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JIABOPATOPHAS PABOTA Nel.
[NOJIYUEHUE KOJUIOUJHBIX PACTBOPOB.

1.1.Ileab paGoThl: U3YyYUTb METOJbI MOJIYUEHUS
M0(HOOHBIX KOJUIOUIHBIX PACTBOPOB.

1.2.TEOPETUYECKUE CBEJEHUA.

Kaxxmoe Teno orpaHudeHO MOBEPXHOCTHIO, Ha
KOTOPOM MOTYT pa3BUBATHCS MOBEPXHOCTHBIC SIBJICHUSI.
Opnako, Hambojee CyIIECTBEHHO IIOBEPXHOCTHbBIE
SIBJICHHS TIPOSIBIISTIOTCS Ha BBICOKOPA3BUTOMN
MMOBEPXHOCTH: KaMUJUIAPHI, TOPBI, BOJOKHA. OTAEIbHbBIC
AJIEMEHTHI BBICOKOPA3BUTHIX IMMOBEPXHOCTEH HA3BIBAIOTCS
nucnepcusiMu. COBOKYITHOCTh ATHUX AUCIEPCUNA BMECTE
CO Cpenoil, B KOTOPOl OHM pacHpeesieHbl, Ha3bIBACTCS
JTIMCTIEPCHON CUCTEMOM.

JlucniepcHbIe CHCTEMBI JesITCs Ha THO(POOHBIE 1
MO (UITBHEBIE.

JImopoOHBIe cucTeMBl - IS 00pa3oBaHUs
TpeOyroT  3aTpaThl  paboTel.  Takue  CHUCTEMBI
TEPMOIMHAMHYECKH HEPaBHOBECHBI, TpeOyIOT
cTaOWIn3aluy.

JInounbHbIC CHCTEMBI - BO3HHUKAIOT
CaMOITPOU3BOJILHO.

MeTo1p1 TMOJIYHYCHUS JUCIICPCHBIX CHUCTEM
ACJIATCA Ha KOHACHCAIMOHHBIC U JUCIICPIralliOHHLIC.

HucneprupoBanue — 23T0  ApoOiIeHHEe U
W3MENbYCHHUE BEIIECTB.

JucneprupoBanue MOXET OBITh
CaMOIPOU3BOJIBHBIM u HECaMOITPOU3BOJIbHBIM.

CaMOHpOI/IBBOJ'IBHOC JAUCTICPTUPOBAHUC XAPAKTCPHO JIA



TMO(UIBHBIX CUCTEM M €ro NMPOTEKaHHE OIpeaesseTCs
cootHomenuem:dG< 0

dG = dH - TdS.

OHTponHiiHBIA  (aKTOp CBA3aH C  POCTOM
Oecriopsiika cucTeMbl (M3 OJHOTO Kycka oOpaszyercs
MHOTO MeNnkux dactui). [Ipm aumcneprupoBaHMM poOCT
SHTPOTIMY JOJDKEH TPEBBIIIATh H3MEHEHHE dHTAIbIHH. B
OTHOIIEHUH JHO(OOHBIX CHUCTEM CaMOIPOU3BOJIBHOE
JWMCTIEPTUPOBAHUE HWCKIIOUeHo. [l nucmeprupoBaHus
HY)XHO TIPEOJOJIeTh KOTE3MOHHBIE CHJIBI, KOTOpBIC
00yCITaBIMBAIOT [ETOCTHOCTh OMPEIEICHHOT0 0o0bhema
TBEPJIOTO TEJIA WITH KUIKOCTH.

[Ipn nucnieprupoBaHuM MoJ AEMCTBUEM BHEHIHUX
CHJI  KOHACHICHCHPOBAaHHOE  BEIIECTBO  CHadaia
npereprneBaeT o0beMHOE IehOPMHUPOBAHHE H TOJIBKO
MIOCJI€ ATOTO MPHU ONpPEACTICHHOM MEXaHUYECKOM YCHIIUU
OHO paspymaercsa. To ecTh paboTy, HEOOXOIUMYIO ISt
JTUCTIEPrUPOBAaHUS,  MOXHO  pa3feluTh Ha  JBE
COCTaBIISIIOIME, OJHA M3 KOTOPBIX pacxoiyeTcs Ha
obvemMHOE nedopmupoBaHME Tena, JApyras — Ha
00pa3oBaHUE HOBBIX TOBEPXHOCTEH.

PaGora nmedopmupoBaHHs — MOPOTOPLHOHATIbHA
o0beMy Tena:

Wiep=K-V (1.2),
rae K — ko3pdUIHEHT MPONOPUHOHATBLHOCTH, PaBHBIN
pabote 00beMHOTO JehOPMHUPOBAHUS CIWHUIBI O0ObeMa
KOHJICHCUPOBAHHOTO Tena, V — 00beM Tena.

PabGota o0Opa3oBaHMs HOBOH  IOBEPXHOCTH
MIPONOPIMOHANIEHA PUPAILEHUIO TTOBEPXHOCTH:

Wo=0c-AS (1.2),



rje ¢ - paboTta 0Opa3oBaHMs €AUHUIIBI TIOBEPXHOCTH WU
MMOBEPXHOCTHOE HaTsDKeHme, AS — MpupanicHue
MTOBEPXHOCTH.

[Tomuas paGora AMCHIEPTHPOBAHUS BBIPAYKACTCS
ypaBHeHueM Pebunnepa:

W=WeptWo=k-V+c-AS (1.3)

Pa6ora 00BEMHOTO nepopMUpoOBaHUs
nponopuuoHansaa 00bemy Tena(Vad®). Ilpu 6Gompmmx
pa3Mepax  Tela  MOXHO  IpeHeOpeub  paboToii
obpasoBanns mnosepxHocTH, Torma W=k-0°. To ectb
nmoyHas ~ paboTa  JWCTIEPTHPOBAHUS  OTPENENsIeTCs,
IJIaBHBIM 00pa3oM, paboroil nepopmupoBanus. I[lpu
MaJIbIX pa3Mmepax Tena padorta aehopMUpOBaHUS OyIeT
OTIpeNeAThCA paboTON 00pa30BaHMs ITOBEPXHOCTH.

I[Ipy moMomM METOAOB KOJUIOMJHOM XHUMHUHU
MOXXHO CHIKaTh 3aTpaThl SHEPruH, HEOOXOauMbIE s
nucneprupoBanusi. K 4uciny Takux METOJOB OTHOCHUTCS
azcopOLMOHHOE TOHUXEHHE MPOYHOCTH. B pesynbrare
aacopomuu  [IAB Ha BHemHeW W  BHYTpPEHHEH
MOBEPXHOCTU TBEPAOIrO Tela CHMXKAETCs Mex(a3zoBoe
MTOBEPXHOCTHOE HaTSKEHHE, obneryaercs
nepopMUpOBaHKE TBEPIOTO TeENa.

CHMKEHUE SHEPruu JUCHEPrUpPOBAaHUS  MOXKET
OBITh JJOCTUTHYTO CJEAYIOIIMMH METOJAAMH: TMPOBEICHUE
mpolecca B KHUAKOW cpene, IOMOJ C OJHOBPEMEHHOMN
BUOpalMel, IpUMEHEHUE YIbTPAa3BYKOBOTO METO/IA.

[NIOJIVUEHUE JUCIIEPCHBIX CHCTEM 3A
CYET KOHAEHCAIIMOHHBIX ITPOLIECCOB.

KoHJeHCalMOHHBIE  METOABI:  KOHJAEHcalus,
necyOnuManus, KpucTauIu3amms.

B oOcHOBE KOHJEHCAIIMOHHBIX METOJOB JIEKUT
nporecc oOpa3oBaHUS YacTUI] JUCIepcHO (aszbl U3




BEILIECTBA, HAXOIAIIETOCS B MOJICKYJISIPHOM UM HOHHOM
cocrosiHur. HeoOxomumpIM TpeOOBaHHWEM BCEX METOJIOB
KOHJIGHCALIUM  SIBJISIETCSL  CO3JaHUE  TEPECHIIICHHOTO
pacTBopa, W3 KOTOpOro JOJDKHA OBITh IOJIy4€Ha
KOJUIOMJIHA CHUCT€Ma. JTOTO MOXKHO JOCTUYL TIPH
OTIPeIETICHHBIX (PU3NYECKUX U XUMHUUECKHUX YCIOBHSIX.

HeoOxomuMble  yCIIOBUSL  KOHJICHCAIIUU |
KPUCTAJUTM3allUM - TIEPECHINICHHE W HEPaBHOMEPHOE
pacnpesieieHue BellecTBa B JTUCIEPCHOHHON cpene u
00pa3oBaHue EHTPOB KOHCHCAIMH (3apOAbIIIIei).

OTH MPOIecChl BhI3BAHBI YMEHBIIICHHEM YHEPTHH
I'u66ca. Ipu 3apoxxneHun HOBOU (a3bl U 0Opa30BaHUU
JaCTHI[ HM3MEHSACTCS XUMHUYCCKUH  TOTCHIHAT i
KOMIIOHEHTa, BO3HMKAaeT IOBEPXHOCTh pazjena ¢as,
KOTOpasi CTAHOBUTCSI HOCUTEJIEM U30BITOYHON CBOOOTHOM
sHepruu. [lpomecchl KoHAEHcAlUU, AeCyOnUMaluud U
KpucTajuM3anuu 3akanuuBatorcs npu AG = 0, To ecTb
SAc + nApi = 0. O6pazoBanure HOBOU (a3bl BO3MOXKHO,
ecmu W' > Wi, tae W' - XUMHUYECKMH MOTEHIMal
KOMIIOHEHTa B TOMOT€HHOW (haze. Wi’ - XUMUYCCKUU
MOTEHIIMAJl KOMIIOHEHTA Ha MMOBEPXHOCTHU pa3zzena ¢as.

CreneHnb nepechilmeHus P s pacTBopa U mnapa
MO>KHO BBIPa3UTh CIEIYIOIIUM 00pazoM:

B = c/cs, Bu = p/ps (1.4),
raie p, C - JaBJI€HHE TMEPECHIIIEHHOTO TMapa u
KOHIIGHTpAIIMs BEIIECTBA B MEPECHIIIEHHOM PacTBOPE, Ps
paBHOBECHOE JaBIIEHWE HACHIIICHHOTO Tapa HaJ
IJIOCKOM  TOBEPXHOCTHIO, Cs - paBHOBECHad
pPacTBOPUMOCTh, COOTBETCTBYIOIIAsI 0OPa30BaHUIO HOBOM
¢a3sl.

dusnveckne MeToabl KOHIECHCAIIUH .
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1. Crymenue mapoB KUIAKOCTEH W TBEPABIX TeEI
Mpyd  OXJKACHUM B pe3yiabTare aauabaTuueckoro
pacuIupeHus: WM CMEIINBAHUS MMPOJIYKTOB UCIIAPEHUN C
00JBIIM 00BEMOM BO3/1yXa,

2. KonpeHcanus U3  pacTBOopa  IyTeM
MOCTENEHHOTO yJaJeHusl (BbIAPUBAHUS PaCTBOPUTEIS
WU 3aMEHBI €ro JIPYIrUM pPacTBOPUTEIEM, B KOTOPOM
BEILIECTBO AUCTEpCHON (ha3wl HEpacTBopuMo. Hanmpumep,
NaCl pacTBopuM B 3THJIOBOM CIIUPTE, HO HE PACTBOPHUM B
spupe. Ecam couproBoil pacTBOp XJIOpHJla HATpuUd
JM00aBJISITh TIO KAIUIAM K d(DUPY, TO MOTYIUTCS CBETIIBIN
ONaJECUUPYIOLIUNA 301b.

B kagectBe mpumepa ¢uzHUECKOW KOHACHCAIMH
MOHO TPUBECTH METOJ| TIOJyYEHHUsI BOJISTHOTO TyMaHa B
kamepe BunbcoHa.

XHMHYeCKHe MeTOIbl KOH/eHCAI[UH.

[Tonydenue 3o0meil  OIaropoAHBIX  METAJIOB:
30J10Ta, cepedpa, MIATHHBI — METOJOM BOCCTAHOBJICHHUS
OBLJI0O HM3BECTHO JaBHO. YCTOWYHMBOCTH 30JI€H OYCHB
BENIMKa, OCOOCHHO MpHU TMOIYYCHUU U3 pa3z0aBIEHHBIX
pactBopoB u B uMcTOoil mocyae. JlBa oOpasua
KOJUIOMJHOTO 30JI0Ta, HpUroToBicHHble PapageemM B
1857 rony, u ceituac xpansarcs B Jlongonckom mysee. O
mporecce KOJUIOMI000pa30BaHUS MOXKHO CYIUTh IO
OKpacKe, OJJIEKTPONPOBOJHOCTH U JpYTuM  (pu3HKO-
XMUMHYECKUM CBOHCTBAM PacTBOPOB.

VYpaBHeHue peaxkuu BOCCTaHOBIICHUS
30JI0TOXJIOPUCTOBOIOPOTHOU KHUCJIOTHI HAuCly
MEPEKUCHI0 BOJOPOA:

2HAUCIs + 3H202 = 2Au + 8HCI + 30a.

B kaudecTtBe BOCCTaHOBUTENEH METAIJIOB MOYHO
MPUMEHATh Pa3IMYHbIE BEILIECTBA: caxap, HEMpeaAelbHbIe
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yII€BOJOPOABl, TaHMH M jApyrue.  XopouuM
BOCCTaHOBUTEJIEM 30JI0TOM KUCIJIOTHI SBJISETCS TAHUH:

2HAUO; + C76H52046 = 2AuU + H20 + C76Hs52049
(proGaden).

[Ipn nonydeHuu 3011 30J0Ta B CUCTEMY B
KauecTBe HeUTpamu3aropa J00aBIsSI0T KapOOHAT Kausl.

YacTuupl 3070Ta 3apsyeHbl OTPULIATEIBHO, OHU
a7CcOpOMpPYIOT aHUOHBI 30J0TOM KuciIoTel AuO2, B
pe3ynbraTe 00pa3yrTCs MULIEIUIBL:

mAU | nAUO,™-(n-x)K* | -xK*

YCTONYMBBIM 30JIb MOYKHO IOJYYHTh TaKKe
MyTeM peakIuy ABOHHOro OOMeHa:

AgNOs + KI = Agl + KNOs.

B3sB n30BITOYHOE KOJWYECTBO pacTBOpa OJIHOM
U3 OTUX COJIEH, MOMXHO TMOJYyYUTh YCTOWNYMBBIN
KOJUIOMJIHBI PacTBOp C YacTUI[AMHU ONPENEICHHOTO
3HaKa 3aps/a.

[TomoxuTENbHO  3apsSHKEHHBIA  30Jb  MOYHO
MOJY4YUTh, MCHOJIb3ysd PEaKUUH TUAPOIU3a COJIEH,
00pa3oBaHHBIX CJIa0BIM OCHOBAHUEM TSDKEIOTO MeTaiia
U CUJIbHOM KucioTol. Hamnydmme yciaoBusi ruaposivsa —
HEBBICOKAsI KOHIIEHTPALUS COJIM U HAarPEBAHUE.

Hanpumep, nonyduenne ruapo3ois xenesa (I11).

1. FeCls + 3H,0 = Fe(OH)s + 3HCI

2. FeCls + 2H,0 = Fe(OH).Cl + 2HCI =
FeOCI + 2HCI + H,0

3. FeOCIl = FeO* + CI,

CrpoeHue MULEIUIb:
mFe(OH)s | nFeO*-(n — x)CI" | -xCI

JIBOMHOM SJIEKTPMYECKHWI CJION. MULIEJIJIA.
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Bo3HMKHOBEHME IBOMHOIO 3JIEKTPUYECKOTO CIIOS
Ha MeX(pa3HBIX MOBEPXHOCTSX SBISACTCS PE3YIbTATOM
B3aUMOJICHCTBUS  compuKacarolmuxca ¢a3 Onarogaps
M30BITOYHON TOBEPXHOCTHOW dHepruu. CTpemiieHue
TreTEPOreHHON CUCTEMBI K YMEHBUIECHUIO IIOBEPXHOCTHOU
SHEPruu BBI3BIBAECT OIPEJCIIEHHOE OPHUEHTHPOBAHUE
MOJISIPHBIX ~ MOJIEKYJI, HOHOB M  DJJEKTPOHOB B
MTOBEPXHOCTHOM cloe, BCJIE/ICTBHE 4ero
compukacaromuecss  (gaspl  OpUOOpETaoT  3apsijbl
MIPOTUBOMOJIOKHOTO 3HaKa, HO PABHOW BEIMYMHBIL.

JIBOWHOW  9JEKTpUYECKUH CIIOW  oOpasyercs,
Hampumep, Ha Mex(a3HOI OBEPXHOCTH MEX1y BOJOH U
MaJopacTBOPUMBIM HOIUAOM cepedpa. B pesynbrate,
MOBEPXHOCTh HOJuAa cepedpa Oyaer uMeTh H30BITOK
OTpULIATENIbHBIX HMOHOB Hona
(MOTEeHIMATIOOTIPE NCTISFOIIIUX HMOHOB), KOTOPBIH
HEUTpanmu3yercs  U30BITKOM [MOJIOKUTEIbHBIX HOHOB
cepebpa B MPUIIETAIOIIEM BOJHOM CJI0€ (ITPOTUBOUOHBI).

B mucnepcupix cucremax JI9C oOpasyercs Ha
MOBEpXHOCTU uacTull. Yactumy npucnepcHod (asel B
rereporeHHo-gucnepcHon cucreme Bmecte ¢ JDC
Ha3bIBAIOT MHULEION. BHYTpEeHHIOI YacThb MHIIEIUIBI
COCTaBIIIET  arperar OCHOBHOTO  BemiectBa. Ha
MMOBEPXHOCTHU arperara PacmoI0KeHbI
MOTEHIMATIONIPEACTAIONINE HOHBL. Arperar BMeECTE C
MOTEHIMATIONIPEACTSIONIMMU HOHAMH COCTaBJISIET PO
MUIEUIBL. SIpo ¢ MpOoTHBOMOHAMU TUIOTHOU yacTu J[DC
o0pa3yloT rpanyny. ['paHyny OKpyXalT NPOTHBOUOHBI
middy3Horo CJIO0S1. Mpunenna B L[ETIOM
JJIEKTPOHEUTpAIIbHA.

CrpoeHne MHUIEIIBI MOXHO ONMCAaTh IIPH
nomoiy  opmynel. Hampumep, ¢opmyna MUIEITBI
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nonuaa cepedpa Mpu YCIOBUH, YTO B PACTBOPE MMEETCS
n30BITOK HOHOB cepebpa (mobaBieHne HUTpaTa cepedpa).
[Agl]mnAg+| (n—Xx)NO3|XxNOs
N - YUCIIO0 TOTEHIUATONPEACISIIOMNX HOHOB, X -
YUCJIO MPOTHBOMOHOB B (D Py3HOM HyacTu ciosl.

1.3.0b6bEKTHI nu CPEACTBA
NCCIELOBAHNMAL.

1.3.1.IIpoOupxu Ha 20 M.

1.3.2.Ilnutka  dNeKTpUYecKass WM  Tra3oBas
ropernka.

1.3.3. Xumnueckue crakansl Ha 50-100 mut.

1.3.4.PactBop xmopuna xenesa (111) 2%.

1.3.5.Men.

1.3.6.PacTBop )enatuHa 15%.

1.3.7.Hutpar cepebpa 0,001H.

1.3.8.PactBoper xmopuaa sxeneza (I11) 0,005H,
0,1H u HaCHIIIEHHBIM.

1.3.9.PactBOpHI xentoit kpoBsiHOU cosu -0,005H,
0,1H u HaCHIIIEHHBIM.

1.3.10.Kpaxman.

1.3.11. llITatuBsl 111 MPOOUPOK.

1.3.12. Kap6onar kamust — 1%.

1.3.13. TannuH Uy yaiiHas 3aBapka.

1.3.14. ®apdopoBast cTyIKa ¢ IECTUKOM.

1.4.TIPOTPAMMA PABOTBI.

OmnbiT 1.Ionydyenue u crabuiuszanus Mena B
BOIC.

a) Hanute B J1Be MpOOMPKU AUCTHIUIMPOBAHHON
BOJIbI JIO TOJIOBHMHBI 00bEMa, B OJHY M3 HUX J100aBUTH
15% pactBop xenaTuHa (IpUMEPHO 2-3 MiI).
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6) Buectn B 00e mpoOMpKH MOPOIIOK Mena U
B300JITATh.

B) [locTaBuTh npoOUpKU B IITATUB U HAOIIOJATh
3a pacCIOCHUEM CYCIICH3UHU.

Onpir  2.JlonydyeHue KOJUIOMAHOIO _pacTBOpa
cepebpa METOJI0M BOCCTAHOBJICHUSI.

a) Hamute B mpoOupky ao 1/2 obwema 0,001H
pacTtBopa HuUTpara cepebpa, 1-2 karum 1% pacTBOpa
KapOoHaTa Kajuus U 2-3 Kalljd CBEXENPUTOTOBICHHOTO
pactBopa TaHHMHA. PacTBOop mpuoOperaer KenuTo-
KOPUYHEBYIO OKPACKy, KOTOpas MPU CJIabOM HarpeBaHUHU
CTAaHOBUTCS 00JIee MHTEHCUBHON

Omneit 3.IMonyuenue 3o0ssa xsmopuna sxenesa (1)
MIOCPEICTBOM THIPOIHU3A.

100 M3 OUCTWIITMPOBAHHOW BOJBI HArpeTh [0
kuneHus. B kumsmryro Bogy mo kamisiM no06aButh 5-10
Mi 2% pactBopa xmnopuaa skenesa (Ill). Ilomyuurcs
KOJUIOMJIHBIN pacTBOp Tuapokcuna xkeinesa (1) kpacHo-
KOPUYHEBOTO I[BETa

Omnbit 4.11ony4deHue 30415 KpaxMaia.

0,5 r kpaxmana pacrepeTsb B (haphopoBOii CTyIIKE,
nepenectu B papdopoByro yalieuky u nepememars ¢ 10
MJI JAMCTUJUIMPOBAHHOM BOJBI, 3aTeM H00aBUTH emie 90
M Boabl. JloBecTM cMech 10 KUIEHUS TIpH
nomemuBanuu. [lomydaercs 3071p Kpaxmana.

ITo pe3ynbratram onbITOB 1-4 3aMoMHUTH TAOIUILY.

Taobnuua.
CocraB | Cnoco6 | Tum ®opmy | Ycerorumso | Crabmmmsa
pacTBOo | moNlydeH | pacTBo | ja CTh TOp

pa ns pa MHUIIEI
b1
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OnpiT 5.3HaueHUE KOHLEHTpALMM PEearupyrommx
BELIECTB JJIs OJYYEHHsI KOJIJIOUIHBIX PACTBOPOB.

a) B crakan na 100 mn mamuts 5 ma 0,005H
pactBopa xsopuaa xenesa (l11), ro6asuts 5 mu 0,005
pacTBOpa KeNToi KpoBsiHO# cosu. Pa3daButh pactBop 50
MJI TACTHJUIMPOBAHHOM BOAbI. [lomydaercs npo3padHsbiid
KOJUIOUJHBIN pacTBOp OEPIMHCKOM Ja3ypH.

0) BbIMoTHUTE TO XK€, UTO U B TIEPBOM OMBITE, HO
B35Th pacTBOPHI 0, | H KOHLIEHTpALIUY.

B) BBINOIHUTH TO K€, UTO U B MIEPBOM OIIBITE, HO
B35ITh HACHILIEHHbIE pacTBOpbl xyopuaa sxenesza (1) u
YKEITOW KPOBSIHOW COJIH.

r) OmnucaTte BHEMIHUW BHUJ  TMOJYYEHHBIX
PacTBOPOB, CAETaTh BBIBOJI O BIMSHUM KOHIIEHTPAIMH Ha
KOJUJIOUJTHBIE PACTBOPBI.

1.6. KOHTPOJIBHBIE BOITPOCBI.

1. OmnpeneneHue AUCTIEPCHBIX CHCTEM.

2. JInodoOHbIe 1 JTMO(DUITBHBIE CUCTEMBI.

3. JucneprupoBaHue. Pabota
JMCTIEPTUPOBAHUSL.

4. KoHJIEHCAllMOHHBIE  METOJbl  TOJIyYCHHUS
JIUCTIEPCHBIX CUCTEM..

5. JIBoitHOW »dieKTpUYecKud ciod. Monaenu
I'enemronsua, I'yn-Uenmena, llrepHa.

6. dopmyna MULIEIUIBIL.

7. Ilpumeps! HancaHust GOPMYIT MULIEILIL.

JJABOPATOPHAA PABOTA Ne2
N3VYEHUE CBOMCTB 3MYVYJILCUI1 U TIEH.
2.1.1lenb paOOThI: U3y4UTh CBOWCTBA IMYJIbCUH U
IIEH ¥ CIIOCOOBI UX CTAOUIU3AIIHH.
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2.2.TEOPETUYECKHUE CBEIEHN/AI.

CymectByer MHOTO Pa3TUYHBIX BHJIOB
qucnepcHbix cucteM. OIHUMU W3 HUX, HAXOAUIUMHU
00JbIIOE MPUMEHEHHE B IPOMBIIIJIEHHOCTH U OBITY,
SIBJISIFOTCS SMYJICUU U TIEHBI.

OMVIJIbCUMN.

OMYIIbCUU - TUCHEPCHBIE CUCTEMBI, TUCIEpCHas
(daza u JAuclepcHOHHAas cpela KOTOPBIX —SIBISIOTCS
B3aMMHO HEPACTBOPHUMBIMH KHAKOCTIMHU. HanOonpminmii
MPaKTUYECKUM HMHTEpPEC NPECTABIAIOT 5SMYJIbCHUU, B
KOTOpBbIX OAHOM U3 kuAkux (a3 sBisercs Boaa (B), a
apyras dbopmupyercs U3 BOJIOHEPACTBOPUMOM
YKUJIKOCTH, Ha3bIBaeMOU B 00111eM cirydae Maciaom (M).

B 3aBucuMocTu oT cocraBa mucniepcHou ¢aspl U
JMCTIEPCUOHHOMN Cpellbl MOTYT OBIThH MpsIMbIE U 0OpaTHBIE
SMYJIbCUH.

[Ipsimbie smynbcuu Tuma M/B - 3T0 mucnepcus
Macina B Bome. OOpatHbie smynbcun - B/M. Tlpumep
MPSIMOM SMYJIBCUH - MOJIOKO, 00paTHOM - MaprapuH.

DOMyIIbCUH  pa3IMYaloOTCsl B 3aBHUCHUMOCTH OT
coJlep’KaHus AUCTIepCHOU a3bl, KOTOpas BbIpa)KaeTcs
yepe3 00beMHYI0 KOHIICHTPAIUIO:

v
V. =-22.100 (2.1),

(o]
o.c.
raeVos - oobeMHas KOHIEeHTpauus, Vg, Vic. - 00bEMBI
JUCTIEPCHOM (a3bl U AUCTIEPCHOHHOM CPEIbI.

KIIACCUDUKALIMSA SMVYJIBCUN IO

OBBEMHOU KOHILIEHTPALIMH.
1.Paz6asnennsie Vo< 0,1%
2.Konnentpuposannsie 0,1% <Vos < 74%
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3.BroicokokonnenTpupoBanueie Vos > 74%

CrpemiieHue  TOBEPXHOCTHOW  JHEPrUH K
MUHHUMYMY, BCJIEJICTBUE MOABMKHOCTH KUJIKON T'PaHUIIbI
pazmena a3 B OMYNBCUAX,  NPUBOJUT K
CaMOIPOU3BOJIBHOMY CHMKEHUIO IOBEPXHOCTH paszena.
[lo sTOl mpuYMHE KAk B 3MYJbCUSX HPUOOpETaroT
mapoo6pazuyo Gopmy.

[Ipn xoHueHTpauuu Bbiie 74% HaOmOmaeTcs
nedopmarusi  KUIKOCTH,  oOpamiIsiolmied  Karuid,
chepUyHOCTb Kareib HapyIaercs, AMYJIbCHUS
npuooperaer HOBBIE CBOMCTBA.
BBICOKOKOHIIEHTpUpPOBaHHBIE ~ AMYJIBCHUM  CIHOCOOHBI
COXpaHATh (popMy (MaprapuH, Kpembl).

OMyIIbCUM  MOTYT OBITh  JIMOQUIBHBIMU H
nnohoOHbIMH.  JIMOQUIBHBIE -  TEPMOJIMHAMUYECKH
YCTOHYMBBI U 00Pa3yIOTCs CAMOTIPOU3BOJIBHO.

BomemuacTBO  SMynbewit - mmodoOHBL.  OHU
TEPMOIMHAMHYECKH HEYCTOMYMUBHI, HE MOTYT
CaMOIIPOM3BOJILHO  00pa30BBIBATHCS,  CYILECTBOBATH
JOJITO€ BpeMsI U HYXKIAIOTCS B CTaOWIIM3aIUu.

Pa3pymienue u noreps arperaTuBHOMN
YCTOMYMBOCTH TMPOXOJUT B HECKOJIbKO craauil. IlepBas
U3 HUX OOyCJIOBIIEHA KOHTAKTOM MEXIy co0oil 1o
KpaiiHeil mMepe IByX Kareib. BeposTHOCTh MOA0OHOTO
KOHTaKTa i pa30aBIEHHBIX dMYIbCUN Maia, MO3TOMY
OHH 00J1a1a10T OOJIbIIIEH arperaTUBHON YCTOHYHBOCTHIO.

JInodobubIe AMYIbCHH HY>KJIAI0TCS B
MOBBIIIEHUU MX AarperaTMBHOM YCTOMYMBOCTH, YErO
MO>XHO JOCTUTHYTH BBEICHHMEM BELIECTB, HA3bIBAEMBIX
SMyNbraTopaMM W CHOCOOHBIX  CTAaOMIM3UPOBATH
OMYJIbCHUH.
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Omynbratopel  ObiBatlOT  ruApoGoOHBIMH U
runpodmibHeiMA.  Hambomee — pacnpocTpaHeHHBIMH
rUIPOQUITBHBIMA AMYJbraTopaMu ABIISAIOTCA
MOBEpXHOCTHO-akTUBHbIEe  BemectBa (IIAB). Onm
CIOCOOHBI  CTaOMJIM3UPOBATH  MPSIMBIE  DMYJIBCHH.
[lonsipHple pagukanbl  OOpa3yroUlerocs Ha TpaHMIEe
pasznena a3 agcopOimonnoro ciost [IAB naxonsTcs Ha
Hapy)XHOW CTOpPOHE Kalejab Macia, MPEensTCTBYS HX
commkennto.  Crabunuzanus  OOpaTHBIX — AMYJIbCUI
npousBoautTcss npu nomomu [IAB, kotopeie mydiie
pacTBOPSAIOTCS B Mace.

O¢ddexTUBHOCTh SMyNbraTopa XapaxkTepus3yercs
COOTHOILIEHUEM MEXIY THAPOPHUIbHON U THApodoOHON
gactamu Mojekyn IIAB. TuapoduibHbie cBoiicTBa
OTIPENENAIOTCA B3aUMOJCHCTBHEM  MOJISIPHBIX TPYII
monekyn IIAB ¢ Bomoit. I'mapodoOHbI pagmkan
o0ycimaBnuBaeT JMUOMUILHOE B3aUMOJACHCTBHE MEXKIY
HENOJISIpHOM 11enbio MoJiekys [TAB u maciom.

[loBepxHOCTHAasE ~ aKTUBHOCTb  OIpeAessieTCs
COOTHOIIIEHUEM MEXIY THAPO(UILHON M TUIpodOoOHOM
yactamMu MoJiekyabl [IAB. s KOpoTKOIENO4YeuHbIX
ITAB mnpeobGnagaer ruapoduaIbHOE B3aMMOJICHCTBHE, B
pe3ynbTaTe KOTOPOrO MOJIEKYJbl BTSTHUBAIOTCS B BOY.
[IpotuBomnonoxueiii 3ddexkr HabmomaeTcss B ciydae
JUIMHHOIIETIOYEYHBIX ITAB. YpaBHOBeLINBaHUE
rUpOGUIBHOTO U JTUOPUIBHOTO  B3aWMOJEHUCTBUMN
Ha3bIBAaeTCs  T'UAPOPIIBHO-IUNOPIIBHEIM  OallaHCOM
(I'JIB).

I'JIb - sMnupuuekas BeIM4HUHA:

[I'JIB=(b+yy)/a, (2.2),
rae y - uucno rpynn CHz, y - cBoGoaHas sHeprus
B3auMOJIeUCTBHS B pacyere Ha oaHy CH» rpymmy, b -
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0e3pa3MepHBIii mapaMeTp, 3aBUCIIUi oT npupoasl I[1AB,
a - CpoACTBO MoJsipHOM MoJiekyibl [TAB k Boze.

Ancopoumonnsie ciion [TAB Ha rpanuiie pasnaena
¢da3 sBIAIOTCS OMHUM M3 (DAaKTOPOB YCTOWYMBOCTH
SMYNbCUM. AICOPOLIMOHHBIE CIIOM MOTYT HM3MEHSTh
MexdazoBoe MMOBEPXHOCTHOE HaTsHKEHUE u
(¢hopMHpoBaTh CTPYKTYpHO-MeXaHMueckuil Oapbep. Bce
MIEPEUUCIICHHbIE (PAKTOPBl MPENATCTBYIOT COJMKEHUIO
Kareiab W CHOCOOCTBYIOT TMOBBIIIEHUIO arperaTuBHOMN
YCTOMYHMBOCTH 3MYJIbCHIA.

Pa3zpymienne smysnbcuil WM J1€3MynbrUpOBaHHE
MOXXET TPOUCXOJUTh CAMONPOU3BOJIBHO WM O]
JNENCTBUEM JEOMYJIIaTOPOB. [esmynerupoBanue
MPOUCXOOUT B  pe3ynbrare  (a3oBoro  mepexoja
JTUCTIEPCUOHHOM Cpeibl UITH AUCTIEPCHOM (hasbl.

