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JIABOPATOPHAS PABOTA Nel.
I[TOJIVUEHUE KOJUIOMJHBIX PACTBOPOB.

1.1.lean paGoThbl: U3YyYUTh METOJbI MOJTYYCHUS
T0(GOOHBIX KOJIJIOUTHBIX PACTBOPOB.

1.2.TEOPETUYECKHUE CBEJEHUMA.

Kaxxoe Teno orpaHu4eHo IOBEPXHOCTBIO, Ha
KOTOpPOl MOT'YT pa3BUBATbCS MOBEPXHOCTHBIE SIBICHMS.
Opnako, Hauboyee CyIIECTBEHHO MOBEPXHOCTHBIE
SIBJICHUS MPOSIBIISIIOTCS Ha BbICOKOPAa3BUTON
MIOBEPXHOCTH: KallWJLIAPBI, ITOPBI, BOJOKHA. OTaenbHbIE
JIEMEHTHI BBICOKOPA3BUTBIX MOBEPXHOCTEH HA3BIBAIOTCS
pucnepcusmMu. COBOKYIIHOCTh JTHUX JIHUCIIEPCUNA BMECTE
CO CpeJlloi, B KOTOPOW OHHU paclpe/ielieHbl, Ha3bIBAETCS
JIUCIIEPCHOM CHUCTEMOM.

JlucriepcHbIE CHCTEMBI IesATcsl Ha THo(QOoOHbIe U

noduIbHBIE.

JlnooOuble cuctembl - Ay 0O0pa3oOBaHUS
TpeOytoT  3arparbl  paborel.  Takue  CHCTEMBI
TEePMOIUHAMUYECKH HEPaBHOBECHBI, TpeOyIoT
CTabuIM3anuy.

JInopunbHbIC CHCTEMBI - BO3HHUKAIOT
CaMOIPOU3BOJILHO.

MeTonasl MMOJIYYCHUA JAUCIICPCHBIX CUCTEM
JACIATCA Ha KOHACHCAIIMOHHBIC U AU CIICPTralluOHHBIC.

HucneprupoBanue — 3TO  JpoOJeHHe U
U3MEJIbUEHUE BEIIECTB.

JlucnieprupoBanue MOXET OBITh
CaMOIPOU3BOJIbHBIM u HECaMOMPOU3BOJIbHBIM.

CaMonpou3BOJIbHOE AMCIEPrUPOBAHUE XAPAKTEPHO ISt



THO(UIBHBIX CHUCTEM U €ro MPOTEKaHWE OMpeaesieTcs
cootHorreHnem:dG< 0

dG =dH - TdS.

OHTponuitHBIA  (akTop CBA3aH C  POCTOM
Oecriopsiika CHCTEMBI (M3 OIHOrO Kycka oOpasyercs
MHOTO MeJKHX vactul). llpm aucreprupoBaHMM pOCT
SHTPOMNHH JTOJDKEH MPEBBIIATH U3MEHEHNE YHTAIBIINN. B
OTHOIIEHUU JHUO(GOOHBIX CHCTEM CaMONPOHU3BOJILHOE
JTUCIIeprupoBaHue HcKItoueHo. [lns mucneprupoBaHus
HY)KHO TIPEOAOJETh KOTrE3MOHHBIE CHJIBI, KOTOpbIE
00yClIaBIMBAIOT LIEJTOCTHOCTh OIpEAeNeHHOro o0bema
TBEPJIOr0 TeJa MJIN KUJIKOCTH.

[Ipn nucneprupoBaHuy NOA AE€HCTBUEM BHEIIHUX
CHJI  KOHJEHICHCHUPOBAHHOE  BEIIECTBO  CHavala
npereprneBaer o0beMHOE ehOPMUPOBAHHE M TOJIBKO
MOCTIE ATOTO MPH ONPENEICHHOM MEXaHHYEeCKOM YCHIIHH
OHO pazpymaercs. To ecTb paboTy, HEOOXOIUMYIO ISt
JUCIIEPrUpOBaHUs, MOXHO  pa3leluTh Ha  JBE
COCTaBJISIIOIIME, OJHAa W3 KOTOPBIX pacxoayercs Ha
o0beMHOE JnedopMHUpOBaHWE Tena, Jpyras — Ha
00pa3oBaHNE HOBBIX IOBEPXHOCTEH.

PaGora gedopmupoBaHHS NPONOPLUOHAIBHA
o0BeMy Tena:

Wep=K-V (1.1),
rae K — ko3 duimeHT npornopuroHaIbHOCTH, PaBHBIH
pabore ob6beMHOro nehopMUPOBAHUS SAMHUIBI 00BEMa
KOH/ICHCHPOBAHHOT O Tena, V — 00beM Tena.

PaGora oOpa3oBaHMs HOBOH  ITOBEPXHOCTH
MPOMOPIIOHATIbHA MTPUPAILICHUIO TTOBEPXHOCTH :

Wo=c-AS (1.2),



rje o - paboTa 00pa30BaHMs €AMHUIBI TOBEPXHOCTH HJIH
MOBEPXHOCTHOE HaTsbkeHune, AS — mnpupaieHue
MOBEPXHOCTH.

[Tonnast paborta AMCIIEPrUpPOBAHMS BBIpAXKaETCs
ypaBHeHueM Pebunnepa:

W=W eyt Wo=K-V+c-AS (1.3)

PaGoTa 00bEMHOT0 nedopMupOBaHUS
nponopuuonansHa 0obemy Tena(Vad®). Ilpu Gompimx
pasMepax  Tela  MOXHO  IpeHeOpeub  paboToit
obpasoBanusi moBepxHoctn, Ttorma WaK-d®. To ecrs
nonHas  paboTa  OUCIEPrUpOBaHUS  OMpeaensercs,
IJIaBHBIM 0o0Opa3om, pabotoit aedopmupoBanus. I[lpu
MajbIX pazMepax Tena paborta medopMmupoBaHHs OyAeT
OMpeNeNsAThCs paboTOM 00pa30BaHUS TOBEPXHOCTH.

I[Ipy mnoMoOIM METOJIOB KOJJIOMJAHOW XUMHU
MOKHO CHWXXKATh 3aTpaThl SHEPrHH, HEOOXOAMMBIE IS
qucrieprupoBanus. K uuciay Takux METOJOB OTHOCHUTCS
a7IcOpOIIMOHHOE TTOHMKEeHHEe MpoyHocTH. B pesynbpraTe
ancopouun IIAB Ha BHemHell W  BHyTpeHHeH
MOBEPXHOCTH TBEPJAOro Tela CHUXKaeTrca Mexda3oBoe
MTOBEPXHOCTHOE HATSDKCHUE, obrerdaercs
neopMupoBaHUe TBEPOTO TENA.

CHUXEHHE JHEPTHH JHUCICPTUPOBAHHS  MOXKET
OBITh TOCTUTHYTO CIIEAYIOIUMHU METOJaMH: TPOBEICHUE
mporecca B JKUIKOM cpeae, MOMON C OJAHOBPEMEHHOMH
BUOpanuel, NpuMeHeHNe YIbTPa3ByYKOBOTO METOAA.

[NOJIYUEHUE JUCIEPCHBIX CHUCTEM 3A
CYUET KOHAEHCAIIMOHHBIX IMTPOILIECCOB.

KonjieHcallmoHHbIE  METOJIBI: KOHJICH callys,
JiecyOuManys, Kpycrajuii3alusi.

B ocHOBe KOHAEHCAIIMOHHBIX METOJOB JICKHT
mporecc 00pa3oBaHUSI YACTHI] AMCIEPCHON (a3pl U3




BEIIECTBA, HAXOALIETOCS B MOJIEKYJISIPHOM HJIM HOHHOM
coctosiHuM. HeoOXoauMbIM TpeOOBaHHUEM BCEX METOJIOB
KOHJICHCAIIUW  SIBIISIETCSI  CO3/IaHME  TEPECHIIIIEHHOT O
pacTBOpa, U3 KOTOPOro JOJDKHA OBITh TOJIydeHa
KOJUIOUJHAs CHCTeMa. ODTOr0 MOXHO JOCTHYh TIPH
OTIPEICTICHHBIX PU3NICCKIX U XUMUYECKUX YCIOBHUSX.

HeoOxonumple  yCIOBHWSI  KOHICHCAIIMH U
KPUCTAJUIM3AIUU - TIEPECHIIIEHUE U HEPABHOMEPHOE
paciipesiefieHe BelllecTBa B AMCIEPCUOHHOW cpene U
o0pa3zoBaHKE I[EHTPOB KOHICHCAIMH (3aPOABIIIIEi).

OTH TpoIecCchl BHI3BaHbl YMEHBIIIEHUEM DHEPrUU
I'n66ca. Ilpu 3apoxnenun HOBOM (a3pl U 0OpazoBaHUU
YacTUI[ HW3MEHAETCS XUMHUYECKHH TMOTEeHIHWaml L
KOMIIOHEHTa, BO3HUKAaeT IOBEPXHOCTh paszaena (a3,
KOTOpasi CTAHOBUTCSI HOCUTEJIEM U30BITOYHOM CBOOOIHOM
sHeprun. Ilpomeccel KOHAEHCANMH, AeCyOIMMAIUU H
KpHUCTaUTH3auu 3akaHyuBatorcs npu AG = 0, To ectb
SAc + nApi = 0. O6pa3oBanue HOBOI (ha3bl BO3ZMOXKHO,
ecm Wi > Wi, roe Wi’ - XMMHYECKMUA MOTEHIHMaN
KOMITOHEHTa B T'OMOTE€HHOH ¢asze. Li'' - XUMHYECKHH
MOTEHIINa KOMIIOHEHTa Ha TOBEPXHOCTH paszeina (as.

Crenenb nepechbllieHus B 111 pacTBOpa U mapa
MO>KHO BBIPA3UTh CIEAYIOIIUM 00pa3oM:

Bx = c/cs, Pu = p/ps (1.4),
rae p, C - JaBJIEHUE TEpPECHIIIEHHOr0 TMapa |
KOHIICHTpAIIMsI BEIIEeCTBa B MEPECHIIIICHHOM PacTBOPE, Ps
JpaBHOBECHOE JaBIIGHUE HACBHIIMIEHHOTrO TMapa Haj
IUIOCKOM ~ MOBEPXHOCTHIO, Cs - paBHOBecCHas
pPacTBOPUMOCTb, COOTBETCTBYIOIIAsI 0OPa30BaHUIO HOBOM
¢ba3sbl.

Du3nyecKue MeTOAbl KOHACHCAIIMH .
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1. CryuieHue mapoB >KHAKOCTEH U TBEPABIX TeJ
OpU OXJKACHHH B pe3ylbTaTe aauabaTudeckoro
paclIupeHns Wik CMEIIUBaHUs MPOAYKTOB UCHapeHUui ¢
OosbIIM 00bEMOM BO3/YyXa,

2. KonpgeHcanms w3 pactBopa  IyTEM
MOCTENEHHOT0 YJaJeHUs (BBIMAPUBAHUS PACTBOPHUTEINS
WIA 3aMEHBbl €ro APYTUM pacTBOPUTEIEM, B KOTOPOM
BEIIECTBO qucHepcHOl (a3bl HepacTBopuMo. Hanmpumep,
NaCl pacTBopuM B 3TUIIOBOM CHUPTE, HO HE paCTBOPUM B
spupe. Ecnu crnupToBOil pacTBOp XiopHAa HaTpus
JI00aBIATh MO KamisAM K 3QUpy, TO TMOIYyYUTCS CBETIBIN
OonajaeCUUpyOLUi 3071b.

B kauectBe mpumepa (puzMueckoil KOHJAEHcAuu
MOKHO IPUBECTU METOJ IOJIYYEHHS BOASHOIO TyMaHa B
kamepe BuiibcoHa.

XuMHYECKHE METO/Abl KOHICHCAIIUH.

[Tonyuenue 30meil  OIArOpOJHBIX METAJUIOB:
30510Ta, cepedpa, MIATUHBI — METOJIOM BOCCTaHOBJICHUS
ObUIO HM3BECTHO JaBHO. YCTOWYMBOCTH 30JIed OYEHb
BEIMKa, OCOOCHHO TpPU TONYyYEHUU M3 pa30aBICHHBIX
pacTBOpoB u B uMcTOoM mocyzae. JlBa oOpasua
KOJJIOUJTHOTO 30JI0Ta, INpUrorosieHHble dapaneeM B
1857 rony, u ceituac xpansatcs B JlIonnonckom mysee. O
nporecce KOUIOMA000pa3oBaHUS MOXHO CYAUTH IO
OKpacke, DJIEKTPOIPOBOAHOCTH U APYrUM  (U3UKO-
XUMHYECKUM CBOMCTBAM pacTBOPOB.

VYpaBHeHue peakuuu BOCCTaHOBJICHU SI
30JI0TOXJIOPUCTOBOIOPOIHOM KU CJIOTBI HAuCl4
MIEPEKUCHIO0 BOIOPOJA:

2HAUCIs + 3H20, = 2Au + 8HCI + 30..

B kayecTBe BOCCTaHOBUTENEH METAJIIOB MOXKHO
MPUMEHSATh Pa3IMUHbIE BEUIECTBA: caxap, HenpeaeabHbIe
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YIJIE€BOAOPOAbI, TaHMH W JipyrHe.  XOpOUIMM
BOCCTAHOBUTEIJIEM 30JI0TOM KHCJIOTHI SIBJSETCSA TAHUH:

2HAUO; + C76H52046 = 2AU + H20 + C76H52049
(poGaden).

IIpn nosyyeHun 3078 3010Ta B CUCTEMY B
KauecTBe HEHMTpan3aTopa J00aBIISIIOT KapOOHAT KaJMsl.

Yactuipl 30/10Ta 3apspKEHbl OTPULIATENBHO, OHU
a7copOUpYIOT aHHOHBI 30JI0TOM KuUCcIOThl AuQO2’, B
pe3yibTaTe 00pa3yloTCs MHUIEILIBL:

mAU | nAUO;-(n-x)K* | -xK*

YCTOWYMBBIA 30JIb MOXHO IIOJYYHTb TAKXKeE
IyTE€M PeaKHH JBOMHOro oOMeHa:

AgNOs + KI = Agl + KNOa.

B3sB u30bITOYHOE KOJIMYECTBO PACTBOpA OJHOMU
U3 O3TUX COJEH, MOXHO TMOJYy4YUTh YCTOHYMBBIN
KOJUIOUJHBIA PACTBOP C YAaCTULAMH OIPEIEICHHOI O
3HaKa 3apsja.

[TonoXUTENBHO  3aps’KEHHBI  30Jb  MOXKHO
MOJIyYUTh, WCIOJBb3YS pPEAKUUH THAPOIN3A COJIEH,
00pa30BaHHBIX CIA0BIM OCHOBAHUEM TSKEIOT0 MeTalljia
U CUJILHOW KHCIIOTOW. Hamnydime ycnoBus rugponusa —
HEBBICOKasl KOHI[EHTpAIUs COJIM U HarpEBaHHUE.

Hamnpumep, nomyduenue ruapo3osns xkenesa (I11).

1. FeCls + 3H20 = Fe(OH)s + 3HCI

2. FeCl; + 2H,O = Fe(OH).Cl + 2HCI =
FeOCl + 2HCI + H.O

3. FeOCl = FeO* + CI".

CrpoeHre MULEIIIbI:

mFe(OH)3 | nFeO*-(n — x)CI | .xCI-

JIBOMHOWM DJEKTPUYECKHWIN CJIOU. MULIEJITIA.
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Bo3HUMKHOBEHHE JBOMHOIO 3JIEKTPUUECKOTO CIIOS
Ha MeX(]a3HBIX MOBEPXHOCTSIX SBISETCS PE3yIbTaTOM
B3aUMOJICCTBHS  compuKacaronmxcs (a3 Omaromaps
M30BITOYHON TOBEPXHOCTHOM dJHepruu. CTpemieHune
TeTEpOreHHON CUCTEMBI K YMEHBIICHHUIO TIOBEPXHOCTHOU
SHEPrMM BBI3BIBAET OIpPENEICHHOE OpPHUEHTUPOBAHUE
HNOJSIPDHBIX ~ MOJIEKYJ, HMOHOB W  JJIEKTPOHOB B
IIOBEPXHOCTHOM cIioe, BCIICJCTBUE 4ero
compukacaromecss  (aspl  NpUOOpeTaroT  3apsabl
MIPOTUBOIIOJIOAKHOT O 3HAaKa, HO PABHOM BEIUYUHBI.

JIBOiHOM  2JIGKTpUYECKHA cloi  oOpasyercs,
HanpuMep, Ha Mex(a3HON MOBEPXHOCTU MEXKIY BOJOU U
MajopacTBOPUMBIM HOAUAOM cepeOpa. B pesynbrate,
MOBEPXHOCTh HOAMA cepedpa Oylner uMeTb H30bITOK
OTPULIATENBHBIX M OHOB nona
(TOTEHITMATIO0PEIEIISIOITUX HOHOB), KOTOPBIi
HelTpanu3yercss  M30BITKOM IOJOXHUTEIbHBIX HOHOB
cepedpa B IpHUIIETAIOIIEM BOJHOM CJI0€ (MIPOTUBOMOHBI).

B mucnepcusix cucremax JIOC oOpasyercs Ha
MOBEPXHOCTH YacTull. YacTuiy aucnepcHoil ¢assl B
reTeporeHHo-aucnepcHon  cucreme BMmecte ¢ JJOC
Ha3bIBAIOT MULEJUION. BHYTPEHHIOI YacTb MHIIEIUIBI
COCTaBsIET  arperaT OCHOBHOro  BemiectBa. Ha
MTOBEPXHOCTH arperara pacnoJIokKeHsbl
MOTEHIMAIONPENCISIOIINE HOHBI. Arperat BMecCTe C
MOTEHLMATIONPEACIIIOIMMI UOHAMHM COCTaBIIIET SJIPO
MuLessl. SAnpo ¢ nporuBoronamu miuoTHou vactu [19C
00pa3yioT rpanyiy. I'paHyiny OKpyXarT MPOTHBOHOHBI
nuddysHoro CIIos1. Munemnna B 1eJIOM
3JIEKTPOHEN TPAJIbHA.

CrpoeHne MuULELIBI MOXHO ONHUCAThb IpHU
nomon Qopmynel. Hampumep, dopmyna Muiemist
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uoauaa cepebpa mpu yCIOBHH, YTO B PACTBOPE UMEETCS
M30BITOK HOHOB cepedpa (jo0aBiieHre HUTpaTa cepedpa).
[Agl]mnAg+|(n—X)NO3|XxNO3
N - YUCIIO MOTEHIMAJIONPESIIIONINX HOHOB, X -
YHUCIIO MPOTUBOMOHOB B MU Y3HON YaCTH CIIOSI.

1.3.0bPBEKThI nu CPEACTBA
NCCIIEJOBAHUA.

1.3.1.ITpo6upku Ha 20 ML

1.3.2.Ilnutka  3JeKTpuueckas WM  ra3oBas
ropenka.

1.3.3. Xumuueckue crakanbl Ha 50-100 mur.

1.3.4.PactBop xmopua xenesza (111) 2%.

1.3.5.Men.

1.3.6.PactBOp xenatuna 15%.

1.3.7.Hutpat cepebpa 0,001H.

1.3.8.PactBopsl xiopuaa xenesza (I1I) 0,0051,
0,1H ¥ HACBIIIEHHBI.

1.3.9.PactBOpHI xenToil kpoBsiHou conu -0,005H,
0,1H ¥ HACBIIIEHHBIH.

1.3.10.Kpaxmann.

1.3.11. llITaTuBel 1u1s1 TPOOHPOK.

1.3.12. Kap6onat xanus — 1%.

1.3.13. TanHuuH unu yaiiHas 3aBapka.

1.3.14. ®apdopoBas cTynKa ¢ IECTUKOM.

1.4 TTPOTPAMMA PABOTBI.

Onpir 1.Ionydyenne u crabunusaius Mena B
BozIe.

a) Hanute B 1B TMPOOMPKH U CTUIUIMPOBAHHOM
BOJIBI /IO TIOJIOBHHBI 00beMa, B OJHY M3 HHUX H00ABUTH
15% pactBop xenatuna (mpuMepHo 2-3 mi).
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0) Buectu B 00€¢ mpOOMpPKH IOPOIIOK Mena M
B300JITaTh.

B) IloctaBUTh MpOOHMPKH B IITATUB U HAOJIOAATH
3a pacCIOCHUEM CYCIEH3UH.

OnbiT  2.11onydyeHwe KOJUIOMJAHOIO pacTBOpa
cepedpa MeT0/I0OM BOCCTaHOBJICHHUSL.

a) Hamute B mpoOupky no 1/2 obvema 0,001n
pacTBOopa HuTpara cepebpa, 1-2 xamm 1% pactBopa
KapOoHaTa Kaiausg U 2-3 Kaluld CBEXEMPUTOTOBJICHHOTO
pacTBopa TaHHMHa. PacTBop mnpuoOperaer KenTo-
KOPUYHEBYIO OKpacKy, KOTopas pu c1ad0oM HarpeBaHUU
CTaHOBUTCS O0JIe€ HHTECHCUBHOMN

Onpir 3.Ionyuenue 3oms xsopuaa xenesa (1)
MIOCPEICTBOM THJIPOJIU3A.

100 M3 AUCTMIUTMPOBAHHOM BOJBI HArpeTh 10
KHICeHHS. B KUy Boay Mo KamsMm J100aBuTh 5-10
min 2% pactBopa xmopuaa skenesa (ll1). IMomyuurcs
KOJJTOUJHBIA pacTBop ruapokcunaa sxenesa (I11) xkpacHo-
KOPUYHEBOTO IBETA

OmnpiT 4.1Tony4yeHue 301 KpaxmaJa.

0,5 r kpaxmaina pactepers B paphopoBoOii CTyIKe,
neperectd B ¢aphopoByro Hamieyky u nepememarts ¢ 10
MJI JUCTWIJIMPOBAHHOW BOJBI, 3aTeM N00aBuTh eme 90
M1 Boael. JloBecTu cMech A0  KHIEHUA IPU
nomemBanuu. [lonyuaercs 30/1b kpaxmana.

I[To pe3ynbTaTam onbITOB 1-4 3amOTHUTH TaOIHUILY.

Tabmuna.
CocraB | Croco6 | Tun ®opmy | Ycroituuo | Crabunmza
pacTBO | HONy4YeH | pacTBO | ja CTb TOp

pa us pa MHUIEI
JIbI
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OmnblT 5.3HaueHre KOHIEHTPALUNA pearupyrommux
BELIECTB JUIs N1OJIYYEHUS KOJUIOMIHBIX PACTBOPOB.

a) B crakanm na 100 mum mamute 5 ma 0,005H
pactBopa xnopunaa xeneza (I1l), no6asutre 5 ma 0,005H
pacTBOpa XKenTor KpoBsiHOW coir. PazbaButk pactBop 50
MJI JUCTHILUIMPOBaHHOW Boabl. [lomydaercs mpo3payHblii
KOJIJIOWJIHBIHA pacTBOp OEpIIMHCKOM JIa3ypH.

0) BeIonHUTE TO e, 4YTO U B MEPBOM OIIBITE, HO
B35Th pacTBophl 0,1 H KOHIIEHTpaLyH.

B) BbINONHUTH TO k€, YTO U B IEPBOM OIIBITE, HO
B3sITh HAChIIIEHHBbIE pacTBOpbl xjopuna xenesa (1) u
JKEJITON KPOBSIHOM COJIN.

r) Omnucatb BHEWHUM BHJA  IHOJYYEHHBIX
pPacTBOPOB, cA€NaTh BHIBOJ O BJUSHUU KOHLEHTpPALMU Ha
KOJIJIOUJJHBIE PACTBOPBI.

1.6. KOHTPOJIbHBIE BOITPOCHBI.

1. Ompenenenue AUCIEPCHBIX CUCTEM.

2. Jlnodobuble 1 MMOPUILHBIE CHCTEMBI.

3. [ucnepruposanue. Pa6ora
JUCIIEPTUpOBaHUSL.

4. KoHJeHcCallMOHHBIE  METOIAbl  MOJIy4EHUS
JUCIIEPCHBIX CUCTEM..

5. JIBoifHOW dJeKkTpudeckuii ciaou. Moaenu
I'enpmromena, ['yn-Yenmena, [ltepHa.

6. dopMmyna MHUIIEIIIBI.

7. Tlpumeps! HanucaHus GOPMYJT MULEILI.

JJABOPATOPHASI PABOTA Ne2
M3VUYEHUE CBOMNCTB SMYVYJIbCHUI U TIEH.
2.1.lenb pabOTHI: U3YYHUTH CBOMCTBA SMYIJILCHHA U
[I€H U CIIOCOOBI UX CTAOMIIM3AIlNH.
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2.2 TEOPETUYECKUE CBEJIEHUA.

CymecTByer MHOT'O pa3U4YHBIX  BHUJIOB
qucrepcHbIX cucteM. OIHUMU U3 HUX, HaXOIAIIUMHU
OonplIoe TPUMEHEHHE B MPOMBIIUIEHHOCTH U OBITY,
ABJIIIOTCS AMYJIbCUU U NIEHBI.

OMVIJIbCHUMU.

OMyIbCUHM - AMCIEPCHBIE CHUCTEMBI, AMCIIEpCHAs
da3za u JUCHEPCHOHHAs CpeAa KOTOPbIX SBJIAIOTCA
B3aMMHO HEPAaCTBOPUMBIMU XKHUAKOCTAIMH. HanGombumii
IIPAKTUYECKUN HHTEPEC NPENCTaBISAIOT 3MYJIbCUHU, B
KOTOpBIX OJHOW W3 XMIKHMX (a3 sBisercs Bonxa (B), a
apyras ¢dbopmupyercs U3 BOJ/IOHEPACTBOPUMOI
JKUJIKOCTH, Ha3bIBaeMO# B 0011eM ciaydae macioM (M).

B 3aBucumocTH OT cocTaBa JMCIEpCHOW (a3bl U
JUCTIEPCUOHHOM cpeibl MOTYT OBITh IPSMBIC U OOpaTHBIE
AMYJIbCHH.

[Tpsimble smynbcuu tuna M/B - 310 aucnepcus
Mmacna B Bozxe. O6patHble smynbcun - B/M. Ilpumep
MPSIMOM SMYJIBCUU - MOJIOKO, OOpaTHOM - MaprapuH.

OMyJbCUM  pa3iMyaloTcsd B 3aBUCUMOCTU  OT
Coflep)KaHusl JHCIEepCHOM (asbl, KOTOpas BBIpa)Kaercs
yepe3 00bEMHYI0 KOHLIEHTPALIUIO:

Vo
.
V= -100 (2.1),
d.c.
rneVos - oobeMHas KOHUEHTpauus, Vg, Vic. - 00beMbl
JucnepcHoi (asbl U TUCIEePCU OHHOM CPEbl.

KIIACCUDUKALIMS SMVJIBCUI 110

OBBEMHOI KOHIIEHTPALINN.
1.Pasz6asnennsie Vo< 0,1%
2.Konnentpuposanusie 0,1% <Vo5 < 74%
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3.BoicokokoHuienTpupoBanHbsie Vop > 74%

CrpeMiieHME  IOBEPXHOCTHOM  BJHEprum K
MUHUMYMY, BCJIECTBUE MOABUKHOCTHU KHUIKOH IPaHULIBI
pazgena  ¢gaz3 B OMYJbCUSAX,  NPUBOAUT K
CaMOIPOU3BOJILHOMY CHHKEHHUIO TMOBEPXHOCTH pasjena.
[To sTOif mpHYMHE KAl B SMYJIBCHIX NPHOOpETaroT
mrapoodpasuyio hopmy.

IIpu xoHueHTpanuu Beime 74% HaOmoxaercs
neopmanus  KHMIKOCTH,  OOpaMisioIled  Karu,
ceprudHOCTh Karesb Hapylaercs, AIMYJIbCHS
npuodperaer HOBBIE CBOICTBA.
BBICOKOKOHIIEHTPUPOBAHHBIE ~ AMYJIbCHUM  CIIOCOOHBI
coxpaHsTh Gopmy (Mapraput, KpeMsl).

OMyInbCUM  MOTYT OBITh  JHO(DUIBHBIMU U
auopoOHbIMU.  JInoduUIIbHBIE - TEPMOAMHAMUYECKU
YCTOMYMBBI U 00Pa3yroTCs CaMOIPOU3BOJIBHO.

BonpmmHCTBO OMynbcuid - mmo¢poOHB. OHH
TEPMOAMHAMHYECKU HEYCTONYMUBHI, He MOTYT
CaMOIIPOU3BOJILHO  00pa30BBIBATHCS,  CYIIECTBOBATh
JOJITO€ BpeMs U HYXKAAIOTCS B CTaOUIIM3AIIH.

Pa3pymenne u rnoreps arperaTUBHOMN
YCTOMYMBOCTU MPOXOAHUT B HECKOJIbKO crajnuid. Ilepsas
U3 HHUX OO0YCJOBJIeHa KOHTakTOM MEXAy co0oi 1o
KpaliHeli Mepe ABYX Karellb. BeposTHOCTh TOI0O0HOTO
KOHTaKTa JUlsl pa30aBJIEHHBIX 3MYJIbCHI Maja, MO3TOMY
OHU 00J1a1a10T O0JIbLIEeH arperaTUBHOM yCTONYNBOCTHIO.

JInodobubIe OMYJIbCUU HYKJIAI0TCS B
MOBBIIICHNA WX AarperaTMBHOM yCTOMYUBOCTH, YEro
MOKHO JOCTUTHYTh BBEJEHUEM BEIIECTB, Ha3bIBaEMbIX
SMyJbraTopaMd M CIOCOOHBIX  CTaOMIM3MPOBATH
AMYJIbCHH.
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OMynberatopsl  ObIBalOT  TUAPOPOOHBIMU U
ruapoduiabHbIMU.  Hambomee  pacmpocTpaHEHHBIMH
ruApoUIHLHBIMU IMYJIbraTOpaMu SIBJISIIOTCS
nmoBepxHOCTHO-akTHBHbIE  BemiectBa  (IIAB).  Onm
CHOCOOHBI  CTAaOWMIM3UPOBATH  MHPSIMbIE  SMYJbCHH.
[TonsipHple pamuKkansl  00pa3yrolIerocs Ha TpaHHIle
pasnena a3 aacopbuumonnoro ciosi [IAB HaxoasTcs Ha
Hapy)KHOM CTOpOHE Kamenb Macia, HpensTCTBYysS HuX
commkennto.  CraOunusamuss  OOpaTHBIX — AMYJIbCHH
npousBogutcs npu nomomu ITAB, koropsle nyumie
PacTBOPSIIOTCS B Macle.

O¢ddekTUBHOCTh AMYIbraTopa XapakTepU3yeTcs
COOTHOLIEHUEM MEXIY TuApoduiabHON U ruapodoOHOi
gactsmu  Mojekyn [IAB. TmapoduibHble cBOWCTBa
OIIPENEeNIAIOTCS B3aMMOJEHCTBHEM  IMOJLSIPHBIX TPYII
moniekysn ITAB ¢ Bomoi. I'mupodoOHBIH pamukai
o0ycnaBnuBaeT JTHO(UIBHOE B3aUMOACHCTBUE MEXKIY
HEenoJisIpHOM 1ensto Mosekyn [IAB u maciom.

[ToBepxHOCTHAast ~ aKTUBHOCTb  OINpeAensercs
COOTHOILIEHHEM MEXIY TuApoduibHON U ruApodoOHOi
gacTaMu Mozekysusl ITAB. J[i1g KOpOTKOLENOYEUHBIX
ITAB npeobmnagaer ruapoduiabHOE B3aUMOJECHCTBHUE, B
pe3yJibTaTe KOTOPOTrO MOJIEKYJIbl BTSATMBAIOTCS B BOAY.
[IpotuBomonoxHubiii 3¢ dekT Habmomaercs B cCiydae
IJIMHHOLIEI OYE€YHBIX ITAB. YpaBHOBENIMBaHUE
rUpoQUIBHOTO U JUOGHIBHOIO  B3auMOJEHCTBUI
Ha3bIBaeTcsd TUAPOPUIbHO-TMIO(UIBHEIM  OaJaHCcOM
(T'JIB).

I'JIb - smnupuyekas BeJIMYuHa:

I'JIb=(b+yy)/a, (2.2),
rae y - uucino rpynn CHp, y - cBoGomHas sHeprus
B3auMojieiicTBus B pacuete Ha ogHy CHz rpymmy, b -
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Oe3pa3MepHbIi TapaMeTp, 3aBucsIi oT npupoasl [1AB,
a - cpoACTBO NoJsipHOM Mosiekyisl [TAB k Boge.

Ancop6rmonnsie ciou [IAB Ha rpanune pazmena
¢da3 sBISIOTCS OMHUM U3 (AKTOPOB YCTONYMBOCTH
OMYJIbCUHA. AJNICOPOLIMOHHBIE CJIOM MOTYT H3MEHATH
mex dazoBoe IIOBEPXHOCTHOE HaTSDKEHUE u
(dbopMHpOBaTh CTPYKTYpHO-MeXaHW4Yeckuii Oapbep. Bce
HepevrciieHHble (aKTOpbl MPENSITCTBYIOT COJMKEHUIO
Kareinb M CIOCOOCTBYIOT TOBBIIICHHIO arperaTuBHOM
YCTOWYUBOCTH 3MYJIbCHUH.

Pa3pymienue smynbcuil UM J1€3MYJIbIUPOBAHUE
MOXET HPOUCXOAUTh CAMOIPOU3BOJIBHO WM  IOJ
JIEHCTBUEM J€3MYJIbraToOpOB. JesmynsrupoBanue
IPOMCXOAUT B  pe3yibTare (a3oBOro  mepexoja
JIMCIIEPCHOHHOM CPEibl WIIA JUCIIepCHON (a3bl.

