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1 HOACHUTEJIBHAS 3AIINCKA

1.1 Heap qucumn/auHbl: chopMupoBath (GyHIaMEHTaNIbHbIC 3HAHUA B O0JIACTH KOJUIO-
UJTHOU XUMUMU.

1.2 MecTo aucuunjunnsl B crpykrype OOIT

HucuuiuinHa «KosyutonaHas XUMHS» OTHOCUTCSA K JUCLMIUIMHAM MPEAMETHOIO MOJYJIs
no npopmio «XuMus» 4actd, pOpMHUpPYEeMOW y4YaCTHHKaMHU OOpa3oBaTEIbHBIX OTHOIICHHHA,
omoka b1 (b1.B.02.02).

st ocBoeHust nuctuIinHabl «KomuonaHas XumMus» o0ydaronirecs UCIOoNb3yIOT 3HAHUS,
yMEHHUs, CQOPMHUPOBAHHBIE B XOJ€ M3ydyeHus aucuuiuinH «Heopranumdeckas xumus», « AHau-
TUYECKask XUMUs», «DU3ndecKas XuMHUs.

1.3 IncuuniinHa HanpaBJjieHa Ha ()OpMUPOBaHHUE cJeayIuX komnerenuuii: [TK-2:

- IIK-2. CnocoGeH oCymiecTBIATh MENAarornyeckylo JesTeIbHOCTh MO MPO(UIBHBIM
npeaMeram (AMCLUUIUIMHAM, MOAYJISIM) B pPaMKax IPOrpaMM OCHOBHOI'O OOILEro M cpeiHero oo-
Iero 00pa3oBaHMsl, HHAMKATOPAMH JOCTHKEHUSI KOTOPOU SIBIISIETCS:

o [IK-2.2 [lpumeHnsier OCHOBBI TeOpuu (pyHIaMEHTAIBHBIX M MPUKIAJHBIX Pa3/ieioB
XUMHHU (HEOPTaHUYECKOM, aHATUTUIECKOH, OpraHndecKoit, Gpusnueckoid, xumun BMC, xumunde-
CKUX OCHOB OMOJIOTMUECKHX MPOLECCOB, XMMUYECKOM TEXHOJOIMU) JUIsl PELICHUs TeopeThde-
CKUX U TPAaKTUYECKUX 3a]1ad.

1.4 Ilepeyenb NMIaHHpPyeMBIX pe3yJbTaTOB 00yueHHMsi. B pesynbrare usyuenus nuc-
LUIUIUHBI CTYAEHT JOJDKEH

- 3HATh:

® IIyTH NOWCKA WH(GOPMAIMHU JUTS UCTIOJIB30BAaHMS OJTYYCHHBIX TEOPETUYECKHUX U MPaK-
THYECKUX 3HAHMUI B 00JIaCTH KOJUIOMIHON XUMUU,

® OCHOBBHI TIOMCKA, KPUTUIECKOTO aHAIHM3a M CHHTE3a HHPOPMALIUU, CHCTEMHOTO TIOIX0-
Jla Ul peLIeHts OCTaBJIEHHBIX 3a/1a4 B paMKax JUCLMILIMHBI KOJUIOMIHAS XUMMUS;

® MeTOJbl M CHocoObl 00paboTKM MHGpOpPMALUU Pe3yIbTaTOB XMMHUYECKOTO IKCIEepH-
MEHTa, PEe3yJIbTATOB HAOIIOIEHUN U U3MEPEHUI;

¢ uH(pOPMAIMOHHBIE HCTOYHHUKH CITPABOYHOTO, HAYYHOTO, HOPMAaTHBHOT'O XapaKTepa;

® OCHOBHBIE COBPEMEHHBIE METO/IbI ITOTyUYEHHS TUCTIEPCHBIX CHCTEM,

e MeToAbl U crocoObl 00paboTKU HMH(OPMALMK Pe3yJIbTaTOB XUMUYECKOTO 3KCIEepHU-
MEHTa, pe3yJIbTaTOB HaOII0IEHUI U U3MEPEHUI];

® [IeJIM U 33/1a4M KOJUIOUJHON XUMHH;

® OCHOBHBIE ATalbl U 3aKOHOMEPHOCTH Pa3BUTHS KOJIJIOUJTHOM XUMHH, €€ COBPEMEHHOE
COCTOSIHUE;

® CBOMCTBA JUCIIEPCHBIX CUCTEM.

- YMeTh!

® TPUMEHSATH M aHAM3UPOBATH OCHOBBI NIOWCKA, KPUTHYECKOTO aHAJIM3a M CUHTE3a WH-
dopmanuu, CUCTEMHOTO MTO/IX0/Ia JUI PELICHUs IOCTaBIEHHBIX 3a1a4;

® COINOCTAaBISET pa3Hble UCTOYHUKH MH(POPMALIUU C IENBI0 BBIABICHHUS UX MPOTUBOpE-
YU ¥ TIOMCKA JOCTOBEPHBIX CYKJICHUN;

® pemiaTh 3a/1a49M, UCTIONB3Ysl IPUHITUITE H METOBI KOJUTOMTHOW XUMUH,

® JICIIOJIb30BATh MMPHEMBI U METOIBI (DU3UKO-XUMUIECKUX U3MEPECHUH;

e 00pabareIBaTh, aHATU3UPOBATh U 0000IIATH Pe3yNbTaThl HAOIIOAEHUN U M3MEpEeHui,
BBISIBIISITH CBSI3b MEXIY (DM3MYECKHUMH U XUMUYECKUMH TIPOIIECCAMH, MEXKTY CTPOCHUEM H CBO¥i-
CTBaMH JMCIIEPCHBIX CUCTEM.

- BJIa/IeTh:

e HaBbIKAMH aHaJN3a, MPUMEHEHHUS OCHOB MOMCKA, KPUTHMUYECKOTO aHallu3a U CHHTE3a
UH(OPMALIMU, CUCTEMHOTO MTOIX0a JJIsl PELICHUs TOCTABICHHBIX 33a]a4 B paMKaXxX JUCIUILTUHBI
buzndecKas XuMus;

® HaBbIKAMM TI'PaMOTHO, JIOTMYHO, APTyMEHTUPOBAaHHO (OpPMUPOBaTH COOCTBEHHBIE
CYX/ICHUS U OLICHKH;
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e HaBBIKAMM JEJIaTh 3aKJIIOYEHHS W BBIBOJBI 11O pe3yJbTaTaM aHaINW3a JUTEPaTyPHBIX
JTAHHBIX, COOCTBEHHBIX IKCIEPUMEHTAIBHBIX M PACUETHO-TEOPETUUECKUX PAOOT MO KOJIJIOUIHOM
XUMUH;

e HaBBIKAMH JI€J]aTh 3aKIIOYECHHS W BBIBOJBI 110 pe3ysbTaTaM aHAJINA3a JIMTEPATypPHBIX
JTAHHBIX, COOCTBEHHBIX SKCIIEPUMEHTAIBHBIX M PACYETHO-TEOPETUUECKUX PAOOT MO KOJJIOUIAHOM
XUMUY;

® HaBbIKaMH pabOTHI C JJaOOPATOPHBIM OOOPYJOBAHUEM U MPOBOIUTH SKCIIEPUMEHTHI C
coOII0ICHUEM ITPaBUJI TEXHUKHU O0€3011aCHOCTH;

® OCHOBHBIMHM METOJMKAaMHU ONPEJEICHUS U U3YUEHUs PA3JINYHBIX JUCIIEPCHBIX CUCTEM,
3aKOHaMH, JICKAIIUMH B OCHOBE METOJIOB aHAIN3A.

1.5 O0mas TpyroeMKkocTh AUCHHILINHBI «Ko/utonaHass XUMHUS» COCTaBIsAeT 3 3a4eT-
HbIX eauHuisl (qanee — 3E) (108 yacos).

[Tporpamma npemycMarpuBaeT U3ydeHHE MaTepualia Ha JEKIUSAX U JJa0OPaTOPHBIX 3aHs-
tusx. [IpenycMoTpena camocrosiTenbHast paboTa CTYyJEHTOB 10 TeMaM M pasfenam. Ilposepka
3HAaHUH OCYHIECTBISIETCS] PPOHTAIBHO, HHAUBH Y AJTHHO.

1.6 O6beM AUCHUILINHBI U BUABI Y4eOHOIi 1esITe IbHOCTH

O0beM IMCHMIJIMHBI M BH/IbI Y4eOHOI esiTeJIbHOCTH (04Has popMa 00ydeHHUs1)

Bua yueOHo# padoThl Bcero yacos Cemectp 6
OO01mas TpyA0eMKOCTh 108 6
AynUTOpHBIE 3aHATHS 64
Jlekuun 26
JlaboparopHbie pabOTHI 38
CamocTtosTenpHas paborta 44
By uToroBoro KOHTpOJIst: 3auer

2 YYEBHO-TEMATHUYECKOE IINIAHUPOBAHHUE

YueOHO-TeMaTHUECKHIi IJIaH

Bcero AyauTOpHbIE Camocro-
Ne HaunmenoBanue Tem (pa3uesion) 4acoB 3aHATHA ATe1bHasA
Jlexuuu | Jlagopartop- | pabora

Hble 3aHATUS

| [BBenenue 14 2 2 10

1 |BBeneHue B KOJJIOUIHYIO XUMHUIO 5 1 4

2 |Kmaccudukanus TUCTIEpCHBIX CHCTEM, 3 1 2
CTPOEHHUE MULIEILIT

3 |JIaboparopHas paboTa 6 2 4
IToBEpXHOCTHOE HATSKEHUE

Il |MeToabl moJjiydeHHsI U OUHCTKHU 14 4 4 6
JAMCIIEPCHBIX CHCTEM

1 |ITomyueHue U OYMCTKA JUCTIEPCHBIX 4 2 2
CHCTEM

2 |Tepmoaunamuka oOpazoBaHUs 4 2 2
JIICTIEPCHBIX CHCTEM

3 |JlaboparopHas pabota 6 4 2

HonyquI/Ie J'II/IO(I)O6HBIX KOJIJIOMIHBIX
PacTBOpPOB U OMPECACIICHHUE 3HAKA 3apsAaaa
KOJIJIOMJHBIX 9aCTHI]

11 [IToBepxHOCTHBIE siBJIeHUS M ajacopOumsa | 11 2 4 B
1 [IloBepXHOCTHBIE SIBICHUS 3 1 2
2 |AncopOumsi Ha MOBEPXHOCTH pasnena das 3 1 2
3 |JIaGoparopnas paboTa 5 4 1




AnicopO1usl yKCYCHOM KHCIIOTHI Ha
MOBEPXHOCTU aKTUBUPOBAHHOTO YIJIS
IV |CBoiicTBa AucHIepPCHBIX CHCTEM 27 8 12 7
1 |MonexyJIsipHO-KMHETHYECKHE CBOMCTBA 3 2 1
2 |OnTuveckure CBOMCTBA JUCIICPCHBIX 3 2 1
CUCTEM
3 |Peonoruueckue cBoiicTBa 3 2 1
4  |D1eKTpOKMHETUYECKHUE CBOWCTBA 3 2 1
JIUCIIEPCHBIX CUCTEM
5 |JlaboparopHas pabora 5 4 1
Omnpenenenre pa3MepoB YaCTHUIL 3015
TypOUIUMETPHUECKIM METOJIOM
6 [JIaboparopnas pabota 5 4 1
Dnextpodopes
7 |JlaboparopHas pabota 6 4 2
Onpenenenre BA3KOCTH KOJUIOMIHBIX
pacTBOpOB
V |Pa3pyuieHue M yCTOIYMBOCTH 12 4 4 4
JAUCIEPCHBIX CHCTEM
1 |Pa3pymienue u yCTOHYMBOCTh 6 4 2
JIICTIEPCHBIX CHCTEM
2 |JlaGopaTopHnas pabota 6 4 2
Pa3pymenue n ycTonuynBOCTb
JUCIIEPCHBIX CUCTEM
V| |MukporereporeHHbie CHCTEMbI 12 2 4 6
1 |Cycnensun. Omynbscun. IleHbl 5 2 3
2 |JIaboparopHas paboTta 7 4 3
Cycnens3uu. Omynbscuu. [1eHbl
VIl |BbicokomoJieky/IsipHble BemecTBa M ux | 18 4 8 6
pactBopsbl. I'ein (cTyanmn)
1 [PacTBOpBI BEICOKOMOJIEKYJISPHBIX 3 2 1
COECIMHEHNN U UX CBOMCTBA
2 |lemu (cTtymHn) 3 2 1
3 |JIaboparopHnas paboTa 6 4 2
Onpenenenne KpUTHIECKON
KOHIIEHTPALlMM MULEJITI000pa30BaHuUs
(KKM) KOHIYKTOMETPHYECKHM METOJIOM»
4 |JIaboparopHas paboTa 6 4 2
OmnpeneneHne MOJIEKYISIPHOW MacChl
HOJIMMepa BUCKO3UMETPUYECKUM
metonoM. MccrenoBanue mporecca
HaOyXaHMs J)KeTaTHHA B BOJHBIX PacTBOpa
NUTOI'O 108 26 38 44
HNHTepakTUBHOE 00yUYeHHE 110 JUCHUIIIMHE
Ne HaumenoBanue Bun Popma Koa-
UHTEPAKTHBHOTO BO
TeM (pa3aesioB) 3aHATHSA
3aHATHS 4acoB
1. | BBeneHue B KOJJIOMIHYIO XUMHUIO JIK Jlexuus ¢ ommoOKkaMu 1
Knaccudukanus qucrepcHbIX CUCTEM, JIK Jlekmus ¢ ommbOkamMu 1
CTPOEHHE MHIIEILT




2. | Ilomy4yeHne u OUMCTKA JUCTIEPCHBIX JIK Jlexnus ¢ ommoOkaMu 2
CHCTEM

3. | IloBepXHOCTHBIC SIBICHUS JIK Jlexkuusi-nuckyccust 2

4. | OnpeneneHre pa3MepoB YaCTHIT 30715 JIP PaboTa B manbIx 2
TypOUAMMETPUICCKHM METOJIOM rpynmnax

5. | OnTryeckne CBOMCTBA TUCIIEPCHBIX JIK Jlekuus ¢ ommoOkaMu 2
CHUCTEM

6. | Peosornueckue cBoiictsa JIK Jlekuus ¢ ommoOkaMu 2

7. | DIEKTPOKMHETHYECKUE CBOMCTBA JIK Jlekmus ¢ ommOKaMu 2
JIMCTIEPCHBIX CUCTEM

8. | Pa3pymienue u ycTOHYMBOCTh AUCTIEPCHBIX JIP PaboTa B manbIx 4
CHUCTEM rpynmnax

9. | OmpeneneHne MOJICKYJISIPHONW MacChl JIP Pabota B manbIx 2
MOJIMMEPA BUCKO3UMETPUICCKIM METOI0M rpynmnax

10. | PacTBOpPBI BBICOKOMOJIEKYJISPHBIX JIK Jlekuus-0ecena 2
COCIUHCHHI U UX CBOMCTBA

HUTOI'O 22

3 COAEP KAHUE TEM (PA3JIEJIOB)
| BBEJIEHUE

Beeoenue 6 konnouonyro xumuro

[Ipeamer u coaepkaHure KOJUIOMAHONW XUMUHU. B3aMOCBSA3b KOJUIOMJAHONW XUMUU C JIPYTH-
MU XUMUYECKUMU JTUCIUTUIMHAMU, ¢ (U3HKOW, OMOJIOTHEH, TeosioTnel, MenuiuHoi. OCHOBHBIE
3Tallbl pa3BUTHUS KOJUIOMAHOW XuMuu. Bkian B pa3BUTHE HAYKH PYCCKHUX M COBETCKUX YUEHBIX:
M.B. Jlomonocosa, JI.1. Menneneena, [L.I1. Beiimapna, U.I'. bopuiosa, H. I1. [leckoBa, A. B.
Hymanckoro, A.H. ®pymkuna, I1.A. Pebunaepa, }0.C. Jlunarosa, B.A. Kapruna. Ponb komno-
WHOW XMMUU B XUMHUYECKON MPOMBIIIEHHOCTH Mpon3BoAcTBe. HOBBIE HampaBieHUs U 00BEK-
Thl (HAHOCHUCTEMBI, MUKPOIMYJIbCUU, OMOKOJIIOU IbI, TOHKHE MJIEHKU U JIp.), U3y4yaeMble KOJIIO-
UIHOW XuMHEeH. Pollb 1 MECTO KOJIJIOMTHOW XUMUU B OOYYEHHH XUMHH B COOTBETCTBUU C TPEOO-
BanusiMu OI'OC OO.

[TonsTie 0 KoUIOMAHOM cOCTOSSHUU. OCHOBHBIE XapaKTEPUCTUKH TUCHEPCHBIX CHUCTEM:
nucnepcHas ¢asa, JUCTIEPCHOHHAs Cpella, CTENeHb AUCTIEPCHOCTH, YEIbHAs TOBEPXHOCTb.

[Tpu3Haky 00BEKTOB KOJJIOUJHOW XUMHH: T€TEPOT€HHOCTD U JUCIIEPCHOCTb.

Knaccugpurayus oucnepcuvix cucmem, cmpoerue muye

Krnaccudukanus aucrnepcHbIX CUCTEM B 3aBUCMMOCTH OT CTENEHHU JUCIEPCHOCTH, arperart-
HOTO COCTOSIHUS (a3 M KMHETUYECKUX CBOMCTB AucmepcHOU (aszbl (CBOOOIHOIUCTIEPCHBIE U
CBSI3HOJMCIIEPCHBIE CHUCTEMBI), TI0 TomnorpaduueckoMy mnpusHaKy (KOpHycKyJspHbIe, GuOpuii-
JISIPHBIE U JIAMUHAPHBIE), 10 TEPMOJAMHAMUYECKON YCTOMYMBOCTH U XapakTepy oOpa3oBanus (a3
(mnohoOHBIE U BHICOKOMOJIEKYJISIPHBIE BEIIECTBA).

Murnesuibl. CTpoeHue MHILEIUL: S1po, aJcOPpOLMOHHBIA cioi, auddy3HbIi cino, rpanya,
WHTEPMHUIICIUISIPHAS KUIKOCTh. Mutieuisipapie (OpMyJIbL.

Il METOAbI TIOJYYEHUSA U OUUCTKUIUCIHHEPCHBIX CUCTEM

Tlonyuenue u ouucmra OucnepcHvix cucmem

VYcnoBus nosty4eHus: KOJUIOUIHBIX CUCTEM.

Tepmoounamuka 0o6paz06anus OUCNEPCHBIX CUCEM

OCHOBBI TEPMOJIMHAMHUKHU JUCIIEPCHBIX CUCTEM. TepMOJMHAMHKA TOMOT€HHOIO U TeTepo-
TeHHOro o0Opa30BaHMs KOJUIOMAHBIX YacTULl Mpu (a3oBbIX nepexopax. OOpa3oBaHHE YacTHUIL
JTUCTIEpCHOM (ha3bl B Mpolieccax KPUCTAJUTH3AIUU U3 PACTBOPOB, KOHACHCAIIUU MEPECHIIIEHHOTO
napa, KulieHusi. MeTopl peryJimpoBaHus pa3MepOB YacTHI] B IUCTIEpPCHBIX cucTeMax. Pons [TAB
B IIpoLleCCax MOJYy4YeHHUsS AucCHepcHBbIX cucteM. Mcmonb3oBanue sddexra Pebunmepa mns
yMEHbIIIEHUs paOOThl AUCTIEPTUPOBAHHUSL.

JlucriepcCuOHHbBIE METO/BI TIOMYyYEHUs UCIIEPCHBIX CUCTeM. MexaHndecKoe pa3apoOiicHue



7

TBEPABIX TEJ. YJIbTPa3BYKOBOW MeETOJ. MeToa 3JIEeKTPUYECKOro pachbuleHus. MeToJ Xumuye-
CKOr'0 UCIEPIUPOBAHUS: CAMOIIPOU3BOJIBHOE AUCIIEPIUPOBAHUE, IOCPEACTBEHHAS U HEIIOCPEI-
CTBEHHAs ENTU3aLUA.

Konnencamnonnsie MeToapl. MeToapl (U3MYECKOW KOHICHCAIMU: METOJ PormHckoro-
[[TanpHUKOBA, METOJ 3aMEHBI PACTBOPUTENS. METObl XUMUYECKON KOHJAEHCAMU: METOJ OKHC-
JICHUS, METOJ] BOCCTAHOBIICHHS, METOJI OOMEHHOTO Pa3I0KEHHUs, METO THAPOJIN3a. DIEKTpUde-
CKUI METOI.

MeTobl IOJyYEHUs! PaCTBOPOB BBICOKOMOJIEKYJISIPHBIX BEILECTB: MOJIMMEPU3ALINS U TOJIH-
KOHJICHCALUS.

MeTobl OUHUCTKU: AUAIN3, HJIEKTPOAUATHN3 U yIbTpapHIbTPALIUS.

111 HIOBEPXHOCTHBIE SABJIEHUS U AICOPBLIUA

Ilosepxnocmuvie sA6neHus

[ToBepxHocTh paznena ¢a3. CBoOonHAs MOBEpXHOCTHAs dHeprus. [loBepXHOCTHOE HaTsKe-
Hue. [loBepXHOCTHas aKTUBHOCTb, €€ M3MEHEHUE B romoJiorndyeckux psnax I[TAB. Ilpasuiio
Tpay6e-/lrokno. Aaresusi, cMauuBaHue U pacTekaHue xuakocreid. CMaynBaHUe U KPaeBOH yroJl.
Mexanusm cmaunBanusi. KoinuecTBeHHbIE XapaKTEPUCTUKK KOTE3UHU U aJIT€3UH.

OO0mias xapakTepucTUKa COpOLIMOHHBIX MPOIECCOB. ACOpOIUs KaK CaMOMpPOU3BOJILHOE
KOHIICHTPUPOBAaHUE Ha MOBEPXHOCTH paszena (a3 BemecTB, CHIDKAIONINX MeK(pa3HOe HaTsHKe-
Hue. [loBepXHOCTHO-aKTUBHBIEC U -MHAKTUBHBIE BelllecTBa. Y paBHeHHe afacopoumu ['nb0ca.

Aocopbyus na nosepxwocmu paszoena ¢has. W3orepmsl amcopbimu DpelHHXa U
JIbarmiopa. [IpaBuno ypaBHuBaHus nonspHocTedt Pebunnepa. MonooOMenHas aacopOiusi.

IV CBOMCTBA JJUCHEPCHBIX CUCTEM

MonexynapHo - Kunemuueckue c60ucmea AUCIEPCHBIX CUCTEM. BpOyHOBCKOE ABUXKEHUE U
QG Qy3us B TUCTIEPCHBIX cucTeMax. CBsi3b MEXIY CPEITHUM CIBUTOM YacCTHIl U KOdPQHIIHEH-
toM nuddysun. 3akon DitHmTeitHa-CMomyxoBckoro. OcMoTuueckoe AaBieHue. MemOpaHHoe
paBHoBecue [lonnana. CequmenTtanus. CequMeHTallMOHHBIN aHAIN3.

Onmuueckue ceoticmea oucnepchvix cucmem. ONTHYECKAas HEOAHOPOTHOCTh TUCIEPCHBIX
cucreM. fIBinenue paccesiHus cseta. Dpdext Dapanes-Tunnana. Hepenomerpus. TypOuaumer-
pusi. YnbTpamukpockonus. [lornomenue cBera u okpacka 3oieid. OnTuyeckas aHu30TPOIHUS.

Peonocuueckue ceoiicmea nucnepcHbix cucteM. OCHOBHBIE TIOHATHS U UJ€AJIbHbBIE 3aKOHBI
peonoruu. UneansHo ynpyroe teno ['yka. MneansHo mnactuueckoe teno Cen-Benona-Kyiona.
UneansHo Bsizkoe Teno HeroToHa. MojenupoBaHue peOIOTHYECKUX CBOWCTB Tel (MOJEh
Makcsemna, mogens Kenbuna-®oiirra, mogens bunrama). Knaccudukanus AucrepcHbIX CH-
CTEM II0 CTPYKTYpHO-MEXaHM4EeCKUM cBoicTBaM. 3akoH HeioroHa. YpaBHenue Ilyazeiins. Bss-
KOCTb, aHOMAJINU BA3KOCTH. Y paBHEHHE DWHINTENHA. YpaBHeHHe buHrama.

Onekmpoxunemuueckue ceoticmea oucnepcHuvlx cucmem. OCHOBBI TEOPUN CTPOCHUS JIBOM-
Horo anekTpuaeckoro cios (JI3C). Crpoenue [I3C no 'enbmromsiry, ['yu u llltepHy. DnekTpo-
KMHETUYECKUI MOTEHIMal. 3aBUCHUMOCTh 3HAUYEHMS 3JEKTPOKHHETUYECKOro MOTEHIMHajIa OT
pa3nu4HbIX (akTopoB. M3o03mekTpuueckoe coctosHue. OTKPBITHE 3JIEKTPUUYECKUX SBICHUIL.
Onektpodopes. DnexkrpoocMoc. [loTeHman TedeHus U OCeTaHusl.

V PASPYIIEHUE U YCTOMYUBOCTH JJUCHEPCHBIX CUCTEM

Paspywenue u ycmotiuusocms oucnepcuvix cucmem

Kunernueckass M arperatuBHasi yCTOMYMBOCTb. T€pPMOJMHAMHYECKHE W KUHETHYECKHUE
(bakTopbl YCTOMYMBOCTH AMCIIEPCHBIX CHUCTEM. T€0pur YCTOWYMBOCTU U Koaryiasiuuu. AncopO-
HMOHHAs Teopus Koarynsauuu OpeliHannxa. dneKTpocTaTHUecKas Teopus Koarysiiuu Mrosuie-
pa. Teopus JIDO.

Koarymsamus. Kuneruka OpIcTpoit 1 MeasieHHOW Koaryssiiuu. Koarymsiiust o aelicTBueM
anekTposuToB. [lopor koarymsamuu. Kputnueckmii morennuan. I[lpaBuio 3HauHOCTH (TTpaBUIIO
[yneue-I'apan). KoHnenTpanuonHas U HeWTpalIu3anuoHHas koaryisiius. [lepezapsiaka 30iei.
Koarymauus cMechbro 3JIEKTpOIUTOB. SIBIEHNE CHHEPru3Ma, aHTOTOHNU3Ma U aJIUTUBHOCTH. SIB-
neHue npuBblkaHus 3ojeil. Komnouanas 3amura. B3aumHas koarymasinus KOJUIOMAHBIX PacTBO-
pOB.



VI MUKPOT'ETEPOI'EHHBIE CUCTEMBbI

Cycnensuu. Obmas xapaktepuctuka. Kiaccupukanus cycrieH3uid. BhICOKOKOHIIEHTPUPO-
BaHHbIE cycrneH3uu (mactel). MeTonbl noiaydeHus. Mexanusm cradbunuzanuu. CTaGuin3aTopbl.
@noranus, puabTpaM U KOJbMaTalusl. 3HaU€HHE B T€OJIOTUYECKUX U TOYBEHHBIX MPOIleccax.

Omynvcuu n SMynbcHOHHBIE TuIeHKH. O01mas xapakrepuctuka. Knaccudukaius smyabCHii
U OMYJbratopoB. MeTojpl olpeneiaeHusl TUna 3Myibcud. JKUJIKUe U TBEpPAbIE AMYJIBIaTOPHI.
Ob6pamienue a3 smyabcun. Teopus smynerupoBanus. [esmynsruposanue. [Ipaktuueckoe 3Ha-
YEeHHUE.

Ilenvr m nennble TwieHKH. OOmas xapakTtepucTuka. TBepaple meHbl. CTpoeHUE TEHHOU
ieHKA. KpaTHOCTh M Bpems KU3HU NeH. [IpudnHbl yCTOMYMBOCTH IeH. MeTobl MOIydYeHus.
[Tenoo6pazoBarenu. Teopus nenoobpazoBanus. IlpakTuueckoe 3Hauenue mneH. [lennas dmora-
U

Anposommu. OOmas xapakrepuctrka. Knaccudukanus aspo3oneir. Metoasl MonydeHus U
paspyuienus asposoneii. OcoObie CBOKCTBa adpo3oiieii: Tepmodopes, Gpotodopes, TepMoIpenu-
nurtauud. [IpakTuueckoe 3HaUeHHE a3PO30IIEH.

[Topomku. O6mas xapakrepuctuka. Knaccudukanus nopomkoB. CrnocoObl MOITydeHHs.
CBolicTBa MOPOIIKOB: HACHIIMHAS ITUIOTHOCTh, CIHUIIAEMOCTb, CHIMY4YeCTh (TEKy4eCTb), TUTPOCKO-
OUYHOCHOCTh, CMauUBaEMOCTh, a0pa3MBHOCTbD, YAEIBHOE DIIEKTPUUYECKOE COMPOTHUBIIEHHUE, T'O-
prOoUYeCTh, B3pbIBaeMOCTh. [IpakTHueckoe 3HaueHue.

[ToBepxHocTHO-akTHBHBIE BenlecTBa (IIAB). Knaccudpukauusa n obuias xapakTepucTuka.
Munennspasie pactBopbl. Kputnueckast konuentpanus munemnoodpazoBanus (KKM). Comro-
ownnzauus. [Ipumenenne I1AB.

Cunrernueckue Morouiue cperncrsa (CMC). Moromee neiictBue. MUKpOKarcyJlInpoBaHUE.
Teopust morouero aeiicteusi. Mexanusm neiicteust CMC. Cocra CMC. MukpoxkarcyinupoBa-
HUe. 3HauYeHHe.

VII BBICOKOMOJIEKYJISAPHBIE BEIIECTBA U UX PACTBOPBI.
I'EJIM (CTYJIHHN)

Pacmeopui ebicokomonekynapHvlx coeounenul u ux ceoucmaed

OO0mas xapakTepucTHKa BHICOKOMOIIEKYISIpHbIX BemecTB (BMB). Knaccuduxars BMB.
Caoiicta BMB. CrpykTypa 1 rudxocts Makpomodekyi. Ilpupona pacrsBopoB BMB. HaGyxanue
u pactBopeHue BMB. OrpanuueHHoe U HeorpaHudeHHoe HaOyxanue. CreneHb HaOyXaHUS.
Kontpakuus. JlaBnenue HaOyxaHusl.

CBoiicTBa pa30aBlieHHBIX PAaCTBOPOB IOJIMMEPOB. Bs3KOCTh pa3z0aBiieHHBIX PAaCTBOPOB.
[TpuBeneHHas U XxapakTepucTUyecKas BS3KOCTh. CBS3b XapaKTEPUCTUUECKOM BSI3KOCTH CO Cpel-
HUMH pa3MepaMH MaKpOMOJEKYJ. BuUCkO3MMeTpHUecKnii METOJ ONPENENICHUsl CPEIHEBAZKOCT-
HOM MOJIEKyJIIpHOW Macchl moiaumepoB. YpaBHenue llltayaunrepa. OcMoTHUecKoe IaBlIeHUE
pactBopoB BMB. Ypasuenue ["amiepa.

Hapymenne ycroitunBoctr pactsopoB BMB. Bricanusanue. Koaneppanus.

PacTBOpBl MOAMAAEKTPOIUTOB. [lOMMKHUCIOTHI, MOIMOCHOBAaHUS, monuam@oiauTel. beaku
KaK mpuMep aM(OTEpHBIX MOIUAIEKTPOIUTOB. CBONCTBA PACTBOPOBIOIUAIEKTPOIUTOB. [Ipu-
MEHEHUE MOIUIIEKTPOIUTOB.

T'enu (cmyonu). O6mast xapaktepuctuka. Kmaccudukanus renei. Teopust crpoenus. Me-
XaHU4YeCcKHe cBoiicTBa reneil. Metoael nonydenus. JKenatnnuposanne. @akTopsl, BIMSIONINE HA
npoiiecc kenaTuHupoBaHus. HaOyxanue reneii. @akTopsl, BIUSIONINE Ha HaOyxaHue. SBnenune
HaOyxaHus B npupoze. Tukcrponusi. Cunepesuc. Juddysus u 371eKTpornpoBOIHOCT B CTYTHSX.
XVUMUYECKUE PEAKIIUH B CTYTHSX.

CIIMCOK OCHOBHOM JIUTEPATYPBI
1. [TpakTUKyM 1O KOJIJIOMTHONW XUMUU: yueb. mocodue A cTy . (6akanaBpoB, MpenoiaBa-
TeJel) TeXHUYecKuX crell. By3oB / moa pen. ['ensdmana M.U. — CII6. ; M. ; Kpacunoxap : Jlansp,
2005. — 256 c. : ni. (20 3k3).

2. Hosukosa, E. B. Koutonanas xumus: yuye6uoe nocooue / E. B. HoBukosa, H. A. Poguonosa. —



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

3. Wykun, E. JI. Kommounnas xumus : yueOnuk mis crya. ByzoB / E. JI. Illykun, A. B.
[Tepuos, E. A. Amenuna ; MI'Y um. M. B. JlomonocoBa. - 4-e¢ u3a., ucnp. - M. : Beicul. k.,
2006. - 443, [1] c. : un. - (Kimaccuueckuii yHUBepCUTETCKUH yueOHUK). (10 2K3.)

4 METOIWYECKHWE PEKOMEHIALIMHA (YKASAHMS) IJISI CTYAEHTOB
MO U3YYEHMIO JUCLIANIITAHDBI

Pabouas nmporpamMmma AMCUMIUIMHBI IPU3BaHA TOMOYb CTYJEHTaM B OPTaHU3AI[MH CAMOCTO-
ATEJIbHONW pabOTHI MO OCBOCHMIO Kypca KosutomaHou xumuu. Llensto xkypca «Komnmounnas xu-
MUS» SIBJISIETCS 3HAKOMCTBO CTYJEHTOB C OCHOBAMM HAyKH, U3y4Yarolllell IOBEPXHOCTHBIE sIBJIE-
HUS U BEIIECTBA B KOJUIOUAHOM COCTOSHUU. VIMEHHO MOBEPXHOCTHBIE SIBJICHUS OMPEICIAIOT Xa-
paKTepHbIE CBOWCTBA JUCIEPCHBIX CUCTEM U IyTH YIIpaBJICHUs STUMU cBolicTBaMu. KosmouniHas
XUMUS — CBOeOOpa3Hasi morpaHuyHasi 00JIaCTh 3HAHUS, KOTOPAasi CKJIaJbIBaeTCs BO B3aMMOJCH-
CTBHHM XMMHUH, (QU3NKH, OMOJOTHH M JPYyruX HayK. TecHble KOHTAKTHI KOJUIOWJHOH XUMHHU CO
CMEXHBIMU JTUCHHUIIIMHAMU CIIOCOOCTBOBAIIM OOOTAIICHUIO €€ HKCIIEPUMEHTAIbHON 0a3bl.

B cBsi3u ¢ 3TUM N1aBHOE BHUMaHUE yIEISETCSl paCCMOTPEHUIO TAKUX BOIIPOCOB, KaK CBOM-
CTBa MOBEPXHOCTHU paznena ¢a3 U NOBEPXHOCTHBIC SIBICHUS, IyTU U YCIOBHs 00pa3oBaHUs JHC-
NEPCHBIX CUCTEM, UX MOJIEKYISIPHO-KUHETUYECKHUE, ONTUYECKUE U AIIEKTPUUYECKHE CBOMCTBA;
YCTOWYMBOCTh U pa3pylleHHe JUCHEPCHBIX CUCTEM; Pa3BUTHE B HUX MPOCTPAHCTBEHHBIX IHC-
MIEPCHBIX CTPYKTYP CO CBOEOOPA3HBIMHU PEOJIOIMUYECKMMH CBOMCTBAMU; YIIPaBICHUE CBOWCTBAMU
JTUCTIEPCHBIX CUCTEM; KOJUIOMAHO-XUMUYECKHUE OCHOBBI OXPaHbl OKPYKAIOIICH Cpeibl.

Bosbmas yacTe TEOPETHYECKHX BOIPOCOB IPEJACTABICHA B OMHMCAHUHM J1AOOPAaTOPHOTO-
MPAKTUKyMa, YTO MO3BOJUT CTYACHTY 03HAKOMHUTHCS C CYHITHOCTHIO BOIIPOCOB, 00CYKIaEMBIX Ha
nabopaTopHoM 3ausTuu. B pasnene «lIpakTukym mo AUCIUIUIMHEY TOAPOOHO OMUCAHBI Jadbopa-
TOpHBIE pabOThl. DKCIIEpUMEHTANIbHAS YaCTh BKIIIOUAET TEOPETUUYECKHUE OCHOBBI KaXKI0M paboThlI,
METOJMKH BBIIIOJIHEHUS U O0OpaOOTKM SKCIIEPUMEHTAJIBHBIX JaHHBIX, TPEOOBAaHUS K OTYETY.
Kaxxnas maboparopHas paboTta 3aBepiiaeTcsi KOHTPOJIbHBIMU BomipocaMu. B paznene «Jlunaktu-
YecKue MaTepuaibl Ui KOHTPOJs (CaMOKOHTPOJSl) YCBOEHOIO MaTepuasa» IpHUBE/eHa 4acTb
3a/1a4, BBIIIOJIHEHUE KOTOPBIX MIPELYCMOTPEHO CaMOCTOSITENBHO.

JlJig yCHeHOro BBIIOJIHEHUS 3aJJaHus CTyAEHTaM HeOoOXOJUMO MpeABapUTEIbHO O3HAKO-
MUTbBCS C COZIEp>KaHUEM COOTBETCTBYIOLIETO paszena. [Ipu moaroToBke K 3aHATUSAM HEOOXOMMO
U3YYUTh PEKOMEHIYeMYIo JuTeparypy. OOmuil CIMCOK JIMTEPATyphl MIPEICTABIEH B OTACIbHOM
paszzene. [Ipucrynas k nabopaTtopHoit paboTe, BHUMATEIbHO MPOYECTh TEOPETUUECKUE MOJIOMKE-
HUS U XOJ pabOoThl, 3aT€M BBINOJIHUTH SKCIEPUMEHT U Pe3yJbTaThl 3aHECTU B pabouMii KypHaJl.
Odopmiienne 1ab0paTOpPHBIX PabOT MpeaycMaTpUBaeT KpaTKoe ONUCaHHe JTa00opaTOPHBIX OIbI-
TOB, 000pYZ0BaHNsl, HAIIMCAHUE YPAaBHEHUN peakuuil U GopMyJsl MULIEII, COCTABJIEHUE OTYETA O
pabote. CTyI€HT MPEACTABISAET Pe3ybTaThl 1JAOOpaTOpHON paboThl B BUAE TaOJINL, YpaBHEHUN
U TpaduKOB.

[ToBbIieHUt0 Y3PPEKTUBHOCTH U3YUYEHHUS JAHHOTO Kypca CIOCOOCTBYIOT MpPECTaBICHHbIC
B IIpOrpaMMe BOIPOCH! K KOJIJIOKBUYMY, TEMbI pedepaToB MO aKTyaJbHBIM BOIPOCAaM KOJUIOU-
HOW XUMUH, a TAK)KE BapUaHThl KOHTPOJIBHON PaOOTHI (110 YKa3aHUIO MPEToIaBaTes).

N3yyenne Kypca 3aBepiIaeTcsi 3a4€TOM, BOIIPOCH K KOTOPOMY MPEAJIOKEHBI B TAHHOM pa-
6oueil mporpamMme.

PaGouas mporpamma aucuurniauabl «KonmonaHas XuMus» OpUEHTHPOBAHA HA ONTHMH3a-
LU0 METO/IOB M3YYEHHMsI, COBEPILICHCTBOBAHNE METOAMK MPOBEACHUS MPAKTHUECKON M Hay4yHO-
UCCIIEIOBATEIbCKOW paboThl, MOCKOJBKY HMMEHHO 3TH BUIBI y4eOHOH paboThl CTYICHTOB B
MEPBYIO O4YepeIb FOTOBAT UX K CAMOCTOSTEILHOMY BBITIOJIHEHUIO TPO(EeCCHOHANBHBIX 3a/1au.

