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1 HIOACHUTEJIBHASA 3AIIMCKA

1.1 Heap aucumMnauHbl: chopMHUpOBaTh (hyHIaMEHTaNIbHbIE 3HAHUS B O0JIACTH KOJUIO-
AJHOU XUMUMH.

1.2 MecTo aucuunimHbl B cTpykrype OOIT

Jucuumnuza «KossonHas XUMHUs» OTHOCUTCS K JUCHUIUIMHAM IPEIMETHOTO MOIYJIs
no npopwio «XuMuUsS» 4acTd, GOpMHUpPYeMOH y4JaCTHUKaMU O0O0pa30oBaTEIbHBIX OTHOILEHHH,
omoka b1 (b1.B.02.02).

Jls ocBoeHus IucHMILIMHBL «KoJutonaHas XumMush» 00ydaroliyecs UCIOoNIb3YOT 3HAHNUS,
yMeHusi, copMHUpPOBaHHBIE B XOJ€ M3Yy4eHUs AuciuIuinH «Heopranmueckas Xumus», «AHaiu-
TUYECKask XUMUA», «DU3ndecKas XUMHUS.

1.3 lncuuninHa HanpapjeHa Ha (OPMUPOBaHHe CJeAYIOIMMX KomneTeHumii: [TK-2:

- IIK-2. CnocoGeH oCymecTBIIATh MEJAarornyeckyro JesTeIbHOCTh IO MPO(UIbHBIM
npeaMeram (AMCUUIUIMHAM, MOAYJISIM) B paMKax IPOrpaMM OCHOBHOT'O OOIIEr0 M CPEAHEro 00-
11ero o0pa3oBaHusl, HHAMKATOPAMH JOCTH)KEHUSI KOTOPOH SBJISIETCS:

o [IK-2.2 [lpumeHnsieT OCHOBBI TeOpuH (PyHIAMEHTAIBHBIX M MPUKIAJHBIX Pa3/ieiioB
XUMUHU (HEOPraHUYECKOM, aHAIUTHYECKOH, opraHndeckoi, gpusnueckoit, xumuun BMC, xumnye-
CKHUX OCHOB OMOJIOTMUECKHX IMPOLIECCOB, XUMUYECKOW TEXHOJOTMM) Ul PEIIEHUs TeopeTHye-
CKUX U MPAaKTUYECKUX 3a]ad.

1.4 Ilepeyenb MIaHHpPYeMBIX pe3yJbTAaTOB 00yueHHMsl. B pesyinbrare usyueHus nuc-
LUIUIMHBI CTY/IEHT JOJKEH

- 3HATh:

® IIyTH MOWCKA WH(OPMAIUU JUTS UCTIOJIB30BAHMS OTYYSHHBIX TEOPETUYECKHUX U MPaK-
TUYECKUX 3HAHUHU B 00J1aCTH KOJJIOUAHON XUMUH;

® OCHOBBI TIOMCKA, KPUTUIECKOTO aHAJIHM3a ¥ CHHTE3a HHPOPMALIUU, CHCTEMHOTO TI0IX0-
J1a J171s1 pelIeHtsl TOCTaBJICHHBIX 33/1a4 B paMKax JMCHUIUIMHBI KOJIJIOUIHAS XUMUS;

® MeTOJbl M CHocoObl 00paboTKM MHGpOpPMALUU Pe3ylIbTaTOB XMMHUYECKOTO IKCIEepH-
MEHTa, pe3yJbTaToB HAOIIOIEHUIN U U3MEPEHUI];

¢ UH(POPMAIMOHHBIE HCTOYHUKU CIIPABOYHOT0, HAYYHOT0, HOPMAaTUBHOI'O XapaKTepa;

® OCHOBHBIE COBPEMEHHBIE METO/IbI MOTYYEHHSI TUCIEPCHBIX CUCTEM;

e MeToAbl U crocoObl 00paboTKM HMH(OPMALUK PE3yIbTaTOB XUMUYECKOTO 3KCIEepHU-
MEHTAa, PEe3yJIbTaTOB HAOIIOIEHUH U U3MEPEHUIA;

® [IeJIM U 33/1a4M KOJJIOUJTHON XUMHH;

® OCHOBHBIE ATaNbl U 3aKOHOMEPHOCTH Pa3BUTHS KOJIJIOUTHOM XUMHH, €€ COBPEMEHHOE
COCTOSIHUE;

® CBOICTBA JUCIEPCHBIX CUCTEM.

- YMeTb!

® TPUMEHATH U aHAJTU3UPOBATH OCHOBBI IMOMCKA, KPUTUYECKOTO aHAJIN3a U CUHTE3a WH-
dbopMaruu, CHCTEMHOTO MOAX0/1a JJIs PEIIEHUs IOCTAaBJICHHbIX 3a/1a4;

® COINOCTAaBISET pa3Hble UCTOYHUKH WH(POPMALIUU C IeNbI0 BBISBICHUS UX MPOTUBOpE-
YU ¥ IOMCKA JOCTOBEPHBIX CYXIACHUMH;

e pelaTh 33Ja4u, UCTIONb3Yys MPUHIUIBI U METOABI KOJJIOUTHOW XUMHUH;

® JCMOJB30BaTh MPUEMBI U METOJIbI (PU3UKO-XUMUYECKUX NU3MEPEHUM;

e 00pabareIBaTh, aHATU3UPOBATh U 0000IIATH Pe3yNbTaThl HAOMIOAEHUN U M3MEpEeHuil,
BBISBIISITH CBSI3b MEXY (PU3UYECKHMMHU U XUMUYECKUMHU MPOLIECCaMH, MEX]Ty CTPOSHUEM U CBOM-
CTBaMU JIUCIIEPCHBIX CUCTEM.

- BJAJeTh:

e HaBbIKAMH aHaJIN3a, MPUMEHEHHUS OCHOB MOMCKA, KPUTHMUYECKOTO aHallu3a U CHHTE3a
MH(pOPMAaLIMU, CUCTEMHOI'0 ITOAXO0a JJIsl PELICHUs TOCTABICHHBIX 33Ja4 B paMKaxX JUCIHUIINHbI
du3nueckas XuMus;

® HaBbIKaMM TI'PaMOTHO, JIOTMYHO, APIyMEHTHUPOBAaHHO (OPMHUPOBATH COOCTBEHHBIE
CYXJIEHUS U OLIEHKH;
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® HaBBIKAMM JIeJaTh 3aKJIIOYEHHUS U BBIBOJIbI MO pe3yibTaTaM aHallM3a JUTEPATYPHBIX
JIAHHBIX, COOCTBEHHBIX YKCIICPUMEHTAIBHBIX U PACYETHO-TECOPETHUCCKUX PA0OT MO KOJUIOUTHOM
XAMUH,

® HaBBIKAMH JIeJIaTh 3aKJIIOUYEHHUS W BBIBOJBI 10 PE3yJIbTaTaM aHAJM3a JIMTEPATypPHBIX
JIAHHBIX, COOCTBEHHBIX YKCIIEPUMEHTAIBHBIX U PACUETHO-TEOPETHUCCKUX PAOOT MO KOJUIOWTHOM
XAMUH,

e HaBbIKaMH PAOOTHI C JIAOOPATOPHBIM OOOPYAOBAHUEM U MPOBOJUTH SKCIEPUMEHTHI C
COOJTI0ICHHEM MPABHII TEXHUKH 0€301MaCHOCTH;

® OCHOBHBIMHM METOAMKAMH OMPEJEICHUS U U3YUCHUS PA3IMUHBIX JUCIEPCHBIX CUCTEM,
3aKOHAMH, JIC)KAIIMMH B OCHOBE METOJIOB aHAIIM3A.

1.5 O6masi Tpy10eMKOCTH JUCHUILIHHBI «KoJu1onaHass XuMus» COCTaBIIIECT 3 3a4eT-
HbIX eauHuilpl (nanee — 3E) (108 yacos).

[Iporpamma npenycMaTpuBaeT U3y4eHHE MaTepraja Ha JICKIHUIX U JJaOOpaTOPHBIX 3aHs-
tusx. [Ipemycmorpena camocrosaTenbHas paboTa CTYJEHTOB MO TemMaM H pasnenam. [Iposepka
3HAHUU OCYIIECTBISAETCS (PPOHTAIBHO, UHIUBUIYATBHO.

1.6 O0beM AUCUMIIMHBI U BU/IbI Y4eOHOI 1eATeTbHOCTH

O0beM TMCUMILVIMHBI M BUAbI Y4e0HOM JAeATeJbHOCTH (04Hasi popma 00yueHust)

Buj yueOHoii padoThl Bcero yacoB Cemectp 6
OO61as TpyA0eMKOCTh 108 6
AynUTOpHBIE 3aHATHUS 64
Jlexun 26
JlaGopaTopHbie pabOThI 38
CamocTosiTenpHas padora 44
Bug nToroBoro KOHTpoJIs: 3auer

2 YYEBHO-TEMATHYECKOE IINTAHUPOBAHHUE

YyeOHO-TEeMAaTHYCCKUH IIJIAH

Bcero AyIuTOpHBIC Camocro-
Ne HaumenoBanue Tem (pa3aesion) 4acoB 3aHATHUS ATelbHast
Jlexuuu | JlaGopartop- | padora

Hble 3aHATHUS

| |BBexenue 14 2 2 10

1 |BBeaenue B KOJUIOMTHYIO XHMHIO 5 1 4

2 |Knaccudukaius qUCTIEPCHBIX CUCTEM, 3 1 2
CTPOCHUE MHIICIUT

3 |JlaboparopHas pabota 6 2 4
IToBepXHOCTHOE HATSHKEHUE

Il |MeToabl moiy4yeHHsl H OYMCTKH 14 4 4 6
JAUCTIEPCHBIX CHCTEM

1 |I[lomyuyeHue u OUUCTKA JUCTIEPCHBIX 4 2 2
CHCTEM

2 |TepmoamHamMuKa 00pa30BaHHS 4 2 2
JUCTIEPCHBIX CUCTEM

3 |JIaboparopHnas pabota 6 4 2

[Tonyuenne nmruoGoOHBIX KOJIIIOUTHBIX
PacTBOPOB U OIpe/IeNICHNE 3HaKa 3aps/ia
KOJUTOUTHBIX YaCTHI]

11 [IToBepxHOCTHBIE iBJIeHUs M aacopOumsa | 11 2 4 B
1 |IToBepXxHOCTHBIC SIBIICHUS 3 1 2
2 |AncopOuus Ha MOBEPXHOCTH pazfena ¢a3 3 1 2
3 |JIaboparopHas pabota 3) 4 1




AncopOnust yKCyCHOM KHUCIIOTHI Ha
MOBEPXHOCTH aKTUBUPOBAHHOTO YTJIsI
IV |CBoiicTBa 1MCTIEPCHBIX CHCTEM 27 8 12 7
1 |MonekynsspHO-KMHETHYECKUE CBONWCTBA 3 2 1
2 |OnTryeckue CBOMCTBA AUCTIEPCHBIX 3 2 1
CHCTEM
3 |Peonoruueckue cBoiicTBa 3 2 1
4 |DNeKTPOKHHETUYECKHUE CBOWCTBA 3 2 1
JIUCTICPCHBIX CUCTEM
5 [|Jlaboparopnas pabota 5 4 1
Omnpenenenne pa3MepoB YaCTHIL 3015
TypOMAUMETPHUYECKUM METOJIOM
6 |JlaboparopHas pabora 5 4 1
Dnextpodopes
7 |JlabopaTopHnas pabota 6 4 2
OrnpesenieHne BI3KOCTH KOJIJIOMIHBIX
pacTBOpOB
V |Pa3pyuieHue u yCTONYMBOCTD 12 4 4 4
JAUCTIEPCHBIX CHCTEM
1 |Pa3pymenue u ycToHn4MBOCTb 6 4 2
JIUCTIEPCHBIX CUCTEM
2 |JlaboparopHas pabota 6 4 2
Pazpyiienue u ycTtonuuBoCTb
JUCTICPCHBIX CUCTEM
V| |MukporereporeHHbie CHCTeMbI 12 2 4 6
1 |Cycnensun. Omynbcuu. Ilensr S) 2 3
2 |JlaboparopHas pabota 7 4 3
Cycnensuu. Omynbcuu. [1eHsl
VIl |BbicokomoJieky/isipHble BemecTBa u ux | 18 4 8 6
pacTBopsbl. I'esin (cTyanm)
1 |PacTBOpBI BHICOKOMOIEKYISPHBIX 3 2 1
COEJIMHEHUH U UX CBOWCTBA
2 |l'enmu (ctynHn) 3 2 1
3 |JlaboparopHas pabota 6 4 2
Omnpenenenne KPUTHIECKON
KOHIICHTPAIIUN MUTEITI000pa30BaHuUs
(KKM) KOHIYKTOMETPUYECKHM METOIOM)
4 |JlaGoparopHas paboTa 6 4 2
Omnpenenenre MOJIEKYISIPHON MaCChI
MOJIMMEPA BUCKO3UMETPHUICCKUM
metoznoM. MccnenoBanue nporecca
HaOyXaHHS JKeJIaTHHA B BOJHBIX pacTBOpa
NUTOro 108 26 38 44
HNHuTepakTHBHOE 00yUYeHHe MO TUCIUIINHE
Ne HaumenoBanue Bun Popma Koa-
HHTEPAKTHBHOIO BO
TeM (pa3aesioB) 3aHATHA
3aHATHSA 4acoB
1. | BBeneHue B KOJJIOMAHYIO XUMHUIO JIK Jlexnus ¢ ommoOkaMu 1
Knaccudukanust 1ucrepcHbIX CUCTEM, JIK Jlexkuus ¢ ommoOKkaMu 1
CTPOEHUE MHIICIUT




2. | [lomy4yeHue 1 OYMCTKA TUCTIEPCHBIX JIK Jlexuus ¢ ommoOkaMu 2
CHUCTEM

3. | [ToBepXHOCTHBIC SBJICHUS JIK Jlekuusi-nuckyccus 2

4. | Onpeznenenuie pa3MepoB YaCTHIL 3015 JIP PaGora B ManbIx 2
TYpOUIUMETPUICCKUM METOIOM rpymmax

5. | Onruueckue cBOWCTBA JUCIIEPCHBIX JIK Jlexuus ¢ ommOKaMu 2
CHCTEM

6. | Peonorunueckue cBoicTBa JIK Jleknus ¢ omubOkamMu 2

7. | DIEKTPOKMHETHYECKUE CBOMCTBA JIK Jlexuus ¢ ommoOkaMu 2
JUCTICPCHBIX CUCTEM

8. | Pa3pymienue u ycTOWYMBOCTh IUCHIEPCHBIX JIP Pabora B ManbIx 4
CHCTEM rpymmax

9. | OmpeneneHue MOJCKYISIPHONA MAcCChI JIP PaGora B ManbIx 2
MOJIMMEPA BUCKO3UMETPUUECKUM METOI0OM rpynmnax

10. | PacTBOpBI BEICOKOMOJIEKYISIPHBIX JIK Jlexuus-6ecena 2
COEIMHEHMI 1 NX CBOMCTBA

HUTOI'O 22

3 COAEP)KAHUE TEM (PA3IEJIOB)
| BBEJIEHUE

Beeoenue 6 konnouomnyro xumuro

[Ipeamer u conep:kaHue KOJUIOMIHOM XMMHUU. B3aMMOCBA3b KOJIOMJIHONM XUMHUU C JIPYTU-
MU XHUMUYECKUMU JTUCIUILUIMHAMY, ¢ GU3HKON, OUONOTHei, Teosiorueid, MenuiuuHoi. OCHOBHbBIE
ATambl pa3BUTHUSI KOJUIOMIHON XuMuu. Bkian B pa3BUTHE HAyKH PYCCKMX U COBETCKUX YYEHBIX:
M.B. JlomonocoBa, .. Menneneesa, I1.I1. Belimapna, .I'. bopmosa, H. I1. IleckoBa, A. B.
Hymanckoro, A.H. ®pymkuna, I1.A. Pebunnepa, FO.C. Jlunarosa, B.A. Kapruna. Ponp koso-
UJHOM XMMHHU B XMMHMYECKON NMPOMBINUIEHHOCTH Mpou3BoAcTBe. HoBbIe HalpaBieHUs U 00beK-
Thl (HAHOCHCTEMBI, MUKPOAMYJIbCUH, OMOKOJIJION IbI, TOHKHE MJIEHKU U JIp.), U3y4aeMble KOJIJIO-
UJHOM Xxumuen. Poib 1 MeCTO KOJJTOMTHON XMMUU B OOYYEHUH XMMHUU B COOTBETCTBUM C TpeOo-
Banusimu OI'OC OO.

IlonsTie 0 KOUIOMAHOM COCTOSHUU. OCHOBHBIE XAPAaKTEPUCTUKH JUCIIEPCHBIX CHCTEM:
nucnepcHas ¢aza, AMCIIEPCUOHHAs CpeJla, CTENEHb AUCIIEPCHOCTH, YAEIbHas OBEPXHOCTb.

[Tpu3Haku 00BEKTOB KOJIOMAHON XMMHHU: T€TEPOT€HHOCTh U JUCTIEPCHOCTb.

Knaccugurkayus oucnepcnvix cucmem, cmpoenue muye

Knaccugukaius JUCTIepcHBIX CUCTEM B 3aBUCUMOCTH OT CTEIIEHU JTMCIIEPCHOCTH, arperar-
HOTO COCTOSIHUSL (a3 M KMHETUYECKUX CBOMCTB aucrnepcHoi ¢as3bl (CBOOOIHOIUCIIEPCHBIE U
CBSI3HOJIUCIIEPCHBIE CHCTEMBI), IO TOMOrpaduueckoMy NpU3HAKY (KOPIYCKYyJspHbIE, (HuOpumiI-
JSIpHBIE U JITAMUHAPHBIE), 10 TEPMOJAMHAMUYECKON YCTOWYMBOCTU U XapaKkTepy oOpa3oBaHus (a3
(;1mohoOHBIE U BBICOKOMOJIEKYJISIPHBIE BEIIECTBA).

Muneniasl. CTpoeHHe MUIEIUL: SAPO, aaCcOPOIMOHHBIN Ciior, nudQy3HBIA CIOH, rpaHya,
UHTEPMHLIEIUIAPHAS KUJIKOCTh. MULIEIIIIpHBIE (hOPMYJIBI.

I METOAbI NIOJYYEHUA U OYUCTKUIUCIHEPCHBIX CUCTEM

Ionyuenue u ouucmrka OUCHEPCHBIX CUCMEM

VYcnoBus nosydeHus: KOJUIOUIHBIX CUCTEM.

Tepmoounamura 06pazo8anus OUCNEPCHLIX CUCHEM

OCHOBBI TEPMOJMHAMHUKHN TUCHEPCHBIX cUCTeM. TepMOAMHAMHUKA TOMOTE€HHOTO U IeTepo-
TeHHOTr0 00pa30BaHUS KOJJIOWIHBIX 4YacTHIl Mpu (pa3oBeIX nepexonax. OOpazoBaHME YACTHUIL
JucrepcHoi (asbl B mpolieccax KpUCTAIUIM3AUU U3 PACTBOPOB, KOHACHCALUU MEPECHIIIEHHOTO
napa, KUIeHus. MeTopl peryiupoBaHus pa3MepoB YacTHIl B IUCIIEPCHBIX cucTteMax. Pons ITAB
B TIpolleccax TIOJNYYECHHS IUCIIEpCHBIX cucteM. lMcmonmb3oBanue s¢dexkra Pebunnmepa mis
YMEHBIICHUS pabOThI AUCTIEPTHPOBAHHUS.

JlycriepcuOHHbBIE METO/IbI TIOTYyYEHHUS AUCIIEPCHBIX cucTeM. MexaHuueckoe pas3ipo0iieHue
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TBEPABIX TEJ. YJIBTPAa3ByKOBOM MeTOZ. MeToxa 3JIEKTPUYECKOro pacibuleHHus. Meroa xumuye-
CKOTO JHCIIEPTUPOBAHMS: CaAMOIPOU3BOJIBHOE AUCIEPTUPOBAHUE, TIOCPEACTBEHHAS U HETOCPE-
CTBEHHAs MeNTHU3aLusl.

Konnencannonsusle Metonsl. MeToasl (u3nueckoil KoHJeHcauuu: Mero] Porunckoro-
[[TanpHUKOBA, METOJ 3aMEHBI PACTBOPUTENSA. MeETObl XUMUYECKON KOHJACHCAMU: METOJ OKHC-
JIEHUs, METOJ] BOCCTAHOBJICHUSI, METOJI OOMEHHOIO pa3JI0XKeHUs, METO | THApOIIn3a. DIeKTpude-
CKHMH METONI.

MeToapl IOIy4eHUs. PACTBOPOB BBICOKOMOJIEKYJISIPHBIX BEILECTB: IMOJIMMEPU3ALN U T0JIH-
KOHJICHCALUS.

MeTobl OUUCTKU: AUAIN3, JIEKTPOAUAIN3 U yIAbTpapMIbTPALIUS.

111 HIOBEPXHOCTHBIE ABJIEHUSA U AICOPBLIUSA

Ilosepxnocmuvie aeneHus

[ToBepxHOCTb pazzaena ¢a3. CBoOoaHas MOBepXHOCTHAs sHeprus. [loBepXxHOCTHOE HATSKE-
Hue. [loBepXHOCTHas aKTUBHOCTb, €€ HM3MEHEHHE B romosorudeckux psagax ITAB. Ilpasuio
Tpay0e-/ltokno. Aaresusi, cMauuBaHue U pacTekanue xuakocreid. CMaurBaHue U KpaeBOM yrod.
Mexann3m cMaunBanus. KonndyecTBEHHbIE XapAKTEPUCTUKN KOT€3UU U a[IT€3HH.

OO0mas xapakTepuCTUKa COPOIMOHHBIX MPOIECCOB. AJICOPOIUsS KaK CaMOIPOU3BOJILHOE
KOHIIGHTPUPOBaHUE Ha MOBEPXHOCTHU pasziena (a3 BelecTB, CHIDKAIOUIMX MeK(pa3HOe HaTsKe-
Hue. [loBepXHOCTHO-aKTUBHBIC M -MHAKTHBHEIEC BEIIECTBA. Y paBHEeHUE aacopouunu ['udoca.

Aocopoyuss na nosepxuocmu paszoena ¢asz. W3orepmbl aacopouuu DpeiliHmmxa u
JIsurmropa. [IpaBuiio ypaBHuBaHus nosisipHocTeil PeOnnaepa. MonooomenHas agcopOrus.

IV CBOMCTBA JUCIIEPCHBIX CHCTEM

MonexynapHo - Kunemuyeckue c60Ucmea NUCIEPCHBIX CUCTEM. BpOyHOBCKOE ABUKEHUE U
Tuddy3us B JUCIEepCHbIX cucTeMax. CBsi3b MEXIY CPEIHUM CIBUIOM YacTHIl U KOApHLIMEH-
toM auddys3un. 3akoH DifHmrelHa-CMmomyxoBckoro. OcMoTHuecKoe AaBiieHre. MemOpanHoe
paBHOBecue JlonHaHa. CenumeHTanusa. CeqMMEHTallMOHHBIN aHAIN3.

Onmuueckue ceoticmea oucnepchvix cucmem. ONTHYECKAss HEOAHOPOJHOCTh TUCHEPCHBIX
cucreM. SBrnenue paccessHus cBeta. ekt Dapanes-Tunnans. Hepenomerpus. Typounumer-
pus. Yaerpamukpockonus. [lornomienue cBera u okpacka 3oieil. Onruyeckas aHU30TPOIHSL.

Peonoeuueckue ceoiicmea nucnepcHbeIx cucreM. OCHOBHBIE IOHATHS U HJCAJIBHBIE 3aKOHbI
peosioruu. MneansHo ynpyroe teno ['yka. UneansHo mnactudeckoe teno Cen-Benona-Kymnona.
WneanbHo Bsizkoe Teno HproToHa. MojenupoBaHHe pPEOJIOTHYECKUX CBOMCTB Ten (MOJENb
Makcsemna, monens KenbBuna-®oiirra, mogens bunrama). Knaccudukanus aucnepcHbIX cH-
CTEM IO CTPYKTYPHO-MEXaHUUYECKHM cBoilcTBaM. 3akoH HrloToHa. YpaBHenue [lyazeiina. Bss-
KOCTb, aHOMAJIUU BA3KOCTH. Y paBHEHME DWHINTeHHA. YpaBHeHue bunrama.

Onexmpoxunemuyeckue ceoucmea oucnepcrvix cucmem. OCHOBBI TEOPUU CTPOEHUS JIBOII-
Horo 3ekTpudeckoro ciost (JIC). Ctpoenune I2C no I'enbmromnbiry, ['yu u tepry. DnexTpo-
KMHETUYECKUI MOTEHIMal. 3aBUCHUMOCTb 3HAYEHHs DJJIEKTPOKMHETHYECKOIO IMOTEHLIMHAIa OT
pa3ianuHbIX (akTopoB. M3031ekTprueckoe cocTosHue. OTKPBITHE SJEKTPUUECKUX SBICHUM.
Onektpodopes. Dnekrpoocmoc. [ToTeHnan TeueHus: U OCeAaHMUS.

V PASPYHIEHUE U YCTOMYUBOCTH JUCITEPCHBIX CUCTEM

Paspywenue u ycmouuusocms oucnepcHuvix cucmem

Kunernueckass u arperaTuBHasi ycTOMYMBOCTh. TepMOIMHAMUYECKHE M KUHETHYECKHE
(akTOpBl YCTOMYMBOCTH JAUCHEPCHBIX cHCTEM. Teopuu yCTOWYMBOCTH M Koaryssuuu. Ancopo-
HUOHHAas Teopus Koarymanuu OpeliHummxa. DnekTpocTaTH4ecKas Teopus Koaryssinuu Mroie-
pa. Teopus IJIDO.

Koarynsamus. Kunetnka OpIcTpoit 1 MeIeHHOM Koarynsmuu. Koarynsmus mo aeicTeuemM
anekTponutoB. ITopor koarymauuu. Kputnueckuit motenuuman. IlpaBuno 3HauHOCTH (IIPaBUIIO
[Mynpue-I'apan). KonnentpanuonHas U HeWTpaiu3anuoHHas koarynasuus. [lepeszapsaka 3oiei.
Koarynsuust cMecplo 3JIEKTpOJIUTOB. SIBIEHNE CUHEPru3Ma, aHTOIOHU3MA U aJIUTUBHOCTHU. SIB-
JeHue npuBbIKaHuA 30i1ei. Komnongnas 3amura. B3auMHasg xoarynsanus KOJUIOWIHBIX PacTBO-
pOB.



VI MUKPOT'ETEPOI'EHHBIE CUCTEMBI

Cycnensuu. O0mas xapakrepuctuka. Kinaccudukaius cycrneH3uid. BEICOKOKOHIIEHTPHPO-
BaHHbBIE CycreH3uH (mactel). Merosl momyueHus. Mexanusm cradmimzanui. CTaOuiIn3aTopsl.
®dnortanus, puabTpanys U KoJpMaTalusi. 3HaueHHe B T'€0JIOTHYECKUX U TOYBEHHBIX Ipolieccax.

Omynvcuu 1 SMyabCHOHHBIE TIeHKH. O0mas xapaktepuctuka. Kimaccudukamus smynbeuit
U OMYJIbraropoB. MeTonpl onpeneiacHusl TUIA 3MYJIbCHH. JKuakue M TBEpAbIE ADMYJIbIATOPBI.
Obpamenue ¢a3 smynscun. Teopus smynbrupoBanus. JeamynsrupoBanue. [Ipaktuyeckoe 3Ha-
YECHHUE.

Ilenvr v nennble TieHKU. OOmas xapaktepuctuka. TBepabie neHbl. CTpoeHHE MEHHOU
wieHku. KpaTHocTe M BpeMs ku3HU IeH. [IpuunHbBl ycTOMYMBOCTH NEeH. MeTobl MOJIydeHusl.
[TenooOpazoBarenu. Teopust meHooOpazoBanus. [IpakTrueckoe 3Hauenue mneH. [lennas dmora-
usl.

Aspozomun. O6mias xapaktepuctuka. Knaccudukamust aspo3oneil. MeToabl MOTyYeHHS |
paspyieHus apo3oiieil. Ocobble cBOCTBa a’po3oieil: Tepmodopes, potodopes, Tepmonperu-
nutanus. [IpakTuyeckoe 3HaUEHUE a3pO30JIeH.

ITopomku. O6mas xapakrepuctuka. Knaccugukanus nopomkoB. CriocoObl MOTydYeHHUS.
CBolicTBa MOPOIIKOB: HAChIIHAs IUIOTHOCTh, CIUIIAEMOCTb, ChIMY4YeCTh (TEKY4eCTb), TUTPOCKO-
NUYHOCHOCTh, CMauUBaeMOCThb, a0pPa3UBHOCTb, YAEIbHOE 3JIEKTPUUYECKOE CONPOTHUBIIEHHUE, I'0-
prouecTb, B3pbiBaeMocTh. [IpakTrueckoe 3HaueHuE.

IToBepxHocTHO-akTUBHBIE BemecTBa (ITAB). Knaccudukanus m obmas xapakTepUCTHKA.
Murnemspasie pactBopbl. Kputndeckas koHueHTpanus mutemioodpasosanust (KKM). Comro-
omnmsanus. [Ipumenenue [TAB.

Cunrernueckue moromiue cpeacrtsa (CMC). Moromiee nerictBue. MUKpOKancyInpoBaHUE.
Teopus moromero aeiicteus. Mexanusm aeiicteuss CMC. CocraB CMC. MukpokancyiupoBa-
Hue. 3HaueHHUE.

V11 BBICOKOMOJIEKYJIAPHBIE BEILIIECTBA U UX PACTBOPBI.
I'EJIM (CTYIHHN)

Pacmeopwi vicokomonekynsapuvix coeouHeHull u ux ceolcmea

OO0mast xapakTepuCTHKa BHICOKOMOJIEKYIISIpHBIX BemecTB (BMB). Knaccuduxanus BMB.
CgoiictBa BMB. CtpykTypa u ru6kocts Makpomosiekyi. Ilpupoaa pactBopo BMB. Habyxanue
u pactBopenne BMB. OrpannuenHoe u HeorpaHuueHHoe HaOyxaHue. CTerneHb HaOyxaHUS.
Konrpaxkmus. [lapnenne HaOyxaHHsL.

CpoiicTBa pa30aBiI€HHBIX PACTBOPOB IOJUMEPOB. Bs3KkocTh pa30aBiIEHHBIX PacTBOPOB.
ITpuBeneHHas U XapaKTepUCTUUYECKas BA3KOCTh. CBA3b XapaKTEPUCTHUUECKOM BS3KOCTH CO Cpel-
HUMH pa3MepamMHu MakKpoMOJEeKyJ. Buckoznumerpuueckuid METOJ| ONpEesIeHUs CPEIHEBAZKOCT-
HOM MOJIEKYJISIPHOM Macchl noiaumepoB. YpasHeHue llltaynuHrepa. OcMoTHYeCKOE IaBIIEHHE
pactBopoB BMB. Ypasuenue ['annepa.

Hapymenue ycroitunBoctu pactsopoB BMB. Beicanusanue. Koanepsanust.

PactBopbl monuanekTpoauToB. [loNMMKUCIOTH, MOJMOCHOBaHUS, MoauamM@poiauThl. bemku
Kak mpuMep aM(pOTEpHBIX MOJUAIEKTPOIUTOB. CBOICTBAa PacTBOPOBIOIMAIEKTPOIUTOB. [Ipu-
MEHEHHE MOJIUIIEKTPOIUTOB.

T'enu (cmyonu). Obmas xapaktepuctuka. Knaccudukanus reneit. Teopust crpoenusi. Me-
XaHWYECKHE CBOMCTBA reneil. Metoael nonydenus. JKenatuHnpoBanue. @akTopsl, BAUSAIOMINAE HA
npoiiecc xenaruHupoBanus. HaOyxanue reneil. dakropsl, Bausiomuye Ha HaOyxaHue. SIBieHue
HaOyxaHus B npupoje. Tukctponus. Cunepesuc. uddysus u 31eKTpornpoBOAHOCTh B CTYIHSX.
XVMHYECKUE PEAKIIMH B CTYTHSX.

CIIMCOK OCHOBHOM JIUTEPATYPBI
1. TIpakTUKyM 110 KOJUTOMTHOM XUMUU: yue0. mocodue nist cTya. (0akamaBpoB, MPenoiaBa-
Tesel) TeXHUYECKUX crell. By30B / mof pea. ['enspmana M.U. — CIIO. ; M. ; Kpacnonap : Jlans,
2005. — 256 c. : un. (20 5k3).

2. Hosuxoga, E. B. Koutonanas xumus: yuebnoe nmocooue / E. B. HoBukosa, H. A. Poauonosa. —



Bbnarosemenck: M3a-so BI'TIY, 2008. — 92 c.

3. llykun, E. 1. Komnougnas xumus : yaeOHUK it ctyd. By3os / E. JI. Illykun, A. B.
ITepmoB, E. A. Amenuna ; MI'Y um. M. B. JlomoHocoBa. - 4-e¢ u3a., ucnp. - M. : Beicii. mik.,
2006. - 443, [1] c. : un. - (Knaccuueckuii yauBepcuTeTckuil yueOHuk). (10 sk3.)

4 METOAUYECKHUE PEKOMEH/JALIUU (YKA3AHUA) AJ5A CTYJAEHTOB
IO N3YYEHUIO JUCIUAIIJIMHBbI

PaGouas nmporpamMma AMCHUILIMHBI PU3BaHA TIOMOYb CTYACHTaM B OpraHH3alliud caMOCTO-
ATEIHHONW Pa0bOTHI IO OCBOCHHIO Kypca KosutomaHou xumuu. Llenpio kypca «KommonnHas Xu-
MUS» SIBJISIETCS 3HAKOMCTBO CTYJEHTOB C OCHOBAMM HayKH, U3ydalolllell MOBEPXHOCTHBIE sBIIE-
HUS U BEIIECTBA B KOJUIOUJAHOM COCTOSHUU. VIMEHHO ITOBEPXHOCTHBIE SIBJICHUS ONPEIEIIAIOT Xa-
paKTepHbIE CBOWCTBA JUCIEPCHBIX CUCTEM U IYTH YIPaBJIEHUS STUMH cBolicTBaMu. Komounas
XUMHS — CBO€oOpa3Hasi morpaHuydHasi 00JacTh 3HAHUS, KOTOpasi CKIIAJbIBAECTCS BO B3aUMOJCH-
CTBUU XUMUH, (PU3UKHK, OMOJIOTUU U IPYTHX HayK. TecHble KOHTAaKThl KOJUIOMJHONH XUMHUHU CO
CMEXHBIMHU JIUCIUIIMHAMYI CIIOCOOCTBOBAIA O0OTAIEHHUIO €€ IKCIIEPUMEHTAIBHOMN 0a3bl.

B cBsi3u ¢ 3TUM IN1aBHOE BHUMAHUE YIENSIETCS PACCMOTPEHHUIO TAKUX BOIPOCOB, KaK CBOM-
CTBa TIOBEPXHOCTH paznena (a3 u MOBEPXHOCTHBIC SBICHMUS; IIYTH U yCIOBUs 00pa30BaHUS TUC-
MEPCHBIX CUCTEM, UX MOJIEKYJISIPHO-KUHETHYECKHE, ONTUYECKUE U DIIEKTPUUYECKHE CBOMCTBA;
YCTOMYMBOCTh W pa3pylI€HUE JAUCIEPCHBIX CUCTEM; Pa3BUTHE B HUX MPOCTPAHCTBEHHBIX JHC-
MEPCHBIX CTPYKTYP CO CBOCOOPA3HBIMHU PEOJIOTHUYECKUMH CBOWCTBAMU; YIPaBICHHUE CBOWCTBAMU
JUCIIEPCHBIX CUCTEM; KOJUIOUAHO-XUMUYECKNE OCHOBBI OXpPaHbl OKPYKAIOIIEH CpeJIbl.

bonbiias yacth TEOpeTHYECKUX BOIPOCOB MPEICTABICHA B OMUCAHHH J1AOOPATOPHOIO-
IPAKTUKYMa, YTO MO3BOJUT CTYACHTY O3HAKOMHUTHCS C CYLTHOCTBIO BOIIPOCOB, OOCYKIAaEMBbIX Ha
naboparopHoM 3ansatuu. B paznene «IIpakTukyM mo JUCHUILIMHE» TOAPOOHO OnmucaHbl 1abopa-
TOpHBIE paOOTHI. DKCIIEPUMEHTAIbHAS YaCTh BKJIIOYAET TEOPETUIECKHE OCHOBBI KXKI0H PabOTHI,
METOJUKHU BBITIOJIHEHUSI W 00pabOTKU SKCIEPUMEHTANbHBIX ITaHHBIX, TpeOOBAaHUS K OTYETY.
Kaxxnas naGoparopHas paboTta 3aBepiuaeTcsi KOHTPOJIbHBIMU BonpocaMu. B paznene «Jlunaktu-
YecKre MaTepualbl JJIs KOHTPOJsS (CaMOKOHTPOJISI) YCBOGHOT'O MaTepualia» MpUBEIeHa 4acTh
3a/1a4, BHIIIOJTHEHUE KOTOPBIX MPETYCMOTPEHO CaMOCTOSITENBHO.

Jl7is ycTIenHOro BBIMOIHEHUS 3aJaHus CTYIGHTaM HEOOXOJIUMO MPEABAPUTEIHHO O3HAKO-
MUTBCS C COZEPKAHUEM COOTBETCTBYIOLIETO pa3jena. [Ipu moaAroToBke K 3aHATHSIM HEOOXOAUMO
U3YYUTh PEKOMEHAyeMYIo nuTeparypy. OOmuii cCiucoK TUTEpaTyphl MPEICTaBICH B OTACIEHOM
paznene. [Ipuctynas k 1abopaTopHoi paboTe, BHUMATEIBHO MPOYECTh TEOPETUUECKUE TOT0XKE-
HUS U X0 pabOThl, 3aT€M BBIOJHUTH YKCIEPUMEHT U Pe3y/IbTaThl 3aHECTH B paboumii KypHaI.
Odopmienue 1adbopaTopHBIX padOT MpEayCMAaTPUBAET KPATKOE OMHCAHHUE JIA0OPATOPHBIX OIBI-
TOB, 000pY/ZI0OBaHUsl, HAITMCAHUE YPAaBHEHUHN peakiuii u GopMya MUIEII, COCTaBIEHUE OTYETa O
pabote. CTyaeHT MpeacTaBisieT pe3yabTaThl Ja00opaTOpHOU pabOTHI B BUJIE TaOIUII, ypaBHEHUM
U rpaduKoB.

[ToBbrmernto >(HPEKTUBHOCTH M3YUCHUS TAHHOTO Kypca CIIOCOOCTBYIOT MPEACTABICHHBIC
B IIpOrpaMMe BOTMPOCH! K KOJIJIOKBUYMY, TeMbI pedepaToB MO aKTyaJIbHBIM BOIPOCaM KOJUIOU-
HOM XMMHH, a TAK)KE€ BAPUAHTHI KOHTPOJIBHOM paboThI (TI0 YKa3aHUIO MPEoaaBaTENsl).

N3yuenue kypca 3aBepiaeTcss 3a4€ToM, BOIIPOCH K KOTOPOMY MPE/JI0KEHbBI B JaHHOM pa-
Ooueit mporpamme.

PaGouas mporpamma aucuunianabl «KommonaHas XuMUs» OPUEHTHPOBAHA HA ONTHMH3a-
A0 METOJIOB U3YUEHHUsI, COBEPLICHCTBOBAHUE METOJUK MPOBEACHUS MPAKTUUYECKON U HAYYHO-
HCCJIEIOBATENIbCKON PadOThl, MOCKOJbKY HMMEHHO 3TH BHUJAbI yueOHOW pabOThl CTYAEHTOB B
MIEPBYIO OYEPEIb TOTOBAT UX K CAMOCTOSTEIHHOMY BBITIOTHEHUIO TPO(HECCHOHANBHBIX 3a71a4.

YuyeOHO-MeTOAUYECKOE 00ecTieueHHe CAMOCTONATEILHOMH PadoThl CTYAeHTOB N0 IUCHUIIIHHE

KoanuectBo 4ua-

HaumeHnoBaHue . COB, B COOTBET-
Ne ®opMBbI/BHIBI CAMOCTOSATEIbHON Pad0THI
CTBHUM C YueOHO-

pasnaena (TemMbl)
TEMATHYECCKUM
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IJIAHOM
1. Beenenue N3ydyeHne 0CHOBHOM JIUTEPATYPHI 10
N3yueHue JONOJHUTEIBHOM JINTEPATypPhl
KoHcnekTupoBaHue N3y4€HHbIX HCTOYHUKOB
2. Mertonbl nosnyyenus | I3ydeHue OoCHOBHOM JIUTEPATYPhI 6
U OYUCTKHM aucnepc- | 3ydeHue qononHUTEIbHONU IUTEpaTyphl
HBIX CHUCTEM Odopmienue 1adbopatopHOt pabOThI
[ToaroroBka oTueTa 1Mo J1ab0paToOpHOM padboTe
Pemienue pacueTHbIX 3a1a4
3. IToBepxHOCTHBIE $iB- | MI3ydeHHE OCHOBHOM JINTEPATYPHI )
JeHusd u ajgcopouus | M3ydeHue 1OMOIHUTENbHON JINTEpaTyphbl
Odopmrenue nabopatopHoOi paboThI
[ToaroroBka oryera no 1abopaTopHOi pabore
Pemenne pacueTHbIxX 3a1a4
4. CaoiictBa aucnepc- | M3ydueHne oCHOBHOI JIMTEpaTyphl 7
HBIX CUCTEM W3yueHue JONOJHUTEIbHON JTUTEpaTyphl
Odopmienue madbopatopHOi paboThI
[ToaroroBka oryera no jabopaTopHoOi pabore
Pemenne pacueTHbIxX 3a1a4
5. Pazpymenue u | U3yueHne OCHOBHOM JIUTEPATyphI 4
YCTOMYMBOCTh JHC- | MI3ydeHHe NONOIHUTEIBHOM JINTEpaTyphl
HEPCHBIX CUCTEM Odopmitenne nabopaTopHoil paboThI
[TonroroBka oTyeTa 1o J1abopaTopHOM padboTe
6. MukporereporeHs- N3ydyeHnne 0OCHOBHOM JIUTEPATYPhI 6
HBIE CUCTEMBI W3ydeHue A0MOIHUTENbHON JIUTEPATypPhl
KoHcnekTupoBaHue n3yueHHBIX HCTOYHUKOB
[ToaroroBka pedepaToB u mpe3eHTAIUN
Odopmiienne 1abopaTopHoil paboThHI
7. BeicokoMonekyisip- | MI3yueHne OCHOBHOM JIMTEpaTyphl 6
Hble BellecTBa U uX | M3ydeHue JOMOIHUTENBHON JINTEPaTyphl
PacTBOPBL. I'emu | Odopmiienne nabopaTopHor padbOThI
(ctynHn)
UTOro 44
5 IPAKTUKYM 110 JIMCHUIIJIMHE
IInan 1aGopaTOpHBIX 3aHATHH
Ne Tema taboparopHoii paboThI Bcero gacos
/11
1. | [loBepxHOCTHOE HATSKEHUE 2
2. | INony4yenue mmodoOHBIX KOJUIOUAHBIX PACTBOPOB U ONpEACICHHE 4
3HAKa 3apsi/ia KOJUIOUIHBIX YaCTHUI]
3. | AxcopOuus yKCYyCHOM KMCIIOTBI Ha TIOBEPXHOCTH 4
AKTUBHUPOBAHHOT'O YIJIs
4. | OmpeneneHue pa3MepoB 4YacTUIl 30J  TYpOUAUMETPUUYECKUM 4
METOJIOM
5. | Dnekrpodopes 4
6. | OnpeneneHne BA3KOCTH KOJUIOWHBIX PACTBOPOB 4
7. | Pa3zpymienue v ycTOMYMBOCTh IUCHEPCHBIX CUCTEM 4
8. | Cycnensuu. Omynbcuu. [lens 4
9. | OmpeneneHne KPUTUUYECKON KOHIICHTPAIIMM MHUIIEIUIO00pa30BaHUS 4
(KKM) KOHZYKTOMETPUYECKMM METOA0M
10. | Onpenenenue MOJICKYJIIPHOM MacChl oJIMMepa 4
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JIABOPATOPHAS PABOTA Ne 1 (4 yaca)
I[TOBEPXHOCTHOE HATA)KEHUE

IToBepxHOCTHOE HaTsKeHHE (O0) BOSHHMKAET HA IpaHULEe pasfena ¢a3. Mosekyssl, Haxo-
JSIIIMECs] B IOBEPXHOCTHOM C€JI0€, OTIMYAOTCS OT MOJIEKYJ BHYTpH (ha3bl IO CBOEMY SHEPreTH-
4eCKOMY COCTOSIHUIO. MoJieKyna BHYTpH (ha3bl OKpykeHa cebe MoJ00OHBIMHU, U CHUJIBI MEXKMOJIE-
KYJIIPHOTO B3aMMOJCHUCTBHSI B 9TOM CilIydae CKOMIIEHCHpOBaHbl. Korza ke MoJieKysa HaxOIUTCs
B IIOBEPXHOCTHOM CJIO€, OHA BCTYIIA€T B MEKMOJICKYJISIPHBIE B3aMMOJEHUCTBUS C MOJIEKYJIaMHU
pasnn4HbIX (a3, BO3HUKAET pe3yibTHpYoLas cuia P, HampaBieHHas B CTOPOHY TOW (a3bl, B
KOTOPOH CHJIBI MEXMOJEKYJISIPHOTO B3auMojneicTBus Oonbiie. Benmuuny Puacto HazbiBaroT
BHYTPEHHUM JaBiieHHeM. UTOoObI mepeMecTUTh MOJIEKYIly U3 00beMa (a3bl Ha IOBEPXHOCTb, T.€.
YBEJIMYUTH MOBEPXHOCTh JKUIAKOCTH, HAJ0 COBEPILIUTH pabOTy NMPOTUB BHYTPEHHETO JABJICHUS.
Pa6ota (B JI), HeoOX0aMMAas [Jisl yBETUIEHUs TTOBEPXHOCTH KUIKOCTH Ha 1 M2, CITy’KUT Mepoii
MOBEPXHOCTHOW PHEPTUU M HA3bIBAETCS KOAI()(HUIIMEHTOM MOBEPXHOCTHOTO HATSDKEHUS WM T10-
BEPXHOCTHBIM HaTSDKEHUEM.