B xauectBe cBOC0oOpasHoro crocoba pa3pyieHus
MOYKHO paccMaTpuBaTh OOpalleHHEe AMYJIbCUH, TO €CTh
IpeBpalleHne MpsSMOM  SMyJIbCMM B OOpaTHYIO..

Obpatenue XapaKTEepHO JUIST
BBICOKOKOHIIEHTPHPOBAHHBIX dMYJIbCHI.

[TEHBI.

ITenst - JaucrnepcHas cucreMa I'/K,

JUCIIEpPCUOHHAs Cpella - JKUIKOCTb, JucnepcHas ¢asa -
ras.

ITensl  OTHOCATCSI K  KOHIIEHTPUPOBAHHBIM
JUCIIEPCHBIM CHCTEMAaM.

[Tenst XapaKTepU3yITCs cofiepKaHUuEM
qucrnepcuoHHoil  cpenpl.  OObeMHOE — coaepiaHue
XapaKTepU3yeTcsl KpaTHOCTBIO IEHbl [3, KOTopas
MIOKa3bIBAET, BO CKOJIBKO pa3 00beM IeHbl Vy IpeBbIaeT
00bEeM  JKHUIKOCTH  Vy, HEOOXOmuMOH 1  e¢
dbopMHUpoOBaHUS:
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B=Vu/Vx (2.3)

[lenbr Ha3BIBAIOT BIAKHBIMU (HU3KOKPATHBIMH),
ecmu <10, mast cyxux (BBICOKOKPATHBIX) MIEH 3HAYCHHE
B mpessimaet 100.

[Tens! - HEyCTOWYMBBIC JUCTIEPCHBIE CHCTEMBI.

OcCOOEHHOCTh CTPYKTYpBl TI€H OMpEaeseTCs
(dhopMoii Ty3bIPHKOB Ta3a, UX pa3MepaMu, YIIaKOBKOM.

B mene mnpoucXomUT KOHTaKT MY3BIPHKOB,
pasnereHHbIX CIoeM KUAKOCTH. [lpu ocymiecTBiaeHUN
KOHTaKTa YeThIpeX IMY3BIPBKOB OJHOTO  pa3mepa
BO3HHMKAeT  HEYCTOMYMBOE  pPAaBHOBECHE,  KOTOpPOE
paspyliaercs U MepexoquT B YCTOMUMBBIM KOHTAKT TPeX
My3bIPbKOB. MOHOCIION MeHbl OyAeT UMETh PEryISPHYIO
CTPYKTYpY C T€KCaroHaJlbHOW ymakoBkoW. B kaxmom
peOpe MHOTOTpaHHHMKA CXOISATCS TPH JKUIKHE TIJICHKH,
KOTOpBIE 00pa3yroT yribl, 6auskue k 120°,

Pazpymienrie mneHbl NPOMCXOAUT B pe3yJbTaTe
YKpYNHEHUS My3bIpbKOB raza. Kpome toro, paspyuieHue
MEH BBI3BIBAIOT BHEIIHHWE (DAKTOpHI - YBEIHUYCHUE HIIU
YMEHBIIIEHUE JTaBJICHMUS.

[Tensr - HeycToumMBBIC TMO(GOOHBIE TUCTIEPCHBIC
CHUCTEMBI.

Ha IIPaKTHUKE OLICHKY arperaTUBHOMN
YCTOMYMBOCTH  TE€H  MPOU3BOAAT TP  TOMOIIA
kod(punrenTa ycTonamBOCTH:

Ky=1/Vu (2.4),
rae Vi - IepBOHAYaIbHEIA 00bEM MEHBI, CM, Tp - Bpems
pa3pylIeHus MEHBI, C.

KosddumueHT ycToHYMBOCTH ONPEACNISIOT IO
BPEMEHU KU3HU CTOJIOMKA MEHBI.
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[Tnenxkwu, o0 pamisronme y3bIPbKH
CaMOINPOM3BOJIBHO  HMCTOHYAIOTCS /10  KPUTHYECKOH
TOJIIIMHBI ¥ TIEHBI Pa3PyIIAOTCA.

JUis  monydeHHs TeH U CTa0WiIu3alud  HX
MPUMEHSIOT BellecTBa - NeHooOpa3oBaTenu. Hauboiee
4acTo B KauecTBE IEHOOoOpa3oBaTelell MCIOJIb3YIOT
MOBEPXHOCTHO-aKTHBHBIE BEIIECTBA.

2.3.0bBbEKTHI " CPEACTBA
NCCJIEJOBHUAIL.

2.3.1. Msuio cyxoe.

2.3.2.IlogcosHeyHOE MacIIo.

2.3.3. Xumnueckue crakansl Ha 50-100 mo.

2.3.4.IlpegmeTHOE CTEKIIO.

2.3.5.I'panynpoBaHHbIC TPOOUPKH.

2.3.6. 10% pactBOp 1IEIIOYH.

2.3.7. 1% pacTBOp 0OJIeaTa HATPHSI.

2.3.8.benzomn.

2.3.9. GunbTpoBanbHas Oymara.

2.3.10. 0, 051 pacTBOp XJIOpHAa MarHusl.

2.3.11. AmunoBelii CHMPT WM KEJIATUHOBAs
TMeHa.

2.3.12. OneunoBasi KUCIOTAa.

2.4IIPOI'PAMMA PABOTHI.
2.4.1. llpuroroButs 2% pacTBOp MbLIA.

2.4.2 Ilony4ynts 3MYJIbCHUIO IIyTeM
JUCIIEPrUpOBaHUSI.

a) Cmemath 1 M pactutensHoro macia ¢ 10 mu
Bombl. OOpa3yeTcs rpy0O - JUCHEpCHAas SMYJIbCHUS,

KOTOpast ObICTPO paccilanBaeTcsl.
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0) K nmosmyueHHoO# HECTOMKO# AMyJIbcuU 100aBUTh
1 mn 2% pactBopa MbuIa U BCTpsAXHYTh. OOpazyercs
CTOWKAs SIMYJIbCHS.

B) | MJI OJIEMHOBOM KHCIOTHI BCTPSIXHYTH ¢ 10 M
BO/bl. OMynbcusd HeycroduuBa. Jlob6aBute 1 M 10%
HIeJIOYM M CHOBA BCTPAXHYThb. Ilomydurcss croiikas
AMYJIbCHSL.

2.4.3. OnpeneneHue TuIa 3MyJIbCHIl.

OnpenenuTs TUI SMYJIbCUH, TIOJYyYEHHBIX B
MpeIbIAYIIEM ONbITE CAEAYIOINUMUA METOAAMMU:

a). Merox cmemenusi. Kammo sMmynscun u
KaIlJIl0 BOJIbI IOMECTUTh PSAAOM Ha MPEIMETHOE CTEKJIO.
HaknoHuTh cTeKkio Tak, YToObl KaIuld COMPUKOCHYIUCH.
Ecomm xammm cosblOTCS, TO JUCIEPCHOHHOM Cpemoi
cryxuT Boma (M/B). Ecim He CONBIOTCS, TO 3MYJIbCUS
TUTA B/M.

0) Ha ¢unbpTpoBanbHyto Oymary HaHECTH KaruTio
smyabcuu. Kammast smynbcuum M/B cpa3y BCachbIBaeTcs
Oymaroil u ocraercs >xupHoe nsaTHo. Kamnga smynbcun
B/M HE BCachIBaeTcsl.

24.4. [Tonyuenue KOHIIEHTPUPOBAHHBIX
AMYJIbCUM.

B xonunueckyro kos0y Ha 200 ma HamuTh 1 Mut 1%
pacTBopa oJjieaTa HaTpus B BoAe M J00aBUTh 3 M
6enzona. CMech MHTEHCUBHO Mepemernats. [lomydaercs
ycroitunBasi amyibcus. Jlo6aButh eme 3 miu OeH3ona,
OIATh MHTEHCHBHO nepeMeniath. Cleayrouryo MopLuio
OeH301a BBOASAT IMOCIE MOJHOIO 3MYJIbIUPOBAHUS
MpEeABbIAYIIEN MOPLIHUH.

Bcero BBectu 36 mi GeH3zona.

OnHMM U3 METOJIOB ONIPEAEIUTH TUIl SMYJIbCHH.

2.4.5.TlonyuyeHue 1 pa3pylleHue NeH.
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a). B rpagyupoBaHHyH NpPOOHMPKY HAJIUTh 5 MII
BOABI U N00aBHUTH 2 M 2% pacTBOpa MbLIa. 3aMETHUTh
MepPBOHAYAIILHBIN 00BEM CHCTEMBI.

6). MutencuBHO B30OATaTH MNPOOUPKY 10O
MOJIYYCHHUSI TICHBI. 3aMETHUTh 00BEM CHCTEMBI.

B). BBIUMCIUTH KPaTHOCTH NIEHBI 110 YPABHEHHIO:

B = Vul/Vy,

rine Vi - 00beM MeHbl, cM°,

Vi - 00BbEM KUIKOM M CIIEPCHOHHON Cpeibl, cM>.

r). OnpenenuTh OTHOCHTEIIBHYIO JOJIF0 BO3yXa B
MeHaX M0 YPaBHEHUIO:

e=1-1/B.

n). J1o6aBuTh B TNpPOOWPKY aMHJIOBBIH CHUPT,
MPOHAOIIOAATH 33 Pa3pyIICHUEM ITCHBI.

2.5. OBPABOTKA PE3VJIbTATOB
OKCIIEPUMEHTA.
ITo uToram sKCeprMeHTa 3aNO0JHUTH TA0JIHILY:

Hassanue Meton Tum cucteMbl | BBIBOJBI
JUCTIEPCHOM IIOJLy4EHUS
CHCTEMEI

2.6. KOHTPOJIbHBIE BOITPOCBI.

CocraB 3MyJIbCHH.

Knaccuukarus smynibcuii.

Y CTOMYHUBOCTE SMYJIBCHUI M UX pa3pyIICHUE.
OOpaieHue 3MyIbCHH.

Cocras neH.

MeTozp! oydyeHus U pa3pyLIeHUs MEH.
Jpyrue TUnbl JUCIIEPCHBIX CUCTEM: a3pO30JIH,
MOPOIIKH U T.II.

NogkrwNhE
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JIABOPATOPHAS PABOTA Ne3
KOATYJIINA KOJUIONAHBIX PACTBOPOB
3.1.1leab pa6oThl: M3yunTs BIUSHUE Pa3IMUHBIX
(GakTOpoB Ha  KOAryJslHI0 KOJJIOWTHBIX PpacTBOPOB.
O3HaKOMHUTBCSI C MEXaHU3MaMU MEJJICHHOIN U ObICTPOil
KOaryJsLuu.

3.2.TEOPETUYECKAS YACTbD.

YCTOMUMBOCTh  KOJUIOMJHBIX CHUCTEM - 3TO
MIOCTOSIHCTBO MX CBOMCTB BO BpeMeHH. CyllecTByeT JiBa
BHJIa yCTOMYUBOCTH:

1.YcToMunBOCTE K OCaXECHUIO YaCTHII
aucnepcHou (assl.

2.YcTOHYUBOCTh K arperanuu YacTUIL
JCIIEPCHOM (a3bl.

IlepBblii BHJA  YCTOMYMBOCTA  XapaKTEpU3YET
CIIOCOOHOCTh ~ JIUCIIEPCHOM  CHCTEMBI  COXPAaHSTh
PaBHOMEPHOE pacrpeaesieHue YacTUIl JUCIePCHOM (a3bl
Mo 00beMY NUCIIEPCUOHHON Cpeabl (CeNMMEHTAIIMOHHAS
YCTOWYUBOCTB).

BTopoil TWm yCTOWYMBOCTH - arperaTuBHas
YCTOWYUBOCTb, TO €CTh YCTOWYHMBOCTb CHCTEMBI K
YKPYIIHEHUIO YaCTHULl M CHM)KCHHUIO IOBEPXHOCTHOMU
SHEPIHH.

Bce amcnepcHble CHCTEMBI MOXKHO — YCIOBHO
pa3aenuTh Ha JMOQHIBHBIE, KOTOpPBIE MOJIYYaloT IIPH
CaMOITPOU3BOJILHOM JIMCIEPTUPOBAHUY OHOW M3 (a3, u
mnodoOHbIe, KOTOpblE IMOJy4aroT B  pe3yjbraTe
JUCTICPTUPOBAHHNA UM KOHACHCAIUU C ICPECHINICHUCM.

JInopoOHBIE cHUCTeMBl 001aal0T  H30BITKOM
MTOBEPXHOCTHOM SHEPruH, eclu OoHA HE
CKOMIICHCHPOBaHA BBEIECHUEM CTaOUIM3aTOPOB.
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[ToaToMy B HHX CaMOIPOM3BOJIBHO HUAYT IIPOLIECCHI
YKPYIHEHMS 4YacTUL. Takue CHUCTEMBI Ha3bIBAIOT
arperaTuBHO HEYCTONYMBBIMU.

Pa3zimyaror 1Ba MexaHU3Ma YKPYITHEHUs 4YaCTULI.
Ilo nepBoMy MeXaHH3My  YKPYINIHEHHE  YacCTHI]
MIPOMCXOIUT 3a CUET IEePEHOCA BEHIECTBA OT MEJIKHX
YacTUIl K KPYITHBIM YacTHIlaM. Takol MepeHoc BellecTBa
Ha3bIBACTCA U30TEPMUYECKON ITEPErOHKOM.

[To BTOpOMY MEXaHHM3MY YKpPYyIMHEHHE YacTHIl
IPOUCXOANT 32 CUET CJIMIIAHUS YaCTUI[ - KOATYJISALUH.
Koarymsnust B pa30aBICHHBIX CHCTEMaxX MPHUBOIUT K
HOoTepe  CEAMMEHTAIMOHHOM  YCTOHYMBOCTH U K
pacciioeHno a3. B KOHLIEHTPHPOBAaHHBIX CHCTEMax
KOATyJISIIHsE  MOXET TIPOSBISITECS B 00pa3OBaHUM
00BEMHOM CTPYKTYPBHI.

Onnako, arperaTuBHast YCTOWYUBOCTH
HECTaOMIM3UPOBAHHBIX JIMOPOOHBIX CHCTEM HOCHUT
KMHETUYECKUI XapakTep M CYAUTb O HEH MOXKHO IO
CKOPOCTH  TPOIIECCOB,  BBI3BIBAEMBIX  H30BITKOM
MIOBEPXHOCTHOM SHEPrHH.

ArperaTuBHasi yCTOMYMBOCTH MOXET HOCUTH M
TEPMOJIUHAMUYEKHUI Xapaxrep. Paznuuaror
TEPMOJIMHAMUYECKH arperaTiBHO YCTOWYMBBIE CHCTEMBI
U CHUCTEMbl, TEPMOJAMHAMUYECKHM YCTOMUMBBIE K
Koaryysuuu. JInopuiabHble CUCTEMBI TEPMOINHAMUYECKU
arperaTMBHO yYCTOMYMBBI, JUI1 HUX MPOLIECC KOATryJsaUun
He xapakTepeH. JInmopoOHBIE CTaOMIM3UPOBAHHBIC
CHUCTEMBbl TEPMOJIMHAMHYECKH YCTOMUYUBBI K KOATYIISIIHUH,
HO OHU MOTYT OBITh BBIBEJEHBI M3 TAKOTO COCTOSIHHUS C
IIOMOIIBIO  BO3JAEHCTBUHM, NPUBOIALIMX K H30BITKY
ITOBEPXHOCTHOM dHEPIHH.
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®AKTOPBI YCTOMUYMBOCTH JUCITEPCHBIX
CUCTEM.
1.DnexTpocraTuueckuii  (akTop: yMEHbIIEHUE
MOBEPXHOCTHOI'O HATSHKEHHUS] TMPOUCXOIUT BCIEICTBUE
BO3HUKHOBEHMSI Ha IMOBEPXHOCTH YacCTUIl TUCIEPCHOM
(a3bl JBOIHOIO NEKTPUUYECKOTO CIIOS.

2.AncopOIMOHHO-COJILBATHBIN ; YMEHbIIIEHU e
MOBEPXHOCTHOTO HATSHKEHUS TPOUCXOIUT BCIICICTBUE
B3aUMOJICH CTBHSI YaCTHUIL AUCIIEPCHOM (Pa3bl CO cpemoi.

3.OHTpONUNHBII dakTop: MNposBISIETCS B
CHUCTEMax, 4YacTUIbl KOTOPHIX NPUHMMAIOT Y4YacTHE B
OpOYHOBCKOM JBM)KEHUH, BBIPAXKAeTCi B CTPEMIICHUU
JUCTIepCHON (ha3bl K pABHOMEPHOMY paCHpeieIeHUI0 10
o0Bemy.

4.CTpyKTYpHO-MEXaHUUYECKUH:HA  MMOBEPXHOCTH
YacTUIl  UMEIOTCS  IJIEHKH, pa3pyIlIeHHe KOTOPHIX
TpeOyeT 3aTpaThl JHEPTUH U BPEMEHHU,

5.I'mapoquHaMHYECKUI: MPOSIBISAETCS B
CHIKECHUH CKOPOCTH KOaryJsiluu, Oaromaps
W3MEHEHHUIO BA3KOCTH CPELBL.

6.Cmentanabie (paKkTOpPHI.

CKOpOCTb KOAryJysiliui MOXKET ObITh pa3jMyHa: OT
HECKOJIBKUX CEKYHJI 10 HECKOJIbKUX CYTOK, MECSILIEB, JIET.

[Tonbckuii yueHblli CMOJIYXOBCKHN pa3paboTat
TEOPHUIO0 KOAryJIALMU YaCTULl MPU YCIOBUH, YTO KOHTAKT
MEXAY 4YacTULAMHM - JIOCTaTOYHOE YCJIOBHE JUIS
koarysiquu. CMOIYXOBCKOMY yAAJIOCh HAaWTH CBS3b
MEXIy KOHUEHTpalUMEl 4YacTull B JaHHBIA MOMEHT
BPEMEHM M BPEMEHEM KOAryJslMH, JONYCTHUB, YTO
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YaCTHIIBI UMEIOT cdepuueckyro  Gopmy, cuia
B3aMMOJICHCTBUSL MEKIY YaCTHIIAMH HE YUYUTHIBACTCA,
YJaCTUIBl JIUCIIEPCHOH (a3l HUMEIOT  KOJUIOWIHBIC
pa3Mepel W TEpeMEemIaloTcsi 3a Cc4eT OpPOYHOBCKOTO
JIBKeHMs. HecMoTpsi Ha Takuwe JONYIICHUS, TEOpHs
CMOJIyXOBCKOTO ~ TIO3BOJIIET C  JOCTAaTOYHOM  JJist
MPAaKTUKH  TOYHOCTBIO  PACCYUTATh  KOHIICHTPAIIHIO
JaCTHII.

VYpaBHenue CMOITyXOBCKOI0:

W

(31)

W=
14kt

riae K — KOHCTaHTa CKOPOCTH KOAryJIsiliid, Vo - UCXOJIHAS
KOHIIGHTpAIMsl CHCTEMbI, MOJbB/J, Vi - KOHIIEHTpaIus
YacTUI] B MOMEHT BPEMEHU T, MOJIb/J,

KoHcTaHTy cKOpOCTH KOAryJssiuu TEOpEeTHYECKU
BBIUUCIUTDh TPyAHO, MO3TOMy CMOJIYXOBCKHI BBel
MOHATHE BPEMEHU OJOBUHHOM KOaryssiuuu 0 - BpeMeHu
KOaryJiliiy, B TEYEHUE KOTOPOro 001as KOHIEHTpalus
YacTUI[ YMEHBIIAeTCSd JO TIOJOBHHBI OT HavaJlbHOM
KOHIEHTpaluu actuil: 1 + K-vo-0=2

PaznuuaroT KUHETHKY MEINJIEHHONM M OBICTpOM
KOaryJsLuu.

®opmyna (3.1) ompenensieT KUHETUKY OBICTpOM
KOaryJisiLuu.

1) BeicTpoii KoOaryssiueidl Ha3bIBAIOT TAKYIO
KOaryJjsluioo, KOrja BCE€  CTOJKHOBEHHUS  YaCTHUI]
3P EKTUBHBI.

beicTpoli  Kkoarymsmuu  OTBEYAaeT  yCIIOBUE
paBeHCTBA HYJIO MoTeHnuansHoro Oappepa AE = 0 u
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PaBEHCTBO  €QUHMIIE  CTEPUYECKOr0  MHOXKUTEINS
P=I1(yuuTbiBaeT OnarompuaTHbIE IPOCTPAHCTBEHHBIE
PacIONOKEHHsI YaCTUILL TPU CTOJIKHOBEHUH)

KoncTanTta ckopocT ObICTPON KOATYJISINH:

Ks=8nDR (3.2),
rae R =2r - paccrossHEE MEXTy YacTUIIAMHU
K
D=—"- koappumment nudpdyzun  (3.3),
6rir

I€ M - BA3KOCTb IUCIEPCUOHHOW cpenbl, Ila-c, T -
pajmyc 4acTuilbl, HM, Kg — KoHCTaHTa bosbiiMaHa.

8- k5
<=5 (3:4)
To ectp KOHCTaHTa CKOpPOCTHU  OBICTpOii

KOaryJisiMd 3aBUCUT TOJIBKO OT TEMIIepaTypbl H
BA3KOCTM CPEdbl, MU HE 3aBUCUT OT Ha4aJbHOU
KOHILIEHTpPAIlMM YaCTHUI] JUCIIEPCHON (a3bl U pa3MepoB
JacTUll.

2) MemyieHHas: KOATYJISIIHSL.

Kyw=KsPexp(AE/KsT) (3.5)

P - CTepUYECKHI MHOKHUTEJb (yuuThIBaeT
OnaronpusaTHblE  MPOCTPAHCTBEHHBIE  PACIIOJIOKEHUS
YaCTHIL IPU CTOJIKHOBEHHH, UX (HOpMY, pa3Mep).

CBs3b 3¢ (HEKTUBHBIX coyJapeHui c
NOTEHIMAIbHBIM OapbepoM Obliia nokazana dykcom. OH
BBEJ MoHsATHE KO3 dummenTa 3amenyieHuss W, KOTOPBIHA
IOKa3bIBaeT BO ckoibko pa3 K y mensbiie K.g
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K
W=— = PelB/ksT) 26)
K

Koarynsuuss KOJIJIOUAHBIX CHUCTEM MOXET OBITh
BbI3BaHa pa3HbBIMHU MPUYUHAMMU W3MEHEHUEM
TeMIepaTypbl, MEXaHUYECKUM BO3I€HCTBUEM, BIIUSHUEM
cBeTa, ynbTpa3Byka. OOHUM M3 CIOCOOOB H3MEHEHHS
arperaTUBHOM  YCTOMYMBOCTU JAMCIIEPCHBIX CHUCTEM,
OCOOEHHO 30JI€H, SBJSETCS BBEIECHUE 3JIEKTPOJIUTOB.
DJIEKTPOJIUTHI B COCTOSSHUM U3MEHUTH CTPYKTYpy ADC n
ero 1uddy3HbIi CI0i.

Bo3MoOXHEI HelTpann3aoHHas WU
KOHLEHTPALIMOHHAS KOAT YIS 3IEKTPOIUTAMMU. .

HeiiTpanu3zanuonHass Koarymsius HaOJr01aeTcs
JUIs  305Iel, 4YacTULbl KOTOpPBIX HMEIOT  Cla0bIi
AIEKTPUYECKUI 3apsi.

KoHiieHTpamoHHas KoaryJsiius XapakTepHa JJist
30JI€, IMEIOIIMX 3HAYUTEIIbHBIN JJIEKTPUYECKUN 3apsia.

Koarynsums ~ 3aBucuT  OT  OpUpoOmBl U
KOHLICHTPALIUU 3JIEKTPOJIMTOB. MunumanbHas
KOHLEHTpPALMS 3JIEKTPOJINTA, BbI3bIBAIOIIAS KOATYJISALUIO
JUCIEPCHBIX CUCTEM, Ha3bIBAETCS IOPOrOM KOAryJIALIHUH.

Ha ocHOBaHMM MHOIOYHCIEHHOTO OIBITHOIO
MaTtepraia MOXXHO ¢(hOpMyIMpOBaTh OCHOBHBIC IIPaBHJIA
KOaryJIsIUY 30J1€H IEKTPOIUTAMMU:

1) Koaryssnuio BbI3bIBAET MOH, 3apsKEHHBIN
IIPOTUBOIOJIOKHO YaCTULE 30JIS.
2) Uem Oonblie BaJCHTHOCTh HOHA, TEM

MeHbl1Ie Topor koarymsauuu.- 1 npasuino Ulynsne-I'apau.
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3)1onbl ogHoOM BasieHTHOCTH. Yem OoJblie Macca
MOHA, TeM MEHbBIIEe MOpPOr KOAryISlHUU .- 2 TPaBUIO
lyneue-T'apau.

3amMTUTE 30 OT KOATYJSIIUU AJICKTPOJIUTAMHU
MOJKHO, BBOJII B HEr0 BEIIECTBA, CIIOCOOHBIC
00pa3oBbIBaTh CTPYKTYpPbI, MPH 3TOM Ha IOBEPXHOCTH
sJIpa BO3HUKAET 3alIUTHAS MJICHKA.

Xopoliree  3aUMTHOE  JCHCTBHE  OKa3bIBAIOT
pacTBOPHI BBICOKOMOJIEK YIS PHBIX COEIMHEHHUI,
HaIpuMep, )KeJIaTHH.

KomuuectBo Mr crabunmzatopa, HEOOXOAMMOE
IS mpeaoTBpamieHus  koaryimsuud 10 Mmoo 30074,
Ha3bIBACTCS 3AIIUTHBIM YUCIOM S:

100-c-V
S="-—"— (3.7,
W
rne C - wMosspHas KOHIEHTpAlMs 3JIEKTPOJIUTA,
BBI3BIBAIOIIECTO KOaryJsmiuio, MOJIB/ I, V-06bem

JKEaTUHA, KOTOPBIM TpeOyeTrcs s 3aluThl, MI, W -
00BbEM 3aIMUIIAEMOrO 3015, MII.

3.3.0bbEKTHI 1 CPEACTBA UCCJIEAOBAHNM .
3.3.1.1ItaTtuBsl ¢ npodupkamu Ha 20 M.
3.3.2.0nexTpuyeckas MINTKA.
3.3.3.Xnopuna xenesza (111) — 2%.
3.3.4PactBopel  cynbara  HaTpusa-  0,lH,

reckanuanodeppara (11l) kamus- 0,11
3.3.5.Crakan Ha 250 mu.
3.3.6.Konba na 250 mu.
3.3.7.1lunerku Ha 10 Mu1 m Ha 1-2 muI.
3.3.8. 2 rpagyupoBaHHbIE OIOPETKH.
3.3.9. XenatuH.
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3.4II0AI'OTOBKA K PABOTE.

3.4.1.B crakan emkocTbto 250 M Hanuth 100 mn
JUCTHILIMPOBaHHOW BoJbl. Harpers 10 kunenus.

342.B Boay npH IOMEIIMBAHMM BBECTH IO
karutsiv 15-20 mut pactBopa xmopua xenesa (111).

3.4.3.Ilony4eHHblii  pacTBOp  KHUIATUTH 2
MHUHYTBHI.

34.4. 3anonmHuTh ~ OIOPETKHM  pacTBOpPaMH
anekrponuToB:Naz SOa, K3[Fe(CN)e]

3.5.ITPOI'PAMMA PABOTBI.

3.5.1. Koarynsmus 371€KTpoJIMTaMU.

Hamute B 2 mpoOupku 1mo 5 Ml ruapo3osis

xene3a. Ilo xamusm npubaBUTh U3 OIOPETOK PACTBOPBI.

AJIEKTPOIHUTOB. 3aroJHUTh TabnuIiy:
TABJIMIIA3. 1
PeaKTHB |4YHCJI0 Kanejib 10

MOMYTHEHHUSI.
ruapo3oJsb | | 0,11 0,11
JKeJieza cynbdar reKcarmaHo-
(r HaTpHS deppat(l1l)

KaJnst

3.5.2.HaxoxgeHue 3alUTHOI O YKCJIa JKeJlaTHHA.

YcTaHOBUTH HCXOJHYIO KOHIIEHTPALUIO
3aIIUTHOTO BEUIECTBA, AJI1 YE€ro IPUroTOBUThH PACTBOP :

50 mr sxenatuHa Ha 100 mMi1 BOIBI M HPOBECTH
MpEeABAPUTENbHBIE  HCIBITAHUS  MPUTOJHOCTH  ITOM
KOHIIEH TPAIIIH.

JIBe mpoOHpKH 3alOJHUTH 5 MJ 30715, B MEPBYIO
no6aButh 4,5 M Boasl U 0,5 MJI pacTBOpa KenaTuHa, a
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BO BTOPYIO- 5 MJI pacTBOpa KeJaTHHA. 3aTeM B IPOOUPKHU
Beectr 0,1H pacTtBOp  cynbdarta HaTpUs B TaKOM
o0BbeMe, KOTOPBIN BhI3BaJI TOMYTHEHHE 30711 B 11.2.5.1.

Ecim 301p momyTHen mnpu 3TOM B 00eHX
poOUpKax, Clie0BaTEIbHO, KOHIEHTpAIUs HCXOAHOTO
pacTBOpa *eJaThHa Maja, Hy)KHO NPUTOTOBUTH PacTBOp
crabuim3aTopa OOoJbIIei KOHI[EHTPAIIHH.

Ecnu 301p He mOMyTHENl HU B OJHOW IPOOUPKE,
3HAUMUT, )KEJIATUH CIUIIKOM KOHIIEHTPHPOBAHHBIN.

Eciu B mepBoit mpoOupke 30jb MOMYTHEN, a BO
BTOPOM OCTaJICS CBETJIBIM, TO HCXOIHBIA pacTBOp
JKEIaTHHA MOXHO IPUMEHATH Il ONPEACICHUS
3alIUTHOI'O YK CJIA.

Tabnuya3. 2

OrnpeneneHre 3aMTHOIO YHCJIa KeJaTHHA.
Ne 1 (2 |3 (4 |5 6 |7 8 |9 |10
3omp,m1 |5 |5 |5 |5 |5 |5 |5 |5 |5 |5
Boma,mn | Q, |0, |1, |1, |2, |2, |3, |3, |4, |5,

0O |50 |5 |0 |5 |0 |5 1|0 10

Kematun, |5 |4, |4, |3, |3, 12, (2,1, [1, |0,
M 0O |5 /0 |5 |0 |5 |0 |5 |0 |5
DneKTpos
UT, MJT
OOwwmit
00BEM
IlomyTHEH
ue

ITo dbopmyine (3.7) onpenenuTh 3alUTHOE YHUCIO
JKeJlaTUHA.

3.5.3.Cnenath BBIBOABI 11O paboTeE.
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3.7.KOHTPOJIbHBIE BOITPOCBI.

1.Jluopunpasie 1 nuodoOHBIE cUCTEMBL. Bumsl
YCTONYUBOCTH.

2.MaKkTOpbl YCTOMYMBOCTH JUCIIEPCHBIX CUCTEM.

3.®DakTOphl, CHOCOOHBIE BBHI3BATH KOATYJISIUIO
JUCIIEPCHBIX CUCTEM.

4.0c0o0eHHOCTH KOaryJisiuu AUCIEPCHBIX CUCTEM
3JEKTPOIUTAMHU.

5.3anmTHOE J€elCTBHE MOBEPXHOCTHO-aKTUBHBIX
BELIECTB.

6. [IpaBuna ynsue-I'apau.

7. JlBoWHOM »snexTpudeckuil cioh. Popmyna
MULEILIBL.

8. Kunetnueckas Teopusi CMOIyXOBCKOTO.
9. Teopus AJIDO

JIABOPATOPHAS PABOTA N4
OITPEAEJIEHUE ITOPOI'A KOAT'YJIALINUN.
4.1. Heanb_pa6orbl: M3yunTh KOAryssiuio
KOJUIOUHBIX PACTBOPOB MOJ JECHCTBUEM 3JIEKTPOJIUTOB.

4.2 TEOPETUYECKUE CBEAEHU .

Tunuynele TUOPOOHBIE CHUCTEMBI arperaTuBHO
YCTOWYUBBHI, Omarogaps N POSIBJICHUIO
AIIEKTpOCTATUYECKOro  ()akTopa  yCTOMUMBOCTH U
KOAryJMpylOT NPU BBEACHHUH B CHUCTEMY CPaBHUTEIHHO
HEOOJBIITNX KOJMYECTB DIEKTPOIHUTOB.

Haumenbpimasi  KOHIIEHTpalusi  AJIEKTPOJIUTA,
Npd  KOTOpPOW  HA4YMHAETCS MpOoLIECC MEJIJICHHON
KOaryJisiuy KOJUIOMAHBIX pacTBOpoB (C M ), Ha3pIBaeTcs
IIOPOTOM KOAryJIsIIHH.
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3aBUCHUMOCTh  CKOPOCTH  KOAryJsillud  OT
KOHIICHTPAIMH AJIEKTPOINTA TpHUBEIeHa Ha puc.4.1.

1
CEOPpOCTER

KOal Y JIIRLTOL

c [ EOHIISHT AU

Puc.4.1.3aBUCHMOCTE CKOPOCTH KOAryJsLuu
OT KOHLIEHTPALUU 3JIEKTPOJIUTA.