YueoH0-MeTOIMYECKOE 0DecTieYeHHe CAMOCTOSATEIbHON PadOThI CTY€HTOB MO AUCHUTIHHE

KoanuectBo 4ua-

HaumMmeHnoBanue . COB, B COOTBET-
Ne D®opMbI/BUABI CAMOCTOATENILHON PadoThI
CTBHUM C YueOHO-

pasaena (Tembl)
TEMAaTHYCCKUM
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IJIAHOM
1. Brenenue N3yueHnrne 0CHOBHOM JIUTEPATYPBI 10
M3yueHue NONOIHUTENBHON JIUTEPATYPBI
KoHcnekTupoBaHie H3y4eHHbIX HCTOYHUKOB
2. Meroabl nonyuyenus | I3yueHue OCHOBHOM JIMTEPATYPhI 6
U OYMCTKU aucnepc- | MizydeHue n0MoIHUTEIbHOM JINTEpaTyphl
HBIX CHCTEM Odopmrnenune nabopatopHoi paboThI
[ToaroroBka oryera no aboparopHoil padore
Pemenue pacueTHbIX 3a1a4
3. [ToBepxHOocTHBIE $B- | I3yueHHnEe OCHOBHOM JIUTEPATYPHI 5
neHus u agcopobuust | MI3ydeHune TOMONMHUTENbHON JTUTEPATyPh
Odopmienue 1adbopatopHO pabOTHI
[ToaroroBka oTueTa 1Mo J1ab0paToOpHOM padboTe
Pemenue pacueTHbIX 33134
4. CpoiictBa nucnepc- | M3yueHne OCHOBHOM JIUTepaTypbl 7
HBIX CHCTEM W3ydeHne qOMOTHUTEIBHON JIUTEPATyPhl
Odopmnenne nabopatopHoit paboThI
[ToaroroBka oTueTa 1Mo J1ab0paTOpHOI padoTe
Pemenue pacueTHbIX 33134
S. Paspymenue u | MI3ydyeHne OCHOBHOM JIUTEpATypPhl 4
yCTOMUUBOCTh  JuC- | VI3ydeHue JomoIHUTEIbHOM JINTepaTyphbl
MEPCHBIX CUCTEM Odopmitenne nabopaTopHoii paboTHI
[ToaroToBka oryera no J1abopaTopHoi pabore
6. Mukporerepores- N3yueHne 0OCHOBHOM JIMTEPATYpPBI 6
HBIE CCTEMBbI W3yueHue JOMOTHUTEIBHOM JIUTEpaTyPhl
KoHcniekTnpoBanue n3y4eHHBIX HCTOUHHKOB
[ToarotoBka pedeparoB u mpe3eHTauii
Odopmienue 1a00paTopHOt pabOThHI
7. Bricokomonekymsip- | i3ydueHue OCHOBHOM JaUTEpaTyphl 6
HBIC BellecTBa M uX | V3ydeHue MOMOIHUTETBHON INTepaTyphl
pacTBOPBI. I'enu | Oopmienue nabopaTopHOi pabOThI
(ctyanum)
UTOro 44
5 MPAKTHUKYM 110 IMCHUIIJIMHE
IInan 1a0opaTOPHBIX 3aHATHH
Ne Tema naboparopHoit paboThbI Bcero yacos
n/n
1. | IloBepXHOCTHOE HATSKEHHE 2
2. | Ionydyenne muo(OOHBIX KOJUTOUIHBIX PACTBOPOB M ONIPE/ICIICHHE 4
3HaKa 3apsiJia KOJUIOMIHBIX YacTHUI]
3. | AzmcopOIus YKCYCHOM KMCIIOTHI Ha IIOBEPXHOCTH 4
aKTUBUPOBAHHOTO YTJIs
4. | OmnpeneneHue pa3MepoB YacTUIl 30Ji1 TypOUIUMETPUUYECKUM 4
METOIOM
5. | Dnektpodope3 4
6. | OnpezneneHue BA3KOCTH KOJJIOMTHBIX PACTBOPOB 4
7. | Pa3pyuienue U yCTOMYMBOCTh AUCIIEPCHBIX CUCTEM 4
8. | Cycnensuu. Omynbcuu. [leHs 4
9. | OnpeneneHue KpUTHUECKOW KOHIEHTPAIMKA MHUIEIIO00Pa30BaHUS 4
(KKM) KOHZYKTOMETPHUIECKUM METOJ0M
10. | Onpenenenue MOJIEKYJISIPHOM MacChl OJIMEpa 4




11
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JIABOPATOPHA PABOTA Ne 1 (4 yaca)
I[TOBEPXHOCTHOE HAT’KEHUE

IToBepxHOCTHOE HaTsKeHHE (O) BOSHMKAET HA IpaHULEe pasaena ¢a3. Moiekyisl, Haxo-
JSIIIKECs] B TIOBEPXHOCTHOM CJIO€, OTIIMYAIOTCS OT MOJIEKYJ BHYTPH (ha3bl O CBOEMY DHEPreTH-
YECKOMY COCTOsHUI0. Mosiekyiia BHyTpHU (a3bl OKpykeHa ceOe 1M0J00HBIMU, U CHIIbI MEKMOJIe-
KYJISIPHOTO B3aMMOJEMCTBUSI B TOM CiIy4yae CKOMIIEHCHpoBaHbl. Korza e MoJieKysa HaxouTCs
B IIOBEPXHOCTHOM CJIO€, OHA BCTYIIA€T B MEKMOJIEKYJISIPHBIC B3aUMOJEHCTBUSA C MOJIEKYJIaMU
pa3nuYHBIX (a3, BO3HUKAET pe3yIbTHpYOIas cuia P, HampaBieHHas B CTOPOHY TOH (a3bl, B
KOTOPOH CHJIBI MEXMOJEKYJISIPHOrO B3auMojeicTBusa Oonblie. Bennuuny Pyacto HasbiBaroT
BHYTPEHHUM JaBlieHHEeM. UTOOBI IepeMecTUTh MOJIEKYITy U3 00beMa (a3bl Ha TOBEPXHOCTb, T.C.
YBEJIMYUTh MOBEPXHOCTh KHUJIKOCTH, HAJ0 COBEPIIUTH pabOTy NMPOTUB BHYTPEHHEIO JABJICHMS.
Pa6ora (B [[x), HeoOX0MuMas [T yBEITHUEHUS TIOBEPXHOCTH KUIKOCTH Ha 1 M2, CITyXKHT Mepoii
IIOBEPXHOCTHOW 3HEPIUU U Ha3bIBaeTCs KO3()OUIMEHTOM MOBEPXHOCTHOIO HATSKEHUS WM IO-
BEPXHOCTHBIM HaTSKEHUEM.

IToBepXHOCTHOE HATSKEHUE MOXKHO PacCMaTpUBaTh Kak paboTy oOpa30BaHUS €IMHUIIbI
MIOBEPXHOCTH, a TaKXKe KaK CHUIy, KOTOpasi JeHCTBYET Ha MOBEPXHOCTb, U CTPEMUTCSI COKPATUTh
3Ty OBEPXHOCTH JO MUHUMYMa.

B 3aBucumocTu ot onpeseseHns MOBEPXHOCTHOE HATSYKEHUE U3MEPSIETCS UIIH B IKOYJIISIX
Ha KBaJIpaTHBIM METpP, UM B HBIOTOHAX Ha MeTp. O0a u3MepeHus YUCIEHHO COBIAAAIOT.

[o] = Tx/M? = H/m

IloBEpXHOCTHOE HATSIKEHUE NPONOPLUOHAIBLHO BHYTPEHHEMY [aBICHHUIO U, CIEJOBa-
TEJIbHO, YEM CHIIbHEE MEKMOJIEKYJISIPHbIE B3aUMOJECHCTBHSI, TEM BBILLIE TOBEPXHOCTHOE HATSKE-
HUE.

[Ton BAMSIHMEM MOBEPXHOCTHOTO HATSKEHMSI KMJIKOCTh NMPH OTCYTCTBUU BHELIHUX CHII
BCErJia CTPEMUTCS MPUHATH (HOopMy IIapa, Tak Kak MOBEPXHOCTH IIapa — 3TO HaMMEHbIas I0-
BEPXHOCTb, OIpaHUYMBAIOIIast 00bEM, U, CIEA0BATEIbHO, TOBEPXHOCTHAS SHEPTUS CUCTEMBI ITPU
3TOM OyJleT MUHUMAaJIbHOH.

[ToBepXHOCTHOE HATSKEHUE — OCHOBHAs TEPMOJAMHAMUYECKAsI XapaKTEPUCTUKA MOBEPX-
HOCTHOT'O CJI0sl )KMJIKOCTH Ha IpaHuIle ¢ ra3oBoit (a3oit umm apyroi xuaxoctsio. [ToBepxHocT-
HO€ HATSHKEHHE Pa3IMYHbIX KUAKOCTEH Ha TpaHUIlE ¢ COOCTBEHHBIM IAPOM U3MEHSETCS B IIU-
POKHX IIpenenax.

[ToBepxXHOCTHOE HATSHKEHHE HEMOCPEACTBEHHO MOKHO U3MEPUTH TOJIBKO B YCIOBUSIX 00-
paTUMOro U3MEHEHUs OBEPXHOCTH pazjiena (as, T.e. MPH J0CTaTOYHON MOJBMXKHOCTH ITOH MO-
BEPXHOCTH, HANPUMEP, HAa TPAHMUIIAX KUAKOCTb-TIAP WIN JKUJKOCTh-KUIAKOCTH MPU HEBBICOKOU
BA3KOCTH KUAKOCTEH.

OmnpiT 1. U3MepeHne MOBEPXHOCTHOI0 HATSHKEHUS
10 METOAY OTPbIBAIOLCHCH KAIIH

Heap padorbl. O3HAKOMIIEHHE C U3MEPEHHUEM IMOBEPXHOCTHOTO HATSKEHHS METOJOM
B3BEINMBAHUS OTPHIBAIOLIECHCS KaIlIu.

KpaTkue Teoperndeckue nojoxenusi. [IpyHuun metona 3akiarodaercs B ONpeieIeHUN
MaccChl KaIljii, BBITEKAOLIEN U3 KallUJUIApa, B MOMEHT €€ OTphIBA.

B MOMEHT oTpbIBa KaruiM OT HHYKHETO KOHIIA KaluJulsipa Bec Karuiu (a) ypaBHOBEIIMBa-
etcs cuioit (F), koTopast 1eficTBYeT BAOJIb OKPYKHOCTH LIEHKH KAl U MPENATCTBYET €€ OTPhI-
By, T.c.a = F.

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

rae K = 221 — Benmu4rHA MOCTOSIHHAS JJIs1 JAHHOTO Tpudopa.
MOXHO CUMTaTh, YTO B MOMEHT OTpPBIBA KAIUTH BEC €€ YPaBHOBEIINBACTCS MOBEPXHOCT-
HBIM HaTsDKeHUEeM. Torna 3amada onbiTa CBOJAUTCS K ONPEIeNIeHUI0 Beca Kari. Eciau o0beM BbI-
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TeKaloen KUAKOCTH paBeH V,4uCII0 Karmelb XKUIKOCTH B 00beme V paBHO N, IJIOTHOCTD JKU/I-
KOCTH p, YCKOpEHHE CBOOOHOTO MaJIeHUs §, TO BEC OJTHOM KaIlTH BBIYHCISIOT IO (popmyrie:

a =\%.(1.2)

Torma Ko = Vﬂ )

n
Otcronaoc = Vg (1.3)
nK

J171s BOfIBI, BBITEKAFOIIEH U3 ATOTO YK€ KaWLIspa U B TAKOM K€ 00beMeE,
Vo9
0
=—2=(1.4)
n,K
I7ie 0p — OBEPXHOCTHOE HATsSHKEHHE BOJIBI IIPH 1aHHOM TeMmeparype (cM. [Ipunoxenue),
00 — IUIOTHOCTB BOJBL; No — YKCIIO KaIlelb.

Paznenus ypaBuenue (1.3) Ha ypaBuenue (1.4), momyuunm:
o

o _ P (1.5)
0o PN

OTcrona MoBepXHOCTHOE HATSYKEHUE HCCIEAYEMOU KUIKOCTH PaBHO:

o =0, @ (1.6)
Poh

[TpubnnxeHHoe U3MepeHre MOBEPXHOCTHOTO HATSXKEHUSI )KUKOCTH MOKET OBbITh IPOBE-
JICHO MpH MOMOLIM TpUOOpa, KOTOPBIHM HazbIBaeTcs cranarmoMeTp (puc. 1.1).

CrajarMoMeTp COCTOMT W3 TPYyOKH, UMEIOIei pacmupeHue 1; BbIlIe U HUXKE pacuIupe-
HUS HaxOJATCs HadasibHas U KOHeYHas MeTku A u b. Uepes kanusuisspHoe OTBEpCTHE 2 BHITEKAET
KUJKOCTb B BUJIE KaIlelb.

IIpudops! u peakTuBbl. CTaarMOMETp; IITATUB C JIANKOW; MATH cTakaHoB Ha 100 mur; 1
M pacTBOpBI CIUPTOB.

ITopsinok BhIMOJHeHUus1 padoThl. CTasarMOMETp YKPEIUIAIOT B IITATUBE B BEPTHKAJb-
HOM TOJIOKEHUH M 3aCachIBAIOT KUAKOCTb TaK, YTOOBI OHA CTOsIa BBILIE BEpXHEH METKH (TpHu
3TOM B TpyOKe HE JOJDKHO OBITh Iy3BIPHKOB BO3/yXa), 3aT€M JAIOT YKUAKOCTH BBITEKATh M3 Ka-
nwuisipa. Korna ypoBeHb KHIKOCTM TOYHO COBIIAJET C BEpXHEM METKOH, HaUMHAIOT CYET Ka-
eNb; NPEKPalalT CYEeT Kalenb TOrAd, KOrJa YpPOBEHb KUAKOCTU JOMAET 0 HUKHEW METKHU.
OnpIT NOBTOPSIFOT HECKOJIBKO Pa3 U OepyT CPEAHION BEIMYHMHY M3 HAOJI0JIa€MBIX OTCUETOB
(pacxoaeHue MeXay OTAEIbHBIMU U3MEPEHUSIMU JIOJKHO OBITh He Oojiee 12 Kamesb).

OnpenensitoT yKa3aHHbBIM METOJIOM YHCJIO Kamesb BOJbI, 00pa3yroIIUXCsl IPU UCTEUEHUU
u3 odbeMa V, azaTeM 4HCIIO Kamenb N MCCIeyeMbIX pacTBOPOB M3 3TOro ke oobema. [ToBepx-
HOCTHO€ HaTSDKEHHE BBIYUCIISIOT 110 opmyrie (1.6).

0

A Puc. 1.1. Cranarmomerp:
4
( } 1 — pacmmpenue;
B 2 — oTBepCTHE KaNWLIsApa;

A, B — meTku.

=1
2

Tabmuma 1.1
HcxonHble JaHHBIE U PE3YJIbTAThI IKCIIEPUMEHTA

\ /11 \ Cnupt \ Konuenrpanus \ IToBepXHOCTHOE HATSKEHHE, \
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JIox/m2 wmm H/m

OTaHon
Bbyranon-1
byranosn-2
[TenTanon-2

Jliisa HaOmoIeHUsT U3MEHEHHsI TIOBEPXHOCTHOTO HATSXKEHUSI B TOMOJIOTHYECKOM PALy Be-
LIECTB C YJJIMHEHUEM YIJIEPOJHOW LENHU ONPEIEIIAIOT MOBEPXHOCTHOE HATSKEHHE Pa3IMUHBIX
pacTBOPOB; TaHHBIE BHOCAT B Tabiuiy 1.1.

OmnbIT 2. Onpeaenenue 3aBUCMMOCTH BeJINYMHBI NOBEPXHOCTHOIO HATSIZKEHUSI KU/~

KOCTH OT TeMIepaTypbl

Heab pa6orsl. Habmonenue BiIMsiHUS TeMIEpaTypbl HAa W3MEHEHHE MOBEPXHOCTHOIO
HATSHKCHHUS.

Kpartkue Teopernueckue mosokeHusi. BenuunHa noBepXHOCTHOTO HATSKEHUS 3aBUCHUT
HE TOJIKO OT IMIPUPOJIbI )KUJIKOCTH, HO TaKKe U OT TeMreparypbl. C MOBBIIEHUEM TEMIIEPATyPhI
MOBEPXHOCTHOE HATsDKEHHE yMeHbInaercs. Habmoaate 3Ty 3aBUCHMOCTD y1OOHO MpHU MOMOIIN
npubdopa Pebunnaepa (puc. 1.2).

[Tpubop COCTOUT M3 CTEKISTHHOTO COCYa, COSTUHEHHOTO OOKOBOM TPyOKOH ¢ MaHOMET-
poM u acniupatopoM. CTEKISTHHBIA COCY]l TUIOTHO 3aKPBIBAIOT MPOOKOH, yepe3 KOTOPYIO MPOXO-
JUT CTEKJIIHHAs TpyOKa ¢ KanWUIPHBIM KOHLIOM. JlJIsi HarpeBaHus KUIAKOCTU B COCYJIE JI0 JKe-
JaeMO TEMIEPaTyphl €ro MOrpy>KaroT B OOJIBIION CTakaH ¢ BOJOM (Ha PUCYHKE HE MOKa3aHo), B
KOTOPOM IOJJIEP>)KUBAIOT TPEOYEMYIO TEMIIEPATYPY.

PonbRE

Puc. 1.2. IlpubGop s
W3MEpEHUs IOBEPX-
HOCTHOTO HATSIKCHHUS 110
Mmetonty PeOunpepa:

1 - cocyn;

2 — TpyOKa ¢ Kanuuisip-
HBIM KOHIIOM;

3 — ObokoBas TpyOKa;

4 — MaHOMETD;
S—acnuparop;

6 — kpaH.

/

H3mepenne mOBEpXHOCTHOTO HaTshKeHHs 1o metoay I1. A. PeOnHaepa ocHOBaHO Ha TOM,
YTO B MCCIEAYEMYIO KHAKOCTh OMYCKAaIOT TPYOKY C KaIWJUISPHBIM KOHYMKOM, Yepe3 KOTOPBIN
IPOJYBAaIOT BO3/YX.

N3mepsitoT naBieHue P, mpu KOTOPOM U3 HHKHETO KOHIA TPYOKHU OTIENSIOTCS My3bIPhKU
BO31yxa. Uem OoJblie OBEPXHOCTHOE HATSDKEHHE MCITBITYEMOH JKHJIKOCTH, TeM OOJbIIee JaB-
JieHune TpeOyeTcs IS OTIEICHHS ITy3bIpbKa BO3IyXa.

Taxum oOpazom,

o=KP, (1.7)

rac o — BCIIMYMHA MMOBEPXHOCTHOT'O HATSXKCHUSA, K — mocTtostHHAs HpH60pa. HaBJ’IeHI/Ie B
MOMEHT OTpBIBa ITy3bIPbKa U3MEPSIOT MAHOMETPOM.

Uro06bl onpeAenuTs KOHCTAHTY Kamwuisipa, B KauecTBE HCHBITYEMOH >KHJIKOCTH OepyT
CHaYaja >KUJKOCTh, TOBEPXHOCTHOE HATSDKEHHWE KOTOPOW M3BECTHO, HAIPUMED JANCTHIUTUPOBAH-
HYIO BOAY. Ecan HU3MEPHUTDH IIPHU 3TOM MaKCHUMAaJIbBHOC JaBJICHHUC Po B MOMCHT OTpPhbIBa ITy3bIPbKa,
TO KOHCTaHTa Mpubopa OyneT paBHa:

O
K=-".18
> (19)

BblunciuB KOHCTaHTy, HAXONAT BEIMYMHY ITOBEPXHOCTHOIO HATSDKEHUS HCIBITYEMOU
JKUJKOCTHU IIPYU Pa3JINYHBIX TEMIIEpaTypax.
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IIpuGopsl U peakTUBBI. ACIUPATOp VIS CO3AaHUS BaKyyMa; IIMpOKas MpoOupka ¢ 0o-
KOBBIM OTPOCTKOM U MPOOKOIA; CIIUPTOBOW MaHOMETp CO mIKaioi; crakad Ha 800-1000 mi; cra-
kaH Ha 400-500 mut; TepMOMETp; IITATUB C MIMPOKOU JIAMKOM ISl TOABEIIMBAHUS aCIUpaTOpA.

Ilopsinok BbINOHEHUs] padoThI. ACIIUpaTop HANOJIHSIIOT BOAOW U IOJ HErO IMOJICTaB-
JSIIOT CTakaH. B Hauane onbiTa *KHMJIKOCTh B 000MX KOJIEHAX MaHOMETpPA JI0JKHA HAXOJUThCS Ha
OJIMHAKOBOM YpoOBHE. B cocyn | HanMBarOT IMCTHIUIMPOBAHHYIO BOAY, BCTABISIOT MPOOKY 3 H
YCTaHaBJIMUBAIOT TPYOKY 2 TakK, YTOOB! KaWJIISPHBIA KOHEIl €€ OKa3ajcs HEe3HAUUTEIbHO HUXKE
MOBEPXHOCTH BOJBI B cocyne. [locnme 3Toro oTKphIBaOT KpaH 6 acnuparopa HacTOIBKO, YTOOBI
yepes3 Kanuusip TpyOkH 2 Mmy3bIpbKU BO3/yXa BBIPBIBAINCH OJIMH 3a IPYTMM CO CKOPOCTBIO, J10-
IIyCKaoUIeH UX MOJCYET. Y CTAaHOBUB OINPEAEIEHHYI0 YacTOTy 00pa30oBaHuUs Iy3bIPbKOB, IIPOU3-
BOZJAT 110 MAaHOMETPY HE MEHEE TpeX OTCYETOB MAKCHMaJIbHOW Pa3HOCTH ypOBHEH. BrIBomsT
CPEJIHIOIO BEJIMYMHY U3 3TUX 0TCUETOB (Po). 3aKpBIBAIOT KpaH U MPOBEPSIIOT TEMIIEPaTypy B CTa-
KaHe ¢ HarpeBaemoil Bojod. Haxonmar B Tabmune 2 (IIpunokeHne) BeTUUUHY TMOBEPXHOCTHOTO
HATSDKEHHS BOJBI, COOTBETCTBYIOIIYIO Temneparype omnbita. [lo ¢popmyse (1.8) Beraucisor mo-
cTOsiHHYI0 K Kanmwuisipa TpyOKu 2 Juis JaHHOTO pubopa.

BrumBaiot Bogy u3 cocyna 1, BBICYIIMBAIOT €r0 U TPYOKY 2; HAJMBAIOT B COCY BMECTO
BOJIbI HCCIIEyEMYIO XKHUJIKOCTb, IPEIBAPUTEILHO OMOJIOCHYB €0 cocyl 1 u TpyOky 2. Iloncras-
JSIFOT CTaKaH ¢ TOpsiYeld BOJOM Tak, 4YTOOBI cocya | ObUT MOrpy>KeH B HEro Ha MOJOBHUHY CBOEH
BbICOTBL. HarpeBaroT *UAKOCTb B COCYJE IO HYXXHOH TEMIIEpaTypbl, pa3MEIINBas B HEM BOIY
Memmankoi. [IpuBoAsT B eiiCTBIE acUpaTop, U3MEPSIOT pa3HOCTh ypOBHEH h B MaHOMETpE, Kak
U JUIs JUCTUILIMPOBAHHOM BOJIbI, M, MOJCTaBUB 3HaueHue K, BbruucisoT no ¢opmyne (1.7) Be-
JMYMHY [OBEPXHOCTHOTO HATSKEHMS Ul UCCIIETYyEMOM KUAKOCTU IPU JaHHOM Temmeparype.
OneiT noBTOpsAtOT npu Temmeparype 30, 40, 60 u 80°C.

HaocHoBaHMM TOJTY4EHHBIX PE3yJIbTaTOB CTPOAT Trpaduk, OTKIaabiBas Ha ocH abcImcc
3HA4YEHUs TEMIIEPATYPhl U HA OCU OPAUHAT — BEJIMYMHY [TOBEPXHOCTHOI'O HATSHKEHUS.

®opma otyera. OTUET JOJDKEH COAEpKAaTh Ha3BaHUE, L1eJb pabOThl, OMMCAHUE XOAa pa-
00THI, CXeMbI PUOOPOB, pacueTsl, TAOIUIY, TpapuK 3aBUCUMOCTH BEIUYHHBI ITOBEPXHOCTHOTO
HATSDKEHUS! )KUIAKOCTU OT TEMIIEPATYPbI, BHIBOJ.

KoHnTpoJsbHbBIE BOPOCHI

1. Yto Takoe MOBEpXHOCTHOE HATSKEHHUE, B KAKUX €AUHHUIIAX OHO U3MepsieTcs?

2. KakoBbI IpUUMHBI BOSHUKHOBEHHUS TOBEPXHOCTHOT'O HATSYKEHUSA?

3. Ha ueM ocHOBaHO onpeieneHre MOBEPXHOCTHOTO HATSKEHHUS IO METO/1y B3BELIMBAHUS
OTPBIBAIOIIEHCS KA U CTalarMOMETPUYECKMM METOI0M?

4. Ins yero HeoOXoauMa CTAaHJAPTHAs KUAKOCTb MPHU ONPEAEIEHUU MOBEPXHOCTHOTO
HaTSDKEHUS 110 METOAY B3BEILMBAHUS OTphIBAIOLIEHCs Karuin?

5. Kakas umeercst 3aBUCUMOCTb MEXAY MOBEPXHOCTHBIM HATSXKEHUEM U JJIMHOW YTIie-
ponHou nenu?

6. Kak 1 mouemy oBEpXHOCTHOE HATSKEHUE 3aBUCUT OT TEMIIepaTypbl?

JJABOPATOPHA PABOTA Ne 2 (4 gaca)
[TOJIYUEHUME JIMO®OBHBIX KOJJIOUAHBIX
PACTBOPOB U OIIPEAEJIEHUE 3HAKA 3APAJIA
KOJUIOUIHBIX YACTHULL

Konnounaaeie pacTBOpbI MOTYT OBITh MOJIy4€HBI JBYMS METOJAMHU: a) AUCHEPrHPOBAHUEM
(ot mar. dispergere — paccenBaTh), WM pa3apoOICHHEM KPYIHBIX YaCcTHIl Ha OoJjiee MenKue; 0)
MyTeM arperanyy MOJIEKYJl WM MOHOB (OT JIaT. aggregere — mpucoequHsTh) B Oosee KpyIHbIe
YaCTHUIIBI.

Metoabl TOTy4YeHUs KOJIJIOMIOB, OCHOBAHHBIE Ha pPa3ApOOJIEHHH, IMOJYYWIM Ha3BaHUE
TIMICTIEPCHOHHBIX METOJIOB. METO/bI, CBS3aHHBIC C arperamueil MoJeKyJ WM HOHOB B Oojee
KPYITHBIE YaCTHIIbI, HA3bIBAIOTCSl KOHIEHCAIIMOHHBIMHU.

[ToxydeHne KOJIOMIHBIX PAcTBOPOB (30J€i) IyTeM AMCHEPTUPOBAHMS OCYIIECTBIISAETCS
MCXaHUYCCKUMHU MCTOAAMU HU3MCIBYCHHUA TBCPAOTO BCIICCTBA (B IIapoOBbIX W KOJUIOWIHBIX
MEJbHHIAX), C TOMOIIBIO yIbTPa3BYyKa, a TAaKKe METOJAMH XUMHYECKOTO IUCIIEPTHPOBAHUS
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(caMOnpPOU3BOJIBHBIM AUCIIEPITUPOBAHUEM U MENTH3ALUEH).

KoHnaeHcanmonHbie METOIBI MTOTYYCHHSI TUCTIEPCHBIX CUCTEM:

1. ®usnyeckas KOHACHCALUs — KOHACHCAIMs MOJIEKYJ OJHOTO BemlecTBa (Oyayieit nuc-
nepcHOM (a3bl) B Apyroi (Oymyiel AUCIIEPCUOHHOM cpeie).

2. XuMHYecKasi KOHJEHC AU — MOJIy4eHHUEe KOJUIOMIHBIX CUCTEM C MOMOIIbI0 XUMHUYECKUX
peaKkuuu.

3. DAEKTPUYECKUN METOI.

YcioBus morydeHus KOJUTOUTHBIX PACTBOPOB:

1. lucniepcuas ¢aza gomkHa 00siagaTh MajIol pacTBOPUMOCTBIO B IUCIIEPCUOHHOM Cpefie;
MEXY YaCTUIIAMH U CPEJION JJOJKHO CYIIECTBOBATH B3aUMOJICHCTBHE, MPEMSATCTBYIOIIEE CBSI3bI-
BaHUIO YAaCTHUIL JPYT C APYTOM.

2. Peakuuio He0OXOAMMO BECTH B paz0aBIEHHOM pacTBOpE, YTOOBI CKOPOCTh POCTa KpH-
CTAJUTMYECKUX YAacTHI ObLIA HEBENMKA, TOTA YacTHIBI onydatrorcs mMenkue (107-10° m) u cu-
cTema Oy/IeT CeTMMEHTAIIMOHHO YCTOMYNBA.

3. JInsg monmydyeHus: yCTOMYHMBOW KOJUIOMIHOW CHUCTEMBl HEOOXOIHMMO MPHUCYTCTBHE Be-
IIECTB, KOTOPBIE, aJCOPOUPYSICh HAa MOBEPXHOCTH KOJUIOWIHBIX YaCTHUIl, 00ECIICUNBAIOT WHTCH-
CHUBHOE B3aMMOJICHCTBHE MEX]ly MOBEPXHOCTHIO YAaCTHUIl M OKpYykKarolel ux cpeaoi. BemiecTna,
00yCJIOBIMBAIOIINE YCTOHYMBOCTD KOJUIOMIHBIX PAacTBOPOB, HA3BIBAIOTCA CTAOMIM3aTOPAMH.
Y CTOWYMBOCTD KOJIJIOUTHBIX CUCTEM MOKET OBITh JOCTUTHYTA, €CIIM OJTHO U3 pearupyromux Be-
IIECTB B35TO B U30BITKE.

Omnpbit 1. IlosryyeHHe KOMJIOUIHBIX PACTBOPOB
MEeTOJaMHU KOHIeHCALUH

Hean padorsl. OcBoeHHE METOAMKH MOIYUYEHHUs 30jei MeTonaMu KoHaeHcauuu. [Toctpo-
€HUE MULEIUISIPHBIX (POPMYJI OTyUYEHHBIX 30JIEH.

Kparkue Teoperuyeckue noJioxkenust. OnHUM U3 IpUMEPOB (HU3NUECKON KOHJCHCAIUH
MOYET OBITh METOJ] 3aMEHBI PACTBOPHUTENS: MOJIEKYJISIPHBIA PacTBOP KaKOT0-ITHOO0 BEHIeCTBa I0-
CTETEHHO, NPH MepeMeIINBaHUN NPUOABISAIOT K KUAKOCTH, B KOTOPOM 3TO BELIECTBO HEPACTBO-
pumo. [Ipu 3TOM NPOUCXOAWUT KOHICHCAIUS MOJIEKYN M 00pa30BaHUE KOJUIOMIHBIX YACTHII.
Hanpumep, cepa unu kaHu}osb pacTBOpseTCs B 3TUIOBOM CIUPTE, 00pa3ys HCTUHHBIN pacTBOP.
B Boze cepa u kaHH(DOIIb MMPAKTHYECKH HEPACTBOPUMBI, TIOITOMY TPH JT00aBICHUU BOJBI K MX
CIIMPTOBOMY PACTBOPY MOJIEKYJIbI KOHIEHCHUPYIOTCS B 00Jiee KpYIHbBIE arperarsl.

Komnounanaeie pacTBOpbI MOTYT OBITH MOJTyYEHBI C MIOMOIIBIO PEAKIIUi pa3IMIHBIX THUIIOB:
0o0OMeHa, OKHCIIEHHS, BOCCTAHOBJICHUS, TUAPOIIN3a U APYTHUX.

Hanpuwmep, peakius B3anMOACHCTBUS HATpATa cepedpa U HOAM 1A KaJus:

AgNOs3 + KI = Agl + KNOs3

Agl npakTrYeckn He pacTBOPUM B Bojie. B paz0aBiieHHBIX pacTBOpax 00pasyercs 30J1b HO-
muia cepedpa.

3aps KOJUIOWAA OIpPENeNsIIoT TeM HOHOM, KOTOPBIH B Hadaje oOpa3oBaHUS KOJUIOWIA
umerncst B u30biTke. CienoBaTenbHO, UCIONB3Ys U30BITOK OJHOTO U3 PEareéHTOB, MOXKHO IOJTY-
quTh yacTHIbl 3071 Agl ¢ pasmmunsiM 3HakoM 3apsiaa. [Ipu m30eiTke AGNO3 obOpasyromascs
KoytouaHas yactuia Agl mpuobperaer MON0KUTENbHBIN 3apsaj, TaKk Kak B JaHHOM CiIydae aj-
copOupyercs u3oupareabHo HOH AQ™; MOJOOHBIM Ke 00pa30M MOXHO MOJYYUTh U OTPUIIATENb-
HO 3apspKEHHbIE yacThLlbl pH n30sITke K.

[Tpu n36eiTke AGNO3 sigpo dacTHIbI, cocTosiee U3 0oIbIIOro uucia moiekyn Agl, an-
copbupyer ronsl Ag*. Mutiemisipast popMmyJia BRITISIUT CIAEAYOMIAM 00pa3oM:

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

ITpu u36sITKEe Kl hopmyna Mmuiiensisl npuHUMaeT BU:

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

3HaK 3apsaa KOJUIOWIHBIX YAaCTHIl B OKPALICHHBIX 30JIX MOXXHO OMNPENENUTh METOJOM Ka-
NWUIAPHOrO aHanu3a. MeTosl OCHOBaH Ha TOM, YTO LIEJUIIOJIO3HbBIE CTEHKH KalMUIAPOB (PUIIBTPO-
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BaJIbHOM OyMmaru 3apspKaroTcsl OTPHULIATENIbHO, a MPOMUTHIBaIoIas Oymary BoJa IMOJOKUTEIHHO.
Ecnu Ha nucTok Oymars HaHECTH KaIuTio UCCIETYEMOro 307151, TO YaCTHUIIbI, 3apsKEHHbIE TTOJI0KH-
TEJIbHO, aJICOPOUPYIOTCS HA CTEHKAaX KalUJUIIPOB, IO3TOMY 30JIb C MOJO0KHUTEIbHBIMHU YaCTHUIIAMU
JIaeT OKPAILICHHOE B IIEHTPE U OECIBETHOE MO KPasM IATHO. 30JIb C OTPULIATENIBHO 3apsSHKEHHBIMH
YacTUIIAMH, HE afcCOPOUPYIONIMMUCS HA CTEHKAaX KalWUIIpOB, 00pa3yeT paBHOMEPHO OKpalleH-
HOE IISATHO.

IIpudopsbI U peakTUBBI. DJIEKTPUUECKas IUIUTKA; MUMNETKA Ha 2 MiI; cTakanbl Ha 100 mut;
MepHbId mumHAp Ha 100 M1, BOpoHKH Ui uiabTpoBaHus; OyMakHbIH (UIBTP; BOAHBIE pac-
tBOpbI 0.5 M Ka[Fe(CN)s], 0.1 M FeCl3s, nacoiennsiit pactBop FeCls, 2% pactBop kanudoiu
B 3TUJIOBOM CITUPTE, HACBIIICHHBIH PACTBOP CEPHI B 3TUIOBOM CITUPTE.

Ilopsinok BbINOJIHeHHsI PaGoThI. Bce OMBITHI MPOBOAST, UCHOJB3YS TOJNBKO TIIATEIBHO
BBIMBITYIO TTocy1y. [lorydeHHbIe 30J1M COXPAHSIOT A0 KOHIIA pabOTHI ¥ BBUIMBAIOT TOJIBKO C pa3-
pelleHus mpernoaaBaress.

1. ITomy4denue 30151 KaHUDOIIH.

K 20 mn Bogs! noGasistoT npu B3danteiBanuu 10-15 kanens 2%-Horo pactBopa KaHUuGbOIU
B sTanosie. OOpasyercst 307b KaHU(OIH B BOJIE C OTPULATEIHHO 3apsHKEHHBIMU KOJUIOMIHBIMU
YaCcTULIAMHU.

2. Ilomy4enue 30715 cepsbl.

K 20 M Boabl 100aBisiroT npu B30anThIBaHUK 1 M1 HackImeHHOro (0e3 HarpeBaHwus) pac-
TBOpa cephl B ATWIIOBOM criupre. OOpasyeTcsi roryooBaTo-0eblii 3016 CEphl B BOJIE C OTPHIIA-
TEIbHO 3aPSKEHHBIMU KOJIJIOUTHBIMUA YaCTULIAMHU.

3. [Tonyuenue 30ms ruapokcuaa sxenesa(lll).

K 50 M xunsiieid Bogsl mpubaBisioT 2-3 karm HackleHHoro pactBopa FeCls. Ilpu sTom
SHEPTUYHO MPOTEKAET THAPOJIHM3 XJIOPUAA JKelle3a, W MOSBIISIONINECS MOJICKYJbI THIPOKCHIA
JKese3a KOHACHCUPYIOTCS B KOJUIOMAHbIE YacTULbl. [1omyyaroT KOUIOMAHBIN pacTBOP THIPOKCH-
na xene3a(lll) nHTeHCMBHOTO KPacCHO-KOPUYHEBOI'O I[BETA.

4. ITomyuenue 305151 OEpIUHCKOMN JIa3ypH.

a) 0.5 mi 0.5 M pactBopa Ka[Fe(CN)s] pazbaristor Bomgoit g0 100 min. K pazbasienHOMy
pactBopy ao6asinstoT 1 kamto 0.1 M FeCls. OGpasyeTcs npo3padyHblii CHHEro 11BeTa 30Jb Oep-
auHCKoM na3zypu. OT 1ByX Kamnenb pactBopa FeCls 30ib ere 6osbliie cHHEeT.

6) 0.1 mu HaceieHHoro pactBopa FeCls pa36asistor Bogoit 1o 100 M. B pa3daBieHHbIi
pactBop BBOZST mpu B3OanthiBanuu 1 kamwmo 0.5 M pactBopa Ka[Fe(CN)e]. OOpasyercs 30116
OepIIMHCKOM Ja3ypH CUHETO I[BETA.

JUi1st TOSTyYeHHBIX 30JIei OMpPEeeNTUTh 3HAK 3apsAaa KOJUIOMIHBIX YaCTHI] KalMJUISIPHBIM Me-
TOJIOM.

Omnpit 2. ITosryyeHHe KOJMJIOHIHBIX PACTBOPOB
METO0M JHCIEePrupoBaHUA

Heab padorbl. OcBOeHHE METOIUKH TMOJIYYEHHs 30Jiel AUCIEeprupoBaHUEM (METOJI0M
nenTu3anun). [loctpoeHne MULIEIIIPHBIX POPMYI MOTYUYEHHBIX 30JIEH.

Kparkue teopernveckue mosoxkeHuss. [lentuszanueid Ha3pIBa€TCS MPOUECC MOJYUYEHUS
3071l M3 CTYJQHEH WM PBIXJIBIX OCAJIKOB MPHU JCHCTBUM Ha HUX BEIIECTB, CIIOCOOHBIX XOPOIIO
a7IcOpOMPOBATHCS HA MOBEPXHOCTU JTUCIIEPCHBIX YACTHUIl K COOOIIATh UM CITOCOOHOCTH Mepexoia
B 30JIb.

[TenrTu3arus AenMUTCS Ha HEMOCPEICTBEHHYIO U MTOCPEICTBEHHYIO B 3aBUCHUMOCTH OT TOTO,
YTO aJICOPOUpPYETCS Ha TOBEPXHOCTH YACTHI] MEPE UX pasJeieHueM: MpHOaBICHHOE BEIIECTBO
(menTu3aTop), WM MPOAYKT €T0 B3aMMOJICHCTBHS C BEIIECTBOM YaCTHII.

Hamnpumep, nenrtusaiust 0J10BIHHON KUCIOTHL. B BOJHBIX pacTBOpax XJIOpHJ OJI0BA TUAPO-
JU3YeTC:

SnC14+4H20 = 4HCI+Sn(OH)4,
Sn(OH)s = H2SnO3|+H0.
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Ocanox HoSnO3 non BiusiHMEM IIeoueld WiIu KUCIOT (MENTHU3aTOPOB) CIIOCOOCH TMepexo-
JUTh B KOJUIOMTHBIN pacTBOp. XapaKTepHOH OCOOCHHOCTHIO MENTH3AIMH SBISETCA TO, YTO KO-
JMYECTBO MeNTHU3aTopa BO MHOTO pa3 MeHblle (Hepeako B 1000 pa3) xomuuecTBa MENTUIUPYE-
MOT'0 BEILECTBA.

[Tpu no6asnenun NaOH k HoSnOs3 o6pa3yeTcst ctaHHAT HATpHSL:

H>SnO3+ 2NaOH = Na2SnO3+2H>0.

