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1. HEJINX U 3AJAYN OCBOEHUA JUCIIUITJIMHBbI

1.1. HeassMu  oOCBOEHHUSI AUCHMIVIMHBI «Du3nyeckass XHMHSD»  SABJISIOTCH:
dbopMUpOBaHHE COBPEMEHHBIX MPEICTABICHUM O pOJid PU3NYECKON XUMHUU KaK TE€OPETUYECKOTO
¢yngamenTa coBpeMeHHOW XuMmHH. O3HAKOMIIEHHE CTYAEHTOB C OCHOBAMH XHMHYECKOH
TEPMOJMHAMHUKH, TEOPUU PACTBOPOB M (Ha30BBIX pPABHOBECUH, 3JIEMEHTAMU CTATUYECKON
TEPMOJMHAMHKH, KaTalu3za M  JIeKTpoxumuu. @DopmupoBaHue  (HU3MKO-XUMHUYECKOTO
MBIIIECHHUS.

1.2. 3apaun ocBOeHHsI TUCHUIVIMHBI: TPUOOPETEHNE HABHIKOB PEIICHUS] KOHKPETHBIX
(U3UKO-XMMHUYECKUX 33/1a4; OBJIAJICHUE CTYICHTAMU HABBIKAMU M YMECHHSIMH PabOTHI ¢ pa3ind-
HBIMH W3MEPUTEIBLHBIMU IPHOOpPaMU M HAyYHBIM OOOPYJOBaHWUEM, C COBPEMEHHOMW BBIUYMCIIH-
TEJIbHOW TEXHUKOW; IMOCTAHOBKOW W MPOBEICHUEM XMMHUYECKOrO 3KCIIEPUMEHTA, MaTeMaTuye-
CKOM 00pabOTKOM pe3yabTaTOB HAOIIOACHUI M TEOPETUIECKON TPAKTOBKOM OIBITHBIX JaHHBIX.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII

2.1. YuebHas nqucuumuimHa «@u3nyeckast XMMHUsD» OTHOCHTCS K 00s13aTeIbHON YacTh
b.1 B.11. u ocBamBaetcs B 6-7 cemecTpax.

Jucuurumna BerpauBaetcs B crpykrypy OIIOII (Matemaruka, nHdopMaTuka, Heopra-
HHUYCCKass XMMHA, aHAJIMTUYCCKAad XUMHA, OpTraHNYCCKad XUMHs, BBICOKOMOJICKYJIIAPHBIC COCIU-
HCHUS, XUMUYECKasi TEXHOJIOTHUS, HU3HUECKre U (HU3UKO-XUMHUUECKHE METO/Ibl HCCIICIOBAHUS B
XUMHHU, KBAHTOBAsA MCXaHWKa W KBAHTOBAsA XHUMHUA, O3HAKOMHUTCIIbHAA IPAKTHKA, XHUMHUKO-
TEXHOJIOTUYECKas MPaKTHKA, PEATUILIIOMHAs TPAKTHKA) KaK C TOUYKU 3PCHHUS IPEEMCTBCHHOCTH
COJIEp’KaHusl, TaK U C TOYKH 3PEHHUS HENPEPHIBHOCTU Iporecca (GOpMUPOBAHUS KOMIIETEHIUMI
BBITYCKHHUKA.

2.2. Jlns M3y4YyeHUsl JAHHON y4eOHOH AUCHUIIMHBI HEOOXOAUMBI CJIeAYyIOUIe 3HAa-
HHsl, YMEHHs, HABBIKH, (opMHupyeMble NMpealIecCTBYIOIMMH Yy4eOHbIMH AUCHHUILIMHAMU:
yueOHBIA KypC JIOTUYECKU CBSA3aH C TEOPETUYECKUMHU OCHOBAMH HEOPTaHMYECKON XMMUM; aHa-
JUTUYECKON XUMHUH; OPraHUYECKON XUMHUN; KBAHTOBOM XUMHH; KOJUIOUIHOW XUMHEH.

CrnenoBarenbHO, «BXOJHBIC» 3HAHHUS U YMEHHS OOYYalOIIErocsi CBSI3aHbI CO 3HAHHEM
TEOPETHUYECKUX OCHOB BBHIIICO003HAYEHHBIX YIEOHBIX XUMUUECKUX TUCIUTIIINH.

3HaHus: MeCTO (PU3NUECKON XUMHUH B PSAY JPYTHX €CTECTBEHHBIX AUCIUIUINH, €€ 3HaUe-
HUE B JKU3HU COBpeMeHHOro ooOmiectBa. CoBpeMEHHbIE NMpeACTaBIEeHUN O (QyHIaMEHTaJIbHBIX
JOCTHKEHUSX B U3YUEHUU XUMUYECKOW TePMOJIMHAMUKU, TEOPUU PACTBOPOB U (Pa30BBIX PaBHO-
BECHI, PJIEMEHTAMHU CTAaTUYECKON TEPMOJUHAMUKH, KaTaIN3a U AIEKTPOXUMUHU.

YMeHusi: aHainu3 KOHKPETHBIX (PU3UKO-XMMHUYECKUX 3a]ad, ONPEeNsaTh TePMOIUHAMUYC-
ckre (YHKIIUU MPOIECCOB, PABHOBECHBIE COCTOSIHUSI CHUCTEM, KOMITIOHEHTHI M UX B3aUMO/IE-
CTBHE B PACTBOPAX, PJIEKTPOXUMHUYECKHE OCHOBBI XUMUUYECKUX MPOLECCOB, KHHETUYECKUE U Ka-
TaTUTUYECKUE TTapaMETPhl, pacCCMaTPUBATh XUMHUUYECKUE CUCTEMBI C TIO3UIUN 2JIEMEHTOB CTaTH-
CTHYeCKON TepMoAuHAMHUKHU. OCYIIECTBIATh B TaOOPATOPHBIX YCIOBUSAX HCCIEAOBAHHUE TEPMO-
JTUHAMHUYECKHUX, PABHOBECHBIX, DJIEKTPOXUMHUYECKUX, KUHETUUECKNX CBOWMCTB PAacTBOPOB U pas-
JUYHBIX XUMUYECKUX CUCTEM.

HaBpiku: TexHukn O€30MACHOCTH TPHU BBIMOJHEHHWU padOT B JabopaTopuu (PU3NUECKON
XUMHH, PETUCTPAIIUU U 00pabOTKH Pe3yabTaTOB (U3UKO-XUMHUYECKHUX SKCIIEPUMEHTOB, METOa-
MU 0TOOpa MaTepHualia JAJjisg TEOPeTHUYECKUX 3aHATUN U JJaOOpaTOpPHBIX padoT.

2.3. MMocaenyomue yyeoHble THCHUIIMHBI H MPAKTHKH, 1JIsI KOTOPBHIX HEOOX0AU-
MBI 3HAHHUSI, YMEHHS M HABBIKH, (POPMHUPYeMble JAHHOH Y4eOHOH JIMCIUIITTHHOM:
- KOJIJIOWTHASI XUMHSI
- XMMUYECKHE OCHOBBI OMOJIOTHYECKUX MTPOLIECCOB;



- Omoopranuveckasi XuMHUs;

- XUMHUSI TPUPOHBIX COCAMHEHHUN;
- KPUCTAJIIOXUMUSI,

- KOMITBIOTEPHAST XUMHSI;

- COBPEMEHHBIE METO/Ibl XMMUYECKOTO aHaIHN3a (CIEIITPAKTUKYM);

-MUCTOPUSA U METONOJIOTUS XUMUU;
-METPOJIOT S, CTAaHAAPTU3ALUS U CePTU(DUKALIUSI B XUMHUUECKON IKCIIEPTH3E;
- XMMHUY€ECKasl KCIIEPTU3a CUHTETUYECKUX U IPUPOIHBIX COCINHEHUM;

- mpousBoicTBeHHas npaktuka (HUP);

- IPOU3BO/ICTBEHHAS IPAKTUKA (TEXHOJIOIHYeCcKast);
- IPOU3BOJICTBEHHAS IPAKTHUKA (IIPEIIUILIOMHAS).

3. INIAHUPYEMBIE PE3YJIbTATBI OBYUYEHUSA 110 JUCIUIIJIMHE

[Tporiecc OCBOCHMS AMCIMILIMHBI HAMpaBICH Ha (OPMUPOBAHHE SJIEMEHTOB CIICTYIOIINX
komnereHnuii B coorseTctBuM ¢ ®I'OC BO u OIIOII BO no gaHHOMY HanpaBJIEHUIO MOJATOTOB-

KH:

06) OIIK-1- CnocolGeH aHanM3UpOBaTh W HWHTEPIPETHPOBATH PE3YIbTAThI
HKCIIEPUMEHTOB, HAOIIOJCHUN 1 U3MEPEHUM;

XUMHNYCCKHX

OIIK-2 - CnocobeH MpOBOAWTH C COOJIOJICHHEM HOPM TEXHHMKH O€30MacHOCTH XHUMHUYCCKUI

HKCIIEPUMEHT,

BKJIIOYasl CHHTE3,

aHajm3,

HU3y4YEHHUE CTPYKTYpPBI

MaTepualioB, UCCIIE0OBAHHUE TPOLIECCOB C UX YIAaCTHEM.
OIIK-6-. CiocoOeH mpeAcTaBiIsITh pe3yabTaThl CBOSH pabOTHI B YCTHON M MHCbMEHHOHU (hopme B
COOTBETCTBUH C HOPMaMH U MPABUIIAMH, IPUHITHIMHU B TPOPECCHOHATILHOM COOOIIECTBE.

Ta6auuna 1 - Jlekomno3uuus pe3yabTaToB 00yUeHHs

U CBOWCTB BEIIECTB U

Kox n nanmeno-
BaHHE KOMIIETEH-
197071

[Tnanupyemsie pe3yapTaThl 00yYeHHUs 10 TUCIMIUIMHE

3nath (1)

YwMmerts (2)

Bmagets (3)

OIIK-1
CnocobeH aHaju-
3UPOBATh U UH-
TEPIPETHPOBATH
pe3yJbTaThl XU-
MMYECKUX DKCIIE-
PUMEHTOB,
HAOIIOIEHUHN U
HA3MEPEHUN

HOIIK - 1.1.1. Cucte-
MaTH3UPYET W aHAIHU3H-
pyer pe3yibTarhl (puszm-
KO-XUMHYECKHX OJKCIIe-
PUMEHTOB,  HaOmo/e-
HUM, U3MEPEHMUI.

HOIIK - 1.1.2. Cnoco-
ObI, METOJIBI ¥ METO/IH-
KM aHallu3a, CUCTeMaTH-
3anud U 00paboTKU pe-

3yJbTaTOB pacyeToB
CBOMCTB BENIECTB M Ma-
TEpUAJIOB.

NOIIK - 1.1.3. Ilpun-
LUIBl U1 OCHOBBI XMMH-
YECKOM TEpMOJMHAMU-
KM, XUMHYECKOTO U (a-

30BOTO paBHOBECHH,
TCOPUH PacTBOpOB,
QJICKTPOXUMHUYCCKUX

MpeBpaIeHUN, KUHETH-
YECKHE W KaTaIMIECKHe
rapaMeTpsl IMPOIECCOB,
SJIEMEHTOB CTaTUCTUYE-
CKOU TEPMOJUHAMUKH.

HOIIK - 1.2.1. UnTepmpe-
TUPOBATh PE3YyIbTATHI COO-
CTBCHHBIX JKCIIEPUMEHTOB
U PaCUYETHO-TEOPETHUECKUX
paboT ¢ HCIHOJb30BaHUEM
TEOPETUYECKUX OCHOB Tpa-
JULAOHHBIX M HOBBIX pas-
nenoB (hU3NYECKOM XMMHUH
XUMUH.

HOIIK — 1.2.2. OcyuecTs-
JSTH  CaMOCTOSATENIBHO HC-
ClIeIOBaHMe ¢duzuko-
XUMHYECKHX MTPOIIECCOB.
HNOIIK — 1.2.2. Ananusu-
poBaTh KOHKpETHbIE (pu3u-
KO-XHMHYECKHE  3ajauH,
JieNaTh BBIBOABI O XapaKTe-
pe W MexaHu3Me IpoLec-
COB, OIPEJEINSATh TEPMOJIU-
HaMHUYECKHe byHKIUHI
MPOLIECCOB, PAaBHOBECHBIC
COCTOSIHUSI CHCTEM, KOMTIIO-
HEHTBI W WX B3aUMOJEi-
CTBHE B PacTBOpax, 3JEK-
TPOXUMHUYECKHE XapaKTe-
PUCTUKH XHUMHUYECKUX TPO-

NOIIK-1.3.1. Dopmynu-
POBKOHM  3aKJIIOYEHUS U
BBIBOJIOB 110 pe3yJbTaTam
aHaM3a  JIMTEPATypPHBIX
JAHHBIX,  COOCTBEHHBIX
JKCIICPUMEHTANBHBIX U
Pac4YeTHO-TEOPETHUECKUX
pabort (uzuKo-
XMMHMYECKON HalpaBJICH-
HOCTH.

HOIIK — 1.3.2. cucremoit
¢dbyHIaMeHTanbHBIX  (u-
3UKO-XMMUYECKUX TOHS-
TAH W TPaKTHIECKUMU
HABBIKAMH TIPU PEIICHUU
npodecCHOHABHBIX  3a-
Jad B oOsactu ¢usnde-
CKOU XUMUHU.

HOIIK — 1.3.3. HaBBIKaMu
onpeaeeHus ¢dhuzuKo-
XUMHYECKUX BEJIMYWH
AHAJIMTUYECKMMU M TIpa-
(uvecKkuMH METO/IaMU 110
AKCIIEPUMEHTAIBHBIM
JTAHHBIM, METOJIaMHU PEerH-
cTpari U 00paboTKH




OeCCOB, KHHCTHYCCKHEC H
KaTaJIMTUYCCKUE TIIapaMeET-
PbI, paccMaTpuBaTb XHUMHU-
YECKHE CUCTEMBI C MO3ULIMI

PE3YJIbTATOB XUMUUYCCKUX
OKCIICPUMECHTOB, HAaBBbIKa-
MU TCPMOJUHAMHYCCKUX,
AHAJTUTUYCCKHUX paCIIéTOB

OIIK-2 Criocoben
MIPOBOJIUTH C CO-
OroICHIEM HOPM
TEXHHUKH 0e3-
OIACHOCTH XMMH-
4eCKUM dKCIIEpH-
MCHT, BKIIIO4Yas
CUHTE3, aHAJIN3,
W3yYeHHUE CTPYK-
TYpbl U CBOMCTB
BCLICCTB U MaTc-
pHaoB, HCCIIEAO-
BaHHE TPOIIECCOB
C UX y4aCTUCM

3IIEMEHTOB CTaTHCTHYE- | B IaHHBIX pasJelax.
CKOM TEpMOJIMHAMUKH.
HOIIK-2.1.1.  Ochoso | MOIIK-2.2.1  Ilpooauts | MOIIK-2.3.1. TexHukoi,

CHUHTE3a, aHaiu3a, U3y-
YeHUsT CTPYKTYpHl |
CBOWCTB BEIIECTB U Ma-

TEpUAJIOB, HUCCIEN0Ba-
HUE IPOLECCOB C HX
Y4acTHEM.

HOIIK-2.1.2. Teopetu-
YECKHUE  aCleKThl U
MMETh TPEICTaBICHIE O
OpraHM3alMd U IPOBE-
JCHUU CTaguil XUMUYe-
CKOTO  DKCIIEPUMEHTA:
YCIIOBUSL  TIPOBEICHUS
SKCIIEPUMEHTa, TEPMO-
TUHAMHAKA W KHHETHUKH
MIPOIIECCOB.

HOIIK-2.1.2  Hopwmsl
TEXHUKH 0e30MacHOCTH
U TOXapHOH Oe3omac-
HOCTH TIpU paboTe ¢ XH-
MUYECKUMH  BEIIECTBA-

CUHTE3 BEIIEeCTB U MaTepH-
aJoB pa3HON MPUPOIBI C
WCTIONB30BAaHUEM  HFIMEIO-
IIUXCST METOJTUK.
HOIIK-2.2.2. IIpoBoauTh
CTaH[apTHBIE oriepanuu
JUISL OTIPEJICICHUS] XUMHUYe-
cKoro u (a3oBOro cocTana
BEIIECTB M MaTepHaJiOB Ha
HX OCHOBE.

HOIIK-2.2.3. I[1oaroroBuThH
00opymoBaHNE U PEAKTHBHI
JUTST TIPOBEACHHUS XHMHYe-
CKOr'0 3KCIepUMEHTa. BBI-
OpaTh METOMABI MOyYEHUS
W WCCIIEJIOBaHUS XHMUYe-
CKHUX BELIECTB U PEAKIUH.

AJIrOPpUTMOM pa6OTLI Ha

amnmaparype, MpeHa3Ha-
YEeHHOW 711 (PU3UIECKOTO
u/unu ¢u3uko-
XUMHAYECKOTO  aHallu3a:
criekTpodoToMeTpax, Ho-
HOMeEpax, pH-metpax,
xpomatorpadoB, pedpak-
TOMETpax.

HOIIK-2.3.2. HaBbIKaMH
MPOBEACHHUS  CTaHIAPT-

HBIX OIlepanuil 1 ompe-
JeTICHUS] XUMUYECKOTO |
(dazoBoro cocraBa Be-
IIECTB U MaTEepPHAIOB Ha
UX OCHOBE.

HOIIK-2.3.3. npaBuwiaMu
¥ HOpMaMH TEXHHKH Oe3-
ONacHOCTH M TOXKapHOU
Oe3omacHOCTH TIpU pabo-
T€ ¢ XUMHWYCCKHUMU BCIIIC-

MU B (hnzuko- CTBaMH B ¢uzuKo-
XUMHYECKOH 1abopato- XUMHYECKOl  maboparo-
PHHL. pHH.
OIIK-6. Croco- | MOITK-6.1.1. Amnropur- | MUOIIK-6.2.1.  IIpencras- | UOIIK-6.3.1 HaBsikamu
O€H MMPEeACTaBIATh | MBI NPEACTABICHUS pe- | JSATh HH(POPMAIMIO XUMH- | TIPEICTABICHHS  PE3yJib-
pe3yJbTaThl CBO- | 3yJlbTaTOB  pabOTBl B | UECKOT'O  COJEpXaHWs C | TaTOB paboThl B BUAE OT-
el paboThl B yCT- | BUJE OTYeTa IO CTaH- | y4eTOM TpeOoBaHUN OWO- | yeTa 10  CTaHIAPTHOU

HOH M MACHLMEH-
HOW (hopme B co-
OTBETCTBUU C
HOpMaMH U Tpa-
BUJIAMH, TIPHHS-
TBIMH B IIpodec-
CHOHAJILHOM CO-
oOrecTBe

nmaptHoi hopMe Ha pyc-
CKOM SI3BIKE;

HNOIIK-6.1.2. Meroau-
YECKUE TOAXOJIbI TPeJ-
CTaBJICHUS PE3YIbTATOB
paboThl B BUC TE3WCOB
JIOKJIaJla Ha PYCCKOM U
AHIJIMMCKOM  SI3BIKE B
COOTBETCTBHH C HOpMa-
MU M TpaBHJIaMH, TpPHU-
HATBIMH B XUMHYECKOM
COOOIIIECTBE.

morpaduIeckod  KyIbTy-
PpbL;

HOIIK-6.2.2. I'oToBUTHL
MPE3CHTALNI0 [0 TEME pa-
OOTHI U MPEJICTABISIET €€ Ha
PYCCKOM U  aHIJIMHACKOM
SI3bIKAX.

(dhopMe Ha PYCCKOM SI3BI-
Ke;

HOIIK-6.3.2 Hassikamu
npejcTaBieHuss  uHMOP-
MalUHd XHMHYECKOT'O0 CO-
JICp)KaHUSL C Y4E€TOM Tpe-
OoBanmii  OubnMorpadu-
YECKOU KYJIBTYPHI;
HOIIK-6.3.3 Hasreikamu
MPEJCTABJICHUS  PE3YJib-
TaTOB PalbOTHI B BUJE Te-
3WCOB JOKJaJa Ha pyc-
CKOM WM aHTJIUMCKOM S3BI-
KE B COOTBETCTBMH C
HOpMaMHU ¥ TIpaBUJIAMH,
NPUHATBIMA B XUMHUE-
CKOM COOOIIECTBE;
HOIIK-6.3.4  T'oroBUThH
MPE3CHTAIMI0 10 TeMe
paboThl W TpencTaBisieT
€€ Ha PYCCKOM U aHIJIHM-
CKOM SI3BIKaX.




4. CTPYKTYPA U COAEPKAHUE JUCIIUITJIMHBI

O0bem aucnuiuHbl «Pu3nyeckas XUMUS» B 3aUCTHBIX €IMHUIAX cocTaBiseT 20 3a-
yéTHbIX equHul (6 cemectp - 10 3.e., 7 cemecTp — 10 3.e.), 720 akagemuyeckux 4acon (6 ce-
MecTp — 364 yaca, 7 cemectp — 356 wyacoB). Ha koHTakTHYIO paboTy 00ydaromuxcst ¢ Mperno-
JlaBaresieM 1o BuJaM ydeOHbIX 3aHsaTHH 492 daca (6 cemectp — 240 vacoB, 7 cemectp — 252
vaca): 76 dacos nekiuii (6 cemectp — 20 vacos, 7 cemectp — 56 yacoB), 272 vaca abopatop-
HbIX pabor (6 cemectp — 160 wacoB, 7 cemectp — 112 wyacoB); 144 4vaca mpakTHYECKO-
ceMHUHapCcKuX 3aHsATHH (6 cemectp — 60 wacos, 7 cemectp — 84 uaca); 18 "acoB KypcoBas pa-
6ota (7 cemectp), 210 yacoB Ha camMoOCTOATENbHYIO paboTy oOydarommxcs (6 cemectp — 120

vaca, 7 cemectp — 90 yacoB).

Tabauua 2 - CTpyKTypa u cojiepskaHue I1CHUIITHHbI

KonrakrHas pabota DopMBbI TEKYLIETO
No | Pazgen, TemMa qUCHMILITUHBI (B yacax) CamocTosT. KOHTPOJISL YCIIEBAEMOCTH
n/n e pabora dopma MPOMeKyTOUHOU
3 aTTecTaluu
=
3 (no cemecmpam)
J 113 JIP KP CPp

1. Paznea |. OcHOBLI XUMHYECKO
TEePMOTUHAMHKH

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

Ortuer o JI.P.1,2
HAMUKA K XUMHYCCKHM 6 1 6 16 8
Pemenne
mporieccam. Tenmoem-
AHATTUTHYCCKUX 32129
KocTb. TepMoxumusi.

3 Tema 1.2. IlpumeHnenue VYeTHbIl onpoc
BTOPOT'0 3aKOHa TEPMOJU- Oruer o JI.P.3
HAMUKA K XUMHYCCKHM 6 1 6 16 10 Pemenue
mporeccam. DHTPOTHSL. AHAIUTUYECKUX 3a]1a4

Tect Nel

4 Tema 1.3. TepmonuHamu- VYeTHbll onpoc
YecKHe IOTeHUUabl. XH- Oruer o JI.P.4
MUYECKHUI IOTEHIUAIL. 6 2 4 8 10 Pemienne
[Ipenen mporekanus peax- AHATUTUYECKUX 3a]1a4
uund. TemoBas Teopema Peiitunrosas
HepHucra. K.P. Nel

5 Pazngea Il. Xumuueckoe
paBHOBecHe

6 Tema 2.1. 3akoH AeHCTBY-
rommx Macc. KoHcraHTa
XUMHYECKOTO pPaBHOBECHS VYcTHEIH ompoc
U COCTaB CHCTEMBL. XH- 6 2 4 8 10 Oruer o JI.P.5
MHYECKHE M aJICcOpOIHOH- Permenue
Hble paBHOBecusa. CMere- AHATUTUYECKUX 3a]1a4
HUE XUMHYECKOTO paBHO-

BECHS.

7 Tema 2.2. MakcumanbHas YcrHbiit onpoc
paboTa 1 XuMHUIeCcKoe Oruer o JI.P.6
CPOACTBO. YpaBHCHHUS 6 1 4 8 10 Perrenune
M30TEPMbI XUMUYECKOM AHATUTHYCCKUX 3319
peaKIuu. Tect No2

8 Tema 2.3. 3aBUCUMOCTB VYcTHslii onpoc
KOHCTaHTBl XUMHUYECKOTO Oruer o JI.P.7
paBHOBECHsI OT TeMIIepa- 6 1 4 8 10 Pemenue
TypBL. DMIIIPUYCCKUC Me- AHATUTHYCCKUX 3319
TOJ/bI pacyeTa KOHCTaHT PetiTiaroBas
paBHOBECHSI. K.P. Ne2




Pazgen I11. da3oBbie

paBHOBecHs.
PacTBopbI

10 | Tewma 3.1. [IpaBmio da3 VeTHui onpoc
I'n60ca. PaBHOBECHBIE Oruer 1o JL.P.8
COCTOSIHUS TIPH (pa30BBIX 6 16 10 PCHIGEHI/IE; ’
NePeXoJax. YpaBHeHHe AQHAIUTUYECKUX 33134
Kiaysuyca-Knalinepona.

11 | Tewma 3.2. MonexymsipHbIE VYcTHBIH ompoc
pacTtBOpbl. PU3KKO- 4 8 10 Ortuer o JI.P.9
XUMUUYECKHE CBOMCTBA Pewmenue
pa30aBJICHHBIX PACTBOPOB. AHAJIMTUYECKUX 3a/a4

12 | Tema 3.3. bunapHsle pac- VeTHbii onpoc
TBOPBI KHJKUX JIETYYHX Oruer o J1.P.10
BelecTB. MneanbHbie U Pewmerue
HEWJI€aIbHbBIE CUCTEMEL. 6 16 10 AHATHTHYECKIX 32124
YacTUYHO CMEIINBAIOIIHE-

Cs1 1 HECMEIINBAIOIIHECS Teer Je3
KUJKOCTH.

13 | Tema 3.4. PacTBOPpUMOCTB YcTHBIH ompoc
ra3oB B JKUJKOCTSX. 3aKOH 4 8 10 Otuer mo JI.P.11,12
pacnpeneneHus. DKCTpak- Peiitunrosas
M. K.P. No3

14 Paznea V. Daexkrpoxumus

15 | Tema 4.1. PacTBOpHI 71CK- VYcTHBIH ompoc
TPOJIUTOB. 4 16 10 Oruer no JI.P.13,14

Pewenne
AQHAIMTHYECKHX 3334

16 | Tema 4.2. HepaBHOBecHBIE VYeTHbIN onpoc
SIBIIEHUS B PACTBOPAX Oruer no JI.P.15
3JIEKTPOJIUTOB. 4 16 10 Pemenne

AQHAJTUTUYECKUX 3a/1a4
Tect Ne4

17 | Tema 4.3. DnexTpoHBIE VYerHbll onpoc
nporeccel. TepmoanHamMu- Otuer o JI.P.16
Ka ¥ KHHETHKA 3JIEKTPO- 4 16 6 Pemenune
XMMHUYECKHX MTPOIIECCOB. AQHATMTHYECKUX 33134

Peiitunrosas
K.P. Ne4

18 Paznen V. DieMeHTHI
CTATHCTHYECKOH
TePMOJIMHAMHUKH

19 | Tema 5.1. Mexanudyeckoe
OIIMCAaHUE MOJIEKYJISIPHOM VYeTHbll onpoc
cuctemsl. [locTynatsl cTa- 12 16 10 Otuer o JI.P.17
TUCTUYECKOU TEPMOAMHA- Pewmenue
Muku. CymMma o cocTosi- AQHAJTUTUYECKUX 3a/1a4
HUSIM.

20 | Tema 5.2. BpruucineHus YcTHBI onpoc
TEePMOANHAMHYECKIX Pemenune
¢ynkmid. CraTucTyeckas 12 16 10 AQHATMTHYECKUX 337124
TEPMOJIUHAMUKA PEAIbHO- Tect Ne5
TO ra3a U KOHJECHCUPOBAH- Peiitnnrosas
HOI'0 COCTOSIHUS BELIECTBA. K.P. Ne5

21 Pasgen VI. Xumuueckast
KHHETHKA

22 | Tema 6.1. CkopocTb Xu- VYcTHslii onpoc
MUYECKOM peakuuu. 3aBu- 12 16 10 Otuyer mo JI.P.18

CHMOCTB CKOPOCTH peaK-

LMY OT TEMIIEPATYpHl.

Pemenue
AHAJIMTUYECKUX 3a7a4




23 | Tema 6.2. Kuneruka VYerHblii onpoc
CJIOXHBIX pEaKInu. 7 8 12 16 10 Otuer o JI.P.19
Pewenune
AHATMTHYIECCKUX 3319
24 | Tema 6.3. TeopeTnueckue VYcTHBIH ompoc
MIpPECTaBICHUS XUMUYe- Oruer mo JI.P.20,21
CKOM KHHETHKH. 7 8 12 16 10 Pemenne
AHATTUTHYECCKUX 337129
Tect No6
25 | Tema 6.4. IlenHbie, hoTo- YcTHEI ompoc
XUMUYECKHE U paJuanu- Ortuer no JI.P.22,23
OHHO-XMMUYECKHE TIPO- 7 8 12 16 10 Perenue
LECCHI. AHATUTHYCCKUX 3314
Peiitunrosas
K.P. Ne6
26 Pasngen VII. Karanus
27 | Tema 7.1. Karamms. O0- YcTHBIH ompoc
TIe TPUHIIAITE IPOTEeKa- 7 4 6 8 14 Oryer o JI.P.24
HUS KaTaJTUTHIECKUX pe- Pemenne
aKIUH. aHAJIUTHUYECKUX 3aJ1a4
28 | Tema 7.2. Kuneruka ka- YcTHbli onpoc
TaJIUTHYECKUX MPOIIECCOB. Ortuer no JI.P.25
7 4 6 8 12 Pemenne
AHAJTUTHYCCKHX 3a/1a4
Peittunrosas
K.P. No7
HUTOTrOo 3AIIUTA KYPCO-
720 76 144 | 272 18 210 BOW PABOTHI,
9K3AMEH

Ipumeuanue: JI — nexums; [13 — npakTuueckoe 3austue, cemunap; JIP — maboparopHast

pabota; KP — kypcoBas pabota; CP — camoctosTenpHas padboTa.

Tadiauua 3 - MaTpuua cOOTHeCeHHUsI pa31esioB, TeM Y4eOHO JMCUMILINHBI U (popmupye-

MBIX KOMIIETEHIIMH

Pa3nen, Tema JUCHUTIIMHEI Kon- OOuee
BO Ko xoMmmeTeHIIMu KOJIU-
Ya- YeCTBO
COB KOM-
METEH-
805071
OIIK-1 | OIIK-2 | OIIK-6
Paznen |. OcHOBBI XUMHYECKOH TePMOIU-
HAMHKH
Tema 1.1. Ilpumenenue mnepBoro 3akona | 31 + + 3
TEPMOJMHAMHUKY K XUMHUYECKAM TPOIIeccaM.
TermnoeMkocTs. TepMoxumus.
Tema 1.2. [lpumenenue BTOpOro 3akoHa | 33 + + 3
TEPMOJMHAMHUKY K XUMHYECKAM TPOIIeccaM.
OHTponusl.
Tema 1.3. TepMmoauHaMuyecKHe MOTEHIUa- | 24 + + 3
npl. Xumuueckuid norenuuan. Ilpenen mpo-
TekaHus peakuuu. TerutoBas Teopema HepH-
CcTa.
Paznen |1. Xumu4yeckoe paBHOBecue




Tema 2.1. 3akon aeiictByromux macc. Kon-
CTaHTa XUMHUYECKOTO PaBHOBECHS M COCTaB
CUCTEMBl. XUMHYCCKHE U aJCOPOLMOHHBIC
paBHOBecusa. CMeEIIEHUE XUMHUYECKOTO paB-
HOBECHS.

24

Tema 2.2. MakcuMaiapHas paboTa B XUMHIe-
CKO€ CpOJICTBO. Y paBHEHUS U30TEPMBI XH-
MHYECKOU PEeaKIu.

23

Tema 2.3. 3aBUCUMOCTh KOHCTAHTBI XHUMUYeE-
CKOT'0 PABHOBECHS OT TEMIIePaTyphl. DMIIU-
pUYECKHE METOIbI pacyeTa KOHCTAHT PaBHO-
BECHIL.

23

Paznen I11. ®a3oBbie paBHOBecusi. Pac-
TBOPBI

Tewma 3.1. IIpaBuno ¢a3 'nu66ca. PaaoBec-
HBIE COCTOSIHUS ITPH (a30BBIX IEpPeXoax.
YpaBHenue Knaysuyca-Knaiinepona.

34

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

24

Tema 3.3. BunapHbsle pacTBOPHI KUIKUX Jie-
Ty4uX BCHICCTB. HIICEUIBHBIG 1 HCUJICAJIbHBIC
cucteMbl. YacTU4HO CMEHIMBaroOmuecs u
HECMEIIMBAOIINECS KUIKOCTH.

34

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

24

Paznen IV. Daexkrpoxumus

Tema 4.1. PacTBOpBI 3JIEKTPOJIUTOB.

32

Tema 4.2. HepaBHOBeCHBIE IBJIEHUS B pac-
TBOpax 3JIEKTPOIUTOB.

31

Tema 4.3.OnexTpoaHsle mpoueccsl. Tepmo-
JUHAMHUKA U KHHETHKA 3JIEKTPOXUMUYECKUX
IIPOLIECCOB.

27

Paznea V. DiaeMeHTHI
CTATHCTHYECKOM
TEPMOIMHAMHUKH

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

46

Tema 5.2. Bprunciaenus TepMoanHaMUIe-
ckux ¢yHkuuil. CtaTucTHYeCKast TEPMOIH-
HaMMKa PeajbHOrO ra3a U KOHAEHCHUPOBaH-
HOI'O COCTOSIHMSI BEILIECTBA.

46

Paznea VI. XumMundeckas KHHETHKA

Tema 6.1. CkOpOCTh XUMHUYECKOMN pEAKIIUH.
3aBHUCHMOCTH CKOPOCTH PEAKIUH OT TeMITe-

paTypsl.

46

Tema 6.2. KuHeTuka ClI0KHBIX peaklui.

46

Tema 6.3. TeopeTudeckne npeCTaBICHUS
XUMHAYECKON KHHETHKH.

46

Tema 6.4. Llenabie, HOTOXMMUYESCKUE U Pa-
JUAITMOHHO-XUMHUYECKHE ITPOIIECCHI.

46

Paszgen VII. Karanus




Tema 7.1. Karanuz. O0miye nprUHIUIIBI IPO- 32 + + + 3
TEKaHUS KATATMTHYCCKUX PEAKIHH.

Tema 7.2. KuHeTrka KaTaIUTHIECKUX IPO- 30 + + + 3
I[ECCOB.

Kypcosas pabora 18 + + + 3
HToro 720

Kparkoe cogep:xanue y4eOHOW TMCHUATIIAHBI
Pa3ueJ1 |. OCHOBLI XUMHYECKON TEPMOAUHAMHUKH

Tema 1.1. Ilpumenenue nepeozo 3aKoHaA MEPMOOUHAMUKU K XUMUUECKUM RPOUECCAM.
Tennoemkocms. Tepmoxumusa. IIpeamer XUMUYECKOM TEPMOJUHAMUKH. TepMOIuHAMUYECKHE
nepeMeHHble. THTeHCHBHBIC M OKCTEHCUBHBIC BeMHMUMHBL. OOpaTUMbIe 1 HEOOpPATHMBIE MPOIIEC-
Chbl ¥ X cBOMCTBAa. OCHOBHBIE IMOHATHS U ONPEIEICHUA: CUCTEMA, TEPMOANHAMUYECKHUE MPOLEC-
CBbI, BHYTPCHHSISI DHEPTHsl, SHTAJBINS, TEIIoTa, pabora. MakcumanbHas paboTa pacHImpeHus
UJIabHOr0 ra3a B pa3HbIX Ipolieccax. Y paBHEHUE COCTOSHUSA UACAIbHOIO rasa, raza Ban-nep-
Baannca. Teopema 0 COOTBETCTBEHHBIX COCTOSHUSX W 00IIasi mpoOiieMa YpaBHEHHS COCTOSHUS.
IlepBblil 3aK0H TepMoauHAMUKU. [[puMeHeHne nepBoro Hayana TEpMOJMHAMUKY K ITPOLIEccaM B
mo0bIx cuctemax. Kiaccudukanus termoeMkocTd. CBS3b TEIJIOEMKOCTH C TePMOIUHAMHYC-
CKUMHU (YHKIUSMU. 3aBUCUMOCTb TEIJIOEMKOCTH OT TeMIrepaTyphl. TemnnoeMKocTh Ta3oB, TBEP-
JIBIX TEJI U CMeced. 3aBHCHMOCTh TEIUIOBOTO 3(PPeKTa XMMHUECKON PEeaKIHMH OT TEeMIICPaTypPhI,
ypaBHenue Kupxrodda. Tepmoxumus. 3akon ['ecca u cienctsue u3 Hero. [IpubnmxeHHbie Me-
TOJIBI pacyeTa TeTUIOT 00pa30BaHusl, CTOPAHUs, PACTBOPCHHUS, HEHTpaTH3any.

Tema 1.2. Ilpumenenue 6mopozo 3aK0HA MePMOOUHAMUKU K XUMUYECKUM NPOUECCAM.
Iumponusn. CaMONpOU3BOJIBHBIE U HECAMOIIPOM3BOJIBHBIE MPOLIECCHl. BnusHue ycioBuil Ha
HaIpaBlieHUE XMMHUYECKOTO Mpoliecca. BTopoil 3ak0oH TepMOAMHAMHUKYU U €ro pasindHbie Gop-
MYJUPOBKH. YPaBHCHHE BTOPOTO Hadala TEPMOJUHAMHUKH JJIsi OOpPATUMBIX M HEOOPATUMBIX
npoueccoB. Ob6ocHOBaHME BTOPOro Havana tepmonuHamuku. Teopema Kapno-Knaysuyca. DH-
Tponus Kak (pyHKIUS COCTOSIHUSA. VI3MEHEHHE SHTPOIUU MPH Pa3IMYIHBIX Mporeccax. M3meHe-
HUE€ SHTPOIUU KaK KpUTEPUH HaAIpaBJIEHUsS MPOLIECCOB B U30JMPOBAaHHBIX cucrteMax. [loctynar
[Tnanka.

Tema 1.3. Tepmoounamuueckue nomenyuanvi. Xumuueckuii nomenyuan. Ilpeoen
npomekanun peakyuu. Tennosan meopema Hepucma. ®ynnamentansHoe ypapHeHue ['uooca.
Xapakrepuctuueckue GyHkuu. DHeprus ' m60ca, sneprus I'enbMrosbiia U UX CBOHWCTBa. Ypas-
HeHre MakcBelia U ero UCIOIb30BaHME ISl BBIBOJIA PA3IMYHBIX TEPMOJUHAMUYECKUX COOTHO-
meHud. XUMUYEeCKrue MOTEHIMaNbl, X ONpe/elieHue, BblUMCIeHne U cBoilcTBa. OmnpeneneHue
HaIpaBJICHUs PEAKIIUU MPU CTAaHAAPTHBIX YCIOBHSIX.

Paznea I1. Xumnueckoe papHoBecue

Tema 2.1. 3akon oeiicmeyrouux macc. Koncmanma xumuueckozo pasnogecus u co-
cmag cucmemol. Cmeuwjenue xumuuecko2o pasnosecus. OOpaTumble peaklud. 3aKOH ACH-
CTBYIOIIUX Macc MPUMEHHUTEIHHO K 00paTUMBIM HI€aJIbHBIM OJHOPOJAHBIM XUMUYECKUM CHCTE-
MaM U peabHbIM. IcTOpHs €ro OTKpBITHS U COBpEMEHHas TpakToBka. KoHcTaHTa paBHOBECHS U
crocoObl ee BbIpaxkeHUs. KoHCTaHTa paBHOBECHs B Ie€TEPOTreHHONW peakluu. XUMHUYECKOE paB-
HOBECHE B M/ICATbHBIX U HEUJICATBbHBIX CUCTEMAX. Y CIOBHS XMMHUECKOrO paBHOBecus. Cmelne-
HUE XMMUYECKOTO PABHOBECUS: BIIMSHUE TEMIIEPATYPHI, KOHLIEHTPALWH, TABJICHHUS.

Tema 2.2. Makcumanvnaa paboma u Xxumuueckoe cpoocmeo. YpasHenus uzomepmol
Xumuueckou peakyuu. MakcumanbHas paboTa pacIIUpPEeHUsl HICAIBHOrO rasza. TepMoauHamMu-
YyecKasi TPaKTOBKA MOHATHS 0 XUMHUYecKoM cpojacTtse. [Ipunuun beptino u obnacte ero npume-



HumocTH. [IpuBenennas sueprust ['mudb6ca u ee MCHOIB30BAHUE JUISI PACUETOB XUMHUECKUX PaB-
HOBECHH.

Tema 2.3. 3aéucumocmsv KOHCHIAHMIbL XUMUYECKO20 PAGHOGECUSL OM MEMNEPANYPb.
Imnupuueckue memoovl pacuema KOHCHAHM PAEGHOBECUA.

Nzotepma Bant-I'odda. 3aBUCHMOCTD KOHCTAaHT PaBHOBECHS OT TEMIIEPATyphl. Y paBHe-
HUS U300apbl U U30XOPhl PEaKLUU UX TepMOJUHaMUYecKui BbIBOJ. MI3MeHnenue snepruu ['n66ca
Y JHEpPruM l'enpMrosiblia npyu XMMHUYECKON peaknuu. PacyeT KOHCTAaHT paBHOBECUs dMIIMpPHYC-
CKMMH METOAAMH HAa OCHOBE CIEKTPOCKOINYECKUX M KaJOPUMETPUUYECKUX JaHHBIX, MeTOX TeM-
kuHa-IlIBapumana.

Paznea |11. ®da3zoBbie paBHOBecusi. PacTBopsl

Tema 3.1. Ilpasuno ¢paz I'uooca. Pagnosecnvie cocmoanus npu hazoevix nepexooax.
Ypaseuenue Knayszuyca-Knaitnepona. I'eteporennbie cucteMbl. [lonsatus (a3a, KOMIIOHEHT,
crenedb cBOOOABI. [IpaBmino ¢a3 ['mOOca u ero BBIBOA AJIs pa3HBIX CHCTEM. TepMoanHaMude-
CKO€ yYpaBHEHHE ITPU PaBHOBECHBIX Mepexojax BellecTa (McnapeHue, cyoinManus).

Tema 3.2. Monekynapuuie pacmeopvl. Pu3uKko-xumuuecKue ceoiicmea pazoaeieHHbx
pacmeopos nenekmponumos. O011as XapaKTepUCTUKa pacTBOpoB. MeanpHbie pacTBOphl. He-
UjcalIbHBIC PACTBOPBI U UX CBOMCTBA. AKTHBHOCTH, KO3 dummeHT aktuBHOCTH. CBOWMCTBA pa3-
OaBJICHHBIX pacTBOpOB. JlaBlneHue mapa HaJ pacTBOpUTEIEM M pacTBOpoM. 3akoH Paynsa u ero
TEPMOJIMHAMUYECKUI BBIBOA. JlaBjeHMEe HACBIIIEHHOTO TMapa pacTBOPUTEINS HAJl PaCTBOPOM, 3a-
BHUCHUMOCTh OT TeMmmepartypbl. TemmepaTrypa 3aMep3aHusi U KUIEHUs pa30aBICHHBIX PACTBOPOB.
Kpuockorus u 30ymmmockonusi. OcMoc ¥ OCMOTHYECKoe JaBiieHue. YpapHenue Bant-I'odda,
€ro TepMOJIMHAMUYECKUI BBIBOJ M 00JIACTh MPUMEHEHUSI.

Tema 3.3. Bunapuvie pacmeoput y3cuokux nemyuux eeujecme. Hoeanvnvie u Heude-
anvHble cucmemsl. dacmuuno cmemusaowuecs u Hecmewugaouwuecs Hcuokocmu. Pactso-
PBI JISTY4YUX KUAKUX BemecTB. CocTaB MapoBOi U )KUIKOH (a3. Pa3nmuynbie BUABI qUarpamMmm co-
ctosHus. 3akoHbl [ n66ca-KonoBanoBa. Pa3nenenue BemecTs myTeMm neperoHKd. A3e0TpONHbIE
CMECH U MX CBOcTBa. JlaBieHne mapa OWHAPHBIX CUCTEM M3 YaCTHYHO CMEIIMBAIOIINXCS U He-
cMelMBarImuxcs kuakoctei. Ileperonka ¢ mapom.

Tema 3.4. Pacmeopumocms 2a306 6 rxucuokocmsax. 3aKoH pacnpeodenenus. IKCmpak-
yua. PacTBOpBl Ta30B B KUAKOCTAX. BIMsHHE KOHIIEHTpAIMH SJIEKTPOJUTOB, TeMIEpPaTyphl,
MIPUPOJIBI PACTBOPUTENISE HA PACTBOPUMOCTH ra3oB. [ 'paduueckoe BbIpaKeHHE COCTaBa TPEXKOM-
MOHEHTHBIX cucTeM. TpeyronbHUK [n60ca. OOmue mpeacTaBieHUs O TPEXKOMIIOHEHTHBIX H
MHOTOKOMITOHEHTHBIX KOMITJIEKCHBIX COCIMHEHUSIX U MOHHBIX acCOIMATaX U METOJIaX UX HCCIIe-
noBaHudA. 3akoH ['enpu. Pacripenenenne TpeTbero KOMIOHEHTa MEKIY ABYMsI HECMEIINBAIOIIH-
MUCS KUJKOCTAMH. 3aKOH pacrpeeieHusi. IKCTParupoBaHUE B XHMUH.

Paznea V. DnexkTpoxumus

Tema 4.1. Pacmeopsl 31eKkmponumog. [IJpudHbl 1 MEXaHU3M SJIEKTPOJIMTUYECKON JTHC-
couunanuu. OcHOBHbIE TOJOXKeHUs1 Teopun Appennyca. Henocratku atoii Teopun. Padotsr N.A.
KabnykoBa u J[.M. MenneneeBa. MoH-aumnonbHOe B3aWMOJECHCTBHE KaK OCHOBHOE YCIIOBHE
YCTOMYHMBOCTH PAaCTBOPOB AJIEKTPOJIUTOB. TE€pPMOJMHAMHYECKOE ONHCAHUE MOH-MOHHOI'O B3au-
MmojencTBus. [loHsiTue cpeiHelt akTHBHOCTH U cpeiHero Koa(dduiineHTa akTUBHOCTH;, UX CBSI3b C
AKTUBHOCTBHIO U KOA(P(PHUIIMEHTOM aKTUBHOCTH OTIENbHBIX MOHOB. OCHOBHBIE JOMYIIEHUS TEO-
pun JleGas-I'tokkens. YpaBHeHue 1 ko3 uiienTa akTMBHOCTH B IEPBOM, BTOPOM U TPEThEM
npubimxennu teopun Jlebas-I'tokkens. CoBpeMeHHbIE MPEICTABICHUS O PAacTBOpax 3JEKTPO-
JIUTOB.

Tema 4.2. HepasnosecHole asnenusn 6 pacmeopax dnekmponumos, Ilotoku muddysun
u murpanuu. ®opmyna Hepucra-OitHimrelina. J(udQy3nonnslii moteHnuan. Y aeiabHas U 9KBH-
BaJICHTHAs 3JIEKTPOIIPOBOAHOCTh. Yncna nepeHoca U MeToapl ux onpeaeneHus. IlonsuxkHoctn



MOHOB U 3ak0oH Kombpaymra. @usudeckue ocHoBbI Teopun [lebdas-Itokkens-Onzarepa; 35eKTpo-
dopernueckuii U penakcanroHHbIA dPdekTrr; 3pdexTter Buna u Jlebas-danpkeHrarena. 3aBu-
CUMOCTh MOJIB’KHOCTH MOHOB OT MPHUPOJBI PACTBOPUTENS, OT TEMIEPATyphl U KOHIEHTpALUU
pactBopa. MexaHu3M 3JIeKTPOIIPOBOJHOCTH BOJHBIX PACTBOPOB KHUCIIOT U IIETI0YEH.

Tema 4.3. DiiekTpoanbie npouecchbl. TepMoAMHAMIKA U KMHETHKA JJIeKTPOXUMHUYe-
CKHMX MPOLECCOB. YCJIOBHS IIEKTPOXMMHUYECKOTO PAaBHOBECHS Ha IpaHulax pasjena ¢a3 u B
anektpoxumudeckoit nenu. Cesazp IJC ¢ cBoOomHOM 3Hepruei ' nboca. Ypasuenune Hepuera u
['n60ca-I'enbMronbpiia AJ11 paBHOBECHOM 3JIEKTPOXMUMHYECKON Iienu. [ToHSATHE 3IEKTPOIHOTO
noreHnuana. Kiaccupukanus 37IEKTPOJAOB M INEKTPOXMMHUYECKUX 1eneid. [loHsTre moBepx-
HOCTHOT'O, BHEIIIHETO ¥ BHYTPEHHEr0 MOTEHIIMAJIOB; Pa3HOCTH MOTeHlnanoB ['ansBanu U Bomb-
Ta. JIBOMHOMN AIEKTPUUYECKUN CIIOM U €r0 POJib B KMHETHKE 3JIEKTPOJHBIX MPOLECCOB. EMKOCTH
JBOMHOTO 3JIEKTPUYECKOT0 CJIOs; MPUYUHBI €€ 3aBUCMMOCTH OT IMOTEHIMala 3jIekTpoaa Mo-
JIETIbHBIC MIPEJCTABICHUS O CTPYKType ABOMHOrO ciod. Teopus I'yu-Hanmena-I'pama; cxoactso
U pa3Inuvs dTOW TEOpUHU C Teopuer noHHoU atMocdeps! Jlebas-Itokkens. [noTHOCTE TOKa Kak
Mepa CKOPOCTH 3JIEKTPOJHOrO IpolEecca; MOaspu3anus EeKTpoaoB. CTaguu 3JIEKTPOJHOTO
npouecca. MexaHu3Mbl mMacconepenoca: AuQdys3usi, MUrpanusi 1 KOHBEKIUS. Tpu OCHOBHBIX
ypaBHEeHUS UGG Y3NOHHONH KMHETUKU U OOIIMIA MOAXOJ K pemeHuto ee 3aaad. [lonsporpadus.
YpaBHeHHE IS TOKa B TEOPUU 3aMEIJICHHOTO pa3psa; TOK oOMeHa U MepeHanpsbkeHne. XuMHu-
YECKME UCTOYHUKU TOKA; UX BUJbI U OCHOBHBIE XapPaKTEPUCTUKH.

Pa3nes V. JieMeHTBI CTATHCTHYECKOH TePMOAMHAMHUKH

Tema 5.1. Mexanuueckoe onucanue monekyaapuoi cucmemst. Illocmynamor cmamu-
cmuueckoii mepmoounamuxu. Cymma no cocmoanuam. Oynkuus pacrnpeneneHus Makcpesia-
bonpumana. Ee ncronbs3oBaHHMe U1 BBIYMCIICHMS CPEIHHUX CKOPOCTEM M DHEPrHil MOJIEKYJ B
U7eaNbHBIX Ta3ax.

CratucTudeckue CpeHHMEe 3HAUYCHHs] MAaKpOCKONHMYECKUX BennuuH. AHcamOmu I'm60ca.
Meton ¢yHKIMI pacnpeneneHus A1 KaHOHMYECKOro ¥ MaKpoKaHOHH4YecKoro ancamobmeit. Oc-
HOBHBIE ITOCTYJAThl CTATUCTHUUECKON TepMoAMHaMUKH. KaHoHMUYecKkas pyHKIMs pacnpeaeneHus
['n66ca. CymMMa 1o COCTOSTHUSIM KaK CTaTHCTUYeCKas Xapakrepuctuueckas ¢pyHkius. CTaTUCTH-
YECKUE BBIPAXKEHHUS JJI1 OCHOBHBIX TEPMOJAMHAMUYECKUX (DYHKIUN — BHYTPEHHEH 3HEpPIrUuH, 3H-
Tponuu, 3Hepruu ['enpmronbia u sHeprun ['mu66ca. Cratuctuueckue pacueTsl SHTponuu. Pop-
myina boneiimana. [Toctynar [1nanka u aGcosroTHAsI SHTPOIHUS.

Tema 5.2. Boiuucnenus mepmoounamuueckux @ynukyuii. Cmamucmuyeckas mepmo-
OUHAMUKA PeanlbHO20 2a3a U KOHOCHCUPOBAHHO20 cOCmoANHUA geujecmea. COCTABIISIIOIINE DH-
TPONMH, BHYTPEHHEN SHEPIUU U TEINIOEMKOCTH, OOYCIOBICHHBIE MOCTYATENbHBIM JIBH)KEHUEM.
®opmyna 3akypa-Terpone. BpamarenbHast cyMMa o COCTOSIHUSM JUIs )KecTKoro poraropa. Co-
CTaBIISIOLINE DHTPOIUHU, BHYTPEHHEN >HEPIrUU M TEIUIOEMKOCTH, OOYyCJIOBJIEHHbIE BpallaTelb-
HbIM JABHKeHHeM. KonebarenapHas cymMma IO COCTOSHUSIM JUIsl TApMOHHYECKOTO OCLUIUIATOPA.
CocraBistomye SHTPONHUU, BHYTPEHHEH SHEPruM U TEIUIOEMKOCTH, OOYCJIOBJEHHBbIE KoJjeba-
TEJTBHBIM JIBIDKEHHEM. «3aMOPOKEHHBIE» KOJIeOaTeIbHBIE CTENEHW CBOOOJBI M MX CBOMCTBA.
Pacuer KOHCTaHT paBHOBECUSI XMMUYECKUX PEAKIUN B UACAIbHBIX I'a3aX METOJAOM CTATUCTHUYE-
CKOM TEPMOJANHAMHUKH.

Pazgen VI. XuMmudeckas KHHETHKA

Tema 6.1. Cxopocmb Xumuueckoii peakuuu. 3a6UCUMOCMb KOHCHMAHMbL CKOPOCHIU
XUMUYECKOU peakyuu om memnepamypel. 3aJja4l XUMAYECKOH KUHETUKU. CKOPOCTh XUMHUYE-
CKOM peakuuu. |'OMOreHHbIE U TeTEPOTeHHbIE peakluu. MeToabl UCCIENOBAHUS CKOPOCTEN XU-
Muyeckux peakuuil. Kunernueckue kpuble. Kunernueckue ypaBHeHus. [lopsaok peakuuu u
MOJIEKYJISIPHOCTh. OnpeiesieHne KUHETUYECKUX MOPSIAKOB U KOHCTAHT CKOPOCTEN XUMHYECKHUX



peakumii. [IopsaoK XMMUYECKONW peaklMu KaK OTPaKEHHE MEXaHHM3Ma €€ IPOTEKaHus. Y paBHe-
Hue Appennyca. «pPpeKTuBHasA» U «MCTUHHASD) SHEPTUS aKTHBAIUHU.

Tema 6.2. Kunemuxa cnoxcuvix peakyuit. Cinoxsble peakuuu. [IpyHuun HeaBucumo-
CTH DJIEMEHTApHBIX CcTaauil. MeTo/lbl COCTaBICHUsS KUHETHUECKUX ypaBHeHUIl. OOpaTumble pe-
aKIMK MepBoro nopsiaka. OnpeneneHre 3JIeMEHTAPHBIX KOHCTAHT U3 OMBITHBIX JaHHbIX. [lapai-
nenbHble peakiuu. [locnenoBaTenbHble peakiyi Ha IpUMepe JABYX HEOOpaTHUMbIX peaklHii mep-
BOT'O MOPSAKA.

Tema 6.3. Teopemuueckue npedcmasneHus XumMudeckou KUHEmuKu.

Teopus coynapenuii B xumuyeckon kuneruke. @opmyina Tpayrua-JIsrouca. Teopus ne-
PEXOAHOTO COCTOSIHUSA (aKTUBHUPOBAHHOTO KoMiuiekca). CTaTUCTUYECKUI pacueT KOHCTaHThI
ckopoctu. OCHOBHBIC JTOMYIIECHUS TEOPUN aKTUBUPOBAHHOTO KOMILIEKCA M 00JIACTh €ro MpuMe-
HUMOCTH. TepMOIMHAMUYECKUH ACTIEKT TEOPUU aKTUBUPOBAHHOTO KOMIUIEKCA. DHTPOIHS aKTH-
BalMu. Teopus akTHBUPOBAHHOTO KOMIUIEKCA B IPUMEHEHUHU K MOHOMOJIEKYJIIPHBIM PEaKIIMsIM,
OMMOJIEKYJSIPHBIM PEAKLUUAM M TPUMOJEKYISAPHBIM peakuusMm. CorocTaBieHHE pe3yJbTaToB
TEOPHUH AKTUBUPOBAHHOTO KOMILJIEKCA U TEOPUH COYAAPEHUMN.

Tema 6.4. llennsvie, homoxumuueckue u paouayuonHo-xumuueckue npoyeccol. llen-
Hble Tporeccbl. OCOOCHHOCTH KMHETHUKU LETHBIX Peakluidl. DIeMEHTapHbIE MPOLIECCHl BO3ZHHUK-
HOBEHUS, MPOJOJIKEHUS, Pa3BETBICHHS U 00pbIBa meneil. Jlnnua nenu. Pagukanel. Pa6otsr H.H.
CeMeHOBA 10 TEOPUH LIETIHBIX PEAKIIHII.

DOTOXMMHUYECKUE U PATMALUOHHO-XUMHUYECKHUE MPOLECChl. POTOXUMUYECKUE aKTUBHBIC
YaCTHIIBI. DKCUMEPHI, SKCHIUICKCHI M WX CBOHCTBA. M3MEcHEHHME (M3HUECKUX W XUMHYCCKHX
CBOICTB MOJIEKYJ IpPU 3IEKTPOHHOM BO30YKIeHHH. KBaHTOBBIN BbIX0H. 3aKOH (DOTOXMMHYE-
CKOHM SKBUBAJICHTHOCTH DWHINTEHHA. OnpeneieHne KHMHETHISCKUX MOCTOSHHBIX (PoTOXUMUYE-
CKHMX peakLMi METOJOM CTALIMOHAPHBIX KOHLIEHTPALUH.

Paznea VII. Karamms

Tema 7.1. Kamanu3z. Oowue npunuyunsl npomeKaHus KamaiumuuecKux peaxuyuil.
Oco0eHHOCTH U KiIacCH(pUKAIMA KaTAIMTHYECKUX IpoleccoB. ['omoreHHbii katanu3. Kucnor-
HO-OCHOBHOM KaTtanu3. Kiaccudukamusi peakiuii KHUCIOTHO-OCHOBHOTO Kartanu3a. DOyHKIUU
KHCIIOTHOCTH ['aMMeTa U MX MCIOJIb30BAaHUE JUIsSI BBIUMCIEHUSI CKOPOCTH PEAKIMU U KUHETHUYe-
CKHX MOCTOSHHBIX. ['eTeporennsiii katanu3. OnpeneneHne CKOPOCTH TeTEPOTeHHON KaTaluTHY e-
CKOM peakliu. Y AelbHas U aTOMHasi aKTUBHOCTb. SIBIIEHUSI OTPABIIE€HUS KaTalIU3aTOPOB. AKTUB-
HOCTh M CEJICKTUBHOCTh KaTaJu3aTOPOB. DHEPTUs aKTUBALIUU KATATUTUUECKUX PEAKIIHMA.

Tema 7.2. Kunemuka kamanumuueckux npoyeccos. KUHeTHKa 1 MEXaHU3M pEaKIUil
00111er0 KUCIIOTHOTO KaTaiu3a. Y paBHeHHE bpeHcTena u ero UCroab30BaHie B KUHETUKE KaTa-
JUTUYECKUX peakuuid. KaTtaan3 KOMIUIEKCHBIMU COEUHEHUSMH MEPEXOIHBIX METAIIIOB. ['oMo-
TE€HHBIE PEaKIINU TUIPUPOBAHMS, NX KUHETHKA U MEXaHU3MBI.

5. METOANYECKHUE YKA3BHUS 110 ITPENIOJABAHUIO
N OCBOEHMIO JUCIUIIVINHBI

5.1. Yka3zanus 1Jis1 npenojasaresieii 1o OpraHu3aluy U MPOBeIeHUI0 YUeOHbIX 3a-
HATHIT M0 AucuuIInHe «Pu3nvecKkasi XUMHUI»

[Tpuctynas Kk U3yuyeHHIO HOBOM yueOHOH AUCHUUIUINHBL, CTYJCHTbI JOJDKHBI 03HAKOMHTh-
csl ¢ yueOHOM mporpaMMoil, yueOHOM, HaydHO! 1 METOAMYECKOM TUTepaTypoi, NOoJy4yuTh B OUO-
JHOTEKE PEKOMEHJOBaHHbIE YYEOHUKU U Y4eOHO-METOAMYECKHE MMOCOOUs, 3aBECTH HOBYIO TET-
panb uist paboThl ¢ IEPBOMCTOYHUKAMHU.

B xoje NeKIMOHHBIX 3aHATUH BECTH KOHCHEKTHpOBaHHE ydyeOHoro marepuana. OOpa-
[1aTh BHUMAaHHUE Ha KaTeropuu, (popMynHpOBKH, PACKPBIBAIOIINE COAEpP)KaHUE TeX WIM HMHBIX
SBJICHUN U INPOLIECCOB, HAYYHBIE BBIBOJBI U MPAKTUYECKUE peKOoMeHJanuu. JKenaTenbHo ocra-



BUTh B pab0OYMX KOHCIIEKTaX MOJIs, HA KOTOPBIX JIeNaTh MOMETKU M3 PEKOMEHI0BaHHOM JHuTepa-
TYpBl, JOMOJHSAIOIME MaTepuall MPOCIYLIIaHHOM JIEKIUH, a TaKKe MOAYEPKHUBAIONIIUE 0CO0YI0
BaXHOCTh T€X WJIM MHBIX TEOPETUYECKHUX IOJIOXKEHUH. 3a/laBaTh MPENOJABATENI0 YTOUHSIONINE
BOIIPOCHI C 1IEJIbI0 YACHEHHS TEOPETUYECKUX MOJIOKEHUH, pa3pelleHns: CIIOPHbIX CUTYaLUH.

Bo Bpems mpakTHYECKHMX M CEMHUHAPCKUX 3aHATHH HCIIOJIb3YIOTCS CIOBECHBIE METObI
o0yueHusl, kak Oecesla U JTUCKYCCHUs, YTO IO3BOJISIET BOBJIEKATh B Y4EOHBIH Ipolecc BCex Ciy-
HIaTesiell U CTUMYJIMPYET TBOPUECKUH moTeHIan odyyaromuxcs. [IpernoaaBarento HeoOX0aMMO
UMETb, JJIs IPOBEICHUS MPAKTUUYECKUX U CEMHUHAPCKUX 3aHATHUH, HATJIsAAHbIE T0COOUs — HAOOPBI
Ta0JIML 110 TEME 3aHATUSA, CXEMbI U Ap. [Ipy NOAroToBKE K MPaKTUYECKUM U CEMUHAPCKUM 3aH -
THUSIM TIPENOAABATENI0 HEOOX0AUMO 3HATh IJIaH €ro MPOBENCHUS, IPOLyMaTh (OPMYJIUPOBKU U
coJiepKaHre y4eOHBIX BOIIPOCOB, BHIHOCUMBIX Ha 00CYXJI€HUE, TTO3HAKOMHUTHCS ¢ HOBBIMU ITy0-
JUKAIMAMU 110 Teme. B Hauane 3aHsATHs IpenojaBarenb JOJKEH PAaCKPbITh TEOPETUYECKYIO U
IIPAKTUYECKYI0 3HAYUMOCTb TEMBbl 3aHATHS, ONPEACIUTh MOPAJOK €ro MPOBEACHUS, BpeMs Ha
o0cyx/ieHue Kaxxaoro yueOHoro Borpoca. B xoze 3aHATHS cielyeT 1aTh BO3MOKHOCTb BBICTY-
IIUTh BCEM YKEJIAIOIIUM U MPEIJIOKUTh BBICTYIIUTh TEM CIyLIATENsIM, KOTOPbIE MPOSBIISIOT Mac-
cUBHOCTb. LlenecoobpasHo, B xo/1e 00Cyk/1eH!s y4eOHBIX BOIIPOCOB, 3a/1aBaTh BHICTYIAIOIIUM U
ayJIUTOPUU JOTIOJIHUTEIbHBIE U YTOUHSIOUINE BOIPOCH! C LIEbIO BBIICHEHUS UX MO3ULUI O CY-
IECTBY 00CYXJaeMbIX MPOOJIEM, a TaKXKe MOOLIPATh BBICTYIUICHHE C MECTa B BUJI€ KPAaTKUX J10-
NoJIHeHUH. B 3aKiItounTenbHOM YacTH MPaKTUYECKOrO 3aHSTUS CIENYeT MOABECTH WUTOT: JaTb
O00BEKTHBHYIO OLIEHKY BBICTYIIJICHUS CIIyILATeNls M y4eOHOH IpymImbl B LIEJIOM, PacKphITh MOJIO-
JKUTEJIbHbIE CTOPOHBI U HEJIOCTATKHU MPOBE/ICHUS 3aHATHUS, OTBETUTh HA BOIIPOCHI, Ha3BaTh TEMY
OUYEPEeHOI0 3aHATHUS U J1aTh HeoOXoauMble 3a1anus. [locie moaBeneHust HTOrOB YCTPAHUTh He-
JIOCTAaTKU, OTMEUYEHHBIE TIPEI0/1aBATEIIEM.

IIpu moaroToBKe K 9K3aMeHaM (B KOHIIE CEMECTPOB) OBTOPATH MPOWICHHBIN MaTepuall B
CTPOTOM COOTBETCTBUHU C Y4eOHOW HpPOTpamMMOli, MPUMEPHBIM TepeuHeM Y4eOHBIX BOIPOCOB,
BBIHOCSIIIUXCS Ha 3aueT U COJepXalluxcs B JaHHOM mporpamme. Vcnosiab3oBaTk JUTEparTypy,
PEKOMEHI0BaHHYIO mpemnoaaBareneM. O0paTuTh 0co00e BHUMAHUE HA TEMbI YICOHBIX 3aHSATHH,
IPOMYIIEHHBIX CTYIEHTOM IO pa3HbIM NIpuuuHaMm. [Ipum HeoOXonumMocTH OOpaTHThCA 3a KOH-
CyJbTallMel U METOINYECKON TOMOLIBIO K IIPETOAABATENIO.

B cnyyae BO3HHMKHOBEHUSI BOIPOCOB OHM MOT'YT OBITh 3aJJaHbl IIPENoJiaBaTesto Ha Gpopyme
(moodle@asu.edu.ru).

K BbImonHeHuto, oGOpMIIEHUIO M OTYETY MO JaOOpaTOpHBIM paboTaM HpPEedbSBISIOTCS
ob1re TpeboBaHUS:
1. Ilenp u 3agaun UcCCiIeOBaHMUS.
2. KpaTkoe onucanue 3KCIepUMEHTa: CIIOCOObI, METO/Ibl, METOAUKH HCCIIEAOBAaHUS U TEOPETH-
YECKHUE MOJIO0KEHHUS.
3. 3axoHBbl, IOJOXKEHUS, MaTEMaTHUECKUH anmnapar, ypaBHeHuUs peakuuil. PesynbraThl nccneno-
BaHUs U pacyeThbl (ypaBHEHMs JOJDKHBI OBITh MPUBEIEHBI B O0IIEM BUJE U C M0JCTaBICHHBIMU
JaHHBIMU). Pe3ynbTaThl HCCIE10BaHUs U PACUu€TOB JOKHBI OBITH CBEJIEHBI B COOTBETCTBYIOIINE
tabmuipl. CratucTuyeckas o0paboTKa JaHHBIX.
4. T'padpuueckas 00pabOTKa SKCHEPUMEHTANbHBIX JAHHBIX: IPa(UKH U CXEMbI JIOJKHBI BHIIOJ-
HATBHCS TOJBKO Ha MUJTUMETpOBOM Oymare. Ha och opauHaTt HaHocuTCs (DyHKIUS, HA OCh a0c-
LIMCC — apryMEHT C yKa3aHHUEM €AWHMIl u3MepeHusa. Ha ocsix HaHOCHTCS IIKajga COIVIACHO BBI-
OpanHoMy MacmTa®y. Enuauier Maciitaba TOJKHBI OBITh BHIOPaHBI B COOTBETCTBUM TOYHOCTH
oTcueTa Ipu 3KcnepuMeHTe. KoopAMHATBI SKCIEPUMEHTANIbHONW TOYKHM HAHOCSTCS TOJBKO Ha
IUIOCKOCTH M OTMeYaroTcsi Toukoil. [1o skcriepuMeHTanbHbIM TOUKaM MPOBOJIUTCS YCPEAHSIOIIAs
KpHBas. BrilaBiime TOUKH He UCTIONIB3YIOTCS, HO MOKa3bIBAIOTCS. DKCIEPUMEHTAIbHbIE TaHHbIE
JUISI TIOCTPOEHUS TPaAyupPOBOYHOr0 rpadrka 00pabdaThIBalOTCS 110 METOly HAMMEHBIIUX KBajpa-
TOB. Ha MIJUIUMETPOBOW Oymare m3oOpaskeHbl rpaUuecKy 3aBUCUMOCTH, MOJIyYE€HHBIE B XOJI€
BBITMIOJTHEHUS SKCIIEPUMEHTA (BCE BBIMOJIHAETCS TOJBKO MPOCTHIM Kapanpamom!). I'padux mmns
KaX/10i1 cuctembl oopmisieTcs Ha OTJAeNbHOM JHcTe, MacuTaba A4 (wm ‘2 nucra macmTada
A4, Oonee Menkue PUCYHKH He omycKaroTcs!) ¢ moapoOHoi noapucyHouHoi noanuchio (Puc.1
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...... ). Ecnu st cuctembl IpUBOAATCS JaHHBIE TIPH HECKOJIBKHUX TeMIIepaTypax, OHH HaHOCATCS
BCE Ha OJUH rpaduk. B moapucyHo4HOMN MOANUCH YKa3bIBAIOTCA, YCIOBUS MOJTYYEHUS JaHHBIX
(IUTMHA BOJIHBI, pa3Mep KIOBET, KaKOH TeMIIepaType COOTBETCTBYIOT HAaHECEHHBIC JTMHHM, KOH-
LEHTpalMs aHAIU3UPYEMBIX PACTBOPOB M T.II.). KOMIBIOTEpHBIN BapHaHT MpPEICTABICHUS Tpa-
¢ukoB He nomyckaercs! Ilpu pabore ¢ rpadukom I onpeaeneHus Kakux-Iu00 BEITHYWH, J0-
IIyCKaeTCsl MOCTPOEHUE Ha TpaduKe JONMOJHUTEIbHBIX JMHUHN, OJHAKO pacueThl, CBA3aHHBIE C
TUMHU TpaduKaMmu, CIeAyeT NOMEIIaTh B TeKCTe paboThl, a HE HAa KOOPIWHATHOM IIOCKOCTH
rpaduka WiM pUCyHKa. B moanucu moj puUCyHKOM JIOJDKEH CTOSITh HOMEp PHCYHKa, Ha3BaHME
rpaduka u pacmuppoBKa o0 HoMepaM JHHUN Ha rpaduke. JXKenareapHO, 4TOOBI HA OHOM JIUCTE
pacriosiaraics OJIuH PUCYHOK;
5. AHanm3 5KCHepUMEHTAIBHO MMOJIYYEHHBIX 3aBUCUMOCTEH.
6. BrIBonmnl.

PaboTa cuntaeTcs BBINOIHEHHOMN, €CIM IPUBEICHBI BCE HEOOXOAUMBIE PACUYETHI, OCTPO-
€HBI H3y4aeMble 3aBUCUMOCTH, IIPUBEICHBI BCE CTPYKTYPHbIE (DOPMYIIBI H3y4aEMBbIX BEILIECTB U
0o0pa3yeMbIX COeTMHEHUH, ClIeNIaHbl COOTBETCTBYIOIUE BHIBOIBI.

5.2. Ykazanus 175 00y4aroLuXcs M0 0CBOEHUIO TUCHUILTHHBI «PU3nYecKass XUMU»

Tadoiauua 4 - Cogep:kanue caMOCTOSATEIbHOI padoThI 00y4aroIMXCst

Bonpockl, BEIHOCUMBIE HA CAMOCTOSTENBHOE U3YyUYEHHE Kom-Bo Dopmbl

4acoB paboThl

Pa3ned |. OcHOBBI XUMH4YeCKOH TePMOAUHAMUKH

Tema 1.1. Ilpumenenue nepeoco 3aKoHa MepMOOUHAMUKU K XUMUYECKUM 8
npoyeccam. Tennoemxocms. Tepmoxumus.

[Ipeamer xumuueckoil TepmoauHaMuKi. OCHOBHBIE ONPEIEICHUS: CUCTE-
Ma (TOMOTeHHasl U TeTepOreHHasi, H30JMPOBAaHHAsL, OTPBITAsl U 3aKpPhITas,

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

n300apHbIid, M30XOPHBIH, aarMabdaTHYECKUil, KPyroBoil mpouecc, ooparu- HOMY
MbIi U HeoOpatumeblii). Henpeansusie raspl. [lpn xakux yclmoBHSIX HC- 0 onpocy
MoJNB3yloTCsl ypaBHeHHs1 Ban-nep—Baanbca, durepuun, Beptino? Kosg- @;pPM JljezHHe
(GUIMEHT CKUMAEMOCTH Ta30B, CIIOco0bI ero onpezeaeHus. Kak paccuu- Pewmemie
TaTh pabOTy M30TEPMUYECKOTO pacUIMpeHusi | KMoib peanbHOro rasa? AHAITHYCCKIX
Terutora 00pa3zoBaHus (B pa3HbIX arperaTHBIX COCTOSIHUSIX, HOHOB B pac- 3anau

TBOpPAax), HEUTPAJIU3aIMH, PACTBOPEHUS (MHTETpajbHast, TBEPIOTO COEHH-
HEHMS), pa3BeleHus, cropanus. llpuOnmkeHHBIE MeTOAbI pacueTa(Io
SHEPTHUAM CBSI3€H ISl OpraHUYECKUX COEIMHEHUI, METOJ] CPaBHUTEIBHO-
T'0 pacyeTa Jyisl TOJ00OHBIX XUMUYECKHX COCTMHEHHH).

Tema 1.2. [Ipumenenue 6mopoco 3aKoHa MepMOOUHAMUKYU K XUMULECKUM 10

npoyeccam. SHMPORUs.

OcHoBHbIE TOHATHS (CaMOIIPOU3BOJIbHBIE M HECAMONPOU3BOJIBHBIE MPO-

neccel).Bropoe nauano tepmogunamuku. Llukn Kapno. IIpunmun Kapa- Borpocht K yer-
TEOAOpH. MeXay HEKOTOPBIM HCXOOHBIM COCTOSIHMEM | W KOHEUHBIM HOMY
cocrosiHueM |l ocymecTBistorcs aBa nepexona. OQuUH U3 HUX MPOTe- ompocy
KaeT o0paTtumo, Ipyroii — HeoOpaTuMo. M3BecTHBI TeIIOBbIe 3 deK- OdopmieHue
Thl 3TUX MPoueccoB: Qup U Queosp, TPUUEM Qopp > Queosp. KakoBo coot- J.P3
HOIIICHHE MEXJy U3MEHEHHEM JHTPONHH AS B TOM M JPYrom mpolec- Pemenne
ce? YUto Oonpure? Kakue mapameTpbl cUCTEMBI HEOOXOIUMO MOJICPKHU- AHATUTHICCKAX
BaTh IOCTOSIHHBIMHU, YTOOBI 1O 3HAKY W3MEHEHHS SHTPONUU MOXKHO sajad,
ObUTO OBl CYJUTh O HAMpPaBIEHWH CAMOIPOM3BOIBLHOTO TPOTEKAHHS Tonrorosxa k
nporecca? Tecty Nel

B KakoM COOTHOIIEHWH HAXOIATCS MOJIAPHBIC YHTPOIIMU TPEX arperar-

HBIX COCTOSHWM OJHOTO BEIIECTBA: ras3a, JKUIKOCTH, TBEPAOrO Tema?

Yro Gonpuie?

Tema 1.3. Tepmoounamuueckue nomenyuansl. Xumuueckuti NOMeHYUA. 10 Bomnpocsr  ycT-

Ilpeoden npomexanus peaxyuu. Tennoeas meopema Heprncma.

HOMY




Xapakrepuctuueckue GpyHKuun. YpaBHenue ['noOca - ['enpmromnsia. ompocy
XUMHUYECKUI MOTEHIMA UICAIHHOTO U peallbHOTO ra3oB. OYyruTUBHOCTH Odopmienne
U KO3QPHUUUEHT QPYTUTUBHOCTU. AKTUBHOCTh M KOI((PHUIMEHT aKTUBHO- JLP4
CTHL Pemenne
AHAITUTHYCCKUX
3amad
ITonroroBska k
PEUTHHTOBOM
K.P. Nel
Pa3nen |l. Xumuueckoe papHoBecue
Tema 2.1. 3axon oeticmgyrouux macc. Koncmanma xumuueckozo pagHo- 10
gecusi u cocmas cucmemvl. Xumuyeckue u a0copOYUOHHbIE PAGHOBECUSL. Bompocs K ycT-
Cuewyenue Xumuiuecko2o pagHo6eCUs. HOMY
XuMHu4ecKre U aAcopOLMOHHBIE paBHOBecHs. UTO O3HA4YaeT COCTOSHUE ompocy
XUMU4ecKoro pasHoBecusi? Kak MOXKHO oIpenenuTb, 4TO B CHUCTEME OdopmiieHue
HacTYIWJIO paBHOBecHe? YCIIOBUS XMMHYECKOro paBHOBecHs. KoHcTaHTa JLP.5
paBHOBecus. Kakue (akTopbl BIUAIOT HA KOHCTAaHTHI paBHoBecus K, u Pemenue
K., ecnmu pearupymoIinyr CHUCTEMY paccMaTpuBaTh KaK HJICATbHYIO? AHAITHYCCKUX
Hanuimure MaTeMaTHYECKOE COOTHOLIEHHE Mexkay Bennunnamu Kp u K, 3aja4d
JUIsL XUMU4eckoi peakiyu. Kakas U3 3Tux Beau4uH OoJibie?
Tema 2.2. Maxcumanvuas paboma u Xxumuueckoe cpoocmeo. Ypasnenus 10 B
. OIPOCHI K yCT-
U30MepMbl XUMULECKOU Peakyuu. HOMY
MakcumManbHas paboTa 1 XUMHUYECKOE CPOJCTBO: MPU CTAHIAAPTHBIX YCIIO- ompocy
BUAX, B HEPaBHOBECHOM crcTeMe, IIPU YCIOBUH, €CIIN JaBJIeHUs NpUBee- Odopmerue
HBI B pa3MepHOCTH — atMoc¢epa. Hamuiure ypaBHeHHe, CBA3BIBAIOIIEE JLP.6
CTaHJapTHOE CPOJCTBO AGTO U KOHCTaHTy paBHOBecus Kp, nmpu mocro- Pemenne
sSsHHBIX P u T, eclu NaBJIEHHE BBIPAXXEHO B mackausix. Urto sBusercs AHATMTHICCKHX
Mepoil CTaHIAPTHOTO CPOJICTBA XMMHUYCCKOW PEAKIUH TPU TOCTOSHHBIX sanad,
P u T? JIns xakux peakuui KOHCTaHTa paBHOBecus K, paBHa paBHOBeC- H%MOTO;,E; K
HOMY JAaBJICHHIO B CUCTEME MPU TaHHOU Temmepartype? eety 8
Tema 2.3. 3asucumocms KOHCMAHMbL XUMUYECKO20 PAGHOBECUSL OM MeM- 10 Bonpocsr k ycT-
nepamypul. IMRUpUEcKue Memoovl paciema KOHCIMAHM PAGHOGECUs. HOMY
OMIOUpUYECKUE METOJIbI pacueTa KOHCTaHT paBHOBecHs: MeTo TeMKuHa- onpocy
[[IBapumaHa, pacyeT, OCHOBaHHBIA Ha HCIOJIb30BAHMH CIIEKTPOCKOIHYE- Odopmerne
CKHUX U KaJJOPUMETPUYECKUX JTAHHBIX. JLP.7
Pewenue
AHAJIUTUYCCKUX
3a1ay
[HoaroroBka k
PEUTUHTOBOI
K.P. Ne2

Paznen |11. ®a3oBbie paBHOBecus. PacTBopsl




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

PacueTsl ¢ nconb30BaHueM (a30BbIX TUATPAMM COCTOSIHUS.

OOBscuuTe mpu momony ypaBHenus Kiaysuyca-Kianeiipona, mouemy
JIaBJICHUE HACBIMCHHOTO Mapa HaJl )KHJKOCTBIO PACTET MPH YBEINICHUN
TeMmeparypel. TpeOyercs rpaduueckd paccyuTaTh TEILUIOTY HcHape-
HUS JKMIKOCTH TIpH 3aaaHHO#l TemmepaTtype. Hapucyiite rpaduk, xo-
TOPBIM HEOOXOAMMO IMMOJBb30BATHCS, W HAMHUIIUTE COOTBETCTBYIOIIYIO
pacueTHyrO dopmyny. Kak n3amensieTcs: Temreparypa IUIaBJICHU Bellle-
CTBa C POCTOM JIaBjeHus?

10

Bomnpocsr k ycr-
HOMY
ompocy
Odopmienne
JLP.8
Pewenune
AHATTUTUYECKUX
3a1a4y

Tema 3.2. MonexkynapHvie pacmeopul. Duzuxo-xumuieckue ceolicmea 10 Bompocs! k ycT-
PpazbasieHHbIX pacmeopos. HOMY
KonnuratuBHBIE CBOMCTBA pa30aBIICHHBIX PaCTBOPOB: ITOHIKCHHE JaBJe- onpocy
HUS HACBIIIEHHOTO T1apa HaJl paCTBOPOM, KPHOCKOIHUS U 30YJUTHOCKOTIHS Oq"ﬁ’“}‘fgme
KaK METOMBI OTPEe/ICIICHUS] MOJIEKYIISIPHBIX MAcC BEIIECTB Permiente
AHATTUTHYCCKUX
3a1a4
Tema 3.3. Bunapubie pacmeopwl HCUOKUX Temydux eeuwjecms. HoeanbHuvle 10 Bompocsi k ycr-
U HeuodearbHbvle cucmemvl. dacmuuno cmeuusaowuecs i HeCMeuusaio- HOMY
wuecst HCUOKOCmi. omnpocy
BHHapHBIE PAcTBOPHI KMAKUX JIETyYMX BEHIECTB. AHAIM3 IUarpamm Odopmerne
«COCTaB-/IABJICHHE apay 1 «COCTAB-TEMIIEPATYpay NPH OTPHLATENLHOM H ngélige
MOJIOKUTENEHOM OTKJIOHEHWH OT JIMHEHHOHW 3aBucuMocTH. [leperonka S
KUAKUX cMeceil. YacTHYHO CcMemurBaronecss W HECMEITHBAIOIIAECs sama,
KHJIKOCTH [MoaroToska K
TecTy Ne3
Tema 3.4. Pacmeopumocms 2a308 8 HCUOKOCHAX. 3aKOH pacnpedeneHus. 10 Bompocs! k ycr-
Oxempaxyus. HOMY
I'padmyeckoe BBIpaKEHHE COCTaBa TPEXKOMIIOHEHTHBIX CHCTEM. Tpe- ompocy
yroabHUK ['n66ca. O6IIME IPEACTABIEHH O TPEXKOMIOHEHTHBIX U MHO- Odopmrerne
TOKOMITOHEHTHBIX KOMIDIEKCHBIX COCTUHEHHSIX M MOHHBIX acCcOIMaTax U J;eIzHLL’I}Ij
METO/AaX MX UCCIIEIOBAHUS. DKCTParUpOBAHUE B XHMHUH. S
3a1ay
IToaroroBka k
PEUTUHTOBOM
K.P. Ne3
Paznea V. Daekrpoxumus
Tema 4.1. Pacmeopbl 31eKmpoaumos. 10 Bompocsr k ycT-
OcHoBHbIe nomyiieHus Teopun JleOas-Irokkens. YpaBHeHue s Kod(d- HOMY
(uImeHTa akKTUBHOCTH B TIEPBOM, BTOPOM H TPEThEM MPUOIMKESHUN TEO- Orpocy
pun [leGas-I'tokkens. COBpeMEHHbIE NPEICTABICHAS O PACTBOPAX dJIEK- Odopmrerne
— JLP.13,14
Pewenue
AHAJIUTUYCCKHUX
3aaa4d
Tema 4.2. HepagHogecHvle s6neHUs 6 pacmeopax 31eKmpoaumos. 10 Bompocs! k ycr-
duznueckue OCHOBBI TEOPUH [Heobas-T'rokkens-Onzarepa; HOMY
anekTpodopeTrueckuil U penakcaruoHHbd 3ddexTsr; ahdexTer Buna u omnpocy
JleGas-DanpKeHrareHa. Odopmrenue
JLP.15
Pewenue
AHAJIUTUYCCKUX
3a1ad,
IlogroToBka
Tecty Ned
Tema 4.3. Dnexmpoonvie npoyeccol. TepMoOOUHAMUKA U KUHEMUKA DJleK- 6 Bonpocsl K ycT-
MPOXUMULECKUX NPOYECCO8. HOMY
IToHsITE TOBEPXHOCTHOTO, BHEHTHETO U BHYTPEHHETO MOTEHIIMAJIOB; Pa3- onpocy




HOCTH IIOTCHIINAJIOB I'anpBanu u Bonbra. MexaHU3MBbI MacCCOIICpeHOCa:

Odopmienue

nudGy3us, MUTpaIis ¥ KOHBEKIUA. Tpu OCHOBHBIX ypaBHeHUS 1uddy- JLP.16
3MOHHOW KMHETHKH U OOLIMI TTOAXO0] K peleHuto ee 3a1ad. [lomsporpa- Pewenne
(us. YpaBHeHHE 11 TOKA B TEOPUH 3aMEIEHHOTO pa3psaa; TOK 0OMeHa aHATITHICCKIX
Y TIepeHanpsHKEHHE. sanat
ITonroroBska k
PEUTUHTOBOM
K.P. Ne4
Pa3nen V. DiieMeHTHI CTATHCTHYECKOI TEPMOANHAMHKH
Tema 5.1. Mexanuueckoe onucanue monexynsapuou cucmemsi. [locmyna- 10
mul cmamucmuyeckot mepmoounamuxu. CyMma no cOCmosHUusaM. Bormpocsr k ycr-
CTaTHCTHYECKHE CPEAHUE 3HAUCHUS MAKPOCKOITMYECKUX BETHMYMH. AH- HOMY
cambiu ['u66ca. MeTon GpyHKIMEH pacmpeaeieHus 1l KAHOHUYECKOTO U o orpocy
MaKpOKaHOHUYECKOTo ancaMoOeld. CTaTHCTUYIECKIe BEIPAKESHHS IS OC- (b%pg J;(;Hne
HOBHBIX TEPMOIMHAMUYECKIX (DYHKIIHIA — BHYTPEHHEH SHEPTUH, SHTPO- Pemene
nuy, dHepruu [enpMronbiia u saeprun [ n66ca. CTaTHCTHYECKHIE PacueThl AHATHTHYECKIX
suTpormu. ®opmyna bonpnmana. [Toctymar [1nanka n abcomoTHas 3H- 3ana4
TPOIIHSI.
Tema 5.2. Buruucnenust mepmoounamuyeckux gyuxyui. Cmamucmuye- 10 Bompocs! k yer-

cKas mepMOOUHAMUKA PeanbHO20 2a3a U KOHOEHCUPOBAHHO20 COCHOAHUS
sewecmsa.

®opmyna 3akypa-Terpoae. BpamarenbHas cyMMa 10 COCTOSHUSIM JUIst
XKecTKoro potaropa. KonebatensHast cyMMa 10 COCTOSHUSIM JIJIsl TapMO-
HUYECKOTO OCHMILIATOPA. «3aMOPOKEHHBIE» KOJeOaTenbHbIe CTEIICHH
CBOOOJBI M X CBOUCTBA.

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

Pazgea VI. XuMunueckass KHHETHKA




Tema 6.1. Cxopocms xumudecKkou peakyuu. 3a8UcCUMOCmb CKOPOCHU pe-
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Bonpocs! k ycT-

aKyuu om memnepamypeol. HOMY
3amaun XUMHYECKON KUHETUKHA. MeTo/bI HCcCIeI0OBaHUsI CKOPOCTEN XH- onpocy
MMYECKUX peakiuil. [TopaIoK XMMUYIECKON PeaKklu KaK OTPaKEHHE Me- Ogopmienne
XaHU3Ma €€ MPOTeKaHMs. JLP.18
Pewenune
AHATTUTHYCCKUX
3aaa4d
Tema 6.2. Kunemuxa ciodicHuix peaxkyuii. 10 Bompocs! K ycT-
MeTo/pI COCTaBICHHS KHHETUYCCKUX YPAaBHEHUIA JUIS ITOCIIEA0BATEIIBHBIX, HOMY
MapauIeIbHBIX M OOPATHMBIX PEaKITHM. ompocy
Odopmienue
JLP.19
Pemenne
AHAITUTHYCCKUX
3a1a4
Tema 6.3. Teopemuueckue npedCmasieHusi XUMUYECKOU KUHEeMUKU. 10 Bompocs! k ycT-
®opmyna Tpayrua-JIstouca. Teopust akTHBUPOBAaHHOIO KOMIUIEKCA B HOMY
MPUMEHEHUH K MOHOMOJICKYJISIPHBIM PEeaKkLusiM, OMMOJEKYIISIPHBIM peakx- onpocy
[MAM M TPUMOJIEKYIAPHBIM peakiusaM. CONoCTaBIeHUE PE3YIILTATOB TEO- 0%015’1\2‘36;“6
PUU aKTHBHPOBAHHOTO KOMITJIEKCA H TEOPUH COYTapPECHUH. Permere
AHAJIUTUYCCKUX
3amaq
[ToaroroBka x
Tecty Ne6
Tema 6.4. Lennvie, homoxumuyeckue u paouayuoHHO-XumudecKue npo- 10 Bompocs! k ycr-
yeccol. HOMY
Pa6otst H.H. CemeHoOBa 1o TeOpWU LEMHBIX peakiuii. DKCUMEpPHI, IKCHII- onpocy
JIEKCHl ¥ MX cBoMcTBa. OnpeneneHne KUHETUYECKUX TOCTOSHHBIX (OTO- Ogopmierne
XUMHYECKUX PEAKIIUi METOIOM CTAI[MIOHAPHBIX KOHIIEHTPAIINH. J1.P.22,23
Pewenue
AHAJIUTUYCCKHUX
3amaq
[ToaroroBka x
PEUTUHTOBOM
K.P. Ne6
Pazgen VII. Karaaus
Tema 7.1. Kamanusz. Obwue npuHyunst npomexKanus Kamaiumuyeckux 14 Bonpocsr k ycT-
peaxyuii. HOMY
@YHKIMY KACIOTHOCTH ['aMMeTa 1 UX UCIIONIBb30BAaHUE JIJISI BBIYMCIICHUS ompocy
CKOPOCTH PEAKIMU U KHHETHIECKHUX TOCTOSHHBIX. Ogopmuerne
YaenvHas M aTOMHAst aKTHBHOCTb. J1.P.24
Pemenune
AHAJIUTUYCCKUX
3a1a4
Tema 7.2. Kunemuka kamanumuieckux npoyeccos. 12 Bomnpocs k ycr-
VYpasaenne bpeHcTena W ero WCIONB30BaHWE B KWHETHKE KaTalUTHYe- HOMY
CKuX peakuuii. Kataans KOMIUIEKCHBIMU COEMHEHUSIMU MEPEXOIHBIX Me- onpocy
TAJLJIOB. OdopmiteHne
JLP.25
Pewenue
AHAJIUTUYCCKHUX
3aga4d
IlogroroBka K
PEUTHHTOBOM

K.P. No7




5.3. Buabl 1 (popMbI NMCbMEHHBIX Pad0T, MPeIyCMOTPEHHBIX MPH OCBOCHUM M CIIHU-
IIHHbI «DU3nvecKasi XUMHUD), BbITOJHsIeMbIe 00y4al0IIMMUCH CAMOCTOATEIbHO

TemaTuKa KypcoBBIX IPOEKTOB (KypPCOBBIX padoT) 1o y4eOHOM AMCHHIIIMHE

Pegpepamuenas uacmo Kypcoeoi pabomot
WneanbHble 1 HeUsleabHbIE Ta3bl. MONEKYISPHO-KHHETUYECKasl TEOPHSI Ta30B.
TemnnoeMKocTh BEIECTB.
TlepBrIil 3aK0H TEPMOJIUHAMUKH B Pa3HbIX Mpolieccax.
Tepmoxumus. 3akon ['ecca.
3aBHCUMOCTb TEIIOBOTO AP PEeKTa XUMUIECKOW peakiu OT TeMiepaTypbl. 3akoH Kupxroda.
BTopoii 3ak0H TepMOAMHAMUKA. DHTPOITHS.
XuMHUYeCcKui U TepMOAMHAMUYECKHeE ToTeHIanbl. Temnosas Teopema HepHcra.
XUMHYECKOE paBHOBECHE.
CMmernieHre XMMHUYECKOTo paBHOBecHs. MakcuManbHas paboTa 1 XHMUYECKOE CPOJICTBO.
0. 3aBHCHMMOCTH KOHCTAHTHI XMMHYECKOTO PABHOBECHS OT TEMIEPaTyphl. DMIUPHIECKUE METOJBI
pacyeTa KOHCTaHT PaBHOBECHSL.
11. ®a3oBblec paBHOBECHSI.
12. OOmas xapakTeprCcTHKa PacTBOPOB. PacTBOPHMOCTH ra30B B KUAKOCTSX.
13. ®usHuKo-XMMHUYECKHE CBOICTBA Pa30aBIeHHBIX PACTBOPOB HEIJIEKTPOIUTOB.
14. Ocmotuueckoe narienue. 3akoH Bant-I'odda.
15. BuHapHBIe pacTBOPHI JKHIKUX JIETYYHX BEIIECTB.
16. IleperoHka >KUIKUX CMECEH.
17. 3akoH pacrpeneneHus. DKCTPaKIIHS.
18. DIeKTpOIpPOBOAHOCTh PACTBOPOB. 3aKOH pa3zbarieHusA. KoHIykTOMETpHSI.
19. PaBuOBecHBIe dnekTpoAHbIe MoTeHIHa bl 1 J./].C. rarpBaHIYECKOTO IeMEHTa.
20. Kmaccudumkanus 3IeKTpoIoB.
21. DNEKTPOXUMHYUECKHUE IICTIH.
22. TepmoauHaMuKa IEKTPOXUMHUYECKHUX TPOIECCOB.
23. CyMMa IO COCTOSHHSIM CHCTEMBI. PacueT cyMMBI [0 COCTOSIHUSIM.
24. OnpenerneHue TEPMOIUHAMUYCCKUX (QYHKIIUH.
25. CxopocTtb peaknuu. Kunerndeckas KiiacCUQUKaIUs peakiuii B CTATHYECKUX YCIOBHSIX.
26. Metoapl ompeneneHus nopsaka peakuuid. [lopspok peakumu Kak OTpaKEHHE MEXaHHU3Ma ee
MPOTEKaHUSI.
27. 3aBHCUMOCTb CKOPOCTH PEAKIIUU OT TEMIIEPaTyphI.
28. OOparumble, napajviesibHbIE U OCIEA0BaTEIbHbBIC PEAKLIUH.
29. TeopeTrnueckre OCHOBBI XUMHUUECKOW KHHETHUKH.
30. IenHble peakuuy.
31. ®oroxumMHUECKHE U PaIUallMOHHO-XUMHUECKUE PEAKLINH.
32. KuneTuka rereporeHHbIX peaKIi.
33. KuHeTHKa 3JICKTPOXUMUYCCKUX PEAKIIUH.
34. T'oMOreHHBIH KaTaaus.
35. T'eTeporeHHBIN KaTams.

BoOoo~Noooak~wdE

3aoanus 0na pacuemno-zpaghuyeckoii uacmu Kypcogoi padomot

1.Boipasuts 3aBucumocts TemnoBoro ¢ ¢ekra peakuu 2H; + CO = CH30H(T) ot temnepary-
pBI, €CIIM M3BECTEH TEIIoBOM ekt 3Toi peakumu npu T=298K, u ypaBHeHHE 3aBHCUMOCTH
Cp=f(T). Borurcautp temioBoi 3¢dext peakuuu npu T=500K u ompenennts, HACKOJIBKO MPH
T0it Temmneparype ortinyaercs AHr ot

AU°r(TemnoBoit 2 GeKT peakuuu mpy MOCTOSHHOM JAaBJIEHUHM OT TEIUIOBOro 3(dexTa npu Imo-
CTOSIHHOM 00beMe). Beruncinuth usmeHeHus s3HTponuu, sHepruu ['md6ca, snepruu ['enpmromnsia
IIPU CTaHAAPTHBIX ycinoBUsAX. CaenaTs BBIBOJ O HAIIPABJIEHUH MpoIiecca.



2. Belpa3uTh ypaBHEHHEM 3aBUCUMOCTH TEIUIOBOT0 ¢ dekTa B JHK/KMONIb peakuuu:

2N, + 6H,0(r) = 4NH3 + 30, oT TeMriepaTyphbl, €ClId H3BECTECH TETUTOBOM 3 (EKT ATON peaKIuu
npu 298 K. Vpapnenus zasucumoctu Cp=f(T) B3aTh U3 crpaBoyHHMKa. BeIYMCIUTH TENIOBOM
sddekt peakuun npu temneparype 1300 K. IToctpouts rpaduku 3asucumoct 1% NiCp-
npoo=t(T), o niCpucx.éew=F(T) u AH’=f(T) B unrepsane temmeparyp ot 298 1o 1300K. Ompe-

OAH
or

JeNUTh TpapuuecKu p npu temneparype 1000K. Paccuntars ACp nipu Ttemmeparype

1000K.

3. HaiiTu nu3MeHeHue SHTPONHHU MPU OXJIAKICHUU IIPU MOCTOSHHOM JaBJIEHUU B UHTEpBAJle TEM-
nepatyp 01423 no 223 K 8 Kr yKCyCHO#M KHUCIIOTBI, €CJId U3BECTHBI 3HAUEHHSI €ro TeMIeparyp
IUTABJICHUS U KUIEHUS (MCHApEHHUs) U 3aBHCUMOCTh UCTMHHOM TEINIOEMKOCTH, 3HAYEHHUS KOTO-
PBIX MPECTABIICHBI B CIIPABOYHUKE.

4. ImeroTcd 1Ba cocya, U30JIMPOBaHHbBIE OT BHEUIHEW cpenbl. B ogHom Haxoautcs 0,7 KMOJb,
TBEpHON 1 0,3 KMOJIb KUAKOW BOJBI IIPU TEMIEpaType IIaBiaeHus, B Apyrom 0,7 kMoiib, TBEp-
noit 1 0,3 KMOJIb KUAKOW YKCYCHOUM KUCIIOTHI IIpU TemmepaType miasieHus. O6a cocyna npu-
BOJSITCS B CONPUKOCHOBeHHE. OnpesienuTe B KAKOM HalpaBiIeHUU OyJIeT MPOUCXOJUTh MPOLECC
B CHCTEMe, YTO OYJET IJIaBUTHCS U 4TO Oy/eT 3aTBepAeBaTh — BoAa UM yKcycHas kuciora? [lpu
KaKUX YCJIOBUSX (TemIiepaTypa, KOJUYECTBO MOJIb BOJbl U YKCYCHOW KHCIIOTBI) B CUCTEMA J0-
CTUTHET paBHOBecusi? Yemy OyneT paBHO M3MEHEHHE SHTPOIUU CHUCTEMBI MPH MEPXOJIe U3 UC-
XOJIHOT'O COCTOSIHMSI B paBHOBecHOe? OOpaTtuM mian HeoOpaTuM AaHHbIN npouecc? [[nst pacuéros
MOJIb3YHUTECH CIIPABOYHBIMH TAHHBIMHU.

5. Ilpu mepexojie cepoBOIOPOIA, Mapbl KOTOPOrO MOJYUHSAIOTCS 3aKOHAM MJEalbHOI'O rasa, u3
KUJKOTO COCTOsIHUSA B ra3zoobpasHoe npu 202 K u naBneHun 1,01-10° /M pacxonyeTcsi CKphbI-
Tas TeIioTa napoodpazoBaHus. [IpuHATH, YTO TEIUIOTA MCIIAPEHUS HE 3aBUCUT OT TeMIEpaTypbl
U BBIYUCIIUTH, YEMY DPABHBI W3MEHEHMs SHTPOIHUH, M300apHO-U30TEPMHUUYECKOro MOTEHIIHAJA,
M30XOPHO-U30TEPMUYECKOT0 MOTEHIMAIa, BHYTPEHHEH SHEPruu, SHTAJIBINU U PadOTHI paciliu-
penus 1 kMonb cepoBofOpoa B 3TOM nporecce. OnpenenuTb N3MEHEHUE IEPEYNCIICHHBIX BBIILIE
(GyHKIMH, ecny napbl cEpoBOJ0OpPO/Ia B KOJMYECTBE | KMOJIb HarpeBaroTCsl Ha 25 rpaaycoB U30-
XOpHUecKH, n300apuuecku. Ha ckoibko rpagycoB MmojHsIack Obl TemIeparypa cepoBOAOPOAA,
ecyi Obl M3MEHEHHE BHYTPEHHEH 3HEPIUU MpH NMEPEX0/e U3 JKUIKOTO COCTOSIHUS B razoolpas-
HOE BBIPAKAJIOCh B MOBBIIIEHUH TeMIepaTypbl? HeoOxoqumble JaHHbIE B3STh U3 CIIPAaBOYHUKA.
6. Haiiti AG nipu 400K most peakmuum 1/2N; + 3/2H, = NHgs, ecin AGogg = -16,635 xJ[k/MOmb,
IIPY pacyeTax YYUTHIBATh 3aBUCUMOCTb SHTPOIIUU U TEINIOEMKOCTH OT TEMIIEPATypPBhI.

7.3aBucuMoOcCTh KOHCTaHThI paBHOBecus peakuuu: 4NO + 6H,0 = 4NH;z + 50, oT TemnepaTypbl
BeIpaxkaercst ypaBHenuem tuna: IgK = - 47500/T — 1,75IgT — 13,706. OnpenenuTh KOHCTAHTY
paBHoBecus npu temneparype 1000 K. moctpouts rpaduk 3aBiucumocti B koopaunarax IgK = f
(1/T) B mpenenax temneparypsl oT 900 mo 1100 K. yka3are kak u3MeHsETCsl KOHCTAHTa PaBHO-
BECHsl C U3MEHEHUEM TeMIIepaTyphl. ONpenesuTh TermaoBoil agdexr peaknuu AH mpu 1000 K.
[Tony4yeHHYIO BETMUMHY COMOCTABUThH C BEIMYMHOMN TEIUIOBOro 3¢ (eKTa, BEIUMCIEHHYIO O 3a-
koHy Kupxroda. Onpenenuts cTaHAapTHOE CPOACTBO PEarupyromux BeIIeCcTB AG?, a Takxke AS
npu 1000K.

8. Ha ocHOBaHMM TaOIMYHBIX TaHHBIX QYHKIHH [(- G%— HO)/T] u AH(?, ONPEETUTh KOHCTaHTy
paBHOBecus peakiuu: NO, = NO + 20, npu remmepatype 800 K.

9. Beruucnuth ko3ddurmentsr A u B ypaBaenus IgP = A - B/T, Beipaxaroriero 3aBUCUMOCTb
JIaBJICHHsI HACBILLIEHHOTO Mapa *HUAKOro allOMUHUA OT Temreparypsl. I[IpoBeputs HalineHHBIE
BEJIMYMHBI, BHIYUCIUB TEMIIEpaTypy KHUIIEHHs aJlOMUHUS B HOpMalbHBIX ycioBusx (2600 K).
JlaHHbIE 3aBUCUMOCTH JIaBJICHUS Tapa OT TeMIepaTypbl IIpe/ICTaBIeHbl B Ta0IMIIE:



T,K 1734 1974 2093 2237
P, n/M° 89,3 1333 3972 13410
10. ITo 3aBUCHUMOCTH JaBJICHHS HACBIIEHHOTO Mapa OT TeMIIePaTyphl U MIIOTHOCTU JAHHOTO Be-
IECTBA, ¢ MOJIEKYISIPHON Maccoii 81 r/monb, B TBEpIOoM (1,626-10° kr/m®) 1 smxom (1,610-107
KI/M>) COCTOSIHHSIX B TPOHHOI TOUKE ITOCTponTH Tpaduk 3asucumoctn IgP = f (1/T), onpenenuts
1o rpaduKy KOOpJAUHATHI TPOMHON TOYKH, PACCUUTATh CPEIHIOI TEILIOTY UCIIAPEHUsI U BO3TOH-
K{, ONPENEIUTh MPUONMKEHO TEMIIEpaTypy KHUIICHHUS BEIIECTBA MPU HOPMAIBHOM JIAaBJICHUU U
MIPOBEPUTH MPUMEHUMOCTh ypaBHEHUsI TpyTOHa, ONPeeTUTh TEIJIOTY IUIABJICHHS BEIIECTBA IPU
TeMIepaType TPOWHOW TOYKH, BbhrunciuTh AT/AP mis mpoliecca IUIaBiICHUS MPU TEMIEpaType
TPOMHON TOYKH, BBIYMCIUTH TEMIIEpaTypy IUIABJICHUS BEIIECTBA IPHU JaBJICHUHU 300-10° w/M?,
BBIYUCIIUTh U3MEHEHUE DHTPOIUH, U300apHO-U30TEPMUYECKOT0 MOTEHIIMAaa, CBOOOIHOM 3HEp-
UM, BHYTPEHHEH SHEPIuu, SHTAJBIHUM IS Mpoliecca BO3TOHKKM | MOJIb BeliecTBa B TPOMTHOU
TOYKE.

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

11.I1Tpu Temneparype 288,2K naBnenue napa pacrsopa ¢ MaccoBoit gojeit 0,5% Hen3BeCcTHOro
HeneTquero BEIIIECTBA B JKUJKOM pacTBopuTene paBHo 159811a, mioTHOCT 3TOrO pacTBOpa
Ir/cm®. MosnekynsipHast Macca pactBoputesst 18 r/moib. [1o 3aBUCHMOCTH TaBICHUS HACHIIICH-
Horo napa Hajx xuakum (1:269,2;272,2; 273,2; 275,2; 278,2; 283,2; 288,2K; u P: 505; 533,2; 73;
656; 760; 982; 1600I1a) u TBepapiM (T: 268,2; 269,2; 270,2; 271,2; 272,2K; u P: 401,2; 437,2;
475,9; 517,2; 533,2I1a) 4uCTHIM pACTBOPUTEIIEM OT TEMIIEPATYPHI MOCTPOUTH KpuBYyto p=F(T)
TSl JAHHOTO pacTBOpa M paCTBOPUTEIS. BEIUUCINTE MOJIEKYISIPHYIO MAaCCy pacTBOPEHHOTO Be-
IECTBA; OMPECIUTh MOJIIPHYIO U MOJISTIbHYIO KOHIIGHTPAIMK PacTBOPA; OMPEeIuTh rpaduue-
CKH TEMIIepaTypy, IPH KOTOPOU aBJICHUE Mapa HaJ YUCTHIM pacTBOPUTEIEM OYIET paBHO
1598I1a; onpenenuts rpadudecky MOBLIIIEHNE TEMIIEpaTyphl KulieHus npu nasienun 159811a
pacTBopa JTaHHOW MOJISIPHOM KOHILIEHTPAIIMHU; ONIPEICTUTh MTOHKCHUE TEMIIEPAaTyphl 3aMep3aHust
pacTBOpa; BBIYUCIUTD F0YILITUOCKOIIUYECKYIO M KPHOCKOITUYECKYIO TOCTOSHHYIO.

12.lana 3aBucuMOCTh cocTaBa xuakon (0; 8,4; 12,3; 22,1; 30,8; 38,3; 40,2; 46,5; 53; 61,5; 100
% momn.) u razoobpaznoii (0; 0,6; 1,8; 6,6; 16,6; 38,3; 60,2; 75,9; 89,1; 92,1; 100 % momn.) a3 ot
temnepatypsl (373; 379,5; 385; 391,5; 394,6; 394,9; 394; 391; 385; 372; 357 K) nnst GunapHoit
xuakor cucteMbl HNO3-H,O mipu moctostaroM naBnerunu 103.3 kI1a. CocTaBsl )UAKOM U Ta30-
o0pa3Ho# (a3 BeIpaXkeHbl B MOJIIpHBIX IporeHTax BemecTBa HNOj3. [Toctpouts rpaduk 3aBu-
CHMOCTH COCTaBa Mmapa OT COCTaBa KUJKOU (pa3bl mpu nmocTossHHOM naBiieHun. [loctpouts rpa-
(UK 3aBUCMOCTH «COCTaB- TeMIIepaTypa KUMeHus». OnpeaeauTs TemMrneparypy KUIeHus CH-
cTeMBbl, coepkariein SSmoib (%) komnonenta HNO3; kakoB cocTaB TIepBOro Mmy3bIphKa Mapa;
IpU KaKoi TemrepaType UCUe3HET MOCIeAHAs KAl XKHUIKOCTH U KaKoB ee cocTaB. OnpeaenuThb
COCTaB TIapa, HaxO/SIIIETOCs B PABHOBECHH C KUAKON OMHAPHON CUCTEMOM, KUTIAIIEH TTPH TEM-
nepatype 388K. Kakoit KOMIIOHEHT ¥ B KaKOM KOJIMUECTBe (10 Macce) MOXKET ObITh BbIJIEJIEH U3
cucremsl, coctosimerd u3 81kr HNO;3; u 19xr H,0. Ckonbko HNOj3 (kr) OyneT B mapax u B Ku/I-
Koil paze, ecnu 2Kr cMecH, cofepxatieit 55 monspHbix npouenTos BemectBa HNO3, Harpets 10
temriepatypsl 388K. Omnpenennts BApHaHTHOCTb CHUCTEMBI B a3€0TPOITHON TOYKE.

13. Jlana 3aBucuMocTh coctaBa xxunkoi (0; 2; 4; 6; 8; 10; 20; 30; 50; 90,8; 96; 98; 99; 100) u
razoobpaznoii (0; 10; 19; 36; 68; 81,1; 89; 90,5; 90,8; 90,8; 91,8; 92; 94,5; 100) da3 ot Teme-
patypsl (435; 431,8; 427,8; 419; 395.5; 382,5; 373,6; 371,7; 370,9; 370,9; 370,9; 371,1; 371,6;
373K) nns 6unapnoit xuakoit cucremsl H,O-CeHsO;, mpu noctossuHoM naBienun 103,3 klla.
CocraBsl )KUIKON U ra3000pa3HON (a3 BeIpakeHbI B MOJISIPHBIX MpoleHTax Beuiectsa HyO. Ilo-
CTPOUTH IpauK 3aBUCUMOCTH COCTaBa Mapa OT COCTaBa >KUIKOM (a3bl MPH MOCTOSHHOM JlaBJie-
UK. [TocTpouTh rpadk 3aBHCUMOCTH «COCTaB- TeMIieparypa KumneHus». OnpenenuTs Temiepa-




Typy KHUIEHMs cucTemsl, copepxaieid S0moinb (%) xommnoneHnta HyO; kakoB cocTaB IEpBOIO
my3bIpbKa Mapa; Mpu Kakoi TeMmnepaType UCUE3HET MOCIETHSS KAl )KUIKOCTH U KaKoB €e Co-
ctaB. OnpesenuTh COCTaB Mapa, HaXOMAIIETOCsS B PABHOBECHU C KMJIKOM OMHApHOW CHCTEMOW,
kursei npu remneparype 372K. Kakoit KOMIIOHEHT, ¥ B KAKOM KOJIMYECTBE (TI0 Macce) MOKET
OBITH BBIZIETIEH M3 cucTtembl, cocrosmen u3 15,8kr HyO u 84,2xr CeH40O, . Cxonpko H,O (xr)
OyJIeT B mapax M B XKHUAKOH (aze, eciiu 2Kr cMecH, coaepxkaiiei S0 MOJIIpHBIX MPOIEHTOB Bellle-
ctBa HyO, Harpets 10 Temneparypsl 372K. OnpenenuTs BapuaHTHOCTh CUCTEMBI B @3€0TPOITHOM
TOUKE.

14. ITpu remneparype 306,7K naBiieHue napa pactBopa ¢ MacCoBOM 1051eil 5% HEM3BECTHOTO
HEJIETy4Eero BEUIECTBA B )KUJKOM pacTBoputene paBHO 16108I1a, mi1oTHOCT 3TOr0O pacTBOpa
1,59r/cm’. MonekynsapHas Macca pactBopuTtels 32 r/Moib. [1o 3aBUCUMOCTH JaBICHUS HACHI-
nieHHoro napa Hajn xuakum (T: 273,2; 282,5; 298,2; 306,7; 312,5; 316,5 K; u P: 4786; 6665;
12697; 16396; 18929; 21328 I1a) u tBepabim (T: 229,2; 248; 257; 267,2; 273,2 K; u P: 133,3;
694,5; 1333; 2966; 4786 11a) yrcTbIM pacTBOPUTEIEM OT TEMIIEPATYPBI IOCTPOUTH KPUBYIO
p=F(T) nast TaHHOTO pacTBOpa U PACTBOPHUTEISI. BBIUMCIUTE MOJIEKYJISIPHYIO MAacCy pacTBOPEH-
HOT'O BEILIECTBA; ONPEAEIUTh MOJISIPHYIO U MOJISUIBHYIO KOHIEHTPALlUU pacTBOPa; ONPEEIIUTh
rpaduuecku TemmepaTtypy, Ipu KOTOpOH JaBlIeHUE Mapa HaJl YUCTHIM pacTBOpUTENIEM OyeT
paBHo 16108I1a; onpenenuts rpaduyeck NOBBIIIEHUE TEMIIEPATYPhl KUTIEHUS IIPU 1aBJIECHUU
16108I1a pacTBOpa 1aHHOI MOJSPHOI KOHIIEHTPALIMK; OIPECIUTh TOHKEHUE TEMIIepPaTyphl
3aMep3aHus pacTBOPa; BBIYUCINUTD H0YIIIMOCKOIINYECKYIO U KPUOCKOITMUECKYIO TIOCTOSIHHYIO.

15. Hadranua mpakTHYeCKH HEpacTBOpUM B Boje. OmnpenenuTh, Kakoe KOJIUYECTBO BOISHOTO
napa norpedyercs i neperonku 0,1 kr HadTanMHa ¢ BOASHBIM ApOM MPU HOPMAIBHOM JIaB-
nenuu. [Ipu kakoit Temmneparype OyAeT NpoUCXOAUTh neperonka? s pacyéra BOCIONIb30BaATh-
cs 3aBucuMocthio P = f (T).

Bona Hadranuu

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

H/M?

P-10* | 8451 | 8,767 | 9,094 | 9,43 | 9,775 | 10,132 0,203 0,211 | 0,221 0,233 0,245 0,260

16. Iloctpouts nuarpamMmy (ha30BOro COCTOSIHUS CHCTEMBbI ()eHO-BOJA IO JAaHHBIM O COCTaBax
paBHOBECHBIX (ha3:

1. Bona naceimena ¢genosnom a0 koHneHtpanuu Ci, PEHOJ HACKHIINIEH BOJION 0 KOHIIEHTPAIUU
C, (xoH1IeHTpanmu B Bec.%)

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

4. IlepBast uHBapuaHTHas Touka okoyo 272,1 K: néxn, ¢enosn, pacrBop. Bropas uHBapuaHTHas
touka 274,5 K: dbenomn, nBa pactBopa.

[TosscHuTh Monmy4deHHyro auarpamMmy. Onpenenuts Gpa3zoBble COCTOSIHUSA CHCTEM B KaxJ10i oOna-
ctu nuarpammbl. OmpeIeNnuTh COCTaB U KOM4ecTBO (a3 B cmecH, coaepxkaiieit 0,03 kr ¢penomna
u 0,07 xr Boxsl npu Temmneparype 300 K. O603HauuTh TOUKaMu a — TOMOT€HHBIA PacTBOp, CO-
nepxkamuii 80% ¢enona mpu 320 K; 6 — cucremy, cogepxkamyto 50% denomna, pazaenstonryrocs
HE JIBa HECMEIIMBAIOIIUXCS PAcTBOpA, coaepKammx oauH 9,5, npyroit 63,0 % denona; B — ro-
MOTEHHBIH pacTBoOp, coaepxauuii 5% ¢enona npu 320K. Uto Oyner npoucxoauTh ¢ KaXKIOU U3
yKa3aHHBIX CHCTEM, €CJIM K HUM MOCTENEeHHO J00aBATh (heHon? PacTBopsl, conepkamue oauH



20, a gpyroit 605 ¢denona, umeror Temmeparypy 340K. o kaokii TemnepaTypbl HaZ0 OXJIAJAUTh
KaK]IbIF U3 HUX, YTOOBI BBI3BATh PACCIOCHHE?

17. Ha puc. 1 mpejacraBieHa 3aBHCUMOCTh TEIUIOTHI 00pa3oBaHHs pacTBOPoB AU—SN oT
coctaBa npu 873 K. PaccuuraiiTe TeniaoTy pactBopeHus AU B JaHHOM PacTBOPE.

AH,
KL/ MOT

481

Au

Puc.1

18. 3aBucHUMOCTh KOHCTAaHTBI paBHOBecHs peakiun: S2 + 4H,0 = 2S0; + 4H;, ot Temmeparypbl
BeIpaXkaercst ypaBHenueM tumna: IgK = - 13810/T — 10.877IgT — 0.00267T + 8,386. Onpenenuth
KOHCTaHTy paBHOBecus mpu temmeparype 1000 K. moctpouts rpaduk 3aBUCUMOCTH B KOOPJIH-
narax IgK = f (1/T) B npenenax temneparypst ot 900 1o 1100 K. yka3aTh kak U3MEHSAETCS KOH-
CTaHTa PAaBHOBECHUS C U3MEHEHHEM TEMIIEpaTyphl. ONpPEAETUTh TeroBoi ¢ dekt peakuun AH
npu 1000 K. [TonydyeHHyI0 BETUYHHY COMOCTaBUTH C BEITMYMHOMN TEIUIOBOrO 3(deKkTa, BhIUMC-
JeHHy0 1o 3akoHy Kupxroda. Omnpenenuts cTaHAapTHOE CPOJCTBO pPEarupyroliuX BEHIECTB
AG®, a taxxe AS mpu 1000K.

19. PactBopumocTs razoobpazHoro 6pomucroro Bojgopoaa B 6enzone npu 303 K xapakrepusy-

€TCsl CIIeNYIOIUMHU JTAHHBIMU:

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

N300pa3uth rpaduyuecku 3aBUCUMOCTH PaCTBOPUMOCTH OPOMOBOJIOpOJA OT JABJICHUS U HAWTH

cpenHee 3HaUeHHe KOHCTAHTHI B ypaBHEHUH [ eHpH.

20. Ha ocHOBaHMM IUIOTHOCTH BOIHBIX PAacTBOpPOB MeTwioBoro cnupra npu 293,2 KK Bbrumc-
JIUTH C IOMOLIBI0 MeToJa nepeceueHuid Vo B Vemson A1 YKa3aHHBIX KOHIIEHTPAIHii:

Crm%T, 0 20 40 60 80 90 100
Bec.%
H“‘r’jfhi’gc“’ 0,0982 | 09666 | 09345 | 0,8946 | 0,8469 | 0,8202 | 0,7917

21. Onpenenuth rpaduuecku mapuyaibHbIA MOJTBHBIA 00BbEM XJIOpUAa TPEXBAJICHTHOTO JKeje3a
B pacTBOPE, MOJISIIBHOCTH KOTOPOro 0,4, Ha OCHOBAaHUY CIEAYIOIUX JAHHbBIX:

Yucao Mok XJI0pHIa Ke- 0 0,0126 0,0257 0,0394 0,0536
ne3a B 100 r BoxbI

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

skamero 100 r Bogsl, cMm




TpeGoBanns k 0popMIICHHIO KYPCOBO# padoThl M0 GU3NIECKO XUMHH

Ha npoBepky cnaercs:
1) akkypaTHO BBINOJHEHHBIN, paclieuaTaHHbIH cOPOIIIOPOBaHHBIN (TIanka ¢ (aiaamMu UK marnka
KOHBEPT Ha KHOIIKE) BAPUAHT KypCOBOU paboThl, 00bEMOM He Oosiee 30 cTpaHUIL;
2) snexkTpoHHbIit BapuaHT B popmare Word 2007 wiu 97-2003 (Tak uToObI POpMYIIBI M rpaduKH
OTKPBIBAIKChH) U MPE3CHTAIUS TOK/Ia/la Ha TUCKE, BIIO)KEHHOM B KOHBEPT U NMPUKICCHHBIM K 00-
JIOKKE Tarnku (WIM BBICJIATh Ha ouTy npenojasareito djegola@mail.ru);
3) pacrieyataHHas CIpaBKa aHTHIUIArHaT ¢ OPUTHHAIBHOCTHIO He MeHee 40%

OpueHTanus CTpaHHUIbl — KHUKHAsA, popmar Oymaru A4, TEKCT Ha OHOM CTOPOHE JIUCTA.
[Tomst: BepxHee U HWKHEE — 2 ¢M, JieBoe — 3 cM, mpaBoe -1,5 cM. OTcTynsl B TeKCTe (ClieBa, mpa-
Ba, niepen u nocie tekcra) — 0 cM (). Oteryn KpacHo# cTpoku — 1,25 cm. BelpaBHUBaHKE TEK-
CTa Mo IIMPHUHE, 3ar0JIOBKU 10 LEeHTpYy. PaccTanoBka nepeHocoB B Tekcre. He momyckaroTcs me-
PEHOCHI B 3aroJIOBKax M Ha3BaHMsX TaOmuu. Hymeparnus crpaHuil — BHU3Y clipaBa, LIpUQT HO-
Mmepa crpanunbl - Times New Roman, 12 pt. [lpudT 0CHOBHOrO TEKCTa M 3ar0JI0BKOB I10 TEKCTY
Times New Roman 14 pt, oquHapHbiii nuHTepBaji. Vcnonbp3oBanue apyrux mpudToB HE TOIMYyC-
kaercsi. Ha3zBanust rinaB — nponucHbiMu, Times New Roman 14 pt, monykupHbIM. 3aroJioBKU B
TEKCTE JIOIYCKAETCsl BBIACIATH MONYKUPHBIM mpudrom u/mnu KypcuBoM. CCBUIKH Ha JUTEpa-
TYpy PacCTaBIISIFOTCS MO TEKCTY B MOPSAKE IIUTHUPOBAHMS B KBaJIpaTHBIX CKOOKax [7]. bubmmo-
rpadu4ecKkuii Criucok oGopmisieTcss B KOHIE paboThl B mopsinke muTupoBanus coriaacuo 'OCT
7.1 -2003. Maremarudeckue ypaBHeHHs HabuparoTcs Bo BcTpoeHHbM B Word pemgakrope dop-
MYJI, HE IOYCKaeTCs CKaHWPOBAaHHBIN BapuaHT. Y paBHEHHS peakuuii (HaOMparoTcs) U GOopMyIIbl
3aMKCHIBAIOTCS HAa OTAENBHOM CTpOKE, HyMepyroTCs (CKBO3HAs HyMmepanus). PucyHku ¢ momapu-
CYHOYHBIMH HAJIITUCSIMU pacriojiaratotcs 1o 1neHTpy, aymepyrorcs. Hpudt Times New Roman,
12 pt nomnyxupssiii (Hanpumep, Puc.1).

Tabmuibl B TeKCTE 0POPMIIAITH cienyromuM oopaszom: mpudt Times New Roman, 12 pt.

Tabmmma 1
Ha3zBanue Ta6aunpl (110 neHTPy noay:kupHbiM, TNR12 pt)
No [TokazaTenb BpeIHOCTH JlommycTrMast KOHIIGHTPAIHSI, T/KT TIOYBBI
1 TpaHCIOKALIMOHHBIN 15
2 | MurpanuoHHbIH BOAHBIN 13,1

CripaBouHble JJaHHbIE IPUBOAATCS B BHUJIE TaOIUI (MOXKHO B KOHIIE pabOThI KaK MPHIIO-
JKEHHE) C yKa3aHUEM Pa3MEpPHOCTH U YCJIOBUN MX ONPEJENICHUS U CChUIKM Ha UCTOYHHK, OTKYJa
OHM B3STHI.

Pexomenaanuu 1Jisi BbINOJIHEHHUS

3alaHusl KypPCOBOil pacuyeTHOH padoThl N0 pU3NIECKOH XUMHUH
1. W3noxuth TeopeTHUecKHe CBEIEHUss MO TeMe paboThl (OrpaHUYUTh 1O MHUHUMYyMa
UCIMOJIb30BaHUE Y4eOHOW JHUTepaTyphl, MPHUBETCTBYETCS 0030p HAayuHBIX NyOJuKaluil, a He
nepecka3 yueOHHUKOB).
2. CornacHO BapHaHTYy 3a/laHus, MOJIb3YsACh CIPABOYHBIMU, HA MIJIJIUMETPOBOM Oymare u3o0pa-
3UTh rpapuuecku 3aBucuMocTu. ['paduk ns kaxaon cucteMbl 0pOpMIISIETCS] HA OTIEIBHOM JIH-
cte, Maciitaba A4 ¢ noapoOHOM MOAPUCYHOUHOM moAnmuchio. Ecam s cuctemMbl MPUBOAATCS
JTaHHBIE TIPU HECKOJIbKUX TeMIIepaTypax, OHU HAaHOCSTCS BCe Ha OJuH rpaduk. B monpucyHou-
HOW MOJNNCH YKa3bIBAIOTCS, KAKOM TEMIIEpaType COOTBETCTBYIOT HAaHECEHHBIE TMHUU. Kommbo-
TEpHBIN BapHaHT pelleHus rpaduueckux 3agad He gomyckaercs. Ilpu padote ¢ rpapukom amns
OTpeNieNIeHus] KaKMX-TM00 BEJIMYMH, JOMYCKAETCs MOCTPOeHHE Ha TpaduKe JTONOTHUTEIbHBIX
JIMHUM, OJIHAKO pacyeThbl, CBSI3aHHbIE C ATUMHU IpaduKamMH, CIeTyeT MOMeIaTh B TEKCTe Kypco-
BOM, a HE Ha KOOPJMHATHON IMJIOCKOCTU rpaduKa UM pUCyHKa. B moamucu moj pucyHKoM H0J-
’KEH CTOSATh HOMEp pUCYHKA, Ha3BaHUE rpaduka u pacmndpoBKa o Homepam JUHUI Ha rpadu-
ke. JKenarenbHO, YTOOBI Ha OJJTHOM JIUCTE pacIoiarajics OJIMH PUCYHOK.
3. [Ipoananu3upoBaTh JaHHbIE 3aBUCUMOCTH, ODOPMUTD PE3YJIbTATHI PACUETOB.
4. IToaroToBUTH NPE3EHTALNIO AOKIAAA, B KOTOPOH OTPA3UTh KIHOYEBBIE ITOJIOKEHHSI B BUJIE BU-
3yalu3aluy Marepuana (Cxembl, TaOauibl, TpaduKy, AMarpaMMbl, pUCYHKH, (DOTOTpalliU U T.I1.)



Obpasey mumynibH020 aUCma Kypcosotl pabomsl
MHWHOBPHAYKHU POCCUN
denepanbHOE TOCYIApPCTBEHHOE OI0KETHOE
o0pa3oBaTeNbHOE YUpEeXkKJACHHE BbICIIEr0 00pa3oBaHus

«AcTpaxaHCKM rocynapcTBeHHbIN yHUBepcuTeT nMenu B. H. Tatumesa»
(AcTpaxaHckuii TocyapcTBeHHbIN yHHBepcuTeT M. B. H. Tarumesa)

Kadenpa pynmameHnTanpHON ¥ MPUKITATHON XUMUH

KypcoBas pa6ora no ¢pusnyeckoin XuMun
«HA3BAHUE PABOTDbI»
Bemonuun(na): ctyneHt (ka) rpynnsl XM
@O (1oIHOCTHIO)
[IpoBepwuiia: 1OUEHT, K.X.H.,
3aBKadepoit XuMuu
JILA. Jl)xurona

Actpaxanb 20

Obpas3zey cmpyKkmypwvi Kypcosoi pabombi
Conep:xkanue (He Oraasienue!!!)

Benenue (1-2 crpanuiiel 000CHOBBIBAaETCS LeNb padOThl, aKTyaIbHOCTb, 3aJJaUH)

I'maBa 1. Jlutepatypusiii 0630p (HasoBute rnaBy, Hampumep, Qusuxo-xumuueckue memoobvl
onpeodenenust CIIAB 6 o6wexmax oxkpysicaioueti cpeobvt)

1.1.

1.2.

M T.J.

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

2.2.

U T.JI.

BriBos! (3akitroueHue)

bubnuorpaduueckuii cnmcok

[Tpunoxenus (eciu ecTb)



IIpuMepHbIe TeCTOBbIE 32/1aHUSA
Tect Nel:«Tepmogunamuka. Tepmoxumusi»

1. MaremaTndeckoe BBIPAXKCHUC IICPBOTI'O 3aKOHA TCPMOJHMHAMUKHU JIA OCCKOHEYHO MAJIoro u
KOHCYHOI'0 NIBSMCHCHU COCTOAHUA CUCTCMBI UMCCT BU/T .

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

2. JIBa rasa: OJJTHOQTOMHBIN M JIByXaTOMHBIH, aITHa0aTHYCCKU PACIIUPSIOTCS. [{JIsi KaKoro U3 3THX
ra3oB pabora pacumpeHus OyaeT OoJbIe, e€CIU YUCIO MOJIeH 000X Ta30B OJMHAKOBO, & TEM-
neparypa Kaxaoro ra3a MoHHU3WIACh Ha OJMHAKOBYIO BEJTUYHHY:

a) 1715l IBYXaTOMHOTO;

0) 711 OJTHOATOMHOTO;

B) OJINHAKOBA.