B kadectBe cBO€OOpa3HOTO criocoba pa3pylieHUs
MO>XHO paccMaTpuBaTh OOpalieHHe AMYIbCHH, TO €CTb
MpeBpallleHue MpsAMOW  SMYIbCHH B OOpaTHYIO..

OO6pamenue XapaKTepHO IS
BBICOKOKOHIICHTPHUPOBAHHBIX AMYJIbCHUH.

ITIEHBI.

Ilennt - JcTiepCcHast cucreMa I'/K,

JUCIIEPCUOHHAS Cpeia - KHUAKOCTh, JMCIepcHas dasa -
ras.

Ilensr  OTHOCATCS K  KOHIICHTPHUPOBAHHBIM
JUCIIEPCHBIM CHCTEMAaM.

ITenst XapaKTePU3yITCS COJICpIKaHUEM
TUCTIepCUOHHONW  cpenbl.  OO0beMHOE  cojepiKaHue
XapaKTepu3yeTcs KpaTHOCThbIO TeHbl [}, KoTopas
MOKa3bIBAET, BO CKOJIBKO pa3 00beM MeHbl Vy; MPEBBIIIACT
00beM  KHUIKOCTH Vi, HeoOXomauMmoW s ee
(bopMupoBaHUS:
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B=Vu/Vx (2.3)

[lenpl Ha3bIBAIOT BIIAXHBIMU (HU3KOKPATHBIMHU),
ecim <10, as cyxux (BBICOKOKPATHBIX) IEH 3HAUCHUE
[ mpesimmaet 100.

[IeHbl - HEYCTONYMBBIE TUCIIEPCHBIE CUCTEMBI.

OCOOEHHOCTh CTPYKTYPBl TI€H OIpEACaeTCs
(hopmMoil my3bIPHKOB ra3a, UX pa3MepamMu, yIaKOBKOM.

B nmeHe mnpoMCXOIUT KOHTakT Iy3bIPHKOB,
pasfesieHHbIX cioeM kuiakocTu. Ilpu ocyiecTBieHUH
KOHTaKTa 4YeTbIpeX MYy3bIPbKOB OJHOTO  pa3Mmepa
BO3HMKAeT  HEYCTOWYMBOE  paBHOBECHE,  KOTOpOE
pa3pymaercss ¥ NepexXoqUT B YCTOMYUBBIA KOHTAKT TPEX
My3bIPHKOB. MOHOCIION TIEHBI OYAET UMETh PETYISPHYIO
CTPYKTYpPY C TEKCaroHaJIbHOM YIAKOBKOW. B kaxaom
pedbpe MHOrOrpaHHHUKAa CXOISATCS TPU KHUJIKHE IUICHKH,
KOTOpBIE 00pa3yroT yrisl, 6mmskue k 120°,

Paspymienue mneHbl NPOUCXOAWUT B PE3YNbTATE
YKPYIIHEHHS My3bIpbKOB raza. Kpome Toro, paspyuienue
IIEH BBI3BIBAIOT BHEIIHUE (PAKTOPHI - YBEIUUYECHHUE WIIH
YMEHBUIECHUE JaBICHUS.

[lens! - HeycroituuBbie TUOPOOHBIE NUCIIEPCHBIE
CUCTEMBI.

Ha MPaKTUKE OLIEHKY arperaTuBHOM
YCTOMYMBOCTH  [EH  NPOU3BOAAT INpPU  HOMOLIU
K03 duImeHTa yCTOMYUBOCTH:

Ky=15/Vu (2.4),
rie Vn - MepBOHAYANbHBIH 00BeM MeHbl, cM®, T, - BpeMms
paspylLieHMs MEHBI, C.

KosdduumeHnt ycTouuBOCTH ONpeAetsioT o
BPEMEHH JKU3HU CTOJIOMKA TEHBI.
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[Inenxwu, oOpamJstromme Iy3bIPbKU
CaMOIIPOU3BOJIBHO ~ MCTOHYAIOTCSI 10  KPUTUYECKOMU
TOJILIMHBI U MIEHbI pa3pyLIatOTCs.

Jnst  monmydeHuss TeH MW CTaOWIM3alMM  UX
MPUMEHSIOT BellecTBa - meHooOpasoBatenu. Hawmboiee
yacTo B KayecTBe I[E€HOOOpa3oBareiel HCIOIb3YIOT
MTOBEPXHOCTHO-aKTUBHBIE BELIECTBA.

2.3.0B'bEKTHI " CPEJACTBA
NCCIEOOBHUA.

2.3.1. Msio cyxoe.

2.3.2.1TonconHevynoe Macio.

2.3.3. Xumunueckue crakanbl Ha 50-100 mot.

2.3.4.1TpenMeTHOE CTEKIIO.

2.3.5.I'pagynpoBaHHbIE IPOOUPKH.

2.3.6. 10% pacTBOp mIEN0YN.

2.3.7. 1% pacTtBOp 0n€eaTa HaTpHUsL.

2.3.8.beH3sou.

2.3.9. dunprpoBanpHas Oymara.

2.3.10. 0, O5H pacTBOp XJIOpUJA MATrHHUS.

2.3.11. AMWIOBBIA COUPT WIA IKEJTATUHOBAsS
MeHa.

2.3.12. OnenHoOBas KUCJIOTA.

2.41TPOT'PAMMA PABOTBI.
2.4.1. IlpurotoButh 2% pacTBOp MbLIA.

2.4.2.1Tonyuuts SMYJIBCUIO MyTeM
JUCTIEPIrUPOBAHUS.

a) Cmemarb 1 M pactutenbHoro macnia ¢ 10 mi
Boabl. OOpasyercs Trpybo - JMCIEpCHas 3MYJIbCHs,

KOTOpas 6LICTpO pacciianBacTcCH.
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6) K nonmy4eHnHoi HeCTOHKOM dMyNIbCcuU 100aBUTH
1 mn 2% pactBopa MblIa U BCTpAXHYTh. OOpasyercs
CTOMKast SMYJIbCHSL.

B) 1 MJI 0JIEMHOBOW KUCIOTHI BCTPAXHYTH ¢ 10 M
BOJbl. OMynbcusi HeycroiuuBa. JloGaBute 1 M 10%
LIEJI0YM M CHOBA BCTpAXHYTh. [lomyuuTtes croiikas
AMYJIbCHSL.

2.4.3. OnpeneneHue Tuna 3MyJabCUil.

Onpenenuth TUN 3MYJIbCUH, TMOJYYEHHBIX B
MIPEIBIAYILEM OTBITE CIECAYIOUIUMU METOJaMHU:

a). Meroa cmemenus. Karmmo sMmynscuu u
KAaIlIIO0 BOJIbI IOMECTUTH PSIIOM Ha MPEIMETHOE CTEKJIO.
HaknoHuTh cTEeKIIO Tak, YTOOBI KaIjJu CONPUKOCHYJIUCH.
Ecnmu kamnm conprOTCS, TO JUCIEPCHOHHOW Cpenou
CcIyxkuT Boja (M/B). Eciim HE COJIBIOTCS, TO SMYJIbCHS
THUIIA B/M.

0) Ha ¢unbrpoBanpHyt0 OymMary HaHECTH KarlIio
smynbcuu. Karuist sMynbcum M/B  cpa3y BCachbIBaeTCs
Oymaroil m ocraercs kupHoe nsaTHO. Kamis smynbcun
B/M HE BCAChIBAETCSl.

2.4.4. [Tonyuenue KOHIEHTPUPOBAHHBIX
SMYJIbCUU.

B xonunueckyro koa0y Ha 200 ma Hamuts 1 M 1%
pacTBopa osieaTa HaTpus B BoAe MU J100aBUTH 3 M
6enzona. CMech MHTEHCUBHO nepeMeniars. Ilomydaercs
ycroifuuBas sMmyiabcus. JloGaButh eme 3 ma OeH3oua,
OISITh MHTEHCHBHO nepeMeniats. Cleaylolyo MOpLHUIo
OeH30a BBOJAT IOCIE IOJHOTO 3MYJIBIUPOBAHMS
IpeabIAYIIEeN TOPIHH.

Bcero BBectr 36 Mi1 6eH301a.

OpHMM U3 METOZOB ONPENEIUTD TUII SMYJIbCUU.

2.4.5.IlonydeHue u pa3pylIeHUE MEH.

23



a). B rpagyupoBaHHyro NmpoOUpKY HaIUTh 5 MII
BOJbI U 100aBuTh 2 Mia 2% pacTBOpa MbLIa. 3aMETUTH
[IepBOHAYAIbHBIN 00BEM CHCTEMBI.

0). HureHcuBHO B30OATaTH HPOOUPKY 110
[IOJIy4€HUS IEHbl. 3AMETUTh O0BEM CHCTEMBI.

B). BEIYHCINTE KPaTHOCTH TICHBI 110 YPAaBHEHHIO:

B = Vu/Vx,

rae Vi - 06beM MeHbl, cMS,

Vi - 00beM XUJIKOU TUCTIEPCUOHHON CPEIbl, oMS.

r). OnpenennuTs OTHOCUTENBHYIO JIOJIIO BO3yXa B
MeHax M0 YpaBHEHUIO:

e=1-1/B.

n). JoGaBuTh B MHpOOMPKY aMmMJIOBBIM CHUPT,
MPOHAOIIOIATh 32 Pa3pYIICHUEM TIEHBI.

2.5. OBPABOTKA PE3VJIbTATOB
OKCITEPUMEHTA.
Ilo uroram sKcreprMeHTa 3aMoJIHUTH TaOIUILy:

HasBanune Meron Tun cuctemMbl | BBIBOIBI
JUCTIEPCHOM TIOJTy4EHUS
CHCTEMBI

2.6. KOHTPOJIbHBIE BOITPOCBI.

CocraB 3MyJIbCHI.

Knaccudukarnus sMynbcuii.

Y CTONYMBOCTD AMYIIBCUI U UX pa3pyLICHHUE.
OOparieHne MynbCU.

Cocras neH.

MeTop!l MOTydeHHs! U pa3pyLIeHUs MEH.
Jlpyrue TUIBI TUCTIEPCHBIX CUCTEM: a3pPO30JIH,
MOPOIIKH U T.II.

NoogkrwnPE
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JIABOPATOPHA PABOTA Ne3
KOATYJIALMA KOJUIONIHBIX PACTBOPOB
3.1.1leab padorsl: M3yunTh BIUSHUE PA3IAYHBIX
(GakTOpOB HAa  KOATYJISIHIO KOJUIOMIHBIX PACTBOPOB.
O3HaKOMHTBHCS C MEXaHHW3MaMU MEIJICHHOU U OBICTPOMA
KOAryJIsILHAH.

3.2.TEOPETUYECKAS HACTb.

VCeTOMYMBOCTE KOMJIOMAHBIX CHCTEM - 3TO
MOCTOSTHCTBO UX CBOMCTB BO BpemeHHU. CyIIeCTBYET JiBa
BHUJA YCTOMYHBOCTHU:

1.YcroniyuBocTn K OCaKIEHUIO YaCTHIL
JMCTIEPCHOM (asbl.

2.YCcTOMYNBOCTD K arperanuu YaCTHUIL
JTUCTIEPCHOM (ha3bl.

[lepBBiii  BUA  YCTOWYHMBOCTH  XapaKTEpU3YET
CIIOCOOHOCTH JUCTIEPCHOM CHCTEMBI COXpaHSTh
PaBHOMEPHOE PACTIPEICIICHHE YaCTHUIl JUCTIEPCHON (ha3bl
1Mo 00beMy JAMCTIIEPCUOHHON Cpelbl (CeaMMEHTAIMOHHAS
YCTOMYHUBOCTB ).

Btopoit Tun ycTOMYMBOCTH - arperaTWBHas
YCTOMYMBOCTh, TO €CThb YCTOWYMBOCTb CHCTEMBI K
YKPYIHEHUIO YaCTUI[ M CHIDKEHHIO TIOBEPXHOCTHOM
SHEpPruu.

Bce AUCTICPCHBIC CHUCTCMBI MOXKHO YCJIOBHO
PasaciinTb Ha J'II/IO(bI/IJ'IBHBIe, KOTOPBIC IIOJIYHArOT IIPpU
CaMOIIPOU3BOJIBHOM JUCHICPIUPOBAHNUN OJIHOH U3 (1)213, u
J'II/IO(I)O6HLIC, KOTOPELIC NOJIy4aroT B pe3yiibTaTe
AUCTICPIrUPOBAHUA UJIN KOHACHCAIIHUU C IICPECHIIIICHHUECM.

JInopoOHBIE cHUCTeMBl 00Jaal0T  U30BITKOM
MIOBEPXHOCTHOM SHEPIHUH, eciu OHa HE
CKOMIIEHCHUPOBaHa BBEJICHUEM CTaOMIIN3aTOPOB.
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[losToMy B HHX CaMONIpPOM3BOJBHO HIYT IIPOLIECCHI
YKPYIIHEHMS 4acTUL. Takue CHCTEMBbl HAa3bIBaIOT
arperaTuBHO HEYCTOMYUBBIMHU.

Pasnuuaror nBa MexaHuW3Ma yKpPYIHEHHs YaCTHII.
I[lo nepBoMy MexaHHW3My  YKPYIIHEHHME  YacTHI]
IIPOUCXOJUT 3@ CUET IIEPEHOCA BEHIECTBA OT MEJIKHX
YaCTUIL K KPYIIHBIM YacTulaM. Takoi nmepeHoc BEeNecTBa
Ha3bIBACTCS U30TEPMUYECKON NIEPETOHKOM.

[To BTOpOMY MEXaHHU3MYy YKPYITHEHHUE YAaCTHUII
MPOUCXOAUT 3a CYET CIUIAHUS YaCTHUI[ - KOAryJISIHH.
Koarynsamust B pa30aBieHHBIX CHCTEMaxX NPHBOJHUT K
MOTepe  CEOUMEHTAI[MOHHOM  YCTOMYMBOCTH U K
paccinoennio ¢a3. B KOHIEHTPUPOBAHHBIX CHCTEMax
KOarymsiiiisi MOXKET MpOsABIATHECA B 00Opa3oBaHUU
00BbEMHOM CTPYKTYPBHI.

OnHako, arperatuBHast YCTOWYUBOCTh
HECTaOMIM3UPOBAHHBIX  JHO(GOOHBIX CHCTEM HOCHUT
KMHETUYECKUN XapaKTep M CYyAUTh O HEH MOXKHO IO
CKOPOCTHM  TIPOIIECCOB,  BBI3BIBAEMBIX  HM30BITKOM
MMOBEPXHOCTHOM 3HEPTUH.

ArperatuBHas yCTOWYHMBOCTh MOKET HOCUTH M
TepMOJMHAMHYCKUI Xapakrep. Paznuyator
TEePMOJMHAMHYECKN arperaTHBHO YCTOHYMBBIE CHUCTEMBI
U CHCTEMBI, TEPMOJMHAMUYECKH YCTOWYMBBIE K
Koarymsauun. JInopuiabHeIe CHCTEMBI TEPMOIMHAMUYECKU
arperaTMBHO YCTOWYMBBI, sl HUX IPOLIECC KOATYISIHUN
He xapakrtepeH. JInodoOHble cTaOMWIN3MpOBaHHBIE
CHCTEMBI TEPMOJMHAMUYECKU YCTOMUMBBI K KOATyJISALUH,
HO OHU MOTYT OBbITh BBIBE/IEHBI M3 TAKOTO COCTOSIHHS C
MOMOIIbIO  BO3JEHCTBHI, MNPHUBOAMUX K H3OBITKY
MTOBEPXHOCTHOM SHEPTHUU.
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®AKTOPBI YCTOMYMBOCTH JIUCIEPCHBIX
CUCTEM.
1.DnexTpocratnyeckuii  (pakTop: yMEHbBIICHUE
MOBEPXHOCTHOTO HATSDKEHUSI TPOUCXOJUT BCIEICTBHE
BO3HUKHOBEHHUSI Ha MOBEPXHOCTU YACTHIl JHCIIEPCHOU
(a3bl IBOMHOTO AIIEKTPHUECKOTO CIOSI.

2.AncopOIMOHHO-COTbBATHBIN: YMEHbILIEHUE
MMOBEPXHOCTHOTO HATSDKEHUSI TPOUCXOJUT BCIEICTBHE
B3aUMOJICHCTBUS YaCTHI] JUCTIEPCHOM (ha3bl CO CPEIOH.

3.OHTpONUIHBIN dakTop: mHposBISAETCS B
CUCTEMAxX, YACTHUIBI KOTOPBIX INPUHHMAKOT Yy4acTHE B
OpOYHOBCKOM JBMKEHHH, BBIPAKAETCS B CTPEMJIEHUU
JMCTIEpCHOM (a3l K paBHOMEPHOMY PaCHpEEICHHUIO IO
00beMy.

4.CTpyKTypHO-MEXaHUYECKUI:HA  TTOBEPXHOCTHU
YacTUIl  MMEIOTCS  IUICHKH, pa3pylleHHE KOTOPBIX
TpeOyeT 3aTpaThl SHEPTUHN U BPEMEHH,

S5.I'upoauHaMHUYeCcKUid: MIPOSIBIISIETCS B
CHIDKEHUU CKOPOCTH KOaryJysiuu, Onaromaps
HM3MEHEHUIO BSI3KOCTH CPE/IBI.

6.CMmemanHbie (GaKkTOPBHI.

CKOpOCTL KOoaryJsinui MOKCT OBITh pas3iiidHa: OT
HECKOJIbKHUX CECKYH/ 10 HECKOJIBKUX CYTOK, MCCALICB, JICT.

ITonbckuit yuenslii CMOJIyXOBCKHMM pa3paboTai
TEOPHUIO KOAryJsillUHA YacTHULl IIPU YCIOBUU, YTO KOHTAKT
MEXIy 4YacTHLAMU - JIOCTaTOYHOE YCIOBHE  JJIA
koarymsiuuu. CMOJYXOBCKOMY YAAJOCh HalTH CBS3b
MEXJy KOHILIEHTpalMeld 4YacTULl B JAaHHBIH MOMEHT
BPEMEHM U BPEMEHEM KOAryJisillu, JOIYCTUB, 4YTO
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YaCTHUIIBI uMerT chepudeckyro  Gopmy, cuia
B3aI/IMOZ[€I\/JICTBI/I$[ MCXKIAY 4YaCTULlaMH HC YUYUTBIBACTCA,
YaCTUIBl  JTUCIIEPCHOM  (a3bl HMMEIOT  KOJUIOWIHBIC
pasMepbl M IEpeMEIalTCs 3a CYeT OpOYHOBCKOTO
IBWKEHHs. HecMoTps Ha Takue IOMyIIEHUS, TEOpHUs
CMOJyXOBCKOTO  TMO3BOJISIET € JIOCTATOYHOH ISt
MPAaKTUKA  TOYHOCTHIO  PACCYUTATh  KOHIICHTPAIIHIO
YACTHII.

VYpaBuenue CMOIIyXOBCKOTO:

Vi

Vi=

(31)
14+ byt

riae K — koHcTaHTa CKOPOCTH KOArYJISIIMU, Vo - UCXOTHAS
KOHLIEHTPAlLlMs CHUCTEMBbI, MOJIb/J, V; - KOHILIEHTPALHUs
YacTUIl B MOMEHT BPEMEHU T, MOJIb/II,

KoHcTanTy ckopocTu Koaryasiquu T€OpEeTUYECKU
BBIYHCIUTh TPYAHO, M03ToMy CMOJIYXOBCKUII BBel
MOHATHE BPEMEHH MOJIOBUHHOM Koaryssiiuu 6 - BpeMeHH
KOaryJisiiiiy, B T€YeHHUE KOTOPOTO OO0IIasi KOHLEHTpalus
YacTUIl yMEHBILIAETCSl /IO IMOJIOBUHBI OT HaydalbHOU
KOHIICHTpauu vacTuil: 1 + K-vo-0=2

PaznuyaroT KHHETUKY MENJeHHOW U ObICTpOid
KOaryJsiiyH.

®opmyna (3.1) ompenensieT KUHETHKY OBICTPOM
KOAryJIsI1H.

1) BeicTpoil Koarynsipeil Ha3bIBAIOT TaKyIO
KOAaryJsiluio, KOIrjJa BCE  CTOJIKHOBEHHMsS  YacCTHI
3pPEKTUBHBI.

beicTpoii  KoarymsuuMum  OTBEYaeT  yCJIOBHE
paBEeHCTBa HYJIO MOTeHIMaabHOro Oaprepa AE = 0 u
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PaBEHCTBO  €IUHMIIE  CTEPUUYECKOTO  MHOMKUTENS
P=1(yanThiBaeT OnarompusiTHbIE IMPOCTPAHCTBEHHBIC
PacMoJIOKEHUS YaCTUL IIPU CTOJKHOBEHUN )

KoHcranTa ckopocTu ObICTpOIl KOAryIsuu:

Ks=8nDR (3.2),
rae R =2r - paccrosiHue MKy YacTUIIAMU
k
D=—" - kodhdunment nudpdyzuun  (3.3),
Gz

rI€ 1 - BS3KOCTh JUCIEPCUOHHOW cpenawbl, Ila-c, I -
paauyc 4acTuIlbl, HM, Ky — KoHCTaHTa bobimana.

8-k
l§ = % (3.4)
To ecThb KOHCTAHTa CKOPOCTH OBICTpPOM

KOaryJsiiii  3aBUCUT TOJIBKO OT TEMIIEpaTrypbl U
BSI3KOCTH  CpeAbl, M HE 3aBUCUT OT HadalbHOU
KOHLIEHTPALlMM YacTHIl JUCHEepCHOM (a3pl U pa3MepoB
YaCTHII.

2) MensieHHast KoaryJisius.

Kw=KsPexp(AE/ksT) (3.5)

P - CTEPHYCCKHI MHOHUTEb (y4uThIBAET
ONarompusATHBIE  MPOCTPAHCTBCHHBIC  PACIIOJIOKCHHS
YacTHI] IPU CTOJKHOBEHUH, UX (popmy, pazmep).

CBsi3b 3¢ hEeKTUBHBIX COyapeHHit c
MOTEHIMATBHBIM OaphepoM Obuta moka3zana dykcom. OH
BBEJ NOHsATHE KO3 uireHTa 3ameieHus: W, KOTOpBIi
MoKa3bIBaeT BO cKoJibko pa3 K v menbiie K.g
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K

W= = 1Dep(AE/kT) (36)
K

Koarynsauust KOJIOUIHBIX CHUCTEM MOXET OBITh
BBI3BaHA pPa3HBIMU MPUYUHAMMU: U3MEHEHUEM
TEMIIepaTypbl, MEXaHUUYECKUM BO3JICUCTBUEM, BIMSHUEM
cBeTa, yapTpa3zByka. OJHUM M3 CHOCOOOB HM3MEHEHMS
arperaTUBHOM  YCTOMYMBOCTH  JIUCIIEPCHBIX  CHUCTEM,
0COOEHHO 30JICH, SIBIISETCSA BBEICHHE DJIICKTPOJUTOB.
DIEKTPOIUTHI B COCTOSIHUM U3MEHUTH CTPYKTypy JA9C n
ero mudPy3HbINA CIIOM.

Bo3mokHbI HEeUTpaIM3allMOHHAS 15810
KOHIIEHTPALIMOHHAs KOAryJISIUs 3JEKTPOIUTAMM. .

Heilitpanuzannonnas koarymasnusi HaOItomaeTcs
JUIsL  30JIeH, YacTUIBl KOTOPBIX HWMEIT  CJIa0bIi
ANEKTPUYECKUH 3apsil.

KonnenTpannoHnHas Koaryasuus XapakTepHa Uis
30JI€H, UMEIOIINX 3HAYUTEIbHBIN SJIEKTPUUECKUN 3apsi/l.

Koarymsaumst ~ 3aBUCMT  OT  HOpUPOIBI U
KOHIICHTPALIUH 3JEKTPOJIUTOB. MunumManbHas
KOHIIEHTPALMS 3JIEKTPOJIUTA, BbI3bIBAIOLIAS KOATYJISLINIO
JUCIIEPCHBIX CUCTEM, HA3bIBAETCS IOPOTOM KOATYIISILIUU.

Ha ocHOBaHMM MHOTOYMCIIEHHOTO OIBITHOTO
MaTtepuanga MOXHO c(hOpMyIupOBaTh OCHOBHBIE MpaBUia
KOAryJsilIUM 30JIEH 3JIEKTPOJIUTAMM:

1) Koarymsinuro BeI3bIBa€T HOH, 3apsSHKCHHBIN
MIPOTHUBOTIOJIOKHO YACTHIIE 307151
2) Uem Oombllle BaJICHTHOCTh HOHA, TEM

MEHbLIE Nopor Koaryisinuu.- 1 npasuio [ynene-I"apau.
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3)Houbl oqHOM BaneHTHOCTH. YeM OoJibiie Macca
MOHA, TEM MEHBIIE TMOPOT KOAryIsAluU .- 2 TPABUIO
[lynsue-TI'apam.

3amuUTATE 307b OT KOAryJslUU DJIEKTPOJIMTAMH
MOJKHO, BBOAS B HEr0 BEIIECTBA, CIIOCOOHBIE
00pa30oBBIBaTh CTPYKTYPBI, NMPH 3TOM Ha IOBEPXHOCTH
SIpa BO3HUKACT 3aIUTHAS IJICHKA.

Xopouiee  3alIUTHOE  JIEUCTBUE  OKAa3bIBAIOT
pacTBOpPEI BBICOKOMOJIEKYJISIPHBIX COCIIMHEHUH,
HaTpuMep, JKeTaTHH.

KomuuectBo Mr crabunmszaTopa, HEOOXOAMMOE
JUIsL  TIpeAoTBpamieHus koarymsimuu 10 Mo 3o,
HA3bIBACTCS 3AIUTHBIM YUCIIOM S:

100-c-V
S=——7-— (3.7),
W
rie C - MonspHas KOHIEHTpAIMS AJICKTPOJIHTA,
BBI3BIBAIOIIETO  KOAryJsIUMi0,  MOJbB/J,  V-00beM

JKeJaTuHa, KOTOPbIA TpedyeTcst IUisl 3aliuThl, MJI, W -
00BeM 3alIUIIAeMOT0 30151, MIL

3.3.0bbEKTHI 1 CPEJJCTBA UCCJIEJJOBAHUA.

3.3.1.1ITaTuBel ¢ mpobupkamu Ha 20 MI1.
3.3.2.0nekTpuyeckas IINTKA.
3.3.3.Xnopuna xenesa (1) — 2%.
3.3.4.PactBoppl  cynbdara  Harpus-  0,lH,

reckannanodeppara (1) kamus- 0,11
3.3.5.Crakan Ha 250 mi1.
3.3.6.Kon6a na 250 mu.
3.3.7.1Iunetku Ha 10 Ma 1 Ha 1-2 M.
3.3.8. 2 rpagyupoBaHHbIE OIOPETKH.
3.3.9. XKenatuH.
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3.4.1I0AI'OTOBKA K PABOTE.

3.4.1.B crakan emkocthio 250 M Hamuthk 100 M
JUCTUWIMPOBAHHOM BOAbL. Harpers 10 KumeHus.

34.2.B Boay mnpu NOMEUIMBAaHUM BBECTH IIO
karisiM 15-20 mut pactBopa ximopuaa sxenesa (111).

3.4.3.IlonyyeHHblii  pacTBOp  KHUISATUTh 2
MUHYTEHI.
3.4.4. 3anonHuth  OIOpETKH  pacTBOpaMu

anextposntoB:Naz SO4, Ka[Fe(CN)s]
3.5.1IPOTPAMMA PABOTEIL.
3.5.1. Koarymsanus 31eKTpoTuTaMu.
Hamute B 2 mpoOupku mo 5 MI THIPO30is
xenesa. [lo kammsaM npubaBuTh U3 OIOPETOK PACTBOPHI.

DIIEKTPOJIUTOB. 3amoJHUTh TaOIHILY:
TABJIMIA3. 1
pPeaKkTHB | YHCJIO KameJb 10

MOMYTHEHHSI.
ruapo3ousb | [ 0,11 0,1u
KeJre3a cynbhar reKcaruaHo-
(r HATpUS deppar(l11)

KaJTust

3.5.2.HaxoxneHne 3aliTHOrO YUCiIa JKeIaTHHA.

YcTaHOBUTD HCXOJHYIO KOHIOCHTpPALUIO
3allIMTHOI'O BCIICCTBA, AJIA YCro IIPUIOTOBUTDL PACTBOD

50 mr xenaruHa Ha 100 My BoABI W MPOBECTH
MpeABAapUTENIbHbIE  HCHBITAHUS ~ OPUTOAHOCTH  3TOM
KOHIIEHTPALIHH.

JIBe MpoOUpPKHU 3aMOTHUTH 5 MII 30151, B TIEPBYIO
no6asuthk 4,5 ma Boabl U 0,5 M3 pacTBopa KenaTuHa, a
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BO BTOPYIO- 5 MJI pacTBOpa >KeJIaTUHA. 3aTeM B IPOOUPKHU
Beectu 0,1H pactBop  cynbdara HaTpuss B TakOM
00beMe, KOTOPBIH BBI3BAJI IOMyTHEHHE 3014 B 11.2.5.1.

Ecnu 30mp mnoMmyrHen mnpu 3ToM B 00eux
npoOHpKax, CIIeAOBATENFHO, KOHIEHTPAIHS HCXOIHOTO
pacTBopa KelaThHa Majla, HY’)KHO IPUTOTOBUThH PacTBOP
cTabunmn3aTopa 00Jbllel KOHIIEHTPALUH.

Ecnu 3071p HE MOMYTHEN HU B OAHOW MpOOUpKE,
3HAYUT, )KEJIaTUH CIIMILIKOM KOHIIEHTPUPOBAHHBIMN.

Ecnu B mepBoil nmpoOupke 305ib MOMYTHEN, a BO
BTOpPOM OCTajJCi CBETJIBIM, TO MCXOJIHBIA PacTBOP
JKelaTMHA MOYKHO TNPHUMEHSTh Ui ONPEIEIICHHS
3aIMUTHOIO YHUCJIA.

Tabnuya3. 2
OnpeJielieHre 3alUTHOTO YHCIIA JKeJIaTHHA.

Ne 1 |2 4 |5 [6 |7 |8

30i1b, MII

Boga, M

Kenartun,
MIT

onlorlow
o o Aol

5
0
0
5
0

o1 ~O1 OO
U1 W| o1 |01
O Wlo Njol
GIN|O1I N O
O NO w|ol
o1 = |01 ol
o1 OO u1jo

DneKTpon
UT, MII

OO0t
00BEM

ITomyTHEH
ne

ITo dopmyne (3.7) onpenenuTs 3alIUTHOE YUCIIO
JKeJIaTuHa.

3.5.3.Cnenarp BBIBOJBI IO paboTe.
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3.7.KOHTPOJIbHBIE BOITPOCEHEI.

1.JInopmieabie u mrodoOHBIE crcTeMbl. Bumb
YCTOMYUBOCTH.

2.®DakTopsl YCTONUMBOCTH TUCIEPCHBIX CUCTEM.

3.DakTopbl, CMOCOOHBIE BBI3BATH KOATYJSIIUIO
JMCTIEPCHBIX CUCTEM.

4.0co0eHHOCTH KOATyJIALNN TUCIEPCHBIX CUCTEM
AJIEKTPOJIUTAMHU.

5.3amuTHOE NIEHCTBHE MOBEPXHOCTHO-aKTHBHBIX
BEIIECTB.

6. [TpaBuiia lllyneue-I"apau.

7. JlBoiiHOW »nekTpuyeckuid cion. Popmyna
MULIEIIBI.

8. Kunetnueckas Teopusi CMOITyXOBCKOTO.

9. Teopus JIPO

JIABOPATOPHAS PABOTA N4
OITPEJIEJIEHUE ITOPOTI'A KOAT'YJIALIUUA.
4.1. lleab padoTwl: HM3yuyuTh Koaryssiuio
KOJUIOUTHBIX PACTBOPOB IMOJT ACUCTBUEM 3JICKTPOIUTOB.

4.2.TEOPETUYECKUE CBEJIEHVA.

Tunuuneie J'II/IO(1)06HBIG CUCTCMbI arperaTuBHO
YCTOIZHHBLI, 6J'Ial“0,[[ap5[ IIPOSABJICHUIO
QJICKTPOCTATHUYCCKOI'O (baKTopa YCTOﬁqHBOCTH u
KOaryjivpyrT IIpu BBCACHUHU B CUCTEMY CPABHUTCIBHO
HEOOJIBIINX KOJINUECTB SJICKTPOJINTOB.

Haunmenspias KOHICHTpalus 9JICKTPOJINTA,
npu KOTOpOﬁ Ha4YWHACTCA mnmpounecc MEIJICHHON
Koaryjisinuu KOJUIOUJHBIX paCcTBOPOB (C M ), Ha3bIBACTCA
OOPOroM KOaryJjaialunu.
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3aBUCUMOCTh ~ CKOPOCTH  KOAryisllud  OT
KOHLIEHTPALIMHU AJIEKTPOJIUTa IpHUBeAcHa Ha puc.4.1.
I

CROpOCTE
KOAar ¥ IALTFF

C C HOHITEHTP AIT4A

Puc.4.1.3aBUCUMOCTD CKOpPOCTH KOAaryJsiuu
OT KOHLIEHTPALIUHU AJIEKTPOJIUTA.

Jlnst  ocymiecTBiIeHUs OBICTPONM  KOATYJISIIUH
TpeOyercs Takasi KOHLEHTpauus snekrpoiauta Cs, mocie
YBEJIMYEHHUSI KOTOPOW CKOPOCTh KOArylslUU OCTaeTCs
MOCTOSIHHOM. BBeneHue aneKkTpoinTta B AUCIEPCHYIO
CUCTEeMY CHWKAeT MOTEHUHUAIbHBIA Oapbep, KOTOPHIH
pu ObICTPOM KOAryisllud CTAaHOBHUTCSI PaBHBIM HYJIIO.
[Topor koarynsiuu 3aBUCUT OT MOMEHTa  €ro
(bukcupoBaHUs, OT METOAa HAOIIOJCHHUS 33 Koaryisuuen
Y OT KOHIEHTPAIIUU 30JI4.