[loBepXHOCTHOE HATSKEHUE MOKHO paccMaTpuUBaTh Kak paboTy oOpa3oBaHUs €UHUIIbI
IIOBEPXHOCTH, a TAKXKE KAK CHUIIy, KOTOpasi JEHCTBYET Ha OBEPXHOCTh, U CTPEMUTCS COKPATUTh
3Ty IIOBEPXHOCTH 10 MUHUMYMa.

B 3aBucuMocCTH OT OIpEENIeHUs] TOBEPXHOCTHOE HATSKEHUE U3MEPSAETCS WM B JKOYIIAX
Ha KBaJIPaTHBIA METP, UJIM B HBIOTOHAX Ha MeTp. O0a n3MepeHust YNCIIEHHO COBIAAAIOT.

[o] = Dx/m% = H/m

[IoBepXHOCTHOE HATS)KEHHE INPONOPLHUOHAIBHO BHYTPEHHEMY MAaBJICHUIO M, CIIEI0Ba-
TEJIbHO, YEM CUJIbHEE MEKMOJIEKYIISIPHBIE B3aUMOIECHUCTBY, TEM BBILIE IOBEPXHOCTHOE HATSIKE-
HUE.

Ilon BIMsIHMEM NOBEPXHOCTHOIO HATSHKEHMSI KMJKOCTh NP OTCYTCTBHUM BHEIIHUX CHII
BCEr/la CTPEMUTCS MPUHATH (OpMy IIapa, TaKk Kak MOBEPXHOCTh IIapa — 3TO HaWMEHbIIAs Mo-
BEPXHOCTh, OrpaHUUUBAlOIIas 00bEM, U, CIIEOBATENILHO, TIOBEPXHOCTHASL SHEPIUS CUCTEMBI PU
3TOM OyZeT MUHUMATHHOM.

IToBepXHOCTHOE HATS)KEHHE — OCHOBHAs TEPMOAMHAMUYECKAs XapaKTEPUCTUKA IOBEPX-
HOCTHOTO CJIOSI )KUJKOCTH Ha TpaHUIle ¢ Ta30BoM (a3oil mim Apyroi xuakoctero. IloBepxHocT-
HOE€ HaTsDKEHHE Pa3JIMYHbIX KHMJKOCTEH Ha IpaHUIle ¢ COOCTBEHHBIM IapOM HM3MEHSETCS B LIH-
POKHX IIpesesnax.

IToBepXHOCTHOE HATSKEHUE HETOCPEACTBEHHO MOYKHO U3MEPHUTH TOJIBKO B YCIOBHAX 00-
paTUMOro U3MEHEHHsI TOBEPXHOCTH pasjena (a3, T.e. IPH JI0CTATOYHOMN MOJBUKHOCTH 3TOH MO-
BEPXHOCTH, HAIIPUMEP, HAa TPAHMUILIAX KUAKOCTb-NIAP WIN JKUIKOCTh-)KUIAKOCTH IPU HEBBICOKOMN
BSI3KOCTH KUJKOCTEH.

OmnbiT 1. U3MepeHue MOBEPXHOCTHOTO HATSKEHHSA
110 METOY OTPBIBAIOLIEHCS KAIIN

Henap pa6orpl. O3HaKOMIIEHHE C U3MEPEHMEM IOBEPXHOCTHOTO HATSHKEHHS METOIOM
B3BELIMBAHMS OTPBIBAIOLIEHCS KAIUIH.

Kparkue Teoperndeckue nosoxenusi. [IpyHuun metona 3akirodaercs B ONPENEICHUN
MAaccChl KaIljiv, BBITEKAOIIEH U3 KallWJUIsIpa, B MOMEHT €€ OTPhIBA.

B MOMEHT oTphIBa KalulM OT HIKHETO KOHIAa Kalujulsipa Bec Kariy (a) ypaBHOBEIIMBA-
etcs cuioil (F), koTopast nelicTByeT BAOIb OKPYKHOCTH IIEHKH KTl U MPEMsSITCTBYET €€ OTpPbI-
By, T.c.a = F.

a=F=2zroc=Ko,(1.1)

rae K = 2zr — Benmu4rHA MOCTOSIHHAS JJIsL JAHHOTO Tprubopa.
MOXHO cuuTaTh, YTO B MOMEHT OTpPHIBA KaIlJIM BEC €€ YPaBHOBEIIMBACTCS MTOBEPXHOCT-
HBIM HaTspKeHHeM. Tora 3ajada onbita CBOJUTCS K ONPEICTICHUIO Beca Karum. Ecii 0o0beM BbI-
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TEKaroIel XUIKOCTH paBeH V,4ucio Kamenb XKUAKOCTH B 00beme V paBHO N, IMIIOTHOCTH KUJI-
KOCTH p, YCKOpEHHUE CBOOOIHOTO MaJieHus J, TO BEC OJIHOM KaIuld BHIYUCISIOT 1O hopmye:

a="" (19
n

TornaKo = Vﬁ .
n
Otcromao = Ve (1.3)
nK

HJ’I?I BOJHI, BBITCKAIOIICH M3 3TOT0 JKE Kanmujjisipa 1 B TaKOM K€ O6’beMe,

0

Vo9
0
,(1.4)
0
I7ie 0p — HOBEPXHOCTHOE HATSHKEHHE BOJIBI IIPH 1aHHOU TeMmeparype (cm. [Ipunoxenue),
00 — TUIOTHOCTB BOJBL; No — YKHCIIO KaIlelb.
Paznenus ypaBuenue (1.3) Ha ypaBuenue (1.4), momydaum:
o N
o _Ph . (1.5)
0o Poh
OTcro/1a MOBEPXHOCTHOE HATSAKEHUE UCCIENYEMOM )KUIAKOCTH PABHO:

o =0, ﬂ (1.6)

Po

[TpubnmxeHHoOe U3MEPEHHE MMOBEPXHOCTHOTO HATSKEHHS )KUKOCTH MOKET OBITH IIPOBE-
JICHO MpH MOMOLIM TpUOOpa, KOTOPBIH HazbIBaeTcs cranarmoMeTp (puc. 1.1).

CrajarMoMeTp COCTOMT W3 TPYOKH, UMEIOIIEH pacmupeHue 1; BbIIe U HUXKE paclIupe-
HUS HaXOJTCs HadaibHas U KoHeYHas MeTku A u b. Uepes kanusuisspHoe OTBEpCTHE 2 BHITEKAET
KUJKOCTb B BUJIE Kalleb.

IIpudops! n peakTuBbl. CTaTarMOMETp; IITATUB C JIANKOW; MATh cTakaHoB Ha 100 mur; 1
M pacTBOpBI CIUPTOB.

ITopsinok BhINOJHeHUus1 padoThl. CTanmarMOMeTp YKpPEIUISAIOT B IITaTUBE B BEPTHKAJIb-
HOM TOJIOKEHUH M 3aCachIBAIOT XKUAKOCTb TaK, YTOOBI OHA CTOsIa BBILIE BEpXHEH METKH (TpHU
3TOM B TpyOKe HE JIOJKHO OBITh My3BIPHKOB BO3/yXa), 3aT€M JAIOT KUIKOCTH BBITEKATh U3 Ka-
nuusipa. Korna ypoBeHb KHUIKOCTH TOYHO COBIAJET C BEPXHEH METKOM, HAUMHAKOT CUET Ka-
neNb; NPEeKpalalT CYEeT Kalenb TOrAd, KOrJa ypOBEHb KUAKOCTU JOMAET 10 HUKHEW METKH.
OnpIT NOBTOPSIFOT HECKOJIBKO Pa3 U OepyT CPEeAHION BEIMYHMHY M3 HAOJI0JIa€MBbIX OTCUETOB
(pacxo’kaeHne MEXAY OTAEIbHBIMU U3MEPEHUSIMU JIOJKHO OBITh He Oojiee 1—2 Karmesb).

OnpenensitoT yKa3aHHbBIM METOJIOM YHCJIO Kaleslb BOJIbI, 00pa3yoIuXCcsl IPU UCTEUEHUN
u3 odbeMa V, azaTeM 4HCIIO Kareib N MCCIeyeMbIX pacTBOPOB U3 3TOro e oobema. [ToBepx-
HOCTHO€ HATSDKEHHE BBIYUCIISIOT 110 hopmyte (1.6).

A Puc. 1.1. Cranarmomerp:
4
( } 1 — pacmupenue;
B H 2 — OTBEPCTHE KAMILIAPA;

A, B — meTku.

=i
2

Tabmuua 1.1
HcxoaHble JaHHBIE U PE3yIbTAThl SKCIIEPUMEHTA
\ n/n \CanT ‘KOHHGHTpaI_[I/IH ‘HOBerHOCTHOG HaTsDKCHUE, \
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Tlx/M? wm H/m

OrtaHoi
byranoin-1
Byranon-2
ITentanon-2

Jlnst HaOmro/IeHrs U3MEHEHUsI TOBEPXHOCTHOTO HATSKEHHSI B TOMOJIOTHYECKOM PsTy Be-
HIECTB C YJIMHEHUEM YTJIEPOJHON LENH OMPENeAIOT MOBEPXHOCTHOE HATSKEHHE Pa3IHYHbIX
pacTBOPOB; TaHHBIC BHOCST B Tabmwiy 1.1.

OnbIT 2. Onpeaesnenne 3aBUCHMMOCTH BeJIHYHHBI IOBEPXHOCTHOI0 HATSIKEHUS] KU /I-

KOCTH OT TeMIePaTypsbl

Heab pa6orel. HaGmonenue BiAusiHUS TeMIEpaTypbl Ha W3MEHEHHE MOBEPXHOCTHOIO
HATSHKCHHUSL.

KpaTkue Teopernyeckne moso:kenusi. Bennunna mnoBepXHOCTHOTO HATSDKEHUS 3aBUCHUT
HE TOJILKO OT IIPHPOJIBI )KUJIKOCTH, HO TAK)Ke M OT TeMIeparypbl. C MOBBIMICHUEM TEMIIEPATYPHI
MOBEPXHOCTHOE HATsHKEHHE yMeHbInaeTcss. HabmogaTh 3Ty 3aBUCUMOCTh YIOOHO MPHU MOMOIIU
npubopa Pebunpaepa (puc. 1.2).

[Tpubop cOCTOUT U3 CTEKISTHHOTO COCY/AA, COSTUHEHHOTO OOKOBOM TPYyOKOH ¢ MaHOMET-
pom u acriupatopoM. CTEKIISIHHBIN COCYJ] INIOTHO 3aKPBIBAIOT MPOOKOM, Yepe3 KOTOPYIO MPOXOo-
JUT CTEKIISIHHAS TpyOKa C KamMJUIIPHBIM KOHLIOM. JlJisi HarpeBaHus >KUIAKOCTU B COCYJIE JI0 JKe-
JaeMOM TEMIIEPATYPhI €ro MOTPYXKAIOT B OOJIBINION CTaKaH ¢ BOJOW (HAa PUCYHKE HE ITOKA3aHO), B
KOTOPOM IOAJIEPKUBAIOT TpeOyeMyto TeMIeparypy.

el N =

Puc. 1.2. Ilpubop mis
U3MEpEHHS HOBEpPX-
HOCTHOTO HATSHKCHHUS 110
Mmetony PeOunnepa:

1 - cocypn;

2 — TpyOKa C Kanmuuisp-
HBIM KOHIIOM;

3 — 6okoBas TpyOKa;

4 — maHOMETD;
S—acnuparop;

6 — KkpaH.

N3mepenue noBepxHOCTHOTO HaTskeHus 1o merony I1. A. PeOunaepa ocHOBaHO Ha TOM,
4TO B MCCIENYEMYIO KMJKOCTb OMYCKAIOT TPYOKY C KamMUIIPHBIM KOHUMKOM, Yepe3 KOTOpPBIi
IIPOYBAIOT BO3YX.

W3mepstoT naBienue P, mpu KOTOPOM M3 HUYKHETO KOHIIA TPYOKH OTAEISIOTCS My3bIPhKU
BO3yxa. Uem OO0JIbIIe TOBEPXHOCTHOE HATSDKEHHE MCTIBITYEMOU JKHJIKOCTH, TeM OOJIbIliee JTaB-
JeHue TpedyeTcs A OTAETIeHUs My3bIpbKa BO3AyXa.

Taxum o6pazom,

oc=KP, (1.7)

r7le O — BEJIMYMHA MOBEPXHOCTHOTO HaTshKeHus; K — mocTosiHHas npubopa. JlaBineHue B
MOMEHT OTpbIBA IIy3bIPbKa U3MEPAIOT MAHOMETPOM.

Uro0Obl onpenenuTs KOHCTAHTY KamWUIspa, B KaueCTBE UCHBITYEMON KHAKOCTH OepyT
CHayaJla *KUJAKOCTb, IOBEPXHOCTHOE HATS)KEHUE KOTOPON U3BECTHO, HAIIPUMEP IUCTUIUIMPOBAH-
HYIO BOOY. Ecmm HU3MCPUTH IIPHU 3TOM MAaKCUMaJIbBHOC JJaBJICHHUC Po B MOMCHT OTpPhbIBa ITY3bIPbKa,
TO KOHCTaHTa npubopa OyaeT paBHa:

K = % (1.8)

0

BbluMcIuB KOHCTaHTY, HAXONAT BEIMYMHY IMOBEPXHOCTHOI'O HATSKEHUS HUCIBITYEMOMN

JKHIKOCTH IIPH Pa3InYHBIX TEMIIEpaTypax.
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IIpuGopsl U peakTUBBI. ACiUpaTop A CO3JaHUs BaKyyMa; HIMpoKas mpodbupka c 60-
KOBBIM OTPOCTKOM M IIPOOKOM; CIUPTOBOM MaHOMETP cO IKajoi; crakan Ha 800-1000 mi; cra-
kaH Ha 400-500 mu1; TEpMOMETp; IITATUB C MIMPOKOH JIAIIKOM [ MOABEIINBAHNS aCIUPATOPA.

IMopsinok BbINMOJIHEHUs1 Pa0d0ThI. ACIIUPATOP HAIMOJHAKOT BOJAOW M IMOJ HEro IMOJICTaB-
JSIFOT cTakaH. B Hauane ombiTa *KHUIKOCTh B 000MX KOJIEHAX MAaHOMETpPA JOJDKHA HAXOIUTHCS Ha
OJIMHAKOBOM ypoBHe. B cocyn 1 HanuBaioT TUCTHUIMPOBAHHYIO BOJY, BCTABIIAIOT MPOOKY 3 U
YCTaHABJIMBAIOT TPYOKY 2 Tak, 4TOOBI KaNWUISPHBIA KOHEIl €€ OKa3ajcs HEe3HAYUTEIbHO HUXKE
MOBEPXHOCTU BOABI B cocyne. [locne 3Toro oTkphIBaloT KpaH 6 acmuparopa HaCTOJIBKO, YTOObI
yepe3 Kamwuisip TpyOKH 2 my3bIpbKH BO3AyXa BBIPHIBAIMCH OJIMH 3a JIPYTHM CO CKOPOCTBIO, J10-
MyCKAaloIIe UX MOoJICYEeT. Y CTAHOBUB OINpPEACICHHYIO YacTOTy 00pa3oBaHUs Iy3bIPbKOB, IPOU3-
BOJAT MO MAHOMETPY HE MEHEE TPEX OTCUETOB MAKCUMAaJbHOW PAa3HOCTU YpPOBHEW. BhIBOIAT
CPE/IHIOI0 BEJIMYMHY U3 3TUX 0TCYETOB (Po). 3aKphIBAIOT KPaH U MPOBEPSIOT TEMIIEPaTypy B CTa-
KaHe ¢ HarpeBaemoi Bojnoil. Haxoxar B tabmuue 2 (IIpunoxxenue) BEMUYMHY TOBEPXHOCTHOTO
HATSHKEHUS BOJIbI, COOTBETCTBYIOLIYIO Temiieparype omnbita. [lo ¢opmyne (1.8) BEIUUCISIOT MO-
cTosiHHYI0 K Kanmwuisipa TpyOKy 2 1Uist JaHHOTO pruOopa.

BrumBaroT Bogy u3 cocyna 1, BRICYIIMBAIOT €ro U TPYyOKY 2; HAJIIMBAIOT B COCYJl BMECTO
BOJIBI MICCIIEYEMYIO KHJIKOCTb, MPEIBAPUTEIHHO OMOJIOCHYB €10 cocyn | u TpyOky 2. [Toacras-
JSIOT CTaKaH ¢ Topsiuel BOAOM Tak, 4ToObl cocya 1 ObLT MOTPYKEH B HEro Ha MOJIOBUHY CBOEH
BbICOTHL. HarpeBaroT *UAKOCTb B COCYZE A0 HYXHOW TeMIlepaTypbl, pa3MelluBas B HEM BOJY
Merankoi. [IpuBOASAT B ICHCTBHE aCUPATOP, U3MEPSIOT Pa3HOCTh YPOBHEH h B MaHOMETpE, Kak
U JIISL TUCTUJUTMPOBAHHOM BOJIBI, ¥, TTOJICTaBUB 3HaYeHHe K, Beramcisiior o Gopmyne (1.7) Be-
JUYUHY MOBEPXHOCTHOTO HATSOKEHHS ISl UCCIIETyeMOM >KUIKOCTH MPH JaHHON TeMIieparype.
OmneiT noBTOpstoT pu Temneparype 30, 40, 60 u 80°C.

HaocHoBaHuU MONTy4eHHBIX PE3YNTATOB CTPOSAT rpaduK, OTKIAAbIBAs HAa OCH alCIHCcC
3HAYEHUs TEMIIEPATYPhI U HA OCU OP/AMHAT — BEJIMYUHY [TOBEPXHOCTHOTO HATSHKEHUSI.

®opma otyera. OTUeT T0JDKEH COAEP)KAaTh Ha3BaHUE, 11eJb padoThl, ONMCAHNE X0Ja pa-
00ThI, cxemMbl TPUOOPOB, pacyeThl, TaONUIly, TpaQUK 3aBUCUMOCTH BEJIMYMHBI TOBEPXHOCTHOTO
HATSHKEHUS )KUJKOCTU OT TEMIIEPATypbl, BHIBOI.

KonTpoJibHbIe Bonpocskl

1. Yro Takoe MOBEPXHOCTHOE HATSKEHHUE, B KAKUX €UHUIIAX OHO U3MepsieTcs?

2. KaxoBbl mpUUMHBI BO3HUKHOBEHHUS TOBEPXHOCTHOTO HATSXKEHUS?

3. Ha ueM 0CHOBaHO onpeielIeHHE TOBEPXHOCTHOTO HATSYKEHUS 110 METO/ly B3BELIMBAHUS
OTpBIBaIOIIEHCS KAIlJId ¥ CTaTlarMOMETPUYECKHM METO10M?

4. Jlns dero HeoOXoJauMa CTaHAApTHAs >KUJIKOCTb MPU OMNPEAETIeHUH MOBEPXHOCTHOIO
HaTSDKEHUS 110 METOAY B3BEILIMBAHUS OTphIBarOIIecs Karin?

5. Kakasg umeercsl 3aBUCUMOCTb MEXAY IOBEPXHOCTHBIM HATSIKEHUEM U JIJIMHOW yrile-
poaHoii tienu?

6. Kak 1 moueMy noBepXHOCTHOE HATSHKEHHUE 3aBUCUT OT TEMIIEPATYPHI?

JIABOPATOPHASA PABOTA Ne 2 (4 yaca)
[HOJIYYEHUE JINMOD®OBHbIX KOJJIOMJHBIX
PACTBOPOB U OITPEAEJIEHUE 3HAKA 3APATIA
KOJUIOMJHBIX YACTHUL]

Konnownanaeie pacTBOpBI MOTYT OBITH IMOJIydeHBI ABYMSI METOAAMH: &) TUCTIEPTHPOBAHUEM
(ot mar. dispergere — paccenBaTh), WIH pa3apoOIEHHEM KPYITHBIX YacTHIl Ha OoJjiee MeIKue; 0)
MyTE€M arperanuy MOJIEKyJl WM MOHOB (OT jaT. aggregere — mpucOeAuHsTh) B Oosee KpymHbIe
YaCTHIIBI.

Meroasl MOTydeHHS KOJIUIOMIOB, OCHOBAHHBIE Ha Pa3ApOOJIEHHH, TONTYy4YHIN Ha3BaHUE
JMCTIEPCUOHHBIX METOJ0B. MeTOo/bl, CBA3aHHBIE C arperanueil MojeKkysn WM HOHOB B Oojee
KPYITHBIE YACTHIIbI, HA3bIBAIOTCS KOHIEHCALIMOHHBIMH.

[Tonmy4yeHne KOJJIOMTHBIX PAcCTBOPOB (30JI€i) MyTeM IUCIIEPTUPOBAHMS OCYIIECTBISETCS
MEXaHUYECKUMHU METOAAMU H3MEJIbUEHHs] TBEPAOIrO BellecTBA (B LIAPOBBIX M KOJUIOMIHBIX
MEJIbHUIIAX), C TOMOIIBIO YIBTPa3ByKa, a TAaKKE METOJaMH XHMHYECKOTO JMCIEPTHPOBAHHUS
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(camMOInpON3BOJBLHBIM AUCIEPTUPOBAHUEM U TIENITU3ALINECH ).

KoHieHcalmoHHbBIE METO/IbI TOJTYYEHHUS TUCIIEPCHBIX CUCTEM:

1. ®usnueckas KOHJCHCAIUS — KOHACHCAIMS MOJIEKYJl OJHOTrO BemiecTBa (Oymymieit nuc-
nepcHo ¢a3bl) B Apyrou (Oyayiiei JUCIEpCHOHHON Cpejie).

2. XuMH4ecKasi KOHJCHCAIUS — MOJIy9eHUE KOJUIOMIHBIX CUCTEM C TIOMOIIBIO0 XUMHYECKUX
peaKIui.

3. DIIEKTpUUECKUI METO/I.

VYcnoBus NOIy4eHUs! KOJUIOUJHBIX PACTBOPOB:

1. lucniepcuast aza momKHA 00JIaaTh MAIOKH PACTBOPUMOCTHIO B AMCIIEPCHOHHOM Cpe/IE;
MEXIYy YaCTULIAMH U CPEION JOJKHO CYIECTBOBATH B3AMMOJICHCTBHE, MIPEMATCTBYIOIIEE CBA3bI-
BaHUIO YaCTHUIL APYT C IPYTOM.

2. Peakuuio HEOOXOAUMO BECTH B pa30aBICHHOM pacTBOpE, YTOOBI CKOPOCTh pOCTa KpHU-
CTAJUTMYECKUX YAaCTHI] ObLIA HEBENMKA, TOTA YacTHIE! Toydatorest Menkue (107-10° m) u cu-
cTema OyJieT CeIMMEHTAIlMOHHO YCTOMYHNBA.

3. Jns momydyeHHs yCTOMYMBOW KOJUIOMJHOW CHUCTEMBI HEOOXOJMMO HPHUCYTCTBHE Be-
HIECTB, KOTOPbIE, aICOPOUPYSICh HA MOBEPXHOCTU KOJUIOMIHBIX YACTHI], 00ECTIeYUBAIOT UHTEH-
CHBHOE B3aMMOJECHCTBUE MEXKAY MOBEPXHOCTHIO YACTHUI] U OKPYXKAKOIIEH uxX cpenoil. Bemectna,
00yCIIOBJIMBAIOIINE YCTONYMBOCTh KOJIJIOUTHBIX PACTBOPOB, HA3bIBAIOTCA CTAOMIM3aTOPAMHU.
VY CTOMYNBOCTDh KOJUIOMIHBIX CUCTEM MOXKET ObITh JJOCTUTHYTA, €CJIM OJIHO U3 pearupyroliux Be-
IECTB B35TO B U30BITKE.

Omnpit 1. Ilosry4eHHe KOJJIOHIHBIX PACTBOPOB
METO/IaMH KOH/AeHCAINH

Heas padorsl. OcBOCHNE METOAMKH TOJTYYEHHUS 30J1ei MeTonamMu KoHaeHcanuu. [loctpo-
€HHE MULIEJUIAPHBIX (HOPMYJI MOTYYEHHBIX 30JIEH.

Kparkue TeopeTudeckue moJioxkenus. OMHUM U3 TPUMEPOB (PU3NIECKON KOHCHCAITUH
MOYET OBITh METOJ] 3aMEHBI PACTBOPHUTENS: MOJEKYJISIPHBIA PacTBOpP KaKoro-iubo BeliecTBa Mo-
CTETIEHHO, MPH TePEMEITNBAHIH PHUOABIISIOT K KUAKOCTH, B KOTOPOH 3TO BEIIECTBO HEPACTBO-
pumo. IIpu 3TOM MPOMCXOAUT KOHAEHCAIMS MOJIEKYT M OOpa30BaHHE KOJUJIOWJHBIX YaCTHIIL.
Hanpumep, cepa mim kaHU(OIH pacCTBOPSETCS B ATUIIOBOM CIIUPTE, 00pa3ysl HCTUHHBIN pacTBOP.
B Boze cepa u kaHu(poab NPaKTUYECKU HEPACTBOPUMBI, MIOATOMY IpPU J0O0aBIEHUH BOJBI K MX
CIIPTOBOMY PacTBOPY MOJIEKYJIbI KOHJICHCHPYIOTCSI B 00JIee KPYITHBIE arperarsl.

Konnouaneie pacTBOpbl MOTYT OBITH MOJyYEHBI C MOMOLIBIO PEAKUUN Pa3IMYHBIX THUIIOB:
oOMeHa, OKHMCIICHHS, BOCCTAHOBJICHUS, TUAPOIN3A U APYTHX.

Hanpumep, peakius B3auMoAeHCTBUS HUTpaTa cepedpa U HOAM 1A KaJlus:

AgNOs3 + KI = Agl + KNO3

Agl mpakTHyecku He pacTBOpUM B BoJie. B pa30aBieHHBIX pacTBopax oOpa3yeTcs 30Jb HO-
nuna cepedpa.

3aps KOJJIOMAA OIpPENeNsiioT TeM HOHOM, KOTOpBIH B Hayaje oOpa30BaHUS KOJUIOWIA
umerncsi B u30biTke. CiemoBaTebHO, HCIONB3YS H30BITOK OJHOTO M3 PeareéHTOB, MOYKHO IOITY-
yuTh yacTulbl 3051 Agl ¢ paznuunsiM 3HakoM 3apsaa. [Ipu uz6eitke AgNO3 oGpasyromascs
kosutonHas yactuua Agl mpuoOperaer MogoKUTENbHBIN 3apsij, Tak Kak B JaHHOM CiIydae aj-
copbupyercst n3dbuparensHo noH AQ*; MoI0GHBIM jke 06Pa30M MOXKHO MOTYYUTh U OTPHIIATEITh-
HO 3apshKeHHbIE YacTUllbl pu n30bITKE K.

ITpu n36siTkKe AGNO3 si1po YacTuibl, cocTosmiee U3 Oonpmoro uncna monekyn Agl, aa-
copbOupyer HoHsl Ag". MuneispHas GopMyJia BEITJIIAUT CIEAYIONIUM 00pa3oM:

{[Agl]m n Ag" (n-x) NO3 }P* x NO3".

[Tpu u36sITKE K| hopMynia Munensiel npuHUMAET BU:

{[Agl]m n I” (n-x) K'}P x K",

3HaK 3apsAAa KOJUIOWIHBIX YACTHIl B OKPALIEHHBIX 30JI1X MOYKHO OIPEAEINUTh METOAOM Ka-
NWUIPHOTO aHanu3a. MeToJl OCHOBaH Ha TOM, YTO LIEJUTIONIO3HBIE CTEHKH KalWUIIPOB (PHIIBTPO-
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BAIBHOM OyMaru 3apspKaroTCsl OTPHIIATENILHO, a MPOMHTHIBAMOIIAS OyMary BoJa MOJOKUTEIHHO.
Ecnu Ha nuctok OymMaru HaHECTH Karllio UCCIIETYyEeMOro 3011, TO YaCTHIIbI, 3apsyKEHHbIE TTOT0XKHU-
TENBHO, aJICOPOUPYIOTCS HA CTEHKAX KalWUIPOB, TO3TOMY 30JIb C IMOJOKHUTEIbHBIMU YaCTHLIAMH
JaeT OKpallleHHOE B IIEHTPE U OECIBETHOE MO KPasM ISITHO. 30JIb C OTPULIATEIBHO 3apsSKEeHHBIMU
YaCcTHLIAMH, HE aJCOPOMPYIOLUIMMUCS Ha CTEHKAX KalWUIIPOB, 00pa3yeT paBHOMEPHO OKpalleH-
HOE TISITHO.

IIpudops! U peakTUBBI. DIEKTpUUECKas IUIMTKA; MUIIETKHA Ha 2 MJ; crakansl Ha 100 mi;
MepHBIA TuHAP Ha 100 M1, BOpOHKHU Jutsl GUIBTpOBaHUS; OyMaKHBIM (UILTP; BOAHBIC pac-
tBOphI 0.5 M Ks[Fe(CN)s], 0.1 M FeCls, naceimennsiii pactBop FeCls, 2% pactBop kaHH(OIH
B ATHJIOBOM CIIMPTE, HACBILIEHHBIA PACTBOP CEPbI B ATHIIOBOM CITUPTE.

Iopsiiok BbINOTHEHHsA PadoThl. Bce OMBITHI MPOBOIAT, UCHONB3Ysl TOJBKO THIATEIHHO
BBIMBITYIO TIocyay. [lonydeHHbIe 30511 COXPaHSIOT 0 KOHIIA pabOThl M BBUIUBAIOT TOJIBKO C pa3-
pEeLICHHS MTPEeTo1aBaTels.

1. ITonyuyenue 3015 KaHUDOTH.

K 20 mut Bogsl qobasisiroT nipu B30anTeiBanuu 10-15 kamens 2%-Horo pactBopa KaHU(DOIN
B oTaHojne. Obpasyercs 3051b KaHU(OIU B BOJE C OTPHUIATEIBHO 3apsXKEHHBIMUA KOJUIOUIHBIMU
YaCTUIAMHU.

2. [Tomyuenue 30515 cepahl.

K 20 M Boabl 1o0aBiisitoT mpu B30anThIBaHUK | M1 HackIeHHOro (0e3 HarpeBaHwus) pac-
TBOpa cepbl B 3TUIIOBOM crnupre. OOpasyercs rorydoBaTo-0emiblii 30/1b Cephbl B BOJIE C OTpHIIA-
TEJIBHO 3apSKEHHBIMU KOJUTOMIHBIMU YaCTHIIAMHU.

3. Ionyuenue 305 ruapokcuaa sxemnesa(lll).

K 50 mut kunsimeit Boasl mpubaBiisitor 2-3 Karm HacklmeHHoro pactsopa FeCls. Ilpu stom
SHEPrUYHO MPOTEKAET TUAPOJIM3 XJIOpUIA Kejle3a, W MOSBISIOIINECS MOJEKYIbl THIPOKCHUIA
xKeJe3a KOHJICHCUPYIOTCS B KOJUTOMAHbIE YacTHIbL. [1oiydaroT KOIIOuIHBIN PacTBOP THIPOKCH-
na xene3a(lll) ”HTEeHCMBHOTO KPaCHO-KOPUYHEBOTO I[BETA.

4. TlomyueHue 305151 OEPIUHCKON JTa3ypH.

a) 0.5 ma 0.5 M pactBopa Ka[Fe(CN)s] pasbasistor Bomoit g0 100 miu. K pasdasieHHOMY
pactBopy nob6asisitoT 1 kamto 0.1 M FeCls. Obpasyercsi mpo3payHblii CHHETO LIBETa 30J1b Oep-
JUHCKOH na3zypu. OT 1ByX Kamenb pactBopa FeCls 3015 eme 60sbIlie CUHEeT.

6) 0.1 M HaceieHHoro pactBopa FeCls pazbasnstor Bogoit 1o 100 M. B pa3baBneHHbIi
pactBop BBOAAT mpu B3GanteiBanuu 1 kammo 0.5 M pactBopa Ks[Fe(CN)e]. Obpasyercs 3076
OEpIMHCKOM JTa3ypy CHHETO IBETA.

JI7is MOy4YeHHBIX 30JI€H ONpeAeTUTh 3HAK 3apsia KOJUTOUIHBIX YACTHI] KallWJUIAPHBIM Me-
TOJIOM.

OmnpiT 2. [osyyeHne KOJUIOWIHBIX PACTBOPOB
METO0M ANCIePrHPOBAHUS

Heas padorsl. OcBO€HHE METOJIMKH MOJYYEHHUS 30J€H JUCHEepPrupoBaHUEM (METOAOM
nentu3arun). [loctpoenre MUTEIUIAPHBIX (HOPMYIT TOTYISHHBIX 30JI€H.

Kparkue teopernmueckue mosoxenus. Ilentuzanneil Ha3bIBaeTCs MPOLIECC MOTYyUYECHUS
30JI€l W3 CTYAHEH WJIM PBIXJIBIX OCAJIKOB MPH JCUCTBHUU HA HUX BEIIECTB, CIIOCOOHBIX XOPOIIO
azcopOUpoBaThbCs HAa MOBEPXHOCTH JAUCIIEPCHBIX YACTHI] M COOOIIATh UM CIIOCOOHOCTH TIepexo/ia
B 30JIb.

[TenTu3anus neauTcs Ha HEMOCPEACTBEHHYIO U IOCPEICTBEHHYIO B 3aBUCUMOCTH OT TOTO,
YTO a/IcOpOMpyeTCsl Ha MOBEPXHOCTU YAaCTHUILl TIEpe]] UX pa3/ieJIeHHeM: NMPUOaBIEHHOE BELIECTBO
(TenTu3arop), Wi IPOAYKT €ro B3aUMOACHCTBHS C BEIIECTBOM YAaCTHII.

Hanpumep, nentuzamust 0J0BIHHON KUCIOTHL. B BOAHBIX pacTBOpax XJIOPHU[ OJ0BA THAPO-
JIM3YETCH:

SnC14+4H20 = 4HCI+Sn(OH)a,
Sn(OH)s = H2SnO3|+H20.
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Ocanox H2SnO3 noj BnustHEEM Ieno4Yeld WM KUCIOT (TIeNTU3aTOPOB) CIIOCOOEH Mepexo-
JTUTh B KOJUTOMJIHBIM pacTBOp. XapaKTepHOW O0COOEHHOCTHIO MENTU3AIMH SIBISIETCS TO, YTO KO-
JUYECTBO MENTU3aTopa BO MHOTO pa3 MeHblie (Hepenko B 1000 pa3) xonuyecTBa menTusupye-
MOTO BEI[ECTBA.

ITpu no6aenenuun NaOH k H2SnO3 o06pasyercst cTaHHAT HATPUS:

H2SnO3+ 2NaOH = NaSnO3+2H>0.

B pactBope NazSnOsz mucconmmpyeT, o6pasys OTPULATENBHO 3apsyKeHHBIH noH SN0z,
KOTOPBIH, ancopOupysch, coobmraer arperaty (H2SnOs) oTpunartenbHblii 3apsg — BO3HHKAIOT
MHUIIEIUIBI, 0CAJI0K MEPEXOIANT B 30Ib.

[Ton geiicTBHEM KHMCIOT MENTH3ALUSI OJOBSHHON KUCIOTHI MOKET MPOTEKaTh CIEAYIOUINM
o0pazoM:

H2Sn03+2HC1 = SnOCl2+2H20,
n SnOClz 2 n SnO* +2nC1".

IIpubopsl U peakTuBbI. DJeKTpUUYECKas IUIMTKA; MUIETKH; cTakaHbl 100 MJ; BOPOHKHU
111 GUITBTPOBaHUS;, OyMaXKHBIN GHILTP; BoAHbIE pacTBopbl 1 M SnCls, 1 M NaOH, 0.1 M HCI,
0.1 M AgNO:s.

Ilopsinok BbINOJTHEHHS PA0OTHI.

[Tomy4yenue 305151 OJIOBIHHOM KUCIOTHI METOIOM MTENTH3AIHH.

K 50 ma kunsime# Bojpl 100aBisiioT o Karmisim pactBop 1 M SnCls. O6pasyercst ocaiok.
Ocaok MpOMBIBAIOT JACKaHTALUEN Topsiuell AUCTUIUIMPOBAHHON BOJIOM IO MCUYE3HOBEHMSI peak-
iuu Ha woH Cl™ (mposepsitoT peakiueii ¢ pacteopom AgNO3). K nmpombeIToMy ocaziky 100aBiIsiOT
Heckobko Karenb NaOH mmm HCI, cunmbHO pa3baBisitoT BOIOW W B30AITHIBAIOT, 0Opa3yercs
30J1b OJIOBSTHHOM KUCJIOTHI.

®opma otdera. OTUET JOIHKCH COJCPIKATh YPABHEHUS XUMHUYECCKHX pEaKiuid, (HOpMyIIbI
MU TIOTy4aeMbIX 30JIeH, 3HaK 3apsiia KOJUIOMAHBIX YacTHUII, BBIBO/I.

OTuet o padore

Omnpit 1. [TonydyeHne KOMIOUIHBIX PACTBOPOB METOIaMHU KOHICHCAIUH.
1. ITonyuenue 307151 KaHU(OJIIH.

MCTO/ IMOJTYUYCHUS:

OKpacCKa 30J14:

YCTONYUBOCTD:

3HAK 3apdlaa KOJI-
JJOUJHBIX YaCTHIL:

2. [lony4deHue 30515 cepal.

MCTOJ MOJTYYCHUS:

OKpacCKa 30JI1d:

YCTONYUBOCTD:

3HAK 3apdla KOJI-
JJOUOHBIX YaCTHIIL:

3. IMonyuenue 305 ruapokcua xemnesza(lll).

MCTOJ MOJTYYCHUS:

YpaBHEHHE peEak-
1T

CTPOCHUE MUICII-
JIBI:

OKpacCKa 30J11

3HAK 3apdla KOJI-
JJOUJHBIX YaCTHII:

4. IlonmyyeHue 3011 OEPIMHCKOM JTa3ypH.

a) METOJ[ TOJIyde-
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HU:

ypaBHEHUE peak-
MM

CTPOCHUC MMUICII-
JIBI:

OKpacCKa 30J14d:

3HAK 3apsga KoOJI-
JJOUJHBIX YaCTHIIL:

0) Meroa moJryde-
HUS:

ypaBHEHUE peak-
MM

CTPOCHUC MMUICII-
JIBI:

OKpacCKa 30J141:

3HAK 3apsaga KoOJI-
JJOUJHBIX YaCTHIIL:

OmelT 2. HOJ'IyLIGHI/IC KOJUIOMJHBIX PACTBOPOB METOAOM JHUCIICPIHPOBAHUA

[Tonydyenue 30515 OJTOBIHHOM KHUCIOTHI

MCTO/ ITOJTYUCHUS:

YpaBHEHUE peak-
LUHU:

CTPOCHUEC MUICII-
JIBI:

HEeNTU3ATOP:

OKpacCKa 30J1d:

3HAK 3apdlaa KOJI-
JJOUJHBIX YaCTHIL:

BoiBoa:
KonTpoJsbHbie Bonpockl
1. Kaxue METO/IbI MOJIy4EHUs KOJUIOMIHBIX pacTBOpOB W3BECTHBI?
2. Kakwe 3051 B TaHHOM paOOTe MOTy4YE€HBI METOIaAMH:
a) 3aMeHbI PaCTBOPUTEIS ;
0) BOCCTaHOBJICHUS ;
B) TUJPOJIN3a ;
I') NeNTU3aluu ?
3. KaxoBsl YCIIOBUS MIOJIy4EHUs YCTONYMBBIX 30511
?

4. CiocoObI OUUCTKH JAUCTICPCHBIX CUCTCM.

JIABOPATOPHAS PABOTA 3 (4 gaca).

AJICOPBLIMS YKCYCHOM KUCJIOTEI HA ITIOBEPXHOCTU AKTUBUPOBAHHOI'O

YI'JIA

Teopernueckasi yactb. Tena c 0ueHb OOJIBIION MOBEPXHOCTHIO MPH COMPUKOCHOBEHUU C
ra3zo000pa3HOM WM KUAKOW (ha30i CIIOCOOHBI MOTJIOMATh YacTh Ta3000pa3HOIO BEIIECTBA WIIN
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BELIECTBA, PACTBOPEHHOI'O B >KUJKOCTH. [lornomnienue He Bcerna MMEET OJIMHAKOBBIN XapakTep.
Tak, noriomuiaemMoe BelecTBo MoxeT JupyHIUPOBaTh BHYTPb HOIVIOTUTENS, KaK Obl pacTBOPS-
ACh B HEM, WJIN )K€ IOTJIOIIEHUE MOYKET NMPOUCXOIUTh UCKIIIOUUTENBHO HAa IIOBEPXHOCTH IOTJIO-
TUTEJIA.

SIBieHME TOTJIOUICHUSI OJHUM BEIIECTBOM JPYIHMX BEIIECTB HA3bIBACTCS COPOLUEH.
CopO1st, mpoucxoasiasi TONbKO 11a MOBEPXHOCTU Tela, Ha3bIBaeTCs aacopOLueil B OTian4ue ot
MIOTJIONICHHUS B TOJIIE TIOTJIOTUTENS, HA3bIBAEMOT0 abcopOnei.

Copbuus cBs3aHa U C KOHJAEHCAIMEW ra3a B KalMUIApax MOPUCTBIX MOIJOTUTENEH; B
ATOM CJIy4ae FOBOPST O KallWJUIAPHOW KOHIEHCALIUH.

AncopOuust 3aBUCUT OT MOIVIOTUTENS U IOIJIOLIAEMOro BELIECTBA, OT TEMIIEPATyphl U
JIaBJICHUsI ra3a WIK KOHLUEHTPALUU PacTBOPOB.

3aBUCUMOCTh a7COPOLMK OT JIaBJIECHUSA ra3a (ero KOHLEHTPALUH) WU COIACpXKaHUs ajl-
CcOpOMpYEMOro BELIECTBA B PaCTBOPE IIPU JaHHOW TEMIEpaType BbIpAXKaeTCsl YpaBHEHUEM H30-
TepMBI aacopouuu JIsHrMropa:

C
"K+C’

rae I u T — KomuuecTBa (MOIIb) acOPOMPOBAHHOTO BEIIECTBA HA 1 M? TIOBEPXHOCTH aji-
copbenta (I' — B MOMEHT aJcOpOLMOHHOrO paBHOBecHs, ['» — MakcMMaabHO Bo3MoOXHas); C —
MOJIIpHasi KOHIIEHTpAIUsl PacTBOpa aJcOpOMpPYEMOro BELIECTBA B MOMEHT aJCcOPOLMOHHOIO
paBHOBecHsI (PaBHOBECHAsI KOHIICHTPALIUA ).

[Tpu apcopbumu u3 ra3oBoit cpensl BennynHa C 3aMeHsIeTCs MPOIOPLUUOHAIBHON el Be-
JUYHAHON aBICHUS:

P=K-C,

rne K — koHcTaHTa, 3aBUCSIIAs OT XUMHUYECKOW MPUPOJIBI U (PU3HMUECKOTO COCTOSIHHS a/l-
copOeHTa 1 aicopoUpyeMoro BeIlecTBa.