3. B kKakoM 13 Mpo1eccoB padoTa paciIupeHus HauOOIbIIas:

a) 1 xmonp CO; pacmupsierca nuzorepmuuecku mpu 300K ot 10 mo 100 M

6) 1 kmonb Hy pacmmpsiercst msotepmurdecks mpu 1000K ot 10 1o 100 m>;

B) 4 kmonb CO; pacmupsitores nzobapudecku npu HarpeBanuu ot 300 qo 550K;
r)2 xmoub Hj pactmmpsrores nzobapuyecku npu Harpeanuu ot 300 qo 1300K?

4. I1pu 300K ra3 B uacaibHOM COCTOSIHUU M30TEPMUUECKH U OOPATUMO PACHIUPSIETCS OT 102 no
10 M°. KoudecTBO MOrommeHHoro pu 3toM Tema 17,26 x/[x. CkosbKo MoJiel ra3a y4yacTBY-
€T B 3TOM IIpoliecce:

a) l;

0) 2;

B) 3;

r) 4.

5. Teroty cropanusi OpraHUYECKOr0 COCTUHEHNs, pacioyiaras JTaHHBIMH IO TEIJIOTaM 00pa3o-
BaHUs PA3IMYHBIX BEIIECTB, MOKHO PACCUUTATH:

a) He0OXOMMO U3 TEIUIOTHI 00Pa30BaHUS 3TOTO COSUHEHHUS BBIYECTh CYMMY TEIUIOT 00pa3oBa-
HUS IPOAYKTOB CTOPaHUs OPTaHHUYECKOTO COSTMHEHHS;

0) HeOOXOAMMO U3 CYMMBI TEIJIOT 00pa30BaHMS MPOAYKTOB CTOpaHUsI OPraHUYECKOTO COETUHe-
HUS BBIUECTH TEIJIOTY 00pa30BaHUS ITOTO COSTUHEHUS;

B) HEOOXOJIUMO M3 CyMMBI TETUIOT 00pa30BaHUs MPOIYKTOB CTOPaHUsI OPraHUYECKOTO COSIUHe-
HUS BBIUECTh TEIIOTY PA3NIOKEHHUs ATOTO COSTUHEHUS.

6. XapakTep 3aBUCMOCTH TEIJIOBOT0 3P QeKTa XUMHUUECKOH peakui OT TeMIIepaTyphl orpeie-
JSIeTCS:

a) coBepIaeMoit paboToM;

0) U3MEHEHUEM TETNTIOEMKOCTH;

B) arperaTHbIM COCTOSIHUEM BEIIECTB.

7. B untepBane temmneparyp 273-298K ynenbHas TEmIOeMKOCTbh rpadura Oosblie yaeabHON
TETJIOEMKOCTH anmasa Ha 215 Jlx/kr-rpaa. TemnoBoit 2 ekt peakiinu nepexoaa rpadura B aj-
Ma3 MpH MOBBIIIEHUH Temneparypsl oT 273 1o 298K n3meHurcs:

a) YMEHBIINTCS;

0) yBETUUUTCS;

B) HE U3BMEHUTCS.



8. COOTHOUIEHHE SHTAJbIIMM M BHYTPEHHEH SHEPrMM JaHHOM TEPMOJMHAMMYECKON CHUCTEMBI
OIMCBIBACTCSL:

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

9. OaMH MOJIb OIHOATOMHOTO T'a3a M OAMH MOJIb JIByXaTOMHOI'O ra3a u300apuyecKy HarpeBaroT-
cst Ha 100 °C. Jlst Kakoro U3 THX ra30B paboTa pacmupeHus Oyaer OoJbIe:

a) 1715l IBYXaTOMHOTO;

0) 7151 OJTHOATOMHOTO;

B) OJINHAKOBA.

10. BenuunHbl BHYTPEHHEW 3HEPTUN U SHTAJIBIINN JUIsI XUMUYECKONW peakLUy HaXOSATCS B COOT-
HOIICHUMU:

a) AH = AU + nRT;

0) AH = A + nRT,

B) AH = AU +AnRT.

Tect Ne2: « Xumuyeckoe paBHOBecHe»

1. Ecau pearupyromyroo CHUCTEMY paccMaTpuBaThb KaK MJ€aIbHYl0, TO Ha KOHCTaHTbI
paBHoBecus K, u K. Bustor ciaenyronie Gpakropsl:

a) 1aBJICHUE;

0) Temriepatypa;

B) IIPUPOJIA PEArHPYIOIINX BEIIECTB;
r) o0beMm.

2. Bniusinue temnepaTyphl Ha KOHCTaHTY paBHOBecus K, onpenensercs:
a) 3HAaKOM M BeJIMYMHOU 3Heprun I mboca;

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

B) 3HAKOM M BEJIMYMHOI TemnoBoro sHepruu ['enbMromslia.

3. CootBercTBUE MEX 1y H3MeHeHHeM Kp mpu AH®:
a) AH® < 0;

6) AH’ =0

8) AH? > 0;

r) Kp mamaer;

1) Kp He 3aBUCHT OT TeMIIepaTyphl;

e) Kp pacrer.

4. PaBHOBECHBII BBIXOJ BOJAOpOJa 1Mo ypaBHeHuto peakuun CHs+2H,S = CS,+4H,, npu mo-
BBIIIEHUH OOIIEro JaBJICHHUS B CHCTEME, €CIIM BCE BEIIECTBA HAXOIATCS B HUJI€aILHOM I'a30BOM
COCTOSIHUM U3MCHHTCS.

a) YMEHBIIIHUTCS;

0) yBETUUYUTCS;

B) HE U3MEHUTCSI.

5. Mepoii cTaHIapTHOTO CPOJCTBAa XUMUYECKOU PEAKIIUU MPHU MOCTOSHHBIX P u T sBnsieTcs:
a) yobuib sHepruu ['n66c¢a;

0) MakcuMasbHas nosiesHas padora;

B) yObLIb 3HEepruu ['enbmrosbia.



6. Koncranrta paBHoBecus xumudeckoil peakuuu K¢ u K, nporekaromieii B uaeaabHOM Ira3o-
00pa3HOM COCTOSIHUM, 3aBUCHUT JIM U KaK OT KOHLEHTPALUH Pearupyoux BeLecTB:

a) 3aBHCHT;

0) HE 3aBHUCHUT;

B) YMEHbIIIAETCS,;

T') YBEJIMYHUBACTCA.

7. Koncranra paBHoBecust K, paBHa paBHOBECHOMY JJaBJICHUIO B CUCTEME IIPU JaHHOU TeMIle-
partype Uil peakLuu:

a) TOMOTEHHAs peaKiys, B KOTOPOi 00pa3yroTcsi ra3000pa3Hble IPOTYKTHI;

0) reTeporeHHast peakius, B KOTOpoil 00pa3yeTcst OUH Ia3000pa3HbIil MPOAYKT;

B) TOMOT'€HHAs PeaKIysi, B KOTOPO 00pa3yeTcsi OANH ra3000pa3HbIi MPOIYKT.

8. PaBnoBecue B peakiuu COCl,; = CO + Cl, npu 100aBiIeHHMH K PaBHOBECHOW CHCTEME
MHEPTHOTO T'a3a MpHU MOCTOSTHHOM OOIIEM JIaBIC€HUU CMECTUTCS:

a) B MPSIMYIO CTOPOHY;

0) B 00paTHYIO CTOPOHY;

B) HE CMECTHTCHI.

9. Benmunnsl K, u K¢ s peakuun So(TB) + 4HpO(ra3) =2S0,(ra3) + 4Hy(ra3) HaxonsTes B
COOTHOIIICHUH

a) K,=Kq;

0) K, <Kq;

B) K,>K..

10. KoncranTa paBHoBecus K, XxMMHYecKOH peakiuu, OpOTEKalolledl B MIealbHOM ra3o00-
pa3HOM COCTOSIHMM, 3aBUCHUT JIM U KaK OT KOJIMYECTBAa MOJIEH BEIIECTB, y4acCTBYIOILIUX B
HEH:

a) 3aBHCHUT;

0) HE 3aBUCHUT;

B) YMEHbIIAETCS;

T') YBEJIMYUBAETCSI.

Tect Ne3: « da3oBble paBHOBecusi. PactBopbi»
1. HachIeHHBIM TapOM >KHJIKOCTH Ha3bIBAETCH:

a):map, HaxoASLUNCS B paBHOBECUHU C KOHJIEHCATOM;
0):map, HaXOoIAIUKCS B PABHOBECUH C NAPOM;
B):IIap, HAXOAIINICSA B PABHOBECUH C KHUJKOCTHIO.

2. Uucno TepMOJUHAMUYECKUX CTEIeHer cB000 bl C OJTHOKOMIIOHECHTHON CHCTEMBI, COJIepXkKa-
Il KUAKYIO U TBEPAYIO (ha3bl B COCTOSTHUU PABHOBECHUS PABHO:

a) 0;

0) 1;

B) 2;

r) 3.

3. TpoifHast ToUKa Ha TUarpaMMe COCTOSHUS OJHOKOMITOHEHTHON CHCTEMBI:

a) 9TO TOYKa Ha JUarpamme, mapaMeTpbl KOTOPOH COOTBETCTBYIOT OJTHOBPEMEHHOMY CYIIIECTBO-
BaHUIO TpeX (a3, HaXOASAIMIUXCS B PABHOBECUU;

0) ATO TOUYKa Ha U30TEPME, MTapaMETPbl KOTOPOH COOTBETCTBYIOT OJJHOBPEMEHHOMY CYIIECTBOBA-
HUIO TpeX (pa3, HaXOASIMUXCSI B PABHOBECHUU;



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

4. «CoCTaBISAIONICH» CHCTEMbI HA3bIBACTCS:

a) CTeneHb CBOOO/IHI;

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

5. KakoBo of1iee TepMouHaMU4ecKoe yciioBrue (ha30BOro paBHOBECHS:

a) MePBBIN 3aKOH TEPMOJAHMHAMUKY;

0) paBEHCTBO XMMUYECKUX TOTEHIIMATIOB KaKI0TO KOMIIOHEHTa BO BCeX (pa3ax;
B) sHeprus [ 'n66ca =0.

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

0) yMEHBIIIAETCsl C POCTOM TEMIIEPATYPbI;

B) HE 3aBUCHUT OT TEMIIEpaTypHl.

7. KOMIIOHEHTOM CUCTEMBbI Ha3bIBAETCS:

a) TBepaas ¢asa;

0) xxuakas ¢asa;

B) HE 3aBHCHMas COCTABJISIIOIIAS] CUCTEMBI.

8. Ykaxxure nuarpammy COCTOSIHMS BOJIbI (quarpaMmy paBHOBecus (a3) B KoopauHaTtax P =

£(T):

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

Audrocms

Thepioe




9. Yucno TepMOIMHAMHUYECKUX cTeneHed cBo0oabl C 0JHOKOMIIOHEHTHON CUCTEMBI B TPOMi-
HOW TOYKE PABHO:

a) 0;

0) I;

B) 2;

r) 3.

10. Kakumu TOukaMu HauMHAETCAd M KOHYACTCSA KpUBAs 3aBUCUMOCTH <«JIABJIEHUS  HAaChI-
IIEHHOT0 Mapa KUJIKOCTU OT TEMIIEpPaTypbl»:

a) TpoiHas TOUYKa;

0) ucxoHas TeEMIEPATYpA;

B) DBTECKTHKA,

I') KpUTHYECKas TeMIlepaTypa.

Tect Ned: «dnekTpoxumusn

1. Yncnom nepeHoca HOHA Ha3BIBACTCH:

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

B) CyMMa KOJIMYCCTBA BJICKTPHUYCCTBA, ICPCHECCCHHOC NOHAMHA JJAHHOTO pOJid CKBO3b CCHCHHC
QJICKTpPOJIMTA, C O6H.[I/IM KOJIMYCCTBOM JJICKTPHUUICCTBA.

2. 3aBUCHUMOCTE MCKAY YHUCIaMU TIEPCHOCA KATUOHOB U aHHUOHOB U CKOPOCTAMH UX ABUIKCHUA
UMCECT BU:

a) tv() = U+(-)/U+ +U.;

6) t+(.) - U+ +U-,

B) t+(-) =Us: +U-/U+(-).

3. [IpomoprmoHAIEHO KBaAPATHOMY KOPHIO M3 MOJISUIBHON KOHIIEHTPAITNU H3MEHSFOTCS:
a) a;

0) o;

B) 4,

T) Ao,

n) 19y,

e) K

xK) TT.

4. HauOomnpIel moBM»KHOCTHIO B BOJHBIX PACTBOpax 00J1aIat0T HOHBI:
a) Na*;

6) Cr*:

B) H":

r) OH".

5. ®opmyiia, CBA3BIBAOIIAS YACIBHYIO JIEKTPONPOBOIHOCTh K, KOHCTAHTY SYCHKH (@ U COTIPO-
THUBJICHHUC paCTBopa BHCKTpOHI/ITa RX UMECT BUI.

a) K= q)-::i-ﬁi:eRx;

0) k = e+Ry;

B) K = @/Ry.



6. Ecnmu cpaBHHBAaTh pacTBOpPUTENH, OMMU3KHE MO CBOWCTBAM, TO KOHCTAHTA TUCCOIMALIUU
3JIEKTPOJIUTA C POCTOM JUAJIEKTPUUECKONW MPOHUIIAEMOCTH PACTBOPUTEIIS:

a) YMEHbIIIAETCs

0) yBeIMYMBaCTCS;

B) HE U3MEHSETCSI.

7. DKBUBAJICHTHAS 3JIEKTPOTPOBOAHOCTh MPU OECKOHEYHOM pPa3BEJCHUU PacTBOpA YKCYCHOU
KHCIOTHI B 1,5 pa3a Gosibliie Tako# ke 3JIEeKTPONPOBOJHOCTH THAPOKCHIa aMMOHus. PacTBo-
pet 0,1 5. CH3COOH u 0,05 5. NH4,OH uMmerot oquHakoBYO SKBUBAJICHTHYIO 3JIEKTPOIIPOBOI-
HOCTh. COOTHOIIEHUE CTEMEeHEeW NHUCCOLMAIMU ATHX 3JEKTPOJIHUTOB B JAHHBIX pacTBopax (o
— CTENEeHb JIUCCOIMALIMYI KUCIIOTHI UJIU (2 — CTENEHb IUCCOIMAIIMU OCHOBAHUS):

a) = a;

6) o< ap,

B) a1 > .

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

a) B KOHIICHTPUPOBAHHBIX PACTBOPAX CPEAHUN MOHHBIM KOA((DHUIIMEHT aKTUBHOCTH HE 3aBH-
CHUT OT MPUPOJII FJIEKTPOJIUTA U OTIPEIIEIACTCS BEIMUYNHON HOHHOM CHIIBI;

0) B pa30aBJIeHHBIX PAacCTBOpPAX CPEAHUN MOHHBIA KOAI(PPUIIMEHT aKTUBHOCTHU HE 3aBHCHUT OT
HIPUPOJIBI AIEKTPOIUTA U ONPEACIICTCS BEIMUNHON HOHHON CHUIIBI;

B) B CHJIbHO pa30aBJIICHHBIX PACTBOPAX CPEIHUN HOHHBIA KOA(P(HUIIMEHT aKTUBHOCTH HE 3aBU-
CHUT OT NPUPOJII FJCKTPOJIUTA U ONPEEISICTCS BETUYMHON HOHHOW CHJTBI.

9. CBoiicTBOM pacTBOPUTES, OMPEAETSIONIUM €ro ClIOCOOHOCTh MOHU3UPOBATh PACTBOPEHHOE
BEIIECTBO (KPOME €ro CHOCOOHOCTH K XMMHUYECKOMY B3aWMOJCHUCTBUIO C ATHM BEIIECTBOM)
SIBIISICTCSL:

a) MOHHAsI CUJIa;

0) BA3KOCTb;

B) IMPJICKTPUYECKAs TPOHUIIAEMOCTb.

10. Crenenp aucconmamnuy caaboro JIEKTPOJUTA B BOJHOM PACTBOPE C POCTOM TEMIIepaTy-
pBI:

a) u3MeHseTcs 1o napadoie

0) MPOXOIUT Yepe3 MaKCUMYM;

B) HE U3MEHSETCH.

Tect Ne5: «J1eMeHTBI CTATHCTHYECKOH TEPMOAUHAMUKI

1. BuyrpenHwow sHepruto uaeanbHoro raza (U—Up) ¢ cymmoii cocTosiHuii Z CBSI3bIBacT
bopmymna:

a) U-U% = RT(8InZ/6T)p;

6) U-U° = RT(6InZ/dT)1;

B)U-U° = RT2(SInZ/6T)v.

2. [Tpu HarpeBaHUM TEIIOEMKOCTh PacTeT OBICTpEe, T. €. JOCTHraeT KJIACCUYECKOro mpezesa
paBHOTO BennumnHe R. mpu Oosiee HU3KOM TeMIepaType JUIs:

a) Cly;

0) Oz;

B) Fz.

3. TemoeMKkocCTh Tasa B HIACAJIBHOM COCTOSAHUHU NPU MMOCTOAHHOM o0BeMe CV C CYMMOﬁ CO-

cTostHUM Z cBsI3bIBaeT (hopMyria:
a) Cy= 2RT (dInZ/5T)y + RTXSAInZ/0T?)y;



6) Cv= 2RT (8InZ/6T)p + RT3(0°INZ/6T%)p;

B) Cy = 2RT (5InZ/T); + RT?(6*InZ/5T?)7.

4. Jlns BeIYUCIICHHUS KojeOaTrenbHO# cocrapisromiei suepruu [enpmromnsia (F—Fo) nByx-
aTOMHOT0 Ta3a MMPH JaHHON TeMIepaType U JaBJICHUHM CTATUCTUYCCKUM METOJO0M HEOOXOIUMO
3HATH.

a) XapaKTepPUCTUUYECKYIO TeMIIEpaTypy;

0) 4acTOTy BHYTPUMOJIEKYISPHBIX KOJICOAHUI;

B) 00J1aCTh IMOTJIOIICHUS.

5. TemmoemkocTu npu nocrossHaoM aasieHun Do, HD, Hy m HC1 ipu 1000 K cooTBeTCcTBEHHO
pasubl 31,66; 30,71; 30,59 u 31,24 Jx/Monb-rpaa. [locinenoBarensHOCTh BO3pACTaHUS Xapak-
TEPUCTUYCCKOM TeMITepaTyphl 0:

a) HD;

0) Do,

B) Ho.

r) HC1;

6. OuTanenuio uaeadsHoro raza (H—Hp) ¢ cymmoii cocTosinmii Z cBsi3piBaeT Gpopmyra:
a)H-—H°=RT[1+T(6InZ/6T)p];
6) H-H’=RT [ 1+ T (6InZ/6T)];
B) H—H°=RT[1+ T (6InZ/6T)1].

7. BpamaTeany}o COCTABJIAIOIIYHO CYMMBbI COCTOSIHUH C nmapamMeTpaMu COCTOSIHUA U MOJICKY-
JI?IpHI:IMI/I KOHCTAHTaAMHU I[ByxaTOMHI)IX MOJIeKyJI CBSI3BIBACT Q)opMyna:

a) Zep = IT/h%;

6) U-U° = RT(5InZ/6T)p;

B) Zep = 87°IKT/h’6.

8. BonHoBBIE uKClia BHYTPUMOJEKYJSPHBIX KoJieOaHUM cepoBoaopoaa paBHbI 2722, 2739 u
1214 cm™. Tociien0BaTebHOCTD BOIHOBbIX YHCEI B nopsAKe yObIBaHUS BKJIaa:

a) 2739 cm™.

6) 1214 cm™;

B) 2722 CM'l;

9. I'maBHBIN HEAOCTATOK KJIACCUUYECKON TEOPUH TEMIOEMKOCTH B TOM, YTO:

a) He J1aeT OOBSICHEHUS IKCIIEPUMEHTAIBHON 3aBUCUMOCTH TETUIOEMKOCTH OT JaBJICHHS;

0) He naeT 0OBIACHEHUS SKCIIEPUMEHTATHFHON 3aBUCUMOCTH TETIJIOEMKOCTH OT 00beMa;

B) HE /1aeT 00BACHEHUS SKCIIEPUMEHTATBHOM 3aBUCUMOCTH TEIIJIOEMKOCTH OT TEMITEPATYPHI.

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

0) He 3aBUCHT;

B) YMEHbIIAETCS;

T') yBEIMYUBAETCS.

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

6) G — G’ = RTInZ;

B) G- G’=RT(1 - In2).

Tect Neb6:«Xumnueckasa kuaernka. Karaaus»



1. VYpaBHeHHME 3aBUCHUMOCTH KOHCTaHTBl CKOPOCTHM pEaKLUUU OT TEMIEpAaTypsl B
nuddepennuaibHol popMe UMEET BU/T:

a) dIn k/dT = E/RT?;
6) dIn k/dT = AH/RT?
B) dlg k/dT = - E/RT?;
r)din k/dz= E/RT?.

2. I3MeHeHue KOHIICHTPAIMH MPOIYKTa PEaKIMU CO BPEMEHEM, €CIU pPEeakls MMEeeT Hyje-
BOU MOPSAIOK, UMEET 3aBUCUMOCTbD:

a) YMEHbILIAETCs 110 Iapadolie;

0) yBeIMUMBACTCSI 10 Mapadorie;

B) YMEHBILIAETCS 110 JIMHEHHOM 3aBUCUMOCTH;

T') YBEJIMYMBACTCS TI0 JITHEHHOM 3aBUCHMOCTH.

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

a) OT CyMMBbI KOHCTaHT CKOPOCTEH MOClIeI0BATENIbHBIX CTAIUN PEeaKInu;

0) OT pa3HOCTH KOHCTAHT CKOPOCTEH MOCIEI0BATEIbHBIX CTAIUN PEAKIINH;

B) OT OTHOIIEHHSI KOHCTAHT CKOPOCTEHl MOCJEeN0BATENbHBIX CTAIUN PEAKIUU U OT UX Pa3HO-
CTH;

I') OT OTHOLIEHUS KOHCTAHT CKOPOCTEH MOCIeIOBATENbHBIX CTAUN PEAKIIMH U OT UX CYMMBI.

4. T'padyK 3aBHCHMOCTH JT0rapi(Ma KOHCTAHTBI CKOPOCTH peaKiuu ot 1™ HMeeT BHI:
a) THIepOOIThL;

0) mapaboJIbL;

B) IIPSIMOH.

5. KoHcranThl ckopocTel JBYX peakluil BTOPOTO MOPSAKA, €CJIM MCXOJHbIE KOHLIEHTPaLUU
000MX pearupyroMux BEIIEeCTB OJMHAKOBBI MMEIOT COOTHOLICHHE. 3HAYEHUS MCXOJHBIX KOH-
LHEHTpAalUi ¥ MepuoAabl MOJYNpPEeBpalleHus s 3TUX peakuuil: 1-1 peakuusa—I1,5 mMoub/i;
200 muH; 2-5 peaknus —2,0 monb/1; 300 MuH:

a) k2 = 2k1;

0) ki =4ks;

B) kz = 4k1;

F) k1 = 2k2

6. MakcumanpHOE KOJHMYECTBO MPOMEKYTOYHOTO BENIeCTBa B B mocienoBaTeabHON peakIiuu
nepsoro nopsaaka A—B—C onpexnensercs:

a) OTHOLIEHHMEM KOHCTAaHT CKOPOCTEH M HadalbHOW KOHIIEHTpalueil MCXOJHOTO Belle-
CTBA;

0) OTHOILIEHMEM KOHI[EHTpalUil BeIIeCTB;

B) OTHOUIEHUEM KOHCTAHT CKOPOCTEH U paBHOBECHOW KOHIIEHTpalluel UCXOJHOTO Belle-
CTBa;

I') OTHOUIEHUEM IEePUOJIOB MoJypacnaja U HadyallbHOM KOHILIEHTpaluel HMCXOJHOTO Be-
1eCTBA.

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

a) 0OpaTHO MPOIMOPLUOHATIEH UCXOIHOM KOHLIEHTPALlUH;

0) mpsMO TIPOMOPIIMOHATIEH PABHOBECHOW KOHIICHTPAIIUH;

B) IPSIMO MPOTNOPIIMOHAIEH UCXOAHON KOHIIEHTPAIHH.

8. SKCHepHMeHTaHLHOf/'I BHCpFHCﬁ aKTHUBAIlMU CI0XKHOM PC€aKI Ha3bIBACTCA .



a) napameTp E B ypaBHeHUM AppeHnyca;

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

B) mapametp E B ypaBHeHUU Teopun aOCOTIOTHBIX CKOPOCTEH;
r) napametp E B ypaBHeHHU DiipuHra.

9. Peaknuss A—>B—C nepBoro nopsinka. U3menenue konueHtpamnuu BemectB A, B u C ¢
TeYCHHEM BpeMeHH, eciu K>k, oTpakaeT 3aBUCHMOCTD:

¢

a) 6) B)

10. B npuMeHeHnHn MeToAa CTAIIMOHAPHBIX KOHIIEHTPAIIM UMEIOTCS OTpaHUYCHHUS:
a) He MpUMEHsIeTCs U1l KOHEUHOTO MEePHO/a PEAKIIIH;

0) He mpUMEHSIETCs 111 HAa4aJIbHOTO IEproa peakliuy;

B) HE IPUMEHSETCS /17151 MOMEHTA PaBHOBECHS;

T') HE IPUMEHSIETCS B KATAIMTUUYECKUX PEAKLIHSX.

IIpumepHBbIii epeyeHb TeM J1a00paTOPHBIX PadoT MO AUcHUIINHEe «Pu3nyeckass XMMHS»

Pazoen |. Tepmoounamuxka u mepmoxumus
1.Omnpenenenue TEIIOTH PACTBOPEHUS COH
2.0mnpeneneHue TeraoThl HEUTpaTu3altu.

3.0mpeneneHne TeIIOThl PEaKIIUU OKHCICHUSI.

4. OnpeneneHue TEIIOT CrOPaHUsl OPTaHUYECKUX BEIIECTB

Pazoen |1. Tepmoounamuueckue u pasnogecnvie XapaKmepucmuKku peaKyuil 6 pacmeopax

1 .3y4yenne TepMOAMHAMUYECKUX U PABHOBECHBIX XapAKTEPUCTUK PEAKIIUI B PaCTBOPAX.
2.M3yyeHne KOHCTaHT MOHU3ALUU UHAUKATOpPa POTOMETPUUECKHM METO/IOM.

3.M3yueHre KOHCTaHT paBHOBECHUS! XUMHUUECKOM peakluy B pacTBOpax (GOTOMETPUYECKHM METO-
JIOM.

4.M3y4yeHue COOTHOLIEHNs KOMIIOHEHTOB KOMIUIEKCHOTO COETUHEHUS B PacTBOpax GOTOMETPH-
YECKUM METOJIOM.

Pazoen |1l. @uzuko-xumuueckue ceoiicmea pacmeopos

1. BnusiHue HOHHOM CHJIBl HA KOHCTaHTBI MOHU3AIMH WHINKATOPOB.

2. BriusiHue MOHHOM CHITBI HA TEPMOIMHAMUYICCKUE XapaKTEPUCTUKHA 00pa30BaHUS KOMILIEKCHO-
r'O COeIMHEHUS B PACTBOPAX.

Pazoen \\. dnekmpoxumusn

1. KoHCTpynpOBaHNe XUMHUYECKUX HCTOYHUKOB TOKA.

2.M3ydeHne S5KBUBAJICHTHOW 3JIEKTPOIPOBOJHOCTH U KOHCTAHT MOHU3ALUH CIa0BIX 3JIEKTPOIU-
TOB.

3.IloTeHUIMOMETPYS U HOHOMETPHUSL.

4. N3ydeHne pacTBOPUMOCTH TPYIHOPACTBOPUMBIX COECIMHEHHM.

Pazoen N. Xumuueckaa kunemuxa
1. 3yueHue cKOpoCTH peakiuu OKUCIEHUS HOI0BOAOPOIHON KUCIIOTHI IEPOKCHUIOM BOIOPO/Ia



2. doToMeTpUUECKOE N3yUEeHHE KMHETUKU PeaKkIy 00pa30BaHus OKPAIIEHHOTO KOMITJIEKCHOTO
COETUHEHMUSI.

3. M3yueHne CKOpOCTH peakiiuy pa3okKeHUs: MypeKCH/Ia B KHCIION Cpee.

4. V3yyeHue CKOpOCTH MHBEPCUU TPOCTHUKOBOTO caxapa.

Pazoen V1. Kamanu3s

1.3y4yeHre KHHETUKHN KaTATUTUIECKOTO PA3I0KEHUS

MIEPOKCH/IA BOJIOPO/IA

2. KaranuTtndeckoe BIHSIHIE HOHOB MEJIHM H JKeJie3a Ha CKOPOCTh OKHCIICHUS MOJOBOIOPOTHOM
KHCJIOTBI TepCyIbhaToM aMMOHHUS

3.Karanutudeckas qeruaparanus STUIOBOTO CIIHPTA.

6. ObPA3OBATEJIBHBIE U TH®POPMALIMOHHBIE TEXHOJIOI'MU

B cootBerctBuu ¢ TpedoBanusimu @I'OC BO 1o HanpaBieHHIO MTOATOTOBKU peau3alus
KOMIIETEHTHOCTHOTO TOJIX0/1a MPEAyCMaTPUBAET MCIOJIB30BaHHE B YYEOHOM IPOIECCE AKTUB-
HBIX U UHTEPAKTUBHBIX ()OPM MPOBENICHUS 3aHATHI. (KOMIIBIOTEPHBIX CUMYJISIUI U TIP.) B coYe-
TaHUU C BHEAYAUTOPHON pabOTOH C menbio (GOpMHUPOBAHUS M PA3BUTHS TPEOYEMBIX KOMIICTCH-
Uit obydaromuxcs. Bo3aM0XHO MpUMEHEHHE 3JIEKTPOHHOTO 00y4eHHUs U AUCTAaHIIMOHHBIX 00pa-

30BaTCIILHBIX TEXHOJIOTHI.

6.1. O6pa3oBaTe/ibHbIE TEXHOJIOTUH

Tabauna S — O0pa3oBaTe/ibHbIe TEXHOJIOTHHU, UCIOJb3yeMble NPU pealu3aluu y4eOHbIX

3aHATHH
Paspnen, Tema dopma yueOHOro 3aHsATHS
JTUCIUILTAHBI (MOJTYJIS) Jlekuus IIpakTrueckoe 3a- JlaboparopHas
HATHE, CEMHUHAP paboTta
Pazoen |. Ocnosbl Xumuueckoii mepmoouHaMuKku

Tema 1 IlpumMeneHue nepBoro 1 BTO-
pOro 3aKOHa TEPMOJIMHAMHUKH K XH-
MHYECKUM Tporeccam. TepMoxumust.

[Mpob6nemHuas (uH-
TepaKTUBHA) JIEK-
LUSI-TIPE3eHTalMs

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

Y4eOHBbIii TPOEKT
- BeimoHenue JI.P.
B MUKPOTPYIHITax

paszena
Tema 1.2. ITpumeHeHue BTOpOro 3a- WnTepakTuBHas ®poHTANBHBIN Y4eOHbII MPOeKT
KOHA TEPMOJUHAMHKH K XUMHYe- JeKIus- OTIpOC, BHITMOTHEHNE | - BbIodHeHue JI.P.
CKUM IIpolieccaM. DHTPOIH. Mpe3eHTanus MIPAKTUYECKUX 3aHS- | B MHKPOTPYIIax

THH, TUCKYCCHU TIO
BOMpPOCAM K TeMe
paszena

Tema 1.3. TepmoauHamMuyeckue mo-
TeHIMaJIbl. XUMHUYECKUIN HOTEHIIHAI.
IIpenen nporekanus peakuuu. Temn-
JoBas TeopeMa HepHera.

[Mpob6nemHuas (uH-
TepaKTHBHAsI) JICK-
UST-TIPE3EHTALNS

®poHTaNbHBIN
OTIPOC, BBITIOJTHEHNE
MIPAKTHYECKUX 3aHs-
THHA, AUCKYCCHUH I10
BOIpOCaM K TeMe
paszena

Y4eOHBbIii TPOEKT
- BeinostHenue JI.P.
B MHUKPOTPYIIIax

Pazoen ||. Xumuueckoe pasnosecue

Tema 2.1. 3akoH AeHCTBYIOMIHX
Macc. KoHcTaHTa XUMHYECKOTO paB-
HOBECHS M COCTaB CUCTEMBI. XHUMH-
YeCcKHUe M aJICOPOIIMOHHBIE PAaBHOBE-
cust. CMeneHre XMMHUYECKOro paB-

[Ipo6iemnas (uH-
TepaKTUBHAA) JICK-
LUSI-TIPEe3EeHTaLNs

®poHTaNBHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTUYECKUX 3aHsI-
THHA, AUCKYCCHUH I10
BOIPOCAM K TeMeE

Y4eOHBbIii TPOEKT
- Beinostnenue JI.P.
B MUKPOTPYIIIax




HOBCCHI.

paznena

Tema 2.2. MakcumanbsHas paboTa u
XHUMHUYECKOE CPOJICTBO. Y PaBHEHHUS
M30TEPMbI XUMHUECKOUN PEaKITUH.

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

DpoHTaNIBHBIN
OIIPOC, BHITIIOJIHEHHE
MIPaKTHYECKUX 3aHsI-
THA, AUCKYCCHUH 110

BOIIPOCAaM K TeMe
pazaena

YueOHBIN TPOSKT
- BeImtontHenue JI.P.
B MUKPOTPYIIIax

Tema 2.3. 3aBUCHMOCTE KOHCTAHTEI
XHMHYCCKOT0 PaBHOBECHS OT TEMIIE-
patypbl. OMIHPHUYECKIE METOJIbI
pacyera KOHCTaHT PaBHOBECHSL.

[Tpobnemuas (uH-
TepaKTHBHAs) JIEK-
US-TTPE3CHTAINS

OpOoHTAIBHBIN
OTIPOC, BBITIOITHEHUE
MIPAKTUYECKUX 3aHsI-
THHA, JUCKYCCHUH I10

BOIIPOCAM K TeMe
pazgena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MUKPOTPYyIIax

Pazoen |11. Dazosvie pasnosecus. Pacmeoput

Tema 3.1. IIpasuio ¢a3 ['ndoca.
PaBHOBecHBIE cocTosiHUS TIpH (a3o-
BBIX Ilepexo/iax. Y paBHEHUE
Knaysuyca-Knaiinepona.

[Tpobaemuas (uH-
TepaKTHBHAs) JIEK-
US-TTPE3CHTAIINS

OpOoHTAIBHBIN
OTIPOC, BBITIOITHEHUE
MIPAKTUYECKUX 3aHsI-
THHA, JUCKYCCHUH I10

BOIIPOCaM K TEME
paznena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MUKPOTPYIIax

Tema 3.2. MonekysipHbIE pacTBOPBL.

DU3NKO-XMMUYECKUE CBOMCTBA pa3-
0aBIIEHHBIX PACTBOPOB.

[IpoGnemnuas (uH-
TepaKTUBHAs) JIEK-
LUSI-TIPE3EHTaNS

OpOHTAIBHBIH
OITPOC, BBIITOJIHCHUEC
MPAKTUYECKUX 3aHs-
THA, AUCKYCCHUH 110

BOIpOCaM K TeMe
paszena

Y4eOHBbIi TPOEKT
- BeInonHeHue JI.P.
B MUKpOTpYIIIax

Tema 3.3. buHapHbie pacTBOPHI KU~
KHX JIETy4uX BeluecTs. MpeansHbie u
HENJACaJIbHbIC CUCTCMBbI. YacTtuuno
CMEIIMBAIOLINECS M HECMEIINBAIO-
LIMeCs KUAKOCTH.

[IpoGnemnuas (uH-
TEepaKTUBHAS) JICK-
qUA-TIPE3CHTALUA

OpOHTAIBHBIH
OIPOC, BBIIOJIHEHHE
MIPAKTUYECKUX 3aHA-
THA, AUCKYCCHUH 110
BOIIPOCaM K TeMe
paszena

Y4eOHBbIi TPOEKT
- BeimtontHenue JI.P.
B MUKPOTPYIIIax

Tema 3.4. PacTBOpUMOCTH ra3oB B
KUJKOCTSAX. 3aKOH pacIpeesIeHusl.
DKCTpaKLUSL.

[Mpob6nemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OIPOC, BBIMOJIHEHHE
MPAKTUYECKUX 3aHsI-
THHA, JUCKYCCHUH I10
BOIpOCaM K TeMe
pasnena

Y4eOHBbIii TPOEKT
- BeimtostHenue JI.P.
B MUKPOTPYIHITax

Pazoen IN. dnekmpoxumusn

Tema 4.1. PacTBOPHI 3JIEKTPOJIUTOB.

[Mpob6nemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OIPOC, BHIMOJIHEHHE
MPAKTUYECKUX 3aHsI-
THHA, JUCKYCCHUH I10
BOIpOCaM K TeMe
paznena

Y4eOHBbIii TPOEKT
- BeimostHenue JI.P.
B MUKPOTPYIHITax

Tema 4.2. HepaBHOBECHBIE SIBICHUS
B PacTBOPAX 3JIEKTPOJIUTOB.

[IpoGiemnuas (uH-
TEepaKTUBHAS) JIEK-
LUSI-TIPEe3EeHTals

OpOHTATIBHBIH
OTIPOC, BBITIOJTHEHNE
MPaKTUYECKUX 3aHsI-
THH, TUCKYCCHH IO

BOIIPOCAaM K TeMe
paszena

Y4eOHbII MPOeKT
- BeInoniHeHue JI.P.
B MHUKpOTpYIIIax

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

ITpobnemuas (uH-
TepaKTUBHAA) JICK-
US-TTPE3CHTAIINS

®poHTANBHBIN
OTIPOC, BBITIOJTHEHNE
MIPaKTHYECKUX 3aHs-
THHA, AUCKYCCHUH I10
BOIPOCAaM K TeMe
pazgeina

Y4eOHbII MPOeKT
- Bemmoanenue JI.P.
B MUKPOIPYIIIax




Pazgen V. DjieMeHTBI CTATHCTHYECKOH TEPMOIMHAMHKH

Tema 5.1. MexaHn4eckoe ONucaHue
MOJIEKYJIApHOM cuctembl. [locTynaTe
CTaTUCTUYECKOU TEPMOIMHAMUKH.
CymMa 110 COCTOSTHUSIM.

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

DpoHTaNIBHBIN
OIIPOC, BHITIIOJIHEHHE
MIPaKTHYECKUX 3aHsI-
THA, AUCKYCCHUH 110

BOIIPOCAaM K TeMe
pazaena

YueOHBIN TPOSKT
- BeImtontHenue JI.P.
B MUKPOTPYIIIax

Tema 5.2. Bpruncnenus TepMoan-
HamMu4ecknx QyHkuuid. CtarucTude-
CKasi TepPMOIMHAMUKA PEAIEHOTO
ra3a 1 KOHAEHCHPOBAaHHOTO COCTOS-
HUSI BELIECTBA.

[Tpobnemuas (uH-
TepaKTHBHAs) JIEK-
US-TTPE3CHTAINS

OpOoHTAIBHBIN
OTIPOC, BBITIOITHEHUE
MIPAKTUYECKUX 3aHsI-
THHA, JUCKYCCHUH I10

BOIIPOCAM K TeMe
pazgena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MUKPOTPYyIIax

Pazgen VI. Xumnueckasi KHHEeTHKA

Tema 6.1. CKOpOCTh XMMUYECKOM
peakiuu. 3aBHCUMOCTH CKOPOCTH
pEaKIiy OT TEMIIEPATYPHI.

[Tpobaemuas (uH-
TepaKTHBHAs) JIEK-
US-TTPE3CHTAIINS

OpOoHTAIBHBIN
OTIPOC, BBITIOITHEHUE
MIPAKTUYECKUX 3aHsI-
THH, AUCKYCCHUH I10

BOIIPOCaM K TEME
paznena

Y4eOHBII MPOeKT
- BeinonHenue JI.P.
B MUKPOTPYIIax

Tema 6.2. KuHeTHKA CIIOKHBIX peak-
UH.

[IpoGnemnuas (uH-
TepaKTUBHAs) JIEK-
LUSI-TIPE3EHTaNS

OpOHTAIBHBIH
OITPOC, BBIITOJIHCHUEC
MPAKTUYECKUX 3aHs-
THHA, AUCKYCCHUH 110

BOIpOCaM K TeMe
paszena

Y4eOHBbIi TPOEKT
- BeInonHeHue JI.P.
B MUKpOTpYIIIax

Tema 6.3. TeopeTuueckue npeacTas-
JICHUSI XUMHUYECKON KUHETUKH.

[IpoGnemnuas (uH-
TEepaKTUBHAS) JICK-
qUA-TIPE3CHTALUA

OpOHTAIBHBIH
OIPOC, BBIIOJIHEHHE
MIPAKTUYECKUX 3aHA-
THA, AUCKYCCHUH 110
BOIIPOCaM K TeMe
paszena

Y4eOHBIi TPOEKT
- BeimtontHenue JI.P.
B MUKPOTPYIIIax

Tema 6.4. Llennbie, HOTOXMMUYESCKUE
U paJUaIHOHHO-XUMHUYECKHUE MPO-
[ECCHI.

[Mpob6nemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OIPOC, BBIMOJIHEHHE
MPAKTUYECKUX 3aHsI-
THHA, JUCKYCCHUH I10
BOIpOCaM K TeMe
pasnena

Y4eOHBbIii TPOEKT
- BeimtostHenue JI.P.
B MUKPOTPYIHITax

Pasnea VII. Kataau3s

Tema 7.1. Karanmuz. O0mime npus-
LUTIBI TPOTEKAHUS KATATUTHYECKAX
peaKiuii.

[Mpob6nemHuas (uH-
TepaKTHBHAsI) JICK-
LHSA-TIPE3CHTALHS

®poHTaNbHBIN
OIPOC, BHIMOJIHEHHE
MPAKTUYECKUX 3aHsI-
THHA, JUCKYCCHUH I10
BOIpOCaM K TeMe
paznena

Y4eOHBbIii TPOEKT
- BeimostHenue JI.P.
B MUKPOTPYIHITax

Tema 7.2. KuneTnka xataauTude-
CKHX TIPOIIECCOB.

[IpoGiemnuas (uH-
TEepaKTUBHAS) JIEK-
LUSI-TIPEe3EeHTals

OpOoHTATIBHBIH
OTIPOC, BBITIOJTHEHNE
MPaKTUYECKUX 3aHsI-
THH, TUCKYCCHH IO

BOIIPOCAaM K TeMe
paszena

Y4eOHbII MPOeKT
- BeInonHeHue JI.P.
B MHUKpOTpYIIIax

VY4eOHbIe 3aHATHA 110 AUCIHUIUIMHE MOTYT TaK)Ke IPOBOIUTHCS C MPUMEHEHHEM HH(pOpMa-
[IHOHHO-TEICKOMMYHHKAIIMOHHBIX CETEH MpPU OMOCPETOBAHHOM (HA PACCTOSHHH) WHTEPAKTHB-
HOM B3aUMOJICHCTBHU OOYYaIOUIMXCS M IperojaBartenss B pexxumax on-line w/mnm off-line B



dopmax: BHIEO-JIEKINH, BUACOKOH(EpeHIINH, coOeceIoBaHus B peXUMe 4YaT, ¢popyma, yara B
Pa3IHMYHBIX MECCEHDKEPAX, BBIITOIHEHNUS BUPTYaIbHBIX TPAKTUYECKUX padoT U ap.

6.2. UndopMmanmoHHble TEXHOJOTHI

WNudopmanoHHbIe TEXHOJOTHH, HCIIOJNb3YeMbIe MPH pPEaTH3allid Pa3IMYHBIX BHJIOB
yueOHOI 1 BHEYUYeOHOU pabOTHI:

—  WUCTOJIb30BaHUE BO3MOYKHOCTEH HWHTEpPHETa B y4eOHOM Tporecce (MCIOIb30BaHUE
caiiTa mpemojaBaTelns (pacchlika 3aJaHHi, MPEIOCTABICHUE BBIOJHEHHBIX pa0dOT, OTBETHI Ha
BOIPOCHI, 03HAKOMJICHUE O0YYAIOIINXCsI C OLIEHKaMH U T. 11.));

—  WCIOJIb30BaHUE JJICKTPOHHBIX YYCOHMKOB W Pa3IMYHBIX CANTOB (HampuMmep, 3JeK-
TPOHHBIX OMOJIMOTEK, )KYPHAJIOB H T. JI.) KAK HCTOYHHKOB WH(OpMAIUH;

—  HCIIOJIb30BAaHHME BO3MOKHOCTEH 3JIEKTPOHHOM MOYTHI MPETO/IaBaATENS;

—  HCIIOJIb30BAHME CPEJICTB MPEICTABIICHUs yueOHON mHpOpMaIK (JJIIEKTPOHHBIX y4eo-
HBIX TIOCOOMI M MPAKTUKYMOB, IPUMEHEHHE HOBBIX TEXHOJIOTHIA ISl POBEACHUS OYHBIX (Tpa-
JTUITNOHHBIX ) JICKIIHA U CEMHHAPOB C UCIIOJIb30BAHUEM MPE3CHTAINMN U T. 11.);

— UCIIONIb30BaHUE BUPTYyaidbHOU oOyuatomieit cpensl (LMS Moodle «3nexTponHoe 06-
pa30BaHUE») UM UHBIX HH()OPMAITMOHHBIX CUCTEM, CEPBUCOB U MECCEH/IXKEPOB.

6.3. IIporpamMHoe ol0ecnieyeHune, COBpeMeHHbIe NMPodecCuoHAIbHbIE 0a3bl JTaHHBIX
U MH(OPMAIMOHHBbIE CIIPABOYHbIE CHCTEMBbI

6.3.1. [IporpammHoe obecnieueHne

HanmenoBanue nporpaMmmMHOro

Hasznaueunue
obecreueHus

Adobe Reader | [Iporpamma it pOCMOTPa 3JEKTPOHHBIX JOKYMEHTOB

[Tnardopma TuCTaHITMOHHOTO

o6yuenns LMS Moodle Bupryanbhas obyuarowas cpesia

Mozilla FireFox | Bpaysep

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

[TakeT opuCcHBIX TporpamMm

7-zip

Apxusarop

Microsoft Windows 7 Profes-
sional

OHepaI_II/IOHHaSI CHUCTEMaA

Kaspersky Endpoint Security

CpencTBo aHTUBUPYCHOW 3allIUTHI

Google Chrome

bpaysep

OpenOffice

[TakeT opuCHBIX TpOrpamMm

Opera

bpaysep

Paint .NET

PacTpoBblil rpaduueckuii penaktop

VLC Player

MenuanpourpsiBaTeib




WinDjView | IIporpamma st mpocmoTtpa daitnos B hopmare DIV u
DjVu

6.3.2. CoBpeMeHHbIe NPodecCHOHATbHBbIE 0a3bl IaHHBIX U HHGOPMAIIHOHHBbIE CIIPA-
BOYHbIE CHCTEMBI

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

https:/library.asu.edu.ru
2. DIeKTpoHHass OMOMMOTEeKa «ACTpaXxaHCKUM TOCYIapCTBEHHBIH YHHUBEPCHUTET» COOCTBEHHOMU
reHepanuu Ha 31eKTpoHHoH argopme DbC «IIeKTPOHHBIN YUTANBHBIN 32l - bubmuoTex».

https://biblio.asu.edu.ru

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

3. Dnekrponnas 6ubimmoreunas cucrema (OBC) OOO «Ilomurtexpecype» «KOHCYIbTaHT CTY-
neHTa». MHuoromnpodunpHelii 0oOpazoBatenbHblil pecypc "KoHcynbTanT cTyneHTa" sBisercs
AIIEKTPOHHOM OMOIMOTEUHON cHCTEMOM, MpefocTaBisAtoulel noctyn yepe3 ceTh MHTEpHET K
yueOHOI TuTepaType U TOMOJHUTEIbHBIM MaTepHragaM, MPUOOPETCHHBIM HA OCHOBAHHUH MPSMBIX
JIOTOBOPOB € npaBoobianatensiMu. Karanor B HacTosmee BpeMsi cogepxkut okoso 15000 nHanme-
HOBaHMIA.

www.studentlibrary.ru
Pezucmpayus ¢ komnvtomepos AI'Y

7. ®OHJ] OHEHOYHBIX CPEACTB IJI51 TEKYIHIEI'O KOHTPOJISI A
IMPOMEXYTOYHOU ATTECTAIIUA 110 JUCHUIIJIMHE

7.1. IlacnopT ¢oHAA OLIEHOYHBIX CPEACTB MO AMCUUILIUHE «DU3NUYecKass XUMHS»

IIpy mpoBeneHUN TEKYILETO KOHTPOJIS U IMPOMEXKYTOYHOM aTTeCTalUH IO JUCLUIIIMHE
«®Du3nueckas XUMHI» IpoBepsieTcsl chopMUPOBAHHOCTh y OOy4YarOIIMXCSl KOMIIETEHIUH, yKa-
3aHHBIX B pa3jene 3 HacTosmell mporpaMMbl. DTaTHOCTh (POPMHUPOBAHUS JAHHBIX KOMIIETEHIIUN
B IIPOLIECCE OCBOEHUS 00pa30BaTEIbHOM MPOrpaMMbl ONPEAEIIAETCS MOCIEI0BaTEIbHBIM OCBOE-
HUEM JUCLUIUIMH U IIPOXO0XKICHHUEM IPAKTHUK, a B IIPOLIECCE OCBOCHUS AUCLUIUIMHBI - TIOCIEN0-
BaTEJbHBIM JIOCTH)KEHUEM PEe3YyJIbTaTOB OCBOEHUS COJIEPKATEIBbHO CBSI3aHHBIX MEXKIY CO00it
paszesioB U TEM.

Ta6auua 6 - CooTBeTcTBHE Pa3iejoB, TeM JUCHHILIUHBI, Pe3yJIbTATOB 00y4eHHUsl 10 JUC-
IMILIMHE U OLCHOYHBIX CPEeICTB

No KonTponmpyemeie pa3iesbl Koa xonTpommpyemon HaunmenoBanue

n/n JVCLIUTIIUHBI KOMIIETEHIIUH OLICHOYHOT'O CPEJICTBA

1 | Tema 1.1. IlpumeHeHue nepBOTO OIIK-1 Bomnpocks! k cemuHnapy,
3aKOHAa TEPMOJMHAMHUKU K XUMHU- OIIK-2 KpYyTJIOMY CTOIY, KOJUIO-
YeCKMM  Iporeccam. Termnoem- OITK-6 KBUYMY, [TIEPEUYECHb aHAJIH-
KOCTb. TepMoxumus. TUYECKUX 3a/1a4

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

YECKUM MpoIieccaMm. DHTPOIIHS. OIIK-6
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3 |Tema 1.3. TepmoanHaMHUYECKHE OIIK-1
MOTEHIHANIbl. XUMUYECKHI MOTEH- OIIK-2 Peittunrosas
nuan. Ilpenen mporekanus peak- OIIK-6 K.P. Nel
uuu. TerutoBast Teopema HepHcra.

4 | Tema 2.1. 3ak0oH JNEHUCTBYIOIIHNX OIIK-1

Bomnpocsl k cemuna
macc. KoHCTaHTa XUMHYECKOIO OIIK-2 K HpOM CTOY. Ko JII);](’)
pPaBHOBECHSI U COCTaB CHUCTEMBI. OIIK-6 PYIIIOMY Y

KBUYMY KOJJIOKBUYMY,
XUMUYECKUE U  aJICOPOIMOHHEIC

nepeyeHb aHATUTHYECKUX
paBHOBecus. CMelieHne XuUMHYe- sanau
CKOT'O PaBHOBECHSI.
5 | Tema 2.2. MakcumainbHas paboTa u OIIK-1
Tect Ne2
XUMHUYECKOE CPOJACTBO. Y pPaBHEHUS OIIK-2
M30TEPMbl XUMUYECKOM PEaKIUH. OIIK-6

6 | Tema 2.3. 3aBUCUMOCTH KOHCTAHTBI OIlK-1
XHMHYECKOTO0 pAaBHOBECHS OT TEM- OIIK-2 Peiitunrosas
nepaTypbl. DMIUPUUYECKUE METO/IbI OIIK-6 K.P. No2
pacueTa KOHCTaHT PaBHOBECHSI.

7 | Tema 3.1. IlpaBuio ¢a3 ['u66ca. OIIK-1 Bomnpocs! k cemunapy,
PaBHOBecHBIE cocTosiHUS TpU (ha- OIIK-2 KPYTJIOMY CTOIlYy, KOJUIO-
30BBIX IIEpEXoAax. Y paBHEHUE OIIK-6 KBUYMY KOJIJIOKBUYMY,
Knaysuyca-Knaiineposna. NepevYeHb AHATUTUYECKUX

3a/1a4

8 | Tema 3.2. MonekynsipHbIe pacTBO- OIlK-1 Bomnpocs! k cemuHapy,
pbl. PU3UKO-XUMHYECKHUE CBOMCTBA OIIK-2 KPYIJIOMY CTOJY, KOJUIO-
pa30aBIICHHBIX PACTBOPOB. OIIK-6 KBUYMY KOJIJIOKBUYMY,

NepevYeHb AHATUTUYECKUX
3a/1a4y

9 | Tema 3.3.bunapHbIe pacTBOPHI OIlK-1
JKUJIKUX JIETYy4uX BelecTs. Me- [1K-2

A i H A o Tect Ne3
aJIbHbIC U HEUJICATbHBIE CUCTEMBI. OIIK-6
YacTU4HO CMENIMBAIOIINUECS U He-
CMEITUBAIOIINECS JKUJIKOCTH.

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

Peittunrosas
JKUJKOCTSAX. 3aKOH pacIipeieNeHus. OIIK-2 KP. No3
DKCTpaKIus. OIIK-6 T
11 | Tema 4.1. PacTBOpHI 251€KTPOITH- OIIK-1 Bonpocs! k cemunapy,
TOB. OIIK-2 KpYyTJIOMY CTOIY, KOJUIO-
OIIK-6 KBUYMY KOJIJIOKBUYMY,
NepevyeHb AHATUTUYECKUX
3a/1a4

12 | Tema 4.2. HepaBHOBECHBIE sBIIE- OIIK-1

Tect Ned
HHUS B PaCTBOpax JIEKTPOJIUTOB. OIIK-2
OIIK-6
13 | Tema 4.3.2n€eKTpOHBIC TPOIIECCHI. OIIK-1 .
Peirtunrosas
TepMoauHaMuKa U KHHETHKA AJIEK- OIlK-2
K.P. No4
TPOXUMHUUYECKUX TTPOLIECCOB. OIIK-6

14 | Tema 5.1. MexaHnuueckoe onuca- OIlK-1 Bonpocsl k ceMunapy,
HUE MOJIEKYJIApHOH cuctemsl. [1o- OIIK-2 KpYTJIOMY CTONY, KOJUIO-
CTyJIaThl CTATUCTUYECKOU TEPMO- OIIK-6 KBUYMY KOJIJIOKBUYMY,

JUHaMHWKU. Cy'MMa IO COCTOSAHUAM.

nepeveHb aHATUTHYSCKUX
3a71a4




15 | Tema 5.2. Beruucnenust TepmMou- OIIK-1
HamMuuyeckux pyHkuuid. CTaTucTu- OIIK-2 Tect Ne5
YyecKasi TepMOJIMHAMUKA PeaIbHOTO OIIK-6 Peiitunrosas
ra3a U KOHJIEHCUPOBAaHHOI'O COCTO- K.P. Ne5
SIHUS BEIIECTBA.

16 | Tema 6.1. CkopocTh XUMHUYECKOM OIIK-1 Bonpocsl k ceMuHapy,
peakiuu. 3aBUCUMOCTb CKOPOCTH OIIK-2 KpYIJIOMY CTOJY, KOJIJIO-
peaKkuy OT TEMIIEPATYpPBL. OIIK-6 KBUYMY KOJIJIOKBUYMY,

nepeyeHb aHATUTHYECKUX
3a/1a4

17 | Tema 6.2. KuneTuka CioXHBIX pe- OIIK-1 Bormpocsl k cemunapy,
aKIUH. OIIK-2 KPYTJIOMY CTOITY, KOJUIO-

OIIK-6 KBUYMY KOJIJIOKBUYMY,
nepevyeHb aHATUTHYECKUX
3a/1a4

18 | Tema 6.3. TeopeTnueckue mpe- OIIK-1 Bonpocsl k ceMuHapy,
CTaBJICHUS XUMHYECKON KUHETUKHU. OIIK-2 KPYTJIOMY CTOIly, KOJUIO-

OIIK-6 KBUYMY KOJIJIOKBUYMY,
nepeyeHb aHATUTHYECKUX
3a/1a4y

19 | Tema 6.4. Llennsbie, poToxumuye- OIlK-1 Tect Neb
CKHE U paJualliOHHO-XUMUYECKHE OIIK-2 Peiitunrosas
MPOIECCHI. OIIK-6 K.P. Ne6

20 | Tema 7.1. Kartanuz. O0uiue npus- OIlK-1 Bormpocs! k cemunapy,
LUIBI TPOTEKAHUS KaTAIATHYE- OIIK-2 KPYTJIOMY CTOITY,
CKHX PEaKILHH. OIIK-6 KOJUIOKBUYMY

KOJUIOKBUYMY, lIEpEUYEHb
AQHAIUTUYECKUX 3a/1a4
21 | Tema 7.2. KuHeTuka KataauTuye- OIlK-1 .
CKHX TTPOIIECCOB. OIlK-2 PeiirunroBas
K.P. Ne7

OIIK-6




7.2. Onucanue nokasaresieil 1 KpUTepHeB OLCHNBAHUSI KOMIICTEHIIHIi, ONMCaHue
LIKAJI OLleHUBAHUHA

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

JlemoHCcTpUpyeT riy00KHe 3HaHUS TEOPETUUIECKOro MaTepuaia, yMeHne oo6oc-

5 HOBAHHO M3JIaraTh CBOM MBICIIH 110 00CYKJaeMbIM BOIIPOCAM, CIIOCOOHOCTb

«OTJINYHO» | IOJTHO, IPABHIBHO M apI'yMEHTUPOBAHHO OTBEYATh HA BOIPOCHI, IIPHBOIUTH
IIPUMEPBL.

4 JIeMOHCTpUpYET 3HAHUE TEOPETUUECKOTO MaTepHaa, ero mocle10BaTeIbHOe

«XOpOMO U3JI0KEHUE, CIIOCOOHOCTh IPUBOAUTE MPUMEPHI, IOITYCKACT EAMHUYHbIC
OIIMOKH, UCTIPABJIIEMbIE TI0CIIC 3aMEYaHHsl IPETOIaBaTelsl.

3 JleMOHCTpHUpYeT HEeNoIHOE, (hparMeHTapHOE 3HAHUE TEOPETHUECKOTO MaTepH-
«YOBIETBO- ana, TpeOyrolre HaBOISIIMX BOIIPOCOB IPENOIaBaTelIs, IOMyCKaeT CyIie-
PHTEILHON CTBOBaHHE OIIMOKH B €r0 MU3JI0KEHUH, 3aTPYAHSACTCS B IPUBEICHUH IPHMEPOB

U (opMyIHPOBKE BHIBOJIOB.

2 JIeMOHCTpHpPYET CYIIECTBEHHBIE MPOOEIbl B 3HAHIH TEOPETUYECKOI0 MaTepua-
«HEYNIOBJIEe- | Jia, HE CIIOCOOCH €ro M3JI0XKUTh U OTBETUTH HAa HABOSIIME BOIIPOCHI MTPEIo/ia-
TBOPHUTCIIb- BaTCJIsA, HC MOKCT MMPHUBECTU ITPUMCPBIL.

HOY

Ta6auna 8 - Iloka3zaTesin olleHUBAHHS Pe3yJIbTATOB 00y4YeHUs] B BU/le YMEHUI U BJIaleHU I

HGMOHCTpI/IpyCT CIIOCOOHOCTH MMPUMCHATDb 3HAHUEC TCOPCTHUICCKOI'O MaTCpHraia

5 IIPY BBIIIOJIHEHUU 33JaHUM, TIOCIIE0BATENbHO U PABUIILHO BBIMOIHSET 3a/1a-
«OTIIUYHO» | HUsL, yMeeT 0OOCHOBAHHO U3JaraTb CBOM MBICIIH U JI€JaTh HEOOXOAUMBIE BbI-
BOJIBL.
JleMOHCTpUpYET CIIOCOOHOCTh IPUMEHATh 3HAHUE TEOPETUYECKOI0 MaTepHraa
4 IIPY BBIIIOJIHEHUU 33JaHUM, TIOCIIE0BATENbHO U IPABUIILHO BBIMOJIHSET 3a/1a-
«XOpOIION HUS, yMeeT 000CHOBAHHO M3JIaraTh CBOM MBICIIH U JeJIaTh HE0OXOAUMBIE BbI-
BOJIbI, IONYCKAET €MHUYHbIE OINOKH, UCIIPABIIIEMBbIE [TOCIIE 3aMEUaHUs Mpe-
1oJlaBaTe’s.
3 JIeMOHCTpUpPYET OTIENbHbBIE, HECUCTEMATU3UPOBAHHBIE HaBBIKH, HCIIBITLIBACT
«Y10BIETBO- 3aTpyJHEHUS U TOMYCKAeT OLIMOKYU IpY BHIIOJIHEHUH 3a/laHUH, BBITIOIHSET
PHTCITBHOY 3aJJaHMe TpU MOJCKa3Ke MpernoaBarens, 3aTpyIHIeTcs B (OpMyIupOBKE BbI-
BOJIOB.
2 He criocobeH npaBuiibHO BBITIOJIHUTE 33/1aHUE.
«HEey/10BJIe-
TBOPUTEIb-
HO»

KpnTepml OIIEHKH TECTOBBIX 3aJJaHM:

1. oueHka «OTIMYHO» BBICTABISETCS CTYIEHTY, €ciau AaHo He MeHee 90% mpaBUIBHBIX
otBetoB (nHTEpBai oT 90 1o 100%);
2. OIIEHKa «XOpOIIo» eciu JaHo He MeHee 70% mpaBUIBHBIX OTBETOB (MHTEepBas OT 70 J10

89%):

3. OllEHKa «Y/IOBJIETBOPUTEIILHOY €ClU AaHO He MeHee 50% MpaBHIBHBIX OTBETOB (MHTEPBAI

ot 50 10 69%);

4. OlleHKa «HEYJIOBJIETBOPUTEIBHOY, €cH 1aHo MeHee 50% npaBUIIbHBIX OTBETOB.

Kpurtepuu ouenku 1Jis1 1a00paTopHbIX padoT




1. onenka «oranuno» (90-100 6a/10B) BHICTABISETCS CTYAEHTY, ECITH TOJHOCTBIO BHITTOJIHEHEI
obmue TpeOOBaHUS K BBITIOJHCHHUIO, O(DOPMIICHHIO M OTYETY MO JabopaTOpHBIM padboTam, a
UMEHHO:

o OTYeT Mo paboTe Mpe/CTaBIeH HE MO3JHEe ABYX HeJlelb MOCIE BBITOIHEHUS 1/
WIM BOBpeMsl TMpPHUKPEIUIEH Ha NPOBEPKY B AIIEKTPOHHO-00PA30BATEILHOM pecypce
moodle.asu.edu.ru (mo vyKa3aHuIo npemnogasareis!);

. aKKypaTHO (uMtaemo) odopmiieHa padora (1enb, 00OpyIOBaHHE, PEAKTHBBI,
X0Jl paboThl, TAaOMUIBI C pe3ylbTaTaMu, rpaduKu, pacueThl, ypaBHEHUS peaKIUil WM
CXEMBI, CTaTUCTUYECKast 00padOTKa TaHHBIX, BHIBOJIbI)

o 00s13aTeIbHO MPOJIEMOHCTPUPOBATH B pabOTe UCIIOIb3yEeMblil MaTeMaTUYeCKUil
anmapar Mo TeMe BBINOJHSAeMONH paboThl (0003HAaYeHUS, (HOPMYIIbI, YpaBHEHHUS pEaKIUii,
CXEMBI U T.I1.).

® Ha MIULTUMETPOBOM Oymare m300pa)keHbl rpauuecku 3aBHCUMOCTH, MOJIY4YEHHBIE B XOJE
BBITIOJIHEHUS SKCIIEPUMEHTA (BCE BBIMOJIHSACTCS TOJBKO MPOCTHIM Kapaumamom!). I'paduk
JUISL KaXJI0i cucTeMbl oopmiiseTcss Ha OTIENbHOM JucTe, Macmraba A4 (umm '2 nucra
Mmacmrtaba A4, Oollee MEIKHEe PUCYHKH HE JIOMYCKaroTcs!) ¢ moapoOHOH MOapHCYyHOUHOU
noamnuceto (Puc.1 ...... ). Ecnu ang cuctembl mpuBOASTCS JaHHBIE MPU HECKOJIBKHUX TEMIIe-
patypax, OHH HaHOCSTCS BC€ Ha OAMH Tpaduk. B moaprcyHOUHOH MOANMUCH YKa3bIBAIOTCH,
YCIIOBUS MOJIyYEHUsl JaHHBIX (UIMHA BOJHBI, pa3Mep KIOBET, KaKOil TeMIiepaType COOTBET-
CTBYIOT HAaHECEHHBIC JIMHUH, KOHIEHTPAIH aHAIU3UPYEMBIX PAacTBOPOB U T.II.). Kommbio-
TEpHBIN BapuaHT npezcTaBieHus rpadukoB He gomyckaercs! [Ipu pabote ¢ rpadukom amns
OTIpeNIeNIeHUs] KaKUX-ITH00 BEJIMYMH, JOMYCKAETCsl IMOCTPOCHUE Ha rpaduKe JOTOTHUTEINb-
HBIX JIMHUI, O/IHAKO PacueThl, CBA3aHHbIE C ITUMH TpaduKaMu, CIEeIyeT MOMEIIATh B TEKCTE
paboThl, @ HE HAa KOOPAMHATHOM TUIOCKOCTHU rpaduka Uik pucyHka. B moanucu mox pucyH-
KOM JIOJDKEH CTOSATh HOMEp pUCYHKa, Ha3BaHHe rpaduka u pacmudpoBka Mo HOMepam JiH-
HU Ha rpaduke. XKenaTeabHO, 4TOOBI HA OJHOM JIMCTE PACIIOIATANICS OJH PHCYHOK;

o OLIMOKU M HEJOYEThl B pacyeTax OTCYTCTBYIOT, MPUBEIEHBI PA3MEPHOCTH BCEX
BelnuuH B cucteme equnui] CU;

o CTY/ICHTOM NPaBUJIBHO MPOBEIEH aHAIHM3 M OICHKA MOJyYEeHHBIX PEe3yIbTaTOB,
IpeJCTaBlIeHa  CTaTUCTHUYecKas  0o0paboTka  MOJYYEHHBIX  pe3ylbTaToB,  JaHO
apryMeHTHpOBaHHOE 00OCHOBaHME HalJIECHHOMY IIPOLIEHTY OIIMOKH B padoTe;

o CTY/ICHT MPAaBWJIBLHO ¥ apTyMEHTHPOBAHO OTBETHJI MMCHMEHHO Ha BCE BOIPOCHI
nocJie JabopaTopHO paboThI, a TakKe 0€301MMOOYHO BBITIOJHEH KOMIUIEKT 3aj7a4 10 TeMe
nabopaTopHOil paboThI (MTPU HATUYHH).

2. ouenka «xopomo» (70-89 6aa10B) BHICTABJIAETCS CTYJAEHTY, €CJIH MOJHOCTBIO BBINOIHEHEI
oOure TpeOoBaHMUS K BBINOJHEHHIO, OPOPMIIEHUIO U OTYETY IO J1a0OpaTOpHBIM paboTaMm, €M.
nyHKT 1. Ho B paGoTe nMeroTcst He CyleCTBEHHbIE 3aMEUaHus:

o He TOJHOe o¢opMIIEHHE, MPEJACTaBICH HE IOJHOCThIO MaTeMaTHYeCKHi
armapar, IPONYyIIEHbI pa3MEPHOCTH BEJINYUH;

o €CThb HE KpUTHUYECKHUE 3aMeYaHUs K 0OPMIICHHIO U TPAKTOBKE Ipah)uKOB;

. CTYA€HT NPaBUIbHO U apryMEHTHPOBAHO OTBETHJI NMUCHbMEHHO Ha Goisiee 80-%

BCEX BONPOCOB Iocje JabopaTOpHOM paboThl, a Takke He MeHee 80-% mpaBMIIBHO
pEIIEHHBIX 3aJa4 [0 TeMe JIabopaTOpHOU paboThI (TIPU HATMYUH).

3. OLlEHKAa  «yJA0BJETBOPUTENbHO» (60-69 0a/I0B) BBICTABIAETCS CTYAEHTY, €CIH HE
MOJTHOCTHIO BBITIOJIHEHBI OOIIMe TPeOOBaHUSA K BBIMOJHEHHIO, ODOPMICHHIO M OTYETY I10
7a00paTOPHBIM paboTaM, CM. MYHKT 1, a UMEHHO:
o OTYeT 1Mo paboTe MpeICTaBICH HEe BOBpeMsl (ITO3HEE IBYX HEMIENb TOCIE BbI-
NOJHEHWs) ¥/ WIM HE BOBPEMS TPHKPEIUICH Ha TMPOBEPKY B  DICKTPOHHO-
obpasoBatensHOM pecypce moodle.asu.edu.ru (mo ykasanuio mpenoaaBarelisi!);




HeOpexHoe odopMieHHE, B pabOTe YaCTUYHO MPEACTABICH MaTeMAaTHYECKUN
arnmapar, IpOIyIeHbl Pa3MEPHOCTH BEJIHYHH;

€CTh KPUTUYECKHE 3aMe4aHusi K 0(OPMIICHUIO ¥ TPAKTOBKE TPa(HKOB;

CTYZCHTOM WJIM He JAaH, 00 OmHMOOYHO TPOBEIACH aHaIM3 U OICHKA
NOJYYCHHBIX pe3ylIbTaTOB, HE IPOBEACHA CTAaTUCTHYEeCKas OO0pabOTKa MOIyYEHHBIX
JAHHBIX, HET Pa3bsACHEHUWH IO PACCUUTAHHOMY MPOLEHTY OLIMOKM MO MOJYy4YECHHBIM
HKCIEPUMEHTAIBHBIM JAHHBIM.

CTyzmeHT MpaBWIBHO W apryMEHTHPOBAHO OTBETWJI MHCbMEHHO Ha Oonee 70-%
BCEX BOIIPOCOB TOCie JlaboparopHOM paboThl, a Takxke He MeHee 70-% mNpaBUIBHO
pEILIEHHBIX 3aJa4 10 TeMeE J1abopaTOpHOU paboTh! (IIpU HAIMYUN).

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

OTYET MO paboTe MPEJCTaBICH HE BOBpeMs (ITO31HEE IBYX HEJNENb IOCIE BbI-
TIOJTHEHUs1) ¥/ MJIM HE BOBPEMS WJIM BOOOIIE HE TIPUKPETICH Ha TIPOBEPKY B AJIEKTPOHHO-
obpaszoBatenbHOM pecypce moodle.asu.edu.ru (o yka3aHuio_mnpenojaaBatesi!) 6e3
YBOKUTEIbHOU TIPUYHHBL;

HeOpexHoe odopMileHHE, B pab0OTe HE MPEICTABICH MAaTEMAaTHICCKUI anmapar,
HPOIYIIEHBI PA3MEPHOCTH BEJIUYHNH;

UMEIOTCS rpyObie OMUOKH B 0()OPMIICHUH U TPAKTOBKE TPAPHUKOB, B pacyeTax u
(unu) ypaBHEHUSIX PEaKIIHii;

CTYIICHTOM HE TPEJCTABJICH aHalM3 M OIICHKA IOJIy4CHHBIX PE3yIbTaTOB, HE
NPOBEJICHA CTAaTUCTHYECKas 00pabOTKa IOJyYCHHBIX JaHHBIX, HET Pa3bsICHCHHUH 10
paccYMTaHHOMY MPOICHTY OIIMOKH 110 TIOTY4YEHHBIM 3KCIIEPUMEHTAIbHBIM JaHHBIM.

CTY/ZICHT HE OTBETHJI MPAaBWJIBHO MHCbMEHHO Ha MmeHee 50-% Bcex BOMPOCOB
nocJie J1abopaToOpHOU pabOThI, a TAKKE HE BBITOJIHWI MPABUIBHO XO0Tsa Obl 1 3amady u3
KOMILJIEKCa 3aja4 MocJie JJabopaTopHOM padoTHI (MPpU HAJTUYHH ).

Ta6auna 9 - Kpurepun BoicTaBJ/IeHUs OLIEHOK, IIPH 3allMTe KypPcoBoii padoThl (IIPoeKTa)
N0 JMCHUILIHHE (PU3HYECKash XUMUS



Pemenne
NMPaKTHYECKOii 3a1aun

Hrorosas ouenka (ot 1 10 30 6a1710B):

Ananmz YCJI0BHA 3ala4M, YKa3aHNUC HAa MIPUHIOUITHAIBHBIC MJIS PECIICHUA ITYHKTBI.

[MocTanoeka 3amaun BBezeHue 10MOITHUTENBHBIX YCIOBUI U OTpaHUYCHHH, B paMKax KOTOPBIX OyaeT 10 5
pemaTbes 3ajava. 6aioB
AHanu3 OpUrHHANBGHBIX HCTOYHUKOB (KHWUTH, CTAaTbHU, TATEHTHI, AUCCEPTALHH. ..
00630p HHGOPMAITUH TIO p ( . ’ e p ),
Tewe sanatn MOJIHOTA U I0OCTOBEPHOCTH HCIIOIb30BAHHOW HH(OPMALUH, 10 10
CTETIeHb 3aIMCTBOBAHUS (aHTUILIATUAT) GAILIOB
Oyenusaemcs no 603MOACHOCHIL.
IIpopaboTka - CxeMBl Ipe1araeMoro npouecca, yCTaHOBKH, CHHTE3a | T.1.
IPEJIOKEHHOT O - PacueTsl, 060cHOBEIBarOINE pabOTOCIIOCOOHOCTD PEIICHUS
pelenus - DKCIEPUMEHTAILHOE MOATBEPIKAECHUE PELICHUS 1o 10
- OueHKa peHTa0eNbHOCTH NIPEUIOKEHHON UIEU 0aj1oB
AHanms3 u oIeHKa PaccMoTpeHre IpenMyIIecTB U HEIOCTATKOB PEILICHNUS, @ TAK)KE CPAaBHUTEIbHAS 105
CBOETO PELICHHA XapaKTEePUCTHKA U3BECTHBIX MTOJIXO/IOB C MPEAJIOKEHHBIM PEIICHHEM GALIOB
- dakTHYecKue OMUOKY U HEBepHBIC YTBepkAcHHUs B petuenn (1-3)
Iirpadybr - Jlornueckue ommbku B moctpoeHuu peurerus (1-2)
p - 3alaya perreHa He 710 KOHIA, JaH OTBET He Ha Bce BOpocH (1-4)
- Penrenne He paboTtaeT WM He IPHMEHAMO B YCIOBHAX 3amadi (1-2)
- OpUrMHAIBHOCTH PELICHUS: HAJIMYNE M Ka4eCTBO COOCTBEHHBIX HICH WIH
BOHVChI VIy4IIeHAN N3BECTHBIX pereHuii (1-2)
Y - PaccmoTpeHne HEOUEBHAHBIX, HO BAXKHBIX (DAKTOB, BIUSIONIMX Ha penreHue(1-
2)
IIpesenTanus
p T HUrorosas ouenka (ot 1 10 30 6a/10B):
IIDOEKTa
OroGpaxenue JlocTymHOCTh TOKJIaAa AJIs CIylaTessl, yMeCTHOE IPUMEHEHHE CXeM, PUCYHKOB,
HAYaHOM HIeH TaOJNHI ¥ IPYTUX WUTIOCTPATUBHBIX 3JIEMEHTOB B JI0KJIA/IC, TOSICHEHUS CIIELIU- 1o 10
(hUYEeCKUX TEPMHHOB. banios
Odopmrene Jlu3aiid npe3eHTalMu 1 BU3yalbHOe HanoyiHeHue. Hanuuaue u GyHKIHMOHAb-
npeseHTAIH HOCTb 3ar0JIOBKOB, OAINUCEH, PUCYHKOB, paciIu()POBOK COKPALICHHH, CChIIOK 1o 10
Ha JTUTEDATYDV. HOMEPOB CIAWIOB U T.1I. basos
B3anMocBsi3b pa3nMyHbIX YacTei A0KIaaa, yOeAUTeIbHOCTh U TIOHATHOCTD X012
IlocaemoBaTenbHOCTDL U N
pentenust. Hanname u goctynHOCTh HHQOpMALUK, HEOOXOIUMOM AT TOHUMaHus | 10 10
JIOTUKA U3JI0KEHHS
CYTH 331241 ¥ MPEATI0KEHHOTO PEIICHHSI. Oaynos
TTrpadr - YUrenue TekcTa ¢ ucTa/co caanmos (1-3)
- ITnoGaembl co BneMeHeM BhICTVIUICHHU (1-2)
BOHVCEL - Jlot1. 1eMOHCTPAIIMOHHBIN MaTepHal, IIOMOTAIOIIMKA BocHpusTHIO pemerus (1)
Y - Y 1auHO€e penieHue B 1eMOHCTPAIMN TPYAHOTO JUIA HOHUMaHKs MaTeprana (1)
Jlnunbie oueHku Joxiaaguuky (ot 1 no 40 6a,1510B):
OTBETHI Ha BOIPOCHI, 3pYAHU- . .
Hayuynast 000CHOBaHHOCTB BBICKA3bIBaHUH, YMEHHE MBICIUTH U BJIaJICHHE HAYYHOI
[POBAaHHOCTb, BIaJICHHUE . 10 20
TEPMUHOJIOTHEH, 3HAHUE TIpeIMeTa JOKJIa1a, OTBETHI Ha BOIIPOCH
MaTepHaIoM OamroB
NV MeHIE BecTH 'YMeHHne TpaMOTHO TUCKYTHPOBATh U 33/1aBaTh BOIIPOCH], HAXOAUTH cllabble MecTa B
HonemKy 4yXKOH apryMeHTaluy, CIIyIIaTh U CIBIIIATD Yy)XHUE BOLPOCHI M ONTHMAIbHO HA HUX| 16 1()
I 0TBEYATh GAILIOB
|OpaT0pcxoe OMOIMOHAIBEHOCTD, KpAaCHOPEUHe 1 00111as yOeAUTeIbHOCTh BBICTyIIIeH!S. [Ipa- 10 10
MacTepcTBO BIJIBHOCTH IOCTPOCHUS (Ppa3 1 POPMYIUPOBOK. GAILIOB
- GakTHYeCcKHe OMNOKY 1 HEBEPHbIE YTBEPIKJICHHUS BO BPEMs TIOJICMUKH M OTBETOB
Ha Borpochk (1-3)
[Tpadsr

- Jlormueckue omuoku (1-2)
- Hexoppekthoe noseaenue (1-2)

[bonychbl

HaxomuuBoCTh M yMeHHe Jepxath yuap (1-2)




7.3. KoHTpO/IbHBIC 32JaHHUA M HHBIE MATePHAJIbI, HE00X0AUMBbIe 1JIsl OEHKHU pe3yJib-
TATOB 00y4YeHHUsI N0 JUCLHHILIUHE

Pazoen |. Ocnosvt xumuueckoi mepmoouHaAMuKu
Tema 1.1. Ilpumenenue nepeozo 3aKoHa mepmMoOOUHAMUKY K XUMUYUECKUM NPOUECCAM.
Tennoemkocms. Tepmoxumusn
1. Bonpocwt k ycmuomy onpocy

e IIpeamer xumuueckoi TepmoarHaMuKU. OCHOBHBIE OMPEIEIeHUs: cucTeMa (TOMOreHHast
U FeTepOreHHas, U30JMPOBaHHAasA, OTPbITasi U 3aKpbITasi, COCTOSIHUE CUCTEMBI); TEPMOHU-
HaMHUYECKHH Tporecc (M30TepMUUYECKHM, W300apHBIN, H30XOpHBIN, aanadaTHYECKHM,
KPYTOBOM Iporece, 00paTUMBIH 1 HEOOPATHUMBIi).

o TepmomuHammuueckue (QYHKIMHU: BHYTPEHHSS DHEPrHsi, SHTAJbIMS, TEIUIoTa U padoTa.
[lepBoe Hauano tepmoanHaMUKH. COTJIaCHO MEPBOMY 3aKOHY TEPMOJIMHAMHUKHU TEILIOTA
ecTh (yHKIUs mporiecca. 3akoH ['ecca yTBepkaaer, 4To TEIIOBOM 3PPeKT xumude-
CKOHM peakIMM He 3aBUCHUT OT IyTH npouecca. /laiite o0bsIcHEHHE 3TOMY IPOTUBOpE-
YHIO.

e @DyHKIUU COCTOSHMS CUCTEMBI. Jl0Ka3aTenbCTBO.

e Pabota pacmmpeHus UAeaIbHOTO Tra3a B pa3HbIX Ipoleccax. BeiBog gopmyn. 3a cuer
Yero coBepllaeTcss MakcuMaibHas Ioje3Has paboTa XMMHUUYECKOH peakiuu Mpu IMo-
CTOSIHHBIX JIaBJIEHUU U TemrepaType?

e Heuneanbnsle rassl. [Ipy kakux yciaoBHUSX HUCIONB3YIOTCS ypaBHeHUs Ban-nep—Baanbca,
Hutepuun, beptno? KoapduuueHT cKUMaeMOCTH Ta3oB, CIOCOOBI €ro ONpeaeNeHHs.
Kak paccunrate paboTy H30TEpMUYECKOTO pacIiupeHust 1 KMoub peajibHOro raza?

e Temnoemkocts. Knaccudukaius teroeMkocTeil. CBsS3b TEIUNIOEMKOCTH C TEPMOJAMHA-
muueckuMu pynkuusamu. Kakoso cootHomenue Mexay C, u Cy 118 uneanbHoro raza?

e [IpumeHenne nepBoOro Hayajga TEPMOJUHAMHUKH K ITPOIECCaM B JIFOOBIX CHCTEMaX. 3aKOH
I'ecca u cnencTBus U3 3aKOHA.

e 3aBUCUMOCTD TEIJIOBBIX 3PPEKTOB OT TEMIIEPATYPhl YEM OIMPEALIETCS XapaKTep 3TOH
3aBucumMoctu? 3akon Kupxroda. I'paduueckoe Brraucienue remmioBoro 3¢ dekra. B ka-
KUX CIIydasx JUis XMMUYECKOM peakiuu MOXHO npeHedpeus pasHuueil mexay AH u AU,
B KAKOM COOTHOUIEHUHU HAaXOMAATCS 3TH BEIUYUHBI?

e Tepmoxumus. Tennora oOpa3oBaHusl (B pa3HbIX arperaTHbIX COCTOSIHUSX, HOHOB B pac-
TBOpPAaX), HEHUTpaIU3alUK, PAaCTBOPEHUs (MHTErpajibHas, TBEPAOrOo COECTUHEHUS), pa3Be-
neHus, cropanus. [TpuGnmxeHHble MeTOIbl pacueTa(Ilo SHEPrusM CBsA3el Ul opraHuye-
CKUX COEAMHEHHH, METOJ] CPAaBHUTEJIBHOIO pacyeTa Ui MOJ00HBIX XUMHUUECKUX COEIU-
HEHUIN).

2. Jlabopamopuas paboma Nel «Onpedenenue menosvix rghgpexmos npoueccos. Onpeoeie-
HUe IHMANbNULL HeUMPAIUAUUN)

L]env pabomul. OnpenenuTh KOHCTAHTY KasiopuMeTpa. OnpeneanTs SHTaIbIINI0 HEUTpa-
JU3aluu.

Annapamypa u peakmusvl. KanopuMerpuueckas ycTaHOBKA, MEPHBIN LIWJIMHAP, TEPMO-
metp ¢ reHoit aenenus 0,1°C wim 0,05°C, cexynaomep, Becbl. PacTBop 11enoun ¢ KOHIEHTpaIy-
et 0.2 H., consHas kucnota (HCI) 5 H., xmopua aMMoHUS

OcHognble meopemuyecKue no10MHCceHus

1 TennoBoii 3¢pdexT xumuyeckoii peakunu. Kaxnoe puznko-xuMuueckoe npeppaiieHue Be-
IIIECTBA COINPOBOXAAETCS NPEBpAIEHUEM 3HEPTrUu. [[1s cOmocTaBlIeHHUs N3MEHEHUS! SHEPruu
IPU Pa3IMYHBIX PeaKlIUsIX B TEPMOJUHAMUKE MCIOIb3YIOTCS MOHATHE TEII0BOro ¢ ¢ekra, T.e.
KOJIMYECTBA TEIUIOTHI, KOTOPOE BBIJENAETCA MM IOIVIOLIAETCS B XMMHUYECKOM IpOIEcce MpHU
YCIIOBUU PAaBEHCTBA HaYaJIbHOM U KOHEYHOU TemmnepaTypsl. TernaoBoi 3ppekT 0ObIYHO OTHOCAT
K MOJIIO pEarupymoIero BEUIeCTBa U BIPAXaroT B JHKOYIAX (k) mim kumopxoyiax (k).

TemoBeie 3¢ (PeKTHl OTAUYAIOTCS IPYT OT APYTa, €CIU MPOLECChl MPOUCXOASAT B 3aKPHITOM CO-
cyze (mpu nocTossHHOM oOobeMe V=CONSt) uin B OTKPHITOM COCY/ie (TIPH NOCTOSHHOM JIaBJICHUU



P=const).

Tennooii 3 dexT mpu NoCTOSTHHOM 00beMe PaBEH YOI BHYTPEHHEH YHEPTUU:

Qvt = —AU~, a mpu IOCTOSTHHOM JaBJICHUU — YObUTH SHTaNbIu Qpr= —AHt

B u300apnuix u uz30xopHuix ycioeusax menaogoi IQghekm xumuueckou peaxkyuu npuoopema-
em ceolcmea (YYHKyuu coCmoaHuUA 6 IMUX YCIA06UAX Mennoeoil Iggekm e 3asucum om
NPOMENHCYMOUHBIX CMAOUIl, A Onpedensemca AUl HAYaabHblM U KOHEYHbIM COCHOAHUEM
cucmemul RPU YClo06UU, YMO eOUHCMEEHHOI padomoil, coeepuiaemoll CUCMEMOIll, AGNAEMCs
paboma npomue eHeuwinezo oaenenusn (3akoH I'ecca). C momompio 3akoHa ['ecca u ciieacTBUiA
U3 HETO MPOU3BOJST PA3IUYHBIE TEPMOXUMHUYECKUE PACUETHI.

2 DHTanbNMA HeliTpaau3anuu. CUIbHBIC SJIEKTPOJIUTHI B BOJAHBIX PACTBOPAX MOJHOCTHIO AMC-
COIIMUPOBAHbl HA MOHBI, TOATOMY PEAKLMs HEUTpaIU3alMU CUJIBHON KHUCIIOTHI CHJIbHBIM OCHO-
BaHUEM CBOJUTCS K COEIMHEHHIO | MOJb MOHOB BOJOpOJa (TOUYHEE TMAPAaTUPOBAHHBIX HMOHOB
BOJZI0po/ia) ¢ | MOJIb MOHOB TUIPOKCHUIIA:

H* + OH — H0; AH yire.

CrnenoBaTenbHO, HE3aBUCUMO OT MPHUPOJIbI KUCJIOTHl U OCHOBAaHUSI HEUTpaM3alus CBO-
TUTCsl K 00pazoBaHuio 1 Mok Bofbl. Mi3MeHeHre SHTANBIIMU B 9TOM peakliy Ha3bIBaIOT SHTANIb-
IEH HEUTpaIU3aLUu.

DHTaNbIHs HEUTpANIU3aluK ca0bIX KUCIOT CUIIBHBIMH OCHOBAHUSIMU WJIM CUJIBHBIX KHC-
70T c1a0bIMU OCHOBAHMSIMU 3aMETHO OTJIMYAETCS, YTO BHI3BAHO MAJION CTENEHBIO IUCCOLUALUN
CJa0BIX AJIEKTPOIIUTOB.

OHranenuio HeuTpanuzanuu npu T=298K AHOHEI;ITP, 298 MOYKHO BBIYHMCIIUTH, UCIOJIb3YsI
CIIEICTBUE U3 3aKOHA ['ecca W CIpaBOYHBIC JAaHHBIE MO TEPMOJUHAMHYECKHM CBOWCTBaM Be-
mectB (cM. Ilpunoxenue, tadn. 1 «TepmoauHamuueckue CBOMCTBA BOJABI U OOpa3yloIUX €€
HOHOBY).

AH ygiire, 208 = AH’f 208(H20 () — AH s, 208(H*) — AHs 505(OH"). (1)

Tpebosanus mexnuxku 6ezonacnocmu
[Tpu BeIMOTHEHNH JaHHOM Jab0paTOpHOI paboThl HEOOXOAMMO COOIIOAATH O0IIHUE Tpa-
BUJIa Pa0OTHI B XMMUYECKOH J1TaOOPaTOPHUH.
HeoOxonumMo akkypaTHO paboTaTh ¢ pTYTHBIM TEPMOMETPOM.
Crenyer cobmoaaTh OCTOPOKHOCTh MPH paboTe ¢ SH. pacTBOPOM XJIOPOBOJOPOIHOM
kucaoThl. KoHLleHTpalys 3Toro pacTBopa COOTBETCTBYET pa30aBiIeHHUIO KOHIIEHTPUPOBAHHOM
XJIOPOBOAOPOJHON KHUCIOTHI 1:1. DT0 enkoe BemecTso.

Buvinonnenue pabomur

Otan 1. OnpenejeHue KOHCTAHTHI KAJOpPHUMeETPAa

YcrpoiicTBo KajlopuMerpa

Onpenenenre TemIoBbIX 3((HEKTOB MPOU3BOJAT B CIIELUATIBHBIX IPUOOpaX, Ha3bIBAEMBIX
KaJIOpUMeTpaMu. B 3aBUCUMOCTH OT XapakTepa Mpolecca U pearupyolux BeIEeCTB IPUMEHSIIOT
KaJIOpUMETPbI pa3IMUHbIX KOHCTpYKUMH. [IpocTelimmii kamopumeTp mnpeacrasiseT coboil n3o-
TEPMUYECKYI0 0005104Ky (Hampumep, cocya Jlptoapa). B kpeliike cocyna caenaHbl OTBEpCTHS
JUI TEpMOMETpa, MEIIAJIKU U JJIs BHECEHHS HaBeCKU Hccieqyemoro BemectBa. Copepxumoe
cocyJia mepeMenBaeTcst Memankoi. OTBepcTHe JIsl BHECEHUSI HABECKU 3aKPhIBAETCS MTPOOKOH.
Temriepatypy U3MepSIFOT ¢ TIOMOIIBIO TepMoMeTpa ¢ reHoi aenenuns 0,1°C nmm 0,05°C.
Jnist orpenienieHus TEMIOBBIX YPPEKTOB peaklni, MPOTEKAIOMIUX B BOAHBIX PACTBOPAX, MOXKHO
UCIIOJIb30BaTh KAJIOPUMETPUUECKYIO YCTAaHOBKY, M300paKeHHYIO Ha puc. 1.
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Puc. 1 Cxema KaJloOpuMEeTPHUUECKON YCTAaHOBKM: | — Hapy»KHBIN CTakaH; 2 — peakIMOHHbIN cTa-
KaH; 3 — 0JICTaBKa; 4 — KpBILIKa; 5 — MeIaika; 6 — TepMOMETp; 7 — BOPOHKA.

Kajnopumerpuueckuii onbIT

Kanopumerpudeckuii onbIT 1€TUTCS HA TPU IEpUOA;

1. npenBapuTenbHbBIN NEPUOJI, MPOJAOIIKAIOLIUICT 5 MUH.

2. TJaBHBIA NEPUO — BpeMsl MPOTEKAHUSI U3y4aeMOoro mpoiecca (peakius HeMTpanusa-

LMY U T. 11.).

3. 3aKIIOYUTENBHBINA MTEPUOJT, 5 MHH.
[lepen npoBeneHNEM KATIOPUMETPUUECKUX U3MEPEHUH HEOOXOIMMO YCTAHOBHUTH 3HAYEHUE KOH-
cTaHThl Kajnopumerpa. [loctossnuas kanopumerpa «K» o guznyeckomMy CMbICTY MPEICTaBISIET
€000 TEMI0EeMKOCTh KaJOpUMETpa BMECTE C TOMEIICHHBIMUA B HETO PACTBOPOM, MEIIATIKON U
YacThI0 TepMOMETpa. TerIoeMKOCTh KATOPUMETPa — 3TO KOJIMYECTBO TEIUIOTHI, HEOOXOJMMOE
JUIsl HarpeBaHus KamopumeTpa Ha 1°C. Dta nocTosiHHAs 3aBUCUT OT TETJIOEMKOCTH BCEX COCTaB-
HBIX YacTel Kanopumerpa. [t HarpeBaHus kanopumMerpa Ha Aty moTpelyercs Terna:

Oxar = K Aly (2)

Bennunna «K» mocTosiHHa U1 TaHHOTO KAJIOPUMETPA U IAHHOTO KOJIMYECTBA OIpeie-
JIEHHOM >kuKocTH, HarpuMmep aist 200 T BOJbI.
KoHcTaHnTy KajmopuMeTpa MOKHO ONIPEIETUTh TTO U3BECTHOM TEIUIOTE PACTBOPEHUS KAKOU-TTHO0
COJIH.

Xoa padoTsl

s onpenenenus «K» cobupatot kanopumerp. Bo BHyTpeHHUH cTakaH HaUBAIOT Mep-
HBIM LuiauHaApoM 200 oM’ (200 r) AucTUIUITMPOBAHHOM BOJIbI. 3aKPBIBAIOT CTAKaH KPBILIKOM U
MOTPYXKAIOT TEPMOMETP B BOJLY TaK, YTOOBI PTYTHBIN HIAPUK HAXOIUIICS B CPETHEN YacTH KH-
KocTH. [TpoBoAST mpeaBapuTeNbHbINA NEPUO ONbITa. HaunHAIOT epeMemnBaTh BOLy MEIIAJIKOMN
Y 3aMKMCBIBAIOT MIOKA3aHMsI TepMoOMeETpa uepe3 Kaxabie 30 cek. 3anuch BeyT B TEUCHHUE 5 MUH.
st oTcueTa BpeMeHHU y100HEee T0JIb30BaThCs CEKYHIOMEPOM. Pe3ybTaThl OIbITa 3alUCHIBAIOT
B Tabnuiy 1.

Tab6auna 1. Vi3MeHeHne TemnepaTypsl B X0/1€ ONPEAEICHUS KOHCTAHThI KAIOpUMETpa

BpCMH OT HaydaJia OIlbITa, MHH.

Temneparypa, °C




3areM HpOBOJAT IJIaBHBIN nepuof. st 3Toro, He OCTaHABIUBAas CEKYyHIOMEpPa, OTKPHI-
BAIOT OTBEPCTHUE ISl BHECCHUSI HABECKH, OBICTPO BBICHIIIAIOT TOYHO B3BEIICHHYIO 3apaHee COJb —
xjopuzl aMMoHus (5-6 1), oTBepcTre 3aKpbIBatOT. [Ipyu 3TOM BeAyT OCTOSTHHOE NEpEMEILINBAHNE
pactBopa. [ TaBHBIM NEPHUOIOM CUUTAIOT MPOMEXKYTOK BPEMEHH, B T€YEHHUE KOTOPOro Habiroa-
€TCsl pe3KO€ U3MEHEHUE TEMIIEPATYPBHI.

3aKJIIOYUTEIbHBIN MEepHOA MPOJOKACTCS 5 MHUH. IOC]Ee IJIAaBHOTO IEpPHOAd, INpUYeM
TEMIIEPATYPY 3aIUCBIBAIOT TaKKe yepe3 Kaxabie 30 cek.

PesynpTaThl HaOMIOACHUHN 3alIMCBHIBAIOTCS B TAOJIMIy, @ 3aT€M HAa OCHOBAHMM IOJYYEH-
HBIX JJAHHBIX Ha MUJUIUMETPOBO Oymare crpoutcs rpaduk t = f (1) 1s onpeneneHus aeicTBu-
TEJIBHOTO U3MEHEHMsI TEMIIEpaTyphl IIPU PACTBOPEHHUH COH (puc.2). 3aTeM onpenensor Aty.

t
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Puc. 2 Fpa(bm( JJIA OIIPCACIICHHA JEUCTBUTEIIHLHOTO U3MEHEHUS TEMIICPATYPhI B XOJC€ OIIbITa

[Ipu rpaduyeckom ompeneneHun Aty Ha MIUILTUMETPOBOI Oymare Ha ocu abcuuce OTKIIa-

JBIBAIOT BpeMsl B MaciiTadbe: 1 MUH COOTBETCTBYET 1 ¢M; Ha OCH OpJIMHAT — TEMIIEPATYpPy, BHIOOP
MaciTada KOTOpOi 3aBUCUT OT BEIHUUHBI Alj.
Ecimu Ati< 1°C, to 1°C cootBerctByeT 1 cMm; eciin Aty > 1°C, to 1°C cooterctByer 0,5 cMm. Ilo-
CJIe TOT0, KaK Ha rpaduK HaHECEHbI BCE IKCIIEPUMEHTANIbHbIE TOUKH, rosrydaercs kpusas ABDE.
VYyactok AB cooTBeTcTByeT HauanbHOMY nepuony, BD — rmaBHomy nepuony, DE — 3akmroun-
TEJILHOMY.

UYroObl onpenenuTb M3MEHEHHE TeMIepaTypbl, HE HCKaXEHHOE TEIUIOBBIM OOMEHOM,
IIPOUCXOSAIIMM B TEUEHHE TJIaBHOrO nepuoja, tuHun AB u DE skcrpanonupyror. Bpems rias-
Horo nepuoa aenst nononam (touka C). M3 Toukun C BoccTaHABIMBAIOT NEPHIEHIUKYISAP 10 Te-
pecedeHus ¢ o0eMMHU IPOAOKEHHBIMHU NpsAMbIMU. OTpe3ok Mexay Toukamu K u F, BbpaxkeH-
HBII B Tpajycax, IMOKaXeT UCTUHHOE U3MEHEHUEe TeMueparypsl Aly, BBI3bIBAEMOE MPOLIECCOM, C
Y4€TOM MOMPABKH Ha TEIIIOOOMEH.

PactBopeHune conu (xjopuja aMMOHHMSI) IPOTEKAET C MOTJIOUIEHUEM TEIUIoThl. B cooT-
BETCTBUHU C TEIUIOBBIM OallaHCOM KOJHMYECTBO TEIUIOTHI, PACXOAYEMOM Ha pacTBOpEHHE XJIOpHIa
aMMOHHUS, PAaBHO KOJIMYECTBY TEIUIOTHI, OTHUMAEMON OT KaJJOPUMETpa:

Oxan = K -Aty = Qpacts.
3arem BeaucIAOT K:
K = gpacte/Aty
dpacts = Q pacTB.COMM *V conm WK
K= (Q pactB.comt* M com) / (At1- Mcom) , (3)
rie Q pacts.com — TeMI0BOH 3¢ ekt pacTBopeHHs 1 Mok coiM, ¢ 00pa3oBaHUEM pacTBOPa MO-
nsuTbHOM KOHIEHTpauu Cr, K[/MOIIb.
Mcoym — HaBeCKa CoJu, I.
M coym— MoJIsIpHas Macca CoJi, T' / MOJIb.



Q pacts.comn (AHpacts.coym) ompenensitor mo crpaBouHbiM AaHHbIM ([Ipunoxenne, Tabn. 2
«MHTerpanbpHas TEIoTa pacTBOpeHus coneit B Boge mpu 25°C»). Q pacTs.coym 3aBUCUT OT MO-
msuibHOW KOHUeHTparuu Cp, pactBopa conu. UtoObl HaiiTh B TalnMie HY)XHOE 3HAYCHHE
AHpacTB.conm, HEOOXOAMMO PacCUUTaTh MOJISUIBHOCTD MOTy4aeMoro pactBopa. Cy, MOKa3bIBaeT,

CKOJIBKO MOJIb PACTBOPEHHOTI'O BEIIECTBA Vp 5. IPUXOAUTCA HA 1 KT pacTBOPHTENS Myt
Co = Vpe, _ Mpe. _ Mooy
m - - - .
Mp—1z82  Mpg Mp_1982 Meog, M (H,0),x2

Jrtan 2. OnpeneseHue Tena08oro 3gdexra peaknuy HeHTPATU3ANNH CHIbHON KHCI0THI
CWJILHBIM OCHOBAHHEM

B uncTHIil BHYTPEHHHIT CTakaH Kamopumerpa HamusaioT 200 cM® 0.2 H. pacTBOpa IIEI0-
yl. 3aKpbIBAIOT KAJIOPUMETP KPBIIMIKOW W MPOBOAST MPEABAPUTENbHBIN MEPUOJ, KaK OMUCAHO
Bblle. [10 OKOHUAaHUM NpeaBapUTEIBLHOrO MEpHoAa Ha 6-0i MUHYTE B KaJIOPUMETP OCTOPOKHO
BBUTHBAIOT KUCIoTy (10 eM® 5 H. HCIl), npoBoAsST rIaBHBIN NEPUON, a 3aTEM 3aKJIFOYUTEIIbHBIN,
KaK OIMKCaHO BBIIIE. Pe3ynbTaThl ONbITAa 3aHOCAT B TAONIUILy 2, aHAIOTUYHYIO Tabnwuie 1, a 3aTem
HAHOCST Ha pUC. 3, aHAJIOTUYHbIC pUC.2 NI HAXOKIeHUS Alp.Acxoast U3 MONy4YEeHHBIX 3HAYECHUMN
Aty ¥ TIOCTOSITHHOM KaJIOpUMETpa, OMPEACISAIOT TErIoBoi 3¢ddekr peaknum HeHTpanu3anuu B
pacuere Ha 1 MOJIb-3KBUBAJIEHT BelllecTBa. Pacuer BefeTcs 10 KOJIMYECTBY I11E€JI0UH, T.K. KUCIOTa
Oepercs B M30BITKE.

TemmoBoii 3 dexT, CBA3aHHBIN ¢ N3MEHEHUEM TEMIIEPATyphl BCICICTBUE MTpoIiecca, po-
TEKAaIOIIErO B KaJIOpUMETPE, PACCUUTHIBACTCS 110 ypaBHEHUIO (4):

q ueiite = K -At,. (4)

Jlanee KOJIMYeCTBO TEIUIOTHI, BBIIEISIONICHCS B IPOLIecce HEUTpaIu3aliu, NepecyYnThI-

BaIOT Ha | MOJIb IIEJIOYH.

Queitre = q ueitre/ VIIET,
Viugn = Cuen Ve,
—AH"uEiie, 208 =QuEiiT-.

Itan 3. O0padoTKa IKCIEPUMEHTAIBHBIX TAHHBIX. OnpeaejeHue a0COJI0THONH U
OTHOCHTEJILHON MOTPEeIHOCTH ONLITA

A6COJIIOTHy1-O 1 OTHOCUTCJIbHYIO ITOTPCHIHOCTH OIIPCACIICHUA QHEVITP BBIYHCIIAIOT 110 q)OpMy.HaM
(5) u (6).

A= |AHOHEI71TP, 298 DKCIT —AHOHEVITP, 208 TABJI |; (5)
8=(A-100 %)/ AHugiire, 208 TAB, (6)

rae A — abcosntoTHast norpemHocTs onpeneneHust AHygiirp, Kk / MOIb;
0 — OTHOCUTEJbHAS MOTPEITHOCTh OnpeaeneHus, %.

4. TpeOoBaHUS K COJEP:KAHUIO OTUETA

OTyYeT NOMKEH CONEPKATh:
1. uenb paboTHI;

ypaBHEHUE PeaKlUl HEUTpaIn3alluu;

pacyeT SHTAIBIIUNA HEUTPATH3AIUN 110 TEPMOTUHAMUYECKUM JIAaHHBIM;

cxemy Kajgopumerpa (puc.1);

X0J1 pabOoTHI;

tabnuiy 1 u Tabnuiry 2, B KOTOPBIX PUKCUPYETCS] H3MEHEHUE TeMITepPaTyphl P OTpe-

JIeJICHUH KOHCTAHThI KAJIOPUMETPA U MPHU OTPEICTICHUN YHTATBIITNA HEUTPaTU3aIliH.

7. puc.2 u puc.3, Ha KOTOPBIX U300paKeHbI 3aBUCUMOCTH t = f (1) u onpeneneHsl Aty u Aty
COOTBETCTBEHHO.

8. pacuersl, MIPUBEACHHBIE MOTHOCTHIO:

ook owd



— KOHCTaHTBI KaJIOpUMETpa,
— TCIIOTHI (3HTaJ'II>1'II/II/I HeﬁTpanmauI/m) Ha 1 Mo IIeJI04H,
— a0COIIOTHOM M OTHOCHTEIIHLHOM IOTPCITHOCTH ONPCACICHUA OHTAIIBIINHU HefITpaJII/I3aI_[PII/I,
9. BBIBOJBI: B BRIBOJAX YKa3bIBAIOT ONIPEACICHHOC SKCIICPUMEHTAIIbHO 3HAUYCHUC AHOHEI?ITR
298 AKCI1 € HOTPCHIHOCTBIO.

MNPUJIOKEHHUE K JI.P.Nel
Ta6auna 1. TepMoarmHAMHUYECKHE CBOWCTBA BOJBI M 00pa3yronmx ee noHoB nipu 25°C [3]
BeH_[eCTBO, HNOH AHOf,zgg, 80298, AGOfvzgg,
kJ[x/Momb JIx/(mMoub K) kJ[x/MoITb
H200x) —285,83 69,95 —237,23
H* 0 0 0
OH’ —230,02 -10,71 —157,35

Taouauna 2. MaTerpaibHas TEIjaoTa pacTBOpeHus cojield B Boje npu 25°C [3]

Cm, Moau comrn Ha 1 | AHp, K[[)K'MOJ'H;l
kxr H>,O

NH,4CI NHsNO; KCI K,S0Oq4
0,1 15,10 25,75 17,55 24,78
0,2 15,19 25,56 17,57 24,58
0,3 15,23 25,38 17,55 24,27
0,4 15,27 25,21 17,50 23,95
0,5 15,27 25,06 17,43 23,58
1,0 15,31 24,31 17,28 -

3. JIabopamopnas paboma Ne2 «Onpedenenue mennosvix sghghexmos npoyeccos.
Onpeoenenue menaomol pacmeopeHus Xopouio pacmeopumbsix coJieil)

Llenv pabomoer. OnipenenuTh KOHCTAHTY Kaopumerpa. OmnpenenuTb TEIIoTy pacTBOpe-
HUS HEU3BECTHOM COJIU. Y CTAHOBUTH HEU3BECTHYIO COJIb.

Annapamypa u peaxmuevl. Kanopumerpudeckasi yCTaHOBKA, MEPHBINA IMJIMHJIP, TEPMO-
meTp ¢ nenoit aenenus 0,1°C uwmm 0,05°C, cexynmomep, Bechl. TOUHbIE HABECKH HEU3BECTHBIX
COJIEH, Maccou 5 rpamm.

OcHosnble meopemuyecKue noa0HceHus

[Ipu mpoBeneHun OmbITa JaBIEHUE B KAJTOPUMETPUYECKON CHCTEME OCTAETCSI MOCTOSTH-
HBIM U paBHBIM aTMOchepHOMY AaBieHuto. [103ToMy B3auMopeiicTBHE PAaCTBOPUTEINS C PACTBO-
PpAE€MBIM BEIIECTBOM Ipu P=CONSt conmpoBOKIaeTCsI MU3MEHEHUEM YHTAIBITHI

AH = H— (ny H% +np H) @
rae H — noyiHast SHTaNbIMA 00pa30BaBIIETOCS PACTBOPA,
H% u H®% — SHTanbmUM OHOTO MO pPacTBOPUTENSL U PACTBOPSEMOTO BEIIECTBA B YHUCTOM CO-
CTOSIHUH,
N1 ¥ N2 — KOJIMYECTBO MOJIb PACTBOPHUTEIISI U PACTBOPEHHOTO BEIIECTBA B PaCTBOPE.

[TonHO€ M3MEHEeHne YHTANBINK NP PACTBOPEHUHU Ny MOJb BEUIECTBA B N1 MOJb PacTBO-
pUTENs, OTHECEHHOE K OJHOMY MOJIb PACTBOPEHHOTO BEIIECTBA, HA3bIBACTCS MHTETPATIHLHON TeT-
JI0TO# pacTBOpeHus: U o6o3HadaeTcss AHp,.

AH H—(nyH{+n,'H
de:n_zz (1nl2 2-Hz) (2)
I/IH,Z[CKC M — 3TO YUCJICHHOC 3HAYCHNE KOHIICHTPAIlMM pacTBOpa I10 MOJISUILHOMY IIIKAaJIE.
I/IHTel“paJ'II)HaSI TCIJIOTA PAaCTBOPCHUSA 3aBUCUT OT TEMIICPATYPbl U KOHIICHTPAIHUH. IToTo-
My IpH YKa3aHUH 3HAYCHUA I/IHTeraJIBHOﬁ TCIJIOTBI paCTBOPCHUA JOJI’KHBI TAKKC YKA3bIBATHCS
TEMIICpATypa U KOHUCHTpalusa O6p33yIOHIGFOC$I IIpru PaCTBOPECHUHN pacTBOpA. anl TBEPABIX TECII



WHTETpAJIbHAS TEIJIOTa PACTBOPEHHMSI CKJIAIBIBACTCS U3 TEIUIOBBIX 3(PPEKTOB pa3pylieHus Kpu-
CTAJUTMYECKOM PElIETKH, COJbBaTallUM U cMelleHus. Ha paspynienue KpucTauim4ecKor pemieT-
KM TEIUIOTa 3aTpauMBaeTCs, a MPOLECC COJIbBATAIlMU COMPOBOXKAACTCS BBIICICHUEM TEILIOTHI,
MIO3TOMY 3HAaK TEIUIOThl PACTBOPEHMSI MOYKET OKa3aThCsl KaK MOJOKUTEJIbHBIM, TaK U OTpULA-
TEJIbHBIM. BEJIMYMHA TEIJIOTHI CMEUIEHUS 3HAYUTEIILHO MEHBIIIE TEIUIOTHI Pa3pyIlleHUs PEelIeTKH
Y COJIbBATAllNH.

Temora pacTBOpEHHUS] — TEIJIOTA BBIACSAIOMIASACS WM MOTJIOMIAKOIIAACS IPU pacTBOpe-
HUU OJIHOTO MOJIb BEIIeCTBA B OECKOHEYHO OOJBIIOM KOJMYeCTBe pacTBoputens. Onpeaensercs
PaCYETHBIM METOJIOM.

NHTterpasibHble TEMJIOTHl PACTBOPEHHUS ONPEIEISAIOTCS 3KCIEepUMEHTanbHO. MccnenoBa-
HUE 3aBUCHMOCTH TEIUIOT OT KOHIICHTPAIMH TIO3BOJISET MOJYYUTh MHOTO HH(OPMAIIHU O CTPOE-
HUU PaCTBOPOB.

Pacuer sMnupuyueckoi TEmIOTh PACTBOPEHHUS TPOBOISAT HA OCHOBE YPaBHEHUS TEILIOBO-
ro OanaHca:

—AH = ATX(m; - ¢;) 3)
rae M;u Cj — Macca U TEIIOEMKOCTh COCTABHBIX YacCTEl KaJlOpUMETpa.
15020

AH = —[(my + my) - ¢ + Y lam;c AT 4)

r7ie M1 1 My — Macchl BOJBI M COJIU, COOTBETCTBEHHO, T}
¢ — ylenbHas TeImIoéMKOCTh oOpa3yromerocs pactsopa, x/(r-K).

TemmoémkocT pa30aBICHHBIX PACTBOPOB HEOPTAHMYECKUX COJICH B BOJE MPAKTHUYCCKU
OJIMHAKOBHI U HE3HAYUTENIbHO OTIMYAIOTCS OT TeroeMkocTd Boasl (4,18 Ix/(r-K)). IlosTomy
TEIUIOTa PacTBOPEHHs OyJEeT Majo 3aBECHTh OT TEMIIEpaTyphl U TEIJIOEMKOCTh pacTBOpa C J10-
CTaTOYHOW TOYHOCTHEO MOXKHO MPHHSATH PABHOM TEINIOEMKOCTH BOJIBI.

To4yHO OmMpeneUTh TEIUIOEMKOCTH COCTABHBIX YACTEH KaJIOpUMETpa HE MPEACTABISACTCS

BO3MOXKHBIM, IO3TOMY ), . m ¢; = K.
K — mocTosiHHas KaJIOpUMETpa, 3HAaYeHUE KOTOPOU ONPENEIISIOT 10 U3MEHEHUIO TEMITEPATyPhI
PacCTBOPEHUS ONPEICICHHOTO KOJIMYECTBA COJIM C U3BECTHOM TEILIOTON pacTBOPEHUS (XJIOPHT
KaJIHsl WM XJIOPUJT aMMOHHUS ).
VYpaBHeHUE TEIJIOBOTO OanaHca Oy/1eT UMETh CIASAYIOIINN BU;
AH = —[(my + my) - ¢ + K]AT (5)
Orcrona

K:—%—(m1+m2)-c (6)

rae AH = AHy Ny, AH, — uHTErpasibHast TEIUIOTa pacTBOPEHUs coyu, [[/MOIIb.

Temora pacTBOpEHUsI COMU 3aBUCUT OT KOHIIEHTPAIIMU OOpa3yroIIerocsi pactBopa, mo-
ATOMY HEOOXOJAUMO PAaCCUUTHIBATH KOHIICHTPAIIMIO PaCcTBOPa, 00Pa3yoIIerocs Mpu pacTBOPEHUU
COJIM C U3BECTHOM TEIUIOTOM PAaCTBOPEHHS M, B COOTBETCTBUM C STUM, UHTEPIIOJSAIUEH OTpeie-
JUTH TEIUIOTY PACTBOPEHMS 3TOM COJM JJIA JAHHOW KOHIIEHTPAllUH, a 3aTEM pacCUUTaTh MOCTO-
SHHYIO KaJIOPUMETPA. 3Hasi KOTOPYIO, PACCUUTHIBAIOT TEIJIOTY PACTBOPEHUSI HEM3BECTHOU COJIU.
st 3TOr0 SMOUPUYECKH ONPEEIAI0T U3MEHEHUE TEMIIEPATyphl IPU PACTBOPEHUH HEM3BECTHOM
coii U paccuuthiBaloT AH o gopmyre 5, a TakKe pacCUUTHIBAIOT yAEITbHYIO TEIJIOTY PacTBO-

penus ( o hopmye:

__AH

=

3HavueHHe YAENbHOM TEIUIOThl PACTBOPEHUsS HAapsNy C JPYTUMH JaHHBIMH MOXKHO HC-
MOJIB30BATh IS OMpEeeHUsT coiau. /[ 9TOro cpaBHHMBAIOT, TIOJYUYEHHOE 3HAYEHUE CO CIpa-
BOYHBIMH 3HAYEHUSIMU YIETbHBIX TEIUIOT PACTBOPEHUS PA3TUYHbBIX COJIEH.
Tpebosanua mexnuxu 6ezonacnocmu

[Tpu BBIIOTHEHUU TaHHOM Ta60PaTOPHOI pabOTH HEOOXOAUMO COOIIOIATh OOIIKE TpaBHIIa pa-
0O0THI B XUMUYECKOH J1aboparopuu. HeoOxoaumo akkypaTHO paboTaTh C pTYTHBIM TEPMOMET-

poMm.



Buvinonnenue pavomot
Otan 1. Onpenejenne KOHCTAHTLI KAJOPHUMeTPa

YcrpoiicTBO KajjopuMeTpa

Omnpenenenne TemIoBbIX 3P(HEKTOB MPOUZBOASIT B CHEIMATIBHBIX MPUOOPax, HA3bIBAEMBIX
KaJIOpUMETpaMu. B 3aBUCUMOCTH OT XapakTepa IpoLecca U pearnpyroIlnX BEIIeCTB IPUMEHSIOT
KaJIOPUMETPBI Pa3IMUHbIX KOHCTpYKUMH. [Ipocrelimmii kamopumeTp npeacrasiseT coboil n3o-
TEPMUYECKYI0 000JI04Ky (Hanpumep, cocya Jlptoapa). B kpellike cocyaa cienaHbl OTBEPCTHUS
JUIsL TEPMOMETPA, MEIIAJIKUA U JUIsl BHECEHMsI HaBECKM uccienyeMmoro BeniectBa. Copepxumoe
cocyJia epeMernBaeTcs Memankoi. OTBepcTHe JUIsl BHECEHUSI HABECKU 3aKPhIBAETCS IPOOKOH.
Temriepatypy U3MepSIIOT ¢ TOMOIIBIO TepMoMeTpa ¢ neHoi aenenus 0,1°C nmm 0,05°C.
Jliis onpeneneHus TEMIOBbIX Y3PPEKTOB peaklyii, IPOTEKAOMX B BOJHBIX PAaCTBOPAX, MOXKHO
UCIIOJIb30BaTh KAJIOPUMETPHUUECKYIO YCTAHOBKY, H300paskeHHYIO Ha pHc. 1.

6

S~

C’ 3
a

L]

Puc. 1 Cxema xanopuMeTpu4ecKol yCTaHOBKU: | — HapyKHbBIN CTakaH; 2 — peaKllMOHHbIN CTa-
KaH; 3 — OJICTaBKa; 4 — KPBIIIKa; 5 — MeIIaiKa; 6 — TepMOMETp; 7 — BOPOHKA.

Kanopnmerpuyeckuii oneIT
KanopumeTrprueckuil OnbIT ASIATCA HA TPU NEPUOJA!
1. mpenBapuTENbHBIN MEPUO, TPOJAOKAIOIIUICST 5 MUH.
2. TJIaBHBIN IEPUOI — BPEeMs MPOTEKAHUS N3YIaeMOTo Iporiecca (pacCTBOPSHHE COJIN ).
3. 3aKJIIOYUTETbHBIN IEPHOJ, 5 MUH.
[lepen nmpoBeneHHEM KalOPUMETPUUYECKUX M3MEPEHHI HEOOXOUMO YCTaHOBUThH 3HAUEHUE KOH-
cTaHThl Kajopumetpa. [ToctosHHas kanopumerpa «K» mo ¢puzndeckoMy CMBICIY MpeCTaBIIseT
co00il TemI0EMKOCTh KaJOpHUMETpPa BMECTE C MOMEIIEHHBIMH B HETO PAaCTBOPOM, MEILIAIKON U
YacThlO0 TepMoMeTpa. TemnaoeMKOCTh KaJOpUMETpa — 3TO KOJMYECTBO TEIUIOTHI, HEOOX0AUMOe
JUIsl HarpeBaHus Kanopumerpa Ha 1°C. Dta MocTosiHHas 3aBUCHUT OT TEINIOEMKOCTH BCEX COCTaB-
HBIX yacTell Kanopumerpa. [y HarpeBaHus KanopumeTpa Ha Aty motpedyercs Tera:
Qkan = K At1 (7)
Benmnunna «K» moctosiHHa [UIsl JaHHOTO KaJOPUMETPAa M JTaHHOT'O KOJIMYECTBA OINpese-
JIEHHOM HJIKOCTH, Hartpumep, A 200 r BoJbI.
KoHcTanTy xanopumerpa MOXXHO ONpPEAETUTh 110 U3BECTHOW TEIJIOTE PAaCTBOPEHMS KaKo-In6o
COJIN.



Xoa padoTsl

st onipenenenust «K» cobuparor kaopumeTp. Bo BHyTpeHHMI cTakaH HaJIMBAIOT Mep-
HbIM 1iaHIpoM 200 o’ (200 r) aUCTMIUIMPOBAHHOM BOJBI. 3aKPHIBAIOT CTAKaH KPBILIIKOW U
MOTPYKAIOT TEPMOMETP B BOJY TaK, YTOOBI PTYTHBIN IIAPUK HAXOMUJICSA B CPEIHEH YaCTH JKH]I-
kocTH. [TpoBoAsT mpenBapuTeNibHBIN NepuoA onbita. HaunHaroT nepememmBaTh BOJy MELIAIKOMN
Y 3alIMCBIBAIOT MTOKa3aHUs TepMoMeTpa dyepe3 Kaxaple 30 cek. 3anuch Be1yT B TCUCHHE 5 MHH.
Jlist oTcueTa BpeMeHU yJ00HEe MOJIb30BaThCsl CEKYHIOMEPOM. Pe3ynbTaThl OMbITa 3aMHUCHIBAIOT
B Ta0nuIy 1.

Ta6auna 1. 3menenue TemrnepaTypsl B X0/I€ ONpeIeTIeHHIs] KOHCTaHThI KaJlopuMeTpa

Bpewmst oT Hagasia onbITa, MUH.

Temneparypa, °C

3areM NMpOBOJAT I[VIaBHBIN Mepuo. s 3Toro, He OCTaHaBIMBas CEKYHOMEpa, OTKPHI-
BAIOT OTBEPCTHUE IS BHECCHHS HABECKH, OBICTPO BBICHINIAIOT TOYHO B3BEIICHHYIO 3apaHee COJb —
xjopusl aMMonus (5-6 T), 0TBepcTHE 3aKpbIBAIOT. [Ipy 3TOM BeAyT MOCTOSTHHOE MepeMEeIIBaHNe
pacTtBopa. ['TaBHBIM EPUOJOM CUMTAIOT IPOMEKYTOK BPEMEHHM, B TE€UEHHE KOTOPOro Halro/a-
€TCsl pe3K0e U3MEHEHHUE TeMITepaTyphl.

3aKIIOYUTEIbHBIA MEPUOJ MPOAOJIKAETCS 5 MHUH. IOCJE IJIaBHOIO IEPHOJa, MPUYEM
TEMIEPaTypy 3aUCHIBAIOT Takke yepe3 Kaxzabie 30 cek.

Pesynprarhl HaOMIOACHUH 3alMCBHIBAIOTCS B TAOJMITy, @ 3aT€M Ha OCHOBAHHWH IOJTYYCH-
HBIX JAHHBIX HA MUJUIMMETPOBOI1 Oymare ctpoutcs rpaduk t = f (1) 1y onpeneneHus AecTBU-
TEIHHOI'0 U3MEHEHHUS TEMIIePaTyphl IIPH PACTBOPEHUU COJH (PHUC.2). 3aTeM OmpenensoT Al;.

o
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Puc. 2 rpa(pI/IK AJIg OIIPEACIICHUS JIECTBUTEIIFHOIO N3MEHEHUS TEMIICPATYPHI B XOJC OIIbITa

ITpu rpaduyeckom onpenenennu Aty Ha MUJITUMETPOBOI Oymare Ha ocu abCIUCC OTKIa-
JBIBAIOT BpeMs B MaciiTade: | MMH COOTBETCTBYET 1 CM; Ha OCH OpAMHAT — TEMIIEPaTypy, BHIOOp
MaciTada KOTOpOi 3aBUCUT OT BEIHUUHBI Alj.

Ecmn Ati< 1°C, to 1°C cootBerctByeT 1 cMm; ecnu Aty > 1°C, To 1°C cootBerctByer 0,5
cmM. [Tocne Toro, kak Ha rpadvK HaHECEHbI BCE dKCIIEPUMEHTANIbHBIE TOYKH, MTOJIY4aeTCsl KpUBast
ABDE. Yuactok AB cooTtBeTcTByeT HayanpHOMY niepuoay, BD — rmaBaomy nepuony, DE — 3a-
KIIFOUUTEIIEHOMY.

UYroObl onpenenuTh M3MEHEHHE TeMIepaTypbl, HE HCKaXEHHOE TEIUIOBBIM OOMEHOM,
MIPOUCXOSAIIMM B TEUEHHE TJIaBHOTO nepuoa, tuHuu AB u DE skctpanonupyror. Bpems rias-
HOro nepuoja aendar nonoiam (touka C). M3 Toukn C BoccTaHAaBIMBAIOT NEPIIEHIUKYIISAP A0 Ie-
peceueHus: ¢ 00eUMH MPOAOKEHHBIMH NpsMbIMU. OTpe3ok mexay Toukamu K u F, BeipaxeH-



HBII B Tpajycax, NOKaXeT UCTUHHOE WU3MEHEHUE TeMIlepaTyphl Alj, BhI3BIBAEMOE MPOIECCOM, C
Y4eTOM IONPaBKH Ha TETNTIOOOMEH.

PactBopenue conu (xjiopuaa aMMOHUSI) POTEKAET C MOTJIOIIEHUEM TEIIOThl. B coot-
BETCTBHH C TEIUIOBBIM 0ajJaHCOM KOJUYECTBO TEILJIOTHI, PACXOyeMOM Ha paCTBOPEHHUE XJIOpHUIA
aMMOHHUSI, PAaBHO KOJIMYECTBY TEIUIOTHI, OTHUMAEMON OT KaJOpUMeETpa:

Oxan = K -Aty = Qpacts.
3areM BerumCaAoT K:
K = qpacts/Aty
gractB = Q pACTB.COMM *V comm MK

K =(Q pacts.comi M com ) / (At1- Mcom) , (8)
rae Q pacTs.com — TEIIOBOH 3¢ ekt pacTBopeHUs: | MOIb CoH, ¢ 00pa3oBaHUEM pacTBOpa MO-
nsu1bHOM KOHIeHTpanuu Cp, K[/MOIIb.
Mcojmu — HaBeECKa Ccojiu, T.
M coju— MOJsIpHAs Macca CoJi, T / MOJIb.
Q pacts.comn (AHpacts.comm) ompenensitor mo crpaBouHbiM gaHHbIM ([Ipunoxenne, Tabn. 2
«MHTerpanpHas TEIoTa pacTBOpeHus coneit B Boge npu 25°C»). Q pacTs.com 3aBUCHT OT MO-
nsbHOM KoHHeHTpauun Cp pacTBopa coiu. UToObl HalTH B TalnMile HY)KHOE 3HAuY€HUE
AHpacTB.com, HEOOXOIMMO pacCYUTAaTh MOJISIIBHOCTD Moiydaemoro pactBopa. Cp MOKa3bIBaeT,
CKOJIBKO MOJIb PACTBOPEHHOTI'O BEIIECTBA Vp 5. IPUXOAUTCA HA 1 KT paCTBOPHTENS Myt

v m m
- pE D.6. — comi
Cr = 22 = - ©)
Mp—nz 82 Mp g My g K2 Meomm(Hy0),x2

Jran 2. OnpejaeieHne TENJIOTHI PACTBOPEHHUS X0POLIO PACTBOPUMOI COJIH

BHyTpeHHull cTakaH KaJOpUMETPA BBIMBITH, OIIOJIOCHYTh IHUCTHJUIMPOBAHHOW BOJIOM,
namts 200 om® JUCTUIJIMPOBAHHON BOJBI. 3aKPBIBAIOT KaJOPUMETP KPBIIIKOW W MPOBOMST
[pEeABAPUTEIILHBINA MEPUOJ, KaK OnucaHo Bhiie. [10 OKOHUaHWU MpeBAPUTEIHLHOTO Iepruoaa Ha
6-0if MUHYTE B KaJIOPUMETP OCTOPOKHO Yepe3 BOPOHKY BHOCST 5 T HEU3BECTHOM COJIH, TPOBOIST
[JIABHBIM MIEPHO/I, a 3aT€M 3aKIIOYUTEIIbHBINA, KAK OMKHCAHO BhIIIE. Pe3ynbTaThl OINbITA 3aHOCST B
Tabnuiy 2, aHaJoOrM4Hylo0 Tabnuie 1, a 3aTeM HAHOCAT Ha pUC. 3, aHAJOTHMYHbBIE puUC.2 AN
HaxoxaeHus Atp. Mcxons u3 mojydeHHbIX 3Ha4YeHH Aty U MOCTOAHHOW KallopuMeETpa, onpezae-
JISIOT TETIOBOM 3((EKT peakiuu pacTBOPEHHUsI HEM3BECTHOM conu B KJ[x ke wmn Jokr

TemnoBoii 3 dexT, CBA3aHHBIN ¢ U3MEHEHHEM TeMIIepaTyphl BCIEACTBHE MpoIiecca, Mpo-
TEKAIOIEro B KAJIOPUMETPE, PACCUUTHIBACTCS 10 YPABHEHUIO:

qPACTB(COJ'II/I) =K- At (10)
U iepecunuThiBatOT B JIK /T. {7151 3TOTO (pacTB(COJIH) AEIST HA TOYHYIO MacCy HaBECKHU COJIH,
BBIPAKEHHYIO B TPAMMaX.
QPACTB = qPACTB(COJ'II/I) -1000/m (11)
rie JpacTs(COJIM) — KOJTHYECTBO TETJIOTHI, BELACTSIONIEECS MPU PACTBOPEHUN HABECKU COIIH;
M — macca oOpa3siia (conn);
1000 — koaddunment mist nepecuera k/x B Jxk;
Q pAcTB — TEIIOTA PacTBOPEHHMsI HccieayemMoro oopasna, JIx /v (k[ x/kr).
Jran 3. O0padoTKa IKCNEPUMEHTAJIBHBIX JIAHHBIX. OnpeaeseHue a0COJIOTHOH U
OTHOCHTEIbHOM NMOrPelIHOCTH ONbITA

AOGCOIIOTHYIO U OTHOCHTEIIBHYIO IOTPEHIHOCTH onpenesieHus Qpacrs BEIYUCIIAIOT IO GOpMyIaM
(5) u (6).

A = |AH  pacers, 208 siccrt —AH pacrs, 208 TAB | (12)
d=(A-100%)/ AHOpaCTB, 208 TABJI, (13)

rae A — abCcoNoTHAS MOTPEITHOCTh ONpeIeTICHUS AHpacrs, XK / MOJIB;
0 — OTHOCUTEJIbHAS MOTPEITHOCTh OnpeaeneHus, %.



