKO UCIIPABIISIOTCS MO 3aMEYaHUIO IK3aMEHATOpa)

4) B pacueTHO# 3aa4e IoMyIIeHa OMnOKa.

Ounenka «3» (y10BJ1eTBOPUTEIbHO) CTAaBUTCS, €CIIH:

1) HEeMmoNHO WIIM HENOCIEIOBATENIbHO PACKPBITO COAEpXKAHHE Marepuana, HO IMOKa3aHO
oO1iee MOHUMaHUE BOIIPOCA U MPOJIEMOHCTPUPOBAHBI YMEHMSI, JOCTATOUHBIE JUIsl JAlbHEUIIEro
YCBOEHHUS MaTepHaa;

2) MIMEJHCh 3aTPyTHECHUS WK JOMYIIEHBI OIIMOKU B ONPEICICHUN MOHSATHI, UCTIOh30Ba-
HUU TEPMUHOJIOTUH, UCIIPABJIEHHBIE I10CJIE HECKOIBKUX HABOSAIINX BOIIPOCOB;

3) 1pu HEMmOJIHOM 3HAHWH TEOPETUYECKOTO MaTepHaa BhISBICHA HEOCTaTOuHast chopMHu-
POBAHHOCTh KOMIIETEHIIMH, YMEHUH U HAaBBIKOB, CTYACHT HE MOKET IPUMEHUTH TEOPHUIO B HOBOM
CHUTYaIUH)

4) pelieHne pacyeTHOW 3a/1a4M BBI3BIBACT 3aTPYAHCHHUS.

Ouenka «2» (HeyA0BJIETBOPUTEJIbHO) CTABUTCS, €CIIU:

1) He pacKpBITO OCHOBHOE COJIep)KaHUE y4eOHOTO MaTepHaa;

2) oOHaApyXEHO HE3HAHWE WM HEMOHMMaHWe OOJbIIeH WM HauboJee BaKHON YacTH
y4eOHOT0 MaTepuana;

3) momyieHbl OMIMOKU B ONMPECICHNUH TIOHATHMN, IPH MCIOJIb30BAHUN TEPMHHOJIOTHHU, KO-
TOpPBIE HE UCIIPABIICHBI MTOCIIE HECKOIBKUX HABOSIINX BOIPOCOB)

4) e chopMUPOBAHBI KOMITETEHIIMN, YMEHUS U HABBIKH)

5) pacuerHast 3a7a4a He pelIcHa.

6.3 TunoBbie KOHTPOJIbHbIE 32JaHUS WIH MHbIE MATEPHAJIbI, HE00X0AUMBbIE 1JIA OLEHKHU
pPe3yJbTATOB OCBOCHMS JUCHMILIHHBI

TPEBOBAHUS K ®OPME OTUETA 11O IABOPATOPHOM PABOTE
®opma otyera. OTYET JODKEH COACPKATH Ha3BaHUE, LIeTh PabOTHI, OMUCAHKE XOa pa-
00TBI, CXeMBI TPHOOPOB, pacyeThl, TAOJHUITY, TPa)UKNA 3aBUCUMOCTH, BHIBO/I.
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KOMILJIEKT 3AJIAHUHM 1JISI KOHTPOJBHOM PABOTHI
Tema: «llepBblil 3aKOH TEPMOAMHAMUKN
Bapuanrt 1

1. OnpenenuTs U3MEHEHHE BHYTPEHHEW SHEPruu MpU ucrnapeHuu Bojabl maccoil 100 r
mpu 150 °C u P = 1,013-10° I1a. O6bemMoM xkuaKocTH npeHedpeus. TemioTa ucnapeHus BoJbl
npu 150 °C paBna 2112,66 JIx/T.

2. Beruncauts TemnoBoi addext peaknuu mipu 25 °C u P = const, V = const.

a) SOz + C1, = SO2C1y;

6) CO + C12 = COC1y;

B) CH4 + CO2=2 CO + 2 Ha.

3. Haiitu TeMmiepatypHyI0 3aBUCUMOCTH TEILIOBOTrO 3 (eKTa peakiiuu TerioBoi 3G ekt
peaxuuu npu 400 K:

N2 + O2 =2 NO,

ecr AHz298= 180,5 k/{»/MOJb 1 MOJISIpHBIE TETFIOEMKOCTH JTAIOTCS YPABHEHUSIMHU:

Cp (NO)=29,58 +3,85:103-T — 0,586-105-T 2 JIx/(Momb-K);

Cp (N2) =27,87 +4,27-103-T Ixx/(momns-K);

Cp (02) =31,46 +3,39:103-T — 3,76-105-T 2 Tx/(mons-K).

Bapuant 2

1. PaccunTtath M3MeHEHUE HHTANBINU MPU HarpeBaHuu 2 Kr o-kBapua SiO2 ot 298 no
800 K, eciu 3aBUCHUMOCTh TEINIOEMKOCTH (-KBaplia OT TEMIIEPATyphl BHIPAKAETCSI YypaBHEHHEM
Cp=46,94 +34,31-10°T — 11,3-10°T2 JIx/momns K.

2. OnpenenuTh TEII0BOM YPPEKT peaKIuu:

A1203 (xopyHn) + 3803 = A12(804)3(Tnepz[ml7[),

€ClIM OHa MPOTEKaeT B aBTOKJIaBe MpH MOCTOSTHHOM oObeme u 298 K. HeoOxoaumble naHHbIE
B3SITh U3 CIIPAaBOYHHUKA.

3. BriBecTu ypaBHEHHE 3aBHCHUMOCTH TEIUIOBOTO ((dexTa OT TemmepaTypsl A ypaBHe-

Hus peakuun: CH3OHy + 32 02 = CO2 + 2 H20(. Onpenenurs AH® npu 500 °C. Tennoewm-

KOCTh BeIpakeHa B JIx/ kmosb K:

BemectBo AH®298-107, ao-107 a1
Jx/xmons K
CO2 -393,51 44,14 9,04
H2O -241,84 30,00 11,71
02 0 31,46 3,39
CH30Hy) -201,20 15,28 105,2

Bapmuanr 3

1. OnHoatomHBIH ra3 oobemoM Si HarpeBatoT 0 600 °C npu V = const. Onpenenursb
KOHEYHOE JIaBJICHUE M KOJIMYECTBO 3aTPAU€HHON TETIJIOTHI.

2. BpraucnuTe n3MEHEHHE YHTAJBITMNA PEaKIIMA BOCCTAaHOBIICHHS OKcuaa xeneza FeO Bo-
JIOPOJIOM, TIOJIb3YSCh CIEIYIOIMMH JTAHHBIMU:

FeO + CO =Fe + COy; AH° = - 13,19 xJI>x/Mob,

CO +1202 = COg; AH°= -283,2 k]JI>x/MO0Ib;

H2 + 202 = H20(r) AH® = - 2420 x/]»x/Mo0b.

3. Jnst peakmun: HoS¢r) + 32 02 () = H20(r) + SOx(r) — natitu AH® u AU° ipu 25 °C , a

tak xe AH® npu 500 K , ecniu
Cp(H2S) = 6,25+ 3,67-10°T + 7,11-107T?
Cp (02) =6,15+3,102:103,T - 9,23-107T?;
Cp (H20)=7,2242,37-103 T —2,67-107T?;
Cp(S0O2) = 6,796 +11,588-103 T — 3,015 -107"T? xan/(mons-K).
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Bapuant 4

1. Kakoe KOaM4ecTBO TEIIOTHl HEOOXOAUMO Il U30XOPHOTO HAarpeBaHUs YIIIEKUCIOrO
raza maccoit 50 r B uaTepBasie Temrneparyp ot 300 mo 400 °C, ecnu Cy paBua 40,2 JIx/mons K.

2. Peaknus pa3noxeHus: KapOoHaTa KaJbIHsl BEIPAXKAETCS] YpaBHEHUEM:

CaCOsz(r) = CaO¢r) + CO2; AH® = 145,3 xJI>x/mMoib

CKOJIBKO TEIIOTHI Ha/l0 3aTpaTuTh A pasnoxenus CaCO3 maccoit 500 r ?

3. I'openue cepoBoOpoaa MPOTEKAET MO YPABHEHHUIO:

2 HoS + 3 O2 = 2 H2Ouapy+2 SOo.

Brerancnute TernoBoit 3¢ ekt peakuuu npu S00 °C, BOCIOIb30BaBIIMCH 3HAUCHUSIMH TEIIIIOCM-
KOCTEil U3 CIpaBOYHHUKA.

Bapuanrt 5
1. s peakuu: 2 Axqsy + 5 Bow) = 2 A2Bs@) — AU = 15 kkan. Onpenenuts AH 298
JUTSL 5TOU peaKiuu.
2. Haiitu AH® nipu 1000 K s peakuuu:
O2t) =2 O(); AH 208 = 117,04 kxamn.
TennoeMKoCTH BEIECTB:
G (0)= HR;
Cp(02) = 6,148 +3,102:10°3T — 9,23-10°"T? kan/mons K.
3. Onpenenuts AH® u AU® nipu 25 °C ansa peakuuu:
4 NH3(r) + 3 O2¢r) = 2 Nogry + 6 H2O 0.
Omnpenenurs AH® qist peakuuu npu 100 °C., npuHAB ciaeayroniye TemoeMKocTy npu P = const,
Cp(xan/moins K): C, (NH3) = 8,89; Cp (02) = 6,97; Cp (N2) =6,94; C, (H20) =18,02. DHTanbnus
obpazoBanust AH 208 (NH3(r) = -11,04 kxan/monb; AH®208(H200x)) = - 68,317 Kkaii/Mob.

Tewma: «BTopoi 3aK0H TEPMOIUHAMUKHI
Bapuanrt 1
1. BO3MOXXHO JIM caMONPOU3BOJIBHOE NPOTEKAHUE DHIOTEPMUYECKON pEaKLUu, COIpO-
BOXKJIAtoLEiCs YOBIIbIO SHTpONHK? OTBET MOSICHUTE.
2. B pesynbrate pacmupenus 20 kr Bogoposa npu 300 K o6bem raza ysenuuunics B 1000
pa3. Beruncnure n3menenue sHepruu ['ud60ca, cuuras BOJIOpo/1 UAeaIbHBIM ra3oM.
3. BeluncnuTe n3MEeHeHHe SHTPONHH 1pH iaBiennu Ph maccoii 100 r, ecnu Temmeparty-
pa runaBieHus ceunia 327,4 °C, terioTa miaBieHus cBuHIa 5485 [[x/mMoib.
4. Beruncnute n3MeHenue 3utponuu npu 400 K s peakuuu:
C2HsOH = C2Hs + H20¢n),
eciu TermtoeMkocTy BemecTs (Jx/monb K):
Cp=19,07 +212,7-10°T — 108,6-10°T?;
Cp=4,2+154,9-10°T — 81,09-10°T?;
Cp,=30,0 + 10,7-10°T.
5. Uneanbnas mammHa Kapno, pabortatonias B untepBaie mexay 350 u 50 °C, nmaer
33,52 /I paboTsl 3a muki1. Kakoe KOJIMYecTBO TEIIOThI COOOMIAETCS MAIIMHE U OTIAeTCs Tell-
JIONPUEMHHUKY 32 3TOT LIUKJI?

Bapwanr 2
1. Paccunraiite n3menenue sHepruu ['m60ca mpu paBHOBECHON KOHJEHCAUU 1 KMOJb
BomsHOTO Tapa mpu 373 K u gapmenmu 1.013-10° Ila, ecu TemmoTa MCTApeHHs BOIBI PaBHA

40.7-10° [Ix/xMO7Ib, 2 M3MEHEHHE YHTPOIHH BOABI MpH ucnapernn — 109-10% I/kMois.

AH
2. JIy1g KaKoro M3 CIEAYIOLUX CIy4aeB COOTBETCTBYET AS = T?

a) nnpouecc, npu kotopom An =0
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0) mporuecc, mpu kotopoM ACpy= 0

B) MpoIiecc, IPU KOTOPOM MPOUCXOAUT U30TEPMUUECKHUIT 00paTUMBIii (pa3oBbIi epexo/;

T') IpoI1iecc, MpH KOTOPOM IMPOUCXOTUT NU300apHBIi Mporecc;

1) TIpoliecc, MpU KOTOPOM MTPOUCXOIUT ainadaTUYECKUil IpoIecc.

3. Ilpu oxnaxnenuu 12 1 kucnoponaa ot 200 go 40 °C o1HOBpEMEHHO MOBBIIIACTCS /1aB-
nenwne ot 1-10° 1o 6-10° I1a. PaccunTaTh H3MEHEHHE SHTPOIIHH.

4. Uneanpnas Mammaa KapHo, paboTaroriast B uHTepBaie temmeparyp mexay 350 u 50
°C, maer 33,52 k/I>x paboTsl 3a muki. Kakoe KOJM4ecTBO TEMIOTH COOOMIASTCS MAIIMHE U OT/a-
€TCsl TeTUIONPUEMHUKY 32 3TOT LIUKJI?

5. Boruncnuths nu3MeHeHue 3HTponuu 1pu HarpeBanuu 16 xr Oz ot 273 no 373 K npu mno-
CTOSTHHOM O0BbeMeE.

Bapuant 3

1. Berauciute AS nipu cmemienuu 2,8 r N2 u 4 r Ar. Temneparypa u gaBiieHHe TOCTOSH-
HBI.

2. [Ipu HM3KHMX TeMmIepaTypax CEepHasi KUCJIOTa YCTONYHMBA, a TIPU BHICOKUX — JUCCOILIMH-
pyeT no ypaBHeHHU10: H2SO4p0) = H2Or) + SO3(r. OOBACHUTE 3TO SBICHHE U PACCUUTANTE TEM-
nepatypy, npu kotopoid AG = 0.