B cpaBHMTENBHO MIMPOKUX MIpeenax KOHLEHTPALUU 3aBUCUMOCTH a/COpOLUU OT KOH-
LHEHTpauuu (WM JaBJIECHUS) BBIPAXKAETCS JOBOJBHO MPOCTHIM SMIUPUYECKUM YypaBHEHHEM
Opeitnanxa:

X _gon,

m

I7le X — KOJIMYECTBO PAaCTBOPEHHOTO BEILIECTBA, aJICOPOMPOBAHHOIO MAccoil T MOTJIOTUTE-
J1 M HaXOJSLIErocsi B paBHOBECUH C PacTBOPOM KoHILEeHTpauuu C; oo 1 N — KOHCTAHThI, Xapak-
TEpHBIE JJIsl JaHHOTO Ipoliecca aJcopOLuu B ONPeIeTIeHHBIX Mpeenax, npuuem N < 1.

AncopObupoBaHHOE KOJIMUYECTBO BEIIECTBA HYKHO OBbLIIO Obl OTHOCUTH HE K €UHUIIE Mac-
CBl, @ K €IMHUIIE TOBEPXHOCTH, HO JUIsI MEJIKOPa3ApOOIEHHBIX BELIECTB M OJJHOPOHBIX CYCIIE€H-
3Uil (HampuMmep, B3MYUEHHBII JKUBOTHBIA YroJib) 3Ta MOBEPXHOCTh PACTET MPOMOPLHOHAIBHO
oOmeit macce.

Ir'=r

X
Ecnu Ha ocn OpAUHAT OTJIOXUTH COOTBCTCTBYIOIINEC 3HAUCHUA — , A 11d OCH a6CHI/ICC - C,
m

TO IOJIYYUTCH KpuBasd, I/I306pa)KCHHa$I Ha PUCYHKC la. CHauana 3Ta KpuBas UACT MMOYTH IIPSAMO-

o o X
JJMHCUHO, TaK KaK IJIsd OYCHb c1a0bIX KOHICHTpAMU BCJINYHNHA — MPAMO IIPOIMOPILIUMOHATIbBHA C,
m

X
T. €. 3[1€Cb N = 1. HpI/I BBICOKHMX KOHIOCHTpALUAX AOCTUTACTCA MPEACIbHOC 3HAYCHUEC — , T. €.
m

INOJITHOC HACBhIIICHUEC.

i

(_(]”‘7
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a 0
Pucynox 1 — a) uzorepma agcopoumu;
0) norapudmMuyeckas uzoTepma aacopOIuu

Oto0 HabmromaeTcs, Korjaa Bes aacopOMpyrolas MOBEPXHOCTh MOKPHITA aACcOPOUPYEMbIM
BEIIIECTBOM; B 3TOM ciydae
n = 0. Mexay 3TUMHU JIByMsl IIPEJEIIbHBIMU CIy4astMM UMEETCsl IIOCTENEHHBIN nepexo B 00ia-
CTH IIPOMEXYTOUYHBIX KOHIICHTPALUH, /Ul KOTOPHIX BEITUYMHA N OCTAETCs MPHOIM3UTEIBHO I10-
CTOSIHHOM.

Ecnu nponorapudmupoBars ypaBHenue OpeitHmmxa, To OHO IPUMET BU:

Igizlga+nIgC .
m
[TonydyeHHoe ypaBHEHHUE €CTh ypaBHEHHUE MpsiMON TUHHUH (pucyHok 16). [To ocu opaunar

X
OTKJIAJLIBAIOT BEIMYMHBI Ig — , a mo ocu adeuuce — Ig C. Orpesok OA naer Benuuuny Iga.
m

K ancopbentam (MOrjaoTUTENsIM) MOKHO OTHECTH YroOJib, CHUJIMKAreib, TJIMHY, KOAJIWH,
HEJUTI0NI03Yy, (DUIBTPOBANBHYIO OyMary, XJIom4aToOyMa)KHYIO TKaHb, HATypajJbHBIA MIETIK,
HIEPCTh U IpyrHe MaTepHabl.

BemecTtBa B 04eHb pa3ipo0IE€HHOM COCTOSIHUU (KOJUIOMIHOE COCTOSIHHME) 00J1aatoT 3Ha-
YUTEHbHOU aJCOPOLMOHHONW CHOCOOHOCTBIO BCIEACTBUE OOJIBIION MOBEPXHOCTU. AIcCOpOIus
3aBHCUT OT MPUPOIBI KaK afcopOeHTa (MOTIOTUTENS), TaK U acOpOMPYyeMOro BelIecTBa BCIIE/I-
CTBUE €€ M30MpaTeNIbHOCTH, T. €. U3 CMECH DPA3JIMYHBIX BEIIECTB aJCOpOMpYyeTCs Mpeumyile-
CTBEHHO Han0oJjiee MOBEPXHOCTHO-aKTUBHOE BEILIECTBO.

[Ipu ¢dunpTpanuu pacTBOpa CMECH BEIIECTB Yepe3 KOJIOHHY aJIcOpOEHTa PacTBOPUMBIE
BEIIIECTBA aJicopOupyroTcs mocioitHo. Ha paznuunoi ampcopbupyemoct (M30upaTeIbHONU aji-
copOLMHU) U OCHOBaH TaK Ha3bIBaeMbIi Xpoma-Torpaduyeckuii Metos ananuza M. C. L{Beta. Ax-
COpOMPYIOTCS HE TOJIKO MOJIEKYJIbl, HO TaK)K€ HOHBI U KOJIJIOUHbIE YyacTHUIlbl. OCOOEHHO XOpo-
110 a/ICOPOMPYIOTCS MOHBI OPTaHUYECKUX BEIIECTB, HallpuUMep Kpacuteneil. Tak, OCHOBHBIE Kpa-
cuTeu (METHJIOBBIN CUHUH U JIp.) TUCCOLUUPYIOT:

ROH < R* + OH",

a KUcIbple KpacuTenu (303uH, QYKCHH) AUCCOLMUPYIOT:

RH <~ R +H".

Heab padorsl. HabmonaTs agcopOLuio Ha rpaHulie )KuaKoi u tBepaon ¢as. Iloctpouts
u3oTepMy aacopOmuu. Halitu 3Hauenus o u N B ypaBHeHun OpeiHanuxa.

IIpudops! n peakTusskl. [llects k010 Ha 250 MJT ¢ KOPKOBBIMHM IPOOKaMU; LIECTh KOHU-
yeckuX K00 Ha 150 mur; munetka Ha 50 Mt mumerka Ha 25 mor; uneTrka Ha 10 M, muneTka Ha 5
M1, Oropetka Ha 50 M ¢ aeneHussMu B 0,1 MiI; mecTh BOPOHOK TSl GUIBTPOBAHMS; (DUIBLTPO-
BaJlbHas Oymara; akTUBUPOBaHHBIHN yroub; pactBopbl 2 M CH3COOH; 0,1 M NaOH, ¢enondra-
JICUH.

Ilopsinok BbIMOTHEHHS PAdOTHI.

Paz6aBnenuem 2 M pacTBOpa YKCYCHOHM KHCIOTBI TOTOBSAT B IIECTH KOJI0AaX PacTBOPHI
MPUMEPHO CIEAYIONINX KOHIIEHTPAIIUH 1 B KOTMYECTBAX, YKa3aHHBIX B TaOIUIIE:

Howmep kon6s1 1 2 3 4 5 6
KommgecTBo pacTtBopa, M 150 150 150 125 110 105
KonrnenTparus, MoJIb/i 0,012 0,025 0,05 0,1 0,2 0,4

TouHoe conepkaHue YKCYCHOM KHUCIOTHI onpeaenstoT turpoBanueMm 0,1 M pactBopom
NaOH (unnukatop — denondranenn), npuaem u3 ko6 Ne 1, 2 u 3 nunerkoit oréuparot mo 50
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M1, U3 KOObl Ne 4 — 25 mi, u3 konos1 Ne 5 — 10 M1 u u3 kos6sr Ne 6 — 5 mut pactBopa. Takum
o0Opasom, Bo Bcex koibax ocraercs o 100 M pacTBopa. B kaxkmyro konOy BHOCAT 1O 3 T aKTH-
BUPOBAHHOTO YIJIsl. 3aTeM THIATENbHO B30AITHIBAIOT Bee KOJObI B TeueHue 10 munyT. OTdhMIb-
TPOBBIBAIOT OTJIEJIBHO COAEPKUMOE KaKAOH KOJIObI depe3 OymakHble (puibTpel. OTOOpaB U3
¢GmIbTPaTOB MPOOBI MUNETKON B TAaKUX K€ KOJIMYECTBAX, KaKue ObLIN B3STHI I EPBOHAYAIIb-
HOI'O TUTPOBAHUS, ONPENEISIIOT TUTPOBAHWEM KOHLEHTPALMIO YKCYCHOM KHCIIOTHI. Pa3zHocTh
MEXly pe3ybTaTaMU IIEPBOTO TUTPOBAHUS U BTOPOro (mocie nepecuera Ha 100 min) naet kosu-
YECTBO YKCYCHOM KHMCJIOTHI X, orJionieHue 3 r yris u3 100 mi pactBopa.

TurpoBanuem pacTBOpa YKCYCHOM KHCIIOTHI 10 JOOABICHUS YIS ONIPENENIIOT €€ MepBo-
HauyanbHyl0 KoHUeHTpauuto C B mnepecdyere Ha MuwummiauTpel 0,1 M pactBopa rugpokcuaa
HaTpHs, a TATpOBaHUEM (UIIbTpaTa — ee KoHueHTpanuo C1 mocsue aacopOIum:

x=C-C,.

PesynbpraThl HaHOCAT Ha rpaduK, IpUYeM Ha ocH abcuucc HaHocAT 3HadyeHue Ci, a Ha ocH

X
OpAMHAT — 3HA4YCHHUE —, rA€ M — Macca NOIrJIOTUTEII. HOHy‘IGHHaH KpuBas €CTb U30TCpMa al-
m
COp6I_[I/II/I. I[J'ISI Fpa(I)I/I‘ICCKOl"O OIIPCACIICHU 3HAYCHU a U N, KaK OBLIO YKa3aHO BbIIIC, OTKJIAAbI-
X o
BarOT Ha OCHU a6CI_II/ICC, 3HA4YCHUA Ig Cl — Ha OCH OpJHuHaT |g — . HaligeHHbIe TOUKHM JOJKHBI Jie-
m

’KaTh Ha IIPSMOM JINHUH.

M3mMepsroT BeIMUKMHY TaHI'€HCa yIila HaKJIOHA MPsAMON K ocH abcuuce, 4To AaeT BEeIHyu-
Hy N. PaccrosiHue TOYKM nepecedeHus MpsIMOM € OCbK0 OpAMHAT OT Hayala KOOPJAUHAT COOTBET-
CTByeT 3HAaYeHUIO BeamunHbl g @ . Tlomydennbie pe3ynbTaThl 3aHECTH B TAOIHUILY.

[Tpu-
oiu-
3U-
Ne | Tens- X=
KOJOBI| Has C-C1
KOH-
LICH-
Tpa-

3| x
3|

OO |IWIN -

Tpe6oBanus k oruery. HanmeHnoBanue paboTsbl, 11e1b pabOThl, KPAaTKOE ONMHUCAHHE METO-
JIMKH, 000pY/I0BaHUs U X0J1a paboThl, pe3yJIbTaThl U3MEPEHUI U BhIYUCIECHUH (POpMYIIb, FpapuKh),
BBIBOJIBI.

JIABOPATOPHAS PABOTA Ne 4 (4 gaca)
OIMPEAEJEHUE PASMEPOB YACTUII 30JIA TYPBUAMMETPUYECKUM
METO/10M

TypOumumeTpuss — METOJT UCCIICJIOBaHHS, OCHOBAHHBI HAa M3MEPEHUU WHTCHCHBHOCTH
MPOXOJAIIET0 Yepe3 MUCIEPCHYI0 CHCTeMYy cBeTa. TypOMIUMETpUUYeCKUN METOJ MO3BOJISET
OTIPE/ICIIATh Pa3Mepbl YaCTUIl U WX KOHIICHTPAIMIO TI0 MYTHOCTH KOJUIOWIHBIX PacTBOPOB C IIO-
MOIIIBIO (POTOIIEKTPOKOIOPUMETPA.

Jlnst onpeneneHusi pa3MepoB 4acTull cepruueckoit (POpMBbI, paanyCc KOTOPBIX HE MPEBBHI-
mraet 1/20 nauHBI BOJHEI MAAIONIETO CBETa, MOKET OBITh UCTIOIh30BAHO YpaBHEHUE Paes:
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Coé.v ’(31)

3 2 2
2477 n"—n,

P 2 (nf+2n7

rze A — AJMHa BOJIHBI MAJA0IIET0 CBETA; N1 — MoKa3aTesb MPEIOMICHHS TUCTIEPCHOM (a-
3bI; No — MOKAa3aTeNb IPeIOMIICHUS AUCTIepCHOHHOM cpenbl; Cos — 0ObeMHas OIS AUCTIEPCHON
¢a3zbr; V — 00beM YaCTHIIBL.

C yBenuueHueM pa3MepoB 4YacTHI] 3aKOH Panest mepectaeT coOmoaaThCsi, U UHTEHCUB-
HOCTh PAcCESHHOTO CBETa CTAHOBHUTCS OOPAaTHO MPOMOPLMOHATIBHON JUIMHE BOJHBI B CTETICHU
MeHbIIIel, yeM uyeTBepTas. Ecnu pasmep (muamerp) yactuil coctaiseT oT 1/10 mo 1/3 mmmHb
CBETOBOW BOJIHBI M IOKa3aTeIH MPEJOMIICHUS YaCTULl M CPEIbl HE CHIBHO Pa3IHYaroOTCs, JJIS
OIMCAHUS CBETOPACCESTHUSI MOYKHO BOCIIOJIb30BaThCs ypaBHEHUEM [ emepa:

D=ki",(3.2)

rae D — onrtudeckas mioTHOCTh; K — KOHCTaHTa, HE 3aBUCSIIAS OT JUTMHBI BOJHBI; A —
JUIMHA BOJIHBI MaJIAIOIIETO CBETA.

HeoOxonuMbiM ycinoBueM Hcnonb3oBaHus ypaBHeHud (3.1) u (3.2) aBnsercs OTCYTCTBUE
MIOTJIOIIEHHS CBETA, MOATOMY ypaBHeHHs Panes u 'eniepa mpuMEHUMBI TONBKO IS «OEIBIX)
30J1€H, T.€. HEOKPAIIEHHBIX IUCIIEPCHBIX CUCTEM.

OnsIT 1. Onpenesienne pa3MepoB YacTHI] JHCIIEPCHBIX CHCTEM, He MOTYMHSIOIMXCS

ypaBHeHu10 Pajiest

Hean padoTbl. O3HaKOMIIEHHE C TYPOUTUMETPUUECKUM METOOM aHaJM3a; ONpeIeICHIE
pa3Mepa 4acTHII 30715 C IOMOIIbI0 ypaBHeHus [ 'enepa.

Kparkue Teopernyeckue moJiokenusi. 3apucumoctu IgD (wmu Ig7) ot IgAB coorBet-
cTBUU C ypaBHeHueM [ ennepa:

D=ki",(3.2)

MPEJCTABISAIOT COOOW MPSIMYIO JIMHHUIO, TAHTEHC yTila HAKIIOHA KOTOPOI paBeH IoKa3aTe-
JI0 CTeneHu -N. 3HadeHune mokasartensi N B ypaBHeHHUH (3.2) 3aBUCHUT OT BEIMYUHBI Z — COOTHO-
HICHUS] MY pa3MepOM YaCTHUIIBI U JITTMHOHN BOJHBI MAAOMIETO CBETA!

=871

A

C yBenmuenueM Z 3HaueHue N OyneT ymeHbmaThes. [Ipu manbix 3Hauenusx Z cobmroa-
ercst ypaBHeHue Panest u N = 4. 3nauenus N aisa Z ot 2 1o 8 nmpuseneHsl B Tadmute (3.1).

[Tokazarens ctemenu N B ypaBHEHUH (3.2) HAaXOMAT HA OCHOBE TYpPOMAMMETPUUYECKHUX
JTaHHBIX. J[J7I1 3TOTO AKCIEPUMEHTAILHO H3MEPSIOT ONTHYCCKYIO IUIOTHOCTh CHCTEMBI TIPH pa3-
JUYHBIX JUIMHAX BOJH (B JOCTATOYHO Y3KOM HHTepBaje A) U CTposAT rpaduk B KOOpAUHATAX
IgD—IgA. TToka3atens N onpeaesioT MO TAaHIEeHCY YIila HaKJIOHA MOJydeHHOH mpsiMoid. ITo 3Ha-
YEHHUIO N HaXOoJIT COOTBETCTBYIOIIEE 3HaUeHHEe nmapameTpa Z (mmo Tabia. 3.2), a 3aTeM pacCUUThI-
BAaIOT CPEIHUHN PauyC YaCTUIIl UCCIIETyEMOM TUCTIEPCHON CUCTEMBI:

ZA
r o (3.7)
Tabmnuma 3.2
ITokasarenns crereny N B ypaBHeHuH [ emiepa
B 3aBHCHMOCTH OT mapameTpa Z
n Z n Z

3.812 2.0 2.807 5.5
3.686 2.5 2.657 6.0
3.573 3.0 2.533 6.5
3.436 3.5 2.457 7.0
3.284 4.0 2.379 7.5
3.121 4.5 2.329 8.0
3.060 5.0

IIpudopsl n peakTuBbl. POTOIIEKTPOKOJOPUMETP, BBICOKOIUCIEPCHBIN 30/1b (TOIH-
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CTHPOJIBHBIN JIaTeKC, 30J1b Cynbdara Oapus).

Ilopsinok BbIMoHeHHss padoTbl. CHayasia U3MEPSIOT ONTUYECKYIO IMJIOTHOCTH 301 C
MOMOIIBIO (POTOIIEKTPOKOIOPUMETPA, UCHOIB3ysd cBeToQuiabTp No 3. 3HadyeHHEe ONTUYECKOH
MJIOTHOCTH 30J1s1 JOJDKHO HaxoauThes B penenax 0.70-0.95. Ecnu 3nauenue D o6pa3iia MeHbIie
Wi OOJIbIIE YKA3aHHBIX, CIEAYET COOTBETCTBCHHO YBEIMYUTH WM YMEHBIIUTH KOHIICHTPAIIHIO
qucrepcHoi (aspl. 3aTeM OIpenessioT ONTHYECKYIO IMIOTHOCTh 30J1s1 MPHU Pa3IMyYHbIX JTHHAX
BOJIH majatoniero cera (ceerogunbTpel Ne 3-9). [Ipu kaxa0i ATMHE BOJIHBI ONTHYECKYIO TUIOT-
HOCTb U3MEPSIIOT TPH pa3a U ONPENENAOT cpeaHee 3HaueHue D. 3naueHnue IIMH BOJIH, COOTBET-
CTBYIOLIMX CBETO(PMIBTPAM, COCTABIISIOT:

Ne cBerodpunsTpa 3 45678 9

Asax, HM400440483540582620625

Hanee nHaxoasat 3Ha4eHust |9 e 1 1Dy, cTposT rpaduk B koopaunatax 19D, —1g e 1
OTIPENETISIOT MoKa3areab cTeneHru N B ypaBHeHuU (3.2). [lo manubiM Tabmwmis! (3.2) npeaapu-
TENBHO CTPOAT rpaduK B KOOpAMHATAX Z—NU HAXOJAT 3HAYCHHE MapaMeTpa Z, COOTBETCTBYIO-
niee panee onpezaeneHHomy N. [lonydeHHbIe pe3ynbTaThl 3aUCHIBAIOT B Tabnuiy (3.3).

[To ypaBuenuto (3.7) paccuuThIBalOT paauyc 4acTuil 30is. [Ipu pacuere I B ypaBHEHHE
(3.7) Hy’)XHO MOJCTAaBUTh CpEIHEE 3HAUCHUE JUIUH BOJH Acp B TOM HHTEPBAJE, B KOTOPOM OIMpe-
JeIsIcs ToKas3aTenb crenenu N. Bennmuuny Aqp. HaXOAAT IO COOTHOIIEHUIO:

ﬂ’sak./waxc. + ﬁ’sam‘w UH.
A, = ; (3.8)

HaiinenHoe 3HaueHue I COOTBETCTBYET CPEIHEMY PAIIYCY YaCTHIL 30J151.

®opma otuera. OTUET JOHKEH COAECPKATh Ha3BaHHE U OMKCAHUE LEIH paboThl, KpaTKUE
TEOPETUYCCKHEC ITOJIOKCHHSI, MOPSIOK BBIMOTHCHHUS SKCIIEPUMEHTA, 3allOJIHCHHYIO TaOJHILy,
rpaduk B KoopauHaTax Z-N mo maHHeiM Tabiunbl (3.2), rpaduk B koopauHarax IgD-IgA,

HalICHHBII U3 pe3yNIbTaTOB OIbITa PaJANYC YaCTHUIIbI, BEIBOJ 110 Pe3yIbTaTaM paboThl.
Tabmuma 3.3

OKCIepUMEHTAJIBHBIE TAHHBIE Ul pacueTa pa3MepoB
YaCTHUI[ AUCIIEPCHBIX CUCTEM, HE ITOJUHHSIOIINXCS
ypaBHeHUIO Pastes

Homep  |Aeuw, BM| IgA D |[Deg | 1gDp. | n | Z
cBeTopUIbTpa

KonTpoJibHbIe Bonpocskl

1. Kakue ontuyeckue sBIeHUs HAOIIOAAIOTCS MPHU MAJCHUU JTyda CBETaHA JAUCIEPCHYIO
cucremy?

2. Kakne ontuueckue METOJbI UCIIOJIB3YIOTCS Ul ONPENEICHHs] pa3MEpPOB YacCTHIL] IHUC-
MIEPCHBIX CUCTEM?

3. B ueM cymHOCTh TypOUIMMETPUYECKOT'O METO/1a aHATIN3a?

4. Kakue 301u Ha3biBaloT «OenbiMu»? Kakast cBsi3b MEXIY ONTHYECKON MIOTHOCTHIO U
MYTHOCTBIO 30JI€1?

5. Kakue nucrepcHble CUCTEMBI MOKHO HCCIEAO0BaTh, MCIOJB3YS ypaBHeHUs Panes u
I'ennepa?

JIABOPATOPHASA PABOTA Ne 5 (4 yaca)
SJIEKTPODOPE3

Heans padorbl. O3HakoMIleHHWE C sBIEHHEM dyekTpodopesa. OmnpeaeneHne CKOpOCTH
JBUKEHMS 4aCTUI B 2JIEKTpUUECKOM noJie. Onpenesnenre 3HaKa 3apsaa U BEJIMUUHBI 2JIEKTPOKH-
HETHYECKOIo MOTeHIMaNa 307151 OepIMHCKOH JIa3ypH.

Kparkune Teopermueckmue mosoxkeHusi. [Ipym ABM>KEHMM TBEpAON YacTULBl JBOMHOU
anextpudeckuii cioi (JI9C) pa3priBaeTcs M0 TIIOCKOCTH (TpaHUIE) CKOJBXKEHHUS C 00pa30BaHU-
€M 3apsDKEHHON KOJUTOMTHON YacTuIbl U ¢ Gy3HBIX TPOTUBOMOHOB. BenuunHa 3apsiia Kojio-
UIHON YacCTHIbl XapaKTEPU3YETCsl BEIIMYMHON JJIEKTPOKMHETHUYECKOTO NMOTeHIMana. Bee siek-
TPOKUHETHYECKHE SBJICHUS B JINOPOOHBIX 30JI51X (AIEKTPOOCMOC, IIEKTPOQope3, TOTSHIIUAT Te-
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YEeHUsl, MOTEHIMA CEAUMEHTAIIMN) ONPEIETAIOTCS BETUYMHON U 3HaKOM (-TIOTEeHIMaia. JTa Be-
JIMYMHA BO MHOTOM OIPENENAEeT YCTOMYMBOCTh KOJUIOMJIHOTO PAaCTBOPA, KOTOPYIO OMPEACISIOT
0OBIYHO Ha OCHOBE 3JEKTPOPOPETUIECKUX U3MEPCHUH.

Ecnu B KOMIOMAHBIN pacTBOp OMYCTUTH AJIEKTPObl U HA HUX CO37aTh MOCTOSIHHYIO pa3-
HOCTH TIOTEHIIUAIOB, TO KOJUIOMIHBIC YaCTHUIILI ¥ AU Py3HBIC MPOTUBOMOHBI OYIyT IBUTATHCS K
MIPOTUBOIIOJI0KHO 3aPSYKEHHBIM JICKTPOIaM.

JIBM>KEHHME YacTHUIl AUCIIEPCHON (pa3bl OTHOCUTEIBHO NUCIEPCUOHHOW CpPEeIbl TOJ JICH-
CTBHEM BHEIIHETO JICKTPUUECKOTO TOJISl HA3bIBACTCS IEKTPODOPE30M.

DnexTpodope3 00HAPYKUBACTCS IKCIIEPUMEHTAIBHO 1O BBIICICHUIO HA OJHOM M3 DJIEK-
TPOJIOB (MJTM OKOJIO HETO) AUCTIEPCHOM (pa3bl, a TaK)Ke 1O CMEIICHUIO TPAHUIIBI pa3jiesia «KOJIJIOo-
UJTHBIN pacTBOP — JUCIIEPCUOHHAS CPeia» K OJTHOMY U3 JJIEKTPOIOB.

3nauenue C-moTeHnMana (B BOJbTAX) PACCUMTHIBAETCS W3 M3MEPEHHOW B XOJ€ OIbITA
CKOPOCTH JIBMKEHUSI YaCTUIL IO ypaBHEHHIO I enbmrodibiia-CMo1yXOBCKOTO:

4rnJ 2
=——+-300°, (4.1
= (4.1)

IJI€ 7] U € — BSI3KOCTh M JUAJIEKTPUYECKasl IPOHULIAEMOCTb CPEJIbl HAa TPAHULIE CKOJIbKE-
HUs; H— rpaJueHT NoTeHlrana BHEIHEero anekTpuueckoro nous (H = E/L, rne E— npuiioxes-
Has pa3HOCTh MOTEHIMAJIOB Ha 3JIeKTpoaax, B, L — paccrosinue mexay aiiekrpogamu); U— cko-
pocThb srekTpodopesa; 3002 — mepeBOIHON MHOKHUTENb I BHIYMCICHUS (-TIOTEHIUAA B BOJb-
Tax.

3Ha4YeHus 7] ¥ & MOJCTAaBIsIEMbIE B ypaBHeHHE | enbM-Tonbna-CMOITyX0BCKOTO, OepyTCst
0OBIYHO U1 AUcHepcUOHHON cpenbl. [Ipu 3TOM fomyckaercst HeKoTopas omnoKa, Tak Kak, OJa-
rojapsi MOBBIIIEHHON KOHIIEHTPAIM MOHOB, 3HAYEHUS 7] U &€ B ABOWHOM 3JIEKTPUYECKOM CJIO€
OTJIMYAIOTCSI OT COOTBETCTBYIOIIMX 3HAYCHHUU JUIsl TUCIIEPCUOHHON cpenpbl. g BOJBI TP KOM-
HaTHOH Temmeparype MOXKHO NpuHsATh, 4To & = 80.1, 7 = 0.001 Ila-c. DTH 3HaYEHUS UCIIOIB3Y-
I0TCS IIPU pacueTe {-NMoTeHLuana B JaHHOU padoTe.

CkopocTb anekTpodopesa onpeAesnstoT, UCIOIb3Ysl METO MEePEeABUTAIOLIEHCS TPAaHUIIbL.
OH 3akio4aercss B TOM, YTO OKpAIIEHHBIH KOJUIOMJIHBIA pacTBOp MOMEMIAIOT B 3JIEKTPOdO-
PETHYECKYIO S4eiiKy, CBEpXYy HAJIMBAIOT KOHTAKTHYIO (OOKOBYIO) >KMJIKOCTh M HaOJIIOJAIOT 3a
CKOPOCTBIO MEpEeMELICHUs] TPaHULbl pa3jienia 301b—00K0Bas KHUJIKOCTb IMOJ JEHCTBHEM NPHIIO-
KEHHOM K 3JIEKTPOJIaM Pa3HOCTH MoTeHIMaNoB (E). B oMHOM KojeHe s4YeiiKu TpaHulla pasjena
NOJHUMAETCS, TaK KaK KOJUJIOWJHBIE YACTULBI MEPEXOIAT B OOKOBYIO JKUAKOCTb, B JPYrOM —
OITYCKaeTCsl, MOCKOJIbKY KOJUIOMHBIE YaCTUIbI IBUKYTCS BIUIYyOb KOJUIOMIHOTO PacTBOpA.

KoHTakTHas XUAKOCTh HEOOX0AuMa I CO3JaHus TPaHUIlbl pa3zesia, OHa JOKHA OBITh
0JIM3Ka 10 CBOEMY COCTaBYy K AMCIIEPCHOHHON cpejie 30415, U UMETh OJIMHAKOBYIO C 30JIeM 3JIeK-
TPOIIPOBOJHOCTb.

IIpudopsl n peakTuBbl. DieKTpoopeTHUecKas SUeiKa; UCTOUHUK MOCTOSIHHOTO TOKa
(manpsioxenust) 10 300 B; kon6s1 Ha 200 M — 6 wiT.; nuiuHAp Ha 150 mi; ctakansl Ha 50 vt — 2
wit.; nunetkd — 2 wr.; 0.5 M Ka[Fe(CN)e]; Hackimiennsiit Ha xonozae pacteop FeClz; 0.1 M KC1;
JUCTWIIMPOBaHHAs BOJA.

Iopsaok BeimoHenus padorsl. BHUMAHHME! Ha sueliky nogaeTcst BBICOKOE Hampsi-
xeHue! Bo nzdexxanne nopaxeHusi TOKOM BCE MOATOTOBUTEIBHBIE U PETYIMPOBOYHBIE ONEpaluu
Ha siYeliKe MPOBOJAT TOJIBKO MPU OTKJIFOUEHHOM HaIpsbKeHUU. To ke kacaeTcst pa30opKu sueiiku
JUISL MBITBS. 3alpeliaeTcs KacarbCs OrOJEHHBIX YacTE JIEKTPOJOB, CONPUKACATh UX, a TAKXKE
YKJIa/IbIBaTh 3JIEKTPO/Ibl BHE N30JIMPOBAHHBIX THE3.

Ipucomosnenue 3015 6epaunckoli aazypu. bepnuHckyro na3yppb (rexcanuanodeppat(ll)
xene3a(lll)) momydaroT B pe3ynabTaTe XUMHUYECKON PEAKITUN:

3 K4[Fe(CN)e] + 4 FeClz = Fes[Fe(CN)e]s + 12 KCI.

1. TTomydenue 3011 OEPIAMHCKON Ja3ypu ¢ OTPUIATENHHO 3aPsHKCHHBIMH KOJUTOUIHBIMU
yactunamu. B konOy HanuBator 150 M quctuimupoBaHHO# Boabl U no6aBisitoT 10 xamens 0.5
M pactBopa Ks[Fe(CN)e]. 3areM mpu MHTEHCHBHOM IEPEMEINMBAHUH MPUIKBAIOT MO | Karute
HackinieHHoro pactBopa FeCls. Tlomyuaror 301bp OepiaMHCKOH Ja3ypH, CTaOMIN3UPOBAHHBIHN
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K4[Fe(CN)s], muiiesia KOTOpOro UMEET BUI:
{[Fea[Fe(CN)s]s]mn [Fe(CN)s]*~ (n — 4x)K*}* 4xK*.

2. ITomyuenue 30115 OEpIMHCKON JIa3ypH € MOJOKUTEIBHO 3apSHKEHHBIMU KOJUIOUTHBIMH
yactuaMu. B koin0y HanmuBaroT 150 M1 TUCTHIUTMPOBAHHON BOJBI M1 B KAXKIYIO 100ABJISAIOT 1O 3
karu pactBopa FeCls. 3arem npu MHTCHCUBHOM NepeMENIMBaHUM T00ABISIOT 1-2 Karm pac-
tBopa K4[Fe(CN)s]. [TonyyaroT 30116 GeparHCKO# 1a3ypu, ctabunmusupoBannsiii FeCls, muriemnia
KOTOpPOT0 UMEET BU:

{[Fea[Fe(CN)s]s]mnFe®" (n — 3x)CI-}*** 3xCI".

[TosrydeHHbIe 3011 OCTaBIAOT HA 5-10 MUH U B TEYEHHE ATOIO BPEMEHU MPOBEPSIIOT 3HAK
3aps/ia KOJUTOMAHBIX YacTHI[ ¢ TOMOIIBI0 (GriibTpoBanbHOW Oymaru (cMm. pabdoty Ne 2). Jlns
JanpHeieil paboThl HCIIONIB3YIOT OJIMH U3 30JI€H 10 YKa3aHMIO MPETo1aBaTels.

Iloozomosxa npubopa x pabome.ONyCTUB 3aKUMBbI, CHUMAIOT U MPOMBIBAIOT CTEKJISH-
HBI€ YaCTH pUOOpa TUCTUIITUPOBAHHOMN BOOMH.

['OTOBAT KOHTAKTHYIO XKHIKOCTb, JUIS 3TOTO HAMMBAIOT B K010y 100 cM® muctunmmpoBan-
HOU BojbI, qo0aBistor 10 kamens 0.1 M pactBopa KCl, conepxumoe TiiatenbHoO mepeMeninba-
10T. 3aMBalOT OOKOBYIO JKUJIKOCTh JO TMOJIOBUHBI KOJIEH TPEXKOJEeHHOH stueliku 1 (puc. 4.1) u
YCTaHABIIMBAIOT SIUYEHKY BEPTUKAIbHO HA OCHOBAaHUM IITaTUBA. BeTaBisatoT anekTpoas! 4 B Kpaii-
HUE KOoJieHa sueiku 1.

BcenomoratensHbIi coCy/] 2 ¥ UINETKY 3 3alOJHSIOT UCCIEAYeMbIM 3051eM 0e3 Mmy3bIpeit
¥ YCTaHaBJIMBAIOT €T0 C 3aKPBITHIM 3KMUMOM 5 Ha INTAaTHBE TaK, YTOOBI HOCUK MUIETKU HE J0-
XOAUJI J10 THA cocyaa 3-5 mm. OCTOPOXKHO OTKPBIBAs 3aKUM D, BBOAST 30J1b B IYEHKY TaK, YTO-
OBl MOJBEM KHAKOCTU B KOJEHaX Mmpoucxoawi 0e3 mepememuBanus. Korna snekrponast 4 oka-
JKYTCsl TIOIPYKEHHBIMU B JKHUJKOCTb Ha 5-7 MM, 3aKMM 3aKpbIBalOT. B KpallHUX KOJIEHAaxX NpHU
9TOM JOJDKHA OBITh YeTKasl TpaHHIla MEXIy 30J7eM U OOKOBOH kuakocThio. [locne sToro Bxito-
YaloT UCTOYHMK MUTAHUS U TIOJAIOT Ha 3J1eKTpobl 4 Hanpspkenue 250 B.

5 Puc. 4.1. [Ipubop ansa HaGmro-
neHus snekTpodopesa:

41— snexrpodopernyeckas
sYerka;
2 — BCTIOMOTATEIbHBIN COCY]I;
3 — IMIeTKa;
4 — BIEKTPOIbI;

1 5 saxum

[MognepxuBast HanpsHDKEHUE Ha AJIEKTPOJIax Ha MOCTOSIHHO 3aJaHHOM YPOBHE, Uepe3 Kax-
JbIe 5 MUH B TEUYCHHE TOJTydaca 3alMUChIBAIOT TOJOKEHUE TPAHUIIBI 30151 B KOKIOM U3 KPAHHUX
KosieH. JlanHbple HaOMIOAeHHId 3aHOCAT B Ta0uiy 4.1.

Tabmuma 4.1
DKcrepUMeHTabHbIE TaHHBIE YJIEKTPOPOPETUUECKUX
V3MEPEHUIN
Ne t, MuH [Tono>xeHne rpaHullbl B ITono>xeHne rpaHuIBl B JIEBOM KOJIEHE, CM
IIpaBOM KOJIEHE, CM

1 5
2 10
3 15
4 20
5 25
6 30
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HaOmnromaroT mosiBlieHHE MY3bIPHKOB BOJOPOJa HA OJHOM M3 3JICKTPOJOB. 3aKOHUYUB
HaOJIFOICHNUS, BBIKITIOYAIOT HCTOYHUK MTUTAHUS M OTKJIFOYAIOT OT HETO 3JICKTPOJIbI.

ITo naHHBIM TaOIHIIBI CTPOSIT TpapUK B KOOPAMHATAX MEPEMEIICHUS TPaHULLI N— BpeMs

JUTsl TIPABOT'O M JIEBOTO KoJieHa. [y pacueTa BeNMYMHBI (-TIOTEHIMATA UCIIOJIb3YIOT JIMHCHHBIN

y4acToK rpaduka:

_ AhnL

, (4.2
egET 4.2)

rae 7= 0.001 ITa-c — Bsa3koCTh BOAbI; AN — B3sTOE C IMHEHHON YacTh rpaduKa CMEIeHHE
rpaHuibl 300181 3a BpeMms t, cMm; € = 80.1 — quanexkTpudeckast mpoHUIaeMocTh Bosl ipu 20°C, &
= 8.85-10 2 ¢h/m — snekxTpuueckas MOCTOSAHHAS; £E— pa3sHOCTh MOTEHIHATIOB Ha dIeKTpoaax, B; L
— pacCTOSIHME MEXY 3JIEKTPOJIaMu, H3MEPEHHOE BJIOJIb KOJIEH U JYTH STYCHKH, CM.

Ilocne moOACTaHOBKM NOCTOSIHHBIX BEJIUYMH M IEPEBOJHBIX MHOXKMTEJIEH ypaBHEHUE
YIPOIIAETCS:

G = 2.35&. 4.3)
Er

B oxonuatenbHoM ypaBHeHHH Ah u L mOACTaBIAOTCS B CaHTHMETpax, t — B MUHYTax;
Ah/t — ckopocTh IepeMeIeH ST TPAHUIIBI 307151, CM/MHH.

PaccuuthiBatoT {-OTEHIMAI 110 JaHHBIM CKOPOCTH JBUKEHMSI TUIOCKOCTH CKOJIBKEHUS B
paBoM U JIeBOM koJieHaX. [lo pe3ynmbraTam HaONIOJEHUN U pacdyeToB JIENAalOT BBIBOJ O BENHU-
YUHE U 3HAaKe {-TIOTEHIMAA.

®opma otuera. OTUET AOHKEH COJEpPXKaTh Ha3BaHUE PadOThI, OIMCAHUE €€ LU, KpaT-
KUl KOHCIIEKT TEOPETUYECKOW YacTH, KPAaTKYI0 METOAMKY MPOBEICHUS OMbITA, CXEMAaTUYECKUI
pUCYHOK TiprOopa 1t HAOIOIEHUSI CKOPOCTH AJIEKTpodope3a, 3aloIHEHHYI0 Ta0uily, rpadu-
KU, BBIUMCIICHHE {-TIOTEHIINANA, BBIBOIBI.

KonTpoJibHbIe Bonpocskl

1. Ilepeuncnure 3MeKTPOKUHETUYECKHE SBICHUS U OOBACHUTE, YeM OHU 00YCIIOBIICHBI.

2. Uto Ha3BIBAIOT DJIEKTPOKMHETHUYECKUM ToTeHIHaioM? Kakue ¢akTopsl BIUSIOT HA -
MOTEHIUAN?

3. Yto Ha3bIBaeTcs nekTpodopezom?

4. HamummTe CTpOCHHUE MHUICIUT OCpPIMHCKOHM na3ypu, cradbwimsupoBaHHbix FeCls u
Ka[Fe(CN)g].

5. Kak paccunTaTh BETMYMHY JIEKTPOKMHETHYECKOIO MOTEHIIMAla Ha OCHOBE 3JIEKTPO-
dopeTnyeckux u3MepeHHii?

JIABOPATOPHAS PABOTA Ne 6 (4 yaca)
OITPEJIEJIEHUE BA3KOCTU KOJUIOUAHBIX PACTBOPOB

Hean padorsl. OnpeneneHne BI3KOCTH KOJUIOWIHBIX PACTBOPOB C IMOMOUIBIO KaUJUIAPHO-
ro BUCKO3UMETpa. M3yueHue BIMSHMS HA BSI3KOCTh KOHIIEHTPAIMM PAacTBOPOB, TEMIIEPATYPhl U
AIIEKTPOJIUTOB.

Kparkue Teopernueckne moso:keHus. ['pyrnny cBOHCTB AUCIIEPCHBIX CUCTEM COCTABIISAIOT
peosioruueckrie cBoiicTBa. Peosorust — 3To Hayka o aedopmauuu U TeyeHuH marepuanon. K
CBOMCTBAaM OTHOCST BS3KOCTb T TEKYYECTb.

Bazxocmo - BHyTpeHHEE TpEeHUE MEXIY CIOSIMU JTaHHOM KHUAKOCTH, TBUKYITUMHCS OTHO-
CUTEIIBHO JIPYT JIpyra.

Texyuecms - CBOWCTBO, MPOTHUBOMOJIOKHOE BA3KOCTH. BenmnunHa, oOpaTHast BETUYHHE BSI3-
KOCTH, Ha3bIBA€TCS TEKYUECTBIO.

Bsi3koCcTh sIBIsIETCSI pe3yNbTaTOM MEKMOJIEKYIISIPHOTO B3auMozeicTBus. Uem Gombliie cu-
JIbI MOJIEKYJISIPHOTO IPUTSKEHUS, TeM OO0JIbIIIE BA3KOCTb.

JI71 )KUIKOCTeH XapaKTepHbI 1Ba OCHOBHBIX THIA TEUEHUS: JaMUHAPHOE U TYpOYyJIEHTHOE.
JlaMUHApHBIM HA3bIBAIOT TEUCHHE XKUIKOCTH B BHUJE MapalICIbHBIX CJIOEB, HE MEPEMEIINBaI0-
muXxcst MeXay co6oil. TypOyneHTHOe TeueHne — 3To0 OypHOEe TeUeHHe, COMPOBOKIAIOIIEeCs B3a-
UMHBIM TIepEeMEIINBAHUEM CIIOEB KHJIKOCTH. PaccMaTprBaeMble 3aKOHBI BSI3KOCTH OyIyT OTHO-
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CUTBCS TOJIBKO K JJAMHHAPHOMY TeueHHUIo. JIaMHHApHOE TeUeHHUE CI0EB KUAKOCTH MOXKET OBIThH
BbI3BaHO 0ECKOHEYHO MaJIOi CUJION, HO IEHCTBYIOIIEH JOCTATOYHO JUIUTEIbHOE BPEMs.

Ecnu BHYTpH JKUAKOCTH B3ATH JIBA CIIOSI, TO, COTIACHO 3aKOHY HbIoTOHA, cHla BHYTpEeHHe-
ro TpeHus F, paBHas 1Mo 3Ha4eHHIO, HO OOpaTHasl MO HAIIPABJICHUIO CUJIE, MPUIIOKEHHON M3BHE,
IPONOPIMOHATIBHA TUIOIIAAN IO S, K KOTOPOMY TPUIIOKEHA 3Ta CHIIA, U TPAJUEHTY CKOPOCTH
JBIDKEHUA do/dX MEXIY CIOIMU:

F=nS—, (1)
dx
rae 17 — Kod(PUIMEHT MPOMOPIHUOHATBHOCTH, Ha3bIBa€MbI KOA(DPUIIMEHTOM BSI3KOCTH (WK
BSI3KOCTBIO).
[7]=H-c/M?>=xr/m-c=1Ila-c.

[Tpubops! Ay U3MepeHus: BA3KOCTH Ha3bIBAIOTCS BUCKO3UMETpaMu. Yale MCHOIb3yITCs
KalWUISIpHbIe BUCKO3UMETPhI (puc. 1). KanuyuispHblii BUCKO3UMETp MpEACTaBiIseT co0oil 1Be
cooOlIaroluecs: CTeKIssHHbIe TpYOku 1 u 2, onHa U3 KOTOphIX UMeeT Kamwuisap 3. Ha TpyOke 3
uMerTcs MeTku A u B.