B pactBope NazSnOs muccormmpyer, oOpa3ys OTPULATENBHO 3apspKeHHBIH MoH SNOs?,
KOTOPBIA, ancopoupysich, coobmraer arperaty (H2SnOs) oTpunatenbHbIN 3apsii — BOSHUKAIOT
MUIEIUIBL, 0CAJJOK EPEXOUT B 30JIb.

ITon neiicTBHMEM KMCIOT NENTH3ALUS OJOBSIHHOM KUCJIOTHI MOKET MPOTEKATh CIEAYIOLIUM
obOpazoM:

H2SnO3+2HC1 = SnOCI>+2H20,
n SnOClz 2 n SnO# +2nC1".

IIpuGopsl U peakTHBBI. DJIEKTpUUYECKAs IUIMTKA; NMUIETKH; cTakaHbl 100 mi1; BOPOHKH
11t GUITbTpOBaHUs; OyMakHBIN GUIBTP; BoaHbIe pacTBopbl 1 M SnCls, 1 M NaOH, 0.1 M HCI,
0.1 M AgNOs.

IHopsiiok BbINOJIHEHUS PA0OTHI.

[TonydeHue 305151 OJIOBIHHOM KUCIOTHI METOJIOM IENTU3ALINH.

K 50 mu kunsimieit Boabl 400aBisitoT 1o Karisim pactBop 1 M SnCls. O6pasyercst ocaiok.
Ocaiok MPOMBIBAIOT JACKAHTALUEN TOpsiuell AUCTUIUIMPOBAHHON BOJIOM O MCYE3HOBEHMSI peak-
un Ha noH Cl (mposepstot peaknueii ¢ pactBopom AgNO3). K mpoMbiTomMy ocaiky 100aBisioT
Heckoubko Kamenb NaOH win HCI, cunbHO pa30aBisioT BOAOW M B30ANTHIBAIOT;, 00pa3yercs
30JIb OJIOBSTHHOM KHCJIOTHI.

®opma otyera. OTUET JOHKEH COAEpPk,aTh YPABHEHUS XMMHYECKHUX peakiui, GopMyIibl
MU TIOJYy4YaeMbIX 30J1€H, 3HaK 3apsiia KOJUIOMIHBIX YacTHUII, BEIBOI.

OTuer o padore

Omprt 1. [TomyyeHue KOUIOUIHBIX PACTBOPOB METOIAMH KOHACHCAITUH.
1. ITonyuenue 30151 KaHU(OITH.

MCTOJ MOJTYYCHHA:

OKpacKa 30J14:

YCTOWYUBOCTb:

3HaK 3apsjua KoJl-
JIOUTHEIX YaCTHII;

2. Ilony4eHue 305151 CEpPBHI.

MCTO/ IMOJTYYCHUSA:

OKpacCKa 30J14:

YCTOMYUBOCTb:

3HaK 3apsdaa KoOJI-
JJOUJHBIX YaCTHIIL:

3. IMonyuenue 30ms rugpokcuaa sxenesa(lll).

MCTO/ IMOJIYYCHUA:

YpPaBHEHUE peak-
LUHU:

CTPOCHUC MHUICII-
JIBI:

OKpacKa 30Ji1

3HaK 3apsgaa KOJI-
JJOMJIHBIX YaCTHUIL:

4. Ilomydenwe 30711 OEPIMHCKOM JIa3ypH.

a) METOoJ TMoJiyye-
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HUA:

ypaBHEHUE peak-
017078

CTPOCHUE MHUICII-
JIBI:

OKpacCKa 30JIi1:

3HAK 3apdla KOJI-
JJOMJHBIX YaCTHIL:

0) meron moiryde-
HUSL:

ypaBHEHUE peak-
017078

CTPOCHUE MHUICII-
JIBI:

OKpacCKa 30JIi1:

3HAK 3apdla KOJI-
JJOMJHBIX YaCTHIL:

Onpit 2. [losyueHre KOIIOUIHBIX PACTBOPOB METOIOM JIUCIIEPTUPOBAHUS

HonyquHe 307151 OJIOBSIHHOM KHCIIOTHI

MCTOJ IMOJTYHYCHHA:

YpaBHCHUEC  pCaK-
Ouu:

CTPOCHUC MHUICII-
JIBI:

MCITHU3AaTOp:

OKpacCKa 30Ji4:

3HAK 3apdla KOJI-
JJOUJHBIX YaCTHII:

BriBoa:
KonTposabHbie BONPOCHI
1. Kakue METO/BI MOJIy4EHHUS KOJUIOMTHBIX pacTBOpOB U3BECTHBI?
2. Kakue 30511 B 1aHHO# paboTe MoJTy4yeHbl METOIaMU:
a) 3aMEHbI PaCTBOPUTES ;
0) BOCCTaHOBJICHUS ;
B) THIPOJIH3a ;
T) NEeNTU3alUU ?
3. KaxkoBb1 YCIIOBUS MOJIy4EeHUS YCTOMYMBBIX 30J1e1
?

4. CiocoObl OYMCTKH TUCHIEPCHBIX CUCTEM.

JIABOPATOPHAS PABOTA 3 (4 uaca).

AJICOPBILIMS YKCYCHOM KHMCJIOThI HA TIOBEPXHOCTU AKTUBUPOBAHHOI'O

YIJIA

Teoperuyeckasi yacthb. Tena ¢ oueHb OOJIBIION TOBEPXHOCTHIO MPU COMPUKOCHOBEHHH C
ra3oo0pa3Hol WU XKUAKOW (Pa3oil CrOCOOHBI MOMIOMIATh YaCTh ra3000pa3HOrO BEIIECTBA WU
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BEIIIECTBA, PACTBOPEHHOI0 B UAKOCTH. Iloryonienre He Bcerja UMeeT OJIMHAKOBBIN XapakTep.
Tak, morjomniaeMoe BemecTBo MoxeT TuhyHIUpOBaTh BHYTPh NOTJIOTUTENSA, KaKk Obl pacTBOPS-
ACh B HEM, WJIU K€ MOIJIOIIEHUE MOXKET IPOUCXOJUTh UCKIIOUUTEIBHO Ha MIOBEPXHOCTH IOIJIO-
TUTEJIS.

SIBiieHMe MOIJIOUIEHUsT OJHUM BELIECTBOM JPYIMX BEIIECTB Ha3bIBaeTCs copOLueil.
CopOust, Mpoucxoasmiast TOJIBKO 1a MOBEPXHOCTU Tela, Ha3bIBAeTCs aacopOLueil B OTIUYME OT
HOIJIOIEHHS B TOJIIIE IOTJIOTUTENISA, Ha3bIBAEMOro adbcopOuuei.

CopOuus cBA3aHa M ¢ KOHJEHCAllMEW raza B KanWUIAPax HOPUCTBIX MOIVIOTUTENEH; B
9TOM ClIy4yae FoBOPAT O KaMWJIISIPHOW KOH/IEHCALIUH.

AgncopOuus 3aBUCUT OT IOIJIOTUTENS U MOTJIOLIAEMOrO BELIECTBA, OT TEMIEpPATyphl U
JIaBJICHUS ra3a Wi KOHLUEHTPAIMU PacTBOPOB.

3aBUCUMOCTh a7COPOIMH OT JIABJICHUS ra3a (ero KOHIIEHTPALUH) WU COJACpXKaHUS al-
copOupyeMoro BellecTBa B pacTBOPE IPU JaHHOW TeMIIepaType BBIPAKACTCS YPaBHEHUEM H30-
TepMbl aicopOuu JIsHrMopa:

r-r,—<,

K+C

rae I' u I'», — komuuecTBa (MOJIB) aCOPOUPOBAHHOTO BEIIECTBA HA | M2 HOBEPXHOCTH af-
copbenTa (I' — B MOMEHT aJcOpOLMOHHOrO paBHOBecHs, ['» — MakCcUMaabHO Bo3MoOXHas); C —
MOJIIpHasi KOHIIEHTpAIUsl PacTBOpa aJcOpOMpPYyEMOro BElIeCTBA B MOMEHT aJcOpPOLIMOHHOIO
paBHOBecHsI (PaBHOBECHAsI KOHIICHTPALIUA ).

[Tpu apcopbumu u3 ra3oBoit cpensl BennynHa C 3aMeHsSIETCs MPOTOPLUUOHAIBHON €l Be-
JUYUHOM J1aBJICHUSA:

P=K-C,

rne K — koHcTaHTa, 3aBUCSIIAs OT XUMHYECKON MPUPOJIBI U (PU3HMUECKOTO COCTOSIHHS al-
copOeHTa 1 aicopOUPyeMOro BellecTBa.

B cpaBHMTENBHO MIMPOKUX MIpeenax KOHLEHTPALUU 3aBUCUMOCTh aCOpPOLUU OT KOH-
LHEHTpauuu (WU JIaBJIECHUS) BBIPAXKAETCS JOBOJBHO MPOCTHIM SMIUPUYECKUM YypaBHEHHEM
Opeitnanxa:

X _pen

m

/i€ X — KOJINYECTBO PACTBOPEHHOTO BEIIECTBA, aICOPOMPOBAHHOTO MAacCcoil T MOTJIOTUTE-
Js1 U HaXOJSIIErocss B paBHOBECHUHU C PacTBOPOM KoHIEeHTpauuu C; o U N — KOHCTAHThI, Xapak-
TEpHbIE JJIS JAaHHOTO Mpoliecca aAcopOLny B ONpeAeNIeHHBIX Npeenax, mpuaeM N < 1.

AncopOrpoBaHHOE KOJMUYECTBO BEIIECTBA HYKHO OBLIO ObI OTHOCUTH HE K €IMHUIIE Mac-
Chl, a K €IMHULIE TIOBEPXHOCTH, HO JIJISI MEIKOPA3APOOJIEHHBIX BEIIECTB U OJTHOPOJHBIX CYCIIEH-
3ui (HampuMep, B3MYYEHHBIH *KMBOTHBIH Yrojib) 3Ta MOBEPXHOCTh PACTET MPOMOPLHMOHAIBHO
oOmelt Macce.

Ecnu Ha ocu opiMHAT OTIO0XKUTH COOTBETCTBYIOLINE 3HAYCHHUS % , ama ocu abcuucc — C,
TO TIOJYYMTCSl KpUBasi, n300pakeHHast Ha pucyHke la. CHavana 3Ta KpuBasi UAET MOYTH MPSIMO-

o o X
JJMHCUHO, TaK KaK JJIsd OYCHb c71a0BIX KOHIOCHTpAalIUKU BECINYMHA — IIPIAMO IIPONOpHHUOHAIbHA C,
m

X
T. €. 3[1eCb N = 1. HpI/I BBICOKHMX KOHHOCHTpPALUUAX AOCTHUIacTCA MPEACIbHOC 3HAUCHUEC —, T. €.
m

INOJITHOC HACBhIIICHUEC.

s
U
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a 0
Pucynok 1 — a) uzotepma agcopOrum;
0) norapudmMuyeckas H30Tepma aIcopOIuu

Oto0 HabIromaeTcs, Koraa Bes aacopOHpyroIasi TOBEPXHOCTh MOKPHITA aACcOpOHpPYEMbIM
BEILIECTBOM; B 3TOM cirydae
n = 0. Mexay 3TUMHU IByMsI IIPEACIbHBIMU CIy4asiMH MUMEETCsl TIOCTETIEHHBIN mepexo] B 00ia-
CTH TPOMEKYTOYHBIX KOHIIEHTPAIMH, /Ul KOTOPBIX BEIWYHMHA N OCTAEeTCs MPHOIN3UTEIBHO HO-
CTOSIHHOM.

Ecnu nponorapudgmupoBats ypaBHeHne OpeiiHaimxa, To OHO IPUMET BU:

Iglzlga+nIgC .
m
[TonydyeHHoe ypaBHEHUE €CTh ypaBHEHUE MpsiMol TuHUM (pucyHok 16). Ilo ocu opaunar

X
OTKJIaIbIBAIOT BEIUUMHBI Iy — , a o ocu abeuuce — g C. Orpesok OA naer Benmuuny lga.
m

K ancopbenram (IOriaoTuTensiM) MOKHO OTHECTH YTroJib, CHUJIMKAaresb, TJIMHY, KOAJIMH,
HEJUTI0N03y, (QUIBTPOBANBHYI0 OyMary, XJOm4aTOOyMaXHYIO TKaHb, HAaTypajbHBIA IIEJK,
LIEPCTh U JIPYTUe MaTepHallbl.

BemectBa B 04eHb pa3apo0ICHHOM COCTOSIHUU (KOJUTOMIHOE COCTOSIHKE) 00aqaroT 3Ha-
YUTEILHON aJCOPOIMOHHON CIOCOOHOCTHIO BCJICICTBUE OONBINON IMOBEPXHOCTH. AncopOnus
3aBHCHUT OT MPUPOJIBI KaK aacopOeHTa (MOrJIOTUTENS), TaK U aJcopOUpPyeMOoro BellecTBa BCIe-
CTBHE €€ M30HMpaTEeIbHOCTH, T. €. U3 CMECH Pa3JIMYHBIX BEIIECTB aJCOPOMPYETCS MperuMyle-
CTBEHHO HanOoJee MOBEPXHOCTHO-aKTUBHOE BEILIECTBO.

[Tpu ¢uapTpamuy pacTBOpa CMECH BEIIECTB Yepe3 KOJIOHHY aacopOeHTa pacTBOPHMEIE
BellecTBa ajfcopbupyrorcs nocioiHo. Ha pasnuunoit agcopOupyemoct (M30upaTenbHON af-
coOpOIIMN) ¥ OCHOBAH TaK Ha3bIBaeMbIil XpoMa-Torpaduueckuit meron ananuza M. C. LlBera. An-
COpOUPYIOTCSI HE TOJIBKO MOJIEKYJIbI, HO TaK)Ke€ MOHBI U KOJUIOUJHbIE YacTHIIbl. OcOOEHHO XOpo-
110 aJICOPOMPYIOTCSI MOHBI OPraHMYECKUX BEUIECTB, HanpuMep Kpacureneil. Tak, OCHOBHbIE Kpa-
cUTeIN (METUIIOBBIM CUHUIM U /Ip.) AUCCOLUUPYIOT:

ROH < R" + OH",

a KMCIIble KpacuTenu (3031H, (yKCHH) TUCCOLUUPYIOT:

RH < R +H".

Hean padorbl. Habmonats agcopOiuio Ha rpaHuLe KUIKOM 1 TBeproi ¢as3. [loctpouth
u3zotepmy ancop6ruu. Halitu 3Hauenust o u N B ypaBHeHun OpeiHanuxa.

IIpu6opsl 1 peakTusbl. lllects k010 Ha 250 M ¢ KOPKOBBIMH MPOOKAMU; IIECTh KOHH-
yecKknX Koj10 Ha 150 mur; nmunerka Ha 50 Mut; muneTka Ha 25 mut; muneTka Ha 10 Mt mumneTka Ha 5
mit; 6ropetka Ha 50 mia ¢ genenusimu B 0,1 MuI; mecTh BOPOHOK Uit (DPMIIBTPOBAHUS; (QHIBTPO-
BaJibHas Oymara; akTUBUPOBaHHBIN yroib; pactBopsl 2 M CH3COOH; 0,1 M NaOH, denondra-
JIEUH.

Ilopsinok BbINOJHEHHS PadOTHI.

Paz6aBnenuem 2 M pacTBOpa YKCYCHOM KHCIOTHI TOTOBAT B IIECTH KOJIOAX PacTBOPHI
MIPUMEPHO CIEAYIOUINX KOHIEHTpalui U B KOJIMYECTBAX, YKa3aHHBIX B TaOJHIIE:

Howmep ko081 1 2 3 4 5 6
KonuuecTtBo pactBopa, Ml 150 150 150 125 110 105
Konnentparusi, Momb/m 0,012 0,025 0,05 0,1 0,2 0,4

TouHOe coaep’aHHWE YKCYCHOM KHCIOTHI omnpenenstoT tutpoBanueMm 0,1 M pactBopom
NaOH (unnukarop — ¢enondranent), npuuem u3 kosbd Ne 1, 2 u 3 nunerkoit orOupator mo 50
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M1, U3 KoJIObI Ne 4 — 25 mut, u3 kosoer Ne 5 — 10 mur 1 u3 k0661 Ne 6 — 5 mut pactBopa. Takum
o0pa3om, Bo Bcex kosbax ocraercs mo 100 mi pactBopa. B kaxmyro konlOy BHOCST 1O 3 T aKTH-
BUPOBAHHOI'O YIJIs. 3aTeM TIIATENbHO B30ANTHIBAIOT Bce KOJObI B TeueHue 10 muHyT. OTduiib-
TPOBBIBAIOT OT/AEIHHO COICPKUMOE KaXKIOW KOJIOBI uepe3 OymaxHbie (GuabTpsl. OTOOpaB u3
¢bunbTpaTOB MPOOKI MUIETKOM B TAaKUX K€ KOJIWYECTBAX, KaKue ObUIM B3STHI JJIsl TIepBOHAYAIIb-
HOTO THTPOBAHUS, ONPENEISAIOT TUTPOBAHWEM KOHICHTPALMIO YKCYCHOM KHCIOTHI. Pa3zHOCTh
MEXJly pe3yJbTaTaMH MEepBOT0 TUTPOBAHUS U BTOpPOro (mocie nepecuera Ha 100 mir) naet konu-
YECTBO YKCYCHOM KHMCIIOTHI X, norjouienue 3 r yris u3 100 mi pactBopa.

TutpoBaHueM pacTBOpa YKCYCHOM KUCIIOTHI 10 AOOABICHUS YIJIA ONPENEISIOT €€ MepBo-
HavyaJlbHY10 KoHIeHTpauuto C B mepecuere Ha mwutwiantpel 0,1 M pacTBOpa THApOKCcHIA
HaTpUs, a TUTpOoBaHHEM (puibTpaTa — ee KoHIeHTpauio Ci mociue axcoponuu:

x=C-C,.

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

X
OpAMHAT — 3HAYCHHUE — , I'’ZIC M — Macca NOTJIOTHUTECIIA. HOHy‘ICHHaﬂ KpuBasa €CTb U30TCpMa al-
m

copOmuu. J[s rpadudeckoro onpeneicHus 3HAYCHHS a ¥ N, KaK ObLJIO YKa3aHO BHIIIE, OTKJIA TbI-

X .
BalOT Ha ocu abcuuce, 3Hauenus Ig C, — na ocu opaunar lg— . HaiileHHbIE TOUKM JIOJKHBI Jie-
m

KaTb Ha MPSIMOM JINHUM.

N3mepstoT BeIMUMHY TaHI€HCa yriia HaKJIOHa MPsSMOM K ocu aOCLUCC, YTO JAET BEIUYU-
Hy N. PaccTosiHMe TOYKM IepeceyeHust MpsMON ¢ OChbI0 OpJMHAT OT Hayajla KOOPAMHAT COOTBET-
CTBYET 3Ha4eHHUIO Beauunnbl 1J & . [ToaydueHHble pe3ynbTaThl 3aHECTH B TAOJIHILY.

[Tpu-
0au-
3U-
Ne | Tenn- X =
KOJIOBI| Has C-C
KOH-
IIeH-
Tpa-

3 | =

OO WIN|F

TpebdoBanus k ordery. HarimeHoBanue paboThl, 11e7b padOThl, KPaTKOE OMHMCAHUE METO-
JIMKH, 000pYA0BaHUS U X0Ja PabOThI, pe3yabTaThl M3MEPEHUI U BEIMUCIICHUH ((popMyIibl, rpadukn),
BBIBO/IBI.

JIABOPATOPHAS PABOTA Ne 4 (4 gaca)
OITIPEJEJIEHME PASMEPOB HACTUI] 30J14 TYPBUIUMETPUYECKUM
METOJIOM

TypObunumeTrpust — METOJ UCCIIEIOBaHUS, OCHOBAHHBI HAa M3MEPEHUU WHTCHCHUBHOCTH
MIPOXOJISIIIETO Yepe3 MUCIEPCHYI0 CHCTeMYy cBeTa. TypOMIMMeTpuYecKuidi MeTOJ] TMO3BOJISET
ONpEeNENATh pa3Mephbl YACTHUI] U UX KOHIEHTPALMIO 110 MyTHOCTH KOJUIOMAHBIX PACTBOPOB C IO-
MOIIIBIO (POTORIIEKTPOKOIOPUMETPA.

Jliis ompeneneHus pa3MepoB YacTUIl chepudeckoirt Gopmbl, paanyc KOTOPBIX HE MPEBBI-
maeT 1/20 nauHBI BOJHBI MAIAIOIIETO CBETA, MOXKET OBITh UCIOJIb30BaHO ypaBHEHUE Pases:
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C,.V.(3.)

2 2
| - 247° [ n—n,

P 2 nf+2n?

rze A — ATMHa BOJIHBI MAJA0IIET0 CBETa; N1 — MoKa3aTesb MPEIOMICHHS JUCTIEPCHOM (a-
3bI; No — MOKAa3aTeNb IPeIOMIICHUS AUCTIepCHOHHOM cpenbl; Cos — 0ObeMHas OISl AUCTIEPCHON
da3zbr; V — 00beM YaCTHIIBL.

C yBenuueHHeM pa3MepoB 4YacTHI] 3aKoH Panes mepectaer coOiroaaThCsi, ¥ UHTEHCHB-
HOCTh PAcCESHHOTO CBETa CTAHOBHUTCA OOPAaTHO MPOMOPLMOHATIBHON JUIMHE BOJHBI B CTEIICHU
MeHbIIel, yeM uyeTBepTas. Ecnu pasmep (muamerp) gyactuil coctaiseT oT 1/10 mo 1/3 mmmHb
CBETOBO BOJIHBI M IOKa3aTeJId IPEJOMJIEHUS YacTHI] U CPEIbl HE CUJIBHO Pa3IMYaroOTCs, IS
OIHMCAaHUS CBETOPACCESTHUS MOKHO BOCITIOJIb30BaThCs ypaBHeHUeM [ eriepa:

D=k4",(3.2)

rne D — onrudeckasi IOTHOCTB; K — KOHCTaHTa, HE 3aBUCSINAS OT JJIMHBI BOJHBL, A —
JUTMHA BOJIHBI MAJIAI0IIETO CBETA.

Heo6xonuMeiM yciioBreM Hucronb30Banus ypaBaeHuit (3.1) u (3.2) sBusiercs oTCyTCTBHE
MOTJIOUICHHS CBETA, MO3TOMY ypaBHeHUs Panes u ['emiepa mpuUMEHHMBI TOJNBKO AJ «OENBIX)»
30J1€H, T.€. HEOKpAILIEHHBIX JAUCIIEPCHBIX CUCTEM.

OnpIT 1. OnipenesieHue pa3MepoB YaCTHUIl AUCHEPCHBIX CHCTEM, He MOAYNHSIOIIUXCS

ypaBHeHuro Pajiest

Heapb padotbl. O3HaKOMIIEHUE C TYPOUAMMETPHUUYECKIM METO/IOM aHalln3a; ONpeeIeHre
pa3mMepa yacTHI] 30J151 C IOMOILbIO ypaBHeHuUs ['emiepa.

Kparkue Teopernyeckue moJiokenusi. 3apucumoctu IgD (wmu Ig7) ot IgAB cooTBet-
CTBUU C ypaBHeHueM [ emepa:

D=k1",(3.2)

MIPEJICTABISIOT COO0M MPSAMYIO JIMHHIO, TAHT€HC yIJla HAaKJIOHA KOTOPOW paBeH IOoKa3are-
JI0 CTeNeHHu -N. 3HaueHHe MoKaszarens N B ypaBHEHUU (3.2) 3aBUCUT OT BEJIMYMHBI Z — COOTHO-
LIEHUSI MEXAY Pa3MEPOM YaCTHUIIbl U JJIMHOM BOJIHBI Ia/Ial0IIEro CBETA!

z =%

A

C yBenuuenueM Z 3HaueHue N OyaeT ymeHnbiathes. [Ipu manbix 3HaueHusx Z coOmrofa-
eTcs ypaBHeHHe Panes u N = 4. 3nauenus N juis Z ot 2 1o 8 nmpuseaeHs! B Tadaute (3.1).

[Tokazarens cteneHu N B ypaBHeHUU (3.2) HAXOAAT HAa OCHOBE TYpOUIUMETPUUYECKUX
JaHHBIX. [[J151 3TOro AKCIEPUMEHTAIBHO U3MEPSAIOT ONTUYECKYIO TNIOTHOCTh CUCTEMBI IIPU pas3-
JUYHBIX JUIMHAX BOJH (B JAOCTaTOYHO y3KOM HHTepBane A) U CTPOST rpaduKk B KOOpAUHATAX
IgD—lgA. TToka3arenb N onpeneNsoT MO TAHTCHCY YIUla HaKJIOHA MMOJydeHHOH npsiMoit. 1o 3Ha-
YEeHUIO N HAXOJAAT COOTBETCTBYIOIIEE 3HaUeHHe napameTpa Z (mo tadi. 3.2), a 3aTeM pacCUUThI-
BalOT CPEIHUIN pauyC YaCTUIl UCCIIETyeMON AUCTIEPCHON CUCTEMBI:

ZA
r o (3.7)
Tabmnuma 3.2
ITokasarenns crerenu 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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CTUPOJIbHBIH JIATEKC, 30J1b Cyib(ara Oapusi).

Iopsinok BbIMoiHeHHs padoThl. CHaYala U3MEPSIOT ONTHYECKYIO MJIOTHOCTH 301 C
MOMOIUIbIO (POTORIEKTPOKOJIOPUMETPA, UCTONb3ysd cBeToPuibTp Ne 3. 3HaueHHE ONTHUECKOI
TUIOTHOCTH 307151 JIOJDKHO HaxoauThes B mpeaenax 0.70-0.95. Ecnu 3nauenue D oOpasia MeHbIe
WK OOJIbIIE YKA3aHHBIX, CIEAYET COOTBETCTBEHHO YBEIMYUTH WJIM YMEHBIIUTH KOHIIEHTPALIHIO
JUCTIEPCHOM (ha3pl. 3aTeM OIpPEeNessSiOT ONTHYECKYIO TUIOTHOCTh 30JIs1 MPHU PAa3IHYHBIX JTHHAX
BOJIH majaromiero ceera (cBeroduabTpsl Ne 3-9). Ilpu kax o J1JIuHE BOJHBI ONITHYECKYIO TIJI0T-
HOCTb MU3MEPSIIOT TPU pa3a U ONPENEINAIOT cpeaHee 3HaueHue D. 3naueHue 1IMH BOJIH, COOTBET-
CTBYIOIIMX CBETO(DUIBTPAM, COCTABIISIOT:

Ne cBerounbTpa 3456 7 8 9

Aax, HM400440483540582620625

Hanee Haxomat 3Ha4eHUs |g e 1 19Dy, cTposiT rpaduk B koopaunatax gD, —1g e 1
OTIPEICIISAIOT MOKa3arenb crerneHu N B ypaBHeHUU (3.2). [lo nanapiM Tabmuis! (3.2) npeaBapu-
TENbHO CTPOAT rpaduK B KOOpAMHATAX Z—NU HAaXOJAT 3HaYeHHE MapameTpa Z, COOTBETCTBYIO-
niee panee onpeneneHHomy N. [lomydeHHbie pe3yabTaThl 3aIUCHIBAIOT B TaOHIy (3.3).

ITo ypaBHenwuto (3.7) paccuuThiBalOT paauyc 4yactuil 3o0is. [lpu pacuere I B ypaBHEHHE
(3.7) Hy)XHO TIOJICTaBUTh CpEIHEEC 3HAUCHUE JUITHH BOJH Ac B TOM HHTEPBAJIC, B KOTOPOM OTIpe-
JeIIsIcs ToKas3aTesb crenenu N. BeanmuuHy Aqp. HaXOAAT IO COOTHOIIECHUIO:

_ ;i'gax..wakc- ;ﬂ’gak..'lduH. (38)

cp.

HaiinenHoe 3HaueHue I COOTBETCTBYET CPEIHEMY PAJUYCy YaCTHL] 30151.
®opma oTuera. OTUET JOIKEH COAEPIKaTh HA3BaHUE U ONMCAHUE 1IeTH paboThl, KpaTKUE
TEOPETUYECKHUE TOJIOKEHUS, MOPSJIOK BBIMNOJIHEHUSI SKCIIEPUMEHTA, 3alOJHEHHYI TaOIully,
rpaguk B KoopauHatax Z—N mo AaHHbIM Tabmuubl (3.2), rpaguk B koopmunarax lgD-IgA4,

HalIeHHBII U3 pe3yIbTaTOB ONbITA PAJANYC YaCTUIIbI, BBIBOJ IO Pe3yibTaTaM padoThI.

Tabmuma 3.3

OKCIepUMEHTAJIBHBIE TAHHBIE Ul pacueTa pa3MepoB

YaCTHUIl JUCTIEPCHBIX CUCTEM, HE MOAUHUHSIOIINXCS
ypaBHeHUIO Pases

Homep | Aga, HM| 1gA D |Dg | gDy | n | Z
CBETOPMIBTpPA

KonTpoJbHbIe Bonpockl

1. Kakue ontuyeckue sBIeHUS HAONIONAIOTCS MPH MAJEHUU JIyda CBETaHA JAUCIEPCHYIO
cucremy?

2. Kakne ontuueckue METOJbI UCIOJIB3YIOTCS JUIsSl ONIPENEICHHs] pa3MEpPOB YacCTHL] IHUC-
MEPCHBIX CUCTEM?

3. B ueM cymHOCTh TypOUIMMETPUUYECKOTO METO/1a aHaIN3a?

4. Kakue 3011 Ha3bBaloT «OenbiMu»? Kakas cBSi3b MEXIy ONTUYECKOW MIIOTHOCTBIO U
MYTHOCTBIO 30JI€H?

5. Kakue nucrepcHble CUCTEMBI MOKHO HCCIEAO0BaTh, UCIOJB3Yysl ypaBHeHUs Panes u
I'ennepa?

JIABOPATOPHASA PABOTA Ne 5 (4 yaca)
SJIEKTPODOPE3

Heans pa6orbl. O3HakOMIIeHHE C sBJIeHHUEM 3ekTpodopesa. OmnpeneneHne CKOPOCTH
JBUKEHMS 4aCTHUI B 2JIEKTpUUECKOM noJie. Onpeaesenre 3HaKa 3apsaaa U BEJIMUUHBI dJIEKTPOKH-
HETHYECKOIo MOTeHIMaa 307151 OepIIMHCKOH JIa3ypH.

Kparkune teopermueckmue mosoxkeHusi. [Ipym ABMKEHHMM TBEpAOM YacTULBI JBOMHOU
anekTpuaeckuit cnoit (JIIC) pa3psiBaeTcs M0 MIOCKOCTH (TPAHUIIE) CKOIBKEHHUS ¢ 00pa30BaHM-
€M 3apsDKEHHON KOJUTOWIHOM YacTUIlbl U TG y3HBIX TPOTUBOMOHOB. BennunHa 3apsiia Koyio-
UIHON YaCTHUIbI XapaKTEPU3YETCsl BEIIMYMHON DIIEKTPOKMHETHYECKOTO NMOTeHIMana. Bee aiek-
TPOKUHETHYECKHUE SBJICHUS B JIMOPOOHBIX 301X (AIEKTPOOCMOC, dIEKTPOodope3, MOTEHIHAT Te-
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YEeHUsI, TOTEHI[UAJ CEIUMEHTALINH) ONPECNISIOTCS] BEIMUYMHON U 3HaKOM (-TIoTeHIana. JT1a Be-
JMYMHA BO MHOTOM OIpEAENseT yCTONYMBOCTh KOJUIOUAHOIO PacTBOpa, KOTOPYIO OIpPENEISIOT
0OBIYHO HAa OCHOBE AEKTPOPOPETHUECKUX U3MEPEHHIA.

Ecnu B KOMIOUIHBIN pacTBOP OMYCTUTH JEKTPOJbI U HA HUX CO3JaTh MOCTOSHHYIO pa3-
HOCTb TIOTEHIIMAJIOB, TO KOJJIOUIHBIE YAaCTHUIIbl U AU(P(Yy3HbIE TPOTUBOUOHBI OYIyT ABUTaThCS K
MIPOTUBOIIOJIOKHO 3aPSKEHHBIM JIEKTPOJaM.

JIBU>KeHHE YacTUIl AUCIIEPCHON (pa3bl OTHOCUTENIBHO IUCIEPCUOHHOW Cpeibl MOJ JeH-
CTBHEM BHEIIIHETO JEKTPUUECKOTO I0JIsI Ha3bIBACTCS AIEKTpodope3om.

DnexTpodope3 0OHAPYKUBAETCS IKCIEPUMEHTAIBHO 10 BBIICICHUIO HA OJHOM M3 DJIEK-
TPOAOB (MJIM OKOJIO HETO0) JUCIIEPCHOM (pa3bl, a TAKIKE MO CMEIIEHUIO TPAaHUILIBI pa3ziena «KOJIo-
UIHBIA PACTBOP — IUCIIEPCUOHHAS cpefia» K OJTHOMY U3 3JIEKTPOIOB.

3nauenue C-moTeHNMana (B BOJbTAX) PACCUMTHIBACTCS W3 M3MEPEHHOW B XOJ€ OIBITA
CKOPOCTH JIBH>KEHHS YaCTHUIIL 110 ypaBHEHUIO [ enbMrosibiia-CMOITyX0BCKOTO:

4 2
=——+"-300°, (4.1
§=—1 (4.1)

IZle 77 U & — BSI3KOCTb U JUAJIEKTpUYECKas MPOHULAEMOCTb CPEbl Ha TPaHMIIE CKOJIbKe-
HUS; H— rpaJueHT MOTeHIana BHEIHETo iekTpuaeckoro nonst (H = E/L, rne E— npuioxxes-
Hasl pa3HOCTh MMOTEHIMAJIOB Ha 3JeKTpoaax, B, L — paccrosHue mexay snekrpoaamu); U— cko-
pocts sexrpodopesa; 3002 — mepeBoHOM MHOKUTEND JUIS BRIYUCICHNS (-TOTEHIIMAIA B BOJb-
Tax.

3HayeHus 77 U & NOJCTaBIsieMble B ypaBHeHHE | esibM-Toub1Ia-CMOITyX0BCKOT0, 6epyTCst
OOBIYHO IS TUCHIEPCUOHHON cpenbl. [Ipu 3ToM nomyckaercsi HeKOTopasi ommoKa, Tak Kak, Oa-
rojiapsi NOBBIIIEHHON KOHIIEHTPALMU MOHOB, 3HaYEHUS 7] U € B JIBOMHOM 3JIEKTPUYECKOM CIIO€
OTJIMYAIOTCSI OT COOTBETCTBYIOIIMX 3HAYCHHUN JUIsl TUCIIEPCUOHHON cpenpbl. I BOJBI TP KOM-
HATHOH TemIiepatype MO>XKHO NpuHsTh, 4to & = 80.1, 7 = 0.001 Ila-c. DTu 3HAYEHUS UCIIOIB3Y-
IOTCS TP pacueTe {-MoTeHIMana B JaHHOH paboTe.

CkopocTb anekTpodopesa onpeAesnstoT, UCIOIb3YsI METOJ MepeABUTAIOLIEHCS TPaHUIIbL.
OH 3aki0o4aercss B TOM, YTO OKpAIIEHHBIH KOJUIOMJHBIA pacTBOp MOMEMIAIOT B 3JIEKTPOdO-
pPETHYECKYIO S4YeliKy, CBEpXY HAIMBAIOT KOHTAKTHYIO (OOKOBYIO) *KHMJIKOCTh M HAOJIOJAIOT 3a
CKOPOCTBIO MEpEeMELIeHNs TPAHUIIBl pa3zienia 30J1b—00K0Bas KHUJIKOCTb IMOJ JIEHCTBHEM NPHIIO-
KEHHOHM K 3JIEKTPOJIaM Pa3HOCTH MoTeHIMaNoB (E). B oMHOM KojeHe s4YeiiKu TpaHulla pasjena
NOJHUMAETCS, TaK KaK KOJUIOWJHBIE YACTULBI MEPEXOASIT B OOKOBYIO JKUAKOCTh, B JPYTOM —
OITYCKAaeTCsl, MOCKOJIbKY KOJUIOUHBIE YaCTUIBI IBUKYTCS BIUIyOb KOJUIOMIHOIO PacTBOpA.

KoHTakTHas XKUAKOCTh HEOOX0UMa JJIsl CO3AaHUs TPAaHUIIbl pa3zesia, OHa JOKHA OBITh
0JIM3Ka 10 CBOEMY COCTaBy K JMCIIEPCHOHHOM cpejie 30715, U UMETh OJUHAKOBYIO C 30JIeM 3JIeK-
TPOIPOBOJHOCTb.

IIpudops! n peakTuBbl. DieKTpoopeTHUecKas sSUelKka; HCTOYHUK MOCTOSIHHOTO TOKa
(manpsioxenust) 10 300 B; kon6s1 Ha 200 M — 6 wiT.; nuauHap Ha 150 mi; ctakansl Ha 50 Mt — 2
wit.; nunetkd — 2 wr.; 0.5 M Ka[Fe(CN)e]; Haceimiennsiit Ha xonojae pacteop FeClz; 0.1 M KC1,;
JUCTWIIIMPOBAaHHAs BOJA.

Iopsaok BeimoHenus padorsl. BHUMAHHME! Ha sueliky nogaeTcst BBICOKOE Hampsi-
xeHnue! Bo nzbexxaHue nopaxeHusi TOKOM BCe MOATOTOBUTEIbHBIE U PETYIHMPOBOYHBIE ONEpaluu
Ha siYeliKe MPOBOJAT TOJIBKO MPU OTKJIFOUEHHOM HaIpsbKeHUU. To ke kacaeTcst pa30opKu ssueiiku
JUISL MBITBS. 3alpeliaercs KacarbCs OrOJEHHBIX YacTE AJIEKTPOJIOB, CONPUKACATh UX, a TAKXKE
YKJIa/1bIBaTh 3JIEKTPO/Ibl BHE N30JIMPOBAHHBIX THE3.

Ipucomosnenue 3015 6epaunckoli aazypu. bepnuHckyro na3ypb (rexcarmanodeppat(ll)
xene3a(lll)) momydaroT B pe3ysbTaTe XUMHUYECKON PEAKITN:

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

1. INomyuenue 3051 GEPIMHCKOM J1a3ypu C OTPULATEIBHO 3aPSKEHHBIMH KOJUIOMIHBIMU
yactuamu. B konOy nanuBator 150 M quctusmupoBaHHO# Boabl U 1o6aBisioT 10 xanens 0.5
M pactBopa Ks[Fe(CN)e]. 3areM mpu MHTEHCHBHOM IEPEMEINMBAHUK MTPUIKBAIOT 1O | Karuie
HackinieHHoro pactBopa FeCls. Tlomyuaror 301bp OepiaMHCKOWH Ja3ypH, CTaOMIN3UPOBAHHBIHN
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K4[Fe(CN)s], Mutieia KOTOPOro UMEET BHUI:
{[Fes[Fe(CN)gs]s]mn [Fe(CN)s]* (n — 4x)K*}™> 4xK™.

2. Ilonyuenue 3075 OEpIMHCKOMN JIa3ypU C MOJIOKHUTEIHHO 3apSKEHHBIMU KOJUIOUIHBIMU
gactuiiaMu. B konOy HanuBaroT 150 MJI IUCTHILUTUPOBAHHOM BOJBI M B KAKIYIO TOOABIISIOT 1O 3
karun pactBopa FeCls. 3arem mpu MHTEHCHBHOM MEpeMENIMBAHUH 100aBIsSOT 1-2 Kariu pac-
tBOopa K4[Fe(CN)e]. [TomyuaroT 30516 OepiarHCKO# 1a3ypu, ctadbuinusupoBannbiii FeCls, murienia
KOTOpPOTO UMEET BUJ:

{[Fes[Fe(CN)g]s]mnFe3* (n — 3x)CI}*** 3xCI".

[TonydenHble 3011 OCcTaBIAOT Ha 5-10 MUH U B T€YEHHE ATOIO BPEMEHH MPOBEPSIIOT 3HAK
3apsiga KOJUIOMIHBIX YacTHI] C MOMOIIbI0 (QMIbTpoBambHOW Oymaru (cM. padorty Ne 2). Jlns
JanbHeWIeil paboThl UCMONIB3YIOT OJIMH U3 30JIeH M0 YKa3aHHIO MPEeroiaBaTesl.