4. TpeGoBaHus K coePKAHMIO OTYETA
OTuer I0KEH COIePKATh:
L{enb paboTHI;
1. pacder >HTaNbIIUU PACTBOPEHUS IO TEPMOJUHAMUYECKUM JAHHBIM;
2. cxeMy Kaiopumerpa (puc.l);
3. Xoj paboThI,
4. Ttabmuny | u Tabmuiy 2, B KOTOPBIX (PUKCHPYETCS M3MEHEHUE TeMIIepaTyphl MpH
OIpeJIeJIEHUN KOHCTAHThl KaJOPUMETPa U MPHU ONPEAEICHUM SHTAIbIMM pacTBOpe-
HUSL.
5. puc.2 u puc.3, Ha KOTOpbIX U300paxkeHsl 3aBucumoctH t = f (1) u onpenenensr Aty u
Aty COOTBETCTBEHHO.
6. pacyeTbl, IPUBEACHHBIE IIOJHOCTHIO:
— KOHCTaHThI KaJIOPUMETPA,
— TEIUIOTHI (SHTAIBIIMUA PACTBOPEHMUS),
— a0COTIOTHON M OTHOCUTEJIBHOM MOTPELIHOCTH ONPEIEICHUS SHTAIBIINU PACTBOPEHUS,
7. BBIBOJBI: ONEJEHUTh HEU3BECTHYIO COJIb IO IOJYYEHHBIM IKCIEPUMEHTAIbHBIM JIaH-
HBIM, TaK)X€ B BBIBOJIAX YKa3bIBAIOT OINPENEICHHOE SKCHEPUMEHTAJIbHO 3HAuEHHE
AHOPMB, 298 3KCn C TTOTPETHOCTBIO.

IMPUJIOKEHUE K JI.P.Ne 2

Ta6auna 1. TepMoarHaMHUUYECKHE CBOMCTBA BOABI M 00pa3zyroiux ee HoHoB mipu 25°C [3]

BeriectBo, HOH AHOfﬁzgg, 80298, AGOfyzga,
kJ[x/MOITB JIx/(Moub-K) k/[x/Monb

H20x) —285,83 69,95 —237,23

H* 0 0 0

OH" —230,02 -10,71 —157,35

Tabauua 2. UaterpaibHas TemioTa pacTBopeHus coseit B Boje npu 25°C [3]

Cm, Mo cosi Ha 1 AHn, KH)I('MOJ'II;l
kr H,O
NH,CI NH4NO3 KCI K,S0Oq4

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

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

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

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

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

1,0 15,31 24,31 17,28 -

4. Komnnexkm 3adau no meme «llepeviii 3axkon mepmoounamuxu. Tennoemxocmsv. 3akon
Kupxzoghgha»

1. Cpennsisi TEII0EMKOCTh MapoB OeH3o0Ja B mpuaenax temmeparyp 85-115° C (mpu HOpMmalib-
HOM aTMocdepHOM AaBieHuu) paBHa 1,257 kJk/kr-°rpaa. Belunciauth cpeiHue MOJIbHBIE TeM-
JIOEMKOCTH TPH MOCTOSTHHOM JIaBJIeHUU U 00beme, U ux cootHomeHue (Cp/Cv).

2. TemneparypHasi 3aBUCHMOCTh UCTUHHOM MOJIBHOW TEIUIOEMKOCTH JJIsI BO3AyXa BBIPAXKAETCS
ypaBHenueM C, = 27,2+0,0042T. Heo6XxoauMO paccuuTaTh:

a) UICTUHHYIO MOJIbHYIO M YJ€JIbHYIO TEIUIOEMKOCTH BO3yXa MPH MOCTOSHHBIX 00bEeMeE U J1aBJie-
auu nipu 400°C, ecau cootnomenune C,/Cy 11 Bo3yxa paBHo 1,4;



0) cpenHIO0 TerIoeMKocTh B uHTepBasie Temmeparyp 200-500°C. MonekynspHast Macca BO3Iy-
xa 28,96.

3. MonbHas TEMJI0EMKOCTh a30Ta IMpPU HOPMAaJbHBIX yciaoBusaxX paBHa 20,95 kJ[/KMoOIb-Tpaj.
Onpenenuts yneabHyl0 U 00bEMHYIO TEIJIOEMKOCTH a30Ta MPH TEX )K€ YCIOBUSIX.

4. TemnepaTypHasi 3aBUCUMOCTb HCTUHHOM MOJIbHOM TeruioemkocTu remMatuta (Fe;O3) Bbipaxa-
€TCsl ypaBHEHHEM

C,=103,58 + 67,21 -10° 7— 17,74 - 10° T .

Onpenenutb KOIMYECTBO TEIIOTHI (K/[X), HeoOxoaumoe /i HarpeBaHus | Kr remarura ot 16
o 1538° C.

5. TemneparypHasi 3aBUCUMOCTb MCTHHHON MOJIbHOW TeryioeMKocTH kpucrabomuta [(SiO;) ot
TEMIIEPATYPbI BBIPAKAETCS YPAaBHEHUEM

C,=7161+109 - 10° 17— 37,59 - 10° T 2. OnpenenuTh KOIMYeCTBO TeIUIoTh (KJ[K), He0OX0-
JUMoe T HarpeBaHus 1 kr kpuctaboauta ot 16 mo 1538° C.

6. 3aBUCUMOCTb MOJIBHOM TEIUIOEMKOCTH IIapOB alleTOHA OT TEMIIEPATyphl BhIpaKaeTCsl ypaBHe-
HUEM

C, =31,59 + 154,94 - 10° 7'- 30,38 - 10° I*.

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

7. PaccuuTath KOJMMYECTBO MOTJIOMIEHHON TeIUioThl (kJ[>kK) mpu HarpeBaHuM | Kr STHIOBOTO
criupta oT 127 no 327°C (mpu mOCTOSTHHOM JaBJICHUH), €CJIM TEMIIEPaTypHYIO 3aBUCUMOCTb M C-
THUHHOW MOJbHOH TernoeMkoctu (K/x/kmonb-K) Beipaxaercs popmynoii: C, = 9,05 + 0,208 T -
0,0651 -10° 77,

8. BBIUMCINUTD KOJIMYECTBO TEIJIOTHI, OTAaHHOE 150 KT MapoB 3TUIIOBOTO CHHUPTA MIPH OXJIAXKIE-
Huu ux ot 400 no 100° C npu HOpManbHOM AaBiaeHUH. CpeHUEe, MOJIbHBIE TEIJIOEMKOCTH OT 0°
C no t° C ms criupra nipu remreparypax 100° C u 400° C coorBercTBeHHO paBHHI 80,5 1 97,2
K /[K/KMOJIB-Tpaj (1aBJIcHIEe HOPMAILHOER).

9. Kakoe konnuecTBO TemIOThl moTpedyercs s HarpeBanus 50 kr stuinena ot 200° C go 500°
C npu HopMmasibHOM JaBieHun? Cpeanue MolibHbIE TerioeMkocTH 3tuiieHa npu 200° C u 500° C
COOTBETCTBEHHO paBHBI 48,6 1 62,5 kJ[/KMOJIb-Tpa.

10. Kakoe KOJIMYECTBO TEIUIOTH MoTpeGyercs s Harpesanus 100 M® merana ot 100 g0 200°C
IpY HOPMAJIBHOM JIaBJICHUH, €CIIM TeMIlepaTypHasi 3aBUCUMOCTh UCTUHHOW OOBEMHOM Terio-
emxoctr (kJlx/M3-rpan) Bepaxaercst popmymnoit: Cos = 1,62 + 3,56-10 .

11.3aBUCHMOCTb MOJIBHON TEINIOEMKOCTH alleTHIIEHA OT TEMIIEPaTyphl BHIPAKAETCs

C,=24,46 + 64 -10° 721,87 -10° 7°,

Berancnants cpeHio yaenbHyro TemoeMkocTs (C,) B maTepBaie temmepatyp ot 400 mo 500 K.
12. BbluncAUTh CPEQHIOI0 MOJIBHYIO TEIJIOEMKOCTh aMMHaka B MHTepBaie Temreparyp ot 100
110 200°C, ecu C, = 24,8 + 3,76 - 10° 77,39 - 10° T°.

13. OnpenenuTs CPETHIO YIENbHYIO TEINIOEMKOCTh OKCHJIa KaJIbLIUs B UHTEpBAJIe TEMIIEpaTyp
1200 - 1300°C, ecnu C, = 48,77 + 4,525 - 10° T,

14. OnpenenuTh CpeHHE MOJIBHYIO, YACIbHYI0 U OOBEMHYIO TEINIOEMKOCTH OKHCH YIiepoia
npu nocrossHHOM o0beme ot 0 1o 500 °C, eciu C, = 29,08 + 0,002818 T.

15. OnpenenuTs CpeqHIO yIEIbHYIO TEIUIOEMKOCTh NPU KOMHATHOM Temmeparype 0,2 H pac-
TBOopa CUSO, (IVIOTHOCTH PAacTBOpA MPHUHSTH paBHON 1r/cM°). CpejiHue yeIbHbIE TEITOeMKO-
CTM TP KOMHATHOM Temmeparype ans cyibdara meau 1,128 x/Dx/kr-rpax, a Boxel 4,2
k/Jx/Kr-rpan.

16. IIpu 20°C B 1 M BOJIBI pactBopwin 200 xr moBapeHHOUW coiu. OnpenennTbs CPeaHIO
YIAEIbHYIO TEMJIOEMKOCTh IOJyUYEHHOTO pacTBOpa, €CIM IPU KOMHAaTHOW TEMIEPAType CpeaHss
yJelbHasl TETUIOEMKOCTh ToBapeHHou conu paBHa 0,864, a Boawl 4,2 x/[x/kr-rpan. [1noTHOCTH
BoJibI 1ipu 20°C paBHa 998,2 kr/ M.

17. Ilonp3ysick NpaBUIIOM aJAUTHUBHOCTH, paccUUTaTh NMpu 25°C MO aTOMHBIM TEIUIOEMKOCTIM
DIIEMEHTOB MOJIbHYIO TETUIOEMKOCTh nupuTa FeS;. CpenHsis yaenbHasi TETIOEMKOCTh poMOnde-



CKoii ceprl B uHTepBaje temneparyp 0-95,6°C pasna 0,735 k/[x/kr-rpan, a TemneparypHas 3a-
BHCHMOCTb CPEIHEH yIelbHON TerutoeMKocTH xenesa (k/[x/kr-rpan) B uarepsaine 0-777°C BbI-
paxkaercst GopMyIIoi

C=0,453 + 1,05 -10 4+ 0,175 - 10 ® 2. Borunciuts MOJIBHYIO TEIIOEMKOCTh MTUPUTA MPHU
25°C, UCIoNb30BaB TEMIIEPATYPHYIO 3aBUCUMOCTh UCTUHHOW TEIUIoeMKOCTH FES; B mHTepBaie
temmneparyp 0-600°C

C=(0,611+788-10"1t)-M FeS,.

18. Onpenenuth U3MEHEHHE BHYTPEHHEH sHepruu npu u3odapuyeckom (1,013 - 10° ITa) ucna-
penun 1 kr Boasl mpu 150°C (00BEMOM KHUAKOCTH BOBI IPEHEOPEUHh), €CIIM TEIUIOTa Mmapoodpa-
3oBanus Bozwl npu 150°C pasua 2112,8 JIx/r. Cuurate map uacalbHBIM ra3oM, MpeHeOpeUb
00BEMOM KHUAKOCTH.

19. Onpenenuth U3MEHEHUE BHYTPEHHEH SHEPruM IMpU M300apHUUECKOM HCHApEHUU STUIOBOTO
cniupta maccor 10 r mpu Temneparype kurenus 78 °C, eciu TemioTa UCIapeHus CupTa paBHa
922,77 JIx/r. O6beMOM KUIKOCTH ITPEHEOPEYb.

20. Kakoe KOIMYEeCTBO TEIIOTHI HEOOXOIMMO ISl U30XOPHYECKOr0 HarpeBaHMs a30Ta Maccou
10 r ot 10 mo 20°C?

21. OgHOaTOMHBIN ra3 MpU HOPMAIbHBIX YCIOBUSIX HarpeBaroT A0 600°C mpu mOCTOSHHOM 00b-
eme. Mcxoauelii o0bem raza 5 j1. KakoBbl KOHEUHOE JaBI€HHUE U KOJMYECTBO 3aTPAUeHHOM Tel-
J0THI?

22. Kakoe KoJIM4eCTBO TEIIOTH HEOOXOAUMO ISl H30XOPUUYECKOTO HArPEeBaHUs YIIIEKUCIOTO
ra3a maccoit 50 r B untepaie temnepatyp ot 300 go 400°C, ecnu C, = 40,2 Jx/monb-K.

23. Ilpu peicTBUU KUCIOTHI HA METAJUT BhIACIUICSA Bogopoa oobemom 0,007 M MpY JABJICHUHU
1,013 - 10° ITa. Onpeaenuth paGoTy, IPOU3BOLMMYIO Fa30M IIPOTHB aTMOC(HEPHOTO AaBICHHSL.
24. ben3zon maccoit 100 r ucnapsiercst npu tremneparype kunenus 80,2°C u naBnenuu 1,013 - 10°
[Ta. OnpenenuTs TPOU3BOIUMYIO MMapaMu OeH30Ja padoTy, U3MEHEHHE BHYTPEHHEU SHEPTUU U
W3MEHEHHUE YHTAJIBITNY, €CITH TeIJI0Ta ucrapeHus 0ens3ona pasua 395,2 JIx/T.

25. OnpenenuTs 3aTpaueHHYIO U COBEPIIECHHYIO paboTy m3obapuyeckoro (1,013 - 10° Ila) pac-
mupenus kuciaopoaa ooremom ot 0,005 mo 0,00551 M mipu 50°C.

26. Ilpu 2,142-10° a u 25°C 10 kr BO3JlyXa MOJABEPTalOTCs U30TEPMHUUECKOMY CKAaTHIO 10 1/3
OT TIepBOHAYANBLHOTO 00beMa. Kakoe mpu 3TOM yCTaHOBHTCS JaBlIeHUE, KaKyl0 paboTy HE0OXo0-
JTIUMO 3aTPATUTh U CKOJBKO TETJIOTHI PH 3TOM OTBOJUTCS?

27. Paccuuraiite paboty uzorepmuueckoro (27°C) pacmmpeHus yrieKUucIoro ra3a KoIn4ecTBOM
BemrectBa 0,5 mons ot 1 1o 25 1.

28. Paccumraiite paboty mzorepmuueckoro (0°C) pacuiupeHust Xjgopa KOJIMYECTBOM BEIIECTBA
0,5 mons ot 1 mo 25 n.

29. Paccuuraiite paboty nzorepmuueckoro (25°C) pacumpenus Bogopoaa maccoit 20 r ot 10
10 40 1.

30. Omnpenenure paboty uzorepmuyeckoro (50°C) pacmupenuss 1 Moiab HA€aNbHOTO ra3a npu
W3MEHEHHUH JaBJIECHUS OT 5,065-105 I1a mo 1,013-105 [Ta. Kakoe KOJIMYECTBO TEIJIOTHI MPU ITOM
MOTJIOUIEHO?

31. Onun Mok renus, B3I ipu 100°C 1 gaBneHUn 1,013-105 [Ta, agnabatuyecku pacuups-
ercs. [Ipu sTom Temneparypa nonusunack a0 25°C. Onpeaenure padoTy, COBEPIICHHYIO TEIIH-
eMm.

32. B pesepByape eMKOCTbIO 5.10% m® npu Temneparype 200 K i nasnennn 0,5-10°TIa conep-
XKHUTCS a30T. Onpenenuts paboTy, KOTOPYI0 HEOOXOAMMO COBEPILIUTH ra3y, 4ToObl JaBJIEHHUE CO-
craBio 2 - 10° [Ta. CunTtaTh a30T B yKa3aHHBIX YCIOBHSX HICANbHBIM ra3oM. Heo6XommMmbie
JUTSL pEIICHHUS 3a/1a4M JaHHBIC B3STh U3 CIIPABOYHHUKA.

33. ITpm 298 K 1102 xr KHCJIOPOJIa COKUMACTCS aITHa0aTHICCKH OT 8.10° 1o 5.10° a2, Omnpene-

JUTE KOHECYHYIO TeMIIepaTypy, paboTy Tmpoliecca CKaTus U M3MEHEHHE BHYTPCHHEH SHEPTHH,
ecim C, = 5/2R..



34. B pezepByape 1nipu 298 K HaX0auTCss HEM3BECTHBIN ra3; MpPeanoyiaraeTcs, 4YTo 3TO a30T WIH
apros. [Ipu GsicTpoM pacmmpeHnn S J1 3TOTo rasza 0 oobema 6 J1 ero TeMreparypa ymana Ha 15
K. Kakoit ra3 conepxutcst B pesepByape?

35. IIpu 298 K omHOATOMHBIN Ta3 B HI€aTLHOM COCTOSTHUU M30TEPMUYECKH U 0OpaTUMO PACIIIH-
psercs ot 1,5-10° 10 10-10° M°, npu stom mormomaercs 9,66 kJx Teruia. PaccunTaTh 4mcio
MoJieH Ta3a, y4acTBYIOIINX B IIpOIEcCe.

36. [leficTBMEM KMCIIOTBI HA METAJUI ITOJIy4€HO 35 J1 BOOpoAa NpH AaBieHuu 1 atMm. Beruncnuth

paboTy, coBepIIaeMyIo ra3oM MPOTUB ATMOC(HEPHOTO JAABICHUS:

a) B JI-aMT; 0) B KaJIOPHSX; B) B JDKOYJISX.

37. Ckoabko moTpedyercst TeII0ThI, YTOOBI HOBBICUTH TeMriepatypy 10 r aprona (04HOATOMHOTO
raza) Ha 10°C: a) mpu mocTossHHOM 00BbeMe; 0) MPH MMOCTOSTHHOM JIaBJICHHH.

38. OguH KMOJIb HeanbHOro rasa, B3sroro npu 300 K, HarpeBaroT npu nMocTOSIHHOM J1aBJICHUU
1o 600 K, a 3aTeM aguabaTHYeCKH pacIIMPSIOT 0 TIEpBOHAYAILHOM TemmepaTypsl. Haitnute pa-

00Ty, TEIUIOTy, U3MEHECHHWE BHYTPEHHEH SHEPTHMH W SHTAIBIKUU B ATOM mporecce, ecaun C, =
5/2R.

39. Haiiaure Temnoty, paboTy, MU3MEHEHHE BHYTPEHHEW SYHEPIUU U SHTAIBIINU IPU UCTIAPEHUU 6
r Tonyona. Temneparypa kunenus toiyosa paBHa 383 K, a yaenbHas temiora ucnapenus 33,6
k/[x/Momb. [TpuHITE 00BEM KHIKOCTH MTPEHEOPESIKUMO MAJIBIM 10 CPAaBHEHHUIO C 00BEMOM I1apa;
nap CYMTaTh UICATBHBIM ra3oM.

40. I'a3oBast cMecbh, KOTOPYIO MOXHO CUHTATh WICAIBHBIM Ta3oM, cojepxut 0,12 kr Bomopoaa u
1,4 xr a3ota ¥ HaxoAauTcs 1on nasienueMm 1,1013 - 10° Ta. Haiigure paboTy H30TEpMHUUYECKOTO
pacuupenus cmecu npu 298K 110 naBineHus 1,1013-10° [a.

41. 2 MOJb UIIEATBHOTO Ta3a HArpeBalOT MPU MOCTOSHHOM JIaBJIEHUU JI0 T€X TOp, MOKa ra3 He
coepuT padoTy, paBayto 5000 J[x. Kak u3MeHUTCs ero BHYTPEHHSISI SHEPTUs U SHTAJIBINS B
sTOM mporecce, eciu Cy = 5/2R?

42. Bocronb30BaBIIMCh 3HAYCHUSIMH SHTAIBIIUN Ta30B MPU Pa3IUYHBIX TeMIlepaTypax U HOp-
MaJbHOM J1aBJIeHUH (HEOOXOAMMBbIC HAaHHBIC B3SITh M3 CIPABOYHUKA), OMPEIETUTh KOJIMYECTBO
TEIIOTHI, OTAaHHOE npu oxjaxaeHuu 100 kr ammuaka ot 500 mo 100°C.

43. Vcnonb3yst TaOMWYHBIEC aHHBIE SHTAIBIHMKM ra30B MPHU Pa3jHYHBIX TeMIlepaTypax ¥ HOp-
MaJbHOM JIABJICHUH, pPACCUYUTATh KOJIMYECTBO TEILJIOTHI, HeoOXoaumoe Jytst HarpeBanus ot 100 1o
700°C 100 xmoab cMecH ra3oB, coaepxareit 20% oxucu yriepozaa u 80% IByOKHCH yriepoa.
44. Topenue cepoBOAOpOJIa MPOTEKaeT coryiacHo ypasHeHuto 2H,S + 30,—2H,0(map) + 2S0,.
Brraucnuts TemnoBoit 2 ekt peakiuu ropenus cepoBogopoaa npu 500°C, BOCIONb30BaBIINCH
TaOJIMYHBIMU 3HAYEHUSMHU TEIJIOT 00pa30BaHUsl U DHTAIBIHIMH Ta30B, YYaCTBYIOIIUX B peak-
. TeroTel oOpa3oBanus cepoBoaopoaa, H,O(map) u IBYOKUCH cepbl COOTBETCTBEHHO pPaB-
Hbl 20,15; 241,84 u 296,9 K JIx/MOb.

45°. Haiizure paboTy, TEMIOTY, M3MEHEHNE BHYTPEHHEN SHEPTMU M SHTAIbIHK B mpouecce abe
(puc. 1), coBepmaemom 1 KMOIIb UAECATBEHOTO ra3a.

P P
2p b c
|
|
P, — _'al ] P=kV
L] -
[ .~
0 17 v, v 0 %
Puc.1 Puc.2

46", Haiiute 3aBUCUMOCTb Mex 1y TapaMerpamu P u T ujeansHoro rasa B rmporecce, H300pa-
’KEHHOM Ha puc. 2.



A7". Ban-nep-Baajibc yCTaHOBUI CIIEAYIONIYIO 3aBUCMMOCTh MEY/y HapaMeTPaMH PEalbHOro
rasa:

a
(P+73)- v —b)=RT
Haiinure paboty mzorepmuueckoro pacmupenus 1 monp rasa Ban-nep-Baanbca ot o0bema Vi
1o oowsema Vs, mpu temmeparype 7o.
48". V3BeCTHBI ClIEyIONIUE YPABHEHHUS COCTOSHHS PEAlbHbIX [a30B:

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

ypasuenue beprio (11): (P + :TT) -(V —b) =RT,

rne @ u b — KOHCTaHThI, 3aBUCSIIUE OT pa3MEpPOB U CBOWCTB MouieKy. Omnpenenure padoTy, co-
BEpILIAEMYIO MPU PACIIMPEHUH ITHX Ira30B MPU U30TEPMHUECKOM pacliupeHuu oT oobema Vi 10
obonsema Vs.

49. Beuncauts gasieHue 1 kMoab Bomopoza, sanumaromiero npu 0°C oowem 448 1. Mcnons3o-
BaTh /ISl pacu€TOB YPaBHEHUS COCTOSIHUS MI€aJIbHOIO U pealbHOTroO razoB. CpaBHUTH MOJyYEH-
HbIE B TOM U JPYIOM CIIy4asiX pe3yJibTaThl C ONBITHOM BeTUYMHOM 52,28 - 10° n/M2.

50. ITo ypaBHenuto Ban-nep-Baanbca Bbrumciauth aasieHue 1 kmonb ammuaka mnpu 200 °C,
Haxosmerocs B cocyae eMkoctbio 500 1. Ha CKobKO MPOIIEHTOB MOTYY€HHOE AaBJICHUE OTIIH-
YyaeTcs OT BBIYMCIIEHHOM BETMYMHBI 10 YPABHEHUIO COCTOSHUS UAEATIBHOTO ra3a’?

51. Ilo ypaBHenuto Ban-nep-Baanbca BeIUMCIUTD TeMIiepatypy, Ipu KOTOpord oobeM 1 KMOIb
cepoBojiopoza craneT paBabiM 500 11 1 naBnenuu 6,66 - 10° m/m?.

52.0npenenuts 00beM 1 kmoib azora mpu 100 °%C 1 6,79 - 10" u/m® ¢ ydeToM ko3 duimenra
CKMMAaEeMOCTH Tra3a IpU yKa3aHHBIX ycioBusAX. Kputuueckue temrepaTypy U J1aBjeHHE a30Ta
HAWTH 10 CIPaBOYHHUKY.

53.0mpeaenutb Maccy ABYOKHCH yriiepoaa (Kr), COAEp AIIUICS B COCyle €MKOCThIO 1 J1 mojg
JaBJICHUEM

2,216 - 10° m/m? 1 300 °C, ¢ yuerom kodddurmenTa cxuMaeMocTn rasa. Kpurtndeckne mapamer-
PBI HAWTH 110 CIPABOYHHUKY.

54. BeiBecTu TeMIiepaTypHYIO 3aBUCUMOCTh TeI1oBoro s dexra peakuuu CoHsOH(e) «» CoHa
+ H,0(2)

nipu 25°C 1 HOpMaTbHOM JaBJICHUH TETUIOTHI 00pa30oBaHus: ra3000pa3HOro STUIIOBOTO CIIUPTA

235,3 x/Ix/monb, stunena 52,28 kJIx/mMonb, napoodpasnoii Boasr 241,84 x> /Monb. Temnepa-

TypHast 3aBUCUMOCTh HCTUHHBIX MOJIHBIX TEIUIOEMKOCTEH:

C, P = 9,05 + 0,208T - 0,0651 - 10°T° Ji/mons; C,** = 27,9 + 0,067T Jix/mons

C,/0 =288 + 0,01375T - 1,435 - 10°T* JTx/momn

Beruucnure temnosoit addext mpu 400 K.

55. TennoBoit a3¢pdext oOpazoBanus ammuaka 3H> + No = 2NH3 mpu cTaHIapTHBIX YCIOBUAX

paBeH 92,2 x/Ix. Boruncnure Temnosoii a¢ ekt stoit peakuu npu S00°C u HopManbHOM /1aB-

JICHWUU TI0 DHTAJIBITUSM.

56. CranpapTHas Temora oopa3zoBaHus aiMasa u3 rpadura passa 1,8975 k/[x/monb. 3aBucu-

MOCTh TEIUIOEMKOCTH TpaduTa U ajmasa OT TEMIIepaTyphl BEIpaKaeTCs CIEAYIOINMHI YPaBHEHH-

SAMU:

Cotrpagur) = 934 + 1,487T — 40,75-10°T2 ITc/kr-rpam; Cppaman = 737 + 0,913T — 45,47-10°T

Jx/Kr-rpa.

Haiizmre QyHKIHOHANBHYIO 3aBHCHMOCTb (AH®) 0T TemmepaTypb Juist peaKiim Copagum = Cannas

57°. OnpenennTts Temnosoii >3dpdext peakimu 2NaOH + SiO; = NaySiOs + H,0 npu napnennu
101,3 xITa u mpu Temneparype 800K, ecinu n3BECTHBI CAEAYIONINE BETUYNHBI:

Beme- CocTostHIe AHoog°10 '6, TemnepaTypHbIid HHTED-
CTBO JIK/KMOJTBb BaiL, K

Cp, x/kmonb-K




NaOH TB -427.1 51,21-10° + 33,5T 298-595
NaOH K - 100,49-10° — 22,86T 595-1500
SiO, TB -860,0 45,51-10° + 36,47T 273-848
Na,SiO3 TB -1519,9 131,47-10° + 40,2T 298-1361

H,0 r -242,0 30,14-10°+ 11,30T 273-2000

Temnora miasnenns NaOH mpu 595K 6,82-10° Ik/kMOIb.

58". BeIpasuTh 3aBHCHMMOCTb TerioBoro »ddekra peakuuu 1/2S,(r) + 2CO, = SO, + 2CO or
TEMIIEPATYPHI,

€CJIM W3BECTEH TerIoBoi 3¢ ekt 3Tol peakmuu npu T=298K, m ypaBHEeHHE 3aBUCHMOCTH
Cp=f(T). Beraucnuts TemnoBoit 3¢dext peakimu npu T=800K u omnpenenuts, HACKOIBKO TPU
oroii Temmeparype ommuyaercas AHr or  AU°r (TemsoBoit >pdexT peakiuuu npu MOCTOSHHOM
JIaBJICHUU OT TETUIOBOTO A (PeKTa mpu MOCTOSHHOM 00BbeEME).

59", BhlpasuTh ypaBHEHHEM 3aBUCHUMOCTH TerioBoro sddekra B Jlx/kmons peakiuu 2N, +
6H,0(r) = 4NH3 + 30, ot TemnepaTypsl, €Clid U3BECTEH TEIIOBOU 3((EKT 3TOM peakuu npu
298 K. Ypasnenus 3asucumoctu Cp=f(T) 8341 3 cipaBounuka. Berauciuts TennoBoi agpdexr
peakuuu rpu Temueparype 1300 K. IToctpouts rpaduxu 3aBucumoctu 1= NiCpnpoo=f(T), 1=
niCpucx.eewy=f(T) n AHO:f(T) B uHTepBaie Temnepatyp oT 298 no 1300K. Onpenenuts rpadu-

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

60. Ykaxure KakoMy U3 PUCYHKOB 3-10 cOOTBETCTByeT KaxAblii u3 pucyHKoB 11-18. Otser
o0ocHyiiTe.
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Tema 1.2. Hpumenenue 6mMopo2o 3aKona mepmoduuamuku K XUmMuuecKkum npovueccam.

Iumponusn

1. Bonpocut k ycmuomy onpocy

1.

2.
3.
4

OcHOBHbBIE TOHATHS (CAaMOIIPOU3BOJIbHBIE U HECAMOITPOU3BOJILHBIE MTPOLIECCHI).

Bropoe nauano repmoaunamuxu. [uxn Kapno. Ipuauun Kapareogopu.

Bropoe Hauano TepMoAMHAMUKHY JJIs1 OOpaTUMBIX MPOIIECCOB.

B kakom u3 cienyromux MpoleccoB: U30TEPMUUYECKOM, aquabaTHYecKoM, H30XOpHY e-
CKOM, M300apHYeCcKOM - MPU OOpPaTUMOM UX MPOTEKAHUH HE MPOUCXOAUT U3MEHEHUS
SHTPOIHH CUCTEMBI?



ol

Bropoe Hadano TepMOAMHAMUKY JIJIs HEOOPATUMBIX MTPOIIECCOB.

6. Mexay HEKOTOPHIM HCXOJIHBIM cocTossHHMEM | u koHeuHwsiM coctosHueMm |l ocy-
HISCTBISAIOTCA ABa nepexona. OauH U3 HUX MPOTEKAaeT 00paTuMo, Ipyroi — HeoOpa-
tuMoO. M3BecTHBI TemoBsle 3P deKTsl 3TUX npoueccoB: Qusp U Queosp, IPUIEM

Qop > Queosp- KakoBo cooTHOLIEHNE MEXKTY U3MEHEHUEM SHTPONUH AS B TOM U JPYroM Ipo-
necce? Yro Oosbie?

7. Kakme mapameTpbl CHCTEMBI HEOOXOIUMO MOIACPKUBATH MOCTOSHHBIMH, YTOOBI IO
3HAKy M3MEHEHHUS SHTPOIUHU MOXHO OBUIO OBl CYJWTh O HAIpaBJICHUU CAMOIPOU3-
BOJIBHOTO IIPOTEKaHUs Ipolecca’?

8. l3meHeHHME PHTPONHMH B pa3HbIX IMporeccax. BbIBOI MareMaTHYECKHX 3aBUCHMOCTEH.
Ykaxure, B KaKUX MPOIECcCcax, M MPU KAKUX YCIOBUAX HM3MEHEHUE DHTPOIHUH MOXKET
OBITH PaBHO paboTe mpoliecca.

9. B KakoM COOTHOIIICHHUU HAXOJSATCS MOJISPHBIC SHTPOIIUU TPEX arperaTHbIX COCTOSHUI

OJIHOTO BEIleCTBA: Ta3a, )XHIAKOCTH, TBepaoro Teya? Uro Gosbie?

2. Jlabopamopnasa pavoma Ne3 «OnpenesieHue TemaoBbiX 3¢ dexToB nmpoueccos. Onpeneie-
HHeE TeMJIOTHI JUCCONUALMHU CJIA0BIX KUCJIOT U LIeJ04Yeiy

Lenv pabomer. OnpeeNNTh: KOHCTAHTY KAJTOPUMETPA; TEIUIOTHI - 00pa30BaHUs BOJIBI U3
noHoB (JI.P. No2 unu cripaBouHble JaHHBIE), IUCCOIUAIIMH CIA0BIX KUCIOT WM OCHOBaHH, pas-
BEJICHUS KHCIIOTHl OCHOBAHHEM, Pa3BEICHUS OCHOBAHUS KUCIOTOW. BRIUUCINTE TEIIOTY AMCCO-
[UAIH cTa00i KUCIOTHI CUIIBLHBIM OCHOBAaHUEM.

Annapamypa u peaxmuevl. KanopumeTpudeckasi yCTAaHOBKA, MEPHBIA ITWIHHIP, TEPMO-
meTp ¢ uenoit nenenus 0,1°C umm 0,05°C, cexynaomep, Bechl. PacTBop 11es10un ¢ KOHIEHTPALIH-
eit 0,1 H., cmabas kucnota (ykcycHas) 5 M, Xj0pu aMMOHHUS.

OcHoeHble meopemuyecKue no10M4ceHus

Cnabbie 3JIEKTPOIUTHI, B YaCTHOCTH CJ1a0ble KUCIOTHI U OCHOBAHUS B paCTBOPE JIUCCOIIU-
UPYIOT Ha HOHBI HE OTHOCTHIO. [ToaTOMY, MpH cMenMBaHuu ¢1a00il KUCIOTHI ¢ CUIIBHBIM OCHO-
BaHHMEM M C1a00r0 OCHOBAHHS C CHIBHOM KHCIOTOM KpoMe 06pa3zoBanus Boasl u3 HoHoB H' 1
OH’, uner nmpotiecc qucconuanuu caaboi KUCIOTHI WK cliaboro ocHoBaHus. [Ipuuem nuccoru-
aIysl MPOXOJIUT MOJTHOCTHIO. Tak Kak MpH CMEIIEHUH HeOOXOIMMO YUUTHIBATh PA3BEACHHUE KHC-
JIOT U OCHOBaHM, TO TEMIOBOM 3((HEKT cMelIeHusI B 3TOM ciiydae OyJeT paBeH cyMMe Cleayro-
X TeTUTOBBIX 3P PekToB: Qempnr, = Q1 + Q2 + Q3 + Q4 1)
rae Q; — TeruioTa 00pa3oBaHus BOABI U3 HOHOB, J[K/MOIIb;

Q2 — mennoma Ouccoyuayuu crabvix Kuciom uiu OcHo8anuil, Jx/Moib; (HE00X0aUMO
HaWUTH)
Q3 — TEIIOTHI pa3BeIeHUs KUCIOTHI OCHOBaHHUEM, JI>K/MOJTb;
Q4 — TEeTnOTHI pa3BeieHNs] OCHOBAHUS KUCIOTOM, [IK/MOb.
Tpebosanus mexuuku ée3onacnocmu

[Tpu BBIMOTHEHUM AaHHOW J1AOOPATOPHONM PabOTHl HEOOXOIUMO COOI0aTh O0IIKeE Mpa-
BUJIa pabOThl B XUMUYECKOH J1ab0opaTOpUH.

HeoOxonuMo akkypaTHO paboTaTh ¢ PTYTHBIM TEPMOMETPOM.

Crnenyet cobi01aTh OCTOPOKHOCTH MpHU paboTe ¢ 5 M pacTBOPOM YKCYCHOM KHCIIOTBI.

Buinonnenue pabomaut
Jdran 1. OnpeaesieHne KOHCTAHTHI KAJOPUMETPA. Y CTPOHCTBO KAJ0pUMeETPa

Omnpenenenre TEIIOBLIX 3(h(HEKTOB MPOU3BOJAT B CIICIUATBHBIX MPUOOPaX, HA3bIBAEMBIX
KaJIOpUMeTpaMu. B 3aBUCHMOCTH OT XapakTepa MpoIiecca U pearupyroluX BemecTB TPUMEHSIOT
KaJIOPUMETPHI Pa3IMUHBIX KOHCTpYKuuid. [Ipocreifmuii kamopuMeTp NpeacTaBiseT coOoi u3o-
TepMUYECKYI0 00010uKy (Hampumep, cocyn Jlproapa). B kpbimke cocyna clienaHbl OTBEPCTHUS
JUTSE TEPMOMETpA, MEIIAIKA U ISl BHECEHUS HABECKU HUcclieyeMoro BemectBa. Comepkumoe
cocy/a TiepeMenInBaeTcst Memrankoi. OTBepCcTHE /Il BHECCHUS HABECKU 3aKPBIBACTCS MPOOKOM.
Temmeparypy U3MepsIIOT ¢ IOMOIIBIO TepMoMeTpa ¢ 1eHoi aenenus 0,1°C nm 0,05°C.




Jlnst ompeneneHus: TEIOBBIX 3(PPEKTOB peakuuii, IPOTEKAOIUX B BOJHBIX PacTBOpPaXx,
MOYKHO UCIIOJIb30BaTh KAIOPUMETPHUECKYIO YCTaHOBKY, M300paXKeHHYIO Ha puc.l.
7

-

L~

Puc. 1 Cxema KalOpuMeTpHUIECKOl yCTAaHOBKY: | — HAPY>KHBIH CTakaH; 2 — peaKIIMOHHbINA CTakaH; 3 — MOACTaBKa; 4 —
KpBIIIKA; 5 — MEIIaNIKa; 6 — TepMOMETp; 7 — BOPOHKA.

KajiopuMerpryecKkuii oneIT

Kanopumerpuuecknii ONbIT IEIUTCS Ha TPYU IEPUOJA!
1. npexBapUTEIBHBIN NEPUOL, NPOAOJIKAIOIINNCI 5 MUH.
2. TJIaBHBIM NEpUOJ — BpeMsl IPOTEKaHUs U3y4aeMoro npolecca (peaklus HeMTpaau3auuu 1 T.

1.).

3. 3aKJIIOYUTENIBHBIN NIEPUOJ, 5 MUH.

[lepen mpoBeneHNEM KaIOPUMETPHUECKUX M3MEPEHUN HEOOXOAWMO YCTAaHOBUTH 3HAUE-
HUE KOHCTaHThI Kanopumerpa. [TocrosiHHas kanopumerpa «K» 1o ¢gusnueckoMmy cMbiciy npea-
CTaBIISIET COOOH TEIUIOEMKOCTh KaJOpPHUMETpa BMECTE C TIOMEIIEHHBIMU B HETO PacTBOPOM, Me-
IIAJIKOW U 4acThIO TepMOMETpa. TenaoeMKoCTh KaJlopuMeTpa — 3TO KOJIMYECTBO TEILIOTHI, HEOO-
XOJIMMOE JUIsl HarpeBaHusl kajopumerpa Ha 1°C. DTa MOCTOSIHHAs 3aBUCUT OT TEIUIOEMKOCTHU
BCEX COCTABHBIX YacTel Kanopumertpa. s HarpeBaHMs KajopumeTpa Ha Aty nmorpebyercs Ten-
na:

Oxan = K -Aty
(2)

Bennunna «K» mocTossHHa 171 JaHHOTO KaJOpUMETpa M JTaHHOTO KOJIMYECTBa OIpee-
JIEHHOM *XUJAKOCTH, Hartpumep i 200 r BoAbl.

KoHcTanTy kanopumerpa MOKHO ONpPENENIUTh IO M3BECTHOM TEIUIOTE PacTBOPEHMs Ka-
KOM-11100 conu (XJIOpUAa aMMOHUS MITH XJIOpUa KaJus).

Xon pa6oTsl

s onpenenenust «K» cobuparot kamopumerp. Bo BHyTpeHHUH cTakaH HaJIMBAIOT Mep-
HbIM IuMHIpoM 200 oM’ (200 1) mUCTUIIUPOBAHHOM BOABI. 3aKPBIBAIOT CTaKaH KPBIMIKOW U
HOTPYKAIOT TEPMOMETP B BOJY TakK, YTOOBI PTYTHBIN MIAPUK HAXOJIWJICA B CPEHEH 4acTH KU -
koctu. [IpoBoAT npeaBapuTenbHbl eproy onbiTa. HaunHaroT nepememmBaTs BOLY MEIIAIKON
Y 3aIIMCBIBAIOT MTOKa3aHUs TepMoMeETpa depe3 Kaxable 30 cek. 3anuch BEAYT B TEUYEHHE 5 MHUH.
Jlns otcueta BpeMeHU yA0OHEe MM0JIb30BaThCsl CEKyHAOMEPOM. Pe3ynbTaThl onbITa 3aMiChIBAIOT
B Tabmuiy 1.

Tab6anna 1. Mi3MeHeHne TemMnepaTypsl B X0J€ ONPENEICHHSI KOHCTAHThI KaJIOpUMETPa

Bpemsi oT Hauasa onbITa, MUH.

Temnepatypa, °C

3aTemM IPOBOJAT IIABHBIM NepuoA. i 3TOro, He OCTaHABIMBAsI CEKYHIOMEPA, OTKPbI-
BAIOT OTBEPCTHUE JUIsI BHECEHHSI HABECKH, OBICTPO BBICHINIAIOT TOYHO B3BEIIEHHYIO 3apaHee COMb —
xjopu aMmMoHus (5-6 T), oTBepcTHE 3aKphIBatOT. [Ipy 3TOM BeayT MOCTOSIHHOE TIepeMEITBaHNE
pacTBopa. [ TaBHBIM NEPHUOIOM CUMTAIOT MPOMEXYTOK BPEMEHH, B T€UEHHE KOTOPOro Habo1a-
€TCsl PE3KOE N3MEHEHUE TEMIIEPATYPHI.



3aKIIOYHUTEIBHBIA MEPHO] MPOAOIDKASTCS 5 MHUH. TOCTE TJIaBHOTO IMEpPHOJa, MPUYeM
TeMIepaTypy 3alUChIBAIOT TaKke yepe3 Kaxabie 30 cek.

PesynbpraThl HaOMIOACHUH 3alMCBHIBAIOTCS B TAOJMITy, @ 3aT€M Ha OCHOBAHMH IOJYYCH-
HBIX JAHHBIX Ha MUJUTUMETPOBOM Oymare crpoutcs rpaduk t = f (1) 1 onpenencHus aeicTBy-
TEJIBLHOTO U3MEHEHUS TEMIIEPATYPhI IIPU PACTBOPEHUU CONH (puUC.2). 3aTeM onpeaesioT At;.

# s
]~

VA T

Puc. 2 l"paq)mc JUIA OTIPEACIICHUA Z[eﬁCTBI/ITeJ'ILHOFO U3MEHCHUA TEMIIEPATYPHI B XOJ€ OIbITa

[Ipu rpaduyeckom omnpeneneHnu Aty Ha MIUITUMETPOBOI Oymare Ha ocu abcuuce OTKIa-
JBIBAIOT BpeMsl B MaciiTade: 1 MUH COOTBETCTBYET 1 CM; Ha OCH OpJIMHAT — TEMIIEPATypPy, BHIOOP
MaciTaba KOTOPOH 3aBUCHUT OT BETUYHHBI Atlj.

Ecmn Ati< 1°C, to 1°C cootBerctByeT 1 cMm; ecnu Aty > 1°C, To 1°C cootBerctByer 0,5
cm. [Tocne Toro, kak Ha rpadvK HAHECEHBI BCE IKCIICPUMEHTAIBHBIC TOUKH, ITOJTY9IaeTCsl KpUBAs
ABDE. Yuactox AB cooTtBercTBYeT HauanbHOMY nepuoay, BD — rmaBaomy nepuony, DE — 3a-
KJIIFOYUTEIIbHOMY.

UtoObl ompenenuTh U3MEHEHHE TeMIEpaTypbl, HE HCKAaKEHHOE TEIUIOBBIM OOMEHOM,
IIPOUCXOASAIIMM B TEUEHHE TJIaBHOrO nepuoa, ntuHun AB u DE skctpanonupyror. Bpems rias-
HOro nepuoa nendar nomnoiam (touka C). 3 Touku C BoccTaHABIMBAIOT NEPIICHIUKYIISP A0 T1e-
pecedeHus: ¢ 00eMMH TTPOIOJDKEHHBIMU TIPSIMBIMU. OTpe3ok Mexay Toukamu K u F, BeipaxkeH-
HBII B Tpajycax, NOKaXeT UCTUHHOE W3MEHEHUE TeMInepaTypsl Aly, BBI3bIBAEMOE MPOIIECCOM, C
Y4eTOM TOMPABKU Ha TETJIO0OMEH.

PactBopenue conmu (xjopujia aMMOHUS) MPOTEKAET C TOTJIOMIEHUEM TEIUIOThL. B cooT-
BETCTBUU C TEIJIOBBIM 0aTaHCOM KOJMYECTBO TEIJIOTHI, pACXOyeMOIl Ha pacTBOPEHHUE XJIOpUIa
aMMOHMSI, PAaBHO KOJIMYECTBY TETUIOTHI, OTHUMAEMOM OT KaJIOpUMETpa:

Oxan = K -Aty = Qpacts.

3areM BeauCISIOT K:
K = gpacts/Aty
gpracts = Q pacTB.comu *V comu WIH
K = (Q pacts.comi M comu) / (At1- Mcom) ,
©)

rae Q pacTs.comm — TEIIIOBOM 2P deKT pacTBopeHus 1 Mok coin, ¢ 00pa3oBaHUEM pacTBOpa MO-
JsUTbHOU KOHIEHTpau# Cr, K>K/MOIb.
Mcoymm — HaBECKa COJIU, T.
M cojm— MOJsIpHAs Macca COJH, T / MOJIb.

Q PACTB.COJIU (AHPACTB.COJ'II/I) ONpCACIIAOT 11O CIIPABOYHBIM JITaHHBIM (HpI/IJ'IO)KCHI/IC, T3.6J'I.
2 «MHTeTpaNbHas TEIIOTa PaCTBOPEHHMS cojiel B Bojie TIpH 25°Cy»). Q pacTB.coym 3aBUCUT OT MO-
nsbHOM KoHIeHTparuu Cp pacTBopa coiu. UToObl HAlTH B Tabnuile HYKHOE 3HAUCHUE
AHpacTB.co, HEOOXOAMMO PacCUUTATh MOJISUTBHOCTD MOTy4aeMoro pactBopa. Cy, MOKa3bIBaeT,
CKOJIBKO MOJIb PACTBOPEHHOTI'O BEIIECTBA Vp 5. IPUXOAUTCA HA 1 KT paCTBOPHUTENS M-y



C.. = Ve, _ Mp.e. - Meomy
m - - - .
Mp_nqk2  Mpg-Mp_pg ke Mepy m (H50),x2

Otan 2. OnpenejieHNne TEIJIOTHI CMENIEHHA PACTBOPA VKCYCHOI KHCJIOThI
pacTBopoM uieao4u (Qcmem,)

B 4mcCTBIil BHYTPEHHUI CTaKaH Kaxopumerpa HammBaot 100 cm® 0.1 H. pacTBOpa menoun.
3aKpbhIBAIOT KAJIOPUMETP KPBIIIKON U MPOBOAST MPEIBAPUTENIbHBIN MMEPUOJ, KAK OITUCAHO BBIIIIE.
[To oxoHYaHMM MPEIBAPUTEIBLHOTO NEPHOJA HA 6-0 MUHYTE B KAJIOPUMETP OCTOPOIKHO BBUIH-
BalOT c1adyro kuciory (3 eM® 5 M CH3COQOH), npoBosT IJIaBHBIMA MEPHUOJ, & 3aTeM 3aKJIF0YH-
TeJIbHBIN, KaK OMKMCAHO BhINIC. Pe3ynbTaThl OMbITa 3aHOCAT B TAOJIUIy 2, aHAJOTHYHYIO Ta0JIUIIe
1, a 3aTeM HAHOCAT HA pPHUC. 3, aHAJTIOTUYHBIC PUC.2 ISl HaXOKICHUS Atoyen. VICX0nsa u3 moy-
YEHHBIX 3HAYCHUH Alcyen M IOCTOSHHOW KaJIOPUMETPA, ONPEACTSAIOT TEIIOBOH AP PEeKT peakunu
HelTpanu3anuu c1aboil KHCIOTH B pacyeTe Ha | Moyb-dkBUBaICHT BemecTBa (Qcemei,). Pacuer
BEJIETCS 110 KOJIMYECTBY IIEIOYH, T.K. KUCIIOTa OepeTcs B U30BITKE.

TemtoBoit 3pdexT, CBA3aHHBIN ¢ U3MEHCHHEM TEMIIEPATyphl BCIEICTBUE IMpoliecca, Mmpo-
TEKAIOUIEr0 B KAJIOPUMETPE, PACCUUTHIBACTCS 10 ypaBHEHUIO (4):

q cMem — K 'AtCMeLu-
Jlanee KOJIMYECTBO TEIUIOTHI, BHIACISIONICHCS B MPOIEecce HEUTpaau3aluu, MepecyruThi-
BaIOT HA 1 MOJIb IIEI0YH.

Qcmen = q evem/ VIIED

(4)

vien = Cuen Ve,
—AH emEn, 208 = QemEnt,
Drtan 3.0npeiejeHne TEMI0Thl HEHTPAIH3AMUN CHIbHON KHCI0ThI CHILHBIM OCHOBAHHEM

Q1)

OmnpenensroT TeIIOTy 00pa30BaHUs BOJBI/TEIUIOTY HEUTpanu3auu (CM. Ja00paTOpHYIO
paboty Ne2 mnu 1o cipaBOYHbBIM JIaHHBIM).
Otan 4. OnpenesieHne TENJIOThI Pa3BeeHNs CI1a00ii KUCI0ThI CHILHBIM 0CHOBaHHEM (Q3)

OrnpenensaoT TeIOTy pa3BeIeHHs cl1adoi KUCIOTHI (YKCYCHOM) mienousto. st aToro B
YHCTHI BHYTPEHHHil CTaKaH KajiopuMerpa HammparoT 100 cM® aucTwiumpoBaHHOM BOIBL 3a-
KPBIBAIOT KAJIOPUMETP KPBIIIKOW U MPOBOJAT MPEIABAPUTESILHBIN MEPHOJ, KaK OIMMCAHO BHIIIE.
[To okOHYaHMM TIPEIBAPUTENHLHOTO MEPUOa Ha 6-0if MUHYTE B KaJOPUMETP OCTOPOMKHO BBUIH-
BaIOT c1adyro Kucioty (3 em® 5 M CH3COQOH), nmpoBOsT IJIaBHBIN MEPHUOJ, & 3aTEM 3aKJII0YH-
TeIbHBIN, KaK OMHCAHO BhINIE. Pe3ynpTaThl OMbITa 3aHOCAT B TAONMUIy 3, aHAJOTHYHYIO TaOiIuIe
1, a 3aTemM HaHOCAT HA puUC. 4, aHAJTOTUYHBIN puc.2 I HaxoxaeHus Ats. Micxons u3 moiydeH-
HBIX 3HAYeHWIl Alz M MOCTOSHHON KaJOpUMETpa, OMpEAeNsitoT TeraoBod 3(hdexT pa3BeneHus
cmaboif KUCTOTHI B pacyeTe Ha | Mob-3KBUBaJICHT BemiecTBa (Q3). Pacuer Bemercs mo xonude-
CTBY KHCIIOTEHI.

TennoBoit 3pdexT, cBA3aHHBIN ¢ U3MEHEHHEM TEeMIIEpaTyphl BCIEICTBUE Mpoliecca, Mpo-
TEKAIOIIEro B KAJIOPUMETPE, PACCUUTHIBACTCS 1O YpaBHEHUIO (5):
03spasex = K -Ata.

Jlaniee KOMMYECTBO TETUIOTHI, BBIICTSIONICHCS B MPOIECCe HEUTpaTu3aliu, epecunuThI-

BalOT Ha | MOJIb KHCTIOTHI.

Q3aPA3BE[L. = q3apaBe;1 /VK-TBI
®)
Vi1 = CK—TLI'VK—TLI;
_AHOpasBezl., 208 = Q31PA3BE)I.
Ortan 5. OnpenesieHue TEII0ThI pa3BeleHHs IIEJI0YH 200k KucaoToii (Q4)
Tennmotoit pa3BeaeHus mienoun Kuciaotoit (Q4) MOXKHO MpeHeOpeub, TaKk Kak 00beM Iiie-
JIOYH 3HAYUTEJILHO OOJIbIIE 00beEMA KHUCIOTEI.
O0padboTKA SXCIEPHMMEHTAJBHBIX JJAHHBIX




N3 popmyns: Qemenn. = Q1 + Q2 + Q3 + Qg, BelpakatoT Q, — TEIUIOTY IUCCOIHMAIINN Cla-
6011 (ykcycHoi) kucnotel. Q2 mucc. = Qemem - Q1 - Q3

(6)

OHGHI/IBaIOT IMOJIYYCHHBIC PE3YJIbTAThI, COIJIACHO TCOPCTUUCCKHUM IIPEACTABIICHHUAM TCP-

MOIWHAMHKU U TCPMOXHUMUHU.

6. TpeOGoBaHNs K COAEPKAHUIO OTYETA

11eJIb pabOoTHI;

XOJl pabOTHI;

o0k wn

OT4er JOKEH COepHKaTh.

ypaBHEHUE PEAKINH HEUTPATU3allnu;
cxemy kaopumerpa (puc.l);

tabnuny 1,2 u 3, B KOTOPBIX GUKCUPYETCS U3MEHEHUE TeMIIepPaTyphl PU ONpeAeICHUN
KOHCTaHTbI KaJIOPUMETpa U MIPH OIPEIEICHUH TEIUIOT B3aUMOICHCTBUS.

7. puc.2, puc.3, puc.4, Ha KOTOPBIX H300pakeHsl 3aBucuMoctu t = f (1) u onpenenensr Aty,

Aty Atz COOTBETCTBEHHO.

8. pacyeTsl, IPUBEJCHHBIE IOJHOCTHIO:
— KOHCTaHThI KaJIOpUMETPA,
— TEIJIOTHl (PHTANbNMM HeWTpanu3auuu) Ha 1 monb menoun (JI.P. Ne2 mnm crnpaBouHble

JTAaHHBIE),

- TEIUIOT AUCCOIMAIINU CTA0BIX KUCIIOT WM OCHOBAHHH, pa3BEICHUS KUCIOTHI OCHOBAHHEM,
pa3BelieHUs] OCHOBAHUS KUCIIOTOM;
- TEIUIOTHI JUCCOLMAIMH C1a00H KUCIOThHI CHJILHBIM OCHOBAHHUEM.
9. BBIBOJBL B BBIBOJIAX YKa3bIBAIOT ONPECICHHOE KCIEPUMEHTANBHO Qjucc. OleHnBaoT

IMMOJIYYCHHBIC PE3YJIbTAThI, COTJIACHO TCOPECTUUCCKUM HIPCACTABJICHUAM TECPMOJIUHAMUKHN U

TCPMOXUMHUMU.

Ta6auua 1. TepmoaguHaMudyeckre CBOWCTBA BOABI 1 00Pa3yONINX €€ HOHOB ij

IMPUJIOKEHME K JI.P.3

ou 25°C [3]

BemiecTro, HOH AH o5, S 208, AG 558,
kJIx/MoIh JIx/(moib-K) k/>x/MoIb
H,000 —285,83 69,95 —237,23
H* 0 0 0
OH" —230,02 -10,71 -157,35
Tabauua 2. UaTerpaibHas TerioTa pacTBopeHus coeit B Bojie mipu 25°C [3]
Cp, MOJIH cOIH Ha 1 KT AH,,, KZ[)I('MOJII;J'
H,O
NH,CI NH;NO; KCI K,SO,4
0,1 15,10 25,75 17,55 24,78
0,2 15,19 25,56 17,57 24,58
0,3 15,23 25,38 17,55 24,27
0,4 15,27 25,21 17,50 23,95
0,5 15,27 25,06 17,43 23,58
1,0 15,31 24,31 17,28 -

3. Komnnexm 3a0au no meme «Tepmoxumusn. Bmopoe nauano mepmoounamuku. IHmponus,
1. l'openue pochopa MoxkHO BBIpa3UTh ypaBHeHHEM: 4P+50; = 2P,0s. IlpeacraBbTe 3TOT Npo-
[[ECC TEPMOXUMHUYECKIM YPaBHEHHEM, €CIIM U3BECTHO, YTO MpuU cropanuu ¢ocdopa maccoit 1 r
BoigenuTcs 24,7 KK TEIIOTHI.
2. Tennora cropanus sTaHoia paBHa 1367,7 xJlx. Haiiaure tennoty oOpa3zoBaHHsl STHIIOBOTO
CIHpPTa, €CIIU MPU TOPEHUH 00pa3yeTcs YIrIeKUCIbINA Ta3 U BOJA B )KUIKOM COCTOSIHUH.




3. OnpenenuTe TEMJIOTY MOJHOTO CrOPaHMsl HUTPOOEH30I1a, €CIIM €ro TEIUIoTa 00pa30BaHUs MPH
craHaapTHBIX ycaoBusx (AHogg) paBHa 15,9 kJIk/MOITb.
4. PaccumTaiite TeroTy oOpazoBaHust okcupa FepOz, ecinu W3BECTHO, YTO TPU PEAKIHH:
2Al + Fe,03 = Al,O3 + 2Fe. Ha xaxapie 80 r BocctanaBiuBaecMmoro okcuaa skenesa (111) Beige-
mutcs 424,1 xJx Tera.
5. Beruucnure TermioBoi 3¢ GeKT peakIuu Ipu MocTOsTHHOM JaByiennn u 250C:
2NH4Cl(m) + H2SO4(orc) = (NH4)2SO04(xp) + 2HCI(2).
6. Peakuus pa3noxeHus kapOoHaTa KajbIUsl BbIPAXKAETCsl ypaBHEHUEM:
CaCO3; = Ca0 + CO,; AH = 143,5 k/Ix/moib
CKOJBKO TEIUIOTHI HAJI0 3aTpaTuTh 1S pazioxkenus CaCO3z maccoit 500 r.
7. Onpenenure TeroTy cropanus staHona: CoHsOH + 30, = 2C0O;, + 3H,0 + Q
JlaHHbI€ 17151 pacyeTOB: C+0, = CO; + 394,0 x/I»x/MoIIb
H, + 1/20, = H,O(x) + 285 kJlx/Momb
2C + 3H, + 1/20, = CoHs0H + 278,2 xJ]x/Monb
8. Paccumraiite TemnoBoi agdext peakuun CoHg + Hy = 2CHy + Q
€CJIM TeIUIOThI CrOpaHus 3TaHa, METaHa M BOJIOPOJa COOTBETCTBEHHO paBHBI 1562; 891,2; 286,3
K /[K/MOTB.
9. Paccuuraiite Temnory oopasoBanus 6enzona 6C + 3H, = CeHg + Q
€CJIM TETUIOTHI CTOPAaHMSI BOJOPO/Ia, YIiIepoia, O€H30/1a COOTBETCTBEHHO paBHBI, K/ [/Momb: 285;
394; 3282,4. Boga o6pasyercst B KHIKOM COCTOSTHUU.
10. Onpenenute Temoty cropanus ¢pocdopuctoro Bogopona 2PH3 + 40, = P,0s + 3H,0 (k)
+Q,
UCIIOJIB3YSI CIIEIYIONME TEPMOXUMUYECKHE JIAaHHbBIE
2P + 3H, = 2PH3 — 48,62 x/I>x Ha 2 MOJIb
2P + 5/20;, = P,0s + 15084 x]JIx/M0J1b
H, + 1720, = H>0 (k) + 285 x/[»x/Mob
11. Beluucnuth cTaHAapTHYIO TEIUIOTY 00pa30BaHus EHTaHoJa (%) U3 MPOCTHIX BELIECTB, €CIIH
U3BECTHA €r0 TEIUIOTA CrOPAHUS ITPU CTaHAAPTHBIX yCroBusix (AH2gg) -3323,222 kJIK/MOIb.
Ipunate, yto npoaykTsl cropanus — COx ), HoO ). TemnoTsl cropanus IpocThIX BEIECTB:
Crpag T O2=COy() 393,795 xIx/M0OB
Hj + 1/202=H20x) + 286,043 xJIx/Monb
12. Onpenenute TemnoBoi 3G (HeKT peakiuu, MpoTeKarIel B ra3oBoi ¢ase.

e e > e aeaaic
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BenuuuHel 3HEPTUil CBA3M HAUTHU B CIIPABOYHUKAX.
13. Paccuuraiite TerioBoi agdext peakuu Q neruaparaidy THIOBOTO CITUPTA
10 PEaKIUu:

i —
\
HeCOH— /@c<> - HOH
i = H

Tennora ucnapenus STUIoBoOro cnupra pasHa 41,68, a Boas! 44,0 x[x/mMoub.
14. Onpenenute TeruioBoi 3Q ekt (AH29g) peakiinu CHHTE3a aKpUIOBOUH KUCIOTHI
CH=CH + CO + Hy0O(xc) «» CH,=CH-COOH (c)
npu 1,013 - 10° H/m? 1 298 K, eciin M3BECTHBI TEILIOBBIC 3¢ dexTs 00pa3oBaHMsI MPOTYKTOB pe-
AKIIUU U UCXO/IHBIX BEIIECTB:
CH=CH AH%q5 = 226,90 kJx/MONb
co AH%gs = 110,60 k/Tx/Momb



H,0 AH 5 = -286,03 kJIx/MOIB

CH,=CH-COOH AH%qg = -382,66 KJK/MOIB

Omnpexnenurte Takxe Tem1oBoi 3(h(eKT 3Toi peakuu Mpu NOCTOTHHOM 00BeMe.

15. Onpenenute tertoBoit 3G ekt (AHzgg) peakuuu CH=CH + CO + H,O0(orc) <» CH,=CH-
COOH (xc)

npu 1,013 - 10° H/m? 11 298 K, eciu H3BECTHBI TEILIOBBIE 3¢ (}eKThI CropaHus BCEX BEIIECTB:

CH=CH AHozgg =-1300,50 xIx/Momnb
coO AH 5 = -283,18 kJI/MOIb
HQO AHozgg =0 KI[)K/ MOJIb
CH,=CH-COOH AHg5 = -1371,18 kJ[5/Mob

Onpexnenure TaKxe Tem10Boi 3¢hPeKT IToM peakuu Mpyu NOCTOSIHHOM 00BEMe.

16. CkonbpKO TEIIOTH BeIenuTes, eciiu K 0,1 Kr cepHOi KUCIOTHI ¢ KOoHIeHTparuei 50% noba-
BuTh 0,3 Kr BoAbI? /laHHBIE O TEIUIOTaX PACTBOPEHUS B3ATh U3 CIIPABOYHHUKA.

17. CkoabKo BBLAEIUTCS TEIUIOTHI NpU pacTBopeHUH 50 r MOHOrUApaThl cepHOil kucaoTsl B 100
e BOJIEI?

18. Cxonpko Bbaenutcs TermioTsl npu pactBopeHuu 200 r 38%-Ho# consiHOM kuciaoTel B 400
o BOJIBI?

19. Ckoinbko BeIIeAUTCS TEIUOTHI pu pacTBopeHuu 100 r 67%-Hoi a30THOM KUCIoThI B 150 oM’
BOJIBI?

20. IIpu HeHTpaIU3aIuy CEpHON KUCIOTHI Maccoi 6,86 I THAPOKCHIOM HATpHs 10 0Opa30BaHMS
runpocyibdara HaTpus Beaessiercs 4,32 kJK TeII0Th, a MpHU HEUTpaTU3aIiK STOTO )K€ KOJIH-
4ecTBa KUCIOTHI 10 Cyib(ara HaTpus Boaesercsa 9,26 kJx TenaoTel. BeruncinTe TerioBoi

3 PeKT B3aNMOACHCTBUS THAPOCYIb(haTa HATPUS C THAPOKCUIOM HATPHSL.

21. BeluncnuTh MHTErPAIbHYIO TEIUIOTY PACTBOPEHUS XJIOPH/IA KaJls B BOJIE, €CIIU B pe3yJibTaTe
pactBopeHus HaBecku 9,3413 r B 445,38 r Boabl TeMnepaTypa noHusuiaacs Ha 1,115 O Viensuas
TEIIOEMKOCTh MOJTYy4eHHOro pacTBopa 4,068 JIx/T- rpal, a TeII0eMKOCTh Kajiopumerpa 122,7
Jx/rpan.

22. Boruucnuts 1o ¢popmyne J1.I1. KonoBanosa temioty cropanus metuianeruiesa Qv , Temso-
Ty CropaHusi MeTwianeTiieHa Qp, ¥ CpaBHUTH MOTYYCHHBIN Pe3yIbTaT C TAOIUYHON BETHUINHON
Qp= 1946 x/>/M0b.

23. Beruucnuts no popmyne J1.I1. KoHoBasioBa TEmaoTy cropaHus *UJIKOTO STUIOBOTO CIIUPTA U
CpaBHUTH ¢ TaOIMuHBIMU 3HaueHreM Qp= 1366,91 x/lx/Monb. Teriora ucnapeHus cnupTa
41,68 xx/mMob.

24. BpIluMCIUTh TEPMUUECKYIO XapakTepucTuKy kopuuHoro anpaernga CeHs-CH=CH-COH n
paccuutath 1o popmyine J1.I1. KonoBasioBa Temnoty cropanus ra3000pa3Horo KOpMUHOTo ajb-
neruaa. Heobxonumble TaHHBIE B3STh U3 CIIPABOYHHUKA.

25. Ompenenute pasHocTs Mexxay Qp u Qy mpu 25%C qst creyIoImX peaKIii:

N, + 3H, ¢» 2NH3

250, + O, 92803(2)

2C(epagpum) + O2 = 2CO

NH4Cl(xp) = NH; + HCl(2)

26. Tennora cropanus CO B KaJIOPUMETPE C MOCTOSSHHBIM 00beMOM paBHa -67,370 Kkay/MoJIb.
BbruncnuTh TEIIOTY CropaHus B KAJIOPUMETPE C TIOCTOSIHHBIM JaBJICHUEM IIPU JOINYILEHUH, YTO
ra3el uaeanbusie CO(2) + %2 Oz(2az) = COz(2a3)

27. Haiitu TeruioBoit 3pdext oOpa3oBaHusi MeTaHa U3 MPOCTHIX BELIECTB Mpu TeMiepatype 298K
U TIpY U300apHOM U M30XOPHOM IPOIECCaX, €CIU U3BECTHBI 3HAUEHUS TEIIOBBIX 3P PEeKTOB 00-
pa3oBaHMs U3 IPOCTHIX BemecTB npu 298K u cTaHJapTHOM J1aBIEHUU:

CO, AH g5 = 393,78 kJIk/MONb
H>0(x¢) AHozgg =-286,03 k/[x/Moab
CH, AH®)08cropan = 890,91 KJIK/MOITE

28. BBIYMCTUTE U3MEHEHHUE SHTPOIIUY IIPHU CTAHIAPTHBIX YCIOBUN JUISl pEaKIU:



2H,S + SO, = 2H,0 + 3S
Zn + H,SO4 = ZnS0O,4 + H,

CH4 + 20, = CO, + 2H,.

29. OnpeaenuTs U3MEHEHHUE SHTPOINUM TIPH TJIABJIEHUHM MeAU Maccou 63,5 1, eciu TeroTa
rtaByieHus mean pasHa 12980 JIx/mMonb, a Temneparypa IUIaBlIeHus MEIH 1083°C.

30. Paccuutarh U3MEHEHHE SHTPOIHMH [Tl CIEAYIOLIUX MTPOLIECCOB:

a) IiaBJieHHe 1 MOJIb aIFOMUHUS B €0 TOYKE IIJIaBJICHUS TPU 660°C (Teruiora raBIeHus 8
k/J[>x/MOIB);

0) ucmnapeHue 2 MoJIb KMCJIOPO/Ia B €ro TOUKE KUTICHUS TpU ~182,97°C (remnora ucnapenus 6,82
kJ[>K/MOIB);

B) Harpesanue 10 r cepoBonopoaa ot 50 10 100°C mpu mMOCTOSHHOM HaBICHAN (C,=715+
0,00332T).

31. B 1ByX cocynax 0AMHAKOBON BMECTUMOCTH HaXOJSATCA: B IIEPBOM a30T Maccoi 2,8 T, BO BTO-
pom apron maccou 4,0 r. OnpenenuTe U3MEHEHHE SHTPONHH 1pu TUdPy3uH, BOSHUKAIOIICH B
pe3yJbTaTe COEAMHEHUS € Tra3amMu. Temneparypa u AaBJIEHUE IIOCTOSTHHBI.

32. HaliTu u3aMeHEeHHE SHTPOIUH B IIPOIIECCE 0OPATUMOT0 U30TEPMUUYECKOTO CxKATUs 1 MOJIb
kuciopoga ot 1,013-10° no 10,13-10° Ia.

33. PaccuuTaiite n3MEeHEHHE YHTPONHHU [IPH U30TEPMHUECKOM CMEIIEHUHU 1 KMOJIb KUCIOpoAa ¢
1 kMO a30Ta MU JAaBICHUU 1,013-10° Ia. [TpunsTh, 4TO 00a ra3a NOAUUHAIOTCS YPABHEHUIO
COCTOSIHUS U/1€aJIbHOTO rasa.

34. T'az0Basi cMecCh, 3aMEHSIIOIIAst BO3YX, COAEPKUT Kuciopor (20,95% mo o6bemy) u a3oT
(79,05% 1o o6bemMy). Haiinure, KakuM H3MEHEHHUEM SHTPOIIUN COIIPOBOXKAAETCSI 00paTuMoe
paszenenue 1 M° cMecH Ha YHCTBIC ra3bl IPU CTAHIAPTHBIX YCIOBUSIX.
35.Kak m3menuTest sHTporus | Mosib renus npu HarpeBannu ero ot 20 1o 70°C eciun 06bem npr
3TOM M3MeHuJICS oT 24 no 28,117
36. 37. HaiiTu u3aMeHeHue SHTPONUU IIpH 1epexojie 3 MoJb kuciiopoaa ot oobema 0,0336 M° mox
JaBJICHUEM 2,026-105 [Ta x 006Bemy 0,0672 M [10J 1aBJICHUEM 1,013-105 [Ta. MounsipHas Teruio-
eMKocTh kuciopoga C, paBHa 29,37 Jlx/mons-K, TeMneparypa nocrosiHHa.

37. Haiitu usmenenue suTponuu npu HarpeBanuu 58,82 kr B2O3 ot 298 1o 700K, temnoem-
KOCTh
C, (B203) = 36,5525-10° + 106,345T Ix/xmonb K.

38. TeroTta peakuuu HeUTpanu3aluu H wooa + OH o000 = HoO npu temneparype 298 K cocras-
aset 57,3 JIx/Monb. MOXHO M pacCUUTaTh SHTPOIUIO KaK OTHOIIEHHE TEIIOTHI Ipoliecca K
Temneparype?

39. OnpenenuTs pasHocTs SHTporHit 1 T Bozsl mipr 0 i 100 °C (aBieHme HOpManbHOE), canTas
TEIIOEMKOCTb BOJbI IIOCTOSIHHOM M paBHOM 4,19 Jx/r rpa.

40. PaccunTaiite m3meHenune »HTporuu AS mis 100-kpaTHOTO 00paTHMOTO pactmmpenus |
MOJIb Ta3a B UJI€ATbHOM COCTOSIHUU MPU NOCTOAHHOM Temneparype. I3MeHuTcs M U Kak Be-
anarHa AS, ecnu pacupeHne MpoBeCTH HEOOpaTUMO?

41.HaiiTu KOHEUHYIO0 TeMIIepaTypy, €Clii IPOBOAUTCS 00paTUMOE BhIpaBHUBAHUE TEMIIEPATyp

10 xr BOJIBI, B3STON IIPH 0°C u 10 KT BOJIBI B3ATOI npu 100°C. TemmoeMKocTh BOJIBI IIPUHATS I10-

CTOSIHHOM.

42", JIOKaXHTe PABEHCTBO: Ty = (I - 1, )7oems,

rae Tx — KOHeYHas TeMIieparypa, JocTuraemast mpu 00OpaTiMOM BBIDABHUBAHUU TEMIIEpaTyp B
CHCTEME, COCTOSIIIIEN U3 IBYX YaCTEH;

m; u 77 — Macca 1 HadallbHasl TEMIIEpaTypa OJJHOU YaCTH CUCTEMBIL;
my u 77 — Macca 1 HadallbHasl TEMIepaTypa APyrou 4acTH, MpH YCIOBUH, UYTO YAEIbHBIE TEILIO-
€MKOCTH 00eMX YacTel OJJMHAKOBBI U HE 3aBUCAT OT TEMIIEPATYPHI.

43", JIBa KycKa OJHOTO M TOTO K€ METAJLIa OJMHAKOBBIX PA3MEPOB C Pa3HBIMH TEMIIEPATYPAMH

Ty u T, nmpuBeIeHBI B CONMPUKOCHOBEHHE U OCTABIICHBI JJIs BEIpaBHUBaHUS Temmeparyp. [loka-
3aTh, YTO U3MEHEHHE SHTPOIUH BBIPAXKAETCS YPaBHEHUEM:

(T +T2)*

4T, T

A5=¢C, In



eciau C, nocrosgHHa. Kakum 06pa3oM MOXKHO CZIeNIaTh BBIBOJ, YTO MIPOLECC IIPOHCXOIUT CaAMO-
MPOU3BOJIBHO? p
44", HaiiiuTe M3MEHEHHE SHTPOIMH MICAIbHOIO Ia3a B IIPOIIECCE OT TOUKE Py - ———
1 o touku 2 (puc. 1).

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

46. Bona maccoii 100 r ipu 25°C MpeBpallieHa B Iap ¢ TEMIIEPATYpPOil 150° ;
1,013-10° ITa. Beruuciute H3MEHEHHE SHTPOITHH STOTO TIEPEX0a, CCITH Yt |
pEeHUs BOBI MPU 100°C paBHa 2257 JI/T, ynenpHas TEMIOEMKOCTh BOJIBI 4 |

yaAelnbHas TEII0EMKOCTh BOASHOTO Mapa MpHU J1aBJICHUU 1,013-10° I1a paBH '

Puc. 1
47. HailTu cymmMapHOE U3MEHEHHUE SHTPOIIUH IIPU HArpEBaHUM 1 MOJIb BOJIBI OT 1cmitcpar’ypbl

IJIABJICHUS JI0 MIOJIHOTO UCIIAPEHUsI IIPU TeMIIepaType KuneHus. Temiora miaBjieHus apaa 335,2
JIx/r, Termora napoobpazoBanus Bobl 2260 Jx/T, yaenbHas TEI0EMKOCTh BObI 4,188
Jx/r-K.

48. OMH MOJIb BOJSIHOTO Iapa KOHJAEHCUPYETCA MpU IOOOC, BOJIa OXJIaXKIaeTCs 10 0°C u npe-
Bpamfaercs B jiell. YeMy paBHO U3MEHEHHE SHTPONHH BOAbI? CpeHsis TeIII0EMKOCTh KHIKOM
BOJIbI paBHA

1,0 kan/K-r. Ternora ucnapeHust B TOYKe KUIICHUS U TEIUIOTA TUIABJICHUS B TOYKE 3aMepP3aHus
PaBHBI COOTBETCTBEHHO 539,7 1 79,7 kai/r.

49. BeluucianTh U3BMEHEHHE SHTPOIIMU B IIPOLIECCE 3aTBEPICBAHUS TIEPEOXIIKICHHOTO OeH30a
npu 268,2K, ecniu ipu 278,2K AHy, cone = 9956-10° Jx/xmonb, Gy, cotion) = 127,3-103
Jx/xkmonb-K,

Cp.coHs(r) =123,6-103 Jx/kmons-K. Onpenenuth HanpaBiIeHUE 3TOTO MpoIiecca.

50. BeraucinuTh U3MEHEHHE SHTPOIUH MPU HArpEeBaHUM | KT CBHHIIA OT TEMIIEPATYPHI €ro IJIaB-
JICHUH 327,40C 1o 800 OC. Temnora nnasnenus cBuHIA 24,8 kJIK/KT, TEINIOEMKOCTD YKUJIKOTO
CBHHIA B HHTEpBane Temeparyp 327-1000 °C pasua 0,1415 kJIx/kr-rpa.

51%. Cucrema comepskuT 5 r nbaa (yaeibHas TemioTa muasneHus 335 JIk/T) mpu Temmneparype
riassienus ¥ 20,0 r Boas! npu temneparype 348K. Temnora ot Bojbl nepenaercs Jibay B oopa-
THMOM TIPOLECCE 0 TEX MOp, NOKa JIeJ HE PACIUIABUTCS MOJTHOCThIO. [IpUHAB TEMI0eMKOCTh BO-
nel, paBHou 4,187 JIx/r- K, onpeaenure, HaCKoJIbKO MOHU3UTCS ee TeMiiepatypa. Kakyio padorty
COBEPILHUT 3Ta cucrema’?

4. Komnnekm mecmogulx 3a0anuii 0111 RPOMENHCYMOUH020 KOHMPOJIA 3HAHUIL

Tect Nel:«Tepmoaunamuka. Tepmoxumus»
1. MaTematuueckoe BbIpa)XKEHUE MEPBOT0 3aKOHA TEPMOJUHAMUKU JJIsI OECKOHEUHO Majioro H
KOHEYHOT'O0 U3MEHEHUS COCTOSIHUSI CUCTEMBI IMEET BU:

a) 8H = dU + dV;
6) 6Q = dU + dV;
B) 5Q = dU + dA.

2. JIBa raza: OJHOQTOMHBIN M IByXaTOMHBIN, alna0aTHUeCKH pacIupsitoTcs. [ kakoro u3 aTux
razoB pabora pacmmpenus OyAeT OobIlne, eCau YUCIO MOJIEH 000UX Ta30B OJMHAKOBO, a TEM-
neparypa Kaxaoro ra3za HOHU3WIACH HA OJMHAKOBYIO BETUUHHY:

a) 715l IBYXaTOMHOTO;

0) 11 OJTHOATOMHOTO;

B) OJJUHAKOBA.

3. B xakoM u3 nporeccoB paboTa pacuiupeHus HAanOOJIbIIAs:
a) 1 kmosp CO; pacupsiercsa nzorepmuuecku npu 300K ot 10 go 100 M
6) 1 xmonb Hy pacmmpsiercs uzorepmuuecku npu 1000K ot 10 go 100 M>;



B) 4 kmoab CO» pacumpsitoTest u3obapudecku npu HarpeBanuu ot 300 o 550K;
r)2 kmoib Hy pacmmpsitorcst uzobapudecku npu HarpeBaduu ot 300 o 1300K?

4. ITpu 300K ra3 B uacaIbHOM COCTOSIHUU M30TCPMHUUYECKH U OOPATUMO PACIIUPSIETCS OT 102 no
10™ M*. KonmdecTBO MOrIOmeHHoro mpu 3ToM Temna 17,26 kJlx. CKOIbKo MOJeil ra3a yqacTBy-
€T B 3TOM IIpoliecce:

a) l;

0)2;

B) 3;

r) 4.

5. Teryioty cropanusi OpraHu4ecKOro COEIMHEHNUs, pacioaras JaHHBIMH MO TEIJIoTaM 00pa3o-
BaHUs PA3IMYHBIX BEIIECTB, MOKHO PACCUUTATh:

a) HEOOXOIMMO U3 TEIJIOTHl 00Pa30BAHMUs STOTO COCTUHEHHS BBIYECTh CYMMY TEIJIOT 00pa3oBa-
HUS IPOAYKTOB CTOPaHHUs OPTaHUYECKOTO COSMHEHMS;

0) HEOOXOMMO U3 CYMMBI TEIUIOT 00pa30BaHUs MPOAYKTOB CTOPAHHS OPTaHUYECKOTO COCHHE-
HUS BBIUECTh TEIJIOTY 00pa30BaHUS STOTO COEIUHEHUS;

B) HEOOXOAMMO U3 CYMMBI TEIUIOT 00pa30BaHMsI MPOJYKTOB CTOPAHHS OPTaHUYECKOTO COeTUHE-
HUS BBIUECTh TEIIOTY Pa3NIOKEHHUs ATOTO COSTUHEHUSI.

6. XapakTep 3aBUCMOCTH TEIJIOBOTO dPPEeKTa XUMHUUECKOW PEaKIuk OT TEMIIEpaTyphl orpee-
JSIeTCS:

a) coBepiaeMoi paboToi;

0) U3MEHEHUEM TETNIOEMKOCTH;

B) arperaTHbIM COCTOSIHUEM BEIICCTB.

7. B unrepBane temmnepatyp 273-298K yaenbHas TemioeMKOCTh rpadurta OOJbIIe YAETbHOM
TEIUIOEMKOCTH ayiMasa Ha 215 Jx/kr-rpaa. TeroBoi ad ekt peaknuu repexoaa rpadura B aji-
Ma3 MpU MOBBIMIEHUH Temneparypsl oT 273 1o 298K uzmenurcs:

a) YMEHBIIIUTCS,

0) yBenUuuTCH;

B) HE U3MEHUTCH.

8. COOTHOUIEHHE SHTAJIbIINM M BHYTPEHHEH SHEPruM JaHHOM TEPMOJMHAMHUYECKON CHUCTEMBI
OIIUCBIBACTCS:

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

9. OuH MOJIb OJTHOATOMHOT'O Ta3a U OJJUH MOJIb IBYXaTOMHOT'O raza M300apHuecKyd HarpeBaroT-
cst Ha 100 °C. st Kakoro w3 9TUX ra3oB pabota pacmupenus OyaeT OobIe:

a) JUIsl IByXaTOMHOTO;

0) JI71s1 OIHOATOMHOTO;

B) OJIMHAKOBA.

10. BenmmuuHbI BHYTpeHHeﬁ SHEPTHUU U SHTAJIBIINN JJI XUMHYECKOM PCaK HAXOAATCS B COOT-
HOIIICHUU:

a) AH = AU + nRT,;

0) AH = A + nRT;

B) AH = AU +AnRT.

11. PaGota pacmupenus ra3a B UAeaIbHOM COCTOsTHUH OT V1 10 V0yaet Oosbiie:
a) B U30TEPMHUYECKOM;



0) aabaTHYCCKOM;
B) HU30XOPUUYECKOM;
T') ©300apUYECKOM.

12 3aBI/ICI/IMOCTB OHTAJBIINHU OT TeMHepaTypr I/IHI[I/IBI/IZ[yaJIBHOI‘O BCIICCTBA OIIMCHLIBACT BBIpa-
JKCHUC:

a) (SH/ST), = ACy;

6) (SH/8T), = Cp;

B) (SH/ST), = AC.

13. Cootnomenue mexay C, u Cy A5 HI€aIbHOIO rasa:

a)Cy=Cp+R;
06)Cp=Cy+R;
B) Cy + C, =R.

14. Ilpu nzobapHoM HarpeBaHuu | MOJIS OAHOATOMHOTO Tra3a M 1 MOJIsi JByXaTOMHOTI'O ra3a yBe-
JMYUIIACh HA OJIMHAKOBYIO BEJIIMYMHY 00BEMBI Ia30B. J{JIs1 KaKOro U3 3TUX ra30B U3MEHEHHUE IH-
TanbIuu OyaeT Oosblie:

a) /Ui IBYXaTOMHOT0;

0) 17151 OIHOATOMHOT0;

B) OJIMHAKOBA.

15. ®yHKIMU SHIOTEPMUYECKOIN PEAKITMH U3MEHSIOTCS CIICTYIOIIM 00pa3oM:
a) PHTAJIBIIHS PEAKIIMOHHOM cucTeMbl yBennuuBaercs (AH > 0);

0) TeruoBoit addexT peakiyn noxoxureneH (Qp> 0);

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

T') PE3KO 3aMEeIISETCS CKOPOCTh XMMUYECKON PeaKIuH.

16. MonsipHBIC SHTPONUU TPEX arperaTHBIX COCTOSHUM OJHOTO BEIISCTBA: ras3a, XUIKOCTH,
TBEPJIOTO TeJIa HAXOAATCS B COOTHOILICHUHU:

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

17. CooTHomenue mexay 3Heprueit I'm66ca G u sHeprueil I'enbmronsua F 1t gaHHON Tep-
MOJMHAMHUYECKOW CUCTEMBI UMEET BH/I:

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

18. B kakoM U3 cleIyloIMX MPOLEcCOoB MpU 00paTUMOM UX NMPOTEKAHUU HE NMPOUCXOAMUT U3-
MEHEHUSI SHTPOIIUU CHCTEMBI:

a) U30TEPMHUECKOM;

0) aanabaTUYECKOM;

B) U30XOpUYECKOM;

') U300apUYECKOM.

19. TepmonuHamuueckne QYHKIMHA MPUOOPETAIOT CBOWCTBA TEPMOJAWHAMUYECKUX ITOTEHITH a-
JIOB, €CIIN:
a) yMEHbIIEHUE caMOi TepMOJAMHAMUYECKON (YHKIIMU paBHO MaKCHUMAaJIbHO MOJIE3HON pabote
porecca;
0) yBenuueHue caMoil TepMOAMHAMHYECKON (YHKIUU PaBHO MaKCHUMaJlbHO MOJIE3HOW pabore



nporecca;
B) TAKMX CIIy4acB HET.

20. CooTHOIIEHHE MEXTy U3MEHEHHUEM SHTpONUH AS B 0OpaTuMOM M HEOOpaTUMOM IpoIlec-
cax MpH yCJIOBHUH, YTO TeroBbIe 3QPeKThl Qosp > Queosp, IMEST BUI:

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

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

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

21. DHTpONUSA MPABUIBHO 00Pa30BAaHHOTO KPHUCTAJLIA MPU MPUOIMIKCHUH TeMIIEpaTyphl K a0-
COJIFOTHOMY HYJTIO CTPEMUTCS K:

a) + oo,

6) - oo;

B) 0.

22. B xauecTBe KpUTEpHS HANPABICHUS PEaKI[MU, €CIIU OHA MPOTEKAET B 3aKPBHITOM aBTOKJIa-
BE€ IPU MOCTOSIHHOW TeMIeparype, caeayeT BhIOpaTh:

a) n300apHO - U30TEPMUYECKUN TTOTCHIHA;

0) U30XOPHO-U30TEPMUUECKHUI TOTEHIIUAT;

B) XUMUYECKUN MOTEHIHAII.

23. TloHsiTHE O TEPMOJUHAMUYECKUX IMOTSHIATIAX BBOJIUTCS:

a) JUIsl OIIpeIeIeHHsI HallpaBJICHUs TPOLIECCOB, MPOTEKAIOIINX B M30JUPOBAHHBIX CUCTEMAX;
0) [U1s1 oTpe/IeTIeHUsT HAITPaBJICHUS TPOLIECCOB, MTPOTEKAIOIIUX B HEU30JIUPOBAHHBIX CUCTEMAX;
B) JUIsl ONIPEJICIICHUSI HAIIPABJICHUS XUMHUYECKOM PEaKIvH.

24. CpsizaHHas dHEPrusi CUCTEMBbl |S MpHU HarpeBaHUU ra3a U MPU ero KOHJSHCALUH HU3Me-
HSIETCS

a) IpU HarpeBaHUM YMEHBIIUTCS;

0) Mpu HarpeBaHUU YBEIHYUTCS,

B) MIPU KOHJEHCAIIUN YMEHbIIIAETCH;

T') IpU KOHJCHCAIIMU YBEJIUYNBACTCS.

25. XumMudeckas peaxiusi 00s13aTeIbHO COMPOBOXKIACTCS BBIIEIICHUEM HITH TIOTJIOIIEHHEM dHEP-
I'MH, TaK KaK:

a) ee MpOTEeKaHUe 3aKJII0YaeTCsl B pa3pbiBe OJJHUX M 00pa30BaHUM IPYTUX XUMHUECKUX CBS3EH;
0) ee mpoTekaHue TpeOyeT CTOJKHOBEHUS pearnpyIOLINX YaCTHIL;

B) /IS €€ MPOTEKaHMsI HE0OXO0IMMa YHEPIHsl, paBHAsl SHEPTUU aKTHUBALIUH;

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

26. TeroBoMy 3(pekTy peakiui COOTBETCTBYET OTPE30K Ha quarpamme (puc. 1):

a,

0;

B;

T.

é % 150
3 i

z z

@

g § 100
g 5

a 8

Y

Xon peakmuu Puc. 1. Xon peaKuHi/I Puc.2.



27. U3menenne sHTanbnuu peakiuuu A + B—C paBHO (11 OTBETa UCIIONB3YHTE dHEPreTHYE-
CKYIO THarpaMMy puc.2):

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

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

B) AH = -75 k/Ix (TeruioTa BBIACINAIIACE);

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

28. Kakue U3 HHKENPUBEACHHBIX PEAKIUM SBISIOTCSA SHIOTEPMHUYECKHMU U K30TEPMHUYECKHU-
Mu?

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

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

B) 1/2N; + 1/20, ~ Oy, AH = 90 x/I:x/Mob;

1) 12N, + 3/2H, = NHa, AH  9o0= -46 kJlx/Mous.

1) SHIOTEpMHUYECKast

€) PK30TepMHUYUECKAs

29. Duepruu nuccormanuu Hy m Clp u sHTanenus obpazoBanuss HC1 cocTaBisitoT COOTBET-
cTBeHHO 436, 243 u -92 x/{/Monb. DHeprus cBs3u H-C1 paBHa:

a) - 46 xJx/Moib;

0) - 486 x/[x/mMoub;

B) 431,5 xJI>x/MOB;

r) 218 x/[>x/MOIB.

30. /s mostHOTO pasniokenus Hekoroporo koimdectBa MgCO3 morpedoBanock 5,1 k[ Teruio-
Thl. [Tomyuennsiii CO, 6bu1 norsomieH 5,7%-ubM pactBopoMm Ba(OH); maccoii 75 r. TemnoBoi
addexr peakimu paznoxernss MgCO; — 102 xIx/mMonb. MaccoBasi 10y1st 00pa30BaBIICHCS COITU
paBHa:

a) 8,4% Ba(HCO3);

0) obpazoBaics ocagok BaCOsg;

B) 10% (BaOH),COs3;

r) 10% Ba(HCO3),.

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

1. Bonpocwt kK ycmuomy onpocy

1. Dueprus ['mG6ca u sHeprus 'enbmromnbiia. B kakux ciydasx TepMOIUHAMHUYECKHE
¢yHKIMK TPUOOPETAIOT CBONCTBA TEPMOJIMHAMHYECKUX ITOTEHIINATIOB?

2. Tlpomuecc mpoTekaeT B yCIOBHUSX MOCTOSHCTBA TeMIepaTypsl U JnaBieHus. Kakoil Tep-
MOJMHAMHUUYECKUN MOTEHLIMaJ CJleAyeT BbIOpaTh B KayeCTBE KPUTEPHUS NMPOTEKAHUS
CaMOIIPOU3BOJIBHOTO MPOLIECCA B ITUX YCIOBUAX?

3. B kakux ciiyyasix MOKHO pacCuMTaTh H3MEHEHUE TEPMOJUHAMUYECKUX PyHKIHH (A4S,
AG, AF, AU, AH) nnst HeoOpaTUMBIX MPOLIECCOB, UCIIONB3Ysl ypaBHEHHE I oOpaTu-
MBIX IIPOLIECCOB?

4. B ycioBHSX IOCTOSTHCTBA TEMIIEPATyphl U AaBJIEHUS CTPEMJICHUE CUCTEMBI K PaBHOBE-
CHIO ompeJesseTcs: BeMuunHoi u 3HakoM AG. B To ke Bpems mpoieccsl MOTYT ObITh
KaK JK30TEPMUUYECKUMHM, TaK U IHAOTEPMHUUYECKHUMHU, a DHTPONUS MOXKET yBEIUYH-
BaThCs WJIM YMEHbIIATHCSA. UTO ¢ 3TOM TOUKM 3peHus OyJeT crocoOCTBOBATH MOJHOTE
MPOTEKAaHMsI CaMOMPOU3BOJBHOIO Ipoliecca MPH MOCTOSHHBIX TeMIeparype U JaBie-
Hun?



5. Xapaxtepucrtuyeckue GpyHkimu. YpaBHenue ['ub6ca - I'enbMronbua.
6. XUMHUYECKUN TOTEHUHA HWIEaTbHOTO M peajbHOro razoB. Dyrutus-
HOCTb ¥ KOO(PPHUIHUEHT PYTUTUBHOCTH. AKTUBHOCTh M KOA(P(PHUIIMEHT aKTUBHOCTH.

2. Jlabopamopnasa paooma Ne 4 «Onpedenenue cooeprcanus KpUCmMaaiu3ayuoHHou 600bl 6
Kpucmannozuopame

Lenv pabomei. OnpenenuTh KOHCTAHTY KajopumeTpa. OnpeaenuTh TEIIoTy pacTBOpe-
HUS OTPEICIICHHOTO KOJIMYeCTBa KpucTayuioruapata. OnpeaenuTs coiepkaHue KpUcTain3alm-
OHHOH BOJBI B Kpuctamtoruapare CuSO, - vH,0.

Annapamypa u peaxmuevl. KanopumeTrpuyeckasi yCTaHOBKA, MEPHBIH IMIIMHID, TEPMO-
metp ¢ ueHout aenenus 0,1°C wmm 0,05°C, cexynnomep, Becbl. TouHbBIE HABECKU KPUCTAIIIOTH/I-
paToB, Maccoi 4 rpamma.

OcHogHble meopemuyecKue no10MHceHus

besBonnblil cynbdar meau rurpockonuyeH. [lpu conpukocHOBeHHH € BOJOW oOpa3yer
Tpu (OPMBI KPUCTAIUIOTHAPATOB M B 3aBUCIMOCTH OT JABJICHUS ITAPOB YCTAHABIUBACTCS PAaBHO-
Becuel,2 mim 3:

CuSOy + H,0 = CuSO; - H,0 (1)
CuSO4 - H,0 + 2H,0 = CuS0, - 3H,0 )
CuSO4- 3H;0 + 2H,0 = CuSO; - 5H,0 3)

KomuuectBo Bombl B TBepaoM CuSO4-NH>O mau COOTHOIICHHE KOJWYECTB KPHUCTAILIO-
TUAPATOB PA3IUYHBIX (POPM MOMKHO YCTAHOBUTH KAJIOPUMETPUUECKUM criocodboM. s 3Toro
HEOOXOIUMO OIPENETUTh SKCIEPUMEHTAIBHO TEIUIOTY PACTBOPEHUS KPUCTAIIIOTHAPATA U COTO-
CTaBUTh €€ C TAONMYHBIMU JAHHBIMU TEIUIOT pacTBopeHus Oe3BomHoro CuSO4 u Bcex ¢opm
KpUCTA/UIOTUAPaToB (Tadu. 1)

Ta6auna 1. Daransnuu pactBopenus CuSO, - vH,O

Kpucramnoruapar Terora pacTBopeHHs 1 T comu B 50 cM° BOJIB,
KDk / kr (Qpacrp)
CuSO, 417
CuSQO4- H,0 219
CuSO,- 3H,0 70,9
CuS0Q, - 5H,0 -46,9

Ha ocHoBanuM TaOMUYHBIX JAHHBIX U SKCIEPUMEHTAIHHO OIMPEACICHHON TEIJIOTH pac-
tBopenus coar CuSOy - VH0 (QpacTs) MOXKHO YCTAaHOBHUTD, KAKOH THIT pAaBHOBECHUS UMEET Me-
CTO B JIaHHOM cITy4ae, T.€. B KAKOM COOTHOIIEHUH CMEIIaHbl KPUCTAIUIOTHAPATHI Cylbdara Meau
B uccienyemom obpasie. Hampumep, eciim Qpacrs coctaBiser ot 219 kJlx/kr no 417 xJx/kr,
To B cucreMe numeer paBHoBecue (1), T.e. comgepxkarcs CuSOs u CuSOs - HyO. Ecnn Qpacts
Haxoautcs B uHTepBasie oT 70,9 xJlx/kr no 219 x/[x/kr, To B cucteMe uMeeT paBHOBecue (2),
T.e. comepxkarcs CuSO, - H,O u CuSOq - 3H20. Ecnu Qpacts HaxoauTcs B HHTEpBaie ot -46,9
k/x/kr go 70,9 x/[x/kr, TO B cucteMe umeeT paBHoBecue (3), T.e. comepxkarcsa CuSOy - 3H,0 u
CuSQOq - 5H,0.

st ompeneneHuss COOTHOIICHHSI KOJUYECTBA THUAPATOB Pa3HbIX (OPM U COIEpIKAHHS
KpPUCTAJNTU3AL[MOHHON BO/bI B HccaenyeMoM obpasue CuSOy - vH2O Hy)KHO COCTaBUTH COOTBET-
CTBYIOIIME TTPOTIOPITUH.

Tpeoosanus mexnuxku 6e3onacnocmu

[Ipu BeIMOTHEHNN JAaHHOW JTaOOpaTOPHON PabOTHI HEOOXOAMMO COONIFOAATH OOIIHE Mpa-
BUJIa pabOTHI B XUMUYECKoW 1aboparopun. HeoOXoaumo akkypaTHO paboTaTh C PTYTHBIM Tep-
MOMETPOM.

Boinonnenue pavomot
Jran 1. OnpeaesieHne KOHCTAHTHI KAJ0PUMeETPa
YcrpolicTBO Kajl0opuMeTpa

Omnpenenenue TeIIOBBIX Y(PPEKTOB MPOU3BOIAT B CHCIIUATBHBIX TPHOOPaX, Ha3bIBAEMBIX
KaJopuMeTpaMu. B 3aBUCHMOCTH OT XapakTepa mpoIiecca U pearupyroiux BemecTB IPUMEHSIOT
KaJIOpUMETPbI Pa3IMUHbIX KOHCTpYKUMH. [IpocTelmmii kamopumeTp npeacTaBiseT coOoi u3o-




TEPMHUYECKYIO0 000JI0uKy (Hampumep, cocyn Jproapa). B kpbiiike cocyna caelaHbl OTBEPCTHUS
JUIsL TEPMOMETpa, MEIIAJKd U ISl BHECEHUS HABECKU HcclieqyeMoro BemiectBa. Conmepikumoe
cocyJia nepeMemmnBaeTcs Memankoi. OTBepcTHe sl BHECEHUSI HABECKU 3aKPBhIBAETCS MTPOOKOH.
TemmnepaTypy U3MepsIOT ¢ MOMOIIBIO TepMoMeTpa ¢ 1ieHoi aenenus 0,1°C wmm 0,05°C.

Jliis onpeneneHus TEIUIOBBIX 3(()EKTOB peakiinii, MPOTEKAIIUX B BOJHBIX PacTBOpax,
MO>KHO HCIIOJIb30BaTh KAIOPUMETPHUUECKYIO YCTaHOBKY, U300paKeHHYI0 Ha puc. 1.

6 £ 4
N’

1
2
5

- 5
a

Puc. 1 Cxema kaopuMeTpUUECKON YCTaHOBKU: 1 — HapyXHBIH CTakaH; 2 — peakIIMOHHBIN CTakaH; 3 — OJCTaBKa; 4 —

KPBIIIKA; 5 — MeIIanka; 6 — TepMOMeTp; 7 — BOPOHKA.

KajopuMerpruyeckuii onbIT

Kanopumerpuuecknii ONbIT IEIUTCS Ha TPU IEPUOJA!
1. npexBapUTEIbHBIN NEPUOL, MPOAOKAIOIIMNCA 5 MUH.
2. TJIaBHBIH IepuOJ] — BpeMs IPOTEKAHUS U3y4aeMOro npolecca (pacTBOPEHUE CONHN).
3. 3aKJIIOYUTENIbHBIN IEPUOJ, 5 MUH.

Ilepen mpoBeneHNEM KaJOPUMETPHUUECKUX M3MEPEHUH HEOOXOAMMO YCTaHOBUTH 3Haue-
HUE KOHCTaHTHI KasopuMmeTpa. [locrosiHHas kanopumerpa «K» no ¢puznyeckomMy cMbICTy Ipea-
CTaBIIsIeT cOOOM TEMI0EMKOCTh KaJOpHUMETpa BMECTE C MOMEIIEHHBIMU B HETO pacTBOPOM, Me-
HIAJIKOM U 4acThio TepMOMeTpa. TenoeMKoCcTh KaJlopuMeTpa — 3TO KOJIMYECTBO TEIIOThI, HE0O-
XOIMMOE JUIsl HarpeBaHus kajopumerpa Ha 1°C. DTa NOCTOSHHAs 3aBUCUT OT TEILIOEMKOCTH
BCEX COCTaBHBIX yacTel KajopumeTpa. /[ HarpeBaHus kajgopumerpa Ha Aty motpebyercs Tern-
na:

qKaH =K At1 (1)

Benmnunna «K» moctosiHHa U1 JaHHOTO KaJIOPUMETPA M JAHHOTO KOJIMYECTBA OIpere-
JIEHHOM >KUJIKOCTH, Haripumep, 11 200 T BOJBI.

KoHcTaHTy KanopuMmerpa MOXHO OIPENEIUTh IO M3BECTHOM TEIUIOTE PAaCTBOPEHMS Ka-
Koit-m1bo conu.

Xoa padoTsl

s onpenenenust «K» cobuparot kamopumerp. Bo BHyTpeHHUH cTakaH HaJIMBAaIOT Mep-
HbIM IuHIpoM 200 oM’ (200 1) mUCTUITUPOBAHHOM BOABI. 3aKPBIBAIOT CTaKaH KPBIIMIKOW U
HOTPYKAIOT TEPMOMETP B BOJY TakK, YTOOBI PTYTHBIN IIApUK HAXOAWJICS B CPEIHEH 4acTh >KU -
koctu. [IpoBoAT npeaBapuTenbHBI eproy onbiTa. HaunHaroT nepememmBaTe BOLY MEIIAIKON
Y 3aIIMCBIBAIOT NTOKA3aHUs TEpMOMETpa uepe3 Kaxable 30 cek. 3anuch BEIyT B TEUEHUE 5 MUH.
Jns orcueta BpeMeHU yA0OHEe MOJIb30BaThCs CEKYHIOMEPOM. Pe3ynbTaThl OnbITa 3alMiChIBAIOT
B TaOIUILy 2.

Tabauua 2. 3meHeHue TemnepaTypsl B X0€ ONPEACIICHUS] KOHCTAaHThI KAJIOPUMETPA

BpeMﬂ OT Haydajia OIbITa, MHUH.

Temnepatypa, °C




3aTeM MpOBOMSAT IJIaBHbIA nepuod. st 3TOro, He OCTaHaBJIMBasg CEKYHAOMEpPA, OTKPbI-
BalOT OTBEPCTHUE JIJIsi BHECEHUSI HABECKHU, OBICTPO BBICHIMAIOT TOYHO B3BEIICHHYIO 3apaHee COJIb —
XJIOpUA aMMOHUs (5-6 T), OTBepCcTHE 3aKpBIBAIOT. [Ipy 3TOM BEIyT MOCTOSTHHOE TIEpEMEITBAHNE
pactBopa. | TaBHBIM TIEPHUOOM CUUTAIOT MIPOMEKYTOK BPEMEHH, B TEUEHUE KOTOPOTO HAOII01a-
€TCs PE3KOE U3MEHEHHE TEMITEPATYPHI.

3aKIFOYHUTEIBHBIA MEPHO] MPOJOJDKASTCS 5 MHUH. TOCJE TJIaBHOTO IMEpPHoJa, MpUYeM
TEMIIepaTypy 3alUChIBAIOT TaKXkKe yepe3 Kaxbie 30 cek.

Pe3ynbrarel HaOMIOIEHUH 3aMKCHIBAIOTCSA B TA0JIMIly, a 3aT€M Ha OCHOBAaHUU IOJYYCH-
HBIX JIJAHHBIX HAa MIJJTAMETPOBOM Oymare ctpouTcs rpaduk t = f (1) A onpeneneHus neHcTBH-
TEJILHOTO U3MEHEHUS TEMIIEPATYPhI IIPU PACTBOPEHUU CONH (puUC.2). 3aTeM ornpeaestoT At;.

t
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Puc. 2 l"paq)mc JUJIA OIIPEACIICHUA Z[eflCTBPITeJ'ILHOFO HU3MCHECHUA TEMIIEPATYPHI B XOA€ OIIbITa

[Ipu rpaduyeckom ompeneneHun Aty Ha MIUITUMETPOBOI Oymare Ha ocu abcuuce OTKIIa-
JBIBAIOT BpeMsl B MaciiTade: 1 MUH COOTBETCTBYET 1 CM; Ha OCH OpJIMHAT — TEMIIEPATypPy, BHIOOP
MaciTaba KOTOPOH 3aBUCHUT OT BETHMYHMHBI Atlj.

Ecmmn Ati< 1°C, to 1°C cootBerctByeT 1 cMm; ecnu Aty > 1°C, To 1°C cootBerctByet 0,5
cm. [Tocne Toro, kak Ha rpadvK HAHECEHBI BCE IKCIICPUMEHTAIBHBIC TOUKH, ITOJTYy9aeTCsl KpUBAs
ABDE. Yuactok AB cooTBeTrcTBYeT HauanbHOMY nepuoay, BD — rmaBaomy nepuonay, DE — 3a-
KIIFOUUTEIIEHOMY.

Uro0bl ompenenuTh MU3MEHEHHE TEeMIIepaTypbl, HE HCKaXEHHOE TEIUIOBHIM OOMEHOM,
IIPOUCXOSAIIMM B TEUEHHE TJIaBHOrO nepuoja, tuHun AB u DE skctpanonupyror. Bpems rias-
HOTO mepuoa nendar nomnoiam (Touka C). 3 Touku C BoccTaHABIMBAIOT MEPIICHIUKYIISP 0 Te-
pecedeHus: ¢ 00eMMH TTPOIOJDKEHHBIMU TIPSIMBIMU. OTpe3ok Mexay Toukamu K u F, BeipaxkeH-
HBII B Tpajycax, NOKaXeT UCTUHHOE W3MEHEHUE TeMnepaTypsl Aty, BBI3bIBAEMOE MPOIIECCOM, C
Y4eTOM TOMpPABKU Ha TETJIO0OMEH.

PactBopenue conmu (xjopuja aMMOHUS) MPOTEKAET C TOTJIOMIEHUEM TEeIJIOThl. B cooT-
BETCTBUU C TEIJIOBBIM OaTaHCOM KOJMYECTBO TEIUIOTHI, pPACXOyEeMOU Ha pacTBOPEHHUE XJIOPHIA
aMMOHHUSI, PAaBHO KOJIMYECTBY TETUIOTHI, OTHUMAaEMON OT KaJOopuMeTpa:

Qran = KAty = Qpacrs.
3arem BEUHCIAIOT K:
K = qpacts/Aty
geacts = Q pACTB.com *V comm WK
K =(Q pacts.comi* M com) / (At1- Mcom) , (2)
rae Q pacts.com — TEMIOBOM 3¢ ekt pacTBopeHus: | MOIb coiH, ¢ 00pa3oBaHUEM pacTBOpa MO-
nsuTbHOM KOHIEHTpawu Cp, K[x/MOITb.
Mcoyn — HaBeCKa COJIH, T.
M coju— MoJsIpHAs Macca Coj, T / MOJb.

Q pacts.comt (AHpacTB.coym) ONPEAETSIOT MO CpaBOYHbIM AaHHbIM ([Ipunoxenue, Tad.
2 «MHTeTpasnpbHas TEII0Ta pacTBOPEHHS cojiei B Bojie TIpu 25°C»). Q pacTB.coymm 3aBUCUT OT MO-
nsbHOM KoHIeHTparuu Cp pacTBopa coiu. UToObl HAWTH B Tabnuile HY)KHOE 3HAUCHUE



AHpacTB.cosm, HEOOXOIUMO pacCYUTATh MOJISIIBHOCTH ToiydaemMoro pactBopa. Cp MOKa3bIBaeT,
CKOJIBKO MOJIb PACTBOPEHHOI'O BEILECTBA Vp ;3 IIPUXOAUTCS HA 1 KT paCTBOPUTEN My

v m m
—_ P.B. —_ P.B. —_— Comi
Cn= = = : 3
Mp—pp KT Mp g My g KT Megnm(Ho0),52

Jrtan 2. OnpeesieHue TeNI0ThI PACTBOPEHNS KPUCTANJIOTHAPATA

BHyTpeHHHnI cTakaH KaJJOpUMETpa BBIMBITh, OINOJIOCHYTH JUCTWIJIMPOBAHHOM BOIOM,
namuts 200 cm® JUCTWJUIMPOBAHHONW BOJBI. 3aKpbIBAIOT KAJOPUMETP KPBIIIKOW U MPOBOJAT
IIPEIBAPUTEIBHBIN NEPUOJ, KAaK ONUCaHO Bblle. [10 OKOHUaHMYM ITPEBAPUTENIBHOTO NIEPHOJa Ha
6-0lf MUHYTE B KQJIODUMETP OCTOPOIKHO Yepe3 BOPOHKY BHOCAT 4 T HABECKY KPUCTAIIIOTHIPATA,
IIPOBOJST IJIABHBIM NEPUOJ, a 3aTEM 3aKIOYUTEIbHBIM, KaK ONMUCAHO BbIlIE. Pe3ynbTarhl omnbiTa
3aHOCAT B TaONuILy 3, aHAIOTUYHYIO Tabnuie 1, a 3aTeM HAaHOCAT Ha pUC. 3, aHATOTUYHBIE PUC.2
Ut HaxoxkaeHus Atp. Mlexons U3 mosydeHHBIX 3Ha4eHUi Aty M TOCTOSHHOM KaJlopuMeTpa, olpe-
JENSIOT TEIJIOBOM AP PEKT peakIuu pacCTBOPEHUS HEU3BECTHON COMHU B KK «r™ wim I[)K-r'l.

TennoBoit 3dexT, cBA3aHHBIN ¢ H3MEHEHHEM TeMIIepaTypbl BCIEACTBUE IIpolLecca, Ipo-
TEKAIOILEr0 B KAJIOPUMETPE, PACCUUTHIBAETCS 110 YPABHEHUIO:

dractB(CuSO4 - VH0) =K - A t» 4)

u nepecunthiBatoT B [ /r. J{ist atoro Qpacte(CuSO4 - vH,0) mensit Ha TOUHYI0 Maccy HaBECKU
COJIH, BEIPQKEHHYIO B TPaMMax.

QPACTB = quCTB(COJII/I) -1000/m (5)
riae QeactB(CuSOy - vH;0) — KOIHYECTBO TEMIOTHI, BBIACIAIONIEECS IIPH PACTBOPEHUH HABECKH
KPUCTAJJIOTHpATa;

m — mMacca oOpasina (cMecH KpUCTALIOTHIPATOB);
1000 — ko3 dpunment mis nepecuera k[ x B JIx;
Q pAcTB — TEIIOTA PacTBOPEeHHMsI HcciaemyemMoro oopasna, Jx /v (kx/kr).

Itan 3. O0padoTKAa IKCIEPUMEHTAJIbHBIX JAHHBIX. PACUET COAEPKAHUSA BOILI B
KPUCTAJLIOTHAPATE

B cootBerctBum ¢ npaBuioMm (a3 ['m60ca, B uccneayemom o0pasie MOXKET ObITh TOJIBKO
nBe (OPMBI THAPATOB.

Torma 1 rpamm obpasma cocrout uz N rpammoB CuSOj, - aH20 u Kk rpammor CuSOy -
bH,0, 1.0. 0<a,b<5. KonuuectBo (hopM KpUCTAIOTHIPATa BBIYHUCIISAIOT, pelias CHCTEMY ypaB-
HEHMUII:

n+tk=1
Qpacte1 - N+ Qpacts2 - K= Qpacts, (6)
rae, N u K — maccel kpuctautoruaparos (T) B 1 rpamMme o0pasiia;
M — Macca HaBECKU CMECH KPHCTAJUIOTUIPATOB, T;
Qracts 1 ¥ Q pacTB 2 — TEIUIOTHI PACTBOPEHHS KPUCTAIIIOTUAPATOB, Jx/T (13 Tabnuis 1,);
QpacTB — TEIJIOTAa PacTBOPEHHS HUCCICAYyEMOTO KpuCTayuioruapara, Jk/r (HalaeHO JKCIepu-
MEHTAJIBHO 110 yp.5).

[Tony4yeHHbIE, pEIICHHEM CHCTEMbI YPaBHEHUH, 3HaYCHUS N 1 K mepecunTars Ha M, Maccy
HABECKU KPUCTAIIOTUAPATA, MOJTYYUM 3HAUEHUS X U ), T.€. MaCChl KPUCTAJUIOTUIPATOB B JaHHON
Macce HaBEeCKH.

Jlanee HEOOXOAMMO BBIUUCIHUTH COAEPKAHUE BOBI B CMECH KPUCTAITIOTUAPATOB:

m (HZO) = (X/Ml) -a-Mpyo + (V/Mz) -b-Mmuo0, (7)
rae m (H,O) — conepxanue BOABI B CMECH KPUCTAJIJIOTHIPATOB, T;
M; u M, — MOJIsIpHBIE MacChl Pa3TUYHBIX POPM KPUCTAIUIOTHIPATOB, ONpEACTIECHHBIE IO Ta0IuIe
1.
(x/M31)-a-Mm0 1 (y/M2)-b-Mypo — KonudecTBa BOJBI B Pa3UYHBIX (opMmax (& u b KoiaumuecTBO
MOJTb BOJIBI B KpUCTaUIOTHApaTax ¢ M u My, onpesenennsie o 1abdi.1);
M (H,0) — monspHast Macca BOJBI, I/MOJIb.



MaccoByto nomto Boabl B oopasie w(H,0) Beraucnsitor mo gpopmye:
o (H20) = [m(H20) - 100 %]/ Miap, 8
4. TpeooBaHUA K COAEP:KAHHIO OTUYETA
OTyYeT NOKEH CONEPIKATh:

ens paboTsr,

1. uenb paboTHI;

2. cxemy kKaopumeTpa (puc.l);

3. xop paboThl.

4. Ttabmuny 1, Tabnauubl 2 ¥ 3, B KOTOPIX GUKCUPYETCs U3MEHEHHUE TeMIIepaTyphl P OIpese-
JICHUW KOHCTAHTHI KAJIOPUMETpa U MPU ONPEIEICHUU SHTAIBIUN PACTBOPEHUS KPUCTAILIO-
TUJIpaTa;

5. puc.2 u puc.3, Ha KOTOPBIX N300pakeHbl 3aBUCUMOCTH t = f (1) 1 onpexnenensl Aty u Aty co-
OTBETCTBEHHO.

6. pacdersl, MPUBEACHHBIE MOJTHOCTHIO:

— KOHCTAHTHI KaJIOPUMETPA,

— Ka4eCTBEHHOI'0 ¥ KOJINYECTBEHHOI'O COCTaBa CMECU KPUCTAJUIOTUIPATOB;

— MaccOBOM J10JIM BOJBI B CMECH KPUCTAJLIOTUPATOB;
7. BBIBOJBL: B BRIBOJIaX YKA3bIBAIOT KAUECTBEHHBIM U KOJIMYECTBEHHBIM COCTAB CMECH KPUCTAJI-

JIOTUAPATOB U MACCOBYIO JIOJIIO BOJbI B CMECH KPHUCTAJUIOTHIPATOB.

MNPUJIOXEHHUE K J1.P.4

Taoauna 1. MaTerpanbHas TemjaoTa pacTBOpeHus cojield B Boje npu 25°C [3]

Cpn, MOJIH coH Ha 1 KT AHp, KI[)K'MOJII;1

H,O

NH,CI NH;NO; KCI K,S0,
0,1 15,10 25,75 17,55 24,78
0,2 15,19 25,56 17,57 24,58
0,3 15,23 25,38 17,55 24,27
0,4 15,27 25,21 17,50 23,95
0,5 15,27 25,06 17,43 23,58
1,0 15,31 24,31 17,28 —

4. Komnnexkm 3a0au no meme « Tepmoounamuueckue nomenyuaivh)

1. JlaBneHnue HACBHIIIEHHOTO Mapa HaJ XUJIKOW BOAOW M Hax JbaoMm mpu 268 K coorBert-
cTBeHHO paBHO 421,7 u 401,7 Ila. Paccuuraiite u3menenue sHeprun ['md6ca AG nns nepe-
X0J1a OJHOTO MOJISl JKUJKOW BOJBI B Jen nmpu 268 K.

2. Ilpu oO6paTuMOM HM30TEPMHUYECKOM CXKAaTHM HEKOTOPOTO KOJIMYECTBA raza B HACalbHOM
COCTOSTHUU OT JaBiieHust P1 o nasnenus P, sHeprus [m66ca G m3menmnack Ha200 J[xk. Ka-
KOBO 10 CPAaBHEHMIO C 3TOH BenMUYUMHON OyneT m3MeHeHue sHepruu ['mb0ca mpu nmogoOHOM
kKe, HO HeoOpaTuMoM Tiepexoie oT Py 10 Pp?

3. B pesynbrare pacmupenus 20 kr Bogopoaa npu 300 K o6sem raza ysenuuunics B 1000
pa3. Beruucnure nzmenenune >Hepruu ['mb66ca (M300apHO-M30TEPMHUYECKOTO TMOTEHIIMANA) B
ATOM IPOLECCE, CUUTAsI BOJOPOJ UAEAIBHBIM Ia30oM.

4. Paccunraiite BenmmunHy AG° mpu m3o0apuueckoM HarpeBaHUM | MoOJb ra3000pa3HOTO
xaopodopma oT 310 mo 360 K, monp3ysach cupaBOYHBIMU JaHHBIMU U CUUTasl TeMIlepa-
TypHBIH K03 dunuent sueprun ['m66ca (M1300apHO-U30TEPMHUUECKOTO MOTEHIMAIA) BEIHYH-
HOH MOCTOSIHHOM.

5. B pesynbrare cxatusa 16 xr O, npu 400 K nasnenune ysennuusocs B 100 pa3. Berunciure
M3MEHEeHUEe dHepruu [ enbmromibia (M30X0pHO-U30TEPMHUUECKOr0 MOTEHINANA), CUUTAsi KUCIIO-
pPOX NIeaIbHBIM Ia30M.



6. Onpenenure u3mMeHenue Hepruu [m66ca (M1300apHO-HU30TEPMUUECKOTO MOTEHIIUANA) TIPH
pPaBHOBECHOHM KOHAEHcanuu 1 KMoJsib BoasHOTo mapa npu 373 K u naBieHuun 1,0133-105 Ila,
€CJIM TEIJI0Ta UCIIapEHUs BOJbl paBHA 40,7-10° JIK/KMOJIb, @ U3BMEHEHUE YHTPOIHUH BOIBI IIPH
HCTIapeHuH 109-10% Ix/kmoms-K.

7. qns peakiuu Hy + Cl, = 2HCI (Bce BemecTBa ra3oo0pa3Hbie) u3MeHeHue 3Hepruu [ 'nboca
npu 298 K AG pasao —190,5 x/[x. Paccuuraiite Benuunny AG mns ol peakuuu npu 348
K, monp3ysch cripaBOYHBIMU JAHHBIMU M CUUTas, YTO U3MEHEHHE PHTPOMUU B XOJ€ ITOH pe-
aKI[MU HE 3aBUCHUT OT TEMIIEPATypPHI.

¥ 3aBmcumocTs sHeprun I'u66ca ot Temmeparyps peakiun Al () + Cl, = AICI3(x) B mpeenax
temmeparyp 466-720K Beipaxkaercs ypaBaenuem AG = -483000 — 54,6 TINT + 6,36-10 -
21400 1/T + 494T (/Ix). Haiinure 3aBUCUMOCTD OT TEMIIEPATypbl SHTPOIUHU STON PEaKInU U
onpezenuTe u3MeHeHne sHepruu ['né6ca, SHTPONUU U IHTATBITUH.

9*. Haittu AG npu 400K mns peaxnuu 1/2Np + 3/2H, = NHs, eciu AGygg = -16,635
kJ>k/MOITb, TIpU pacdyeTax YYUTHIBATH 3aBHCUMOCTH SHTPOIUHU U TEIJIOEMKOCTH OT TEMIIEp a-

TYpBL.

4. Konmponvnaa paboma Nel no meme: «Ilepevtit 3akon mepmoounamuku. Bmopoii 3axkon
mepmoounamurku. Tepmoxumusny
BapuanTt 1
3aoanue 1. Kakoe KOJTUYECTBO TEIUIOTHI MOTpedyeTcs aisa HarpeBanus 10 kr mapoB u3o-
npeHa ot 127 no 227°C npu HOpMaJIbHOM JABJICHUH, €CJIM TEMIIEpaTypHasl 3aBUCUMOCTh
HMCTUHHOW MOJIBHOM TeroeMKocTH ([[k/Moib-Tpam) Beipaxaetcst popmMyioii:
C,=3,98+ 0,337 t—0,1243 - 10° t*,
3adanue 2. Boraucauth gaBienre | KMOIb ABYOKHUCH cepbl, Haxoasmuiics npu 100°C B
emxocti 10 M°. Mcrnons3oBats s pacyeToB ypaBHEHUSI COCTOSHUS HACAILHOTO U pe-
anbHOrO ra3oB. COMOCTaBUTh MOJTYYCHHBIE B TOM U JPYrOM CIy4yasx pe3ylbTaThl U Clie-
JIaTh 3aKJIOUYEHHE O BO3MOXKHOCTH NPUMEHEHHS B pacyeTax NpPH 3aJaHHBIX YCIOBHUSX
ypaBHeHus1 MenaeneeBa-Knaneiipona.
3aoanue 3. Haiinute usmeHeHue SHTponuu npu cmemeHuu 200 r Boabl, B3STON IIpU
temneparype 320 K, u 150 r apaa, B3sitoro npu temneparype 263 K. TeroemkocTs
BOJIbI paBHa 4,187 JIx/r-rpan, nena — 1,88 Lx/r-rpan. st onpeaeneHusi KOHEYHOTO
COCTOSIHHSI CHCTEMBI HEOOXOIUMO YUECTh TETUIOOOMEH MPU OXJIAXKICHUHU BOABI U TIPH
HarpeBaHuU JibJIa.

Bapmuanr 2

3adanue 1. 6 T Bomopona, B3sToro npu aenernn 1,1013-10° [1a, HArpeBaroT MPH MOCTO-
SIHHOM 00beMe, paBHOM

67,2 -10° M*, ¢ TaKUM pacueToM, YTOGEI BHYTPEHHSIS SHEPTHs €ro Bo3pocia Ha 8650 JIk.
TennoemkocTh BOOpOAa MpH MOCTOSHHOM JaBieHuu paBHa 28,83 Jlx/moinb-rpan. Ka-
KHUM OKa)KeTCsl KOHEUHOE JaBJIeHHEe BOJI0poJia?

3aoanue 2. Haiitn TeruioBoit a3 ekt peakuuu ZnS(m) + 3/20,(2az) = ZnO(m) +
SOs(2a3z)

npu temnepatype 900°C, ecnu 3aBUCUMOCTH TEIJIOEMKOCTEN peareHTOB OT TEMIIEPaTyphl
TaKOBBI:

C,, zns(n= 54-10° + 4,96T — 8,12 - 10°T? Jim/kmonb-K;

C,, znowm= 47,6-10° + 4,8T — 8,25 - 10°T Ji/kmonn-K;

C,, o2y= 31,5-10° + 3,39T — 3,77 - 10°T? JTw/kmons-K;

C,, soon= 71,5:10° + 10,73T — 12,72 - 10°T"2 JT/xmoms-K.

CrannapTHbIe TEIIOTHI 00pa30BaHUS BEIIECTB U3 HIEMEHTOB CIIEAYIOIINE:

AHozgg' Zns — -203-10621)K/KM0J'IB, AHozggl Zno — -348-10621)K/KM0J'IB,

AHozggv S02 — -297-106I[)K/KM0J'IB.



3aoanue 3. TennoBoii 3 ekt cropanus HaQTalIWHA 0 IBYOKHUCH YIiIepoJia U BOJHI (B
KHUJIKOM COCTOSIHHH) TIpH mocTossHHOM o0beme u 18°C pasen 5162 x/[x/mons. Omnpe-
JEUTh TEIUIOBOU 3(pdeKkT cropanus HadTaauHaA PH MOCTOSHHOM JIaBICHUU U TOU K€
TeMmeparype.

Pazoen |l. Xumuueckoe pasnosecue
Tema 2.1. 3akon oeiicmeyroujux macc. Koncmanma xumuueckozo pagnogecus u cocmae cu-
cmembl. Xumuueckue u aocopoyuonusle pasnogecus. CmeujeHue XumMuieckozo pasHo8ecus.

1. Bonpocwt kK ycmuomy onpocy

1. O6parumeie peakuu.

2. Uto o3HayaeT COCTOSHHE XMMHUYECKOTO paBHOBecHs? Kak MOXXHO ompenenuTh, 4YTO B
CHUCTEME HACTYMIO paBHOBecue? Y CIOBHUS XMMHUECKOTO paBHOBecHs. KoHCTaHTa paBHOBECHSI.
Kakue QaxTops! BausAoT Ha KoHCTaHThl paBHOBecus K, u K., ecin pearupyromyro cucremy
paccMaTpuBaTh Kak ujaeanbHyro? Hanuimumre mMaTeMaTHdyecKoe COOTHOIICHUE MEXIY BEJIHYH-
Hamu Kp u K, g xumudeckoit peaknuu. Kakas u3 3tux BeauduH 0osbiie?

3. Hamumure MaremMaTH4eCcKoe BBIPAKECHUE 3aKOHA JICHCTBYIOIIUX MAacC MPUMECHHTEIBHO K
00paTHUMbIM HJCabHBIM OJHOPOJHBIM XMMHUYECKUM CHUCTEMaM M pealbHbIM. B Kakux ciydasx
oOpaTuMble peakiuy MPOTEeKAT N0 KOHIAa? OOBICHUTE 3TO C TOYKH 3PEHUS 3aKOHA JCHCTBYIO-
IIHMX Macc.

4. ChopmynupyiiTe MpUHIUI CMEUICHUsT XUMUYecKoro paBHoBecus Jle-Illatense. Cmerie-
HUE XUMHYECKOTO PAaBHOBECHUS: BIUSIHUE TEMIIEPATypPbl, KOHLICHTPALIUU, AABJICHUS. 3aBUCUT JIU
¥ KaK KOHCTaHTa paBHOBECHs XUMHUUECKOW peakuuu K, u K,, mporekaromeil B uaeaibHOM
razoo0pa3HOM COCTOSIHHH, OT KOHIEHTpAIlMU pearupyronmx BemiectB? 3aBUCUT JU U Kak
KOHCTaHTa paBHOBecHs K, XUMUYECKON peaKliy, IPOTEKaloIiell B uaealbHOM ra3000pa3HOM
COCTOSIHUHU, OT KOJIMUECTBA MOJIEH BEIIECTB, yUaCTBYIOUIUX B HEW?

2. Jlabopamopuaa paboma Ne5 «Onpedenenue KOHCMAHM UOHU3AUUU KUCTOMHO-0CHOBHBIX
UHOUKAMOPO8)

Lenv 0annoii pabomul: ornpesieNeHue KOHCTAHT NOHU3AUN KUCIOTHO-OCHOBHBIX MH/AMKA-
TOPOB CIIEKTPO(POTOMETPUUECKH.

Ilpubopwsr u peakmugwl: cneKTpoq)OTOMeT]g WK (HOTORIEKTPOKOIIOPUMETP, HAOOP KIOBET;
npobupky, munerka Ha 1 cm®, mnerka Ha 10 em®;Gydeprbie pactBops ¢ pH ot 1,0 1o 14,0; pac-
TBOP MHAUKATOPA C KOHLCHTPALUEN 107'M (KOHTO KpacHBIH, KPe30JI0BbIi KpacHBIN, TUMOJIOBBIH
CHHWUIA, KCUJIMHOJIOBBIN OpaHXeBbIi, OPOM(EHOIOBbINH CHHHI | JIp.).

IHopsinok BbINOJHEHHS Pa0OTHI

1. B 14 npoOupok ¢ moMoIbI0 MUIETKH Ha 1 e BHOCT 10 1 om® pacTBOpa MHIAUKATOPA,
3aTeM C MOMOIIBIO MHIeTKH Ha 10 cM® BHOCAT O0ydepne pactBopsl ¢ pH ot 1 10 14 no 10 em®
(r.e. moGasmsror 10 cm® OydepHoro pactBopa, cienyrmumM oopazom: B 1 mpoOUpKy pacTBoOp C
pH =1, Bo BTOpY10 — ¢ pH =2, B TpeThio —c pH =3 u T.1.).

2. Yepes 10 MUHYT U3MEPSIOT ONTHYECKHUE INIOTHOCTH MOJYYEHHBIX PACTBOPOB IIPH OINTH-
MaJbHOM JUIMHE BOJIHBI, B KIOBETE Ha 5 CcM. B KadecTBe pacTBOpa CpaBHEHMS HCIOJIB3YIOT JH-
CTHJUIMPOBaHHYIO Bony. [lomydeHHble JaHHbBIe BHOCAT B Tabuuily 1. OnbIT HOBTOPSIOT TPH pasa.

Taomauna 1
IMIMPpHYECKHEe JaHHbIe 1JIs1 TPa(UYeCKOr0 HAXO0KICHUA
KOHCTAHT HOHU3ALUHN HHAUKATOPA
OnTuyeckas IVIOTHOCTb, A
pH
1 cepus 2 cepust 3 cepun

1
2




Puc.1 3aBucumocTts ontuueckoi miaotTHoctd A oT pH pacTtBopa.

4. Tlo rpaguky (cm. puc.l) Kk KpUBOH CBETONOIVIOIIECHHUS, HA
\\g; y4yacTke Kpyroro nogbema (obsacts pH, rae mpoucxoaur nuc-
colMalys), OrpaHUYEHHBIN IBYMSI y4acTKaMy B 00JaCTU HU3KHUX
pH (rzme et nucconmanum) u o6xactu Beicokux pH (rae peareHT
HaXOJUTCS B MOJHOCTBIO JUCCOLIMUPOBAHHON (hopMe) MPOBECTU
TPHU TOPU3OHTAIIBHBIX KacaTelbHbIX a, 0, c. OTMETUTh TOYKU I1e-
pecedeHus kacatenbHbIxX (1-2). Haiitu rpaduuecku cpeanee 3Ha-
YCHHE MEXTy TOYKaMu | u 2 ¥ cripoenupoBaTh Ha OCh abcIuce —

»pH

3TO W OyJeT uucieHHoe 3HadeHne pK MOHHM3aIUU H3y4yaeMoro
WHJIUKATOpa.

B 3aBucuMOCTH OT CTpOEHHUS MHAMKATOPbI MOT'YT UMETh HECKOJIBKO 3HAYEHUH KOHCTAHT
nonuszauu B untepsasie pH ot 1 no 14. I'paduk cTposT Tpuwxkasl, 1 kaxaoi cepuu. [lanee
IPOBOJAT CTATUCTUYECKYIO 00pabOTKY MOTyYEHHBIX PE3YJIbTaTOB.

5. Jlanee BeimuchiBatoT U3 crpaBouHuka (Jlypse FO.}O. CnpaBouHMK 1O aHAJIUTUYECKOM
XUMHHK) 3HaueHus pK mHIuKaTopa A BCceX ero nepexoioB OKPacku M CPaBHUBAIOT €T0 C MOJTy-
YEHHBIMH.