Ha ocHoBaHuu sKCIIepUMEHTaIbHBIX JAHHBIX 110 U3MEPEHUIO CKOPOCTU BBITEKAHUS HKHUIKO-
crei u3 KanwuisipoB [lyaseiib moryuusn ypaBHEHHUE:

4
V= zr Pt ’ (2)
8l
rac V — 00BbeMm KHNIKOCTH, BBITeKaIOIJ_Ieﬁ U3 KalluJupa, r— paanyc Kalujusgpa, P— JaBJICHUC,
10J1 ICHCTBHEM KOTOPOT'O JKUIAKOCTH MPOJIABIMBACTCS Yepe3 Kamuuwip; | — miunHa kamwsipa; t —
BpCM: Ha6J'II-OI[eHI/I$I; 1 — BA3KOCTb KUJKOCTH.
Orcrona cnenyer:

4
zr Pt
"= : ©)
8Iv
I[J'Iﬂ JaHHOT'O BUCKO3UMETPA BEJIMUNHDBI V, r, | MMOCTOSAHHBI, TIO3TOMY MOYKHO ITPHUHATE!:
4
zr Pt
K = . 4)
8V
Ortcrona hopmyna (5.3) npuHUMaeT BUA:
n=KPt. (5)
1 — 2
Puc. 1. KanumisspHelid BUCKO3UMETP:
A 1, 2 — coobmuraromuecs TPyOKH;
3 — KanmwuIsIpHas TpyOKa;
A, B — metku.
3

OTHolIEHNE BA3KOCTU UCCIIEYEMOM XKUAKOCTU K BA3KOCTU BOJbI Ha3bIBAETCSI OTHOCUTEIb-
HOH BA3KOCTBIO:
_ (6)
o
OTtHOocHTENbHAS BSI3KOCTh C YUETOM YpaBHEHMS (5) paBHa:

nomn.
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Tt )
"oy KoPolo  Roto
rae 7o, Po, to oTHOCATCS K BOJiE, a 77, P, t — K uccineayeMon auJIKOCTH.
[Ipu onMHAKOBOM BBICOTE CTOJIOOB KUIKOCTEH JABJICHHE MPSIMO MPOMOPIIMOHAIBHO TUIOT-
HOCTH 3THUX XKUJKOCTU (p U po). Torga oTHOIIEHHE JaBICHUN MOXKHO 3aMEHUTH OTHOILIEHUEM
IUIOTHOCTEH:

n_ Pt
Mo Polo
Orcroa:
pt
n=ng——-
Polo
Bszkocts Bozbl npuHuMaroT paBHol 1 c-Ilyas, Torna:
pt
n=——. (8)
Polo

OmnpenenuB BpeMsi UCTEUEHUS ISl BOJBI U UCCIIEAYEMOM KHUJIKOCTH, HAXOAAT BA3KOCTh UC-
CIEAYEMOM )KUIKOCTH.

Ha Bs3kOCTh PacTBOPOB OKa3bIBAIOT BIMSHUE KOHIEHTpAlMs, MPUPOAA PACTBOPEHHOTO
BELIECTBA U PACTBOPUTEINS, 3aps] YaCTULL, KOJIMYECTBO U MPUPOAA JOOABISIEMBIX JIEKTPOIUTOB
U JIp.

IIpu6opsl u peakTuBsbl. Buckozumerp; cexynnomep; 1% u 0.5% pactBop xenaruna; 30J1b
ruapokcuaa xenesa(lll); 1 M KI; 1 M KoSOa.

Iopsinok BbINOJIHeHUs1 padoThbl. [lepen paboTON BHCKO3UMETP HEOOXOIUMO MPOMBITH
XPOMOBOM CMEChIO U AUCTHUIIIIMPOBAHHOM BO/IOM, @ 3aTeM IPOCYIIUTh B CYIIMIBHOM LIKaQYy.

Jlia omnpeneneHusl BSI3KOCTH BHUCKO3MMETP YCTAHABIMBAIOT BEPTUKAIbHO B IITaTuBE. B
HIMPOKOE KOJIEHO TPYOKH | HaMMBAIOT KHUJIKOCTb, KOTOPYIO 3aT€M 3acCachIBalOT C MOMOIIBIO pe-
3MHOBOH Ipyllin B TpYOKY 2 BbIlIe METKH A. 3aTeM JKUJKOCTH Jal0T CBOOOJHO BBITEKATh, OTME-
qasi 10 CEKYHJIOMEpY BpeMs MPOXO0XkKAEHUsA oT MeTKU A 10 MeTku B. IloBTOpsitoT onpenenenue
HEeCKoJIbKo pa3. IIpu 3TOM cHauyana HaxXoAsT BpeMsl WCTEUYEHMsI BOJABI uepe3 Kanmwuisip (mpu
OTIpeIeIeHHON TeMIieparType), a 3aTeM BpeMsl HCTEUEHUs UCCIIeyeMOH KUIKOCTH.

OmnbiT 1. U3MepeHne BA3KOCTH 30J1eil THAPOKCHAA
wxesesa(lll) u xxkenaruna

IIpn nocrosiHHOM Temneparype (18-20°C) ompenensitoT OTHOCUTEIbHYIO BS3KOCTb JIHO-
GoOHBIX 1 MHO(UIBHBIX 3051el. Vi3MepeHus MpoBOIAT HE MeHblIe Tpex pa3. CpaBHUBAIOT MOJY-
YEHHBIE PE3YJIbTaThI.

OnpiT 2. Biansinne KOHIEHTPAIUM PacTBOpa
HA BA3KOCTH
N3 ropsiuero 1%-Horo 30514 jxenaTHHA FTOTOBATCS PaCTBOPHI CIEAYIOLIEH KOHIICHTPALUH:

Ne pacTBOpa
Cocras 1 > 3 2 :
1% pacTBOp KenatuHa, Mi 1 25| 5 |75 10
JluctuimupoBaHHast BOJa, MIT 9 |75 5 25| 0
Konuenrpanus pactopa, % 0.1 0.25/ 05 |0.75| 1

OxJTa)x1ar0T TPUTOTOBJIEHHBIE PACTBOPHI JO KOMHATHOM Temreparypbl. M3mepsior BA3-
KOCTb MOJTYYEHHBIX pacTBOPOB. CTPOSAT rpaduk 3aBUCKMOCTH BSI3KOCTH OT KOHLIEHTPALIHH.

OnbIT 3. Biansinue TeMnepaTypsl Ha BA3KOCTh
0.5% pacTBOp KenaTUHA HAIMBAIOT B BUCKOZUMETP, MOTPYKAOT B IMIMPOKOE KOJIEHO BHC-
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KO3UMETpa TEPMOMETP M MOMEIIAIOT MPHOOp B CTaKaH CO CMECBHIO BOABI M JibAa. Onpenensor
BpeMs ucrteueHus: pacteopa npu 0°C. 3aTeM MoMemarT BUCKO3UMETP B CTaKaH C BOJOH COOT-
BETCTBYIOILIEH TEMIIEpaTypbl, HarpeBatoT U mpoBoaar usmepenus npu 20, 40 u 60°C. Ilepen
KaXKIBIM ONPEIEICHHEM PacTBOP MPOCACHIBAIOT uepe3 Kanusuiap 2-3 paza. Ctposar rpaduk 3aBu-
CHUMOCTH BSI3KOCTH OT TEMIIEPATYPHI.
OmnbiT 4. Biusinue coJjieil Ha BA3KOCTh

B tpu npobupku HamuBaroT o 5 mi 1% pactBopa jxkenatuHa. 3aTeM B MEPBYIO IPOOUPKY
npuwmBaioT S mut 1 M KI, Bo Bropyro — 5 mi1 1 M KzSOs, B TpeTbio — 5 MIT TUCTHITMPOBAHHON
BOJIbL. THIATENIbHO MEPEMENINBAIOT M OCTABIISAIOT MPUOIM3UTENBHO Ha 1 yac. 3aTeM omnpeaessoT
BA3KOCTh. Ha OCHOBaHMHM MOJYYEHHBIX AAHHBIX JENAIOT BBIBOABI O BIMSAHUU aHHMOHOB Ha BS3-
KOCTb 30JI1.

®opma otyera. OTUET JOHKEH COACPKATH PACUCThl BA3KOCTH, TpadUK B KOOPAHHATAX 7}—
(%) (omeIT 2), rpaduk B KoopauHATax 777 (OMBIT 3), BEIBOBI [0 Pe3yJbTaTaM paboThI.

Otuer o pabore:

Omeit 1. U3mepenune BsizkocTH 3o0iiei ruapokcua xenesa(lll) u sxenaruna.
[Tonmy4yeHHBIE pe3y/IbTaThI 3aHECTH B TAOJIHILY:

PactBop ti,c | to,c | ts,c | tep, C P, n,
riem® | Tla-c

Bona

301b THI-
pokcua
Kelesa
301b Kela-
THHA

PacuerTsr:
BriBOa:

OmpIT 2. BnusiHME KOHIIGHTPALIUKA PACTBOPA HA BSI3KOCTb.

[TonydeHHble pe3ynbTaThl 3aHECTH B TAOJIUILY:

PactBop t1, c t2, ¢ t3, tep, € n,
ITa-c
Bona
1
2
3
4
Pacuersr:

Fpa(bI/IK 3aBUCUMOCTH BA3KOCTHU OT KOHICHTpAallluKU pacTBOpaA.



BriBoxa:

OnbIT 3. BausgHue TeMneparypbl Ha BA3KOCTb.

[TonydenHble pe3ynbTaThl 3aHECTU B TAOIUILY:

PactBoOp

t1, C

o, c

t3, ¢

tep,

n,
ITa-c

Bona

30/ XKe-
JIaThHA
(20°)

301 XKe-
JIaTUHA
(40°)

30/ XKe-
JIaTUHA

(60°)

PacuerTsr:

rpa(bI/IK 3aBUCHUMOCTH BA3KOCTH OT TEMIICPATYPHI.

BriBOa:

OnbiT 4. Bnugaue coiieil Ha BA3KOCTb.
[TonydeHHbIe pe3ynbTaThl 3aHECTU B TAOIUILY:

PactBop

{1, c

to, c

3, c

{ep, €

Bonma

1% - HbBId
pacTBop
JKeJlaThuHa

1% - wubd
pacTBop
JKejaThuHa +
KJ

1% - wHeIi
pa

30
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CTBOp  XKe-

JJaTUHA +

K>2SOq4
PacuerTsr:
BeiBOa:

KoHTpoJibHbIe BONIPOCHI
1. Yro Takoe BsI3KOCTh? UTO HA3BIBAIOT OTHOCUTEIILHOM BA3KOCTHIO?
2. OOBsICHUTE MPUHIMI JCHCTBUS KANWUISPHOTO BUCKO3MMeTpa. Hamummre ypaBHEHUE
[Tya3zeiins 1uist 00BEMHOM CKOPOCTH ABUKEHUS KUIAKOCTH B KaITMILISAPE.
3. [louemy oTAe/IbHBIE AaHUOHBI OKA3bIBAIOT BIUSIHUE HA BA3KOCThH?

JIABOPATOPHAS PABOTA Ne 7 (4 gaca)
PA3PYIIEHUE U YCTOMYUBOCTH JUCHEPCHBIX CUCTEM

Komnnounneie pacTBopbl — TEPMOJMHAMUYECKH HEYCTOWYMBHIE cUCTeMbl. [IpuunHa He-
YCTOHYMBOCTHU — Ooubias MexdasHas MOBEpXHOCTh. B pe3ynbrare 3TOro KoJMIOUHbIE CUCTEMBI
0071a/1at0T N30BITKOM MMOBEPXHOCTHOM dHepruu ['mbd0ca. [1o3TOMy B KOJUIOMIHBIX pacTBOpax ca-
MOTIPOHU3BOJIBHO MPOTEKAIOT MPOIECCHl arperanuu (CIunaHus), NPUBOAAIINE K YMEHBIICHHUIO
MOBEPXHOCTH U, CJIEI0BATEILHO, TOBEPXHOCTHOU sHeprun ['udoca.

Y CTOWYUBOCTD TUCHEPCHBIX CUCTEM — 3TO UX CIOCOOHOCTH COXPAHSATh CBOE COCTOSIHUE U
CBOICTBAa C TE€YEHHUEM BPEMEHHU. Y CTOMYMBOCTH CUCTEMBI 3aBHUCUT OT Pa3MEPOB YaCTHUIl JUC-
nepcHoi (as3pl, arperaTHOr0 COCTOSHUSL M BSI3KOCTH JUCIIEPCUOHHON Cpelibl, MPUCYTCTBUS MPU-
Meceil.

Pa3znuyaror ABa BUAa yCTOMYMBOCTH: KMHETUYECKYIO (CEIUMEHTAIIMOHHYIO) M arperaTus-
HYIO YCTOMYUBOCTb.

Kunernyeckas (ceMMEHTAIIMOHHAsI) YCTOMUNBOCTh — XapaKTEPHU3yeT CIOCOOHOCTh YacTHUIL
JUCTIepCHOM (a3bl ocTaBaThbCs BO B3BELIEHHOM COCTOSIHMM. IIpu HapylieHHH KHHETHYeCKOH
YCTOHYMBOCTH IPOUCXOIUT OTAETICHUE TUCTIEPCHOM (a3bl OT TUCIEPCUOHHON CPEIBL.

ArperatuBHas YCTOMYMBOCTh — XapaKTEPU3YeT CIIOCOOHOCTh YaCTHUIl JAUCIIEPCHOM (a3bl
MPOTUBOCTOATH arperanuu (T.e. COCOOHOCTh COXPAHATh CTETIEHb JUCTIEPCHOCTH).

[Ipu HapymeHun 3TOro BUAa yCTOWYUBOCTH B CUCTEME CaMOIIPOU3BOJIBHO HAYT MPOIECCHI
YKPYIHEHUS YaCTHI] IyTEM UX CIMUIAHUS VI CIUSHUS.

[Tponiecc ykpyrHenus (ClumaHus) KOJUIOUAHBIX YaCTHI] B pe3yJibTaTe MOTEPU WX arpera-
TUBHOM YCTOMYMBOCTH HA3bIBACTCS KOATYJISILIUEH.

JIro6oe BHEIIHEee BO3ICHCTBUE MPU JOCTATOYHOW HHTEHCHBHOCTH BBI3BIBAET KOATYIISIIHIO.

OmnsIT 1. OnpeneseHue NOpora KOaryJisiiuy 301
ruapokcua keaeza(lll)

Heas padorsl. OnpeneneHue nopora Koaryasnuu 3o rugpokcuaa sxenesa(lll); nzyde-
HUE 3aBUCUMOCTH BEJMYMHBI IOPOra KOAryysiiiy OT 3apsiia KoaryJIupyooIlero noHa.

Kparkue Teopernueckue nosao:xkenusi. OqHuM u3 Hanbojiee BaXKHBIX CIIOCOOOB M3MEHE-
HUSl arperaTiBHON YCTOMYMBOCTH JMCIEPCHBIX CHUCTEM, OCOOEHHO 30JieH, SBJISETCS BBEACHUE
IIEKTPOJINTOB.

DIEKTPONUTHI MOTYT U3MEHUTh CTPYKTYPY JABOMHOIO 3IEKTPUYECKOTO CJIOSl, YMEHBIINTH
WINA YBENWYUTh (-TIOTEHLUAN M CIIEA0BATENbHO, YBEIUUYUTh WM YMEHBIIUTH AJIEKTPOCTaTHYE-
CKO€ OTTaJIKUBaHHE.

JInopoOHBIE 3011 OYEHb UYBCTBUTENBHBI K AJeKTpoiauTaM. HuuroxxkHele 1006aBKH coieit
BEAYT K BBINAJECHUIO TUCIIEPCHON (ha3bl ITUX 3051el B 0cafoK. Bee anekTponuTsl, 100aBIeHHbIE
B OIIPCACICHHBIX KOJIMYCCTBAX, CII0OCOOHEI BEI3BATH KOaryJjsinuro, B TOM YUCIIC U 3JICKTPOJIHUTHI-
CTaOMIIM3aTOPHI.

MuHuManbHAsE KOHLCHTPALKs 3JIEKTPOJIMTA, IIPU KOTOPOM JaHHBIN 3JIEKTPOJIUT BBI3BIBACT
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KOAaryJisiiiio, Ha3siBaloT moporom koaryssiuu (Ck) (MMoiib/i). [Topor KoaryJsisiiuu BEIYUCIISIOT
o ¢opmysie:
_V,,-C,, 1000

Cx VR 9)

sons
rae C,, — KOHIEHTpausl JICKTPOIUTa, MOJIB/IT; V,, — 00BEM pacTBOpa DJIEKTPOIUTA, MI; Viomm —
00BEM 307151, MIL.

Bennuuna, oOpaTHas mopory KoaryJisiiiui, Ha3bIBaeTCsl KOAr'yJIUPYIOIIEH CITOCOOHOCTHIO:

1
Ve =—.
CK

Koarynsauus 3oneit snexrponuramu nogunnsercs npasuwty [ynsie-Iapau (wim npaBuiio
3HAYHOCTH): KOATYJIMPYIOUIUM JEHCTBUEM 00JIaIaeT TOT MOH DIIEKTPOJINTA, KOTOPBI UMEeT 3a-
psiA, TPOTUBOTIONOKHBINA 3apsiAy TPaHYJIbl, KOAryJIUPYIOIIee ACHCTBIE TEM CHIIbHEE, YeM BBIIIE
3apsii MOHA-KOAryJsiTopa.

[To koarynupyromemy JIEeHCTBHUIO MOHBI B 3aBUCHMOCTH OT 3apsijia pacroJiararoTcsi B T0-
cienoBareibHOocTH 4 >3 >2 > 1.

Ipu6ops! u peaktussbl. [Ipodupku — 12 wr.; 5 M pactBop KCI; 0.01 M pactBop K2SOyg;
0.001 M pactBop Kz[Fe(CN)e)]; 30116 ruapokcuaa sxenesa(lll) Fe(OH)s.

IMopsinok BbIMoHeHUs1 padoThl. Kosutonausie yacTuibl 305 ruapokcua sxenesa(lll)
Fe(OH)z 3apspkeHbI MONOKUTENBHO:

{[Fe(OH)3]m nFeO*(n-x)CI }*xCI",

MIOATOMY KOAryJMPYIOIIUM JCHCTBHEM 00J1aIat0T aHUOHBI AJICKTPOJIUTA-KOAryIsSTOPA.

JIBeHAAIIaTh YUCTHIX MPOOHMPOK pa3MEIIaloT B INTATUBE B TPHU psina. Bo Bce mpoOupku
HAJIMBAIOT 10 5 MJI 301 rujpokcua xenesa (I11). 3arem B mepBbiii psiji IPUIMBAIOT YKa3aHHBIC
B Tabnuie 1 00beMbl qUCTHILTHPOBaHHON BOMbI U 5 M pactBopa KCI (amektponaut 100aBisioT B
MIOCJIETHIOK o4epe/ib). [IOBTOPSIOT aHAJIOTHYHO /ISl BTOPOTO M TPETHETO PAIOB ¢ 100aBICHUEM
cootBeTcTBYOMMX AmekTponuToB: 0.01 M pactBopa K2SOs u 0.001 M pactBopa Kz[Fe(CN)g)].
Copepxumoe TPOOHPOK XOPOIIIO MEePEMEITUBAIOT M Yepe3 | 4 oTMEYaroT B KakuUX MPOOHpKax
HaOI01aeTCs sIBHAS KOarysius (MIOMyTHEHHE, U3MEHEHUE 1IBETa) U CETUMEHTAIHS.

[Topor koarynsiiuu pacCYUTHIBAIOT TI0 MPOOUPKE, CoAepKaIIe MUHUMATLHOE KOJINIECTBO
AIIEKTPOIINTA, TJe HAOIIOAaeTCs KOATyIIsIIIHSL.

Tabnuna 1
HcxonHble JaHHbBIE SKCIIEPUMEHTA
Ne nmpobupku
1 2 3 4
3omb ruapokcuna sxxeneza(lll), mn 5 5 5 5
JuctummpoBaHHas BOJa, MII 4.5 4 3 1
PactBop anexTponura, mi 0.5 1 2 4

B ciydae ecnu Bo Bcex NMpoOHpKax MPOU30UIET KOArysius, TO TOBTOPSIOT OIBIT C MEHEe
KOHIEHTPUPOBAHHBIMHU PAacTBOPaMH 3JIEKTPOIHUTOB (B 2-5 pa3). BeruuciasioT mopor koaryasinuu
JUISL KXKIOT'0 DJIEKTPOJIUTA.

OTMmeTHTb, B KaKux NMpoOupKax HaOII0AaeTcs sBHas KoaryJisius (IoMyTHEHHEe, U3MEHEHUE
[[BETA) M ceAMMEHTanus. J|aHHbIe 3aHECTH B TaOJIUILy OTYETA.

OmnbiT 2. B3anMHas koaryJasiuus 30J1eil Hoauaa cepedpa

Heawb padotel. Habmonenne B3anMHOMN KOaryasiiuu CMECH JIBYX 30JIEH.

Kparkue Teopernyeckue nojo:keHus. Bzaumuas xoaryssiius 3oieil HaOmMronaeTcst npu
CMEIIMBAHUM 30JI€M C pa3HOUMEHHO 3apsKeHHbIMU yacTuuamu. [Ipu nepexpreiBannu J[IC koi-
JIOMAHBIX YaCTUll, UMCIOIIUX PA3HBIC 3HAKU, NPOUCXOIUT SJICKTPOCTATUUCCKOC MPUTIKCHUC U
ObicTpas arperauus yactull. Hanbosnee mosHO B3auMHasi KOAryJsilusl JBYX 30Jiel ¢ MPOTHBOIIO-
JIOXKHO 3aps’KCHHBIMA YaCTULAMH MPOUCXOJUT B TOM CiIydac, C€CJIN CYMMapHBIﬁ 3apsad 4acTuly
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OJTHOTO 30JIs1 HEUTpAIU3yeT CyMMapHbIi 3apsi Apyroro. Ilpu Apyrux coOTHOMIEHUSIX 00pa3yroT-
Csl HOBbIE MHIIEIUIBI, YACTHUIBI KOTOPBIX OYAYT UMETh TOT 3aps[l, KOTOPbIN OKa)KETCs B U30BITKE.

IIpu6opsl u peakTuBsbl. [Ipodupku — 11 mT.; MEpHbIE TUIETKHA HA 5 MJI — 3 IT.; 30JI1 HO-
nuna cepedpa; GpuabTpoBasibHAs Oymara.

Iopsiiok BbINOIHEHUs] padoThl. 3076 HOIUIA cepedpa MOTYJaroT B Pe3ysbTaTe XUMHUYe-
CKOM peaKIuu:

AgNOs + KI = Agl + KNOs.

1. ITonyuenue 3054 noauna cepedpa C OTPULATEIHHO 3aPSHKEHHBIMU KOJUIOMIHBIMU Ya-
ctutamu. B crakan nanmuBatot 20 mu 0.05 M Kl u 3areM mMeaJieHHO NpyU MHTEHCUBHOM TEpeMe-
muBanuu npuwimBaioT mo 16 mur 0.05 M AgNOs. Ilomygaror 3016 Homuaa cepedpa, cTabuIN3H-
poBanHbI K, Mu1ienaa KOTOporo UMeeT BUL:

{[Agl]m n I (n-x) K'}P* x K,

2. [lomyuenne 3075 nomuaa cepedpa ¢ MONOKUTEIBHO 3aPSHKEHHBIME KOJUIOMIHBIMU Ya-
ctuniamu. B crakan nanmuBarot 20 mu 0.05 M AgNO3 u 3aTemM MeAsieHHO TPU UHTEHCUBHOM I1e-
pemermmBannu npwmBaT 16 Mt 0.05 M KI. Tlonyyaror 3016 woauma cepedpa, cTabmIn3upo-
BaHHbIH AgNO3, MuIeIa KOTOPOro UMEeT BUI;

{[Agl]m n Ag" (n-x) NOz }* x NOs".

[IpuroTraBnuBarOT OAMHHAIIATH CYXUX MPOOUPOK U HANMBAIOT B KAXKIYIO U3 HUX OTPHIIA-
TEJIbHO 3apSKEHHBIN KOJJIOUIHBIM pacTBOp 30J1 HOAUJIA cepedpa B COOTBETCTBUU € TaOIUIEi 2.
3areM J100aBIISAIOT BO BCe MPOOUMPKHU KOJUIOMAHBIN PacTBOp Moauaa cepedpa, YaCcTUIbl KOTOPOTO
3apsHKEHBI TTOJIOKUTENIFHO, B TAKOM KOJHYECTBE, YTOOBI OOIIMH 00BEM KHUIKOCTH B KaKIOU
npobupke paBHsics 5 mil. [locne qo6aBieHHs] MPOTUBOIONOKHO 3apPSKEHHOTO 307151 COJIEPIKHU-
MO€ IPOOUPKU HEOOXOAMMO BCTPSIXHYTb.

Ta0muma 2
B3anmuas koarynsauus 30yeu
Ne npoOupku
1123|456 |7|8]9|10|11

301 ¢ otpunatensio | 0 |0.5) 1 |1.5| 2 |2.5] 3 |3.5/4 [45| 5
3apsHKEHHBIMA YaCcTH-
[[aMH, MII

30116 ¢ oJioxkuTesibao | 5 |4.5] 4 |35/ 3 |25/ 2 {1.5/11]05/ 0
3apsHKEHHBIMHU YaCTH-
HaMHM, MJI

Taxum oOpa3om, mepBas U OJUHHAALIATAS TPOOUPKH MPEACTABISAIOT CO00M KOHTPOJIbHBIE,
a B OCTaJIbHBIX HAOIIOAAIOT MPOLIECC KOAryJISIIHH.

Pe3ynbrarel HAOMIOACHHI 3aMCHIBAIOT B TAOIUILY.

®opma otuera. OTUET IOJDKEH COEPkKATh PACUEThI MOPOTa KOATYISIITUHU, TaOIUIIEI C pe-
3yJbTaTaMU SKCIIEPUMEHTA, BHIBOJIBI.

Otuer o padoTre

Omeit 1. Onpenenenne mopora Koaryisinuu 3011 ruapokcuaa sxenesa(ll).

Onextponut | Koarymupyromuit | Ne mpobupku | Ilopor koa-
HOH 112(3|4 TYJISIHH,
MMOJIB/JT

KCI

K2S04

Ks[Fe(CN)e)]




34

BreiBOa:

Omnpit 2. B3aumHas koarymsius 30l noauaa cepeopa.

Ne ipo6upku
112|3|4|5|6|7]8]9/10|11

3apsi yacTHIL TIOCTIe
CMEIINBAHUI

BeiBOa:

KoHTpoJibHbIe BONIPOCHI

1. YTo mOHUMAIOT O] arperaTUBHON M CEIMMEHTAIMOHHOW YCTOHYUBOCTHIO?

2. Kakoe siBnenue Ha3biBaeTcs koaryssiuen? HazoBuTe npuunHbI KOArysIuu.

3. Kakue craguu MOXHO BBIIECIUTH MPU KOATYJISALINU?

3. Yrto Ha3bIBaeTCS NOPOTOM KOAryJssuu?

4. Kakue HOHBI — MOJIOKUTEIbHBIC WIIM OTPHUIATENbHBIE 00a/1al0T KOAryIHPYIOIIUM Jeii-
CTBUEM I10 OTHOILIEHHUIO K 30J10: a) C OTPULATENIHO 3apsHKEHHBIMH 4acTULIAaMU; 0) ¢ MOJIO0XKHU-
TEJIbHO 3apsSYKEHHBIMHU YaCTUIIAMMU?

5. KakoBbl IpUYUHBI B3aUMHOMN KOAryJisiliuy 301ei?

6. B ueM CymHOCTh 3aUUTHOTO JCHCTBUS BBICOKOMOJEKYJISIPHBIX BELIECTB MPU KOAryJis-
U JINOPOOHBIX 30JIeH?

7. Kakoe siBneHre Ha3bIBaeTCs CCHCHOMIM3aluei? B yem npuarHa 3Toro sSBICHUS?

JIABOPATOPHAS PABOTA Ne 8 (4 yaca)
CYCIIEH3UN. SMVYJIBCUUN. TTEHBI

Henp padorbl. O3HaKOMIIEHUE C METOAMKOM MCCIENOBAHUSA KMHETUKH CEAMMEHTaLlUU
cycreH3uil. BeisicHeHne BIMSIHMS pa3HBIX (AKTOPOB Ha arperaTUBHYIO YCTOMYHMBOCTH CYCIIEH-
3UM.

Kparkue Teopernyeckue moso:kenusi. CycreH3MH — MUKPOTE€TEPOT€HHbIE CUCTEMBI C
TBEpJIOW AucriepcHOM (ha3zoil 1 xKUIKOM JUCTIEPCUOHHOM CpesloH.

Knaccudukanus cycrnensuid:

1. B 3aBUCHMMOCTH OT pa3MepoB YacTHUL] AUCHEPCHON (a3bl:

a) Tpy6sie (6oee 10 m);

6) Torkue (ot 10 M 10 0.5-10° m);

B) MyTH (0T 0.5-10° M 10 1077 M).

2. B 3aBUCHMMOCTH OT KOHIIEHTPAIIUU JUCTIEPCHON (Da3bl:

a) pa30aBJICHHBIE;

0) KOHLEHTPUPOBAHHBIE (ITACTHI).

[TonydeHune cycrieH3uil BO3MOXKHO HECKOJIBKMMHU ITYTSIMU:

1. ducnepcuonnsie MeTobl. [Ipon3BoauTcs ApoOiieHne, IEpeTHPaHUe CHIPhS C MOCTe-
JTYIOIMM PACTBOPEHUEM B COOTBETCTBYIOIIMX PACTBOPUTEIAX.

2. KonneHncanmoHHeIe METOBI:

a) MeTo/bl (PM3NYECKON KOHJEHCAIIMU — CBSI3aHBI C OCAKICHHWEM YacTUI[ B pe3ylbTaTe
Koarymsinuu 1o¢oOHbIX 30Jiel. B pesynbrare ynapuBaHusl pacTBOpa WJIM YAaCTHYHOM 3aMEHBI
pacTBOpuTENs (CHUKEHUE paCTBOPUMOCTH) 00pa3yeTcsi CyCHeH3HS;

0) METOIbl XUMUYECKON KOHACHCALIUU — CBSI3aHBI C MMPOBEACHUEM XMMHUECKHUX PEaKIIHM.

CBolicTBa CyCIIEH3HH.

1. Ocobnie cBOMCTBa cycrieH3ui: (hiaoTarus, GUIbTPaIHs U KOJIbMAaTAaIHs.

®rnoTtarus — nMpouecc, Npu KOTOPoM ruipodoOHbIe YaCTHIIBI B KUAKON cpesie He TOHYT
noJ AelicTBreM (IIOTAIMOHHOM CHIIBI, HAlIPaBJICHHOM BBEpPX, MPOTUB CHJIBI TSKECTH; TOTAA KaK
JUIsl CMauMBaeMbIX YaCTHI] 3Ta CHJla HallpaBjeHa BHU3 U BMECTE C CUJION TSKECTH BTATMBAET 4Ya-
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CTHILY B INIyOUHY.

OunpTpanus — MpoLecc, KOTOPBI MPUBOAUT K Pa3/IeleHUIO CYCIIEH3UIl Ha TBEPAYIO U
KHUJKYIO (a3bl.

Konpmaranus — mporecc, UCronb3yeMblil 111 yMEHbIIEHUS! BOJAOIPOHUIIAEMOCTH TPYH-
TOB (FMAPOTEXHUUYECKUX COOPYKEHUH — 1aM0, MJIOTHH), IyTEM BMBIBaHMSI B HUX BBICOKOJMC-
MEPCHBIX [VIMH WIX Uia, KOTOPBIE TPOHUKAIOT B MOPHI TPYHTA U 3aKYIIOPUBAIOT UX.

2. MonekynsapHO-KHHETUYECKHE CBOMCTBAa. bpoyHOBCKOE ABIKEHHE, TUDDY3HS U OCMO-
TUYECKOE JaBJICHHUE y CYCIEeH3UI MPAaKTUYECKU OTCYTCTBYIOT M3-3a OOJIbLIMX Pa3MEepOB YaCTHUIL
JUCTICPCHOM (pa3bl.

3. OnTtuueckue cBoiicTBa. [IpoxokaeHue cBera yepe3 CyCIIeH3HIO HE BBI3bIBACT Omaliec-
LIEHIMH, a MPOSIBISIETCS. B BUJIE MYTHOCTH, TaK KakK JIydd HE paCCEUBAIOTCS, a IPEIOMIISIOTCA U
OTpakaroTCsl YaCTUIIAMH CYCIICH3UH.

4. DneKTpoKMHEeTHYEeCKUe CBoWcTBa. Ha rpanune pasgena ¢a3 Bo3MOXHO oOpa3oBaHue
JA5C.

5. CycrieH3nn — KHHETUYEeCKHA HEYCTOWYHMBBIE CHCTEMBI: YaCTHUIIBI AUCIIEPCHOM (a3bl oce-
JAIOT MOJ JeHCTBHEM COOCTBEHHON cuiibl TshKecTH. CKOPOCTh OceaHus (CeIMMEHTAINH) 3aBH-
CUT OT Pa3MEpPOB YaCTHUIl, Pa3HOCTH IUIOTHOCTEH TUCHEPCHOM (ha3bl U JTUCHEPCUOHHON CpEbl,
BA3KOCTH U TeMIeparypbl. KHHETHYECKYI0 YCTOWYMBOCTD MOBBIIIAIOT YBEIUMYCHHEM BA3KOCTHU U
IUIOTHOCTHU AUCIIEPCUOHHOM Cpebl.

N3yyenue cemuMeHTallMM CYCIIEH3UN CBS3aHO, B MEPBYIO OU€pellb, C MOJIYYEHUEM KpH-
BbIX HAaKOIUIEHUS OcaJiKa:

m= f(t) wu V= 1(t),

rje m— macca; V — 00bem ocajaka; t— Bpems.

YcTaHOBNEHO, UTO BUJ KPUBBIX CEIMMEHTAIIMH 3aBUCUT OT arperaTUBHOM YCTOMYUBOCTH
CYCIIEH3HH.

B arperaTuBHO yCTOMUYMBBIX CYCIIEH3USX YACTHUIIBI BO BPEMsI CEAUMEHTALIMH MIPH CTOJIK-
HOBEHHMH HE CIIMIAIOTCS, IOATOMY UX pa3Mephbl OCTAIOTCS TAKUMHU e, KaK B UCXOJHOW CYyCIEH-
3un. Ha kpuBoil cenumeHTanuu orcyrcTByeT neperud. Ocepanue 4acTUIl MPOUCXOAUT 3HAYU-
TEJIbHO MENJICHHEE, YEM B arperaTUBHO HEYCTOMUYMBBIX CYCIIEH3MSIX C TAaKOM K€ CTENEeHBIO JUC-
nepcHocTH. PopMUpPYETCs OUEHB TUIOTHBIN OCAJIOK.

Takum oOpa3om, 00beM oOcajJka B arperaTMBHO YCTOHYMBOW CYCIEH3MHM HEOOJBIION.
ITpenensHOE Bpemst ocenanusl t JOCTATOYHO BEIMKO.

B arperaruBHO HEYCTOMUYMBBIX CYCIEH3MSIX OCEJAaHUE YACTHI] MPOUCXOIUT 3HAUUTEIBHO
ObICTpee, TaKk Kak OHO COIPOBOKAAETCS 00pa30BaHUEM PBIXJIBIX arperaroB. Brensrommuiics
0CaJIOK 3aHMMAaET ropaszio 0OoJbIIMM 00BEM, TaK KaK YaCTHUIIBI COXPAHSIOT CIy4aiiHOE€ B3aUMHOE
pacroyio’keHe, B KOTOPOM OHU OKa3aJIMCh MU MEPBOM ke KOHTakTe. OOpa3zoBaBIIUIiCS 0CaT0K
UMEET KOaryJslMOHHYI0 CTPYKTypy. O0beM CeIMMEHTAllMOHHOIO OCa/ika MEepecTaeT MEHSIThCS
yepe3 OTHOCUTENNBHO Maioe BpeMs (te HEBENMKO); mpeenbHblil 00beM ocanka V00nblIon, mpu
ATOM OCaJIOK PBIXJIbII U JIETKO B30aNThIBAETCS.

Pa3znuune ceaMMeHTallMOHHBIX 00BEMOB arperaTuBHO YCTOMYMBBIX U HEYCTOWUYUBBIX CH-
cTeM HauboJjiee YeTKO MPOSBISIETCS, €ClIM YacTULbI UMEIOT CpeAHHe pa3Mmepbl. Eciamn dacTuiibt
KpYIIHbIE, TO, HECMOTPSI Ha TO, YTO CYCIIEH3MsI arperaTuBHO HEYCTOWYMBAsA, OCAJOK MOJIy4aeTcs
0oJiee TUIOTHBIM M3-32 3HAUUTEJIBHOW CHIIBI TSKECTH, NMPpeodaiaronieid Hal CHIIaMH CLETUICHUS
MeXy yacTuiaMu. Eciii yacTuiibl oueHb MEJIKUe, TO U B arperaTuBHO yCTONYMBON CUCTEME U3-
3a MQJIOM CHIIBI TSKECTU 00paszyeTcs OJBMXKHBIM 0CaJIOK.

Pazpymenue cycrieH3uil sSBIsSETCS BeCbMa HACYIIHOW TPOOJIEMOM, Tak Kak OYHCTKA
CTOYHBIX BOJ| OT TBEPJABbIX YAaCTUI[ — 3TO (aKTUYECKH paspylieHue cycrneHzuid. CyliecTByeT
MHO’KECTBO METO/I0B pa3pylIeHus cycrneH3uil. OObIYHO UX MOJPa3AEsSIOT Ha YEThIpe TPYIIIbL:

1) MexaHuueckue;

2) TepMUYECKHUE;

3) XUMHUYECKHUE;

4) 5NEKTPOXUMHYECKHE.
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PaccmoTpuM XxuMHueckrne METObl pa3pylleHHs cycnieH3uii. OHM OCHOBAHbI Ha UCIIOJIb-
30BaHMM XMMHUYECKHX DPEareHTOB, KOTOPHIE CIIOCOOHBI CHMXATh arperaTMBHYIO YCTOMYMBOCTh
cycneH3uu. B 3aBucMMOCTH OT (PaKTOPOB YCTOHYMBOCTH, KOTOPBIE PEATM30BBIBAIIUCH B JTAHHOU
CYCIICH3UH, M CTa0MJIM3aTOPOB, KOTOpbIE B HEW NPHUCYTCTBOBAIU, MOJOMPAIOT HEOOXOIUMbIE
XUMHUYECKHE PEArEHTBHI.

Ecnu rnaBHbIN (pakTOp YCTOHYHMBOCTH CYCIIEH3MU — 3JIEKTPOCTATUUYECKHH, T. €. 00yCI0B-
JIEH HAJIMYMEM Ha MOBepXHOCTH TBepAor yactuubl J{OC n {-noreHnuana (Hanpumep, CycrieH3us
CTa0MIIN3UPOBAaHA HU3KOMOJIEKYJIIPHBIM HEOPIaHUYECKUM JIEKTPOJIUTOM), TO HEOOXOIUMO HC-
[10JIb30BAaTh XMMUYECKUE PEAreHThl, YMEHBIIAIOUINE a0COIOTHOE 3HAYEHUE (-TIOTEHIMANa 4Ya-
CTHLIBI BIUIOTh A0 HyJs. B KadecTBe TakMX XMMHYECKHUX PEAreHTOB HCIOJB3YIOTCS MHIU(de-
PEHTHBIE AJIEKTPOJIUTHIL.

Ecnu cycniensust ctabunn3upoBana aM(pOIUTHBIM MOJIUAIEKTPOIUTOM, TO APPEKTUBHBIM
aBisieTcs npubimxenne pH cpenbl K H303J1eKTPUUYECKON TOUKE.

JUia pa3pyllieHuss CyCIeH3UH, YaCTHIbl KOTOPbIX UMEIOT 3apsjl, LIMPOKO HCIOJIb3YETCs
reTepoKoaryJssus — CIUIAaHUe Pa3HOPOAHBIX 4yacTull. Eciu B MCXOJHOM CyClIEH3MH 4YacTHUIIbI
OBLIIM MOJIOKUTENIBHO 3apsKEHBI, TO B HEe 11e51ec000pa3Ho 100aBUTh MHOT03apsiAHbIE aHUOHBI (B
BUJIE XOPOIIO PACTBOPUMBIX COJIEN).

B Tom ciydae, korzia B UCXOJHOM CYCHEH3UU IMPUCYTCTBYIOT TOJIBKO OTPULIATENBHO 3a-
PSDKEHHBIE YacTHULIbl JUCTIEPCHOH (a3bl, 3 (PEeKTUBHBIM sIBIIsI€TCS 100aBICHUE COJIEH aTIOMUHUS
i xene3a(lll), nanpumep, cynbpdara anromunus win xiopuaa xeneza(lll). B pesynsrare ruma-
poJIM3a 3TUX cojiei 00pa3yIOTCs MONOKUTENIBHO 3apsHKEHHBIE 30J1M THAPOKCHJIOB AJTFOMUHUS WIN
JKeJle3a, KOTOPhIE BhI3bIBAIOT B3aMMHYIO KOAryJIsiUIO B3BELICHHBIX OTPULIATEIbHBIX YaCTHUI] CyC-
HEH3UH.

D¢ HeKkTUBHBIM METOJIOM TOHM)KEHUS arperaTUBHON YCTOHYMBOCTH CYCIICH3HUH SIBIISICTCS
ceHcnOunmzanus. s 3Toro o0bIYHO MCIIOJNIB3YOTCS (DIOKYJISIHTBI — JIMHEHHBIE TTOJIMMEPHI, He-
CyllUe MOJSpHbIE TPYNIBl HA 000MX KOHIAX LEenu (Hampumep, MoJIHaKpuiIaMu, MOJIWBUHUIIO-
BB cnupt). [[nuHHas Monekyna moaumepa MPUCOEAMHSAETCS JABYMsI KOHLIAMH K JIBYM Pa3HBIM
YyacTULIaM AMCIEPCHON (ha3bl, CKPEIUIss UX YIJIEBOJOPOIHBIM MOCTHKOM — 00pa3yroTcs (IoKy-
JIbI — PBIXJIBIN XJIONIBEBUIHBIA OCAIOK.

HeoOxonumast koHIIEHTpaIus QIIOKYISHTA B CYCIIEH3UH 3aBUCUT OT KOHIIEHTpAIUK B HEN
B3BeLIEHHbIX 4yacTull. KonmnuectBo QuokynsHTa q0mkHO cocTaBisaTth 0.01-2 % oT maccel TBep-
Joi (a3bl, B MPOTUBHOM CITy4yae MOXET OBbITh JOCTUTHYT MPOTHBOMNOJOXKHBIN 3(ddexkT — mpo-
M30MAET KOJUIOMIHAS 3alIUTa B3BEIICHHBIX YACTHII.

[IpuMeHeHne CycneH3Hii:

1. B npou3BOJCTBE CTPOUTEIBHBIX MaTEPHAJIOB U KEPAMUUECKUX M3JeNui (kupnud, Oe-
TOH).

2. B cenbckoM xo03s1iicTBe (CYCIIEH3UH SJ0OXMMHKATOB, MECTUIIMIOB, MUHEPAIbHBIX y100-
peHuii).

3. B menunune (JiekapcTBEHHBIE CYCIIEH3UN).

IIpubops! u peakTuBbl. TexHHUUECKHE BECHI; CEKYHIOMEp; LMJIMHIPHI C MPUTEPTHIMU
npobkamu Ha 100 M — 4 WT.; TMIETKA HAa 2 MJI; MOPOILOK Me; AucnepcuoHHas cpena: 0.1
moae/11 Na2COs; 0.3 mone/i CaClz; 0.2 moms/n FeClz; 3% pactBop kenatuHa.

IHopsinok BbInoIHeHUst padoThl. ['0TOBAT 4 cycnien3uu. [y 3T0r0 B 4eThIpe MWINHIPA
HaauBarT 10 50 MJI TUCTIEPCHOHHON CPeJIbl, HACKIMAIOT 10 15 T mopomka Mesa (TopoIIoK Mesa
B3BEIIMBAIOT HA TEXHUYECKUX BECAX).

B | mununap n10o6aBiasioT ¢ NOMOIIBIO MEPHON MUMETKH 1.5 MJI AMCTUIUIMPOBAHHOM BO-
ner; Bo Il mmumuaap — 1.5 mupactBopa CaClz; B I mumusap — 1.5 mu pactBopa FeCls; B 1V 1u-
muHAp —1.5 M pacTBOpa KenaTuHa.

H{unuHApH! MIIOTHO 3aKPHIBAIOT MPOOKaMH, BRIACPKHUBAIOT B TeueHue 10 MHH., 3aTeM co-
JepKUMO€ LWIMHIPOB TIIATEJIBHO MepeMelnBaroT. [locTaBuB LWIMHAPEI B psl, U3MEPSFOTOOB-
€Mbl CEIMMEHTAIIMOHHBIX OCaJIKOB YEPE3 ONPEEICHHBIE TPOMEXYTKH BPEMEHHU JI0 TEX MOP, MO-
Ka 00beM CEIUMEHTALMOHHOIO OCaJKa HE MEePeCcTaHeT M3MEHATHCS (JOCTUTHET NpPEeAeIbHOro
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3Ha4YeHUS V). Pe3ynbTaThl H3MEpEHHIA 3aMTUCHIBAIOT B TAOJUILY.
Kunernka cenuMeHTalnu CyCeH3ui

Bpewms ot nauaina O0BeM CeTMMEHTAITMOHHOTO
Ne OIIBITa, MUH ocajka, Ml
1 2 3 4 5

AIWN|F-
AIWIN|F-

oo

[To sKCnepUMEHTAIbHBIM JAHHBIM CTPOSIT KPUBBbIC KUHETHKH cenauMmeHTanuu V= f(t) u
HaxXOoOAT Vol te.