BBenenue  onekTponuTa B JTUCHEPCHYIO
CHUCTEMY BBI3bIBAET CXKATHE JIBOWHOTO 3JIEKTPUUYECKOTO
cnost (12C) Ha MOBEPXHOCTH YACTHI], BCIEJACTBUE YETO
OHU MOTYT MOJOWTH APYr K APYTY HAa PACCTOSIHUS, Ha
KOTOPBIX npeodnagaT CHUJIBI MIPUTSKEHUS.
VYMmenbmienne — tonmmuHbel - JIOC  compoBoxaaeTcs
0OMEHOM TMPOTUBOMOHOB 3TOTO CJIOS HAa BBI3BIBAIOIIUE
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KOaryisiiiii0  MOHBI anekrposmta. Cxatue JIOC
MPOUCXOTUT 32 CYET YMEHBIICHHUS SJIEKTPHUUECKOTO
MOTEHIIMaja B pe3ysibTare crnenuduyeckon aacopOuuu
MOHOB BBEJICHHOTO AJIEKTPOJIUTA Ha MOBEPXHOCTH YACTHII
u u3-3a orpaHuyeHus upQy3sud NPOTUBOMOHOB B
pacTBOp B CBSI3M C  YBEJIWYCHWEM  HWOHHOW  CHJIBI
pacTBopa.

ITo mpeobnasaHNIo TOTO WJIM HHOTO MEXaHWU3Ma
rpolecca KoaryJsiui  pa3jinyaroT HeHTPaTU3alluOHHYIO
Y KOHIIEHTPAITMOHHYIO KOATyJISIIHH.

HelitpanuzannoHHas Koaryssus MpOUCXOJUT B
pe3yiabTaTe YMEHBIICHWS TOTEHIMAAa MW  COKaTHUs
mubdy3nor yactu JIOC, mnosToMy TIpH  BBEACHHUH
ANIEKTPOJIUTA U3MEHSIOTCS MOTEeHIUaN AUPPY3HOTO ClIos
U BeJINYMHA, 00paTHas €ro TOJIIIMHE.

2
% _p B - const (4.2),
Xp

rae @ -noreHuuan Iup@y3HOTO CHOS, Yup
TonmuHa TUG HY3HOTO CIIOSI.

Ecin  ¢¢%ixp>=B, TO cucreMa arperarMBHO
yCcTONYMBa, €Cld Olyw<B, TO  NpOUCXOAUT
KOAryJisiiusi.

B o6nactu OoNBIIMX MOTEHIMAIOB HSHEPTUs
B3aUMOJCICTBUA  MEXIY YacTULUAMHU HE 3aBUCUT OT
3HAUYEHUS MOTEHIMANa, O3TOMY yCJIOBHE
YCTOMYMBOCTH K KOAryJsiiUM ONPENENIeTCs TOJIIHUHON
mddy3HOI YacTH c0s U KPUTHUECKONH KOHIIEHTpaIUe
3JIEKTPOJIUTA (TOPOTOM OBICTPON KOAryJIsIMH).

36



G _ const 4.2)

3

X
C
—Z =const (4.3)
Z
"3 3TUX COOTHOTIECHUH BUJIHO, qTOo

HENTpaTu3alMOHHAs Koaryasuus 0ojee XapakTepHa JUis
CHUCTEM C YaCTHUI[aMU, UMEIOIIUMHU MaJIbI€ TIOTEHIIUAIBI.

Oco0OeHHO CKa3bIBAaeTCsl HAa KOAryJasiUU B TaKUX
cucTemax crenuduueckas aacopOus HMOHOB
N00aBIISIEMOTO IEKTPOIHTA.

CriennuyHOCTh acOpOIUM YBETUUYUBAETCS C
yYBEJIMUEHUEM 3apsijia aJcopOMpyeMOro HMOHa, MO3TOMY
BKJIQJT HEUTPATM3AalMOHHOW KOAryJsIlid pacTeT TpH
repexo/ie K AIEKTPOIUTaM ¢ MHOTOBAJICHTHBIMU HOHAMHU.

KoHnuenTtpaunonHass koarynsinusi o0yclioBiIeHa
cxaruem JIDC B pe3ynapTare YBEIIMUYECHUS MOHHOW CHJIIbI
pacTBopa. DTOT BUJ KOArylsLU{ OCYIIECTBISETCS MpU
nobapieHnr  WHIAS(H(PEPEHTHOTO  DIICKTPOJUTA,  HE
CIOCOOHOTO K crienupUIECKON aacopOIu.

[To Teopun JJJIDO (epsarun, Jlannay, Oepseid,
OBepbOek).C=const - 93TO COOTHOIIEHHUE  XOPOIIO
o0ocHoBbIBaeT amnupuieckoe npasuiio Llynsue-I'apau.

3HaueHUs] TOPOTOB KOATYJISIMH, BBI3BIBAEMOM
3JIEKTPOJUTAaMH C 3apsAJioM HOpOTHBOMOHOB 1, 2, 3
oTHOocsaTcs Kak 1:(1/2) :(1/3) = 1:1/64:1/729.

[To npaBuny lyneue-I'apau 3HaueHUss MOPOroB
KOaryJsiliik JUTsl T€X >K€ MPOTHUBOMOHOB COOTHOCSTCS
kak:1:1/20:1/500.

PacxoxaeHuss B COOTHOIIEHUSX, OYEBUIHO,
CBS3aHBl C  YBEIMYCHHEM pOJH  crernupuueckon
ascopOInu, ¢ pOCTOM 3apsiia IPOTUBOMOHA.
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Yem wuoHBI Ooyiee JMOQPOOHBI, TeM OOJIBIINM
KOarylupymoomumM JeiictBueM oHu obOnagaror. [lopor
KOaryJisiliii YMEHbIIIAETCS B PSAAAX IPOTUBOUOHOB:

Li* >Na"> K*> Rb" >Cs*

Cl->Br >NO3 >I°

Koarynupyromniee JENCTBUE cMecH
AJIEKTPOJINTOB YacTO ObIBAET HEAJAUTUBHBIM. Eciaum s
Hayajla KoaryJasiquu TpeOyeTcsi CMeCH 3JIEKTPOJUTOB B
0OJbIIEM  KOJMYECTBE, YEeM OJHOTO0 U3 HHUX -
AHTarOHMUCTHYECKOE NENCTBHE. Ecmmn CMeECh
ANIEKTPOJIUTOB  JeMCcTBYeT  A(PQPEeKTUBHEH  OJHOTO
AJIEKTPOJIUTA - CHHEPT€TUYECKOE JICHCTBHE.

4.3.0bbEKTHI " CPEJACTBA
NCCIIEAOBAHUAL.

4.3.1.Kon6b1 koHnueckrue eMKocThio 200 M.

4.3.2 bropetku.

4.3.3.OnexkTpruueckas IinTkKa.

4.3.4.PactBop xiopuaa xenesa (111)-2 .%

4.3.5.PactBop cynbdara HaTpus 0,005H.

4.3.6.PactBop cynbdara meau 0,005H.

4.3.7.PactBop cynbdara maprania 0,005H.

4.3.8. 3 mrraTuBa 101 TPOOUPKH.

4.3.9. 15 npo6upok Ha 20 M.

4.4.IIOATOTOBKA K PABOTE.

4.4.1.B xonuyeckyr kon0y Hamute 200 wmi
BOJIbI, HATPETh 70 KUIIEHUS U N0 KamjsMm a00aBisaTh 10
M1 pactBopa xiopua xenesa (111).

4.4.2.3an01HUTH OrOpeTKH pacTBOpamu:
TUAPO30JIA JKeJle3a, BOJIOM, pacCTBOpaMu JIEKTPOJIUTOB.
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4.4.3.1lpurotoBuTh 3 MITATHBA MO 5 MPOOHPOK B

KaXJJ0M.

4.5. 1TPO'PAMMA PABOTBI.

[IpuroroButh pacTBOpEI

Taonuuei 4.1.

B COOTBCTCTBHHU C

Tabmuma 4.1
Ne | Ko/ | Kon/e | Kon/Bo Hawmmvensma | ITopor
030, | 0 DIIEKTPONUTA | I MyTHOCTb | KOATyJISIH
MJT BOIBL, | , MIT u
MIT Mois/Mn
Cynbdar Hatpus
1 150 0,5 2,5
2 |50 1,0 2,0
3 150 15 15
4 15,0 2,0 1,0
5 150 2,5 0,5
Cynbdar menu
1 (5,0 0,5 2,5
2 150 1,0 2,0
3 150 15 15
4 15,0 2,0 1,0
5 150 2,5 0,5
Cynbdar maprania
1 (50 0,5 2,5
2 |50 1,0 2,0
3 150 15 15
4 15,0 2,0 1,0
5 150 2,5 0,5
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Kaxnpi pactBop nepememiars U OCTaBUTH B
mratuBe Ha 10 MUHYT (BpeMs BBIIEPKKU 3a(hUKCUPOBATH
C TOYHOCTBIO JI0 CEKyH/1b1!)

[lo HauMeHee MyTHOMY PAacTBOPY OIPEAECIUTH
MOPOT  KOAryJsilMM  THJAPO30Js  JKeje3a  JIaHHBIM
AJIEKTPOJIUTOM.

[Io mnomy4yeHHBIM JTAaHHBIM MOCTPOUTH
muarpamMmy (Mo ocu  abcumMcc — PacMoOKUTH
KOaryJMpyooliue HOHbI, IO OCH OpAMHAT — 3HAYEHUs
MIOPOTOB KOAryJsiliun)

[Topor koarynsiuuu BeIYUCIAETCS O popmyre:

IIK = % -1000 (MMoB/1) (4.4),

r7€ C-KOHIIGHTpAlMs JJICKTPOJUTA, MOJB/I, V-00beM
M3PacX0JOBAHHOTO AJIEKTPOJIUTA, MII, W-00BEM 30JI51, ML
Caenatb BBIBOJIBI TIO paboTe.

4.6.KOHTPOJIBHBIE BOITPOCBI.

1. Martb ompeneneHre KOJUIOUIHBIX PACTBOPOB.

2. Jlatp ompeneneHue  JMOGOOHBIX U

JAUO(QUIBHBIX AUCTIEPCHBIX CUCTEM.

@DakTOpbl arperaTUBHOM YCTOMYHUBOCTH.

4. 3aBHCHUMOCTh CKOPOCTH KOAryisillud OT
KOHIIEHTPALIUHU AJIEKTPOJIUTA.

5. beictpas KOAryJsus, MeJJIeHHAas
KOATyJISALIHSL.

6. Ilopor xoarynsuu.

7. IlpaBuna Wynene-T'apau.

8. AITUTHBHOCTH JeCTBUS cMecHu
JNIEKTPOJIUTOB.

9. ®opmyna MULIETUIEI.

10. Teopus AJIDO.

w
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JIABOPATOPHA PABOTA  Ne5
OJIEKTPOKMHETUYECKHUE ABJIEHUA.
OJIEKTPO®OPE3S.

5.1. Heab paGorel: U3yuuts sBieHuE
anekTpodopesa. OnpenenuTs 3HaK 3apsaa YacTUIL 30JI.
N3meputs BEJIMYUHY ANEKTPOPOPETUIECKON
TTOIBHKHOCTH.

5.2.TEOPETUYECKHUE CBEJIEHUAI.

Ha mnoBepxHocTu TBepaoro Tena TMpU  €ro
KOHTAaKT€ C )KMJIKOCTBIO  CaMOIIPOM3BOJILHO BO3HUKAET
M30BITOYHBIN JIEKTPUIECKUI 3aps, KOTOPBIN
KOMIICHCUPYETCS TPOTHBOMOHAMH. B pesynpTare Ha
rpanune  pazgena T-2)K  dopmupyercs  IBOMHOMU
anektpudeckuit cioit (JIDC). O6pa3oBanne ITBOWHOTO
ANEKTPUYECKOTO CJIOSI MPOUCXOJUT CAMOIIPOU3BOJIBHO,
KAaK CJIEJICTBUE CTPEMIICHUSI IMOBEPXHOCTHOW DHEPTUU K
MUHHUMYMY U B CBSI3H C OCOOBIMU CBOMCTBAMM T'PaHUIIbI
pazgena T-XK.

bospmas  ynenbHassh — MOBEPXHOCTh — YacCTHIL
JUcTepcHo  (a3bl  CIOCOOCTBYET HAKOIUICHUIO Ha
rpaHulie pasfena (a3 3HAYUTENBHOTO AIIEKTPUYECKOTO
3apsa, KOTOPBIN CTAHOBUTCS MPUYUHOU
AIIEKTPOKUHETHYECKUX SIBICHUU - TepeMelieHus Qassl
cpenbl MO AEMCTBUEM BHEILIHEIrO AJIEKTPUYECKOTO MOJIs,
a TaKKe BO3HUKHOBEHHUE JJIEKTPHUYECKUX 3apsaoB IpHU
JIBUKEHUHM YaCTHI[ JAUCIEPCHON (a3bl WM KUAKOU
JCTIEPCUOHHOM CPEMBI.

Bo3HukHoBeHHe Ha TpaHuie pasgena  das
ANEKTPUUECKUX 3apSAJI0OB XapaKTEpPHO, MPEXKIE BCEro, IS
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301ei M CYCHeH3Wid, jaucnepcHas ¢a3a KOTOPBIX
(dhopMupyeTCs U3 TBEPABIX YaCTHII.

OOpazoBaHue 3apsja IOBEPXHOCTU TBEPAOIO
TeJa MPOUCXOJUT B Pe3yibTaTe CIEIYIOIINX MPOIECCOB:
anacopOIMM HWOHOB Ha TIOBEPXHOCTH, JHCCOLHAIIAU
MOJIEKYJI Ha TIOBEPXHOCTH TBepAOM (a3bl, mepexoja
MOHOB W3 OJHOHW (a3bl B JPYryr IMpH YCTAaHOBJICHUU
ANEKTPOXUMUUYECKOTO  paBHOBeCHA. BO3HUKHOBEHHE
3apsA0B Ha TBEPJOM TeJe TMPUBOAWT K TOMY, YTO Ha
rpanuiie paszaena ¢Ga3  BO3HUKAET  AJICKTPUUECKHI
noteHan. [loBepXHOCTh TBEpAOTO Teia mpuodOperaet
WOHBI OTPEJCIICHHOTO 3HaKa. OTH HOHBI Ha3bIBAIOTCS
noTeHuuanooopasyromumu. K TBepaoii moBepxHoctu u3
KUJAKOW CpeIbl TPHUTITUBAIOTCS HWOHBI, 3HAK KOTOPBIX
MPOTUBOIMIOJIOKEH 3HAKY MOTEHIHATI00pa3yoIIero ciosl,
WX Ha3bIBAIOT MPOTUBOMOHAMU. Bo3HUKaeT ABOMHOU
anektpudeckuit cioi (J129C).

CornacHo Teopuun llltepHa, KOTOPYIO MOXKHO
paccMmatpuBath KakK OCHOBY COBPEMEHHOTO
npeacrabieHuss o crpykrype  JIO9C, npoTHBOMOHBI
HaXOJATCs B IBYX MOJIOKEHUSX, OJJTHA UX YacTh 0Opa3yer
a7cOpOLIMOHHBIA CJOW (MHOT/Aa €ro Ha3bIBAIOT CJIOEM
I'enpMmroneia). Jpyras yacth NPOTUBOMOHOB HAXOIUTCS
B muddy3sHoMm cnoe. B oramume oT ancopOLHMOHHOTO
CJI0sl MPOTUBOUOHBI TU(D(Y3HOTO CI0s HE 3aKPETICHBI, B
pesynbrate nuddy3un oHM COCOOHBI MepeMenarbes B
npenenax AMPQPy3HOro cios BriyOb KHUAKOCTH.

JusnexTpuueckas MIPOHUIIAEMOCTb
aJCOpOIIMOHHOTO  CJOS.  MEHBIIE  JTUAIIEKTPUYECKON
MPOHUIIAEMOCTH  pacTBoOpa, TaKk  Kak  [OMHMO
MPOTUBOMOHOB B HEr0 BXOJSAT OPUEHTHPOBAHHBIC
MOJISIPHBIE MOJIEKYJBl CpeAbl. AICOPOLMOHHBIN CIOM
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MIPOTHBOMOHOB dbopmupyercs B pe3ynbrare
AIEKTPOCTATHYECKOTO  B3aWMOJICHCTBHSI C  HOHAMH
MOTCHIIMATIOO0PA3YIOMIET0  CJIos M crenu(uIecKoi
ajcoponuu.

JAOC  MoXeT BO3HUKHYTH Ha  4YacTHIlaX
HaxOJAIIMXCS B TMOJISIPHOW cpelae B  OTCYTCTBUU
AJIEKTPOJIUTOB, BCIEACTBHE OINPEACICHHOW OpPUCHTAINN
JTUTIOJIEN.

ANCOpOLIMOHHBIM  cIOM B cllydyae IUIOCKOHN
MMOBEPXHOCTH  WMEET  ONPEJCIICHHYIO  TOJIIUHY.
OTHOCHTEIbHOE TEepEMEIICHNUE 3apsHKEHHBIX YaCTHI[ H
XKUJAKOCTH MPOUCXOTUT HE TI0 TPAHMIIC TBEPAOTO Teia C
KUJKOCTBIO, a 3a TpeIelaMH STOW TpaHMIBI, IO TaK
Ha3bIBAEMOM  TUIOCKOCTH CKOJIBXKCHHSI WJIM TPaHHUIS
ckoapxkeHus. [Ipu nBXEHUN YacTull AUCTIEpCHON (a3bl
YacTh KHUJKOCTH, HaXOJAIIAsCd Ha TOBEPXHOCTH
TBEPJIOTO TeJia JO TPAHUIIBI CKOJBXEHUS, YBIIEKACTCs
YacTUIIAMU U TIepeMeENIaeTcsl BMECTe ¢ HUMH. B cirydae
JBIDKCHUS TUCIIEPCUOHHOM Cpebl 3Ta YacTh JKHIKOCTH
OCTaeTCs Ha TIOBEPXHOCTH TBEPJOTO Tejla U SBIICTCS
HEIOABYKHOM.

[ToTeHnman Ha TpaHUIIE CKOJIbKCHHSI HA3bIBACTCS
AIEKTPOKMHETHYESCKUM WM J3eTa-moTeHuanom ( & ).

JI3eTa-noTeHIIMan BaKHEHINAss XapaKTEPHCTHKA
JOC: on ompexnenser BO3MOXKHOCTh U CKOPOCTH
OTHOCHUTEIILHOTO TIEPEMEICHHS JUCIIEPCHON (a3bl H
JTUCTIEPCUOHHOM Cpenpl, HHTEHCUBHOCTD
ANEKTPOKUHETUYECKUX SIBICHUH, YCTOWYHBOCTH 30I€Eil.
3HaycHUEe A3eTa-MOTCHI[MAIAa MOXHO JIOCTATOYHO TOYHO
W3MEpUTh, €ro 3HaK OMNpeNeNseTcs 3HaKoM 3apsjaa
MOTEHIAI000pa3yIoLIero CIos.

43



N3meHeHne  A3eTa-moOTEHIMANAa  3aBUCUT  OT
CBOWMCTB CpelIpl M HAIMYMA B  HEH IPOTUBOHUOHOB.
JloGaBiieHNe B AMCIEPCHOHHYIO CpPENy OJHOBAJICHTHBIX
MPOTHBOMOHOB MPUBOJUT K CKATHIO TU(PPY3HOTO CIIOS U
CHWKEHUIO Ji3eTa-noTeHnuana. Korma Bce mpOTUBOMOHBI
HaXoJATCsl B aJICOPOLIMOHHOM CJI0€, POUCXOIUT MOJTHAS
KOMIIEHCAIUsl MOTEHIMATI000pa3yIoLIero ciosi, U JA3era-
MIOTEHIMAJ  CTAHOBUTCA  pPaBHBIM  HyNn0. Touky,
XapakTepu3ylomyw  nogo0Hoe  coctostHue  JI9C,
Ha3bIBAIOT H303JIEKTPUYECKON TOUKOW. DIIEKTpUUECKU
3aps]l MOXET BO3HUKHYTb Ha JI000H  TBepAoi
MTOBEPXHOCTH, HAXOMAIIECHCS B KOHTAKTE C KUIKOCTBIO.
[losiBneHne  3HAYMTENBHOTO  3apsia  MOBEPXHOCTH
ABIISIETCS MIPUYHHON BO3HMKHOBEHUS
NIEKTPOKNHETUYECKUX SIBICHUHM, XapaKTEPHBIX TOJIBKO
JUIL JTUCTIEPCHBIX CUCTEM.

ONEKTPOKMHETUYECKUMHU ~ Ha3bIBAlOT  TAKHUE
SBJICHUS, KOTOpBIE BO3HHMKAIOT IpU  BO3ACHUCTBUU
IEKTPUYECKOTO0 IOJI Ha JUCIEPCHBIE CHCTEMBI U B
pe3yabTare IepeMelleHus JucrepcHoil  ¢da3pl  win
JMCIIEPCUOHHON cpelpl. BHelHee 3/1eKTpu4yecKoe moJje
BBI3bIBAET TaKue SABICHHUA Kak diekTpodopes
JIEKTPOOCMOC.

Onekrpodope3 - 3TO  MepeMelieHHe  IoJ
JEUCTBUEM 3JIEKTPUYECKOTO IOJSA YacTUL AUCIEPCHOMU
(da3pl OTHOCUTENBHO JHCIEepcHOHHON cpenpl. [lpu
HAJIOKEHUM BHEIIHEr0 IEKTPUYECKOTO IOJISI YaCTHLIbI
JHCTiepcHOM (ha3bl HaYMHAKOT ABUTAThCA K AIIEKTPOAY,
3HAaK 3apsja KOTOPOro MPOTUBOIIOJIOKEH 3HAKy J3€Ta-
noTeHyana. JIBukeHue 4YacTul] NpH dJIeKTpodopese
00yCJIOBJICHO MPUTSHKEHUEM DPA3HOMMEHHBIX 3apsiioB.
[IpotuBononst B nuddy3noit yactu JA3C mNOABHKHBL,
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pacnpenensoTcs HEPaBHOMEPHO U HE B COCTOSHUM
9KpPaHUPOBATh JEUCTBUE BHEIIHEIO AJIEKTPUYECKOIO
MoJisi Ha dYacTulax aucnepcHoi ¢dasel. B mporecce
anekrpodope3a HapymaeTcss chepruueckas CUMMETPHS
ma(dy3HOTO €O TPOTUBOMOHOB, M OH HAYMHACT
JIBUTATHCS B CTOPOHY, IMPOTHUBOMOJIOKHYIO JBUKEHUIO
yacTull. [IpoTHUBOMONIOKHO HaAIPaBIEHHBIN MTOTOK YACTHIL
TU(pPy3HOTO €10 TOPMO3UT JBMIKEHHE YaCTHI. ITOT
s dekr Ha3bIBAIOT ANIEKTPOPOPETHUECKUM
TOPMOKEHHUEM.

Ckopocts anekTpodope3a 3aBUCHT OT & -
MOTEHIIMajla W €€ ONpEleNsIoT 10  ypaBHEHUIO
I'enpMronpa-CMOITyX0OBCKOTO:

£= Az -u-n
D
r7e M -BSI3KOCTh, [la-c, D - anexTpuueckas mocrosiHHasl,
U - anekTpodopeTnyeckas HoJIBUKHOCTb, B.
DnexTpodopernyeckas MOJBUKHOCTE - ITO MYTh,
KOTOPBIM MPOXOJIUT YacTHIlAa B CEKYyHJy IpPH I'paleHTe
norennuana 1 B/em.
u=h/(H); H=E/ (5.2),
rae h- myTe, mpolaeHHbIH YacTUICH 3a Bpems T, cM, H-
IPaJUeHT MOTEHI[Mala BHEIIHEr0 AJIEKTPUYECKOTO MOJIs,
B/cm, E- pasnocte moteHmumanoB, B, 1- paccrosHme
MEXIY DIEKTPOIaMH, CM.
@opmyna (5.2) cmpaBemiuBa Uil 4YacTHIl, HE
MPOBOJAIIMX DIEKTPHUUECKUNA TOK, AUAMETP KOTOPBIX
BEJIUK 0 CPAaBHEHUIO C BENUYMHON AU(PPY3HOTO CIOSL.

(5.1),

5.3.0bbEKTHI n CPEACTBA
NCCIIEAOBAHUAI.
5.3. 1.IIpu6op Kena.
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5.3.2. AkkymymsTOpHas Oarapes.
5.3.3.11po6upku Ha 20 ML
5.3.4.PactBOpHI:

NH 4Cl 1%

FeCl3: 2%

KCl 0,1n

CuSO4 10%.
5.3.5. DnexkTpuueckast IinTKa.
5.3.6. Xumnueckuit ctakad Ha 100 mn
5.3.7. Amnepmerp.
5.3.8. BoapT™eTp.
5.3.9. Beimpsmurens.

5.4.ITIOA'OTOBKA K PABOTE.

5.4.1.11onyunTh KOJJIOUIHBIN PacTBOP THAPO30JIA
JKeJe3a METOJ0M THJIPOJIN3a COJIH JKenesa:

a) B crakan mamuth 60 M IUCTUIUTMPOBAHHOMN
BO/IbI, IOBECTH €€ IO KHUIICHUS;

0) B BOAy IpH MEpPEeMEIIMBAHUU BHECTU 5 MI
xnopua xenesa (11);

B) KUIISATUTH MOJIYYCHHBIA PacTBOP 1-2 MUHYTHI.

5.4.2.ITogroroButs K padote npudop Kena:

a) MpH 3aKPBITHIX KpaHaX HAIUTH B MMUIETKY 30J1b;

0) OTKpBITH KpaHbl, 3anoidHUTh U-00pa3zHyro
TpYOKy W PE3UHOBYIO TPYOKy, COEIMHEHHYI0 C
MIUIIETKOM, 30JIeM TakK, YTOOBI HE OCTAaBAJIOCh MY3BIPHKOB
BO3JlyXa;
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B) JIOBECTH YpOBEHb 30Js1 B U-00pa3Hoil TpyOKe
Ha 1-2 cM BbIIE YypOBHSA KpaHOB | M 3 W 3aKphITh BCE
KpaH#bI;

r) U-o0pa3Hyto TpyOKy OIPOKHHYTh, BIIUTH
OCTaTOK 3011,

1) 3aKpenuTh TPYOKYy Ha INTATUBE M HAIUTh
MUATIETKOW B 00a KOJeHa OOKOBYIO KHIKOCThH (XJIOPHT
aMMOHHMSI) JI0 MTOJIOBUHBI 00bEMa;

€) TpyOKy COETUHUTH C OOpaTUMBIMU MEIHBIMU
JJIEKTPOJAMU  arap-arapoBbIMH  MoOcCTHKamu  (4),
MPUroTOBIICHHBIME ¢ 0,1H XJIOpPHIIOM KaJIus,

X) B cocynbl ¢ cynbparoM meau (5) OMyCTHTH
3aUUIICHHBIE KOHI[BI MEIHBIX npoBoJiok  (6) u
MPUCOECIUHUTh K MCTOYHHUKY MOCTOSIHHOTO Toka Ha 100-
120 B.
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5.5.1TPOTPAMMA PABOTHL
5.5.1.Co0paTh 37IEKTPUIECKYIO LIEIb.

1 2
M
N

3

O
SR 4 I

1.amnepmerp.
2.mpubop Kena.
3.BOJIBTMETP.
4. BBIIPSIMUTEND.

5.5.2.0CTOpOKHO M MOJIHOCTHIO MOBEPHYTh KpaH
4. JloOUTbCS MEUICHHOTO TICPEABUKEHHUS TPAHHIIBI
paszzmena BBepX MO TpyOkam, He JONycKas ee
pa3MbIBaHus. 30J1b BBITECHUT OOKOBYIO KHUAKOCTH B
rpasyupOBaHHbIE KOJICHA.

5.5.3.Bepxuuii ypoBeHb OOKOBOW KHIKOCTH
JIOBECTH JI0 TAaKOTO YPOBHS, 4YTOObI OBUIM 3aKPHITHI
KOHIIBI arap-arapoBbIX MOCTHUKOB.

5.5.4.1TpoBepUTh KOHTAKTBHI.

5.5.5.BkitounTh TOK U 3amucaTh BpeMs U
MIOJIOKEHUE TPAHULIBI Pa3ea.

5.5.6.3anucaTh HapaBJICHUE ABUKEHUS TPAHULIBI
30JI1 U €r0 CKOPOCTh, U3MEPsisd CEKYHIOMEPOM BpeMms, 3a
KOTOpO€ rpaHuna nepememaercs Ha 0,5 cm.

5.5.7.Cnenate  3-4 wu3MepeHHs U BBIYHUCIUTH
CpelHEe 3HAUCHHUE.

5.5.81l0 oxkoH4YaHMM  oOmIBITa  Pa30OMKHYThb
IEKTPUYECKYI0 1I€Nb W BOJBTMETPOM  H3MEPUTH
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Pa3sHOCThb IIOTCHIIMAJIOB MCKAY SJICKTPOJaMHU.
Paccrosane MCKAY OJJICKTPOJaMHU - PACCTOSAHHUC MCKIAY
KOHIIAMHU MOCTHUKOB.

5.6.0bPABOTKA PE3VJIbTATOB.

5.6.1.1lo0  ypaBHenuto  (5.2)  BBIYHUCIUTH
AMEKTPOPOPETUUECKYIO MO IBUKHOCTD.

5.6.2.Ilo ypaBHeHuto (5.1) BBIYMCIUTH J3€Ta-
MTOTEHITHAIT 30J151.

5.6.3.IlonyyeHHble JaHHBIE 3aHECTH B TaOIHUIlY

5.1

Taommia 5.1

E =220B, n=0,01 Ilyas, D = 81.

| =

H=E/l=
Paccrosnue, | Bpems CkopocTb C-notenmman,
TpoiiieHHoe | HaOMIOEHN e, | IEPEBHKEHN | B
JacTHI[AMH, | C TPaHMIIBL, CM/C

CM

5.6.4.Cnenath BBIBOIBI 11O paboTe.

5 .7.KOHTPOJILHBIE BOITPOCHI.

1..Bo3HuKHOBEHIE J2C B JIACTIEPCHBIX
cHCTeMax.

2. Ctpykrypa 9C.

3.Yrto Takoe munemia? Ee ctpoenue.

4.0OcHOBHasg MpHUYMHA  BJIEKTPOKUHETUUECKHX
SIBJICHUM.

5.9To0 Takoe A3eTa-noTeHIran’?

6.CyIIHOCTB SIBIEHUS dIEKTpodopesa.

7. BeiBox (bopMmyIbl JUISt pacuera
ANEeKTPOOPETUIECKON MOABUKHOCTH.
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JIABOPATOPHAS PABOTA Ne6
BJIEKTPUYECKHE CBOMCTBA
KOJUIOUHBIX CUCTEM. DJIEKTPO®OPE3.
6.1. Heas padorbl. U3yuuth  siBIEHUE
anekTpodopesa. O3HAKOMHUTBHCS C METOOM OIIPEICTICHHS
CKOpOCTM [BM)KCHHSI W 3HAaKa 3apsjga KOJUIOWTHBIX
YaCTHII.
6.2. TEOPETUYECKHWE CBEIEHUA (Cwm.
nabopatopHyto padoty Nes)

6.3. OBBEKTHI " CPEJACTBA
NCCIEJOBAHUA.

6.3.1. IIpubop mist HabmroeHUs dIeKTpodopesa.

6.3.2. DnexTpodopeTHaecKuii 30H1

6.3.3.1lITaTuB ¢ MATHIO MPOOUPKAMHU.

6.3.4. T'unposous xenesa (11).

6.3.5. NaOH 0,001#.

6.3.6. ®unpTpoBasbHAs OyMmara.

6.4 I1I0JI'OTOBKA K PABOTE.
6.4.1. Omnucanue mnpubopa I HAOIIOACHHUS
anekTpodopesa.
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- - - Bogs — | L

CYCNEHIKA MMWHEI ﬂ——_______\_ _

ChIpaa mMHa /"

B kycok ceipoit riuHbl (TONMIMHA 4 CM) BIABJICHBI 2
CTEKJIsIHHBIE TpyOku. B TpyOkax HacheIllaH CIoi
KBapIieBoro necka toymmHoi 0,5 cM. B TpyOkax Hamura
BOJIa TaK, YTOOBI €¢ YPOBEHb HAXOAMJICSA Ha 2-3 CM BbIIIE
ypOBHs ecka. B TpyOku BCTaBIEHbI MEIHBIE SIEKTPOIbI.

6.5. TIPOI'PAMMA PABOTEIL.

6.5.1. [Ipucoenuuuth BIIEKTPO/IbI K
aKKyMYJISITOpHOH OaTapee ¢ HanpspkeHuem 2 B.

6.5.2. Habmiogate snektpodope3s B TpyOKy c
MOJIOKUTETFHBIM ~ AJIEKTPOJIOM: CKBO3b CIIOM  Tecka
JOJKHBl  MPOXOJUTh YACTHIBI TJIHHBI (0Opasyercs
MYTHasl CYCIICH3HS).

6.5.3. IlpoBoaute HabmoxeHuss B TeuyeHue 10
MUHYT.
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6.5.4. 3amepuThb MyTh, NPONACHHBIA YaCTUIIAMH
TJIMHBL

6.5.5. Paccuurarh cKopocTh 3JeKTpodopesa Io
dbopmyre:

o

D

rae S — IlyTe, TpoiIeHHBIH YacTUIIAMK TJIUHBI, ¢M | —
paccTossHUEe MEXIY MEIOHBIMU 3JIEKTpOJaMH, CM, T -
BpeMsi HAOJIIOJICHWM, MHUH, L - HampsHDKeHHEe Oarapeu
AKKyMYJISTOPOB, B.