6. BemmceiBatoT u3 crpaBoynuka (Jlypse FO.FO. CipaBoyHMK 10 aHATTUTUUYECKOW XUMUHM)
dbopMyny UHAMKATOpPa U IPUBOJAT ypaBHEHUE €r0 JUCCOLMALINH, B 3aBUCUMOCTHU OT CpeJbl pac-
TBODA.

7. PaccuuThIBalOT OTHOCUTENBHYIO OIIMOKY onpeaeneHus pK.

Cmpykmypa u cooepicanue omuema

OTuer J0/17KeH COAePKATH:
1. DkcniepuMeHTaIbHbIE JaHHbBIE U PE3YJIbTaThl pacyeToB (Tadnuua).
2. I'papuueckoe onpenenenue pK uHIUIKaTOpA.
3. ®opmyny HHAMKATOpPA U YPaBHEHHE €r0 JUCCOLUALNY, B 3aBUCUMOCTH OT CPEJIbl pacTBOpa
4. Pac4eTr OTHOCUTEIPHOW U a0COJIFOTHOM OIMIMOKHM OMPEJEICHHS C BBIBOJIOM O TOYHOCTU OMpe-
JIEJICHUS.
Bonpoch! 1 3a1a4u AJ151 CAMOKOHTPOJIS

1. B uem coctout 3akoH JlambepTa-bepa-byrepa? CuHTe30M KakMX JIByX 3aKOHOB OH SIBJISIETCS?
2. Yro Ha3zpiBaeTcs KOA(G(HULIHUEHTOM MOTIIOLIEHUS?
3. Kakas BenmmurHa Ha3bIBa€TCsl ONTUYECKON MIJIOTHOCTHIO?
4. Yo npencrasisieT cOO0H CIEKTP MOTIIOMICHUS BeIIecTBa?
5. Jlath onpeaeneHyre NOHATHIO MHAUKATOP. [IpuBecTn kiaccuukanuio HHIUKATOPOB C IPUMe-
pamMu CTPYKTYp JaHHBIX BEILIECTB.




6. O0nacTu NPUMEHEHUS! HHIUKATOPOB.
7. ApryMeHTHOBaHHO 000CHOBaTh paBeHCcTBO pK=pH.

3. Komnnexm 3a0au k meme 2.1.

1. Ompenenute paBHOBECHYIO KOHIIEHTpaluio Bojoposa B peakmun:2HI = Hy + l,ecnu mcxon-
Has koHneHtpanus H| cocrasnser 0,55 Momw/, a KoHCTaHTa paBHOBecus K. = 0,12.

2. IIpu HekoTopoii TeMmnepaType KoHcTaHTa paBHoBecus quccoruanun N,O4 = 2NO; K, = 0,26.
PaBHoBecHas konnentpanus NO; paBna 0,28 Monb/n. BeramcinuTe paBHOBECHYIO M TIEpBOHA-
ganeHyr KoHIeHTpauio NyO,4. Kakas maccoBast 10omst B % 3TOro BEIIECTBA MIPOAUCCOIUUPYET K
MOMEHTY YCTaHOBJIEHUSI paBHOBeCHA?

3. IaruxnopucTeiit pocdop muccouuupyeT npu HarpeBanuu no ypasuenuto PCls «» PCl; +
Clonipu Hexoropoii Temmiepatrype u3 1 mosb PCls, HaxomsIerocst B 3aKpbITOM COCY/I€ EMKOCTBIO
10 n, paznaraercs 0,75 monb. OnpeenuTh KOHCTAHTY PAaBHOBECHS ITPU 3TOM TeMIiepaType.

4. Tlpu cocrossunu paBHOBecusi cuctembl No + 3H; ¢» 2NH; koHuenrtpamnus azora pasHa 0,3
MouTb/i1; Bomopoaa — 0,9 monw/n; ammuaka — 0,4 MOJb/1. BRIUMCIUTE KOHCTAaHTY PaBHOBECHUS U
WCXOJIHBIC KOHIICHTPAIMH a30Ta U BOJIOPO/IA.

5. Peakuus ob6pa3zoBaHus BOJISHOTO Mapa npoTekaeT o ypaBHenuto CO; + H, «» CO + H,0 nipu
1936 Ku 1,013 - 10° Ta paBHOBecHas cmech umeeT coctaB: Cco = Cipo = 30,1%; Ceor = Cip =
19,9%. Bpluucnuth KOHCTaHTY PaBHOBECUS PEAKLMU U UCXOJHbIE KOHLIEHTpauuu (%) 1ByOKHCH
yriaepoja u BOAOPoAa.

6. I[Ipu 986°C koHcranTa paBHoBecust aiisa peakiuu CO + H,O<» CO,+ Hp paBaa 1,60. Onpene-
JUTH COCTaB cMecH Ipu paBHOBecuH (%), eciu B UCXOHOM cMmecH cofepxanock 40% okucu yr-
nepona u 60% napoB BOJBI.

7. Koncranta paBHoBecusi peakiuu paBHa 4. CH3COOH + CoHsOH «» CH3COOC,Hs + H,O
KakoB OyzneT coctaB paBHOBECHOI CMeCH, €CJIM BBECTH B peakiuio 1 momib 3¢upa u 3 Mojb Bo-
IIBI?

8. Koncranra paBHoBecus peakiuu paBHa 4.CH3;COOH + CoHsOH <» CH3COOC,Hs + H,O
Kakoe konmmuecTBO 3hupa (T) MOITyduTest, €cliv B3ITh 115 T criupra u 45 T yKCYCHOM KUCIIOTHI?

9. Peaknus npotekaet no ypaBHeHuio A+b <> C+JI. KoHcranta paBHOBeCHS NMPU HEKOTOPOii
TEeMIepaType paBHa 3.1072. Onpenenuth paBHOBECHYIO KOHIICHTpAIMIO BellecTBa b, ecnu pas-
HOBeCHBbIE KOHLIeHTpauuu paBHbl: Ca = 0,5 Moinw/n1, Cc = 0,2 mons/n, Cy = 0,1 Mous/m.

10. Koncranrta paBHoBecusi peakuuu paBHa 4. CH3COOH + Co,HsOH [1 CH3COOCHs + H0
KaxoB Oyner coctaB paBHOBECHOUM CMECH, €CIIM UCXOAHAsI CMECh COCTOUT M3 | MOJIb KUCIIOTHI, 2
MOJIb criupTa, 1 Mok Boabl U 1 Monb 3pupa?

11.Moaucrsiit BOJIOPOJ] TUCCOIMHUPYET MIPH HATPEBAHWH HA WOJ M BOAOPOJ 1o peakiuu 2HI =
H, + |, mpu HekoTOpoii TemnepaType KOHCTaHTa paBHOBECHS STOU peakiuu paBHa 1/64. Paccuu-
TaTh KOMM4ecTBO (%) HOOUCTOro0 BOAOPO/A, MOABEPIIIErocs AUCCOLUAINM IIPU JaHHOW TeMIie-
patype, eciu HadallbHasi KOHIEHTpaIus HOUCTOro BOAOPO/a paBHAIACh 4 MOJIb.

12. OnpenenuTh cOCTaB cMecH K MOMEHTY paBHoBecus st peakuuu CO + H,O<¢» CO2+ Ho,
€CJIH TIpu 930,5°C koHcranTa paBHOBecus (K.) paBHa 1 u 1o peakmuu B cmecu 6but0 1 Mos CO
¥ 5 MOJIb TIapOB BOJIBI.

13. Koncranra paBaoBecus K, peakiun SO, + Cly «» SO,Cl, npu 102°C paBHa 13,33. Onpene-
JNTh 3HaueHue K, mpu JaHHOH TeMneparype.

14. Koncranra paBaoBecus K, peakiuun CO + Cly «» COCl, ipn 600°C npu6IH3NTEIBHO paBHA
1,67 - 10°°. Boranciuts K, peaxiiii Ipy JaHHON TeMIIepaType.

15. Koncranra paBHoBecust peakuuu Ny + O2¢32NO pasna 3,5 1073 npu 2675K. PaccuntaTs BbI-
xo1 (%) NO, ecnu a30T U KUCIOPOJ B3ATHI B SKBUMOJIEKYISIPHBIX KOJINYECTBAX.

16. s peakuun SO, + 72 Oy ¢» SO3 Koncranta paBHoBecus K, npu 900 K paBHa 2,058-10’2.
Boruncnute K, U1l TaHHOW peakiuy Mpu yKa3aHHOU TeMIepaTrype.

17. OnpenenuTs cOCTaB cMeCH B MOMEHT paBHoBecHs it peaknuu FeO + CO «» Fe + CO,,
ecam nipu 1000°C K, = 0,4.



18. Tlpn pocTmkeHun paBHOBecHH peakimn 3Fe + 4H,0 «» Fes04 + 4H, mpu 200°C maprm-
aJTbHOE JaBJeHHUE 00pa3oBaBIIErocs Bojopoaa paBHseTcs 127168 H/m%. HauansHoe JaBJICHUE
BOJIsIHOTO Tapa Obuto 133322 H/m?. BBIMHCIATD KOHCTAaHTY PaBHOBECHs JAHHOW PEAKLUU IIpU
YKa3aHHOH TeMIieparype.

19. Onpenenuth KoHCTaHTy paBHOBecust K, nns peakiuu 3Fe + 4H,0 «» FesO4 + 4H; ecnu
npu 900 K mapumansroe qaBieHne Bogopoaa pasHo 9571 H/m?, Bomer 6571,7 H/v?,

20. Paccuntats K, u K, s peakiun PCls «» PClz + Cl; mpu 500 K, ecnu k MoMeHTY paBHOBe-
cuss npoauccouunpoBano 54% PCls, a wucxomnas koHueHtpauus PCls Obuta paBHa 1
moib/1. KontponbsHas padora No2: «Xumuueckoe paBHoBecue. CMmelleHne XuMHUYeCKOro paBHO-
BECHS.

Tema 2.2. Maxcumanvhas paboma u Xxumuieckoe cpoocmeo.
Ypasnenus uzomepmor xumuuecxoii peaxyuu
1. Bonpocwt kK ycmnomy onpocy

1. MakcumainbHas paboTa U XUMHUYECKOE CPOJICTBO: MPU CTAHJAPTHHIX YCIOBHSIX, B HEPaB-
HOBECHOM cHUCTEeME, MPU YCIIOBUHU, €CIIA JABJICHUS MPUBEICHBI B Pa3MEPHOCTH — aTMO-
chepa.

2. Hamumurte ypaBHEHHE, CBS3BIBAIONIEE CTAaHIAPTHOE CPOJCTBO AGY u KOHCTaHTY
paBHoBecus Kp, npu noctossHHBIX P U T, eciiu JaBJIEHUE BhIPAKEHO B MACKaJIAX.

3. Uro sBnAeTCS MEPO CTaHIapTHOIO CPOJCTBA XUMHYECKON PEaKIUU MPU MOCTOSHHBIX
P u T? lna kakux peakuuii KOHCTaHTa paBHOBecus K, paBHa paBHOBECHOMY JaBie-
HUIO B CUCTEME MPU TaHHOU TeMmneparype?

2. Jlabopamopnas paboma Ne6 «HH3zyuenue e1uanue uOHHOU CUIbl PACMEOPA HA KOHCHIAHMbL
UOHU3QUUU KUCIOMHO-OCHOGHBIX UHOUKAMOPOG)

Llenv Oannoii pabomul: yCTAaHOBUTH 3aBUCUMOCTb BIIUSTHMSI MOHHOW CHJIBI pacTBOpa Ha
KOHCTaHTBI HOHU3AIMH KACIOTHO-OCHOBHBIX MHIUKATOPOB CHEKTPOPOTOMETPUIECKH.

Ilpubopwr u peakmuewl: cieKTpoHOTOMETP WM (POTOIIEKTPOKOJIOPUMETP, HAOOP KIOBET;
npobupky, murerka Ha 1 cv®, munerka Ha 10 cM®; Gydepusie pacteopst ¢ pH or 1,0 10 14,0;
pacTBOp MHAMKATOPA C KOHLEHTpauuen 107*M (KOHTO KpacHbIH, Kpe30JIOBbII KpacHBIH, TUMO-
JIOBBI CHHUH, KCHJIMHOJIOBBIH OpaH)XeBbIH, OpOMQEHOOBbINH cuHMid 1 1p.), 4M pactBop KCI
(NaCl).

Xoa padoTsl

I. Iran. [IpuroroButh 4 cepun pacTBOPOB € Pa3HBIM 3HAYCHHEM MOHHOW CHJIBI PACTBOPOB.
1. HepBas cepus: B 14 npo6upok BHectu 10 1 cM> pacTBopa uuaukatopa (C=10"* mons/gm>),
o 1 cm® 4M KCl u nosectn o6mmii 066em 10 10 cm® 6ydepasivu pactBopamu ¢ pH=1-14.
2. Bropas cepus: B 14 npo6upok BHecTH 1o 1 cm® pactBopa maamkatopa (C=10"* mons/am?),
o 2 cm® 4M KCl u nosectu o6muii 06bem 10 10 cm® 6ydepusivu pactBopamu ¢ pH=1-14.
3. Tperbsa cepus: B 14 npo6upok BHecTH nmo 1 cmM> pactBopa uuaukaropa (C=10"* mons/am?),
o 4 cm® 4M KCl u nosectn o6mmii 066em 10 10 cm® 6ydepapivu pactBopamu ¢ pH=1-14.
4. Yersepras cepus: B 14 mpobupox BHectn To 1 cm® pactBopa mHmukatopa (C=10*
mons/am®), o 6 cm® 4M KCl u nosectu o6umii 06bem 10 10 cM® GydhepHBIME pacTBOpaMu ¢
pH=1-14.
5. PaccunTtaTh HOHHYIO CHJTYy PACTBOPOB KaXKJI0H CEPUU C YIETOM pa3OaBIICHHS.

1. 9ran. Yepe3 10 MUHYT U3MEPSAIOT ONITUYECKHUE TUNIOTHOCTH IMOJTYyYE€HHBIX PACTBOPOB MPHU
ONTHUMAJIBHOM JJIMHE BOJIHBI, B KIOBETE Ha 5 cM. B KayecTBe pacTBopa CpaBHEHUSI UCHOJIb3YIOT
JTUCTUUTMPOBAHHYIO BOAy. [lonmy4ueHHbIe TaHHBIE BHOCAT B TaOIHILy 1.



Taoauna 1
IMNUpUYeCKHe JaHHbIE I TPa(uyecKoro HaxXoKIeHust
KOHCTAHT HOHM3AIMHM WHIMKATOPA NPHU Pa3HOl MOHHOM CHJIe PACTBOPOB
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I11. ITan — 00padoTka IKCIIEPUMEHTATbHBIX JAHHBIX.

1. Ctposdr rpaduk 3aBUCUMOCTH «ONTHYECKAas IIIOTHOCTh — pH» 11 KaXkI0H Cepum pacTBOPOB,
B KOTOpbIe 100aBsuuch oquHakoBbie konndectBa NaCl (KClI).

2. Jlanee rpaduyecku HaxoaaT pK MHIUKATOPOB ISl KaXKI0H CEpHH.

3. Crpost rpaduk 3aBucumoctu «pK — /p», rie p — noHHas cuna pactsopa (puc.). [Ipsmas o1-

CEKAeT OT BEPTUKAIBHOU OCU OTPE30K, YMCICHHO PaBHBIN
—IlgK

pK®, T.e. 06paTHBIT TOrapudM KOHCTAHTH HOHM3AIUH HH-
q JIUKaTopa Mpyu HOHHOM CHJIe PaBHOM HYJIIO.
~ Torga ansa mo6oit nonHo cunbel pK paccuuteiBa-
N ~ erca mo ¢opmyne: pK = pK° + By/u. Bemuuuna «B»
oTpezensieTcs Kak tg¢@ — yrioBoil Ko GUIueHT npaMoil.
_1gK® Tonvko nocne naxoxncoenun pK no npusedennoii ¢op-
MyJie paboma cuumaemcs 3aKOHYEHHOIL.
tgp=B
B=TY/2.D%2,
- D — nuanexktpuyeckasi MpOHUIIAEMOCTh CPEJIbI.

N

Puc. 3aBucumocts pK nHaukaTopa ot 1L pactBopa
Cmpykmypa u cooepicanue omuema
OT4eT 10/1KeH COIePKATh:
. DKCIepUMEHTANbHbIE JAHHBIE U PE3YyIbTAaThl pacyeToB (TalIHIQ).

—

2. I'paduueckoe onpenenenne pK uHanKaTopa npu pa3Hoil HOHHOU CUJIE pacTBOpa.

3. @opmyny HHAMKATOpPA U YPABHEHHE €r0 AUCCOLMALNY, B 3aBUCMOCTH OT CPEJbl pacTBOpa
Bonpoch! 1 3a1a4u AJ151 CAMOKOHTPOJIS

1. B uem coctout 3akoH Jlambepta-bepa-byrepa? CunTe30M Kakux JIByX 3aKOHOB OH SIBJISETCS?

2. Yro Ha3zpiBaeTcs KOA(G(GHULIHUEHTOM MOTJIOLIEHUS?

3. Kakas BenmmurHa Ha3bIBa€TCsl ONTUYECKON MIJIOTHOCTHIO?

4. Yo npencrasisieT cOO0H CIEKTP MOTIIOMICHUS BelIecTBa?

5. ApryMeHTHOBaHHO 000CHOBATh HOTydeHHbIe 3aKoHoMepHOCTH pK = pK® + By/L.

3. Komnaexm 3a0au k meme 2.2.
1. BI)IBGCTI/I ypaBHeHI/Ie JJ1s1 KOHCTAHTBhI paBHOBeCHSI peaKHI/II/I




2Fe0 «» 2Fe + O, +Q

KOMOMHHMPOBAHUEM CIIEAYIOUINX PEaKIil:

FeO + H, «» Fe + H,O + Qg

2H,0 < 2H, + O, + Qz

2. BoiBecTH ypaBHEHHE ISl KOHCTAHThI PaBHOBECHSI PEAKIIUU

CO+ H,0OCO; +Hy+Q

KOMOMHHMPOBAHHUEM JIBYX PEaKI[Hil:

2CO + 0y ¢ 2C0, + Qg

2H; + Oy 3 2H,0 + Q3

3. Bonsnoii map (1 Monb) nuccoruupyert 1o ypaBaenuto HoO = Hp + 1/20,. Beipazure koHCTaH-
Ty paBHOBecus K, yepes cremenp nuccounanuu o ¥ obuiee gaBieHue B cucteme P. Msme-
HUTCS JIM M KaK KOHCTaHTa PaBHOBECHs, €ClIM o0lIee JaBJICHUE pearupyronieil cMecu yBesu-
YUTH BJIBOE (CUcTEMa HicaabHas)?

4. luccouunanus 4eThIpeXoKucu a3ora mnporekaeT no ypaBHeHUI0 N2O4=2NO;. ITpu 298 K u
P = 1,0.105 ITa N2,O4 muccoumupoBana Ha 18,5%. Onpenenure CTENEeHb TUCCOIUAIUM TPHU
TOii e Temmeparype, ecim P=0,5-10° I1a.

5. OnpenenuTte, MONB3YSICh JAHHBIMU CIIPABOYHHUKA, CTETICHb NMPEBPAIICHHS YTIIEKHCIIOTO T a-
3a mo ypaBHeHuto peakuun CO; + H,=CO + H;0, ecau B cocyq MOCTOSHHOTO o0beMa Mpu
298 K on110 BBeaeHo 44 xr CO, u 2 kr Ho.

6. Kp; ectb koHcTaHTa paBHOBecHs peakiuu 3/2H, + 1/2N, = NH3, a Kp, — koHcTaHTa pas-
HoBecus peakiun 3Hp+Ny = 2NH3. Byner nu pasnuuue B Benmmunnax Kpi u Kp, npu onuna-
KoBOM Temnepatype? Hanumure Marematudeckoe cootHomenue Mmexay Kpi u Kpa.

7. B KaKyr0 CTOPOHY CMECTATCS PAaBHOBECHSI PEaKIU:

2C0O + O, «»2C0O; + 566,9 x/[c

H,S «3H, +S5,-419 K/

2CO + Hy «» CH, + CO, +Q

CO + 2H2¢» CH30H + 113,13k /{oc

a) MPU MOBBIIICHUN TEMIIEPATYPHI;

0) Mpu MOBBIIICHUH J1aBJICHUS?

Kak M3MeHHUTh KOHIIEHTpALUH, YTOOBI TOOUTHCSI CMEIIEHUsI paBHOBECHH MPUBEAECHHBIX pEaKIMU
BIIpaBo?

8. I3MeHeHneM Kakux (pakTOpOB MOXHO OCYILIECTBUTh CABUI PABHOBECHS BIIPABO Y PEAKIIMIA:
250, + Oy ¢«» 2503 + 176,8 k/loc

CO; + C »2C0O—-160,5 xllxc.

9. PaBHoBecue peakiun 250, +O, ¢» 2503 ycTaHOBUIIOCH NMPH KOHIEHTPALUAX pearupyrommx
BelecTB csoz = 0,2 Monbw/a, co, = 0,1 Monb/n, csoz3= 1,8 Monb/a1. Paccunrarh, Kak U3MEHSATCS
CKOPOCTH MPSMOU U OOpAaTHOW peakivii, €CTU YMEHBIITUTh 00bEM, 3aHUMAEMBbIi Ta3amMu, B TPU
pasza. CMecTHTCS JIM IPU 3TOM paBHOBecHe?

10. TIpu cunteze pocrena CO + Cly, ¢» COCI; paBHOBECHBIC KOHIICHTPALUH PEarupyronmx Be-
miectB 0biTH: Cepp= 0,2 Monb/T; Ceo= 0,1 Monw/n; Ceociz= 2 Monb/a. Kak u3MEHSTCST CKOpOCTH
npsIMON M 0OpaTHON peakluii, eciu yBenuuuTh aasieHue B 10 pa3? B kakoM HampaBieHuu 0y-
JIeT CMelaThcs paBHOBecHe?

11. Koncrantsl paBHOBecus K, peakiuu SO, + 720, «» SO3 mpu 900K u 950K coorBeTcTBEHHO
paBHbI 0,02043 1 0,01062. OnpenennTh 3Ha4€HHE KOHCTaHTBI paBHOBecus rpu 930K.

12. CrangapTHas TeIioTa cropaHust MeraHosna pasHa -750 k/[k/Moib, cTaHAAPTHBIN TEIIOBON
a¢ ekt 00pa3oBaHUS U3 POCTHIX BEMIECTB BOJBI paBeH -242 x/[x/Monb. PaccunTtaliTe KOHCTaH-
Ty paBHOoBecHs K, npu 400 K peakunu cuaTe3a MeTaHoa:

CO; + 3H, «» CH3OH(2) + Hy0(2), ecnu nipu 298 K koncranTa K, pasna 1,5-10™.

13. Haiitu cooTHOmEeHne koHCcTaHT paBHOoBecus nipu 500 u 600K i peakiuun

HgCl, + 2KBr«»HgBr; + 2KCl, ecnu termoBoit s ekt peakiuu cocrasiser 16,8 kJx.



14. Onpenenutes koHcTaHTy paBHOBecus K. mpu 1060K misa peakuuu 2COC + CO,, ecnu npu
1000K K, = 8,1-10°®, a Q, = 109,5 xJIK/MOb.

15", TemneparypHas 3aBUCUMOCTh KOHCTAHTBI PABHOBECHS K, PEAKIIMK B3aMMOJIEHCTBHS OKCH/IA
azota (Il) ¢ xucnopogom 2NO + O, «» 2NO; nepenaercs CIeIYIONIMM YPABHCHHEM:

g K, =¥— 1,751g T+ 0,5-107°T + 2,113,

HaiinuTte ypaBHeHue, OTpaxaroliee TEMIEpPaTypHYIO 3aBUCUMOCTb TEIUIOBOIrO 3((eKTa peakiuuu
AH, u onpenenure ero 31adenue mnpu 1000 K.

16. TemnepaTypHasi 3aBUCUMOCTb KOHCTaHTbl PaBHOBECHS PEAKIIMM BOCCTAHOBJIEHUS OKCHJIA CE-
psl (1V)

250, + 4H;, > Sy(e) + 4H,0(2)

BBIPAXKACTCSA YPaBHCHUEM:
13810

IgK, = +0,8771gT — 2,67 -107°T + 1,620.

OrpesienuTe CTaHIapTHEIE H3MeHeHns TepmonHamudeckux pyukmmit AGY, AH® u AS® mpu 900
K.

17" Jlna peakuu Np+0,=2NO 3aBHcHMOCTh KOHCTAHTHl PAaBHOBECHS OT TEMIEPATyphl BbI-
paxaetcs ypaBHenuem Ig K, = - 9490,7/T — 0.02IgT + 1,43.

BriBeauTe ypaBHEHHE 3aBUCUMOCTH TEIJIOBOT0 A(h(ekTa ITOW peakIiu OT TeMIIepaTyphl.

18. Onpenenute koHCTaHTy paBHOBecus Kp peakmuu SO, + /%20, ¢» SO; mpu Temmepartype
700K, ecin m3BecTHO, uto mpu S00K Kp= 588,9 H/M, a TernoBoii 53)deKT peaKiii B 3TOM TeM-
NepaTypHOM HHTEpBaje paBeH -99,48-10° JIk/kMO1Ib.

19. dns peakuu CO + H,O(1)=CO; + Hy onpenenuts Kp npu 600K, ecau npu 298K koncraH-
Ta paBHOBECHS 3TOi peakiuu pasHa 1-10°.

20", Tlo ¥3BECTHBIM 3HAYEHHAM KOHCTAHThI PABHOBECHUs Peakluu J; ¢»2J IPH HECKOJIBKHMX TEM-
neparypax mnoctpouts rpaduk 3asucumoctu IgKp=f(1/T); onpenenuts rpaduvecku TerioBoi
3¢ dexT peakuuu B W3YYEHHOM juarna3oHe temneparyp. COCTaBHTh ypaBHEHHE 3aBHCHMOCTH
IgKp=f(1/T) B TemnepaTyprnom unTepBaie ot 950 no 1250K:

T,K 950 1050 1150 1250

Kp, u/m®  1,149.10 7,413-10° 3,428-10° 1,288-10"

4. Komnnekm mecmoguvlx 3a0anuii 011 RPOMENCYMOUHO20 KOHMPONA 3HAHU
Tect Ne2: « Xumuyeckoe paBHOBecHe»

1. Ecau pearupyromyroo CHUCTEMY paccMaTpuBaTh KakK MJ€aIbHYl0, TO Ha KOHCTaHTHI
paBHoBecus K, n K. BusroT cnenyronme GpakTopsi:

a) 1aBJICHUE;

0) Temriepatypa;

B) MMPUPOJA PEaruPYIOIINX BEIIECTB;
r) o0beMm.

2. BnusiHue Temneparypsl Ha KOHCTAHTY paBHoBecus K, ompenensercs:
a) 3HAKOM M BelMuuHOM sHepruu ['mb6ca;

0) 3HAaKOM U BEJIMYMHOMN TEII0BOTO0 3 (DeKTa peakinu;

B) 3HAKOM M BEJIMYMHOI TemnoBoro sHepruu ['enbmromnsia.

3. CootBercTBHE MEX Y U3MeHEHHEM Kp mpu AHY:
a) AH® < 0;

6) AH’ = 0;

B) AH’ > 0;

r) Kp mamaer;

n) Kp He 3aBuCHT OT TeMIepaTyphl;



e) Kp pacrer.

4. PaBHOBECHBIH BBIXOJ BOoAOpona mno ypaBHeHuto peakmun CHy+2H,S = CSy+4H,, mpu no-
BBIIICHUU OOIIETr0 IaBJICHUSI B CHCTEME, €CJIM BCE BEUISCTBA HAXOAATCS B HI€aJTbHOM ra30BOM
COCTOSTHUM U3MEHHTCS:

a) YMEHBIIIUTCS;

0) yBeIU4UTCS,

B) HE U3MEHUTCS.

5. Mepoii cTaHIapTHOTO CPOJCTBA XMMHYECKOW PEAKIIUH IPU MOCTOSIHHBIX P u T siBnsiercs:
a) yosutb suepruu ['m66c¢a;

0) MakcuMajbHasl moJie3Has padoTa;

B) yObLIb 3HEpruu [ enpmrosbia.

6. KoncranTta paBHoBecus xumudeckoi peakuuu Ke u K, nporekaromieii B uieaabHOM Ira3o-
00pa3HOM COCTOSIHUH, 3aBUCHUT JIM U KaK OT KOHLIEHTPALUH Pearupyroux BeLecTs:

a) 3aBUCHUT;

0) HE 3aBHCHUT;

B) YMEHbIIIAeTCs,;

I') yBEJIMYMBACTCA.

7. Koncranra paBHoBecus K, paBHa paBHOBECHOMY JaBJICHHIO B CUCTEME IIPU JaHHOU TeMIle-
patype UIsl peakLuu:

a) TOMOTEHHAsl peaKIys, B KOTOPOi 00pa3yroTcsi ra3000pa3Hble IPOIYKTHI;

0) rereporeHHas peakiiys, B KOTOpoil 00pa3zyeTcst OAUH ra3000pa3Hblii IPOAYKT;

B) TOMOT'€HHas PeakIysi, B KOTOPOi 00pa3yeTcsi 0AuH ra3000pa3HbIi MPOIYKT.

8. PaBnoBecue B peaknuu COCl,; = CO + Cl, npu 100aBIeHHMH K PaBHOBECHOW CHCTEME
WHEPTHOTO Ta3a MpH MOCTOSTHHOM OOIIEM JIaBJICHUU CMECTUTCS:

a) B IPSIMYIO CTOPOHY;

0) B 00paTHYIO CTOPOHY;

B) HE CMECTUTCH.

9. Benmnuuns! K, u K n1a peakuun Sp(TB) + 4H,O(ra3) =2S0;(ra3) + 4Ha(ra3) Haxonsarcs B
COOTHOIIICHUH

a) K,=Kq;

0) Kp<K;

B) K>K.

10. KoncranTa paBHoBecus K, XxuMuyeckoil peakiuu, OpoTeKarolledl B MIealbHOM ra3o00-
pPa3HOM COCTOSIHUHM, 3aBUCHUT JM U KaK OT KOJIMYECTBA MOJIEH BEIIECTB, yYaCTBYIOUIUX B
HEH:

a) 3aBHCHUT;

0) HE 3aBHUCHUT;

B) YMEHBIIIAETCS,;

T') YBEJIMYUBAETCSI.

11. OGmee masnenue B paBHoBecHOU cucteMe NH4C1l(tB) = NHg(ra3) +HCl(ra3) paBuo P.
3aBHCHMOCTh KOHCTAaHTHI paBHOBecHs K, 3TOl peakuuu yepes oOuiee JaBIeHUE BHIPAKACTCS:
a) Kp=K;

0) K,=P;

B) K,=P%/4.



12. MaremaTuyeckoe COOTHOIIeHHE Mexay BeanunHamu Kp m K. 11 XxumMudeckon peakuuu
HUMEET BUJ.

a) K,=Kq;

0) K, <Kq;

B) K(>K;

r) K=K (RT)*".

13. YpaBHeHUe, CBA3BIBAIOIIEE CTAHIAPTHOE CPOJICTBO AGTO W KOHCTAaHTYy paBHOBECUS, IIPU
HOCTOSHHBIX P n T, €CJIM OaBJICHUEC BBIPAXECHO B MMaCKalidX:

a) AG = - AnRT(1,0133-10°);

6) AG = -RTInKp + ANRT(1,0133-10°);

B) AG = -RTInKp.

14. Pa36aBieHue peakIMOHHONW CMECH WHEPTHBIM T'a30M C OJHOBPEMEHHBIM YBEIUYCHHEM 00-
[IeTO JAaBJICHHUS B CHCTEME, TJle TPOTEKAaeT CIeAyromas peakuus B ra3zoBoil ¢aze 2 A +
B = % C+D orpasurcs Ha paBHOBecHOM Bhixoje BemecTB C u D:

a) YMEHBIIIAeTCS;

0) yBEeIMUUBACTCS;

B) HE U3MEHUTCSI.

15. JIns HEKOTOpPOW XMMHYECKOH peakiuu B razoBoil ¢aze mpu moctossHHbIX P 1 T AGT>0.
OTa peakuus NPOTEKAET CAaMOIIPOU3BOJIBHO:

a) B IPSIMOM HalpaBJIeHUH,

0) B 00paTHOM HaIpaBJICHUH,

B) HE CMECTHTCH.

16. Ecnu ob1iee naBiieHHe B CUCTEME YBEJIUYUTh B 2 pa3a, TO 3HaUYCHUE KOHCTAHThl paBHOBeE-
cus K, peakunn A+2B = AB; (Bce BeniecTBa HaxoAsTCS B UACAITBHOM Ta3000pa3HOM COCTO-
STHUM )

a) U3MEHUTCS;

0) HE U3BMEHHUTCS;

B) YMEHbIIIaeTCs;

I') YyBEJIMYMBACTCA.

17. 3aBucumMocTh KOHCTaHThI paBHOBecus peakuuu 2C1, + 2H,0O(ra3) = 4HC1 + O, ot Temre-
paTypbl MOKHO BBIPa3HTh cieayronum ypaBuenuem: IgKp = -6007/T+5,407. Teno B 3T0# pe-
aKIUU:

a) BBIJETISACTCS;

0) morJomaeTcs.

18. Ha xoncTanTy paBHOBecHs peakuuu K, ecau peakuus NpoTeKaeT MeX/y BEIECTBAMH B
uJeaJbHOM ra3000pa3HOM COCTOSHUM BIIHSIOT!

a) P;

0) T,

B) MPUCYTCTBHE UHEPTHOTO rasa,

T') IpUpPOJa PEarupyoImuX BEIIECTB,

1) mapuuaibHble gaBiaeHus Pj.

19. ConocraBbTe paBHOBECHBIM BBIXOJ] MPOJYKTOB JBYX XMMHYECKHUX pEaKIHii, MpoTeKaro-
muXx B ogrHakoBbIX ycnoBusax (P u T ) B razosoit ¢paze A+tB=AB u C + D = CD, eciu AG;
nepBoit peakiuu 6ombiie AG, BTopoil peakiuu:



a) paBHOBecHbIE BbIxo/ibl AB 1 CD ouHakoBbr;
0) paBHOBecHBIN Bbixoq AB>CD ;
B) paBHOBecHbII Bbixox AB<CD.

20. JIna naHHBIX peakIuid B ra30Boi (aze COOTHOIIEHUE KOHCTAaHT paBHOBecus Kp nnn K.:
a) KP=K0;

0) K¢;

B) Hy + C1,=2HCI,;

r) CO + Cl, =COCl..

21. YcnoBueM, Ipu KOTOPOM JIJISl pacu€TOB MOKHO MOJIb30BaThCsl ypaBHEHUEM

|nK2/K1 =-AH/R (1/T2 — 1/T1) SIBIISICTCSL:

a) IPUCYTCTBUE HHEPTHOTO rasa;

0) B TaHHOM HMHTEpBAJIe TEMIIEPATYp TETIOBOH 3(PPEKT MOKHO CUUTATh MOCTOSTHHBIM;
B) coOmroaenue npasuiia Bant-I'odda.

22. Ecnu cucrema naeanbHas, To KOHCTaHTa paBHOBecus K, peakuun
CO; =CO + »0;:

a) 3aBUCHUT OT JIaBJICHUS U TEMIIEPATYPBhI;

0) HE 3aBHCUT OT JABJIEHUSI, HO 3aBUCUT OT TEMIIEPATYpPbl;

B) [IPY YBEJIIMYECHUH TEMIIEPATyphl U JaBJICHHUS KOHCTAHTA YBEIHMYHBACTCS;
T') IPY YBEJIMUEHUH TEMIIEPATypbl KOHCTAHTA YBEINYHBACTCSI.

23. B Kakux ciiydasx 1o 3HaKy U3MCHEHHsI SHTAJbIIMH B XOJ¢ XUMHUYECKON pEaKluu MOXKHO
CYIUTHh O BO3MOXKHOCTH €€ IMPOTEKaHUs MpHU MocTossHHBIX T u P:

a) AH? <<TAS;

0) TakHUX CcilydyaeB HET;

8) AH® >>TAS°

24. OcHOBHBIMH (paKTOpaMu, ONPEIEIISIOIIMMU CMELIIEHHE XUMUYECKOTO PAaBHOBECHS SIBJISIOTCS:
a) KOHILIEHTpAalUsl pearupyromux BellecTB;

0) JaBJIeHUE, €CIM pearupyrole BelecTBa HaXoITCs B ra3000pa3HOM WM TapooOpa3HOM Co-
CTOSIHMH;

B) TeMIepaTypa, Ipu KOTOPOH MPOUCXOIUT XUMUUYECKHH MTpoIiecc;

T') YUCJIEHHOE 3HaU€HUE KOHCTAHThl XUMHUYECKOTI'O PABHOBECHS.

25. Tlpu4nHOM CMENIeHUsI XUMUYECKOTO PaBHOBECHS TIPU W3MEHEHHH KOHIEHTPAIINH, JaBICHUS
WIN TEMIIEPATyphl PearupyoNnuX BEIIEeCTB sBISETCS:

a) YBEJIMUEHUE CKOPOCTH MPSIMON peaKIuu;

0) COOTHOILIEHNE KOHCTAHT XuMuueckoro papHoBecus K,=K;

B) HapylIEHNE PAaBEHCTBA CKOPOCTEH MPSIMON U 00paTHOM peaKIuii;

r) yobu1b 3Hepruu I'n66ca.

26. IMpuniun Jle-11laTenbe ¢ HEKOTOPBIME JOMYIICHUSIMUA TPUMEHHM:
a) K TOMOTEHHBIM CHCTEMaM;

0) K TeTepOTEeHHBIM CUCTEMAM;

B) K JIFOOBIM CHCTEMAaM.

27. JInsg HEKOTOPOH XWMHUYECKOH pPEaKIMU 3aBUCHMOCTH SHTAIBIIHA MCXOIHBIX BEIIECTB H
KOHEUHBIX MPOJYKTOB OT TeMIlepaTyphl IpeacTaBieHa rpa¢puuecku Ha puc. 1. Ha koHcTan-
TY PABHOBECHS 3TOM PEAKLIUH MOBBIIICHUE TEMIIEPATYPHI BIHSET:

a) Ky;



0) K;
B) YMCHBIIIUTCS,
I') YBEJIUYUTCS

Czﬂsfﬁ' l
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28. 3aBucumocts |1gK, HEKOTOPOI peakiuy 0T 0OpPaTHON TeMIEpaTyphl NPEACTABIACT IPSIMYIO
JuHUIO (puC. 2). DTa peaxkuus:
a) DK30TepPMUYECKas;
0) SHAOTEpMHUYECKAS;
B) B 9TOM peaKLMH HE MPOUCXOIUT TENI000MEHa.

29. 3aBucumocts 19Ky = f(1/T) npencraBnena Ha puc. 3 npsmoii nuaueil. Kakoe 3akimoue-
HUE MOXXHO CJIeJIaTh O 3HaKe U XapaKTepe TeMneparypHoii 3aBucumoctu AH B JaHHOM HHTEp-
BaJie TEMIIEPATYp:

a) AH > 0;

0) AH< 0;

B) 3aBHCHT OT TEMIIEPATYPHI;

') HE 3aBUCUT OT TEMIIEpPATypHhI.
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30. MeroiamMu BEIMHCIICHHS] KOHCTAHT PABHOBECHS SIBJISFOTCS:
a) meton Temkuna-11IBapimana;

0) pacyer, OCHOBaHHBII Ha CTIEKTPOCKOMMYECKUX JaHHBIX;

B) METO]T HAMEHBIIMX KBAJIPATOB;

T) pacyeT, OCHOBAaHHBIN HA KAJIOPUMETPUUCCKHX TAHHBIX.

Tema 2.3. 3asucumocmov KOHCMAHMbL XUMUYUECKO20 PABHOGECUs OM memnepamypvl. ImMnu-
puuecKkue memoowvl paciema KOHCMAHM PAGHOGECU
1. Bonpocwt kK ycmuomy onpocy
1. 3aBuUCHMMOCTH KOHCTAHTHI PAaBHOBECHs OT TeMIlepaTyphl. BrIBOJ ypaBHEeHHS U300apbl U
usoxopsl Banr - I'odda. Kak Bauser remnepatypa Ha KoHCTaHTY paBHoBecus K,? Uro
SIBJISIETCSI MEPOH ATOTO BiHsiHUS? HamummTe cOOTBETCTBYIOIIEE YpaBHEHHUE.
2. YpaBHEHHUS H30TepM XUMHUYEeCKoW peakiuu. [IpoTekaHune W HampaBlIeHHE XUMHYECKON



peakiny, XapaKTepu3yeMoil COCTOSIHUEM PaBHOBECHSI.
3. Pacuer koHcTaHT paBHOBecusi: metoj TemkuHa-llIBapimana, pacuer, OCHOBaHHBIN Ha
HCIIOJIb30BAHUHU CIICKTPOCKOIMMUYCCKHUX U KAJIOPUMETPUUCCKUX JAHHBIX.

2. Jlabopamopuas pavoma Ne 7 « Bauanue Konyenmpayuu peazupyoujux 6euiecme u mem-
nepamypuvl Ha cMeujeHue XUMUYUECKO20 PAGHOGECUA)

Llenv pabomei. VI3yunTh BIMSHUE CKOPOCTU MPSAMOM U 00paTHOW peaklvy Ha CMEILEHUE
XMMHUYECKOT0o paBHOBecus. Ha ocHOBaHMM SMIUPHUYECKUX JIAHHBIX, WCIONB3Yys HpuHIUO Jle
[atenbe, 00bACHUTH HAOTIOAAEMbIE U3MEHEHHS B H3y4aeMOM CUCTEME.

OnbiT 1. BausiHue KOHIEHTPALMH PearupylolmyX BellecTB HA CMelleHHe XUMHYe-
CKOI'0 PaBHOBeCHUsI 00pPaAaTHUMbIX peaKIuii.

Annapamypa u peaxmusbvi. Konnueckast konba émk. 50 oM’ MepHBIH HUIHHIP EMK. 50
cM®, TpasyMpoBaHHas KOHMYecKas npoGupka éMK. 10 cM® 2 wiT., npoGHpPKH 4 IIT., MUIETKH;
0,1n. pactBop xiopuna sxeneza (I1), 0,1H. pacTBop pomaHuza aMMOHUS/KanHs, KOHIEHTPHPO-
BaHHBIC pacTBOPHI xyopuaa xeneza (I11) u pomannga aMMoHUs/Kanus, KPUCTAUIMYECKYIO COJIb
XJIOPHJIa aMMOHUS/KaJTHSL.

Botnonnenue pabomot

OrmepbTe MepHBM mimmEapoM 10 em® 0,11, pactBopa xtopuna xenesa (111), meperecu-
T€ pacTBOp B K0J0Oy EmK. 50 oM u npuieite Kk Hemy 10 em® 0,1H. pacTBopa poJaHula aMMO-
HUSI/KaJTusl.

OKpallIeHHBIil PacTBOP M3 KOIObI PA3/EHTe MO0 5 CM° B YEThIPE MIPOHYMEPOBAaHHBIE MPO-
oupku. Ecnm okpacka pacTBOpOB MHTEHCHBHAS, I00aBbTE BO BCE YETHIpe MPOoOUpKH 1o 10 oM’
TUCTHITMPOBAHHON BOABI. B mepByro mpoOupKy BHECHTE HECKOJIBKO Karellb KOHIEHTPUPOBaH-
HOro pactBopa xjuopuaa xkenesa (l11), Bo BTopyro — Takoe e KOJIMYeCTBO Karellb KOHIIEHTPUPO-
BaHHOTO PacTBOpa POJAaHUZA AMMOHUS/KAUs, B TPETbIO — BHECUTE HA KOHYMKE IIMATENsl KpH-
CTAJUIMYECKYIO COJIb XJIOpH/Ia aMMOHHMSI/Kalinsi. PacTBOp B 4eTBEpTOi MpOOHpPKE — KOHTPOJIBHBIH.
[TpoOGupKH BCTPAXHUTE, COJIA JOJKHBI TOJHOCTBIO PACTBOPUTHCS U HAOIIOaliTe 32 H3MEHEHUEM
OKpacku pacTBOpoB B mpodupkax Nel, 2 u 3 no cpaBHEHMIO C OKPACKOW KOHTPOJIbHOW CMECH.
Pe3ynbrarel HaOMIOACHUN TTPEICTaBbTE B BUAE TAOJHUIIBI:

Tabauua. 3HayeHUs] ONTHYECKON INIOTHOCTH SKCTPAKTOB

Howmep npobupku 1 2 3 4

HaGuoenis FeCl; (xoH1r.) NH4CNS (xoHir.) NH,CI (xpucr.) KouTtpois

Hanumre peakuuio B3aumozencTBus xiaopuaa xenesa (111) u ponanuna ammonus. O0b-
SCHUTE HaOJ0/1aeMOe W3MEHEHHE OKpAacKW pacTBOpoB, ucrnosb3ys npuHnun Jle Illarenbe.
Hanummre BelpakeHue 11 KOHCTaHThl XUMHUYECKOTO PaBHOBECHS UCCIIEJOBAHHON PEaKIIHH.

OnbIT 2. Bainsinue TeMnepaTypbsl Ha XMMHYeCKOe PaBHOBeCHe.

Annapamypa u peakmugwi. I'paiyupoBaHHbIE KOHUYECKHE TPOOUPKH 2 IIT., XUMHYECKHUI
cTakH éMK. 50 cM°, THIETKH, CIHMPTOBKA, JAepKaTellb A MPOOUPOK; CBEXKENPUTOTOBIECHHBIN
10%-b1it pacTBOp Kpaxmalia, pacTBOp Hoja.

Buinonnenue padomot

B nBe npoOupku BHecTH 1o 2-3 oM’ pacTtBopa kpaxmaina. B 0b6e npobupku 106aBUTH 110
1-2 xarum pactBopa ioxa. OTMeTuTh HabmogaeMble u3MeHeHus. [lonorpelte oaHy U3 MpoOu-
POK M OTMEThTE Habuto1aeMble U3MeHeHus. OXJaauTe 3Ty IpoOUPKY, OTMEThTE HAOJI01aeMble
WU3MEHEHUS

Hanummure cxemy oOpa3zoBaHusi HOAKpaxMallbHOTO KOMIUIEKCHOTO coennHeHus. O0bsic-
HUTE HaOII0/1aeMoe U3MEHEeHNe OKpacku. HanuimTe BeIpakeHUe Ui KOHCTAHThl XMMUYECKOTO
paBHOBecHs MCClIeIOBaHHON peakinu. CremaiTe BBIBOJ O BIUSHUU TEMIIEpaTypHOTo (akropa,
ucnons3ys npuHaun Jle Ilarense.



OnpIT 3. O0paTUMOCTH CMELICHUSI XHMHYECKOI0 PAaBHOBECHS

Annapamypa u peakmugvi. XUMUYECKUNA cTakaH €MK. 50 eM® — 3 wr., rpaayupoBaHHAs
KoHHuecKas npodupka; 10% pactBop OuxpomMaTa Kajusi, KOHIEHTPHPOBAHHBIE PACTBOPHI CEPHON
KHUCIIOTHI U IIEJIOYH.

Buinonnenue pavomot

B xuMuuecKuii cTakaH BHecTd 5 cm° 10% pactBopa 6uxpomara kanus. [lo karsim go6a-
BUTH KOHLIEHTPUPOBAHHBIM pacTBOP MIEIIOYM U OTMETHTh HaOo1aemMble n3mMeHenus. Koraa pac-
TBOP U3MEHUT OKPACKY, J00aBUTh MO KAIUISIM KOHIIEHTPHUPOBAHHYIO CEPHYIO KUCIOTY, OTMETUTH
Habromaemble n3MeHeHus. [locne mosiBIeHsI UCXOTHOW OKPAaCKH pacTBOPA, MOKHO CHOBA MPH-
0aBUTH ILIEIOYM U TMOJIYYUTh M3MEHEHHE OKpacku. Hamummre cxemy paBHOBECHS B CHUCTEME:
Xpomatr-uoH — Ouxpomat-uoH. OObICHUTE HAOMIOaeMOe U3MEHEHNEe OKpacku. Hamummre BbI-
pakeHue JIJIsl KOHCTAaHThl XUMUYECKOI'0 paBHOBECHS HccieloBaHHOM peakuuu. CaenaiTe BHIBOJ
00 00paTUMOCTH CMELLEHUSI PaBHOBECHUS, UCNOIb3Ysl npuHimn Jle laTenbe.

PaGota cuntaercs BHIIOJTHEHHOMU, €CIIU MPEACTABICHBI IKCIIEPUMEHTANIbHBIEC PE3YIbTaThl,
NIPUBE/ICHBI BCE YPAHEHUS PEaKIU U CXEMBI, C/I€TaHbl BHIBOIBI.

3. Komnnexkm 3a0au k meme 2.3.

1. Jnst peakuuu  CO + Cl,«>COCI, npu 600°C K. = 6,386.B xakyro CTOpOHY NOHAET peakuus
NP CJICAYIOIIMX KOHIEHTpaLUsIX pearupyromux Bemiects: a) 1 monb CO, 1 monb Cl, u 4 mMonb
COCly; 6) 1 moas CO, 1 mons Cl, u 8moae COCl; ; B) 1 moas CO, 1,565momb Cl; u 10 mons
COCly?

2. OnpenenuTb U3MEHEHHE U300apHOro TEPMOIUHAMUYECKOT0 IIOTEHIMAA MIPH MpeBpalieHun 1
Moib CO, B3groro nox gasienuem 303975 Ia; 1 mous Clo mon nasinennem 202650 I1a u 1 moib
COCl; ox nasnenuem 50662 Ila mpu 600°C. Jns peakiun CO + Clp «» COCl, K, = 1,678-10°
pu 600°C.

3. Haiitu u3mMeHeHune n30X0pHOro TEPMOAMHAMUYECKOT0 noTeHuana (Jx) mist peakuuu

SO, + Cl, ¢» SO.Cly, ecnmu pu 191 oc K, = 7,5-10‘7 , @ KOHIICHTpallul UCXOJHBIX BEIIECTB U
IIPOJYKTA PaBHBI EAUMHUIIE.

4 PaccumTaiiTe, MOMB3ysCh CIPABOYHBIMA JAHHBIMH, CTaHAapTHOE cpoacTBO AGg ist peak-
i 2NO + O,=2NO; u omnpeznenuTe HampaBleHHE €€ CAMOIPOU3BOJIBHOIO NPOTEKAaHHS B
CTaHJIapTHBIX YCIOBHUSX.

5. OmpenenuTh XHMHYECKOE CPOJICTBO MEM K KHCIOPOAy TpH Temmepatype 500°C, eciu KoH-
CTaHTa PABHOBECHS PEAKLIMM IIPU ITOU TEMIIepaType paBHA 1,013-10" 11a™,

6. Omnpenenuts TemnepaTypy, Ipu KoTopoi nasieHue nuccounrannu CaCOz Ha CaO un CO;
(Pco» = 101,3 kITa) paBro 0,56-10° Ila, a xummueckoe cpoactBo CaO k CO, pasHO - 5568
JK/MOTTB.

7. Beruucnuth KoHCTaHTy paBHoBecus peakiuu Cly + Hy «» 2HCI npu Temmnieparype 227°C, ec-
JIM MakcUMallbHas paboTa ee mpu 3Toi Temneparype pasHa 19,29 kJ[x.

8. Ynpyrocth Aucconuanuy kapOoHaTa MarHHs an727OC paBHa 42189 u/M , a npu 747°C -
80313n/M° . Onpenenuts TerioBoi >pdexr peakuun MgCO3¢MgO + CO, u temmeparypy,
IIpU KOTOPOM YIPYrocTh AUCCOIMAMK KapOoHaTa MarHus ctaHet paHoi 101325 H/M .

9. BbIuuciuTh CTaHJApTHOE CPOACTBO JKenie3a K kKuciaopony Bosayxa (Po, = 20265 1/M° ) TpH
1000K, eciin KOHCTaHTa paBHOBECHSI pEAKIIUU IIPU 3TOM TEMIIEPATYPE paBHA 2,42:10%.

10. Boruuciaute cposcTBO 0JI0Ba K KUcIopoay Bo3zayxa (Pox = 20265 Ila) npu o6pa3zoBaHuu OKH-
cu oxnoa (11) ipu 25°C, ecim ynpyrocts auccornuammy SNO Py yKa3aHHOI TeMIIepaType paBHa
9,026:10* Ila.

11. KoncranTa paBHoBecust Kp ms peakuuu C + O2¢» CO; npu 1300K paBHa 10292, Omnpe-
JEJIUTh CTAaHAAPTHOE XUMUYECKOE CPOJICTBO YIiIepoJa K KUCIOPOIY.

12. KoncranTa paBHoBecust Kp peakuuu ruapuposanusi ¢popmanbaeruna CH,O+Ho«»>CH30H
npu 400K pasna 0,475. CtannapTHbIe TEIUIOTHI CropaHus GOpMalIbAeryia U METaHoa, a TaKxKe
TEIUI0Ta 00pa30BaHUs BOJBI HMEIOT cieayronue 3HaueHus (k/x/moip): -561,4; -680,3; -286,1.
CUHMTAsl, YTO TEIUIOEMKOCTH pearupyromirx BelecTB MocTosiuuble, Beraucaute Kp npu S00K.



13.KoHcTaHTa paBHOBECHS peakluu JeruapupoBanus 3tunosoro cnupra CoHsOH«-CH3CHO +
H>, Bce BemecTBa B ra3000pa3HOM COCTOSIHUH, npu Temmeparype 473K paBHa 1,374-10% a pu
498K paBHa 4,58-10°% [Tap cniupta, B3sTHIN Npu Temmneparype 473K, BblaepKUBAETCs IPU OCTO-
stroM maBiennn 1-10° ITa 1o 06pasoBanms paBHOBeCHOH cMech. COXPAHsis COCTAB TOH CMECH
HEW3MEHHBIM, ee¢ HarpeBatoT 10 498K. KakuM 10KHO ObITh KOHEYHOE JABJICHUU CMECH?
14.3aBucumocts sHeprum ['mb0ca ot Temneparypsl s peakiuu Pb(oc)+Cly2)«» PhCly(orc)
BBIP@KACTCS CIICAYIOLIMM SMINPHICCKIM ypaBHeHneM: AG = -368 000 -48,6InT + 0,126-10°T?
— 142 5001/T + 477T (JIx/monp). HaiimuTe KOHCTaHTHI paBHOBeCHS Ipu Temreparypax 800 u
900K.
15. Haiitn xoHCcTaHTy paBHOBecHs K, M paBHOBECHBIN BbIX0[ 110 MeToay Temkuna-IlIBapimana
(Yka3aTh IpH KaKUX YCJIOBHUSIX HUCIIOJIb3YETCS JAaHHBIA METO]T), €CIIM UCXOHBIC BEIECTBA B3SThHI
B CTEXMOMETPUYECKUX COOTHOIICHUSAX. B MomeHT paBHOBecus Temiieparypa 300K u naBnenue
4.10° Ia
Cl; + CO & COCl;
16". Paccuuraiite, Mojib3ysach COPaBOYHBLIMM JaHHBIMH, 10 MeTony Temxuua —IlIBapumMana
3HaueHue ctanaaptHoro cpoactsa AG° peaknuu Hy = 2H npu 1000 K. B kakywo ctopony
MOWUJIET ATa peaKius B CTAaHIAPTHBIX YCIOBUSIX IPU JAaHHON TeMrieparype?
17". Ilonb3yach CIPaBOYHBIMU JAHHBIMU O IPHMBEJCHHOM H300apHO-M30TEPMUYECKOM IIOTEH-
wuane (G° — H%)/ T u snauenun AH, paccunraiire KOHCTaHTy paBHOBecus peakuuu Ny +
O, = 2NO 1000 K.
18. Jlist HEKOTOPOH XMMHUYECKOW PEaKIMu 3aBHCUMOCTH HTAJBIHMI HCXOJHBIX BEIIECTB U
KOHEYHBIX IMPOJYKTOB OT TeMIIepaTyphl mpeacraBieHa rpadpudecku Ha puc. 1. Kak Bauser
MOBBIIICHHUE TEMIIepaTyphbl HA KOHCTAHTY PaBHOBECHS 3TOM peakiuu? ApryMeHTUPYHTE OTBET.
ZmyH |
¢

igky
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19. 3aBucumocts IgK, HEKOTOPOIT peakuu OT 0OpaTHON TeMITEpaTyphI MIPECTABISET MPSIMYIO
JUHMIO (pHC. 2). DK30TepMHUUecKas WM SHI0TepMUYEcKas 3Ta peakius?
20. 3aBucumocts 19K, = f(1/T) npencraBiena Ha puc. 3 nmpsmoit nuaueld. Kakoe 3akito-
YEHHE MOXKHO CAEJaTh O 3HAKE M XapaKTepe TeMIlepaTypHOU 3aBucUMocTu A B JaHHOM HH-
tepBaje temneparyp? Kak mpu momomu rpaduka ompenenuts BeanuuHy AH? Hanummre

pacueTHy0 GopMyIy.
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4. Konmponvuasa paooma Ne2 no meme: «Xumuueckoe pagnosecue. Cmeujenue Xumuueckozo
pasHosecusn»

BapuanTt 1
3aoanue 1. Haiitn koHcTaHTy paBHOBecus K, 1 paBHOBECHBIH BbIX0A 110 MeToLy TeMKku-
Ha-IIIBapimana (yka3aTh NpU KaKHX yCIOBHIX UCHONB3YETCS JTaHHBIM METO/), €CIIU HC-
XOJTHBIC BEIIECTBA B3STHI B CTEXHOMETPUUECKUX COOTHOIICHUSX. B MOMEHT paBHOBeCHSs
temmneparypa 400K u naBienue 0,5-10° Ila.

2C,Hs0OH <> CH3;COCH ot 3H, + CO
3aoanue 2. B cocyne npu 386°C npoTekaeT peakiuus

4HCl + O, «» 2H,0 + 2Cl,

npu cmemieann 1 kmons HCI ¢ 0,48 kmonb O, o6paszoBanocs 0,402 KMOJIb XJI0pa.
JlaBiieHUE B cucTeme 1,013-10° I1a. Beraucnuts K}, peakuuy OKHCJIEHUS XJIOPUCTOrO
BOJZIOpOJIa MPU JAHHOHN TeMIieparype.
3aoanue 3. Ins peakuun 2503 = 2SO0, + Oz AGgoox = 82,1 xIx. Onpenenure CTENeHb
muccoumamun  SO3 mpu 600 K, ecinn o6uiee nasienue paBHoBecHoii cmecu 0,5-10°
ITa (0,5 at™m). (Ilpu pacuere npuHSTH, 4TO O«1.)

Bapuanr 2
3aoanue 1. Tennora o6pazoBanusi PCls(TB) B cTangapTHbiX ycnoBusx npu 298 K pas-
Ha -463,5 x/x/mMonb. Kak Hy)KHO M3MEHUTH JABJICHHUE U TEMIEPATypy, YTOOBI yBEIHU-
YUTh PABHOBECHBIN BBIXOJ MeHTaxjaopuaa Gocdopa B peakuuu ero oo pazoBanus?
3aoanue 2. Ins  peakmum  N,Oy = 2NO, mnpu 328 K Kp= -1,38-105 [Ta. Ckonbko
mouneit N2O,4 ciieyer moMECTUTh B COCYJ €MKOCThIO 1 M°, 4TOGBI IIpH HACTYIUICHUU
paBHoBecus koHeHTpanust NO, B Hem Obia 0, 1 MOJIB/M>?
3aoanue 3. KoncranTa paBHoBecus K, Ui peakiuu AeruJpupoBaHuUs dTaHOIA

C,HsOH <> CH3CHO D) +H, 1)
mpu 378K paBHa 6,4-10°°. TemtoTsl CTOpAaHMS ITAHOJIA U YKCYCHOIO aJIbJIETH]Ia COOTBET-
CTBEHHO paBHBI (B kKJ[k/Momb): -1412 u -1196. Terora o6pazoBaHust Bojbl paBHa —287
k/lx/Monb. ITone3ysce sTumu gannsiMu pacuntaite Ky npu 403K.

Pazoen |1l. @azoevie pasnosecusn. Pacmeoput

Tema 3.1. Ilpasuno ¢paz I'uooca. Pasnosecuvie cocmoanusn npu (hazosvix nepexooax.
Ypasnenue Knaysuyca-Knaitnepona

1. Bonpocwt kK ycmuomy onpocy
1. [TonsTus «dasza», KKOMIOHEHT, «CTEIIEHb CBOOOAB. [IpaBuio a3 ['mbOca.
2. PacueTsl ¢ HCIOb30BaHHEM (a30BBIX IHArpaMM COCTOSHUS. YTO Takoe TpOWHAsi TOUKa Ha AUarpam-
M€ COCTOSIHUSI OTHOKOMITOHEHTHO# CHCTEMBI?
3. PaBHOBeCHBIC COCTOSIHUS MPpH (a30BBIX Nepexonax. YpaBHenue Kiaysuyca-KianeiipoHa.
4. O6bscHuTe TIpH noMouM ypaBHeHus Kiaysuyca-Kianeiipona, moueMmy 1aBiieHHE HACBIIIEHHOTO Ma-
pa HaJ[ HUIKOCTBIO PACTET MPH yBEIUICHHU TEMIIEPATYPHI.
5. TpeGyeTcs rpadnyecKkn pacCUUTaTh TEIIOTY MCIApEHUs KUIAKOCTH MPHU 3aJlaHHOW TeMIepaType.
Hapwucyiite rpaduk, KOTOpIM HEOOXOIUMO TOJIH30BATHCS, M HAIMMIIMTE COOTBETCTBYIOIILYIO pacdeT-
Hyto popmyny. Kak u3mMeHsieTcsi TemiepaTypa IUIaBJICHHUs BEIECTBA C POCTOM JaBICHUS?

2. Jlabopamopnasn pavoma Ne 8 «H3yuenue pagnosecus 20M02eHHOU PEAKUUU 8 PACHEOPe)

Lenv pabomei. I3ydeHne BIUSHHS CKOPOCTH MPSMOM M OOpaTHOM peakluy Ha cMellle-
HHUC XUMHUYECKOT'O PAaBHOBECHA. Pacuetr xoHCcTaHT paBHOBECHUA IMPHU HUCCICAYEMBIX TEMIICpAaTypax
U TEPMOJIMHAMUYECKUX BETTMYHUH: HOPMATbHOTO XHMHUECKOTO CPOICTBA, YHTPOTIHH.



Annapamypa u peaxmugwvl. KonOwl ¢ mputrepThiMu mpodkamu (cyxue) émk. 100 em® — 4
T, MEPHBIA HHIMHAP EMK. 25 1 50 cM®, KoHmueckHe Koa0bl éMK. 100 em® — 8 T, OIOpeTKH, MH-
IETKH, XUMHUYECKHii cTakaH EMK. 50 cM®, TepMmocTar, cekynaomep, 0,015M pactBop THOCYIIB(Da-
Ta ¢ u3BecTHBIM TUTpoM, 0,03M pactBop xiopunaa xenesa (111), 0,03M pacTBop noauma Kanus,
cBexernpurotroBieHHblil 10 % pacTBop kpaxmarna.

Teopemuueckasn yacmeo

XUMHUYECKUE PEaKIMK TOIPA3ACIAIOTCS HA TOMOTCHHBIE U TeTeporeHHbIe. [ 0MOreHHbI-
MM Ha3bIBAIOTCS pPeakluy, IPOTEKAIOLIUe B OJHOU (ha3e: B CMecH ra3oB, B )KHMJIKOM WJIM UHOTA B
TBEP/IOM PacTBOpE.

Hanpuwmep:

CO )+ H20 )= COz () + Ha (1)
CH3;COOH ox) T Co,HsOH Ox) = CH3COOC,H; ox) T H,0O (%)

I'eTeporeHHbIMH Ha3bIBAIOTCS PEAKIMH, MMPOTEKAIONIME HA TPaHUIIE pasnena IByX (as:
TBEPAOE TEJIO — KHUJAKOCTh, TBEPJOE TEJIO — ra3, TBEPAOE TEJIO — TBEPJOE TENO, KUIKOCTh —
KUIKOCTD.

Hanpuwmep:

CaO (TB.) + C02 ) = CaC03 (TB.)
C eyt O0200)=CO2 (1

MHOrue XMMHMYECKHE PEAKIUH, B 3aBUCHMOCTH OT YCIOBMI MOI'YT T€pMOAMHAMHUYECKH
IPOTEKAaTh CAMOIPOM3BOILHO KakK B IIPAMOM, TaK U B 00paTHOM HamnpasieHuu. IIpeaenom camo-
IIPOU3BOJILHOTO MPOTEKAHUS PEAKLMH [IPH ONPENEIECHHBIX YCIOBUAX SABJIAETCS JOCTHKEHHUE XH-
MHYECKOTO PABHOBECHS.

PaBHOBECHOE COCTOSIHHE XapaKTePU3yeTCs HEM3MEHHOCTh COCTaBa, MOIABUKHOCTH (M-
HAMUYHOCTBIO) M HYJIEBBIMH 3HAUEHHAMHU TepMoaHHaMudeckux GyHkiuii AG, AF.

CocTaB paBHOBECHOH PEaKIIMOHHOM CMECH XapaKTEpH3yeTCs TeM, YTO KOHIIEHTPAIIHN
MCXOJHBIX BELIECTB ¥ KOHEUHBIX IIPOJYKTOB HAXOATCS 110 OTHOLIEHHUIO APYT K APYTY B OHpeie-
JNEHHOM TMHAMHYECKOM PAaBHOBECHH.

PaccMOTpUM 06paTHMYIO FOMOTEHHYIO PEaKIUIO:

aA+bB < dD +eE 1)

MMPOTCKAOIIYHO MCXKAY BCIICCTBAMU B I/ISO6apH0-I/ISOTepMI/I‘leCKI/IX YCIOBUAX (P =constu T =
const).
B cocrosiHuu paBHOBECHSI CKOPOCTH NMPSIMON M 0OpaTHOM peakuuii OJMHAKOBBI:
Uy =72
" COIJIaCHO 3aKOHY I[eP'ICTBHH MacCC — OCHOBHOMY 3dKOHY XUMHUYECKOM KHHCTHKH, COOTBCTCTBCH-
HO paBHBI:

vy =k - C§-CE vy =k Cf - CE 2
kyC§-CR =k, Cf-C§ ©)

rie ki u ko — KOHCTaHTBI CKOPOCTH MPsMOi 1 oOpaTHoi peakiuii; Ca, Cg, Cp, Cp— paBHOBECHBIC
KOHIICHTPAIIUU YYaCTHUKOB PEaKIuu; a, b, e, d — crexuomeTpuueckue KodQPUIMEHTH peaKkiuu
(1); A, B, E, D — y4acTHUKH peaxIiuu.

KonnyecTBeHHON XapaKTEPUCTUKON XUMHUYECKOIO PaBHOBECHS CIYKMT BEJIUYHHA, Ha3bI-
BacMasi KOHCTAHTO# XuMH4YecKoro paBHoBecusi. Koncranta xumudeckoro paBHoBecus (Kc),
BhIpOKECHHAsI YepPe3 PABHOBECHBIC KOHIICHTPAIIUH, paBHA OTHOIICHUIO KOHCTAHT CKOPOCTEH mpsi-
MO 1 00paTHOM peakInu:



K Chcg
€7k ans Ke = cg-ck 4)

[Tpu nocrosHHON Temrieparype (T = const) koHcTaHTa paBHOBECHS OOPATHMOUN PEaKIUU
apnseTcss BenuunHou moctostHHO (K¢ = const), mokaspiBaroliell COOTHOIIEHHE PABHOBECHBIX
KOHIIGHTpAllUi MPOJYKTOB PEAKIMI U MCXOJHBIX BELIECTB B CTENEHU MX CTEXHMOMETPUUYECKHUX
K03 PHUITUEHTOB.

VYpaBHeHHE KOHCTaHThI paBHOBECHsI (4) MMOKA3BIBAET, UTO B YCIOBHUSX PABHOBECHUSI KOHIICH-
TpalMK BCEX YYACTHUKOB PEAKIMH CBS3aHbl MEX]y co00i. MI3MeHeHre KOHIEHTpaluu J1I000ro
W3 HHUX BBI3bIBAET U3MEHEHHUE KOHIIEHTPALMI BCEX OCTAIbHBIX; B PE3y/bTaTe YCTAHABIMBAIOTCS
npyrue KoHueHTpauuu. Ho cooTHoIIeHne MeXly HUMU HEM3MEHHO OyIyT OTBeYaTh KOHCTAHTE
paBHOBECHSI.

Ecnu peakuus (1) mpoTekaeT B rOMOreHHOW ra3oBoil (haze, TO KOHCTaHTY pPaBHOBECHS
MO>KHO BBIPa3UTh Y€pe3 PAaBHOBECHBIE MaplHAIbHbIC JABICHUS YUaCTHUKOB PEAKIIUHU:

d, pe
_ Pp-Pg

Kp = Pg-pE (5)

Vpapaenus (4) u (5) BIpaKarOT 3aKOH JeiicTBUS Macc.

KoHcTanTa paBHOBeCHs KaK IOCTOSHHAs BEJIMYMHA YKa3bIBae€T Ha IOCTOSHCTBO COOTHO-
[ICHUSI PAaBHOBECHBIX KOHIICHTPAIMA WM PABHOBECHBIX MApIMATBHBIX JABICHUN yJaCTHHKOB
PCaKIUu MPH ONPEJACIICHHbBIX YCIOBUIX. [IpH M3yYeHHH XMMHUYSCKOM PEaKIMH CIEIYET OIpe/ie-
JUTH, OyJIET JIX OHA MPOTEKATh CAMOIIPOU3BOJILHO, U €CIT OYET, TO B KAKOM HampapieHUH. [Ipu
P,T = const peakiusi mpoTeKkaeT CaMOINPOHU3BOJIBHO B HAINPABICHUH YMEHbBIICHHS H300apHO-
nuzorepmuueckoro norennuana AG, a mpu V,T = CONSt B HampaBIeHUN YMEHBIIICHUS H30XOPHO-
M30TepPMHUYECKOro moTeHIana AF.

Ecin Bce yyacTHUKH peakIliy HAXOATCS B ra3000pa3HOM COCTOSHUHU U IMOTYHHSAIOTCS 3a-
KOHAaM HJCaJIbHBIX T'a30B, TO YMEHBIICHHE HW300apHOro MOTEHIMana (KOTopoe OyAeT HaOo-
JAThCS IPH OOPAaTHOM MPOTEKaHUH PEAKIIMU JI0 COCTOSIHHS paBHOBecus npu P, T = const) moxxer
OBITH MPEJICTaBIICHO YPaBHEHNEM, KOTOpPOE Ha3bIBaeTcs n3obapoit Bant-I'odda:

p.a‘.lp.e
Ap=—AG=RT(InKp—In : 5) (6)

p%.p}

OTO ypaBHEHHE IIOKa3bIBAET, KakKkyl pabOTy COBEpIIaeT CHUCTeMa IpH Iepexojie U3
HA4aJIbHOTO HEPABHOBECHOT'O COCTOSIHUS B KOHEUHOE PABHOBECHOE.

Ecin peakuus ocymecTBisieTcs B MAcalbHOM pactBope mpu V,T = const, To mu3zoxopa
Bant-T'odda nmeer Bua:

il e
Ay = —AF =RT (zn K, — In<2 C,g) )

c'%C'

rae T — abconroTHas Temmneparypa, K;
R — ynuBepcanpHas ra3oBas MOCTOsTHHAS;
P’a, P's, P'e, P'p— He paBHOBECHbIE JaBJICHUSI yUaCTHUKOB PEAKIUU;
C'a, C', C'p, C'e — He paBHOBECHBIC KOHIICHTPAIIMH YYACTHUKOB PEaKIIHH;
a, B, d, € — crexuoMeTrpuueckre KodpHUIUuEHTHI;
AG, AF — n3MeHeHnue TepMOIMHAMUYECKOTO MOTEHIMANIA CUCTEMBI B MIPOIIECCE PEAKITNH — KOJIH-
YECTBEHHAs Mepa XMMHYECKOTO CPOJICTBA, XapaKkTepusyromascs mpu P = const yosuisio cBo0OI-
Holi sHeprun ['n66ca (Ap = —AG), a npu V = const yobuibto cBoOOJHON sHepruu I enbMrosbia
(AV = —AF).

VYpaBuenus (6) u (7) yka3pIBarOT Ha BO3MOKHOCTh H3MEHEHHMsI HAITPaBJICHUS Mporiecca my-
TEM M3MEHEHHMS UCXOJIHOTO HEPAaBHOBECHOI'O COCTaBa peakHnoHHOM cMecu. [losTomy pacuér Be-



mnarH AG u AF 1o3BosisieT TepMOIUHAMUYECKH OIICHUTHh BO3MOKHOCTh MTPOTEKAHUS PEaKINU B
MPsIMOM HaNpaBJICHUU:
ecit A > 0 (AG u AF < 0) — peakiusi mpoTeKaeT caMOIIPOU3BOJIBHO B IIPSMOM HaIPaBIICHHUH;
ecid A <0 (AG u AF > 0) — peakuus caMONPOU3BOJIBHO UATH HE MOXKET (I €€ MPOXO0KIACHUS
HEO0OXOIMM TI0JIBOJ] SHEPTHUH);
ecii A =0 (AG u AF = 0) — cucrema HaXOAUTCS B COCTOSTHUM PAaBHOBECHS:
d, e

Ke = Ejgg (8)

XHMMHYeCKHM CPOACTBOM Ha3bIBaeTCA CIIOCOOHOCTH PA3IMUHBIX BEIIECTB BCTYINATh B XH-
MHUYECKOE B3aUMOJICHCTBHE MEXKTY COOOM.

B cranpapTHBIX YCIOBMSIX, KOTJIa MCXOJHbIE MaplMaibHbIe ABJICHHUS W KOHIIEHTpALUs
KaXXJIOTO Y4aCTHUKA peakluu paBHbI cooTBeTCTBEHHO latm (760 mMm.pT.cT. mim 101,3 klla) nnm
1 Momb/1, ypaBHeHHs ©30TepMBlI (6) U (7) ynpoCTATCS U yObLIIb HOpMaJIbHON CBOOOTHOM YHEPTUU
MPUMET BH/I;

A, = —AG° = RT InK, )

Ay = —AF° = RT InK, (10)
rae AG®° u AF° — HOpMabHOE (CTaHAAPTHOE) XUMUYECKOE CPOJICTBO WIIM MEpa XUMHYECKOTO
CPOJACTBa, KOTOpas MOKa3bIBaCT M3MEHEHUE CBOOOTHOW YHEPTUHM CUCTEMBI T OOpAaTHOM IIPOBE-
JIEHUH TIpoliecca, paBHOE MaKCHUMallbHOU paboTe mpouecca. CUMBOI «°» yKa3bIBaeT, UTO U3Me-
HEHHE M300apHO-U30TEPMHUUECKOT0 MOTEHIINAIa OTHOCUTHCS K PEaKIMU, B KOTOPOU Mapluaiib-
HBIE JIABJICHUS WM KOHIIEHTPALMK YYaCTHUKOB PEaKIMK PaBHBI 1.

3aBUCUMOCTh KOHCTAaHThl XMMHUYECKOTO PAaBHOBECHUS OT TEMIIEpaTyphbl BBIBOJIUTHCSA, BO-
MEPBBIX, U3 YPABHEHHS] HOPMAJIBHOTO XHMHYECKOTO CpoJicTBa — u30TepMbl Baut-T'odpda (cm.
BBIBOJI ypaBHEHUs 9):

—4G° = Ap = RTInK, (11)
U, BO-BTOPBIX, U3 ypaBHeHUs [ n006ca-I enpmronpia:
AG2 = AH? — TAS® (12)
0 _ 0 . daG®

yoOHO COYETAIONINX MEPBhIH U BTOPO 3aKOHBI TEPMOIUHAMUKH IPUMEHUTEIBHO K 00paTHMBIM H30-
TEPMUYECKUM IIpoLeccaMm,
e AH:— TemnoBoit a3 dexT peaximm,
AS’— u3MeHeHue SHTPOITHH.

i HaXOKAEeHUsS] 3aBUCUMOCTH KOHCTaHTBl XMMHUYECKOTO PABHOBECHS OT TEMIIEPATypbl BO3BMEM
MIPOM3BOAHYIO TIO TEMIIepaType U3 ypaBHeHHs u3otepmsl (11)

daac° dink,
_(aT):REnKF’JFRT'( dar ) (14)

IToncraBus 3Hauenne AG (11) u e€ npousBoguoii mo temneparype (14) B ypasuenue (13), momy-

YUM:
dink
—RT InK, = AH° — RT InK,, — RT?>—_F (15)
WJIH TTOCIIE TIPe0o0pa3oBaHus:
dink AH®
SRy _ 28
dT ~ RT? (16)
din KE

rae T — temneparypHblil KO3(QQUIMEHT KOHCTAHTHI XUMHYECKOTO PABHOBECHS.

Bripaxenue (16) Ha3biBaeTcs: ypaBHeHHEM H300apbl BanT-TI'ogda.



Ecnu mpomiecc mpoTekaeT nmpu MOCTOSTHHOM 00BEME, TO 3aBHCHMOCTDh KOHCTAaHTHI PaBHOBECHS OT

TeMIepaTyphl onpenenseTcs ypaBHeHueM n30xopbl Bant-T'ogda, koTopoe BHIBOAUTCS aHATOTUYHO:
dink,  aAy°

dr  RTZ (17)
rae AU° — ctanaapTHOE H3MEHEHHE BHYTPEHHEH SHEPTHH CHCTEMBI.
JInis peakiuif, MpOTEKAIOIINX B HEW/ICATLHBIX PACTBOPAX, B ypaBHEHUH H30X0pbl K¢ 3aMersieTcs Ha

K, (C — KOHIIEHTpaIHsI 3aMEHSIETCS HAa aKTHBHOCTb a):
dink, ay°

ar _ RT? (18)
VYpaeuenus (16), (17) u (18) moka3pIBaIOT, €CIIU PEAKIIHS MPOTEKACT C BBIICICHUEM TEIUIOThI (AH®
<0, °AU < 0), To

dlnkKp dlnh’cudl?a!{a
ar ' dr dr

<0

CrnenoBaTenbHO, C MOBBILIEHUEM TEMIIEpaTyphl KOHCTAaHTa PaBHOBECHS] YMEHBIIIAETCS U paBHOBE-
CHE CMEILAeTCsl B CTOpOHY oOpaTHOU peakuuu. IToaToMy 3K30TepMHUYECKUE PeaKLMU HEOOXOAUMO Ipo-
BOJUTH NPY IOHMKEHHOM, 8 3HA0TEPMHUUECKUE — MIPU MOBBILIEHHON TeMIIepaType.

YpaBuenus n3o06apsl (16) u nzoxopst (17 u 18) onpenenar 3aBUCUMOCTh KOHCTaHT PaBHOBECHS OT
TeMIepaTypsl B TudGepeHIHATEHOM BH/IE.

s mpakTU4ecKUX pacyeToB XapaKTEPUCTUK PaBHOBECHH CIEAyeT MPOMHTETPUPOBATH 3TH ypaB-
HEHHMS B IIpeAeiax ABYX TEMIEpaTyp C Y4eTOM, 4TO TemIoBoi 3¢ ekt peakunu AH B HeOonbIIOM TemIie-
paTypHOM HHTEpBaJle N3MEHSAETCS HEe3HAUYUTENbHO M €ro MOXHO CUMTATh MOCTOSIHHBIM. [Ipu TakoMm mo-
MyCcKe UHTErpupoBaHue ypaBHEHUs (16) IpUBOAUT K BBIPAXKEHUIO:

In Koz — 8H° (-3
K R T, T,/HWAIN

AH® _MME&
P1 K

 (T-Ty) P1 (19)

OTO0 ypaBHEHHUE MO3BOJISIET:

— BBIUMCIIHATH CTaHJAPTHBINA TerutoBo 3¢ dext AH® mo skcrepruMeHTanbHO HaWASHHBIM TP ABYX
TeMIepaTypax KOHCTAaHTaM PaBHOBECHS;

— BBIYMCJIUTh KOHCTAHTY PAaBHOBECHS IPH 3aJaHHOU TEMIIEpaType, €CIU U3BECTEH CTaHIapTHBII
TEIIOBOH AP QEKT peaklnu U KOHCTAaHTa paBHOBECHSI IIPHU APYTOil TemIeparype.

TouHoe 3HaueHue TerIoBoro 3dexra peakyy, yUuTHIBAIOIIEE €T0 3aBUCUMOCTD OT TEMIIEPATYPbI
T, paccunthiBaercs 1o 3akony Kupxroda:

T

AHY = AHog + [0, AC,dT (20)

rie AH g5 — OMpeIeNsIoT 10 CTAHAAPTHBIM TEILIOTAM 06Pa30BaHKS;
ACp — u3MeHeHHe TEIUIOEMKOCTH BEIIECTB B IIPOIIECCE PEAKITUH.

Heonpenen€unslii uaTErpan ypaBHeHus n3obapsl Bant-I'odda (16) naér:

nK, = —%

ITpu nmepexoae K AeCATUIHOMY JIOTapU(PMy MOTYIUM:

. % + const (21)

AH 1 const
E‘ng__z,E'?—F 23 (22)

O003HaUYMM OCTOSIHHBIE ClIaraeMble 6y1(BaMI/I Amn B, TOr1a YpaBHCHUC MPUMCT BUI:

A

Eg Kp = ; +B (23)

Bripaxkenus (22) u (23) ynoOHBI a7 rpadMuecKoro aHajiu3a MpoLeccoB, TaK KaK 3aBUCUMOCTDH B
koopauHatax InK,= f(1/T) npencrasiser coboit npsAMy0 JINHUIO, T1€

23R _ yriioBoit K03 pUIIMEHT NPAMOH,

__ const
23

— OTpe30K a0CLUCChI, OTCEKAaeMOM 3Tol npsiMoii 1 paBHbIi InK, mpu 1/T = 0.
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Puc.1. 3aBucuMOoCTb JiorapugpmMa KOHCTAaHTBI PABHOBECHS OT BEITUYMHBI 00PATHOHN TEMIIEpaTyphI
IKcnepumenmanvras uacmo
PaccMoTpum paBHOBecHEe TOMOTEHHBIX PEAKIMA Ha MpUMEpe MPOTEKAIOIMNX B BOJHOM pPacTBOpE
OKHCTUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUIA:

2FeC|3 + 2Kl = 2FeC|2 + |2 + 2KCI
Fex(SOy), + 2KI = 2FeSO, + 1, + 2K,S0,
WoHHbIN BUJI 9TUX peaKIuil OJIMHAKOB:

3 = 2
2Fe’ + 21 = 2Fe"" + I,
Koucranra PaBHOBECH: COTTIACHO 3aKOHY HeﬁCTBHH MacCC BbIPA3UTHCA YPABHCHUCM!

€2 2:C
Ke=2—+3 24
(24)
Buvinonnenue pavomot

B cyxue nponymepoBanHble Koi0Obl EMK. 100 cM® ¢ mpuTepTHIMU MPOGKAMH BHECTH 3a-
JTAHHOE KOJIMYECTBO pacTBOpoB xjopuaa xxenesa (111) u noguaa xanus n3BECTHOM KOHIICHTPAIIUU
(tabin.1). Konbel TepmoctatupoBats npu temnepatype 29812 K. Ilo ykazaHuio mpemnojaBaTens
IIPOBECTHU SKCIEPUMEHT NpU BTOpOoil TeMmeparype 31312 K.

Ta6auna 1. PacTBOpHI HCXOIHBIX PeareHTOB

0,03M pactBop, e ] HZOMep KOJIOBI ; -
FeCI3 50 _ 55 .
= - 55 - 45

TIpUroTOBBTE ISl THTPOBAHHMS 8 KOHHYECKHX Komo émk. 100 cm’. B kaxayio Kooy
nHaseiite 35-50 cm® JUCTWIMPOBAaHHOW BOJBI U OXJIAJUTE MX BO JbAY HE MeHee 15 munyr. Jle-
JsiHasl BOJa JIOJDKHA NMPHUOCTAHOBUTH PEAKIUIO U (PUKCHUPOBATh MOMEHT, K KOTOPOMY OTHOCHUTCS
u3MepeHue KoHeHTpauu. Cmemaiite conepxkumoe koid Nel u No2, a wepe3 10 MUH OTaeNBHO
cMmemmaiite coaepxkumoe kKoo Ne3 m Ne4. OtmersTe BpeMs ciuBaHHUs pacTBopoB. KonObr 3a-
KPBITh MMPOOKAaMHU U TepMOCTaTUPOBaTh. [IpoTekaHne peakuuu KOHTPOIUPYHTE MO YBETUUECHUIO
KOHIeHTpauuu fona. [locTosiHHAass KOHLEHTpauus |y CBUAECTEILCTBYET O TOCTHKEHUU PaBHOBE-
cus. KoHTponupyroT nu3mMeHeHue KOHUEHTpauuu Hojaa ciueayrommm odpazoMm. Yepes 20 MuH ot
MOMEHTa CMEIINBAHMSI U3 KaXKJI0M KOJObI, HE BHIHMMAs €€ U3 TepMOcTaTa, OTOEpUTE MUIETKOM
15 oM’ pacTBopa M ClelTe B OXJaKICHHBIE KOJOBI i TUTPOBaHMs. 3a BpeMsi 0TOOpa mpoObl
CUMTaTh MOMEHT CIMBaHUS PACTBOPA U3 MUIETKU B KOJOY JJIs TUTpOBaHUs. Bpems oTmedats ¢
TOYHOCTb J10 1 MUH.



Cpasy mocnie orbopa mpoOsl BeienuBIwiics on orrutpyiire 0,015 M pactBopom THO-
cynbdata Hatpus NaS;03 ¢ u3BecTHBIM TUTpOM. [IpH TUTpOBaHNM TTPOTEKAET PEAKITHUS:

2Na,S,03 + |, = Nay,S,06 + 2Nal

Tutpant nobGasngiiTe 10 GIETHO-KENTON OKPacKU pacTBopa. 3aTeM J00aBUTh HECKOJIBKO
Karesab CYCIIEH3MHM KpaxMajia M MPOJOJDKAHTE THUTPOBAHHE 0 MCYC3HOBEHUS CHHEU OKPACKU
pactBopa. CBETJIO-CHHSISI OKPACKa, MOSABIISAIONIASCS Yepe3 HEKOTOPOE BPEMSI, HE YUHUTHIBACTCS.

Uepes 20 MEH IOCIE IIEPBOrO 0TGOPA MPod U3 KaxI0i Konbbl otéepute eme mo 15 cm®
pacTBOPOB, BHECUTE B KOJIOBI C OXJIAXJACHHON BOJION U TaKKe UX OTTUTPYHTE. 3aTeM C UHTEpBa-
70M B 20 MUH OTOEpHUTE TPETHIO U YETBEPTYIO IIPOOKI U T.I.

Ot60p pob ¥ UX TUTPOBAHUE MIPOBOJUTE A0 TEX MOP, MOKAa 00bEM TUTpPaHTA, U3PACXO10-
BaHHBIM Ha TUTPOBAHHUE JBYX IMOCIIEIOBATEIHHO B3SITHIX MIPOO U3 KAXKI0W KOJIOBI HE CTAHET PaB-
HBIM. DTO CBHUJICTEIICTBYET O JTOCTUKEHUU PABHOBECHOI'O COCTOSIHUS B CUCTEME. DKCIEPHUMEH-
TaJbHBIC ¥ PACUCTHBIC JaHHBIC 3aHECUTE B TAOHILY 2.

Tabauna 2. Pe3ynbrarsl TUTPOBAHUS

Bpewmst, mun 20 40 60 80 100 120
Howmep nmpoOsI 1 2 3 4 5 6
O0BeM Na28203, CM3
Konba Temmneparypa T,
1+2
3+4
Temneparypa T,
Konba
1+2
3+4

Oopadomka IKcnepumMeHmaibHoIX OAHHBIX
Iman 1. PacueT KOHCTAHT PaBHOBeCHsI cMeceill IPH MccilelyeMbIX TeMIepaTypax.

KoHcTanThl paBHOBeCHSI N3ydyaeMOl XMMUYECKON peaklMM MPH UCCIENyeMbIX TEMIIe-
paTypax onpenensoTcs o ypaBHeHuto (24).
PaBHOBecHas koHIIeHTpalus iloga OyneT paBHa:

V.
G, =05 Cr- (25)

rie Cr — MOJISIpHasi KOHLGHTPALHs THTPAHTA, THOCYIIb(DATa, MOJB/IM®;
V1 — 00beM TUTPAHTA, H3PACXOIOBAHHBINA HA THTPOBAHHE HO/Ia B MOMEHT PAaBHOBECHS, MJT,
VN — 00beM B3SITOM TIPOOBI, oM,
PaBHOBecHas koHueHTpanus noHoB skene3a (ll), cormacHo ypaBHeHuIo peakuuu, OyaeT
paBHa yIBOCHHOH KOHIIEHTpAINX Hoja:

Crez+ = 2Cj, (26)
Toraa paBHOBecHast KOHLeHTpauust noHOB xene3a (11), paBHa pasHOCTH HavaIbHOW KOH-
neHTpanuu noHoB skenesa (1) u paBHOBecHO KoHIIEHTpaIu HOHOB kene3a (1) u 6yaer ompe-
JeISATHCS ypaBHEHHEM:
CF€3+ = Cgeg+ - Cgez+ = Cgeg+ - 26}2 (27)
HavanbHas xoHnentparus noHos xkenes3a (111) Beraucnsercs U3 MOISPHON KOHIIEHTPALIUU
ucxoanoro pactsopa FeCls u crenenu ero pasbaBieHus mpu cMeIIeHnu ¢ pactsopom KJ.



rae C(KJ) — MosipHasi KOHIEHTpPALKS HCXOJHOTO PacTBOPA, B MoJTB/ M,

VEeciy

0 — . FeCls
CF93+ = C}?eclg Vrect +Vk) (28)
rae V(FeClz) u V(KJ) — 06beMBI COOTBETCTBYIOIIHMX PACTBOPOB, B3AThIE JIJIS IPOBEACHUS PEeaK-
IIUU, B CM .
PaBHOBecHast KOHIICHTpAIUSI HOHOB H0/1a BBIYUCIIICTCS aHAIOTUYHO:
C-=C%~-2C
i ] Iz
V
COL = Cpy —T —
Y K VEecia tVEkJ (29)

Ha ocHoBanun OKCIICPUMCHTAJIBHBIX TaHHBIX pacchTaﬁTe KOHCTaHThbl paBHOBECHUA HUCCIIC-

Tabauna 3. Pe3ynbTaTsl aHATMTUUECKUX PACYETOB IIPU UCCIIENYEMBIX TEMIIEPATYpax

JlyeMOH peakuu 10 ypaBHEHUIO (24) npu yKa3aHHBIX TeMIEpaTypax. OMIUPUUYECKUE U pacueT-
Hbl€ JJaHHbIE 3aHeCTH B Tabuuiy 3. O0beM THOCY/Ib(aTa HATPUS SKBUBAJIEHTHO COOTBETCTBYIO-
IEMY PaBHOBECHOMY KOJIMYECTBY HOAa.

O6bem PaBHOBECHAs1 KOHIICHTPAIHS, MOJIb/ M
K N K

oroa | NSO ey | ey | o) | ) ¢
Temneparypa T,

1+2

3+4
Temneparypa T»

1+2

3+4

Pacuér xoncrant PaBHOBCCHUA KC MMPOU3BOJAAT OTACIBHO IJIA ABYX B3ATBIX UCXOAHBIX CMC-

ceil.
dman 2. Pacuetr TepMOANHAMUYECKUX QYyHKIIUIH.

Paccunraiite m3o0apHo-u3zoTepMudeckuii morennuan AG mo ypasuenuto (11) HopMaabHO-

o XMMUYECKOT0 CPOJICTBA TP ABYX TEMIIepaTypax.

Paccuuraiite TernoBoii a¢ ekt peakiun AH no ypasaenuto nzobapsl Bant-I'odda (19).
Paccunraiite m3menenue sutponuu AS o ypaBHeHuto (12) mpu 1Byx Temmeparypax.

Ha muwmnmeTpoBoii 6ymare moctpoiite rpaduk 3apucumoctu InKe = f(1/T).
Omnpenenure TeroBoi >pdext peakiun AH rpadudeckn um aHamuTH4YecKu (ypaBHEHHE

23).
Bce MOJIYUCHHBIC PE3YJIbTAThI PACUCTOB BHECUTC B Ta6n1/1uy 4.

Ta6auna 4. Pe3ynbpTarsl pacueToB MpU UCCIETYEMbIX TEMIIEpATypax

— Koncran- AH, JIxx/mMoib AG, AS,
ta paBHo- | /T | tga
pa, K B — teopetrd. | rpadua. | kJx/Monb | Ix/mons-K
T:
1>

[Ipoananu3upyiite Bce MoyuyeHHbIE pe3yabTaThl U CHOPMYIUPYNUTE BHIBOI.

5.KaxoBbI 1ienu paboThI?
6.KakoB mopsi10x BbIMOJIHEHUS paOOThI?
7.Kakast 3aKkOHOMEpHOCTb IIpoBepsieTcs B padboTe?

Bomnpocs! a5 nonycka Kk padore




8. Tlo kakuM TpHU3HAKAM CYIAT O JOCTHXECHUH PABHOBECHS?

PaboTa cuntaercst BBIIOJHEHHOM, €CJIN IPECTAaBICHbI SKCIIEPUMEHTAJIbHBIE PE3YIIbTATHI,
NPUBE/ICHBI BCE YPaBHEHUS PEeaKUni, rpa)Ky U aHATUTUIECKUE PACUETHI, CJICIaHbl BEIBOIBI.

3. Komnnexm 3a0au k meme 3.1.

1. Beunciauth 4ucio creneHei cBo0oabl, KOTOPhIMH 00J1a/1aeT CUCTEMa, COCTOAIIAs U3: a) pac-
tBopa KNO3; 1 NaNO3 B mpHCyTCTBHM KpUCTAJUIOB 00EUX COJIei M mapoB BOJBI, 0) pacTBopa
obenx coseir B npucyrctBum Jybaa, kpucramwioB KNOs u NaNOs u mapoB Bojbl; B) pacTBopa
00eux coJjeil B IPUCYTCTBHUH JIbJIa 1 TApOB BOIBI.

2. BBIYMCIIUTD YUCIIO CTETIEHEN CBOOOIbI B IEPUO/L 3aTBEPICBAHUS CILIaBa, COCTOSIEIO U3 IBYX
METaJUIOB, 00Pa3yIOUINX JABE KPUCTANTUIECKNE CTPYKTYPHI.

3. B BoIHOM pacTBOpe HAaXOJUTCS CMECh XJIOpUIa COoJIel HaTpus M xjopuaa Kanbius. Onpene-
JIMTE KOJIMYECTBO COCTABHBIX YacTei M KOMIIOHEHTOB B IaHHOW CHCTEME.

4. U3 >kuIKOro pacijiaBa CBUHIA M OJOBa YaCTHYHO BBINAJIN KpHUCTaLibl ojoBa. KakoBa Bapu-
AQHTHOCTbH JJAHHOM CHUCTEMBI.

5. BbeIpazute KOHCTaHTY PaBHOBECHUS PEAKIIUH Pa3NIOKEeHUs KapOoHaTa KaNbLHS U TOKAXUTE, YTO
3TO BBIPAKEHHE HE MMPOTUBOPEUUT MpaBHITy (ha3.

6. B BoilHOM pacTBOpe HAXOAUTCSA CMECh COJICH: XJIopuia Maraus u cyjibdata HaTpus. Omnpene-
JUTE KOJIMYECTBO COCTABHBIX YACTEH M KOMIIOHEHTOB.

7. BpIlUMCIUTh MaKCHMaJIbHOE YUCIIO CTENEeHeH CBOOOABI U MaKCUMalIbHOE Yncio (a3, Haxods-
IIMXCSI B PABHOBECHH B OJTHOKOMIIOHEHTHOH M ABYXKOMITOHEHTHON CHCTEMaX.

8. Ilomp3ysick mpaBuiiom (a3, H0Ka3aTh, YTO JIO00I IBTEKTHUECKUN CIUIaB U3 JIBYX BEIIECTB
JIOJDKEH 00J1ajiaTh CTPOTO OIPEICIIEHHBIM COCTABOM U MOCTOSIHHOM TeMIEpaTypoll IJIaBJICHHS.
SIBisieTcst M SBTEKTHKA XUMUYECKUM COSIMHEHHEM KOMIIOHEHTOB?

9. Bocnonik3oBaBikck auarpamMmmoint cocrostaust Sb — Pb (puc. 2),

OTPEeAENUTh KOJIMYECTBO BEIKPUCTAIUIM30BABIICHCS CYPhMBI

npu oxyaxaeHuu 10 4300 C 3 Kr )KuIKOro cIiiaBa C

coaepxxanueM 40% cBuHIIA.
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Puc. 1. [lnarpamma coctosiaust Sb — Pb
10. OBTEeKTUYECKUH CIUIaB CYpbMbI M CBHHIIA coAepkUT 13% cypbMmbl (cM. puc. 1). Kakoit u3 me-
TAJIJIOB U B KAKOM KOJINYeCTBE Oy/IeT HaXOJUThCS B CIIJIaBe
B BUJIE KPHMCTAVIOB, BKPAIUIEHHBIX B 3BTEKTHKY, €ciu 10 Kr >KMJIKOrO CIIaBa, COJEpPIKAIIero
10% cypbpMBbI OXJIAAUTH JI0 ITOJIHOTO €0 3aTBEPIEBAHUS.
11". To auarpamMme COCTOSTHUS CHCTEMBI 0-KCHIION—-M-KCUIION (PHC. 2) ONpENeInTh, KaKas TBEp-
nast Gasa M B KAKOM KOJNMYECTBE OYIET BHIKPUCTAIN30BBIBATHCS MpH oXmaxaernn 10 -50°C 1
KI' CMECH 0-KCHJIOJIa U M-Kcujoia ¢ coaepkanuem 30 Bec. % m-kcuiona.
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12", TlocTpOMTh AMArpaMMy COCTOSHMS KoHjaeHcupoBanHoi cuctembl LiCl — KCI, ecin Temre-
parypa miasienus KCl 800°C, LiCl 600°C, sBrexruueckoro cruasa 300°C. CoCTaB YBTEKTHKH
60% LiCl u 40% KCI. Onpenenutb, CKOJIBKO CTENICHEH CBOOOIbI HMEIOT CIICAYIOIINE COCTABBI
IIPY COOTBETCTBYIOIIMX TEMIIEpaTypax:
LiCl, Bec. % 40 60 80 100
t,°C 700 300 200 500

13". 1) Yka3zath Ha puc. 3 (asbl, HaXoAAIIKMECS B paBHOBecHU B Touke O. ONpenenauTsh 9ucio
CTerneHe cBOOO/IbI B IaHHOM TOUKE;

2) onmcaTh MyTh KPUCTAJUTU3AIMHU paciiiaBa, cocrosuiero u3 85% SiO; u 15% Na,O. Cnenatb
TaOJINYHYIO 3aKCh PE3YJIbTATOB OXJIAXK/ICHUS 10 CICAYIONIeH opme:

Temneparypa Cocras xunkoit ¢paszer | Cocras TBepaou ¢aszel | [Ipumedanus

3) ycraHOBUTH (HOPMYITy XMMHUYECKOTO coeuHeHust, coctosimero u3 50,8% Na,O u 49,2% SiOy;
4) ykazaTb TeMIIepaTypy, IpU KOTOPOH HaYHETCS KPUCTAJUIM3AIMs paciuiaBa, coaepxamiero 70%
SiO; u ykazaTh TemMIepaTypy, Ipu KOTOPOI 3aKOHUHUTCS TPOLECC KPUCTATUTU3AIMH.
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Puc. 3. Jlnuarpamma coctosiaust cuctemsl Na,O — SiO,

14. YnenbHas TeruoTa IUIaBieHUs HadTalWHA MPU €ro HOPMAJbHOM TeMIepaType IUIaBICHUs
79,90C paBHa 149,25 JI/r. Pa3HOCTB yAEIbHBIX 00BEMOB B KUJKOM M TBEPIOM COCTOSIHUH TIPH
temneparype miasnenus (AV) 0,146 eMOT. Onpenenutb U3MEHEHUE TEMIIEPATYpPhl IUIABICHUS
Ha(TanuHa Npu yBenuyeHuu AasineHus B 100 pa3 mo cpaBHEHHIO C HOPMaJIbHBIM aTMOC(HEPHBIM
naBiernem (101325 H/v?).

15. Temnepatypa KuneHHst pTYTH 0]l HOPMAJIBHBIM aTMOC(EPHBIM JaBlIeHUEM 357°C. Temora
napooOpa3zoBanus 283,2 /x/r. OnpenenuTs U3MEHEHNE YIPYTOCTH Napa pTyTU MpU U3MEHEHUH
TEMIIEPATYpPHI Ha 1°C BGmI3H TeMIIepaTypbl KUIIEHHUsI PTYTU O] HOPMAJIbHBIM aTMOC(hepHBIM
JTABJICHUEM.




16. 3aBUcHUMOCTh TeMIIEpaTyphl MJIaBIeHUs HadTamuHa OT JABIICHUS BBIPAXKaeTCs ypaBHE-
HUEM

t (°C) = 79,8 + 3,7-10"P + 1,88-10™'P? (nasneune BBIpAXEHO B Mackaisx). PazHocTh
yAETbHBIX 00BEMOB JKHUJKOTO W TBEpaOTro HadTaymua pasHa 0,146 cM®/r. Paccunraiite TEIJIOTY
(JLx/r) mianenns HadramiHa npu gasnennn 5,07-10° Ia.

17. lo Kakoro 3HaU€HUS! HY)KHO CHU3HTD JIaBJICHHE, YTOOBI TeMIepaTypa KUIEeHUs AU TUIIaHH-
nuHa ynana a0 463 K, eciu B HopManbHBIX yCJIOBUSIX OH KUMUT nipu 489 K, a cpeanss Temno-
Ta ero ucnapenus 48,5 x/[x/monp?

18. Onpenenute, Ha KaKyl BEJIMUMHY HAJIO MOBBICUTH JaBJEHHUE, YTOOBI PTYTh MJIABUIACH
npu 236,3 K, eciu nipu temneparype TpoitHo# Touku (234,3 K) temnora nnasinenus AH,, =
2266 JIx/Momb, a MOJISIpHBIE 00BbEMBI TBEpJEH U KUIKOW (a3 COOTBETCTBEHHO paBHBI 14,14 u
14,65 cm®/monb.

Tema 3.2. Monexynapusie pacmeopvl. Duzuko-xumuueckKue ceoiicmea pazdasieHHvlX pac-
meopoe
1. Bonpocwt kK ycmnomy onpocy
1. O01as XapakTepUCTHKA PACTBOPOB.
2. CeoticTBa pa30aBiIeHHBIX pacTBOPOB. 3akoH ©.M.Pays.
3. OcmoTtrueckoe aaBienue. 3akoH Bant-I'odda. B kakoM COOTHOMIEHNH HAXOIATCS BETUIHHBI OCMO-
TUYECKOTO JaBieHus AByX BoaHbIX 0,005 M pacTBOpPOB IIFOKO3BI U CyJIb(haTa HaTpus?
4. IloHm>KeHre TEMIIEPATYPHI 3aMEP3aHUsI U MOBBIIICHUE TEMIIEPATyPhl KUIICHHS PACTBOPOB.

2. Jlabopamopnasa paboma N9 «@uzuko-xumuueckoe Ucciedo8anue 00pazosanus KOMHIEKCHbIX CO-
€OUHEHUIL 8 PACHEOPax»

Lenvto oannotl pabomel SIBISETCS] TPUOOPETECHUE HABBIKOB M3YUEHUS peakuuii o0pazoBa-
HUS OKpalleHHbIN U (IIyopeclupyIOIIUX COeIMHEHUH B pPacTBOpax.

O0pazoBaHue COEMHEHHI B pacTBOpaxX MOKHO OXapaKTepU30BaTh U3YUYEHUEM:!

PH, pu KOTOPOM CYILECTBYET JaHHOE COEAMHEHHE (CoAepIKalle METall U JIMTaH/Ibl);
COOTHOLLIEHUE KOMIIOHEHTOB B COE/IMHEHUHY;
MOJISIPHOTO KO3 GHUIMEHTa CBETOIOIIOIEHUS MJIM KBAHTOBOT'O BBIX0/1a JIIOMUHECLIEHIINH;
KOHCTaHT JUCCOLMAIIUY JIMTaHI0B (OPraHU4YECKUX PEareHTOB);
KOHCTaHT PaBHOBECHS, U3yUEHHBIX IPU HECKOJBKUX TEMIIEPATYPaX U PA3IIMYHBIX 3HAUYECHUSAX
WOHHOW CHJIBI paCTBOPOB;
6. OCHOBHBIX TEPMOJUHAMUYECKUX XapaKTEPHUCTUK OOpa30BaHUS COEJAMHEHHH HM3MEHEHHs SH-
TaJbIINH, SHTPOIUH U N300apHO-U30TEPMHUECKOT0 TIOTEHIMAA.

Ilpubopvr u peakmugvl. pacTBOPbl OPTraHUUYECKUX PEAreHTOB C KOHLEHTpaluen 10" M
(mo 3amaHuI0 TPEnoaaBaTessl: KCUIEHO06bLIL OPAHMCEeGbLIl, TTHPOKATEXUHOBBINH (DHUOJICTOBBIH,
OpOMITMPOrajoBbIi KpacHbIN, MUPUIMHA30PE30PLUH, 3-aMUHO-5-CyIb(hocaTulnIoBas KUCIOTA
U JIp.), pacTBOpHI coJiel cBHHIIA, Kaamus, uuHka, ptytu (l1), xpoma (Il), xenesza (Il), xenesa
(1), anomunun (¢ konuenmpayueii 1 0t M, XJIOpUJ Kanus (HaTpus), YKCyCHas KHCJIOTa
(KOHII.), aMMHaK BOJHBIN, 25%-HbIH, Boja AucTHLIMpoBanHas. [Ipobupku emk. 20 CM3, MMUATIETKH
rpagynpoBaHsble eMK. 1,2,5 u 10 oM’ CHEeKTPO(GOTOMETp UIH (HOTORIEKTPOKOIOPUMETP, (iIyo-
pumeTp J1t000i cuctemsl, HOHOMep Wi PH-MeTp 110001 cucTeMBI, X0JIOAUIBHUK ObITOBOH. by-
depubie pactBopsl ¢ PH ot 1 10 10 ¢ nonHoit cunoii 0,1.

Xoxa padoTsl

I.9Tan- n3yyenue Bausinus PH Ha o0pa3oBaHue KOMILIEKCHOTO COeJUHEHHS.
1. B 10 mpoOupox BHECTH MUTIETKOM 110 2 em® 104 M pacTBOpa OPraHNYECKOTO peareHra (1o 3a-
JaHmIo mpenoaasarens), o 4 cm® 10 M pactBopa comu Meranna u Gydeprbie pacTBopsi pH ot
1 o 10, c uaTepBasiom B 1 ennnmny, no 10 oM.
2. [lapanienbHO MPUTOTOBUTH CEPUIO PACTBOPOB, COAEPKAIIUX IO 2 e’ pacTBopa opraHuye-
ckoro pearenrta u 0ydepusie pactBopsl ¢ pH ot 1 1o 10 (mpusnuts mo 14 CM3).
3. IlepememiaTe OJy4EHHBIE PACTBOPHI U 1aTh OTCTOATHCA 10-15 MuHYT.

agrwdE



4. I3MepuTh oNTHUYECKHE INIOTHOCTH pacTBOpoB B uHTepBaje oT 400 1o 700 HM B KrOBETE TOJI-
IIIMHOM 5 CM OTHOCHUTEIHHO BOJIEI.

5. B ToYHOCTH TaKHe e CepHH PAaCTBOPOB MPHUTOTOBUTH Tipu Temmeparypax 1-3°C u 35°C, u3-
MEpUTh ONTUYECKHE IUIOTHOCTH, KaK U JJI1 KOMHATHOM TeMIepaTypbl IPH ONTUMAIbHOM 3Haye-
HUU JUIMHBI BOJIHBI (HEOOXO0MMO TOIEP)KAHUE TOCTOSIHCTBA TEMIIEPATYP € TOYHOCTHIO J10 + 1°
C).

I1.9Tan - 00padoTka SMNUPUYECKUX TAHHBIX.

1. ITo pe3ynpTaTaM U3MEpEHUN ONTHYECKUX IUIOTHOCTEH PAacTBOPOB MOCTPOUTH IpadUKH B KO-
opauHatax «pH — onrTuyeckas IJIOTHOCTB» IPU HCCIENYEMBIX TEMIEpaTypax, BUI KOTOPBIX
IpeJCTaBieH Ha puc. 1.

o Amas Puc. 1. Bnusnue pH Ha onTryeckue mioTHOCTH PaCTBOPOB:
1 — peareHT; 2 — KOMIIJIEKCHOE COEIMHEHUE.
Temneparypa pactBopa 295K.

Ha puc. 1 npencraBneHsl KpUBbIe, JaHHBIE JJISI IOCTPO-
2.3 pHon P eHMs KOTOPBIX MOJIyYeHb! JUIS JKECTKOPUKCUPOBAHHOM JJIMHBI
BOJIHBI (OOBIYHO 3TO MAKCHUMYM IIOTJIOUICHUS KOMIUIEKCHOTO

coeauHenus). KpuBas 2 cimyXuT Ui pacyeTa KOHCTaHThl PaBHOBECHs 0Opa30BaHUs KOMILJIEKC-
HOT'O COEIMHEHHUS.
2. PacueThl KOHCTaHTBI paBHOBECHs 00pa30BaHMsI KOMILJIEKCHOT'O CO€AMHEHHs B CAMOM IIPOCTOM
BapHaHTE MPOBOJIUTCS CleAyoIUM oOpazoM. Ha Bo3pacraronieM yyacTke KpUBOM KOMILIEKCO-
o0pa3oBaHus BbIOpaTh PaBHOYAAJIEHHBIE IPYr OT Jpyra 4yerblpe TOUKH. OpenesnTh 3HaueHUs
(Ay; pHy) ans kax ot Touky. JJaHHBIC TIPEICTABUTH B BUIC TAOIUIIBI.
3. Jlns BBIOpaHHBIX 3HAYEHUN ONTHYECKHX IIOTHOCTEH (Ha puc. 1 — A, ) Ipu COOTBETCTBYIOIINX
uM pH ( Ha puc. 1 — pHy ) paccuntbiBaetcst yHKuus «B»:

— AX

B [Anp_‘qx)z
[Tonyuatorcs Benuuunsl By, B 7 ...By. PacueTsl mpoBOAsT 1715 KaX/10H TeMIlepaTyphbl.
4.Ctpost rpaduku B koopauHatax «-1gB — pH» mis kaxaoro 3HaueHus Temmepatypsl. [Ipsmas
OTCEKAeT OT BEPTHKAIILHOM OCH OTPE30K, YncieHHo paBHelil [gK,, 3Has MoxHO HaiiTu K,.

- Puc. 2. I'paduueckuii meron pacueTa jorapru@ma KOHCTAHTBI
paBHOBeCHs peakiyst U3 (HOTOMETPUUECKUX U3MEPEHUI

N — YUCIJIO MPOTOHOB OTUICTIIEMBIX OT peareHTa Npu KOMILIECOo-
o0Opa3oBaHUU

5. KoHCTaHTBI paBHOBECHH, pacCUMTaHHbIE JJIs1 HECKOJIBKUX 3Ha-
YeHUN TeMITepaTyp, UCIOIB3YIOT JUISl OIICHKH OCHOBHBIX TEPMO-
JTUHAMUYECKUX XapaKTepUCTUK peakUui oOpa30BaHUS KOMIUIEKCHBIX COCJUHEHUN: W3MEHEHMS
srTaneu (AH), saTporuu (AS) u n306apHO — n3oTepMudeckoro norennuana (AG). Bennunna
AH paccuuTtsiBaetcs 1o popmyie:

pH

23RT, T, g2
— 1

AH
T, T,

Pacuer AG mpoBogst no ypasaenuto: -AG =-2,3-R-T-IgK .



N3 BennuuH AH u AG MOXHO paccuuTaTh U3MEHEHUS SHTPOIIUHM PEAKLUU KOMILIEKCOOOpa3oBa-
Hust AS: AG=AH - T -AS.
Bemnuunst AS 1 AG paccuuThIBaOT AJIsl BCEX HCCIETyEMBIX TEMIIEPATYP

Cmpykmypa u codeprcanue omuema

OTuer 10JI7KEH coiepPKaTh:

1. DkcniepuMeHTaIbHbIE JaHHBIE U PE3YJIbTAThl pacyeToB (TabnuLa).
2. I'padmueckue 3aBUCUMOCTH BiusiHHE pH Ha ONTHYECKUE TIIOTHOCTH PACTBOPOB MPH HCCIETY-
embIx Temneparypax. Crenars BbIBOJ 00 00pa30BaHMM KOMILIEKCA M O BIMSHUU TeMIEpPaTypbl
Ha 00pazoBaHUE KOMILJIEKCHOrO coenuHeHus. [Ipenrnonoxurb xapakrep npouecca KOMIUIEKCO-
o0OpazoBaHwUs.
3. I'paduk 3aBHCUMOCTH ONTHYECKUX IUIOTHOCTEH pacTBopoB oT pH B koopamHarax «-IgB —
pH»; paccunTaTh YMCIO MPOTOHOB «N», OTILEIUIAEMBIX OT peareHTa MpH KOMILIEKCOOOpa3oBa-
HUM, ONIPENEIUTE Benu4uuHy [gK,. HaliTn 3Ha4€HUs KOHCTaHT 00pa3oBaHMs KOMILIEKCA MIPH UC-
CllelyeMbIX TeMIepaTypax.
4. Paccunrtath 3Ha4eHus1 TepmoanHamuueckux ¢pynkuuid AH, AS u AG. IlpoananusupoBarp mo-
Jy4EeHHBIE 3HAYEHUS M 0XapaKTePH30BaTh MPOLIECC KOMIUIEKCOOOpa30BaHMU.

3. Komnaexkm 3a0au k meme 3.2.

1. B xakux BECOBBIX COOTHOIIEHUAX HANO B3ATh 92%-Hbll 1 2%-HbII pacTBOPHI CEPHOU KHCIIO-
ThI J1s1 IpUroroBieHus 45%-noro pacteopa?

2. B naboparopun umeercsi 10%-Hb1i1 pacTBOp enkoro kauu. KOHIIEHTpaIHio ero MOBBIIIAIOT JI0
22% mnpubaBiIeHUEM TEXHHUYECKOH Imienouu, comepkameid 85% KOH. B kakux BECOBBIX COOT-
HOILIEHUSAX HAaJ0 OpaTh pacTBOpP M TEXHUUYECKYIO IEJIOYb JJIS MOJIY4YEHMs] pacTBOpa 3a/JlaHHOM
KOHIIEHTpaluu?

3. B Boze o6bemom 200 M pactBopeH Opomup kanus maccoit 50 r. IlnoTHOCTH pacTBOpa paBHa
1,16 r/cM®. Boipasute cocTaB pacTBopa: a) B MACCOBBIX JOJSIX; 6) B MOISPHBIX IOJSX; B) B MO-
JSUTBHOCTH; T') B MOJISIPHOCTH; /1) B HOPMAJIBHOCTH.

4. ITnotnocte pactBopa H3PO4 paBna 1,1805 r/em®. Haiizute MaccoByio 10110 (%), MOJIbHYIO
JI0JI0, MOJISIPHYIO, MOJISUIbHYIO ¥ HOPMaJIbHYIO KOHLIEHTPALUK pacTBOpa.

5. CmelaHsl 3TUIIOBBIN CIIUPT, YKCYCHAsl KACJIOTA, alleTOH U BOJA C MacCOM Ka)JI0ro KOMIIO-
HeHnta 1o 100 r. [InoTHOCTH 3THX BemiecTB cooTBETCTBEHHO paBHbI 0,789, 1,049, 0,792 u 1,0
r/cM>. BBIYHCIHTE MOJBHBIE O KAXIOTO KOMIOHEHTa. CUMTATh, UTO IIPU PacCTBOPEHUHU BeE-
IECTB 00BbEMBI UX CYMMHUPYIOTCS.

6. Koadurment abcopbunu aretuineHa BoJoON Ipu 20°C paseH 1,03. Beraucautb kodppuunueHT
pPacTBOPUMOCTH JAHHOI'O Ta3a MPU yKa3aHHOW TeMIeparype.

7. Ilpn 17°C ocmoTHYecKOE NaBICHHE pactBopa, coxepkamero 0,125 r MmoyeBUHBI B 25 M BO-
Il paBHO 2,006 - 10° H/m%. Boruncimre MOJIEKYJIIPHYIO MacCy MOYEBHUHBI.

8. Ocmotmueckoe nasienne 0,1 H pactBopa ZnSO, npu 0°C pasro 1,59-10° H/M?. Omnpenenuts
KQ)KYIYIOCS CTETIEHb JUCCOLMALMH COJIM B JAaHHOM PAacTBOPE.

9. IMoacuwnraiite ocMoTudeckoe aasieHue 0,05 M pactBopa Na,SO,4 mpu 300 K, eciim kaxy-
miasicsi CTeneHb Juccounanuu cyibdara Hatpus o—-0,8.

10. Beruucnuts aasnenue mapa 20%-noro pactBopa rimoko3sl (CeHi206) mpu 25°C. JlaBrneHue
TapoB BOJIbI IPH JAHHOM Temmepatype 3167,73 H/m.

11. JlaBneHue HACBHIIEHHOTO Napa BOJbI IpU 40°C paBHO 7375,9 I1a. BeruncnuTe naBineHue napa
pactBopa, coaepskamiero 10 r rmuuepuna B 400 T BOABL.

12. CKOJBKO TIMLEPUHA JTOJKHO OBITH pacTBOpeHo (%), yTOOBI 1aBiIeHKE Mapa pacTBopa ObLIO
Ha 2 % HWXE TaBJICHUS MTapa YUCTOU BOJIBI?

13. CkonbKO rpaMMOB OJIOBa Hajl0 pacTBOPUTH B 50 T pTyTH, 4TOOBI JaBJICHHUE MapOB €€ CHU3H-
sock 0T 94637 no 93275 1a? Mosekysbl pTYTH B OJI0Ba OJJHOATOMHBI.

14. Beraucnute nasienue napa 10%-noro pactopa moueBrHbl CO(NH>), mpu 50°C. JlaBnenue
IIapoOB BOJIBI IIPH 50°C paBHO P% = 12320 H/v2.



15. JlaBneHue mapa 4MCTOrO aleToOHa MpuU 20°C paBHO 23940 H/M?. JlaBnenne rapa pacTopa
kamdophl B arleToHe, coaeprxkaiiero 5 r kamdopsl Ha 200 T aneroHa Mpu TOM ke TeMIepaType,
paBHo 23710 H/M Onpenenuth MOJEKYIISPHBIN BeC KaM(pOphI B pACTBOPE alleTOHA.

16. Onpenenure Temrepatypy kumnerus pactBopa 10 r rimoko3sl B 90 r Bobl. DOYIHOCKOIHAY €-
CKasi KOHCTaHTa Bojbl paBHa 0,512.

17. PactBOp, coaepxamuii 0,5 T HEJETy4ero paCTBOPEHHOIO BEIIECTBA C MOJICKYJISIPHOM Maccou
182 B 42 r Gensona, kumut npu 80,27°C. TemiepaTypa KUIIeHHs dicTOro Gensona pasna 80,1°C.
Onpenenure MOJIIPHYIO TEIUIOTY UCMApeHUs OeH301a.

18. Temmeparypa OTBEpA€BaHUS YUCTOTO OCH30JIa — 5,5°C, a pactBopa 1,632 1 TpuxiopyKcyc-
Ho¥ kuciotrel B 100 T 6eH3o0ma — 5,150C. [TonBepraroTcst 11 AUCCOIMALIMM UJIU aCCOLMAIUUA MO-
JIEKYJIbl TPUXJIOPYKCYCHOM KUCIIOTBI B OEH30JbHOM PacTBOPE U B KAKOW cTENEeHU?

19. Beruucinuts Temmneparypy 3amep3anus 7,308 r xsiopuna Hatpus B 250 T BOABI, €CIU NpHU
18°C ocmormueckoe nanenne pacteopa — 2,1077-10° H/M?. TLOTHOCTS pacTBOpa MPHHSATH PaB-
HoOM 1.

20. BeIpa3uth KOHIIEHTpaILMo BoAHOro pactBopa riauuepuHa C3HgO3 B BECOBBIX MPOLIEHTAX, €C-
JI1 OH 3aMep3aeT MpH — 0,52°C.

21. Ilpu kaxoii mpuMepHO# TeMmeparype 1oJkeH 3amep3arh 40%-Hblil BOJHBIM pacTBOpP 3TUIIO-
BOT'O CITHPTA.

22. Temneparypa KUIEHUS YACTOTO OEH30J1a 80,1°C, a pactBopa, conepxkaiiero 0,3020 r gude-
nunamusa B 30,14 1 Gersona, 80,255°C. CkpbITas TemoTa ucrapeHusi 6eH3oma Ipu TeMIepary-
pe ero kunennst pasaa 396,0 [Lx/r. Beraucinte MoneKyispHbIi Bec AudeHnnamMuna B 6eH3oie.
23.PacTBOp, coaepKaliuit 10 xr HEJIETYYero BEeIEeCTBA C MOJIEKYJIsIpHOU Maccol 186 B 0,1 kr
BOJbI, 3amep3aeT Ha 0,10° Hibke TeMiepaTypsl 3aMep3aHus pacTBopuTens. Kpuockonnueckas
MOCTOSIHHAs BOJIbI paBHa 1,86. OmpenenuTe cTeneHb JUCCOIUAIMU PACTBOPEHHOTO BEIECTBA,
YUMTBIBAs], 4YTO Ka)K/1asi €ro MOJeKyJia B pacCTBOPE MOXKET pacnagaTbCcsl Ha TPU YACTHUIBL.

24. Temneparypa 3amMep3aHusi YUCTOr0 OEH30Ja BBILIE TEMIIEpaTypbl 3aMep3aHusi pacTBOpa,
copepskarero 0,2242-107 kr xampopst u 30,55-10° kr Gensona, Ha 0,246°. Temiora uIas-
neHus 0eH30J1a IMpH TeMrepaType 3amep3anus paBHa 9,8 kJ/Mons. Onpenenure MOJICKYIISp-
HYI0 Maccy Kam(Oophl.

Tema 3.3. Bunapuvie pacmeopul Hcuoxkux n1emyyux eeujecme. Uoeanvnvie u neudeanvnole
cucmemul. Yacmuuno cmewiugarowjuecs u HeCMEUUBAIOUWUECA HCUOKOCIU
1. Bonpocwt k ycmuomy onpocy
1. BHHapHBIe PAaCTBOPLI X KUAKHUX JICTYUUX BCHICCTB. I[aBJ'IeHI/Ie rnapa HaJ X(HHKOﬁ CMCCBIO.
2. 3axonsl /[.I1.KoHoBamoBa. A3e0TponHas CMECh.
3. HpOﬁHaJ'II/I?,I/IpOBaTB AuarpaMmbl «COCTaB-JaBJICHUC Mapa» U «COCTaB-TEMIIEpaTypa» Npu OTPULATCIIb-
HOM W TIOJIOKUTEILHOM OTKIIOHEHHH OT JIMHEHHOH 3aBHCHMOCTH.
4, Hepel"OHKa KUIKHUX cMeceH. I[aBJ'IeHI/IC napa 4aCTU4HO CMCIIMBAIONIUXCA U HECMCUINBAOIINUXCA KU -
kocrel. [TpuBecTy mpuMeps! IEPETOHKU € BOASIHBIM [TAPOM.

2. Jlabopamopuas paboma Nel0«Bausanue uoHHOU cunvl pacmeopa Ha 0dpazoeanue u
YCmOou4ueoCcmy KOMNIAEKCHO20 COCOUHEHUA)

Lenv Oannoiul pabomel: yCTaHOBUTH 3aBUCHUMOCTh BJIMSHHUS MOHHOHM CHJIBI pacTBOpa Ha
KOHCTaHTY 00pa30BaHMsI KOMIUIEKCHOTO COEMHEHUS CIIEKTPO()OTOMETPUUECKH.

IIpubopuvr u peaxmuewvl: CIEKTPOYOTOMETP UIH (POTOINEKTPOKOIOPUMETP, HAOOP KIOBET;
npobupky, mumetka Ha 1 cm®, mumerka Ha 10 cM®; Gydepusie pactBopsl ¢ pH ot 1,0 1o 10,0;
pPacTBOpP aTOMOKAINEBBIX KBACIIOB ¢ KOHLEHTpauen 107'M, pacTBOp OPraHUYECKOro0 peareHTa
— KCHJTMHOJIOBOTO OPAaHKEBOTO ¢ KOHIIeHTpammei 10~*M, 4M pacteop KCI (NaCl).

Xox padoTsl
I. Oran. IIpuroroBuTh cepuu pacTBOpPOB NMpU KOMHATHOM Temreparype T1 =298 K:
Cepus 1. B 10 mpobupox npuiute mo 3 oM’ OpraHMYEeCcKOro peareHra, mo 6 oM’ pactBopa
aIIIOMOKAJINEBEIX KBACIIOB M JOBECTH 00mIHii 06BeM 10 20 cm® O0ydepusiMu pactBopamu ¢ pH ot



1 no 10. Ilepememats, natb orcroatbes 10-15 munyT. M3MepuTh ONTHYECKYIO TUIOTHOCTH pac-
TBOPOB.

Cepus 2. B 10 mpo6upok mpuiuth mo 1 em® KCI, o 3 em® OpPraHUYECKOI0 peareHra, mo 6 cm®
pacTBOpa AIFOMOKAJIMEBBIX KBACIIOB M JOBECTH o0muii 00bem a0 20 mut Oyd. pactBopamu pH ot
1 no 10. Ilepememars, gatb orcroaTbesa 10-15 munyT. M3MEpUTh ONTUYECKYIO INIOTHOCTH pac-
TBOPOB.

Cepus 3. B 10 mpoOupok npuiuTh 1o 2 em® KCI, o 3 em® OpPraHUYECKOI0 peareHra, mo 6 em®
pacTBOpa AIFOMOKAJIMEBBIX KBACIIOB M JOBECTH o0muii 00bem a0 20 mut Oyd. pactBopamu pH ot
1 no 10. Ilepememars, gatb orcToATbesa 10-15 MunyT. I3MEpUTh ONTUYECKYIO TNIOTHOCTh pac-
TBOPOB.

Cepus 4. B 10 mpoOupok npuiuTh 1mo 3 em® KCI, o 3 em® OpPraHUYECKOI0 peareHra, mo 6 em®
pacTBOpa AIFOMOKAJIMEBBIX KBACIIOB M AOBECTH o0muii 00bem a0 20 mut Oyd. pactBopamu pH ot
1 no 10. Ilepememars, nath orcToAThes 10-15 MunyT. I3MEpUTH ONTUYECKYIO INIOTHOCTH pac-
TBOPOB.

Cepus 5. B 10 mpobGupok npuiuTh 1mo 6 em® KCI, o 3 em® OpPraHUYECKOI0 peareHra, mo 6 cm®
pacTBOpa AIFOMOKAIMEBBIX KBACIIOB M AOBECTH o0muii 00bem a0 20 mut Oyd. pactBopamu pH ot
1 no 10. Ilepememars, gatb orcToAThesa 10-15 MunyT. M3MEpUTH ONTUYECKYIO MJIOTHOCTh pac-
TBOPOB.

Ilposecmu ananozuunsvie uccneoosanusn ona T, = 308-310K.

Il. 9ran. Yepes 10-15 MUHYT U3MEPSIOT ONTUYECKUE IUIOTHOCTU IOJIYYEHHBIX PACTBOPOB IPHU
ONTUMAJILHOW JJIMHE BOJIHBL, B KIOBETE Ha 5 cM. B kauecTBe pacTBopa CpaBHEHMS MCHOJIb3YIOT
JUCTHIIIMPOBaHHYIO BOAy. [lomyueHHble JaHHBIE BHOCST B Tabiuny 1.

Tadauna 1
JMNMpUYecKUe TaHHbIe IPU Pa3HOIl HOHHON CHJIe PACTBOPOB
Onruyeckas JIOTHOCTh, A
1 cepusi | 2 cepusi | 3 cepus | 4 cepusi | 5 cepus
pH Temnepatypa, K
298 308 298 308 298 308 298 308 298 | 308

1

2

3

4

5

6

7

8

9

10

11

12

13

14

I11. OTanm — 06padoTKa IKCHEPUMEHTAIBHBIX TaHHBIX.

1. TlocTpouTts rpaduku 3aBucumoctu «A—pH» npu pasHoi MOHHOH cuie (11 HATrJSIHOCTH Ha
oJlHOM pucyHke). Ha ka0l KpuBoil BEIOpaTh TOUKY A, 4, ¥ Ha y4acTKe MoibeMa BbIOpaTh ue-
TBIpE TOUKU U paccuuTaTh QyHKIHIO B:

B4 = T.e. 5 pa3 (g 5 KPpUBBIX).

i
[Amax_‘qi)z’
AHaJIOTMYHO NMPOBECTH pacueT GyHKIMA B1.4 pu BTOpOI TeMmepatype.

2. PaccuutsiBatot IgB u ctposr 3aBucumocts «lgB—pH» mis kaxmoii cepun. Ilo rpaduka Haxo-

1t Kyg, K.C.: K mosy4eHHOM KPUBOM IPOBOAAT KAcaTENIbHYIO 10 NepecedeHus ¢ ocsimu. Ha ocu




OPAMHAT OTCEKAETCS OTPE30K, YMcIeHHO paBHbIA [gK 6, K.C. (5 3Hauenuit 1 ka0 Temire-
patypsbl).
AHaJIOTHYHO TTPOBECTH pacyeT PyHKIUK B mpu BTOpOii Temieparype.
3. Jlayee TIOCTPOUTH 3aBUCUMOCTh «[gKj_5 — +/p». TIpsiMast oTceKkaeT Ha OCH OpPJMHAT OTPE30K,
YHUCICHHO paBHBIA pPK,, T.e. 00paTHBIN NorapudmM KOHCTAaHTHI 00Opa30BaHMs MPH MOHHOHM CHIe,
paBHO} Hymo. Torna ms mo6oi nonnoi cuinel pKyg, K.C. paccunteiaercs no ¢popmyse:

pK = pK® + By/p,
IJe |l - HOHHAs CHJIa pacTBOpa: |l = %(zf,at Crar + 22, Can),
Zpar — 3apap katuoHa (KY); z,,, — 3apaz anuona (Cl7);
C — KOHIEHTpALUsl PACTBOPOB C YYETOM pa30aBIICHUS.

