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1 HEJIb 1 3AJAYHN OCBOEHUSA JUCIIAIIJIMHbI

Heabo ocBoeHMs] TUCHMILUIMHBI - SBIACTCS (OPMUPOBAHME CHCTEMHBIX 3HAHUH, KOTOPHIC
HEOOXOIUMBI CTyIEHTaM IIPH PACCMOTPCHHUH (PU3UKO-XMUMHUUYECKON CYIITHOCTH U MEXaHU3MOB
MIPOIIECCOB, MPOUCXOAIINX B IPUPOJIEC U )KUBOM OPraHU3Me Ha MOJICKYJISIPHOM U KJIETOUHOM
YpOBHSX. B pe3ynbTaTe OCBOSHUS NAaHHOW TUCIHIUIMHBI JIOJDKHBI OBITH CPOPMHUPOBAHBI
YMEHUS BBITIOJIHATh B HEOOXOJMMBIX CIIy4asX pacyeThl MapaMeTpPOB ATHUX IPOIECCOB, YTO
MO3BOJIUT OoJiee TIIYOOKO MOHATh (DYHKIIUM OTIEIBHBIX CHCTEM OpraHu3Ma, a TakkKe ero
B3aMMO/ICHCTBUE C OKPY KAIOIIEH Cpeoi.

3agayn 0CBOEHHS JUCHUILIHHDI.

- OCBETUTHb KJIIOYEBBIE BOINPOCHI MPOrPAMMBI, CTUMYJIHUPOBAaTh CTYACHTOB K
MOCJIEAYIOLIEH caMOCTOATENbHON padoTe.

- chopMUpOBaTh YMEHUS M HaBBIKU JUIS PEIICHUs TPOOJIEMHBIX U CUTYaI[MOHHBIX 33]1a4;

- chopmMupoBaTh MPaKTUYECKHE HaBEBIKU IIOCTAHOBKH i BBIIOJIHCHHS
SKCTIIEPUMEHTAIBHON PabOTHI.

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

JucuuninuHa OTHOCUTCA K MAaTeMaTUYeCKOMY M €CTECTBEHHOHAyYHOMY LMKy, BapUaTHUBHAS
gacth (b.1.B.OJ1.3.). [Jns wu3ydeHHs JIUCHUIUIMHBI HEOOXOIMMBI 3HAHUS  BOIPOCOB
MPEALIECTBYIOIINUX W3yYaeMbIX JTUCHUUILUIMH — HEOPTaHUYECKONM XMMUHU, aHATUTHYECKON XUMHH,
OpraHWYECKON XUMUH, PU3NUECKOM XUMUU. JlaHHas AUCIUIUIMHA U3y4daeTcs Ha 4 Kypce.

3 HEPEYEHD IIJIAHUPYEMBIX PE3YJIbTATOB OBYUEHMUS IO JUCHUITJIMHE
MOAVYJIIO), COOTHECEHHBIX C INTAHUPYEMBIMMU PE3YJIbTATAMHU

OCBOEHMUA OI11OIT
Kon n HanmeHoBaHue [lepeueHp TIaHUPYEMBIX PE3yIbTATOB O0YUEHHUS 11O
peanu3yemoil KOMIIEeTeHIIUH JUCLUILINHE (MOAYIII0), COOTHECEHHBIX C MHIUKATOpaMHU
JIOCTHKEHUS] KOMIIETEHIUH

[1K-3: Bianeer cucTeMoii | 3HaTh: (yHIAMEHTaJbHbIE 3aKOHBl M TOHSTHUS KOJIIOMIHOMN

(GyHIaMEHTAIbHBIX XUMHUYECKHUX | XHUMUH;

TTOHSITHH YMeTh: NpUMEHATh (PyHIaMEHTaIbHBIE 3aKOHBI B XUMUU;
Bnaners: cucremoit  (QyHAaMEHTANbHBIX  IOHATHH U
METOAOJIOTHYECKUX ACIIEKTOB KOJUIOMIHONW XUMHH.

4. OBIIAA TPYAOEMKOCTbDb AUCHUITJIMHBI

4.1. O0beM TUCHUILTHHBI B 3a4eTHBIX eqnHunax (Bcero) 3 3ET
4.2. Tlo BuIaM y4eOHoi padoTsl ( B yacax): 108

KonnuectBo yacos
(bopma oOyucHuMs - 0OUHAas)

Bun yueGHO# paboTh B 1.4. o
Bcero o
ceMecTpam
TUTaHy 3
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1 2 3
KonrtakTHas paboTta oOy4aronxcs ¢ npernojgaBaTeieM B 84 84
cooTBeTcTBUM C YII
AyIUTOpHBIC 3aHATHUS: 84 84
JIEKIIUU 28 28
CEMHUHApbl U IIPAKTUYECKUE 3aHSITHSI 28 28
J1a00paTOpHBIC PAOOTHI, MPAKTHKYMBI 28 28
CamocTosTenpHas pabora 24 24
dopma TEeKyIIero KOHTPOJIsl 3HAHUA U KOHTPOJIA Komnoksuym, | KomiokBuywm,
CaMOCTOSITENILHON paOOThI: TECTUPOBAHUE, KOHTPOJIbHAS KOHTPOJIbHASI | KOHTPOJbHAsS
paboTa, KOJUTOKBUYM, pedepar u ap. (He meHee 2 BHUIO0B) paborta paborta
KypcoBas pabora - -
Buibl MpOMeXyTOYHOM aTTecTaliy (3a4er) - -
Bcero gacoB no qucuumnivge 108 108

4.3 Couepmaﬂue AUCHHUIIIMHBI (MO}IyJ’Iﬂ.) Pacnpeuenelme yacoB Imo TeMaM M BHJIaM

yueOHOM padoThbI:

dopma o0yyeHHs: OuHast

Buer yaeOHBIX 3aHATHI ®dopma
AyAUTOpHBIE 3aHATHS RaHsTHS B CamocTos | TEKYIIEro
Hassanue pasznenos | Beer [Tpaxtuuec | Jlabopato HTCDAKTI TeJbHAs | KOHTPOJIA
U TEM 0 KHUe pHBIE °P paborta | 3HAaHUHI
JEKLHH BHOM
3aHATUS, | pabOThI
bopme
CEMUHApBI
1 2 3 4 5 6 7 8
1. OcHoBHbIe | 7 2 2 2 2 1
MTOHSTHUSA
. Komnoxsuym
KOJUIOUJTHOM XHWMHH, Nl
OOBEKTHI W  IEJIH
M3Yy4YEHUSI.
2. TepMoarHAMHKA 7 2 2 2 2 1 Konioksuym
MOBEPXHOCTHBIX Ne2,
;[BHGHHI‘;I KOHTPpOJIbHA
st paboTaNel
3. Kammmsipueie | 8 2 2 2 2 2
SBJICHUS
Komnoxsuym
Ne3
4. TloBepxHocTHble | 14 4 4 4 4 2
SIBIICHHSI "
Komnoxksuym
MEXaHUYECKUE
o Ne4
CBOICTBA
TBEPJBIX TEJ
5. Apncopbumsi Ha 8 2 2 2 2 2 Konnoxsuym
HIOBEPXHOCTH Nes,
asnena daz KOHTPOJIbHA
pasi s paboTaNe2
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6. 8 2 2 2 2 Konioksuym

DJIEKTPOIOBEPXHOCT Ne6

Hble  SBJICHUS B

JUCIIEPCHBIX

CHUCTEMax

7. JInodoOuse | 8 2 2 2 2 Komnoksrym

CHCTEMBI Ne7,
KOHTPOJIbHA
st paboTaNe5

8. JInopunbHbIC 8 2 2 2 2 Konnoxsuym

JIMCIIEPCHBIC Nes,

eMBbI KOHTPOJIbHA

cner st paboraNe3

9. DOwmynbcum  wu | 8 2 2 2 2 Kosmoksuym

IICHBI, a9PO30JIU Ne9

10.CeaumenTarnon 8 2 2 2 2 Komnnoksuym

Hasl yCTOMYMBOCTh Nel0

11.ArperaTuBHas 8 2 2 2 2 Komnoksuym

YCTOWYHBOCTD Nell

12 Koarynsuus 8 2 2 2 2 Kosnoksuym

30u1€i Nel2
KOHTPOJIbHA

9JIEKTPOJIUTAMHU 2 paGoraNed

13. OcHoBbl | 8 2 2 2 2 Konnoksuym

busuko- Nel3

XUMHUYECKOU

MEXaHUKU

BCEI'O 108 28 28 28 24
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5 COJEPXAHME JUCLUILIUHBI (MOIY.JIS)

5.1. Tema 1. OcHOBHBIE OHSATHSI KOJUIOWTHOH XUMHHU, 00bEKThI U eI H3YYeHHUsl.
KonmonnHple yacTULbl M KOJUIOMJHBIE CHUCTEMBI; KOJUIOMJHOE (JIMCIEPCHOE) COCTOSHUE
BemlecTBa. KoIMUeCTBEHHOE OIpelesieHue JUCHEePCHOCTH: JAUCHEPCHOCTh U yJellbHas
MOBEPXHOCTh KPUBH3HA TOBEPXHOCTH YaCTHUI] IHCIEPCHON (a3bl. Poib MOBEpXHOCTHBIX
SBJICHUH B Ipolieccax, MPOTEKAOLIMX B TUCIIEPCHBIX CUCTEMAX.

Paznuunbpie TUOBl  KIacCU(UKAUM JUCHEPCHBIX CHUCTEM: II0 arperaTHOMYy COCTOSIHHIO
JMCTIEpCHOM (pa3bl M AMCIEPCHOHHOM Cpelbl, O pa3MepaM YacTHIl, M0 KOHLUEHTpPAluu U T.A.
JInodunsubie 1 MMOGOOHBIE TUCTIEPCHBIE CUCTEMBI.

B3auMoCBsI3b  KOJUIOMJAHOW XMMHMU C JPYTMMH XMMUYECKMMHU AMCUUIUIMHAMM, C (U3UKOM,
OHOJIOrUEeH, TeOJIOTHEH, MECIHITUHOM.

OcHOBHBIE 3Talbl Pa3BUTHS KOJUIOWIHON XMMHHU. |'J1aBHBIE HOBBIE HANpPaBICHUS M OOBEKTHI
(HaHOCHCTEMBI, MHUKPOIMYJIbCHH, OWOKOJUIOWIBI, TOHKWE IUICHKH H Jp.), H3ydaemble
KOJIJIOUJHOM XHUMHUEH.

5.2. Tema 2. TepMoauHAMMKA MOBEPXHOCTHBIX SBJIEHUIA

[ToBepxHOCTh pazzaena ¢a3. CBoOoAHAs MOBEPXHOCTHAs sHeprus. IIoBepXHOCTHOE HaTsKEHHE,
CHJIOBAasi M JHEpreTHyecKas TPAaKTOBKUA. MeToj M30BITOUHBIX TEPMOJWHAMHUYECKUX (YHKIUH
nosepxHoctHoro ciosg (I'm66¢). IloHsATHe O TMOBEpPXHOCTH pa3pblBa U pas3jessrolei
noBepxHOcTH. OO0OOIIEHHOE ypaBHEHHE IEPBOTO M BTOPOTO 3aKOHOB TEPMOIAMHAMHUKHU IS
HOBEPXHOCTH pazfena ¢as.

M3MeHeHrne TMOBEPXHOCTHOTO HATSDKEHHS KHMIKOCTH Ha TPAaHUIE C COOCTBEHHBIM NapoM B
3aBUCUMOCTH OT TE€MIIepaTyphbl, KpUTUUYECKas TemiepaTrypa no Meneneesy.

CBs3b CBOOOJHON IOBEPXHOCTHOH SHEPrUU ¢ TEIIOTOM cyonmumaruu (mpaBwio Credana),
MOJIyJIeM YIIPYrOCTH, WJeaIbHON MPOYHOCTHIO U JPYTUMH CBOMCTBaMU BEILIECTBA.

[ToBepxHOCTh pa3aena MeXAy IBYyMsS KOHICHCHPOBaHHBIMH (azamu. I[lpaBmiio AHTOHOBa;
YCIIOBUS €70 IPUMEHEHUS.

5.3. Tema 3. KannjuisipHble siBJIeHUs

Kanunnsapuoe nasnenue. 3akoH Jlamnaca.

3aBUCUMOCTh JaBJIEHHS Iapa OT KPUBU3HBI MOBEPXHOCTU JKUAKOCTU. 3akoH TomcoHa.
Kannmnspras konaeHcanus. M3orepmudeckast neperoHka BeNIeCcTBa.

3aBUCHUMOCTh PACTBOPUMOCTU OT KPUBU3HBI MIOBEPXHOCTH JUCIEPCHBIX YacTull (3akoH ['uboca -
OcrtBanbaa - @peiinanuxa). PaBHoBecHas ¢popma kpuctamion (3akoH ['u60ca - Kropu - Bynbda).
CmauuBanue. KpaeBoii yron. 3akoH IOHra (cumoBoili M 3HEPreTUYECKUH  BBIBOJIBI).
CooTHolleHne Mexly paboTaMH KOT€3UH U aJre3uu Nnpu cMayuBaHuu. KanuinspHoe nojHsTue
KUAKOCTH, YypaBHeHHe JKiopeHa, KamwuisgpHas TIIOCTOSHHas Kuakoctu. W3OuparenbHoe
CMauyMBaHHE KaK METOJ XapaKTepUCTHKH IOBEPXHOCTEH TBEpAbIX Teld (JIMOPHUIBHBIX U
muo¢o6ubIX). [ToHOE cMaunBaHue (TEPMOIMHAMUYECKOE YCIIOBUE).

[TonsiTHE O TOBEPXHOCTHBIX CHJIAX BTOPOrO POJa M PACKIMHUBAIOLIEM JaBleHUU. JIuHus
Tpex(}a3HOro KOHTAKTa (JIMHUS CMauMBaHMs); IMHEHHOE HATsKEHUE. Y paBHEHHUE KPaeBOro yria
CMa4MBaHUS C yUETOM JIMHEHHOIO HATSHKEHHUS.

KanunnspHoe TeueHne B MOpUCTHIX cpenax. [IpakTuueckue mpuiiokeHus: (BbITeCHEHUE He(TH,
TEYEHUE B HEBECOMOCTH U JIp.).

OcCHOBHBIE METO/BI HM3MEpPEHUsl MOBEPXHOCTHOIO HATSKEHUS >KMJIKOCTEH W MOBEPXHOCTHOM
SHEPrUM TBEPABIX TEI.

54. Tema 4. IToBepxHOCTHBIE SIBJICHM S U MeXaHUYecKHue CBOMCTBA
TBepAbIX TeJ

Pazpymienne u wusMmenbueHue (IUCHEPrUPOBAaHUE) TBEPABIX Tel KakK (PU3MKO-XMMHUYECKUN
npoliecc oOpazoBaHus HOBOM moBepxHocTu. Teopust ['puddurca, ycnoBue caMonpon3BOJILHOTO
pacrnpoCTpaHEHUS TPELIHH.
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Oddext Pebunmepa: W3MEHEHHE MPOYHOCTH W TUTACTUYHOCTH KAaK CIEACTBHE CHIIKCHUS
MOBEPXHOCTHOM 3Hepruu TBepAblX Ted. OcHoBHBbIE (GOpMBI  TposBiIeHUs d(dekra:
IUIACTU(UIUPOBAaHNE, BOSHUKHOBEHUE XPYIIKOCTH, CAMOIIPOU3BOJILHOE AUCIIEPTUPOBAHHE.
TepMmoaunamuyeckue ycnoBusi mposiBaeHus s¢dexra Pebunnepa. BiusHue xumuueckoin
IPUPOJIBI TBEPABIX TEJ U KUAKOCTEH HA BOZMOXHOCTB €T0 MPOSABICHUS. DJIEKTPOKAIMIIISPHBIN
apdexr. IlposBnenue 3ddexra PebuHmepa B HPUPOTHBIX M TEXHOJIOTHYECKHX IpoIleccax
(mpumepsI).

[ToBpillIeHHE MPOYHOCTH MPHU PACTBOPEHUHM IOBEPXHOCTHOTO CJIOS KpHUCTALIOB (3(dekT
Hodde).

5.5. Tema 5. AncopOuusi Ha MOBEPXHOCTH pa3jaena ¢a3

AncopOrus Kak caMOIPOM3BOJIbHOE KOHIICHTPUPOBAHUE HA MMOBEPXHOCTHU pa3zena (a3 BemecTs,
CHIKAIOIIUX MexdazHoe HaTspDkeHue. [loBepXHOCTHO-aKTHUBHBIE M -HMHAKTHBHBIC BEILECTBA
(mpumepbl). OTHOCUTENBHOCTb IIOHATHSA '"HNOBEPXHOCTHAs aKTUBHOCTH" (3aBUCHUMOCTH OT
MPUPOJIBI KOHTAKTUPYIOMUX (a3). [loBepXHOCTHO-aKTUBHBIE METaLIIBI.

Tepmonuuamuka mpoiiecca aacopOuuu. Y paBuenue ajacop6oiuu ['nb0ca.

Oprannyeckne mnoBepxHOcTHO-akTuBHbIe BemectBa (I[IAB). Knaccudukauus ITAB mno
MOJICKYJISIPHOMY CTPOCHHIO (AaHHMOHO- W KaTHOHOAKTHWBHBIC, HEHMOHOTCHHBIE, aM(OIUTHHIC);
obnmactu npumeneHusi [IAB. Beicokomonekymspusie IIAB (mpumepbl, oTauuus OT
HuzkomoliekysipHeix [TAB). IIpoGiema Ouopaznaraemoctu [TAB. Knaccuduxanus [TAB mo
MEXaHU3MY UX ACHCTBHs (CMayMBaTelld, JUCIEPraTophl, CTAOMIN3aTOPhI, MOIOIINE BEIIECTBA).
[Tonstue o ruapodunsHO-mUNOdUILHOM Oanance (I'JIb) monexyn [TAB.

3aBUCUMOCTh ITOBEPXHOCTHOIO HATsLKEHUs OT KoHUeHTpauu [IAB. Ypasuenue lllumkosckoro.
[ToBepxHOCTHasT ~ aKTUBHOCTh, €€ HW3MEHEHHME B  romosiornyeckux psagax  [IAB.
Tepmoannamuueckoe o6ocHoBaHue npaBuia Tpayoe - [rokino. MeTopl OIIEeHKH TOBEPXHOCTHOU
akTUBHOCTH  opranuueckux [IAB. PabGora amcopOuuu. JluHamudeckuit — Xapaktep
a/IcCOpOIIMOHHOTO pPaBHOBECHsT Ha TMOBEpXHOCTU paznena pactBop IIAB - ra3. VYpaBHenue
JIbarmiopa, ero cBs3b ¢ ypaBHeHusMu [ n66ca, lllnmkoBckoro u @pymkuHa.

Crpoenne MoHocioeB pactBopumbix [IAB. JIByxmepHOE COCTOSHHME BEIECTBA B
MOBEPXHOCTHOM CJIO€, OPHUEHTAllMsi MOJIEKY] B Ppa3peXKEHHBIX M B HACBIIIEHHBIX CIOSX.
VYpasuenue cocrosiHusg MoHocnos [TAB. Pacder pazmepos mosekyn ITAB.

[ToBepxHOCTHBIE TUIEHKM HepacTBOpUMBIX I[IAB; moBepXHOCTHOE MAaBlIEHHE; METONbI €ro
u3MepeHusi. M3orepMbl nByXMepHOro naBieHus. OCHOBHBIE THUIBI IUIEHOK: Ta3000pa3HbIE,
KUJKOPACTSIHYThIE, KHUAKUE, TBEpAblEe. YCIOBHUS Mepexoja IUIEHKH OT OIJHOIO COCTOSIHUS K
apyromy. Cion JIanrMropa - biiogkeTT kak caMOOpPraHu30BaHHbIE KOJUIOUIHBIE CTPYKTYPBI.
Ancop6uust [TAB Ha moBepxHOCTH pa3ziesia HECMEIINBAIOIIUXCSl JKUAKOCTEH.

Ancopbuust [TAB u3 pacTBOpoB Ha MOBEPXHOCTH TBepAbIX Teil. IIpaBuiio ypaBHUBaHMSA
nossipuocteit  Pebunnmepa. Momudunupyromee aeiicteue  [1AB:  rugpodmmmzamus u
ruzipodoOu3anus TBEpIOM MOBEPXHOCTU. YNIpPaBICHHE CMAaYMBaHMEM B Ipoleccax (IIOTaIUH.
Bnusinue ancop6rmonnbix cinoes [TAB Ha cma3ouHoe eficTBUE U Ha TPAHUYHOE TPEHUE.

5.6. Tema 6. D1eKTPONOBEPXHOCTHBIE SIBJIEHHS B IMCIEPCHBIX CHCTEMAaX

JBoitnoit snextpudeckuii cinoit ([I3C). Ilpuuunbsl obpazosanus JIOC. Tepmomunammueckoe
paBHOBECHE MOBEPXHOCTHU pazjiena a3 ¢ yueToM IEKTPUYECKON SHEPTUH.

Monenu crpoenust I9C (teopun ['enbmromnsua, I'yn - Uenmena, llltepna, ['pama). U3menenue
NOTEHIMAaJa B 3aBUCUMOCTH OT PACCTOSHUS OT MOBEPXHOCTHU JJISI CUJIBHO U Cl1abo 3apsKEHHBIX
MOBEPXHOCTEH; BIMSHUE KOHLIEHTPALIUU U 3apsiia HOHOB AJIEKTPOJIUTA.

DNEeKTPOKUHETUYECKHUE SBICHUS: DJIEKTPOodope3, 3IIEKTPOOCMOC, MOTEHIMAIbl TEUSHHUs U
ocenanusi; Tteopus ['empmronbia - CMOIYXOBCKOro. OJIEKTPOKMHETHYECKHI MMOTEHIIHA;
IPaHULIA CKOJIbKEHUS. METOIbl ONIPEIENEHNs SIEKTPOKUHETUYECKOTO TOTEHIIAAA.

Ctpoenue muiemuibl ruApoPoOHOTro 3015 BiausHie KOHIEHTpAUU U MPUPOBI SIEKTPOIUTA Ha
BEJIMYMHY M 3HAK 3apsja KOJIOUIHBIX yacTUll. OCHOBBI HOHHOTO OOMeHa. JIMOTpOMHbIE Psiib.
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W30351eKTpruyeckoe  COCTOSSHME B JAMCIIEPCHBIX ~ CHCTEMax;  METOAbl  OIpeAeieHUs
M302JIEKTPUYECKON TOUKH. [IpakTrueckne mpuiIo;KeHus JJIEKTPOKUHETUUECKUX SIBJICHUM.
OnexTpokanwuisipHble siBiaeHUs. [IoHsATHE 00 37€KTPONOBEPXHOCTHBIX SIBICHUAX: KaIWIIIPHOM
ocmoce, muddysunodopese.

5.7. Tema 7. JInopoOHbBIE cCHCTEMBI

JucriepraliiOHHBIE METOAbI IOJYYEHHUS JAMCIEPCHBIX CHCTEM (30J€H, SMyJlbCUH, IIEH,
aspososiei). Ponp ITAB B mpomecax mnosiydeHuss JgucnepcHbIXx cucreM. CBs3b  pabOThI
JUCIIEPTUPOBaHMsl C IOBEPXHOCTHOW »sHeprued TBepAblx Ten. Mcnosib3oBanue sddexra
Pebunnepa nns ymeHblieHuss paboTbl aucneprupoBaHus. Ilpoueccel aucneprupoBaHus B
IIPUPOJIE U TEXHUKE.

KonzaeHncannonHusle criocoObl OJMyuyeHus: AUclepcHbIX cucteM. OOpa3oBaHue 30J€il B mpouecce
XUMHUYECKHUX PEAKLIUH.

TepMoaMHAMUKa TOMOTEHHOTO M TETEPOT€HHOro 00pa30BaHUS KOJUIOWAHBIX 4YacTUI[ TpU
¢dazoBbIx nepexonax 1-ro pona (teopus ['m606ca - donpmepa). Pabora oOpazoBanus 3apojblmiei
HOBOH (a3zpl. OOpazoBaHHME YACTUI[ IUCIIEPCHOW (ha3pl B TPOILECCaxX KPUCTAIUIM3ALUHN U3
pacTBOPOB, KOHJIEHCAIIMM IIEPECHIILEHHOrO Mapa, KAMeHus . MeTobl peryjaupoBaHusl pa3sMepoB
YacTHUIl B JUCIIEPCHBIX CUCTEMAX.

OCHOBHBIE METO/Ibl OUUCTKH 30JI€H (AManu3 U yabTpapuiIbTPpaLUs).

Konnounno-xumuueckue cpoiictea BMC. Mertoasl onpeneneHys KOHLEHTpPAlM U pa3MEpOB
JaCTHUI] 30JI€H.

5.8. Tema 8. JInopuiabHbie JUCHIEPCHBIE CHCTEMbI

TepmonnHaMuka o0Opa3oBaHUs MO UITBHBIX KOJUIOMIHBIX CHUCTEM; KpUTEpUN
CaMONIPOM3BOJILHOTO AUCHIeprupoBanus (kputepuii Peounnepa-Llykuna).
Muuemnoo6pa3zoBanue B pactBopax [TAB. Kputnueckas KoHIeHTpauus MULEII000pa30BaHUs
(KKM), ocHoBHble MeToabl onpezeneHus KKM. DOmnupuueckue 3akOHOMEPHOCTH M3MEHEHUS
KKM u MHHHManbHOrO 3HAa4€HHUS MOBEPXHOCTHOI'O HATSHKEHMs Ha TPAHULE pa3jieNa pacTBOP
ITAB - Bo3nyx B romosornueckux psaax [IAB. Crpoenue npsMbIX U 0OpaTHBIX MHULEI MPU
pa3ianuHbIX KoHIeHTpanusax [TIAB.

TepMoauHaMuka  MuLEUIO00pa3oBaHMs:  TeIIOBble  3(Q(EKTs, ponb  TUAPOPOOHBIX
B3aMMOJICHCTBUH, AuarpamMma (pa3oBbIX COCTOSHUHM, TeMnepaTypHas 3aBucuMocte KKM; Touka
Kpadra.

ComobOmunzanus (KOJUIOUTHOE PACTBOPEHHME OPraHUYECKUX BELIECTB B IMPSIMbBIX MHUIIEIUIAX).
OtHocuTenbHAsT  CONMIOOMIIM3ALMS, 3aBUCUMOCTH OT TEMIIEpaTypbl W KOHIIEHTPAlUH.
Counro0mn3aius B HEBOIHBIX Cpeiax.

Mukposmynbcun; CTpOEHUE MUKPOKAIIENb, YCIOBUS 00pa3oBaHus, (pa3oBasi 1UarpaMMBl.
[TpakTHyeckue NpUI0KEHNs MULIEIUIAPHBIX CUCTEM U MUKPOIMYJIbCUH (B XUMHH, HEPTEJOOBIUH,
Ouosorum).

5.9. Tema 9. Omyabcun, NeHbl, A3p030J1H

Omynbenu. Knaccudukanus, onpeneneHue CTENEHU AUCIEPCHOCTH. OMYJIbraTopbl, MPUHIUITBI
BeiOopa [IAB  gns  crabunmsamuu  OpsAMbIX M oOpaTHbIX — 3Mynbcuil.  Pomb
ruapouibHONMUNOGUIBHOTO Oananca Mosiekyisl [TAB B crabunuszanuu sMysnbcuil.
OMyJIbCHOHHBIE TUIEHKU; UX CTPOCHUE U (PaKTOPHI, BIUSAIOUINE HA YCTOWYMBOCTh IMYJIBCUOHHBIX
wieHok. O6pamienue (a3 B sMynbcusix. TBepable IMYIbraToOpHI.

Meroasl pa3pylieHus SMynbcuil. IIpakTuyeckoe npuMeHEeHUe dIMYJIIbCHMN.

[Tens1. Ctpoenue neH u ux kinaccuduxanus. KpatHocTs neH.

[TenooOpa3oBatenu, >PQPEKTUBHOCTh HMX BIUSHHUS M CBS3b C T'HIPOGUIBHO-TUNO(UIBHBIM
OanancoMm wucrnonb3dyeMbix [TAB. BnusiHue 37€KTpOiIMTOB Ha MEHOOOPA3YIOUIyI0 CIIOCOOHOCTH
ITAB.

[lenHble UIEHKH, CTpOEHUE, PAKTOPBl YCTONYMBOCTH. UepHble MIECHKH.
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[TpakTuyeckoe nmpuMeHeHue neH (mpuMepsl). Mcnonp3oBanue meH i MOJISINPOBAHUS (PU3UKO-
XUMHYECKHX MPOIECCOB (3apOXKACHHUE U TIEpEMEIICHIE TUCIOKALUN U JIp.).

Knaccudukanus a’spo30iieii o arperaTHoMy COCTOSIHUIO YaCTHII JUCTICPCHOM (ha3bl.

MeToabl OJIy4eHHUs] M U3MEPEHUS Pa3MEPOB a3PO30JIbHBIX YACTHULL.
MonekynspHO-KMHETHYECKUE CBOMCTBA a3p030J1eii (BBICOKO- M IPpyOOIMCIIEPCHBIX).
DJIEKTpUYECKHE CBOMICTBA a’p030Jiel, NMPUYMHBI BO3HUKHOBEHMS 3apsja Ha ITOBEPXHOCTHU
YaCTHULI.

ArperatuBHasi yCTOWYMBOCTH a’po3ojieil. CrocoObl M OCOOCHHOCTH pa3pyIICHHs] adpO30JICH.
[IpakTUueckoe UCIOIb30BaHUE a3P030Jieh (TPUMEPHI).

5.10. Tema 10. CegumMeHTALMOHHAS] YCTOHYHBOCTh

MonekynspHO-KMHETHYECKUE CBOMCTBA JHUCIEPCHBIX cHcTeM. Juddy3us B KOIIOUIHBIX
cucreMax. 3akoH DUHIITEHA.

CenuMeHTAllMOHHBIM  aHaJM3  NOJUAUCIEPCHBIX  cucreM. KoHcTaHTa  ceMMEHTALUU.
HuddepenunansHas KpuBas pacIlpelesieHHsl 4YacTUI[ M0 pa3MepaM; HMHTErpajbHas KpUBas;
IOCTPOEHUE UX U3 JAHHBIX 110 KNHETUKE HAKOIJICHUS 0CaJIKa.
CenumentannonHo-nquddysuonnoe papHoBecue. Merox Ileppena ompenenenus 4yucna
ABorajpo. [IpumeHnenue ynpTpalieHTpuyr i U3MEPEHUs MacChl YIbTPAIUCIEPCHBIX YaCTHIL
u Makpomouiekyn (dymanckuii, CBenoepr).

5.11. Tema 11. ArperaTuBHasi yCTOYMBOCTD

Teopus ycroitunBocT rupodoousix 3omeit (teopust JJIDO). TepmoanHaMuka TOHKUX TUICHOK.
PacknnnuBaroniee nasnenue no Jepsaruny. MonekymsipHas COCTaBIISIOIIAs PACKIMHUBAIOIIETO
JMaBJCHUS. YYeT MOJEKYISAPHOW NPUPOIbl KOHTAKTUpYIOWUX ¢a3, Uil TOHKUX IUICHOK U
cepruecKUx 4YacTUll. OJIEKTPOCTATUYECKass COCTABISAIOIAS PACKIMHHUBAIOLIETO JABJICHUS.
3aBUCHUMOCTb YHEPTHH B3aUMOJICHCTBUS YaCTHUI] AUCTIEPCHOMN (has3bl OT PACCTOSIHUS MEKIY HUMHU.
OcHoBHBIE (DAKTOpPBI, BIMSIOUINE HA AarperaTMBHYI0 YCTOWYHBOCTH IHCIIEPCHBIX CHCTEM.
O¢dderuBHass ynpyrocTb TOHKHMX IUIEHOK. O¢¢exkr Mapanronn - [u06ca; npu4HHBI
BO3HUKHOBEHUS. [ napoanHaMuyecKkue 0COOEHHOCTH YTOHBIIEHUS IJIEHOK.
CrpykTypHO-MexaHHueckuii  Oapbep (Teopust PeOunpmepa). Peonoruueckue  cBoiicTBa
afcopOImoHHbIX cioeB [IAB - cTabunu3atopoB KOUIOMIOB KOJUIOMIHBIX CHUCTEM. 3alllUTHHIC
KOJUIOU/IBI.

5.12. Tema 12. Koaryasiuusi 30.1eii JIEKTPOJIMTAMHU

[Topor koarynsuuu; 3aBUCUMOCTb KPUTUUYECKOW KOHIEHTPALMM 3JIEKTPOJIUTAa OT pa3Mepa u
3apsina koarynupytomero umona (mpaBuio [ymere - Tapam). AHTaroHusm W CHHEPTU3M B
JIEMCTBUH 3JIEKTPOJIUTOB Ha MPOLIECC KOATYIIALINH.

Koarynsuust cuiibHO U €i1a0o0 3apsiKEHHBIX 30JIei (KOHIICHTPAIIMOHHAS U HEWTpaIn3aliuoOHHas
koarymsinusi). O6ocHoBanue npasuna Llyneie - [Napau u kpurtepust Diinepca - Kopda B Teopun
JUIDO.

QnoKynALUs, TETePOKOATYISAIUS, aaryJsus (ONpeaeIeHUs, TPUMEPHI).

Kuneruka xoarynsauuu. Teopus ObicTpoil koarymnsiuu (CMOIYXOBCKHIA); OCHOBHBIE MOJOXKEHUS
Teopuu MeanieHHoH koarynauuu (H.dyke). O6paTumocTs mporecca koaryisaiuu. [lentuzamus.
5.13. Tema 13. OcHOBBI PU3NKO-XUMHYECKON MEXAHUKH

3aKOHOMepHOCTI/I TCUCHUA CBO60,I[H0-I[I/ICH€pCHBIX CHUCTEM 110 HeﬁCTBHCM MPUWIOKCHHOI'O JaBJICHUS.
3akoH HproToHa. BrusiHue koHueHTparwmu u (GopMbl YacTHI| JAMCTIEPCHON (a3bl Ha 3aKOHOMEPHOCTH
Te4eHHd (3aKOH DHIITEHHA).

Cpr1(TypOO6pa3OBaHI/I€ B JOUCIICPCHBIX CHCTCMax. Bo3unkHoBeHne u Pa3BUTUC TIPOCTPAHCTBCHHBIX
cTpykTyp. Ilpupona KOHTAKTOB MEXIy JJleMEHTaMu CTpyKTyp. llepuoauueckue CTpPyKTYpHI.
OO06pa3oBaHuE U CBOWCTBA T'EJICH.

KO&FyJ’IHL{I/IOHHBIe CTPYKTYPBHI. VcaoBus 06p3,30BaHI/I$I, MECXaHUYCCKUC CBOﬁCTBa; SIBJICHUC TUKCOTPOIIUU.
KpI/ICTaJ'IJ'H/BaL[I/IOHHLIe CTPYKTYPHI. MexaHndecKkne CBOMCTBA KpUCTAJUIU3AlUOHBIX CTPYKTYP.

Ornrcanne TUCTICPCHBIX CHCTEM Ha OCHOBE peojiormdeckux moneneit (Makcemia, Kenspuna, bunrama,
[lIBenona). IlomHas peonornyeckast KpuBas.
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Du3NKO-XUMHUUCCKHUE MCTOAbI PCTYJIUPOBAHUA CTPYKTYPHO-MEXAaHUUCCKUX CBOMCTB JAUCTICPCHBIX CUCTEM
Ha pa3jIMYHbIX CTAAUAX UX q)OpMI/IPOBaHI/IH KaK OCHOBHas 3aJada (1)PI3PIKO-XI/IMH'{€CKOI>'I MCXaHHKU.

6. TEMbI IPAKTHYECKNX U CEMUHAPCKHUX 3AHSATHIA
6.1. Tema 1. OcHOBHBIE OHATHS KOJUIOWTHOW XUMHU, 00beKThI U 1eJTH U3yUYeHHUsl.
Bomnpocs! k Teme:
1. Komiouanble 4acTUIbl U KOJIJIOUIHBIE CUCTEMBI; KOJJIOUTHOE (IUCIIEPCHOE) COCTOSTHUE
BenlecTBa. KonuuecTBeHHOE ompeneneHne AUCIEPCHOCTU: IAUCIEPCHOCTh U yIENbHas
MOBEPXHOCTh KPUBU3HA MMOBEPXHOCTU YACTUIl JUCHEPCHOM (a3bl. Poib MOBEpXHOCTHBIX
SBJICHUI B TIPOLIECCaX, MPOTEKAIOIIMX B TUCTIEPCHBIX CUCTEMAX.
2. Paznuunble THNBI KiaccU(UKALMKU JAUCIIEPCHBIX CUCTEM: MO arperaTrHoMy COCTOSIHHIO
JMCTIEPCHOM (ha3bl U TUCTIEPCUOHHOM Cpefibl, 10 pa3MepaM YacTHIl, TI0 KOHIEHTPAIUU U
T.1. JInodunsHbie 1 MMOGOOHBIC TUCTIEPCHBIE CUCTEMBI.
3. B3anMocBs3b KOJJIOWAHON XUMHH C IPYTUMU XUMUYECKUMHU JUCIUTLTHHAMH, C (PU3HKOH,
OHOJIOTHEH, T€0JIOTHEN, METUIIMHOMN.
4. OCHOBHBIE JTambl Pa3BUTUS KOJUIOWJHOW XUMHHU. | J1aBHbIE HOBBIC HANpaBICHUS H
00BEKThl (HAHOCHCTEMBI, MHUKPOIMYJIbCHH, OHOKOJUIOUIBI, TOHKHE IUIGHKHM U Jp.),
M3y4aeMble KOJUIOUIHOW XUMUEN.
6.2. Tema 2. TepmoauHaMHKA MOBEPXHOCTHBIX SIBJI€HH I

Bormpocs! k Teme:
1. TloBepxnocth pazgena ¢a3. CpoOonHas moBepxHOCTHasi »dHeprusa. IloBepxHOocTHOE
HATSDKEHHE, CHIIOBAasl M SHEPreTHUYecKasl TPAaKTOBKH. MeTo]] M30BITOYHBIX TEPMOINHAMHYECKUX
bynkuii moBepxHoctHoro cinosi (I'm66¢c). IloHaTne 0 MOBEPXHOCTH pa3pbiBa U pasIeisIONIei
noBepxHocTH. OO0OOIIEHHOE ypaBHEHHE IEPBOIO M BTOPOTO 3aKOHOB TEPMOJIWHAMHKH IS
MOBEPXHOCTH pazzena ¢as.
2. I3MeHeHrne TIOBEPXHOCTHOTO HATSDKEHHS JKUAKOCTH HA TPaHHUIE ¢ COOCTBEHHBIM IapoM B
3aBHCHUMOCTH OT TeMIIEpaTypbl, KpUTHUECKas TeMIepaTypa o MeHeneeBy.
3. CBs3p CBOOOJHON TOBEPXHOCTHOM SHEPTrHUU C TEIUIoTol cyonmmMmaruu (mpaBuio Credana),
MOJyJIeM YIPYTOCTH, WJeadbHON MPOYHOCTHIO U JPYTUMH CBOMCTBaMU BEILIECTBA.
4. TloBepXHOCTh pazfiena MexIy ABYMs KOHAEHCHpOBaHHbIMHU (asamu. IIpaBuino AHTOHOBA;
YCIIOBHS €TI0 IPUMEHEHUS.
6.3. Tema 3. Kanuyisipable siBJ1eHUs

Bomnpocs! k Teme:

1. Kamumnspuoe nasienue. 3akoH Jlamnaca.

2. 3aBHCHUMOCTH JIaBJICHMs Napa OT KPUBH3HBI MOBEPXHOCTH KUAKOCTH. 3akoH ToMmcoHa.
Kanunnspras konaencanus. M3orepMudeckasi IEPEroHKa BEIIECTBA.

3. 3aBHCHMOCTb PACTBOPHUMOCTH OT KPUBU3HBI MOBEPXHOCTH JUCIEPCHBIX YaCTHIl (3aKOH
['u60ca - OctBanpaa - Opeitaanuxa). PaBHoBecHas gopma kpuctawioB (3akoH ['nb6ca -
Kropu - Bynboda).

4. CwmauuBanue. KpaeBoil yron. 3akoH FOHra (cuiaoBoil M HSHEPreTHYECKUH BBIBOJBI).
CooTHolleHne MexJy paboTaMu KOTe3MH W aAre3sud Nnpu cMmaduBaHuu. KanwuispHoe
NOTHATHE JKUIKOCTH, ypaBHeHHe JKIOpeHa, KanmmusipHas TOCTOSIHHAS JKUIKOCTH.
N36upaTensHOEe CMauyMBaHHE KaK METOJl XapaKTEPUCTUKH MOBEPXHOCTEN TBEPABIX Tel
(muoduibHBIX 1 MM0poOHBIX). [loaHOE cMaunBaHKe (TEPMOIMHAMUYECKOE YCIOBUE).

5. TloHATue 0 MOBEPXHOCTHBIX CMJIAX BTOPOTO POJa M PACKIMHUBAIOIIEM JaBiieHUH. JInHus
Tpex(}a3HOro KOHTaKTa (JMHHUS CMauMBaHUA); JUHEHHOE HaTsHKEHHE. YpaBHEHHUE
KpaeBoro yriia CMa4MBaHHUs C yY€TOM JIMHEHHOTO HATSXKEHHUS.

6. KammmnspHoe TeueHHWe B MOPHUCTHIX cpenax. [IpakTudeckue MpHiIoKeHHs (BBHITECHEHUE
He(TH, TeUCHHE B HEBECOMOCTH U JIp.).
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7. OCHOBHbIE METOJbl M3MEPEHMsI IIOBEPXHOCTHOIO HATSDKEHUS  JKUAKOCTEH U

IIOBEPXHOCTHOM YHEPIUU TBEPIBIX TEIL.
6.4. Tema 4. IloBepxHOCTHBIE SIBJICHUS " MeXaHH4YeCKHue cBOIiCTBA
TBEePABIX TeJl

Bormpocs! k Teme:
1. Paspymienne u usMenpyeHue (JUCIEPrUPOBAHME) TBEPAbIX Tell Kak (U3MKO-XUMHUYECKUI
npoiiecc o0pazoBaHus HOBOM moBepxHocTu. Teopus ['puddurca, ycnoBue caMmonpous3BoIbLHOTO
pacnpoCTpaHEHUs TPELIVH.
2. Ddpdexr PeOunaepa: M3MEHEHHE MPOYHOCTH W IJIACTHYHOCTH KAaK CIIEJCTBUE CHUKCHHS
IIOBEPXHOCTHOW 3Hepruu TBepAbIX Teid. OcHOBHbIE (QopMbl mposiBieHus 3ddekra:
TUIACTU(UIUPOBAHNE, BOSHUKHOBEHUE XPYIIKOCTH, CAMOIIPOU3BOJIEHOE AUCIIEPTHPOBAHNE.
3. TepmonunHamuueckue yciaoBus mnpossieHus >pdexra Pebunnepa. BiusHue xumuueckoi
IIPUPOJIBI TBEPABIX TEJ U KUAKOCTEW HAa BO3MOXHOCTB €T0 MPOSABIECHUS. DJIEKTPOKAIMIIISPHBIN
adpdexr. IlposBnenue 3ddexkra PeOuHaepa B NPUPOIHBIX M TEXHOJIOTHYECKHX IpoIeccax
(mpumepsI).
4. TloBbllICHHE NPOYHOCTH IPU PACTBOPEHUU IOBEPXHOCTHOI'O CJlOsi KpHCTawioB (3¢ddext
Hodde).
6.5. Tema 5. AncopOuusi Ha MIOBEPXHOCTH pa3jaeia ¢a3

Bormpocs! k Teme:
1. Ancopbuus Kak caMONpPOM3BOJIBHOE KOHILIEHTPUPOBAHME Ha IOBEPXHOCTU paszzaena (a3
BEIIECTB, CHIDKAIONIMX MeX(a3zHoe HaTskeHue. [I0OBEepXHOCTHO-aKTHBHBIE M -WHAKTHBHBIC
BeriecTBa (mpumepbl). OTHOCUTENBHOCT MOHATHA "MOBEPXHOCTHAs aKTUBHOCTB' (3aBUCUMOCTh
OT MIPUPOABI KOHTAKTUPYIOIMX (a3). [loBepXHOCTHO-aKTHBHbBIE METAJIBI.
2. TepmomHaMHuKa Tpoiiecca aacopOnuu. Y paBHeHnue aacoporuu ['mb0oca.
3. Opranmueckne MmoBepxHOCTHO-akTuBHEIE BemiectBa (ITAB). Kmaccudukamus ITAB mo
MOJIEKYJISIPHOMY CTPOEHHUIO (aHMOHO- M KaTHOHOAKTHUBHBIE, HEHMOHOT€HHBbIE, aM(OJIUTHBIE);
obnactu npumeHeHuss [IAB. Beicokomonekymsipubie IIAB (mpumepbl, oTauuus OT
Hu3komosekynapHbix ITAB). IlpoGnema Ouopasznaraemoctu ITAB. Knaccudpukanus [TAB mo
MEXaHU3MY UX JAeMCTBHS (CMayuBaTelld, JUCIEPraTopbl, CTAOMIN3aTOPhl, MOIOLINE BEIIECTBA).
[Tonsitue o ruapoduabHO-mUnOdUILHOM Oanance (I'JIb) monexyn ITAB.
4. 3aBUCUMOCTh TIOBEPXHOCTHOTO HATsDKeHHMs OT KoHueHTpamuu [IAB. VYpasuenue
[InmkoBckoro. IloBepxHOCTHAs aKTUBHOCTb, €€ MU3MEHEHHE B romosorudeckux pspax ITAB.
Tepmonuuamuueckoe 000cHOBaHME mpaBmiia Tpayoe - J[rokio. MeTobl O1eHKH MOBEPXHOCTHOM
akTuBHOCTM  opranuueckux IIAB. PabGora agcopOmuu. JluHamuueckuit — XapakTep
a7copOLIMOHHOTO paBHOBECHS Ha IOBEPXHOCTH paszzaena pactBop [IAB - ra3. VYpaBHeHue
JIaHurmropa, ero cBs3b ¢ ypaBHeHUs MU [ 166ca, [lInmkosckoro n @pymkuHa.
5. Ctpoenue ™oHocioeB pactBopuMbix [IAB. JIByxMepHOe COCTOSIHME BeEIIeCTBa B
IIOBEPXHOCTHOM CJIO€, OPHUEHTAlMsl MOJIEKY] B Ppa3peXEHHBIX M B HACBILICHHBIX CIIOSX.
VYpasnuenue coctosinus MoHocnos [IAB. Pacuer pazmepos monekyn ITAB.
6. IloBepxHOCTHBIE TUIEHKH HepacTBOpUMBIX [IAB; moBepXHOCTHOE naBJIE€HUE; METOABI €ro
u3Mmepenus. M3orepmbl nByxmepHoro naasiieHus. OCHOBHBIE THUIIBI IUIEHOK: ra3o00pasHbIE,
KUAKOPACTSAHYThIE, XKHUAKUE, TBEpAbIC. YCIOBHS INepexoja IUIEHKH OT OJHOTIO COCTOSIHUS K
npyromy. Ciou JIsHrMropa - BiIoIkeTT Kak caMOOPTraHM30BaHHBIE KOJIJIOUIHBIE CTPYKTYPHI.
7. Ancop6uus ITAB Ha moBepXHOCTH pazjiesia HECMEIINBAIOLINXCS )KUKOCTEH.
8. Ancop6umst I[TAB w3 pacTBOpOB Ha MOBEPXHOCTH TBEPIBIX Tel. [IpaBWIIO ypaBHHBaHUS
nojsipHoctelt  PeGunnepa. Moaudunupyromee neiicteue I1AB:  ruapodunmzamms u
ruapodoOu3anus TBEPION MOBEPXHOCTU. YTMpaBiIeHHE CMayMBaHUEM B Mpolieccax (IOTaIUH.
Bnusaue ancopbunonnsix cinoes [IAB Ha cMazouHoe feiicTBUE U HA TPAHUYHOE TPEHUE.
6.6. Tema 6. DJIEKTPONOBEPXHOCTHbBIE ABJIEHHSA B AUCIEPCHBIX CHCTEMAX

Bormpocs! k Teme:
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1. IBoiinoit anekrpudeckuit cnoit (ADC). Ilpuuunsr oopazoBanus JIIC. Tepmonunamudeckoe
paBHOBECHE IOBEPXHOCTHU pazjiesia (a3 C yueToM JIEKTPUUYECKON SHEPTUH.
2. Mopenn ctpoenust JIDC (teopum I'enbmronbia, ['ym - UYenmena, Illtepna, I'pama).
M3MeHeHHe MoTeHIMala B 3aBUCUMOCTH OT PACCTOSHUS OT MOBEPXHOCTH Ul CUJIBHO M ClIabo
3apsKEHHBIX IOBEPXHOCTEN; BIMSAHNE KOHLIEHTPALMU U 3apsa HOHOB 3JIEKTPOJIUTA.
3. DIJIeKTPOKMHETHUYECKHE SIBIECHUSA: 3JEKTpodopes, 31EKTPOOCMOC, MOTEHLIMAIbl TEYEHUS U
ocemanusi; teopusi l'enmpmrosibiia - CMOITYXOBCKOrO. DJIEKTPOKMHETHMUECKUH MOTEHLUAN;
I'PaHUIIA CKOJIbXKEHUS. MeTOIbl ONIpeIeNIeH s IEKTPOKMHETUYECKOTIO IIOTEHIIHAA.
4. CtpoeHne MHLEIUIBI THAPOGOOHOTO 3015, BrusHIe KOHIEHTPALUN U TIPUPOIBI AIEKTPOIUTA
Ha BEJIIMYMHY U 3HAK 3apsjia KOUIOMIHBIX YacTHl. OCHOBBI MOHHOro oOMeHa. JImorpomHsle
psaabl. M30371€KTpUUECKOe COCTOSSHME B JUCIEPCHBIX CHUCTEMAX; METOJbl ONPEICIICHUS
U303JIeKTpUYecKoi Touku. [IpakTnueckre npuiiokeHus 3JeKTPOKMHETUYECKUX SBJICHUM.
5. DnextpokanwuispHble siBieHUA. [loHATHE 00 BIIEKTPONOBEPXHOCTHBIX  SIBJICHHUSAX:
KaluUIIpHOM ocMoce, nuddysunodopese.
6.7. Tema 7. JIuo(podoHbBIE CHCTEMBI

Bompock! k Teme:

1. [ucneprauvOHHblE METOJbl IOJYYEHHUS JUCIEPCHBIX CUCTEM (30JieH, 3MYJIbCUH, IIEH,
aspo3sozeii). Pons ITAB B mpouecax nosyueHust aucnepcHbix cucteM. CBs3b pabOThI
JUCTIEPTUPOBAHMSI C TIOBEPXHOCTHOW SHeprueil TBepasix Tell. Mcmonb3oBanue >dexra
Pebunnepa ans ymeHbleHus: paboTsl qucneprupoBanus. [Ipoeccs! aucneprupoBaHus B
IPUPOJIE U TEXHUKE.

2. KonpeHcalnMoHHbIE CIOCOOBI MOJyYyeHHsI AUCHEpCHBIX cucTteM. OOpa3oBaHue 305ell B
IIPOLIECCE XUMHUYECKHUX PEAKLIAMN.

3. TepMonuHamMMKa TOMOI'€HHOTO U Fe€T€POr€HHOr0 00pa30BaHMs KOJJIOUIHBIX YaCTHULL NIPH
dazoBeIx mepexonax 1-ro poma (teopust ['mb6ca - Dombmepa). PaGora obOpasoBanwms
3apoabiiield HoBoM (azpl. OOpazoBaHMe wYacTUI[ AMCIEpcHOW (a3l B mporeccax
KPUCTAJIJIM3ALMU U3 PaCTBOPOB, KOHJEHCAIIMU MEPECHILIEHHOrO Mapa, KUMeHus. MeToibl
peryarpoBaHUs Pa3MEPOB YACTHUI] B TUCTIEPCHBIX CHCTEMaX.

4. OCHOBHBIE METOJIBI OUYMCTKH 30JIeH (Tuanu3 U yabTpaduabTpaus).

5. KomnougHo-xumuueckue cpoiictBa BMC. Meronsl onpesneneHuss KOHLEHTPALMM U
pa3MepoB YacCTHIl 30J1€H.

6.8. Tema 8. JInoguibHbIe JUCTIEPCHBIE CHCTEMBbI

Bomnpocs! k Teme:

1. Tepmoaunamuka o0Opa3oBaHHs JUO(DWIBHBIX  KOJJIOMJHBIX  CHCTEM; KPHUTEpHi
CaMOIIPOU3BOJIBHOTO AuctieprupoBanus (kpurepuit Pebunnepa-1llyknna).

2. MunemnoobpazoBanue B pactBopax  IIAB.  Kpuruyeckas  KOHLEHTpaius
munemnoodpazopanua (KKM), ocHoBHble MeToabl onpenenenus KKM. DOvnupuueckue
3akoHOMepHOCTH u3MeHeHuss KKM u MUHUMalbHOrO 3HAY€HUs MOBEPXHOCTHOIO
HaTsDKEHUs Ha TpaHule pasnaena pactBop [IAB - Bozayx B romonornyeckux psgax 1IAB.
CrpoeHue npsMbIX 1 0OpaTHBIX MHUILIEIUT IIPU pa3IMYHbIX KoHIeHTpauusix [TAB.

3. TepMommHamMHWKa MHIEIIIOO0pPA30BAHUSA: TEIUIOBBIE J(PQEKTH, poib THIPOPOOHBIX
B3aUMOJICHCTBUH, TruarpaMma (pa3oBbIX COCTOSTHHM, TeMmnepaTypHas 3aBucuMocTb KKM;
touka Kpadra.

4. Comobunuzanus (KOJUIOMIHOE pAacTBOPEHHE OpPraHWYECKHX BEIIECTB B MPSMBIX
munemnax). OTHOCUTeNbHAs COMIOOMIM3alKs, 3aBUCUMOCTh OT TEMIIEpaTypbl H
KOHIIeHTpanuu. Conmo0mIn3alus B HEBOJHBIX Cpesiax.

MukposMynbCcuu; CTpOeHNEe MUKpPOKaIieb, YCIOBUS o0pa3oBaHusl, (pa3oBas TuarpaMmabl.

6. IlpakTHyeckue NPUIOKEHUS MHUILEIUIAPHBIX CHUCTEM U MHMKPOSIMYJbCHH (B XHMUH,
HedTen00bIYH, OMOJIOTUN).

6.9. Tema 9. Imyabcun, neHbl, A3p030J1H

o
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Bormpocs! k Teme:

1. Omynbcun. Knaccudukanus, omnpenesneHue CTENEHH AUCHEPCHOCTH. OMYJbraTophl,
npuHiunel BeiOopa [TAB s crabuwimsanuu mpsMbIX U 0OpaTHBIX SMyibcuil. Poisb
ruzpopuinbHoIMnoduIbHOrO 6ananca Mosekyisl [IAB B crabminzannu sMyabCHid.

2. DMyIbCHOHHBIC IUICHKH; HMX CTPOCHHE U (DAKTOpHI, BIHMAIOLIMNE HA YCTOHYHMBOCTDH
SMYJIbCUOHHBIX IIeHOK. O0paienue (a3 B sMyibcusx. TBepble IMyJIbIaToOphI.

3. Mertoasl paszpyiienus smynbeuit. [IpakTuueckoe IpuMEHEHNE SMYITbCHIA.
4. Tlennl. CTpoeHue MeH U ux Kinaccudukaius. KpaTHocTh meH.
5. TlenooOpa3zoBarenu, >PGEKTUBHOCTh UX BIUSHHS M CBSA3b C TUAPODUIBHO-

munoduiIbHEIM  OamancoM  ucnoyib3yemblx  [TAB. BimsHue 31eKTposuToB  Ha
NeHo00pasyromIyto crocodHocTs [TAB.
6. IlenHble niaeHKH, CTpOEHUE, (HAKTOPBI yCTOMUUBOCTH. UepHbIE MIIEHKH.
7. Tlpaktuyeckoe npuMmeHeHue NeH (mpumepsl). Mcnonb3oBaHue MeH JUIsl MOJEIMPOBAHUS
(U3UKO-XMMHYECKHUX MPOLIECCOB (3apOKICHHE U NepeMELeHNE TUCIOKAUi U ap.).
8. Kiaccudukanms a3po3051eii 1o arperaTHOMY COCTOSIHHEO YaCTHI] TUCIIEPCHOH (a3bl.
9. Mertoabl oJIyueHHs U U3MEPEHUS pa3MEPOB a3PO30JIbHBIX YACTHII.
10. MonekynsipHO-KHHETHYECKHE CBOMCTBA a3p030Jiel (BBICOKO- U TPyOOIUCTIEPCHBIX ).
11. DnexTpuyeckue cBOWCTBA a3p030Jel, IPUUMHBI BOSHUKHOBEHHS 3aps/ia Ha MOBEPXHOCTH
YaCTHIL.
12. ArperatuBHas ycToHuuMBOCTh adpososiell. CrocoObl M OCOOEHHOCTH pa3pyLIeHHUs
aspo3ouiei. [IpakTrueckoe ucnonb3oBaHUE adpo30siel (IPUMEPHI).
6.10. Tema 10. CenuMeHTALIMOHHASI YCTOHYMBOCTD
Bormpocs! k Teme:
1. MonexyaspHO-KMHETHYECKUE CBOWMCTBA JUCHIEPCHbIX cucTeM. Juddy3us B KOIOMIHBIX
cucTemax. 3akoH DUHUITEHHA.
2. CenuMMEHTAllMOHHBIA aHaIM3 MOJUAUCHEPCHBIX cUcTeM. KoHCTaHTa celaMMEeHTaluu.
HuddepenumanpHas KpuBasi paclpeieseHus] 4YacTUl[ IO pa3MepaM; HMHTErpajibHas KpuBas;
MOCTPOCHHE UX U3 JIaHHBIX 110 KUHETHUKE HaKOIUIEHUS OCaJKa.
3. CemumenranuoHHO-TU(Gy3n0oHHOE paBHOBecwe. Meron Ileppena ompeneneHus dmcia
ABorazpo. IIpumeHeHne yapTpalueHTpUGYT Ui U3MEPEHUS MAcChl YIbTPAJAUCIEPCHBIX YACTHIL
u MakpoMmouiekyn ([ymanckuii, Cenoepr).
6.11. Tema 11. ArperaTuBHasi yCTOIHYUBOCTH
Bompocs! k Teme:
1. Teopus yctoitumBocTH TUAPOPoOHBIX 30meil (Teopus [AJIPO). TepmoanHamMHKa TOHKHX
wieHoK. PackimHuBaroniee nasieHwe 1o JlepsaruHy.  MonekynspHas — COCTaBIISIFOLIAs
PACKJIMHUBAIOIIETO JaBIEHHUs. YYeT MOJIEKYJISIPHOH NpUPOAbl KOHTAKTUPYIOIIUX (a3, s
TOHKMX  IUJIEHOK M c(epudeckuxX  4YacTull.  ODJEKTPOCTaTHYecKas  COCTaBIISAIOIIAs
PACKJIMHUBAIOIETO JIaBJIEHUS. 3aBHCHMOCTh 3HEPrHM B3aWMOJICHCTBHS YacCTHIl AMCIEPCHOU
(a3bl OT pacCTOSIHUS MEXKIY HUMHU.
2. OcHOBHBIE (AKTOpPBI, BIUAIOLIME HA arperaTMBHYIO0 YCTOWYMBOCTH JHUCIIEPCHBIX CHUCTEM.
DddernBHas yOpyrocTb TOHKUX IUIEHOK. Oddekr Mapanronn - [ub0ca; mnpUIMHBI
BO3HUKHOBEHUS. [ MIpoaHaMuuecKue 0COOCHHOCTH YTOHBIICHHS TJICHOK.
3. CrpykrypHO-MexaHWdeckuii Oapbep (Teopusi PeOunpaepa). Peomormueckue cBoiCTBa
ascopOouMoHHbIX cinoeB [TAB - cTabmin3atopoB KOJJIOWIOB KOJUJIOWJHBIX CHUCTEM. 3alllUTHBIE
KOJUTOU/IBI.
6.12. Tema 12. Koaryasiuust 30.1eii 3JIeKTPOJIMTAMHU
Bormpocs! k Teme:
1. Tlopor xoarymisiuu; 3aBUCUMOCTh KPUTUYECKON KOHLIEHTPALIMH JIEKTPOJIUTA OT pa3Mepa
U 3apsna Koarynupyromiero nona (mpaswio Llyneie - apaw). AHTaroHU3M U CHHEPTU3M
B JICICTBUHM 3JIEKTPOJIMTOB Ha MPOLECC KOATYIISIIHH.
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2. Koarynsmust cwibHO ©  cnabo  3apsDKEHHBIX  30iieid  (KOHIICHTpAI[MOHHAs U
HelTpanu3anuoHHas koarynsinus). O6ocnoBanue npasuia Llynsie - Mapau u xpurepus
Diinepca - Kopda B Teopun JJIDO.
QIoKyNALKA, TETePOKOArYJISIUS, alaryysus (OIpeaeIeHus, TPUMEPHI).
Kunernka xoarymsauuu. Teopust ObicTpoii koarymsuuu (CMOIYXOBCKHIl); OCHOBHBIC
MoJIOKEHUsT Teopun MemieHHoW koarymsiuu  (H.®Dykc). OO6parumocth mporecca
koaryysiuuu. [lentuszanus.
6.13. Tema 13. OcHoBbI PU3NKO-XUMHYECKO MEXAHUKH

Bormpocs! k Teme:
1. 3aKOHOMEPHOCTH TEYEHHsI CBOOOTHO-AUCTICPCHBIX CUCTEM TI0J JEHCTBHEM MPHIOKEHHOTO JABIICHUSL.
3akoH HeroroHa. BimsiHne KOHUEHTpauuu ¥ (GOpMbI 4acTUIl JHUCIEPCHOW (a3bl HA 3aKOHOMEPHOCTH
TeueHus (3aKOH DHIITEHHA).
2. CTpyKTypoOoOpa3oBaHHEe B JHUCIEPCHBIX CHCTeMax. BOSHUKHOBEHHE M Pa3BUTHE MPOCTPAHCTBEHHBIX
cTpyktyp. Ilpupoga KOHTAKTOB MEXAY OICMEHTaMH CTPYKTyp. llepHoanMdYecKue CTPYKTYpBHI.
OO0pa3oBaHue U CBOMCTBA Teliei.
3. KoarynsiuoHHbIE CTPYKTYpbl. YCJIOBUS OOpa30BaHUS, MEXaHUYECKHUE CBOWCTBA;, SBJICHUC
THKCOTPOITHH.
4. Kpucramim3aluoHHbIE CTPYKTYphl. MexaHn4ecKre CBOMCTBA KPUCTAIUIN3AOHBIX CTPYKTYP.
5. Omucanue IUCTIEPCHBIX CHUCTEM Ha OCHOBE peosiornieckux wmozeneir (Maxkcsemna, KenbBuHa,
bunrama, [lIBenoBa). [lonHas peonornyeckast KpuBasi.
6. DPHU3MKO-XMMHYECKHE METOABI PEryJIMpOBaHHs CTPYKTYPHO-MEXaHHYECKHUX CBOWCTB JUCIEPCHBIX
CHUCTEM Ha pa3IMYHBIX CTaausX WX (QOPMUPOBaHMS KaK OCHOBHas 3aaada (PU3HKO-XUMHYECKON
MEXaHHKH.

How

7. JABOPATOPHBIE PABOTBI, IPAKTUKYMbI
7.1 Onpenesienne kK03 GUINEHTA IOBEPXHOCTHOI0 HATSAKEHHS KMIKOCTH

MeTO0/I0M OTPBbIBAIOIIEHCS KAJIU
I[puOopsl ¥ peakTHBHI: CTaJaTMOMETp; HITATHB C JIANKO; TpHu cTakaHa Ha 100 mi; 1,0 M pactBopEI
stunoBoro (C2HsOH) u amunosoro (CsH11OH) cniupToB, quctuinnpoBaHHas Boja.

Kparkue TeopeTndeckne CBeIeHUS

[Manmaromas Karuis SKUAKOCTH HMeeT (opMy, NP KOTOPOH ee TMOBEPXHOCTh ObIBacT
HauMeHblIIeH (map). Ha moBepXHOCTH JKUIKOCTH UMeeTCsl Kak ObI TUICHKA, KOTOpasi CTPEMHTCS €€
ckaTh. Hajmune Ha MOBEPXHOCTH KHUAKOCTH MOJICKYJI, HE YPAaBHOBEIICHHBIX MEKMOJICKYIIIPHBIMU
CHJIaMH, CO3JIaeT B TIOBEPXHOCTHOM CJIO€ CBOOOJIHYIO MOBEPXHOCTHYIO SHEPTHIO, CTPEMSIIYIOCS
yMeHbIINTbCS. Ha moBepXHOCTHM KHUAKOCTH Kak Obl oOpasyercs IUIEHKa, oOJsajgaromias
TIOBEPXHOCTHBIM HaTSKEHHEM.

YToObl yBENUYUTH MOBEPXHOCTh JKHIKOCTH, T. €. YTOOBI MPEOJOJIETh €€ MOBEPXHOCTHOE
HaTsDKeHUe, HeoOXOAMMO 3aTpaTuth paboty. Paboma (8 [Jorc), neobxooumas Ona ysenudeHus
nosepxnocmu Jcuokocmu na 1 M° Cryscum Mepoti noeepxHOCMHOU dHepeul U HA3bIEAEmCsl
KO3(UuYueHmom noeepxHOCMHO20 HAMANCEHUs. WA TPOCTO NOBEPXHOCTNHBIM HAMANCEHUEM.
MOXHO paccMaTpUBaTh MOBEPXHOCTHOE HATSHKCHHWE  HE TOJBKO Kak paboOTy Ha SIAMHHUILY
MOBEPXHOCTH,  HO WM KaAK CUly, Komopas oelicmeyem Ha eOuHuyy oaunvl (1 m)  aunuu,
OrPaHUYUBAOIICH MTOBEPXHOCTh, U CTPEMHUTCS COKPATUTh TTOCIICIHIO.

B 3aBUCMMOCTH OT TOTO MITM HHOTO OIpe/IeIeHHs TOBEPXHOCTHOE HATSHKEHUE N3MEPSETCs M
B JDKOYJISIX HAa KBAQJIPaTHBIM METp, WJIM B HbIOTOHAX Ha MeTp. O0a M3MepeHHs YHCICHHO
COBIIAJIAIOT.

BenenctBue  HamMuus  MOBEPXHOCTHOTO HATSHKCHUS  JKHIKOCTh, BBITCKAOIIAs W3
KalUIIPHOTO OTBEPCTHS, MpHHUMaeT ¢popMy Karuu. OTphIB Kaluld HACcTymaeT TOrjaa, Korjaa
ee BeC Mpeo/10JeBaeT NeCTBIE TOBEPXHOCTHOTO HATSIKCHUS.

[ToBepXHOCTHBIM HATsHKEHHEM OOYCIIOBIMBACTCS TAKXKE MOIHATHE JKUIKOCTH B KalMILIPE,
€CJIM OHA CMAuMBaeT €ro CTCHKU. DTO MOJIHATHE OOBSICHSICTCS TEM, YTO JKUJIKOCThb, CMadyUBast
CTeHKH (Kak OBl pacTekasch IO HHM), YBEIMYMBACT IIOBEPXHOCTHOE HATSHKEHUE, KOTOPOE
CTPEMHUTCS YMEHBIIHUTH MIOBEPXHOCTh. Y MEHBIIICHHE TIOBEPXHOCTH TOCTHIAETCS TEM, YTO JKUIKOCTh
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[OJJHUMAETCS] B KalWUIIPE BCIE] 3a CMAYMBAIOLIMM CJI0eM. BbicoTa MOAHATHS JKUAKOCTU OIpe-
JieTsieTcsl Maccoil crofa JKUAKOCTH, YpaBHOBEIIMBAIOLIEH IOBEpXHOCTHOE HaTspkeHue. Ilo
BBICOTE, AUAMETPY CTOJI0a U INIOTHOCTH KUIKOCTH MO>KHO PACCUMTATh BEIMUMHY [TOBEPXHOCTHOTO
HaTSKCHMS,

PacTtBopeHHbIe BellecTBa U3MEHSIOT ITOBEPXHOCTHOE HATSKEHUE KUIKOCTH. OIHM U3 HUX
3HAYUTEIBHO IIOHM)KAIOT IIOBEPXHOCTHOE HATSDKEHWE — OHM  HA3bIBAIOTCSL NOBEPXHOCIMHO-
AKMUGHBIMU, IPYTUE — NOBEPXHOCMHO-HEAKMUBHbIe — HECKOJIbKO YBEJIMUMBAIOT [IOBEPXHOCTHOE
HaTSDKEHUE.

K noBepXHOCTHO-aKTUBHBIM BEILLECTBAM, 3HAUYUTENIBHO IIOHMKAIOIIMM IIOBEPXHOCTHOE
HaTsHDKEHUE BOJBI OTHOCATCS MHOTHE OPTaHUMYECKUE COSAMHEHMs], HAIIPUMED: CIIUPTHI, alIbJCTUBL,
KETOHBI, KHMCIOTBl. B TromMoJIorM4eckoM psiiy >KUPHBIX KUCJIOT HOBEPXHOCTHAs aKTUBHOCTb
OBICTPO BO3pAcTaeT ¢ yUIMHEHMEM YIJIEpPOJHOW LeNHu, a UMEHHO B cpeiHeM B 3,2 pa3a Ha
Kaxayto npubasistomyocs  rpynny CHz. CienoBarenbHo, B TAKOM )K€ OTHOIIEHHH C POCTOM
IOBEPXHOCTHOW AaKTHUBHOCTM OyJEeT YMEHBIIAThCSl 3HAYEHUE IOBEPXHOCTHOIO HATSHKEHUS
pacTBopa.

Ilenp paGotel: 1) Cpenate pacueTsl [Uid 3HAUYEHUH IOBEPXHOCTHOIO HATSIKEHUS
HCCJIEJOBAaHHbBIX PACTBOPOB; JIaHHbIE BHECTU B TaOIUILY.

2) YCTaHOBUTH 3aBUCHMMOCTb W3MEHEHHsS! TMOBEPXHOCTHOI'O HATSDKEHHUSI OT YBEIUYEHUS
MOJISIPHOM MacCChl Y CIIUPTOB.

3) BeicuuTaTh BO CKOJIBKO Pa3 YMEHbILIAETCS NOBEPXHOCTHOE HATSKEHHE C yBEIMUEHUEM
panukana Ha onny CHa- rpynmy.

Xoa paboThl.

CramarMOMeTp YKpEIUISIOT B IUTAaTHBE B BEPTUKAJIbHOM IIOJIOKEHHUM M 3aCachblBalOT
XKHUJKOCTh TakK, YTOObl OHA CTOsJIa BbILIE BEpXHEW METKU (IpU 3TOM B TpyOKe HE JOJIKHO
OBITh Iy3bIPbKOB BO3AYyXa) (pUCYHOK 1). 3aTeM JarOT KUAKOCTU BBITEKATh U3 KAlUILIAPA.

/7

/

Puc. 1. O6opynoBanue k mabopaTopHoi padoTe.

Korma ypoBeHBb XMIKOCTH TOYHO COBHAAET C BEPXHEW METKOM, HAYMHAIOT CYET
kamnenb. [IpekpamaroT cyer Kameiab TOrja, KOrja YpOBEHb >KHUJIKOCTH JOWAET 10 HUKHEH
MeTKH. OTNBIT TOBTOPSAIOT HE MEHee TpeX pa3 U OepyT CPEeaHIOK BEIWYHWHY U3
Ha0JI0/1aeMBIX OTCUETOB (PacX0XKJAEHHE MEXIY OTASIbHBIMH U3MEPEHUSIMU JTOJKHO OBIThH
He Oosiee 1-2 kamnenp). [lepen kaxabIM U3MepeHUEM HEOOXOAUMO MOJIHOCTHIO BBIAYBATh
W3 Kamwinaspa TPEeAbAYUIYIO XKUIKOCTh M CIEIHTh, YTOOBI BO BpeMs H3MEpEHHU B
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Kamuaspe ¥ pacliupeHUU cTaJarMoMeTpa He OBLIO MYy3BIPHKOB BO3/1yXa.

OnpeaenstoT yKazaHHBIM METOJIOM YHCIIO Kalelb BOJbI, 00pa3yHIINXCS MPU UCTCUYCHUN
u3 obObema V, a 3aTeM YHCIO Kamellb HCCIeAYEeMBIX PAacTBOPOB M3 ATOr0 ke oObema.
[ToBepXHOCTHOE HATSKEHHUE BBIUYUCIISIOT 1O PopMyIie:

PN,
Po N

re O - IOBEPXHOCTHOE HATSYKEHUE HCCIEAYEMOr0 pacTBOpa,

oc=0,¢®

00 - IOBEpXHOCTHOE HaTsKeHue Bowl mpu 25 °C (8o =0,07178 H/m),
No u N - cpennee uncno kamens BOBI U UCCIETYEMOTO PaCTBOPAa COOTBETCTBEHHO,
PO - IIOTHOCTH BOJIBI,

P — IUIOTHOCTH UCCIIETYEMOT0 pacTBoOpa
PesynbTaThl H3MEpEHHIA 3aHECTH B TAOJIHILY.

BemectBo | Koni.p-pa, [LnotHOCTH Yucno kamnenb [ToBepxH. HaTspKeHUE, H/M
MOJTB/JT /M cpenHee
H>0 - 0,997 r/mn
C2Hs0OH 1,0M 0,785 r/mn
CsH110H 1,0 M 0,814 r/mMn

7.2 Ancopouusi. U3mepenne agcopouuu YKCYCHO# KHCJIOThI HA MOBEPXHOCTH YISt

[TpuOopbl U peakTHBBI: MIECTh KOHMYECKUX Konb Ha 150 miu; munmetrka Ha 10 mu;
nuneTka Ha 5 wmi; OmperTka; BOPOHKH isi (GUIbTpOBaHMs; (UIBTpOBaJIbHAs Oymara;
aKTUBHUPOBAHHBIM WM JpeBecHbI yroupb; pactBoppl: 2M CH3COOH; 0,1M NaOH,
MHJIUKATOp - peHoa(TaNeunH.

KpaTkue TeopeTndeckre CBEICHUS

Tema ¢ odeHb OOJIBIION MOBEPXHOCTHIO TMPHU CONMPUKOCHOBEHHH C Ta3000pa3HON WU
KHUJIKOM (pa3olf cHnocoOHBI TMOIIOMIATh YacTh Ia3000pa3HOro BEIIECTBAa WJIM BEIIECTBA,
pacTBOPEHHOTO B KUAKOCTHU. Iloriomenne He Bcerjga MMEET OAWHAKOBBIA Xapakrtep. Tak,
MOTJIONIAEMOE BEIIeCTBO MOKeT TuPyHIUpOBaTh BHYTPh MOTJIOTUTENS, KaK Obl paCTBOPSSACH
B HEM, WM K€ IOIJIOUIEHHUE MOXET IPOUCXOJUTh HCKIOYUTEIbHO Ha IOBEPXHOCTH
MOTJIOTUTENS.

SIBneHMe TOIJOIEHUsT OJHUM BEUIECTBOM JPYTrUX BEIIECTB HAa3bIBaeTCs copoéuueil
Copbuusi, mpoucxoisiias TOJIbKO Ha IMOBEPXHOCTH Teja, Ha3bIBaeTCs aodcopouueii, B
OTJIMYME OT MOIJIONIEHHS B TOJIE MOTJIOTUTEINS], HA3bIBAEMOT0 adcopoyueil.

AncopOmus 3aBUCUT OT TOTJIOTUTENSI U TOTJIOIIAEMOr0 BEIIECTBa, OT TEMIEPaTyphl U
JABJICHUS ra3a Wil KOHIEHTPALUU pacTBOPOB.

3aBUCHUMOCTh aJCOpOIMK OT JaBlieHHUs Ta3a (€ro KOHIICHTPAIWMU) WIU COAEPKAHUS
aJgcopOupyeMoro BellecTBa B pacTBOpPE MPH JaHHON TeMmIepaType BhIpakaeTcsi ypaBHEHHEM
U30TepMBbI azcopOuuu JIsnrmiopa:

I=l.,*C,/K+C,

rne I’ u I'x — KonmdecTBa (MOJb) aJCOPOMPOBAHHOTO BemecTBa Ha | M? MOBEPXHOCTH
azcopOenTta (I' ~ B MOMEHT aJIcCOPOIIMOHHOTO paBHOBECHS, | v — MaKCUMaJIbHO BO3MOXKHAs);
C, — MomsApHas KOHIIGHTpalUs pacTBOpa aacopOMpyeMoro BemecTBA B MOMEHT

aZicopOLIMOHHOTO paBHOBecHUsl (paBHOBeCHas KoHIeHTpauus). I[Ipu agcopOuum u3 razoBoi
cpenbl BenuuuHa Cp 3aMeHseTCsl IPONOPLMOHAIbHON €l BETUUYNHOMN JaBJICHUS:
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P=K-+C,
rae K — KOHCTaHTa, 3aBUCiAIIasa OT XUMHYECKOH Ipupoabl H (bPISI/I‘IeCKOFO COCTOsAHUA

agcopOeHTa U acopOUpPyeMOro BEIIECTBA.

B cpaBHMTENBHO MIMPOKUX HpeAenax KOHLEHTpaluu 3aBUCHUMOCTb aJCcopOLMU  OT
KOHLEHTPALUU (MU JaBJICHUS), BBIPAXKAETCs JOBOJIBHO MPOCTHIM 3MIMPUYECKUM YpaBHEHHEM
OpeiiHamxa:

x/m=a+C,",
I7ie X — KOJIMYECTBO PACTBOPEHHOI'O BELIECTBA, aiIcCOPOMPOBAHHOIO MAaccOil M MOIJIOTUTENS U
HaxXOoJAIIErocss B PAaBHOBECHMM C pacTBOpoM KoHUeHTpauuun Cp; @ U N — KOHCTAHTHI,
XapakTepHbIe Ul JaHHOT'O Mpoliecca aJcopOLMHU B ONIPEIeNICHHbIX IIpeaenax, npuueM N < 1.

Ecnu Ha ocu opAMHAT OTIIOKUTH COOTBETCTBYIOLIHME 3HAUeHHs X/M, a Ha ocu abcuucc - Cp,
TO IOJYYHUTCA KpHBas KOTOpas CHa4aja MIAET IOYTU MNPSAMOJIMHEMHO, TaK Kak I O4YEHb
ci1a0bIX KOHIGHTpauuil BenmmumHa X/M mpsMo npornopiuoHansHa Cp, T.e. 3aech N=1. Ilpu
BBICOKHMX KOHIICHTPALUSX JOCTUTACTCS Mpe/ieibHOE 3HaUeHUue X/M, T. €. MOJIHOE HACBILICHHUE.

Oto HaOmrojaercs, Koraa Beci  ajgcopOupyromas HOBEPXHOCTb  MOKpPBITA
afgcopOupyemMbIM BellecTBOM; B 3ToM ciydae N=0. Mexay 3TUMU JOByMs NpeAeIbHbIMU
ClIly4asiMU UMEETCSl MIOCTENEHHBIN Mepexo B 00J1aCTU MPOMEXKYTOYHbIX KOHIIEHTPALUH, JUIs
KOTOPBIX BEJIMUMHA N OcTaeTcs NpUOIU3UTEIBHO OCTOSIHHOM.

Ecmu nponorapudmupoBats ypaBHeHHe OpeliHAINXA, TO OHO IIPUMET BH/I:

Igx/m=lga+ne IgC

[lonyyenHoe ypaBHEHME eCThb YypaBHEHHE mpsMod muHuMHM. [lo ocu opauHar
OTKJIaJbIBAIOT Bedu4HHbI |g X/M, a no ocu abcuucc — 1gC,. OTpe3ok OA naet Benuuuny lg
a (pucyHox 2).

x/m Ig x/m

gp=n
Alga

C 19Cp

Puc.2. U3zorepma agcopOumu.

[lenb pabotsl. 1. HabmonaTe agcopOunio Ha rpaHule )KUJIKOW U TBepAoH ¢as3.

2. [loctpouth U30TEPMY aACOPOLIUHN YKCYCHON KHCJIOTHI HA TOBEPXHOCTHU YTJIS.

3. HaiiTu 3HaueHus a u N B ypaBHeHuu Opeitnanuxa.

Xon pabotsl. Pazbasnenuem 2M pacTBopa yKCyCHOM KHMCIOTHI TOTOBSIT B LIECTH KOJOax
pacTBOpsl ¢ TO4YHO 3amaHHoON KoHueHTpaumed CH3COOH, B konudecTBax, yKa3aHHBIX B
Talnuie:

1 2 3 4 5 6
Konnenpanus, Monb/a 0,012 | 0,025 0,05 0,1 0,2 0,4
O6rvem 2M CH3COOH, ma 0,6 1,25 2,5 5 10 20
O06beM moITyd. pacTBOpa, MII 100 100 100 100 100 100

Takum o6pazom, Bo Bcex konbax coaepxkutcs no 100 Myt pacTBopa ¢ pa3IuyHONW TOYHO
yctanoBieHHo# koHneHTpanueit CHsCOOH. B xaxmyro koi0y BHOCST 10 1 T pacTepToro yrisi.
3areM TIIATeIbHO IEPEMEIIUBAIOT BCce KOJIObI B TeueHue 10 MuH.

ITo ucreyenue 1aHHOTO BpeMEHH OT(PUIBTPOBBIBAIOT OTJIENBHO COAEPKUMOE KaXKI0H KOJIOBI
yepe3 Oymaxkabie (GuiabTpbl. OTOOpaB C MOMOIIBIO MEPHOW MHUMETKA U3 (PUIHTPATOB MPOOBI
o0beMoM Vyup mo 10 M ompenensioT TUTPOBAHMEM IOJIYYEHHYIO KOHIIGHTPALMIO YKCYCHOM
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kuciotel Cp,. B kauectBe TuTpanTta wucnons3dyior 0,1M pactBop NaOH, a B kaudectBe
uHaukatopa — (enondramenn. PasHocTh MeXIy HMCXOAHOW KOHIEHTparued Cuex U
nonyyeHHOU Cp TaeT KOIUYECTBO YKCYCHOM KMCIOTHI X, noryomeHHo 1 r yrisg uz 100 mn
pacTBopa.

Pe3ynbrarel HaHOCST Ha rpaduK, MpUYeM Ha OcH a0cuucc HaHOCAT 3HaueHue Cp, a Ha OCHU
OpIuHAT — 3Ha4eHue X/M, rae m — Macca noraoturels. [lonydeHHas KpuBas €CTh H30TEpMa
agcopOmmu. J{nst rpaduveckoro ompeieieHus 3HAYeHUs a4 W m, Kak ObUIO YKa3aHO BBIIIE,
OTKJIa/IbIBalOT Ha ocu abcuuce 3Hadyenus lg C,, Ha ocu opmuHat - Igx/m. HaiineHHble TOYKH
JTOJKHBI JIEKATh Ha MPSMOU JIMHUU.

N3MepstoT BeTMYMHY TaHTCHCA yIJla HaKJIOHA MPSMOM K OCH a0CIHCC, YTO JaeT BEIIMYHUHY H.
Paccrosinue ToukM nepecedeHus NpsiMOn C OChI0 OPJMHAT OT Havyalla KOOPJIUHAT COOTBETCTBYET
3HAYCHHUIO BEJIMYUHEI I a.

Ng Cucx Cp Cucx = X/m Ing IgX/m tg¢ = Iga a
KOJIOBI C,=x n

BbruepTuTh 10 MOSYyYEHHBIM JaHHBIM TpadMK H30TEpMbI ancopOmu. Beruepruts jora-
pudpmuueckuit rpaduk. Onpenenuts 3Ha4eHus N, lga u a.

7.3 Nonoo0mMenHas aacopouus

[IpuGOpsl ¥ pPeaKTUBLI: BOPOHKA, MEPHBIN IUIMHADP, HOHOOOMEHHAsl KOJIOHKA, MUIIETKA,
Oropetka, crakanbl, DOK, pH-metp, 3 M u 0,6 M pacteopst HC1, 1,5 M pacteop NaCl, 0,2 M
pacteop NaOH, denondranenn, pactsop CuSO4 ¢ konuentparnueii Cu?* 60 mr/mi.

Kparkue TeopeTudeckue CBeICHUS

HNonooOMenHast ajncopOmus mpeacTaBisieT co0oil mporecc oOMEHa HOHOB MEXIY

pacTBOpoM H TBepaod (azoit — amcopbeHTtoMm. BemiecTBa, criocoOHbIE K HOHHOMY OOMEHY,
MOJIYYHJIA Ha3BaHUE WOHUTOB. B 3aBUCMMOCTH OT TOTO KaKOH BHJI HOHOB y4acTBYET B OOMEHE,
MOHUTHI JIeTIST Ha KATUOHUTHI U aHMOHUTHI. [[lupokoe mpuMeHeHne noHOOOMeHHas ajcopOuus
MOJIyYHJIa C Pa3BUTHEM CHHTETHYECKMX WOHHWTOB Ha OCHOBE OPTraHHMYECKHUX CMOJI,
cynb(hoyriel, HOHLEII003.

Haunbomee BakHOE TEXHHMYECKOE WCIOJIB30BAHME HMOHHTOB — JTO TIOJyYE€HHE B
MPOU3BOJICTBEHHBIX YCIOBHSIX JEMHHEPATM30BAHHONW BOJBI, T.e. BOJBI, HE cojaepKalieit
pPacTBOPEHHBIX COJIEH, B TOM YHUCIE COJIeH >KeCTKOCTH. J|yist moHoro oOecconnBaHusl BOJBI €€
MOCIIEA0BATEIHHO MPOMYCKAIOT Yepe3 KaTHOHUTOBBIM M aHUOHUTOBBIM (pumbTpel. B caxapHoit
MPOMBINIJICHHOCTH MOHHUTHI IPUMEHSIFOT TSI OYUCTKU TUP(Y3NOHHOTO COKA OT JJICKTPOIUTOB —
MaTOKoOOpa3zoBaTeNeld, YTO MO3BOJSET MOBBICHTH BBIXOJ caxapa U YMEHBIIUTH KOIUYECTBO
MEHee IIEHHOW TmMaToKh. B MOJIOYHOW MPOMBINIICHHOCTH KATHOHHUTHI HCIOJB3YIOT JUIS
YaCTUYHOTO yJAJEHHUS U3 MOJIOKa MOHOB KajbI[Ms W MarHus C 3aMEHOM UX Ha WOHBI Kalus U
HATpUS W YJAJICHUS PAJIMOAKTUBHBIX BENIECTB. AHHOHUTHOW 0Opa0OTKOH MOXKHO 3aMEHHUTH BO
(GPYKTOBBIX COKax KHCIOTHI, UMEIOIINEe HEMPUATHBIN BKYC, Hampumep s0104Hy0. VOHUTHI
HAIUTA Tak)Ke MIMPOKOE MPUMEHEHHE JIJII OYMCTKH MPOMBINIICHHBIX CTOYHBIX BOJ OT MOHOB
TsDKENBIX MeTaioB. loHooOMeHHas ajcopOrust umeeT OO0JbIoe 3HAUCHUE IS 3eMIIeACIHs, TaK
KaK OT TPUPOIBI ITOTIIOMEHHBIX ITOYBOM KATHOHOB 3aBUCHT €€ TUIOJ0POIHE.

KonnuecTBeHHOM XapaKTepUCTHKOM NOHHUTA ABIsETCS MoaHas ooMeHHast eMKkocTh (ITOE):
(3.1)

V ¢
TIOE = 20—
m

rae Voo — CyMMapHBIi 00BEM pacTBOpa, COJEPIKAIMUA BBITECHEHHYIO W3 CMOJIBI
KHUCJIOTY; C — KOHIIEHTPALKsI KACIOThI; M — Macca HOHUTA CMOJIBI B KOJIOHKE.
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[TOE MOXHO ONpeeuTh CTATUYECKUM MU JUHAMHYECKUM METOJOM, OCHOBAHHBIM OOBITHO
Ha peaklMsIX, MPOTEKAIOIINX B BOJAHBIX PacCTBOpax:

RSO3 H* + NaOH — RSO3 Na* + H20;
RNH3z*OH + HC1 — RNH3*CI* + H20.

[Tpu craTHUecKoM METOjE CMOIy, Hampumep KaTHoHUT B H'-popme, TUTpyroT pacTtBOpoM
nienoud. [Ipu auHaMuyeckoM MeTone depe3 KOJIOHKY C MOHOOOMEHHON CMOJION MpPOMYyCKaroT
pacTBOp JJICKTPOIHMTA U PETUCTPUPYIOT 3aBUCHUMOCTh KOHIICHTPAIUH IOTJIONAEMOT0 HMOHA B
BBIXO/IAIIEM pacTBOpe (Air0aTe) oT 0ObeMa MOIIEIIero pacTBopa (BeIXoHas KpuBas). B padore
[1IOE cynbdokarnonuta B H™-popme omnpenensior AMHAMHUYESCKAM METOJIOM II0 KOJUYECTBY
KHCIIOTHI B 3J10aTe, 00pa3yrolIeics B pe3ysibTaTe BEIHECEHHsI U3 ¢MOJIbl HOHOB HY nonamu Na™:

RSOsH* + Na* + CI- — RSOs'Na™ + H* + CI.
Koncranty wuonnoro o6mena (Ki2) MOXHO ompefenuTs U3 MJaHHBIX O PaBHOBECHOM
pacmpesieieHHd HOHOB B CTaTUYECKUX YCIOBHSAX), a TaKXKe JAMHAMUYCCKUM METOJOM 10
CKOPOCTH TepeMeIleHuUsI 30HbI BEIIECTBA MO CIIOK HoHUTa. Eciu yepe3 KOJIOHKY ¢ KAaTHOHUTOM
MPOITYCKACTCSI PACTBOP KUCIIOTHI, TO B HEM IPOUCXONT MHOTOKPATHBIN Mporiecc oOMeHa:
zRSO3H* + M*" & (RSO3),M*" + zH".

B ycrnoBun paBHOBecHs NMPHU PACIPENCICHHH HOHOB MEXKIY MPOTEKAIOIIUM PACTBOPOM U

CJI0SIMM MOHMTA OTHOLIEHHE MEXY KOHIEHTPALMAMHU HOHOB M?" B KaTHOHMTE . M PACTBOPE C

paBHO:

C H
o Kl 2T 7
c HY
CKOpOCTB HepeMeH_IeHI/I}I XpOMaTOFpa(I)quCKOﬁ 30HEI C HOCTOSIHHOf/i KOHHeHTpaHHefI HOHa
10 BBICOTEC KOJIOHKHU paBHa

7 (3.2)

AX v (3.3)
At s(dAc/ Ac)

rJie Vv — 00beMHas CKOPOCTh MTPOITYCKaHUS PACTBOPA KUCIIOTHI; S — IIONIAb CCUCHHS KOJIOHKH, X
— paccrosiHue, t - Bpemsi.
Bripaxenue (3.3) MOXHO mpeoOpa3oBaTh CIEAYIONIUM 00pa3oM:

AX h V. =ut

- = max max

At T

Ax  hvy (3:4)
AtV

rie Vmax U Tmax — OOBEM IPOTEKAIOIIET0 Yepe3 KOJOHKY pacTBOpa M BpeMs, OTBEualollee
MaKCHMYyMY BBIXOJAHON KPUBOM; h — JuIHA KOJOHKH.

[Mpn ManplX KOHIEHTpalMsx HoHa M*' M TIOCTOSIHHOW KOHIIEHTpAIMU KUCIOTHI MOKHO
CUMTATh KOHIICHTPAIINIO HOHOB BoZopoaa B cmosie [H*] pasuoii I[IOE. Toraa
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(3.5) WIH

+ |2 L] (36
BT T vl

z : z
[710E] ¢ [11OE] hs
3HaueHue Vmax HAXOJST C YIETOM MOIPABKU HA CBOOOIHBIN 00beM KOJIOHKH Vo:

Vimax = Vimax — Vo, (3.7)
rme Vmax — 00BbEM 0J10aTa,  BBILIEJUIETO U3 KOJIOHKM OT Hayaua
TIOUPOBaHUST M*" KHUCIOTOH 10 TOSBICHHS MaKCUMaJbHOW KOHIEHTpammu M?" B airoare
(MakCUMyM Ha BBIXOJIHOI KPHBOI - PUCYHOK 3.).

K1,2

F inax I
Puc. 3. KpuBas pazneneHusi HOHOB
[{esib paboThI: ONpeneeHue IMOJIHOW OOMEHHON €MKOCTH KaTHOHUTA U KOHCTAHTBI

WOHHOIr0 0OMeEHa.

Xoa paboThl
[Ipexxae 4YeM MNPUCTYNMUTh K BBINIOJHEHUIO MPAKTUYECKOW YacTH J1abopaTopHOI

paboThl, cenyeT BHUMATENBHO MPOYUTATh MaTepUaibl TEOPETUIECKON YaCTH, U U3YUUTh CXEMY
n1abopaTOpHON YCTaHOBKH (pucC. 4).

Lig

LA

Puc. 4 Cxema nabopaTopHOi YCTaHOBKU

1 — BopoHKa; 2 — HOHOOOMEHHas KOJIOHKa; 3 — KpaH; 4 — MEpHBIN IIMIIMHAP; 5 — IITaTUB
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Yacte 1 Onpeoenenue nonnou 0OMenHOU eMKOCMU KAMUOHUMA
1. [lepeBenute HOHOTeHHBIC Tpymmbl Katuonuta B HY-bopmy, mpomyckas depes
kosoHKy 50 ma 3 M pacteopa HC1 no pH 2,0...2,5.
2. [IpoMbIBaiiTe HOHUT AUCTUIUIMPOBAHHOM BOJOM 110 TeX Mop, nmoka pH BeITEKaromero
pactBopa He OyneT uMeTh 3HaueHue 3,5...4,0.
3. B Boponky 1 naneiite 100 mn 1,5 M pactBopa NaCl, oTtkpoiite kpaH 3, yCTAaHOBUB
ckopocTh uctedeHus: 1 kamig B cekyHay. CobOwupaiite amoat mopuusmu mo 50 mii B MepHbIE
nuauHApEL. OTOOP P00 3akaHUYMBAKOT NIpH HocTxeHuu pH 2,7...3,0.
4. B kaxmoil mopuuu onpenenuTe KUCIOTHOCTh, Ul 3TOTO NMumeTkor ordepute 10 mi
aroara, nepeHecute B crakaH W tutpyite 0,2 M NaOH B mpucyrctBum deHondTanenHa.
PesynbTarel BHECHTE B TaOu. 3.1. OcTaBuIyroCs )KUIKOCTh COOEpUTE B OOIIMIA CTAKaH.

5. HOCTpOﬁTe KPHUBYIO 3aBUCHUMOCTH KOHICHTpPAIMK KHCJIOTBI OT o0beMa BBIIICAICTO
SJIroarta.
6. 43 MMOJIYYCHHOI'O B O6H.I€M CTaKaHC pacTBOpa KHCJIOTHI

orOepure 10 wu, nepenecute B crakaH u tutpydte 0,2 M NaOH B npucyrcrBun
denondTanenHa. BrrumcnuTe KOHIEHTpPAIMIO KHUCIOTHI B PAacTBOpe M CYMMapHBIH 00BeM
BBITECHEHHOH U3 CMOJIBI KUCIIOTHI.
7. [TonHyto 0OMEHHYIO €MKOCTh CYIb(hOYIIIg Berurcaute mno popmyne (3.1).

Tabnuua 3.1
Pe3ynbraThl 3aBUCHMOCTH KOHIIGHTpPAIMM KHCJIOTHI OT OOBbEMa 3IIl0aTa MPOIIEALIETO Yepes3
KOJIOHKY

Ne onbiTa O6wem 0,2 M NaOH, V, ma Konnenrpanus smoara, ¢, r/mi

YacTts 2 Onpedenenue koHcmanmsl UOHHO20 0OMeEHA
Cwmortpu mimn. 1, 2 yactu 1.
B noarorosiennyto konoHky BHocute 5 mit 0,6 M pactsop HCI.
B Boponky 1 naneitre 100 mi quctummmpoBanHoi Boabl. CoOupaiite amoat nopiusmu mo 10 mi
B MepHbIe IUIUHAPBL. OTO0p Mpob 3akaHUUBarOT Npu Joctxkenuu pH 2,7...3,0.
B kaxx0i1 mopuuu onpenenuTe KUCI0THOCTh. Pe3ynbraTel BHecute B Tabm. 3.2.
Tabnuua 3.2
PesynbTatsl 3aBucuMocty pH oT 00beMa 3110aTa, MPOLIEANIEro Yepe3 KOJIOHKY

Ne onbiTa O6beM amoara V, mi pH

[TocTtpoiite rpaduk 3aBucumoctd pH oT oObema Bhwimiemmiero siroara. [lo MUHUMaILHOMY
3HayeHuto pH onpenenure cBOOOIHBIN 00beM KOJOHKH Vo.

B BOPOHKY 1 BHECUTE 10 MJI CuSOq4 (c xoHneHTparueii Cu?* 60
MI/MJI), KpaH 3 3aKpoiiTe u JaiiTe BIUTAaThCS B BEPXHUE CJIOU CMOJIBI paCTBOPY COJIM B T€YEHHUE 5
MUH.

B Boponky 1 npurneiite 3 M pactBop HCl, oTkpoiite kpaH 3, yCTaHOBHB CKOPOCTh UCTEUECHHUS
KUAKOCTU 4epe3 KOJMOHKY 3 — 40 kamenb B MUHYTY JUIsl DJIIOMPOBAHMS aCOPOMPOBAHHBIX B
BEpXHeil 4acTH cMOIbI HOHOB M2,

Omoatr cobupaiite mopuusMu 1o 50 M B MepHBIE MHJIMHAPHL. J[IsS KakIod TO3WIUN
OTIpeNieIUTe ONTUYECKYIO TIOTHOCTH mpH nomoi ®IK-56 co ceetopunsTpom Ne 8 (cBerso-
KpacHbIit) B KtoBeTax 50 mm. [lonydeHHble pe3ynbTaThl BHECHTE B Ta0m. 3.3.

Ta6numa 3.3
Pe3ynbTarhl 3aBUCMMOCTH ONTHYECKOW IUIOTHOCTH OT OOBEeMa 3JroaTa IMPOMISANIEro dYepes
KOJIOHKY
No ombiTa O6mweMm amroaTa V, Mt Onrudeckast INIOTHOCTH, D
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9. [Toctpoiite rpaduk 3aBUCHMOCTH ONTHYECKOW IJIOTHOCTH OT oOBbeMa 3ioata M IO

MaKCHMaJIbHOMY 3HAQUEHHUIO ONTUYECKOM MJIOTHOCTU HalAuTe 00BEM 3I1F0aTa Vmax, BBILIEAIIETO
U3 KOJIOHKM OT Haydajia 3JIFOMPOBAHMS 10 IMOSBJICHUS MAaKCUMyMa Ha BBIXOJHOW KPUBOM, U IO
ypaBHeHUIO (3.7) pacCUMTHIBAIOT 3HAYCHUE V max.

10. Koncranty woHHOro oOMeHa paccuuTaiTe 1o ypaBHeHHIO (3.6), mpu 3TOM 3a
koHnentpanuio [H*] npuaumaror konnerrpanuio HCI B amroare; 3uauenue [IOE onpenensror B
NepBOil YacTh pabOTHI.

7.4 MeToabl NOJy4eHHSI M OYUCTKH KOJJIOWIHBIX PACTBOPOB

[IpuGopsl M peakTUBBL: IJIOCKOAOHHBIE K00kl Ha 100 u 150 mu, crakanel Ha 50 u 100
MJI, MEPHBIA UWIMHIpP, MHIETKHU, CTCKJISHHBIC MAJIOYKH, BOPOHKH, IITATHBBI, (apdopoBas
CTyIKa, TPOOUPKH, MOJUITHIICHOBAS TUICHKA, GuiabTpoBasibHas Oymara, 0,01 #H pactBop AgNOs3,
HaceinieHHbId pacTBop Ka[Fe(CN)s], 2%-ubnii u 10%-ubiii pactBoper FeCls , 0,1 M pactBop
NaS203 , 2%-nb1it pactBop H2SO4, 0,11 pactBop H2C204, denondranenn, pactBop cepbl B
a0COJIIOTHOM CIIUPTE.

Kparkue Teopernyeckue cBeIeHUS

KomnouHbele cuUCTEMBl OTHOCSTCS K JUCIEPCHBIM CHUCTEMaM — CHUCTEMaM, TIJI€ OJHO
BELIECTBO B BU/JIE YAaCTHUI] Pa3JINYHON BEJIMUMHBI pacrpesesieHo B apyrom. [lo cpeanemy pasmepy
vactun mucrepcHoi daszsl (107 — 10° M) KommommHble pacTBOPH 3aHUMAIOT TPOMEXKYTOUHOE
MOJIOKEHUE MEXIY UCTUHHBIMU U MUKPOIUCTIEPCHBIMH.

['maBHBIM  yClIOBHEM TOJYYEHHMS JKUJIKOM KOJUIOMJHOM CHCTEMbI SIBJSIFOTCS  Masas
PacTBOPUMOCTh AMCIIEPCHON (ha3bl B JUCIIEPCHOHHON cpene. MeTo/bl MOoNMy4eHUsT KOJUIOUIHBIX
pPacTBOPOB MOKHO Pa3OUTh HA JBE OCHOBHBIE IPYIIIBI: METOABI JUCIIEPrUPOBaHUs (APOOICHUS) U
MeTOoAbl KOHJeHcauuu (yKpynHeHus). B mepBom ciiyuae BemiecTBa ApoOSTCS /10 pa3MeEpoB
KOJUIOMJIHBIX YacTWIl, a BO BTOPOM - MPOMCXOJUT UX YKPYINHEHHE U3 HMOHOB U MOJIEKYN A0
pa3MepoB KOJUIOUAHBIX YACTHII.

K KOHJeHCallMOHHBIM METOAaM OTHOCHUTCSI 3aME€Ha PACTBOPHUTENSI U METOJ XWMHUYECKOU
KOHJICHCAIlUM, OCHOBAHHBIM Ha TMPOBEACHUH XHMHUYECKUX PEAKIHM, COMPOBOXKIAIOIINXCS
0o0pa3oBaHNEM HEPACTBOPUMBIX WJIM MAJIOPACTBOPHUMBIX BEILIECTB.

Eme oaHuM HeoOXOIMMBIM JJIsi TMOJYy4YeHHsS 30Jeil yCIOBHEM, MOMHMMO JIOBEACHMUS
pa3MepoB YACTHI] 0 KOJUIOMIHBIX, SIBISETCS HATWYHE B CUCTEME CTaOMIIM3aTOPOB — BEIIECTB,
IPEMSITCTBYIONIMX — MPOILIECCY  CaMOMPOM3BOJIBHOIO  YKPYIHEHHUS  KOJUIOMJHBIX  YacTHII.
Crabunuzanust OCyIIECTBISIETCS MyTeM (OPMHUPOBAHUS BOKPYT MHMKPOKPUCTAITHYECKON
YaCTHUIbl HOHHON 000JI0YKH, 00pa3yroIIei TBOMHOMN JIEKTPUIECKUH CIIOH.

OCHOBHOM CTPYKTYpHOW €AMHUIEH KOJUJIOMJAHOIO pacTBOpa SBISAETCA MHUILIEIUIA.
Ctpoenune MHIICIITBI paCCMOTPUM Ha mpumepe 301 Agl, BozHukaromero npu gobasnenun Kl B
pactBop AgNO:s.

{[meAglln*Ag" (n-x) NO3}** x*NO3’

rie m — KoiauyecTBO Mosiekyn — Agl B uyactune ocaika; n — KOJHMYECTBO
MOTEHLUAJIONPENETSIONMX HOHOB, aJCOPOMPOBAHHBIX Ha IOBEPXHOCTH TBEPJOW YaCTHIIBI
ocajika; (n-X) — KOJIMYECTBO MPOTUBOMOHOB; X — KOJMUECTBO AU(D(Y3HBIX MPOTHBOUOHOB.

B stux ¢dopmynax yactuuku ocaaka Agl sgBasioTCs arperaToM MULEUIBI; arperar
BMECTE C MOTECHIUATIONPEACIAIONIMMI HOHAMH O00pa3yloT SIIPO MHUIEIUIBI; SApO C IJIOTHOM
YacThIO
MPOTUBOMOHOB COCTaBIIAIOT 3apsDKEHHYIO KOJUIOMJIHYIO YAacTHIly, a KOJUIOMJHAs YacTHlla
BMecTe ¢ TudPy3HBIME MPOTUBOMOHAMHU 00Pa3yIOT AJIEKTPOHEHUTPATBHYIO MUIICILTY.

JI71st OKpallleHHbIX 30J1€H 3HAK 3aps/ia KOJJIOMIHBIX YaCTUIl MOKHO ONPENETUTh METOJOM
KalMWUISIPHOTO aHaJIN3a, HCIOJb3ysl 3aBHUCHUMOCTBH aJICOPOMPYEMOCTH 30Js OT 3HaKa 3apsia
MOBEPXHOCTH ajcopOeHTa. B kadecTBe TakoW 3apsHKEHHONW TOBEPXHOCTH MOXKET OBITh
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UCIIOJIb30BaHa MOBEPXHOCTh KANMUIIPOB (QMIBTpOBaNbHOM Oymaru. [Ipu morpyxeHun B BOAY
buIbTpOBANIbHON OyMaru LEJUII0I03HBIE CTEHKH 3apsKAOTCs OTPULIATENBHO, a MpUieraronas K
HUM BOJa — IOJIOXKUTEIBHO. 3a CUET CHUJI MMOBEPXHOCTHOI'O HATSKEHUS BOJA MOJHHUMAETCS IO
Kanuuisipam Oymaru. Ecinu B BoJie 3apsbKeHHbIE KOJIOWTHBIE YACTHIII, TO MEPEIBHKEHUE UX
BBEPX BO3MOXHO TOJBKO TOIZA, KOTJAa OHH 3apsyKEHbl OTPULIATENIBHO U HE NPUTATHBAIOTCS K
CTEHKaM KanuuisipoB. Eciiu gacTuibl 3apsiKeHbl MOJIOKUTEIBHO, TO MOJbEM HEBO3MOXKEH, TaK
KaK OHM OYyAyT ocellaTh Ha CTEHKAX KalluJUIIPOB.
[{enb pabOThI: U3YYUTH METO/IbI MOTYYEHHS U OYMCTKH KOJUIOUTHBIX PACTBOPOB.
|. IIOJIVHEHUE KOJIJIOH/IHbIX PACTBOPOB J[HCIIEPCHOHHbBIM METO/[OM

Onpit 1. IIpuroroB/ieHue 30J151 KpaxmaJa.

Oxomo 0,5-1,0 T kpaxmaia TIIATETBHO pACTHPAIOT B (PappopoBOi cTymKe, A0OaBIS
MOPIHUSAMU BOAY OOIIMM 00BEMOM 5-6 Mi1. DUIBTPYIOT Yepe3 OyMakHbIN GUIbTp B mpoOupky. B
IpoOUpPKY CTEKAET 30J1b Kpaxmana. [Ipu nobaBneHnn Hoja OH JaeT CUHEE OKPAIUBaHUE.

Onbit 2. [ToydeHue 30,15 0epJMHCKOI J1a3ypH MeTOI0OM MeNTH3AIUH.

[lenTu3anuelt Ha3bIBAIOT MEPEXOJ B KOJUIOMJHBIM PAacTBOpP OCAJKOB OOPAa30BaBLIMXCS IPU
koarynsui. OHa MOXKET MPOUCXOAUTH B pe3yJbTaTe MPOMBIBAHUS OCaJKa WM TMOJ JeiiCTBUEM
CIEeLMaIbHBIX BEIIECTB - IENTU3ATOPOB.

K 5 M 2%-noro pactBopa FeCls npubasmsior 1 min HaceimenHoro pactBopa Ka[Fe(CN)e).
OTubTPOBBIBAIOT U NMPOMBIBAIOT OCAZ0K HAa (PUIbTPE AUCTHIUIMPOBAHHOM BojoW. Ecim k ocaaky
Ha ¢unbTpe 106aButh 3 M 0,1H pacTBOpa 1I1aBeIEeBOI KUCIOTHI (MIENTU3aTOp), PUIBTpyeTCs 3011b
OEepIMHCKOM J1a3ypH, OKPALICHHBIM B CHHUI IIBET.

. IIOJIVYEHHUE KOJIJIOH/JHbIX PACTBOPOB KOH/[EHCAL[HOHHBIM METO/[OM
Onbir 1. MeToa 3aMeHbI pACTBOPHUTEIS.

A) Honyuenue 3015 ¢henongpmaneuna.

Hametite B mpoOupky 3 M JUCTWUIMPOBAHHOH BOABI W mpubaBbTe 1-2 Kamm
denondranenna. PactBop B3OonTaiite. HabmiogaeTcs CUIbHO —ONAJECUUPYIOUMA  30Ib.
OO®bscHUTE ero oOpa3zoBaHHe.

b) Ionyuenue 2udposons cepol

Cepa pacTBOpsieTCS B OSTWJIOBOM CHHpTE, 00pa3ysh MCTHHHBIM pacTtBop. B Bome cepa
NPAaKTUYECKU HEPACTBOPHUMA, IOATOMY IPH J100aBIEHUH BOJIbI CIIUPTOBOMY PAaCTBOPY MOJIEKYIIbI
KOH/ICHCUPYIOTCS B 00Jiee KpYITHbIE arperaThl.
OnbIT 2. Peakuusi ruaposmsa. Ilosryuenne 30018 rHAPOKCHIA AKeJie3a.

XJIOpHOE KEeJe30 SABISIETCS COJbI0 CUIIBHON KHCIOTHI U c1aboro ocHoBaHus. Coilu Takoro
COCTaBa B BOJIE [TOJIBEPrat0TCs THAPOIIU3Y.

B xonbouky nameiite 20 Mi AUCTWIMPOBAHHON BOJIBI U JNOBEAWTE €€ 1O KHUIICHMS.
Jlo6aBpre 10 kamenbs 10%-Horo pactBopa xmnopuna >xene3a (lll). Ilomyuaercst KosmouaHbIHN
pactBop Fe(OH)3 MHTEHCHBHO KPacHO-KOPHYHEBOTO IBeTa. Hamummre cTpoeHue MUIIEIUTBI.
OnpIT 3. ITosrydyenne 30,151 Cepbl OKHCJICHHEM.

Harneiite B mipoOupky 2 M pactBopa NaxS:0z u mobasre 1 Mt 2%-HOro pactBopa CepHOM
kucnotel. Habmonaercss o0pazoBaHue onaeClUpyoIero 30 cepsl. Hanummre crpoenue mu-
HeJUIbl. S1IpoM KOJUTOMIHOM YacTHUIIBI SIBJISIETCS cepa, a B U30BITKE - THOCYIb(hAT HATPUS.

. JUAJIN3 30JIA T'HPOKCH/IA ’KEJIE3A

B nennodanoBeIil Menoyek HaTUBAIOT 30J1b THAPOKCHIA Kelie3a. Merouek MmoABeIInBaoT
Ha CTEKJISHHOM MaJlouke B CTaKaH C JUCTWUIMPOBaHHOM Bozoi. Uepe3 1 yac x HeOOIbLIIOMY
KOJIMYECTBY BOJIBI U3 CTaKaHa JOOABISIOT 2-3 KarjIk a30THOKHUCIIOTO cepedbpa. OOpaszyeTcst ocaok
XJIOPHUCTOTO cepedpa. DTO CBUAETENBCTBYET O TOSBIEHMM B CTakaHe C BOJOH HMOHOB XJIOpa,
KOTOpbIE MOCTYMWIN TyJa B poIlecce Auann3a u3 1eio)aHOBOTO MEUIOYKa.

I\V. OIIPEJEJIEHUE 3HAKA 3APAJ[A 30JIA1 METO/OM KAIIAJVIAPHOI O AHAJIN3A4

a) [Ipu morpyxeHuu B BoAy (PUIBTPOBAIBHON OyMaru HEJUIIOJIO3HbIE CTEHKH KalWUIIPOB

3apspKalOTCsl  OTPUIIATENIbHO, a MpWIErarolias K HUM BOJA IMOJOXKUTEIbHO. 3a CUeT CHI
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IIOBEPXHOCTHOI'O HATSKEHMSI BOJa IIOAHUMAETCs o Kanwusipam Oymaru. Ecinu B Boje HaxonsTes
KOJUIOWJHBIE YaCTHILBI, TO MEPEIBM)KEHUE HMX BBEPX BO3MOXHO TOJBKO TOIZA, KOTJa OHU
3apsDKEHBI OTPULIATENIBHO U HE NPUTATUBAIOTCS K CTCHKAaM KamUIAPOB. [110JI0KUTENBHO 3apsiKeH-
HbI€ KOJJIOWABI, HEUTpanu3ysChb OTPULATENIBHO 3apsDKEHHOM Oymaroil, OynyT ocenate U
MEIJIEHHO IPOJBUraThCsl BBEPX BCiel 3a pacTBoputeneM. OKpallleHHblE 30JM THAPOOKHUCU
xKene3a, OepIMHCKOM Jla3ypu M BOJbl HaIMBAKOT MO 5-10 MJ B TpH MalE€HbKMX CTaKaHUUKa M
OITyCKAIOT B HUX IO Y3KOW OJMHAKOBOW MOJOCKE (MIbTpoBanbHOM Oymare. Cienst, yToOBI
II0JIOCKA HE KacajlaCh CTEHKH cTakaHa. Yepes 3-5 MUH CONOCTABIAIOT BBICOTY IOIHATUSA BOIBI U
KOJUIOMJHBIX YacTHIL. J[eNaroT 3aKIt0UEHUE O 3aps/Ie YaCTULl ATUX 30JIEH.

6) HanocsaT Ha ¢unbpTpoBasibHYt0 Oymary kamiau 3ouieil. [lonoxutenbHO 3apskKeHHbIE 30JIM
JIAl0T TATHA, OKpAIIeHHBIE B ILIEHTPE M OECIBETHbIE MO KpasM. PacTBOpHI C OTpUIIATEIBHO
3apsKEHHBIMU YaCTHLIAMU JIal0T PABHOMEPHO OKPAILIEHHOE IISTHO.

7.5 3HayeHHe KOHUIEHTPAUMH pearnpylIMX BeLIeCTB I MOJYYeHUS KOJJIOMTHBIX
PacTBOpoOB

[Ipubopel M peakTuBbl: cTakaHbl Ha 50 mu; MepHble nuneTkn Ha 10 M, CTEKISIHHBIC
nanouku; pactBopsl: FeCls (2%-ubiit); Ks[Fe(CN)s] (0,1%-ubrit, 10%-HbIii ¥ HaCBIIICHHbI);
JMCTHUTUPOBAaHHAS BOJIA.

Kparkue TeopeTuueckue cBe/IeHHs

Pa3mepsl AuCHepCcHBIX YacTUI] MPU PEaKIHsIX ABOMHOTO OOMEHa, B pe3yjibTare KOTOPOTro
MOJYyYal0TCs HEPACTBOPUMBIE TPOIYKTHI, 3aBUCIT OT KOHIEHTPAIMHA PEardpyOINX BEUIECTB.
[lpy odYeHb BBICOKMX M OYEHb HH3KHX KOHIIGHTPAIMAX MOJIYYalOT BBICOKOJUCIICPCHBIC
(KoJUTOMTHBIE) CUCTEMBI. B miepBoM citydae 3TO OOBSCHSETCS BOSHUKHOBEHHEM OJIHOBPEMEHHO
OYeHb OOJBIIOrO KOJIMYECTBA IEHTPOB KPUCTALIM3ALUH (3apOJBIIIEBBIX IIEHTPOB), YTO CBSI3aHO
C PacxoJ0oM BCETO pearupyromiero BemecTsa. Bo3MOXHOCTh AaTbHEUIIET0 POCTa YACTHIl ITHM
OTPaHUYHBACTCH.

B ciyyae HM3KHMX KOHLEHTpalui BeChb BO3MOXKHBIM M30BITOK BEIIECTB pacxoayeTcsl Ha
BO3HMKHOBEHHE CPAaBHUTEIHHO HEMHOTOYMCIICHHBIX IIEHTPOB KPUCTAILIM3ALUH, IaJbHEHIINIA
POCT YacTHII TEM CaMbIM HcUepnbiBaeTcs. [Ipyu cpeTHIX KOHIIEHTpAIUAX pearupyronix BEIecTB
HOJIY4aroTCs Tpy0OIMCIIEpCHbIE YaCTUIIbI, BBINIAIAOIINE B OCAIOK.

Llenb paboTHI: TMOKa3aTh POJb KOHIEHTPAIMKA pPearupyroliux BEUIECTB NPU ITOTYYCHUH
KOJUIOMTHBIX PaCTBOPOB OEPIMHCKOI JTa3ypH.
Xo1 paboThl

OmnpiT 1. B crakan HanuBaroT 5 M HackieHHoro pactBopa Ka[Fe(CN)es] u npubasisiror 2
mit 2%-noro pactBopa FeCls. TTomydaeTcst oTpuniateabHO 3apsHKEHHBIHN 30716 OEPIMHCKOM J1a3ypu
KFe[Fe(CN)e] 3enenoro 1pera. 3anucars ypaBHEHHE 00pa30BaHUs 30Jis1 OCPIMHCKOM J1a3ypu B
n30biTke K4[Fe(CN)g].

OmnbIT 2. BBIMOJHAIOT TO %e, 4TO U B omnbite 1, 6epst 3 mi 2%-Horo pactopa FeClz u 1 mi
10%-noro pactBopa Ks[Fe(CN)s]. I3 myTHOTO pactBopa BbIagaeT 0Ccag0K OCPIUHCKOIT Jla3ypH.
3anucarh ypaBHEHHE 00pa30BaHMs Ocaika OEpPIMHCKON JT1a3ypH.

OnpiT 3. B crakan emkoctsio Ha 50 Mt HamuBaroT 2 mi 0,1%-noro pactBopa Ka[Fe(CN)g]
u npubasistoT 4 mir 2%-noro pactBopa FeCls. Tlomyuaercss mOT0XUTENBHO 3apsHKEHHBIN 30716
6epimnckoit mazypu Fes[Fe(CN)s] TemHO-cHHero 11BeTa. 3amnucaTh ypaBHEHHE 00pa30oBaHUs 3015
OepnuHCKO# 1a3ypu B n30bITKe FECl3.

7.6 Koaryasinusi ¥ 3alIUTa KOJJIOWIHBIX PACTBOPOB

[IpuOopkI U PeaKTHBBIL: IIIOCKOIOHHBIE KOJIOBI Ha 50 m 100 Mu1; cTrakansl Ha 50 MiI; MEpHBII
UWJIMHAP;  MHIETKH; CTEKJISHHBIE MaJIOUKH; SJICKTPUYECKasl IUIMTKA; BOPOHKH CTEKJISTHHBIC,
OIOpeTKH; ITATUBbI; PUIbTpoBaibHAs Oymara; pactBopsl: FeClz (0,3 M u 2%); HCI (kon. u 0,1
H); NaxSi03 (Haceiennsiii pactBop); Ks[Fe(CN)s] (0,005 M), K2SO4 (0,05 M); KC1 (2 M u 0,1
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H); AgNO3 (0,001 1), xematun (0,5% u 0,025%), nucTuimupoBaHHas Boja.

KpaTkue TeopeTnueckre CBEACHHUS

Y CTOMYUBOCTD AUCTIEPCHON CUCTEMBI XapaKTePU3yeTCs CIIOCOOHOCTBIO AMCIEPCHOU (ha3wl
COXpaHATh BO BPEMEHHM KaK MCXOIHBIC pa3Mepbl YacTHll, TaK U PABHOMEPHO pacCIpenesThCs
B JUCHEpCUOHHON cpene. Hamnume snexkTpuyeckoro 3apsja Ha HNOBEPXHOCTH YaCTHUIL
ABIIIETCS BAXHBIM  YCJIIOBUEM  COXPAaHEHHS  YCTOMYMBOCTH  JHMCIEPCHBIX CHCTEM.
ArperaTuBHas HEYCTOWYHMBOCTh KOJUIOMAHBIX CHUCTEM OOYCIIOBJIEHAa H30BITKOM CBOOOJHOM
MOBEPXHOCTHOM SHEpruu Ha Mex($a3oBOH TpaHHIle, YTO MPUBOJUT K CAMOIPOU3BOJILHOMY
00pa30BaHUIO arperaToB U MOCIEAYIOLEMY UX causHuio. KuHernueckas (cequMeHTallMOHHAs)
HEYCTOMUYMBOCTH MPOSIBISETCS B OCENaHWM YAaCTUYEK AMCIEPCHON (hasbl MO BIHUSHUEM CHIIBI
TSKECTH.

Koaeynayusa — mpouecc caMONpPOU3BOJIBHOTO YKPYHMHEHMsI  (CHHMSHHS) JMCIIEPCHBIX
YaCTHUL, KOTOPbII MOKET MPOUCXOIUTh IIPU BO3JEHCTBUHU HA TUCIEPCHYIO CUCTEMY Pa3/IMUHBIX
(bakTOpoB: TMpPU UHTCHCHMBHOM T[EPEMEIIMBAHMM WU BCTPSXUBAHUU, HArpEeBaHUU WIH
OXJIQKJIEHUH, 00JIyUEHUU CBETOM WJIM MPONYCKAHUM 3JIEKTPUUYECKOTO TOKA, IpU J00aBICHUH K
CUCTEME 3JIEKTPOJIUTOB. Bo Bcex ciydasix BO3JEHUCTBUS HAa CUCTEMY MPOHMCXOAUT YMEHbIIECHUE
SHEPTUHU CBSI3H JUCIIEPTUPOBAHHBIX YACTHULl C JUCIIEPCUOHHON CpEeoi.

JloGaBieHne SIEKTPOJIUTA BBI3BIBACT cxkaTHe AUQPGY3HOTO CIIOS B KOJUIOMIAHON YaCTHIIE
U, CJIEOBATE€JbHO, IIOHWXEHUE  BEJIMYMHBI  AJIEKTPOKMHETHMYECKOrO IMOTEHLIMada. ITO
OPUBOJUT K YMEHBUICHHIO 3JIEKTPOCTATUYECKOIO OTTATKUBAHMS KOJUIOMAHBIX YACTHI] U, KaK
CJIEJICTBUE, K OOJbIIEH BEPOSATHOCTU UX CIUMNAHMs (MEAJIEHHAs KOAryJIsiLus).

MunumanbHass KOHIICHTpAIUsS SJIEKTPOJINTa, N00aBIsSeMOro K AHCIEPCHOW CHUCTEME,
IIpU KOTOPOM HACTyHaeT sIBHAs KOarysslMsl HasblBaeTcs nopozom xoazyiayuu (Ck). Ilopor
KOAryJSIIIUK OMpEeNsIeTcs TeMIepaTypoil, IpUpoIoil M00aBISIEMOro JJIEKTPOJIUTA, 3HAKOM
3apsga J100aBIsEMOr0 HMOHA (IEHCTBYET HWOH 3apsKEHHBIM MPOTHUBOMNOJIOKHO KOJUIOMIHBIM
yactuaMm — ['apau) u uducnom 3apsga storo uoHa (Illymeue). Tak i Tpex-, ABYX- H
OJIHO3apsIIHBIX HOHOB sIBHAasl KOAryJsilMs HAcTyNaeT MpHU KOHILEHTPALUU 3JIEKTPOJIUTOB,
COOTHOCSIUXCA MEXIy coboit kak: 1: 25: 500 (mpasuio Hlynsue — lMapan).

[Topor koarynsuMu pacCUUTHIBAETCS MO CIEAYIOIIEMY YPaBHEHHIO:

Ck = Con.-Van/ Vions (kmomb/m°)

Bennunna obpaTHas mopory KoaryJisiiiii Ha3bIBae€TCs KOaryJupYOIIeH cuiio (y):

y=1/Ck

SIBnenune oOpaTHOE Koaryjsiluu, T.€. pa3pylIeHHE arperaroB YacTHI] MOJ JeHCTBHEM
YHCTON IUCIIEPCUOHHON CPelbl MM PaCTBOPEHHBIX BELIECTB, HA3bIBAETCS Nenmu3ayuel.

JUis mpeloTBpalleHus] arperaliy 4acTHUIl U 3aIlMThl TUAPO30JIeH OT KOaryJupyrolero
JENCTBUS JIEKTPOIUTOB IPUMEHSIOT BHICOKOMOJIEKYJISIPHBIE COEAUHEHMS U KosutonHele [TAB,
pacTBOpUMBIE B BOJE, Hampumep, O€lIKW, MbUIa, Kpaxmall, JeKCTpuH. VX crabunnsupyroiee
JeficTBUe OCHOBaHO Ha OOpa30oBaHMM HA TMOBEPXHOCTH YacCTHIl JMCIEPCHONW  (a3bl
a7IcOpOLIMOHHBIX TJIEHOK U CBSA3aHO C YMEHbIIEHUEM MeX(Pa3HOTo HATSXKEHUS U CO CTPYKTYpPHO-
MEXAHUYECKUMHU CBOMCTBAMHU ITOBEPXHOCTHBIX CIIOEB.

3amuTHas ~ crnocoOHOocTh monumepoB wim [IAB  oTHOocuTensHO — BBIOPAaHHOTO 307
XapakTepu3yeTcs  3auumuviM — yuciom S — KOJIMYECTBOM BEIECTBa, TPeOyeMoro JuIs
cTaOWUIM3aluu €IUHUIBI o0beMa 30is. 3allUTHOE YUCIO S, KaKk M MOpPOr KOaryJsluU Cg,
ONpeNeNAI0T METOJOM TypOUIUMETpHH. 3allUTHOE Yucio S (I/1 3075) BBIYUCISIOT 110
YpaBHEHHUIO

Ccmv3am
II€ Ccr - KOHLEHTpAIMs pacTBopa cTabuiams3aropa, TI/1; Vsam - 00BEM pacTBOpa
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cTabmim3aropa, He0OOXOAUMBIN IJIsl TPEAOTBPALLICHUS KOATYIISIIIUN 30J151, MJI.

[{eab paGOThI: O3HAKOMUTHCS C SBJICHUSMH KOATYJISILIUKA U KOJUIOMTHOM 3alIUThI KOJIIOUTHBIX
pacTBOPOB.

Xoa paboThl
Omnbit 1. Koaryasiuus 30Ji1 KpeMHUEBO# KHCJIOTHI.

B npoGupky ¢ 4-5 kamisiMu KOHIICHTPUPOBAHHOM COJITHOW KHCJIOTHI BHECTH 1-2 Karum
HACBIIIEHHOI'0 PacTBOpa CUiuKara Harpus. lloiydeHHBIN 30/1b KPEMHUEBOM KUCIOTHI HarpeThb
c1a0bIM IJIaMEHEM CIIMPTOBKH JI0 1epexoa B renb. Kakoe 3HaueHne nuMeeT HarpeBaHue?

Omnpit 2. [lenTu3anus ocaaka ruapoxcua xkeiesza (111).

Buectu B crakan 20 xamenb 0,3 M pactBopa xmopuna skenesa (Ill) u mo6asmsaTe 1o
KalUIIM PacTBOpP aMMHakKa [0 TOJHOTO OCAXKACHUS TuApokcuaa xene3a. Jlate ocaaky
OTCTOSITHCS, CIIUTh C HEr0 pacTBOp U JBa pa3a MPOMBITh BOJIOM, KaXKIbl pa3 mepemerinBast
ocanok. K mpomeiToMy ocaznky 100aBUTh 2 MJI BOJBI, pa3MeIIaTh CTEKISHHON MAJOYKOH U
MOJIyYEHHYIO MacCy paslenuTh Ha 3 mpobupku. B nmepByto npodupky nodasuts 2-3 kamnu 0,1 H
pacTBopa COJISIHOM KHCJIOTHI, BO BTOPYIO — 2-3 KallTd HACBIIIEHHOTO PAacTBOpa XJIOPUAA JKeje3a
(1), a TpeThiO IPOOUPKY OCTABUTH IS CpaBHEHHSL. [lepeMeraTh COAePKUMOE BCeX MPOOUPOK U
MOCTaBUTh MX B mTaTHB. Yepe3 10 MUH CpPaBHUTH CONIEPKUMOE BCEX MPOOUPOK M OOBSICHUTH
pe3ynbTaThl HAOJIIOICHUSI.

OmnpiT 3. HcciieioBaHne KOATYJIMPYIONIEro JelicTBUSA HOHOB B 3aBHCUMOCTH OT 3aps/a.

[IpuroToBUTH KOJIOUAHBIN pacTBOp ruapokcuaa xesesa (111). 100 M qucTHIUTHpOBaHHOM
BOJIbl HArPEBAIOT JI0 KUIIEHUS. 3aTEM B KUIIALIYIO BOAY 10 KaruisiM 100aBistoT 5—10 mi 2%-Horo
pactBopa FeCls 10 momydeHust KOJIOMIHOTO pacTBopa ruapokcuaa xenesa (I11) uareHCHBHOTO
KpacHO-KOopuuyHeBoro mgera. [locie oxmaxkaeHuss pacTBOp (GUIBTPYIOT uepe3 CKIaa4aThiid
GbunbTp, YBIOKHEHHBIM IUCTWUITMPOBAHHOW BOAOU. 3016 00/1diCeH KA3amuvCs COB8EPULEHHO
npo3pauHbimM 6 npoxoosaujem ceeme!

B tpu xon6ouku BBoAAT 1o 10,0 M kojutouaHOTO pactBopa. [looyepeqHo TUTPYIOT HX,
npwimBas K 30m0 u3 Owmoperku mo kamwisiMm pactBopel  K3[Fe(CN)s], K2SOs u KCl
COOTBETCTBEHHO.  TuUTpoBaHWME  BeAyT JO0 Hayala  Koaryasiuu,  (QUKCUpYyeMOll Mo
BO3HMKHOBEHHUIO MYTH. 3allMCBIBAIOT 00bEeM V 3JIEKTPOJUTOB, MOMIEANINX HAa THUTPOBAaHHE B
tabauiy. OnbITel HE0OX0IUMO ayOaupoBaTh 2-3 pasa.

ONEeKTPOIUT Konuentpanus O0beM BIIEKTpOJIUTA, Ck, nopor
KOaryJasHT KOaryJsiHTa, MOJb/J HEOOXOIUMBIHN /17151 KOaryJsiiu, MoJb/JI
KOAryJIsiiiiy, MJI
KCI 2
K2SOq4 0,05
K3[Fe(CN)e] 0,005

[TepecunThiBatOT 00beM V KaKIOTO M3 MPUIMBAEMBIX DJEKTPOIUTOB Ha 00BeM V’
3TOTO K€ MEKTPOJIUTA, HO TpH KoHneHTpanun 1+104 M. Jlns 9Toro ncromns3yor ¢Gopmyiy:

V,:V.Cm—@a
1e¢10~

rae C »71-Ta - MONAPHAS KOHIEHTpalus THTpaHTa. COMOCTABsAA 3apAIOBbIE UHCIA AHHOHOB
coma (Fe(CN)6>; SO4> m CI) ¢ cOOTBETCTBYIOIMMH 3HAYEHHAMH V’, HIPOBEPSIOT MPABUIO
[lynsue-I'apau.

OnsIT 4. 3ammTa 30715 XJ10pHaa cepedpa

Hamute B 1Be mpoOupku 110 2 ux odowema 0,001 H pacTBOpa HUTpaTa cepedpa U Mo OHOM
Karule 2 H pacTBOpa a30THOM KucioThl. B oany mpoOupky no6asuth 10 kamens 0,5%-Horo
KOJUIOMJIHOTO PACTBOpPA JKEIAaTUHBI, B APYTYI0 — Takoi ke 00beM TUCTHIMPOBAHHOW BOJIBI.
PacTBOpHI mepeMeniaTth CTEKISHHBIMU Nanoykamu. B 00e npoOGupku 106aBUTH 1O OJHOM Karuie
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0,1 H pacTBOpa xJj0opuaa Kanus U B30odTaTh. [loyemy pacTBOp, K KOTOpoMmy Obliia 100aBlIeHA
JKEeJIaTUHA, HE IOMYTHEJI, a MOSABUIIACh TOJIBKO cllabas onayieceHIus?
OnbIT 5. OnpeesieHue 3aIMTHOTO YUCJIA CTAOUIM3ATOPA

B xaxnpiii u3 10 crakaHumkoB BHOCAT 1mo 10 M1 MCClaeayeMOoro 30Jisl M yKa3aHHbIC B
TabJuIle MepeMEeHHBIe KOJIMYecTBa crabmiam3aTopa — pactBopa skematuHa 0,025%. PactBopsr
THIATENFHO MEepeMeNInBaioT U yepe3 8-10 MUHYT BO BCe CTaKaHYMKU BHOCAT MHUIETKOW pacTBOP
Koaryysitopa — o 5 mut pactsopa KoSO4 v AMCTHIUTMPOBAHHYIO BOJY, YTOOBI 00bEM CMECH B
KaXI0M cTakaHe Obu1 Obl paBeH 20 mil. PacTBOpHI THIATENFHO MEPEMENINBAIOT U Ye€pe3 5 MUHYT
OTMEUAIOT HAJIMYHME WU OTCYTCTBUE Koarynsun. [loydeHHbIe JaHHBIC 3aHOCST B TAOJIUILY.

1 2 3 4 5 6 7 8 9 10
O0BeM 30181, MII 10 {10 (10 |10 |10 |10 |10 |10 |10 |10
O0BEM BOOBI, MII - 1015 |20 (25 (30|35 (40|45 |50
O0BeM KeraTuHA, MII 50140135 (30 (252015 |10 |05 |-
OO0BEM IIEKTPOITHTA 50 (50|50 |50 (50|50 (50 |50 (50 |50
Hamuume wiam  OTCyTCTBHE
KOAryJISIIAH

[To pe3ynbraraMm OmbITa ONPEACIISIOT MUHUMAJIBHBIA 00beM cTabmin3aropa Vers, NMpU
N00aBICHUH KOTOPOTO MPOUCXOJUT KOJUJIOMIHAS 3alUTa 30J5i. 3alldTHOE 4YHUCIO a
PaCCUUTHIBAIOT 1O (hOpMYyJIe:

a= VCTa6 ® Ccra6 ® 10,

rae Cera6 — KOHIIGHTpAIMs pacTBopa crabuiu3aropa, %.

7.7 OmnpeneneHue cpeaHero pa3Mepa 4YacTHll B 0eCLBETHOM 30Jie METOJOM CIeKTpa
MYTHOCTH.

ITpu6opst 1 peaktubl: Mpudop GIK mim KOK-3; npo3paunslii GecliBeTHBIH 3011b.

Kpatkue TeopeTnueckne cBeJIeHUS

B3aumopneiictBue cBeTa ¢ JUCHEPCHBIMM CHCTEMaMH HMeEET psijag  O0COOEHHOCTEH,
CBSI3aHHBIX C PACCESHUEM CBETa YaCTHIIaMH JTUCIEPCHOM (a3bl.

Teopuss onTHYECKMX CBOWCTB JHUCHEPCHBIX CHCTEM [JOBOJBHA CIOXHA. Peneem
paccMOTpEeH MNPOCTEWINWA  Cciaydaid paccesHUss CBE€Ta NpU  CIEAYIOIUX  YCIOBHSX:
- MaJjiasi KOHIIEHTpalMs IUCIEPCHON CUCTEMBI;

- ManbIii pasMep YacTHII (OTHOMICHHE JUTMHBI BOJIHBI MAJAfOMIEr0 CBETa A K PaIHyCy YaCTHII I
He menee 10);
- n30MeTpuuHas (opMa 4acTull;
- BEIL[ECTBO JUCHEPCHOH (ha3bl He MOIJIOLIAeT MaJarollero CBeTa, ONTHYECKU U30TPOIHO U He
AJIEKTPOIPOBOJIHO.

Ecnu B enqunmiie o6bemMa AUCIEPCHON CUCTEMBI, COAEPKUTCS N YacTHIl C 00beMoM V, TO
001IMii TTOTOK CBETA, PACCESTHHOTO BO BCEX HAMPAaBIICHUSX, IO Paiero paBeH:

n—n Lot
nt+2n ) A

rac lo -MHTEHCHBHOCTH MMaJa0IIero CBETOBOr0 IOTOKa, N M No - MOKa3aTelu

R =247

I,=d,

MPEJIOMJICHUST BEIECTBA YAaCTHI[ W JHUCIEPCHOHHON CpeIbl COOTBETCTBEHHO, BelWYMHA T
(pasMepHOCTH M) Ha3bIBAETCA MymHOCHbI0 cUCTeMB. [IpOX0XKIeHHE CBETa Yepe3 JAUCIIEPCHYIO
CHCTEMY COMPOBOXKIACTCS TPH ITOM IMOCTEIIEHHBIM TaJICHUEM €r0 HHTEHCUBHOCTH BCIIEICTBUE
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paccesiHAsT Ha 4YacTHIaX; CBSI3b HMHTEHCHUBHOCTH IMPOIIEIIIETO uYepe3 cucremy cpera | ¢
ToJuHOM cios | onmceiBaercst ypaBHenuem byrepa-Jlambepra-bepa:

4
| =1,e€

MYTHOCTI) cucTteMbl T MOXKET OBITh onpeaciicHa Kak 110 M3MEHCHHUIO MHTCHCUBHOCTHU
IMPpOXOAAIIeTO CBETA, TaK U 110 MHTCHCUBHOCTH CBETA, PACCEAIHHOI'O I1OJ KaKHUM-JIH0O YIJI0OM.

3HAYUTEILHO CIIOXKHEE 3aKOHOMCPHOCTHU CBETOPACCCAHUA YaCcTUaMKU C pa3sMCpaMu,
OJIU3KUMH K JJINHE CBETOBOH BOJIHBI, a TaKXE IMIPOBOAAIIMMH HJIK IOIIOIIAOMIUMMHU CBET
yacTunamMu. B stom cj1ydyac, B 4aCTHOCTHU, MCHACTCA XapaKTCPp 3aBUCHMMOCTU HMHTCHCHUBHOCTHU
pacceanrda CBC€Ta OT €TI0 MJIMHBI BOJIHBL: IJId HCHOPOBOJAIIMX W HCIONIOIIAOIIHUX YaCTUIL

IMOKa3aTeJib CTCIICHU IIPH >\4 YMCHBIIACTCA OT 4 IIpH PIJICCBCKOM paCCCAHHUHA 10 0 IIpH Iepexo€ K
-X
OTPAXKCHUIO CBCTA KPYIIHBIMH YaCTULIAMH, TaK YTO TN}L .

Ha prcyHKe 5 IpHBEICHA 3aBHCHMOCTD [TOKA3aTelsl CTETICHH X TIPH A OT pajiiyca YacTHIl
I', XapakTepHast IUIsl CHCTEM C CUJIbHBIM OTJIIMYUEM IT0Ka3aTelell MpesoMIIeH s BeIeCTBa YaCTHULL
U JMCIEPCHOHHOMN cpenpl. Ha 3TOM OCHOBaH MOJIy4YMBIINK 3HAYUTEIBLHOE PAaCIPOCTPAaHEHUE B
SKCHEPUMEHTAJIbHON MPAKTUKE METOJ OIpEesIEHUs] pa3MEepPOB YaCTHIl, Ha3bIBAEMBIH METOJIOM
"cnekTpa MyTHOCTH".

Hexotopbie n3 BapuantoB npubopo tuna ®OK paznuyaroTcs B OCHOBHOM YHCIOM
CBETOQWIBTPOB; B TaONMUIC MNPHBEICHBI JIUHBI BOJH }, COOTBETCTBYIOIIME MAaKCHMyMY
kodduimenTa npomyckanus cBeToQmibTpoB nprudbopoB ®IK-52 u GIK-56M.

N cBetodpunbTpa 1 2 3 4 5 6 7 8 9
®DOK-52 415 | 455 | 500 540 580 | 610 | 660

JlmmHa

BonHbl, | @OKH 360 | 413 | 453 508 536 | 584 | 610 | 565

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

[{es1b paOOTHI: ONIPEENUTh CPEAHUN pa3Mep YacTUll OECIIBETHOTO 30JI5.
Xoa paboTsl

B nanHoll paboTte ompenenseTcss MHTEHCHBHOCTH IPOLIEIIErO 4Yepe3 KOJIOUIAHYIO
CUCTEMY CBeTa B pa3IMYHbIX ydyacTKax BUAMMOHN obOsactu crnektpa. CrekTpalibHble KpUBbIE
CHUMAIOT I OJTHOTO M3 30JIel MO yKa3aHMIO IperojaBateliss ¢ momollsio npubopor GIK
(xpome ®OK-M) mm KOK-3.

W3MepeHust BHINOIHAIOTCSA C JAHHBIM 30JIEM CO CIEIYIOIUMH CBETO(UIBTPAMU: CHHUM,
rojqyObIM, 3€J€HBIM, >KENThIM, OpaHXeBbIM, KpacHbIM (QuibTpsl 3-8 mpubdopa ®IK-52 wnm
®OKH u 4-9 npubdopa ®IK-56M).

3anuchIBAIOT B TaOMUIy 3HAUEHUS ONTUYEeCcKOM mioTtHocTH D.

I[J'II/IHBI BOJIH HM OnTuueckas II0THOCTL D
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x BbruepunBarot rpaduk
3aBucuMoctu IgD ot lg}. U 10
by TAHI'CHCY YIJIy HAKJIOHA HOHy‘IeHHOfI
3 HpﬂMOfI OIpeCACIIA0T X, a 3areM Io
PUCYHKY O - CpEJHUI pa3Mep YacTHll.
'l"'l..-
2 Rt
1"'-..
1 b

i a0 B0 120 L

Puc. 5. 3aBucumocTh nokaszatesns CTENEHU X Ipu Aot panuyca gactun I.

7. 8 Onpenesienne BA3KOCTH MPH MOMOIIN KANMMJIJISIPHOIO BUCKO3MMeETPA.
BinsiHue KOHIEHTPALHM JKeJIATHHA HA BIA3KOCTh.
[IpuGopsl M pPEaKTUBBI: BHUCKO3UMETP; CEKyHIOMep; 1%-HbIil 3071b XKelmaTuHa; 30Ib
ruapokcuaa xenesa (1), 6 crakanos Ha 100 M.
Kpatkue TeopeTrdeckne CBeICHUS
CBoOOIHOIUCTIEPCHBIE KUAKOOOPA3HbIE CUCTEMBbI 00JIaat0T BSA3KOCTHIO U CIIOCOOHBI TEUb.
Bsskue Tena TexyT mpu 1r060M HaNpsHKEHWH CaABUTa P, KOTOPOE BBIPAXKAETCS yPABHEHUEM

P =F/B,
rie F — cuna Bs3koro comportuBineHus; B — miomans, Ha KOTOPYHO paclpoCTpaHseTCs

JIEUCTBUE ITON CHJIBI.

Tedenue BA3KUX TN ONpeeseTcs 3akoHoM HeroToHa:

R=ng1;FEntl,
dt dt

rae 1 — kodpdunueHt Bsizkoctu; AY/At — u3MeHeHue aedopmalri BO BpeMeHHU (CKOpPOCTh
nedopmarun).

Ecnmu 0603HauuTh ckopocTh nedopManvyd uyepe3 Y, TO B COOTBETCTBUU C TPEIbITyIIEH
(bopMyII0if BI3KOCTH CHCTEMBI PaBHA

n=PJY
Bs3kocTh  CBOOOJHOIUCIIEPCHBIX CHCTEM pacTeT IO Mepe YBEIMYEHHs] KOHIEHTpaluu
nucriepcHoi ¢aszpl. [IpucyTcTBUE YacTHI] AUCTIEPCHON (ha3bl MPUBOAUT K MCKAKEHUIO TMOTOKA
KHUJIKOCTH BOJIM3M 3TUX YaCTHUI], YTO BIHUSET Ha BSI3KOCTh JAucHepcHod cucremsl. Ecnu
KOHIEHTpalusl HE3HAYUTEIbHA, TO CTOJIKHOBEHHE YaCTUIl UCKIIIOYAETCS, U XapaKTep JIBHKEHUS
KHUJIKOCTH OKOJIO OJTHOM M3 YaCTHII OBJIHSET Ha IBM)KEHUE KUAKOCTH BOJIM3H APYTHX.
Onucanne npubopa. KammmmspHeiid BUCKO3UMETp (PHCYHOK 6) mpencTaBisieT coOoi 1Be
cooOmraromuecst crekisiHable Tpyoku 1 u 2. TpyOka 1 umeer pacummpenue 3, mnepexojsiiee B
Kamuuisip 4epe3 TpyOKy 2 wuccienyemasl KUIKOCTh MPOTEKAeT MOJ BIUSHHUEM COOCTBEHHOMN
TsOKEeCTH B TpyOKy 1. Boltie u Hike pacupenus 3 Ha Tpyoke 1 umerorcst Mmetku 5 u 6. O0béM
paciIMpeHHON 4acTu TPyOKH OOBIYHO paBeH 3 — 4 mil.
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[lepen paGoToii BUCKO3UMETP HEOOXOIUMO
IIPOMBITh XpOMOBOH CMECBIO u
JUCTUJUIMPOBAHHOM BOJIOM, a 3aTEM IIPOCYIIUTH B
CYIIMJILHOM HIKaQy.

Kuakocte 3acachlBalOT BBEPX 110 Y3KOU
TpyOKe TOYHO 70 MeTKH 5. Bpems, HeoOXxoaumoe
JUTS IOHWYKEHUST YPOBHS )KUKOCTH OT METKH 5 JI0
METKH 6, U3MEpSIOT CEeKYHIOMEpPOM. 3areM
JKHUJIKOCTh CHOBA 3aCachIBAlOT BBEPX IO Y3KOM
TpyOKe U MOBTOPSAIOT OIpe/ieiIeHHe, J1enast 3TO J0
TeX MOp, MOKa He OyAyT NHOJydarbesi OJM3KHE
3HAYEHUSI.

Puc. 6. Bucko3umerp KanuuisspHbIi.

QGJH) [22160’[‘1:13 OIIPCACIINTL BA3KOCTH paCTBOpa XKCJIaTWHA, II0Ka3aTb 3aBUCUMOCTDH
BA3KOCTH OT KOHLICHTPAIHWH PaCTBOPA.

X0 paboThl
[TpurotoBnsitoT u3 1%-HOT0 305151 JKeNaTHHA CIEAYIOIINE PACTBOPHI:
CocraB 1 2 3 4 5 6
V kematuHa, M1 0 2 5 10 15 20
V BOJBI, MII 20 18 15 10 5 0
Konnenrpanus, % 0 0,1 0,25 0,5 0,75 1
ITnoTHOCTD, T/MA 1,0 1,04 1,08 1,12 1,17 1,2

JUia Kaxxaoro pacTBOopa, HauWHas C IEPBOrO, HU3MEPSIOT CEKYHIOMEPOM BpeMms
WCTEYEHUS JKUIKOCTH Yepe3 PACIIMPEHHE BUCKO3UMETPA, MOBTOPsA Mo Tpu pasa. [lo cpennum
JAHHBIM PACCUUTBIBAIOT JUISI KAXKJIOM KOHLIEHTPALIUK BEJIMYHMHY ITOBEPXHOCTHOTO HATSDKEHUS 77

o cieayrouiei popmyie:
ot

Pr,0 ®ho

BLI‘-ICp‘IPIB&IOT KpUBYIO U3BMCHCHUA BA3KOCTU C UBMCHCHHUEM KOHICHTPALIUU.
HOqueHHble PE3YIbTATHI 3allUCBIBAIOT B Ta6m/1uy n ACJaroT BBIBOJABI O BIIHWAHUN
KOHICHTPAUX HA BA3KOCTH 30JI4.

]7:

7.9 U3yyenune BJIUSIHUS MPHUPOABLI pacTBopeHHoro Bemecrsa u pH cpeanl Ha HaGyxanue
JKeJaATHHA

[Tpubopsbl U peakTUBbI: MPOOHUPKH MEpHBIE, CTEKJIssHHBbIC Manoukd; 0,1 M pacTBOpSI
K2S0s, KCI, KNO3, KSCN, CH3COONa, CH3COOH; mopo1iok >kejiaTHHa.

Kparkue TeopeTuyecKne CBeICHNs

IIpu KOHTaKTe BHICOKOMOJIEKYIISIPHOTO COEIUHEHHUS C PACTBOPHUTEIIEM IPOHMCXOIUT €T0
HabyxaHHe — CaMOIPOM3BOJBLHOE TMOTJIOIMICHHE HU3KOMOJIEKYISIPHOTO  PACTBOPHUTEIIS
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BBICOKOMOJICKYJISIDHBIM BEILIECTBOM, YTO MPHUBOAMT K YBEIHYECHHUIO €ro 0o0b&éMa M MAaccChl.
HaOyxanune — mnpouecc u30uparTenbHblil, T.€. BHICOKOMOJEKYJISIPHOE COEIUHEHHE CIOCOOHO
HaOyXaTh TOJIBKO B TE€X XKHJKOCTSX, KOTOPbIE MO0 OTHOIICHUIO K HEMY SIBJISIFOTCS «XOPOIIUMI
pactBopuTensiMu. Hanpumep, sxenatuH HabyxaeTr B BOJE, KaydyK — B YIJIIE€BOJOPOIAX.

HalOyxanme XxapakTepu3ylOT CTENEHbIO HaOyXaHUs, WOJ KOTOPOW TMOHHUMAIOT
OTHOCHUTEJIbHOE YBEJIMYEHUE MacChl MM 00bEMa IOJIMMEpa K OINpPEIeJIEHHOMY MOMEHTY INpHU
JTaHHOW TemIiepaType.

Ha crenenp HaOyxaHus moiauMepa B OAHOM M TOM K€ pacCTBOPHUTEIE BIHSAIOT
TeMIEeparTypa, AaBjieHue, pH cpenpl, HaIU4Yue 3JIEKTPOIUTOB.

Bnusaue pH cpeabl 0COGEHHO BENMKO Ul BBICOKOMOJIEKYJIIPHBIX MOJUAIEKTPOIUTOB
(OenKoB, MEJUTION03bl); MUHUMAIbHOE HaOyXaHUE IMOJMAJICKTPOIMTOB HAOIIOAAaeTCs B 00JIaCTH
U303JIEKTPUYECKON TOukM (Hampumep, Ais xkenatuHa npu pH=4,7), Tak kak B 3TOM ciydae
MaKpoOMOJIeKyJla He 3apsKeHa, CTENEeHb T'MIpaTalliy MOJSAPHBIX TPYIN MUHMMalbHAa M THOKas
MaKpoOMOJIeKyjla CBOpAauMBaETCs B KIyOOK, pu Oojiee HU3KUX WM Oosiee BbICOKUX pH cTeneHb
HaOyXaHHUs pacTer.

HaOyxanue OenkoB 3aBUCUT OT NPUCYTCTBHSI B PACTBOPE 3JIEKTPOJIUTOB, IMPHYEM
pemiaioniee  BIMSHUE OKa3bIBAlOT HMOHBI, 3apsii KOTOPHIX IPOTHBOIIOJIOKEH  3apsity
MakpoMoJeKkyiabl Oenka. Tak, B ILIEJOYHBIX pAacTBOpax MaKpoOMoJieKyla Oelka Hecer
OTPHIIATENBHBIA 3apsjl, MO3TOMY Ha Ha0yXaHHWE OKAa3bIBAIOT BIHMSHHE KAaTHOHBI, B KHCJIIBIX
pacTBOpax — aHUOHBI.

[lo crnocoGHOCTHM BIMATH HAa HpolLecc HAOyXaHUS aHUOHBI (IIPM OJHOM M TOM K€
KaTHOHE) MOIYT OBITh pacIOJIOKEHbl B ONPEEeNICHHOM IOCIEeI0BATENIbHOCTH, Ha3blBaeMOU
auoTponnbiM psiom: SO42 > C204% > CH3COO > CI™> NO3> Br > 1" > SCN-.

Kaxzplii npeplaymuii 4jaeH Takoro psijia CHHUXKAeT CTEleHb Ha0yXaHusl CUJbHEE, YeM
nocnexytommii. Tak, B mpucyrcTBun SO4% kenaTHH HabyXaeT Xyke, 4eM B 4UCTOH Boje, 8 SCN-
YCUJIMBAET MPOIIECC BILUIOTH JI0 IIepeXo/ia OrpaHNUEHHOr0 Ha0yXaHHs B HEOIPaHUYEHHOE.

Crenenp HaOyxaHUs OMPEAEISIOT BECOBBIMU MM OOBEMHBIMH MeTo/aMHU. B 00BbEMHBIX
METO/aX M3MEpSIOT YMEHbLIEHHEe 00bEMa JKUAKOCTH, B KOTOPOW MPOMCXOIMUT TMPOLecc
HaOyXaHHMsI UM OLIEHUBAIOT yBeJIMYEHHE 00bEMa HAOYyXaroIlEero NojJuMepa.

[lenb paOoTHI: M3y4YUTh BIUSHHE MPUPOJBI PACTBOPEHHOro BemecTBa U pH cpenbl Ha
HaOyXxaHHE KeJlaTHHA.

XoJ1 paboThl

Onpit 1. N3yyenne BAUSIHMSA NPUPOABLI PACTBOPEHHOr0 BellecTBa Ha Ha0yxaHue
skejaTuHA. M3yueHne HaOyxaHus KeJlaTMHA HY)KHO MPOBOJMTH NMPH KOMHATHOM Temreparype
He Boie 22°C. [Ipu Oonee BbICOKOM TemnepaType Ha0yXaHue CTAHOBUTCSI HEOTPaHUYEHHBIM.

B nepByro mpoOupky HaluBalOT 5 MJI JUCTUIUIMPOBAHHON BOJBI, BO BTOPYIO — 5 M
pacTBopa cynbdara Kaius, B TPETbIO — 5 MJI pacTBOpa XJOpuAa Kajus, B YETBEPTYI0O — SMil
pacTBOpa HMTpaTa Kajus, B MATYIO - 5 MJI pacTBOpa pojaHujaa Kaius. B kaxayro mpobupky
BHOCAT 1o 0,3 r mopomka xenaTuHa. [[poOUpPKH OCTOPOKHO BCTPAXUBAIOT, YTOOBI YACTHIIBI
JKeJlaTHMHA OIyCTHJIMCh Ha JHO, U ONPEIENIoT 00bEM cios jkenatuHa 1o Habyxanus. Yepes 30
MUHYT U3MEPSIOT 00BEM CIl0s1 HAOYXIIEero JKeJaTHHa.

[TonydyeHHble JaHHbIE 3aHOCAT B TaOJMIy W PACCUUTBHIBAIOT CTEMEHb HAOyXaHHUS IO

dbopmyre:

a=(V— Vo)/Vo,
rae - Vo, V 00b€M ci104 10 1 nociie Ha0yXaHusl.
Nempo- | CoctaB pactBopuTens O6wem BMC, M Crenenn
OupKu a0 HaOyxaHwus, | mocie HaOyxaHus, | HAOyxaHus, o
Vo Vv

1 JuctrimmpoBanHasi Boja

2 0,1 M pactBop K2SO4
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3 0,1 M pactop KCI

4 0,1 M pactBop KNO3

5 0,1 M pactBop KSCN

Onbit 2. U3yyenne BaussHusi pH cpeabl Ha Ha0yxaHue KeJJaTHHA.

I'oToBsaT OydepHbIe pacTBOPHI:
Ne mpobupox Cocras OydepHolt cmecu 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 59 4,1 4,8
4 6,8 3,2 5,4
5 9,4 0,6 5,8

B 5 MepHBIX MpoOMPOK HATMBAIOT MO 5 MII aleTaTHON OyQepHOH cMecH C pa3IMYHBIM
pH. B xaxnyro BHocsT mo 0,3 r mopomuika sxenatiuHa. CoaepKumMoe MpoOHpOK MepeMenInBaloT,
MOCJIE OCENaHMsl KeJlaThHa M3MepstoT o0béM cios a0 HaOyxanus (Vo) u ocraBisioT Ha 30
MHHYT, H3pEIKa IMEPEMEIINBas. 3aTeM H3MepsAT 00bEM cios HaOyxrero »xenaruHa (V).
PaccunthiBatoT cTeneHb HAOyXaHUsl, pe3ylbTaThl U3MEPEHUN U PacyeTOB 3aHOCST B TAOIHILY.

Ne mpo- pH pactBOpa O06beM cros KenaTuHa, MIT Crenenn
OupKu 1o HaOyxanwus, Vo | mocne Habyxanus, V HaOyxaHus, o
1 4,0
2 4,4
3 4,8
4 5,4
5 5,8

Hcxons u3 MOMYYEHHBIX Pe3yJIbTaToOB, CIEAYET MOCTPOUTHh IpaduK 3aBUCUMOCTH CTEHEHU
HaOyxaHus oT pH pacTBOpOB U OOBSCHUTH MOITYYEHHbBIE PE3YJIbTATHI.

7.10 [MosryyeHue pa3JM4YHBIX JUCIEPCHBIX CHCTEM M M3Y4YeHHMeE UX CBONCTB

IIpuGopbl W peakTUBBI: NPOOUPKH, NMPOOKH, MpPEAMETHBIE CTeKJa, (UIbTPOBAIbHAs
Oymara, muneTku, MepHble MWIHHAPH HAa 50 u 100 M, cekynmomep; 1%-HbIi pacTBOp MbLIa
(nmm NaOH, unm Na2COs3), 30%-nsrii pactBop MgSOs, 11 pactBop HCI, pacturensHoe macio,
JpHSHOE Maciio, 11%-Hblii pacTBOp cycneH3uu Kpaxmana B Boje, 10% -ueie pactBopsl NaCl,
CaClz, A1Cl3, 2%-Hblii pacTBOp JK€IaTHHA, KHUJIKOE MBLIO.

KpaTkue TeopeTrueckue CBeIeHUs

OMyJIbCUM TPEACTABIAIOT co00M 0coObIM BUA AMCIEPCHBIX CHUCTEM, aucnepcHas (asza u
JUCIIEPCUOHHAsT CpeJa KOTOPBIX SIBJISIFOTCS B3aMMHO HEPACTBOPUMBIMU MM ILJIOXO
PAcTBOPUMBIMH KUJIKOCTAMU. ITO 00CTOATENHCTBO M O0YCIOBINBAET CIelU(PUIECKOE CBOHCTBO
AMYJIbCUI 00Pa30BBIBATH CUCTEMBI CO CPEPUUECKUMU YaCTULIAMU JUCTIEPCHON (pa3bl B LIUPOKOM
muana3one koHmeHtparmu (ot 0,001 go 90%) u ux crmocoOHOCThIO K oOpalmieHuto ¢as.
[Tomydyenue, yCTOWYUBOCTh U Pa3pyIICHUE IMYJIbCUHA OMPEICISIIOTCS OCOOCHHOCTSIMH TPAaHUIIBI
paznena XX—X.

Haubonpmmii mpakTU4EeCKHl HHTEpeC MNPEeACTaBISAIOT 3MYJIbCHH, B KOTOPBIX OJHON U3
KUIKUX (a3 sBisercs Boaa (B), a apyras ¢gopmupyercs u3 BOJAOHEPACTBOPUMOM KUAKOCTH,
Ha3zbiBaeMoi B oOmieMm ciyyae maciaoM (M); 3To MoOkeT ObITh KUIKUN >KUp, MHUHEpaJbHbIE
Macia.

B 3aBucumocTu 0T coctaBa JUCHIEPCHOM (a3bl U JUCTIEPCUOHHOM CPebl MOTYT OBbITh npsaMble
u obpammuvie smyavcuu. Ilpsimple sMmynbcuu Tina M/B — 310 aucnepcuu Mmacia B BOJE.
Pazapobiennoit (ha3oif B mpsSMBIX IMYJIbCHSIX sBIsgeTCs Maciio. OOpaTHbie SMynbcuu Trna B/M
— 3TO AMCIIEPCUM BOJBI B Macile, B HUX YacTHULIBI BOJBI PACIPENEIEHBI B MACISHOW cpene.
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[Ipsamoii sMysnbcHel SIBISETCS MOJIOKO, a MaprapuH M He(Tb MOXXHO OTHECTH K OOpaTHBIM
OMYJIBCHUSM.

Tunm SMynbCUM MOXHO OIPENEIUTh HKCIIEPUMEHTANbHO. JUIg 3TOH LEeIu B OMYJIBCHIO
J00aBIIAIOT HEKOTOPOE KOJIMYECTBO KHJIKOCTH, COCTABIAIOILYI0 OfHY U3 (a3. Eciu smynbcus
JerKko paszbasisiercs, TO J00aBisieMas KUAKOCTh MPOHUKAET B HEMPEPHIBHYIO YaCTh CHUCTEMBI,
KOTOpas U OyJeT TUCIIEPCUOHHOM cpefoi. B 3aBUCMMOCTH OT KOHLIEHTPALUHU AUCHIEPCHON (ha3bl
OMYJIbCUU MOT'YT OBbITh pa30aBICHHBIMH, KOHLICHTPUPOBAaHHBIMHU u
BBICOKOKOHIIEHTPUPOBAHHBIMH.

Y CTONYUBOCTh AMYJIBCUM, KaK U JAPYTUX JUCHEPCHBIX CUCTEM — B TOM YMCIIE U C KUJIKOU
JUCIIEPCUOHHOIN Cpelod, ompeaenseT BpeMs HMX JKU3HU M SBISIETCS BaKHEHIIUM (hakTopom,
00yCIIOBIMBAIOIIMM TIPUMEHEHHE 53MYJbCUA. OIHOTHIHOCTH AarperaTHOrO COCTOSIHMSI JBYX
CMEXHBIX (pa3 onpeaensieT 0COOEHHOCTH YCTOMYUBOCTH IMYIIbCUH.

OMynbCHM  MOTYT OBITh JTHOGWIBHBIMA H  JHOGOOHBIMU. JIMO(DUIBHBIE 3MYIbCUU
TEPMOJIMHAMMUYECKH YCTOWYMBBI U 00pa3yroTCs CaMOIIPOM3BOJIBHO IYTEM JAUCHEPrHpPOBAHUSA
MAaccChl KHUJIKOCTH J0 Kallellb OIPEIEICHHOr0 pa3mepa. JInopuibHbIX SMyJIbCUN HEMHOTO.

BonpmMHCTBO 3Mynbcuil OTHOCHTCA K JMO(OOHBIM cucreMaM. OHU TepMOJUHAMUYECKU
HEYCTOMUYMBBI, HE MOT'YT 00pa30BbIBaTbCSI CAMOIIPOU3BOJIBHO, CYIIIECTBOBATD JJIUTEIILHOE BPEMS
U HYXJIAIOTCS B CTaOMJIM3alliM, Y€rO0 MOXKHO JOCTHUTHYTh BBEJCHHMEM BELIECTB, Ha3bIBAEMBIX
IMYNb2amopamu ¥ CIOCOOHBIX CTAOUIIN3UPOBATh IMYJIbLCUU.

OMyJIbCUHM MOTYT 00pa30BBIBATHCSI CAMOIIPOU3BOJIBHO, HCKYCCTBEHHO MX MOXHO IOJYyYHUTh B
pe3yapTaTe MEXaHW4YEeCKOIO JUCIEPTHMPOBAaHUS JKUJIKOCTEH, TIOMOIEHU3AlMM U JAPYTHMH
croco0amu.

Paspymenue smynbcuid, WK A€3MYIbIMPOBAHHUE, MOKET IPOUCXOIHUTH CaMOIPOU3BOJIEHO
WIH NIOJ IEHMCTBUEM 1€IMYJIbraTopoB. CaMONpOU3BOIBHOE pa3pyLICHUE dMYJIbCUN XapaKTEPHO
JUTSE THO(OOHBIX CHCTEM.

3o0au u cycnenzuu SBISAIOTCS PA3HOBUAHOCTSAMH OJTHOTO M TOTO K€ TUIIA AUCIIEPCHBIX CUCTEM
— T/K, xortopele paznuyaroTcsi pazMepaMHd M KOHLEHTpalued YacTHll AMCIEPCHON (a3bl.
Hapsiny ¢ oOummu 3TH CUCTEMBI UMEIOT clielIu(pUUecKue, MPUCYIIUE TOJIBKO UM CBOMCTBA.

301 OTHOCATCA K BBICOKOAMCIIEPCHBIM CHUCTEMaM; WX HAa3bIBAIOT  KOLIOUOHLIMU
pacmeopamu. Cycnensuu SIBISIOTCS CpellHe- U IpyOOAHMCHEpCHBIMU cHcTeMaMH. B 3ToM oHM
KA4eCTBEHHO OTJIMYAIOTCS OT 30JIEH.

3011 — 3TO CEOUMEHTALMOHHO-YCTOMYMBBIE CUCTEMbI. JKHakas IUCIEpCHUOHHAs cpena
30J1€i1 MO3BOJISIET MOJIEKYJIIPHO-KUHETHUECKUM SIBJICHUSIM MPOSIBUTHCS HanOojee MHTEHCHUBHO.
Cycnensun, Ha060pOT, CEAUMEHTALMOHHO-HEYCTOMYUBBI; MOJIEKYIIPHO-KUHETHUYECKHE SBJICHUS
MX BBIP@KEHBI €11a00. ITpu OTHON 1 TOM K€ MacCOBOM KOHLIEHTPALMH V, y/EIbHAs NOBEPXHOCTh

YaCTHUI[ 30J1 3HAYMTEJIbHO IIPEBBINIAECT YJCIbHYIO ITOBEPXHOCTh YACTHIl CYCIIEH3UH, 4YTO
00yCJI0BIMBAET UHTEHCUBHOCTh BCEX MOBEPXHOCTHBIX SIBJICHUH.

Ilenvt OTIMYAIOTCA OT JPYIMX JUCHEPCHBIX CUCTEM IOJBUKHOCTBIO U CIIOCOOHOCTBIO K
U3MEHEHMIO TOBEPXHOCTH pasziena ¢a3. beicTpoe CHIDKEHHE IOBEPXHOCTH paszzena ¢a3
COKpAIl[aeT BpeMsl KU3HU IEHbl M OOyCIOBIMBAaeT HeoOXoaumocTh npumeHeHus I[IAB nmns
COXpPaHEHMsI YCTOMYMBOCTM II€H. 3HAUUTEIbHOE YBEIWYEHHE YAEIbHOW IOBEPXHOCTU
MOJIBUKHOM IpaHHUIIbI pa3aena (a3 npuaaeT neHam ocoOble CBOMCTBA.

[Tens! mpeacTaBmsoT coboi qucnepcHyro cucremy Tumna ['/2K, B kotopoit aucnepcHoi dazoit
ABIIIETCS Ta3 WM Map, a JUCHEPCUOHHON Cpejod — XKUAKOCTh. B kKauecTBe qucnepcHOi ¢a3bl
MOTYT CIY’)KMTb IIY3BIDBKM BO3JyXa, Haxojdmuecs B Boxae. IleHbl oTHOCATCA K
KOHIEHTPUPOBAHHBIM U BBICOKOKOHIEHTPHUPOBAHHBIM AMCIIEPCHBIM cucTeMaM. Pa30aBiieHHbIE
mucriepcHbie cuctembl Ttuna /K, comepxkanme nucnepcHod ¢asel kotopbix Menee 0,1%,
HA3bIBAIOT Ta30BBIMH OMYyJbCUAMU. B pa30aBleHHBIX cCHCTEMax MPOUCXOIUT OOpaTHas
CeUMEHTalusd —  BCIUIBITUE  Ta30BBIX  IY3BIPbKOB. B KOHUEHTPUPOBAHHBIX U
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BBICOKOKOHIIEHTPHUPOBaHHBIX cucTeMax tuna [/K, T.e. cOOCTBEHHO TeHAX, My3BIPHKU
COIIPHUKACAIOTCS APYT € APYIOM M JIMILIEHBI BO3MOXHOCTH CBOOOIHOTO NEPEMEIIIEHUS.

IIeHB! SABIAIOTCA KpaliHE HEYCTOWYMBBIMU JUCHEPCHBIMU CHUCTeMaMHU. IIIOTHOCTD KUIKOCTH
B COTHH M JIa)K€ THICAYM pa3 MPEBBIIIACT INIOTHOCTh I'a3a, U3 KOTOPOro (POPMUPYIOTCS My3bIPbKU
HIEHBI.

[lensl OTHOCATCS K TEPMOJAMHAMMYECKHM HEYCTOMUUBBIM JIMO(POOHBIM JTUCHEPCHBIM
cucreMaM. I30bITOYHAs MOBEPXHOCTHAS SHEPIUs BBI3BIBAET MPOIECCHI, KOTOpBIE BEAYT K
M3MEHEHHUIO Pa3MEpPOB IIy3bIPBKOB IIEHBI M K €€ PA3pYLICHUIO, U ONPEACIACT arperaTuBHYIO
ycTouuBOCTh TeH. M3 Bcex nTMO(OOHBIX IHCIEPCHBIX CUCTEM C JKUIKOW JUCHEPCHOHHOU
Cpeoil TIEHBI CaMbI€ HEYCTOMYMBBIE.

[{es1b paOOTHI: MOTYYUTH PA3IMYHBIE TUCTIEPCHBIC CUCTEMbI U U3YUUTh X CBOICTBA.

Xoa paboThl.

OmnsIt 1. Iosyyenns pa3déaBaeHHBIX 3IMYJIbCHH IIyTeM AUCIIEPIHPOBAHNS.

a) B mnpobupky HamuBaooT 5 M. JAMCTWUIMPOBAHHOM BOJBI, BHOCAT 5-6 Kamenb
pacTUTENILHOTO  Maciia H, 3aKphlB  NPOOMPKY, CHIBHO BCTpsixuBaoT. OOpaszyercs
rpy0onucnepcHas 3MyJbcusi, KoTopas ObICTpO pacciiauBaercs (paspymiaercs). Omnpenenstor
BpPEMsI pacCiIOEHUs €€ Ha J1B€ MaKkpo(dasbl.

6) K nonyueHHON HECTOMKOMN AMYJIbCUU AJIs CTAOMIIN3AL MU JOOABIIAIOT HECKOIBKO Kareib
1%-ro pactBopa o0bikHOBeHHOTO MbIIa i NaOH , rimn Na2CO3 11 BHOBB CHITBHO BCTPSXUBAIOT
npooupky. Ilomydaercst croiikas TOHKas 3MYJIbCUS MOJOYHO-O€I0ro 1Bera. 3aluIIUTe CXeMy
CTPOEHUS KalleJIbKH JKHpa B IPUCYTCTBUU OJieaTa HaTPUsl KaK AIMYJIbIraTropa.

Omnpit 2. Ilosry4eHHe KOHIEHTPUPOBAHHBIX IMYJILCHH.

a) Omynecust M/B. B npoOupky HammBaroT 3 mur 1%-ro oseata Hatpus (u3 ombita 1),
n00aBysAl0T 1 MIJI JIBHSAHOTO Macjda M MHTEHCUBHO BCTPSIXMBAIOT, IIOKa BCE Macjo He
smynbrupyercs. JlobasustoT eme | M Macia 1 CHOBa BCTPSXHMBAIOT. Takum 0Opa3zom, 100aBIIsist
MacJIo MOCTENEHHO NOpUUAMH 110 1 mMil. MoxHO BBecTH 10 10 mur macna. Clenyromyro NOpLuo
HE cleayeT 00aBiATh, MOKa MpeAblAyIlas TIOJTHOCTBIO HE BSMYJIbIUPYETCS. DMYIbCHIO
COXPAaHMTH Ul JAIBHENUIINX OIBITOB.

0) Omynscust B/M. B npobupky nanmusatot 3 mii 1%-ro p-pa oneata HaTpus B JbHSIHOM
Macie ¥ A00aBIAOT | M BOJIbI, HHTEHCUBHO BCTPSIXUBAIOT 10 MOJYYEHUS SMYJIbCUU U 3aTeM
J00aBJISIOT ClleAyrolue NopuuK BoAsl o 1 mi. JloGaBieHue cieayromux NOPHUM MPOU3BOIAT
JUIIb TIOCIE IIOJIHOTO SMYJIBIMpOBaHus mpensiaymeil. MoxkHo BBectw A0 10 M BOJBL
OMyJIbCHIO COXPAHUTD.

OmnsIT 3. OnpenesneHne THNA IMYJIbCHH.

a) Kamutto sMynbcuu M Karito BOJbI MOMELIAIOT PsA/IOM Ha MpeAMETHOe cTekiio. HakmoHstoT
CTEKJIO TaK, 4TOOBI KaIlsli CONPUKOCHYIUCH. Ecnu Karmim conploTcs, TO JUCTIEPCUOHHOM cpeaoit
SBJISIETCS] BOJIa (IMYJIBCHS M/B), €CJIH HE COJIBIOTCS - IMYJIbCUS OTHOCUTCS K TUIly B/M.

6) Ha (GUIBTPOBAIBHYIO Oymary HAHOCAT KaIlIo OMYJIBCUH.
Kamns smynscun M/B cpasy BcacwiBaeTcs Oymaroi u ocraercs )KupHoe msiTHo. Karuis smynscuu
B/M He BcachiBaeTcs.

B) B poOUpPKY c 10 M JUCTUIUTMPOBAHHON BOJIBI J00aBJISIOT
HECKOJIBKO Kareib SMYJIbCUU u SHEPTUYHO BCTPSIXUBAIOT. OMynbcus
M/B pacnpenensieTcss paBHOMEPHO B KHIAKOCTH, a SMYJIBCHS B/M OCTaeTCs B BHUJE Karmellb Ha
MIOBEPXHOCTH.

OmnbiT 4. Pazpynienue aMyJ1bCHii.

a) B npoGupky HanuBatoT 2-3 mi paz0aBieHHoM smyiabcun M/B (13 onbiTa 1), noGaBnstor
npu BeTpsixuBaHuu 1o karism ~0,5 mit 30%-ro pactBopa cynbdaTta MarHus (JInOO coJib KalbLus
win Oapust). TiiarenbHO BCTPAXUBAIOT JO 00pa3oBaHMs YCTOHUMBOM sMynbcuu. Ompenenstor
THUI SMYJIBCHH OJTHUM M3 BBIIIE YKa3aHHBIX METOMIOB. JleTaroT BEIBO/I.

0) B npobupky HanuBarT 2-3 M1 pa3zdaBieHHO# amyiabcuu M/B (13 omnbita 1), 1o0aBisioT
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0 KAIlIsSIM TP BCTPSXUBAHUH |H pACTBOP COJISHOM KHCIOTHI. UTO POUCXOaUT?
OmnbIT 5. OnpenesieHue CKOPOCTH CeAUMEHTALMU CYCIIEH3HHU M0 U3MEPEHHI0 00bemMa
0Ca/IKOB MO/] BJUSIHUEM Pa3IUYHBIX 100aBOK.
B 8 mepubix nunuHapos HanuBaroT 1o 90 mu 11% pactBopa cycnieH3uu Kpaxmaia B BOJE.
B xaxapiii nunusap mo 10 M clieyronmx pacTBOPOB:
1) Bosl
2) 10% pacTBOpa XJIOPUCTOTO HATPHUS
3) 10% pacTBOpa XJIOPUCTOTO KAIbIUSI
4) 10% pacTBOpa XJIOPUCTOTO ATFOMHUHHUSI
5) 5mi 2% pactBopa keaaThHa, B30AITHIBAIOT M JOOABIISIOT SMJI BOIBIL.
6) Smi 2% pactBopa xenatuHa, B30anThIBaloT 1 J00aBisiroT Smit 20% p-pa NaCl.
7) 5mn 2% pactBopa xenaTuHa, B30anThIBatoOT U 100aBisiioT Smit 20% p-pa CaClo.
8) 5mu 2% pacrtBopa xenatuHa, B30anThIBalOT 1 100aBisiFoT SMit 20% p-pa A1Cls.
UYepes 5 MUHYT TOCTIE CMEUICHHS] PACTBOPOB MPOU3BOJAAT MEPBBIA OTCYET 00BEMA OCaKa BO
Bcex nuiamHApax. Crienyomue ABa oTcY€éTa MPOU3BOJIAT TaKkKe ¢ MHTEpBaJoM 5 MuHyT. [lanee
MPOU3BOIAT TpU OTcuéra ¢ uHTepBamamu 10 MuHyT (Bcero 6 orcu€roB). [laHHBIE 3aHOCAT B

TaOIHILY:

No CocraB cmecu Bpewms ot Hayana O6beMm
WIMHpA omnbITa, t, MUH ocajka,

MUIT

1 H>0O

2 10 M 10% pactBopa NaCl

3 10 mn 10% pactBopa CaCl>

4 10 M 10% pactBopa A1Cl13

5 5 M1 2%p-pa xkenatuna + 5 mu H20

6 5 Mt 2%p-pa xenaruna + 5 ma 20% p-pa NaCl

7 5 ma 2%p-pa xxenatuna + 5 mu1 20% p-pa CaCl2

8 5 Mt 2%p-pa xenatuna + 5 mi 20% p-pa A1C13

CtposiT KpUBBIE OCEIaHMs Ha OJTHOM TpaduKe JUIsl BCeX CMecei, OTKJIaAbpIBasi Ha OCH a0CIuce
BpEMs, a Ha OCH OpJIMHAT 00BbEM OCajKa.

CycrieH3usi Kpaxmaia 3apspkeHa oTpuiarenbHo. CrenmaiiTe BBIBOX O BIMSHHUH KaTHOHOB
pa3IMYHON BAJCHTHOCTH HAa KUHETHYECKYI0 YCTOMUMBOCTH CYCIIEH3MM M BIUSHHUM 3aILIUTHOTO
KOJIJIOWAa B IPUCYTCTBUH KATHOHOB.

OmnbIT 6. ITosryyeHne neHsl.

B mumuaap emkxocteio 50 mMa HamuBaoT 10 M Boabl M 1 MIT KHMIKOTO MBLIA.
BerpsaxuBaroT 3Ty cMmechk B TeueHue 20 cexyH[. BritouaroT cekyHaoMep (mocie mpekpaiie-Hus
BCTPSIXUBAHUS).

OtmeuaroT 00bE€M 00pa3oBaBIIeiics MeHbl, BbIUNTas U3 00IIero oobémMa pacTBopa 00bEM
ocTaBIierocs pactsopa. OTMeuaror BpeMs (CEK) CaMOMPOU3BOJHLHOTO YMEHBIIEHHUS 00BhEMa
neH B 2 pasa (cek). IIoBTOpSIOT 3TOT ONBIT MpH pa3daBlIeHUM pacTBOpa BojaOH B 2 pas3a u B 4
pa3a. [lonydeHHble pe3yapTaThl 3alMCHIBAIOT B TAOJUIy U CTposAT rpaduk. Beectu 1-2 karum
koHneHTpupoBanHoi HCI. [Tera MOMEHTaJIbHO TracuTCsl.

KoHnenTpanys neHooOpazoBaTes
Cs Co=Cy/2 Cs=C,/4
Bpewmsi, cek | O0bem neHsr, V,mi Bpewms, cek OOBeM IeHHI, Bpewms, cex | O6bveMm niensl, V, M
\YAY)i

8. TEMATUKA KYPCOBbBIX, KOHTPOJIbHbIX PABOT, PE@EPATOB

JlauHblit Bug paboThl He peaycMoTpeH Y11
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9. MNEPEYEHb BOITPOCOB K 3AYETY

1. Knaccudpukamuss nucnepcHbix  cucteM. (OcCOOEHHOCTH  YJIbTPaMUKPOTETEPOT€HHOTO
coctosHus. KommoungHble yacTuIbl M KOJIJIOWIHBIE CHUCTEMBI; KOJUIOMAHOE (AMCIEPCHOE)
COCTOSIHUE BEILIECTBA.

2. KonuuectBeHHOE oOIpeNieieHue JUCIEPCHOCTH: JTUCIEPCHOCTh M yJeNbHAas IOBEPXHOCTh
KPUBHU3HA TOBEPXHOCTH YacTUI[ AUCHEPCHOU ¢a3bl. Poilb MOBEPXHOCTHBIX SIBICHHH B
npolieccax, MPOTEKAOUIMX B JUCIEPCHBIX cUCTeMax. B3anMocBs3b KOMIOMJHON XUMHHU C
JPYTUMH XUMHUYECKUMH JUCIUTUIMHAMHE, ¢ PU3UKON, ONOJIOTHEH, Te0IOTHEH, MeTUITTHOM.

3. IloBepxHocth pasznena ¢a3. CBoOomHas MOBepXHOCTHas dHeprus. IloBepxHocTHOE
HaTSDKEHUE, CUIIOBAsl M SHEpreTudecKasi TPaKTOBKH.

4, Merton W30BITOYHBIX TEPMOJAMHAMHYECKUX (YHKIUMHA moBepxHOCTHOro ciosi (I'm66c).
[ToHsiTHE O OBEPXHOCTH pa3pbiBa U paszessiomniei moBepxHocti. O000IIeHHOE YpaBHEHUE
IIEPBOT0 M BTOPOIrO 3aKOHOB TEPMOAMHAMHUKH Ui MMOBEPXHOCTU paszzeina ¢a3. M3meHeHnue
MOBEPXHOCTHOT'O HATSKEHUS KUAKOCTU Ha T'PAHULE C COOCTBEHHBIM I1APOM B 3aBUCUMOCTHU
OT TeMIIepaTyphbl, KpUTHUECKas TemIieparypa o MeHjeneesy.

5. TloBepxHOCTH pazzena MeXIy ABYMSI KOHICHCHpOBaHHBIMH (hazamu. [IpaBuino AHTOHOBA;
YCIIOBUS €TI0 IPUMEHEHUS.

6. Kammmnsprnoe nasienue. 3akoH Jlamnaca u ero cineicTBUsl. 3aBUCUMOCTH JABIICHHS Tapa OT
KPUBHU3HBl TOBEPXHOCTH JKUAKOCTH. 3akoH Tomcona. KanwuispHas KoHJIeHcauus.
N3oTepMuyeckas neperoHka BelecTBa.

7. CwmauuBanue. KpaeBoii yron. 3akoH FOHra (cuioBoil W DHEPreTUYECKUN BBIBOBI).
CooTHomieHHe Mexay pabdoTaMu KOTre3ud M aiare3sud npu cmadumBaHuu. KanummispHoe
HNOJHATHE KMJIKOCTH, YypaBHeHue JKropeHa, KanuulsipHas IOCTOSHHAS >KUJKOCTH.
N30uparenpbHOoe CMayMBaHUE KaK METOJl XapaKTEPUCTHKU IOBEPXHOCTEH TBEPABIX TeEl
(muodunbHBIX U MM0GoOHBIX). [ToaHOE cMaurBaHue (TEPMOIMHAMUYECKOE YCIOBUE).

8. BnmsHme KpUBU3HBI NMOBEPXHOCTH (pa3Mepa YacTHIl) Ha JaBJIEHHE HACBIIICHHOTO Iapa U
pacTBOpUMOCTH BenlecTBa. M3oTepMuueckas NeperoHka v KanwuIsipHas KOHACHCalUs.

9. Mertoapl U3MEpEHHs MOBEPXHOCTHOTO HATSDKEHHUS M CBOOOHOW MOBEPXHOCTHOW >HEPTUHU
TBEPABIX TEI.

10. Pa3pymienne u u3Menb4YeHUE (IUCTIEPTUPOBAHMUE) TBEPIBIX TEN KaK (DU3UKO-XUMHUYECKUH
npoliecc 00pa3oBaHMsI HOBOM MOBEPXHOCTH.

11. Dpdexr Pebunaepa: m3MeHEeHHUE MPOYHOCTU M IUIACTUYHOCTU KakK CIEACTBUE CHMKEHUS
MOBEPXHOCTHOW »HEpPruu TBepAbIX Ted. OCHOBHBIE (oOpMBbl MposBiIeHUS 3ddeKTa:
1acTu(UIMpoBaHUe, BOZHUKHOBEHUE XPYNKOCTH, CaMOIPOM3BOJIBHOE JUCIIEPTHPOBAHMUE.
TepmoauHaMudeckue yciaoBus nposiBieHus 3¢dexra Pebunaepa.

12. BausiHue XWUMHYECKOW MPHUPOIBI TBEPIBIX TN W IKHUIKOCTEH Ha BO3MOXHOCTH €ro
OposiBIEHUs. DneKTpokanwuiapHbell 3¢ dekr. Ilpossnenune »sddexra Pebunnmepa B
MPUPOJIHBIX U TEXHOJIIOTUYECKHUX Ipolieccax (IPUMEpHI).

13. Ancopbuus Kak CcaMONpPOU3BOJIBHOE KOHIIGHTPUPOBAHME HAa IMOBEPXHOCTH paznena (a3
BEIIECTB, CHIDKAIOIUX MexX(a3zHoe HaTspkeHue. [10BepXHOCTHO-aKTUBHBIE M -MHAKTHUBHBIE
BeniecTBa  (mpumepbl). OTHOCUTENBHOCTh IOHATHSI  "NIOBEPXHOCTHAs AKTHBHOCTBH'
(3aBUCUMOCTD OT MPUPOABI KOHTAKTUPYIOMHUX (a3).

14. TepmoaunaMuka nporiecca aacopOuuu. Ypasaenue ajcopoun ['nbdoea.

15. Oprannyeckue noBepxHOCTHO-akTuBHbIe BemiecTBa (I[IAB). Knaccudukanmus ITAB mo
MOJIEKYJISIPHOMY CTPOEHUIO (aHMOHO- U KaTHOHOAKTHUBHBIE, HEMOHOT'€HHBIE, aM(OIUTHBIE);
obnactu npumenenuss I[IAB. Beicokomonekynspusie I[IAB (mpumepsl, oTiauuus OT
HU3KoMoseKysapHbIX [TAB). Ilpo6iaema 6uopasznaraemoctu ITAB. Knaccudukamus I1AB
[0 MEXaHU3My HUX JeWCTBUA (CMauMBaTeIM, JUCHEPraTopbl, CTaOMIM3aTOPBI, MOIOIIKE
BemiecTBa). [lonstie o ruapodunbHo-munopunsaoM 6anance (I'JIb) monekyn ITAB.
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17.
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20.

21.
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23.

24.

25.

26.

27.

28.

29.

3aBUCMMOCTh IMOBEPXHOCTHOIO HaTsKeHuss OT koHueHTpauuu [IAB. VYpasuenue
[InmkoBckoro. IloBepXHOCTHAsE aKTUBHOCTb, €€ W3MEHEHHE B TI'OMOJIOTMYECKUX psAax
[TAB. TepmoamHammuueckoe oOOocHOBaHWEe TpaBmiia Tpaybe - [lrokimo. Meroabl OLEHKH
MOBEPXHOCTHOM aKTUBHOCTH opranuudeckux [TAB.

PabGora anmcopbumu. JlMHaMUYECKUH XapakTep aiCOpOIMOHHOIO paBHOBECHS Ha
nmoBepxHocTu pazaena pactBop I[IAB - ra3. VYpaBuenue JIsHrmropa, e€ro cBsi3b C
ypaBHeHusiMu ['n606ca, LlumkoBckoro 1 @pymMKuHa.

Ancopouust [TAB u3 pacTBOpoB Ha MOBEPXHOCTH TBEpAbIX Ted. [IpaBmiio ypaBHUBaHUS
nossipHocTelt Pebunmepa. Momudunupyromee naeiicteue [TAB: ruapopwnmmzanus u
ruzipooOu3anus TBEpIOi MOBEPXHOCTH.

JBoitaoit snexrpuyeckuit cinoit (ADC). [Tpuunnsl oopazosanus JIDC. Tepmonunamudeckoe
paBHOBECHE IOBEPXHOCTHU pazjiesia a3 C yueToM JIEKTPUUYECKON SHEPTUH.
DJEKTPOKUHETUYECKUE SIBICHUS: 3JIEKTpodopes, 3JIEKTPOOCMOC, MOTECHIHAIBl TCUCHHUS M
ocenanus; teopus [enbmronpna - CMOIYXOBCKOro. DJNEKTPOKMHETUYECKHM IOTEHLMA
IpaHULIA CKOJIbKEHUS. MeTo1bl OIpeIeeHHsl 3JIEKTPOKMHETUYECKOT0 MTOTEHIIN AT
Crpoenne muuemwisl ruapooOHOro 30is8. BinsHuE KOHLEHTpaUM U HPUPOABI
AIIEKTPOJIMTA HA BEIMYMHY U 3HAK 3apsaa KOJUIOMAHBIX YacTuil. OCHOBBI HOHHOTO OOMEHA.
JInorponHeie pAnel. M3021€KTpUYECKOE COCTOSHHME B JMCIEPCHBIX CHCTEMAaX; METOJBI
oIpeacieHus W309JIEKTPUYECKON TOYKH. [IpakTueckue MIPUJIOKEHHUS
JEKTPOKUHETUYECKUX SIBICHUM.

JucnepraiiiOHHbIE METOJbl TOJYYEHHUsS] TUCHEPCHBIX CHCTEM (30J€H, 3MYJIbCHH, IIEH,
asposozei). Ponp ITAB B mpouecax mnoiydeHus aucrepcHblx cucteM. CBs3b paboThI
JCTIEPTUPOBAHMS C TOBEPXHOCTHOM »Heprueil TBepAbIX Teid. McmonmpzoBanume 3¢ ¢dexra
Pebunnepa ans ymenslieHUs: paboTsl aucneprupoBanus. Ilponeccsl qucneprupoBaHus B
IPUPOJIE U TEXHUKE.

KonneHcannonHbple crnocoObl MOJIY4YeHUs TUCHEpCHbIX cucteM. OOpa3zoBaHue 30jei B
IIPOLIECCE XUMHUUYECKHUX PEAKIIAMN.

OO0pa3oBaHue YacTul] AMCIEpCHOW (as3bl B Mpolieccax KPUCTAUIM3ALUM U3 PacTBOPOB,
KOHJICHCALIUN MEPECHIIIEHHOT0 napa, KuneHusi. MeTopl peryjaupoBaHusl pa3MepOB YacTHUIL
B JMCIIEPCHBIX CUCTEMAX.

OcHOBHBIE METO/ABI OYMUCTKM 30sield (auanu3 u  yinbTpadpuibTpanus). KommouaHo-
xummnueckue corictea BMC. Metoapl onpenencHusl KOHLEHTpAU U Pa3MEPOB YaCTHIL
30JI€H.

Munemnnoobpa3zoBanue B pacTBOpax ITAB. Kpurnueckas KOHIEHTpaLus
munemnoodpazopanusd (KKM), ocHoBHbie Meronbl ompenenenuss KKM. Omnupuueckue
3akoHOMepHOCcTH un3MeHeHHs KKM ¥ MuHUManbHOrOo 3HA4Y€HHsA IOBEPXHOCTHOTO
HaTSDKEHUs Ha rpaHule paszaena pactsop I[IAB - Boznyx B romonornyeckux pspax [TAB.
CrpoeHue npsMbIX 1 0OpaTHBIX MHUILIEIUT IIPU pa3IMYHbIX KoHIeHTpauusax [TAB.
TepMoanHaMuka MuIEUI000pa3oBaHus: TemioBble 3(Q(EKTb, posib TUAPOPOOHBIX
B3aUMOJICHCTBUHN, nuarpamMMa (a3oBBIX COCTOSHUH, TemmnepaTypHas 3aBucumoctb KKM;
touka Kpadra.

Como0mm3zanus (KOJUIOMIHOE PAaCTBOPEHHE OPraHMYECKUX BELIECTB B MPSMBIX MHIIEIIIAX).
OtHocuTenbHAsE CONMIOOMIU3AlMSA, 3aBUCUMOCTh OT TEMIIEpaTypbl M KOHIIEHTPAILHH.
Couro0mn3aius B HEBOIHBIX Cpeiax.

Omynbeud.  Krnaccudukanus, onpeeneHne CTENeHW TUCHEPCHOCTH. OMYINbraTophl,
npuHiunsl Beibopa ITAB s crabwimzanuy OpsMbIX U OOpaTHBIX SMynbcHi. Poib
ruapogmibHONIUNnOGuIbHOrO 0Oanmanca Moisekyiasl [IAB B crabwimzanuu 3MyIbCHM.
OMyJbCHOHHBIE TIIJIGHKH; HMX CTpO€HHE U (DAKTOpbl, BIMSAIOLIME HA YCTOMYUBOCTH
SMYJBCUOHHBIX IUIEHOK. OOpaieHue a3 B 3MynbcHsiX. TBepable 3MynbraTopbsl. MeToabl
pa3pyLIeHMs SMYJIbCUH.
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39.

40.

41.
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44,

[lensl. Crpoenme meH u ux kiaccudukamus. Kparnocts nen. IlenooGpaszoBateny,
3O PEKTUBHOCTP WX BIMSHUSA H CBA3b C TUIAPOPHIBHO-TUMOPUIBLHEIM — OaJlaHCOM
ucnonb3yembix [1AB. BrusHue 37eKTpOIMTOB Ha meHOooOpa3ymoIlyo crnocodHocts ITAB.
[TenHble MI€HKH, CTpOEHUE, (PAKTOPHI YCTOMUUBOCTH.

Absposzonu. Kiaccudukanus a’po30ieil 1Mo arperaTHOMy COCTOSIHUIO YaCTHUI] JUCIEPCHON
¢a3pl. MeTobl MOJIyYeHHUsI U U3MEPEHUsl pa3MepOB a’pO30JIbHBIX YaCTHL. MoJeKyJIspHO-
KHHETHYECKHE CBOMCTBA a3p030Jiel (BBICOKO- U TPyOOIUCIIEPCHBIX).

DJeKTpUYecKue CBOWCTBA a’3po30Jiel, IMPUYMHBI BOZHUKHOBEHHUS 3apsijia Ha MOBEPXHOCTH
YacTHUIl. ATrperaTuBHas yCTOHYMBOCTH a’po3odieil. CrocoObl U 0COOEHHOCTH pa3pylIeHHs
a’po30JIeH.

MonexyasipHO-KMHETHYECKUE CBOMCTBA NUCHEPCHBIX cucTeM. [(uddy3us B KOJUIOHIHBIX
cucreMax. 3akoH DUHIITEHA.

CenuMeHTallMOHHBIM  aHAJIM3 MOJUIUCIEPCHBIX cucteM. KoHcTaHTa ceauMMEHTalUu.
JuddepenunanbHas KpuBas pacnpefeiaeHns YacTUll 0 pa3MepaM; UHTerpajibHas KpuBasi;
IOCTPOEHUE UX U3 JaHHBIX M0 KUHETUKE HAKOIUIEHUS 0CaIKa.
CenumenTtannoHHO-1u(p¢y3noHHOEe paBHoBecue. Meton IleppeHa omnpezneneHus yucia
ABoranpo. Ilpumenenue ynbTpaneHTpUyr Ui U3MEPEHHST MAacChl YIbTPAAUCIEPCHBIX
yactull U Makpomouiekyn (ymanckuii, Cendepr).

Teopust ycroituuBoctu ruapodoOHbIX 3omer (teopust JJJIDO). TepmomnHaMuka TOHKHX
wieHok. PacknunuBaromee pasneHue 1o Jlepsaruny. MosekyssipHas —cocTaBisoLas
PaCKJIIMHUBAIOMIETO JABJICHUS. YUeT MOJEKYISPHOW MPUPOABI KOHTAKTUPYIOIUX (a3, st
TOHKMX IUIGHOK U  C(QepUyYecKMX 4YacTULl. JEeKTpocTaTH4YecKass  COCTaBJISIOIIAsS
PACKIMHUBAIOLIETO JaBJICHUS. 3aBUCUMOCTb SHEPIMH B3aUMOAECUCTBUSI YaCTULl TUCIIEPCHOM
(a3bl OT PACCTOSHUS MEXK1Y HUMHU.

OcHOBHBIE (DaKTOPHI, BIUSIOIMIME HA arperaTMBHYI0 YCTOMYUBOCTH JTUCIEPCHBIX CHCTEM.
D¢ dexTrBHAs YyIIPYrOCTh TOHKUX MJIEHOK. I napoIuHaMuYeckre OCOOEHHOCTH YTOHBIIEHUS
MJICHOK.

CrpykTypHO-MexaHHueckuii Oaprep (Teopusi Pebunnepa). Peonmormueckue cBoicTBa
aacopOunonHsix cioeB I[IAB - cTaOuian3aTopoB KOJUIOMAOB KOJUIOMJIHBIX CHCTEM.
3alUTHBIE KOJUIOHUIBI.

[Topor xoarynsuuu; 3aBUCUMOCTb KPUTUYECKOM KOHLEHTPALUU 3JIEKTPOJIUTAa OT pa3Mepa U
3apsiia koarynupytomiero voHa (mpasuio Illyneue - I'apan). AHTaroHu3M U CUHEPrU3M B
JEHCTBUM 3JIEKTPOIUTOB Ha MPOIIECC KOATYIISILIUHU.

Koarynsmust  cwibHO W c1abo  3apsDKEHHBIX 307 (KOHLEHTpalMOHHas |
HelTpanu3anuoHHas koarymsiusi). O0ocHoBanue mnpaswia llynsue - T'apau u kpurepus
Onnepca - Kopda B Tteopunm JIDO. Onoxymsuus, reTepokoaryiasius, aaaryisinus
(ompenenenusi, IpUMEpHI).

Kuneruka xoarymsiuuu. Teopust ObicTpoit koarynsuuu (CMOITYXOBCKHI); OCHOBHBIE
MOJIOKEHUsT Teopuu MeieHHon koarymsiuu  (H.@ykc). OOpatumocts  mporecca
koaryisiuuu. [lentuzanus.

3aKOHOMEPHOCTH TEYEHHUsI CBOOOJIHO-TUCIEPCHBIX CHCTEM IOJA ACHCTBUEM MPUIOKEHHOTO
nasiieHus. 3akoH HeloToHa. BiMsHue KOHIEHTpauu U (pOpMbI YacTULl AUCTIEPCHOU (a3bl
Ha 3aKOHOMEPHOCTH TEUCHHS (3aKOH DHINTEHHA).

CrpykTypooOpa3oBaHue B JUCHEPCHBIX cHCTeMax. BO3HHKHOBEHME M  pa3BUTHE
MPOCTPAHCTBEHHBIX CTPYKTYp. IIpupona KOHTaKkTOB MEXIy DdJIEMEHTaMU CTPYKTYP.
[Tepuonuueckue cTpykTypbl. OOpa3zoBaHue U CBOICTBA Tejei.

KoarynsunoHHble CTpYKTYpbl. YClIOBUSI 00pa30BaHUSl, MEXaHUYECKUE CBOMCTBA; SIBICHUE
TUKCOTPOIIUH.
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45. Kpucramn3aldoHHble  CTPYKTYpbl. MeXaHMYecKue CBOMCTBA  KPUCTAUIM3ALMOHBIX

cTpykTyp. OmnmcaHue IUCIEPCHBIX CHUCTEM Ha OCHOBE PEOJIOTHYECKUX MoJesei
(Makcgenna, KensBuna, bunrama, IlIBegosa). [lonnast peosornyueckasi KpuBasi.

46. OUBUKO-XUMHYECKHE METOJIbl  PEryJHpPOBAaHUSA CTPYKTYPHO-MEXAaHUYECKHUX CBOMCTB
JUCTIEPCHBIX CHUCTEM Ha PA3JIMYHBIX CTAAUAX UX (OPMHUPOBAHUS KAaK OCHOBHAs 3ajadya
(UBUKO-XUMHYECKON MEXaHUKH.

10 CAMOCTOSATEJBHASA PABOTA OBYYAIOLIIUXCSH
Copepxanue, TpeOOBaHMsI, YCIOBUS U MOPSAJIOK OPraHU3alMU CaMOCTOSTEIbHOU
paboTel oOydarommxcs ¢ yd4etoM (Gopmbl 0OydeHHs ONpENeNseTcss B COOTBETCTBUU C
«IlonoxxenneM 00  opraHu3alMd  CaMOCTOSITEIBHOM  pabOThl  00yYaromUXCsy,
yTBEP)KAEHHBIM YueHbIM coBeToM YI'Y (mporokos Ne 8/268 ot 26.03.19 r.).
dopma o0yueHus: OUHas.

Haszpanue pa3zesioB u TeM Bua camocrositesibHOIl paboThl O0bem B dopma
yacax KOHTPOJIsI
1. OcnoBHble mOHATHS | [IpopaboTka yuebHOrO Marepuana c 1 BBIOOpOYHAs
KOHHOHHHOﬁ XHUMUH, HCIIOJIB30BAHUCM peCypcoB y‘IC6HO- IIPpOBEpPKa BO
00BEKThI " ey | MCTOIMYECKOr0 U MH(OPMALHOHHOTO BpeMs
U3YYEHHUS. obecrie4eHus! TUCIUIUIUHBL. ayZITOPHBIX
[lonroTroBKa K yCTHOMY OIpOCYy U 3aHATHH;
KOHTPOJIBHOH paboTe. BKITIOUCHUIE
IlonroroBka Kk ciaye 3adera. BOIPOCOB  Ha
KOJJIOKBUYME H
KOHTPOJIbHOU
pabore, Ha
3aueTe
2. TepMouHaMuUKa [IpopaboTka ydeOHOrOo Marepuana c 1 BHIOOpOUHAST
i{ | WCIIONIb30BaHUEM €CypCOB 4yeOHO-
MMOBEPXHOCTHBIX SIBJICHUH pecyp y IpoBepKa BO
METOANYECKOTO W WH()OPMAIIMOHHOTO
o0ecreyeHns JUCLUIIINHEL Bpemst
[logroToBka K YCTHOMY OIpoCy U AYTUTOPHBIX
KOHTPOJIbHOH padoTe. 3QHSITHIL;
IToaroroBka k craue 3ayera. BKITFOUCHHE
BOIPOCOB  Ha
KOJUJIOKBUYME H
KOHTPOJIBHOI
pabore, Ha
3adeTe
3. Kammunsipusie siBnenust | IIpopabotka  yuebHoro marepuana ¢ 2 BBIOOpOYHAsS
HUCIIOJIB30BaHUECM peCypCcoB y‘[e6HO' MIpOBEpPKa BO
METOJANYECKOTO W WH()OPMAIIMOHHOTO BpeMst
oOecrie4eHnst JUCIUILINHEL ayTUTOPHBIX
IlonroroBka K YCTHOMY OIpoCy H Ny
N 3aHATHUH;
KOHTPOJIBHOM padoTe.
BKITIOYECHIIE
IToaroroBka k caaue 3aydera.
BOIPOCOB  Ha
KOJUJTIOKBUYME WU
KOHTpPOJIBHOM
pabore, Ha
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3adeTe
4. IMoBepxuoctHeie | [IpopaboTka yuebHOro Marepuama ¢ 2 BBIOOpPOYHAS
ABJICHUS M MEXaHUYeCKue | MCTIOIb30BAHMEM — PECYpCOB  yd4eOHO- IIPOBEPKA BO
CBOICTBA METOJIUYECKOTO0 ¥  HUH(OPMAIMOHHOTO BpeMms
TBEpIBIX TEM oOecrevYeHUs TUCIUTUIHHEIL. ayJIUTOPHBIX
[lonroToBKa K yCTHOMY OIpOCYy W Ny
N 3aHATHH;
KOHTPOJILHOH padoTe.
BKITIOUCHUE
[ToaroToBka k caave 3auera.
BOIIPOCOB  Ha
KOJUIOKBUYME U
KOHTPOJIbHOM
pabore, Ha
3adeTe
5, AncopOuus Ha | Ilpopabotka yueOHOrO Marepuama C 2 BBIOOpOUYHAs
TIOBEPXHOCTH pasziena (a3 | HCIOIb30BAHHEM — PECYpcoB  y4eOHO- IIPOBEPKa BO
METOANYECKOTO W WH()OPMAIIMOHHOTO BpeMSI
obecreueHns JUCIUTUIIHHEL. AYIATOPHBIX
IlogroToBka K YCTHOMY OIpoCcy U ..
. 3aHATHUH,
KOHTPOJIBHOM padoTe.
BKITIOYCHIIE
[ToaroToBka k caaue 3ayera.
BOIIPOCOB  Ha
KOJUIOKBUYME H
KOHTPOJIBHOMN
pabore, Ha
3ayere
6. [IpopaboTka y4eOHOro MaTepuaiga C 2 BBIOOpOYHAsS
DJIIEKTPONOBEPXHOCTHHIE HCIIOIB30BAaHHEM  PECYPCOB  y4eOHO- IIPOBEPKA BO
SBICHWS B IHCIEPCHBIX | METOMMYECKOro M “H(POPMAITIOHHOTO BpeMst
CHCTEMAX o0ecreyeHns JUCLHUIIINHEL ayJIUTOPHBIX
IlogroToBka K YCTHOMY OIpoCcy U o
N 3aHATHH;
KOHTPOJIBHOH paboTe.
BKITIOUCHHUE
[ToaroroBka k ciade 3ayeTa.
BOIPOCOB  Ha
KOJUIOKBUYME U
KOHTPOJIbHOM
pabore, Ha
3auere
7. JIuohobHbBIE CHCTEMBI IIpopaboTka y4eOHOro MaTepuaiga C 2 BBIOOPOYHAs
HUCIIOJIB30BAHHUEM peCypcoB lee6HO- IIPOBEpPKaA BO
METOANYECKOTO W WH()OPMAIIMOHHOTO BpeMsI
obecrieueHns TUCIUTUTHHEL. AYJIATOPHBIX
[lonroToBKa K YCTHOMY OIIpOCy U Ny
. 3aHATUM;
KOHTPOJIbHOI1 paboTe.
BKITIOUCHUE
[ToaroroBka K ciayde 3ayeTa.
BOIIPOCOB  Ha
KOJUTOKBUYME H
KOHTPOJIBHOI
pabore, Ha
3aueTe
8. Jlnopuneaeie | [lpopabotka  y4eOHoro marepuama C 2 BBIOOpOYHAsS
JUCIIEPCHBIE CUCTEMEI HCIIONB30BAHAEM ~ PECYpCOB  y4eOHO- MIpOBEpPKa BO
METOJIUYECKOT0 ¥  HMHGOPMAIMOHHOTO Bpemst
1(ZIGG:CHetIeHI/ISI JOUCIUILIVHBI. ayIUTOPHBIX
OJTOTOBKAa K YCTHOMY OINpOCYy | N
A Y y pocy 3aHATHH;

KOHTPOJIBHOM padoTe.
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IloaroroBka K cjade 3auera. BKJIFOUCHHE
BOIIPOCOB  Ha
KOJUIOKBUYME H
KOHTPOJIbHOM
pabore, Ha
3a4eTe
9. Dwmynecuu ® 1eHbI, | lIpopabotka ydebHOro marepmana ¢ 2 BBIOOpOYHAs
a’po30JIU WCIIOJb30BAaHUEM  PECypcoB  y4eOHO- IIpoBepKa BO
METOAMYECKOT0 W  HWH()OPMAITMOHHOTO BpeMst
o0ecIIeueHNs TUCITUILINHEI. AYIATOPHBIX
[logroToBka K YCTHOMY OIpoOCy U SAHSITHA:
KOHTPOJILHOM padore. ’
IloaroroBka K caade 3adera. BITIOYCHHC
BOITPOCOB Ha
KOJUIOKBUYME H
KOHTPOJIBHOMN
pabore, Ha
3a4eTe
10.CenumenTanioHHas [IpopaGoTka yueOHOrO Marepuaga ¢ 2 BBIOOpOYHAS
YCTOﬁqHBOCTB HUCIIOJIB30BAHHUEM peCypcoB y‘IC6HO- MpOBEpKa BO
METOJUYECKOTO0 ¥  WHGOPMAIIMOHHOTO Bpemst
o0ecreyeHns JUCLUIIINHEL ayJIUTOPHBIX
[lonrotoBka K yCTHOMY OIpOCYy U SAHSITHA:
KOHTPOJIBHOM paboTe. ’
IloaroroBka k cgaue 3adeta. BITHHOYCHHC
BOIIPOCOB  Ha
KOJUIOKBUYME U
KOHTPOJIbHOM
pabore, Ha
3a4eTe
11.ArperaTuBHas [IpopaboTka y4eOHOro Marepuaiga ¢ 2 BBIOOPOYHAsS
yCTOI\/’ILH/IBOCTI) HCIIOJIBb30BAaHNEM peCypcoB yqe6Ho- MIPOBEPKA BO
METOJIUYECKOr0 ¥  HMHGOPMAI[HOHHOTO BpeMst
o0ecIeueH s TUCIUILINHEL. AYJIATOPHBIX
[lomrotoBka K yCTHOMY OIPOCY H SAHSITHA:
KOHTPOJILHOM padoTe. ’
[TogroroBka K ciade 3ayeTa. BICHOACHHE
BOITPOCOB Ha
KOJUTOKBUYME H
KOHTPOJIBHOI
pabore, Ha
3a4eTe
12 Koarymnsmus 3oineil | IIpopaborka yueOHOTO Marepuana ¢ 2 BBIOOpOYHAs
3HeKTpOHI/ITaMI/I HUCITIOJIB30BAHHUEM peCypCcoB yqe6H0- MpOBEpKa BO
METOJIUYECKOT0 ¥ HMHGOPMAIMOHHOTO BpeMst
oOecrie4eHnst JUCIUILINHEL ayTUTOPHBIX
HDHFOTOBKaV K YCTHOMY OIpOCYy H SAHATHIL
KOHTPOJIBHOM padoTe. BKTOYCHIE

HO,Z[FOTOBKa K cJadyec 3a4dcTa.

BONPOCOB  HA
KOJUTOKBUYME H
KOHTpPOJIBHOM
pabore, Ha
3aueTe
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13. ¢usuko- | [Ipopabotka yuebHOro Marepuana 2

XUMHYSCKON MEXaHUKHU

UCIIOJIb30BAaHUEM  PECYpPCOB

obecrieyeHns JUCLMIIINHEL
[ToarotoBka K  YyCTHOMY
KOHTPOJILHOH paboTe.

IloaroroBka k cmadue 3adeTa.

METOAMYECKOT0 W  HWH()OPMAITIOHHOTO

BBEIOOPOYHAS
MIPOBEPKa BO
BpeMs
ayJIUTOPHBIX
3aHATHIL;
BKITIOUCHUE
BONIPOCOB  Ha
KOJUTOKBUYME H
KOHTPOJIbHOM
pabore, Ha
3aueTe
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11 YYEBHO-METOJWMYECKOE U TH®OPMALIMOHHOE OBECIIEYEHUE
TACIATLITAHBI

a) CniucoK peKOMeHyeMoii TuTepaTyphl
OcHoBHag :
1. I'aBponckas, 0. 0. Kommonanas Xxumus : y4eOHHK W MPAKTHKYM JUISI aKaJIEeMHYECKOTO
Oakamaspuata / FO. FO. I'aBponckas, B. H. I1lak. — Mocksa : U3znatensctBo FOpaiit, 2019. —
287 c¢. — (bakamaBp. Axangemuueckuii Kypc). — ISBN 978-5-534-02502-6. — Tekct
NeKTpoHHBIH  //  OOpazoBarenbHas  1iatdopma  HOpaiir  [caiit]. —  URL:
https://urait.ru/bcode/433448 .
2. Mykun, E. 1. Komtonanas xumus : ydyeOHHK aJisi akajgemudeckoro Oakamaspuata / E. ]I,
[lyxun, A. B. Ilepuos, E. A. Amenuna. — 7-¢ u3., ucnp. u gon. — Mocksa : M3parenbcTBo
IOpaiit, 2019. — 444 c. — (bakanaBp. Akagemudeckuii kypc). — ISBN 978-5-534-01191-3. —
Tekcr : anextponnsiii / DBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/444075
3. SIxkoBneBa, A. A. KommongHas xumus : yaeOHoe mmocoOue st By30B / A. A. SIkoBieBa. — 2-¢

u3M., uctp. u gon. — Mocksa : U3nparensctBo FOpaiit, 2019. — 209 c. — (YHuBepcUTETHI
Poccun). — ISBN 978-5-534-05180-3. — Tekcr : snextpoHHbli // OOpazoBarenbHas
wiatgopma Opaiir [caiit]. — URL: https://urait.ru/bcode/438930 .

JlonmojiHUTENBLHAS

1. Kynpsimesa, H. C. ®usnyeckast 1 KOJUTOMTHASI XUMUSI © YICOHUK U TIPAKTUKyM Ut By30B / H.
C. Kynpsmesa, JI. I'. bougapeBa. — 2-¢ u3g., nepepad. u gon. — MockBa : M3marenbcTBo
IOpaiirt, 2021. — 379 ¢. — (Bsicmee obpazoanue). — ISBN 978-5-9916-7159-0. — Teker :
aneKkTpoHHBIH  //  OOpazoBarenbHas  tatgopma  FOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/468578

2. Komnounnast xumust. [Ipumepst u 3a1auu : yaueOHoe mocodue st By3oB / B. @. Mapkos, T. A.
AnekceeBa, JI. A. bpycuuusina, JI. H. Mackaesa ; nox HayuHoit penakuueit B. @. Mapkosa. —
Mocksa : U3natenberBo FOpaiit, 2021. — 186 ¢. — (Bricmee o6pazoBanne). — ISBN 978-5-
534-02639-9. — Tekcr : anexTpoHHbIH // Obpa3oBarenbHas miargopma FOpaiit [caiit]. — URL:
https://urait.ru/bcode/472232

Y4eOHO-MeTOAHYECKAs

1. UBanoga JI. A. KonnougHas XuMHsl : METOJIMYECKHE YKa3aHUS JUIsl CAMOCTOSTEIbHOU pabOThI
6axanaBpoB HarpasieHus noarotoBku 04.03.01 Xumus / JI. A. MBanosa; YnI'Y, Dkoin. dak. -
VapsHoBek @ Yal'V, 2019. - 3arn. c¢ skpana; HeonyOnmkoBaHHBIH pecypc. - ONEKTPOH.

TEKCTOBBIE JIaH. (1 (baiin : 649 KB). - Tekcr : 3JIEKTPOHHBIN.
http://lib.ulsu.ru/MegaPro/Download/MObject/8394
CornacoBaHo:

y / / ’,/"'
Havanpauk otaena HB Yial'V  / Oxynea U.A./ - /ﬂ//-/
JIO/KHOCTb COTPY/IHHKA HAY4YHOI OHOIHOTEKH OUO Aonucs 10.06.2021

0) nporpaMMHoe ofecneyeHue
1. Microsoft Office
2. OC Windows Professional
3. AdxTunmnaruar BY3

B) IIpodeccuonanbubie 60a3bl JAHHBIX, HHGOPMALMOHHO-CIIPABOYHBIE CHCTEMbI

1. DeKTpOHHO-OMOINOTEUHBIE CHCTEMBI:
1.1. IPRbooks : 21eKTpOHHO-OMOIMOTEUHas! cUCTeMa : CalT / rpynmna kommnanui A ITu
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Ap Menua. - Capatos, [2021]. — URL: http://www.iprbookshop.ru. — Pexum mocryma: st
3apEerucTpUp. Mojab30BaTenei. - TEKCT : 2JIeKTPOHHBIH.

1.2. FOPAUT : snekTpoHHO-OuOMMOTeuHas cuctema : caiit / OOO DieKTpoHHOE
m3narenserBo FOPAUT. — Mocksa, [2021]. - URL: https://urait.ru. — Pexum mocTyma: mis
3apPETUCTPUP. MOJIb30BATENEH. - TEKCT : AIEKTPOHHBIN.

1.3. KoHCynpTaHT CTyIaeHTa : JJIEKTPOHHO-OMOmmoreuHas cucrema : cadt / OOO
[Monutexpecypc. — Mockpa, [2021]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. —
Pexxum goctymna: ajist 3aperucTpup. nojib3oBareneil. — TeKCT : 3JIeKTPOHHBIMN.

1.4. KoHcynbTaHT Bpaua : 3JEKTPOHHO-OMOIMoTeuHas cucrema : caidit / OOO Beicmas
IIKOJIa OpraHu3allid W YOpaBJIEHUS 3ApaBooXpaHeHHeM-KOMITIeKCHBIM — MeIULIMHCKUN
KoHcanTuHr. — MockBa, [2021]. — URL: https://www.rosmedlib.ru. — Pexxum moctyma: s
3aperucTpup. nojp3oBarenei. — TEKCT : 3EKTPOHHBIM.

1.5. Bonpmias MmeauiMHCKast OMOIMOTEKA © AJICKTPOHHO-OMOIMOTEYHAs CUCTEMA © CAlT /
OO0O Bbyxkan. — Tomck, [2021]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum nocrymna:
JUISL 3aPETUCTPUP. MOJIb30BaTENEH. — TEKCT : JIIEKTPOHHBIN.

1.6. Jlanp : snexkTpoHHO-OMONMOTEeYHast cucteMa : cailt / OO0 3BbC Jlanb. — CaHKT-
[MerepOypr, [2021]. — URL: https://e.lanbook.com. — Pexum poctyma: aisi 3aperucTpup.
nosb30BaTenen. — TeKCT : 2JIEKTPOHHBIMN.

1.7. Znanium.com : 31eKTpOHHO-OMOMMOTeYHass cucrema : caut / OOO 3HaHuyM. -
Mocksa, [2021]. - URL: http://znanium.com . — Pexum poctyma : i 3aperucTpup.
MoJb30BaTeNei. - TEKCT : 3JIEKTPOHHBIM.

1.8. Clinical Collection : koyuekmus sl MEIUIIMHCKUX YHHUBEPCUTETOB, KIMHUK,
MEMITHHCKIX OnOIMOTEK // EBSCOhost : [mopraut]. — URL:
http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-414b-8763-
e97828f9f7e1%40sessionmgrl02 . — Pexxum moctyma : Ui aBTOpH3. Tosb3oBareneil. — TekcT :
JJIEKTPOHHBIN.

1.9. Pycckuii sA3bIK KaK HHOCTPAHHBIM : 3JIEKTPOHHO-O00pa30BaTEIbHBIN pecypce ist
MHOCTpaHHBIX cTyaeHToB : caiiT / OO0 Kommanus «Aii [Ilu Ap Menua». — Capatos, [2021]. —
URL: https://ros-edu.ru. — Pexxum goctyma: aias 3aperucTpup. mojb3oBareneid. — Teker :
JJIEKTPOHHBIN.

2. Koncyastantlliioc [DnekTpoHHBIN pecypc]: cpaBouHas mpasoBas cucrema. /OO0
«Koncynbrant ITmocy - Onektpon. naH. - Mocksa : KoncynerantlInroc, [2021].

3. Ba3pl JaHHBIX EPUOTUIECKUX U3TAHMIA:

3.1. ba3a naHHBIX MEPUOAMYECKUX W3JAHHUN : 31eKTpoHHBIE kypHaisl / OO0 UBUC. -
Mocksa, [2021]. — URL: https://dlib.eastview.com/browse/udb/12. — Pexum goctyma : mis
aBTOpHU3. NOJIb30BATENEU. — TEKCT : AJIEKTPOHHBIN.

3.2. eLIBRARY.RU: nayuynas snextpoHHass Oubmmuorexka : caiir / OOO Hayunas
OnektponHas bubnmoreka. — Mocksa, [2021]. — URL: http://elibrary.ru. — Pexxum nocryma : s
aBTOPH3. NOJIb30BATENEH. — TEKCT : AIEKTPOHHBIN

3.3. «Grebennikony : anexrponnast 6ubauoreka / U] I'pedbennmkoB. — Mocksa, [2021]. —

URL:  https://id2.action-media.ru/Personal/Products. — Pexum mgoctyma : IS aBTOPHS.
nosb3oBaTenen. — TeKCT : 2JIEKTPOHHBIM.

4. HauuoHaqbHasi JJIeKTPOHHAasA OuOJMOTeKa : »DIEKTpOHHas OubIMoTEKa
denepanbHas rocyaapcTBeHHas HHOOPMAIMOHHAS CUCTEMA : CailT / MUHUCTEPCTBO KYIbTYpHI
P® ; PI'b. — Mocksa, [2021]. — URL: https://H36.pd. — Pexum goctyna : juisi mojab30BaTesen
Hay4YHOI OubmmoTeku. — TeKcT : 37eKTPOHHBIM.

5. SMART Imagebase Il EBSCOhost : [mopTau]. - URL.:

https://ebsco.smartimagebase.com/? TOKEN=EBSCO-
1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum aocTyma : sl aBTOPH3.
HOHBSOB&TCHCﬁ. — I/I306pa)KeHI/Ie . BHCKTPOHHBIC.
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6. ®enepanbHble HHPOPMALMOHHO-00pa3oBaTeIbHbIE MOPTAJIBI:

6.1. EnuHoe OKHO JocTyma K 00pa3oBaTelbHBIM pecypcam : deaepalbHblid mopTan /
yupeautens ®IAOY A0 HPI'OII u UT. — URL: http://window.edu.ru/ . — Tekcr :
3JIEKTPOHHBIMN.

6.2. Poccwmiickoe oOpaszoBanue : ¢eaepanbHblii mopran / yapeaurenr GIAOY IO
LIPT'OIT u UT. — URL.: http://www.edu.ru. — TekcT : 3JeKTPOHHBIIA.

7. O6pa3oBaTesbHble pecypebl Yal'y:

7.1. Dnextponnas Oubmuorexka Yal'V : momyns ABHUC Mera-ITIPO / OO0 «/lara
Okcnpece». — URL: http://lib.ulsu.ru/MegaPro/Web. — Pexxum noctyma : miisi mosib3oBateneit
Hay4qHOU OMOIMOTEKH. — TEKCT : DJIEKTPOHHBIH.

CorsacoBaHo: T AL
3am.nau. YUTuT Knoukosa AB. / /7777 | 17.06.2021
Jlomxnocth cotpyanuka YU TuT OUO MIO/IINCH JlaTa

12 MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE HAYYHO-
HCCJEIOBATEJIBCKOM PABOTHI
VYuebnas ayauropuss 216 ans npoBeAeHUs JaOOPAaTOPHBIX 3aHATUH J1TaAOOPAaTOPHOIO
TUMNA, TPYNNOBBIX W UHAMBUAYAJIbHBIX KOHCYJIbTAllMM, TEKYIIEr0 KOHTPOJS U
IPOMEXYTOUYHOH aTTrecTalu (C  HaOOpOM JEMOHCTPALMOHHOTO 000pyNOBaHMSA JUIs
o0ecrieyeHnsT TEMATUYECKHX WILIIOCTPAllMid B COOTBETCTBUM C paboueil mporpammont
qucuuiuiveel).  [lomeleHne yKOMIUIEKTOBAHO CHELMAIM3UPOBaHHOM MebOenbto Ha 18
MIOCAJOYHBIX MECT U TEXHHYECKUMH CpEICTBAMM: 3KpaH HACTEHHBIH, JOCKa ayIUTOpHAs.
Pa6ouee mecto npenonasarens, WI-FI, unrepner. [Lnomanp 42,93 kB.M.
Y4eOHast ayIUTOpHS ISl CAMOCTOSITEIIBEHON padoThl cTtyneHToB 230 ¢ goctymnom k 3BC.
JUIS  CaMOCTOsATeNIbHOM paboTel ctyneHtoB, Wi-Fi ¢ goctynom k DOUOC, 3BC.
KoMmnploTepHblil  KJIacC  YKOMILJIEKTOBAaHHBIA — CHENUANIM3UPOBAaHHOW MeOenbto Ha 32
MOCAJOYHbIX MECT UM TEXHHYECKUMH cpeacTBamMu oOydeHuss (16 mepcoHalbHBIX
KOMITBIOTEPOB) ¢ AoctymnoM Kk cetu «Muatepuer», SUOC, OBC. ITnomans 93,51 kB.m.
YuranbHbli 3a51 HaydyHOU Onbnmoreku (aynutopust 237) ¢ 30HON sl CaMOCTOSTENIbHON
pabotel, Wi-Fi ¢ gpoctymom k OHWOC, OBC. Aynutopus YKOMIUIEKTOBAaHA
CHelHaIu3upoBaHHON MebOenbto Ha 80 MOCagoyHBIX MECT M OCHAlleHa KOMIBIOTEpHOU
TeXHUKOU ¢ goctynom k cetu «Mutepuer», JUOC, OBC, skpanom u mpoektopom. [Tnomans
220,39 kB.M.

13 CIIEIJMAJIBHBIE YCJIOBUSA JJISL OBYYAIOIIUXCHA C
OI'PAHUYEHHBIMHA BO3MOKHOCTAMHAU 31I0POBbSA (OB3) n
HNHBAJILAOB

Obyuaromuecs ¢ OB3 u wuHBaIuWAbl MPOXOIAAT NPAKTUKY COBMECTHO C JAPYTUMHU
oOyyaromuMucst (B ydueOHOH TIpymnme) WIM HHIUBUAYaJIbHO (IO JIMYHOMY 3asiBICHUIO
oOyyJaromerocs).

Omnpenenenre MecT MPOXOXKACHUS MPAKTUKU Uil oOywatomumxcs ¢ OB3 u uHBanuIoB
OCYIIIECTBIISIETCSI C YUETOM COCTOSIHUS 3/I0pPOBbS M TPEOOBAaHUN K MX JAOCTYIMHOCTHU Ui JaHHOU
Kateropuu odOyuarommxcs. [Ipu ompeneneHun mMect M yciaoBUH (¢ Y4ETOM HO30JOTMUYECKOU
Tpynnbl M TPYNNbl  WHBAJIWAHOCTH  OOy4aromlerocsi) MNpOXOXAEHUS  y4yeOHOH U
NPOU3BOJICTBEHHON MPaKTHK JUIs JAHHOM KaTeropuu JIMI[ YYHUTBHIBAIOTCS HWHJMBUAYaJbHbIC
OCOOEHHOCTH OO0yYarommxcs, a TakkKe PEeKOMEHAAMH MEIUKO-COIMAIbHON 3KCIEepTH3bI,
OTpa’KeHHbIE B MH/AWBUIYaJIbHOM MporpaMMme peabUINTalUi, OTHOCUTEIIEHO PEKOMEHI0BAaHHBIX
YCIIOBHMM M BUOB TPY/a.

IIpu ompeneneHnn mecra HpakTUKU A oOydaromuxcs ¢ OB3 u uHBanmumoB ocoboe
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BHUMaHUE yJeNseTcs 0Oe30MacHOCTH TPyJa U OCHAIICHHIO (00OpYyIOBaHHIO) pabodyero mecra.
Paboune mecta Ha MPaKTUKY MPEAOCTABISIOTCS NPOGUILHON OpraHu3aieii B COOTBETCTBUU
CO CIIEAYIOUIMMH TPEOOBAHUSMHU:
— s obdyyarommxcsa ¢ OB3 ¥ MHBAIMI0B MO 3peHMI0 - CJA0OBHASIIMX: OCHAIICHHE
cHenualbHOro pabodyero mecra OOMMM M MECTHBIM OCBELICHHEM, OOECHeUHBAIOIIUM
OecCIpensaTCTBEHHOE HAaX0XKJCHHE YKa3aHHBIM JIUIIOM CBOEro pabovyero MecTa M BBIOJHEHHE
WHAUBUAYAILHOTO 3aJaHKs; HATMYME BUCOYBEIMUNTENCH, JIyI;
—  maa odyyaomuxcs ¢ OB3 m uHBaIMIAOB 1O 3peHUI0 - CJeNbIX: OCHAICHUE
CHelualbHOTO paboyero Mecta TU(DIOTEXHUYECKUMH OpPUEHTUPAMH U YCTPOMCTBaMH, C
BO3MOXXHOCTBIO HCIIOJIb30BaHUS KPYIHOTO peibepHO-KOHTpacTHOTO mmpudra u mpudra
Bpaiins, AKyCTHYECKHMH HaBUTAIIMOHHBIMHU CpeACTBaMH, 00ecTIeYnBaAIOIUMHU
OecrpensiTCTBEHHOE HAXOXJICHHWE YKa3aHHBIM JIMIIOM CBOEro pabodero Mecra M BBIINOJHEHHE
WH/IMBUIYAILHOTO 33JaHUS;
—  nasa odyuyarommxcsi ¢ OB3 n MHBanInAoOB 1O CJayXy - ¢Ja00CABIIIAIIMX: OCHAICHHUE
(oOopynoBaHHE) CHEIUAIBHOTO paboduero MecTa 3BYKOYCHIIMBAIOIICH — ammaparypow,
TeneoHaMu s CIa0O0CbIIIAIINX;
—  nJs odyuyawmmxcsi ¢ OB3 u uHBaJIMI0B MO CJIYXY - [VIYXHX: OCHAIICHHUE CIIEHUAIHLHOTO
pabodero Mmecrta BU3YyaJbHBIMH HWHIMKATOpaMH, NpeoOpa3yIOMMMU 3BYKOBBIE CHTHAJIBI B
CBETOBBIC, PEUYEBBIE CUTHAIIBI B TEKCTOBYIO OETYIIYIO CTPOKY, IJs OecHpemnsiTCTBEHHOIO
HAXOXXJCHUS YKAa3aHHBIM JIMIIOM CBOETO Pabo4yero MecTa W BBINOJHEHUS HHIUBUAYaIbHOTO
3aJlaHus;
—  jaaa odoyyawmuxess ¢ OB3 u uHBanuaoB ¢ HapymeHueM (yHKUHI ONOPHO-
JABUTATEJILHOIO ammaparta: o0opyaoBaHHE, O0ECIEUNBAIOIIEE PEATU3aLUI0 IPrOHOMUYECKUX
MPUHIIMIIOB (MaKCHUMAaIbHO YI0OHOE JJIsl HHBAJIKA PACIIONIOKEHUE DIIEMEHTOB, COCTABIISIOLINX
pabodee MecTo); MEXaHHM3Mbl M YCTPOWCTBA, IO3BOJIAIONINE HM3MEHATh BHICOTY M HAKIJIOH
paboueil MOBEpXHOCTH, MOJOXKEHHE CHJIEHbsI pabodero cTyla MO BBICOTE M HAKIJIOHY, YTOJI
HAKJIOHAa CIUHKM pabodero cCTyja; OCHAIEHUE CHENHMAIbHBIM CHIEHBEM, O00ECIEeUMBAIOIIUM
KOMIIEHCAIINIO YCHIIUS TIPU BCTAaBAaHUU, CHICIUAIBHBIMU MPUCTIOCOOICHUSAMHE ISl YIIPABICHUS U
00CITyXKUBaHUS 3TOr0 000pyI0BaHUSI.
VYcnoBus opraHuzaliii U MPOXOKICHHUS TMPAKTUKW, TOATOTOBKH OTYETHBIX MaTEpHaloB,
MIPOBE/ICHUS TEKYIIETO KOHTPOJIS M MPOMEKYTOYHOH aTTECTallMU 10 IPAKTUKE 00ECTIeYNBAIOTCS
B COOTBETCTBUU CO CIEAYIOIIUMU TPEOOBAHUSIMHU:
—  OObem, Temr, (GOpMBblI BBIOJHEHUS WHIANBUAYAIBHOTO 33/IaHUs HA TEPHUOJ MPaKTUKU
YCTAaHABJIMBAIOTCS WHAMBUIYAIBHO IS KaXIOTO OOYyYarollerocsl ykKa3aHHBIX Kareropuid. B
3aBUCHUMOCTH OT HO30JIOTMM MAaKCHMAallbHO CHIJKAIOTCS TMPOTHUBOIMOKA3aHHBIE (3pUTENbHEIE,
3BYKOBBIE, MBITIICYHBIC U JIP.) HArpy3KH.
—  VYueOHble W y4eOHO-METOIUYECKHE MaTepHaibl IO TPAKTUKE MPEJCTABISIOTCS B
pa3nuuHbIX Qopmax Tak, yToObl oOywaromuecs ¢ OB3 u WHBamUABl ¢ HapYIICHHUAMU CIyXa
MOJTy9ainy WHQPOPMAIUIO BU3YATBHO (JOKYMEHTAIUS TI0 MPAKTUKE IMeYaTaeTCs YBEIWYCHHBIM
mpudTOM; TMPEAOCTABISIFOTCS BHIEOMATEepPHANIbl W HATJISIAHBIE MaTepuabl 10 COJEPIKAHUIO
NPaKTUKH), C HAPYIICHUSIMA 3PEHUS — ayJualibHO (HAIpUMeEp, ¢ MCIOIB30BAHUEM IPOTpaMM-
CHUHTE3aTOPOB PEYH) WIH C TIOMOIIbIO TH(PIONHPOPMAIIIOHHBIX YCTPOUCTB.
—  ®opMma mpoBeaeHUS TEKYIIEro KOHTPOJIS YCIEBAEMOCTH M MPOMEKYTOYHOW aTTeCcTalluu
st obyvaromuxcss ¢ OB3 M MHBaIMAOB yCTaHAaBIMBAETCS C YYETOM HHAWBHIYaJbHBIX
ncuxou3nueckux ocoOeHHOCTeH (YCTHO, MUCBMEHHO, MPH MOMOIIM KOMIbIOTEpa, B (opme
TecTUpoBaHuss W T.m.). Ilpu HeoOxomumocTu  oOydaromeMycs MIPENOCTABISACTCSA
JOTIOTHUTETTFHOE BPEeMs JIJIsl TIOJTOTOBKM OTBETA U (WMJIU) 3aIUTHI OTYETA.
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1.1. ludposoit oOpazoBarenbHbIil pecypc [PRsmart : anekrponHo-OubnuoTeuHas cucrema :
caiit / OOO Kommnanus «Aii [Tu Ap Menuay. - Caparos, [2022]. — URL: http://www.iprbookshop.ru.
— PexxuM moctyna: 1uis 3aperucTpup. mojap30BaTenei. - TeKCT : 31eKTPOHHBIM.

1.2. O6pasoarensHas rmiarpopma FOPAMT : oGpasoBaTenbHblil pecypc, SIEKTPOHHAs
oubnmoreka : caiit / OO0 DnextponHoe m3narenscTBo FOPAUMT. — Mocksa, [2022]. - URL:
https://urait.ru. — Pesxxum goctyma: st 3aperucTpup. moab30Baresie. - TEeKCT : AJIeKTPOHHBIN.

1.3. ba3a nanHbIX «3JnekTpoHHas Oubnmoreka TexHuueckoro BY3a (OBC «KoncynbraHT
CTYZIEHTa») : JNIEKTPOHHO-OnOMMoTeuHas cucrema : caidt / OO0 IMomutexpecype. — Mocksa, [2022].
— URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum goctyna: aiasi 3apeructpup.
IOJIb30BaTeNe. — TEKCT : AIEKTPOHHBIN.

1.4. KoHcynbTaHT Bpayda. DJIEKTPOHHAs MeIUIMHCKas OMOIMoTeKka : 6a3a JaHHbBIX @ CalT /
OOO Bpicmias 1mIKoJga OpraHu3alldd M yIOPaBIeHUS  3ApaBooXpaHeHrneM-KoMIuiekcHbIN
METUIIMHCKUI KOHCAnTHHT. — MockBa, [2022]. — URL: https://www.rosmedlib.ru. — Pexxum nocryma:
JUISL 3apETUCTPUP. MOJIb30BaTENEH. — TEKCT : JIIEKTPOHHBIN.

1.5. bonbmast MeuIMHCKas OMOIUMOTEKA : 3JEKTPOHHO-0MOIoTe Has cucrema : caifir / OO0
bykan. — Tomck, [2022]. — URL: https://www.books-up.ru/ru/library/ . — Pexxum noctyma: s
3aperucTpup. MoJb30BaTenei. — TeKCT : AIeKTPOHHBIH.

1.6. OBC Jlans : snekTpoHHO-OMOMMOTEeYHas cucteMa : cailt / OO0 OBC Jlanb. — CaHKT-
[TerepOypr, [2022]. — URL: https://e.lanbook.com. — Pexum poctyma: s 3aperucTpHp.
MOJIb30BaTeNe. — TEKCT : ANEKTPOHHBIN.

1.7. OBC Znanium.com : sneKTpoHHO-OMOIHoTeyHas cucrema : caiit / OOO 3HaHuyM. -
Mockaa, [2022]. - URL: http://znanium.com . — Pesxum gocTyna : st 3aperucTpHp. MoJb30BaTeICH.
- TekcT : AMeKTPOHHBIH.

1.8. Clinical Collection : nayuno-undopmanmonnas 6a3a ganasix EBSCO // EBSCOhost :
[moptan]. — URL: http://web.b.ebscohost.com/ehost/search/advanced?vid=1&sid=9f57a3e1-1191-
414b-8763-97828f9f7e1%40sessionmgrl02 . — Peskum gocTyma : Uit aBTOPU3. MMOJIb30BATENCH. —
TekcT : AIeKTPOHHBIN.
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1.9. baza nannbpIx «Pycckuii Kak HHOCTPAHHBINY : AJIEKTPOHHO-00pa30BaTEIbHBINA PECYPC IS
MHOCTpaHHBIX cTyaeHTOB : caiiT / OO0 Komnanwust «Aii [Tu Ap Menua». — Caparos, [2022]. — URL:
https://ros-edu.ru. — Pexxum goctyma: uis 3aperucTpyp. mojib3oBatesei. — TeKCT : AIeKTPOHHBIH.

2. Koncyasrantllinwce [DnekTpoHHBIH pecypc]: cmpaBouHas mpaBoBas cuctema. /000
«Koucyasrant Ilmrocy» - DiektpoH. gaH. - Mocksa : KoncynerantlLiioc, [2022].

3. ba3bl TaHHBIX MEPUOAUYECKUX U3TAHUM:

3.1. ba3a maHHbIX nepuoauuecKkux u3manuii EastView : smextponnbie xypHayibl /| OO0
MBHUC. - Mocksa, [2022]. — URL.: https://dlib.eastview.com/browse/udb/12. — Pexxum goctyna : s
aBTOPU3. IIOJIb30BATENEH. — TEKCT : AIEKTPOHHBIN.

3.2. eLIBRARY.RU: Hnaywynas »snextpoHHass OuOimoreka : cautr / OOO Hayunas
Onekrponnas bubnaunoreka. — Mocksa, [2022]. — URL: http://elibrary.ru. — Pexxum nmocrtyna : s
aBTOPU3. NOJIb30BaTeNel. — TEKCT : AIEKTPOHHBIN

3.3. DnekrponHas Oubmuoreka «M3marensckoro noma «['pedennukos» (Grebinnikon) :
snekrponHas 6ubmmoreka / OO0 UJ] I'pebennukoB. — Mocksa, [2022]. — URL: https://id2.action-
media.ru/Personal/Products. — Pexum poctyma : Juis aBTOpW3. Moiib3oBareneil. — Tekcr :
3JIEKTPOHHBIMN.

4. @enepasbHasi TrocyaapcTBeHHass uHpopManuoHHass cucrema «HanmoHanbHas
JIEKTPOHHAsI OUOIMOTEKA | JIeKTpoHHas oubmnoTeka : caidt / ®I'BY PI'b. — Mockga, [2022]. —

URL: https://H30.pd. — Pexxum nmoctyma : Juist mosib3oBareseil HaydHou OmOmmoreku. — Teker :
3JIEKTPOHHBIMN.

5. SMART Imagebase : nayuno-undopmannonnas 6aza nanaeix EBSCO // EBSCOhost :
[mopTai]. - URL: https://ebsco.smartimagebase.com/?TOKEN=EBSCO-

1a2ff8c55aa76d8229047223a7d6dc9c&custid=s6895741. — Pexum jgocryma : IS aBTOPH3.
nojib3oBaresieid. — Mi300pakeHue : 3JIeKTPOHHBIE.

6. @enepanbHble HHPOPMALMOHHO-00pa30BaTeIbHbIE MOPTAJIBI:

6.1. Enunoe okHO mocTyna K o0pa3oBareibHBIM pecypcam : (enepanbubiil mopran . — URL:
http://window.edu.ru/ . — TekcT : 3J€KTPOHHBIIA.

6.2. Poccuiickoe odpazoBanue : penepanbHblii mopran / yupenuteab OT'AY «PUILTO». —
URL: http://www.edu.ru. — TekcT : 3IeKTPOHHBIH.

7. O0pa3oBaTteibHble pecypebl Yal'y:

7.1. DnextpoHHass OubnmoTeuyHas cuctema Yiul'VY: Moaynb «IJIeKTpoHHash OMOIMOTEKa»
ABUC Mera-ITPO / OO0 «Jlara Dxcnpecc». — URL: http:/lib.ulsu.ru/MegaPro/Web. — Pexum
JIOCTYTIA : JUIsl TIOJIb30BaTeNield HayqHOW OMOIMOTEKH. — TEKCT : AJIeKTPOHHBIH.

CortacoBaHo:
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JomxnocTs cotpynnuka YUTuT DOHUO foAnycy jlara
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