Tabnuia pacueTHO-3KCIIEPUMEHTAIBHBIX JAHHBIX

Beuiect | BpeM | Paccrosn. | Ilyts, Hamp | Cxopo | ©®opmy
BO 1, MEXIY npouie - CTh na
T 3JIEKTPOA | H- *eHu | ¢dope3a | MHUIET
' amu HBIH e §] Bl
MHH !
I, em HacTHi@ |y, B
MU
S, oM

6.5.6. Caenatb BBIBOJIBI IO paboTe.

6 .6.KOHTPOJILHBIE BOITPOCHI.

1..Bo3HuKHOBEHIE JA2C B JIACTIEPCHBIX
cHCTeMax.

2. Crpykrypa 9C.

3.Yrto Takoe munemia? Ee ctpoenue.

4.0OcHOBHasg MpHUYMHA  BJIEKTPOKUHETUUECKHX
SIBJICHUM.

5.4t1o Takoe a3era-noTeHIuan’?

6.CyIIHOCTB SIBIEHUS dIEKTpodopesa.

7. BeiBox (bopMmyIbl JUISt pacuera
ANEeKTPOOPETUIECKON MOABUKHOCTH.
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JIABOPATOPHA PABOTA Ne7

OIIPEAEJIEHUE
OJIEKTPOKMHETUYECKOI'O [IOTEHIIUAJIA
YACTUL] CYCIIEH3UN METOJO0OM
OJIEKTPOOCMOCA.

7.1.leas  padoTBI: METOJAOM  DIIEKTPOOCMOCA
HUCCIICA0BAaTb BJIHMAHHUEC Pa3JIMYHBIX KOHHGHTpaHI/Iﬁ
pacTBOPOB Ha BCIIUYHUHY OJCKTPOKHUHECTUUCCKOTO
MOTEHITMAaJIa YaCTHI] CYCTICH3HH.

7.2.TEOPETUYECKUE CBEJIEHUAI.

B KoJUTOMIHBIX pacTBOpax 4acTHIbI JUCTEPCHOM
¢da3pl  HaxomATcas B BHae Muueml. dopMa MHLEIBI
ABIISIETCSA CTaTHUECKOM TOJIBKO B CTATMUECKOM CMBICIIE, B
pEabHOCTH OHA HMEEeT pacIUIbIBYaThle O4YEpPTaHUS
oOmaka. Ecim moMecTuTh MHULEITYy B UIEKTPUUYECKOE
noJie, To nepuupuiiHple MOHBI ITPOTUBOMOHHOTO CIIOS
OyayT, OTAENAACH, NePEeABUraThbCs K COOTBETCTBYIOILEMY
IEKTPOLY.

Muuesia pa3pblBaeTcs, U Ha I'paHMIE pa3pbiBa
BO3HMKAaeT  J3era-noreHuuan. OcraBmiascs  4acTb,
cocrosimas M3  AJIpa, HOHHOIO CJOs M YacTH
IIPOTUBOMOHHOTO, 00pa3yeT 3apsHKeHHYI0 4acTULy,
KOTOpasi JBMIXKETCS K IPOTHBOIOJOXKHOMY 3IEKTPOLIY.
Takoe mnepenBHKEHHE YacTULl B DJIEKTPUYECKOM IIOJIE
HaszbIBaeTcs aekTpodopes. bonee nmoapoOHO 0 mpuuuHe
BO3HMKHOBEHHS IIEKTPOKUHETHYECKHUX ABJICHUN
HanucaHo B pabore “Onekrpodopes”. Ecimu B
HU3KOJIUCIIEPCHBIX CUCTEMAX, HalpHUMEp, B CYCHEH3HSX
WM NOPUCTBIX TENAX 3aCTaBUTh ABUIaThCs HE YaCTHUIBI ,
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a JKHMJIKOCTb, COXpaHs;s YaCTHIbI HEMOJBWXHBIMH, TO
TaKO€ SIBJICHUE HA3BIBACTCS AIEKTPOOCMOC.

DNEeKTpOOCMOC ~ MOXKHO  OCYLIECTBUTh  Ha
MOPOIIIKE, €CIIM IPUTOTOBUTH €r0 B BHJIE AUadparMsl, Mo
00e CTOPOHBI KOTOPOW HAXOJUTCS PACTBOP DJIEKTPOJIUTA.
VoHBI BHENIHUX CJIOEB PACIIONIAraroTCs B MPOCTPAHCTBE
KallWUIIpOB, a HWOHBI HOHHOTO CIIOSI W YacTH
MIPOTHBOUOHHOTO CJIOS YCPKUBAIOTCS MOBEPXHOCTHIO. B
pacTBOpe OJEKTPOJIUTA, 3alOJHSIONIETO KA,
OKaXKeTCs M30BITOYHAS KOHIICHTPAIHS MOHOB
OTIPENIENICHHOTO  3apsia, TaK KaKk dYacTb HOHOB
MIPOTHBOIIOJIOKHOTO 3HaKa azcopoupyercs Ha
MOBEPXHOCTA YACTHI[ TMOPOIIKA, YTO TPUBOIUT K
CHIDKEHHIO MX KOHIICHTPAallUu B ooreme. Ilpm
HAJIO)KEHUU  DIIEKTPUYECKOTO TOJS JKHIKOCTh OyZeT
MEPeBUTaThCsl N0 KaWUIIpaM K COOTBETCTBYIOIIEMY
anekTpoay. B pesynbrate ypoBeHB JKHUAKOCTH B COCYIC
MIEPEMECTHUTCS K OJTHOMY U3 DIIEKTPOIOB.

Ha rpanume paspbiBa MHIE/UIBI  BO3HHKAET
ANIEKTPOKUHETHYECKUI WM J3eTa-TIOTCHIHAN  (CM.
pabory “Onekrpodopes”).

BenuuuHy 3IE€KTPOKMHETHYECKOTO IOTCHIIAIA
(13eTa -MoTeHIMala) BRICOKOAUCIIEPCHBIX CUCTEM MOYKHO
OTIPEJICIIUTH 10 CKOPOCTH TIEPEIBHIKCHHSI TPAHUIIBI 30J1h-
pacTBOp, U HU3KOAMCIEPCHBIX CHCTEM BEIUYHMHA
AJIEKTPOKUHETHYECKOTO  TOTCHIMANIA  MOXET  OBITh
OTIpEJIeNIeHa C MOMOIIIBIO AIEKTPOOCMOCA.

Benuumna — n3eTa-moTeHIMana  3aBUCHT  OT
MPUPOJBI CYCIIEH3UH, OT KOHIIEHTPAIMH 3IIEKTPOJINTA,
MeTO/Ia MOJyYEeHHUs CYCIICH3HH.

SIBneHust  snexkTpodopesa U BIEKTPOOCMoca
HAIlJIM [IPUMEHEHHE B MPOMBIIITIEHHOCTH. C MOMOIIBIO
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anekTpodope3a 00e3BOKHUBAIOT U OYHIIAIOT KAOJIHH OT
IpuMecer Iecka, nupura. YacTuipl KaojuHa B BOJE

3apsIKEHBL OTPULIATENBHO. UrtoOmt BO3HUK
SHGKTpOKI/IHeTI/I‘-IeCKI/If/'I IIOTCHI KA, CYCIICH3HIO
moaAmeC/Ia4yuBarOT W OTCTAMBAHHUEM YIAAIAKOT KPYIIHBIC
TIPUMECH, nocie 9ero 3arpyxaroT B
MEKTPOOCMOTHYECKYI0 ~ MAIMHy W IOJBEPraroT
anexTpodopesy.

B 9MeKTpOOCMOTHYECKOW  MaIlMHE YaCTHUIIBI
KaoJIMHA TIOJ JEHCTBHEM IPWIOKEHHOTO HAIPIKEHHS
MEPEIBUTAIOTCS K aHOJY, KOTOPBIN BBIIOJIHEH B BHJIC
Bpamaronierocs 6apabaHa /10 MOJOBHUHBI NOTPYKEHHOTO
B CyCcrleH3Wi0. TBeprmas ¢asza ocemaeT Ha aHOJE B BHIC
IJIOTHOTO CJIOSl, KOTOPBIA TIpH BpalieHuu OapabaHa
BBIHOCUTCS HApyKy M OTYMIIAeTCs CKpeOkamu. B
KOMOHWHAITIHI c (GUITBTPYIOMUMH AJIeMEHTaMU
CKOHCTPYHPOBAHbI (PHIIBTPIIPECCHI I CYIIKH Topda,
r7Ie OJHOBPEMEHHO C OTIPECCOBKOM BOMBI IMPOTEKAET
ANIEKTPOOCMOC B 00pa3oBaHHON  NpecCOBaHUEM
TopdsHoi nuadparme.

Jdus  ompeneneHuss — DIEKTPOKUHETUYECKOTO
MOTEHIMAJIa METOJIOM  AJIEKTPOOCMOCAa  HMCIIOIB3YIOT
ypaBHCHHUE:

E=K- XY | 20e 1<_4”D’7 300° (7.),

rie 7 - yAelbHas dIeKTPOIPOBOJHOCTH, oM em™, v -
obvemMHasi ckopocTh, Mi/c, | cuma Toka, A, D -
ANIeKTpUYecKasl MPOHUIIAEMOCTh CPEIbl, T - BS3KOCTb,
ITa-c.

7.3.ObBEKTHI 41 CPEACTBA
NCCIIEJOBAHMUAI.
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7.3.1.ITpubop 11t HAOIIOICHUS IEKTPOOCMOCA.
7.3.2.PacTBOp XJIOpUJa KaJIUs.

7.3.3.Cynbdar meam.

7.3.4.Pe3uHoBas rpyua.

7.3.5.JlenuTenb HapsSHKEHUS.

7.3.6.BonbT™meTp.

7.3.7.MunnuanmepMerp.
7.3.8.Mukpoammnepmerp.

7.3.9.1lepexirouareny.

7.3.10.CoenuHUTENBHBIE TIPOBO/IA.
7.3.11.PactBop HuTpara repmanus (I11) 0,151.
7.3.12.Cycniensust miasjieHHoro kopysaa (Al20z)

B alleTOHE.

7.3.13.Mepnsie kosiost Ha 100 M - 7 1IT.
7.3.14. AnteToH.
7.3.15. Lentpudyra.

7.4.11I0T'OTOBKA K PABOTE.

7.4.1.PactBOop HuTpara repmanus (I11) vHamuTs B
MPOOHMPKH B COOTBETCTBUHM C Tabmuiei 7.1.

Taomuma 7.1.
Ne 1 |2 3 4 5 6 7
IPOOUPKHI
KonudecTtso 0, |10 |15 |20 (25 |30 |35
HCXOIHOTO 5
pacTBopa, M
KonuaecTtso 9 190 |85 |80 (75 |70 |65
aleToHa, MJI 5
xkonuentpamua | 7, |15, |22, |30, |37, |45, |52,
’ 5 |0 5 0 5 0 5
C-10%, mons/n
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7.4.2.B npoOupku N0O0aBUTH YHCTHIA alleTOH O
obmiero oopema 10 M (cm Tabd. 7.1.).

7.4.3.Conepxumoe  NpoOUPOK  MEpPEIuTh B
MepHble KoJIooukn Ha 100 MO U JOJMUTH 10 METKH
aIleTOHOM.

7.4.4B xaxnyio konOy Beemate mo 30 T
MOPOIITKa KOPYHAA.

7.4..5Ilocne 20 MUHYTHOTO  OTCTaUBaHUS
CYCIIEH3HIO B300JITAaTh u 3QJIUTh B
ANEKTPOOCMOTHUYECKYIO STUEHKY.

7.4.6.0cTaBuryrocsi 4acTb CMeCH OT(UIBTPOBATH,
GWIBTpAT B NaNbHEHIIIEM MCTIOI30BATh VIS 3aITOTHEHHS

npudopa mociie NeHTpu yrupoBaHUs.
13

7.4.7.11pu6op IIPEJICTaBIISIET coboit
TOJICTOCTEHHYIO MpOOMpPKY 1, TIJIOTHO 3aKPBITYIO
npobkoit 2. Yepe3 mpoOKy mpoxoiat Tpyoku 3 u 4.
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TpyOka 4 3akaHuyMBaeTcs TOPIOBUHOW, HUIM(OBAHHOM
U3HYTpU, U JI0 HW)KHETO0 YPOBHSI IPOOKM 3aroJIHEHa
arapoBbIM CTYIHEM, IPUTOTOBJIEHHOM Ha XJIOpHUJE
KaJusl.

7.4.8. YcraHoBuTh mpHOOp B UEHTPUPYTY H
LHEHTPUPYTUPOBATh CYCHEH3UIO /10 MOJHOTO OCBETJICHUS.
B npobupke mpu 3TOoM oOpasyeTrcsi ABa MPOCTPAHCTBA
10 00e CTOPOHBI OT JuapparMsl.

7.4.9.B num¢poBaHHYIO TOPIOBHHY TpYyOKH 3
BCTaBUTh TPYOKY 5, CHaOXXEHHYIO TIpaJylpOBaHHBIM
TOJICTOCTEHHBIM KanwuisipoM 6.TpyOky 5 3amoiHuTh
(GunIbTpaTOM  CYCNEH3UHM  TaK, 4YTOOBl  KHUJIKOCTh
pacnpocTpaHuiIach 1o BCeMy Kauuisipy 6.

7.4.10.BHyTps TpyOKH 5 mOMECTUTH TPYOKy 7,
BCAd LWIMHApPUYECKAss 4YacTh KOTOPOHl  3amoJiHeHa
arapoBbIM CTYHEM.

7.4.11.Hagetp Ha KanWUIAPHBIA OTPOCTOK &
KaydyKOBYI0 TpPYOKYy M, OCTOpPOXHO BJIyBas BO3IYX,
BBDKATh M30BITOK )KMJIKOCTH B KaWIIsIpe 6, CTEKaroui
yepe3 KaneabHUIly 9.

7.4.12.Ha  ropnoBuny TpyOkum 4  OJCTh
NpULIUIM(OBAHHYIO HAa KOHLE KOHTAKTHYIO BOPOHKY 10
crielManbHOM (OpMBI, IPEJOTBPALIAIONIYI0 00pa3oBaHue
Iy3bIPbKOB  BO3/yXa IpH 3alOJHEHUH KOHTAKTHOM
KHUIKOCThbIO. Kanmuuisip CIYXKUT M1 COOOLICHMS
IIPOCTPAHCTBA C arMochepoit.

7.4.13.CoOpannblii 1mpubOp yCTaHABIMBAIOT B
KOJOIKy 12.

Boponka 10 BcTaBiieHa B HanpasJsioniee KOJbLIO.

7.4.14.Boponku 10 m 7 3amoiHATH pacTBOPOM
XJIOpU/a Kalusi, cleds 3a TeM, 4ToObl B TpyOKax He
00pa30BbIBAJIOCH MY3bIPHKOB BO3/1yXa.
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7.4.15.C nomoIIbI0 arapoBbIX MOCTHKOB 3 4epe3
cocyabl 14 ¢ pactBopoMm cynbdara MeIu U MeIHbIE
ANeKTpoAb! 15 mpuOop BBECTH B ANEKTPHUECKYIO LIEIb.
[lepen BxIIOYEHHMEM TOKa IpPHU MOMOIIM KalUJUIIPHOIO
OTPOCTKA 8 YCTaHOBUTh MEHHUCK B Kamwuiipe 6 BOIU3H
HYJIS.

7.4.16.0nexkTpuueckasl cxema BKIIFOUEHHS B IEIb
3JIEKTPOOCMOTHYECKOM SYEHKHU.

OT wWcTOYHMKA TOK TMOJaeTrcd K JCIUTEINI0
HanpspkeHus E, mapannenbHO KOTOpPOMY — BKIJIFOUEH
BonbT™MeTp V.Ilepekmtouatens [11 mo3BossieT BKIHOYATH
MONIEPEMEHHO JINOO MUKPO-, TMO0 MUILTUAMIIEPMETD, TaK
KaKk cHJla TOKa MOXET KojebaTrbcd OT JECATKOB
MHUKpOamIiep h( JECSITKOM MUJLTHAMIIEP.
[Tepexntouatens Ilo  MeHseT HampaBJeHUE  TOKa,
3acTaBisisl JKUIKOCTh MPOTEKaTh MO Kamwuiapy Jubo
CIpaBa HaJeBo, J100 clieBa HalpaBo.

7.5.1IPOI'PAMMA PABOTHBI.

7.5.1. CoGpaB npubop, HalETh HA KaNWJUISIPHBIN
OTPOCTOK 8 PE3MHOBYIO I'PYIIYy U , OCTOPOKHO CHKMMas
€€, 3aCTaBUTh MEHUCK B Kanwjuisipe 6 OCTaHOBUTHCS B
rpalyipOBaHHOM YacCTH B KOHIIE KaWJLUIsIpa HUXKE HYIIS.

7.5.2.Bximtounth mpuboOp B IENb TaKUM 00pa3oM,
YTOOBI KUJKOCTh MEepPEABUTaIach BBEpPX MO KaUusApy, U
JIOBECTU MEHHUCK JI0 HYJEBOI'O 3HAUEHUS IIKAJIbI.

7.5.3.1loMeHATh HanpaBJICHUE TOKA M HAOIIOJATh
JBIKEHHE KUIKOCTU B TEYCHUU OJJTHOM MUHYTHI.

7.5.4IloMeHATh HalpaBJIEHHE TOKa, 3aMedast
00BbeM V, IpoiiIeHHBIH KUAKOCTBIO.

7.5.5.110BTOpUTE OIBIT HECKOJIBKO pa3 WU B3STh
cpeaHee 3HaueHue oobema.
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7.5.6.PaccunraTth 3HaUCHHE 0OBEMHON CKOPOCTH:

v = V/60c.

7.5.7. Tlo dopmyne 6.1. paccuuTarh 3HAUCHUE
ANIEKTPOKMHETUYECKOTO TOTEHIIAA.

Jlns anerona D = 21,5, ) = 0,33-10 nyas

7.5.8.JlaHHbIE SKCIIEPUMEHTA U PACYETOB 3aHECTH
B TaOIHILy.

c-10%, W, M1 [v-10% | y-10°, 1-103, | &,
MMOJIB/JT mir/c  |omtem?t | A mB
0,0 1,80
7,5 0,45
15,0 1,5
22,5 2,05
30,0 1,50
37,5 0,80
45,0 0,35
52,5 0,30
7.5.9.11loctpouTth rpaduk 3aBUCHUMOCTHU

ANEKTPOKUHETHYECKOTO MOTEHIAIA OT KOHIICHTPALHH.
7.5.10.CnenaThb BBIBOIBI 11O paboTE.

7.6. KOHTPOJIbHBIE BOITPOCBI.

1.CTpoeHre MULIEIIBI.

2.Bo3HUKHOBEHHE AIIEKTPOKUHETUYECKOTO
MOTEHIIHAIA.

3.CyImHOCTB AIIEKTPOOCMOca.
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4.CpaBHUTb  SBIEHHUS  3JEKTpOoOCMOCa U
anekrpodopesa.
5.IIpakTHyeckoe NPUMEHEHHE IEKTPOOCMOCA.

JIABOPATOPHAS PABOTA 8
OINPEAEJIEHUE CTEIIEHU
JUCIHEPCHOCTU KOJUIONAHBIX CUCTEM.

8.1.1lenb padoThI: TMyTeM CEIMMEHTAI[OHHO-
ONTUYECKOTO aHAJIN3a OIpPEleIUTh paJuyC YacTHIL
qucrnepcHo  ¢a3sl M cTeneHb  JUCHEPCHOCTH
KOJUIOUJHBIX CUCTEM.

8.2.TEOPETUYECKHWE CBEJIEHUW .

XapakTepHbIM OOIIUM CBOWCTBOM  CYCIICH3UH,
MOPOIITKOB, SMYJIbCHA M a’p030Jiel, 0OCOOEHHO €CII OHU
pa30aBIieHbl, SBISETCS CKIOHHOCTh K OCEJaHHMIO YaCTHUIL
mucniepcHor (aszel. Ocenanve 4acTHI] AUCTICPCHOMN (asbl
Ha3bIBAa€TCS CceqUMEHTauued (BCIUIbBIBAHUME YaCTHII-
00paTHOM CeTMMEHTAIIUEH ).

Ha xaxnyro yactuiy B cHCTEME JEUCTBYIOT
cuiia Tsokect Fg 1 mogbeMHas cuina Apxumena Fa.

Fg = mg = vgp, Fa=Vvgpo, (8.1),
rae M, V - Macca ¥ 00beM 4acTullbl, P, Po - MIOTHOCTb
YacTUIl JUCTIEPCHOUN (pa3bl U IUCTIEPCUOHHON cpefsl, J -
yCKOpeHue cBOOOHOTO Ma/IeHusI.

OTU cUJIbl TIOCTOSHHBI W HampaBlieHbl B pa3HbIC
CTOpoHbI. PaBHOAeWCTBYyIOIIasi CHia, BBI3BIBAIOIIAS
CEIMMEHTAIUIO, paBHA:

Feex =Fg — Fa = Mo:g = V(p—po)g (8.2),
r7i€ Mor - OTHOCUTENbHAS Macca YaCTHIIBI.
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Ecmu p > po, T0 Feex > 0, m yacTuma ocenaer,
eciu p < Po, TO Feex < 0, M yacTUIIA BCIUIBIBAET, TO €CTh
MIPOUCXOUT OOpaTHAs CETUMEHTAINS, XapaKTepHas s
ra30BBIX ¥ OOJIBITMHCTBA KUIAKUX IMYITHCHIMA.

Tak  Kak  ceIMMEHTalUs  MPOTEKaeT B
OTIPENIETICHHOM cpefie, TO TPH JIAMUHAPHOM JBMKCHHUH
YaCTHUI[bl BO3HUKAECT COMPOTHBJIICHHE - CHUJIa TPEHUS,
MIPOIMTOPIIMOHATBHAS CKOPOCTH JIBHKEHUS YACTHIIBI:

Frp=BuU (8.3),
rae B - koaddurnment tpenus, U - CKOPOCTh JBUIKEHUS
YJaCTHIIBI.

Takum oOpazom, cuiia, JEHCTBYIOIIAs HA YaCTUILY
BO BpEeMs JIBIDKCHUS , paBHa!

F = Feex — Fip = vg(p—p) — Bu (8.4)

B nmepBblii MOMEHT JBM)KEHUS YaCTHIBI €€
CKOPOCTh MaJla, TO3TOMY YacCTHIbl JBUXKYTCA O]
JEUCTBUEM CHJIBI YCKOpeHusA. C poCTOM CKOpPOCTH TpHU
JOCTAaTOYHO OOJIBIIOM KOA((PHUIIMEHTE TPEHUS HACTyaeT
MOMEHT, KOTJa cuja TPEHHUS CTAaHOBUTCSA PaBHOU CHIIE,
BbI3bIBAIONIE  cenuMmeHTanuio.  Takum — oOpazom
paBHOJCUCTBYIONIAs CHJIa CTAHOBUTCS PaBHOM HYIIIO.
Ilocnie  3TOrO0  CKOpPOCTH  YAaCTHUIIBI  CTAHOBUTCA
MOCTOSIHHOM U €€ MOXHO ONpEeNeNuTh U3 ypaBHEHUs
(8.4).

Meg  vE(P-fo)
1= = (83)
B E
Bripaxkenue ams cuibl TpeHus (8.3), BO3HUKAIOLIEH mpu
JIBUKEHUH C(PepUUEeCKUX YaCTHUIl, MOXKHO MPEJCTaBUTH B
BuJIe 3akoHa CToKca:
B =6mnr uFyp =6mnru (8.6),
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rae I - paguyc 4YacTHIBI, 1 - JAWHAMHYECKAs BA3KOCTb
Cpempl.

[MoncraBnss (8.6) B (8.5) u, BeIpaxkas o0beM
YaCTHUIIBl Yepe3 pPaanyc, OTyqaeM:

2

— 29(P_po)r (87)

9

3TO COOTHOLICHHE IMOKA3BIBAET, YTO TOCTOSHHAS
CKOpPOCTh CEIMMEHTALMN YaCTHUIIBl TPOTIOPIHOHATHHA
KBaJ[paTy €e pajnyca, Pa3HOCTH IUIOTHOCTEW YAaCTHIIBI H
Cpeabl ¥ 00paTHO MPOMOPIIHOHAIEHA BI3KOCTH CPE/IbI.

OTHOCUTENBHO pajJyca 4YacTUIbl YpaBHEHHE
(8.7) mpuHUMaeT BUA:

r = L (88)

29(p— py)

CrocoOHOCTh K CEAMMEHTallMd  IPUHATO

BBIpa)KaTh Yepe3 KOHCTAHTY CEUMEHTALINHN:

u

m_ Vv(ip- u
- == (po") == (8.9)
g
Z[J'IH C(bepI/ILIeCKI/IX YacTUll 9Ta KOHCTAHTA paBHA:
S= M (8.10)
9

To ecTb KOHCTaHTa CEIMMEHTAlMM 3aBUCUT OT
pasMepoB yacTULl MU OT npupoabl (a3. 3a exuHUIY
KOHCTaHTHI cepuMenTanuu npunst Ceendepr(Cs=1073¢).
Jns a’po3oniel, CycleH3uid U 3MYNIbCUI B MAaJOBSI3KHX
cpelax KOHCTaHTa CEIUMEHTAllMM OYE€Hb BEJHKA,
MIOATOMY s TaKMX CHCTEM €€ H3MEpPAIT B
MeraCaendeprax Win MpocTo B CEKYH/IaX.

SABJIEHUE PACCESHUA CBETA.
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SIBnenne  paccesHUs ~ CBETa  KOJUIOWTHBIMU
cucremamu HaOmronan @apaneii (1857 r.). [lonpobHO 31O
sBiieHne ObuTo uccienoBaHo Tunnamem B 1868 romy. B
MIPOXOJIAIIEM CBETE 30JId HE OTIMYAIOTCS OT MCTUHHBIX
pacTBOpOB, OHM BEOyT ce0s Kak TpO3padHbIC Tea.
Tungane yCTaHOBWUJI, YTO CBETOpaccessHue YA00HO
HaOMoIaTh Ha TeMHOM (DOHE TpH MPOITYCKAHWH ITyYKa
nyder yepes 30716 cO0Ky. OCOOEHHO YETKO OHO 3aMETHO
mpu  (GOKyCHpOBAaHWUM  CBETOBBIX  JIyde  BHYTPH
KOJJIOMIHOM CHUCTEMBI, KOTJa HAOIIOHAETCsI CBETSIIIAICS
KOHYC. DTO SBJICHHE YaCcTO HA3bIBAIOT KOHYycOM THHIAIS
nin 3 dexrom Tungans.

B  npanbHeiimem  OBIJIO  YCTAHOBJIEHO,  4TO
CBETOpAcCesTHUE HE SBIIIETCS OCOOBIM  CBOWCTBOM
JIUcTepcHBIX cucteM. OHO XapaKTepHO TaKXkKe Ui ra30B
U HCTUHHBIX pacTBOpoB. PaccessHuMe cBeTa B 3THX
cucteMax oO0yCIOBJICHO (IYyKTyalusiMA TUJIOTHOCTH |
KOHLIEHTPALIMK - HENpPEepPbIBHBIM BO3HUKHOBEHHEM H
HCYE3HOBEHHEM accollUaToB. B COBEpILIEHHO
OJIHOPOJHOM cpelle CBET He JOJDKEH paccerBaThbes. B
COOTBETCTBUU C NPUHLUIIOM [IoWreHca Kaxayl TOUYKY
cpenbl, 10 KOTOpOM Jomien (POHT BOJIHBI, MOXKHO
paccMaTtpuBaTh KakK HOBBIH HMCTOYHUK KOJIEOaHHIA.
Bropuunsie  koneGaHHS YCHUIIMBAIOT JApPYr Jpyra B
HaMpaBJICHUU PACIPOCTPAHEHHUS BOJIHBI M TacsATcs B
Jpyrux HampaBJieHHsX. PaccmarpuBas pacrpocTpaHeHue
BOJJHOBOTO  (pOHTAa MOXKHO 3aKIIOYUTh, 4YTO B
OJIHOPOJHON cpelle OH OCTaeTcsi TeOMETPUUYECKU
nogoOHbpIM cebe. Ecnu ke Ha myTu pacmpocTpaHeHUs
TJI0CKOM BOJTHBI MOSIBIISIETCS JOKaNbHas
HEOJHOPOJAHOCTh, TO KaXJas TOYKa HEOTHOPOIHOCTH
CTaHET  CaMOCTOATEIBHBIM  IIEHTPOM  KOJIeOAHUH.
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Bo3Hukaer (QpOHT BOJHBI, HaMpaBlieHHE KOTOPOTO
3aBHCUT OT pa3Mepa HEOJHOpOJHOCTH. Ecimm pasmep
HEOTHOPOJHOCTH 3HAYUTEIHHO OOJIbIIE JITMHBI CBETOBOM
BOJIHBL, TO B OCHOBHOM HaOJIIOIaeTCsl OTPAKEHUE CBETa
0  COOTBETCTBYIOIIMM  3akoHaM. Ilpm  pasmepe
HCOJHOPOOHOCTH MEHBIIIeH JJIMHBI BOJIHBI KojebaHue
paccemBaeTcs 1O BCEM HampaBieHUsIM. B aTom ciydae
KoJieOanusl, HCXOOAIINE oT KaXKJI0H TOYKH
HEOJTHOPOJHOCTH, HE MMEIOT OIPENEeNIEHHBIX pa3HOCTEeH
(a3 u Gosee WM MEHee YCWJIMBAIOT JPYr Apyra BO BCEX
HaTpaBJeHUSAX. Tak BOSHUKAET pacCEessHUE CBETa.

Teopuss ~ cBeropaccesHust  Obla  pa3BHTA
anrmiickuM pusukom Paneem. B nmucnepcHolt cucteme
B Ka4Y€CTBE€ HCOJHOPOAHOCTH BBICTYIIAIOT YaCTUIBI
JTUCTIEPCHOM (ha3bl.

®opmyna Pases:
2

V-0
|, =lo| F o - (L+C0S% ) (8.11),
AR
rae |p - HHTCHCHUBHOCTbL PaACCCAHHOI'O CBCTa, Io -

HMHTCHCUBHOCTh IaAarouiero CBETa, R - pacCTossHUE OT
4aCTHull B HaIlpaBJICHUH, COCTABJIAIOUIEM YI'OJI 0 c
HaIIpaBJICHUCM ITaJaroIuX Hy‘leﬁ, A - JJIMHA BOJIHBI, V -
4yacToTa M3JIYy4C€HHA, V CKOPOCTb pPacHpOCTpPaHCHUA
BOJIHBI.

2 2 \2

n —Ny

F =247 +—%
n +2n

(8.12)

PaneeBckoe paccedaHue CBC€Ta  IMPAKTUYCCKU
HU3MEPAIOT B IIOMOIIBIO He(i)eJ'IOMeTPOB HNJIn Q)OTOMeTpOB.
Ot HpI/I60pLI MOT'yT OBbITh  HMCIOJIb30BaHbI JJIA
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OmnpeleNeHUsT KOHUEHTpalMy KOJUIOMIHOTO pacTBOpa
WJIU JUT U3y4EHUs arperaiuy 4acTHll.

Korpa cBeT mpoxoauT uepes Kakyri-To Cpeay, OH
MOXET HE TOJBKO PACCEUBATHCS, HO W TOIJIONIATHCS.
3aBUCUMOCTh MEXIY IMOIJIOIAIEH CHOCOOHOCTHIO
BEIleCTBa, C TOJIIIMHON moryomarimero cios (d) u
MHTEHCUBHOCTHIO Tajaromero (lo) u mpormreamero (1)
cBeTa BBIpakaeTcsi ypaBHeHueMm Jlambepra - byrepa -
bapa:

| = l,ckde (8.13),
rae K - xo3hQUIMEeHT MOTJoIIamero ceera, C -
MOJISIpHAs KOHIIGHTpPAIMsl PACTBOPEHHOTO BEIIECTBA,
MOJIB/11, d - TOJIIMHA KIOBETHI, CM.

8.3.0BbEKThI nu CPEACTBA
NCCIIEAOBAHUAL.

8.3.1.D0TO3IEKTPOKOTIOPUMETP.

8.3.2.Bucko3umerp.

8.3.3.Cynbar HaTpus, TIUIEPUH, XJIOpU Oapusl,
STHJIOBBIH CIIUPT.

8.3.4.Xumunyeckue crakanbl Ha 50 - 100 mo.

8.3.5.Beckl ananuTHueckue.

8.3.6.MepHbIi HUITUHJIP.

8.3.7. Mepnas ko16a Ha 50 M1

8.3.8. Mepnbie nunetky Ha 5 - 10 mut.

8.4.II0A'OTOBKA K PABOTE.

8.4.1.Bximrounts ®OK  gna  mporpeBaHus.
YcTaHOBUTH JUIMHY BOJHBI A = 490 HM

8.4.2.IlpurotoBUTh  J1Ba HCXOJHBIX pacTBOpa:
a)l.2 r cynbdara Hatpus B 50 mu rauuepusa, 6)2,45 r
xjopuaa 6apust B 50 Mu1 riunepuHa.
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8.4.3.IlpuroroBnenue pactBopa Nel:x 4 wmxa
pactBopa (a) no0aButTh 4 M1 pactBopa (6), 32 M Bojbl, 4
MJI CIIUPTA, BCE IIEPEMEILATD.

8.4.4 IlpurotoBnenue pactBopa Ne2: k 2 M
pactBopa (a) 106aBuTh 2 M pactBopa (6), 20 MIT BOJIBI U
16 M crimpTa.

8.5.BBIITOJIHEHME PABOTBI.

8.5.1.C MIOMOIIBIO ®OKa OTpEAETUTh
ONTHYECKHE MIOTHOCTU pacTBopa Nel uepes 1, 2, 5, 10,
15, 20, 30, 40 muHyT.

8.5.2.C MTOMOIIBIO ®OKa OTIPENIEIUTh
ONTUYECKHUE TUIOTHOCTU pacTtBopa Ne2 uepes 1, 2, 5, 10,
15, 20, 30, 40 muHyT.

8.5.3.C momompbr BHCKO3UMETpPAa OIPEIECIUTh
BsI3KOCTU pacTBOpoB Nel m No2.