Jns  ocymiecTBiIeHHsT OBICTPOH — KOaryJsiluu
TpebyeTcs Takast KOHIeHTpauus 3iekTponura Cg, mocne
YBEJIMYEHHSI KOTOPOH CKOPOCTh KOAryjslUUd OCTaercs
MOCTOSIHHOW. BBeneHne »snekTpoiuTa B JUCIEPCHYIO
CHUCTEMY CHIKAeT MOTEHIMAIbHBIA Oapbhep, KOTOPBIH
IpU OBICTPOM KOAryJsiud CTAHOBUTCS PAaBHBIM HYIJIIO.
[Topor koaryiasiuuu 3aBUCHUT OT MOMEHTa  €ro
(UKCHUpOBaHUS, OT MeTOJa HAOIIOAEHNUS 3a KoaryJsiuen
1 OT KOHLIEHTPALUU 307151

BBenenne  snekTponMra B AUCHEPCHYIO
CHUCTEMY BBI3BIBAET C)KAaTHE JBOHHOIO 3JIEKTPUYECKOI O
cinost (1D9C) Ha MOBEPXHOCTH YaCTHII, BCICACTBUE YErO
OHHM MOTYT HOJOMTH JApPYr K OpYry Ha paccTOsSHUS, Ha
KOTOPBIX npeolagaoT CHJIBI MNPUTSDKEHUS.
VMmenbmienne — tommuHbl  JI9C  compoBoxpaercs
OOMEHOM NpPOTUBOMOHOB ATOTrO CJIOS HA BbBI3BIBAIOILINE
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KOaryJisiliui0  MOHBI anektpoiuta. Cxatue J19C
MPOMCXOAUT 33 CYET YMEHBUICHUS JJIEKTPUYECKOTO
MOTEHIINANIa B pe3yjbTaTe Crenu@uueckoi amcopOuun
MOHOB BBEJICHHOT'O JICKTPOJIMTA HA TIOBEPXHOCTH YaCTHUI]
U u3-3a orpaHuueHus au@Qy3uu MNPOTUBOMOHOB B
pacTBOp B CBSI3M C  yBEIMYEHUEM HMOHHOH  CHJIBI
pacTtBopa.

[To mpeobnagaHuio TOTO MJIM MHOTO MEXaHH3Ma
mpolecca KoaryJialuyd pa3indyaloT HeUWTpan3alliOHHYIO
Y KOHLIEH TPAIIHOHHYIO KOATyJISIIH.

HeiiTpanuzanonHas KoaryJssius IPOHUCXOAHUT B
pe3yJibTaTe yMEHBIIEHHsS IIOTEHIHAala W  CKATUA
muddysnorn wactm JDC, modToMy TpH BBEACHUH
AIIEKTPOJIMTA U3MEHSIOTCS MOTeHIH AN TudPy3HOro ciios
Y BEIMYHMHA, 00paTHAS €ro TONIINHE.

2
P _p B - const (4.1),
X

rie ¢ -moreHuuan aup@ysHOro cuos, Ywp
TONIMHA TUGPY3HOTO CIIOA.

Ecim  ¢¢%Yxp>=B, TO cmcTema arperaTuBHO
YCTOWUYMBA, €CIH 0s?lyp<B, TO  HPOMCXOIUT
KOaryJisLus.

B obmactu 60nbIIMX NOTEHLUHUATIOB JHEPIrus
B3aUMOJCHCTBUS  MEXKJY 4YacTULAMH HE 3aBUCUT OT
3HA4YEHUs HOTEHIIHMANA, HOATOMY yclioBue
YCTOMYMBOCTH K KOAryJsLlUU OMpeZenseTcs TOILIMHOM
nuddy3HON YacTu CJIOS U KPUTHYECKOM KOHIEHTpALM et
AJIEKTPOJIUTA (TOPOroM OBICTPOI KOAryJIsum).

36



i3 = const (4.2)

3

ka
C
—% =const (4.3)
Z
%k} ITUX COOTHOIIICHUN BHJIHO, qTO0

HEHTpanM3anroHHas KoaryJysiius 0ojiee XapaKTepHa JJis
CHCTEM C YaCTULIAMH, UMEIOIIUMH MaJible TOTEHIUAbI.

Oco0eHHO cKa3bIBaeTCs Ha KOAryJsilMM B TaKUX
cucremax crenuduyueckas azcopOuus MOHOB
J00aBIISIEMOT0 JIEKTPOJIUTA.

Crenudu4HOCTh aACOPOIUU YBEIUYUBACTCA C
YBEJIMYEHUEM 3apsia aJcopOUpyeMOro HOHa, MO3TOMY
BKJIQJl HEUTPAIM3ALMOHHON KOAaryjsluu pacTeT IpU
Nepexoie K 3JIEKTPOJIUTAM C MHOTOBAJIEHTHBIMU HOHAMHU.

KoHieHTpanmonHnas koaryssuusi oOycCJoOBJIEHA
cxatueMm JI9C B pe3yiibTaTe yBeNIUYEHUSI HOHHOW CHUJIIbI
pacTBOpa. DTOT BHJ KOATyJSIUU OCYIIECTBIISIETCS MPH
nobapieHnn  WHACHGHEPEHTHOrO  DIEKTPOIHUTA, HE
CIOCOOHOTO K CIENH(PUIESCKON aicopOIInH.

ITo Teopun JJIPO (Hepsrun, Jlannay, depseii,
OBepbOek).C=const - 3TO COOTHOUICHHE  XOPOIIO
o0ocHOBbIBaeT amnupuueckoe npasuio [ynene-Iapau.

3HayeHUs] TOPOrOB KOATyJISIHH, BBI3BIBAEMOMN
ANEKTPOIUTAMUA C 3apsiioM MpPOTUBOMOHOB 1, 2, 3
otHocsaTes Kak 1:(1/2) :(1/3) =1:1/64:1/729.

[To npasuny Ilynene-I'apayu 3HaueHUs MOPOroB
KOAaryJisilud JJId TEX >K€ IPOTUBOMOHOB COOTHOCATCS
kak:1:1/20:1/500.

PacxoxJieHuss B COOTHOLIEHHSAX, OUYEBHJIHO,
CBS3aHBl C  YBEIMYEHHEM pPOJH  crenuuvecKon
azicopOIuu, ¢ pOCTOM 3apsi/ia IPOTUBOHOHA.
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Uem uoHbl Oosiee aMOQPOOHBI, TEM OOJIbIIUM
KOaryJMpyIIIUM JeldcTBHeM OHHM oOsanarT. Ilopor
KOaryJsiliud yMEHbIIAETCs B psAgaX IPOTUBOMOHOB!

Li* >Na™> K*> Rb* >Cs*

Cl->Br >NO3 >I

Koarymnupyromee nelicTBre cMecH
AIIEKTPOJIMTOB YacTo ObIBaeT HeaaTuTUBHBIM. Ecim mms
Hayalla KoaryJsiiuu TpeOyeTcss cMecH SJIEKTPOIUTOB B
OospllIeM  KOJIMYECTBE, 4YEM OJHOr0 M3 HHUX -
AHTarOHUCTHYECKOE neiicTBue. Ecimu CMECh
AJIEKTPOJIMTOB  JeHCTBYeT  3(QQEeKTUBHEH  OIHOro
AIIEKTPOJIMTA - CHHEPreTUYeCKOe JIeiiCTBHE.

4.3.0bbEKTHI " CPEJACTBA
NCCIIEAOBAHUMA.

4.3.1.KonGe1 koHnueckue eMkocTbo 200 Ml

4.3.2.bropeTkn.

4.3.3.2nexTpuueckas IIMTKA.

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

4.3.5.PactBop cynbdata Hatpus 0,005H.

4.3.6.PactBOp cynbdata menu 0,005H.

4.3.7.PactBOp cynb(ata mapranima 0,005H.

4.3.8. 3 mratuBa noJ MpPOOUPKHU.

4.3.9. 15 npobupoxk Ha 20 M.

4.4 . TIOAI'OTOBKA K PABOTE.

4.4.1.B xoHumveckyro koyiOy Hamuth 200 M
BOJIbI, HArPETh /10 KUIICHUS M IO KarjisaMm 100aBisath 10
MuIT pactBopa xstopua xenesa (111).

4.4.2.3anonHUTH OropeTku pacTBOpaMH:
TUAPO30JISI JKeTe3a, BOAOU, pAaCTBOPAMH JIEKTPOJIUTOB.
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4.4 .3 .TIpurotoBUTh 3 1MITaTHBA IO 5 TPOOUPOK B
KaXKIOM.

4.5.TTIPOTPAMMA PAGLOTRI.
[TpUroToBUTH pPACcTBOPHI B COOTBETCTBHH C
Tabimueii 4.1.

Tabmuma 4.1
Ne | Koa/s | Koa/s | Kon/Bo Haumenspma | Ilopor
o301, | O AJIEKTPOJIUTA | SI MyTHOCTh KOaryJIsiu
MIT BOJBI, | , MII u
MJT Mouns/mn

CynbdaT HaTpHs

5,0 0,5 2,5

5,0 1,0 2,0

5,0 15 15

5,0 2,0 1,0

5,0 2,5 0,5

yIb(paT Meau

5,0 0,5 2,5

5,0 1,0 2,0

5,0 1,5 1,5

5,0 2,0 1,0

5,0 2,5 0,5

yab(aT Mapraaua

50 0,5 2,5

50 1,0 2,0

50 15 15

5,0 2,0 1,0

5,0 2,5 0,5
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Kaxnpiii pacTBOp mepemeniatb U OCTaBUTh B
mratuBe Ha 10 MUHYT (BpeMs BbIICPKKH 3a()UKCHPOBATH
C TOYHOCTHIO 10 CEKyH IbI!)

ITo HaumMeHee MYTHOMY PacTBOPY OIpENETUTh
MOpOT  KOAryJIsilMu  TUAPO30Js  JKele3a  JaHHBIM
IIEKTPOIUTOM.

[Io mnomydeHHBIM JTAHHBIM MOCTPOUTh
auarpamMmmy (o ocu  abcuucc  pacHoJIOKUTH
KOaryJIMpyloIIUe HOHBbL, MO OCH OpAMHAT — 3HA4YEHUs
MIOPOTOB KOATYJISIUN)

[Topor xoarynauuu BeUuciseTcs o popmyie:

1K = "_W" -1000 (MmoJ1B/1) (4.4),

rje C-KOHIEHTPAIMsS DSJIEKTPOJINTa, MOJb/JI, V-00BeM
M3PACXO0J0BAHHOTO YJIEKTPOIUTA, MJI, W-00BEM 307151, MJL.
Cnenath BBIBOJIBI TIO padoTe.

4.6. KOHTPOJIBHBIE BOITPOCEHI.

1. Jlatp ompeneneHue KOIOMAHBIX PACTBOPOB.

2. Jlatp omnpeaeneHue 1 0(HOoOHBIX u

THO(UIBHBIX TUCHEPCHBIX CUCTEM.

@DaKTOpH!I arperaTUBHON yCTOMYMBOCTH.

4. 3aBUCHUMOCTb CKOPOCTH KOAryJsiuud OT
KOHLIEHTPALINH 3JIEKTPOJIATA.

5. boicTpas KOaryJisnus, MeJlJICHHAs
KOaryJisilus.

6. Ilopor koarynsuu.

7. IlpaBuna llynsne-TI'apau.

8. AIINTUBHOCTH e CTBUSA cMecHu
JIEKTPOIUTOB.

9. dopmyna MUIIEIUIHI.

10. Teopus JJIDO.

w
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JIABOPATOPHA PABOTA  Ne5
OJIEKTPOKMHETHUYECKUE ABJIEHUA.
OJIEKTPO®OPES.

5.1. Heab pabGorbl: M3yuuth  sBIIeHUE
anekTpodopesa. OnpenenuTs 3HaK 3apsiia 4acTHIL 30JIs.
N3meputsb BEJIMYUHY 91K TPO(hOpeTHIECKON
MOJIBUYKHOCTH.

5.2.TEOPETUYECKHE CBEJEHNAI.

Ha mnoBepxHocT TBepaoro Tena IpU  €ro
KOHTaKT€ C )KUJIKOCTBIO  CaMOIPOU3BOJIbHO BO3HHKAET
M30BITOUHBIH IEKTPUY €CKUI 3apsn, KOTOPBIN
KOMIIEHCUpYETCS MpPOTUBOMOHAMHU. B pesynbrare Ha
rpanune pasgena T-)K  dopmupyercs  aBOHHOMN
anektpudeckuit cnoit (IC). ObpazoBaHue IBOMHOTO
ANEKTPUYECKOrO CJOSI MPOUCXOIUT CAMOIIPOU3BOJIBHO,
KaK CJEICTBUE CTPEMJICHHS IMOBEPXHOCTHOW SHEPIUU K
MUHHMYMY U B CBSI3U C OCOOBIMHU CBOWCTBaMU TPAHUIIBI
paznena T-K.

bonpmass  ynenpHass — NOBEPXHOCTb — YacCTHIL
qucriepcHol  ¢a3bl  COCOOCTBYET HAKOIUICHHIO Ha
rpaHuiie paszzgena ¢a3 3HAYUTEIBHOT'O 3JIEKTPUYECKOT O
3apsna, KOTOPbIN CTaHOBUTCS NPUIUHON
AIIEKTPOKMHETUYECKUX SBJICHUN - TepeMenieHus ¢asbl
Cpelbl O] IeHCTBUEM BHEUIHETO 3JIEKTPUUYECKOro MO,
a TaKkX€ BO3HUKHOBEHHE JIIEKTPUUYECKUX 3apsioB IpHU
JIBIDKCHUM YacTUIl JUCHEpPCHOM a3bl WM  KUAKON
JIUCTIEPCUOHHOM CpEeJIbI.

BosnukHOBeHHMe Ha rpaHmie paszgena a3
ANEKTPUYECKUX 3aPS0B XapaKTEPHO, MPEXKIE BCEro, s
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30Ici M CyCHEH3W#, jucrepcHas (asa KOTOpPBIX
dbopmupyeTcs U3 TBEPABIX YACTHII.

OObpazoBanue 3apsjia IOBEPXHOCTH TBEPAOTO
TeJa MPOUCXOAUT B Pe3yibTaTe CIEAYIOIIUX MPOLECCOB:
aZcopOIIMM HMOHOB Ha IOBEPXHOCTH, JAMCCOIHAINU
MOJIEKYJ1 Ha TOBEPXHOCTU TBEpAOH (a3pl, mepexona
MOHOB W3 OAHOW (pa3pl B JIpYryr IpU YCTaHOBIEHHUU
WIEKTPOXUMHUYECKOTO  paBHOBeCcHs. BO3HUKHOBEHHE
3apsA0B Ha TBEPAOM TeJ€ MPUBOJUT K TOMY, YTO Ha
rpaHune pasgena ¢a3 BO3HHKACT AIEKTPUUECKUI
noreHuan IloBepXHOCTh TBEpAOro Tela MpHOOpeTaeT
WOHBI ONPEIEICHHOIO 3HAaKa. ODTH HOHBI HA3bIBAIOTCS
noreHuanoodpasyomumu. K TBeproil moBepxHOCTH U3
KUAKOW Cpelbl MPUTATHBAIOTCS HMOHBI, 3HAK KOTOPBIX
MPOTHBOIOJIOKEH 3HAKy MOTEHIMAJI00pa3yIoIIero cios,
MX Ha3bIBAIOT MNPOTUBOMOHAMHU. BoO3HHMKaeT JABOWHOI
anekTpuueckuii cioit (JI2C).

CormacHo teopum IllTepHa, KOTOpyHO MOXHO
paccmaTpuBaTh KaK OCHOBY COBPEMEHHOTO
npeactaBieHuss o cTpyktype JIDC, npOTHBOMOHBI
HaXOJATCA B IBYX IOJIOXKEHUAX, OIHA UX YacTb 00pa3yer
aJICOpPOIIMOHHBINA CIIOM (MHOTJA €ro HAa3bIBAIOT CIIOEM
I'enpmronbua). Jpyras 4acTb NpOTUBOMOHOB HAXOIUTCS
B nuddy3Hom crmoe. B ormmyme ot amcopOIMOHHOTO
CJIOSl TPOTUBOMOHBI AU(PHY3HOT'O CIIOS HE 3aKPETJICHBL, B
pe3ynbTaTe quddy3un OHU CIIOCOOHBI MEepPEeMENaThCs B
npenenax q1ud@y3Horo ciost BriayOb KUIKOCTH.

Z[I/I:)HGKTpI/I‘-IeCKa)I IMPOHUIIACMOCThb
aI[COP6III/IOHHOl"O CJ1041 MCHbIIC I[HBHGKTPH‘IGCKOﬁ
IMPOHHULIACMOCTH pacTtBoOpa, TaK Kak IIOMHMMO

MPOTUBOMOHOB B HEr0 BXOASIT OPUEHTHPOBAHHBIE
MOJIIPHBIE MOJIEKYJIBI Cpefbl. AJCOpPOIIMOHHBINA CIION
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MPOTUBOMOHOB dbopmupyercs B pe3yibTaTe
AJIEKTPOCTATUYECKOIO0  B3aUMOJEHCTBHS C HMOHAMHU
MOTCHIIMAIO00PA3YIOMIEr0 CJIOS U CenuUIECKOi
azcopOmu.

JA2C  MoxeT BO3HMKHYTh Ha  YacTULAX
HaxoJIIIUXCS B TIOJMSPHOM Cpelle B  OTCYTCTBHUH
AJIEKTPOJIUTOB, BCIEACTBUE OMPEAEICHHON OpUEHTAINU
JUTIOJICH.

AZNCOpOITMOHHBIA CJIOW B Cily4ae IIJIOCKOM
MOBEPXHOCTH  MMEET  ONpPENENECHHYI0  TOJIIMHY.
OTHOCUTENIbHOE TEPEMEILECHUE 3apSHKEHHBIX YaCTHI] U
JKUJIKOCTH TPOMCXOJIUT HE MO T'PaHHULE TBEPIOIo Teia ¢
JKUJIKOCTBIO, @ 3a MpelellaMH 3TOM T'paHULbl, MO TakK
Ha3bIBAEMOM  IJIOCKOCTH CKOJIbKEHUS WJIU TpaHULle
CKOJbXeHHS. [Ipu IBMKEHUW YacCTHI[ AMCIIEPCHON (ha3bl
4acTb JKUJKOCTH, HaxoJsIasicsi Ha IOBEPXHOCTH
TBEPAOr0 Tela /0 TPaHULBI CKOJBXEHHS, YBIIEKAeTCs
YacTUIIaMU U TEpEeMeENIaeTcs BMecTe ¢ HUMU. B cimyuae
JBIDKCHUS JTUCTIEPCHOHHON CPEIbl ATa YacTh KUIKOCTH
OCTaeTCs Ha MOBEPXHOCTH TBEPAOrO Tella M SABJSETCS
HETOJABHKHOM.

[ToTennuan Ha rpaHuUlle CKOJBXEHUSI HA3bIBACTCS
AIIEKTPOKUHETUYECKUM WIIU JI3eTa-noTeHIuaiom ( & ).

JI3eTa-noTeHUIMal Ba)KHEHIIas XapaKTepUCTUKA
JA2C: oH onpenenser  BO3MOXHOCTb M CKOPOCTh
OTHOCUTEIFHOTO TEPEeMEIIECHUs AUCIEPCHON (a3pl U
JIACTIEPCUOHH O Cpensl, WHTEHCUBHOCTH
AIEKTPOKMHETUYECKUX SBJICHUN, yCTOMYUBOCTH 30JIEH.
3HayeHHe A3€Ta-NOoTeHIMana MOXXHO JTOCTATOYHO TOYHO
U3MEpUTh, €ro 3HaK ONpEeNeNsieTcs 3HaKoOM 3apsjaa
MOTEHIINAI000pa3yIOIIero ClIosl.
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W3menenue pA3era-nmoreHuuana 3aBUCUT  OT
CBOMCTB Cpellbl M Halu4yusg B  HEW MNPOTHBOMOHOB.
JloGaBneHne B AMCIEPCHOHHYIO Cpeay OJHOBAJEHTHBIX
MPOTHBOMOHOB MTPUBOAUT K CKATHIO U PY3HOTO CIOS U
CHIDKEHUIO A3eTa-noTeHnuana. Korjga Bce mpoTHBOMOHBI
HaXoAATCs B aJICOPOLIMOHHOM CJIO€, IPOMCXOAUT IOJIHAS
KOMIIEHCallisd NMOTEHLHaa000pa3youiero cios, U J13era-
MOTEHIIMAJ  CTAHOBUTCSA  PaBHBIM  HYJO. TOuKy,
XapakTepusywoiyro  mnogobnoe  coctosHue  J9C,
Ha3bIBAIOT M303JIEKTPUUECKOW TOYKOH. DIJIEKTpUYECKHUIl
3apsii  MOXET BO3HHKHYTH Ha JIO0OM  TBepmoit
IIOBEPXHOCTH, HAaXOJALIEHCSd B KOHTaKTE C JKUIKOCTbIO.
[TosiBieHMEe  3HAUUTENBHOIO  3apsiia  [MOBEPXHOCTHU
ABJISIETCS MPUYHHON BO3HUKHOBCHHS
ANEKTPOKMHETUUECKUX SBJIEHUN, XapaKTEpPHBIX TOIBKO
JUTSL TUCTIEPCHBIX CHUCTEM.

DNEeKTPOKNHETUYECKUMHU Ha3bIBAIOT  TaKHUe
SBIICHUSI, KOTOpbIE BO3HUKAIOT npU BO3JAEWCTBUU
AIIEKTPUYECKOr0 IMOJsI Ha JUCIEpPCHbIE CHCTEMBbl U B
pe3yiapTaTe TMepeMelleHUs IUchepcHo (a3l WU
JUCHEPCUOHHON cpenbl. BHemHee aJIeKTpUYecKoe IMoJIe
BBI3BIBAET TaKWe SIBJICHUS Kak dJekTpodopes U
AIEKTPOOCMOC.

OnexkTpodope3 - ITO  IepeMelleHHue IMOoJ
JIEICTBUEM 3JIEKTPUYECKOIO IMOJISI YaCTULl JUCIEPCHOMN
da3pl OTHOCUTENBHO JUCHEepCHOHHOW cpedbl. I[lpu
HAJIO)KEHUH BHEUIHEro 3JIEKTPUUYECKOIro IOJs YacTUIbI
qucrnepcHor (a3bl HAUMHAIOT JBUTATHCS K DJIEKTPOLY,
3HaK 3apsfa KOTOPOro IPOTHBOIOJOXKEH 3HaKy JA3eTra-
noreHnuana. J[BwkeHue dacTul mpH d3ieKkTpodopese
00yCIJIOBJIEHO NPUTSKEHUEM pa3HOMMEHHBIX 3apsiOB.
[TpotuBononsr B muddysnoit gactu JOC NOABUKHBL,
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pacrpenensoTcs HEpaBHOMEPHO M HE B COCTOSHUU
DKPaHUPOBATh JCHCTBHE BHEHIHErO JJIEKTPUYECKOTO
MoJii Ha 4YacTHIlaX aucnepcHod ¢assl. B mpomecce
anekTpodopesa Hapymiaercss cdepuueckas CHMMETPHS
mud¢y3HOro cjaod MTPOTUBOMOHOB, M OH HayWHAET
JIBUTAaTbCs B CTOPOHY, MPOTHUBOIOJIOKHYIO JBUKCHHUIO
yactull. [IpOTUBOITOI0KHO HANPAaBJIEHHBIN TOTOK YaCTHI]
Ju(pQy3HOro Ci0s TOPMO3UT JBM)KEHUE YAaCTUL. OTOT
apdexT Ha3bIBAIOT 3IEKTPOPOPETUIECKUM
TOPMOKEHU EM.

Ckopocts amekTpodopes3a 3aBUCHT OT & -
MOTEHIIMAIa W €€ ONpelNeNsioT MO0  YPaBHEHUIO
I'enbmrosnbra-CMomyX0BCKOrO:

g = A -u-n
D
re 1M -BA3KOCTh, [la-c, D - smexkTpuyeckas mocrosiHHasi,
U - anekTpodopeTrdeckast moJBUKHOCTb, B.
DnexTpodopeTnyeckas MOABUIKHOCTD - 3TO MYTh,
KOTOPBIM MPOXOIUT YacTUIAa B CEKYHIYy TMPH TPAJAUCHTE
noreHuana 1 B/cwm.

u=h/(H); H=E/ (5.2),
rjae h- myTh, npoieHHBIH YacTUIlel 3a Bpems T, cM, H-
IpaJleHT MOTeHLMajla BHEIIHETO 3JIeKTPUYECKOro MoJis,
B/cm, E- pasnocte mnorenuumanos, B, 1- paccrosnue
MEX/TY IJEKTPOJAMU, CM.

®opmyna (5.2) copaBemasnuBa i YacTHIl, HE
MPOBOJAIIUX DIEKTPUUECKUN TOK, TUAMETP KOTOPBIX
BEJIMK I10 CPAaBHEHUIO ¢ BeTUYMHON qU(dy3HOro ciosi.

(5.1).

5.3.0bBbEKTHBI " CPEJACTBA
NCCIIEAOBAHUMA.
5.3. 1.IIpu6op Kena.
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5.3.2.AxkkymynsTopHas 6aTapes.
5.3.3.IIpo6upku Ha 20 ML
5.3.4.PactBOpBI:

NH 4Cl 1%

FeCl;2%

KClI 0,1u

CuSOs 10%.
5.3.5. DnexkTpuyeckast MiInuTKa.
5.3.6. Xumuueckuii crakad Ha 100 mi
5.3.7. Amnepmerp.
5.3.8. BoabT™meTp.
5.3.9. Bempsamurens.

5.4.I10AI'OTOBKA K PABOTE.

5.4.1.1Tony4uTh KOJUIOUIHBIA PACTBOP THUIAPO30JIS
JKeJe3a METOJIOM I'MJIPOJIN3a COJIM JKelle3a:

a) B crakan namute 60 MJI AMCTUIITMPOBAHHOU
BOJIbI, IOBECTU €€ 10 KHIICHUS;

06) B BOAy IpHU NEpeMENIMBAaHUU BHECTH 5 MI
xnopuna xenesa (I1);

B) KUIISATUTH MOJY4YEHHBIN pacTBOp 1-2 MUHYTHI.

5.4.2 IlogroroButs k padbore npudop Kena:

a) MIPU 3aKPbITHIX KPAaHAX HAJIUTh B IIUIETKY 30J1b;

0) OTKpBITH KpaHbl, 3anoJHUTh U-00pa3Hyio
TpyOKY M Ppe3MHOBYI0 TpyOKy, COEIMHEHHYIO C
MUIMETKOM, 30JIeM TaK, 4TOObI HE OCTaBaJIOCh MY3bIPHKOB
BO3/YXa;
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Tof

B) JIOBECTU ypoBeHb 3011 B U-00pa3Hoil TpyOKe
Ha 1-2 cM BbllIe yPOBHS KpaHOB | M 3 M 3aKpbITh BCE
KpaHbI,

r) U-oOpa3Hyr TpyOKy ONpOKHHYTbH, BJIHTH
OCTaTOK 30JI;

1) 3aKpenuTh TPyOKy Ha IITATUBE M HAJIWUTH
MUINETKOW B 00a KojieHa OOKOBYIO JKUIKOCTH (XJIOpHUA
aMMOHMS) J10 ITOJIOBUHBI 00beMa;

€) TpyOKy COEIMHUTH C OOPATUMBIMU MEIHBIMHU
AJIEKTPOJAaMU  arap-arapoBbIMH  MocTHKamu  (4),
IpUroToBJIeHHbIMU ¢ 0,1H XJOopuaoM Kamus;

K) B cocynbl ¢ cyibdaTroMm Meau (5) OmyCTHTh
3a4YMILIEHHbIE KOHIBI MEIHBIX npoBosiok  (6)
MPUCOCIUHUTh K UCTOUYHHUKY MOCTOSHHOrO Toka Ha 100-
120 B.
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5.5.ITPOTPAMMA PABOTEHIL.
5.5.1.CobpaTh 3JEKTPUYECKYIO LICTIb.
1 2

O I

3

()
—/
A

4| li

1.ammepmerp.
2.mpu6bop Kena.
3.BOIBTMETD.
4 BBIIPSMUTEIIb.

5.5.2.0CTOpOXKHO M TOJHOCTHIO MOBEPHYTHh KpaH
4. JloOWThCA MEMJIEHHOTO TEePEIBUKEHUS T'PAHUIIBI
pa3zmena BBepx TImo TpyOkam, He JOmyckas ee
pa3MbIBaHMs. 30JIb BBITECHUT OOKOBYIO J>KMJIKOCTh B
rpayupOBaHHbIE KOJICHA.

5.5.3.Bepxauii  ypoBeHb OOKOBOH KHJIKOCTH
JIOBECTH JO TaKOro YpPOBHS, YTOOBI OBUIM 3aKpPBITHI
KOHIIbI arap-arapoBbIX MOCTHUKOB.

5.5.4.1lpoBepUTh KOHTAKTHI.

5.5.5.BkioundTh TOK W 3alHcaTb BpeMsa U
MI0JIOKEHHUE TPaHULIbl pa3jena.

5.5.6.3anucaTe HanpaBJIeHUE IBU>KEHUS TPAaHULIbI
30JI1 U €T0 CKOPOCTh, U3MEPSAS CEKYHJIO0MEPOM BpeMs, 3a
KOTOpo€e rpaHuna nepemeniaercs Ha 0,5 cm.

5.5.7.Cnenate 3-4 wu3MEpeHUS U BBIYUCIHTH
CpellHee 3HaUYCHHUE.

5.5.8Ilo okoHUaHMM  oOmbITA  Pa3OMKHYTHb
IEKTPUYECKYIO II€b M BOJBTMETPOM  U3MEPUTH
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pa3HOCTh MOTEHI[MAJI0B MEXIY 3JIEKTPOJIaMH.
PaccrositHue Mexay 37€KTpOJaMU - PACCTOSHUE MEXIY
KOHI[aMH MOCTHKOB.

5.6.0bPABOTKA PE3VJIbTATOB.

5.6.1.1lo  ypaBHeHHUIO (5.2)  BBIUHCIHTH
ANEKTPOPOPETHUUECKYIO TTOIBUIKHOCTE.

5.6.2.1lo ypaBuenuto (5.1) BBIUKUCIUTH J3€Ta-
MOTEHIUA 30JI51.

5.6.3.Ilony4yeHHble JaHHBIE 3aHECTH B TAOIHILY

5.1.

Tabnuna 5.1

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

| =

H=FE/=
Paccrosnme, | Bpems CxopocThb Q-HOTeHuHaJI,
npoiiieHHoe | HaOMIOICHHE, | IEPEIBUKEHNS |\
YacTUIaMH, | C TPaHMIIBI, CM/C
cM

5.6.4.Cnenath BBIBOJBI IO paboTe.

5 .7.KOHTPOJIbHBIE BOITPOCHI.

1..BosnuknoBenue J[I9C B jaucnepcHBIX
CHUCTEMax.

2. Crpyxkrypa AD2C.

3.Uto takoe munesia? Ee crpoenue.

4.0cHOBHAasi MpPUYUHA  DIIEKTPOKHMHETUYECKUX
SIBIICHUM.

5.Yro Takoe a3era-noTeHIan?

6.CymHOCTb SIBIIEHUS dJIEKTpodopesa.

7. BriBon hopMyJTBI TS pacuera
AIIEKTPOPOPETUYECKON MOABUKHOCTH.
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JIABOPATOPHAS PABOTA Ne6
SJIEKTPUYECKHUE CBOVICTBA
KOJUJIOUMJHBIX CUCTEM. DJIEKTPOD®OPES.
6.1. Ilear padorpl. U3yuuts  sBiIECHHE
anekTpodopesa. O3HAKOMHUTHCS C METOAOM OIPEEICHUS
CKOPOCTH JBIDKEHHMSI M 3HaKa 3apsga KOJUIOMIHBIX
YACTHII.
6.2. TEOPETUYECKHUE CBEJEHUA (Cwm.
nabopaTopHyro padboty Ne5)

6.3. OBBEKTHI u CPEJCTBA
NCCIIEAOBAHUMA.

6.3.1. [Ipubop nns HabmoaeHUs 25IeKTpodopesa.

6.3.2. DnexkTpodopeTUyecKuii 30H1

6.3.3.11ItaTB C MAThIO TPOOUPKAMH.

6.3.4. T'uaposoms xenesa (111).

6.3.5. NaOH 0,0018.

6.3.6. ®unbTpoBasibHasg OyMara.

6.4.IIOAI'OTOBKA K PABOTE.
6.4.1. Onucanue npubopa st HaOMOIEHUSA
anekrpodopesa.
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CYCNEHIMA MkHEI -"‘“‘-_._\__\_ _

[MHHEI

CHIEA TMMHE ]
0 ] e

5 P
MEREME WEHME BOAEI

B kycok chipoii ramHbI (TommmMHA 4 CM) BAaBICHBI 2
CTeKJIsIHHbIE TpyOkm. B TpyOkax HacwlmaH CIIOH
KBapieBoro necka toiammuaon 0,5 cm. B TpyOkax HanuTa
BOJIa TaK, YTOOBI € YPOBEHb HAXOJUJICS HA 2-3 CM BBIIIE
YpOBHsI Iecka. B TpyOKku BCTaBIE€HBI METHBIC DJICKTPOJIBL.

6.5. IIPOTPAMMA PABOTHI.

6.5.1. IIpucoenuHuTh 3JIEKTPOJIbI K
aKKyMYJIATOpHOH OaTapee ¢ HanpsbkeHuem 2 B.

6.5.2. HaGmromath a3mekTpodope3 B TPYOKy C
HOJOXKUTEIbHBIM  3JIEKTPOAOM: CKBO3b CJIOH IIecka
JOJDKHBIl  [TPOXOJUTh YacTHLIBl IVIMHBI  (00pasyercs
MYTHas CyCIIEH3HU ).

6.5.3. IlpoBoauth HaOmromeHuss B TedeHue 10
MHUHYT.
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6.5.4. 3amepuTh MyTh, NPONIECHHBIA YaCTUIIAMHU
TJIMHBL.
6.5.5. PaccuutaTth CKOpOCTH 3J1eKTpodope3a Mo

dbopmye:

oS

™D

rae S — IlyTs, MpOMAEHHBIH YacTHIIAMU TJIMHBL, cM | —
pacCTOSHUE MEXKAY MEIHBIMU JJIEKTPOJAMH, CM, T -
BpeMsl HaOJIOAEHWH, MUH, L - HampsbDkeHue OaTapeu
aKKyMYJISTOpPOB, B.