Iloozomosxa npubopa x pabome.ONyCTHB 32KUMBI, CHUIMAIOT U TPOMBIBAIOT CTEKJISH-
HBIE YacTU NMprOOpa JUCTUIUTMPOBAHHON BOIOM.

T'OTOBAT KOHTAKTHYIO JKHMIKOCTb, JUISl 3TOTO HAMMBAIOT B K00y 100 cM® qucTHIIMpOBaH-
HoM Bojbl, qobasistor 10 kamens 0.1 M pactBopa KCl, comepkumoe TiiaTeapHo mepeMeninba-
10T. 3aJIMBalOT OOKOBYIO JKMJIKOCTh JO IOJIOBUHBI KOJIEH TPEXKOJIEHHOH stueliku 1 (puc. 4.1) u
YCTaHABIIMBAIOT STYEHKY BEPTUKAIBHO HA OCHOBAaHUU IITaTHBA. BCTaBIAIOT A5eKTpoabl 4 B Kpaii-
HUE KoJieHa siueiiku 1.

BcenomoratenbHblil cocyq 2 ¥ MUMETKY 3 3alOJIHIIOT HCCIeAyEeMbIM 305IeM 0e3 Mmy3bIpei
¥ YCTaHABJIMBAIOT €T0 C 3aKPBITHIM 3KMMOM 5 Ha INTaTHBE TaK, YTOOBI HOCHUK MUTIETKH HE J0-
Xoaun A0 nHa cocyaa 3-5 MMm. OCTOpOKHO OTKPBIBAsi 32)KUM 5, BBOIST 30J1b B sIUEHKY TaK, 4TO-
OBl MTOIBEM KHJIKOCTH B KOJICHAX MPOUCXOIWI Oe3 mepememuBanus. Kornma anekrpoasl 4 oka-
KYTCS TOTPYKEHHBIMU B KUAKOCTb Ha 5-7 MM, 32)KUM 3aKpbIBalOT. B KpallHMX KoJleHaX Hpu
9TOM JIOJKHA OBbITh YeTKasl IpaHulla MEXIY 30J1eM U O0KOBOM xuakocThio. [locie aToro BKIItO-
YarOT UCTOYHUK NMUTAHUS U MOJAIOT Ha 31eKTpoAbl 4 Hanpsbkenue 250 B.

Puc. 4.1. IIpuGop nns Habmro0-
JeHUs dIeKTpodopesa:

1 — snexTpodopernyeckas
sTUeiiKa;

2 — BCIIOMOTaTeJIbHBIN COCYT;
3 — MMMeTKa;

4 — 371eKTPOJIBL;

-1 5 samum.

[TognepxuBast HanpsHDKEHUE Ha AJIEKTPOJIax Ha MOCTOSHHO 33J]aHHOM YPOBHE, Uepe3 Kaxk-
JIble 5 MUH B TE€UEHHE I0JIydyaca 3aliChIBAIOT MOJOKEHUE TPAHUIIBI 30151 B KaXKJIOM U3 KpalHUX
KoJeH. J[anHble HAOMIOACHM 3aHOCAT B Tabimity 4. 1.

Tabmnuma 4.1
DKCNepUMEHTAITBHBIC TAHHBIE JIEKTPODOPETHIECKUX
U3MEPEHUI
Ne t, MuH [Tono>xeHnue rpaHuLbl B [TonoxxeHue rpaHuLbl B IEBOM KOJIEHE, CM
IIPaBOM KOJIEHE, CM

1 5
2 10
3 15
4 20
5 25
6 30
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Habmr01ar0T NosBIEHHE ITy3BIPHKOB BOJOPOJa Ha OJHOM W3 BJIEKTPOIOB. 3aKOHYHB
Ha6JIIOI[eHI/ISI, BBIKJIFOYAOT HCTOYHHUK MMUTAaHUA U OTKIIFOYAKOT OT HEI'O SJICKTPOBbI.

[To maHHBIM TaOJMIBI CTPOAT IPaQMK B KOOPAMHATAX MEPEMEILEHHUS TPAHUIBI h— BpeMs

JUIsL TIPABOTO U JIEBOTO KoJieHa. JIjist pacuera BeJIMYMHBI (-TIOTEHIMAA UCIIONB3YIOT JINHEHHBIM

y4acTOK rpaduKa:

_ AhpgL

, (4.2
eg,ET 4-2)

rae 7= 0.001 ITa-c — Bs3kocTh Bojbl; AN — B3SITOE C JIMHEWHOM YacTu rpaduka CMEICHUE
rpaHuibl 30018 3a BpeMms t, cMm; € = 80.1 — quanexkTpudeckast mpoHUIaeMocTh Bosl ipu 20°C, &
= 8.85-107%2 (h/m — snekTpuUeckas MOCTOSHHAS;, E— pa3sHOCTh MOTEHIMAIOB Ha 3MeKTpoaax, B; L
— paccTOsIHHE MEXIY AIIEKTPOAAMHU, H3MEPEHHOE BJIOJIb KOJICH U JYTU SYEHKHU, CM.

[Tocne moACTaHOBKM MOCTOSHHBIX BEJIUYMH M TMEPEBOJHBIX MHOXKHUTEJCH ypaBHEHHE
YIPOIIAETCS:

G = 2.35A—hL. 4.3)
Er

B oxonuatensHOM ypaBHeHHH Ah u L moicTaBisiOTCS B CaHTHMETpax, t — B MUHYyTaXx;
Ah/t — ckopoCTh MepeMeIeHHs TPAHUIIBI 30J151, CM/MHH.

PaccunThIBalOT {-MOTEHIMAN MO TAHHBIM CKOPOCTH JABIIKEHHS TNIOCKOCTH CKOJIBKEHHS B
npaBoM U JieBoM kojieHaX. [lo pe3ynbraTtam HaONIOJEHUN M PAacyETOB JIeJar0T BHIBOJ O BEJU-
YHHE U 3HaKe {-TIOTeHINAaNa.

®opma otuera. OTUET JOIDKEH COJEPKATh Ha3BaHUE pabOTHI, ONMCAHKE €€ IEJIH, KpaT-
KUl KOHCIIEKT TEOPETUYECKONW YacTH, KPAaTKYI0 METOAMKY MPOBEACHHUS OMbITA, CXEMaTUYECKUIT
PUCYHOK TIprbOopa I HAOIOICHUSI CKOPOCTH AJIEKTpodopesa, 3aloHEHHYI0 Ta0uIy, rpadu-
KU, BBIUMCIICHHE {-TIOTEHIINAIA, BBIBOBI.

KoHTpoabHbIe BONPOCHI

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

2. Yto Ha3bIBAIOT JEKTPOKMHETHUECKUM MoTeHuuanom? Kakue dakTopsl BIUAIOT Ha &-
MOTEHIUAN?

3. Yto Ha3bIBaeTcs neKkTpodopezom?

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

5. Kak paccunTarh BenTUYMHY 3JEKTPOKMHETHYECKOTO MOTEHIIMAla Ha OCHOBE DIIEKTPO-
dopeTnyeckux U3MepeHuit?

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

Heas padoTpl. OnpeaeneHne BI3KOCTH KOJUIOMIHBIX PACTBOPOB C MIOMOMIBIO KaITMIUIIPHO-
ro BUCKO3UMeTpa. M3yueHune BIUSHHS Ha BSI3KOCTh KOHIEHTPALMU PAaCTBOPOB, TEMIIEPATYPhl U
AIIEKTPOJIUTOB.

Kparkue TeopeTuueckue 1moJio:kenus. [ pyniy cBOMCTB JUCIIEPCHBIX CUCTEM COCTABISIOT
peosioruueckrie cBoiicTBa. Peosorust — 3To Hayka o aedopmanuu U TeyeHHH MmarepuanoB. K
CBOWCTBAM OTHOCST BSI3KOCTb T TEKYUYECTb.

Bsizkocmb - BHyTpEHHEE TPEHHE MEKAY CIOSIMHU NTaHHOW JKUAKOCTH, ABMKYITUMHCS OTHO-
CUTEJIBHO JIPYT JIpyTa.

Texyuecms - CBOWCTBO, MPOTUBOMOJIOKHOE BA3KOCTH. Benmnmunna, oOpaTHast BETUYUHE BSI3-
KOCTH, Ha3bIBAETCS TEKYUECThIO.

Bs13K0CTh SIBIISIETCST pe3yJIbTATOM MEKMOJIEKYIISIPHOTO B3aMMOACHCTBHs. Uem OoibIie cu-
JIbI MOJIEKYJISIPHOTO IPUTSKEHUS, TEM OOJIbIIIE BA3KOCTb.

JUi1st )KUIKOCTEW XapaKTEpHBI IBa OCHOBHBIX THIIA TEUCHUS: JAMHHAPHOE U TypOyJIEHTHOE.
JlaMUHApHBIM HA3bIBAIOT TEUCHHE XKUIKOCTH B BHUJE MapaICIbHBIX CJIOEB, HE MEPEMEIINBaI0-
muxcst Mexay coboil. TypOylieHTHOe TeueHrne — 3T0 OypHOE TeUeHHUE, COMTPOBOXK/IAIOIIEECs B3a-
UMHBIM TIepEeMEIINBAHUEM CIIOEB KHJIKOCTH. PaccMaTprBaeMble 3aKOHBI BI3KOCTH OYIyT OTHO-
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CUTBCS TOJIBKO K JJAaMHUHApHOMY TeueHuo. JlaMHHapHOEe TeueHHUE CI0EB KUAKOCTU MOKET OBbITH
BBI3BAaHO OECKOHEUHO MaJION CUJION, HO ICUCTBYIOMICH I0CTATOYHO JJIUTEIHLHOE BPEMs.

Ecnu BHYTpH XHJIKOCTH B3SITh JBa CJIOS, TO, COTJIaCHO 3aKOHY HbIOTOHA, CHila BHYTpEHHE-
ro TpeHus F, paBHas Mo 3Ha4eHHIO, HO OOpaTHasI 110 HAIIPABJIEHUIO CUJIE, IPUIIOKEHHON U3BHE,
MPOMOPLUUOHANIbHA TUIOMAAM CI0s S, K KOTOPOMY IMPUJIOKEHA 3Ta CHUJIa, U TPAJAUEHTY CKOPOCTH
JIBIKEeHUA do/dx MEXAY CIOAMU:

Fons &)
dx
rae 17 — Kod(PUIMEHT MPONOPIHUOHATBHOCTH, Ha3bIBa€MbI KOA(DPUIIMEHTOM BSI3KOCTH (WU
BSI3KOCTBIO).
[7]=H-c/m?>=xr/m-c=Ia-c.

[Tpubops! Ay U3MepeHus: BI3KOCTH Ha3bIBAIOTCS BUCKO3UMETpaMu. Yale MCHOIb3yITCs
KalWUISIpHBIe BUCKO3UMETphI (puc. 1). KanwyuiapHblii BUCKO3UMETp MpeEACTaBiIseT coOoil nBe
cooOIaroluecs: CTeKIsHHbIe TpyOKu 1 u 2, onHa U3 KOTOpbIX uMeeT Kanuiuiap 3. Ha TpyOke 3
UMerTCs MeTku A u B.

Ha ocHoBaHuu sKCIiepUMEHTaIbHBIX JAHHBIX 110 U3MEPEHUIO CKOPOCTH BBITEKAHUS HKHUIKO-
crei u3 KanwuisipoB [lyaseiib moryunsn ypaBHEHHE:

4
V= zr Pt ’ (2)
8ln
rac V — 00beM KHNIKOCTH, BBITeKaIOIJ_Ieﬁ U3 KalluJupa, r— paanycC Kalujjigpa, P - JaBJICHUC,
0J1 ICHCTBHEM KOTOPOT'O JKUIAKOCTh MPOIABIMBACTCS yepe3 Kamuuwip; | — munHa kamusipa; t —
BpCM: Ha6J'II-OI[eHI/I$I; 1] — BA3KOCTb KUJIKOCTH.

Orcrona cienyer:

4
zr Pt
n= : 3)
8lv
Z[J'ISI JAaHHOT'O BUCKO3UMETPA BEJIMINHDBI V, r, | MMOCTOSAHHBI, TIO3TOMY MOKHO IIPUHATH!:
4
zr Pt
K= : (4)
8lv
Ortcrona hopmyna (5.3) npuHUMaeT BUA:
n =KPt. (5)
1 2
Puc. 1. KanumisapHelii BUCKO3UMETP:
A 1, 2 — coobmuraromuecs TpyOKH;

3 — KanwusipHas TpyOKa;
A, B — metku.

OTHoO1IEHNE BA3KOCTH UCCIEAYEMOM KUJIKOCTU K BA3KOCTU BOJIbI HA3bIBAETCA OTHOCUTENb-
HOU BSI3KOCTBIO:

nomH. = l ' (6)
Mo

OTtHOcHTENbHAS BSI3KOCTh C YUETOM ypaBHEHMs (5) paBHa:
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Do, = = = 7)

o 0
rae 7o, Po, to oTHOCATCS K BOJiE, a 77, P, t — K uccineayeMon ®KuJIKOCTH.
[Ipu ogrHAKOBOHW BBICOTE CTOJIOOB XKUAKOCTEH JaBICHUE MPSMO MPOMOPIUOHAIBHO IJIOT-
HOCTH 3THX JKHUIKOCTH (p U po). Torma oTHOIICHHWE JaBICHUH MOXKHO 3aMEHUTH OTHOIICHHUEM
IUIOTHOCTEH:

no_ Pt
M Polo
Otcrona:
pt
n=mny— -
Polo
Bsizkocth Boabl IpuHuMaroT paBHol 1 c-Ilyas, Torga:
pt
n=——r0: (8)
Polo

OmnpenenuB BpeMst HICTEUEHUS Ul BOJBI U UCCIEAYEMOM KUIKOCTH, HAXOAT BSI3KOCTh UC-
Cle1yeMOM )KUIKOCTH.

Ha Bs3KOCTH pacTBOPOB OKa3blBalOT BIUSHUE KOHILIEHTpALMs, MPUPOAA PACTBOPEHHOIO
BEIIECTBA U PACTBOPUTEIS, 3apsj YACTUII, KOJIMYECTBO U MPUPOAA JOOABISIEMBIX AJIEKTPOIUTOB
u J1p.

IIpu6Gopsl u peaktussbl. Buckozumerp; cekynnomep; 1% u 0.5% pactBop xemnaruna; 3011b
runpokcuaa xenesa(lll); 1 M Kl; 1 M KzSOea.

Ilopsinok BbImoHeHusi padoThl. [lepen paboToil BUCKOZUMETP HEOOXOIUMO MPOMBITH
XPOMOBOH CMECHIO U IUCTUINIMPOBAHHOM BOJIOM, @ 3aTEM MPOCYLIUTH B CYIIMIBHOM LIKady.

JUia omnpeneneHus BSI3KOCTHM BHCKO3MMETP YCTAHABIMBAIOT BEPTUKAIBHO B IITaTuBE. B
HIMPOKOE KOJEHO TpyOKH | HanMBaIOT JKUJIKOCTh, KOTOPYIO 3aTEM 3aCachIBAlOT C MOMOIIbIO pe-
3MHOBOH Ipyllin B TPYOKy 2 BbIIIe METKU A. 3aTe€M XHUJIKOCTH JAIOT CBOOOIHO BBITEKATh, OTME-
yasi 110 CEKyHJIOMEpY BpeMs IPOXO0XkAeHUs OT MeTkH A 10 meTku B. TloBTopstoT onpenenenue
HECKOJIbKO pa3. [Ipu 3TOM cHauana HaxoJAT BpeMsl UCTEUEHMs BOJbI uepe3 Kanwuisip (mpu
OTIpe/IeIEHHOM TeMIIepaType), a 3aTeM BpeMsl HICTEUEHUS UCCIEAYEMOM KUIKOCTH.

OmnpiT 1. U3MepeHne BA3KOCTH 30J1eil THAPOKCHAA
:keqae3a(lll) u skeraTuna

ITpu moctosinHOM Temnepatype (18-20°C) ompenenstoT OTHOCHUTENIBHYIO BA3KOCTh JIHO-
($oOHBIX U MMOPMIBHBIX 30J€i. 3Mepenust npoBoaAT He MeHblIe Tpex pa3. CpaBHUBAIOT MOJY-
YEHHBIE PE3yJIbTATHI.

OnpiT 2. Bausinue KOHUEHTPAIUM PAacTBOpa
HA BA3KOCTH
U3 ropsiuero 1%-Horo 30515 jkeIaTHHA TOTOBATCS PaCTBOPHI CIEAYIONIEH KOHIICHTPAIUH:

Ne pactBOpa
Cocras 1T T2 13 a5
1% pacTBOp >kenaTuHa, M 1 125 5 |75]10
JuctunnrpoBaHHast BoJa, Ml 9 |75 5 25| 0
KonmnenTpanus pactBopa, % 0.1 10.25/ 05 |0.75| 1

Oxnaxc/:[a}oT IIPUT'OTOBJICHHBIC PACTBOPLI O KOMHAaTHOH TEMIICPATYPhL. I/I3Mep}IIOT BA3-
KOCTb IMOJTYYCHHBIX PaCTBOPOB. CTpOSIT I‘pa(i)I/IK 3aBUCUMOCTH BA3KOCTH OT KOHIICHTPAIHUH.

OnpIT 3. Biusinne TeMIepaTrypbl Ha BA3KOCTh
0.5% pacTBOp >kenaTUHA HAIMBAIOT B BUCKOZUMETP, MOTPYKAIOT B HIMPOKOE KOJEHO BHC-
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KO3MMETpa TEPMOMETP U MOMEIAI0T MPUOOP B CTaKaH CO CMECHIO BOABI U Jbjaa. Onpeneistor
Bpems ucteueHus pacrtsopa npu 0°C. 3aTem momemaroT BUCKO3UMETP B CTaKaH C BOJOW COOT-
BETCTBYIOIIICH TeMIepaTyphl, HarpeBaroT U npoBoasaT uzmepenus npu 20, 40 u 60°C. Ilepen
KaX/IbIM OIPEIEIICHHEM PACTBOP MPOCACHIBAIOT uepe3 Kanmuusip 2-3 paza. Ctpost rpaduk 3aBu-
CUMOCTH BA3KOCTH OT TEMIIEPATYPHI.
OmnbiT 4. Biiusinue coJjieil Ha BA3KOCTh

B Tpu npobupku HanusaroT 1o 5 ma 1% pactBopa xenaTuHa. 3aTeM B NMEPBYIO MPOOUPKY
npumuBaoT 5 M 1 M KI, Bo Bropyito — 5 M 1 M KzSOgs, B TpeTbio — 5 MiI AUCTHILTMPOBAHHON
BO/bI. TIIaTeNbHO NMEePEeMENINBAIOT U OCTABISAIOT MPUOIM3UTEILHO Ha 1 Yac. 3aTeM onpenessior
BA3KOCTh. Ha OCHOBaHMHU MOJYYEHHBIX JAAHHBIX JAEJAIOT BBIBOJABI O BJIMSHUM AHHMOHOB Ha BS3-
KOCTb 30JI1.

®opma otyera. OTYET JOIDKEH COACPIKATH PACUETHI BA3KOCTH, rpaduK B KOOPJMHATAX 77—
(%) (omsIT 2), rpaduk B KoopauHatax 771 (OIbIT 3), BBIBOJBI IO Pe3yIbTaTaM paboTHI.

Otuer o padore:

OmneiT 1. M3Mmepenue Bs3kocTH 30iiei ruapokcua xene3a(lll) u sxkemaruna.
[TosrydeHHBIC pe3yJIbTAaThl 3aHECTH B TAOJIHUILY:

PactBop ti,c | t2,¢c | t3,¢ | tep, C P, n,
riem® | Tla-c

Boma

30iIb THA-
pokcua
JKenesa
3016 Xkela-
THHA

Pacuernr:
BoiBoa:

OmnpiT 2. Bansaue KOHIOCHTpPALIUH paCTBOpA Ha BA3KOCTh.

HOHy‘leHHHC PE3YJIbTAThI 3aHECTU B Ta6J'II/II_Iy2

PactBoOp t1, ¢ t2, ¢ ts,c | tep,C n,
ITa-c
Bonga
1
2
3
4
Pacuersr:

I'paduk 3aBUCHMOCTH BS3KOCTH OT KOHIICHTPAIIUUA PACTBOPA.



BeiBOa:

Omnplit 3. BiusiHue temneparypsl Ha BSI3KOCTb.

[TonmyuyeHHble pe3ybTaThl 3aHECTH B TaOIHILY:

PactBOp

t1, c

o, c

3, c

fep, €

n,
IIa-c

Bona

30/ XKe-
JIaTUHA

(20°)

301 XKe-
JIaTUHA

(40°)

301 XKe-
JIaTUHA
(60°)

PacuerTsr:

I'paduk 3aBUCUMOCTH BSI3KOCTH OT TEMIIEPATYPHI.

BreiBOa:

OnriT 4. Bausaue cojiel Ha BA3KOCTb.
[TomyueHHbIe pe3yabTaThl 3aHECTH B TAOJHILY:

PacTtBOp

11, ¢

o, C

{3, C

fep, €

Bona

1% - wbIi
pacTBOp
JKeJlaThHAa

1% - HbIA
pacTBop
JKelaTuHa +
KJ

1% - wHbBld
pa

30
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CTBOp  XKe-
JJaTUHA +
K2S04

Pacuernr:

BriBoxa:

KoHTpoJibHbIE BOIPOCHI
1. Uto Takoe Bsi3koCTh? UTO HA3bIBAIOT OTHOCUTEIBHOM BA3KOCTHIO?
2. OObsICHUTE MPHUHIMII JCHCTBUS KaNWUISPHOrO BUCKO3UMeTpa. Hamumure ypaBHeHue
[Tyazeiinst st 00bEMHOM CKOPOCTH ABMKEHUS JKUIKOCTH B KaITMILISIPE.
3. [loueMy oT/AENTBHBIE AaHUOHBI OKA3bIBAIOT BIUSIHUE HA BA3KOCTH?

JIABOPATOPHAS PABOTA Ne 7 (4 yaca)
PA3PVYIIIEHUE U YCTOMUYNBOCTD JUCITEPCHBIX CUCTEM

Konnounneie pactBopbl — TEPMOJMHAMUYECKH HEYCTOWYMBBIE cucTeMbl. [IpuunHa He-
YCTOWYMBOCTH — OOJIbINas Mex(a3Has MOBEPXHOCTh. B pe3yibTare 3TOro KOJUIOUHBIC CHCTEMBI
007a1at0T N30BITKOM MOBEPXHOCTHOM sHepruu ['n60ca. [loaToMy B KOJIOMAHBIX pacTBOpax ca-
MOTIPOU3BOJIBHO TPOTEKAIOT MPOIECCHl arperanuu (CIunaHus), MPUBOIAIINE K YMEHBIICHHUIO
MMOBEPXHOCTH U, CJIEIOBATEILHO, TOBEPXHOCTHOM dHeprun [ mooca.

Y CTOMYMBOCTh AUCIEPCHBIX CUCTEM — 3TO UX CIOCOOHOCTH COXPaHSTh CBOE COCTOSIHHE U
CBOIMCTBAa C TE€YEHHUEM BPEMEHHU. Y CTOMYMBOCTH CHUCTEMbl 3aBHUCUT OT Pa3MEPOB YaCTHIl JHUC-
NepCcHOH (a3bl, arperaTHOrO COCTOSHUS M BSI3KOCTH JUCTICPCUOHHOMN CpEIbl, IPUCYTCTBUS TPH-
MeceH.

PaznuuaroT nBa BUAA YCTOMYMBOCTH: KMHETHYECKYIO (CEMMEHTAIMOHHYIO) U arperaTus-
HYIO YCTOWYHUBOCT.

Kunerndeckas (cequMeHTallMOHHAs) YCTOWYHUBOCTh — XapaKTEPU3YET CITIOCOOHOCTh YaCTHI]
JTUCTIepCHOM (pa3bl OocTaBaThCs BO B3BEIICHHOM COCTOSIHMH. [Ipu HapylmieHHH KUHETHYEeCKON
YCTOMYHUBOCTU MPOUCXOAUT OTJEICHUE AUCTIEPCHON (ha3bl OT TUCTIEPCUOHHOM CPEIBI.

ArperatuBHasl YCTOMUHMBOCTh — XapaKTEpHU3yeT CIOCOOHOCTh YAaCTHIl JUCIEPCHOHN (hasbl
MPOTUBOCTOATH arperanui (T.€. ClIOCOOHOCTh COXPAHSThH CTENEHb JUCTIEPCHOCTH).

[Ipu HapymieHun 3TOro BUa yCTOMYMBOCTH B CUCTEME CaMOIIPOU3BOJIBHO UAYT IIPOLIECCHI
YKPYIHEHUS YaCTHUIL] MyTEM UX CIIMIAHUS WA CIIUSHUA.

[Ipouiecc ykpymHeHus (CIUMaHus) KOJJIOUIHBIX YaCTUIl B pe3yJbTaTe MOTEPU UX arpera-
TUBHON YCTOMYMBOCTH HA3bIBACTCS KOATYJISILIUEH.

JIro0oe BHEITIHEE BO3/ICHCTBYE MTPHU JOCTATOYHOW WHTEHCUBHOCTHU BBI3BIBAET KOATYJISIIIHIO.

OmnpIT 1. OnpenesieHue NOpora KOAryJssuMM 30/
ruapokcuia xkeaeza(lll)

Heab padorsl. OmnpeneneHue nopora Koaryiasuuu 307 ruapokcuaa skenesa(lll); nzyde-
HUE 3aBHCHMOCTH BEJIMYMHBI TOPOTa KOATYJISALUH OT 3apsijia KOaryJupyIoIero HoHa.

Kparkue Teopernueckue nojo:xxkenusi. OqHIM U3 HanOoJiee BaXKHBIX CIIOCOOOB M3MEHE-
HUSl arperaTuBHOM yCTOMYMBOCTH JUCIEPCHBIX CHUCTEM, OCOOEHHO 30JieH, SBISETCS BBEICHHE
DIIEKTPOJIUTOB.

DJNEeKTPOIUTHI MOTYT M3MEHUTh CTPYKTYPY JIBOMHOIO 3JIEKTPUYECKOTO CJIO0S, YMEHBUIUThH
WIA YBEIWYUTH (-TIOTEHIMAN ¥ CIIEAOBATEIBFHO, YBEIMYATh WM YMEHBIIUTH JJIEKTPOCTATHYEC-
CKO€ OTTAJIKMBaHUE.

JInodoOHBIE 3071 OYEHb YYBCTBHTENBHBI K AJIEKTpoiHTaM. HUYTOXHBIE HOOABKH COJei
BEAYT K BBINAJACHUIO TUCIEPCHOM (ha3bl HTUX 3051l B 0cafoK. Bee anekTponuTsl, 100aBieHHbIE
B OIPEJENICHHBIX KOJNYECTBAX, CIIOCOOHBI BBI3BAaTh KOATYJIALUIO, B TOM YUCIIE U HJIEKTPOJIUTHI-
CTaOMIIN3aTOPBI.

MuHMManbHas KOHLIEHTPALMs JIEKTPOIUTA, P KOTOPOH JaHHBIN 3JEKTPOJIUT BbI3bIBAET



32

KOaryJisiuio, Ha3sIBaloT Moporom Koaryssiun (Ck) (MMoiis/i). [Topor Koaryyisiuu BHIYUCIISIOT
o popmyre:
v, -C, 1000
Cpe =, ©)

30715
rae C,, — KOHIIEHTpAIHs JEKTPOIUTA, MOJB/IT;, V,, — 00beM pacTBOpa 3MEKTPOIUTA, MIT; Vo —
00BEM 30715, MII.
Benuunna, oOpaTHasi MOpOTy KOAryJisiiiiy, Ha3bIBACTCS KOATYJIUPYIOIIEH CIIOCOOHOCTHIO:

Koarymsmus 3oneit anexrpoiautamu noauuHsiercs npaswity [yneue-I'apau (wnu npaBuio
3HAYHOCTH): KOATYJIHPYIOIIUM JIEHCTBUEM 00JIaaeT TOT MOH JIEKTPOJINTA, KOTOPBIH UMEeT 3a-
psiA, TPOTUBOIOJIOKHBIN 3apsAy TpaHyJIbl; KoaryJaupyromiee JeiicTBHE TeM CHIIbHEEe, YeM BBIIe
3apsii MOHA-KOATYJISATOPA.

[To koarynupytomieMy IEHCTBUIO MOHBI B 3aBUCHMOCTH OT 3apsia PacIoyiararoTcs B IO-
cienoBareapbHoCTH 4 >3 > 2 > 1.

Ipu6ops! u peaktubl. [Ipodupku — 12 mt.; 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 BbImosHeHHsi padorwl. Komtonaneie yacTuibl 3055 rugpokcuna sxenesa(lll)
Fe(OH)z 3apspkeHbI MONIOKUTENBHO:

{[Fe(OH)3]m nFeO*(n-x)CI }*xCI",
MO3TOMY KOAryJIHpYyIOUIMM JEHCTBHEM 00JIaJal0T aHUOHBI AJEKTPOIUTA-KOAryJIsITopa.

JIBeHaIIaTh YHCTHIX NMPOOMPOK pasMemaroT B INTaTHBE B TPH psana. Bo Bce mpoOupku
HAIMBAIOT 10 5 Ml 301 Tuapokcua xenesza (I11). 3atem B mepBbIit psa NpUIKMBaIOT YKa3aHHbIC
B Tabiuie 1 00beMbl qucTHIUIMpOoBaHHON BoMbl M 5 M pactBopa KCI (anextponut 1006aBisioT B
HOCJEIHIO ouepe/ib). [IOBTOPSAIOT aHAIOTHYHO /711 BTOPOTO M TPETHETO PAIOB ¢ 100aBICHUEM
cootBeTcTBYOIMX MekTposnuToB: 0.01 M pactBopa K2SOs u 0.001 M pactBopa Kz[Fe(CN)g)].
Copnepxumoe MPOOHPOK XOPOIIO MEPEMEIINBAIOT U Yepe3 | 4 OTMeuaroT B KakUX MpoOHpKax
HaOJro1aeTCs IBHAsI KOAryJisius (MOMyTHEHUE, N3MEHEHHE I[BETA) M CEAMMEHTAIINS.

[Topor koaryJsiiuy pacCUMTHIBAIOT MO MPOOUPKE, COAEprKalllell MUHUMAIbHOE KOJIMYECTBO
AIIEKTPOJINTA, T/I€ HAOIF0MaeTCs KOAryJIsIusl.

Tabmuna 1
HcxonHbie JaHHBIE SKCTIEpUMEHTA
Ne npoOupku
1 2 3 4
3onb ruapokcuna xenesa(lll), mi 5 5 5 5
JuctunnupoBaHHas BoJa, MII 45 4 3 1
PactBop a5ekTponuTa, M 0.5 1 2 4

B ciyuae ecnm Bo Bcex nmpoOupkax MpoOr30UIeT KOaryJIsius, TO TTOBTOPSIIOT OIBIT C MEHEE
KOHILIEHTPUPOBAaHHBIMHM PACTBOPAMH 3JIEKTPOJIUTOB (B 2-5 pa3). BeunCasAOT MOpoOr Koaryisuuu
JUTST KXKJIOTO DJICKTPOJIUTA.

OTMeTHTh, B KaKUX MPOOUPKaAX HAOIIOIAaeTCs IBHASL KOATYJISIUS (IOMyTHEHHE, U3MEHEHUE
[[BETa) U ceAuMeHTaIsA. JlaHHbIe 3aHECTH B TAOJIUITY OTUETA.

OnbiT 2. B3anMHas koaryJsiuus 30J1eil Hoauaa cepedpa

Ieas padorel. HaGmonenue B3aMMHOM KOAryJisiiui CMECH JIBYX 30J1€H.

KpaTkue Teopernueckue moJsioxkenusi. Bzaumuas koarymsuus 3os1eil HaOmogaercs npu
CMEIINBAHNUHU 30JI€ ¢ pa3HOMMEHHO 3apshKeHHbIMU yacTuiamu. IIpu nepexpsiBanuu J19C koi-
JIOMJHBIX YaCTHI], UMEIOIIMX Pa3HbIC 3HAKH, IIPOUCXOIMUT HIEKTPOCTATUYECKOE MPUTSIKECHUE U
ObicTpas arperanus yactull. Hanbonee moaHO B3aMMHasi KOAryJsIKs BYX 30JI€i ¢ IPOTHBOIIO-
JIO’KHO 3apsDKEHHBIMM 4acTULAMHU IIPOMCXOIUT B TOM CIlIydae, €CIM CyMMAapHbIN 3apsi 4acTHIL
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OJTHOTO 30JIs1 HEUTpalIM3yeT CyMMapHBIi 3apsia Apyroro. [Ipu npyrux cooTHOIEHUX 00paszyroT-
Csl HOBBIE MHIICIUIBI, YACTHUIBI KOTOPHIX OYIYT UMETH TOT 3apsi/l, KOTOPHIH OKAKETCS B U30BITKE.

IIpu6opsl u peakTuBbl. [Ipodupku — 11 mWT.; MEpHBIE MUTIETKH HA 5 MJI — 3 TIT.; 30JI HO-
muaa cepedpa; GpuiibTpoBalibHaAs OyMara.

Ilopsinok BbINoHEHUsI padoThl. 3071b HOAKIA cepedpa MOIYUaloT B pe3yibTaTe XUMUIe-
CKOM pEaKLHH:

AgNOs3 + KI = Agl + KNOs.

1. Ilonyuenue 3075 MoAuaa cepedpa C OTPULIATENBHO 3aPSIKEHHBIMU KOJUIOUIHBIMH Ya-
cruniamu. B crakan HanmmuBarot 20 mut 0.05 M Kl u 3ateM MeaJIeHHO pU MHTEHCHBHOM TIEpeMe-
mmBaHuy npwmBaT Mo 16 M 0.05 M AgNOs. Tlonyuator 30516 noauaa cepedpa, CTaOMIN3H-
poBanHbIi K|, MuIienia KoToporo uMeeT BH/I:

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

2. Tlonyyenue 305181 nonuaa cepedpa ¢ MOJOKUTEIBHO 3aPSKEHHBIMH KOJJIOUIHBIMH Ya-
crunamu. B crakan manusarot 20 mur 0.05 M AgNOs u 3aTem MeUIeHHO TP HHTEHCUBHOM IIe-
pememnBanuu npunuBaoT 16 ma 0.05 M KI. Tlonyyator 3016 woauaa cepedpa, cTaOHIN3UPO-
BaHHbI AGNO3, MuIIeIa KOTOPOTO UMEET BU:

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

[TpuroTaBIuBarOT OAMHHAIIATH CYXHX MPOOUPOK M HAIMBAIOT B KXY M3 HUX OTPHIIA-
TEJIbHO 3apsSKEHHBIN KOJJIOUIHBIN PacTBOP 30JI1 HOAMIA cepedpa B COOTBETCTBUU € TabIuIeit 2.
3areM 100aBIISAIOT BO BCE MPOOMPKHU KOJUIOMAHBIN pacTBOp Moauaa cepedpa, 4aCTHIbI KOTOPOTo
3apsKeHBI MOJIOKUTETIBHO, B TAKOM KOJHMYECTBE, YTOOBI OOLIMK 00BEM KHUAKOCTH B Ka)XIOH
npobupke paBHsics 5 mil. Ilocne no6aBieHHs] IPOTUBOIIOIOKHO 3apSKEHHOIO 307151 COJIEPIKU-
MoO€ MPOOUPKU HEOOXOAUMO BCTPSIXHYTh.

Tabnuna 2
B3anmHas koaryssius 30J1en
Ne mpobupku
112]13]4[5|6]7]8]9]10|11

3016 ¢ otpuniatenbio | 0 |0.5) 1 |1.5] 2 |2.5] 3 |3.5/4 45| 5
3apsHKEHHBIMHU YaCTH-
HaMHM, MJI

30116 ¢ moJioxurensao | 5 |4.5] 4 |35/ 3125 2 {1.5/11]0.5/ 0
3apsHKEHHBIMA YaCTH-
[aAMH, MIT

Taxum o6pa3om, nepBas U OJUHHAALATAs TPOOUPKH MPEACTABISAIOT COO0M KOHTPOJIbHBIE,
a B OCTaJIbHBIX HAOJII0AAI0T MPOLIECC KOATYIISIHH.

PesynbTarsl HaOMIOAEHMI 3aMKUCHIBAIOT B TAOIHILY.

®opma oTuyera. OTUET JOIDKEH COZEPKATh pacyeThl Mopora KoaryJsium, TaOIuIbl ¢ pe-
3yJbTaTaMU YKCIEPUMEHTA, BBIBOIBI.

OTuert o padore

Omeit 1. OnpeseneHre mopora Koaryisiiuu 301 ruapokcua sxenesa(lll).

Onexrpomut | Koarymupyrommii | Ne mpobupku | Ilopor koa-
HOH 11234 TYJISLHH,
MMOJIB/JT

KCI

K2SOq4

K3[Fe(CN)s)]
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BriBoxa:

OmnpiT 2. B3auMHas koaryJisiius 30J1ei noauaa cepeopa.

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

3apsi1 yacTHIl Tociie
CMEIIKMBAHUS

BriBoxa:

KoHTpoJibHbIE BOIPOCHI

1. YTo moHMMAIOT O] arperaTUBHOM U CEAMMEHTALMOHHON YCTONYNBOCTBIO?

2. Kakoe siBieHH€e Ha3bIBaeTCs Koaryisuuen? Ha3oBuTe npuyunHbI KOAryssiuuu.

3. Kakue ctaguy MOXHO BBIIEIUTH PU KOaryyisuun?

3. YUto Ha3bIBaeTCsI HOPOTrOM KOAryJIsLUK?

4. Kakue HOHBI — MOJIOKUTEIbHBIE WJIM OTPULIATEIbHBIE 001a/1al0T KOAryJIUPYIOIIUM Jei-
CTBHEM IO OTHOIIEHHUIO K 30JI0: a) C OTPUIATENIBHO 3apSKEHHBIMU YacTULIaMU; O) C MOJIOXKHU-
TEJIbHO 3apSKEHHBIMU YaCTUL[AMU?

5. KakoBbI NpUYMHBI B3AMMHON KOATYJISILIUM 3051117

6. B ueM cyImIHOCTb 3alIUTHOIO JEHCTBUS BBHICOKOMOJIEKYJISIPHBIX BELECTB MPHU KOaryJis-
1uu TM0POOHBIX 30J1eH?

7. Kakoe siBneHne Ha3bpIBaeTCs ceHCHOMM3anuei? B uem npuanHa 3Toro sSBieHus?

JIABOPATOPHAS PABOTA Ne § (4 yaca)
CYCIIEH3UU. DM VYJIbCHUU. ITEHBI

Heans padorbl. O3HAKOMIIEHHE C METOJIUKOW HCCIICIOBAHUS KUHETUKH CEIUMEHTAIINU
cycnieH3uil. BeisicHeHHe BIMSHUSA pa3HbIX (PAKTOPOB Ha arperaTMBHYIO YCTONYHMBOCTH CYCIEH-
3U.

Kparkue Teopernyeckue moJiokeHusi. CyCreH3MH — MUKPOT€TEPOT€HHBIE CUCTEMBI C
TBEPAOH AucriepcHON (a3oi U KUIKOM TUCIEPCUOHHON CpeIoi.

Knaccugukanus cycneHsui:

1. B 3aBuCHUMOCTH OT pa3MepOB YACTHUII TUCTIEPCHON (a3bl:

a) rpy6sie (6omee 10 m);

6) Torkue (ot 10 M 10 0.5-10° m);

B) MmyTH (0T 0.5-10° M 10 107 Mm).

2. B 3aBUCHUMOCTH OT KOHIIEHTpALUU AUCTIEPCHON (a3bl:

a) pa30aBIICHHBIE;

0) KOHLIEHTPUPOBAaHHBIE (ITACTBHI).

[Tonmyyenne cycnieH3uii BO3MOYKHO HECKOIBKUMH Ty TSIMHU:

1. JJucnepcuonnsie Metozsl. [IpousBoautcs npoOrieHue, nepeTupaHue Chipbs C MOCHe-
JYIOIM PacTBOPEHUEM B COOTBETCTBYIOIINX PACTBOPUTEIISX.

2. KonaeHcalimoHHble METO/bL:

a) MeTolbl (M3NYECKON KOHJICHCAIIMUA — CBSI3aHBI C OCAKICHHWEM YacTHUI[ B PE3yJbTaTe
KoaryJsinuu JIMoQoOHbIX 30i1ei. B pesynbrate ynmapuBaHHUs pacTBOpa WJIM YaCTUYHOM 3aMEHbI
pacTBOpHTENS (CHHKEHHE PACTBOPUMOCTH ) 00pa3yeTcsi CyCIeH3NS,

0) MeTO/1bl XUMUYECKON KOHJICHCALIUU — CBSI3aHBI C IPOBEJCHUEM XUMHUECKUX PEAKIIUH.