8.6.0bPABOTKA PE3VJIbTATOB
OKCITEPUMEHTA.
8.6.1.ITocTtpouts rpadguku 3aBUCUMOCTH

ONTUYECKON TIOTHOCTU OT BPEMEHH, OIPENEIUTh IO
HEMY BpeMs [OJIHOTO OCAXKICHUS YaCTHULI.
8.6.2.Paccunutarh CKOpPOCTh CEAUMEHTAIMU I10
dopmyne: U = h/t, tae h - = 2cMm (BbICOTa KIOBETHI).
8.6.3.0npenenuts BSI3KOCTh 10 (POpMYIIe:
p-T
6le
rie p - IUIOTHOCTh JKUAKOCTH, KI/M°, T - Bpems
HCTEYEHUS, C.
[InoTHOCTH pacTBOPOB:
Nel p1 =1, 282 10° kr/me,
Ne2 pp =1, 309-10% xr/md.
Ne = 0,894 I1a-c..

n=1
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(8.8).

8.6.4.Paccunrath paamyc dYactuil mo Qopmyie

8.6.5.0mnpenenuty pasmMep YacTul, IMPUHSAB

JOTYILEHUE, 4TO (popMa HacTull cepudeckas:

a=4/3nr
8.6.6.PaccunraTh aucnepcHocTs cucreM: D = 1/a.
8.6.7.3amonHuTh TabIMIy 8.1.

Tabnuna 8.1
Ne U, n,cn3  |I,cM aM D,
pacTBo- |cm/c 1/a,m®
poB

1

2

8.6.8.Crenath BBIBOIBI 11O paboTe.

8.7. KOHTPOJIbHBIE BOITPOCEHI.
1.CenumenTanus.

2.00parHas ceTMMEeHTAIIHS.
3.CKkopocTh CEAMMEHTAIIUH.

4. KoHcTanTa ce JMMEHTALIUN.
5.PaccesiHue cBera.

6.Ilornomenue ceeTa.

JIABOPATOPHAST PABOTA Ne9
TMTOBEPXHOCTHBIE ABJIEHUS.
AJICOPBIIUSIL.
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9.1.11eas pa6otbl: Habmomate anacopOuuio Ha
rpaHulie TBepAoW U xkuiakoi ¢as. Iloctpouts usorepmy
agcopbunu. Ha ocHOBe SKCHEpUMEHTaIbHO-PACYETHBIX
JAHHBIX paccuuTaTh HCTUHHYIO MIOBEPXHOCTh
ajcopOeHTa.

9.2.TEOPETUYECKAA YACTb.

AjcopOumMsi - KOHUEHTPUPOBAHUE (CTYyILEHUE)
BEI[ECTBA Ha IMOBEPXHOCTU pazzaena (a3. BemecTso,
KOTOpO€ aacopOupyeT Jpyrue BEIIeCTBA, Ha3bIBAIOT
aacopdentom. HaszBanme amcopOupyemMoro BemiecTBa
3aBUCUT OT €ro TMOJOXEHHUS IO OTHOIICHHID K
afacopOenty. Ecnm BemecTBo HaxoawTcs B 00bemMe M
MOXET  aJCOpOMpOBaThbCs, TO  €r0  HA3bIBAIOT
ancopoTuBoM. Eciiu ke BEIIECTBO YK€ HAXOIUTCS B
a7copOMpPOBaHHOM COCTOSIHUM, TO OHO Ha3bIBaeTCs

aacopoarom.

Mounekynbl  ancopOTHBa  CONPHUKACAIOTCA €
MTOBEPXHOCTHIO ajcopOeHTa u, BCJIC/ICTBUE
HECKOMIIEHCUPOBAHHOCTHU MOJIEKYJISIPHOTO

B3aMMOJICHCTBUS HA TpaHUIIC pas3zieia (a3, MOJICKyJIaMH
aJicopOCHTa yIEep)KUBAIOTCA Ha MOBEpXHOCTU. [loaTOoMy
KOHIICHTpAIUsl MOJICKY]I Ha MOBEPXHOCTH CTaHOBUTCS
Oosbie, yeM B oObeMe. YacTh MOJICKYN C MIOBEPXHOCTH
MOXXET MEepelTH B pacTBOp. DTOT Mpollecc Ha3bIBAETCS
Jaecoponuei.

B 3aBucMMOCTM OT arperaTHOTO COCTOSIHHUS
aacopOeHTa W aacopOTHBa pa3iIHyaloT aJCcopOIMI0 Ha
TpaHUIle TBEPAOTO Tela W ra3a, >KUAKOCTH M rasa,
TBEP/IOTO TENa U )KUIKOCTH.

AncopOuuio  BBIpaKAIOT B aOCONIOTHBIX U
M30BITOYHBIX BEIMYMHAX.
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AOconwTHas aacopoumus (A) - KOJIMYECTBO
ajacop6aTa Ha eTUHUIIE MOBEPXHOCTH aJcOpOeHTa.

A=ch, (9.2),
rme h - TonmuHAa TMOBEPXHOCTHOTO Cios, c° -
KOHIICHTpAIHUs afcopdara B TOBEPXHOCTHOM CJIOE.

N30bITOK ajcopbaTa B MOBEPXHOCTHOM CIIOE TIO
CpPaBHEHHUIO C €ro KOJMYECTBOM B 00OBeMHOU (haze
XapakTepu3dyeT M30bITOYHY0 UJIM  THOOCOBCKYIO
aacopoumio (I'i).Ona MOKa3bIBaeT HAaCKOJIBKO
YBEJIMUUIIACH KOHIICHTpAIUs ajcopdara B pe3yibTaTe
azcopOoIuu.

I'=A-ch=A-N (9.2),
rae N - komruecTBO ajcopbara B aACOPOIIMOHHOM CIIOE,
C - paBHOBECHas KOHIIEHTpaIHs afcopoara B o0beme.

B cnysae azacopOumm Ha rpaHule paszena
TBEPJIOTO W  OCOOGHHO  TIOPUCTOTO  aJICOPOEHTa,
MMEIOLIEr0  3HAYUTENIbHYI0 TOBEPXHOCTh  paszfena,
a7copOLMI0 BBIPAKAIOT MO OTHOUICHUIO K €JWHHULIE
Macchl ancopOenTta. To ecth BemuuuHbl [i 1 A umeroT
pa3MepHOCTH MOJIb/KT.

AncopOuusi  OTHOCUTCS K  MOBEPXHOCTHBIM
SIBIICHUSIM u MpOTEKaeT CaMOIIPOU3BOJILHO.
KoHnuenTpanus BemiecTBa Ha MOBEPXHOCTH paszfena ¢a3
MPOUCXOTUT JO JOCTH)KEHHS pPaBHOBECUS MEXIY
MpoLeccamMmu aIcOpOIUH U JeCOPOLIUH.

AncopOumsi  HMIeT CaMOIPOU3BOJBHO, KOTJa
UMEeT MECTO YMeHblneHue sHepruu [ubbca (dG <
0).ns  wu300apHO-M30TEPMUUECKOTO  Mpoliecca B
OTCYTCTBHH M3MEHEHUS IUIONIAIM MOBEPXHOCTU paszzena
(a3 u 3apsiaa MOBEPXHOCTHU MOKHO 3aITUCATh:

dG<Xuidn; (9.3)

JJis1 O THOKOMIOHEHTHOW CHCTEMBI:
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dG < widn;
(9.4).

Eciu 0003HAYUTh XUMHUYECKHUU MOTEHIUAN I-TO
KOMIIOHEHTa B 00beme abcopOrTmBa vepe3 W' © Ha
MMOBEPXHOCTH aJICOPOCHTA Wi®, TO H3MEHEHHE DHEPIHH
I'm60ca onpenenutcs mo Gpopmyie:

dG < (ui® - piV)dni (9.5).

JJ1s1 caMOTIPOM3BOJIBHBIX TTPOIECCOB:

pi’ > pi® (9.6).

XUMHUYECKUN TOTEHIUAN SIBISIETCS  (paKkTopom
HHTEHCUBHOCTH JII000r0 (HMBUKO-XUMHUIECKOTO
npouecca. CormacHo ycioButo (9.6) xumHueckuit
MTOTEHIIMAJ BEIIECTBA B 00hEME MPEBHIIIAeT XUMHUSCKUN
MTOTEHIIMAJT 3TOTO )K€ BEIIECTBA HAa TIOBEPXHOCTH.

[Ipomecc aacopbumu OymeT MpoTEKaTh O TeX
Top, MoKa He OyAyT JOCTHUTHYTHI PaBHOBECHBIE yCIOBUS
(dG = 0), 9r0 COOTBETCTBYET PABEHCTBY XMMHUYCCKHX
MOTEHITNAJIOB ajcopOTHBa M ajcopOeHTa. B ycmoBusx
PaBHOBECHS CKOPOCTh aJICOPOITUU U CKOPOCTh JIecopOIuu
CTAHOBSATCS PAaBHBIMU.

Ha ocHoBanmm »5TOTO  aICcOpOIMIO  MOKHO
OTIPENICTUTh KaK IPOIECC BhIPABHUBAHUS XUMHYECKOTO
MMOTEHIINATA, MIPUBOISIIIETO K H3MEHEHUIO
KOHIICHTPAIlMM KOMIIOHEHTOB Ha TrpaHMIle pasnuena (a3
110 CPABHEHUIO C UX KOHIIEHTpaIuel B o0beMe.

Jlnst  m300apHO-U30TEPMHUYECKOTO  IIpoliecca

cnpaBeyiMBO  (pyHIaMEHTATbHOe yYpaBHeHHUE
agcopoumnu I'nmdoca:
I'i= -do/dpi (9.7).

VYpaBHeHHE acOpOLUU CBSA3BIBACT MEXIy COOOM
rUO0COBCKYIO aJcOPOIINIO U MMOBEPXHOCTHOE HATSHKEHHUE.
DTO ypaBHEHHE CIpaBEeUIMBO JJIsi BCEX BHJOB
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azicopOlMK, OHO IIOKa3bIBAET, YTO NPU aAACOPOIHH
MIPOUCXOTUT CaMOIIPOU3BOJIBHOE CHWKEHHUE YACTbHON
CcBOOOJTHOW TMOBEPXHOCTHOW SHEPTHH (MOBEPXHOCTHOTO
HATSDKEHUS) TI0 Mepe HM3MEHEHHUS  XHMHUYECKOTO
MOTEHIIHANIA.

TepmoanHaMu4ecKkuin MOJXOI, omnpenenss
BO3MOXHOCTbh NPOTEKaHMs aacopOLuu, adcTparupyercs
OT MeXaHH3Ma Iporecca.

B 3aBucHMMOCTH OT MNPHPOIBI aICOPOIMOHHBIX
CHJI Pa3INYAI0T (PU3NIECKYIO M XUMHUECKYIO a7cOPOITIH.
I[Ipu  ¢usmyeckoir  agcopOuuum  B3aUMOJEUCTBUE
azgcopOeHTa U anacopOara OCYIIECTBISCTCS 3a CUET CHJI
Ban-nep-Baansca w  BOOOpOAHBIX CBsA3€H, a IIpuU
XeMOCOpOIMu - 3a c4eT 00pa3oBaHUS XUMHUYECKUX
cBsa3eil. B pesymbrare  dusmueckoit  amcopOnum
MOJIEKYJIbl ~ COXPAHSIT  CBOIO  MHIMBUAYaIbHOCTb.
®dusndeckas anacopOIus oOparuma, Majo 3aBUCUT OT
TIPUPOIBI azcopbara, HE JIOKaJIM30BaHa (
a7icopOMpOBaHHBIE MOJIEKYJIBI MOTYT IEpEIBUraThCsl IO
IIOBEPXHOCTH), MOXKET IPUBECTH K 0Opa3oBaHMIO
HECKOJIbKUX MOHOCJOEB W YMEHBUIAETCS C POCTOM
TeMIIepaTyphl.

IIpu  xemocopOmuM  MOJEKylbl  ajcopbara
00pa3yloT ¢ aJIcOpOEHTOM MOBEPXHOCTHBIE XMMUYECKHE
coeMHeHus. XeMocopOuus HeoOpaTuMa, onpeaessercs
CBOMCTBAaMHM B3aMMOJEHCTBYIOIIUX MOJEKYJ, TO €cTb
cneunpuyHa U Jokanu3oBaHa. [loaromy xemocopOums
94acTo MPHUBOJAUT K MOHOMOJIEKYIsIpHOM ancopouuu. C
POCTOM TeMIIepaTypbl XeMOCOPOLUS YBEINUUBAETCS.

K mnapamerpam, omnpenenstouiM pPaBHOBECHYIO
a/IcopO1IMI0, OTHOCATCS KOHLIEHTPAIHS ¢ U TeMIlepaTypa
T.
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B Teopum amcopOmmu  OOBIYHO UCHOJB3YIOT
bynkimto I = f(c), koTopas ompenensier H30TepMy
ajgcopouum (TO eCTb 3aBUCHMOCTh aJICOpOIMU OT
KOHIICHTPAIIUU aJICOPOTUBA).

N3otepmbl ajcopOIMu MOTYT UMETh Pa3TuIHBIN
Bua. Teopust MomnekylspHOW aacopOuuu paszpaboTaHa
JlearmopoM.  OCHOBHBIE  TIPEIINIOCBUIKH  TEOPUHU
MOHOMOJIEKYJISIPHOM aacopOuuun Jlenrmropa
3aKITIOYAI0TCS B CIIEAYIOIIEM:

l.agcopOumsi  TMPOMCXOAWT  HE  Ha  BceH
MMOBEPXHOCTH, a JHIIb B OTICIBHBIX €€ TOYKax
(aKTUBHBIX TIEHTpPAX),

2.1TOBEPXHOCTh OJTHOPOJIHA,

3.9Heprus afacopOIMK BCEX MOJIEKYI OJMHAKOBA.

[Ipu HacTymieHun aacopOLUUOHHOTO PaBHOBECHS
CKOPOCTh JICOpPOLIMM paBHAa CKOPOCTH JIECOPOITUHU.
Hcnonb3ys KUHETUYECKUH BBIBOJ MOXKHO MOJIYYUTh
ypaBHEHUE H30TepMbI aacopounu JleHrmropa.

Vag = Ugec

Jlisg Toro, 4toObI MOJIEKyJda ajacopOoupoBaiach,
OHa JIOJDKHA YJApUThCA O MOBEPXHOCTh U IMOMAacTh Ha
He3aHaATOe  MecTto. Tak  Kak  4YMCIO  YIapoB
MPOMOPIIMOHAIIBHO KOHIIGHTPAIlMM C, a BEPOSTHOCTH
MONAacTh HA HE3aHATOE MECTO MPOTOPIHOHATBHO YUCITY
HE3aHATHIX MECT, TO:

Vax = K1¢(1 - 6) (9.8),
rI€ K1 - KOHCTaHTa CKOPOCTH ajacopOmuu, O - mous
3aHSTHIX MECT, 1 - O -/107151 HE3aHITHIX MECT.

Mounekyna ancopOupyercs, KOTrjJa ee JHeprus
OKaXKeTcs JIOCTaTOYHOM AJISl TOTO, YTOOBI OTOPBATHCS OT
MOBEpPXHOCTU.  YWcCAO  Takux  MoJIeKyn  Oyner
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MPOMOPIMOHAIBHO OO0IIEeMYy YHUCITY aJCcOpOUpPOBaHHBIX
MOJICKYII.

Unec = K20 (99),
IJIe K2 - KOHCTaHTa CKOPOCTH JIECOPOIINY.

Pemas ypaBHenue kic(1 - 0) = k20 oTHOCHTEITHHO
0, momyuum:

0 =Bc/(1 + BC) (9.10),
II€ B = K1/K2.

Ecnmu wucno mect Ha amcopOeHTE paBHO Z, TO
azcopOIus

I'i = 20, u ypaBHeHue aacopOuu OyeT:

Ii=(zec)/(1 + BC)
(9.11).

[Tpu oueHb OOIBIINX KOHIICHTPAIUAX BEIIECTBA B
o0beMe eqMHUIICH B 3HAMEHATEJIE MOYKHO MpeHedpeyb, 1
torga ['i = Z, TO eCTh HaCTymaeT MpejelibHas aJacopOIus
T'o0.

Ornomenne Ti/z = TillTo = O HaseBaercs
CTCTICHBIO 3aII0JIHEHUS TIOBEPXHOCTH.

[Ipy oyeHb MalbIX KOHIICHTPAIUAX MOYXKHO
npeHeOpeybr B 3HAMEHATENIe BEJIMYMHOM BC, TOIJIA
ypaBHeHue JIeHrMIopa nepexouT B ypaBHeHue I eHpu:

I'i=zBc=rc (9.12),
rjae r - koucranTa ['enpu.

Takum 00pa3oMm, HpH MallbIX KOHIEHTPALUIX
aJcopOIIMs PONOPIIMOHATbHA KOHIICHTPAIMH ajcopoOara
B pacTBOpe. ITO caMoe MPOCTOE YPaBHEHHE aJCOPOIIUU.
VYpaBHenue JIeHrMIOpa MOKHO JIETKO BHIBECTH U MOHSITH,
MIOATOMY OHO HIMPOKO MPUMEHSETCS ISl MHTepIIpeTalun
TAHHBIX 110 aICOPOIUH.

OnHako, ypaBHEHHUE Jlenrmropa
HEYOBJIETBOPUTEILHO  HMCTOJIKOBBIBAET JIaHHBIE TIO
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¢usmueckoit  amcopOimu.  OTKIOHEHUS OT TEOpUU
Jlenrmiopa  SABIIIOTCS  PE3yJAbTaTOM  HEOAHOPOJHOMU
IMOBCPXHOCTHU, KOTOpad XapaKTCPU3YCTCA HAIUYUCM
HEOJIMHAKOBBIX aJICOPOIMOHHBIX IIEHTPOB, 00JIaIAI0IINX
Pa3IMYHBIM CPOJICTBOM C a7COPOUPYEMBIM BELIECTBOM.

B  mHacrosiimee  Bpemsl  MOJArarmT,  YTO
OOJIBIINHCTBO MOBEPXHOCTEN a/7IcopOEHTOB
HCOJHOPOOHO. OnbITHBIE JaHHBIC TIIOKAa3bIBAKOT, YTO
KOrjJa aJcopOeHTOM SIBJISIETCSI aKTUBUPOBAHHBIN YIroJib,
Oymara, IeJUTI0NI03a WM TKaHb, TO 0oJiee yIauyHbIM, YeEM

ypaBHeHue Jlenrmropa, OKa3bIBa€TCsl  ypaBHEHHE
OpeitHnxa.

I =x/m=kc" (9.13),
I€ X - KOJMYECTBO AaJCOPOMPOBAHHOIO BEIIECTBA,

MOJb, M - Macca ajacopOeHTa, T, C - paBHOBECHas
KOHIICHTpAIUS TIOCJIE aacopOIMud, MOJB/J K W N -
KOHCTAaHTBI, KOTOpPbIE MOTYT OBITh  OMNpEAeTICHbI
rpaduvecKy.

lg(x/m) = gk + nlgc,

N - TaHIEHC yIJia HaKJIOHA MPSMOM,

K - aHTWJIOTapu(M OTpe3Ka MPSMOH.

VYpaBHenue uzoTepMmbl  DpelHAIUXa  MOXKHO
BBIBECTH, MPE/IOJI0KHUB, YTO MOBEPXHOCTH
SHEPreTUYECKH HEOJHOPOJHA MW 4YTO aAcopOmus Ha
KOKJIOM W3  THIOB  aJCOPOLMOHHBIX  IIGHTPOB
noauuHseTcss ypaBHeHUI0 JleHrmiopa. Torja KoHcTaHTa
K OTBEYACT KOHCTAHTE aJICOPOIIMOHHOTO paBHOBECHS, a N
03HaYyaeT CTENEHb arperaTuBHOCTH.

CornacHo ypaBHeHuto DpeliHmxa, KOJIUYECTBO
a7copOUpPOBaHHOTO BEIIICCTBA HEOTPaHUYEHHO
BO3pACTa€T C YBEJIMYEHHWEM KOHLEHTpPAUUU  WIH
nasiienus.  [loatomy ypaBHeHue DpeiHunxa He
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SABJIACTCA YAOBJICTBOPHUTCIIbHBIM JJIL BBICOKHX
3aI10JIHEHUN ITOBEPXHOCTH.

By BeIBEIEHBI Ipyrie ypaBHEHUsI aicopOLuu €
O0onee  pealbHBIMM  IPEANOJIOKEHUSMHU,  OJHAKO,
po6ieMa HEOHOPOAHOCTH MOBEPXHOCTH HE IO3BOJISET
B HaCTOoAIIEC BPEMs BBIBECTU TOYHBIC YPAaBHCHUA,
MO3BOJISIOIIME KOJIMYECTBEHHO OIUCAaTh BCE  Cllydau

azcopOoIuu.
To ecTb mpuw pacyeTre OaHHBIX TO aJCOPOIHH,
IMPUXOAUTBHCA II0JIb30BAaTHCS PasiIM4YHbIMU

HpI/I6J'II/I)KeHI/I$IMI/I, YUYHUTBIBAA CTCIICHDb IMMOTIPEITHOCTH.

9.3.0bbEKTHI 14 CPEJICTBA
NCCIELOBAHNMA.

9.3.1. AKTUBHPOBAHHBIN yrOJb.

9.3.2 cocyna ¢ mpoOkoii Ha 100 M.

9.3.3.Konuveckue Koa0bl JJIsi TATPOBAHUSL.

9.3.4.MepHble nuneTku Ha 10mi1.

9.3.5.MepHble nuneTkud Ha 50 M.

9.3.6. 4 pacTBOpa yKCYCHOM KHCJIOTHI Pa3IuYHON
KOHLIEHTPALIUH.

9.3.7.0,11 pacTBOp TUIAPOKCHIA HATPHUSL..

9.3.8.MaaukaTtop dheHondraacux.

9.3.9.BopoHku.

9.3.10.®unbpTpoBanbHast Oymara.

9.4.1I0AI'OTOBKA K PABOTE.

9.4.1.B wuerslpe cocyna HamuTh 1o 50 Mo
pacTBOpoB YKCYCHOM KHCJIOTBI Pa3Iu4HOM
KOHIIEHTpaluu.

9.4.2.B kaxzaplii cocyn 100aBUTh IO OJHOMY
rpaMMy aKTUBHPOBAHHOTO YIJISL.
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9.4.3.3akpbITh cOCyAbl MPOOKaMu W B300JITAThH B
TedeHU! 20 MUHYT.

9.5.ITPOTPAMMA PABOTBI.

9.5.1.0mpenenuth HavyadbHYI0 KOHIIEHTPALUIO
pacTBOPOB YKCYCHOM KHMCJIOTBI IIyT€M TUTpoBaHwus. Jliis
TUTPOBaHUSA OTOOpaTh B KOHMYECKYyr KoilOy 10 mu
pactBopa, no0aButh 3-4 Kamu  (QeHondTanenHa,
tuTpoBath 0,lH pacTBOpOM IIENOYM JO HW3MEHEHHS
OKpPAacKH MpoOBI.

9.5.2.01dunsTpoBaTh asicopOMpoOBaHHbIE
pPacTBOPBI KMCIIOTHI.

9.5.3.0npenenuTs KOHLEHTPALUIO PACTBOPOB
KHACIOTBI ~ TOCIIE  afcopOIMHM  TyTeM  THUTPOBaHUS
(anamoruyHo 1m.8.5.1).

9.5.4.Pe3ynbTaThl DKCIEPUMEHTA M PACUETOB
3aHECTH B TaOJUILY.

9.6.0bPABOTKA PE3VJIbTATOB
OKCITEPUMEHTA.
9.6.1.Pe3ynbTaThl AKCIEPUMEHTA u

IMOCIICAYIOIUX paCcY€TOB 3aHECTU B Ta6J'II/IHy.

Ta6n1/1ua PACYCTHO-OKCIICPUMCHTAJIbHBIX

JaHHBIX.
Macca | O0béM Koni. 00BEM Koum. Kon/Bo
yras, |WEI0YM | KMCIOThI | IENOYM | KMCIIOTBI | aicopOupoBa | X /m
m, r (HO a/:[c.) mo axc, |mocme mociie HHOM
Vo, mn | Co, asc., asc. KHUCITOTBI, X
Mons/n | Vp, Mn Cp,
MOJIB/JT
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9.6.2.PaccuntaTh KOHLEHTPALUIO KUCIOTHI JI0 U
MOCJIe TUTPOBAHUSA 110 HOpMYIIe:

Ni = ( NuViw)/ Vi,
rae N - HopmanbHOCTh KUCHOTHI ( Ni 70 amcopOuun
paBHa Co, N« mocne amcopOumm paBHA PABHOBECHOM
koHueHTpauu Cp), V « - 00beM KUCIIOThI, OTOOpaHHOU
st tatpoBanus (10 wmu), Vi - o0bem 1ienouw,
nomeqmuuid Ha TUTpoBaHus ( Vi 10 ancopOuuu paBeH
Vo, 00BeM IIEIOYH MOCIIe acopOuu paBeH Vp).

8.6.3.0npenenutsb KOJIMYECTBO
a7cOpOMPOBAHHOTO BEIIECTBA X.

X = (Co - Cp)-50/1000,

rae 50 mu - obmuii 06beM pacTBopa,

(Co - Cp)/1000 - konmvecTBO a7COPOUPOBAHHOTO
BEII[ECTBA B MJI pacTBOPA.

9.6.4.IloctpouTh HU30TEPMY aacopomm,
OTKJIaIbIBast Ha ocH OpavHAT KOJIMYECTBO
aZcopOMpPOBaHHOTO BeliecTBa B MoOJIsIX (X/M), a HA OCH
abcuucc - paBHOBECHYIO  KOHIIGHTpAIMIO  IOCIIe
aacopOuuu. Ilo rpaduxky omnpeaenuTs NpeaeabHYIO
a7IcOpOIIHIO.

9.6.5.I1loctpouth rpaduk IgC, -
Ig(X/m).Omnpeaenuts  KOHCTAHTBI B ypaBHEHUH
@peiinauxa (N - TAHTEHC yria HaKIOHa mpsMoi, K -
OTPE30K, 0TCEKaeMBbIil MPSAMOil Ha OCH).

9.6.6.Ha OCHOBAaHUU ONBITHBIX JMAHHBIX
OTIPEJICNIUTh MOBEPXHOCTh AKTUBHUPOBAHHOIO YIS, €CIU
oAb, 3aHMMaeMasi OJHOW MOJIEKYION YKCYCHOMH
kuC10Thl paBHa 20A°.:

SHOB =T NaS,

T71€ Spos - TUIOIIA/IF IOBEPXHOCTH YTJIS,

Na - uncno ABorapo,
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S - IJIOLIA/b OJHOW MOJIEKYJIBI.
9.6.7.Cnenatb BbIBOJIBI 110 paboTeE.

9.7. KOHTPOJIbHBIE BOITPOCEHEI.

1.Kakue siBJieHUSsI HA3BIBAIOTCS aCOPOIHEii?

2.CpaBHUTH sBJCHUS (U3NYECKOU ancopOnuu U
XeMOCOpOITuH.

3.BriBog 30TEpMBI JIeHrMIOpAa.

4.YpaBuenue Opeitnanuxa.

5.0t kakux ¢GakTOpPOB 3aBUCHUT ajcopOuus ?

6.TepMogHAMUYECKOE OTIMCAHHUE aICOPOIIHH.

7. Meronpl HcCIEeNOBaHUSA — MOBEPXHOCTHBIX
SIBJICHU.

8. [IoBepXHOCTHOE HaTsIKEHUE.

9. CBsa3pb MNOBEPXHOCTHOIO  HATSKEHUS U
azcopOoIuu.

JIABOPATOPHASI PABOTA Ne 10
OIIPEJIEJIEHUE U30DJIEKTPUYECKOM
TOUKU Y MOJIEKYJISIPHOIT MACCHI
KEJIATUHA BUCKO3UMETPUUYECKUM
METOJIOM

10.1.__ Ilenp  paGotbl: M3yuuts  BiAMsHUE
pa3nuyHbIX (AKTOPOB Ha BSI3KOCTh JIMCTIEPCHBIX
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CHCTEM Ha NpUMeEpe pacTBopa kenmatuHa. ONpeneauTb
M30TOYKY M MOJIKYIISIPHYIO MaccCy KeJlaTHHA.

10.2.TEOPETUYECKUE CBEJIEHUW L.

BA3KOCTb KUIKOCTH - CIEACTBHE BHYTPEHHETO
TPEHHUST MEXIAYy OTHEIbHBIMU  CIIOSAMHM  JKMJIKOCTH,
JIBIKYIIUMHUCS C  Pa3HbIMH CKOPOCTSMH. Bs3KOCTB
JKUJKOCTU - COIPOTHUBIICHUE XUIKOCTH €€ IBIKECHUIO,
MIEPEMELICHUIO €€ IEMEHTOB I0J] JEWCTBHEM BHEIIHHUX
CHIL.

OBIIASA XAPAKTEPUCTUKA
PACTBOPOB BbICOKOMOJIEKYJIAAPHBIX
COEJIMHEHU.

PactBopsI BMC TEPMOIMHAMUYECKU
YCTOWYNBBI u pu COOTBETCTBYIOIIHNX
MPEAOCTOPOKHOCTAX MOTYT CyILECTBOBATh
CKOJIbKO yroaHo npoiro. Ilpu pactBopenuun BMC
BcerJa o0pa3yeTcsi TOMOT€HHas CHUCTEMa, MPHUYEM,
pacTBOpPEHUE  COIPOBOXKIAETCS  YMEHBIIEHUEM
TEpMOJAMHAMHUYECKOro mnoTeHuuana. KomtounaHsie
pacTBOPBIL, Hao00pOT TEPMOANHAMUYECKU
HEYCTONYMBBI U CIOCOOHBI CTAPETh.

PactBopernne BMC He TpebyeT npucyrcTBUs
B cucteme crabunusatopa. Hakonen, pacTBOpbI
BMC  Haxomatcs B TEpPMOJMHAMHYECKOM
PaBHOBECHH U SIBIIIOTCA OOpaTUMBIMU CHCTEMaMH.
K Takum cucremMaM mnpumMeHHUMO TMpaBuio ¢a3
I'u66ca (B OTIIMYUM OT KOJIOUTHBIX CHCTEM) .

CnenyeT TAKXC YYUTHIBATD, qT0
PAaBHOBECHOC COCTOSAHHUC B pacTBOpax
BBICOKOMOJICKYIIIPHBIX BCIICCTB YCTAHABJIMBACTCS
MCIJICHHO.
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g pactBopoB BMC xapakrtepHsl TpH
rpynnbl  cBoicrB. llepBele aBe mpucymm
UCTUHHBIM M KOJUIOMJHBIM pacTBOpaMm, a TPEThs
rpylna XxapakTepHa TOJIbKO ajsi pactBopoB BMC:
HaOyXaHWE U CTyJHEOOpa3oBaHUE.

XAPAKTEPUCTUKA ITEPBOM U
BTOPOW I'PYTITIBI CBOWCTB.

PactBopam BMC mpucyme ocMoTHueckoe
JaBJIEHUE, KOTOPOE BBIYHUCIIAETCS 10 (hopmyIie:

n = (c/M)RT + bc? (10.1)

¢, M - KOHIIEHTpanusi ¥ MOJICKYJISIpHAs Macca
BMC, b - BTOpoit BHpHANBHBIH KOAPPUIIUSHT
(otpaxaer  (daykryanuro — KOH(POPMAIMOHHBIX
JUHENHBIX CTPYKTYP MaKpOMOJIEKYIT)

Paznmenum  neByr0 W TpaBylO  4acTu
YpaBHEHUS HAa KOHLIEHTPALUIO:

n/c=RT/M + bc (10.2)

Benuuuna m/c-mpuBeeHHOE OCMOTHYECKOE
naBiaeHue. Jlnsg  upeanpHbIX  pacTBOPOB U
OOJBIIMHCTBA KOJUIOMJIHBIX PAacTBOPOB BEIMYMHA
MIPUBEJIEHHOTO OCMOTHYECKOI0  JIaBJICHUS
MIOCTOSIHHA W HE 3aBUCUT OT KOHUEeHTpauuu. s
pactBopoB  BMC »3ra BenuuMHa 3aBUCHUT OT
koHueHtpauuu BMC (410 U oTpaxkeHO B
ypaBHeHun 10.2).

B xoopaunarax “m/c - ¢” ypaBHenue 10.2
SIBJISIETCS. YpAaBHEHHEM IMPSIMOM, TaHTEHC YIJia
HAKJIOHa KOTOpO# paBeH kod(duimenty b , a
OTPE30K, OTCEKAaeMbli 3TOW TMPSAMOM Ha OCH
opauHAT cooTBeTCTBYeT Benuunne RT/M.
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Taxum o0pazom, 1o 3HAYECHUIO
OCMOTHYECKOTO JIaBJICHUs MOXHO OIPEIEIUTh
MOJIEKYJIIPHYIO Mmaccy MAaKpOMOJIEKYJIbI
pactBopennoro BMC.

Bsskocte pactBopoB BMC 3aBucut ot
KOHIICHTPAllMM BELIECTBA B pacTtBope. B ornmuue
oT IPYIuX pacTBOpOB HE3HAYUTEIIbHAS
koHueHTpauus BMC nopoit  mpuBoguTr K
3HAQYUTEIILHOMY YBEJIMYEHUIO BSI3KOCTH PacTBOpa.

Bszkocte  pactBopoB BMC  3aBucut ot
YCIIOBUH OINPEAEIICHUS], B YACTHOCTH, OT JIABJICHHUS.
OT0 00BACHAETCS TEM, 4YTO OJHH U TE XKe
MaKpOMOJIEKYJIbl MOTYT HaXOJUTHhCS B Pa3IHMYHBIX
KOH(OPMAIIMOHHBIX COCTOSIHUSIX: OT JIMHEHHBIX 10
ro0ya, TMOATOMY BSI3KOCTh pacTBopoB BMC
MOXXET  ObIThb  HEOJMHAKOBA B  Pa3IMYHBIX
HanpaBlieHUAX. Bs3kocTh  MakpoMoJekyl ¢
BBINIPSIMJIEHHBIMM ~ Xa0TUYHO  PAacCHOJIOKEHHBIMU
3BEHBSIMM BBIIIE, YEM BS3KOCTbh MaKpPOMOJIEKY,
KOTOpBIE UMEIOT (hopMy KiTyOKa.