Tabnuia pacueTHO-IKCIIEPUMEHTAJIBHBIX JAHHBIX

BemecT | BpeM | PaccrosH. | IlyTs, Hamp | Cxopo | ®opmy
BO s, MEXTY npoiae | f- CTh na
- JNEKTpPo] | H- xeHu | dopesa | muen
' amu HBI e §] JIBI
MUH d
|, cM JacTuua |y B
MH
S, cm

6.5.6. Cnenatb BBIBO/IBI 11O paboTeE.

6 .6.KOHTPOJIbLHBIE BOITPOCHI.

1..Bo3HnkHOBeHUE J2C B JIMCIIEPCHBIX
CHCTEMax.

2. Ctpykrypa I2C.

3.Yto takoe munemna? Ee crpoenue.

4.OcHOBHAsi MNpUYMHA  DJIEKTPOKUHETHYECKUX
SIBIICHUH.

5.Yrto Takoe a3era-nmoreHIman’

6.CyIHOCTb SIBJICHUS dJIEKTpodopesa.

7. BriBox (hopMyIIbI JUIA pacuera
MEKTPODHOPETHIECKOM MOIBUKHOCTH.
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JIABOPATOPHAS PABOTA Ne7

OIIPEAEJIEHUE
OJIEKTPOKMHETUYECKOI'O ITOTEHIIMAJIA
YACTHUL CYCIIEH3UN METO/IOM
OJIEKTPOOCMOCA.

7.1.1leabr  padoTBl: METOIOM  3JIEKTPOOCMOCA
UCCIIeIOBaTh BJIMSHUE PA3JIMYHBIX KOHIIEHTpalui
pacTBOpPOB Ha BEIMYUHY 3JIEKTPOKMHETHUYECKOrO
HOTEHLIMANA YaCTHIL CyCHEH3UH.

7.2.TEOPETUYECKHUE CBEJIEHUSI.

B koouaHBIX pacTBOpax 4acCTUIlbl JUCHEPCHOU
da3pl  HaxomsTcs B Buiue munein. dopma MHIIEIUIBI
SIBJIICTCS] CTATUYECKOM TOJIBKO B CTATUYECKOM CMBICIIE, B
pEaNbHOCTH OHA HWMEET pACIUIBIBYAThIC OYEPTAHHS
obmaka. Eciu momecTuTh MHULETY B 3JEKTPUYECKOE
noJyie, TO nepupUpUtHbIE HOHBI MPOTUBOMOHHOTO CIIOS
OyIyT, OTIENSISACH, IEPEABUTATHCS K COOTBETCTBYIOLIEMY
AIIEKTPOLY.

Murnenna pa3pbiBaeTcsi, U Ha T'paHULIE pa3pbiBa
BO3HUKaeT J3era-moTeHnuan. OcraBmiasics  4acThb,
cocrosimas M3  sApa, HWOHHOTO CJIOS W 4YacTd
IIPOTUBOMOHHOIO, 00pa3yeT 3apsDKEHHYK 4YacTULly,
KOTOpasi JIBIKETCA K MPOTHBOIOJIOKHOMY JJIEKTPOIY.
Takoe mepeaBMIKEHUE YACTHUIl B JJICKTPUUECKOM I0JIE
HasbIBaeTcs dJiekTpodopes. bonee moapodHO 0 MpUUHHE
BO3HUKHOBECHHSI AIIEKTPOKUHETHUECKUX SIBIICHU I
HanmucaHo B pabore “Onektpodopes”. Ecmum B
HU3KOJIUCIIEPCHBIX CHCTEMaX, HalpuMep, B CYCHEH3HIX
WJIM TIOPUCTHIX TEJIaX 3aCTaBUTh ABUTATHCS HE YACTHUIHI ,
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a XUIKOCTb, COXpaHSsS YaCTUIbl HENOJBUXHBIMH, TO
TaKOE SIBJICHUE Ha3bIBACTCS 3JIEKTPOOCMOC.

DNEeKTpoocMOC  MOXHO  OCYILIECTBUTbH  Ha
MOPOIIIKE, €CITU MTPUTOTOBUTH €ro B BHUJIE TUadparMel, o
00€e CTOPOHBI KOTOPOI HaXOMUTCS PACTBOP DJICKTPOJIHTA.
Wonbl BHENMIHUX CJIOEB pacmoyiaraloTcsi B MPOCTPAHCTBE
KamUIIpoOB, a HMOHBI HOHHOTO CJIOS M  YacTH
MIPOTUBOMOHHOTO CJIOSI YAEPKUBAIOTCS MIOBEPXHOCTHIO. B
pacTBOpE DJICKTPOJIUTA, 3AIOJHSIONIETO KalUJUISIPHI,
OKaXeTCs U30BITOYHAS KOHIICHTpaIus HMOHOB
OMpEIEICHHOI0  3apsia, TaK KaK 4YacTh HOHOB
MIPOTHUBOITOIOKHOT O 3HaKa azcopoupyercs Ha
MOBEPXHOCTH YaCTHI[ TOPOIIKA, YTO TMPUBOAUT K
CHUKEHUIO UWX KOHIEHTpPAallUh B ooveme. Ilpu
HAJIOXKEHUU DJICKTPUYECKOT'0 TIOJIA JKHJAKOCTh OyleT
MEePEeBUTaThCsl MO KaNWUIApaM K COOTBETCTBYIOIIEMY
aNeKTpoay. B pesynbraTe ypoBeHb KMIKOCTH B COCYAE
MEPEMECTUTCS K OTHOMY U3 JIEKTPOJIOB.

Ha rpanune paspbiBa MUIEUIBI  BO3HUKACT
NMEKTPOKMHETHYECKUI WM J3€Ta-MoTeHIHasn  (CMm.
paboty “Dnektpodopes”).

Benmnuuny 53J1€KTPOKMHETHYECKOTO IMOTEHIMaa
(13eTa -moTeHIMana) BbICOKOUCIEPCHBIX CUCTEM MOKHO
OMPEIETUTh M0 CKOPOCTH MEPEABUIKEHUS TPAHUIIBI 30J1b-
pacTBOp, I HHU3KOIUCIEPCHBIX CHUCTEM BEIMYHMHA
ANMEKTPOKMHETHYECKOT0  MOTEHIMAJIAa MOXET  OBITh
OTIpeJIeIeHa C MOMOMIBIO AIEKTPOOCMOCa.

Bemnunna  jm3era-moreHnuana  3aBUCHT  OT
MPUPOABl CYCIIEH3UU, OT KOHIIEHTPAIMU DJIEKTPOJIHTA,
METOJ1a TTOJYYCHUS CyCIIEH3UH.

SIBnenust anekTpodopesa U IIEKTPoocMoOca
HallUId PUMEHEHHE B MPOMBINIIEHHOCTH. C MOMOUIbIO
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anekTpodopesa 00e3BOKUBAIOT M OYHUIIAIOT KAOJIUH OT
npuMmece mnecka, nuputa. YacTuilbl KaoiwHa B BOJAE
3apsHKECHBI OTPHIIATEIIHHO. YtoObI BO3HHK
AIIEKTPOKMHETUICCKUI MOTEHIIHA, CYCIICH3HIO
MOJIIIC/IAYMBAIOT W OTCTAWBAHHEM YIAISIOT KPYITHBIC
MIPUMECH, nocie 4ero 3arpyxarot B
AIIEKTPOOCMOTHYECKYI0 ~ MAaIlMHy W IOJBEPraroT
aneKTpodopesy.

B 2nekTpoOCMOTHYECKONM MallMHE YaCTHI[bI
KaoJlMHA TOJA JeHCTBHEM MPHJIOKEHHOTO HaIPSHKEHUS
MEPeABUTAIOTCS K aHONIY, KOTOPBHII BBIMOJIHEH B BHJIE
Bpalnaronierocsi 6apabaHa 0 MOJOBHUHBI MOTPY’KEHHOT O
B cycrnensuo. TBepmas (aza ocemaeT Ha aHONIE B BHIE
MJIOTHOTO CJIOSI, KOTOPBIM Mpu BpamieHun Oapabana
BBIHOCUTCS HapyKy M OT4ddmiaercs ckpeOkamu. B
KOMOHWHAIUN c (GUITBTPYIOIIUMH 3JIEMEHTaMHU
CKOHCTPYHPOBaHBI (PUIBTPIIPECCH sl CYIIKH Topda,
rZle OMHOBPEMEHHO C OTIPECCOBKOW BOIBI MPOTEKAET
DIIEKTPOOCMOC B 00pa3oBaHHOW  MPECCOBaHHEM
TopbsaHoi Tuadparme.

st ONpENeNeHusT  DJICKTPOKHUHETHIECKOT O
MOTEHI[MATa METOJOM  JJIEKTPOOCMOCA  HCIOJIB3YIOT
ypaBHEHUE:

§=1rc-7‘T"’,eae_1r<=“’TT'”.soo2 (7.1),

rae y - ydedbHas DJIEKTPONpPOBOAHOCTH, OMicm™?, v -
o0beMHast ckopoctb, wmi/c, | cuma Toka, A, D -
SJIEKTPUYECKas MPOHMIAEMOCTh CPEIbI, T - BA3KOCTb,
ITa-c.

7.3.0BbEKThbI n CPEJICTBA
UCCJIEJJOBAHUSIL.
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7.3.1.I1pubGop nJis HAOIHOASHUS DJICKTPOOCMOca.

7.3.2.PactBOp XJI0pHUIa KAJIHS.

7.3.3.Cynbdat memu.

7.3.4.Pe3unoBas rpyma.
7.3.5./lennTens HaNpsKEHUS.
7.3.6.BonbT™meTp.

7.3.7 Munnauanmepmerp.
7.3.8.Mukpoamiepmerp.

7.3.9.11epexirovaTen.
7.3.10.CoenriHUTEIIbHBIE TPOBOIA.
7.3.11.PactBop Hutpara repmanus (111) 0,15H.

7.3.12.Cycnensus miuasieHHoro kopysaa (Al,03)

B alICTOHC.

7.3.13.Mepubie koa6s1 Ha 100 mu1 - 7 mT.
7.3.14. AuietoH.
7.3.15. LlenTpudyra.

7.41I0AI'OTOBKA K PABOTE.

7.4.1.PactBop HuTpata repmanusa (1) nHanute B
pOOUPKU B COOTBETCTBUU C Tabsmueit 7.1.

Tabmuma 7.1.

Ne 1 |2 3 4 5 6 7
npoOUpKH

Konnuectso 0, /110 |15 |20 |25 |30 |35
HCXOJHOT'O 5

pacTBOpa, M

Komuyectso 9 |90 |85 |80 |75 |70 |65
aleToHa, M 5

xonuentpauust | 7, | 15, |22, |30, |37, |45, |52,
: 5 |0 5 0 ) 0 5
C-10%, monb/n
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7.4.2.B npoOupKu 100aBHTh YKUCTHIA allEeTOH 0
obmrero oobema 10 mut (ecm Tadum. 7.1.).

7.4.3.ConepxumMoe  MPOOMPOK  TEPEIUTh B
MepHble KO0o4ukn Ha 100 M W JOMUTH O METKH
alleTOHOM.

74.4B xaxayro koin0y Bebmath mo 30 T
MOPOIIIKa KOPYH/IA.

7.4.5Ilocne 20 MHHYTHOrO  OTCTauBaHUs
CYCIIEH3HIO B300ITAThH u 3aJIUTh B
AIIEKTPOOCMOTHUYECKYIO SUCHKY.

7.4.6.0cTaB1IyIOCS 4acTh CMECH OT(PHUIHTPOBATH,
bunbTpaT B JaNMbHEHIIEM UCTIOIb30BATH IS 3aOJTHECHUS

npubopa nocie HeHTpUPyrupoBaHusl.
13

7.4.7 I1pubop MIPEICTABIISICT coboi
TOJICTOCTEHHYI0O MpoOupKYy 1, TIJIOTHO 3aKpBITYIO
npobkoii 2. Yepe3 mpoOKy mpoxonar Tpyoku 3 u 4.
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TpyOka 4 3axkaHuMBaeTCS TOPJIOBUHOM, HUIM(OBAHHOM
U3HYTPU, U JO HIDKHEro YPOBHSA HPOOKH 3arojHeHa
arapoBbIM CTy/JHEM, TPUTOTOBJIEHHOM Ha XJIOpHJE
KaJusl.

7.4.8. YcraHOBUTH TpubOp B LEHTPUPYTY U
HEHTPU(YTUPOBATH CYCHEH3HIO 0 MOJHOTO OCBETICHUS.
B mpobGupke mnpu 3ToM 0Opasyercst 1Ba MPOCTPaHCTBA
110 00€ CTOPOHBI OT Anadparmsl.

7.4.9.B mummdoBaHHYIO TOPIOBUHY TpPYyOKH 3
BCTaBUTb TPYOKY 5, CHaOXEHHYIO TIpaJynpOBaHHBIM
TOJICTOCTEHHBIM KanwuiipoM 6.TpyOky 5 3anojgHuTh
GWIbTpaTOM  CYCIIEH3MHM  TaK, YTOOBl  KUAKOCTb
pacrpocTpaHuIach 0 BCEMY Kanwusipy 6.

7.4.10.Buytpp TpyOKHM 5 momecTuth TpYyOKy 7,
BCS LMJIMHApPUYECKAass YacTb KOTOpPOW  3aloOJHEHa
arapoBbIM CTYJIHEM.

7.4.11. Hagerb Ha KanwUISApHBIM OTPOCTOK &
KaydyKOBYI0O TpPYOKYy M, OCTOPOKHO BIyBasi BO3AYX,
BBIKATh M30BITOK JKUJIKOCTU B KAMUJUIIPE 6, CTEKAFOIIUMA
yepe3 KaneabHUILy 9.

74.12.Ha  ropnoBuny TpyOku 4  oxerb
NpULIUIH(OBAHHYI0 Ha KOHIE KOHTAKTHYIO BOpPOHKY 10
crienHalibHON (OpMBI, MPEAOTBPAILAIOLIYI0 00pa3oBaHuE
My3bIPBKOB BO3JyXa IpH 3allOJHEHUHM KOHTaKTHOM
KUIKocThio.  Kanmwsip CIIyXHUT ISl COOOLICHHUs
IPOCTPAHCTBA € aTMOCHEPOH.

7.4.13.CobpanHblii npubop ycTaHaBIMBAKOT B
KOJIOAKY 12.

Boponka 10 BcraBiieHa B HalpasJIsOILIEe KOJIBLO.

7.4.14.Bopouku 10 u 7 3amoJIHUTH PACTBOPOM
XJIOpUAa Kamnus, CJIelds 3a TeM, 4TOObl B TpyOKax He
00pa30BBIBATIOCH Y3BIPEKOB BO3yXa.
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7.4.15.C noMomnibio arapoBbIX MOCTUKOB 3 yepe3
cocynsl 14 ¢ pactBopoM cyibdara MeAun W MEIHBIE
AMEKTPOAbl 15 mpubGop BBECTH B DIIEKTPUUYECKYIO IICTIb.
[lepen BKJIIOUEHHEM TOKAa TPH MOMOIINA KaWIJISIPHOTO
OTPOCTKa 8 YCTAaHOBUTH MEHHCK B Kamwuisipe 6 BOIU3H
HYJISL.

7.4.16.OnexTpruecKkas cxema BKIIOYEHHUS B IEIb
AIEKTPOOCMOTUYECKOM STUEHKH.

OT WCTOYHMKA TOK IOJAETCS K JCJIUTEII0
HanpspkeHus: E, mapajienibHO KOTOpPOMY  BKIIIOYEH
BonbT™MeTp V.Ilepekmouatens [1; mo3BossieT BKIOYATH
MONEPEMEHHO JIM00 MUKPO-, JINOO MUIUTUAMIIEPMETP, TaK
KaK CHJa TOKa MOXET KoiedaThca OT JEeCSATKOB
MHUKpoamIep 0 JEeCATKOM MUJIIMaMIIEp.
[Tepexmouarens Il MeHsieT HampaBjieHUE  TOKa,
3acTaBiIsisl KHJAKOCTh MPOTEKATh MO KaMWUIAPY JHUOO0
CrpaBa HaJIEBO, JTUOO CIIeBa HAMPABO.

7.5.1TPOTPAMMA PABOTBL

7.5.1. CobpaB mpubop, HaAETh Ha KATHUJUIIPHBIHA
OTPOCTOK 8 PE3WHOBYIO T'PYIIY U , OCTOPOXKHO CKUMAs
€€, 3aCTaBUTh MEHUCK B Kamuwuisipe 6 OCTAaHOBUTHCA B
rpaJyipOBaHHON YaCTH B KOHIIE KaIIUJIJISIPA HUXKE HYJISL.

7.5.2.BxrouuTh TpuOOp B ILIEMb TAKMM 00pa3oM,
YTOOBI JKHUJIKOCTh IIEPEIBUTANACH BBEPX MO0 KAMWULIPY, U
JIOBECTH MEHUCK JI0 HYJIEBOI'O 3HAUYEHHUSI ILIKAJIBI.

7.5.3.IlomeHATh HampaBlieHWE TOKA U HAOJIOATH
JIBIDKEHUE )KUIKOCTH B TEUEHUU OJHOW MUHYTHI.

7.5.4.1loMmeHATh HaNpaBIEHUE TOKA, 3amMedas
00beM V, IPONICHHBIN KUJIKOCTBIO.

7.5.5.110BTOpUTH OIBIT HECKOJBKO Pa3 U B3ATh
cpenHee 3HaueHue o0bema.
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7.5.6.PaccunTaTh 3HaU€HHE 00ObEMHON CKOPOCTH:

L = V/60c.

7.5.7. Tlo ¢opmyne 6.1. paccuutath 3HAYCHHE
EKTPOKMHETHYECKOr0 MOTEHIINAIA.

Jlnst anerona D = 21,5, 1 = 0,33-102 nyas

7.5.8./1aHHBIE PKCIIEPUMEHTA U PaCUETOB 3aHECTU
B TaOJIHMILY.

c-10%, W, M1 |v-104, | y-105, 1-10% | &,
MMOJIB/JT mi/c  |omlem? | 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.I1ocTpouts rpaduk 3aBUCUMOCTH

ANMEKTPOKHMHETHYECKOTO MOTCHIIHAJIA OT KOHIICHTPAIIUH.
7.5.10.Cnenath BBIBOJIBI 11O padoTe.

7.6. KOHTPOJIbHBIE BOITPOCHI.

1.CtpoeHue MUIIEIIIBI.

2.BO3HUKHOBEHUE 3JIEKTPOKUHETHYECKOT O
MOTEHIINAA.

3.CyIHOCTB 3JIEKTPOOCMOCA.
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4.CpaBHUTh  SIBJIGHUS  DJIEKTpoOCMOca U
anekTpodopesa.
5.IlpakTHueckoe NpuMEHEHHUE IIEKTPOOCMOca.

JIABOPATOPHAS PABOTA 8
OITPEJEJIEHUE CTEIIEHU
JUCIHHEPCHOCTHU KOJUIONAHBIX CUCTEM.

8.1.lleab_paboThl. MyTEM CEAMMEHTAIMOHHO-
ONTHYECKOr0 aHaju3a ONPEHCIUTh PaJUYC YaCTHII
qucriepcHord  ¢a3pl M CTENEHb  JAMCIEPCHOCTH
KOJUIOMIHBIX CHCTEM.

8.2.TEOPETUYECKHWE CBEJIEHH 1.

XapaKTepHbIM OOIIMM CBOWCTBOM  CYCIICH3UH,
MOPOIIIKOB, 3MYJIbCUI U a3p030JieiH, 0COOCHHO €CJIM OHH
pa30aBiieHbl, SBIISIETCA CKJIOHHOCTh K OCEJaHUI0 YACTHI]
nucnepcHor (daspl. Ocenanue 4acTull JUCTIEPCHON (ha3bl
Ha3bIBaCTCA CEAUMEHTanued (BCIJIBIBAHME YaCTHIL-
00paTHO CeTMMEHTAIINECH ).

Ha xaxnyroo wactuny B cucreMe JEHCTBYIOT
cuia Tsokectd FQ u moabemuas cuna Apxumena Fa.

Fg = mg = vgp, Fa=vgpo, (8.1),
rae M, V - macca u 00beM YacTUllbl, P, Po - IUIOTHOCTh
YaCTUIl JUCIEPCHON (a3bl U AUCIIEPCUOHHON Cpeasl, g -
YCKOpEeHHE CBOOOTHOTO MaICHUS.

OTU Ccuibl MOCTOSIHHBI M HAIlpaBJIEHbl B pa3HbIe
cTopoHbl. PaBHOneiicTByIOIAasi cuja, BbI3bIBAIONIAA
CEeAMMEHTAIMI0, PaBHA!

Feex =Fg —Fa = Moxg = v(p—po)g (8.2),
A€ Mor - OTHOCUTENbHAS MacCca YaCTUIIBI.
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Eciu p > po, 10 Feey > 0, 1 yactuna ocenaer,
ecimu p < po, TO Feen < 0, ¥ YacTUIla BCIJIBIBAET, TO €CTh
MPOMCXOANUT OOpaTHAsl CENMMEHTAllUs, XapaKTepHas s
ra30BbIX U OOJBIIMHCTBA KHUIKHX IMYJIIHCHIA.

Tak  kak  ceguMEHTalUMss  NPOTEKaeT B
OMPECIICHHON Ccpefe, TO MPHU JaMUHAPHOM JIBH)KCHUH
YaCTHUIIBl BO3HHMKAET COMPOTUBIICHUE - CHJIA TPEHUS,
MIPOMOPIIOHATIbHASL CKOPOCTH ABM)KEHUS YaCTULIBL:

Fp=Bu (8.3),
rae B - koapunuenT TpeHus, U - CKOPOCTb BHIKEHUS
YaCTHUIIBIL.

Takum obpa3om, cuia, AeHCTBYIOLIAas HA YaCTUILY
BO BpeMsl ABU)KCHUS , paBHA:

F=Fcea— FTp = Vg(p—p) - Bu (84)

B nepBblli MOMEHT JABWIKEHHMS 4YacTHIBl €€
CKOpPOCTh Majla, MO3TOMY YAacCTHIBl JIBIXKYTCS TIOJ
neiictBueM cuibl yckopeHus. C pocToM CKOpPOCTH TpH
JIOCTATOYHO OONBIIOM KO3 PHUIHEHTE TPEHHs HACTYIaeT
MOMEHT, KOIJla CUJia TPEHHs] CTAaHOBUTCS PaBHOM cuie,
BBI3BIBAIOIICH  ceAuMeHTaruioo.  TakuMm  oOpa3om
PaBHOJCHUCTBYIOMAsl CUJIA CTAHOBHUTCS pPaBHOW HYIIIO.
[Tocme  »TOrO0  CKOPOCTH  YacCTUIBI  CTAHOBUTCS
MOCTOSSHHOM M €€ MOXKHO ONpEeNeNIuTh W3 YypaBHEHHS
(8.4).

Mg V5P
u= = (83)
E B
Breipaxenue nist cuibl Tpenus (8.3), BOSHUKAIOIEH MpU
JIBIKEHUH C(HEepUYeCcKUX YaCTHIl, MOXXHO MPEJCTaBUTH B
BHje 3akoHa CTokca:
B =6mnr u Fp = 6nnru (8.6),
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rjie I - pajuyc YacTHIBI, M - JHHAMHYCCKAas BSI3KOCTh
Cpenpbl.

[ToncraBmsist (8.6) B (8.5) u, BwIpaxas 00beM
YaCTHIIBI Yepe3 PaJNyc, MOIydaeM:

2

_ Zg(p_po)r (87)

9

DTO COOTHOIICHHE MOKA3bIBAET, YTO MOCTOSHHAS
CKOPOCTh CEIMMEHTAIlMd YacTUIbl MPOMOPIHOHATIbHA
KBaJIpaTy ee paJmyca, pa3HOCTH IJIOTHOCTEH YaCTHUIBI U
Cpebl U OOPATHO MPOMOPIHOHAIBHA BI3KOCTH CPEJIBI.

OTHOCUTEIILHO paauyca 4YacTHIBl ypaBHEHUE
(8.7) npuHUMAaeT BUI:

- (8.8)
29(p - po)

CrnocoOHOCT, K CEIMMCHTALlMM  IPHHATO
BBIpaXKaTh Yepe3 KOHCTAHTY CEAUMEHTALIUHN:

u

SL’el) = mum = V(p — pO) = E (8'9)
B B g
JIns chepHuecKiX JacTHI] 3Ta KOHCTAHTA PaBHA!
S = 2r(p=po) (8.10)
9

To ecTh KOHCTaHTa CEIUMEHTALUU 3aBUCUT OT
pasMepoB 4YacTULl M OT npuponsl ¢(a3. 3a eIuHuIy
KOHCTaHTHI ceaumenTanuu npunsaT Ceendepr(Ce=10"3¢).
Juiga aspo3onei, CyCleH3Uuil U 3MYJIbCHH B MaJOBSI3KHUX
cpelax KOHCTaHTa CEJUMEHTAllMM O4YeHb BEIIMKa,
MO3TOMY JJIsl TakKUX CHUCTEM €€ HU3MEpsloT B
meraCaendeprax UM MpocToO B CEKyHJIaX.

SABJIEHUE PACCESAHUSA CBETA.

63



SIBneHue  paccesHHsT  CBeTa  KOJUIOWJHBIMH
cucrtemamu Habmoaan @apazeii (1857 r.). [ToagpobHO 3TO
siBiieHre ObII0 uccienoBano Tunganem B 1868 romy. B
MIPOXOJISIIIIEM CBETE 30JM HE OTJIMYAIOTCS OT MCTUHHBIX
pacTBOpPOB, OHM BeAyT ce0s Kak Mpo3pavyHble Tena.
Tungane yCTaHOBUJ, UTO CBETOpaccesHue ya00HO
Ha0Ir0/1aTh HA TEMHOM (OHE MPU IPOIYCKaHWM ITy4yKa
ny4ei yepe3 3056 cOOKy. OCOOEHHO YETKO OHO 3aMETHO
npu  (OKYCMPOBAaHMM  CBETOBBIX  JIydye  BHYTpHU
KOJUIOM/IHOW CHCTEMBI, KOrJa HaOJr0AaeTcsl CBEeTALIMNCS
KOHYC. DTO ABJICHHE 4acCTO Ha3bIBalOT KOHYycoM TuHnamns
wi 3¢pexrom Tunnans.

B  npanpHeiimieM  ObUIO  YCTaHOBJIEHO, YTO
CBETOpacCesiHue He SBJISETCS OCOObIM  CBOWCTBOM
aucrepcHbIX cucreM. OHO XapaKTepHO TaKKe Ul ra3oB
U MCTUHHBIX pacTBOpoB. PaccesHue cBera B 3THX
cucreMax OOYCIOBJIEHO (QUIYKTYallMsIMM IJIOTHOCTH U
KOHIIGHTpAIlUM - HENPEpPhIBHBIM BO3HUKHOBEHHUEM U
HCUYE3HOBEHUEM accolMaToB. B COBEpIIEHHO
OJTHOPOJHOM cpele CBET HE JIOJDKEH paccenBaThes. B
COOTBETCTBMM C NPUHLUINOM ['FOMreHca Kaxayr TOUKY
cpenpl, 10 KOTOpoW pouien (GPOHT BOJHBI, MOXKHO
paccMaTpuBaThb KaK HOBBIM HMCTOYHHMK KoJeOaHUH.
Bropuunbsle  koneOaHUS yCHIMBAIOT Jpyr JApyra B
HalpaBJIeHUH pPACIPOCTPAaHEHHUs] BOJHBI U TacATcs B
Jpyrux HampaBieHUsX. PaccMaTpuBas pacnpocTpaHeHne
BOJIHOBOrO  (DpOHTa MOXHO 3aKJIOYMTh, YTO B
OJHOPOJHOM cpeae OH OCTaeTcsi TIEeOMETPUYECKU
nono0HeIM cebe. Ecnu ke Ha myTu pacnpocTpaHeHHs
IUIOCKOM BOJIHBI HOSIBJIIETCS JIOKaJIbHAs
HEOJHOPOJHOCTh, TO KaK[Jash TOYKa HEOIHOPOJHOCTH
CTaHET  CaMOCTOATENbHBIM  IEHTPOM  KOJeOaHM.
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BosHukaer ¢GpoHT BOJIHBI, HampaBlI€HHE KOTOPOIO
3aBUCUT OT pa3Mepa HeogHopoaHocTd. Ecmu pasmep
HEOJHOPOJHOCTH 3HAUUTEIBHO OOJIbIIIE AJTMHBI CBETOBOM
BOJIHBI, TO B OCHOBHOM HAaOJIIOJ]aeTCsl OTpakeHUE CBETa
[0  COOTBETCTBYIOIIMM  3akoHaMm. Ilpu  pasmepe
HEOJHOPOJHOCTH MEHBILIEH IJIMHBI BOJHBI KojebaHHe
paccenBaeTcs 10 BCEM HampaBieHMsM. B sToMm ciyuae
KosieOaHus, UCXOZsIINE OT  KaxXJIoH TOUKH
HEO/IHOPOJIHOCTH, HE UMEIOT ONPEAETICHHBIX pa3HOCTEN
¢a3 u Oonee WM MEHee YCHIMBAIOT JIPYT Apyra BO BCEX
HanpaBiIeHUsX. Tak BO3HUKAET paccesHUe CBeTa.

Teopuss  cBeropaccesHuss ~ Oblla  pa3BUTa
aHriauiickum ¢usukom Paneem. B nucnepcHoit cucreme
B KayeCTBE HEOAHOPOJHOCTU BBICTYNAIOT YacCTUIbI
JqucnepcHon (assbl.

®opmyna Panes:
2

V-
|, =1o| FZ—5(+cos’6) (8.11),
AR
rae lp - HHTEHCHBHOCTH paccesHHOro cmera, lo -

WHTEHCUBHOCTh MaJIalolIero cBeTa, R - paccrosHue OT
YacTHII B HAaNpaBIICHWH, COCTaBJsOmEM yroin 0 c¢
HaIpaBJICHUEM MaJaloUMX Jy4eld, A - AJIMHA BOJHBI, V -
4acToTa W3Jy4eHHUs, V CKOPOCTh PaCIpPOCTPAHECHHS
BOJIHEIL.

2 2 )2

n —n

F=247% 1"
n +2n?

(8.12)

PaneeBckoe  paccessHHME CBeTa  MPAKTHYCCKH
HU3MEPSIOT B ITOMOIIBI0 HE(PEIOMETPOB UM (OTOMETPOB.
Otn  npubopsl  MOTYT OBITh  HWCHONB30BAHBI IS
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ONpEeJeNeHNs] KOHIEHTPAUUU KOJUIOMAHOTO pacTBOpa
WJIM JIJ1S1 U3YYEHUS arperay 4acTull.

Korna cBeT mpoxoauT yepe3 Kakyto-TO Cpeay, OH
MOXKET HE€ TOJbKO paccerBaThCs, HO M IMOIJIOIIATHCS.
3aBUCHUMOCTh MEXJy MOIJIONIAoNIe CIOCOOHOCTHIO
BEIIECTBA, C TOJIMUHON morjomatomiero ciuos (d) wu
uHTeHCcHBHOCTRIO mamaromero (lo) u mpomenmero (1)
cBeTa BbIpakaercd ypaBHeHueM JlamOeprta - Byrepa -
bapa:

| = lockde (8.13),
rie K - koadduuueHT mnoriomarnero cspera, C -
MOJISIpHAs KOHILIEHTpAalUsi pPAacTBOPEHHOIO BEILECTBA,
MOJIB/JT, d - TONIIMHA KIOBETHI, CM.

8.3.ObbEKTHI u CPEJACTBA
NCCIIEJOBAHUA.

8.3.1.DOTORNEKTPOKOIOPUMETP.

8.3.2.Bucko3umerp.

8.3.3.Cynbdar HaTpus, TIIMLUEPUH, XJIOpUJ Oapus,
STHJIOBBIN CIIUPT.

8.3.4 Xumunueckue crakansl Ha 50 - 100 mu.

8.3.5.Bechl aHaTUTHYECKHE.

8.3.6.MepHblit TUAMHAD.

8.3.7. MepHas konba Ha 50 mi1.

8.3.8. MepHble nunetku Ha 5 - 10 mo1.

8.4.IIOJATOTOBKA K PABOTE.

8.4.1 Bkmounte ®OK  isg  nporpeBaHus.
YcTaHOBUTH AJIMHY BOJHBI A = 490 HM

8.4.2.1lpuroToBUTh  J1Ba HMCXOAHBIX pacTBOpA:
a)l.2 r cynpdara HaTpus B 50 mn rimuepuna, 6)2,45 T
xyopuaa 6apust B 50 MJ1 rimnepuHa.
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8.4.3.IlpuroroBnenue pactBopa Nel:k 4 wn
pactBopa (a) m06aBuTh 4 M pactBopa (0), 32 M1 BOjbI, 4
MIJI CIIUPTA, BCE NEPEMELIATH.

8.4.4 IlpuroroBnenne pactBopa Ne2: k 2 Mu
pacTtBopa (a) 106aBuTh 2 M pactBopa (6), 20 M1 BOJBI 1
16 mn cniupra.

8.5.BbIIIOJIHEHUE PABOTEI.

8.5.1.C IIOMOIIBIO ®OKa OIpEAEIUTh
onTHYECKHE MIOTHOCTU pacTtBopa Nel uepes 1, 2, 5, 10,
15, 20, 30, 40 munyT.

8.5.2.C IOMOIILIO dOKa ONPENCIIUTh
ONTHYECKHUE TIIOTHOCTU pacTtBopa Ne2 wepes 1, 2, 5, 10,
15, 20, 30, 40 munyT.