CBolicTBa CyCIIEH3U M.

1. Ocobble cBOiCTBa cycrieH3uit: ¢uoTanus, pUabTpanus u KoJbMaTaus.

dnoTauus — mpolecc, Ipu KOTOpoM TuapodhoOHbIe YaCTHUIIBI B )KUJIKOW Cpejie HE TOHYT
noJ feiicTBreM (pIOoTAaIMOHHON CHJIBI, HAIIPABJICHHOW BBEPX, IPOTHUB CHJIBI TSDKECTH; TOT/IA KaK
JUTsL CMauyMBaeMbIX YaCTHII 3Ta CUJjla HalpaBjeHa BHU3 U BMECTE C CUJION TSDKECTH BTATHBAET Ya-
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CTHUILy B TJTyOHHY.

@unbTpanys — NPOUECC, KOTOPBIM IPUBOAUT K PA3ICICHUIO CYCIICH3UM HA TBEPAYIO U
KUIKYIO (a3bl.

Konpmaranus — npouecc, UCTonb3yeMblil I YMEHbILIEHUS BOAOIPOHUIIAEMOCTH TPYH-
TOB (TUAPOTEXHUYECKUX COOPYXKEHUH — amO, MJIOTUH), IyTEM BMBIBAaHHUS B HHUX BBICOKOJHUC-
NEPCHBIX [VIMH WIN Wia, KOTOPBIE IPOHUKAIOT B IOPBI TPYHTA U 3aKYIIOPUBAIOT UX.

2. MonekynspHO-KHHETHYECKHE CBOWCTBA. bpoyHOBCKoe aBukeHue, 1updy3us U ocMo-
TUYECKOE JJaBJIEHUE Y CYCIIEH3MH MPAKTUYECKH OTCYTCTBYIOT M3-3a OOJBIIMX Pa3MEpPOB YaCTHII
JMCIIepcHO (asbl.

3. OnTuueckue cBoiicTBa. [IpoxokaeHue cBeTa yepe3 CyCIEH3UI0 HE BBI3BIBAET OIajec-
LICHIIMH, a MPOSIBIIAETCS B BU/I€ MYTHOCTH, TaK KaK Jy4d HE PacCEUBAIOTCs, a MPEJOMIISIOTCS U
OTpa’KAarOTCs YaCTUILIAMU CYCIIEH3UH.

4. DnextpokuHeTHueckue cBoiicTBa. Ha rpanune pasnena ¢a3 Bo3MoxHO oOpa3oBaHue
J2C.

5. CycnieH3nu — KHHETUYECKU HEeYCTOWYMBBIE CUCTEMBI: YaCTHUIIbl AUCIIEPCHON (ha3bl oce-
JAI0T MOJ JeHCTBUEM COOCTBEHHOM cuibl TshKecTU. CKOPOCTh OceaHus (CeIMMEHTAIH) 3aBU-
CUT OT pa3MepoOB YaCTHII, Pa3HOCTH IUIOTHOCTEH NUCIEPCHOM (a3bl U AUCHEPCHOHHON Cpelbl,
BA3KOCTH U TeMIeparypbl. KUHETHYECKYI0 yCTOWYMBOCTD NOBBILIAIOT YBEIUYEHUEM BSI3KOCTH U
IUIOTHOCTH AUCIIEPCUOHHON CPEIbl.

N3yyenue cequMeHTallMM CyCIIEH3UN CBS3aHO, B IEPBYIO OUEpEllb, C MOJIYYEHUEM KpHU-
BBIX HAKOIUIEHUS OCaJIKa:

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

rae m— macca; V — 00bem ocajnka; t— Bpems.

Y cTaHOBIEHO, YTO BUJ KPUBBIX CEAUMEHTAIIMM 3aBUCUT OT arperaTuBHON yCTOMYMBOCTU
CYCICH3UH.

B arperatuBHO yCTOMUYMBBIX CYCIIEH3USX YaCTHLIBI BO BPEMsI CEIUMEHTALIMM MIPHU CTOJIK-
HOBEHHMM HE CIIMIAIOTCS, IOATOMY MX pa3Mephl OCTAIOTCS TaKUMHU K€, KaK B UCXOJHON CYCIIEH-
3un. Ha kpuBo# cequmeHTanuu oTcyTcTBYyeT nepern6. OcepaHue 4acTUll MPOMCXOAUT 3HAYU-
TEJIbHO MENJICHHEE, YEM B arperaTMBHO HEYCTOMYMBBIX CYCIIEH3MSIX C TAaKOH K€ CTENEHBIO JHC-
nepcHocTH. PopMHUpyeTCs O4EHb INIOTHBIN 0CaOK.

Takum oOpa3oM, 00beM oOcajka B arperaTMBHO YCTOWYMBOW CYCIIEH3UM HEOOJBILIOM.
[IpenenbHOE Bpemst oceaHusl Lo JOCTATOYHO BEIHKO.

B arperaTtuBHO HEYCTOMUYHMBBIX CYCIIEH3MSIX OCEJAHUE YACTHIL] IPOUCXOIUT 3HAUUTEIBHO
ObICTpee, TaKk KaKk OHO COINPOBOXAAETCS OOpa30BAHMEM pPBIXJIBIX arperatoB. Briaenstomuiics
0CaJIOK 3aHMMAET Topa3io OONBIINK 00bEM, TaK KaK YaCTHUIBI COXPAHSIOT CIy4yaiiHOe B3aUMHOE
pacrojioKeHue, B KOTOPOM OHHM OKa3aJuCh IIPU MEPBOM ke KoHTakTe. OOpa3oBaBIIMICS OCaloK
UMEET KOaryJsiUOHHYIO CTPYKTypy. O0beM CeIMMEHTAllMOHHOTO OCaJiKa MepPecTaeT MEHSATHCS
yepe3 OTHOCHUTENIBHO Maioe BpeMs (tw HEBENMKO); MpeaenbHbli 00beM ocanka V00nblIon, mpu
3TOM OCAJIOK PHIXJIbIN U JIETKO B30AJIThIBACTCS.

Paznuuune celMMEHTallMOHHBIX 00BEMOB arperaTUBHO YCTOWYMBBIX U HEYCTOHUMBBIX CHU-
CTeM HamOoJjiee YeTKO MPOSBISAETCS, €CIM YacTUILIBI UMEIOT CpelHue pasMepbl. Eciau yacTuiibl
KpYNHbIE, TO, HECMOTPS Ha TO, YTO CYCIIEH3MsI arperaTuBHO HEYCTOWUYMBAs, OCAJ0K IOJIy4aeTCs
0oJjiee MIOTHBIM M3-3a 3HAYUTEIBLHOM CHJIBI TSKECTH, IIpeobafaronield HaJ CUilaMH CLETICHUS
MeEXy YacTuuaMu. Eciin yacTUIIbl OU€Hb MEJIKUE, TO U B arpEraTUBHO yCTONYMBON CUCTEME U3-
3a MaJIol CHJIBI TSDKECTH 00pa3yeTcs MOIBUXKHBIN OCalOK.

Paspymienue cycneH3uil sIBISeTCSd BecbMa HACyIIHOW MpoOJIEeMON, TaK Kak OYMCTKA
CTOYHBIX BOJ| OT TBEPHAbIX YaCTUI[ — 3TO (hakTHUeCKU paspylieHue cycnensuil. CyuiecTByer
MHOECTBO METOJIOB pa3pyIlieHus cycrneH3nid. OOBIMHO MX MOAPA3ICIAIOT Ha YeThIpEe TPyIIIbL:

1) MexaHuueckue;

2) TEpMHUUYECKUE;

3) XuMUYECKHU¢;

4) SNEeKTPOXUMHUYECKHUE.
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PaccmoTpuM xuMudeckre METOAbl pa3pylieHus: cycren3uid. OHu OCHOBAaHBI HA MCIOJIb-
30BaHMHM XUMHUYECKHX PEAareHTOB, KOTOPHIE CIIOCOOHBI CHMXKATh arperaTMBHYIO yCTOMYHMBOCTH
cycneHsuu. B 3aBucumocty ot GpakTopoB yCTOHYMBOCTH, KOTOPBIE PEaIN30BbIBATINCH B JTAHHON
CYCIICH3UH, M CTa0MJIN3aTOPOB, KOTOPHIE B HEW NMPUCYTCTBOBAIU, MOJOMPAIOT HEOOXOIUMBIC
XUMHYECKHE PEAreHTHI.

Ecnu rnaBHBIN (pakTOp YCTOHYMBOCTH CYCIIEH3MU — JJIEKTPOCTATHYECKHM, T. €. 00yCII0B-
JIEH HallMYMeM Ha IoBepXHocTu TBepAoi yactuipl JJOC u {-noTeHunana (Hanpumep, CyCreH3us
CTaOUIM3MPOBAHA HU3KOMOJIEKYJIIPHBIM HEOPTAaHUYECKUM DJIEKTPOJIUTOM), TO HEOOXOIUMO HC-
[10JIb30BAaTh XMMUYECKUE PEAreHThl, YMEHBIIAIOUIUE a0COIOTHOE 3HAYEHUE (-TIOTEHIMaNa 4a-
CTHLIbI BIUIOTh A0 HyJA. B kaduecTBe Takux XMMHUYECKHUX PEAreHTOB UCHONb3YoTCs uHAUGDde-
PEHTHBIE 3JIEKTPOIIUTHI.

Ecnu cycnensus ctabunnu3upoBaHa aM(pOIUTHBIM MOIUANIEKTPOIUTOM, TO 3PHEKTUBHBIM
aBisgercs npubnmxenue pH cpelibl K U303JEKTPUUECKOM TOUKE.

JUia paspyllieHusl CyCIEH3MH, YaCTHLbl KOTOPBIX UMEIOT 3apsijl, LINPOKO HCIOIb3yETCs
FeTepOKOAryJisiliis — CJIUIAHUE PAa3HOPOJHBIX YacTUll. EcIu B MCXOAHON CYCHEH3UH YaCTHUIIbI
ObUIN MOJIOKUTEIBHO 3apsKEHBI, TO B HEe 11€7ec000pa3Ho 100aBUTh MHOT03apsiIHbIE aHHOHBI (B
BU/JIE XOPOILIO PACTBOPUMBIX COJIEH).

B ToM ciydae, korza B MCXOJHOM CYCIEH3UH NMPUCYTCTBYIOT TOJIBKO OTPHULIATEIBHO 3a-
PSOUKEHHBIC YaCTUIBI TUCTIEpCHON (ha3bl, 23 PEeKTUBHBIM SBISAETCS HOOABICHUE COJCH aTIOMUHHS
nm xene3a(lll), nanpumep, cynbdara amomunus win xjaopuaa sxeneza(lll). B pesynprare rua-
poJin3a 3TUX coJielt 00pa3yrTCs MOJIOKUTENIBHO 3aPSKEHHBIE 301U THAPOKCHUIOB AJIFOMUHUS WIH
JKeJle3a, KOTOPHIE BBI3BIBAIOT B3aMMHYIO KOAryJIsLUIO B3BELICHHBIX OTPHULIATEIbHBIX YaCTHUL] CyC-
NEH3UU.

D¢ hexkTUBHBIM METOJIOM MOHM)KEHUS arperaTUBHON YCTOHUMBOCTU CYCIIEH3UH SIBIISETCS
ceHcnOmmm3anus. st 3Toro 00BIYHO MCTIONB3YIOTCS (DIOKYISIHTHI — JTMHEHHBIE TTOJMMEPHI, He-
CylIMe MOJIIpHbIE TPYyHIbl HA 000MX KOHIAX LEenH (Hampumep, NOJHAKpUIaMU, MOJTUBUHHIIO-
BbIl cnupT). JMHHAS MOJeKyJa mojiuMepa NpUCOEIUHAETCS ABYMsI KOHIIAMU K JABYM pPa3HbIM
YacTHUIaM JAUCIIEPCHON (ha3bl, CKPEIUIsIs UX YTJIEBOJOPOIHBIM MOCTHKOM — 00pa3yroTcs (IIoKy-
JIbl — PBIXJIBINA XJIOMBEBUIHBIN OCAJIOK.

Heo6xonnmas koHueHTpanus (GIoKyJIsHTa B CyCIIEH3UU 3aBUCUT OT KOHIIEHTPALlUH B HEl
B3BeIIeHHbIX yacTull. KonuuectBo QuiokynsiHTa n0mxHO coctaBisaTh 0.01-2 % oT macchl TBep-
Joi (a3bl, B MPOTUBHOM CIIy4ae MOXKET ObITh JOCTUTHYT NMPOTHUBOIOJIOXKHBIA 3PdeKT — mpo-
M30MAET KOJUIOM/IHAS 3all[UTa B3BELIICHHBIX YACTHII.

[Ipumenenue CycrnieH3uit:

1. B mpousBo/cTBE CTPOUTENBHBIX MaTEpUaAIOB U KepaMHUUECKUX U3Jenuid (Kupmnud, Oe-
TOH).

2. B cenbckoM X035HCTBE (CYCIIEH3UU SITIOXUMUKATOB, ECTUIINI0B, MUHEPAIbHBIX y100-
pEHMIT).

3. B Meauiune (iekapCTBEHHBIE CYCIIEH3HUM).

IIpudops! u peakTnBbl. TexHUUECKHE BECHI; CEKYHIOMEpP; LWJIMHIPHI C NPUTEPTHIMU
npoOkamu Ha 100 M — 4 mT.; MUMETKH Ha 2 MII, TMOPOIIOK MeN; aucrepcuoHHas cpena: 0.1
moab/1 Na2COs; 0.3 moine/n CaClz; 0.2 monw/n FeClz; 3% pacTBop xenatuHa.

IHopsiaok BbIMOHeHUs1 pad0Thl. ['0TOBAT 4 cycnien3un. /st 3TOro B 4eThlpe HWIMHpA
HaJIMBarOT 110 50 MJI IMCIIEPCUOHHON Cpefbl, HACBINAOT MO 15 I nopoika Mena (IOpoIIoK Mea
B3BEIIMBAIOT Ha TEXHUYECKUX BECAX).

B | nuunuaap no6aBisioT ¢ MOMOIIbI0 MEPHON MUMETKU 1.5 M AUCTHIUIMPOBAHHOU BO-
ab1; Bo I mumunmp — 1.5 mupactBopa CaCly; B I mumusaap — 1.5 min pactBopa FeCls; B 1V 1m-
auHAp —1.5 M1 pacTBopa JKenaTuHa.

HunuHaps! MIOTHO 3aKphIBAIOT MPOOKaMHU, BBIEPKUBaIOT B TeueHue 10 MuH., 3aTeM co-
JepKUMO€ LWJIMHIPOB TIIATEIBHO MepeMeInBaioT. [1ocTaBUB HMIIMHAPEI B Psill, H3MEPSIOTOOB-
€MBbl CEIMMEHTAIIMOHHBIX OCaJIKOB Y€pe3 ONPEEICHHBIE IPOMEXYTKH BPEMEHH 10 TE€X I10D, I0-
Ka 00BeM CETUMEHTAIMOHHOTO OCaJlka HE MEPEeCTaHeT M3MEHATHCS (JOCTUTHET MpeAeIbHOro
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3Ha4eHUs Vo). Pe3ynbTaThl H3MEPEHUH 3aMCHIBAIOT B TAOJIHILY.
KuHernka ceMMeHTalu CyCEH3UI

Bpewms ot nHauana O0beM ceTMMEHTAIIMOHHOTO
Ne OIbITa, MUH ocajJiKka, MJI
1 2 3 4 5

AIWIN|(F
AIWIN|F

o

[To 9KCIepUMEHTAIBHBIM JaHHBIM CTPOST KPHBbIE KHMHETUKHU cequMeHtanuu V= f(t) u
HaXOIAT Vol te.

[lo Tumy cemMMEHTAMOHHOW KPUBOM M TPENEIbHOMY OOBEMY CEAMMEHTAIMOHHOTO
ocazka V«OLIEHUBAIOT CPABHUTEJIbHYIO arperaTUBHYIO YCTOWYMBOCTbH MCCIIEJIOBAaHHBIX CYCIEH-
3Wid U OOBSACHSIOT IPHUYMHY X TTOBEJCHHUS.

®opma oryera. OTUET JOJDKEH COAEP)KaTh Ha3BaHME M ONMCAHHUE LM paboThbl, Kpat-
KU KOHCIIEKT TEOPETUYECKOW YacTH, KPAaTKyl0 METOAMKY IPOBEIEHHUS OIbITA, 3all0JIHEHHYIO
tabmuiy, rpadpuku V= f(t), BeiBOI.

KoHnTpoJibHbIE BOpOCHI

1. B uem 3akirouaeTcs arperaTuBHasi yCTOHUMBOCTb CYCIIEH3UM?

2. [louemy 0OBeM CEeTMMEHTAIMOHHOTO OCAJIKa arperaTMBHO HEYCTONYMBOW CYCIIEH3HU
3HAYUTENIBHO 0OJIbINE, YeM 00BEM OCaJIKa arperaTUBHO YCTOWYMBOM CycrieH3un?

3. Kakue BemiecTBa UCTIONB3YIOTCS B KAUECTBE CTA0OMIIN3aTOPOB CYCIIEH3HIl?

4. Ilepeuncnure METO/bI pa3pyLIEHUsS CYCIIEH3HH.

5. Kak moHu3WUTh arperaTMBHYI0 YCTOWYMBOCTb CYCIEH3UHU TJIMHBI (€€ YacTHUIbl HECYT
OTPHILIATENbHBIN 3apsin)?

OMVIJIbCUN

Heanb padorbl. O3HaKOMIIEHHE CO CBOMCTBaMHU 3MYJIBbCHH, UX KilacCU(pUKAILMEH, METo-
JlaMH OIpeIeIeHHsI TUIIA IMYJIbCUH, 3aKOHOMEPHOCTSIMU 00pa30BaHUs U Pa3pyIICHUS.

Kparkue Teopernyeckue moJiokeHusi. OMYyJIbCUU — MUKPOI€TEPOT€HHbIE CUCTEMBI, B
KOTOpBIX AMCIIEpCHas pa3a U AUCIEPCUOHHAs cpefia MPEeACTaBIsA0T COO0H HECMEIINBAIOLIUECS
KHUJIKOCTH (MOJIOKO, CMETaHa, CIMBOYHOE Macjo, SUYHBIN JKEITOK, MJIEYHBIH COK PAacTEHHH,
He(Th). Pasmeps! yacTui (kamenek xuakoctn) ot 104 1o 1070 m.

Knaccudukanus smynbcuii:

1. B 3aBEUCHUMOCTH OT KOHIIEHTPAIIMU AUCTIEPCHOMN (a3bl:

a) pazbaBneHHbIC (M1.4.< 1 %);

0) KOHIICHTpUPOBaHHBIE (Wx.¢.< 74 %);

B) BBICOKOKOHIICHTPUPOBaHHBIE ((KEIATUHUPOBAHHBIC) (9> 74 %). [Ipu KOHLIEHTpaMK
cBbime 90 % smynbcun mpruoOpeTaroT cBoiCTBa reneil. JlucnepcruonHas cpena npuodpeTaer BU
TOHKHMX MPOCTIOEK — dMYJIbCHOHHBIX MJIEHOK. OHU He 00J1a/1al0T TEeKY4YeCThI0 U HE CIOCOOHBI K
CeIMMEHTaluU. BbhICOKOKOHIIEHTPUPOBAHHBIE SMYJIbCUU, B KOTOPBIX JOCTUTHYTa MaKCHUMAaJIbHO
BO3MOYKHAasi KOHIIEHTPALUs JUCTIEPCHOM (ha3bl, Ha3bIBAIOT NMpPENEIbHBIMU MU MPEIEIbHO KOH-
[EHTPUPOBAHHBIMH.

2. B 3aBUCUMOCTH OT MPUPOJIBI AUCTIEPCHON (ha3bl U TUCTIEPCHOHHON CpeIbl:

a) MpsIMbIE AMYJILCUU (3MYJIbCUU NIEPBOTO POJA, MACIO/BOJA);

0) oOpaTHBIE SMYJIECUH (IMYJIBCUU BTOPOT'O POJIa, BOAa/MacIIo).

3nech «BoAa» - Jr00ast MOJSPHAS )KUJIKOCTh, «MAacjao» — HenoJspHas (OeH30J1, aHWJIHH,
KEpPOCHH, Macio U 1p.).

[Ipu ompeneneHHBIX YCIOBHIX HaOMOAaeTCs oopaiieHrue ¢a3 SMyJIbCHI, TO €CTh IMYJIb-
CHsl OJIHOTO THIIA IPEBPAINACTCS B SMYJIBCHIO IMPOTHBOIONIOXKHOTO Tuma. OOpameHue ¢a3
SMYJIbCUHA MOKHO BBI3BATh M3MEHEHHEM COOTHOLIEHHS OOBEMOB TUCIEPCHON WM 3MYJIbIUPO-
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BaHHOU (Da3bl, mepemMennBaHueM, 100aBIEHUEM SMYJIbraTopa, CTaOUIU3UPYIOIIETO 3MYIbCHIO
IIPOTUBOIOJIOXKHOIO THMa, u3MeHenneM pH cpenbl. Hanpumep, cOnBanne caMBOK BEET K MOTY-
YEHHUIO Maclia, IPU 3TOM dMYJIbcus Tura M/B (ciuBKH) epexoauT B dMyJibeuio Tuna B/M (mac-
JI0) CO CPaBHUTEIBPHO MaJIbIM COJIEpP’KaHUEM BOJIbI B BUe aucnepcHor (asel. Ho Hanbomee 3¢-
(EeKTUBHBIM METOJIOM SIBJISIETCS IeHCTBUE XMMHUUYECKUMHU pearenTaMu. Hampumep, npu no6asie-
HUM PacTBOpA XJIOpUIA KaJbIUS MpsAMasi SMYJIbCUs, CTAOMIN3UPOBAHHAs OJ€aTOM HaTpus, Ie-
PEXOAUT B AIMYJIBCUIO 00PaTHOTO TUIMA:
2 RCOONa + CaCl— pacciioenue sMyinbcuu —»
— (RCOO0):Ca + 2 NaCl.

YCTaHOBUTH THM 3MYJIBCUH MOXHO, ONpPEJEIUB CBOICTBA €€ NUCIEPCHOHHOM CpPEIbI.
Haunbonee yacTo ncnosb3yrorcs cielyrole MeTO bl

1. Meron cMenieHusi. OMyIIbCUS JIETKO CMEUINBAETCS C )KHUJIKOCTBIO, KOTOpasi COCTABISET
ee JUCIEepCUOHHYI0 cpeny. Kamito sMyabCuM M KaIIo BOJbI IOMEUIAOT PSIIOM Ha MPEAMETHOE
cTeKy0. HakIOHSIOT CTeKIO Tak, YTOOBI KaIuld CONMPUKOCHYNIWCh. EciiM Kamiu conploTes, TO
3HAYHT JUCIIEPCUOHHON CPEION B IMYJIbCUH CIYXKHT Boja (dmynbcust M/B), eciin He conbroTest —
SMYJIBCHUSI OTHOCUTCS K THITY B/M.

2. Meron cmaunBanusi ruaApodoOHOI moBepxHOCTH. Eciu Kamis sMyJIbCHH, HAHECCHHAsS
Ha TMapaUHOBYIO IUIACTHHY, PAcTEKaeTcs, CIEAOBATENbHO IUCIEPCUOHHOW CpEIOi CIYKUT
Maciio, a SMyJIbCHs OTHOCHUTCSA K THITy B/M, ecin He pactekaercs — M/B.

3. MeToJ okpairBaHUsl HETIPEPHIBHOUW cpeibl. OMYIbCUU JIETKO OKPAIIMBAIOTCS Kpacu-
TEJISIMU, PAaCTBOPUMBIMHU B IUCIIEPCHOHHOM Cpejie.

OMmynberus M/B paBHOMEPHO OKpAIIMBAETCSl BOJOPACTBO-PUMBIM KpacuUTeldeM (METHUIIO-
BBIN OpaHKEBbIN, METHUJIOBBIN TOJTyOOH U T. 11.).

Omynbeust B/M okpaiiBaeTcs MaciaopacTBOpuMbIM kpacutenem (cyaad I1).

4. Metox W3MEpEHHUsl DIEKTPUYECKOH MPOBOAMMOCTU. IJIEKTPOIPOBOJHOCTH MPSIMBIX
MYJIbCUN HAMHOTO BbIIIE OOPATHBIX.

[Tonyuenue smyibcwHii:

1. Mexanuueckoe nucrneprupoBaHue (3mysbruponanue). OcyliecTBiseTcss MyTeM Mejl-
JIEHHOTO TpUOaBJIeHMs JUCIEPrUpPyeMOro BEIIECTBA B JUCIEPCHOHHYIO Cpely B MPUCYTCTBUU
AMYJIBraTopa MpH MOCTOSHHOM MEpEeMEIINBAaHUH, BCTPIXUBAHUU. J{JI 3TOT0O MCIOJIB3YIOTCS CIie-
UATEHBIC SMYJIbCATOPHI, MEIIAIKH, KOJUIOUHBIE METBHHUIIBI, YIbTPa3BYK.

B kayecTBe 3MyJIbraToOpoB NMPUMEHSAIOTCS paziIMuHbIe 1O Npupoje BemecTsa: [TIAB, mo-
JIEKYJIBI KOTOPBIX COJIEPKaT HOHOTEHHBIE TOJISIPHBIE TPYIIIBI (HAIpUMep, MbLIa), HCHOHOT€HHBIE
ITAB, BMC, a Taxxe TBep/ble MOPOIIKOOOpa3Hble MaTepuaibl (THAPO(UIbHBIE — TJIMHBI, Mel,
THUIIC, CTEKJI0, TUAPO(DOOHBIEC — caXka, CyIb(UIBI U UOAUABI CBUHIIA U PTYTH).

[To npaBuny bankpodTa MOJIEKyJIbl WIM YaCTHUIBI AMYJIbraTopa JOJDKHBI PacroyiaraTthes
MPEUMYIIIECTBEHHO CO CTOPOHBI JUCIIEPCUOHHOMN CPeJibl, TO €CTh Ha HAPYKHOM MOBEPXHOCTHU Ka-
HeJlb AMYJIbCUH.

CnocoOHOCTh AMyJIbraTopa odecrneynuBaTh YCTOMYMBOCTD SMYJIbCHUU OINPEAEICHHOrO TUIA
3aBHCUT OT €r0 B3aMMOJICHCTBUAC MOJSIPHON U HEMOJISIPHOM cpeaMu. DTy CIIOCOOHOCTh Xapak-
TEPU3YIOT CIEHUATbHBIM YHCIOM — ruaApomibHO-TunogmibHbM Oanancom (I'JIB). Hanpuwmep,
ecnu yucno I'JIb nexut B nepenenax 3-6, oOpasyercs smyibcus B/M. DMynbratopsl ¢ 4McioMm
8-13 marot smysbcuro M/B.

2. CaMonpou3BOJIbHOE AMUCIEPrHpOBaHUE (3MyNbrupoBanue). Urpaer cyniecTBeHHYIO
pOJIb B TIpoIieccax MUIICBAPSHHS M YCBOCHUS MUK OpraHu3MoM. HarmpumMep, pu moraganuy B
KUIIEYHHK XKUpa CHayajga MPOUCXOIUT caMOJHCIIeprupoBanue xupa noj neiicrsuem [1AB (xo-
JIEBBIX KHCIIOT), COAEPIKAIIUXCS B KEJIYH, a 3aTeM IOJydeHHash BBICOKOAMCIIEPCHAS] AIMYJIbCUS
BCAChIBAETCA Yepe3 CTEHKY KUIIIEYHUKA B OPTaHU3M.

Kpowme Toro, rpyObie sMyIbCHH TEPEBOAAT (TOMOTEHU3UPYIOT) B O0JI€e TOHKUE.

OMyJIbCHH — KHHETUYECKH U arperaTUBHO HEYCTOMUYMBBIE CHCTEMBl. B aMynbcusx camo-
MIPOU3BOJIBLHO MPOTEKAET MPOLIECC CAUSHUS Kamelb — KoajecueHuus. Co BpeMeHeM AMYJIbCUU
CaMOIPOM3BOJILHO pa3pyIlaOTCs (IeaMysibrupoBanne). Ha mpakTuke MHOTAAa BO3HUKAET HEO0O-
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XOJUMOCTb YCKOPUTB PAa3pyIICHUE IMYJIIbCUH.

Meroasl pa3pyLIECHHs SMYJIbCUI:

1. XuMuueckoe pazpyuieHue (Hanpumep, pa3pylieHHe MbUIbHON IUIEHKH JIeHiCTBUEM MU-
HEpaJIbHOU KUCIIOTHI).

2. IIpuGaBnenue 3Mynbraropa, CrlocOOHOI0 BbI3BaTh OOpalieHue a3 IMyJIbCUU U CHU-
YKAIOLIET0 3TUM IIPOYHOCTH 3ALUTHOMN IJIEHKH.

3. AncopOnuoHHOE 3aMelrieHue 3myJbsratopa aApyrum [IAB, HO He oOnamaromuM crio-
COOHOCTBIO 00Pa30BBIBATH IOCTATOYHO MPOYHBIE TNICHKH.

4. TepMuueckoe pa3pylIEHUE — PACCIOCHUE IMYJIbCUI HATPEBAHUEM.

5. MexaHnueckoe pa3pylieHne cTaOMIM3UPOBAHHBIX IUICHOK (COMBAaHUE CIMBOK B Mac-
ae).

6. JlelicTBHE IIEKTPUYECKOTO TOKA I AIEKTPOJIUTOB.

IIpakTH4eckoe 3Ha4YEHUE U UCIIOJIb30BAHNE IMYJIIbCHUM:

1. B map¢roMepHOii MPOMBIIUIEHHOCTH (KPEMBI, JOCHOHBI).

2. B nuieBoit npombliuieHHOCTH. [IpupogHbIe 3MyIbCUU — MOJIOKO (ChIpbe AJIs OTyde-
HUSL MOJIOUHBIX IPOAYKTOB), SMUHBIN O€JIOK, a TAK)Ke MaprapuH, MalioHe3, pa3JIU4HbIE COYCHI.

3. B cenbckoM xo34icTBE (CpeacTBa 6OPbOBI C BPEAUTEISIMUA U COPHAKAMU).

4. B menuuuHe (JiekapcTBa B Buje aMyJbcuil). [lpu atom, kak npaBuiio, ajs rnpuema Jje-
KapCTB BHYTPb IIPUMEHSIOT dMYJIbCUU 1 poza, Ui HapyKHOIO IPUMEHEHMSI — DMYJILCUH 2 POJa.

IIpuGopsl U peakTUBbI. MUKPOCKOIT; IITATHB sl TPOOUPOK; POOUPKH C TIPOOKaMu — 3
IIT.; Koyi6a Ha 250 M; MmpeAMEeTHOEe CTEKIIO; MPEAMETHOE CTEKIIO, MOKPBITOE MapapuHOM; MEpHbIE
MUTNETKH Ha 2 MJI; CTEKJISIHHBIC MAJIOUKU; alleTOH; MOJCOJIHEYHOE Macio; creapar Harpus (2%);
HaceleHHbl pactBop CaClyz; kpacutenu: cynan |11, MeTunoBelil opaHXKeBbIi; TUCTUIIIMPOBAHHAS
BOJIA.

ITopsinok BeINOJIHEHHS PA0OTHI

Omnpit 1. [TosrydeHne 3MyIbCHA ITyTEM NOHW>KEHHSI pACTBOPUMOCTH.

0.5 MJI pacTUTENBHOTO Macia, HOJKpaleHHoro cyaanoM |ll, pactBopstoT B 5 M1 aneToHa
U NP1 MHTEHCUBHOM NepemeninBanuy BiauBatoT B 100 mut Boasl. PaccmauBaeTcs v nosyuyeHHas
amysbcus? ONpenenuTe THI MOJyYEHHON AMYJIbCUU METOIaMU CMEIIEHUs, CMauUBaHUs THIPO-
(oOHOI MOBEPXHOCTH U OKPAILIMBAHUSI HEIPEPHIBHOM CPEIbI.

OmnbIt 2. [TomydyeHne KOHIEHTPUPOBAHHONW dMYJIBCUU IYyTEM JIUCIIEPTUPOBAHUSL.

B npoOupky Ne 1 BnuBaroT 2 Mi1 BoAbI M 2 MJI Maciia, 3aKpbIBatOT MPOOKON U MHTEHCUBHO
BCTPSAXMBAIOT 2 MUH., ¢ OJHUM nepepbiBoM B 30 c. [TomemaroT npoOupKy B IITAaTUB U HAOIOA-
10T PacCIIOECHUE.

B npoOupky Ne 2 BnuBaroT 2 MJI pacTBOpa cTeapara HaTpus M 2 MJI Macia, MOoAKpaIleH-
Horo cyaaHoM |ll. Tlocine MHTEHCHBHOTO BCTPSIXUBAHUS B TEUEHHE 2 MUH. C OJJHUM MEPEPHIBOM B
30 ¢ mpoOupKy MOMELIA0T B IITATUB U HAOMIONAIOT, pacciaauBaercs U sMysbcusi. OObsCHUTE
HabOmoieHus. Onpenenure TUI MOIYYEHHONW dSMYJIbCUH METOJaMU CMEILIEHUs, CMauUBaHUsI TH/I-
pohoOHOI MOBEPXHOCTH M OKPALIMBAHUS HEMPEPHIBHOM CPEJIbI.

[TpoGupky Ne 2 octaButh 11 3-r0 ONBITA.

OnsIT 3. Pazpymienne u obpaiieHre SMyIbCHH.

K ycroituuBoii smynscun u3 npoOupku Ne 2 (ombiT 2) noGasistor 2 kamm CaCla.
Habmogaercs paccnoenue. B npoOupky ¢ pacciouBlIelicss CMEChiO J100aBISIOT €lie 7 Karelb
CaCl2 1 UHTEHCUBHO BCTPAXUBAIOT B TeueHue 2 MUH. ¢ niepepbiBoM B 30 c. IIpobupky nomera-
IOT B IITaTUB U HAOJIIOAAI0T 00pa3oBaHHE JBYX CIOEB: HM)KHETO — BOJABI M BEPXHETr0 — IMYJIb-
cuu. [lunerkoil 0CTOPOKHO OTOUPAIOT U3 BEPXHETO ciosl 1-2 Karuiy, MoMenialoT Ha IpeIMeTHOe
CTEKJIO U HaOJIr0/1a0T oA MUKpOcKonoM. CrienaiTe BBIBOJI O THIIE MOTYYEHHOH IMYJIIBCHH.

OmnbiT 4. [ToryyeHue 3MyJIbCHHA BTOPOTO poja.

B uncryro npoOupky BiamBaroT 2 mi creapara Hatpust u 15 kanenp CaClz. Ha crenkax
npoOupKu oOpasyeTcst 0caZoK creapaTa Kaublus. JKUIKOCTh U3 MPOOUPKH CIMBAIOT, a K OCAIKY
IPWIMBAIOT 2 MJI IOAKpAIIEHHOro Macia. [lepeMennBaroT CTEKISIHHON Nal0YKOi A0 pacTBope-
HUs B Maciie ocajka. K copepxuMoMy mpoOHpKU NpUiauBaroT 2 M Bojbl. [locie mHTEHCHBHOTO
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BCTPSIXMBAHUA B Te€UEHHE 2 MUH. ¢ iepepsiBoM B 30 ¢ mpoOHpKy MOMENIA0T B IITATUB M HAOJI0-
JIAI0T, pacciIauBaeTCs JIM MOJy4eHHas dMyJibcus. OnpeennTe TUI T0Jy4YeHHON 3MYJIbCHH.

®opma otyera. OTYET AOKEH COJEpKaTh Ha3BaHHe PabOThHI, OMMCAHHUE €€ LEeNH, KpaT-
KHE€ TEOPETUYECKUE TMOJIOKEHHS, MOPSAAOK BBIIOIHEHUS IKCIepuMenTa U HaOmoaenus. Ilo pe-
3yJbTaTaM SKCIIEPUMEHTa HEOOXOIMMO CIENIaTh BHIBOJBI O THIIE U YCTOHYUBOCTH MOTYyYaEMbIX
OIMYJIBCUH, 0 poiu 3MyJbraropa. Ot kakux (akTopoB 3aBUCUT THUII SMyJsibcun? HazoBure, Kaku-
MU crioco0amu ObUTH MOJYYEHBl U Pa3pylIeHbl dMYJIbCUHU. YKAXHUTE POJIb XJIOPHAA KalbLUI B
Ha0JII0/1a€MBbIX NPEBPAILECHUSX.

KonTposbHbIe BONPOCHI

1. Kakue nucnepcHble CHCTEMbI Ha3bIBAIOTCS 3MYJIbCUSAMM, IO KaKUM IpHU3HAKaM OHHU
KJIaCCUPUIUPYIOTCS?

2. HazoBuTe METO/bI ONPEEIICHUS THUIIA SMYJIbCUU.

3. YUro Ha3wiBaeTcs oOpaiieHreM ¢as smynbcuu? Kakue ¢pakTopsl €ro BhI3bIBAIOT?

4. Kakue THUIbI 3MYJIbIaTOPOB U3BECTHBI?

5. Ot xakux (aKTOpoOB 3aBUCUT THI 00pa3yrolIeiics sMynbcun?

6. HazoBuTe MeTob! pa3pylieHUs SMYJIbCUN.

[MTEHBI

Heanb padotsl. [lonyueHne nex AucrnepcUOHHBIMU METOIaMU B IPUCYTCTBUH PA3IUUYHbIX
neHooOpasoBareneii. M3yueHre BIUSHUS pa3NIuyHbIX (PAKTOPOB HA yCTOHYUBOCTH TIEHBI.

Kparkue teopernueckue nojioxeHus. Ilensl —rpyOonucnepcHbie (OT HECKOJIBKUX MM
JI0 HECKOJIBKMX CM) BBICOKOKOHIIEHTPUPOBAHHbIE (KOHIICHTpAIUs JUcTiepcHoi (a3bl 6onee 74%
(00.)) TeTeporeHHbIC CUCTEMBI, B KOTOPBIX AUCIEpCHas ()a3a COCTOUT U3 IMy3bIPHKOB Ta3a, a IUC-
nepcuoHHas cpefa (KHUAKasi Ui TBEp/asi) MeXKAy HUMU 00pa3yeT TOHKHE MIJICHKH.

bnarogaps n30bITKy ra3oBoil (a3bl U B3aMMHOMY CHABJIMBAHUIO, MTy3bIPbKU ra3a UMEIOT
He chepuueckyro GopMmy, a MPEACTaBIAIOT cOOON monudapuyeckue sueiiku. Eciu nena moHo-
JqucrepcHa (Bce My3bIpbKU ra3a HMEIOT OJMHAKOBBIE Pa3MEPBhI), TO KaXKIAbIH My3bIpEK raza UMeeT
(dopMy NpaBUIBHOTO JABEHAALATUTPAHHMKA, J100as CTOPOHA KOTOPOTO MpPEJCTaBisieT coOoit
MPAaBWIbHBIN NATUYTOABHUK (pHC. 1). HacTuis! (Iy3bIpbKH Tra3a) pa3esieHbl TOHKUMH IPOCIION-
KaMH JTUCIIEPCUOHHOM Cpe/ibl, YCTOMUYMBOCTh KOTOPBIX 00YCIIOBIIEHA ABOMHBIM PSAOM OpUEHTH-
poBanHbIX cnoeB [TAB, Mex Ty KOTOpBIMU HAXOUTCS JUCTIEPCHOHHAS cpefa (puc. 2).

A

Crpoenue neH
* Boadyx

PI/IC 2. Cxema CTpoeHHUs

Puc. 1. Ilggopppasnas cu-
cTeMa. Puc. 3. Ilonepeunoe ceuenne

kaHana Ilmaro:

1 — myenKa >KUJIKOCTH;
2 — KaHal.

B 30He conpuKOCHOBEHHUS TpeX IUIEHOK, MPUHAAJIESKAIIUX TPEM COMPUKACAIOIIMMCS ITy-
3bIpbKaM, oOpa3syercs kaHai [lmaro (puc.3) — nmo uMeHu u3BecTHOro Genbruiickoro yuenoro XK.
[Inaro, 3aHMMAaBILIErOCs UCCIIEJOBAHUEM YCTOMUMBOCTHU AUCHIEPCHBIX CUCTEM.