Ecnu BA3KMI NOJUMEp WIM €ro pacTBOP
MPOJIaBUTh Yepe3 KamWUIsp, TO MOJIEKYIbl OyleT
BBINIPSAMIISATHCA u pacronararbcs
OPUEHTHUPOBAHHO, a BA3KOCTh OY/IE€T CHUKATHCSI.

Bszkocts pactBopoB BMC 3aBucHT Takxke oT
CBOWCTB U TEMIIEpaTypbl pACTBOPUTEIIS.

Hns pacTBOpPOB BMC pa3nuyaroT
OTHOCHUTEJbHYIO, YACIbHYI0, TPHBEICHHYI0 U
XaPAKTePUCTHYECKYIO BA3KOCTH.

OTtHocuTeIbHAA BA3KOCTH - OTHOIICHHE
BSI3KOCTH PacTBOPA Mp K BA3KOCTU PAaCTBOPUTEIS

No-
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Noru = T]p/ no = ’Cp/ 70 (103)

Tp BpeMs ucredeHust pactsopa BMC, 1o -
BpeMsi HCTEUEHHUS PAaCTBOPUTEIS(STU BEJIUYUHBI
OTPEEIAIOTCS ¢ HOMOIIBIO BUCKO3UMETPA).

YaennHnasn BA3KOCTh -II0Ka3bIBaCT,
HACKOJIBKO YBEIMUMIach BA3KOCTh pacTBopa BMC
10 CPABHEHUIO C BA3KOCTHIK PACTBOPUTEIIA:

Nyx = (Mp - M)/ Mo = (tp - 10)/ To =Nom - 1

(10.4)
HpHBeJIeHHaH BA3KOCTb-OTHOIIICHUC
yHeHBHOI\/’I BSIBKOCTH K KOHHeHTpaHI/II/IZ
Nmp = T]ya/C (105)

OObIYHO TIpUBEACHHAS BSA3KOCTH JIMHEHHO
3aBUCUT  OT  KoHueHTpamuu  (puc.10.2).Ilpu
SKCTPATIOJSIUN MPSIMON JI0 TIEPECEYEHUsI C OChIO
OpJIMHAT TOJYYalOT BEIMYUHY  /M/, KOTOPYIO
Ha3bIBAIOT XapaAKTEePUCTHYECKOH BA3ZKOCTHIO:

m/l = limny/c (10.6)

MNup

n/

£

Puc.10.1.13menenue MIPUBEACHHOMN
BS3KOCTM B 3aBHCHUMOCTH OT KOHLEHTpalUu
BMC.
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XapaKTEepUCTUUECKYIO BA3KOCTb OIMPEIECISAIOT
HAa OCHOBAaHMM BHUCKO3MMETPUYECKUX H3MEPECHUMH,
HCIIOJIb3Ysl 3HAYEHHE OTHOCUTENIBHOM, YAEIbHOU H
IIPUBEJICHHOM BA3KOCTEH.

XapakTepucTUUECKass BS3KOCTb JJIS JTAHHOM
Mapbl BEIIECTB SBJISIETCS BEJIMYUHOW YCIOBHOM, HO
MOCTOSIHHOM, OHAa HE 3aBUCHUT OT KOHUEHTPALMH
PacTBOPUTEISI U COCTOSTHUS MAaKpOMOJIEKYJ, KPOME
TOr0, OHa CBfi3aHA C MOJEKYJSIPHOM Maccoil

MaKpPOMOJIEKYI.
In/ =kM?, lg/n/ =g k + alg M (10.7)
M - cpennsist Montekynspaas macca BMC, a, k
- K09 PULIUEHTHI.

VYpasuenue (10.7) - ypaBuenue Mapka-Kyna-
XayBHUHKa.
JIist pacTBOPOB HOJIMMEPOB C KOPOTKHMH U

KECTKMMHU nenssMu a = 1 u ypaBHenume (10.7)
YIIPOIIACTCS:
ml=kM, Ig/m/=Igk+ IgM (10.8)

Kosadpdumuent «a» 3aBucur ot (GopMbl
MoOJIeKyJ1. 3HaYeHne KO3(PPUIIMEHTOB ONpEeAesSIOT
AKCIIEPUMEHTAIBHO, 3TO TIO3BOJISICT IO 3HAYCHHIO
XapaKTePUCTUYCCKOU BSI3KOCTH paccuuTaTh
MOJIEKYJISIPHYIO ~ Maccy MakKpOMOJEKyd. 3Has
Maccy, MOXXHO ONpEICIUTh CPEIHHH pa3Mmep
MaKpPOMOJICKYJT:

M = 4/3nr®Nap (10.9)

N3osnexTpuyeckas TOUKa.

OO0muMy MpU3HAKAMH IJ1s1 KOJJIOUTHBIX CUCTEM
SBJISIOTCSI TE€TePOreHHOCTh W JHcmepcHocTh. Ha
MOBEPXHOCTHU pa3fiesia YaCTHIl M IUCTIEPCUOHHON CpeIbl
MPOUCXOTUT 00pa30BaHUE IBOMHOTO SIEKTPUUECKOTO
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cinost (ADC). CrpemyieHHEe TETEPOTCHHOM CHUCTEMBI K
YMEHBIIEHUIO TOBEPXHOCTHOW SHEPrUM BBI3BIBACT
OTIPE/ICIECHHOE OPUEHTUPOBAHUE IMOJIIPHBIX MOJIEKYII,
HOHOB M OJIEKTPOHOB B IOBEPXHOCTHOM  CIIOE,
BCJIE/ICTBHE 4ero COIIPUKACAIOLIUECS ¢ass
MPUOOPETAIOT 3apsi/ibl MPOTUBOMOJIOXKHOTO 3HAKa, HO
paBHOU BEJTWYMHBI.

Paznuuaror  Tpu = pasmMYHBIX ~ MEXaHH3Ma
oo6pazoBanusi [I9C. CormacHo omHomy u3 Hux JI9C
oOpa3yercs B pe3ynbTare Mepexoja WOHOB U3 OJHOUI
(a3bl B APYTyIO.

Ha moBepxHOCTH dYacTHIBI AWCTIEPCHON (hasbl
JIOKQJIN3YeTCs ciou TaK Ha3bIBAEMbIX
MOTEHIIMATIOOTIPEIENSIOIINX HWOHOB, KOTOPBIi
HEUTpaTU3yeTcs CII0€M MMPOTHBOUOHOB.

[IpenmyilieCTBEHHBIM TEPEXOJl TE€X WIM HHBIX
HOHOB C TOBEPXHOCTH BEIIECTBA B PACTBOP MOKHO
KOJIMYECTBEHHO XapaKTepPU30BaTh H303JIEKTPUUECKOMN
toukoit (UDT), To ecTb oTpuUIaTeNbHBIM JIOTapudmMom
KOHLIEHTPALIMU TOTEHIIUATIOONPEIEIISAIONIEro HoHa, pU
KOTOpPOM  CYMMAapHBII  3JEKTpUYECKUH 3apsia  Ha
MMOBEPXHOCTU PaBEH HYIIIO.

NOT+=-IgC+ nm UDT. = -1gC(10.4)

C+ wm C. -  KOHUEHTpauuu
MOTEHIUAJIOONPEICIAIONIUX HOHOB. .

Ecnu nmoteHuumanoonpenensonuMiu  MOHAMHU
apisgrores uonsl HT u OH, 1o UDT OIpenensaeTcs
3HaueHueM pH, mpu KOTOpOM DJIEKTPUUYECKUH 3apsj
IOBEPXHOCTH PABEH HYJIIO B OTCYTCTBUM ITOCTOPOHHHUX
MOHOB ( Ha MOBEPXHOCTU COOIIOAAETCS PABEHCTBO

[H"] = [OH"])
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OueBugHO, 4T0 pHusT 3aBUCUT OT KHCIIOTHO-
OCHOBHBIX CBOWCTB BellecTBAa. UeM MEHEEe KHCIIBIMHU
CBOMCTBAaMHM 00Ja/JaeT BEIIECTBO, IIOMEIICHHOE B
pacTBOpUTEIb, TEM OOJIbIlIee 3HaYeHHE uMmeeT ero MOT
B JIAHHOM PacTBOPUTEIIE.

Baxnoit xapakrepuctukoit BMC sBisiercs
MOJIEKYJISIpHAsI Macca, KOTopas SBIISIETCS IMOKa3aTeyieM
CTEIECHU MOJUMEPHU3ALIUH.

MeTtos BHCKO3UMETPUM SIBJISETCS HauOoJee
MPOCTBIM ISl OIIPEACIICHUSI MOJIEKYISIPHOM MAcCCHhlI.

10.4. OBBEKTHI n CPEJICTBA
NCCIELOBAHNMAL.

10.4.1.1Tpo6upkwu. (6mTyk mo 20mr).

10.4.2.1,5% pactBop xkemaruHa wid 0,2H
pacTBOp NOJUBUHUIIOBOTO CIHUPTA.

10.4.3.PactBOpbl cosistHOM kucioThl:0,2H; 0,02H;
0,002H.

10.4.4.PactBopbl ruapokcuna Hatpus: 0,005H u
0,2H.

10.4.5.pH-meTtp.

10.4.6.Bucko3zumerp.

10.5.ITPOTPAMMA PABOTBI.

10.5.1.B 6 npoOupok nHamute mo 10 ma 1,5%
pactBopa JKeJlaThUHA (v 0,2% pacTBopa
MOJIMBUHUJIOBOTO CHOUPTA) M MO 5 MII CIEIYIOIIUX
pactBopoB: cosstHOM kucnotbl-0,2H; 0,02 u 0,002H,
ruapokcuaa Harpus- 0,0051 u 0,2H.

10.5.2.1M3meputs  pH mnosryueHHBIX
pacTBOpPOB.
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10.5.3.0npenenutsb

BpeMs

PacTBOPOB MPU OMOIIIM BUCKO3UMETpA.

10.5.4.Ilpu To#t e TemriepaType

OHpel[eJII/ITI) BpeMﬂ HUCTCUCHUS BOJBI.
HCXOIHOTO
MPUTOTOBUTH 4 pacTBOpa pa3iIMYHONW KOHLEHTpAluU
myTeM pa30aBieHUs, ONPEIEIUTh BpPEeMsS HCTCUCHUS
ATUX PACTBOPOB M3 BUCKO3UMETpA.
IKCIIEPUMEHTOB
3aHectd B Tabmuue! 10.1 u 10.2
Taomuma 10.1

10.5.5.13

10.5.5.Jlanubie

pactBopa

HUCTCUCHUA

BMC

Nol xena | H | H HC | Bo | Na Na | Bpe | B3k | p
THUH Cl| 1 I 7a | OH | OH | msa, | ocTh H
v 0, 10,0]0,0 11\1/[ 00 (0,2 |¢ M.

20 | 28 | 02H 05H | H Ia-
MII | MUI | MII MJII MJT C

1]10 5

2110 5

3110 5

4110 5

5110 5

6|10 5

Tabmuua 10.2

Konne | Bpemss | Yaen | Ilpenens | Xapakrep | Mous

HTpa- | UC- bHas | Has HCTUYEC- | pHad

s TEUEHU | BSA3K | BSIBKOCT, | Kas macca

pacTtBo | s OCTb, | Mupexs BS3KOCTh, |,

- pacTBop | Nyx, | IMa-c || M

poB OB Ia-c

Kena- | T,C

THHA
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10.6.0bPABOTKA
OKCIIEPUMEHTAJIBHbBIX JTAHHBIX.

10.6.1.Paccunrats BSI3KOCTH
pabouux pacTBOPOB 1O GopMyIie:

T
77:773'10 !
Py T

8 8

TZE 1, P, T -BA3KOCTH, I1a*c, MIOTHOCTH, KI/M° U Bpems
HCTEYEHHUs, C, paboyero pacTBopa, MNe, Pe, Te-BA3KOCTD,
IJIOTHOCTH U BPEMS UCTEUEHUS BOJIBI.

10.6.2.IToctpouts kpuByto: m = f(pH). Ilo
MUHHUMYMY BSI3KOCTH ONPEJENIUTh N30TOUYKY JKeTaTHHA.

10.6.3.0npeienute  MOJEKYISPHYIO  Maccy
MOJIUMEPA, JUISL YETO BBIMOJIHUTD CIIEIYIOLIEe:

a) Paccuutath ynenbHbIe BA3KOCTH.

/)
1o
Mo - BA3KOCTh pacTtBopuTes, [la+c,
1M -BSI3KOCTh pacTBopa, [la*c.
0). Paccunrtarh npeiebHbIC BA3KOCTH:
B) [TocTpouTs rpadk 3aBUCIMOCTH IPEICIILHOM

BSI3KOCTH OT KOHIICHTPAIIHH.
B) OnpenenuTh XapakTepUCTUIECKYIO BI3KOCTh:

77 o

Il = (wle) -0
Inl=K-Mme
Mﬁ
K
Nmp = MNya/C

10.6.4.Cnenatb BBIBOJBI TIO paboTe.
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10.7.KOHTPOJIbHBIE
BOITPOCHI.
1.Bsi3kocTh pazbaBienHbix pactBopoB BMC.
2.BsI3KOCTh  KOHIICHTPUPOBAHHBIX  PacTBOPOB
BMC.
3.06pazoBanue J[2C.
4.M305mekTprdeckast Touka.

5.0npenenenue MOJIEKYJIIPHOTO Beca
TOJIMMEPOB.

10.8.TTPMJIOKEHI 4.

10.8.1.BsA3K0CTh BOJIEBI.
temmepar | 15 |16 (17 |18 |19 |20 |21 |22 |23
ypa,
°C
Ba3kocts, | 1,5(11,111,11101(21,0(1,0/1,0(0,9]|0,9
Ne, 1 3 2 7 4 2 0 7 5
Ilac

10.8.2.1T;moTtHOCTE BOIEI

Temnepatypa, | 15 16 17 18 19 20 21
0
C

mwiornoers, | 0,999 | 0,999 | 0,998 | 0,998 | 0,998 | 0,998 | 0,997

P,
r/em®

10.8.3.IImotHoCTh pactBopoB [IBC

Temneparypa | 15 16 17 18 19 20 21

miorrocrs, | 1,100 | 1,100 | 1,009 | 1,008 | 1,007 | 1,006 | 1,006

P,
r/em®
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10.8.4. IIn10THOCTH PAaCTBOPOB JKEIATHHA

TemmepaTypa 15 16 17 18 19 20

21

IUIOTHOCTS, 1,100 | 1,100 | 1,009 | 1,008 | 1,007 | 1,006

p, T/cm®

1,006

Jlnst pacteopos I[IBC: K=5,9:10* , o= 0,67 .
Jlnst pacteopoB kenatuHa: K = 6,2:10% | o =
0,70.

JIABOPATOPHASI PABOTA Ne 11.
HAPVYIIIEHUE YCTOMYMBOCTHU
PACTBOPOB BbICOKOMOJIEKYJISIPHBIX
COEJIMHEHWI: BLICAJIMBAHUE U
KOAILIEPBAIIMSL.

11.1.11enp paGOTHI: U3YYUTH BIUSHHEC aHUOHOB U
CoJiel  TSDKENbIX METAJJIOB Ha  BbICAJMBaHUE U
KOalepBaIuio OEKOB. Hccnenosathb IPUYUHY
KoalepBallMi  BBICOKOMOJICKYJISIPHBIX  COEIUHEHHI
(BMO).

11.1. TEOPETUYECKAS YACTbD.

PacTtBOpHI BMC XapaKTepU3yIOTCsA
CaMOIIPOU3BOJIBHOCTBIO oOpa3oBaHus,
TEPMOIMHAMUYECKONW yCTOMYMBOCTBIO, OOpPaTUMOCTBIO
IIPOTEKAIIUX B HUX mpoueccoB. Pactsopsr BMC

MOJOOHBI WCTUHHBIM pacTBopaM: oOpazyrores
CaMOIIPOU3BOJIBHO C YMEHBILIEHUEM n300apHO-
HU30TEPMUYECKOTO MoTeHIIMAla u MIOATOMY
TEPMOIMHAMUYECKH YCTONYUBBI. YcToHunBOCTh
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pactBopoB BMC 3aBUCHT OT CBOWCTB mnojgumepa u
B3aMMOJICHCTBHS NOJIMMEPA C PACTBOPUTEIIEM.

s MOJIAPHBIX BMC B MOJIAPHBIX
PacTBOPUTEISIX OTIpeICIICHHBIM dakTopom
YCTOMYMBOCTH SIBJIAETCS yMEHbIIEHUE dHTanbnuu AH B
pe3ynbTaTe COJMbBATALUM, B HETIOJSPHBIX - YBEIMUYEHUEM
SHTPOTHH, CBI3aHHON C THOKOCTBHIO IIETTH.

[Tonmxenue ycrounBoctd pactBopoB BMC
TaK)Ke CBSI3aHO C UBMEHEHHEM DHTPOIUU U DHTAJIBIINH, a,
KpOME TOro, C M3MEHEHHEM COCTaBa Cpenbl |
temriepatypbl. [Ipu nobGaBiaeHUN K PacTBOPY JKHUIKOCTH,
B KOTOPOM TIOJIUMEpP HE pPaCTBOPSAETCS, MPOUCXOIUT
BBIITAJICHUE OCaJKa, BCJIEACTBHE M3MEHEHHS SHTAJIBIINH.
AHaJOTUYHO TPHU TOHWXEHUU TEMIIEPaTyphl BBITIAIAET
0CaJIOK WJIA TTPOMCXOAUT PAcCIOCHHUE Ha (a3bl.

ITorepss  ycroitumBoctu  pactBopoB  BMC
MPOUCXOAUT B (opMe BBICATMBAHUSA W 3aCTYJAHCBAHUS.
BbICAJIMBAHUE - mpomecc BbIIEICHUS OCJIKOB O]
BJIMSIHUEM BBICOKMX KOHIEHTpalMil coJieil. SIBieHue
BBICAJIMBAHUSA  OJNM3KO K  SABJICHHIO  IOHHIKEHUSA
pacTBOPUMOCTH B  pacTBOpax HU3KOMOJEKYJISPHBIX
BEILIECTB TpHU J00aBiIeHUU cojicii. OCHOBHOE 3HAYEHUE
NpU  BBICAJIMBAHUM  UTPAlOT  aHUOHBI,  KOTOpbIC
pacroJiararoTcsi B IMOTPOIHBIN Psi:

0% > CH3COO™ >CI >NO3s >I" >CN -

»

YMEHBIIIEHUE BBICAJIMBAIOLIETO neicTBus
aHUOHOB

B pesymbrate  BbICanMBaHUA ~ 0OpasyroTcs
BOJIOKHA,  XJIONbS  WJIM  TBOPOXKHUCTBI  OCaJOK.
BricanuBaHue CBSI3aHO C pa3pyLICHHMEM COJIbBAaTHOMU
000JIOUKH, OKpYyXamlell MaHHYyI0 MaKpOMOJEKYIy
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BMC. Tlonspusie wmonexkyast BMC, conepxkaiue
CBSI3aHHYIO BOJy, B3aMMOJICUCTBYIOT C 3JIEKTPOJIUTAMHU.
[Ipu »TOM conbBaTHBIE OOOJIOUKH pa3pyIIAIOTCA U
MPOUCXOAUT  MpoIecC, OOpaTHBIM  CcoJbBATaIllUU -
BbIcauBaHue. IHTEHCUBHOCTh MPOIECCOB BhICAIMBAHUS
OTIPENIETISIETCS CTENEHBIO COJbBATAIMA MaKpPOMOJIEKYJ
BMC, crpykTypoii coibpBaTHOH 0005104ku Oenka u
CBOMCTBaMM dJiekTposinTa. [lo KOHEYHOMY pe3ylbTary
BBICAJTUBAHKE TIOXOKE HA JACHATYPAIUIO: B TOM U JIPyroM
cinydae oOpazyercss ocanok. CyllecTBEHHOE OTIWYHE
3aKJTI0YAETCSl B MEXaHMW3MaXxX IPOIIECCOB: JICHATypalus -
HeoOpaTHMa, BblcaliUBaHWe - oOparumo. benkw,
BBIJICIMBIIINECS B KAdeCTBE CaMOCTOSITENHHOW (a3bl B
MPOIIECCE BBICATMBAHUS, TTOCIE YAAICHHS JJIEKTPOJIUTOB
MOTYT BHOBBb OOpa30BbIBaTh pacTBOp. BricanuBanue
MOXXET MPOUCXOJUTh HE TOJbKO B MPUCYTCTBUU
ANIEKTPOJIUTOB, HO U TMOJ JEHCTBUEM OPraHUYEeCKHUX
BEIECTB (CIIUPTOB, AI[CTOHA).

OTW  BEUIEeCTBA, B3aUMOJICHCTBYST C  BOJOM,
TUAPOJIU3YIOTCS M Pa3pyLIAlOT COJIbBATHYIO OOOJIOUKY,
camxas pactBopumocts BMC. Ilpu nob6aBiennu crimpra
K BOJHBIM pacTBOpam OelKoB

B MEPBYIO OYEpE/b BBIMAJAIOT B OCATOK OENKU C
HauOOJbIIeH  MOJEKYJISIpHOH  Maccol, 1o  Mepe
yBEJIIMYEHHUS] YAETBbHOTO Beca CHOUpPTA, HaYMHAETCS
BBICAIMBAHHE HU3KOMOJICKYIISIPHBIX OETTKOB.

[Ipn BbicanuBanuu OenkoB u japyrux BMC
uHOrJa Habmomaercss oOpa3oBaHuE Kamelb HOBOM
KUAKOCTHOM (pa3wl, Ha3piBaeMoi koaiepBaTtoM. Cam
MIPOLIECC BBIJCNIEHUSI U3 PAcTBOPA HOBOH KUAKOU a3bl,
oboramennoii BMC, nasbiBaercsi KOALIEPBALIMEI.
[IpyurHa KoalepBalMK - B OCOOCHHOCTH HEKOTOPBIX
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BMC, o0pa3yromux B pacTBOpPE acCcOIUaThl, COCTOSIINE
U3 HECKOJBKHMX MAaKpOMOJICKYII. HpI/I JOCTHXKCHUH
OTPEJIENIEHHBIX Pa3MEpPOB U JIOCTATOYHON CTAOMIILHOCTU
3TH accommarsl MOTYT (opMupoBaTh HOBYIO (hasy.
KoanepBanus MOXET NPOUCXOAWUTH IPHU TOHWKEHHOH
TEMIEpaType U HE COMPOBOXKIAThCsS BbICaIuBaHUEM. B
JaJIbHENIIIEM OT/AETIbHbIE KaIUIM COEIMHAIOTCS B Oojee
KpYIHBIE arperatbl U 00pa3yeTcsl CJIO0W C MOBBIIIEHHBIM
conepxkanneM BMC, cnocoOHOro K 3acTy/IHEBaHUIO.

11.3.0b'bEKThBI 14 CPEJICTBA
NCCIELOBAHNMA.

11.3.1.Xumunyeckue crakansl Ha 50 - 100 mut.

11.3.2.MepHbIe NUNETKN HA 5 MIL

11.3.3.MepHble UAITUHIIPHI.

11.3.4.PactBopsl: 1% pactBOp *)enatuHa, 5%
xKenaTtul, 5% Kpaxmad.

11.3.5.1lopomiok  xjopuaa Kajiusi, MOPOIIOK
cynbdara Kanus.

11.3.6. 1% pactBOp arap-arapa.

11.3.7. ITponuioBslid COUPT.

11.3.8. 4n1 pactBop KCl

11.4.ITPOI'PAMMA PABOTBI.

11.4.1.VccnenoBanue BBRICAJIMBAIOIIETO NECHUCTBUA
cynb(dara Kanus ¥ XJIopuaa Kaausl.

B nBe npobupku Hamute no 5 ma 1% pactBopa
kKenaTuHa. B3ATe paBHBIE HaBeckH cynbdaTa Kauus U
xjopyzaa kamus (no 3 r).B oxHy nmpoOupky m100aBIsTH
MOPOLIOK Cyib(ara Kajius, B APYrylo - XJIOpHUIa Kaaus
J0 Hayajna BblcaquBaHMA (NOMyTHeHHe) B3Becuthb
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OCTAaBILUECS NOPOIIKH U BBIYMCIUTH KOJIMUYECTBO COJIEH,
BBI3BIBAIOLIUX BbICAJINBAHUE.

11.4.2. BelcanuBanue arapa. B 3  mpoOupku
HamuTh 1o 2 miu 1% pactBopa arap-arapa. A TmepBylO
HaauTh 8§ MJI BOJABI M | MJI IPONUIIOBOTO CHUPTA, BO
BTOpYIO — 8 Mi1 4H pactBopa KCl u 1 mi BoJbl, B TpEThIO
— 8 Ma KCl u 1 M ciupra. 3anucarp, 4T0 HOJTYIHIIOCH.

11.4.3. SIBnenue koauepsamuu. Harpers 10 mn
5% pactBOopa kematuHa U 5% pacTBOp Kpaxmaina 0
40°C, cmemaTh ux U ocTaBuTh Ha 20- 30 MHHYT

11.5.0bPABOTKA 3KCIIEPUMEHTAJIBHBIX
JTAHHBIX.

115.1. Tlo pe3yabTataMm  3KCIEPUMEHTOB
pacroyio)KUTh ~ aHUOHBI B TIOPSIAKE  yOBIBAHUSA
BBICAJIMBAIOIIETO IEUCTBUSL.

11.5.2.Pacnioyio’XuTh ~ KaTHOHBI B TOPSIKE
yOBIBaHMSI BBICAIMBAIONIETO JCHCTBUS.

11.5.3.CnenaTh BBIBOJIBI 11O pabOTE

11.6.KOHTPOJIbHBIE BOITPOCBI.
1.00mas xapakrepuctuka pactsopo BMC.
2.5IBiieHNE BBICAJIMBAHUS PAaCTBOPOB.
3.JIMOTpOMNHBIN PsiJl AHUOHOB.

4.5IBneHue KoalepBaly.

JIABOPATOPHA PABOTA Nel2
OITPEAEJIEHUE ITOBEPXHOCTHOI'O
HATSOKEHUA HA TPAHULE )KMJKOCTD - I'A3
[TPU IIOMOIIN CTAJIAT MOMETPA.
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12.1. Hean padoThI: OIIPENEIUTh
MIOBEPXHOCTHOE HATSHKEHHWE PA3IMYHbIX >KUAKOCTEH B
3aBUCUMOCTM  OT  KOHIIEHTpAlUH. I'papuuecku
OTIPENIENUTh  AACOPOIMIO JKUIKOCTEH TpU 3aJaHHBIX
KOHLeHTpauusax. [locTpouTs H30TepMbl IOBEPXHOCTHOIO
HaTSKEHUS U aJIcCOpOLIUN.

12.2. TEOPETUYECKUE CBEJIEHUA

BemectBa, xapakTepusyroIIMecs  CHUIBHBIM
B3aMMOJICHICTBUEM C MOJIEKYJIaMH PACTBOPHUTENS U
OOJIBIITUM TOBEPXHOCTHBIM HATSDKCHHEM, B OCHOBHOM
OCTalOTCA B O00BbEME, W TIOBEPXHOCTHBIM CJIOW OOeTHEH
STUMU BelecTBamMu. VX mpucyrcTBue B MOBEPXHOCTHOM
CI0€ TPUBOJUT K BO3PACTAHHUIO IMOBEPXHOCTHOTO
HAaTsDKEHMSI, OJTHAKO 9TO BO3pacTaHUE HE3HAUYUTEIHHO U3-
3a Majol KOHIIEHTpAIMH BEHIECTB B IOBEPXHOCTHOM
cinoe. B Takom ciydae TOBOpAT 00 OTpHUIIATEIBHOM
afcopOIMu, a BEIIeCTBAa HA3bIBAIOTCS IMOBEPXHOCTHO-
WHAKTUBHBIMHU.

Bemectna, XapaKTePU3yIOIIHECs cimabbIM
B3aUMOJICHICTBUEM C MOJIEKYyJIaMH pPacTBOpUTEIS U
MaJIbIM MMOBEPXHOCTHBIM HaTsDKEHUEM,
KOHLIEHTPUPYIOTCA Yy TpaHUIbl pasnena ¢as, TO ecTh
azcopOupyroTCs. [Tpu 3TOM YMEHBIIAETCS
MMOBEPXHOCTHOE HATSIKCHHE pacTBOpa. Takue BelecTBa
Ha3bIBAIOTCS IOBEPXHOCTHO-AKTUBHBIMH.

CBsi3pb  MeXIy U30BITOYHBIM  KOJHYECTBOM
BEILIECTBA, MPUXOAAIIMMCS Ha €IUHUIY IOBEPXHOCTH,-
ancopOuueit I'i (Mob/cM?)- M CIIOCOOHOCTBIO BEIECTBA
CHIDKATh TMOBEPXHOCTHOE HATSHKEHHE G Pa30aBIIEHHBIX
pPacTBOpPOB OMUCKHIBaeTCs ypaBHeHHueM [ mboca:
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r--Lt.99 (12.1),
RT dc
rIe ¢ — KOHIIGHTpamms, MOJb/I, R — yHuUBepcalbHas
rasoBas nocrosHHasg, 8,31-107 spr/(mons-K), do/dc —
MMOBEPXHOCTHASI aKTUBHOCTD.

OnpenenuB 3KCIEPUMEHTAIBHO 3aBUCHMOCTH
MMOBEPXHOCTHOTO HATSDKCHHUS OT KOHIICHTpAIlMH — —
M30TEPMY TIOBEPXHOCTHOTO HATSHKEHHS, W IOJIb3YsCh
ypaBHeHueM [ub06ca, MOXXHO HaAWTH  3HAYCHUS
aacopOIMM  TPU  Pa3IMYHBIX  KOHIECHTPAIUAX U
OTIPEICITUTh XaPAKTEPUCTHUKHA TIOBEPXHOCTHOTO  CIIOS:
MaKCUMaJlbHOE 3HAueHHWe aJcopOuuw, TUIOIIAb,
3aHUMAaeMyl0 MOJIEKYJIOH B TPENENbHO HACBHIIIEHHOM
clioe, TOJIIMHY aJCOPOIMOHHOTO CJOs, a TaKke
MOJIyYUTh HW30TEPMY aJaCOPOIUH MOHOMOJIEKYISIPHOTO
CIIOSI.

Ilocmpoenue  uzomepmvl  aocopoyuu  u
onpeodeneHue XapaKxmepucmux no8epPXHOCMHO20 ClO5l.

[s)

I/I30TepMa MOBCPXHOCTHOTO HATAXKCHUA.
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Ecnu B kakoii-nm100 Touke KpUBOM, HalIpUMep, B
TOYKE @, MIPOBECTH KAcaTEeIbHYI0 K KpPUBOW, TO TaHTE€HC
yria HakJIOHa KacaTelbHOW K ocu abcuucc tgo paBeH
NepBOii MPOU3BOAHOM B 3TOH Touke (.do/dC)

[loacrapnsis 3HaueHUE TaHTE€HCA yIila HaKJoHa B
ypaBHenue (12.1), Haiinem 3Hauenue /.

OrnpeenB aHAJIOTHYHBIM 00pa3oM aicopOLnio
JUId  psAa TOYEK Ha U30TepME IOBEPXHOCTHOIO
HaTSKEHHSI, MOYKHO TIOCTPOUTH U30TEPMY aACcOpOIIH.

Ilo n30TEpME azcopouuy, TOJIB3YSICh
ypaBHeHHEM JIeHrMropa:
Iy = ro—tC (12.2)
1+bc
MOKHO BBIYHCIIUTh MpEAEIbHOE 3HAUYEHHUE aacopOLuu
I, COOTBETCTBYIOIIIEE 00pa30BaHuUIO

MOHOMOJIEKYJISIPHOTO ~ cJosl.  YpaBHeHuwe JleHrmiopa
MO>KHO IIpeoOpa3oBaTh B ypaBHEHHE MPSMOI:

1 (12.3)

I' Tw-b-c I

1/Twb- tga, rae o - yrom HakjioHa MPSAMOM K
ocu aociucc, 1/I» 0Tpe30k, OTCEKaeMblii MPSMOKN Ha OCH
OpJIMHAT.

Ilo 3mauenuro ['«w MOXHO HAWTH IUIOLIAAb
MOJIEKYJbI, 3aHUMAEMYIO €10 B aJICOPOIIMOHHOM CJIO€, H
TOJILHUHY HOBEPXHOCTHOTO CJIOSI.

1
ITiomans MOJIEKYIBL: S, =
Y ° Io-N A
Too-M
Tonmm=a ciost: o = Rl ,
o,
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I'me M — macca MoJIs BEIIeCTBa,

p - TUIOTHOCTH aJCOPOCHTA.

B OOJIBIIMHCTBE CIIy4acB XapaKkTepHa
BepTUKanbHas opueHTauus 1IAB Ha rpanune pasnena
¢da3, TOrma TOJNIIMHA CJOS COBMAgaeM C JUIMHOM
a7IcOpOMPOBAHHOM MOJIEKYIIHI.

12.3. OBBEKTHI n CPEJCTBA
NCCIIEAJOBAHUAL.

12.3.1. CramarmomerTp.

12.3.2. lllTaTuB ¢ JIaIKOMH.

12.3.3. 6 ctakanos Ha 100 M.

12.3.4. PactBop  monmemwicynbdara  HaTpHS,
KOHIeHTparus 50 mr/n

OIIMCAHME TTIPUBOPA.

Cranarmomerp. 1 — pacmmpenue. 2 — oTBEpCTUE
Kanuusapa, A,b — MeTku.

CralarMOMeTp COCTOMT U3 TPYOKH, UMEoIei
paciiupenue 1, BbIIE U HUXKE PacIIUPEHHs] HAXOASTCA
HayajpHasi M KOHeuHas MeTkU. Yepe3 KanmwuisipHOe
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oTBepCcTHE 2 B IIUPOKOW OTHUIM(OBAHHOHN MOBEPXHOCTH
JKUJKOCTb BBITEKAET B BUJE Kallellb.

12.4. IOAI'OTOBKA K PABOTE
12.4.1. IlpuroToBUTh 5 PACTBOPOB JOACUUICYIIb(aTa
Hatpust (JJC) c¢ pa3nuuHOM KOHLEHTpauuen
(KOHIIEHTpAaI|s — [0 YKa3aHUIO MPETOo1aBaTesl).
12.4.2. CranarmomeTtp YKPETUTh B
HITaTUBE B BEPTUKAIBHOM TMOJOXEHHUHM U 3acocaTh
XKUJKOCTh TaK, YTOObI OHA CTOsIa BBILLIE BEPXHEH METKU
(mpu sTOM B TpyOKE HE JAOKHO OBITh IY3BIPHKOB
BO3JlyXa), 3aTeéM JaTh OKUJIKOCTU BBITEKaTb U3
kamuuisipa. Korja ypoBeHb JKHIKOCTH COBHAIET C
BEpXHEN METKOM HayaTh CUET Kallejb, PEKPATUTh CUET
TOrAa, KOTJa KUJIKOCTh IOMACT A0 HIKHEH METKH. ONbIT
MIOBTOPUTH HECKOJIBKO Pa3 U B3SITh CPEIHIOI0 BEIMYHUHY
13 HAOJIIOIaEMBIX OTCUETOB.

12.5. IPO'PAMMA PABOTbI

OnpenenuTthb YHUCIIO0 Kanemib BOJIBI,
00pa3yrIuxcsl IpU HCTCYCHHH M3 o0bema V, a 3areM
YHCIIO Karellb HMCCICAYEMBbIX PAaCTBOPOB U3 3TOTO IKE
oObema. I[IoBepXHOCTHOE HATSHKCHHE BBIYMCIUTH I10
bopmyne:

o=20 P Ny ,

Pol

IIe G- TIOBEPXHOCTHOE HATSHKEHHE HCCIeTyeMOoun
KUAKOCTH, JIK/M2, Go — MOBEPXHOCTHOE HATSKEHHE IS
BOJIbI (M3 TaOIHIIB), Jox/M?, p -IUIOTHOCTb UCCIEAYEMOU
JKHUJKOCTH, T/cM, po — IIOTHOCTB BOJBL, I/cM®, N — unciio
Karenab WCCIEIyeMO JKHMIKOCTH, No — YHUCIO Karelb
BO/JIBL
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[MoctpouTts rpaduk B koopanHatax ¢ = f(c).

[IpoBecTn KacaTtenbHBIE K KPHBOH B TOYKax
YKa3aHHBIX KOHIICHTPALAN.

OnpenenuTb  TaHTeHCHI ~ yria  HaKJIOHA
KacaTeJabHBIX K ocH abcuucc (do/dc).

BbraucnuTe 3Ha4EHUS HU30TEPMBI AICOPOIIMU TI0
ypaBHeHHUIO aacopbuuu ['ub0ca:

C (cdo

RT\Z

Ilo pesympTaTaM OSKCIIEpUMEHTa W PacyeTOB
3aro0JIHUTH TAOJIHILY.

Taommia IKCIIEPUMEHTAIIBHO- pacyYeTHBIX
TAHHBIX
BemectBo | Kon/Bo | IoBepxnoctHoe | Tanrenc Ancopbuus,
KalleJlb | HaTsKEHUE, yriia 1-*.109’

o108, HAKIONA, |\ 2
. do/dc

Bona

Hne, c1

Hne, c2

Hne, c3

e, ca

Jc, cs

[TocTpouTs H30TEPMY aICOPOLIUU.

Boraucnute 3Hauenue ¢/I" 1 mocTpouTs U30TEPMY
c/T" =f(c).

ITo rpaduky HaiiTn KoHCTaHTHI ancopOiwn [ u b
B ypaBHeHuu Jlenrmropa. (1/T» - oTpe3ok, oTcekaeMblit
npssMmoii Ha ocu opauHar tga, 1/(I'wb) — otpesox,
OTCEKaeMblIil IPSIMOM Ha OCH OPAMHAT).

100




OmnpenenuTh MIIOIMIAL MOJIEKYIBI IO (hopMmyIie:
SMOJ‘[ = 1/(F00'NA)
Cnenatb BbIBOJA 110 padoTe.

12.6.KOHTPOJIbHBIE BOITPOCHI.

1.
2.
3.

NG

AncopOuiusi. OCHOBHBIE TIOHSITHSI.
Kiaccudukanus nmporeccoB aacopOIuu.
DyHIaAMEHTATLHOE ypaBHEHUS — aJICOpOIUu
I'u66ca.

VYpaBHeHue azcopOouu ['u60ca,
MIPUMEHSIEMOE TUTST 00paboTKH
IKCIIEPUMEHTAIBHBIX JIAHHBIX.

N3otepma ancopOuuu ['enpu.

N3otepma ancopOuuu Opeitanmxa.
N3otepma ancopOuuu Jlenrmropa.

[ToBepxHOCTHO AKTHUBHBIE BEIIIECTBA,
Kiaccudukanus.

Kputnueckas KOHIICHTPALIHS
MHUIEII000pa30BaHHUS.

10. Ancop6uus I[TAB.

JIABOPATOPHA PABOTA Nel3

KOHAYKTOMETPUYECKOE NCCJIEJJIOBAHUE
MUILEJIJZIOOBPA3OBAHNA B PACTBOPAX
ITOBEPXHOCTHO-AKTHUBHBIX BEIIECTB.

13.1. Heab padorbl: OnpeaenuTb KPUTHUECKYIO
KOHIIEHTpaluIo MuleuioOpa3oBanus B pactBopax [TAB.

13.2.TEOPETUYECKHUE CBE/IEHN .
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CornacHo npexacraBieHussM  Pebunnepa, Bce
MOBEpXHOCTHO-akTUBHBIe BemectBa (IIAB) moxHO
paznenuTh Ha JBa Kjlacca C JIOCTaTOYHO PE3KUM
MIEPEX0/I0M MEX]Ty HUMHU.

1. Hctunno pactBopumbie B Boje I[IAB.
[lonsipueie  rpynnel  3tux  [IAB  HemocratouHO
TUAPOQUIBHBL, a YIJIEBOJOPOIHBIE PaJAUKalIbl HEBEIUKU.
OnHu 007a/1al0T BBICOKOM MOBEPXHOCTHOW aKTHBHOCTBIO.
OObeMHBIE CBOIICTBA HUX pacTBOPOB HHUYEM HE
OTJIMYAIOTCSI OT CBOWCTB MCTHUHHBIX pPacTBOpoB. Mx
npuMmeHenue, kak [IAB, orpannueHo.

2.  Komnoumneie (MpuonomoOubie) ITAB,
oOnamarolue  MOJIAPHBIMU  TpYHIamMH  BBICOKOHU
TUAPOPMIBHOCTH ¥ OOJBIIMMU  YIJIEBOJAOPOJIHBMU
pagvKagaMu, XapaKTepU3YyIOTCS HEOOJBIIONW HCTUHHOU
pacTBOPUMOCTBIO B BOJE, a IPH  BBICOKHX
KOHIIEHTpauusAx oOpa3yloT B HEW  MHILEUISpHbIE
pactBopbl. KoHneHTpanus, BbIIIE KOTOPOM pPacTBOPHI
takux [IAB HaxomiTcs B MUIEIUIIPHOM COCTOSIHUH,
Ha3bIBACTCS KPUTHYECKOHN KOHLIEHTpaLuen
muremooopazoBanus KKM.

Munennsl — 3TO CIIOKHBIE arperaTsl pa3jIMYHOU
(GopMBI, B KOTOPBIX MOJIEKYJbl OOpalIeHbl HApyXKy
HNOJIIPHBIMA ~ TpYIIIaMHU. OOpazoBaHue  MUILEII
TEPMOJMHAMMYECKHA BBITOJHO, TAaK Kak IpU 3TOM
IIPOUCXOJIUT CHUYKEHHE CBOOOJHOM 3HEPruM CHUCTEMBI,
CBA3aHHOE C IIEPEXOJOM YIJIEBOJOPOJHBIb TPYNIl U3
MOJISIPHOM Cpellbl BO BHYTPEHHIOK HETOJSPHYIO 4acThb
MHUIIECIIIBL. PacTtBOpBI KOJJIOUIHBIX ITAB
TEPMOJMHAMMYECKH  PaBHOBECHBI M 0Opa3yroTcs
CaMOINPOM3BOJIBHO.  bnaromaps  Hanuuuio  MHLEII
pactBopsl IIAB o06magaroT 0COOBIMH  CBOWCTBaMH.
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Hanpumep, BoaHbIE  pacTBOpPbl MBI CIIOCOOHBI
COJIIOOMITM3UPOBATH PA3JIMYHBIEC YIIIEBOAOPOIBI.

Hapsny c oOpa3zoBanmeM wmwunemn B oObeMe
pactBopa mnpu  KoHHeHTpaumsix  BOmu3um  KKM,
3aBepiiaeTcss 0o0pa3oBaHHME  AJCOPOLMOHHBIX  CIIOCB
monekyn IIAB wa rpanune pasmena a3, Ito
ofOecrieunBaeT cTraOMIM3HpyIollee AEHCTBHE pPacTBOPOB
ITAB.

Onpenenenne KKM ocHoBaHO Ha TOM, 4TO IpH
9TOM KOHILIEHTpAIlMM MPOUCXOJUT pEe3KOe H3MEHEHHE
CBOWCTB pacTBOPOB.

[ToBepxHocTHOE HaTsDKeHHE pacTBopoB I[IAB
CHIJKAETCSl C yBeJIMYEHUEM UX KoHuUeHTpauuun a0 KKM,
a 3aTeM IepecTaeT MEHAThCSA. ITO 00YCIOBIEHO TEM, UTO
BHOBL Jn00aBisiemoe [IAB mepexomutr B MHIIEIUIHI,
KOHIEHTpAILMS € MOJIEKYJISIpHO pacTBopeHHoro I[TAB
ocraercss mocTtossHHOW W paBHOM KKM. Munesnst
MMOBEPXHOCTHO-UHAKTUBHBlL M  HE  MEpexodsT B
a7IcopOLIMOHHBIE CIIOH.

VY enpHasi 3IeKTpONpPOBOIHOCTh pacTBopoB ITAB
npu koHueHtpanusax Huwxke KKM nuHeitHo Bo3pacrtaer ¢
YBEJIMYCHHEM KOHLEHTPALUU B pE3yJbTaTe MOBBILICHUS
KOJIMYEeCTBa  JTUCCOLIMUPOBAHHBIX  Mojekyn.  llpu
koHeHTpaimsax Beime KKM — KOHIEHTpanuoHHbIN
IPaJUEeHT YAETbHOM 3JEKTPONPOBOJHOCTH YMEHBIIAETCS,
TaK Kak BHOBb BBOJMMOE BEIIECTBO MEPEXOIUT B
MULIEJIBI.

IIpuy wusmenenun KKM 1o  wu3meHeHuro
AIEKTPONPOBOAHOCTH  HAXOJAT  AJIEKTPONPOBOJHOCTb,
3aT€M CTPOSIT H30TEPMY DIIEKTPONPOBOAHOCTH U IO
n3nomy onpezeinsator 3HaueHne KKM.
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13.3. OBBEKTHI nu CPEACTBA
NCCIEJOBAHUA.

13.3.1. Konnykromerp.

13.3.2. Slueiika afg HCCIEIYEeMOTO pPacTBOpa
ITAB.

13.3.3. MepHbIif TUIUHID.

13.3.4. IIAB  (momemwicynbdaT  HaTpus,
CUHTAHOJI, MBLJIO)

13.3.5. AHaTUTHYECKHE BECHI.

13.4.1I0AI'OTOBKA K PABOTE.

13.4.1. IIpurotoBute pactBop I[IAB 3amannO#
KOHLIEHTpAlMHU (KOHIIEHTPAIUIO 33a€T MPENnoaaBareb).

13.4.2. BKItOYUTh KOHIYKTOMETP.

13.4.3.Hanutp B sueiiky 20 MJI IPUTOTOBICHHOTO
pactBopa ITAB.

13.5. IPOTPAMMA PABOTHBI.

13.5.1. C nomoiiplo KOHIYKTOMETpa H3MEPUTh
yIEIbHYIO AIEKTPONPOBOAHOCTH PACTBOPA.

13.5.2. C nomompw MEpPHOro  IUIMHApA
oToOpaTh U3 stueriku 10 M1 pacTBOpa, 10JUTh Tyaa 10 M
JTUCTUIUTUPOBAHHON BOBI.

13.5.3. HN3meputh 3JIEKTPOIIPOBOJTHOCTh
pazbasienHoro pactBopa [TAB.

13.5.4. TIposectu 5 pazbasienuii pactBopa I1AB,
HU3MEPUTH DIEKTPONPOBOJHOCT KaXXI0TO PacTBOPA.

13.5.5.Pe3ynbTarhl 3aHECTH B TAOIUILY.

Tabnuia pac4eTHO-IKCIIEPUMEHTAIBHBIX JTaHHBIX

Hazpanme KOHIIEHTPAIHS, VnenpHas KKM,
pactBopa C, momb/n SIEKTPOIIPOBOTHOCTh | Mo/t
&, OM™m
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13.5.6. Ilo pe3ynpTaTam H3MEpPEHUH MOCTPOUTH
rpaduK  3aBUCHMOCTH  3JIEKTPONPOBOJAHOCTH  OT
KOHIICHTPAlMM M TI0 M3JIOMY Ha KPHBOW OMNPEAEIHTH
3HaueHne KKM.

13.5.7. CnenaTp BBIBOJBI 1O paboOTeE.

13.6.KOHTPOJIbHBIE BOITPOCHI.

1.PactBops! ITAB.

2.MunemnoobpazoBanue B pactBopax [1AB.

3. ®opMbI MUIIEIIL.

4.®aKTopHl, BJIUSIOIINAE Ha
MHUIIEIITIO00pa3oBaHue. .

5. Cnoco6w1 onpeaenenust KKM.
JIABOPATOPHAS PABOTA Nel4
HE®EJIOMETPUYECKOE OITPEJEJIEHUE
MULEJIJISIPHO MACCHI.

14.1. Hean paboThI: Hccnenosanne
CBETOPACCESHUS KOJUIOMIHBIX PACTBOPOB MOBEPXHOCTHO-
AKTUBHBIX BELIECTB U BHIYUCICHHE MULICJUIAPHOM MaCCHI.

14.2. TEOPETUYECKHNE CBEJIEHU .

OnHoi 13 0cOOEHHOCTEH KOJUIOMIHBIX PaCTBOPOB
[TAB sBrsiercst X CrocoOOHOCTH K 00pa30BaHUIO MULIEILIL.
MonekynspHas Macca 0OOpa3ylOIIMXCS MHLEIUI, Tak
Ha3bpIBacMas MHIEUIIPHAs Macca, COCTaBJIAEeT OOBIYHO
HECKOJIBKO  JIECATKOB  ThICAY  €AMHHUI.  3HAueHHe
MoJieKysipHoit  Maccel  [TAB  MoOXHO — ompenenuTsb
paznuuHbIMH  MeTogaMu. Crofla OTHOCATCS METO/Ibl,
OCHOBaHHbIE Ha U3MEPEHUH CBETOPACCESHUS PACTBOPAMHU
I[TAB u Ha ompenenenuu 1udpdy3uOHHON CIOCOOHOCTH
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MHIICIIJI, & TaKK€ METOJ CEIMMCHTAIIMOHHOTO aHajau3a
npu oMoy teHTpudyru. Hambonee 3ppeKTUBHBEIM U
MPOCTBIM METOJOM OIIEHKHA pPa3MEpoOB  KOJUIOMIHBIX
YaCTHIl B pACTBOpaXx SIBISETCS MeTOJ cBeTopaccestus. C
MMOMOIIBI0  3TOTO  METOJA  OMPEACISAIOT  3HAYCHUC
MUUEUISIPHON MaccChbl ITAB. BriBon TEOPUUN
CBETOpACCESTHUSI TPUMEHHUTEIIEHO K pactBopam I[IAB,
COJIePIKATUM MUIIEIUIBI, pa3Mep KOTOPBIX HE MPEBBIIIACT
1/20 mvHBI BHIMMOIO CBETa, MOXET OBITH 3alicaH B
cnenytomiei hopme:

HE=%) _ 1 oac-c,) (14.1)
T—1T, M
2
327r3n§(3n)
- 4—C (14.2),
3N,

rae H — mocrosiHHAs BemWdYuMHA UIS TAHHOW CHCTEMBI U
pola W3MEHEHUW, ¢ — KoHLeHTpamus pactBopa I[IAB,
r/em?, Co - KpUTHYECKas KOHIIEHTpalust
MHIICIITIO00pa30BaHUs, r/em®, T - MYTHOCTb
HCCIIeTyeMOTO PacTBOpa, CM L, To — MYTHOCTh PacTBOPa
npu KKM, emt, M — MULICJUIApHAs Macca, A —
KOHCTaHTa, XapaKTepU3yroIas OTKJIOHCHHE OT
UJICaJIbHOTO pacTBOpa, No - MOKaszaTelb MPEIOMIICHUS
pacTBOpUTENA, N — MOKa3zaTeslb MPEJIOMJICHHUST pacTBOpa,
A - IUTMHA BOJIHBI MTQ/IAIOIIETO CBETA B BAKyyMe€, CM.

B ypaBuenuu (14.1) Benmuuuna H(c — co)/(t - 10)
SIBJISIETCS JTMHEWHON (QyHKIMEH KOHIICHTPAIUH, TO3TOMY
MpU  HKCTPANOJISIIMM  COOTBETCTBYIOLIEH MPSAMOU 10
KOHLEHTpAllMM, pPAaBHOM Co, OTPE30K  OpJMHATHI,
OTCEKaeMbIi 3TOM TmpsMOi, gaeT 3HaueHue 1/M,
oOpaTHOe MUIIEIUISIPHOM Macce.
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B HekoTOpeIX ciy4asx, KOrza H3MEpEHHUs
MPOBOJAT B  pacTBOpaxX, KOHLEHTpalus KOTOPBIX
sHauuTenbHO Oosibimie KKM m  to<<t, mpm pacdere
MOXXHO IpeHeOpeub 3HAa4eHMsIMM Co U To. lorma
ypaBHeHue (14.1) MOxHO HanucaTh Tak:

He_Lioac (14.3)
r M
MyTtHOCTB paBHa CBETOBOM JHEpruu,

paccenBaemoii 1 cM® pacTBOpa BO BCeX HANPABJICHHUSX,
NpU MHTEHCHUBHOCTH  IMQJAIONIET0 CBETa, pPaBHOU
eIMHULIE.

Jnsa  omnpeneneHuss ~ MYTHOCTH — NPUMEHSIOT
Hedenomerp, MIO3BOJISIFOIINHA COIOCTaBUTH
MHTEHCUBHOCTh  CBETA, PACCESHHOTO  KOJUIOMIAHBIM
pactBopoM Tmox yrimom 135° k mamaromemy cBery, ¢
WHTEHCUBHOCTBIO CBETa, HAYLIErO0 OT CTaHAapTHOM
MYTHOM TIJJAaCTUHKA — pacceuBarenda. OnpeneneHue
OCHOBAHO Ha YpPaBHHMBAHHUH C MOMOIIBIO U3MEPUTEIbHBIX
JarpaMM CBETOBBIX MOTOKOB, MIYIIMX OT pacTBopa U
pacceuarens. Jlyig aToro nuadparMy Ha MyTH CBETOBOTO
MOTOKa OT pacTBOpa IMOJIHOCTbIO OTKPBIBAIOT U
MOCTETIEHHBIM 3aKpbITHEM €€ JOOMBAIOTCS pPAaBEHCTBA
CBETOBBIX MOTOKOB. [Ipu paBeHCTBE CBETOBBIX MOTOKOB:

r-100=7,-n, (14.4),

IJie T - MyTHOCTb MCCIIEyeMOT0 pacTBOpa, Tp — MyTHOCTh
pacceuBatels, Np — CTENEHb PACKPITUA AUa(ParMbl.

Ecnu pacceuBareib IIPEIBAPUTEIILHO
OTrpaJyupoBaTh IO 3TAJOHHON MpHU3ME C H3BECTHOMU
MYTHOCTBIO, TO MO pe3ylbTaTaM He(eIoMeTpUIecKux
U3MEPEHUN MOXHO BBIYHCIUTH MYTHOCTh pPacTBOpa B
OTHOCUTEIIbHBIX €IMHULIAX.
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PaBeHCTBO CBETOBBIX IIOTOKOB, MAYIIUX OT
STAJIOHHOM MPU3MBI U OT pacceuBaTesisi MOKHO BbIPA3UTh
ypaBHEHUEM:

7, 100=7,-n (14.5)

[loacraBnsis 3HaueHue 1, u3 (14.5) B (14.4)
MOJKHO TIOJTyYHTh YPAaBHEHHE ISl BEIYMCICHUS MyTHOCTH
pacTBopa B aOCOJIIOTHBIX €IUHUIIAX:

r=1, —" (14.6),
n

p,om

p,om

/1€ Npr — CTETIEHb PACKPBITHS AuadparMol.

Yempoticmea neghenomempa.

6

78
4 3
1 \ o n(b
U U

) 9 1 1
¥,

6

CBeroBoM MOTOK OT Jammbel 1 magaer Ha
IIPO3payHyl0 IJIACTHHY 2 , B KOTOPOH IOMEIIaeTcs
KIOBETA C MCCIENYEMBIM pacTBOpoM. CBET, pacCEestHHBIN
KOIUIOWIHBIME ~ YacTMmamu, moj yrmom 1359 «k
MaJaoIIEMy, NpOHAs uepe3 JHMH3Y S5 , IONaJaeT B
¢doromerpuueckuii y3en mpubopa M 0O0yClIaBIMBaeT
SPKOCTb OJITHOM IIOJIOBUHBI IOJIS 3peHud. Jlpyras dacTb
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CBETOBOTO TOTOKAa, OTPaKEHHAas OT IPO3pavyHOM
IUIaCTUHKM 2 , momagaer Ha pacceuBatenb 4. Cser,
MpOLIECIIINN Yepe3 pPACCEeHBATENb M JIMH3Y S, TaKke
nomagaer B (OTOMETPUYECKUH  y3€T, IPOXOIUT
u3MepuTenbHble auadparmbl 6, Kaxaas W3 KOTOPBIX
CBsI3aHAa CO CBOMM OTCuUeTHbIM OapabaHoM. O0a moToKa,
Mpouast OOBEKTUBBI 7, TPU3MBI 8, (POKYCHPYIOIIYIO
nuH3y 9, ceeropunsTpl0 u okynsap 11, momagaror B ri1a3
HaOJro/1aTensi, KOTOPBI BHIUT IOJIE 3pEeHUs B Qopme
Kpyra, pas3JelICHHOTO BEPTUKAJIbHOW JWHHUEH. SpPKOCTh
JeBOW  TOJIOBHHBI ~ TIOJISE  3PEHUS  OINPEIeINseTCs
WHTCHCUBHOCTBIO  CBETa,  MPOIIEANIETO  IPaBYIO
muadparmy. OTcueT BeayT 1o YepHOU Iikaie 6apabaHOB,
nokasbiBaroleil (B %) oTHOLIEHHE MIIoIaan Tuapparmsl
IPU JAHHOM pPAacKpBITUU K IUIOMIAJM MAaKCHMAaJIBHOTO
packpbITus quadparmsl.

14.3. OBBEKTHI " CPEJCTBA
NCJIEJOBAHUMA.

14.3.1. Hedemometp HOM c
yIBTPATEPMOCTATOM.

14.3.2. KroBera.

14.3.3. ITuneTkwu.

14.3.4. PactBop monemnmicyiabdaTa HATpus HIU
CHHTAHOJIA.

14.3.5. JluctumpoBaHHas Boia.

14.4. IIOAT'OTOBKA K PABOTE.

14.4.1. BxirouuTs HedeaoMeTp.

14.4.2. B kroBery HamuTh 20 MJI HCCIETYyEMOIO
pacTBOpa M TIIOMECTUTh B Kamepy Hedenomerpa c
JUCTUJUIMPOBAHHOW BOAOM Ha 15 MUHYT.
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14.5. TIPOTPAMMA PABOTHI.

14.5.1. OTkpHITh TUadparmy, pacroyoKEHHYIO Ha
yTu cBeToBoro noroka. Ilokazanus GapabaHa TOJIKHO
ob1TH 100.

14.5.2. TlocreneHHo 3akpbiBas auadparmy,
HaXOJSIIYIOCS Ha MYTH CBETOBOTO MOTOKA, MAYILErO OT
pacceuBarensi, JOOUTHCS OJMHAKOBOM OCEIIEHHOCTH
000MX MOJIOBUH MOJIsI TpUOOpa.

14.5.3. 3anucarb 3Ha4eHUE Np COOTBETCTBYIOILETO
Oapabana.

14.5.4. IIpoBectn n3mepeHue 4 pa3a v BEIYUCIUTh
cpeaHee 3HaUY€HUE Np.

14.5.5. OtoOpath U3 KOBeThl 4 MJI pacTBOpa H
n00aBUTH TyJa 4 MJI TUCTUIUTMPOBAHHOMN BOJIBI.

14.5.6. UYepes 15 MHHYT MPOBECTH
YeThIpeXKpaTHOe H3MepeHue N,. BelumcnuTte cpennee
3HauYEHUE.

14.5.7. IlpoBectn emie Tpu pa30aBICHHUS W
u3MepeHus Np.

14.5.8. Tlo dopmyine (14.5) paccuntath MyTHOCTh
UCCIEyeMbIX  PACTBOPOB, 3HAYEHUS Tor M Npor
yKa3bIBAIOTCS JIAOOPAHTOM.

14.59. TIlo dopmyne (14.2) BBIYHCIUTH
koHctanty H  (3Hauenme  dn/dc  ykaswiBaeTcs
J1a00paHTOM).

14.5.10.3anonHuTs  TAONMLY ~ pacyeTHoO -
9KCIIEPUMEHTAIbHBIX JaHHBIX.

Ta6n1/1ua PACYCTHO-3KCIICPUMCHTAJIBHBIX TAHHBIX

KOHHCHTpaI_[I/Iﬂ CreneHp PaCKpbITUA MyTHOCTB , HC / T
pacTBopa, ,Z[I/Ia(i)parMLI, np
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C, MOJIB/IT ‘1‘2‘3|4|Np,0p"5 ‘

14.5.11. 1o naHHBIM TaOIUIBI TOCTPOUTH TPAPUK
3aBHCUMOCTH HC/T OT KOHIIEHTpalUHu M, SKCTPAIOIUPYSI
IpsIMYIO J0 OCH OpJMHAT, ONPEAEIUTh MULEIUIIPHYIO
maccy I[TAB B pacTBope.

14.6. KOHTPOJIbHBIE BOITPOCHI.

1.0cobennoctu OTNITHYECKHUX CBOMCTB
KOJIJIOMJTHBIX PACTBOPOB.

2. PaccesiHue cBeTa KOJUIOMIHBIMU PAaCTBOPAMH.

3. [lormomenne CBeTa KOJIJTIOUAHBIMU
pacTBOpaMmu.

4. [loHaTre MyTHOCTH KOJUIOMJIHBIX PACTBOPOB.

5.  PacTtBOpbl  KOJUIOMJTHBIX  MOBEPXHOCTHO-
AKTUBHBIX BEILIECTB.

6. Munemnoo0Opa3zoBanue B pactBopax I[IAB.
Kpurnueckas KOHIIEHTpaLus
muneooopasoBanus. Touka Kpadra.

7.@aktopsl, Baustonme Ha KKM.

8.YcrpoiicTBo Hedenomerpa.

JIABOPATOPHAS PABOTA Nel5
O4YUCTKA 30JIEM METOAOM JJUAJIN3A

15.1.1leap paGoThI: 03HAKOMHUTHCS C METOJAMHU
OYHCTKH 30JICH.

15.2 TEOPETUYECKHME CBE/IEHN .

JUis  OYMCTKM  KOJUIOMJHOTO  pacTBopa  OT
IIpUMece HMOHOB IPUMEHSAIOT METOJ, Ha3bIBaeMbIU
mranu3oM. CyllHOCTh AMaIN3a 3aKJII0YaeTCsl B TOM, YTO
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KOJUIOUJHBII pacTBOp C COAEPKALIUMUCS B HEM MOHaMU
oTHeNsieTcss  OT  4YMCTOTO  pacTBOpuUTenss  (BOJbI)
MOJTYITPOHUIIAEMOI NEePEroPOIKOM (MeMOpaHoi¥t).
Monekynsl W HWOHBIL, OOJagaroue CrIoCOOHOCTHIO
IIPOHUKATh 4Yepe3 TaKyl IEpPEropoJiKy, IMEepexodsT B
pacTBOpPUTEIb, IOKA HE YCTAHOBUTCSI PaBHOBECHE MEXKTY
KOHLIEHTpallMe MOJIEKYl M HMOHOB IO 00€ CTOPOHBI
neperopoakud.  OOHOBJISST ~ PAcTBOPUTENb,  MOXHO
NOOUTHCS OYUCTKH 30JIeH OT MPUMECEH.

JUia  auanu3a  OpUMEHSIOT  TOJYINpPOHUIIaeMble
MEePETOPOAKH,  HM3TOTaBIMBAaeMble U3  KOJUIOMJIHBIX
IUICHOK, TIUJICHOK M3 aleTHILEIUII0N03bl, Ieodana.
Hapsiny ¢ 3TUM HCIOJIB3YIOT e€cTeCTBEHHbIE MeMOpaHbI
13 CBUHOTO WJIM ObIUbEro my3bips. s npugaHus nieHke
OomnbiIeil  MPOYHOCTH €€ M3rOTaBiIMBAIOT U3
MIEPEUUCIICHHBIX MaTepuajoB Ha TIOPHCTONH OCHOBE
(manmpumep, Ha GUITBLTPOBATBHON Oymare).

UToOBI IPUTOTOBUTH TUIEHKH, CTEKJISTHHBIA COCY/L
HaMOJIHAIOT PACTBOPOM KOJUJIOAUS  (CHUPTO-I(PUPHBIA
pacTBOp HUTPOKIIETYATKH). 3aTEM pPAcTBOP MEAJIECHHO
BBUIMBAIOT, Bpalllasi COCY TaK, YTOObI OCTATOK KOJUIOAUS
PaBHOMEPHO paclpeAenuics M0 CTEeHKaM M Jal0T CIIHUPTY
u >¢upy ucnaputbea. Korma ucuesner 3amax 3dupa,
COCY/I HECKOJIbKO pa3 OMOJACKUBAIOT TUCTHIIMPOBAHHON
Bojoi. [lomyuuBiryrocss Ha CTEHKax cocylda IUICHKY
MOJApEe3aloT y Kpas M HaJUBAIOT MEXIy CTEKJIOM U
IIeHKo# Boay. [IneHKa mocTeneHHo OTCTaeT OT COCyaa,
U ee BBIHUMAIOT.

Jlns u3roToBieHUs OoJjiee MPOYHBIX (PUIBTPOB,
OymMakHbIH  (QuUABTp BKIaAbIBalOT B  (aphopoByrO
BOPOHKY C INIOCKMM MOPHUCTBIM JHOM. HanuBaror Ha
BOPOHKY TOpSiYyl0 BOJYy M JarOT €l creub. Ha MOKpbId
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GWIBTp HATUBAIOT MOJOTPETHIN KOJUIOAMHA, PAaBHOMEPHO
pacIpeneisoT €ro o MOBEPXHOCTHU, & OCTATOK CIIMBAIOT.
[locne npocyirBanus WIeHKU (5 MUHYT) HAJIMBAIOT €1lle
OJIMH CJIOM KOJIJIOJUSI U CHOBA BBICYIINBAIOT (20 MUHYT).
[Noncoxmuii GUIBTP BEIHUMAIOT U3 BOPOHKH.

15.3.0BBbEKThbI " CPEACTBA
NCCIELOBAHNMAL.

15.3.1. Auanuzatop.

15.3.2. PactBop nona.

15.3.3.PactBop HUTpaTa cepedbpa 1H.

15.3.4. PactBop cynbdara kst 1H.

15.3.5. PactBop xnmopuna 6apust 1H..

15.3.6. 3omb Tanuna 2% u 10%.

15.3.7. 3onb xenatnHa 1% u 3%.

15.3.8.PactBop xsopuna Harpusa 10%.

15.4.1I0AI'OTOBKA K PABOTE.

15.4.1. CoGpatb mpubop 11s TUaIn3a.

o~

) =

3

Puc.15.1. uammzatop. 1. BopoHka, 2 —
MeMOpaHa, 3 — KpaH Julsl CMBa BOJibl, 4 — BOJA.
15.4.2. B mupokuii cocysi HaIUTh BOLY.
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15.5.1TPOTPAMMA PABOTBI.

15.5.1. Inanu3 3014 sKeJIaTHHA.

15.5.1.1.B  Boponky Hamuth 1% pacTBOp
KeJaThHa W J00aBUTh K HEMYy 2 MJI pacTBOpa XJIOPHUIA
HATpPHSL.

15.5.1.2. Yepe3 2 yaca oToOpaTh MOPLHIO BOJIBI
M3 TIUPOKOTO CTaKaHa M IMPOU3BECTH MPOOBI Ha HMOHBI
cepebpa pacTBopoM HUTpaTa cepedpa (Oemnblii 0camok) u
Ha sxematuH 10% pacTBOopoM TaHWHA (M3MEHEHHE
OKpacKH TaHWHA).

15.5.1.3. OrobOparp eme aBe MpoOBI Uepes
rmoJryaca ¥ 3armcaTh pe3ybTaThl OTBITOB.

15.5.2..Ilnanu3 30,15 KpaxmaJja.

15.5.2.1. Jlo6GaBuTh B 307b Kpaxmana 2 MI
cynb(dara Kanus ¥ BIUTh B BOPOHKY C MEMOpPaHOA.

15.5.2.2.Yepe3 ywac oToOpaTh MOPIHIO BOABI W3
IIMPOKOTO CTakaHa W clejaTh MpoObl Ha Cynb(har HOH
(xmopuziom Oapusi — 0CaloK) U Ha Kpaxman (pacTBOpOM
MoJa —CUHSS OKpacka).

15.5.2.3. 3anucars pe3ynbTaThl ONBITOB.

15.5.2.CnienaTth BBIBOBI IO paboTe.

15.6. KOHTPOJIbHBIE BOITPOCBI.

1. CymHoCTh METO/a IUanun3a.

2.MonexynsipHO-KHHETUYECKHE CBOIicTBa
mucnepcHeix  cucteM  (bpoyHOBckoe — JBHMKEHHE,
g dy3us, 0cMOC).

3. Ocmoc Kak OCHOBAa METOAOB OYHUCTKHU
JMCTIEPCHBIX CHCTEM.

4.Mem0OpaHnHoe paBHOBecue JloHHaHA.

JIABOPATOPHA PABOTA Nelé6.
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OINPEJEJIEHUE CTEIIEHU HABYXAHUA
BBICOKOMOJIEKVYJIAPHBIX (BMC)
COEJIMHEHU.

16.1.11eab paboOThI: N3yYHUTH SBICHHE HAOyXaHHS
BMC, wuccrnenoBarb H3MEHEHHWE CBOWCTB PAacTBOPOB
BMC B 3aBucumoctu ot pH.

16.2.TEOPETUYECKUE CBEJIEHU L.

K BMC (nmonumepaM) OTHOCSTCS MHOTHE
BEII[ECTBA, HMEIOLIUE BAKHOE HAPOJHOXO3SHCTBEHHOE
3HaueHue. OJTO CHUHTETHYECKHE BOJIOKHA. IJIACTMACCHI,
Kay4yKd, TIIOYTH BCE€ MaTepHallbl JKUBOTHOTO H
PaCTUTEIBLHOTO MPOUCXOKICHHUSL.

XapaktepHoit ocobeHHocteto BMC  sBusiercs
HaJMuue JJIMHHBIX IEMHBIX MOJEKYNI, 00pa30BaHHBIX
3BEHBbSIMH OJMHAKOBOTO WJIM Pa3IMYHOTO COCTaBa C
MOJIEKYJISIPHBIM BECOM OT HECKOJIbKMX ThICAY 10
HECKOJIbKUX MUJUTMOHOB €TMHUII.

Bronp memu aToMbl CBSI3aHBI KOBAJIEHTHBIMH
CBSI3SIMU, a MEeXIy LernsMu BO3HUKAIOT
MEXMOJICKYJISIpHbIE CHUJIBI B3auMOJeicTBUS Tuna Ban-
nep-BaanbcoBbiX.  llemn  Moryr  ObITh  CBfA3aHBI
MONEPEYHBIMU XUMUYECKUMU CBSI3SMH, TOTJIa MOJIUMEPHI
MOTYT HMETh CTPOCHHE MPOCTPAHCTBEHHON CETKH.
CBoiicTBa MOJIMMEPOB 3aBUCST OT JUITMHBI IIEMH, PUPOIBI
aTOMOB, BXOJSIIHUX B COCTaB MOJIEKYJIbI, paclpeaeaeHus
aTOMOB B IIeMH, B3aUMOJCHCTBUS MOJIEKYll C
OKpYXKaroLlel Cpeslou.

3BeHbs  MojekynapHoi nenu BMC obGnapator
CMOCOOHOCTBIO K  OrpaHMYEHHOMY  B3alMHOMY
BpPAaIlCHUIO  BOKPYT  BA&JEHTHBIX  CBA3EH,  4TO
o0ycnaBIMBaeT TUOKOCTH IEMH.
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Opny u3 ocHoBHbIX Tpynn BMC  cocrasisitor
KaydyKOIIOJJOOHBIE BEIIECTBA - 3JIACTOMEPHI, CIIOCOOHBIE
K OospmmM obOpatumbiM  aedopMmarmsiM. Bce oHu
coJepkaT  JUIMHHBIE  LeNHble  Mosiekynbl.  Eciun
JOTMYCTUTh, YTO 3BEHbS  MOTYT BpallaThCi BOKPYT
BAJICHTHBIX CBS3€H, TO ISl OJTHOW M TOM K€ MOJIEKYJIbI
BO3MOXHBI pa3iMyHble KOH(urypauuu. B mnomHoCThIO
BBITSHYTOH LIENU PacCTOSTHUE MEX/y HauajaoM M KOHIIOM
ee OyJIeT MaKCUMAaJIbHBIM.

B cBepHyTO#i 11enMM paccTOsIHME MEXIY KOHIIAMU
MEHBIIIE M OHO MOXET OBITh JOCTUTHYTO OOJIBIIUM
YHUCIOM CHOCO00B, 3TO O3HAYAET, YTO TAKOE COCTOSIHHE
MoJsieKyn Oojee BeposiTHO. Ilpu pactsokeHun THOKHE
MoJiekyasl BMC  BRIIpAMIAIOTCA, H, TEM CaMbIM,
MEPEXOJAT B MEHEE BEPOATHOE COCTOSIHUE, IO3TOMY OHU
CTpeMATCS BepHYThCS B OoJiee BeposATHoe. Tak Kak
pa3HMI]a B PACCTOSIHUM  MEXAY KOHIIAMM JUTMHHBIX
LETIEd B CBEPHYTOM M Pa3BEPHYTOM COCTOSIHUM BEJIMKA,
a CHJIbl, BBI3BIBAIOLME CBEPTHIBAHUE, CPABHUTEIBHO
HEBEJMKU, TO JIMHEWHbIE TMOJUMEPhl CHOCOOHBI K
OonpmIMM  0OpaTHUMBIM  pacTshKeHHsIM.  BeposTHOCTB
JAHHOTO COCTOSIHUSL CHCTEMBI CBSi3aHa C SHTPOINHUEH
CUCTEMBI: YeM OOJIbLIIE BEPOATHOCTh JAHHOTO COCTOSIHUS,
TeM Oojblne SHTpomnus. PacTsHyTroe cocTosHME MeHee
BEPOSATHO, YEM CBEPHYTOE€, MO3TOMY IPH PaACTSHKEHUU
SHTPONUS CUCTEMbI YMEHBIIACTCSI.

Bropyto rpynny BMC npencraBistor Oenku u
HYKJIEMHOBBIE KHCJIOThl. OHU UTPAIOT OCHOBHYIO POJIb BO
BCEX JKM3HEHHBIX IIpolleccax M SBISIOTCA TEMH
BEILIECTBAMH, C KOTOPHIMH CBSA3aHO CaMO [OHSATHE
“kn3Hb”. benku SBJISMIOTCS OCHOBHBIM CyOCTpaToMm
*Ku3HU. OHU BXOJAT B COCTaB BCEX JKUBOTHBIX M
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PacTUTENBHBIX OPraHW3MOB M WIPAIOT OCHOBHYIO pOJIb
BO BCE€X JKU3HEHHBIX Ipoueccax. benku sBusoTCA
BBICOKOMOJIEKYJISIPHBIMU COCITUHEHUSIMU u
OJIHOBPEMEHHO COJIEP’KaT HMOHM3UPYIOIIME TPYIIBI, TO
€cTb 00JIaZal0T CBOWCTBAMH TOJHMAJICKTPOJIUTOB: OHH
MIPOSIBJISTFOT pan cHerupUIecKux KOJUIOU/IHO-
XMMHMYECKUX  cBOWcTB.  benkm  ato  Haumbonee
pacnpocTpaHEeHHbIE TIOJIMAJIEKTPOJIUTHI. [Tomumo
kucnotHbix rpynn(-COOH) Oenku conepxar euie u
ocHoBHble rpymmnbl (-NH2) u gpyrue. Onu oOmagaror
aM(OTEepHBIMU CBOMCTBAMHU, CITIOCOOHBI TUCCOIUUPOBATH
B BOJHBIX pacTBOpaxX KaK KUCJIOTHI U Kak ocHOBaHUs. [lo
ATOU MPUYHNHE UX MOKHO CUUTATh aM(OJIUTaAMHU.

B HeliTpanbHOM COCTOSIHHM O€JIOK CYIIECTBYET
B BUIe aM(OTEPHOTO OUTIOIAPHOTO HOHA

NH*3
R
COO
MpUYEM, BO3MOXKEH TIEPEX0] U3 OTHOU (GOpMBI B
Ipyryr. AMQOTEpHBII HOH 3apsDKacTCs B KUCIIOW cpele
MOJIOKUTEIIBHO 10 CXEME:

NH*3 NH*3
| |
R + H > R
| |
COO COOH
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a B LIEJIOYHON OTPULIATEIBHO:

NH*3 NH:»
| |
R + OH —> R + H)O
| |

COO COO

XapakTepHO! 0COOEHHOCTBIO CTPOEHUST MOJIEKYIT
0enKoB ABIIAETCA X CrupaJibHast dbopma.
MaxkpomMoneKybl OeNKOB dhopmupyrorcs u3
AMHUHOKHCIIOT, KOTOPbI€ MOTYT OBITh BBIPa)KEHBI OOIICH
dhopmyoit CHNH.COOH, rmne R -
YIIIEBOAOPOJHBIN  panukan. [lpu  B3auMoaencTBUU
KapOOKCUIIBHBIX M aMUHOTPYII 00pa3yloTcs MenTUuIHbIe
ces3u -NH-CO, kotopeie GOpMUPYIOT MOJHUICHTHIHBIC
eny OEJIKOB.

B MaKpOMOJIEKyIax 0enKoB BO3MOYKHO
pa3IM4HOE  COYeTaHWE  MOJMIENTUIHBIX  Ienei,
dbopmupyromuxcs Bcero u3 20 mpocTbIX aMUHOKHUCIIOT.

[Monmunentuanass 1enb  MOXET  NPUHUMATH
MHO>X€CTBO ~ MHUKPOCKONHMYECKUX  COCTOSIHMM,  YTO
obecrieunBaeT MHOTooOpa3ue OSIKOB.

[Monmunentuanple 1enu oO0pa3ylT MEPBUUYHYIO
CTPYKTYpy O€NKOB, TMOJ KOTOpOHl mMoJpa3ymeBaeTcs
KOBAQJICHTHAsl CTPYKTYpHas OCHOBAa MAaKpOMOJIEKYT U
omnpeneseHHas MOCIeA0BaTENbHOCTh AMUHOKHUCIOTHBIX
OCTaTKOB.

benku B MX €CTECTBEHHOM COCTOSIHUM Ha3bIBAIOT
HAaTUBHBIMM, a WX KOJUIOMJHBIE CBOMICTBa 3aBUCST OT
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CTPYKTYpPBhl MaKpOMOJIEKYJI: PA3JIMYAIOT III00YISIPHYIO U
(GUOPHILUTAPHYIO CTPYKTYPY O€JKOB.

MakpoMoeKyIbl GuOpWUIAPHBIX  OENKOB
MPEJCTABISAIOT COOOH MOJMIETITHIHBIC S , BEITIHYTHIC
BJI0JIb OAHOM ocu. OHM OOBIYHO HEPACTBOPUMBI B BOJIC.
B opranuzme ¢ubpuispHble O€IKM 4acTO BBIOJHSIOT
MexaHuueckue  ¢QyHkuumu.  Tak,  Hampumep, K
GUOPHIIAPHBIM O€JIKaM OTHOCSITCS KOJUIAreH U JKeJIaTHH
- COCTaBHBIE YaCTH KOCTEH M CYXOXXWJIWN, MHUO3UH -
BXOJUT B cocTaB Mblml. benku, cnocoOHble K
o0pa3oBaHUIO TJ00Y/, HA3bIBAIOTCA TJIOOYISPHBIMH.
['moOynspHble OeNKU XapaKTepU3YIOTCS CHEeU(pUUIECKON
dbopmoil  CBEpTHIBaHHMS  TOJUIENTHIHON  TeMH B
MIPOCTpPaHCTBE. CBepHyTass ¢GopMa MOJIEKY]T M HaJIu4due
OONBIIOrO  4YKMciaa  BOJOPOIHBIX  CBA3EH  MEXIy
NeNTUIHBIMU M JAPYTMMHU MOJIIPHBIMM IpYyNIIaMU Kak
BHYTPH KaXIOH IeNnu, TaKk U MEXKAy OTAEIbHBIMU
LEeMsMH IPUAAaeT UM OOJBIIYI0 KECTKOCTh CTPYKTYPBI.
[loBbllIeHHME >IaCTUYHBIX W IUIACTHUYHBIX CBOICTB B
Oenkax MOXET ObITb  JIOCTUTHYTO  IOBBIILIEHUEM
TEeMIepaTypbl WM BBEAECHUEM BOJbI, OCIAOJIAIOLICH
BOJIOPO/IHBIE CBA3U. KoJIonaHO-XMMHUYECKHE CBOMCTBA Y
rJI00YISIPHBIX OENIKOB MPOSIBIIAIOTCS B OOJbLICH cTeneHH!,
yeM y pUOPHILISPHBIX.

B opranuzanuu rinoOyn OGeNKOB — BaXKHEUITMMHU
BHYTPUMOJIEKYJIIPHBIMU B3aUMOJICHICTBUSMHU  SBIISIOTCS
ruzipodoOHbIE. Bbosbiias 4acTh HOJISIPHBIX
TUAPO(UIBHBIX ~ IEHTPOB  MAaKpOMOJIEKYa  O€lIKOB
HaXOJUTCSl CHAapyXu TIJ00Yl, YTO W ONpenenseT ux
TUIPO(UIBHOCTD, XOPOLIYI0 PACTBOPUMOCTH B BOJIE H
BBICOKYIO PEaKIIMOHHYIO CLIOCOOHOCTB.
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I'moOynsipHble  O€NKM  CcoAep)Karcss B  KPOBH,
numbe, nporomiazMe Kietok. K HHUM  OTHOCSTCA
aTbOYMUHBI U TJIOOYIHMHBI CHIBOPOTKH KpOBH. [J1aBHas
0COOEHHOCTh 0€JKOB, OTIpe eI oIast ux
WHJIUBUIYAIBHOCTb, 3aKJIHOYaeTCsi B  CIIOCOOHOCTH
CaMOTIPOU3BOJIBHO (POPMHUPOBATH MOMUMO TEPBHYHOMN
MPOCTPAHCTBEHHYIO CTPYKTYpPY, CBOWCTBEHHYIO TOJBKO
JaHHOMY O€JIKY, YTO MOXXHO OXapaKTepHU30BaTh Kak
CBOEOOpa3HYI0 CaMOOpraHU3alNI0 CTPYKTYphl. CoriacHo
KOHIICTIIIMU CTPYKTYPHO-(DYHKIIMOHAILHON OpraHu3aIiiu
OeJNKOBOW MaKpOMOJICKYJIbI, HATUBHAs  TpEeXMEpHas
CTpYKTypa MaKpOMOJIEY Oernka MOJTHOCTBIO
OTIpENIENSIETCS] AMHHOKHUCIIOTHOW TOCIIEIOBATEIHHOCTHIO
¥ OTBEYaeT MUHUMYMY BHYTPCHHEH SHEpruM, a Ha BCeX
CTaAMAX CAMOIIPOU3BOJILHOTO CBEPTHIBAHHUSA OCIKOBON

Lenu npeo0iajaroT BHYTPUMOJIEKYJISIPHbBIE
B3aUMO/JICHCTBUSl BAJICHTHOHECBA3aHHBIX aTOMOB Haj
MEXMOJIEKYJISIPHBIMU B3aUMO/ICHCTBUSIMHU.

BHYTpUMOJICKY/ISpPHBIE B3aMMOJCHCTBHS PEAU3YIOTCS
3a CUET BOJOPOJHBIX CBsS3€H, BaH-JCpP-BAalbCOBBIX H
AIEKTPOCTATUYCCKUX CHIL.

XHUMHYECKUE CBOWCTBA OCJIKOB OMPEIACIISIOTCS
CTPYKTYpPHO# OpraHu3aiyei MaKpoMoJIeKyl 0enkoB. [l
O0enkoB Haunbosiee XapakTepHbI Ccleayromue (U3NKO-
XMMHYCCKHE CBOMCTBA: BBICOKAs BS3KOCTH PacTBOPOB,
He3HauuTenbHas nuddy3us, cnocoOHOCTh K HAOyXaHHIO
B IIUPOKUX TpejesiaX, ONTHYEeCKas aKTHBHOCTb,
MOABIKHOCTH B DIIEKTPUYECKOM  TOJIe,  HH3KOE
OCMOTHYECKOE JaBJICHHE U BBICOKOE OHKOTHYECKOE
naienue. [lox nedicTBMEM pa3NIUYHBIX (U3WYECKUX U
XUMHYECKUX  (aKTOpPOB  MPOUCXOIAUT  HU3MEHEHHUE
CTPYKTYphl MaKpOMOJIEKY1T Oelka U CBOHCTB €ro
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pactBopoB. K uMciny Takux W3MEHEHUHM OTHOCHUTCSA
neHarypauus. JleHaTypauusi MakpoMOJIeKya OEJKOB,
HaxoJIIMXCS B HATUBHOM COCTOSIHMM, CBSi3aHa C
HapylleHHueM KOH(OpMalnuy NOJUNENTHIHON LIENu U UX
BHYTPUMOJIEKYJISIPHOTO B3auMMOJEHCTBUsSI 0e3 pa3pbiBa
MOJIMMIENITUAHBIX CBsi3ell. B pesynbpraTe cHMXKaeTcs Wiu
yTpauuBaeTcsi BoOOIe OWOJIOTHYECKass aKTUBHOCTH
Oenka. bBonbIIMHCTBO OENKOB  JAECHATYpUpYeT Mpu
HarpeBaHWH UX pacTBopoB Beime 50-60°C.

MexaHu3M JeHaTypaluud BKJIIOYAaeT B  ceds
pa3pblB  Cci1al0bIX CBsi3ed BHYTPU MaKpOMOJEKYl1 U
paspylieHre HaTHUBHOW CTPYKTypbl Oenka. PacTtBopsl
0enkoB, Kak U pacTtBopbl Ipyrux BMC, kpome cBOHCTB

JIeHATypaIlnH, oOazmaroT U0 (OUITEHBIMU
(ruapopUITHHBIMH ) CBOMCTBaMH, CJIeTI0OBATEIIBHO,
SIBIISTIOTCSI TEPMOIMHAMUYECKH YCTOWYUBBIMU

cucteMaMd. [ UapoOUIBLHOCTH OCNKOB OMpENesieT HX
CIOCOOHOCTh K  TIOTJIOIICHHWIO  JKUIKOCTH  (BOJIBI),
Ha0yXaHHUIO U 0Opa30BaHMIO CTYTHEH.

Makpomonekynst BMC npu B3auMOJIEHCTBUU C
pacTBOPUTEISIMU CHIOCOOHBI K HaOyxanuto. HaOyxanue-
9TO yBeIMYeHHe wmacchl U obdbema BMC 3a cuer
MOTJIOIIEHUS HU3KOMOJIEKYIISIPHOM YKUJIKOCTH.
HalyxaHue compoBOXAaeT KU3HEICSITEIbHOCTh BCEX
PaCTUTENBHBIX M JKMBOTHBIX OpraHu3moB. [lpuuuHOii
HaOyxaHHs SIBJISIETCS b dy3us MOJIEKY
pacTBOpPSEMOro BeIIecTBa B PacTBOPHUTENb U, HA00OPOT,
yeM Oouiblie MosieKyasipHblii Bec BMC, Tem memieHHee
UJET mpoliecc HabyXaHusl U PAaCTBOPEHHUSL.

Habyxanue mnpoTekaeT B HECKOJBKO CTaJHil.
IlepBass cramus cBs3aHa c¢ guddysueit  Molekyn
pacTBopuTens B Makpomoiekynsl BMC, compBatarueit
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THX MOJIEKYJ, a TaKKe C pa3pbIBOM CIAObIX CBs3eH
MEXAY MakpoMoJsieKylaMu. B pesynabrare  3TOrO
MOJISIPHBIE ~ MOJIEKYJIBI ~ pacTBOpUTENsl  00pasyroT
COJIbBATHBIM, a B CiIydae BOJABI-TUAPATHBIA CIIOM.
Bcenencreue COJIbBATALUU u OTTAJIKUBaHUS
OJIHOMMEHHBIX 3apsA0B COJbBAaTHBIX CIIOEB pBETCS
ciabasi CBSI3b MEXKY MOJIEKYJIaMU.

Ha BTopoii craguu npoucxoaut quddys3ust camux
MaKpOMOJIEKYJI UM UX 3BEHbEB B pacTBOp. B pesynbrare
paspbiBa ClIa0bIX CBA3€M MaKpOMOJIEKYJbI NMPUOOPETAOT
CrocoOHOCTh AMPPYHAUPOBATH B PACTBOP.

HalyxaHue - TUNMYHOE KOJUIOMIHO-XUMHYECKOE
sBreHue. OHO MPOMCXOAMT C BbIACICHHEM TeIuia. OTO
clenyer u3 OCHOBHBIX TEPMOIUHAMHYECKUX
IIPEJCTAaBICHUNA 00 OTKPBITHIX CHCTEMax, Uil KOTOPBIX
XapaKTEpHO COOTHOILIEHUE:

AG<AH-TAS wm dG<dH- TdS

Ha nepBoi#i cragnu mporecca SHTPONUS CUCTEMBI
IIPAKTUYECKHU HE U3MEHSETCS.

[To aToii mpuunMHe cHUXKeHWE dHepruu ['nbdca B
CaMOIIPOU3BOJILHOM IIpoliecce, K KOTOPOMY OTHOCHUTCS
HaOyxaHWe, MPOU30HAET 3a CYET  YMEHbLICHMS
SHTAJBIMU. YMEHBUICHHE OSHTAIbIUU JUIsl H300apHO-
M30TEPMHUUECKOTr0 Ipoliecca O3HaYaeT BbIJCICHHUE TEIIa,
TO €CThb SBJISIETCS 53K30TEPMHUYECKMM IpoueccoM. B
pe3yibTare ocnalneHus CBSI3U MEXy
MakpoOMOJIEKyJaMM Ha BTOpPOM cTajiuu HaOyXaHMs
OecropsiIoK yBEIMYUBAETCSA, a 3TO MPUBOJUT K POCTY
SHTPOIIUH.

HalOyxanue Mo)keT OBbITb OrpaHHYEHHBIM U
HeorpaHudeHHbIM. HaOyxaHue He Bcerja 3aBepllaeTcs
pacTBopeHueM. Bo MHOrux ciy4asx mocie AOCTH)KEHHUS
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HEKOTOPOH CTeneHn Ha0yXaHUs MPOLECC MPEKPAIIaeTCsl.
[IpuurHa Takoro sBJIeHUs 3aKitoyaeTcs B ToMm, uto BMC
U pacTBOPUTENb CHOCOOHBI CMENIMBATHCSI OTPaHUYEHHO.
B pesynbrare, 1mocine yCTaHOBJIEHUS PaBHOBECHS,
cucremMa OyleT COCTOSITh W3 JBYX COCTaBIJISIONIUX:
HaCBIIL[EHHOTO pacTBopa BBICOKOIIOJIUMEpa B
pactBopuTese (COOCTBEHHO pacTBOP) M HACBIIEHHOTO
pacTBopa pacTBOpPHUTENS B BbICOKOMOIMMEpE (Teb,
CTY/ICHB ).

[Ipu orpaHnyeHHOM HaOyXaHUU MaKpPOMOJIEKYJIbI
MOTJIONIAKOT KUIKOCTh, HO B HEH HE pacTBOpstoTCsA. B
pe3ynbTaTe OrpaHHYEHHOTO HaOyXaHHs CTETIECHb
HaOyxaHMsl JOCTUTaeT MaKCHUMAaJbHOTO 3HAYEHUS U B
JanbHelmeM He  yBennuuBaercs.  OrpaHuMdYeHHOE
Ha0yXaHWe TPUBOAUT K  OOpa3oBaHHUIO  CTYIHS.
IIpumepom  orpaHmdyeHHOro  HaOyxaHus  SABISAETCS
HaOyxaHHe pu KOMHAaTHOH TeMIeparype
MOJINBUHUJIXJIOPUA B alleTOHE,)KEIATHHA M LEJUIIOI03BI
B BOJE.

OrpanuueHHoe HaOyxaHMe IIpU H3MEHEHUHU
YCIOBUHM OIBITA 4aCTO IEPEXOJUT B HEOTPAaHHMYEHHOE.
Tak, HanpuMmep, kenaTuH, HaO0yXaroIUi OrPaHUYEHHO B
XOJIOJHOM  BoJe, B  TemwioM Boae  HaOyxaer
HEOTPaHUYEHHO.

HeorpannuenHoe HalOyxaHue  3akaHYMBaeTcs
pacTBOpEHUEM.

KonuuectBeHHass XapakTepucTHKa HaOyXaHUs -
CTereHb  HaOyXaHUs O, KOTOpas  IOKa3bIBaeT
OTHOCHUTEINIbHOE yBennueHue maccsl BMC:

a=2"" 1000, (16.1)

My
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rJiec Mo - BeC TojuMepa o0 HaOyxaHus, T, M - BeC
MoJMMepa mocie HabyxaHus, T.
Creneun Ha6yX3HI/I$I MOJHO TaK¥X€ OIIPCACIINTD
1o u3MeHenuto oorema BMC:

a= \% -100% (16.2),

0
rae V - o6beM moimMepa nocne Habyxanus, e , Vo -
06BeM MoauMepa 10 HabyXaHus, cM°.

CreneHb U CKOPOCTh HaOyXaHWsI TOJTMMEPOB
3aBUCUT OT psina (aKTOPOB: MABJICHUS, TEMIIEPATYpPHI,
BenmuuuHbl pH cpempl, NPUCYTCTBUS TOCTOPOHHHX
BEIIECTB, B OCOOCHHOCTH DJEKTPOJIUTOB, CTEIEHU
M3MENBYCHHOCTH TOJIMMEPA, BO3PACTa MOJIUMEPA.

Ckopoctb HaOyxaHus C MOBBILLIEHUEM
TEMIEPaTyphbl PAcTET, C POCTOM BHEIIHErO AABJICHUS O
MOBBIIIAETCS, YTO BhITEKaeT W3 npuHiuna Jle-llarense,
€CJIH yYUTHIBaTh, YTO CYMMAapHbIi OObEM CUCTEMBI W3
pacTBOpUTENsT U pacTBOPSEMOro  BEIECTBA  IpHU
HaO0yXaHUH YMEHbILIAETCS.

B kxucioil u 1IETOYHOM Cpele  MOJIEKYJIbI
Pa3BOpauMBAIOTCA, CBSI3b C PACTBOPUTENIEM BO3PACTaET U
nHabyxanue yBenuuuBaerca. kpome uonoB H' u OH na
HaOyxaHHe OKa3bIBAIOT BIMSHUE M JpPyrue HOHBI,
[JIaBHBIM ~ 00pa3oM,  aHHUOHBL.  AHHOHBI  MOXHO
PacroJIOKUTh B 3aKOHOMEPHBIN PsJ - JTMOTPOIHBIN Psif
HaOyxanusi ['odmeiictepa:

pOJaHUI> MOAUT > HUTpAT > XJOpHUJ > alerar
>cynb(har, T1e 10 XJOpUaa HOHBI YCUIIMBAIOT HabyxaHue,
XJIOpUA TOYTH HE HU3MEHSET €ro, a IMOCIEIyIOIINe
aHUOHBI  TPEMATCTBYIOT HaOyxaHuto. Bo3znelicTBue
AHMOHOB Ha HaOyXaHHWE CBS3aHO C pa3MepaMu PaIHyCoB
MOHOB W WX Tuapatanueid. Yem MeHbIe TUIpaTaIus
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HMOHOB, TEM OH CHUJIbHEE aJCOpPOMPYETCS U TeM CUJIbHEE
noBeIaeT Habyxanue. JlelicTBHe aHWMOHOB TPOSBIICTCS
B 0Oojiee KOHIICHTPUPOBAHHBIX pacTBOpax U B
HEUTpAJIbHON cpene. BiusgHue HOHOB B JIMOTPOMHBIX
pslax 3aBUCHUT OT UX BJIMSHUA Ha CTPYKTYpY Bojbl. [lox
BIIUSTHUEM MOHOB POJAHUA U MOJAHUJIA YIOPIA0UYEHHOCTh
PaCIIOJIOKEHUS MOJIEKYJ BOJbI YMEHBIITAETCS

Bnusuue pH cpenslt Ha HaOyxaHue XOpoIIO
M3y4eHO i O€TKOB MW IIEJUTIONIO3bI, MUHUMYM
HaOyxaHMsl JIEKUT B 00JACTH M303JIEKTPUUECKON TOUKH,
mo o0e CTOpOHBI OT KOTOpPOHW CTeneHb HaOyXaHHs
BO3pacTaeT W, JIOCTUTHYB MAaKCHMYMOB, BHOBbB
YMEHBIIAETCSI.

Konnentpanust noHOB BOAOpOaa, TIPH KOTOPO
0EoK HaXOJWUTCA B HM303JEKTPUUECKOM COCTOSIHUHU, TO
ecth kKoaudecTBo HoHOB ( COO’) u ( NH'3) oaunakoso,
Ha3bIBaCTCS  HM30TOYKOU Oenka. B MN30TOYKE
MaKpOMOJIEKyJIa CBOpAaYMBaeTCS B IUIOTHBIA KIyOOK.B
KHCJIOW WJIM IIEJIOYHOM Cpesie MOJIEKYJIa pacpsIMIISIETCSI.

Bnusinue pH Ha HaOyxaHue CBSI3aHO C T€M, UTO B
M303JIEKTPUYECKOM TOUYKE 3apsii MaKpOMOJIEKYJ OEKOB
MHUHHMMAJIEH, & BMECTE€ C T€M, MMUHHMMAaJlbHa M CTEIEHb
rupaTany OEIKOBBIX HOHOB.

C wusmenenuem (opMmbl U THApaTalMM Oenka
CBA3aHO M3MEHEHHE psijia CBOMCTB OENKOB W HX
pactBopoB. Hampumep, BA3KOCTH pacTBOPOB HMEET
MUHHMYM B HM30TOYKE. B M30TOUYKE HEKOTOpHIE OEIKU
MMEIOT HAMMEHBIIYI0 PACTBOPUMOCTh U MAaKCUMAIbHYIO
CIIOCOOHOCTH K PAaCCEUBAHUIO CBETA.

N3osnekTpruueckas TOUKa SBISETCA XapaKTEPHOU
KOHCTaHTOW OenkoB. M3oTouka Oenka B OoONbIION
CTENEHU 3aBUCUT OT MPUCYTCTBUS B PACTBOPE HOHOB

125



COJIel, B TO JK€ BpeMs Ha €€ BEIMYMHY HE BIHUSCT
KOHIICHTpanus Oenka.

W3onnmexTpuyeckas To4YKa OEJIKOB JIGKHT B
npenenax pH ot 1 (y nencuna) no 10,6 (y uuroxpoma C),
HO MPEUMYIIECTBEHHO H303JIEKTPHUYECKONW TOUYKE OEIKOB
cooTBeTcTBYeT pH<7.

16.3.0BBbEKTbI 41 CPEACTBA
NCCIIEAJOBAHUAL.

16.3.1.11ItatuB c rpagynpoBaHHBIMU TPOOHPKAMHU
(6 mpobupox Ha 20 mi).

16.3.2.KenatTuH  wWIM TOJMBUHWIOBBIA CHOUPT
(ITBC).

16.3.3.pH-meTp.

16.3.4.PactBopsl cosistHOM kuciaothl 0,2H, 0.01H,
0.001H, rugpokcuaa Hatpus-0.02H, 0.1H.

16.4.1I0JI'OTOBKA K PABOTE.

16.4.1.B 6 mnpoOWpOK OJMHAKOBOTO JHaMETpa
BHecTH 110 0,5 r xxenatnna wim [1BC.

16.4.2.]To6aBute mo 10 M3 pacTBOpOB,
yKa3aHHBIX B TaOIUIE.

16.4.3. 3ametuts ypoBenb BMC B mpoOupke.

16.4.4.ConepxuMoe MPOOMPKH  OCTaBUTh Ha |
gac.

16.5.ITPOI'PAMMA PABOTBI.

16.5.1.11o LIKaje ONPEACIIUTD 00BemM
MOTJIOIIEHHOT0 pacTBopa (mpupaiieHue oobéma BMC)

16.5.2.Paccuutats crenens HaOyxanus BMC.

16.5.3. U3meputs pH pacTBOpOB M NOCTPOUTH
rpa¢uk 3aBucumoctu o = f(pH).
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16.5.4.11o MUHUMYMY HaOyxaHMs yKa3aTb
3HaueHue u3o03aeKTpuyeckoil Touku BMC.

16.5.5.Pe3ynpTaThl 3KCIIEPUMEHTOB M PacyeTOB
3aHecTH B Tabmuiy 16.1

Tabnuma pacyeTHO-3KCIIEPUMEHTAITBHBIX
JaHHbIX.16.1

No | pactBOp Bricora | Beicota | W3menen | Crenens |p
Ne BMC g0 | BMC e HaOyxanu | H
HaOyxaH |mocine oobéma |1, %
ust HaOyxaH
sl
1 [0,20HCI
2 [0,01n
HCI
3 0,001n
HCI
4 BOJIA
5 0,02uNa
OH
6 0,1aNaO
H

16.5.6.CnienaTth BBIBOBI IO paboTe.

16.6. KOHTPOJIbHBIE BOITPOCBI.

1.06mas xapakrepuctuka BMC.

2.J]1Be ocHoBHbIe rpynnsl BMC.

3.XapakTepucTuKa OenKoB.

4.0OcHOBHBIE (U3NKO-XUMHUYECKHE
XapaKTePUCTUKU OEITKOB.

5.0rpaHnuyeHHOE U HEOrpaHMUEHHOE Ha0yXaHHe.

6.DaxTOopHI, BIUSIONINE Ha HA0yXaHHE.

7.M30smekTpudeckas Touka Oenka.
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