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HOEJIb U 3AJAYN OCBOEHHUA JTUCHUIIJIMHBI

Ieab0 ocBOeHUS] TMCHMILUIMHBI - SBIseTCAd (OPMHPOBAHHME CHCTEMHBIX 3HAHHUH, KOTOpBIC
HEOOXO/UMBI CTYJCHTaM MPU PACCMOTPEHUH (PU3UKO-XUMHUYECKOHN CYIIHOCTH U MEXaHH3MOB
IPOLIECCOB, MPOUCXOISIINX B IPUPOAE U )KUBOM OPraHW3ME Ha MOJIEKYJISIPHOM M KJIICTOYHOM
ypOBHSIX. B pe3ynbrare OCBOCHHS NAHHOM AMUCHUIUIMHBI JOJDKHBI OBITH C(OPMHPOBAHBI
YMEHHS BBINIOJHATH B HEOOXOJMMBIX CIydYasX pacueThl MapaMeTPOB 3THX IMPOIECCOB, YTO
MO3BOJHUT OoJiee IITyOOKO MOHATh (DYHKIIMU OTHENBHBIX CHUCTEM OpPraHHM3Ma, a TaKXkKe €ro
B3aMMO/ICHCTBUE C OKPYKAIOIIEH Cpeaoil.

3agaum ocBOEHHUS AMCHUTINHBI:

- OCBETHTh KIIOYEBBIE BOINPOCH IPOTPAMMBI, CTHMYJIHPOBaTh CTYJICHTOB K
NOCJIEIYIONIEH CaMOCTOATENbHOI padoTe.

- c(hopMHpPOBATh YMEHUS M HABBIKH JUIS PELICHUS MPOOJIEMHBIX M CUTYAI[MOHHBIX 3a]1a4;

- chopMHpOBaTh  NPAKTUYECKUE  HABBIKM  IOCTAHOBKM M BBINOJIHEHHUS
HKCIIEPUMEHTAIBHOI pabOoTHI.

MECTO JUCHOUMIIJIMHBI B CTPYKTYPE OIIOII:

JucuuninuHa OTHOCHUTCA K MAaTeMAaTHYECKOMY M E€CTECTBEHHOHAyYHOMY ILIMKJY, BapUaTHUBHAS
gactb (b1.B.1.08). Jng wu3ydeHHs] OUCHUIUIMHBI HEOOXOIMMBI 3HAHUS  BOIPOCOB
MPEALIECTBYIOINUX U3yYaeMbIX JTUCHUIUIMH — HEOPraHWUYECKOW XMMHH, aHAJTUTUYECKON XUMUM,
OpraHu4ecKoil XuMHH, GU3NIECKOr XuMuu. JlaHHas AUCIUIUIMHA U3ydaeTcs Ha 4 Kypce.

3 INIEPEYEHD IINTAHUPYEMBIX PE3YJIbTATOB OBYUYEHMUSA 110 JUCHUIIVIMHE
MOAVYJIIO), COOTHECEHHBIX C IINTAHUPYEMBIMMU PE3YJIbTATAMMU
OCBOEHM s OI1OIT

Kon n naumenoBanue [lepeueHp TIaHUPYEMBIX PE3YJIbTATOB 0OYUEHHUS 110
peanu3yeMoii KOMIETEHIIUN JTUCITUTIINHE (MOJIYIIO), COOTHECEHHBIX C MHAUKATOPAMHU
JTOCTHKEHHS] KOMIIETEHIIUN

[TK-3: Bnaneer cucTteMoli | 3HaTh: pyHIaMEHTAJIbHbBIE 3aKOHBI U MIOHATUS KOJUIOMIHON

(byHIaMEHTAIbHBIX XUMHUYECKUX | XUMHH;

MOHSTHUIA YMeTb: npuMeHsTh (yHIaMEHTaIbHbIE 3aKOHBI B XUMUH;
Bnagers: cucremoil  (yHIAaMEHTAJIBHBIX  TIOHATHH U
METOAOJIOTHYECKUX ACTIEKTOB KOJUIOMTHON XUMHH.

4. OBINAA TPYJTOEMKOCTD JUCHUIIJIMHBI

O0beM JUCHUILUIMHBI B 3a4eTHBIX efuHunax (Bcero) 3 3ET
ITo Bugam yueOHo# padoTsl ( B yacax): 108

KonnuecTBo wacoB
(bopma 0OyueHUs - OUHAS )

Bun yueGHOM paboThI B T.4. o
abde p Bcero o
ceMecTpam
TUTaHy
8
1 2 3

KonTakTHas paboTta 00ydaronuxcs ¢ mpernoiaBaTesieM B 34 34
coOoTBeTCTBUU C YII

AyIUTOpPHBIE 3aHATHSL: 84 84
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JEKIHUH 28 28
CEMUHApPBI U IPAKTUUECKUE 3aHATUS 28 28
nabopaTopHble padOThI, TPAKTUKYMbI 28 28
CamocrositensHas padbora 24 24
dopma TEeKYIEro KOHTPOJIS 3HAHUN U KOHTPOJIs Konnoksuym, | KomnokBuywm,
CaMOCTOSITENILHOM pa0bOThI: TECTUPOBAHNE, KOHTPOJIbHAS KOHTpOJIbHAsI | KOHTPOJIbHAs
pabota, KOJUTOKBUYM, pedepar u ap. (He MmeHee 2 BUJIOB) paborta paborta
Kypcosas pabota - -
Bubl mpoMexyTouHO# aTTecTauu (3a4er) - -
Bcero yacos o qucnuIuinge 108 108

4.3 Conepxxanue TMCUMILTUHBI (MoayJis.) Pacnipenenenne 4acoB mo TeMaM U BHAAM

y4eOHoil padoThI:

dopma 00ydeHUS: OUHAS

Bunbl yueOHBIX 3aHATHI dopma
AynuTopHbIE 3aHATHS AHSTIS B CamMoCTOs | TEKYIIETO
HasBanue pasnenos | Beer [TpakTuuec | JlabopaTo mrepaxry| TEIPHAL | KOHTPOJ
U TEM 0 KHe pHBIE P pabota | 3HaHUU
JEKIHUH BHOU
3aHATUS, | pabOTHI
dbopme
CEMUHApBI
1 2 3 4 5 6 7 8
1. OcHoBHbie | 7 2 2 2 2 1
MOHATUSA
. Komnoxsuym
KOJUIOUTHOM XUMUH, Nl
O0OBEKTHI W ILElH
W3y4YCHHUSL.
2. TepmoanHaMuKa 7 2 2 2 2 1 Komnoksuym
MOBEPXHOCTHBIX N2,
T KOHTPOJIbHa
SBJIICHUI
s padotaNel
3. Kamumnapasre | 8 2 2 2 2 2
SBJICHUS
Komnoxsuym
Ne3
4. TloBepxHocTHbIC | 14 4 4 4 4 2
SBJICHUS u
Komnoxsuym
MEXAHH'IECKHE Nod
CBOMCTBa
TBEPJIbIX TEJ
5. Apncopbuusi Ha 8 2 2 2 2 2 KommoxBuym
IIOBEPXHOCTU Nes,
(1)33 KOHTPOJIbHA
pasjieia 1 pabotalNe2
6. 8 2 2 2 2 2 Komnoxsuym
DIIEKTPOIOBEPXHOCT Ne6
Hble  SIBICHHS B
JACTIEPCHBIX
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CUCTEMAxX

7. JlnooOubIE 8 2 2 2 2 2 KommoxBuym

CHCTEMBI Ne7,
KOHTPOJIbHA
st paboTaNe5

8. JlnopunwvHbIC 8 2 2 2 2 2 Komnoxsuym

JUCHEPCHBIE Neg,
KOHTPOJIbHA

CHCTEMEI s paGoTaNe3

9. DOwmynbcun U 8 2 2 2 2 2 Konnoxsuym

TIEHBI, a9PO30JIH Ne9

10.CenuMeHTaIInOH 8 2 2 2 2 2 KommoxBuym

Hasl yCTONYUBOCTh NelO

11.ArperatuBHas 8 2 2 2 2 2 Komnnoksuym

YCTOMYUBOCTH Nell

12 Koarynsauus 8 2 2 2 2 2 Konnoksuym

3071€i Nel2
KOHTPOJIbHA

IIEKTPOJINTAMU 4 paboTaNed

13. OCHOBBEI 8 2 2 2 2 2 KommoxBuym

buzuko- Nel3

XUMHYECKON

MEXaHUKHN

BCEI'O 108 28 28 28 28 24

5. COJEPKAHUE JUCLUILINHBI (MOLY.JIST)

Tema 1. OcHOBHBIE MOHATHS KOJIOMIHOW XMMHH, 00bEKTHI U LU U3yYeHHUsl.
Konmounnple 4acTHIbl U KOJUIOMJIHBIE CHUCTEMBI, KOJUIOWJHOE (AMCIIEPCHOE) COCTOSIHHE
BemecTBa. KonmdecTBeHHOE — OMNpeieNeHHe AWCIEPCHOCTH: JUCIEPCHOCTh W yIeNbHas
MOBEPXHOCTh KPHUBHU3HA IMOBEPXHOCTU YACTUI[ JucnepcHoil ¢da3pl. Ponb mOBEpXHOCTHBIX
SIBJICHUU B TIPOIECCAX, MPOTEKAIOIINX B JUCIIEPCHBIX CHCTEMAX.

Paznuynble Tunbel KiIaccU(PUKAUMM  JUCIEPCHBIX CHUCTEM: IO arperaTHOMy COCTOSIHUIO
JTUCTIepCHOM a3kl U AWCIIEPCHOHHON Cpeibl, MO pa3MepaM YacTHIl, IO KOHIEHTPAUUd U T.I.
JInodunpHbIe 1 TMOGOOHBIE TUCTIEPCHBIE CUCTEMBI.
B3aumocBsI3b KOJUIOMAHONW XHMHH C JPYTUMH XUMHYECKUMHU ITUCHHUILUTUHAMHU, C (QU3UKOH,
OHOJIOTHEH, T€0JIOTHEN, MEIUIIMHOMN.
OcHoBHBIE 3Tallbl Pa3BUTHSA KOJUIOMIHOW XUMHH. [ TTaBHBIE HOBBIC HAMPABICHHUS U OOBEKTHI
(HAHOCUCTEMBI, MHKPOAMYJIbCHUH, OHOKOJUIOMABI, TOHKHWE IUIGHKHM U Jp.), H3y4aeMmble
KOJUIOUJHON XUMUEH.

Tema 2. TepmoauHaMHUKA MOBEPXHOCTHBIX SIBJIECHUI
[ToBepxHOCTh pazaena ¢da3. CBoOogHAsS MOBepxXHOCTHas SHeprus. [IoBepXHOCTHOE HATSKEHUE,
CWJIOBasi M JHEPreTUYecKass TPAaKTOBKU. MeTol M30BITOYHBIX TEPMOAMHAMHYECKUX (YHKIIHIA
noBepxHocTHOro cnos  (I'm66¢). TloHATHE O TOBEPXHOCTH pa3pblBa U pa3ACISIONICH
noBepxHocTH. OO000IIEHHOE ypaBHEHHE IEPBOTO W BTOPOTO 3aKOHOB TEPMOJMHAMUKH IS
MMOBEPXHOCTHU pazjiena ¢as.
N3MmeHeHrne MOBEpXHOCTHOTO HATSHKEHUS JKUIKOCTH HA TPAHUIIE C COOCTBEHHBIM TTapOM B
3aBHCUMOCTH OT TeMIIepaTyphbl, KpUTHUECKas TeMIeparypa no MeHnjeneeny.
CBs13b cBOOO/IHOM MOBEPXHOCTHOM PHEPTUU € TEIUIOTON cydnmumanuu (mpasuiio Credana),
MOJIyJIEM YIIPYTOCTH, UJCaIbHOM MPOYHOCTHIO U APYTUMHU CBOMCTBAMH BEILIECTBA.
[ToBepxHOCTh pa3zzgena MEXAy IBYMs KOHAEHCHpoBaHHBIME (asamu. [IpaBuio AHTOHOBA;
YCIIOBUS €70 MPUMEHEHUSI.
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Tema 3. Kannjuisipable siBJIeHUs

Kanunnsaproe nasnenue. 3akoH Jlamaca.
3aBUCUMOCTh JIaBJICHHMA Iapa OT KPUBU3HBI IOBEPXHOCTH KHUJIKOCTU. 3akoH ToMmcoHa.
Kanunnspuas konnencanus. M3orepmudeckast neperoHka BeliecTna.
3aBUCUMOCTH PACTBOPUMOCTH OT KPUBHU3HBI IOBEPXHOCTH JHUCIIEPCHBIX yacTull (3akoH ['mb0Oca -
OctBanpaa - Opeitaanuxa). PaBanoBecHas ¢popma kpuctaiioB (3akon ['u66ca - Kiopu - Bynbda).
CmauuBanue. KpaeBoit yronm. 3akon IOHra (cunoBoW U DHEPreTHUYECKUN  BBIBOJIBI).
CootHomieHue Mexay padoTaMH KOre3uH U aJre3uu Nnpu cMaduBaHuu. KanumispHoe nogHsATHE
KHUJIKOCTH, ypaBHeHHEe JKiopeHa, KamwuIsipHas TIOCTOsSHHAs >KUAKOCTH. M30upatenbHoe
CMauMBaHHE KaK METOJl XapaKTEepPUCTUKH IIOBEPXHOCTEH TBEPAbIX Tel (JIMOPUIBHBIX U
mnodoOHbIX). [TomHOE cMaunBaHue (TEPMOAMHAMUYECKOE YCIOBHE).
[TonsiTe O TMOBEPXHOCTHBIX CHJIAX BTOPOTO poJia M PACKIMHUBAIOIIEM JaBieHUU. JIMHUS
Tpex(a3zHOro KOHTAKTa (JIMHHUS CMAaYMBaHUA); TMHEHHOE HATSHKEHUE. Y paBHEHHE KPaeBoro yria
CMauMBaHUS C YUETOM JIMHEIHOTO HATSKEHHUS.
Kanmunnsipaoe TeyeHue B MOpUCTHIX cpenax. [IpakTuueckue MpuiiokeHus (BbITeCHEHUE He]TH,
TEYEHUE B HEBECOMOCTH H JIp.).
OCHOBHBIE METOJIBI M3MEpPEHHs] MOBEPXHOCTHOTO HATSKEHMS JKUIKOCTEH W IMOBEPXHOCTHOM
SHEPTUU TBEPJIBIX TEII.

Tema 4. IloBepXHOCTHBIE SIBJICHUSA " MeXaHu4YecKue CBOICTBA
TBePABIX TeJ
Pazpymienne u wu3MenpuyeHuE (JUCIIEPTUPOBAHHME) TBEPABIX TeN KaK (PU3HMKO-XUMUYECKUN
npoiiecc 00pa3oBaHus HOBOM moBepxHOCTH. Teopus ['puddurca, ycioBue caMonmpou3BOIHLHOTO
pacnpocTpaHeHHs TPEIUH.
Dddexkr Pebunaepa: WM3MEHEHHE NTPOYHOCTH M IUIACTUYHOCTH KaK CIEJACTBUE CHIDKCHHS
NOBEPXHOCTHOW 2HEpPruM TBepAbIX Teid. OcHoBHble (GopMbl  TmposiBIeHUS 3ddeKTa:
iacTuuurpoBaHue, BO3HUKHOBEHUE XPYIIKOCTH, CAMOIIPOU3BOIBHOE AUCTIEPTUPOBAHHE.
TepmoauHaMuyeckue yciaoBus TMposiBieHus sddexta PeOunnmepa. BausHue XuMu4eckoi
IPUPOIBI TBEPABIX TEN U JKUJIKOCTEH HAa BO3MOXKHOCTH €0 MPOSIBICHUS. DICKTPOKAMUIUISIPHBIH
addekr. [lposiBienne s¢ddexra Pebunmepa B TPHUPOMHBIX U TEXHOJOTHYECKHX IMPOIECcax
(mpumepsr).
[loBbllIeHnEe NPOYHOCTH MPH PACTBOPEHUU MOBEPXHOCTHOTO CJIOS KpUCTALIOB (3¢ ekt
HNodde).

Tema 5. AncopOuus Ha NOBEePXHOCTH pa3aena ¢a3

AncopOrus Kak caMOITPOU3BOJIBHOE KOHIICHTPHPOBAHUE Ha TIOBEPXHOCTH pasfena (a3 BEUIeCTB,
CHIKAIOIUX MexdazHoe HaTshkeHHe. [lOBepXHOCTHO-aKTMBHBIE W -WHAKTHBHBIE BeELIECTBA
(mpumepsl). OTHOCHUTENBHOCTh TMOHATUS "TIOBEPXHOCTHAs AaKTUBHOCTH" (3aBHCUMOCTH OT
IPUPOIbI KOHTAKTUPYIOMHUX (a3). [loBepXHOCTHO-aKTUBHBIE METAILIIBL.
TepmoanHaMuka nporiecca agcopOuuu. Y pasuenue aacop6ommu ['n6oca.
Oprannueckue mnoBepxHocTHO-akTHBHBIE BemiecTBa (I[IAB). Knaccudukamms ITAB 1o
MOJICKYJISIPHOMY CTPOCHHIO (QHHOHO- M KAaTHOHOAKTHBHBIC, HEMOHOTEHHBIC, aM(oIUTHBIE),
obmactn mnpumeHeHuss [IAB. Beicokomonexynspusie [IAB (mpumepbl, oTiHMuYus OT
Hu3komosekysipHbix [TAB). IIpobnema 6uopasznaraemoctu ITAB. Knaccuduxamus ITAB mo
MEXaHU3MY HUX JEHCTBUS (CMayuBaTeNH, TUCHEPraToOpbl, CTAOMIN3aTOPHI, MOIOIINE BEIIECTBA).
[onsarue o ruapodumsHO-TUnoduUILHOM Oanance (I'JIb) monekyn ITAB.
3aBUCUMOCTbH MOBEPXHOCTHOTO HaTsKEHUs OT KoHIleHTpauuu [IAB. YpaBuenue [IumkoBckoro.
[ToBepxHOCTHast ~ aKTMBHOCTb, €€ M3MEHEHHWe B  romojoruueckux psgax [TAB.
Tepmonuuammudeckoe o0ocHOBaHME TpaBuia Tpayoe - J[rokiio. MeTo bl OLIEHKH TTOBEPXHOCTHOM
akTuBHOCTH  opranmueckux [IAB. Pabora ancopbumu. JluHamuueckuil — Xapakrep
aZICOpOITMOHHOTO paBHOBECHsS Ha TOBEpPXHOCTH pazaena pactBop I[IAB - ras. YpaBaenue
JIaurmiopa, ero cBs3b ¢ ypaBHeHusiMu [ 166ca, [lnmkosckoro 1 @pymKuHa.
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Crpoenue MoHocnoeB pactBopumbix [IAB. JIByxmepHOe COCTOSIHME BEIIECTBA B
MOBEPXHOCTHOM CJIO€, OPHUEHTAllMs MOJIEKYJ1 B pa3peKEHHBIX U B HACBIIEHHBIX CIOSX.
VYpaBuenue cocrosaausi MoHocinost [IAB. Pacuer pasmepoB monekyin [TAB.
[loBepxHOCTHBIE TIIEHKM HepacTBOpUMbIX IIAB; mNOBEpXHOCTHOE naBIEHUE; METOIbl €ro
u3MmepeHus. M3orepmbl aByxmepHoro namieHus. OCHOBHbIE THIBI IJICHOK: Ta3000pa3HBbIE,
KUAKOPACTSHYThIE, XUAKUE, TBEpAbIC. YCIOBUS IEPEX0Ja IUIEHKH OT OJHOTO COCTOSHHUS K
npyromy. Cioun JIsHrMropa - BiopkeTT Kak caMOOpPraHu30BaHHBIE KOJIJIOMIHBIE CTPYKTYPBI.
Ancop6must [IAB Ha moBepXHOCTH pa3jiena HECMEIINBAIOLINXCS KUIKOCTEH.
Ancopbouust ITAB w3 pacTBOpoB Ha MOBEpXHOCTH TBEpAbIX Tenl. [lpaBuimo ypaBHUBaHUS
nomsipHocTelt  Pebunnmepa. Momudunupyromee naeiicteue I1AB:  ruapodwnmmzamms u
ruapodoOu3anms TBEPIOH MOBEPXHOCTH. YTIPAaBJICHHE CMauMBaHUEM B Ipoleccax (IIoTaluu.
Brnusinue ancopOrmonnsix cnoeB [TAB Ha cmMa3odHoOe elicTBUE M Ha TPaHUYHOE TPEHUE.

Tema 6. DJ1eKTPONOBEPXHOCTHbIE SIBJICHUSA B TUCIIEPCHBIX CHCTEMAX
JBoiinoii snektpuueckuiit cinoi (JIIC). Ilpuumnbl obpazoBanus [AIC. TepmoanHamuueckoe
paBHOBECHE [TOBEPXHOCTH paszena a3 ¢ yueTOM 3JIEKTPUUECKOI SJHEPTUH.
Mogenu crpoenust I3C (teopun 'enbmronbua, ['yu - Yenmena, Llrepua, ['pama). 3zmenenue
MOTEHIIMala B 3aBUCUMOCTH OT PAaCCTOSIHUS OT MOBEPXHOCTH ISl CUIIBHO U ¢l1ab0 3apsiKEHHBIX
MOBEPXHOCTEW; BIUSIHUE KOHIIEHTPALIMH U 3apsiia HIOHOB AJIEKTPOJIUTA.
DJEKTPOKUHETUYECKHUE SBJICHUS: DIEKTPOope3, 3JIEKTPOOCMOC, IOTCHIUAIbl TEUYECHUS MU
ocenanus; Tteopus [enbmronbra - CMOJIYXOBCKOTO. ODJNEKTPOKMHETUYECKUN  MOTEHIUA;
IPaHULIA CKOJIbKEHUS. MeTOoIbl ONIPEEIIEHNS ANEKTPOKUHETUYECKOIO TOTEHLIAA.
Ctpoenue munemisl rufipodoOHOro 3055. BiusHue KOHLIEHTpAMK U MPUPOIBI AIEKTPOIUTA Ha
BEJIMYMHY M 3HAK 3apsga KOJUIOMIHBIX YacTull. OCHOBBI MOHHOTO 0OOMeHa. JIMOTPOIHBIEC PSIbL.
N303nekTpuyeckoe  COCTOSIHUE B JIUCIEPCHBIX ~ CHUCTEMAax;  METOAbl  OINpPEACIICHUS
U302JIEKTpUYECKON TOUKH. [IpakTUecKkue NpuiIoKEHUS JIEKTPOKMHETUYECKUX SBIICHUN.
OnekTpokanwuisipHble siBieHus. [IoHsTHE 00 3JIEKTPONMOBEPXHOCTHBIX SBJICHUSAX: KAMWUISIPHOM
ocmoce, muddysnodopese.

Tema 7. JIno¢goOHbBIE CHCTEMBI
JucnepraiiiOHHbIE METOAbl TOJYYEHHs] AMCIEPCHBIX CUCTEM (305Iel, SMYJbCUHM, IIEH,
asposozeii). Pons IIAB B mpomecax mnoiydeHuss AUCTEpCHBIX cucTteM. CBs3b palOThI
TUCTIEPTUPOBAHUSI C TIOBEPXHOCTHOW »JHeprueil TBepapix Tenl. HMcmons3oBanue sddexra
PeOunnepa ans ymeHblieHUs pabOTBHl AuUcHeprupoBaHus. lIporecchl AMCIEPTHPOBAHUS B
IIPUPOJE U TEXHHUKE.
Konpencanmonusie crnocoObl OMy4YeHUsI TUCHIepCHBIX cucteM. OOpa3zoBaHMe 30JI€i B mpolecce
XUMHYECKUX PEaAKIUM.
TepMoaMHaMHUKa TOMOTEHHOTO W TETEPOTEHHOr0 0O0pa3oBaHUS KOJUIOMIHBIX YaCTHUI] IpH
¢dazoBbIx nepexonax 1-ro pona (teopus [ m66ca - @onpmepa). Pabota oO6pa3oBaHus 3apoIbIIICi
HOBOH (¢ha3zpl. OOpa3oBaHME YACTHUIl JIUCHEPCHON (a3bl B mpoleccax KpUCTALIM3ALMUA U3
pacTBOPOB, KOHJAEHCALIMU MEPECHIIIEHHOTO Napa, KAMEeHUs. MeToIbl peryiupoBaHus pa3MepoB
YaCTHI[ B JUCIIEPCHBIX CUCTEMAX.
OCHOBHBIE METO/IbI OYMCTKH 30JI€H (IUaIu3 U yIbTpadrIbTpanus).
Komnounno-xumuueckue cpoiictsa BMC. Metonbl onpeneneHus KOHLUEHTpPAMU U pa3MepoB
YaCTHUIL 30JI€H.

Tema 8. JInopuiibHbIE TUCTIEPCHBIE CUCTEMbI
TepmonnHamuka o0Opa3oBaHUs JTUOQUITBHBIX KOJUIOUHBIX CUCTEM; KpUTepui
CaMOIPOM3BOJILHOTO AUCHIepriupoBanus (kpurepuit Pebunnepa-Llykuna).
Munennoo6pazoBanue B pactBopax [TAB. Kputudueckass KoHIIEHTpaIuss MHUIEIO00pa30BaHU
(KKM), ocnoBHble MeTobl omnpenenenuss KKM. DMnupuyeckie 3aKOHOMEPHOCTH HW3MEHEHHS
KKM #u MUHHMManbHOTO 3HAY€HHUS MOBEPXHOCTHOTO HATSHKEHUS HA TpaHUIIE pasjena pacTBOp
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[TAB - Bo3nyx B romozoruueckux psagax [TAB. CtpoeHue mpsiMbIX M OOpaTHBIX MUIEIUT TPU
pa3nuuHbIX KoHLeHTpauusax [TAB.
TepmonuHamuka  MHIEIIOOOpa30BaHMs:  TEIJIOBBIE  3(PGEKTh, poib  THAPOHOOHBIX
B3aUMOJICHCTBUMN, AuarpaMma (pa3oBbIX COCTOSIHMM, TemreparypHas 3aBucumoctb KKM; Touka
Kpadra.
Como0mumzanus (KOJUIOMTHOE PACTBOPEHHE OPraHWYECKHX BEIIECTB B MPSMBIX MHIIEIUIAX).
OtHocuTenbHAsT  CONMIOOMIM3ALMS, 3aBUCUMOCTh OT TEMIEepaTypbl W  KOHIEHTpalUU.
Coumo0nn3anus B HEBOJHBIX Cpeiax.
MukposMynbcuu; CTpOeHNE MUKPOKaIiesb, YCIOBUs 00pa3oBaHus, (pa3oBasi 1UarpaMMBl.
[IpakTUyeckue MpUIOKEHNUS MULICIUIAPHBIX CUCTEM M MUKPOIMYJIbCUH (B XUMHH, HEPTETOOBIUH,
OMOJIOTHH).
Tema 9. Imyabcnu, NeHbl, A3P030J1H

Owmynbenu. Knaccudukanus, onpeneneHue CTeneHN AUCIEPCHOCTU. DMYJIbraTopbl, MTPUHIIMUIIBI
BeiOopa [IAB s crabwimsanumu  mpsaMbIX W OOpaTHBIX — AMyJdbcuid.  Poib
ruapoduibHOIMIOGMIBHOTO OamaHca MoJiekyisl [IAB B crabunu3anuu SMynbCHi.
OMyJIbCHOHHBIC TNICHKH; UX CTPOCHUE U (DAKTOPBI, BIHUSIIOIINE HA YCTOMUYUBOCTD AMYJIbCHOHHBIX
wieHok. O6panienue (a3 B SMyIbCUsiX. TBEpAbIE 3MYJIbraTOPHI.
Meroasl pa3pyiieHus SMyiabcuid. [IpakTuueckoe IpuMeHEHNE SMYJIbCUI.
[ensl. CTpoenue neH u ux kinaccudukanus. KpatHocTs neH.
[TenooOpazoBarenu, 3PGEKTUBHOCTh HMX BIUSHUA U CBS3b C THAPOPUIBHO-TUTIODUIHLHBIM
OamancoMm wmcnonb3yembix [1AB. BrnusiHue 35eKTpoIuTOB Ha NMEHOOOPA3YIOMIYI0 CIIOCOOHOCTH
[TAB.
[lennsle maeHKH, CTpoeHue, HakTophl yCTOMUUBOCTH. UepHBIE MJICHKH.
[TpakTueckoe npuMeHeHue neH (npumepsl). Vcnonb3oBanue mneH i1 MOAETUPOBaHUS (HU3UKO-
XUMHUYECKHX MPOLIECCOB (3apOKICHHUE U NEPEMEIICHNE TUCIOKAIMH U JIp. ).
Knaccudukanms a3po3osieii Mo arperaTHOMY COCTOSIHUIO YacCTHIl AUCTIEPCHON (ha3bl.
MeTo/1b1 TOJTy4€HUS U U3MEPEHMS Pa3MEPOB a3PO30JIbHBIX YaCTHLI.
MoJtekyIapHO-KHHETUYECKHE CBOMCTBA a3p030JieH (BBICOKO- M TPyOOAMCIIEPCHBIX ).
DNEKTpUYECKHE CBOMCTBA a’p030Jiel, NIPUUMHBI BOSHUKHOBEHMS 3aps/ia HAa NOBEPXHOCTU
YaCTHIL.
ArperatuBHas yCTOMYMUBOCTE a3po3oiieil. CriocoObl U 0OCOOCHHOCTH pa3pylIeHUsT a’pO30JIeH.
[IpakTHueckoe UCIIOIB30BaHUE adPo30Jiel (TTPUMEPHI).