Con Vit 3
C= ’1’;7“1, Ve coctaBasn 1,2, 3,4 cm

fls)iig
AHaJIOI‘I/IqHO HpOBeCTI/I paC‘ICTBI HpI/I BTOpOI>'I TeMHepaType.

3. Bennumna «B» ompenensiercs kak tge — yrioBoil koddduiueHt npsmon. Toiapko mocie
HaxoxaeHus pK, mo nmpuBeneHHoi Gopmyie, paboTa cuUuTaeTCs 3aKOHYEHHOM.
4. Ucnonb3ys HailIeHHbIE 3HAUYEHUS! KOHCTAHT MPU Pa3HONM MOHHOW CHIJIe IPU JBYX TeMIiepary-
pax paccuuTaTh TEPMOJNHAMHYECKUE (DYHKIIHH:
a) M0 YPaBHEHUIO M300aphl - SHTAJBIIHUIO B HUCCIEAYEMOM TEMIIEpaTypHOM MHTepBasie (5 3Haue-
HHH), TIOCTPOMTH 3aBUCHMOCTh «AH; 5 — +/p» (1Ba rpadmka, T.K. aBe Temmeparypsl). [Ipsmas
OTCEKAEeT Ha OCH OpJMHAT OTPE30K, YUCIEHHO paBHbIA AHg, T.€. SHTAIBNUN XUMHUYECKOU peaK-
LMY [IpY MOHHOM cuiie, paBHOM Hyito. Toraa i 1000t monHoit cumiibl AH  0Opa3oBaHus KOM-
IUIEKCHOTO COCTMHEHUS PACCUUTHIBAETCA 1O (hopMyIie:

AH = 4H °+Byp,
0) BenmuuHy >Heprun ['n6oca no popmyine AG = -RT-InK,, B ucciaenyeMom TemrepaTypHOM HH-
tepBasie (10 5 3HAYCHUI VI KaXIOM TEMIIepaTyphl), HOCTPOUTH 3aBHCUMOCTD «AG;_5 — +/|»
(mBa rpaduka, T.K. 1Be TeMieparypsl). [Ipsmas orcekaeT Ha OCH OpIMHAT OTPE30K, YUCICHHO
paBHbIl AGg, T.€. SHTAJIBIINN XUMUYECKON peakluu Ipyu HOHHOMU cuiie, paBHOU Hymto. Toraa s
0001 MOHHOM cuiibl AG  00pa30BaHUS KOMIUJIEKCHOTO COEIMHEHUS pacCYUThIBaeTCs Mo (op-
MyIe:

AG = AG °+ Byp,
B) BenmmuuHy dHTporuu 1o popmyne AG = AH - T-AS B uccnenyemMom TeMnepaTypHOM HHTEpBa-
ne (mo 5 3Ha4yeHWil U KaXI0W TeMIEpaTypbl), OCTPOUTh 3aBHCHMOCTh «AS;_s — /u» (1Ba
rpaduka, T.K. 1Be TemnepaTypsl). [Ipsmas oTcexaeT Ha OCH OpAMHAT OTPE30K, YHCIECHHO PaBHBIN
ASp, T.€. DPHTAIBIINA XUMUYECKON peakiny NP UOHHOM cuiie, paBHOU HYy/t0. Torga st mo0oit
MOHHOM criibl AS  00pa30BaHMs KOMIUIEKCHOTO COETMHEHUS pacCUUThIBAaeTCs 1Mo (hpopmyie:

AS =45 °+ Byp,

Cmpykmypa u cooepicanue omuema

OTuer n0/IKeH coAepkKaTh:
1. DKcriepuMeHTaIbHbIE TaHHBIE U PE3YJbTAThl pacueToB (Tabmauma).
2. I'padpuueckoe onpeseneHre KOHCTaHT U TEPMOAMHAMUYECKUX (DYHKIMHA MPU pa3HOM MOHHOU
CHUJIE pacTBOpa U MpH JIByX TEMIEPATypax.

Bonpoch! 1 3a1a4uu AJ151 CAMOKOHTPOJIS
1. B uem coctout 3akoH JlambepTa-bepa-byrepa? CuHTe30M KakMX JIByX 3aKOHOB OH SIBJISIETCS?
2. Yro Ha3zpiBaeTcs KOAG(HULIHUEHTOM MOTIIOIEHUS?
3. Kakas BenmmurHa Ha3bIBa€TCsl ONTUYECKON MIJIOTHOCTHIO?
4. Yro npencrapisger coOOi CreKTp MOTJIONICHUS BelecTBa?
5. ApryMeHTHOBaHHO 0OOCHOBAThH MOJIy4YCHHbIE 3aKOHOMEPHOCTH BIUSHUS HOHHOM CHIIBI pac-
TBOpa Ha 00pPa30BaHNE KOMIUIEKCHOIO COEJMHEHUSI.

3. Komnnexkm 3a0au xk meme 3.3.



1. Ompenenuts obliee ¥ MaplUaIbHOE JaBJICHUE HACHIIIEHHBIX MapoB MpU 70°C man cMechio
OeH3051a C TOTYOJIOM, B KOTOPO# MOJIbHAsI 10151 OeH30ma paBHa 0,35. JlaBneHust mapoB OeH30J1a 1
TOJIyOJIa MPU YKA3aHHOU TeMIIepaType COOTBETCTBEHHO paBHbI 72980,4 u 26984,3 H/M

2. Tonyon u 3TUI0EH301 HEOTPAaHUUEHHO PACTBOPHUMBI ApYr B apyre. JlaBieHue mapa 3TuinOeH-
3oma mipu 90°C pasro 29741 H/M?. BBIMHCIHTE OTHOIICHHE YHCIIA MOJIEH TONYOIa K 9HCITY MO-
Jeit 3TunbeH30a B mapax Mpu yKa3aHHOW TeMmIepaType HajJ cMechlo, cojaepxkaiieit 75 moin. %
Toiryona u 25 Moit. % 3tunoenH3ona. JlaBneHue mapos Toyosa npu 90°C paBHO 539421 H/M.

3". Boga u Ha)TanMH MPaKTMYECKM HEPACTBOPHMEI IPYT B zls)yre. JlaBieHue mapoB 3THX Be-
mects mpu 90°C coorBercTBeHHO paBHbI 97740,9 1 2386 H/M?, a mpu 100°C — 101325 u 2466
H/v. B HMHTEpBajie Temieparyp Mexay 99 u 100°C nasienue rapa KakJoro KOMIIOHEHTa pac-
TET MPONOPLHUOHAIBHO Temueparype. OnpeaenuTs TeMIlepaTypy KUIIEHUs] CMECH IIPU JaBIEHUN
100640 H/M% u MPOIIEHTHBINA COCTaB AUCTUILISATA.

4. 3aBUCUMOCTb TEMIEpaTyphl KHIIEHUSI CMECH XJIOpOQOopMa M alleToHa OT €€ COCTaBa BBIpaXa-
eTCcsl KpUBOH, uMeromeld MakcuMmyM. [lonb3ysice aumarpamMmmoit (puc. 4) omnmpenenuTh: a) COCTaB
JKUJKOM CMECH U Iapa IpH 61°C; 6) cocras u TEMIIEPATypy KHUIIEHUS a3€0TPOIHON CMECH; B)
TEeMIIepaTypy KHIICHHUS W COCTaB Iapa HaJ cMechio, coctosmed n3 10 monb xmopodopma u 40
MOJIb all€TOHA.
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Puc. 4. JluarpamMMa neperonku
CUCTEMBI XJIOpOPOpM—alleTOH

5. Kakum 00pa3oM MOKHO JTOKa3aTh, YTO a3€0TPOIMHAS CMECh HE SBISETCS XUMUYECKHM COEIU-
HeHueM?

6. Ilo auarpaMme «Temreparypa KMIIEHHsS — COCTaB JBYXKOMIIOHEHTHOM cucTeMbl A—By (puc.
5) ompenenuTh U3MEHEHUE COCTaBa >KUIKOW U MapooOpa3HOW (a3 Mpu HarpeBaHWU HCXOIHOM
JKUJIKOW CMECH COCTaBa, XapaKTEPU3YIOIIETOCS TOYKOW @, U KOJMYECTBA ApOOOPa3HOM U KHUI-
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Puc. 5. InarpamMmma coCcTOsIHUS IByXKOMIIOHEHTHOW KUJIKOM CH-



4. Komnaekm mecmogulx 3a0anuii 07151 RPOMEHCYnOYHO20 KOHMPONA 3HAHU

Tect Ne3: «®a3oBbie paBHOBecHus. PacTBopbD»
1. HacplmeHHBIM IapOM >KMJIKOCTH HA3BbIBACTCSA:

a):map, HaxXoASLUNCS B paBHOBECUHU C KOHJIEHCATOM;
0):map, HaXOASIIINICS B PaBHOBECUU C TTAPOM;
B):IIap, HAXOAAIUICSA B PABHOBECHUU C KUJKOCTBIO.

2. Yucno TepMOAMHAMUYECKUX cTerneHel ¢cBo0oabl C 0JHOKOMIOHEHTHON CHCTEMBI, COJIepKa-
1iel )KUJIKYI0 U TBEpAYI0 (a3bl B COCTOSIHMM PaBHOBECHSI PABHO!

a) 0;

0) I;

B) 2;

r) 3.

3. TpoiiHast ToUKa Ha TUarpaMMe COCTOSIHUSI OJHOKOMIIOHEHTHON CHCTEMBI:

a) 9TO TOYKA Ha Juarpamme, rnapamerpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEHHOMY CYIIECTBO-
BaHUIO TpeX (a3, HaXOISAIINUXCS B PABHOBECUU;

0) 3TO TOUKa Ha U30TEpPME, TapaMeTpPbl KOTOPOH COOTBETCTBYIOT OJJHOBPEMEHHOMY CYIIECTBOBa-
HUIO TpeX (pa3, HaXOoASIIUXCSl B PABHOBECUU;

B) 3TO TOYKa Ha IPaJyupOBOYHOM Tpaduke, mapameTpbl KOTOPOH COOTBETCTBYIOT OJHOBPEMEH-
HOMY CYIIECTBOBaHHIO TpeX (ha3, HaXOASIIUXCA B PABHOBECHUH.

4. «CoCTaBIAIONIEN» CUCTEMBI Ha3LIBAETCS

a) CTeTNIeHb CBOOO/IHI;

0) BEIIECTBO, KOTOPOE MOXKET OBITh BBIJICIICHO U3 CHCTEMbI U CYIIIECTBOBAThH BHE €€;
B) caMmoe JIeTy4ee BEIICCTBO B CUCTEME.

5. KakoBo o0miee TepmMoinHaMuyeckoe ycioBue (pazoBOro paBHOBECHS:

a) TMepBbI 3aKOH TEPMOJUHAMUKY;

0) paBEHCTBO XMMHUYECKHX TIOTEHITMATIOB Ka)KJI0TO KOMIIOHEHTA BO BceX (pa3ax;
B) aHeprus ['n6o6ca =0.

6. 3aBUCHMOCTb /1aBJIEHUS HACBIILEHHOTO Mapa HajJ TBEPJbIM TEJIOM OT TEMIEPaTyphl:
a) YBEJIMYMBAETCS C POCTOM TEMIEPATYPHI;

0) YMEHBILIAETCSI C POCTOM TEMIIEpaTyphI;

B) HE 3aBUCHUT OT TEMIIEpaTypHl.

7. KOMIIOHEHTOM CHCTEMBbI Ha3bIBAETCS:

a) TBepnas dasa;

0) xunkas Qasa;

B) HE 3aBHCHMas COCTABJISIONIAS] CUCTEMBI.

8. Ykaxkure nuarpammy COCTOSIHHS BOJIbI (quarpaMmy paBHoBecus (a3) B KoopAauHaTax P =

f(T):

a)



Hugrocms

fas
Téepioe

0)

Theadoe
Mudkocms

Hugrocms

Téeodoe

9. Yucno TepMOIMHAMHYECKHX CTerneHeil cBo0oabl C 0JHOKOMIIOHEHTHON CHCTEMBI B TPOWi-
HOW TOYKE PaBHO:

a) 0;

0) 1;

B) 2;

r) 3.

10. Kakumu TOYKaMH HAaYMHAETCS U KOHUYAETCS KpHUBas 3aBUCHMOCTH «IaBJIEHUS  HACHI-
ICHHOTO Tapa XUJIKOCTH OT TEMITePaTyphI»:

a) TpoifHas TOYKa;

0) UCXOHAas TeMIIepaTypa;

B) DBTEKTHKA,

') KpUTHYECKas TeMIepaTypa.

11. HopmanbHble TeMIepaTypbl KUMEeHHsT OeH3051a, HadTaduHa U YETHIPEXXJIOPUCTOTO YIiie-
pona cooTBeTcTBeHHO paBHHBI 353,3, 491,1 u 349,9 K. Monsipubie BenU4UHbBI AS,; TIpU HOP-
MaJBHOW TeMIIepaType KUTIEHUS IS STUX BEIISCTB HAXOASATCS B COOTHOIICHUHU:

a) ASycn(6en30ma)>AS r(HadTanmuna)>AS, (4eThIPEeXX L. );

0) MpUMEpPHO PaBHBI;

B) AS;cn(0eH30712)<AS cr(HadTanmmHa)<AS, (4 ThIpEeXXIL. ).

12. TIpu moMoIIH KaKoro YpaBHEHHUS MOXXHO OOBSICHUTH, TOYEMY JaBJICHUE HACBHIIEHHOTO T1a-
pa HaJ TBepAoH (a3oif Bcerja pacTeT IpH YBEIHUYEHUU TEMIEpaTyphl:

a) Knaitnepona-MeHieneena;

6) Knaiinepona-Knaysuyca;

B) TpyroHna.



13. Tlouemy mpu HarpeBaHWW Ha BO3JyXe Jie] TUIABUTCS, a KPUCTALTHYECKUH MO BO3TOH -
ercs:

a) MOJI UMEET MCHbIIIeE 3HAUYCHUE SHEPTUHU JUCCOIUALINH;

0) Temnieparypa KUIEHUS U0/Ia BBIIIE TEMIIEPATyPhl KUIICHUS JIha;

B) BEJIMYMHA JIaBJICHUS HACBIIICHHOTO TNapa B TPOWHOW TOYKE IS BOJABI MEHBIIE, a JUIs MoJa
OombIre aTMOochepHOTO TaBICHUS.

14. BenuuuHa 30yJNTHOCKONTHUYECKOM MOCTOSIHHOM ONIPEIEIsIeTCS .

a) CBOMCTBAMHU PACTBOPEHHOI'O BEIIECTBA,

0) CBOMCTBaMH PacTBOPHUTEIS;

B) TEMIIEpaTypoil.

15. ITpu pacTBOpeHUH caxapa B BOJE IPH MOCTOSHHBIX TEMIIEpAType U AaBICHUH U300apHO-
M30TEPMUUYECKUIN MOTEHIINAT CUCTEMBI:

a) YMEHbIIAETCS;

0) yBeIMUHMBAETCH;

B) HE U3MEHSETCH.

16. meroTcs ABa pacTBOpa OJMHAKOBOUW KOHIIGHTPAIMHU B JIETy4YeM pacTBopurelie. B omHOM
pacTBOpE pacCTBOPEHHOE BEIECTBO JIETy4ee, B APYroM — HeleTydee. /laBieHne HaChIEHHOTO
napa HaJi STUMHU PaCTBOPAMH:

a) MEHBIIIE HaJl PACTBOPOM JIETYUETO;

0) He pa3znuyaercs,

B) OOJIbIIIE HA/l PACTBOPOM JIETYYETO.

17. Acconmanus pacTBOPCHHOI'O BEIIECTBA HA JIaBJICHUE HACBIIICHHOIO Mapa Haj pa3das-
JICHHBIM PACTBOPOM HEJICTYYEro BEIICCTBA B JICTYYEM PACTBOPHUTEIIEC BIIUSCT:

a) YBEITUYHBAET,

0) ymMeHbIIaeT;

B) HE MEHSIET.

18. HaunOonpiryro TeMnepatypy KuneHust 0yJeT UMETh:

a) JIETy4YUil pacTBOPUTEID;

0) pa30aBieHHBIN PACTBOP HEJETYYEro BEIECTBA;

B) pa30aBieHHBIN PACTBOP JIETYUYEro BEIIECTBA C TOM )K€ KOHIIEHTpaIUeil.

19. Kpuockonuueckue mocTossHHbIE BOJIbI, O€H301a U KaM(OpBI COOTBETCTBEHHO paBHHI 1,86;
5,16; 40,00. Inss HanGonee TOYHOTO OMpeaeNeHUs MOJEKYISIPHONH MacChl HEJIEeTy4ero Bellle-
CTBa KPUOCKOITMYECKHM METOJOM MPEANOYTUTEIIbHEE:

a) BoJa;

0) OeHzou;

B) Kamdopa.

20. 3aBUCHMOCTbH PACTBOPUMOCTH T'a30B B KHUIKOCTIX OT POCTA TEMIEPATYPHI:
a) MPsIMO MPONOPIUOHATIbHAS;

6) oOpaTHO MpoIOpILUOHATIbHAS,

B) TaKOW 3aBUCHUMOCTH HET.

21. ] COBEpIIICHHOTO OWHAPHOTO pPAcTBOpA IMPHU IOCTOSHHOW TeMIIepaType CIpaBeUIHBbI
YTBEPKICHUS:

a) 3akoH Payns coOmromaeTcst 1715 KaX0T0 KOMIIOHEHTa pacTBOpa: Pi:PiONi;

0) AVeyem = 0;



B) AS¢yem ==0;
F) AGeyem =0;
I[) AHcyen = 0.

22. CBsa3b Mex1y K0dhPuImeHTaMu akTHBHOCTH KOMIIOHEHTOB OMHApHOTO pacTBOpa B COOT-
BETCTBHUH C 3aKoHOM I'm60ca — [lrorema:

a) Nldlnyl + delnyz =1;

0) Nldlny1+ de'ﬂYz =0;

B) Nldlny1: de'ﬂYz.

23. B onHOM cocy/ie HaXOOUTCS JETYYUHl PacTBOPUTENH, B JAPYrOM — KOHIIEHTPHPOBAHHBIN
pacTBOp HEJIETYy4Yero BeIllecTBa B 3TOM pacTBopureie. O0a cocyna HaKpBITHl OOIUM KOJIIa-
KOM, M30JIMPYIOIIUM HX OT BHEIIHEW CPEeJbl, 1 TEPMOCTaTUpOBaHbl. KOHIIEHTpauss pacTBo-
pa 1O MPOIIECTBUH TOCTATOYHO OOJIBIIOTO MEPHOa BpEMEHH |

a) HE U3BMCHUTCS,

0) YMEHBIIIUTHCS;

B) YBEIIUYUTCS.

24. TepMmoaMHAMUYECKOE YCIOBHE CAaMOIMPOU3BOJIBHOTO 00pa30BaHHS MCTHUHHOTO PacTBOpa
IIpY NOCTOSIHHBIX P u T

a) u3MeHenue »Hepruu [ m66ca — BenuunHa OTpUIATENbHAS;

0) u3meHeHnue >Hepruu [ M6Oca — BeTMUMHA TOJIOKUTEIbHAS;

B) u3MeHeHue 3Hepruu ['nbo6ca = 0.

25. MoneM pacTBOpa Ha3bIBAIOT:

a) Takoe KOJIMYECTBO PacTBOPA, IPH KOTOPOM YHUCIIO MOJICH KaXKJIOr0 KOMIIOHCHTa PaBHO €ro
MOJILHOU Ho1Iie;

0) Tako€ KOJIMYECTBO PACTBOPA, IPH KOTOPOM YHCIIO MOJICH KaKJJOTO KOMIIOHEHTa PaBHO HY-
J10;

B) TaKO€ KOJIMYECTBO PACTBOPA, IIPH KOTOPOM HYHCIIO MOJICH Ka)J0ro KOMIIOHEHTa HE PaBHO
€ro MOJILHOM JI0JTe.

26. TepMoauHaMHYEeCKUM CMBICT KOY(PGUIIMEHTAa aKTUBHOCTU KOMIIOHEHTA B PacTBOPE - ATO:
a) copepiraemasi paboTa, KOTOPYIO CJIeIOBaJIO OBl 3aTpaTuTh Npu mocTosiHHBIX P u T nost mpe-
OJIOJICHUS CUJT B3aUMOJICHCTBUS;

0) Mepa JIOMOJHUTENbHON pabOThI, KOTOPYIO CJIENOBAJIO OBl 3aTpaTUTh NMPHU MOCTOSHHBIX P u T
JUTSL TIPEOIONICHUS CUJT B3aMMOIEHCTBHSI.

27. AKTUBHOCTBIO KOMIIOHEHTA pacTBOpA Ha3bIBaeTCs:

a) Mepa JAOMOJIHUTENBHON paboThl, KOTOPYIO CJIE€I0BaNO OBl 3aTPAaTUTh MPU MOCTOSIHHBIX P u T
JUISl TIPEOIOJIEHUS CUJT B3aUMOJIEHCTBHS;

0) Takoe KOJIMYECTBO PacTBOPA, IPU KOTOPOM YHCIO MOJIEH Ka)KOTO KOMIIOHEHTA HE PaBHO
€ro MOJIBHOH JI0JIE;

B) (pyHKIIMS KOHIIEHTpAIMH, OJCTAHOBKA KOTOPOM B TEPMOJUHAMUYECKHE YpaBHEHUS I Hjie-
aJIbHBIX PACTBOPOB JIE€NAET 3T YPABHEHUSI IPUMEHUMBIMU IJIs1 PEAJILHBIX PACTBOPOB.

28. 3akonbl KoHoBasioBa popMynupyroTcs CleIyIOIIIM 00pa3oM:

a) IEPBBIN 3aKOH,

0) BTOpOIi 3aKOH;

B) B IBYXKOMIIOHCHTHOH CHCTEME HACHIIEHHBIN Map 10 CPaBHEHHUIO C PAaBHOBECHBIM pac-
TBOPOM OTHOCHUTEJIBHO OOoraue TeM KOMIOHEHTOM, NpuOaBiIeHne KOTOPOro K CUCTEME 110~



BBIIIIAET 00IIIee JaBICHHE TIapa, WU MPU TAHHOM JIaBJICHUH CHUXKACT TeMIIEpaTypy KHIIe-
HUS,

I) TOYKM MaKCHMyMa M MUHHMyMa Ha KPHUBBIX OOIIEro NaBIIEHWs Mapa s JABYXKOMIIO-
HEHTHOM CHCTEMBI OTBEYAIOT PACTBOPAM, COCTaB KOTOPHIX OJAMHAKOB C COCTaBOM PaBHOBEC-
HOT'O C HUM I1apa.

Tema 3.4. Pacmeopumocms 2a308 6 HcuoKocmsax. 3aKon pacnpeoenenusn. IKCmpaKyus
1. Bonpocwl k ycmuomy onpocy
1. PacTBOpHBI Ta30B B KHUIKOCTAX. UeM ompenensercsi pacTBOPUMOCTD T'a30B B KUIKOCTAX?
2. Ilouemy pacTBOPBI AIEKTPOIUTOB HE MOAUMHAIOTCSA 3aKoHaM Paymns m Bant-I'odda? OcHOBHEIE TIOJIO-
JKEHHS TEOPHH 3JICKTPOIMTUUECKON nucconuanuu. [IpuMeHeHne 3aKkoHa AEHCTBYIOIINX MacC K 3JIEKTPO-
JUTaM.
3. OCHOBHBIE OJIOKEHUSI TEOPUH CHIIBHBIX IEKTPOJIUTOB. PackpoiiTe MOHATHA HOHHAsI CHJIa pacTBOPa,
aKTUBHOCTH, KO3(¢UIMeHT akTHBHOCTH? KakoBa B3aMMOCBSI3b MEXAY ITHMH BelmnduHaMu? B xakmx
CITy4asiX MOXHO OTOXKJIECTBIISITh HOHSATHS aKTUBHOCTD M KOHIICHTPALHSI?
4. Yem pa3nuyaroTcsl CUIBHBIE U C1a0ble ANIEKTPOInThI? MOXKeT 7 cabblif SJIEKTPOJIUT B BOJHOM pac-
TBOpE OBITH CHIBHBIM 3JIEKTPOJIMTOM B Apyrom pactBope? [louemy KpuTepHeM CHIIbI 3JIEKTPOINUTA SBIIS-
€TCs1 €ro KOHCTaHTA 3JIEKTPOJIUTUYECKON TUCCOUauu?
5. PackpoiiTe TOHATHS SHEPTrHsl KPUCTAJUIMYECKON peIIeTKH, TUApaTaluy (COJIbBAaTalluH), acCOIMALINY,
nucconuanuu? KakoBa B3auMOCBSI3b 3TUX SHEPTHM IPU CaMONPOU3BOIBHOM PaCTBOPEHUU BEIECTBA?
6. 3aKOH pacnpeaeneHus. DKCTPaKIUsL.

2. Komnaexkm 3a0au k meme 3.4.

1. PactBopumocTth cepoBonopoaa B anunuHe (Cy) npu 22°C B 3aBUCHMOCTH OT HABICHUS (P)
MU3MEHSIETCS CISAYIOIUM 00pa3oMm:

P, H/M? 13590 51990 116200 154600
Cy, T/1 2,74 10,6 24,0 31,6

[TokazaTk, 4TO pacTBOPEHHUE CEPOBOIOPO/Ia B aHWIMHE MOTYUHSIETCS 3aKOHY | eHpH.

2. KoapdummeHT pacTBOpUMOCTH CEPOBOIOPOJIA MIPU 0°C paBen 4,67. Ilon kakum JaBiIeHUEM
HEO0OXOUMO PacTBOPATH CEPOBOOPOI, YTOOBI MOMyYuTh 10%-HbIi pacTBOp?

3. IIpu 0°C u maenennn 1,013-10° H/mM® 2 1 CO B3GonTanu B 3aKpeIToM cocyze ¢ 20 11 BOJBL.
Bbruucnuth Maccy 1 00beM HOTIIOIIEHHOTO BOAOH okcuaa yriepona. Kosdouiuent pacrsopu-
moctu CO B H0 pasen 0,0354.

4. CocraB atmoctepHoro Bo3ayxa (00.%): xkucnopon 20,96; azor 78,1; apron 0,9; nuokcup yr-
nepoaa 0,04. OnpenenuTh MPOIEHTHBIN COCTaB paCTBOPEHHOM B BOJIE CMECH Ta30B MpHU 0°C. Ko-
3¢ UIMEHTHI PaCTBOPUMOCTH TEPEUHCIECHHBIX Ta30B COOTBETCTBEHHO paBHBI 00,0489, 0,0235,
0,058 u 1,713. IlpuHsTH, YTO HaYATBHBIC U PABHOBECHBIC JABICHUS OJIUHAKOBHI.

5. Koa¢¢punueHt pacTBOpUMOCTH JIBYOKHUCH YIJIepoJia B BOjE MpHU 0°C paseH 1,713. Kakoe ko-
JMYECTBO JIBYOKHCH yriiepoAa (T) pacCTBOPUTCS B 5 J1 BOJIBI IPU 0°C n nanennn 20,26-10° H/v?.
6. Ilpu pacnpenenenun peHona MeXIy BOJAOW U OEH30JI0M HOJy4YeHb! cieayrouie nanHeie (C

KMOJIB/M):
C B BozEC 0,0316 0,123 0,327 0,750
C B GeH3ole 0,077 0,159 0,253 0,390

Onpenenure cpeaHee 3HaUeHHE KOAPGUIIMEHTA paclpeesIieHUs] U TTOKa3aTels CTeneHu B Gop-
MyJie, OMMCHIBAIOIICH 3aKOH paclpeaeeHus!.

7. Ilpn pacupeneneHnn YKCYCHON KHCIIOTBI MEX/Ty YETBIPEXXJIOPUCTBIM YIIEPOJOM U BOAOU I10-
JIyYeHBI CIISAYIOIIE KOHIICHTPALMH (KI/M°):

CBCCly 2,92 3,63 7,25 10,7 14,1

C B BOZIE 48,7 54,2 76,4 93,0 107,0
Omnpenenute KOdXQPHUIMEHT paclpeneieHus, MmoKa3aTellb CTeleH! B (opMysie, OMHCHIBAIOIIEH
3aKOH pacrpeneieHus. B BOJHOM pacTBOpe YKCycHasl KHCIIOTa HMEET HOPMAIbHYIO MOJICKYIISIP-
HyI0 Maccy. OnpeaeuTh MOJIEKYIIIPHYIO MacCcy YKCycHO# kuciaotsl B CCly.



8. Koaddunment pacnpeneneHus Homa MeKIy aMIIIOBBIM CIIUPTOM U Boaoi paBeH 230. B3ban-
TEIBaIOT 1 1 Boxbl ¢ 400 cM° aMUIIOBOTO CIIUpTa, cojiepxaniero 2,5 r voaa. Beluucauth Kosmye-
CTBO 10713, IEPELIEIIIET0 B BOIHBIN pacTBop.

9. Koadduument pacnpenenenus HOpMaIbHON MacIsIHONH KUCIIOTBHI MEXKAY XJI0po(hopMOM U BO-
noit pasen 0,52 npu 25°C. Kakoe KOIMYECTBO MACISIHON KHCIIOTBI MOXHO m3BiIeub u3 100 cm®
0,5 M pacTBOpa MacIsTHOM KHCIOTHI B XJI0pohOpMe IIPH BCTPSAXUBAHUH €ro OHOKpaTHO co 100
cM® BOJIBI M TIPH 9ETHIPEXKPATHOM BCTPSXHBAHHH, HCIIONB3Ys KaXIBIH pa3 1o 25 cm® Bojpl?

10. B 1 1 pactBopa xmopuaa prytu (1) B 6enzone cogepxurcs 0,5 r HYCl,. Ckonbko sxcrparu-
pOBaHMIT HEOOXOIUMO CJIeNNaTh BOAOK mopiusmu mo 20 cM®, 4TOBBI OCTATOK CONIM B HCXOIHOM
pactBope cocTaBui 1% oT nmepBoHadagbHOro KoindectBa? Koadduiment pacrnpeaeneHus Xio-
puna pryru (11) Mmexy Gensomnom i Boxoit mpu 25°C pasen 0,084,

11. PactBop, comepxkanuii 50 T ykcycHOATHIIOBOTO 3¢dupa B 1 11 OeH30/1a, B30AITHIBATIN TIPH
25°C ¢ nonoBHHHEM (110 00bEeMY) KOJIMUYECTBOM JUCTUITUPOBAHHOM BOJIBI IO TE€X MOP, MOKA HE
JOCTUTJIA paBHOBECHs. BBIUMCINTD pa3HUIly MEXIy TeMIepaTypoil 3amep3aHus oOpa3oBaBIiie-
rocsi BOJHOTO CIIOSI M TEMIIEpaTypoil 3amep3aHusi YucToil Boasl. Koaddumnuent pacnpenenenus
YKCYCHOATHJIOBOTO 3(hupa Mex Ty OCH30JI0M U BOJIOHN TpH 12°C paseH 10,7.

12. ITpu 15°C BommbIit pacTBOp SHTAPHOUW KUCIOTHI, conepkamuii 12,1 1/ KUCIOThI, HAXOIUTCS
B PaBHOBECHH C P(UPHBIM PACTBOPOM, COAepKaluM 2,2 /1 SHTapHOW KUCIOThL. OnpeaenuTh
KOHIIGHTpaluio 3(pUpHOTO pacTBopa (T/1), KOTOPBHIA HAXOAUTCS B PaBHOBECHU C BOIHBIM pac-
TBOPOM cozepxaiieM 9,68 1/1 ssHTapHOM KUCTOTHI. SIHTapHAasi KHCIOTa UMEET HOPMAJIbHBINA MO-
JIEKYJISIPHBINA BEC B BOJIE U B d(hupe.

3. Jlabopamopnasn paboma Nell «Onpedenenue coomnouwienus KOMROHEHNOE 6 COCHABE KOMNICKC-
HbIX COCOUHEHUIL 8 PACMBOPAX)

Lenv pabomul: cieKTPOHOTOMETPUUYECKU, UCTIONB3YS TPU METOJIA, ONPEIETUTh COOTHO-
[ICHUE KOMITIOHEHTOB B KOMIUJIEKCHOM COCIMHEHUH.

IIpubopol u peakmuswi: OpraHudecKkue peareHTbl (KCUJICHOIOBBIA OpaH>KEBbIH, TUPHUIU-
HA30PE30PINH, MUPOKATECXUHOBBIN (DUOJIETOBBIN, 3-aMUHO-5-CYITh()OCATUITNIIOBAST KHCIIOTA, AJIH-
sapud-c u gap.), comu cunna(ll), pryru(ll), xagmua(ll), munaka, xpoma(lll), sxemesa(lll),
xenesa(ll), antomunust, xnopua Kanus, Tpooupku emk. 20 cM”, TUNETKU rpayupOBaHHbIE EMK.
1,2,5,10 cM® (hOTOANEKTPOKATIOPUMETPHI, CIEKTPOHOTOMETPHI WK (IyOPUMETPHI THOOBIX CH-
CTEM, XOJIOIUITLHUK OBITOBOM.

1. METOJ HENIPEPBIBHBIX U3BMEHEHUI (METO/J U30MOJISIPHBIX CEPUI)

Metoa OCHOBaH Ha OMpPEACIICHUH OTHOIICHHUS W30MOJISIPHBIX KOHIIEHTpAIMi pearupyro-
[IMX BEUIECTB, OTBEYAIOIIETO MAKCHMAILHOMY BBIXOJY 0Opa3yroIerocsi KOMIUIEKCHOTO COeIH-
HeHust Mpy, R, ,00pa3yromerocs no peakunu MM + nR — My R, , a ee nonoxxenue (abcmucca)
OJIHO3HAYHO CBSI3aHA CO CTEXHMOMETPUUYECKUMHU KO3 duimeHTaMmu m u N

Xyace = Cr/ (CM + CR) =n/ (m+ n)

3neck Cy u Cr - HayanbHbIe KOHIIEHTPALUK Pearupyronmx KoMnoHenToB M u R.
st BBITIOTHEHUST pabOThl MPHUTOTABIMBAIOT PACTBOPHI OOOMX KOMIIOHEHTOB OJIMHAKOBOM MO-
nspaoit koHneHTpanuu (0,0001 M) u cMemuBarOT WX B aHTUOATHBIX COOTHOIICHHSIX (Yallle Bce-

»/ ro ot 0,5:9,5 no 9,5:0,5), coxpansss HEU3MEHHBIM OO 00BEeM
7d |\ pactBopa (Vm + Vg, = V = const). I[Ipu 3ToM cyMMapHOe YKCIIo
',/ W), Molieli 000MX KOMIIOHEHTOB B 00LIEM 00bEME CMeCH BCEraa
7 i \ ocraercs moctosaubIM (Cy + Cr = C = const).
/ l ; W3mepeHne onTHYECKOW MIIOTHOCTH MPOBOASAT MPH IO-
p ' CTOSIHHBIX 3HAaYeHUsX MOHHOM cuiibl U pH pactBopoB. Bydep-
i ' HBIH PacTBOp I MOJJAEPKaHUS MOCTOSHHOrO 3HadeHus pH
| , Cpepl MOAOUPAIOT TaK, YTOOBI MEXKAY KOMIIOHEHTaAaMH H30MO-
| JsipHOM cpenbl U OydepHON cMecH KOMILJIEKCOOOpa3oBaHUE
, . Sl el OTCYTCTBOBAJIO.
:{ 55 e gutias gi ) Puc.1. 3aBncumocts A (AA) WM KOHIIEHTPAITMA KOMILIEKCA OT CO-

CTaBa U30MOJISIPHOTO PacTBOPA.



W3mepuB onTUyecKre IIIOTHOCTH MPUTOTOBIICHHBIX PACTBOPOB M30MOJISIPHOM cepuu,
CTPOSIT rpaduK 3aBUCUMOCTH A OT COOTHOIICHUS KOHLIEHTPALUN WK 00bEMOB KOMIIOHEHTOB
U30MOJISIPHOU CEPUHU:

A:f(CR/CM); A:f(VR/VM)
WIH
A=f[Cr/(Cu+CRr)]
U OIIPENECISIOT NOJIOKEHUE MAaKCUMyMa IOTJIOIIEHHs HAa U30MOJISIPHOM KpUBOM. MakcuMallbHBIM
CBETOIIOIJIONIEHHEM 00Ja/laeT TakoW pacTBOpP, B KOTOPOM COJEpKaHHE O00pa3yroIIerocs KOM-
TUIEKCHOTO COCTUHEHUS SBIISIETCS HanOoIbIuM (puc. 1).
Xoxa padoTsbl

B 11 mpo6upoxk BaocsT 0,5; 1; 2; 3; 4; 5;6;7; 8;9; 9,5 em® 10 M pacTBopa peareHTa (1o
3aJlaHuIo0 TIpenojaasarens), naitee 9,5; 9; ... 0,5 e pacTBopa COJIM MeTalljla ¢ KOHIICHTpalUeH
10* M u 1o 5 em® Oydepnoro pacteopa ¢ pH,,, (onpeaemuts B JI.P.Ne9), nmepemerars. Yepes
10 MuH| U3MEPSIIOT ONTUYECKUE MIOTHOCTH PACTBOPOB U CTPOST TpaduK B KOOpAWHATAX "ONTH-
yeckasi II0THOCTh - cocTaB" (puc.l). K MakcumyMmy CBETOMOIVIOIIEHUS CTPOAT KacarejabHble U
TOUYKY IEPECEUEHUs] KacaTeJIbHbIX 3KCTPAIlOJIMPYIOT Ha OCh KOHIEHTpanui. JlenaroT 3akirode-
HUE O COOTHOILIIEHNH KOMIIOHEHTOB B COEIMHEHUH.

2. METOJ HACBIINEHUSA (METO/I 'APBESI U MEHHUHT A)

Ecnu npuroroBuThH CepHio pacTBOPOB, B KOTOPOH OyJeT MOCTOSHHON KOHIIEHTpAIUs Me-
Tajyla U NEPEMEHHON — KOHIIEHTpAIUsl peareHTa, TO 3aBUCUMOCTb ONTHUYECKOW IUIOTHOCTU OT
KOHIIEHTPAIIUU peareHTa OyJeT BhIpakaThCs B BUJE TUNIEPOOIIBI. (CM. puc. 2).

Puc.2. KpuBble HaChIIICHHUS:

A A \ A 1) npu MOCTOSIHHOM KOHIIEHTPAIlUU METaJlia U
| PRSI IEpEMEHHOM KOHIIEHTpAlluu peareHTa;
.| RS : 2) IpH MOCTOSIHHOM KOHILIEHTpAllMK peareHra u
| ; IEpPEMEHHOM KOHIIEHTpaLluu MeTaia
! ! 2
A"A‘ L 5 RO = - - -
 EEey .4 il
| 7 )
et '
/ 7 ’ Ecin m3MepuTh ONTHYECKHE IJIOTHOCTH
L Cey l A Cue CepHil PacTBOPOB C MOCTOSHHON KOHIIEHTPALMEH

¢ peareHTa M NMEPEMEHHOM KOHIEHTpalMend Merai-
J1a, TO 3aBECUMOCTh ONITUYECKOH IMJIOTHOCTH PACTBOPOB OT KOHIICHTPAIIMY METaJlIa TaKke Oyaer
BbIpa)KE€HA Yepe3 UIepOoInYecKyto 3aBUCUMOCTh (puc.2.). Eciu omycTuTh neprneHauKyisp Ha
TOPU3OHTAJIBHYIO OCbhb M3 TOYKH IMEPCCCUCHUA KAaCaTCIIbHBIX K BCTBAM FI/Il'Iep6OJ'I, TO TOYKa IIepe-
CeueHUs MEePNEeHUKYISIpa ¢ TOPU30HTAIBHON OChI0 KOOPAWHAT YKaXXET Ha KOJUYECTBO peareHTa
(Merania), MPUXOAIIErocs Ha KOJMYECTBO MeTailia (peareHTa), T.€. MOSIBISIETCS BO3MOKHOCTh
OTIpeNIeNIUTh CTEXHOMETpHUECKUE KO3((HUIIMEHTH B yPaBHEHUN PEAKLIUU.
Xon pa6oTsl
1. HeoOxoqumMo NpUroToBUTH ABE CEpUU pacTBOpoB. KonnyecTBO KOMIOHEHTOB JUIsl HPUTOTOB-
JICHUSI PaCcTBOPOB IMPEJCTABICHO B TadimIe 1.
Taoauna 1.
O0beMbl peareHToB /1Jisi IPUTOTOBJICHHUSI PACTBOPOB IIPH ONpPeEAeIeHUH COOTHOLICHUS
KOMIIOHEHTOB MeTO10M HACBIIIEHHUSI

Homep npo6upkn

1 2 3 4 5 6 7 8 9 | 10 | 11

Cepusil | Vg,em® | 0 0,5 1 2 3 4 5 6 8 | 10 | 12
Vie,cM | 5 5 5 5 5 5 5 5 5 5 5

pH,eM® | 15 | 145 14 13 12 11 10 9 7 5 3

Cepusi2 | Vg, om® 5 5 5 5 5 5 5 5 5 5 5




VuecM® | 0 | 05 1 2 3 4 5 6 | 8] 10 | 12

pH,cem® | 15 | 145 14 13 12 11 10 9 7 5 3

A

[TonydeHHble pacTBOPHI epeMeniaTh, AaTh OTCTOAThCS 10-15 MUHYT.
2. V3MepeHHe ONTHYECKUX IUIOTHOCTEH PAacCTBOPOB MPOBOJAT MPHU MAKCHMyME MOTJIOIIEHHS
KOMIIJIEKCHOT'O CO€ZIMHEHUS B KIOBETE € TONIUHON 5 cM. JlaHHbIe BHOCAT B Tabuuny 1.
3.Jlanee cTpoAT KpHUBBIE HACHIIIEHUS JUIsl 2-X CEpPHU PACTBOPOB M HAXOMIAT CTEXHOMETPUUECKUE
KO3(PHUITMEHTHI B YpaBHEHUH PEaKIHH (puc.2).
2.3. METO/Jl OTHOIIEHHUS HAKJIOHOB

HauanbHble BeTBU KPUBBIX HACBHIEHUS (PUC.2) MOKHO HCIOJIb30BATh JJIS ONpEAETIeHUs
CTEXHOMETPUYECKUX KO03()(DUIIMEHTOB B ypaBHEHUU peakuuu. Jjist 3Toro HeoOXOMMO MOCTPO-
UTh TpapUuecKue 3aBUCUMOCTH B KOOpAMHATaX "lnorapu@m onTUYeCKON IJIOTHOCTH - KOHLIEH-
Tpauust" JUIsl IEPBBIX YETHIPEX 3HAUEHUH ONTHUYECKHM IUIOTHOCTEN cepuu pacTBOpoB (cepus 1 u
2). OOBIYHO - 3TO MpPSMbIC JINHUH, HAKIIOHEHHBIE K TOPU3OHTAIBHOM ocH mox yriioM fi u fp. Vr-
7oBbIe K03 GuimeHTs! npsiMeix tgfy u tgf, uncnenno paBHBI crexnoMeTpudeckuM Koddduimen-
Tam M u n.

'{,L. {

Puc.3. I'padnueckoe onpenenenne CTeXuoMeTpuIeckux Ko (PpUIMeHTOB B ypaBHEHUH peakluu
METO/IOM OTHOILIEHHSI HAKIIOHOB
Xoa padoTsl
Paccunrare BenmuunHbI TorapudmMoB g 4-X 3HAUYEHUN ONTUYECKUX MIOTHOCTEH, MOITy-
YEHHBIX METOJOM HachlllieHus (Taba.1) u mocTpouts, rpaduku B KoopauHaTax "morapudm om-
TUYECKOM TUIOTHOCTH - KoHIeHTpanus". Onpenenuts 3nadenue tgfy u tgf, (puc.3) m 3anucats
MpocTeiiiiiee ypaBHEHUE PEaKIIUU KOMITJIEKCOOOpa30BaHUsI.
Cmpykmypa u cooepiicanue omuema
OTueT 0JI2KEH COePKATh:
1. DxciepuMeHTaNIbHBIE TAHHBIC U PE3Yy/IbTaThl pACYeTOB (TabnuIa).
2. I'paduueckrie 3aBUCUMOCTH TI0 METOJIaM U30MOJISIPHBIX CEpUi, KPUBBIE HACHIIICHUS, OTHOIIIE-
HUS HAKJIOHOB.
3. [IpeacTaBuTh pacdyeTbl COOTHOIICHHUSI KOMITIOHEHTOB TI0 TPEM METOJIaM.
4.IlpoaHanu3upoBaTh MOJTYYEHHBIE 3HAYCHHS] U OXapaKTepU30BaTh MPOIECC KOMILIEKCOO0pas3o-
BaHMsI, 3aITMCATh MIPOCTEHINee ypaBHEHUE PEAKIINN KOMILIEKCOOOpa30BaHUSI.

4. Jlabopamopnas paboma Ne 12 «Ixcmpakyuonnoe onpeoenenue homocunmemuyeckux
nuzmenmos (OCII)»

Llenv pabomwvi. O3HAKOMJIEHHE C METOJIUKOM M HKCHEPUMEHTAIbHOE OIpe/esieHHE CO-
nepxxanns OCII B pacTeHUAX SKCTpAaKIIMEN OPraHUYECKUMU PACTBOPUTEISIMH.

Annapamypa u peakmueul. Becbl, ¢papdopoBas cTynka ¢ MecTUKOM, MEpHasi KOHUYeCKast
npoOupka, eHTpUuPyKHbIe MPoOUpKH 12 MTYK, XUMHUYECKHE CTaKaHbl EMK. 50 eM®, crexnsHHas
Majxoyvka, Bara, crekTpodoromMerp mo0oii cucteMsl ¢ mornomenueM cseta ot 400 go 800 HM, u




nBe KioBeThbl ¢ ToimuHOU cimost 1 cm. Ilocyna creknsuHas mepnas, [OCT 1770-20292-74.
®dunbsTpoBasibHas Oymara. PedHoit mecok, rekcaH (meTpoieiHbIii 3hup), 3TaHo;.
Buinonnenue paoomot

Jljis BBIMOJHEHUS OMpEeNeeHUs colepKaHusa (HPOTOCHHTETHUECKUX MUTMEHTOB HaBECKY
JMCTHEB UCCIIEYEMOT0 pacTeHUS Maccoi 1 r moMecTuTh B paphopoByIO CTYIKY, Tyna ke 100a-
BUTh | I XOpOIIO IPOMBITOTO peuHoro mnecka. [lomydueHHylo cMech mepeTeperb, MOocie 4ero B
$aphOpoByIO CTYIIKY IPHINTh 5 ¢M° rekcaHa (IIETPONCHHOro 3(upa), IIPH TOM B OpraHHYe-
CKYIO YacTh MepeusieT f-k. DKCTPaKT MEePEeHECTH B LEHTPUPYKHYIO TPOOUPKY U TOBECTH 00BbEM
COJEPKUMOTO MpodHpKHu 10 10 cM® TeKCaHoM (metponeiinbiM 3¢upom). CMech HEHTPUPYTUPO-
BaTh M TeueHue 4-5 mun npu 1500 006./MuH, Hajee H3MEPUTH ONTUYCCKYIO INIOTHOCTh YKCTPAKTa
npu aauHe BOJIHBI 450 HM B KIOBETE TOJIIMHON 1 CM OTHOCUTENBHO rekcaHa (IeTpoJIeHHOro
adupa). LleHTprdyraT BBUIATH 13 IPOGHPKY, a B Hee BHecTH 10 cM® cMecH rekcana (IeTpoleii-
Horo 3¢upa) u TaHoNa, B COOTHOMICHUU 1:1, cMech TIIATEIBHO MEepeMeliaTh CTCKJISTHHOM Ta-
JIOYKOM, TIPU ITOM B OPraHUYECKHH cioi mepeiayTt xiaopodusmisl. Yepes 4-5 MUH cMech IICH-
Tprudyruposath, orobpats 1 cm® uentpudyrara u goecty 10 10 cm® cMechio rekcaHa i STaHo-
Ja, B cOOTHOIIEHUH 1:1, 1 CHOBa U3MEPUTh ONTHYECKHE MIIIOTHOCTH PACTBOPOB MPH IJIMHAX BOJIH
645 u 663 HM B KIOBETE TOJIIMHOW | CM OTHOCHTEIBHO cMecH pactBopurteneii. U3 guibTpo-
BaJIbHOU OyMaru caiesath XpoMaTorpaMMBl.

Pe3ynbrarel uamMepenuii npeACcTaBUTh B BUJI€ TaOIHIIbI 1:
Tabimuna 1. 3HaueHus: ONTHYECKOM MIIOTHOCTU SKCTPAKTOB

Howmep Onrtryeckast IIOTHOCTh, A
OTbITa A =450 am A= 645 am A =663 H™M
1
2
3
4
5
6

Ha ocHOBaHUH SKCIIEPUMEHTATBHBIX TaHHBIX paccunTarh KoHueHrpauuu Chl,, Chly u -
o ¢popMynam:
Chla = 1297'A663 — 2,69'A645 (MF/IOO F);

Chlb = 22,9‘A545 — 4,68'A653 (MF/IOO F);
Mp-x = 2057 Asso (MF/IOO F).
HpOBeCTI/I CTaTUCTUYCCKYIO 06pa60TKy JaHHBIX 1 @HSHKO-XHMI/I‘ICCKI/IG XapaKTCPUCTUKU

OTIBITHBIX 00Pa3IOB MPEICTaBUTh B TabiHIIe 2.

Tab6auna 2. Conepxanue OCII, t, =2,57, P = 0,95, n=6

Conepxanne OCII, mr
B 100 r ncxoanoro odpasiia

chl, Chly Sk

PaboTa cuntaercst BBINOJHEHHOM, €CJIN MPECTaBICHBI SKCIIEPUMEHTAIbHBIE PE3YIIbTATH,
IIPOBEJICHBI COOTBETCTBYIOIIME PAcUeThl, CTaTUCTUYECKass 0OpabOTKa JaHHBIX, IPUBEACHBI BCE
CTPYKTYpHBIE (hOPMYJIIBI H3y4aEMbIX BEIIECTB, XPOMATOIPaMMBI.




5. Konmponvuaa paooma Ne3 no meme «@azoevie pasnosecusn. QPuzuko-xumuueckue ceoli-
cmea pacmeopoe»
Bapmuanr 1
3aoanue 1. BeluuCIUTh MaKCUMAJIbHOE YHUCIIO CTENEHeH cBOOOABI U MAKCUMAIIbHOE YK C-
70 ¢a3, HAXOAAIUXCS B PABHOBECHH B OJJHOKOMIIOHEHTHOW WM JBYXKOMIIOHEHTHOU CH-
cTeMax.
3aoanue 2. Ilpn HOpMATLHOM aTMOC(HEPHOM JIaBICHUU H 0°C 1 1 >Tunena B3GonTamu B
3aKpBITOM cOCyle C 5 J1 BOAbl. BBIYHCINTH KOHEUHOE [aBJCHHE HEPaCTBOPUBILIEIOCS
OCTaTKa ATUJICHA, Maccy U 00BEM MOTJIOIICHHOTO BOIOM 3TUJICHA TTPU 0°C u Parn—101325
H/MA. Koaddumument pacTBOpUMOCTH 3THIICHA B BOJIE TIPH 0°C paseHn 0,226.
3adanue 3. Berauciuth naBieHue mapa pactBopa 6,4 r Hadprammaa B 90 r 6eH301a TpU
20°C. JlaBnenue napoB O€H30J1a TIpU JaHHOU TeMIiepaType 9953,82 H/M®.
3aoanue 4. XXuakoe opraHu4ecKoe BEIIECTBO, MPAKTUIESCKH HE PACTBOPUMOE B BOJIE, TIe-
PErOHSIIOCH C BOISHBIM IIAPOM II0J] HOPMAIbHBIM aTMoc(epHBIM AaBieHneM npu 98,4°C.
CopepxaHue OopraHMYecKoM KUIKOCTU B KoHAeHcaTe 23,1 Bec.%. Onpenenurb MoJIeKy-
JSpHBIN BEC BEIIECTBA U JIaBJICHHE €ro MapoB MPU yKa3aHHOU TemrepaType, eclid JaBie-
HHE HACBIIIEHHOTO 11apa BOBI B 9THX YCIOBUAX PaBHO 95665 H/MP.
Bapuanr 2
3aoanue 1. B 1 n BogHoTO pactBopa coaepxurcs 0,15 r iiona. KakoBa 6ynet creneHp us-
BieueHus (Bec.%) ona u3 nmanHoro pactsopa 40 em® YETBIPEXXJIOPUCTOTO yIiaepoa: a)
IIPU OJTHOKPATHOM M3BJICUYEHUH BCEM KOJIMYECTBOM PACTBOPUTENS; 0) MPH YEThIPEXKpaT-
HOM H3BJIEYCHUH nopiusiMu mo 10 cm>? KoaddumuenT pacnpeneneHus ioma MEXIy BO-
JIOM 1 YEThIPEXXJIOPUCTBIM yriaepojoM paseH 0,0117.
3aoanue 2. Kakoe KOJIMYECTBO IIIMIICpUHA HYXHO 100aBuTh K 1000 T BOJBI, 9TOOKI pac-
TBOp He 3aMep3ai 10 -5°C.
3aoanue 3. CKONBKO TpaMMOB ITHIIOBOTO CIUPTA JOJDKSH COAEPXKATh JUTP PacTBOpa,
YTOOBI €r0 OCMOTHUYECKOE JaBlieHHEe ObUIO TaKUM e, KaK MOJIAPHOTO PacTBOpa a30THOU
KHUCJIOTBI, KQXKYIAsiCs CTENEHb TMCCOIMAIlMU KOTOPOH B 3TOM pactBope 80%.
3aoanue 4. I'azoBas cmech, conepkaimmas 35 00.% N2O u 65 006.% NO, pacTBopsiercs B
Boge mpu 17°C ¥ MOCTOSHHOM JABJICHHH [0 TOJHOTO HAChILeHHs. ONpeieiuTh IIpo-
IIEHTHBIA COCTaB PACTBOPEHHOMN B BOJIE CMECH Ta30B, eclii pacTBopuMocTs NoO npu 17°C
cocrasisieT 0,69, a NO mipu Toii ke Temmneparype 0,057

Pazoen |\V. Inekmpoxumusn

Tema 4.1. Pacmeopwt IneKkmpoaumos
1. Bonpocwt k ycmuomy onpocy
1.YaenbHas U SKBUBAJICHTHAS 3JIEKTPONPOBOIHOCTh PACTBOPOB. 3aBUCHMOCThL OT Pa30aBJICHUS] PACTBO-
poB (3akonbl Konbpayina). [TokakuTe 3aBUCMMOCTb, CBSI3BIBAIONIYIO YACTBHYIO 3JIEKTPOIPOBOJIHOCTS |,
KOHCTaHTY STYEHKH U COTPOTHBIICHHE PACTBOpA dIIEKTposinTa Ry.
2. 91eKTPOIIPOBOTHOCTD TIPH OECKOHEUHOM pa30aBieHuu. Kak cBA3aHbI MOJABMKHOCTh HOHOB U JJIEKTPO-
MPOBOJIHOCTD MpH OecKOoHeUHOM pa30daBieHnu? Kakve HOHBI 001a1al0T HANOOMbINEH MOABHKHOCTBIO B
BOJHBIX pacTBOpax U mouemy?
3.Yucna nepenoca. Kak cBsizaHbl 4ncia nepeHoca, CKOPOCTH HOHOB, TOJABMKHOCTH HOHOB U 3JIEKTPOIIPO-
BOJTHOCTh MPH OECKOHEYHOM pa30aBiIeHUU?
4. Kak, ucronb3ys 3HaU€HUs! SKBUBAJICHTHON 3JIEKTPONPOBOAHOCTH MPH 33AaHHON KOHIICHTPAIMH U TIPU
0EeCKOHEUHOM pa30aBJIeHUH, PACCUUTATh CTEIEHb JUCCOLUAINN, KOHCTAHTY JUCCOIUAIINN U KOHIICHTpa-
IIY OTJICJILHBIX HOHOB B pacTBOpe?
5. MeHsieTcst I M KaK KOHCTaHTa JIUCCOLUAIIMH 3JIEKTPOIUTA C POCTOM JAUAIICKTPUIECKOW MPOHHIIAEe-
MOCTH PaCTBOPHUTEJIS, €CIIU CPAaBHUBATEL PACTBOPUTEIH, OJIM3KHUE IO CBOY cTBaM?
6. Hapucyiite rpaduk 3aBUCHMOCTH 3KBHBAJICHTHOW 3JEKTPOIPOBOIHOCTH OT pa3BEACHUS IS CUIIb-
HBIX U CIIA0BIX AJIEKTPOJIHUTOB.
7. ChopmynupyiTe IpaBUII0 HOHHOM CHITBI (TIpeaensHbIH 3akoH Jlebas — [ Tokkens).
8. Kakoe cBOHCTBO pacTBOPHUTEINS SIBISICTCS ONPEACISIONIMM B €r0 CIIOCOOHOCTH MOHU3UPOBAThH PAcTBO-
PEHHOE BemecTBO (IOMUMO €ro CIIOCOOHOCTH K XUMHUYECKOMY B3aMMOAEHCTBHUIO C 3TUM BEILIECTBOM)?



9. MensieTcst 1M U Kak CTENEHb UCCOIUAIMYU CI1a00To 3JIEKTPOJIUTa B BOJHOM PacTBOPE C POCTOM
TeMIepaTypol? ApryMEHTHPYHTE OTBET.

10. HanumuTe ypaBHEHHE 3aBHCHMOCTH SKBUBAJICHTHOW 3JEKTPONPOBOJHOCTH PACTBOpPA CHIIBHOTO
3JEKTPOJINTA OT KOHIEHTPAIHH.

11. KakoBbI IPUYMHBI IUCCOLUALIMH IEKTPOIUTOB B PACTBOPE HA NOHBI?

12. Yto Takoe AS ruapatanuu noHoB? KakoB 3Hak AS ruapaTanuu u Kak €ro MOKHO OOBSICHUTH?
13. Kakne manHbIe 00 DJICKTPOIPOBOMHOCTH PacTBOpa cIIaboro 3JIEKTPOJIMTa HEOOXOIHMO HWMETh,
YTOOBI PACCUUTATH TEIUIOTY JUCCOLMALMU ITOTO IEKTPOIUTA?

14. U3MeHHUTCS W B KaK KOHCTaHTa JUCCOLUALNH CIaboro 3JIEeKTPOJUTA, €CJIH B KaYeCTBE PacTBo-
pUTEIS BMECTO BOJBI B3SITh METHJIOBBIH CHUPT (IPH YCIOBHM, YTO XUMHUYECKOE B3aUMOIEHCTBHE
MEXIYy PaCTBOPECHHBIM BELIECTBOM M PACTBOPHTENIEM OTCYTCTBYET). JlaiiTe 00bsCHEHHE.

15. Haueptute rpaduk 3aBUCUMOCTH yAEIHHON 3JIEKTPOIIPOBOAHOCTH 3JICKTPOINTA OT Pa3BEICHHUS.

16. Kak usmensiercst yaenabHast 3J1€KTPOIIPOBOIHOCTE BOJAHOTO pacTBOpa cIaboro 3J€KTPOINTa C POCTOM
KOHIICHTpAIIUH pacTBoOpa?

17. Kakue (hakTopbl BIUAIOT Ha S9KBUBAJICHTHYIO SJIEKTPOIPOBOJHOCTD AJIEKTPOJINTA?

18. 3aBUCHUT 1M W Kak paguyc MOHHOH aTMoc(epsl OT KOHICHTPAIMHU CHUIBHOTO 3JekTponnTta? Kak
WU3MEHUTCSI palnyc MOHHOM aTMocdepsl mpu Imepexoie OT BOAHOIO (IUAIEKTpUUECKas MpPOHHIAE-
MOCTh paBHa 81) pacTBOpa CHUIIBHOIO 3JIEKTPOJIUTA K CIIUPTOBOMY (IMIIEKTpUUECKask MPOHUIIAEMOCTh
paBHa 24) Toii e KOHLIEHTpAIMH MIPU TOH ke TeMiepatype? Jlalite oObsacHeHue.

19. O0BACHUTE TPUYMHY YBEIHMYEHHUS IKBHUBAJCHTHOH JIIEKTPOIPOBOJHOCTH B 3JIEKTPUUIECKOM IIOJIC
BBICOKOH acToTH (3¢ dext [lebas — DanpkeHxareHa).

20. Haueptute rpaduku 3aBucumocteil Ky, = f(T) u AH,,.. = f(T) ans BOAHBIX pacTBOPOB ClIa0bIX
a1eKTposuToB. [lokaxuTte 3T rpaduKu B COYETAHUU APYT C APYTOM.

21. Kak 3KCnepHMEHTaJbHO OMNpEICNIUTh YMEHBIICHHE AIKBHUBAJICHTHOHN 3IEKTPONPOBOAHOCTH, 00Y-
CJIOBJIEHHOE 3JICKTPOPEIAKCAIUOHHBIM TOPMOKEHHUEM HOHOB?

22. Kak 3KCrepUMEHTaIbHO HAWTH YMEHBIIEHUE DJICKTPOIPOBOIHOCTH, O0YCIOBICHHOE 3JIEKTpodope-
TUYECKUM TOPMOXKEHHUEM?

23. ChopmynupyiiTe 3akoH pa3BeaeHust OcTBanbpa.

24.PaBHOBECHBIE 3JIEKTPOJHbIC MMOTEHIMANbBI: KaK OOBSICHUTH BO3HHMKHOBEHHE CKauKa MOTCHLHUAIOB Ha
rpanuie Metami-pactBop? CTpoeHue IBOMHOIO 3JEKTPUYECKOTO CIIOS Ha TpaHHIle MeTajuI-pacTBop. 3a-
BHUCHUT JIM M KaK ToNmrHa 1u(Py3HOH YacTH ABOWHOTO ANEKTPHUYECKOTO CIOS OT HOHHOW CHIIBI pac-
TBOpa, B KOTOPBI morpyxxeH Metayi? KakoBo TepMoarHAMUYECKOE YCIOBHE OOPa30BaHUS MOJOKH-
TEJIBHOTO 3apsla Ha TMOBEPXHOCTH METalla, OMYUIEHHOTO B PacTBOp cojiu 3Toro metanna? KakoBo
TEPMOJMHAMHUYECKOE yCIIOBHE OTCYTCTBUA 3aps/ia Ha TOBEPXHOCTH MeTaJlJia, OMYLIEHHOTO B PacTBOP
cBoell conu? UTo Ha3bIBAIOT MEKTPOAHBIM MOTCHLIHAIOM METaJlIa, OT KakuX (PaKTOPOB 3aBHCUT 3Ta Be-
nrnunHa? Hanuimunte MaTeMaTHYeCKOe BBIPaKEHUE.

25. YTo Ha3bIBaeTCA YCIOBHBIM AJIEKTPOJHBIM MMOTEHIIHAIOM?

26. Uto Takoe mudy3nOHHBIN MMOTEHIINAN, KaK OOBICHSAETCS ero BO3HHKHOBeHHe? Hamummre maTema-
THUYECKOE BBIPA’KEHHE.

27.YTo Ha3bIBAIOT aJCOPOIMOHHBIM U MEMOpPaHHBIM MMOTeHIIMANIOM? Kak BO3HUKAIOT M KAKOE UMEIOT 3Ha-
yeHue?

2. Komnnexkm 3a0au k meme 4.1.

1. [Ipu 75°C naBnenue napa Boasl paBHo 385 rlla. Ono nonusunocs Ha 4,92 rlla npu pactBope-
Huu 10 r xymopuaa amMoHus B 454,5 T BoAbl. BeruncnuTe KaxKylryrocs CTETEHb TUCCOIUAIIUN
XJIOpU/1a aMMOHHUS B 3TOM PacTBOpE.

2. TemmepaTypa 3aMep3aHusi pacTBOpa THApPOKcuaa Oapusi, coaepskamiero 1 mons Ba(OH); B 64
1 Boabl, paBHa -0,083°C. Beruncauts pH u pOH nannoro pactsopa.

3. CKOJBKO I'paMMOB caxapo3bl coJiepkuTcs B Boje Macco 100 r, ecim 3TOT pacTBOp 3aMmep3aeT
IpU TOU e TeMIepaType, YTO U PaCcTBOP XJIOpHJa Kalus MOJIsipHOH koHeHTpanuu 0,1 Moias/n?
Kaxxymmasicst crenens qucconuaruu coiu paBHa 83%.

4. CompoTruBieHue pacTBopa cyiab(paTa HATpUs B DIEKTPOJUTHUECKOM cocyne 2,86 Owm.
Beruncnuth yAenbHYO 3J€KTPONPOBOJHOCTh PACTBOPA, ECIH ILIOIIAb MIEKTPOIOB 5,38 cM?, a
paccrosinue mexay Humu 0,82 cwm.



5. Cocyn mjst U3MEpeHHs 3JIEKTPONPOBOAHOCTH, HanoiHeHHbl 0,02 H. pactBopom KCIl mpu
20°C, umeer conpotusnenue 82,4 Om, a HanomHeHHbIH 0,005H. pacTBOpoM cyibdara Kamus —
326 OM. BeuucianTh SKBUBAICHTHYIO 3JIEKTPOIIPOBOIHOCTh PACTBOPA Cyb(dara Kajusl.

6. YnenbHast snektporpoBoanocts 10% pactBopa CaCl, mpu 18°C paBHa 11,4102 Om ™ -em™.
IlnorHocTs pactBopa 1,08 r/cm® . BBIMHCIHTH Kaxyllylocs crerenb muccoumanun CaCly B
pacTBope.

7. YnenvHas snextponpoBoaHocts 4,2% pactBopa KOH mnpu 18°C paBHa 0,1464 Om™*em™,
[TnotHocts pactBopa 1,038 r/em®.  Bbranciuth DKBUBAJICHTHYIO JJIEKTPOIIPOBOAHOCTh H
KaXyIlyrocsi KoHIleHTpauuio nonoB OH™ B pactBope.

8. OxBuBaneHTHast ekTponpoBoaHocTs 0,00102 H pacTtBOpa yKCycHOM KHCIOTHI npu 25°C
paBHa 4,815 CM-M’/Kr-3KB.  DKBHBaJICHTHAs 3JICKTPONPOBOAHOCTh MpU  OECKOHEUHOM
paszBenenuu 39,06 Cm-M2/kr-5KB. PaccunTaiiTe cTeneHsb JIMCCOLMAIMU, KOHCTAHTY JTHCCOLIMAIUN
YKCYCHOM KHCI0THI M pH 1aHHOrO pactsopa.

9. Ilpm 25°C yaelbHasE 3JEKTPONPOBOIHOCTh pacTtBopa stwiamuHa (CoHsNH3OH) npu
pasBenenun B 16 1 paBHa 1,312:10° Omtem™. Berunmcnuts cremnets AIEKTPOJIUTUYECKON
JUCCOLMAIlMY, KOHIIEHTPAllMl0O HOHOB THJAPOKCWJIA W  KOHCTaHTY 3JIEKTPOJIUTHYECKON
nuccorrarmu. [oasmxuocts nona CoHsNH3 " paBHa 58,6.

10. IIpu 18°C »sKBUBaJEHTHasl 3JIEKTPONPOBOJHOCTh HOAWCTOBOJOPOJHON KHUCIOTHI IPU
OecKOHEeYHOM pa30aBlIeHUH Ao, = 38,4 Cm-M?/ KMOUIB, a ynenbHas anektponpoBoanocts HI (C =
0,406 momnb/n) paBHa 13,32 Cm-m". KakoBo 3HAYCHHE AKTHBHOCTH HOHOB BOJIOPOJIa B 3TOM
pactBope?

11. IIpu 25%C yleJbHas 3JEeKTPONPOBOIHOCTh 9,55% pacTBOpa MypaBbMHOW KHCJIOTHI paBHA
7,56-10°°

Om™*-em™. InorHOCTH pactBopa 1,024 r/cM®, a KOHCTaHTa JUCCOLHALHH MYypaBbUHOUN KHCIIOTHI
1,77-10". Berunciurs SKBHUBAJIEHTHYIO 3nekTponpoBoaHocte HCOOH mnpu OGeckoHeduHO
00JIBIIIOM pa30aBJICHUH.

12. lns 6eckoneuno pazbasiennoro pacteopa NH4Cl mpu 298,2 K umcio nepenoca katuoHa t.
= 0,491. Bpruucaute 371eKTPOIIUTHYCCKYIO MOBHKHOCTh U a0CONOTHYIO ckopocTh anuoHa Cl;
oo NHacl = 15,0 CM-M?/KMOJIb.

13. Ilpu 18°C  okBuBaneHTHAs anekTpornpoBogHocTh npornuiaamuHa (CsH;NH3;OH) mpu
pa3BeaeHuu B 64 1 paBHa 35,4 Om™tcm™. Koncranra aucconparum MpONIaMHUHA 4,7-10,
Beruncnute moaBmwkHOCTH KaTroHa mponwiamuna (I C3H7N Hs* ).

14. OnpenenuTh SKBUBAICHTHYIO 3JEKTPOIPOBOJHOCTh MpU OECKOHEYHOM pa30aBIEeHUU s
LiBr, eciiu ipu 298 K A, s KBr, K;SOy, Li,SO4co0TBeTCTBeHHO paBHbl 151,9; 153,3; 118,5
Om oM.

15. B pactBope xyopuja aMMOHHUS 4HUCIO IepeHoca aHuoHa pasHO 0,491. Omnpenenure
a0COIOTHYIO CKOPOCTh U TMOJBUHOCTh KaTHOHA, €CIM 3JIEKTPOIPOBOJHOCTb pacTBOpa IpH
O6eckoHeuHOM pa30aBieHuu paBHa 14,9 CM-M*/KMOJTB.

16. AGCONIOTHBIE CKOPOCTH MOHOB cepedpa M XJIopa COOTBETCTBEHHO PABHBI 5,7-10% u 6,9-10
*em?/cex-B.  BblmcInTh SKBUBAJICHTHYIO JJICKTPONPOBOAHOCTh OECKOHEUHO pPa3z0aBICHHOTO
pacTBopa xJjopuaa cepedpa.

17. Temmeparypa 3amepsanms 0,IM pacreopa CaCl, -0,482°C. DksusaneHTHas
ANIEKTPONPOBOJIHOCTh 3TOr0 pacTtBopa 82,79 Omtem?, a npu  OECKOHEYHO OOJBIIOM
pasbasnenun 115,8 Om™t-cm?. TInotHOCTH pactBopa 1,008 r/cm®. BEIMHCIATH KaXKYIIYIOCS
CTENeHb AUCCOLHUAIMH: a) [0 AIEKTPOMPOBOJAHOCTH PACTBOPA; 0) MO MOHUKEHHUIO TEMIIEPATYPhI
3amMep3aHus pacTBOpA.

18. DKBHBaJIEHTHAsI 3JIEKTPONPOBOIHOCTh PACTBOPA HUTpaTa KajblUs, coaeprkaniero | moip B
23,81 1, paBHa 98,9 OM'1~CM2, a npu OeckoHeuHO OousblioM paszbaBieHuu 129,2 Omt-om?
KakoBa Temneparypa 3amep3anusi JAHHOTO pacTBopa?



19*. Byner mu o00najaTh 3aMETHOM 3JIEKTPONPOBOAHOCTBIO pacTBop Xnopuma meau (1) B
STHJIOBOM CITHUPTE, €CIH pacTBop, coxepxkariuii 3,614 r CuCl, B 100 r cnmpra, KUMWT MpH
78,308°C. Temmeparypa kuretus dncroro crupra 78,000°C.

20. Ipu 25°C naceimennsiii pactBop Coz[Fe(CN)g] mMeeT yaenbHYIO 3J€KTPOINPOBOIHOCTH
2,06-10'4 CM-M'l, B TO BpeMs Kak YyJeibHas »3JICKTPONPOBOIHOCTh BOJBI 4-10° Cmmt
ITonBU>XHOCTE MOHA I%(C02+) paBHa 4,3 CM-M%/KMOJIb U HoHa Y4 Fe(CN)64+ 11,1 CM-M2/KMOJIb.
Omnpenenure pactBopumocth Coy[Fe(CN)g] B Boae mpu 25°C.

21. Ilpu 18°C ynenbHast 3JIE€KTPONPOBOTHOCTh HACKHIIIIEHHOT'O0 PAacTBOpa XJIopua cepedpa paBHa
1,374-10° Cm-cm™. Yienbnas 571eKTpONpOBOIHOCTh BOMBI, B3STOM JUISi PACTBOPEHHS, PABHA
410 Cm-em™. Onpenenure Mpu yKa3aHHOM TemIepaType KOHIEHTPAILMIO XJIOopuaa cepedpa B
HACBIIIIEHHOM PacTBOpPE (MOJIB/M).

3. Jlabopamopnasn paboma Nel3 «Koncmpyuposanue u ucnvlmanue XumMu4ecKux UCmo4HuUKo8 nmokda.
Dnexkmponusz pacmeopos»
Ileny pabompl: KOHCTPYMPOBAHME NPOCTEUIINX HCTOYHHKOB TOKA M HCIBITAHUE HX
OJ1C.
Ilpunyun memooa: tpeOyeTcsi U3TOTOBUTH MEIHO-IIMHKOBBIA, MEIb-MEIHBIH KOHIICH-
TPALIMOHHBIM, IIUHK-IIMHKOBBIA  KOHIEHTPAIIMOHHBIN
——~ 3 MapraHieBoO-UUHKOBKIN 31emMeHThl. U3mepurs DJIC co-
OpaHHBIX SJIEMEHTOB U CPAaBHUTH PE3YNIbTaThl H3MEpe-
HUSI C pAacCUMTAaHHbBIMU BenuyuHamu. [IpoBectu ¢ wuc-
MOJIb30BAHUEM  MEIHO-IIMHKOBOTO W  MAapraHieBo-
OUHKOBOT'O 3JIEMEHTOB JJIEKTPOJIW3 PACTBOPOB HOIWIA
Kamusl.
Annapamypa u peazenmul: SIEKTPOJbI MEIIHBIE,
IUHKOBBIE, TTPOBOJIa MEIHBIE U30JUPOBAHHBIE THAMET-
— pom ot 0,06 1o 1 MM, s1r00bIE TPUOOPHI AJIT U3MEPEHUS

2 -— = - -- 6

- =" _ -~ nanpspkenus (91C) uenu; crakansl emMk. 100-250 oM’ —

no 5 mr. Y-o0pa3zHble TpyOKH pa3HBIX pa3MepoB — IO 5
LIT; BaTa. Arap-arap CyxoH, XJOpuJ Kalus, IepMaHraHaT Kajus, XJIOpUJ aMMOHUs, MEIHBIN Ky-
opoc, cynb(har HUHKA, JUOKCU] MapraHiia.

BoinosiHenne padoTsl

Onvim 1. MeOHo-yunxo8wlil 2anb8anudecKutl dJ1eMeHm.
1. ITpurotoButs 0,1 M pactBOp cyibdara menu u cyiabpaTa nuHKa (1o 250 CMS).
2. IIpuroToBUTH CONEBOM MOCTHK, JJIsl YETO B MaJlyl0 Y — 00pa3Hyro TpyOKy IpONYCTUTh Majblit
KTYT M 3a1UTh TpyOKy 1 M pacTBopoM Xjopuja Kainus B arap-arape (arap opatb 1 r Ha 50 oM’
BOJIbI, ITOJIYUYUTh MPU HarpPEBAHUU PACTBOP M BHECTH B ATOT PacTBOP c;/xoﬁ XJIOpUJ KaJlus B Ta-
KOM KOJIMYECTBE, YTOOBl KOHIEHTpauus ero cocravimsia 1 mons/am”). Ilocne octeiBanus VY-
00pa3HOil TpyOKH, COEIUHUTH CTaKaH C pacTBOpaMHU Cyilb(aTa MeAM U cyiabdara HUHKA ITUM
COJIEBBIM MOCTHKOM.
3. [lorpy3uthb B pacTBOpPBI MEHBIN U IIUHKOBBIN AJIEKTPO/IbI, TAK UTOOBI OHU HE KacajluCh CTEHOK
U JIHA CTaKaHOB, U u3MepuTh DJ]C coOpaHHOrO 3IeMeHTa.
4. IIposectu Tpu mapamnenbHbix u3Mepenus JJ]C. CpaBHUTH TPaKTUUECKHUE PE3YIbTAThI C TEO-
petnueckoi BenuunHoM. [IpoBecTu cTaTucTHueckyo 00paboTKy JaHHBIX, BBIYUCIUTH a0COIIOT-
HYIO U OTHOCUTENbHYIO OIIUOKH.
5. Hamncatp ypaBHEHUs peaklnid, IPOTEKAOIIMX HA AJIEKTPOJAX, CYMMapHOE YPABHEHUE PEAK-
uu. HauepTute cxeMmy rajabBaHMYECKOIO DJIEMEHTA.

Pucynok 1. Cxema MeHO-IITMHKOBOT'O TaJIbBAHUYECKOTO JIEMEHTa:
1. 1luHKOBBIH AJIEKTPOS;
2. PactBOp cynb¢aTa HUHKA;
3. HsmepurensHoe ycrpoiictBo st D/1C;



4. CoieBoii MOCTHK;
5. MenaHslii 37€KTPOT;
6. PactBop cynbdara meam.

Onvim 2. KonyenmpayuoHuwlii s1emeHm.
1. IIpuroroBUThH 10° M Boausiit pacTBop cyib(dara MeIu IMOCIIEeI0BAaTEIbHBIM pa30aBieHuEM
pactBopa cynbdara meau ¢ konmentpamuei 0,1 M, KOTOpBIi OBUT MPUTOTOBJICH B MIPEIBIIYIIEM

OIIBITC.

2. IIpombITh BO/IOI MenHBIE 37eKTpoIbl. OMyCTUTh B pacTBOp cyibhaTa MeIH C pa3IHYHBIMU
KOHIIEHTPAIUsMH, YCTAHOBUTD COJIEBOM MOCTUK U u3Meputh J/IC U3roTOBIEHHOr0 KOHIEHTpa-
LIMOHHOTO 3JIeMeHTa. CpaBHUTD NOJyUYEHHBINH PE3YIbTAT C PACCUNTAHHBIM TEOPETUUECKH.

3. [IpuroroBuThH 10°® M Bozmubiit pacTBOp cysbdaTa [MUHKA U U3TOTOBUTH ITUHK-ITUHKOBBIA KOH-
LEHTpalnoHHbIN 31eMeHT. M3meputs D/IC naHHOrO 37€MEHTa U CPAaBHUTH PE3YJIbTaT C paccuu-

TaHHBIM.

4. Ilposectu Tpu napamienbHbix u3Mepenust D/JC. CpaBHUTH NPAKTUUECKHUE PE3YIbTATHI C TEO-
perndeckoi BeauuuHoM. IIpoBecTu craTucTHyeckyro 00pabOTKy TaHHBIX, BBIYUCIUTH a0COIIOT-

HYIO U OTHOCUTCIIbHYIO OIINOKH.

5. Hanucatsp YpaBHCHUA peaKHHﬁ, IIPOTCKAOIINX HA JJICKTPOAAX, CYMMAPHOC YPABHCHUC PCAK-
ouu. HaqepTI/ITI) CXCEMbI KOHICHTPAIUOHHBIX I'AJIbBAHUYCCKUX 3JICMCHTOB.

Onvim 3. Mapeanyego-yunkoswiii eanbeéanudeckuti snemenm (ML)

AKTHBHBIM MaTepUaIOM MOJOKUTEIBHOTO 3ekTpoaa MLID sBnsercs AMOKCHUIT MapraH-
112, @ OTPHUIIATEIILHOTO JIEKTPOJIa — METAJUNTMYECKUN IIMHK. B KauecTBe AIeKTpoanTa mpuMeHseT-
Csl yaIle BCEro BOJHBIN pacTBOp XJIOPHAa aMMOHHUSA C J0OABKOW APYTrUX MUHEPAIBHBIX COIEH U
3arycturens — Mmyku. MIID B 3aBucMMoOCTH OT cocTaBa 3J€KTPOJIMTA CIOCOOEH paboTaTh B UH-
tepBasie Temneparyp ot -40 C° no +60 C°. Dnementsl u Gatapern MI[-cucTeMBbI SBJISIOTCS Ca-
MBIM PaCIpPOCTPAHEHHBIM CPEAH APYTUX TUIOB TaJbBAaHUYECKHIX DJIEMEHTOB.

Hszeomosnenue snemenma.; TIPUTOTOBUTH HACBIIEHHBIM PACTBOP XJIOpHUIAa aMMOHHUS (OKO-
510 100 cM®), B mOMydeHHBII pacTBOp BHECTH 0K0JI0 10 T KpaxMaia Wik MyKH, TIIATEIBHO Mepe-
MeIllaTh U HarpeBaTh MMOJy4YEHHBIH pacTBOP MOYTH J0 KUIIEHHs. YTOIbHBIH 3I€KTPO]] TOMECTUTh
B MEIIOYEK M3 MapJH, B TOT MEIIOYEK C 3JIEKTPOJOM HACHITIATh 4 T' AMOKCHIa MapraHIia v MpH-
JUTH KJeicrep (OCTHIBIIMIA PacTBOP XJIOpHUJAa aMMOHHUS C MYKOii). Memodyek moMecTUTh B CTa-
KaHYHK U Ty/a e MOMECTUTh IUHKOBBIN JEKTPO/I.
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Pucynok 2. O6umii B MapraHieBO-IIMHKOBOTO 3JI€MEH-
Ta!

YTOJIBHBIN IEKTPOL;

[IMHKOBBII 3JIEKTPOI;

CrakaHYHK;

Memouek ¢ TMOKCHIOM MapraHila B KpaxMajlbHOM KJIECH-
cTepe.

1. Paccunrtats DJIC MapraHIieBO-IIMHKOBOTO 3JIEMEHTA UCXOJSl U3 CYMMapHOW OKHCIUTEIHHO-
BOCCTAaHOBUTEIbHOM peakiuu, namMeputsh IJ{C rnemenTa.



2. ITpoBectu Tpu napaiienbHbix usmepenus J/1C. CpaBHUTh NIPAKTUUECKUE PE3YNbTATHI C TEO-
perndeckoit BeauuuHoM. [IpoBectu cratucTuyeckyro 00pabOTKy TaHHBIX, BBIYUCIUTH a0COIIOT-
HYIO U OTHOCUTEJIbHYIO OILINOKH.

5. Hamucatp ypaBHEHUs peaklyii, IPOTEKAONMX HA 3JIEKTPOJaX, CYMMapHOE ypaBHEHUE peak-
uu. OTMETUTh NPAKTUYECKYIO 3HAUUMOCTh Ka)KJI0r0 XMMHUYECKOro BelecTa. Haueptuts cxe-
My MIID.

Onwvim 4. [Iposecmu 21ekmpoau3 pacmeopa uoouoa Kauius, SMIUpuiecKoe onpeoeienue Kamooa
U aHoOa 31emeHma.
1. CoenuHUTh METHO-IIMHKOBBIM 3JIEMEHT ¢ 3JeKTposm3epoM. [IpencraBistomum coboit Y-
00pa3Hyr0 TpyOKY C yroJIbHBIMH 3JIEKTPOJaMH, 3aOTHEHHYIO0 2%-HbIM PaCTBOPOM HOAMJIA Ka-
TSl
2. [TpunuTh K 2JIEKTpOIaM 10 2 Karuld BOJAHOTO pacTBOpa Kpaxmaia u GpeHondTanenHa.
3. Onucarb HaOI01aeMble SIBIICHUS, ONPESIUTh PACIIONIOKEHHE KaToAa U aHOAa Y AJIEKTPOIH-
3epa U raJibBaHUYECKOTO JIEMEHTA.

OTtuer no J1adbopaTropHoii padore
1. Otuer o pabote (cm. oO1re TpeOoBaHNUs).
2. Natb onpenenenue XUT nmepBoro u BTOPOro poja, MPpUBECTH UX KIACCH(PUKAIUIO.
3.Bo3HukHOBEHHE CKayka IMOTEHIMajda Ha TpaHule MeTaui-pactBop. OKUCIUTEIHHO-
BOCCTaHOBUTENIBbHBIN MOTEHIMAN, ypaBHeHHe HepHcTa.
4. Pacuetr D/IC paznuunsix I'3.
5. OueHuTh TOCTOMHCTBA U HEJJOCTATKU KOHCTPYHUPYEMBIX M UCIIBITHIBAEMBIX [ D).
6. [Monspu3arus 31mekTpooB. [I[pUIHHBI BOSHUKHOBEHHSI H METOJIBI YCTPAHCHUS.
7. OcoOeHHOCTH AIIEKTPOJIN3a B PACTBOPAX U pacIliaBax.

4. Jlabopamopnasa paboma Ne 14 «I' padyuposka uonoceneKmueHvlx I1eKmpoooe»

Ilens padomui: cornacno uuctpykuusim k MCO nposectu ux rpagynpoBky. OnpenenuTb
JUana3oH U3MEPSAEMbIX KOHIEHTPALi HOHOB, KPYyTHU3HY I'PalyHpOBOYHOM XapaKTEPUCTUKHU B
nuHelHoU yacTH. [IpoBecTn aHaM3 KOHTPOJIBHOM MPOOBI

Annapamypa:
1. Anammzarop xuakoctu «OKCITEPT-001-3» B pesxkxume paboThl — BOJIBTMETP JUISI M3MEPEHUS
notrennuana UCD (MB), mpenen ocHOBHOM abCONMIOTHON MOTPEIIHOCTH JAaHHOW MOAH(PUKAIIUN
U3MEPUTENILHOTO IIpeoOpa3zoBaTesst cocTaBisieT +1,5, nuana3oH U3MEpeHHs B JAHHOM PEKUMe —
-3200...+3200 mB.
2. NonocenektuBHbIN tekTpo (MCD) Ha HOHBI METAIIOB (Cd2+, Cu®*,zn**, Ca* u ap.).
3. DrexTpoJ BcHoOMoraTenbHbIN 1abopaTopHblil xsopcepedpsHbiii OBJI-1M3.1 unu snextpoa
cpaBuenus DCp-10101 (aByxKiI04eBOIM 1aOOPATOPHBINA) TPEAHAZHAYEHBI JIJIS1 CO3/IaHUS OMTOPHO-
ro MOTEHIMajga NMpu paboTe B Mape ¢ UHAUKATOPHBIM 3JIEKTPOAOM MPHU MOTEHIIHMOMETPHYECKUX
U3MEpPEHUSIX B BOJHBIX pacTBOpax. BrIOOp 31exTpoda cpaBHEHUS 3aBHCHUT OT OIPENEIseMbIX
KOMITOHEHTOB ¥ HOHOCEJIEKTHBHOTO 3JIEKTPo/ia (B MHCTPYKLUHU K HOHOCETIEKTUBHOMY JIEKTPOY
YKa3bIBAIOTC HEOOXOAMMBbIE 3JIEKTPOAbl cpaBHeHHUs). Ilepen HauamoMm pabOThl MOHOCENEKTHB-
HBII 3JIEKTPOJI U SJIEKTPOJI CPAaBHEHHUS, COTJIACHO MHCTPYKLIMHU, HEOOXOAUMO NOJArOTOBUTH K pa-
oore.
[IITaTUB AJIs DJIEKTPONIOB.
Xumideckue crakansl emk. 50 em® i 250 v,
MepHas konba emk. 50 cm>
I'panyrpoBaHHbIE MUITETKU EMK. 5 oM’
I'pajynpoBaHHas MepHas Ipobupka eMk. 10 cm’.
. ITuneTka ams 3amogHEHUs 3JEKTPOIa CPAaBHEHUSI.
10 OunpTpoBasbHas Oymara.

©oNo A

Peaxkmueui:



1. Wcxommeii pactBop comn meramra (Cd®*, Cu®*.Zn?*, Ca?* u np.) xonuentpammeii 0,1
MOJ'IB/I[M3.
2. Bydepnsrii pactBop mist perynupoBanus obmeir nonnoit cuiel (BPOVIC). B xauectBe BPO-
NC s mOHOCENEKTUBHOIO 3JeKTposia «AautT — 241» Ha HOHBI Cd2+peK0MeHz{yeTc>1 pacTBop
HUTpaTa HaTpus KoHleHTpauueit 0,3 MOJIB/I[MS.
3. bydepnsiii pactBop ¢ ontumanbHbpIM 3HaueHueMm pH. s Cd** aueraTHO-aMMOHHITHbII
Oydepnsrii pactBop pH7.
4. JlucTUIMpOBaHHAS BOJA
Ilpuzomosums pacmeopu:
1. 50 cm® pabouero pacTBOpa COJIM KaaMHus KOHIICHTpaIlUeH 103 MOJ'IB/I[M3.
2. 100 cm® BPOMC.
IHopaook evinonnenusn padomot
1. JTan - nocTpoeHue rPalyupPOBOYHOr0 rpadguka.
[Ipu pabote c uoHocenekTuBHbIM 3JekTpogoM (MCD) HeoOxonuma ero mpeaBapuTeibHas
KaTMOpPOBKA — YCTAaHOBJIEHUE 3aBUCHMOCTH MEXIY MOTEHIIMAIOM DJIEKTPOJa U KOHIEHTpaIuei
WIM aKTUBHOCTBIO OINpEAENsieMbIX HOHOB. [[s MOCTpOEHHs TrpaJyHMpOBOYHOrO Trpaduka B
koopauHatax «E — pCi» HUCHOJB3YIOT CTaHAApTHBIE PACTBOPHI OMPENEISEMbIX COCIUHEHUN.
MeTtoauka mpenBapUTENbHON KaduOpPOBKH, YCIOBHM pabOTHI 3JEKTPOJa, Criocoda XpaHEHHS
NCD Mexay u3MepeHus MU yKa3bIBa€TCsl B MHCTPYKIUU K MIOHOCEJIEKTUBHOMY JIEKTPOJTY.
2. JTan - MeTOAMKA aHAIH3A.
Otobpate mMepHOU KoJsIO0M 50 cM® AHATM3UPYEMOT0 PACTBOpPA COJM METala U TOMECTHTHh B
ctakaH eMkK. 50 CM3, 100aBUTEL 5 cm® BPOUC. W3meputs norenuman MCH, u nonb3ysacek
ypaBHeHueM o MHK HaliTu KoHIIEHTpauio HoHa MeTallila B aHaJIU3UpyeMoil mpooe.

Oopabomka IKcnepumeHmanbHplX OAHHBIX

1. Otan - mocTpoeHye rPaIyMPOBOYHOrO rpadguka.

[To pe3ynbraraM U3MEpEeHUHN CTPOUTCS IKCIICPUMEHTAIBHAS 3aBUCUMOCTh B KOOPIMHATAX
«E — -1gC» (puc.l): mo ocu abCIMCC OTKIAABIBAIOT 3HAYCHHUS OTPHUIATEIBHOrO Jorapupma
KOHIICHTPAIlMd WOHOB B CTAHJAPTHBIX pPAcCTBOpaxX, a IO OCH OPJWHAT — COOTBETCTBYIOIINE
paccuuTaHHbIC 3HaYeHHS MOTeHIana (MB).

[Tpu 06paboTKE IKCIIEPUMEHTATBHBIX TAHHBIX TIPUXOIUTCS YaCTO BCTPEUYATHCS C 3a1aueit
C OIpeaeseHHeM IMapamMeTpoB (PYHKIIMOHATHHOW 3aBUCHUMOCTH OT JBYX WM HECKOJBKUX
nepeMeHHbIX. [loaToMy HeoOxoaumo paccuutath KOI(PQPHUIIMEHTH YpaBHEHUS MPSIMOM:
E =m-pC +b, no metony Haumensinux kBaaparos (MHK).

Ero cyre cocroutr B crnenmyromeM: TpeOyeTcs HAWTH TakuWe 3HAYEHUsS, BXOJSANIUX B
HUCKOMYIO (YHKIIMOHAJIbHYIO 3aBHCHMOCTh, IPHU KOTOPHIX CyMMa KBaJpaToOB OTKJIOHEHHI
3HAUCHUH QYHKIMH OT SKCIICPUMEHTATBHBIX JAHHBIX OyJeT MHHHMAILHOM.

[Tycte uckomasi (GyHKuus siBisieTcs nuHeiiHo, T.e. £ = mpC + b (1), tne m u b
HeusBecTHbIe, a pC u E 3amansbl 3HaueHusmu (pCi; E1), (pCa; E»),..., (pCh; En), mONydeHHBIE B
pesynbTare sKcrmepuMmenrta. [lpu moxactanoBke 3Hauenuit pC = pCi (i = 1,23,456) B
ypasuenue (1), monyuaem (Mm-pC; + b), a B pe3ynpTrare sKkcriepuMeHTa umeem Ei.

Pasnocts Ej - (M-pCi + b) Ha3pIBacTCs HEBSI3KOW W BO3HUKAET B PE3yJIbTAaTe OIMUOOK 3KC-
MEepUMEHTa, OMMUOOK BBIYMUCICHUHN, HETOUHON JTMHEHHON 3aBUCUMOCTH M T.M. TpedyeTcs mojo-
Opath M u b Tak, YTOOBI CyMMa KBaJpaTOB HEBA3OK, T.C.

n=6
S=Y (E;i - mpC; - b)? 6bI1a MEHIMAITBHOA.
i=1
Heo06x01uMo cOCTaBUTh U PEIIUTh CUCTEMY YpaBHEHUH:




n=6 n=6 n=6
KZpCi 2'm + chi'b = chi'Ei-;
i=1 i=1 i=1

< n=6 n=6

> pCirm +nb= 3 E;;
i=1 i=1

-

B nanHO# 3a1a4e KOJIMYECTBO M3MEPEHHH paBHO 1ect (N=6). HalineHHble BETMYUHBI M,
b u usBectHeie 3Hauenust aprymenta ( pC:1,2,3,4,5) noacraButh B ypaBHEHUE NpsMOil £ =
m-pC+b, u paccumrarh 3HaueHus norennuana MCD (E), T.e. bynkuuu. IToaydeHHbIE HOBBIE
JAaHHBIC C YYETOM METOJ]a HAMMEHBIIINX KBAJPaTOB BHECTH B TAOIHILY 2 ¥ MOCTPOUTH Tpadude-
CKYIO 3aBUCHMOCTb.

Ta6auna.2

pC 1 2 3 4 5
EMB

-E, MB

200
180 |
160 |
140 F
120 F
100 F

80

-IgC

Puc.1 I'pagyupoBounsiii rpadpuk no MHK

Hcnonb3ys nony4eHHsli rpagynpoBounsblii rpaduk no MHK onpenenuts
KOHIIEHTPALUIO CCIIEyEMOr0 HOHA B aHAIM3UPYEMOH Mpo0e 10 3aJaHUI0 IPENOAABATEIS.

Omuém no pabome
1. Ilens u 3a1a4u UCCIIETOBAHMSL.
2. Kparkoe ommcaHue SKCIepUMEHTa: CrocOoObl, METO/IbI, METOJIMKH UCCIIEIOBAHHUS U TEOPETH-
YECKHUE MOJIO0KEHUS.
3. 3aKoHBI, MTOJIOKEHHSI, MATEMaTHYECKUH amiapar, ypaBHEHUS peakiuid. Pe3ynbraTsl nccieno-
BaHUS U pacyeTbl (ypaBHEHHs JOJDKHBI OBITh MPUBEAEHBI B OOIIEM BUJE U C MOACTABICHHBIMU
JaHHBIMU). Pe3ynbTaTel ccaea0BaHNs U PacueTOB JOJIKHBI ObITh CBEJIEHBI B COOTBETCTBYIOIINE
tabmuibl. Cratuctuyeckas o0paboTKa JaHHBIX.
4. I'pauyeckas oOpabOTKa IKCIEPUMEHTAIbHBIX JAHHBIX: TPAQUKU U CXEMBbI JIOJDKHBI BBIOJ-
HATHCS TOJIBKO HAa MUJTUMETPOBOM Oymare. Ha ocb opanHaT HaHOCUTCS (DyHKIMS, Ha OCh abc-
IIUCC — apryMEHT C yKa3aHHEeM eAMHMIl u3MepeHus. Ha ocsx HaHOCHUTCS IIKaja COTJIacHO BBI-
OpanHomy Maciuta®y. Enuauiel macmraba TOMKHBI ObITh BHIOpaHBI B COOTBETCTBUHM C TOYHO-



CTBIO OTCUETa MpPHU IKCIepuMeHTe. KoopAnHaThl 3KCTIEPUMEHTANIBHON TOUYKHM HAHOCSTCS TOJBKO
Ha IUIOCKOCTH M OTMeYaroTcsa TOUKoi. [lo skcrneprMMeHTalbHBIM TOYKaM IPOBOJUTCS YCpEIHS-
Iol1as KpuBas. BelmaBmime TOUKM HE UCHOJB3YIOTCS, HO MOKas3bIBatoTcs. Ha mucre, rae BBIION-
HEeH TpaduK, TOJDKHBI OBITh YKa3aHbl HAMMEHOBaHUE rpaduka (1Mo rpadukoM), yCIoBHUs, CHOC-
K{. DKCIIEPUMEHTANIbHBIC JTaHHBIE JUISI TOCTPOCHHS TPaJyHPOBOYHOTO rpaduka 00padbaThIBarOT-
Cs1 110 METOJly HAaUMEHBIINX KBaJpaTOB.
5. AHayn3 3KCIIEPUMEHTAIIBHO MOTYYEHHBIX 3aBUCUMOCTEH.
6. BeIBOILIL.
Pabora cumTaercs BBINOJHEHHOH, €CIM NMPUBEICHBI BCE HEOOXOAMMBIE PACUeThl, MOCTPOCHBI
U3y4aeMble 3aBUCUMOCTH, IPUBEICHBI BCE CTPYKTYPHbIE (JOPMYIIbI M3y4aeMbIX BELIECTB U 00pa-
3yeMBIX COCJUHEHUH, ClIelaHbl COOTBETCTBYIOIIHE BBIBOIBI.
Oonapyscenue oumudox

Konebanust Temmeparypbl BIUSIOT HAa HAKJIOH KaTUOPOBOYHOrO rpaduka U CTaHIAPTHBINA
norexiuan MCO. TemnepaTypsl CTAaHJApTHOIO U aHAJIM3UPYEMOr0 PaCTBOPOB HE JIOJIKHbBI OTIIH-
qarbes Gonee uem Ha 1°C.

BiusiHue conmyTCTBYIOIUX HOHOB OINPENEIIAETCs] CEIEKTUBHOCThIO U YyBCTBUTEIBHOCTHIO
BbIOpaHHOTO AM1EKTpoAa (CM. HHCTPYKLMIO k 1CD).

Tema 4.2. HepasnoeecHvle A61eHUA 6 PACMEOPAX IJIEKMPOIUINOE

1. Bonpocwl k ycmuomy onpocy
1. DOnexrpoxmmudeckue nemnu. J./].C. ranbBaHIYECKOTO IIEMEHTA.

2. Kakyo ponb npu H3MEpEeHHH 3./1.C. TATbBAHMUYECKUX 3JIEMEHTOB BBHITIOJIHSIET 1eMeHT Bectona?
K kakoMmy THITy 3IeMEHTOB OTHOCHUTCS 3JIeMEeHT BecToHa (KOHIIEHTPAIIMOHHBINA, XUMUAYECKUH,
¢ mepeHocom, 6e3 meperoca)?

3. TlanpBaHWMYecCKWH >IEMEHT COBEpIIAET DIICKTPUYECKYI0 paboTy Oe3 W3MEHEHHUs BHYTpEHHEH
9Hepruu. B xakom cooTHomeHuu (4To OO0NblIe) HAXOAATCS MPH STOM BEIMYWHA DJEKTpUYE-
ckoit paboTel NFE 1 Beaw4ymHA TEMIOTH (|, KOTOPOW 3IIEMEHT OOMEHHMBAETCS C OKpYKaromei
cpenoii? Kakoit 3HaK B 3TOM Cliydae UMEET TeMIlepaTypHbIid K03 puiueHr 3. 1. c¢?

4, CyIlIeCTBYIOT JIA TAJIbBAHUYCCKUEC DJICMCHTHBI, JJIs1 KOTOPBIX BEJIWMYHHA 3. . C. HC 3aBUCUT OT BE-
JUYUH CTAaHAAPTHBIX 3JIEKTPOAHBIX MOTeHUMATI0B? Eciu CyLmIecTBYIOT, TO yKaKUTE THUI ITHX
3JIEMEHTOB.

5. MOXHO 1 UBMEPHUTH 3. J. C. TaJbBAHUYECKOr0 3JIEMEHTA MPHU MOMOIIU BoJbTMeTpa? Jlaii-
T€ OTBET C 00OCHOBAHUEM.

6. 3. 4. c. raIbBaHUYECKOTO 3JIEMEHTa KaK (QYHKLUHUS TeMIIEpaTypbl BbIpakaeTcs ypaBHEHHEM E

=q + bT. BeiBenute ypaBHeHus s pacuera AS, AG u AH npu temneparype 7.

Kaxue ranpBaHnYeCcKrE 3JIEMEHTHI Ha3bIBAIOT XUMUYECKUMU?

8. B rampBaHMYECKOM 3JEMEHTE MPOTEKAaeT Peakius B CTOPOHY 0OpazoBaHMs Tra3z000pa3HBIX
OPOAYKTOB W3 KOHICHCUPOBAHHBIX HMCXOIHBIX BELIECTB. Biuser 1M W Kak yBeIHWYCHHE
BHEIIIHETO JaBJIEHUS HA BEJIUYHUHY 3. 1. ¢?

9. Yro HazpiBaeTcs CTaHAAPTHOH 3. 4. ¢? OT 4ero 3aBUCUT BEJIMYMHA CTAHJIAPTHOH 3. J. C. XHU-
MHYECKOTO TalbBAHMYECKOTO 3JIEMEHTa (IPHUPOJa Peakiy, KOHIEHTPAllUs pacTBOPOB, TEM-
nepaTypa, 4YuCiIO MEPEHOCUMBIX JJIEKTPOHOB)?

10. B xakoMm ciydae 3HaK 3. J. C. JIEMEHTa CUMTACTCS TMOJOXKHUTEIbHBIM? MEHSEeTCS U U Kak
BHYTPEHHSS HEpPTHUs TalbBaHUUECKOTO 3JIEMEHTa, €CJIM €ro 3. Jl. C. HE 3aBHCHUT OT TeMIlepa-
Typsl? Ilouemy?

11. Kakue KOHCTAaHTBI M 3KCIIEpPUMEHTaJbHbIE NAaHHbIE HEOOXOAMMO HMMETh, YTOOBI MOJCUYUTATH
3JIEKTPUYECKYIO pPaboTy, COBEPIICHHYIO TaIbBAHUYECKUM DJIEMEHTOM?

12. IlpuBenuTe npUMepHl TajJbBAHUYECKUX IEMEHTOB pa3InuHbIX TUNOB. OOpaTuMble U HeoOpaTH-
MBbI€ TaJbBaHHYECKUE 31eMeHTHI. [loscHUTE HAa KOHKPETHBIX MPHMEPax, KaKue peakuH Mpoxo-
JAT Ha 3JICKTPOJaX railbBAHUYCCKUX 3JIEMCHTOB.

13. Tlonspu3anus 37eKTPOJIOB

14. Ilepenanpspxenue nepexona. Ot kakux (akToOpoB 3aBUCUT? Hanuimre cOOTBETCTBYIOIINE ypaB-
HCHUS.

15. Cymnocts quddy3Horo nepeHanpsokenus? Hamummre ypapHeHwusI.

~



2. Komnnexkm 3a0au k meme 4.2.
1°. TIpu TuTpoBaHMM pacTBOpa ykcycHoi kuciotsl 0,5 H. pactBopom NaOH GbutM momydeHsl
CIIETYIOINE PE3YIbTATHI:

O6sbem 0,5 1. p-pa NaOH, mn 8,0 9,0 10,0 11,0 12,0 13,0
15,0 17,0
Comnpotusienue, Om 75,0 68,1 62,3 570 53,2 50,8
515 52,1

OnpenenuTh coliepKaHue YKCYCHOH KHCIIOTHI (T) B THTPYEMOM pacTBOpE.
2", PactBOop HHTpaTa cepebpa moTeHLHOMeTpuuecku TuTpylor 0,5 H. pactsopom NaCl.

Onpenenuts conepxanne AGNOs (Mr) B TUTpyeMOM pacTBope. | anbBaHnveckas 1erb:
Ag | AgNO;s (C,) | KNOs | KCI (0,1 1.) | HgoCl2 | Hg

Ob6beMm H};I/I6aBJI€HHOI‘O pacTtBopa EAQ/AQ" OTHOCHTENBHO HOPMANBHOTO KaJo-
NaCl, cm MEJILHOTO AJIEKTpojia, MB

1,00 383

1,80 342

1,98 283

2,00 224

2,02 165

2,20 106

3,00 64

3. BBIUMCIUTH KOJIMYECTBO AMOKCHUA CBUHIIA, KOTOPOE BBIIEIUTCS HA aHOJE MPH 3JIEKTPOJIU3E
COJIM CBUHIIA B a30THOKHUCIJIOM pacTBope TokoM 0,16 A B TedueHuu 45 MuH.

4*. Tlpu >JEKTpPOJM3e TOPSAYErO PAacTBOpa XJIOpHAA Kalus oOpasyercss OepTOJIETOBA COJb.
Beipa3zuth ypaBHeHMsIMH mpoucxofsmue peakuuu. Kakoe koiaumuecTBo OepTosieTOBOH coiu
MOJIyYUTCS MpHU Mpornyckanuu Toka 10 A B TeyeHuun 6 yacoB 20 MHH U IIPU BBIXOJE IO TOKY
60%?

5. Kakue npoaykThl BBIAENAIOTCS HPHU 3JIEKTPOJIU3€ BOJHBIX PAacTBOPOB Cyjb(aTa HUKEI,
xnopuna xeneza (lll), xnopuma kampiusi, cynbdara Harpus? Hammcate ypaBHeHUs
MPOUCXOSIINX MPOIIECCOB.

6. Ilpu KylnoHOMeTpHdeckoM THTpoBanun 10 cm® pacTBopa mepmanranara Kanus
JIIEKTPOIUTHYECKH TeHepupyeMbiM skene3oM (II) wa BoccranoBienme woHOB MnO4
noHago6unock 28 muH npu cuse Toka 100 MA. Onpenenuts THTp pacTBopa KMNO,.
7.Berauciauts npu 25°C noTeHuMAN HHHKOBOTO AJIEKTPOJIa, MOTpyKeHHOTO B 150 em® pactBopa,
conepxaiero 0,2 r cyiabdara nuHka. CTeneHb TUCCOIMALNU IPUHATH PaBHOI 1.

8. Harmmmre ypaBHEHUE PEaKIMid U BBIYUCINTE IOTEHIIMAIBI CIEAYIOIIUX YIEKTPOIOB:

Ni | Ni** (@ = 0,1);

Pb | Pb(NO3), (C =0,1M, y = 0,405);

Ag | AgNOs (C =0,1M, y=0,743);

Pt, H, (P = 101300 H/™?) || H (pH = 7);

Pt,Cl, (P = 101300 H/m?) || CI" (a = 0,02);

Pt,0, (P = 101300 H/M?) || OH (a = 0,04);

Pt|Cu* (o =0,01), || Cu** (a = 0,005);

Pt| Sn®*, Sn** || Cr**, Cr,0;%, H'| Pt;

Pt | Fe?*, Fe®" || Mn?*, MnOy4, H'| Pt;

9. Boranciuts npn 25°C MOTEHIMAN MHKOBOTO JJIEKTPOAa, morpyxkertoro 8 0,1 M pactsop
cynpdara LMHKA, M TOTEHLUUAT JTOr0 3JEKTPOa, MOTPY)KEHHOrO0 B JTOT K€ pacTBOp,
pasbasnenHoil B 10 pa3. Kaxymascs crenens auccounanuu 0,1 M pactBop cynbdaTa HMHKA
npu 25°%C paBHa 40%, a nns pazbaBieHHOTO pacTBopa 64%.

10. KakoBa momkHa OBITH MoOJisspHasi KoHIeHTpauus uoHoB menu (ll) B pacTBope, uTOOBI
AIIEKTPOHBIN noTeHnuan Meau npu 25°C Ob11 paBeH HyIt0?

11. BJ1C nenm:



CranpapTHbIi KCI Kenynounsrii Bonopoansrit
BOJIOPOTHBIN (HaceI.) COK AIEKTPOT

AIIEKTPOJ

paBna 0,082 B. Onpenenure pH xenygounoro coka npu temmneparype 25 °C.

12. Beraucnuts 3J1C ranpBanndeckoro snementa npu 25°C

Cd| CdSO4 (0,1M) || ZnSO4(C=0,2M) | Zn

Kaxymasics  creneHp AMCCOIMAIlMM pacTBOpa cyibdara IUHKA MpU 25°C paBHa 40%, a
pactBopa cynbdata kaamus 60%.

13. OmnpenenuTh KOHUEHTpPALMIO pacTBopa HuTpara Hukens, eciu 2JC raapBaHHYECKOrO
aJIeMeHTa ObLTa paBHA HYIIIO.

Ni | Ni(NOs3), (?M) || Co(NO3), (C=0,1M) | Co

CreneHb AUCCOLUMALINU JUIST KaXKI0M U3 coJiel mpuHsATh paBHOil 1. Temnepatypa 25°C.

14. TIpu 25°C D/IC ranpBanndeckoro saementa Zn | ZnSO,4 (0,5M)|| ZnSO,4 (0,05 M) | Zn
paBHa 0,018 B. Bpryniciuth Kaxymyrocs CTENEeHb JUCCOLMAIMA PAacTBOpa Cyib(dara MMHKA B
0oJiee KOHIIEHTPUPOBAHHOM PACTBOPE, €CIIH B OoJiee pa3baBIeHHOM oHA paBHA 35%.

15. Bpiuuciute DJIC  KOHIEHTPAIMOHHOTO 3JIEMEHTa COCTaBJICHHOTO W3 BOJOPOIHBIX
AJIEKTPO10B, orpykeHHbIX B 0,04 H. 1 0,005 H. pacTBOpbI a30THOM KUCHOTHI ITpH 25°C. Crenenpb
JUCCOLIMAIIMU a30THOM KUCIIOTHI B PACTBOPAX MPUHATH PaBHOM 1.

16. Beruucnuts DJ1C konnenrpannonnoii memu Cu | CuSOy (c1 = 2,807 r/m)|| CuSO,4 (¢, = 1,069
r/m) | Cu

npu 18°C, ecnu Temmeparypa 3amep3aHusi 0ojiee KOHIICHTPUPOBAHHOTO pacTBOpa paBHA -
0,048°C, a 6onee pazbasiennoro -0,020°C.

17 3/IC ranpBaHMYECKOrO »SJEMEHTa, COCTABIEHHOTO W3 BOJOPOJHOTO W HACHIIIEHHOTO
KaJIOMEJIbHOr0 3JIeKTpos1oB, nipu 25°C pasna 0,760 B. BberuncnuTe BOAOPOJHBINA MOKa3aTelb
pacTBopa.

18", JIisi OKHMCINTEIbHO-BOCCTAHOBHTENbHOTO smeMenta Pt| Cu*? Cu® || U0, U™ | Pt no
CTaHJAPTHBIM DJIEKTPOAHBIM IMOTSHIIMAJIAM TIOJTYJIEMEHTOB HAIMCATh YPABHEHUS PEaKLUid, po-
TEKAINIMX Ha 3JIeKTpojax, u Beiuuciauth J/IC snemenrta npu 298 K. AKTUBHOCTH HOHOB UMEIOT
cienyromue 3xauenus: a (Cu™?) = 0,007; a (Cu*) = 0,016; a (UO,™?) = 0,002; a (U**) = 0,050. B
npornecce MpuHUMaOT ydactie noH H® 1 H,O, NX aKTHBHOCTH NPUHATH COOTBETCTBEHHO 0,2 1
1. Vka3aTb, MOXKHO JIM NMPAKTUYECKH U3MEHUThH HANpaBJI€HUE PEaKLUU B raJlbBAHUUYECKOM dJie-
MEHTE 32 CUeT U3MEHEHHS KOHIICHTPAI[H KOMIIOHEHTOB.

19. Ha noreHnmomerpraeckoM MocTuke rpu 25°C oTcueT Uit HOpMaIbHOTO JeMeHTa Bectona
Obl1 paBeH 48,95 cm, a nmns snekTpoia B pactBope — 34,33 cm. BulumcnuTh moTeHIman
HCCIIETyeMOTO DJIEKTPOJia B pacTBOpe. BTOphIM 31eKTpoIoM (KaToA0M) SIBISIETCS HOPMAJIbHBIN
BOJIOPOJHBIN IEKTPOI.

20. IIpn 25°C orcuer Ha MOTEHIIMOMETPHUYECKOM MOCTHKE, COOTBETCTBYIOLIUMI 3JIeMEHTY Be-
CTOHa, paBeH 32,6 cm, a it raabBanuueckoro snementa Ag | AgNO; (C = 0,1 u.)|| Ni(NOg3),
(?M) | Ni— 34,3 cM. BbIurcanTh KOHIIEHTPAIIUIO HOHOB HUKENS B pacTBope. CTeneHb AUCCOIH-
ar AQNOg3 mpuHSTH paBHOi 1.

3. Jlabopamopuasa paboma Ne 15 «Onpedenenue KOHUeHMPAYUU XeJ1AMHBIX A2eHM 06 NOMEeH-
YUOMEeMpuUUeCKUM MUMPOSAHUEM)

Henv pabomei: paccuntath KOHIEHTpanuio xenatHoro aredTa (3ATA wmu ap.), ocCHOBBIBa-
ACh Ha rpauyecky HailleHHOe 3HAYeHUE SKBHBAJCHTHOrO0 00BEMa, MOLIEIIero Ha MOTEHLUO-
METPUYECKOE THTPOBAHUE C WCIOJIH30BAHWEM HOHOCEIEKTHBHOTO WHAMKATOPHOTO JJIEKTPOIa
(MUCD) na nomsl meramios (Cu?*,Zn?*,Cd**, Ca?* u 1p.), oOpasyrouie ¢ JaHHBIM XeJIaTHBIM
areHTOM IPOYHbIC KOMIUIEKCHBIE coennHeHus. Mnm oOpaTHas 3aiava: paccuuTaTh KOHIEHTpa-
IIUI0 MOHBI METAJIJIOB B Ipoobe.

Ilpunyun memoda. I10TeHIMOMETPHUECKOE TUTPOBAHIE OCHOBAHO HA OTPEACIICHUN TOYKU
HKBUBAJIEHTHOCTH 110 pe3yJbTaTaM NOTEHIIMOMETPUUECKUX n3MepeHuit (£, MB). BOnmu3u touku
HKBUBAJICHTHOCTH MPOUCXOJUT pe3Koe M3MEHEHHe moTeHImana naaukaropaoro UCD. TurpanT



WIA TUTPYEMOE BEILECTBO JOJDKHO y4acTBOBATh B 3JIEKTPOJHOM mporecce. i MOTeHIMOMET-
PUYECKOTO THUTPOBaHMs COOMparoT 1enb M3 mHaukaropHoro MCD B ucciemyeMoM pacTBope U
AIIEKTPOAA CPaBHEHUS (XJIOpCepeOPSHBIN HITH KAJIOMEIbHBIN).

K ocHOBHBIM npeumywecmeam memooa omHocamcs.
v’ BKCIIPECCHOCTD M CEJEKTUBHOCTE;
v BO3MOKHOCTH aHaJIM3a MyTHBIX ¥ OKPAIIEHHBIX PaCTBOPOB;
v aBTOMATH3alMs IPOIIECCa;
v auddepeHIMpoBaHHOE TATPOBAHKE KOMIIOHEHTOB CMECH;
v’ Her BiustHus TU(OY3HOHHOTO MOTEHIMANA, T.K. JU(G(Y3HOHHBIN OTEHIIMAT BO3HUKAET Ha
TpaHULIe MEXAY PACTBOPAMHU JIBYX Pa3HbBIX 3JIEKTPOJIUTOB BCIECICTBUE HEPABHOMEPHOI'O pacrmpe-
JIeNieHHs] KAaTHOHOB M aHWOHOB BJIOJIb TPAHUIIBI Pa3/ieNia u3-3a Pa3Iuuus B CKOPOCTIX nuddy3uu
HMOHOB Yepe3 MOBEPXHOCTh pa3zena.

Buowl nomenyuomempuueckoco mumposanus:
v KHCIIOTHO-OCHOBHOE TUTpOBaHHE. B KayecTBe MHAMKATOPA MCIOJIB3YIOT CTEKIISTHHBINA JJIEK-
Tpoa. [1o3BosIeT MPOBECTH KOJUYECTBEHHOE OMpEICIICHHEe KOMIOHEHTOB B CMECH KHUCIIOT MPH
pa3Iyry KOHCTAHT AUCCOLUAIMN HE MEHEee TPEX MOPSIKOB.
v' KOMILIEKCOHOMETPHYECKOE TUTPOBaHUE KaTHOHOB KomiuiekcornoM I (DJITA) npoBoasr ¢
WHIUKATOPHBIM HOHOCEIEKTUBHBIM 3JIEKTPOJOM Ha MOHBI METaJljla WM YHHUBEPCAIHLHOTO PTYT-
HOTO JIEKTPOA.
v TuTtpoBaHME M0 METOJY OCaKIEHHs. B KauecTBe MHIMKATOPHOIO 3JIEKTPOJIa UCIOIB3YIOT —
MeTayummueckue mwim memopanusie UCD.
V" OKHCIHTEIBHO-BOCCTAHOBUTEIBHOE TUTPOBAHUE MIPOBOIAT C MCIIOIB30BAHUEM ILIATHHOBO-
T'0 UHIUKATOPHOTO SJIEKTPOIA.

Annapamypa:

11.  Anammzatop xwunkoctu «IOKCIIEPT-001-3» B pexume paboThl — BOJIBTMETP IS
u3Mmepenus norenuuaia MCD (MB), mpenen ocHOBHOM aOCONIOTHOM MOTPEIIHOCTH JaHHOM
MOIU(HUKAIIMA HU3MEPUTENILHOTO Tpeodpa3oBarens cocraBisgeT +1,5, Auana3oH HW3MEpeHUs B
JTaHHoM pexkume — -3200...+3200 mB.

o 2+ 2+ 2+ 2+
12. NonocenektuBHbii 3ektpoa (MCD) Ha wonsl metaywios (Cd™, Cu™,Zn“", Ca” u ap.),
00pa3yrolye ¢ JTaHHBIM XeIaTHBIM areHTOM IMPOYHbIE KOMITJIEKCHbBIE COSIMHEHMS.
13. DneKTpoJ, BCIOMOraTeiabHbI 1abopaTopHbI xsopcepedpsubiii OBJI-1M3.1 wnu snek-

Tpon cpaBHenust ICp-10101 (aByxxmroueBoi 1abOpaTOpHBIN) MpeaHA3HAYEHBI IS CO3JIaHUs
OMOPHOI0 MOTEHIMaIa MpU paboTe B Mape ¢ MHAUKATOPHBIM AJIEKTPOIOM MPH MOTEHIIUOMETPHU-
YeCKUX M3MEPEHMSIX B BOJHBIX PacTBOpax. BrIOOpP ayieKTpo/ia cpaBHEHUS 3aBUCUT OT ONpEAesi-
€MBbIX KOMIIOHEHTOB M HMOHOCEJEKTUBHOIO 3JIEKTPoJa (B MHCTPYKLUUU K HOHOCEIEKTUBHOMY
AIIEKTPOMY YKa3bIBAIOTCS HEOOXOAUMBIE dNIEKTPOIbl cpaBHeHuU). [lepen Hayanom paboOThl HOHO-
CEJIEKTUBHBIN AJIEKTPOJ U JIEKTPOJI CPAaBHEHHUS, COTJIACHO MHCTPYKIIMH, HEOOXOIMMO MOATOTO-
BUTH K paboTe.

14. [lITaTuB mJ1g 3I€KTPOIOB.

15.  broperku emk. 50 oM.

16.  Xummueckue crakanbl eMK. 50 cm® u 250 oM,
17. Mepnas konba emk. 50 oM’

18. I'panynpoBaHHbBIEC TUIIETKH EMK. 5 oM.

19.  I'papyumpoBanHast MepHas npoodupka eMk. 10 e,

20. TIumertka JuIst 3aTIOTHEHHS YJICKTPOIA CPAaBHEHHUS.
21. ®uibTpoBasbHAsA Oymara.

Peaxmuewi:
5. HcxonmHblil pacTBOp CONM MeTasia (Cd2+, Cu2+,Zn2+, ca’ u ap.) xoHueHtpamueit 0,1
MOJ'IB/)IM?’.
6. bBydepnsiii pactBop mi1st perynupoBanus oomeid nonnoit cuiel (BPOUC). B kauectse BPO-
NC nns mOHOCENEKTHUBHOTO 3JIeKTpoaa «IIuT — 241» Ha MOHBI Cd2+peK0MeH21yeTC${ pacTBop
HUTpaTa HaTPUs KOHLEHTpauueii 0,3 Mob/an’.



7. bBydepusiii pactBOop ¢ onTHUMadbHBIM 3HadeHueM pH. Jlns Cd* areraTHO-aMMOHHIHBIIT
O0ydepnsbrii pactBop pH7.
8. PactBop DJITA ¢ ompenmensiemMold B XOJ€ THUTPOBAHUS KOHIICHTpaIuew (MO 3aJaHUIO
MIPETNo1aBaTeis).
9. JuctmimupoBaHHAs BOJA
Ilpuzomosums pacmeopel:
3. 50 cm® paGouero pacTBopa comu kagmus KoHueHTpamuei 10~ Moms/mm°.
4. 100 cm” BPOUC.
5. 100 cm® amanmsupyemoro pactopa DJITA.

Ilopaoox evinonnenusn padbomaol
1. DTan - nocTpoeHNe rPaAYMPOBOYHOIO rpaduka.

[Tpu pabote ¢ noHOceneKTUBHBIM 3MekTpoaoM (MCD) Heobxoauma ero mpeaBapuTelbHas
KaJTHOpPOBKa — YCTaHOBJICHHE 3aBHCUMOCTH MEXIY IMOTCHIIMAIOM 3JICKTPO/Ia U KOHIICHTpAIHen
WIA aKTUBHOCTBIO OMNpPEACNSEMBbIX HOHOB. J[s MOCTPOCHHUS TpaJlyHpOBOYHOTO Tpaduka B
koopauHaTax «E — pCi» UCHOJB3YIOT CTaHIAPTHBIC PACTBOPHI ONPEIECIIIEMBIX COCIUHEHHIA.
Meronuka MpeaBapUTEIbHON KaTMOPOBKH, YCIOBHH pa0OTHI 3JIEKTPOJa, Criocoba XpaHeHUs
HCD mexay n3MepeHUs MU YKa3bIBaeTCs B MHHCTPYKIMU K HOHOCETIEKTUBHOMY JIEKTPOY.

2. JT1an - MeTOAMKA aHAJIN3A.

2.1. Otobparp MepHOH K060 50 oM’ pabouero pacTBopa COJIM KaJMHS KOHIICHTpAIUCH 10°
MOJIL/;IM3 (Vcg2+) ¥ TIOMECTHTh B CTakaH eMK. 50 CM3, n00aBUThL 5 cm® BPOUC. H3meputhb
notenuuan MCD, cpaBHUTH €ro C rpalyHpOBOYHBIM IPaPUKOM.

2.2. Jl0GaBUTb B XMMHYCCKMH CTakaH 5 cM° oydepnoro pacreopa (V,y) rpagyupoBaHHON
nuneTkoi. V,y nomken cocraBisith 0,1-Vego+, T.6 00bEMHOE COOTHOLIEHUE IPOOBI U OyPepHOro
pactBopa 10:1.

2.3. OONOCHYTh 3JEKTPOIBI AUCTHILIMPOBAHHONW BOJIOH, TIOCYIIUTH (DMIIBTPOBAIBHON OyMmaroii
¥ IIOTPY3UTh KX B PacTBOP. PacTBOP MOCTOSHHO IepeMerunBath. MaMeputs motenuuan UCD (E°,
MB).

2.4. JTo6aBUTh U3 OIOPETKH MOPIIMIO TUTPaHTa, aHaIu3upyeMsblit pactBop D/ATA, o6bEMoM 5 oM’
(Vo14), mepemeniats. Koraa Ha HOHOMEpE YCTaHOBUTHCS MOCTOSHHOE MOKa3aHUE MOTCHIUANA,
BHecTH BennuuHy £ (MB) 1 006&M 100aBieHHOTO TUTPaHTa B Tabnuiy 1.

Ta6auna.1
Howmep onbita OOBéM 100aBNEHHOTO TUTPaHTa, Vy7y o Ilokazanme norennuana, MCO, E; MB
1 5
2 10
20 100

2.5. [loBTOpUTH MYHKT 2.4.CTOJIBKO Pa3, CKOJIBKO 3TO HEOOXOIUMO ISl OJIYYEeHUs JOCTOBEPHOM
KkpuBoil TuTpoBanus (16-20 pa3). B o0nacTu KOHEUHON TOYKH, HA KOTOPYIO YKa3bIBatOT OOJIbIINE
u3MeHeHus noteHuuana MCO nocne kaxoil 106aBKM TUTpaHTa, A0OaBsieMas MOPIUS TUTPaH-
Ta HE JO0JDKHA MpeBbIaTh 1% OT 0KKJaeMOro 3KBUBAJIEHTHOIO 00bEMa (MpeaBapUTEIbHO pac-
CUHUTAHHOTO TeopeTudecku). JJoGaBnenue TuTpanTa nopuusMu Oonpiei Benuuunsl (5-10% ot
HKBHUBAJIEHTHOTO 00bEMA) JIErKO MPUBOJUT K NEPETUTPOBBIBAHUIO.
Oopabomka IKcnepumMeHmanbHvIX OAHHBIX

1. Dtan - mocTpoeHue rpagynpoBouHoro rpadguka. [lo pesyiabTaraMm H3MepeHUN CTPOUTCS
IKCIIEPUMEHTANIbHAsT 3aBHCUMOCTh B KoopaumHatax «E — -lgC» (puc.l): mo ocu aGcumce
OTKJIAJIbIBAIOT 3HAYEHHS OTPULATENIBHOIO JorapupmMa KOHIIEHTPAIMM HOHOB B CTaHIApTHBIX
pacTBopax, a 10 OCH OpPAMHAT — COOTBETCTBYIOLINE pacCUMTaHHBIE 3HAUYEHUs NoTeHana (MB).
[Tpu 00paboTKe HSKCIEPUMEHTAIbHBIX JIaHHBIX MPUXOJIUTCS YaCTO BCTpEUaThCs C 3ajaueil c
olpesielIeHueM MapaMeTpoB (YHKIMOHATBHOW 3aBHCHUMOCTH OT JBYX WM HECKOJBKHX
nepeMeHHbIX. [ToaTomy HeobxonuMo paccuntath Ko GUIIMEHTH ypaBHEeHU mpsimoit: £ = m-pC




+ b, mo merony Hanmenbmnx kBaaparoB (MHK). Ero cyts cocrout B cienyromem: Tpedyercs
HAWTH Takue 3HAYCHUS, BXOJSIIUX B UCKOMYIO (QYHKIIMOHAIBHYIO 3aBHCHMOCTb, IPH KOTOPHIX
CyMMa KBaJpaTOB OTKJIOHEHUH 3HaYCHHH (DYHKIUM OT SKCIECPUMEHTAJIbHBIX JTaHHBIX OyIeT
MUHUMaIbHOM. ITycTh McKOoMas GyHKIHS ABjsieTcs auHehHoi, T.e. E=mpC+Db (1), rnemu b
HeusBecTHbIe, a pC u E 3amansl 3HaueHusmu (pCi; E1), (pCa; Es),..., (pCh; En), mONyueHHbBIC B
pesyibrare sKcrepumenrta. Ilpu moacranoBke 3uauenuit pC = pCi (i = 1,2,3,45,6) B
ypasuenue (1), nomyuaem (Mm-pC; + b), a B pe3ynprare skcnepuMeHTa umeeM Eij.

Pasnocts Ej - (MpCi + b) Ha3piBaeTCsl HEBSI3KOM M BO3HMKACT B PE3yJbTare OIMIHOOK AKCIIepH-
MEHTa, ONIMOOK BHIYMCIICHUH, HETOYHOH JIMHEHHOM 3aBUCUMOCTH U T.11. TpebyeTcs mogodpars m
U b Tak, 4TOOBI CyMMa KBaJpaToB HEBS3OK, T.C.

n=6
S=Y (Ei - m-pC; - b)? Gbima MunnManbHOi. HeoGX0MMMO COCTABHTH M PELIHTh CHCTEMY ypaBHE-
HU:

i=1
4 n=6 n=6 n=6
> pCi2m+Y pCib =Y pCiEi;
i=1 i=1 i=1
n=6 n=6
Y pCim +nb= Y E;;
i=1 i=1

-

B nanHoii 3aaue Koau4ecTBO U3MepeHuil paBHo 1mect (N=6). HalinenHble BeIn4uHbI M,
b u u3BectTHbIe 3HauCHUs aprymenTa ( pC:1,2,3,4,5) MoACTaBUTh B ypaBHEHHE NPAMOM E =
m-pC+b, u paccunrars 3HaueHus noreHuuana UCH (E), T.e. Gpynkuuu. [lonyueHHbIe HOBbIC
JTAaHHBIE C YYETOM METO/]a HAMMEHBIIINX KBaPAaTOB BHECTH B TAOJIHILY 2 M MOCTPOUTH rpadude-
CKYIO 3aBUCHMOCTb.
Tadauna.2

pC 1 2 3 4 5
EMB

200
180 |
160 |
140 F
120 F
100 F

80

-IgC

Puc.1 I'pagyupoBounsiii rpagux no MHK

Hcnonb3ys nomyueHHbIH rpagynpoBodnbiil rpaduk no MHK onpenenuts KOHIIEHTpaLKIO
UCCIIEIyeMOT0 MOHA B aHAJIM3UPYEMOH Ipo0e 1Mo 3a/1aHUI0 MpenojaBaTess.
2. JTamn - MeTOANKA aHAIN3A.
2.1. ITocTpouts rpaduk 3aBUCUMOCTH, MOJTYUYEHHBIX 3HaUeHUH Ej 0T 00bEéMa 100aBIEHHOTO
TUTpPaHTA Vo7 U ONPENEINTh rpauueck SKBUBAIEHTHBIN 00bEM V5 Kak 00BbEM,




COOTBETCTBYIOILIMI TOUKe Iiepernba Ha KpUBOM TUTpOBaHUS (puc.2).