1 mpaBwmio [Tnato: Tak Kak HATSHKEHHUE MJICHOK OAMHAKOBO, CHJIBI HATSDKEHUS UXB OJTHON
IUIOCKOCTH MOTYT YPaBHOBECHTHCS TOJBKO NMPH OJAMHAKOBBIX YIJIaX MEX]Y MJICHKaMM, PaBHBIX
120°.

2 npaswiio [1naTo: B Ka)10il BepIIMHEe MHOTOTpaHHHKA (STYeHKH) cxoaarcs 4 kaHama, 00-
pasys yroi, paBubii 109°28'. MecTo nepecedeHrs KaHAJIOB Ha3bIBAECTCS y3JIOM.

Kananbl nmpoHU3BIBAIOT BCIO CTPYKTYPY MEHBI, IPEACTaBIsIsl cOO0M LENbHYIO CHCTEMY.
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[Tomyyaercss mpOCTpaHCTBEHHAs! KOHCTPYKIMS, B pa3pe3e MOXO0Kas Ha MYEIMHbIE COThl. Takas
NIEHAa XapaKTepPHU3yeTCs] MUHUMAIbHON MOBEPXHOCTHON SHEpPrHeH, a, CIIeOBATEIbHO, HANOOIb-
el yCTOMYMBOCTBIO.

Ecnu nena nmomuaucnepcHa (IMy3bIpbKH ra3a UMEIOT pasHble pa3Mmepsl), (popma mpaBuiib-
HOTO JIBEHAJIIATUIPAaHHHUKA HApYILAETCs U 3TO NPUBOAUT K CHHYKEHHIO YCTOHUNUBOCTH.

Ecnu koHnenTpauus nucnepcHoit ¢aszsl MeHbie 74%, TO My3bIPbKH Ta3a UMEIOT chepu-
YyecKyto (opMy, TOJIIMHA JKUAKUX MPOCIOEK COM3MEpPHMa C Pa3MepaMM Ia30BbIX Iy3bIPHKOB.
Takue cuCTeMbl SBIAIOTCS Ta30BBIMH 3MYJIBCUSAMH (Fa3UpOBaHHAs BOJA, IIaMIAHCKOE U T. II.).
["a30BbIE AMyNIbCUH, B OTJIMYKE OT MEH, SABJIAIOTCA OECCTPYKTYPHBIMH CUCTEMaMHU.

HecmoTpst Ha TO, YTO My3BIPHKU ra3a MOTYT UMETh MaKpOpa3Mepbl, NEHa SBISIETCS MUK-
pPOreTepoOreHHON CUCTEMON. JTO OOBACHAETCA TEM, UTO AMCIIEPCUOHHAs cpela (JKUAKOCTh) XOTA
U SIBJIICTCSI HENPEPHIBHOW, MPEACTAaBIACT COOOM TOHKHE IUICHKH, MMEIOUINE MHUKpPOpa3Mephl
(MJIEHKM 4acTO OOHAPYKUBAIOT MHTEPPEPEHIMIO — PALYKHYIO OKpPacKy, YTO IOKAa3bIBAaeT, YTO
TOJIIIMHA TJICHKU COM3MEpUMa C IJMHON cBeToBOU BOJHBI). [Toatomy I1. A. PeGunnep onpene-
JIUJI TIEHY KaK IJIaCTUHYATO-IUCIIEPTUPOBAHHYIO )KUKOCTh B Ta3e.

VYcraHoBneHo, 4TO 00pa3oBaHUE YCTOWYMBOM MEHBI B YUCTOM >KUIKOCTH HEBO3MOXKHO.
[TeHy MO>XXHO MOJyYUTh TOJBKO B MIPUCYTCTBUU CIIELHMAJIBHOIO BellleCcTBa — cTabuin3aropa (me-
HOOOpa3oBarers).

BaxHyro posib Urpaer KoHLEHTpalus neHooOpas3oBateins. s meHooOpa3oBarenelt —
koutonaHbIX [IAB MakcumainbHas mmeHooOpa3yroias crioCOOHOCTh JOCTUTACTCS B OMPEICIICH-
HOM MHTEpBaje KOHLEHTPALM, P AajJbHEHIIEM pocTe KOHIIEHTPALUH OHAa OCTAeTCsl HOCTOSH-
HOW WJTM JJake CHMXKAeTcs. B ciyuae BBICOKOMOJIEKYISIPHBIX MTEHOOOpa3oBaTelieil ¢ yBeIHUCHH-
€M KOHLEHTpAIMK BO3PACTAET U IEHO00pa3yolasi ClIoCOOHOCTb.

Kpowme toro, g nenooOpa3zoBareneii — 6eakoB BakHO 3HaueHue pH cpenpl. OHU nposiB-
JSIFOT MaKCUMAJIbHYIO IIEHO00Pa3yoIyl0 CIOCOOHOCTh B M303JIEKTPUUECKON TOUKE.

MeTop! moTydeHus TeH:

|. lucriepcuoHHbIE METOJ/IbI — OCHOBAaHbI Ha JIpOOJCHUM ra3a Ha My3bIpbKU IpU HoJaue
€ro B pacTBOpP MEHOOOpazoBaTes, HalpuMep, MPH MPOyBaHUH Ta3za 4epe3 TpyOKy, OMyIEeHHYIO
B JKUJKOCTb. B NpPOMBINUIEHHOCTH OOBIYHO HCIHOJB3YIOT CIEAYIOLIUE METOJbl JAUCHEeprHpoBa-
HUS:

1. IIpoxoxeHue cTpyi ra3a uyepes >KUIKOCTh B a9PALMOHHBIX U 0apOOTaKHBIX YCTaHOB-
Kax, B almapaTax ¢ «IE€HHBIM CII0OeM», B IEHOTCHEPAaTOpax ¢ CETKOW, OpOIIaeMOi pacTBOPOM Iie-
HooOpasoBarens. (bapborupoBanue (ppani. barbotage) — nepemeninBanue — mpomyckaHue ye-
pe3 cIoM KUAKOCTHU My3bIPhKOB ra3a WM 1apa, KOTOpPbIil AUCIIeprupyroT B 0apboTepax — TpyOax
C MEJIKUMH OTBEPCTHUSMH, TapesKax ¢ OTBEPCTUSAMH, KOJIMAYKaMH U T. I1.).

2. JleificTBUEM IBHKYILIUXCSI YCTPOMCTB Ha KUAKOCTb WJIM JIBUXKYIIEHCS >KUJIKOCTH Ha
nperpaay (B TEXHUYECKHMX ammaparax ¢ ObICTPOXOJIHBIMU MeEIaJIKaMy; PpU B30MBaHUH, BCTPS-
XUBAaHWH, IEPEITUBAHUH PACTBOPOB).

3. DskextupoBanue (ppanm. €jection— BeIOpachIBaHWE) BO3IyXa ABIKYLICHCS CTpyei
pacTBopa B IEHOTEHEPATOPAX.

B Hacrosiee BpeMsi B TEXHUKE NIEHbI TOTOBST, B OCHOBHOM, JAMCIIEPCHOHHBIMU METO/1a-
MH.

Il. Konnencannonnsie metonbl. ['a3oBas (asza BHauasie MPUCYTCTBYET B BHJIE€ OTJEIBHBIX
MOJIEKYJ, U3 KOTOPBIX 3aTeM 00pa3yroTcsi my3blpbki. KoHeHcamoHHbIi criocod nenooOpaso-
BaHUS MOXKHO OCYIIIECTBUTH CJIEyIOIIMMH METOJaMHU:

1. VI3meHeHune mapaMeTpoB (PU3MUECKOTO COCTOSHUS CUCTEMBI: TIOHWKAs JIaBJICHHUE Tapa
HaJl PaCTBOPOM HJIM TIOBBIIIAs TEMIIEpaTypy pacTBopa.

B sToMm ciy4ae ra3, pacCTBOPEHHBII B KHIKOCTH, Cpa3y HAUHET BBIIENIATHCS U3 HEe U, ec-
JH JKUIKOCTh COJIEPXKHUT MeHooOpa3oBareib, oopa3yercss neHa. CTOHMKOCTh MEHBI 3aBHCUT OT
CBOWCTB M KOHIIEHTpALlUU IIEHOO0pa3oBaTes.

Hanpumep, TMMOHA MOYTH HE COAEPXKUT BEIIECTB, KOTOPbIE MOTYT UTPaTh POJb MEHO-
oOpa3oBaTtesnei, I03TOMY, KOI/la Mbl HAJIMBAEM €ro U3 OYTBUIKH B CTaKaH, BO3HUKAIOILAS HA IO-



42

BEPXHOCTH JKHUJKOCTHU II€HA [TOYTH MTHOBEHHO Pa3pyIlaeTcs, TOrJa KaK MUBO COJIEPKUT MHOTO
neHooOpa3oBareneid. AHAJIOTUHYHO POJIb NMEHO0Opa3oBaresied MOKHO HAOJIOATh MPH KUIISTYe-
HUU KUJKOCTEH (Hampumep, BOAbI U MOJIOKA).

2. IIpoBeneHre XUMUYECKON peakliM, COMPOBOXKIAIOIIEHCS BblieieHneM ra3a. Hampu-
Mep, B3aUMOJICHCTBUE COJBI C KUCIOTOM, IEPOKCUAA BOJOPOAA C IEPMAaHTaHATOM KaJMs, pa3jo-
JKEHUE KapOoHaTa aMMOHUS. XUMHUYECKasi PEaKivs UCIOIb3yeTCs P MPUTOTOBICHUN TPECHO-
IO TECTa, KOTJla B KAUeCTBE «Pa3phIXIUTENs» n00aBisaioT nutheByto coay NaHCO3 unu xapOo-
Hat amMoHus (NH4)2COs3:

R —

2NaHCO3[H*]Na2COs + H20 + CO2

P ——

(NH4)2CO3[H*]2NH3 + H20 + CO2

OTu peakuuu MPOTEKAOT B KUCIION Cpesie, I0ATOMY B MYKY 100aBIISIOT JINMOHHYIO KHC-
JIOTY WJIM CMEIIMBAIOT C HEW Pa3phIXJIUTENb, TOTOBS TaK HAa3bIBAEMbIN MTEKAPCKUN MOPOLIOK.

3. Ucnonp30BaHue MUKPOOMOIOTMYECKUX MPOLECCOB, KOTOPBIE COIIPOBOXKIAIOTCS BbIJIE-
nenuem ra3oB (uamie Bcero CO). Takum myTem moiy4aroT AposxkxkeBoe TecTo. [lon melictBueM
JPOXKEH UAET CIUPTOBOE OpOXKEHUE: POIKH

CeH1206 ——> 2C0O2 +2C2HsOH.

Brinenstomuiicss yriaekucibiid ra3 00yClIOBIMBAET Pa3pbIXJICHUE TECTa, OHO YBEIUYNBA-
eTcsi B 00beMe B HeCKOJIbKO pa3. [Ipu mpou3BoJCTBEe MUBa YIIIEKUCIBINA ra3 Tak:ke oopaszyeTcs B
pe3ybTaTe MUKPOOHOIOTHIECKOTO MPOILecca.

4. Vcnonp30BaHuE 3IEKTPOXUMUUYECKHUX MponeccoB. IIpu smekTponu3e BoJabl Ha KaToAe
BBIJIETISIETCS] BOJIOPOJI, @ HA aHOJIE — KUCJIOPOA. 3a cueT My3bIphbKOB rasa B npucyrcTBuu 11AB,
BBOJMMOIO B PacTBOP, 00pazyeTcs nmeHa. ITOT METO/I IPUMEHSIETCS MTPH IEKTPOhI0TaIUH.

KonneHncannoHHbIe METO/IbI MIUPOKO MPUMEHSIIOTCS B MUILEBOW MPOMBIIUICHHOCTH, TIPH
MIPOU3BOJICTBE MEHOIJIACTMACC, B OBITOBBIX OTHETYIIUTENSIX, B TEXHOJIOTUU MTPOU3BOJICTBA IIEHO-
OeToHa.

[leHbl XapakTepu3yrOTCsl KPaTHOCTBIO, JUCIIEPCHOCTHIO M YCTOMYUBOCTBIO.

KpaTtHocTh TieHBI 3 ompenensitoT Kak OTHOILIEHHEe oO0beMa TMEeHbl K 00beMy HCXOIHOTO
pacTBopa neHooOpa3oBaTeis:

ﬁ — Vl'leHbI

VnaB

KpatHoCTb 1ieHbI TOKa3bIBAET, CKOJIBKO 00OHEMOB TIEHBI MOXKHO MOJYYHTh U3 OJHOTO 00B-
ema xuakoctu. Ecnu xpatHocTs nensl (< 10), To MeHbl HAa3bIBAIOT KUJIKUMU; €CJIU KPATHOCTh
nens! ( = 10-1000), To neHb! Ha3bIBAIOT CYXUMHU.

HucnepcHocTtb. s onpeenenus: AUCIEPCHOCTH TEHBI UCTIONB3YIOT CJEIYIONINE TTOHS-
THUA:

— CPEIHUM paguyc IMy3bIpbKa;

— MaKCHUMAaJIbHOE PACCTOSIHHE MEX]Iy MPOTHUBOIOJIOKHBIMU CTEHKaMH IMy3bIpbKa (yCIIOB-
HBIN TUameTp);

— yJieTbHas MOBEPXHOCTh pa3jiesia ra3-»KUIKOCTb.

VYceroiunBocTh neH. [IeHbl SBISIOTCS TEPMOJIUHAMUYECKH HEYCTOMYHMBBIMU CUCTEMAMMU.
Hx oOpa3oBaHHe COMPOBOXKIACTCS yBENIWYEHHEM CBOOOMHON sHepruu. M30bITOuHAs SHEprus
BBI3BIBAET CAMOIIPOU3BOJBHBIE MPOIIECCH], KOTOPhIE BEIYyT K YMEHBIICHUIO TUCIIEPCHOCTH U €€
pa3pyuieHno. MUHIUMAaNbHOE 3HAaYeHUEe CBOOOTHON SHEPTUU JOCTUTACTCS NP MOJTHOM pa3felie-
HUU TICHBI Ha JIBE CIUIOIIHBIC (Da3bl: )KUJIKOCTh U Ta3.

@DakTophl, BIUSAIOIINE HA YCTOMUHUBOCTD MEHBI.

1. ®akTopsl, CBSI3aHHBIE ¢ HAJIMYKMEM TIeHOOOpa3oBaTensi. B kauecTBe meHOoOOpa3oBaTe-
7eit 00pIYHO HcTIoNb3yIoTCs: KoItouHbie [TAB (uame annonnsie) 1 BMC (0oco6eHHO monudIeK-
TPOJIUTHI).

2. dakTophl, CBA3aHHBIE CO CBOMCTBAMU JUCIIEPCUOHHON CPEbI.

— BSI3KOCTb, YeM OOJIbIIIE BSI3KOCTh, TEM yCTOIUMBEE MEHA;

— pH cpens (onpeaensercs TUIIOM TEHOOOPa30BaTeNsl);

— HaJM4ue B XUAKOCTH HU3KOMOJIEKYJISIPHBIX DJIEKTPOJIUTOB. B sxecTkoil Boae (T. €. B
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IPUCYTCTBUHM OOJIBLIOIO KOJIMYECTBA COJICH) KPAaTHOCTb M YCTOWYMBOCTb IIE€H HEBBICOKA, a B
MOPCKOM BOJIE OHA COBCEM HU3Kas.

3. ®aKTophl, CBA3aHHBIE C BHEIIHUMU BO3/1€HCTBUAMU:

— HCTIApPEHUE KUJKOCTH U3 TICHBI;

— IOBBIIIEHUE TEMIEpaTypbl — YCHUJIMBAET JeCOpOLUI0 MOJIEKYJ MEeHOOOpa3zoBarels,
YCKOpPSIET UCHapeHUe >KUAKOCTH M3 TUICHKH, MOHIKACT BSI3KOCTh KHUJIKOCTH B IIeHKe. OJHAKO
JUIS. HEKOTOPBIX TeH, ctabuinusupoBaHHbiXx BMC (Tecto, OenkoBas IMeHa), TepMuueckas oopa-
00TKa MPUBOAUT K MEPEXOy KUAKOW THCIIEPCHOHHOM Ccpesbl B TBEpA00Opa3Hylo, oOpasyercs
TBEpJasi yCTOHYMBas IIEHAa;

— MEXaHMYEeCKOe BO3/CHCTBHE — IepeMelInBanme, Berep u T. A. [Ipu aTom mpoucxoaur
MEXaHUUYECKOE Pa3pyllIeHHE CTPYKTYpPhl IIEHbI U YCUIIMBAETCS UCIIAPEHUE KUIAKOCTH U3 IVIEHKH.

Y CTON4YMBOCTS IIEH ONPEACIIAIOT:

1. ITo BpeMeHU CyIlIeCTBOBAaHUS II€HBI, T.€. BPEMEHH, KOTOPOE MPOLLIO C MOMEHTa 00pa-
30BaHU MEHBI JI0 MOMEHTA €€ TOJIHOTO pa3pylueHus. VHora onpenensoT BpeMsi pa3pylieHus
HOJIOBUHBI 00BbEMa NEeHBI 1y,

2. IIpu mponyckaHuM ¢ 33JJaHHON CKOPOCTBIO Yepe3 BCICHUBAEMYIO JKUAKOCTh ITy3bIPh-
KOB BO3/lyXa U YCTaHOBJIEHUU IPU 3TOM PaBHOBECHOTrO cT0J10a neHsbl. IlocTossHHas BbICOTA CTOJI-
0a MeHbl yCTAaHABIMBAETCS B TOT MOMEHT, KOT/Ia CKOPOCTh Pa3pylICHHs MEHbl PaBHA CKOPOCTH
00pa30BaHus MEHBI U MIOATOMY CIIYKUT MEPOH YCTOWYMBOCTH I1E€HBI;

3. I1o BpeMeHHM >KM3HH OTIEIBHOTO Ta30BOTO ITy3bIphKa HA MMOBEPXHOCTH KHUJIKOCTH, Ipa-
HU4alien ¢ Bo3ayxoM. [l 3Toro my3bIpek BO3JyXa BbIJABIMBAIOT B )KUJIKOCTh C IIOMOIIbIO Ka-
NIUTSIpa C 3aTHYTHIM KOHIIOM. [1y3bIpek BCILTBIBAET M, JOCTUTHYB IMIOBEPXHOCTH, 33ICPKHBACTCS
TaM Ha HEKOTOPOE BpeMsl, MPEX/E, YEM JIOTHET. ITO BPEMs JKU3HU ITy3bIpbKa OOBIYHO IPOMOp-
[IMOHAIBHO BPEMEHHU CYIIECTBOBAHUS CTOJI0A TICHBI B LIEJIOM.

B psne ciiyuaeB neHooOpa3oBaHue SIBISIETCS HeXelaTelabHbIM IpoueccoM. s mpeny-
IPEXICHUS TIEHOOOPA30BAHMUS MCIIONB3YIOT XUMHUECKUE CITOCOOBI, T. €. MPUMEHSIOT BEIIECTBa,
HpPENATCTBYIONIME 00pa3oBaHMIO NeHbl. KpoMe Toro, yaansioT U3 TEXHOJIOTMYECKUX PacTBOPOB,
conepxkamux ITAB, craOunuzatopsl neH. [Ipy 3ToM ycTONYMBOCTH HEHBI PE3KO CHUXKAETCA U
OHa CaMONPOM3BOJILHO Pa3pyIIaeTcs.

Paspynienne neH MO>KHO BBI3BAaTh BBEACHHUEM TEHOTacHUTeNel. MeTo bl pa3pyIieHus IeH
JIeNATCS] Ha XUMUYECKHUEe U HEXUMUYECKHE.

1. Xumuueckue MeTo bl pa3pyIeHHs ITeH OCHOBAaHBI Ha BBEJICHUN MIEHOTaCUTEIICH.

Bce nenoracureny MOKHO pas3ieiuTh Ha JBe rpymnmnsl. K mepBoii rpymme oTHOCSTCS Be-
IIECTBA, BCTYMAONIUE B PEAKIUIO C TIEHOO0pa3oBaTeIeM U MEHSIoIIMe ero npupoay. Hampumep,
€CJIM K MeHe, CTa0MIM3UPOBAaHHOM oeaToM Hatpwusi, 106aButh HCI, To mpousoiiner peakiust

C17H33COONa + HCI = C17H33COOH + NacCl

U neHooOpaszoBarens u3 cuiibHOro 3ekTponuTa (C17H3sCOONa) npeBparutcs B cinalblit
(C17H33COOH), uTo 3HAUUTETHHO YMEHBIINUT IEKTPOCTATUYECKUH (PAaKTOp YCTOWYMBOCTHU MEHBI
U TIPUBEJIET K Pa3pyLICHUIO TICHBI.

Ko BTOpOI#i rpynme oTHOCATCS BemecTBa, 00aagaronie BEICOKOW TOBEPXHOCTHOM aKTHB-
HOCTBIO, HO HE CIIOCOOHBIE 00pa30BbIBATh MPOUHBIEC a/ICOPOLIMOHHBIE MIIeHKH. K HUM oTHOCATCS
CpeIHHEe TOMOJIOTH CITUPTOB, HAIPUMEP, OKTHIIOBBIA CITHPT, KETOHBI, MOJMAMH/IBI )KHPHBIX KHC-
JIOT, MPONMJICHIIIMKOIN, CIOXKHBIE 3GUPbl U T. . OHU BBITECHSIOT NMEHOOOpa30BaTeNu U3 MO-
BEPXHOCTHOTO CJIOS, ICTAl0T €r0 MEHEee MPOYHBIM U CITOCOOCTBYIOT pa3phiBy CTEHOK ITY3BIPHKOB
NEeHbI (HapuMep, MpHU T00aBIEHUH alleTOHA K MeHe, CTaOUIM3UPOBAHHOM KETaTUHOM).

2. Hexumudeckue crmocoObl pa3pylIeHUs TIeH JeATCs Ha GU3NIEeCKre M MEXaHUIeCKHe:

a) puznyeckre crnocoObl MEHOTAICHNS: TEPMUUECKUE, SJIEKTPUUECKUE, YIbTPa3BYK;

0) MexaHWYecKHe CIocOoObl MEHOTAllleHUs: MCIOIb30BaHHE AMCIIEPraTopoB, CETKU U
KPBUIbYATKH, CTPYH Mapa WIK BO3/1yXa, BAKYyMHbIE YCTPOUCTBA U T. 1.

[Ipumenenue neH.

1. ObGoramenue pya u MUHEpaoB (MeHHas (IOTaIus).

2. B TekcTUIIbHON TPOMBIIINIEHHOCTH (TIPOIIECC CTUPKU TKAHEH ).
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3. B nuieBoil mpOMBIIIIEHHOCTH (KPEMbI, MYCChl, TOPTbI, KOH(EThI, B3OUTHIE CIUBKH,
KOKTEUJIM, MOpOoXkeHoe U Ap.). [Ipu mpou3BoACTBE CyXOoro KapToQelbHOro mope, kode, OBOII-
HBIX U (DPYKTOBBIX MIOPE, COKOB, MOPOIIKOB JJIsi MPUTOTOBJICHUS IIUITYYNX HANMUTKOB, KOPMO-
BBIX JIPOXOKEH U T. JI. UCMIOJIB3YETCS IEHOCYIIKA — CYIIIKa C MPEBAPUTEIHLHBIM BCTICHUBAHUEM.

4. ITpoTuBOIOXKAPHBIC TICHBI.

5. Teepabie neHbl (IEHOCTEKIIO, TeH00eToH, eHomacT). OHM XapaKTepU3YIOTCsS MaJIoi
00BEMHOI Maccoil, BBICOKUMH 3BYKO- U TEIUIOM30JIUPYIOIIUMHU CBOMCTBaMU. Vcrionb3yroTes amns
TETJION30JISIIIUU XOJIO0IUIIbHUKOB, KUJIBIX JOMOB.

6. JlekapcTBeHHBIEC MpenapaThl.

IIpudops! 1 peakTHBBI. MepHbIE LIUIUHAPEI ¢ IPUTEPTOI IpoOKoit Ha 50-100 mi; mep-
HbIE€ KOJIOBI Ha 50 MJI — 5 1IT.; mumeTka Ha 25 mi1; numerka Ha 10 Mi1; MUIeTKa Ha 5 MII; MUIIETKA
Ha | mu; cexkynaomep; 1% pactBop xkemaruna; 0.02 monw/nm pactBop crteapara Hatpus; 0.01
moJw/11 KCl; konnenrpupoBanusiii pactsop HCI; aneros.

IMopsiiok BbINOJIHEHHS PA0OTHI

OnbIT 1.32BUCHMOCTD YCTOMYHUBOCTH MEHBI OT KOHIEHTPALMU MTEHO00pa30BaTesi — KOJ-
sougHoro ITAB.

B kauectBe menooOpasosarens (komounHoro I[TAB) ucnons3yercs 0.02 moib/min pac-
TBOp cTeapata Hatpus (Ci7HzsCOONa). 13 ucxonHoro pactBopa creapata HaTpUs B MEPHBIX
kosi0ax Ha 50 MJI MyTeM MOCJIe0BAaTENFHOTO pa30aBIeHHsI BABOE TOTOBST 5 pacTBOPOB.

B munmuaap emkocteio 50-100 MiT ¢ MOMOIIBI0 TUTIETKH BHOCAT 10 MJI IPUTOTOBICHHOTO
pacTtBopa (OCTaBIIUICS PACTBOP COXPAHSIOT JAJISl OMBITA 2), 3aKphIBAIOT MpoOKoi. BeTpsaxuBaior
coaepxumoe nunuuapa B Teuenue 20 c. [locne mpekparieHus: BCTpSIXUBaHUS BKIIOYAIOT CEKYH-
JIOMEp, OJTHOBPEMEHHO OTMeYasi 00BbEM COAEPKUMOTO IMIIUHIPa Vi 00beM OCTaBILEHCS KUIKO-
CTH TIOJ1 CTI0eM MEeHbI Ve MakcuMaIbHbIN 00beM NEHBI V /BBIUUCIISETCS 110 YPAaBHEHUIO:

Vir=V —Voem. (12.1)

OTtmeuaroT BpeMs, 3a KOTOpO€ MaKCHMaJlbHbIH 00bEM IMEHbl YMEHbIIUTCS BABOE 1. 3a-
TEM OIBIT MOBTOPSIOT C KaXJbIM M3 MPUTOTOBJIEHHBIX PACTBOPOB. Pe3ynbTaThl 3aMuChIBAIOT B
Ttabmuiry 12.1.

PaccunthIBatoT KpaTHOCTH NIEHBI £ IO YPABHEHUIO:

B =,r(122)

rae Vi— MakcuManbHbIH 00beM ITeHbI; Voxk = Vo — Voem.,, Vo —MCXOIHBIN 00BEM KUIKOCTH
(Vo= 10 mu).

3naueHust BHOCAT B Tabnuiy 12.1. o pe3ynpTaTam ombiTa CTPOST rpaduKu:

1) 3aBUCHMOCTH MaKCUMaJILHOTO 00BhEMa MIEHBI OT KOHIIEHTPAIIUU CTeapara HaTpus;

2) 3aBUCUMOCTH KPaTHOCTH TEHBI OT KOHIIEHTPAINH cTeapara HaTpus;

3) 3aBUCUMOCTH 17 OT KOHILIEHTpALMU cTeapaTa HaTpHsl.

JlenaroT BBIBOJ O BIMSIHUU KOHILIEHTpAlUU KoJuIouHOTO [IAB Ha ycTOHYMBOCTH MEHBI.

OnbIT 2. BriusiHue 371eKTposinTa Ha YCTOWYUBOCTD MEHbI, CTAOUIN3UPOBAHHON KOJIOHI-
HeIM [TAB.

Jlnst mpoBeieHNs JaHHOTO OMbITA UCIOJIB3YIOT PACTBOPHI CT€apaTa HaTPHsl, OCTABIIHUECS
OT MPEBIAYIIETO OTBITA.

B mummeap emkoctsio 50-100 M ¢ mOMOIIBIO MUNIETKM BHOCAT 9 MJI pacTBopa creapara
uHatpus u 1 M1 0.01 mons/npactBopa KCI. Jlasee onbIT MpOBOASAT KakK MPEAbLTYIINH.

PesynbTarel 3anuceiBatoT B Tabnuiy 12.2. Jlanabie Tabmuisl 12.2 cpaBHUBAIOT C JaHHBI-
Mu Tabmuubl 12.1. JlenatoT BBIBOA O BIMSIHUM CHJIBHOTO 3JIEKTPOJMTA HAYCTOWYMBOCTH IMEHBI,
CTaOUTU3MPOBAHHON HOHOTEHHBIM KOJUTOMAHBIM [TAB.

3aBUCHMOCTh YCTOWYHUBOCTH TI€HBI OT KOHIIEHTPAIIUU
cTeapara HaTpus

No Konuenrpanus V, Vocm., Vi, M ty, c Jij
cTeapaTa HaTpus, MJIT MJT
MOJIB/T
1
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2
3
4
5
BiiisiHME CHIIBHOTO 3JIEKTPOJINTA Ha IEHOOOPA3YIONIYIO CITIOCOOHOCTh CTeapaTa HaTpHsl
Konnenrpa- | Kornenpamms V, Voem.,, | Vi, M ty, C Yij
Ne | uus creapa- KClI, MJI MJI
Ta HATPUS, MOJIB/JT
MOJIB/TI
1
2
3
4
5

OnbiT 3. 3aBUCHMMOCTH YCTOMYMBOCTH TEHBI OT KOHIICHTPAIMM IMEHOOOpa3oBaTensi-
noJiuMepa.

B kauecTtBe neHooOpazoBatens ucroib3yercs 1%-Hblil pacTBOp KelaTuHA.

B nunmunap va 50-100 M1 ¢ moMoIIb0 MUHETKA BHOCAT 10 M1 KICXOZHOTO pacTBOpa xe-
JaTUHA. 3aKpBIBAIOT MPOOKOM U BeTpsixuBatoT B TeueHue 20 c. [locie npekpanienus BCTpIxuBa-
HUS BKJIIIOYAIOT CEKYHIIOMEpP, OJHOBPEMEHHO OTMEYasi 00bEeM COJIEPKUMOTO HIIMHApa Vi 00beM
ocTaBIIencs )KUIKOCTH Voen. OTMEUAIOT BpeMs, 32 KOTOPOE 00bEeM IIEHbI YMEHBIIUTCS BABOE — t1;,.

AHAaJIOTUYHO TIPOBOJIAT OMBITHI C PACTBOPAMH APYTOM KOHIICHTPALIMHM TIEHOO0pa3oBaTesl.
Pe3ynbTaThl 3aUCHIBAIOT B TAONIHUILY.

[To pe3ynbraraM SKCIIEPUMEHTA CTPOST TpaPuKu:

1) 3aBUCHMOCTH MaKCUMAaJIbHOTO 00beMa MEeHbl OT KOHLIEHTPALIUY KeJlaTHHA;

2) 3aBUCUMOCTH KPAaTHOCTH TIEHBI OT KOHIIEHTPAINH JKeJIaTHHA;

3) 3aBUCUMOCTH 1/ TIEHBI OT KOHIIEHTPALIMH KEeTaTHHA.

3aBUCHMOCTh YCTOMYMBOCTH TI€HBI OT
KOHIICHTPALIUU JKeJaTuHA

No O6vem |O0Bem au-| Konien- V, Voem, M | Vg, M |ty c Jij
pacTBOpa |CTHILIAPO-| TpaLus MJI
J)KeJlaTHHA | BaHHOHM |J)KelaTHHA,
BOJBI %
1
2
3
4
5

JlenaroT BBIBOJ O BJIMSHUM KOHIEHTPALIMHU NOJIMMEPA HA YCTOMYUBOCTD MEHBI.

Omnpbit 4.I1poBeeHue raieHus e ¢ UCIoIb30BaHUEM ITEHOTaCUTENEH.

B nBa yucThIX MpoHYMepoBaHHBIX HuUIMHApa o0bemoM 50-100 mu BHocat 10 mi0.02
MOJIb/TT PacTBOpPA cTeapara HaTpHs, OJHOBPEMEHHO BCTPSAXHUBAIOT 00a IuinHapa B TeueHue 20 c.
OnpenensroT MakCUMaIbHBIM 00BeM TeHbl V. 3areM B OJWH IWIMHAP J00aBISIOT 3 Karuiu
koHueHtpupoBanHoit HC1, a Bo BTopoil — 3 kamiu aneroHa. OTMeuaroT BpeMsl, MPOIIEIIIee OT
MOMEHTA J00aBJIEHUS MEHOTACUTEIIS 10 TIOJTHOTO Pa3pyIIECHUS TTCHBI.

AHaJOTUYHO MPOBOJIAT TallleHUe TEeHbI, CTA0MIN3UPOBAaHHON 1%-HBIM pacTBOPOM XKela-
TUHA. JlaHHBIE 3aHOCST B TaOIUILY.

Henatot BeiBOA 00 3ppexTuBHOCTH TIeHOTacuTeneil. OOBACHAIOT MEXaHU3M Pa3pyIICHUS
neHbl KoHueHTpupoanHor HC1 n aeronoMm.

[To pesynbTaTam HaOMIOJCHHIA JIENAIOT BHIBOJ O BIUSHUU PA3TUYHBIX (DaKTOPOB (YKa3bl-
BalOT WX) HA YCTOWYNBOCTH TCHBI.

Uccnenoanue BIUSHUSA PUPOIBI IEHOTACUTENS
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Ha YCTOWYUBOCTH MEHBI

No [TenoobpazoBarenn V, Voem., MIT VM Ilenora- t,c
MJT CHUTEIID

1 10 mi 0.02 moins/n
pacTBopa creapara
HATpPHS

2 10 ma 0.02 mounw/n
pacTBopa creapara

HATpUS

3 |10 mx 1 % pacTBOpa
KeJlaTHHA

4 |10 mna 1 % pactBopa
KeJlaTHHA

®opma otuyera. OTUET JOHKEH COJIEPKaTh Ha3BaHHE PabOTHI U ONUCAHUE IIeNIU €€ BBI-
MIOJIHEHHM S, KPATKHIM KOHCIIEKT TEOPETUYECKON YaCTH, KPAaTKOE ONMMCAHUE METOJIUKHU MPOBEACHUS
OTIBITOB, 3aIIOJTHEHHBIE Ta0IUILIbI, TPAQUKU U BHIBOIBI.

KouTtpoJbHbie Bonpochl

1. Kakue cuctembl Ha3zbiBatoTCs ieHaMu? Kakyto CTpyKTypy UMEIOT MEHbI?

2. HazoBuTe MeTOABI MTOTYyUYECHUS TICH.

3. Kaxumu cBorictBaMH 00J1aar0T IIEHEI?

4. SIBnsArOTCS JIM TIEHBI TEPMOJUHAMUYECKH YCTOMYUBBIMHU CHCTEMaMu?

5. Kak noBsicuTh ycToiunBocTh neH? Kakue BeriecTBa UCOIb3YIOT B KaueCTBE MEH000-
pasoBarenei?

6. HazoBuTe MeTObI pa3pyIIeHUs MEH.

7. I'ne npuMEeHsIIOTCS TIeHbI?

JIABOPATOPHAS PABOTA Ne 9 (4 yaca)
OIIPEJIEJIEHUE KPUTUYECKOM KOHLIEHTPALIMN MULIEJJZIOOEPA3OBAHNS
(KKM) KOHAYKTOMETPUYECKUM METO/IOM

Heab padorbl. M3yueHne KOHIYKTOMETPHUYECKOTO METOJA ONPEAECICHUS KPUTHYECKOU
KOHIIeHTpauuu munemuioodbpazoBanus (KKM). Omnpenenenre KpUTH4ECKOM KOHLIEHTPALUK MH-
11eJU1000pa30BaHusl HOHOTEHHOTO KosutouaHoro [TAB.

Kparkue Teopernueckue noso:xxenus. BemiectBa, cnocoOHble CHUKATh TOBEPXHOCTHOE
HaTSHDKEHHE PacTBOPOB, HA3BIBAIOT MOBEPXHOCTHO-akTMBHBIMU BemiectBamu (IIAB). ITo orHo-
LIEHUIO K BOJAHBIM pacTBOpaM MOBEPXHOCTHO-AKTUBHBIMU SIBIISIIOTCS CIIMPTBI, JKUPHBIE KUCIIOTBHI
U UX COJIM, aMUHBI U JPyTHe BEIIeCTBa, UMEOIINE TU(UILHOE CTPOCHUE, T. €. MOJISIPHYIO YacTb
(yHKIIMOHANBHYIO TPYNIy) W HEMOJSPHYI 4acTh (YriieBoJOpoAHBbIH paaukan). Ilomsphas
rpynna siBisiercs ruApoQIIbHON (JIMOPHUIBHO), HEMOASpHAS YacTh — ruAPoPoOHOoM (I1odoo-
HOM).

Monexkynsl ITAB uzobpaxaroT Tak:

O

HEMOoJIIpHAast YacThIIOJSIpHAS TpyIa
(«xBOCT»)(«TOIOBAY).

Oco0b1il uHTEpec npenactaBisaoT Koywiouanbie [IAB. MiMeHHO OHU B mepByro ouepenb
noHuMarorcs nox repmuHoM [TAB.

Komnouausie ITAB — 3710 BemecTBa, KOTOpbIE CHIKAIOT TOBEPXHOCTHOE HATSXKEHHE HA
rpaHule pasnena (a3, a TakKe MPU ONpPENIeICHHBIX KOHIEHTPALUAX CIIOCOOHBI K CaMOIpPOU3-
BOJILHOMY MHULEITIO00pa30BaHuIo, T. €. 00pa30BaHUIO HOBOM (hazbl.

Munennsl komwtongaeix [TAB dopmupyror mucnepchyio dasy, mpu 3ToM o0pasyeTcs
rpaHuIia paszzaena $haz Mexy MUIEIUIAMU U JUCTIEPCUOHHOM CpeIoi.
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Takue pacTBOpBI XapaKTEpU3YIOTCSI CBOMCTBAMM KOJUIOWJIHBIX PAacTBOPOB — AMCIEPCHO-
CTBIO ¥ TETEPOTCHHOCTBIO — M HA3BIBAIOTCS JTHOMUIHLHBIMU KOJUIOUTHBIMH PACTBOPAMH.

[Tpu ManeIx KOoHIEHTpanuusx KojuiouaHbie [TAB oOpa3yoT HCTUHHBINA PacTBOP, MPU STOM
gacTh Mosiekynd [TAB ancopOupyercs Ha rpanuue pasaena ¢a3s. [lpu yBennueHn KOHICHTPAIH
pacTBopa B HEM CaMOIPOU3BOJILHO MPOUCXOIUT 00pa3oBaHue CHEpPUUECKUX MU — MHIIEIUI
lapTiin, py 3TOM pacTBOp CTAHOBUTCS rereporeHHbIM. Munesmia [aptim — 310 accoumnar au-
GUIBHBIX MOJIEKYI, JTHO(GUIBHBIE TPYIIIBI KOTOPHIX OOpalIeHbl K paCTBOPUTEINIO, a JINOGHOOHBIE
TPYIIIBI COSIUHSIIOTCS APYT C Ipyrom, oopaszys sapo (puc. 7.1).

Konuenrpauus ITAB B pactBope, npu koTopoil uctuHHbIM pactBop [IAB mepexoaut B
KOJIJIOWHBIH, HAa3bIBAETCS] KPUTHUECKOM KOHIIEHTpauueil mutennoodpasosanus (KKM).

KKM — Baxseiimas orimmynTeiibHasg ocooeHHocTh Komutonauabix [TAB. Bemnmunaa KKM
nexuT 06braHo B npeaenax 107°-10° mons/m.

Puc. 7.1. Munemnna
I'aptim.

ITpu xonuenrpanuu Boiie KKM B pacTBOpe yBeIMUMBAETCS YUCIIO MULEI U U3MEHSIET-
cs ux popma. Cheprueckue MHULETBI CTPEMSATCS NPUHATH TIACTHHYATYIO, [HIMHIPUYECKYIO,
JIMCKOOOPa3HYI0 U NAIIOYKOO0OPa3HYHO ()OPMEI.

®axkTopsl, BausOmKe Ha Bennunny KKM:

— CTPOEHHME U JJIMHA YIVIEBOAOPOIHOro paaukana [IAB;

— XapakTep nosisspHoit rpynns! [TAB;

— HaJINYKME B paCTBOPE JIEKTPOJIUTOB;

— TemMueparypa.