3. B obparumom mukie Kapao ot teronepenatunka mnpu 0 °C otHumaercs 419 x/x
TEIUIOTHI U TEePEIaeTCsl TEIIO0OMEHHUKY ¢ Temrieparypoi 77 °C. Onpenenutb paboTy, pacxo-
JyEMYIO Ha OCYILECTBICHHUE 3TOT0 LIUKIIA.

4. Ilpu oxnaxaenuu 12 1 O2 ot 200 10 40 °C 0JHOBPEMEHHO MOBBIIIACTCS 1aBICHUE OT
10® 1o 6-10° ITa. Paccunrats n3menenue >urponun, eciu Cp(02) = 29,2 Jlx/Moms K.

5. JIns KakuX U3 yKa3aHHBIX HI)KE MPOLIECCOB SHTPOIIUS BO3pacTaeT?

a) UcCmapeHue crnupTa; 0) 3aMep3aHue BOJBI; B) CyOJUMAIUsl MOMAA; T) KPHUCTAUTA3AINS
pacmiaBieHHOro 00Ba; A) Cis) + COzr) = 2 COyy).

Bapuanr 4

1. Beruucnure cranmapTHOE M3MEHEHHE M300apHO-M30TEpMHUYEeCKOro nmoteHmuana AG°
n1st peakiuu CHg + 3 Clo = CHC13 + 3 HCI, nons3ysick TabnuunbiMy 3HaYeHustMu AS° u AH®.

2. B xakoM U3 cIeayroIKX IPOLEeCCOB: H30TEPMUYECKOM, aIuabaTHUYECKOM, H30XOPHOM,
n300apHOM — IIpU OOPATHMOM HX MPOTEKAHWU HE MPOMCXOAUT M3MEHEHHs SHTponuu. OObsc-
HUTbD.

3. Onpenenuts AS npu HarpeBanuu 1 kr xene3a ot 100 go 150 °C, ecnu cpenuss Temio-
E€MKOCTb Jkesie3a B mHTepBaie tremmneparyp ot 0 1o 200 °C pasna 0,486 Ix/r K.

4. B kakoM HampaBJIeHUM MOXXET MPOTEKaTh peaklusi KPeKHHIa LUKJIorekcana npu 298
K. CeH12 = 3 C2H4, eciu ipu mannoit remmeparype AG® (C2Hiz) = 409,2 xJx/monb; AG® (C2Ha)
= 114 xJI>x/MO7b.

5. Boruucnute AS npu HarpeBanuu 1 Moiab H2O@s) OT TEMIepaTypsl miIaBiIeHUs 10 MOJ-
HOTO HCIIapeHUs IpU TeMIeparype KuneHus. TermnoTa miasiaeHus apaa 335,2 JIx/r, Temnnora uc-
napenust Boabl 2260 Ix/r, ternmoemMkocth H2Ox) paBHa 4,188 [x/r K.

Bapuanr 5

1. Kakue n3 yrBepxaeHni cripaseiuBbl 1t peakiuu C2HsOH iy = C2Hary+ H2O(rn), mipo-
Tekarotel ¢ morjomeHrueM teria? OO0bIcHUTH oTBeT.: a) AS® > 0; 6) AH® > 0; B) mpu HU3KHUX
TEeMIEpaTypax peakiusi He MPOTeKaeT; I') Ipu HU3KUX TeMieparypax AG® > 0; 1) npu BBICOKHX
temneparypax AG® < 0.

2. B 0IHOM U3 COCY/IOB OJIMHAKOBOM BMeCTUMOCTH 3 M° HaxomuTcs 28 Kr a30Ta, a B Jpy-
rom 32 Kr KUCJIOpOoJa MpU OJHOU U TOM K€ TeMreparype. Berauciaure n3aMeHeHne SHTPONUU MPH
muddy3un B pe3ynbTaTe CONPUKOCHOBEHHS COAEPKUMOTO 3THX cOcynoB. IIpuHATH Kuciopon u
a30T UJIcaTbHBIMU T'a3aMH.
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3. KakoBo cootHomenne mexay sHeprueit [ md6ca u sneprueii I'ensmronbia s cucte-
Mbl. Hanummre MmaTemMaTnyeckoe BhIpakeHUe.

4. TIpu 300 K 1 101,325 ITa 0,001 m> asora cmemano ¢ 0,002 M kucnopona. Onpene-
JUTH U3MEHEHHE SHTPOIHH, CUUTASI 30T U KUCIOPOJ UICATbHBIMU ra3aMHU.

5. Onpenenure U3MEHEHHUE SHTPOIIMU U CMEIIEHNUH 2,3 T 3TuioBoro coupra npu 343 K
u 5,75 v stunoBoro crupta npu 163 K. Temnoemkocts cnmpra paBHa 111,4 Jlx/mMons rpa.
[TpuHATH, YTO U3MEHEHUE 00BEMa B MIPOIECCE CMEIICHHUS PABHO HYIIIO.

Tema: «PacTBopbI»
Bapuant 1

1.Berauciuth aktuBHYyI0 KoHueHTpanuio 0,005 MomsimpHOrO pactBopa cyiabgaTa aaoMu-
Hus. KoaQpuimeHTs akTHBHOCTH MOHOB aTIOMUHUS U CYNb(aT HOHOB COOTBETCTBEHHO PaBHBI
0,285; 0,495.

2.YroapHas KUCIOTa JAUCCOIMUPYET 1o mepBoil crymenn: HoCO3 = HY + HCO3'. Kon-
IeHTpaIys HoHOB Bogopozaa B 0,005M pacteope pasra 4,25-10°. OnpenenuTe KOHCTaHTY JHC-
COLIMALIUY YTOJIBHOM KUCIOTHI IO MIEPBOM CTYIICHHU.

3.Ilonmwxkenue TemmepaTypsl 3amep3anust pactBopa 0,057t nadranmna (CioHs) B 261
6enzona pasHo 0,676°C. HaiiTu MoneKky/IspHYyIO Maccy BellecTBa. Kpuockonudeckas MOCTOSH-
Has 39.,7.

4.PactBop, coaepxamuii 14,62 t xmnopuna Hatpus B 500 Mi1 BoAbl, 3amMep3aeT Ipu -
1,67°C. Brrunciure Kaxylylocs CTENeHb JMCCOIMAIMHN IEKTPOINTA B PACTBOPE U OCMOTHYE-
ckoe maBieHue pacteopa npu 27°C. ITnoTHOCTH pacTBOpa paBHa 1000r/M3,

5.PactBop, coctosamuit u3 9,2 r noguna xanus 100 r METUIIOBOrO CIUPTA, 3aKUIIAET IIPU
65°C. CkoNBbKO aTOMOB BXOJMT B COCTAaB MOJIEKYJIE HOJA, HAXO/AIIETOCsS B PACTBOPEHHOM CO-
crosnun? Temneparypa kunenus crupra pasHa 64.7°C. a ero »0ynamocKonuyeckas KOHCTAHTA
0,84.

6. JlaBnenne napa Han pactsopom 10,5 r HeanekTponuta 200r anerona paBuo21854 Ila.
Jasnenne napa arnerona (CHs)2CO npu 3toil Temnepatrype paBHo paBuo 23939 Ila. Haiinute
MOJIEKYJISIPHYIO MacCy HEe3JIEKTPOJIHUTA.

7. OcMOTHYECKOE JIaBIeHHEe PacTBOpa, 06beM kotoporo 3 1, mpu 10°C pasuo 1,2-10° Ia.
KaxoBa monsipHOCTB 3TOTO pactBopa?

Bapuant 2

1.Hadramun (C10Hs) maccoit 0,5685 r pactBopenHslil B n-toxyuaune C7HoN maccoit 25t
7aj HOHMKEHHe TOYKH 3aMep3anus pacTsopa Ha 0,942°C. TemmepaTypa TIaBleHHs YHCTOTO n-
toyuauna pasHa 43°C. Omnpejenute KpHOCKOMHYECKYIO TOCTOSHHYIO M YIAENBHYIO TEIIOTY
IUTABJICHUS.

2.PactBop, conexamuii azobenzon Ci12HioN2 0,344r B Genzone maccoi 26,42 © KUTIUT
npu Temnepatype 80,386°C. VenpHas TemnoTa ncnapeHus 6eH3071a MU TeMIIepaType KUMEHNS
80,2°C paBna 384,8 JIx/r. BEIUNCINTE OTHOCHTENBHYIO MOJIEKYIIAPHYIO Maccy aszobensona. ITo-
JyYEHHYIO BEJIMUMHY CPaBHHUTE C Hal/IEHHOU B CIIpaBOYHUKE.

3.0mpenennte 0OCMOTHYECKOE JaBIEHUE pacTBOpa IMIiepuHa MaccoBoi nonei 10% npu
15°C. mroTHOCTH pacTBOpa paBHa 1,023 T/cMm.

4. Tapnenne mapa Boxasl pu 50°C pasro 123,3 I'la. CKoNBKO IPaMMOB TIIOKO3BI HAJIO
pacTBOpHUTH B BojJie Maccoi 270 r, yToOBI NaBJICHWE Tapa HaJ pacTBOPOM MOHU3MWIOCH Ha 0,7
['TIa?

5.Beruncnute pH pactBopa CeHsCOOH momsipuoit xonuentpauuu 0,1 momnw/n, ecnu
KOHCTaHTa paBHa 6,25-10°.

6.Berunciute akTuBHOCTH HOHOB B pactBope KCr(SOs)s, ecnu mossuisHOCTE ero 0,002
MOIB/KT, a koo(uiment akrusHoctu K+ = 0,895; SO4% = 0,51; Cr*3,

7.0npenenute nonHsie cuibl pactBopoB: HBr, CaClz; NaSOs; A1C1s; NasPOs, umetro-
K€ MOJSUTBHOTH paBHYIO 0,1 MOJIB/KT.
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Bapwuant 3

1.K Boze o6bemom 200mi 1o0aBiIeH METUIIOBBIM CIUPT Maccoid SOT U 3TUIIOBBIN CIIUPT
Maccoi 75t. Onpeaenurte MOJIspHbIE J0JIU KOMIIOHEHTOB.

2.Bprunciute naBiieHue napa Haj pactBopom cojepskaiuM audenmiamud (CeHs)oNH
Maccoii 0,514r B 6ensone maccoit S0r mpu 20°C. JlaBneHue napa GeH30I1a TIPU TOH TeMIIEpary-
pe pasHo 100,2 rlla.

3.BoruncnuTe mpu Kakoil TemImepaType 3amep3aeT PacTBOP ATHIICHTIIMKOJS MacCOBOM
noneit 40%. Kpuockonuaeckast moctostHaas Boabl 1,86 K-kr/Moub.

4.Bpluucnure TeMOepaTypbl KUMEHUSI BOAHBIX OJHOIPOLIEHTHBIX PACTBOPOB : a) TIHUIle-
puHa; 0) TIIIOKO3bI; B) CBEKJIOBUYHOIO caxapa. DOyIITMOCKOIMHMYECKasl TOCTOSIHHAS BOJBI PaBHA
0,512 K-Kkr/mMoJb.

5.Temmeparypa 3aMep3aHHs BOJIHOTO pacTBopa Tiioko3bl paHa 0,184°C. Brrumcnmre
ocMoTHuecKoe JaBieHue pactopa npu 0°C. Kpuockonmueckas IOCTOSHHAs BOABI paBHa 1,86
K-kr/mMob.

6.ITpu 75°C naBnenue mapa Boas! 385 rila. Ono monusunock Ha 4,96 rlla npu pacTBope-
HUU B Boje maccod 100r xmopuma ammoHust maccoi 2,2r. Berauciute Kaxymyroocs CTeNeHb
JUCCOLIMAIIMU COJIM XJIOPHIa aMMOHHUS B 3TOM PacTBOPE.

7.Kak n3menutcs pH Boapl, eciim k 1 ee mpubasuts a) 0,01 moe NaOH; 6) 0,00125r
HNO3? Jluccornuanuro 3JIeKTPOJIMTa CYUTATh TTOJTHOM.

Bapuanr 4

l.IInoTHOCTH BOJHOrO pacTBOpa HUTpara Kaiaus maccoBod poneit 14% pasna 1,090
r/cm®. HaiiuTe: a) MOJAPHYIO 101110; 6) MOJIAPHYIO KOHIIEHTPAIIHIO; B) MOISIBHOCTb.

2.0npenenute atMoc(hepHOe AaBiCHHE, €CIIM PACTBOP, COMEPIKAIIUN TIUIIEPUH MacCou
1,5t B Bozme Maccoii 90r, kumut npu 99°C. JlaBneHue BOASHOTO Tapa NpH TakoH TeMmIepaType
paBHo 997 rlla.

3. IIpu xakoit temneparype 3amep3aeT pactsop B 100r koroporo pactopeHo 0.22 moib
ManbTo3bl? Kprockonuueckast moctosiHHas Boabl 1,86 K-kr/mMounb.

4.113 ombiTa HaiieHo, uTo npH pactBopeHun Oensmia C14H1002 maccoit 0,374r B xj10po-
dbopme maccoii 33,05T TOBEIIIEHHE TeMIepaTyphl KumeHus 010 pasHo 0,202°C. Brrumciure
70yJIMOCKOMMYECKYIO IOCTOSHHYIO XJI0podopMa U yJIeNbHYIO TeIJIOTY €ro UCIapeHUs MpH TeM-
neparype kunenns 61,2°C.

5.BpiuncanTe ocMOTHYECKOE JaBIIEHUE pacTBopa, coaepskamero B 250 mu Boabl 0,538r
dbpyxTo3s1 mpu 27°C.