Ilo Tumy cegMMEHTAlMOHHOW KPUBOM M IpenenbHOMY O0BbEMY CEAMMEHTALlMOHHOTO
ocagka V«OLIEeHUBAIOT CPAaBHUTEJIbHYIO arperaTUBHYIO YCTONYMBOCTH MCCIIEAOBAHHBIX CYCIIEH-
3Ui ¥ OOBACHSIOT IPUYUHY MX IIOBEJCHHUS.

®opma oryera. OTUET AOIKEH COAEPKATh HA3BAaHUE U ONMCAaHUE LEIU paboOThl, KpatT-
KUH KOHCIIEKT TEOPETUYECKON 4YacTH, KPaTKyl0 METOJUKY INPOBEJCHUS OINbITA, 3alOJIHEHHYIO
tabmuiy, rpadpuku V= f(t), BeiBo.

KonTposbHbie BOonpochl

1. B uem 3akitouyaercs arperaTuBHasi yCTOWYMBOCTb CYCIIEH3UU?

2. Ilouemy 00BeM CEMMEHTALMOHHOTO OCa/IKa arperaTMBHO HEYCTONUYMBON CycleH3uu
3HAYMUTENILHO OOJIbIIIE, YeM 00bEM OCaJIKa arperaTUBHO YCTOWUMBOM CyCTICH3UN?

3. Kakue BeliecTBa UCOIb3YIOTCS B KAUECTBE CTAOUIN3aTOPOB CYCIIEH3UNA?

4. llepeuncnure METOIbl pa3pyLICHUS CYCIIEH3UH.

5. Kak NMOHU3UTH arperaTuBHYI0 YCTOHYMBOCTb CYCHEH3UM TJIHMHBI (€€ YacTUIbl HECYT
OTpULATENbHBIN 3apsn)?

SMVYJIbCUU

Heap pa6orel. O3HAKOMIIEHHE CO CBOMCTBAMH 3MYJbCUHM, UX KiacCU(pUKaLKEH, METO-
JITaMU OTIpEJIeNIeHNUs TUIIA AMYJIbCUH, 3aKOHOMEPHOCTAMHU 00pa30BaHUs U Pa3pyLICHUS.

Kparkue Teopernyeckue moso:keHusi. OMYyJIbCUH — MUKPOT€TEPOT€HHBIE CHCTEMBI, B
KOTOPBIX AMcIIepcHas (a3a U JUCIIEPCUOHHAs Cpea MPECTaBISAI0T co00i HecMelnBaroIuecs
JKUJKOCTH (MOJIOKO, CMETaHa, CIIMBOYHOE MAaCIO, SMYHBIN >KEITOK, MJICYHBIM COK pPAaCTCHHM,
He(Th). Pazmepbl uacTuil (kamenexk *KUAKOCTH) OT 10" 10 107 m.

Knaccudukanus smynbcuii:

1. B 3aBUCMMOCTH OT KOHIIEHTPALMHU TUCTIEPCHOI (Pa3bl:

a) pazbaBneHHbIe (01.4.< 1 %);

0) KOHIICHTpUpPOBaHHBIE (9. < 74 %);

B) BBICOKOKOHIICHTPUPOBaHHBIE ((KEIATHHUPOBAHHBIC) (x> 74 %). [Ipn KOHLIEHTpauu
cseiie 90 % smynbcun mpuoOpeTaroT CBOWCTBA reneil. JlucnepcuonHas cpeia npuodpeTaeT BUI
TOHKHUX TPOCIOEK — AMYJIbCUOHHBIX MJIEHOK. OHM He 001a/lal0T TeKy4eCThbI0 U HE CIOCOOHBI K
CelMMEHTalU. BHICOKOKOHIIEHTPUPOBAHHBIE 3MYIBCUH, B KOTOPBIX JOCTUTHYTAa MaKCUMaJIbHO
BO3MOXKHAsi KOHIIEHTpALUsl JUCIIEPCHON (a3bl, Ha3bIBAIOT MPEAEIbHBIMH WM MPEIEIbHO KOH-
HEHTPUPOBAHHBIMH.

2. B 3aBUCHMMOCTH OT PUPOJIbI TUCHIEPCHOM (pa3bl U AUCTIEPCUOHHOM Cpeabl:

a) IpsMbIe SMYJIbCUU (IMYIBCHH MIEPBOTO POJIa, MACI0O/BOJIA);

0) oOpaTHbBIE IMYIbCUU (AIMYIIBCHH BTOPOTO POJIa, BO/Ia/Maciio).

3nech «BojAa» - N0Oask MOJSIpHAs )KUJIKOCTh, «Macjo» — HenosspHas (OeH30J1, aHWUJIMH,
KEpOCHH, MacJIoO U Jp.).

[Tpu onpeneneHHBIX YCIOBUAX HaOmonaeTcs oopaieHue ¢pa3 SMyabCHiA, TO €CTh IMYJIb-
CHsl OJIHOTO THIIA IPEBPAILACTCSI B SMYJBCHIO IMPOTHBOIOJIOXKHOrO Tuna. OOpamenue ¢a3
HIMYJBCUH MOXKHO BBI3BaTh U3MEHEHHEM COOTHOIIEHUS 00BEMOB JHCIIEPCHOM WMIIM 3MYJIBIHPO-
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BaHHOH (a3bl, epeMeIInBaHueM, 100aBICHUEM SMYJIbraTopa, CTa0MIN3UPYIOMIETO SMYIIbCHIO
IPOTUBOIOJIOXKHOIO TUNa, n3MeHeHneM pH cpeabl. Hanpumep, cOuBaHue caMBOK BeeT K MOJTY-
YEHUIO Maclia, IPH 3TOM dMYyibeus Tuna M/B (ciuBku) mepexoauT B smynbento tTuna B/M (mac-
JI0) CO CPAaBHUTEIBHO MaJIbIM COZEp’KaHUEM BOJIbl B BUJIe qucnepcHoil ¢a3pl. Ho Hanbonee 3¢-
(EeKTUBHBIM METO/IOM SIBJISIETCS ACUCTBUE XUMUYECKUMU pearentamu. Hanpumep, npu nobasie-
HUM PacTBOPA XJIOpUIA KaJbLUs MpsMas SMYJIbCUs, CTAOMJIN3UPOBAHHAsL 0JIeaTOM HaTpus, Ie-
PEXOIIUT B AMYJIBCHUIO OOPATHOTO TUTIA:
2 RCOONa + CaCl,— paccioeHue sMyinbcun —
— (RCOO0):Ca + 2 NaCl.

YCTaHOBUTH THUIl 3MYJIbCUNA MOKHO, OINPENEIIMB CBOMCTBA €€ JUCIEPCUOHHOW CPEIBI.
HanOosnee yacTo UCIONB3YIOTCA CIEAYIOLINE METObL:

1. Meron cMenieHus. OMyJbCuUs JETKO CMEUIMBAETCS C )KUJIKOCTBIO, KOTOpasi COCTABIISAET
ee JUCIEPCUOHHYIO cpeny. Kammo sMynbcuM U KaIio BOJbI IOMEUIAIOT PSIIOM Ha NPEAMETHOE
cTek10. HakIoOHSIOT CTEKNO Tak, YyTOOBl KAaIuld CONPUKOCHYIUCh. Eciu kamim cosploTes, TO
3HAYUT JAUCHEPCUOHHON Cpeioil B AMYJIBCHH CIIYKUT BoJia (3Myibcus M/B), eciin He CoNbIOTCS —
IMYIbCHUSL OTHOCUTCS K TUIy B/M.

2. Meron cMauuBanus ruapodo6Hoil noBepxHocTu. Ecnu kamis sMyiabcuM, HAaHECEHHas
Ha TapapUHOBYIO IUIACTHHY, PACTEKAeTCs, CIEJOBATEIbHO TUCIIEPCHOHHON CpPEHON CITY>KUT
Macilio, a AMYJbCUsl OTHOCUTCS K Tty B/M, ecnu He pactekaercs — M/B.

3. MeToJ oKpaiiiBaHHUs HETPEPHIBHOUM cpesibl. DMYJIbCUU JIETKO OKpAIIUBAIOTCS Kpacu-
TEJSIMHU, PACTBOPUMBIMHU B JUCIIEPCUOHHOM CpEE.

Omynbscust M/B paBHOMEPHO OKpammBaeTcsi BOAOPACTBO-PUMBIM KpacHuTeneM (MEeTHIIO-
BBl OpaH’)KeBbIH, METUIIOBBIN Tos1y0oii U T. 11.).

Omynbcust B/M okpamimBaeTcs MaciopacTBOpuMbIM kpacuteiniem (cynad I1).

4. Meron u3MepeHHUs 3JIEKTPUYECKOW IMPOBOAUMOCTH. DJIEKTPOIPOBOAHOCTH IPSIMBIX
AMYJIbCUIl HAMHOTO BBIIIE OOPATHBIX.

ITony4yenue smMybCHiA:

1. Mexannueckoe aucrneprupoBaHue (dMyibrupoBaHue). OcyniecTBisercs MyreM Mej-
JIEHHOT0 MpUOaBlIeHUs JUCIIEPTUPYEMOro BEIIECTBA B JAMCIEPCHOHHYIO CPely B MPHUCYTCTBUU
AMYJIBraTopa MpU MOCTOSSHHOM MepeMeIINBaHUN, BCTPSXUBAHUU. /{7151 3TOro MCnob3yroTcs cre-
LIMAJIbHBIE MYJIbCATOPBI, MELIAJIKH, KOJUIOMIHBIE METIbHULIBI, YIBTPA3BYK.

B kauecTBe 3MynbraTopoB NPUMEHSIOTCS pa3iMyHble Mo npupoze BemecTsa: [1AB, mMo-
JIeKYJIbl KOTOPBIX COJIEP’KaT HOHOTEHHBIE MOJIIpHBIE TPYIIBI (HApUMep, MblIa), HSHOHOT'€HHBIE
ITAB, BMC, a Takxe TBep/ble MOPOUIKOOOpa3Hble MaTepuaibl (TuApoduiIbHble — TJIUHBI, MEII,
THIIC, CTEKJIO, TUAPOPOOHbIE — caxa, Cyab(QHIbI U HOH/Ibl CBUHIIA U PTYTH).

[To mpaBminy bankpodTa MOJEKyNbl WM YaCTHUIIBI SMYJIbraTopa JOJIKHBI PacIoiararbes
IIPEUMYILECTBEHHO CO CTOPOHBI JUCIIEPCUOHHOM CPEJIbl, TO €CTh Ha HApy’KHOM MOBEPXHOCTH Ka-
eJb SMYJIbCUU.

CriocoOHOCTh AMYIIbraTopa o0ecrneynBaTh yCTOWYMBOCTh dSMYIBCUU OIPENIEIIEHHOTO THIIA
3aBHCHUT OT €r0 B3aUMO/JICHCTBUSC MOJISIPHOM U HEMOJIAPHOM cpeaMu. DTy CIIOCOOHOCTh Xapak-
TEPU3YIOT CHEIHATIBHBIM YUCIOM — IHIpodmibHO-THnodmIbHEIM 6anancom (I'JIB). Hampumep,
eciu uncino ['JIb nexut B nepenenax 3-6, oOpasyercs smynbeust B/M. DOMynbraTopsl ¢ 4UCIoM
8-13 nmatot smynscuro M/B.

2. Camomnpou3BOJIbHOE AMCIIEPTUpOBaHHE (AMYJIbrUpoBaHue). Mrpaer cyiiecTBeHHYIO
pOJIb B MpoIieccax MUIIEBAPEHUs U YCBOEHMS IUIIK OopraHu3mMoM. Hanpumep, npu nonagaHuu B
KHILIEYHUK XKUpPa CHayaja MPOUCXOJIUT CaMOAMCIIEprUpoBaHue kupa noj neictesuem [TAB (xo-
JIEBBIX KHUCJIOT), COAEPKAIIMUXCSA B XKEIUM, a 3aTEM IOJyUYEHHas: BBICOKOIUCIIEPCHAS AMYJIbCHUS
BCAChIBaeTCs Yepe3 CTEHKY KUIIEUHNKA B OPTaHU3M.

Kpome Toro, rpy0Obie 3MyiIbcUU EPEBOIAT (TOMOT'€HU3UPYIOT) B 00Jiee TOHKHE.

OMyJIbCHH — KHHETUYECKH U arperaTUBHO HEYCTOMYMBBIE CHCTEMBI. B sMynbCcHusax camo-
IIPOU3BOJIBHO IPOTEKAET MPOLECC CAUSHUS Kanenb — KoajecueHuusa. Co BpEMEHEM AMYJIbCUU
CaMOTIPOU3BOJIBHO pa3pymiaroTcs (IesmynbrupoBanue). Ha mpakTuke nHOT/Ia BO3HUKAET HEOO0-
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XOJIMMOCTb YCKOPUTH Pa3pyLIEHUE IMYIbCHUI.

Mertoibl pa3pylieHus SMYJIbCHIA:

1. Xumuueckoe paspylieHue (Harpumep, pa3pylieHUe MbIJIbHON IJIEHKU IEHCTBUEM MHU-
HEpaJlbHOM KMCIIOTHI).

2. IIpubaBnenue 3Mynbraropa, CriocOOHOTO BbI3BaTh OOpaiieHue (a3 IMyJIbCUU U CHH-
KAOILEr0 3TUM IPOYHOCTh 3AILUTHOMN IJICHKH.

3. AzncopOuunoHHOe 3amenieHue 3mynbratopa apyrum [IAB, HO He 00namarmUM CIo-
COOHOCTBIO 00Pa30BBIBATH 1OCTATOYHO IPOUYHBIE MNICHKH.

4. TepMHuueCcKO€e pa3pylLIEHUE — PACCIOEHNUE IMYJIbCUI HArPEBaHUEM.

5. MexaHunueckoe pa3pylleHUe CTaOMJIN3UPOBAHHbBIX MJIEHOK (COMBaHUE CIMBOK B Mac-
ne).

6. [leficTBHE 3EKTPUUYECKOTO TOKA UM 3JIEKTPOJIUTOB.

[IpakTHueckoe 3HaYEHNE U UCIIOJIb30BAHUE IMYIIbCHIA:

1. B napdromepHOii IPOMBIIIIIECHHOCTH (KPEMBI, JIOCHOHBI).

2. B nuieBoii npoMeIuieHHOCTH. [Ipupoiabie aMynbcun — MOJIOKO (ChIpbE IS MOJTy4e-
HUS MOJIOYHBIX NPOJYKTOB), SIMUHBIN O€JI0K, a TaK)Ke MaprapuH, MailoHe3, pa3IMyHbIe COYCHI.

3. B cenbckoM xo3siicTBE (cpencTBa OOphObI C BpEAUTENSIMU U COPHAKAMU).

4. B menunuHe (JekapcTBa B BUJE dMyibcuit). [lpu 3TOM, Kak npaBuiio, it puema Jie-
KapCTB BHYTPb IPUMEHSIOT AMYJIbCUH 1 poja, Ui HapyKHOTO IPUMEHEHUS — AIMYJIbCUH 2 poAa.

IIpuGopsl U peakTUBbI. MUKPOCKOI; INTATUB JJIs1 POOHPOK; MPOOUPKH C MPOOKaMH — 3
mIT.; Koja6a Ha 250 M; mpeaMeTHOE CTEKJIO; IPEAMETHOE CTEKJIO, MOKPHITOE MapapuHOM; MEpHBIE
IUIIETKA Ha 2 MJI; CTEKJISTHHBIC MAJIOYKH; alleTOH; MOCOJHEYHOE Macio; creapar Hatpus (2%);
HacbleHHbId pactBop CaClz; kpacutenu: cyaaH |1, MeTunoBbIi OpaHKeBbIN; TUCTUILIIMPOBAHHAS
BOJIA.

Ilopsinok BbINOJHEHHS Pa0OTHI

Omnbrt 1. [Tosyuenue sMysbcUH TyTEM MOHM>KEHUS PACTBOPUMOCTH.

0.5 mu1 pacTutenpHOro Macia, noAxkpameHHoro cyganoM lll, pactBopsitor B 5 mit aneToHa
U [IPY MHTEHCUBHOM TepeMeninBaHuy BiuBatoT B 100 mi Boasl. PaccmanBaercst M modyd4eHHas
amysbcusa? OrnpenenuTe THUI MOJyY€HHOW IMYIbCUM METOJIaMU CMELIEHHS, CMauuBaHUS THJIPO-
(oGHOI MOBEPXHOCTH U OKpAIIMBAHUS HETIPEPBIBHOM CpEIbI.

OnbIt 2. [TonyueHne KOHIIEHTPUPOBAHHON AMYIBCUU MTYTEM JIUCIIEPTUPOBAHUSL.

B nmpo6upky Ne 1 BnuBaroT 2 M1 BOABI M 2 MJT Macia, 3aKpbIBatOT MPOOKOH M MHTEHCUBHO
BCTPSIXUBAIOT 2 MUH., C 0JHUM MiepepbiBoM B 30 c. [lomemniator mpoOupKy B IITATUB U HaOJII01a-
10T PACCIIOEHUE.

B npo6upky Ne 2 BiauBaroT 2 MJ1 pacTBOpa creapara HaTpus M 2 MJI Macia, IOJIKpaIleH-
Horo cynaHoM |ll. ITociae HHTEHCHBHOTO BCTPSIXMBAHMSI B TE€UEHUE 2 MUH. C OJIHUM TIEpEPHIBOM B
30 ¢ mpoOupKy MOMEMIAIOT B IITATUB U HAOIIONAIOT, paccianBaeTcs Ju aMyibcus. OObICHHUTE
HaOmroneHus. OnpeaenuTe TUI MOJYYEHHOW SMYJIbCUU METOAAMU CMEIIEHUs, CMaYMBaHUs TH/I-
pooOHOI MOBEPXHOCTU M OKpAIIMBAHUSI HEIIPEPHIBHOW CPEJIbI.

[TpoGupky Ne 2 octaBuUTh 11 3-TO OMBITA.

OnbIT 3. Pazpyiienue u odparieHne sMyabCHH.

K ycroitunBoii smynbcun u3 npobupku Ne 2 (ombiT 2) noGasistor 2 kammm CaCla.
HabGnronaercst paccinoenne. B mpoOUpKy ¢ paccIoOMBIIEHCS CMEChIO TO0ABISIOT emie 7 Karelb
CaCl2 1 HIHTEHCHBHO BCTPSAXHMBAIOT B T€UeHHE 2 MUH. ¢ nepepbiBoM B 30 c. [IpoGupky nomera-
I0T B LITAaTUB U HAOIIOAAI0T 00pa3oBaHUE JABYX CIIOEB: HM)KHETO — BOJABI U BEPXHEIO — SMYJIb-
cun. [IuneTkolt 0OCTOPOKHO OTOUPAIOT U3 BEpXHEro cinos 1-2 Karuim, NOMEIIalT Ha MPEeIMETHOE
CTEKJIO U HaOII0Jat0T NoJ MUKpockonoM. Crienaiite BEIBOJ O TUIIE MOIYYEHHONU IMYIbCHH.

OnbIt 4. [Tosyuenue 3MynbcUM BTOPOTO poja.

B uuctyto npoOupky BiuBaroT 2 M cTeapata Hatpus u 15 kanens CaCl,. Ha crenkax
npoOUpKU 00pa3yeTcs ocalok cTeapara KaiubIus. JKUIKOCTh U3 MPOOUPKH CIMBAIOT, a K OCAAKY
MPUIIMBAIOT 2 MJI MOJKpaIIeHHOro Macia. [lepemenmnBaroT CTEKISTHHON Nal0uKOil 10 pacTBOpe-
HUS B Maciie ocanka. K copepkuMoMy npoOUpKU MpUIMBaiOT 2 M BoJbl. [locie MHTEHCHBHOTO
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BCTPSXMBAHUS B T€UEHUE 2 MUH. ¢ iepepbiBoM B 30 ¢ mpoOHPKY MOMEMIAIOT B IITATHB M HAOIIO-
JAIOT, PACcCJIauBaETCs JIM MOIy4YeHHas dMYbcusi. OnpeaenuTe TUIT TOJIyYeHHON SMYIIbCHU.

®opma otyeTa. OTUET AOIDKEH COJEPKATh Ha3BaHUE pabOTHI, ONMCAHKE €€ LIEJH, KpaT-
KM€ TEOPETUYECKHE TOJIOKEHUS, MOPSAIOK BBIMOIHEHHs dKcIepuMeHTa U Habmoaenud. [lo pe-
3yJIbTaTaM SKCHEPUMEHTa HEOOXOAMMO CAEaTh BBIBOABI O THIE U YCTOHYMBOCTH MOTYyYaeMbIX
AMYIBCUH, 0 poiH 3MyJbraropa. Ot kakux (GpakTopoB 3aBUCUT TUIl SMyibcun? HazoBute, Kaku-
MU crioco0amMu ObUTH TOJTYYEHBI M Pa3pyIICHbl SMYJIbCUU. YKKUTE POJb XJIOPUAA KaJbIHs B
HAOJI0/Ta€MBIX MPEBPAIICHUSX.

KoHTpo/bHbIE BONPOCHI

1. Kakue nucnepcHble CHCTEMbI Ha3bIBAlOTCA AMYJIbCUSMHU, MO KaKUM MPU3HAKAM OHU
KIJIACCUPUITUPYIOTCS?

2. HazoBute MeTO/bI ONpeiesieHus: TUIa SMYIbCUU.

3. Uto HaszbiBaeTcs obpamieHneM a3 smynbeuu? Kakue hakTopsl ero BHI3BIBAIOT?

4. Kakue TUIbl SMyJIbraTOPOB U3BECTHBI?

5. Ot kakux (aKTOPOB 3aBUCHUT TUI 00pa3yIOIIEHCS IMYITbCUN?

6. HazoBuTe MeToAbl pa3pylieHus YMYyIbCUH.

IMTEHBI

Heanb padotsbl. [lonydyeHue neH AUCIepCUOHHBIMUA METO/IaMHU B IPUCYTCTBUH PA3THYHBIX
nerHooOpa3zoBateneil. Vi3yueHne BIUSHASA Pa3InYHBIX ()aKTOPOB HA YCTOHYMBOCTD NICHBI.

KpaTtkue Teopernueckue nojioxkeHusi. [lenor —rpy6oaucnepcHbie (OT HECKOJIBKUX MM
JI0 HECKOJILKMX CM) BBICOKOKOHIIEHTPHUPOBAHHBIE (KOHIICHTpAIUS JUCTICpCHOM (a3bl 6oee 74%
(00.)) reTeporeHHbIE CUCTEMBI, B KOTOPBIX AUCHepcHas ¢aza COCTOUT U3 My3bIPHKOB Ia3a, a Juc-
nepcuoHHas cpefa (KUaKasi Uiy TBEpasi) MeXKAy HUMU 00pa3yeT TOHKHE IIICHKH.

bnarogaps u30bITKy ra3oBoii (a3l U B3aMMHOMY CHABJIMBAHUIO, MY3bIPHKH ra3a UMEIOT
He cdepuueckyo GpopMy, a IPEACTABISAIOT COO0H MoIMdapUYecKue sueiku. Ecinmu nmena MoHo-
JcTiepcHa (Bce My3bIphKHU I'a3a UMEIOT OJIMHAKOBbIE pa3Mephbl), TO KaXKAbIN My3bIpeK ra3za UMeeT
¢bopMy TMpaBWIBHOTO JBEHAAIATHUTPAHHUKA, JIF0OAas CTOpPOHA KOTOPOTO TMPENCTaBIsAET COOOi
NPaBUIBHBIN MATUYTONBHUK (puc. 1). YacTuis! (Iy3sIpbKH Ta3a) pa3/ieieHbl TOHKUMHU IPOCIOn-
KaMH JTUCTIEPCHOHHOHN CpeJIbl, YCTOHUMBOCTh KOTOPBIX OOYCIIOBIIEHA JABOWHBIM PSZIOM OpHUEHTH-
poBaHHBIX cioeB [1AB, MLy KOTOPBIMH HaXO/IMTCs AUCTIEPCHOHHAS CPEia (puc. 2).

A

Crpoenue nex
* Boadyx

Puc. 2. Cxema cTtpoenus

Puc. 1. Ilgqgopppasnas cu-
CTEMA. Puc. 3. [lonepeunoe ceueHue

kanaia Ilmato:

1 — mIeHKa »XKUIKOCTH;
2 — KaHal.

B 30HE CONMPUKOCHOBEHUS TPEX TUICHOK, MPUHAIICIKANTUX TPEM COTPUKACAIOIIUMCS TTy-
3bIpbKaM, oOpasyetcst kanan [Inato (puc.3) — Mo UMEHH U3BECTHOTO OENbruiickoro yueHoro K.
[Tnaro, 3aHUMABIIETOCS HCCIICIOBAHUEM YCTOMYHUBOCTH JTUCTICPCHBIX CHCTEM.

1 mpaBuiio [1naro: Tak Kak HATSKEHHE TUIEHOK OJMHAKOBO, CUJIbI HATSKEHUSI UXB OJTHOU
TUIOCKOCTH MOTYT YPaBHOBECHTHLCS TOJBKO MPH OIMHAKOBBIX YIIIAX MEXKIY TUICHKAMH, PaBHBIX
120°.

2 mpasuiio Ilnaro: B ka0 BEpIIMHE MHOTOTPAaHHUKA (STYSHKN) cxonarcs 4 kaHasa, 00-
pasys yrod, paBabiii 109°28'. MecTo nepecedeHus: KaHAJIOB HA3bIBAECTCS Y3JIOM.

Kananbl mpoHU3BIBAIOT BCIO CTPYKTYPY HEHBI, MPEICTABIsIsE COOON LENbHYIO CHUCTEMY.
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[TomyyaeTcsi mpoCTpaHCTBEHHAsE KOHCTPYKIUS, B pa3pe3e MOX0xas Ha MUeluHble COThl. Takas
NeHa XapaKTepU3yeTcs MUHUMAJIbHON MOBEPXHOCTHOM 3HEpruei, a, ciieoBaTebHO, HAauOOIb-
1€l YCTOMYUBOCTBIO.

Ecnu nena nonmuaucnepcHa (MMy3bIpbKH ra3a UMEIOT pa3Hble pa3Mepsl), hopma mpaBuiib-
HOTO JBEHAIIATUTPAHHUKA HAPYIIAETCS U 3TO MPUBOAUT K CHUKEHHUIO YCTOMUHUBOCTH.

Ecnu xoHuentpamnus aucnepcHoit ¢as3sl Menbie 74%, TO My3bIpbKU raza UMEIOT chepu-
4eckyro (hopMmy, TONIIMHA JKUIKUAX MPOCIOCK COM3MEpHMa C pa3MepaMU T'a30BbIX IMY3BIPHKOB.
Takue cuctemsl ABISIOTCS Ta30BBIMH 3MYJIbCHUSMH (Ta3MpoBaHHas BOJA, NIAMIIAHCKOE U T. I1.).
["a30BbIE SMYIIBCHH, B OTIUYHE OT IEH, SBISIOTCS OECCTPYKTYPHBIMU CHCTEMAaMHU.

HecmoTps Ha TO, 4TO My3BIPHKU I'a3a MOTYT UMETh MAKPOPa3MeEpPHI, II€HA SABIIAETCS MHK-
POTeTepOreHHON CUCTEMOM. JTO OOBACHSAETCA TEM, YTO AMCIIEPCUOHHAsS cpela (KUAKOCTh) XOTA
U SIBJISIETCS HEMPEepPhIBHOW, NpPECTaBisieT co00il TOHKWE IUIEHKH, MMEIOLINE MHKpOpa3Mepbl
(TIeHKH YacTo OOHAPYKUBAIOT MHTEP(EPECHIIMIO — PAYKHYIO OKPacCKy, YTO TOKa3bIBACT, YTO
TOJIIIMHA MJICHKU COM3MEpHMa C JJIHUHON cBeToBOU BonHBI). [loaTomy II. A. PeGunaep ompene-
JIUJI TIEHY KaK TIaCTHHYATO-AUCIEPTUPOBAHHYIO KUAKOCTh B Tase.

YcTaHOBIEHO, YTO 00pa30BaHHE YCTOMUYMBOM MEHBI B YUCTOW >KMJIKOCTH HEBO3MOXKHO.
[leHy MOXHO MOJYYUTH TOJBKO B MPUCYTCTBHH CIICIIHAIIBHOTO BEIIECTBA — cTabuiu3aTopa (Ie-
HOOOpa3oBareJs).

Baxxnyto posib urpaer KOHIEHTpaiusi neHooOpazoBarens. [jis meHooOpasoBaTeneid —
komonaHbix [TAB MakcumanbHas nmeHooOpa3yrolas criocoOOHOCTh JOCTUTAETCS B OMpEesieH-
HOM MHTEpBAJIE KOHLIEHTPAUi, IPU JaJbHEUIIEM POCTE KOHLIEHTPAIMNA OHA OCTAETCs MOCTOSH-
HOM WM Jake CHIDKaeTcs. B ciiydae BHICOKOMOJIEKYIISIPHBIX MIEHOOOpa3oBaTeNell ¢ yBeInueHu-
€M KOHIIEHTPAIMX BO3PACTAET M MEHO000pa3yromas CriocOOHOCTb.

Kpowme toro, mis nenooOpazoBareneii — 6enkoB BaxkHO 3HaueHue pH cpensl. OHU nposiB-
JSIFOT MaKCUMAIIBHYIO TTEHO00Pa3yIoIyt0 CIOCOOHOCTh B M303JIEKTPHUYECKOM TOUKE.

Mertoabl noTy4eHus TEH:

|. JlucriepcuoHHbIE METO/IBI — OCHOBAHBI Ha JAPOOJICHUH Ta3a Ha MY3bIPHKU MPHU TOJa4e
€ro B pacTBOp MEHOOOpazoBaTesl, HalpUMep, IPH MPOAYBAHUU T'a3a uepe3 TPYOKy, ONMyIEHHYIO
B JKUJKOCTh. B MPOMBINIJIEHHOCTH OOBIYHO HCIIOJIB3YIOT CIEAYIOIIUE METOIbI TUCIIEPTHPOBa-
HUSA:

1. ITpoxoskieHne CTpyi rasza uepes KHAKOCTh B adpallMOHHBIX B 0apOOTaXKHBIX YCTaHOB-
Kax, B alnaparax ¢ «IEeHHBIM CIIOEM», B IEHOT'€HEPATOPAX C CETKOM, OpOIIaeMON pacCTBOPOM Iie-
HooOpasosarens. (bapoorupoBanue (ppani. barbotage) — nepememnBanue — MporycKkaHue de-
pe3 CIoi KHUIKOCTH My3bIPHKOB Ta3a WK Mapa, KOTOPBIA TUCHIEPTUPYIOT B OapOoTepax — Tpydax
C MEJIKUMH OTBEPCTHUSMHU, TAPEJIKaX C OTBEPCTUSMHU, KOJITMAYKAMHU U T. 11.).

2. JlelicTBHEM NBWXKYILIMXCS YCTPOMCTB Ha >KUAKOCTh WM JIBHXKYIICHCS >KHAKOCTH Ha
nperpanay (B TEXHHYECKUX ammaparax ¢ ObICTPOXOJHBIMH MEIIaJIKaMu; MPU B30MBAHUU, BCTPS-
XUBAaHUM, TIEPEIIMBAHUU PACTBOPOB).

3. DskektupoBanue ((ppani. ¢éjection— BeiOpachiBaHHE) BO3IyXa JBIKYIICHCS CTpyei
pacTBOpa B EHOTE€HEpaTOpax.

B nHacrosimee BpeMsi B TEXHUKE TEHBI TOTOBAT, B OCHOBHOM, JTUCIIEPCHOHHBIMH METO/Ia-
MHU.

Il. Konpencammonnsie MeTobl. ['a30Bas pa3a BHaUase MPUCYTCTBYET B BUJE OTACIBbHBIX
MOJIEKYJI, U3 KOTOPBIX 3aTeM 00pa3yroTcsi My3bIpbku. KoHIeHcalmoHHbIH criocod menoobpaso-
BaHMSI MOYKHO OCYIIECTBUTD CIAEAYIOMUMH METOJAMU:

1. U3MeHeHune mapamMeTpoB (PU3NYECKOTO COCTOSHUSI CHCTEMBI: MOHIKAs JaBJICHUE Mmapa
HaJ[ paCTBOPOM HJIM TIOBBIIIAsI TEMIIEPATYPY PacTBOpA.

B »TOoM ciyuae ra3, pacTBOPEHHBIM B KUJIKOCTH, Cpa3y HAYHET BBIICIATHCS U3 HEE U, €C-
JU KUJIKOCTh COJAEPKHUT MeHooOpa3oBaTenb, oOpa3yercs neHa. CTOWKOCTh NMEHbI 3aBUCUT OT
CBOMCTB M KOHIIEHTPALIUK IEHOOOpa30BaTENS.

Hamnpuwmep, TMMOHa1 NOYTH HE COAEPKUT BELIECTB, KOTOPBIE MOTYT UIPaTh POJIb MEHO-
oOpa3oBartenei, mo3ToOMy, KOTJa Mbl HATUBAEM €r0 U3 OYTHUIKM B CTaKaH, BO3HUKAIOIIAS HA TI0-
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BEPXHOCTH KUIKOCTH T€HA TOYTH MTHOBEHHO Pa3pyIIAETCs, TOT/Ia KaK MUBO COJEPKUT MHOTO
neHooOpasoBarenieil. AHAJIOTUYHO POJIb MMEHOOOpa3oBaresneld MOKHO HAOJIOIATh MPH KUIISTYe-
HUU )KUJKOCTEH (HampuMep, BOABI U MOJIOKA).

2. [IpoBenenne XMMUYECKOW peaKkiMK, COMPOBOXKAAIOIICHCS BblJieeHrneM raza. Hampu-
Mep, B3aUMOJICCTBUE COJIbI C KUCJIOTOM, MEPOKCUIA BOJOPOAa C MIEPMAHTaHATOM KaJus, pa3jio-
JKeHHEe KapOoHaTa aMMOHUsS. XUMUYECKas PEaKIUs UCIIOIBb3YETCsl TPU MPUTOTOBJIICHUH TTPECHO-
rO TECTa, KOTJIa B KAYeCTBE «Pa3phIXIUTENs» n00aBmsioT nutheByto cony NaHCO3 mmu xap6o-
nat ammonus (NHz)2COz:

R ——

2NaHCO3[H*]Na2COs + H20 + CO2

R —

(NH4)2CO3[H*]2NH3 + H20 + CO»

OTH peakluu MPOTeKarT B KUCIION cpelie, IOATOMY B MYKY J00aBIISIOT IUMOHHYIO KUC-
JIOTY WJIM CMEIIMBAIOT C HEW Pa3pbIXJIUTENb, TOTOBS TaK HAa3bIBAEMBIN MTEKapPCKUM ITOPOLIOK.

3. Mcnonp3oBaHrEe MUKPOOHOJIIOTMYECKUX MTPOLECCOB, KOTOPBIE COMPOBOXKIAIOTCS BblJie-
nenuem ra3on (uamie Bcero CO2). Takum mytem mnoiydaroT apoxokeBoe TecTo. [lon nelictBueM
JPOXKEH UAeT CIUPTOBOE OpOXKEHUE: JPOAOKH

CeH1206 —— >  2CO2 + 2C2HsOH.

Beinensromuiicst yriaekucislii ra3 o0yclIoBIMBAET Pa3phIXJIEHUE TECTa, OHO yBEJIUYHBa-
eTcs B 00beMe B HECKOJIBKO pa3. [Ipu mpou3BOACTBE MHBA YIIEKUCIBINA ra3 TakkKe o0pasyeTcs B
pe3yibTaTe MUKpOOHOJIOIMUECKOTro Ipoliecca.

4. Vcnonb3oBaHue 3JIEKTPOXUMHUYECKUX IpoueccoB. IIpu anekTposnse Bojbl Ha KaTole
BBIJICJIAETCS] BOJIOPOJ, @ HA aHO/E — KUCIOpOJ. 3a cueT My3bIpbKOB rasza B npucyrctsuu [1AB,
BBOJIUMOTO B PAaCTBOP, 00pa3yercs MmeHa. DTOT METO/| MPUMEHSIETCS TIPH 3JIEKTPO(IOTAIIUH.

KonpeHcanoHHble METObI MUPOKO MPUMEHSIOTCS B MUILEBOM MPOMBIIIIICHHOCTH, IPU
IIPOM3BOJICTBE TIEHOIIACTMACC, B OBITOBBIX OTHETYIIUTENSAX, B TEXHOJIOTUH TIPOU3BO/ICTBA MTEHO-
OeToHa.

[1eHpl XapaKTepU3yIOTCSI KPATHOCTHIO, TUCTIEPCHOCTHIO H YCTOWYHBOCTBIO.

KpaTtHOCTh mneHbl [3 ONpenensioT Kak OTHOIIEHHEe 00beMa MEHbI K 00beMY HCXOIHOIO
pacTBopa neHooopa3zoBarTess:

ﬁ — Vl'leHbl

VnaB

KpaTHOCTb IeHBI IOKa3bIBAET, CKOJIBKO 0OBEMOB MEHBI MOKHO MOJYYUTh U3 OJHOTO 00b-
ema xuakoctu. Ecnu kpatHocTs nensl (< 10), To meHbl HAa3bIBAIOT KUJIKUMHU; €CIIM KPAaTHOCTh
nensl (f = 10-1000), To meHb! Ha3BIBAIOT CYXHUMH.

JucnepcHocTh. i onpeneneHus TUCIEPCHOCTH MEHBI UCTOIb3YIOT CIEAYIOIUE TTOHS-
THS:

— CpeIHMI paanyC Iy3bIPbKa;

— MaKCHUMAaJIbHOE€ PACCTOSIHUE MEX]y IMPOTHUBOIOJIOKHBIMU CTEHKAMU My3bIpbKa (yCIOB-
HBII 1MaMeTp);

— yJelibHas MOBEPXHOCTh pa3zielia ra3-KuIaKoCTb.

YcroluuBocTh neH. IIeHsl ABIAIOTCA TEPMOAMHAMUYECKH HEYCTOMYMBBIMU CHCTEMAaMH.
Nx obpa3oBaHne COMPOBOXKIACTCA YBEIMYCHHEM CBOOOMHON »Hepruu. M30bITouHas sHEprus
BBI3bIBAET CAMOIIPOU3BOJIBHBIE MPOLIECCH, KOTOPHIE BEAYT K YMEHBUIEHUIO JUCIEPCHOCTU U €€
pazpyuienno. MUHMMaIbHOE 3HaY€HHE CBOOOHON SHEPTUH JOCTUTAETCS P MOJTHOM pas3fele-
HUM [IEHBI Ha JIBE CILJIOUIHbIE (Da3bl: )KUAKOCTh U Ia3.

@DaKTOpBbI, BIUAIONIINE HA YCTOMYUBOCTH MEHBI.

1. ®akTopsl, CBA3aHHBIE C HaJM4YMeM NeHooOpa3oBaTens. B kauecTBe meHooOpazoBare-
neit 06p1yHO Hucnonb3ytoTes:koiionHble [TIAB (uame annonnsie) 1 BMC (ocobenHo nmonuaiek-
TPOJIUTHI).

2. @akTOopHbl, CBA3aHHBIE CO CBOMCTBAMM JAUCIIEPCUOHHON CPEIbI.

— BSI3KOCTb, 4eM OOJIbIIIE BA3KOCTh, TEM YCTOHYMBEE TICHA;

— pH cpensl (onpenensercs TUIIOM ITEeHO0Opa3oBaTes);

— HaJM4M€ B KUAKOCTH HU3KOMOJIEKYISIPHBIX 3JIEKTPOJIUTOB. B xecTkoil Boae (T. €. B
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NPUCYTCTBUHM OOJIBIIIOrO KOJIMYECTBA COJICH) KPATHOCTh M YCTOMYMBOCTH IIE€H HEBBICOKA, a B
MOPCKOH BOJI€ OHA COBCEM HM3Kasl.

3. ®aKTOpHI, CBSI3aHHBIE C BHEITHUMU BO3/ICUCTBUSIMU:

— MCIIAPEHUE JKUIKOCTH U3 NIECHBI,

— TOBBIIICHUE TEMIIEPATyphl — YCHJIMBAET JECOPOIMI0 MOJIEKYJ IEeHOO0Opa3oBaTes,
YCKOpSIET UCHApEHUE KXUAKOCTH W3 IUICHKH, ITOHM)KAET BA3KOCTb JKMIKOCTH B IUIEHKE. OnHaKo
JUTSE HEKOTOPBIX TeH, cradmmm3upoBaHHbIx BMC (Tecto, OenkoBas meHa), TepMudeckas oOpa-
00TKa IPUBOAUT K MEPEXO]y KUAKON IUCIIEPCUOHHOM cpeabl B TBEpA00Opa3Hyro, oOpa3yercs
TBEpJasl yCTOWYUBAsl IICHA,;

— MEXAaHHUYECKOE BO3JICHCTBUE — IEpEMEIINBAHNE, BeTep U T. A. [Ipu 3TOM nmpoucxoaur
MEXAHUYECKOE pa3pyLICHUE CTPYKTYPHI IIEHBI U YCUIIMBAETCS UCIIAPEHUE KUIKOCTH U3 IIJICHKH.

Y CTONYMBOCTH MEH ONPEAEIISAIOT:

1. ITo BpeMeHU CylIECTBOBAaHUS IEHBI, T.€. BPEMEHH, KOTOPOE MPOILLIO C MOMEHTa 00pa-
30BaHUs IIEHBI 10 MOMEHTA €€ IOJHOro paszpyumeHus. VIHorna onpenesistoT BpeMs paspyLICHUs
MOJIOBUHBI 00beMa TIeHH! 1y,

2. Ilpu nponyckaHuM ¢ 3aJaHHOM CKOPOCTBIO YEPE3 BCIECHUBACMYIO KUIKOCTbH ITY3bIPb-
KOB BO3/IyXa M YCTAaHOBJICHUH TIPU 3TOM PaBHOBECHOTO CT0J0a neHbl. [locTosHHAs BRICOTA CTOJI-
0a MeHbl yCTaHABIMBACTCS B TOT MOMEHT, KOI/Ia CKOPOCTh Pa3pyLIeHUs MEHbl PaBHA CKOPOCTH
00pa30BaHMs MEHBI U I03TOMY CIYXUT MEPOH YCTOMUUBOCTH IEHBI,

3. Ilo BpeMeHH KU3HU OTAEIBHOIO Ta30BOr0 My3bIpbKa Ha NOBEPXHOCTHU KUAKOCTH, I'Pa-
HUYalen ¢ Bo3ayxoM. st 3Toro my3bIpek Bo3yXa BbIAABIUBAIOT B KUJKOCTh C IIOMOIIBIO Ka-
NWLIAPA C 3aTHYTBIM KOHLIOM. [Iy3bIpeK BCIUIBIBAET U, JOCTUTHYB IIOBEPXHOCTH, 3aJ€PKUBACTCS
TaM Ha HEKOTOPOE BPEMsl, IPEXKIE, YEM JIOITHET. DTO BpeMs >KU3HH Iy3bIpbKa OOBIUHO MPOIIOP-
[IMOHAJILHO BPEMEHHU CYLIECTBOBAHUS CTOJI0A MIEHBI B LIEJIOM.

B psine cnyuaeB neHooOpa3oBaHHE SIBIISIETCSl HEXeEJaTeNbHbIM IpoueccoM. s mpeny-
IPEeXIeHUs TIEHO0OPa30BaHUs HCIIONB3YIOT XUMHUECKUE CIIOCOOBI, T. €. MPUMEHSIOT BEIleCTBa,
IpensTcTByIoNIe 00pazoBaHuio neHbl. Kpome Toro, ynaistoT U3 TEXHOJIOTHYECKUX PacTBOPOB,
conepxaumx ITAB, crabunuzaropsl neH. [Ipu 3TOM yCTOHYMBOCTH NMEHBI PE3KO CHIXKACTCS U
OHA CaMOIIPOU3BOJIBHO Pa3pyILaeTCs.

Pa3pyiienne neH MOKHO BBI3BaTh BBEJEHUEM IIEHOTacuTeNel. MeToabl paspylleHus I1eH
JeNATCA Ha XMMUUYECKHE U HEXUMUYECKHE.