8.5.3.C mnoMouipr0 BHMCKO3UMETpaA ONPENEIUTh
BSI3KOCTH pacTBOpPOB Nel m Ne2.

8.6.0bPABOTKA PE3VIJIbTATOB
OKCIIEPUMEHTA.
8.6.1.Iloctponth rpaduku 3aBUCUMOCTH

OINTHYECKOW TJIOTHOCTH OT BPEMEHH, OIPEICIUTh I10

HEMY BpEeMsI TIOJTHOT'O OCAXKICHHSI YaCTHII.
8.6.2.Paccuntarh CKOpPOCTb CEIMMEHTALMU 10

dopmyie: U = h/t, rae h - = 2cm (BbIcoTa KIOBETHI).
8.6.3.0mpenenuTs BI3KOCTh 10 (hopMylJie:

n=1 L
rae p - IUJIOTHOCTh JKUIKOCTH, Kr/mM3, T - Bpems
UCTEYEHMUS, C.

[noTHOCTH PacTBOPOB:

Nel p; =1, 282 -10° kr/m?,

N2 pp =1, 309-10% kr/m®.

ns = 0,894 Ila-c..
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(8.8).

8.6.4.Paccunrtath pamuyc dvacTtui] 1o Qopmyie

8.6.5.0mpenenmTs pa3Mep YacTUl, HPHUHAB

JIOTyIIeHre, 4To popma yacTull chepruueckas:

a=4/3nrs
8.6.6.Paccuntare nucnepcHocts cuctem: D = 1/a.
8.6.7.3amomHuTh TabmMmy 8.1.

Tabmmia 8.1
Ne U, n,cm3  [f,cM a,m3 D,
pacTBO- |cM/c l/a,m®
poB

1

2

8.6.8.CnenaTh BBIBO/IBI 11O paboTe.

8.7. KOHTPOJIbHBIE BOITPOCHI.
1.CenqumenTarus.

2.00paTHasi cearMeHTaIuI.
3.CKOpOCTb CeTMMEHTAIIUH.

4. KoncTaHTa cefuMEHTAIIMU.
5.PaccesHue cBeTa.

6.Ilormomenue ceera.

JIABOPATOPHAST PABOTA Ne9
[TOBEPXHOCTHBIE SIBJIEHUSL.
AJICOPBITHSL.
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9.1.1leanb_pabdoTnl: HaGmonmate aacopOnuo Ha
rpaHuIle TBepaod | xuakoir (a3. [TocTpouTh M3oTEpMy
aacopbumu. Ha ocHOBe SKCIepMMEHTaIbHO-PaCYeTHBIX
JTAHHBIX paccuuTaTh UCTHUHHYIO MMOBEPXHOCTH
azcopOeHTa.

9.2.TEOPETUYECKAA YACTb.

AjcopOuusi - KOHIIGHTpUpOBaHUE (CryleHue)
BEIIeCTBA Ha IOBEPXHOCTH paszzaena ¢a3. Bemectso,
KOTOpO€ aJcopOupyeT Opyrue BellecTBa, Ha3bIBAIOT
ajcopdentom. HaszBanue ancopbupyemoro BeliecTBa
3aBUCUT OT €ro TIIOJOXKEHHS 1O OTHOIICHHIO K
aacopOenty. Eciu BemecTtBo HaxoauTcs B oObeMe u
MOXET  afcopOMpoBaThCs, TO  €ro  Ha3bIBAIOT
ajcopoTuBom. Ecnmu ’xe BemecTBO yKe€ HaXOIUTCS B
aJIcOpOMPOBAHHOM COCTOSIHMHM, TO OHO Ha3bIBaeTCA

agcopoéarom.

Mornekynbl  agcopOTHBa  CONPUKACAIOTCS €
MOBEPXHOCTHIO aacopOeHTa u, BCJIE/ICTBUE
HCCKOMIICHCUPOBAHHOCTH MOJICKYJIIPHOT O

B3aMMOJICHCTBUS Ha T'paHUIle pa3aena (a3, MOIeKyJIaMu
ajicopOeHTa yIepKUBAIOTCsA Ha moBepxHocTU. [loaTomy
KOHIICHTpAIIMSI MOJIEKYJI Ha IMOBEPXHOCTH CTAaHOBHTCS
Oonpie, yeM B o0beme. YacTh MOJIEKYJI C OBEPXHOCTH
MOKET MEPEeUTH B PacTBOpP. DTOT MpOILECC HA3BIBAETCS
aecopoOumei.

B 3aBuUCHMOCTH OT arperaTHOro COCTOSHHS
afgcopOeHTa W ancopOTHMBa pa3mUYaroT aacopOIUI0 Ha
IpaHUIle TBEPAOrO0 Tela W rasza, XUJIKOCTH W Tasa,
TBEPJIOTO TeJa U KUJAKOCTH.

AncopOuuio  BbIpakalOT B aOCOMIOTHBIX U
M30BITOYHBIX BETTMUNHAX.
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AOcoswoTHass axcopoumst (A) - KOJHYECTBO
agcop0ara Ha eMHHUIIE IOBEPXHOCTH aCOpOeHTA.

A=ch, (9.2),
rie h - TommmHa TOBEPXHOCTHOrO CjosA, C° -
KOHIICHTpAIHsI aJicopdaTa B TOBEPXHOCTHOM CIIOE.

N36pITOK ancopbata B MOBEPXHOCTHOM CIIOE IO
CpPaBHEHHMIO C €ro KOJMYECTBOM B 0O0BeMHOH (ase
XapakTepu3yer HM30BITOYHYW UIM  THOOCOBCKYIO
agcoponuo (I'i).Ona MOKa3bIBAET HAaCKOJIbKO
YBEJIMYWIIACh KOHLIEHTpalMs ajacopbata B pe3yibTaTe
azcopOLHH.

I'=A-ch=A-N (9.2),
rae N - konuuecTBo agcopbara B aacopOIMOHHOM ClIOE,
C - paBHOBECHAsI KOHIICHTpalus ajgcopdara B o0beMe.

B cnywae axmcopOumuum Ha TpaHUIlEe paszena
TBEpAOrO0 M  OCOOEGHHO  IOPHCTOrO  aJacopOeHTa,
UMEIONIET0  3HAYHMTEIbHYI0 IOBEPXHOCTh  pasjena,
aZicopOIUI0 BBIPAKAIOT MO OTHOIICHHIO K EIWHUIIES
Macchl agcopoenTa. To ectb BenmuuuHbl [j 1 A UMEIOT
pa3MepHOCTH MOJIb/KT.

AncopOuuss  OTHOCUTCS K  IOBEPXHOCTHBIM
SIBIICHHSIM u MPOTEKAET CaMOIIPOU3BOJIBHO.
KonrmeHTpanus BemecTBa Ha MOBEPXHOCTH paszaena a3
MNPOMCXOAUT [0 JOCTHIKEHHS PAaBHOBECHS MEXKIY
mporeccaMu aacopOLuu U 1eCOpOIIHH.

AncopOuusi UAET CaMOMNPOM3BOJIBHO, KOTAa
UMEeT MECTO yMeHbleHue sHepruu [ubb6ca (dG <
0).Jnss  m300apHO-U30TEPMUYECKOTO  Tpolecca B
OTCYTCTBUHM M3MEHEHHS IUIOMAN OBEPXHOCTH paszelna
¢a3 u 3apsizia TOBEPXHOCTH MOXKHO 3aIHCaTh:

dG<X pidn; (9.3)

J1111 OMHOKOMIIOHEHTHOM CHCTEMEL:
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dG < widn;
(9.4).

Ecin 0003HAYUTh XHUMWYECKAM MOTEHIUAI i-TO
KOMIIOHEHTa B oObeme abcopOTuBa uepe3 W' W Ha
MOBEPXHOCTH aJCOpOCHTa Li®, TO W3MEHEHUE SHEPruu
I'u606ca onpenenutcs mo Gopmyie:

dG < (ui® - piY)dni (9.5).

Jlns caMOnpoOU3BOJIBHBIX IIPOLIECCOB:

uiv > it (9.6).

XUMHYECKUN TOTEHIHaN SBJAETCA (PAKTOPOM
MHTEHCUBHOCTH 1r060ro (hU3HKO-XUMHYECKOT O
nporiecca. CormacHo ycnoButo (9.6) XuMHUUECKHA
MOTEHIUAT BEIIECTBA B 00bEME MPEBBIMIACT XUMUICCKHIA
MOTEHI[MAJ ATOTO K€ BEIIeCTBA HA TIOBEPXHOCTH.

[Tpouiecc amcopOuuu Oymer MpoTeKaTh O TeEX
1op, MoKa He OyAYT JOCTUTHYTHl PAaBHOBECHBIE YCIIOBUS
(dG = 0), 94TO COOTBETCTBYET PABEHCTBY XHUMHYECKUX
MOTSHIIMAIOB ajcopOTuBa W ancopOeHTa. B ycmoBmsx
pPaBHOBECHS CKOPOCTh aJICOPOIIMH U CKOPOCTH IECOPOIIHI
CTaHOBSTCSI PABHBIMHU.

Ha ocHoBaHmm 9TOro aacopOIHI0 MOXHO
OIPENENNTh KaK MPOIECC BHIPABHUBAHUS XHUMHUYECKOTO
MOTEHIMAaNa, OPUBOIAIIETO K M3MEHEHUIO0
KOHIIGHTpaIlMi KOMIIOHEHTOB Ha TrpaHulle paszzaena a3
[0 CPAaBHEHHUIO C UX KOHIIEHTpaluel B o0beme.

Jns  m300apHO-U30TEPMUUYECKOrO0  MpoIecca

CIPaBEIJIMBO (¢pyHramenranbHoe ypaBHeHHUe
agcopouuu 'nooca:
I'i= -do/dui 9.7).

VYpaBHeHHE ancopOIMU CBSI3BIBACT MEXKIY COOOM
TrUOOCOBCKYIO a7 COPOIUIO U MMOBEPXHOCTHOE HATSHKEHUE.
OTO ypaBHEHME CHOPaBEIJIMBO JJs BCEX BHJOB
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afcopOlMKM, OHO IIOKa3bIBa€T, YTO NIPH aJCOpOIUHU
MPOMCXOAUT CAMOIPOHM3BOJILHOE CHUIKEHUE YAEIbHOU
CBOOO/IHOM TMOBEPXHOCTHOW 3HEPruu (MOBEPXHOCTHOTO
HaTSODKEHWsI) TI0 Mepe U3MEHEHHS  XHMHYECKOTO
MOTEHITNAA.

TepmoanHaMu4eCKu noAXO0/, omnpenesss
BO3MOXKHOCTh TPOTEKaHUsS ajcopOmnmu, abcTparupyercs
OT MEXaHHu3Ma MpoIecca.

B 3aBucumocTH OT mpUpOIBl aACOPOLHMOHHBIX
CHJI pa3nyaroT GU3NYECKyI0 U XUMUYECKYIO aJcopOLuu.
[Tpu (bu3HIEeCcKOM azcopOoIuu B3aUMOJICHICTBUE
azcopOeHTa u ajcopdaTa OCYLIECTBISETCS 32 CUET CHII
Ban-nep-Baansca W BOZOpOAHBIX CBA3€H, a NpH
XeMocopOmuu - 3a Cc4eT O0O0pa30BaHUS XUMHUYECKHUX
cBs3eii. B pesymbrare  Qusnueckol  ajcopOmuu
MOJIEKYJIBI ~ COXPaHSIOT CBOIO  HMHIUBUIYaJbHOCTH.
dusnueckas ajcopOmus oOpaTUMa, Mallo 3aBUCHT OT
PUPOJIBI aacopOara, HE JIOKaJIM30BaHa (
aZIcOPOMPOBAHHBIE MOJIEKYJIBI MOTYT TEPEIBUTATHCS T10
MOBEPXHOCTH), MOXET TMPUBECTH K OOpa30BaHUIO
HECKOJIbKUX MOHOCJIOEB U YMEHBIIAETCS C POCTOM
TeMIepaTyphbl.

IIpu  xemocopOuum  MoJeKyJlbl  ajacopbaTa
00pa3yoT ¢ aicOpOCHTOM MOBEPXHOCTHBIE XUMHUYECKHE
coerHeHHs. XeMocopOuus HeoOpaTuMma, ornpenensercs
CBOWMCTBAMH B3aMMOJCHCTBYIOIIUX MOJEKYNI, TO €CTh
cnenuduuna u sokanuzoBaHa. llostomy xemocopOums
9acTO MPHUBOAUT K MOHOMOJEKYJsipHOU ancopOruu. C
POCTOM TeMIIepaTyphbl XeMOCOPOIHs YBETUIHBACTCSI.

K mapamerpam, ompenensionM paBHOBECHYIO
aIcCOpOIINI0, OTHOCSTCS KOHIIEHTPAIUS ¢ M TeMIeparypa
T.
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B Teopun aacopOIuum OOBIYHO HCIOJIB3YIOT
byukmuo I' = f(c), koropas ompenensier HM30TEPMY
agcopouuu  (TO €CTh 3aBHCHMOCTb aJCOPOIMH  OT
KOHIIEHTPAIINH aICOPOTHBA).

W3oTtepMmbl agcopObuMu MOTYT MUMETh Pa3IMYHBINA
Buj. Teopus MoJIeKyNIsIpHOH ancopOuuum paspaboraHa
JlearmiopoM.  OCHOBHBIE  NpPEANOCBUIKM  TEOPUHU
MOHOMOJIEKYJISIPHON aacopOuuu Jlenrmropa
3aKJII0YAIOTCS B CIAEAYIOIIEM:

l.agcopOuus  MOPOMCXOOUT HE  HAa  BCeH
MOBEPXHOCTH, a JIMUIb B OTHAEIBHBIX €€ TOuYKax
(aKTUBHBIX LIEHTpPAX),

2.IOBEPXHOCTb OTHOPOJIHA,

3.3Heprus ajgcopOIMK BCEX MOJIEKYJ OJUHAKOBA.

[Tpu HAacTymIeHUH aCOPOIMOHHOTO PaBHOBECHUS
CKOpOCTh aJacopOlHMH paBHAa CKOPOCTH JECOPOLIUU.
Hcnone3yst KUHETHUYECKUH BBIBOJ MOXKHO IOJIYYUTh
ypaBHEHHE HM30TEepMBbI ajcopOiuu Jlenrmropa.

Vang = Ugec

Jlsiss Toro, 4ToOBI MOJIEKYJa aJIcopOMpoBaiach,
OHa JIOJDKHA YAApUThCA O MOBEPXHOCTh M IIONACTh Ha
He3aHsATOe  MecTo. Tak  Kak  4HCIO  yAapoB
MPONOPLHMOHAIIBHO KOHLEHTPAlUH C, a BEPOSATHOCTh
[ONacTb Ha HE3aHSATOE MECTO IPONOPLHUOHAIBHO YUCITY
HE3aHSATBIX MECT, TO:

Vax = K1¢(1 - 0) (9.9),
rie K1 - KOHCTaHTa CKOpocTd aacopOuuu, 0 - mgoms
3aHATBIX MECT, 1 - O -70J1 HE3aHATHIX MECT.

Mornekyna aacopOupyercs, Korja €€ 3SHEeprus
OKa)KeTCsl JOCTATOYHOW ISl TOrO, 4TOOBI OTOPBATHCS OT
MOBEpXHOCTH.  YHMCIO  TakuX  MOJEKyn  Oyaer
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MPOMOPIIMOHATIBHO O00IIEeMy YHCIY aacoOpOHpOBaHHBIX
MOJIEKY L.

Unec = K20 (99)1
/i€ K2 - KOHCTAHTa CKOPOCTHU JECOPOIUH.

Pemras ypaBuenue ki1c(1 - 6) = k20 oTHOCUTENBEHO
0, moy4yum:

0 =Bc/(1 + BC) (9.10),
IJI€ B = K1/K2.

Ecium uymcno mect Ha ancopOeHTe paBHO Z, TO
azcopoms

I'i = 0, u ypaBHeHue agcopOuuu OyaeT:

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

[Tpu odeHb OONMBIIMX KOHI[EHTPAILUSIX BEIIECTBA B
o0beMe eMHULIEH B 3HaMEHATelle MOXKHO MpeHedpeub, u
toraa ['i = Z, To ecTb HacTymaeT mpeaenbHas aacopOuus
I'oo.

Otnomenne [i/z = Tillco = O nHa3bBaercs
CTETIEHbIO 3aI0JHEHHS IOBEPXHOCTH.

[Ipy ouyeHb MalbIX KOHIICHTPALUSIX MOXHO
npeHeOpeyb B 3HAMEHATeJe BEJIWYMHOW BC, TOTAA
ypaBHeHue JIeHrMIopa nepexonuT B ypaBHeHue ['eHpu:

Ii=zBc=rC (9.12),
rJ€ I - KOHCTaHTa ['eHpu.

Takum o0pa3zoMm, NHpu MajblX KOHIEHTpALUAX
azicopOIIHs PONOPIMOHAIbHA KOHLIEHTpAluu ajacopbaTa
B pacTBOpe. DTO camoe IMPOCTOE ypaBHEHUE aJCOPOIUU.
YpaBuenue JIeHrMropa MOKHO JIETKO BHIBECTH U TOHSATH,
MO3TOMY OHO IIMPOKO MPUMEHSIETCS JJIs1 MHTEPI PETALINH
JAHHBIX I10 a/ICOPOIUH.

Onnako, ypaBHEHUE Jlenrmropa
HEYJIOBJIETBOPUTEIBHO HMCTOJIKOBBIBAET JAaHHBIE IO
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¢usnueckoir  agcopOumu. OTKIOHEHHS OT TEOpUHU
Jlearmiopa  SBAAIOTCS  pe3yJIbTaTOM  HEOJHOPOJHOMN
MOBEPXHOCTH, KOTOpas XapaKTepU3yeTcs HaluyueMm
HEOJIMHAKOBBIX aJICOPOIIMOHHBIX I[EHTPOB, 00JIaIal0IINX
Pa3IMYHBIM CPOJICTBOM C aJICOPOUPYEMBIM BEIIECTBOM.

B mHacrtosmiee  Bpems = moJsiararoT, — 4TO
OONBIIMHCTBO MMOBEPXHOCTEN ancopOEHTOB
HEOMHOPOAHO. ONBITHBIE JaHHBIE ITOKa3bIBAIOT, YTO
KOorja ajacopOEHTOM SBIISETCS aKTHUBUPOBAHHBINA YToOJb,
Oymara, 11eJUTI0JI03a WIIM TKaHb, TO Oojiee yJauHbIM, YeM

ypaBHeHue Jlenrmropa, OKa3bplBACTCA ypaBHEHUE
OpeliHMXa.

I = x/m = kc" (9.13),
rie X - KOJMYECTBO aJICOPOMPOBAHHOIO BEIIECTBA,

MOIb, M - Macca ajacopOeHTa, I, C - paBHOBECHas
KOHIIEHTpAIMs IOCIae aacopOluMu, MOJb/I K W N -
KOHCTaHTBI, KOTOpble MOTYT OBITh  OIpeesICHBI
rpau4ecKH.

lg(x/m) = Igk + nlgc,

N - TaHTEHC yIJia HaKJIOHa TPSIMOii,

K - aHTHJIOTapu (M OTpe3Ka IPSIMOii.

VYpaBHenue wus3orepMbl DpeilHANIMXAa MOXHO
BBIBECTH, IPEIIOJIOKUB, 4TO IOBEPXHOCTh
DHEPreTUYECKH HEOJHOPOJAHAa U 4YTO aJacopOIus Ha
KOKIOM M3  TUIOB  aJCOPOIMOHHBIX  ILIEHTPOB
noauuHsercs ypaBHeHuto Jlenrmiopa. Toraa koHcTaHTa
K OTBEYAEeT KOHCTAHTE aJCOPOLIMOHHOIO0 paBHOBECHS, a N
03HAYaeT CTENEHb arperaTUBHOCTH.

CornacHo ypaBHeHunto dpeliHammxa, KOJIN4eCcTBO
a71copOMPOBAHHOTO BEIlECTBA HEOTpaHUYEHHO
BO3pacTa€T C YBEJIMYEHHEM KOHLIEHTpPALMM WU
nasienus. [lostromy ypaBHenue DpeliHmimxa He
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SABJISETCS Y/10BJIETBOPUTEIbHBIM JUTSt BBICOKHX
3aI10JIHEHUHN MOBEPXHOCTH.

brm BeIBEZIEHBI IpyTHe YPaBHEHUS aICOPOLIMH C
Oonee  peambHBIMH  TPEANOJONKEHUSMH,  OJHAKO,
npobJieMa HEOJHOPOJIHOCTH MOBEPXHOCTH HE MO3BOJISET
B HACTOfIIEEe BPEMs BBIBECTH  TOYHBIC YpPaBHEHHS,
MO3BOJIIOIIME KOJIMYECTBEHHO OIKMCaTh BCE  CIydyau
aacopOLuu.

To ecTb mpu pacuere NaHHBIX IO aICOPOIHH,
MPUXOAUTHCS M0JIb30BaThCSA pa3InYHbIMHU
NPUOTMKEHUSIMU, YIUTHIBAsl CTEMEHb MOT PEIIHOCTH.

9.3.0BBbEKTHI nu CPEJICTBA
NCCJIEJOBAHUNAL.

9.3.1.AKTUBUPOBAHHBIN YTOJIb.

9.3.2 cocyna c nmpookoit Ha 100 mur.

9.3.3.KoHunueckue KOonObl 111 TATPOBAHUS.

9.3.4.MepHnsle numnerku Ha 10mi1.

9.3.5.Mepnsbie nunerku Ha 50 muL.

9.3.6. 4 pacTtBOpa YKCYCHOW KHCJIOTHI Pa3JIMYHON
KOHIIEHTpaL1H.

9.3.7.0,1H pacTBOp T'MAPOKCHA HATPUS..

9.3.8.nnukarop ¢penondranens.

9.3.9.BopoHkKH.

9.3.10.®unprpoBanbHas Oymara.

9.4IIOAI'OTOBKA K PABOTE.

9.4.1.B derbipe cocyaa Haiuteh 1o S50 wma
pacTBOpOB YKCYCHOM KHUCJIOTBI pa3IMYHON
KOHIICHTpAI1H.

9.4.2.B xaxaplii cocyl A00aBUTH IO OIHOMY
rpaMMy aKTUBUPOBAHHOIO YTJISl.
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9.4.3.3akpeITh cOCyIbI MPOOKaAMU U B300JITATh B
TedyeHuu 20 MUHYT.

9.5.ITPOTPAMMA PABOTBI.

9.5.1.0npenennte HayajdbHYK KOHLEHTPALUIO
pPacTBOPOB YKCYCHOM KMCIIOTBI ITyTe€M TUTpOBaHMs. [y
TUTPOBaHUS OTOOpaTh B KOHMYECKyr Koidy 10 M
pactBopa, nao06aButh 3-4 kamm  (eHondTanenHa,
tutpoBaTh 0,lH pacTBOpOM mIENOYM OO HU3MEHEHUs
OKpacKu poOHI.

9.5.2.01dunbTpoBaTh a7copOMPOBaHHbBIC
pacTBOPBI KUCIIOTHI.

9.5.3.0npenennuts KOHLEHTPALIMIO  PacTBOPOB
KUCIOTBl ~ TOCNie  afcopOLuu  MyTeM  TUTPOBaHUS
(ananmoruyno 1m.8.5.1).

9.5.4.Pe3ynbTaThl 3KCIIEpUMEHTA M PacCUYETOB
3aHECTH B TaOJUILY.

9.6.0bPABOTKA PE3VYJIbTATOB
OKCIIEPUMEHTA.
9.6.1.Pe3ynbraThl JKCIEPUMEHTA u

MOCJIEYIOLINX PACYETOB 3aHECTU B TAOJIMILY.

Ta6JII/IHa PACUCTHO-3KCIICPUMECHTAJIbHBIX

JaHHBIX.
Macca | O6béM Komni. 00BEM Komnir. Kon/Bo
yros, | WWENOYM | KMCIOTHI | IUENOYM | KUCIOTHL | afcopouposa X/m
m, r (HO a;[c.) no axc, |mocne rocjie HHOU
Vo, mn | Co, ajc., asc. KHCIIOTBI, X
Moms/n | Vp, Mn G,
MOJIB/JT
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9.6.2.PaccunTaTh KOHIICHTPAIIMIO KHUCJOTHI JO U
MIOCJIC TATPOBAHUS IO POpMYIIE:

Nk = ( N Vi)/Vx,
raie  Ng - HopMambHOCTh KUCIOTHI ( Ny 110 amcopOmmm
paBHa Co, N mocne amcopOumu paBHa pPaBHOBECHOM
koHneHTpauu Cp), V ¢ - 00beM KHCIOTHI, OTOOpaHHOM
mnst tatpoBanus (10 mm), Vi - o0beMm 1enouu,
nomenmui Ha tutpoBaHus ( Vy A0 amcopOuuu paBeH
Vo, 00beM IeTI04H mociie ancopOuu papeH Vp).

8.6.3.0npenenurhb KOJIMYECTBO
a7cOpOMPOBAHHOIO BelecTBa X.

X = (Co - C;)-50/1000,

rae 50 mi - o6mmit 00BemM pacTBopa,

(Co - Cp)/1000 - xosruecTBO aacoOpOUPOBAHHOTO
BEIIECTBA B MJI pacTBOpA.

9.6.4.ITocTpouth HU30TEPMY azcopoIuu,
OTKJIa/IbIBasI Ha ocu OpIMHAT KOJINYECTBO
aZIcCOpOMPOBAHHOTO BEIIECTBA B MOJISIX (X/M), a HA OCH
adcIpicc - PAaBHOBECHYIO  KOHIIGHTPAIMIO  IIOCIIE
aacopobumu. Ilo rpaduky omnpeaenuTs MpeneIbHYIO
aIcoOpOIHIO.

9.6.5.IloctponTh rpaduk 19Cp -

Ig(X/m).Onpenenuth  KOHCTaHTBI B YpPaBHEHUHU
@peitnanuxa (N - TaHMEHC yrila HAKJIOHA mpsMoM, K -
OTPE30K, OTCEKaeMbli MPSIMOI Ha OCH).

9.6.6.Ha OCHOBaHUU OIBITHBIX JTAHHBIX
OTPEIETUTh MMOBEPXHOCTh AaKTUBUPOBAHHOTO YTIJISA, €CIH
IJIOIIA/lb, 3aHUMaeMas OJHOM MOJEKYJION YKCYCHOMU
xkucnotel pasHa 20A0.:

Sl‘lOB =T Nasn

T71€ Spos - TIOMIAIb TIOBEPXHOCTH YTIIA,

N, - yucio ABorazapo,
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S - TUIOWIAAb OAHOW MOJIEKYJIbI.
9.6.7.Cnenathb BBIBOIBI 11O paboTeE.

9.7. KOHTPOJIbHBIE BOITPOCHI.

1.Kakue siBieHust Ha3pIBAIOTCA as1copOImen?

2.CpaBHUTH sBIIeHUST (DU3HUECKO ancopOuuu u
XeMOCOPOLIUH.

3.BeiBog u3orepmsl JIeHrMropa.

4.YpaBuenue OpeitHmxa.

5.01 kakux ¢GaKkTOpOB 3aBUCHT ajgcopouus ?

6.TepMoarHaMHUUYECKOE OMMCAaHKE afCOPOLIUU.

7. Merogsl ucCIENOBaHHUS —~ IOBEPXHOCTHBIX
SIBJICHUH.

8. [IoBepXHOCTHOE HATSHKEHUE.

9. CBs3p TOBEPXHOCTHOTO HATSKEHUS U
a7CcoOpOLIHH.

JIABOPATOPHASI PABOTA Ne 10
OIIPE/IEJIEHUE U302JIEKTPUYECKON
TOUYKU 1 MOJIEKYJISIPHO MACCHI
KEJIATUHA BUCKO3UMETPUYECKUM
METOJIOM

10.1._ TIlems  paGotel: M3yunth  BiHMSAHUE
pa3IMYHBIX (AaKTOPOB HA BA3KOCTH JIA CTIEPCHBIX
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CHUCTEM Ha NpuMepe pacTBopa xenatuHa. OnpeneauTb
M30TOUYKY U MOJIEKYJISIPHYIO MaccCy JKelaTHHa.

10.2.TEOPETUYECKUE CBEJIEHIS.

BS3KOCTh JKMIKOCTH - CHIEJICTBHE BHYTPEHHEIO
TPEHUS MEXKIy OTHEIbHBIMU  CIOSIMH  KHJKOCTH,
JBIJKYIIMMHCS C PasHbIMM CKOPOCTAMH. DBs3KocThb
JKUJKOCTH - COIPOTUBIICHUE XUIKOCTU €€ JIBUXKEHUIO,
MEPEMELICHUIO €€ DJIEMEHTOB I0J ACHCTBUEM BHELIHUX
CHIL.

OBIIAA XAPAKTEPUCTUKA
PACTBOPOB BBICOKOMOJIEKYJISIPHBIX
COEJIMHEHMUIA.

PactBOpBI BMC TEPMOAUHAMUYECCKU
YCTOWYUBBI u npu COOTBETCTBYIOIIUX
IPEIOCTOPOKHOCTAX MOT'YT CYILIECTBOBATh
CKObKO yroaHo nounro. Ilpu pactBopenuun BMC
Bcerjga oOpa3yeTcs TOMOreHHasl CucTeMa, MpudeM,
pacTBOpEHHE  CONPOBOXKIAETCS  YMEHbIIEHUEM
TEPMOAMHAMHUYECKOr0 moTeHIuana. Kosmouansie
pacTBODSI, Ha000poT TEPMOANHAMHYECKU
HEYCTOWYUBBI U CIOCOOHBI CTAPETh.

PactBopenne BMC nHe TpeOyeT npucyTcrBus
B cucremMe crabuimsartopa. Hakonel, pacTBOpbI
BMC  Haxomsitcs B TEpMOAMHAMUYECKOM
pPaBHOBECHUHU U SIBISIFOTCS OOpAaTUMBIMU CHCTEMaMHU.
K Takum cucremam npuMeHHMO mpaBmwio a3
['u60ca (B OTIIMYUU OT KOJIJIOUTHBIX CUCTEM) .

Cnenyer TaKXe YYHUTHIBATS, 4TO
paBHOBECHOE COCTOSIHHE B pacTBopax
BBICOKOMOJIEKYJIIPHBIX BEIIECTB yCTaHABIMBAECTCS
MENJICHHO.
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Hns pacrBopoB BMC xapakTepHbsl TpH
rpynnbl  cBoiicTB. IlepBeie aABe  mpucyum
UCTUHHBIM M KOJUIOMJIHBIM pacTBOpaM, a TPETh
rpynna XxapakTepHa TOJbKO i1 pactBopoB BMC:
HaOyxaHue U CTyIHe0Opa3oBaHUE.

XAPAKTEPUCTHKA ITEPBOI 1
BTOPOM I'PYIIIBI CBOVICTB.

PactBopam BMC mnpucyiie ocMoTHuecKoe
JaBJIeHUE, KOTOPOe BhIUUCIIETCS Mo popmyIe:

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

C, M - KOHIIeHTpalus U MOJIEKYJISIpHas Macca
BMC, b - BrOpoii BupHanbHbI KO3(PDUIHEHT
(oTpakaeTr  QuyKTyanur  KOH(OPMAIIMOHHBIX
JUHEHHBIX CTPYKTYP MaKpOMOJIEKYJI)

Paznenum  neByro M mpaByo — yactu
ypaBHEHHS Ha KOHIIEHTPALIHIO:

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

BennunuHa m/c-ipuBeIeHHOE OCMOTHYECKOE
naBieHue. JIns  uaeanpHBIX  pPacTBOPOB U
OONBIIMHCTBA KOJIJIOWIHBIX PACTBOPOB BEJIMYHHA
IPUBEEHHOTO OCMOTHYECKOTO  JTaBJICHUS
MOCTOSIHHA M HE 3aBUCUT OT KOHLIEHTpanuu. Jlis
pacteopoB BMC »sta BenmuuuMHa 3aBUCHUT OT
koHIeHTpanmu BMC (dto u  oTpaxkeHO B
ypaBHeHuu 10.2).

B koopmmnatax “m/c - ¢” ypaBHenue 10.2
SIBJIIETCS. ypaBHEHUEM TMPSMOM, TaHreHC Yyria
HAKJIOHa KOTOpOW paBeH KoddduuueHty b , a
OTPE30K, OTCEKAaeMbld 3TOM TMPSMOMl Ha OCH
OpIUHAT COOTBEeTCTBYeET BenmunHe RT/M.
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Takum 00pazom, o 3HAYEHUIO
OCMOTHUYECKOI'0 JaBJIEHUST MOXXHO ONPENEIUTh
MOJIEKYJIIPHYIO Maccy MaKpOMOJIEKYJIbI
pactBopernHoro BMC.

Bsaskocte pactBopoB  BMC  3aBucur ot
KOHIICHTpAllMM BellecTBa B pactBope. B oTnmune
oT IpYyTrux pacTBOpPOB HE3HAYUTEJIbHAS
koHUeHTpauuss BMC  mopoit  mpuBoguT K
3HAYUTEIBHOMY YBEJIMYEHHIO BA3KOCTU PacTBOPA.

Bsizkocts pactBopoB  BMC  3aBucut ot
YCIIOBUM OIpeeeHus, B YACTHOCTU, OT JaBJICHMUS.
OT0 OOBSACHAETCI TEM, YTO OJHH H TE€ XKE
MAaKpOMOJIEKYJIbI MOTYT HaXOAMTHCS B PA3IUYHBIX
KOH(OPMAIMOHHBIX COCTOSIHUSIX: OT JMHEHHBIX 10
o0y, TO3TOMYy BS3KOCTH pactBopoB BMC
MOXKET OBITh  HEOJAMHAKOBA B  Pa3jMYHbIX
HalpaBJICHUAX. BA3KOCTP  MakpoOMOJEKyl ¢
BBINIPSIMJICHHBIMM ~ XaOTHYHO  PaCIOJI0KEHHBIMU
3BEHbSIMU BBIIIIE, YEM BS3KOCTh MAKpPOMOJIEKYI,
KOTOPbIE UMEIOT (hOpMY KITyOKa.