6.0npezaenuTe MOJSIPHYIO KOHILIEHTpaluio B MoJib/1 pactBopa NHisOH, eciu pH =11,6, a
crenens quccormamun NH4OH = 0,4%

7.0npenennte kodddumment aktueHOcTH MQ?" B pacTBope, comepxamem 0,004 Momb
xjopunaa maraus u 0,002 mMonb xmopuaa amtoMuHus B 1 Kr Boabl. Eciin jy1st TaHHOW MOHHOM CH-
JBl PacTBOpA M3BECTHBI CpeHHE KOA(PPHUIMEHTH aKTUBHOCTH MOHOB.(/laHHbIe B3sTh U3 TabH-
ITBI).

Bapuanr 5

1.0Onpenenuts MOJISUIBHOCTD pacTBOpa TMJIPOKCUAA HaTpus MaccoBoil noneit 40%. Boi-
pa3uTh COCTaB 3TOTO PACTBOPA B MOJIIPHBIX JTOJISX.

2.BbuuciuTh JaBieHue mapa BOJSHOI'O pacTBOpa IIHUIEpHHa MaccoBoi noneit 3%, B3s-
toro npu 25°C. Jlasnenue mapa BBl IPH TOi TemmepaType pasHo 31,67 kI]a.

3.PactBop, conepxkamuii rioko3y maccou 7,252r B Bojie maccoit 200r, 3amep3aer npu -
,0378°C. Kpumockonmdeckass mocTosHHas Boasl paBHa 1,86 K-kr/moms. OmpesmenuTte OTHOCH-
TEJIbHYIO MOJIEKYJISIPHYIO MacCy TJIFOKO3bI U OTHOCUTENIbHYIO OIIMOKY B NMPOLIEHTAX 110 CpaBHE-
HUIO C BEJINYUHOW HANJCHHON B CIIPABOYHUKE.



49

4.Cxonpko rpammoB HadtanuHa (CioHs) pactBopeHo B xiopodopme maccoii 50r, eciu
TIOJTyYeHHbIH pacTBop KumuT npu 62,23°C, a 36ymmockomndeckas IOCTOSHHAs ero paBHa 3,76
K-kr/mMob.

5.ITpu 17°C ocmoTtnueckoe naBieHne pacTBopa ModeBnHsl paBHo 120 kITa. Kakoo 6y-
JIeT OCMOTHYECKOE JIaBJICHHE, €CIM PAacTBOp pa30aBUTh B 3 pasa, TeMIeparypy HMOBBICHTH IO
30°C?

6.0mpenenuTe nNpu Kakol TEMIIEpaType 3amMep3acT pacTBOP XJIOPHUJA HUHKA MOJISUIBHO-
cteio 0,01 monp/kr. Kaxymasca crenens aucconuanuu conu paBHa 87%. Kpuockonuueckas
NOCTOSIHHAS BObI paBHa 1,86 K:-kr/Mob.

7.0npenenute pH pacTBopa ykcycHoi kucnoTsl, ecim K = 1.8-107°,a crenens auccorma-
unu 2,5%.

Tema: «IIEKTPOXUMHUS»
Bapuanr 1

1. Beruucaute npu 25 °C noTeHIMall allOMUHUEBOTO 3JEKTPO/ia, MorpykeHHoro B 120
cM® pacTBopa, coaeprkaniero 0,1  xmopua amomunns. CTeneHb AUCCONNAINN IPUHATE PABHOH
1.

2. Paccuurars DJIC anementa npu 25 °C

TI| TICI || CuSOs4 |Cu.

MonsnsHocTh cyibdaTta menu paBHa 0,1 monb/kr, a xmopuaa tammus — 0,01 Monb/Kr.
Haiitu ko3 pummeHTs akTHBHOCTH B TaOJIHIIE.

3. PaccunTaiiTe CTAaHIAPTHBINA SIEKTPOHBIN MoTeHuuan napsl Hg?Y, Hg2?" | Pt mo crpa-
BOYHBIM JIAaHHBIM 0 HoTeHnuanax map Hg?" | Hg u Hg»?* | Hg.

4. OnpenennTth aKTHBHOCTH MoHa Hukens Ni?* B pactsope Ni(NOs): mpu 25 °C, eciu
3/1C ranbBaHUYECKOTO 3JIEMEHTAa MPH 3TOU Temreparype paBHa 0.

Co|Co(NO3)2 (0.063 moms/kr)|[Ni(NO3)2 (a ... — ?)INi

5. OnuiuTe nmpouecc KOppo3UM KEJIE3HOTO I'BO3/sl, TOMEIIEHHOTO B OEH3MH, KOTOPBII
HACBIIIEH KUCIOPOIOM.

Bapuanr 2

1. BEIYHCINTB aKTHBHOCTH HOHOB KobanbTa (Co?") B pacTBOpe XJI0pH1a KoOambTa mpy 25
°C, ecn MOTeHLMaN KOOAIbTOBOIO AJIEKTPO/a B YKa3aHHOM pacTBope paseH -0,434B.

2. CkomnbKo Kucaopona (cM°) mpu H. y. BBLIENMTCS TPH JIEKTPOIH3e PacTBOPA CEPHOM
KUCJIOTHI TOKOM CHIIOH 2,6 A 3a 4 MuH?

3. Paccuuraiite crangaptayto D/1C raneBannueckoro anementa, AG® u K, i peakuun

Hg.?* + 2Fe?* = 2Hg° + 2Fe®*,

Henocraromiye nanHble B3sTh B TaOJMIIE.

4. TlpuBecTu mprUMep rajJbBaHUYECKOIO 3JIEMEHTa, B KOTOPOM HJIET CJIEAYIOIas peaKius:
H2 + 202 = H20. Yka3atb cxemy, 1 00BSCHUTH KaKHle MPOIECChl UAYT Ha KaTOJe U Ha aHOJIE.

5. PaccMmoTpute XMMHYECKHE MPOIECCHl, MPOTEKAIOIIUe MPU KOHTAKTE I[MHKOBOM U
CBUHIIOBOM IJIACTHH, IOTPYKEHHBIX B KHCITYIO CPENY.

Bapuanr 3

1. KakoBa noykHa ObITH MOJISIpHAsi KOHIIEHTPALMsI HOHOB MEU B PacTBOpPE, YTOOBI JIEK-
TPOAHBIN noTeHan meau npu 25 °C Obu1 paBeH 07?

2. Ha ocHoBanuu aByx 3HadeHnd DJ[C raibBaHUYECKOTO HJIEMEHTA:

Ag, AgCl | HCI (10° M) | Hg:Cl>, Hg

E1=0.0421 B ipu 288 K u E2 = 0.0489 B npu 308 K Beruncnute npu 298 K 3HaueHus
U3MeHeHHs »Hepruu ['mb0ca, SHTPONMM U SHTAIBIHNH, XapaKTEPHU3YIOLINEe XMMUYECKYIO peak-
LU0, TIPOTEKAIOILYIO B DJIEMCHTE:

Y2 Hg2Cl2 + Ag —>AgCl + Hg
Kaxk paGoTaeT 351eMEHT B YCIOBHSIX TETUIOBON M3OJISIIINH?
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3. UeMy paBHa cujia TOKa, €CJIM IPH AJIEKTPOJIU3E PACTBOPA XJIOpPUJA MarHusi B T€UECHUE
30 MUHYT Ha KaToJ€ BBIACIWIOCH 8,4 J1 BOAOPOJa, U3MEPEHHOIO MpU H. y. Beruuciaure maccy
BELIECTBA, BBIICIUBLIETOCS HAa aHOJIE.

4. Paccuuraiite DJIC rampBaHn4ecKOro AieMeHTa, AG U KOHCTaHTY PaBHOBECHS:

Co + 2 Fe** — 2 Fe** + Co**

5. Kako#i u3 aByx meramioB Fe/Cd, KOHTaKTUPYIOIIMX B KOHCTPYKIUH, Oy/AET MOABEp-
ratbCsl pa3pyuieHuto. Meraminyeckoe u3zeiane HaxonuTcs: B pactBope anekrpoinuta KOH. Co-
CTaBbTE COOTBETCTBYIOLIUE YPABHEHUS U CXEMY KOPPO3MOHHOI'O IIpOLECCa.

Bapuanrt 4

1. BeluvcauTh noTeHUMan KaaMHUEBOTO 3JEKTPOJia, MOTPYKEHHOIO B pacTBOp cylib(aTa
KaJMHsl ¢ KoHLeHTpanueii nonos Cd?* 0.055 mos/kr pu 25 °C. YaecTh kK03((UIHEHT aKTHB-
HOCTH.

2. Yepes pactBop cynbpara merammia(ll) mpomycrunu 400 Ki anexrpuuectsa. [Ipu sTom
Ha karoje Bbaenuiocs 0,196 r meramia. Beixoa meranna no Toky Ha katone 80 %. Onpenenure
METaJIJI U COCTaBbTE YPABHEHMSI peaklni, IPOTEKAIOIIUX Ha 3JIEKTPoax.

3. BDJIC ranpBanuueckoro snementa Pb | Pb(NOs)2 || AGNOz | Ag mipu 25 °C pasua 0.906
B. Konnentpauus AGNO3 0.1 mons/kr Boasl. OnpenenuTs akTHBHOCTh HOHOB CBHUHIIA B PACTBO-
pe HUTpaTa CBUHIA. Y4ecTh KO3((PUIMEHTHl aKTUBHOCTH.

4. Beranciute AG ¥ KOHCTaHTY PaBHOBECHS PEAKIIHH:

Cu+2Ag"— Cu*" +2Ag

IPU CTAHJAPTHBIX YCIOBUSAX.

5. Kaxko#i u3 aByx meraiuioB CO/Ph, KOHTaKTUPYIONMMX B KOHCTPYKLUH, OYAET MOABEp-
raTtbCs paspylleHuto. Meraminueckoe u3ienue Haxoaurces B pactsope anekTpoauta NaOH. Co-
CTaBbTE COOTBETCTBYIOLIUE YPABHEHUS U CXEMY KOPPO3MOHHOI'O IIpoIecca.

Bapwanr 5
1. Mennsiit anektpos norpyxet B 0.1 M pactBop CuSOs, a Tannuessiit — B 0.01 M xi10-
pun tamwnust (TICI). Berurcaurs DJ]C ranbBaHHYECKOTO 3JIEMEHTA M3 YKa3aHHBIX 3JICKTPOIOB
npu 25 °C. YuecTb K03(pPULIHEHTHI aKTHBHOCTH.

2. Beruucauts 3/1C snexkrpoxumudeckoit nenu npu 25 °C:
Mn|MnClI2 (0,001 mons/kr)||AgNO3 (0,005 monb/kr)|Ag.

3. Cxonbko rpaMmMmoB KOH o6pasyeTcst mpu 37eKTpoian3e pacTBOpa XJIOpHUaa Kalus, €Cliu
Ha aHoje Beiemmiock 10.85 1 xmopa, 06bem koToporo uzmepen mpu 22 °C u 99975 T1a?

4. Boruricnuth AG 1 KOHCTaHTY PaBHOBECHS PEAKITUH:

Co?* +2Zn — Co + Zn**

IIPY CTAaHJIAPTHBIX YCIOBUSAX.

5. Kaxkoit u3 nByx merauioB Mn/Fe, KOHTaKTHPYIOUIMX B KOHCTPYKIIUH, OYIET MOIBEP-
rathCsl pa3pyuieHuro. Meraminueckoe usaenue Haxoautces B pactBope aektpoaura NaCl. Co-
CTaBBTE COOTBETCTBYIOIIUE YPABHEHHS B CXEMY KOPPO3MOHHOTO TIpoIlecca.

IMPUMEPHI TECTOBBIX 3ATAHUN
Bapwnant Ne 1
YACTH A

K kaxnoMy 3a1aHMI0 4acTH A JaHbl HECKOJIbKO O0TBETOB, U3 KOTOPBHIX TOJIbKO OQUH
BepHbIi. BoIno1HMB 3a1aHue, BbIOepUTe BEePHbIN OTBET U YKaKUTe B OJ1aHKe OTBETOB.

A 1. BeipaxxeHue nepBoro 3akoHa TepMOJIMHAMUKH, 3alIMCAHHOE C UCIOJIb30BaHUEM pabo-
ThI CUCTEMBI A U TEIJIOTHI IIpotiecca Q, UMEET BUI:

DQ=AU-A; 2)Q=AU+A; 3))AU=Q+A; 4 A=AU+Q

A 2. BeipaxxeHusi, CripaBeUIUBbIE ISl aIa0aTHIeCKOro ImpoIiecca ¢ UAealbHbIM ra3zom (A
- pabora cuctemsl, Q - TerIoTa IMporecca):



o1

1)P=const; 2)V =const; 3) T=const; 4 AU=0; 5)A=0; 6)Q=0.

A 3. B cooTBetcTBUU C 3akoHOM Jlebast, aToMHas TeINIOEMKOCTh KPHUCTAUIOB ¢ 00bEMHOM
pemETKON MPONOPLHUOHATbHA A0COMOTHON TEMIIEpaType B CTENECHU N. YKAXKUTE, YeMY PaBHO N:

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

A 4. YpaBHEeHHE XUMUUECKON pEaKIMM, CTAaHAAPTHOE U3MEHEHHUE SHTAIBIINU B KOTOPOI
COOTBETCTBYET CTaHAaPTHOU SHTANIBIIMK 00pa30BaHUsI TBEPAOro KapOoHaTa KAJIbLIUS [IPH TEM-
neparype 298K:

1) CaOs) + COx(r) = CaCO3(ms);

2) Cags) + 1/2 Oy + COx2(r) = CaCOs(r);

3) Ca@s) + 3/2 O2(r) + Cas, rpagum) = CaCOs1m);

4) CaClyp-p) + Na2CO;3(pp) = CaCOj3(rm) + 2NaClp-p);

5) Ca(OH)2p-p) + CO2() = CaCO3(s) + H200).

A 5. lI3MeHeHMe SHTPOIUH SBISAETCS KPUTEPUEM IIPOTEKaHUs IIPOLIECCOB B CUCTEME:

1) OTKPBITOM; 2) 3aKpBITOH; 3) H30JMPOBAHHOM.

A 6. YacTHas npou3BoHast SHepruu I'eapMroblia MHAMBUAYAIBHOIO BEIIECTBA 10 TEM-
neparype npu MoCTOSHHOM 00beMe paBHa:

)P 2)-S IV 4)‘3T_v.

A 7. Kputepuem BeposSITHOTO MPOTEKAHKUS CaMOTIPOU3BOJIBHOTO Tiporiecca pu V, T = const
SABJIACTCA:

1)AU<0; 2)AH<0; 3)AF<0; 4)AG<0; 5) AS<O.

A 8. YpasnHenue nzorepmbl Baut-I'odda ans xumMuyeckoil peakiinu B uAeaabHOM ra3oBoi
daze:

1) AG = AH +T[aAGj ; 2) oln Ky _ AHZ ;
oT ). oT ). RT
P, P2
3)(aln ch = AUZ; 4) AG=RT|In 2" -InK,
oT v RT PN02

A 9. ]t XuMHUYECKON peakluu B uaeanbHou razoBoit cmecu CHa+ CO2 = 2CO + 2H2
KOHCTaHTa paBHOBecHs Kp, BEIpakeHHAs yepe3 paBHOBECHBIE MMapIHalbHbIC JaBICHUS, CBS3aHa C
KOHCTaHTOHN paBHOBecus K¢, BBIpaK€HHOI uepe3 paBHOBECHbIE MOJIIPHbIE KOHIIEHTPAIlUH, BbI-
paxenneM Kp = Kc(RT)A", rie An — HEKOTOPOE HEN0e YUCII0. YKAKUTE YUCIO AN JUIs JaAHHOM
peaknuu:

1)6; 2)2; 3)-2; 4)4

A 10. Yucino creneneit cBo00b!I 1ByX(pa3zHON OJHOKOMIIOHEHTHON CHUCTEMBI, HA KOTOPYIO
U3 BHEIIHUX YCJIOBUH BJIMSET TOJIBKO TeMIepaTypa (AaBjIeHHe NOCTOSHHO) PaBHO:

11; 2)2; 3)3; 4)0.

A 11. Metoa uccrnenoBanus pa30aBieHHBIX PACTBOPOB, OCHOBAHHBIN HA CPABHEHUU TEM-
nepaTyphl Hadalla KUTICHHsT PacTBOPa U TEMITEPATypPhl KUIIEHHUS! pACTBOPUTEIIS ITPH MOCTOSTHHOM
JTaBJICHUH:

1) kanopumeTpus;  2) KpUOCKOIHS;

3) ocmomeTpus; 4) 50yILTHOCKOTIHS;

5) doromerpus; 6) KOHTYKTOMETPHSI.

A 12. U3oTonnueckuit koappunment Bant-I'opda — 310 monpaska, yuuTeIBaromas:

1) yBennmueHne paBHOBECHOTO JIABJICHUS T1apa HaJl YUCTHIM PAaCTBOPUTEIIEM TPH HarpeBa-
HUH;

2) I3MEHEHHUE YNCIIa YaCTHIl B PACTBOPE MPH TUCCOIMAIINH FITH aCCOLUAIIIH MOJIEKYJT;

3) U3MeHeHue MIOTHOCTH PacTBOpa MPH JAUCCOLUAIIMU WIN aCCOIIMALIMU MOJIEKYIT;

4) n3MeHeHHne U30TOMHOI0 COCTaBa MOJIEKYJI PACTBOPEHHOTO BEILIECTBA.

A 13. B cooTBercTBUU ¢ niepBbIM 3akoHOM [ 106ca-KoHoBasioBa B OMHApHOH cucTeme
«OKUJIKOCTh-TIap»:
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1) map Bcera HaxoAUTCs MpH OOJIBILIEH TeMIepaType, 4eM paBHOBECHAS JKUKOCTH;

2) paBHOBECHBIE XKMJIKOCTb U M1ap BCEI/la UMEIOT OJIMHAKOBYIO KOHLIEHTPALMIO KOMIIOHEH-
TOB;

3) map 1o cpaBHEHHIO C JKUAKOCTBIO BCeraa odoraieH 0oJiee JeTy4uM KOMIIOHEHTOM;

4) nap 1o CpaBHEHUIO € )KHUJIKOCTBIO BCEr/la Ooraue KOMIOHEHTOM C MEHBLIEH IJIOTHO-
CTbIO;

5) map 1o cpaBHEHHIO C KUAKOCTHIO BCETAa Ooraye KOMIOHEHTOM, PHOaBIEHNE KOTOPOTO
K PAaBHOBECHOI cHCTEME MOBBIIIACT 00lIee JaBlieHUe (CHUXKAET TeMIIepaTypy KUIIEHUs);

6) B TOuKax 3kcTpeMyMma temneparypsl (ipu P=const) win gasnenus (npu T=const) co-
CTaBbl PABHOBECHBIX (a3 COBIAIAIOT.

A 14. B cootBeTcTBUM ¢ Teopuelt Jlebas-Xrokkens cpeHrii HOHHBIN koD UImeHT ak-
TUBHOCTH 3J1€KTpoauTa AB B nepBoM MpUOIMKEHUN MOXKET ObITh IIPEJCTABICH YPAaBHEHUEM:

1) 7, =""Yrire 2) Iy 7. =-Az,2,V1 ;
— ANz, z,NT — Nz, z,]NT

Nlgy =— "B . Nigy, =— A8
ARE 1+ Ba/I V7. 1+ Ba+/l

A 15. CunbHblit sstexktponut AB mucconuupyet B pactBope Ha K noHOB A 1 N noHos B.
Bri6epute Gpopmyity, CBSI3BIBAIOIIYIO CPEIHIOI HOHHYIO aKTHBHOCTB JICKTPOJIUTA CO CPSTHUMHU
WOHHBIMU MOJISUTHOCTBIO M KOO (MUIIMEHTOM aKTHBHOCTH:

1) a=(y,m,))""; 2) a, =*akay ;

2)a, =y.m,; 4) a:afn

A 16. YMeHbllIeHUE 3KBUBAJIEHTHON MPOBOJMMOCTH BOAHOI'O PACTBOPA YKCYCHOM KHCIIOTBI
IPY HOBBIILIEHUH KOHIIEHTPALUMH 3JEKTPOJIUTA 00YCIOBICHO IIIaBHBIM 00pa3oM:

1) anexkrpodoperrueckum 3¢ HeKToM;

2) penakcamOHHBIM 3P (PEeKTOM;

3) yMEHbIIEHHEM BSI3KOCTH pPacTBOPA;

4) CHIYKEHHEM CTETICHU TUCCOIHAIHN;

5) yBenU4YEHHUEM CTEIIEHH JIUCCOLMALINN;

6) yBelIMYeHHEM KHUHETUYECKON SHEPTUU HOHOB.

A 17. [Ipu 6ecKOHEYHOM pa3BeJICHUHN YKBUBAJICHTHASI SJIEKTPOIIPOBOIHOCTH BOJIHOTO pac-
TBOPA IEKTPOJINTA PABHA:

1) nymio;

2) 3IeKTPONPOBOAHOCTH BOJIBI;

3) cymme ipeieNbHbBIX MOIBUKHOCTEN NOHOB;

4) pa3HOCTH MPEENIbHBIX MOABUKHOCTEH HOHOB,;

5) npou3BeIEHUIO IPEIEIbHbBIX MOABHKHOCTEH HOHOB.

A 18. DnexTpoxumuueckas popma ypaBHeHus [ n66ca—I enbMronblia UMeeT BUA:

1) AS = zF(ﬁj :
T Jp

2) AG =—-zFE;
3) AG® = —zFE";

+b

4) —zFE=AH —zFT(a—EJ ;
P

oT
5) (a—Ej -2,
oT ), zF
6) I K, =2
RT

A 19. MoneKkyJISIpHOCTBIO PEAKIIMU Ha3bIBACTCS
1) KONMMYECTBO Pa3IMYHBIX BUJOB YACTHI] UCXOIHBIX BEIIECTB;
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2) KOJIMYECTBO Pa3IMYHbIX BUJOB YACTHUI] UCXOJHBIX BELIECTB U IIPOIYKTOB;

3) KOJIMYECTBO YaCTHIl HCXOAHBIX BEILECTB, B3aUMOICHCTBYIOIIMX B OHOM 3JIEMEHTApPHOM
aKTe IPEBpAILCHHUS;

4) KOJIMYEeCTBO YacTULl, B3aMMOAECHCTBYIOLINX U 00pa3yloIUXcs B OJHOM 3JIEMEHTapHOM
aKTe IPEBpAILCHHUS;

5) nmokazareib CTENEHH NPHU KOHLIEHTpaLuu B 1uddepeHanbHol (opMe KHHETHIECKOTO
YpaBHEHUS;

6) mokazarelb CTENEHH NPU KOHLIEHTPALUU B UHTErpajbHON (hOpME KMHETHUECKOTO ypaB-
HEHUS

A 20. nTerpanbHOe KHHETUYECKOE YpaBHEHHE HEOOPaTUMON peaKLuU TPETEro MOopsiIKa
(KOHILIEHTpalMM NCXOHBIX BEIIECTB OJMHAKOBHI U paBHbI C, t — BpeMs)

1)k:}In&;
C
KL L)

t\C C,

1( 1 1
Nk==—|=S-—=1|;
) 2t{ C* C?
4) C=C, —kt;

5) C=C, +kt;
6) C=Cpe™.

YACTH B

Kazknoe 3aganue yactu B cofep:kuT 0TBeThI, IPH 3TOM BEPHBIX 0TBETOB MOXKeT ObITh
HeCKOJIbKO. BbINoJIHMB 3a1aHue, BbIOEpPUTE BCe BepHbIe OTBETHI M YKAa:KUTe B OJ1aHKe OT-
BETOB.

B 1. BHyTpeHH:s DHEPTU CUCTEMBI — 3TO:

1) GyHKLUSA COCTOSHUS CUCTEMBI;

2) ¢pynkuus nepexona (mpoiecca);

3) skcTeHCUBHAsE QYHKIIMS,

4) naTeHcuBHas QYHKIUS;

5) abconroTHOE 3HaYeHHE (PYHKIIMU HEU3BECTHO.

B 2. BripakeHusi, cipaBeUIMBbIE JJIs1 H30XOpHOH TeroeMKkocTd Cv 0JJHOTO MOJIs Ujeallb-
HOTO rasa

oH \ . ou ) . oG . oF ) . :
0[5 a5 ) 9 (F) oF) oor o

B 3. YcnoBus, oTiaryaromye H30JMPOBAHHYIO TEPMOJINHAMHYECKYIO CHCTEMY:

1) COBOKYITHOCTh MaTe€pUaJIbHBIX 00BEKTOB, 3aHUMAIOLINX OTPAaHUUYEHHYIO 00JIaCTh MPO-
CTpaHCTBA;

2) COBOKYITHOCTh MaT€pHaJIbHBIX 0OBEKTOB, 3aHUMAIOIINX HEOIPAaHHUUEHHYIO 00JIaCTh MPO-
CTpaHCTBA;

3) uckiroyeH 0OMEH BELIECTBOM U SHEPTHUEll ¢ OKpy Kalollel cpeaoi;

4) BO3MOXKEH OOMEH PHEPTUEH C OKPYKAIOIIEH CpeIoi, HO UCKIIFOUYEeH 0OMEH BEIIECCTBOM;

5) BO3MO>KeH OOMEH BEIIECTBOM C OKpY Karolllel cpeioil, HO UCKIII0YeH OOMEH YHEpTueH;
6) BO3MOKEH OOMEH BEIIECTBOM M dHEPTUel ¢ OKpYKarollel cpeaou.

B 4. MaremaTtuueckue BhIpaXXeHUsI 00bEJMHEHHOTO YpaBHEHUS IEPBOTO U BTOPOTO 3aK0-
HOB TEPMOJIMHAMHKH ITPHUMEHUTEIFHO K 00paTUMBIM paBHOBECHBIM IIPOIIECCAM B IMPOCTHIX CH-
cTeMax (IIpy OTCYTCTBHUH IOJIE3HOM paboThI):

1) TdS = dU+PdV+6A’; 2) TdS > dU+PdV+5A’;

3) TdS > dH-VdP; 4) TdS > dH-VdP;

5) TdS = dU+PdV; 6) TdS = dH-VdP.
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B 5. Haxonsmiasicst B coctosinuu paBHoBecusi cuctema PClseay = PClsry + Cla:

1) romoreHHas; 2) reTeporeHHas;
3) ogHodazHas; 4) nByx(aznas;
5) TpexdasHnas; 6) yeThipexdasHas.

B 6. YBenuueHune 351eKTpU4eCKOl IPOBOAUMMOCTH PACTBOPOB CUIIBHBIX JIEKTPOJIUTOB
C pOCTOM TeMIepaTypbl MOKET OBITH O0YCIOBIICHO:

1) anexTpodoperndeckuM 3PpPexTom;

2) penakcanuoHHbIM 3P HEeKTOM;

3) yMeHbIIEHUEM BSI3KOCTU PacTBOPA;

4) cHUKEHHEM CTENEeHH JIUCCOLMALINN;

5) yBeIMYEHHUEM CTEIIEHH IUCCOLMALINN;

6) yBeTMYeHHEM KMHETUYECKOW SHEPTUU HOHOB.

B 7. Cornacno teopun aacopOiuu JIsHrMiopa, aacopOrus sBiIseTcs:

1) dusnueckoii;

2) XMMHYECKOM;

3) MOHOMOJIEKYJISPHOI;

4) NoJIMMONEKYISIPHOM;

5) JOKaNM30BaHHOM;

6) HEJOKATM30BaHHOM.