2.2.PaccunTaTh KOHIIEHTPAIMIO XEJIATHOTO areHTa (MJIM MOHOB MeTaJlla IpH 0OpaTHOMH 3a/1a4e)

Cegz+Vs
o BBIpa}KeHI/II-OZCEm]"A = m , TIPY IOIYIIIEHUH, YTO X€EJIaTHBIA areHT U MOHBI MeTajlla
2

o0pa3zyroT koMIulekce coctasa 1:1. Eciu sxe kommekc umeer popmyiy Me, Ly, To KoHLIEHTpaLus
¥-Cedz4+V3

XeJIaTHOT'0 areHTa pacCUUThIBACTCS 110 (bopMyne: CEQE[TA = -
XVode+

-E, MB
300 r

280
260 F
240
220
200 .
180
160 F '

1
140 + : 3
120 v Voo

0 10 20 30 40 50 60 70 80 90

Puc.2 Kpuas noTeHIMOMETPUYECKOTO TUTPOBAHUS HOHOB Cd** DITA

Omuém no pabome
1. [enp u 3a7a4n UCCIIEOBAHUS.
2. Kparkoe omnucaHue 3KCIepUMEHTa: CIocoObl, METO/Ibl, METOJIMKH HCCIIEOBAHUS U TEOPETHU-
YECKHUE MOJIO0KEHUS.
3. 3aKoHBI, MTOJIOKEHHsI, MaTEMaTUYECKUI amnmapar, ypaBHEHUs peakuuid. Pe3ynbraTsl nccnesno-
BaHUs U pacyeTsl (ypaBHEHUS JOJKHBI ObITh MPUBEACHBI B OOLIEM BHJAE U C MOJICTABICHHBIMU
JAaHHBIMM). Pe3ynbpTaThl MCCIEIOBAHUS U PACUETOB JOJKHBI OBITh CBE/IEHBI B COOTBETCTBYIOIIHE
tabnuupl. Ctatuctuyeckas 00padoTKa JaHHBIX.
4. I'paduueckast 06paboTKa SKCIIEPUMEHTAIBHBIX JaHHBIX: I'PaMKU U CXEMbI JOJDKHBI BBIOJ-
HATBHCS TOJBKO Ha MUJTUMETPOBOM Oymare. Ha och opauHaT HaHocuTCs (DyHKIUS, HA OCh a0c-
LIUCC — apryMEHT C yKa3aHUEM eAVHMI] u3MepeHus. Ha ocAx HaHOCHTCA IIKajna COTJacHO BBI-
OpanHoMmy MacmTa0y. EnuHunbel Macmtaba JOMKHBI OBITH BBIOpaHBI B COOTBETCTBHU C TOYHO-
CTBIO OTCYETA IPH 3KcrepuMeHTe. KoopauHaTsl SKCIIEPUMEHTaIbHOW TOUKHA HAHOCATCS TOJIBKO
Ha IUIOCKOCTH M OTMeYaroTcsl Toukoi. 1o skcnepuMeHTalbHBIM TOYKaM MPOBOJUTCS yCPEaHSI-
I0l[as KpuBasl. BelnaBime TOYKM HE MCIIONB3YIOTCS, HO MOKa3biBaroTca. Ha nmcre, rae Beimos-
HEeH rpaduk, TOJKHBI ObITh YKa3aHbl HAMMEHOBaHHE rpaduka (1moJ rpapKoM), YCIOBUS, CHOC-
K{. DKCIEpUMEHTANIbHBIE JIaHHbIE JUIsl TOCTPOCHMSI TPaJlyHpOBOYHOrO rpadruka oOpadaTbIBaroT-
Csl IO METOJly HaUMEHBIIUX KBaIpaTOB.
5. AHanu3 PKCIEPUMEHTAIBHO NOJyYEHHBIX 3aBUCUMOCTEN.
6. BriBOIBI.
Pabora cunTaercs BBIMOJHEHHOM, €CIM NPUBEACHBI BCE HEOOXOAMMBIE pacueThl, MOCTPOCHBI
M3y4aeMble 3aBUCUMOCTH, IPUBEACHBI BCE CTPYKTYpPHBIE (POPMYJIIBI H3yUyaeMbIX BELIECTB U 00pa-
3yEMBbIX COEJUHEHUH, CIIETaHbl COOTBETCTBYIOIINE BHIBO/IBI.



Oonapyscenue oumudox

bonwmmoe Bpemst ycranoBnenus noteHmana MCD moxeT ObITh 00YCIIOBICHO MEIJICHHBIM
00pa3oBaHUEM XEJIATHOTO KOMILJIEKCa, a HE CBOMCTBAMM AJIEKTPOJA. DTO MOXKET MPUBECTH K TO-
Tepe YETKOCTU MPOSBICHUSI KOHEYHON TOYKHU.

Ecnu xenaTHbI areHT MPUCYTCTBYET B 3HAUUTEIBHOM HU30BITKE, a KOHIEHTpAIlUsS HOHA
MeTalia MpubInKaeTcs K npeaeny ooHapyxeHus nanueiM CO, Torna Henb3sl MOIYYUTh CUM-
METPUYHYIO KPUBYIO TUTPOBAHUS.

KonebGanusi Temneparypbl BIUSIOT HA HAKJIOH KaJIMOPOBOYHOTO rpaduka U CTaHIApTHBIM
noteHman MCH. Temneparypsl cTaHIapTHOTO U aHATU3UPYEMOTr'0 PaCTBOPOB HE JOJIKHBI OTIIH-
yatbest 6osee uem Ha 1°C.

BrusiHue cOmyTCTBYIOMIUX MOHOB OMPEACISETCS CEJIEKTUBHOCTHIO U YyBCTBHTEIHLHOCTHIO
BBIOPAHHOTO 3JIEKTpoAa (CM. MHCTPYKIUIO k CD).

4. Komnniekm mecmogvlx 3a0anuii 0113 RPOMENCYMOUYHO20 KOHMPOJIA 3HAHUTL
Tect Ned: «JnekTpoxumus»

1. YucnoM nepeHoca noHa Ha3bIBACTCA:

a) KOJIMYECTBO MEPEHECEHHOTO 3JIEKTPUUECTBA;

0) OTHOIIIEHHE KOJIMYECTBA dJIEKTPUUECTBA, IEPEHECEHHOE HOHAMHU JAaHHOTO POJia CKBO3b
CEUEHUE JIEKTPOJINTA, K O0IIEMY KOJIMYECTBY AJIEKTPUUECTBA;

B) CyMMa KOJIMYECTBA 3JIEKTPUUECTBA, IEPEHECEHHOE HOHAMU JAHHOTO POJa CKBO3b CEUCHUE
AIIEKTPOJINTA, C OOIIMM KOJMYECTBOM DIICKTPHUYECTBA.

2. 3aBUCHMOCTh MEX]y YMCIaMH MEPEHOCAa KATHOHOB U AaHUOHOB U CKOPOCTSIMH WX JIBUKCHUS
HMEET BU;

a) tr() = Usy/Us+ +U;

6) tv() = U, +U;

B) t+() = U+ +U. /U4,

3. [IponoprmoHaibHO KBaAPATHOMY KOPHIO U3 MOJISJIbHON KOHIIEHTPAIIMU U3MEHSIOTCS:
a) a;

0) o

B) A,

) Ao

n) 19y,

e) K,

x) TT.

4. Han6ombIeii MOABMKHOCTHIO B BOJHBIX PACTBOPAX 0071aal0T HOHKL:
a) Na™;

6) Cr*:

B) H';

r) OH.

5. ®opmyna, cBA3bIBAIONIAS YAETbHYIO JIEKTPOIPOBOIHOCTD K, KOHCTAHTY STYEHKHU @ U COIPO-
THUBJICHHE PacTBOpA AIEKTpoJIUTa Ry uMeeT BU:

a) K = @Ry
0) K = @+Ry;
B) K = @/Ry.

6. Eciu CpaBHUBATb PACTBOPUTCIIH, OJU3KHE IO CBOﬁCTBaM, TO KOHCTaHTa AUCCOoNHaluHn
SJICKTpPOJIUTA C pOCTOM ﬂHBHGKTpH'—IGCKOﬁ IPOHUIIAEMOCTHU PACTBOPUTEIISA:



a) YMEHBIIIAETCsI
0) yBeIM4IMBaCTCS,;
B) HE U3MEHSETCSI.

7. DKBUBAJIICHTHAS 3JIEKTPOIPOBOAHOCTD MPU OSCKOHEYHOM pPa3BEACHUH PACTBOPA YKCYCHOM
KHCIOTHL B 1,5 pa3a Gosibliie Tako# ke 3JIEKTPOINPOBOJHOCTH THAPOKCHIa aMMOHus. PacTtBo-
pet 0,1 5. CH3COOH u 0,05 5. NH4,OH uMmerot oquHakoBYrO SKBUBAJICHTHYIO 3JIEKTPOIIPOBOI-
HOCTh. COOTHOIIEHUE CTEMEeHEeH NHCCOLMAIMU ITHX 3JEKTPOJUTOB B JAHHBIX pacTBopax (o
— CTENEHb JIUCCOIMALIMYI KUCIIOTHI U (2 — CTENEHb IUCCOIMAIIMU OCHOBAHUS):

a) = a;

6) o< ap,

B) a1 > .

8. [IpaBuio nOHHOM cubI (IpeaenbHbIN 3aK0H [{ebas — ['rokkens) hopmynupyeTcs:

a) B KOHIICHTPUPOBAHHBIX PACTBOPAX CPEAHUN MOHHBIN KOA(P(DHUIIMEHT aKTUBHOCTH HE 3aBU-
CHUT OT MPUPOJIBI FJIECKTPOIUTA U ONPELISICTCS BETMYUHON HOHHON CHITBI;

0) B pa30aBJIEHHBIX PAacCTBOpPAX CPEAHUN MOHHBIA KOAI(PPUIIMEHT aKTUBHOCTHU HE 3aBHCHUT OT
IPUPOJIBI AIEKTPOIUTA U ONPEACIIICTCS BEIMUNHON HOHHON CHUIIBI;

B) B CHJIbHO pa30aBJIICHHBIX PAcTBOPAX CPEJHUI MOHHBIN KOI(PPUIIUCHT aKTUBHOCTH HE 3aBU-
CHUT OT NPUPOJIBI FJICKTPOIUTA U ONPEESISICTCS BETUNYMHON HOHHOW CHJIBI.

9. CBoiicTBOM pacTBOpUTES, OMPEAETSIONIUM €r0 CIIOCOOHOCTh MOHU3UPOBATh PACTBOPEHHOE
BEIIECTBO (KPOME €ro CHOCOOHOCTH K XMMHUYECKOMY B3aWMOJEWUCTBUIO C ATHM BEIIECTBOM)
SIBIISICTCSL:

a) MOHHAsI CUJIA;

0) BA3KOCTb;

B) IMJICKTPUYECKAs IPOHUIIAEMOCTb.

10. CreneHp aucconuanyy ciadoro 3JIEKTPOIUTa B BOJHOM PacTBOPE C POCTOM TeMIepaTy-
pBI:

a) u3MeHseTcs 1o napadosue

0) MPOXOIUT Yepe3 MAKCUMYM;

B) HE U3MEHSETCH.

11. YkaxuTte ypaBHEHUE 3aBUCUMOCTH DKBUBAJICHTHOUN 3JIEKTPOIIPOBOJIHOCTH PacTBOPaA CHIIb-
HOT'0 3JIEKTPOJIUTA OT KOHUEHTPALIUU:

A=Ay -aVC;
O)A=AotaVC:
B) A=A, laVC.

12. OTam4uTeTbHONH 0COOCHHOCTBIO JJIEKTPUICCKON CXEMBI JIJIST M3MEPEHUS DJICKTPOIPOBO -
HOCTU PacTBOPOB 3JEKTPOJUTOB MO CPABHEHHUIO CO CXEMOM ISl U3MEPEHUS JIEKTPONPOBOJI-
HOCTH TTPOBOJHUKOB MIEPBOTO POJIA SBISETCS:

a) IepEeMEHHBIN BHICOKOYACTOTHBIN TOK;

0) mepeMeHHbBI HU3KOYaCTOTHBIN TOK;

B) SJIEKTPUUECKUN TOK.

13. [IpuynHaAMU AMCCOLMALIUU DJEKTPOIUTOB B PACTBOPE HA MOHBI SABISIOTCS:
a) CaMOIIPOM3BOJILHOE PACTBOPEHHUE;

0) IUPIEKTPUIECKUE CBOMCTBA PACTBOPUTETIS

B) B3aUMOJIECTBHE C PACTBOPEHHBIM BEILIECTBOM;

T') JIEKTPOJIH3.



14. AS rugparanu HOHOB OTIPEICIISACTCS:

a) ASmnp = ZSI/IOHOB B pacTBOpe ~ ZSI/IOHOB B ra3zoo0p cocTs
6) Asrn):[p = ZSI/IOHOB B ra3oo0p coct ~ ZSI/IOHOB B DaCTBODe;
B) Asz{p = ZSI/IOHOB B pacTBope-

15. AS ruaparanuu uMeeT 3HaK:
a) TIOJIOXKUTEIIbHBIN;
0) oTpULIaTEIbHBIN.

S 12 -1
16. YaenbHas (B OM -cM ") u 3kBuUBaJIeHTHas (B OM -CM*T-3KB ) 3JEKTPOIPOBOJIHOCTH
pacTBOpa IEKTPOIUTA B3aUMOCBSI3aHbI:

a) A = «/C;
6) A = 1000«/C;
B) A = C/x.

17. Vkaxwure 1Ba 3aKOHA, BeIBeAcHHBIE KOJbpaymem IJIsi 3JIEKTPOIPOBOIHOCTH PaCTBOPOB
9JIEKTPOJIUTOB:
a) A = 1000«/C;

6) A=Ay, - aVC;
B) Ao = As + A
A=A, +aC.

18. UtoObI paccuuTaTh TEIJIOTY AUCCOLHAIIMH CIIA00TO 3JIEKTPOJIUTa HEOOXOAMMO 3HATh:
a) a;

0) o

B) 4,

T) Ao

n) lgy,

e) K,

x) TT.

19. Ecin B kayecTBe pacTBOPUTENSI BMECTO BOJABI B35Th METUJIOBBIH CIUPT (XUMHUYECKOE
B3aMOJICHCTBUE OTCYTCTBYET), TO KOHCTAHTA JMCCOIMAIIUHU CIA00TO IIEKTPOJIHNTA:

a) yBEJIMUUTCH,;

0) HE U3MEHSIETCS,

B) YMEHBIIUTCS.

20. Ecnu B pacTBOp ¢eHONIa BBECTH CHIBHOE OCHOBAaHHE, TO KaK U3MEHSTCS TePMOJAMHAMUY e-
CKas KOHCTaHTa Jucconuanuu K, U CTeeHb TUCCOIHAIIHY .

a) crenenpb auccornuanuu Genona CeHsOH;

0) TepMOIMHAMHYECKAasi KOHCTaHTa aucconuanuu K,;

B) YBEJIMYUTCH;

T') HE U3MEHUTCS.

21. YkaxuTe ypaBHECHHE, CBSI3BIBAIOIIEE CPEAHIOI0 HOHHYIO aKTUBHOCTD . diiekTposuta CUBr)

C aKTUBHOCTBIO 3TOTO JJICKTPOJIMTA 4.
1/2.

a)ar=a’’,
0) a. = a,
B) a. = a®.



22. YjaenbHas 3JIEKTPOMPOBOIHOCTH BOJHOTO pacTBOpa ciaboro 3JIEKTPOIUTa C POCTOM KOH-
[EHTPAIlUN PaCTBOPA:

a) YMEHbIIAETCS;

0) yBeIMYMBACTCS,

B) YBEIIMUMBAETCS, & 3aTEM YMEHBIIIACTCS.

23. Ha 5KBUBaJICHTHYIO 3JIEKTPOIPOBOJIHOCTD AJIEKTPOJIUTA BIHSIOT CIACAYIOMHE PaKTOPBI:
a) koHuentpamus C,

0) cTeneHb AUCCOIHALINU O]

B) Temmneparypa 7

') BA3KOCTh pacTBoOpa 717,

1) IOCTOSTHHASL COCY/1a JUTsl K3MEPEHUS AIEKTPOIPOBOTHOCTH (]

€) paauyc uoHa rI;

) TUIOIIAAb 3JIEKTPOIOB S;

24. Bennunnabl pK 1715 X7I0pHON W a30THOH KUCJIOT B YKCYCHOM KHCJIOTE KaK pPacTBOPHUTEIE
COOTBETCTBEHHO paBHHI 4,95 1 9,38, Gosee CUIBLHON B JaHHOM PAacCTBOPUTEIIEC SBIISICTCS:

a) XJIOpHAas KUCIIOTa;

0) a30THas KUCJIOTA.

25. Pannyc moHHO# aTMocdepsl mpu mepexone OT BOJHOTO (AMAIEKTpUYECKas MPOHHIIAE-
MOCTb paBHa 81) pacTBOpa CHJIBHOI'O 3JIEKTPOJUTA K CIIUPTOBOMY (AMAJIEKTpUUECKasi HPOHU-
LIaEMOCTh paBHa 24) TOM € KOHLEHTpALUH IIPU TOU Ke TeMIlepaType:

a) YMEHBLIUTCS;

0) yBEeIUUUTCS,

B) HE U3MEHUTCA.

26. Pagnyc noHHON aTMocdepsl OT KOHIEHTPALMU CUIIBHOTO 3JIEKTPOJINTA!

a) 3aBHCHT, 4eM OOJIbIlIe KOHIICHTPAIHS, TeM OOJIbIle pagnyc HOHHOH aTMOChepHI;
0) 3aBUCHUT, 4yeM O0JiblIIe KOHLEHTPALUs, TEM MEHbIIE PaJnyC HOHHON aTMoc(epsl;
B) HE 3aBUCHT.

27. Cpennnii HOHHBIN KO3(DPHUIIMEHT aKTUBHOCTH 3aBHCUT OT KOHIEHTPAIIMU CHIILHOTO JJIEK-
TPOJMTA (B MIMPOKOM JUana30He KOHIIEHTpaLHil):

a) IpHU yBEJIMYEHUHM KOHUEHTpaluu KOd(PPUIHEHT aKTUBHOCTHU IMaJaeT, MPOXOAUT YEepe3 MU-
HUMYM, a 3aT€M BO3PacTaeT AJIs CHJIBHO KOHLIECHTPUPOBAHHBIX PacTBOPOB;

0) npu yBENMYEHUH KOHLEHTPAUU KOAP(UINEHT aKTUBHOCTH YBEIUYMBAETCS, IPOXOJIUT Ye-
pEe3 MAKCUMYM, a 3aT€M YMEHBIIAECTCS AJI CHJIBHO KOHLIEHTPUPOBAHHBIX PACTBOPOB.

28. [IpuunHO# yBenMUYEHUS! SKBUBATICHTHOMN JEKTPOMPOBOJHOCTH B SJIEKTPUUECKOM IOJIE€ BHI-
cokoii yacToTel (3¢ Pekt [Jedass — DanbrkeHxareHa) siBIseTCs:

a) MOHWKaeTCs AUAIEKTPUIECKasi TOCTOSHHAS;

0) PIEKTPOITH3;

B) ycTpaHnseTcs 3P eKT perakcalmoHHOTO TOPMOKEHHS.

29. IIpu HarpeBanuu ot 273 no 293 K crenens nucconuanuu OMHAPHOTO cIabOro 3JIEKTPo-
auta | B BOJHOM pacTBOpe yBeIMYHIIaCh BIBOE, a CTENEHb JIUCCOLMAlMY OMHAPHOTO c1aboro
anektponuta Il Tol ke KOHLIEHTpanuu B BOJHOM pacTBope — BUeTBepo. [l Kakoro siex-
TPOJIMTA TEIJIOTA JUCCOLMAIMU OOJIbIIE:

a) AH, = AHy;;

6) AH, < AHy;;

B) AH, > AHj,.



30. U3BecTHBI KpUCTaIIOrpaguieckie pagnychl CleIyIOIUX KaTHOHOB!

Karuon K* Rb* Na* Cs*

r-10°m 2,27 2,47 1,89 265

Pacmonoxwure 3TH KaTHOHBI B MOPSAKE BO3PACTAHUS UX IMOABIKHOCTH B BOJHOM PacTBOpE:
a) Cs”.

6) K;

B) Na’;

r) Rb*;

Tema 4.3. Inekmpoonwie npoyeccol. Tepmoounamuka u KunHemMuKa INEKMPOXUMUUECKUX NPOUECCO8
1. Bonpocwl k ycmuomy onpocy

1. Kunaccudukanus snextponos. Hageprure cxembl: BOZOPOAHOIO M XJOPHOTO (KaK M3MEHSIOTCS
JIEKTPOJIHBIE MOTEHLUAIBI BOJOPOAHOTO U XJIOPHOTO 3JIEKTPOAOB IPU YBEIMUYEHUH JaBICHUS
COOTBETCTBEHHO BOJOPOJa M XJiopa?); KAIOMENIBHOTO (BIMSIET JIM U KaK MPUCYTCTBUE MOCTO-
POHHHMX MOHOB B PacTBOPE MaJIOH U YMEPEHHOW KOHLIEHTPALMH Ha MOTEHLIHAJ KAJIOMEIbHOIO
anektpona? llouemy?); xmopcepeOpsTHOTO; CTEKIISTHHOTO; OKHCIHTEIHHO-BOCCTAHOBUTEIHHOTO;
XUHTUAPOHHOTO BIIEKTPONOB. YKaXHUTE, KaKue (PakTOpbl MOTYT BIHSATH HA BETUYMHBI UX MTOTCH-
uanoB. HamuimmTe u mosicHUTe MaTeMaTHYECKHE BBIPAYKEHHUS 171 TOTEHIIHAJIOB.

2. Kakoii u3 uieHOB npaBoii uacti ypasHenus Hepucra ¢ = ¢ + RT/nFIna s snexrpoa mepsoro
poza naet HauOOJbINKI BKJIa B BEIMUMHY JIEKTPOAHOTO MOTEHIMANA IIPU AAHHOW aKTUBHOCTH
noHa? Hanumure ypaBaenne HepHcTa 1u1st 351eKTpoaa nepBoro poaa (@+— akTUBHOCTh KaTHO-
Ha, 3. — aKTUBHOCTbh AaHHOHA, ¢ — AKTHBHOCTH COJIM B PACTBOPE JJCKTPOJIHTA).

3. Bnwusier 11 U KaK NpUCYTCTBHE TOCTOPOHHUX MHAN(D(EPEHTHBIX NOHOB Ha TIOTEHIIUAI DIIEKTPOIa
MIEPBOr0 poAa B paCTBOPE MAJIOM U YMEPEHHON KOHUEHTpauuu?

4. Tlo xakoMy 3aKOHY M3MEHSIETCS pPaBHOBECHBIN MOTEHIMAN DJEKTPOAa MEPBOro poja ¢ yBe-
JUYCHUEM PAacCTOSHHS OT TOBEPXHOCTH JJIEKTpoAa B TIyOb pacTBOpa, KOTJAA TOJIIMHA
mud dy3HON YaCTH JBOMHOTO AIEKTPUIECKOTO CIO0S paBHA HYIHO?

5. CocraBbTe 31€eKTpOA BTOpOTO poaa, ecinu umerorcss Ag (metamn), AgNO;, K,Cr04, AgNO,, Pt
(metamn),HNO3, K;Cr,07, Ag,CrO,. Hanuimute ypaBHeHHE SJIEKTPOAHOMN peakiluu U ypaBHEHUE
Hepacra ans storo snexrpoaa.

B ueM CyIIHOCTB 3NIEKTPOMETPUUYECKOTrO MeTo1a onpeaenenus pH?
7. Urto Taxkoe 3eKTPOiN3, ero MpakThuueckoe 3HaueHue? KakoBbl OCHOBHBIE TOJIOXKEHHS, XapaKTe-

PU3YIOIINE 3JIEKTPOJIN3 U3 BOIHBIX PACTBOPOB U B paciuiaBax?

St

2. Komnnexkm 3a0au k meme 4.3.

1. [pu 25°C Beruncaute IJIC raqbBaHUYECKOTO AJIEMEHTA, COCTABJIEHHOTO U3 BOJIOPOAHBIX
AJIEKTPOJIOB, NOTPYkKEHHBIX B 0,5 H. pacTBOp MypaBbMHOW KHUCIJIOTHI U 1 H. pacTBOp yKCYCHOM
KkucoThl. KoHCTaHTa QHCConmaniy MypaBsiHOi kuciots 1,77-10™ | a ykeycroit 1,76-107.

2°. DJIC uenm, COCTaBIEHHOM M3 HACHIIIEHHOTO KAJOMEIHLHOTO JJIEKTpoja (CI€Ba) U XMHIHI-
POHHOTO B HcclaeayeMoM pacTBope, pasHa 0,274 B npu 298 K. Onpenenure pH uccnexyemoro
pactBopa. ubddy3uoHHBIM MOTEHIIMATIOM MpeHeOpeyhb. 3HAUEHUs MOTEHIINATIOB HACKHIIIIEHHOTO
KaJIOMEJNBHOTO U CTaHJIaPTHOI'O XMHTUAPOHHOIO AJIEKTPOIOB B3STh U3 CIIPABOYHUKA.

3. Paccuurajite npu 298 K DJIC snemenra:
Pt, H, HCl, J AGCI (t8), A (t8), HCI I Ha, Pt
Puzo=1arm ! p-p 0,01 pp 0,0l m Py=1arm

K xakomMy THUIy MOXHO OTHECTH 3TOT 3JIEMEHT (KOHUEHTPAIIMOHHBIN, XUMHUYECKHH, C MepeHo-
coM, Oe3 mepeHoca)? [Ipu pacuere BOCIONb3YyHTECh CIPABOYHBIMH JIaHHBIMH.

4. CpaBuute qudy3rnOHHBINA TOTSHITNAN, BOSHUKAIOIIWHA P KOHTAKTE PACTBOPOB COJISTHOM
KHCJIOTHI Pa3IMYHON aKTUBHOCTH, € 1M (Y3HOHHBIM MOTEHIIUATIOM, BOZHUKAIOIIUM U
KOHTAaKTE pacTBOPOB XJIOpUa KaJlis ¢ TAKUMU )K€ aKTUBHOCTSIMH, €CJTU U3BECTHBI MOJIBUKHOCTH
HMOHOB BOJIOPOJIa, XJiopa, Kanus npu 25°C (B OM'l-Kr-G)KB'l-MZ): 349,8; 7,635; 7,350,
COOTBETCTBEHHO, OTHOIIIEHUSI aKTUBHOCTEN paBHBI 10.

5. PaboTy CBHHIIOBOTO aKKyMYJIsITOpa CXEMaTHYECKH MOXHO MPEICTaBUTh TaK:

Pb + PbO; + 2H,S0s ===2PhS0, + 2H,0

Ag, AgCl




Paccuuraiite 3/1C akkyMmysiTopa BCeMU U3BECTHBIMH BaM criocobamu. ComocTaBbTe
NOJIy4YEHHbIE BETUUMHBI.

6. Paccunraiite D/]C mea04HOro akKyMyJsiTopa B KOTOPOM IPOXOJAT CIEAYIOIINE TPOLIECCH
Fe + 2Ni(OH); ==—Fe(OH), + 2Ni(OH),

7. Paccunraiite n3menenus repmoanHamuueckux pynkuuid AG, AH, AS it ranpBaHHUECKUX
HJIEMEHTOB, €CJIM U3BECTeH TemneparypHbiid koddduuuent D/1C npu Temmneparype t.

Peaxkuyus t, C | AC, B dE/dT, B/zpao
1. Zn + 2AgCl = ZnCl, + 2Ag 0 1,015 -0,0004

2. Cd + PbCl, = CdCl, + Pb 25 0,1880 -0,0048
3.Zn+ 2 AgO = ZnO + Ag,0 25 1,83 0,000136

4. Pb + PbO, + 2H,SO,4 = 2PbSO, + 2H,0 25 2,04 0,00136

8. O/IC ranpBaHUYECKOTO JIEMEHTa, B KOTOpoM Iipu 298 K mpoBoaAnThCS peakiuus
2Ag + HQ,Cl, = 2AgCl + 2Hg paBHa -0,455 B, a usMenenue sHrpornuu pasuo 75 J[x/(mons-K).
Omnpenenure, 4eMy paBeH TEIUIOBOHM 3P QEKT 3TOl peakiuu, €Clii OHa TPOBOAUTHCS HEOOPATUMO.
9. crnonb3ys cTaHAapTHBIE IEKTPOHbIE MOTEHIHANB cepeOpaHoro snekrpoaa Ag'/Ag u
xsopcepedpsinoro anekrpoaa CI/AQCI, Ag npu 298 K, onpenenute npousBeicHue
pPacTBOPUMOCTH XJIOpUIa cepedpa.
10", PaccunTaiiTe COOTHOIEHHUS MEXILY IPOU3BEIECHUAMHI PACTBOPUMOCTH TaJOreHUIOB cepedpa
Lager : Lagar: Lagy O 3HaU€HHMAM CTaHIAPTHBIX 3JIEKTPOJHBIX IOTEHIMANO0B 1pu 298 K.
11. [IpousBeaeHne pacCTBOPUMOCTH CYIbpuaa pTyTH (Iuccounanus HYg,S— ng+2 + S'Z) paBHO
npu 25°C 5-10™%. Kakos crangapTHeIii moteHmman snekrpoa S/ Hg,S,S 2
12. Paccuntarh N3MEHEHNE SHTAJIBIIMU U KOJIMYECTBO TEIUIOTHI, BBIIEIISIONIEECs B
raJlbBAHMYECKOM DJIEMEHTE TP 00PaTUMOM MPOTEKaHUH B BOJAHOM PacTBOPE pPEaKIuu
CuSQO4 + Zn = Cu + ZnS0Oy,
ecin D/1C anemeHTa npu ABYX TemIiepaTypax
T,K 273 276
E, B 1,0960 1,0961
13", To nanubiv 3aBucumoctu DJIC >neMenta BecTona OT Temmeparyphi:
E =1,018 - 0,041-10%(t — 20) — 9,5-10°(t — 20)* + 10°%(t — 20)°
¥ TaOJINYHBIM 3HAYCHUSM TETJIOEMKOCTH BEIIECTB, YUACTBYIOUINX B PEAKIIUU
Cd + Hg2SO4(t) + 8/3H,0 = 2Hg(x) + CdSO4 - 8/3H,0(t)
Beraucioute C,~ ruipaTupoBaHHOro cynbgara kagmus s 298 K.
14. 5]1C snementa Cd | CdCl; (p-p), AgClI (1) | Ag | Cd
npu 298 K pasna 0,675 B, a remnepatypusiii koagdurment 3C storo snemenTa paseH -6,5-10°
4 B/rpan. Hanumure ypaBHeHHE peakllny, IPOTEKAIOIIEH B 3TOM dJieMeHTe, 1 Berauciute AG,
AS, AH mst aTo#t peakiuu ipu 298 K.
15". CocTaBbTe rabBaHUYECKHUH 3JIEMEHT, B KOTOPOM IPOTEKAET PEAKIHSA 110 YPABHEHHIO:

5PbO;, + I, + 8H" + 5S0,% = 5PbSO, + 2103 + 4H,0.
Paccuuraiite Bcemu n3BecTHbIMU BaM criocobamu DJ[C nanHoro snementa. [lo maHHBIM cripa-
BOYHHUKA paccuutaiite npu 298 K KOHCTaHTY paBHOBECUSI 3TOM peaKIuu.
16. Hanmmmte ypaBHEHNE XUMUYECKOH peakinu (yKa3aB ee HalpaBJIeHHE), TPOTEKAIOIIEeH B
rajlbBaHMYECKOM DJIEMEHTE IIPU CTaHIAPTHBIX YCIOBUSAX:

Pt| Mn*, MnO,, H" || Co®, Co*'| Pt

17. Paccumnrate 3HaueHue koddpouimenta 4 B ypaBHeHuu Jlebas-X0KKens 1715 BOAHBIX
pactBopoB npu 298,15 K. /{usnexTpudeckas IOCTOSHHAS & BOJBI IIPU 3TOM TEMIIEpAType paBHa
78,54.
18". Onpenenuts KoHCTaHTy paBHOBecus peakiun CHy + 2CO =3C(zpaghum) + 2H,O(oxc), ecnu
CTaH/apTHbBIE 3JIEKTPOJIHBIE MOTEHIHAIBI ITpH 25°C peakuu:
CO + 6H" + 6¢ = CH, + H,0; ¢% = 0,497 B
CO +2H" + 2¢ = C(rpaur) + H,0; ¢, =0,518 B



19". Onpenenure, Kak M3MEHUTCS MOTEHIMAI KaJIMUEBOTo0 3yekTposa rpu 25°C, eciu k 0,05 M
pacTBOpY XJIOpHJIa KaaMus 100aBUTh THOMOYEBUHY B KOJIMUYECTBE, PABHOM UHCITY MOJIEi
XJTOpHa KaaMus. THOMOUYEBHHA 06pa3yeT ¢ HOHAMH KaJMHs KOMILIEKC o peakiun: Cd*? +
H,NCSNH; <> [Cd (H,NCSNH,)]™, npudeM KoHCTaHTa HECTOMKOCTH KOMILIEKca (BEIHYHMHA,
oOpaTHasi KOHCTAHTE YCTOMUYUBOCTH) paBHA 2,63-10°2, [Ipu yka3aHHBIX B 33J1a4€ KOHLIEHTPaLUIX
BMECTO aKTUBHOCTEN MOYHO HCII0JIb30BATh MOJIIPHOCTb.

3. Jlabopamopuas paooma Ne 16 «Onpedenenue KOHUeHmMpauuu UOH08 UUHKA NOMEHUUO-
MempuuecKumM mumposanuem XeJaamHusblm a2eHmom ¢ UCHO1b3068aHUEeM KAOMUTICEeKMUBHO-
20 371eKmMpooa»

ILlenv pabomor: paccuuTaTh KOHLEHTPALMIO HOHOB IIMHKA (WJIM IPYroro MeTajja 1o 3aja-
HUIO TIpenojaBareisi) B aHATU3UpyeMoil mpo0e, OCHOBHIBasICh Ha TpadMuecKy HalIeHHbIC 3Ha-
YEHUS IKBUBAJICHTHBIX 00bEMOB CTaHAApTHOTO pacTBopa coiu kaamus u ATA, nomenmero Ha
NOTEHLIMOMETPUYECKOE TUTPOBAHUE C HCIOJB30BAHUEM HOHOCEIEKTUBHOIO HHAWKATOPHOIO
anektpona (MCD) Ha HOHBI METaIOB (Cd2+, Cu* zn**, Ca** u IIp.), 00pa3yroIue ¢ JaHHBIM X€-
JIATHBIM areéHTOM IPOYHbIE KOMILJIEKCHBIE COEITUHEHUSI.

Ilpunyun memooa. lloTeHIIMOMETPHYECKOE TUTPOBAHUE OCHOBAHO HA OMPEICICHUN TOYKU
HKBHUBAJIEHTHOCTU IO pe3yJibTaTaM MOTEHUUOMETpUYECKUX n3Mmepenuil (£, MB). Bonusu Touku
SKBUBAJICHTHOCTH MPOUCXOIUT pe3Koe M3MeHeHue noteHiuana naaukatopaoro UCH. Turpant
WIM TUTPYEMOE BELIECTBO JOJKHO y4acTBOBAaTh B 3JEKTPOJHOM Ipouecce. [l moTeHnuoMeT-
pPUYECKOr0 THUTPOBAaHMS COOMpPAIOT Lenb u3 uHaukatopHoro MCH B uccieqyeMoM pacTBOpe U
AIIEKTPOAA CpaBHEHUS (XJIOpCePEOPSHBIN HITH KAJIOMETbHBIH ).

K ocHOBHBIM npeumywecmseam memooa omHocamcs.

v’ BKCIIPECCHOCTD M CEJIEKTUBHOCTE;

v BO3MOYKHOCTh aHaJIM3a MyTHBIX M OKPAIIIEHHBIX PACTBOPOB;

v aBTOMATH3alMs IIPOIIECCa;

v auddepeHIpoBaHHOE TATPOBAHKE KOMIIOHEHTOB CMECH;

v’ Her BiusHus TU(PY3HOHHOTO MOTEHIMANIA, T.K. JU(G(Y3HOHHBIN OTEHI[MAT BO3HUKAET HA
TpaHUIIe MEXAY PACTBOPAMH JIBYX Pa3HbBIX 3JIEKTPOJIUTOB BCIEICTBUE HEPABHOMEPHOI'O pacrmpe-
JIEJIEHNs] KaTUOHOB U aHMOHOB BJI0JIb TPAHULIBI Pa3/iesia u3-3a pasinyusl B CKOpocTsX nupdy3un
MOHOB Yepe3 MMOBEPXHOCTD pas3zeia.

Buowvl nomenyuomempuuecko2o mumpoeanusi:

v KHCIIOTHO-OCHOBHOE TUTpOBaHKE. B KauecTBe MHANKATOPA UCHONB3YIOT CTEKIISTHHBIN 3JIEK-
Tpoa. Ilo3BosisseT mpoBECTH KOJIMUYECTBEHHOE ONPEEIEHNEe KOMIIOHEHTOB B CMECHU KHUCIIOT HpHU
pa3anuny KOHCTAHT AUCCOLUAILMN HE MEHEE TPEX MOPSIIKOB.
v KOMIUIEKCOHOMETPHUUYECKOE TUTPOBaHHE KaTHOHOB KomiuiekconoM Il (3ATA) mpooasaT ¢
WHIVKATOPHBIM MOHOCEIEKTUBHBIM 3JIEKTPOJOM Ha MOHBI METaJljla WM YHUBEPCAIBHOTO PTYT-
HOTO 3JIEKTpOJa.
v’ TutpoBaHHe 10 METOIY OCaXICHHs. B KauecTBe UHIUKATOPHOTO 3JIEKTPOJIA MCIOIb3YIOT —
MeTayumueckue wim memopanubsie MCD.
v OKHCIHTETbHO-BOCCTAHOBUTEILHOE TUTPOBAHKE MPOBOJIST C MCIOIB30BAHHEM LIATHHOBO-
IO UHIUKATOPHOTO 3JIEKTPOAA.

Annapamypa:
1. Arammzarop xuakocta «OKCITEPT-001-3» B peskume pabOThl — BOJIBTMETP LTSI M3MEPEHUS
notrennuana MCD (MB), mpenen ocHOBHOW abCONMIOTHON MOTPEITHOCTH JAaHHOW MOAM(PUKAIIUN
M3MEPUTENIbHOTO IIpeoOpazoBaTelist cocTaBisieT +1,5, Tnana3oH U3MEpeHUs B TaHHOM PEXUME —
-3200...+3200 mB.
2. NonocenektuBHbIA 21ekTpoa (MCD) Ha MOHBI METAJIOB (Cd2+, Cu®**,zn**, Ca** u ap.),
00pa3yroliye ¢ JTaHHBIM X€IaTHBIM areéHTOM MPOYHbIE KOMITJIEKCHbBIE COCTUHEHHUS.
3. DiexTpoJi BCIOMOTraTelIbHBIN JTabopaTopHBIA Xyopcepedpsubiid DBJI-1M3.1 nmu amekTpos
cpaBHeHust OCp-10101 (aByxKit0ueBOH J1aOOPaTOPHBIA) MpeHA3HAYEHBI [T CO3/1aHUS OMTOPHO-
ro MoTeHlMaga npu paboTe B mape ¢ MHAMKATOPHBIM 3JIEKTPOAOM IMPH MOTEHIIMOMETPUUYECKUX



MU3MEPEHUSIX B BOJHBIX PAacTBOpax. BHIOOp 3JEKTpoja CpaBHEHHUS 3aBHCHT OT OIPEAENsIEMBIX
KOMIIOHEHTOB U MOHOCEJIEKTUBHOTO 3JIEKTPOa (B MHCTPYKIIUU K HOHOCEIEKTUBHOMY AJIEKTPOIY
YKa3bIBAIOTCS HEOOXOIMMBIE 3JIEKTPOAbl cpaBHeHus). [lepen HadamoM pabOTHl MOHOCEICKTHB-
HBII AJIEKTPOJ M AJEKTPOJ CPAaBHEHHUS, COIVIACHO MHCTPYKIMH, HEOOXOAUMO MOATOTOBUTH K pa-
oore.

[ITaTUB AJIs SJIEKTPOIOB.

bropetku emk. 50 o,

Xummdeckue crakansl eMk. 50 em® i 250 e,

MepHas konba emk. 50 cm>

['panyrpoBaHHbIE MUIIETKU EMK. 5 oM’

['pagyupoBanHas MepHas npodupka emx. 10 oM’

10. IMumetka Juist 3aMOIHEHUS SIEKTPOAA CPAaBHEHUSI.

11. PunwsrpoBanbHas Oymara.

©oo~N A

Peaxmuewi:
1. PacTtBOp Ccoim 1IMHKA ¢ UCXOAHOM KoHLeHTpanuen 0,1 MOJIB/IIMS.
2. VcxonmHbIi THUTpPYIOUIMH pacTBOpP COJM  MeETajlia (Cd2+, Ccu®*,zn*, Ca** u Ip.)
KoHIeHTpanuen 0,1 MoIb/ M.
3.  bydepnsiii pactBop ans perynupoBanus ooiieit nonHoi cunsl (BPOUC). B xauectse bPO-
NC nns mOHOCENEKTHUBHOTO 3JIeKTpoAa «IIuT — 241» Ha MOHBI Cd2+peK0MeHIIyeTC$I pacTBop
HUTpaTa HaTPUs KOHLEHTpawueii 0,3 Mob/am’.
4. bBydepHblil pacTBOp ¢ onTuManbHbIM 3HaueHueM pH. s Zn** ameraTHO-aMMOHHITHBIN
Oydepnsiii pactBop pHS,5.
5. PactBop O/ATA c xonnenrpanueii 0,001 MOIB/ M.
6. .JuctuinupoBaHHas BoJa
Ilpuzomosums pacmeoput:
. AHaNM3UpyeMbIi pacTBOP COJIM IIUHKA.
. 50 cm® pabouero pacTBopa Coiii KaJIMHsI KOHIIEHTPAIHEH 10" Mo/,
. 100 em”™ BPOUC.
. 200 cM® pactBopa DJITA ¢ konuentpareit 0,001 momb/mv°.
Ilopaook evinonnenusn padbomaol
1. DTan - nocTpoeHue rPaAyMPOBOYHOIO rpadguka.

A~ WDN B

ITpu pabote ¢ noHocenekTUBHBIM 371ekTpoioM (MCD) HeoOxoaumMa ero rnpeBapuTenbHas
KaJIMOpOBKa — YCTAHOBJICHUE 3aBUCUMOCTH MEX/1y MOTEHIIMAIOM 3JIEKTPOJia U KOHLEHTpaluen
WIN aKTUBHOCTBIO ONpEieNsieMbIX HOHOB. [[11 mocTpoeHus rpaiyHpoBOYHOrO rpaduka B
KoopauHatax «E — pCi» UCTIONb3YIOT CTaHAAPTHBIE PACTBOPHI ONPEAETIAEMBIX COCTUHEHH.
Mertoarka npeaBapuTebHOW KanuOpOBKH, YCIOBHM paboThI 31€KTpoJia, crioco0a XpaHeHUs
NCD mexny n3MepeHus MU yKa3blBaeTcs B MHCTPYKIMH K HOHOCEIIEKTHUBHOMY JJIEKTPOAY.

2. JTan - MeTOAMKA aHAJIN3A.

2.1. Otobparp MepHOU KOJMOOW S50 oM’ aHaJTM3UPyeMoro pactBopa conu nuHka (Vzpo+) U
IIOMECTHTb B CTaKaH eMK. 50 cM°.

2.2. JIoGaBUTh B XHMHUYCCKHIT CTAKaH 5 CM° Oydepnoro pacropa (V,x) pH5,5 rpagynposanHoit
nUneTKon. Vy,y nomxken coctaBisTh 0,1- Vzno+, T.6 00bEMHOE COOTHOIIEHUE NPOOBI M OyepHOro
pactBopa 10:1.

2.3. Oto6parh MepHOii ko160l 50 cm® pabouero pactBopa cOIM KaaMus KOHLEHTpamued 107
MOJIL/;[M3, MEPeHEeCTH B XUMHUYECKHH cTakaH eMK. 50 cMm”, 100aBUTH 5 cm® BPOUC. H3zmeputs
noreHuan MCO (EO, MB), cpaBHUTH €ro c rpaayupoBOUHbIM rpadukom. ['pamynpoBaHHON
NUNETKON 0ToOpaTh 5 e’ pabouero pactBopa conu kaamusi ¢ BPOUC u momecTuTh B CTakaH C
aHAJM3UPYEMBIM PACTBOPOM COJIM IMHKA. BemnuuHbl 00b€Ma M KOHIIEHTPAIMU MOHOB KaIMUS
JOJKHBI OBITH BBIOpPAHBI TaKUM 00pa3oM, YTOOBI TpaMM-HOHHOE OTHOIICHHE OIpPenesieMOoro
BEIIIECTBA K MOHAM KaJMUs Haxoauiock B npenenax ot 100:1 go 10:1.



2.4. ONONOCHYTH 3JEKTPOBl AUCTHIIIMPOBAHHONW BOJIOM, OCYIIMTH (DMIBTPOBAIBHOM Oymaroii
Y TIOTPY3UTh UX B aHAIM3UPYEMbIH pacTBOp. PacTBop mMOCTOSIHHO MepeMentnBaTh.

2.5. loGaBuTh U3 OIOPETKH MOPIIHIO0 TUTpaHTa - pacTBOp DATA, 06BEMOM 5 cm® (Voura)
KOHIIEHTpaluein 10 MoJIB/AM”, IepemeniaTh. Korna Ha nHoHOMepe yCTaHOBUTHCS MTOCTOSTHHOE

NOKa3aHue TOTEHIINaNa, BHECTH BennunHy £ (MB) n 00b€M 100aBICHHOTO TUTPAaHTa B TaOIHILY
1.

Taoauna.l
Howmep O0BéM 100aBICHHOTO TUTPAHTA, IToka3zanue nmorennuana, UCD,
OIbITa Voura o’ EiMB
1 0
2 5
3 10
30 150

2.6. [ToBTOpUTH MYHKT 2.5.CTONIBKO pa3, CKOJIBKO 3TO HEOOXOIUMO ISl MOJTYUYECHHUSI JOCTOBEPHOU
kpuBoi tuTpoBaHus (30 pa3). B o0nacT KOHEYHOH TOYKH, Ha KOTOPYIO YKa3bIBalOT OOJbILINE
u3MeHeHus noreHuana MCD nocie kaxaon 100aBKu TUTpaHTa, 100aBisieMast OPLMs TUTPaH-
Ta HE JI0JDKHA MpeBbIaTh 1% OT 0’KKIaeMoro 3KBUBAJIEHTHOIO 00bEMa (IpeABapUTEIbHO pac-
CUMTAaHHOTO TeopeTuuecku). JlobaBieHne TuTpanTa nopuusMu Oombiiel Benuuussl (5-10% ot
HKBUBAJICHTHOT'O 00BbEMA) JIETKO MPUBOIUT K IIEPETUTPOBBIBAHUIO.
Oopadomka IKcnepumMeHmaibHovIX OAHHBIX
1. JTan - nocTpoeHue rPaayUuPOBOYHOrO rpaduka.

I[To pe3ynbraTaM U3MEPEHHI CTPOUTCS IKCIEPUMEHTAIbHAS 3aBUCUMOCTh B KOOpJMHATAX «F
— -lgC» (puc.1): mo ocu aOcCIUCC OTKIAABIBAIOT 3HAYCHHS OTPHIIATEIBHOTO Jorapudma
KOHIICHTPAIIMK HMOHOB B CTaHJAPTHBIX pPAcTBOpax, a MO OCH OPAMHAT — COOTBETCTBYIOIIUEC
paccunTaHHble 3HaueHus noreHuuana (MB). Ilpu oOpaOoTke 3KCHEpUMEHTAIbHBIX JaHHbBIX
NPUXOIUTCSA YacTO BCTPEYATHCS C 3aJavyell ¢ ONMpeae/iCHHEM MapaMeTpoB (YHKIIHOHATBHOM
3aBHCHMOCTH OT JBYX HJIM HECKOJBKHX TIEpPeMEHHBIX. [l03TOMYy HEO0OXOIMMO pacCUUTaTh
k03 durMeHTsl ypaBHeHus npsimoit: £ = mpC + b, mo merony HanMeHbux kBaaparos (MHK).
Ero cyrb cocrout B ciemyromiem: TpeOyeTcsi HAWTH TaKHe 3HAYCHUS, BXOMISIIMX B UCKOMYIO
(GYHKIIMOHATIBHYIO 3aBUCHMOCTh, MPH KOTOPBIX CyMMa KBaapaTOB OTKJIOHEHHH 3HAYCHHI
(GYHKIIUH OT 3KCIEPUMEHTAIbHBIX JaHHBIX OyaeT MUHHUMaabHOW. IIycTh HMckoMast (QyHKIUS
sBisietcst nuHedHo, 1.e. E = mpC + b (1), tne m u b nHeussectuwie, a pC u E 3amaHbl
sHaueHusMu (pCi; E1), (pCo; E2),..., (pCq; En), monydeHHbIE B pe3ysibTaTe dKcriepuMenTa. [Ipu
nozcranoBke 3Hauenuii pC = pC; (i =1,2,3,4,5,6) B ypaHuenue (1), monyuaem (M-pCi +b), a B
pe3yabTaTe 3KCIepruMenTa umeeM Ei.

Pasnocts Ej - (MpCi + b) Ha3piBaeTCsl HEBSI3KOM M BO3HHKAET B Pe3ysbTare OIMIHOOK dKCIIepH-
MEHTa, OIIMOOK BBIUMCICHUN, HETOYHON JIMHEWHOM 3aBUCUMOCTH U T.1. Tpedyercs nogodpars M
u b Tak, 4TOOBI CyMMa KBaJpaToB HEBS3OK, T.C.

n=6
S=Y (E;i - mpC; - b)? 6bI1a MEHHMAITBHOIA.
i=1
Heo0xoauMo cocTaBUTh U PELIUTh CUCTEMY YPaBHCHHIA:
4 n=6 n=6 n=6
ZPCi 2-m + ZpCi'b = chi-Ei.;
i=1 i=1 i=1
n=6 n=6
> pCim +nb= Y Ej;
i=1 i=1

~



B nanHoit 3a71a4e KOIMYECTBO U3MEPEHUit paBHO 1ectd (N=6). HaiineHHble BenmuuuHbl M, b
(pemieHrEeM CUCTEMBI YpaBHEHHI) ¥ U3BECTHBIE 3HA4YeHUs aprymenTa ( pC:1,2,3,4,5) moacraButh B
ypaBHeHue nipsiMoii E = m-pC+b, u paccuutats 3HaueHus noreHmuana UCD (E), 1.e. dpynkuuu. [o-
Jy4eHHbIC HOBBIE JaHHBIE C YUETOM METOJIa HANMEHBIINX KBAAPATOB BHECTH B TAOIHILy 2 U IOCTPO-
UTH IpaUUECKy0 3aBUCUMOCTb.

Tabanna.2

pC 1 2 3 4 5
E.MB

-E, MB

200
180 |
160 |
140 F
120 F
100 F

30 'lgCCd

Puc.1 Kanu6poBounsiii rpaduk mo MHK miist kaaMHIICETEKTUBHOTO AJIEKTPOIa

2. JTamn - MEeTOAMKA aHaJN3a.

2.1. IlocTpouts TpaduK 3aBUCUMOCTH, IOTYYEHHBIX 3Ha4eHUH E; 0T 00bEMa 100aBICHHOTO
tuTpanTa Vo;ry U onpenenuTs rpagpudecku o0bEéM pactBopa coiau Kaagmus (Veg+) (puc.2. T.A).u
SKBHUBAJIEHTHBINA 00BEM V5 (puc.2. T.B) Kak 00bEMBI, COOTBETCTBYIOIINE TIEPBOM M BTOPOI TOUKaM
nepernba Ha KPUBOM TUTPOBAHUSI.

2.2.PaccunTarh KOHIEHTPAIMIO MJIM HOHOB IIMHKA 110 BBIPAKEHUIO:

Cogre (Vo _Vieda 4)
Czpos =
Vone +

F-I/IOH/,IIMa, Inpyu J00ymeHuu, 4To XeJIaTHBIN areHT U MOHBI MeTaia

00pazyroT komruiekc cocrana 1:1.

Ilpumeuanue. Metabl, KOTOpble 00pa3yrOT OJIU3KUE [0 IPOYHOCTU WIH 00JIee MPOUYHbIE KOMIUIEK-
CBl, 4eM KaJIMUH, MOXKHO OTPEAEIATh, ClIeAys MPaKTHUECKH HJICHTUYHOM MeToquKe aHanu3a. [losTo-
puth 3Tansl pasaena «llopsaok BeimonHeHus padotel» 2.1 — 2.6. [ToctpouTs rpaduk 3aBHCHMOCTH,
HOJY4YEHHBIX 3HaueHuH EjoT 00bEMa nob6aBineHHoro Tutpanra V7. Ha kpuBoil TutpoBanus (puc.2.
T.B) Habmogaercst TOMBKO O/IHA TOYKa nepernda, COOTBETCTBYIONIAS SKBUBAJICHTHOMY 00bEMY V5 .

KonuenTparmro ONPEETIEMOTO BEIlIECTBA paccuurarsb o BBIPQKEHUIO:
(CagrsVa—Coga +'Vioda + )
Cocpgoomea = A des+7Cdey  pon/mMC.
Viposs anp.eegecmea

Bo3moxkeH Apyroi myTh: MPOBECTH €IIé 0HO TUTpoBaHuE ¢ S50 o’ JTUCTUTMPOBAHHOMN BOJIBI B Ka-

4YeCcTBE MPOOBI aHAIM3MPYEMOT0 pacTBopa U onpeAeinTh 00bEM (Vcgr+), COOTBETCTBYIOIIMIA TOYKE

neperuoa. Onpenenurtsb KOHIICHTPAIHIO OIPEIEIIIEMOTO BEIECTBA o BBIpaXke-
_ Cagry (Vs _Vpgs o)

3
muro O .. = : T-uoH/mM°.
SelgsmEa Vﬁpa&saﬁpf—eﬂr
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Puc.2 KpuBas noTeHIMOMETPUYECKOTO TUTPOBAHUS

Omuém no pabome
1. Ilenp u 3ama4n UCCIEIOBAHUSL.
2. Kpatkoe ommcaHue SKCHEPHUMEHTa: CIIOCOOBI, METOABI, METOAMKH HCCIICAOBAHUS U TEOPETHUCCKHE
MIOJIOKCHUSI.
3. 3aKkoHbI, TOJOXKECHHS, MAaTEMATHYECKUH amlmapaT, YypaBHEHHUs peakiuii. Pe3ynpTaTel uccnenoBaHus u
pacuetsl (ypaBHEHHs HOJDKHBI ObITH NPUBENEHBI B OOIEM BUAE M C MOJCTABICHHBIMU JaHHBIMH). Pe-
3yJBTAaThl UCCIENOBAHUS M PACUETOB JOJKHBI OBITH CBEACHBI B COOTBETCTBYOIIME Tabiuibl. CTaTuCTH-
geckas 00paboTKa JTaHHBIX.
4. I'padmueckas o0pabOTKa IKCIIEPUMEHTAIBHBIX NAaHHBIX: TPAQUKA M CXEMBl JOJDKHBI BBHITOIHATHCS
TOJILKO Ha MIJUIUMETPOBOH Oymare. Ha ocbk opauHaT HaHOCUTCS QYHKIMS, HA OCh a0CIIMCC — apTyMEHT C
yKa3aHHeM eJIMHUII H3MepeHus. Ha ocsix HaHOCHTCS MIKaia CorjlacHo BEIOpaHHOMY Maciitady. EauHutibr
MacmTaba JOJKHBI OBITh BEIOPAaHBI B COOTBETCTBHM C TOYHOCTBIO OTCUETa NpH dKcrnepuMenTe. Koopan-
HaTbl SKCIIEPUMEHTAJIBHON TOUKH HaHOCATCS TOJNBKO Ha IUIOCKOCTH M OTMevaroTcesi Toukoi. Ilo skcnepu-
MEHTAIBHBIM TOYKaM TPOBOJIUTCS YCPEAHSIONIAsl KpUBas. BhimaBiiye TOUYKU HEe UCIIONB3YIOTCS, HO MOKa-
3pIBatoTcsa. Ha nucte, rae BeimosiHeH rpaduk, JOKHBI OBITh YKa3aHbl HAMMEHOBaHuUe Tpaduka (moj rpa-
(uKOM), YCIOBUS, CHOCKH. DKCIEPHUMEHTAIbHbIE JaHHbIC ISl MOCTPOCHUS IPagyHpOBOYHOrO rpaduka
00pabaTpIBalOTCA MO METOTy HAUMEHBIIINX KBaIPaTOB.
5. AHanm3 3KCTIEpPUMEHTAIBHO MOITYYEeHHBIX 3aBUCHMOCTEH.
6. BrIBOAEL
PaboTa cuuTaercs BHIMOTHEHHOMW, €CIIM TIPUBEICHBI BCce HEOOXOAUMBIE pacyeThl, IIOCTPOCHBI H3ydaeMble
3aBUCHUMOCTH, TIPUBEJICHBI BCE CTPYKTYPHBIE (HOPMYJIBI M3y4aeMBIX BEIIECTB U 00pa3yeMbIX COSIMHEHUH,
CZI€TIaHbl COOTBETCTBYIOIINE BHIBOIBI.
Oobnapysycenue oumudox

Bonbiioe Bpems ycranosienus noteHuana MCD Moxer ObITH 00YCIOBICHO MEIJICHHBIM 00pa3o-
BaHHEM XeJIaTHOI'0 KOMILIEKCa, a He CBOHCTBaMU 3JIEKTPOJa. ITO MOXKET NPUBECTU K MOTEpe YETKOCTH
NPOSIBIICHUST KOHEYHOW TOYKW. ECIM XenaTHBIM areHT MpUCYTCTBYET B 3HAUUTEIFHOM H30BITKE, a KOH-
IEHTpaIis MOHA MeTalljla IpHOIKaeTCs K Ipeaery oOHapyx)eHus nanaeiM MCD, Torma Hems3s momy-
YUTh CUMMETPUYHYIO KpUBYIO TUTpoBaHUs. KoiebaHusi TeMnepaTypbl BIUSIOT HA HAKIOH KaTHOPOBOY-
Horo rpaduka u crangaptasiii notenuuan UC3. TemnepaTypsl cTaHIApPTHOTO M aHAJIM3HPYEMOIO pac-
TBOPOB HE JOJIKHBI OT/IHYaThCs Gonee yem Ha 1°C.

BrusiHre COMYyTCTBYIOMIMX HOHOB OTPENIENSETCS CEJIEKTUBHOCTHIO M YyBCTBUTEILHOCTBIO BEIOpaH-
Horo 3nekTpona (cv. THCTPYKIUIO k UCD).



4. Konmponvnana paboma Ned no meme «dnekmpoxumusny
BapuanTt 1
3aoanue 1. CyMmMapHO ypaBHEHUE PEAKIIMHA OKUCIICHUS U BOCCTAHOBJICHHSI B
MapraHieBO-IIMHKOBOM 3JIEMEHTE MOXHO 3alHCcaTh Tak:
2Zn + 4MnO; + 4NH," = Zn** + [Zn(NH3)4]** + 4AMnOOH
Paccuunraiite Bcemu Bo3MokHbIMH criocobamu IJIC Takoro sneMeHTa.
3aoanue 2. B cocyn, cogepxkarmii 250 cM® BOJIbI, IOAKUCIICHHOMN a30THOM KUCIOTOIA,
OMYIIEH TUIATHHOBBIN AJIEKTPOT (KaTod) U cepeOpsHbli (aHOM). OnpenenuTs Bpems,
HE00X0AUMOE IJIS DTIEKTPOIUTHUECKOTO PACTBOPEHHSI aHO 1A TIPH cuite Toka 1,4 A,
4TOOBI TIOJYYUTh PACTBOP HUTpaTa cepedpa ¢ kouuentpamuei 0,005 Monb/i.
3aoanue 3. Ilpu 3mekTpoian3e pacTBOpa HUTpaTa cepedpa MosipHoit kKoHeHTpanuu 0,05
MOJIB/JT Ha KaToJIe BBIACIMIOCH cepedpo Maccoi 0,1853 r. Haiitu uncia nepenoca ajis
nonos Ag” u NO3",
3aoanue 4.OKkBUBaNEHTHAs 3JIEKTPOIPOBOJHOCTh PACTBOPA MOHOXJIOPYKCYCHOM KHC-
70THl ¢ pasBeaeHueM 512 n/mons npu 298 K pasna 219,4 Om™*-cm?-r-sxB ™. Omnpene-
JUTE CTENEeHb AMCCOLMUAINU KHUCIOTHI B 3THUX YCJIOBHUSX, €CIU HKBUBAJICHTHAs JJIEK-
TPOIIPOBOJHOCTh MOHOXJIOPYKCYCHOKHCIIOr0O HaTpus npu 298 K u 6eckoHeuHOM pa3Be-
JIeHUH paBHa 89,8 Om*-cm?r-5k87L. IIpenenbHBIE NOJBUKHOCTH HOHOB HATPHUS U BOJO-
pona cootrBercTBeHHO paBHbl 50,1 u 349,8 Om*-cm?-r-3kB ™,
3aoanue 5. TemnepaTypHbIi KO3PPUITUSHT 3. 1. C. 00OPATUMOTO TaTLBAHUYECKOTO dJIe-
MEHTa ¢ OJIHOXJIEKTPOHHBIM mepexoaoMm paBeH —0,0004 B/rpan. Onpenenure, BbIaes-
€TCSl WJIM TOTJIONIAETCS TeIUIOTa TP paboTe 3TOTO JIEMEHTa U YeMy paBHA 3Ta TEIUIOTa
npu 300 K.
3aoanue 6. DJ1C snementa Hg | HY,Cly, KCly,. || CuSO4 (a0 = 0,5) | Cu ipu 25°C paBHa
0,083B. Onpenenure NOTEHLMAT MEJHOTO 3JIEKTPOAA U MOJYUYEHHYIO BEJINUYUHY, CPAaBHU-
T€ C MOJY4YeHHOHU 1o ypaBHeHUIo HepHera.

Bapuanr 2

3aoanue 1. JxBUBaJIEHTHAsI 3JIEKTPONPOBOJIHOCTh IUAHOYKCYCHOM KHCIIOTHI B BOJE NPHU
298 K npu pa3HbBIX KOHIEHTpallMsAX paBHA:

C monb/n 0,007335 0,001856 0,000466 0

A, Om ™M r-oKB ™ 193,9 282,6 347,0 386,1

Paccuuraiite cpeHee 3Ha4YeHUE KOHCTAHThI JUCCOLUALINH.

3aoanue 2. Onpenenurte pacTBOPUMOCTB XJIopHia cepedpa B Bojie npu 50°C, ecnu npu
stoi Temneparype 3/1C rarbBaHNYECKOTO dJIEMEHTA

Ag | AgClI (racemt.) || AgNO3 (C=0,05H) | Ag
paBHa 0,199 B, a k03 pHIIHEHT aKTHBHOCTH HOHOB cepedpa B pacTBOpe HUTpara cepedpa
ripu 50 °C pasen 0,9.

3aoanue 3. Uepe3 pacTBOp XJIOpUa Maruus NpoIycKaiy TOK cuiioi 3,2 A B TeueHUH 2
yacoB. Kakue peakiuu npotekanu Ha snektpojax? Kakue nponykTsl U B KakoM
KOJIMYECTBE BBIIEIHINCH IPU STOM?

3aoanue 4. YnenpHas 31€KTPONPOBOAHOCTh 1%-HOro (1Mo Macce) BOJHOTO pacTBOpa
nponuoHoBoi kucinotel CoHsCOOH npu 298 K cocrasasier 4,79~10'4 Omtem?. Cun-
Tasi, 4TO IUIOTHOCTH pacTBopa paBHa 10~ kr/cm®, ompememute pH sTOro pactBopa.
JlaHHbIE O MPeAeNbHBIX MOABUKHOCTAX HOHOB BO3BMHUTE U3 CIIPABOYHHKA.

3aoanue 5. Onpenenure, MOIb3YyICh TaHHBIMU CIpaBouHUKa, mpu 298 K crannaptHble
M3MEHEHHUs CBOOOIHOM SHEPTHH U SHTPOIHUH PEeaKIUN

2MnOy4 + 5Pb* + 2H,0 = 2Mn** + 5Pb0, + 4H"

3aoanue 6. Paccuntaiite npu 298 K KoHCTaHTYy paBHOBECHUS peakiuu

MnO, +4H" + 2F”" = M?* + 2Fe-*" + 2H,0

IMOJIB3YyACh JaHHBIMHU CIIPABOYHHUKA O CTAHAAPTHBIX JICKTPOAHBIX MTOTCHIMAJIAX.



Pa3zoen . Inemenmol cmamucmuueckoii mepmoouHaAMuKu
Tema 5.1. Mexanuuecxkoe onucanue moaeKyaApHOU CUCHEMDbL.
Ilocmynamuel cmamucmuyeckoit mepmoounamuku. Cymma no cocmoanuam
1. Bonpocwt k ycmnomy onpocy
1. OcHOBHBIE TIOJIOKEHUS U MOCTYJIAThl CTATUCTUYECKOM TEPMOJUHAMUKHY.
2. MHKpO- ¥ MaKpOCKOIMYECKHE MOAXOJbl K ONnucaHuio cucteM. llpeacrasienue o ¢a3zoBom
IIPOCTPAHCTBE HA OCHOBAHUM CTATUCTUKU boibiMana. DHTpomusi U BEPOATHOCTb. MakcUMyM
TEPMOJMHAMHYECKON BEPOSTHOCTH.
3. Cratnyeckuii ancamOb. OyHKIUA pacripeaenenus. Tumbl ancamoOieit. Pactipenenenne Makc-
BeJLJIa M0 cKopocTaM. Pacnipenenenue bonbumana.
4. HaxoxaeHue cyMMbl 10 cocTosHUSIM. Hanumure obiiee MaTeMaTUyecKoe BhIpaXeHUe s
CYMMBbI COCTOSTHMM. 3aBUCHUT JIM U KaK CyMMa COCTOSIHMI OT TemnepaTypbl? CBONCTBA CyMMBbI
[0 COCTOSTHUSIM. PacdeT MOJeKyIApHO CyMMBI [0 COCTOSIHUSIM HMJI€AIbHBIX T'a30B. B kakom ko-
JIMYECTBEHHOM COOTHOIIEHWU HaXOAATCS BEJIUYMHBI 3JIEKTPOHHOM, MOCTyNaTeJIbHOM, Bpalia-
TEIbHOW W KONeOaTeIbHOM COCTABISIIOIIMX CYMM COCTOSIHUM ISl TBYXaTOMHON MOJEKYJBI MpU
KOMHATHOMN TE€MIIEpaType, €CJIi OCHOBHOM AJIEKTPOHHBIN YPOBEHb HE BBIPOXKIECH?

2. Jlabopamopnasa paboma Nel7 « H3yuenue ckopocmu peakyuu oKUC1eHUus 1o0068000p0OHOU
KUC10mbl REPOKCUOOM 8000P00Q)»

Ilenv padbomwi: ornipenencHue KOHCTAHT CKOPOCTEH peaklUMM NP JBYX TemIepaTypax;
rpaduyeckoe HaXOXKJICHUE SHEPruu aKTUBALMH, pacueT W3MEHEHHs SHTPOIIMU aKTUBALUM U U3-
MEHEHUS 1300apHO — U30TEPMHUUYECKOTO MOTEHIMAIIA.

Ilpunyun memooa. Peakuius OKMCIEHUS NOJOBOAOPOJIHOM KUCIOTHI SBJISIETCA IPUMEPOM
TOMOTEHHOTO Katajm3a. OHa yCKOpsIeTCSl B MIPUCYTCTBUU HECKOJIBKHUX Karelb PacTBOpa MOJIKO-
nara amMmoHus. MonoBomoposnHas kuciora oOpa3zyercs NpU B3aMMOAECHCTBUM HMOJUAA Kalus
(HaTpusi) ¢ CEpHOM KUCIOTOM:

2KI1 + HySO4 = 2HI + K;SO4 (1)

B kucinoil cpene moa0BoOpOIHAS KUCIOTAa OKUCISIETCS MEPOKCUIOM BOJOpOAaA MO CXe-

Me:
2HI1 + H,O, = 1, + 2H,0 (2)

Pacxon nepokcnja BOIOpOA, ONPEENSIOT MO KOJIMYECTBY BBIIEIMBILErOCsS MOAA, KOTO-

PBIH TUTPYIOT PaCTBOPOM THOCYJIb(aTa Kajaus (HaTpusi) B IPUCYTCTBUU Kpaxmara:
I+ 2K55,03 = 2KI + 2K554054 (3)

Peakuuu (1) u (3) npoTekaroT NpakTHUYECKU MTHOBEHHO, ITO3TOMY CKOPOCTh CYMMapHOI'O
npoliecca OnpeenseTcs CKOpOCTbIO TMMUTUPYIOIIEH peakiuuu (2).

3a CKOpOCThIO peakIuu yJI0OHO CIEeIUTh TUTPUMETPUUYECKUM MeTofoM. Uepes ompene-
JICHHbIE MPOMEXYTKH BPEMEHU OOpa3yIOIIMICS MOJ OTTUTPOBBIBAIOT PACTBOPOM THOCYJb(ara
KaJIUs ¢ UCIIOJIb30BAHMEM B KadecTBEe MHAMKATOpa Kpaxmai. B mpoliecce TUTpOBaHUS HOAA THO-
Cyib(aToM Kajus HOJIUJ Kallusi pereHepupyercs, cienoBarenabHo, koHuenTpanuu Hl u Kl mpak-
THUYECKU TIOCTOSIHHBI, M CKOPOCTh peaknuu (2) onpenensiercsi ToNbKko KoHneHTparueir HyOo.

Annapamypa u peakmuewt: Oropetka eMk. 50 cMm®; KoHmdecKkne KoIGb! eMk. 250 cm® — 2
IIT.; JIEJT WM XOJIOIUIBHUK; MepHas koyioa emk. 100 oM wn nuuHAp eMk. 100 oM - 1 IIIT.; IBE
TAIIETKH BMECTHMOCTBIO 5 11 10 eMK. cM>; MepHas mpobupka emk. 10 em’; npobupka emk. 20
em; CEKyHJIOMED; TepMOMETp Uil u3MepeHus temneparypsl or 0 1o 70 °C ¢ neHoil neneHUs
0,1°C; Kl, cyxas conb; HpSO4, 1 M pactBop; H20,, 30% pactBop; Monubdaat ammonus, 1% Bo-
HBIN pactBop, 100 cM>; IIHTIeTKA JUIS BHECCHHS Kpaxmaia.

Ilpuzomosums pacmeopwi: 200 eM® 0,05 M pactBopa THocyibhara kamus; 100 em® 0,05
M pactBopa Kl; 100 em® 0,05 M pactBopa HO»; 250 M’ pactBopa 1% kpaxmana, 0,1 M pac-
TBOP (NH4)2MOO4.

Ilopaook evinonnenusn padbomaol

B koHmuecKyio Kooy (250 cm®) Brect 50 cM® 0,05 M pactBopa K, 5 cm® 1 M pacrsopa

H3S0,4. Otnensho B mpodupky emk. 20 oM’ MPUIUTH 5 em® 0,05 H. pactBopa H,O;. IIpuroros-



JICHHBIE PAaCTBOPBI TEPMOCTATUPOBATh. M3MepuTh Temneparypy pacTBopoB ¢ TouHocThio +1 °C.
bropetky 3amonauTs 0,05 M pacTBopoM THOCYNb(ATa Kanus. Y CTaHOBUTH KOHMYECKYIO KO0y ¢
pactBopoM Kl mox Oroperkoii, BHECTH 2 oM’ pacTBOpa THOCYNIb(]aTa Kanug u3z Oroperku, 2 — 3
KaIlJId pacTBOpa Kpaxmasa, ObICTPO IPUIUTh B KOJIOY 5 cM™ pacTBOpa MEepoOKCUAa BOJIOPOAA, K-
suBanentHeie A cm® 0,05 M pactBopa THOCYIb(ATA (CM. HIDKE) H OXHOBPEMEHHO BKIIOUHTH Ce-
KyHAOMep (B JIaibHeHIeM ero He BbIKiI04aTh). ComeprkuMoe KOOI TIATENbHO MepeMelIaTh.
Kak Tosbko pacTBOp B KOJIOE OKPAaCHTCS B CHHUH I[BET, OTMETUTH BPEMS [IEPBOTO OKPAIIUBAHUS
(t1) ¥ IpUIUTH B KOJIOY 2 oM’ pactBopa THOCYIb(haTa Kaaus u3 OropeTku. Beskuit pas, koraa
BHOBb BO3HHKAeT OKpAacKa pacTBOpa, OTMEYAIOT BpPEeMs €€ MOsBICHUSA (OT Hadala peakuuu) U
OBICTPO IPWIMBAIOT 2 cM™~ pacTBopa THocyibdata. [Tocie Toro, kak 6yner npuauto 8 — 10 mop-
Hii THOCY/IBb(ATa, B PEAKIMOHHYI0 CMeCh MPHWIMBAOT | cM® pacTBOpa MOTHOIATA AMMOHHS
(MonuOaT — MOH SBISETCS KAaTaIM3aTOPOM, PEaKlUs MOYTH MTHOBEHHO MPOXOIUT IO KOHILA).
BoiienuBmuiicst oA OTTUTPOBBIBAIOT PACTBOPOM THOCYJIb(aTa U3 OIOPETKH 70 MOJIHOro odec-
LBEUNBAHMS M OTMEYAIOT OOILIEe KOJTMYECTBO (CM°) THOCYIb(hATa, OIICIIEr0 Ha THTPOBAHHE,
CUMTAasl U T€ MOPILIUHU 110 2 oM, KOTOpbI€ OBLIM BHECEHBI 10 X0y peakiuu. Takum o6pa3om ycra-
HaBJIMBAIOT, KAKOMY 00IeMy unuciy A em® 0,05 M pacTBopa THOCYNIb(haTa SKBUBAJICHTHBI B3S-
ThIe Ju1st paGoTsl 5 cm® 0,05 M pactBopa Hy0,. AHANOrHIHO mpoBosT 8 — 10 OBITOB TpH ApPY-
roil remneparype, OTJIM4HOM oT nepeoi Ha 10 -15 °C.

Oobpabomka IKcnepumeHmanbHulX OAHHBIX

KoncTanTa ckopocTu 3TOM NICEBAOMOIIEKYIISIPHOM peakluu: OKUCIEHUS HOAOBOIOPOTHOM

KHCJIOTBI IIEPOKCUJIOM BOJIOPO/Ia, TOAUMNHAETCS KHHETUYECKOMY YPAaBHEHHIO TIEPBOTO TOPSIKA:
1 c®
K=_- Inﬁ 1)
rae C°— kouteHTpais HyO, B HavanbHbIi MOMEHT BpeMeHH (To);
X — KOHIIEHTpauus npopearupoasiiero HyO,; kK MOMEHTY BpeMEHH T OT Hadajia peaKkiuu.

Takum oOpa3oM, B HadaJbHBIH MOMEHT OMBITA (Tp) coaepkutcs (A-2) em® 0,05 M pac-
tBOpa H70, u, cienoBaTenbHO = (A-2). K MOMEHTY NOSIBJI€HHSI BTOPOT'O OKpAIIMBaHUs MPO-
pearupyert emie 2 eM® 0,05 M pactBopa H2O, u cnegoBatenbHO, X = 2; K MOMEHTY MOSBJICHUS
TpeThero okpammuBanust X = 4 u T.1. JJi1 BBIYUCICHHUS] KOHCTAHT CKOPOCTU JTAHHOW pPEaKIuu

ypaBHeHue (1) ynoOHee npeCcTaBUTh B CIEAYIOLIEM BHJIE:
A

A—x—2 (2)

e A — oflee KOTHIecTBO (cM°) THOCYIb(aTa Kaus, MOLIE/IIee B PEaKIHIO, X — KOTHIECTBO
(cM®) THOCYIIB(hATA KAJTHs, BHOCHMOE B PEAKIMOHHYIO CMECh IPH MOSBICHAN OKPAIIHBAHHS (X =
2,4,6,8, 1T. 1), T— BpeMs BOBHUKHOBEHUSI OKPAaCKHU B XOJI€ peakIM OT ee Havajia. PaccunThl-
BAaeTCs Ccepusi KOHCTAHT CKOPOCTH PEaKINU, HAXOJUTCS CpeHEe 3HAaUCHUE, CPETHEKBAIPATUIHOE
OTKJIOHEHUE U JOBEPUTENbHbIN nHTepBal. Ilo pe3ynbraTaM ONBITOB PACCUUTHIBAIOT KOHCTAHTHI
cKopocTHu peakuuu it Temneparyp T1 u To. Pe3ynbraTsl pacueToB U ONBITHBIE JaHHBIE 0OPM-
JSIFOTCS B BUZE TaOIMIIbL:

1
k=<--In
T

Ta0auna
O6Bvem
Ne onbiTa N00aBICHHOTO Bpewms nosiBneHust OKpacky Tj, MUH KOHCTaHTBI CKOPOCTH, K MUH "
K28203, CM3
temneparypa Ty, K
1
temneparypa Tp, K
1

1. PaccuuThIBalOT HHEPTUIO0 AKTUBAIIMM W JOTapudM MPeadKCIOHEHIINATLHOTO (aKkTopa B
ypaBHEHUU AppeHunyca rpapuIecKuM METOIOM.



Inx

J‘ Inpz,

UT

Puc. 1. I'padraeckuii MeTox pacyeTa YHEPTUH aKTUBAIMH U JIorapupma
MIPEAIKCIIOHEHINAIBHOTO (DaKTOpa B ypaBHEHHH AppeHnyca

E = 8313 ‘m-tga, rae M — OTHOIIICHHE MACIITA0OB.
2. PaccuuTarh U3MEHEHHsI SHTPOITUU AKTUBAIIUYU peaKuu 1o hopmye:
AS*
[ =1036+1lgT + —

3. PaccuuTaTh n3MeHeHHE U300apHO — U30TEPMHUUECKOro nmoTeHmana no gopmyne: AG = AH -
TAS tipu u3ydaembIx Temmeparypax.

Otuer o pabote (cM. ob1Ire TpeOOBaHUS).

3. Komnaexkm 3a0au k meme 5.1.

1.MorieKy/a MOXKeT HAXOIUTHCS Ha ABYX ypOBHsIX ¢ sHeprisivu 0 i 100 cv™. KakoBa BepOSTHOCTH
TOTO, Y4TO MOJIEKYJIa Oy/IeT HaXOIMThCS HA HH3IIEM ypoBHe rpu 25 °C.

2. MoJteKyiia MOXKeT HAXOJITCS Ha JIBYX YPOBHSIX ¢ aHeprusivu 0 1 600 cv™. TTpn Kakoii Temmepa-
Type Ha BEpXHEM YpOBHE Oy/IeT B JIBa pa3a MEHbIIIE MOJIEKYJI, YeM Ha HIKHEM?

3.Morekyna MOXET HaXOIUThCS Ha YPOBHE ¢ dHeprueit 0 Wiy Ha OJTHOM M3 TPEX YPOBHEW C SHEPIH-
eii E. Haiinure cpeiHIO0 HEPTUIO MOJIEKYIT: @) IPH OYeHb HU3KUX TeMIeparypax, 0) pH O4eHb
BBICOKHMX TEMIIEpaTypax.

4.B HEKOTOpOl MOJIEKYJIE €CTh JIBa 3JIEKTPOHHBIX YPOBHS SHEPIUM, OTCTOSIIME JIPYT OT JApyra Ha
1000 cm ™. Huokemit YPOBEHb HE BBIPOXJICH, BEPXHUI — TPOEKPAaTHO BbIpOXkeH. Halianre
CPEITHIOIO AIIEKTPOHHYIO PHEPTUIO MOJIEKYITHI (B CM '1) nipu Temneparype 1200 K. 3nayenue no-
crosuoi he/k = 1,44 emK.

5.B HekoTOpoli MOJIEKyIE €CTh TPH M1EKTPOHHBIX YpoBHs 3Hepruu: 0, 800 u 1700 cm . Hikanit
YPOBEHb HEBBIPOKZIEH, CPEAHUIA — TPOEKPATHO BBIPOXKIEH, BBICIINIA — ISITUKPATHO BBIPOXKICH.
Haiiume CpejTHIO 3MeKTPOHHYIO SHEpIHIO MOJEKY/b (B CM ) M 3aCENEHHOCTb HIDKHErO
yposHs ripu Temneparype 1300 K. 3naguenue nocrosiaHoit he/k = 1,44 em K.

6. Beruncimre cpetHee 3Ha4YeHUE IEKTPOHHOM SHEPTMH aTOMApHOM cepbl Ipu Temneparype 1000 K
C UCIIOJIb30BaHUEM CJIETYIOIINX JAHHBIX.

DJEKTPOHHBIN TEPM DHeprus B (CM '1) Craructuueckuii Bec
°P, 0 5,
°py 396,1 3
*Po 573,7 1
'D, 9238,6 5

7."Monexyia MOKET HAXOJUThCS HA TPEX SHEPTETHUECKUX YPOBHSIX: HEBBIPOKIEHHOM, TPEXKPATHO
BBIPOKJICHHOM M TMSITUKPATHO BBIpOKICHHOM. [Ipyn HekoTopoil Temmneparype 7' Ha BCEX Tpex
YPOBHSIX HAXOJUTCS OJMHAKOBOE YMCIIO MOJIEKYII. PaccumraiiTe SHEpruu 3TUX ypoBHEH (SHEp-
THSI OCHOBHOTO COCTOSTHUSI IIPUHUMAETCS paBHOH ().

8."B paBHOBecHOI1 cMecH O- U B-TTIFOKO3BI coziepskaHue B-aHoMepa paBHO 64% IIpy TeMIepaType
25°C. Orienmre Pa3HOCTb SHEPTUN MEXKITY ITUMHU U30MEPAMHU.



9.*Hp1/1 OXJIXKJICHUHN JIFO00H TepMOIMHAMUYECKOM CUCTEMBI 3aCEIICHHOCTh OJTHAX YPOBHEH yBeIH-
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YMBAETCs, a APYrUX yMeHblaercs. Mcnomb3yst 3akoH pacnpeneneHus bosibimana, onpenenmre,
KaKoBa JIOJDKHA OBITh SHEPrHsl YPOBHS JJIsI TOTO, YTOOBI €r0 3aCETICHHOCTh YBEINYMBAIACH C
YMEHBIIIEHUEM TEeMITEPaTyphbL.

Paccuuraiite HanOosee BEPOATHYIO CKOPOCTb MOJIEKYJ YIJIEKUCIIOIO ra3a IpH TEMIIEpaType
300K.

Paccuuraiite cpeaHror0 CKOpOCTh aTOMOB I'€JMs IIPU HOPMAIBHBIX YCJIOBHUSIX.

[Ipu kakoii TemmepaType CpemHsisi CKOPOCTh MOJIEKYJI Kuciopoa paBHa 500 m/c.

[Tpu HEKOTOPBIX YCIOBUSIX CPEIHSISI CKOPOCTh MOJIEKYN Krciopona paBHa 400 m/c. Uemy paBHa
CpeHsIsl CKOPOCTh MOJIEKYJ BOIOPO/Ia TIPH 3THX K€ YCIIOBUSIX?

ITpu Temmeparype 25 °C cpestsisi CKopocTb MOJIEKYIT HEeKOTOPOTo rasa pasHa 274 wm/c. Yemy
paBHa CpeiHsIsl CKOPOCTh ATOrO Taza Mpu Temrieparype 250 oc?

KaxoBa momnst Momekyr, Maccoit 7, UMEIOIINX CKOPOCTh BBIIIE CpemHel mpu Temiieparype 717
3aBHCHT JI1 3T JIOJIS1 OT MacChl MOJIEKYIT ¥ TEMIIEPaTyphl?

[Tomp3ysack pacnpenencHueM MakcBesuia, pacCUMTaNTe CPEIHIOK KHUHETHYECKYH) SHEPIUIO
JIBMOKEHUST MOJIEKYJT Maccor m Tipu Temneparype 7. PaBHa 1 3Ta SHEprusi KHHETUYECKOM SHEp-
UM TP CpEHEN ckopocT?

Onpenenure o0IIyI0 CyMMY COCTOSTHUN A Mosekyisl F, mpu 500 K u 1,0133-105 I1a,
ec Zyoer = 3,16~1O7, Zor=1,07, cTaTUCTUYECKHI BEC OCHOBHOI'O 3JICKTPOHHOTO COCTO-
AHUS Jo 5y = 2, @ BpallaTeIbHas IOCTOSIHHAS paBHal,75-1O'23 JIK.

BpaiarenbHas OCTOSHHAs MOIeKyinsl HBr pasna 1,68-10% Jx. Paccunraiite Bpa-
HIATENIbHYI0 CYMMY COCTOSIHUN MOJEKYJIbl HBI, BpamaTeabHble COCTABISIOIINE BHYT-
peHHeil sHepruu u remnoemkoctu 1 monbs HBY npu 300 K u nocrosHHOM 00BEME.
[Tonb3ysick CIPaBOYHBIMH JaHHBIMH, OLEHUTE, KaKas U3 CIEAYIOIINX MOJEKYJT UMEET
HanOoJbIlIee 3HAYCHHE BpAIIaTEIbHOW COCTABISIONCH CyMMBI cocTossHHM mpu 400
K: CO, HBr, HCI, N,.

[Tpu cpaBHEHMM BpalaTEeIbHBIX COCTABJISIONIUX TEMIOEMKOCTH Ta3000pa3HbIX |, u
HF oGuapyxuBaercs, 4to aius |, oHa mocTosiHHa, HAYMHAs YK€ C HECKOJIbKHUX rpa-
JIyCcOB aOCOJIOTHOW HIKaJbl TeMmIeparyp, a aina HF pacretr u mocrturaer npeaenbHO-
ro 3Ha4yeHus jumb okosio 100 K. B yem npuunna 3Toro?

Omnpenenute Zy, s F, ipu 300 K, ecnu mpu 500 K Z,,= 197 4.

[Touemy muist nByxaToMHbIX MOJeKyn CO u Ny. IIpy modTH paBHBIX MOMEHTaX MHEpLIHH (pa3-
uarie MeHee 5%) M TIpU OJHOM M TOM >K€ TeMIlepaType BpamlaTebHas COCTaBJISOIIAs
CYMMBI COCTOSIHHI OTJIMYAeTCs MOYTH B JIBa paza?

Moutekyna HI, maxonsmiasics Ha BpamiateabHOM ypoBHe ¢ | = 7, u moisekymna CO,
HAXOAMIAsACs Ha BpamaTeIbHOM YpOBHE ¢ | = 13, HMEIOT OJAMHAKOBYIO JHEPTHUIO
BpalieHusi. B KakoM KOJIWYECTBEHHOM COOTHOIIEHWU HAXOSATCS CTENEHHU BBIPOXKIE-
HUS § A 9THUX MOJIEKYJ Ha yKa3aHHBIX YPOBHAX?

Ornpenenure BpalaTelbHYIO COCTABISIONIYI0O CYMMBI COCTOSTHUN MoJekynsl CO; nipu
500 K, ecniu MexXBAICPHOE pacCTOSHUE B 3TO# MoJiekyie lc.o = 1,13-10'10 M.
Omnpenenute ngomto monekyn HI (%), Haxoasmmxcs Ha HYJIEBOM BpallaTeIbHOM
ypoBHe npu 300 K, monab3ysachk CripaBOYHBIMU JAHHBIMH.

Onpenenurte A0I0 ABYXaTOMHBIX TOMOSIAEPHBIX MOJEKyJ, Haxoasumxcs npu 1000 K
Ha JIecATOM BparmiareasHoM ypoBHe (j=10), ecnu BpamarteabHas COCTaBIISIONIAS
CYMMBI COCTOSIHHI paBHa 55, oHeprusi BpalleHHs MOJIEKYJbl Ha 3TOM YPOBHE paBHA
1,38-10"% JTx.

Hons mespamatontuxcs mosiekyn HCl mpu 300 K cocrasnsier 0,051. Onpenenure no-
10 HeBpatarommxcs mojekyn HCl npu 510 K.

Momnekynbl PCl3 1 NH3 ©MeIOT CXOQHYI0 MHUPaMUIAIBHYIO CTPYKTYPY M OJIMHAKOBOE
YHCII0 BHYTPHUMOJIEKYISpHBIX KoseOanuii. Onunako npu 298K temnoemkocts Cy (PCl3)
Ha 36,4 JIxx/Monb-Tpan Oombliie TemI0eMKOCTH aMMuaka. OObSICHUTE TPUUKHY 3TOTO.
BonHoBbIe umclia BHYTPUMOJEKYJISPHBIX KOJIeOaHUW CcepoBOIOpOJa paBHBI 2722,



2739 u 1214 cm’'. Kakoe u3 >tux KoneGanuii Gyaer AaBaTh GONbIIHIL, a KAKOE —
MEHBIIIUHA BKJIaJ B BEJIMUUHY KOJeOaTEILHON COCTaBsAtomIeH TeminoeMkoctd pu 1000
K? Pacrionoxxute BOJIHOBBIC UKCIia B TOPSAKE YOBIBaHUS BKJIAA.
30. BosmHOBOE unciio 0JTHOTO U3 JepopMaIMOHHBIX KoJieOaHuit Mosiekysbl PC/3 paBHO
189 em™. [Tonp3ysch ClIpaBOYHBIMU JaHHBIMHU, PACCUUTANTE BKJIAJ ITOTO KOJIEOAHUS B CyMMY
COCTOSIHMH U B TerioeMKocTh 1 monb PCl; ipu 544 K.

Tema 5.2. Boiuucnenus mepmoounamuyeckux gyukyuii. Cmamucmuueckan

mMepMOoOUHAMUKA PEeanlbHO20 2434 U KOHOEHCUPOBAHHO20 COCMOAHUA 6EULECIEa
1. Bonpocwr k ycmnomy onpocy
1. Bkiag B MOJIEKYJISIPHYIO CYMMY 10 COCTOSIHUSIM TOCTYNATEIbHOTO ABM)KEHUA. Y KaXHUTE, Ka-
KMMU CBOMCTBAMM BEILIECTBA M NApaMETPaMU COCTOSHUS OIpEAEIIeTCsl OoCTynaTelbHas Cco-
CTaBJISAIOIIAsl CyMMBI COCTOSIHUH JUIS Ta3a B UA€AIbHOM COCTOSHUM.
2. BpamarenbpHas cymMMa 1o coctostHusAM. Hanumute ¢popmyiy, CBA3BIBAIOIIYIO BpalaTeIbHYIO
COCTABJISIIOLYI0 CYMMBI COCTOSIHUH C MapaMeTpaMy COCTOSHUS M MOJICKYJISPHBIMH KOHCTaH-
TaMH ABYXaTOMHBIX MoJekyl. Hamummure popmyny ans pacuera Jodu MOJIEKYJ Ha Bpalia-
TEJIbHOM YPOBHE C KBAaHTOBBIM YMCIIOM | (Zy, — BpauiaTesbHas COCTABIISIONIAs CyMMBbI CO-
crostHuii, B — BpamarensHas mocrosiHHas). COCTaBIAOMAsS CyMMBI 10 COCTOSIHUSIM BHYT-
PEHHETO BpalleHUs.
3. KonebaTenbHas COCTaBIAONIAS CYMMBbI IO COCTOSIHUSIM. 3aBUCHUT JIM U KaK XapaKTepUCTHU-
yeckas koyiebaresnbHas TeMIlepaTypa OT TeMIepaTtyphl raza? 3aBUCHUT JIM U KakK KoyebaTenb-
Hasl COCTABJISIONIAsl CYMMBbI COCTOSIHMI OT 4acTOThI KosieOaHUH aTOMOB B MOJIEKYJIE IIPU JaH-
HOH Temmneparype?
4. Bkiag B MOJICKYJSIPHYIO CYMMY IO COCTOSIHUSIM 3JICKTPOHHBIX M SIIEPHBIX YpOBHEH. Uemy
paBHAa 3JIEKTPOHHAS COCTABIISIONIAsl CyMMbI COCTOSIHHH, €CITU AJIEKTPOHBI HE BO30YXKICHBI?
5. CBsI3b CyMMBI 110 COCTOSIHUSIM C TepMoauHamMuueckumu pyHkusivmu. Cratuctnyeckuid Pacuer
BHYTpEHHEH SHepruu Mosekyibl. Hanummure ¢hopmyny, CBA3BIBAIONIYI0O BHYTPEHHIOK SHEPTUIO
uaeansHoro rasza (U—Up) ¢ cymmoii cocrosiauin Z.
6. CTaTUCTUYECKUN pacdeT SHTPOMUU W DHTAIBIUU ISl KOKIOTO BUAA ABMXKCHUS MOJEKYIIBI.
Hanummre ¢hopmyiy, CBI3BIBAIONIYIO SHTPOIHIO Ta3a ¢ CyMMOH coctosiHuil. Hanmmure ¢op-
MYy, CBSI3bIBAIOILYIO SHTANBNNIO HaeanbHoro raza (H—Hp) ¢ cymmoii coctostnuii Z.
7. PacueT TEmI0eMKOCTH CTaTUCTUYECKUM METOJIOM JIs KaKJI0TO BHUJA JBUKEHHS MOJIEKYIIBI.
Hanumure ¢popMyiy, CBA3BIBAIOLIYIO TEIMJIOEMKOCTh T'a3a B MACATbHOM COCTOSHHHU IPHU MO-
crosHHOM 00BeMe Cy, ¢ cymmoii cocrosiauit Z. Kakoit Bxiraa (x/moinb-K) B 0011yro u3oxop-
HYIO TEIJIOEMKOCTh I'a3a JaeT COIJIacCHO KJIaCCUYECKON TEOpUHU OJHA CTENEeHb CBOOOJbBI MO-
JEKYJISpHOTO JBHKeHUsA? B uem riaBHbBIN HEZOCTATOK KJIACCUYECKON TEOPUHU TEIIOEMKOCTH?
8. Kakue mMomnexynsipHble KOHCTaHTBI HEOOXOUMO 3HATh ISl BRIYMCICHUS KOJIeOaTenbHOl co-
craBistonelt sueprun ['ensmromnsia (F—Fg) 1ByxaToMHOro ra3a nmpu AaHHOH Temmeparype u
JIaBJICHUU CTaTHUCTUYeCKUM MetojnoM? Hanummute hopmyiny, cBA3bIBarollyro sHepruto ['nuo66-
ca (G—G,) ¢ cymmoit cocrosinmit. Kakue u3 TepmomuHamudeckux ¢ynkuuid: (U—Up),
(H—Hy), S, (F—Fo), (G—G;) — MOXHO paccuuTaTh, €CITM U3BECTHA TOJILKO BEIMYMHA CYMMBI
COCTOSIHMM JUIsl JAaHHBIX YCJIOBUI, HO OTCYTCTBYET ypaBHEHHE 3aBUCUMOCTH CYMMBI COCTOSTHUN
OT TeMIlepaTyphl?
9. Pacuer KOHCTAaHT paBHOBECHUs Ul MJ€aIbHBIX Ta30B. BbIBOA Uyepe3 paBeHCTBO CyMM XUMHUE-
CKHX MOTEHLMAJIOB PeareHTOB M MpOAYKTOB. BbiBoa uepe3 mpuBeneHHY0 sHepruto ['nd0ca no
SHTAJIBITHSAM.

2.Komnnexm 3a0au k meme 5.2.
1.IlarmaTomuas monekymna XY, uMmeer 4 Tuma KojeOaHui, XxapaKTePUCTUICCKHE TEeMIIepa-
TYpBI ¥ CTETICHH, BBIPOXKICHUS KOTOPBIX TPUBEACHBI HUXKE!
Konebaunue V1 Vs V3 Vg
0, K 650 300 1150 400



Cremnenp BBIPOXKICHUS 1 2 3 3
OuennTe, Kakoe W3 ITUX KojeOaHUM, MaeT HaMOOJBIINN BKJIAJ B TEIUIOEMKOCTh Tra3a XY, mpu
1000 K. Bocrionp3yiiTech, Ta0nuIeH TepMOJMHAMUYECKUX (PYHKIMIA DWHIITEITHA.

2.ITonw3ysack crnpaBouyHbIMU JaHHBIMH, ompeaenute U—Ug (k>k/mMoib) razoo0pa3zHoro
nona nipu 342 K, eciu xapakrtepucTuueckas temneparypa uojaa pasua 308 K.

3.XapakTepucTuieckas Temreparypa razooodpasnbix K, u |, coorBeTcTBeHHO paBHa 134 u
308 K. Kako#i u3 3TuX ra3oB AacT OONBIINK BKIaJ KOJeOaTeIbHONW YHEpPruu B 00-
1M 3amac BHyTpeHHeH snepruu npu 298 K?

4.1Tonp3ysACh CIPABOYHBIMU JaHHBIMHU, OIIPEACIUTE @, (CM'l) Mmouekyisl DI, ecin

(U—Uog)xox 3TOTO BelecTBa B razoo6pasnom coctossauu mpu 1180 K pasua 3,075 xJ[x/MoJIb.

5./1111 HEKOTOPOH IBYXaTOMHOW MOJIEKYJIbI CyMMa COCTOSIHUM OIPEACIISICTCS YPAaBHEHUEM
InZ = 20,94 - InP + 3,51nT. Paccuuraiite surampnuio (H—H,) 1 Moib JaHHOTO
JIBYXaTOMHOTO Ta3a npu P= 1,0133-105 IMau 7=1000 K.

6.0npenenure KoneOaTeNbHBIE COCTABIAIONIME BHYTPEHHEH 3HEPrUM M SHTPONUH (B pac-
4yeTe Ha MOJIb) razoo0paszHoit cepsl Sp; mpu 500 K, monp3ysachk CipaBOYHBIMH JIaHHBI-
M.

7.Monekyna N,O nuneiinas, a monekyna NO; u3ornyrasi. KoneGarenbHasi cocTaBismomas
termroeMkocT N,O 6omablle U3-3a HOMOJHHATEIBHON CTEIEHH CBOOOIBI KOJeOaTellhb-
HOTO JIBI)KEHHUA. B TO e Bpemsi MOJSIpHBIE TEMI0eMKOCTH o0oux ra3oB npu 254 K
paBHbl. B yeM npuumHa 3T0oro? OneHWUTE BEIMYMHY Pa3HOCTU KoJieOAaTENbHBIX CO-
craBisgronmx rerioeMkocteil NoO u NO».

8.Ilpu cpaBHEHHH TEINIOEMKOCTH JABYOKHCH yriiepona u aByokucu cepsl ipu 300 K 006-
Hapy>KeHO, 4TO koyiebarenbHas TermnoeMKocTs CO; mpeBbiiiaeTr TakoByio ais SO,. B
TOKE BpeMs 00IIasi TEIUIOEMKOCTh MpH 3Toi Temmneparype it SO, Gornbiie, yeM s
CO;. B yem npuyrHa 31010?

9.0mpenenure BEIUUUHY O (CM'l) MOJIEKYIBI Liy, MOMB3ysICh CIPAaBOYHBIMH JaHHBIMHU, €C-
JIY SKCIEPUMEHT JaeT BenuuuHy Cy TOro BEHIECTBAa B ra3000pa3HOM COCTOSIHUH IPHU
1010 K 28,924 JI»x/moub-K.

10. Monexkynbl CCly u CHy UMEIOT OJJMHAKOBOE CTpOCHUE (IPaBUIIBHBIN TETPadAp) U OJIH-
HAKOBOE€ YMCJIO BHYTPUMOJIEKYISIPHBIX Koiebanuil. Onnako npu 298 K TermoeMkocTH
ATUX BEIECTB B ra3000pa3HOM COCTOSSHUM CHJIBHO OTJIMYAIOTCS. YKaXKUTE, KaKoe U3
3TUX BeIeCTB 00J1aiaeT OOJbIIEeH TEMI0EMKOCTbIO, U 00BSCHUTE IPUUUHY ITOTO.

11. TerutoeMkoCTH TpH MOCTOSsHHOM naBienun Do, HD, H; u HCl npu 1000 K coorser-
cTBeHHO paBHbI 31,66; 30,71; 30,59 u 31,24 ]J[»/Monb-Tpan. Pacmonoxure 3T Bele-
CTBa B MOPSAKE BO3pACTaHMs XapakTepucruueckoil remmneparypsl 0. ConoctaBbTe Be-
JUYUHBI BpaIaTeIbHON COCTABISIONIEH TEIIOeMKOCTH ra3oobpasubix CyHy u H,O
npu 298 K. Yro 6ombie?

12. Paccunraiite C, n (U—Up) 1 mons xucnopona npu 1510 K, moip3ysice cipaBouHbIMU
JAHHBIMU O MOJIEKYJISIPHBIX KOHCTaHTaX KUCIOPOa.

13. Paccuuraiite TeruioeMkocth SO, nipu mocTostHHOM 00beme U 433 K, monb3ysichk cripa-
BOYHBIMU JJAHHBIMH.

14. O6wscuute, moyemy mpu 298K temmoemkocts Cy (PCls) paBua 68,74, a Termoemkocts Cy
(C2Hy) paBmua 35,62 JI/monb-K, x0oTs 00a ra3a yeTblpexaTOMHBIE.

15. JImg HEeKOTOpOW ABYXaTOMHOM MOJIeKyJlbl cyMMma coctossHui npu 1000 K paBHa 10%°,
Paccuuraiite snepruto ['n66ca (G—G,) 1 MOnb TaHHOTO JBYXaTOMHOTIO Ta3a.

16. Bparmtarenbnas nocrossaHas mosekynsl HCl pasua 10,6 CM‘l, a Ta K€ BEIMYHWHA s
monekynsl CO cocrasnser 1,93 cM™. JIns Kakoil M3 9THX MOJIEKYJI BpallaTeilbHas
coctapisitoniast s3Hepruu ['enpmronbiua (F—Fq) npu oguHaKoBoi# TeMmeparype Oyaer
60mb11e?

17. [lonb3ysach CIpaBOYHBIMU JaHHBIMHU, pacCUMTalTe KoyeOaTelbHbIe COCTABIIAIOININE TEIl-
noemkoctu Cy u suepruu ['enpmromnsiia (F—F,) 1 mons nByxatomuoro rasa npu 300 K,
eciii COOCTBEHHOE BOJIHOBOE YHCJIIO JUIST MOJICKYJI 3TOTO ra3a paBHO 2775-10% M.



18. Paccunrarh koHCcTaHTy paBHOBecus peakuuu Ny + O, = 2NO npu 1500K, ecnu u3BecTHO,
yto Mosiekyasl NO, N2 u O, nuHelHbl. MexbsaepHbIe PACCTOSHUS U XapaKTepucTude-
ckue (PYHKIIUU COOTBETCTBCHHO PABHBI:

NO: Ino = 1,15A% 6/Tjnoy = 1,82:107;
02: lo2=1,207A%; 0/T(02= 1,51-107%;
N2: In2 = 1,093A°% 6/T () = 2,26:107;
AH® =90,37 kJI>k/ MOJIb.

1 Jlnsa Bemectsa NO onpenenuts npu temneparype 300K u napnenun 101,3 Ila: cocras-
JSIONINE CYMMBI 1O COCTOSIHHSIM (IIOCTYMATEIbHYI0, BpallaTeIbHYIO, KOJICOATEIbHYIO);
00IIyI0 CyMMY T10 COCTOSIHHUSIM; COCTAaBIISFOIIME BHYTPEHHEH dHEPTrUn (U-Uo) (mocryna-
TENbHYIO, BpallaTeIbHYI0, KOJIEOATENbHYI0); COCTABISIONINE TEIUIOEMKOCTH (ITOCTYyIa-
TENbHYIO, BpallaTelbHYyI0, KOJIeOaTeNbHYIO); COCTABIIAIONINE SHTPONUHU (MOCTYMAaTeb-
HYI0, BpalaTelbHYI0, KOJIeOATeNbHYI0); SHTPOIUIO MPU JAHHON TemrepaTtype; (YHKIIUIO
(G — H%/T. JlaHHbBIe 0 reOMETPHYECKHX [apaMeTpax MONCKYIIbl, O YaCTOTAaX KOJIeGaHHil
U CTEICHSX BBIPOXICHUS KojieOanwuii: Iy.o= 1,15AO; ono = 19,6 M.

20. “Jlns BemmectBa H,S onpeaenuts npu temneparype S00K u maBnenun 101,3 xIla: co-
CTaBJISIFOIIME CYMMBI 10 COCTOSIHHSIM (TIOCTYIAaTEeNbHYIO, BpallaTelbHyl0, Kolebareab-
HYI0); OOIIYI0 CyMMY 1O COCTOSIHUSIM; COCTABJISIFOIINE BHYTPEHHEW YHEPTUU (U-UO) (110-
CTYIATENbHYIO, BpallaTebHYI0, KOJEOATEeNbHYIO); COCTABISIONINE TEIUIOEMKOCTH (T10-
CTyMaTeNIbHYI0, BpalllaTelbHYI0, KOJe0aTeIbHYI0); COCTABISAIONIME SHTPONHUH (TIOCTyma-
TeNbHYIO, BpaIaTeNIbHYIO, KOJEOaTeIbHYI0); JHTPONHIO IMPH JAHHOW TeMIiepaType;
¢ynkuuio (G — HO)/T . MexbsaaepHble pacCTOSHUS U XapaKTepUCTUUEeCKHe (PYHKLUU CO-
OTBETCTBEHHO PABHBI:

lis = 1,35A% ZHSH = 92°20/, 0, = 3920; 0, = 3940, 05 = 1748.

21. "Jlna BemectBa NO» onpenenuts npu temneparype S00K u naBnenun 101,3 xlIla: co-
CTaBJISIFOIIME CYMMBI 10 COCTOSIHHSIM (TIOCTYIAaTEeNbHYIO, BpallaTelbHyl0, Kolebareb-
HYI0); OOIIYI0 CyMMY IO COCTOSIHMSIM; COCTAaBJISIFOIINE BHYTPEHHEU YHEPTUn (U-UO) (110-
CTYIATENbHYIO, BpallaTelbHYI0, KOJIe0ATeNbHYI0); COCTaBISIONINE TEIIOEMKOCTH (I10-
CTyMaTeNIbHYI0, BpallaTelbHYI0, KoJeOaTeIbHYI0); COCTABISAIONIME SHTPONHUH (TIOCTyma-
TENbHYIO, BpalaTeNbHYIO, KONeOAaTeIbHYI0); IHTPOMMIO MPH JaHHOW TeMIepaType;
¢ynknuio (G — HO)/ T. MexbsaaepHble pacCTOSHUS M XapaKTepUCTHUECKHE (QYHKIUU CO-
OTBETCTBEHHO PaBHBI:

In-o = 1,197A% ZONO = 134°15/, 0, = 1899; 0, = 2327,9, 03 = 1079,

3. Komnnexkm mecmoguix 3a0anuii 011 RPOMENHCYMOUYHO20 KOHMPOJIA 3HAHUH
Tect Ne5: «J1eMeHTHI CTATHCTHYECKOI TEPMOAUHAMHUKI)

1. BuyrpenHwow sHepruto uaeanbHoro raza (U—Up) ¢ cymmoii cocTosiHuii Z CBSI3bIBacT
bopmymna:

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

6) U-U° = RT(6InZ/dT)1;

B)U-U° = RT2(SInZ/6T)v.

2. [Tpu HarpeBaHUM TEIIOEMKOCTh PacTeT OBICTpee, T. €. JOCTUTAET KIACCHYSCKOro mpeaesa
paBHOTO Benn4rHE R. mpu Oosiee HU3KOM TeMIepaType JUIs:

a) Cly;

0) Oz;

B) F2.

3. TerutoeMKOCTh Ta3a B UJCATHLHOM COCTOSHHU IpPH MOCTOssHHOM oOBveme Cy ¢ cymmoii co-
CTOsiHU Z cBs3bIBaeT popmya:



a) Cy= 2RT (dInZ/5T)y + RT3(8*InZ/5T%)y;

6) Cv=2RT (5InZ/6T)p + RT3(5*INZ/5T)p;

B) Cy = 2RT (5InZ/0T)7 + RT?(64InZ/6T?)7.

4. Jlns BBIYUCIICHHS KojeOarenbHO# cocraBismomieir suepruu ['enpmroasia (F—Fo) nByx-
ATOMHOTO Ta3a MpH JaHHOW TeMIlepaType U JaBICHUU CTATUCTHYECKUM METOJOM HEOOXOAMMO
3HATh!

a) XapaKTEePUCTHICCKYIO TEMIIEPaTypy;

0) 4acTOTy BHYTPUMOJIEKYJISIPHBIX KOJICOAHUH;

B) 00J1aCTh IOTJIOIICHUS.

5. TemnoemkocTu npu nocrosinaom gasienun Dy, HD, Hy u HC1 pu 1000 K cooTBeTcTBEHHO
paBubl 31,66; 30,71; 30,59 u 31,24 J[/monb-rpazn. [locienoBarebHOCTh BO3pacTaHHUS Xapak-
TEPUCTUUYECKOI TemrepaTypsl :

a) HD;

0) D2,

B) Ho>.

r) HCI;

6. Duransnuio uneansuoro raza (H—Hg) ¢ cymmoit cocTosinuit Z cBsa3siBaet Gpopmyna:
a) H—H°=RT [ 1+ T (InZ/6T)p];
6) H—H°=RT[1+T (5InZ/6T)];
B) H-HY=RT [ 1+ T (6InZ/6T)q].

7. BpamaTtenbHyl0 COCTABJISIONIYI0 CYMMBI COCTOSTHUM ¢ TTapaMeTpaMu COCTOSTHUSI U MOJIEKY-
JIIPHBIMHU KOHCTAHTAMU IBYXATOMHBIX MOJICKYIJI CBA3BIBACT Q)opMyna:

a) Zep = iIT/h%;

6) U-U° = RT2(SInZ/6T)p;

B) Zep = 87°IKT/h’6.

8. BoyiHOBBIE Unca BHYTPUMOIICKYJISIPHBIX KoJieOaHUi cepoBogopoaa paBHbl 2722, 2739 u
1214 cm™. Tlocne0BaTENbHOCTD BOTHOBBIX YHCEN B TIOPSIKE YOBIBAHMS BKIAA:

a) 2739 cm™.

6) 1214 cm™;

B) 2722 cm™;

9. I'maBHBIN HETOCTATOK KJIACCUUYECKON TEOPUH TEIMJIOEMKOCTH B TOM, YTO:

a) He J1aeT 00bSICHEHHS HKCIIEPUMEHTAIIbHON 3aBUCUMOCTH TEINIOEMKOCTH OT JIaBJIECHUS;

0) He 1aeT 0ObACHEHUS SKCIIEPUMEHTAIBLHON 3aBUCUMOCTH TEIJIOEMKOCTH OT 00beMa;

B) HE J1aeT O0BSICHEHUS SKCIIEPUMEHTAILHON 3aBUCUMOCTH TEIUIOEMKOCTH OT TEMIIEPaTyphl.

10. CymMa cOCTOSTHUM OT TeMIepaTyphl:
a) 3aBHUCHT;

0) HE 3aBHUCHT;

B) YMEHbIIAETCS;

T') yBEITMYUBAETCSI.

11. Duepruto ['n66ca (G—G0) c cymmoii cocTosiHUM CBsI3bIBaeT hopMyia:
a) G- G’=-RT(1 - In2);

6) G — G’ = RTInZ;

B) G- G’ =RT(1 - InZ).

12. XapakTepuctuueckas KojiebaTeapHas TeMIepaTypa OT TeMIepaTyphl rasa:



a) 3aBUCHT;

0) HE 3aBUCHT;

B) YMEHbIIAETCS;
T') yBEIMYUBAETCSI.

13. XapakTtepuctuueckas kojebaTeabHasi TeMIepaTypa ONnpeensaeTcs:
a) TeMI0EMKOCTHIO;

0) ra30BOM MOCTOSTHHOM;

B) YaCTOTON BHYTPUMOJIEKYJIAPHBIX KOJIeOaHUN

r) nocrostHHoM I1nanka.

14. Ecnu u3BecTHA TOJIBKO BEJIIMYMHA CYMMBl COCTOSSHUM JUIsl JaHHBIX YCJIIOBHMMH, HO OTCYTCTBY-
€T YpaBHEHHUE 3aBUCUMOCTH CYMMBI COCTOSIHUM OT TEMIIEPATypbl, TO MOKHO PaCCUUTATH:

a) U—Uj;

0) H—~Ho;
B) S;

r) F—Fo;
11) G—Go.

15. ITpu noBbIIIEHUH TEMIIEPATypPhl YUCIIO MOJIEKYJI Ha HYJIEBOM K0JIe0aTeIbHOM YPOBHE:
a) HE U3MEHUTCS;

0) yMEHBILIUTCS;

B) YBEJIMUUTCSL.

16. CormnacHo KJ1acCHYECKON TEOPUU OJHA CTEIIEHb CBOOOIBI MOJIEKYJISIPHOTO JBUKEHUS TACT
BkJaas ([x/Monp-K) B 00111y10 H30XOPHYIO TEMIOEMKOCTh rasa:

a) R;

0) 1/2R;

B) R

17. TloctymarenpHasi COCTaBISAIONMIA CYMMBI COCTOSHUH JUIsl Ta3a B WICATBHOM COCTOSHUA
orpezensercs:

a) aTOMHOW Maccoif;

0) MOJIEKYJISIPHOM Maccou;

B) JIaBJICHUEM;

I') TEMIIepaTypoi;

1) 0OBEMOM.

18. DieKTpoHHAS COCTABIISIOMIAs CYMMBI COCTOSIHHI, €CJIH AJIEKTPOHBI He BO30YKICHBI paBHA:

a) Zan = gl,am;
6) Zan = gO,am;
B) Zan = 92,3n-

19. KonebatenbHast cOCTAaBASAIONMIAasE CYMMBI COCTOSIHMM OT 4acTOThI KoJieOaHUIl aTOMOB B MO-
JeKyJie P JaHHOW TeMIeparype:

a) 3aBHCHT;

0) HE 3aBUCHT;

B) ueM OoJIblIIe YacToTa KojeOaHuii, TeM O0JIbIlle CyMMa COCTOSIHHIH;

r) ueM OoJibllle YacToTa KoieOaHuil, TeM MEHBIIE CyMMa COCTOSIHU.

20. YOsIBaromas mocjae10BaTeIbHOCTh KOJIMYECTBEHHOTO COOTHOIICHHUS BEJTMUUH AJIEKTPOHHOMH,
MOCTYIATEeNbHON, BpalaTeIbHON U KOJEeOATENbHOW COCTABISIOIIMX CYMM COCTOSHUHM JUISl JIBYX-



aTOMHOM aTOMHOM MOJIEKYJbI IIpU KOMHATHOM TeMIepaType, €CIM OCHOBHOHM JJIEKTPOHHBIN
YPOBEHb HE BBIPOXKICH:

a) Zxone6;

6) ZBpam;

B) Zuocr;

F) Z3J'ICKT-

21. DHTpOMHUIO Ta3a ¢ CYMMOMW COCTOSIHHI CBsI3bIBaeT popmyna:
a) S = RInZ + RT(dInZ/oT)y;

6) S =RT(dInZ/6T)y;

B) S = RInZ + RT(8InZ/6T)p.

4. Konmponavnas padoma Ne5 no meme: «Jiemenmol Cmamucmuieckoi mepmoOuHamMuKu»

Bapmuanr 1

3aoanue 1. Paccunrarh KoHCTaHTy paBHOBecus peakiuu CO + 1/20, = CO; ipu 1000K,
€CJIM U3BECTHO, YTO MOJIEKYJIbl YYacTBYIOIIME B PEAKIWHU, JIMHEUHBI. MexbsiaepHbIe
PacCTOSIHUS U BOJIHOBBIC YHCJIa COOTBETCTBEHHO PaBHEL: lco = 1,128A0; wco =2170 oM
|02 = 1,207A0; 02 = 1580 CM-l; ICOZ = 1,130A0; m1co2 = 1389 CM-l; mocoz2 = 2350 CM-l;
M3c02 = Wacoz = 668 CM_l; AHO = - 66769 xai/ MOJIb.

Bapuant 2

3aoanue 1.1 BemectBa HCN onpenenuts nipu temneparype 298K u nasiennun 101,3
klla: cocraBistomiue CyMMBI 110 COCTOSIHUSM (TIOCTYNAaTEIbHYIO, BpalllaTesIbHYI0, KOJje-
0aTeNbHYI0); OOIIYI0 CYMMY 10 COCTOSIHHMSIM; COCTABIISIOLINE BHYTPEHHEH SHEpruu (110-
CTYIATENbHYIO, BpalllaTeNIbHYI0, KOJIeOaTeIbHYI0); (U-UY%):; cocraisirowye TemioeMKo-
cTd (MOCTYIATEIbHYIO, BpallaTeIbHYI0, KOJEOATENIbHYI0); COCTaBIIAIONINE SHTPOIUU
(moctynarenbHy0, BpallaTelbHy0, KojaeOaTeabHyI0); SHTPOIIUIO NIPU JaHHOM Temnepa-
Type; pynkmuto (G — HO)/ T. JlaHHBIE O T€OMETPUUYECKUX MTapaMeTpax MOJIEKYJIbI, O Ya-
cToTax KoJIcOAaHHWH W CTEHCHSX BBIPOXKICHHUS KOJeOaHUil B3ATh M3 CIPaBOYHHKA. ly.c=
1,06A% o1h.c = 2000 em™; len= 1,16A% ©; = w3 = 729 em™; w4 = 3451 cm™. Monekyna
JIMHEWHA.

Pazoen V1. Xumuueckan kunemuka
Tema 6.1. Ckopocmb Xumuueckoui peakyuu.
3asucumocms ckopocmu peakyuu om memnepamypul

1. Bonpocwt k ycmuomy onpocy

1.
2.

3.

B

~

UTo MOHMMAIOT MOJT TEPMHUHOM XMMHUUYECKas KuHeTuka? Yto oHa nzydaer?

B yewm 3akirogaercs KWNHETUYECKUN KPUTEPUI peaKlIMOHHON CITIOCOOHOCTH XUMUYECKON
CHCTEMBI?

UTo Ha3bIBAIOT CKOPOCTHIO XUMUYECKON pPeaKIiu (CpeHEl 1 MTHOBEHHOH ), OTUEro OHa
3aBucUT? Kak U3BMEHSIOTCS CKOPOCTh XMMHYECKOW pEeaKIINi U KOHIIEHTPAIINH pearupy-
IOIUX BelecTB Bo BpemeHu? [IpuBenute rpaduueckre 3aBUCUMOCTH.

3aga4u ¥ METOJbI UCCIEAOBAHUS CKOPOCTEN XUMUYECKUX PEAKIIUH.

UTo Takoe MOJEKYJISIPHOCT U MOPSAOK XUMHUUeckoi peakiuu? [1o kakoMmy mpu3HaKy pe-
aKIMU pa3IeISItOTCs Ha TOpSIAKA? B yeM oTiinmdmre MOJEKYIsIpHOCTH OT mopsiaka?
Kakumu crmocobamMu MOXKHO ONpenenuTh mopsaok peakuuu? I[lpuBenute ypaBHEHHS U
rpaduxu.

UTto Ha3bIBAIOT NEPHUOJIOM MOJIYIPEBPAILECHUS BEIIeCTBA?

UTo moHMMAIOT MO MEXaHU3MOM XMMHUYECKOW peakuuu? [laiiTe XxapaKTepUCTHKY MpO-
CTBIX M CJIIOKHBIX peakuuil. [Ipusenure npumepsl.

[IpuBenuTe BHIBOJ KMHETHYECKUX YPABHEHHH U TpaUUecKre 3aBUCUMOCTH YpaBHEHUU



peakluii HyJlIeBOro, MepBOro, BTOPOr0 U TPETHEro MOpsiAKOB? BO3MOXKHBI M peakuuu
JIPYTUX MOPSAIKOB?

10. Kakass U3 OJHOCTOPOHHHMX pPEaKIMi 3aKaHYMBAETCs OBICTpee MPH OJUHAKOBBIX HC-
XOJHBIX KOHUEHTPAUUsAX U OJMHAKOBBIX KOHCTAHTAX CKOPOCTHU: peakuus 1-ro, 2-ro wiu
3-ro mopsiaka?

11. IIpuHATO CUUTATh, UTO MOPSAOK PEAKIMH SBIISETCS OTPAKEHUEM MEXaHHU3Ma ee IMpoTe-
kaHus. [losicHUTE 3TO NOJIOKEHHE.

12. Kak BnusieT TemmepaTypa Ha CKOPOCTb XMMHYECKON peakiuu. MaTemaruyeckas u rpa-
¢dudeckas 3aBUCUMOCTh KOHCTAaHTBI CKOPOCTH XHMHUYECKOW PEAKIUU OT TeMIIepaTyphl.
Kak no norenmanbHoMy 6apbepy OLICHUTh BETUYMHY SHEPTUU aKTUBALIUN?

2. Jlabopamopnasa pavoma Nel8 «Kamanumuueckoe énuanue uonose meou (1Nu scenesa (1)
Ha CKOPOCHb OKUCTIEHUA H0008000POOHOU KUC/IOMbL REPCYIbHamom ammoHus»

L]env pabomul: N3y4nTh BIUSHUE KaTAIU3aTOPOB HA CKOPOCTh XUMHUECKOM PEAKIIMH.

Ipunyun memooa. Peakuus OKHCICHHS WOJIOBOJOPOTHON KUCIOTHI MepCyinbpaToM am-
MOHHMS IPOTEKAET MEIJIEHHO.

(NH4)28208+2H| — 2NH4HSO, + |,

CKOpOCTb 3TOH peakuuu U3MEPSIOT 110 KOJIMYECTBY MOJ1a, BBICISAIOMIETOCs B €IUHUIY
BPEMEHHU, WIH IO MPOMEKYTKY BPEMEHH OT MOMEHTAa CMELIEHHs] PaCTBOPOB JI0 Hayajla BblJe-
JaeHus uona. BeaeacTBue Toro, yTo MoA ciaabo OKpalluBaeT pa3daBieHHBIE pacTBOPHI, K pea-
TUPYIOLIEH CMecH MpeIBapUTEIbHO IPUOABISAIOT pacTBOP Kpaxmaia, KOTOPbIH C UOJIOM JaeT
CHUHEE OKpallliBaHUE.

OxwuciieHue MOI0BOJOPOJHON KHUCIIOTHI MepCyib()aToM aMMOHHS MOKHO 3HAUYUTEIBHO
YCKOPHUTb BBEIEHUEM B pEarupyrolly cMecb HOHOB MEJIH U JKeJle3a.

B ananutHueckoil XMMHUM OCHOBHOM PEAKIIMEN MOJTOMETPUUECKOTI0 METONa TUTPOBAHUS
MOXET OBITh CIEAYIOIIAs:

I+ 2NayS,03 = 2Nal + 2NayS406

OkoHYaHME peaklIMM yCTaHaBIMBAIOT B MPUCYTCTBHM pacTBOpa Kpaxmajia I0 Hcues-
HOBEHUIO CHHEN OKPACKH, BBI3BAHHOM B3aUMOJCHCTBUEM MOJA C KPAXMAJIOM.

Annapamypa u peakmugwl: TepmocTar Ha 25°C, necsaTh MIOCKOAOHHBIX K00 Ha 300
CM3, ceMb KOHHYECKHX K010 Ha 250 CM3, nunetku Ha 20 CM3, 4achbl C CEKYHIIOMEPOM;
Kl, cyxas conb; MeaHbIi Kynopoc, xene3Hslii kynopoc, 1 M pactBop H2SO4.

Ipucomosums pacmeopwi: 0,1 M (NH,4)2S,0s; 0,12 M. KI; 0,025M H,SOy; 5-10*M men-
HOTO KYIIOpOca; 6,7-10" M sxenesnoro kynopoca; 0,01 M Tuocynedara HaTpus; Kpaxmasa
(CBEXENpPUTOTOBIEHHOTO).

Ilopaook évinonnenusn padbomaol

Onwvim 1. B tepmocTatr ¢ temneparypoit 25°C cTaBsT 1mIeCTh IIOCKOJOHHBIX KOJO
(1a 300 cM’), B KOTOpBI€ HAJIUTO: B niepByro0 — 250 cM® BOJIBI, BO BTOpYI0 — 250 e’ pacTBopa
nepcynb(ara aMMOHHs, B TpeThio — 250 cm® pacTBOpa HomMIa Kanms, B 4eTBepTyI0 — 250
CM~ pacTBOpa ceg)Hoﬁ KHUCJIOTHI, B msATyt0 — 250 oM’ pacTBOpa MEIHOr0O Kymnopoca M B Iue-
ctyro — 250 cM” pacTBOpa KeIe3HOro Kyrmopoca yKa3aHHBIX BBIIIE KOHICHTparui. OaHOBpe-
MCHHO CTaBSIT B CHET WJIM B TOJTUCHbII e CeMb KOHHYECKHX K010 Ha 250 cm, B KOTOpBIE
HaMUBaoOT 110 100 cM® BOBL.

ITocne Toro kak pacTBOphl B Koj0ax MpUMYT TeMIiepaTypy Tepmocrara (uepe3 40—50
MUH), U3 HUX OepyT mnumneTkaMu (He BbIHUMAas KOJOBI U3 TegMOCTaTa) U TEpEHOCAT B
CyXylo 4uctyro konOy Ha 300 cm® mocnegosatensro 100 em® Bogel, 50 v’ pacTBOpa
nepcyibdara ammoHus, 50 oM’ pacTBOpa cepHOM KUCIOTH U 50 oM’ pacTtBOpa noauaa Ka-
ausi. MOMEHT BJIMBaHHS pacTBOpa MOAMJIA Kajdus CYMTAIOT HA4alloM OMbITa, 110 YacaM OTMe-
gatoT BpeMs Tp =0. CMech B KosiOe pa3MemuBaOT U CTaBiAT €€ B TepMocTaT. Bece aTh ome-
panuu HaJ0 BHIIOIHATH OBICTPO.

Yepes 5, 10, 20, 30, 50 u 60 Mun mociie Havyana onbiTa OTOMparoT 1Mo 20 oM’ cMecH, He
BBIHMMasi KOJOBI M3 TEpMOCTaTa, BIMBAIOT KaXIyl0 MpoO0y B KOHHYECKYIO KOJOYy C OX-



JaXIECHHOW BOJIOM, 3aT€M THUTPYIOT PAcTBOPOM THOCYIb(}aTa HATPUS B MPUCYTCTBUHU pac-
TBOpa Kpaxmaya. B MoMeHT oT6opa npoObl NUMETKOW OTMEUaloT BpeMsl 1O 4acaM.

TutpoBaTh Hag0 OBICTPO. 3aMUCHIBAIOT KOJUYECTBO PacTBOpa THOCYIb(daTa HATPHS,
M3PacX0J0BAaHHOTO HA KaXXJ0€ TUTPOBAHUE.

Onbim 2. JIis TIOTydeHHs PEaKIMOHHON CMECH B CyXyl0 YHMCTyI0 KounOy Ha 300 cm®
BBOIAT 110 50 cM® BOABI U pPacTBOPOB MEIHOTO KYyIOpoca, CEpHON KUCIOTHI, IepcynbdaTa am-
MOHHUS U MOJUJA KaJiusi. 3aTeM MPOJEJIBIBAIOT TO K€ caMoe, YTO U B MEPBOM ombITe. TUT-
pytoT uepe3 3, 5, 10, 20, 40, 60 MmuH, cunTas OT MOMEHTAa NMPUOaBIEHUS pacTBOpa HOAUIa
KaJus.

Onbim 3. DKCIIEPUMEHT BBIMOJIHAETCA, KaK U BO BTOPOM ONBITE, HO BMecTO 50 oM’ pac-
TBOpa MEJIHOTO Kynopoca B cMech BBOAAT S50 em® pacTBOpa KEJEe3HOT0 KyImopoca.

Onvim 4. DKCHEPUMEHT BBINOJIHAETCS, KaK U B [IEPBOM OIIBITE, HO B CMECh BMECTO BO-
JbI BBOZUTCS 110 50 cM® pacTBOPOB MEIHOIO U KeJe3HOro kymopoca. Tutpyror uepes 1, 2,
3,5, 15, 30 muH, cunTas OT MOMEHTa MPUOABJICHUS pacTBOpa MOJAW/IA KaJTHs.

Oopabomka IKchepumeHmaibHvlX OAGHHBIX
1. Pe3ynbTarhl pacueToB M OMBITHBIE JaHHBIE 0(OPMIISIIOTCS B BUJIE€ TaOJIMIIbL:

KomunuectBo pactBopa Na,S;03, n3pacxogoBaHHOTO Ha TUTPOBAHHUE, oM’
Ne omrwiTa Bpems, Mun
1 2 3 5 10 15 20 30 40 50 60
1
2
3
4

2. IToctpouts rpaduku 3aBucuMocT «V (NaxS,03) — T» u caenaTh BBIBOJI O BIMSHUE KaTaau3a-
TOPOB Ha CKOPOCTh XMMHUYECKOHN PEaKIIHH.
Otuer o pabote (cM. ob1Ire TpeOOBaHUS).

2.Komnnexm 3a0au k meme 6.1.

1. Paznoxenue oxcuaa aszora (l) Ha NOBEpPXHOCTH 30JI0Ta MPH BBICOKMX TeMIeEpaTypax
npotekaer 1o ypaBHeHuto NoO — Ny + O. Koncranrta ckopoctu naHHo# peakiuu 0,0005 npu
900°C. HauanpHas koHueHTpauus okcuaa azota (1) 3,2 MOJIB/IM". Onpenenure CKOPOCTH
peaKkuu MpU YKAa3aHHOW TeMIEPAType B HAYaJbHBIM MOMEHT BPEMEHM M KOrJa IPOM30MAET
pasznoxenue 78% okcuna azora (1).

2. HaiineHo, 4To CpeiHss CKOPOCTh PAcXO0BaHUS 030HA B PEAKIIUU

203(r.) = 3032(r.) 32 HEKOTOPBII MPOMEXKYTOK BpeMEHHU paBHa 9,0 10 atm/c. Kakosa CKOPOCTh
oOpa3zoBanus O23a 3TOT IPOMEKYTOK BpeMeHH?