1. XuMudeckue METOABI Pa3pyLICHUs IIEH OCHOBAHbI HA BBEJCHUH IIEHOTACUTENEH.

Bce nmenoracuTenu MOKHO pa3lienuTh Ha ABe rpynmsl. K nepBoil rpymnmne oTHOCSTCS Be-
I1€CTBa, BCTYMAIOIIME B PEaKkIUIo C IEHO00pa3oBaTeieM U MeHsoIue ero npupony. Hanpuwmep,
€CIIH K TIeHe, CTaOWIIN3UPOBaHHOM osieaToM Hatpus, 100aBuTh HCI, To mpousoiiaet peakius

C17H33COONa + HCI = C17H33COOH + NaCl

1 neHooOpa3zoBarenpb u3 criibHOro 3ekTponuTa (C17H3sCOONa) npeBparutcst B cinalbiid
(C17H33COOH), 4TO 3HaUUTENBHO YMEHBIIUT 3JEKTPOCTATHUECKUI (PAKTOP YCTOMUMBOCTH NIEHBI
U TIPUBEJIET K Pa3pyLIEHUIO MEHBI.

Ko BTOpOIi rpyrmme oTHOCATCS BellecTBa, 00J1aAaroue BEICOKOW MOBEPXHOCTHOM aKTUB-
HOCTbHIO, HO HE CIIOCOOHBIE 00pa30BBIBATH MPOYHbIE aACOPOLMOHHBIE MIIeHKU. K HUM oTHOCATCS
CpEHUE FOMOJIOTH CIIUPTOB, HAIIPUMEDP, OKTUJIOBBIM CIIUPT, KETOHBI, IOJUAMH/IbI KUPHBIX KUC-
JIOT, MPONUJIEHTJIUKONHU, CIOKHbIE 3Gupbl U T. 1. OHU BBITECHSAIOT NEHOOOpa30BaTeNd U3 MO-
BEPXHOCTHOT'O CJI0s, JAEJIal0T €ro MEeHee MPOYHBIM U CIIOCOOCTBYIOT pa3pbiBy CTEHOK My3bIPHKOB
neHsl (HanpuMmep, pH 100aBJICHUH alleTOHA K MeHe, CTA0MIN3UPOBAHHOM KEIaTUHOM).

2. Hexumuueckue crocoObl pa3pylieHus el AesaTcs Ha GU3nYecKue U MEXaHUYeCKHe:

a) usmueckue crocoObl MEHOTAIICHUS: TEPMUUECKHE, JIEKTPUUECKHE, YIbTPAa3BYK;

0) MexaHHWYecKHe CIOCOObI MEHOTAlleHHs: HCIOJIb30BaHHE JUCIEPraTopoB, CETKU H
KpBUIbYATKH, CTPYH apa WM BO3/lyXa, BAKYyMHBIE YCTPOMCTBA U T. [I.

IIpuMeHeHue IeH.

1. OGoramenue py1 1 MUHEpaIOB (TMTEHHAs (PIIOTAITNsA).

2. B TeKCTUIBbHON MTPOMBIIITIEHHOCTH (IIPOLIECC CTUPKU TKAHEN ).
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3. B nuieBoil mpOMBINIIEHHOCTH (KPEMBI, MYCCBI, TOPTHI, KOH(QEThI, B3OUTHIE CIUBKH,
KOKTEWIM, MOpoxeHoe u Ap.). [Ipu mpousBoacTBe cyxoro kapTodelbHOro mope, kode, oBoILl-
HBIX U (PPYKTOBBIX MIOPE, COKOB, MOPOIIKOB JJIsi MIPUTOTOBICHUS MIMITYYHX HAMUTKOB, KOPMO-
BBIX JIPOXIKEN U T. JI. UCIIOJIB3YETCS IEHOCYIIKA — CYIIKA C IIPEJBAPUTEIbHBIM BCIICHUBAHUEM.

4. IIpoTuBONIOKAPHBIE TIEHBI.

5. TBepapie TeHbI (MIEHOCTEKIIO, IeHOOETOH, neHomiacT). OHU XapaKTepU3yrTCs Malon
00BEMHON Maccoil, BBICOKUMH 3BYKO- U TEIIOM30JIMPYIOLIUMU CBOMcTBaMU. Mcrionb3yroTes Ui
TEMJION30JISILIUU XOJIO0IUIbHUKOB, KUJIBIX JOMOB.

6. JlekapcTBEHHbIE ITpENapaThl.

IIpu6Gopsl 1 peakTUBBI. MEpHBIC IWJIMHIPHI C TPUTEPTOH MTpoOkoit Ha 50-100 Mi1; Mep-
HbIE KOJIOBI Ha 50 Mi1 — 5 1T.; mumerka Ha 25 mir; nunerka Ha 10 MIT; IUIIETKA HAa 5 MIT; IAIETKA
Ha | mu; cekynaomep; 1% pactBop kematuna; 0.02 monw/n pactBop creapara HaTpus; 0.01
moub/1 KCl; konuenTpupoBanusbiii pactop HCI; aneroH.

IHopsaoK BbINOJIHEHHS PA0OTHI

OnbiT 1.32BUCUMOCTh YCTOWYUBOCTH MEHBI OT KOHIIEHTPALIUU TIEHOOOPA30BaTENsI — KOJI-
nmouguoro ITAB.

B xauectBe menooOpasoBarens (koymounnoro [TAB) ucmons3yercs 0.02 mons/Mi pac-
TBOp cTeapata Hatpus (Ci7H3sCOONa). 13 ucxomHoro pactBopa creapaTa HaTpuUs B MEPHBIX
Kostbax Ha 50 MJI IyTeM IOCIIeI0BAaTEIBLHOTO pa30aBIeHuUs BABOE TOTOBSIT 5 paCTBOPOB.

B nnnunap emkoctsio 50-100 M ¢ mOMOIIbIO MUANETKA BHOCAT 10 MJT MPpUTrOTOBICHHOTO
pactBopa (OCTaBIIMICS PacTBOP COXPAHSIOT JJIA OMbITa 2), 3aKphIBAIOT MPoOKOit. BeTpsixuBaroT
coaepxumoe nunuuapa B teuenue 20 c. [locne npekpalieHus: BCTpAXUBaHUS BKIOYAIOT CEKYH-
JIOMEp, OJTHOBPEMEHHO OTMeYasi 00bEM COAEPKUMOro IIINHAPa Vi 00beM OCTaBILIEHCS KUAKO-
CTH MOJ clI0eM TeHbI Vocn. MakcuManbHbI 00BeM MEeHbI V 7BBIYUCISETCS 10 YPABHEHHUIO:

V=V —Voem (12.1)

OTmeuaroT BpeMsi, 32 KOTOpO€ MaKCUMalbHBIA 00bEM TMEeHbl YMEHBIIHUTCA BABOE 1y, 3a-
TEM OITIBIT MOBTOPSIOT C KaXJBIM M3 MPUTOTOBIIEHHBIX PAacTBOPOB. Pe3ynbTaThl 3aMvChIBalOT B
tabmumy 12.1.

PaccunThIBatoT KpaTHOCTH MEHBI [ 110 YPaBHEHUIO:

g = I—:{,(lZ.Z)

rae Vi~ MakcuManbHbld 00beM 1eHbl, Vix = Vo — Voem., Vo —MCXOIHBIA 00BEM KUIKOCTH
(Vo =10 mu).

3naueHus BHOCAT B Tabnuny 12.1. Ilo pe3ynbTaram ombiTa CTPOSIT rpaduKu:

1) 3aBUCMMOCTH MaKCUMaJbHOTO 00beMa MEHbI OT KOHIIEHTPAIIMHU cTeapata HaTpHs;

2) 3aBUCUMOCTH KPAaTHOCTH TIEHBI OT KOHIIEHTPAIIMH CTeapaTa HaTPHs;

3) 3aBUCUMOCTH 1/ OT KOHIIEHTpALIMU CTeapaTa HaTpHsl.

JlemaroT BBIBOJI O BIMSTHUN KOHIIEHTpanuu KojutougHoro [TAB Ha ycTOMYMBOCTD TIEHBI.

OnbIT 2. BriusiHue 31eKTpoNnuTa Ha YCTOWYMBOCTD TIEHBI, CTAOUITU3UPOBAHHON KOJIOHI-
HeIM [TAB.

Jljis ipoBeIeHUS TaHHOTO OMBITa UCHOJB3YIOT PAacTBOPHI cTeapara HaTPUs, OCTABIIUECS
OT MPEBIAYIIETO OMbITA.

B mmnmuaap emxocteio 50-100 M1 ¢ mOMONIBI0 MUMETKH BHOCAT 9 MJI pacTBopa creapara
Harpus ¥ 1 M1 0.01 mons/npactBopa KCI. Jlanee onbIT npoBOAAT Kak MPebLIyIIHA.

Pe3ynbratel 3anuckiBatoT B Ta0nuiy 12.2. Jlanueie Ta0auis! 12.2 cpaBHUBAIOT ¢ JaHHBI-
MU Tabmuibl 12.1. J[enaroT BBIBOA O BIMSIHUM CHIIBHOTO 3JIEKTPOJIMTAa HAYCTOWYHBOCTH TIECHBI,
CTAOMIM3UPOBAHHOW MOHOTEHHBIM KoJulouiHbIM [TAB.

3aBUCUMOCTh YCTOMYUBOCTH MIE€HBI OT KOHLIEHTPAuU
cTeapaTta HaTpus

Ne Konnentpanust V, Voem., Vi, M1 ty, S
cTeapaTa HaTpus, MII MII
MOJIB/T
1
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2
3
4
5
BriusitHue CHIIBHOTO 3JICKTPOJIMTA Ha TICHOOOPa3yIOIIYI0 CIIOCOOHOCTh CTeapaTa HaTpHs
Konuenrpa- | Konrenrpanus V, Voem.,, | Vi, Mi ty, B
No 1IUs cTeapa- KClI, MII MJI
Ta HATPHUA, MOJIB/T
MOJIB/J
1
2
3
4
5

OnbiT 3. 3aBUCMMOCTh YCTOMYMBOCTH MEHBI OT KOHIEHTpAlUH IEHOOoOpa3oBaTels-
HoJuMepa.

B kxauectBe nenooOpazoBarens ucnoyib3yercs 1%-Hplil pacTBOP JKeIaTHHA.

B mmunap Ha 50-100 mMut ¢ moMoIibi0 MUNETKH BHOCAT 10 MJI HCXOJHOTO pacTBOpa Ke-
JaTUHA. 3aKpbIBaOT PoOKOMl U BerpsixuBatoT B TeueHue 20 c. [locie npekparienus BCTpsIxuBa-
HUSI BKJIIOYAIOT CEKYHJIOMEp, OJIHOBPEMEHHO OTMeuasi 00beM COAEPKUMOTro IMINHIpa Vi 00beM
ocraBLIencs )KUIKOCTH Voem. OTMEUAIOT BpeMS, 3a KOTOPOE 00bEM IIEHBI YMEHBILIUTCS BABOE — t1,.

AHaJIOTMYHO MPOBOSAT ONBITHI C PACTBOPAMHU APYroi KOHIEHTpALUK NEHO00pa30BaTells.
Pe3ynbTarhl 3anUCHIBalOT B TAOIHILY.

o pe3ynbraTam sKcIepUMeHTa CTPOST rpaduKu:

1) 3aBHCUMOCTH MaKCUMaJIbHOTO 00beMa MEHbI OT KOHLIEHTPALUU KEJIaTHHA;

2) 3aBUCUMOCTH KPAaTHOCTH MEHBI OT KOHLEHTPALMH KeTaTHHA;

3) 3aBUCUMOCTH 17 IEHBI OT KOHUEHTPALIUH JKEeJaTHHA.

3aBHCHUMOCTb YCTOMUMBOCTH NEHBI OT
KOHIIEHTPALlMH JKeJIaTHHA

Ne Oo0peMm |O0BeM nu-| Konmen- V, Voem, M | VoM |ty ¢ B
pacTBopa |CTHJLTUPO-| TpAIHS MII
’KeJlaTHHA | BaHHOW |’KeJIaTHHA,
BOJIBI %
1
2
3
4
5

JlenaroT BBIBOJI O BIMSHUYU KOHIIEHTPALMH MTOJIMMEpPA Ha YCTOMYMBOCTD IIEHBI.

OmnpbiT 4.[IpoBeeHNE TalIeHNs MIEH C UCIIOIb30BAHUEM ITIEHOTaCUTENEH.

B nBa uucThIX MpoHyMepoBaHHBIX HWIMHApa oobeMoM 50-100 mi BHOcAT 10 mi0.02
MOJIb/JT pacTBOpA cTeapara HaTpHsl, OJHOBPEMEHHO BCTPSAXMUBAIOT 00a nuiuHapa B TeueHue 20 c.
OnpenensioT MakCUMalbHbI 00beM meHbl V. 3aTeM B OJWH IMJIMHAP 100aBISIOT 3 Karuiu
koHueHtpupoBanHoi HCI1, a Bo BTopoil — 3 karum aneroHa. OTMedaroT BpeMsl, MPOLIEAIEe OT
MOMEHTa JJ00aBJIEHUs! IEHOTACUTEINS /IO IOJTHOTO pa3pyIIEHUs TIEHBI.

AHaJOrMYHO MPOBOJAT ralieHue MeHbl, CTaOUIN3UPOBaHHON 1%-HBIM PacTBOPOM >Keja-
TUHA. JlaHHBIE 3aHOCAT B TaOJIUILY.

JlemaroT BeIBOJ 00 dexTrBHOCTH TIeHOTacuTesneil. OOBSCHIAIOT MEXaHNU3M Pa3pyIICHUs
neHsl kKoHueHTpuposanHoil HC1 u aneToHOM.

Ilo pe3ynbraram HaONIIOJEHUH AENAIOT BBIBOJ O BIUSHUU PA3IM4YHBIX (HakTOpPOB (yKa3bl-
BaIOT MX) HAa YCTOWYMBOCTb I1EHBI.

HccnenoBanue BAMSHUASA IPUPOBI IEHOTACUTENS
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Ha YCTOMYUBOCTD IIEHBI

No [lenooOpazoBarenb V, Voem., MII VM Ilenora- t, c
MII CHUTEND

1 10 M 0.02 monw/n
pacTBopa creapara
HATPUS

2 10 mi1 0.02 moins/n
pacTBopa creapara

HaATpUS

3 |10 M 1 % pactBopa
KeJlaTHHA

4 |10 M 1 % pacTBOpa
KeJlaTHHA

®opma otuera. OTYET JODKCH COJIEPKATh HA3BaHHWE PAOOTHI U ONMHCAHUE TSN €€ BBI-
MOJIHEHM ], KPATKUI KOHCIIEKT TEOPETUYECKON YaCTH, KPAaTKOE ONMHMCAHUE METOJIUKHU MPOBEACHUS
OIIBITOB, 3aII0JHEHHbIE TaOJINLIbI, TPAPUKU U BHIBOJBI.

KonTposabHbie Bonpochl

1. Kakue cucreMsl Ha3biBatoTCs NeHaMu? Kakylo CTpyKTypy UMEIOT IE€HbI?

2. HazoBuTe METO/ABI MTOIY4EHUS TIEH.

3. Kakumu colictBamu 0011a/1at0T NEHbI?

4. SIBnsAIOTCS 1M IEHBl TEPMOJUHAMUYECKH YCTOMUYUBBIMU CUCTEMAMMU?

5. Kak noBeicuTh ycToiunBocTh neH? Kakue BeniecTBa UCHOIL3YIOT B KaUe€CTBE NMEHO00-
pazoBatenein?

6. HazoBuTe MeTobl pa3pylieHUs MEH.

7. I'ne npuMeHsItOTCs TeHbI?

JIABOPATOPHAS PABOTA Ne 9 (4 yaca)
OTIPEJEJIEHUE KPUTUYECKOM KOHIIEHTPAITMN MULIEJUIOOBPA3OBAHU
(KKM) KOHAYKTOMETPUYECKUM METO/IOM

Henp padorel. M3ydyeHne KOHIYKTOMETPUYECKOIO METOJA ONPENEICHHUsS KPUTHYECKON
KoHIIeHTpanuu muteuiooopazopanus (KKM). Onpenenenue KpUTHUECKOM KOHIIEHTPAIIUU MH-
1eJ1000pa30BaHUsl HOHOT€HHOTo KostouaHoro [TAB.

Kparkue Teopernueckue moJioskenus. Bemectsa, cnocoOHbIE CHUKATh TTOBEPXHOCTHOE
HaTsDKEHHE PacTBOPOB, HA3bIBAIOT MOBEPXHOCTHO-akTHBHbIMH BemiectBamu (ITAB). Ilo otHo-
IICHUIO K BOJHBIM PAaCTBOPAaM ITOBEPXHOCTHO-aKTHBHBIMH SIBJISIFOTCSI CITUPTHI, KUPHBIE KHCIOTHI
U UX COJIM, aMUHBI U JIpyTHe BELIeCTBa, UMEIOIINE TUPHIBHOE CTPOEHHE, T. €. MOJSIPHYIO YacTh
(pyHKUIMOHANBHYIO TPYMIY) U HENOJSPHYIO 4YacTh (yriaeBOJOpOAHBIN paaukan). llomsphas
rpymnmna sBisiercss TuApopuiIbHON (InoUIbHON), HemonsgpHast yacTh — ruapodooHoit (11odos-
HO).

Monexynst ITAB n3o6paxaror Tax:

O

HENoJIsipHas YaCThIOJSpHAS rpyIa
(«xBOCT»)(«TOIIOBaY).

OcoOplif nHTEpec npencTaBisioT KoouaHsie [TAB. iMenHO oHM B mepByro ouepeinb
NOHMMarOTCs oA TepmMuHoM ITAB.

Kommongueie [TAB — 3T0 BemecTBa, KOTOpPbIE CHHXKAIOT MOBEPXHOCTHOE HATSIKEHUE HA
rpaHuie pasnena (a3, a Takke MpPU OMPEICICHHBIX KOHIEHTPALUSAX CIIOCOOHBI K CaMOIPOU3-
BOJILHOMY MHUIIEIIIIOO0PA30BaHUIO, T. €. 00pa30BaHUIO HOBOU (Da3kbl.

Munesmisl kotouanbix [TAB dopmupyor aucnepcHyio ¢asy, nmpu 3ToM obpasyercs
rpaHuIla pazzaena (a3 MexIy MUIIECIUTAMH U TUCTIEPCUOHHOM CPEIOi.
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Takue pacTBOpBI XapaKTEPU3YIOTCSI CBOMCTBAMM KOJUIOMJHBIX PacTBOPOB — JUCIIEPCHO-
CTBIO U T€TEPOr€HHOCTHIO — U HA3bIBAIOTCS JTHOMUIBLHBIMU KOJUIOUTHBIMHA PACTBOPAMH.

[Tpu ManbIx KOHIEHTpauusax kotonaubie IIAB 00pa3yloT HCTHHHBIN pacTBOp, IPU STOM
yacTb Mosiekyn [TAB ancopOupyercs Ha rpanuie paszaena ¢as. [Ipu yBennueHnn KOHIEHTPALUU
pacTBopa B HEM CaMOIIPOU3BOJILHO MPOUCXOAUT 00pa3oBaHue CPEPUUIECKUX MULEIIT — MUIEIUT
["aptau, npu 3TOM pacTBOp CTAaHOBUTCA reTeporeHHbIM. Munemna ["aptiam — 3T1o accoumar au-
(WIBHBIX MOJIEKYJ, THO(MUIBHBIE TPYIIIBI KOTOPHIX 0OpaIleHbl K paCTBOPUTEINO, a JTHOPOOHBIE
TPYIIBI COEAUHSIOTCA APYT € APYrom, oopasys sapo (puc. 7.1).

Konuentpanus ITAB B pactBope, npu KoTOpoii nctuHHbIA pactBop [IAB mepexomut B
KOJUTOUTHBIH, Ha3bIBACTCSl KPUTHUYECKON KOHIIEHTpaIei Munemiooopasopanus (KKM).

KKM — BaxHeiimas oTIHYATEIIBHAS 0COOCHHOCTh KOUIoUAHbIX [TAB. Bemnmunna KKM
JISKUT OOBIYHO B Ipeeiiax 1073-10"® mous/i1.

Puc. 7.1. Munemna
I'aptim.

[Ipn xonuentpanuu Beiie KKM B pacTBOpe yBEIM4YMBAETCS YMCIO MULEIUT U U3MEHSET-
cs ux popma. Cheprueckue MHULEIBI CTPEMATCS NPUHATH IIACTUHYATYIO, LUIMHIPUYECKYIO,
JIMICKOOOPa3HyI0 U MajJ04K000pa3Hyto (OpPMBIL.

daxTopsl, Baustonme Ha Bennunay KKM:

— CTPOEHHE U JUIMHA YIIIEBOJOPOAHOro panukana [TAB;

— Xapakrep nosisspHou rpymnmnsl [TAB;

— HaJIMYKE B PACTBOPE DJIEKTPOJIMTOB;

— TeMIieparypa.

MeTtop! onpeneneHusi KpUTHUYECKON KOHIEHTPAllUK MULIETNI000pa30BaHMsl OCHOBAHbI Ha
pEerucTpalnmy pe3koro M3MeHeHus (PU3NKO-XUMHUECKUX CBOMCTB pacTBopoB ITAB npu nepexoze
OT UCTUHHOTO PacTBOpa K KOJUIOUJHOMY.

g onpenenenns KKM ncnonb3yrores cienyronye METoIbL:

1) KOHAYKTOMETPUYECKUI METOJI;

2) MeTo/1, OCHOBAHHBIN Ha U3MEPEHUU TTOBEPXHOCTHOIO HAaTsXKeHUs pacTBopoB [TAB;

3) cnekTpoOTOMETPUUECKUI METOT;

4) meron hoToHEePeTOMETPUN U IP.

Konnykromerpuueckoe omnpeaenenne KKM ocHOBaHO Ha M3MEpEHMN KOHILIEHTPALMOH-
HOM 3aBHCHMOCTH 3JIEKTPUUYECKON MPOBOAMMOCTH PACTBOPOB MOHOTEHHBIX KOUIOMAHBIX ITAB.
ITpn koHnentpanuax pactsopa IIAB ke KKM 3aBucnMocTy yienbHON U MOJIIPHOM DJIEKTPH-
YECKUX MPOBOAUMOCTEN COOTBETCTBYIOT AHAJIOTMUYHBIM 3aBUCHUMOCTSM JJIsl PACTBOPOB CPEIHUX
IO CWJIE 3JIEKTPOJINTOB, TaK KaK MPOUCXOANT UX AUCCOLMALINS, HATIPUMED

n RCOONa — n RCOO™ + n Na*

(TUAPOIM30M COJIH MTPEHEOPETaroT).

O6pazoBanue chHepuIecKrX MULIEIIT

n RCOO +nNa'< (RCOO ), +nNa'

MPUBOJUT K YMEHBUICHUIO UX TOJBUKHOCTEHN 10 CPABHEHUIO C MOJIBUKHOCTSMHU OTEIb-
HBIX MOHOB. Kpome Toro, 3HauMTenpHas 4acTh IPOTUBOMOHOB HAXOJAUTCS B IJIOTHOM CJIOE€ KOJI-
JIOWJJHOW YaCTHUIIbl MULIEIUIBI M, 3HAYUT, HE Y4aCTBYET B IIEPEHOCE IICKTPUUECTBA, YTO 3aMeIsA-
€T pOCT IIPOBOJAUMOCTH PaCTBOpa.

3aBUCUMOCTD yIEIbHOU IEKTPUYECKON MPOBOJAUMOCTH ¥ OT KOHIEHTPALUU KOJUIOUIHO-
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ro ITAB mpencrasnena Ha puc. 7.2. Touka nepern0a, mpu KOTOpOi HAOIIOAETCs 3aMeITICHHUE
pocTa yaelIbHON TPOBOAMMOCTH, cOOTBEeTCTBYeT KKM.

Tak kak MoJiApHasi AJEKTpUYECKas MPOBOJUMOCTh 3aBUCUT OT IOABM)KHOCTEM HOHOB,
HAXOJSIIUXCS B pacTBOpE, TO MO Mepe o0pa3oBaHUS MULEII U YBEIMUEHHUS UX Pa3MEpoB MO-
JSIpHAs 3JIEKTpUYECKasi IPOBOJAUMOCTb PAaCTBOpPAa YMEHBIIAETCS. JTO MaJleHUE MPOA0JIKAETCS 10
TEX IOp, OKA HE YCTAHOBUTCS MOCTOSIHHASI BEJIMYMHA MOJIBU>)KHOCTEN HOHOB, T. €. [IOKa PacTBOP
HE IIEPENET B MULIEIUIIPHOE COCTOSTHUE.

x A
KKM C
Puc. 7.2. 3aBuUcUMOCTH Puc. 7.3. 3aBucumocTtsn
YACIBHOW  DJIEKTpHUYE- MOJISIDHOW  3JIEKTpHUYE-
CKOW TPOBOJIUMOCTH OT CKOH TPOBOJMMOCTH OT
KOHIIGHTpAllUh  KOJUIO- KOHIICHTPAllUh  KOJLIO-
naxoro ITAB. nauoro ITAB.

Touka nepernda Ha KpUBOM 3aBUCHMOCTH MOJISIPHOW 3JIEKTPUUYECKONW MPOBOJUMOCTH OT
KOHIIEHTpaluu pactBopa kojutouHoro [TAB cootBerctByer Benuunne KKM (puc. 7.3).

IIpu6Gopsl u peakTuBbl. KOHIYKTOMETP; KOHIYKTOMETPHUYECKas siYeiKa C IMIIATUHOBBI-
MU 2JIEKTpoJaMu; cTakaH Ha 50 mur, munetku Ha 20 MJI; pacTBOP MOHOT€HHOTO KOJIIOUIHOTO
ITAB (nampumep, 0.02 mounb/1 pactBop creapara Hatpus); 0.02 moss/n KCI.

Ilopsinok BbImoiHeHust padoThl. [IpenBapUTENEHO ONMpPENESIOT KOHCTAHTY KOHJIYKTO-
METpUYECKOil stueiiku, ucrnomnb3ys pactBop KCI xonnentpanun 0.02 mons/nm u 0.01 Mosb/m, mo-
Jy4eHHBIH pa30aBICHUEM HUCXOJHOTO pacTBOpa. B siueliky HaIMBaIOT CTOJNBKO PacTBOpaA, YTOObI
AIIEKTPOABI OBLTU MOJHOCTBIO NOTPYKEHBI B HEr0. KOHCTaHTY siueiiku BBIYMCISIOT 110 (opmyie:

4
K=%, (1)

rlie y — 3HAYCHHs YACNBbHOW AJeKTpuueckor mposoaumocTu pactBopa KCl, coorser-
CTBYIOIEH KOHLIEHTpAIUK TIpH TeMiepaType skcrepuMenta (cM. Ipunosxenue), Cm-em?; L —
aNieKTpryecKkas nmpoBoauMocTh pactBopa KCl cooTBeTcTByIOIIEH KOHIIGHTpAIlMU, U3MEPCHHAS
Ha KOHIyKTOMETpe, CMm.

[Tocne u3mepenus npoBoauMoctu pactBopa KCl sueliky ToiaTeabHO MPOMBIBAIOT M-
CTWIJIMPOBAHHOW BOJIOM.

20 M3 MCXOOHOTO pacTBOpa MOHOTEHHOro KoJuIougHOTO IIAB BBIIMBaIOT B KOHAYKTO-
METPUYECKYIO SYCHKY M U3MEPSIOT MPOBOIUMOCTh. 3aT€M TOTOBAT CIASAYIOIINI pacTBOP MMyTEM
pa30aBieHUs BABOE MPEIBIAYIIEro pacTBopa. s aToro otObuparoT MepHoi numnetkoi 10 M uc-
XOJHOTO pacTBopa KosutougHoro [IAB u mo6asmistor 10 M quctuummpoBanHo# Bojmou. [puro-
TOBJICHHBIN PacTBOP TIIATEIHHO MEPEMEIINBAIOT U U3MEPSIOT MPOBOIUMOCTE. Takum ke oOpa-
30M TOTOBAT OCTAJIBHBIC PACTBOPHI (BCETO §) M M3MEPSIOT WX DJIEKTPUUECKUE MPOBOIUMOCTH.
Bce pacTBOpBI TOTOBST HEMOCPEACTBEHHO TMEpe/l U3MEPEHUEM ISl TOTO, YTOOBI MPEIOTBPATUTH
npouecce ruaposusa kowionaHoro [TAB.

VY AenbHYI0 3JEKTPUYECKYIO TPOBOAMMOCTE BBIUUCIISIIOT 11O (hopMyIie

x=K, -L,(7.2)
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rae K.~ cpennee apupMeTHYECKOE 3HAUYEHUE KOHCTAHT, MOJIYYEHHBIX JUISI PacTBOPOB
KC1 konuentpanuii 0.01 u 0.02 moup/it; L — anekTprudeckas IpoBOIUMOCTh KoJmonHbIX [TAB,
U3MEpEeHHas Ha KOHAYKToMeTpe, CM.

MoJsIpHYIO JEKTPUUYECKYIO TPOBOJMMOCTD BBIYUCIISIOT 110 (hopMyIie:

2= 21000 2o
C

rae C — KoHIeHTpaIus pacTBopa Koyuiouaaoro [TAB, momb/i.
Pe3ynbTaThl BHIYMCICHUN 3aIIMCHIBAIOT B Tabmiy 7.1.
3arem cTpoST rpaduKu 3aBUCUMOCTH YIIEIBHON M MOJISIPHOW AJIEKTPHYECKOW MPOBOJIU-
moctu oT koHueHtpamu y = f(Crap) u A = f(Crus). U3 TpadmkoB onpenensror KpUTHIECKYIO
KOHIICHTPALMIO MHIIEII000pa3oBaHus UccienyeMoro komuongHoro [TAB.
Tabmuma 7.1

Pe3ynpTaThl KOHAYKTOMETPUYECKUX U3MEPEHUN
Y BBIYMCIICHUI

Cr14, MOJIB/TT L, Cm 7, Cmeem? A, Cm-cM?-Moip ™t

®opma oTuera.OTUET JOIDKEH COJIEpXKaTh Ha3BaHUE U 11€Jb paboThl, KpaTKHE TEOPETH-
YECKHUE MOJIOKEHHUS, ONKMCAaHNUE X0/1a paboThl, TaOIUIy SKCIIEPUMEHTAIBHBIX JaHHBIX, IpapuKu
Ha MUJUIMMETPOBOM Oymare, BBIBOJ.

KoHnTpoJibHbIe BOonpockl

1. Yto Ha3pIBaeTCSI KPUTHYECKOM KOHIICHTpanuer MutiesmiooopazoBanus (KKM)?

2. Ot kakux ¢akTopoB 3aBucUT BenrmunHa KKM?

3. B 4em cOCTOUT CyIHOCTh KOHAYKTOMETPUUYECKOT0 MeToaa onpenenenns KKM?

JIABOPATOPHAS PABOTA Ne 10 (4 4gaca)

OTIPEEJIEHUE MOJIEKYJIIPHOM MACCHI TIOJJUMEPA BUCKO3UMETPUYE-
CKUM METOJOM. HCCIEAOBAHUE ITPOHECCA HABYXAHUA XEJIATUHA B
BO/IHBIX PACTBOPA

eab padoTsbl. 3yueHne 3aBUCMMOCTH BSI3KOCTH PACTBOpPA OT KOHLEHTPALMM MOJIUME-
pa. OmpeneneHne MOJIEKYJISIPHON MacChl IOJIUMEDA.

Kparkune teopernyeckue IoJIOKeHUsl. BaKHONW KOJIMYECTBEHHOM XapaKTEPHCTHKOMN
BBICOKOMOJIEKYJISIpHBIX coequHeHnit (BMC) sBnsercs MonekynsapHas Macca rmojumepa.

Bce MeTonbl onpeneneHnst MOJIEKYIISIPHBIX Macc MOJUMEPOB MOTYT OBITh pa3fielieHbl Ha
YEThIPE IPYIIIbL:

1. Xumnueckrue MeTo/ibl (OCHOBaHbI Ha ONPEEICHUH KOJIUYECTBAa PEaKIMOHHBIX TPYIIII
MaKpOMOJIEKYI).

2. TepmoanHaMHUECKHUE METOIbI (OCMOMETPU S, KPUOCKOTIHSL, F0YINOCKOHS).

3. Ontuyeckuii MeTO (METO/1 CBETOPACCESTHHUS).

4. MonekynsipHO-KUHETHYECKHE METO/Ibl (BUCKO3ZUMETPHS, TU(Y3UOHHBIH METOJ, Yib-
TpaueHTpuyrupoBaHue).

Haubonee nmpocTeiM, XOTS U MEHEE TOUHBIM, SIBJISIETCS BUCKO3UMETPUUYECKUN METOJ, OC-
HOBaHHBIN HAa U3MEPEHUH 3aBUCHMOCTH BSI3KOCTH OT KOHILIEHTpALMK pacTBoOpa.

Bsi3kocTh pacTBOpOB, CoOJlEpKalMX MaKpPOMOJIEKYNbl, OOBIYHO BBIIIE BSI3KOCTH PacTBO-
POB HU3KOMOJIEKYJISIPHBIX BEIIECTB M KOJUIOMIHBIX PACTBOPOB TEX )K€ KOHLIEHTpanui. BsskocTs
pPacTBOPOB BBICOKOMOJIEKYJISIPHBIX BEIIECTB CPaBHUBAIOT C BA3KOCTHIO pacTBopuTens. s pac-
TBOpoB BMC paznuyaroT OTHOCUTENBHYIO, YAEIbHYIO, IPUBEJCHHYIO U XapaKTEPUCTHUECKYIO
BSA3KOCTb.

OtHocuTenbHAs BS3KOCTb (7omu) — 9TO OTHOLIEHHE BS3KOCTH PAcTBOPA 77 K BS3KOCTH
pacTBOPUTEIA 70:

0
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N3 ypaBHeHus Ilyaseins cienyer:

4 4
zr Pt zr
=—=KPt, rme K= —.
8lv 8lv
JlaBneHue npsiMmo MpONnOpLUUOHATIBHO INIOTHOCTH KUJIKOCTH, CIEI0BATEIEHO
n=Kpt.

Tak kak MIOTHOCTH Pa30aBIEHHOTO PACTBOPA U IJIOTHOCTb PACTBOPUTEINS MPAKTUUECKU
OJINHAKOBBI, TO
n=Kt.
Tornaa st OTHOCUTENIBHOW BSA3KOCTH MOJTYYaArOT

Tow == (82)
0 0
rae t utop — Bpems HCTEYEHUS pacTBOPa U PaCTBOPHUTEIIS.
VnenbHast BA3KOCTb (7}y0) — OTHOCHTEIILHOE HM3MCHEHHE BSI3KOCTH PACTBOPUTEIS IMPU
BBEJECHUU B HETrO MOJIUMEPA

Ny ==l 1=y, -1.(@83)
o Mo

[TpuBencHHasT BSIBKOCTD (7Jnpus) — OTO OTHOIICHUE YICIbHOW BSI3KOCTH K €IMHUIIC KOH-

[EHTPAIMU PacTBOpa
Ty,

Mrpue. C

XapakTepucTHUeCKast BA3KOCTD [77] — MpeacTaBiseT co0ol MPUBEICHHYIO BSI3KOCTh MPHU
OCCKOHEYHO OO0JIBIIIOM pa30aBICHUN PACTBOpA

i e
[77]—|0|£101 ol

Jlns paz0aBIeHHBIX PACTBOPOB MOJIMMEPOB XAPAKTEPUCTUUYECKAsI BSIZKOCTh MOXKET OBIThH
onpeneneHa rpaguueckuM metoaoMm (puc.8.1). [To ocu opMHAT OTKIIAIBIBAIOT 3HAYCHUS TTPUBE-
JIEHHOW BSI3KOCTH, OMPEJICTICHHbBIE SKCIIEPUMEHTANILHO IS pa30aBIeHHBIX PACTBOPOB MOJIMMEpa
pa3MYHON KOHIIEHTPAIMH, a MO0 OCH abCIUCC — COOTBETCTBYIOMIME KOHIEHTpauuu. OTpe3ok,
OTCEKAaeMBbIH MOYYeHHOM MPSIMON Ha OCH OPAMHAT, COOTBETCTBYET XapaKTEPUCTUUECKON BSI3KO-
CTH.

(8.4)

XapakTeprucTuieckas BA3KOCTb CBs3aHa C MOJIEKYJISIPHON Maccoi NOJUMEpPA ypaBHEHUEM

Mapka-XayBHHKa

[7]=KM*“, (8.5)

rae K m o— KOHCTaHTHhI, 3aBUCALINE OT MPHUPOAbI PACTBOPUTENSI U MOJUMepa (3HauUEHUs
KOHCTAHT JJIsl HEKOTOPBIX MOJMMEPOB MpHBeIeHbI Tabuuie 8. 1.

s pacdera MOJIEKYJISIpHOW Macchl ypaBHeHHE (8.4) 3amUCHIBAIOT B JIorapu(MHUUECKOM
dbopwme:

lg[n7]=lg K+alg M.

Orcrona

g v bl K

a
WIH

g m =LK (g
a
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Myo.
C
Puc. 8.1. I'paduk mst
OIIPEICIICHUS XapaKTe-
[7] PUCTUYECKOH BSI3KOCTH.
¢ Tabmuma 8.1
KoHncrantsl K 1 o B ypaBHeHun Mapka-XayBHUHKA
[Tonumep PactBoputens | Temneparypa, K-10* a
°C
Kpaxmall BOJIA 25 1.32 0.68
MTOJIUCTHPOJT OeH30I 25 4.17 0.6
TOJTYOJI 25 1.18 0.72
MIOJIMBUHUIIOBBIN BOJIA 25 5.95 0.63
CIHPT
MIOJIMBUHUJIAIICTAT areToOH 25 1.88 0.69

B3sB anTunorapudm, pacCUuTHIBAIOT 3HAYCHHE MOJICKYJISIPHOM MacChl MOIMMepa.
IIpudops! 1 peakTuBbI. BrcKO3UMETpP; CEKyHAOMEDP; XMMUUECKUN CTaKaH, MEpHasi KOJ-

6a Ha 100 mu; anekTpudeckas miuTka; 1% pacTBop Kpaxmana; IUCTUIIMPOBAaHHAS BOJA.

IHopsiaok BbimoHeHus padoTwl. [lonydaroT 1%-Hb1i pacTBOp Kpaxmana. s atoro 1 1
Kpaxmala TIaTeIbHO CMEIIUBAIOT ¢ 10 MJI TUCTUILTUPOBAHHOM BOJbI, MPUOABIAIOT etle 90 M
JUCTUIIIMPOBAHHON BOJIBI U IPU MMOCTOSIHHOM II€pEMELINBAaHUM AOBOAAT 10 kuneHusd. [lomyden-
HBII PacTBOP KpaxMaia OXJIaX/alT J0 KOMHATHOU TEMIEPaTyphl.

3areM U3 UCXOJHOr0 pacTBOpa pa3z0aBIEHUEM T'OTOBST PACTBOPHI Pa3IMUHbBIX KOHIEHTpa-
i (Tabm. 8.2).

Omnpenenenne BI3KOCTH MPOBOJAAT € MOMOUIbIO KalUJUIIPHOTO BUCKO3UMETpa (cM. 1abopa-
TopHYyI0 padoty Ne 5, puc. 5.1).

[Tpu onpeneneHNN MOJIEKYJIIPHOTO Beca MOJIMMeEpa BUCKO3UMETPHUUECKUM METOAO0M HU3Me-
PSIOT BpEMsI HCTEUEHMSI pACTBOPUTEIIS U PACTBOPOB YEPE3 BUCKO3UMETP, PACCUUTHIBAIOT

Tabmuma 8.2
Vcxonubie qaHHbIe, pE3yNbTaThl U3MEPEHUN U PacueToB

No | O6wem uc- | O6wvem | Konnenrpa- Bpewmsi, cex tep., Nomn. Mvo. | Mo/C

XOJTHOTO | BOJBI, | IIUSI PacTBO- ceK

pacTBopa MJT pa, % 1 2 3

noIuMepa,

MIT

1 0 20 -
2 5 15 0.25
3 10 10 0.5
4 15 5 0.75
5 20 0 1.0

Homn., Nyo. A Nnpus. ITIS1 PACTBOPOB PA3TUYHON KOHIEHTparuu. CTposT rpaduk 3aBUCUMOCTH

Mnpus. OT KOHIEHTparu. OnpenesstoT no rpaduky [ 7] u, ucnons3ys ypaBHeHue (8.6), paccuu-
THIBAIOT MOJICKYJISIPHYFO MAacCy BBICOKOMOJICKYJISIPHOTO BelecTBa (3HaueHHs] K M o HaxOJsAT B
tabmuie 8.1).

HcxonHbie JaHHBIE U PE3yIbTaThl BHOCAT B TAOIHIY 8.2.

®opma otyera. OTUET TOJDKEH COEPKATh Ha3BaHUE U 11€Jb pabOThl, KpaTKUE TEOPETHU-
YEeCKHUE TOJIOKECHHS, OMUCAHNE X0Ja paldOoThl, TAOJIUIly SKCIIEPUMEHTAIBHBIX TaHHBIX, Ipadux
Npue.= T(C), pacder MOJIEKy ISIPHON MACChI MOJTUMEPA, BHIBO/I.
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KoHnTpoJsbHbIe BOpoChI

1. Kakue coeiHeHMs Ha3bIBatOTCS BHICOKOMOJIEKYIISIPHBIMU ?

2. B uem 3akiroyaercs METO/I BUCKO3UMETPUU?

3. UTo Takoe OTHOCUTEIIbHAs, yIeJIbHAs, IPUBEICHHAs U XapaKTepUCTUYECKasl BA3ZKOCTh?

4. Kakoe ypaBHEHUE CBA3BIBAECT XapAKTEPUCTUUECKYIO BA3KOCTh U MOJIEKYJISPHYIO Maccy
MOJIUMEPOB?

NCCIEAOBAHMUE ITPOLIECCA HABY XAHU A XEJIATUHA B BOJJHBIX PAC-
TBOPAX

Heab padorsl. M3yuenue BausHus pH pacTBOpoB M NMpUpoAbl PACTBOPEHHBIX BEILECTB
Ha Ha0yXaHue jKeJlaTuHa.

Kparkue teopernyeckue moJioskeHusi. BoibIIMHCTBO KOJUIOMAHBIX pacTBOopoB BMC
(arap-arap, >KelnaTHH), a TaKXKe HEKOTOpble KOJUIOMJHBIE PacTBOPHI (30JM TMAPOKCHIA Keie-
3a(lll), xpeMHMEBON KUCIIOTHI) CHOCOOHBI IIPU OINPENEIEHHBIX YCIOBUSIX LIETUKOM IEPEXOIUTH B
ocoboe TBepaoe cocTossHUE 0e3 BUIUMOro paszeneHus Ha (asbl. Ilpu 3TOM 0Opasyrorcs renu
(ctynHn).

I'enu (cTyaHM) — AUCHEPCHBIE CUCTEMBI C KMJKOM JTUCIEPCUOHHON Cpelod, B KOTOPBIX
YaCTHUIIBI JUCTIEPCHOM (a3l 00pa3yloT NPOCTPAHCTBEHHYIO CTPYKTYpHYIO ceTKy. [IpencraBisior
co0oil TBep00Opa3Hble («CTYIEHUCTBIE») TeJa, CIOCOOHBIE COXpaHATh (hopmy, OOnanaroe
YIOPYTOCTHIO (3JIaCTUYHOCTHIO) U IIIACTUYHOCTBIO.

I'enu oOpazyrorcs U3 1MOGOOHBIX KOJUIOMAHBIX pacTBOpoB. CTyAHHU MOJIYyYarOT U3 pac-
tBOpoB BMC nnu B pe3yinbrare orpanuueHHoro Hadyxanust BMC.

CriocoObl osTyyeHHst CTyJHEH MOTYT OBbITh Pa3/ieleHbl Ha 2 TPYIIIBL:

1. XKenatnHupoBaHue pacTBOPOB.

2. HaOyxaHue Cyxux BEIIECTB B )KUAKHX Cpeaax.

KenarunupoBaHue (3acTyieHEBaHUE) — 3TO MPOLIECC MEPEX0/1A 30JIs1 WIIM pacTBOpa MOJIUMe-
pa B cTyzeHb. JKenaTuHUpOBaHME SBIIIETCS CBOEOOPA3HOM Koarysiuen, pu KOTOpoi Tucnepcu-
OHHasl Cpe/ia BhINaJaeT B 0Ca10K OJJHOBPEMEHHO C AUCIIEPCHON (ha3oil.