YACTB C

Yacrtb C coaep:KuT 3a1a4u, IPH 3TOM JaHbI HECKOJIbKO 0TBETOB, U3 KOTOPBIX TOJIbKO
OJMH BepHbIi. PemnB 3agauy, Bbi0epuTe BePHbIH OTBET M YKAXKUTE B OJIAHKE 0TBETOB.

C 1. BerauciouTh 3JIEKTPOJHBIA MOTSHIHMAN cepedpa, morpyxeHHoro B pactBop AgNOs
xouuentpanuu 0.2 Mouw/kr mpu 25°C. Cpennuii k03pULUEHT aKTUBHOCTH MOHOB AQ* paBeH
0.657.

1) 0.851 B;

2) 1.319 B;

3)0.747 B

4) 0.279 B;

5) -0.398 B;

6) 0.679 B.

C 2. Onpegenute TeMmepaTypy 3aMep3aHusi pacTBOpa, COJEPIKAIIETO TIIOKO3Y Maccoiu
2.42 r B Boze maccoit 25 r. Kpuockomuueckas noctosinaast Boabl 1.86 (K-kxr)/mors.

1) 0° C;

2)1°C;

3)-1° C;

4) 10° C;

5) -10° C.

C 3. Bo3MOXHO /1 MPOTEKaHUE PEAKIIUU BOCCTaHOBIEHU okcua xene3a(lll) Bonopogom
MIPH CTAHIAPTHBIX YCIOBHSX:

Fe203+ 3H2 —» 2Fe + 3 H20,
ecit AH 5 = 96.61 xJIx/Moub, a AS ,g, = 138.7 JIx/(monb-K)? Ipu kakoit Temmneparype Oyner

MPOXOJIUTH 3TOT Mpouecc?
1) na; npu mo6oit TeMmeparype.
2) na; 396.5 K;
3) na; 696.5 K;
4) met; 396.5 K;
5) Het; 696.5 K.

Bapuant Ne 2
YACTDH A
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K kaxxgomy 3aaHHI0 4acTH A JaHbI HECKOJIbKO O0TBETOB, U3 KOTOPBIX TOJbKO OJMH
BepHbIii. BbInoJIHUB 3a1aHKe, BbIOepUTE BEPHbI OTBET U YKAaKUTE B OJIaHKE OTBETOB.

A 1. TemnepaTtypHasi 3aBUCUMOCTh TEIIOBOTO 3dekra peakumuu pu P = coNnst Beipaka-
ercs ypaBHeHueM Kupxroda B nuddepennuanpaon hopme:

1) [Z_ﬂ —C,; 2) [‘2;‘;1] _AC,: 3) (Z_ﬂ —c,; 4) @A—TUJ _c,.

A 2. V30x0pHas TEMI0EMKOCTh OJTHOIO MOJISI IByXaTOMHOTO MI€aJIbHOTO ra3a paBHa!
3 5 7
1) =R: 2)=R: 3)—=R: 4) 3R.
) 5 ) 5 ) 5 )

A 3. YKaxuTe peakiyH, A1l KOTOPhIX MOXKHO IPeHeOpedb Pa3sHOCTbIO MEX /1Y U3MEHEHUEM
SHTAJIBIIUU U U3MEHEHUEM BHYTPEHHEH SHEPIUMU:

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

2) CaO(TB) + COz(r) = CaCO3(TB);

3) Hay + Cla) = 2HClry;

4) Sb204(TB) + 4C(TB) = ZSb(TB) + 4CO(r)

A 4. Marematndeckoe BbIpak€HHE BTOPOro Havaia TepMOJIMHAMUKH B Harbosee oo1em
BHJIE:

nas=2. nas=2. 3)ds>X. 4as=R.

T T T T

5) TdS=dU + PdV; 6) TdS=dH - VdP.

A 5. YactHas npousBoHast sHepruu ['né6ca nHAMBUAYAIBHOIO BEIIECTBA 110 TEMIIEPATy-
pe Npu OCTOSIHHOM JaBJICHUU PaBHA:

1H-P;, 2)V; 3)-S; 4)(_:I_—P.

A 6. B miporiecce ¢azoBoro npepaiieHus (McapeHus, MiIaBiIeHHs], BO3TOHKH ) SHTPOMHS:

1) Bo3pactaer; 2) ymeHbIIaeTcs; 3) HE U3MEHSETCS.

A 7. Kputeprem BeposSTHOTO MPOTEKaHHUsI CaMONIPOU3BOJIbHOT0 nporiecca npu P, T = const
SIBIISICTCS:

1)AU<0; 2)AH<0; 3)AF<0; 4) AG<O0.

A 8. Jns xumuueckoil peakuuu B uaeanbHoi razoBoit ¢aze 2ZNO2 = 2NO + Oz kputepuem
CaMONPOM3BOJILHOCTH Tporiecca paznoxkeHust NO2 MpH MOCTOSHHBIX JABICHUH U TEMIEpaType U
IpY 3aJIaHHBIX NMapUUaTbHBIX JTaBICHHUIX peareHToB Pj cimyxut Boipaxkenue (Kp - Tepmoaunamu-
Yyeckast KOHCTaHTa PaBHOBECHS ):

2 2
NO, NO,

P, P P, P
1) RTIh—=22 <RThK,; 2) RTIn—==2 >RThK,;
P P

2 2
3) RT |nP°2—2P“°:RTIn Ke;  4) RTIn P“Ozz <RTInK;;
NO, 0, NO
P p2
5) RTh—=2->RThK,;  6) RTlh—>=%-=RThK,.
0O,  NO 0, I:)NO
A 9. Jlna xumudeckoi peakuu B uaeanbHoi razoBoit cMecu 2NOzr) = 2NO¢ry + O2 xon-
cranTta paBHoBecust KN, BeIpaskeHHast Yepe3 paBHOBECHBIE MOJIBHBIE JIOJH, CBSI3aHA C KOHCTAHTOM
paBHOBecusi Kp, BEIpaKeHHOM Yepe3 paBHOBECHBIC TAPIHATIbHBIC IaBJICHUS, M C PABHOBECHBIM
o6umMm nasinenueM P BeipaxenreM Ky = Kp(Posu )" , rie AN — HEKOTOPOE 1EI0e YHCIIO0. YKa-
KUTE YUCIIO AN JUTS JTaHHOM PEeaKIIHu:
11, 2)-1;, 3)3; 4)5.
A 10. Yucno creneneit cB0O0OIbI (BAPUAHTHOCTh COCTOSIHUS) CHCTEMBI, cocTosmmen n3 K
KOMIOHEHTOB 1 @ (pa3, Ha KOTOPYIO U3 BHEIIHUX YCIOBUM BIUSIOT TOJBKO JaBJICHUE U TEMIIC-

parypa paBHO:
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1) K+®@+2; 2) K+D-2;

3) K-0+2; 4) K-0-2;

5) ©-K+2; 6) O-K+2.

A 11. Meroa ucciienoBanus pa30aBlIeHHBIX paCTBOPOB, OCHOBAHHBIN Ha M3MEPEHUHN HU30bI-
TOYHOTO JIaBJICHUS, IPUJIAraéMOro K paCTBOPY U OCTaHABIMBAIOLIET0 CAMOIIPOU3BOJIbHBIN IIEpe-
XOJ] MOJIEKYJI PAaCTBOPHUTEIS Yepe3 MOTYIPOHUIIAEMYIO MEMOpaHy B pacTBOP:

1) xkanopumeTpusi;  2) KpUOCKOIHUS;

3) ocmomeTpus; 4) 50yJITHOCKOIIHS,

5) poromerpusi;  6) KOHAYKTOMETPHSI.

A 12. YTBepxaeHus1, CIpaBeIJIUBbIC sl 30 YIUTHOCKOTNYECKONH KOHCTAHTHI:

1) 3aBHCHT TOJIBKO OT CBOICTB pacTBOPUTEIS;

2) 3aBUCHT OT CBOMCTB PaCTBOPUTENSI U PACTBOPEHHOI'O BELLIECTBA;

3) 3aBUCHUT OT CBOICTB paCTBOPUTEIIS U KOHIIEHTPALMU PacTBOPA;

4) 3aBUCHUT OT TeMIepaTypbl U KOHIICHTPALUU PacTBOPA.

A 13. B cooTBeTcTBUM CO BTOpPBHIM 3aK0HOM [ ' n66ca-KoHoBasioBa B OMHapHOW cucteme
«OKUJIKOCTB-TIap»:

1) map Bcerna HaxoUTCs NpU OOJNbLIEH TEMIIEpaType, YEM PaBHOBECHAS KHUJIKOCTb;

2) paBHOBECHBIE KMJIKOCTb U I1ap BCEI/1a UMEIOT OJIMHAKOBYIO KOHLIEHTPALMIO KOMIIOHEH-
TOB;

3) map 1o cpaBHEHHUIO C KUAKOCThIO BCeraa odoraiieH 0oJiee JeTy4uM KOMIIOHEHTOM;

4) map 1o CpaBHEHUIO € )KHUJIKOCTBIO BCEr/1a Ooraue KOMIOHEHTOM C MEHbLIEH IJIOTHO-
CTbIO;

5) map 1o cpaBHEHHIO C KUAKOCTHIO BCEeTAa Ooraye KOMIOHEHTOM, MPHOaBICHNE KOTOPOTO
K PAaBHOBECHOI cuCTeMe MOBBIIIAET 0011iee JaBlieHUe (CHUXKAET TeMIIepaTypy KUIIEHUs);

6) B TOUKax 3KkcTpeMyma temneparypsl (ipu P=const) wiu gasnenus (npu T=const) co-
CTaBbl PABHOBECHBIX (pa3 COBMAJIAIOT.

A 14. . UonHas cuia pacTBOpa BbIpa)aeTcs Yepe3 MOJSUIBHOCTH HOHOB Mi U UX 3apsifibl Zi
bopmynoii:

D) Ymizi;  2) 12Ymizi;  3) Y(mizi)?;

4)Ymiz?;  5) 12¥miz%;,  6) 1/2Y(mizi)%.

A 15. CunbHblit anextponut AB mucconuupyet B pactBope Ha K moHOB A 1 N noHos B.
BeiGepute Gpopmyity, CBA3BIBAIOILYIO MTOJIHYIO AKTUBHOCTb JIEKTPOJIMTA CO CPETHUMHU MOHHBIMU
MOJISITIBHOCTBIO U KOA((UIIMEHTOM aKTUBHOCTH:

1) a=(y,m,))""; 2) a, =akal ;

k+n

2)a, =y.m,; 4) a=a,

A 16. DxBUBaJIEHTHAS AJIEKTPOIPOBOJHOCTH BOJHOTO PaCTBOPA HJIEKTPOJIUTA MAKCHMAIIb-
Ha!

1) B ero HAaCHIIIIEHHOM PaCTBOPE;

2) B ero nepechIleHHOM PacTBOPE;

3) npu GECKOHEYHOM pa3BEACHUY;

4) B ero pa30aBJIEHHOM PacTBOPE;

5) B €ro KOHLIEHTPUPOBAaHHOM pPacTBOPE.

A 17. AHOManbHas MOJABMKHOCTH HOHOB THIAPOKCOHUS B BOJIHBIX PACTBOPaX OOBSICHICTCS:

1) anexTpodoperndeckuM 3P PexTom;

2) penakcalmOHHBIM 3P PEKTOM;

3) yMEHBIIEHUEM BSI3KOCTH pPacTBOPA;

4) cHUXKEHHEM CTeNeHH JIMCCOLMALINN;

5) yBENIMYEHHUEM CTENIEHU IUCCOLMALINN;

6) sctadeTHEIM MEXaHU3MOM IIEPEHOCa MMPOTOHA.

A 18. YkaxuTte raabBaHUUECKHUI 3JIEMEHT C ABYMS 3JIEKTPOJaMU MIEPBOTO POJa:

1) Zn|ZnClap-p)||CUCl2p-p)|Cu
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2) Zn|ZnClap-p)|[KClp-p)|AGClim)| Ag

3) AGIAGCl(re)|KCl(p-p)|[KClp-p)|AGClan) | AQ

4) Zn|ZNnClap-p)|AgCls)|Ag

A 19. ITopsakoM peakiuu Ha3bIBACTCS

1) KOTMUYECTBO Pa3IMYHBIX BUOB YACTHI] HCXOIHBIX BEIIECCTB;

2) KOJIMYECTBO PA3JIMYHBIX BHJIOB YACTHUIl UCXOIHBIX BEIIECTB U MPOIYKTOB;

3) KOJIMYECTBO YACTHUIl UCXOTHBIX BEIIECTB, B3aUMO/ICHCTBYIONINX B OJTHOM 3JIEMEHTAPHOM
aKTe MpeBpaIcHus;

4) KOJTMYECTBO YaCTHI], B3aUMOJICHCTBYIOIIUX M 00PA3YIONINXCS B OJTHOM 3JIEMEHTAPHOM
aKTe MpeBpaIcHus;

5) mokasarelnb CTETIeHH MPH KOHIEHTpauu B tuddepeHuansHon (opMe KHHETHIECKOTO
YpaBHEHUS,

6) TIoKa3aTeNlb CTENICHH MPU KOHIICHTPAIMH B UHTETPATbHON (hOpMe KHHETUIECKOT'O YPaB-
HEHUS.