3. Onpenenute BpeMsi B TEUSHHH KOTOPOro mpopearupyer 90% MypaBBHHOTO ajbAETHIA, €CIH
cvemare npu 60°C 1 me 1M pacTBOopa Iepokcuaa Bojopona ¢ 1 m® 0,5 M pacTBOpa
MypaBbUHOTO anbaeruja. Koncranra ckopoctu peakiuu pasHa 0,7544 gl

4. Onpenenute KOHCTAaHTY CKOPOCTH PEAKIIUU

2Ag + (NH4)28208 %Agst4 + (NH4)2SO4

€CITM U3BECTHBI CIICTYIOIINE ONBITHBIC TaHHBIE:

BpEMs1, MUH 5 15 25 35
C (Ag2S0,), 0,00030 0,00041 0,00056 0,00076
MOJIB/ IM

5. Peaknus okcuaa azota (1) ¢ kucimopogom 2NO + O, = 2NO; siBisieTcs peakiueil TpeTbero
nopsiika. Kak W3MEHHTCS CKOpOCTh 3TOW peakiuM, eClId MOJIApHY KoHieHTpauuio NO
YBEJIUYUTH B 2 pa3a, a MOJSIPHYIO KOHIIEHTPALUIO KUCIopoaa — B 3 pasza?



6. CkompkO BpeMEHH MOTpPeOyeTCsl Ui OMBUICHHSI THAPOKCHAOM Hatpus 99% ykcycHo-
METUJIOBOTO 3(]upa, ecinu HadadbHbIE MOJSPHBIC KOHIIEHTparuu pactBopa sdupa 0,015, a
ruapokcuaa Hatpus 0,03 monb/am>? Korcranra CKOpPOCTH peakluu paBHa 2,5 n-Monb -mun ™

7. YCTaHOBJIEHO, YTO BEILIECTBO pa3jiaraercs Mo peakiuu nepBoro nopsaka. Eciau ussectHa KoH-
cranta ckopocti K = 8,6-10 ® ¢, To KaKoif mepro MOTYIPEBPALLICHAS HMEET 9Ta PeaKiHs?

8. Nmeercsa 5 mr panus C, nepuon noirypacmnajga Kotoporo pases 19,7 mun. Kakoe konnyecTBo
panusa C octanercs uepes 2,5 u?

Tema 6.2. Kunemuka cioxcHulx peakuyuit
1. Bonpocwl k ycmuomy onpocy
1. Yto noHUMAIOT 10 MEXaHU3MOM XUMHUUYECKON peakuuu? JlaiiTe XapaKTepUCTUKY MTPOCTHIX U
ci0KHBIX peakuuil. [IpuBenute npumepsl. Kitaccudukanus cioxXHBIX peakLud M0 MEXaHU3MY,
1o ()a30BOMY COCTaBY PEareHTOB. Y CIIOBUE HE3aBUCUMOCTH MPOTEKAHHMS.
2. IlapamnenbHble peakUUH MEPBOrO W BTOPOro HOpsAKoB. Ilokaxure BBIBOJ KUHETHYECKOTO
ypaBHEHHSI, IPEACTABbTE rPahUIecKyI0 3aBUCUIMOCTb, IPUBEIUTE IPUMEPHI.
3. Kunernka npycTopoHHMX (00paTiMbIX) peakimii. OOpaTuMble peakiiy MEPBOro U BTOPOro (J1Ba CIry-
Yast) MOPSIIIKOB: MMOKAKUTE BHIBOJ KMHETHUECKUX YPaBHEHUH, MPEICTaBbTE rpauyecke 3aBUCH-
MOCTH OIPEeNICHHUsI KOHCTAHT CKOPOCTEH, IPUBEAUTE IPUMEPBHI.
4. Kunernueckuil aHaIM3 MOCIEI0BATEIBHbIX PEAKIIMi (TpH CiTydasi): HOKaKUTE BbIBOJ KHHETHYECKUX
YpaBHEHMH, MpeACTaBbTe IpaduuecKue 3aBUCUMOCTH OIPEesIEHUs] KOHCTAaHT CKOPOCTEH, Mpu-
BE/IUTE TIPUMEPBHI.
5. ConpsbkeHHble peakii. CKOpOCTb U CPOJICTBO XUMHYECKOH peaKIyy.
6. TynnenupoBanue. Kunetndeckuii H30TOMHBINH dPQEKT.

2. Jlabopamopnasn padoma Nel9 «H3yueHue ckopocmu peakyuu iio0upo8aHus ayemona,

Llenv pabomul: B naHHOU paboOTe ClENyeT 03HAKOMUTHCA C METOJIOM O0TOOpa mpod mpu
M3Y4YEHUM KMHETUKU PEAKLUU U ONPEEIUTh CPEIHIO KOHCTAHTY CKOPOCTH, SHEPTUIO aKTHBA-
[[UU U TEMIEPATypHbIN KOI(PPUIIUEHT CKOPOCTH pPEaKIIUH.

Tpunyun memooa. Peaxkuust HoqupoBaHUsl alleTOHA MTPOTEKAET M0 YPABHEHUIO:

H+
CH3COCH3+ I, — CH3COCH I + H + I

[Iponiecc MpoxoauT aBTOKATATUTUUECKU, TaK KaK YCKOPSIETCS OJHHUM U3 MPOAYKTOB pe-
akuMu (MoOHaMHU BoJOpoAa). B oTcyrcTBuM MOHOB Bonopoaa (B HEWTpaabHOM pa30aBIE€HHOM
BOJIHOM PAcTBOpE) OH NPOTEKaeT O4YeHb MeICHHO. MoIupoBaHMe alleToHa NPOTEKaeT B JBe
CTaJuu:
1) oOpaTumasi peakiiusi SHOIHM3AIMHU Al[ETOHA

+

CHy——C—CH; ==CH3——C—CH,

|
0 OH

2) B3aMMOJIEUCTBUE 0/1a C YHOJIIBHOU (HOpMOii
CHS_C:CH2 + |2 — > CH3_C_CH2| +H" + I

OH O

[TepBas peakuust IpoTeKaeT MeJJIEHHO, BTOpas — ObICTPO M MPaKTUYECKH 10 KoHla. [ToaTomy
CKOpOCTb IIpOLIECCa ONPENENSAeTCS] CKOPOCThIO SHOJIU3ALMU alleTOHA, OHA MPONOPLHUOHAIbHA
KOHIICHTPALlMM BOJOPOAHBIX MOHOB, HO HE 3aBUCHUT OT KOHLEHTpALUMU Hona, T. €. B COOTBET-
cTBUHU ¢ ypaBHeHUsIMU (1) u (2):



%= Je(® ) (et ) (1)

1 c®(c%, +c
= oI e )

rie C°—HauanbHas KOHLEHTpALUs aneToHa; C¥,,—HavalbHas KOHLCHTPALUS HOHOB BOLOPO-

na; Cy— KOHLIEHTpAIHMs aleToHa, MOABEPIIIerocs NPEeBpalIeHUIO 3a BpeMs T (YObUIb KOHIICH-

Tpaluu); T — BpeMs OT HadyaJla peakiiy 10 JAaHHOTO U3MEPEHHUS.

Annapamypa u peaxmusbi: TepmocTar Ha 25°C, KOHHUECKHE KOIObI eMK. 250 cm® — 3
mT. (C mpoOKo# 1 mT.); Jea Wiau XOJIOAWIBHUK; MepHas koyida emk. 100 em® wn UUJIMH]IP €MK.
100 cv® - 1 mmr.; mumerkn emk. 10 1 20 em®; gack! ¢ CEKYHJIOMEPOM; TEPMOMETP U1 U3MEPEHUS
temnepatypbl oT 0 10 70 °C ¢ uenoit genenus 0,1°C; nunerka aJjisi BHECEHUA KpaxMmasa; HaBecKa
areToHa maccoi 1,5 r (i pacTBop)

Ilpuecomosums pacmeopwi: 200 em® 0,1 H. pactBopa nojaa B 4% pactBopeKl; 200 em® 1n.
pactopa HCI; 200 cm® 0,1 1. BogHOro pacreopa anerona; 200 cm® 0,1 1. pacteop NaHCOs; 250
oM’ pactBopa NaxS;03; 1% pactBop kpaxmana,

Ilopaoox evinonnenusn padbomuol

Xof peakuu KOHTPOJIUPYETCs MO aHaiIu3y Mpol, NePUOANYECKH OTOMPAeMBbIX B peak-
LUOHHOW CMeCH. YCTaHOBUTHb TEPMOCTAT Ha 3aJaHHYIO TeMmIeparypy. B mepHyro konly emk.
250 cM® mamute 25 oM® 0,1 H. pacTtBopa uoaa B 4%-nom pacteope Kl, nob6aButs 25 eM® 1 m.
HC1 (conepxanue KUCIOTHI MOXKET OBITH YBEJIMUYEHO WM YMEHBIIEHO IO YKa3aHUIO Mperoja-
BaTessl) M JIOJIUTh BOJOM 10 0ObeMa HHM)KE METKH IpuMepHo Ha 30—85 on’. Konly ¢ pabouum
pacTBOpPOM M JAPYTYIO KOJOYy € IUCTUUIMPOBAHHON BOAOM MOrpy3uTh B TepmocTtar. Crycts
15—20 muH B K010y C peakIMOHHOW CMechbio 100aBUTh mpuMepHo 1,5 r armeToHa (HaBecky
alleToHa OTBECHUTHh HA aHAJTUTUUYECKUX BecaxX B 3aKPHITOM COCYIE) WUIIU BIUTH 25 o 1 . BOJI-
HOTO pacTBOpa ameToHa. MOMEHT BIMBaHUS alleTOHa OTMETUThH Mo yacaMm. Ilocie BnuBaHus
areToHa 00beM pacTBOpa B Koj0e OBICTPO TOBECTH 10 METKU AMCTUIUIMPOBAHHOW BONOH, BHI-
Jep>KaHHOW B TepMoOcCTare, TUIaTebHO B300JITAaTh U TOTYAC OTOOpPATh CyXOW MUMETKON 25 oM’
npoOBl, OTMEYast STOT MOMEHT I10 YacaM.

3a Hauano peakuuu (t=0) OIpUHATH BpeMs BIMBAHUS alleTOHA B PEAKIIMOHHYIO CMECh.
Konly ¢ peakiinoHHON cMeChbIO 3aKpbITh TPOOKOM BO M30exkaHUE ylneTyduBaHus aretona. Oro-
OpaHHYIO0 TIpOOY BIUTH B KOJOy AJIS TUTPOBAHUS, COAEPKAIIYIO 25 em® 0,1 H. pactBopa Na-
HCOs;. Conepxxanmne nona onpenenars turpoBanuem 0,01 H. pactBopom NayS;03 B mpucyt-
CTBUHM KpaxMaia. 3a XOJIOM peakIuu HabIoaaTh Mo pe3ylbTaTaM oTOopa W aHaimu3a mpob de-
pe3 ompeereHHble TPOMEXYTKH BpeMeHU. Bo Bpemsi orOopa npod koiady M3 TepMocTara He
BBIHUMAaTh. B TeueHHe onbiTa peKOMEHIYETCs B3SITh HE MEHee CeMU-BOChMU TPOO.

Bropyto npoby otoOpats uepe3 10 MuH mocie mepBoi U Mo pe3yiabTaTaM TUTPOBAHHUI
OINpeAeTUTh BpeMs, uepe3 KOTopoe clieAyeT Oparh cieayromre npoosl. Pacxox runocynsdura
Ha KOKIYIO MOCIEAYIONIYIO MPo0y TOJDKEH U3MEHSThCs Ha 1—3 o,

[To xony peakuuu BpeMsi MEKy MOCIE€I0BAaTEIbHBIMU TUTPOBAHUSIMU MTOCTENIEHHO CJe-
IyeT yBEeNWYUBaTh (HampuMeEp, MEpBbIe TPU THUTPOBAHUA MPOBOAAT uepe3 10 mMuH, 3aTeM JBa
TUTPOBaHUsI — 4epe3 15 MuH, emie aBa TUTpoBaHUs — uepe3 20 MUH, U, HAKOHEI], OTHO THUT-
poBanue — depe3 25 MuH). UeM BbIlIe TeMIeparypa, MpH KOTOPOW MPOU3BOASATCS UCCICA0BA-
HUS, U 4yeM OOJIbIle COAepKaHNEe KUCIOThl B PEaKIIMOHHONW CMECH, TEM Yallle CIelyeT OTOuparhb
poOBbI.

Oopabomka IKchepumeHmaibHvlX OAHHBIX
1. ITo pe3ynbpTaTaM OMBITOB PACCUYUTHIBAIOT KOHCTAHTHI CKOPOCTH pEaKIUu i Temieparyp T1 u
T,. Pe3ynbTarhl pacyeToB U OINBITHBIE JaHHbIE 0QOPMIISIOTCS B BUJE TaOIHIIbI:



Taoanna

=
= | Bpems Bpewmst Kox-80 ° (CHj3),CO, ° (H), C., k
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2. Konuentpanus anerona C , onpeaensercs Mo ypaBHEHUIO:

c. = Ng — Ny . NNa25203 -K
: 25 2

rae N, — xoimmaectBo 0,01 H. NayS,03, m3pacxoqoBaHHOE HAa TUTPOBAHUE JTAHHOU MPOOHI, omS;
ny — xonm4uecTBo 0,01 H. Na;S,03, koTOpOE MOIKHO OBUIO ObI TOMTH HA TUTPOBAHUE B MOMEHT
Hayajga peakiluH, em®s N (NayS,03) — HopmansHOCTh pacTtBopa NaS;03; K — momnpaBka Ha
HOPMAaJIbHOCTb.
3. 3Ha4yeHMEe 1o MPAKTUYCCKH OTPEICINTh HE YIaeTcs, TaKk Kak OT MOMCHTA BIIMBAHUS aIleTOHA
10 MOMEHTA B3ATHS NEpBOW MPOOBI MPOTEKaeT 3HaUuTeNbHOE Bpems. [loaTomy ng onpenenstor
no rpaduky. s 3TOro Ha MIJITUMETPOBOI OyMare mocTpouTh rpaduk B KOOPAMHATAX 11— T»
U SKCTPAINOISALUEN NoJlydeHHOH npsMoi 10 1=0 HallTu ng.
4. Vcnonb3ysa pacueTHOE YpaBHEHUE U 3HAYCHUS ® %,., Cy u 7, BEIUKCIUTD KOHCTAHTY CKO-
poctu K, ompenenutb BeNUUMHY Kep, CPEAHEKBAAPATHYHOE OTKIOHEHHWE M JTOBEPUTENILHBIA MH-
TepBall.
5. [Tocne 3TOro0 ONMpenAenuTh BHIYUCIUTD TEMIIEPATYPHBIN KOI(DPHUIIMEHT 1 SHEPTUI0 aKTUBAIUU.
B otuete 0 pabore (cMm. oOmue TpeOoBaHus) 1aTh OTBET HA CIEAYIOIINE BOTPOCHI:

1. TloueMy ckOpOCTH peaklMu HOAMPOBAHUS all€TOHA HE 3aBUCUT OT KOHIIETIT-
pauuu itona?
J171st uero mpu TUTPOBAHUU MTPUMEHSETCS pacTBOp OMkapOoHara HaTpus?
[ToueMy peakiuio HoAMpPOBaHUS alleTOHA MOYKHO HAa3BaTh aBTOKATAJIMTHUECKOMN?
[Touemy HaBecky aleToHa HE00X0qUMO OpaTh Ha AHAIUTUYECKUX Becax?
Kakum eme MeTomoM MOXHO ObIIIO OBl KOHTPOJUPOBATH CKOPOCTH PEaKIUU
HonupoBaHus aneToHa?

O kown

4. Komnnexkm 3a0au x meme 6.2.
1.”. TIpu u3yueHnM KUHETUKU HUHBEPCHU TPOCTHUKOBOIO Caxapa
C1aHp011 + HyO 22 CoH1206 + CoHz05

[IPY MIOMOIIY TOJISIPUMETPa ObLTH TOTYyYEHBI TAKHE OTBITHBIC JAHHBIE:
BpeMsi OT Hadaya peakuuu, MuH 0 30 40 0
yToJI, O, TPaJl 37,2 31,5 29,8 -11,7
Paccuntarh cpenHee 3Haue€HUE KOHCTAHTBI CKOPOCTH PEAKIMM WHBEPCHH caxapa IMpH
yKa3aHHOW Temmeparype W Bpemsi 3a KoTopoe mpopearupyer 50 % BBeAeHHOTO B
pEeaxKIuio caxapa.



2. Ilpu mHBepcHH TPOCTHUKOBOTO caxapa CpelHssl 3HaueHHue KOHCTaHThI ckopoctu K = 4,12-10°
MHUH . Onpenenuth MPOIEHTHOE COJACP)KAHME caxapa, OCTABIIErOCsS B PEAKIIMOHHOM CMeECH
yepes 4,5 yaca OT Havajia peaKium.

3", Peakuus pasnokeHUs aMMMaKa Ha ropsdeil Boab(paMoBoii MpoBosioke mpoTekaeT mpu 1129
K o ypaBuenuto 2NH3 — N, + 3H; 3a CKOpOCThIO peakiyy CIASAMIN 10 IMOBBIIIICHUIO 00IIEro
nasienust AP = Pt — PO. C TedueHnem BpeMeHH JaBlIEHUE B CHCTEME IPH MOCTOSHHBIX 00beMe U
TEeMIIEpaType MOBBIIIAIOCH CIEAYIOLUIUM 00pa3oM

Bpewms, 1, c. 100 200 400 600 800

AP, T1a-10” 14,66 29,33 59,70 89,60 117,21
HauanbHOe naBieHHe B CUCTEME PaBHsIOCH 266,60 - 10 Ia. Onpenenure NOPSAOK PEAKIUN U
paccuuTaiiTe KOHCTaHTY CKOPOCTH (BMECTO KOHIIEHTPAIMi MOKHO OpaTh JAaBlICHUE).

4*. TIpu 583 K AsHs (ra3) pasnaraercs ¢ obpasosanuem As(t) u H,. Bo BpeMs peakuuu Ipu
MOCTOSIHHBIX O0beMe U TemIiieparype oOlee JaBjICHHE B CUCTEME H3MEHSUIOCH CIIEAYIOUINM

o0pazoM:
Bpewms, u 0 5,6 6,5 8,0
P,, [a-107 97,75 107,41 109,05 111,35

Onpenenure NOpA0K PEAKIIUU U BBIYUCIUTE KOHCTAHTY CKOPOCTH ATON PEAKIIUH.
5. Ilpu B3aumonetictBuu razoB NO, u CO, B3aTBIX B paBHbIX KoHIeHTparusax (0,5 MOJ'IL/L[MS),
npu 435 K uepes 1 wac Gbuio oGHapyxero 0,05 moms/am’CO,. IIpu Kakoil Temmeparype
kouecTBo CO, OyneT B 1Boe Ooubliie, eciiu SHeprus aktuanuu pasHa 123,42 xJ[x/mMonb?
6. PaBroe uncio mouell A u B mo6aBwin x 1 aM° moaxomsmiero pactBoputena. 3a 500 c
MOJIOBUHA A TpopearupoBalia B COOTBETCTBUU ¢ ypaBHeHueM peakiuun A+ B = C. Kakoe
kosmdecTtBOo A mpopearupyet 3a 800 ¢, ecinu peakiusi UMeeT: a) HyJeBOH Mopsaok mo A u B; 6)
NepBBIA TOPSAIOK 10 A 1 HyNeBoil o B; B) mepBbIit mopsaok mo A u o B?
7. Peakuus, umeroniasi BTOpoi opsJoK 1o peareHty A, 3a 350 mun npoxoaut Ha 50%. Eciou
[A]o = 1,35 MOJIB/J1, TO KAKOBO 3HAYCHUE KOHCTAHTHI CKOPOCTH 3TOW PeaKiuu?
8. Onpenenure TeMiepaTypHbIil KOA(OUIMEHT peaknuu ISIUKIN3aIUH [UKIIONPOIIaHa, €CITN
M3BECTHO, YTO IpH MOBkIIeHUE Temiepatypsl oT 750 1o 800 K ckopocTs peakuuu yBelInduBa-
ercs B 14,5 pas.
9. KoHcTaHTa CKOPOCTH peakuy JeTuApUpOBaHHs METUIIaMHHA PaBHA 5010% ¢t npu 913 K.
3a Kakoe BpeMs KOHIICHTpalus METUJIaMUHa yMeHbl1aeTcs B 2 paza? YeMy paBHO cpeiHee Bpe-
Ms1 )KM3HU MOJIEKYJIbl METUIaMHUHA?
10. s peakiuu pas3inoskeHus MapoB YKCYCHOT'O allbJeTH1a KOHCTaHTa ckopocTu pu 460°C =
0,035, a mpu 518°C — 0,343 (koHIIEHTpaIKs BhIpaXKeHa B MOJIb/JI, @ BpeMs — B ceK). OnpenenuTsb
SHEPTUI0 aKTUBAIIMH JIAaHHOW PEaKIIMU U KOHCTAHTy CKOpocTH ee mpu 486°C.
11. B o6patumoii peakiiun A<>b koHcTaHThI ckopocTu npsaMoit Kq u obpatnoit K 1 peakiuu
pasHbI 300 ¢ 1 100 ¢ . B HCXOIHOM COCTOSHHHU CHCTEMa COJIEPKUT TOJIBKO BEIECTBO A. 3a

KaKo€ BpeMsl €ro KOHIIEHTpalMs yMEHbIIUTCS B 2 pa3a’?
Ky

12. Koncranra paBHOBecHs 00OpatuMoli peakiunu A —— B paBHa 10, a KOHCTaHTa CKOPOCTH

npsIMOii peakin pasHa 0,2 ¢ OmpenenuTe BpeMs, 3a KOTOPOE KOHIIEHTPALNH 0GOHX BEIIECTB
JOCTUTHET PaBEHCTBA, €CIIM BHAYaJe B CUCTEME COAEPIKAIOCh TOJIBKO BEIIECTBO A.
Ky

13. O6patumas peaxiysi IepBOrO MOPAIKA A——B XapPaKTEPU3YETCs CIEAYIOUMMH JTAaHHBIMU:

MCXOJHAasl KOHIIEHTpanus BemecTtsa 4 pasHa 0,05 KMOJIB/M®, HiCXOTHAs KOHLIEHTpalus BEIIeCTBA
B paBna 0, KOHIEHTpalus BelecTBa A NpuU JOCTHXKeHUH paBHOBecus pasBHa 0,01 KMOJIB/M".
Omnpenenure oTHOLIEHHE KOHCTAHT ckopoctu K u Ko.

14. TlokasaTh, 4TO NpU HAIMYMH JIBYX MapaielbHbIX peakuuii A——B u A —C

SHEPTrUd aKTHBAlUH E CyMMapHOﬁ pCaKkiuu UCUC3HOBCHUA KOMIIOHCHTA A BBIPAXKACTCA 4Y€PC3

SHEPruM akTUBAMK E1 1 E7 NBYX MapalljieIbHbIX PeaKInil CIeAYIONINM 00pa3oM: E = ‘pf:i‘g

15* HapaHJ]CHBHBIe pceakunun K B XapaKTCPUIYCTCA CICAYIOIIUMHA JaHHBIMU: BbBIXOJ

D



BemecTBa B paBen 63%, a BpemMs IOJIOBUHHOIO NPEBPAIEHUS BEIIECTBA A 10 IPUBEACHHOU
cxeme cocrasiistetr 19 m. Haitnure 3Hauenus kouctant ckopocreit Ki u Ks.

16", Peakuus pasinosKeHUs H30MPOIMIOBOrO CIUPTa B NPUCYTCTBUM KaTaaM3aTopa TPUOKCUIA
BAHAAUS UJIET I10 CIAEAYIOLIEH CXEME:

GO
GHOd — GH
T ah
ITo xakOMy ypaBHEHUIO MOXKHO PaCCUUTaTh CyMMY KOHCTAHT CKOPOCTEM 3TUX peakuui
K1 + Ky + K3, ecnu kaxaas u3 peakiiuii KHHETUYECKH — IIepBOro nopsaka? Yemy paBHa KOHLIEH-
tpauus CsH;OH, ecnu yepes 4,3 ¢ npu Temnepatype onbita 588 K KOHIIEHTpallK BEIIECTB B
PEaKIIMOHHON CMECH CIEAYIOIINE (MMOJIL/):[M3): C(C3H70OH) = 27,4; C(C3HgO)=7,5; C(C3Hg) =
1,7; C(C3H6) = 8,19

K4 B
17. Peakuus mpoTEKaET MO CXeMe A/

e

Omnpenenure koHcTaHThl ckopoctel Ki n Ko, ecnu n3BecTHO, YTO B CMECH MPOJYKTOB peakluu
conepxutcs 35% BemecTBa B, a koHUEeHTpanus BewecTsa A ymeHbaercst Basoe 3a 410 c.
18. CxeMa pajMoaKTHBHOTO paciazia u3orona - Bi:

?9Bi (0,5 cyrok)— “° Po (138 cyrox)— “*Pb.
OnpesiennTe, Yepe3 CKONBKO JHEH COlepKaHie H30Toma ~ PO JOCTHIHET MaKCHMyMa.
19. TTocien0BaTeNbHbIE PEAKIMH THIIA 4 —— B ——C XapaKTEPU3YIOTCS CIEAYIOMMMH JaHHBIMH:
IpHU JOCTHXKEHUH MakCHUMyMa KOHIIEHTpaluu BemiectBa B orHomeHue KoHueHTpauuu Ca/Cp
CTAaHOBUTCS paBHBIM 4 : 5, a Bpems npeBpaienus Bemiecta 4 Ha 25% cocrasisier 85 c. KakoBbl
3HAYCHMsI KOHCTAHT cKopocTelt Ky u K>?
20. IMapamnensusie peakuuu A — B u 24 — B XapaKTepU3yIOTCS CISAYIOIMIMMHU JaHHBIMU:
CKOPOCTH 00€MX peakluil paBHBI MPU KOHLIEHTpALUU BemiecTBa A, paBHoii 0,2 KMOIIB/M>, a npu
KOHI[GHTpaIK BemectBa 0,4 KMOJIB/M® CKOPOCTh IpeBpamienns A cocraisier 0,24 KMOJIB/M -C.
Haitgure 3HaueHus KOHCTaHT ckopoctend Ky u Ka.

Tema 6.3. Teopemuueckue npeocmagienus XumMu4eckoii KUHEmuKu
1. Bonpocwl kK ycmuomy onpocy
1. Maremaruueckas u rpaduueckas 3aBUCUMOCTb KOHCTAHTbI CKOPOCTH XUMUYECKOW peakluu
OT TeMIlepaTypbl. TepMOIMHAMUYECKUN BBIBOJ BBIPAXKEHUs, ONKMCHIBAIOIIETO 3aBUCUMOCTb KOH-
CTaHTBI CKOPOCTH OT TemriepaTyphl. 3akoH Bant-I'odda, smmupruueckoe ypaBHeHHe AppeHunyca
JUISL DJIEMEHTApHBIX U MHOTOCTaJUMHBIX PEaKuil. 3aBUCUMOCTD MPEI3KCIOHEHINAIBHOIO MHO-
JKUTENS OT TEMIIEpaTyphl. [ paHuIbl NpUMEHEHNS YpaBHEHUsI AppeHnyca.
2. DHeprus akTHBAIUU MPOCTHIX U CIOXKHBIX peakuuil. Kak mo nmoreHnuasbHOMy Oapbepy olie-
HUTh BEJIMYMHY SHEPTUU aKTUBALMU? 3aBUCHMOCTb SHEPIMH aKTUBALlMU OT BHJA PEArupyIOLIUX
YaCTHIl M UX dHEpreTuyeckoro coctostuus. Kaxymascs, Habmonaemas 1 3pQGeKTUBHAS SHEPTUs
aktuBauuu. CyIIecTBYIOT JIM U KAKWE XMMUYECKUE PEAKIUHU, SKCIIEPUMEHTAIbHAS YHEPIrUsl ak-
THUBALlMM KOTOPBIX OTpULIATENbHA? 3a CYET YEro MPOMCXOAUT aKTUBALUSA MOJIEKYJ] B MOHOMO-
JEKYJSAPHBIX peakuusx? B ueM 3akirogaeTcsi OCHOBHON HEJIOCTATOK TEOPUM OMHAPHBIX CTOJK-
HOBEHMI1?
3. Teopus akTuBHBIX cTomKHOBeHHH xuMmudeckux peakiuii (TACXP). BeiBog 0CHOBHOTO ypaB-
HEHMS JUTIsi OMMOJIEKYJISIpHBIX peakuuii. YpaBHenue Tpayna-JIstonca. Dneprus akrubanuu TAC.
OCHOBHBIE TIPEANOJIOKEHHS, UCIIOJIb3YEMbIE TIPU BbIBOJIE ypaBHEeHUS Tpayua-JIstouca. CpaBHe-
Hue pe3ynbTatoB TACXP ¢ skcniepumenTom. Bo3zmosknbie nonpasku B TACXP. 'apniyHHbIe pe-
AKIIMH, IPUMEPBHI.



4. Teopus axtuupoBaHHoro komiekca (TAK). IloBepXHOCTP NOTEHLMANbHONH 3SHEPTUU
(IMMD) mna monexynsapHoi cuctembl. OcHoBHBIE ompeaenenus: [I13, monwHB peareHTOB U
IPOJYKTOB, IEPEXOIHOE COCTOSIHUE, CEIUIOBAsl TOUKA, IIyTh U KOOPAMHATA PEaKLUU, JHEPIHsl aK-
tuBanuu. [Ipasmwio Byasopna-I'opmana (3anmper mo cummerpuun). Metonsl onpeaenenus [1119:
TEOPETUYECKHUE U IKCIIEPUMEHTAIILHBIE.

5. Teopus aktuBupoBanHoro komiuiekca (TAK) Diipunra u [lonsuau. [IpuBenure maremarnye-
CKMH amnmapaT BbIBOJIa OCHOBHOrO ypaBHeHUs1 TAK — ypaBHeHUs DiipuHra ¢ TOUKHM 3peHUs cTa-
TUCTUYECKOH TepMoaAuHAMUKHU. OCHOBHbIE [OMyIIeHHs. TpaHCMUCCHOHHBIN KO3()PUIIMEHT.
[IpenskcnoHeHIHAIBHBIN MHOXKHUTEb.

6. Dneprus aktuBanuu TAK u onbITHas 3Heprus akTuBanuu. CBsI3b MEXy SHEPTUSIMU aKTHBA-
i TAC u TAK, cpaBHeHHE COOTBETCTBYIOMINUX KOA(POHUIMEHTOB U 00bACHEHHE (PU3NIECKOTO
CMBbICIIa AppEeHNYCOBCKUX MapameTpoB. OrieHka crepuyeckoro (akropa ¢ momombio TAK.

7. TepMOoIMHAMUYECKUHN TTOAXO/ JIJIsl OMIMCAHUSI KOHCTAHThI CKOPOCTH 10 ypaBHeHUI0 TAK.

8. DHTpoOIUs aKTUBAllMM XUMHUYECKOW PEaKIMH: ONpelesieHre, (PU3NYECKHl CMBICI, BEpOsT-
HOCTHBIN Xapaxkrep.

2. Jlabopamopuaa paboma Ne20 «HM3yuenue KunemuKu peakyuu KOMN1eKCo00pa3o6anus

I]envio paboTHhI SIBJIAETCS U3yUYCHUE KMHETUKHU PeakLuy KOMIIJIEKCOOOpa30BaHuUs OpraHu-
YECKOr0 peareHTa ¢ MOHaMu MeTaiuia (MO 3aJaHuIo IpernojaBaTelis) NpU pa3IMuHbIX TeMIepa-
Typax. J[jst JOCTH)KEHUS TOCTaBICHHOH L€ He00X0IUMO:

a) npurotoButs 0,001 M pacTBOpbl OPraHNYECKOro peareHTa 1 CoJId MeTaia;

0) Ha BHIOpAaHHOM AHAJIUTHYECKOW JJMHE BOJHBI (OTOMETpA U3YyYUTh U3MEHEHHE ONTHYECKOU
IUIOTHOCTU PACTBOPOB BO BPEMEHU AJis Temneparypsl 295 u 278 K;

B) IOCTPOUTH U30TE€PMBbI PEAKIIMI B KOOPAMHATAX «ONTHYECKAs INIOTHOCTh — BPEMsI»;

T') ONIPENIEIUTh TPAPUUECKUM ITyTEM MOPSIOK PEaKIH;

1) 1751 BBIOPAaHHOTO MOPsiIKA paccuuTaTh JJs JABYX 3HAUEHUH TeMmIrepaTyp KOHCTaHTBI CKOpO-
CTEW peaKUHnii;

€) paccuuTarh rpaUyecKuM MyTeM 3HEPrui0 aKTUBALMK U JOrapu(pM Npea3KCIOHEHIUAIBHOTO
¢dakTopa B ypaBHEHUU AppeHHycCa;

) paccUMTaTh U3MEHEHUE SHTPONHMM U BEIWYMHY U3MEHEHUS M300apHO-U30TEPMUYECKOrO IO0-
TEHIMaJla PeaKIUi KOMIIJIEKCOOOPa30BaHHUS.

Ilpunyun memooda. 1lpu npoTekaHNM peakMi B3aUMOJIEHCTBUS MHOTHX, METAJITIOXPOM-
HBIX UHJIUKATOPOB (OPraHWYECKUX PeareHTOB) C METa/llaMU BHEIIHEM IPOsBIEHHUEM 00pa3oBa-
HUSl KOMIUIEKCHOTO COEIMHEHNS SIBJISETCS N3MEHEHNE ONTUYECKON TUIOTHOCTH pacTBopa. Yacrto
CKOPOCTH PEaKIUil yJaeTcsl IpOCIeIuTh ¢ UCIOJIb30BAHUEM CIIEKTPOPOTOMEPUHN UK (IIyopH-
METPHUH.

Annapamypa u peaxmugvi. OpraHnyecKUe peareHThl: KCUJIEHOJIOBBIA OpaHKEBbIM, Me-
TUJITUMOJIOBBIM CUHUH, MUPOKATEXUHOBBIN (PHMOJETOBBIN, CYIb(PO(HEHNIA30XPOMOTPOITIOBAsT KHC-
nora (CITAH/C), amomunon, xpomasypon — C, rawmon — UPEA, marneson — Il u nap.;
IIOMOKAJIMEBbIE KBACLBl, CylIb(aT adloMUHUA, Cyxue coiu; OydepHsie pactBopsl ¢ pH 5, 6, 7
aneTaTHOAMMOHMIHbBIE ¢ HOHHOM cuiioil 0,1; cekyHaoMep, TEpPMOMETPHI Ul UHTEpBaJla TeMIIe-
paryp 0-50°C; npoGupku emk. 20 cM® — 10 mT.; KoIGbl KOHHYECKHE eMK. 250 cM>; KOObI Mep-
Hble emMK. 100 cm™; OropeTka eMk. 50 oM’ kpuctaum3atopsl eMk. 1000 umu 2000 oM’ dboTomeTtp
WIN CIIEKTPO(OTOMETp JIF0OOOH CUCTEMBI C KIOBETaMH JIMHOM | mimu 2 CM>; XOJIOMIBHHK GBITO-
BOH; JIe.

Ilopaook evinonnenusn padbomaol

[Tpurorosuts 100 cM® BOJIHOTO pacTBOpa OpraHMYECcKOro peareHTa (1o 3aJaHulo Mperno-
nasarensi) u 100 cM® CONH ANIOMUHUS C KOHIIEHTpaLUSIMU 10° M. JloBectu TEMIIEPATypPy BCEX
pPacTBOPOB /10 KAKOTO-TO OMPEIEIECHHOr0 3HaueHus1, Hanpumep 1o 22, 24 uwium 25°C. CMmemarb
1,0 em® pacTBOpa OpraHM4YecKoro peareHra u 9,0 o’ OydepHOro pacTBopa ¢ ONTUMAIBHBIM 3Ha-
yenneMm pH kommnexkcooOpasoBanus (Hanpumep, pH 6,0), TiatensHo nepemeniaTte U U3MEPUTH
ONTHUYECKYIO TUIOTHOCTD MOJYYUBUIETOCS] paCTBOPA IIPU JUIMHE BOJIHBI M3YyUEHUS! PEAKLIMU KOM-



TIEKCO0OpazoBaHus (HapUMep, peakius KCHICHOIOBOTO OPaHKEBOTO C aIFOMHUHHEM U3ydaeT-
cs ipu 560 HM). BHectn B 1,0 cM™ oprannyeckoro peareHra 2 oM’ pacTBOpa COJIM ATFOMUHUS U
foBecTH 06BbeM pacTBopa 10 10 cM® GydepHBIM PacTBOPOM C ONTHMAIBHBIM 3HadeHHeM pH
KOMIUIeKCcOooOpazoBanus. Yepe3 15 MUH U3MEPUTH ONTHYECKYIO TIIOTHOCTh PAcTBOPA MPH JUIUHE
BOJIHBl M3y4YEHHs KOMILJIEKCA C alIOMUHMEM 0003HadarTcs Ao U Ay, (HyleBoe U IpeleiabHOe
3HAYCHHS).

B kioBeTy (potomerpa BHecTH 1,0 M > pacTBOpa OpraHHYEeCKOro peareHTa, a B IpoOHpKY
eMk. 20 em® — 2 em® pactBopa coyid aintoMuHusg u 7,0 oM’ O0ydepHoro pactBopa ¢ ONTUMAIbHBIM
3HayeHneM pH kommiexcooOpa3oBaHus. YCTaHOBUTH MOKa3aHUs (OTOMETpA MO BOJAE Ha HOJb,
Jlajiee YCTAaHOBUTDH KIOBETY C PACTBOPOM peareHTa, ObICTPO MPHINThH U3 MPOOUPKU PACTBOP COJIU
MeTauia B OyepHOM pacTBOpe U OAHOBPEMEHHO BKJIIOUUTH CeKyHIomep. Uepes3 Kaxipie 5 ce-
KyH/I 3allChIBaTh 3HAYEHUS ONTHYECKHUX IUIOTHOCTEH pacTBOpa M M3MEPEHUs NPOAOJKATH J10
T€X IOp, [10Ka ONTHYECKAsl IUIOTHOCTh M3y4yaeMOr'0 pacTBOpa HE CTaHET PaBHOM WM OJU3KON
3HAYEHUIO App.

Bropas cepus onbITOB aHAJIOIMYHA MIEPBOM, TOJIBKO BCE PEAreHTHl U KIOBETHI HEOOXO1U-
MO OXJIQJIUTh B XOJIOAWIbHUKE A0 TemrepaTypsl 4 — 5°C u mpojenaTh ONBITHI, KaK OMUCAHbBI
BEIIIIC.

Oopabomka IKcnepumenmaibHvIX OAGHHBIX
1. ITo moMy4YeHHBIM IKCIIEPUMEHTAIBHBI JAHHBIM ITOCTPOUTH U30TEPMbI B KOOPJAMHATAX «OIITH-
yeckasl MJIOTHOCTh — BpeMsi», Jajiee rpaduuecku ompeAeNnuTh MOPSA0K peakluu Mo HU30TepMe
JUIS KOMHATHOM TeMIEepaTyphl.
2. Tlopsaok peakiuu OmpeAeseTcss ClAeAyIoUMM 00pa3oM: CTposAT rpaduku B KOOpIMHATAX
«1orapu(m ONTHYECKOM TIIOTHOCTH — BPEMSI», JIJISl BBIACHEHHS] BOZMOXXHOCTH IIPOTEKAHUS peak-
uu nepBoro nopsaka. «O0paTHas BeMYMHA ONMTUYECKOM IUIOTHOCTU — BpeMs» (Al BTOPOTo
NOpsAJIKA) U «oOpaTHas BEIMUYMHA KBaJpaTa ONTUYECKON IJIOTHOCTU — BpeMs» (ISl TPEThEro Mo-
pAIKa).
3. Ilo HaliiIeHHOMY MOPSAKY C UCIOJIb30BAHUEM, COOTBETCTBYIOLEIO0 KUHETUUECKOTO YPaBHEHUS
PacCUMTHIBAIOT KOHCTAHTHI CKOPOCTEW peakuuid. Jlyis pacyera KOHCTAHTHI CKOPOCTH pPEaKIUU
NIEPBOIO MOPSAIKA UCIOJIB3YIOT ypaBHEHUE!

1 a
K=—In——vm
T a—x
JInst pacuera KOHCTAHTBI CKOPOCTH PEAKIUU BTOPOIO MOPSAAKA UCIOJIB3YIOT YPAaBHEHHE, B
KOTOpOM KOHI_ICHTpaI_II/II/I BBaHMO,Z[eI\/’ICTBYI-OH_II/IX KOMIIOHCHTOB paBHLII

1 X

ta-(a—x)
rJie a — KOHIIEHTPAIUs UCCIEIYEMOro MeTaia-KOMIUIEKCO00pa3oBaresisi B HaYalbHbIii MOMEHT
BpEeMeHH (To);
X — KOHIICHTpAI[Hsl TPOPEarnpOBaBIIEr0 MeTallIa-KOMILIEKCOO0pa30BaTeNs WM KOHIEHTPAIHs
00pa30BaBIErocsi KOMIUIEKCHOTO COSIMHEHHSI K MOMEHTY BPEMEHH T OT HaJalia PeaKiiu.

Bo Bcex ciydasix BMECTO 3HAYEHHI KOHIICHTPAIMI HUCIIONB3YIOT BETHYHUHBI ONTHYECKUX
IJIOTHOCTEH:

K=

1 Ai‘{p 1 A
K==ln—— K=——7"
T App—A T A,?p(Anp—A)
rae A,p, — IPeAenabHOE 3HaYEHUE ONTUYECKON IIOTHOCTH, COOTBETCTBYIOIEE a; A — 3HaYEHUS
ONTHUYECKUX TUIOTHOCTEN HA BOCXOASIIEH BETBU U30TEPM, KOTOPHIE COOTBETCTBYIOT 3HAYEHUAM
X; T— BpeMs OT HavaJla pEaKLHH.

Jns xaxxknoro 3Hadenus temreparyp T1 u T mporecca paccuuTaTh HECKOJIBKO BEJIMYHH
KOHCTAHTBI CKOPOCTU PEAKLHUH, HAUTU CPEIHEE 3HAUYECHUE, CPEIHEKBAJAPATUYHOE OTKIOHEHUE U
JIOBEPUTEIIbHBIA MHTEpPBaJ. Pe3ynbTaThl pacuyeToOB W ONBITHBIC JaHHBIE OPOPMIISIOTCS B BHUJC
TaOJIUIIBL.

Taoauna



Ne
OIIbITA

3HayeHus
ONTHUYECKUX INIOTHOCTEN Ha
BOCXOJAIIEH BETBU

Bpewms ot Hauana peakuuu
KOMILIEKCOOOPa30BaHus,
7j MUH

KoucranTter
CKOPOCTH,
-1
K MUH

n30TepMm, A

temnepatypa T1, K

| | |

temnepatypa To, K

| | |

4. PaccuuThIBalOT JHEPTUI0 aKTHUBALMU M JIOTapudM NpeadKCIOHEHIHaIbHOro (akTopa B
ypaBHEHUU AppeHnyca rpaguuecKiuM METOI0M, UCTIONb3Ys CPEeIHUE 3HAYCHHSI KOHCTAHT CKOPO-
CTHU IpHU JIBYX Temmneparypax Ti u To.

5. PaccuuTarh H3MEHEHHS SHTPOITMU aKTUBAIIUU PEAKIIHH.

6. Paccuutarh H3MeHEHHE U300apHO — U30TEPMUUECKOr0 MOTEHIIMAIa MPU U3y4aeMbIX TeMIIe-
parypax. Otuet o padore (cMm. obiue TpeOOBaHUS).

3. Jlabopamopnasa paboma Ne2l «H3yuenue ckopocmu peakyuu paszioxnceHus MypeKkcuoa 6
Kucnoi cpeoe»

Ilens padomui: onipeneneHe KOHCTAHThI CKOPOCTH Pa3JIOKEHUsI MypeKcuia B KUCIION
cpelie mpu ABYX TemrepaTypax. Pacuer sHepruu v SHTPONUU aKTUBAIUH, BEIMYMHBI U3MEHEHUS
1300apHO-U30TEPMHUUECKOT0 IOTEHIIMANA PEAKIUH.

Ilpunyun memooda. B xucnoii cpene Mmypekcu (aMMOHUITHAS COJIb ITyPITYPOBOI KUCIIO-
ThI) pa3JiaraeTcsi Ha ypaMui U alIOKCaH 10 YPaBHEHUIO:

_ 5 . _
C/ \\C
HN/ % —N:C/ \NH
R .
NN /55 O
0 N o o N 0
H H
(@] O
! \
= 0
HN/ THe—NH, N NGH
> | + | | + NH,
C C C C
z X
N N TN Y,
ypaMHI AIUTOKG{H

ECJ'II/I KOHHGHTpaHI/ISI HNOHOB Boz[opo,ua CHF B KHHCTHUYCCKOM OIIBITC 3HAYUTCIBHO 60J'IB-
e KOHI_[CHTpaI_[I/II/I MypeKCI/L[[a, TO CKOpOCTB 3TOI>1 peaKLII/II/I OIIUCBIBACTCA KUHCTUYCCKHUM ypaB—
HCHUEM nepBoro HOp?IJIKaI
0
1 l C
K=—Iln—
T C

rie C°, C — KOHIEHTpAIHs MypEeKCHIa B HaYaule PeaKIlii i 9epe3 BPeMs 7 OT Hauasla PeaKIiH.
Peakuust paznoskeHuss MypeKcHIa B KHCIIOH cpesie COMPOBOKIAETCS MOCTETIEHHBIM
ociabieHueM (UOIETOBOM OKpacku pacTtBopa. [losTomy /st M3y4eHUS] KHHETHKU PEAKIINH HC-
MOJIb3YETCs CIEKTPOPOTOMETPpUYECKU MeTO . UHTEHCUBHOCTD OKPACKH, TO €CTh OMTHYECKast
IIJIOTHOCTH peaKHHOHHOﬁ CMECH B }IaHHBIfI MOMCHT BPEMCHHU MPAMO IIPOIMOpUHOHAJIbHA KOHIICH-



TpaLII/II/I MypeKCI/I,Z[a. CJICI[OBaTe.HI:HO, KOHCTaAHTa CKOpOCTI/I I/ICCJIeI[yeMOFO Hpouecca MOXET
OBITH paccUMTaHa M0 YPaBHEHUIO:
0
1 , A
K=—Iln—
T A

rae A° u A — onTMYecKkue MIOTHOCTH PEAKIMOHHOM cMecH NpHu 7 = 0 ¥ B MOMEHT BPEMEHH T.

Annapamypa u peakmugut: GoTO>IEKTPOKONOPHUMETP, KIOBETHI JUTHHOI 1 wmi 2 eM®,
tepmoctar, repmomeTp oT 0°C o 50°C ¢ nenoit nenenus 0,1°, cekynnomep, A1B€ MEPHBIX MU-
TETKH eMK. 5 CM°, XMMIYECKHIi cTakaH eMK. 25 cm; 100 em® pacTBopa MypeKcH ia KOHIIEHTpa-
et 8,5-107 monbs/nv?, 100 em® pacrBopa HC1 konuentparmeii 0,1 Monb/av®,

IHopaook evinonnenusn padomot

MeToauky U3MepeHHs ONTHYECKOH INIOTHOCTH CM. B MHCTPYKLIUHU K Tprudopy. PacTBopsl
MYPEKCHJa ¥ KUCJIOTHI 3aJaHHOW KOHIEHTPAllUy IIOMELIAIOT B TEPMOCTAT U BBIIEPKUBAIOT IIPU
Temreparype omneita B redyernne 10 muH. PacTBop Mypekcuia pa30aBiisitoT B 1Ba pa3a AUCTUILIU-
POBAHHOM BOJIOM, HAIMBAIOT B KIOBETY M H3MEPSAIOT ONTHUYECKYIO INIOTHOCTh OTHOCUTENBHO JH-
CTUILIIPOBaHHOM Bosbl — A°. B crakan nuneTkoit ormepsitor 10 em® TEPMOCTATUPOBAHHOTO pa-
CTBOpa MYPEKCUIA U CTOJIBKO XK€ KUCIIOThI. PEaKIMOHHYIO CMECh IEPEMEIINBAIOT U BKJIFOYAIOT
CEKyHIoMep. 3aMepbl ONTHYECKOH MIIOTHOCTU Ay IPOU3BOAST OTHOCUTENIBHO JIU-
CTUJUIMPOBAHHOMN BOJIbI Yepe3 OIpe/iesieHHbIe TPOMexXyTKH BpeMeHnH (0,5-1 Mun).

AHaJIOTMYHBIN KCIIEPUMEHT IIPOBOJAT IIPU APYTrOM TEMIIEpAType, OTINYHOMN OT NIEPBOMI
Ha 10-15 rpan.

Oopabomka IKcnepumeHmanbHulX OAHHBIX
1. g kaxxnoro 3Hauenus remneparyp T1 u T, nponecca paccuntaTs HECKOJIBKO BEJIMYNH KOH-
CTaHTbl CKOPOCTH PEaKLM, HAUTU CpeJHEE 3HAUECHUE, CPEJHEKBAPATUYHOE OTKIIOHEHUE U J10-
BEPUTEJIbHBIN UHTEpBaJl. Pe3ynbTaThl pacyeToB U ONBITHBIE JaHHbIE OOPMIISIOTCS B BUJIE Ta0-
JIULBL:
Taodauma

KoncranTsl ckopocry,

K MUH

Ne ompITa OnTrdueckas IIOTHOCTh, A

temrieparypa Tq, K

temrieparypa Tp, K

| |
1. PaccuuThiBalOT HSHEPrUIO0 AKTUBALIMM U JOrapudM MperdKCIOHEHIIMATbHOTO (akTopa B
ypaBHEHUH AppeHuyca rpapuyeckuM MeTO0M, UCTIONb3Ys CPEHHE 3HAYSHHUsI KOHCTAHT CKOpO-
CTH IIpH IBYX Temneparypax Tq1 u To.
2. PaccuuTaTh U3MEHEHMsI SHTPOIIUHU aKTUBALIUU PEaKIUH.
3. PaccunTaTh M3MeHeHNE N300apHO — U30TEPMHUYECKOTO TIOTEHIIMAIA TP U3ydaeMbIX TeMIIe-
parypax. Otuer o pabote (cM. o01ire TpeOoBaHMS).

4. Komnaexm 3a0au Kk meme 6.3.

1.B Tabnuie nansl koHCcTaHTHI ckopocTH K u Ky peakiuii mpu AByX pa3iMuHBIX TeMIlepaTypax
t1 1 to. BeriunciuTe 3HEPTUIO AKTUBALIMY U HAWIUTE KOHCTAHTBI CKOPOCTH MPU TemiepaTrype ts.

Peakrms t, °C | Ky t, °C | Ko t3, °C
1. H, + 1, = 2HI 410 0,066 | 433 0,375 | 420
2. 2ZHCOH + NaOH = HCOONa + CH30H 50 0,005 |85 0,294 | 65
3.COCl,=CO +Cl, 382 0,005 | 472 0,68 425




4, H,0, + 2HI =2H,0 + |,

20 4,32 30 8,38 25

2. Onmnpenenure rTpadUUeCKHM CIOCOOOM DHEPrHI0 AKTHUBAIUM PEAKIUU 1O JIaHHBIM

MMPEACTaBJICHHBIM B Ta6m/1ue.

Peakuus [TapameTpsl
1. Cu + (NH2)28,05 = CuSO4 + (NH,),S04 ;503 506 ‘112 ; ggg
Eon
3 NoOs = NoOg + %0, ;505 8,077 ig,s 227
4. 2NO + O, = 2NO, ;{fog g 63 2?55 ?,020

3. dusa peakiuu O + NO + M — NO; + M Kjppox = 6-10° JIZ/(MOJILZ-C) u Kioox = 3-10%°
1%/(Mob>-c). PaccunTarh apaMeTphl ypaBHEHHs AppeHnyca.

4-7". TIpuBeaEHBI M30TEPMBI PEAKMU (HEOOXOMMMBIE JIAHHBIE MPEICTABICHB Ha PUCYHKAX).
OmnpenenuTs NOPSIIOK PEaKIUK, KOHCTAHTBI CKOPOCTH, SHEPTHH U SHTPOIHIO aKTHBALIUH.
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19. Puc. 1. 1-278,2 - 295, 3 - 330 K.
VcxoHble KOHIIEHTPALMU Pearupyro-IHux
KOMITOHEHTOB paBHbI 5-107 Mos/i1. [po-
TekaeT peaknus A+B=C+]]
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21. Puc. 3. 1-280, 2 - 290, 3 - 300 K.
Konuentpamuu A u B pasusr 2-107° Mos/i.

A
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Bpemsi, Mun

20. Puc. 2. 1 -278,2 - 295, 3-330 K.
HcxomHbIe KOHIIEHTPAIUH Pearnupyro-TIIIX
KOMITOHEHTOB paBHbl 5-107° Moms/m. [po-
tekaet peakuust A+B=C+]]
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22.Puc4.1-278,2-288,3-295K.
Konnentparun A u B paBHbI 1.10° MOJIB/II.



8. Peakiust TepMHUECKOTO pa3iokeHus: ra3000pa3Hoil okucu stuiena mnpu 378,5°C mporekaer
1o nepBomy nopsanaky. [lepuon momypacnana npu 3Toil Temreparype paBeH 364 MUH. DHeprus
axtuBanuu paBHa 217 xJx/Monb. OnpenenuTh KOHCTAaHTY CKOpOCcTH peakuuu pu 450°C.

9. U306pazute sHeprerruyeckre Npoduin sl OJHOCTAAUMHBIX PEaKIUil, XapaKTepU3yIOLUUXCs
CIEAYIOMMHU 3HaUeHUsIMU E, u AE:

a) E, = 100 xIxx/momnb, AE = — 50 kI/MoJ1b;

0) E, = 50 xJIx/monb, AE = — 120 x/]»x/Mob;

B) E, = 120 xI/monb, AE = 50 xJI>x/MOJIb.

10. JlBe peaknwu OAMHAKOBOTO TOPSAKA HWMEIOT OIWHAKOBBIE TIPEIIKCIIOHEIUATBHBIC
MHOXHUTEIU, HO WX DJHEPruu aktuBaumu paznudatorcsa: Eo,—E; = 83,196 k]lx/monb. Pac-
CUMTalTe OTHOIICHWE MX KOHCTAHT ckopocteit Ki/k; mpu 434 K.

11". Jlse peakuuu OJAMHAKOBOIO MOPAAKA MMEIOT PABHBIE PHEPIUHU aKTUBAIMHU, HO mpu 573 K
SHTPONHUS aKTUBAlUU TepBoi peaknuu Ha 41,8 J[x/Moab-Tpax OoJbIlle SHTPOIHMHA AKTHUBALUH
BTOpOW peaknuu. PaccumTaiiTe OTHOIIEHHE KOHCTaHT CKOpocTed »Tux peakuuit Ki/K, mpu
JTaHHOU TeMmIeparype.

12. Koncranta ckopoctu peaknuu npu 300 K = 0,02, a npu 350 K — 0,6. KakoBa »Heprus
aKTHBAIlMU 3TOU peakuuu? Yemy paBeH MPEIdKCIOHEHIUATBHBIN KO3(P(GUIUEHT B ypaBHECHUHN
Appenuyca?

4. Komnnekm mecmoguvlx 3a0anuii 0111 RPOMENHCYMOUHO20 KOHMPONA 3HAHU
Tecr No6:«Xumunueckasa kuneruka. Karaans»

1. VYpaBHeHHE 3aBHCUMOCTM KOHCTAHThl CKOPOCTM pEaKkIMM OT TEeMIeparypbl B
muddepeHranbHoi hopMe UMeeT BU:

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

2. I3MeHeHue KOHIICHTPAIMH MPOIYKTa PEaKIMH CO BPEMEHEM, €CIU pPEeaklHs UMeeT Hyle-
BOH MOPSIIOK, UMEET 3aBUCUMOCTh!

a) YMEHbILIaeTcs 110 Mapadorie;

0) yBeMUMBaETCs 1O Mapadorie;

B) YMEHBIIIAETCs 110 JIMHEIHOM 3aBUCUMOCTH;

I') YBEMUMBAETCA IO JIMHEWHOM 3aBUCMOCTH.

3. Bpemst nocTukeHUs] MaKCUMallbHOM KOHIIEHTpalMi MPOMEKYTOYHOro BemecTBa B B mo-
cles0BaTeNbHOM peakuuu nepsoro nopsaka A—B—C 3aBucur:

a) OT CyMMBbI KOHCTAHT CKOpPOCTEH MOcCIe10BaTeNbHbIX CTAUI peakIuy;

0) OT pa3HOCTH KOHCTAHT CKOPOCTEH MOCIEI0BATEIbHBIX CTAIUN PEAKIINH;

B) OT OTHOILIEHHUSI KOHCTAHT CKOPOCTEH IMOCJe0BaTEeIbHBIX CTAANI peakiuu U OT UX pa3Ho-
CTH;

I') OT OTHOLIEHUS! KOHCTAHT CKOPOCTEN MOCIIeI0OBATEIbHBIX CTaANH PEAKIIMH U OT UX CYMMBI.

4. T'paduK 3aBHCHMOCTH Jorapi(Ma KOHCTAHTHI CKOPOCTH peakiuy ot 1™ HMeeT BUI:
a) TUTIepOOITBI;

6) mapabosr;

B) IIPSIMOA.



5. KoHcTanThel ckopocTel NByX peakluil BTOPOTO MOPSAKA, €CIM UCXOJHBbIE KOHIIEHTPALUHU
000MX pearupyromux BEIIECTB OJMHAKOBHI MMEIOT COOTHOIICHUE. 3HAYCHUS MCXOMHBIX KOH-
[EHTpAlMid ¥ TEPUOABl MONYMPEBPANICHUS I dTUX peakuuit: -1 peaknus—I1,5 mMoub/m;
200 mun; 2-s peakius —2,0 mouw/it; 300 MuH:

a) k2 = ij_;

0) k1 = 4ks;

B) Ko = 4K;

F) k1 = 2k2

6. MakcumaibHOE KOJIMYECTBO MPOMEKYTOYHOTO BellecTBa B B mociienoBaTebHON peaKiuu
nepsoro nopsaaka A—B—C onpexnensercs:

a) OTHOIICHHWEM KOHCTAHT CKOPOCTEH W HaYabHOW KOHIICHTpAaIMell MCXOIHOTO Belle-
CTBa;

0) OTHOIIIEHWEM KOHIICHTPAIIMi BEIIECTB;

B) OTHOLIEHHUEM KOHCTAHT CKOPOCTEH M paBHOBECHOW KOHIIEHTpAIMEH HCXOJHOTO Belle-
CTBa;

I') OTHOIIGHHEM TEPUOJIOB TMOJypaclaja W HaYajdbHOW KOHIEHTpAlUHEeHd HMCXOJHOTO Be-
HIECTRBA.

7. Ilepuoa monynpeBpamieHus i peakuuu 2-ro MOpsaKa 3aBUCUT OT MCXOJHBIX KOHIIEHTpA-
LU{ pearnpyrouIux BEIECTB:

a) 00paTHO MPOMOPIIMOHANIEH UCXOTHON KOHIIEHTPALIHH;

0) mpsiIMO TIPOTIOPIIMOHANIEH PABHOBECHON KOHIICHTPAIUU;

B) IPSIMO MPOMOPLHUOHATIEH UCXOAHOW KOHIIEHTPAIUH.

8. DKCIepuMEeHTaAIbHOM dHEpruei aKk THBAIMU CI0KHON peaklui Ha3bIBACTCs !
a) napameTp E B ypaBHeHUU AppeHuyca;

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

B) mapameTp E B ypaBHEHUU Teopun aOCOFOTHBIX CKOPOCTEH;

r) napametp E B ypaBHeHun DiipuHra.

9. Peaknius A—B—C nepsoro nopsaka. I3ameHenune koHieHTpanuu Bemects A, B u C ¢
TeUCHHEM BpeMeHH, ecin K1>K, oTpaxcaeT 3aBUCHMOCTD!
[4

a) 0) B)

10. B npuMeHeHnHn MeToAa CTAIIMOHAPHBIX KOHIIEHTPAIIMi UMEIOTCS OTPaHUYCHHS:
a) He IpUMEHsIeTCs /U1l KOHEUHOTO MepHoa peaKiui;

0) He mpUMEHSIETCs 111 Ha4aJIbHOTO TIeproa peakliny;

B) HE IIPUMEHSIETCS ISl MOMEHTA PaBHOBECHS;

T') HE PUMEHSIETCS B KATATMTUYECKUX PEAKIHSX.

11. MonekynsipHOCTbI0O XUMUYECKOW peaKIny Ha3bIBACTCS:

a) o01ree YMcio MOJIEKYT;

0) cymMmMa CTeXHOMETPUUYECKHX KOAP(DHUIIMEHTOB B KHHETUYECKOM YpaBHEHUH;

B) YHCJIO MOJICKYJI, Y4AaCTBYIOIIEE B 3JIEMEHTAPHOM aKTe XMMHYECKOTO ITPEBPAIICHNS,;



T) cymMMa KO3((HHUIMEHTOB B YPaBHEHUH PEAKLIHL.

12. OT ucX0oIHON KOHIIEHTpAIMK PEarupyromiero BEMIECTBA MEPHUO] MONYIPEeBPAIICHUS s
peaknuu 1-ro mopsika:

a) HE 3aBHCHT;

0) 3aBHCHT.

13. IIpu 0auHAKOBBIX MCXOIHBIX KOHIIEHTPALIUSIX U OJUHAKOBBIX KOHCTAHTaX CKOPOCTH 3aKaH-
YUBAETCS OBICTPEE OJTHOCTOPOHHSIS PEAKIIHS .

a) 1-ro mopska;

0) 2-ro mopsiaka,

B) 3-TO MOpPSIAKa,

r) 0-ro mopsiaka.

14. O BnMsHUM NPOMEXKYTOUYHBIX BELIECTB M KOHEYHBIX MPOJYKTOB HA CKOPOCTb pEAKLUU
CBUJETEIbCTBYIOT!

a) DKBUBAJIEHTHOCTb MEXAY BPEMEHHBIM U KOHLIEHTPAILIMOHHBIM MOPSAJIKAMU PEaKIUi;

0) pazinune MexX1y BpeMEHHBIM U KOHLIEHTPALMOHHBIM MOPSIIKAMU PEeaKIUi;

-BEJIMYMHBI KOHCTAHT CKOPOCTEH.

15. [lopsankoM XUMHYECKON peaKkuyu Ha3bIBAETCS:

a) IPUMEHUMOCTh KHHETUYECKOTO YPABHEHHUSI K JaHHON peaKIuu;

0) cyMMa CTeXHOMETPHIECKUX KOI(PPUIIMEHTOB B ypaBHEHUHU PEAKIUU;

B) CyMMa Il0Ka3aTesield cTeneHel Npu KOHLIEHTPalusiX B KHHETUYECKOM YpaBHEHUU JTaHHOU
peakuu;

I') YMCJIO MOJIEKYJ, YJaCTBYIOLIMX B PEAKLIUH.

16. Pa3mMepHOCTh KOHCTaHThI CKOPOCTU PEaKLUU ONpeeseTCs:
a) MOJIEKYJISIPHOCTBIO PEAKIINH;

0) MOPSAKOM peaKIu;

B) pU3UKO-XUMHUYECKMMH NTapaMeTpaMU pEaKIuu.

17. Oueprus axktuBauuu peakuuu (1) Gosbiie 3Hepruu akTuBanuu peakuuu (2). [lpu Tem-
nepatype T1 KOHCTaHTBl CKOPOCTH 3TUX peakluil paBHbl. COOTHOLIEHHE MEX 1y KOHCTaHTaMHU
CKOpPOCTH 3TUX peakuuit mpu To>Ty:

a) K1 = Ko;

0)ki =k =0;

B) k1 > kz;

F) kz > kl.

18. Crenuduueckum ycioBHeM, KOTOPOE€ HEOOXOIUMO COOJIIO/IaTh MPU UCHOIb30BAaHUM XUMU-
YEeCKMX METO/OB aHaiHu3a I HM3YYCHHsS CKOPOCTH PEAaKIUU 10 CPaBHEHHIO C (U3HUKO-
XUMHYECKMMH METO/IaMH aHaJIHu3a, IBISETCS:

a) YCKOpEHHE PeaKiiy B Ipodere;

0) TOpMOKEHHE peaKkluu B mpobere;

B) JOCTH)KEHHE PaBHOBECHS.

19. 3nayeHne KOHCTAHTHI CKOPOCTH PEAKIUHU 2-TO TOPSAKA NPU PABHBIX MCXOJHBIX KOHIICH-
TpalMsIX Pearupyrollux BEIIEeCTB rpaduuecKu OnpeaenseTcs:

a) KOHCTaHTa CKOPOCTU YHUCIEHHO PaBHA OTPE3KY, OTCEKAEMOMY 110 OCH OpPAMHAT;

0) KOHCTaHTa CKOPOCTH YMCIIEHHO paBHA OTPE3KY, OTCEKaeMOMY IO OCH a0CIIHCC;

B) KOHCTaHTa CKOPOCTH YUCJIEHHO paBHA TAHT'EHCY YyIJla HAKJIOHA MPSAMOI K OCH OpAMHAT;



') KOHCTAHTa CKOPOCTU YHCIICHHO paBHA TAHTEHCY YIJla HaKJIOHA MPSIMOM K OcH abcIHmcc.

20. CymHOCTh METOJa CTAllMOHAPHBIX KOHIIEHTPALUii B!

a) PUHATHU KOHIIEHTPALUHA aKTUBHBIX IIPOMEKYTOYHBIX YaCTHII HOCTOSIHHOM;

0) NPUHATHY KOHICHTPALUH aKTUBHBIX TPOMEKYTOYHBIX YACTHI] PaBHBIMH HYJIIO,

B) IPUHSTUYM KOHLICHTPALMI aKTUBHBIX IIPOMEKYTOUYHBIX YACTHII PABHBIMU MEKITY COOOM.

21. JlumutHupyrOIend cTaauel CI0KHON XUMUYECKON PEaKIIui Ha3bIBACTCS
a) HauboJiee ObICTpas CTaaus;

0) Hanbosiee MeIJIeHHAs CTa s,

B) MOMEHT paBHOBECHSI.

22. BplpaxkeHue IS MepHoja MOJMYNPEBPAIIEHUS UCXOJHBIX BEIIECTB MO PEaKUHHU 3-TO IO-
paaka, €CJIUM UCXOOHBIC KOHICHTPpAaIWuH PEarupyronux BEIECTB OAMHAKOBEI UMECT BU/:

a) = 32kCe?;

6) T = 6/2kCo;

B) T2 = INk/2;

) e = 1/ kCo.

23. CKOpOCTh peaKkly onpeaeseTcss i3MEHEHUEeM KOHLEHTPALMH PearupyrollnX BelecTB B
eJIMHUITY BPEMEHH, CCIIH:

a) MOCTOSIHHA TeMIIepaTypa;

0) cTaHgapTHBIE YCIOBUS;

B) 00BEM CHCTEMBI ITOCTOSTHEH;

I) 1aBJICHUE B CUCTEME ITOCTOSHHO.

24. 3aBUCUMOCTD KOHIIEHTPAIIUU BEIIECTBA A OT BPEMEHHU IPH MPOTCKAHUH MaPaJUICIBHBIX Pe-
Ak
> B MOXeT OBITh BBIPAXCHO YpaBHEHHEM c, = ¢, °%, HakoreHue Bemecta B
A\ OTIpe/IeNAeTCS YpaBHEHHEM Cj;=C°,(1—< ). Hakomnenue BemectBa C
C  ompenensiercsi ypaBHEHHUEM:
a) Cp = C° (7008 — g006ry
6) Co=C, (1—e7),
B) C. = C",(1—e™00%),

25. B nocnenoBaTenbHbIX PEeaKIUsIX
A—K1—> BL»C
a b c

IIPU JOCTH)KEHUH MAaKCMMyMa KOHIIEHTpalMM BeliecTBa B, koHuenTtpauuu Bemects A, B u C
CTaHOBSATCS PaBHBIMU a, b 1 ¢. [Ipu 3TOM yCIIOBHH BBIIOJIHSAETCS COOTHOIICHUE:
a Ky«
a) ; = IT:’
a _ Kags
6) 5 ;__1
b K.
26. Pa3nen xumMun, N3y4aroniui CKOPOCTH U MEXAHU3Mbl XUMUYECKHX PEAKIIUI, HA3bIBACTCA:
a) XuMU4ecKasi TEpMOIMHAMUKA;
0) TEpMOXUMHUS;

B) XUMHUYECKasl KHHETUKA;
I)KaJIOPUMETPHSI.



27. CKOpOCTh XUMHUYECKOM peakLuu — 3TO:

a) BpeMs, 32 KOTOPOE MOJIHOCTBIO PaCXOyeTCsl OJTHO U3 UCXOJIHBIX BEIIECTB;

0) BpeMsi, 3a KOTOPOE 3aKaHYMBACTCS PEaKIIUs;

B) U3MEHEHHE KOJIMYECTBA BEIIECTBA PEareHTOB (MM MPOAYKTOB PEaKlii) B €IMHUILY BPEMEHH
B €IUHUIIE 00BEMA;

') KOJIMYECTBO BEIIECTBA MPOAYKTOB PEAKIIMN K MOMEHTY OKOHYAHHUS PEaKI1H.

28. CKOpOCTh XUMHYECKON PEAKIIMU BbIPAXKAETCS:
a) MOJIB'JI/CZ;

0) MoJIeKya-cM./c;

B) MOJIb;

r) 6e3pa3mMepHas BEIMYUHA.

29. CoOTBETCBUE MEXKIY 3aBHCHMOCTBIO CKOPOCTH XMMHUYECKHX PEaKIUil B pacTBOpe U (aKTo-
pamu:

a) CKOPOCTh XMMUYECKOW PEaKIIUK 3aBUCHT OT;

0) CKOpPOCTh XUMHYECKOM peaKklliy HEe 3aBUCHT OT;

B) IIPUPOIbI PEATUPYIOIIMX BEIECTB, KOHIICHTPAILIUHU, TEMIICPATYPHhI;

r) o0bemMa peakLIMOHHOTO COocy/a.

30. KoncranTa ckopoctr K B 3akoHE JIEHCTBYIOIINX MacC — 3TO:

a) CKOPOCTh PEaKIIUU TPU CIUHHUYHBIX KOHIICHTPALUAX PEarupyroIIuX BEeLIECTB;

0) 6e3pa3mepHbIi KOIPPHUITHMCHT TPOTOPIUOHATIEHOCTH MEXAY CKOPOCTHIO M KOHIICHTPAIIHSIMH,
B) K03 uimeHt B ypaBuenuu Baut-I'odda;

') I3MCHCHHUE KOHIICHTPAIIMHU BEIIECTBA K MOMCHTY OKOHYAHUS PEaKIIUH.

Tema 6.4. I]ennvie, pomoxumuueckue u paouayuoOHHO-XuMu4ecKue npoueccol
1. Bonpocwl kK ycmuomy onpocy
1. IlpuHUuMI CTalMOHAPHOIO COCTOSHUSA (AETaIbHOro paBHOBecHs) — MeTol bonenmreiina. Ha
[IpUMeEpPE MOKAXKUTE MPUMEHEHUE METOAA CTAlMOHAPHOIO COCTOSIHUSA IUJISl PACCMOTPEHHUs KUHE-
TUKWA XUMHYECKON PEaKIIUU.
2. OCHOBHBIE NOJIOXKEHUS TEOPUM KUHETHKM LIETTHBIX PAa3BETBJICHHBIX U HEPA3BETBICHHBIX pe-
akuuil. [IpuBeauTe KNHETHYECKUE YPAaBHEHMS JJIs TaHHBIX PEaKUi Ha mpuMepax. MoxHO 1 1
KaK YMEHBIIUTh HYKHUN IIPEAEs JaBJIEHUs, HAaUMHasA C KOTOPOr0 pa3BETBIEHHAs 1E€MHasl pe-
aKIUsl pa3BUBAETCS CO CKOPOCTHIO B3pbIBa? HamuiuTe ypaBHEHUE AJi pacyeTa CKOPOCTH pas-
BETBJICHHOW LIEMTHOM peaklliH, €CIM BEPOSTHOCTbh Pa3BETBICHUs OOJblle BEPOSITHOCTH OOpBIBA
nenu. [Ipu 3anucu ypaBHEHUS MOJB3YHTECh 0003HAYCHUSIMH: V — CKOPOCTh peakiuu; f— Bepo-
ATHOCTb Pa3BETBJICHHUS LIETIH; § — BEPOSATHOCTH OOpBIBA IIENH; T — BPEMs OT Hayasla peakluu; ¢
— KOHCTaHTa HapacTaHus (¢ = f—(); A —IOCTOsSHHAS BETUYUHA.
3. ®oroxummueckue peaknun. OCHOBHBIE 3aKOHBI (poToxmmun. Kakue mapamerpsl BIUSIOT Ha
CKOpOCTh (hOoTOXMMHUECKUX peakuuid? Ha mpumMepax mokaxure JBa OCHOBHBIX MeXaHU3Ma ¢o-
TOXHMHUYECKUX peaKIuidl. DHeprusi POTOXUMUYECKH BO30YX ACHHBIX IPOAYKTOB. MOXKET 11 U B
KakoM ciiy4dae (OTOXMMHUYECKasl peakius UMeTh 1-ii mopsAaoK, eciy nepBUYHas (GpoToxumude-
CKasl aKTHBAIUA SBJISAETCSA JUMHUTUPYIOMIEH cTannerd? MoxkeT Ju U B KaKOM cllydae KBAaHTO-
BbIIl BBIX0/ (POTOXMMHUYECKOH peakiiu ObITh OOJIbINE €AUHULIBI?
4. PaananiMOHHO-XMMHUYECKHE peakiuu. buontromuHecneHuus u xemonomMuHecuenuus. [loka-
KHUTE B 00IIIEM BHJIE CTAJMH MEXaHNU3Ma XEMOJIIOMUHECLEHIIUH.

2. Jlabopamopuaa paboma Ne22 «H3yuenue KuHemMuxu paznodceHus KOMRIEKCHO20 UOHA
mMpuUoKcanama Map2anya omomempuiecKum Memooom»

Llenv pabomul: onpeAeTUTh CpeHEee 3HAUEHNE KOHCTAHThI CKOPOCTH pe-
aKIUU AaHATATUIECKUM ¥ TPadUIEeCKAM CIIOCOOaMH.



Ilpunyun memooa

doToMeTpruIeCcKHii METOJ 3yYCHHSI KHHETUKN XUMUYECKUAX PEaKIuil yI00eH TeM, U4To
BEIIIECTBO aHAJIM3UPYETCSI HEMOCPEICTBEHHO B pacTBope 0e3 orbopa u aHanmm3a npoO. JaHHBII
METOJI UCCIICJIOBaHUS TIPUMEHHUM B TEX CIIyYasX, KOT/Ia OKpacka MCXOJIHOTO BEUIECTBA OTIMYACT-
Csl OT OKPACKH CMECH TIPOJYKTOB PEAKITUH.

OnpezneneHuss OCHOBaHbI HA CPAaBHEHUU IOTJIONICHUS WJIM MPONYCKAaHUS CBETa CTaH-
JApTHBIM U UCCIIEyeMbIM OKpAIICHHBIM pacTBopamMu. B ocHOBe MeToja JIexHT 3aKoH byrepa -
JlambGepra — bepa:

A=¢lc,
rie A — onTHYECKas IJIOTHOCTh PACTBOPA; € — MOJISIPHBIA KO3()(DUITMEHT NOTIIOMIEHHST,
C — KOHIIEHTPAIIUs PAacTBOPA, MOJIB/TI;
| — ToMIMHA MOTIOIIAIOIIETO CIIOSI, CM.

Hccnenyercs peakius pa3ioxKeHus KOMIDICKCHOTO MOHA TPUOKCAlaTa Mapraniia, mpo-
TEKAIONIask 0 YPaBHEHHUIO:

[Mn(C204)s]* = Mn** +2,5-C,0,* + CO,.
Peakiust conpoBoX/1aeTCcsi U3MEHEHHEM OKPACKU OT KOPUYHEBOM 710 OECI[BETHOMA.

HecMmotpst Ha TO, 9TO MEXaHW3M PEAKIIMH CIOXKEH, 3aBUCUMOCTh €€ CKOPOCTH OT Bpe-
MEHH TIOJJYUHSCTCS YPABHEHHIO TIEPBOTO Mopsiaka. KOHCTaHTy CKOPOCTH MPH JaHHOW TemIiepa-
Type PaCCUUTHIBAIOT CIIEIYIOIIUM 00pa3oM:

1, c’
k=_-In e
rie C° — HauambHas KOHIGHTPALHS HCXOXHOTO BEIIECTBA, MOJIB/IM ; X — KOIMYECTBO HCXOIHOTO
BEIIIECTBA, U3PACX00BAHHOTO K MOMEHTY BpPEMEHHU T, (C%x) — TeKyIllas WK PaBHOBECHAsI KOH-
[EHTpallKs Pearupyroniero BemecTsa.
Ecnu BMECTO KOHIIEHTpAIMHM peareHTa M3MEpSATh ONTHYECKYI0 TUIOTHOCTH CHCTEMBI,
TOTJ]a KOHCTaHTa CKOPOCTH OyJIE€T paCCUUTHIBATHCS M0 YPABHEHUIO:
1 4°
K=—-Iln—
T A,
rie A° — onTHYecKast IIOTHOCTh PACTBOPA B HAYAIIbHBIHA MOMEHT BPEMCHH,
A, —onTHYEeCKas INIOTHOCTh PacTBOPa B MOMEHT BPEMEHH T.
Annapamypa u peaxmugpl. otomMeTp WK crnekTpodoToMerp 1000 CUCTEMBI ¢ KIOBETaMHU
munHoi 1 cm. [loaroroBute npubop k padoTe: BKIOYNUTH, YCTAHOBUTH JUIMHY BOJIHBI (CHHUH C
obmacteio ciektpa 440 — 495 um). [lpuroroButs criexyromme pactBops:0,01M KMnO4, ceexe-
npurotoBieHHbd 0,1M MnSO,, 0,1M H,C,0,. cexynmomep, TEpMOMETPHI ISl HHTEpBaJla TEM-
neparyp 0-50°C; mpobupki emk. 20 cm® — 10 IIT. ;. XONOXHIBHIK OBITOBOIA; JTEI.
Ilopaook évinonnenusn pabomaol
Cwmematb pactBopel MnSO,4 u H,C,0,4 B cootHOmennn 1:7. Cuutath 1 acts paBHOU |
cm3. K geTbipem yacTsM OeclBETHOM cMecH MpuOaBUTH OJHY yacTh pacTBopa KMnOjy. Beictpo
o0Opa3yeTcs KOpHUYHEBas KOMIUIEKCHAsl COJib. BBICTpO MOMECTHTHh Moly4eHHbIH pacTtBop B 10-
MIIIMMETPOBYIO KIOBETY M HayaTh U3MEPEHUs. 3a Hayaso OMbITa IPUHSTH IEPBOE U3MEPEHHE; B
ATOT MOMEHT BKIIFOUHTH CeKyHI0Mep. V3MepsTh yepes 1, 2 1 4 MUHYTHI U 1ajiee m1aroM 2 MUHy-
Thl. 3aKOHUUTh U3MEPEHHE, KOT/1a ONITHYECKask INIOTHOCTh cHU3MTCA 10 0,1.
Pe3ynbrarel HaOMIOICHHI U PACYETOB CBECTH B TAOJIHITY.
JUis KakKA0ro 3HAa4YeHHs TeMIepaTyp Hpollecca pacCUUTaTh HECKOJIBKO BEIMYUH KOH-
CTaHT CKOPOCTH peaKIuy, HAalTH cpe/iHee 3HAUeHUe, CPeTHEKBAIpaTUUHOE OTKIOHEHHUE U JI0Be-
pPUTEIbHBIN UHTEpBall. Pe3ynbTaTsl pacueToB M OMNBITHBIE AaHHBIE 0GOPMIIAIOTCS B BUJE Talbiu-
ITBI

Tabauua
3HaueHus KoncranTsl
Ne Bpems ot HayaJsa .
ONTHYECKHUX IVIOTHOCTEH, In A4, CKOpPOCTH,
onbITa peakuuu, T MHH. -1
A K MUH
temneparypa T1 = 273-275, K




temneparypa Ty = 292-295, K

temneparypa T, = 306-308, K

| | | |

Oopabomka IKchepumeHmaibHvlX OAGHHBIX
1. ITo moMy4YeHHBIM SKCIEPUMEHTAIBHBI JJaHHBIM TTOCTPOUTh U30TEPMBI B KOOPJIUHATAX «ONTH-
YCCKas MIOTHOCTb — BPEMSD).
2. PaccuMThIBalOT 3HEPTUIO aKTUBAIMU U JIorapu(M MPEIIKCIOHEHIIMATBHOTO (pakTopa B ypaB-
HeHUM AppeHuyca rpaduuecKuM METOJOM W aHAJTUTHYECKUM, WCIONIb3Ys CpPEeIHUE 3HAUYCHUS
KOHCTaHT CKOPOCTH IpH JIBYX Temrieparypax T u Ts.
3. Paccuntarh M3MEHEHUS YHTPOTIMH AKTHBAIIMH PEAKITUH.
4. PaccunTarh U3MEHEHHE U300apHO — H30TEPMUYECKOTO TIOTEHIIMAJIA PH H3y4aeMbIX TeMIIepa-
Typax. Otder o padore (cM. obIre TpedboBaHus).

3. Jlabopamopnasn pavoma Ne23 «H3yuenue ckopocmu uHgepcuu mpocmMHUK0O8020 caxapa,
Ilens pabomwi: 03HAKOMUTHCS C OTHUM U3 ONITUYECKUX METO/I0B U3YUYEHHUSI KUHETUKU
peaKuuu, ONPeIeTUTh AHATUTHYSCKH U TPadUIeCKU CPEAHIOI0 KOHCTAHTY CKOPOCTH, YHEPTHIO U
SHTPOMNUIO aKTUBAIUU.
Ilpunyun memooa. 11pouiecc ”HBEpCHM caxapa SBIAECTCS THAPOIUTHYECKUM PaCILEII-
nenuem caxaposbl CioH2011 Ha 1B MOHO3BI TIIIOKO3Y U PPYKTO3Y:

C12H2,011 + H2O — CsH1206 + CeH1206
IoKo3a  (PyKTO3a
3Ta peaKHI/Iﬂ HpaKTI/IquKI/I HeO6paTI/IMa " 110 CBoeMy MexaHI/I3My ABJIACTCA 6I/IMOHeKy-
nspHOit. Clie10BaTeNbHO, CKOPOCTh €€ MOYKET ObITh PACCUUTAHA 110 YPABHEHHIO:

dc

7 = kCep,m,,0,, * Cryo

ITockonbKy HHBEpCUS IIPOTEKAET B BOAHOM PacTBOPE, III€ MOJISIpHAs KOHLIEHTpaLUs BO-
JIbl 3HAYUTENIBHO OO0JIbIIE MOJISIPHON KOHIIEHTpAIMK caxapo3bl, To yobuib HoO 3a cuet peakuuun
MaJia 110 CPaBHEHMIO € OOIIHUM KOJMYECTBOM BOJIbI B CUCTEME U KOHIIEHTPALUIO €€, JaXKe B CPaB-
HUTEJIbHO KOHIIEHTPUPOBAHHBIX PACTBOPAX, MOXKHO CUUTATh OCTOSIHHON U 00BbETUHUTH C KOH-
CTaHTOM B BennuuHy K':

dc

dT = k CCIZHZZOII

TaKI/IM O6p8.30M, CKOpOCTB I/IHBepCI/II/I 3daBUCHUT TOJIBKO OT KOHI_IeHTpaI_II/II/I caxapa, T. €. 9Ta
peaKIII/ISI HpOTeKaeT, KakK peaKum{ nepBoro HOprHKa U KOHCTaHTa CKOpOCTI/I I/IHBepCI/II/I caxapa
MOIKET 6BITI> pacch/ITaHa 110 ypaBHeHI/IIOZ

1 c?
K=—" l'n{]—
T -,
rac CO— KOHI_ICHTpaI_II/ISI caxapa B UICXOJHOM paCTBope; Cx — KOHI_IeHTpaI_II/I}I caxapa, npopeam—
pPOBABIIETrO 3a BpeMs T, T — BPEMs OT Hayana peakluy 10 MOMEHTA JaHHOI'O U3MEPEHUS; (C0 -
Cy) — KOHIICHTpAIMs caxapa B JaHHBII MOMEHT 7.

CKOpOCTL I/IHBCpCI/II/I caxapa B HeﬁTpaHLHOﬁ cpez(e OYCHL Malia. HpI/ICYTCTBI/Ie HNOHOB BO-
JI0poja, Kak KaTaIn3aTopa, yCKOPSET PEaKIINio U JIeNIaeT e JOCTYITHOM JJIsl HaOIroAeHUs, TIPH-
ycM CKOpOCTL I/IHBepCI/II/I HpOHOpI_II/IOHaHLHa KOHLICHTpaI_II/II/I HNOHOB Bo;[opo;[a B paCTBope.

PacTBOpbI caxapo3bl 001aJal0T ONTUYECKUMU CBOWCTBAaMH, T.K. TPOCTHUKOBBIN caxap u
HpOILYKTBI cro pa3J'IO)KeHI/ISI HpI/IHa,Z[J'IC)KaT K IlI/IC.IIy OIITHYCCKH aKTUBHBIX BEIICCTB, T. €. BC-
IECTB, CHOCO6HHX HU3MCHIATH ITOJIOKCHHUC ITJIIOCKOCTHU nonﬂpmam/m npoxogmmero qepe3 HUX
HOJ'ISIpI/I3OBaHHOl"O CBC€Ta (CBCTa, B KOTOpOM KOJ'ICGaHI/ISI HpOI/ICXOI[ﬂT B OHpC,[[CHCHHOfI ITIJIOCKO-



ctn). OnTHyeckas akTUBHOCTb CBSI3aHA C HATMYMEM B MOJIEKYJIE€ aCHMMETPUYHBIX aTOMOB YTJIe-
pona. OnTuyeckue N30Mephl OTIIMYAIOTCS 0 CBOEMY CTPOEHHIO APYT OT Apyra, Kak HeCUMMET-
PHUYHBIN MPEAMET OTIMYACTCS OT CBOETO 3ePKAIBHOTO n300paxenwus. [To ceouM (puzmueckum u
XUMHUYECKUM CBOMCTBAM TaKUE MOJIEKYJIbI OJMHAKOBBI U OTIMYAIOTCA TOJBKO PA3JIUYHBIM I10
HaIIPaBJICHUIO HO OJIMHAKOBBIM T10 BETMYUHE CMEIICHUEM, TUIOCKOCTH MOJSIPU3aLUU CBETA. YTOI
CMEIIIeHHUS TUIOCKOCTH KOJIeOaHU MOJIIPU30BAaHHOIO JTy4ya Ha3bIBAETCS YIJIOM BpallleHus II0c-
KOCTH TOJISIPU3AIUH.

buo (1831 r.) ycTaHOBHUJI OMBITHBIM MyTEM JUIsl PACTBOPOB ONTHYECKUX H30MEPOB Clie-
YOI KOJTMYECTBEHHBIN 3aKOH: YTOJI BPAILIEHUS IJIOCKOCTH MOJISIPU3ALINH 0. IIPSIMO MIPOIIOP-
[IHOHAJICH TOJIIIMHE C105 0 ¥ KOHIIEHTPALUK aKTHBHOTO BEIIECTBA C:

o = adc.

KosddunmenT nponoproHanbHOCTH @ HAa3bIBAETCS MOCTOSIHHOMN MOJISPU3AINK UITH
y/EJIbHBIM BpPAIICHUEM U 3aBUCHUT OT MIPUPO/IbI BEIIECTBA, ITTUHBI BOJIHBI, TEMIIEPATYPHI U IPHU-
POJIBI PACTBOPUTEIIS.

Brusinue niuHbI BOJIHBI Ha BpalllaTeIbHYIO CIOCOOHOCTH (BpallateinbHast TUCIepCcus)
OpPUEHTUPOBOYHO BBIpakaeTcs mpaBuiioM buo:

1
e

Brnusinue TemnepaTypsl Ha BEIMYUHY @ HE3HAUMTENbHO. Bee BeliecTBa, akTUBHBIC B
aMOp(HOM COCTOSTHUH (PACIUIaBJICHHOM MJIM PACTBOPEHHOM), aKTUBHBI U B BHJI€ KPHCTAIIJIOB,
XOTS MOCTOSIHHBIE BPAILIEHUS B 3THX ABYX CIydasX MOTYT oTin4arbcs. Hao0opoT, cymecTByeT
PSi1 BEIIECTB, HEAKTUBHBIX B aMOP(HOM BHUJIE U BPAIIAIONINX B KPUCTALTHYECKOM COCTOSIHUH.

Benuunna ynenpHOro BpalieHus paBHa YTy BpallleHUs (BbIpa)KEHHOMY B Tpagycax) 1
JIM CJIOsE pacTBopa, cojepxkaiero 1 r Bemectsa B 1 cm” pactBopa nipu 20°, ipu ONpeeieH O
JUIMHE BOJIHBI (Haripumep, npu 5896 A — [uiiHEe BOJIHBI JKEITOM JIMHUU CIEKTPA MapoB HATPHUS).
3Has yroj BpallleHus, yIeIbHOE BpallleHHE U TONIINHY CJIOsI PaCTBOPA, JIETKO HAUTH KOHICH-
TpAaIHIO pacTBOPA.

VY nenpHOE BpalieHUe MII0CKOCTH TOISIPU3AMH B BOJHBIX paCTBOPAaX TPOCTHUKOBOTO Ca-
Xapa MOCTOSTHHO U MOJKET CIIY>KUTh I OTpe/IeNIeHUs] KOHIIEHTpaIuu pacTBopa caxapa. Cko-
POCTh HHBEPCHH TPOCTHUKOBOTO caxapa MOXHO M3y4aTh 0 U3MEHEHHIO yIIa BPaleHHs TI0C-
KOCTH TOJISIPU3AIMH, TTOCKOJIBKY CaM TPOCTHUKOBBIN caxap U MPOAYKTh HHBEPCUU ONTHYECKU
aKTUBHBI. TPOCTHUKOBBIN caxap BpallaeT MI0CKOCTh MOJSIPU3AIMH BIIPaBo (@ = 66,55°), a cMech
MPOJYKTOB MHBEPCUH — BIIEBO, TaK KaK TIIOKO3a BpaliaeT Bpaso (a,=52,5°), a ppykro3za —
BJIEBO M 0OJbILE, yeM III0K03a (ag = 91,9°). [ToaToMy 1o Mepe IpoTeKaHHUs UHBEPCUU YTOJI
BpallleHHUs TUIOCKOCTH MOJSIPU3allMd YMEHbBIIIAETCS, MAaJaeT 0 HyJNS U 3aTeM CTAaHOBUTCS OTPHU-
nateabHpIM. OKOHYaHUIO PEaKIH COOTBETCTBYET NMpPEebHOE, HE U3MEHSIOIIEeCs yKke OobIe
OTPHIIATEIbHOE 3HAaUEHUE YIJIa BpaIlleHus 0. HazBaHue peakuuu («MHBEpCHs») 00YCIOBIEHO
M3MEHEHHEM HallpaBJICHHs yTila BpamleHusl MII0CKOCTH TOJSPU3ALINH.

CKOpOCTb HHBEPCUHU TPOCTHUKOBOTO caxapa yCTaHABJIMBAETCS 110 U3MEPEHHUIO MEHS0-
IIETOCs CO BpEMEHEM yTJla BpalleHHsI IIIOCKOCTH TOJISIPU3AIIH UCCIIeyeMoro pacTBopa. s
3TOT0 MCIOJIB3YIOTCS CHEeMaIbHbIE ONTHYECKHE TPUOOPBI — MOJIsIpUMeETphl. Yalie Bcero npu-
MEHSFOTCS TaK Ha3bIBa€MbIE TIOJTYTCHEBEIE MOJIIPUMETPHI.

Annapamypa u peakmugpi: TONAPUMETP, MepHasi KolGa eMk. 100 cM>, mHmeTKa M
MEpHBIN UITHHAP eMK. 50 cM”; HaBecka caxapa maccoi 20 r, 6 H. pactBop HCI.

Ipuzomosums pacmeopwr: 100 cv® npumepro 20% pactBopa caxapa, 100 oM’ 6 H. pac-
tBop HCI.

a

Ilopaook évinonnenusn padbomaol
[Ipexxne ueM Hauath paboTYy, cleAyeT O3HAKOMUTHCS C MOJISIPUMETPOM U MOYIMPAKHATHCS
B OTCYeTax Mo mkaie npuodopa. [IpuroroButs npumepHo 20%-Heli pacTBOP TPOCTHUKOBOT'O Ca-
Xapa, JJIsl 3TOro OTBECUTh Ha TeXHUYEeCKuX Becax 10 e caxapa U, IOMECTUB €r0 B MEPHYIO KOJIOY
emk. 50 cm®, oBecTH 0GBeM Bojoil 10 MeTKH. Ecii pacTBOp MyTHBII, HyKHO OT(HIBTPOBATS.
3areM MUNETKOM UM MEPHBIM LIUJIMHAPOM 0TOOpaTh B KOOy 25 cM® 3T0rO pacTBopa U Tyza ke



BiuTh 25 cM° 6 1. HC1. Cmech nepeMeniaTh U MOMeCTUTh B TepmocTar mpu 40° Ha 3-3,5 u.
Ocrasumecs 25 cm° pacTBopa caxapa cMeliaTh TaKuM e oopazoM ¢ 25 em® pacTBOpa KUCIOTHI
3a/IaHHOM KOHIIEHTpaluu. MOMEHT CIIMBaHUsI KUCIIOTHI C PACTBOPOM caxapa OTMETHUTH IO YacaM
KaK MOMEHT Hauaja peakiuu (Tp). CMech ToTyac ke TIIaTeIbHO epeMeniaTh U ObICTPO BIUTH B
XOPOIIIO BBIMBITYIO TIOJIIPUMETPUIECKYIO TPYOKY, MPEABAPUTEITHHO CIIOJIOCHYB €€ TUCTHILTUPO-
BaHHOM BOJIOM U pa3a JIBa — HEOOIBIIUM KOJIHMYECTBOM HccieyemMoro pactsopa. [Ipu namo:n-
HEHUM TPYOKH HYKHO CIICIUTH 32 TeM, YTOOBI B Hee He Torai Bo3ayX. [1y3sIppku BO3IyXxa BbI-
3BIBAIOT B I0JIC 3PEHMUS MOSBICHHE TEMHBIX MsATEH. UTOOBI OBICTPO 3aMOJIHUTE TPYOKY 6€3 my-
3BIPHKOB BO3/YyXa, IPEIBAPUTEIILHO HY)KHO HAYYUTHCS 3aIlOJIHATH €€ BOJI0W. TpyOKy HAMOJIHUTh
JI0 KpaeB, 4TOObI )KUIKOCTh 00pa30Baja BHITYKIbIH MEHUCK, 3aTEM OCTOPOKHO COOKY HaJBU-
HYTh MMOKPOBHOE CTEKJIBIIIKO U HABUHTHUTH KOJIBIIO0, IPUKUMAIOIIEE CTEKIIO K TOPILY TPYOKH.
[Tpu 5TOM NPOBEPUTH TaKKe, HE MOATEKAET JiM TpyOKa (He oOpa3yeTcs JIH IMy3bIpbKOB BO3/lyXa
Yyepe3 HEKOTOpOoe BpeMst TocIie 3anoiHeHus). HanomHeHHyro TpyOKy o0TepeTh CHapyXu (Quihb-
TPOBaJIbHOM Oymaroi, oOpaTuB 0co00e BHUMAaHHUE HA YUCTOTY, CyXOCTh U MPO3PAUYHOCTh CTEKO,
3aKPBIBAIOIIUX KOHIIBI TPYOKH, ¥ TIOMECTHUTH B JKEIOOOK MOSIPUMETPa B KpaliHee TOJI0KEHHE,
Onmxkaiiliee K OKyJsipy.

OTcyeTsl cieayeT NPOBOJUTD TOJIBKO MOCTIE TOJYYSHHS YeTKOTO H300PaKEHUS KBl 1
MOJIs1 3pEHUS TPU BPAILLIEHUU COOTBETCTBYIONIEH My ThI Ha 3pUTENIbHOI TpyOKe MOIIPUMETPA.
Bce u3mepenus npoBoaUTh P KOMHATHON TEMIIEpaType ¢ 00s3aTeIbHOM 3aMKChI0 €€ /10 U T0-
cie onbiTa. B ciydae uaMepeHuii npu remieparypax, OTIMYAIONIUXCS OT KOMHATHOM, ce1yer
MOJIb30BATHCS MOJIIPUMETPUICCKIME TPYOKaMu ¢ pyOamkaMu st 000TrpeBa, MO IKIIF0YaeMbIMA
K TEPMOCTATYy.

Ornpenenenue yria BpalieHus: IPOU3BOAUTCS HAXOXKIACHUEM MOJYTEHEBOIO MOJIO0KEHUS
MOJIIPUMETPA Yepe3 pa3InyHble IPOMEXYTKHA BPEMEHH OT Hauana peakiuu. Yem Oolblie KOH-
HEHTpaIus Karajau3aTopa (KUCIOThI), TEM Yalle CJIeyeT MPOU3BOIUTh OTCUETHI YIJIOB Bpallle-
HUSl, IOCTENICHHO yBeNUYHBas BpeMs Mexay usMmepenusimu. Hampumep, ¢ 4 1. HC1 cnenyer
IIPOU3BECTHU JIBA-TPU U3MEPEHHUS Yepe3 3 MuH, OJHO-ABA U3MEPEHUS — Yepe3 S5 muH, OAHO-/1Ba
n3mepenus uepes 10 mun u 1. 1. Beero cnenyer caenats 10—12 onpenenenuii, mpu 3ToM 3anu-
CBIBaTh IMOKa3aHUE MIKaIbI MPHOOpa U COOTBETCTBYIOIIEE €My BpeMsl 1o yacaM. Bce ompenerne-
HUS CJIeyeT IPOBOAUTH MO BO3MOXKHOCTH OBICTPO.

[To oxoHYaHMM BCEX U3MEPEHUH CIIEIYET OMPEACIUTh YTOJl BPAIlleHHs, COOTBETCTBYIO-
M KOHITY peakiuu (0). J1st aToro Ty *e TpyoKy, B KOTOPOH HaXOAMJICS pabouuil pacTBoOp,
3aMo0JIHUTh cMechio caxapa ¢ 6 H. HC1, npeaBapuTenbHO OXJIaKIEHHOM 10 TEMIIEPATyphl OMbITa
(CTIONOCHYTH ATUM PacTBOPOM TPYOKY mepe 3anoaHeHueM). OTcuer moBToputh yepes 30 mun u,
yOeIUBIIKNCH, YTO YTOJ BpAIICHUSI HE MEHSETCS, IPUHATD €r0 3a (.. [[0 OKOHUYaHUM PabOTHI pe-
KOMEHIYETCs POBEPUTH HYJEBOE MOJIOKEHHE MOJIIPUMETPA, YTOOBI B Cllydae HEOOXOJUMOCTH
BBECTH COOTBETCTBYIOIIKE MOMPABKU. Tak Kak KUCJIOTa pa3pylIaeT METAUIMYECKYIO OIpaBy Mo-
JSIPUMETPUUECKON TPYOKH, HEOOXOAUMO TOTYAC KE MOCIIe OKOHUYAHUS OTBITa TPYOKY MPOMBITh
BOJIOW U BBICYILIUT.

Oopabomka IKcnepumenmaibHvlX OAGHHBIX

1. ITo pe3ynpTaTaM OMbITa BHIYUCIUTH KOHCTAHTY CKOPOCTH PEAKIIUU IIPH TAHHOU TeMIlepaType
JUTSL K&KJIOTO MOMeHTa, kpome T = 0 u T = o0 o hopmyie:

1 C°

K=—-In———

T -,
BwmecTo KoHIIEHTpaIHii B 9TO BRIPaKEHUE MOXKHO MOICTaBUTH IPOMOPIIMOHALHBIE UM Pa3HOCTU
COOTBETCTBYIOIINX YTJIOB BPAIICHHUS:
a) YroJ BpallleHHs B Ha4YaJIbHBII MOMEHT BpeMeHu 7=0 — alp;
0) yroJ BpallleHus OC/ie OKOHYaHUSI UHBEPCUU MPU T=00 — (O,
B) YroJl BpallleHUs B TaHHBII MOMEHT BPEMEHHU T — 0}
') OT HAYAJIBHOTO JI0 KOHEYHOTO MOMEHTA HHBEPCHUH YIOJI BPAIICHHS H3MEHUTCS Ha (0g - Ols),
YTO MPONOPIIMOHATFHO HAYaIbHOW KOHIIEHTpanuu caxapa C,



1) KOHLIEHTpALlKs caxapa B JaHHbBII MOMEHT (- C) [IPONOPLMOHAIBHA U3MEHEHHUIO YIJIa Bpa-
[ICHUSI OT JaHHOTO MOMEHTA Ol [0 Olco, T.€. (0l - Ol), TOT/IA YPABHEHNE IPUHUMAET CIICAYIOINN
BUJL:
1 Ay — Ay
K=—-In——
T a, — a.,
Bce 3Hauenus yriioB BpallleHuUs MOJICTABIATh B YpaBHEHHE C COOTBETCTBYIOIIMMHU 3HAKA-
MH, 0O, Oy/IET IMETh OTPULIATENIbHBIN 3HAK, CJIEIOBATEIbHO, €0 BEIMYHHY HY’)KHO CYMMHPOBATh
C BEJIMUUHOH 0.
2. Yroi 0p, COOTBETCTBYIOIINI MOMEHTY Hayalla peakluu, MPAKTUYECKH ONPEICIUTh HE yIaeT-
csl, TaK KaK OT Hayalia peakiiu 10 IepBOT0 U3MEPEHUS TPOXOIUT 3HAUUTEIHHOE BPeMsl, [103TO-
MY 0o OTIpesieNsieTcst SKcTpanonauueii. Ha MmusuimmeTpoBoit Oymare mocTpouTs rpaduk B KOop-
nauHatax «In(o; - 0..,) — ™ (puc.) U aKcTpanonsnueii moxydeHHon tuauu 10 7 = 0 maitu In(ag -
Olos).

In (o, - Um)u

s In(ayp - a.,)

v
A

Puc. I'paduaeckuit MeTo onpeeNIeHAs Ol

W13 Benuumns! IN(a, - o) paccuntath op U K., = fga (TaHreHC yriia HaKJIOHA OPSAMOIT K
ocu abcnucce) (puc.).

Jnsa kaxxnoro 3HaueHus: Temnepatyp T1 u T, mporiecca paccuutaTh HECKOIBKO BETHUNH
KOHCTAaHTBbI CKOPOCTH pCaKIUH, HaiTu Cp€AHEC 3HAUCHUC, CPCAHCKBAAPATUIHOC OTKIIOHCHUEC U
JIOBEPHUTEIbHBIN HHTEPBAI U CPABHUTH C BENUYUHOI K, TTONydeHHOI rpaduuecku. Pe3ynbrarsl
PACUCTOB U OIIBITHBIC JAHHBIC 0(1)0pMJ'I$IIOTC$I B BUIC Ta6J'II/IIII)I:

Taoéanna

= - i §
= = = §§ % S O 0lp - Ooo O - O Koncranra | K, ]
a. 32 £ 2z < CKOPOCTH MUH
o) <
= 52 S8 E5 MHBEPCHU
2] m = o & ¥ 1
= o I:g: "5 s k, Mmun
ol
= o

Temmneparypa Tq, K

Temneparypa Tp, K

3. PaccuuTtaTh 2HEpPTrHIO aKTUBAIIUH U JTOoTapu(M MPeadKCIIOHEHITNAIEHOTO (paKkTopa B ypaBHe-
HUU AppeHnyca rpa@uaecKuM METOI0M, UCTIONB3Ys CPETHUE 3HAYCHHUS KOHCTAHT CKOPOCTHU TIPH
IByX Temrieparypax T1 u Ts.

4. PaccuntaTh U3BMEHEHHS YHTPONUU aKTUBALIMU PEAKIINH.



5. Paccuntath H3MeHEHUE U300apHO — U30TEPMHUUECKOTO MOTEHIIMANIa IPH N3Y4aeMbIX TeMIlepa-

Typax.
Otuer o pabote (cM. obrre TpeOboBaHu).

4. Komnaexm 3a0au Kk meme 6.4.
1*. Peakmus pazyioxkenust o3oHa 203 = 30; onucaHbl KHUHETUYECKUM YPAaBHEHUEM: %= k%

Hanucares MexaHu3M, KOTOpPBIM MPUBOAWI OBl K 3TOMY KMHETHYECKOMY ypaBHeHHIO. (MoxHO
HPENONI0XKUTh, YTO IIEPBOM CTaueil ABseTcs peakuus o0pa30oBaHus aToMa KUCIOPOAA).

2". Peakuusi TEPMHYECKOTO PA3I0OKEHMs HTaHA NPOTEKAET MO PaJUKAIbHOMY MEXaHH3MY B
COOTBETCTBHUU CO CIEAYIOIIECH CXEMOM:
K,
C,Hg — 2CH"; unurmupyromias craaus (1)

CH"3+ CoHg —= CH4 + C,Hs 2)
C,Hs = C,Hy + H® (3)
H®* + C,Hs =, H, + C,H's (4)
2C,H"s —=- C4Hjg peakimst o6psiBa meru (5)
Peaknun (2)—(4) — peakuuu TNPOJODKCHUS 1end.  VICrmonb3ys METOA CTallMOHAPHBIX

KOHIICHTpAIlMi, BBIBEIUTE KUHETUUECKOE ypaBHEeHHE peakiuu paznoxenus CoHg, eciu peakius
(1) sBIsIETCI MOHOMOJEKYISIPHON U TIPU OOBIYHBIX YCIIOBHUSX, T.€. MPU HEBHICOKUX JABIICHUSX,
MPOTEKAET MO 2-My MOPSIIKY.

3%, s peakuuu B rasoBod ¢asze Hp + I — 2HI no 1967 roma ssmsics oOLIEIPUHATHIM
cnemyromuit mexaumsMm (1): Hp + I, = 2HI.
B 1967 rozy 661110 NOKa3aHO, YTO peaKUuUs UJAET, BEPOATHO, 0 Mexanusmy (1)

l, =2l (1)
21 1, 2)
21 +H, ., 2HI 3)

Hcnonb3ys MeToJ CTallMOHAPHBIX KOHLCHTPALUi, BBIBEIUTE YPAaBHEHHS [JIsl CKOPOCTH
obpazoBanus (L), coorsercTByromue mexanusmy (1) u (11).

4*, Vcnonp3ys METOJ CTAallMOHAPHOM KOHIIEHTPALMHU, BBIBECTH YpPAaBHEHHE, OIpPEIEIISIOIIEe
CKOPOCTh TOMOT€HHO-KAaTaTUTUYECKOM peakiuu
A + B + K - C + K. I'oMoreHHo-kaTanuTHUeCKasi peakiusi MPOTEKAET IO CICAYIOMEMY
MEXaHHU3MY:
1. ObpazoBanue mpomexxyrodHoro npoaykra AK B pesynbrare oOpaTUMOro B3auMOACHCTBUS
MCKAY KaTaJIu3aTOpOM U OJJHUM U3 UCXOAHBIX BCIICCTB!:
a
A+ K== AK

2. OOpa3zoBaHuE€ AaKTUBHOTO KOMIIJIEKCA B pe3ylbTaTe B3aUMOJECHUCTBUSA 00pa30BaBIIETOCS
MPOMEKYTOYHOTO IIPOAYKTA CO BTOPEIM KOMIIOHEHTOM PEaKIIHAU:

AK +B =, (AB*)K
3. OGpa3oBaHH€ KOHEUHBIX NMPOAYKTOB U PETCHEpaIlUs KaTaIn3aTopa:

(AB¥)K =, C+K.
5°. Kunernka ()OTOXMMHUYECKOTO XJIOPHMPOBAaHMS TeTpaxjopdTuiaeHa B pactBope CCly

onuchiBaeTcs nuddepeHnanbHbpIM YpaBHEHUEM:
d[CLH] _

T dar

Peakmus — 1ierHas, Ha 9TO YKa3bIBAa€T BBICOKHMI KBAaHTOBBIN BBIXOJ, a TAKXKe JPOOHBIN MOPSIOK

peakmuu. [ToayunTs BeIenpuBeieHHOE AuddepeHInanbHoe ypaBHEHHE, €CITH PEaKIUs UIET 110
CIEAYIOUIEH CXEME:

Cl, + hy =.2CI° (3apoxIeHre TETH )

CI*+ C,Cly B, C,Cls

K[CL,]¥2

(mpomoImKeHHE TIeTH)



Cl, + °C,Cls N _C2C|6+ CcI’
*C,Cls + * C,Cls =, C,Clg + C>Cly (oOpwIB HETIH).

6" [Tpu ocemennu razopoit cmecu CO + Cl, nctournkoM ¢ ainHoi BostHb! 400 HM OBLIO 1T0-
aydeHo o ypaBHeHuto peakiuu CO + Cl, = COCl; 0,1 kr pocrena. KonmdecTBo MoromeHHOMl
razoMm jgyuuctoit sHepruu 300 [Ix. PaccumraiiTe KBAaHTOBBIN BBIXOJI TOW PEAKIIMH.

7". Tlpu GoTOOGPOMUPOBAHKUK KOPUIHON KHCIOTHI 10 JMOPOMKOPHYHON KHCIOTHI PEAKIIMOHHAS
cMech 00ITydaTach CHHIM CBETOM C JUTHHO BOJTHBI 435,8 HM 1 uHTeHCHBHOCTBIO 14-107 JTx/c.
3a BpeMs skcniozunuu 1105 ¢ konrdectBo Bry ymensmuinocs Ha 0,075 mMos. PactBop morsio-
main 80,1% cBeta, mpoxoAsiero yepe3 Hero. BeruncauTe KBaHTOBBINA BBIXOI.

5. Koumponwvnasa paooma Neb6 no meme: «Kunemuka npocmuix u ciodcHuIX peakyuily
BapuanTt 1

3aoanue 1. KoncTanta CKOPOCTH OMBUICHHUS! YKCYCHOATHIIOBOTO 3(Upa €KUM HATPOM IpU
9,4°C paBHa 2,37, a ipu 14,4 OC — 3,204. Borunciaurs, NPy KaKoW TeMrepaType KOHCTaHTa
cKkopoctu Oynet paBHa 15.
3adanue 2. PacTBOp YKCYCHOSTHJIOBOTO 3¢upa KOHILEHTPALUU 0,01r-sxB/mm° npu 20°C
ombursierca 0,02 H. pacTBOpoM eAKoro Hatpus B TeueHuu 23 muH Ha 10%. Kak nusmenurcs
ATO BPEMsl, €CJTM YMEHBIIUTH KOHIIEHTPAI[UU PEarupyoInX BEIIECTB B ISTh pa3?
3adanue 3. Pacnian okcuna azota (1) mpu 900°C xapakrepusyercss JaHHBIMU:

BpeMs, ¢ 900 1800 3180 3900 4800 6000 7200

CTCNCHb HPe | 16 5 32 50 57 65 73 78
BpamieHus, %

OHpe,I[eJ'II/ITC CpeAHEC 3HAUCHUC KOHCTAHTBI CKOPOCTH U BPEMCHU IOJIYIIPCBPAILLICHU .

Bapuanr 2
3aoanue 1. Bo CKOJIbKO pa3 YBETUYUTCS BpEMsi, HEOOXOAMMOE JIJIsl 3aBEPIICHUS PEAKIINH,
€CJIM IOHU3UTh TeMIlepaTypy Ha 45 o2 TemnepaTypHbiii KOAPHUITUEHT CKOPOCTH Peak-
[IUU TIPUHSATH PABHBIM 3.
3adanue 2. XnopupoBanue 6€H30I1a, TIPOBOJAUMOE B JIEJTHOW YKCYCHON KHUCIIOTE, SIBISETCS
peaKuue BTOPOro mopsjika ¢ KOHCTAHTOW CKOPOCTH 1,5:10° M3/(KMOJ'II)-C€K). Ucxonubie
KOHIeHTpaluu: 6enzona — 0,5 KMOJIB/M® 1 xsopa — 0,05 KMOJIB/M". Onpenenutp, 3a Kakoe
BpeMsi 00pa3yeTcs MOJOBHHA BOZMOXKHOTO TIPH ITUX YCIOBUSAX KOJIMYECTBA XJIOpOEH30Ia.
3adanue 3. Peakuus paznoxkenus nepekucu Bopopona 2H,O, = 2H,O + O, B kucnoi
cpe/e W B MPUCYTCTBUM MOHOB OpoMa Kak KaTajlu3aTropa MPOTEKaeT MO CIEeAYIIEeMY

MCXAaHU3MY:
H,O, +Br + H"— HBrO -+ H,O (1)
H,0, + HBrO - H,O +Br + H + O, (2)

Hcnonb3ys METOI CTAalMOHAPHBIX KOHIEHTPALUM, OIIPEAEIUTE, KAKOB MOPSIOK 3TOU pe-
aKIMU 110 MEPEKHUCH BOJAOPOA.

Pazoen V1. Kamanus

Tema 7.1. Kamanu3z. Ooujue npunyunst npomeKanus Kamaiumu4ecKux peakyui
1. Bonpocwl K ycmuomy onpocy
1. KuneTnka rereporeHHbIX XUMHUYECKUX PEAKIIHA.
2. Karaymtnyeckue mporiecchl. OCHOBHBIC MOHATHS: KaTaliu3, Katanu3arop (mo bopeckoBy),
uHTHOUTOp. CriellnUUHOCTD M CENIEKTHBHOCTh KaTAMU3aTOPOB (mpuMepbl). OCHOBHBIE MOJIOXKE-
HUS TeopHH Karaiau3a. [[poMexyTodHble BellecTBa B KaTanu3e. [[pHHIHIT SHEPTeTHYECKOTO CO-
OTBETCTBHUS



3. OOmue npencTaBiIeHUs] 0 MEXaHW3MaxX KaTAIUTHUYECKOro ACUCTBUS, CBA3aHHOM C 00pa3oBa-
HHUEM aKTUBHBIX KoMIUIekcoB. Kitaccudukanus kaTaTuTHYECKUX MTPOLIECCOB.

4. T'oMOreHHBI KaTanu3 B ra3oBod ¢aze. Teopuss MpOMEKYTOUHBIX MPOIYKTOB. KuciaoTHO-
OCHOBHOM KaTajlu3: cuelu(pUUecKrii KUCIOTHBIN KaTalu3, crienun(uyeckuii OCHOBHOM KaTalus,
OOIIMKA KMCIOTHBIN KaTaJln3, OOLIMI OCHOBHOM KaTaiau3, KOPPESIHMOHHbIE COOTHOMIEHHS. | 'eTe-
POTEHHBIN KUCIOTHBIN KaTaan3. ABTOKaTaIu3.

2. Jlabopamopnas paboma Ne24 «Honomempuueckoe uzyuenue cKopocmu copoyuu uoHos
mMAIHCENbIX MEMATIIO6)»

Llenwv pabomwi: onpeneneHnue KOHCTAHT CKOPOCTH COPOIIMN HOHOB TSDKEJBIX METANIOB
(TM) noHOMETPHUYECKUM METOJIOM IIPH JIBYX TEMIIepaTypax; rpadudeckoe HaxoxAeHUE dHEP-
UM aKTUBAIMH, pacueT U3MEHEHUS SHTPOIUU aKTUBALMU U U3MEHEHHS U300apHO — U30TEPMHU-
4eCKOro MOTeHIHANIA.

Ilpunyun memooa. JIns v3y4deHusi KHHETUKU pEaKUUi U ONpPENEIeHUs ee CKOPOCTU HEOO-
XOJJMIMO 3HATh M3MEHEHHE BO BPEMEHHM KOHIICHTPAIMH XOTsI OBl OJHOTO M3 pPearupyromux Be-
HIECTB WJIN MPOAYKTOB peakiuu. s onpeneneHusi KOHIEHTPAIUU BEUIECTB MOKHO MTPUMEHSTh
KaK XMMHYECKHE, TaK 1 (PU3NKO-XUMHUIECKHUE METO bl aHAIIN3A.

B Qusuko-xuMuyeckux MeToAax aHaiu3a U3MEpseTcss U3MEHEHHE BO BPEMEHH KaKoro-
anbo Qusmyeckoro cBoiicTBa cucteMbl (pactBopa). K moctomHcTBaM 3TOM Ipynmbl METOIOB
MOKHO OTHECTHU: OBICTPOTY OINpEIETICHHI; BO3MOKHOCTh BBIMOJHEHUS U3MEPEHUN Hemocpe-
CTBEHHO B PEAKIIMOHHOM COCyzie 0e3 MpeIIecTBYIOIIero oroopa npod, 6e3 HapyIeHus paBHO-
BECHsl B CUCTEME; BO3MOXHOCThH MPOBEICHUS HETPEPHIBHON aBTOMATUYECKOU 3amucu. [lomen-
yuomempuyeckue MeTOJIbl, OCHOBaHHBIE HAa IPSIMOM M3MEPEHUU MOTEHIMaa 3JEKTPOJa, UMEIO-
HIET0 MPSIMO MPOMOPIHUOHAIBHYIO 3aBUCUMOCTH OT KOHIIEHTPAIMH ONPEIEIIEMOro HOHA.

[Tpu uccnenoBaHUM KWHETHKH COPOLIMU MOHOB TSKEIBIX METAJUIOB Pa3IUYHBIMUA COpPOEH-
TaMd HEOOXOJMMO ONPENCIUTh BpeMs, B TE€UEHHUE KOTOPOTO YCTaHABIMBAETCS COPOLIMOHHOE
paBHOBecHe B cucTeMe: «copoent — TM "y,

Annapamypa u peaxkmugpl: noHoMmepbl «JkcnepT - 001», mratuBbl UIsl 3J€KTPOAOB,
noHoceneKTUBHbIE AEeKTpoabl (MCD) Ha MOHBI TSHKENBIX METAILIOB (Cu2+, Fe3+, Zn2+, Pb2+,
cd**, Ca** u p.), SIAEKTPOJIbI BCIIOMOTaTeIbHbIE na60gaT0pHHe xJyopcepedpsiabie OBJI-1M3.1,
MUTIETKH EMK. 5 CM~, XUMUYECKHE CTakaHbl EMK. 50 cM”, MepHbIe KoJObI EMK. 50 cM3, bunbtpo-
BaJibHas OyMara, HakJauHast Oymara MeJKO3epHHUCTas,; UCXOJHbIE BOJHBIE PACTBOPHI HOHOB Tsi-
KEITBIX METaIoB KoHuenTpamueii 0,1 Moib/M°, KOHIHIMOHUPYIOIHE PACTBOPHI IS TOTO-
ToBKH K pabore MCO (cormacHo uncrpykuusm k UCD), 6ydepHbie pacTBOPHI ISl peryaupoBa-
Husi noHHOU cunbl — BPOUC (cornacHo uHcTpykuusaM k MCD), pacTBOpbl [UIsl 3allOJHEHUS
3JIEKTPOOB CpaBHEHMS (COrfacHO MHCTPYKIMAM k MCD), aucTuimmpoBaHHas BoJa.

Ilopsaook evinonnenus pabomot

N3 ucxoaHoOro pacTBopa METOA0M IOCIEIOBATEIBHOTO pa30aBiIeHUs] IPUTOTOBUTh 31:)&160—
anif pacTBOp colm Metaiia (IT0 3a[aHMIO PENoIaBaTeNIs) ¢ KoHIeHTparmeit 10™° Mons/aM° 06b-
eMoM 50 e, npu HeoOxoaumoctu 1006aBuTh BPOUC (cormacHo uucTpykuusam k UCD). Jlanee
uszmeputh noteniman MCD (Ep) B pactBope npu =0 (10 BHeceHus: copoenta). [locne nzmepe-
HUS, B 3TOT pacTBOp BHECTU 2-5 I' cOpOEHTa, MHTEHCUBHO NEpeMeIIaTh U HauaTh (UKCUPOBATh
MOKa3aHWsI HOHOMEpa uepe3 onpeeeHnpie mpomexytkn Bpemenu: 0, 5, 10, 20, 30, 40, 50, 60,
90, 120, 180 ¢, 5, 7, 10, 12, 15, 20, 25, 30 mun, 35 mun, 40 mun, 50 mun, 1 4, 1,5 4, 2 u.. [1apain-
JIENIbHO TIPOBECTU TaKue K€ U3MEPEHHUs, TJIe BMECTO pacTBOpA COJIM METalljla MCIIONb30BaTh JH-
CTHJUIMPOBAHHYIO BONY (47151 yueTa oHa).

Oopabomka IKchepumMeHmaibHbIX OAHHBIX
1. Onpeoenenue koncmanm ckopocmu copouyuu. Tak Kak copOlUs HOHOB METaIOB
IpeJcTaBIsieT co00 OJIHOCTOPOHHUM TMPOLIECC, MOAYNHSIOIIUNCS KUHETUUECKOMY YpaBHEHUIO
NEepBOT0 TMOPSJIKA, TO MOXKHO PaccuuTaTh KOHCTAHTY CKoOpocTH copOuuu (K), ucnonb3ys
3gaueHus norenmnuaia 1CH:



C E
kim0 1S 120 (1)
r C,-C r C T Ez_

O npop. pasn

rae Ep - noreniman UCO npu 1 = 0; £, —moteniman UCO B MOMEHT BPEMEHH 7.
Hcnonp3ys ypaBHeHUE 1, BBIUMCIUTH KOHCTAHTBI CKOPOCTH COPOIMHM MOHOB MPHU HCCIEAYEMBIX
TEMIIEPATypax, TaHHBIC BHECTH B TAOIHILY
2. Onpeodenenue KUHeMUYECKO20 NOPAOKA U KOHCHAHM CKOPOCMU COpOyuu

K HavaipHBIM yuacTkaMm Ha rpadukax 3aBucuMocTy rotenrmana CD ot BpeMeHu npu uccremy-
eMBIX TeMIIepaTypax MPOBECTH KacaTelbHbIE, TIPEABAPUTEIIHLHO PA3/IeMB HAYAIbHbIC YUaCTKU HA YEThIpE
paBHble yacTH. K BoIOpaHHBIM ueThIpéM ToukaM (E;, i) Ha n30TepMax MoCTPOUTh KacaTelibHbIE JI0 Iepece-
YeHUs! ¢ OChl0 abcruce. YrioBble KOA(PdUIIMEHTH KacaTeNbHBIX HAWTH KaK BEJIMYMHY TAHICHCA YIIia
MEXTy KacaTeJIbHON M OChIO a0CIMCC, KOTOPBIE YMCIIEHHO PAaBHBI CKOPOCTH COPOLIMOHHOTO B3aUMOJICH-
CTBHS B COOTBETCTBYOILIMIA MOMEHT BpEMEHH T: 1Ja; = Vy.

Hcnons3yst rpagyupoBounbie rpaduke, u 3Hadenus ICO E; onpenenuts paBHOBECHBIE KOHIIEH-
Tparmu HoHOB [Cj] B MOMEHT BPEMEHH T.

TMoms3yschk 3aKoHOM JeiicTByronmx Macc B oorueM Buge: Vi = Ki[Ci]" u norapudmmueckoit pop-
Me:

Inv; =k; + n-In[Cj], @

nocTpouth JiHeiHbIe 3aBuckuMocti: Inv; = f(IN[C;]), rae Ki — koHcTaHTa CKOPOCTH COPOLIMK HOHA B MOMEHT
BPEMEHU T, YUCJICHHO paBHAasi OTPE3KYy OTCEKaeMOMY MPSMOM MO OCH OpJIMHAT; N — MOPSIOK PEaKIIHH,
OTpeIeIIeMbIi KaK yriioBoi kodddurment mpsivoii (1).

I"paduyeckuii MeTo OnpeneNeHHs] KHHETUYECKUX MOPS/IKOB COPOLMY MOHOB MPEJICTABIICH HA PU-
cynke 1.

+lnv;
12 r

11 F

10 F

. . . , , :I:h’l[Ci]

0 0,25 0.5 0,75 1
Puc.1. I'papuueckoe onpeneneHne KWHETUYECKUX MOPSIIKOB COPOIIUH

noHoB TM raunoit npu 295 K

Haiinennsle rpaguyecku pe3ynbTathl, MpeicTaBUTh B Tabnule 1.

Taoauma 1
Kunernueckune napamerpsl copouumn uonos , Co = 10" mostn/am°
I'padmuecku HaiineHHbIE Honsr

pE3yIbTaThI cu? Hg?" Cd? Fed PpZ* Cs'
Kunetrnyeckuit mopsaok peakium,
n mpu T~295K

KoHCTaHTBI CKOPOCTH COPOIIMM HOHOB aTFOMOCHIMKATOM, K

T~275K
T~295K




| T~305K | | | |

3. Onpeoenenue nepeuu u Inmponuu akmueayuu. Vicnono3ys ypaBHeHue (2) AppeHuyca B
JUHEHHOW (opMe M pacCUMTaHHbIE 3HAUCHMsI KOHCTAaHT COPOLMM IOCTPOUTH 3aBUCUMOCThH B
koopauHatax «INK — 1/T» (puc. 2).

Eaxm l

InK= InPZ, — T T (2)

Ink

J‘ Inpz,

UT

Puc. 2. I'paduueckuii MeTos1 pacueTa SHEPTUU aKTUBALIUU U JIoTapudma
MIPEIPKCIIOHEHITNAILHOTO (paKkTopa B YpaBHECHUHN AppeHHnyca

PaccunTarthe »sHeprui0 axkTUBAMHM W JIOTapu(M TPEAIKCIOHEHIMAIBHOTO (akTopa B
ypaBHEeHMH AppeHuyca rpaduyeckuM MeToJoM (ypaBHEHHE 3) IMOJIb3YSCh 3aBUCUMOCTBIO
npejcTaBieHHON Ha puc.l. [Ipsimast oTrcekaeT OT BEpTUKAIBLHOW OCH OTPE30K, YUCIEHHO PaBHBIN
Jorapumy IpeIdKCIoHeHInaIbHOTo (hakTopa INPZ.

Eun=m-Rtgp (3)
rae tg ¢ - yrinoBoii ko3 puULKeHT npsiMOi, M — OTHOIIEHHWE MacIITa0oB.
Paccunrarh PHEPrUIO aKTUBALMU 110 YPABHEHUIO 4:

K
RT.T,In (ﬁ)

E —— ™ 4)
a
Tz _T1
Hcnonwe3yst ypaBHeHue OiipuHra (ypaBHEHHE 5) paccUuUTaTh HM3MEHEHHE HSHTPONUHU (AS#)
06paSOBaHI/I$I AKTUBUPOBAHHOT'O a,I[COP6LII/IOHHOF O KOMIIJICKCaA.

#
IgPZo= 10,36 + IgT + 2>

()

H
Paccunrtarh n3menenre n300apHO — M30TEPMHUUECKOTO TTOTEHIIHAIIA 110 hopMyJIe:
AG = AH - TAS npu n3y4aeMbIX TeMIIEpaTypax.
#

PesynbTatel pacuetoB Ky, Equm AG 1 AS” ipu 00pa3oBaHUM aKTHBUPOBAHHOTO aJICOPOIIMOHHO-

ro KOMIUJIEKCa MPEACTaBUTh B BUJIE TaOTHIIBL.
Ta6auna. 2

XapakTepucTHKHU Npouecca 00pa3oBaHusl AKTUBUPOBAHHOI0 KOMILJIEKCA IIPH COPOIUM
HOHOB METAJLJIA U3 CTAHJAPTHBHIX PACTBOPOB (cOMe”+:1O'3M0J11,/)1M3)

Eion, KK/ MOIB -AS* AG
T y K KCK ’ y
Epacq Ezpad) H)K/ MoJb-K K,Z[)K/ MOJIb
273
298




Otuer o pabote (cM. oOrHe TpeOOBaHUS).
3. Komnaexkm 3a0au k meme 7.1
1. Karanuzatop cHmxkaeT sHepruto aktuBauuu ¢ 60 x/x/monb no 20 x/x/Mons. Onpenenure,
KaK BIUSCT HA TeMIepaTypHbiid ko3¢ dunuent peakunn npu 300 K BBeieHHE KaTanu3aropa.
2. Karanuzatop cHmxkaer »Hepruto aktuBaimu Ha 40 x/[x/mMonb. Peakuus mpoBoauiach mpu
temneparype 300 K. Bo ckoibkO pa3 BO3pacTe€T CKOPOCTh PEAKIUH TMPH BBEICHUHU
Karanuzaropa?
3. PasHoCTh SHepruii aktuBanmm peakiuii paBHa 8 k/[x/moinb. IIpu 400 K BeIXO7 BemecTBa B
cocrasiseT 25%. Kakum okaxercs Bbixon Beuectsa npu 500 K.

Tema 7.2. Kunemuka kamanumuuecKkux npoueccos
1. Bonpocel k ycmuomy onpocy
1. I'ereporennsiii katanu3. KaranuzaTopbl 1 UX OCHOBHBIE TUIIBL. Y CIIOBUSI BBICOKON aKTUBHOCTH
KaTajau3aTopa (AUCIEPCHOCTh TBEPJbIX KaTalM3aTOPOB, CIIEKAHUE KaTalu3aTOpPOB, POMOTUPO-
BaHUe, OTPaBJICHUE KaTaln3aTtopoB). Ponb agcopOunu B reTeporeHHO-KaTaaTuTHUYEeCKUX PeaKily-
AX — BBIBOJl KHHETUYECKUX ypaBHEHUM. Y paBHeHue JIeHrMopa-XuHiensByaa. Kunernueckas u
mubdy3noHHast 06J1aCTH FeTePOreHHOT0 KaTAIMTUYECKOTO Mpoliecca.
2. Teopun xaranmmsa. [IpencraBneHne 00 aKTUBHBIX LEHTpax. Poiib AeeKTOB pearbHOro TBEP-
noro tena B karanuse (I'. Taitnop). Pons HEOTHOPOJHOCTH MOBEPXHOCTHU U €€ y4eT B afcopOuuu
U KaTaju3e, Teopusl aKTUBHBIX KataauTuueckux aHcambiueit H.M. Ko6o3eBa. Jluranano-nosnesas
teopusi b.B. EpodeeBa. Teopust mynpTumneroB A.A. bananguna. [losicuure Ha mpumepax oc-
HOBHOW CMBICJI U 3HAYEHUE NPUHLUIA CTPYKTYPHOrO (T€OMETPUYECKOT0) COOTBETCTBUS MYJIb-
TUILJIETHOW TEOPUM FeTEPOreHHOro Katanusa A.A. banannuna. DnekTpoHHas TEOpUsl KaTalu-
3a.
3. Ocobennoctu ¢epMeHTaTUBHOTO Katanu3a. Cxema u ypaBHeHHe Muxasnuca-MenteH. Kon-
KYPEHTHOE U HEKOHKYpEeHTHoe uHruouposanue. CyocrpatHoe TopMmoxkeHue. [Ipruunnbl 6onbmmx
CKOpOCTeH (pepMEHTATHUBHBIX PEAKIIUM.
4. BnusitHue pacTBOPUTENSI Ha CKOPOCTh XMMHYECKHUX peakuuil. Cka3plBaeTcs JU M Kak
MOHHAas CHJia pacTBOpa Ha CKOPOCTHU pEaKIMU MEX1y HOHaMU B pacTBope?

2. Jlabopamopnas paboma Nel5 «H3yuenue Kunemuku Kamaaumuuecko2o paszioicenus ne-
POoKcuoa 6000pooa»

Ilenv pabomobi: 03HAKOMUTHCS C OTHUM U3 METOJIOB M3YUYEHUSI KUHETUKU PEaKLUU, Ope-
JIETUTH TIOPSAIOK PEaKIUU Pa3oKeHHs MEPOKCHIa BOJAOPOIa M KOHCTAHThI CKOPOCTH PEAKIINH,
SHEPTHUI0 U SHTPOIIMIO aKTUBALIUU, U3MEHEHUE N300apHO — U30TEPMHUECKOT0 MOTEHIHAIA.

Ilpunyun memooa. Ilepokcur BOJOPOIa B BOAHBIX PaCTBOPAX MEIJICHHO Pa3Jjiaraercs:
2H,0, — 2H,0 + O,.

VYckopsitoniee AeicTBHE Ha Pa3jioKeHUE EPOKCHIA BOJIOPOAA OKA3bIBAIOT KaTaIN3aTo-
pBI: HOHBI MO/1a, XKeJe3a, ME/IM, KOJJIOUIHAS IJIATUHA, COJIM Najutaaus. s n3ydeHuss KHHETUKU
B HaCTOSIIEH paboTe MPUMEHSIETCS Ta3oMeTpruecKkuii croco0. KonrmdecTBo pa3nokuBIIEToCs K
JAaHHOMY MOMEHTY MEPOKCH/Ia BOAOPO/a OMPENEISIOT M0 00beMY BBLICTUBIIETOC KUCIOPOA.
VYcTaHoBKa, ¢ TOMOLIBI0 KOTOPO MOXKET OBITh M3yu€Ha CKOPOCTh Mpoliecca, MPe/ICTaBIeHa Ha

PHUCYHKE.

= Puc. YcranoBka s usydyeHus
KHUHETHKU Pa3I0KECHUS
MepoKcuaa BOAOPOA:

1 — mpobupka;

2 — OropeTKa;

3 — ypaBHUTEIbHAS CKIISTHKA;

4 — TepmocrTar;

5 — mTaTuB




Annapamypa u peakmuegpl: yCTAaHOBKA JUIA U3y4eHUs] KHHETUKU (puc. 1), MepHas koyba
eMK. 50 cM®; aBe munetky emxoctbio 1 em®, CEKYHJIOMED, PacTBOP MepPOKcHIa Boaopoaa (¢ =
0,2—0,3 monb/1m°), pactop PACl, (¢ = 0,06 mMous/mm®).

Ipuzomosums pacmeopui: 110 50 cM°® pacTBOPa MEPOKCHJIA BOIOPOAA
(¢ =0,2—0,3 monb/am®) u pacteopa PdCl, (¢ = 0,06 Momnb/mm°).

IHopaook evinonnenusn padomot

Ilepes1 HAYAIOM OIbITa B IPO6UpPKy 1 momemaroT o 1 cM® pacTBOpOB IepoKcHaa BOIO-
poJia ¥ KaTalu3aTopa, BhIIEPKaHHbIX B TepMocTaTe B TeueHue 30 MUH Npu JaHHON TemIepaTy-
pe. [IpoOupKy MIOTHO 3aKPBIBAIOT MMPOOKOH ¢ ra300TBOAHON TPYOKOW, COSTUHEHHOM C OropeT-
koi 2. KpaH Ha ra300TBO/IHOM TpyOKe OCTABIIAIOT OTKPBITHIM B TeUeHHE | MUH (1J1 BHITECHEHUS
Bo3ayxa). IlepeMenias ypaBHUTENbHBIN COCY/] BAOJIb IITaTUBA, YCTAHABJINBAIOT OJMHAKOBBIE
YPOBHU BOJIbI B OIOpETKE M YPaBHUTEIBLHOM cocy/ie. BKiIto4aroT cekyH10Mep U Yepe3 KaxKble
0,5-1,0 MuH U3MepPAIOT 00BEM BBIJICIIMBIIETOCS KUCIOPOAa B KyOMYECKOM CaHTUMETpE, yCTa-
HaBJIMBAs Mepel KaXIbIM U3MEPEHUEM OJJMHAKOBBIM YpPOBEHb BOJIbI B OIOPETKE U B yPaBHUTEIb-
HOM cocCy/ie. AHaJOTUYHO IPOAEIBIBAIOT OIBIT IIPU BTOPOM TeMIepaType. DKCIEPUMEHTaIbHbIE
JaHHbIE 3aHOCST B Tabnumy 1.

Taoauna 1
T, MUH V, em®
T19 K T23 K Tla K T29 K
T T V1 Vi
Tj Tj Vo V0

rae Vo—o0beM KUCI0po/a, BbIAESIUBIIETOCs MOCIE MOTHOIO Pa3IiokKEeHHs IEPOKCHIa BOAOPOA.
Oopabomka IKcnepumeHmaibHvlX OAGHHBIX
1. JIast peakiiuii pa3inIHbIX TOPSIKOB BRIPAKEHHUS IS KOHCTAHTBI CKOPOCTH K pa3inyHBbI:

eCJ'II/II']ZOK':l'(CO—C), ecmun=2 K=1-(L— 1)
T T

¢
cCclin - _T C, €Clin - _21_' Cz Cg

rae C°, C — KOHIIEHTpALMK PEArMPYIOLIEro BEMIECTBA B HAUAILHbLIM MOMEHT BPEMEHH U YEPE3
BpeMs T OT Havaja peakinH.
B nannoii paboTe BMECTO KOHIIEHTPAIIMK NIEPOKCHIA BOIOPOIa U3MEPSIETCSI 00BEM BhI-
JenuBLIerocs kuciopoja. Kak BUIHO U3 ypaBHEHHUSI peaKIlui,
C(H20,) = const - (V, - V), a C%(H,0,) = const * V,
CrnenoBaTenbHO, CIIPaBEIMBbI COOTHOILICHHUS:

ectu nN=0, K = ~_ =7 , 1)
ionst VT

—_ ' _— . ] o

ecom n=1, K= - In o 2

R 1 1 1

= é'=k-const==- -

ecsii nN=2, : Vo VvV V ) 3)
_ '— k- const? = L. ( . L)

ecnmu N=3, k =k -const? = 7 G 2 (4)

CrnenyeTr UMeTh B BUJLy, YTO TOJBKO B CIIy4ae, €CIU PEaKIHs IEPBOro MOPsAKa, OACTaB-
75151 00BEMBI KUCIIOPO/1a B BBIpAXKEHHE JUIsl KOHCTAHThI CKOPOCTH, MOJIy4aeM KOHCTaHTY CKOpPO-
cru k. B npyrux ciyyasix mosry4aeM IMoCTOSIHHYIO BeTUUMHY K', He paBHYI0, @ TOJIBKO MPOIOPIIH-
OHAJILHYIO KOHCTAHTE CKOPOCTH.

W3 ypaBuennii 1 — 4 cnenyer, 4ro:
ectu n=0 V=kr 5)



ecu n=1 In(Vo—V) =InVo -kt (6)

com  N=2 Lok )
VoV Vo

com  n=3 L -l ik ®)

( Vo=V )2 V2

2. 1yt onipeiesieHusl OpsIKa U3y4aeMOM peaKkIiuu Memooom noOCmMAaHO08KY SKCIIEPUMEHTAb-

HbBIC JIaHHBIC TIOJICTABJISIFOT B ypaBHeHHS 1-4 1 paccuuThiBatOT K' TOJNBKO NP KOMHATHON TeM-

nepatype. KoHcTaHTa CKOPOCTH HE 3aBUCUT OT KOHIICHTPALUH PEAarupyromnuX BEIIeCTB, a B JaH-

HO paboTe — OT 00bheMa, BhIIETUBIIEroCs Kuciopoaa. CieaoBarenbHO, TO ypaBHEHHUE, KO-

TOPOE JaCT MPUOIUZUTEILHO OJIMHAKOBBIC 3HAUCHHS KOHCTAHTHI, YKKET Ha TIOPSIOK PEaKIIHH.
DKCnepuMEeHTAIbHBIEC JAHHBIE U Pe3yJIbTaThl pacyeTa Clie1yeT IpeICTaBUTh B BUJIE Ta0-

JIUNEI 2.

Taoaumna 2

Ne

T, MUH

V, cMm

kl
npun =0

kl
npun=1

kl
npu n = 2

kl
npun =3

HpoaHaJ'II/ISI/IpOBaB PE3yIbTaThl, OIIPEACIIAIOT ITOPAAOK PCAKIIUU PA3JIOKCHHUSA IICPOKCUAA
BOJIOPOJIa U PACCUUTHIBAIOT KOHCTAHTBI, KaK cpeiHee apu(pMETHUECKOE MPHU ABYX TEMIlepaTypax:
ki + k... +k;
T, —

n

3. Jluis onpeneseHus Mopsiika U3y4aeMoi peaknu epaguueckum memooom HeoOX0JUMO Mo-
CTPOUTH 3aBUCUMOCTb KOHIICHTPAIIUU PEAarupyIoIMX BEILECTB, a B JaHHOH paboTe 00bema Bbl-
JIEJIUBILErocst KUcaopoia (ypaBHEHHS 5-8), OT BpEMEHU, KOTOPOsI MOKET ObITh BbIpaXKEeHa Ipa-
(duyecku B BUIE IPSMOM JIMHUU B COOTBETCTBYIOIIUX KOOPJMHATAX:

n=0 V=r n=2 : = f(z)

Vo=V
IV =7; n=3 — 1 0
n T Vv )2 T

Ilo OKCIICPUMCHTAJIbHBIM JJAHHBIM CTPOAT rpa(l)I/IKI/I B YKAa3aHHBIX KOOpAWHATAX,
UCIIOJB3Ysl IaHHBIC TOJBKO TIPU KOMHATHO# TemrepaType. KoopanHaTthl, B KOTOPBIX 3aBHCH-
MOCTB OKAXECTCsl HHHeﬁHOﬁ, YKa)XyT Ha IOPAAOK pCaKIIUH. 3KCHepI/IMeHTaHLHLIe JaHHBIC U pe-

3yJBTAThl pacyeTa ClIeIyeT MPe/ICTAaBUTh B BUJIE TaOTUIIHI 3.

cClIn cClin

eccm h=1 eciu

Taoauma 3
! 8 __t oM’
( V-V )%

Ne| 7,mun |V, em® | Vo—V, eM® In(Vo - V), oM’

[Tocne ycraHOBICHHS MOPSAKA PEAKIIH OTPEACISIFOT KOHCTAHTBI CKOPOCTH TpapuuecKu
IpHU ABYX TEMIIepaTypax, Kak TAHI€HC yIjla HaKJOHAa KHHETUYECKOH MPsSMOH 10 OTHOLIEHHIO K
ocu abdcuucc.
4. Oruer (cM. obuIHe TpeOOBaHMUS) JOIKEH COAEPKATh PACUET Kepenn, TPAQUKH U ONIPE/ICTICHHE
KOHCTaHTBI CKOPOCTH TrpaiuecKy, HalIeHHbIC 3HAYCHNS YHEPTUN aKTHBAINH (TpaduIecKuM
METO/IOM), PACCUUTAHHbIC 3HAYCHUS SHTPOIIMHU AKTUBALIUN U U3MEHEHHS N300apHO — U30TEPMHU-
YEeCKOro MOTEeHIHAIA.

3. Komnnexm 3a0au k meme 7.2.

1. PaccuuTaiiTe 3HaUeHHWE KOHCTaHTHI Muxajnuca v 3HaUeHHuEe MakcuManbHON ckopoctu (Ky u
Vmax) BCEMH BO3MOXXHBIMHU METOJIaMH JIJIS1 PEAKIIUU THAPOJIM3a METUI0BOro d(hupa N-6enzounn-L-
AMUHOMACTISTHOM, KaTaIM3UPYeMOr0 O-XMMOTPUIICUHOM. W3BECTHBI JaHHBIE O 3aBUCUMOCTHU
HAYaJIbHOW CKOPOCTH OT KOHIIEHTPAIUU cyOcTpaTa:



cs’ - 10° M 2,24 224 149 149 112 1,12 090 0,90 0,75 0,75

vor 107, mome/c 4,25 4,31 3,52 3,60 3,10 3,12 2,71 2,77 2,45 2,40.

2. Omnpepenurte 3HAYCHUS] KHHETUYECKUX MAPAMETPOB: Vimax, Km, U Kyar THIPOIHM3a METHIIOBOTO
a¢upa K-anermn-1-sanimHa, KaTaau3upyeMOro O-XHMOTPUIICMHOM, UCXOAS M3 MPHUBEACHHBIX
HUKe TaHHBIX. HauanbHas koHIeHTpanus GepMeHTa paBHa 3,8 - 10 momb/mm 3 .

Cs’, Momn/mm’ 0,200 0,124 0,091 0,071 0,060

V0 10%, mons/(nvPc) 4,57 3,83 3,31 293 274

3. Ilpu no6aBneHun HHTHOUTOpPA B (PEPMEHTATUBHYIO CUCTEMY, IMOAYMHSIONIYIOCS cxeme Muxa-
anuca—MeHTeH, MaKCUMallbHasl CKOPOCTh peaklluu yMEHbIIWIach B 5 pa3, a Ky He u3MeHumnaco.
[Tpenyioxxute cxeMy MHTHOMPOBaHUS M paccuuTaiTe K, ecny KOHLIEHTpaluss UHIHOUTOpa paBs-
usmach 4 - 107° MOJ'IB/I[M3 .

4. Tuaponu3 aueTHHXOJIMHA KaTaIu3upyeTcss (epMEHTOM aleTHIXOIMHACTepa3oid. Yucno o6o-
potoB coctasisier 25000 ¢ *. CKOIBKO BpeMeHHU NOoTpeldyeTcst PepMeHTY )i pacIIeIUICHUs O/1-
HOM MOJIEKYJIbl alleTHIIXOJIUHA?

5. Jlnsa HexoTopo#t (pepMEeHTaTHUBHOM peakiuyu KoHcTaHTa Muxasnuca paBHa 0,035 MOTIB/IM° |
CkopocTh peakuMu npu KoHLeHTpauuu cyocrpata 0,110 Moutb/am° paBHa 1,15 - 10
Moub/am>-c. Paccunraiite MaKCHUMAaJlIbHYIO0 CKOPOCTh ATON PEaKIIHH.

6. IIpu 100aBIEeHUM KOHKYPEHTHOI'O MHIMOUTOpa B ()EPMEHTATUBHYIO CUCTEMY, MOJUUHSIOLLY-
rocs cxeme Muxasmuca—Menren (Ky = 2,5 © 10~ mons/mM°), ckopocTs peakiun YMEHBIIUIIAChH
Ha 60 %. Konnentpanus cyoctpara paBna 3,0 - 10~ momb/nm®, KOHIICHTpaIs UHTHOUTOpa —
3,0 - 10 Mous/mm”. [Ipu xakoit KOHIIEHTpaIK cyOCcTpaTa CKOpOCTh peakuuu coctaBut 30 % ot
UCXOJHOM, MIpU TOW e KOHLIEHTpaluu HHruouropa?

7. IIpu noGaBneHUN KOHKYPEHTHOT'O MHTHOUTOpA B (DEPMEHTATUBHYIO CHUCTEMY, MOTYMHSIOLTY-
rocst cxeme Muxasmica—Menren (Ky = 3,0 - 10~ mons/mM®), CKOPOCTb PEaKIMK yMEHBIIHIACH
Ha 70 %. Konuentpanus cyOcTpara paBHa 2,5 - 1078 MOJIB/,I[MS, KOHIICHTpaIlis WHTUOUTOpa —
5,0 - 10 momb/am° . [Ipu xakoif KOHIIEHTpaLUK CyOCTpaTa CKOPOCTh PEeaKIuu cOCTaBUT 35 % oT
UCXOJHOM, MPU TOU ke KOHILIEHTPAIuu HHruOuTopa?

4. Konmponavnasa paooma Ne7 no meme: «Kamanusz»

Bapmnanr 1

3aoanue 1. ion Br" B KHCIIOU cpejie KaTATU3UPYeT pPas3I0XKEeHHE MEPEKUCU BOJAOPO-
na no kucimopona u Boabl. OOpa3zyromiascs OpoMHoBaTtucras kuciota HBrO, xax
MPOMEXYTOYHOE COCTMHEHNUE, 10 YPABHEHUIO PEAKIHH

HoO,+ Br + H — HBrO + H,O (1)
6BICTp0 BOCCTAaHABJIMUBACTCA IMMEPCKUCHIO BOAOPOAA IO YPABHCHUIO PECAKIIUU:
HyO,+ HBrO — Br + H' + H,0 + O, @)

Ob6pasyromuiica noH Br’ pearupyer c¢ apyroit monekynoi H,O; u 1. A. CymMapHoe
ypaBHEHHE Katainu3upyemon peakmmw: 2H,0, — 2H,0 + O,. [lonb3ysack METOIOM CTa-
LIMOHAPHBIX KOHUEHTPALUW, BBIBEAUTE ypaBHEHHUE I CKOPOCTU OOpa3oBaHUS KUCIIO-
pona. Kakoii mopsok 1o NepeKucu BOAOPOAa UMEET 3Ta peakiusa? 3aBUCHUT JU CKO-
POCTh PEaKIMU OT KOHIEHTPALMH KaTaau3aToPOB — MOHOB Br u H'?

3aoanue 2. Jlna pasznoxxeHus QocpuHa, MpoTeKarollero No peakuuu 1-ro mopsaka:
APH3— P4+6H;, 3aBHCHMOCTh KOHCTaHTBI CKOPOCTH OT TEMIIEpaTyphl BBIpaXKaeTcCs
YPaBHEHHEM:

Igk = - 18963/T + 2IgT + 12,130. Ha ocHOBaHMHU 3THUX JAHHBIX PACCYMTANTE FIHTPOIHIO K-
TUBaluK yka3zaHHoi peakuuu rnpu 800 K. TpancMuccnoHHBIN MHOXKUTENb K = 1.
3aoanue 3. Peakuus UHBEpCUU TPOCTHUKOBOTO caxapa CioHy»011 + HO = CeH1206 +
CsH1206 kaTanuzupyetrcs kuciaotamu. B.OcBaibl, KOHTPOJHMPYS XOJ ATOM pEeaKUUH IO
M3MEHEHHUIO YIJIa BPAIllEHUs IJIOCKOCTHU MOJIIPU3ALUH O, TIOJYUYHII IPU UCIIOJIB30BAaHUU B
KayecTBE KaTaJIn3aToOpa MOJIOYHOMN KUCJIOTHI CeIyIOIINe JaHHbIE:

| Bpems, | 0 | 1435 [ 4315 | 7070 | 11360 | 14170 | 16935 | 19815 | 29925 |




MHWH

o, 34,50 | 31,10 | 25,00 | 20,16 | 13,98 | 10,61 | 7,57 5,08 -1,65

Haiinute cpenHee 3HaueHHE KOHCTAHTBI CKOPOCTH 3TOH peakuuu. OObACHUTE, TOYEMY
IUIs Hee IPUMEHUMO YPaBHEHUE peaKLuy MepBOro MopsAKa, XOTs B3aUMOJECHCTBYIOT J1Ba
BEIIIECTBA.

Bapuanr 2

3aoanue 1. OnpenenuTe TEIUIOTY aKTUBAIUU AH” ruaponnsa kapbamuaa mpu 338 K,
€CJIM KOHCTaHTBl CKopocTel 3Toi peakuuu npu 323 u 353 K cOOTBETCTBEHHO paBHBI
0,58-10°°n 0,26-10°° mun™.

3aoanue 2. Peakuus nepBoro mopsaka npoxoaut Ha 30% 3a 35 mun. KakoBa cko-
POCTh peakumui (MOJB/AM>-4) TIpH KOHLEHTPALMH pearupyiomero Bemectsa 0,01
MOJIB/,Z[M3?

3aoanue 3. Xnopucteiii cynspypun SO.Cl; pu BbICOKOW TemmepaType HeoOpaTUMO
pasziaraercs mo peakiuu 1-ro mopsaka Ha ABYOKHCH cepbl U xjop. [Ipu 552 K koH-
CTaHTa CKOPOCTH AHMccoumanuy pasHa 6,09-10° mun™, a npu 602 K oHa cocraBiser
2,74-10° vun™. Onpenenure Npea3KCIOHEHIIUAIbHBIA MHOXUTENIb 4 B YpaBHEHUHU Ap-
peHuyca.

IlepeyeHb BONPOCOB U 3aJaHMI BBIHOCMMBIX HA IK3aMeH
IlepBoe Haua10 TepMOAMHAMUKH
[Tpenmet xumuueckoit TepmoanHaMuku. OCHOBHBIE OMpEeNIeHuUs: cucTeMa (TOMOT€HHas
U FeTepOreHHas, U30JMPOBaHHAas, OTPHITasi U 3aKpbITas, COCTOSIHUE CUCTEMBI); TEPMOHU-
HAMUYECKHI mporecc (M30TepMUYECKUM, H300apHBIN, H30XOPHBIN, agunabaTHdyecKuil,
KpYroBOM IIpoLecc, 0OpaTUMBI U HEOOPATUMBIIL).
TepMmoannamuyeckue (GYHKIMU: BHYTPEHHSAS SHEPTUs, SHTANbIUS, TEIIoTa U paboTa.
[lepBoe Hauano TepmoarHaMuKU. COrjgacHO NEPBOMY 3aKOHY TEPMOJMHAMUKH TEIJIOTA
ecTb (yHkus npouecca. 3akoH ['ecca yTBepxkaaer, 4YTO TEIIOBOW 3(PQPeKT xumuue-
CKOHM peakLMM HE 3aBUCUT OT IyTH npouecca. /laiite o0bsIcHEHHE 3TOMY IPOTUBOpE-
YUI0.
@DYHKIMH COCTOSHUS CUCTEMBI. J{0Ka3aTenbCTBO.
Paborta pacmmpenus uaeanbHOrO rasa B pasHbIX mporeccax. BeiBog dopmyn. 3a cuet
Yero COBEpILIAETCs MaKCHUMajbHas Iojie3Has paboTa XMMHMYECKOM peakuuu MpH MOo-
CTOSIHHBIX JaBJICHUU U Temneparype?
Hewnneanpuble ra3pl. [Ipu kakux ycioBUsAX MCHOIB3YIOTCS ypaBHeHUs Ban-nep—Baainbca,
Hutepuun, beptno? KoagduiumeHT cXKMMaeMOCTH Ta30B, CIOCOOBI €ro ONpeaereHHs.
Kak paccunrtate paboTy H30TEpMUYECKOTO paciiupeHust 1 KMoJb peajibHOTo raza?
Temnoemkocts. Knaccuduxanus teroemkocteid. CBs3b TEIIOEMKOCTH C TEPMOJUHA-
muueckuMu QyHknmsamu. Kakoso cootHomenne Mexny C, u Cy Ui naeanbHOro rasa?
[IpumeHeHne mepBOro Havyajia TEPMOJUHAMUKH K MpoLieccaM B JIFOOBIX cHcTeMax. 3aKOH
I'ecca u cnencTBus U3 3aKOHA.
3aBUCHUMOCTH TEIUIOBBIX 3(DPEKTOB OT TeMIlepaTypbl UeM OIpeNeNsieTCs XapakTep dTou
3aBucumocTr? 3akoH Kupxroda. ['padudeckoe Brruncienue temioBoro 3¢dexra. B ka-
KHX CITy4dasix JUIsl XKMUYECKON peaKIud MOKHO MpeHeOpeds pazHuieit mexny AH u AU,
B KAaKOM COOTHOIIEHUU HAXOMISITCS ITU BETUYUHBI?
Tepmoxumus. Terota oOpa3oBanus (B pa3HbIX arperaTHbIX COCTOSIHUSIX, HOHOB B pac-
TBOpax), HEUTpaJlU3aluu, PacTBOPEHUs (MHTErpajibHasi, TBEPJIOTO COEIMHEHHUs ), pa3Be-
neHusi, cropanus. [IpubnmxeHHble MeToIbI pacueTa(Iio SHEPTUsM CBsI3el JUIsl OpraHuye-
CKHUX COEIMHEHUI, METO]] CPAaBHUTEIBHOTO pacyeTa ISl MOAOOHBIX XUMUYECKHX COCIU-
HEHUN).
Bropoe Haua/10 TepMOANHAMMKH. DHTPONUS
OcHOBHbIE TOHATHS (CAaMOIIPOU3BOJIbHBIE U HECAMOIIPOU3BOJILHBIE MTPOLIECCHI).
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10.

11.

12.

13.

14.
15.

Bropoe nauano tepmoaunamuxu. [uxn Kapro. Ipunuun Kapateogopu.
Bropoe Hauano TepMoAMHAMUKH 7151 0OpAaTUMBIX IPOLIECCOB.
B xakoMm M3 cieayroumux IpoLeccoB: U30TEPMUUYECKOM, auadaTUYECKOM, U30X0pHUYe-
CKOM, M300apUUeCKOM - NIPU 0OpaTUMOM HMX MPOTEKAHUU HE IPOUCXOAUT U3MEHEHUS
SHTPOIUU CUCTEMBbI?
Bropoe Hauano TepMoAMHAMUKH /17151 HEOOPATUMBIX NTPOLIECCOB.
Mexay HEKOTOpPhIM HCXOJHBIM COCTOsHMEM | M KOHeuHbIM cocTositHueM |l ocy-
HIECTBIISIIOTCS /1Ba nepexona. OJuH U3 HUX MPOTeKaeT oOpaTumo, Apyroil — Heobpa-
tuMO. M3BecTHBl TemoBbie 3¢ dexTsl ITUX npoueccoB: Qosp U Queosp, IpUUEM Qosp >
Qucosp- KakoBo cooTHOLIEHHE MEX Y U3MEHEHUEM PHTPONUHU AS B TOM U APYrOM IpO-
necce? Yro Gosnprue?
Kakue napamerpbl cucTeMbl HEOOXOAMMO HOJAEPKHBATH MOCTOSHHBIMM, YTOOBI IO
3HaKy M3MEHEHHUs SHTPONUU MOXHO ObUIO OBl CyIWTh O HANpPaBJICHUHM CAMOIIPOU3-
BOJIBHOTO IIPOTEKaHMs mpouecca’?
M3menenue SHTpONMM B Pa3HBIX Ipoleccax. BeIBOA MaTeMaTHYeCKUX 3aBHCHUMOCTEH.
VKaxkuTe, B KaKMX IPOLECCax, U IPU KaKUX YCIOBHUAX HU3MEHEHHE DHTPOIUU MOKET
OBITH paBHO paboTe mpoiiecca.
B kakoM COOTHOLIEHMH HAXOMATCSI MOJISIPHBIE SHTPOIIMU TPEX arperaTHbIX COCTOSIHUUI
OJHOT'O BEIIECTBA: ras3a, *,UJIKOCTU, TBepAoro Tena? Yro Gosnbiie?
Ouneprust I'm60ca u sneprus ['enpmrosbua. B kakux ciydasx TepMoauHaMHUYECKHe
(GyHKIIMH TPHOOPETAIOT CBOMCTBA TEPMOIUHAMHYECKUX ITOTEHITHATOB?
[Tpouecc mpoTeKaeT B yCIOBHAX IIOCTOSHCTBA TeMIIepaTyphl U nasieHus. Kakoi tep-
MOJMHAMHUUYECKUN MOTEHLIMAJ] CleAyeT BbIOpaTh B KaueCcTBE KPUTEpPHUs NMPOTEKAHUS
CaMOIIPOU3BOJIBHOTO MPOLIECCA B ITUX YCIOBUAX?
B kakux ciydasx MOXHO pacCYMTaTh U3MEHEHHUE TEPMOJMHAMUYCSCKUX PyHKImi (A4S,
AG, AF, AU, AH) nns HeoOpaTUMBIX MPOIECCOB, UCIIONB3Ys YpaBHEHHUE ISl 00paTu-
MBIX IIPOLIECCOB?
B ycnoBusix nocTosiHCTBa TEMIIEPATYpPhl U AaBJIEHUS CTPEMIIEHHE CUCTEMbI K paBHOBE-
CHIO ompejeiseTcs: BenuunHoi u 3HakoM AG. B To ke Bpems mpoieccsl MOTYT ObITh
KaK JK30TEPMHUUYECKUMHM, TAK U IHAOTEPMHYECKMMH, a DHTPONUS MOKET yBEIUYH-
BaTbCsl UM yMEHbIIAThCA. UTO ¢ 3TON TOYKHM 3peHHs OyAeT cnocoOCTBOBATH MOITHOTE
IIPOTEKAHMS CaMOIPOU3BOJBHOIO IPOLEecca MPHU MOCTOSHHBIX TEMIEpAaType U AaBie-
HUU?
Xapakrepuctuueckue QyHkuuu. Ypasaenue ['n66ca - I'enpmromnsia.
XVMHYECKUI MOTEHIUAN UEabHOTO U PeaIbHOTO Ta3oB. OYrUTUBHOCTD U KOAPPUIU-
€HT (PYTUTUBHOCTH. AKTUBHOCTb U KOO(PPUIINEHT aKTUBHOCTH.

XuMuYecKoe paBHOBecHe
OOpaTtuMble peakIuu.
UTto 03Ha4yaeT cOCTOSHUE XUMUYECKOro paBHOBecus? Kak MOKHO oNpeaenuTh, 4To B CH-
CTEME HACTYIWIO paBHOBecue? YCIOBHS XMMHYECKOro paBHOBecHs. KoHcTaHTa paBHO-
Becus. Kakue QakTopel BIHAIOT Ha KOHCTaHTH paBHOBecus K, u K, ecnu pearupyro-
IIYI0O CUCTEMY paccMaTpuBaTh Kak HJeanbHyr0? Hamummre mareMaTHueckoe COOTHO-
menne Mexay BennunHamu Kp u K. [Insg xumudeckoit peakuuu. Kakas u3 3Tux Benu-
4yuH O6onbiie?
Hanummure MaremaTHueckoe BbIpa)K€HUE 3aKOHA JEHCTBYIOIIMX MacC MPUMEHUTEIBHO K
00paTUMBIM HJCATBHBIM OAHOPOJHBIM XMMHMYECKHMM CHCTEMaM M pealbHbIM. B kakux
CIIydasix 0OpaTUMbIE peaKkluu MpoTeKaoT 10 KoHIa? OOBACHUTE 3TO C TOUYKU 3PEHUS 3a-
KOHA JIEHCTBYIOIIMUX Macc.
Chopmynupyiite npuHIUN cMelleHus: xumudeckoro pasHosecus Jle Illatense. Cmere-
HUE XMMHYECKOI'O PAaBHOBECUS: BIMSHHUE TEMIIEpATyphl, KOHLIEHTPALUY, JaBICHU. 3a-
BHCHUT JIM U KaK KOHCTaHTa paBHOBecHs XuMuueckoil peakuuu K, u K,, mporekaro-
e B MJeaJbHOM Ta3000pa3HOM COCTOSHUHM, OT KOHIIEHTPAIMU pearupyrouux Be-



mecTB? 3aBUCUT JIM M KaK KOHCTaHTa paBHOBECHs K, XMMHYECKON PEAKIIMHU, ITPOTEKA-
IOl B HJIeaJbHOM Ta3000pa3HOM COCTOSIHUM, OT KOJIMYECTBAa MOJEH BEIIECTB,
y4acCTBYIOIIUX B HEW?

5. MakcumanbHasg paboTa 1 XUMHYECKOEe CPOJICTBO: MPHU CTAaHIAPTHBIX YCIOBUAX, B HEPAB-
HOBECHOM CHUCTEME, IIPU YCJIOBHM, €CIIM JABJICHUS NPUBEIACHBI B Pa3MEPHOCTH — aTMO-
cepa. Hanmmmure ypaBHeHHe, CBS3bIBAIOIIEe CTaHAapTHOE cpouctBo AGr’ H KOH-
cranTy paBHoBecus Kp, npu nmocrossHHeIX P u 7, ecinu JaBiIE€HUE BBIPAKEHO B Iac-
Kajax. YTo sBiseTcss MEPOMl CTaHAAPTHOIO CPOJACTBA XMMHUYECKOW PEAKLHUH IPH IO-
cTosHHBIX P u T? Jlns xakux peakuuid KOHCTaHTa paBHOBecHs K, paBHa paBHOBECHO-
MY JABJICHUIO B CUCTEME IIPU JAHHOU Temmeparype?

6. 3aBHCHMOCTH KOHCTAHTBHI PAaBHOBECHS OT TeMIlepaTypbl. BeIBOA ypaBHEHHUs M300aphl U
usoxopsl Banr - I'odda. Kak Bauser remneparypa Ha koHcTaHTY paBHoBecus K,? Uro
ABJISIETCSL MEpPOM 3TOro BiMsHUA? Hanumunre cooTBETCTBYIOLIEE YPaBHEHUE.

7. YpaBHEHUS M30T€pM XUMHUYECKoW peakiuu. [IpoTekaHue U HampaBieHHE XMMHYECKOM
peaxkuy, XapaKTepu3yeMoi COCTOSSHUEM PaBHOBECHSI.

8. Pacuer xoHcTaHT paBHOBecusi: MeTon Temkuna-llIBapimana, pacyeT, OCHOBaHHBIH Ha
MCIOJIb30BaHUU CHEKTPOCKOIMMYECKHUX U KAJIOPUMETPUUECKUX JAHHBIX.

®a3zoBbie paBHOBecusi. PacTBopbl

|. ®azoBble paBHOBECHS

1. [TonsaTus «pazay, KKOMIIOHEHT», «CTeNeHb CBOOOIbI». [IpaBuio ¢a3 ['mdoca.
2. Pacuetsl ¢ ucnonb3oBaHueM (pa3oBBIX AMarpamMm cOocTOsHHSA. UTO Takoe TpoifHas TOYKa Ha
JyarpaMMe COCTOSIHHSI OZTHOKOMIIOHEHTHOM CUCTEMBI?
3. PaBHOBecHbIE cOCTOSIHUS TIPH (Pa30BbIX nepexoax. Ypapuenue Knaysuyca-Knaneiipona.
4. O6bscHuTe npu nomoiuu ypasHenust Knaysunyca-Knanelipona, nouemy aBjieHue HaChIIIECH-
HOTO Iapa HaJl KUAKOCTHIO PACTET MPU YBEIMUEHUH TEMIIEPATYPBI.
5. Tpebyetcs rpaduyecku paccuuTarh TENJIOTY MCHApEHMs KUIKOCTU NpPU 3aJaHHOH TeM-
neparype. Hapucyiite rpadguk, KOTOpbIM HEOOXOAMMO MOJIB30BATHCS, U HATUIIUTE COOTBET-
CTBYIOLIYIO pacueTHyto ¢opmyiy. Kak u3MeHseTcs temneparypa IUIaBjieHuUs BELIECTBA C PO-
CTOM JIaBJIEHUS?

I1.MonexyssipHbIe pacTBOPHI
1. PacTBOpHI ra3oB B KUJIKOCTSAX. UeM onpezensercs pacCTBOPUMOCTb Ia30B B KHUIKOCTAX?
2. O0w1as xapakTepucTHKa pacTBopoB. CBolcTBa pa3zdaBieHHbIX pacTBOpoB. 3akoH ®.M.Payus.
3. Ocmotuueckoe aasinenue. 3akoH Bant-I'opda. B kakoM cooTHOImEHNN HAXOASITCS BEIHMYHU-
Hbl OCMOTHYECKOro JaBieHHs JBYX BoaHbIX 0,005 M pacTBOpOB TJIIOKO3Bl U cyib(ara
HaTpus?
4. Ilonm:xeHHne TeMIEPaTyphl 3aMEP3aHUS U TOBBILICHHE TEMIIEPATYPBI KUIIEHUS! PACTBOPOB.
5. bunapHble pacTBOPHI XKHUJIKHX JIETYy4UX BellecTB. /{aBieHue nmapa Haj *KUIKOW CMEChI0. 3aKo-
Hel J[.I1.KonoBanoBa. AzeorponHas cmech. [Ipoananu3upoBaTh AMarpaMMbl «COCTaB-AABICHUE
napa» ¥ «CocTaB-TeMIIepaTypa» MpU OTPULATEILHOM U MOJOKUTEIILHOM OTKJIIOHEHUH OT JIMHEH-
HOW 3aBUCHUMOCTH.
6. Ileperonka >xuakux cMmecei. JlaBneHue mapa 4acCTUYHO CMEIIMBAIOIIMXCS M HECMEUIMBAIO-
muxcs xKuakocrei. [IpuBecTy npuMepsl NEPErOHKH € BOASHBIM IapOM.

[11. PacTBOpBI 371€KTPOIUTOB
1. [loueMy pacTBOpHI IEKTPOIUTOB HE MOTUUHSIOTCS 3akoHaM Paynst u Bant-T'opda? OcnHos-
HBIC TI0JIOKEHUSI TEOPUU DJIEKTPOJIUTHUUYECKON aucconuanuy. [IpuMeHeHne 3akoHa JEHCTBYIO-
HIMX MacCC K DJIEKTPOJIUTAM.
2. OCHOBHBIE TIOJIOKEHUSI TEOPUHU CHIIBHBIX DJIEKTPOJIUTOB. PackpoiiTe MOHATHUS MOHHAs CHUia
pacTBopa, aKTUBHOCTb, KO3 uieHT aktTuBHOcTH? KakoBa B3aMMOCBSI3b MEXAY 3TUMHU BeEJH-
yruHaMH? B Kakux ciaydasx MOXKHO OTOXKIECTBIIATh MOHATUS aKTUBHOCTb U KOHLIEHTpaLus?



3. YeM paznuuaroTcsi CHJIbHBIC U cIa0ble AIEKTPOIUTHI? MOXKET JIU ClIa0blil AIEKTPOJIUT B BOJI-
HOM pacTBOpE OBbITb CHJIBHBIM JJIEKTPOJIUTOM B Ipyrom pactBope? [louemy kpurepueMm CHibl
AIIEKTPOJINTA SIBJSIETCS €M0 KOHCTAHTA AIEKTPOIUTUYECKON Tucconuanuu’?

4. PackpoiiTe MOHATHUS SHEPrHsl KPUCTAIUIMYECKON peIleTKH, ruapaTauuu (CoibBaTalum), acco-
nuanuu, aucconuanuu? Kakosa B3auMOCBsI3b 3TUX SHEPIHI IPU CaMOIIPOU3BOJIBHOM PacTBOpE-
HUH BelecTna?

5. 3aKoH pacnpeeneHusi. DKCTPAKIHUA.

DJIeKTPOXUMHUSA
1.YaenbHasg v 3KBUBAJEHTHAS 3JIEKTPOIPOBOJHOCTH PACTBOPOB. 3aBUCUMOCThH OT pa30aBiIeHUS
pactBopoB (3akoHbl Konbpaymia). Ilokakute 3aBUCMMOCTD, CBA3BIBAIOILYIO YAEIBHYIO 3JIEKTPO-
MPOBOJHOCTH K, KOHCTAHTY SIYEMKU () ¥ COMPOTUBIICHHE pacTBOpPa JIeKTpoiuTa Ry.
2.D5IeKTPONPOBOTHOCTD MPU OSCKOHEUHOM pazbaBieHuu. Kak cBs3aHBI MOJABIKHOCTH MOHOB U
AIEKTPONPOBOAHOCTh NMpHU OeckoHeuHOM paszOaBienun? Kakue noHbl 00ianar0T HanboIbIICH
[O/IBUKHOCTBIO B BOJHBIX pAacTBOpax U nouemy?
3.Uucna nepenoca. Kak cBsizaHbl yucia NEPEeHOCA, CKOPOCTU HMOHOB, MOJABUKHOCTH HMOHOB U
AJIEKTPOTIPOBOTHOCTh MPH OECKOHEYHOM pa3OaBIeHUU?
4. Kak, ucnosp3ysl 3Ha4€HUs 3KBUBAJICHTHON 3JIEKTPOIPOBOAHOCTU IPU 3aJaHHOU KOHIIEHTpa-
UM 1 TIPH OECKOHEYHOM pPa30aBJICHUH, PACCUUTATh CTENECHb TUCCOIMALNN, KOHCTAHTY JTUCCO-
LMAalMU U KOHLIEHTPALUU OT/AEJIbHBIX HOHOB B pacTBOpE?
5. Mensiercs M U Kak KOHCTAHTA JUCCOLMAIIMU 3JIEKTPOJUTA C POCTOM JUAIEKTPUUECKOM
MPOHUIIAEMOCTH PACTBOPHUTEINS, €CIIU CPABHUBATH PACTBOPUTEINH, OU3KHUE MO CBOMcTBaM?
6. Hapucyiite rpaduk 3aBUCIMOCTH 3KBHUBAJICHTHOU AJICKTPOIPOBOIHOCTH OT Pa3BEACHUS IS
CUJIBHBIX U CIA0BIX AIEKTPOIUTOB.
7. ChopMmynupyiTe MpaBuiIo HOHHOU CHIIBI (TIpenenbHbIi 3akoH Jlebas — [rokkes).
8. Kakoe cBONCTBO pacTBOPUTEINS SIBISIETCS ONPEACIAIONINM B €r0 ClIOCOOHOCTH HOHU3UPOBATH
PacTBOPEHHOE BEIIECTBO (IOMUMO €ro CIIOCOOHOCTH K XUMHUUYECKOMY B3aUMOJIEHCTBUIO C 3TUM
BEILIECTBOM)?
9. MeHsieTcsl M ¥ KaK CTENEHb AMCCOLMAIMH CI1aboro 3JEKTPOIUTa B BOJHOM PacTBOpE C
pOCTOM TeMnepaTypbl? ApryMEHTUPYHUTE OTBET.
10. Hamumure ypaBHEHHE 3aBUCUMOCTH JKBUBAJICHTHON 3JIEKTPONPOBOJHOCTH pPacTBOpa
CUJIBHOTO 3JIEKTPOJIUTA OT KOHILIEHTPALIUH.
11. KakoBbI NpUYMHBI JUCCOLMALIMH 3JIEKTPOJIIUTOB B PACTBOPE HA HOHBI?
12. Uto Takoe AS runparanuu noHoB? KakoB 3Hak AS rujgpaTanuu U Kak €ro MOXHO 00b-
SICHUTB?
13. Kakue nanHbie 00 2JIEKTPONMPOBOJAHOCTH PACTBOpaA CIA00OT0 AJIEKTPOJIMTA HEOOXOIUMO
UMETbh, YTOOBI PACCUUTATH TEIIOTY JTUCCOIHAIIUU ITOTO JIEKTPOIUTA?
14. I3MeHuTCS M U KaK KOHCTaHTa JUCCOLMALUK CIaboro 3JeKTPOJINTa, €CIU B KauecTBe
pacTBOPUTENSE BMECTO BOJbI B3ATh METHJIOBBIA COUPT (MPU yCIOBUH, YTO XUMHUUYECKOE B3au-
MOJIECTBHE MEX]y PAacCTBOPEHHBIM BEIIECTBOM M PAaCTBOPUTEIEM OTCYTCTByeT). JlaiiTe
00BsICHEHHE.
15. Hauepture rpaduk 3aBUCUMOCTH YJ€IbHOM 3JEKTPOIIPOBOHOCTH 3JIEKTPOJIUTA OT pa3Be-
JEHUS.
16. Kak u3meHsieTcs yaenbHasi 3JIEKTPOIPOBOIHOCTh BOJHOTO PACTBOpPA CIa0O0TO AIEKTPOIUTA
C POCTOM KOHIIEHTpaluu pacTtBopa’?
17. Kakue hakTopsl BAUSIOT Ha 9KBUBAJICHTHYIO JIEKTPOIPOBOTHOCTH DJICKTPOITUTA?
18. 3aBUCHT I U KaK paguyCc MOHHOW aTMOC(hephl OT KOHIEHTPAIIMH CHIBHOTO AJIEKTPOIIHU-
ta? Kak u3MeHuTca paanyc MOHHOW aTMocdepbl MpU Mepexoje OT BOJHOrO (IUAIIEKTpUye-
CKasl MPOHHUIIAEMOCTh paBHa 81) pacTBOpa CHUJIBHOIO SJEKTPOIUTA K CIHPTOBOMY (IUAJIECK-
TpUYeCcKas MPOHUIIAEMOCTh paBHA 24) TOM ke KOHLIEHTpAIMK IpH To ke Temneparype? Jlaii-
T€ 00BbSCHEHHE.
19. OOBsicHUTE MPUUNHY YBETUYEHHS] SKBUBAJIEHTHOM 3JE€KTPONPOBOIHOCTH B JIEKTPUUYECKOM



noJie BEICOKOH 9acToThl (3¢ ekt lebas — DanbkenxareHa).

20. Hauepture rpaduku 3aBucumocteit Ky, = f(T) u AHy,e. = f(T) a1 BOAHBIX pacTBOPOB
cnabbIx 37eKTpoauToB. [lokaxuTe 3Tu rpaduKu B COYETAHUH JPYT C IPYTOM.

21. Kak skcrniepuMeHTaIbHO ONPEeNeUTh YMEHbIIEHHE YKBUBAJIIEHTHOM AJIEKTPOIPOBOIHOCTH,
00YyCIJIOBIIEHHOE 3JIEKTPOPEIAKCALIMOHHBIM TOPMOKEHUEM HOHOB?

22. Kak sKcrnepuMEeHTAIbHO HAWTH YMEHbBIIEHUE 3JIEKTPOINPOBOJHOCTU, O0YCIOBICHHOE 3JIEK-
TPOPOPETHIECKUM TOPMOKEHUEM?

23. Chopmynupyiite 3akoH pa3eneHus OcTBaibpiaa.

24 PaBHOBECHBIC HJICKTPOAHBIEC MOTCHIUANBI: KaK OOBSCHUTh BOSHUKHOBEHHE CKayKa MOTEHIHA-
JIOB Ha TpaHulle Metajui-pacTBop? CTpoeHHEe IBOIHOrO JIEKTPUUECKOrO CJI0s Ha TPaHUIIE Me-
TaJJI-pacTBOp. 3aBUCUT JIM U KakK ToiuuHa Mud¢y3HONW yacTH JBOHHOTO 3JIEKTPUUYECKOTO
CJI0S1 OT MOHHOM CHJIBI pacTBOpa, B KOTOPBIN morpyxkeH merami? KakoBo TepmoanmHaMuue-
CKO€ yclioBHE 00pa30BaHUs MOJIOKUTEIBHOTO 3apsa Ha IOBEPXHOCTH METaJUIa, OMYIEHHOTO
B pacTBOp coju 3Toro Merainia? KakoBo TepMOAMHAMHYECKOE yCIOBHE OTCYTCTBHS 3apsia Ha
MOBEPXHOCTH METAJIJIa, ONMYILIEHHOIO B pacTBOp cBoel conu? UTO Ha3bIBAIOT 3JIEKTPOAHBIM
MOTEHILIMAJIOM MeTaJula, OT Kakux (aKkTOpOB 3aBUCHUT 3Ta BenumuuHa? Hamummrte mMaTtemaTHue-
CKO€ BBIpa)KEHHUE.

25. Yto Ha3bIBACTCS YCIOBHBIM 3JIEKTPOJIHBIM MOTEHIIHAIOM?

26. Uro Takoe nudPy3HMOHHBIN MOTCHIMAN, KaK OOBSICHSICTCS €ro Bo3HMKHOBeHHE? Hamwmmre
MaTeMaTHUYECKOE BhIPAXKEHHUE.

27.Yto Ha3bIBAIOT aJCOPOILMOHHBIM U MEMOpaHHBIM moTeHIuasoM? Kak BO3HMKAlOT M Kakoe
UMEIOT 3HaYeHue?

28. DOnexrpoxumuueckue nenu. J./(.C. ranpBaHUYECKOr0 AJIEMEHTA.

29. Kakyo poib npu U3MEPEHUHU 3.7.C. TAIbBAHUYECKUX SJIEMEHTOB BBHIMIOJIHSET dJIeMEHT Be-
ctoHa? K xakomy Tuly 3JIeMEHTOB OTHOCUTCS 3Je€MEHT BecToHa (KOHLIEHTPAallMOHHBIN, XU-
MUYECKHH, C IepeHocoM, 6e3 repeHoca)?

30. 'anpBaHUYECKUI AIEMEHT COBEPIIAET MIEKTPUUECKYIO paboTy 0€3 U3MEHEHUs] BHYTPEHHEH
sHepruu. B kakom cooTHoueHuu (4TO OOJbIe) HAXOASATCS MPU STOM BEIHUYUHA DJIEKTpUUE-
cKoil paboTel NFE 1 BeMYMHA TEMIOTHI (|, KOTOPOU JIEMEHT OOMEHUBACTCS C OKPYIKAKOIIICH
cpenoif? Kakoii 3HaKk B 3TOM cilydae UMeeT TeMIepaTypHblil Koaduiuent 3. a. c¢?

31. CymecTByIOT M rajJbBaHUYECKHE 3JIEMEHTHI, /I KOTOPHIX BEJIMYMHA 3. J. C. HE 3aBUCUT
OT BEJIMYUH CTaHAAPTHBIX AJIEKTPOJHBIX MOTEHIMAIOB? EciIu CylmIEeCTBYIOT, TO YKaXHUTE THII
ATUX 3JIEMEHTOB.

32. MOXHO 1M HU3MEPHUTH 3. JI. C. FaIbBAHUYECKOr0 3JIE€MEHTa IpU MOMOIIM BOJbTMETpa?
JlatiTe oTBEeT ¢ 000CHOBAaHHUEM.

33. D. 1. c. raTbBaHMYECKOTO 3JIEMEHTA KaK (YHKIMS TeMIEepaTyphl BbIpa)xxaeTcsl ypaBHEHU-
eM E = a + bT. BeiBenute ypaBuenus mis pacueta AS, AG u AH npu temneparype 7.

34. Kakue raqibBaHUYECKHE JIEMEHThI HA3bIBAIOT XUMHU YECKUMU?

B ranpBaHMYecKkoM 3J€MEHTE MPOTEKAaeT peaklHs B CTOPOHY OOpa30BaHUs ra3000pa3HbIX
NPOAYKTOB M3 KOHJACHCHPOBAHHBIX HMCXOJHBIX BEMIECTB. BIMsIET MW W Kak yBeIHMUYEHHUE
BHEIIIHET0 JIaBJIEHUs Ha BEJIUYMHY 3. 1. C?

35. Urto Ha3zpIBaeTCs CTaHAAPTHOU 3. 1. ¢? OT Yero 3aBUCHUT BEIWYMHA CTAHIAPTHOM 3. 1. C.
XUMHUYECKOT0 TrajbBaHMYECKOro 3jieMeHTa (IpHupojJa peaklMH, KOHIEHTpalMs pacTBOPOB,
TeMIlepaTypa, YUCJIO NEPEHOCUMBIX 3JIEKTPOHOB)?

36. B kakoM ciyyae 3HaK 3. J. C. dJIeMEHTa CUMUTAETCs IMOJOXKUTENbHBIM? MeHseTcs U U
KaK BHYTPEHHSISI SHEPIHs TaJIbBAHUUYECKOTO AJIEMEHTA, €CIIU €ro 3. 1. C. He 3aBUCUT OT TeM-
nepatypsl? [louemy?

37. Kakue KOHCTAHTBI M SKCIEPUMEHTAJbHbIE TaHHBIE HEOOXOAMMO UMETh, YTOOBI MOACUU-
TaTh AJIEKTPUUECKYIO pabOTy, COBEPIICHHYIO ralbBAHUYECKUM IJIEMEHTOM?

38. IlpuBeauTe nmpuMepbl rajlbBaHUUYECKUX AJIEMEHTOB pa3lnyHbIX TUIIOB. OOpaTHMble U HEOO-
paTuMble TajJlbBaHUYECKHE 31eMeHTHl. [loscHUTe Ha KOHKPETHBIX MpHUMeEpax, KaKue peaxiuu
MPOXOJAT Ha IEKTPOAAX TaJbBaHUYECKUX JIEMEHTOB.



39. Tlonsipu3anust 31€KTPOAOB
40. Ilepenanpsokenne nepexona. OT kakux (akTopoB 3aBUCHT? Hamuimmre cOOTBETCTBYIOIINE
yYpaBHEHHS.
41. Cymuocts auddy3Horo nepeHanpspkeHus? Hamumumre ypaBHeHHS.
42. Knaccugukanus 35eKTpogoB. HauepTure cxeMbl: BOZOPOAHOTO M XJIOPHOTO (KaK M3MEHs-
I0TCSI DJIEKTPOIHBIE MOTEHIMAIbl BOJOPOJAHOTO U XJIOPHOTO 3JIEKTPOIOB MPU YBEIUYCHHUH JaB-
JIEHUSI COOTBETCTBEHHO BOJIOPOJIa M XJjopa?); KaJOMEJIbHOTO (BIUSIET JIM U KaK MPUCYTCTBUE
MOCTOPOHHUX MOHOB B PAcTBOpPE Majoll MU yMEPEHHOM KOHIIEHTPAallMM Ha MOTEHLHAJ Kajo-
MenbHOTO  3nekTtpona? Ilouemy?); XyopcepeOpsiHOTO;  CTEKJIIHHOTO;  OKUCIUTEJIBHO-
BOCCTAHOBUTEJIBHOTO; XUHTUJIPOHHOTO JIEKTPOJOB. YKaXKUTe, Kakue (aKTOpbl MOTYT BIUSTh
Ha BEJIMYMHBI MX MOTEHIMAIOB. HanuimmTe U MosiCHUTE MaTeMaTU4YeCKUE BBIPAKEHUS IS I10-
TEHIUAJIOB.
43. Kakoli u3 4jeHOB IIpaBoil yacTu ypaBHeHUsI HepHcra ¢ = (po + RT/nF- Ina s anexrpona
MIEPBOTO poJia 1aeT HauOONbIINI BKJIAJl B BEJIMYUHY 3JIEKTPOIHOTO MOTEHIIMANA MTPU JaHHOM ak-
THBHOCTU nMoHa? Hanummure ypaBHeHune HepHcTa aiist 3yiekTpoaa nepBoro pojaa (a+— aKTHUB-
HOCTb KaTHOHA, a. — aKTUBHOCTh AaHUOHA, @ — AKTUBHOCTbH COJIM B PACTBOPE DJIEKTPOJIUTA).
Bnusier n 1 Kak MpHCYTCTBUE MOCTOPOHHUX MHIN(PPEPEHTHBHIX HOHOB HA MOTSHIUAN JIEKTPO-
Jla TIEpPBOTO PO/ia B PaCTBOPE MaJIOil M YMEPEHHOM KOHIIEHTpauu?
ITo xakOoMy 3aKOHY HU3MEHSETCsS] paBHOBECHBIN NMOTEHIMAJ 3JIEKTPOJa EPBOTO pojia C yBe-
JUYEHUEM PACCTOSIHUS OT MOBEPXHOCTU SIEKTpoJa B IIyOb pacTBOpa, KOrJa TOJIIMHA
¢ y3HON YaCTH TBOIHOTO 3JIEKTPHUYECKOTO CIIO0S paBHA HYIIO?
44. CocraBbTe 3IeKTpona BToporo poaa, ecnu umewTcs Ag (meramt), AgNO;, KoCr0a,
AgNO;, Pt (meramr),HNO3, K2Cr,07, Ag,CrO4. Hanmmure ypaBHEHUE 3JIEKTPOIHON PEAKIINHU U
ypaBHeHune HepHcTa aiist 3TOro siaekTpoja.
45.B 4eM CyIIHOCTb JEKTPOMETPUUECKOT0 MeTo1a onpeneneHus pH?
46. Uto Takoe 3JEKTPOJIM3, €ro mnpaktuiueckoe 3HaueHue? KakoBbl OCHOBHBIE MOJOXKEHUS, Xa-
PaKTEpU3YIOIIKE AIEKTPOJIN3 U3 BOJHBIX paCTBOPOB U B paciuiaBax?

JJIeMEeHThI CTATHCTHYECKON TePMOANHAMUKH
1. OcHOBHBIE TIOJOKEHUS U MOCTYJIATH CTATUCTUYECKON TEPMOJMHAMUKH.
2. MuKpo- ¥ MakpOCKONMHMYECKHE MOAXOJbl K onmucaHuto cucteM. lIpeacraBnenue o ¢azoBoM
IPOCTPAHCTBE HA OCHOBAaHHMH CTAaTUCTHKU bBojbliMaHa. DHTpPONUS W BEPOSTHOCTh. MaKcHMyM
TEPMOJIMHAMHYECKON BEPOSITHOCTH.
3. Craruueckuii ancamOnb. DyHKUMsA pacnpeneneHus. Tumbl aHcamOneill. Pacmpenenenue
Makcgeria o ckopoctsiM. Pacnipenenenue bonbimana.
4. HaxoxkmeHue CyMMBI IO COCTOSHUSAM. Hanumure obiiee MareMaTnyeckoe BBIpaKEHUE IS
CYMMBI COCTOSTHHM. 3aBUCHUT JIM U KaK CyMMa COCTOSIHHI OT TemnepaTypbl? CBOHCTBA CyMMBI
M0 COCTOSTHUSM. PacueT MOJeKyIsIpHOW CYMMBI IO COCTOSIHUSIM HIEaIbHBIX Ta30B. B KakoM Ko-
JMYECTBEHHOM COOTHOIIEHUH HAXOATCS BEJIWYMHBI 3JIEKTPOHHOM, MOCTYyMaTelnbHOH, Bpala-
TEIbHOW W KONeOaTeIbHOM COCTABIISIIOIIMX CYMM COCTOSIHMM ISl TBYXaTOMHOM MOJIEKYJbI NpU
KOMHATHOH TeMIepaType, eC OCHOBHOM 3JeKTPOHHBIN YPOBEHb HE BBIPOXKIEH?
5. Bxiag B MOJNEKYISApHYIO CYMMY TIO0 COCTOSIHUSIM ITOCTYIATEIBHOTO JIBUKECHHUS. YKaXKHUTE,
KaKUMH CBOMCTBAMM BEIleCTBA M IMapaMEeTpaMH COCTOSHHS OMpEeNeNseTcs MOoCTynaTeabHas
COCTaBJISIIOIAsi CYMMbI COCTOSIHUM /171 ra3a B UJI€aJIbHOM COCTOS HHU.
6. BpamarensHas cymma 1o coctosHusM. Hamummre (opmyny, CBS3BIBAIONIYIO BpallaTelb-
HYIO COCTaBIISIONIYI0 CYMMBI COCTOSIHHH C TTapaMeTpaMu COCTOSTHUS U MOJICKYJISIPHBIMU KOH-
CTaHTaMHU JBYXaTOMHBIX MoOJeKyil. Hamummre Gopmyny aist pacuera JOIU MOJIEKYN Ha Bpa-
IIaTEJIEHOM YPOBHE C KBAHTOBBIM UYHCIOM | (Zz, — BpallaTeabHas COCTABISIONMIAS CYMMEI
COCTOsIHMM, B — BpamarenbHas nocrosiHHas). CocTaBisomas CyMMbI IO COCTOSIHUSIM BHYT-
PEHHETro BpalleHus.
7. KonebarenpHasi COCTABIAONIAS CYMMBI IO COCTOSIHHSIM. 3aBUCHUT JIM U KaK XapaKTepUCTHU-
yeckas KosebarenbHas TeMIlepaTypa oT TeMrepaTypsl raza? 3aBUCHUT JIM U Kak KojebaTenb-
Has COCTAaBJISIONIAS CYMMBI COCTOSIHMM OT 4acTOTHI KOJIEOaHUN aTOMOB B MOJIEKYJIE MPU J1aH-



HOM TemmepaType?
8. Bxnan B MONEKYISApHYIO CYMMY IO COCTOSIHHSIM AJIEKTPOHHBIX M SACPHBIX ypoBHEH. Uemy
paBHa JIEKTPOHHASI COCTABJISIONIAs CyMMBbI COCTOSIHHIA, €CJIM JIEKTPOHBI He BO30YKIEHbI?
9. CBs3b CyMMBI IO COCTOSIHUSIM C TepMoauHaMudeckumu Qynkuusmu. Cratuctuueckuii Pac-
4eT BHYTPEHHEH sHepruu Mosekynbl. Hamummure Gpopmyity, CBA3BIBAIONIYI0 BHYTPEHHIOKO YHEP-
ruo uaeaabHoro rasa (U—Up) ¢ cymmoii cocrosiauit Z.
10. CraTuctuueckuii pacyeT PHTPOIUHU M SHTAIBIHNH U1 KaXKIAOTO BUAA ABMXKEHHUS MOJECKYJIBI.
Hanummre dhopmyny, CBI3bIBAIOIIYIO SHTPOIMIO Ta3a ¢ CyMMOW cocTtosiHui. Hanumure dop-
MyJly, CBSI3bIBAIOLIYIO SHTaIbIUIO UaeanbHoro raza (H—Hyp) ¢ cymmoii cocrosanuii Z.
11. Pacuyer TemI0eMKOCTH CTATUCTUYECKHUM METOJIOM JJIs Ka)JI0Tr0 BHUJIA JIBUXKEHUS MOJIEKYIIBI.
Hanummre ¢hopmyinty, CBA3BIBAIONIYIO TEINIOEMKOCTh T'a3a B MEAaTbHOM COCTOSIHUU IPHU I0-
crossHHOM 00Beme Cy ¢ cymmoit coctostamil Z. Kakoit Bkiaza (Jx/mMouns-K) B 0611y10 H30X0p-
HYIO TEIJIOEMKOCTb I'a3a JAaeT COIJIACHO KJIACCHUUYECKOM TEOpHM OJHAa CTENEHb CBOOOABI MO-
JEKYJISPHOTO JBHKeHUsA? B uem riaBHBINA HETOCTATOK KJIACCUUECKOM TE€OPUHU TEIIOEMKOCTH?
12. Kakue MOJIeKyJIsIpHbIE KOHCTaHTHI HEOOXOAMMO 3HATh JUIsl BBIYHMCIICHUS KosieOaTeabHOM
cocrasinstonieit snepruu ['enpmronbua (F—Fg) 1ByxaToMHOro ra3a npu JJaHHON TeMIeparype
U JIaBJICHUH CTaTUCTHYeCKUM MeTonoMm? Hanmummure Gopmyiy, CBSI3bIBaOIIYIO HEpTUio [ no-
o6ca (G—G,) c¢ cymmoii cocrosauii. Kakue u3 TEpMOAMHAMHUYECKUX (YHKIUI:
(U—Uy), (H—Ho), S, (F—Fo), (G—G,) — MOKHO paccynTaTh, €CIIM U3BECTHA TOJIBKO BEINYH-
Ha CYMMBbI COCTOSIHUH AJi aHHBIX YCIOBHIA, HO OTCYTCTBYET YpaBHEHHE 3aBUCUMOCTU CYMMBbI
COCTOSIHUI OT TeMIlepaTyphl?
13. Pacuetr KOHCTAaHT paBHOBECHS JJIsl MA€aIbHBIX ra30B. BeIBOJ uepe3 paBeHCTBO CyMM XHMHU-
YEeCKHX MOTEHIIMAJIOB PEareHTOB U MPOIYKTOB. BB/ Yepe3 npuBeaeHHyo sHepruto [ mboca mo
SHTAJIBITHSIM.

®emeHonornyeckas kuHernka. Karaaus
1. Yto moHUMAIOT 1O/ TEPMUHOM XUMHUYeckas kuHetuka? Uto oHa uzydaer? CBs3b ¢ TEPMOIU-
HAMHUKOM.
2. B uem 3akiioyaeTcsi KHHETUYECKUN KPUTEPUN PEaKIMOHHON CIIOCOOHOCTH XMMHMUYECKOM CHU-
creMbl? OCHOBHOM MOCTYJaT XUMUYECKON KuHETUKH. O01acTh MPUMEHEHHS 3aKOHA JCHCTBYIO-
HIMX Macc
3. UTo Ha3BIBAIOT CKOPOCTHIO XMMUYECKON peakiuy (CpeJHeil U MIHOBEHHOH), OTYero OHa 3a-
BUcUT? Kak M3MEHSAIOTCA CKOPOCTh XMMUYECKOW pEaKLUU U KOHLEHTPALUH pEarupyromux Be-
niectB Bo BpemeHnu? [IpuBennre rpadpuyeckue 3aBUCUMOCTH.
4. 3ajauu 1 METOBI UCCIIEIOBAHUS CKOPOCTE XUMUUYECKUX PEeaKLnil.
5. Uto Takoe MOJEKYJSIPHOCTh U MOPSAAOK XuMudeckon peaknuu? [lo kakomy mpu3HaAKy peak-
LMY Pa3JeNsA0TCs Ha MOPSAAKU? B uemM oTirune MOJIEKyJIIpHOCTH OT Nopsiaka?
6. Kakumu MeTogaMu MOXKHO OTIPENENHUTh MOpsIoK peakiuu? [IpuBeaure ypaBHeHUs U rpadu-
KH.
7. IIpuHATO CUUTaTh, UTO MOPSAJOK PEAKLIUU SIBISIETCA OTPA)KEHUEM MEXaHU3Ma €€ MPOTEKaHUs.
[TosicauTe 3TO MOJIOKEHNE HA IPUMEPAX.
8. UTo Ha3bIBAIOT MEPHOAOM MOJIYIPEBPAIECHHS BEIIECTBA, CPEITHEM BPEMEHEM KU3HH MOJIEKY-
nbl. [IpuBenuTe aHanMTUUYECKUH BBIBOJ YpaBHEHMI: JUIs pacyera Iepuoja IOJIyNpEBpALEHUs
BElIeCTBa JUIsl peakluil HyJeBOro, epBOro, BTOPOro U TPEThEro MOPSAIKOB; AJIs pacyeTa cpei-
HEro BPEMEHHU KU3HU MOJIEKYJIbI.?
9. KuHetndeckuii aHaIM3 TMPOCTHIX HEOOPATHUMBIX peakiuid. [IpuBenuTe BHIBOI KMHETHYECKUX
ypaBHEHMI U rpaduecKue 3aBUCUMOCTH YpaBHEHUN peakluii HyJIeBOro, IepBoro, BTOPOro (z1sa
Cllydasi, aBTOKaTaJIMTUYECKasi peakiysi BTOPOro MOpsiiKa) U TPEThEro nopsiaAkoB? Bo3MoKHBI 1
peakuuu apyrux nopsakos? Kakas U3 0JHOCTOPOHHUX peakIUil 3akaHUMBaeTcs ObIcTpee MpH
OJIMHAKOBBIX MCXOJHBIX KOHLEHTPALMSIX U OJUHAKOBBIX KOHCTAaHTAaX CKOPOCTH: peakius 1-ro,
2-ro wiu 3-ro nopsiaka?
10. Maremarnueckasi ¥ TpaduuecKkasi 3aBUCHIMOCTb KOHCTAHTBI CKOPOCTH XHMMHUYECKOH pEeaKIiu
OT TemnepaTypsl. TepMoINHaMUYECKUI BBIBOJI BBIPA)KEHHUS, ONUCHIBAIOIIETO 3aBUCUMOCTh KOH-



CTaHTBI CKOPOCTH OT TeMrepaTypsl. 3akoH Baunt-I'odda, smnupuueckoe ypaBHeHHEe AppeHuyca
JUI 3JIEMEHTapHBIX U MHOTOCTaUIHBIX peaKLUi. 3aBUCUMOCTh MPEIIKCIIOHEHIIMAIbHOIO MHO-
JKUTEJIA OT TeMIeparypsbl. [ paHuLIbI IPUMEHEHMS YpaBHEHUSI AppeHuyca.

11.DHeprus akTHBaLMU NMPOCTBIX U CIOXKHBIX peakuuil. Kak no noreHuuansHomy Gapbepy ole-
HUTb BEJIMYMHY SHEPTUU aKTUBALMU? 3aBUCHMOCTb YHEPIMM aKTUBALMK OT BU/A PEAarpyrOIINX
YacTUI] U UX 3HepreTuyeckoro cocrosHus. Kaxymascs, HaOnonaemas U 3¢ ¢deKTuBHas SJHEprus
aktuBanuu. CylEecTBYIOT JIU U KaKUE XMMUYECKHE PEAKLUH, SKCIIEPUMEHTAIbHAS JHEPIUs aK-
TUBALlUU KOTOPBIX OTpULIaTeIbHA? 3a CUET Yero MPOUCXOJUT aKTHBALUs MOJEKYJI B MOHOMO-
JEKYISAPHBIX peakiusax? B uem 3akiroyaeTcs OCHOBHOM HEAOCTATOK TEOPUHM OMHAPHBIX CTOJIK-
HOBEHU?

12. Teopusi akTUBHBIX cToJNKHOBeHHMH xumuueckux peakiuii (TACXP). BwiBog oCHOBHOTO
ypaBHEHUS JJIs1 OMMOJICKYJIAPHBIX peakiuid. YpaBHenue Tpayima-JIptonca. DHeprus akTHBaIMN
TAC. OcHOBHbIE NPEANOJIOKEHUS, UCIOJIb3yeMble MPU BbIBOJAE ypaBHeHUs Tpayna-Jlbtouca.
Cpasuenue pe3ynbtatoB TACXP ¢ skcnepumentom. Bo3moskneie nonpaBku B TACXP. Iap-
IIyHHBIE PEaKLUU, IPUMEPBI.

13. Teopuss axtuBupoBanHoro komiuiekca (TAK). IloBepXHOCTh MOTEHIMATBLHOW SHEPTUU
(IOI2) ana monexkynsapHoil cuctembl. OcHOBHBIE omnpeaeneHus: [II1D, noauHBI peareHTOB U
IPOAYKTOB, IEPEXOAHOE COCTOSHUE, CEJIOBast TOUKA, IyTh U KOOPAWHATA PeaKIMH, SHEPIUs aK-
tuBauuu. [IpaBuno Byasopaa-I'opmana (3amper no cummerpun). Metoast onpeaenenus I1110:
TEOPETUYECKHE U SKCIIEPUMEHTAIIbHBIE.

14. Teopus axtuBupoBanHoro komiuiekca (TAK) Oiipunra u Ionsuu. [IpuBeaure maremaruye-
CKUH anmnapaT BbIBOZa 0CHOBHOTo ypaBHeHMsI TAK — ypaBHeHMsI DipUHIa ¢ TOUKH 3peHHs CTa-
TUCTHYECKOH TepMoAMHAMHUKH. OCHOBHBIC JIOMyIIEHUS. TpaHCMHCCHOHHBIA KO3(dUIHEHT.
[TpensKcroHeHIMANbHBIA MHOXKHUTEIb.

15.9neprus akruBauuu TAK u onbiTHast s3Heprus aktuBauuu. CBsi3b MEXAY SHEPTUSIMU aKTHUBa-
mun TAC u TAK, cpaBHeHHE COOTBETCTBYIOIIUX KOI(P(UIMEHTOB U 00bACHEHHE (PU3NUECKOTO
cMBbIcTIa AppeHHYCOBCKUX mapameTpoB. O1eHka creprdeckoro gakropa ¢ momorisio TAK.

16. TepmoauHaMu4eckuii HOAXO/ AJIsl ONTUCAHUS KOHCTAHTBI CKOPOCTH 110 ypaBHeHHIO TAK.

17. DHTpOonHsA aKTHBAMM XUMHYECKOW pEaKIMH: onpeiesieHne, (GU3NIECKUN CMBICI, BEPOST-
HOCTHBIHN XapakxTep.

18. YTo moHMMAIOT 1O MEXaHU3MOM XMMHUYECKON peakiuu? Jlaiite XapakTepuCTUKY MPOCTHIX U
cJoXHBIX peakuuil. [IpuBenute nmpumepsl. Kiaccudukanus cioXHBIX peaklui M0 MeXaHU3MY,
1o (pa3oBOMy cOCTaBy peareHTOB. Y CIIOBHE HE3aBUCUMOCTH NMPOTEKAHMUS.

19. INapannensHble peakiy NEPBOTO U BTOPOro MopsaAkoB. [lokakute BBHIBOJ KMHETHYECKOTO
YpaBHEHUS, IPEJICTaBbTE IrPapUUECKyI0 3aBUCUMOCTD, IPUBEIUTE IPUMEPBI.

20.Kunetuka 1BycTOpoHHHUX (00paTUMBbIX) peakimii. OOpaThmble peakiiy MepBOro 1 BTOPOro (Jiga ciy-
Yasi) TIOPSIIKOB: TOKaKUTE BbIBOJI KWHETUYECKUX YpaBHEHHH, IIpe/ICTaBbTe rpapuueckue 3aBUCH-
MOCTH ONPEIEIICHUSI KOHCTAHT CKOPOCTEH, IPUBEIUTE IPUMEDPHI.

21 KvHeTnuecKuii aHa3 TIOCIIEI0BATENBHBIX PEAKIUi (TPH CITydasi): TOKaKUTE BBIBOJ] KHHETHIECKUX
YpaBHEHMH, MpeACTaBbTe IpapuuecKue 3aBUCUMOCTH OIpEesIeHUs] KOHCTAaHT CKOPOCTeH, Mpu-
BEJIUTE IPUMEDPBI.

22.ConpspkeHHble peakii. CKOpOCTb M CPOICTBO XMMUYECKOH PEAKIIUH.

23.TynnenupoBanue. KnHeTn4ecknii H30TOMHBIN dPQEKT.

24.IIpuHIMIT CTAIlMOHAPHOTO COCTOSIHUS (JIeTaJbHOrO paBHOBecus) — meron boxenmreiina. Ha
pUMepe MOKaXKUTe MPUMEHEHHE METOoJla CTAI[MOHAPHOTO COCTOSIHUSA ISl pACCMOTPEHUS KHHe-
TUKH XUMMHYECKON PEAKIIUH.

25. OCHOBHBIE TIOJIOKECHHS TEOPHH KHMHETHKH IIEMTHBIX Pa3BETBICHHBIX W HEPA3BETBICHHBIX pPe-
akuui. [TpuBennte kMHETHYECKUE YpaBHEHMS 11l JAHHBIX peaklUuii Ha npuMepax. MOKHO JIM U
KaK YMEHBIIUTh HUKHUU Tpeaes JaBjeHus, HauluHas ¢ KOTOPOro pa3BeTBJIEHHas IeMHas pe-
aKIUs pa3BUBAETCs CO CKOPOCTHIO B3pbIBa? Hamuimmre ypaBHEHHUE AJI pacdyeTa CKOPOCTU pas-
BETBJICHHON LIETTHOM peaklMM, €ClIM BEPOSTHOCTH Pa3BETBIICHUs OOJbllEe BEPOATHOCTH OOpbHIBA
nenu. [Ipu 3anucu ypaBHEHUS MOJIB3YHTECh 0003HAYCHUSIMH: V — CKOPOCTh peakuuu; f— Bepo-



SATHOCTB Pa3BETBJICHHUS LIETIH; § — BEPOSATHOCTH OOpBIBA IIETIH; T — BpPEMS OT Hayalla peakluu; ¢
— KoHcTaHTa Hapactauus (¢ = f—(); A —mocTosHHas BeJIHYHHA.

26. dotoxumuueckue peakuuu. OCHOBHBIE 3aKOHBI (poToxumMun. Kakue nmapaMeTpsl BIUSIOT Ha
CKOpOoCTh (OoTOXMMHUYECKUX peakuuid? Ha mpumMepax mokaxure JBa OCHOBHBIX MeXaHM3Ma (o-
TOXUMHMUYECKUX peakiuil. DHeprus GoToXUuMHU4YecKd BO30YX AEHHBIX IPOAYKTOB. MOXKET 11 U B
KaKkoM cirydae (OTOXMMHUYECKasi peakiyst UMeTh |- mopsAAoK, eciy nepBUYHas GpoToxumude-
CKasi aKTUBAaLUA SIBJISIETCS JIMMUTUpPYIOLEH cTtaauei? MoeT U U B KaKOM cllydyae KBaHTO-
BbIil BBIX0J (POTOXUMHUYECKOH peakiiuyl ObITh OOJIbINE €AUHUIIBI?

27. PajpnanoHHO-XMMUYECKHE peakluu. bruomomMuneceHnus u xemoatomuHeceHnus. [loka-
JKUTE B 00ILIEM BUJE CTAIUN MEXAHU3Ma XEMOIIOMUHECLICHIINH.

28. KuHeTHKa reTeporeHHbIX XUMHUYECKUX PEAKIIMH.

29. Karamutudeckue mporecchl. OCHOBHBIE MOHSATHSA: Karanu3, Katanuzatop (mo bopeckony),
uHruouTop. CrienupUUHOCTh U CENEKTUBHOCTh KaTaau3aTopoB (mpumepbl). OCHOBHBIE MOJI0XKe-
HUS TeopuM Karaiusa. [IpomexyTrouHble BeliecTBa B KaTanuse. [IpyHIMI SHEPreTHUECKOro co-
OTBETCTBHUSI

30. OOuue mpeacTaBICHUS 0 MEXAaHU3MAaX KaTaIMTHUECKOTO JICHCTBHSA, CBA3aHHOM C 00pa3oBa-
HUEM aKTUBHBIX KOMIUIeKcOB. Kitaccudukanus kaTaTuTHYECKUX IPOLIECCOB.

31.I'oMoreHHbIl KaTanu3 B ra3oBoi ¢aze. Teopust MPOMEKYTOYHBIX MPOIYKTOB. KuciaoTHO-
OCHOBHOM KaTalu3: crnenu(uyeckuii KUCIOTHBIM KaTalu3, creun(puyeckuii OCHOBHOW KaTaius,
00N KUCTIOTHBIN KaTanus, oOIIMi OCHOBHOW KaTallu3, KOPPEIsLUOHHbIE COOTHOLIEHUS. ['eTe-
POTE€HHBIN KUCIOTHBIM KaTajin3. ABTOKaTaIU3.

32. I'ereporennsiii kaTanu3. Karann3atopsl 1 ©X OCHOBHBIE THIIBI. Y CIIOBHS BHICOKOW aKTHBHO-
CTHM KaTajqu3aTopa (IMCIEepPCHOCTh TBEPAbIX KaTaJM3aTOPOB, CIIEKAaHUE KaTalu3aTOpPOB, MPOMO-
TUPOBAHUE, OTPABJIEHUE KaTaIU3aTopoB). Poib ancopOiuu B reTeporeHHo-KaTaIuTUYECKUX pe-
aKLUAX — BbIBOJ| KUHETUYECKUX ypaBHeHUH. YpaBHeHue Jlenrmiopa-XuHienspyaa. Kuneruye-
ckas 1 qudPy3noHHas 001aCTH TETEPOreHHOTO KaTATMTUIECKOTO TIPoIIecca.

33. Teopuu katanu3za. [IpencraBinenue 06 akTUBHBIX LieHTpax. Poiib 1e(eKToB peasbHOro TBEp-
noro tena B karanuse (I'. Taitnop). Posap HEOTHOPOAHOCTH TOBEPXHOCTH U €€ YUET B aIcOpOLUU
U Karajiuse, TeopHs akTUBHbBIX KaTanuTuyeckux aHcamoOneir H.M. KoGo3eBa. Jluranano-nomnesas
teopusi b.B. EpodeeBa. Teopust mynptumieroB A.A. bananauna. [losicaure Ha mpumepax oc-
HOBHOM CMBICII U 3HAaY€HHUE NMPUHLHUIIA CTPYKTYPHOTO (T€OMETPHUECKOTO) COOTBETCTBUS MYJlb-
TUIIJIETHOW TEOPUU TeTeporeHHoro karanuia A.A. bananauna. DneKTpoHHas TEOpUs KaTaiu-
3a.

34. Ocobennocty GepMeHTaTUBHOTO Karann3a. Cxema u ypaBHeHHe Muxasnuca-MenteHn. Kon-
KypPEeHTHOE U HEKOHKYpEeHTHoe uHruouposanue. CydcrpatHoe TopMokeHue. [IpuuuHbl 00JIbIIMX
CKOpOCTEH (PEpPMEHTATUBHBIX PEAKIIUA.

35.BnusHue pacTBOpUTENs HAa CKOPOCTh XMMHUYECKUX peakuuil. Cka3plBaeTcs U U Kak
MOHHAas cujia pacTBOpa Ha CKOPOCTH peaKkUy MeXIy HOHAMH B pacTBope?

Taﬁ.lmua 9 — HpI/IMepbl OLICHOYHBIX CPEACTB C KJIII0YaMH IPpaBUWJIbHBIX OTBETOB

. Bpewms
Ne | Tun [IpaBunbHBIN P
DopMyIMpOBKA 3aJaHUS BBITIOJTHEHU
/1 | 3aaHUs OTBET \
(B MUHYyTax

OIIK-1 — cnocoben aunanuszupoeamv u UHMEPNPEMUPOBAMDb PE3YIAbMAMbl XUMUUECKUX IKCHEPUMEHMOC
HAONI00eHUTl U UMePeHUl.

1. | Baganue 3akpbiToro | Beibepure mnpaBuiIbHBIA OT- r 1
TUIA BET.

W3MeHeHnEe KOHIEHTpalUuH
IIPOJIyKTa pEakLHUHU CO Bpe-
MEHEM, €CJIU peaklus HhMe-
€T HYJEBOU MOPSAJOK, UMEET
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3aBUCUMOCTH:
a) YMEHBIIIAeTCs 110 TIapadoIIe;

0) yBeNMUIHMBACTCS IO TTapadoIie;
B) YMEHBIIIAETCS TIO JIMHEHHON
3aBHCHMOCTH;

I') YBEIMUMBACTCS IO JIMHEHHON
3aBHICHMOCTH.

BriGepure mpaBUIBHBIA OT-
BET.

Koncranta pasHoBecus K,
paBHa paBHOBECHOMY JaB-
JICHUIO B CHCTEME MpH JlaH-
HOHU TeMmIieparype s peak-
IUU:

a) TOMOTeHHas peakuus, B
KOTOpOil 00pa3ylTcs Ta3o-
00pa3Hble POTYKTHI;

0) TeTeporcHHas peakius, B
KOTOpPO# 00pa3zyercss OJuH
ra3o000pa3HbIi MPOAYKT;

B) I'OMOI€HHas peakuus, B
KOTOpO#l 00pa3zyercss OJIuH
ra3000pa3HbIN MPOIYKT.

Ykaxure COOTBETCTBHE.
[Tpoueccel MOTYT OBITH K-
30TePMUYECKUMH U 3HJO-
TEPMUYECKUMH, a SHTPOIHS
MOJKET YBEJIMYUBATHCA WIH
yMeHb1aTecs. Haitgure co-
OTHOIIEHHUE BEJIMYUH, KOTO-
peie OyIayT CIOCOOCTBOBATH
MOJIHOTE MPOTEKaHUsl CaMo-
IIPOU3BOJILHOTO  Mpolecca
IpU TOCTOSIHHBIX TeMmIlepa-
Type U JIaBIICHUU:

1:AS<0;

2:AS>0;

3:AH > 0:

4:AH<O.

Bribepute mnpaBUIBHBIA OT-
BeT. KakoBO cooTHoOmIEHNE
9. 4.C. nnig n1ByX 3JIEMEHTOB
Cu|CuSO4(a-=0,1)||CuSOu(a-
= 1,0)|Cu (E1) u

Zn[ZnSO;s  (a+=0,01)|IZnSO,
(@:=0,1)|Zn (E), B3aTHIX mpH
T=const:

a) E.=E;

6) Eqi<Ey;
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B) Ei>E».

Pewmre 3anauy. [ns noJsiHO-
ro pas3joXeHUs HEKOTOPOro
konmmuectBa MgCO3; motpe-
ooBanoch 5,1 k/[>k TEImIOTHL.
[Tomyuennsrii CO, ObLT TIO-
rionieH 5,7%-HbIM pacTBO-
pom Ba(OH); maccoit 75 r.
TennoBoit 3¢ ekt peakuuu
paznoxxenust MgCQOj3 cocras-
aser — 102 xJx/monn. Ka-
KOBa MaccoBasi JI0Jsi 00pazo-
BaBIICHCA COJIU:

a) oOpazoBayics ocanok Ba-
COg;

0) 10% (BaOH),CO3;

B) 8,4% Ba(HC03)2;

r) 10% Ba(HCO3),.

5

3anaHue
KOMOWHUPOBAaHHOTO
THUIA

[IpounTaiiTe TeKCT, ycTaHO-
BUTE COOTBETCTBHE u
HaIMUIIATE apTyMEHTHI,
000CHOBBIBAIOIIME  BBIOOP
OTBeETA.

IIpn HarpeBaHum Ha BO3nYy-
Xe:

1) nen

2) KPUCTAIUTMYECKUI MO/

a) BO3TOHAETCS
0) rmaBuTCA

1-6

2-a
W3mMeHeHue arperaTHOro COCTOSIHHS
(ucnapenue, MjaaBJieHUE WM BO3TOHKA)
IPOUCXOAUT B 3€MHBIX YCIOBHUSAX HpPH
CpaBHEHUHU JaBJEHUS HACBIILIEHHOTO
napa HaJ paccMaTpuUBaeMbIM pPacTBO-
pPOM  OTHOCHUTEIBHO  aTMOC(EpHOTO
nasnenus (101325 Ila). Ilpu narpesa-
HUM Ha BO3JyXe€ JieJ IUIaBUTCA, a KpH-
CTANINYECKUM HMOJ BO3TOHAETCS, Tak
Kak, MpU MOCTPOEHHUH JTHarpaMMbl CO-
CTOSIHUS, BEJIMYMHA JaBJIECHHUS HAChI-
LIEHHOTO Mapa B TPOMHOM TOYKE IS BO-
Il MEHBIIIE, a JIs noja OoJIbIlle aTMO-
chepHOTO AaBICHUS.

0]
Kuakocth

Teepnoe |
BELIECTBO

JlaBieHue, MM.pT.CT

0.0099
Temneparypa, °C

JAunarpamma cocrosiHus iHoaa

8-10 Mun
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FEFETT i s, map
IIIIII A ]
J . 106} [
JuarpaMma coCcTOSIHUSI BOJABI
7. CutyanuoHHas 3a1aua. DOHepruel axkTUBAlMM Ha3bIBAIOT HU3- | O
B yem cxoACTBO U paznuuue | OBITOK JHEPrud MO CPaBHEHHUIO CO
MOHSATHM MCTHUHHAs W JKC- | CPEIHEN dHEpPTruell pearupyrouux ya-
3ananue MEepUMEHTAIbHAA  SHEPrus | CTUL IpU JaHHOW TemIlepaType, He-
aKTUBaLUU? 00XOIUMBIN I TPEOJOJCHUS IHEp-

OTKPBITOI'O THIIA

reTU4eckoro Oapbepa, 4TOOBI CTOJK-
HOBEHHS 4acTUL ObTH d(P(PEeKTHBHBI-
MU W TNpPOU30LLIA XUMHUYECKas peak-
uug. Bennuunel Eakr. 3aBucur oT BU-
Jla pearupyrouux 4acTUIl U UX DHEp-
reTUYECKOro cocTosiHuA. [ peakuui
MEXJYy BaJE€HTHO-HACBIIIEHHBIMH MO-
nekyinamu Eakt. bim3ka k JHepruu
nucconuanuu M cocrasiger 25-50
KKan/Moub. Peakuus Mexay aToMamu
UM paJuKalaMHU MPOUCXOJUT C IHEP-
rMe¥ akTUBAIUM OJIM3KOUW K HYJIIIO, pe-
aKIMs aTOMOB (MJIU paJUKalioB) C MO-
JeKyJaMu TPOTEKAIlOT B HWHTEpBale
10-25 kkan/Monb.

HcTtrHHONW SHEprued akTHBAalUK WIIH
SHEPrusi AaKTUBAIlMU 3JIEMEHTAPHOIO
aKTa  XHMHUYECKOTO  IpPEeBpalleHUS
Ha3bIBA€TCS MUHUMAaJbHasl DJHEpPTHs,
OTCUHMTHIBa€Mas OT HYJEBOIO YPOBHSA
B pacueTe Ha 1 MOJb B3aMMOJIEHCTBY-
IONIMX YacCTUIl, KOTOPOU JOJKHA 00-
JagaTh HMCXOJHAs CHCTEMa, 4TOOBI B
HEW MOTJIO MPOU3O0WTHU paccMaTpHUBa-
€MO€ XHUMHUUECKOE MpPEBPAIICHUE.
DKCrepUMEHTAJIbHON 3HEepruel axkTHBa-
LA CJIOXHOM XUMHUYECKON peaKkuuu
Ha3biBaeTcs napameTrp Eakt. B ypaBHe-
HUM AppeHunyca, KOTOPBIN OmpenemnseTcs
Ha OCHOBaHUM  IKCIEPUMEHTAIbHBIX
JAHHBIX U SBJBIETCS HEKOTOPOM (HyHKITH-
€l MCTUHHOM SHEPruM AaKTUBALUHU OT-
JENbHBIX CTAIUN PEeaKIUu WIH dKCIIEPH-
MEHTAJIbHON BEJIMYMHOM.

Eskcen. = Euct. + %2 RT
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8. CutyanmnoHHas 3ajava. DHeprus axkTUBalMu B pactBope 1o | 3-5
KakoBo BiusHME pacTBOpU- | CPABHEHHIO C DHEPrUel aKTUBAllMU B ra-
TENss Ha DJHEPTrUI0 aKTHBA- | 30BOM (pa3e MOXKET YMCHbBINATHCS, YBE-
UM B Ta30BOW (aze, eciH | IMUMBATHCA UM HE MEHATHCA B 3aBUCHU-
JAaHHYI0 PEaKIMI0 MOXHO | MOCTH OT COOTHOIICHHUS MEXIY TeIlIo-
MPOBECTH U B ra3oBoOil (ase, | TaMH coOJbBaTallUd TpU OOPa30BAHUU
U B pacTBOpEe? MIPOMEKYTOYHOTO AKTUBHPOBAHHOTO
KOMIUIEKCa U UCXOJHBIMU BEIIECTBAMHU
9. CutyanmoHHas 3ajada. B BogHOM pacTBOpe ciaboro 3iekTpo- | 5-8
MeHsieTcst M W Kak CTe- | JUTa CTENEHb JAWCCOLUAINH MEHSIETCS
MeHb IUCCOIMAIUU c1ab0oro | He paBHOMEPHO.
JNEKTpOJUTa B  BOAHOM | Tak TpU MOBBIIICHHH TEMIIepaTypax
pacTBOpe C POCTOM TeMIle- | CTENeHb MUCCOIMAIUU pacTéT (amcco-
parypsi? UALMS - POLECC IHAOTCPMHUUCCKUI).
Takxke 5TO0 MOXXHO OOBSICHUTH YBEIU-
YECHUEM CKOPOCTH JBW)KCHHS YacCTHIIL.
Ho co BpemeneM gocturaercst onpese-
JIEHHBIM MakcuMyM. 3aTeM, IpHu OoJiee
BBICOKUX TeMIlepaTypax 3HaueHue CTe-
MEHU JAWCCOLMANNKA yMEHbIIaeTcs. Tak
KaK C pOCTOM TeMIepaTypbl YMEHbIIIa-
eTCS  JMDIICKTPUYECKasl  IPOHUIAe-
MOCTh BOJBI. A OHa HaM IOKa3bIBa-
€T BO CKOJIBKO pa3 B3auMOJCHCTBHUE
MeXAy 3apsaMu B OJHOPOJIHOI cpene
MEHblIIE, 4UeM B BakyyMme. Takum obOpa-
30M 3HAu€HUE JIIEKTPOCTATUUYECKUX
CHJI TIPUTSIKEHHS (COOTBETCTBEHHO ac-
COIIMAINH) YBETUINBACTCS.
KV
> |
T 7
10. CutyaumnoHHas 3ajauva. B cucrteme, cocTosmei U3 HECKOILKUX | 5-8

[Touemy ommb0yHO TpHUMeE-
HeHue ypaBHeHus Kua-
neiipona-Knaysuyca x da-
30BOMY TNPEBpAIICHUIO aJl-
Ma3 — rpaur?

(a3 YMCTOro BEIIEeCTBA, BO3ZMOXKHBI I1€-
pexonbl BellecTBa M3 OJHOW (as3bl B
apyryro. Takue mepexoasl Has3bpIBAIOT
¢dazoBeiMu nepexonaMu. da3oBble Te-
pPEXOoabl XapaKTEepU3YIOTCS 3aBHCHMO-
CTBIO TeMIlepaTypbl (pa3oBoro mpespa-
OI€HUA OT BHCHIHETO MdaBJICHUA WU
JABJICHUS] HACBILIEHHOTO Iapa OT TEM-
IepaTypsl CUCTEMBI. YpaBHEHHE, Xa-
paKkTepu3ymwlllee TaKue 3aBUCHUMOCTH,
npeioxkeHo Kiraneliponom, a mosxke
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monupunmposano Knaysnycom.
VYpasuenunem Knaneitpona—Knaysuyca
Ha3bIBAETCS CBSA3b MEXIY U3MEHEHUEM
TeMIiepaTypsl (a3oBoro mnepexoga ¢
W3MEHEHUEM BHEUIHETO JaBJICHUS WU
M3MEHEHUEM [aBJICHUS HACBIIIEHHOTO
rnapa ¢ HM3MEHEHUEM TeMIIepaTyphl, C
OJIHOW CTOPOHBI, U TEIUIOTOH (hazoBOro
nepexosa U M3MeHeHueM oObéma Be-
niectBa npu ($a3oBOM mepexoje, ¢ Apy-
TOM CTOPOHBI.

Anmva3z u rpadut SABISIOTCS (HopMaMu
OJIHOTO M TOrO € BEIIECTBAa, OJAHAKO
MMEIOT pa3HoOe CTPOEHUE M XapaKTepu-
CTHUKH.

AnMa3 uMeeT KPHUCTALIUYECKYI pe-
meTky B (¢opMe TeTpasapa, Tae Kaxk-
IBI aTOM OKpYXeH 4 ApyruMHu atoMa-
MH, SBJISISICH BEPIIMHOM COCEIHETO
terpadapa. OHU MOXO0XKHU Ha COThL. Ta-
KO€ CTpPOCHME JaeT IPOYHBbIE CBA3U
MEXIy MOJICKYJIaMU BEIIeCTBA.
I'padur TOXE mpencTaBiICH MIECTHU-
YTOJIbHUKAMH, HO OHHU PACIOJIOKEHbI
TOPU30OHTAIBHBIMU IIJIACTAMH, MEXIY
KOTOPBIMU HET NPOYHOM CBSI3U. ITO
JieaeT ero MSATKUM, I10/IaTIUBbIM.
I'padur TepmMoauHAMUYECKH YCTONYHB
B IIMPOKOM HWHTEPBAJIC TEMIEPATyp U
JABIIEHUH, B YaCTHOCTHU MPHU OOBIYHBIX
ycioBusX. B cBsi3u ¢ 3TUM mpu pacue-
Tax TEePMOJWHAMHYECKHX BEJIHYHUH B
KauecTBE CTaHJAPTHOT'O COCTOSIHUS yT-
nepoga mpuUHUMaeTcs rpadur. Anmas
TEPMOJIMHAMHYECKH yCTOWYUB JIUIIH
MpU BBICOKUX JaBieHUsX (Beime 10
[Ta). OgHako CKOPOCTH MpeBpalIeHUs
anMasza B TpaduT CTAaHOBUTCS 3aMeET-
HOW IIMIIb TIpH TEMIlepaTypax BBIIIE
1000 °C; mpu 1750 °C npeBpamieHue
anmMasa B rpa@uT IPOUCXOIUT OBICTPO.
Anma3 u rpaguT UMEIT TBEpPAOE CO-
CTOSIHUE, BCIJIEJICTBUE YEro HEe MpOHC-
XOIUT (pa30BOro MpeBpalleHus, 0 Ko-
TOpOM roBoputcs B ypaBHeHuu Kiia-
nelipona—Kiaysnyca, xoropoe monpa-
3yMeBaeT (a3zoBoe MpeBpallEHUE CO-
Jep>KaHueM OJHOW u3 a3 uIeaabHOTO
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rada M pasjiM4HbIX MOJIBHBIX 00BEMOB

aTUX (as.

OIIK-2 - cnocoben nposodums ¢ coONI0OCHUEM HOPM MEXHUKU 0€30NACHOCMU XUMUYECKUIl IKCHEPUMEHH
8KII0UAs CUHIME3, AHAIU3, U3YUEHUEe CIPYKMYPbL U CEOUCHIE 6EUeCE U MAMEPUAI08, UCCTe008AHUE NPOUECCO
C ux yuacmuem.

1.

3aI[aHI/Ie 3aKpPbITOI'O
THIIA

Merton, OCHOBaHHBIH Ha U3Me-
PEHUM TOTEHIHANa IEKTPoIa B
AHAIM3UPYEMOM pacTBOPE
Mocjie BBEACHHUS H3BECTHOTO
00BEMa CTaHAapPTHOTO PACTBO-
pa, Ha3bIBACTCS

1) MeTo rpayHpOBOYHOTO
rpaduka

2) MeTOJ TPagyHpOBKH 3JIEK-
Tpoza

3) MeToJ cTaHAapTOB

4) meToxa 106aBoOK

4

1

Junst wero xkanmubpyroT pH-MeTp
CTaHAapTHBEIMH OypepHBIMU
pacTBOpamMu

1) cHWXEHUS BIUSHUS KU-
KOCTHOT'O BHYTPEHHETO KOHTaK-
Ta

2) ycusneHusl BIUSHUS KU~
KOCTHOT'O BHYTPEHHETO KOHTaK-
Ta

3) CHIDKEHUS BIMSHUS pa3iiu-
YHsI COCTaBa U CTPYKTYPbI
Hapy>KHOTO ¥ BHyTPEHHETO
THJpOTesieil MeMOpaHbI

4) ycuneHus BIUSIHAS TIOTEHIH-
aJia aCUMMETPHH

1,3

B noHOoMeTpHH POJIb CUIIBHOTO
JIEKTPOJINTA [IPU UCIIOIb30BA-
HUM METO/a TPalyipOBOYHOTO
rpaduka 3aKI04aeTCs B

1) moanep>kxaHUM TOCTOSTHCTBA
MOHHOH CHJIBI pacTBOpa

2) bonee OBICTPOM YCTaHOBJIE-
HUU MOTeHIIHaIa

3) obecnieueHNH NEKTPUIECKON
POBOJMMOCTH PacTBOpa

B kakoii obmacTu
CBETOITOTJIOMIECHHUS
(cBeTOIPOIYCKAHHMS)
OTHOCHTEJIbHAS OINOKa
(hOTOMETPUYECKUX U3MEPEHUI
Menbie 2 %?

a) B o0nacTu
CBeToMpoIyckanus ot 25 no 70
%,;

0) B 00J1aCTH CBETOIOTJIOMICHUS
ot 0,1 no 2;
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B) B o0yacTn
ceeronpomnyckanus ot 0 go 100
%;
T) B 00JIACTH CBETOIOTJIONICHHS
or 0,1 no 1.
5. Kaxkas BonHOBas 6 1
XapaKTePUCTUKA M3ITyUCHHUS
SIBJISIETCS MEPOU €ro
MHTEHCHUBHOCTHU?
a) IUTMHA BOJIHBL,
0) amruATYy 1A
B) 4acTOTa KoJeOaHHI;
I') BOJIHOBOE YHCJIO.
6. | 3amanue Omnuinre OCHOBHBIE dTanbl Po- | DoToOMETpHYECKOE TUTPOBAHKE BBIMONHIET- | 2-4
OTKPBITOI'O THUIIA TOMETPUIECKOI'O TUTPOBAHUSA | CA B TPU OTaria:
(xocBeHHOI (hoTOMeTpHN). - U3MepeHNe ONTHYECKO MIIOTHOCTHU Ucce-
IyeMOH CHCTEMBI B IIPOIIECCEe TUTPOBAHMUS,
- MOCTPOCHHE KPUBOH (HOTOMETPUIECCKOTO
TUTPOBaHUS U OIPEICIICHNE SKBUBAICHTHO-
ro o0bemMa TUTPaHTa;
- pacueT KOHIICHTPAIUH aHAIU3UPYEMOTO
BCIIECTBA IO 3HAYCHUIO JKBUBAICHTHOTO
o0beMa THTpaHTa.
&
r
2 \/_-.-
-rt
o
&
OfLem THTpanTa
Buabl KpUBBIX TUTPOBAHUS
7. Onumure MeToauKy BbIOOpa | Bribop cBetodunbrpa B (oTOKOIOpHMET- | 2-3

cBetopuibTpa B (HOTOKOIOPH-
METPUH  OJHOKOMIIOHEHTHOTO
pacTBopa.

pUU OJHOKOMIIOHEHTHOI'O PacTBOPa OCHO-
BaH Ha U3MEPEHUH ONTHYECKOW MIOTHOCTH
pacTBopa ¢ pazIMYHBIMHU CBETOPHIBTPAMH.
ITo momy4eHHBIM JaHHBIM BBEIOUpPAETCsI CBe-
TOQUIBTP, Ui KOTOPOTrO  ONTHYECKas
IJIOTHOCTh MAaKCHMAJIbHA.
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A

0é

03

04

03

02

01

420 480 500 540 580 &0 680 700 740 7‘;0 X Hu

IIpuMmep onpeneseHust cBeTopuIbTpa
(onTHMaJBLHONH JJIMHBI BOABI CBETONO-
TJIOIEHHUA)

8. ComnocraBbTe gyBcTBHUTENb- | YyBcTBUTENBHOCTH AAC BBIIE MOJNEKy- | 3-5
HocTh AAC W MONIEKYNSIpHO- | JISIpHO-a0COPOLMOHHONH  CIIEKTPOCKOITHUH,
a0COpOLIMOHHOW  CHEKTPOCKO- | Tak Kak KodpHIMeHT aTOMHOI abcopOmu
i (MAC). (X) 3HAYUTETHHO BBIIIE MOJSIPHOTO KOA(-

(uIMeHTa noroeHus (&).

0. [IpounTaiiTe TEKCT, BBIOEpPHUTE 0) 3-5
3ananne OJIUH TIpaBUIILHBIN BapuaHT oT- | B AAC wucnosib3yeTcs pe30HAHCHOE H3ITY-
KOMOMHUPOBAHHOTIO | BeTa M HAINMIIUTE apryMeHThl, | YEHHE, TaK KaK €ro CIEKTp MaKCHUMaJIbHO
TUNA 000CHOBBIBAIOIIME BHIOOP OTBE- | MPUOJMKECH K aTOMapHOMY CIIEKTPY HUCCIIe-

Ta. JlyeMOr'o 3JIeMEHTa, YTO TapaHTUPYeT 3(-
(eKTHBHOE TOTJIONIEHHE cBeTa W obecre-

Kakoe wuznmydeHue HCHONB3yeT- | YMBAET BBICOKYIO TOYHOCTh HW3MEpPEHHM.

caB AAC: Momnoxpomatuueckoe usnydenue B AAC

a) pe30HaHCHOE, HEe TPUMEHSAETCS, TaK KaK CIIEKTpalibHbIC

0) MOHOXPOMAaTHYECKOE . MOJIOCHI MOHOXPOMATHYECKOTO H3ITy4eHHS
SHAYUTCIIbHO HIUPEC CIICKTPAJIbHBIX JIMHUN
aromoB (10 -10” um), uTo 3aTpyaHseT ab-
COpOIHIO cBeTa

10. [MpounTaiiTe TEKCT, BBHIOEpPHUTE 0) L,5; 3-5
3ananue OJIVH IIPABWJIbHBIN BapHaHT OT-

KOMOMHUPOBAHHOTO | BeTa M HANMIINTE apPTyMEHTHI, | Pelienue: cTeneHsb pasaeeHns pacCUnThI-
THUIIA 000CHOBBIBaOIME BEIOOP OTBE- | BaeTCs 1o ¢o MyJIe:

Ta.

Ha xpomarorpamme mneHraHa u
TeKcaHa BpeMs yIepKHUBaHUS
COE€IUHEHUN  COOTBETCTBEHHO
37 u 54 c. UluprvHa NMUKOB Ha
MOJIOBMHE BBICOTHI PaBHSIIACH
4,7 ¢ mis meHTada U 6,8 ¢ A
rexkcana. PaccuuraTh CTCICHB
paszzeneHus: KOMIIOHEHTOB K.
a)l;

0) 1,5;

B) 2.

1"..‘-'!2 Bl

Y M FHose
[oncrasmnsist B GopMyIity JaHHBIE U3 YCIIOBHS
3a]a49u, [oydaeM:

) 24 —-37
L=res™1?
OTBeT: cTeneHs pa3aeneHus pasHa 1,5.
KomnoHeHTs! OyyT XOpomo pa3iensThCs.

OIIK-6. Cnocob6en npeocmaegnamo pe3yibmanvl C8oell padomul 8 YCMHOU U RUCbMEHHOI (hopme 6 coomeem

mamu u npasuiamu, NpURAMbIMU 6 npodieccuonaﬂbuom cooﬁmecmee

cmeuu ¢ Hop-

1 3ajaHue 3aKphITOTO | YKaXKUTE  TMOCIEI0BaTEIb- 1: 1214 em'; 2
THINA HOCTb. BonHOBBIE uyHCHIa 2: 2722 em;
BHYTPUMOJIEKYJISIPHBIX KO- 3:2739 em',

nebaHuit cepoBoJ0poa
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paBubl 2722, 2739 u 1214
cml. Pacronoxure BOIHO-
BBIC YHCJIA B MOPSJIKE YOBI-

BaHUA BKJIaJa.

Pemmre 3amauy u BbIOEpUTE
MIPaBUJIbHBIN OTBET.

B xakom u3 mpoieccoB pado-
Ta pacuIMpeHuss Haubob-
miast:

a) 1 kmonp CO; pacmupser-
cs1 uzorepmuuecku npu 300K
ot 10 no 100 M3;

0) 1 xmonp Hy pacmmpsercs
n3otepmuyecku npu 1000K
ot 10 10 100 M%;

B) 4 kmoib CO; pacumpsoT-
cs1 M300apUYeCKU TIPH Harpe-
Banuu ot 300 go 550K;

r) 2 xmoab Hp pacmmpsiores
n300apuYecKu MpH HarpeBa-
Huu ot 300 o 1300K?

Bribepute mpaBUIBHBIA OT-
BET.

IIpu 298K cepa cropaetr no
okcunma cepol (V). Kaxkas
TepMOJUHaAMHU4YecKast (PyHK-
s uMeeT OoJIpliiee 3Haue-
HUE 7Sl 9TON peaKInu:

a) W3MEHEHHE BHYTpPEHHEN
SHEPTUH;

0) U3MEHEHNE YHTANIBITHH;

B) paboTa mporiecca.

Pemmre 3amauy.

ITpu 300K ra3 B maeanbHOM
COCTOSTHUU M30TEPMHUYCCKH U
o0paTuMoO pacHmpsieTcss OT
10 o 107 v*. Kommuecrso
MOTJIOMIEHHOTO TPU  ATOM
teruta 17,26 kJIx. Ckrombko
MoOJIeH Ta3a y4acTBYeT B 3TOM
nporecce?

3 MOIb

Pemure 3amauy u BbIOCpUTE
IIPaBUJIBHBIN OTBET. DKBHBa-
JIEHTHAas 3JIEKTPOIIPOBO-
HOCTb TIpu OECKOHEYHOM
pa3BEIEHUM pacTBopa YK-
CYCHOM KucnoThl B 1,5 pa3za
OoJbIlle TAaKOH XKe DIEKTPO-
MPOBOJIHOCTH  THUAPOKCHAA




Bpewms

Ne | Tun [IpaBunbHBII
W/ | sanamms DopMyIMpOBKa 3a1aHUS oTBET BBITNOJHEHH
(B MUHYyTaX
amMoHus. PactBopsl 0,1 H.
CH;COOH wu 0,05 =
NH;OH umerot oguHakoByto
HKBUBAJEHTHYIO  3JEKTpPO-
npoBoaHocTs.  CooTHoLIe-
HUE CTeNeHel AMCCOLUaLUU
3TUX JJIEKTPOJIMUTOB B JlaH-
HBIX pacTBopax (o3 — cre-
HEeHb JUCCOLMALUN KUCIIOTHI
WIN o — CTENeHb JHUCCO-
LUAI[U1 OCHOBAHMUS):
a) a1 =
0) o < a;
B) a1 > .
6 | 3amanue Maiite onpenenenue. TpoiiHas Touka Ha AUarpamMme cocTos- 2
OTKPBITOT'O THIIA YUto Ha3bpIBalOT TPOWHOW | HUSI OTHOKOMIIOHEHTHOW CUCTEMBI - 3TO
TOYKOM Ha JauarpaMMe CcoO- | TOYKa Ha Juarpamme, apamerpbl KOTo-
CTOSIHUSI OJJHOKOMIIOHEHTHOM | POM COOTBETCTBYIOT OJHOBPEMEHHOMY
CUCTEMBI? CYIIECTBOBAHUIO TpeX (a3, HaXOAIINX-
Csl B pAaBHOBECHH.
7 CutyanuoHHas 3a1aya. «CocraBnsmouiei» CUCTEMbl Ha3bIBa- 3
Packpoiite ¢u3nYecKuil | eTcsl BEIeCTBO, KOTOPOE MOXKET ObITh
CMBICJ BEJIMYUH B YpaBHE- | BbIIEJICHO U3 CHCTEMbI U CYLIECTBOBATH
Huu npasuia ¢a3 'n66ca. BHE €€; M03TOMY SIBJISICTCS HE 3aBHUCH-
MOM COCTaBJIAOLIAs CUCTEMBI.
@®a30i HA3bIBAETCS COBOKYIIHOCTbH IO-
MOTEHHBIX YacTe cHucTeMmbl, o0Jsajna-
IOIIUX OJAMHAKOBBIMU (DU3NUYECKUMU U
XUMHUUYECKUMHU CBOMCTBAMHU U OTHEIICH-
HBIX OT JPYIUX YacTed CUCTEMbl BUIIH-
MBIMM TpaHHUIIaMH pa3jena.
Uuciaom TepMOAMHAMHUYECKUX  CTe-
neHe cBOOOJBI CHUCTEMBI Ha3bIBACTCS
YHCJIO HE3aBUCHUMBIX MapaMeTpoB, KOTO-
pble MOXHO M3MEHATh, HE MEHSISI YHMCIIO
(a3 B cucreme.
C=K-O+(1 unu 2)
8 CuryanuoHHas 3a1ada. TepmoauHamudeckuit cMbicn K03 hu- 3

Jlyist 9ero BBOJAUTCS MOHS-
THEe KO3 PUIIMEeHTa aKTUB-
HOCTH KOMIIOHEHTA U aKTHB-
HOCTHU KOMITOHEHTa pacTBO-

pa.

[IMEHTa aKTUBHOCTH KOMIIOHEHTA B pac-
TBOPE — 3TO Mepa JONOJHUTEIBHOU pa-
0O0TBI, KOTOPYIO clieoBajio ObI 3aTpa-
TUTH TpU NOCTOSAHHBIX P u T miug mpe-
OJIOJICHMS CHJI B3aUMO/JICHCTBUS.
AKTHUBHOCTBIO KOMIIOHEHTA pacTBOpa
Ha3bIBaeTCs (YHKIMS KOHIIEHTPAIIUH,
MOJICTAaHOBKA KOTOPOW B TEPMOIMHAMU-
YECKUE YPABHEHHUS ISl UACAIBHBIX pac-
TBOPOB JIETIAET 3T YPaBHEHUS MIPUMeE-
HHUMBIMU JUIsl PEAIbHBIX PACTBOPOB.




Ne | Tun [IpaBunbHBII Bpew
wi | sanams DopMyIHpPOBKA 3aIaHUS oTBET BBITIOTHEHN
(B MUHYyTaX
9 Chopmynupyiite  3akonsl | 3akoHbl KoHoBanmoBa (opmMynupyroTcs 3
KonoBanosa. CIEeAYIOIIUM 00pa3oM:
1: B IByXKOMIIOHEHTHOM CHCTEME
HACBIIICHHBIN Map M0 CPaBHEHHUIO C
PaBHOBECHBIM PACTBOPOM OTHOCHUTEIb-
HO 6oraue TeM KOMIIOHEHTOM, MpudaB-
JIEHUE KOTOPOTO K CUCTEME IMOBBIIIACT
oO11iee 1aBieHue napa, Wik Ipu JaH-
HOM JIaBJICHUU CHIDKACT TEMIIEPATYpPy
KUIICHUS,
2: TOYKM MaKCUMymMa ¥ MUHHUMYMa Ha
KPUBBIX OOIIEro MaBJICHUS Mapa s
JNBYXKOMIIOHEHTHOW CHCTEMBI OTBEYa-
0T pacTBOpaM, COCTaB KOTOPBIX OJIH-
HAaKOB C COCTaBOM pPaBHOBECHOIO C
HUM TMapa.
10 | 3apmanue IIpounTaiite TekcT, BbIOEpUTE | a) — 2 2
KOMOWHHUPOBAHHOTO | MPaBUIBHOC COOTBETCTBHC U 0)-1
THIA HAIMIIATE apryMEHThI, 000CHO- | J[j1sy 9K30TEPMHUECKON PEAKIHN SHTAIb-
BBIBAIOLIIHE BEIOOP OTBETa. IMs U3MEHSETCS CAEAYIOIMM 00pa3oM:
SHTANBIUSA  PEAKIHOHHOW  CHCTEMBI
[loxkaxxure wW3MEHEHUE JH- ymenbimaercs ( AH < 0);
TalbuW JUIL SHAO= M 9K30- | JTng  suporepMuueckoil peakuuu 3H-
TCPMHUHCCKUX PEAKIHN. TaNIbIIHS U3MEHSETCS CIeLYyIOMUM 00pa-
a) AH<0 30M:
6)AH>0 SHTAJIBINS PEAKIMOHHON CUCTEMBI yBe-
1) SHOTEPMHUHIECKAS | yyuypaeres (AH > 0).
peaxius
2) AK30TEepMHUUECKas
peaKIus.

[TosiHBII KOMIIEKT OIIEHOYHBIX MAaTE€pPHAJIOB MO JUCHUILUIMHE (MOIyJ0) (POH] OLleHOY-
HBIX CPEJCTB) XPAaHUTCS B JEKTPOHHOM BHJE Ha Kadeape, yTBepxKaawomueil padbouyro nporpam-
MY AMCHUIUIAHBI (MOAYIs), U B LIeHTpe MOHUTOpUHTA U ayIuTa KadyecTBa O0yICHHUS.

7.4. MeToan4ecKkue MaTepHAaJIbl, ONpeAeIsIoNHe NPOLHeIypPbl OLIEHUBAHUS Pe3yJb-
TATOB 00y4YeHUs MO TUCHHILIHHE

Texkymmii 1 BHYTPHUCEMECTPOBBI KOHTPOJIb, MPOMEXKYTOUHASI aTTeCTAIMs YIEOHBIX J10-
CTW)KEHHH CTYAEHTOB MNPOBOJIUTCS MNyTeM OaluIbHO-peHTHHIoBOi cucteMbl. OOmias oleHKa
y4eOHBIX JOCTUKEHHUN CTY/IEHTa B CEMECTpPE M0 yUeOHOMY KypCy OIpenenseTcs: Kak cymma Oa-
JIOB, TOJIYYEHHBIX CTYAEHTOM IO pa3IMYHBIM (popMaM TEKYIIEro U MPOMEXYTOYHOI'O KOHTPOJIS
B TEYEHHE JAHHOro cemectpa. MToroBoit ¢opmMoil OTUETHOCTH SBISETCS IK3aMEH, MOITOMY
OajulbHasi OIIEHKa pacHpeieNsieTcs Ha JIBe COCTABISAIOLIME: CEMECTPOBYIO (TEKYIIMH KOHTPOIb
1o y4eOHOM TUCIUILINHE B TeueHue cemectpa) — 50 6amioB u sx3ameHannonHyo 50 6amios. 50
0aJuI0OB CEMECTPOBOTO KOHTPOJSL cOcTOSAT U3 40 6ayuioB, MOJYYEHHBIX Ha pa3iMyHbIX (hopmax
TeKyIero KoHTposs u 10 6anioB, BKIFOYAOIIUX PA3IMYHOTO poja O0HYCH (OTCYTCTBHE IMPO-
MyCKOB 3aHATHUN, aKTUBHAs pab0OTa B TEUEHUE CEMECTPA).



Ta6auna 10 - TexHosiornyeckasi KApTa peiiTHHIOBBIX 0AJJI0B M0 AUCHMIJIHHE

MakcumalibHOE
Ne Kountpoaupyembie Mepo- KosanuecTtBo Mepo-
N KOJIH4eCTBO Cpoxk nmpeaocTaBJIeHHsI
n/n NpUATUS NPUATHI/0AJIBI
0aJ1J10B
OcHoBHOoi1 0J10K (40 6as110B)
1 BeicTynuienus Ha ceMuHap-
CKUX 3aHATHAX:
1.1. | IlonHsblii OTBET O BONpoOCy 1,5 6anna 12 GayutoB ITo pacnucanuto
Permienue 3aau Ha IpaKTHye-
2 A p 1 6ann 9 6annoB ITo pacnucanuto
CKHUX 3aHATHIX
BeimonHeHue 1 OTYET 1O JTa-
3 . 1 6amn 10 6anmoB ITo pacrmcanmnto
OoparopHOHt paboTe
4 TectupoBaHue 1o pazaenam:
a1 «OCHOBBI XUMUYECKOH Tep-
' MOJIMHAMUKHY 1 6amn
4.2 | «XUMH4ecKoe paBHOBECHEY 1 6ann 4 Ganna ITo pacniucanuto
«®DazoBsie paBHOBecHsl. Pac-
4.3 P 1 6ann
TBOPBI»
4.4 | «DnexkTpoxumus» 1 6ann
5 KoHTpomnbHbIe paboThI 1O Te-
MaM:
51 «OCHOBBI XUMUYECKOHU TEP-
' MOJMHAMUKI 2 Gamra
5.2 | «XuMunueckoe paBHOBECUE» 1 5 Gamos Ho pacnucanuio
53 «®da3oBble paBHOBecus. Pac- 1
' TBOPBD»
54 | «DnexTpoxuMus» 1
IIpoMeskyTOYHBIH KOHTPOJIb 40 6ann0B

Baoxk 6onycos (10 6an10B)

OTIOJTHEHHE K OTBETaM Ha
6.1 A 0,2-0,5 6amra 5 GaimioB B koH1e cemectpa
CEeMUHAPCKHX 3aHATUAX
AxruBHas paboTa CTYICHTOB
6.2 P ya 0,2 6amna 20ama B kon1e cemectpa
Ha 3aHSTUIX
OTCyTCTBHE MPOITYCKOB MPAaK-
6.3 | TMYecKO-CeMHUHAPCKUX U Jia- 0,3 6amna 36auta B koHIe cemecTpa
OOpaTOPHBIX 3aHATHI
Hroro 50 6aanoB
JonosHuTeabHbI 610K (50 6as1/10B)
B cootBercTBHM C
7. DK3aMeH YCTaHOBJIEHHBIMU Ka- 50 6amnoB
(benpoii KpuTepusIMU
Bcero 100 6asn10B

Tabauua 11 - Cucrema mrpadosB (17151 0THOT0 3aHATHS)

IloxazaTenn

Bamn

Ono3nanve (aBa u 6oee)

Munyc 2 6amna

He rotoB x MMPAKTUYCCKO-CEMUHAPCKUM U J'Ia60paTOpHBIM 3aHATHAM

Mumnyc 3 6anna

[Ipomyck 3aHsTHI O3 yBaXKUTENEHON IPUYHHBI (32 OZHO 3aHSTHE)

Mumnyc 2 6anna

Hapymenue y4eOHOI qUCIUITITMHBI

Mumnyc 2 6anna

HapymeHHe IMpaBuJI TEXHUKU 0e30IMaCHOCTH

Munyc 1 6ann




Taoauna 12 — lkaga nepeBoga peiiTHHIOBBLIX 0AJIJIOB B MTOTOBYI0 OLIEHKY 3a CeMeCTp
1o JUCHUNJINHE (MOAYJII0)

Cymma 6amioB Omnenka no 4-0ayTbHOM 1IKaje

90-100 5 (OTJIMYHO)

85-89

75-84 4 (xoporo)

7074

65-69 3

60-64 (YIOBIETBOPHUTEIIBLHO)
Huxe 60 2 (HeyIOBJIETBOPUTEIIHLHO)

[Ipu peanuszanuu JUCUUIUIMHBI (MOYJI) B 3aBUCUMOCTH OT YPOBHS IIOJArOTOBJIIEHHOCTH
00y4Jaromuxcsi MOTYT OBITh HCIOJB30BAaHbl MHBIE (OPMBI, METOJbI KOHTPOJSI U OLEHOYHBIC
CpENCTBa, UCXOA U3 KOHKPETHOU CUTYAalLUH.

8. VYYEBHO-METOJIMYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
JUCHUTIINHBI

8.1. OcHoBHas JqUTepaTypa

1. AptemoB A.B. ®u3udveckas xumusi: Y4eO. 115l CTYII0 YIPEKACHUNA BBICIILIPOd. oOpa3oBa-
Hus / A.B. ApremoB. M.: M3narensckuii neHTp «Akamemus», 2013. 288 ¢ .

2. Crpombepr A.I'. ®usndeckast xumust: Yueo. s xuMm. crerl. By30B / A.I'. Crpombepr, JI.I1.
Cemuenko; nop pea. A.I'. Ctpombepra — 6-€ uzn., crepeorun. M.: Beicm. mik., 2006. 527 c.: ui.

3. Ortkunc 1. Ousndeckas xumust. B 3-x 4. U. 1. PaBHoBecnas tepmoanaamuka / I1. Dtkunc, ae [layna,
Hx.; Tlep. c anrn. M.A. Ycnenckoit u B.A. MBanoga; nox pen. B.B. Jlynuna u O.M. Ilontopaka. — M.:
Mup, 2007. — 494 c.

4. HWnnonuto E.I'. ®usnueckas xumus: Hon. YMO no cnen. nea. oOpa3oBaHus B KayecTBE
yueb. s ctyn. By3oB, 1o crei. 032300 "Xumus" / E. I'. UnnonutoB, Apremos, A.B., batpa-
koB, B.B. ; Ilox pexn. E.I'. UnmonuTtoBa. M.: Akanemus, 2005. 448 c.

5. Casutkun H.U. ®usnueckass xumus: cOopHuk BompocoB u 3axad / H.W. CaButkun, S.I.
Asnees, B.B. barpakos, 1.I'. 'opuues. Poctos n//1: ®enukc, 2014. 319 c.: un. — (Beicuee 06-
pa3oBaHue)

6. Jbxuroma JI.A. Xumudeckas KHHETHUKA: Y4EOHO-METOIUYECKOE MTOCOOUE Il M3yUEHUs pas-
nena. - Actpaxanb: M3narenbckuil 1om «AcTpaxaHckuil yHusepcurer», 2007. 64 c.

7. XaputoHoB 10.5. ®usndeckas xuMus [DaeKTpOHHBIN pecypc]: yueoHuk /Xapuronos FO.4.
M.: I'SOTAP-Menma, 2013. 608 c. URL:
http://www.studentlibrary.ru/book/ISBN9785970423905.html (OBC «KoHCYIbTaHT CTYACHTa»)

8.2. lonotHUTeJILHAS JIUTEPATypa

1. dusnyeckass xuMus. DIEKTPOXUMUS. XUMHUYECKasi KMHETHKA W KaTaiau3: Yuel. A BY30B
[Tekct] / K.C. Kpacnos, H.K. Bopo6seB, U.H. I'ogues u ap.; nox pen. K.C. Kpacnoga. -.
M.: Beicmas mk.,2001. 2 1. 319 c.

2.Tenppman M.U. Tlpaktikym 1o ¢uszndeckoit xumum: yded. mocodbue / Ilox pem. M.U.
I'ensdpmana. — CII6.: Uzn. «Jlanby, 2004. 256 c.:u.

3.benser A.Il. ®usndeckas W KOJUIOWIHAS XUMUSA. 3aTaqHUK|[ DNeKTpoHHBIA pecype] / A. T1.
benses, A. C. Uyxno, JI. A. baxonnuna, B. B. I'pumun; nox pea. A. II. bensesa.M.:

I'DOTAP-Menua, 2014. 288 C. URL:
http://www.studentlibrary.ru/book/ISBN9785970428443.html (OBC «KoHcynbTanT cTy-
JICHTA»)

4.ITpakTukyM 1o ¢usudeckoil xumun. OU3NUECKUE METOJbl HUCCIIENOBaHUSA: y4yel. mocodue
U CTYA. yupexkaeHuil Bbicul. mpod. oopazosanus / [E.IL. AreeB u np.]; nmon mep. M.A.



http://www.studentlibrary.ru/book/ISBN9785970423905.html
http://www.studentlibrary.ru/book/ISBN9785970428443.html

MensnaukoBa, E.Il. Areesa, B.B. Jlynuna. M.: M3natenbckuil neHTp «Axagemus», 2014.
528 c.

8.3. UnTepHeT-pecypchl, HE0OX0AUMBbIE JJISI 0CBOEHHSI AUCUUIIJIMHBI:
[Tepeuens DBC 1 A1IeKTPOHHBIX PECYpCOB, MpeaocTaBisieMbix Hayunoii 6uGnmnotexoit
AT'Y na 2020/2021 y4eGHbIii T01, KOTOPhIE MOTYT OBITh HCIOIB30BAHBI I HHPOPMALIHOHHOTO
o0ecrieueHns JUCIUIINHBL:
1. DOnexrponnsiii kaTanor Hayunoi oubnamorexku AI'Y Ha 6aze MARK SQL HIIO «UH-
dopm-cuctem».
https:/library.asu.edu.ru
2. DnekTpoHHas OMOIMOTEKa «ACTpPaXxaHCKUH TOCYIapCTBEHHBIH YHHBEPCHTET» COO-
CTBEHHOU T'eHEepanuu Ha 3JeKTpoHHOU miatgopme DBC «IeKTpOHHBIA YNTATBHBIN
3ai - bubmuoTex».

https://biblio.asu.edu.ru
Yuemnas 3anuce oopaszosamenvrozo nopmana AI'Y
(Pecucmpayus 6 905 ayoumopuu. Ilpucmpoti)

3. Dnexrponnas 6ubmmoreynas cucrema (3bC) OO0 «Ilomutexpecypey» «KoHCymbranT
cTyneHTa». MuoronpoduibHbIA 00pa3oBarenbHblil pecypc "KoHCynbTaHT cTygeHTa"
SBJISICTCS] DJICKTPOHHOU OMOIMOTEYHON CHCTEMOM, MPEIOCTaBISIONICH JOCTYN Yepe3
ceTb MHTEpHET K y4eOHOIl nuTeparype U JOMOJHUTEIbHBIM MaTepuaiaM, mpruoope-
TEHHBIM Ha OCHOBaHMHM MPSAMBIX JOTOBOPOB C IpaBoodaaaarensimMu. Karaior B HacTo-
siiee BpeMs coaepkuT okojio 15000 HauMeHOBaHUA.

www.studentlibrary.ru
Pecucmpayus ¢ komnvtomepos AI'Y

9. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCHUIIJIMHBI

MarepuanbHO-TeXHHUYECKOE o0ecredeHrne y4eOHOW AUCIUIUIMHBI BKIIOYAeT B ceOs JIeK-
[IMOHHYIO ayJIUTOPHIO, JTa00paTOPUU IS MIPOBEICHUS 1a00paTOPHBIX 3aHATHN. JlabopaTOopHBIN
NPaKTUKYyM 00ecredeH XMMUYECKUMH peakTUBaMH, J1a00paTOpHOM Mocy10i U yueOHO-HayuYHbIM
000pyI0BaHHEM: BEChl AJIEKTpPOHHBIE, criekTpodoromerprl [1D 5400, I192300; anammzatopsl
xuakocren pH-metpel «Okenepr-001», MOHOCENEKTUBHBIE 3JEKTPOJBI, KOHIYKTOMETP «IKC-
nept», uentpudyra OITH-3 ¢ poropom, MarHUTHBIE MEIIAJIKH, peppakromeTp, Tepmocrtat "TC-
80"M2 xpomatorpadp «LlBer 500 M», DnekrponusHas ycraHoBka JIOM-11043, mukpocmecu-
tenb [19-0137 1.75.45.0032, AxBaguctmmnsatop [13-4(c 3Ullom), mkad BerTsokHONM 11IB-202
ITAOT, manas pakoBuna, KO1-04. [IpoBeneHne ceMMHapCKUX 3aHITHH COINPSDKEHO C IPUMEHE-
HUEM KOMIIBIOTEPOB I BBIIIOJHEHUS! TOUCKOBOM paboThI, BBIYMCIEHUN U padoTe B MH(pOopMa-
LIMOHHBIX CUCTEMAX.

Pabouas nporpamma AMCUMILIUHBI IPU HEOOXOAUMOCTH MOKET OBbITh aJaNTHPOBaHA IS
o0y4yeHHs (B TOM YHCIIe C IPUMEHEHHEM JUCTaHIIMOHHBIX 00pa30BaTeIbHbBIX TEXHOJIOTHH) JIUIL ¢
OTpaHMYEHHBIMU BO3MOKHOCTSIMH 3/I0pPOBBS, UHBAIUAOB. /{7151 aTOr0 TpeOyercs 3asBieHue 00y-
YAIOIINXCS, SBJISIOIIMXCS JIMLAMU C OTPAaHUYEHHBIMU BO3MOYKHOCTSMHU 3/10pPOBbsl, HHBAIUIAMH,
WIM UX 3aKOHHBIX NPEACTAaBUTENEH U PEKOMEHAALNUU MCHXO0JIOr0-MEINKO-TIe1arorn4eckon Ko-
MHUCCHU. [l7s1 MHBaJIMIIOB cojep)kaHue paboueil MporpaMMbl JUCHUIUIMHBL (MOIYJS) MOMKET
OTIPEENAThCS TaKKe B COOTBETCTBUU C MHIMBUAYAIbHON MpPOrpaMMol peabMIuTaluy UHBAJIH-
na (Ipy HAJTUYHHN).


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