Ecnu Bs3kuid monumep WM €ro  pacTtBOp
NPOAABUTh Yepe3 Kalujsip, TO MOJIEKYJbl Oyaer
BBITTPSIMIISI T CSI u pacmoJiaratbcs
OPHEHTHPOBAHHO, a BSI3KOCTh OyAET CHUKATHCS.

BsizkocTts pactBopoB BMC 3aBUCHT Takxke OT
CBOMCTB M TEMIIEPATYpPbl pACTBOPUTEINS.

s pacTBOpOB BMC pa3iinyaroT
OTHOCHUTEJIbHYI0, Y/1eJbHYI0, NPHUBEACHHYI U
XapaKTEePUCTUYECKYIO BSI3KOCTH.

OTHOCHTeIbHAsT BA3KOCTH - OTHOUIEHHE
BAI3KOCTH PAacTBOPA Tp K BA3KOCTH PaCTBOPUTENS

No:
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Mo = Mp/ No = Tp/ T0 (10.3)

T, Bpems ucreueHus pacrtsopa BMC, 1o -
BpEMsI HCTEUYEHUS PACTBOPUTENA(ITU BEIMUYUHBI
OIPENENAIOTCS C IOMOILBIO BUCKO3UMETPA).

YaeabHas BA3KOCTh -[I0KA3bIBAET,
HACKOJIbKO YBEIMYMJIACh BA3KOCTh pactBopa BMC
10 CPAaBHEHHUIO C BS3KOCTBIO PACTBOPUTEIIS:

Nyx = Mp =M0)/ Mo = (Tp - T0)/ To =Nom - 1

(10.4)
IMpuBenennas BSI3KOCTh-OTHOIICHHE
yIEIbHOMN BSA3KOCTH K KOHIICHTPALIUH:
Nop = Nya/C (10.5)

OObIYHO TpHUBEIECHHAs BA3KOCTb JIMHEHHO
3aBUCUT  OT  KoHueHTpauuu  (puc.10.2).Ilpu
SKCTPANOJISIIMM TIPSAMOM 10 IEPECEUYEHusi C OChIO
OpAMHAT TIOJYYalOT BEIUYUHY  /T)/, KOTOPYIO
Ha3bIBAIOT XaPaAKTEPUCTHYECKON BA3KOCTHIO:

m/ =limnyi/c (10.6)

MNup

n/

Puc.10.1.13menenune IIPUBEIEHH 01
BS3KOCTH B 3aBHCUMOCTH OT KOHIIGHTpAlUuu
BMC.
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XapaKkTepUCTUUECKYIO BSI3KOCTb ONPENEIISIOT
Ha OCHOBaHUHU BUCKO3UMETPHUUYECKUX H3MEPEHUH,
WCIIOJIb3Yysl 3HAUEHUE OTHOCUTEIBHOW, YAEIbHOU U
IIPUBEICHHON BS3KOCTEN.

XapakTepucTuueckasi BSI3KOCTb JJIsl JaHHOW
napsl BELIECTB SIBIACTCA BEIIMYUHOW YCIOBHOU, HO
IIOCTOSIHHOM, OHa HE 3aBUCUT OT KOHIICHTPALUHU
PacTBOPUTEII U COCTOSIHUS MAKPOMOJIEKYJI, KPOME
TOrO, OHAa CBSi3aHA C MOJEKYJIAPHOM Maccoi

MaKpOMOJIEKYII.

m/=kM? , lgin/=Igk+algM (10.7)

M - cpennss monekysipaas macca BMC, a, k
- KOO HUIIUECHTBHI.

VYpasuenue (10.7) - ypaBuenne Mapka-Kyna-
XayBUHKA.

JIst pacTBOPOB IMOJIMMEPOB C KOPOTKUMH H
KeCcTKUMHU 1ensmMu a = 1 u ypaBHenue (10.7)
yIpoIaeTcs:

ml=kM, lg/m/=I1gk+ IgM (10.8)

Koadpdumment «a» 3aBucut oT (HopMmel
MoOJeKyJ. 3HaueHHe Ko3((HUIMEHTOB ONpPENENsoT
JKCIIEPUMEHTAIBHO, 3TO MO3BOJIIET IO 3HAYCHHUIO
XapaKTepHCTUYECKOIt BSI3KOCTH paccuuTaTh
MOJIEKYJIIPHYIO ~Maccy MakKpoOMOJeKysld. 3Had
Maccy, MOXHO OIpENeIUTb CpeiHUHd pa3mep
MaKpOMOJIEKYI:

M = 4/3nr3Nap (10.9)

H3031eKTpryecKas TOUKa.

OOumMH pU3HaAKaMu JJIs1 KOJUIOMIHBIX CHUCTEM
ABJIIIOTCA  TETEPOreHHOCTb M JUCHEepcHOCTh. Ha
MOBEPXHOCTH pa3jiesia YacTUI] U AUCIIEPCUOHHOM Cpebl
IPOUCXOAUT 0Opa3oBaHHE JBOWHOI'O 3JIEKTPUUYECKOTO
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cinoss ([29C). CrpemiieHue reTeporeHHOM CHCTEMBI K
YMEHBUIEHUIO [OBEPXHOCTHON 5SHEPrUU  BbI3BIBAET
OTIpe/IeTICHHOE OPUEHTHPOBAHME TMOJSPHBIX MOJIEKY,
MOHOB U DJIEKTPOHOB B IOBEPXHOCTHOM  CIIOE,
BCJIE/ICTBHE 4ero COIIPUKACAIOLIUECS ¢a3zbl
MPUOOPETAIOT 3apsiibl MPOTUBOMOJIOKHOTO 3HAKa, HO
paBHOM BEJIMYHHBI.

Paznmuuator  Tpum  pa3nMyHBIX ~ MEXaHH3Ma
obpazoBanus JI9C. CornacHo omnomy u3 Hux J[DC
o0pa3yercsi B pe3yibTaTe Mepexoia HMOHOB M3 OIHOU
¢dasbl B APYTyHO.

Ha moBepxHocTH YacTUIbl aucnepcHOM (assl
JIOKaJIU3YeTCsI oM TaK Ha3bIBAEMBIX
MOTEHI[UAJIOOI PEIeIISIOIUX HOHOB, KOTOPBIT
HEUTpaJu3yercs CJI0eM NPOTUBOMOHOB.

[IpenMyIiieCTBEHHBINA TEPEXO0] TEX MU HHBIX
HMOHOB C MOBEPXHOCTH BEIleCTBAa B PACTBOP MOXKHO
KOJIMYECTBEHHO XapaKTEepPH30BaTh H303JIEKTPUUECKOM
toukoir (UDT), To ecTh oTpuIIATENBHBIM JIOTapuPMOM
KOHIIGHTPAIMK MOTEHIIMAIOONPEIEIAI0NIero HOHa, TPH
KOTOPOM  CyMMapHBbId  DJJIEKTPUYECKUU 3aps] Ha
MIOBEPXHOCTH PaBEH HYJIIO.

NIT+=-1gC+ mmm UIDT. = -1gC(10.4)

C: u C. - KOHULEHTpaluu
MOTEHLMAIOON PEAEISAIOIINX HOHOB..

Eciim  moreHnuanoonpenensouMM  HOHAMU
sBisiioTest wonsl H* m OH™, to UDT ompenensercs
3HaYeHHeM pH, Ipu KOTOpOM JJIEKTPUYECKUN 3apsj
MOBEPXHOCTH PAaBEH HYJIO B OTCYTCTBMHM IOCTOPOHHUX
MOHOB ( Ha TTOBEPXHOCTH COOJIFOAAETCS] PAaBEHCTBO

[H"] = [OH"])
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OueBuaHo, yTo pHusT 3aBUCUT OT KUCIOTHO-
OCHOBHBIX CBOWCTB BeIlleCTBa. UeM MeEHee KUCIbIMU
CBOiicTBAaMH 00JIalaeT BEIIECTBO, TIOMEIICHHOE B
pacTBOpUTEIb, TEM OoJiblliee 3HaueHne nmeeT ero MOT
B JITAHHOM PacCTBOPUTEIIE.

Baxnoii xapakrepuctukoi BMC sBusercs
MOJIEKYJISIpHAsl Macca, KOTopas sSBJSETCs IOKa3aTeJIeM
CTENEHH MOJINMEPU3ALIIH.

MeTon BHCKO3UMETpUU ABIeTCs Haubonee
MIPOCTBIM J1JIs1 OIPEESIEHUs MOJIEKYJISIPHON MacChl.

10.4. OBBEKTHI nu CPEIACTBA
NCCIIEJOBAHUA.

10.4.1.IIpo6upku. (61mryk mo 20mi).

10.4.2.1,5% pactBop xkematuHa wim 0,2H
pacTBOp MOJIUBUHUIOBOIO CIIMPTA.

10.4.3.PactBOpHI cosisiHoM KucioThl:0,2H; 0,02H;
0,002H.

10.4.4.PactBopbl ruapokcuaa Hatpus: 0,005H u
0,21.

10.4.5.pH-meTp.

10.4.6.Bucko3umerp.

10.5.TIPOTPAMMA PABOTHBI.

10.5.1.B 6 mpobupok Hamuth mo 10 mu 1,5%
pacTBOpa  JKelaTHUHA (i 0,2% pacTtBopa
MNOJUBUHUIIOBOTO CIUPTa) M MO 5 M CIEAYIOLIMX
pactBOpoB: coyisiHOM kucinorbl-0,2H; 0,020 u 0,002H,
rugpokcuaa Hatpus- 0,0051 u 0,2H.

10.5.2.3meputh pH momydeHHBIX
pacTBOpPOB.
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10.5.3.0npenenuts BpeMs HCTCUCHUS
PacTBOPOB IMPH MTOMOIIY BUCKO3UMETPA.

10.5.4.1Tpu ToOlt ke Temmeparype
OTIPEIICTUTH BPEMS HCTEUCHHS BOJIBI.

10.5.5.U3 HCXOJHOT O pactBopa  BMC
MPUTOTOBUTH 4 pacTBOpa pa3iIMYHON KOHIIEHTpAIlUu
nyTeM pa30aBiieHHs, ONPEACIUTh BPEMS HCTEUEHUS
3THX PACTBOPOB U3 BUCKO3UMETPA.

10.5.5.JlanHbIe SKCIEPUMEHTOB
3aHectH B Tabmuubl 10.1 1 10.2

Tabimua 10.1

Nol xenma | H | H HC | Bo | Na Na | Bpe | Bi3k | p
TUH crlct |1 7a | OH | OH | msa, | ocTh H
"o, 100(00 (¥ ]00 |02 ¢ |M

b}
2u | 2u | 02H 05H | B Ia-
MO | MJI | M MII MII C

1110 |5

2|10 5

310 5

4110 5

5110 5

6|10 5

Tabimua 10.2

Konue | Bpems | Yaen | Ilpenens | Xapakrep | Mons
HTpa- | HUC- bHas | Had HCTUYEC- | pHas
LU TEYEHU | BA3K | BA3KOCT, | Kasd macca
pactBo | 5 OCTb, | Nupen, BSI3KOCTbH, | ,

- pacTBop | Nyx, | Ila-c | n | M
poB OB ITa-c

Kema- | T, C

THHA
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10.6.0bPABOTKA
OKCITEPUMEHTAJIbHBIX JJAHHBIX.
10.6.1.Paccuntath BSI3KOCTH
pabouux pacTBOpoB 1Mo Gopmyie:
n=n,- 27 ,
P T,

8 8

raemn, p, T -BA3KOCTH, [1a* ¢, IOTHOCTE, KI/M® U Bpemst
UCTEUEHUS, C, pabouyero pacTBopa, Ms, Ps, Ts-BA3KOCTD,
TUIOTHOCTh ¥ BPeMsI UCTEUCHUS BOJIBI.

10.6.2.IToctpouts kpuByo: M = f(pH). Ilo
MUHUMYMY BSI3KOCTH OIPENEIUTh U30TOUYKY JKelaTHHA.

10.6.3.0npenendTs  MOJIEKYJSIPHYIO ~ Maccy
MOJIMMEPA, /JIs1 YETO BBIIOJIHUTH CIEAYIOLIEe:

a) Paccuurath yuenbHbIe BA3KOCTH.

_n=1
o
To - BA3KOCTh pacTtBoputens, [la*c,
T -BA3KOCTb pactBopa, [la-c.
0). PaccuuTaTh npenenbHblie BI3KOCTH:
B) [locTpouTh rpaduk 3aBUCUMOCTH NPEAEIbHON

BSI3KOCTU OT KOHLIEHTPALIUH.
B) OnpenenuTh XapaKTepUCTUUECKYIO BSI3KOCTB!

77)/0

ni = (y/c)—>0
| =K-me
M:am
K
Nmp = Nya/c

10.6.4.CnenaTh BBIBOMBI IO paboTe.
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10.7. KOHTPOJIbHBIE
BOIIPOCBI.

1.Bs3kocTh paz6aBieHHbIX pactBopoB BMC.

2.BsA3KOCT  KOHLIEHTPUPOBAHHBIX pPacTBOPOB
BMC.

3.06pazoBanue J[9C.

4.M303neKTpudeckas TOUKa.

5.0npenenenue MOJIEKYJISIPHOTO Beca
IIOJIMMEPOB.

10.8.ITPUJIOKEHN 4.
10.8.1.Bsa3kocTh BOOEL.

temmepar | 15 |16 |17 |18 |19 |20 |21 |22 |23
ypa,
oC
ss3kocts, | 1,511,111,1110(10(10(10,09 0,9
Nes 1 3 2 7 4 2 0 7 5
IMa-c

10.8.2.IT;moTHOCTE BOIBI

Temmneparypa, | 15 16 17 18 19 20 21
°C

mrornocers, | 0,999 | 0,999 | 0,998 | 0,998 | 0,998 | 0,998 | 0,997

P,
r/cm3

10.8.3.ITnotHocth pactBopoB [IBC

Temneparypa | 15 16 17 18 19 20 21

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

P,
r/cm3
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10.8.4. IltoTHOCTH pacTBOPOB JKEIaTHHA

TemIeparypa 15 16 17 18 19 20

21

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

p, r/em®

1,006

Jlnst pactopos [IBC: K=5,9+10* , o= 0,67 .
Jlnst pactBopoB xkenatuna: K = 6,2:10% |, a =
0,70.

JIABOPATOPHAS PABOTA Ne 11.
HAPVYIIEHUE YCTOMYUBOCTU
PACTBOPOB BbICOKOMOJIEKVYJISIPHBIX
COEJIMHEHMI1: BBICAJIUBAHUE U
KOAIIEPBAILIVAL.

11.1.Ilenp pa®oTHI: U3YYUTH BIMSHUE aHHOHOB U
CoJiell  TSKENbIX METAJJIOB Ha  BBICAIMBAHME U
Koauepanuo  Oenkos.  HMccnenoBate  HNpUUUHY
KoallepBallul  BBICOKOMOJIEKYJISIPDHBIX ~ COEIMHEHUU
(BMC).

11.1. TEOPETUYECKAS YACTb.

PactBopsl BMC XapaKTepU3yIOTCS
CaMOIPOU3BOJILHOCTBIO o0pa3oBaHus,
TEPMOAMHAMHYECKOH YCTOMYMBOCTBIO, OOPAaTUMOCTHIO
MpoTeKalIMX B HHUX MnpoueccoB. PactBopsr BMC

0JI00HBI VN CTUHHBIM pacTBopam: o0pa3zyroTcs
CaMONPOM3BOJBHO  C  yMEHBIIEHHEM  U300apHO-
MU30TEPMHUYECKOTO OTCHIIAAJIA U IO3TOMY
TEPMOAUHAMUYECKHU YCTOWYUBBI. VY cToM4nBOCTD
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pactBopoB BMC 3aBucuT OT CBOMCTB NOJIMMEpa U
B3aMMOJIEH CTBUSI I1OJIUMEPA C PACTBOPUTEIIEM.

Hns MTOJISIPHBIX BMC B MOJISIPHBIX
PacTBOPUTEIIAX OIpeIeIEHHbIM dakTopom
YCTOMYMBOCTU SBJSIETCS YMEHbIIEHHE 3HTanbnuu AH B
pe3ynbTaTe CoJIbBaTalliH, B HEMOJISIPHBIX - YBEJIUMYEHUEM
SHTPOMNUH, CBA3AHHOW C TMOKOCTBIO LIETIH.

[Tonmxxenne ycroitumBoctu pactBopoB BMC
TAK)K€ CBSI3aHO C U3MEHEHUEM SHTPOINMH U SHTAJbIINH, a,
KpOME TOro, C HW3MEHEHHEM CcoCTaBa cCpeabl |
temnepatypbl. [Ipu nmoGaBneHnu K pacTBOPY KUIKOCTH,
B KOTOpOH MOJMMEP HE pacTBOPSETCA, NPOUCXOIUT
BBINIAJICHUE OCAJIKa, BCICACTBHE M3MEHEHUS SHTAJIBIIHHU.
AHaJOrMYHO MpPU MOHMKEHUHM TEMIIEpaTyphbl BbIIAJAET
0CaJI0K UJIM TIPOMCXOAUT pacclioeHre Ha (asbl.

[loteps  ycroitunBoctu  pactBopoB  BMC
MPOUCXOMUT B (OpME BBICATTMBAHMS M 3aCTYIHEBAHMS.
BbBICAJIMBAHUE - npouecc BbaeneHus OEIKOB MOJ
BIIMSHAEM BBICOKMX KOHLEHTpauui cousied. SIBieHue
BbICAIUBaHUsI  OJMM3KO K  SIBJGHUIO  TTOHMXKECHUS
pacTBOPMMOCTH B  PacTBOpax HU3KOMOJEKYJISIPHBIX
BelIeCTB Mmpu AoOaBieHun cosied. OCHOBHOE 3HAYEHHE
IpU  BBICAJIMBAHMM  WUIPalOT  aHUOHBI,  KOTOpBIE
pacrnosyiaratoTcsi B IMOTPOIHBIN ps:

0% > CH3COO" >Cl- >NO3s >I" >CN -

»

YMEHbIIEHUE BbICAJIMBAIOILIETO NeNCcTBUS
AHUOHOB

B  pesynpraTe  BBICAIMBAHHSA ~ 00pa3zyroTCA
BOJIOKHA,  XJIOMbSI  WJIU  TBOPOXKUCTBIK  OCAOK.
BricanmBaHue CBf3aHO C pa3pylIEHUEM COJIbBATHOM
000JIOUKH, OKpY)KaloIleld JaHHYI0 MaKpOMOJIEKYIy
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BMC. Tlomsapasie wmosekynasl BMC, conepxaiue
CBSA3aHHYIO BOJY, B3aUMOJEHCTBYIOT C 3JIEKTPOJIUTAMHU.
[Ipu >TOM conbBaTHBIE OOOJOYKM pa3pylIalOTCs M|
MPOMCXOAUT Tpoliecc, OOpaTHBI coilbBaTalluud -
BbIcajiiBaHuE. IHTEHCUBHOCTbH MPOLIECCOB BbICATUBAHUS
OIpENENAETCSl CTENEHbIO COJbBAaTALIMM MaKpPOMOJIEKYJ
BMC, cTpykTypoil coyibBaTHOW 000JIOYKHM Oenka Hu
cBOMcTBaMHU 3JiekTponuTa. IIo KOHEYHOMY pe3yibTaTy
BbICAJIMBAHUE [TOX0XKE Ha JIEHATYPALMIO: B TOM U APYIOM
ciydyae oOpasyercss ocanok. CyllecTBeHHOE OTIUYUe
3aKJII0YAETCsl B MEXaHU3MaX IPOLECCOB: JeHATypalus -
HeoOpaTuma, BbIcajJMBaHue - obOpatumo. benku,
BbIICJIMBIINECS B KayeCTBE CaMOCTOSTENbHON (a3bl B
IIpOLIECCE BBICAJIMBAHMS, IIOCIE YAAIECHUS JIEKTPOIUTOB
MOTYyT BHOBb O0O0pa30BbIBaTh pacTBOp. BricanuBaHue
MOXXET MPOUCXOJUTh HE TOJBKO B MPUCYTCTBUU
JIEKTPOJIUTOB, HO M TOJ JEHCTBUEM OpPraHMUYECKUX
BEIIECTB (CIIUPTOB, allE€TOHA).

DT BemecrBa, B3aUMOJIEWUCTBYS € BOJOH,
THAPOIH3YIOTCS U pa3pylIaloT COJbBATHYIO O0OJIOYKY,
cHmkas pacrsopumocts BMC. Ilpu noGaBiennun cnmpra
K BOJIHBIM pacTBOpaM O€JIKOB

B IIEPBYIO OYEPE]b BBINAAAIOT B OCAJOK OEJIKH C
HauOOJBIIEH  MOJIEKYJSIDHOW  Maccoi, 1o  Mepe
YBEJIMYEHUsI YAEIbHOIO Beca CIOMpPTA, HAYUHAETCS
BBICAJIIBAHUE HU3KOMOJIEKYJIAPHBIX OETIKOB.

IIpu BeIcamuBanuu OenkoB u apyrux BMC
uHOrna HaOmomaercs o0pa3oBaHUE Kameidb HOBOM
KUAKOCTHOM (a3bl, HaspiBaeMoil koauepBaToM. Cam
MPOIIECC BBIJICJICHUSI M3 PAacTBOpPa HOBOM KUIAKOH (a3bl,
oboramennoit BMC, HasbBaercst KOALIEPBALIMEN.
[IpyunHa KoauepBalMU - B OCOOCHHOCTH HEKOTOPBIX
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BMC, o0pa3yromux B pacTBOpPE acCOIUAThI, COCTOSIIINE
U3 HECKOJbKUX Makpomodiekyid. Ilpum gocruxenuu
OTIpe/IeTICHHBIX Pa3MEpPOB M JOCTATOYHOW CTAaOMIbHOCTH
TH accoIuaThl MOTYT (OpMHUPOBATH HOBYI (a3y.
KoanepBanust MoXeT NPOMCXOAUTh MPU TOHUKEHHOU
TEMIIEPATYPE M HE COINPOBOXKAATHCS BbICAJIMBAaHHEM. B
JNaJbHEHIIEeM OTAeNbHbIE KaIlllli COCIHUHSIOTCS B 0Ooliee
KpYIHBIE arperaTel 1 00pa3yercst CIOW C MOBBIIIEHHBIM
cogepxkanueM BMC, cmocoOHOro K 3aCTyIHEBAaHUIO.

11.3.0PbEKTHI " CPEACTBA
NCCIIEJOBAHUA.

11.3.1.Xumnueckue crakanbl Ha 50 - 100 mu.

11.3.2.MepHble NUIIETKH HA 5 ML

11.3.3.MepHble HWIAHAPBI.

11.3.4.PactBops: 1% pactBop »xematuHa, 5%
JKenaTuH, 5% Kpaxmai.

11.3.5.1Topommok ~ xyopuaa Kajausi, MOPOILIOK
cynbdaTa Kajus.

11.3.6. 1% pacTtBOp arap-arapa.

11.3.7. [IponumoBelii criuprT.

11.3.8. 41 pactBop KCl

11.4.1TIPOTPAMMA PABOTBI.

11.4.1.MccnenoBanue BBICAIUBAIOIIETO AEHCTBUS
cynb(haTa Kaiaus U XJIOpuaa Kaaus.

B nBe npoGupku Hamuth 1o 5 mu 1% pactBopa
JKenaTuHa. B3sTh paBHBIE HaBeCKH cyibdaTta Kalus U
xynopuaa kamus (mo 3 r).B ogHy mpoOupky m00aBisITh
MOPOIIOK Cynb(aTa Kalus, B JPYT'yl0 - XJIOpHAA Kaus
0 Hayaja BblcaluBaHus (moMyTHeHHe) Bi3Becutb
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OCTaBIIMECS MOPOLIKU U BBIYMCIUTH KOJIUYECTBO COJIEH,
BBI3bIBAIOIINX BbICAJIMBaHUE.

11.4.2. BeicanuBanue arapa. B 3 mpoOupku
HamuTh 1o 2 Mi 1% pactBopa arap-arapa. A TepBYIO
HaJIUTh 8 MJ BOABI M | MJI NpPOMWIOBOTrO CIHPTAa, BO
BTOpY10 — 8 MJ1 4H pactBopa KCl u 1 M1 Bozibl, B TPETHIO
— 8 M KCl u 1 M1 cniupra. 3anucate, 4TO MOITY4YHIIOCH.

11.4.3. SBnenne xoauepBauuu. Harpers 10 mu
5% pactBopa xenatuHa U 5% pacTBOp Kpaxmaia o
40°C, cmemaTh ux 1 ocTaBuTh Ha 20- 30 MUHYT

11.5.0bPABOTKA SKCIHEPUMEHTAJIbHBIX
JAHHBIX.

115.1. TIlo pe3ynapTaTaM  3KCHEPUMEHTOB
pacmoNOXUTh  aHUOHBI B TOpPSJIKE  yObIBAaHUS
BBICAJIMBAIOIIETO JICH CTBUS.

11.5.2.Pacnioyio)kuTh ~ KaTHOHBI B TOPSJIKE
yOBIBaHMS BBICAJIMBAIOMIECTO JICHCTBUSI.

11.5.3.Cnenath BBIBO/BI IO paboTe

11.6.KOHTPOJIBHBIE BOITPOCEHI.
1.06mas xapakrepucTtuka pactBopos BMC.
2.5IBneHune BbICAIMBaHUS PACTBOPOB.
3.JIMOTpOMHBIN psii aHUOHOB.

4 SIBneHue KoalepBaLuH.

JIABOPATOPHAS PABOTA Nel2
OITPEAEJIEHME ITOBEPXHOCTHOI'O
HATSOKEHUSA HA TPAHULE XUJAKOCTD - T'A3
TP TTOMOIIN CTAJIATMOMETPA.
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12.1. Hean padoThI: OIPENICIIUTh
MOBEPXHOCTHOE HATSDKEHHE pAa3JIMUHBIX JKHIKOCTCH B
3aBUCHMOCTHU OT  KOHIICHTpAIIHH. I'padmaeckn
OTNPENCTUTh aJACOPOLUI0 JKHJIKOCTEH TIpH 3aJaHHBIX
KOHIICHTparusaX. [locTpouTs H30TEPMBI TTOBEPXHOCTHOTO
HATSHKEHUS U aJCOpOIUU.

12.2. TEOPETUYECKUE CBEJIEHU A

BemectBa, xapakTepusylommecs — CHIBHBIM
B3aUMOJICHICTBMEM C MOJIEKYJIAMH DPAcCTBOPUTENS U
OONBIIMM TIOBEPXHOCTHBIM HATSHKEHHEM, B OCHOBHOM
ocTaloTcs B 00beMe, U MOBEPXHOCTHBIM CIIOM oOemaHeH
ITUMH BeNIeCTBaMU. VX MPHUCYTCTBHE B MOBEPXHOCTHOM
ClI0O€ TPUBOAMT K BO3PACTaHUIO IIOBEPXHOCTHOTO
HATSDKEHHS, OJHAKO 3TO BO3pacCTaHUE HE3HAYUTEIBLHO H3-
3a MaJOW KOHIIGHTPALMU BEIIECTB B IOBEPXHOCTHOM
cmoe. B TakoMm ciydae TOBOpAT 00 OTpHUIATEITBHOMN
azicopOIMu, a BellecTBAa HAa3bIBAIOTCS IOBEPXHOCTHO-
WHAKTHBHBIMH.

BemectBa,  xapakTepusyromuecss — ciaaObM
B3aMMOJICHCTBUEM C MOJIEKYJaMU pacTBOPHUTENI U
MaJIbIM MTOBEPXHOCTHBIM HATSDKCHUEM,
KOHIICHTPUPYIOTCS y TpaHUIbl pasznena (a3, To ecTb
asicopONpyYIOTCSL. [Tpu 3TOM YMEHBIIIAETCs
NOBEPXHOCTHOE HaTSDKEHHE pacTBopa. Takue BeliecTBa
Ha3bIBAIOTCS TIOBEPXHOCTHO-AKTHBHBIMH.

CBs3p  MeXIy H30BITOYHBIM  KOJMYECTBOM
BEIIECTBA, MPUXOAAIIMMCS Ha €IMHUILy TTOBEPXHOCTH,-
ancopouueil I'i (Monb/cM?)- M CHOCOOHOCTBIO BEIECTBA
CHIDKATh TMOBEPXHOCTHOE HATSDKEHUE G pa30aBIICHHBIX
pacTBOpOB onMchiBaeTcs ypaBHeHueM ['nb0ca:
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I =—L-d—6, (12.1),
RT dc
rIe ¢ — KOHIIEHTpalwus, MOJb/JI, R — yHHBepcaabHas
razosas mocrtosHHas, 8,31-107 spr/(mons-K), do/dc —
MOBEPXHOCTHAsI aKTHBHOCTb.

OmpenenuB SKCIEPUMEHTAIBHO 3aBHCHMOCTD
MOBEPXHOCTHOTO HATSDKEHHS OT KOHIEHTPAlud —
U30TEPMy IOBEPXHOCTHOTO HATSHKEHHS, M IIOJIb3YiICH
ypaBHeHueM [ub0Oca, MOKHO HaWTH  3HAYCHUS
aucopOlM  TPH  pa3JIMYHBIX  KOHIEHTPAUAX |
ONpENEIUTh XaPAaKTEPUCTUKH ITOBEPXHOCTHOTO  CIIOA:
MaKCHMAJIbHOE 3HAYCHHE  aJCOopOIHH, IUTOMIA b,
3aHHUMAEeMyl0 MOJIEKYJOH B MPEAEIHHO HACHIIICHHOM
cl0e, TOJNIIMHY aJCOPOIMOHHOIO CIOS, a TaKKe
HOJNYYUTh HM30TEPMY aiCOPOIMH MOHOMOJIEKYJISPHOIO
CIIOSL.

Ilocmpoenue  uzomepmvl  adcopbyuu  u
onpeoenenue Xxapakmepucmux n08EPXHOCIMHO20 CO.

(o)

I/I30TepMa MMOBEPXHOCTHOI'O HATAXKCHUA.
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Ecnu B kakoii-1100 TOYKe KPUBOM, HAIIPUMED, B
TOYKE @, MIPOBECTH KAaCaTEIFHYI0 K KPUBOW, TO TAHTEHC
yIila HakJIOHa KacaTelnbHOW K och abcuucc tgo paBeH
NIepPBOI MPOM3BOAHOM B 3T0i Touke (.do/dC)

[ToncraBmsis 3HaUEHKE TaHTEHCA yIJia HAKJIOHA B
ypaBHenue (12.1), naiinem 3Hauenue /.

OmnpenenuB aHAJIOTMYHBIM 00pa3oM aJ1copOLuI0
UL psAAa  TOYeK Ha H30TepMe  IOBEPXHOCTHOTO
HATSDKEHUS, MOYKHO TIOCTPOUTH H30TEPMY aZCOpPOIHH.

[lo  wm3oTepme  amcopOuUMM,  IOJB3YACH
ypaBHeHHEM JIeHrMIopa:
Iy = o028 (12.2)
1+bc
MOJKHO BBIYHMCIUTh IPEACIbHOE 3HAYCHHE aCOPOIIHH
| COOTBETCTBYIOIIEE 00pa3oBaHHIO

MOHOMOJIEKYJISIDHOTO ~ ci0d. YpaBHeHue Jlenrmropa
MOXHO Tpeo0pazoBaTh B ypaBHEHHUE TPSIMO:

R (12.3)

I'y [Tw-b-c [w

1/Tw-b- tga, e o - yrom HakjIOHa MPSIMON K
ocu abcuuce, 1/I'»- 0Tpe30oK, OTceKaeMblil IPSAMON Ha OCU
OpJIMHAT.

Ilo 3Hadyennro [« MOXHO HAWTH IUIOHIAAb
MOJIEKYJIbI, 3aHUMAaeMyI0 €0 B aJICOPOIIMOHHOM CJIOE, U
TOJIIIMHY TOBEPXHOCTHOIO CJIOSI.

1
ITnomans MOJIEKYJIBL: S, =
Y ° Iw-N A
To-M
TommmHa cinost: O = Rl ,
o,
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I'me M — macca Mo BemecTna,

p - IUIOTHOCTH aJICOPOEHTA.

B OOJBIITMHCTBE cly4aeB XapakTepHa
BepTUKainbHasi opueHTauus IIAB Ha rpanune pasgena
¢a3, Torga TOJIIMHA CJIOS COBNAJaeM C JJIMHOM
aIcOpOMPOBAHHON MOJICKYJIBI.

12.3. OBBEKTDI n CPEACTBA
NCCIIEJOBAHUNAL.

12.3.1. Cranarmomerp.

12.3.2. llITaTuB ¢ JamKoii.

12.3.3. 6 crakanos Ha 100 M.

12.3.4. PactBop  nmoxmemwicyibdara  HaTpus,
KoHIeHTparus 50 Mr/n

OIIMCAHUE ITPUBOPA.

Cranarmometp. 1 — pacmmpenue. 2 — OTBEpCTHE
Kanusuisipa, A,b — metku.

CranmarMoMeTp COCTOUT M3 TPYOKH, MMeEroLIel
pacimpeHue 1, BbllIe U HUXKE PAaCHIMPEHUs HAXOIATCS
HayaJbHasl M KOHE4YHass MeTku. UYepes KanwuisipHoe
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OTBEpCTHE 2 B HMIMPOKOH OTHUIM(OBAHHOW MOBEPXHOCTH
JKUJIKOCTh BBITEKAET B BUJIE€ Kaleb.

12.4. TIOATOTOBKA K PABOTE
12.4.1. TlpurotoBUTh S5 PACTBOPOB IOACHHICYIb(aTa
Hatpuss (J/JIC) ¢ pa3imyHOM KOHIEHTpauuen
(KOHLIEHTpaLUs — 110 YKa3aHUIO IPENo1aBaTes).
1242, CranarmomeTp YKpENUTh B
IITATUBE B BEPTUKAJIBHOM IIOJOKEHUUM H 3acocaThb
’KMJIKOCTh TaK, 4TOOBI OHA CTOsJIa BBIIIE BEpXHEH METKU
(mpu 3TOM B TpyOKE HE MAOKHO OBITH IY3BIPHKOB
BO31yXa), 3aTeM [JaThb JKUJIKOCTH BBITEKaTb U3
kanuuisipa. Korja ypoBeHb KUAKOCTH COBHALET C
BEPXHEW METKOW HadaTh CYET Kallellb, PEKPAaTUTh CUET
TOrJIa, KOraa KMAKOCTh JOHIET 10 HUKHEH MeTKH. OIbIT
IIOBTOPUTH HECKOJIBKO pa3 M B3SIThb CPEIHIOI BEIUYHMHY
U3 HaOJII0Ta€MbIX OTCUETOB.

12.5. IPOTPAMMA PABOTbI

Onpenenutsb YHCIIO Kanejb BOJIBI,
00pa3ymIUXCsl P UCTEUCHUU U3 oO0beMa V, a 3aTeM
YHUCIIO0 Kalelb HCCIENyeMBIX PAacTBOPOB M3 ITOTO XKe
oobeMa. [lOBEpPXHOCTHOE HATSKEHHUE BBIYMCIUTH I10
dbopmyse:

o=C0 P Ny ,

Poh

rie O- T[OBEPXHOCTHOE HATHKCHHE HCCIEIyeMOi
KuakocT, JK/M?, Go — MMOBEPXHOCTHOE HATSHKEHUE JJIS
BOZbI (M3 Tabmuiel), Jk/M?, p -IJIOTHOCTH MCCIENYEMOi
JKUJIKOCTH, T/cM3, po — IIIOTHOCTb BOJKL, I/cM3, N — YKuCIO0
Kareiab MCCIACAYEMOU JKHUAKOCTH, No — YHCIO Karelb
BOJIBL.
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[Toctpouts rpaduk B koopauHaTax o = f(c).

[IpoBectn KacaTelpHbIE K KpPUBOW B TOYKaX
yKa3aHHBIX KOHIICHTPAIUH.

OmnpenennuTs  TaHTEHCHl  yrja  HaKJIOHA
KacaTelbHBIX K ocu abcruce (do/dc).

BbrauciuTh 3HaYeHUST H30TEPMBI aICOPOITUH 110
ypaBHeHHI0 ajacopOiuu ['nboca:

_L (o
RT L

[To pe3ynpTaTaM »dKCHEpPUMEHTA W PpaCUETOB
3aMOJHUTH TaOJIHUILY.

Tabmuna  SKCIIEPUMEHTAIbHO-  PACUETHBIX
JaHHBIX
BemectBo | Kon/Bo | Iloepxnoctaoe | Tamrenc | AncopGums,
Karnelb Ta
HaTSKEHHUE, YT 1-*.109,
6-103, HaKJIOHA, KMOJIB/M2
Bona
Hnce, c1
e, ¢
Hnce, c3
Hre, ca
g, cs

[TocTponTs M30TEPMY aICOPOITUN.

Borancnauts 31auenue ¢/I' 1 moCcTpouTh U30TEPMY
c/T" =f(c).

[To rpaduky HalTH KOHCTAHTHI agcopoumu ['o u b
B ypaBHeHuH Jlenrmiopa. (1/T» - OTpe30K, OTCeKaeMblii
npsimoii Ha ocu opauHat tga, 1/(I'wb) — oTpesox,
OTCEKaeMbIil MPSIMON Ha OCH OpAMHAT).
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OmnpenenuTs TIOMAAL MOJIEKYIIHI 1O (hopMmyIie:

wor = 1/(ToNp)

Crnenath BBIBOJ 11O padoTe.

12.6. KOHTPOJIBHBIE BOITPOCBI.

1.
2.
3.

©ONo G

Ancop61usi. OCHOBHBIE TOHSATH L.
Krnaccuukamus mporeccoB ancopOuy.
@dyHpaMeHTaNbHOE YpaBHEHHS aacopOuuu
I'nG6ca.

YpaBHeHHE afcoponuu I'u60ca,
MIPUMEHSEMOe TUTS 00paboTKH
HKCIEPUMEHTATbHBIX JaHHBIX.

N3orepma apcopbumu ['enpu.

Uzotepma ancopbuuu Opeitnanuxa.
N3orepma agcopbumu JIenrmropa.

[ToBepxHOCTHO AKTUBHBIC BEIIIECTBA,
KJ1accu prKarms.

Kputnueckas KOHLIEHTpaLus
MUIIETI000pa30BaHMS.

10. Aacopbuus I[TAB.

JIABOPATOPHAS PABOTA Nel3

KOHAYKTOMETPUYECKOE UCCJIEAOBAHUE
MULEJIJDIOOBPA30OBAHN A B PACTBOPAX
ITOBEPXHOCTHO-AKTHUBHBIX BEHIECTB.

13.1. Heas padorel: Onpenenuts KPUTHIECKYIO
KOHIIEHTpal1Io MUIIeNI00pa3oBanus B pactBopax [TAB.

13.2. TEOPETUYECKUE CBEIEHN .
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CormacHo mpexacraBieHusM PeOunpepa, Bce
noBepxHOCTHO-akTUBHbIe BemectBa (ITAB) wmoxHO
pazgenuTh Ha JBa Kjacca C  JOCTaTOYHO PE3KUM
MepexX00M MEXIY HUMH.

1. HctunHo pactBopumbie B Boje IIAB.
[Tonspusle  rpynmsl  3tux ITAB  HenmocratouHo
TUIPOQUITBHBI, @ YTIIEBOIOPOIHBIC PaTUKaIbl HEBEIUKH.
OnHu 00s1a71a10T BBHICOKOM MOBEPXHOCTHOM aKTUBHOCTBIO.
OObeMHBIE  CBOMCTBAa HX PpacTBOPOB HUYEM He
OTJIMYAIOTCA OT CBOMCTB HCTHHHBIX pacTBOopoB. Mx
npuMeHenue, kak ITAB, orpanuueno.

2. Komnmoumgueie (MmbuionogooOusie) ITAB,
obnajaronye  HOJSIPHBIMH ~ TPyNIaMH  BBICOKOM
rupopuIbHOCTH U OONBIIUMHU  YIJIEBOJOPOAHBMU
paguKaniamMu, XapakTepU3yKTCS HEOOJbIIOW HCTHHHOMN
pacTBOPUMOCTBIO B BOAE, a IpU  BBICOKHX
KOHLIEHTpallMsiX ~ o0pa3yloT B HEH  MHLEIUISIpPHBIC
pactBopbl. KoHuEHTpauus, BbIlIe KOTOPOH pPacTBOPHI
takux ITAB HaxomdTcs B MMIEIUIIPHOM COCTOSIHUH,
Ha3bIBACTCS KPUTHYECKOI KOHIIEHTpaIueit
munemiooOpazoBanust KKM.

Munesisl — 3TO CIIOKHBIE arperarsl pa3iIn4HOU
(GopMBI, B KOTOPbIX MOJIEKYJIbl OOpalllEHbl HapyxKy
HOJISIPHBIMU IpyNIIaMH. OOpa3oBaHue  MHUIEIT
TEPMOAMHAMMYECKU BBIFOJHO, TaK Kak TIpPH 3TOM
IPOUCXOAUT CHU)KEHHE CBOOOIHON SHEPrUU CHUCTEMBI,
CBSI3aHHOE C NEPEXOJ0M YIJEBOAOPOJHBIb TPYII U3
HOJISIPHOM Cpelbl BO BHYTPEHHIOIO HEMOJSIPHYIO 4YacTh
MHULIEILIBI. PactBOpBI KOJUIOUHBIX ITAB
TePMOJMHAMMYECKH  PABHOBECHBI U 00pa3yroTcs
CaMOIIpOM3BOJIbHO.  bnaromaps  HaaMuuio  MULENI
pactBopbl [TAB 0071amaroT 0COOBIMH  CBOWCTBaMH.
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Hampumep, BOAHBIE  pacTBOpPBl  MBUI  CIOCOOHBI
CONIOOMIIN3UPOBATH Pa3IHMUHbIE YTIIEBOIOPOIbI.

Hapsiny ¢ o0pazoBanuemM wmunemn B oObeme
pacTtBopa Tpu  KoHIeHTpamusx  BOmm3u  KKM,
3aBepmiaeTcs o0pa3oBaHHWE  aJCOPOIIMOHHBIX  CIOEB
monekyn IIAB wHa rpanune paszena ¢a3. It1o
oOecrieynBaeT CTaOUIU3UpYIOLIEE ACHCTBHUE PacTBOPOB
[TAB.

Onpenenenne KKM ocHOBaHO Ha TOM, UTO MpHU
TOW KOHUEHTPALMK HPOUCXOAUT PE3KOE HN3MEHEHHE
CBOICTB PacTBOPOB.

IToBepxHOocTHOE HaTshkeHue pactBopos IIAB
CHUIKAETCS C yBeIMYEHHEM uX KoHueHTpauuu 10 KKM,
a 3aTeM MepecTaeT MEHATHCA. DTO O0YCIOBJIEHO TEM, YTO
BHOBb jo0aBisgeMoe I[IAB mepexogur B MHIIEIUIBI,
KOHIICHTpAIUs K€ MOJEKYJsipHO pacTtBopeHHoro ITAB
octaercss moctossHHOM u paBHoM KKM. Munemnsl
MOBEPXHOCTHO-MHAKTUBHBI M HE  TEpexomsiT B
aZICOPOIIMOHHEIE CJIOH.

VY aenbHas 3J1eKTpONPOBOAHOCTh pacTBopoB [IAB
npu KoHueHTpauusx Hke KKM nuHeliHO Bo3pacrtaer ¢
YBEJIMYECHUEM KOHIICHTPALIUM B PE3YJIbTATE MOBBIIICHUS
KOJIMYECTBA  JUCCOLMUPOBAHHBIX  MOJeKyn.  [lpu
koHUeHTpauusax Bbille KKM  KOHLIEHTpanMOHHBII
I'PaMEHT yJEJIbHOMN 3JIEKTPOIPOBOIHOCTH YMEHBIIAETCS,
TaK KAaK BHOBb BBOJMMOE€ BEILIECTBO IMEPEXOJUT B
MHIIEILIBI.

IIpu wm3menenmn KKM 1o  u3meHeHuro
AJEKTPONPOBOJHOCTH  HAXOIST  3JIEKTPONPOBOIHOCTb,
3aTeM CTPOSAT HM30TE€PMY HJIEKTPOIPOBOJHOCTH U IO
u3noMy onpenensatoT 3HaueHne KKM.
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13.3. OBBEKTHI nu CPEJACTBA
NCCIIEJOBAHUA.

13.3.1. Kongykromerp.

13.3.2. Sueiika naas HCCIENIYEMOro pacTBopa
ITAB.

13.3.3. MepHbIif LuIuHAp.

13.3.4. ITIAB  (momeuwmncynepaT  HaTpus,
CHUHTaHOJI, MBLIO)

13.3.5. AHanuTHUYECKHE BECHI.

13.4II0AI'OTOBKA K PABOTE.

13.4.1. IlpuroroButres pactBop IIAB 3amanHOM
KOHIIEHTpaliK (KOHLIEHTPALMIO 3a/1aeT PEnojaBaTeb).

13.4.2. BKJIFOUUTh KOHTYKTOMETP.

13.4.3. Hanute B stueiiky 20 MJI IPUTOTOBJIEHHOTO
pactBopa [TAB.

13.5. IIPOTPAMMA PABOTHBI.

13.5.1. C nmomMompr0 KOHAYKTOMETpa H3MEPHUTh
YAETIbHYIO 3JIEKTPOIPOBOIHOCTH pacTBOPA.

135.2. C nmnomompI MEpPHOrOo HUJIHHIpA
oroOpate u3 sueriku 10 M1 pactBopa, 1omuTh Tyna 10 mi
JTUCTUIUTMPOBAHHOM BOJIBI.

13.5.3. N3meputh 3JIEKTPOIPOBOIHOCTD
pasbaBienHoro pactsopa ITAB.

13.5.4. TIpoectu 5 pazbasienuii pactBopa [1AB,
U3MEPUTD JIEKTPOIPOBOJIHOCTb KaKI0r0 pacTBOPA.

13.5.5.Pe3ynpTaThl 3aHECTH B TAO/IUILY.

Tabymna pacueTHO-3KCIIEPUMEHTAJILHBIX TaHHbIX

Ha3Banue KOHIIEHTpALUs, VnenpHas KKM’
pacTBOpa C. Moms/1 3JICKTPOIIPOBOIHOCTH Mos/n
B
2, OM-m
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13.5.6. Ilo pe3yiabTaTaM H3MEPEHUN IMOCTPOUTH
rpaguk ~ 3aBUCUMOCTH  JJICKTPONPOBOAHOCTH  OT
KOHIIEHTPAIlMM M TO H3JIOMY Ha KPHUBOH OMPEIACITUTH
3HayeHue KKM.

13.5.7. Cnenatb BBIBOJIBI MO paboTe.

13.6. KOHTPOJIbHBIE BOITPOCHI.

1.PactBopn! ITAB.

2.Munemoobpa3oBanue B pactBopax I[TAB.

3. ®opMbI MULIEILIL.

4.®DakTopsl, BJIMAIOILNAE Ha
MUIIeI000pa3oBanHue.S.

5. Cnoco6s1 onpenenenus KKM.
JIABOPATOPHAS PABOTA Nel4
HE®EJIOMETPUYECKOE OITPEAEJIEHUE
MMULIEJUISIPHO MACCBHL.

14.1. Heanb padoThI: WccnenoBanue
CBETOPACCESIHUS KOJUIOUTHBIX PaCTBOPOB MOBEPXHOCTHO -
AKTHBHBIX BEIICCTB M BBIUYMCICHUE MUTICIUISIPHON MaCChI.

14.2. TEOPETUYECKUE CBEAEHW .

OpnHoit u3 0coOeHHOCTEN KOJIOMIHBIX PACTBOPOB
[TAB siBiisieTcst ©X CIOCOOHOCTH K 00pa30BaHUIO MULIEILI.
MonekynspHas Macca OOpa3yOIIMXCS MHULEI, TaK
Ha3bIBaeMas MUIEIUBIPHAs Macca, COCTaBISET OOBIYHO
HECKOJIbKO  JECATKOB  THICSY  CIWHUIL.  3HAYCHHUE
MoJIeKyJisipHoil  Maccel  [TAB  MOXHO  omnpeaenurb
paznuuHbiMU - MeTogamu. Crola OTHOCSTCS METOJBbI,
OCHOBAaHHbBIE HA U3MEPEHUU CBETOPACCESIHUS PACTBOPAMHU
[TAB u Ha ompenenenuu nudQy3nOHHON CIOCOOHOCTH
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MHIIETI, a TAKKE€ METOH CEIMMEHTAI[MOHHOIO aHaJn3a
npu momou eHTpudyru. Hanbonee 3¢pdekTHBHBEIM U
MPOCTHIM METOJIOM OIIEHKH pPa3MepOB  KOJUIOMTHBIX
YaCTHUI[ B PaCTBOPAX SIBJISICTCS METOJ] cBeTopaccesHus. C
MOMOIIBIO  3TOTO0  METOJa ONPEIACISIOT 3HAYCHUE
MHUILIEIUIIPHOR MaccChbl ITAB. BriBog TEOPUU
CBETOpACCesIHUsI TMPHUMEHHUTENbHO K pacTtBopam [IAB,
COZIEpIKAIIMM MHUIICIUTBI, pPa3Mep KOTOPBIX HE MPEBhIMIAET
1/20 pnuHBI BUAMMOIO CBETA, MOXKET OBITH 3alKMcaH B
cnenyromei hopme:

He=c) _ 1 opac-c,) (14.1)
T—1, M
2
327°n? (gnJ
H = 7 (14.2),
32N,

rae H — mocrossHHas BenuuWHa IS TAHHOW CHCTEMBI H
pona M3MEHEHUM, ¢ — KOHUeHTpauus pactsopa [IAB,
r/em®, Co — KpUTHYECKAst KOHIIEHTpaIus
MHIELI000pa3oBanusa,  r/cmd, T - MYTHOCTb
UCCIEAYEMOTO PacTBOpa, CM™L, To — MyTHOCTH PacTBOpa
npu KKM, cm?!, M — wMunmemwmphas wmacca, A —
KOHCTaHTAa, XapaKTepu3yromas OTKJIOHEHHE  OT
UJEAIBHOIO0 pacTBOpa, Nop - IOKas3aTedb IMPETOMIIEHUS
pacTBOpUTEIIs, N — MOKa3aTelb MPEJIOMIIEHUsI PacTBOpa,
A - INTMHA BOJIHBI TIAJAIOIIEr0 CBETA B BAKYYME, CM.

B ypaBuenun (14.1) Benmmuuna H(c — co)/(t - 7o)
SIBJIICTCS IMHEWHON (DYHKIIMEH KOHIICHTPAIUU, TI0O3TOMY
Npyd  JKCTPANOJSIIIMM  COOTBETCTBYIOUIEH NPAMON 10
KOHILIGHTPALlMM, paBHOW Co, OTPE3OK  OpAUHATEHI,
OTCEKaeMbIi 2TOM TpsAMOM, mgaeT 3HaueHue [/M,
o0paTHOE MUIIEIIIPHOM Macce.
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B HekoTOphIX ciydasx, Korgja H3MepeHusd
NpPOBOJAT B  pacTBOpaX, KOHIIEHTPALMs KOTOPBIX
sHauntenbHo Oosbme KKM u 1o<<t, mpm pacuere
MOXHO TIpeHeOpeub 3HAYeHHAMH Co M To. loraa
ypaBHeHue (14.1) MOXKHO HanMcaTh Tak:

H 1

e _ 2 L oac (14.3)
T M

MyTHOCTB paBHa CBETOBOM SHEPIHUH,

paccenBaemoii 1 cM® pacTBOpa BO BCEX HAIpPaBICHHMSIX,
OpU UWHTEHCUBHOCTH MAaJaloUlero CBeTa, paBHOU
CIUHHUIIE.

Jns  ompeneneHuss  MyTHOCTH — MPUMEHSIIOT
HedenomeTp, O3B OJISIOIIUI COTOCTaBUTH
WHTCHCUBHOCTh  CBETAa, PACCESIHHOT'O  KOJUIOHIHBIM
pactBopom mox yriom 135° k maparomemy cBery, c
WHTCHCUBHOCTBIO CBETa, HAYIIETO OT CTaHJAPTHOM
MYTHOM TMJIaCTUHKH — pacceuBarens. OmpezneneHue
OCHOBAaHO HAa YPaBHUBAHUU C TIOMOIIBI0 U3MEPUTETHHBIX
JMarpaMM CBETOBBIX TOTOKOB, HAYIIUX OT pacTBOpa M
pacceuBarens. s aToro nuadparmy Ha IMmyTH CBETOBOTO
MOTOKAa OT PAacCTBOpa TMOJHOCTbIO OTKPBIBAIOT U
MOCTENIEHHBIM 3aKpPhITUEM €€ JOOMBAIOTCSI PaBEHCTBA
CBETOBBIX NMOTOKOB. [Ipy paBeHCTBE CBETOBBIX ITOTOKOB:

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

I7I€ T - MyTHOCTb UCCJIEAYEMOI0 PACTBOPA, Tp — MYTHOCTh
pacceuBaresnsi, Np — CTENEHb PACKPBITHS AUadparmol.

Ecnu pacceuBaresnb MpeABapUTEIIBHO
OTrpajyupoBaTh MO 3TAJOHHOW MPU3ME C H3BECTHOM
MYTHOCTBIO, TO IO pe3yjibTaTaM HedeIOMETPHIECKIX
M3MEPEHUN MOXKHO BBIYHUCIUTH MYTHOCTh pacTBOpa B
OTHOCHUTEIBHBIX €ANHUIIAX.
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PaBeHCTBO CBETOBBIX IOTOKOB, MAYIIHUX OT
STaJIOHHOW MPU3MBI U OT PACCEUBATENS MOXKHO BBIPA3UTh
YpaBHEHHEM:

7,,-100=7,-n (14.5)

[ToncraBnsist 3Hauenuwe T, u3 (14.5) B (14.4)
MO>KHO MOJYYHUTh YpaBHEHHE JJIsl BBIYMCIEHUS MyTHOCTH
pacTBOpa B a0COMIOTHBIX €JUHHIIAX:

p,om

r=7, —" (14.6),
n

p,om

I71€ Np,5r — CTENIEHb PACKPBITHA AUAa(ParMbl.

Yempouvicmea negpenomempa.

6
7 8

1 * A 50 Q

I

9 1 1

(==

6

CperoBoii mOTOK OT Jamnbl | majmaer Ha
MPO3payHyl0 IJIACTUHY 2 , B KOTOPOH mOMeIaercs
KIOBETa C uccieayeMbiM pactBopoM. CBeT, paccesHHBIM
KOJUIOWJHBIMM  dYacTuuamu, mnox yrmom 1359 «k
najaroumemMy, Opoilas dYepe3 JMH3Y S5 , MOMNaJaeT B
dboToMeTpuyeckuii y3enm mpubopa u 00yClIaBIMBAaET
SPKOCTb OJHOW IOJIOBMHBI MOJIS 3peHus. Jpyras yactb
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CBETOBOI'O  IIOTOKA, OTpaXeHHas OT  IpO3pavyHOn
MJACTUHKK 2 , Tlonajaer Ha pacceuBatens 4. Caer,
NpOLIEAIINNA 4Yepe3 pacceuBarenb M JIMH3Y 5, Takxke
nornajgaer B (oTOMeTpUuUecKMil  y3eln, MPOXOIUT
U3MEpHUTENbHbIe AuagparMel 6, Kaxkgas M3 KOTOPBIX
CBsI3aHA CO CBOMM OTCYETHBIM OapabanoMm. O0a moToka,
npoias OOBEKTHBBI 7, mpu3Mbl §, (HOKYCHPYIOUIYIO
muH3y 9, ceetodunbTplO u okynsap 11, monanarot B ria3
HaOmroatTess, KOTOphI BUAMUT ToJe 3peHus B (opme
Kpyra, pas[elIeHHOro BEpTUKAJIbHOH JmHUEH. SpkocTh
JEeBOI  TOJOBHMHBI  IOJII  3pEHHMS  OHpeAelsiercs
MHTEHCUBHOCTbIO ~ CBETa,  HPOLIEJUIETO  IPaBYIO
nuagparmy. OTcuer BeyT 110 YepHOH mikaje 0apabaHOB,
nokaspiBaroniell (B %) oTHOIIEHUE TUIOWAAN AUadparmbl
OpU JTAHHOM PAacCKpbITUM K IUIOIAAM MaKCHMAaJbHOI'O
PacKpbITHS THa(QparMsi.

14.3. OBBEKTHI 15 CPEJICTBA
NCJIIEJOBAHUN L.

14.3.1. Hedenomerp HOM c
YIABTPATEPMOCTATOM.

14.3.2. KroBera.

14.3.3. ITunerku.

14.3.4. PactBop monmeumicynbdaTa HATPHUS HIH
CHHTAHOJIA.

14.3.5. luctmiumnpoBaHHas BOJA.

14.4. TIOATOTOBKA K PABOTE.

14.4.1. BkouuTtb Hedenomerp.

14.4.2. B xwoBery HamuTh 20 MJI ucCCIETyeMOro
pacTBOpa M TIOMECTUTh B KaMepy HedermomeTpa ¢
JUCTUJUTMPOBAaHHOM BOJIOM Ha 15 MuUHYT.
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14.5. IPOTPAMMA PABOTBI.

14.5.1. OTkpbITh TUadparmy, pacnoaoKEeHHYIO Ha
nyTu cBeroBoro notoka. [lokasanust OGapabaHa JOKHO
ow1TH 100.

14.5.2. TlocremenHo 3akpbiBasi auagparmy,
HaXOJSIIYIOCS Ha MYTH CBETOBOTO MOTOKA, MIYIIEro OT
paccenBatensi, JOOUTHCS OAWHAKOBOH OCEIIEHHOCTH
000MX IMOJIOBUH TOJISI TPUOOpA.

14.5.3. 3anucaTh 3HaueHue Ny COOTBETCTBYIOILLET O
OapabaHa.

14.5.4. IIpoBectu nsmepenue 4 paza u BBIYUCIUTH
cpenHee 3HaueHHE Np.

14.5.5. OT1obpaTth U3 KiOBeTbl 4 MJ pacTBopa u
100aBUTH TyAa 4 MJI AUCTUIUTUPOBAHHON BOJIBI.

14.5.6. Uepes 15 MHUHYT MPOBECTH
YEeTHIPEXKpPaTHOE H3MepeHue Np. BeMucouTh cpemHee
3HAYCHUE.

14.5.7. IlpoBectn emie Tpu pa3zbaBiIeHUS U
U3MEPEHHSI Np.

14.5.8. ITo popmymne (14.5) paccuntaTh MyTHOCTh
UCCIIEyeMbIX  PACTBOPOB, 3HAYCHHUS Tor W Npor
YKa3bIBAIOTCS JTa0 OpaHTOM.

14.59. TIlo d¢opmyne (14.2) BBUHUCIUTH
koHcTanty H  (3mauenme  dn/dc  ykaswiBaercs
71a00pPaHTOM).

14.5.10.3anomauTs  TAbAMIy  pacyeTHO -
OKCIIEPUMEHTAIBHBIX TaHHBIX.

Tabnuia pacyeTHO-IKCIEPUMEHTAIBHBIX JAHHBIX

Konuenrpanus Crenens  packpbitust | Mythocts, | He/t
pacTBopa, Jauadparmel, Np
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14.5.11. Ilo naHHBIM TaOJHUIIEI TOCTPOUTH TPpaduK
3aBUCHUMOCTH HC/T OT KOHIIGHTpAIMH W, SKCTPATIOIHPYS
OPSIMYIO JIO OCH OPJIMHAT, OMPEACIIUTh MHUICIUIIPHYIO
Mmaccy [TAB B pacTtBope.

14.6. KOHTPOJIbHBIE BOITPOCHI.

1.0cobennocTu OITHUY €CKUX CBOICTB
KOJUIOUJHBIX PacTBOPOB.

2. PaccesiHue cBeTa KOJUIOUAHBIMU PACTBOPAMM.

3. [Tornomenue cBeTa KOJUIOUHBIMHU
pacTBOpaMH.

4. IToHsiTHE MYTHOCTH KOJUIOMHBIX PACTBOPOB.

5. PacTtBOpel  KOJJIOMJHBIX  ITOBEPXHOCTHO-
AKTUBHBIX BELIECTB.

6. MunennooOpa3zoBanue B pactBopax I[IAB.
Kputnueckas KOHIIEHTPALUS
murnesuioodpaszoBanus. Touka Kpadra.

7.®@axropsl, Biustomue Ha KKM.

8.YcTpoiicTBO HedemomeTpa.

JIABOPATOPHAS PABOTA Nel5
OYNCTKA 30JIEM METOJIOM INAJIN3A

15.1.11eap padoOTHI: 0O3HAKOMHUTHCA C METOIAMH
OYHMCTKH 30JIcH.

15.2 TEOPETUYECKWE CBEJEHU .

Jing  OYMCTKH  KOJUIOMJHOIO  pacTBopa  OT
NnpUMece HMOHOB TMPUMEHSIIOT METOJ, Ha3bIBAEMbIH
nuanu3oM. CyHIHOCTh JIMain3a 3akKI4yaeTcs B TOM, YTO
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KOJIJIOUHBIA PAcTBOpP C COAECPXKAIIMMHUCSA B HEM HOHAMH
oTHeNsieTcss  OT  YUCTOro  pacTtBopuTens  (BOJbI)
MOJIYITPOHHUIIAEM O MeperopoIKon (MemOpaHo¥t).
MoJiekynbl W HWOHBI, O0JIAJalOIIMEe CIOCOOHOCTHIO
MIPOHUKATh Yepe3 TaKyl IEeperopoyKy, MHEepexosT B
pPacTBOPUTEIb, IIOKA HE YCTAHOBUTCS PAaBHOBECHE MEXIY
KOHILIEHTpAaIle MOJIEKYJl U HOHOB IO 00€ CTOPOHBI
neperopoaku.  OOHOBISA ~ pacTBOPUTENb,  MOXKHO
TOOUTHCSI OYMCTKH 30JIeii OT IpuMeceii.

JUis  nuanu3a  TMPUMEHSIOT —MOJYHPOHHUIAeMBbI e
MEPEeropoaKH, HU3TOTABIMBAaEMble U3  KOJUIOUJTHBIX
IUIEHOK, TUIEHOK U3 alleTUJILENIIoN03bl, LeanodaHa.
Hapsiny ¢ 3TMM HCHOJb3YIOT €CTECTBEHHbIE MEMOpPaHbI
U3 CBUHOTO UJIU ObIYbEro my3bips. i npuianus nieHke
Oomplieil  MPOYHOCTH €€  W3rOTaBIMBAIOT U3
MEPEYNCICHHBIX MaTEepHalioB Ha TOPUCTOW OCHOBE
(Hanmpumep, Ha GUITHTPOBATHLHOM Oymare).

YToObl MPUTOTOBUTH IJIEHKU, CTEKJISIHHBII COCY/1
HAIOJHSIIOT PacTBOPOM KOJUIOAUSA (CUPTO-3(pUpHBIN
pacTBOp HUTPOKIETYATKH). 3aTeM PACTBOP MEMJICHHO
BBUIMBAIOT, BpAIllasi COCY/l TaK, YTOOBI OCTATOK KOJLIOIMS
PaBHOMEPHO pacHpeenniIcs 110 CTEHKaM U JaloT CIUPTY
u »pupy ucnaputhbcs. Korma umcuesner 3amax s¢upa,
COCY/l HECKOJIBKO pa3 OIMOJIACKUBAIOT IU CTUILIMPOBAHHOM
Bozmoil. [lomyuuBHIyIOCS Ha CTEHKax cocyAa IUIEHKY
MOJPE3aloT Yy Kpas W HAIMBAIOT MEXAY CTEKIOM H
IJIEHKOM Boxy. IlieHka mocCTeneHHo oTcTaer OT cocyna,
U €€ BBIHUMAIOT.

JUis u3roroBiieHus: Oojee MPOYHBIX (UIBTPOB,
OyMakHbIii  (UIBTp BKJIAABIBAIOT B  (GaphopoByIO
BOPOHKY C IIJIOCKUM NOpPUCTBIM AHOM. HanmuBaroT Ha
BOPOHKY T'OpsAYYI0 BOAY M JAKOT €l creub. Ha MOKpbI
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(GUIBTP HAJIMBAIOT MOJOTPETHIM KOJUIOAWH, PAaBHOMEPHO
pacrpeneisaioT ero Mo MOBEPXHOCTH, a OCTATOK CIMBAIOT.
[Tocne mpocymmBaHus MICHKH (5 MUHYT) HaJMBAIOT €1
OJIMH CJIOW KOJIJIOAMSI U CHOBA BBICYIIMBAIOT (20 MUHYT).
[Toncoxmmii puIbTp BEIHUMAIOT U3 BOPOHKH.

15.3.O0bbEKThI nu CPEACTBA
NCCIIEJOBAHUA.

15.3.1. nanuzatop.

15.3.2. PactBOp nopa.

15.3.3.PactBOp HHUTpaTa cepebpa 1H.

15.3.4. PactBop cynbdata kamust 1 H.

15.3.5. PactBOp xmopuaa 6apust 1H..

15.3.6. 301 Tanuna 2% u 10%.

15.3.7. 301 xxenatuna 1% u 3%.

15.3.8.PactBOp xnopuzaa vatpus 10%.

15.41I0AI'OTOBKA K PABOTE.

15.4.1. CobpaTth mpuboOp 1Jis 1UaIn3a.

]

e Bl
,@» e &
— 2@ ¢ & \J

£

4

2

Puc.15.1. [dnamuzatop. 1. BopoHka, 2 —
MeMOpaHa, 3 — KpaH JIJis ClIMBa BOABL, 4 — BOJA.
15.4.2. B mmpokuii cocy HAJMTh BOAY.
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15.5.TIPOTPAMMA PABOTHBI.

15.5.1. imanu3 30/15 JKeJIaTHHA.

15.5.1.1.B  BopoHky Haimute 1%  pactBOp
KeJaTHHa U J00aBUTh K HEMY 2 MJI pacTBOpa XJIOpuaa
HaTpUSs.

15.5.1.2. Yepe3 2 yaca 0TOOpaTh MOPLHIO BOABI
W3 MIMPOKOr0 CTakaHa M TMPOM3BECTH MPOOBI HA HOHBI
cepeOpa pacTBOpoM HUTpara cepedpa (Oenblii 0cagoK) U
Ha xematuH 10% pacTBopoM TaHWHA (M3MEHEHHE
OKpPacKU TaHUHA).

15.5.1.3. OtoOpate eme aBe mpoObI Yepes
[10J19aca U 3alucaTh pe3yIbTaThl OIBITOB.

15.5.2..Inanu3 3019 Kpaxmasa.

15.5.2.1. JloGaBuTh B 301b Kpaxmajia 2 MI
cysbdara Kajaus U BIUTh B BOPOHKY C MEMOpPaHOM.

15.5.2.2.Yepe3 yac oroOpaTh MOPIHMIO BOIBI M3
IIMPOKOT0 CTaKaHa W CAeNaTh MpoObl Ha cynb(aT HOH
(xmopugom Gapust — 0CaJioK) U Ha Kpaxmais (pacTBOPOM
Mo/Ia —CUHSIS OKpPacKa).