A 20. Ilepuonx mosrympeBpaiieHus t12 HCXOIHOTO BEIIECTBA B OJHOCTOPOHHEH peakiuu
HIEPBOIO TMOpsi/IKa Bbipakaetcst popmyiioit (Co - HavanbHas KOHIIEHTpaIus, K - KOHCTaHTa CKOPO-
CTH PEaKIIUN):

1)t, :%;

2) 1, = k—éo;
3) t,, = %;
4) t,, %;
5 t,, InTZ;
Ot 2|<3c:02 '

YACTH B
Kaxnoe 3ananue yactu B COAECPKUT OTBETLI, IPU 3TOM BEPHBIX OTBETOB MOKET ObITH
HECKO0JIbKO. BbInmoJIHuB 3aJlaHHeE, BblﬁepI/ITe BC€ BEPHLIC OTBETHI U YKAKUTEC B O0J1aHKe OT-
BE€TOB.

B 1. BBIpa)KeHI/IC HCpBOFO 3aKOHa TepMO,Z[I/IHaMI/II(I/I HNMECT BU:

1) 8Q =dU +3A; 2)5Q=dU-5A; 3)dU=35Q + 5A;

4) 8A=dU + 5Q; 5)dH=5Q + VAP 6)dH =3Q - VdP.

B 2. BBIpa)KeHI/ISI, CHpaBeI[JII/IBBIe JIJIA 1/1306apH0171 TCIIJIOEMKOCTHU CP OJJHOT'O MOJIA nuacajib-
HOTO rasa

(%) a(% ) 9(E] o(F) verr oausa
oT ), oT )y oT ), oT )y
B 3. YpaBuenue [ n66ca-I" enbMronbia MOXKET UMETh BUJT:

1) dG=VdP—SdT ; 2) dF =—PdV —SdT; 3) G=H +T(Z—$J 4
P

d(ﬁJ _ Aar
1), T

B 4. 2. Haxonsmascs B coctostann paBHoBecHs cuctemMa NH4HCO3x) = NH3r) + CO2r
+H20¢x):

1) romorenHas; 2) rereporeHHas;

3) onroaszHas; 4) nByxdazHas;
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5) Tpexdaznas; 6) ueTbIpexda3zHasi.

B 5. YMeHblIeHHE SKBUBAJIEHTHOM 3J€KTPONPOBOIHOCTH BOJHOTO PacTBOpa XJIOpHIa
HATPUS MPH MMOBBIIICHUN KOHLEHTPAIMHU HJIEKTPOJIUTA 00YCIIOBIEHO TJIABHBIM 00pa3oM:

1) anexTpodopernyeckum dHPexTom;

2) penakcaunOHHBIM 3P HEKTOM;

3) yMeHbILIEHUEM BSI3KOCTH PacTBOPA;

4) CHW)KEHHEM CTETICHH JMCCOIHAIINH;

5) yBenu4YeHHEM CTEIeHH JIUCCOLMALINN;

6) yBeIMYEHUEM KMHETUYECKOW SHEPTUU NOHOB.

B 6. DnieKTpoIHBIHM MOTEHIIMAT [IMHKOBOIO AJIEKTPO/1a B CTAH/IAPTHBIX YCIOBUSAX B BOJTHOM
pactBope npu Temrepatype 298 K pasen -0.763 B. U3 naHHOTO0 37€KTpOAa U MEAHOTO DIIEKTPO-
na (0.337 B) coctaBiieH ralbBAaHMYECKUH 2JIEMEHT, B KOTOPOM OTCYTCTBYET MU Py3HOHHBIN T10-
TeHIMaj. Beibepure Bce cripaBesIBbIC YTBEPKICHHSI, OTMCHIBAIOLINE STOT SJIEMEHT:

1) HUHKOBBII AMEKTPOA 00pa3yeT MOIOKUTEIbHBIN MOJIIOC TAIbBAHUYECKOT0 2JIEMEHTA;

2) HIMHKOBBIN 3J1EKTPO 00pazyeT OTpULIATENbHBIN MOJOC IaJbBAHUYECKOTO 3IEMEHTA;

3) B IMHKOBOM 3JIEKTPOE CAMOIPOU3BOJILHO IPOTEKAET pEaKIis BOCCTAHOBICHHUS;

4) B LMHKOBOM 3JIEKTPO/JIE CAMOIIPOU3BOJIBHO MTPOTEKAET PEAKIIMS OKUCICHHUS;

5) O1C Ha3BaHHOTO TraJbBAaHUYECKOIO AeMeHTa paBHa 1.1 B;

6) O/1C Ha3BaHHOTO rajJbBaHUYECKOI0 AJIeMeHTa paBHa -1.1 B.

B 7. B coBOKyMHOCTH cTauii HEpa3BETBICHHOI LIETTHOM peakluu TEMHOBOTO 00pa30BaHMUs
o6pomoBoaopona (Hz + Bro — 2HBr) Beibepure cTamum npojomkeHus Hemu:

1) Br* + Br* — Bry;

2) Br* + H, —» HBr + H*;

3) Br. —» Br* + Bre;

4) H* + HBr — Hz + Bre

5) H* + Br. —» HBr + Bre.

YACTbB C

Yacrtb C coaep:KuT 3a1a4u, IPH 3TOM JAaHbI HECKOJIbKO 0TBETOB, U3 KOTOPBIX TOJIbKO

OIMH BepHbIii. PemnB 3aga4y, Boi0epuTe BepHbIA 0TBET M YKA:KUTe B 0JIAaHKE 0TBETOB.

C 1. [IpoBeaute pacyeTsl U ONpeeTUTe HAPaBICHNUE PeaKUK MIPHU CTaHJAPTHBIX YCIIO-

BUSX B CHCTEME:!
CHs + CO2 — 2CO + 2Ho..
Bocnonb3yiiTech ClipaBOYHBIMH JTAHHBIMU.

1) 247.3 x/I>x/Mo1nb, peakiys MPOTEKaeT B MPSIMOM HAIPaBJICHUH;

2) 247.3 x/I)x/M01b, peakius HEBO3MOXKHA;

3) 247.3 xJI>x/MOJb, B CUCTEME PABHOBECHE;

4) 170.9 x/Ix/mMomb, peakuiys MpoTeKaeT B IPSIMOM HalpaBlIeHUH;

5) 170.9 xJI>x/Mo0b, peakius HEBO3MOXKHA;

6) 170.9 xJI>x/Monb, B cUCTEME paBHOBECHE.

C 2. Boruucnure crapaaptayto 9J1C, AG®, KOHCTaHTy paBHOBECHS PEaKIHH:

Pb + Cu** — Cu + Pb?".

1) -0.463 B; 89.4 xJIx/Momns; 2.1-10716;

2) 0.463 B; -89.4 xJIx/Moms; 4.7-10%;

3) 0.211 B; -40.7 x/Ix/mons; 1.4-107;

4) 1.357 B; -261.9 xJlx/mons; 2.8-10°;

5) 0.279 B; -53.8 xJIx/Monb; 8.5-10%.,

C 3. Il'a3000pa3Hbiil HUKIOOYTEH N30MepU3yeTcsl B OyTaaueH Mo peakluy epBoro nopsij-
Ka ¢ koHcTaHToi ckopoctu k = 3.3-:10% ¢! mpu 153°C. Brluucnute Bpems, HEOOXOAUMOE s
nzomepuzaiuu nukiodyrena Ha 40 % npu 3Toi Temmneparype.

1)45c;
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2) 20 c;

3) 11.2 mun;
4) 46.3 MuH;
5) 25.8 muH.

TEMbI PEOEPATOB

1. Vcropus pa3BuTus GU3MUECKON XUMUH.

2. CoBpeMeHHOe cocTosiHue pu3ndeckoid XuMuu. PaboTsl poccuiickix ydeHbIX B 00JacTu
bu3nIecKoil XUMHH.

3. Teopema 0 COOTBETCTBEHHBIX COCTOSIHUAX M 0011asi IpobiieMa ypaBHEHUS! COCTOSIHHIA.

4. AbcomotHas temneparypa. Ucropust Bompoca.

5. Pa3Butue npeacraBieHuit 00 SHTPOIUH.

6. Ponp Beigarommxcst yaeHsix XIX Beka ['m066ca, 'enbmromnbiia, MakcBemia B CO3JaHAH
TEPMOJIMHAMUYECKOT0 METO/1a.

7. CyIIHOCTb 30HHOM IJIABKH U €€ IMPAKTUYECKOE PUMEHEHHE.

8. OtkpoiTus BhIIaomuxcs pusnko-xumukoB XIX Beka Payns, Baut-I'opda, Hepucra u
Jp. B 00JIACTH TEOPHH PacTBOPOB. POJIb pOCCHICKUX YYEHBIX B CO3/IaHUM COBPEMEHHOM TEOpHUU
pacTBOPOB.

9. CymHOCTh pU3NKO-XUMHUYecKoro Meroaa ananmmsa. Padotel H. C. Kyprakosa.

10. Pabotst H. H. beketoBa B co3gaHnu yueHuUs: 0 XUMHUYECKOM PAaBHOBECHUU.

11. PacueTs! BbIXO/a IPOYKTOB XUMUYECKUX PEAKIUI pa3IMUYHbIX TUIIOB.

12. O yHuCIeHHBIX pacueTax TEPMOJMHAMUYECKUX aJICOPOIIMOHHBIX XapaKTEPUCTHK IS
MOJIEJIEN PEATTbHBIX CUCTEM.

13. Pacuer KOHCTaHT paBHOBECHUSI XMMUUYECKHUX PEAKLMI B UCaIbHBIX ra3ax METOJAOM CTa-
TUCTUYECKON TEPMOANHAMUKH.

14. CoBpemeHnHas TepmoanHamMuKka. OT TEIUIOBBIX JBUTATENEH O JTUCCUIMIATUBHBIX CTPYK-
Typ 1o IIpuroxuny 1.

15. ConpsixeHHBIE XUMUYECKUE PEAKIIHH.

16. XuMuueckue peakiiuy Ipy TeMIepaTypax riIiyooKoro Xoio/a.

17. Ponb COBETCKUX M POCCUICKUX YY€HBIX B co3/1aHuM Teopuil katanusa (B. H. Mnartbes,
A. A. bananaun, H. 1. Ko6o3es, C. 3. Porunckuii, @. ®. BonpkeHIITeHH 1 1p.).

18. Onpenenenue TepmMoanHamMuueckux pyHkuuid merogom D/1C.

BOITPOCHI K DK3AMEHY

1. [Ipenmer u copepxanue puznyeckoil XuMuu. Posb pusnueckoit XMMUHM B COBPEMEHHOM
OMOJIOTUU U XUMHUHU.

2. OCHOBHbIE TIOHATUS XUMHUYECKOW TEPMOJMHAMHUKHU: CHCTEMA, IPOLECC, TEPMOINHAMU-
yeckue napamerpsl. DopMbl 0OMEHA YHEPTUU CHCTEMBI C OKPY)KAIOIIEH Cpeoi: TemoTa 1 pa-
6ora.

3. TemnmoemkocTh. Buapl TeroemkocTu. Pacuer teninoeMkocTH.

4. TermoeMkocTb. MOJIEKYIIPHO-KUHETHYECKAS] TEOPHUS TEIUIOEMKOCTH Ta30B.

5. IlepBblii 3aKOH TepMOAUHAMHUKU. [IpuiokeHne nepBoro 3aK0OHa TEPMOJAUHAMUKY K HU30-
TEPMHUYECKUM, U30XOPHBIM, H300apHBIM U aI1a0aTUYECKUM IIPOLECCAM.

6. OcnoBHolt 3akoH Tepmoxumui I'. U. I'ecca u cinenctust u3 Hero. 3akon P. Kupxroda.

7. BTopoii 3aKOH TepMOJUHAMHUKHU U €ro pasiuuyHble GpopmynupoBku. OG0CHOBaHUE BTO-
poro 3akoHa TepmoauHamuku. [{ukn Kapno. Teopemst Kapno, Knaysuyca-Kapho.

8. DHTponus. YpaBHEHUE BTOPOTrO 3aKOHA TEPMOJAMHAMMKH ISl OOpaTUMBIX U HEOOpaTH-
MBIX IIpOLECCOB. TepMoAMHAMUYECKAsd U CTATUCTUYECKAst UHTEPIIPETALUS YHTPOIINH.

9. Pacuer 3HTpONMM B pa3IMYHBIX IPOLECCAX. 3ABUCUMOCTD SHTPOIMH OT MapaMeTpoB CO-
CTOSIHUS.

10. Tperuii 3akoH TepmMoauHaMuKku. TertoBas Teopema HepHera. AGCONIOTHBIE SHTPOITAN
XUMUYECKHUX COCIUHECHUM.
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11. Kputepun camMonpou3BOIBHOIO MPOTEKaHUS MPOLIECCOB U IOJIOKEHUSI PAaBHOBECHUS B
U30XOPHO-U30TEPMHUUYECKMX M H300apHO-U30TEPMUUYECKUX YCIOBUAX: dHeprus I'enpmronsua u
sneprus 'm60ca.

12. 3aBUCUMOCTb TEPMOJANHAMHUYECKUX MTOTEHIUAJIOB OT 1APaMETPOB COCTOSIHUS CUCTEMBI.
Ypasuenue ['nu60ca-I"enpbmrosbia.

13. ®dyHaMeHTalbHBIE YPAaBHEHHUS XUMHUYECKOW TepMoagrHaMuKku [ nooca.

14. OcHOBHbIE PU3HAKK COCTOSHUS XMMUYECKOI'O PaBHOBECHS. 3aKOH JIEUCTBUS Macc, €ro
KUHETUYECKUI U TEpPMOJMHAMUYECKUI BBIBOJ.

15. CriocoObl BbIpakeHUs] KOHCTAaHT XMMUYECKOTO PABHOBECHS M B3aUMOCBSI3b MEX]y HU-
MH.

16. YpaBHEeHHE H30TEPMBbl XMMUUECKON peakUU. 3HAYUEHUE 3TOr0 ypaBHEHUS Ul OIpe-
JIeJIeHHs HallPaBJIeHUs IPOTEKaHUs XMMUYECKOH peakIuu.

17. BnausHue pa3nuyHbX (PaKTOpPOB Ha IMOJIOKEHHE PAaBHOBECHS. 3aBUCUMOCTh KOHCTAHT
paBHOBECHsI OT TEMIEPaTypbl, YpaBHEHHs U30XOPbl U M300apbl XUMUYECKOH peakuuu. Biausaue
JaBJICHUS U KOHLIEHTpaluil Ha XUMUYECKOe paBHOBecUe, ypaBHeHHe [nanka.

18. Pacyer KOHCTaHT XMMUYECKOI'O PAaBHOBECHSI.

19. ®a3oBeie paBHOBecus. OCHOBHBIC MMOHATHS U onpenesneHus. [Ipasmio da3 ['nboca.

20. IIpunokeHre BTOPOro 3aKOHA TEPMOAMHAMHMKHU K (Pa30BBIM IPEBPAILEHUSAM UYHUCTHIX
BellecTB. YpaBHeHue Knanenipona-Kiaysuyca.

21. ®u3uko-XxUMUYECKUN MeToA aHanu3a. Tepmuueckuil aHanus. IlocTpoenue auarpamm
IUTABKOCTH.

22. Obuast xapakTepuCTHKa pacTBOPOB. TepMoanHamuueckas Teopust pactBopos. [lapuu-
QIBHBIC MOJIbHBIC BEJTMYMHBI M X 3HaYCHHE B TEPMOAMHAMUKE pacTBOpoB. YpaBHeHue ['nbOca-
Jlrorema.

23. JlaByieHUE HACBIILIEHHOrO Iapa KOMIIOHEHTa HaJ pacTBopoM. 3akoH Payms. Ilonoxu-
TEJbHBIE U OTPULIATEIbHBIE OTKJIIOHEHMSI OT 3aKoHa Pays.

24. Knaccudukamus pacTBOpOB: HJi€abHbIE, MPeeIbHO-pa30aBIeHHbIC U peajbHbIe (He-
UJICAIIbHBIE) PACTBOPBI.

25. TepMmoauHaMHKa KUAKUAX JeTydnx cMmeceil. CoctaB mapoBoi (a3el HaJ PacTBOPOM.
3akonsl /[.I1. KonoBanoBa. A3€0TpOIHbBIE CMECH.

26. Ileperonka ®uaKux JeTy4ux cmeceil. Pekruduxamus.

27. Pacnpenenenue pacTBOPEHHOTO BEILECTBA MEXIY ABYMsS HECMEIIMBAIOLIUMUCS pac-
TBOPUTEISAMU. DKCTPAKIIMSL.

28. KonnuratuBHble CBOMCTBA pacTBOPOB HEAJIEKTPOIUTOB. 3akoHbl Payns u Bant-I'odda.
Kpuockonus. O0ynuockonus.

29. Teopust cnaObIx 31eKTpoauToB. CBOMCTBAa pacTBOPOB CIIA0BIX NMEKTPOIUTOB. 3aKOH
pasz6asiienust OcTBaibaA.

30. OTKIOHEHUS B NOBEJIEHUU PAcCTBOPOB BJIEKTPOJIUTOB OT PAaCTBOPOB HEDJIEKTPOJIUTOB.
N3otonnyeckuii k03QPUIMEHT, B3aUMOCBSI3b €T0 CO CTETICHBIO AUCCOIMAIIHH.

31. IlpuunHbBI 1 MEXAHU3M JIEKTPOJUTHYECKON AUCCOLUALINH.

32. TepmoauHamMuKa pacTBOPOB AJIEKTPOJIIUTOB. AKTUBHOCTh U HOHHAs CHJIa PACTBOPOB.

33. DnexkTpocTaTHUecKasi TEOpUsi CUIIBHBIX JIEKTPOIUTOB Jlebast-Xokkens.

34. Dnextpuyueckas ITPOBOJUMOCTb PACTBOPOB AJIEKTPOIUTOB. 3aBUCUMOCTD 3JIEKTPOIPO-
BOJIHOCTH OT pa3inuHbIX (hakTopoB. KongykTOMeTpus.

35. OCHOBBI TEOpPHUU DIIEKTPONPOBOIHOCTH [[ebasi-Onzarepa: 3meKTpodopeTHIeCKuil u pe-
JakcannoHHbIA 3¢ dexTrl. DpdexTsl Buna u Jlebas-DanbkeHrareHa.

36. DnexkTpoxuMH4ecKue cUCTeMbl. OCHOBHBIE TIOHATHUSA: IEKTPOJ; TAIbBAHUYECKUN dJie-
MEHT; MpaBUjIa 3aIUCH IEKTPOXUMHUECKHUX CHCTEM M IPOLIECCOB, MPOTEKAOIINX B HUX; JJIEK-
TPOXUMHUYECKUI MOTEHIINA; JIEKTPOAHBIN noteHuuai; IC.

37. PaBHOBecusi B DJEKTPOXMMHYECKHUX cHcTeMax. YpaBHeHuss Hepncra m I'mb6ca-
I'eaxpMrombna.

38. Ckauok moTeHIMajga Ha MeX(a3HbIX T'paHHUIAX: METALI-PAacTBOpP; PacTBOP-PacTBOP;
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MeTaJI-MEeTasll.

39. PaBHOBECHBIE JEKTPOAHBIE TOTEHIMAbL. BOoIOpOAHas IKaa 3J€KTPOIHBIX OTEHIIH-
anoB. CTaHAapTHBIE JIEKTPOHBIC MOTeHIUaNbl. [loTeHIImoMeTpus.

40. Kimaccudukamus 371eKTpO0B.

41. DIEeKTPOXUMUYECKUE LICTIH.

42. CKOpOCTb 3IEKTPOXUMHUUYECKUX IporieccoB. KoHIIEHTpalMOHHAs OAsSpU3aLus.

43. DrneKkTpoxXuMHUYecKasi MOJSpHU3aIs JICKTPOIOB NIPH dJeKTposm3e. YpaBHenue Tade-
TSl

44. DneKTpoin3 paciyiaBOB U pacTBOPOB AJIEKTPONUTOB. 3akoHbl Dapajes. Brixoa mo to-
KY. DJIEKTPOXUMHUYECKUE SKBUBAJICHTBHI.

45. Koppo3usi MeTasuioB U CIIaBoB. Bujibl koppo3un. MeTobl 3alIUThl OT KOPPO3HUH.

46. IloBepxHoctHble sBieHUs. [loBepxHOcTHass 3Heprus. IloBepXHOCTHOE HaTsKEHHE.
CwmauuBanue. Koreszus. Aaresus. Pactexkanue.

47. AncopOuusa. OcHoBHble moHsATUs. Dusnueckas u xumuueckas aacopOuus. Ilpupona
a7cOpOIIMOHHBIX B3aUMOICHCTBHUH.

48. Ancopbuus. KonmdecTBeHHOE omucaHue aacopOIuu. MeToja MOJHOTO COJep:KaHus.
VYpasnaenue ['eapu. Merox n3oeiTkoB ['160ca. YpaBuenue agcopoiuu ['u6oca.

49. Teopust MOHOMOJEKYISIpHOH agcopOuuu JIsurmiopa. YpaBuenue Opeinanmxa.

50. IMonmumonexysipHas ancopOuus, ee onucanue Mmerogom bpynayspa-Ommera-Temnepa.

51. Ilpeamer u 3a1auyu XUMUYECKOW KUHETUKU. OCHOBHBIE MOHATHSI XUMUYECKON KUHETHU-
ku. KnHeTH4YeCcKkuil 3aK0H AEHCTBUS Macc.

52. Knaccudukanus peakiuii B XAMHUYECKOW KHHETHKE.

53. PacyeT KOHCTaHT CKOPOCTEH MPOCTHIX PEAKIU MEPBOTO, BTOPOTO U TPETHETO MOPSI-
KOB B XUMHUYECKOU KUHETHUKE.

54. 3aBUCHUMOCTb CKOPOCTH XMMHUYECKON peakuuu OT Ttemreparypbl. [IpaBuino Bant-
l'odda. YpaBHeHue Appenuyca. DHeprus akTHBALIUU.

55. Teopusi aKTUBHBIX CTOJIKHOBEHUI B XMMUYECKOW KHHETHKE.

56. Teopust ak THBUPOBAHHOTO KOMIIEKCa (TIEPEXOTHOTO COCTOSHUS) B XUMUYECKOM KUHE-
tuke. Tepmogunammyecknii acriekt TAK.

57. Karanus. Buasl katanuza. OCHOBHbIE 3aKOHOMEPHOCTU. [IpUUMHBI 1 MEXaHU3M KaTa-
JUTUYECKOTO JAeicTBUA. Pob KaTanu3a B XUMUM U TPOMBIIIIIICHHOCTH.

58. 'oMOreHHbIN KaTalns.

59. T'ereporennbiii katanu3. IIpopunb myTH reTeporeHHONW KaTaJuTHUECKON pPEaKIUH.
Pounpb ancopOunu B reTeporeHHOM KaTause.

60. Teopuu reTeporeHHOro KaTaansa.

7 IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOTUH, UCHIOJIb3YEMbBIX
B NPOINECCE OBYYEHUSA

NudpopmanuoHHbIe TEXHOJIOTHM— 00yUYEeHHE B JIEKTPOHHON 00pa3oBaTeIbHON cpefe ¢
LENbI0 pacIIMpPEeHHs JocTyrna K 00pa30oBaTEeNIbHBIM pecypcaM, YBEJIWYEHHs] KOHTAaKTHOTO B3au-
MOJICHCTBUS C MpernojaBaTelieM, TOCTPOCHUS WHIUBUIYaTbHBIX TPAEKTOPU MOATOTOBKH, 00b-
€KTHBHOI'O KOHTPOJII U MOHUTOPUHTA 3HAHUH CTYJIEHTOB.

B ob6pa3zoBarenbHOM mpoliecce Mo TUCHMIIMHE UCIOIb3YIOTCS Clelylonue nHPopMalu-
OHHbIE  TEXHOJIOTUH, SBJISIOLIMECS  KOMIIOHEHTaMH  DJEKTPOHHOW  HMH(OpMalMOHHO-
oOpa3oBatensHOM cpezsl BITIY:

e Odummanshsiii caiit BI'TTY;

e Cucrema snextponHoro ooyuenuss ®I'b6OY BO «bI'TIY »;

e (Cucrema TecTHpPOBaHMSI Ha OCHOBE eAuHOro mnopraia «HTepHeT-TecTHpoBaHUS B
cdepe 00pazoBaHUS WWW.i-exam.ruy;

e Cucrema «Antuiuiaruat.BY3y»;

e DJIEKTPOHHBIEC OMOINOTEUHBIE CHCTEMBI,

e MynbTUMEIUIHOE CONPOBOKIACHUE JICKIIUM U TIPAKTUYECKUX 3aHSATHM.
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8 OCOBEHHOCTHU U3YYEHUA JUCHUIIVIMHBI THBAJIMJIAMMU U JIMINAMU
C O'PAHUYEHHBIMH BO3MOKHOCTAMMU 310POBbSA

[Tpu oOyueHUM JIUIl ¢ OTPAaHUYCHHBIMH BO3MOXKHOCTSIMU 3/I0POBbSI IIPUMEHSIOTCS aJarl-
TUBHBIC 00Pa30BaTEIIbHBIC TEXHOJIOTUU B COOTBETCTBHHU C YCIOBHSIMH, U3JIOKCHHBIMH B pa3jiese
«OCOOCHHOCTH peanu3aui 00pa30BaTeIbHON MPOrPAMMBIIJIS MHBAIHUIOB M JIUI] C OTPAaHUYCH-
HBIMH BO3MO>KHOCTSIMH 37I0OPOBBS» OCHOBHOH 00pa30BaTEbHOM MPOTrpaMMBbl (HMCIOIb30BAHUE
CIEIHUAIBHBIX YY4eOHBIX TMOCOOMA M TUAAKTHYECKUX MATEPUAIOB, CHEIUAIBHBIX TEXHHUYECKHUX
CpeACTB O0YYCHHUsI KOJUIEKTUBHOTO M MHIUBHIYAJIBHOTO IOJIb30BAHMSI, MPEIOCTABICHUE YCIYT
accucTeHTa (NMOMOIIHWMKA), OKa3bIBAIOIIET0 OOYYAOMIMMCS HEOOXOAMMYIO TEXHUYECKYIO II0-
MOIIb U T. I1.) ¢ Y4ETOM WHAMBHIYaTbHBIX OCOOCHHOCTEH 00yUarOIIUXCSl.

Jlyiss 00ydJaromuxcsi ¢ OrpaHMYEHHBIMA BO3MOXKHOCTSIMH 3I0POBbsSI IIPETYCMOTPEHBI Clie-
nyronrre (JOpMbI OpraHU3aIuK MeJaroriaecKoro mporecca u KOHTPOJIS 3HAHHIHA:

- JUIs CIIa0OBUISIINX

o0ecrieurBaeTcsl HHIUBUAYyalIbHOE paBHOMEpHOE OcBelieHue He menee 300 Jrokc;

JUTSL BBITIOJTHEHUSI KOHTPOJILHBIX 3aJJaHUK NMPH HEOOXOJAUMOCTH MPEIOCTABIISICTCS YBEIIU-
YHBAIOIIEE YCTPOUCTBO;

3aJlaHus IS BHITIOJHCHHS, & TAK)KE WHCTPYKIUU O MOPSJIKE BBHITIOJHEHUS KOHTPOJIBHBIX
3a7aHui 0OPMIISIOTCS yBeIHMUCHHBIM mpudToM (pazmep 16-20);

- JUTSI TITYXHX U CJIA0O0CTBIIIAIIHX

o0ecreyrBaeTcsl HaJMYMEe 3BYKOYCHUJIMBAFOIIEH ammaparypbl KOJUICKTHBHOTO ITOJIb30Ba-
HUS, NPU HEOOXOIMMOCTH OOYJaIONUMCS TMPEAOCTABISICTCS 3BYKOYCHIIMBAIOIIAS arapaTrypa
WH/IMBUYaJILHOTO TOJIb30BaHMSI,

- JUTSL JIATT C TSDKETTBIMUA HAPYIICHUSIMHA PEYH, TIIYXUX, CIa00CIBIIIANIX BCE KOHTPOJIbHBIC
3aJIaHUs 10 KEJIAHUI0 MOTYT IPOBOJUTHCS B TUCBMEHHOMU (hopMe.