Tema 10. CenuMeHTAIlHOHHAS YCTOHYHUBOCTH
MonexkynsipHO-KMHETHYECKUE CBOMCTBA JHUCIEPCHBIX cUCTeM. Jupdy3uss B KOJUIOMIHBIX
cucreMax. 3akoH DUHIITEMHA.
CenuMEHTAllMOHHBIM  aHAIW3  MOJMIUCHEPCHBIX  cUCTeM. KoOHCTaHTa  celMMEHTaluu.
Juddepenunansuas KpuBas paclpeieNieHUs YacTUIl [0 pa3MepaM; WHTEerpalbHas KpuBasi;
IIOCTPOEHUE UX U3 JaHHBIX 10 KNHETUKE HAKOIIEHUS OCaKa.
CenumenTtarmonHo-nuddy3nonHoe paBHoBecue. Merton IleppeHa ompeneneHus dwucia
ABorazpo. [Ipumenenne ynpTpaueHTpUdyr A1 U3MEPEHUs] MacChl YIbTPaIUCIEPCHBIX YaCTHUIL
u Makpomosiekyn (Jlymanckuii, Cenoepr).

Tema 11. ArperaTuBHasi yCTOHYHBOCTH
Teopus ycroitunBocT THAPOGoOHBIX 307¢eH (Teopus JJJIDO). TepMoauHaMrka TOHKHX TIIICHOK.
PacknunuBaromee nasnenue no Jepsaruny. MosnekymnspHass COCTaBIAOLIAs PACKIMHUBAIOIIETO
JaBJICHUS. YYeT MOJEKYJISIPHOM NPUPOJbl KOHTAKTHPYIOIIMX (a3, A7 TOHKUX IUICHOK U
cepuveckux YacTUll. OJIEKTPOCTATUYECKas COCTABISIONIAs PACKIMHUBAIOMIETO aBJICHUS.
3aBUCHUMOCTh PHEPTUH B3aUMOIEHCTBUS YACTHI TUCHIEPCHON (ha3bl OT PAaCCTOSHUS MEXIY HUMH.
OcHoOBHBIE (AKTOPBHI, BIMAIONIME HA arperaTHUBHYIO0 YCTOHYHMBOCTb JHCHEPCHBIX CHCTEM.
OdderuBHas yNpyroctb TOHKHUX IUICHOK. Oddext Mapanronn - ['nbb6ca; npUYUHBI
BO3HUKHOBEHUS. [ MapoArHAMUUECKHE OCOOCHHOCTH YTOHBIICHHS TICHOK.
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CrpykrypHO-MexaHuueckud  Oappep (Teopusi PeOunpaepa). Peonmormdeckme  cBoiicTBa
ancopOunoHHbIX cioeB [IAB - cTaOuian3aToOpoB KOJJIOWIOB KOJIOMIHBIX CHUCTEM. 3alllUTHBIC
KOJUTOU/IBI.
Tema 12. KoaryJsinusi 30J1ei 3J1eKTPOJTUTAMHU
[Topor koarynsiuu; 3aBUCHUMOCTh KPUTHYECKOW KOHILIEHTPALMU BJIEKTPOJIMTAa OT pa3Mepa U
3apsga koarynupyromero uona (mpaBwio llymere - [apam). AHTaroHu3M W CHHEPrU3M B
JEHCTBUH JIEKTPOJIUTOB Ha MPOIECC KOATYIISIIIHH.
Koarymnsmus cunbHO U c1a00 3apsbKEHHBIX 306l (KOHIICHTpAIlMOHHAS M HEUTpan3allmoHHAsS
koaryssinusi). O6ocnoBanue npasuia [lyneie - lapau u xputepus Ditnepca - Kopda B Teopun
JIIDO.
QoKyNnALUs, TETePOKOArYJISIUS, aJaryysus (ONpeaeieHus, IPUMEpPHI).
Kunernka koarymsuu. Teopust ObicTpoit koarynsauuu (CMOTyXOBCKHIA); OCHOBHBIE TTOJOXKEHUS
teopun MemieHHon koarymsiuu (H.@ykc). O6paTuMocTs niporiecca koaryssnud. [lentu3anusi.
Tema 13. OcHoBBI PU3MKO-XHMHYECKOI MEXaHUKH
3aKOHOMepHOCTI/I TCUCHUA CB060,Z[HO—Z[I/ICHCPCHBIX CHUCTEM II0[J Z[CﬁCTBPIeM IMPUIJIOKCHHOI'O JaBJICHUS.
3akoH HproTona. Bimsaue KOHIOCHTpaluu " (bOpMBI HacTull ,Z[HCHCpCHOﬁ (1)33]:1 Ha 3aKOHOMCPHOCTHU
TeUCHUS (3aKOH DHIITCHHA).
CrpykTypooOpa3oBaHHe B ITUCHEPCHBIX CHCTeMaX. BO3HWKHOBEHHE W PAa3BUTHE IPOCTPAHCTBECHHBIX
cTpykTyp. llpupona KOHTAakTOB MeXAy OJJIEMEHTaMH CTpyKTyp. Ilepuomnueckue  CTPyKTYpBI.
O06pa3oBaHue ¥ CBOWCTBA T'eJICH.
Koarynsunonnsie cTpyKTypbl. Y ci10BUs 00pa30BaHMsI, MEXaHMUECKHE CBOWCTBA; SIBIICHE THKCOTPOITNH.
KpI/ICTaHHI/BaI_[I/IOHHLIC CTPYKTYPBHI. MexaHndecKkne CBOMCTBA KpUCTAJUIU3AIUOHBIX CTPYKTYP.
Omnuncanue AUCTICPCHBIX CUCTEM Ha OCHOBC PCOJIOTMYUCCKUX MOI[GJ'IGﬁ (MaKCBeJIJIa, KGHLBI/IHa, BI/IHFaMa,
[IBenoBa). [lonHas peonornueckas Kpupasi.
DU3NKO-XUMUYECKUE MCTOAbI PCTYJIUPOBAHUA CTPYKTYPHO-MCXAHUYCCKUX CBOWCTB JAUCTICPCHBIX CUCTEM
Ha PpAa3JIMYHBIX CTAAUAX UX (bOpMI/IpOBaHI/IH KaK OCHOBHaid 3aga4da (I)I/I3I/IKO—XI/IMI/I"I€CKOﬁ MCXaHUKMH.

6. TEMbBI IPAKTUYECKNUX U CEMUHAPCKHUX 3AHSITUI
Tema 1. OcHOBHBIE OHATHS KOJUIOMJIHONH XUMHUM, 00bEKTHI H 1[eJIM H3y4YeHHU.
Bomnpocs! k Teme:
1. Komtongaeie 9acTUIBI U KOJUTOUAHBIE CHCTEMBI; KOJUIOUIHOE (IMCIIEPCHOE) COCTOSHUE
BelecTBa. KonmnuecTBeHHOE ompeneneHrue TUCIEPCHOCTHU: AMCHEPCHOCTh W yaAelbHast
MOBEPXHOCTh KPUBU3HA MOBEPXHOCTH YACTHI] AUCTIEPCHON (Da3bl. Posib MOBEpXHOCTHBIX
SIBJICHUH B IIPOLIECCaX, MPOTEKAOUIUX B IUCIIEPCHBIX CHCTEMaX.
2. Paznuunple THMBI KiIacCH(UKAIUKA AUCTIEPCHBIX CHCTEM: IO arperaTHOMY COCTOSIHHUIO
JTUCTIEpCHOM (Da3bl M TUCTIEPCHOHHON Cpebl, 0 pa3MepaM YacTHII, IO KOHIEHTPAIUU H
T.1. JInodunbHble 1 TMOPOOHBIE TUCTIEPCHBIE CUCTEMBI.
3. B3aumoCBs3b KOJUIOMTHOW XUMHHU C IPYTUMUA XUMUYECKUMH JUCIUTUIMHAMH, C PU3UKOMH,
OHOJIOTHEH, Te0I0THEH, METHI[UHOM.
4. OcCHOBHBIE 3Tamnbl Pa3BUTHS KOJUIOMJHONW XWUMHHU. [J1aBHbIE HOBBIE HANpaBJICHUS U
O00BEKTHl (HAHOCHCTEMBI, MUKPOIMYJIbCHH, OWOKOJUIOWIBI, TOHKHE IUJICHKH U Jp.),
M3y4yaeMble KOJUIOUTHOW XUMHUEH.
Tema 2. TepmoanHaMuKa NOBEPXHOCTHBIX SIBJICHUI

Bomnpocs! k Teme:
1. IloBepxHocth pazaena (a3. CoOomHasi TOBEpXHOCTHas OdHeprus. IloBepXxHOCTHOE
HATSHKCHHE, CUJIOBAsi M DHEPreTHUYECKass TPAKTOBKH. MeTo M30BITOUYHBIX TEPMOAMHAMHYECKUX
byakumii moBepxHocTHOTO ciosi (I'm66¢). TloHsATHE O TMOBEPXHOCTH pa3phiBa M Pa3AeIsIONICH
noBepxHocTH. OO00OIIEHHOE ypaBHEHHE IEPBOTO U BTOPOTO 3aKOHOB TEPMOJAMHAMHKH IS
MOBEPXHOCTHU pazjiena ¢as.
2. V3MeHeHrne MOBEPXHOCTHOTO HATSIKCHHS JKUIKOCTH Ha TPAHHIIE ¢ COOCTBEHHBIM MapoM B
3aBHCUMOCTH OT TEMIIepaTyphl, KpUTHYECKasi TeMIIepaTypa 1o MeHieneeny.
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3. CBs3b cBOOOJIHOW MOBEPXHOCTHOW PHEPrUM € TEIIoToW cydomumanuu (mpasuio Credana),
MOJyJIeM YIPYTrOCTH, WJeaJbHON MPOYHOCTHIO U APYTUMH CBOMCTBaMH BEILIECTBA.

4. TloBepxHOCTh pazzena MEXAy JIBYMs KOHJIEHCHpOBaHHbIMU ¢azamu. [IpaBuino AHTOHOBa;
YCIIOBUS €70 IPUMEHEHUS.

Tema 3. KannuisipHble siBJIeHUSA

Bomnpocs! k Teme:

1. KanumispHoe naBnenue. 3akoH Jlamnaca.

2. 3aBUCUMOCTH JABJIEHUS Tapa OT KPUBU3HBI MOBEPXHOCTU KUAKOCTU. 3aKOH ToMmcoHa.
Kamunnsapuas konaencanus. M3oTepMudeckasi IeperoHka BemecTBa.

3. 3aBUCHMMOCTb PAaCTBOPUMOCTH OT KPHUBHM3HBI MOBEPXHOCTU AMCIIEPCHBIX YACTHI] (3aKOH
I'n66¢ca - OctBanbna - Operinanuxa). PaBHoBecHas (hopma kpuctamuioB (3akoH ['nbbca -
Kropu - Bynsda).

4. CwmauuBanue. KpaeBoii yron. 3axkon HOHra (cuimoBoil M SHEpPreTUYECKHil BBIBOAbI).
CootHormieHre MexAy paboTaMu KOTe€3WU W aiare3uu npu cMmauuBaHuu. KamuispHoe
MOJMHATHE JKUJIKOCTH, YypaBHeHHe JKIOpeHa, KamujuigpHas TOCTOSHHAsl >KHUIKOCTH.
N30uparenpbHOe cMauyMBaHUE KaK METOJ XapaKTEPUCTHUKH MOBEPXHOCTEH TBEpIBIX Tell
(rmodminbHBIX U M0G0OHEIX). [TonHOE cMaunBaHue (TEPMOIUHAMUYECKOE YCIOBHE).

5. TloHsiTHEe 0 MOBEPXHOCTHBIX CHJIaX BTOPOIO pOJia U pPacKIMHUBAIOLIEM JaBieHUU. JInHUS
Tpex(a3HOro KOHTaKTa (JMHUS CMadyWBaHUs), JIMHEHHOE HATsDKCHUE. YPaBHCHHE
KpaeBoro yriia CMauuBaHUs C YU€TOM JIMHEHHOTO HATSKEHHUS.

6. KamwinspHoe TeueHue B MOpPUCTBIX cpenax. [IpakTuueckue NMpuiloKeHUs (BBITECHEHHE
He(TH, TeYCHUE B HEBECOMOCTH H JIp.).

7. OCHOBHBIE METOABl HU3MEPEHUS IMOBEPXHOCTHOIO  HATSIKEHUS  JKUJIKOCTEH W
MOBEPXHOCTHOM 3HEPTUU TBEPBIX TEJI.

Tema 4. IloBepXHOCTHBIE SIBJICHU A U MeXaHUYecKue CBOMCTBA
TBePABIX TeJ

Bormpocs! k Teme:
1. Pa3pymienue u m3MesnbueHUE (AUCIIEPTUPOBAHME) TBEPIBIX TeN Kak (DU3MKO-XUMHUYECKHI
npoiiecc oOpazoBaHus HOBOI moBepxHocTH. Teopus I'puddurca, ycinoBue caMmorpon3BOILHOTO
pacnpoCTpaHeHUs TPELIHH.
2. Dddexr Pebunmepa: m3MEeHEHHE MPOYHOCTH U IUIACTUYHOCTH KaK CIEJICTBUE CHUKCHHS
MOBEPXHOCTHOM »Hepruu TBepAbiXx Teld. OcHoBHBIE (opMbl mposBieHHs dddekTa:
IUIACTU(HUIUPOBAHUE, BOSHUKHOBEHUE XPYIKOCTH, CAMOIIPOU3BOJILHOE AUCIIEPTUPOBAHHE.
3. TepmonumHamuueckue yciaoBus mposiBieHUs >¢dexta Pebunnepa. BrausHue Xumuueckoit
MPHUPOJBI TBEPABIX TEN U KUIKOCTEH HA BO3MOXKHOCTH €T0 MPOSBICHUS. DICKTPOKAMUIUISIPHBIHA
apdexr. IlposBnenue sddexkra PeOunaepa B NPUPOIHBIX M TEXHOJOTMUECKHX TPOIleccax
(mpuMepsl).
4. TloBplllieHWE TPOYHOCTH TPH PACTBOPCHUH TOBEPXHOCTHOTO CJIOS KpUCTauioB (3¢ dexT
Hodde).
Tema 5. AxcopOuusi Ha MOBEPXHOCTH pa3jaena a3

Bomnpocs! k Teme:
1. AzxcopOmust Kak CaMOIIPOU3BOJILHOE KOHIICHTPHPOBAHHWE Ha TOBEPXHOCTH pasfena a3z
BEIECTB, CHWXAIOIMMX Mek(dasHoe HaTsbkeHHe. [loBepXHOCTHO-aKTUBHBIE WM -MHAKTHUBHBIC
BemecTBa (mpumepsl). OTHOCUTENIBHOCTD MOHATHS "TIOBEPXHOCTHASI aKTHBHOCTH" (3aBUCUMOCTh
OT MPHUPOBI KOHTAKTHPYIOMHUX (a3). [[0BepXHOCTHO-aKTUBHBIE METaJLIIBI.
2. TepmoamHamuKa mporiecca ajcopomnuu. Y paBHenue aacoponuu ['md0ca.
3. Opranunueckue mnoBepxHOCTHO-akTUBHBIC BemecTtBa (I[IAB). Kmaccudukamus I[TAB mo
MOJIEKYJISIPHOMY CTPOCHUIO (aHMOHO- M KaTMOHOAKTHUBHbBIE, HEHMOHOTEHHBbIE, aM(OIUTHBIE);
obmactu mnpumenenuss IIAB. Beicokomonekymspusie IIAB (nmpumepbl, oOTIM4HMS  OT
Hu3komouiekysipHeix [TAB). TlpobGaema Ouopaznaraemoctu ITAB. Knaccudukamus ITAB mo
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MEXaHU3My UX JEHCTBHS (CMauMBaTENd, AUCIEPraToOpbl, CTAOUIN3aTOPHI, MOIOIINE BEIIECTBA).
[onsarue o ruapodumsHO-TUnOoduUILHOM Oanance (I'JIb) monekyn ITAB.
4. 3aBUCMMOCTh IOBEPXHOCTHOTO HATsOKEHUS OT KoHUeHTpanuu [IAB. VYpaBHenue
[umkoBckoro. IloBepxHOCTHAas aKTUBHOCTb, €€ MU3MEHEHHME B romojormdeckux psaax [TAB.
Tepmonuaammudeckoe o0ocHOBaHME TpaBuia Tpayoe - J[rokiio. MeTo bl OLIEHKH TTOBEPXHOCTHOM
akTuBHOCTH  opranmueckux [IAB. Pabora ancopbumu. JluHamuueckuil — Xapakrep
aZICOpOITMOHHOTO paBHOBECHsS Ha TOBEpPXHOCTH pazaena pactBop I[IAB - ras. YpaBHenue
JIaurmiopa, ero cBs3b ¢ ypaBHeHusiMu [ 166c¢a, [lnmkosckoro 1 @pymKuHa.
5. Crpoenune wmoHocnoeB pactBopumbix [IAB. JIByxmepHoe cocTOsiHME BellecTBa B
MIOBEPXHOCTHOM CJIO€, OPHMEHTAllMs MOJIEKYJ] B pPa3peKEHHBIX U B HACBHIIEHHBIX CJOAX.
VYpaBuenue cocrosaausi MoHocinost [IAB. Pacuer pazmepoB monekyin [TAB.
6. IloBepxHOCTHBIE TUIEHKH HepacTBOpUMBIX [IAB; moBepXHOCTHOE AaBJIEHUE, METOJIbI €ro
u3Mepenusi. M3orepmbl nByXMepHOro naaBieHHs. OCHOBHBIE THIIBI IUICHOK: Ta3000pa3HbIE,
KUJKOPACTAHYTHIE, KUAKHAE, TBEpAble. YCIOBUS IEpeXoja IJIEHKH OT OJHOIO COCTOSIHHS K
npyromy. Ciou JIaurmropa - biokeTT kKak caMoOpraHM30BaHHbIE KOJJIOUIHBIE CTPYKTYPBI.
7. Ancopbums IIAB Ha mOBEpXHOCTH pa3jieia HECMEIIUBAOIITUXCS )KHIKOCTEH.
8. Ancopbuus ITAB u3 pacTBOpOB Ha MOBEPXHOCTH TBEpAbIX Tel. llpaBmio ypaBHHMBaHUS
noysipHoctelt  Pebunnmepa. Momudunupyromee aeiicteue [IAB: rumpodumnmmszanus u
rupodoOu3aus TBEPAOM MOBEPXHOCTU. YIIpaBlieHHE CMauMBaHUEM B mpoleccax (IoTaruu.
Bnusaue ancopOunonnbix cioeB [TAB Ha cMa3odHoe feiicTBrUE U HA TPaHUYHOE TPEHUE.
Tema 6. D1eKTPONOBEPXHOCTHBIE SIBJICHHUS B JUCIIEPCHBIX CHCTEMAX

Bormpocs! k TeMe:
1. [Boiinoii snexrpuueckuit cioit (3C). Ilpuunner obpazoBanus JIIC. TepmonuHamuueckoe
paBHOBECHE MTOBEPXHOCTH pa3zzena a3 ¢ y4eToOM 3JIEKTPUUECKOI SJHEPTUH.
2. Mogenu ctpoenuss DC (teopum I'enpmromnbia, ['ym - UYenmena, Illrepna, I'pama).
M3MeHeHre MOTeHIMala B 3aBUCMMOCTH OT PAcCTOSHUSL OT MOBEPXHOCTH Ui CHJIBHO U €i1a0o
3apsKEHHBIX IOBEPXHOCTEN; BIMSHUE KOHIIEHTPALUH U 3apsAa MOHOB 3JIEKTPOJIMTA.
3. DNEeKTpOKMHETHYECKHE SIBICHUS: 3JEKTPOo(dope3, 3JIEKTPOOCMOC, MOTEHIUANbl TEYCHHUS U
ocenanus; teopus ['enpmrompua - CMOIYXOBCKOrO. OJIEKTPOKMHETHUYECKHMH IOTEHLHUA,
TPaHMIIA CKOJIBKEHHS. MeToabl onpeieeHus AIEKTPOKUHETHYECKOTO TOTEHIHAA.
4. Ctpoenne MuIeuibl ruapodoOHOro 30is. BiusHue KOHIEHTpAMKA U IPUPOJIBI IIEKTPOIIUTA
Ha BEJIMYMHY U 3HAK 3apsAja KOJUIOMAHBIX ydacTull. OCHOBBI MOHHOrO oOmeHa. JlmorpomHble
psansl. M30351€KTpUYEcKOe COCTOSSHUE B JAMCIEPCHBIX CHCTEMAax; METOAbl ONpEAcIeHUs
M303JIEKTpUYECKON TOUKH. [IpakTueckue npuiIoKeHHUs JIEKTPOKMHETUYECKUX SIBJICHUM.
5. DnexTpokanwuiipHble sBIeHHUA. [loHsATHE 00 SIEKTPONOBEPXHOCTHBIX  SIBJICHUSX:
KamuIIpHOM ocMoce, nuddy3nodopese.
Tema 7. JInoooHbIE CHCTEMBI

Bormpocs! k TeMe:

1. JucnepraliiOHHbIE METOJbI MOJYYEHHUS JUCIIEPCHBIX CHUCTEM (30JI€H, SMyINbCU, TeH,
aspozoneit). Pons TIAB B mporecax momydeHuss AUCHEPCHBIX cucteM. CBs3b pabOThI
JUCTIEPTUPOBAHMSI C TTOBEPXHOCTHOW 3HEprueil TBepabix Ten. McmonszoBanue 3¢ddexra
Pebunnepa ayia ymeHslieHus padoThl aucriepruposanus. [Iporecchl aucneprupoBaHus B
IIPUPOJIE U TEXHUKE.

2. KoHneHcannoHHBIE CIOCOOBI MOJyYeHUs TUcIepcHBIX cucteM. OOpazoBaHue 30J€i B
IIPOLIECCE XUMUYECKUX PEAKLIUMN.

3. TepmoauHamuKa rOMOTE€HHOTO U T€TEPOT€HHOTO 00pa30BaHUsl KOJJIOUIHBIX YACTHI] IPU
dazoBeix mepexonax 1-ro poma (teopusi ['mbbca - Dombpmepa). Pabora obpazoBanus
3apoapiieli HoBOW ¢aszpl. OOpa3oBaHHWE dYacTHI[ IUCIIEpCHOM (a3bl B mporieccax
KPUCTAJIJIM3ALMU U3 PACTBOPOB, KOHJIEHCAIIMM NIEPECHIILIEHHOr0 Napa, KuneHus. MeTosl
peryaupoBaHus pa3MepOB YACTHUIL B TUCIIEPCHBIX CUCTEMAX.
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4.
5.

OCHOBHBIE METOJIbI OUYUCTKH 30J1eH (M3 U YIbTpaQUIbTpaLHs).
Komnounno-xumuueckue cpoiictBa BMC. Mertoasl onpenesieHuss KOHUEHTpaUu |
pa3MepoB YacTHIL 30JI€H.

Tema 8. JInoguabHbie JUCEPCHbIE CHCTEMBI
Bomnpock! k Teme:

1.

2.

W

Tepmoaunamuka o00pa3zoBaHusi JIMOQWIBHBIX  KOJJIOMJIHBIX  CHCTEM; KpUTepuil
CaMONPOM3BOJILHOTO AucCHepriupoBanus (kputepuit Pebunaepa-1lykuna).
MunennoobpasoBanue B pactBopax  IIAB.  Kpurtuyeckas  KOHIICHTpaImus
mutemooopazoBanus (KKM), ocHoBHbie MeTonbl onpeaeneHuss KKM. Dmmupudeckue
3akoHOMepHOCTH u3MeHeHHss KKM M MHHMMaIbHOrO 3HAY€HHs IOBEPXHOCTHOTO
HaTSDKEHMsI Ha rpaHuLe pasnena pactBop [IAB - Bo3gyx B romonoruueckux psaax [TAB.
Crtpoenue npsMbIX U 00paTHBIX MUIICIIT MPU Pa3IUIHBIX KOHIIeHTparusax [1AB.
TepmoauHaMuka MHULENI000pa30BaHUA: TEIUIOBBIE APQEKTH, pPosib TUAPOGOOHBIX
B3aUMOJICCTBUH, nuarpamma (Gpa3oBBIX COCTOSHUHM, TemreparypHas 3aBucumMoctb KKM;
touka Kpadra.

Comobunuzanusa (KOJJIOMJHOE pPACTBOPEHHE OPraHUYEeCKHX BEIIECTB B MPSAMBIX
muremiax). OTHOCUTENbHAsE COJMIOOMIM3alMs, 3aBHCUMOCTh OT TEeMIIepaTypel H
koHUeHTpanuu. Como0unn3ays B HEBOJHBIX cpeax.

MUKpO3MYIbCUH; CTPOSHHE MUKPOKAIIENb, YCIOBUS 00pa3oBaHus, (pa3oBas AUarpaMMBbl.
[TpakTHyeckre TNPUIOKEHHUS] MHIEIUISIPHBIX CHUCTEM M MHKPOAIMYIbCUH (B XHMHH,
HeTe100BIYH, OHOIOTHN).

Tema 9. DmMyJibCUM, NEHBI, A3P030JIU

naline

8.
9.

10.
11.

12.

Bomnpocs! k Teme:

Omynbscun. Krnaccudukamus, omnpeaesieHHe CTENeHHW IUCIEPCHOCTH. OMYJIbraTophI,
npuHiunsl BeiOopa [TAB g crabunmzanuu npsMbIX U OOpaTHBIX SMyJbcHid. Ponb
ruapoduIbHOIMIOGMIBHOTO OanaHca MoJieKyisl [IAB B crabunu3anuu SMyJIbCHil.
DOMyJIbCUOHHBIC IIJICHKH; WX CTPOCHHE U (DaKTOpPBI, BIUSIONIME HA YCTOMYHUBOCTH
SMYJIBCUOHHBIX MIEHOK. OOpanienue (a3 B sMynbcusax. TBepble IMyIbraTophbl.

Meronsl paspyleHus SMyJbCuil. [IpakTudeckoe NpUMEHEHUE SMYIIbCUM.

[Tensr. CTpoenue neH u ux kinaccudukanus. KpaTHOCTH MeH.

[TenoobOpazoBarenu, d3(PGEKTUBHOCT, WX BIMSHUS UM CBSI3b C  THUAPO(PHIBHO-
munoduIbHEIM  OamaHcoM  ucnosnb3dyembix [IAB.  BrausHue  37I€KTpOIUTOB  Ha
neHooOpasyromyto crnocodHocts [TAB.

[TenHble TUIEHKH, CTpoeHUe, (aKTOPbl YCTOMYMBOCTH. YEepHBIE TUICHKH.

[IpakTrueckoe npumenenue neH (mpumepsl). Mcnonb3oBanue MeH A MOACIUPOBAHUS
(UBUKO-XUMHYECKUX MPOIIECCOB (3apOXKACHUE U TIEPEMEIICHNUE TUCTOKAIUN U Ap.).
Knaccudukanus aspo3osneit o arperaTHOMy COCTOSHUIO YaCTHIL AUCHIEPCHOMN (a3bl.
MeTo/p1 oTydeHus: ¥ U3MEPEHUS Pa3MEPOB a3pO30JIbHBIX YACTHULI.
MonexynsipHO-KMHETHYECKUE CBOMCTBA a3p030Jie (BBICOKO- U TPYOOAUCIIEPCHBIX ).
DJIEKTPUUYECKUE CBOMCTBA a3p030Jieid, MPUUMHBI BOSHUKHOBEHHUS 3apsi/ia HA MOBEPXHOCTU
YacTHLI.

ArperatuBHasi yYCTOWYMBOCTH a’po3osied. CmocoObl M OCOOCHHOCTH pa3pyIIeHUs
asposonei. [IpakTrueckoe NCnoyib30BaHUE adpO30Jiei (IpUMEpHI).

Tema 10. CenuMeHTAIIHOHHAS YCTOHYHUBOCTH

Bormpocs! k TeMe:

1. MonekynsipHO-KHHETUYECKHUE CBOMCTBAa IuCHEepCHBIX cucTteM. uddy3us B KOIIOUAHBIX
CUCTEMAaX. 3aKOH DWHIITEHHA.

2. CeauMEHTAlMOHHBIM aHaIW3 NOJUAUCIEPCHBIX cucreM. KoOHCTaHTa CcelMMEHTaIuu.
JuddepenumanbHas KpuBass paclpeieieHus 4YacTUl] 10 pa3MepaM; HHTerpajbHas KpuBas;
IIOCTPOEHUE UX U3 JaHHBIX 10 KHHETUKE HAKOIUICHUs OCaKa.
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3. CemmmenrtannoHHo-nu(dy3rnonHOoe paBHOBecue. Meron Ileppena ompeneneHus Yucia
ABorajpo. [IpumeHnenne ynbTpareHTpudyr IUisi U3MEPEHHsI MacChl YIbTPAAUCIIEPCHBIX YaCTHUI]
u Makpomosiekyn ([lymanckuii, Cenoepr).
Tema 11. ArperaTuBHasi yCTOMYHBOCTD
Bomnpocs! k Teme:
1. Teopus ycroitunBoctu THAPOGOOHBIX 30sei (Teopus JJIDO). TepmomnHamMuKa TOHKHX
mwieHok. PackimHuBaromee pasineHue 10 Jepsaruny. MonekyispHas — COCTaBIIIOIIAs
PACKIMHUBAIOUIETO JABJICHUSA. YYeT MOJEKYJISIpHOM NpUPOJbl KOHTAKTUpYIOIIUX (a3, ams
TOHKMX  IUIGHOK ¥  cepudyecKkux  YacTHIl.  DJIEKTPOCTaTUYEeCKas  COCTaBJISIOIIAs
PACKJIMHMBAIOLIETO [JABJICHUSA. 3aBUCUMOCTb DHEPIrUM B3aMMOJCHCTBUS YacTHUL JAMCHEPCHON
(ba3bl OT paCCTOSIHUSI MEXKAY HAMH.
2. OcHOBHbIE (DaKTOPBI, BIUSAIOIIME HAa arperaTUBHYIO YCTOWYMBOCTH AMCIIEPCHBIX CHCTEM.
O¢dderuBHas ynpyroctb TOHKHMX TIJIeHOK. Oddexr Mapanronn - ['ub0ca; HTpUUMHBI
BO3HUKHOBEHUS. [ uapoanHaMuyeckue 0COOEHHOCTH YTOHBUICHHUS TJICHOK.
3. CrpykrypHO-MexaHW4eckuii Oapbep (Teopusi PeOunpaepa). Peomornueckue cBoHCTBa
afcopOImoHHbIX cioeB [TAB - crabunmm3aTopoB KOJIIOWIOB KOJUIOUJHBIX CHCTEM. 3alllUTHBIC
KOJUIOU/IBI.
Tema 12. Koaryasiuus 301ei 3J1eKTPOJIUTAMH
Bomnpocs! k Teme:

1. Tlopor xoaryisiiuu; 3aBUCUMOCTh KPUTHUYECKOW KOHIIEHTPALMH JIEKTPOJIMTA OT pa3zmepa
U 3apsia koarynupytomiero nona (mpasmio [lymnsie - [apam). AHTaroHU3M U CHHEPTU3M
B JICICTBUH 3JIEKTPOJINTOB HA MIPOLIECC KOATYIIALINH.

2. Koarymsauus CcuUIbHO W Ccna00  3apsOKEHHBIX — 30yield  (KOHIIGHTpAaIlMOHHAs U
HeHTpanu3anoHHas koarysius). O6ocHoBanue npaswia [ymere - lapau u kputepust
Oiinepca - Kopda B Teopun J1DO.

3. ®noxynsuus, reTepOKOaryIsIysl, afaryisnus (onpeaeneHus, IpuMepbl).

4. Kuneruka koarymsauuu. Teopus ObicTpoir koarymsuuu (CMOITYXOBCKUI); OCHOBHBIC
MOJIOKEHUsT Teopur MemieHHou koarymsinuu (H.Dykc). OOpatumocTs mporecca
koaryisauu. [lenrusanus.

Tema 13. OcHoBBI PU3INKO-XUMHYECKO MEXaHUKH

Bomnpocs! k Teme:
1. 3aKOHOMEPHOCTH TEUYCHHSI CBOOOHO-IUCIIEPCHBIX CUCTEM MO ACHCTBHUEM IPIIIOKCHHOTO TABJICHUS.
3akon HeproToHa. BiusiHue koHIeHTparuu ¥ (HOPMbI YacTHUI] JUCIEPCHON (a3bl Ha 3aKOHOMEPHOCTH
TedeHus (3aKOH DHILTEHHA).
2. CTpykTypooOpa3oBaHHe B IUCIIEPCHBIX CHCTeMaX. BO3HMKHOBEHWE W Pa3BUTHE MPOCTPAHCTBEHHBIX
cTpyktyp. Ilpuposa KOHTakTOB MEXJy dJIE€MEHTaMu CTPYKTyp. llepuoanueckue  CTPYKTYpHI.
OO0pa3oBaHue U CBOMCTBA TeICH.
3. Ko aryJsiiuOHHBIC  CTPYKTYPBHI. VcaoBus O6p a30BaHUs1, MCXAaHHYCCKUC CBOﬁCTBa; SABJICHUC
TUKCOTPOIINH.
4. KpucTtalmu3alnoOHHBIE CTPYKTYPBl. MeXaHW4IeCKHe CBOMCTBA KPUCTAIUTH3AIIMOHBIX CTPYKTYP.
5. OmnwucaHue JAUCTICPCHBIX CHUCTEM Ha OCHOBC PCOJIOTMYCCKUX MO,Z[GJ'Ief/i (MaKCBCJ’IJ’Ia, KGHBBI/IHa,
bunrama, l1IBemosa). [TomHas peoormdeckast KpuBasi.
6. OU3NKO-XMMHYECKHE METOIBI PETYIHPOBAHUSA CTPYKTYPHO-MEXAHHMUECKHUX CBOMCTB IHCIIEPCHBIX
CUCTCM Ha pas3JINnYHbIX CTagudX HUX (bOpMHpOBaHI/Iﬂ KaK OCHOBHas 3ajada (bHBHKO—XHMquCKOfI
MCXaHUKH.
7. JABOPATOPHBIE PABOTDI, IPAKTUKYMbI
Onpenesienne K03 PUIUEHTA MOBEPXHOCTHOI0 HATSIKEHU S JKUAKOCTH

METOA0M OTPBIBAKIICHCH KalJIu
IIpuGopsl ¥ PeakTUBBI: CTAIATMOMETp; IITATHB C JIANKOW; Tpu cTakaHa Ha 100 mi; 1,0 M pacTBOpHI
stunoBoro (C,HsOH) u ammnosoro (CsHiiOH) cnupToB, QuCTUILIMPOBaHHAS BOJA.

Kparkue Teopetrnueckue cBeieHus

[Tagaromas kamias XUAKOCTU HMeeT ¢GopMy, HpHU KOTOPOH €€ MOBEpXHOCTh ObIBAaeT
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HauMeHbIIel (map). Ha moBepXHOCTH KUIKOCTH UMEETCS KaK Obl IIIEHKA, KOTOPasi CTPEMHTCS €€
ckaTh. Hanmnune Ha MOBEPXHOCTH KUAKOCTH MOJICKYJI, HE YPAaBHOBEIICHHBIX MEKMOJICKYISIPHBIMH
CUJIAMHU, CO3/1a€T B MMOBEPXHOCTHOM CJI0€ CBOOOJHYIO MOBEPXHOCTHYIO SHEPTHIO, CTPEMSIIYIOCS
YMEHBIIUTHCA. Ha TMOBEpXHOCTH JKHUIKOCTH Kak Obl oOpasyercs IUICHKa, oO0iagaromias
MOBEPXHOCTHBIM HATSHKEHHUEM.

UToOBl yBENUYHUTHh MOBEPXHOCTH JKUIAKOCTH, T. €. YTOOBI MPEOJOJIETh €€ MOBEPXHOCTHOE
HaTsDKEHUE, HEOOXOIUMO 3aTpaTuTh padory. Paboma (6 [[c), Heobxooumasn Ons yeerudeHus
noeepxnocmu cuoxocmu Ha 1 M° cryjcum Mepotl nosepxHOCMHOL dHepauu U HA3bleaemcs
K03 uyueHmom no8epxHOCMHO20 HAMANCEHUSI WU TIPOCTO NOBEPXHOCHHBIM HAMANCEHUEM.
MOoXHO paccMaTpuBaTh TOBEPXHOCTHOE HATSIKEHHWE HE TOJNBKO Kak padoTy Ha EIUHHILY
MOBEPXHOCTH, HO W KaK Cumy, Komopas Oeucmeyem HaA eOunuyy Ooauwvl (1 m) nunuu,
OTPAaHUYHUBAIOIIEH MTOBEPXHOCTh, U CTPEMHUTCS COKPATUTD MOCIIEIHIOO.

B 3aBucuMoCTH OT TOTO WJIM MHOTO OIPEIETICHUS TOBEPXHOCTHOE HATSKEHUE U3MEPSIETCS WIH
B JDKOYJISIX Ha KBaJpaTHBIA METp, WIM B HbIOTOHaX Ha Merp. O0a u3MepeHHs YUCIEHHO
COBMAJAIOT.

BcenenctBue Hanuuus MOBEPXHOCTHOTO — HATSDKEHHUS KHJKOCTh, BBITEKAMOIIas U3
KalMUSIPHOTO OTBEPCTHS, TpUHUMAaET (opMy Karumi. OTphIB Kalull HACTYMaeT TOTJa, Koraa
ee Bec MPeoJI0JIeBaeT IeHCTBUE TTOBEPXHOCTHOTO HATSKEHHUS.

[ToBepXHOCTHBIM HATSKEHHUEM O0YCIIOBIMBACTCS TAK)KE MOJHATHE KUAKOCTH B KAMHIUISIPE,
€CJIM OHAa CMAYMBA€T €ro CTEHKHU. DTO MOJHSATHE OOBACHSAETCS TEM, YTO KUIKOCTb, CMayHMBast
CTeHKM (Kak OBl pacTekasCh MO HUM), YBEIMYMBAET IMOBEPXHOCTHOE HATSIKEHUE, KOTOPOE
CTPEMUTCSI YMEHBIIUTH IOBEPXHOCTh. Y MEHBIICHUE MOBEPXHOCTU JOCTUTAETCS TEM, UTO KHUJIKOCTb
MOJTHUMAETCS B KAWJUIAPE BCIIE] 32 CMAYMBAIOIIMM CJIOEM. BhICOTa MOAHSTHS YKHUIKOCTH OTIpe-
JIEJSIETCST Macco CToj0a JKUIKOCTH, YpPaBHOBEIIMBAIOIIEH MOBEPXHOCTHOE HaTsbkeHue. [lo
BBICOTE, TMAMETPY CTOJI0A U TUIOTHOCTH KUIKOCTHA MOXHO PACCUUTATh BETMYHUHY MTOBEPXHOCTHOTO
HaTSKSHMUS,

PactBopeHHbIe BeliecTBa U3MEHSIIOT TOBEPXHOCTHOE HATSKEHHE KUAKOCTU. OIHHM U3 HUX
3HAYUTENIbHO TOHIKAIOT IMOBEPXHOCTHOE HATSHKEHHE — OHU Ha3bIBAIOTCA NOBEPXHOCHIHO-
AKMUBHLIMU, IPYTUE — NOBEPXHOCMHO-HEAKMUEHblIe — HECKOJIBKO YBEJIMYNBAIOT IIOBEPXHOCTHOE
HaTsDKEHHUE.

K moBepXHOCTHO-aKTHBHBIM BEIIECTBAM, 3HAYUTEIHHO TMOHWKAIOIIUM TOBEPXHOCTHOE
HaTsDKEHUE BOJIbI OTHOCSATCS MHOTHE OPraHUYECKHUE COSUHEHNUS, HAIPUMED: CIIUPTHI, allbJIETH/IbI,
KETOHBI, KUCJIOTHL. B TOMOJIOTMYECKOM psIy >XUPHBIX KHCIOT TMOBEPXHOCTHAs AKTUBHOCTH
OBICTPO BO3pACTAET C YIJIWHEHHWEM YTJIEPOIHOM IIeNH, a UMEHHO B cpeaHeM B 3,2 pas3a Ha
Kaxayro npubasistontyrocs rpynny CHo. CrnemoBaTenbHO, B TAKOM )K€ OTHOIICHHUH C POCTOM
MOBEPXHOCTHOW aKTUBHOCTH OYyJIET YMEHbBIIATHCS 3HAYCHHE ITOBEPXHOCTHOTO HATSIKCHHUS
pacTBopa.

Lenp pabotel: 1) Cpaenarb pacdeTsl sl 3HAYEHUH IMOBEPXHOCTHOTO HATSKCHHS
HCCJIEIOBAaHHBIX PACTBOPOB; IaHHbIE BHECTH B TaOIHILY.

2) YCTaHOBUTH 3aBHUCHUMOCTh HM3MEHEHHS MOBEPXHOCTHOTO HATSHKCHUS OT YBEITHUCHUS
MOJISIPHOM MacChl Y CITUPTOB.

3) Beicuutarh BO CKOJIbKO Pa3 YMEHBILIAETCS MOBEPXHOCTHOE HATSXKEHHUE C YBEIMUYEHUEM
panukana Ha ogHy CHz- rpymimy.

Xo1 paboThl.

CranarMOMeTp YKpEIUISIOT B INTAaTUBE B BEPTUKAIBLHOM IIOJIOKCHUH W 3aCachIBAIOT
KUJKOCTh TaK, YTOObl OHA CTOsUIa BBIIIE BEpXHEH METKU (IpU 3TOM B TPYOKE HE JIOJIKHO
OBITH My3BIPHKOB BO3/1YyXa) (pUCYHOK ). 3aTeM HalOT KHUAKOCTH BBITEKATh M3 KalHJUIApa.
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z

Puc. 1. O6opynoBanue k 1abopaTopHOr padore.

Korna ypoBeHb JKHAKOCTHM TOYHO COBHAAET C BEpPXHEH METKOW, HAaYMHAIOT CYET
kanenb. [IpekpamaroT cyeT Kameiab TOTAA, KOTa YPOBEHb JKUJKOCTH JOWIET 10 HWKHEH
MeTkd. OTBIT MOBTOPSIOT HE MEHee TpeX pa3 U OepyT CpeIHIOK BEIUYHHY U3
HaOJIOJaEMBIX OTCUETOB (PaCXOXKICHHE MEXIY OTACIbHBIMH H3MEPECHHUSIMHU JIOJDKHO OBITh
He Oonee 1-2 xamenp). Ilepex kaxapiM H3MepeHHEM HEOOXOIUMO MOJHOCTHIO BBIAYBATh
U3 Kanmwuisipa MNPEeAbpIAymylo XUAKOCTh M CIEIWTh, YTOOBI BO BpeMs H3MEPEHUH B
KaMmuIsipe ¥ pacUIMPEHUN cTajarMoMeTpa He ObLIO My3BIPHKOB BO3IyXa.

OnpenensoT yKa3aHHBIM METOOM YHCJIO Kareidb BOJABI, O0OPa3yIOMUXCsl TPH HUCTCUECHUU
u3 obvemMa V, a 3areM 4YHUCIO Kamenb HCCIEAYEMBIX PAacTBOPOB U3 JITOrO0 ke O0bema.
[ToBepXHOCTHOE HATSKEHUE BBIYUCIIAIOT TI0 popmyiie:

=0 JP*M
0 p(] 7
r7ie O - TOBEPXHOCTHOE HATSHKEHHE UCCIIEyeMOTO pacTBOpa,
O - TOBEpXHOCTHOE HaTsHkeHue Boas! pu 25 °C (89 =0,07178 H/m),

Mo un N - cpeHee YUCIIO Kaneslb BOAbI U UCCIEAYEMOT0 pacTBOpa COOTBETCTBEHHO,

PO - IOTHOCTH BOJIBI,

P — TIIOTHOCTh MCCIIETyEMOI'0 pacTBOpa
Pe3ynbrarhl n3mMepeHuii 3aHECTH B TAOJIHILY.

BemectBo | Koni.p-pa, [ImoTHOCTB Yucno kamnenb [ToBepxH. HaTspkeHME, H/M
MOJIb/TI /M1 cpenHee
H>O - 0,997 r/mn
C>HsOH 1,0M 0,785 r/mn
CsH11OH 1,0 M 0,814 r/mn

Ancopouusi. U3mepenue aacopOouum yYKCYCHOM KHCJIOTHI HA MOBEPXHOCTH YIJIsl
IIpuGopel M PEaKTUBLIL: MECTh KOHHYECKUX Koia0 Ha 150 mu; mumerka Ha 10 Mg
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numneTka Ha S5 Mi; OmopeTka; BOPOHKM Uit (uibTpoBaHus; (uiabTpoBanbHas Oymara;
aKTUBUPOBAHHBIM WM JpeBecHbI yronb; pactBopel: 2M CH3;COOH; 0,IM NaOH,
WHIUKATOp - peHonmdranenH.

KpaTkue Teopernyeckue cBeICHUS

Tema ¢ odeHb OONBIIONW TMOBEPXHOCTHIO TPH COMPUKOCHOBEHWH C Ta3000pa3HON WM
KUAKOW (a3oil CrmocOOHBI TOIMIOMIATH YacTh Ta3000pa3HOTO BeEUIECTBA WM BEIIECTBA,
pacTBOpEHHOTO B kuAKOCTU. [lornoimienne He Bcerja MMeEET OJMHAKOBBIM Xapakrtep. Tak,
MOTJIONIAeMOE BEIIECTBO MOXKET AU(PPYHIUPOBATH BHYTPH IMOTIOTUTENS, KAK ObI pacTBOPSSICH
B HEM, WIH >K€ TIOMIOINIEHHE MOXET MPOUCXOJUTh HCKIIOYUTEIIbHO Ha IOBEPXHOCTH
MOTJIOTUTEIIS.

SIBneHMe TOTJIOLIEHUSI OJHUM BEIIECTBOM JPYIMX BEUIECTB HAa3bIBACTCS copouueil
CopOuust, mpoucxoasias TOJBKO Ha TIOBEPXHOCTH Tela, Ha3bIBaeTCs adcopoyueil, B
OTJIMYME OT TOTJIOIIEHUS B TOJIIIIE MOTJIOTUTENS, HA3bIBAEMOTO adcopoyueil.

AncopOrusi 3aBUCUT OT TOTJIOTUTENS W TIOTJIONIAEMOTO BEIIECTBA, OT TEMIEPATyphl H
JaBJICHUS Ta3a WM KOHIIEHTPAIMH PacTBOPOB.

3aBUCHMOCTh aJCcOpOIMM OT JaBJEHUs raza (ero KOHIEHTpAIlMU) WIH COJCPIKaHHS
afacopOUpyeMoro BeIIecTBa B PacTBOpPE MPHU JAHHOW TeMIEpaType BBIpaKaeTCs ypaBHEHUEM
U30TEpMBI aacopOuuu JIrHrMiopa:

r=r.-C,/K+¢

rne I' u I's — KonudecTBa (MONb) aJCOpPOMPOBAHHOTO BemlecTBa Ha | M’ TOBEPXHOCTH
azcopOenTa (I” ~ B MOMEHT aJCOPOIIMOHHOTO paBHOBeCHS, [ — MaKCHMaJabHO BO3MOXKHAs),
C, — MoJsgpHas KOHIIGHTpAaIMs pacTBopa aAcopOMpyeMOro BeEIeCTBA B  MOMEHT

aZICOpOITMOHHOTO paBHOBECHs (paBHOBeCHas KOHIleHTparus). [lpu amcopOumm w3 Ta30BOM
cpenbl BenmnuuHa Cp 3aMEHSETCSl MPONOPLUUOHAIBHON €1 BETMYMHON JaBICHUS:

P=K-*C,
rie K — KOHCTaHTa, 3aBHCSINAs OT XHUMHYECKOH NPUPOALI U (U3MUYECKOTO COCTOSTHHS
azicopOeHTa U aIcopOUpPyeMOro BEIIecTBa.

B cpaBHUTENBHO MIMPOKHX TpeNeNiaXx KOHIIGHTPAIMH 3aBHUCHUMOCTBH aJCOpPOIMH  OT
KOHIEHTpaluu (WA J1aBJICHUS), BBIPAXKAETCS JOBOJIBHO MPOCTHIM SMIIMPUUECKUM YPaBHEHHEM
OpeliHInXa:

x/m=a-+Cy",
I7Ie X — KOJIIMYECTBO PACTBOPEHHOIO BEIIECTBA, aICOPOMPOBAHHOTO MACCON M TOTIIOTUTENS H
HaXOJSIIEToCs B PaBHOBECHMHM C pacTBOpoM KoHueHTpauuu Cp; @ M n — KOHCTAHTHI,
XapaKTepHbIE AJIs TaHHOTO Ipoliecca aacopOIK B ONpeAeNeHHbIX Npeaenax, npuyem n < 1.
Ecnu Ha ocu opuHAT OTIIOKHUTH COOTBETCTBYIOLIUE 3HAYCHHUSI X/Mm, a Ha ocH abcnucce - C)p,
TO TOJIYYUTCSI KpUBasi KOTOpasi CHauajaa UAET MOYTH MPSIMOJUHENHO, TaK KaK JJisi OUYEHb
cna0bIX KOHIEHTpAalUW{ BeIMYMHA X/m mpsiMo mpornopunoHansHa Cp, T.e. 31aech n=I. [Ipu
BBICOKMX KOHILEHTpAIUsAX JOCTUTAETCS MPEACIbHOE 3HAUCHUE X/M, T. €. TIOJIHOE HACHIIICHHE.
Oro  Habmopaercs, Korna  Bcs  aacopOupyromias MOBEPXHOCTh  MOKpHITA
azcopOMpyeMbIM BEIIECTBOM; B 3TOM ciiydae n=0. Mexay 3TUMU IBYMs MNpeIesIbHBIMU
CIIy4assMH MMEETCSl TOCTENICHHBIA Mepexoi B 00JacTH MPOMEKYTOUHBIX KOHIICHTpAIUH, IS
KOTOPBIX BETUYMHA B OCTACTCS MPUOIU3UTEIEHO TTOCTOSTHHOM.
Ecnu nponorapudmupoBats ypaBHeHne OpeitHmnxa, To OHO TPUMET BHI:
Igx /m =lIlga +n * IgC

IlonyyenHoe ypaBHEHHE €CTb YypaBHEHME IpsMoM JumHuHM. Ilo ocu  opauHar
OTKJIAJBIBAIOT BENUYUHBI Ig x/m, amo ocu abcuucc —IgCp. Otpe3ok OA naer Benuuuny Ig
a (pucyHox 2).

xX/m lg x/m
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tgp=n
Alga
o
G IgCp

Puc.2. N3orepma ancopOuumu.

[lens pabotel. 1. Habmronars ajcopOumio Ha rpaHUIe KUJIKOW U TBepaor (das.

2. IlocTpouTh M30TEpMy aACOPOIMH YKCYCHOM KHCIOTHI Ha TOBEPXHOCTH YTJIA.

3. Haiitu 3HaueHusa a u n B ypaBHeHun Dpeitnmpimxa.

Xon pabotel. Paz6aBnennem 2M pacTBopa yKCYCHOW KHCIOTBHI TOTOBSIT B IIECTH Kojbax
pactBopbl ¢ TO4YHO 3agaHHOM koHUeHTpamuedn CH3COOH, B koinuyecTBax, yKa3aHHBIX B
TadIuIe:

1 2 3 4 5 6
Konnenrpanusi, Mob/m 0,012 | 0,025 0,05 0,1 0,2 0,4
0O6bem 2M CH3COOH, mu 0,6 1,25 2,5 5 10 20
O0Bem momyy. pacTBopa, M 100 100 100 100 100 100

Takum oOpazom, Bo Bcex konbax comepxurcs no 100 mu pacTBopa ¢ pa3lIu4HON TOYHO
yctaHoBieHHoi koHneHTparuein CH3COOH. B kaxmyto kon0y BHOCAT 1o 1 T pacTepToro yris.
3aTem THIaTehbHO EPEMENIMBAIOT BCe KOJIOBI B TeueHue 10 MuH.

1o ucreuenune JaHHOTO BpeMEeHH OT(OUIBTPOBBIBAIOT OTAEIBHO COAEPKUMOE Kaxk 10 KOJIObI
yepe3 Oymaxkabie (GuibTpbl. OTOOpaB ¢ MOMOIIBI0 MEPHOW MHUIETKH W3 (DHIBTPATOB MPOOBI
oovemMoM Vyp mo 10 M ompenenstoT TUTPOBAHUEM MOJNYYEHHYIO KOHIIEHTPAIUIO YKCYCHOM
kucinotel Cp. B kauectBe THTpanTa wucnonb3yor 0,1M pactBop NaOH, a B KkadectBe
uHaukatopa — ¢enondramenH. PasHocts Mexmy ucxomHod — kKoHIEHTparued Cuex |
nosydyeHHoOM C) aeT KOJIWYECTBO YKCYCHOM KHMCIOTHI X, moryiomeHHou | r yris u3z 100 mn
pacTBopa.

Pe3ynpraTsl HaHOCAT Ha rpaduk, MpuueM Ha ocu abcuucc HaHOCAT 3HaueHue Cp, a HA OCH
OpAVHAT — 3HAUEHUE X/m, rae m — Macca noriuorurens. IloaydeHHas kpuBas ecTb U30TEpMa
afcopOmuu. [[ns rpadguveckoro ompeaesieHus 3HAUYCHUS @ W M, KaK ObUIO yKa3aHO BHIIIE,
OTKJIIbIBAIOT Ha ocu abcumcc 3HaueHus Ig Cp, Ha ocu opauHAT - Igx/m. HaiineHHble TOYKH
JOJIKHBI JISKATh HA IPSIMOM JIMHUU.

W3mepstoT BeMYMHY TaHTEHCA YIJia HaKJIOHA MPSIMON K OCH abcuuce, YTO aeT BEIUUUHY A.
Paccrostnue Toukn nepecedyeHus NpsAMOM ¢ OCbIO OpAMHAT OT Hayala KOOPAMHAT COOTBETCTBYET
3HAYEHUIO BEJTUYMHEI Ig a.

Ne Cuex Gy Cucx - x/m lgCp lgx/m | tgp = lga a
KOJIOBI C,=x n

BeraepTuTh 1O MONMYy4eHHBIM AaHHBIM TpaduK U30TEpMBI ancopOruu. Beraeptuth nora-
pudmuueckuii rpaduk. OnpenenuTs 3HaUCHUs 0, Iga 1 a.

HNonoodomennas agcopouus
[TpuGopsl U peakTHBBL: BOPOHKA, MEPHBIM LUIUHAP, HOHOOOMEHHAs KOJIOHKA, MUIIETKA,
oropetka, crtakanbl, ®OK, pH-metp, 3 M u 0,6 M pactopst HC1, 1,5 M pacteop NaCl, 0,2 M
pacteop NaOH, ¢enondranenn, pactsop CuSO4 ¢ koHnenTpauueis Cu?* 60 mr/mi.
Kparkue Teoperndyeckue cBeJICHHS
HNonooOMeHHast amcopOumsi mpeacTaBisieT coOod Tmpoiiecc OOMEHa HMOHOB MEXKITY
pacTBOpOM | TBepoii (a3oif — ancopoeHToM. BemiecTBa, criocoOHbIe K HOHHOMY OOMEHY,
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NOJYYMITM Ha3BaHWE MOHHUTOB. B 3aBHCHMOCTH OT TOTO Kakoi BHJ MOHOB y4acTBYET B OOMEHeE,
MOHUTHI JACTAT Ha KAaTHOHUTHI U aHUOHMTHL. Illupokoe nmpruMeHeHne HOHOOOMEHHAs aaCcopOIIHs
MoJlyuynia C pa3BUTHEM CHUHTETHMUYECKUX HOHHTOB Ha OCHOBE OPraHM4ecKuX CMOJ,
Cynb(OyTiIen, HOHIEIITIONO03.

Haubonee BakHOE TEXHUYECKOE HCIONb30BAHHME MOHUTOB — OTO TMOJY4YEHHE B
IIPOU3BOJCTBEHHBIX YCIOBHUSX JE€MUHEPAIN30BaHHOW BOABI, T.€. BOABI, HE COAEpIKallel
pPacTBOPEHHBIX COJIEH, B TOM YHCJIE COJIEH KECTKOCTH. J[JIs1 MOJTHOTO 00ECCOMMBAaHMS BOJIBI €€
MOCJIEIOBATENIBHO MPOIYCKAIOT Yepe3 KaTUOHUTOBBIM M aHMOHHUTOBBIA (QMIbTpHL. B caxapHoit
MPOMBIIIIEHHOCTH MOHUTHI IPUMEHSIOT ISl OUUCTKU TU(PY3MOHHOTO COKa OT 3JIEKTPOIUTOB —
aTOKOOOpa3zoBaTesei, YTO MO3BOJSET MOBBICUTH BBIXOJ Caxapa M YMEHBIIUTh KOJIUYECTBO
MeHee IEeHHOW MaToku. B MOJOYHONH NPOMBIINUIEHHOCTH KAaTHOHUTHI MCHOJIB3YIOT JUIS
YaCTUYHOI'O yJNaJeHUs M3 MOJIOKA MOHOB KaJbLU M MarHus ¢ 3aMEHOM MX Ha MOHBI KIS U
HATpUs U yAaJleHUs paJMOaKTHUBHBIX BEIIECTB. AHMOHUTHON 00pabOTKOM MOMXHO 3aMEHHUTH BO
(pPYKTOBBIX COKaxX KHCIIOTHI, MMCIOIIUE HEMPHUATHBIM BKyC, Hampumep sS0104yHy0. VOHUTHI
HAIUTM TakXKe IMIMPOKOE NMPUMEHEHHUE JJII OYMCTKH MPOMBIIUIEHHBIX CTOYHBIX BOJ| OT MOHOB
TSDKETBIX MeTaisioB. loHOOOMeHHas aicopO1ust UMeeT OOJIbIIoe 3HAUCHHUE [T 3eMJIeIeNs, TaK
KaK OT IPUPOJIbI MOTJIOIEHHBIX MOYBOW KATHOHOB 3aBUCHUT €€ TI0J0POJIUE.

KonnuecTBeHHON XapaKTepUCTUKOM HOHUTA SBJIsIETCS TToJHast oOMeHHass eMkocTh (ITOE):

(3.1)

V _ ¢
TIOE = -2~
m

rne Vosy — CyMMapHBIii 00beM pacTBOpa, COEPKAIINNA BBITECHEHHYIO U3 CMOJIBI
KHCJIOTY; C — KOHLIEHTpALUs KUCJIOTBI; M — Macca HOHUTA CMOJIbI B KOJIOHKE.

[TOE MOXHO OnpenenuTh CTAaTUYECKUM WU JUHAMHUYECKUM METOZIOM, OCHOBAaHHBIM OOBIYHO
Ha PEeaKLUsAX, IPOTEKAIONIUX B BOJHBIX pACTBOpax:

RSOsH' +NaOH — RSO3 Na" + H,0;
RNH3"OH + HCl — RNH3"CI" + H»O.

IIpu cTaTMYECKOM METOJE CMOJy, HanmpuMmep KaTdoHUT B H'-(opme, TUTpyIOT pacTBOpoM
menoun. Ilpu nuHaMHUECKOM MeToje depe3 KOJOHKY ¢ MOHOOOMEHHOM CMOJIOW MpOITYCKAaroT
pacTBOp SJEKTPOJIMTA U PETHUCTPUPYIOT 3aBHCHUMOCTh KOHIIEHTPALMM IOIVIONIAEMOr0 HOHA B
BBIXOJISIIIIEM pacTBOpe (AIr0aTe) OT 00bheMa MOMISIIer0 pacTBopa (BeIX0AHAs KpuBasi). B pabote
[IOE cynsdoxkarnonura B H'-popme onpenensior AUHAMHUYECKUM METOAOM II0 KOIMYECTBY
KHMCJIOTHI B 3JII0aTe, 00pa3yIolehcs B pe3y/IbTaTe BHIHECEHHS U3 CMOJIbl MOHOB H™ monamu Na':

RSO;H"+Na"+Cl"— RSO3 Na"+ H" + CI".
Koncranty wuonnoro oOmenHa (Ki2) MOXHO ompeneinuTh W3 JaHHBIX O PaBHOBECHOM
pacnpenesieHnd HOHOB B CTaTMYECKHMX YCIOBHAX), a TaKK€ JIMHAMUYECKUM METOJIOM II0
CKOPOCTH IepEMELICHUs 30HbI BEIIECTBA M0 CJIOK MOHUTA. Eciin yepe3 KOJOHKY ¢ KaTHOHUTOM
IPOIYCKAETCS PACTBOP KUCIOTHI, TO B HEM MTPOUCXOIUT MHOTOKPATHBIH Ipoliecc oOMeHa:
zRSOsH" + M*" « (RSO3),M*" + zH",
B ycnoBum paBHOBecus IIpH paclpeneIeHM HOHOB MEKY ITPOTEKAIOIINUM PacCTBOPOM U
gggﬁl(\)a:n MOHHTA OTHOIIEHUE MEXKIY KOHIEHTPALUSIMI HOHOB M”" B KaTHOHHUTE . M PacTBOPE C

&
=K,

9

C -H-l'-

z (3.2)

@)
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CKopocTh mepeMeIeHus: Xxpomarorpaguueckod 30HbI ¢ TOCTOSHHOW KOHILIEHTpAaIlMe MoHa
I10 BBICOTE KOJIOHKHU paBHA

Ax vV (3.3)
At sldAc/Ac)

rae v — o0beMHasi CKOPOCTh IPOMYCKaHMsI pacTBOPA KUCIIOTHI; S — IJIOMIAAb CEUEHUSI KOJIOHKHU, X
— pacCcTOsIHUE, t - BpEMSI.
Bripaxxenue (3.3) MoXHO 1TpeoOpazoBaTh CISAYIONIMM 00pa3oM:

Ax _ h V —=vt

_ max max

Ax _ hv G4
AtV

r71€ Vimax M Tmax — 00bEM MPOTEKAIOIIETr0 Yepe3 KOJIOHKY pacTBOpa M BpeMs, OTBEUaroIee
MaKCHUMyMY BBIXOJTHOM KpUBOH; h — JyTMHA KOJIOHKH.

[pu MasbiXx KOHIEHTpAUsX HOHa M*" M MOCTOSHHOW KOHIIEHTPALMU KUCIOTBI MOKHO
CUMTATh KOHIIEHTPALMIO HOHOB Bogopoaa B cmone [H'] pasnoii ITOE. Torma

z (3.5) WA (3.6)
K1,2 — | [H+] |C K1,2 — Vmax [H+]Z
IIOE ¢ |IIOE] hs
3HaYeHUE Vmax HAXOAAT C YIETOM MTONIPABKHA HA CBOOOIHBIN 00beM KOJIOHKU Vo:
Vmax = Vmax*_ VO, (37)
rie Vi, = — 00beM 9mioara, BBINEANIET0 W3  KOJIOHKH  OT Havaa

SIIOMPOBaHMs M?" KHCIOTOM 10 TOSBIECHMS MaKCMMAaJIbHOM KOHIEHTpauum M?" B smroate
(MakCMMyM Ha BBIXOJITHOM KPUBOM - PUCYHOK 3.).

A

=

C g

- >

} max I

Puc. 3. KpuBas pazaeneHus HOHOB
[{enb paboOTHI: OmpeneaeHue MOTHON OOMEHHOW eMKOCTH KaTUOHUTA U KOHCTAHThI
MOHHOTO OOMEHa.

Xo1 paboThl
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[Ipexne uyeM MNPUCTYNHUTh K BBHINOJHEHUIO NPAKTUYECKOM dacTH J1abopaTopHOU
paboThl, clieAyeT BHUMATEIBHO MIPOYUTATh MAaTepHabl TEOPETHUECKON YaCTH, U U3yUUTh CXEMY
nabopaTopHON yCTaHOBKH (pHC. 4).

Lia

LA

Puc. 4 Cxema nmabopaTopHOil yCTaHOBKH

1 — BopoHKa; 2 — HOHOOOMEHHAas KOJIOHKA; 3 — KpaH; 4 — MEpHBIA MWJIUHIP; 5 — ITaTUB

Yacte 1 Onpeoenenue nonnot 06MeHHOU eMKOCMU KAMUOHUMA
l. [lepeBenuTe HMOHOINEHHbIE Tpymmbl KaTnoHuta B H'-GopMy, mpomyckas uepes
koJioHky 50 mu1 3 M pactBopa HC1 no pH 2,0...2,5.
2. IIpombIBaiiTe MOHUT JUCTHUIUIMPOBAHHOM BOJIOM 0 TeX 1Op, noka pH BeITEkaromero
pacTtBopa He OyneT uMeTh 3HaueHue 3,5...4,0.
3. B Boponky 1 naneiite 100 ma 1,5 M pactBopa NaCl, otkpoiite kpaH 3, yCTaHOBUB
cKopocTh ucTedeHus: 1 karist B cexkyHay. CoOupaiite smoar mopuusiMd 1o 50 Mi B MEpHBbIE
nuuHAPEL. OTOOp Mpo6 3aKkaHuMBarOT Npu gocTwkennu pH 2,7...3,0.
4. B kaxmoit mopuuu onpenenuTe KUCIOTHOCTbD, ISl 3TOTO mumeTkord otdepure 10 M
amroara, nepeHecute B crakaH u turpyirte 0,2 M NaOH B npucyrctBum ¢enondranenHa.
Pesynbratsl BHecuTe B Tabi. 3.1. OcTaBuyrocs )KUAKOCTh coOepHUTe B OO CTaKaH.

5. [TocTpoiiTe KpUBYIO 3aBUCUMOCTH KOHIICHTPAIIMU KHCIOTHI OT 00bEeMa BBIIICAIIETO
III0ATA.
6. N3 MOJYYEHHOTO B obmem CTaKaHe pactBopa KHCJIOTBI

orbepute 10 ™y, mnepenecure B crakaH u TtuTpyiite 0,2 M NaOH B mnpucyrcTBuH
dbenondranernHa. BrrauciauTe KOHIICHTPAIMIO KHUCIOTHI B PAacTBOPE M CYMMAapHBIM 00beM
BBITECHEHHOH U3 CMOJIbI KUCIIOTHI.
7. [TomHyt0 0OMEHHYIO €MKOCTB CyJIb(oyTiis BeIaucauTe mo dpopmyse (3.1).

Tabmuna 3.1
Pe3ynbrarhl 3aBHCHUMOCTH KOHIEHTpPALMU KHUCIOTHI OT OObeMa 3iroaTa IpPOMIEINIEro 4Yepes
KOJIOHKY

Ne ombITa O0pem 0,2 M NaOH, V, M KoHnentpanus smroata, ¢, /M

Yactb 2 Onpedenenue KOHCMaHmul UOHHO20 0OMeHA
Cwmotpu . 1, 2 yactu 1.
B noarotoBiennyio koiaoHky BHocute 5 M 0,6 M pactsop HCL
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B Boponky 1 naneiite 100 mn auctuirpoBanHoii Bojbl. Cobupaiite smoaT mopuusMu mo 10 mi
B MepHbIe IMIUHAPBL. OTOOp Mpob 3aKkaHuMBarOT npu gocTwkeHnu pH 2,7...3,0.
B kaxxmoit mopuum onpenenuTe KUCIOTHOCTh. Pe3ynbrarel BHecuTe B TaOI. 3.2.

Tabnuna 3.2
PesynbTatrsl 3aBucuMoctu pH oT 00beMa 31r0ata, Npoueniero 4epe3 KOJIoHKY

Ne omibiTa O6bem ammroara V, M pH

[TocTtpotite rpaduk 3aBucumoctd pH oT oObema BeImeamero 3ioara. [lo MHUHMMaTbHOMY
3HayeHuto pH onpenennure cBOOOAHBII 00bEM KOJIOHKH V.
B BOPOHKY 1 BHECUTE 10 MJT CuSOs (c koHmeHTparmeit Cu>* 60
MI/MJT), KpaH 3 3aKpoiTe U JaliTe BIUTATHCS B BEPXHUE CIIOM CMOJIBI PACTBOPY COJU B TEUCHUE 5
MUH.
B Boponky 1 mpuneiite 3 M pactBop HCI, oTkpoiite kpaH 3, ycTaHOBUB CKOPOCTh MCTEUECHUS
KHUJIKOCTH 4epe3 KONOHKY 3 — 40 kameinb B MUHYTY Ul JIIOMPOBAaHUS aJCOPOMPOBAHHBIX B
BepxHeil yacTH cMOJIbI HOHOB M**,
Omoar cobupaiite moprusmMu 1Mo S50 M B MEpHBIC TWIUHAPHL I Kaxmol Mmo3UIuu
OTIpeNIeIUTe ONTUYECKYIO TUIOTHOCTHh Mpu nomomu POK-56 co ceerodumbTpom Ne 8 (cBetio-
KpacHbIi) B KtoBeTax 50 mm. [TomydeHHbIe pe3yabTaThl BHECHTE B Ta0. 3.3.

Tabmuna 3.3
Pe3ynpTaThl 3aBHCHMOCTH ONTHYECKOW IUIOTHOCTH OT OOBEMa 3It0ara IMPOUIEJIIEro 4epes3
KOJIOHKY

Ne ompITa OO0BeM smroaTta V, Mt OnTrueckas INIOTHOCTE, D

9. [Toctpoiite Tpadmk 3aBUCHUMOCTH ONTHYECKON IUIOTHOCTA OT OOBEMa 3J0ara W To
MaKCHMaJIbHOMY 3HAQUEHUIO ONTHYECKOHN MIIOTHOCTH HAWIUTE 00bEM 3I1t0aTa Vmax, BBIIIEIIIETO
U3 KOJIOHKM OT HayaJla JJIFOMPOBAHUs J0 MOSIBICHUS MAaKCHMyMa Ha BBIXOAHOW KPUBOW, W IO
ypaBHEHHIO (3.7) pacCUNUTHIBAIOT 3HAYEHHUE V max.

10.  Koncranty wuoHHOro oOMeHa paccuuTaiite 1o ypaBHeHuio (3.6), mpu 3ToM 3a
xonuentpanuio [H'] npuaumaror konuenrpamuto HCl B smoare; 3aauenne ITOE onpenensior B
NepBOil yacTu pabOTHI.

MeToabl NOJIyYeHHS] H OYMCTKH KOJJIOHWIHBIX PACTBOPOB
[IpuOopsl M peakTUBHI: MIOCKOMOHHBIE KOJIOBI HA 100 u 150 mi, crakansl Ha 50 u 100
MJI, MEPHBIA UWIMHAP, MHUIIETKH, CTEKJISHHbIE MajJO4YKHd, BOPOHKH, MITATUBBI, (apdopoas
CTYIKa, MPOOUPKH, MOJUITUIICHOBA TICHKA, puibTpoBanbHas Oymara, 0,01 H pactBop AgNO3,
HaceineHHbI pacTBop Ka[Fe(CN)s], 2%-ub1it 1 10%-ub1ii pactBopsl FeCls , 0,1 M pactBop
NazS203 , 2%-nb1i1 pactBop H2SO4, 0,10 pactBop H2C204, penondranenH, pactBop cepsl B
aOCOJIFOTHOM CITUPTE.

KpaTkune TeopeTH4ecKue CBeICHUs

Konnounneie cucrembl OTHOCATCA K AUCHEPCHBIM CHUCTEMaM — CHCTEMaMm, A€ OJHO
BEILIECTBO B BUJIC YACTHUIL PA3JIMYHON BEJIMYMHBI pacnpeeneHo B apyroM. I1o cpennemy pazmepy
yactun gucnepcHoit ¢assl (107 — 10 M) KomIouaHbIe PACTBOPHI 3aHMMAIOT IIPOMEKYTOYHOE
MOJIOKEHUE MEXTY UICTUHHBIMU U MUKPOAMCIEPCHBIMU.

['maBHBIM yCIOBHEM TOJNYYEHHUS] KUAKOW KOJUIOMJHOM CHCTEMBI SIBISIOTCA MaJias
pPacTBOPUMOCTb TUCHEPCHOH (a3bl B TUCHEPCUOHHON cpenie. MeToAbl MOMyYeHHUs! KOJIJIOUTHBIX
PacTBOPOB MOXHO Pa30UTh HA B OCHOBHBIC TPYIIIBI: METOIBI AUCTIEPTUPOBAHHUS (APOOICHUS) U
MeTO/Abl KOHACHCAIuu (yKpymHeHus). B mepBoM citydae BemiecTBa JIpoOsATCS 10 pPa3MepoB
KOJUIOUJIHBIX YaCTHI[, @ BO BTOPOM - MPOUCXOJUT UX YKPYINHEHUE W3 MOHOB M MOJIEKYJ 10
pa3MepOB KOJUIOWIHBIX YaCTHLL.
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K koHAeHCAallMOHHBIM METOAAM OTHOCHUTCSI 3aMEHA pPacTBOPUTENS M METOJ XUMHUYECKOU
KOHJCHCALlUM, OCHOBaHHBI Ha TMPOBEAECHUU XHMHUYECKUX pEaKLUUH, CONPOBOXKIAIOLINXCS
o0pa3oBaHNEM HEPACTBOPUMBIX HJIM MaJOPaCTBOPUMBIX BEIIECTB.

Eme ogHMM HEOOXOOUMBIM ISl TOJYYEHHUS 30JIel yCIOBUEM, IOMHMO JOBEACHUS
pa3MepoB YaCTHUIl O KOJJIOMJIHBIX, SBISETCS HAJIMYME B CHCTEME CTa0MIM3aTOPOB — BEILECTB,
IOPEMSATCTBYIOUIMX — IPOLECCY  CaMONPOU3BOJIBHOTO  YKPYHMHEHMS  KOJUIOMAHBIX — YacTHLL.
Crabunuzanust ocyllecTBiseTcss MyreM (OPMUPOBAHHUS BOKPYT MHUKPOKPHCTAUIMYECKOM
YacTHUIbl HOHHOW 000JI0YKH, 00pa3yrolieil TBOWHOM IEKTPHUECKUI CIIOH.

OCHOBHON CTPYKTYpHOM €IMHHUILIEH KOJUIOMIHOTO pacTBOpa SBJSIETCA  MUILEIIIA.
CrpoeHrie MHUIIEIUIBI PACCMOTPUM Ha TpuMepe 307 Agl, Bo3HuKaromero npu apodasnenun KI B
pactBop AgNO:s.

{[meAglln°Ag" (n-x) NO3 }*" xsNO3"

rre m — KoiauuecTBO Mosekynl Agl B dgactume ocagka; no —  KOJMYECTBO
MOTEHLUAJIONPEAETSIONMX HOHOB, aJCOPOMPOBAHHBIX HA MOBEPXHOCTH TBEPAOH YaCTUIIBI
ocazika; (n-X) — KOJIMYECTBO MPOTUBOUOHOB; X — KOJIMYECTBO JU(PPY3HBIX TPOTHBOMOHOB.

B stux ¢dopmynax uactuukm ocamka Agl sBISIIOTCS arperaToM MUIEIUIBI; arperar
BMECTE C TOTEHIMAJIONPEACIAIONIMMA HOHAMHU O0pa3yloT sIPO MUIEIUIBI; SIAPO C TUIOTHOM
4acTbIO
IIPOTUBOMOHOB COCTAaBISIOT 3apSDKEHHYIO KOJUIOMJIHYIO YacTUIly, a KOJUIOMJHAs 4YacTHLa
BMecTe ¢ TuhPy3HBIMA MPOTUBOMOHAMH 00Pa3yIOT AICKTPOHEUTPATLHYIO MULICILTY.

JUi OKpalleHHBIX 30JIel 3HAK 3apsiAa KOJJIOWIHBIX YaCTULl MOXKHO OIPEAEIUTh METOAOM
KalMWUISIPHOTO aHalIN3a, UCIOJb3ys 3aBUCUMOCTH aJCcOpOMPYEeMOCTH 30Ji1 OT 3HaKa 3apsaa
MOBEPXHOCTH ajicopOeHTa. B KkadecTBe Takoil 3apsyKEHHOM IOBEPXHOCTH MOXKET OBITH
UCIIOJIb30BaHa MOBEPXHOCTh KaNMWUIIPOB (GUiIbTpoBalibHOM Oymaru. [Ipu morpykeHuu B BOIY
(GMIBTPOBANIbHOM OyMaru LEJUTIONI03HBIE CTEHKU 3apsKaloTCs OTPULIATENBHO, a MpHIIeraonas K
HUM BOJIa — TOJIOKHUTENbHO. 32 CUET CHJI TTOBEPXHOCTHOTO HATSDKEHUS BOJA MOJHUMAETCS IO
Kanmwusipam Oymaru. Eciu B Boje 3apshkKeHHbIE KOJUIOMIHbBIE YAaCTHIIBI, TO TEPEIBUKECHUE UX
BBEpPX BO3MOXHO TOJIBKO TOI/Ia, KOTJIA OHU 3apsDKEHbI OTPHUILIATEIbHO U HE MPUTITHUBAIOTCS K
CTEHKaM KanwuisipoB. Eciin yacTHIbl 3apsyKeHbl MOJIOXKUTEIBHO, TO MOABEM HEBO3MOXKEH, TaK
KaK OHU OyAyT ocefaTh Ha CTeHKaX KamLIspoB.

[{esib pabOTHI: M3YYUTh METOABI OTYUEHHS M OUYMCTKU KOJJIOUIHBIX PACTBOPOB.

HOJIVYEHUE KOJIVIOH/IHBIX PACTBOPOB JIHCIIEPCHUOHHBIM METO/JOM
OmnwIt 1. IIpurorosiienne 30711 KpaxmaJa.

Oxomo 0,5-1,0 r kpaxmama THIATETBHO pacTUparoT B (apdopoBoil cTymke, 100aBIA
MOPIHAMHU BOAY 00IHUM 00BEMOM 5-6 Mi1. DUIBTPYIOT Yepe3 OyMakHbIN (GUIBTP B Mpodupky. B
npoOUpPKyY cTeKaeT 30J1b kpaxmaia. [Ipu nobasieHnn iioja OH 1aeT CMHEE OKpalIBaHUE.

OnpIT 2. [TosryyeHue 3011 0epJAMHCKOM JIa3yPpH METOIOM MeNTH3ANH.

[TenrTu3arnueit Ha3BIBAIOT MEPEXO]] B KOJUIOMIHBIA PAcTBOP OCAIKOB OOpPa30BABIIUXCS MPH
koarymsiuui. OHa MOXET NMPOUCXOIUTh B PE3yJIbTaTe MPOMBIBAHUS OCAJKA WUIIH MOA ACHCTBHEM
CHEIMANIbHBIX BEIIECTB - MENTH3aTOPOB.

K 5 mn 2%-noro pactBopa FeCls mpubasnstor 1 mn HackimenHoro pactBopa K4[Fe(CN)g].
OT(uIBTPOBHIBAIOT M IPOMBIBAIOT OCA/I0K Ha (pUIbTpE AMCTHIUIMPOBAHHOM Bos1oM. Eciu k ocanky
Ha ¢uiabTpe 100aBuTh 3 M1 0,1 H pacTBOpa MaBeIeBON KUCIOTHI (MIEMTH3ATOP), PUIBTPYETCS 3071
OepIIMHCKOM 1a3ypH, OKpaIIeHHBI B CHHUH LIBET.

HOJIVYEHUE KOJIJIONIHbBIX PACTBOPOB KOHAEHCALI[HOHHBIM METOJOM
OnpIT 1. MeToa 3aMeHbI pACTBOPHUTEJIS.
A) Honyuenue 3013 penongpmaneuna.

Hanetite B mnpobupky 3 MJI JUCTWIIMPOBAHHOW BOABI W TMpuOaBbTe 1-2 Kamim
¢enondranenna. PactBop B3OonTaiiTe. HaOmomaercs CHUIBHO —ONAJIeCUUPYIOMIUNA  30J1b.
OOBsicHuTe ero 00pa3oBaHHE.
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b) Ionyuenue cuopo3zons cepwvi

Cepa pacTBOpsieTcss B STWUJIOBOM CHHUpTe, 0Opa3ys HMCTHHHBIM pacTBOp. B Bome cepa
MPAKTUYECKH HEPACTBOPUMA, TIOATOMY IPH 100aBJIEHUU BOJABI CIUPTOBOMY PACTBOPY MOJIEKYJIBI
KOHJCHCHPYIOTCS B 00JIee KPYITHBIC arperarsbl.
OnbIT 2. Peaxkuus ruaposm3sa. IlosyueHue 3018 rHAPOKCH/IA JKele3a.

XTOpHOE KENe30 SBISETCS COIBbI0 CHIIBHON KUCIOTHI U C1aboro ocHoBaHwusl. COJM TaKoro
COCTaBa B BOJIE MOJBEPIatOTCs THAPOIINA3Y.

B konbouky Haneiite 20 M3 IUCTHUILTUPOBAHHOW BOABI U JOBEAUTE €€ JO KUIICHUS.
Jo6asbre 10 kamens 10%-Horo pactBopa xyopuaa sxene3a (III). Ilomydaercs kosmomaHbII
pactBop Fe(OH)3 MHTEHCHBHO KpacHO-KOPUYHEBOTO 1iBeTa. Hanumure cTpoeHre MULICILIIBI.
OnpIT 3. IHosry4yenue 30151 cepbl OKUCIEHHEM.

Haneiite B mpoOupky 2 mi pactBopa NazS>03; u no6aBste 1 M 2%-HOro pactBopa cepHoi
kucnoTel. Habmonaercss oOpazoBaHue onaiecupyromero 305 cepbl. Hanummre ctpoerne Mu-
LEJUTBL. SIApOM KOJIOMAHOM YacTHIIbI SABIISIETCS cepa, a B U30BITKE - THOCYNb(AT HATPHUSL.

11 JITHAJINA3 30JIA TH][POKCH/IA ’KEJIE3A

B nemnodanoBsli Memouek HaJMBAIOT 30J1b THAPOKCHIA jKeJle3a. Melouek MoIBEeIINBaiOT
Ha CTEKJITHHOW TaJO4YKe B CTaKaH C JUCTHIUIMPOBaAHHOHW Bomoi. Uepe3 1 dac k HEOOIBIIOMY
KOJIMYECTBY BOJIbI M3 CTaKaHa J00ABISIOT 2-3 KaIlIk a30THOKUCIIOTO cepedpa. OOpazyeTcst ocagok
XJIOPUCTOTO cepedpa. DTO CBHUAETENbCTBYET O MOSIBICHUM B CTakaHe ¢ BOJAOW HMOHOB XJIOpa,
KOTOpPBIE MOCTYIUJIN TY/1a B IPOIIECCEe TUaTn3a U3 HEeT0(PaHOBOTO MEIIOYKA.

V. OIIPEJIEJIEHUE 3HAKA 3APA/{A 30JI4 METOOM KAITHJIJIAPHOI' O AHAJIN3A

a) [Ipu morpyxennu B Boay (PHIBTPOBATBLHON Oymaru IEIITIOIO03HBIE CTEHKH KalUJUIIPOB
3apsKAlOTCSl OTPULATENBHO, A MpUJIETaroIias K HUM BOJA IOJIOKHUTENIBHO. 3a CYET CHJI
MOBEPXHOCTHOTO HATSHKEHHSI BO/IA TIOJJTHUMAETCSI 10 Kammuisipam Oymaru. Eciiu B Bojie HaXosTCs
KOJUIOWJHBIE YacCTULI, TO NEPEIBMKEHUE HMX BBEPX BO3MOXHO TOJBKO TOrJa, KOTJa OHH
3apsHKEHBI OTPULIATENIBHO M HE MPUTSTUBAIOTCS K CTEHKaM KanuwuisipoB. [1010KuTenpHO 3apsiKeH-
HbIE KOJUIOW[bI, HEHUTPATM3ysACh OTPHUIIATEILHO 3apsDKeHHOW Oymaroit, OyayT ocemath H
MEJUICHHO MpPOJIBUTaThCcs BBEPX Beied 3a pacTBopurtesieM. OKpalleHHbIE 307U TUIPOOKHCH
Kene3a, OCpIMHCKON Jla3ypu U BOJBI HATWBAIOT MO 5-10 MJI B TpH MaJICHBKHX CTaKaHYMKA U
OINyCKAalOT B HUX MO Y3KOW OJMHAKOBOW IOJIOCKE (MIBTPOBaIbHON Oymare. Crenst, 4ToObI
IIOJIOCKA HE Kacalach CTEHKH cTakaHa. Yepes 3-5 MUH CONOCTABIIAIOT BBICOTY MOJHSATHS BOJBI U
KOJUIOUIHBIX YacTHIl. JleNatoT 3aKI0ueHUE O 3apsiie YaCTHI] TUX 30JICH.

0) Hanocst Ha GunbTpoBaibHyro Oymary kariu 3o0jei. [1onokuTensHo 3apsKeHHBIC 3011
JAIOT TSATHA, OKpAIICHHBIE B IEHTPEe U OECIBETHBIC MO KpasM. PacTBOpBI ¢ OTpHUIIATEIBHO
3apsyKEHHBIMU YaCTUIIAMM JAIOT PABHOMEPHO OKPALIEHHOE MATHO.

3HayeHHe KOHUEHTPAUMii pearupywIIMX BellecTB s MOJYyYeHHS KOJIOHIHBIX
pacTBOpoOB

[Ipubopsl M peakTuBBl: cTakaHbl HAa 50 M, MepHbIe TUNETKH Ha 10 MII; CTEKJISHHBIC
nanouku; pactBopbl: FeCls (2%-nb1it); Ka[Fe(CN)s] (0,1%-nb1it, 10%-HbIil 1 HaCHIIIEHHBIH);
JTUCTUJUTMPOBAaHHAS BOJIA.

Kpatkue TeopeTrnueckue CBeACHUS

Pa3mepsl AuCTIepCHBIX YacTHIl TP PEAKIMIX TBOHHOTO oOMEHa, B pe3yibTaTe KOTOPOTO
MOJIYJarOTCs. HEPAaCTBOPHUMBIE TMPOJYKTHI, 3aBUCAT OT KOHIICHTPAIIMM PEArupYIOIIMX BEIICCTB.
[Ipn oueHb BBICOKMX W OYEHb HHU3KUX KOHIIGHTPAIMSIX I[OJIy4alOT BBICOKOIMCIIEPCHBIE
(koymonaHBIC) cUCTeMBbl. B miepBOM ciydae 3TO OOBSICHSACTCS BO3ZHUKHOBEHHUEM OTHOBPEMEHHO
OUYeHb OOJIBIIOTO KOJMYECTBA IEHTPOB KPUCTAILIU3AIMH (3apOIBIIIEBEIX IIEHTPOB), YTO CBSI3aHO
C PacxoJI0M BCET0 Pearupyroliero BemecTBa. Bo3MOKHOCTh JadbHEHIIIETO POCTa YaCTUIl ITHUM
OTPaHUYNBACTCSI.

B ciyyae HU3KHMX KOHIIGHTpAllMid BECh BO3MOXKHBIM M30BITOK BEIIECTB PAaCXOMYETCs Ha
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BO3HUKHOBEHUE CPaBHUTEIIBHO HEMHOTOYMCIEHHBIX LEHTPOB KPUCTAUIM3ALUHU, JAIbHEUIIUI
POCT 4acTHIl TeM caMbIM ucuepnbiBaeTcs. IIpu cpeiHUX KOHLEHTpaALUAX pearupyolux BeIEeCcTB
NOJIy4al0TCs TPyOOMCIIEPCHBIE YaCTHUIIbI, BHIITAIAOIINE B OCA/IOK.

Llenb paGoThl: MOKa3aTh pPOJb KOHIEHTPALMH pearupyroliuX BELIECTB MpPU IOTYYECHUH
KOJIJIOUJHBIX PACTBOPOB OEPIMHCKOM J1a3ypH.

XoJ1 paboThl

OmnbiT 1. B crakan HanuBaiot 5 mut HackimeHHoro pactBopa Ks[Fe(CN)g] u mpubamnsitor 2
mi 2%-noro pactBopa FeCls. [TomyuaeTcst oTpuLiaTeabHO 3aps>KeHHBINA 3071b OEpIMHCKOMN J1a3ypu
KFe[Fe(CN)s] 3enenoro npera. 3anucats ypaBHeHHE 00pa30BaHUs 30Ji1 OCpIMHCKOM J1a3ypu B
u30biTke K4[Fe(CN)g].

OnbIT 2. BRINONHAIOT TO %€, 4To U B ombITe 1, Oeps 3 mi 2%-noro pactBopa FeClz u 1 mn
10%-noro pactBopa K4[Fe(CN)g]. U3 MyTHOrO pacTBOpa BBIMAJAET OCAI0K OCPIMHCKOM Ja3ypH.
3anucarh ypaBHEHHE 00pa30BaHUs Oca/lka OEpPIMHCKON JTa3ypH.

OmnbIT 3. B crakan emkoctbio Ha 50 mi HanuBaroT 2 mi 0,1%-nHoro pactBopa Ks[Fe(CN)g]
u npubaBnsioT 4 mMa 2%-Horo pactBopa FeCls. ITomyuaeTcs mosioxuTeNnbHO 3apsKEHHBIH 301b
o6epnuHckoit na3zypu Fes[Fe(CN)s] TeMHO-crHETO 11BeTa. 3anmucaTh ypaBHEHUE 00pa30BaHUS 30151
OepinHCcKoit na3ypu B u3osITKe FeCls.

Koaryasiuus v 3a1uTa KOJJIOUIHBIX PACTBOPOB

[Ipubopsl U peakTUBLI: TIOCKOAOHHBIE KOIOBI Ha 50 1 100 Mi; ctakansl Ha 50 MJI; MEpHBIH
HWIMHJP; TUIETKH; CTEKISHHBbIC MalO4YKH; 3JIEKTpUYECKas IJIUTKA; BOPOHKH CTEKIISHHBIC,
OropeTKu; mWTaTHBbI; GHIbTpoBasIbHAS Oymara; pactBopsl: FeCls (0,3 M u 2%); HCI (kon1. u 0,1
H); Na;SiO3 (HaceieHHsiit pactBop); Ks[Fe(CN)g] (0,005 M), K2SO4 (0,05 M); KC1 (2 M u 0,1
H); AgNO; (0,001 n), xenarun (0,5% u 0,025%), nuctuimpoBaHHas Boja.

Kpatkue TeopeTnueckne cBeICHUS

Y CTONYMBOCTD TUCTIEPCHOM CHCTEMBI XapaKTEPU3YEeTCs CIIOCOOHOCTHIO AMCHEpCHOU (ha3bl
COXpaHSTh BO BPEMEHHM KaK MCXOJHbIE pa3Mepbl YaCTHUI], TaK U PaBHOMEPHO pacHpeleisThCs
B JUCIEPCUOHHON cpene. Hamnume saexkTpuyeckoro 3apsjga Ha IOBEPXHOCTU  YacTHI]
ABJIIETCS.  BAXKHBIM  yCIIOBUEM COXPAHEHMsSI YCTOMUMBOCTH  JMCIIEPCHBIX CHCTEM.
ArperaTuBHas HEYCTOMYMBOCTh KOJUIOMJHBIX CHCTEM OOYCIIOBJIEHAa H30BITKOM CBOOOTHON
MOBEPXHOCTHOM SHEPruu Ha MexX(a3zoBOM IpaHUIlE, YTO MPUBOJUT K CaMONPOU3BOIHHOMY
00pa30BaHUIO arperaToB M MOCIEAYIONIEMY UX chausHuio. KuHerndeckas (CearMEHTALMOHHAs)
HEYCTOMYMBOCTh MPOSBISETCS B OCEAAHMM YaCTHUYEK TUCHEPCHOM (a3bl MOJ BIUSHUEM CHIIbI
TSKECTH.

Koaeynayusa — mpouecc caMONpOU3BOJIBHOTO YKPYNMHEHUS (CIAUSHUS) JUCHEPCHBIX
YacTHIl, KOTOPBIM MOXKET IPOUCXOAUTH IIPH BO3AECHCTBUU HA JUCIEPCHYIO CUCTEMY PA3JIMUHBIX
(GakTOpoB: TpU MHTEHCHBHOM [EpPEMEIIMBAHUM WJIM BCTPSIXUBAHWW, HATrPEeBaHUM WU
OXJIXK/ICHUH, 0OJydEHUU CBETOM HJIM MPOIYCKaHUH IJIEKTPHUECKOTO TOKA, MPH JOOABICHUH K
CUCTEME DJIEKTPOJIUTOB. Bo Bcex ciayyasx BO3AEHCTBHS Ha CUCTEMY MPOUCXOIUT YMEHbILIECHUE
SHEPIrUM CBSI3U AUCIIEPTUPOBAHHBIX YACTHI] C JUCIIEPCUOHHOMN CPEIOH.

JloGaBiieHne >JEKTPOJUTA BBI3bIBACT CxKaTHe AUPGY3HOTO CIOS B KOJUIOMIHON YacTUIE
W, CIEAO0BaTElIbHO, [OHMWKEHHE BEIMYMHBI 3JIEKTPOKMHETUYECKOrO0 MOTEHLHana. ITo
INPUBOJUT K YMEHBIIEHHUIO 3JIEKTPOCTaTUYECKOTO OTTAJIKMBAHUS KOJUIOMIHBIX YAaCTHIl M, Kak
CJICZICTBUE, K OOJIBIIEH BEPOSITHOCTH UX CIUIAHUS (MEIUICHHAs! KOATYJISIIINA).

MuHnumanbHas KOHIEHTpalusl 3JEeKTPOJIUTa, J100aBiIsIeMOro K JIHUCIEPCHOW CHCTEME,
Opyd KOTOPOM HAcTylaeT SBHas KOAryislus HasbIBaeTcsi nopocom koacynayuu (Ck). Ilopor
KOAryJsSIIMKM  OTpENeNsieTcsl TeMIepaTypol, MpUpOAOH J00aBIsSEMOro 3JEKTPOJIUTa, 3HAKOM
3apsaa 100aBisieMOro MOHA (AECHCTBYET HMOH 3apsDKEHHBINH MPOTHUBOIMOJIOKHO KOJUIOMIHBIM
gactuniaM — l[apau) m uucinom 3apsga storo umoHa (Lllymere). Tak nmms Tpex-, OByX- |
OJIHO3apS/THBIX MOHOB SIBHAS KOArylsllds HACTYMAeT MPU KOHIEHTPAIUU SJICKTPOIHUTOB,
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COOTHOCSIIUXCA MEX Ty coboi kak: 1: 25: 500 (mpaBuuo Illynbue — [apan).

ITopor koarynsliud pacCUUTHIBAETCS IO CIEAYIOLIEMY YPAaBHEHHUIO:

Cxk = Con.-Van / V3onsa (kMomb/m?)

Bennuuna obpatHast HOpory KoaryJsisiiiMy Ha3bIBAETCs KOArYIHUPYIOLIeH cuitoi (y):

vy=1/Ck

SIBnenue oOpaTHOE KOAryJsMM, T.€. pa3pyLICHHE arperaToB YacTHIl MO JeicTBHEM
YUCTON AUCTIEPCUOHHOI CpeJibl I PACTBOPEHHBIX BELIECTB, HA3bIBACTCS nenmuzayuetl.

JUig mpenoTBpalieHus] arperaluy YacTHUI] U 3alUThl TMAPO30JEH OT KOAaryJupyroLIero
JIEUCTBUS DJIEKTPOJUTOB MPUMEHSIOT BHICOKOMOJIEKYJISIPHBIE COeMHEHUs U KoJutonanbie [1AB,
pacTBOpUMBIE B BOJIE, Hampumep, OCIKH, MbLIa, Kpaxmal, AeKCTpuH. UX crabunmsupyromiee
JeiiCTBME OCHOBAaHO Ha OO0Opa30BaHMM Ha TIOBEPXHOCTH YACTHUI] JUCIEpPCHOM  (a3bl
a/ICOpOIIMOHHBIX MJICHOK U CBS3aHO C YMEHBIICHHEM MeX(a3HOTO HATSKEHUS U CO CTPYKTYPHO-
MEXaHUYECKUMHU CBOMCTBAMH IMOBEPXHOCTHBIX CJIOEB.

3amuTHas crocoOHOCTh moiuMepoB wuiu  [IAB  OTHOCHMTEIBRHO BBIOPAHHOTO 307
XapaKkTepU3yeTcs 3auumuviM yuciom S — KOJMYECTBOM BEIIECTBa, TpeOyemMoro mamis
cTaOUIM3aluy eIMHUIBI o0beMa 30J8. 3alllUTHOE YHMCIO S, KaK U IMOPOr KOAryJsiHH Cy,
OTIPENIECTSAIOT METOJAOM TYpOMAMMETPHH. 3alMTHOE YuciIo S (T/1 30519) BBIUUCISIOT IO

YPaBHEHHUIO
c vV

S = cm’ 3auy

V

II€ Ccr - KOHLEHTpAalMs pacTBopa cTaOMiaM3aTopa, TI/1; Vs - 00BeM pacTBopa
cTabmIM3aTopa, HeOOXOAUMBIN ISl IPEAOTBPALLICHUS KOATYISIIIMU 3015, MIL.

[lenb pabOThI: 03HAKOMUTHCS € SBJICHUSIMH KOATYJISIMHA U KOJUIOUTHOH 3alIUThI KOJJIOUHBIX
pacTBOpPOB.

XoJ1 paboThl
OmnbiT 1. Koarynsiuus 3011 KpeMHHEBOH KHCJIOTHI.

B npob6upky ¢ 4-5 KarisiMu KOHIEHTPHUPOBAHHOM COJITHOM KHCIOTHI BHECTH 1-2 Karu
HACBIIEHHOI'O pacTBOpa cuiiMkata HaTpus. [lomydeHHBIH 3051 KPEMHUEBOW KUCIIOTHI HarpeThb
cJ1a0bIM IIJITAMEHEM CIIMPTOBKH J0 repexojia B refib. Kakoe 3HaueHue nuMeeT HarpeBaHue?

Omnpbit 2. [lenTi3anus ocagka ruapokcuaa xesesa (I11I).

Buectu B crakan 20 kamens 0,3 M pactBopa xsopuzaa skeneza (III) u nobasisate mo
KalUISIM PacTBOP aMMHUaka JI0 IIOJHOIO OCaXKIEHMS THUIApOKcHAa xene3a. JlaTh ocaiaky
OTCTOSIThCS, CIIUTh C HETO PacTBOP M JiBa pa3a MPOMBITH BOJOW, KaXKJpli pa3 IepeMeriuBas
ocanok. K mpomeiToMy ocanky m0o0aBuUTh 2 MJI BOABI, pa3MemniaTh CTEKISHHOW NAJTOYKOW H
NOJYYEHHYIO Maccy pa3ienuTh Ha 3 mpoOupku. B nepByro npodupky nodasuts 2-3 xarm 0,1 H
pacTBOpa COJSIHOW KUCIIOTBI, BO BTOPYIO — 2-3 Karuli HACBIIIEHHOI'O pacTBOpa XJIOpUIA KeJe3a
(I1I), a TpeTpio MPOOUPKY OCTABUTH [T cpaBHEHUs. [lepeMeriats comepkuMoe BceX MPOOHPOK U
nocTaBUTh UX B WTatuB. Yepe3 10 MUH CpaBHUTH COJEPKUMOE BCEX MPOOUPOK U OOBSICHUTH
pe3yNbTaThl HAOIIOICHUS.

OmnbiT 3. UcciienoBanne KOaryJTupyrouiero AeiicTBisit HOHOB B 3aBHCHMOCTH OT 3apsiia.

[IpuroroBuTh KOUIOMIHBIN pacTBOp ruapokcuaa xemnesa (III). 100 mn aucTrMpoBanHON
BOJIbI HATPEBAIOT JI0 KUTICHUS. 3aT€M B KHIIAIIYIO BOY IO KaruisiM 100aBsitor 5S—10 mut 2%-Horo
pactBopa FeCls 1o monmyyeHus KOJJIOMAHOTO pacTBopa ruapokcuiaa xenesa (III) marencuBHOrO
KpacHO-KopuuHeBoro nera. Ilocie oxmaxzaeHuss pacTBop (QUIBTPYIOT 4Yepe3 CKIIaadarblid
¢GWIbTp, YBIOKHEHHBI TUCTUIUIMPOBAHHOM BOAOH. 3016 Qo0diceH Kazamvcsi CO8epulenHO
npo3pauHvimM 8 npoxoosuem ceeme!

B tpu xon6ouku BBoAAT mo 10,0 M kommongHOro pactBopa. IloouepeaHo TUTPYIOT UX,
MpPUIMBAs K 301110 U3 O0ropeTky mo KarsiM pactBopbl K3[Fe(CN)g], K2SO4 u KC1
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COOTBETCTBEHHO. TWTpoBaHME BeAyT [JIO Hayaja Koarymsiuud, (UKCUpyeMoill 1o
BO3HUKHOBCHHUIO MYTH. 3anuceIBaIOT 06’beM AY/ QJICKTPOJMUTOB, IMOMICANINX HA TUTPOBAHUC B
tabnuiry. OnbeITel HE0OXoauMoO nyOaupoBaTh 2-3 pasa.

DNEeKTPOIUT KoHnuenTpanus O0BeM 371eKTpoIuTa, Ck, nopor
KOaryJsitHT KOaryJsHTa, MOJIb/JI HEOOXOAUMBIN 17151 KOaryJisiuu, MOJIb/JI
KOaryJsiuu, Mi
KCI 2
K2SO4 0,05
K;3[Fe(CN)s] 0,005

[lepecunTriBaloT 00beM V KaXJIOTO U3 NPUIMBAEMBIX JIEKTPOJIUTOB Ha 00beM V’
3TOTO 3K NMEKTPOJINTA, HO MPH KOHIEeHTpamuu 1¢10% M. J[st 9TOro HCromb3yoT (hopMyIy:

— [ ] _
Ve=V?*® le10™*
raec C 3JI-Ta - MOJ‘IﬂpHaSI KOHI_[eHTpaI_[I/ISI TI/ITpaHTa. COHOCTaBJ'IHH BapH,I[OBBIe qucijia aAHHUOHOB

comu (Fe(CN)s>; SO4> u CIl) ¢ COOTBETCTBYIOIIUMH 3HAYEHUAMU V', TPOBEPSIOT MPABHIIO
[ynsue-I'apau.

OnbIT 4. 3amuTa 3015 XJ0pHuaa cepedpa

Hanuts B n1Be npobupku 1o 2 ux oovema 0,001 H pacTBopa HUTpara cepedpa u 1Mo ogHOI
Karule 2 H pacTBOpa a30THOW KHcIOThL. B omHy mpobupky mo6asuts 10 kamens 0,5%-HOro
KOJIJIOUZHOTO PacTBOpa JKEJNAaTUHBI, B APYIyI0 — TaKOW k€ 00beM IUCTUILIMPOBAHHOH BOJBI.
PacTBOpHI mepemeniath CTEKJISHHBIMU MajoykamMu. B 006e mpobupku 100aBUTH MO OJHOW Karuie
0,1 u pacTBOpa xyMopuaa kanus U B30onTarh. [louemy pacTtBop, K KOTOpoMy Oblia J00aBIeHA
KeNaTHHa, He TOMYTHEI, a MOsBUJIACh TOJIBKO cliabas onanecueHIus?
OmnbIT 5. OnpeneseHue 3aIMUTHOTO YMCJIAa cTa0WIn3aTopa

B xaxnpiii u3 10 ctakaHYMKOB BHOCAT 1o 10 MJI McclienyeMoro 30Js U yKa3aHHBIE B
TabnMIle TIepEeMEHHbIE KOJHMUYeCTBa crabuim3aropa — pacTBopa skenaruHa 0,025%. PactBopbl
TIIATEJIbHO MEePEMEIINBAIOT U yepe3 8-10 MUHYT BO BCE CTaKAHYMKHU BHOCST MUIIETKON pacTBOP
KoarynsTopa — mo 5 miu pactBopa KoSOs u TUCTHIUIMPOBAaHHYIO BOAY, YTOOBI 00BEM CMecH B
KaXJI0M cTakaHe Obl1 OBl paBeH 20 mil. PacTBOpHI TIIATEIHHO NMEPEMEIINBAIOT U Y€pe3 5 MUHYT
OTMEYaIOT HAJIMYME MU OTCYTCTBUE Koarymsauuu. [loyuyeHHbIe JaHHbBIE 3aHOCST B TAOJIHUILY.

2 3 4 5 6 7 8 9 10
O0BeM 305181, MIT 10 (10 |10 |10 [10 |10 |10 |10 |10 |10
O0BEM BOIBI, MII - 1,0 /1,5 {20 25130135 (4,0 (4,5 |50
OO0BeM KeTaTHHA, MII 50140135 130252015 [1,0 05 |-
O0BbeM AIeKTpoIUTa 50 50150 |50 (5015050 50150 |50
Hanmuuue wnu  oTcyTcTBHE
KOATyJISIHHA

[To pe3ynbraram OmbITa OMPECIAIOT MUHUMAIBHBIA 00beM cTabuinnzaTopa Veras, TIPH
N00aBJICHUM KOTOPOTO MPOMCXOAUT KOJUIOMIHAs 3alldTa 30J8. 3allMTHOE YHCIO a
paccYMTHIBAIOT 10 (popmyie:

2= Va6 ® Coras ® 10,

rae Cerag— KOHIIGHTpAIUS pacTBOpa cTabunuzaropa, %o.

Onpenenenue cpeaHero padMepa 4acTuil B 0eCIIBETHOM 30Jie METOIOM CHEKTpa
MYTHOCTH.
[Ipu6ops! u peaktuBsl: mpubdop PIK i KDOK-3; nmpo3payunblii 6eCliBETHBIN 3071b.
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KpaTkue TeopeTuueckne CBEACHHUS

B3aumopneiictBue cBera ¢ JUCHEPCHBIMH CHCTEMaMH HUMeEET psa  OCOOECHHOCTEH,
CBSI3aHHBIX C PACCESIHMEM CBETA YaCTULAMU AUCIIEPCHOM (hazbl.

Teopus onTUYECKUX CBOMCTB JMCIEPCHBIX CUCTEM JIOBOJIbHA CIIOKHA. Peneem
paccMOTpeH MNPOCTEUIIHMM  Cciaydail paccesHuss CBeTa TpU  CIEAYIOIHMX  YCIOBHSX:
- Majiasi KOHLIEHTpaLus IUCIIEPCHON CUCTEMBI;

- Malblil pa3Mep yactull (OTHOLIEHUE JITMHBI BOJIHBI M1AJIal0IIETO CBETA Ak paguycy 4acTuIsl ¥
He meHee 10);
- I30MEeTpUYHAs opMa YaCTHII;
- BEIIECTBO JMCIEPCHON (ha3bl HE TOTJIOMIAET MAJAOIIETO CBETa, ONTUYCCKHA M30TPOITHO U HE
AJIEKTPONPOBOIHO.

Ecnm B enuHMIIE 00BbEMa AUCTIEPCHONW CHUCTEMBI, COJIEPKUTCS N YacTHUIl ¢ 00beMoM V, TO
00IIHi MOTOK CBETAa, PACCESHHOTO BO BCEX HAMpaBJICHUX, IO Panero paBeH:

n—n Lt
nt+2n ) A

rac Io -MHTEHCUBHOCTH magaromiero CBETOBOrO IIOTOKAa, N W No - IIOKa3aTciinu

R=247" I, =4,

2

MMpCJIOMJICHUA BCIICCTBA YaCTUI[ U I[I/ICHepCI/IOHHOI\/'I CpCabl COOTBCTCTBCHHO, BCIIMYMHA T
(pasMepHOCTH M) HaspIBaeTCA MymHocmbio cucTeMbl. IIpoXoskIeHne cBeTa uepes AUCIEPCHYIO
CUCTEMY COIMPOBOKIACTCS MPU STOM MOCTEIIEHHBIM MaJ€HUEM €r0 MHTEHCUBHOCTU BCIIEACTBHE
paccesHMsI Ha YacTHIAX; CBSI3b MHTEHCUBHOCTH MPOIIEAIIEro uepe3 cucremy cera I ¢
TONIIUHOM cios [ onuckiBaeTcs ypaBHeHUEM byrepa-JlamOepra-bepa:

[=1,0e™

MYTHOCTI) cucTteMbl T MOXET OBIThH OIpCaAciiCHa KaK 110 M3MCHCHHIO MHTCHCHBHOCTHU
MpoOXOoad1IeCTO CBECTA, TAK U IO MHTCHCUBHOCTH CBCTA, PACCCIHHOI'O IO KaKHM-JIH0O YrJjioMm.

3HAYNUTEILHO CJIOKHEE 3aKOHOMCPHOCTH CBETOPACCCAHUA YaCTHLIaAMHU C pasMEpamMi,
ONU3KUMH K JJIMHE CBETOBOM BOJIHBI, a4 TAKXC MNPOBOJAINIMMHA WKW HNOTJOHIAOIMIUMHA CBCT
HqaCTHUIIaMH. B sTom ciIydyac, B 4YaCTHOCTH, MCHACTCA XapaKTCp 3aBUCHUMOCTH HMHTCHCHUBHOCTH
paccesiHusa CBCTa OT Cro JIMHBI BOJIHBI: [JII HCUOPOBOAAIINX KW HCMNOIIIOMIAIOMINX YaCTHUI]

IOKA3aTeN b CTEIICHH MPH A YMEHBIIASTCS OT 4 IIPH PIIEEBCKOM paccessHud 10 0 IIPH EePexoe K
OTPAXKEHMIO CBETA KPYITHBIMH YaCTHIIAMH, TaK 410 T~A™ .

Ha pucyHKe 5 MpHBE/IeHa 3aBHCHMOCTb ITOKA3aTes CTENEHH X IPH A OT paiyca JacTHIL
I, XapaKTepHas IJIsl CUCTEM C CHIIBHBIM OTJIMYMEM I10Ka3aTesed IPEJOMIICHHUS BEIECTBA YACTHULL
U JMCIEPCUOHHOM cpenpl. Ha 3TOM OCHOBaH MOJIy4YMBIIHNM 3HAYUTEIIBHOE PACIPOCTPAHECHUE B
JKCIIEPUMEHTAIILHOW ITPAKTUKE METOJ ONPENCIICHUS Pa3MEPOB YaCTHUL], HAa3bIBAEMBI METOIOM
"'ciekTpa MyTHOCTH'".

Hexkotopeie n3 BapuantoB npubopoB tuma ®OK paznuyaroTcsi B OCHOBHOM YHCIIOM
CBETOQWIBTPOB; B TaliHIle NPUBEIACHBI JUIMHBI BOJIH 4, COOTBETCTBYIOIIME MaKCUMYyMY
ko3P dunreHTa nponyckanus cBeToPpuiabTpoB nprudopos @IK-52 u GOK-56M.

N cBerodmibTpa 1 2 3 4 5 6 7 8 9

Jmuaa | ©OK-52 415 | 455 | 500 540 580 | 610 660
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BoiHbl, | ®OKH 360 | 413 | 453 508 536 | 584 610 | 565

HM
OOK-56M 315 | 364 | 400 440 490 | 540 582 597 | 630

[{enb paboTHIL: ONPEICTUTh CPETHUI pa3Mep YacTHI] OECIIBETHOTO 30
XoJ1 paboThl

B nmanHO#l paboTre ompenensercss WHTEHCHBHOCTh IMPOIIEAIIET0 Yepe3 KOJUIOHIHYIO
CHCTEMY CBETa B DPA3JIMYHBIX y4acTKax BHIUMON obOnactu crnekTpa. CrnekTpajibHble KPHUBBIC
CHHUMAIOT JIJII OJHOTO M3 30JICH IO YKa3aHWIO TMpenojaaBaTesis ¢ moMmolplo npudoopoB ®IK
(xpome ®OK-M) nnu KOK-3.

W3mepeHust BHIOTHSIOTCS C TAaHHBIM 30JIE€M CO CIEAYIOIIMMHU CBETO(PHIBTPAMU: CHHUM,
roJyObIM, 3€JICHBIM, XEJThIM, OPaHXKeBbIM, KpacHbIM ((uibTpel 3-8 mpubopa PIK-52 wumum
®OKH u 4-9 npudopa ®IK-56M).

3anuchIBalOT B TAOJIUIy 3HAUEHUS! ONTHYECKON TUIOTHOCTH D.

JIMMHBI BOJTH HM Onruyeckas IOTHOCTh D

x M BrruepunBarot rpauk
3aBucuMmoctu  1gD ot lg)\. U 110
! TAHTEHCY YTy HAaKJIOHA MOJYyYE€HHOMH
3 NpsAMOM ompenessitoT X, a 3areM o

PUCYHKY 5 - CpeHUI pa3Mep YacTHll.

'l"'l'..
N

1 ™

( F0 B0 130 Lo

Puc. 5. 3aBucumocTh okasaressi CTENEHH X MpU Aot panuyca 4yacTuil r.

7. 8 Onpenesienne BA3KOCTU MPH MOMOIIM KANMM/UIAPHOT0 BUCKO3UMeETPaA.
BinsiHne KOHUEHTPALMH 7KeJIaTHHA HAa BA3KOCTb.
[IpuGopsl ¥ peakTUBBl: BUCKO3ZUMETP; CeKyHI0oMep; 1%-HbIi 30JIb XKeNaTuHA; 30J1b
ruapokcuaa xenesa (I11), 6 crakanos Ha 100 mi1.
KpaTkue TeopeTrueckre CBEICHHUS
CB0OOIHOIUCTIEPCHBIE KUAKOOOPA3HBIE CUCTEMBI 00JIaIal0OT BSI3KOCTHIO U CIIOCOOHBI TE€Yb.
Bsiskue Tena TeKyT NpH JII000M HaNpsHKEHUH cliBura P, KoTopoe BbIpa)kaeTcs ypaBHEHHEM

P =F/B,
rae F — cuna Bsizkoro conpoTuBieHus; B — miomans, Ha KOTOPYIO pacpOoCTpaHseTcs

NENCTBUE dTOM CUJILL.
TeueHue BA3KUX TeN onpenesieTcs: 3akoHoM HproToHa:
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Toodr drt
rae N — koddduuueHT BsAzkocTH; Ay/At — u3MeHeHue AedopMani BO BpeMEHHU (CKOPOCTh
nedopMarum).
Ecnu 0603Ha4nTh CKOPOCTH JIeOpMaIK Yepes Y, TO B COOTBETCTBUH C TPEIbIIYIIeH
(bopMyI0ii BI3KOCTh CUCTEMBI PaBHA

9

n="P/Y

Bsi3kocTh CBOOOJHOAMCIIEPCHBIX CHCTEM pacTeT IO Mepe YBEIMUYEHUS KOHIEHTpaluu
nucriepcHoi ¢aspl. [IpucyrcTBUe yacTuil gucniepcHoi (a3bl MPUBOIUT K MCKAKEHUIO MOTOKA
KHUJIKOCTH BOJIM3M JTHUX 4YacTUI, YTO BIIMSAET HA BSI3KOCTh JUCIEPCHON cuctembl. Ecmu
KOHIEHTpalUsl He3HAYUTEIbHA, TO CTOJKHOBEHHE YACTHI] UCKIIIOUAETCS, U XapaKTep IBUKECHUS
KHUJIKOCTH OKOJIO OJTHOW M3 YACTHII OBJIHSET Ha JBM)KEHUE KUAKOCTH BOIM3H APYTHX.

Onucanue npubopa. KammmnspHbiid BUCKO3UMETp (PHCYHOK 6) MpEACTaBiseT COOOW IBE
cooOmraromuecst crekisiHable TpyOoku 1 u 2. TpyOka | mmeer pacmupenue 3, mepexojsiiee B
Kamuisip 4epe3 TpyOKy 2 uccieayemas KHIKOCTb MPOTEKaeT MOJ BIMSHHEM COOCTBEHHOI
TsDKEeCTH B TpyOKy 1. Boime u Huke pacmupenus 3 Ha TpyOke 1 umerorcs MeTku 5 u 6. O0béM
pacuMpeHHON YacTH TPYOKH OOBIYHO paBeH 3 — 4 MIL.

[lepen paboToii BHUCKO3UMETP HEOOXOAUMO
MPOMBITh XPOMOBOU CMECHIO u
JUCTUJUIMPOBAHHOM BOJOM, a 3aT€M IPOCYIIUTH B
CYIIUIBLHOM IIKady.

XKuakocTh 3acachlBalOT BBEpX MO Y3KOU
TpyOKe TOYHO 10 MeTKH J. Bpems, HeoOxonumoe
JUIsL HOHMYKEHUS YPOBHS )KUKOCTH OT METKH J J10
METKU 6, HU3MEPAIOT CEKYHIOMEpPOM. 3aTeM
KHUJIKOCTh CHOBA 3aCachIBAlOT BBEPX IO Y3KOM
TpyOKe U MOBTOPSIIOT ONpezesieHue, Aesasi 3To 10
TeX IOp, Moka He OyayT MmoiyyaTbcs OJM3Kue
3HAYEHUS.

Puc. 6. BuckozumeTp KanwIspHbI.

ﬂeﬂb [23.6OTI>II ONpCACINTL BA3KOCTH pPACTBOpaA KEJIaTHHA, IMOKAa3aTb 3aBUCUMOCTD
BA3KOCTU OT KOHIICHTpAIUHU pacTBOpaA.

Xona paboThl
[IpuroroBnstoT U3 1%-HOro 30715 XKeJIaTHHA CIAEAYIOIINE PACTBOPBI:
CocraB 1 2 3 4 5 6
V kenaThHa, M 0 2 5 10 15 20
V BoABI, MIT 20 18 15 10 5
Konnenrpanus, % 0 0,1 0,25 0,5 0,75 1
[InoTHOCTB, I/MII 1,0 1,04 1,08 1,12 1,17 1,2

Jlng KakIoro pacTBOopa, HauWHas C TEPBOrO, HU3MEPSIOT CEKYHIOMEPOM BpeMs
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WCTCUCHUS JKUIKOCTH Yepe3 paclIipeHre BUCKO3UMETpA, MOBTOPss MO TpH paza. [lo cpennum
JaHHBIM paCCUUTBIBAIOT IJIA Ka)K,Z[OI\/'I KOHICHTpAMKU BCIIMYMHY MOBCPXHOCTHOI'O HATAXKCHUSA M
o CIIeyroIIeit hopmyre:

pt

P, !
H,0 " H,0
BBI‘-Iep‘II/IBaIOT KpI/IBYIO NU3MECHCHUSA BA3KOCTU C UBSMCHCHUEM KOHLIGHTpaL[I/II/I.

HOJ'IyLIeHHBIe PE3YIbTAThI 3allMCBIBAIOT B Ta6m/1uy n AcJar0T BBIBOJAbI O BIIMSAHHH
KOHICHTPAUX Ha BA3KOCTH 30JI4.

N3yuyenue BJIMSHMSA NPHPOABI pacTBOPeHHOro BemecTsa U pH cpeabl Ha Hal0yxaHue
KeJATHHA
ITpuGopbl M peakTUBBL: MPOOMPKU MepHbIE, CTEKIsHHbIEe manouku; 0,1 M pacTBOpHI
K>S0O4, KC1, KNO3, KSCN, CH3COONa, CH3COOH; nopo1ok »enaaTuHa.
KpaTkue TeopeTrnueckne CBEACHHUS
IIpy KOHTaKTe BBICOKOMOJIEKYJISIPHOTO COEAMHEHHS C PAaCTBOPUTENEM IIPOUCXOIUT €ro

HaOyxaHHe — CaMOIIPOM3BOJILHOE IMOTJIOMIEHHWE HHU3KOMOJIEKYJISPHOTO  PAaCTBOPUTENS
BBICOKOMOJIEKYJIIDHBIM BEIIECTBOM, 4YTO INPUBOJUT K YBEIMUYEHHIO €ro o0béMa M Macchl.
Habyxanue — mporecc u30MpaTeNbHBINA, T.e. BBICOKOMOJIEKYJISIPHOE COCIMHEHHE CIOCOOHO

HaOyXaTh TOJIBKO B T€X YKUJAKOCTSIX, KOTOPbIE 110 OTHOLIEHUIO K HEMY SIBJISIOTCS «XOPOLIMMMU»
pactBoputensaMu. Hampumep, sxenatun HaOyxaeT B BoJie, KAy4yK — B YIJICBOJOPOIaX.

HaOyxaHnue XxapakTepu3ylOoT CTENEHbl0 HaOyxaHHsd, TMOJA KOTOpOHl IOHHUMArOT
OTHOCHUTEJIBHOE YBEJIIMYCHHE Macchl MM 00BbEMa MoMMepa K OMpEAEICHHOMY MOMEHTY IpH
JTAaHHOU TemmepaType.

Ha crenenp HaOyxaHus mojJuMepa B OJHOM M TOM JK€ pAcTBOPUTENE BIUSIOT
TemIeparypa, 1aBieHue, pH cpenbl, Haln4ue 3JeKTPOIUTOB.

Bnustaune pH cpensl 0coO€HHO BENMKO /ISl BHICOKOMOJIEKYJISIPHBIX TTOJIMAJIEKTPOIUTOB
(OenkoB, IEJUTIOJIO3b]); MUHUMAILHOE HaOyXaHHE TMOJMAJISKTPOIMTOB HAOII0JAeTCs B 00JIacTH
U303JICKTPUYECKON TOUKM (Hampumep, Ais kenaTuHa npu pH=4,7), Tak Kak B 3TOM cliyyae
MaKpoMOJIeKyjla He 3apsKeHa, CTENEeHb I'MIpaTaliy MOJSPHBIX TPYII MHUHUMAaJIbHA U THOKas
MaKpoMOJIeKyjla CBOPAUMBAETCs B KIYOOK, Ipu Oojiee HU3KHUX WM Oosee BhICOKMX pH creneHb
HaOyxaHUs pacTeT.

HaOyxanue OelKOB 3aBUCHUT OT MPHUCYTCTBUSL B PacTBOPE 3IIEKTPOJIMTOB, INPHUEM
pemaioriee  BIMSHUE OKa3blBAlOT HMOHBI, 3apsa  KOTOPHIX IMPOTUBOIOJIIOXKEH 3apsmy
MakpoMojeKyiabsl Oenka. Tak, B IIEIOYHBIX pacTBOpaXx MAaKpOMOJIEKyJla Oellka HeceT
OTPHLIATENbHBIA 3apsill, MO3TOMY Ha Ha0yXaHHME OKAa3bIBAIOT BIUSHHE KAaTHOHBI, B KHCIBIX
pacTBOpax — aHHOHBI.

Ilo cnocoOGHOCTH BAMATH HA TMpolecC HAOyXaHUS aHUOHBI (IPH OJHOM U TOM IKe
KaTHOHE) MOTYT OBITh pACIOJIOXEHBI B OINpPEICIICHHOW IMOCIeI0BAaTEIbHOCTH, HA3bIBAEMOM
JAHOTpONHbIM psitom: SO4* > C,0,7 > CH3COO > C1™> NOs™> Br > > SCN".

Kaxzplii mpeaplaymuii 4jaeH Takoro psiia CHUXKaeT CTEeNeHb HaOyXaHMs CHIIbHEE, YeM
nocnenyromuii. Tak, B mpucytcTBun SO4> xkenaTuH HabyXaeT Xyxke, 4eM B uHCToil Boje, a SCN
YCHUJIMBAET MPOLIECC BIUIOTH 10 MEPEX0/ia OrPaHMUEHHOI0 Ha0yXaHHs B HEOIPaHUUYCHHOE.

Crenenp HaOyXaHUS ONPENENAIOT BECOBBIMU MM O0BEMHBIMU MeTogaMH. B 00BEMHBIX
METOAAX M3MEpSIOT YMEHbIIEHHE OO0bEMA JKHUIKOCTH, B KOTOPOH IPOUCXOAUT IPOLECC
HaOyXaHMsI UM OIICHUBAIOT yBeIHUeHHe 00bEMa HaOyXaloIero NoJnuMepa.

[lenb paOoThHI: U3Yy4UTh BIUSHHUE NPHUPOJBI pacTBOpeHHOro BemiectBa U pH cpensl Ha
HaOyxaHHe )KeJTaTHHa.

Xona paboThl
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OnpiT 1. U3yyeHnne BJIMSIHUS NPHPOAbLI PACTBOPEHHOI0 BellecTBa HAa Ha0yxaHue
skeaTHHA. V3ydeHne HaOyxaHUs jKelaTUHA HY)KHO NMPOBOAMTH IIPU KOMHATHOW TemIieparype
He Boie 22°C. [Ipu Oonee BHICOKOI TemnepaType HabyXaHue CTAHOBUTCSI HEOTPAHUYECHHBIM.

B mepByio mpoOupKy HadMBalOT 5 M JAUCTWIIMPOBAHHOM BOJABI, BO BTOPYIO — 5 MII
pacTBopa cyib(dara Kaaus, B TPETbIO — 5 MJI pacTBOpa XJIOpUAA Kajlus, B YETBEPTYI0 — SMI
pacTBopa HHUTpaTa Kajus, B MATYIO - 5 MJI pacTBOpa poJaHuja kKamus. B kaxmayio mpoOupky
BHOCAT mo 0,3 T mopomika sxematuHa. [I[poOMPKH OCTOPOKHO BCTPSXHBAIOT, YTOOBI YACTHIIBI
JKeJaTHHA OMyCTUWJIMCh Ha JHO, U OTpeNeNsaioT 00bEM cios kenaTiuHa 10 HaOyxanus. Yepes 30
MHUHYT U3MEPSIOT 00BEM CII0s HaOyXIIEero KejaaTHHa.

[TonmyyeHHble NaHHBIE 3aHOCAT B TAOJHMIly M PAaCCUMTHIBAIOT CTENEHb HAOyXaHUS IO

dbopmyre:

a=(V— Vo)/Vo,
rze - Vo, V 00bEM ci10s1 10 ¥ 1ociie HabyXaHusl.
Neripo- | CocrtaB pactBopuTens O6wvem BMC, mn Crenenb
OupkH a0 HaOyxaHwus, | mocjae HaOyxaHwus, | HAOyXaHUs, o
Vo v

JuctumnpoBaHHas BoJaa

0,1 M pactBop K2SO4

0,1 M pactBop KCl

0,1 M pactBop KNO3

DN D[ W] —

0,1 M pactBop KSCN

OmnbiT 2. U3ydyenue BausasHus pH cpenbl Ha Ha0yxaHue AKe1aTHHA.

['oToBsaT 6ydepHbIe pacTBOPHI:
Ne npoGupox Cocras 0ydepHoli cMecH pH pactBopa
0,1 M CH3COONa 0,1 M CH3COOH
1 1,8 8,2 4,0
2 3,7 6,3 4,4
3 5,9 4,1 4,8
4 6,8 3,2 5,4
5 9,4 0,6 5,8

B 5 mepHBIX MpOoOMPOK HAIMBAIOT MO 5 MJI alleTaTHON OydepHOW cMecH ¢ Pa3Iu4HbIM
pH. B kaxnayro BHOcaT mo 0,3 r mopomika kenatuHa. CoaepKuMoe TpOoOHPOK MEPEMENINBAIOT,
MocJie OCeNaHus JKeIaTUHa U3MEpSIoT 00bEM ciosi 1o HaOyxaHus (Vo) u octaBisioT Ha 30
MHUHYT, U3pellka IepeMeluBas. 3aTeM H3MepsioT 00bEéM cios HaOyxmiero xenmatuna (V).
PaccuuThIBaIOT cTENIeHh HAOYXaHUs, Pe3yJIbTaThl N3MEPEHUH M PACUCTOB 3aHOCST B TAOJIHILY.

Ne po- pH pactBopa OO0BEM €105 JKEeJIaTHHA, MII CreneHb
OupKH 1o Habyxanusd, Vo | mocne HaOyxauus, V HaOyXaHus, o
1 4,0
2 4,4
3 4,8
4 5,4
5 5,8

Hcxons m3 MOaydyeHHBIX pe3yNbTaToB, CIEAYET MOCTPOUTH IpadUK 3aBUCHUMOCTH CTENEHU
HaOyxaHust oT pH pacTBOpoB U 00BSACHUTH TOJTYYECHHBIE PE3YIIbTATHI.

ITosryyeHne pa3aIu4HbIX AUCNIEPCHBIX CHCTEM U U3yYeHHe UX CBOWCTB
[Ipubopbl M pPEaKTUBBI: MPOOUPKH, MPOOKH, MPEAMETHBIC CTEKJa, (PUIBTPOBAIbHAS
Oymara, munetku, MepHble MHAPH Ha 50 u 100 mi, cexynnomep; 1%-HbIi pacTBOp MbLIa
(umu NaOH, unu NaCO3), 30%-nb1it pactBop MgSO4, 11 pactBop HCI, pacturensHoe macio,

Dopma A Crpanuna 30 u3 44




MHUHHCTEpCTBO HAyKHU M BBICIIEro oOpa3oBanusi PO

. o Dopma
VY IIbSIHOBCKHUI TOCYJapCTBEHHBIH YHHBEPCUTET

@ - Paboyas nporpaMma JUCIUIUTHHBI

JIpHSIHOE Macio, 11%-Hblii pacTBOp cycreH3uu kpaxmaia B Bozae, 10% -ubie pactBopsl NaCl,
CaCl,, A1Cl13, 2%-Hblii pacTBOp KeJNaTHHA, )KUJIKOE MBLIO.
Kpatkue TeopeTnueckue cBeICHU

OMyJbCUM TPEACTABISIIOT co00i 0COOBIM BUJ JUCIIEPCHBIX CHCTEM, AMcIepcHas (asza u
JUCIIEPCUOHHAs Cpela KOTOPBhIX SBISIOTCS B3aWMMHO HEPACTBOPUMBIMHU WM  ILTIOXO
PacTBOPUMBIMHU KUAKOCTSIMH. DTO OOCTOSATENLCTBO U 0OYCIOBIUBACT CIIEU(UIECKOE CBOHCTBO
AMYJbCUN 00pa30BBIBATH CUCTEMBI CO CHEepUUECKUMH YaCTHIIAMH JIUCIIEPCHOM (ha3bl B LIMPOKOM
muana3zone konmeHtparwu (ot 0,001 mo 90%) um ux cHnocoOHOCTBIO K oOpamieHuto ¢as.
[Tomyuenue, ycTOMYUBOCTh U pa3pylICHHE dMYIbCHI ONPEAESIOTCS 0COOEHHOCTSAMHU TPAHUIIBI
paznena X—XK.

HauGonpmmii mpakTUYECKUd HHTEPEC MPEACTABISIOT AMYJIbCHU, B KOTOPBIX OJHOW W3
KUIKUX (a3 sBigercs Boga (B), a apyras ¢opmupyercss U3 BOJOHEPACTBOPUMOHN KUIKOCTH,
Ha3pIBaeMoi B oOmieM ciydae macioM (M); 3TO MOXeT OBITh JKMIKUN KUpP, MHHEPAJTbHBIC
Macia.

B 3aBucumocTu ot coctaBa IuCnepcHOM (asbl M IUCTIEPCHOHHOM CPEIbl MOTYT OBITh npsimble
u obpamnvie s2myrvcuu. llpsmple smynscuu Ttuna M/B — s3T0 aucnepcum Macia B BOJE.
Paznpobnennoit (azoil B mpsAMBIX dMyNbCUsX sBsieTcs macio. O0paTHble sMyabcuu THa B/M
— 3TO JMCHEPCHM BOJABI B Macie, B HUX YacCTULbI BOJAbI PacCIpeiesieHbl B MacCIsHOW cpele.
[Ipsimoit smynbcuel SBISETCS MOJOKO, @ MaprapuH U He(Th MOXKHO OTHECTH K OOpaTHBIM
SMYJIbCHSIM.

Tun 5MynbCUM MOXHO OIPENEIUTh JKCIEPUMEHTAIBHO. [l 3TOM 1enu B 3MYJIBbCHUIO
00ABJISAIOT HEKOTOPOE KOJUYECTBO KUIKOCTH, COCTaBISIONIYI0 oAHY U3 (a3. Eciu smynbcus
Jerko pasz0apisieTcs, TO JoOaBisieMasl KUAKOCTb MPOHUKAET B HEMPEPHIBHYIO YacTh CHUCTEMBI,
KOTOpasi U OyJIeT TUCTIEpCUOHHON cpeioi. B 3aBUCUMOCTH OT KOHIIEHTPALIMU TUCTIEPCHOM (hazbl
SMYJIbCUH MOTYT OBbITh pa3z0aBiIeHHBIMH, KOHILICHTPUPOBAaHHBIMHU "
BBICOKOKOHIIEHTPUPOBAHHBIMH.

Y CTOMUHUBOCTh AMYJIBCUM, KaK U APYTUX JUCIEPCHBIX CUCTEM — B TOM YHCJIE U C KHAKOH
JMCTIEPCUOHHOIN Cpesol, ompeensieT BpeMsl UX KU3HM U SBISETCS BaXHEUIIMM (aKTOPOM,
00yCIIOBIMBAIOIIUM MNpPUMEHEHHE SMYylbcuid. OIHOTHUMHOCTH arperaTHOro0 COCTOSHUSI JIBYX
CMEXHBIX (pa3 onpeaensieT 0COOEHHOCTH YCTOWYMBOCTH SMYIIbCHH.

OMyJIbCUHU  MOTYT OBITh JHOPWIBHBIME #  JTHOGOOHBIMH. JIMOGUIBHBIE AMYIbCUU
TEPMOJIMHAMHYECKH YCTOMYUBBI M OOPA3yIOTCS CaMOIPOHM3BOJIBHO ITYTEM JIUCIEPrHPOBAHUS
MAacchl )KMJIKOCTH /10 Kameslb OMpe/IesIeHHOro pa3Mepa. JInopuibHbIX IMYIbCHII HEMHOTO.

BosbmuHCTBO 3MynbCHl OTHOCUTCS K JIMO(GOOHBIM cuctemMaM. OHHM TEPMOAMHAMUYECKU
HEYCTOMUYMBHI, HE MOTYT 00pa30BbIBAaTHCSI CAMOIIPOM3BOJIBHO, CYILIECTBOBATh JIMTEILHOE BPEMsI
U HYXJIAIOTCS B CTaOWIM3alMM, Yer0 MOXKHO JIOCTUTHYTh BBEJICHHEM BEIECTB, HA3BIBAEMBIX
IMYNb2amopamu ¥ CIOCOOHBIX CTAOMIIN3UPOBATH IMYIBCUU.

OMyYJIBCHHM MOTYT 00pa30BBIBATHCS CAMOIIPOU3BOJIEHO, HCKYCCTBEHHO MX MOYKHO IOJIYYUTH B
pe3yabpTaTe MEXaHWYECKOrO JHCIEPrUpOBAHUS JKMJIKOCTEM, TOMOIE€HH3aluuud W JIpYyrUMHU
CHOCO0aMH.

Paspymenue smynbcuii, WIH O€3MYJIbIUPOBAHUE, MOXKET MPOUCXOJUTH CAMOIIPOU3BOJIBHO
WIH TI0J IEHCTBUEM AEIMYJIbraTopoB. CaMOIIpOU3BOJIBHOE pa3pyLIEHUE 3MYJIbCUM XapaKTEPHO
JUTs1 TUO(DOOHBIX CUCTEM.

3o01u u cycnen3uu SIBISIFOTCS] Pa3HOBUIHOCTSIMHM OHOTIO U TOTO K€ THUIIA JUCIIEPCHBIX CUCTEM
— T/K, xoropple pa3nmuuaroTcs pa3MepaMH W KOHIEHTpaIMed YacTHIl JUCTIEPCHOM (assbl.
Hapsny ¢ oOumMu 3Tv CUCTEMBI UMEIOT CTIeU(pHUECKUE, TPUCYIIUE TOJIBKO UM CBOMCTBA.

307 OTHOCATCS K BBICOKOJUCIEPCHBIM CHUCTEMaM; UX Ha3bIBalOT  KOJLIOUOHBIMU
pacmeopamu. CycneHnzuu SBISIOTCS CpeAHE- M TPYOOIHMCIIEPCHBIMU CHUCTeMaMHu. B 3ToM oHu
KaueCTBEHHO OTJIMYAIOTCS OT 30JICH.
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3011 — 3TO CEIUMEHTALIMOHHO-YCTONYMBBIE cHUcTeMBbl. JKuakas OUCHEpCHOHHAs cpena

30JIC MO3BOJISIET MOJICKYJIAPHO-KMHCTUYCCKUM SABJICHUAM IIPOABUTHCA HaH60nee HMHTCHCHUBHO.
Cycnens3uu, Ha000pOT, CEAUMEHTALIMOHHO-HEYCTONYHBBI; MOJIEKYJISIPHO-KHHETUUECKHE SIBICHUS
UX BBIPaKEHBI ¢1a00. [Ipn 0 HOM M TOH e MacCOBOW KOHLEHTPALMU V,, yAEIbHas IOBEPXHOCTh

YaCTUL[ 30J11 3HAYUTEJIBHO IPEBBINIAET YAEIbHYIO MOBEPXHOCTh 4YaCTHUI[ CYCHEH3HH, YTO
00yCJIOBIMBAET HHTEHCUBHOCTH BCEX MIOBEPXHOCTHBIX SIBJICHUH.

Ilenvr OTIMYAIOTCA OT JAPYTHUX JUCIEPCHBIX CHUCTEM MOJBHXKHOCTBIO M CIIOCOOHOCTBIO K
U3MEHEHMIO TIOBEPXHOCTH pasfena ¢(a3. beicTpoe cHMW)XKeHHME NOBEPXHOCTH pasznena (a3
COKpaIl[aeT BpeMsl KHU3HU IMEHbl U 00YCIOBIMBaeT HeoOxonuMocTh npumeHeHus [IAB s
COXpPaHEHMsI YCTOMUMBOCTH II€H. 3HAUUTEIbHOE YBEIMUYEHUE YAEIbHOM IOBEPXHOCTH
MOJIBUKHOM IpaHULIbI pa3aena (a3 npuaaeT neHam ocoOble CBOMCTBA.

[Tens! npeacTaBisOT coO0i aucnepcHyto cuctemy tuna 'K, B kotopoii qucnepcHoil da3zoit
SBJISICTCS Ta3 WIM Tap, a JUCIIEPCUOHHOMN Cpeoil — >XUAKOCTh. B kauecTBe aucnepcHoi (a3bl
MOTYyT CIYXWTb IIy3bIpbKM BO3AyXa, Haxoxadummecs B Boxe. [leHbl OTHocATCS K
KOHIEHTPHUPOBAHHBIM U BBICOKOKOHLIEHTPUPOBAHHBIM TUCHEPCHBIM cucTeMaM. Pa3baBiieHHBbIE
mucnepcHbie cucteMbl Tuna [/2K, comepkanme mucnepcHoil ¢aszbl koTopeix Menee 0,1%,
HA3bIBAIOT Ta30BBIMU OSMYJIbCUSIMH. B pa30aBleHHBIX CcHCTEMaX MPOUCXOAUT OOpaTHas
CeUMEHTAlUsl —  BCIUIBITUE  Ta30BbIX  MY3BIPHKOB. B KOHIIEHTPUPOBAaHHBIX U
BBICOKOKOHIIEHTpUPOBaHHbIX cHucTemMax Tuna [/K, T.e. coOCTBEHHO TeHaX, Iy3bIPbKHU
COIPHUKACAIOTCS APYT € APYTOM H JIMILIEHBI BO3MOXHOCTH CBOOOIHOTO MEPEMEILICHHSI.

[IeHb! ABAAIOTCS KpaiiHE HEYCTOMYMBBIMHU JTUCIEPCHBIMU CUCTEMaMU. [I1OTHOCTD XKUIKOCTH
B COTHH U JIaXKe THICSIUM pa3 MPEBBIIIAET IUNIOTHOCTD ra3a, U3 KOTOPOro GOPMUPYIOTCS MYy3bIPbKH
IICHBI.

[lensl OTHOCATCA K TEPMOJMHAMMYECKH HEYCTOHYMBBIM JIMOPOOHBIM  JAHUCHEPCHBIM
cuctemaM. V30bITOuHAsi MOBEPXHOCTHAs SHEPrHsl BbHI3bIBACT IMPOLECCHI, KOTOpPbIE BEAYT K
M3MEHEHHUIO PAa3MEPOB IIy3bIPHKOB IEHBl U K €€ pa3pylLICHUIO, U OINpPEAEISeT arperaTuBHYIO
ycToMunBOCTh TieH. M3 Bcex NMO(MOOHBIX MUCIEPCHBIX CHUCTEM C JKHJIKOW JIUCTICPCHUOHHOMN
CpEIOM IIEHBI CaMble HEYCTOWYUBBIE.

[{eab paOOThI: MOTYYUTH PA3TUYHbBIE TUCIIEPCHBIE CUCTEMbI U U3YYUTh UX CBOMCTBA.

X0 paboThL.

Omnbit 1. IToayyenus pa3daBiaeHHBIX IMYJIbCHI yTeM IMCIEPTHPOBAHMS.

a) B mpoOupky HaiMBalOT 5 M. JAWCTHJUIMPOBAHHOW BOJBI, BHOCAT 5-6 Kameib
pacTUTENBHOTO Maclia U, 3aKpblB NOpOOHMPKY, CHIBHO BCTpAxuBaioT. OOpaszyercs
rpy0onucnepcHas 3Mynbcus, KoTopas ObICTpO pacciaumBaercs (paspymaercs). Omnpeaemnstor
BpEMsI pacciIOeHUs ee Ha IBe Makpo(dasbl.

6) K mosnyueHHO# HECTOIKO SMYIbCUN I CTAOUIM3AMK JOOABIIAIOT HECKOJIBKO Kamelb
1%-ro pactBopa 06bikHOBeHHOTO MbUTa i NaOH , nian NaxCOs3 1 BHOBb CHIIBHO BCTPSIXUBAIOT
npobupky. Ilomydaercst croiikas TOHKas SMYJIbCHS MOJOYHO-O€10ro mBeTa. 3amHIIuTe CXeMy
CTPOEHHUSI KaIleJIbKH KMpa B IPUCYTCTBUU OJleaTa HATPUsI KaK SMYJIbraTtopa.

OmnbIt 2. ITonyyeHHe KOHIEHTPUPOBAHHBIX IMYJILCHIA.

a) Omynecuss M/B. B mpobupky HamuBaiorT 3 mu 1%-ro oneara HaTpusi (u3 ombiTa 1),
no0aBisAlOT 1 MII JIBHSHOTO Macjla M HWHTEHCHMBHO BCTPSXMBAIOT, IMOKa BCE Maclo He
smynbrupyercs. Jlo6aBmusior eme 1 M Macia ¥ CHOBa BCTPSAXUBAIOT. TakuM 00pa3zom, 100aBIIss
MacJI0 TOCTENEHHO MOPUUAMHU 1O 1 M. MOkHO BBecTd 710 10 M1 macna. Cieayronyro mopumio
HE cienyeT n00aBisATh, MOKAa NPEABLAYIIAS IOJTHOCTBIO HE OSMYJIBTUPYETCA. OMYJIbCHIO
COXPAHUTH ISl JAJIbHEUILNX OIBITOB.

6) Omynbscust B/M. B npoGupky nHanuaioT 3 mi 1%-ro p-pa oneata HaTpusi B JbHSIHOM
Maciie U 100aBif0T 1 MJI BOJbI, HHTEHCUBHO BCTPSIXMBAIOT /10 TMOJIYUYEHUS 3MYJIBCUU U 3aTEM
N00aBIISAIOT CIEAYIOIIKEe NopuHuy Bosl o 1 mut. JloOaBieHne ciaenyromux Mopuil Mpou3BOASAT
JIMIIb TOCIE MOJIHOTO AMYJIBIUPOBaHUs mpeabiayiieid. MoxHo BBectd 10 10 M1 BOIBI.
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OMYyJIbCHUIO COXPAHUTD.

OmnbiT 3. Onpenesnenue TUNA IMYJILCHH.

a) Kammio smynbcuu ¥ Karuio BOJbI MOMEMIAIOT PSIIOM Ha MpeAMeTHoe cTeksio. HakimoHsior
CTEKJIO TaK, YTOObI KAl COMPUKOCHYIUCH. ECIN Karm coiploTes, TO AUCIEPCHOHHON Cpeloif
SBJISICTCSI BOJIAa (AMYJIbCHSI M/B), €CIIA HE COJIBIOTCS - AMYJIBCHS OTHOCHUTCS K TUITY B/M.

6) Ha (GMIBTPOBANBHYIO Oymary HAHOCST KaIlIo AMYJIbCHH.
Kamuist smynscun M/B cpa3y BcackiBaeTcsi OymMaroi U ocTaeTcs >KMpHOe MATHO. Karmis smynbcuun
B/M He BcacwiBaeTcsl.

B) B npoOUpKy ¢ 10 M JTUCTUIUTAPOBAHHOM BOJIBI 00aBIISIFOT
HECKOJIBKO Kareib AMYJIbCUU U SHEPTUYHO BCTPSIXUBAIOT. OMynbcus
M/B pacnpenensieTcsi paBHOMEPHO B KUIKOCTH, a 3MYJbCUSL B/M OCTaeTcsi B BHUJE Kaleiab Ha
MOBEPXHOCTH.

OnbIT 4. Pazpynienue 3MyJibCHii.

a) B nmpoOupky Hanupatot 2-3 mi pa3baBieHHO# sMynbcun M/B (u3 ombita 1), 106aBasiOT
npu BeTpsxuBaHuu 1o kamism ~0,5 mi 30%-ro pactBopa cyibgaTta Maruus (MO0 COb KalbIHs
win 6apust). TuoiarenbHO BCTPSIXMBAIOT 10 00pa3oBaHUsl YCTOWYMBOHN sMyibcuu. OmnpenemnsioT
THUI SMYJIbCUH OJHHUM U3 BBIIIE YKAa3aHHBIX METO/IOB. J{enatoT BHIBOA.

0) B npobupky HanmuBaroT 2-3 mi pazbaBieHHON dmyiabcuu M/B (u3 onbita 1), mo6aBisioT
10 KaruIsiM MIPU BCTPSIXMBAHUM |H pacTBOP COMSHOM KUCTOTHL. UTO mpoucxoaut?

OnbIT 5. OnpenesieHne CKOPOCTH CeIMMEHTAIMN CYCIIEH3UM 10 M3MEPEHHI0 00beMa
0CA/IKOB 10/ BJIUSIHHEM Pa3JINYHbIX 100aBOK.

B 8 mepubIx nuimHapoB HanuBaroT 1o 90 mit 11% pacTBopa cycneH3nu Kpaxmaia B BOJE.
B kaxapiit numusap no 10 M cneayrommux pacTBOPOB:

1) BoasI

2) 10% pacTBOpa XJIOPUCTOrO HATPHUS

3) 10% pacTBOpa XJIOPUCTOTO KaIbIUsI

4) 10% pacTBOpa XJIOPUCTOrO ATFOMUHUS

5) 5mn 2% pacTBopa *KenaTuHa, B30aNTHIBAIOT U T0OABISIOT SMIT BOJIBI.

6) Smi 2% pacTBopa kenaTtuHa, B30anThIBatoT U 100aBisioT Smit 20% p-pa NaCl.
7) Smnn 2% pacTBOpa JKeaaTuHa, B30anTeIBaoT U f00asisoT SMin 20% p-pa CaClo.
8) Smi1 2% pacTBOpa *kKenaTHHA, B30anTeIBaIOT U 100aBisoT Smi 20% p-pa A1C1s.

UYepe3 5 MUHYT mociie CMEIICHHUST paCTBOPOB MPOU3BOIST MEPBBIH OTCUET 00BEeMa ocaaka BO
Bcex nuiamHapax. Cienyromue aBa OTCYETa MPOU3BOAAT TAK)KE C MHTEPBAIOM 5 MHUHYT. [lanee
MPOU3BOIAT TpU OTcuéra ¢ mHTepBasamu 10 MuHYT (Bcero 6 oTcuéroB). [laHHBIE 3aHOCAT B
Ta0IHILy:

Ne Cocras cmecn Bpewms ot Hauana | OObem
LWINHApA OIBITA, t, MUH ocajka,
MII

1 H>O

2 10 mn 10% pactBopa NaCl

3 10 M 10% pactBopa CaCl>

4 10 mn 10% pactBopa A1Cl13

5 5 ma 2%p-pa xxenatuna + 5 ma H2O

6 5 ma 2%p-pa xxenatunHa + 5 mi 20% p-pa NaCl

7 5 M 2%p-pa xenaruna + 5 mn 20% p-pa CaClz

8 5 mut 2%p-pa xemnatuna + 5 ma 20% p-pa A1C13

CTposT KpUBbIe OCelaHMsI Ha OTHOM rpaduKe AJIs BCeX CMecel, OTKIIaIbIBas Ha OCH abCLucC
BpeMsl, a Ha OCH OpANHAT 00BEM OCajKa.

Cycnensus kpaxMmana 3apspkeHa oTpuuarenbHo. CrenaiiTe BbIBOA O BIUSHUM KaTHOHOB
Pa3JIMYHON BAJIEHTHOCTH HA KWHETHYECKYI0 YCTOMYMBOCTH CYCIIEH3WH W BIIMSIHUU 3alIUTHOTO
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KOJJIOM/1a B IPUCYTCTBUH KaTHOHOB.
OneIT 6. IosryueHnne neHsol.

B mwmmuap emkocthto 50 mu HamuBaror 10 M1 Boabl MU 1 M KHMIKOTO  MbLIA.
BerpsixuBatoT Ty cMmech B TeueHue 20 cekyHa. BiirodaioT cekyHaomep (Tocie npexparie-Hus
BCTPSIXUBAHMS).

OtmeuaroT 00bEM 00pa3oBaBILICHiCS TEHbI, BBIYMTAsE U3 00Iero o0bémMa pacTBopa 0obEM
ocTaBiierocss pactsopa. OrmMedaroT BpeMsl (CEK) CaMOINPOM3BOJIBLHOIO YMEHBIIEHUs 00bEMa
neH B 2 pasa (cek). I[IoBTOPSIOT 3TOT OMBIT MpH pa3z0aBIeHUHM pacTBOpa BOAOH B 2 pa3a u B 4
pasa. [lomydeHHbIC pe3ynbTaThl 3alMMCHIBAIOT B TAOMHIYy M CTposT rpaduk. Brectu 1-2 kammm
koHeHTprupoanHoil HCI. Ilena MOMeHTaIbHO racuTcs.

KonreHTparus meHoo0pa3oBaTess
C C=Ci/2 Cs=C/4
Bpewmsi, cexk | O0beM neHsl, V,MiI Bpewms, cex OO0OBeM neHBl, Bpewms, cex | O6beM nieHsl, V, M
V,mi

8. TEMATHUKA KYPCOBbBIX, KOHTPOJIbBHbIX PABOT, PE®GEPATOB

JlauHbIil BU paboTh HE peaycMoTpeH Y11
9. MIEPEYEHDb BOITPOCOB K 3AUYETY

1. Knaccudukanus gucnepcHbix  cucreM. (OCOOGHHOCTH — YIBTPAMHKPOTETEPOTEHHOTO
cocrosiHus. KosutonaHsle 4acTHIBl M KOJUIOWJHBIE CHCTEMBI; KOJUIOMIHOE (IHCIEPCHOE)
COCTOSIHME BEIIECTBA.

2. KonnyecTBEHHOE OINpefesieHue AMCIEPCHOCTU: JUCHEPCHOCTh WM YZAENbHAas IMOBEPXHOCTb
KpUBH3HA TOBEPXHOCTH YaCTHUI] AucrepcHO (a3pl. Ponb MOBEPXHOCTHBIX SIBJICHHUH B
npoleccax, IpOTEKAIIMX B AUCIEPCHBIX cUcTeMaxX. B3auMocBA3b KOJIJIOMJHOW XMMHH C
JPYTUMU XUMUYECKUMH JTUCIUTIIMHAMU, C PU3HKOM, OMOJIOTHEH, Te0JIOTHEH, METUIIMHOM.

3. TloBepxHoctb paznena ¢a3. CBoOoxHas moBepxHOCTHas »Heprus. [loBepxHOCTHOE
HaTsDKEHUE, CUJIOBAsl M DHEPreTUYECKasl TPAKTOBKHU.

4. Meron u30BITOYHBIX TEPMOJUHAMUYECKHX (yHKIMI noBepxHOocTHOro cios (I'mb6c¢).
[ToHsiTHE O MOBEPXHOCTHU pa3pbiBa M pasnesstomen moBepxHocTu. OO00IIEeHHOE YypaBHEHHE
IIEPBOT0 M BTOPOTO 3aKOHOB TEPMOJMHAMUKHU JUISA TMOBEPXHOCTH pasnena ¢az. V3menenue
MOBEPXHOCTHOTO HATSKEHUS KUAKOCTU HA TPAaHUIE ¢ COOCTBEHHBIM MapOM B 3aBUCHUMOCTH
OT TEMIIEPATYPbI, KpUTUYECKAs TeMIlepaTypa o MenneneeBy.

5. TloBepXxHOCTb pazzena Mexay ABYyMs KOHISHCHpOBaHHBIMHU (asamu. [IpaBuio AHTOHOBA;
YCIJIOBHSI €70 IPUMEHEHUSI.

6. KamumnspHoe nasnenue. 3akoH Jlannaca u ero cineAcTBUsA. 3aBUCUMOCTb JaBJIEHUS Mapa OT
KPUBU3HBI TOBEPXHOCTH KHUIAKOCTH. 3akoH Tomcona. KanumisipHas KoHAEHCALMS.
N3orepmuueckas neperoHka BEIIECTBA.

7. CwmauuBanue. KpaeBoit yron. 3akoH FOHra (CmiioBod W DHEPreTUYECKHH BBIBOJIBI).
CooTHolleHHe MeXAy padoTaMH KOT€3MH W aare3sud IMpu cMadnBaHuu. Kammmmsphoe
NOAHATHE JKUIAKOCTH, ypaBHeHue JKiopeHa, KanwuisipHas TOCTOSHHAs KUIKOCTH.
W30uparenbHoe cMauMBaHHE KaK METOJ XapaKTEPUCTHKH IOBEPXHOCTEH TBEPIBIX Tel
(muoduneHBIX 1 THO0GOOHBIX). [TonHOE cMaynBaHue (TEPMOIMHAMUYECKOE YCIIOBHE).

8. BunsHMe KpUBM3HBI NOBEPXHOCTU (pa3Mepa YacTHIl) Ha JaBJIEHUE HACHIIIEHHOIO Iapa u
pacTBOPUMOCTH BemlecTBa. M3oTepmuueckast meperoHka v KaluusIpHasi KOHICHCALIMS.

9. Metoasl U3MEpeHHs MOBEPXHOCTHOIO HATSIKEHUS U CBOOOIHOHN MOBEPXHOCTHON SHEPTUH
TBEPBIX TEI.

10. Pa3pymenne u u3MenbueHHe (AUCIIEPTHPOBAHUE) TBEPABIX TEN KaK (PU3NKO-XUMHUECKHUM
nporecc 00pa3oBaHus HOBOW MOBEPXHOCTH.

Dopma A Crpanuna 34 u3 44



MHUHHCTEpCTBO HAyKHU M BBICIIEro oOpa3oBanusi PO

. o Dopma
VY IIbSIHOBCKHUI TOCYJapCTBEHHBIH YHHBEPCUTET

@ - Paboyas nporpaMma JUCIUIUTHHBI

11. Dddexr Pebunmepa: M3MEHEHHE MPOYHOCTH U TUIACTUYHOCTH KaK CIEACTBHE CHIXKCHUS
NOBEPXHOCTHOW »HEpPruu TBepAbIX Ten. OcHoBHbIE (OpMBI TpOsBICHUS HPdexTa:
iacTu(uIUpoBaHue, BOSHUKHOBEHHUE XPYIKOCTH, CAMOIPOU3BOJIBHOE TUCIEPTUPOBAHUE.
TepmoauHaMudeckue yciaoBus nposiBienus a¢dexra Pebunaepa.

12. BiusiHue XWMHYECKOW NPUPOABI TBEPIBIX TEJI W KUIAKOCTEM Ha BO3MOXKHOCTH €ro
OpOsIBICHUS. DNeKTpoKanwuisipHeli  3ddexr. IlposiBnenne »s¢dexra PeOunmepa B
MPUPOJHBIX U TEXHOJIIOTUYECKUX Tpolieccax (IPUMEpHI).

13. AncopOmusi Kak CaMOIIPOM3BOJIBHOE KOHILIEHTPUPOBAHHE Ha IMOBEPXHOCTH pasaena ¢as
BEIIECTB, CHIDKAIOIINX Mex(a3zHoe HaTskeHHe. [l0oBepXHOCTHO-aKTUBHbBIE U -WHAKTHBHBIE
BemecTBa  (mpumepnl). OTHOCUTENBHOCTh TMOHSATHUS  "MOBEPXHOCTHAs aKTUBHOCTH'
(3aBUCHMOCTB OT IPUPObI KOHTAKTUPYIOMHUX (a3).

14. TepmonuHaMuKa mpoiiecca aacoponuu. Y paBaenue aacoporuu ['md0oca.

15. Oprannueckue mnoBepxHocTHO-akTHBHBIE BemecTBa (IIAB). Kmaccuduxamus ITIAB mo
MOJIEKYJISIPHOMY CTPOEHHUIO (AaHMOHO- M KaTUOHOAKTHUBHbIE, HEMOHOTCHHbIE, aM(OJIUTHBIE);
obomactn mnpumeHenus IIAB. Beicokomonekynsapusie I[TAB (mpumepsl, oTauuusi OT
Hu3KomoliekysipHeiXx [TAB). [Ipobrnema 6uopaznaraemoctn I1AB. Knaccuduxanus [TAB
0 MEXaHU3My HUX JeHCTBUS (CMayMBaTeNM, AUCIEPraToOpbl, CTAOMINM3AaTOPBI, MOIOIIHE
BemectBa). [lorstue o ruapodunsHo-munodunsaoM 6anance (I'JIb) monexyn ITAB.

16. 3aBUCUMOCTh TOBEPXHOCTHOIO HATsKEHUs OT KoHueHTpauuu IIAB. VYpaBHeHue
[HumkoBckoro. IloBepxHOCTHAs aKTUBHOCTb, €€ M3MEHEHHE B TOMOJOTMYECKHX pPsAax
I[TAB. Tepmoaunamuueckoe oOocHoBaHWe mpaBuia Tpaybe - [lfokiao. MeTonbl OICHKH
MMOBEPXHOCTHOM aKTUBHOCTH opranndeckux [TAB.

17. Pabora axcopOmuu. JluHamudeckwii Xapakrtep aacOpOLIMOHHOTO paBHOBECHsS Ha
noBepxHoctu pasznaena pactBop IIAB - ra3. VYpasuenuwe JIpHrMIOpa, €ro cBsa3b C
ypaBaenusmu ['166ca, lnmkoBckoro u @pymKuHa.

18. Ancop6muss [TAB u3 pacTBOpoB Ha TOBEPXHOCTH TBEpABIX Tell. [IpaBuio ypaBHUBaHUS
nonsipHocreit  Pebunnepa. Monudunupyromee neiicteue [IAB: rugpodmnmzanus u
ruapodoOu3ams TBEP10il TOBEPXHOCTH.

19. [IBoiinoii snextpudeckuit cnoit (JIIC). Ilpuunnsr obpazoBanus JIIC. TepmonnHamuueckoe
paBHOBECHE MTOBEPXHOCTH paszzena a3 ¢ y4eToM 3JIEKTPUUIECKOI SJHEPTUH.

20. DNeKTPOKUHETUYECKHE SIBJICHUS: DIEKTPOope3, EKTPOOCMOC, MOTEHIMAIBl TEUCHUS H
ocenanus; teopus ['enbmrosbia - CMOIYXOBCKOTO. DJIEKTPOKMHETHYECKUM IMOTEHIIMA,
IpaHULIA CKOJIbKEHUS. MeTo1bl ONIPEIEIEHNs AIEKTPOKNHETUYECKOIO [TOTEHLIMaIa

21. Ctpoenne wmunemasl TuapodoOHOro 30is1. BriusHUEe KOHIEHTpAMM W MPUPOIBI
JJIEKTPOJINTA HAa BEJIMYMHY M 3HAK 3apsijia KOJUTOUIHBIX YacTull. OCHOBBI HOHHOTO OOMEHa.
JInorponHbie psAapl. M30371€KTpUUECKOE COCTOSIHME B AUCIEPCHBIX CUCTEMAX; METOJbI
ornpezeneHus M303JIEKTPUYECKON TOYKH. [IpakTueckue MPUIIOKEHUS
IIEKTPOKUHETUYECKUX SIBJICHUI.

22. JlucnepralluOHHbIE METOJbI TOTYYEHUsT AUCIEPCHBIX CHCTeM (30JieH, SMYJIbCUHM, TICH,
asposozei). Ponp [IAB B mpomecax monydeHHs IHUCIEPCHBIX cucTeM. CBsi3b pabOThI
JTUCTIEPTHPOBAHUSI C TIOBEPXHOCTHOM »Heprued TBepabix Ted. Mcmomws3oBanue sddexra
Pebunnepa s ymeHblneHus: paboThl nucrneprupoBanus. IIporeccsl AuCIEeprupoBaHus B
IPUPOJIE U TEXHUKE.

23. KonaeHcaoHHbIE CHOCOOBI TMOJIy4eHUS AMCIEpCHBIX cucteM. OOpa3zoBaHue 30jei B
MPOLECCe XUMUYECKUX PEaKIUH.

24. O6pazoBaHHe YaCTHUIl IUCIEPCHOM (a3bl B Mpoleccax KPUCTAUIM3ALUN U3 PacTBOPOB,
KOHJICHCALIUU TMEPECHIIIEHHOT0 Napa, KUIeHUs. MeToAbl peryJupoBaHus pa3MepOB YaCTHI]
B AMCIIEPCHBIX CUCTEMAX.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

OcCHOBHBIE METOJBI OYMCTKM 30Jed (auanu3 u  yiaeTpaduiabTpanus). KomnouaHo-
xumuueckue cBoiictBa BMC. Metoabl omnpezesieHdsi KOHLEHTPALMU U Pa3MEpPOB YacCTHIL
30J1€M.

Murenoo6pa3oBaHue B pacTBopax ITAB. Kpurnueckas KOHILICHTpaLUs
munesiooopazoBanus (KKM), ocHoBHble MeTonbl omnpenenenus KKM. Dvmupuueckue
3akoHOMepHOCTH u3MeHeHuss KKM U MHHMManbHOrO 3Ha4eHHsI IOBEPXHOCTHOI'O
HaTsDKEHUs Ha TpaHule pazaena pactBop [IAB - Bo3ayx B romosiorndyeckux psgax ITAB.
CtpoeHue npsIMBIX U OOpPATHBIX MUIIEIUT TIPH Pa3IMYHbIX KOHIeHTparusax [TAB.
TepmonuHaMuka MHUIEITIOO0Opa30BaHus: TeIIoBble A(PQeKTh, posb TUIPOPOOHBIX
B3aUMOJICHCTBUM, auarpamMma (a3oBBIX COCTOSHHM, TemreparypHas 3aBucuMocTb KKM;
touka Kpadra.

Comrobunuzanus (KOUIOMIHOE PACTBOPEHHE OPTaHWYECKUX BEIIECTB B MPSIMBIX MUIIEIIAX).
OTHOCHUTENbHAS COJMIOOMIM3AIMS, 3aBUCUMOCTH OT TEMIepaTypbl U KOHIICHTPALUH.
Conrobunuzanus B HEBOJIHBIX CpeJiax.

Owmynscun. Krnaccudukaius, onpeneneHue CTENEeHH JUCHEPCHOCTH. OMYJIbraTophl,
npuHIUnbl BeiOOpa [TAB nmnst crabwimsanuu TpsIMBIX W OOpaTHBIX 3MYJIbCUi. Poib
runpopmibHOIMNoduIbHOTO OanmaHca Mojekyiasl [IAB B crabunmzanum >MynbCHil.
OMyJIbCUOHHBIE IUIEHKH; HMX CTPOCHHE U (aKTOphbl, BIUSIOLUIME Ha YCTONYHMBOCTH
OIMYJbCUOHHBIX IUIEHOK. OOpamienue ¢a3 B dMyJIbCHAX. TBepable SMYyIbratopsl. MeToasl
pa3pyLICHUS] SMYJIbCUM.

Ilensl. Ctpoenne meH u ux kinaccudukamma. Kparnocts mnen. IleHooOpazoBateny,
3()PEeKTUBHOCTP WX BIUSHUS U CBI3b C TUAPOGHIBHO-THMOPWIBHBIM  OajlaHCOM
ucnonb3yembix [1AB. BrnusiHue 31MeKTpOIUTOB Ha MEHOOOpa3yrollyr crnocobHocTh [TAB.
[TenHbIe TUIEHKH, CTpOeHUE, (PaKTOPhl YCTOMYUBOCTH.

Asposzonu. Knaccudukanus a’spo3osieil Mo arperaTHOMy COCTOSIHMIO YacTHIl JUCIIEPCHOM
¢da3pl. MeToapl MOTyyeHUs 1 U3MEPEHHS] pa3MEpOB a’pO30JIbHBIX YacTULl. MoJeKymIsipHO-
KHHETHYECKUE CBOMCTBA a3p030J1ei (BBICOKO- U TPYOOIUCTIEPCHBIX).

DJIEKTPUYECKUE CBOMCTBA a’po30Ji€ii, MPUUMHBI BOZHUKHOBEHUS 3apsia Ha MOBEPXHOCTH
YyacTull. ArperatuBHasi yCTOWYMBOCTH a’po3osieid. CrocoObl U OCOOCHHOCTH pa3pyLICHHS
a’po30J1ei.

MonexkynsipHO-KMHETHYECKUE CBOICTBAa AMCIEPCHBIX cucteM. Juddy3us B KOIOUIHBIX
cucreMax. 3aKkoH DUHIITEHA.

CenuMeEHTallMOHHBIM  aHAIW3 TOJMIMCHEPCHBIX CcUCTeM. KOHCTaHTa CelMMEHTaluu.
JuddepenunansHas KpuBas pacupeesieHHus YacTHI] M0 pa3MepaM; WHTerpaibHas KpUBas;
MOCTPOCHUE UX U3 JAHHBIX M0 KHHETHUKE HAKOTJICHUS OCaJKa.
CenumenTanoHHo-1u(p ¢ y3noHHOoe paBHOBecue. Meron Ileppena ompenenenus 4ducia
ABorajnpo. IlpuMeHeHue yapTpaueHTPUPYT I HU3MEPEHHs] MAacChl YIbTPAAUCIEPCHBIX
yacTul 1 MakpoMmonekyn ([lymanckuii, Ceendepr).

Teopus ycroitunBocTH TUIpPOoPoOHBIX 30iei (Teopust JJIDO). TepMmoauHamMuka TOHKHX
mieHoK. PackinunuBaromee pnasineHue no JlepAaruHy. MosekyssipHas COCTaBIISAIOLIAs
PACKJIMHUBAIOUIETO JABICHUS. YUeT MOJIEKYJISIPHON MPUPOAbl KOHTAKTUPYIOIIUX (a3, AJis
TOHKMX IUIGHOK M  C(EepHuecKuxX YacTHI. JIEKTPOCTaTUYecKas COCTaBIISIOLIAs
PACKIMHUBAIOUIETO JaBJICHUS. 3aBUCUMOCTh SHEPTUHU B3aUMOJEHCTBUS YaCTHI] JUCTIEPCHON
(a3bl OT PaCcCTOSHUS MEXKAY HUMHU.

OcHoBHbIE (aKTOphI, BIUSIONIME HA arperaTuBHYIO0 YCTONYMBOCTH JUCIEPCHBIX CHCTEM.
OddexTuBHAsS YIPYTOCTh TOHKUX TUICHOK. [ MaApOAMHAMHYECKHE OCOOEHHOCTH YTOHBIICHUS
MJICHOK.

CtpykrypHO-MexaHuueckud Oapbep (Teopusi PeOunzaepa). Peonmormyeckme cBoiicTBa
afcopOImoHHbIX cioeB IIAB - craOunm3atopoB KOJJIOMAOB KOJUIOMJTHBIX — CHCTEM.
3amuTHLIE KOJUIOUIBI.
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39. Ilopor koarymisiiuy; 3aBUCUMOCTb KPUTHYECKOW KOHLEHTPALMHU 3JEKTPOJIUTA OT pa3Mepa u
3apsiia koaryiupyromero uona (mpaswio Llynesue - Iapam). AHTaroHusm v CUHEPIrU3M B
JIEHCTBHUH 3JIEKTPOJINTOB HA NIPOLIECC KOATYJIISALINH.

40. Koarymsauuss  cuiipbHO HM C€ab0  3apsHKCHHBIX — 30J7iel  (KOHLEHTpAlMOHHAs U
HeWTpanu3anmonHas koaryismus). O6ocHoBanne mnpaBuna llymerne - 'apau u kputepus
Oninepca - Kopda B Teopun AJIDPO. Onokynsmusi, reTepoKOaryislus, aaaryisiius
(ompenenenusi, MpUMepHI).

41. Kunetuka xoarymauuu. Teopus ObicTpoit koarymsuuu (CMOJIYXOBCKHIA); OCHOBHBIE
MOJIOKEHUsT Teopuu MemieHHor koarymsimuu  (H.®Dyke). OOpatumocth  mporiecca
koaryisauu. [lenrusanus.

42. 3aKOHOMEPHOCTH TEYCHHS CBOOOJHO-TUCIIEPCHBIX CHCTEM IO JAEHCTBUEM IPHIOKEHHOTO
nasneHus. 3akoH HproToHa. BiusiHue KOHIIGHTpauuu ¥ (GOPMBI YaCTHIl TUCTIEPCHOM (a3bl
Ha 3aKOHOMEPHOCTH T€UCHHUsI (3aKOH DHINTEHHA).

43. CTpykTypooOpa3oBaHue B JUCIEPCHBIX CHCTeMax. BO3HMKHOBEHHE W  pa3BUTHE
IPOCTPAHCTBEHHBIX CTPYKTYp. IIpupona KOHTAakTOB MeXAy JJIEMEHTaMH CTPYKTYP.
[Tepunonnueckue cTpykTypbl. OOpa3oBaHUE U CBOMCTBA TeleH.

44. KoarynsiMoHHBIE CTPYKTYpPBI. YCIIOBUSI 00pa30BaHUsI, MEXAaHUYECKUE CBOWCTBA; SIBJICHHE
TUKCOTPOMUH.

45. KpucTaluIM3allMOHHbIE  CTPYKTYpbl. MexXxaHMuYecKHe CBOMCTBA  KpUCTAJIM3AaLMOHBIX
CTpyKTyp. OrnmncaHve JAUCHEPCHBIX CHUCTEM HAa OCHOBE PEOJOTMYECKHX  MOJENIEH
(Makcgenna, KensBuna, bunrama, llIBenosa). [Tonnast peonorudeckasi Kpubasi.

46. ®U3NKO-XMMUYECKUE METOJbl PETYJIMPOBAHUS  CTPYKTYPHO-MEXAHUYECKUX  CBOWMCTB
TUCTIEPCHBIX CHUCTEM Ha PAa3IMYHBIX CTAAMSIX WX (OPMUPOBAHMS KaK OCHOBHAs 3ajada
(bU3UKO-XMMHUYECKON MEXaHUKU.

10 CAMOCTOATEJBHASA PABOTA OBYYAIOIIINXCA
Copneprxanue, TpeOOBaHMS, YCIOBHS W TOPSAOK OPTaHU3AIMU CAMOCTOSTEIBHOM
paboTbl oOydarommxcsi ¢ y4etoM (OpMbl OOy4YEHHS ONpEAesieTcs B COOTBETCTBHH C
«[Tomoxxennem 00  OpraHuM3alUy  CaMOCTOSTEIbHOM  PabOTBl  OOydaroOmIUXCS»,
yTBEepKIEHHBIM Y4eHbIM coBeToM Y'Y (mporokoin Ne 8/268 ot 26.03.19 1.).
®dopma 00yueHus: O4Has.

Ha3BaHmue pa3iesnoB u TeM Bua camocTosiTe/IbHOI PadoThI Oo0beMm B dopma
qacax KOHTPOJIsI
1. OcuoBuble mnousTtud | [Ipopabotka yueOHOrO MaTepuama ¢ 1 BBIOOpOYHAs
KOHJ’IOPI,HHOﬁ XUMHUH, HCIIOJIb30BAHUCM peCypcoB yqe6Ho- IIPOBEPKa BO
00BEKTHI " ey | MCTOAMYECKOro M MH(OPMALHOHHOIO BpeMs
H3ydeHHUS. o0ecrevyeHuns: TUCIUTUTHHBL. ay IUTOPHBIX
IlogroroBka K yCTHOMYy ONpoCy H 3aHATUM;
KOHTPOJIBHOM padoTe. BKJIFOUECHHE
IToaroroBka k cnave 3aueTa. BOIIPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIBHOM
pabore, Ha
3aueTe
2. TepmoanHnamuka IIpopaboTka yueOHOro Mmarepuana c 1 BBIGOPOYHAST
IIOBEPXHOCTHEBIX ABJICHUU HUCIIOJIB30BaAHUEM PECypCoB yqe6H0— poBepKa BO
METOANYECKOTO W HMH(POPMALUOHHOTO
o0ecrevYeHuns TUCIUTUTHHBL. BpeMi
IlonroroBka K yCTHOMY OIpOCYy H AyIMTOPHBIX
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KOHTPOJIBHOH paboTe. 3aHSTHIA;
[ToaroroBka k craye 3ayera. S —
BOIIPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIBHOM
pabore, Ha
3aueTe
3. Kanmmutsapusie siBnenust | [Ipopabotka  yuebHoro marepuana 2 BBIOOpOYHAs
HUCIIOJIB30BaAHUEM peCypcoB MpOBEpKa BO
METOJUYECKOTO0 ¥  HWH(OPMAIMOHHOTO BpeMs
oOecrevYeHus TUCIUTUTHHEL, ayJIUTOPHBIX
IlonrotoBka K yCTHOMY ..
. 3aHATHH;
KOHTPOJILHOI padore.
BKITFOUCHHE
IToaroroBka k craye 3aueTa.
BOTIIPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIbHOM
pabore, Ha
3aueTe
4. IMoBepxHoctHbie | [IpopaboTka yuebHOro Marepuasna 2 BBIOOpOYHAs
SIBJICHUS U MEXaHUYECKHe | UCII0JIB30BAHMCM  pECypCoB MpoBEpKa  BO
CBOICTBA M6CTOZ[I/I‘-ICCK0F0 U WH()OPMANMOHHOTO BpeMst
TBEpIBIX TEl 1(3[ eCrieueHus] TUCIUTUTHHBL Ay THTOPHBIX
OArOTOBKA K  YCTHOMY SAEATHIL
KOHTPOJIBHOM padoTe.
BKITFOUCHHE
IToaroroBka k cnave 3aueTa.
BOIIPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIbHOU
pabore, Ha
3auere
5. AncopOrus ga | [IpopabGoTka yuyeOHOTO Marepuana 2 BBEIOOPOYHAS
MOBEPXHOCTH pazjena (a3 | UCHOIb30BAaHUEM  PECYPCOB IpOBEpKa  BO
METOJUYECKOTO0 ¥  HWH(OPMAIIMOHHOTO BpeMsI
1(3[6ecneqemm JUCTIMTLTIHEL. ayJUTOPHBIX
TOTOBKa K THOM .
OATOTOBKA YCTHOMY 3aHATHH;
KOHTPOJILHO# padore.
BKITIOUCHHE
IToaroroBka k cnaye 3aueTa.
BONPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIbHOM
pabore, Ha
3aueTe
6. IIpopaboTka ydueOHOTO MaTepmana 2 BBEIOOPOYHAS
DJIEKTPONOBEPXHOCTHHIE HCIOIb30BaHUEM  PECYpPCOB IpoBepKa  BO
ABJEHNS B JUCIEPCHBIX | MCTOIHYECKOTO M MH(OPMAITUOHHOTO BpeMs
CHCTEMAX o0ecrevYeHuns TUCIUTUTHHBL. Ay THTOPHBIX
IToaroToBka K  yCTHOMY .
. 3aHATHUH;
KOHTPOJIBHOM padoTe.
BKITFOUCHHE

IToaroroBka k ciade 3adeTa.

BOIIPOCOB ~ Ha
KOJIJIOKBUYME U
KOHTPOJIBHOM
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pabore, Ha
3a4ere
7. JInopoOHBIE CUCTEMBI IMpopaboTka y4eOHOrO Marepuana ¢ 2 BBIOOpOYHAs
HUCIIOJIB30BaAHUEM peCypcoB y‘-Ie6HO' MpOBEpKa BO
METOJUYECKOTO0 ¥  HH()OPMAIMOHHOTO BpeMs
oOecrevYeHus TUCIUTUTHHEL, ayIUTOPHBIX
IloaroToBKa K YCTHOMY OINpOCYy H ..
N 3aHATHH;
KOHTPOJILHOI padore.
BKJIIOUCHHUE
IToaroroBka k caade 3auera.
BOIIPOCOB  Ha
KOJUIOKBUYME U
KOHTPOJIbHOM
pabore, Ha
3aueTe
8. JInouneueie | IIpopabotka ydebHOro Mmatepmama ¢ 2 BBIOOpOYHAs
JIACIIEPCHBIE CHCTEMEI HCIIONIb30BAHUEM  PECypcoB  y4eOHO- mpoBepKa  BO
METOJUYECKOTO ¥  HWH()OPMAIMOHHOTO BpeMs
o0ecrevyeHuns: TUCIUTUTHHBL. Ay THTOPHBIX
IloaroToBKa K yCTHOMY OINpOCYy H ..
. 3aHSATUH;
KOHTPOJIBHOM padoTe.
BKITFOUCHHE
IToaroroBka k caade 3auera.
BOIIPOCOB ~ Ha
KOJUTOKBUYME U
KOHTPOJIBHOM
pabore, Ha
3a4eTe
9. Dmynmbcun ® TieHBI, | IIpopaboTka ydyeOHOro Marepuama c 2 BBEIOOpOYHAS
a’po30i1 UCTIOJB30BAaHUEM  PECypCcOB  yd4eOHO- IpoBepKa  BO
METOJUYECKOTO0 ¥  HWH(OPMAIMOHHOTO BpeMsI
1(3[66CHC‘ICHI/I}I JTUCTIUTITIHEL. Ay THTOPHBIX
TOTOBKa K THOM I H N
OArOTOBKa YCTHOMY  OIpoOCy SAHATHIL
KOHTPOJILHO# padore.
BKJIIOUCHHUE
IToaroroBka k cnaue 3adera.
BOIIPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIBHOM
pabore, Ha
3a4ere
10.CequMenTaonHas IIpopaboTka yueOHOrO Marepuana ¢ 2 BBIOOpOYHAsT
YCTOﬁqHBOCTB HCIIOJIb30BAHUEM peCcypcoB yqe6Ho- poBepKa BO
METOJUYECKOTO0 ¥  HWH(OPMAIMOHHOTO BpeMs
o0ecrevyeHuns: TUCIUTUTHHBL. Ay THTOPHBIX
IloaroToBKa K yCTHOMY OINpOCYy H ..
. 3aHSATHUH;
KOHTPOJIBHOM padoTe.
BKITIOUCHHE
IToaroroBka k caade 3auera.
BOIIPOCOB ~ Ha
KOJUTOKBUYME U
KOHTPOJIBHOM
pabore, Ha
3a4eTe
11.ArperaTuBHas IIpopaboTka y4eOHOTO MaTepuana C 2 BBEIOOPOYHAS
YCTOﬁqHBOCTB HCIIOJIB30BAHNUECM PECypCoB yqe6Ho— IPpOBEPKA BO
METOJUYECKOTO0 ¥ HWH(OPMAITMOHHOTO BpeMsL
o0ecrevYeHuns TUCIUTUTHHBL. ay/IHTOPHBIX
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MHUHHCTEpCTBO HAyKHU M BBICIIEro oOpa3oBanusi PO

. o Dopma
VY ALSIHOBCKHIt TOCyAapCTBEHHBIM YHUBEPCUTET
@ - Paboyas nporpaMma JUCIUIUTHHBI
IToaroTroBKa K YCTHOMY OINpPOCYy H 3aHATHI;
KOHTPOJIEHOM pabore. BIJTIOUCHTIE
IToaroroBka k caave 3adera. BONPOCOB  Ha
KOJUTOKBUYME U
KOHTPOJIbHOM
pabore, Ha
3a4eTe
12 Koarynsauus sonei | [IpopaboTka ydyeOHOro Martepuanga C 2 BBIOOpOYHAS
3HeKTpOHI/ITaMH HUCIIOJIB30BAHUEM PECypCoB yqe6Ho— poBepKa BO
METOAMYECKOTO W  HH(POPMAITMOHHOTO BpeMs
o0ecIieueHNs TUCIUIUIHHBL. Ay THTOPHBIX
[ToxroTroBKa K YyCTHOMY OINpOCYy H v
. 3aHATHI;
KOHTPOJIBHOM padoTe.
BKJIIOUCHHE
IloaroroBka K caaye 3a4era
BONPOCOB  Ha
KOJUTOKBHYME U
KOHTPOJIBHOM
pabore, Ha
3ayere
13.  OcHoBbl  ¢usuko- | [Ipopabotka ydeOHOro Mmarepuana c 2 BBIOOpOYHAsI
XUMHYECKON MEXaHUKH HCIOIB30BAHACM  PECYpCoB  y4eOHO- IIpOBEpKa  BO
METOAMYECKOT0 W  HH(POPMAITMOHHOTO BpeMs
o0ecIieueHNs TUCIUIUINHBL. Ay THTOPHBIX
[TonroTroBKa K yCTHOMY OINpOCYy H v
. 3aHATHI;
KOHTPOJIBHOM padoTe.
BKJIIOUCHHE

ITonroroBka k ciade 3aueTa

BOIIPOCOB  Ha
KOJIJIOKBUYME U
KOHTPOJIBHOM
pabore, Ha
3aueTe
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MHUHHCTEpCTBO HAyKHU M BBICIIEro oOpa3oBanusi PO

. o Dopma
VY IIbSIHOBCKHUI TOCYJapCTBEHHBIH YHHBEPCUTET

@ - Paboyas nporpaMma JUCIUIUTHHBI

11 YYEBHO-METOJIUYECKOE U THOPOPMALIMOHHOE OBECITEYEHUE
TACIATITAHBI

a) CMCOK peKOMEeH/yeMOii JTUTepaTypsl
OcHoBHad :
1. T'aBponckas, 0. FO. Komnounnas xumus : y4eOHMK W TIPAKTUKYM IS aKaJIeMHUUYECKOTO
6axanaspuata / 0. FO. I'aBponckas, B. H. ITak. — Mocksa : UznarensctBo FOpaidt, 2019. —
287 c¢. — (bakamaBp. Axamemuueckuii kypc). — ISBN 978-5-534-02502-6. — Tekct
NeKTpoHHBIH  //  OOpasoBarenbHas  1iar¢popma  IOpaiit  [caiit]. —  URL:
https://urait.ru/bcode/433448 .
2. lWykun, E. 1. Komtonanas xumus : y4eOHUK uis akaaemudeckoro OakamaBpuara / E. JI.
[llykun, A. B. Ilepuos, E. A. Amenuna. — 7-e u3a., ucnp. u non. — Mocksa : M3narenbcTBo
Opaiir, 2019. — 444 c. — (bakanasp. Axagemuueckuii kypc). — ISBN 978-5-534-01191-3. —
Texcr : anextponssiii / DbC FOpaiit [caiit]. — URL: https://urait.ru/bcode/444075
3. SlkoBneBa, A. A. Komnonnnas xumus : yueOHoe nocodue ais By30B / A. A. SIkoBieBa. — 2-¢
u3a., uctp. u npon. — Mocksa : M3gatensctBo Opaiit, 2019. — 209 ¢. — (YHUBEpPCUTETHI
Poccun). — ISBN 978-5-534-05180-3. — Tekct : amekTpoHHbI // OOpa3oBarenbHas
matdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/438930 .
JdonmonnureabHas
1.KynpsimmeBa, H. C. ®@usnyeckast 1 KOJUIOWAHAS XUMHUS : YUeOHUK M IPAaKTUKyM /s By30B / H.
C. Kynpsimesa, JI. I'. bonnmapeBa. — 2-¢ u3n., mepepad. u gom. — Mocksa : M3naTenbCcTBO
Opaiit, 2021. — 379 c. — (Bricmiee obpazoBanue). — ISBN 978-5-9916-7159-0. — Texkcr :
anekTpoHHBId  //  OOpasoBarenbHass — 1atdopma  FOpaiit [catiT]. =~ —  URL:
https://urait.ru/bcode/468578
2.Kommouanas xumus. [Ipumeps! u 3amaun : yueOHoe ocobue it By30B / B. @. Mapkos, T. A.
Anexceesa, JI. A. bpycuunsina, JI. H. MackaeBa ; nog HayuHoi penakuuei B. @. MapkoBa. —
Mocksa : UznarensctBo FOpaiit, 2021. — 186 c. — (Bsicmiee obpazoanue). — ISBN 978-5-
534-02639-9. — TekcT : anexTpoHHbIH // Obpa3zoBarenbHas wiargopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/472232
YyeoHo-MeToauueckas
1. UBanoBa JI. A. KommonaHast XuMus : METOAMYECKUE YKa3aHUs JIsI CAMOCTOSTEILHON paboThI
OakanaBpoB HarpasieHus moarotoBku 04.03.01 Xumus / JI. A. UBanosa; Yal'V, Dkon. ¢ak. -
VapsaoBck : Yul'V, 2019. - 3arn. ¢ skpana; HeomyOmmkoBaHHBIN pecypc. - DIEKTPOH.
TEKCTOBBIE JIaH. (1 daiin : 649 KB). - Tekct : 3JIEKTPOHHBIMN.
http://lib.ulsu.ru/MegaPro/Download/MObject/8394

CornacoBaHo:

Cneunanwcr eayumii Cranonsuukosa JI. P./ 722 T S 0S 0 T

HonxnocTs corpyanuka HB OUO NOANMUCH jnara

0) npoecpammHoe obecneuenue
1. Microsoft Office
2. OC Windows Professional
3. Anxtumiaruatr BY3
8) Ilpogheccuonanvhuvle 6a3vl OAHHBIX, UHDOPMAYUOHHO-CRPABOYHBLE CUCHIEMb]
1. DJIeKTPOHHO-0MOJIMOTEYHbIE CHCTEMBbI:

[Mudposoii o6pazoBaTenbHbIN pecypc IPRsmart : 31ekTpoHHO-OMOIMOTEUHAs CUCTEMaA : CalT
/ OO0 Kommnanus «A# Ilu Ap Meama». - Capartos, [2023]. — URL: http://www.iprbookshop.ru. —

Dopma A Crpanuna 41 u3 44


https://urait.ru/bcode/433448
https://urait.ru/bcode/444075%C2%A03
https://urait.ru/bcode/438930
https://urait.ru/bcode/468578
https://urait.ru/bcode/472232
http://lib.ulsu.ru/MegaPro/Download/MObject/8394
http://www.iprbookshop.ru/

MHUHHCTEpCTBO HAyKHU M BBICIIEro oOpa3oBanusi PO

. o Dopma
VY IIbSIHOBCKHUI TOCYJapCTBEHHBIH YHHBEPCUTET

@ - Paboyas nporpaMma JUCIUIUTHHBI
Pexxum ocTtymna: s 3aperucTpup. Moyb30Baresaeil. - TeKCT :3JIEKTPOHHBIN.

O6pasoBarenbHas mmatpopma FOPAUT :  06pasoBaTenbHBII  pecypc, dICKTPOHHAS
oubamoreka : caiir / OO0 DnekrponHoe m3atenbetBo «FOPAWMT». — Mocksa, [2023]. - URL:
https://urait.ru. — Pexxum noctyma: ajist 3aperucTpup. Moyb30BaTeNnei. - TEKCT : AIeKTPOHHBIH.

baza pannbIX «OnektponHas Oubnmoreka TexHudeckoro BY3a (OBC «KoncynbTaHT
CTYJICHTay) : JJIEKTPOHHO-OnOMMoTeuHas cuctema : caiit / OO0 «Ilomurexpecypcy». — Mocksa, [2023].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum goctyma: s 3aperucTpup.
MoJjb30BaTenen. — TEeKCT : 3JIEKTPOHHBI.

OBC Jlanp : snexkTpoHHO-OMOMMoOTeuHas cucreMa : cat / OO0 DOBC «Jlaub». — CaHKT-
[TerepOypr, [2023]. — URL: https://e.lanbook.com. — Pexum pgoctyna: s 3aperucTpup.
[I0JIb30BaTese. — TEKCT : AIEKTPOHHBIN.

OBC Znanium.com : O3JEKTPOHHO-OMOMMOTEYHass cuctema : cabt / OOO

«3HaHmyM». - Mocksa, [2023]. - URL: http://znanium.com . — Pexxum moctyna : asis 3aperucTpup.
MOJb30BaTeNe. - TEKCT : 3JIEKTPOHHBIH.

2.  KoncyastanrIliioc [DnexkTpoHHBIH pecypc]: cupaBouHas mpaBoBas cucrema. / OO0
«Koncynprant [Lntocy» - DnektpoH. naH. - Mocksa : KoncynsrantlImtoc, [2023].
3. basel 0annvix nepuoouueckux uzoanuil.

eLIBRARY.RU: Hayunas snextponHas ouoimoteka : caiit / OOO «Hayunas DnexTpoHHAas
bubnmoreka». — Mocksa, [2023]. — URL: http://elibrary.ru. — Pexum pocTyma : ans aBTOpHS3.
MoJjb30BaTenen. — TEeKCT : 3JIeKTPOHHBIN

OnexktpoHHass Oubmuoreka «M3marensckoro goma «l'pebennukoB» (Grebinnikon)
anektponHas 6ubmmorexka / OO0 U]| «I'pedbernnukoB». — Mocksa, [2023]. — URL: https://id2.action-
media.ru/Personal/Products. — Pexxum octyma : aisi aBTOpU3. MOJIb30BaTEICH.
— TeKcCT : 3NEeKTPOHHBIN.

4. ®degepaabHasg  rocyaapcrseHHas uHpopmaunuoHHas  cucreMa «HanmonajabHas
3JIEKTPOHHAsi OM0JMoTeKa» : dJIeKTpoHHas Oubnmoreka : caiit / ®I'BY PI'b. — Mocksa, [2023].
—URL: https://H36.pd. — Pexxum nocrtyma : ais monb3oBaTeniell HaydyHOM Oubmmorexu. — Tekcr :
3JIEKTPOHHBIN.

5. Poccuiickoe odpa3oBanue : penepanbubliii nopran / yupeaurens GIAY «OULITO».
—URL: http://www.edu.ru. — TeKCT : 37IeKTpOHHBI.

6. JJieKTpoHHasi OmOamoreyHasi cucrema Yal'yV : monyns «OneKTpoHHas OMOIMOTEKa»

ABUC Mera-ITPO / OO0 «/lara Dxcnpecc». — URL: http://lib.ulsu.ru/MegaPro/Web. — Pexum
JOCTYyNA : JUIS MOJIb30BaTeNel HayqHO OMOIMOTeKH. —TeKCT : AIeKTPOHHBIH.

CoracoBano
Hauanpauk Ynpasnenus na(opmMamoHHbIX /

TEXHOJIOTHI U TEIEKOMMYHUKAIUH [LII. Bypaun 15.05. 2023

12 MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHHUE HAYYHO-
NCCIEJOBATEJBCKOU PABOTbI

VYuebnas aynutopust 216 ans npoBeneHus 1aOOpaTOPHBIX 3aHATUH J1aOOPATOPHOTO THIIA,
TPYONOBBIX M HWHIUBUAYAIbHBIX KOHCYJIbTALIMM, TEKYHIEr0 KOHTPOJIS U MPOMEXYTOUHOMN
aTTectanuu (¢ HaOOpOM JEMOHCTPAIIMOHHOTO OOOPYAOBaHUS AJIsi OOECTICUCHUs TeMAaTUYECKUX
WUTIOCTPAIlMii B COOTBETCTBMM C paboueld mporpamMmor auciuiuidHbl). [lomemnieHue
YKOMIUIEKTOBAHO CIEIHAIN3UPOBAHHON MeOenbio Ha 18 mocagoyHBIX MECT U TEeXHUYECKUMHU
CpeACTBaMU: 3KpaH HACTEHHBIH, J0ocka ayauTopHas. PaGouee mecto mpemnomasarens, WI-FI,
uHtepHeT. [Inomanp 42,93 kB.M.

VYueOHast ayauTopusi Ui caMOCTOSTENbHON paboThl cTyaenToB 230 ¢ nocrynom k OBC.
JUISL caMOoCTOATENbHON paboTel ctyaeHToB, Wi-Fi ¢ moctynom k DMOC, 5bC. KomnbsroTepHbIit
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KJIACC YKOMIUICKTOBAHHBIM CIEIMATH3UPOBAHHOW MeOenbi0 Ha 32 MOCaJ0YHBIX MECT H
TEXHUYECKUMHU cpelacTBaMu o0ydeHHs (16 mepcoHalbHBIX KOMIBIOTEPOB) C JOCTYIIOM K CETH
«Hutepuer», JUOC, OBC. ITnomans 93,51 kB.M.

UuTanbHBIA 3271 HaydHOH OnOmmoTeku (aymuropust 237) ¢ 30HON I CaMOCTOSITEIIbHON
pabotsi, Wi-Fi ¢ noctynom k DUOC, OBC. Ayauropusi yKOMIUIEKTOBaHA CIIELUAIN3UPOBAHHON
Mebenpio Ha 80 TMOCaOYHBIX MECT M OCHAIlEHA KOMIThIOTEPHOW TEXHHUKOW C JIOCTYIIOM K CETH
«Hutepuer», DJUOC, OBC, 3xpanom u npoekropom. [lnomans 220,39 kB.M.

13 CIIEHUAJIBHBIE YCJI0OBUA JJIA OBYYAIOIIUXCHA C
OI'PAHUYEHHBIMHA BO3MOKHOCTAMMU 31OPOBbs

B caysae HeoOXogmMmocTH, OOy4arOIIMMCST U3 4YHCIA JIAI C OrPaHUYCHHBIMHU
BO3MOXHOCTSIMH 3JI0pOBbsI (IIO 3asBJICHMIO OOYYAlOIIErocsi) MOTYT MpeIaratbCs OTHH U3
CIICAYIONIMX BapUaHTOB BOCTIPHUATHS HWHQOpMAIMK C YYETOM WX HHIUBUAYAIbHBIX
NCUXO(PHU3UUECKUX 0COOEHHOCTEH:

—  JUId JMI C HapYIICHUSMH 3PEHUS: B MEYaTHOW (hopMe YBEIMYEHHBIM MIpU(TOM; B
dopMe SIIEKTPOHHOTO JOKYMEHTa; B (opme ayamodaiina (mepeBos y4eOHBIX MaTepHalioB B
aynuodopmar); B Ie4aTHOW ¢GopMme Ha s3bIke bpailns; WHAWBHIYyaIbHBIE KOHCYJIBTAIIMU C
npuBJIeUCHHEM TH(IOCYPIONIEPEBOTUNKA; HHNBHUIYyaIbHBIC 3aJaHHsI U KOHCYJIbTALUH;

— JUId JIMI C HapylIeHUSIMH CiIyXa: B TMe4yaTHOH Qopme; B (QopMe 3IIEKTPOHHOTO
JIOKYMEHTAa; BUleOMaTepHalibl ¢ CyOTUTpaMU; WHAUBUyalbHbIE KOHCYIbTALUU C IIPUBJICYCHUEM
CYpIIOTIEPEBOUNKA; WHANBUYATbHbIC 3aJaHHSI U KOHCYJIbTAIINN;

—  JUIA JIMI] C HApPYIICHUSMHU OTIOPHO-IBUTATEIBHOTO amiapara: B Me4aTHOW (Gopme; B
dbopMe SIEKTPOHHOTO JOKYMEHTa; B (opme aymuodaiiiia; WHIWBHIyAIbHBIC 3aJaHUS H
KOHCYJIbTAIHH.

— B ciyusae  HeoOXOOMMOCTM  HCHONB30BaHUS B y4yeOHOM  Mporecce
YaCTUYHO/MCKIIIOUYUTENBHO JUCTAHIIMOHHBIX 00pa30oBaTEeIbHBIX TEXHOJOTHH, OpraHM3alUs
pabotsl TIIIC ¢ oOyuatomumucs ¢ OB3 u mHBamugamMu mnpeaycMaTpUBACTCS B AJICKTPOHHOU
UH(POPMALIMOHHO-00pa30BaTENbHON Cpeie C YU4eTOM MX WHAMBHUIYAIbHBIX MCUXO(U3NIECKUX
0COOEHHOCTEH.

Pazpaborunk: g nouent JILA. MBanosa 16.05.2023
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a) CnucoK pekoMeHIyeMoii JTuTepaTypsbl

OcHoBHas :

1. TaBponckas IOmus IOpbesna. KonnongHas XuMns : y4e6HUK 1 NpakTUKyM Ans By308 / HO.
HO. MaBpoHckas, B. H. Mak. - Mockga : FOpaiiT, 2023. - 287 c. - (Bbicluee 06pa3oBaHme). -
URL: https://urait.ru/bcode/511731

2. [yxun, E. JI. Konnounnas xumus : yaeOHUK Jyutsl akageMudeckoro 6akanaspuata / E. 1.

Hlykun, A. B. Ilepuos, E. A. Amenuna. — 7-e u3a., ucnp. u gon. — Mocksa : M3naTenscTBo

IOpaiit, 2019. — 444 ¢. — (bakanaBp. Akagemuueckuii kype). — ISBN 978-5-534-01191-3. —

Tekcr : anextponnsrit / ObC HOpaiit [caiit]. — URL: https://urait.ru/bcode/444075

3. SxoeneBa, A. A. KoymonHas Xxumus : yaeOHoe mocooue st By30B / A. A. SIkoBieBa. — 2-¢

u3a., uctp. u non. — Mocksa : U3parensctBo FOpaiit, 2019. — 209 c¢. — (YHUBEpCUTETHI
Poccum). — ISBN 978-5-534-05180-3. — Tekcr : snexTponHHbIH // OOpazoBaTenbHas
miatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/438930 .

JlonosiHuTEAbHAS

1.KynpsimeBa, H. C. ®usnueckas U KOJIJIOUTHAS XUMUS : Y4EOHUK M MIPAKTUKYM IS By30B / H.
C. Kynpsimiera, JI. I'. BormapeBa. — 2-e u3., mepepad. u gomn. — Mocksa : M3narenbcTBo
HOpaiiT, 2021. — 379 c. — (Bsicmiee oopazoBanue). — ISBN 978-5-9916-7159-0. — Texkcr :
anexTpoHHsbId // OOpa3zoBarensHas maatdopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/468578
2.Komnmonanas xumus. [Ipumeps! u 3aqaun : yaebHoe mocodue mist By30B / B. @. Mapkos, T. A.
Anekceesa, JI. A. bpycuuneina, JI. H. Mackaesa ; nog nHayunoit penakuueit B. @. Mapkosa. —
Mocksa : M3natenscTBo FOpaiit, 2021. — 186 ¢. — (Bricmiee oopazoanue). — ISBN 978-
5534-02639-9. — Tekcr : anekrponnslii // Obpa3oBarensHas wiardopma KOpait [caiit]. —
URL:
https://urait.ru/bcode/472232
YyeoHo-MeTOoANYECKAS

1. WNpanoBa JI. A. Komnmowanas Xumust : METOAUYECKHE YKa3aHUS A
CaMOCTOATENIbHON paboThl OakanaBpoB HampaBieHus moarotoBku 04.03.01 Xwumus / JI. A.
WBanosa; Y'Y, Okomn. dak. - YaesHoBek : Yal'V, 2019. - 3arn. ¢ sxpana; HeomyOnukoBaHHBIH
pecypc. - OnektpoH. TekctoBble gaH. (1 dain : 649 KB). - Tekcr : SIEKTPOHHBIM.
http://lib.ulsu.ru/MegaPro/Download/MObject/8394

CornacoBaHo:
Crnemmanuct Beaynmid Hb Ynl'Y / CraponsHukosa [I.P. | _29.08.2024

JIOIKHOCTB COTPYIHUKA HAYYHOH OHOIHMOTEKH DdUO MOJIHACH nara
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B) IIpodeccuonanbHbie 6a3bl JaHHBIX, HH(POPMALMOHHO-CIIPABOYHbIE CHCTEMBbI

1. DJ1eKTPOHHO-0HOIHOTEYHbIE CUCTEMbI:

1.1. Hudposoii obpasoBarenbHbii pecypc IPRsmart : snextponHO-OnMOMIMOTEUYHAS
cucTema : cait /

OO0 Kowmnanus «Au Ilm Ap Meaua». - Capatos, [2024]. — URL:
http://www.iprbookshop.ru. — Pexwm

JIOCTyNa: JUIsl 3apETUCTPUP. MTOIb30BaTENEH. - TEKCT : JIIEKTPOHHBIM.

1.2. O6pazoBatenshas wiarhopma FOPAMT : oGpazoBaTenbHblil pecype, MeKTPOHHAS
oubnuoreka :

caiit / OO0 Drnekrponnoe m3marenbctBo IOPAMT. — Mocksa, [2024]. - URL:
https://urait.ru. — Pexwum

JOCTyMa: JIJIsl 3apPETUCTPUP. MOJIb3oBarTeneil. - TeKCT : 3JeKTPOHHBIH.

1.3. ba3a pgaHHbIXx «OnekTpoHHas Oubmmoreka TtexHuueckoro BVY3a (OBC
«KoHCynbTaHT CTYAEHTaY) :

IIEKTPOHHO-O0MOIMoTeuHas cuctema : caidit / OO0 IMomutexpecypc. — Mocksa, [2024].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum mocryma: s
3apPErUCTPUP. MOJIb30BaTENEH. — TEKCT : JIEKTPOHHBIN.

1.4. KoHcynbpTaHT Bpaua. DIEKTPOHHAA MeIULIMHCKas OuOInoTeKa : 6a3a JaHHbBIX : CAalT
/ OO0 Beicmas nkoja OpraHu3aliy ¥ yIpaBJIeHHS 3paBoOXpaHeHneM -KoMITIeKCHBIH
MEIUIUHCKUI KoHcanThHr. — MockBa, [2024]. — URL: https://www.rosmedlib.ru. —
Pexxum noctyna: s 3apeructpup. moiab3oBaTtenei. — TEeKCT : 3JIEKTPOHHBIM.

1.5. bospias MeTMIIMHCKAsE OMOJIMOTEKA © AJICKTPOHHO-OMOIMOTEYHAs CUCTEMA : CAMT /
OO0O bykan. — Tomck, [2024]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum
JOCTyMa: JIJIsl 3apETUCTPUP. Mosib3oBareneil. — TeKCT : 3IeKTPOHHBIN.

1.6. OBC Jlans : anmekTpoHHO-O0uOMoTeuHas cucrema : caiit / OO0 DBC Jlanb. — CaHKT-
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