JKenaruaupoBaHne NMPOUCXOAUT IPU CHIBHOM CBSI3bIBAHUM YAaCTHULL 307151 C IUCIEPCUOHHON
cpenoil. OTaenbHbIe YUTHHEHHBIE MUIICIUIBI, CTATKUBAsICh MEXKY COOOM, COeTUHSIOTCS JTHO0(OO-
HBIMHM ydacTKaMu. B pesynbrate oOpasyercs pbIxias ceTka (Kapkac), KOTOpas OXBaThIBa€T BECh
00BeM pacTBOpa, UTO MPUBOIUT K yTpaTe MOJIBMKHOCTH cucTeMbl (puc. 9.1). CBs3u Mexay va-
CTHLIaMHU TUCTIEPCHOH (hazbl MOTYT Tak)ke 0Opa30BBIBATHCS 32 CUET B3aUMOJEHCTBHSI MOJISPHBIX
Y MIOHOTEHHBIX TPYIII MaKpPOMOJIEKYJI.

CoenuHeHHe YacTUl] AUCIIEPCHOM (a3bl B CETKY MOXET ObITh HENPOYHBIM, TO3TOMY IpHU
BCTPSIXUBAHUU TPOMCXOAUT pa3pyllI€HUE CTPYKTYpPbl CTYAHS U IOJIY4aeTcs pacTBOP, KOTOPHIN
IIPYU CTOSTHUM MOXKET OISATH 3aCTBITh. JTO SIBJIEHUE HAa3bIBACTCS TUKCOTPOIHEH.

Halyxanue — nporiecc 0JHOCTOPOHHETO MOTJIOUICHUS WM aJCOPOLMHU HU3KOMOJIEKYIISp-
HBIX JKUIKOCTEH (MJIM MX IApoB) MOJMMEPOM, COIPOBOXKIAIOIIMINCS YBEIUYEHUEM €r0 MAacCChl,
o0bemMa 1 U3MEHEHHEM CTPYKTYPBI.

PaznnuaioT HeorpaHWYeHHOE U OrpaHMYEHHOE Ha0yXaHue.

Heorpannuennoe — HaOyxaHue MoJiMMepa, caMOIIPOU3BOJILHO MEPEXOIAIIee B pacTBOpe-
HUe (paBHOMEpHOeE pacnpeaenenue Mojiekyn BMC no BceMy 00beMy pacTBOPHUTEII).

2 A
Q:D@@@@@@ Puc. 9.1. Cxema CTpyKTyphbl
CTyaHs.
@ QD@ 1 — muooOHBIE yHaCTKH;
@ @ @ 2 — copBaTHasA 000JIOUYKA.
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PacTBOpeHne— caMOnpOU3BOJIBHBIN MpoLecC 00pa30BaHUS TEPMOJWHAMHUYECKH YCTOWYH-
BOW ¥ TOMOT€HHOM (0aHO(]A3HOIT) CHCTEMBI.

OrpannyeHnHoe— Ha0yxaHue, HE CONPOBOXKAatolIeecs: pacTBopenueM. Habmomaercs npu
HEBBICOKOM TEPMOJIMHAMHYECKOM CpPOJICTBE IOJIMMEPA U PACTBOPUTEINS, a TAKKE XApaKTEPHO
JUISL TIOJIMMEPOB, MAaKpOMOJIEKYJIbI KOTOPBIX COEIUHEHBI IIPOYHBIMU IIONEPEYHBIMU CBS3SIMU B
IIPOCTPAHCTBEHHYIO CETKY.

KonmaecTBenHoi Mepoil HaOyXaHHUs SBISETCS CTEIICHb HAOyXaHUS @, KOTOpas XapakTe-
pHU3YyeT yBEIMUYEHUE MAcChl WM 00beMa MOoIUMepa B pe3yibTare ero HabyxaHus.

MaccoBoe HaOyxaHue:

_m-m,
mO

a -100%,

o0beMHOE HaOyxaHue:

a=""Yo 1000,
0
rae Mo,Vo — HadanbHas Macca 1 00beM nonumepa; M, V — macca u 00beM HaOyXIIero mo-
JauMepa.
AHanu3 U3MEHEHUs! CTETEeHU HAOyXaHWs B PA3NIUYHBIX YCIOBHUSX MO3BOJSET CYAUTH O
CTPYKType TIOJIUMEPA U €TO CBOWCTBAX.

@DakTophbl, BIUSIOLIUE HA CTEIICHh HA0OyXaHUS:

1. Ilpupona monwMepa W PacTBOPHUTENST — TOJSPHBIC IMOJTMMEPHI HAOYXAOT B MOJSPHBIX
KUAKOCTAX (O€OK B BOJIE), HEMOJSPHBIE — B HEMOJSIPHBIX (KaydyK B O€H3011€).

2. XKecTKOCTh MOJMMEPHBIX LIETEH. Y JKECTKUX MOJMMEPOB CO CHIMTOM CTPYKTYpOU CTe-
neHb HaOyxanus mana. Hanpumep, 300HUT (CHIIBHO BYJIKaHU3MpPOBAaHHAs pe3MHA) MPAKTHUYECKU
He Habyxaer B OeH3ose (o~ 0), Torga Kak Kaydyku (CIIuTasi CTPyKTypa) B OCH30JIe HaOyXaroT
HEOTPaHUYEHHO.

3. IlpucyrctBue 31eKkTpouToB. [1o crmocoOHOCTH BAUSATH Ha MpoIecC HAOyXaHUsT aHUOHBI
(TIpu OJTHOM U TOM K€ KaTHOHE) MOTYT OBITh PaCOIOKEHBI B TUOTPOIHBIN PAI:

S042>CeHs07% (mrpar) >C4H40¢> (TapTpar) >
>CH3COO™> Cl> (H20) > NOs™> Br> I> SCN".

[Tpu sTom nonsl 1eBee H2O yBenmnyuBaroT CTeeHb HaOyXaHUsl, a IpaBee — 3aMeYISIOT, LT
npekpararT Hadyxanue (Hanpumep, SCN”).

4. pH cpensl. MunumansHoe HaOyxaHHe CTYOHH OOHApPYXUBAIOT B HM303JEKTPUUECKOM
Touke (Harpumep, 1is xenatuna npu pH = 4.7). U3osnekrpuueckast Touka — 3Ha4eHue pH, npu
KOTOPOM YaCTUIIBI HAXOIATCS B HEUTPATbHOM COCTOSIHMHM. B H303JIEKTPUYECKOM COCTOSHUU
MaKpPOMOJICKYJIbI HE 3apsDKEHBI, CTENEHb THAPATAIMH MOJSIPHBIX TPYII MUHUMaJIbHA U THOKas
MaKpOMOJIeKyJa cBopaunBaeTcsi B kiyOok. [Ipu moBeimiennu pH wnm monmxkennu pH creneHb
HaOyxaHus yBenuduBaercs (puc. 9.2).

5. Temmepatypa. [Ipu yBenuueHuu TemmepaTypbl HaOyXaHHE U3 OTPAHHUYEHHOTO MOXKET
MEPEXO0JINTh B HEOTPAaHUUCHHOE (HAIIPUMED, KEJIATHH B XOJIOJHOM BOJIe OrpaHUYCHHO HaOyXaer,
B TOpsiYel — MPOUCXOIUT HEOTpaHUUCHHOE HaOyXaHue).

“ 4

Puc. 9.2. 3aBucumMocTh
CTENeHH Ha0yxaHUs OT

' BennuuHbl pH.

'
4 B
NoT pH
OmnsIT 1. 3aBHCHMOCTD cTeneHH Ha0yXaHus
skesiaTuHa ot pH pacrBopa
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IIpudops! u peaktussl. lllects MepHBIX HMIMHAPOB Ha 10 Mi; KapaHgam JUIsl CTEKIA;
nuretkn Ha 10 M, w3MenbueHHBINM cyxou xematwd; 0.1 mons/m CH3COOH; 0.1 moinb/n
CH3COONa; nuctuiiimmpoBaHHas BOJIa.

IMopsinoxk BbIMoJIHEHHsI padoThl. B cyxue MepHbIe UIMHIPHI HACKINIAIOT 1o 1 mu1 mo-
pOIIKa XeJaTHHA, HyMEPYIOT X M BIMBAIOT KOMIIOHEHTHI alleTaTHON Oy(depHOil cMecH B COOT-
BeTcTBUU ¢ Tabnuueit 9.1. ConepkuMoe IWIMHIAPOB MEPEMEIINBAIOT BCTPSXUBAHHUEM M OCTaB-
JSIOT, U3penka nepememuBas. Uepes 1 yac u3mepsioT 00beM HaOyXIIEero jkenaTuHa.

Breruucnstor crenenp HaOyxaHus 1o ¢opmysie (9.2) u cTposT rpaduk 3aBUCUMOCTH CTe-
nenu Habyxanus ot pH pacTBopoB. Pe3ynbTaThl paboThI 3aMMCHIBAIOT B Ta0uUILy 9.1.

Bnusaue pH Ha HaOyxaHue xenatuHa

No CocraB OydepHoit pH O0bem xenaTuHa Crenenn

cMecu HaOyxa-
CH3COOH CH3COONa 1o HaO0yxaHus | mociie Habyxa-|  Hus,
HUSI a

1 9 1

2 7 3

3 5 5

4 3 7

5 1 9

6 10 MJ1 TUCTHIUTMPOBAHHON BOJIBI

BrvistHre npupoabl pacTBOPUTEIIS HA CTENICHh HAOYXaHUS

N3mepsiembie DNEKTPOITUTHI

BEJIMYHMHBI K2S04 CH3COOK | KCI H20 Kl KSCN
O0BeM xkena-
THUHA J10 HaOY-

XaHUs

O0BeM xkela-

THHA TTOCJIC

HaOyXaHUsI

CrencHb

HaOyxaHwus, %

OnbIT 2. Bausinue 3JIeKTPOJIMTOB HA CTENECHb
Ha0yXaHMs JKeJJaTHHA

IIpudops! u peaktussl. [llects MepHBIX HMIMHAPOB Ha 10 My; KapaHgam JUisl CTEKIIA;
nuneTkd Ha 10 mur; m3MenbueHHBI cyxol xematuH; 1 Mosb/n pactBopel: KoSO4; CH3COOK;
KCI, KI, KSCN; muctunirpoBaHHas Boja.

IHopsinok BbINOJHeHHs PadoThl. B cyxue MepHbIe NUIMHAPH! HACKINAKOT 1o 1 M 1mo-
poIIKa XellaTMHAa U HyMepyloT ux. B nmepByto npobupky nodasistor 10 Mi1 AUCTHIIMPOBAHHON
BOJIbI, B OCTaJIbHbIE — 110 10 Mi1 pacTBOpOB 31eKTpoanuToB. CopepKUMOe HMIHHIPOB TIIATEIHHO
NEepeMEIIMBAIOT U OCTaBJISIOT, U3peKa nepemernBas. Yepes 1 yac u3mepsor oobeM HaOyxIie-
ro JKeJIaTHHA M PACCUMTHIBAIOT CTeTNIeHb Ha0yxaHus 1o ¢opmyse (9.2). [lomydennsie 1aHHbBIE 3a-
HOCST B Tabnuity 9.2.

®opma oryera. OTUeT JOJDKEH COJIEp’KaTh Ha3BaHME, LEIb padOThl, KPATKHE TEOPETHU-
YeCKHE TOJIOKEHUS, TIOPSIOK BBIMOJIHEHUS SKCIEPUMEHTa, pacyeThl CTeNeH! HaOyxaHMs, Irpa-
¢uk a = f(pH),BBIBOMIBI 110 pe3yabTaTaM pabOTHI.

KoHTpoJbHbIE BONIPOCHI

1. [Haiite onpenenenue rensm (ctyausam). Kakue crmocoObl momydeHus reieit (cTyaHei)
W3BECTHBI?

2. Yto Ha3bpIBaeTCs HAOyXaHUEM, U OT KakuX (pakTOpoB OHO 3aBUCUT?

3. Kakoe BiausiHue okaswsiBaeT pH cpenpl Ha mporiecc HaOyxaHwus?

4. KakuM 00pa3oM 3JeKTPOIUTHI BIUSAIOT Ha CTENeHb HaOyxaHus?
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6 IMJAKTUYECKHUE MATEPHAJIBI V1A KOHTPOJIAA (CAMOKOHTPOJIA)

YCBOEHHOI'O MATEPHUAJIA

6.1 OIIeHO‘lHLIe CpeacTBa, MoKa3aTeJiu U KPUTEPUHU OLICHUBAHUSA KOMIIeTeHI Ui

HNunexc
KOMIIe-
TEeHINH

OrneHouHoe
CPeICTBO

IToxa3zarTenn
OLICHUBAaHUS

Kpurepun ouennBanus
chopMUPOBAHHOCTH KOMIIETEHIM A

[1K-2

Ortuer 1o j1a0o-
paTopHoi pabo-
TE

Hwuzkuit — Heyno-
BJIETBOPUTEIIHHO

CTaBHUTCS, €CIIH JIOMYIIEHBI CYIIIECTBEHHBIC
OIMOKH (B X0J1€ HKCIIEPUMEHTA, B 00BsIC-
HEHUH, B 0)OPMIICHUHU PabOTHI, 11O TEX-
HUKe 0e30MmacHOCTH, B paboTe ¢ Belle-
CTBaMH | NMPHUOOpaMH ), KOTOPhIE HE UC-
MPABJIAIOTCS JJAXKE M0 YKa3aHHIO MPEIo-
JlaBaTellsl.

[Toporoseiit — yno-
BJIETBOPUTEIIBHO

CTaBUTCS, €CJIM JOMYIIEHBl OJIHA-JIBE CY-
IIECTBEHHBIE OLIMOKK (B XOJIe 3KCHEpH-
MEHTa, B 00BSICHEHHH, B OPOPMIICHUH pa-
OOTBI, IO TEXHHKE 0€30MMacHOCTH, B pabo-
T€ C BEILlECTBAMU U NPpUOOpaMH), KOTOPbIE
UCIIPABJISIOTCA C TIOMOIIBIO IpernoaBare-
JIs1.

bazoBeIii —
110

X0po-

a) paboTa BBITIOIHEHA [TPaBUIIBHO, O€3 Cy-
IIECTBEHHBIX OIMOOK, C/IEJIAaHBI BEIBO/IBI,

0) IOMYCTHMBI: HETIOITHOTA TIPOBEICHHS WIIN
oopmIleHHSI IKCTIEPUMEHTa, OJIHA-/IBE He-
CYILIECTBEHHbIE OLIMOKH B MPOBEICHUH WU
oopmIleHHH DAKCIIEpUMEHTa, B TpaBHIIax
paboTHI ¢ BelllecTBaMU U MPHOOpaMu

Bricokunn —
JIAYHO

OT-

a) paboTa BBITIOJTHEHA TOJIHO, TIPABUIILHO,
0€3 CyIeCTBEHHbIX OIIMOOK, C/IE/IaHbI BbI-
BOJIBI;

0) SKCIIEPUMEHT OCYIIECTBIIEH M0 IJIaHy C
y4eTOM TEXHUKH O€30MacHOCTH W TPaBUII
paboTBl C BELIECTBAMH M IPUOOpaMH;
B) HWMEIOTCS OpTraHW3aI[OHHBIC HAaBBIKA
(moaepKMBaeTCA YUCTOTa pabovero Mecra
Y TIOPSJIOK Ha CTOJIE, SKOHOMHO HCIOJIB3Y-
I0TCS] pEAKTHBBI).

[1K-2

Komnoksrnym

Huskuit —
HEYJOBJIETBOPH-
TEILHO

- HE3HAHHUE MMPOrPAMMHOI0 MaTepUaa;
- IPY OTBETE BO3SHHUKAIOT OIIUOKH,

- 3aTpyYAHCHHA IIPH BBIIIOJIHCHUHW ITPAKTH-
YeCKuX pabor.

[Toporossrii —
YIIOBJIETBOPHUTEIb-
HO

- YCBOCHHE OCHOBHOT'O MaTepHaa;

- IPY OTBETE JIOMYCKAIOTCSI HETOYHOCTH;
- IPU OTBETE HEJOCTATOYHO MTPABUIIbHBIC
(OpMyYITHPOBKH;

- HapyIICHHUE MOCIIE0BATEIBHOCTH B U3-
JI0>)KEHHH TIPOTPAaMMHOTO MaTepuara;

- 3aTPyIHEHUS B BHIIOJIHEHUH ITPAKTHYC-
CKMX 3aJIaHHH.

bazoBrIii —
110

X0po-

- 3HaHWE MPOTPAMMHOT0 MaTepHaa;
- TPAaMOTHOE U3JIOJKEHHE, 0€3 CYIIECTBEH-
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HBIX HETOYHOCTEH B OTBETE Ha BOIPOC;

- MPaBWJILHOE MTPUMEHEHUE TEOPETUUECKUX
3HAHUI;

- BIIaJICHUE HCOOXOAUMBIMHU HaBhIKAMU
IIPY BBHITIOJTHEHUY W TPAKTUYECKUX 3a]1a4.

Bricokuii — ot-
JIAYHO

- rIy0OOKO€ M POYHOE YCBOCHHUE TPO-
IPaMMHOT'O MaTepUaa;

- TIOJTHBIE , TTOCIIEZIOBATEIBHBIC , TPAMOT-
HBIC ¥ JIOTHYECKH M3JIaraeMble OTBETHI IIPU
BHUJIOM3MEHEHHUH 3aJIaHUS;

- CBOOOJTHO CITPABIISIOIIMECS C ITOCTABJICH-
HBIMH 33/I1a9aM¥, 3HAHHUS MaTepHana;

- IPaBHJILHO 00OCHOBAHHBIC IPUHSTHIC
pelICHUS;

- BJIaJICHUE PA3HOCTOPOHHUMH HaBbIKAMHU
Y TIPYEMaMU BBIITOJTHCHUS TPAKTUICCKIX
pabor.

KonTtponbHas Hu3kwuit — Heyno- JOTIYCTHJI YUCJIO OIUOOK M Hejoue-
pabora BJIETBOPUTEIIHHO TOB IIPEBOCXOJISIIEE HOPMY, IIPU KOTOPOM
MO>KET OBITh BBICTABJICHA OIICHKA «3)
[Toporosslii — €CJIM CTYJEHT NPABUIIbHO BBIIOJIHWII HE
yIIOBJIETBOPHUTEINb- | MEHEE MOJIOBUHBI paOOThI WU AOMYCTUI:
HO He OoJiee IBYX rpyObIX OIIMOOK; I HE
OoJjee oHOM Tpy0OIi U 0JTHOM HerpyOoi
OLIMOKHU M OJJHOI'O HEJ0YETa; UK He OoJiee
JBYX-TPEX HErpyObIX OIMOOK; MM OJHOM
Herpy0oil OIIMOKHU U TPeX HEA0YETOB; WIH
IpU OTCYTCTBHM OIIMOOK, HO MPH HATUYUH
YeTHIPEX-TISITH HEOYETOB.
ba3oBelii — XOpO- | CTYAEHT BBIMOJIHMI pabOTy HOJTHOCTHIO,
o HO JIOITYCTHJI B HE: He OoJiee OHOM He-
rpy0oii OMOKH U OJJTHOTO HEJI0UeTa MU
He 0oJiee IBYX HEJIOUETOB
Beicokuit — oT- | paboTa BbIlOJHEHA 0€3 OMNOOK, yKa3aHbl
JIUYHO BCE pacyeTHbIE GOPMYIIbI, €AUHUIIBI U3ME-
peHusi, 6e3 omMOOK BBIITOJHEHBI MaTeMa-
TUYECKUE PACUEThI
[TK-2 Tect Hwuzkuii — no 60 32 BEPHO BBINOJIHEHHOE 33JJaHUE TECTHUPY-
O0ayIoB (HEYOBJIE- | €MBIH IMOJTy4aeT MaKCUMaJbHOE KOJUYe-
TBOPHUTEIBHO) CTBO 0aJlIOB, MPEIYCMOTPEHHOE JIJIsl 3TOTO
[ToporoBerit — 61- | 3a1aHusA, 32 HEBEPHO BBIIIOJHEHHOE — HOJIb
75 6amnoB 6amtoB. Ilocne mMpoxokAeHus Tecta CyM-
(ynoBnerBopu- MHUPYIOTCS PE3YJIbTaThl BBIIIOJHEHUSI BCEX
TEJIbHO) 3a/laHu.
Ba3oBbiil — 76-84 [ToncunThiBaeTCS MPOLIEHT MPABUIBHO
0ayutoB (XOpoImo) | BHINOJHEHHBIX 3aJlaHU TECTa, MOCIIE Yero
Bricokmuit — 85-100 | 3TOT OPOLIEHT HNEPEBOAUTCS B OLICHKY, PY-
0aJIoB KOBOJICTBYSICh YKa3aHHBIMU KPUTEPUSIMH
(OT_]'H/ILIHQ) OIICHUBAHU.
Pedepar Hwuzknit — veyno- TeMa pedepaTa He pacKpbITa, OOHAPYKHU-
BJICTBOPUTEIILHO BAETCs CYLIECTBEHHOE HENOHMMAaHUE IIPO-

OJIEMBI.
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[ToporoBsrii —
YIIOBJIETBOPHUTEIb-
HO

MMEIOTCS CYIIECTBCHHBIE OTCTYIIJICHUS OT
TpeboBanmii Kk pepepupoBanuto. B acr-
HOCTH: TEMa OCBEILICHA JINIIb YaCTUIHO;
JOMYIIeHBI (PaKTHYECKUE OINOKH B CO-
JepkaHuU pedepara Wi Py OTBETE HA
JIOTIOJTHUTEIBHBIE BOIIPOCHI; BO BpeMs 3a-
IIUTHI OTCYTCTBYET BHIBOJ.

ba3oBblii — x0po1o

OCHOBHEBIE TpeOOBaHUs K pedepary u ero
3alIUTEe BBIOJIHEHBI, HO IPH 3TOM JOIY-
LIEHbI HENOYETHI. B 4acTHOCTH, UMEIOTCSA
HETOYHOCTHU B M3JI0)KEHUH MaTepuala; oT-
CYTCTBYET JIOTHYECKasl TIOCIIEJOBATEIb-
HOCTh B CY)KJEHHUAX; HE BbIJIEpkKaH 00bEM
pedepara; UMEIOTCS yITyIieHus: B 0hopM-
JICHUU; Ha JIONOJHUTEIbHbBIE BOIIPOCHI PU
3alIUTe JaHBI HENOJIHBIE OTBETHI.

Bricokuit — oTimu-
HO

BBITIOJIHEHBI BCE TPEOOBAHUS K HAITMCAHHIO
u 3amute pedepara: o003HaueHa mpooIie-
Ma 1 000CHOBaHA €€ aKTyalbHOCTh, CACIaH
KpaTKHfI AHAJIN3 Pa3JINYHBIX TOUYCK 3PpCHUA
Ha pacCMaTpUBaEMyIO IPOOJIEMY | JIOTHY-
HO U3JI0O)KE€HA COOCTBEHHAs MMO3ULIHS,
c(OpPMYITHPOBAHBI BEIBOJIBI, TEMa PACKPbI-
Ta MOJIHOCTHIO, BBIJIEPKaH 00BEM, COOIIIO-
JIeHbI TpeOOBaHUs K BHEITHEMY O(opMIte-
HHIO, JaHbI IIPABUJIBHBIC OTBCTHI HaA J10-
MOJTHUTENBHBIE BOMIPOCHI.

Yuebuple 3ama-
qn

Huzkwnit — JOTIYCTHJI YUCJIO OMMOOK M Hejoue-
HEYJIOBJIETBOPHU- TOB MPEBOCXOJAIIEe HOPMY, IIPU KOTOPOH
TEJIBHO MOXET OBITh BHICTABJIEHA OIICHKA «3»

IToporossrii — CTYAEHT IMpPaBUJIbHO BBIIOIHUI HE
YIIOBJIETBOPUTENb- | MEHEE MOJOBHHBI PabOTHI MM JIOITYCTHII:
HO He Oosiee ABYX IpyObIX OHIMOOK; WJIM He

Oosee onHOM rpyOoil U ogHOW HerpyOoin
OLIMOKH U OJTHOTO HeJloueTa; WK He Ooee
JBYX-TPEX HErpyObIX OLIMOOK; MJIU OJHOU
HEerpyOoi OIMOKHU U TPEX HEI0YeTOB; MU
IIPH OTCYTCTBUHU OIIKUOOK, HO MPHU HATMYUH
YETBIPEX-TISITH HEJJOUETOB.

ba3oBblii — x0po11o

CTYJCHT BBITIOJIHUJ pa0OTy MOJTHOCTHIO, HO
JOMYCTHII B HEW: He Ooyiee OTHOU HErpy-
0ol OIIMOKH W OJHOTO HEJOoYeTa WM HE
0oJiee TBYX HEAOYETOB

Bricokuit —
OTJINYHO

paboTa BbIIOJHEHA 0e3 OmMOOK, YKa3aHbI
BCE pacueTHbIE (POPMYIIbI, €IUHUIIBI U3ME-
peHusi, 6e3 omMOOK BBIIOJHEHBl MaTeMa-
THYECKUE PacueThl

6.2 IIpomMe:kyToUHAs aTTeCTAIUS CTYIEHTOB MO JUCHUILINHE

[IpoMexxyTouHasi aTTecTamusi SBJISIETCS MPOBEPKOM BCEX 3HAHMM, HABBIKOB U YMEHHMM
CTYACHTOB, MPUOOPETEHHBIX B MPOLECCE U3YUCHUS TUCIHUILTMHBL. POPMOI MTPOMEKYTOUHOM aT-
TECTAIMH 110 AUCLUIIIMHE SBJISETCS 3a4eT.
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JI1st o1leHUBaHUsI PE3yAbTATOB OCBOCHHUS AUCIUIUIMHBI MPUMEHSIETCS CIEAYIOIINE KpUTe-

pUU OLICHUBAHMSL.
Kpurtepun oueHnBaHus yCTHOIO 0TBETA HA 3a4eTe
OuneHka «3a4TeH0» BbICTABIISETCS CTYJICHTY, €CIIHU:

1) BOIIPOCHI PACKPHITHI, H3JI0KEHBI JIOTUYHO, O€3 CYIIIECTBEHHBIX OIINOOK;

2) 1OKa3aHO YMECHHE HWILIFOCTPHPOBATH TCOPETUYECKHE TOJI0KEHUS KOHKPETHBIMH ITPH-
MepaMmu;

3) IpOJEMOHCTPHUPOBAHO YCBOCHHE PaHEE M3YIEHHBIX BOIIPOCOB, CHOPMHUPOBAHHOCTH
KOMIIETEHIINH, YCTOWYUBOCTh UCIIOJIb3YEMbIX YMEHUN U HABBIKOB.

JlomyckaroTcst He3HAYUTEIIbHBIC OIIHOKH.

OneHka «He 3aYTeHO0» BLICTABIISCTCS, SCIIH:

1) He pacKpbITO OCHOBHOE COJCpKAHUE YIeOHOrO MaTepHraa;

2) OOHapy>KeHO HEe3HAHHE WJIM HETIOHUMaHue OOJbIIeH MM HanboJiee BaXKHON YacTh
yueOHOro MaTepuana;

3) momyIeHbl OMUOKHU B OMPEICICHUN TOHATHIA, KOTOPhIC HE HCITPABJICHBI ITOCIIE HEe-
CKOJIBKUX HaBOJISIIIIMX BOMPOCOB;

4) He chopMUPOBAHBI KOMIIETECHIIMH, YMCHHSI U HABBIKH.

6.3 TunoBble KOHTPOJIbHBIE 32/ IAHUSI HJIH HHbIE MaTePHAJIbl, HE00X0IMMBbIE J1JIsl OLEHKH
pPe3yJabTAaTOB OCBOEHMS IV CHUNIIHHBI

KOMILJIEKT 3AJIAHUM 1J151 KOHTPOJIbLHOM PABOTHI
BAPUAHT Ne 1
1. Paccuutarh BpeMs oceaHus B BOJE YACTHII TIECKa pasMepamMu Iy = 106 M, r, = 10® M ¢ BBICOTHI
0.2 M, eciu BA3KOCTh qucnepclonHoii cpeast 1-107 IMa-c, muotnocts necka 2-10% kr/m%, mnotHocTh auc-
nepcuorHoi cpenbl 1-10° kr/m3. OLEHUTH CeMMEHTAMOHHYIO YCTOMYHBOCT JUCTIEPCHBIX CHCTEM.
2. Tloporn koarymsuuu 301s eKTpoiuTamMu paBHbL Cuno, = 250 MMoOus/i; C oo, = 20

MMOIB/JT; C g (yo,), = 0.5 MMoub/11. Kakue HOHBI 3JIEKTPOIUTOB SBISIOTCS Koarynupyromumu? Kak sapsi-

JKCHBI YaCTHUIBI 3071517

3. 3o1b nopuaa cepebpa MoydeH npu mocreneHnom nobasiennn k 20 cm® 0.01 1. pactopa Kl 15
cm® 0.2 % pactBopa HuTpata cepebpa. Hammcars GopMyiry MUIEIBE 06pa30BaBIIErocs 3001 U OIpeie-
JIUThH HAMPABJICHHUE YACTHI] €T0 B SJICKTPHUECKOM ToJie. [[JTI0THOCTh pacTBOpa MPUHSTH PaBHOM 1.

BAPUAHT Ne 2
1. Kaxoit 06vem 0,005 5 AgNO3 Hago npubasuts k 20 cM® 0.015 1 K, 9T065I MOTYy4HTSH
TIOJIOXKHUTEIBHBIHN 30J1b HOUIA cepedpa. Hamucars popMyity MUIIEIUTBL.
2. Tloporu koaryssiuu 31eKTposuToB (MMOIb/J1) uist 301 AQl Crer = 256.0; C gy, =

6.0; C y(no,), = 0.067; C 4y, = 260.0; C,(yo,y, = 7.0. Onpenenuts 3HaK 3apsija 4acTull 3055 U

BBIYUCIIUTH KOATYJIUPYIOLIYIO CIIOCOOHOCTh KaXKJOT0 AJIEKTPOJIUTA.

3. CpaBHHUTH HHTEHCHBHOCTH OPOYHOBCKOTO JBMKEHHS 9aCTHIIBI paguycoM 2.4-108 m mpu
temneparype 280 K u yactuipsl paguycom 1.4-10° M npu 288 K, 3a uateppan Bpemenu B 2.5 c,
VUUTHIBAS, 4TO BA3KOCTH cpesbl pasHa 1.1-107 ITa-c.

BAPUAHT Ne 3

1. ITopor koarynsunu 0.02 M pacTBopa quxpomara Kajus 110 OTHOLIECHHIO K 30J110 OKCHAA
amomunus pased 1.26 Monb/M3. Onpeienute 06beM pacTBoOpa dIEKTPOJIUTA, HEOOXOAUMBIH s
KOAryJIsIlIUK 3TOTro 307151 00beMoM 10 mt.

2. Kaxoii paanyc T0MKHA MMETh YacTHIlA, €CIM BpeMs ee ocelaHus ¢ BbicoThl 0.35 M B
cpene ¢ mnotHocThi0 1000 kr/M3 1 BsskocThio 1-107 ITa-c cocraBmster 2 waca 10 mun. ITnot-
HOCTb YaCTHIIB! paBHa 3.56 r/cm®,

3. Hammucate dhopmyny MULIEIUIBI 3018 30J10Ta, cTabmiu3npoBanHoro KAUO;. ¥V kakoro u3
anektpoautoB: NaCl, BaClz, FeClz mopor koarymsiuu Oyaer UMeTh HaHMEHbBIITYIO BETHUUHY?
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BAPUAHT Ne 4

1. 3onb cynbara Gapusi MoydeH CMENIMBaHUEM PaBHBIX 00bEMOB PacTBOPOB HUTpaTa Oa-
pust U cepHOM KUCIOTH. OAMHAKOBBI JIM OBLIM MCXO/HBIE KOHIIEHTPALUH AJIEKTPOIUTOB, €CIIU B
AIIEKTPUYECKOM I10JI€ TPaHyJIbl IepeMeIaiiuch k anoay? Hanucats popmyiy MULIEIITBI 307151

2. UtoObI BeI3BaTh KOArYISIIMIO 307151 ruapokcua xene3a(lll) oovemom 10 mi, B Kaxaom
cirydae notpedoBanock npuimth 2 M pactBop NaCl o6semom 7.6 mut, 0.01 u pactBop NaxSOs
oobemom 11 Mt u 0.001 1 pactBop K3[Fe(CN)s] o6bemom 0.5 mi1. OnpeenuTe 3HaK 3apsaa 301
Y BBIYUCIIUTE MOPOT KOATYJIALUU KaXKIOTO IEKTPOJIUTA.

3. IMeroTcst 2 CHCTEMBI, B OJJHOH U3 KOTOPBIX B cpejie ¢ Bsi3kocThio 1.6-107 TTa-c pacmpe-
JieJIeHbl YacTUIIBI IIUHBL paguycoM 2.6-108 M u mopaepsxupaercs temneparypa 290 K, a B apy-
rol — YacTUIbl PaguycoM 1.8:108 m pacrpeiesieHbl B Cpejie C BSI3KOCTHIO 1-10° IMa-c u mox-
nepkuBaercs temieparypa 295 K. Paccuuraiite, B Kakoi M3 CHCTEM Macca BEmIecTBa, mpoaud-
GbyHIUpOBaBILIEro Yepe3 eIMHUIly IUIoaau 3a 25 ¢ Oyner Oosbliie, ey rpaJlueHT KOHIEHTpa-
U B TIepBOM ciydae pasen 0.4 kr/m° a Bo BropoM — 0.5 kr/m’.

BAPUAHT Ne 5

1. CBexeocaxIeHHBIN 0CcaJoK THAPOKCUAA aTIOMHHHS 00paboTanyu HEOOIbIINM KOJIHYe-
CTBOM COJISTHOM KHCIIOTBI, HEZIOCTATOUYHOW ISl TIOJTHOTO pacTBOpeHus ocazaka. [Ipu stom obpa-
soBasics Al(OH)s. Harucats opmyity MuLIEIIIbI 30515 THAPOKCHIA ATIOMUHHMS, YIUTBIBAs, YTO B
AIIEKTPUYECKOM TI0JI€ YACTHUIIBI 30JIs1 IEPEMEIAIOTCS K KaTOy.

2. B tpu xon6s1 Hamuto 1o 50 cM 301 Fe(OH)s. UT06BI BBI3BATH KOATYIAIMIO 30715, TI0-
TpeboBanock 106aBuUTh B epByo konby 5.3 cm® 1 1 KC1, B mpyryro — 31.5 cm® 0.01 5 NazSO4, B
tperbio — 18.7 cm® 0.001 5 NazPOs. BelunciuTh OPOTH KOATYIALMHI NMEKTPOIUTOB U OTpPesie-
JMTH 3HAK 3apsizia 3071s1.

3. OnpenenuTh paguyc 4acTUIl 307151 HOoIuIa cepedpa, UCOIb3Ysl CleAyIoIne JaHHbIe: KO-
sdunment muddysuu pasen 1.2-107° m?%/c, Baskocts cpenpt — 1-107 ITa-c, Temmepatypa — 298
K.

BAPUAHT Ne 6

1. 301 Gpomuza cepedpa momyden cvemmusaaueM 25 cm® 0.008 1 KBr u 18 cm® 0.0096 H
AQgNQOgz. OmnpenenuTh 3HaK 3apsa YacTUIl U COCTaBUTh (POPMYITy MULIEIUTBI 30151.

2. PaccuuraiiTe 4MCIIO YacTUIl TMJIPO30Js 30J0Ta MPU KOATYJSIUHU AJIEKTPOJIUTOM K MO-
MeHTy BpemenH t = 150c, ecnn mepBoHayanbHOE yncno vactur B 1 M° cocramser 1.93-10% a
KOHCTaHTa CKOPOCTH OBICTpO#i koarymsamuu pasHa 0.2-10 m%/c.

3. OnpenenuTh yJIenbHYI0 MOBEPXHOCTh YAaCTHUIl OKCHA aIFOMUHUS B CYCIIEH3HMH, COJAEp-
xKarei ceprueckue yacTHIbI IByX THUIOB: ¢ paguycoM 0.15 M (MaccoBas nomns 25 %) u panu-
ycom 0.12 HM.

BAPUAHT Ne 7

1. PaccuuTaiite, BO CKOJIBKO pa3 yBeIUYUTCS KOAPOUIMEHT AU Py3un dacTull 30J1s paau-
yca 3.6-108 v, ecitu Bogayro cpeny (n = 1-107 ITa-c) 3ameHnTs Ha cpeny ¢ Ba3kocThio 0.84-107
I[Ta-c, a TemnepaTypy yBenuuuTs ¢ 268 1o 295 K.

2. Onpenenute ynenbHYIO TOBEPXHOCTh CIEAYIONINX YaCTHII: a) KYOUYEeCKHUX C JUTHHOH pe-
6pa 1 MxMm; 0) cheprudeckux ¢ AuaMeTpoM 1 MKM; B) HWJIMHAPUYECKUX C BBICOTOW U TUAMETPOM
OCHOBaHMS 10 | MKM.

3. UToOB! BBI3BaTh KOAryJsIuio 3008 cyiabduaa meimbaka(lll) oosemom 10 mi, notpebdo-
BaJIOCh B KaXJIOM cilydae npuwinTh 2 M pactBop xinopunaa Hatpust oobemoM 0.25 mu, 0.01 = pac-
TBOp xJopuja Kaiplius oobemoM 1.3 M u 0.001 H pacTBOp XJ10pUAa amoMuHHUS 00beMoM 2.76
M. Kakoii 3apsg uMeroT yacTuibl? Yemy paBeH MOPOr KOAryisiuK KaxKJ10T0 3JIEKTpOoanuTa?

BAPUAHT Ne 8
1. IIpn mobGaBiennu pacTBopa BemiecTBa B k M30BITKY pacTBopa BemecTBa A BO3MOXKHO
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oOpa3zoBanue ruapo3ous BemectBa C. Hamummre hopMyiny MUIIEIT U YKa)KUTE 3HAK dJIEKTpHYe-
CKOTO 3aps/1a KOJUIOMJAHBIX YaCTHIL 3TOTO 30JI51.
A B C
NazSiOs HCI H2SiO3
Ks[Fe(CN)s] AgNOs Ags[Fe(CN)g]
2. Paccuuraiite xoaddunment quddy3un komwiouaHoro 3oiota npu 20° C B Boje, eciu
pamuyc ero yactur pases 107 M, Ba3kocts pasra 0.001 ITa-c.
3. Kakue o6wemsr 0.029 % (macc. monu) pactBopa xjiopuaa Hatpus u 0.001 v pactBopa
AgNO3 Hamo cMemaTh, YTOOBI MOJYYHTh TOJOKUTEIBHO 3apspkeHHbIe yacTuilbl 305 AgCl?
[Tnorrocth pacTBopa NaCl npunsTh paBHOH 1.

BAPUAHT Ne 9

1. 3o1p rexcarnuanodeppara meau(ll) Obu1 monyyen npu aeictBum Ha coib Meau(ll) us-
obiTkoM pactBopa Ka[Fe(CN)e]. CocTaButh hopMyITy MUILIEIUIBI 307151,

2. OnpenenuTh yIeIbHYIO MOBEPXHOCTh YACTHIl OKCHJIA ATIOMUHUS B CYCIIEH3UH, COJEP-
JKallel IUITMHAPHYECKHe YacTHIIE JBYX THIIOB: C paamycoM ocHoBauus 1.5-10% m (maccoBas
nonst 30 %), ¢ paguycoM ocHoBanus 5-10% M (Maccoas mons 30 %), a Taxke cepuueckue ua-
CTHULIBI paguyca 1108 m.

3. dns koarymsiuu 301t ruapokcua sxeneza(lll) oosemom 10 Mt B KakaoM cirydae ObUTH
nobasnensl 1 M pactBop xnopuaa kanus oobemom 1.05 mu, 0.01 H pacTBop cynb(arta HaTpus
obwemom 6.25 mut, 0.001 H pactBOp docdara Harpus oobemoMm 3.7 mur. Onpenenure: a) TOPOru
KOAryJsiiiuu, 0) 3apsij] 4aCTHI] 301151, B) OTHOILIECHHE KOAryJIUPYIOIIeH CTOCOOHOCTH HOHOB.

BAPUAHT Ne 10

1. 3osb x70puaa cepedpa nosryueH cmenenreM paBHbix 00bemMoB 0.0095 M KC1 1 0.012 1
AgNOs. Kakoit u3 anexkrponutoB Kz[Fe(CN)g], Ka[Fe(CN)e] wmu MgSOs — Oyaer obmagath
HauMEHbIIEH KoarylIupyoied cnocoOHocThi0? OObSICHUTS.

2. 3omb ruapokcuna xenesa(lll) momyden npu no6asnennn x 85 cM® KuMAmeH IUCTHIIIH-
poBarHoOit Bozs 15 cM® 2% pacTsopa xnopua sxenesa(lll). [Ipu 5ToM comb YacTHYHO MOABEpTa-
eTCsl TUJIPOIIH3Y:

FeClz + 3H,0 «—Fe(OH)s + 3HC1

Hamucatp Bo3mosxHbIe hopmysabl mutiest 305t Fe(OH)s, yuutsiBas, 4to npu oOpa3oBaHUH
gactun ruzapokcuna xenesa(lll) B pacteope mpucyTcTBOBaNH crexyronue uons: Fe3t, FeO*, HY,
Cl.

3. Cpexnuii cBur gacTuisl 3a 15 ¢ npu temmeparype 290 K cocrasun 7-107° M. Paccun-
Taiite koo uIment uhdy3Hu U paguyc TAHHON YaCTHIIEL, el BA3KocTh cpebl 1-10° Ia-c.

IPUMEPHI TECTOBBIX 3AJTAHUM

TECT «IUCHHEPCHBIE CUCTEMBbI»
1. Pacrioyioxute TBYXKOMITOHEHTHBIC CHCTEMBI B TOPSIKE YMEHBIICHHUS pa3Mepa YacTHI]
TUCTIEPCHOM (a3bl: a) KOJJIOUIHBIA PacTBOp, 0) B3BECh, B) UCTUHHBIN PacTBOP:
1)a, B, 0;
2)0, a, B;
3)B,0, a;
4) B, a, 0.

2. 3011b C KHJIKOM IUCIEPCHOHHOW CpEIOoN MpeacTaBiIsieT co0OW pacIpeleiecHue Meilb-
YJaUITNX YaCTHIL:

1) )UIKOCTH B TBEPJIOM BEIIIECTRBE;

2) TBEPIOTO BEIIECTBA B Ta3e;

3) TBEpIOTO BELIECTBA B KUKOCTH;
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4) raza B )KUKOCTH.

3. B3Becsimu Ha3bIBAIOT:

1) rpy6oauciepcHbIE CUCTEMBI,
2) TOHKOJIUCIICPCHBIC CHCTEMBI;
3) UCTHHHBIE PACTBOPBI;

4) MOJICKYJISIPHBIC PACTBOPHI.

do
4. Kak Ha3pIBacTCsI OTHOLIEHUE (E ?

1) moBEepXHOCTHOE HATSHKECHHE;

2) NOBEPXHOCTHAS! AKTUBHOCTB;

3) MOBEPXHOCTHASI KOHIICHTPALIHS;
4) moBepxHOCTHas 3Heprus [ mooca.

5. BemecTBo, yMeHbILatO1Ie€ HOBEPXHOCTHOE HATSXKEHHE, HA3bIBACTCSL:
1) nOBEpXHOCTHO-HEAKTUBHBIM BEIIECTBOM;

2) NOBEPXHOCTHO-UHAKTUBHBIM BELIECTBOM;

3) MOBEPXHOCTHO-aKTUBHBIM BEIIIECTBOM;

4) BBICOKOMOJIEKYJIIPHBIM BELLIECTBOM.

6. Koarymsimueil Ha3bIBaloT:

1) paccestHEE CBETOBOTO Jy4a YacTUI[AMH KOJUIOUTHOTO PAaCTBOPA;

2) BbIJICJICHUE BOJIBI 33 CUET PACCIaMBAHUS Telis;

3) oOpa3oBaHKe KOJUTOMIHOTO PaCTBOPA U3 IPyOOUCTIEPCHON CHCTEMBI;
4) cnunaHue YacTHUIl KOJUTOMIHOTO pacTBOPA U BBIMAJICHUE UX B OCAJIOK.

7. YKCyCHasl KHCIIOTa B BOZIe 00pa3yeT pacTBop:
1) MoneKynspHBIi;

2) NOHHO-MOJICKYJISIPHBIN;

3) HOHHBIN;

4) KOJIJIOU/THBIH.

8. [IpumMepoM CHCTEMBI, B KOTOPO# AUCIIEPCHOHHASI CpeJia U TUCTIepCHast (hasa — KHUIKOCTH,
SIBJISIETCS. . .

1) tyman;

2) maiioHe3,;

3) a’spo3oib;

4) xerne.

9. st 307151, momydenHoro nop peakuun 2H3AsOs3 + 3H2S = As;S3 + 6H20, Hannydmmm
KOaryJIupyooIuM JeiicTBreM OyneT 001agaTh HOH. ..