15.5.2.3. 3anucate pe3yJibTaThl ONBITOB.

15.5.2.Cnenath BBIBOABI O padoTe.

15.6. KOHTPOJIbHBIE BOITPOCHI.

1. CymHoCTh METO/IA TUATN3A.

2.MoneKysIpHO-KUHETHYECKHE CBOMCTBA
nucnepcHeix  cucteM  (bpoyHOBckoe — ABMXKEHUE,
muddysus, ocMoc).

3. OcMmoc Kak OCHOBa METOJOB OYHCTKH
JTUCIIEPCHBIX CHCTEM.

4 Mem0OpanHoe paBHOBecHe JloHHaHA.

JIABOPATOPHAS PABOTA Nel6.
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OINPEJEJIEHUE CTEIIEHM HABYXAHUSA
BBICOKOMOJIEKYJIAAPHBIX (BMC)
COEJIMHEHMUIA.

16.1.11eab paGoThI: U3YyYUTH SIBICHUE HAOYXaHUS
BMC, wuccinenoBartb HM3MEHEHHE CBOICTB pacTBOPOB
BMC B 3aBucumocTtu ot pH.

16.2.TEOPETUYECKUWUE CBEJEHHMA.

K BMC (monumepam) OTHOCATCSI MHOTHE
BEIIECTBA, HMMEIOIIME Ba)XHOE HApPOJIHOXO3SIMCTBEHHOE
3HaYeHHe. DTO CHHTETUYECKHE BOJIOKHA. ILIACTMAcCCHl,
KaydyKd, TIOYTH BCE MaTepuajbl JKHUBOTHOTO U
PACTUTEIBHOI'O TPOU CXOXKIEHUS.

XapakrepHoit ocobennocteto BMC  sBnsercs
HaJIM4yue [JIMHHBIX LENHBIX MOJIEKYJ, 00pa30BaHHBIX
3BEHbSIMH OJUHAKOBOTO WJHM PAa3lIWYHOIO COCTaBa C
MOJIEKYJIIPHBIM BECOM OT HECKOJbKHUX THICSY 10
HECKOJIbKMX MHJUTHOHOB €IWHUIL.

Brone 1menu artomMbl CBsI3aHBl KOBAJEHTHBIMU
CBSI3SIMU, a MEXY LEeMsIMH BO3HUKAIOT
MEXMOJIEKYJISIpHbIE CUJIBI B3auMOJEWCTBUS Tuma Bau-
nep-BaanbcoBbix.  Llemn  moryr  OBITb  CBSI3aHBI
MONEPEYHBIMU XUMUYECKUMH CBSI3SIMH, TOTJIa TTOJUMEPHI
MOTYyT HUMETb CTPOEHME IPOCTPAHCTBEHHOM CETKHU.
CBoiicTBa OTMMEPOB 3aBUCAT OT JJIMHBI LIENH, TPUPOIBI
aTOMOB, BXOJISIIIINX B COCTaB MOJIEKYJIbI, pacipeeieHUs
aTOMOB B I1I€MH, B3aUMOJCHCTBUS MOJIEKYN C
OKpY’KAIOIEH CPpeion.

3BeHbss MonekyysipHod nenu BMC ob6maparor
CHOCOOHOCTHIO K OFPAaHMYEHHOMY  B3aUMHOMY
BpAIllCHUIO  BOKPYr  BaJeHTHBIX  CBs3ed,  4YTO
00ycaBIUBaeT TMOKOCTBH LIEIH.
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Onny u3 ocHoBHbeIX rpynn BMC cocraBistor
Kay4yKoIo00HbIE BEIIECTBA - 3JIACTOMEPHI, CITIOCOOHBIC
K OompmuMm oOpatumbiM  nedpopmanusM. Bce oHH
colepkaT JJMHHBbIE IeNHble  MoJekyibl.  Ecmu
JIOIYCTUTh, YTO 3BEHBS  MOTYT BpalaTbCsi BOKPYT
BAJICHTHBIX CBSI3€M, TO I OAHOM M TOW K€ MOJEKYJbI
BO3MOXKHBI pa3iMuHble KOH(pUrypauuu. B moiHOCTBIO
BBITSIHYTOMU LIEMH PACCTOSIHHE MEXAY HauallOM U KOHIIOM
ee OyleT MaKCUMAaJIbHBIM.

B cBepHyTOll e paccTosHUE MEXAY KOHLUAMU
MEHBIIIE U OHO MOXET OBITh JOCTUTHYTO OOJbIIUM
YHUCJIOM CIIOCOOOB, 3TO O3HAYAET, YTO TAKOE COCTOSHHE
MoJiekyn Ooznee BepoaTHO. Ilpu pactsxeHun ruodkue
Mosiekyisl BMC  BeIIpAMISIOTCS, W, TEM CaMbIM,
NEepPEeXOIsT B MEHEE BEPOSITHOE COCTOSIHUE, I0ATOMY OHU
CTpeMsiTCS BEpHYThCS B Oonee BeposiTHoe. Tak Kak
pa3HUIIAa B PACCTOSHUU  MEXKIYy KOHIAMU JUIMHHBIX
1erne B CBEpHYTOM U Pa3BEPHYTOM COCTOSHUHM BeJMKa,
a CWIbI, BBI3BIBAIOIINE CBEPTHIBAHUE, CPABHUTEIHHO
HEBEJIMKH, TO JIMHEHHBIC TMOJUMEPHI CIIOCOOHBI K
OoNpIIMM  OOpPAaTUMBIM  pAaCTSDKEHUSAM. BeposTHOCTb
JAHHOTO COCTOSIHUSI CHUCTEMBl CBsI3aHA C OJHTPOMHEH
CHUCTEMBI: UeM OO0JIbIIIe BEPOATHOCTh JAHHOTO COCTOSIHUS,
TeM OoJjblne 3HTponus. PacTsaHyToe cocTosiHHME MeHee
BEPOSITHO, YEM CBEpPHYTOE, MOATOMY IpPU PACTIKEHUU
SHTPONUS CUCTEMbI YMEHbBILAETCA.

Bropyto rpynny BMC mnpencrasisitor 6enaxu u
HYKJIEHMHOBBIE KUCIOTHl. OHU UTPAIOT OCHOBHYIO POJIb BO
BCEX OKM3HEHHBIX TMpOIeccax H  SBISIOTCS TEMH
BELIECTBAMU, C KOTOPBIMU CBSI3aHO CaMO TIOHATHE
“¥Xu3Hb . benku SBIAIOTCA OCHOBHBIM CyOcTpaTOM
)ku3HU. OHHM BXOJSIT B COCTaB BCEX JKUBOTHBIX U
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PaCTUTENIbHBIX OPraHU3MOB M MIPAIOT OCHOBHYIO pOJIb
BO BCEX JKM3HEHHBIX IIpoueccax. belku sBIsAOTCA
BBICOKOMOJIEKYJISIPHBIMU COEIMHEHUIMU u
OTHOBPEMEHHO COJEpPKAaT HOHU3HMPYIOIIME TPYIIbI, TO
ecTb 00JaJaloT CBOWCTBAMH TMOJHMAJIEKTPOJIUTOB: OHH

MPOSIBIISIIOT pan crenupuIecKux KOJUIOMHO-
XUMHUYECKUX CBOICTB. benxn 3TO "Hanboiee
pacnpoCTpaHEHHbIE MOJIUAJIEKTPOIUTHI. I[Tomumo

kucnoTHeiX  rpynmn(-COOH) Oenku comepkaT eme U
ocHoBHble rpynnbl (-NH2) u gpyrume. OHu ob6namaroT
aM(OTEpHBIMU CBOMCTBAMH, CIIOCOOHBI THCCOIMUPOBATH
B BOJIHBIX PacTBOPAxX KakK KHUCIOTHI U Kak ocHoBaHwus. [1o
ATOW MPUYMHE UX MOKHO CYUTATh aM(OJIUTaMHU.

B HeliTpabHOM COCTOSIHMM OCIIOK CYIIECTBYET
B BHJIe aM()OTEpPHOr0 OUITOJISIPHOT'O HOHA

NH"3
R
COO-
pUYeM, BO3MOXKEH MepexoJl U3 OIHOW (OpMBI B
Ipyryro. AMGOTepHBI HOH 3apspKaeTcs B KUCIOW cpele
MIOJIOKUTENBHO IO CXEME:

NH*3 NH*3
| |
R + H* —> R
| |
COOr COOH
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a B IIEJIOYHOW OTPUIATEIBHO:

NH*3 NH>
| |
R + OH — R + HO
| |

COOr COO

XapakTepHOH 0COOEHHOCTBIO CTPOCHHUS MOJIEKY I
0enKoB ABJISIETCS ux CrypaybHast ¢dbopma.
MakpoMoeKyibl 0eJIKOB dbopMupyroTcs u3
AMUHOKHUCIIOT, KOTOPbIE MOTYT OBITh BBIpaXKEHBI 00IIEH
bopmymnoii CHNH2COOH, rze R -
YIJIE€BOJOPOAHBIN  panukan. Ilpu  B3aumMojercTBUU
KapOOKCHJIbHBIX M aMUHOTPYIIIT 00Pa3yrOTCs MENTUTHBIE
cBsizu -NH-CO, kotopbie (pOpMUPYIOT MOJUTIEHTHIHBIC
ey OEJKOB.

B MaKpOMOJIEKyJaX  OenmKoB BO3MOXHO
pa3sIMYHOE  COYETAaHHWE  TOJUICNTUIAHBIX  I[CMeH,
dopmupyronmxcs Bcero u3 20 mpocThIX aMHHOKHCIIOT.

[lonmunentuaHas  wenb  MOXET  NPUHUMATH
MHOXXECTBO  MHUKPOCKOIIUYECKUX  COCTOSHUH,  UTO
o0ecrneurBaeT MHOIr000pas3ue OEnKoB.

[Momunentuaupie 1enu oO0Pa3ylOT MEPBUYHYIO
CTPYKTYypy O€NKOB, MOX KOTOpPOH MOoJIpa3yMeBaeTcs
KOBaJIGHTHAasl CTPYKTYpHas OCHOBAa MAaKpOMOJIEKYJT H
OINpeJeleHHasl MOCIeA0BATEIbHOCTh AMHHOKHCIOTHBIX
OCTaTKOB.

benku B X €CTECTBEHHOM COCTOSHUU HAa3bIBAIOT
HATUBHBIMU, a WX KOJUIOWJHBIC CBOWCTBA 3aBUCIT OT
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CTPYKTYpPhl MaKpOMOJIEKYII: PAa3INYaroT IIO0YISIPHYIO H
GUOPHIUIIPHYIO CTPYKTYPY OCJIKOB.

MaxkpomoseKyJisl GuOpHIIApHBIX ~ OENKOB
MPEACTABIAIOT COOON MONUIIENTHAHBIE 1IETIH, BHITSHYTHIE
BJIOJIb OfHOM ocu. OHM OOBIYHO HEPACTBOPHUMEI B BOJIE.
B opranusme ¢pubpmiisipasie OEIKH 4acTO BBITOJIHSIOT
MexaHnueckue  ¢yHkmuu.  Tak,  Hampumep, K
GubpHIUIIpHBIM O€JIkaM OTHOCATCS KOJUIareH U JKeJIaTUH
- COCTaBHbI€ YAaCTU KOCTEW U CYXOXKHWIMM, MHO3UH -
BXOAUT B cocTaB MbIml. benku, crnocobHble K
00pa3oBaHMIO TJIOOYJ, Ha3bIBAIOTCS TJI00YJISPHBIMHU.
I'moOynsipHble OENKU XapaKTEepU3yIOTCs CHELUPUUECKON
dbopMoOii  CBepThIBaHUS  TOJUICNTHAHON IeNU B
IIPOCTPAHCTBE. CBEpHYyTas (GopmMa MOJEKYJI W HaJIudue
OOJBIIOrO0  YHMCJIAa  BOAOPOAHBIX  CBSI3eH  MEXAY
NEeNTUAHBIMU M JPYTUMHU TOJISIPHBIMHM T'PYIIaMH Kak
BHYTPU KaXJOW LeNH, TaK U MEXAY OTIEIbHBIMU
HEeMsIMH MPUIAET UM OOJNIBIIYI0 KECTKOCTh CTPYKTYPBHI.
[ToBbllIeHHE BJACTUYHBIX M IUIACTUYHBIX CBOWCTB B
Oenkax MOXeT OBbITh JOCTUTHYTO  IOBBIIICHHEM
TEMIIEpAaTypbl MJIM BBEIEHUEM BOJABI, OCIAOJAIOIIEH
BOJOPOAHBIE CBSI3H. KOJUIONTHO-XUMHYECKHE CBOMCTBA Y
TJI00YJISIPHBIX OEJIKOB MPOSBIISIIOTCS B OONBIIEH CTENeHH,
4eM y GUOPHILISAPHBIX.

B opranuzanuu rinoOyn 0enkoB — BaXKHEUIIMMU
BHYTPUMOJIEKYJISIPHBIMA B3aUMOJICUCTBUSIMU  SIBJISIFOTCS
ruipooOHBIE. bonbas 4acThb HOJIIPHBIX
rUApOoQUIbHBIX ~ LEHTPOB  MAaKpOMOJEKYJl  OeJKoB
HaXOAUTCA CHAapy)XKd TIJI0OOYyJ, 4TO M OmpenessieT ux
rUApOUIBLHOCTh, XOPOIIYI0 PACTBOPUMOCTH B BOJAE U
BBICOKYIO PEaKIIMOHHYIO CIIOCOOHOCT.
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['noOynsipHble OenKH  colepKaTcs B  KpPOBH,
mumde, mnpoToriazMe KiIerok. K HHM  OTHOCATCS
anbOyMUHBI U TJIO0YJIMHBI CHIBOPOTKH KpoBHU. '1aBHas
0COOEHHOCTb 0enKoB, OIpeenstonas ux
HHIAUWBUAYAJIbHOCTD, 3aKJII04YacTCA B CIIOCOOHOCTH
CaMOIIPOM3BOJIBLHO (OPMHUPOBATH TTOMUMO TEPBHUYHOMN
IPOCTPAHCTBEHHYIO CTPYKTYDPY, CBOHCTBEHHYIO TOJIBKO
JaHHOMY O€JKy, 4YTO MOXXHO OXapaKTepu30BaTh Kak
CBOEOOpa3HYI0 CaMOOPraHMU3aIMIO CTPYKTYphl. CoriacHo
KOHIETIINH CTPYKTYPHO-(YHKIIMOHAIBHOH OpraHu3aiun
OeIKOBOH MaKpOMOJICKYJIbl, HATHBHAs  TpeXMepHas
CTPYKTYpa MaKpOMOJICY T Oenka MOJTHOCTBIO
OIPEAEISIETCS] AMHUHOKHCIOTHOW MOCIIEN0BATENbHOCTHIO
Y OTBEYAE€T MUHUMYMY BHYTPEHHEH 3HEPruu, a Ha BCEX
CTaJUsIX CaMOIIPOM3BOJBLHOTO CBEPTHIBAHUS OEIKOBOM

Lenu npeodIagarT BHYTPUMOJIEK YJISIPHBIE
B3aMMOJICHCTBUSL BAJICHTHOHECBSI3aHHBIX AaTOMOB HAJl
MEXMOJIEKYJISIPHBIMHU B3aUMO/IECCTBUSAMM.

BryTpuMoneKynsipHble B3aUMOJEHCTBUS PEaTU3YIOTCS
3a CYeT BOJOPOAHBIX CBSI3€H, BaH-IEP-BAaajJbCOBBIX M
ANEKTPOCTATUYECKUX CHIL.

XuUMHUYECKHE CBOWCTBA OEJIKOB OMNPEIEISIOTCS
CTPYKTYPHOM OpraHu3annei MakpoMoseKyn 0enkoB. s
O0enkoB HamOoJiee XapaKTEpHBI CIEAYIONe (U3HKO-
XMMHYECKHE CBOMCTBA: BBICOKas BS3KOCTb PacTBOPOB,
He3HauuTeabHass Tuddy3usi, cmocoOHOCTh K HAOyXaHHUIO
B MIUPOKUX TIpENeNax, ONTHYEeCKass aKTHBHOCTD,
MOABWKHOCTh B DJEKTPUUECKOM  IIOJIE, HHU3KOE
OCMOTHYECKOE JaBJIE€HUE U BBICOKOE OHKOTHYECKOE
napneHue. Ilox nmericTBHEM pPa3aMYHBIX (U3HYECKUX H
XUMHYECKUX  (aKTOPOB  TPOWCXOAUT  HU3MEHEHUE
CTPYKTYphl MaKpoOMOJIeKyn Oejlka ¥ CBOWCTB €ro
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pactBopoB. K umcmy Takux HW3MEHEHHUN OTHOCUTCS
neHatypauus. JleHaTypauus MakKpOMOJIEKYJ OeJIKOB,
HaxoJIIUXCS B HATHBHOM COCTOSHHM, CBf3aHa C
HapylleHueM KOH(pOpMaIH MOJIUNENTUIHON e U UX
BHYTPUMOJIEKYJIIPHOIO B3auMoOJeiicTBUs 0e3 paspbiBa
NOJUMNENTUIHBIX CBsi3el. B pesynbTaTe cHMXKaeTcd UM
yTpauuBaeTrcsd BOOOIIEe Ouosiornyeckass aKTHUBHOCTh
Oenka. bonpmmHCTBO 0O€NKOB  J€HATYpUpPYeT IIpH
HarpeBaHuy UX pacTBOpoB Bhie 50-60°C.

MexaHu3M JeHaTypalud BKIoyaeT B cels
pa3pblB  ClaObIX CBA3€H BHYTPU MaKpPOMOJIEKY]I H
paspylleHHEe HATUBHON CTPYyKTypbl Oenka. PactBopsl
0enkoB, Kak U pactBopsl Apyrux BMC, kpome cBoiicTs

JIeHATypaluu, o0JagaroT TMO(PHITbHBIMU
(ruIpoUIILHBIMH ) CBOMCTBaMHU, CJIEIOBATEIIBLHO,
SBIISIIOTCS TEPMOJUHAMHUYECKU YCTONYHUBBIMU

cucreMamu. ['uapodunbHOCTE OENKOB Ompenessier ux
CIOCOOHOCTh K  TIOTJIONMIEHUIO  KUAKOCTH  (BOJBI),
HaOyXaHUIO U 00pa30BaHUIO CTYIHEH.

Makpomorniekynsl BMC npu B3aumMopencTBuu ¢
pacTBOpHUTENSIMH crIOcOOHBI K HaOyxanuro. HaOyxanue-
3TO yBenuueHue wmaccsl U odbema BMC 3a cuer
MOTJIOIIEHUS HU3KOMOJIEKYJISIPHOM KUJKOCTH.
HalyxaHue compoBOXIAeT 3>KU3HENEATEIbHOCTh BCEX
pPacCTUTENbHBIX M JKMBOTHBIX OpraHu3moB. [IpuunHoi
HaOyxaHUs SIBJISIETCS nudy3us MOJIEKYJI
pacTBOPSIEMOr0 BEIIECTBA B PacTBOPUTENb M, HA00OPOT,
yeMm Ooubiie Mosiekyssipabii Bec BMC, tem memiennee
UJET MpoLecc HabyXaHUsl U pacTBOPEHHUSL.

HaOyxanue mpoTekaer B HECKOJIBKO CTaui.
[lepBast cragms cBsizaHa ¢ jauddys3meir  Momekyn
pacTBopuTensi B Makpomosiekylisl BMC, conbBaTanueit
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TUX MOJEKYJ, a TaKXkKe C Pa3pblBOM Cla0bIX CBs3ei
MEXAYy MakpoMmolsieKylamu. B pesympTare  3TOro
NOJSIPHBIE  MOJIEKYJIBI ~ pacTBOpUTENss  00pa3yioT
COJIbBATHBIA, @ B CJIy4a€ BOJBI-THAPATHBIM CIIOM.
Bcenencteue CoJIbBaTallMH u OTTaJKUBAHUS
OJTHOMMEHHBIX 3apsA70B COJbBaTHBIX CIIOEB PBETCS
crnabast CBSI3b MEXIY MOJIEKYyJIaMH.

Ha BTopoii craguu npoucxoaut nuddysus camux
MaKpOMOJIEKYJI UJIM UX 3BEHbEB B pacTBOp. B pesynbrate
pa3pbiBa cIalbIX CBsA3el MaKpOMOJIEKYJIbl IPUOOpETaoT
CcocoOHOCTh MU YyHAUPOBATH B pacTBOP.

HalyxaHue - TUIIMYHOE KOJUIOWIHO-XUMHUYECKOE
apieHre. OHO MPOMCXOAUT C BBIIEJICHHEM TeIlia. DTO
clenyer u3 OCHOBHBIX TEPMOJAMHAMUYECKUX
IpeiCTaBICHUH 00 OTKPBITBIX CHUCTEMax, JJIsl KOTOPBIX
XapaKTEpHO COOTHOILIECHHE:

AG<AH-TAS wm dG<dH- TdS

Ha nepBoii ctaguu nporecca SHTPOIHS CUCTEMBI
MPAKTUYECKU HE U3MEHSETCS.

ITo »Tol mpuuunHe cHUXeHUe 3Heprun ['md0ca B
CaMOIIPOU3BOJILHOM IIpoliecce, K KOTOPOMY OTHOCHTCS
HaOyxaHWe, TPOM3OWAET 3a CYET  YMEHBIICHHUS
SHTAJBIIUU. YMEHbIIEHHE SHTAIbIMM Ui H300apHO-
M30T€PMUYECKOr0 Mpolecca 03HavaeT BhIJEIEeHHE TeIa,
TO €CThb SBJIAETCS HK30TEPMHUUECKUM IporeccoM. B
pe3yJibTaTe ocnabaeHus CBSI3U MEXAY
MaKpOMOJIEKYJaMH Ha BTOpPOH cTaguu HaOyXaHHs
Oecrops/IoOK YBEJIMYMUBAETCS, a 3TO MPUBOIUT K POCTY
SHTPOIHH.

HabOyxanue MoXer OBITh OrpaHMYEHHBIM U
HeorpaHnueHHbIM. HaOyxaHue He Bcerja 3aBepuiaercs
pacTBOopeHreM. Bo MHOTUX ciy4asx 1mocie JOCTHXKEHUS
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HEKOTOPOH CTereHn HaOyXxaHus MpPOoIecC MpeKpaIaercs.
[IprunHa TaKoro siBJieHUs 3aKiItodaercs B ToM, 4to BMC
U PacTBOPHUTEINb CIIOCOOHBI CMEIIMBATHCA OPAHUYCHHO.
B pesynbrare, mocie YCTAaHOBJCHHS pPaBHOBECHS,
cucrteMa OyAeT COCTOSTh U3 JABYX COCTaBJISIOIIUX:
HACBIIIEHHOI O pacTBOpa BBICOKOIIOJINMEPA B
pacTBOpHTENE (COOCTBEHHO PAacTBOP) U  HACBILIEHHOI'O
pacTBOpa pacTBOpUTENS B BBICOKONOJIMMEpPE (Telb,
CTYJICHB).

[Tpu orpannueHHOM HaOyXaHUH MaKpPOMOJIEKYJIBI
MOTJIOIIAKOT KUJIKOCTh, HO B HEH He pacTBopstoTcs. B
pe3ysibTaTe OrpaHMYEHHOro HaOyXaHUs CTEIEHb
HaOyxaHHs JOCTUraeT MaKCHUMaJIbHOTO 3HA4Y€HHUs] U B
JanbHenieM  He  yBennuuBaercd.  OrpaHuuYeHHOe
HaOyXxaHWe TMPUBOAUT K  OOpa30BAHHUIO  CTYTHS.
[IpumepoM  orpaHW4YeHHOro  HaOyXaHUS  SIBJSETCSA
HaOyxaHHe npu KOMHATHOHN TeMIlepaType
MOJIMBUHWIXJIOPUAA B AllE€TOHE,)KEJIaTUHA U LIEJIH0I03bI
B BOJIE.

OrpannueHHoe HaOyxaHHe Tpd H3MEHEHUU
YCIIOBHM OIIBITA 4aCTO IMEPEXOAUT B HEOIPAHUUYEHHOE.
Tak, HanpuMmep, JKeIaTUH, Ha0yXaloUMi OrpaHUYEHHO B
XOJIOAHOM  BOAe, B  TemIoM  Boxe  Halyxaer
HEOTpaHUYEHHO.

Heorpannuennoe HaOyxaHue 3aKaHUYMBAETCS
pacTBOPEHUEM.

KonnuectBeHHast xapakTepucTuka HaOyXaHMs -
CTereHb ~ HaOyxaHWsl O, KOTopas  IIOKa3bIBaeT
OTHOCUTEJIbHOE yBelnueHue maccel BMC:

a=""Y 100%, (16.1)

My
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rJ€ Mo - BeC MmoJiuMepa 10 HaOyXaHus, T, M - BeC
moJIMepa mocJie HadyXaHus, T.
CTeHeHB Ha6yX3HI/I$[ MOXHO TakKxXeE OHpeI[eJ'II/ITI)
1o U3MeHeHnio oorema BMC:

o= \%-100% (16.2),

0
rae V - o6beM monmmepa nocie Habyxanums, cm° , Vo -
00beM mosuMepa 10 HabyXxaHus, cMP,

CreneHb M CKOpOCTb HaOyXaHHs IOJIUMEPOB
3aBHCUT OT psifa (aKTOpOB: AABIECHUS, TEMIEPATyphI,
BenuuuHbl pH cpeabl, NpUCYTCTBUS IOCTOPOHHUX
BEIIECTB, B OCOOCHHOCTH JJIEKTPOJIUTOB, CTEIEHH
M3MEJIbUYEHHOCTH IT0JIMMEpa, BO3pacTa MojuMepa.

CkopocTb HaOyXaHHs c MOBBIIIIEHUEM
TeMIepaTypbl pacTeT, C pOCTOM BHEUIHErO JaBJEHUS O
MOBBIIIAETCS, YTO BbITeKaeT W3 npuHiuna Jle-llartense,
€CIIM YYHTHIBATh, YTO CyMMapHBIH 00BEM CHCTEMBI W3
pacTBOpHUTENSs U PAacTBOPSIEMOro  BeEIIecTBa  IMpHU
HaOyXaHUH yMEHbINAETC.

B kucimol u  1meno4yHOM cpedae  MOJIEKYJIbI
pa3BoOpavMBaIOTCS, CBSI3b C PACTBOPHUTENIEM BO3paCTaeT U
HaOyxaHue yBenuumBaercs. kpome noHoB H* u OH™ Ha
Ha0yXaHWE OKa3bIBAIOT BIMSHUE W JPYrH€ HOHHI,
[JIaBHBIM ~ 00pa3oM,  aHHOHBL. ~ AHHOHBI  MOXHO
pacnoyioXKUTh B 3aKOHOMEPHBIA Psifi - JIMOTPOIHBIN Pl
HaOyxanus ['odmeiicTepa:

pOAaHHUI> UOAMA > HUTpAT > XJOpHUI > alerar
>cynbdar, re 10 XJIOPHIa HOHbI YCUIIMBAIOT HaOyXaHHeE,
XJIOpUJ TMOYTH HE H3MEHSET €ro, a IMOCIeAYyIIIHe
aHUOHBl ~ TPENATCTBYIOT HaOyxaHuwo. BosgeiicTBue
aHMOHOB Ha HaOyXaHHE CBSI3aHO C pa3MepaMH pajnycoB
WOHOB W WX TuapaTtanuerd. YeM MeHblIe TUApaTalus

124



HMOHOB, TEM OH CHUJIbHEE aJICOPOMPYETCS U TEM CHUJIbHEE
noBbIaeT HabyxaHue. J[elicTBHE aHMOHOB MPOSBIIACTCS
B Oonee KOHIEGHTPUPOBAHHBIX pacTBOpax U B
HEWUTpambHOW cpene. BiusHue MOHOB B JIMOTPONHBIX
psaax 3aBUCUT OT UX BIUSIHHS Ha CTPYKTYpy Boabl. [lox
BJIMSIHUEM MOHOB POJIAaHUJIA U MOAUAA YHOPSAI0UEHHOCTD
PacMoIOKEHHUST MOJIEKYJ BOJIbI YMEHbIIIAETCS

Bmusaue pH cpenbl Ha HaOyxaHuEe XOpOIIO
U3ydeHO [JJs OeIKOB M IIeJUTIOJIO3bI, MHUHHUMYM
HaOyXaHHUS JIGKHUT B 00JACTU M303JIEKTPUUECKON TOYKH,
no o0e CTOpPOHBI OT KOTOpOW CTeneHb HaOyXaHHs
BO3pacraeT M, JOCTUTHYB MAaKCHUMYMOB, BHOBb
YMEHBIIIAETCA.

Konnentpanus MOHOB BOZOpOJA, MPHU KOTOPOM
OENOK HaXOJUTCA B H303JEKTPUUYECKOM COCTOSHUHU, TO
ectb koymdectBo HoHOB ( COO") u ( NH'3) oguHakoBo,
Ha3bIBACTCA  M30TOYKOU Oenka. B N30TOYKE
MaKpoOMOJIeKyJla CBOpauMBaeTcss B IUIOTHBINH KiyOok.B
KHUCJIOW WJIM IIETIOYHOM Cpejle MOJIEKYJIa pacpsaMIIsieTCs.

Bmusaue pH Ha HaOyxaHue cBsI3aHO C T€M, UTO B
M307JICKTPUYECKOM TOYKE 3apsii MAaKpOMOJIEKYJ OEJIKOB
MUHHMMAJIEH, 2 BMECT€ C TE€M, MUHHUMAaJIbHA U CTENEeHb
rupaTanuy OeIKOBBIX HOHOB.

C wusmenenueMm GopMbl U TUApaTaluu Oeika
CBS3aHO W3MEHEHHE psijla CBOWCTB OEIKOB M UX
pactBopoB. Hampumep, BS3KOCTb pPACTBOPOB HMEET
MUHUMYM B H30TOYKE. B HM30TOUKE HEKOTOpBIE OENKH
MMEIOT HAUMEHBIIYI0 PaCTBOPUMOCTh U MaKCUMAJIbHYIO
CIOCOOHOCTH K paCCEMBAHUIO CBETA.

H3o3nekTpruyeckas Touka ABJISIETCS XapaKTEpHOU
KOHCTaHTOM OenkoB. M3oTouka Oenka B OONBIIOMA
CTENEHU 3aBUCUT OT MPUCYTCTBUA B PACTBOPE HOHOB
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CONieil, B TO K€ BpeMs Ha €€ BEIWYMHY HE BIUSIET
KOHIIEHTpaIus OeJka.

W3osnekTpudeckass Touka OETKOB JIGKHUT B
npenenax pH ot 1 (y mencuna) no 10,6 (y mutoxpoma C),
HO MPEUMYIIESCTBEHHO U302JICKTPUYCCKON TOUKE OCIKOB
cooTtBeTcTBYyeT pH<7.

16.3.0BbEKTHI " CPEACTBA
NCCJIEJOBAHUNAL.

16.3.1.1lItatuB ¢ rpagyunpoBaHHBIMH MPOOUPKAMU
(6 mpobupok Ha 20 mi).

16.3.2. KenatuH wWIM NOJUBHHWIOBBIA CIUPT
(ITBC).

16.3.3.pH-meTp.

16.3.4.PactBopbl  comnsiHoM kucioTel 0,2H, 0.01H,
0.001H, ruapokcuna Hatpusi-0.024x, 0.1H.

16.4.TIOAI'OTOBKA K PABOTE.

16.4.1.B 6 mnpoOMpOK OIMHAKOBOrO JUaMeTpa
BHectH 1o 0,5 rxxematuHa i [IBC.

16.4.2. lo6aButs mo 10 M3  pacTBOpOB,
YKa3aHHBIX B TaOJHIIE.

16.4.3. 3ameruth ypoBeHb BMC B mpobOupke.

16.4.4.ConepxumMoe TpoOUpPKH  OCTaBUTH Ha 1
gac.

16.5.I1TPOTPAMMA PABOTBI.

16.5.1.11o HIKae OIpe/IeNIuTh o0beM
MOTJIOMIEHHOT 0 pacTBopa (mpupaimienue o0réma BMC)

16.5.2.Paccunrath cTenens HaOyxanust BMC.

16.5.3. U3meputs pH pacTBOpOB M MHOCTPOUTH
rpaduk 3aBucumoctu o = f(pH).
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16.5.4.1To MUHUMYMY HaOyXaHHs yKa3aTb
3HauYeHUEe U303JIeKTpruueckoit Touku BMC.

16.5.5.Pe3ynpTaThl SKCIIEPUMEHTOB MU pPACUETOB
3aHecTH B Tabmuiy 16.1

Tabnuna pacyeTHO-IKCIepUMEHTATIbHBIX
maHHbIX.16.1

No | pactBOp Beicota |Bgeicota |M3menen |CreneHs |p
No BMC no | BMC ue HaOyxaunu | H
HaOyxaH |mocie oobéma |, %
us HaOyxaH
ust
1 |0,2aHCI
2 0,01n
HCI
3 0,001n
HCI
4 |Boma
5 0,02uNa
OH
6 0,1aNaO
H

16.5.6.CnenaTh BBIBOBI IO paboTe.

16.6. KOHTPOJIbHBIE BOITPOCBI.

1.00mas xapakrepucrtuka BMC.

2./1Be ocHoBHBIE Tpynnsl BMC.

3.XapakTepucTrka OeIKoB.

4.0cHOBHbBIE (U3HKO-XUMHYCCKH €
XapaKTePUCTUKH OCIIKOB.

5.0rpaHn4eHHOE U HEOTpaHUUYEHHOE HaOyXaHHe.

6.DakTophl, BIUSIOLIME Ha HA0yXaHHE.

7.M303meKkTpudecKasi TouKa Oenka.
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