OcHoBHOU (hopMOI OpraHU3alNN MEeJArOTHYECKOTO MpoIlecca sSBIISETCS WHTETPUPOBAH-
HOE 00y4eHHEe WHBAJIHMJIOB, T.€. BCE OOyJarolIfecs: y4arcs B CMEIIaHHBIX TpyNnax, UMEIT BO3-
MO>KHOCTbH ITOCTOSTHHO OOIIAThCS CO CBEPCTHUKAMM, JIETUe aIallTUPYIOTCS B COIMYME.

9 CIIUCOK JIMTEPATYPBI U UTHO®OPMALIMOHHBIX PECYPCOB

9.1 JIuteparypa
OcHoBHas1 TuTEpaTypa

1. l'opmixos, B. Y. OcHoBbl puznyeckoit xumuu / B.W. I'opuikos, U. A. Ky3nenos. — M.:
bunowm. JIaboparopus 3nanuit, 2006. — 407 c. (34 3k3.)

2. Hamackun, b. b. Dnexrpoxumusi / b. b. Jamackun, O. A. Ilerpuii, I'. A. [{upnuna. —
CIIG.: u3n-Bo Jlanp, 2015. — 672 c. (10 9k3.)

3. 3agauu o ¢pusznueckoit xumun / B. B. Epemun, C. . Kapnos, U. A. Ycnenckas, H. E.
Kyspmenko, B. B. JIlyaun. — M.: M3a-Bo «Qk3amen», 2003. — 320 c. (57 3k3.)

4. IIpaktuyeckue padbotsl o gusndeckoit xumud / [lox pen. K. I1. Mumenko, A. A.
Papnens, A. M. [Tonomapesoii. — M.: U3n-Bo «IIpodeccus», 2002. — 384c. (43 sk3.)

5. Ctpombepr, A. I'. ®uznyeckas xumus / A. I'. Ctpombepr, JI. I1. Cemuenko; moa pen.
A.T. Crpombepra. — M.: Beicias mkona, 1999. — 527 c. (14 3k3.)

6. ®usnueckas xumus: B 2 k. Ctpoenne BemectBa. Tepmoauaamuka / K. C. KpacHoB,
H. K. Bopo6ses, 1. H. I'onnes u np.; nox pea. K. C. Kpacnosa. — M.: Beicmas mkomna, 2001. —
Kn. 1. - 319 c. (23 5k3.)

Jlono/IHUTeIbHAS JIUTepaTypa

1. banesun, C.A. OcHoBbl pusnueckoir U koymonaHon xumun / C.A. banesun. — M. :
[Ipocsemenue, 1975. — 398 c. (13 3k3.)

2. banesun, C.A. Ilpaktukym no ¢usnyeckoit u komwtouanoi xumuu / C.A. bane3un. —
M. : IIpocsemenne, 1980. — 272 c. (21 3k3.)

3. Unmomutos, E. I'. ®usnueckas xumus / E. I'. Unmonurtos, A. B. Apremos, B. B. ba-
TpakoB. — M.: U3narensckuil neHTp «Akanemusn», 2005. — 447 c. (24 3k3.)

4. Konecnukona, JI. I'. OcHOBBI XxuMHUYeCKOU TepMoauHaMuKu: Kype geknuid / JI. T'. Ko-
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necHukoBa. — biarosemenck: M3n-so BI'TTY, 2008. — 211 c. (16 3k3.)

5. MsruenkoB, B.A. [loBepXxHOCTHBIC SIBJICHUS U TUCIIEPCHBIC CUCTEMBI : y4eb. mocodue
JUTSE CTYA. By30B / B.A. MsAr4eHkos. - 2-e usn., nepepad. — M. : KonocC, 2010. — 184, [3] c. : u.
(5 9K3.)

6. IlpakTukyM M 3aJa4HHUK IO KOJUIOMJIHOM XUMHUHU. [IOBEpXHOCTHBIE SIBIICHUS U JAMC-
MepCHBIE CUCTEMBI : yuel. mocodue misa crya. By3oB / B.B. Hazaposa [u ap.] ; mox pen. B.H.
Hazaposa, A.C. I'poxackoro. — M. : Akagemknura, 2007. — 372 c. : uin. (5 7k3.)

9.2 ba3bl JaHHBIX U HHGOPMALHOHHO-CIIPABOYHbIE CHCTEMbI

1. Caiit o xumuu http://www.xumuk.ru/

2. Karaior o0pa3oBareabHBIX HHTEPHET-pecypcoB http://www.edu.ru

3. [NomynsipHast OMOTMOTEKa XUMUIECKIX DJIEMEHTOB
https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/

4. DnexkTpoHHas oubsmoreka o xumuu MI'Y http://www.chem.msu.su/rus/elibrary/

9.3 DJ1IeKTPOHHO-0MOINOTEeYHbIE pecypChl

1. Polpred.com O630p CMU/CnpaBounuk http:// polpred.com/news.

2. OBC «tOpaiit» https://urait.ru/.

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

Jlist npoBeieHus 3aHATUI JIEKIIMOHHOTO U CEMUHAPCKOTO TUIIA, IPYNIIOBBIX U WHAWBUY-
QIbHBIX KOHCYJIbTALUN, TEKYLIErO KOHTPOJIS M IPOMEXKYTOYHOM aTTeCTalUd HCHOIb3YHOTCS
ayJUTOpUHU, OCHAIIEHHBIE Y4eOHOM MeOelblo, ayJUTOPHOM JOCKOW, KOMIBIOTEpOM(pamu) ¢
YCTaHOBJIEHHBIM JIMLIEH3MOHHBIM CIIEUAIN3UPOBAHHBIM IIPOIPAMMHBIM O0OECIIEUEHUEM, KOMMY-
TATOPOM JIJISl BBIXOJIa B 3JIEKTPOHHO-OMOIMOTEUHYIO CUCTEMY U 3JIEKTPOHHYIO HH(OPMAIIMOHHO-
oOpa3zoBarenbHyto cpeay BI'TIY, MynbTuMeauilHbIMU MPOEKTOPAaMH, 3KCIIO3ULIIMOHHBIMU 3Kpa-
HaMHM, y4eOHO-HarISIAHBIMU OCOOUSAMHU (TaONULbl, MyIbTUMEANNHHBIE Tipe3eHTanun). s npo-
BEJICHUS MPAKTUYECKUX 3aHATUN Takke ucnoib3yercsa: Jlaboparopusi puzmueckoii xummuu,
OCHAIIIEHHasl CIeIyIOIUM 000py10BaHHEM:

e Kommuekt aynutopHoil Mebenu
[Trorutp (1 wT.)
AynutopHas gocka (1 mrT.)
KoMmnproTep ¢ yCTaHOBIEHHBIM JIMIEH3UOHHBIM CIIEHUATN3UPOBAHHBIM ITPOTrPAMMHBIM
obecrnieueHueM (3 mit.)
MynbTUMEAUNHBIN IPOEKTOP
[Tpunrep (2 wrT.)
OKCNO3UIMOHHBIN KpaH (HaBecHOM) (1 miT.)
SAMP-cnekTpomeTp HU3KOro paspemenus «Crnun Tpak» (1 mr.)
AxBaguctusitop 3-10 (1 mrT.)
Becwr GF-300 (1 mt.)
Becol Topcronnsie BT-100 (1 mT.)
Buckozumerp (4 mir.)
Honomep (3 mT.)
Konaykromerp annon-4120 (3 mr.)
K®K-2 (1 mr.)
Jlrokemep (1 mt.)
Memmanka marautHas [1-3-6100 (2 mt.)
Monyne «Tepmuueckuii ananusz» (3 mr.)
Monyns «Tepmoctaty (3 mT.)
Monynb «YHHUBEpCATbHBIA KOHTPOIIEPY (3 1IT.)
Monynb «9nekTpoxumus» (3 mit.)
Monynb yHUBEpCaabHbIN (6 IT.)
Ha6op cut KII-131(1 mmr.)



http://www.xumuk.ru/
http://www.edu.ru/
https://web.archive.org/web/20161021151915/http:/n-t.ru/ri/ps/
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e Tlomapumerp (1 wrT.)
e [lorermumomerp (1 mrT.)
e [lentpudyra naboparopuas OITH-8 (c poropom) (1 miT.)
e [lItaTuB 115 JIEKTPOIOB (2 IMIT.)
e Dkcukarop ¢ kpaHom (1 mir.)
Monyns «O0mienabopatopHublii» (1 mT.)
Crnexrpodoromerp (1 mr.)
Crnexrpoporomerp KOK-3KM (1 mit.)
KommiekT apuomerpos (1 mit.)
Metponowm (1 mit.)
MocT peoxopIHbIi € COCYAOM
Tepmoctar TC-1/80 CITY (1 mr.)
Y4eOHO-HarISIIHbIC TTOCOOUS - CIIAiIbl, TAOIHIIBI, MyJIbTHMEIUIHBIC IPE3CHTAIIUH T10
nucnuruinHe «Du3ndeckas XuMus
[ItaTuBel 111 MPOOUPOK, HArpeBaTEIbHBIC MIPUOOPHI, TabOpaTOpHAs TOCyaa
o XHWMHYECKHE PEAKTHBBI IO TEMATHKE JJA00PATOPHBIX PadOT

CaMocTosiTenbHast paboTa CTyJIEHTOB OpPraHU3yeTCs B ayJUTOPHSIX OCHAIICHHBIX KOMITb-
IOTEPHOM TEXHUKOW C BBIXOJIOM B DIICKTPOHHYIO MH()OPMAIMOHHO-00Pa30BaTEIIbHYIO CPEy BY-
3a, B CIICIMATN3UPOBAHHBIX Ja00paTOPHIX MO JUCHUIUIMHE, a TAKXKE B 3a]ax JAOCTYIA B JIOKAJIb-
Hyto ceTb BI'TIY, B 1aGopaTtopuu MCUX0JI0Tr0-1MeJarornuecKuX UCCIIeI0BaHui U Jp.

JInneH3nOHHOE MTPOrpaMMHOE 0OecIieueHHe: ONepalliOHHbIE CHCTEMBI CEMEHCTBA

Windows, Linux; oducusie mporpammsl Microsoft office, Libreoffice, OpenOffice; Adobe
Photoshop, Matlab, DrWeb antivirus u T.1.

Pa3zpadorumk: Pogronosa H.A., kaHauaaT XUMHUYECKUX HAYyK, TOLEHT Ka(eapbl XUMHH.
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11 JIUCT UIBSMEHEHUWH U JONTOJTHEHUM

YT1Bepxkaenne usmenenuii B PI1JL nas peamusamuu B 2020/2021 yu. r.
PIIJI o6¢cyxaena u ogqobpena mis peanm3anuu B 2020/2021 y4. r.Ha 3aceganuu Kadeapbl
xumun (ipotokon Ne 9 ot 11.06.2020r.). B PI1/] BHeceHBI cleayronye N3MEHEHHS U TOTIOTHE-

HUA:

Ne mzmenenus: 1
No cTpaHHIIBI ¢ UBMEHEHUEM: TUTYJIBHBIN JIUCT

HckmrounTh: BxirounTs:
MUHUCTEPCTBO HAYKVI/I 4! BPICHIEF O MI/IﬁI/ICTEPCTBO ITPOCBEHIEHUA POC-
OBPA30BAHUSA POCCUMUCKOU DENE- CHUNUCKOU ®EJIEPALIMN

PALIUU

Yr1Bep:xkaenue uzmenenuii B PILJI nas peanmszanum B 2021/2022 yu. r.
PI1/] o6cyxnena u omodpeHna st peanusanuu B 2021/2022 y4. r. Ha 3aceaHuu Kadeapsl

xumui (rporokoi Ne 7 ot 14.04.2021 r.).

YT1Bep:kaenue u3menenuii u qonojHennii B PIIJL nus peanuzanun B 2022/2023 yu. r.

Pabouas mporpamMma AMCHMILTAHBI TIEPECMOTPEHa, 00CYKIeHA U 0JJ00peHa JJIs peann3a-
uu B 2022/2023 yuebHoM roay Ha 3acemanuu kadenps (mpotokon Ne 8 ot 26 mas 2022 r.). B
PIIJI BHECEHBI CneAyOMME U3MEHEHHS U TIOTIOJTHEHHUS :

No uzmenenwusi: 2
No cTpanuiiel ¢ u3smeHeHueM: 62

B Pa3znen 9 BHeceHbl H3MEHEHHUS B CITUCOK JINTEPATYPbI, B 0a3bl JaHHBIX U HHPOPMAIIMOHHO-

CIPaBOYHBIE CUCTEMBI, B 3JIEKTPOHHO-OMOIMOTEUHbIE peCypChl. YKa3aHbl CChIIKH, 0Oecneyn-
BaIOIUE JIOCTYI O0YUYaIOIMMCS K AJIEKTPOHHBIM YYEOHBIM U3JaHUSIM U 3JIEKTPOHHBIM 00pa-

3oBarenbHbIM pecypeaM ¢ caiita PI'BOY BO «bI'TIV ».