Mertob! ornpeieieHus] KpUTUYECKON KOHIIEHTPALMU MUIIENI000pa30BaHNsl OCHOBAHBI Ha
perucTpamum pe3koro u3MeHeHus (U3NKO-XUMHUECKUX CBOMCTB pacTBopoB [IAB npu nepexone
OT UCTUHHOTO PacTBOpa K KOJIJIOUJHOMY.

Hns onpenenenus KKM ucnonbs3yroTcs cleyommne METObI:

1) KOHJTyKTOMETPUYECKUI METOJI;

2) MeTOJl, OCHOBaHHBIN HAa U3MEPEHNUHN [TOBEPXHOCTHOTO HATsKEHUs pacTBopoB [TAB;

3) ciekTpo(hOTOMETPUUECKUI METOL;

4) meton ¢hoToHEPEITOMETPUH U JIP.

Konnykromerpuueckoe onpenenenne KKM ocHOBaHO Ha M3MEpEHHH KOHIIEHTPAILMOH-
HOM 3aBUCHUMOCTH 3JIEKTPUYECKOM MPOBOJIMMOCTH PACTBOPOB MOHOTEHHBIX KoJuToMAHbIX [TAB.
ITpu xonuentpanusx pacrsopa ITAB Huxe KKM 3aBucuMocTy yAenbpHOM U MOJSIPHOM AJIEKTpU-
YECKUX MPOBOJUMOCTEN COOTBETCTBYIOT aHAJIOTMYHBIM 3aBUCUMOCTSAM JUIsI paCTBOPOB CPEAHMX
10 CUJIE DJIEKTPOJIUTOB, TAK KAaK IPOUCXOJUT UX AUCCOLMALINSL, HAIPUMED

n RCOONa — n RCOO™ +n Na*

(TUIPOSTM30M COJIM IPEHEOPETAIOT).

OO6pazoBanue chepuueCcKuX MHUIIEIUT

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

IIPUBOJUT K YMEHBUIEHUIO UX NOJBUKHOCTEN 110 CPABHEHUIO C MOJBUKHOCTSIMHU OTIEIIb-
HBIX HOHOB. Kpome Toro, 3HaunTenpHasi 4acTh MPOTHBOMOHOB HAXOJAUTCS B MJIOTHOM CJ0O€ KOJI-
JIOWJTHOM YacCTHIIbl MULIEIUIBI M, 3HAYUT, HE YYaCTBYET B IIEPEHOCE IIEKTPUUECTBA, YTO 3aMEMIIA-
€T pOCT IPOBOJUMOCTH PACTBOPA.

3aBUCUMOCTD yIEIbHOU IEKTPHYECKON MPOBOJAUMOCTH ¥ OT KOHIEHTPALUU KOJUIOUIHO-
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ro ITAB npencraBnena na puc. 7.2. Touka nmepernba, mpu KOTOpOi HaOIIOAETCS 3aMEJICHHE
pocTa yAeIbHON TPOBOAUMOCTH, cOOTBETCTBYeT KKM.

Tak kak MoOJISIpHAsl AJIEKTPUYECKass MPOBOAMMOCTH 3aBUCUT OT IOABUKHOCTEW HOHOB,
Haxoodmuxcsa B pacTBOpPEC, TO IO MEPC 06p2130BaHI/IH MUILCIIT U YBCIIMYCHUA UX PAa3MEPOB MO-
JsIpHAs 3JEKTPUYECKask IPOBOJAUMOCTD PacTBOPA YMEHBIIAETCA. DTO NaJACHUE MPOJIOIIKAETCS 10
TEX IOP, IMMOKAa HC YCTAHOBUTCA MMOCTOAHHAA BCIIMYNHA HOHBH)KHOCTCﬁ HOHOB, T. €. [IOKAa paCTBOP
HE NIepeIeT B MULEIUIIPHOE COCTOSTHUE.

£ A
KKM C
Puc. 7.2. 3aBucumocTb Puc. 7.3. 3aBHCHMOCTH
YAEIbHOW  DJIEKTpHUYe- MOJISIDHOWM ~ DJIEKTpHYE-
CKO MPOBOJUMOCTH OT CKOM NPOBOJUMOCTH OT
KOHIICHTpalluld  KOJJIO- KOHIIEHTpalul  KOJJIO0-
naaoro ITAB. ungoro ITAB.

Touka mepernda Ha KPUBOH 3aBHCHUMOCTH MOJISIPHOW AJIEKTPHYECKOW MPOBOJAUMOCTH OT
KOHIIEHTpaluu pactBopa koyutouanoro [TAB cootercTByet Benmunne KKM (puc. 7.3).

IIpudops! u peakTuBbl. KoHAYKTOMETp; KOHIYKTOMETpHUECKas sueiika ¢ MIaTUHOBBI-
MU 3J€eKTpojamu; crakaH Ha 50 wur; nuneTku Ha 20 Mi; pacTBOP MOHOTE€HHOTO KOJUIOMIHOTO
ITAB (nanpumep, 0.02 mob/n pactBop creapara HaTpust); 0.02 mons/n KCI.

IHopsinok BbImoTHeHHst padoThl. [IpenBapuUTENBEHO ONMPENENAIOT KOHCTAHTY KOHAYKTO-
MeTpHYeCKOi sueiiku, ucroinb3ys pactBop KCI xonnentpamun 0.02 mons/nm u 0.01 mosb/m, no-
Jy4eHHBIH pa30aBleHUEM HCXOJHOTO pacTBopa. B siueiiky HamMBaroT CTOJIBKO pacTBOpa, YTOOBI
AIIEKTPO/IbI ObUIM MOJHOCTHIO MOTPY>KEHbI B HETr0. KOHCTaHTY sSUeHKH BBIYUCISIOT IO popmyIie:

_X
K==, (11)

re y — 3HauCHHs YJEIBbHOW 3JeKTpudueckoil mpoBoammoctu pactBopa KCl, coorBer-
CTBYIOIEH KOHIIEHTpaLMy MpU TeMrepaType skcrepumenTa (cM. Ilpunoxenue), Cm-cM™; L —
sIIeKTpHYecKast mpoBoauMocTh pactBopa KCl cooTBeTcTByIOIIEH KOHIIEHTPAIIMH, M3MEPCHHAS
Ha KOHAyKTOMeTpe, CM.

[Mocne u3mepenuns: npooaumocTu pactBopa KCl siueiiky TIIATEIbHO MPOMBIBAOT [TH-
CTUJUIMPOBAHHOM BOJOM.

20 MJI UCXOTHOTO PAcTBOpPa MOHOTEHHOTO KOJIOMAHOTO [TAB BBIIMBAIOT B KOHAYKTO-
METPUYECKYIO SIUEHKY U U3MEPSAIOT IPOBOAMMOCTh. 3aT€M T'OTOBSAT CIEAYIOLIUN pacTBOp IyTEM
paz0aBiieHUs BABOE MPEIbIAYIIEro pacTBopa. s aToro otouparoT mepHoi numerkout 10 Mt uc-
XO0ZHOro pactBopa kojutoniHoro ITAB u nobasmnsror 10 M auctuimpoBanHoi Bojoi. [Ipuro-
TOBJICHHBII pacTBOp TIIATENHHO MEPEMENINBAIOT U U3MEPSAIOT MPOBOAUMOCTh. Takum ke oOpa-
30M TOTOBST OCTAJIbHBIE PACTBOPHI (BCEro §) M M3MEPSIOT UX DJIEKTPUUYECKUE MPOBOJUMOCTH.
Bce pacTBOpBI TOTOBST HEMOCPEACTBEHHO NEPE] U3MEPEHUEM I TOT0, YTOOBI IPEIOTBPATUTH
npoiiecc ruapoian3a komwiouaHoro [TAB.

VY aenbHy10 3JIEeKTPUYECKYIO TPOBOJUMOCTD BBIUUCIISIIOT 10 (hopMyIie

x=K, L,(72)
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rne Ke— cpenHee apupMeTH4ecKoe 3HAa4eHHE KOHCTAaHT, IOJYYEHHBIX JUIS PacTBOPOB
KC1 konnentpanuii 0.01 u 0.02 mons/i; L — snekTpudeckas mpoBOAUMOCTh KOTouaHbIX [TAB,
U3MepeHHas Ha KoHayKkTomerpe, Cm.

MoJspHYIO 3JEKTPHYECKYIO IIPOBOAMMOCTD BBIUUCISIOT 1O (opMyIIe:

2= 21000 24
C

rne C — koHIeHTpaius pactBopa Koywouanoro [TAB, momb/m.

Pe3ynbrarhl BEIYMCICHUN 3aMCHIBAIOT B TaOmIy 7.1.

3arem CTpoAT rpaduKu 3aBUCUMOCTH YJIEIbHOM M MOJISIPHOW 3JIEKTPHUYECKON MPOBOAU-
moctu oT KoHueHtpamu y = f(Crap) m A = f(Crus). I3 TpadmkoB onpenensror KpUTHIECKYIO
KOHIEHTPAIUIO MULIEIII000pa30BaHus uccieayeMoro kotounaHoro [TAB.

Tabmuna 7.1
Pe3ynbpTaThl KOHIYKTOMETPUYECKUX U3MEPEHUI
Y BBIYUCIICHHUI

Cr14, MOJIB/TT L, Cm 7, Cm-em™? A, Cm-cm?-Moup ™t

®opma oTuyeTa.OTUYET JOIDKEH COJIEPKATh HAa3BaHUE U IIeTb pabOTHI, KPAaTKUE TEOPETH-
YeCKHe IMOJIOKEHUS, ONHUCaHUE XoJa paboThl, TAOIUILy 3KCIIEPUMEHTAIbHBIX JaHHbIX, I'padUKu
Ha MAJUTUMETPOBOM Oymare, BHIBOJ.

KonTposbHbie BONpochl

1. Uto Ha3bIBaeTCsI KPUTHUECKOM KOHIIEHTpalei munemiooopazoanus (KKM)?

2. Ot kakux (hakTopoB 3aBUCUT BenrmurnHa KKM?

3. B yem cocTouT CyIHOCTh KOHAYKTOMETpUYECKOro Meroa onpenenenus KKM?

JIABOPATOPHAS PABOTA Ne 10 (4 gaca)

OIIPEJIEJIEHUE MOJIEKYJISIPHOM MACCHI TIOJIJMMEPA BUCKO3VMETPUYE-
CKUM METOJOM. HCCIEAOBAHHE ITPOLHECCA HABYXAHUA XEJIATMHA B
BOJIHBIX PACTBOPA

Henp padorsl. M3yueHne 3aBUCMMOCTH BA3KOCTH pacTBOpa OT KOHLEHTPALUH IOJIUME-
pa. OnpezneneHue MOJIEKYJISIPHOM Macchl MOJIMMEpA.

Kparkne Teopernyeckue mosio:keHusi. BaXHON KOJIMYECTBEHHON XapaKTEPUCTHKOU
BBICOKOMOJIEKYJISIpHBIX coenuHenuit (BMC) sBnsiercs MosiekyisipHas Macca mojaumepa.

Bce meronbl onpesneneHns MOJIEKYISPHBIX MAacC MOJIMMEPOB MOTYT OBbITh pa3/ieleHbl Ha
YETbIPE FPYIIIBL:

1. Xumuueckue MeTo/ibl (OCHOBAaHBI Ha OINpPEIEIEHUN KOJUYECTBA PEaKIIMOHHBIX TPYI
MaKpOMOJIEKYJI).

2. TepMOJMHAMUYECKHE METO/IbI (OCMOMETPHSL, KPHOCKOMHSL, F0YINOCKOIHS).

3. OnTuueckuit MeTos (METOJ] CBETOPACCESHUS).

4. MoneKkyIsIpHO-KMHETHYECKHE METOIbl (BUCKO3UMETpUs, TU(DDY3HOHHBIH METO, YIlb-
TpaueHTpuyrupoBaHue).

Haubonee mpocThIM, XOTSI U MEHEE TOYHBIM, SBISETCS BUCKO3UMETPUUECKUI METOA, Oc-
HOBaHHBIN Ha U3MEPEHUHU 3aBUCUMOCTH BSI3KOCTH OT KOHIIEHTPAI[H pacTBOpa.

Bs3kocTh pacTBOpOB, colepkKaluX MaKpOMOJIEKYJbI, OOBIYHO BBIIIE BSI3KOCTHU PACTBO-
POB HU3KOMOJIEKYJISIPHBIX BEIIECTB M KOJJIOMJIHBIX PACTBOPOB TeX K€ KOHILIEHTpauuid. Bszkocts
pacTBOPOB BBICOKOMOJIEKYJIIPHBIX BEIIECTB CPAaBHUBAIOT C BA3KOCTHIO pacTBopuTend. g pac-
TBOpoB BMC paznuuaroT OTHOCHUTENbHYIO, YJENbHYIO, MPUBEIECHHYIO U XapaKTEPUCTUUYECKYIO
BA3KOCTb.

OTHOCUTENbHAS BSI3KOCTD (7Jomn.) — ITO OTHOIIECHHE BA3KOCTH PAcTBOpa 77 K BA3KOCTH
pacTBOPUTENS 70:

Howe = L. (8.1)

0
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N3 ypaBuenus [lyaseitns cienyer:

4 4
zr Pt wr
=——=KPt,rne K = .
8lv \Y
JlaBiieHre npsiMO IPOMOPIIMOHAIIFHO IJIOTHOCTH KHUAKOCTH, CIIE0BATEIHHO
n=Kpt.

Tak kak MIOTHOCTH Pa30aBICHHOTO PAcTBOpPA W IUIOTHOCTh PACTBOPHUTENS IMPAKTUUYECKU
OJIMHAKOBEI, TO
n=Kt.
Torna st OTHOCUTENIBHOW BA3KOCTH MOJTYyYarOT

Tow == (82)
0 0
rae t uto — BpeMst ucTeueHHs: pacTBOpa M PaCTBOPUTEIIS.
VenbHast BA3KOCTh (7}y0) — OTHOCHTEIIHOE H3MCHEHHE BSI3KOCTH PAaCTBOPUTEIS IPU
BBCIACHHH B HCTO ITOJIUMCEpA

n=1m, n
Np =—"=—-1=n,,. -1 (8.3)
o o
IIpuBencHHAs BSI3KOCTD (7Jnpus) — STO OTHOIIEHHE YICIbHOM BSA3KOCTH K CAMHUIE KOH-
LEHTPAIMK PacTBOpa

nyd.
nnpue. = C " (84)
XapaxkTepucTHUeCcKas BA3KOCTb [77] — mpeacTasiseT co00i MPUBEACHHYIO BSI3KOCTh MPU
OCCKOHEYHO OOJIBIIIOM Pa30aBIICHUU PACTBOPA

— i o
[”]"JEE‘ o

Jlnis paz0aBIeHHBIX PACTBOPOB MOJMMEPOB XapaKTEPUCTUUYECKAsI BSI3KOCTh MOXKET OBITh
onpeneneHa rpaguueckuM metogoMm (puc.8.1). [To ocu opaMHAT OTKIIAIBIBAIOT 3HAYCHUS TTPUBE-
JEHHOW BSI3KOCTH, OMpPEIETICHHbIE SKCIIEPUMEHTANILHO ISl pa30aBICHHBIX PACTBOPOB MOJIUMEPA
pa3MYHON KOHIIEHTPAIMH, a MO0 OCH abCIUCC — COOTBETCTBYIOIIME KOHIEHTpauuu. OTpe3ok,
OTCEKaeMBbIH MOyYeHHOH PSIMOM Ha OCH OPAMHAT, COOTBETCTBYET XapaKTEPUCTUUECKOM BS3KO-
CTH.

XapakTepucTudeckas BI3KOCTb CBSI3aHa C MOJICKYJISIPHON Maccoii MmoJiMMepa ypaBHEHHEM
Mapka-XayBHHKa

[7]=KM“, (8.5)
rae K u o— KOHCTaHTHI, 3aBUCALINE OT MPHUPOAbI PACTBOPUTEINA U MONMMeEpa (3HaYCHUS

KOHCTAHT JJIsl HEKOTOPBIX TOJUMEPOB MpHUBEICHBI Tabuuie 8. 1.
st pacuera MOJICKYJISIPHOH Macchl ypaBHeHHE (8.4) 3amUCHIBAIOT B JIOTapU(PMHUIECKOM

dopme:
lg[n7]=lg K+alg M.
Orcrona
g m = 9l-lo K
a
WIn

g m = 2K (g6
a
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Myo.
C
Puc. 8.1. I'padux ms
OTIpeNIeIIeHNUs XapaKTe-
[7] PUCTUYECKOH BSI3KOCTH.
¢ Tabmuna 8.1
KoHncrantsl K 1 o B ypaBHeHun Mapka-XayBHUHKA
[Tomumep PactBopurens | Temneparypa, K-10* a
°C
Kpaxmal BOJIa 25 1.32 0.68
MOJIUCTUPOIT OeH301 25 4.17 0.6
TOJTYOJ 25 1.18 0.72
[MOJIMBUHUJIOBBIA BOJIa 25 5.95 0.63
CIUPT
[MOJIMBUHUIIALIETAT aleToH 25 1.88 0.69

B3sB anTunorapudM, pacCUYMTHIBAIOT 3HAYCHUE MOJICKYJIIPHONM MacChl TIOJIUMEDA.
IIpudopsl 1 peakTuBbI. BUcKko3UMeTp; CEKyHAOMEDP; XUMUYECKUIN CTaKaH, MEpHas KOJI-

6a na 100 mut; snexTpudeckas miuTka; 1% pacTtBop kpaxmana; JTUCTUUIMPOBAHHAS BOJIA.

Hopsaok BeimosHeHus padorsl. [lonyyaror 1%-Hb1i pacTBOp Kpaxmana. [ns storo 1 r
KpaxMaya TIIATeIbHO CMEIMUBAIOT ¢ 10 MJI TUCTUIUTMPOBAHHOW BObI, TPHOABISIOT eme 90 mi
JTUCTUITMPOBAHHON BOJBI M MPU MOCTOSHHOM NEpEMEIINBAaHUK JOBOAST 10 KurneHus. [lomyden-
HBI PacTBOP KpaxMalia OXJIaK/JIAI0T 10 KOMHATHON TEMIIEPaTyPhI.

3areM U3 UCXOAHOTO pPacTBOpa pa3z0aBICHHEM TOTOBST PACTBOPHI Pa3IMUHBIX KOHIIEHTpa-
i (Tabi. 8.2).

Omnpenenenue BI3KOCTH MPOBOJAAT € MTOMOIIBIO KalUJUIIPHOTO BUCKO3UMETpa (cM. abopa-
TopHY10 padoty Ne 5, puc. 5.1).

[Tpu onpeneneHNN MOJEKYISIPHOTO Beca MOJIMMepa BUCKO3UMETPHUECKUM METOAOM H3Me-
PSIOT BpeMs HCTCUCHUS PACTBOPUTEISI K PACTBOPOB Yepe3 BUCKO3UMETP, PACCUUTHIBAIOT

Tab6mumna 8.2
HcxonHple faHHbIe, pe3yabTaThl U3MEPEHUN U PACYETOB

Ne | O6wem uc- | O6wvem | Konmenrpa- Bpewms, cex tep., Nomn. Myvo. | Myo./C

XOJTHOTO | BOJBI, | IIUSI PAcCTBO- CeK

pacTBopa MII pa, % 1 2 3

MOJIUMEPA,

MUIT

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

Tom., Tyo. A Nupus. VI PACTBOPOB PA3NUYHON KoHIEHTpauuu. CTposT rpaduk 3aBUCUMOCTH

Tnpus. OT KOHLIEHTpalu. OnpenenstoT no rpaduky [77] u, ucnons3ysa ypaBHenue (8.6), paccuu-
TBIBAIOT MOJIEKYJISIPHYIO Maccy BBICOKOMOJIEKYJIIPHOTO BellecTBa (3HaueHHs K M « HaxXOJsiT B
tabnuie 8.1).

HcxonHple faHHBIC U PE3YIbTATHI BHOCAT B TaOIHITY 8.2.

®opma otyera. OTUET TOKEH CO/EPKaTh Ha3BaHHUE U 1IeNb paboThl, KPaTKUE TEOPETH-
YecKHe IOJIOXKEHUS, ONMCAaHHE XOJa paboThl, TaOJIUIly SKCHEPUMEHTAIbHBIX JaHHBIX, I'paduk
Mnpuse.= T(C), pacuer MoseKyIIpHON MacChl MTOJIUMEPA, BHIBO/L.
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KonTposbHbIe BONpOChI

1. Kakue coearHeHNs Ha3bIBalOTCS BHICOKOMOJIEKYJIIPHBIMU ?

2. B yem 3akitouaercs METOJ BUCKO3UMETPHUU?

3. YTo Takoe OTHOCUTEIIbHAS, YEJIbHAs, IPUBEICHHAS U XapaKTEpUCTUYECKas BA3KOCTH?

4. Kakoe ypaBHEHHE CBS3bIBAECT XapaKTEPUCTUUECKYIO BA3KOCTh U MOJIEKYJISPHYIO Maccy
MOJIMMEPOB?

NCCIEAOBAHMUE IMTPOLUECCA HABYXAHU A XKEJIATUHA B BOJIHbIX PAC-
TBOPAX

Heab padorsl. M3yuenue Bnusinus pH pacTBOpoB U NMpUPOABI PACTBOPEHHBIX BEILECTB
Ha Ha0yXaHHUe jKelaTuHa.

Kparkue Teopernueckue moJioKeHHsl. BOJIBIIMHCTBO KOJUIOMIHBIX pacTBopoB BMC
(arap-arap, »KeJlaTUH), a TaK’K€ HEKOTOpbIE KOJJIOWIHBIE PAcTBOPHI (30U TMIPOKCHIA XKelle-
3a(lll), kpeMHHEBOI KHUCIIOTHI) CIIOCOOHBI MPU OINPEACIICHHBIX YCIOBUAX LETUKOM MEPEXOIUTh B
ocoboe TBepHoe cocTosHHE 0e3 BUOMMOro paszeneHus Ha (asel. [lpu sToM 00pasyrorcs remu
(ctynun).

I'enu (cTyaHuM) — qUCHEpCHBIE CUCTEMBI C JKUJKON JAMCIIEPCUOHHOM Cpelol, B KOTOPBIX
YacTHUILIbI AUCTIEPCHON (Da3bl 00pa3yIOT MPOCTPAHCTBEHHYIO CTPYKTYpHYIO ceTKy. [IpencraBnstor
coboii TBepao0oOpa3HbIe («CTYACHUCTHIEY) Tela, CIIOCOOHBIE COXPaHATH (opMmy, oOnazaromme
YOPYTOCTBIO (3MACTUYHOCTHIO) U MIACTUYHOCTHIO.

I'enn oOpasyroTcst u3 TMOPOOHBIX KOJUIOMIHBIX pacTBOpPOB. CTyIHHU MOMYYarOT U3 pac-
TBOpoB BMC minu B pe3ysbTare orpannueHHoro Hadyxanust BMC.

CriocoObI morydeH st CTyTHe MOTYT OBITh pa3eieHbl Ha 2 TPYIIIbL:

1. )KenatuHupoBaHue pacTBOPOB.

2. HaOyxaHue CyXuX BEIIECTB B KUAKHX CPEIax.

KenarunupoBaHue (3acTyieHEBaHKE) — 3TO MPOLIECC MEPEX0/Ia 30JIs1 WIM PACTBOpPa MOJIUME-
pa B cTyaeHb. JKenaTuHupoBaHue BISIETCS CBOEOOpa3HON Koarysiuel, pu KOTOpoil aucnepcu-
OHHasl Cpe/ia BINAIaeT B 0CaJI0K OJTHOBPEMEHHO C AUCTIEPCHOMN (a30ii.

KenaruHupoBaHye NMPOUCXOAUT MPU CUIBHOM CBSI3bIBAHUM YacTHUIL 307151 C TUCIIEPCHOHHON
cpenoil. OTaenbHbIe yUIMHEHHbIE MULIEIUIBI, CTAJIKUBAsICh MEXTy COOOH, COEUHSIOTCS TH0(O0-
HBIMU yuyacTkamu. B pesynbrare oOpa3yercs pbixjas ceTka (Kapkac), KOTopas OXBaThIBAE€T BECh
00beM pacTBOpa, YTO NPUBOJUT K yTpaTe MOABMKHOCTU cHCTeMbI (puc. 9.1). CBs3u Mexay va-
CTHIIAaMH JUCTIEPCHOM (ha3bl MOTYT Takke 00pa30oBBIBATHCS 33 CUET B3aAUMOAECHCTBHSI MOJIIPHBIX
Y MOHOTE€HHBIX TPy MAaKpPOMOJIEKYI.

CoenvHeHre 4acTUIl TUCHEPCHOM (a3bl B CETKY MOXKET ObITh HENPOYHBIM, IIOITOMY IpH
BCTPSIXUBAHUU TPOMCXOAUT Pa3pylICHUE CTPYKTYPBI CTyAHS U IOIYy4aeTcs pacTBOpP, KOTOPBIN
IIPU CTOSTHUM MOXKET OMSTh 3aCThITh. JTO SBJIEHUE HAa3bIBAECTCS TUKCOTPOIHEH.

HaOyxaHue — mporecc 0AHOCTOPOHHETO IMOTJIOMIEHUS WK afCcOpOIMM HU3KOMOJIEKYJISp-
HBIX JKUIKOCTEH (MJIM MX MapoB) MOJMMEPOM, COMPOBOXKIAIOIIMNCSA YBEITUUYEHUEM €r0 Macchl,
00beMa U U3MEHEHUEM CTPYKTYPBHI.

PaznuuaroT HeorpaHMYEHHOE U OTpaHUYEHHOE HaOyXaHUeE.

HeorpannuenHoe — HabyXxaHue MOJIMMeEpa, CaMONPOU3BOJIBHO MEpexosiiee B pacTBOpe-
Hue (paBHOMepHOE pacmpeeneHue moiekysl BMC o Bcemy 00beMy pacTBOPHUTENIA).

ZNIZN

@ 1 — mnohoOHbBIE yUaCTKH;

@@ (ED@ 2 — coJbBaTHAs 000JI0YKA.

Puc. 9.1. Cxema cTpyKTypHI
CTYIHS:

S
N
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PacTtBopenne— camMoOnpou3BOIBHBIN MPOIECC 00pa30BaHUs TEPMOJIWHAMHYECKH YCTONYH-
BOI 1 TOMOTeHHOH (0HO(A3HON) CHCTEMBI.

OrpannueHHoe— HabyxaHHe, HE COMpPOBOXKatoleecs pacTtBopeHreM. Habmonaercs npu
HEBBICOKOM TEPMOJIMHAMHYECKOM CpPOJCTBE MOJIMMEPA U PACTBOPUTEIIS, a TAKXKE XapaKTEPHO
JUISL TIOJIMMEPOB, MAaKPOMOJIEKYJIBI KOTOPBIX COCAMHEHBI MPOYHBIMH MONEPEYHBIMU CBA3SIMU B
MIPOCTPAHCTBEHHYIO CETKY.

KonnuectBenHoit Mepoii HaOyxaHus SBISIETCS CTENEHb HAOyXaHUs ¢, KOTOpas XapakTe-
pH3yeT YBEIMUCHHE MacChl WM 00beMa MojimMepa B pe3yibTaTe ero HabyxaHus.

MaccoBoe Ha0yxaHue:

m-—m,

a=——-100%,
mO
o0BeMHOE HaOyXaHHe:
V-V,
a=—2-100%,

0
rae Mo,Vo — HavanbHas Macca 1 00beM monumepa; M, V — macca u 00beM HaOyXIIero mo-
aumepa.
AHanu3 u3MeHEeHMs CTeleHU HaOyXaHWs B PA3JIMYHBIX YCIOBHUSAX IO3BOJSET CYIUTh O
CTPYKTYpE MOJIMMEpPA U €r0 CBOMCTBAX.

@DaKTOpbI, BAUAIOIINE HAa CTETIEHb HA0OYyXaHUSL:

1. Ilpupona monmMepa U pacTBOPHUTENS — MOJISIPHBIC TOJIMMEPHl Ha0YXalOT B IMOJISIPHBIX
KUAKOCTAX (O€OK B BOJIE), HEMOJSPHBIE — B HEMOJSPHBIX (KaydyK B O€H30I1€).

2. ’KecTKOCTh MOJIMMEPHBIX LETEH. Y KECTKUX MOJIMMEPOB CO CIIUTONW CTPYKTYpOH cre-
neHb HaOyxaHus Mana. Hampumep, 500HUT (CHIIBHO BYJIKAHW3MPOBAaHHAsl PE3MHA) NMPAKTHUECKU
He HaOyxaeT B OeH3oze (o= (), Torga Kak Kayuyyku (cuiMrTas CTpyKTypa) B OeH3ose HaOyXaroT
HEOTpaHUYEHHO.

3. IIpucyrctBue 31eKTpoauToB. [0 ciocoOHOCTH BAMATH Ha mpoliecc HaOyXaHHUs aHUOHbI
(Ipu OJTHOM U TOM € KaTHOHE) MOTYT OBITh PacIOIO’KEHbI B IMOTPOIIHBIN P

S042>CeHs07% (turpat) >CsH406% (TapTpaT) >
>CH3COO™> CI> (H20) > NOs> Br> I> SCN".

[Tpu sTom nons! JieBee H20 yBenmuuBaroT creneHb HaOyXaHus, a IpaBee — 3aMe/ISIOT) HITH
npekpamiaT HaOyxanue (Hanpumep, SCNY). HP_Y_/

4. pH cpenpl. MunumansHoe HaOyxaHHME CTYJHH OOHApY’>KHMBAaIOT B HM303JIEKTPUUECKOMN
Touke (Hampumep, A xenatuHa npu pH = 4.7). M303nexTpudeckas Touka — 3HaueHue pH, mpu
KOTOPOM YacTHUIbI HAXOJIATCS B HEUTPATbHOM COCTOSHHUH. B H303JIEKTPHUECKOM COCTOSIHUU
MaKpOMOJIEKYJIbl HE 3apsKEHbI, CTENEHb TMApATaluy MOJSPHBIX TPYNI MMHHMMAallbHA U THOKas
MaKpoOMOJIeKyJia cBopaunBaeTcsi B kiyOok. [Ipu nosbimennu pH wim nonmxenun pH creneHs
HaOyxaHus yBenuuuBaercs (puc. 9.2).

5. Temnepatypa. [lpu yBenuueHun temmepaTypbl HaOyXaHHE U3 OTPAHHMUEHHOTO MOXKET
NEePeXoUTh B HEOTpaHUUEHHOE (HAaIpUMep, JKeJIaTHH B XOJIOJHOW BOJIE OTpaHUYEHHO HalOyXaer,
B ropsiuell — MPOUCXOIUT HEOTpaHUYEHHOE HabyXaHue).

a 4

Puc. 9.2. 3aBucumocTsn
CTeTIeHH Ha0yXaHUs OT

' BennuuHbl pH.

'
1 B
NoT pH
OmnsIT 1. 3aBHCHMOCTB cTenleHH Ha0yXaHUs
skesiaTuHa ot pH pacrBopa
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IIpudopsl u peakTuBbl. lllecTs MepHBIX TUIMHIPOB HA 10 M, KapaHaam AJisl CTEKJIA;
nuneTkd Ha 10 mur; u3MenpueHHbId cyxout xematuH; 0.1 moms/n CH3COOH; 0.1 monb/n
CH3COONa; nuctuiimpoBaHHas BOJIA.

Ilopsinok BbINoJIHeHUs padoThl. B cyxue MepHbIe MMIMHAPHI HACHIIAIOT 10 1 M mo-
pOIIIKa jKeJaTHHA, HyMEPYIOT UX U BIMBAIOT KOMIIOHEHTHI alleTaTHoil OydepHoil cMecu B cOOT-
BeTcTBUU ¢ Tabmuueit 9.1. ComepkuMoe HWIMHIPOB MEPEMELINBAIOT BCTPSXUBAHUEM M OCTaB-
JSI0T, U3pelika nepemennnBas. Yepes 1 yac uamepstor 00beM HaOyXIIero xeaaTHHa.

Brraucnsior crenens Habyxanus no ¢gopmyie (9.2) u cTposT rpaduk 3aBUCUMOCTH CTe-
nexu HaOyxanus ot pH pactBopos. Pe3ynbpTaTsl paboThl 3aIUCHIBAIOT B Tabmuily 9.1.

Bnusinue pH Ha HaOyxaHue jxenaTuHa

Ne Cocras OydepHoit pH OObeM xenaTuHa CrerneHb

cMecH Halyxa-
CH3COOH CH3COONa 10 HaOyxaHus | mociie HaOyxa-|  HHs,
HUS a

1 9 1

2 7 3

3 5 &)

4 3 7

5 1 9

6 10 MJ1 TUCTUIITTMPOBAHHOM BOJIbI

Biusinue npupoibl pacTBOpUTENIsl HA CTENIEHb HAOyXaHus

N3mepsiembie DNEKTPOIUTHI

BEJIMYNHBI K2SO4 CH3COOK KCI H>O Kl KSCN

O0BeM xela-
THHA 10 Haly-
XaHUS

O06mbem xena-
THHA TTOCIIe
HaOyXaHus

Crenenb
HaOyxaHus1, %

OnbIT 2. Bausinue 3J1eKTPOJIMTOB HA CTeNleHb
HA0yXaHHUs KeJTATHHA

IIpudops! u peaktussl. lllects MepHbIX HMIMHAPOB Ha 10 MJ; KapaHIam sl CTEKIIA;
nuneTkyd Ha 10 mur; u3MenbueHHbIH cyxoi xkenatuH; 1 monb/n pactBopsl: K2SO4; CH3COOK;
KCI, KI, KSCN; nuctuiinpoBaHHas Boja.

IHopsiaok BbINOJHeHUs PadoThl. B cyxue MepHble HUIMHAPHI HACKINAOT 1Mo 1 Ml mo-
pOIIIKa >KeJaTHHA U HyMEPYIOT ux. B mepByro nmpobupky g00aBistoT 10 M TUCTUITMPOBAHHON
BOJIbl, B OCTaJIbHbIE — 11O 10 MJI pacTBOPOB 3JIEKTPOIUTOB. COAEPKUMOE LIHJIUHIPOB THIATEIBHO
NEepEeMENINBAIOT U OCTaBJISIOT, U3peKa nepemeninpas. Uepes 1 yac usmepstor oobeM HalyXxIie-
r'0 JKeJTaTHHA U PACCUUTHIBAIOT CTeTeHb HaOyxaHus 1o ¢popmyie (9.2). [lonydyeHHble JaHHBIE 3a-
HOCST B Tabymiry 9.2.

®opma otuera. OTUYET JODKEH COJIEPKaTh HA3BaHME, LEIbh PadOThI, KPATKHE TEOPETHU-
YECKHUE TOJIOKEHHMSI, TIOPSI0K BBIMOJIHEHUS SKCIEPUMEHTa, pacueThl CTeNeHu HaOyxaHus, rpa-
¢uk a = f(pH),BBIBOMBI 110 pe3ynbTaTaM pabOTHI.

KoHnTpoJsbHBIE BOPOCHI

1. Jaiite onpenenenue rensm (cryausam). Kakue crocoObl nmomydenust reieit (ctyaHei)
W3BECTHBI?

2. Uto Ha3wIBaeTCs HAOyXaHHWEM, U OT Kakux (haKTOPOB OHO 3aBUCHUT?

3. Kakoe BnusiHue okasbiBaeT pH cpenbl Ha mporiecc HabyxaHus?

4. Kakum 00pa3oM JIEKTPOIUTHI BIUSIOT Ha CTETICHh HAOyxaHus?
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6 IMJAKTUYECKHUE MATEPHAJIBI VIS KOHTPOJISAA (CAMOKOHTPOJIA)

YCBOEHHOI'O MATEPHAJIA

6.1 OneHoYHbBIE CPEACTBA, NOKA3ATEIN U KPUTEPHUHU OLIEHNBAHUA KOMIIETEeH Uil

Hnaexc
KOMIIe-
TEeHIMH

Onenounoe
CpeacTBO

ITokazarenn
OLICHUBAaHUSA

Kpurepun oueHuBanus
chpopMHPOBAHHOCTH KOMIIETEHIM I

[1K-2

Ortuer no nabo-
paTopHoii pabo-
TE

Huskuit — Heyno-
BJIETBOPUTEIIHLHO

CTaBUTCS, €CIIM JIOMYIICHBI CYIIECTBCHHBIC
OIIMOKH (B XOJI€ DKCIIEPUMEHTA, B 00BSIC-
HEHHUH, B 0OpMIICHUU PaOOTHI, 11O TeX-
HUKe 0e30macHoCcTH, B paboTe ¢ Belle-
CTBaMH U NMPUOOpPaMu), KOTOPHIC HE HC-
MPABIIAIOTCS TAXKE M0 YKAa3aHUIO MPETO-
JIaBaTelIsl.

[ToporoBslii — ya0-
BJIETBOPUTEIILHO

CTaBHUTCS, €CIU JOMYIICHbI OJHA-JIBE CY-
[IECTBEHHbIE OMMOKU (B XOAE SKCIIEPH-
MEHTa, B O0BSICHEHUH, B 0POPMIICHUH pa-
00TBI, IO TEXHUKE 0€30MacCHOCTH, B pado-
TE C BEIIECTBAMHU U MPUOOpPaMu), KOTOPbIE
MCIPABIISIOTCS C MMOMOUIBIO MPEToJaBaTe-
Jsl.

bazoBeii —
10

X0po-

a) pa0oTa BBINOJIHEHA IPABUIILHO, O€3 Cy-
IIECTBEHHBIX OIIMOOK, C/ICJIaHbI BHIBOJIBI,

0) JOIyCTUMBI: HETIOJIHOTA TTPOBECHUSI UITH
oopmIleHHsT IKCIIEPUMEHTA, OJHA-JIBE HE-
CYIIECTBEHHBIE OIIMOKH B MPOBEICHUH WU
OoQOpMIICHUH SKCHEPUMEHTa, B TpaBUIIaX
paloThI ¢ BEelIeCTBAMU U IPUOOpaMu

Bricokunn —
JIMYHO

oT-

a) paboTa BBINOJIHEHA [TOJIHO, PaBUIIBHO,
0e3 CyIIeCTBEHHBIX OIMOOK, C/IEIaHbI BbI-
BOJIBI;

0) SKCIIEPUMEHT OCYIIECTBIICH IO IJIaHY C
YUETOM TEXHHUKU O€30MacHOCTH U IPaBUII
paboThl C BellecTBaMU M Hpudopamu;
B) HUMEIOTCSI OpraHM3allMOHHBIE HaBBIKU
(mmo[yIepKUBAETCSl YMCTOTA pabouero Mecra
U TIOPAZIOK Ha CTOJIE, SKOHOMHO HCIIOJb3Y-
IOTCSl pEaKTHBBI).

[1K-2

Komnoksuym

Huskuii —
HEYJOBJIETBOPH-
TENbHO

- He3HaHHE MTPOTPAMMHOTO MaTepHaa;
- [IpAU OTBETC BO3ZHUKAIOT OIHI/I6KI/I,

- 3aTpyJIHEHUS! TPU BBHIMOJTHEHUU TPAKTH-
YeCKHX paboT.

IToporossrii —
YIOBJIETBOPUTEIb-
HO

- YCBOEHHE OCHOBHOT'O MaTepHaa;
- HpI/I OTBECTEC )IOHYCKaIOTCSI HECTOYHOCTH,
- IPU OTBETE HEIOCTATOYHO MPaBUILHBIC
(bOopMyIINPOBKH;

- HapyIIeHHE MOCIeI0BATEILHOCTH B U3-
JIO’KEHHUH MPOTPAMMHOT0 MaTepHraa;

- 3aTpy/IHEHUS B BHITIOJTHEHUH MTPAKTUYE-
CKUX 3aJaHuil.

bazoBriii —
10

XOpo-

- 3HaHUE MPOrPAMMHOT0 MaTEpUaa;
- TPaMOTHOE U3JI0KEHHUE, 03 CYIIeCTBEH-
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HBIX HETOYHOCTEHN B OTBETE Ha BOIPOC;

- IPaBUJILHOE MPUMEHEHUE TEOPETUUECKUX
3HAHUM;

- BJaJcHUE HEOOXOJUMBIMH HaBbIKAMH
IIPY BBINOJHEHUH M NPAKTHUYECKUX 3a/1a4.