1) A%,

2) Na*;

3) Fe?*;

4) Ca?*,

10. Dddexrom Tunmans HazpIBaeTCS:

1) paccesiHHe JTy4ya CBETa YaCTHLAMH KOJUIOMTHOTO PacTBOPA;

2) BBIIICTICHUE BOJIBI 33 CUET pacClIanBaHHs Telisl;

3) oOpa3oBaHue KOJUIOMIHOTO PacTBOPA U3 IPyOOIUCIIEPCHON CUCTEMBI;
4) cnunaHue 4acTHI] KOJUIOUJHOTO pacTBOPA U BBINAJAECHUE UX B OCAJIOK.
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11. Mapmenaz ¢ TOUKH 3pEHUs CTPYKTYPHI IPEACTABISET COOOI:
1) rens;

2) 3011b;

3) aMyIbCHIO;

4) neny.

12. I'moko3a B Bojie 0Opa3yeT pacTBop:
1) MOJIEKYIISIPHBIIA;

2) HOHHO-MOJICKYJISIPHBIN;

3) HOHHBIN;

4) KOJLJIOUHBIHA.

13. CenqumenTanueiil Ha3bIBAKOT:

1) paccesiHue CBETOBOTO Jiyda YaCTHIIAMHU KOJUIOMIHOTO PAacTBOPa,

2) BBIIEJICHHE BOJIBI 3a CUET pacCIanBaHMs I'elis;

3) oceaHme YacTUI[ TUCIICPCHOM (ha3bl MO/ ICHCTBUEM CHIIBI TSDKECTH,
4) npobiieHune YacTUIl B3BECH ¢ 00pa30BaHUEM KOJLIOWIHOIO pacTBOPA.

14. TIpouTuTe OonucaHue SKCIEPUMEHTA.

K I r MenkoHape3aHHBIX alelbCUHOBBIX KOPOYEK JOOABHTH 3 MJI IPOMMIIOBOTO CIIUPTA H
HACTOATH cMech B TeueHue 1 4. CiupTOBOI pacTBOP KEJITOTO LBETa IEKAHTUPOBATh C OCAllKa U
n00aBUTh HEOONBIIUMHU TOPIHUAMH TUCTHILTUPOBAHHYIO BOAY JO OOpa30BaHHs OMAICCIIUPYIO-
niero pactBopa. Omnucan mpouecc MoIydeHHs:

1) uctuHHOTO pacTBOpa IPUPHBIX MACE] B BOJHO-CIIMPTOBON CMECH;

2) HOHHO-MOJICKYJISIPHOTO pacTBOpa 3)UPHBIX Macesl B BOAHO-CIIUPTOBON CMECH;

3) 305151 3PUPHBIX MACEI B BOJHO-CITUPTOBON CMECH;

4) KOJUTOMHOTO pacTBOpa 3()UPHBIX Maces B BOJHO-CIIUPTOBON CMECH.

15. Cxema cTpoeHHs MULIEIBI Cynbdara 6apusi, MOJYYEHHOTO NPU B3aUMOAECHCTBUH XJIO-
puaa 6apust ¢ U30BITKOM Cyib(aTa HATpUs, UMEET BU/L:

1) {m[BaS04] n SO+ 2(n — x) Na*}*>* 2xNa*;

2) {m[BaS04] n SO4* (n — x) Ba?*}** 2xNa"*;

3) {m[BaSO4] n CI" (n — x) Na"}* xNa*;

4) {m[BaS0O] n Ba?* (n — x) CI'}** 2xCI;

16. [TpuyrHa yCTOWYMBOCTH KOJUTOMTHBIX PACTBOPOB 3aKIIIOYACTCS:

1) B coymapeHUsIX 4acTHIl AUCTIEPCUOHHON Cpebl C YaCTHLAMH JUCIEPCHOU (asbl, mpe-
IIATCTBYIOLINX OCAXKICHUIO;

2) B HAIMYMM HAa 4YacTUIAX JHCIEPCHON (a3bl OJHOMMEHHOTO JJIEKTPHYECKOTO 3apsia,
MPEMSITCTBYIONIET0 UX YKPYMHEHUIO (CIUIIAHUIO);

3) B upe3BbIYAfHO MajJOM pa3Mepe YacTHUIl AUCIEPCHOW (a3bl, MCIBITHIBAIOIINX MUHH-
MaJIbHOEC ,ZIGI\/IICTBI/Ie CHUJIBI TAXKECTHU,

4) Bce IPUBECHHBIC OTBETHI BEPHBI.

17. CriuproBslit pacTBOp KaHu}osm 00paszyer ¢ BOJOM:
1) KOJUTOUAHBIA PacTBOP;

2) MOHHBINA pacTBOp;

3) MOJIEKYJISIPHBIN pacTBOD;

4) MOHHO-MOJIEKYJISIPHBIN PACTBOP.

18. Koarynupytomiee AeiicTBUE HOHOB BO3PACcTaeT C YBEJIWYCHHUEM HX 3apsia. ITO MOJIO-
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JKEHUE Ha3bIBACTCS IIPABUIIOM. ..
1) Ditamreitna-CMOITyXOBCKOTO;
2) llynpue-TI'apau;
3) [TeckoBa-dasHca;
4) Ilanera-®asHca.

19. K aucriepcHbIM CHCTEMaM THUIIA a3PO30JId OTHOCUTCH ...
1) 1M ¥ TyMaH;

2) MaliOHE3 U TIEHA;

3) MOJIOKO U CMETaHa;

4) renp U 3011b.

20. Komtonanas dactuna (rpanyina) corjacHo ypaBHeHuto peakimu KoSiO3z + HaSO4(130.)
= H2Si03 + K2SO4, umeer 3apsi.

1) yacTUYHO OTPULIATENbHBII;

2) BBICOKHH OTPHUIATEIHHBIN,

3) MOJOKUTETBHBII;

4) HyneBoil.

BOITPOCHI K KOJIVIOKBUYMY
I. Knaccudukanus 1ucnepecHbIX CHCTEM, CTPOEHHe MUIIELIT

1. OcHOBHBIE TOHATHUS M XapAaKTEPUCTUKHU JAUCHIEPCHBIX CUCTEM: TUCTIepCcHas (aza, aucnep-
CHOHHAs Cpella, CTENEeHb NUCIIEPCHOCTH, yeibHas MOBEPXHOCTb, F€TEPOT€HHOCTh U JAUCIIEPC-
HOCTb.

2. Knaccudukanus quciepcHbIX CHCTEM.

3. Ctpoenune muneut. Munemsipasie GopMyIbl.

4. YcnoBus MONydeHUs: KOJUIOUAHBIX cUcTeM. OCHOBBI TEPMOJMHAMUKH JTUCIIEPCHBIX CH-
CTEM.

5. TepMoaMHAMUKA TUCTIEPTUPOBAHUSI.

6. DHepreTuka KOHJEHCAIIUOHHOTO 00pa30BaHusl AUCTIEPCHBIX CUCTEM.

7. JAuCTIepCUOHHBIE METO/IbI TIOJTYYEHHS TUCTIEPCHBIX CUCTEM.

8. KongencainoHHbIeE METOIEI.

9. Meto/1bl OSTy4eHUs] PACTBOPOB BHICOKOMOJIEKYJISIPHBIX BEILIECTB.

10. MeToabl OYMCTKH.

YUYEBHBIE 3AIAYN
Tema: [loBepXHOCTHAsi aAKTHBHOCTb M MIOBEPXHOCTHOE HATS)KEHH e

1. Beluncnure cyMMapHyO IUIOMIAb MOBEPXHOCTU 1 T 30510Ta, pa3apoOIeHHOro Ha mpa-
BUITBHBIE KYOUKH ¢ JTiHOM pebpa 5-107 cm. ITnoTHOCTH 30m0Ta 19.3 r/em®.

2. Jlomyckasi, 4TO B KOJJIOWIHOM pacTBOpe cepedpa KaXkaas YyacTHla MpeICTaBIseT coOon
Ky6 ¢ mmuHOM pebpa 4-10° cM u mmotHOCTRIO 10.5 T/CM®, paccuMTaTh: a) CKOIBKO KOJTOMHBIX
qacTUIl MOKeT moiyunuthes u3 0.1 T cepebpa; 6) ueMy paBHa o0I1ast TIIOMIAH TOBEPXHOCTH BCEX
cepeOpsSIHBIX YaCTHII.

3. PactBop kommouHOM Kampops! coaepkut B 1 cm® 200 MIH. ITapuKoB KaM(pOps! IHa-
MeTpom okosto 10 cm. TToacunTtare o6y MIIOIIAIb TTOBEPXHOCTH YacTHI] Kampops B 200 cm®
TaKOTO PacTBOpa.

4. Onpenenute yAeIbHYIO TOBEPXHOCTh CIEAYIONINX YaCTHUIl: a) KyOUUEeCKHX C JUTMHOM pe-
Opa 1 MkM; 0) chepuueckux ¢ fuaMeTpoMm 1 MKM; B) HIMIMHAPUYECKUX C BHICOTON U JUaMETPOM
OCHOBaHUs MO 1 MKM.

5. Onpenenute MUCTIEPCHOCTH (asbl, COCTOSMICH U3 cHepUUeCKUX YaCTUIl U XapaKTePU3y-
IOIUXCS CICAYIONIMMHE TAaHHBIMHU:

Pannyc vactui, Mkm 1 2 3 4
OtHocurenpHast Macca yactull nanxno- | 10 |25 |35 | 30
ro paguyca, %
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Tema: Ilosyuenne In0(pOOHBIX IMCIIEPCHBIX CHCTEM.
Muuesssipabie (pOpMyJIbl

1. IIpu mocTaTo4HO MEAJICHHOM BBEJICHUU BellecTBa B B pa30aBieHHBIN pacTBOpP BEIIECTBA
A B0O3MOXXHO OoOpaszoBanue ruaposons BemectBa C. Hamummre dhopMmyly MHULIEIUT U YKaKUTE
3HAK JIEKTPHUUECKOTO 3apsi/ia KOJUIOMIHBIX YaCTHII 3TOTO 307151.

ABC

1)MgCIl2NaOHMg(OH)2

2) CaCl2H2S04 CaS04

3) FeClz K4[Fe(CN)e] Fes[Fe(CN)s]s

4) KoCrO4 AgNO3AQ2CrO4

5) BeCI2NH4OH Be(OH):

6) Zn(NOs)2K3[Fe(CN)s]Zns[Fe(CN)e]2

7) CoCl2(NHs.)2S CoS

8) Na2SiO3 HCIHSiO3

9) K3[Fe(CN)s]AgNO3 Ags[Fe(CN)e]

10) Ks4[Fe(CN)s]AgNO3 Aga[Fe(CN)e]

2. 30716 cynbdara 6apus TOITY4YEeH CMEIIMBAaHIUEM PaBHBIX 00bEMOB paCTBOPOB HUTpaTa Oa-
pHs U CepHOIl KUCIOThl. OMHAKOBBI JIM OBUTM UCXOIHBIE KOHILIEHTPAIIMU 3JIEKTPOIUTOB, €CIIA B
AIIEKTPUUYECKOM TI0JI€ TPaHYIIbI IepeMenauch K anony? Hamucats GopMysTy MHLIEIUTBI 301

3. Ilpu nauTENnbHOM CTOSIHHM CEPOBOJIOPOJHON BOIBI B pe3yinbTaTe okucieHus HxS
KHCIIOPOZOM BO3JlyXa 00pa3yercs cepa B KOJJIOMJHOM cocTosiHuu. Hamucats popmyny mMu-
LEJJIbI 30J15 CEPBl U OMPEASIUTh 3HAK 3apsja €€ YacTHIl.

4. 3omp rekcanuanogpeppara meau(ll) 6p1 monyden npu peiictBum Ha conb Meau(ll) mz-
obiTkoM pactBopa Ka[Fe(CN)e].CoctaButh (OpMyTy MHIIEIUTBI 30JI.

5. 3o1p AMOKCcHAA OJI0Ba 00pa3oBajCs B pe3ysibTaTe AEHCTBUA OOIBIIOrO0 KOJUYECTBA
COJISTHOM KUCJIOTHI Ha CTaHHAT Kanus. Hanucatrs GpopmMyny MUIIEIITBI 30714,

Tema: OnTuyeckue CBOiCTBA JUCTIEPCHBIX CHCTEM

1. CpaBHHTE MHTEHCUBHOCTH CBETOPACCESHUS BBHICOKOAMCIIEPCHOTO MOJUCTHPOJIA, OCBE-
HIEHHOTO MOHOXPOMAaTHYECKIUM CBETOM C JJIMHOW BOJIHBI A1 = 680 HM, a 3aT€M C JJIUHOU BOJI-
HBI A2 = 420 HM.

2. CpaBHMTE MHTEHCHBHOCTH CBETOPACCESHHs SMYJIbCHM O€H3MHa B BoJe (IOKa3aTesb
npesiomitenus N1= 1.38) u Terpanuna B Bojge (N2 = 1.54) npu293 K. INokazarenp npenoMacHus
Bo/bI No = 1.33. Pa3Mep kanens v KOHIEHTPAIIUH SMYIbCUI OJMHAKOBEI.

3. B kakom ciy4ae W BO CKOJIbKO pa3 WHTEHCHUBHOCTHh CBETOPACCESHHUS JIaTeKca IOJH-
cTupoia OoJblie: Mpu ocBenieHur cBeToM A1 = 530 unu ¢ A2 = 680 HM.

4. OnpenenuTb AUAMETP YACTHIl a3PO30JIs, UCIIONB3Ys Pe3yIbTaT MCCIECTOBAHUS METOIOM
TIOTOYHOH YIBTPAMUKPOCKOMHUM: B 06beMe 2.2 MM, MOACYMTAHO 87 YacTHI adpo30ns (IbIMa
MapTeHOBCKHX Teueit). Konnenrpanus asposoms 1-10 kr/m®, mmoTHOCTH mucniepcHOi dassl 2
r/em, popma wacTur ceprueckas.

5. Paccunraiite quaMeTp 4acTHll 30151, IpUHUMas uX (GopMy chepudeckoil, eciiu ¢ moMo-
IBI0 MPOTOYHOH yIabTpaMuKpockomuu B ooseme V = 2.0-10 w3, moacumramo 100 gacTw
Konnenrpamus 3015 C = 6.5-10°° kr/m®, mimoTHOCTS yacTuIl aucniepcHoi dasel p-= 4.1 r/em’,

Tema: DiIeKTPOKHHETHYECKHE CBOMCTBA JUCIIEPCHBIX CHCTEM

1. PaccuuraiiTe 3eKTPOKMHETUYECKUHN MOTEHIMAI MOBEPXHOCTH KBapla Mo JaHHBIM, MO-
JYYEHHBIM TIPH HCCIIEIOBAHUU AJIEKTPOOCMOTHUYECKOTO MEPEHOCa KUAKOCTH Yepe3 KBaplEeBYIO
MeMOpany: cunma Toka 2-10° A, o6bemnas ckopocth pactBopa KCl, mepeHocumoro gepes mem-
6pany, 0.02 Mii/c, yaeabHas JNMEKTPONPOBOAHOCTH pacTBopa 1.2:102 Cm-m?, Baskocts 1-107
[Ta-c, oTHOCUTENBHAS TUAIEKTpUUecKas mpoHuaeMocTs 80.1.

2. PaccuurtaiiTe MOTEHIMAT TEYEHUs, BO3HUKAIOIIWA TpPU MPOAABIMBAHUU STUIIOBOTO
crmpTa uepes MeMOpaHy n3 kapOoHaTa Gapus moj nasnenuem 9.81-10° IMa, ecnu (-moTeHIuan
paseH 54-10° B, ynenbHas snexTponposogHocTs cpeasl 1.1-102 Cv-m?, Baskocts 1.2-107 Ta-c,
OTHOCHUTEJIbHAS AUAJICKTPUYECKasi MPOHULIAEMOCTh 25.
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3. Ilpu nponaBiuBaHuU uepe3 Kepamuueckuii GpuibTp BoxHoro pactBopa KCl moreniman
TEUCHHS PaBEH 4.10° B. Pa3sHOCTb JaBIICHUM paBHa 27-10° ITa. CBoiicTBa KHUIKOCTH: BA3KOCTh
1-10° IMa-c, ynenpHas 2MeKTPOIpoBOAHOCTE cpenbl 1.3-102 Cm-M™L, oTHOCHTENIbHAS UANEKTPH-
yeckasi mpoHuIaeMoctsh 81. Omnpenenure ¢ Kakoi CKOPOCTHIO JIOJKHBI MTEPEeMEeNaThCsl YaCTHIIbI
CYCII€H3HH, MOTy4aeMOoi MpH U3MeNbueHUN (PUIbTpa, eCIM UX PacHpeesIUTh B 3TOM XKe KHUJIKO-
CTH ¥ 00ECHeunTh HANPSKEHHOCTh dMeKTpuueckoro mons 2-10% B/m. IIpuHATH, YTO YacTUIIBI
UMEIOT chepruecKyro hopmy.

4. PaccumTaiiTe 3JIEKTPOKMHETHUYECKUI IMOTEHLIMAl Ha TpaHUIEe pasjena (a3 KBapl—
BoaHkIi pactBop KCl 1o ciemyrommM 1aHHBIM 31eKTpoocMoca: cuia Toka 2-10° A, Bpems me-
peroca 0.1 mu pactBopa 110 ¢, yaenpHas 3eKTPOIPOBOIHOCTE pacTBopa 6.2:102 Cm-m, Bs3-
kocTh 1-107 ITa-c, oTHOCHTENBHAS AMANEKTpHYEcKas npoHunaemMocts 80.1.

Tema: MoJsieKkyasIpHO-KHHETHYECKHE CBOICTBA TUCIIEPCHBIX CHCTEM

1. Cpennee cmemienne yactuiel ruaposons SiO2 3a 3 ¢ cocraBiser 8 Mxm. OnpeaenuTe
PaaMyc YacTHIIBI, €CIIH BA3KOCTh AUCTIEPCHOHHOM cpenpl pasHa 1-107 ITa-c mpu 293 K.

2. Cpennuit casur yactuisl 3a 15 ¢ npu Temneparype 290 K cocrasun 7-10° m Paccun-
TaiiTe K03 umenT qudQy3uu 1 paanyc JAHHON YaCTHIIB, €ClH BI3KocTh cpeanl 1-107° Ma-c.

3. CpaBHHUTH HHTEHCHBHOCTH OPOYHOBCKOTO JBMKEHHS 4acTHIIB! paguycoM 2.4-108 m npu
temneparype 280 K u wacTuist paguycom 1.4-10° M npu 288 K, 3a uaTeppan Bpemenu B 2.5 c,
YUMTBIBAs, UTO BA3KOCTH cpeasl pasHa 1.1-107 ITa-c.

4. Pesynbrathl 9KcriepuMeHToB CBedepra 1mo onpeaesieHHIo CPeTHETr0 CABUTA YaCTHIT 3015
IJIATUHBI B pa3HbIX cpenax npu 293 K cnenyromue:

n-10*ac |tc AX. MKM
Aueron 3.2 1.60 6.2
Bona 10.0 0.65 2.1
ITponunoBsiii cnupT 22.6 0.45 1.3

Ha ocHOBaHUM 3THX JaHHBIX ONPEAETUTE JUCIIEPCHOCTh YaCcTHI] 30115, a Takxke Kod(hduim-
eHTh! AU PY3UN YaCTHUI] B YKa3aHHBIX CPEIax.

5. Ilo nanueiM CBenOepra, koadduueHT auddy3un KOIIOUIHBIX YacTHUI] 30J0Ta B BOJIE
mpu 298 K pasen 2.7-10° m?/cyr. Onpesenute AUCIEPCHOCTh YaCTHI] THAPO30Ms 30710Ta. Baz-
KocTh BozIbI Ipu 298 K pasua 8.94-107 Ia-c.

Tema: PeoJsiornyeckue cBOMCTBA IUCHEPCHBIX cUcTeM. BaA3kocTh pacTBopoB
BBICOKOMOJIEKYJISIPHBIX BelleCTB

1. PaccumnTaiiTe MaccoByIO JOIIO ® TUAPO30JIS TMOKCHIA KPEMHHUS, €CJIM U3BECTHO, YTO €r0
Bs1i3KOoCTh Ha 10 % OGoubllie BI3KOCTH aucniepcuoHHoi cpenabl. Yactumpl SiO2 umeror chepude-
cKyto GopMy, TIIOTHOCTh UX paBHA 2.7 T/cM°, IIIOTHOCTh MCIIEPCHOHHOM cpebl 1 r/em’,

2. IIpu u3MepeHuu BS3KOCTHU PACTBOPOB IMOJUCTHPOJIA B TOJIYOJIE€ C MOMOUIBIO KaUIUIAp-
HOTO BUCKO3UMETPA MOJYICHBI CICIYIOIINE TaHHBIE:

C,r/n 0 1.7 | 212 | 252 | 295 | 34

Bpewms ncreuenusi| 97.6 | 115.1| 120.2 | 124.5| 129.9| 134.9
pacTBOpa, CeK

Paccuunraiite 3HaU€HHs] OTHOCUTEIBHOM, YIENbHOW M NMPHUBEACHHOM BS3KOCTH PACTBOPOB
nosumMepoB. [loctpoiite rpaduk 3aBHCUMOCTH Ny, /C= f(C) u onpenenure XapakKTepUCTHYECKYIO
BSI3KOCTb.

3. Ilpu u3mepeHun BS3KOCTH PacTBOPOB 1,4-yuc-monuu3onpeHa B TOIYOJE C MOMOIIbIO
KaMUIIPHOTO BUCKO3UMETPA MOJTYUYEHBI CICIYIONTNE JaHHBIC:

C,r/n 0 141 | 1.94 | 259 | 3.24 | 3.89

Bpewms ncreuenusi| 171.5| 216.1 | 234.0 | 257.3 | 282.6 | 308.1
pacTBOpa, CeK

Paccuuraiite 3Ha4e€HHs] OTHOCUTEIIBLHOW, YIEIBHOM U IPUBEACHHOW BS3KOCTH PacTBOPOB

nosumMepoB. [Toctpoiite rpaduk 3aBHCUMOCTH My, /C= f(C) u onmpenenure XapakTepUCTHYCCKYIO
BSI3KOCTb.
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4. Ilpn u3MepeHnr BA3KOCTH PacTBOPOB MOJIMBUHWIOBOIO CIIUPTAa B BOJE MOIYYEHBI Clle-
AYIOIIUE TaHHbIE:

C, xr/m° 0 [1.95]2.13|2.30|2.46|2.63|2.80

Bpems ucreuenus 98.1|118.1 120 | 122 | 124 | 126 | 128
pacTBOpa, CeK

Paccuuraiite MOJIEKYJISIpPHYIO MacCy IOJMBHUHUIOBOIO CIUPTAa B BOJAE, €CIM KOHCTAHTHI
ypaBHeHHs Mapka-Xaysunka npu 30°C nMerot cienyromme 3adenus: K = 4.25-10%, o = 0.64.

5. PaccuuTaiiTe MOJIEKYISIPHYIO MacCy HaTypalbHOI'O KayuyKa, eCil XapaKTepUCTHUeCKas
BA3KOCTH €ro pactBopa B 6ensone 0.126 m*/xr, koncranta K = 5-10°, mapamerp o = 0.67.

Tema: PazpylieHue u yCTOHYHBOCTH AUCIIEPCHBIX cucTeM. Koaryasinust

1. YroOs1 BeI3BaTh KOArymsmuio 300 cynbhuaa meimbsaka(lll), oosemom 10 mut, morpedo-
BaJIOCh B K&XJIOM ClIy4ae MPWIUTh pacTBOp Xjopuaa Hatpusi oobemoM 0.25 M1 MOJISIpHOM KOH-
[EHTPALUU 2 MOJIB/J, PACTBOP XJIOpHIa KaIbIUs 00beMoM 1.3 MII MOJISIpPHOUM KOHIICHTPAIH K-
BuBasieHTa 0.01 MOJIB/T M pacTBOpa XJOpUIa ATIOMUHHSA 00BEMOM 2.76 MJI MOJISIPHOW KOHIICH-
tpamuu dkBuBanieHTa 0.001 moie/n. Kakoii 3apsg uMeroT dacTuisl? YUemy paBeH MOpor KoaryJis-
[IUU KaXJIOTO 2IIEeKTpoauTa’?

2. Insa xoarymsanuu 30 ruapokcuna sxenesa(lll) oovemom 10 Mt B kaxaom ciydae ObUTH
n00aBJIeHBI PacTBOP XJIopuaa Kaius oobemoM 1,05 M1 MomsipHO# KOHIIEHTparuu 1 Moub/1, pac-
TBOp cynb(dara Harpus o0bemMoM 6,25 M MOJIIPHON KOHLEHTparuu dKkBuBasieHTa 0,01 Momb/i,
pactBop Qocdara HaTpus oObemMoMm 3,7 MJI MOJSAPHOW KOHIEHTpamuu dSkBuBajeHta (0,001
MoJIb/T. OnpesienuTe: a) MOPOru KOaryJisaiud, 0) 3apsi 9acTHUIl 30715, B) OTHOIIICHHE KOATyIUPY-
IOIIEH CIOCOOHOCTH MOHOB.

3. Ilopor koaryisiiu pacTBOpa AUXpoMaTa Kajusi MOJIIPHOM KOHIIEHTpAlMU SKBUBAJICHTA
0,02 MOJIB/J1 IO OTHOIIICHHIO K 30JIF0 OKCHJIa aIFOMUHUS paBeH 1,26 MOJTB/MS. Omnpenenure 00b-
€M PacTBOpa IIEKTPOJINUTA, HECOOXOAUMBIN JUIsl KOATYJISIIIUU 3TOTO 30J11 00beMoM 10 mit.

4. Hanucatb (opMyiay MHIEUIBI 30 30i70Ta, ctabuinnzoBanHoro KAUO2. ¥V kakoro u3
anekTpoautos: NaCl, BaClz, FeClz mopor koarynsiuu OyaeT iMeTh HAaMMEHbBIITYIO BETHUUHY?

5. 3omb x70pHuAa cepedpa noixydeH cMmemienreM paBHbix 00beMoB 0,0095 M KC1 u 0,012 1
AgNO3. Kakoit u3 snekrpointoB Ks[Fe(CN)e], Ks[Fe(CN)e] mmu MgSOs — Oymer obiamaTh
HaMMEHBLIEH Koaryaupyrolei cnocooHocTbio? O0bsacHUTh. Hanncats popMyny MULEIIBI.

TPEBOBAHHUSA K ®OPME OTUETA 11O IABOPATOPHOM PABOTE

®opma otyera. OTUeT T0JDKEH COAEP)KAaTh Ha3BaHUE, 11eJb padoThl, ONMCAHNE X0Ja pa-

00TbI, cXeMbl IPUOOPOB, pacueThl, TAOIUIbL, TpaUKH 3aBUCUMOCTH, BBIBO/I.
TEMBI PEOEPATOB
. OCHOBHBIE 3TaIlbl CTAHOBJIEHUSI KOJUIOUAHON XUMUHU.
. OcobeHHOCTH NOTy4eHuUs 30J1€i 01aropoJHBIX METALIOB.
. OnTuyeckye MeTo/1bl aHaJIN3a AUCIIEPCHOCTH.
. DNEeKTPOKMHETUYECKUE SIBICHUS B OMOJIOTMUECKUX CUCTEMAX.
. Ponp xomtongHOM XMMHUHN B OXpaHE OKPYKAIOIIEH Cpebl.
. IIpuMeHeHne NOBEPXHOCTHO-aKTUBHBIX BELLIECTB.
. XMMUKO-2KOJIOTHYECKHE ACTIEKTHI UCIOIb30BaHUS AUCIIEPCHBIX CUCTEM.
BOIIPOCHI K 3AYETY

1. IIpu3Haku 0OBEKTOB KOJUTOMAHOW XUMUH.
2. Knaccugukanus 1ucepcHbIX CUCTEM.
3. Ctpoenue Munemisl. Mutemisipabie popMysbl.
4. luciepcuOHHbBIE METOABI IIOJTYYEHHS IUCIIEPCHBIX CUCTEM.
5. KonjieHcalimoHHbIe METOABI TIOTYYEHHS TUCIIEPCHBIX CUCTEM.
6. bpoyHoBckoe aBkeHHe U AU y3us KOJUTOUTHBIX YacTHUII.
7
8
9
1

NN DN AW

. PaccesiHue cBeTa B IMCIIEPCHBIX CUCTEMAX.

. DIIEKTPOKMHETUYECKUE CBOMCTBA JUCIIEPCHBIX CUCTEM.
. BsizkocTh koutouHbIX cucteM. MI3Mepenne BA3KOCTH.
0. Buabl ycTOWYHMBOCTH AUCHIEPCHBIX CUCTEM.
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11. Koarynsauus aucnepcHslx cucteM. Onpeenenre nopora KoaryJisiuu.
12. B3auMmHast KkoaryJsius 30JIei.

7 IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT I, NCIIOJIb3YEMBIX
B NTPOIECCE OBYYEHUA

HNudopmanuonHblie TEXHOJIOTHN — 00yUeHUE B IJICKTPOHHOW 00pa30BaTeILHOM Cpejie ¢
LENbI0 pacIIUPEHHs JOCTyna K 00pa30oBaTeNIbHBIM pecypcaM, YBEJIWYEHHs] KOHTAKTHOTO B3au-
MOJICHCTBUS C MpernojaBaTesieM, TOCTPOCHUS WHIUBUAYATBHBIX TPACKTOPUN MOATOTOBKH, 00b-
€KTHBHOI'O KOHTPOJII U MOHUTOPUHTA 3HAHUI CTYJIEHTOB.

B o6pazoBarensHOM TpoIecce MO TUCIUIUTMHE HCIIONB3YIOTCS ClIeAyomne nHpopmanm-
OHHbIE  TEXHOJIOTUH, SBJISIOLIMECS  KOMIIOHEHTaMH  OJJEKTPOHHOW  HMH(OpMalMOHHO-
obpazoBarenbHoi cpenbl BITIY:

e Odumnmansheiii caiit BI'TIY;

e Cucrema snextpoHHoro ooyuenuss ®I'60Y BO «bI'TIY »;

e (CucremMa TECTHPOBAHHS HAa OCHOBE equHOro moprana «VHTepHeT-TeCTHpOBAaHUS B
chepe oOpazoBaHMsT WWW.i-exam.ruy;

e Cucrema «AHTuILiaruat.BY3»;

e DJEKTPOHHBbIE OMOTUOTEYHBIE CHCTEMBI;

e MynbTUMEIUHHOE COMTPOBOXKICHUE JICKIIMH U MTPAKTUUYECKUX 3aHATUH.

8 OCOBEHHOCTHU U3YYEHUA JUCHUIIVIMHBI THBAJIMJIAMMU U JIMIAMU
C O'PAHMYEHHBIMH BO3MOKHOCTAMMU 310POBbA

[Tpu oOydeHHM UL C OTPaHUYCHHBIMUA BO3MOKHOCTSIMU 370POBbsI IPUMEHSIOTCS aJarl-
TUBHBIE 00Pa30BaTEIbHBIC TEXHOJIOTUN B COOTBETCTBHHU C YCIOBHSIMH, N3JIOKECHHBIMH B paszese
«Oco0eHHOCTH peanu3aluu 00pa3oBaTeIbHON IPOrpaMMBbl AJIsi UHBAIMIOB U JIUL C OrpaHUYEH-
HBIMH BO3MOKHOCTSIMH 37I0OPOBBS» OCHOBHOH 00pa30BaTENbHOW MPOTrpaMMBbI (MCIOIH30BAHUE
CHelHaNTbHbIX y4eOHBIX MOCOOMHI M JUIAKTUUYECKUX MATepUAVIOB, CIEIHATIbHBIX TEXHUYECKHX
CpeACTB OOYYEeHHUsI KOJUIEKTUBHOTO M WHIMBUAYAJILHOTO TIOJB30BAaHUS, TPEIOCTABICHUE YCIYT
acCUCTeHTa (IIOMOIIHMKA), OKAa3bIBAIOLIET0 OOYYarOIMMCS HEOOXOIUMYI0 TEXHHUYECKYIO IO-
MOIIIb U T. I1.) C YYETOM UHIUBUIYATbHBIX 0COOEHHOCTEN 00YUaOLUXCS.

9 CIIUCOK JIMTEPATYPBI U UTHO®OPMALIMOHHBIX PECYPCOB

9.1 JIuteparypa

1. lykun, E. [I. Konnonanas xumus : yueOnuk ans cryn. By3os / E. JI. Illykun, A. B.
[Tepmos, E. A. Amenuna ; MI'Y um. M. B. JlomoHocoBa. - 4-e u3a., ucnp. - M. : Beicml. mik.,
2006. - 443, [1] c. : nm. (10 9k3.)

2. Horuxkoga, E. B. Komtongnas xumus: yaeoroe mocobue / E. B. HoBukosa, H. A. Po-
nuoHoBa. — brmarosemenck: M3a-po BI'TIY, 2008. — 90 c. (29 3k3.)

3. HoBukoga, E. B. TlpakTukyM 1o KOJUIOWJIHON XHMHH : y4e0. TOCOOHE TS CTYI. BY-
30B / E. B. HoBukoBa ; M-Bo o0pa3oBanus u Hayku Poc. ®eneparun, @enepanbHoe areHTCTBO
o oopazoBanuto, BI'TIY. - bnarosemenck : 3n-so BI'TIY, 2007. - 115 c. (20 5k3.)

4. TIpakTUKyM MO KOJJIOWIAHON XuMHUM: yuel. mocodue Juist cty. (0akanaBpoB, Mpernoja-
BaTesel) TeXHUYeCKHUX crel. By30B / moa pen. I'enbpmana M.U. — CII6. ; M. ; Kpacnonap :
Jlanb, 2005. — 256 c. : un. (20 5k3.)

5. bane3un, C.A. OcHoBbl ¢pusnueckoir u koymonanod xumun / C.A. banesun. — M. :
[Ipocsemenne, 1975. — 398 c. (13 3k3.)

6. banesun, C.A. Ilpaktukym mo ¢usmueckord u kowtongHor xumun / C.A. Bane3uH. —
M. : IIpocBemenune, 1980. — 272 c. (21 3k3.)

7. ®punpuxcoepr, J.A. Kypc xomnouanoit xumuu. — CII6. : «Jlanby, 2010. — 416 c. (5

9K3.)
8. MsruenkoB, B.A. [loBepXHOCTHBIC SIBICHUS M TUCIIEPCHBIE CUCTEMBI : yuel. mocodue
IUTSE CTYA. By30B / B.A. MsrdeHkoB. - 2-e u3g., nepepad. — M. : KonocC, 2010. — 184, [3] c. : u.


http://www.i-exam.ru/
http://www.bgpu.ru/irbis/cgi-bin/irbis32r_01/cgiirbis_32.exe?Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%A9%D1%83%D0%BA%D0%B8%D0%BD%2C%20%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D0%B8%D0%B9%20%D0%94%D0%BC%D0%B8%D1%82%D1%80%D0%B8%D0%B5%D0%B2%D0%B8%D1%87
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(5 9K3.)

9. IlpakTUKyM M 3aJa4HUK O KOJUIOMAHOW XUMHH. [IOBEpXHOCTHbBIE SBICHHUS U AMC-
MIEPCHBIE CHCTEeMEBI : yde0. mocobue s cTyn. By3oB / B.B. Hazaposa [u np.] ; mox pen. B.H.
Hazaposa, A.C. I'poackoro. — M. : Akagemknura, 2007. — 372 c. : ui. (5 7k3.)

9.2 ba3bl JaHHBIX U HHPOPMALMOHHO-CITPABOYHBIE CHCTEMBI

1. Caiir o xumun http://www.xumuk.ru/

2. Karanor o0pa3oBaTeabHbIX HHTEPHET-pecypcoB http://www.edu.ru

3. TomymnsipHasi OMOIMOTEKAa XMMHUYECKUX DJIEMEHTOB
https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/

4. DnexTpoHHas oubimoreka mo xumuu MI'Y http://www.chem.msu.su/rus/elibrary/

9.3 DJIeKTPOHHO-0M0JINOTEYHbIEe pecypChl
1. Polpred.com O630p CMU/Cnpasounuk http://polpred.com/news.
2. OBC «Opaiit» https://urait.ru/.

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

Jnist poBeieHus 3aHATHI JIGKIIMOHHOTO ¥ CEMUHAPCKOTO TUTIA, TPYNIIOBBIX U WHAWBHTY-
QJIBHBIX KOHCYJbTAllUH, TEKYIIEro KOHTPOJS M NPOMEXKYTOYHOM aTTecTallud HCIOJIb3YITCS
ayJIMTOPUH, OCHAIIEHHBIC Y4eOHON MeOeNblo, ayJUTOPHOW JOCKOH, KOMITBIOTEpOM(pamu) C
YCTAHOBJICHHBIM JIMLIEH3MOHHBIM CIIEUAIN3UPOBAHHBIM IIPOrPAMMHBIM OOeCIedeHneM, KOMMY-
TATOPOM JIJISl BBIXOJIa B 3JIEKTPOHHO-OMOIMOTEYHYIO CUCTEMY U DJIEKTPOHHYIO HH(OPMAIIMOHHO-
oOpa3oBatenbHyto cpeny BI'TIY, MynbTUMEIUIHBIMM IPOEKTOPAMHU, 3KCIIO3UIIMOHHBIMHU JKpa-
HaMH, y4eOHO-HArJSIIHBIMUA TTOCOOUSMHE (TaOHIBI, MyJIbTUMEANIHBIC Tpe3eHTanun). s npo-
BE/ICHUS MPAKTUUYECKUX 3aHATUHN TaKKe UCIOJIb3YeTCs:

Ayn. 445 «A». JIabopaTopus ¢puznyeckoi XuMuu
Cron naboparopusriii 2-mect. (10 mT.)

Cryn (20 mT.)

Cron npenogasatens (1 mr.)
Cryn npenogasatens (1 mrt.)
[Trorutp (1 wT.)
AynuropHas fgocka (1 mr.)

e KoMmmproTep C yCTAaHOBJICHHBIM JUIICH3MOHHBIM CIIEIHATU3UPOBAHHBIM TPOTPAMM-
HBIM o0ecriedeHueM (3 miT.)

e  MynbsTumMenniinelii npoektop (1 mr.)

[TpunTep nazepHslii (2 mr.)

OKCNO3UIMOHHBIN KpaH (HaBecHOM) (1 miT.)
SAMP-cnekTpomeTp HU3Koro paspemenus «Crnun Tpax» (1 mt.)
AxBaguctuusitop J13-10 (1 mT.)

Becbt GF-300 (1 )

Becoi Topcuonnsie BT-100 (1 mT.)
Bucko3umerp (4 mir.)

Honomep (3 mT.)

Konaykromerp annon-4120 (3 mr.)

K®K-2 (1 mr.)

JIroxemep (1 mT.)

Memanka MmarautHas [1-2-6100 (2 mT.)
Monyne «Tepmuueckuii ananuszy» (3 wr.)
Monyns «Tepmoctaty (3 mT.)

Monynb «YHHUBEpCAIbHBIA KOHTPOIIEPY (3 1mIT.)
Monynb «9neKTpoxuMus» (3 mrT.)

Monynbs yHUBEpCaTbHBIHN (6 IT.)

Ha6op cut KII-131(1 mt.)



http://www.xumuk.ru/
http://www.edu.ru/
https://web.archive.org/web/20161021151915/http:/n-t.ru/ri/ps/
http://www.chem.msu.su/rus/elibrary/
http://рolpred.cоm/news
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[Tonsspumerp (1 mit.)

[TorenmomeTtp (1 mit.)

entpudyra nadoparopnas OITH-8 (¢ poropom) (1 mT.)
[lITatuB ass 37€KTPOAOB (2 mIT.)

Dkcukatop ¢ kpaHow (1 mir.)

Monyns «O06mienabopatopHblii» (1 mT.)
Crnextpodoromerp (1 mr.)

Crnexrpoporomerp KOK-3KM (1 mit.)

Kommiekt apuomerpos (1 mit.)

Metponowm (1 mit.)

MocT peoxopIHbIi € COCYAOM

Tepmoctar TC-1/80 CITY (1 mr.)

Y4eOHOo-HarIsIIHbIE TOCOOUS - CIaiIbl, TAOIUIIBI, MyJIbTUMEINITHBIC TIPE3CHTALIUN

IO AMCHUIIIIMHEC «KOJ’IJ’IOI/II[HaH XHUMMUI»

[ItaTuBel 111 MPOOUPOK, HArpeBaTEIbHBIC TIPUOOPHI, TabOpaTOpHAs TOCyaa
XUMHYECKUE PEAKTUBBI IO TEMATUKE JJA0OPATOPHBIX paboT

Ayn. 118 «A». Jlabopatopusi ecTecCTBEHHO-Hay4YHOH HampaBICHHOCTH IEeIaroru4eckoro
texHonapka «Kanropuym-28» um. C.B. Jlankuna

Hocka 1-anemenTHast menoBasi MaruuTHas (1 mmrt.)

[Tapta mabopaTopHasi ¢ HAJICTPOWKOW U BBIIBHKHBIM OJIOKOM (2 IIT.)
[TucbMeHHbIH cTO (4 10IT.)

Crous npUCTEHHbIN XUMU4eCKHi (3 1T.)

Cron nns npenogasatens (YriioBoi) mpaBocTopoHHU (1 mIT.)
Cremnax KHUXHBIN, 12 stueek (1 mT.)

[Tonka HaBecHas, 6enas (1 mirt.)

[Ty 80*80 (2 mT.)

[Ty 52*52 (2 mwt.)

JluBan TpéxmecTHbI (1 mT.)

Kpecno ans pykoBoaurens Aupext mitoc (1 mT.)

Tym0a ¢ MOWKOW HaKJIaIHOM JJIsI KyXOHHOTO TapHuTypa (6enas) (2 mrT.)
Kynep Silver Arrow 130 (1 mr.)

Hoyt6yxk (4 wmT.)

M®YV npuntep Brother DCP-L5500 (1 mt.)

Anmnapar Kunna (2 mr.)

Crepunusarop A 1ab0opaTopHON MOCY bl BO3AYIIHBIH (1 1mT.)
JlabopaTopHoe obopynoBaHue 1Mo Xumu# (6 1IT.)

Maruautnas memmanka (1 mr.)

[Mudposas maboparopus no xumuu «Releony (6 mt.)

[Mudposas naboparopus 1o pusuke «Releony (6 mrT.)

[udposas mabopatopust mo 6uonorun «Releony (6 mr.)
VYyeOHO-HccaeoBaTenbekas J1abopaTopusi OMOCHTHAJIOB M HelporexHonoruii (6

VYueOHast 1abopaTopus TOUHBIX U3MEpEHUH (6 mIT.)

Muxkpockon yaeOHbIH «IBpuKa (6 mIT.)

CamocrosiTenbHast paboTa CTyJIEHTOB OpraHU3yeTcs B ayJUTOPHUSIX OCHALICHHBIX KOMIIb-
IOTEPHOM TEXHUKOW C BBIXOJIOM B JIEKTPOHHYIO MH()OPMAIIMOHHO-00pa30BaTEIbHYIO CPEy BY-
3a, B CHENMAIM3UPOBAHHBIX J1a00paTOpUsAX MO AUCLHUIUIMHE, a TAKXKE B 3aJ1aX JOCTYIA B JIOKaJlb-
Hyto ceTb BI'TIY, B 1abopaTtopuu nMcuxonoro-neaaroruueckux UCCie0BaHuil u ap.
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Hcnoanzyemoe nporpammuoe odecrieuenne. Microsot® WINEDUperDVC AllLng Up-
grade/SoftwareAssurancePack Academic OLV 1License LevelE Platform 1Year; Mi-
crosoft®OfficeProPlusEducation AllLng License/SoftwareAssurancePack Academic OLV

1License LevelE Platform 1Year; Dr.Web Security Suite; Java Runtime Environment; Calculate
Linux.

Pa3pa6oTunk: Ponnonosa H.A., kaHauaaT XMMUYECKUX HAYK, TOLEHT KadeIpbl XUMHUH.
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11 JIUCT UIBSMEHEHUWHA U JONTOJTHEHUM

YrBepxkaenue nsmenenuid u gonoqHenuii B PII nas peanu3zanun B 2023/2024 yu. r.

PIT/] oGcyxnena u onodpena amns peanusanuu B 2023/2024 y4. r. Ha 3aceqaHuu Kadeapsl
OMOJIOTUN U METOIUKU 00y4deHHs: Ouosioruu (mpotokon Ne ot 2023 r.). B PII]] BHece-
HBI CJICIYIOIINE U3MEHEHUS U JOTIOJIHECHUS:

Ne uzmenenus:
Ne cTpanuipl ¢ U3MEHEHUEM:

HUcknrounTs: Bxirouunts:




