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Meronuyeckue yKa3aHWs [0 BBINOJHECHUIO J1a00paTOPHBIX pPAa0OT COCTABIICHHI B
COOTBETCTBUE C pabouell MporpaMMoil NHUCHUUIUIMHBI U NpeJHa3HA4YeHbl U CTYACHTOB
HanpasneHuss noaArotoBku 19.03.01 «buOTEXHONOTHA»; COACPKUT KpPaTKOE OIKCAHUE
71a00paTOPHBIX METOJIOB HMCCIEAOBAaHUS M KOHTPOJIS JUCHEPCHBIX cucteM. HampaBneHsl Ha
GbopMUPOBaHHE Yy CTYJICHTOB HABBIKOB MPOBEACHUS (PU3UKO-XUMHUIECKOTO OKCIEPUMEHTA.
MaTepI/Ia.H OpPHUCHTUPOBAH Ha BOMPOCHI HpO(beCCHOHaJ'II;HOﬁ KOMIICTCHIIM 6yIlyHlI/IX crienuaJIuCTOB-
OMOTEXHOIIOTOB.



BBEJAEHUE

KonnonaHas xuMust — 3T0 Hayka O JUCIEPCHBIX CUCTEMaX M MOBEPXHOCTHBIX SBJICHMSIX.
BonbIIMHCTBO OKpY’KAIOLIUX HAC TEJ SIBJISIFOTCS TUCHEPCHBIMU cucTeMamu. [loBepXHOCTHbBIE
ABJICHUS — MPOLIECCHl, IPOUCXOJALIME Ha TrpaHune pazgena @a3, B MexdpasHOM
MIOBEPXHOCTHOM CJIO€, ¥ BO3HHKAIOIIME B PE3Yy/IbTAaTe B3aHMMOJACHUCTBHS COINpPSDKEHHBIX (a3,
UMEIOIUX Ppa3IM4YHbIl COCTaB M CTpoeHue. Teoperudeckas 4acTb KOJUIOMJIHOW XUMHHU
(3aKOHBI, TIOHATHS) TIO3BOJISIET TOHATH (PU3UKO-XUMHUYECKYIO CYTh MPOIIECCOB B JHCIIEPCHBIX
cUCTeMaxX M HCIOJb30BATh OCHOBHBIE 3aKOHbl KOJUIOMIHOW XHMHH B OMOTEXHOJOIMH.
[IpakTuyeckue pabOTHI, BBIMOIHSAEMBIC CTYACHTAMH B MPAKTHKYME MO KOJUIOMAHON XHMUH,
NO3BOJSIIOT HAa OCHOBAaHMM IIOJIyYEHHBIX TEOPETUYECKMX 3HAHUM  CaMOCTOSITEJIBLHO
BBITOJIHATH PAacueThl PU3NKO-XMMHUYECKUX MTApaMETPOB MTOBEPXHOCTHBIX SIBIICHHM.

Kaxnas Tema BKIIOYAeT KpaTKoe M3JI0KEHHE TEOPETUYECKOro MaTepuasia, OCBOEHHE
KOTOPOTO HEOOXOIMMO JJIsi BBIMOJHEHUS MPAKTUKyMa, OmMHcaHue JabopaTopHbIX pabdor. B
3aKJIIOYEHHUE TPUBOJATCS BOIPOCHI, KOTOPble MOTYT OBITh HCIIOJNB30BAaHbl B KayecTBE
JIOMAIIIHETO 3a/laHus, BOIPOCOB K pYyOEKHOMY KOHTPOIIO, a TaKXke JJs OpraHu3aluu
CaMOCTOSITENIbHON PabOThI CTYJCHTOB.



TEMA 1. AICOPBIIUA

Heab: ChopmupoBaTh HABBIKK aHAIN3a BIUSHUS Pa3IMYHBIX (PAKTOPOB Ha aJICOPOIUIO U3
pacTBOPOB Ha TBEPABIX aACOPOCHTAX.

TEOPETHUYECKASA YACTD

AjcopOums — 3TO HAKOIUICHHE OJTHOTO BEIIECTBA HAa MIOBEPXHOCTH JIPYTOTO.

AICOPOEHT — 3TO BEIIECTBO, Ha IIOBEPXHOCTH KOTOPOro HIeT HakoruieHue (1-as dasza).

Ancop0TuB (WM aacopdaT) — 3TO TO BEIIECTBO, KOTOPOE HAKAIIUBACTCS.

AncopOumst — 3TO CaMONPOHW3BOJBHBIA IPOIECC, T.€. DHEPIeTHUYCCKH BBITOJIHBIM.
AncopOnusi OTHOCHUTCS K TIOBEPXHOCTHBIM SIBJICHUSIM.

B 3aBHCHMMOCTH OT arperaTHoro COCTOSHHMS aJCcOpOeHTa M ajcopOTHBa pPa3IMYaIOT
CJIeIYIOIIKE BUIBI aICOPOIUU:

e AncopOuus Ha TPaHMIIE KUAKOCTD / Ta3 (BO3IYyX);

e AncopOuus Ha TBEpJOM aJicOpOCHTE: a) Ta30B; 0) KUIKOCTEH

B ciydae ajcopOuum Ha TrpaHHIle pa3jeia JKUAKOCTh — ra3 W aJcopOIMM Ha TIAJKHX
MOBEPXHOCTSAX BEIMUYMHY ancopOruu (/) onpenessiioT OTHOCUTEIBHO CIWHUIBI TUIOIIA TN
rpaHuIbI pasaena das:

Fzg,MOJZb/MZ

rae N — KOJIMYECTBO aJCOPOTUBA; S — M#I0IIa b aJICOPOCHTA.

Jnst TBepaOoro M OCOOEHHO TOPHCTOTO IMOPOIIKOOOPa3HOTO ajacopOeHTa, HWMEIOIIETO
3HAUUTENbHYIO TOBEPXHOCTh pazjena (a3, aicopOIUIO BEIPAXKAIOT MO OTHOIICHUIO K €TMHUIIE
Macchl afacopbenTa (m):

n
I'=",monvlxe
m

AncopOumss Ha TBepaoM ajacopOeHTe. XapakTepHON OCOOEHHOCTBIO TBEPABIX
MOBEPXHOCTEH SBISETCS UX MOPUCTOCTH (OTHOIIEHHE CYMMapHOTO o0bema Mop K obiemy
o0bemy azacopOenta). Ilpupoma moBepxHOCTH ajcopOeHTa, pa3Mepsl U (Gopma ero mop
BIIUSIOT Ha aJICOPOIINIO0, U3MEHSIOT €€ XapaKTePUCTHKH, T.€. MEXaHU3M aJCOPOIIUU.

OcoOeHHocTH aJcopOIMM Ha TOBEPXHOCTH TBEpAbIX Tel. TBepaple MOBEPXHOCTH B
KauecTBe aJICOPOCHTOB HCIIOJNB3YIOTCA JUIS  aACcOpOIMM Ta30B WM OIKUAKOCTEH, a
a/ICOPOIIMOHHBIE TTPOIECCHI TP ATOM TPOTEKAIOT Ha TPaHHIIEe pa3/iena TBepAOoe TeJo - ra3 u
TBEP/IOE TENIO — KUAKOCTb. TBEp/IbIe aICOPOCHTHI HIMEIOT MOPHI PA3IMYHOTO pa3Mepa.

B kadecTBe TBepJbIX aJCOPOCHTOB UCIOIB3YIOTCS: aKTUBHPOBAHHBINA yroJb; CHIMKATEITh
(BbicytieHHBII Tenb H2Si03); okuchk Al2O3 (MOpoIIIoK); KaoJnH; TIMHO3EM.

Mexanuszm adcopoyuu: AncopOrus et He Ha BCE MOBEPXHOCTH, a TOJIHKO Ha aKTUBHBIX
[EHTpax (BEpIIMHBI, TPAHU KPUCTAIIIMYECKON DPEIIETKH, TPEIIMHBI, BBICTYIIBI), T.K. HA HUX
ATOMBI IMCIOT HEHACHIIIICHHBIC BAJICHTHOCTH.

PaznuuatoT Gpu3NYECKyr0 U XUMHUYECKYIO aJICOPOIIHH.

QDusuueckoii adcopduua OCyIECTBIsACTCS 3a cueT chnadbix cui Ban-gep-Baanbca,
MO3TOMY aJICOPOMPOBAHHBIE MOJEKYIBI Ta3a YIEp>KUBAIOTCA HA AKTUBHBIX IIEHTpaxX IOIU
CEeKYHJbI, a 3aTeM OTphIBAIOTCA (T.€. TPOUCXOAMWT JaecopOms), T.. JAHHBIA MPOIECC
oOpatuM; SIBJISE€TCS HEJIOKAIM30BAaHHOW, TaK Kak MOJIEKYJIbl aJcopOTHUBa  JIETKO
NepeMenatoTcsl OT OJIHOTO aKTHBHOIO LIEHTPA K JPYroMy; MPOTEKAET C BBIIEICHHEM Terlia
(3K30TEpMUYECKUI TTPOLIECC).



K ocoOeHHOCTAM Xumuueckoii aocopoyuu OTHOCSATCSA: OCYIIECTBIACTCS 3a CYET
00pa3oBaHUS MPOYHBIX XUMHUYECKUX CBsi3ed ajcopOTHBa ¢ aacopOEHTOM; JOKaTW30BaHHAsS
aZIcopOIMsl: MOJICKYJbI TPOYHO YAEPKUBAIOTCS HAa aKTUBHOM IIEHTPE; SHIOTECPMHYCCKHUI
npotiecc.

OnHaKo HET YeTKOW TpaHUIlbl MKy (PU3UYECKON M XUMHUYECKOH amcopOuuu. OOBIYHO
HMEET MECTO X COYETaHUE.

[Ipomecc amcopOumu ra30B Ha TBEPJOM aICOPOCHTE 3aBUCUT OT psiia (PaKTOpOB:

1. AncopOmust mpsMO NpPONOPLMOHATBbHA IUIOMIAAM aACOpOeHTa, T.e. 4YeM OoJblie
JI0IIAbL afcopOeHTa, TEM OOJIBIIIE aCcOopOITHs;

2. AncopOuusi 3aBUCHT OT TPHPOIBI  afcopOeHTa W  ajacopOTHMBa, T.6. HOCHT
n30UpaTeIbHBIN XapakTep.

3. Ancopbuus (I') npu moctossHHON TemnepaType (7' = CONst) 3aBUCHT OT PaBHOBECHOTO
naBieHus ra3a (P). Ota 3aBUCUMOCTD BbIpaxkaeTcsl ypaBHeHHeM DpeiHmxa:

I'=K -P%,
rae K u N — sMnupuyeckie KOHCTaHTHI.

AncopOuus U3 pacTBOPOB UMeeT 0oJiee CI0XKHBIN XapakTep, 4eM U3 ra3os.

1) PactBOoprMOE BEIIECTBO M PACTBOPUTEIb SIBJISIOTCS KOHKYPEHTaMH 32 aKTHBHBIC
LEHTPHI a/IcOpOEHTA.

2) CkopocTh aacopOIMU M3 pacTBOpPa MEHBIIE, YeM CKOPOCTh aJCOPOIIMU M3 ra3oB, TaK
KaK CKOpOCTb AU} y3un MOIEKYN B paCTBOPE MEHBIIIE, YEM B razax.

3) C mnoBbIICHHEM TeMIIEPaTypbl aacopOIus CHMXKaeTcs (Tak Kak 3TO (u3Hyeckas
aacopOuus).

4) AncopOumsi W3 pacTBOPOB MOXKET OBITh: a) MOJIEKYyJIspHas, 0) HOHHas (eciu
a7ICOPOTUB JUCCOIIMUPYET).

Ha ancopOuuto 13 pacTBOPOB BIHSAIOT:

1) Ilpupooa aocopboenma. Bce TBepaple aacopOCHTBI ICTATCA HA 2UOPOPUIbHbLE,
KOTOpBIE XOPOIIO CMAuMBAIOTCS BOJOW (mopucToe cTekio, cuukarenb (H2SiOs), rimHbI
(xunb3eryp, OeHToHTH), AlO3), U cudpogobuvie, KOTOPBIE XOPOLIO CMAYUBAIOTCS
HEMOJISIPHBIMU OPTaHMYECKHMMH PAaCTBOPUTENSAMH (yrojib, rpadut, Tanbk). [uiapoduibHble
aJICOPOCHTHI HEJIB3s1 MCIOIB30BATh IS aJCOPOIMH BEIIECTB PACTBOPUMBIX B BOJIE, TaK Kak
BO3MOXHO, YTO BOja OyzaeT ajacopOupoBaThbCs JIydlle, T.€. BOJA SBIAETCS KOHKYPEHTOM 3a
aKTUBHBIC IIGHTPHI ajacopOeHTa. WX mydmie WMCIONb30BaTh ISl aaCcOpOIMHM BEUIECTB W3
HEBOJHBIX pacTBOPOB. ['apodoOHbIe aacOpOEHTHI MPUMEHSIOT IPU aJ1COpOLMK BEIIECTB U3
BOJIHBIX PAaCTBOPOB.

2) Ilpupooa pacmeopumens. Yem nydmie B JaHHOM pPAacTBOPHUTENE PACTBOPSETCS
aJIcOpOTHB, TEM OH XYK€ aJICOPOMPYETCs; YeM XYK€ PacTBOPSIETCS — TEM JIydllle M3 HEro
aacopbupyercs. Hanpumep, kpacutenb (GYKCMH Ha aKTHBUPOBAHHOM YIJIe  XOPOIIO
aJIcOpOMpyeTCst U3 BOJHOTO PACTBOPA U TUIOXO M3 CIIMPTOBOTO PacTBOPA.

3) Temnepamypa. C NOBBIIICHUEM TEMIIEPATypbl afcOPOIHsl yMEHbBIIACTCS, TaK KaK 3TO
dbuzndeckas aacopoIusi.

4) Bpewms. Tak Kak CKOPOCTh aJCOPOIIMU U3 PaCTBOPOB MEHbIIIE aJICOPOIMH U3 Ta30B, TO
BpEMEHH HE00X0AUMO OoJIbIIE.

PaccmoTpenHble  aicopOIMOHHBIE  MPOLECCHl  XapakTepHbl Uil pacTBOPOB
MAJTIOTUCCOITUUPYIOIIUX MM HETUCCOIMUPYIONINX BEIIECTB, KOTA BEIIECTBO aJICOPOHPYyeTCs
MIOBEPXHOCTBIO a/IcOpOEHTa B BUE HEUTpalbHBIX MoJyiekyl. [loaTomy Takoi BUI aacopOIuu
HEBJICKTPOJINTOB Ha3bIBAETCS MONEKYAAPHOU.



AncopOuusi HOHOB, COAEPKAIIUXCS B PACTBOPAX AIIEKTPOIIUTOB, - UOHHASA aAcOpOLus. ITO
OoJiee CIOXKHBIM Tporecc, 4eM MOJCKyIsIpHas ajacopOrus. YacTto WOHHAs ancopOIus
npoTtekaeT HeoOpaTtuMo. C MOBbIILIEHHEM TeMIlepaTypbl OHA HEPEIKO BO3PACTaeT.

TBepaplii aacopOEHT MOXET W30MpaTenbHO MOTJIONIaTh W3 PAcTBOpPa KATHOHBI HIIA
AQHUOHBI, OJHOBPEMEHHO BBIJENSSI B PACTBOP IKBHUBAJIECHTHOE KOJMYECTBO KAaTHOHOB WIIU
AHUOHOB WMHOTO BuAa. Takas amcopOIus Ha3bIBaeTcs uoHooOMenHou. K MOHHOMY 0OMeEHY
CIIOCOOHBI HEKOTOpbIE MPUPOJIHBIE ATIOMOCHIIMKATBI, a TAK)KE MOJydaeMmble HCKYCCTBEHHO
uoHumul. Pa3nuualoT KAaTHOHWTHI, T.€. HOHHUTHI, CHOCOOHBIE K OOMEHY KaTHOHAMHU, U
AQHUOHHUTHI — BEIIeCTBa, 0OMEHHUBAIOIIME CBOU AHUOHBI.

AACOPBIIUA U3 PACTBOPOB HA TBEPABIX AJICOPBEHTAX

Onvit 1. 3a6ucumocms eenuuunsvt adcopoyuu om npupoosvl a0copomuea.

Xoa BbINOJIHEHUS Pa0OTHI.

B omHy mnpoOupky HamuTh 5 MIJI pacTBOPOB KpacuTesls H503MHA, a BO BTOPYIO —
METHJICHOBOTO CHHETO, NOOAaBUTh aKTHBHPOBAHHBIH YIroJb, BCTPSAXHYTh, BbIIEepkarth 5-10
MUHYT U OT(QUIBTPOBATH Yepe3 OyMakHbIN (GUIbTp B ABE Apyrue npodupku. CpaBHUTH 1O
OKpacke (WIbTPAThl M HMCXOJIHBIC PACTBOPHI KpacHTENeH W CIelaTh BBIBOJ, KAKOW W3
KpacuTenel sydine agcopoupyercs. PesynapTarsl nomectuTs B Tabmuiy 1.1.

Tabmuma 1.1.
Pe3yjbTaThl HA0JII01€HHiT BJIUSIHUS IPUPOJIBI AJICOPOTHBA HA aICOPOIHI0
Ne ipoOupku Kpacurenn AncopOeHT AncopOrust
1 D03uH
2 MeTuaeHOBBIA CHHUH
OnpiT 2. 3asucumocmo eenuuunbl adcopoyUU U3 paAcmeopa om HPUPOOb
pacmeopumens.

Xoa BBINOJIHEHHUs PadoTHI.

B onny npoOGupKy HamuTh 2 MIJI BOJHOTO pacTBOpa Kpacurtenis (pykcuHa, a BO BTOPYIO —
ero cnuptoBoil pactBop. B 00e mnpoOupkum A00aBISIOT AKTUBHPOBAHHBIA  yroJb,
NepeMeIuBalOT U OTGMWIBTPOBBIBaOT. OTMETUTh OKpacKy (QHIbTpaTa, clejaTh BBIBOA, U3

KaKOTO PAaCTBOPHUTEJIS JIyUIlle afcopOupyeTcst KpacuTelb. Pe3ynbTaTel TOMECTUTh B TaOJIUILY
1.2

Tabmuua 1.2.
Pe3yabTaThl Ha0J101eHUI BINSTHUSI MPHPOJbI PACTBOPUTE/IS HA aJCOPOIHI0
Ne mpoOupku CocraB cmecu AncopOeHT Ancopbuus
1 ®ykcuH + Boza
2 ®DyKCHH + CIIUPT

OnwIT 3. OdMmennasn aocopoyus.

Xo/ BbINOJHEHHs padoThI.

B npoOupky HackimaioT 1 I CTEKJISIHHOTO MOpPOIIKA, CMAauMBalOT €ro BOJOM M XOpOILIO
BCTPSAXMBAIOT. B 1pyryro mpoOupky HanuBaloT BoAbsl 0e3 mopomka. B obe npobupku
no0aBisioT 1-2 xammm gerondranentHa. OKkpaliBaHie pacTBOpa B PO30BbBIN 1IBET YKa3bIBAET
Ha TO, YTO 00pazoBayach eaKas MENoYb. ITO MPOUCXOIUT 3a cHeT OOMEHHOM aacopOIMH 1O
cxeme:




Crekno Na N3
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OunbiT 4. Honnas aocopoyusa Kkpacumernei.

AncopObupyeMOCTh OKpAIIMBAIOIIEr0 HOHA 3aBUCTH OT €ro 3apsja U 3apsaa MOBEPXHOCTU
ajcopOenra. Pa3HOMMEHHBIE 3HAKM CIOCOOCTBYIOT aACOpOIMHM, a OJHOUMEHHBIE —
MPENSITCTBYIOT.

Juccoumnanus KpacuTesnen:

Kucnpiii: HR S H" +R°
Ocuoshoit: R-OH SOH + R
R — okpatiieHHBII HOH KpacUTEIs.

Xo/ BBINOJHEHHS PadOTHI.

Jlns onpeneneHust 3HaKa 3apsijia HOHA KPACUTENs UCMONB3YIOT KanWUIApHBIA Metoa. s
3TOTO TIOJIOCKH (PUIBTPOBATBHON Oymaru momemnaroT B 1%-Hble pacTBOPBI GyKCHHA, J03HMHA,
U Jp. TakK, 4TOObl TOJBKO KOHEI| MOJOCKH ObUT morpyxeH B pactBop. YUepes 30 MuHYT
OTMEYAIOT BBICOTY MOABEMa Kpacuteis 1o Oymare. J[enaroT BBIBOJ O 3HAKE HOHA KPACHUTEIS,
VUUTHIBas, YTO CTEHKH KamWuIApoB (UIBTpOBaNIbHOW Oymaru B BOJAE 3apsiKaroTCs

OTPHULATEIBHO.
Tabmmna 1.3.

Pe3yabTaThl HA0MI0eHUIT HOHHOI afcopOIuKN KpacuTesei

Kpacurens h, cm 3apsn R

OYKCUH KUCIBIN

DyKCUH OCHOBHOM

D03uH

XpuzouauH

MeTujieHOBLIN CUHUHN

OnbiT 5. OKpawueanue wiepcmu.

Xo/ BbINOJHEHUs PadoThI.

bepyT nBa kpacuTesns KUCIbI U OCHOBHOM (DYKCUH, U MPOBEPAIOT BiMsiHUE PH cpenbl Ha
OKpalllMBaHue 1epcTH. s 3Toro B TpH MpOOMPKU HAUBAIOT alleTaTHbIM Oydep (mo 5 mi),
cocrosimuit n3 CHs3COOH u pactBopa CH3COONa (mpomopimu cM. B Tabmuie 1.4.).

CBs3BIBAIOT HUTKOW HEOONBIINE IMYYKH IIEPCTH, OMYCKAaIOT UX B MPOOHPKHU ¢ Oydepom,
MPOOUPKH TIOMEMIAOT B KHIISIILYIO BOJISTHYIO OaHIO HA 5 MHHYT, 3aTeM JIOOABJISIOT B HUX 110 2
MII KpacuTens. Uepe3 oJHY MHMHYTY LIEpCTh BBIHMMAIOT, MPOMBIBAIOT, cymar. [Ipumensis
NATHOAIIIBHYIO CHCTEMY, OLIEHUBAIOT HHTEHCUBHOCTh OKPACKU KaXKIbIM KPACUTENEM.

Tabmuma 1.4.
Pe3yabTaThl HalI0AeHHIT
O06BEM (M) AncopOuus
Ne CHsCOOH | CH;COONa PH PyxenH Pyxens
KHCJIBIH OCHOBHO#1
1 4,5 0,5 3,7
2 2,5 2,5 4,6
3 0,5 4,5 5,6




ObopynoBaHue U peakTHUBbI

1. IraTuB ¢ mpoOUpKaMH.

2. Boposku.

3. DuabTpsl, MOIOCKH PUIBTPOBATHLHON Oymar.

4. 1 % pacTBOpHI 2031MHA, METUJIEHOBOTO CHHEIr0, XPU30MIMHA, (PyKCHHA OCHOBHOI'O U
(dykcruHa KUCIIOTO.

5. Bopanblil 1 ciupTOBOM pacTBOPHI PyKCHHA OJTMHAKOBOM KOHIICHTPALIHH.
0,1 1 pactBopsl CH3COOH u CH3COONa.
ToOHKO U3MENBPYECHHBIN JPEBECHBIN yTOJIb.
CTeKJISTHHBINA TTOPOIIIOK.
denondranenH (MHAUKATOD).
0. Hutu mepcrn.

B2 ©oN®

Bonpocsl 1ui1st camonpoBepku

Urto Takoe aacopOIus, aacopOeHT, aicopOTUB?
AncopOniust Ha TpaHMIlE « TBEPAOE Teo — ra3y. YpaBHeHue Opelinmmxa.
dusnueckas ¥ xumuueckas agcopouus. [loHsTre u nmpuMepsl 1ecopOLnH.

4. ApncopOuusi Ha TpaHUIIE «TBEPJIOE TEIO — pacTBOp». DakTOphl, BIMUSIONIME Ha
a7ICOpOITHIO U3 PaCTBOPOB.

5. AncopOiuss  amekTposmToB.  KaTHOHUTBI, aHUOHHTHL. MeXaHH3M  aJIcopOIUu
3JICKTPOJIUTOB.

6. OOmenHas ajcopOuMs AEKTPOIUTOB. [IprMepsl, MpruMeHeHHeE.

el
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TEMA 2. HIOBEPXHOCTHOE HATAKEHHUE

I_[e.m,: C(bOpMI/IpOBaTB HaBBIKK OINPEACIICHUA ITOBEPXHOCTHOI'O HATXKCHHS BCEIICCTB
CTAIAarMOMCTPHUICCKUM METOIOM.

TEOPETHUYECKASA YACTD

JlucriepcHble cUCTEeMbI 00JaJaloT CHIBHO Pa3sBHTOM IOBEPXHOCTBIO paszena das. ITo
SIBJISICTCS] IPUYMHOI OCOOBIX CBOWCTB JAaHHBIX cucTeM. [loBepxHOCTh pasjena ¢a3 obiamaer
U30BITOUHOM cBOOOTHOM dHeprueii (Fs):

Fs=0Sy nmo= E, [i},CCHI/ISZI,TOG:FS
0 M

I/Ie 0 — IOBEPXHOCTHOE HATSHKEHUE; Sy —yIeIbHasi IOBEPXHOCTb.

[ToBepXHOCTHOMY HATSDKEHUIO MOXKHO J1aTh CJAEAYIOLIUE ONPEIEICHMUS:

e [loBepXHOCTHOE HATSKEHHE — ATO Mepa JIaBJICHHUS TTOBEPXHOCTHOTO CJIOSI BEIIECTBA Ha
BHYTPEHHUE CIIOH.

e [loBepxHocTHOe HaTshkeHMe — 3T0 cwia (F), nedcTByromas Ha €AUHUILY JJTMHBI
NepUMeTpa, OrPaHUYMBAIOIIEr0 MeK(pa3HYI0 MOBEPXHOCTh U HaMpaBleHHAs MO KacaTelbHON
K 9TOM IIOBEPXHOCTH.

e [loBepxHOCTHOE HATSHKEHHE — 3TO paboTa MO MEePEHOCY MOJIEKYJ BelIecTBa U3 00beMa
JKUJKOCTH Ha TIOBEPXHOCTH pasjiena, T.e. paboTa co3aHus €IUHUIIB YIeTbHOU MOBEPXHOCTH

[ToBepXHOCTHOE HATSKEHUE KUIKOCTEH 3aBUCUT OT psisia (PaKTOPOB:

1) Xumuueckas npupooa sewecmea. UeM cuibHEe MEKMOJICKY/ISPHBIC CBSI3H B JaHHOM
BEIIECTBE, T€M OOJbIlEe G, T.K. YBEIMUMBaeTcs paboTa MO NPEOAOTEHUIO 3THUX CHJI, AJS
BBIBEJICHUS MOJIEKYJl Ha MOBEPXHOCTh. YCTAaHOBJIIEHO, YTO Y HEMOJSIPHBIX >KHAKOCTEH
MOBEPXHOCTHOE HATSKEHUE MEHBIIIE, YEM Y TIOJISIPHBIX.

2) Temnepamypa. C yBelWYeHHEM TEMIEpPATyphl CHJIBI CIEIUICHUS MOJICKYT B
MOBEPXHOCTHOM cJioe ocyiabeBatoT U ¢ yObiBaeT. CymectByeT Tipumuw., KOrma ¢ = 0, T.K.
ucyYe3aeT rpaHullia pas3jena x/map

3) Hasnenue. Tlpu yBenWYEeHWUHM JaBJICHHs Tapa HaJ JKUJKOCTBIO TOBEPXHOCTHOE
HaTSHKEHUE YMEHbIIAeTCsl.

4) Jlobasnenue sewecms. BelecTa, CHIKAIOIIHE TOBEPXHOCTHOE HATSXKCHUE JKUJIKOCTH,
HA3BIBAIOTCS TMOBEPXHOCTHO-aKTUBHBIMHU BemecTBamMu (I[TAB). BemectBa, moBbimaromniie
MOBEPXHOCTHOE  HATSHKEHHE  OKUJIKOCTH, HA3bIBAIOTCS  MOBEPXHOCTHO-WHAKTHBHBIMHU
BemectBamu (ITMB).

K ITAB oTHOCATCSI OpraHUYECKHE BEIIECTBA, UMEIOIIHE AU(PUIHFHOE CTPOSHNUE MOJIEKYIIBI:
ruApoPOOHYI0 YacTh — YIIEBOJOPOAHBIN pagukan R u ruapoduiabHy0 4acTh — MOJSPHYIO,
GyHKIMOHAIBHYIO rpyny X.

Bcenenctsue nudunsHOTO cTpoeHuss Monekynbl [IAB HakamiauBaroTCs Ha TpaHUIlE pasena
¢a3 BoJa — BO3yX, OPUEHTHPYSICh IPU 3TOM OIpeeeHHbIM 00pazoM. ['uapodunsHas gactb
MOJIEKYJI B3aUMOJICHCTBYET C BOJOH, a HemoispHas rufpodoOHas 4acTh BBHITAIKHBACTCS B
HenoJsipHyto (pa3y (Bo3ayX), T.e. UMeeT MecTo aacopOIus mosiekyn [TAB B moBepxHOCTHOM
cinoe. [Ipu 3TOM MPOUCXOIUT CaMONIPOU3BOJIBHOE CHUKEHUE MOBEPXHOCTHOM SHEPTUHU 32 CUET
YMEHbBILIEHUSI TOBEPXHOCTHOTO HaTshKeHUs. KolIMyecTBEHHOE COOTHOIIEHHE MEXAY
aacopbuueit (I') pactBopernsix [TAB, ero xonmentpamueii (C) B pacTBOpe U M3MEHEHUEM
MMOBEPXHOCTHOTO HATsDKEHUS (o) maeT ypaBHeHue [ nboca:



C Ao

RT AC’

AC o0, —0;
A€ — = ——— - IIOBCPXHOCTHAsA aKTHUBHOCTH BCIICCTBA.
£ C,-C,

A
yriaeBoopoAHoro panukana (R), yem JuIMHHee HeMOJSPHBIN pauKai, TEM JIerye MOJIEKYIIbI
[TAB BBITECHSIIOT MOJIEKYJIBI BOJBI W3 IMOBEPXHOCTHOTO CJIOS, TeM OOJIbIIE CHIKACTCS
MMOBEPXHOCTHOE HATSHKEHUE. DTa 3aBUCUMOCTb G OT JUIMHBI PaJIUKaJIa IepeJacTCs:

a) omnupuyeckum npasuiom [ioxno — Tpaybe: B mobGom romonoruueckom psay [TAB,
YJIMHEHHE YIJIEBOJOPOAHOrO pajukana Ha rpynny -CHz yBenuuuBaeT HOBEPXHOCTHYIO
aKTUBHOCTh B 3-3,5 paza. DTO MpaBUJIO BBIMOJIHSAETCS MPU KOMHATHOW TEMIIEpaType U
HU3KUX KOHIeHTpanusax [TAB.

0) samnupuueckoe ypasnenue Llluwxosckozo (1151 BOOHBIX pacTBopoB I[TAB):

AO
HOBerHOCTHaH AKTHUBHOCTB _C I[I/I(bI/IJIBHHX MOJICKYTT ITAB 3aBucur ot JJINHBI

0 =0,— B In(1+KC)

IJI€ G o — IOBEPXHOCTHOE HATS)KEHUE BOJbI; G — IOBEPXHOCTHOE HATsLKEHUE pacTBopa; B —
KOHCTaHTa JUIsl JAHHOT'O TOMOJIOTHYECKOTO Psifia OPraHMYECKUX COCUHEHUMN.

[TAB knmaccupuupyroTcs Ha

1) Henonorennsie [TAB, koTopbie HE TUCCOLUUPYIOT HA UOHBI.

2) Nonorennsie IIAB, koTopble B pacTBOpax AMCCOLUUPYIOT HA HOHBI:

e annonHeie [IAB (60% MupoBOro mpou3BOJCTBA) IUCCOLUUPYIOT ¢ 00pa3oBaHUEM
YII€BOIOPOAHOrO aHnoHa, Hocutens IIAB — cBolicTtB. K HUM OTHOCATCS, B 4aCTHOCTH, MBLIIA!
C17H3sCOONa «» C17H35COO ™ + Na*

e Karuonnsie [TAB (=10%) mucconuupyroT ¢ o0pa3oBaHHEM KaTHOHA, 00Ja/laloIIero
1oBEPXHOCTHOM akTuBHOCTHIO: [C18H37NH3*]Cl" > C1gHa7NH3™ + CI°

e Awmdorepurie [TAB (= %). Ilpumep: OenkoBbie BemiecTBa, coaepxkamue -NHz u
-COOH, B 3aBucumoctu oT pH cpenbl IposBISAIOT CBOIO MOBEPXHOCTHYIO aKTUBHOCTH KaK
KaTHOHHbIE WK aHHOHHBIE [IAB.

PactBopsr IIAB mnpencraBnsior co0oil JIMOQUIbHBIE TEPMOAMHAMUYECKU YCTONYMBBIE
cucTeMsl. JJIst HUX XapaKTepHO CaMOIPOU3BOJIEHOE MUIIEIO00pa30BaHKe

[ToBepXHOCTHO-aKTHBHBIE BEILECTBA, CIOCOOHBIE MEPEXOAUTh B pacTBoOpax U3
MOJIEKYJISIPHOTO pa3fpoOJeHus B KOJUIOMJHOE, Ha3biBaloT KosutougHsiMu ITAB. HaubGonee
TAMMAYHBIMU  TIPEACTaBUTEISIMU  KOJUTOUAHBIX [IAB sBastores wmbima. Ilpu  HexoTopoit
KOHIIGHTPAlLlMM, Ha3blBaeMOW KPUTHUYECKOM KOHIEeHTpanueil munemioodpazoBanus (KKM),
HAUMHAIOT O00Opa3oBBIBAThCS arperatbl MOJIEKYJI — MHIe/Uibl. B MoMeHT Hauvana
MUIIEJUI000pa30BaHMsl MEHSIOTCSI MHOTHe cBoiictBa pactBopa I[IAB (moBepxHOCTHOE
HaTSDKEHUE, YeNbHAs AeKTPOIPOBOAHOCTb, T0KA3aTeb MPETOMIICHHUS).

B psne ciydaeB koHLEHTpHpoBaHHbIE pacTBOpbl [IAB BBI3BIBaIOT CaMONPOU3BOJIBHOE
JTUCTIEPTUPOBAHNUE, WM KOJJIOMJHOE pacTBOpPEHHE. OITO CBOWCTBO pactBopoB I[IAB
Ha3bIBaeTCs conroburusayue. ComroOMIM3alUs — ITO pacTBopeHHe moj aevictBueMm [IAB
HEPAaCTBOPUMBIX B JAHHOMW KHUJIKOCTHU BEIIECTB. [Ipouecc comoOmmM3anuu MOXHO
paccMaTpuBaTh KaK pacnpezeneHue TPYAHOPACTBOPUMOTO BEILIECTBA MEXKIY
HMCTHUHHBIM pacTBOpoM U muliesmiamu [TAB.
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MOBEPXHOCTHOE HATSIXKEHHME JKUJIKOCTEN

CranarMOMETpUYECKH METOJ OINpPEICICHHs [TOBEPXHOCTHOTO HATSDKCHHS JKUJIKOCTEH
OCHOBaH Ha OIpPEICICHHHM MAacChl KalUIM JKUIKOCTH BBITEKAIOIICH M3 crajiarMomerpa. B
MOMEHT OTpPbIBA KaIlI €¢ Macca MPaKTUYECKH PaBHA CHJIC TOBEPXHOCTHOrO HatTspkeHus. [Ipu
pacuerax npumensiercs: popmyina (2.1):

o,d.n
_ 0~x""0
X d ' (21)
Onx
A€ ox — IIOBCPXHOCTHOC HATAKCHUC HCCJIG,I[yGMOfI KUIKOCTH, 00 — ITOBCPXHOCTHOC

Hatsxenne Bozbl (73,26 aun/cm npu 15° C); dx — maoTHOCTH HccnemyeMoit KuaAKoCTH, T/cM?,;
do — mnotHOCTH BombI (1 T/cM®); No — ¥mMCIO Kamenb BOABI B 0OBEME CTaTarMOMETpa; Ny —
YHCJIO KaleJlb UCCIENYEMOH JKUAKOCTH B TOM ke 00BbeEME.

Tak Kak MOBEPXHOCTHOE HATSKEHHWE 3aBUCUT OT TEMIIEpaTyphl, MPHU BBIYUCICHUU Ox
HEOOXOMMO BBOJUTH TIONPABKY U 3HAYCHUE 00 PACCUMTHIBATH 110 hopmyrie (2.2):

oo =7326-015(t-15) (2.2),
rae t — Temmneparypa B 1a60paTOpUH.

OnwiTr 1. Onpeodenenue NnO6EPXHOCMHO20 HAMAMCEHUA JHcuoxocmeil
CManazmomempuiecKum Mmemooom.

Xoa BbINOJIHEHHUs PadoTHI.

CranarMoMeTp 3aKpenuTb B IUTAaTUBE, IPEIBAPUTENIBHO 3allOJIHUB HCCIELyEMOMN
JKUJKOCTBIO 10 BepxHeW MeTkH. [loacuuTars Ym0 Kamenb NMPU BBITEKAHWM JKUJIKOCTU J0
HIDKHEH MeTKM ctanarMomerpa. OmbIT HOBTOpUTH ¢ Boaoi. Caenate pacyer mo Qopmyie

(2.1), yuuThiBas momnpaBKy Ha Temrepatypy (ypaBHeHue 2.2). Pe3ynbraThl 3aHECTH B TaOJIHILY
2.1.

Taomuua 2.1.
Pe3yabTaThl onpeeieHnsi IOBEPXHOCTHOTO HATSI)KEHHUsI )KHIKOCTeil
Ne onibrTa BemiecTBo d, r/em® Hiero Hosepxitoctrioe ITAB/ITVB
Karenb HATSDKEHHE O
1 H.0 1
2 OraHon 0,789
3 IIponanon 0,789
4 Bbyranon 0,8086
5 P-p mpIa 1
6 P-p CuSO4 1,15
7 P-p NaCl 1,18
8 P-p riroxo3bt

CpaBHUTH 3HAYEHHS] TOBEPXHOCTHOTO HATSHKEHUA U CIeNaTh OTHeceHue BeulecTB k [IAB
niu [TNB.

OnviTt 2. Kauecmeennasn npooa na nosepxnocmuo-akmuenvte (IIAB) u

nogepxnocmuo-unaxmuensie (IIUB) eewecmea.
Xoa BbINOJIHEHHUS Pa0OTHI.
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B yamky Iletpu Hamuth 20 M AUCTUIUIMPOBAHHOW BOJBI M HACHINATh TOHKUW CIIOM
MOPOIIKA CEePbl MM aKTUBUPOBAHHOTO yris. [IMneTkol B HEHTP YalIku MOOYEPEAHO BHECTH
pactBopel CuSQOs, 3atem NaCl, morom stanon, GeH3WH W pacTBOp MbLIa. ECiu BeliecTBO
otHOcuTcs K [TAB, TO yacTHIBI Cephl WM YIS MEpPEMEIalTcs Ha nepudeprro Yamiku, B
CTOpPOHY HanboJiee BHICOKOTO TOBEPXHOCTHOTO HATSXKEHUS. BBIIBUTE U3 UuCia Hcciae1yeMbIX
BelecTBa, oTHocammxcs K ITAB u x 11MB.

OnbIT3. Onpeoenenue KKM 6oonvix pacmeopose IIAB.

Xo/ BbINOJIHEHUsS padoThl.

M3MepsoT ¢ MOMOLIbIO CTAlarMOMETpa M PAcCUMTHIBAIOT MOBEPXHOCTHOE HATSKEHHUE
pPacTBOPOB MpPOIIAHOJIA WIM OJieaTa HAaTpUs Pa3IMUYHbIX KOHIEHTpauuid. JlaHHBIE 3aHOCAT B
Tabmuiy 2.2.

Tabmuna 2.2.
Pe3yabTaThl onpeieeHusi IOBEPXHOCTHOI0 HATSI’KEHHsI B PACTBOPAX MPOMAHO0JIa
Pa3aIHYHON KOHIIEHTPAIMH

IInotHOCTB
Ne onbiTa C (ITAB), % pactsopa Yucno karmenb o
MporaHosa
d, r/em®
1 0,125 0,86
2 0,250 0,84
3 0,5 0,81
4 1,0 0,78
5 1,5 0,76
6 2,0 0,75

[To naHHBIM TaOMUIBI CTPOAT Tpaduk 3aBucuMocTd ¢ = f(c), OTKNIAABIBAas MO OCH

abcuuce KOHIEHTPALMIO, a IO OCH OpJUHAT 3HAu€HHWE TOBEPXHOCTHOTO HATSKEHHS
pactBopoB. Ilo rpaduky oOmpeAensOT HUHTEpPBAT  KPUTHYECKOM  KOHIIEHTPAIUU
MUIEI000pa30BaHUs.

O0opynoBaHne U peakTHBBI

A

CoNo Tk~ wDE

Cramarmomerp.

Xumnueckuit ctakad Ha 50-100 mi.

Tepmomerp.

Yamuka Iletpu.

JluctuiinpoBaHHas BOJA.

PactBopb! oneara Hatpus (MbLIa), TIIOK03bI, CuSOs, NaCl.
OraHou, nponaHoi, OyTaHod.

BoaHbie pacTBOpPHI IPONIAHOJIA PA3TMYHON KOHLEHTPALIKH.
ToHKO U3METbYEHHBIN APEBECHBIN YT Ob.

Bonpocsl 11 caMonpoBepKHU
Kak onpenenuts BenmuunHy K03 UIIEeHTa TOBEPXHOCTHOTO HATSKEHUs?
OT 4ero 3aBUCHT BEJIMYNHA IOBEPXHOCTHOT'O HATSHKCHUS?

N3otepma ['nbca, nmpasuio Tpay6e, ypaBHenue LIumkoBckoro.
Urto takoe [TAB( moBepXHOCTHO aKTHUBHBIE BelecTBa)? MexXaHu3M UX JICUCTBUSI.

12




Knaccudukanus [TAB. [Tpumepsr.

[Tpouiecc mutnenoodpazopanus B pactBopax [IAB. Crpoenne munienn [TAB.
Uto Takoe KKM, kak ee onpenenuts?

Conrobunu3zanus. Mexanusm, IpuMeHEHHE.

Moromuii a3 ekt [TAB.

©CoNo O
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TEMA 3. HOJIYYEHUE KOJIJIOUJIHBIX CUCTEM
Hesab: ChopmMupoBaTh HABBIKY MOTYYEHUS M OUUCTKU KOJUIOMIHBIX CUCTEM.
TEOPETUYECKASA YACTD

Jucnepcnvimu cucmemamu HA3ZBIBAIOTCS TE€TEPOTE€HHBbIE CUCTEMBbI, B KOTOPBIX OJIHO
BEIIECTBO B BHJE YACTHUI[ DPA3IUYHONW BEIUYMHBI PACIpPEAEICHO B OIHOPOJHOM Macce
JPYToro.

Jucnepcnasn ¢paza — 310 pa3apobiieHHOE (AUCTIEPrUPOBAHHOE) HA YACTHI[BI BEIIECTBO.

Jlucnepcuonnasa cpeda — >TO OJHOPOJHAS Cpela, B KOTOPOW pacHpeleeHbl YacTUIIbI
JUCTICPCHOM (pa3bl.

CocrosiHue BellecTBa B IOBEPXHOCTHBIX CJIOSX JHCIEPCHOM (a3bl, obnagaroiiee
M30BITOYHON TOBEPXHOCTHOW SHEPTHEN, HA3bIBAIOT KOLIOUOHBIM COCHOAHUEM.

[Io cremeHn AWCIEPCHOCTHM YACTHUI[ JUCHEPCHOM (ha3bl JUCIEPCHBIE CUCTEMBI
KJIacCU(UIUPYIOTCS Ha TpyOOAMCIIEpPCHBIC, KOJUIOMIHBIE W WMCTUHHBIE pacTBOphl. OT
pa3MepoB YaCTUIl JUCTIEPCHOM (pa3bl 3aBUCSIT CBONCTBA AUCIIEPCHBIX CUCTEM.

Tabmuuna 3.1.
Kuaaccnpukanust AucnepcHbIX CHCTEM 0 CTENeHH JUCTIEPCHOCTH YaCTHL AUCIIePCHOM a3kl
Pazmep .
Cucremsl CBoJCTBa TUCHIEPCHBIX CHCTEM
YacTHIIbl, M
I'IC (rpy6o-auc- I'ereporennsle, HEyCTOWYMBBIC, YacCTHLBI OBICTPO
MIEPCHBIE CHCTEMBI). OCEIaloT; HENmpo3pauyHble (pacceuBalOT CBET B
Hanpumep,cycnensuu, 107 -10° pe3ynbraTe  OTpakK€HHUSI M  TPEJIOMIIEHHA); HE
3MYJIBCHUH, TIEHHI, ¢ubTpyroTC 4epe3 OyMaxKHBINH (QHUILTP; BUIHBI B
a’po301H1 OOBIYHBII MUKPOCKOII
I'ereporenssie, PO3pPavHBIE; OTHOCHUTEIILHO
yCTOMYMBHI (HE OCEIaroT); MHTEHCHUBHO OKpAIIEHBI,
omanecupyoT (1awT kKoHyc TuHang); GuIbTpyroTCs
Komnonasre 10° - 107 yepe3 OyMaKHBIN (QUITb HO HE TPOXOIAT uepes
PacTBOpHI P y b POXOI p
MONYNIPOHHUIIAEMYI0 ~ MeMOpaHy; He BHIUMBI B
OOBIYHBI  MHUKPOCKOII, HO OOHapyXHBalOTCS B
YIBTPAMHUKPOCKOI
l'omorenHsle, mnpo3pauHble (ONTHYECKH IIyCTHIE);
UctuaHBIC veHee 109 | TEPMOZIMHAMIIECKH YCTOWYHBEIE; QIIBTPYIOTCS Yepes3
pacTBOpPHI Bce (QuubTpel (Oymary, nepraMeHT); BHIHB B
JIEKTPOMHKPOCKOII

JlucriepcHble CHUCTEMBI TakXke KJIACCH(QHUUIUPYIOTCS B 3aBUCHUMOCTH OT arperaTHoro
COCTOSTHUS JUCTepCHOM (a3bl U AUCIIEpCUOHHOM cpeabl. JlucnepcHas da3a u 1ucrnepcuoHHas
cpeaa MOryT ObITh B 3-X arperaTHbIX COCTOSHUsAX: razoodpasznom (I), xunkom (K), TBepaom
(T). IToaTOMy pa3nu4arOT 8 TUIIOB JUCTIEPCHBIX CUCTEM (Ta3 B ra3e — TOMOTEHHAS CUCTEMA).
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Tabmuna 3.2.

Kﬂaccudmxauuﬂ ()ucnepcubtx cucmem no azpecamHomy COCmoanuio

ArperatHoe JucnepcuonHas cpena
COCTOAHHC Teepnas Kunkas l'azoo0paznas
METaJUINYECKUE CYCIECH3HH (XOJI0JHOE a’3pO30JI1: AbIM, IIbUIb
CIIaBBl; TBEPAbIE MOJIOKO); KOJUIOHIHbIE | (LIeMEHTHas, caxapHas,
o Teepaas KOJIJIOUIHBIE PACTBOPEI, pacTBOpHI (30111) My4YHasl, KOCMUYECKasi)
o JparoleHHbIe KaMHU;
= IIBETHBIE CTEKNIA
% MPUPOAHBIE MUHEPAIIBI SMYIbCUH (MOJIOKO, Abdpo30iH: TyMaH
= Kikas C )KMJIKUMHU MaprapuH, MaiioHe3) (obnaka, n€3040paHTHI)
5 BKJIIOUYEHHAMH (O1ajl,
S
= KEMYYT)
TBepble NeHbl Ilenn:
I"azoo0pazHast (nmeHomutacT, nemsa, (B30UTBIE CITBKH)
x11e0)

JucnepcHble CHUCTEMBI MOTYT OBITh CO3JaHBl CaMOW MPHUPOAON WM TOIyYCHBI
HUCKYCCTBEHHO B  pe3yjibTaTe pPa3JIMYHBIX MpPOIEeccOB. Bce crmocoObl HCKYCCTBEHHOTO
MOJTyYEHUs JUCTIEPCHBIX CUCTEM MOXKHO pa3feNuTh Ha ABe rpynmsl. [lepBas u3 HUX ocHOBaHa
Ha Oucnepeupoeanuu, T.c. Ha MoJIydeHUH MEJIKHX YaCTHII JUCTIEPCHOM (ha3bl U3 CIIONIHOTO U
KPYIIHOTO 10 pa3MepaM Tella; BTOpas, HaoOOpOT, CBSi3aHAa C YKPYMHEHHEM YacCTHUIL
MOJIEKYJISIPHOTO pa3Mepa 70 pa3MepOB YaCcTHUIl AUCIIEPCHOM (pa3bl 3a CUET KOHOEHCAYUOHHBIX
IPOIIECCOB.

Paccmorpum  Goniee  moapoOHO  CHOCOOBI  MOJMYYEHUS  KOJUIOMAHBIX — PACTBOPOB.
Kosonanabie pacTBOpHI 3aHUMAFOT 10 CTETIEHH JUCIEPCHOCTH MPOMEXYTOYHOE MOJIOKEHHE
MEXJy WCTUHHBIMH DPACTBOpPaMU M TPyOOAMCIEPCHBIMU cucTeMaMu. [loaToMy OHM MOTYT
OBITH MMOJIy4EHBbI JIMOO MyTEeM accolMaluu (KOHIEHCAIlMM) MOJIEKY] M HOHOB HCTHUHHBIX
pacTBOpOB, JUOO pazapoOIeHUEM YaCTHUI] TPYOOIAMCIIEPCHBIX CHCTEM. MeTOJbl MONyYeHHS
KOJJIOWIHBIX PAacTBOPOB TPEACTABICHBI JBYMs TpYIIaMH: METOJbl KOHICHCAIMU U
JTUCTIEPCUOHHBIE METOJBl. B OTAENbHYIO TPYIIy MOXET OBITh BBIAETIEH METOJ MOTy4YeHUS
KOJIJIOWIHBIX PACTBOPOB C TIOMOIIBIO TIETITU3AIIH.

OcCHOBHBIE YCIIOBHUSI TOJYYCHHs] KOJJIOMJIHBIX CHUCTEM, HE3aBUCHMO OT MPHUMEHSIEMBIX
METOJIOB, CIIeIYIOIIHE:

1. HepacTBOPMMOCTbH BeleCTBA AUCIEPCHOMN (hasbl B JUCTIEPCUOHHOI cpeie;

2. JOCTHXeHHe KOJTOMAHOH mucrepcrocTd vactur (107° — 107 m);

3. Hamuuue  crabuim3aTopa, KOTOpPBIM  oOecrmeuynBaeT  KOJIJIOMIHOM
arperaTuBHYIO YCTOWYHBOCTH (T.€. YCTOWYHBOCTH K CIMITAHUIO KOJUTOMIHBIX YACTHII).

Metoa nucneprupoBaHusi.

1. Mexanudeckoe aucrieprupoBanne. OCYIIECTBISETCS C IMOMOIIBIO  CHEIHaTbHBIX
KOJUTOMIHBIX METBHHUII U APOOUIIOK PA3TUYHBIX THUIIOB.

2. JlpoGrnenue ynpTpasBykoM. Konebarns Bo3myxa ¢ Gonbmoii wactoroit (10°...10° I'm)
HA3bIBAIOTCS  YJIBTPA3BYKOBHIMH  BOJHAMH. B3Bech TrpyOOJMCIEPCHOTO  BEIIECTBA,
MOJIeXKAIIETO Pa3ApoOICHNI0, TIOJ] NEHCTBHEM YIbTPA3BYKOBBIX BOJIH pPa3MeIbyuaeTcs 0
KOJIJIOUZHOTO COCTOSTHHSL.

3. DIJeKTpuYecKoe TUCIeprupoBaHre. MeEToJl OCHOBaH Ha CO3JaHUHM BOJBTOBOW IyTH
MEXIY DOJEKTPOJaMH, CICIaHHBIMH W3 pacHbUIIEMOr0 MeTala, TMOMENICHHBIMU B

CHUCTEMC
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oxJaxJaeHHyo Boay. [Ipu Temmeparype BOJBTOBOW AYrM METalIbl CHayalda UCHApSAIOTCS, a
3aTeM Iapbl KOHAECHCHUPYIOTCS B XOJIOHOM BOJIE.

MeTtoabl KOHIEHCAIIUH.

1. Metoas! GU3NUECKON KOHICHCAIINH:

A) KoHzieHcanus nmepeoxyiaKeHHbIX MapoB (00pa3oBaHue TyMaHa, IbIMa).

B) Metox 3ameHbl pacTBOpUTENs. XOPOUIMHA pAcTBOPUTENb JUIsl JAUCHEPCHON (ha3bl
3aMEHSAIOT Ha IUIOXOW pPAacTBOPHUTENh, HO XOPOLIO CMEHIMBAIOMIMICA C XOPOLIUM
pactBopuTeneM. T.e. U3 HCTUHHOIO PacTBOPA MOJIy4at0T KOJUIOUAHBIN pacTBOP.

2. Mertoasl xumMuueckord KoHaeHcanuu. KojuiomaHble pacTBOpPHl MOXHO IOJYYHUTH B
pe3yibTaTte MPOBEACHUS XUMHUYCCKUX PEAaKIMi TMOYTH BCEX H3BECTHBIX THIIOB: PEAKIIMU
o0MeHa, OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX, THApOIH3a U Ip. O0s3aTeNbHOE YCIOBHE:

1. oOpa3oBaHue TPYAHOPACTBOPUMBIX BEIIECTB;

2. HU3Kas KOHLEHTPALUS Pearupyrouiux BeIeCTB;

3. W30BITOK OJHOTO M3 PEareHTOB, KOTOPBIM BBHINOJHSAET pPOJb CTaOMIM3aTopa
KOJUTOMIHOM CHCTEMBI.

Metoa nenTu3anuu (WM IpOOIICHUE CPEIOH ).

CyThb MeTOJa: K CBEXEHPUTOTOBICHHOMY PBIXJIOMY OCAJKy MPUOABISIOT AJIEKTPOIUT
(mentuzarop), Onarogapsi KOTOPOMY YaCTHIIBI OCaJKa OTICISAIOTCS ApYr OT JApyra u
NepexonarT B pacTBoOp. B oTnuume OT Apyrux MeToAoB ApOOJEHHs B 3TOM METOAE He
IPOUCXOIUT, T.K. YACTHIBl PBHIXJOTO OCaJKa YK€ HMEIT KOJUIOMIHBIA pa3mep, a
npuOaBIeHHBIA TENTU3ATOP CTA0OMIU3UPYET KOJUIOUIHBIA PAcTBOP.

JIro6ast KOJUTOMIHAS CUCTEMa COCTOUT U3 AMCIEPCHON (ha3bl U JUCIIEPCUOHHON cpenbl. B
TUAPO30JIAX JHUCIIEPCHOHHOM cpelol sBIseTcs BoJa, a TBepAas JAucrepcHas ¢asza
pacripenieniieTcsi B BHJE KOJUIOMAHBIX dYacTull. CTPyKTYpHOH eAMHUIEH KOJUIOMIHOTO
pacTBopa SBISIETCS Muyena.

Anpo munemisl o0pasyeTcss U3 MOJEKYJI TpyAHOpPAacTBOpUMOro coenuHeHus. Ha snpe
U30MpaTeNbHO aCOPOUPYIOTCS POJICTBEHHBIE €My MOHBI cTabuin3aTopa (mpasuiio Ileckosa),
KOTOpBIE ONnpeAensoT  3HAaK  3apsja  YacTHIlbl,  I[O3TOMY  Ha3bIBarOTCS
noteHuangonpenensommMu. [Ipu 3ToM o0pasyeTcst OTpPULATENBHO WIN TOJIOKUTEIBHO
3apspkeHHBIA arperar. K arperaTy W3 pacTBOpa NMPHUTATHBAIOTCS MOHBI MPOTHBOIIOJIOKHOTO
3HaKka (IpoTUBOMOHBI). OHM pacroyaraloTcsi B 2-X CIOSIX: a) aJCOpPOLMOHHOM, KOTOPBIii
BMECTE C arperatom o0pasyeT rpanyiy (dactuiy); 0) nuddy3noHHoMm.

IIpumep. Hanmummure cxemy cTpoeHHs] MULEIUIBI cylbdaTa Oapusi, MOJy4aromerocs npu
B3aMMOJICHCTBHUH XJI0pHIa Oapusi ¢ U30BITKOM Cylb(aTa HaTpHsl.

BaClz + Na2SOuais6) = BaSO4| + 2NaCl

B snpe muienisl 6yayT HaXOIUTHCS THICSYH MOJIEKYJ HEPACTBOPUMOTO cyibdara 6apus.
CrabunuzaTopoM sBisieTcss cyiabpaT HATpUs, T.e. BEIIECTBO, B3sAiToe B H30bITKe. Ha
MOBEPXHOCTU s/ipa afCcoOpOUPYIOTCS Cylb(aT-uoHbI (MOTEHIIMATIONpEaestonme noHbl). K
MOBEPXHOCTH 3apsHKEHHOIO arperaTa U3 pacTBopa IPUTATUBAIOTCS HOHBI IPOTHUBOIIOJIOKHOTO
3HaKa — MOHbI HATPHs (MIPOTUBOUOHBI).

®opmMyna MHIIEIUIbI TAKOBA!

[{m BaSO4}n SO422(n-x)Na*]*2x Na*,
1) (2) 3 4)
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rone (1) — saapo; (2) - morenumamonpenensommii ciaoi; (3) — aacopOIUOHHBIN CIIOM
npoTuBOUOHOB; (4) - muddy3HBI CII0i TPOTUBOUOHOB.

3apsiaq rpaHylibl OydeT OTPHUIATENBHBIN, TaK Kak Ha sape ajacopOUpoBaHbl Cyibdat-
WOHBI.

CITIOCOBbBI HOJIYYEHHUSA 1 OYNCTKH KOJIJIOUJTHBIX PACTBOPOB

Onsit 1. IHonyuenue 2udpo3ona kanughoau memooom 3amenvt pacmeopumen.

Tak kak kaHH(OIb XOpOILIO PACTBOPUMA B CIUPTE M HE pacTBOpUMa B BOJE, TO NpHU
BHECEHUM Kamenb €€ CIOHPTOBOTO pacTBOpa B BOIY, MOJIGKYHbl KaHudomum Oymyr
KOHJICHCUPOBATHCSI B MULIEIUIBI U 00Pa30BBIBATh TUAPO30JIb.

Xo/ BbITIOJIHEHUSI Pa0OThI.

bepyr Tpu mpobupku. B mepByro npoOHMpKy 3achIMarOT MOPOIIOK  KaHU(OIU
(OpraHn4ecKoe BEIIECTBO HEOIPEACIICHHOTO0 COCTaBa) M J00aBisAoT 5 Mi Boabl. Bo BTOpyto
npoOupKy HanuBaroT 3 mil 1%-HOro cnMpTOBOrO pacTBopa KaHU(OJIU, B TPETHIO — 5 MIT BOABI
u 1 wmun crnuproBoro pactBopa kKaHudonu (moGaBisror 1o KamisiM). CpaBHUBAIOT
MPO3PAYHOCTh BCEX TPeX cMmecel. 3areM QUIbTPYIOT uepe3 OyMaxHbI GUIBTP cMecH U3 1-
0i1 1 3-e¥t mpoOUPOK.

Pesynbratel pazmeniatot B Tadnuiy 3.3.

Tabmuma 3.3.
Pe3yabTaThl HAGJIIOIEHUIT MOJTYYeHHsI KOJLUIOMIHOTO PAcTBOPa KanugoJu

Tun nucniepcHon

CocrtaB cmecu [Ipo3paunocTsb
CHCTEMBI

kaHu(oIb + Bosa

KaHU(OIb + CIupT

BoJIa+(kaHU (OB +CIIHPT)

Onwit 2. Ilonyuenue 3013 2udpokcuoa reeneia Memooom 2uoponu3a.

Xoa BbINOJIHEHHUs PadoTHI.

1. Harperp no xumenus 50 M AUCTWUIMPOBAHHOM BOJBI, J00ABUTh MO KaIuliM
2%-ub1it pactBop xJyopuna xkenesa (I1l) 1 KUMATUTE ere HECKOJIBKO MHHYT JIO TOSIBICHUS
BUIIHEBO-KPACHOTO OKpaiiuBaHusl. [1oydeHHBII 307b OXIaKIAI0T U MEPETUBAIOT B MELIOYEK
U3 HemiogpaHa v MpoBOIAT JUANIN3.

2. KanwuisipHbIM METO/I0M ONPEAeNTUTh 3apsij 30015, i 3TOro Mosocky (pUIbTpOBaIbHOM
OyMaru omycTuTh B KOJJIOMJIHBIM pacTBOp Ha riiyOuHy 1-2 MM K HaOm0IaTh 3a ABMXKEHUEM
YacTHUI[ OKpalIeHHOTo 30is1. M3BecTHO, 4TO ¢uibTpoBanbHas Oymara, CMOYEHHas BOJIOM,
3apsbkaercs oTpuuaTenbHo. EciyM KoulomaHble YacTHIbl OyAYT BMECTE C PAacTBOPHUTEIEM
MOJHUMATKCS 110 Oymare, TO 30J1b 3apsKEH OTPULIATENBHO.

3. duanmu3. Meno4ek ¢ pacCTBOPOM 307151 TIOTPY3UTh B CTaKaH C TUCTHUILTUPOBAHHOMN BOJIOM,
KOTOpYIO MeHSIoT Kaxaple 10-15 munyt. Ilocne Tperseit cmeHBI BOAbl YacTh €€ (1-2 mu)
0oTOOpaTh B MPOOUPKY U MPOBEPUTH HA HAIWYUE MOHOB XJOpa (KAa4eCTBEHHOM peakIuei c
HUTpaATOM cepebpa). Juanus BecTu 10 TeX MOp, MOKa 30Jb MOJHOCTHIO HE OTYUCTUTHCS OT
XJIOPUJIOB.

4. Metoa mosrydyeHMs 301181 THAPOKCHIA JKelle3a — XUMHUYecKash KOHJeHcauus (peakius
ruposn3a). BHadane nporcxoauT NOJHBIM MHAPOIN3 XJIOpUIA JKele3a COrNIaCHO YPaBHEHHUIO:

FeClz + 3H,0 —— Fe(OH)s + 3HCI
A 3aTeM HENOJIHBIN THIPOJIN3, COMVIACHO YPABHEHUIO:

FeCls + 2H20 ——> Fe(OH).Cl + 2HCI
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Fe(OH).Cl —— H»0 + FeOClI

FeOCl —— FeO* + CI
FeOCI BoimonHsIeT poib cTabMIM3aTOpa MULEIUIBL. Hamuimmre cxeMy CTPOSHUS MULIEILIBL.

Onbit 3. Iloiyuenue 3011 Memooom nenmuzayuu.

Xo/1 BbITIOJIHEHUSI Pa00ThI

K 5 mn 1M pactBopa xyopuaa xene3a B koibde mo6aButh 100 My BOABI U OCAJHTH
HEOOJIBIIUM KOJMYECTBOM pacTBOpa ammuaka. Koily 3anomHuTh goBepxy Boaoi (250 mur).
JlaTb ocagKy OTCTOSITbCS, 3aT€M JEKaHTHPOBATh OCAZOK, MHOTOKPAaTHO NMPOMBITh €ro BOAOH
JI0 MCUE3HOBEHUs 3amaxa ammuaka. OO0beM coaepkuMoro KoioObl jgoBectd g0 150 Mo,
n00aBUTh mentu3arop: 15-20 kamens HACHILIEHHOTO PacTBOpa XJIOpU/A XKelle3a U HarpeTh Ha
BOJIsTHOM Oane, B30anThiBasg. Ocanok pactBoputcs. Ecnu yacth ocajgka octaHeTcsi, 100aBUTH
€I1le HECKOJIbKO Karelb NeNTH3aTopa, MPoI0JiKasi HarpeBaHue.

3anuCchIBAIOT ypaBHEHUE PEAKIIMH U CXEMY MHIICIUIBI.

Onwit 4. Ilonyuenue 301eii 6epaunCKOL 1a3yPU € PAZTUYHBIMU 3APAOAMU.

X0/ BBINOJHEHHST PA0OTHI.

['oTOBST B IBYX MPOOHpPKaX KOJUIOWHBIC PacTBOPHI U3 2% pacTBopa xiopuaa xenesa (111)
u 0,005M pactBopa Ka[Fe(CN)e], cMernBast peakTHBBI B CIISAYIOIINX COOTHOMICHHUSX:

B 1-oit mpo6upke 5 mit 0,005M Ka[Fe(CN)s] + 0,1 mut 2% FeCls (cunwuii 30:1b).

Bo 2-oii mpo6upke 5 M 2% FeClz + 0,1 mi 0,005M Ka[Fe(CN)e] (3enenblii 30115).

Onpenensior 3apsapl TpaHysl 30JIel KanWUIIPHBIM METOJOM. 3alUCHIBAIOT YpaBHEHHS
peakuuii 00pa3oBaHus 301€H U POPMYIIBI MULIEIL.

Onwit 5. Ilonyuenue 3014 cepeol.

Xoa BbINOJIHEHHUs PadoTHI.

K 15 ma 0,0051 pactBopa NaxS:03 mpunuts 5 ma pazbasienHoir B 50 pa3 H3POs u
HaO0JI0/1aTh M3MEHEHUE OKpacku cuctemsbl. [Ipu Tommumue cios B 1 ¢M LBET 3018 cephl B
WHTCHCUBHOM IIPOXOJAIIEM CBeTe B TeueHUMM 20 MUHYT M3MEHSETCS OT KEITOro 4epe3
OpPaH>KEBBIN, KPACHBIH, (PUOJIETOBBIH 10 TOTYOOTO, HHOT/IA C 3€JIEHOBATHIM OTTEHKOM.

OOGopynoBaHue U peaKTHUBbI
DneKkTpuyecKas MIuTKa.
Xumuueckuit ctakad Ha 100 mur.
JIaGopaTopHBbIii AUATU3aTOP.
JuctrinmrpoBaHHas BOJa.
[TaTuB mpoOUpPOK.
Boponxka.
dunbTpoBaibHast Oymara.
[Topomok kanudou.
1%-HbIit ciupTOBON pacTBOP KaHU(OIIH.
10 2%-up1ii 1 1M pactBopsl xmopuaa xenesa (I11), 0.005M pacteop Ka[Fe(CN)s], 0.005
H Na2S20s.
11. PactBOop ammuaka, pocopHOil KHCTOTHI.

LCoNoOAWNE

Bomnpocsl 11 camonpoBepku

1. Yro HazpIBaeTCs QUCIIEPCHOM cucTeMoH, (ha3oit, cpemo? [Ipumepsi.
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2. Krnaccudukamusi ITUCHEPCHBIX CHCTEM IO CTENEHU JUCIHEPCHOCTH U arperaTHoOMy
COCTOSIHUIO (ha3bl U CPEJIbI.

3. Kak oTnuuuTth KOJUIOMJHYIO CHCTEMY OT ApPYrux aucrepcHbix cuctem? Padorter T.
I'pema.

4. Cnoco0 mnony4yeHUs KOJJIOUJIOB M3 TPYOOIUCIEPCHBIX CHUCTEM M U3 MCTUHHBIX
pacTBOPOB.

5. CriocoObI OYHUCTKHA KOJUIOUIOB.

6. CrpoeHue KOJUIOMIHOW YaCTHIIbI. 3apsi1 IpaHyiIbl  MULEIUIHI.

7. YcnoBus 00pa3oBaHus KOJUIOUAHBIX cucTeM. OCOOEHHOCTH KOJIIOUTHOTO COCTOSHUSL.

8. Kak moxy4uth MUIIEIUTBI ¢ Pa3HBIM 3HAKOM 3apsiaa?

9. CymHoCTbh METO/1a 3aMEHBI PACTBOPUTEIIS.

CIIMCOK JIMTEPATYPEI

1. KomnoumgHas xumus: MeToaudeckne ykazaHus K nadoparopHeiMm padoram / T.J1. KazapuHosa,
JLLA. HcaitueBa. — CapartoB: Dkcrpecc-tupax, 2009. — C. 4-6.

2. Jlaunp3oepr, P.A. JlaGopaTopHbIii NMpakTUKyM MO (HU3NUECKOW M KOIOWAHOH xumuu / P.A.
Jlsamzoepr. — [etponasnopck-Kamuarckuii: Kamuatl ' TY, 2004. — C. 42-44.

3. XmeapHuukuii, P.A. ®muueckas u KolongHas XuMus: y4ded. ams c.-x. crerl. Byzos / P.A.
XMenpuunkuid. — M.: Beicm. mk., 1988. — C. 292-299.

4. Komnounnas xumus: MeToauueckue yka3zaHus K JlabopatopHbeiM paboram / H.b. Orapenko,
3.b. Komaposa. — Caparos: U3x-Bo CI'Y, 1993. — C. 3-5, C. 9-10.

5. TIlpaktukym no ¢usudeckoit u kommmonguoi xumun / E.W. Aradonos, [1.I'. Kapnenko, JI.B.
Psionna. — M.: Beicui. mik., 1985. — C. 147-152, C. 155-157.

6. Jlunmataukos, B.E. ®usnueckas u xomnongnas xumus / B.E. Jlunataukos, K.M. Ka3zakos. —
M.: Beicm. mik., 1975. — C. 94-97, C. 173-174.

7. http://www.xumuk.ru/colloidchem/178.html
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TEMA 4. ONTUYECKHUE CBOMCTBA KOJLJIOUJIOB

Heab: CdopmupoBaTh HABBIKH ONPEAEICHHS KOHIIEHTPAIMU KOJUIOMIHBIX PAacTBOPOB
(OTOKOTIOPUMETPUYECKIM METOIOM.

TEOPTHYECKASA YACTbD

[To cBOMM ONTHYECKHM CBOWCTBAM KOJIJIOWIHBIE PACTBOPHI CYIIECTBEHHO OTINYAIOTCS OT
UCTUHHBIX paCTBOPOB HU3KOMOJIEKYJIIPHBIX BEIIECTB, a TAKXKE OT I'PyOOJUCIIEPCHBIX CUCTEM.

Haubosiee xapakTepHbBIMH ONTHYECKUMH CBOMCTBAMH KOJUIOWIHBIX PACTBOPOB SIBISETCS
onajnecueHuys, 3¢pdexr TuHAAN M MHTEHCHMBHOE OKpallMBaHHe. B OCHOBe 3THX CBOICTB
JIKUT paccessHUue U MOTJIONIEHHE CBETa KOJUIOUTHBIMHI YaCTULIAMH.

OcHoBOIl cBeropaccestHUsl sBJsieTCs TUGpakuus - OrudaHusl KOJUIOMAHBIX YacTHUI
CBETOBO BOJIHOW. BonHa orubaer muneniny, 1 OHa CTaHOBUTCS HCTOYHUKOM HOBBIX MEHEE
MHTCHCUBHBIX BOJIH, T.€. MPOUCXOAMUT KaK Obl CaMOCBEUEHHE Ka)kKJOW MHULEIIbL. SIBICHHE
paccesiHusl CBeTa MeENbYaWIIMMH YacCTHLIAMHU Ha3bIBaeTCs onanecyenyueti. OmnanecueHIus
HaOroaeTcsl TOJAbKO “COOKY” M Ha TeMHOM (pOHE NHpOSBISETCS B MYTHOBAaTOCTH 30Ji1 U
nepenuBax 1o okpacke. Tak Oenbl 3o0mu (AQCIl, cepbl, kanudomu) cMmoTpsTCs Kak
romy0OoBaTbIe.

UroObl HaOMIOATh CBETOPACCESIHUE, MYyYOK JIydei, CKOHIEHTPHUPOBAHHBIX C MOMOIIBIO
coOMpaTeNbH.bIX JIMH3, MPOITYCKAIOT Yepe3 KOJJIOWIHBINA pacTBOp, MOMELIECHHBIH B COCY[ C
IUTOCKOTIapaJUIeIbHBIMH CTEHKaMH. PaccmarpuBast 3TOT pacTBOp cOOKY, MOYKHO BHJETH B HEM
CBETSIIYyIOCA 1osiocy B (hopMe KoHyca (koHyc TuHnans). 3To sBICHHE MOJYYHIIO Ha3BaHHUE
s ekt Tunpans.

WHTEeHCUBHOCTH CBEUYEHUS KOHYCA, T.€. MHTEHCUBHOCTh CBETOPACCESIHUS, 3aBUCUT OT psizia
dakTopoB.  3aBUCHMOCTH  BBIpaxkaeTcsi  Qopmynoi  Pames, BbIpakawomeil  3aKoH
CBETOPACCESTHHS:

eV 2

- 4
p 4
rae lp, lo — MHTEHCHBHOCTH pacCesTHHOTO M MaJaloIero CBeTa; K — KOHCTaHTa, 3aBUCSAIIAs OT
Pa3HOCTH NOKa3aTesel MpeaoMyIeHus TucnepcHol (as3bl U JUCTIEPCUOHHOM Cpeabl; n - YUCIIO
YyacTUIl B €IMHHUIE 00bEMa, T.e. YaCTHYHAas KOHIEHTpauus 30is; V - 00beM 4acTUIbl AMC-
nepcHoi ¢a3bl; A — AJTMHA BOJIHBI [IA/IAOIIETO CBETA.

VHTEHCHBHOCTh PACCESIHHOTO CBETA MPONOPIUOHAIBHA YaCTUYHOW KOHUEHTPAIUU 30JI5.
Ha »TOM OCHOBaHO oOIpeznciieHre KOHLEHTPALUUU KOJUIOMAHBIX PAacTBOPOB C IOMOIIbIO
CHeIHalIbHBIX TPUOOPOB - YIBTPAMUKPOCKOIIOB, HE()ETOMETPOB U AP.

BOonBIIMHCTBO KOJJIOMJHBIX PpacTBOPOB HMMEET SAPKYKD OKpacKy. OTO CBSI3aHO C
n30upaTeIbHbIM MOTJIONIEHHEM CBETOBBIX JIydel ONpeeIeHHON ITMHBI BOJHBIL..

3aBUCUMOCTh ~ MEXJy  MOIJIOINAIONIEH  CIIOCOOHOCTBIO  BEIIECTBA,  TOJIIMHON
MOTJIOUIAOIIETO CJIOSI, MHTEHCHUBHOCTBIO IMaJAIONIETO W IPOIIEIIIErO CBETa BBIPAYKACTCS
ypaBHeHueM byrepa-JlambepTa - bapa:

_1 a—&cd _
Lyp =187 =1, =1,

rae lo u lypp — COOTBETCTBEHHO WHTEHCHBHOCTH IMaJAIOUIET0 W IPOILIEAIIEro CBETa; e -
OCHOBaHHE HATYpPaIbHBIX JIOTapUPMOB; ¢ - KodpPuIMeHT nornonieHus csera; d - TOJIIMHA
CIIOS; C - MOJISIPHAS KOHIICHTPAIUS PACTBOPEHHOTO BEIIECTBA.

WHTEHCUBHOCTh OKPACKH 3aBHCUT HE TOJBKO OT KOHIEHTPAIMU AUCHEPCHOU (a3bl, HO U
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pa3Mepa uactul (cTeneHu aucnepcHoctu). Hampumep, rpyOoaucriepcHbie 307U 30J10Ta
UMEIOT CHHIOIO OKpPacKy, B OOJBIICH CTENeHW TUCIEPCHOCTH — (PUOJETOBYIO, a BBICOKO-
JUCTIEPCHBIE — SIPKO-KpacHylo. [IpnyeM MHTEHCHMBHOCTh OKPAcKU 30JI€i B ECATKU U COTHU
pa3 0oJbIle, YeM y UCTUHHBIX PACTBOPOB. 3aBUCHUMOCTb OKPACKH 30JIed OJJHOTO U TOTO XKeE
BEIIECTBA OT CTEIIEHU AUCIIEPCHOCTU HA3bIBACTCS NOIUXPOMUEL.

ONPEJIEJEHUE KOHIIEHTPAILIUH 30JIEN
®OTOKOJOPUMETPUYECKUM METOJI0OM

Xo/1 BbITIOJIHEHUS] Pa0OThI.

1. Ompenenuts pabo4uyr0 JUTMHY BOJHBI (Apac). Ha crekTpoMeTpe mo pacTtBopy 30Jis
cpenneit konneHtpamuu (C3 = 0,062%) u3MepuTh ontHueckyr MIOTHOCTH (D) mpu
pa3HbIX JUIMHaX BoJH (A). Mcmonb3oBarh KroBeTy ToimuHOW 1 cMm. JlaHHBIE BHECTH B
tabinuny 4.1.

Tabmuna 4.1.
Pe3yabTaThl H3MEpPEHHsI ONTHYECKOi IUIOTHOCTH PACTBOPA MPH PAa3HbIX JUIMHAX BOJIH
A 330 340 350 360 370 380 390

D
Jns mocnenyromieit pa®oThl BBIOMPAIOT 3HAYEHHE MJIMHBI BOJIHBI, TPHU KOTOPOM
OITHUYECKas MJIOTHOCTh MAKCUMaJIbHA.

2. YCTaHOBUTH 3aBUCHMOCTH ONTHYECKON TUIOTHOCTH OT KOHIIGHTPAllMd PacTBOpa H
OTPENICIITh HEU3BECTHYIO KOHIIEHTpAIMIO 305, M3MepuTh ontudeckyio MmioTHOCTH (D)
CTaHJApPTHBIX PACTBOPOB ¢ H3BeCTHOM KoHueHTpauued (C) U wHcciaenyemMoro pacTBopa.
[TorydeHHbIC JaHHBIC TOMECTUTH B TaOIUITYy 4.2.

Tabuuna 4.2.
Pe3yabTaThl H3MepeHUsI ONTHYECKO# MUIOTHOCTH /IUISI CTAHIAPTHBIX PACTBOPOB M3BECTHOI
KOHIIEHTPAIIMU M MCCJIeYeMOro pacTBopa
C, % 0.0155 0.031 0.062 0.125 0.250 Cx
D

3. Ilo pe3ynbraTtam H3MEpeHUH MOCTPOUTH KaaMOPOBOUHBINA Tpaduk 3aBUcUMOCTH D =
f(C).

4. Jlns pacTBOPOB 30Ji1 HEM3BECTHOM KOHIeHTpauuu Cx Mo KaauOpoBOUHOMY rpaduky
OIIPENIEIUTh €r0 KOHIEHTPALIHIO.

OobopynoBanue U peakTHUBbI

Crnextpodorometp [13-5300 B.

KroBera Tonmmnoit 1 cm.

JuctunnupoBaHHas BOJA.

OunbTpoBasibHas Oymara.

Crangaptablie pacTBopsl 301151 Fe(OH)3 n3BecTHO KOHIIEHTpALIUH.
PactBopsl 305151 Fe(OH)3 Hen3BeCTHOM KOHIIEHTPAITUH.

ook owdE

Bomnpocsl 111 caMmonpoBepKHU

PaccenBanune cBeTa KOJUTOMIaMH, ONAJICCLICHIINS.

OT KaKMX MapaMeTpoB U KaKUM 00pa3oM 3aBUCUT UHTEHCUBHOCTb PACCESIHHOTO CBETA.
B ocHOBe KakMX METOZ0B M3Y4EHHsI JUCICPCHBIX CHCTEM JIC)KUT CBETOPACCESHUE.
CymHocts 3¢ dexra Tunngans.

NS
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5. Tlormomenwue cBeTa KoJutouaamu, 3akon Jlamoepra-byrepa-bepa.
6. Uewm ompenensiercs okpacka kKoymou10B? [lommxpomusi.

CIIMCOK JIMTEPATYPEI

1. Komnoumgnas xumus: MeToaudeckue ykazaHus K 1adoparopseiM padoram / T.J[. KazapuHoBsa,
JLLA. UcaitueBa. — CapartoB: Dkcnpecc-tupax, 2009. — C. 6-7.

2. Jlaum3bepr, P.A. JlabopaTopHbIi NMPakTHKyM 1O (HU3NUECKOW M KOJIOWAHON xumuu / P.A.
Jlsunz0epr. — [etponasnorck-Kamuarckuii: Kamuatl TV, 2004, — C. 47-48.

3. XmeabpHunkuii, P.A. ®usnueckas v KoyuougHas XuMus: y4ued. s c.-X. crell. By3zos / P.A.
XMenpaunkuii. — M.: Berem. mk., 1988. — C. 312-316.

4. Kommomnmnas xumus: Mertoanueckue ykazaHus K JaboparopHeiM padoram / H.b. Orapenko,
3.b. Komaposa. — Caparos: M3a-so CI'Y, 1993. — C. 6-7.

5. JImmaTtHukoB, B.E. ®usnueckas u komtongHas xumusa B.E. Jlunataukos, K.M. Ka3akos. —
M.: Beicmas mkosa, 1975. — C. 125-129.
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TEMA 5. QJIEKTPOJIUTHASA KOATYJIAIUA 30JIEN

Heab: CdopmupoBaTh HaBBIKM OIpEAETCHHUS I[Opora KOaryasiuud KOJUJIOMIHBIX
pacTBOpPOB TpH JOOABIICHUU SIEKTPOJIMTOB, COACPIKAIMIUX HOHBI KOATYJISHTBI Pa3TUIHON
BaJICHTHOCTH.

TEOPETHUYECKASA YACTD

Koazynayua — npouecc caMnaHus KOJJIOUIHBIX YacTUL ¢ 0Opa3oBaHueM 0oJiee KPYIHBIX
arperaTroB C NOTEPEN arperaTUBHOM U KHHETUYECKON YCTOMYUBOCTH.

PaznuyaroT 2 craauu KoaryJsiuu:

" CcKpblmas KoacynAyus, KOTJa HEBOOPYKEHHBIM B3IJIAJOM €LIE HEJb3s ONPENEIIUTh
BHEUIHNE U3MEHEHHUS B 30J1€.

" A6HAS KOA2YNAYUs — JIETKO OOHAPYKUBAETCS BU3YAJIbHO IO CIEAYIOIIAM IpPU3HAKAM:
M3MEHEHHUE 1IBE€Ta PaCcTBOPA;_IIOMYTHEHHE; BBIIIAJCHUE OCAIKA.

UroObl BBI3BaTh KOAryISNHI0O HYXHO: HeWrpamu3oBath J[DC (CHU3UTH &-TIOTEHIHAT,
YMEHBIIUB JU(PY3HBIH €10 NPOTUBOMOHOB); Pa3pyLIUTh COJIbBATHYIO 00O0JIOUKY.

OTO MOXHO OCYHIECTBUTH: NPUOABICHHEM JJIEKTPOJHUTOB; HArpeBaHUEM WU
3aMOpa)XMBaHUEM; MEXaHWYECKMM BO3JICMCTBUEM; BBICOKOYACTOTHBIMU KOJIEOAHUSAMU;
yIABTPAEHTPU(PYTHPOBAHNEM; TOOABICHUEM ACTHAPATHPYIONINX BEIIECTB (CIIUpPTa, alleTOHa,
TaHWHA | JIp.).

Psan 3aKkOHOMEpPHOCTEH, YCTaHOBJICHHBIX OSMIIMPUYECKH, SBISIIOTCS OCHOBOM IIPaBHII
AIIEKTPOJINTHOU KOATYJISILIUH.

1) JlroOble DIEKTPOJIMTHI MOTYT BBI3BaTh KOAryJSIHMIO, HO TPH JIOCTH)KCHHH
OIpEAEIIEHHON KOHLIEHTPAllUU B PaCTBOPE.

Munumanenaa Kowyewmpayus — 21eKMpoIUma, — 6bi3blanwjas AEHYI0  KOA2YJIAYUIO
HA3bI8AEMCS ROPO2OM Koazynayuu (§)

_ConVay momw
y= : .
Viona

2) Ilpasuno lynpue-I'apan wimu mpaBuiio 3HAYHOCTH.

® KOAryJMpyrmouUMM JeilcTBHeM 00JiafiaeT He BECh JIEKTPOJIMT, a JIUIIb TOT €ro HOH,
3aps]] KOTOPOro MTPOTUBOMOJIOKEH 3apsily TPaHyIIbl;

e yeM BbIIIE BAJIEHTHOCTh KOATYIMPYIOLIET0 HOHAa (Z), TeM CHJIbHEE HPOUCXOIUT
KOAryJIsIust:

A

1
=8
yA
® [pU OJUHAKOBOM BAJIEHTHOCTH MOHA Koaryjauproiiee JIeHCTBUE BO3pacTaeT C
YBEJIMUEHUEM €T0 pajnyca.
3) B psay opraHHYECKUX MOHOB KOArYJIHMPYIOIIEe JACHCTBUE BO3PACTAET C MOBBIIICHUEM
a7ICOPOITMOHHOM CTIOCOOHOCTH.
4) BnusHUE ruapaTannu.
B psany HeopraHW4eckMX HMOHOB C OJMHAKOBOMW BaJIGHTHOCTHIO, YEM MECHBIIE
TUAPATUPOBAH MOH, TEM OOIIbIIIE €0 KOaryIHpyroIlee JeiCcTBHE.
5) Koarymsuus HayMHAETCS TpPH CHIDKCHMH 3HA4YeHHWs E-TIOTEHIHANa 0  €ro
KpuTHaeckoro 3HaueHus (Eqp = 0,030 B).
Koarymnsiuusi, nmpoucxosiiasi Mpu CIWBAHUU JBYX THIAPO(OOHBIX 30Jiel C pa3ITUUHBIMU
3HAKaM{ 3aps0B YAaCTHUL, HA3bIBACTCA G3auMHOU Koazyaauyueu. 1lo cBoeil CTpyKType
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JIBOWHBIE IEKTPUUYECKUE CIOM KOJUIOMAHBIX YaCTH 3TUX 30JIel MMEIOT OOpaTHBbIM 3HAK, U
NEepeKphITHE MX MOHHBIX arMocep MNPUBOAUT K NPUTHKEHUIO KOJUIOWIHBIX YACTHIL.
HauOonee nosHas koarynsiuus HaOIr0AaeTCsl IPU B3aUMHONW HEMTpau3auy 3apsii0B YaCTHIL.
B pesynbrare Bo3HHMKAaeT yCTOHYMBAs CUCTEMa CO 3HAKOM 3apsija YacTHLl, COAEpKAIUXCS B
U30BITOYHOM KOJUIOMIHOM PacTBOPE.

Konnouonaa 3awuma — 5>TO TIOBBIICHHE YCTOMYMBOCTH JIMOPOOHBIX 30J€H O
OTHOILIEHHIO K 3ekTposuTaM. OHa gocturaercs nmyrem nobasieHus K 3oiasiM BMC: Genxu
(ckenaTHHA, AWYHBIA O€NOK, ambOyMHH, Ka3ewH); Mojucaxapuibl (Kpaxmal, JEKOTPUHBI);
Hekotopsie [TAB (cTeapar u osieat HaTpusl); CAJIOHUHBI U JIP.

MexaHu3M 3alIUTHOTO JIEHCTBUS MOXKHO OOBSICHHTH TEM, YTO Makpomojekyisl BMC
aZcopOMpyIOTCs Ha IOBEPXHOCTH KOJUIOMJIHBIX 4YacTUL,  CO3JaBas aJCOpPOLIMOHHBIE
COJIbBATHBIE CJIOW, KOTOPBIE MOBBIMAIOT THAPOPMIEHOCTS KOJUIOWAHBIX YacTull. BemencTeue
9TOr0 yCHUJMBAeTCs B3auMoJieiicTBue dvactuiia —  pactBoputesb.  CosibBaTHBIE CIIOH
oOecrieynBarOT OOJIBIIIOE PACKIMHHUBAIONIEE JABJICHWE NpPU CONMIKEHWH JABYX YaCTHUIl U
HPENATCTBYIOT UX CIMIIAHUIO. 3allMTHOE JIEHCTBUE YyCUIIMBAETCS, €CIH B aJCOPOLIMOHHOM
ciioe BMC o06pa3yrores reneoOpasHble CTPYKTYPBI, 00JIaJaroIIHe MOBBIIICHHON MPOYHOCTHIO
U YIPYTOCTBIO (3TO OTHOCHUTCS, HAIIPUMED, K XKEJTaTUHE).

Jlis KOJIMYECTBEHHOM XapaKTEpUCTHKU 3alllUTHOro jaeWcTBusa paznuuHbix BMC P.
3urmonu npeioxui repmud “30JIOTOE YUCJIIO™.

“30JIOTOE UUCJIO” — Takoe koiudecTBO Mr 3amutHOro Bemectsa (BMC), kotopoe
HE00X0auMo J100aBUTh, YTOOBI NPENOTBPATUTh U3MeHeHHe LBeta 10 M KpacHOro 30iis
3oii0Ta B proneroBslit mpu godasnenunu 1 mi 10 % pacrsopa NacCl.

YeM MeHbIIE 30JI0TOE YMCIIO, TEM CHIIBHEE 3aIUTHOE JIEHCTBUE BBHICOKOMOJIEKYIISIPHOTO
BenlectBa. Pasnnunsie BMC 0651a1at0T pa3inyHbIM 30JI0THIM YHCIIOM.

SJEKTPOJIUTHAS KOATYJISIUS 301EA

OnbiT 1. Onpedenenue nopoza Koazynayuu 301 2UOPOKcUOa xeenesd.

Xoa BBINOJIHEHHUs PadoTHI.

B Tpu xoHMueckue KOJObl HATUTh MO 5 MJ 30115, OYUIIEHHOTO AUATU30M. Tpu OOpEeTKU
3aIOJTHATH COOTBETCTBEHHO AJICKTPOIUTAMHU:

1) KCI-2M  2) K:SO4-0,05M  3) K4[Fe(CN)s] —0,005M

B mepByro npoOupKy ¢ 30JieM MEJICHHO NMPWINTh OAWH W3 3JIEKTPOJIUTOB, TINATEIHHO
nepeMeninBas pactBop. [Ipu3HakoM Hayana KOaryJsiiiH sIBJISIETCS IOMYTHEHHE 307151 BO BCEM
o0beme. PaccumTarh KOJMYECTBO AJIEKTPOJIHMTA, KOTOPOE PACXOAYeTCs Ha KOATYIISIHIO.
Benuunny nopora KoaryJisiiuy BEIYACIUTH 10 popMyIie:

yo =SV 1000,

30714
A€ Yk — MOpPOr Koarymasmuw, MMoib/it; C,, - KOHIIEHTpanus (MOJISIpHAsi) SJIEKTPOJIUTA,
MOJIB/11; Vs, — 00BEM AIIEKTPOIHTA, MIT.

TakuM jk€ METOJIOM ONPEISIUTh IOPOT KOATryJSIHH JUIS JPYTHX SJIEKTPOJIUTOB.
PesynbTarel 3anecTu B Tabnuiy 5.1.

Tabauma 5.1.
IMoporu KoaryJasiuuu 3011 THAPOKCH/IA JKeJie3a Pa3THIHBIMH YJIEKTPOJIUTAMH
O0BéM Koarynsauus Koarynsanus Koarynsuust
30715 2M KCI 0,05M K2SOq4 0,005M Ka4[Fe(CN)s¢]
V, M V4, MIT ¥, MMOJITB/J V4, MIT ¥, MMOJITB/J V4, MIT ¥, MMOJITB/TI
5
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Urobbl Oosiee TOYHO OMPEAENUTh MOPOT KOAryJslUU, HAI0 IPOBECTU I KaXAO0ro
AIIEKTPOJIUTA CEPUIO OIBITOB, IPUTOTOBUB HECKOJBKO pa3daBiieHU# 301t BOJoM ( B 2, 3 u T.1.
pasza). Uepe3 30 MUHYT IPOBECTH KOATYJSIUIO U OMpPENeIUTh Mopor koarymusuuu. CpaBHUTH
pe3ynbTaThl C pe3yibTaTaMu MEpBOMl cepuu omnbIToB. [lojgcuuTaTh OTHOLIEHHWE MOPOTOB
Koaryisiuuu Juis 4-x, 2-X ¥ OJHOBaJCHTHBIX MOHOB. CpaBHUTH IMOJIyUYEHHBIE PE3YJbTaThl C
TEOPETUUYECKUMHU pe3yJbTaTaMH, BBITEKAIONIMMUA W3 TMpaBWia 3HAYHOCTU 3apsja IMpHU
koaryssiuuu (pasuio [lyneie-INapan).

OnbIT 2. Onpeodenenue nopoza Koazyiauuu 3011 6epauHcKoll 1a3ypu.

Xo/1 BbITIOJIHEHUS] Pa0OThI.

[IpuroroButsh 301b OepiuHckon sazypu: k 50 mu 0,01%-noro pactopa Ka[Fe(CN)s]
no6aeuth 60 kamenb 2%-noro pactBopa FeCls, HenpepriBHO niepemeniuBas. OOpasyeTcs 3015
C OTPHUULATENBHO 3apsHKEHHBIMU dYacTulaMu. OIMpeneiauTbh MOpPOr KOAryJsiu 301 IS
AIIEKTPOJIUTOB:

1) KCI-2M 2) MgCIl> - 0,02M  3) FeClz — 0,002M
Xon pabotsl cMOTpH Bhimie (onbIT 1). Pe3ynbrarsl 3anectu B Tabimity 5.2.

Tabmuua 5.2.
Ioporu koaryJisinuu 30151 0€pJAMHCKOM JIa3ypH Pa3JIM4HbIMH 3J1€KTPOJUTAMH
O06Bém Koarymnanums Koarymanms Koarymsaunsa
30015 2M KClI 0,02M MgCl, 0,002M FeCl3
V, M V., MII ¥, MMOITB/J Vo, MI ¥, MMOITB/J Vo, MII ¥, MMOITB/JI

OnviT 3. B3aumnan xoazynayus 3onei.

Xoa BbINOJIHEHHUs PadoThI.

B matu mpoOupkax cmemars 30dd THAPOOKHCH jKele3a W OepiaMHCKON la3ypu B
KOJINYECTBaX, yKa3aHHBIX B Ta0mmie 5.3.

Tabimna 5.3.
HaoarwaeHus B3aMMHOH KoaryJasiun
KonuuectBo 3004 Okpacka
KomnuectBo 3011 N CreneHb
Ne OeparHCKON JKUIKOCTH
Fe(OH)s, M KOAryJIsin

Ja3ypu, M 0CaKOM
1 4,5 0,5
2 4.0 1,0
3 2,5 2,5
4 1,0 4,0
5 0,5 45

HabmronaTe ¥ 3anMchIiBaTh B TAOJMUIy CTETIEHb KOAryJisaluU (TIOHAsI, HENOJMHAS U T.1.) U
LIBET >KUJIKOCTH HAJl OCAKOM.

OnvbIT 4. 3awuma 30.1€ii om Koazyiayuu.

Xoa BBINOJIHEHHUs padoThI.

Hanupator B n1Be mpoOupKH MO 5 MI 30518 THAPOKCHIA skene3a. B mepByro mpoOHupky
no0aBisttoT 1 M Boabl, BO BTopyto — 1 mut 1% pacTBopa *xenaTuHa, 3aTeM B 00€ MpoOupKu
BHOCcAT 1o 0,5 mi 0,0025M cynbgata kamus. CpaBHUBAIOT OKpacKy 30JI€il U ONpenensoT
CTerneHb Koarysuun. Pe3ynbrarel 3aHecTu B Ta0IUILy 5.4.
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Tabnuua 5.4.
Pe3yJsbTaThl 3a1UMTHI 30J1€H 0T KOAryJIsiiuu

No ipoOupku CocraB cMecH CremneHp KOaryJmsiiu
1 30156 + Boja + KoSO4
2 3o1b + xkenatu + KoSO4

ObopynoBanue M peakTUBbBI

1. broperku — 3 wr.

2. Konunueckue koaoObl — 3 mrT.

3. Boponku.

4. 3onb ruapokcua xenesa (111).

5. PactBopser 2M KCI, 0.05M K3SO4, 0.005M K, [Fe(CN)s], 0.02M MgCl,, 0.002M
FeCls, 0.0025M K2SOsa.

6. PactBopsr 0,01% Ka[Fe(CN)e], 2% FeCls, 1% sxenaruna.

7. JluctmimpoBaHHast Boja.

Bomnpocel 1i1s1 caMonpoBepKu

1. Yro HazbIBaeTcs KOAryssuen, ee IpUIHHbI?

2. TlpaBuia Koaryssiuy.

3. Kakue voHBI MOT'YT BBI3bIBaTh Koaryisuuto? Jlnorponusie psaasl. [Ipasuno [ynbie-
lapam.

4. Kax ornpenenuTs Mopor KoaryJssiiun?
MexaHu3M Koaryasiuuu (HEeUTpaln3alliOHHbIA U KOHIIEHTpauuoHHbIH). [Tpumeps.
Kak npoucxonut koaryssuus nNpu IeHCTBUU CMECH JIEKTPOJIUTOB?
Uro Takoe B3auMHas Koaryasuus’?
Ilepesapsnka KOUIOMAOB, Kak ee mpoBecTu? llenTusanus u Koaryssius.

9. 3ammuTa KOWIOMIOB OT Koarynsiuu. KomndecTBeHHas OIEHKa 3allMTHBIX CBOMCTB
Pa3INYHBIX BELIECTB.

10. [IpumeHeHHe Koarysum.

NGO

CIIMCOK JIUTEPATYPEI

1. KomnoumgHas xumus: MeToaudeckue ykazaHus K 1adoparopueiM padortam / T.J]. Kazapunosa,
JI.A. UcaitueBa. — Caparos: Dkcnpecc-tupax, 2009. — C. 7-8.

2. Jlsupsoepr, P.A. JlabopaTopHbIii IPaKTUKYM 110 (HU3MYCCKOW M KOJUTOMAHOW xumuu / P.A.
JIsaa36epr. — IerponasnoBek-Kamuatckuii : Kamuatl TV, 2004. — C. 50-53.

3. XmeapHunkuii, P.A. ®usnveckas u KOJUIOWAHAS XUMHUS: y4e0. Ui C.-X. crell. By30B / P.A.
XMenpaunkuid. — M.: Beicmr. mk., 1988. — C. 324-341.

4. KosmtounHas xumus: Meroauueckue ykasaHus K jlaboparopHbiM paboram / H.B. Orapenko,
3.b. Komapoga. — Caparos: U3x-Bo CI'Y, 1993. — C. 15-17.

5. Ilpaktukym nmo ¢usuyeckor u xoyutongHoud xumuu / E.M. Aradonos, [1.I'. Kapnenko, JI.B.
Ps6una. — M.: Bercmr. mik., 1985. — C. 152-155, C. 157-158.
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TEMA 6. MUKPOI'ETEPOI'EHHBIE CUCTEMBI

IIe.m:: C(I)OpMI/IpOBaTb HaBBIKW TTOJIYYCHHA MHUKPOTCTCPOTCHHBIX CUCTEM W IMOBBIIICHUSA
nux YCTOfIQHBOCTH.

TEOPETHUYECKASA YACTD

MuxkporeTreporeHHbIMH (TpyOOAHCIIEPCHBIMU ) HA3bIBAIOTCSI CUCTEMBI, B KOTOPBIX YaCTHIIbI
nucrepcHoi assl umeroT pasmep 107-10° M. B 3aBHCHMOCTH OT arperaTHOr0 COCTOSHHS
JUCcepcHOM ¢a3bl M AMCIEPCHOHHON Cpelbl paziuvyaloT SMYJIbCUM, CYCIIEH3UH, IICHBI,
MOPOUIKH, a3p030iu. OCHOBHBIMH METOJAaMH MOJYYEHHS MHKPOTETEPOTE€HHBIX CHCTEM, TaK
K€ KaK U 30JIeH, SIBJISIOTCS METOAbI KOHACHCAIIUU U IUCTIEPTUPOBAHUS.

Imynvcua — 3TO JUCHEpPCHAs CUCTEMaA, COCTOSIAs U3 JBYX B3aUMHO HEPAaCTBOPUMBIX
KUJOCTEH, OZJHA U3 KOTOPBIX B BUJIE KaIeJIeK IUCIEPTUPOBaHa B APYTOil.

DOMyIBCHH Yalle BCErO COCTOSIT M3 BOJBI (MOJSIPHAS JKUAKOCTH) U KUAKOCTH, KOTOPYIO
OpUHATO 0003HaYaTh “Maciio’” (HEmoIsIpHas JKHIKOCTD).

OMyIbCHH KITACCU(DUIIUPYIOTCS:

e B 3aBucuMOoCTU OT NPUPOABI OOPA3YIOMIUX KUIKOCTEH JENATCA Ha!

- Dwmynbscun macina B Boge (M/B) unu amynbcuu | pona (mpsimMeie).

- Dwmynbscuu Bojwl B Macie (B/M) wim smynscuu |l pona (oOpaTtHbie).

e B 3aBUCHMOCTU OT KOHIIEHTPALIUU JUCTIEPCHON (ha3bl:

- PazbaBnennsie (comepkanue aucrepcHoi ¢asel He Oombiie 0,1 % oObema).
JuaMeTp 4yacTHIBI TPUOTU3UTENHFHO PaBeH AWAMETPy MHIEIUIBI, 00pa3yroTcs
CaMONPOM3BOJILHO, opMa cheprudeckas.

- KonuentpupoBanssle (coaepkanue aucrnepcHon ¢asel He 6omee 74 % odbema).
Coxpansiercs cepuueckas popma Karuiu.

- BpICOKOKOHIIEHTpHPOBaHHbBIE (COAepkaHue aucnepcHoi (asel Gonbmie 74 %).
Kamnu cnasnuBatot apyr apyra. merotr ¢popmy MHOrorpaHHHKaA, pa3ieeHHOTO
TOHKOM IJICHKOM, T.€ 00pa3ytorcs “cotbl”’. Bsi3kocTh O0bIIas.

OMyJIbCUHM TEPMOJUHAMUYECKH HEYCTOWYMBBIE CUCTeMbl. CaMONpPOU3BOJIBHOE CIMSIHUE
KareJjgeK JAUCIEPCHOM (a3bl — KoaJeCHEeHIMs. ODTOT MpoLEecC MNPUBOAUT K pa3pyLICHUIO
OMYJBCUU U PA3JEIECHUIO HA JABE KHUJIKOCTU. [ momydyeHus yCTOWYMBON 3MYJIBCUHM HY>KHBI
CTaOUIIN3aTOPbI — AIMYJIBIaTOPHI.

OMynbpraropaMi  MOTYT  OBITh ~ INOBEpXHOCTHO-akTHBHble  BemectBa  (ITAB),
BbICOKOMOJIEKYIsipHble coequHeHus: (BMC). Owynbratop 1omkeH ObITh MOJ00EH TOM
KHUJIKOCTH, KOTOpas oOpa3yeT MAMCIIEpCHOHHYIO cpeay. Tak, smynbcun Tuna M/B
CTAaOMIHM3UPYIOTCS  pacTBOpuMbIMA B Boae BMC, wHanpumep Oenkamu — WIH
BOJIOPACTBOPUMBIMU THUAPOPUIBHBIMU MbUIAMU (OJIEaTOM HATpUsl ¥ BOOOIIE MbIIaMU
nienouHbiXx MertamuioB). Ilpu obpasoBanuu smynbcun tuna B/M smynbraropamu ciayxar
BMC, He pacTBOpUMBIE B BOJI€, HO PAacTBOPUMBIE B YIJIEBOJOPOJHBIX PACTBOPHUTEIAX, a
TaKXXe He paCTBOPHMEIE B BOJIE MbLIIA MHOTOBaJICHTHBIX METAJIJIOB.

OMynbraropamMu MOT'YT OBITh TaKXKe M TBEp/ble MOPOIKU. [ MapoduIbHEIE SMYIBIaTOPHI,
KOTOPBIE XOPOIIIO CMauyHUBAIOTCSI BOJIOW (TJIMHA, MEJ, TUTIC), CTAOMIH3UPYIOT AMyibeun | pona
(M/B). T'unpooOHBIE IMYyIIBraToOpshl (Yrojib, caxka) crabunu3upytoT smyiascuu |l poga (B/M).

[Ipr HEKOTOPHIX YCIOBUSAX SMYJIBCHH OIHOTO THIIA MOTYT TPEBPANIAThCS B OMYJIHCHIO
Jpyroro TUma. JTo sBJICHHUE Ha3bIBaeTCs oOpameHreM (a3 IMYIbCUI HITU UHBEPCUA.

Cycnenzuu — 5TO JHUCIIEPCHBIE CUCTEMBI C TBEPJOM AHMCTEPCHON (a30i W KUIKOU
JUCIIEPCUOHHOU CPEeOM.
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B 3aBucuMocTH OT KOHUEHTpALMKW JTUCHEPCHON (a3l CyCIEH3UM JAeNATCS Ha:
pazbaBiieHHbIe (10 25 %), KOHIEHTPUpPOBaHHbBIE (CBbINIE 25 %), KOTOPbIE TAK)KE HA3bIBAIOTCS
MacTaMH.

CycnieH3un arperaTiBHO U KUHETHYECKH HEYCTOHYMBBIE CUCTEMBI, TIOATOMY HEOOX OJTUMBI
cTabunuzaropsl. B kauecTBe MocaeIHUX UCTIONb3YIOT:

1) DJIEKTPOJIUTBI. MexaHu3m CTaOWIM3alMK  CICAYIOUIMNA: HMOHBI 3JIEKTPOJIUTA
n30upareabHo aJcopOUpPYIOTCS BOKPYT TBEpAOHM uacTHIlbl (cormacHo mpasuiy Ileckosa). B
pesynbTate Bo3HuKaeT [ID9C ¢ &-moTeHnmanoMm. ArperaTuBHasi YCTOMYMBOCTh BO3HHMKAET 3a
CYET JIEKTPOCTATUYECKOTO OTTAIIKMUBAHHUSI.

2) TIAB u BMC.

Ecnu yacTuipl CycneH3Wu CMauyMBarOTCS AUCIEPCHOHHOM Cpeloil, TO arperaTHUBHas
YCTOMYMBOCTh BO3pacTaeT. Bo3moxna mnpupoanas cmaumBaeMoctb. Hampumep, CaCOsg,
CaSO04, Na2SiO3 (11ecok) cMa4nBarOTCs BOJIOW, @ aKTHBUPOBAHHBIN YTOJIb — OCH3UHOM.

CmauuBaeMoCTh MOXHO mpuaaTth ¢ nomonipio [TAB. Monekynsr [IAB ancopOupyroTcs
HA YaCcTHUIIE CaXHd HEMOJSIPHBIM YIJIEBOJOPOJHBIM paJMKaloM, a TMOJsApHas Trpymmna
OpUEHTUPOBaHA K BOJIE U COOOIIAET CMAYUBAEMOCTb YaCTHIIE.

Monekynsl BMC Bokpyr 9acTUIbl caxi 00pa3yeT MEXaHHYECKYIO 3alUTHYI0 000JIOUKY.
[Tonsipubie rpynnsl BMC npuTAruBaroT MossipHble MOJIEKYIIbl BOJIBI.

Ilenvt — rpybOoaucnepcHble CHUCTEMbI, B KOTOPbIX JucnepcHas ¢aza — ras, a
JUCIIEPCUOHHAS! CPe/ia — )KUJKOCTh UM TBEP0€ BELIECTBO.

[Tens! ObIBAIOT:

a) Hu3KOKOHIICHTpUpPOBaHHBIC WM pa30aBliCHHbIC (KOTa My3bIPhKU ra3za HaXOIATCS Ha
O0JBIIOM paccTOSIHMM JApyr oT apyra. Ily3plppku raza umeror chepuueckyro ¢opmy c
paauycom 0,1 mm mo 1 cm. Ilpumep, razupoBaHHas Bojaa, NMUBO, IIMIyYHe BUHA. Takue
CUCTEMBI - KOPOTKOXKUBYIIIHE BCIIEICTBUE HEYCTOMYUBOCTH.

b) BbicOKOKOHIIGHTpHpOBaHHbIC.  Tumu4yHble TEeHb. OHU  UMEIOT  SYCUCTYIO
COTOOOpa3Hyl0 CTPYKTypy. ['a30Bble My3bIpbKHM CAABIMBAIOT JAPYT Jpyra, mo3toMmy (opma
My3bIpbKa — MHOTOYTOJIbHUK, OTAEJICHHbIN TOHKOH MJICHKON KUIKOCTH.

[lens! HEycTOIUMBBIE TepMOIWHAMHUYECKHE cUCTeMBl. CO BpEMEHEM IICHKH JKUIAKOCTH
CTEKAalOT C Iy3bIpbka MOJA JEHCTBUEM CHWJIBI TSKECTH U IYy3bIpbKH OOBEIUHSIOTCS.
[TpoucxoauT pacciioeHre CUCTEMBI: KUAKOCTh BHU3Y, a ra30Basi ¢aza CBEpXY.

YcToluMByI0 MEHYy MOXXHO  IOJIy4uTh B  TNPHUCYTCTBUHM  IEHOOOpa3oBaTeneil
(crabunuzaropoB). Umu moryt 61Tk Mbl1a, BMC, TIAB. YcTONYMBOCT 3aBUCUT OT IPUPOIBI
U KOHLIEHTpAIMK IeHOOOpa3oBaTeneil.

B HekoTOphIX ciaydasx oOpa3oBaHHE IIEH HEXKEIaTeIbHO, HAlPUMEpP, B MPOU3BOACTBAX
MbLIa, APOKKEH, caxapa u Ap. PazpylieHue rneH — rameHue — J0CTUTAIOT WIM MEXaHUYEeCKUM
BO3/ICHICTBHEM Ha TEHY, WA (PU3HKO-XUMHUYECKAM ITyTeM, 3aMEHSS B TUICHKE MEXaHUYECKH
IPOYHOE BELIECTBO JPYI'MM BELIECTBOM, XOPOLIO aJCOPOMPYIOIIMMCS, HO HE aroIluM
NPOYHBIX TUICHOK. B KadecTBe TEHOTAacHUTENEH HCIONB3YIOT CIOXHBIE J(HPBI, CIHPTEHI,
OpraHu4ecKHe KUCIIOTHI.

B mopomxkax gucnepcHas (a3a TBepJoe BELIECTBO, a IUCIEPCUOHHAs cpela — ra3. ITo
Ype3BbIUAIHO KOHIICHTPUPOBAHHBIE CHUCTEMBbl. Pa3Mep uYacTUIl pa3iIM4yHBIX MOPOIIKOB
KOJIEOJIETCST B MIMPOKHX TIpesenax. Tak, MIeHnYHass MyKa OJHOTO M TOTO K€ COpPTa MOXKET
coiepxaTh dacTuibl orf 5-10° mo 6-10% M. JlMcHepcHOCTh MOPOIIKOB HMEET GOIbIIOE
MPaKTUYECKOEe 3HaUYEHHUE; TaK, HalIpUMep, IPKOCTh OKPACKH U Kpolomiasi CIOCOOHOCTh O,
BKYCOBBIE CBOICTBa MOPOIIKOB, MPUMEHAEMBIX B IMUIIEBON MPOMBIIIICHHOCTH (Kode, MyKa,
Kpaxmall, Kakao), B 3HAYUTEJIbHOI Mepe 3aBUCAT OT CTENEHH JTUCIEPCHOCTH.
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A3po3onu — TpyOOTUCTIEPCHBIE CHCTEMBI, Y KOTOPBIX AMCIIEpCcHas (a3a — YacTHUYKH
TBEPJIOTO WJIM KHUKOTO BELIECTBA, a AUCIIEPCUOHHAS Cpe/ia — ras.

PaznuuatoT mpocteie M CiokHBIE a’po3oiu. [Ipocteie nemsarcs Ha: mbuib, O6iM (T/T) u
tyman (OK/T"). Cnoxwnsie: cmor (T/T + K/T).

Paznuunbie a’po307M  SBJISAIOTCS IOCTOSIHHBIMH OTXOJaMH MHOTHX IPOU3BOJICTB U
3arps3HSIOT BO3MyX. BBICOKOAMCIIEPCHAS MBUIb TOPIOYHMX BEIIECTB HE TOJBKO 3arpsi3HSAET
BO3/yX, HO TIpY OOJIBIIION KOHIIEHTpAIMH 00pa3yeT B3PhIBUATYIO CMECH.

MOJIYYEHUE YCTOMYUBBIX DMYJIbCHUHI U ITEH

Onbit 1. Ionyuenue smynsvcuu macaa.

Xo/ BBINOJHEHHS PAdOTHI.

B nsate npoOupok HaNMMBAaKOT MO 5 MJ AUCTUIUIMPOBAHHOW BOBI, BHOCST MO 5-6 Kamelnb
pPacTUTENBHOTO Maciia, BCTPIXUBAIOT. B 1-0if mpoOupKe MOITydnBIIAsCs SMYIBCUS TOBOJIBHO
OBICTPO pacclauBaeTCsl BCIEACTBHUE KOATUCICHIMM (CIUSHUS Kamenb). s crabunmusanuu
OMyYNbCUU B TpoOupku 2-4, moGammsaror mo 1 min ruapoduisHoro crabunmsaropa(l%
pactBopsl Mbi1a, NaOH, Na;COs, xenatuH) u BHOBb BCTpsxuBaroT. [lomydaercs croiikas
OIMYNbCUSL MOJIOUHO-Oenoro 1Bera. OOBACHAIOT MEXaHW3Mbl CTaOWIM3alUU  AMYJIbCHU.
Jannble 3aHocsT B Tabnuiy 6.1.

Tab6muma 6.1.
Pe3yabTaThl HAOIWAEHUI OJTYYeHUS IMYJIbCHIA
No CoctaB cMecHu Ycroitansocts
OMYJIbCUH

1. | 5 M qucTHIUTMPOBAaHHOM BOABI + 5-6 Kam. pacTUTEIHHOTO Macia

5 MJI TUCTHJUITMPOBAHHOM BOABI + 5-6 Kall. pacCTUTEIBLHOIO Maciia +

2. 1% pacTBOp MbLIa

3 5 MJI TUCTHJUTMPOBAHHOM BOABI + 5-6 Kall. paCTUTETFHOT'O Maclia +
" | 1% pacteop NaOH

4 5 MJI TUCTHJUIMPOBAHHOM BOABI + 5-6 Kall. pacCTUTEIHLHOIO Macia +
" | 1% pactBop Na2CO3

5 5 MJI TUCTHJUTMPOBAHHOM BOABI + 5-6 KaIl. pacTUTEIHLHOIO Macia +

1% pacTBOp kemaTHHA

Onwit 2. Ilonyuenue smynvcuu denzona.

Xoa BBINOJIHEHHUs PadoTHI.

B npoOupky Hanmuth 2-3 Mi 2%-HOro pactBopa oJjieaTa HaTpHUs M CTOJIBKO e OeH3oua,
OKpAIlIEHHOTO B KpacHBIM 1BeT kpacuteneM cynad |ll. B apyryio npobupky HaiuTh BOAbI U
OKpalleHHoro OeHzoia. BeTpsaxHyTh o0e mpoOMpKHM M OCTaBUTh Ha 2 MHUHYTHL. Craenarb
BBIBOJI O poJid 3MyJbratopa. Kamio ycTOWYuBOMl SMyNbCHM TOMECTHTh Ha IMPEAMETHOE
CTEKJIO U PACCMOTPETH €€ O] MUKPOCKOIIOM. 3apucoBaTh BUJA dMyiabcuu. CrenaTb BBIBOA O
e€ TuIe.

K ycroitunBoii smynbcuu nobaButh mocteneHHo 2 mi 2% pactBopa CaClz, cuimbHO
BCTpSIXUBasl. 3apHcOBaTh MHUKPOCKONMYECKYI0 KapTUHY oMyibcud. [IpuBectu cxemy
CTPOEHUS CJIOSl AMYJIbraTopa Ha MOBEPXHOCTH Kamenek smyinbcud M/B («macio B Boze») u
B/M («Boga B macne»). Kpacurens cyman Il pactBopum B macie, 6eH3051€, HO HE PAaCTBOPUM
B Bojie. Ecnu okpamieHsl kamenbku (aucriepcHas ¢asa), TO 3Ta 3MYJIbCUS THIIA «Macio B
BOJIE», €CIIM K€ HAoOOpOT, OKpallleHa JUCIEPCHOHHAs Cpela, a KanelbKd OECLBETHBI, TO
AMYJIBCHS THUIIA «BOJA B Maciey.
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Ta0nuua 6.2.

Pe3yabTaThl HA0A10AeHUI OJYYEeHHS IMYJIbCHI PAa3JIMYHBIX THIIOB

No CocTtaB cMmecu Tun sMynscun
1. 2-3 M 2%-Horo pacTBopa oneata HaTpus + 2-3 M “macno”
5 2-3 mu 2%-Horo pacTBopa oneara Harpus + 2-3 M ‘“macno”

+ 2 mu 2% pactopa CaCly

“macio” — OeH30J1, OKpaIICHHBIN B KpaCHBIN BET KpacuTenem cyaas |

OnbiT 3. Cmabunuzayus IMyabcuu NOPOULKOM.

Xo/ BbINOJTHEHUs! padoThbI.

B mepByro mpoOupKy HamuMBarOT 2 MJI OKpalieHHoro OeHzona, 1 mu Boael u 0,5 T
AKTUBHUPOBAHHOIO yIJIsl (B BUJE MOPOILIKA), BO BTOPYIO — 2 MJI OKpallleHHOro OeH3ouna, 2 M
Boabl U 0,5 T MOpoOIlKa THIICA, BCTPSAXUBAIOT M OMPEACNSAIOT THI AMYJIbCHH C MOMOIIBIO
MHUKpPOCKOTa. Pe3ynbpTarel 3aH0oCcAT B Tabmuiy 6.3.

Tabmuma 6.3.

Pe3yabTaThl HA0MI0AEHHI OJTYYEeHHS SMYJIbCHIl Pa3JINYHbIX THIIOB

No CocraB cMecH Tun smynecuun
1. bensoxn + Boga + yroinp
2. Beuson + Boma + rumc

Onwirt 4. Ilonyuenue u pazpyuienue nenbvt.

Xo/ BbINOJHEHHs padoThI.

B oany npobupky HamumBaroT 2 MJI BOABI, B IPYryl0 — 2 MJI pacTBopa oJjieaTa HaTpus,
BCTPSAXHUBAIOT 10 0Opa3oBaHMs IeHbl. ONpenensioT KpaTHOCTb IEHBL. 3aTeéM BO BTOPYIO
POOUPKY BHOCST MIEHOTacCUTENb (M30aMIJIOBBIM CIIUPT) U HAOIIOJAIOT pa3pyLIEHUE TTEHBI.

Taonuua 6.4.

Pe3yabTarhl Ha0JI10eHUI I0JYYEeHHUS NEHbI

Ne CocrtaB cMecH YV CTONYHUBOCTH ITCHBI
1. Bopna + Bo3nyx

2. PactBop C17H33COONa + Bo3myx

3 PactBop C17H33COONa + Bo3myx

+ W30aMIIOBBIA CIIUPT

OO6opynoBaHNe U PeaKTUBBI

eoOoNOOAWNE

.

[tatuB ¢ npoOupKamu.
Mukpockor.
IIpeameTHsbIE CTEKIIA.

PacturensHoe Macino; 6eH3071, OKpalIeHHbIH B KpacHbIi 1BeT cynaH |1,

1% pactBops! oneara HaTpust, NaOH, NaxCOs, xenatus.
2% pacTtBOpbl ojeata HaTpwus, CaCl..

TOHKO U3MENBUYEHHBIN YIOJIb, TUIIC.

N30amMmIoBBIN CIUPT.

JluctunnupoBaHHas BOJa.

Bomnpocel 11 caMmonpoBepKH

Kakue cucreMbl Ha3bIBaIOTCS MUKPOT€TEPOT€HHBIMHU, UX OCOOCHHOCTH?

Urto Takoe cycnensuu? [IpuBectr npuMepsl CyCIeH3Hil.

CriocoObI mosTyueHHst YCTOMUMBBIX cycrieH3uid. [Ipumepsl cTabmim3aTopos.
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CenumeHnraius cycrien3uii, 3akon Ctokca.
OMyJIbCHH: OTIpE/IeICHNE, KiIacCU(PUKALINS, TPUMEPHI.
Tunsl sMynbcuid. Kak mosy4uTs SMyJIbCHIO IEPBOTO U BTOPOTO TUIIA?
Kak ornpenenuts THIl AMYIbCUH 3KCIIEPUMEHTAIBHO?
Tunsl ’MynbraTopoB, MEXaHU3M CTAOMIIN3ALNN IMYIbCHA.
UYro Takoe nnBepcus? Kak ee nposectu? Ilpumepsl.
10 CBoiiCcTBa pa3IMYHBIX SMYJIbIaTopoB, ko3¢ dunuent ['JIb.
11. XapakrepucTuka IeHbI: OJIYyYEHHE, CTPOESHUE, IPUMEPBI.
12. Crabunuzatopel  (MeHOOOpa3oBaTeld)  pasdWyHbIX  MeH.  KonnmuecTBeHHbBIC
XapaKTEPUCTHKU MEHbI (KPaTHOCTh, YCTONYUBOCTD, BI3KOCTB).
13. Ilenoracurenu: onpeneiaeHue, MEXaHU3M JIEHCTBUS, KiIaccuUKaIus, IpuMepsbl.
14. IlpumeHeHue NeHsl.
15. Aspo3zomnu: onpeaeneHue, MoIy4eHrue, IpUuMepbl.
16. CoiicTBa a’posoneii: cBeTopaccesHue, tepmodopes, (ortodopes, IIEKTPUIECKUE
CBOIiCTBA.

©ooN A

CIIUCOK JIUTEPATYPEI

1. Komnoumgnas xumus: MeToaudeckne ykazaHus kK nadoparopHeiM padoram / T.J1. KazapuHosa,
JILA. UcaitueBa. — CaparoB: Dkcrpecc-Tupax, 2009. — C. 9-10.

2. XmenbHunkuii, P.A. ®uznyeckas u KOJUIOWAHAS XuMus: y4e0. uist ¢.-X. cnell. By3os / P.A.
XMenpHUIKHE. — M.: Beici. mxk., 1988. — C. 342-350.

3. Komnounnas xumusi: Meroauueckue ykazaHus K JiabopatopaeiM paboram / H.B. Orapenko,
3.b. Komaposa. — Caparos: 13x-so CI'Y, 1993. — C. 20-28.

4. JlunatHukoB, B.E. ®usuueckas u komnouaHas xumus / B.E. Jlunatankos, K.M. Ka3akos. —
M.: Beicm. mik., 1975. — C. 129-137, C. 177.
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TEMA 7. PACTBOPBI BBICOKOMOJIEKYJISIPHBIX COEJJMHEHHUI (BMC)
Heab: ChopmupoBaTh HaBBIKM U3MEPEHUS BSI3KOCTH PACTBOPOB.
TEOPETHYECKASA YACTDb

Buvicoxomonexkynapuwie coeounenusa (BMC) — 310 coeIMHEHUS ¢ MOJIEKYJIIPHOU MacCcou,
HaunHas 5-10° - 5:10° u Beime. Monekyna BMC cOCTOMT M3 MHOTOKPaTHO TIOBTOPSIIOLIHAXCS
Y4acTKOB (2JIEMEHTAPHBIX 3B€HbEB) U HA3bIBACTCSI MAKPOMOJIEKYJIOH.

1) TIlo cBoemy mpoucxoxaeruto BMC pa3nernstorcs Ha:

e [lpuponnbie: OHOMOIUMEpPBI, pACTUTEIbHBIE M >KUBOTHBIE OEIKHU, HYKJICHHOBBIE
KHCJIOTBI.

e lickyccTBeHHbIE, KOTOpbIE MOJY4YalOT XUMHUYECKOH 00paboTkoil mpupoansix BMC:
alleTaTHBIN IIEJK U APYTHE CI0KHBIE (UPHI LEJUTIOI03bI; HUTPOIIEIUTIONO03a.

e CHUHTETHMYECKHE, KOTOpbIE TMOJYy4YalT [0 PEaKUUH MOJIUKOHACHCALMU WU
MOJIMMEPU3ALUN U3 HU3KOMOJIEKYJISIPHBIX COEIMHEHHUN: MOJIMATUIICH, KAalpOH, MOJUCTHPOI
HUTPOH.

2) Ilo crpoenuto Mmakpomoiekyibl BMC ObiBatoT:

e Jluneiinsle (IIMHA MaKpPOMOJIEKYJIBI MHOTO Oouiblie ee auamerpa). JnuHHbIE THOKHE
MaKpOMOJIEKYJIbl MOTYT 3aKpy4MBaThbCcs B CHOUpaib (HAampuMmep, y OEIKOB),KOTOpbIE HpHU
OTIpe/IeNIEHHBIX YCIOBUSX MOTYT MpUHATH (popmy kiyOka (rio0yna) 3a cyeT BOAOPOIHBIX
CBSI3EH.

e Pa3BeTBIICHHBIE.

e Ceruarble. IMEIOT CTPYKTypy B BHUIE CETKH, T.K. JIMHEHHBIE MAKPOMOJIEKYJIbl MOTYT
00pa30BBIBATH MONEPEUHBIE MEKMOJIEKYIISIPHBIE CBSI3U (MOCTUKOBBIE CBSI3H).

Habyxanue u pacrBopenne BMC. BMC (nonumepsl) mogo0HO HU3KOMOJIEKYISPHBIM

BEIIIECTBAM OO0JAJal0T M30MPATENbHON pPacTBOPUMOCTBIO, T.€. B OJHUX KHUIKOCTSIX

HOJIMMEPBI PacTBOPSIOTCS, a B Apyrux — Het. [Iponecc pactBopenuss BMC cBoeobOpaseH u

OTIIMYAETCS OT pacTBOPEHUS HU3KOMOJEKYJSpHBIX coenuHeHuil. PactBopenne BMC

IpoXoauT Yepe3 craauto HalOyxanus. [Ipouecc nornomenuss BMC Gonpimux 00beMoB

HU3KOMOJIEKYJISIPHON KHJKOCTH, CONPOBOKIAIOIEHCS 3HAUYUTEIbHBIM YBEIHYEHHUEM

obvema BMC, Ha3biBaeTcst Hadyxanuem.

[Tpouecc pactBopenuss BMC M0kHO pa3ieuTh Ha YEThIPE CTAIUU:

1. Hauanbnas cragus. Cuctema reteporeHHa u apyxdassa. [Ipeacrasmsier coboi 9ucTyro
HU3KOMOJIEKYJISIPHYIO )KMJIKOCTh ¥ YUCTBIN MTOJIUMED.

2. Cranus HaOyxanus. Ha sToit ctaguu cuctema paccinanBaercs Ha e (a3el. OnHa daza
— HaOyxmuii monumep. Bropas ¢aza - yncras HU3KOMOJEKYJIApHAst KHUIKOCTb.

3. Cucrema naByxdasznas. HaOyxmmuii mnoaumep, B KOTOPOM pacCTOSHHUE MEXIY
MakpOMOJIEKYJaMH HACTOJIBKO YBEIMYMIIUCh, YTO OHHM HA4YMHAIOT [EPEXOAUTH B
HU3KOMOJICKYJISIPHYIO KHIKOCTh, 00pa3ys pazdasineHHbIi pactBop BMC.

4. Ctaaus OJHOTO PAacTBOPEHHUsS — MpEBpallleHHe TreTeporeHHon (Byx(ha3Hoil) cucTeMbl
B TOMOT€HHYIO.

CylecTBYIOT OrpaHMYEHHOE W HEOTpPaHWYEeHHOe BHUAbI HaOyxaHus. OrpaHuueHHOE —
HaOyXxaHHE HE TEepPeXOAMT CO BPEMEHEM B IIOJIHOE PACTBOPEHHE, a OCTAHABIMBAETCS Ha
BTOpOH WM TpeTbed craguu. IlpumepoM MoXKeT ciaykuTh HaOyxaHHe NpU KOMHATHOU
TEMIIepaType KenaThuHa.

HeorpannuenHoe HabyxaHue IpeACTaBIsIET HEMPEPHIBHBIN MpoIece, MEPEeXOoAIuil yepes
BCE YEThIPE CTAIUM M 3aKaHYMBAIOLIUIICS MOJHBIM pacTBopeHueM. OOpazyercs ogHodasHas
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cucrema. Hanpumep, Tak HaOyXaroT Kaydyku B O€H30J1e, HUTPOLIEIUIIOI03a B alleTOHE, OeJI0K
B BOJIE, LIEJIJII0JI03a B ALIETOHE.

dJleKTpUYeCKUue CBOMCTBA pacTBOpoB BMC. ITogoGHO pacTBopam
HU3KOMOJIEKYJISIPHBIX BemiecTB pactBopl BMC MOXHO pa3fenuTh Ha 3JIEKTPOJIUTHL U
HERIIEKTPOJUTEL. K HEANIEKTPOIUTaM OTHOCATCS, HAIPUMED, KaydyKH, HUTPOLCIIIIOI03a U JIp.
BoicokomonexynsspHbIMU ANEKTPOJINTAMU SBJIIOTCS BELIECTBA, coJieprKaliye
kapookcunpHyto Tpynny —COOH, cynsdorpymnmny —SOzH, amunorpymnmy —NHo.

BaxxnelmuMu BBICOKOMOJIEKYJISIPHBIMU 3JIEKTPOJIUTAMU SIBJISIFOTCS Oenku. Momekyisl
0EJIKOB MOCTPOEHBI U3 AMUHOKMCIIOT, COCAMHEHHbIX NMENTUIHON CBS3b0. benku sBisoTCS
amQoanTaMu, MOCKOJIBbKY B HMX coctaB Bxoaar u rpynma — COOH, u rpymma — NHy,
CHOCOOHBIE IUCCOLUUPOBATH IO KUCIOTHOMY U OCHOBHOMY THITY.

3apsi1 MaKpOMOJIEKYJIbI OeJiKa 3aBUCHUT OT:

e CoOOTHOIIEHHUs] KUCIOTHBIX M OCHOBHBIX rpymm. B kucibix Oenkax mnpeoOsanaroT
rpynnsl —COOH, no3ToMy B HEUTpaJIbHOM Cpelie MaKpOMOJIEKYJIA 3apsKeHa OTPULIATEIbHO.
HeliTpanbHblie 6Ky B HEUTpaJIbHOM cpezie He UMEIOT 3JIEKTPUUECKOro 3apsa.

e Kucnortnoctu (pH) cpensl. M3mensst pH cpeapl MOXKHO M3MEHSATh U IMOBEPXHOCTHBIN
3apsj MAKpOMOJIEKYJIBI.

Taxkoe cocmosinue, Ko2c0a MONEKyIbl 0OerKka 6 pacmeope  IeKmMpPOHeUmpalbHbl,
Haszvleaemcs uzodnekmpuueckum cocmoanuem (U3C).

3nauenue pH, npu xomopom maxpomonekyia Oeika, HaAxXoOumcs 8 u30921eKmpuyecKkom
COCMOAHUY, m.e. He umeem IIeKMPUYECKo20 3apsaod, HA3bI8AEMCs U30ITNEKMPUUecKoll
mouxou (U3T).

Kaxnapiit 6enok umeer cBoro UDT. V kucneix 6enkoB DT < 7; y ocHoBHBIX — DT >7;
HelTpanbHble Oenku nmeror U0T = 7.

[Tpu pH > UDT 6Genok 3apsxkaercs orpunatensHo, npu pH < UOT — nonoxutensbHo.

B UDT (nuneiinas wmakpomojekyna Oellka 3aKkpyduBaeTcs B TJIOOYTy) CBOMCTBA
pPacTBOPOB OEJIKOB PE3KO MEHSOTCS:

® MHUHHUMaJIbHas paCTBOPUMOCTB;

MUHUMaJbHas TUAPATALHS;
MUHUMaJbHasl BI3KOCTb;

MUHUMAaJIbHOE OCMOTHYECKOE J1aBJICHUE;
MUHHUMAaJIbHAasl CTETNIeHb HAOyXaHMs;
MUHUMAJbHasl 2JIEKTPOIIPOBOAHOCTD.

NOT onpenensercs:

1. Tlpsmeim wmetomom. Omnpenensitor pH  pacTBopa, TIpM KOTOPOM  CKOPOCTH
aneKTpoopesa paBHA HYIIO.

2. Kocennsim meromom. M3mepstor Bs3kocTh pactBopoB BMC ¢ pa3HbIM 3HaueHHEM
pH. B OT Bs3kocTs MUHMMAJIBHA.

Bsaskocts pacrBopoB BMC. XapakrepHbIM cBOWCTBOM pacTBopoB BMC saBisercs
BBICOKAsI BSI3KOCTb.

Bazkocmb scudkocmu — 3TO CONPOTUBICHHE (WM CHUJIa TPEHHs), BOZHHUKAIOIIEE IPH
NEPEMELIEHUH OAHOIO CJI0S XKUIKOCTH OTHOCUTEIIBHO JPYTOTO.

Cuna conpoTuBIEHUS ONpenensieTcs o 3akony Hviomona:

f=qsdl,

dy
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riae f — cuaa compoTHBIICHUS TEUCHUIO MEXKIY CIIOSIMU; S — IJIOIIAAb CIOEB KHIKOCTH; 1] —
BSI3KOCTh; dv = V2 — V1 — pa3jindhe B CKOPOCTSIX JBYX CIIOEB kuakoctd; dy = y» — y1 -
PACCTOSIHUE MEXKIY CIOSAMM.

JIsi KOJIMYEeCTBEHHOM XapaKTePUCTUKU BS3KOCTH PACTBOPOB BBICOKOMOJEKYIISPHBIX
COCIMHEHUN HCMOJb3YIOT CJEAYIOLIUE BEIUYHUHBL: 7lorn — OTHOCUTEIBHYIO BSI3KOCT,
NPE/ICTABIISIONIYI0 CO0O0M OTHOILICHHE BSI3KOCTH pacTBOpa (77) K BSI3KOCTU PacTBOPUTEINS (7o);

N=Ma

Nyn — YOEIbHAs BI3KOCTh (?]I',m =MNgry — 1 = i Nnp — TPHUBEICHHYI BA3KOCTb,
i Mo

o .
PaBHYIO OTHOLLIEHUIO yJEIbHOU BA3KOCTH K KOoHLeHTpauuu C (?]'Hp = f)

Hpez[eﬂ HpHBeHeHHOﬁ BA3KOCTU IPU KOHLCHTpALMAX MMOJIUMCPA, CTPCMAIIUXCA K HYIIO,
Ha3bIBACTCSI XapaKTEPUCTUUYECKON BA3KOCTBIO — [?’,' i XapakTepucTudeckasi BI3KOCTb CBSI3aHA
C MOJIEKYJIIPHOM MacCOi MOJUMEPOB CIIEIYIOLIMM 00pa3oM:

[n] = KM*®.

Bsiskocts pactBopoB BMC 3aBucuT OT npupojsl nosumepa (MOJEKYISIPHOM Macchl U
(GopMBl MaKpOMOJIEKYJIbl), NPUPOJBl PACTBOPUTEINS, KOHLEHTPALUU U TEMIEPaTyphl.
Bs3kocTs pacTBOpa NosiMMepa BO3pacTacT C IMOBBIIIEHHEM MOJEKYJIsipHOM Maccel BMC. V
MMoJIMMEPOB C BBITPAMJICHHBIMUA OeIsIMU BA3KOCTb BBIIIIC 10 CpaBHCHHIO C
BBICOKOMOJIEKYJIIDHBIMHM BELIIECTBAMU CO CBEPHYTBHIMH, KIIyOKOOOpa3HbIMH Mojekyiaamu. C
YBEJIMYEHUEM KOHLIEHTpAallUU BA3KOCTh pacTBopoB BMC pe3ko Bo3pacraer, Tak Kak
YCUJIMBAETCS MEXMOJIEKYJSIPHOE B3aMMOJEHCTBHE, B pe3yJbTaTe KOTOPOro obpasyercs
IIPOCTPaHCTBEHHAs ceTka. OHAKO MPU MEXAaHMYECKOM MEPEMEIINBAHUN CTPYKTYPHBIE CETKH
paspylaroTcss U BSA3KOCTb yMeHblaeTcs. C TOBBIIIEHHEM TeMIIEpaTypbl MHTEHCHBHOCTH
JBIDKCHUS MOJIEKYJI BO3PACTAET, IIPU OTOM CTPYKTypa pas3pylIacTcs, U BI3KOCTb PacTBOPOB
najaer.

OINIPEAEJIEHHME BA3KOCTHU PACTBOPOB BMC

A6COJ'IIOTH8.}I BA3KOCTH MOXKET 6BITI:> pacch/ITaHa I10 ypaBHCHI/IIO Hyasefmﬁ:
4
7-r-AP
8-V -l

rae I, | — paanyc u JuMHA Kanwuisapa, yepe3 KOTOPhIi MPOTEKaeT KHUIKOCTh; AP — pa3HOCTh
JTaBJICHUH Ha KOHLAX Kamuuisipa; V — 00bEM BBITEKaIOIIEH )KUKOCTH; T — BpeMs BBITCKaHHSL.

VpaBuenue Ilyaseinss JeXUT B OCHOBE BHCKO3UMETPUM — METOJAE OIPEACICHUS
OTHOCHUTENIbHOM BsA3KOCTH pacTBOpoB BMC (pa30aBieHHBIX) NMPH MOMOIIM KaIWUISIPHOTO
BHCKO3UMETpA.

T (71)

_ NBmc
OTHOCHTENbHAS BI3KOCTh: 770"1H - 77
p—s

Ecnu n3mepenme BI3KOCTH #aymC U #p-1» TPOBOJUTH HA OJTHOM M TOM K€ BUCKO3UMETPE, TO
BenuuuHeI 7, I, |, V,4P Oynyt nmocrostHabIMH, TOTTIAa YpaBHeHuUe (7.1) OyaeT uMeTh BUT:

n=kt (2
n _ nBmc _ K- tamc _ taumc
re k -1 p—na t p—na

Takum 06pa30M, BA3KOCTH IIPHU MOMOIIU KAIMWJUUIAPHBIX BUCKO3UMCTPOB ONPCACIIACTCA 1O
BPEMCHU BLITCKaHUA OIIPCACIICHHOI'O obbeMa KHUOKOCTHU YC€PE3 KAITHUIIIAP.
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Omnbit 1. 3a6ucumocms eazkocmu pacmeopose BMC om konyenmpayuu.

Xo/ BbINOJIHEHUsS PadoThI.

OnpenensitoT OTHOCHUTENBHYIO BS3KOCTh BOJHBIX PACTBOPOB JKENATHHA HECKOJBKHX
KOHIEHTpaui ¢ moMolnbio Bucko3umerpa OctTBanbaa. s 3TOro u3MEpSOT Bpems
UCTeYeHHs oOBbeMa CHavaja BOJBI, a 3aTeM pPACTBOPOB >KenaTuHA. JlemaroT HECKOJIBbKO
U3MEpEeHH U OepyT cpeaHee 3HaueHue. Pesynbrarel 3aHocsaT B Tadmmumy 7.1. Ilo dhopmyse
OWHINTEHA BBIYUCISAIOT KTEOPETUYECKOE» 3HAUEHUE BA3ZKOCTH:

C
Mmeop =MNo | L1+2,5——— |, rme no =1, a=1,34, C— KoHLEHTpaLHUA.
100 o
Tabmuma 7.1.
3aBMCHMOCTD BA3KOCTH OT KOHIEHTPAIIMH PACTBOPA KeJATHHA

Ne tho C,% temc Mo (3KC.) 1N om(TEOP)
1 0.25
2 0.5
3 1.0

[To maHHBIM TaOJUIBI CTPOST rpadUK, OTKIAABIBAS IO OCH OPIMHAT BS3KOCTh, a IO OCH
a0CIUCC — KOHIICHTPALIUIO.

OnbIT 2. 3asucumocmo eazkocmu pacmeopos BMC om pH cpeout.
Xo/ BbINOJHEHUS] Pa0OThI.
N3mepsitoT BSI3KoCTh cMecH, cocTosmen u3 10 min 1%-Horo pactBopa sxenatuna ¢ 10 mi
CIEIYIOIINUX PacTBOPOB, MPUBEICHHBIX B TabmuIe 7.2.
Taomuua 7.2.
3aBHCHMOCTEL BAA3BKOCTH pacTBopa Ke¢JaTuHa 0T pH Cpeabl

No ouecH PactBop n06aBICHHBIN pH BA3KOCTE
K PacTBOpY JKeJIaTHHA
1 HCI - 0,2u 15
2 HCIl - 0,021 2,5
3 H,0 50
4 NaOH - 0,02x 12,0
5 NaOH - 0,2n 13,0

3anucaB 3HaYeHHE BS3KOCTH B TaOMHILy, CTPOAT TpaduK 3aBUCUMOCTH €€ OT BETUYHHBI
pH. Bomusu UDT nabnrogaeTcss MUHUMAIbHAS BSI3KOCTb.

OnbIT 3. Bruanue memnepamypsl Ha 6A3KOCHb.

Xo/ BbINOJHEHUs! pa0oThI.

Hamute 10 ma 0,5%-HOro pactBopa ’kejlaTHMHAa B BHCKO3UMETP, MOTPY3UTh B IIUPOKOE
KOJIGHO TEpPMOMETpP M MOMECTUTh nprOop Ha 30 MUHYT B CTakaH ¢ JIeASHON BOOH, mocie
4ero ompeieNuTh BpeMs uctedenus pacteopa mpu 0° C. 3aTem onpenennTs BpeMs HCTeUeHHs
pactBopa mpu 20° C, 40° C, momemas kaxablif pa3 BUCKO3MMETP B CTaKaH C BOJOH MpH
COOTBETCTBYMOILIEH Temmeparype. Ilepen KkaXIpIM OIpeNeIEHUEM DPACTBOP MPOCACHIBAIOT
yepe3 kanwurip 2-3 pasa. [lpm Tex jXe 3HAYEHMSIX TEMIIEpaTypbl OIPENEIUTb BpEMs
VCTCUYCHUS TUCTUIUIMPOBAHHOM BOABI. BBIYHCINTB BA3KOCTh PACTBOPA U BBIYEPTUTH KPHUBYIO,
MOKA3bIBAIOLIYIO 3aBUCUMOCTb BA3KOCTH OT TEMIIEPATYPHI.
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OnvIT 4. Bauanue coneil na ea3kocms.

Xo/1 BbITIOJIHEHUS] Pa0OThI.

Hamute B mpoOUpKM pacTBOpHI coyie (MO 5 M) COOTBETCTBEHHO Tabmuue 7.3. U
npu0aBUTh B Kaxayro 1mo 5 mu 1%-Horo pactBopa xenatuHa, nepeMemiarb. [locie 3toro
OTIPEICNIUTh BA3KOCTbD.

Tab6muma 7.3.
BinsiHne aHHOHOB Ha BA3KOCTh PACTBOPA KeJIAaTHHA

Ne poOupku JloGaBJIeHHOE BEIIECTBO Bsizkocthb

1 11 Kl

2 11 K2SO4

3 H.0

C,Z[e.]'[aTB BBIBOJAbI O BIMAHHNN aHHMOHOB Ha BA3KOCTD.

OO0opynoBaHne U peakTHBBI
1.

©CoNoORWN

Buckosumerp.

CexyHnomep.

Tepmomerp.

Mepubiii nmuHAp Ha 10 Mot
Xumnueckuit ctakan Ha 50-100 mo.
JluctunnupoBaHHast BOJa.

0.25%, 0.5%, 1.0% pacTBOpHI *KenaTHHA.
0.02 1 1 0.2 H pactBopsl HCI, NaOH.

1 1 pactBOpPSHI Kl, K2SO.a.

Bonpocs! 111 camonpoBepku

1. Ompenenenue, mnpumepsbl, kinaccudpukamuss  BMC  (BBICOKOMOJIEKYISIPHBIX
COCTMHCHUI).
2.

LCoOoNO AW

Cxoncro pactBopoB BMC ¢ ruipooOHBIMU KOJITIOUIAMHU.
OtnuunrensHble ocobeHHOoCTH BMC (CpaBHUTH € KOIIIOUaMH).
DnekTpuyeckne cBoiicTBa pactsopos BMC.

Huddyszus u ocmoc B pactsopax BMC.

OnTuueckue cBoiictea BMC.

PactBopumocts 1 HaOyxanue BMC. IIpumepsi.

Henarypauus 6enkoB. BeicanuBanue.

AHomainbHas B3KocTh pacTBopoB BMC. 3akon HeroToHa.

10. OrtHocuTenpHas, yAeAbHAS H  XapaKTEPHCTUYECKas  BI3KOCTh. Y PaBHCHHE
[lItaygunrepa.

11. 3aBUCHUMOCTH BS3KOCTH OT TEMIIEpATypHhl, 1aBJICHHs], KOHIIEHTparmu,PH cpemp.

12. Bucko3umerpus. 3akon Ilya3zeiins.

CIIMCOK JIUTEPATYPEHI

1. Konnougnas xumus: Meronuueckue ykazaHus K adopatopasiM padoram / T./1. Kazapunosa,
JILA. Ucaituea. — CaparoB: Dkcnpecc-tupax, 2009. — C. 10-12.

2. XmenabHuukuii, P.A. ®usndeckas U KOJUIOUIHAS XUMUA: y4ueO. s C.-X. crell. By30B / P.A.
XMenpHuUUKuil. — M.: Bercm. mx., 1988. — C. 351-370.

3. Komnounnas xumusi: Meroauueckie ykaszaHus K J1abopaTopHeiM pabotam / H.b. Orapenko,
3.b. Komaposa. — Caparos: 13a-so CI'Y, 1993. — C. 29-44.
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4. JlmnatHukoB, B.E. ®usnueckas u komtongnas xumus / B.E. Jlumataukos, K.M. Ka3zakos. —
M.: Beicm. mik., 1975. — C. 137-153.

5. baae3un, C.A. [Ipaktukym no ¢usndeckoir n xomwtouanoit xumun / C.A. banesun. — M.:
I'YIIUMIT PCOCP, 1959. — C. 207-211.
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TEMA 8. TEJIU 1 CTYJHHU

Heab: CdhopmMupoBaTh HaBBIKM IIOJyYCHUS CTyIHEW NpPU Ppa3NUYHBIX YCIOBUSIX U
ornpenenenus creneHu Hadyxanus BMC.

TEOPETHUYECKASA YACTD

Cmyonu unu 2enu — 3TO JHUCIIEPCHBIE CHUCTEMBI, TAe AUCHEpcHas (a3za COCTOUT U3
KOJUTOMJIHBIX YacThll uin Makpomoisiekyl BMC, coelnHEHHBIX B BHUJE IMPOCTPAHCTBEHHOMN
CETKH, STYEHUKU KOTOPOU 3aI0JHEHBI TUCIIEPCUOHHON CPEIOM.

CrynHu KiaccupuIUpPyOTCS:

1) B zasucumocmu om npupoobl OUCHEPCUOHHOU CPeObl HA.:

e [T'maporenu (Boua)

e Ankorenu (CIUPTHI)

e benzorenu (O6eH300)

2) B 3asucumocmu om Koauuecmea OUCNEPCUOHHOU CPeObl.

e Maroe conepxaHue TUCIIEPCUOHHON cpeibl (CyXHe CTYAHM WM KCEpOreiau: Kpaxmal,
CYXOM eJIaThH, CTOJISIPHBIN KIIeH; CI0XKHbIE Kceporesu (MyKa, Ie4eHbe, CyXapH)

e bonpiioe conmepkaHue OUCHEPCUOHHOW Cpenbl, T.€. CYXOTrO OCTaTkKa (IMCIEpCHOM
da3zbl) ~1-2 % u MeHee (JIMOTENH: KUCENb, MSICHOH CTYACHb, IPOCTOKBAIIIA, PACTBOPHI MbLIa U
MOIOIIHUX CPEJCTB)

3) Omoenvuas epynna 2eneii — koazenu:

e CTyAeHHCTbIE OCaJKU, KOTOpble 00pa3yroTCs MpH KOaryasuuu JHO(OOHBIX 30Jei
Fe(OH)s, H2SiOs u np.

e XnonbeBuanble ocaaku BMC, nonydeHHble IpU BbICATUBAHUM O€IKOB, HYKJIEUHOBBIX
KHCJIOT, IOJIUCaXapH/10B.

Koarenn HeOAHOPOAHBI, YaCTHIIBI Pa3HOTO pa3Mepa, COAEP)KaT HEOOJBIIOE KOJIUYECTBO
JUCIIEPCUOHHON CPEBI.

4) B 3asucumocmu om npupoosl seujecms, 00pa3vIowWux 2eib, NPOYHOCMU CE53€lL:

e XpymnKue WIM HedlacTHuyHble renu. [lomy4aroT M3 HEepPraHMYeCKUX COCIUHEHUN H
MIOCTPOCHBI M3 JKECTKHUX yacTuIl (Harpumep, cTyaau Fe203, SN0z, TiO2, H2SiO3)

e DOnactuuHble renu (win ctyaHu). OOpa3yroTcs U3 OpraHMYeCKUX BELIECTB — MMOKHUX
Makpomosnekyia BMC.

5) [Ilo npoucxoxcoenuio:

e [EcrectBeHHble Tenu (CTyIHU KelaTWHA, MPHUPOIHOTO arap-arapa, OMOJOTHUYECKUX
TKaHeH)

e lckyccTBeHHBIE Tefii (CUHTETUYECKUE KaydyKH, HUTPOLIEII0NI03a U JIp. ).

IMoayuenne cryaneii. CTyqHH BBICOKOMOJIEKYJISIPHBIX BEIIECTB MOTYT OBITH MOJYYEHBI
JIByMsI OCHOBHBIMH IYTSIMHU: METOJIOM 3aCMYOHe8aHus (dHceramunuposanus) pactsopo BMC
U METOJIOM 02PaHUYEeHHO20 HAOYXaHUsl CYXUX TTOJMMEPOB.

3acTylHEBAaHME CBS3aHO C YBEJIMYEHUEM BSI3KOCTH pAacTBOpa M 3aMEIJIEHUEM
OpOYHOBCKOTO JBWIKEHHUS, TPHUBOIAIIEE K OOBEIWHEHWIO YaCTUIl JTUCTIEPCHOW (a3bl C
0o0pa30BaHUEM CETYAaTOM CTPYKTYyphbl (Kapkaca), KOTOpBIA IPOHU3BIBAET BECh 00BEM
JIMCTIEPCHOM CUCTEMBI. B siueiikax coaep’uTcs TUCIEPCUOHHAs Cpeia.

ITpouecc 3acTy1HEBaHUS 3aBUCHUT OT:

1. @opmvr u pasmepa muyennvt 3011 unu maxpomonekyivt BMC. HeobxoaumbiM
YCIIOBUEM 3aCTyJHEBaHUs SIBIISETCS acCCUMETPUYHAs (popmMa MHUIIEITUIBI WM MaKpPOMOJICKYITBI.
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UeM BbIllIE acCUMETpHsSl YacTHIl, TeM ObicTpee U Mpu Oojiee HU3KUX KOHLIEHTPALUAX
JHCTIEpCHOM (pa3bl 0Opazyercs Teib.

2. Konyemmpayus pacmeopa. Uem Oomblle KOHILIEHTpAlMs pacTBopa, TeMm ObIcTpee
o0Opasyercs reib.

3. Temnepamypa. C pocToM TemrepaTypsl reieoOpa3zoBaHUE 3aMeIISETCS.

4. [Ilpubasnenue snekmponuma. Ilpu 1006aBICHUN SJIEKTPOIUTOB OJHU UOHBI YCKOPSIOT
MPOLIECC 3aCTYAHEBAHUSI, JPyTrUe 3aMeUISIIOT UM BOBCE YCTPaAHSIOT ero. ' aBHbIM 00pazom,
BIMSIOT AHHOHBL. YJIYYIIAlOT MpPOLECC 3acTyAHEBAHUS HMOHBI, O0JANaAIONINe BBICOKOU
TUAPATUPYIOIIEHCS CITOCOOHOCTHIO.

5. Bausnue e6pemenu. 3acTyqHEBaHWE, Nake NPH HU3KOW TeMmmeparype, TpedyeT
MPOJOHKUTEILHOTO BpEMEHH (OT MUHYT JI0 HEJIEJH) Ul 00pa30BaHusl TYEUCTON CTPYKTYPBHI.

6. Bausnue pH. CKOpocTh kelnaTuHUpOoBaHUs OenkoB Beime mpu pH = UOT, T.e. xorma
OTCYTCTBYET JIEKTPUUECKHI1 3aps] 1 MAaKpOMOJIEKYJIa MEHEee TUpaTHPOBAHA.

Ozpanuuennoe nHadyxanue - 3TO CaMOIPOU3BOJBHBIN npouecc. [Ipu HaOyxaHuu umeer
MECTO  OJHOCTOPOHHEE IPOHUKAHME HU3KOMOJIEKYISIPHOTO  PAacTBOPUTENS  MEXIY
MakKpoMoJIeKyJlaMu mojuMepa. HaOyxmuii monmumep — TEPMOAMHAMUYECKUA YCTOWMYMBBINA
pacTBOp HHU3KOMOJIEKYJSIPHOTO — pacTBOpuTelst B moiumepe. HaOyxmwmii  monumep
yBEeNIMYMBaeTCsI U B oOBeMe, W B Macce. Hanwume BHEIIHEro IaBJIEHUS CIIOCOOCTBYET
MIPOHUKHOBEHUIO PACTBOPHUTENS B KapKac rejis, T.€. ClIOCOOCTBYET Ha0yXaHHUIO.

CpoiicTBa cTryaHel. ['enu U cTyaHH UMEIOT psij OOLIMX CBOMCTB C TBEPABIMU TEJIaMHU.
D10 Hanu4re coOCTBEHHOUM (POPMBI, MEXaHUYECKUX CBOMCTB (YIPYTOCTH, 31aCTUYHOCTH).

K cnenuduueckuMm cBOICTBaM CTyIHEH OTHOCATCS MUKCOMPONUs WU CUHEPe3Uuc (uiu
cmapenue):

e Tukcomponusa — oOpaTuMoe IpeBpaIeHNEe HETEKYUYero Irejsl B pacTBOp B pe3yJibTaTe
MEXaHUYECKOTO BO3JeiHcTBUA. [IpuM BCTPSAXMBAaHUM WM TEPEMEIIMBAHUU Pa3pYIIAIOTCS
ciabble BaH-nep-BaanbcoBble MEXMOJEKYISPHBIE CBS3HM, T.€. pa3pyllaeTcs TpexMepHas
CTpYKTypa reist U oOpasyercs Tekyuuil pactBop. Ho uepe3 HekoTopoe Bpemsi CTpyKTypa
CaMONPOM3BOJILHO BOCCTaHABIMBACTCA M CHOBa 0Opasyercsi reib. B HEKOTOpBIX ciydasx
XpyNKHe Trend (Hampumep, Teldb KPEMHEBOW KHCIIOTHI) B pE3yJbTaTe MEXaHHYECKOTO
BO3/EUCTBUS HEOOPATUMO pa3pyILAOTCS.

e Co BpeMEHEM TelH cmaperon, Ha UX MOBEPXHOCTH TOSBISIFOTCS KaleIbKU KUIKOCTH
pa3z0aBiIeHHON AMCIIEPCHOHHOMN cperbl (pa30aBieHHBIM KOJUIOMIHBIN pacTBOpP WJIM PacTBOP
BMC). 3areM kamenbku CIMBAIOTCS M 00pa3yroT kuIKyto ¢a3zy. IIpoucxomur pasmeneHue
CcTynHs Ha 2 ¢a3pl. MexaHu3M cuHepe3uca: TOJ JCUCTBUEM BHEITHUX (PAKTOPOB YACTHUIIBI
JUCTIEPCHOM (ha3bl renist cONMKAIOTCs, CTPYKTYpHas CeTKa YIJIOTHSETCS, TUCIIEPCHOHHAs
cpeda, 3aKJIIOYEHHAs B sSYeHKax Kapkaca, BBIIABIMBAeTCS Ha TOBEpXHOCTH rens. llocie
CHHEepe3uca reiib YIUIOTHSETCS, YMEHbIIAeTCsl B 00beMe, HO COXpaHSET MPEXHIO (HopMmy.

I'EJIA 1 X CBOMCTBA.
OIPEJAEJEHUE CTENEHU HABYXAHUSI BMC

OnwiT 1. 3aseucumocme scenamunuposanus om memnepamypvl U KOHUeHMPAUuu
pacmeopa.

Xoa BBINOJIHEHHUs padoThI.

B Tpu npoOupku BHECTH MO 5 MIT pacTBOPOB KelaTHHA ¢ KOHIeHTparwueit 2 %, 4 % u
8 % COOTBETCTBEHHO U MOMECTUTh WX B CTaKaH C XOJIOJHOW Boaou (I = 159 C). 3ameTuth
BpeMsl. Y CTaHOBUTH BPEMS JKEIATUHUPOBAHUS 110 0OPa30BAHHUIO HEBBITEKAIOIIETO Telisl. 3aTeM
3TH e MPOOUPKM MOMECTHTH B BojsHYyI0 Oanio ¢ t = 40° C 1o mmaBneHns rens, a MOTOM
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OXJIaJUTh 0 KOMHATHOH TeMIepaTyphl M MOIPY3UTh B CTakaH c JeasHol Bomoit (4°C).
Onpenenuth Bpems jkelaTuHUpoBaHHA. PesympraTel 3aHectn B Tabmumy 8.1. HawepTtuthb
rpaduKy 3aBUCUMOCTH BPEMEHH SKEIATUHUPOBAHMUS OT KOHLIEHTPALMU U OT TEeMIEpaTyphbl.
OOBSICHUTD ITOJIyYEHHBIE PE3YJILTATHL.

Tabmuma 8.1.
3aBHCHMOCTb BpeMeHH KeJIATHHHPOBAHUS OT
KOHLEHTPAIMH PACTBOPA NPH Pa3HbIX TeMIEPaTypax
No orsrra KOHHCHTpanI/IH Bpems enaTHHUPOBaHUS (MUH. )
pactBopa, % t=4°C t=15°C
1 2
2 4
3 8

OnsIT 2. Bauanue 3nekmponumos Ha npoyecc HeeiamuHupo8anus.

Xo BbINOJHEHUS] padoThI.

B mpo6upku ¢ 3 mi 8%-Horo pacTBopa jkenaThHa HaIUTh 0 2 MiI 1H pacTBOpOB coien
Kanus (1o Tabauue 8.2.) U onpenenuTh BpeMs jkelnatuHupoBaHus. CaenaTb BBIBOJL O BIMSIHUN
AHHMOHOB Ha XXCIIATUHUPOBAHUC.

Tabmuua 8.2.
Binsinne aHHOHOB HA BpeMsl JKeJIATHHHPOBAHUS
ITokaszaTenu Howep rpodupicn
1 2 3 4 5 6 7
DNEKTPOJIUT H.O K2S04 KCI KNO3 Kl KNCS | CH;COOK
Bpems
KEIATHHUPOBAHHSI(MUH )

OnwiT 3. Onpeoenenue cmenenu naoyxanus BMC.
Xo/ BbINOJIHEHUS] Pa00ThI.
CrerieHp HaOyxaHHS OMPEACISAIOT JBYMS METOJaMHU: BECOBBIM M OOBEMHBIM, COTJIIACHO

dopyyza: a=1—"0.100% » a =Y —v0.100%.

My 0
A) BecoBO# MeTOJI: B3BEIIMBAIOT HAa TOPCHOHHBIX Becax JiBa Kycouka Kaydyka (Mo) H
MOMEIIAIOT OTAEIBHO B OIOKCHI C TOJIYOJIOM M BOAOM /st HaOyxaHus. B3BemmBaioT o0pa3ibl
C WHTEpBAJOM 15 MHHYT, NMpeABAPHTENHLHO OOCYIIMB MX (HIBTPOBAIBHOW Oymaroit (m).
PaccunThIBaloT creneHp HaOyXxaHus. 3aHOCAT JaHHbIe B Tabuiy 8.3, 8.4.

Tabnuua 8.3.
3aBHCHMOCTDH cTeNeHN Ha0yXaHusl KayYyKa B T0JIyoJie OT BpeMeHH!
Ne onbiTa Bpewms maOyxanust (MuH.) m (mr) a, %
1 0 mo =
2 15 mp =
3 30 my =
4 45 ms =
5 60 ms =

40




Tabmuua 8.4.
3aBHCHMOCTDH CTeNeHN HA0yXaHUs Kay4yKa B Bojie OT BpeMeHH

No ompiTa Bpewms nabyxanus (MuH.) m (mr) a, %
1 0 Mo =
2 15 m =
3 30 my =
4 45 ms =
5 60 ms =

[To nmaHHBIM TAaONMIBI CTPOSAT TpPapUKH 3aBUCHMOCTH CTEICHH HaOyxaHus (Ha OcH
OpIMHAT) OT BpeMEHH (Ha OCH aOCIIMCC) M JICIAI0T BHIBOJ O THITC HAOYXaHHUS.

b) 00bEéMHBIN METOI: B MPOOUPKY MOMEIIAOT CyXOW Telb: KEJIATUH, CHIIUKArelb WU
KMII (kapOOKCHMETHIIIEIIII0I03a) BBICOTa CTOJIOMKA (2 CM) W 3allUBAIOT BOJIOH, a 3aTeM
U3MEPSIOT BBICOTY cTosiOuka Ha0yxmero BMC mumnumerpoBoit Oymaroi ¢ untepsaiom 15
MUHYT. PaccunThiBatoT creneHs HabyxaHus. JlaHHBIE MOMemaoT B TabauIy 8.5, 8.6.

Tabnuna 8.5.
3aBUCHMMOCTD CTeneHN HA0yXaHUA 7KeJITHHA B BOJIe OT BpeMeHH
Ne ombITa Bpems naOyxanus (MuH.) h (m) a, %
1 0 ho =
2 15 hy =
3 30 hy =
4 45 hs =
5 60 hs =
Tabnuna 8.6.
3aBucuMocthb crenenn Ha0yxanusa KMII B Boe oT BpeMeHn
Ne ombiTa Bpems naOyxanus (MuH.) h (m) a, %
1 0 hy =
2 15 hy =
3 30 h, =
4 45 hs =
5 60 hs =

[To naHHBIM TaOAHIBI CTPOSIT TpadUK 3aBUCUMOCTU CTETEHM HaOyXaHUs OT BPEMEHH U
JIeTArOT BBIBOJ O THUIIE HAOyXaHUSI.

OnsiT 4. Bauanue kucnom, wienoueil, coneil Ha Hadyxanue cyxux zeeil.

Xo/ BbINOJHEHUs! padoThbI.

B mecth mpoOMpoK HAIWTH MO 5 MJI Pa3UYHBIX PACTBOPOB (CMOTpeTh Tadmuiy 8.7.) u
BHecTd 1o 0,3 r mopomika >kenatuHa. [lo moiocke MHUTMMETPOBOM Oymaru omnpeneiauTh
BbICOTY ocanka. OcTtaBuTh npoOupku Ha | dYac, BCTPAXHYTb U IIOCJIE€ OCEJAaHUS BHOBb
U3MEPUTH BBICOTY Ocajika. Pe3ynbraThl 3aHecTu B Tabnuily. Paccuntars creneHb HaOyxaHus

o popmyse: a = % -100%.

1
CpaBHI/ITB CTCIICHU Ha6yxaHI/I$I KEJIaTHHA B Pa3JIMYHBIX 3JICKTPOJIMTAX U CACIIAaTh BBIBO.
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Tabnuua 8.7.
BausiHue KuCJI0T, lIeJ104eii U coJiei HA cTelleHb Ha0yXaHMsl CyXO0ro sKeJJaTHHA

BricoTa ocanka Crenenn
Ne ipobupku PactBop Konuentparnus, % o [Tocne HaOyXaHus
HaOyXaHUs HaOyxaHUs a, %

1 H.0 -

2 HCI 0.025

3 NaOH 0.025

4 NaxSO4 0.1

5 NaCl 0.1

6 KNCS 0.1

O0opynoBaHne U peaKTHBBI

1. IraTuB ¢ mpoOUpKamH.

2. Crakan 06bémom 100-150 M.

3. Tepmowmerp.

4. TopcuoHHBIE BECHI.

5. JluHelka ¢ MUJTTUMETPOBBIMU JIETICHUSIMU.
6. JuctumiupoBaHHas Boja.

7. 2%, 4%, 8% pacTBOpPHI KellaTHHA.

8. 1 u pacrBopsr coneit kanus (K2SOs, KCI, KNO3z, KI, KNCS, CH3COOK)
9. Kycouku kaydyka.

10. Cyxoit nopomok xenaruna, KMLI.

11. Tomyom.

12. 0.025% pactBopst HCI, NaOH; 0.1% pactBopsr Na2SO4, NaCl, KNCS.
Bonpocel 11 caMonpoBepKu

XKenarnauposanue pacrsopos BMC. MexanusMm, npuMepsl.

CDaKTOpI)I, BJIMATOIHUE HA CKOPOCTD KCIIATUHUPOBAHUA.

I'enu u crynuu. CxoxactBo U pasznuuue. Crnoco6s! nonydenus. [Ipumepsl.
CaoiicTBa cTyaHel: HaOyXaHue, TUKCOTPOIUs, CHHEPE3HUC.

el AN

CIIMCOK JIUTEPATYPEI

1. KomnougHas xumus: MeToaudeckue ykasaHus K jaboparopubsimM padoram / T.J]. KazapuHoBsa,
JI.A. UcaitueBa. — Caparos: Dxcnpecc-tupax, 2009. — C. 13-15.

2. XmenbHunkuii, P.A. ®usndeckas U KOJUIOWIHAS XUMUS: y4eO. Jis C.-X. creil. By30oB / P.A.
Xmeapaunkuid. — M. : Beicmr. mk., 1988. — C. 371-378.

3. Komnounnas xumusi: Merojuueckrie ykazaHus K JiabopatopabiM paboram / H.B. Orapenko,
3.b. Komaposa. — Caparos: U3x-Bo CI'Y, 1993. — C. 39-40.

4. JlumatHukoB, B.E. ®wusudeckas u komtongHas xumus / B.E. JIumataukos, K.M. Ka3akos. —
M.: Bercm. mk., 1975, — C. 153-157, C. 178-179.

5. Bbane3un, C.A. Ilpaktukym no ¢usuueckoir u koytongHon xumuu / C.A. banesun. — M.:
I'VIIUMII PCOCP, 1959. — C. 214-216.

6. 3umon, A.J. Komnoungnas xumus / A.Jl. 3umon. — M.: AT'AP, 2005. — C. 282-286.

42




BUBJIMOI'PAOUYECKUI CITMUCOK

1. 3umon, AJI. Kommougnas xumus / A.Jl. 3umon. — M.: AT'AP, 2005. — 344 c.

2. KomrmonmgHast xumus: MeToanveckne yka3anus K jJaboparopusim padotam / T.J]. KazapuHoBa,
JLLA. VcaitueBa. — CapatoB: Dkcrnpecc-tupax, 2009. — 24 c.

3. Komnounnas xumusi: Metoaudeckre ykazanus K adopatopaeiM padoram / H.b. Orapenko,
3.b. Komaposa. — Caparos: U3x-Bo CI'Y, 1993. — 61 c.

4. Jlanpzoepr, P.A. JlabopaTopHbIi NpakTHKyM 1O (pu3ndeckoil U KoutongHoH xumuu / P.A.
Jlsaa36epr. — IerponasnoBck-Kamuatckuii: Kamuatl TY, 2004. — 75 c.

5. XmeapHuukuii, P.A. ®Omnueckas u KoiongHas XuMus: y4ded. mms c.-x. crerl. Byzos / P.A.
XMmenpHunkui. — M.: Beici. mk., 1988. — 400 c.

6. Ilpaktukym no ¢usuyeckoit u xommougnoi xumuu / E.W. Aradonos, [1.I'. Kapnenko, JI.B.
Psabuna. — M.: Beicmr. mik., 1985. — 167 c.

7. JImnatHukoB, B.E. ®usnueckas u kommouanas xumus / B.E. JIunataukos, K.M. Kazakos. —
M.: Bercm. mxk., 1975. — 200 c.

8. bBaae3un, C.A. [Ipaktukym no ¢usmnyeckoir u kowtouanoi xumuu / C.A. Banesun. — M.:
I'YIIUMIIT PCOCP, 1959. - 232 c.

7. http://www.xumuk.ru/colloidchem/178.html

43


http://www.xumuk.ru/colloidchem/178.html

BBEJIEHHUE. ... e e
TEMA 1. AJCOPBHMS. ...,
TEOPETHUUECKAS UACTD. ...
AZICOPBLIMA U3 PACTBOPOB HA TBEP/JIbIX AJICOPBEHTAX...................
TEMA 2. HOBEPXHOCTHOE HATSKEHHUE ...
TEOPETUUECKAS HACTD. ...
IIOBEPXHOCTHOE HATS)KEHUE XKUJKOCTEM. ...........cooooiiiieei e,
TEMA 3. HIOJYYEHUE KOJUVIOUJHBIX CUCTEM.................ooooiiiiiin
TEOPETUUECKAS HACTD. ...
CIIOCOBBI ITOJIVHEHMA 11 OYNCTKHU KOJUIOM/HBIX PACTBOPOB.........
TEMA 4. ONTUYECKHUE CBOMCTBA KOJUIOUJIOB......................cceee

TEOPETUUECKAS HACTD. ...

OIPEJIEJIEHUE KOHLIEHTPALIMM 30JEH  ®OTOKOJIOPUMETPMYECKUM
METOIOM. ... oo

TEMA 5. JEKTPOJIMTHAS KOATYJISAUUA 30JIEM................................
TEOPETHUECKAST UACTD. ..ot
BJIEKTPOJIUTHAS KOATYIISLMSA 30JIEM. ...t

TEMA 6. MUKPOTETEPOT'EHHBIE CUCTEMBI........................................
TEOPETHUECKAS UACTD. .....ouiiii e
TTOJIYYEHUE YCTOMUYMBBIX OMYJIBCUU U TTEH. ...........oiiviiieei

TEMA 7. PACTBOPBI BBICOKOMOJIEKYJISIPHBIX COEJJUHEHUM (BMC)..
TEOPETHUECKASI UACTD. ....oouiiiii e
OITPEJEJIEHUE BA3KOCTHU PACTBOPOB BMC.........ccovviiiiiieeeiiieeee

TEMA 8. TEJM M CTYTHWYL. ..o,
TEOPETHUECKAS UACTD. ..ottt e,
T'EJIM U UX CBOVICTBA. OITPEJIEJIEHUE CTEITEHU HABYXAHHWS BMC....

BUBJIMOTPAGUYECKUIM CITUCOK ...t

COIEPKAHUE. ...

44

© © o &~ b W