Bricoxkuit — ot-
JINYHO

- TITy0OKOE ¥ MPOYHOE YCBOCHHUE TPO-
IrpaMMHOTO MaTepHaa;

- IOJTHBIE , TIOCTICIOBATEIIBHBIC , TPAMOT-
HBIC U JIOTUYCCKH HU3JIaracMbIC OTBCTHI IIPU
BUJION3MEHCHUY 3a/1aHUS;

- cBOOOTHO CIIPABIISIOIINECS C ITOCTABJICH-
HBIMU 33/1a4aMH, 3HAHHS MaTepUaa;

- IPaBWJIBHO 00OCHOBAHHBIC IPUHSTHIC
pelIeHuS,

- BIIQJICHHE PAa3HOCTOPOHHUMU HABBIKAMH
Y TIPUEMaMU BBITTOJIHEHHS TPAKTHYECKUX
pabor.

KoHntposbnas Husknii — Heyno- JIOITYCTHJI YUCIIO OMIMOOK U Heaove-
pabota BJICTBOPUTEIILHO TOB IIPEBOCXOALIEE HOPMY, IIPU KOTOPOU
MOYKET OBITh BHICTABJICHA OIICHKA «3»
IToporosslii — €CJIN CTYJEHT NPAaBUJIbHO BBIIOJIHWII HE
YJIOBJIETBOPUTEIb- | MEHEE MOJIOBHHBI paOOTHI HITH JIOITYCTHI:
HO He Oosiee ABYX TpyObIX OLIMOOK; UK HE
Oosee oHOM rpy0oil U 0/1HOM HErpyOOi
OLIMOKH U OJJTHOTO HEJJ0UeTa; WK He Oojee
JIBYX-TPEX HErpyObIX OIINOOK; UIH OJHON
HerpyOoi olMOKY M TpexX HEJJOUETOB; HIIN
IIPU OTCYTCTBUU OLIMOOK, HO MIPH HAJTUYUU
YETBIPEX-TISITH HEJOUETOB.
ba3oBbIli — XOpO- | CTYAEHT BBINOJHUI pabOTy MOJHOCTHIO,
o HO JIOTYCTHUJI B HEl: He OoJiee OJTHOM He-
rpy0O0if OIITMOKK M OJTHOTO HEJ0UeTa UITN
He Oosiee IBYX HEOYETOB
Bbicoknit — ot- | paboTa BbInoJHEHa 0e3 OMNO0K, YKa3aHbl
JUYHO BCE pacueTHbIe (POPMYJIbI, €AUHULIBI U3ME-
peHusi, 6e3 omnOOoK BBIIOJIHEHBI MaTeMa-
TUYECKUE PACYEThI
[TK-2 Tect Hwuzkuit — no 60 3a BEPHO BBINIOJHEHHOE 3a/IaHUE TECTUPY-
OanoB (HEyZOBJe- | eMBbI MMOJyyaeT MaKCHUMallbHOE KOJInYe-
TBOPUTEIIHHO) CTBO 0aJUIOB, MPETYCMOTPEHHOE ISl 3TOTO
[Toporoserit — 61- | 3a1aHus, 32 HEBEPHO BBINOJIHEHHOE — HOJb
75 6amnos OamnoB. [locne mpoxoxaeHus Tecrta cyM-
(ynosneTBopu- MUPYIOTCS PE3YJIbTaThl BBIMOJIHEHUS BCEX
TEJIbHO) 3aJaHuN.
bazoBrrii — 76-84 ITogcunTeiBaeTCd MPOLEHT MPABUIIBHO
0aI0B (XOpOIIIo) BBITNIOJHEHHBIX 3aJaHUN TECTA, MOCIIE YEro
Bricokuit — 85-100 | 5TOT HPOLEHT NEPEBOAUTCS B OLICHKY, PY-
0aIoB KOBOJICTBYSICh YKa3aHHBIMH KpPUTEPUSMU
(oTIM4HO) OLICHUBAHMS.
Pedepar Huzkuit — Heyno- TeMa pedepaTa He pacKpbITa, OOHApPYKH-
BJICTBOPUTEIIEHO BAETCs CyHIECTBEHHOE HENIOHUMAHHUE IIPO-

OJIEMBI.
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IToporossrii —
YZIOBJIETBOPUTEb-
HO

UMEIOTCS CYIIIECTBEHHBIC OTCTYTICHUS OT
TpeboBaHuil Kk pedepupoBanuio. B gact-
HOCTH: T€Ma OCBEILEHA JIUIIh YaCTUYHO;
JIOTYIIEeHbI (PaKTHYECKUE OMTUOKH B CO-
JepkaHuu pedepara UK Mpu OTBETE Ha
JIOTIOJTHUTEIbHBIC BOIPOCHI; BO BpEeMs 3a-
IIUTHI OTCYTCTBYET BBIBOJ.

ba3oBblii — x0po1110

OCHOBHBIE TpeOoBaHus K pedepaTy U ero
3aIUTE BBIIIOJIHEHBI, HO IIPU 3TOM JI0ILY-
1IeHbl He104€Thl. B yacTHOCTH, NUMEIOTCS
HETOYHOCTHU B U3JIOKEHUU MaTepuaia; oT-
CYTCTBYET JIOTUYECKasl MOCye10BaTelb-
HOCTh B CY)KJICHHSX; HE BBIJIEPkKaH 00BEM
pedepara; uUMEIOTCs yIyIeHus B 0hopM-
JICHUH; Ha JIOTIOJIHUTEIbHBIE BOIPOCHI IIPU
3alUTe JIAHBI HEMOJIHBIE OTBETHI.

Bricokuii — oTinu-
HO

BEITIOJTHEHBI BCE TPEOOBAHMS K HAIMUCAHUIO
u 3amute pedepara: o003HaUeHa mpoodIe-
Ma 1 000CHOBaHA €€ aKTyaJIbHOCTh, CIIEJIaH
KpaTKHi aHAIIU3 PA3JIUYHBIX TOUYCK 3PEHHUSI
Ha paccMaTpUBaEMYIO TPoOIEMy U JIOTUY-
HO W3JI0KEHA COOCTBEHHAS MTO3UIHS,
c(hOpMYJIMPOBAHBI BBIBOJIBI, TEMA PACKPHI-
Ta MOJIHOCTBIO, BBIJIEPKAH 00BEM, COOITIO-
JICHBI TPEOOBaHMS K BHENIHEMY odopmIie-
HUIO, JTaHbI PABUJILHBIE OTBETHI HA JI0-
MTOJTHUTEJTBHBIE BOTIPOCHI.

VyebOusle 3ama- | Huskuii —
qn HEY/IOBJICTBOPH-
TEJIBLHO

JIOITYCTUJI YUCIIO OMIMOOK M HeJove-
TOB MPEBOCXOJIAIIEE HOPMY, NPU KOTOPOM
MOYKET OBITh BBICTABJIEHA OLIEHKA «3»

IToporossrii —
YAOBJIETBOPUTEIb-
HO

CTYACHT TPABWJIBHO BBITIOJHHUI HE
MEHee MOJIOBUHBI pabOThl WU JOIMYCTHII:
He Oosiee ABYX rpyObIX OMIMOOK; WJIM HE
Oosiee onHOW TpyOOH M onHONW HerpyOoit
OMMOKH ¥ OJTHOTO HEeIOUeTa; WK He Ooiee
JIBYX-TpeX HErpyObIX OIIMOOK; WM OJHOMN
Herpy0oil omuOKN U TPeX HEIOUYETOB; UITH
IPU OTCYTCTBUU OLIMOOK, HO MIPH HAJTMUUU
YeThIpeX-TISITH HEJOYETOB.

ba3oBblii — xopo1o

CTYZICHT BBIIIOJIHUII PabOTy MOJHOCTHIO, HO
JIOTYCTHJI B HeMl: He Oosee OHON Herpy-
00i1 omMOKM M OJHOTO HEJoYeTa MU He
0oJiee IBYX HEJOUYETOB

Bricokmuit —
OTJINYHO

paboTa BbIIOTHEHa 0€3 OIMMOOK, yKa3aHBI
BCE pacyeTHbIC POPMYJIbI, SAMHHIIBI H3Me-
peHusi, 6e3 omMOOK BHIMOJHEHBI MaTeMa-
THYECKUE PACIYCTHI

6.2 Ilpome:xxyTouHas aTTECTALMS CTYI€HTOB 0 TUCUUIIJIMHE

[IpomexyTounass arrecranus sBISETCS NPOBEPKON BCEX 3HAHUM, HABBIKOB U YMEHUU

CTYACHTOB, IPUOOPETEHHBIX B MpOIEcCe U3YUCHUS TUCIUILTUHBI. POPMOI MPOMEXYTOUHOH aT-
TECTALMH 110 IUCLHUIUIMHE SBIISAETCS 3a4eT.
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Jlyig ouleHuBaHus pe3yJIbTaTOB OCBOCHUS TUCIUILIMHBI IPUMEHSETCS CeIyIoNIe KPUTe-

pHUH OLICHUBAHUSI.
Kpurtepuu oneHuBaHus yCTHOTO OTBETA HA 3a4eTe
OneHka «3a4TeH0» BBICTABIISCTCS CTYICHTY, €CIIH:

1) BOMPOCHI PACKPBITHI, H3JI0KECHBI JIOTUYHO, 0€3 CYIIECTBEHHBIX OIIHOOK;

2) MOKa3aHO YMEHHUE WILTFOCTPUPOBATh TCOPETHUYCCKUE MOJIOKECHUSI KOHKPETHBIMU TIPH-
MepaMu;

3) MPOJAEMOHCTPUPOBAHO YCBOCHUE PAHEE U3YUCHHBIX BOIPOCOB, C(HOPMUPOBAHHOCTD
KOMIIETEHIINH, yCTONYMBOCTh UCTIOJIB3YEMBIX YMEHUIN 1 HABBIKOB.

JlonmycKkaroTcsi He3HAUUTeIbHbIE OIIMOKH.

O1eHKa «He 32a4TeH0» BBICTABIISCTCS, ECIIHU:

1) He packpbITO OCHOBHOE COJICpKaHUE YIeOHOI0 MaTepHala,

2) oOHapy>KeHO HE3HAHKE WM HEITOHMMaHHe OOJIbIICH Wik HanOOoIee BAYKHON YaCTH
y4eOHOro Marepuarna;

3) momymieHbI OMKMOKU B OTPEICICHUHN TIOHITHI, KOTOPBIE HE MCIPABJICHBI TOCIIC He-
CKOJIbKHX HaBOJSAIINX BOIIPOCOB;

4) He chOopMUPOBAHBI KOMITETCHIHH, YMCHHUS M HABBIKH.

Bomnpocs! k 3a4ety

. [Ipu3naku 00BEKTOB KOJIJIOUTHOW XUMHUH.
. Kimaccugukarus nucnepcHbIX CHCTEM.
. Ctpoenue munemisl. Mutemisipasie GopMyJIbl.
. JlucnepcuoHHbIe METO/IBI MTOTyYEHHSI TUCTIEPCHBIX CHCTEM.
. KongeHncannonubie METOIbI MOTyYEHUS JUCTIEPCHBIX CHCTEM.
. BpoyHoBckoe aBrkenue u A y3ust KOJUIOUIHBIX YacTHII.
. PaccesiHue cBeta B TUCHIEPCHBIX CHCTEMAX.
. DNEeKTPOKMHETUIECKHE CBOMNCTBA JUCIIEPCHBIX CHCTEM.
9. BS3KOCTh KOJUIOMJTHBIX CUCTEM. VI3MepeHne BA3KOCTH.
10. Buap! ycTOHYMBOCTH IUCIIEPCHBIX CUCTEM.
11. Koarynsauus aqucnepcHbix cucteM. OnpeeneHne mopora KoaryJisiiim.
12. B3auMHast KoaryJisius 3051¢ei.

01N DN KW

6.3 OueHo4HbIe cpeCcTBA /sl IPOBEPKH YPOBHA ChOPMHUPOBAHHOCTH KOMIIETEHIMI:

IIK-2
TecThl cofepkaT cIeAyIONIne TUITH 3aJaHHH
Ne 3a1a- Bec 3apa- | Pesyabrart onennBanus (0as/ibl, MoJy4eH-
Tun 3aganusa st HUA Hbl€ 32 BBINOJIHEHHE 32/1aHusl / XapaKTepu-
(6amn) CTHKA NMPABUWIBHOCTH 0TBETA)
3a/IaHUs 3aKPBITOTO 1,23 1 Gamn 1 6 - monHOE TpaBMIIbHOE COOTBETCTBHE; O O -
THUTIA C BEIOOPOM OJI- OCTaJIbHBIC CITyJYaH
HOTO MpaBuIbHOTO (1
u3 4)
3a/IaHUS1 3aKPBITOTO 4,5,6,7 |2 Oama 2 0 — MOJIHOE MPaBUIBHOE COOTBETCTBHE (TI0-
THUIIA C BEIOOPOM He- CJIEJIOBATEIILHOCTh BAapPHAHTOB OTBETa MOMKET
CKOJIBKUX TTPaBUIIbHBIX ObITh MI000#); 1 6 — ecnm gomyleHa OJaHA
oTBeTOB (3 U3 6) omuOKa / OTBET MPABWIBHBINA, HO HE TIOJHBIH;
0 6 — ocTranpHBIC CITyYan
3aJITaHUs 3aKPBITOTO 8,9 2 daiuta 2 0 — MOJHOEe MPaBWILHOE COOTBEeTCTBHE; 1 O
TUTIA HA YCTAaHOBIICHUE — €CIIi JIOTyIIEeHa OJIHA OIMOKa / OTBET Ipa-
cooTBeTCTBUS (4 Ha 4) BWJIBbHBIA, HO HE MOJHBIN; 0 6 — ocTanbHBIC
ciyJau

3aJIaHlE 3aKPBITOTO 10, 11 2 Oamia 2 0 — moJIHOE TIpaBUJILHOE COOTBETCTBHE; 1 O
TUITIA HA YCTAaHOBJICHUE — €CIIi JIONYIIIEeHA OJIHA OImMUOKa / OTBET Ipa-
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MIOCJICIOBATEILHOCTH BWJIbHEIH, HO HE MOJHEIN; 0 O — ocTalbHBIC
cIyJau

3aJ1aHusl OTKPBITOTO 12,13 3 Gaina 3 60 — monHOE mpaBWibHOE cooTBeTcTBUE; () O

THIIA C KPATKKM OTBE- — OCTaJIbHBIC CITyYaHu.

TOM

3aJIaHusI OTKPBITOTO 14, 15 5 6amioB | 5 0 — MOJIHOE MPABMIIBHOE COOTBETCTBHUE; €CITU

THUIIA C Pa3BEPHYTHIM JIOMyIIIEHa OJHa OIIMOKa/HETOYHOCTH / OTBET

OTBETOM NpaBUJILHBIN, HO HE TOJHBIN - 3 Oaia; eciu
JIOTYIIEHO OoJiee OJTHOW OIMOKHU / OTBET He-
IPABHJIBHBIN / OTBET OTCYTCTBYET — () OaJIJIOB

(I)opanyeMaﬂ I/IH)II/IKaTOPLI C(l)OpMHp()BaHHOCTI/I KOMIICTCHIUHA
KOMIICTCHIUA

IIK-2. Cnocoben ocyniecTBiATh neja- | ¢ [IK-2.2 IIpuMeHsieT OCHOBBI T€OpUH (YHIAMEHTAIb-
TOTHYECKYI0 JEATCIBHOCTh 10 TIPO- | HBIX M IPUKJIAJHBIX Pa3lesioB XUMHUH (HEOPraHUYECKOM,
(GuibHBIM TpeaMeTaM (IMCUMILUIMHAM, | QHATUTHYCCKON, OPraHUYecKOW, (HM3UYCCKON, XUMHUH
MOJyJIIM) B PaMKaX IIPOrpaMm OCHOB- | BMC, XMMHYECKMX OCHOB OHOJIOTMYECKHX IPOLECCOB,
HOTo OOILIEro M CPeJHEro OOIIEro 00- | XMMHYECKOM TEXHOJIOTHH) s PEIEHUS TEOPETHYECKHUX
pasoBaHusi, HHIMKATOPAMH JOCTHXKE- | U MPAKTHYECKUX 3a/1ad.

HUsL KOTOPOU SIBJISIFOTCS:

3ananue 1. Kakas u3 nepeyucjeHHbIX CHCTEM OTHOCHTCS K JIHO(OOHBIM 30,19M?
1. PacTtBOp caxapo3sbl B BOJIE

2. PacTBOp kenmaTuHA B TEILJIONW BOJIEC

3. 3ok ruapokcuaa xenesa(lll) B Boge

4. PacTBOp MOJIMBHHUIIOBOTO CITUPTA

OTtBer: 3

3aganue 2. Kakoii MeTo NMOJTy4eHHs 30J1eil OCHOBAH HA 3aMEHe PACTBOPUTEIS, B KOTOPOM
BeleCTBO XOPOIIO PACTBOPUMO, Ha APYTIO¥, I/le ero pacTBOPUMOCTb Pe3Ko najaer?

1. MeToJ 37€KTpUYECKOr0 pacrbUICHHS

2. Metop nentu3amnuu

3. Meron oKHCIEHUS

4. Metoj 3aMeHBI PaCTBOPUTEIS

Ortger: 4

3aganue 3. Cornacno npasuay llyasue-I'apan, koaryaupyromas cnoco0HOCTb HOHA-
KOAryJIsSIHTA 3aBHCUT B IIEPBYI0 o4epelb OT:

1. Ero nmonsipHoCcTH

2. Ero pa3mepa

3. Ero BaneHTHOCTH

4. Ero nonsipusyeMocT{

Otgert: 3

3ananue 4. Kakue u3 nepe4yucjaeHHbIX METOA0B OTHOCATCS K KOHAEHCAIIHOHHBIM MeTOaM
NOJIy4eHHs 30J1ei?

Boccranosnenne

Jnanuz

3ameHa pacTBOPUTENS

IlenTu3amus

I'maponuz

Mexanuyeckoe AucneprupoBaHue

ok wdE
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OtBer: 1, 3,5

3ananue 5. Kakue u3 nepedncieHHbIX GakTOPOB CIOCOOCTBYIOT AarperaTuBHOM yCTOMYH-
BOCTH JIM0G0OHBIX 30.1€i?

Hanuuue Ha yacTunax ABOMHOTO 3JEKTPUUYECKOTO CIOS

Bricokas temnieparypa

Hanuuue ancopO1imoHHO-CONBBATHOTO Oapbepa

Brlicokas KOHIIEHTpaLus 3JIEKTPOIUTa

BbpoyHOBCKO€E IBH>XKEHHE

. Komnonmanas 3ammura
OTBeT. 1,3,6

I e

3ananue 6. Kakue U3 nepevnciaeHHbIX CHCTEM SIBJISIIOTCS CBA3HOAUCIEPCHBIMM ?
I'emu

3omun

ITacTer

Anpo3zonu

ITopomku

. Cycnensun

OTBeT° 1,35

ook wdE

3ananue 7. Kakue U3 nepeyncaieHHbIX BEJIHYUH UCIOJIb3YIOTCS /1JIs1 ONMCAHUS Peosioruye-
CKHX CBOMCTB JIUCIHEPCHBIX CHCTEM?

BsskocTh

DJIEKTPOKMHETUYECKUH TTOTEHIIHAI

IIpenen Tekyuectn

VYV nenpHas NOBEPXHOCTh

IInmacTmyHOCTH

. IHopor koarynsuuu

OTBeT° 1,35

oukrwdE

3aganue 8. YcTraHOBHUTE COOTBETCTBUE MEXKY TUIIOM JIUCIIEPCHON CUCTEMBI U €€ OTMCAHUEM:
Omynbcus : JlucnepcHas cucTema ¢ )KUIKOW qucnepcHon (azoil v xKUIKOH AUCIIepCHOHHOM
cpenoit

Anspo3ons : [lucniepcHas cuctemMa ¢ TBepAoi AucnepcHoi ¢a3oi u raz000pa3Hoi AUCTIEPCHOH-
HOH cpenoit

I[Tena : [lucnepcHast cuctema ¢ ra3000pa3zHoii qucrepcHoi (hazoil u xKUIKOH AUCTIEPCHOHHOM
cpenoit

Cycnen3sus : JlucnepcHast cucTeMa ¢ TBEpJI0i JucTiepcHOM (pa3oit v KHUIKOH TUCTIepCUOHHOMN
cpenoit

3ananue 9. YcTaHOBHUTE COOTBETCTBHE MEKIY METOI0M HUCCIEA0BAHNS U CBOMCTBOM JIUC-
NEePCHOI CHCTEMBbI, KOTOPOE OH XapaKTepu3yeT:

VasTpamukpockonus : Habmoienue OpoyHOBCKOTO IBUKEHUS

Onextpodopes : OnpeneneHue EeKTPOKUHETUYECKOTr0 OTEHIIHaNa

Bucko3znmerpus : Onpenenenre MonekyiasipHo maccsl BMC

Hedenomerpus : Onpenenenue pasmepa v (opMbl HaCTHIL [0 PACCESHUIO CBETA

3ananme 10. BocctanoBuTe mociie10BaTeIbHOCTh CTAAUI npouecca Ha0yxanuss BMC:
1 : ConpBaTanus MOBEPXHOCTHBIX TPYIIN MOJIUMEPA

2 : [IpoHUKHOBEHHE MOJIEKYJI PACTBOPUTEIIS B IOJIUMED

3 : Pa3aBuiKeHHE MaKpOMOJIEKYJT



61

4 : O6pa3oBaHuE TOMOT€HHOTO pacTBOpa (B Cllydae HEOTPAaHUICHHOTO HAOyXaHMS)

3aganue 11. BoccranoBuTe nocie10BaTeIbHOCTh ONEPaLUid IPU OUUCTKE 307151 METOI0M JHAITH-
3a:

1 : ITpuroroByieHue 305

2 : IloMernieHue 30515 B JUATU3aTOP (MEIIOK M3 MOIYHIPOHULIAEMONH MEMOpPaHBI)

3 : IlorpyxeHue nuanu3aropa B COCy1 C IUCTUUIMPOBAHHON BOJOM

4 : PerynspHas cMEHa BOJbI AJIs y1aJ€HHs] HU3KOMOJIEKYJIIPHBIX IpUMeceil

3ananmue 12. [Ipouecc caMONpoOu3BOJIbHOIO M CIIEPTUPOBAHUS, IPUBOASAIINI K 00pa3oBa-
HHUIO KOJJIOUTHOTO PacTBOPA, Ha3bIBaeTCsl .
OTBeT: nenTu3ammuei

3ananmue 13. Ynpyro-ssi3kue cBOMCTBA reJieii, NposB/IAIOLIHeCS B CIIOCOOHOCTH Pa3:Ku-
7KaThCS NPH MEXaHNYEeCKOM BO3eHCTBHH M 3aCTYyIHEBATh B II0KOE, HA3bIBAIOTCH .
OtBer: TUKCOTpONIMEN

3ananue 14. OnummnTe MeXaHU3M MOIOIIEr0 1eiiCTBUSI CHHTETHYECKHUX MOIOIIMX CPEJICTB
(CMC) ¢ TOYKHM 3peHUs KOJJIOUIHOH XUMUM.

OTtBet: MexanusMm moromero aeicteuss CMC BKIIIOYAaET HECKOIBKO CTaIMIA:

1. Cmauusanue: Monexynsl [IAB cHUXkar0T MOBEPXHOCTHOE HATSKEHUE BOJIBI, CIIOCOOCTBYSI €€
MIPOHUKHOBEHHUIO B MOPHI 3arPSA3HEHUS U OTPBIBY €r0 OT MOBEPXHOCTH.

2. Omynveuposarue u nenmuzayus: [IAB criocoOCTBYIOT TuCHIEPTrUPOBAHUIO KUPOBBIX U TBEP-
JIBIX 3arpsi3HEHUI B BOJIE C 00pa30BaHUEM IMYJIbCHI U CTAOUITN3UPOBAHHBIX 30JICH.

3. Comoounuzayus: HepacTBopuMbIe B BOJIE 3arpsi3HEHUsI (HaIpuMep, JKUPbI) PaCTBOPSIFOTCS B
munemiax [TAB.

4. Cmaburusayus: Ancopoupyschk Ha yactuiax 3arpssHenus, [IAB co3narot anekTpocraTude-
CKHI W/WJIHM CTEPUIECKUN Oapbep, MPENSTCTBYIOMINNA UX TTOBTOPHOMY OCaXKJIEHUIO HAa TKaHb.

3ananue 15. KakoBbl 0CHOBHbIE IPHYHHBI YCTOHYMBOCTH MEH H IMYJIbCHIA?

1. Hanuuue aocopdoyuonnvix cnoes cmadbunuzamopa Ha OBEPXHOCTHU pazjiena a3, KoTopble
CHIDKAIOT TIOBEPXHOCTHOE HATSHKEHUE M CO3/Ial0T CTPYKTYPHO-MEXaHUYECKHI Oapbep, MpersT-
CTBYIOLIMH KOAJIECHEHIINH (CIUSHUIO My3bIPbKOB WM Karmelb).

2. Hanuuue 080UH020 31eKMPUYECKO20 C/1051, BBI3BIBAIOLIETO HIEKTPOCTATUIECKOE OTTAIKHBA-
HUE MEX]y KallJIsIMHU WIH Iy3bIPbKaMU.

3. Veenuuenue ssazkocmu oucnepcuonnotl cpedsl, 3aMEIISIIONIEE MPOLECCHl PACCIOCHUS.

7 IEPEYEHb TH®OPMAILMOHHBIX TEXHOJIOTUH, UCHIOJIB3YEMBIX
B ITPOLHECCE OBYYEHUSA

NudpopmanuoHHbIe TEXHOJOTHU — 00yUeHHE B 3JIEKTPOHHOM 00pa3oBaTeinbHO cpenie ¢
LENbI0 pacIIMPEeHHs] JOoCcTyna K 0O0pa3oBaTENbHBIM pecypcaM, yBEJIWYEHHs] KOHTAKTHOTO B3au-
MOJICHCTBUS ¢ TpenojaBaTeseM, NOCTPOSCHUST HHIUBUAYAIbHBIX TPACKTOPUNA MOJITOTOBKH, 00B-
€KTHUBHOTO KOHTPOJISI U MOHUTOPUHIA 3HAHUW CTY/IECHTOB.

B ob6pazoBarenbHOM mpoliecce Mo JUCHMIIMHE UCIOIb3YIOTCA Clelyromue HHPopMalu-
OHHbIE  TEXHOJIOTUH, SBJISIOLIMECS  KOMIIOHEHTaMH  DJEKTPOHHOW  HMH(OpMalMOHHO-
oOpa3oBatensHOMU cpeasl BITIY:

e Odunmanpusii caiit BI'TIY;

e Cucrema snextporHoro ooyuenuss ®I'bOY BO «bI'TIV»;

e (Cucrema TeCTHpPOBaHMsI Ha OCHOBE €QUHOro mnopraia «MHTepHeT-TeCTUpOBaHUS B
cdepe 00pazoBaHUS WWW.i-exam.ruy;

o Cucrema «AHTUILIArHaT.BY3»;

e DJIEKTPOHHBIE OMOINOTEUHbIE CUCTEMBI;



http://www.i-exam.ru/
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e MynbTUMEAUINHOE COIIPOBOKACHUE JICKIUN U TPAKTUYECKUX 3aHATHH.

8 OCOBEHHOCTHU U3YYEHUA JUCHUIIVIMHBI UHBAJIMJAMMU U JIMINAMU
C O'PAHUYEHHBIMH BO3MOKHOCTAMMU 310POBbSA

HpI/I O6y‘-I€HI/II/I JiiL ¢ OTrpaHUYCHHBIMHA BO3MOYKHOCTSAMU 3J0POBbA NPHUMCHANOTCA ajall-
TUBHBIC 00Pa30BaTEIIbHBIC TEXHOJIOTUU B COOTBETCTBHHU C YCIOBHSIMH, U3JIOKCHHBIMH B pa3jiese
«Oco0eHHOCTH peanu3anuu 00pa3zoBaTeIbHON IPOrpaMMBbI JJIsi UHBAIUIOB H JIUL C OrpaHHYECH-
HBIMH BO3MOKHOCTSIMU 3JI0OPOBBS» OCHOBHOW 00pa30BaTENbHOIN MpPOTrpaMMbl (HMCIOJIb30BAaHHUE
CIIeuaJIbHbIX y‘-Ie6HBIX HOCOGI/Iﬁ U IUAAKTUYCCKHUX MATCpHUATIOB, CIICHHUAJIBHBIX TCXHHYCCKUX
CpeACTB OOYYCHHUsI KOJUIEKTUBHOTO M MHIUBHIYAJIHHOTO IOJIb30BAHMUS, MPEIOCTABICHUE YCIYT
accucTeHTa (IMOMOIIHHMKA), OKA3bIBAIOIIETO OOYYAOMIMMCS HEOOXOAMMYI0 TEXHUYECKYIO TIO-
MOIIb H T. I1.) ¢ YYETOM UHIAMBHLYAJTHHBIX 0COOCHHOCTEH 00yUYaIOIIMXCSl.

9 CIIUCOK JIMTEPATYPbBI U UTHO®OPMALIMOHHBIX PECYPCOB

9.1 Jlutepartypa

1. Ulyxun, E. JI. KomongHas xumus : yaeOHuK s ctyd. By3oB / E. JI. Ulykun, A. B.
ITepmoB, E. A. Amenuna ; MI'Y um. M. B. JlomoHocoBa. - 4-e¢ u3a., ucnp. - M. : Beichl. 1ik.,
2006. - 443, [1] c. : um. (10 3K3.)

2. HoBuxkoga, E. B. Komnoungnas xumus: yue6Hoe nocobue / E. B. HoBukosa, H. A. Po-
muoHoBa. — brnarosemenck: M3n-so BI'TTY, 2008. — 90 c. (29 3k3.)

3. HoBukoga, E. B. TlpakTuky™m 10 KOJUIOMJIHON XUMHUH : y4eb. TocoOme I CTyIl. BY-
30B / E. B. HoBukoBa ; M-Bo oOpa3oBanus u Hayku Poc. @enepanuu, denepaibHOe areHTCTBO
no oOpazoBanuto, BI'TIY. - bnarosemenck : M3n-Bo BI'TIY, 2007. - 115 c. (20 3x3.)

4. TIpakTUKyM IO KOJIJIOUTHOW XUMHUH: yuel. mocobue i cTya. (bakanaBpoB, Ipernoaa-
BaTeJiell) TEXHUYECKHUX crell. By3oB / moxa pen. ['enbdmana M.U. — CII6. ; M. ; Kpacnonap :
Jlans, 2005. — 256 c. : un. (20 7k3.)

5. banesun, C.A. OcHoBbl pusnueckoit u kommongHo xumuu / C.A. banesun. — M. :
[Tpocsemienne, 1975. — 398 c. (13 7k3.)

6. banesun, C.A. Ilpaktukym o ¢usmueckorr u kowtongHor xumun / C.A. Bane3un. —
M. : [Ipoceemenue, 1980. — 272 c. (21 3x3.)

7. ®punpuxcoepr, J.A. Kypc xomnoungnoit xumuu. — CII6. : «Jlanby, 2010. — 416 c. (5
9K3.)

8. MsruenkoB, B.A. [IoBepXHOCTHBIC SIBJICHUS M JUCIIEPCHBIC CHCTEMBI : y4e0. mocooue
JUIs CTy[. By30B / B.A. MsrueHkos. - 2-e u3a., nepepad. — M. : KonocC, 2010. — 184, [3] c. : un.
(5 9x3.)

9. llpakTUKyM W 33Ja4HUK TO KOJUIOMAHOW XUMHH. [IOBEpXHOCTHBIE SBICHUS U MIHC-
MepCHBIE CUCTEMBI : yuel. mocodue ansa crya. By3oB / B.B. Hazaposa [u nap.] ; mox pen. B.H.
Hazaposa, A.C. I'poxackoro. — M. : Akagemknura, 2007. — 372 c. : uin. (5 7k3.)

9.2 ba3bl JaHHBIX U HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBI

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

2. Karamor oOpa3oBateabHBIX HHTEPHET-pecypcoB http://www.edu.ru

3. IomynsipHas 6uGIMOTEKa XUMUYECKUX JIEMEHTOB
https://web.archive.org/web/20161021151915/http://n-t.ru/ri/ps/

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

9.3 DJ1IeKTPOHHO-0MOINOTEYHbIE pecypChl
1. Polpred.com O630p CMU/CnpaBounuk http://polpred.com/news.
2. DBC «IOpaiit» https://urait.ru/.

10 MATEPUAJIBHO-TEXHUYECKAS BA3A

HJ'ISI IMPOBEACHUA 3aHSATUN JICKOMOHHOT'O 1 CCMUHAPCKOI'0 TUIIA, I'PYIIIIOBEIX U HHAWBUIY-
aJbHBIX KOHCYJbTALMW, TEKYILEro KOHTPOJS U IMPOMEXKYTOYHOM AaTTECTALMM HUCIOJIB3YHOTCS
ayIUTOPUH, OCHANIEHHBIE y4eOHOH MeOeNblo, ayJUTOPHOW JOCKOM, KOMITbIOTEpOM(pamu) ¢
YCTaHOBJICHHBIM JIMICH3UOHHBIM CIICHUAJIM3UPOBAHHBIM ITPOTPpaMMHBIM 06CCHC‘-ICHI/ICM, KOMMY-


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
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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TATOPOM JIJIsl BBIXO/1a B 3JIEKTPOHHO-OMOINOTEUHYIO CUCTEMY U AJIEKTPOHHYIO HHPOPMAIIOHHO-
oOpa3zoBatenbHyto cpeny BITIY, MynbTuMenuilHBIMU MPOEKTOpaMH, 3KCIO3UIIMOHHBIMU 3Kpa-
HaMH, y49eOHO-HATJISIHBIMU TIOCOOUSAMHU (TaOJIUIIBI, MYJbTUMEIUIHBIC TTpe3eHTanuun). s mpo-
BE/ICHUS MPAKTUUYECKUX 3aHATUH TaKXKe UCIOIb3yeTCs:

Ayn. 445 «A». JlabopaTopusi pu3n4ecKoil XUMHH

Cron maboparopHsrii 2-mecT. (10 mT.)

Cryn (20 mwr.)

Cron npenogasarens (1 mrT.)

Cryn npenogaBarens (1 mr.)

[Trorutp (1 wT.)

AynuropHas nocka (1 wmr.)

KommnproTep ¢ yCTaHOBICHHBIM JIUIICH3MOHHBIM CIICIUATU3UPOBAHHBIM IPOTrPAMM-

HBIM obOecriedeHuneM (3 miT.)

MynbrumMeauitasii npoextop (1 mr.)

[TpunTep nazepHslii (2 mr.)

OKCHO3ULMOHHBIN KpaH (HaBecHOi) (1 mT.)
SAMP-cnekTpomeTp Hu3Koro paspemenus «Crous Tpak» (1 mr.)
AxBaauctusuigarop [13-10 (1 mwr.)

Becer GF-300 (1 mT.)

Becol Topcronnbie BT-100 (1 mT.)
Buckosumerp (4 mr.)

HNonomep (3 mT.)

Konaykrometp annon-4120 (3 mr.)

K®K-2 (1 mr.)

JIroxemep (1 mT.)

Memanka marautHas [1-3-6100 (2 mt.)
Monynb «Tepmuueckuii ananuz» (3 mrT.)
Monyns «TepmocTtaT» (3 mmiT.)

Monynb «YHUBEpCaAIbHBIN KOHTPOILIEPY (3 1IT.)
Monynb «aexTpoxumus» (3 1mT.)

Monynb yHUBEpCaabHbIN (6 1IT.)

Ha6op cut KIT-131(1 mr.)

[Monspumerp (1 mT.)

[TorenunomeTtp (1 mt.)

Lleatpudyra nadoparopuas OITH-8 (c poropom) (1 mT.)
[ItaTuB A5 HIEKTPOAOB (2 1IT.)

OxcukaTop ¢ kpaHoM (1 mT.)

Monyns «Ob6menadopaTopHbIiy (1 mit.)
Cnextpodoromerp (1 mrt.)

Cnexrpodporomerp KOK-3KM (1 mt.)
KommiekT apromerpos (1 mit.)

Metponowm (1 mit.)

MocT peoXOopaHbIN ¢ COCYA0M

Tepmocrar TC-1/80 CITY (1 mrt.)
Y4eOHO-HarIIHbIe TOCOOUS - Claii/Ibl, TAOIHUIIBI, MyJIbTUMEIUIHbIE TPE3CHTAL[IH

IO JUCIHMITIIMHE ((KOJ'I.HOI/I)IHaH XUMMUS»

[[ITatuBs! 17151 TIPOOMPOK, HarpeBaTEIbHBIE MPHUOOPHI, TaAbopaToOpHas mocyaa
XHUMHYECKUE PEaKTUBBI IO TEMATHKE JJab0paTOpHBIX paboT

Aya. 118 «A». JIabopatopusi eCTeCTBEHHO-HAyYHOUW HAMPAaBICHHOCTH TMEAaroruaeckoro
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texHomnapka «KBantopuym-28» um. C.B. Jlankuna

IIT.)

Jocka 1-3nemenTHast menoBast MarHuTHas (1 mwr.)

[Tapra mabopaTopHas ¢ HaJCTPOMKOMN M BBIABMIKHBIM 0JI0KOM (2 IIT.)
[TucemenHslii cto (4 mit.)

CTOa NpUCTEHHBIA XUMUYECKUH (3 mIT.)

Cron ans npenonaasarenis (yrioBoil) npaBocTopoHHui (1 miT.)
Crenmnax KHWKHBIN, 12 staeek (1 mmT.)

[Tonka HaBecHas, 6enas (1 mit.)

ITyd 80*80 (2 mT.)

[Ty 52*52 (2 mr.)

HuBan TpéxmecTHbIi (1 mT.)

Kpecno nns pykoBoaurens Jupext mitoc (1 mr.)

Tymba ¢ MOWKOW HaKJIaIHOM 111 KyXOHHOTO TapHUTYypa (Oemas) (2 mT.)
Kyunep Silver Arrow 130 (1 mr.)

HoyTt0yk (4 mrT.)

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

Amnmapar Kunma (2 mr.)

Crepwimzarop uist 1a00paTopHO OCYAbl BO3AYIIHBIHN (1 1mIT.)
JlaboparopHoe o6opyioBaHUE 110 XUMHUU (6 IIT.)

MarnutHas memanka (1 mr.)

[udposas nadopaTopus mo xumuu «Releony» (6 mrT.)

Ludposas nadopatopust mo pusuke «Releony» (6 mT.)

[udposas naboparopust mo 6uosoruu «Releony (6 mT.)
Y4eOHo-HuccaenoBaTeNbekas 1abopaTtopuss OMOCHTHAIOB M HEWpoTexHOJOrui (6

VYyeOHast 1abopaTopusi TOUHBIX U3MEPEHUH (6 1IT.)

Muxkpockon yueOHbIi «IBpukay» (6 mrt.)

CamocrosTenbHas paboTa CTYAEHTOB OPraHU3yeTCs B Ay TUTOPUIX OCHALICHHBIX KOMIIb-
IOTEPHON TEXHUKOH C BBIXOJOM B 3JIEKTPOHHYIO MH(POPMAIMOHHO-00pa30BaTEIbHYI0 CPENy BY-
3a, B CIIEIMATIM3UPOBAHHBIX J1a00paTOpUAX MO JUCLUIUIMHE, a TAKXKE B 3aj]ax JOCTyIa B JIOKaJb-
Hyto ceTb BI'TIY, B naboparopuu rncuxoiaoro-negarorndyeckux UCCiae10BaHuM U JIp.

Hcnoan3yemoe nporpammuoe obecniedenne. Microsoft® 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.

Pa3zpa6orunk: Pogronosa H.A., kaHAUIAT XUMHUYECKUX HAYK, IOIEHT Kadeapbl XHMHH.
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11 IMCT UBSMEHEHHUH U JOTOJTHEHUM

YTBep:xkaenne usmeneHuii u nonojHenuit B PILI nnsa peanuzanmu B 2026/2027 yu. r.

PaGouas nporpamma AMCHMILTUHBI IEpecCMOTpeHa, o0CyKIeHa U ol00peHa AJis peanun3a-
uu B 2026/2027 yuebHoMm roay Ha 3acemaHuu kadeapsl (mpotokon Ne ot 2026 T1.). B
PIIJI BHECEHBI ClEayIONIME U3MEHEHHUS U IOTIOJTHEHHUS:

Ne u3zmeHeHnus:
No cTpaHHMIIbl C KBMEHEHUEM:

HckmrounTh: BxirounTs:




