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VYuebHoe nocobue «Kparkuii Kypc JeKIUH M0 KOJUIOMIHOW XMMHUN» COCTABICHO B COOTBETCTBUH
¢ dexnepanbHbIMU TOCYAAPCTBEHHBIMU OOpa30BaTEIbHBIMU CTaHAAPTaMU I10 HAIPABICHUAM
19.03.02 TIponykTel mnuTaHuss M3 pacTUTENbHOro cbipbd U 19.03.03 IIpoxykTel nUTaHUSA
KMBOTHOT'O IPOUCXOXKJEHHUS B COOTBETCTBMM C Y4eOHBIMHU IUIAHaMHU HOATOTOBKM OakaiaBpa,
yrBepkaeHHBIME Y 4eHbIM coBeToM PI'BOY BO «COI'Y» ot 28.05.2019 r., mpoTtokon Ne 10.

CocraBuTenb: JOUEHT Kadeapsl o0IIel u Heopranndeckoil xumud, K.x.H. Heénosa O.B.

[Tocobue mpemaHa3sHadyeHO IS CTYACHTOB 2-bIX KYypCOB HamlpaBlieHUWH OakaiaBpuata
19.03.02 IIpoaykTbl mnUTaHUs W3 pacTuTeabHOro chipbs W 19.03.03 IIpoaykThl mnUTaHUS
JKUBOTHOT'O TPOUCXOXACHUS ISl TIOJTOTOBKM OOYyYarolUXcsl K JIabopaTOpHBIM paboTam IO
muciuminie «®dusndeckast ¥ KOJUIOUIHAS XUMUSD), BBIMOJHEHUIO CAMOCTOSITENIbHON paboThl U
MOJITOTOBKU K PYOSKHBIM aTTECTAIUSM U 9K3aMeHY (3a4eTy) 1Mo AUCIUTLINHE.

YuebHoe mocobue 00CyKAeHO U YTBEPXKICHO Ha 3acedaHuy kadeapsl oOmel 1 HeoOpraHMYeCKOi
xumun (mporokoi Ne 15/18-19 ot «28» utons 2019 r.).

3aB. kadenpoit Ky6anoga JI.M.

Ono6peHo coBeToM (PaKyJIbTeTa XUMUU, OUOJIOTHHA U OMOTEXHOJIOTHH
(mpotokost Ne 12/18-19 ot «01» urons 2019 1.)
[Ipencenarens Araesa @ .A.




Jlexuus Nel

Tema: OcHOBHBIC MOHATHA B KOJIJIOUTHOW XMMMUH.
Kiaaccudurkanus 1ucrnepcHbIX CMCTEM

IIJIAH

OCHOBHBIE LIEJIN U 33241 KOJUIOUTHOM XUMUH.

[Tpu3Haku 0OBEKTOB KOJUIOUTHON XUMUHU.

3HaYeHue KOJJIOMAHOW XUMUHU.

Knaccuduxanusa qucnepcusix cuctem (C).

4.1. Knaccuduxarnus JIC mo arperaTHOMy COCTOSIHUIO TUCTIEPCHOM (hazbl
Y JUCIIEPCUOHHOM CPEBI.

4.2. Knaccuduxanus J{C no KHUHETUYECKUM CBOMCTBAM JAMCIEPCHON
¢bazbl.

4.3. Knaccudukarus JIC mo IucrepcHOCTH.

4.4, Knaccudukanusa [IC no B3auMoAeMCTBUIO YaCTHUI JUCTIEPCHOMN
(dasbl ¢ TUCTIEPCUOHHON Cpeoi.

e

1. OcHoBHBIE HeJIM U 331a49M KOJIJIOMJIHOM XMMHUH

Konnmounnas xumus — 3TO Hayka O IIOBEPXHOCTHBIX SIBJICHHUSIX WU
JTUCHEpPCHBIX cucTemMax. B Hacrosimiee BpeMs Ha3BaHHWE JSTOM HAayKu HE
COOTBETCTBYET cojepxanuto (rpeu. kolla — xieit).

K MoBepXHOCTHBIM SIBICHHSM OTHOCATCS MPOIECCHI, MPOUCXOMASIINE Ha
rpanuie paszzgena ¢as, B MeX(pa3zHOM MOBEPXHOCTHOM CJIO€ M BO3HMKAIOIIUE B
pe3ynbTaTe B3auMOACUCTBUS COTMPSKEHHBIX (as3.

daza — 4YacTh CHUCTEMBI OJHOTO COCTaBa, OJIWHAKOBBIX (PUIUUECKUX
CBOWMCTB, OT/ICJICHHAS OT JPYTHX YacTel MOBEPXHOCTHIO pa3zena.

[ToBepXHOCTHBIC SIBJICHHS TPOSBISIOTCS CUJBHEE BCEro B Telax C
BBICOKOPA3BUTON MOBEPXHOCTHIO, KOTOpasi MPHUIAET UM HOBBIC BaKHbIC CBOWCTBA.
K Takum Tenam OTHOCSATCS TOBEPXHOCTHBIE CJIOW, IJICHKH, MEJKHWE YacTHIIbI,
KOTOpBIE€ B COBOKYITHOCTH CO CPEI0i 00pa3yloT JUCTIEPCHBIE CHCTEMBI.

JlucriepcHble CUCTEMBI — HTO T€TEPOTreHHbIE CUCTEMBI, COCTOSIIIUE U3 ABYX
uau 6oiee das.

JlucriepcHasi CUCTeMa COCTOUT M3 TUCIIEPCHOM (a3bl U AUCTIEPCHON CpEeJibl.
CrmomrHast ¢aza Ha3bIBaeTCsl JUCIEPCHOW CpeloH, a apyras — pas3apoOsieHHas
(aza pacnpezneneHa B IepBoH (a3e U Ha3bIBAECTCA JUCIEPCHON (pa3oi.



Takum 00pa3oM, OOBEKTOM H3YYEHHUS KOJUIOMIHOM XUMHH SBISIOTCS
JIMICTIEPCHBIE CHCTEMBI, B KOTOPBIX MPOSBIISIOTCS MHOT00Opa3HbIe TOBEPXHOCTHBIE
SIBJICHHUA.

BoNbIIMHCTBO OKPY’KAIOMIMX HAC PEANbHBIX TEJ SBISIOTCS AUCIIEPCHBIMU
CHCTEMaMH: TI0YBa, TeJla PACTUTEIHHOIO U JKUBOTHOTO MHpa, 00JaKa M TyMaHbl,
IPOAYKTHl MUTAHUS CTPOUTENbHBIE MaTepHasbl, METAJIBl M CIUIABbI, MOJMMEPHI,
Oymara, koxa, TkaHu. OcoOble CBONCTBAa BCEX JTUX TeJl HM3y4daeT KOJJIOWJHAs
XUMHSL.

Konmonnnas xumusi 3aBepiiaeT oOIIEXMMHUYECKOEe OOpa3oBaHME, WMes B
KayecTBE 00BEKTa UCCIIEIOBAHUSI B OCHOBHOM PEalIbHbIC BEIIECTBA M MaTEPHAIIBI.

2. Tlpu3Haku 00beKTOB KOJJIOUIHOM XUMHUHU

Jlns  0OBEKTOB KOJUIOMJHOW XHMMHH XapaKTepHbl JiBa IIpU3HaKa:
reTeporeHHOCTb M JAMCIEPCHOCTh. DTH IMPU3HAKK OBUIM BBIJICJICHBI OJIHUM U3
OCHOBOIIOJIOKHUKOB OT€UeCTBEHHOM KomougHo xumuu H.II. IleckoBeiM B
Hauvajie 30-x ronoB 20 Beka.

Brigenenrue 3THX MPU3HAKOB MOJHOCTBIO COOTBETCTBYET COBPEMEHHOMY
MpEeACTaBICHUIO 00 00BEKTaX KOJIJIOUIHON XUMUHU.

I'eteporenHocTh wIM MHOTO(A3HOCTh — yKa3blBa€T HAa HaJIU4HE
Mex(}a3HO MOBEPXHOCTH, MMOBEPXHOCTHOTO CJI0s. DTO YHUBEPCAIbHBIN MpPU3HAK,
T.K. JIt00ast MHOTO(a3Hasi CUCTEMA MOXKET ObITh 00BEKTOM KOJIIIOMIHOW XUMHUH.

JlucriepCHOCTh WM Pa3ApOOJICHHOCTh — OMpEACseTCsS pa3MepaMu Tesa
M0 TPEM €ro MPUMECHEHUSIM.

Ecnu npunsTe 3a BEIWYMHY a — TMONEPEYHBbIM pa3Mep 4YacTwil, TO
nucnepcHoctb D Oyaet paBHa:

D=1
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Jist wactun chepudeckoit GopMbl a — ITO AUAMETP YACTHIIBI; JISl YACTHUIL
B (hopme kyba a — pebpo kybda.

[Iupoko mpUMEHSIETCS €Ile OJHA XapaKTEPHUCTHKA Pa3apOOJICHHOCTH —
yIENIbHAs MOBEPXHOCTD Sy,

VYaenpHas MOBEPXHOCTh — JTO OTHOIICHHE MEX(Pa3HOW MOBEPXHOCTH K
o0beMy Tena:

Bce tpu Bemmmuunsl: a, D n Sy, cBa3zansl Mexay coboi. C yMEHbIICHUEM
pasMepa a yBEIMYHMBAETCA JUCHEPCHOCTH D M ynenpHas NOBEPXHOCTD Sy .

JlucnepcHOCTh — BaKHEUIIUKA MPU3HAK 00BEKTOB KOUIOMAHOW XxumMuu. C
POCTOM JUCIIEPCHOCTH BO3pACTAECT POJIb NMOBEPXHOCTHBIX SIBJICHUHW B CHUCTEME.
OnHako, JUCHEPCHOCTb 0€3 TIeTepOreHHOCTHM HE  MOXKEeT  OIpPEeleNIUTh
NPUHALIEKHOCTh O0OBEKTA K KOJUIOMIHOM XuMKK. Harpumep, HICTHHHBIE PACTBOPHI
HE SBISIOTCS OOBEKTOM KOJJIOMTHOM XUMHUH, XOTS MPEICTABIAIOT AUCIIEPCHIO
PacTBOPEHHOIO BELIECTBA B PACTBOPUTEIIE.



JIUCEepCHOCTh — 3T0  KOJHMYECTBEHHAsl XapaKTepUCTHKa OO0beKTa
KOJUIOWJIHOW XWMMHH, a TETEPOr€HHOCTh YKa3blBAET Ha KA4YeCTBEHHYIO
XapaKTEPUCTUKY OOBEKTA, T.€. HA €ro OTJINYUTEIbHbIE OCOOCHHOCTH.

Ecnu cymecTByeT reTeporeHHOCTb, TO CYLIECTBYET M JHCIEPCHOCT,
KOTOpasi MOXKET OBITh OOJBIION WJIM MaJIoM, HO B JIFOOOM ciiydae OOBEKT Oyer
MIPUHA/JIEKATh KOJJIOMJIHOW XUMUH.

Bce Tenma MMEOT MOBEPXHOCTb, MPOMCXOIAIIME MPOLECCHl HA KOTOPOWM
paccMaTpUBAIOTCS B KOJUIOMJHONW XUMHUHU. B 3TOM M COCTOMT BCEOOBEMITIOLIUN
byHIaMeHTaIbHBIN 1 001IIeHAYYHBIA XapaKTep 3TOM HAYKH.

3. 3HayeHHE KOJIOUIHOH HAYKH

[IpakTr4ecku Bce BEIIECTBA U MaTe€pHUalibl, C KOTOPHIMU Mbl BCTpEUaEeMCs B
Hallleld TMOBCEAHEBHOW JKU3HU, MPEJCTABISIOT OOBEKTHl KOJJIOUIHON XUMUHU.
[TosrTOMYy rOBOPSIT 00 YHUBEPCATBHOCTH T€TEPOTr€HHO-TUCIIEPCHOTO COCTOSIHHUSL.

Takoe cocTosiHHE paccMaTPUBAETCS KaK HEOOXO0IUMasl CTYIIEHb B CTPOCHHUH
MaTepUaliOB, CIEAYIOMIAs 32 aTOMaMHU U MOJIEKyJIaMu. MoJeKybl TpyNIUupPYOTCS
NEepPBOHAYAIILHO B aCCOLMATHI, arperathbl, 00pasys AUcCHepcHyto (a3y, KoTopas B
CBOIO OYEPEIb CO3AET CTPYKTYPY Tea.

T.x. 00bekTaMU KOJUIOUJHOM XHMHUH SIBIISIOTCS OKPY’KaloOIIHe Hac
peanbHbIE TeNa, TO 3TO 00YCIOBIMBAET MHOTOOOpa3ue npoodiieM, KOTOPHIE periaeTt
3Ta HAyKa, a TAKKE UX MPUIOKEHUMN.

[IpencraBienusi KOJUIOMJAHOW XHUMHHM MCIOJIB3YIOTCS B aCTPOHOMUU,
METEOPOJIOTUH, TTOYBOBEICHUH, OMOJIOTHH, arpOXUMUU, MaTEPUATIOBEACHUN U JIP.
KomnonaHo-xuMuueckue MeToAbl MNPUMEHSIOTCS B OOJIBIIMHCTBE OTpacien
MIPOMBIILJICHHOCTH: THILEBOM, hapMalleBTUYECKOM, KOKEBEHHOM, TEKCTUILHOM, B
MPOU3BOJICTBE MCKYCCTBEHHOTO BOJIOKHA, IUIACTUUYECKUX MAacc, MbLUIOBAPECHUH,
CTPOUTEJILHBIX MAaTEPUAJIOB U JIp.

KoiutoniHas Xumus SIBIIETCSA TAK)XKE TEOPETUUYECKOW OCHOBOW MOJIYYEHUS
HOBBIX MaTEpPHAJIOB C 3aJJaHHBIMU CBOMCTBAMHU: CILIABOB, KEPAMHUKH, COPOCHTOB U
KaTaJIN3aTOpPOB, JIAKOKPACOUYHBIX MAaTEpPUAJIOB, MOJUMEPOB, MOIOIIUX CPEACTB,
MUILIEBBIX MPOJAYKTOB, JICKAPCTBEHHBIX BEIIECTB U T.J.

Komnonanas xumMus CpaBHUTEIILHO MOJIOZIasi HAyKa — €l HEMHOTHM OoJiee
100 net. [TonsiTHe «KOJITOUT» 3apOUIOCh B 60-€ TOJBI MPOILIOTO CTOJETHUS, €ro
BBEJI aHTJIMKCKUI ydeHblid Tomac I'pam. ['pamom Obut 0600IICHBI BHITIOJHEHHBIC
JI0 HEro wuccienoBanuss W CHOPMUPOBAHBI OCHOBHBIC TMPEICTABICHUS O
KOJUIOWJHBIX CcHUCTeMaxX. ['paM pas3paboTad METOAbl TOJYy4YeHHUs] BEIIECTB B
KOJUIOMJIHOM COCTOSIHUM M TIOKa3aj, YTO HEPacTBOPUMBIC BEIIECTBA MpH
OTIPENICJICHHBIX YCJIOBUSAX MOTYT OBITh NEpPEBEACHBI B COCTOSHHE pacTBOpa, T.€.
307151 110 BHEIIIHUM NIPU3HAKAM IMOYTH HE OTJIMYAIOIIETOCs OT UCTUHHBIX PACTBOPOB.
['poM paszmenun BEHIECTBA HA «KOJUIOMABD» U «KpUCTauionnp». OH BuAen B
KOJUTOMIaX OCOOBIHN KJIacC BEIIECTB.

B mnawame XX Beka mpodeccop Cankr-IlerepOyprckoro TOpHOTO
uncturyta I[LII. BelimapH mnokaszana, 4YTO HE CYIIECTBYET «O0OCOOOro Mupa
KoJUIou10B». OTHO M TO € BEIIECTBO B 3aBUCHMOCTH OT YCJIOBHM, PacTBOPUTEIS
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MOKET OBITh KaK «KPUCTAIIIOUIOMY», TaK U «KOJUIOUIOMY». BBIIO BBEICHO MOHATHE
0 KOJIJIOMJTHOM COCTOSIHHMH BEIIIECTBA.

OrpomHas 3aciyra B (OpPMHPOBAHUM COBPEMEHHBIX IPEACTaBICHUM 00
oObekTax KoutouaHon xumun npuHaainexxut H.II. [Teckoy.

4. Kunaccupukanusi AUCIEPCHBIX CHCTEM

4.1. Knaccuduxkauus /IC nmo arperaTHoMy COCTOSSHMIO THCIIEPCHOM (pa3bl
U TUCIIEPCUOHHOM Cpe/bl.

Haubonee o6mas kmaccupukanus TUCHEPCHBIX CHUCTEM OCHOBaHAa Ha
pa3IuYUM B arperaTHOM COCTOSIHMM AUCHEPCHOM (a3bl U aucnepcHoil cpeasl. Tpu
arperatubix coctosaus (T, XK, I') mo3BodsIOT BBIIETUTh 9 TUIOB JIUCIEPCHBIX
cucteM (Tabauna).

Hucnepcuonnas JlucnepcHas JlucnepcHas Ha3Banue cucremsl, npuMepbl
cpena daza cucremMa
T T T/T TBepabie TETEPOrEeHHBIE CUCTEMBI: MUHEPAIIBI,

CIIJIaBHbI, 6CTOH, KOMITO3UIITMOHHBIC MaTCpHUaJIbI.

XK XK/T KanwmmuisspHble cUCTEMBI: JKUJKOCTh B IIOPUCTBIX
TeJlax, aCcOpPOEHTHI B PACTBOPaX, OYBHI,
TPYHTBHL.
I I'/T [Topucteie Tena: ancopOEHTHI U KaTaJln3aTophl B
rasax, xje0, MOpUCTBII IOKOIA[, eM3a.
X T T/XK CycrieH3uu ¥ 30JI4: MYJIbITbI, B3BECH, MTACTHI,
WJIBI.
XK KK OMynbCUU: HEPTH, KPEMBI, MOJIOKO.
I 'K ["a3oBbIe AMYIbCUM U MIEHBL: (PIOTALMOHHBIE,
IIPOTUBOINOXAPHBIE, MBUIBHBIE IIEHBI.
I T T/T A»spo3onu (IIbUIH, IBIMBI), TOPOIIKH
XK Aspo30iH: TyMaHbl, 00Jaka.
r r/r KoonHeie cucteMbl OTCYTCTBYIOT 3a

HUCKJIIOYECHHUEM CJIOS 36MHOM aTMOC(bCpBI.

4.2. Knaccupukanus JIC no kmHeTHUECKUM CBOIiCTBAM JHcniepCcHOM ¢a3bl

Bce nucnepcroHHbIE CUCTEMBI IO KHHETUYECKUM CBOMCTBAM JUCIIEPCHOU
(ha3pl MOXKHO pa3JIeIUTh Ha JIBa Kjacca:
1. CBobogHOIUCTIEPCHBIE CUCTEMBI — TUCTIEpPCHAs (pa3a MoABMKHA.

2. CBSI3HOAUCIIEPCHBIE CHCTEMBI — CHCTEMBI C TBEPAOM AMCIIEPCUOHHOMN
Cpenoil, B KOTOPOW YAacTULbI TUCHEPCHOM (a3pl HE MOryT CBOOOTHO
IIEPEBUTATHCS.



4.3. Knaccupuxanus J1C no qucnepcHocTH

CBoOoaHOAMCIIEPCHBIE CHCTEMBbI 110 JUCIIEPCHOCTHU JENAT Ha:
1. VIBTPaMHKPOreTepOreHHbIe — pasMep YacTHIL JISKHUT B mpeaenax ot 107 o
10” cM (mmm ot 1 10 100 HM).
2. MuxkporereporeHHsie — pasmep dactur ot 10™ 1o 10% em (wmm ot 0,1 1o 10
MKM).
3. I'pyboauciepcHbie — pasmep dactui 6oee 107 e (wmm >10 Mxm).
VY IbTpaMHKPOreTEPOreHHbIE CUCTEMBI HA3BIBAIOT MCTHHHO KOJUJIOWIHBIMU
VI 30JIIMH.
3071 MOTYT OBITh KUIKUMHU — JTUO30JIU M Ta3000pa3HbIe — a3PO30JIH.
K MukporereporenHsiM cucteMaM oTtHocsATcsa cycnen3uu (T/K), samynscun
(K/K), menst (I'/K), mopomku (T/T).
N3 rpyboaucnepcHbpIx cucteM Hauboliee pacrnpocTpaHeHsl cuctemsl T/IT —
NECOK, EOEHb U Jp.

CBsi3HOAMCIIEPCHBIE  CHCTEMbI, a  TOYHEEe  [OPUCThIE  TeJa,
KJIacCU(DUIMPYIOT TIO pa3Mepy Mop:
1. Mukponopuctsie (pa3mep mop 110 2 HM).
2. Ilepexonunonopucteie (pazmep mop ot 2 10 200 um).
3. Makpomnopuctsie (pazmep mop 6oiee 200 HM).
Cuctembl T/T yacTo KiacCU(PUUIUPYIOT MO TUCIEPCHOCTH TaK e, KaKk U
CBOOO/THOJTUCTIEPCHBIE CUCTEMBI.

4.4. Knaccupukanusa /IC no B3auMo/1eiicTBUIO YaCTHI JUCTIEPCHOI
(ja3bl ¢ AMCIEPCHOHHON Cpeaoi

Ota knaccuduKanus MPUrogHa TOJbKO JJIsi CUCTEM C JKHIAKON TUCTIEPCHOM
cpenoi.

[TepBoHauanbHO 3UTMOHAU (ABCTPUMCKUM XMMUK, HOOCTIEBCKUN  Jiaypear)
NPEUIOKUT  KIACCU(PUIIUPOBATh JIMO30JM IO CIHOCOOHOCTH CYXOro OCTaTKa,
MOJYYEHHOT'O B PE3YJIbTaTe OCTOPOKHOIO BBIMAPUBAHUS KUJIKOCTU, PACTBOPSITHCA
B UMCTOU TUCIIEPCUOHHOM CpEJIE.

Cucrembl, Cyxoili OCTATOK KOTOPBIX He CIOCO0EH CaAMONPOU3BOJIBLHO
JUCIIEPTUPOBATHCA B IMCIIEPCHOHHOM cpejie, HA3BAJIU He0OOpaTUMbIMM.

O0paTuMbIMHM CHCTEeMAMM HA3BAJIHM CHCTEMbI, CYyX0il OCTATOK KOTOPBIX
NpPU KOHTAKTE CO Cpedoii O0bBIYHO CcHayaja Hal0yxaer, a 3aTreM
CaMONPOU3BOJILHO PACTBOPSETCH U CHOBA 00pa3yeT KOJJIOUIHYI0 CHCTEMY.

Hemenkuii  ¢usuko-xumMuk  OpelHIMX  BBICKA3aJl  MHEHHE, 4YTO
o0paTUMOCTb ¥ HEOOPAaTUMOCTh  KOJUIOMJHOM  CUCTEMBI  OIpEAeIseTcs
B3aMMO/ICHCTBUEM YACTHUII TUCTIEPCHON (Papbl ¢ JUCTIEPCUOHHON Cpeoi.

B oOpartumbix  KoJulowjax — aucrepcHas — ¢daza  MOJEKYJSIPHO
B3aMMOJICHCTBYET C JUCIEPCHOHHOM Cpeoll W TOATOMY CHOCOOHa B HeH
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pactBopsThcs. Takue cucrembl @pedHAnuX Ha3Baid JUOPMIbHBIMH. [Ipumepsr:
30J1b KpaxXMaJia, 30JIb KEJIaTUHA.

B  HeoOpatumbix  Kkomiougax — aucriepcHas  (asa He  crmocoOHa
B3aMMOJICMCTBOBAaTh C JHUCIEPCUOHHOM CPENOM W PACTBOPATHCS B Heu. Takue

cucteMbl DpeiHTUX Ha3Bad JH0o(GoOHBIMU. TIpuMeEpHI: 30116 CEpPhl B BOJE, 30J1b
Fe(OH)s, 3016 AI(OH)3, 30116 AgJ.



Jlexus No2

Tema: IloBepXHOCTHOE HATSAKEHUE M ITIOBEPXHOCTHAS
JHEePrus

IIJIAH

[Ipupona MOBEpXHOCTHOM YHEPTUH.

TepMoarHaMHUUYECKHE OCHOBBI TOBEPXHOCTHBIX SIBJICHUM.
BHyTpeHHss yaenbHas TOBEPXHOCTHAS SHEPI UL

MexaHn3M POLECCOB CAMOIIPOU3BOJIBHOTO YMEHBILICHHS
HOBEPXHOCTHOM SHEPTUU U (POPMHUPOBAHUSI IOBEPXHOCTHOT'O CJIOSI.

W

1. IIpupoaa NOBEPXHOCTHOI IHEPIrUH.

Ponb MOBEpXHOCTHBIX SIBJICHUN B JAMUCIEPCHBIX CHUCTEMAax UCKIFOUYUTEIHHO
BeiuKa. [IoBEpXHOCTHBIE SIBIEHUS — 3TO SIBJICHMS, MPOUCXOIAIINE Ha TPAHULIE
pazaena ¢as, T.e. HAa Mex(a3HOU MOBEpXHOCTU. MBI OyJieM paccMaTpUBaTh JIBa
BH1a TOBEPXHOCTHBIX siBJieHn: K -I'u T -T.

[ToBepxXHOCTHBIE SBIEHUS BBIPAXAIOTCS B TOM, 4YTO COCTOSIHHE
HAXOJALIMXCS B TIOBEPXHOCTHOM CJIO€ MOJIEKYJl HMHOE [0 CpPaBHEHHIO C
MOJIEKYJIaMH, HaxoJsAlIUMUCA B o00beme Tena. Monekyiasl B 00beme Tena
PaBHOMEPHO OKPY’KEHbI TAKUMHU KE MOJIEKYJIaMHU.

Momnekynsl A u b kakoi-mub60 KUAKOCTH HEpaBHOIICHHBI. Molekyia A co
BCEX CTOPOH OKpPYKEHa TaKMMH K€ MOJIEKYJIaMH, KOTOPBIE CBSI3aHBI MKy CO00M
CUJIaMHU MEKMOJIEKYJISIPHOTO IPUTSKEHUS, PABHOAEHUCTBYIOIIAS X PABHA HYJIIO.

B npyrom mnonoxenun Haxoautcs Moisiekyida b. Cuibl nputskeHus,
JEUCTBYIOIUE CO CTOPOHBI MOJIEKYJ KUIAKOCTH, HE YPABHOBELIUBAIOTCS CUJIAMH,
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JNEUCTBYIOIIMMU  HA  YacTHUIly BHE O KMJAKOCTH, B  PE3yJbTaT€  4Yero
PaBHOJECHCTBYIOIIAs 3TUX CHJI HaIlpaBjeHa B CTOPOHY KUJIKOCTH, T.€. MOJIEKYJa
CTPEMHTCSI BTSHYTHCS B JKHAKOCTb. M B TakoMm IOJIOKEHUU HAXOMASTCS BCE
MOJIEKYJIbI, 00pa3ylolue MOBEPXHOCTHBIN CION JKUJIKOCTU. A BHYTPH KUIKOCTH
BO3HHMKAET BHYTPEHHEE JIaBJICHUE, HATIPABIEHHOE K €€ TOBEPXHOCTHOMY CJIOIO.

Hanuune Ha TOBEPXHOCTH MKUAKOCTH MOJIEKYJ, HE YpaBHOBEUICHHBIX
MEXMOJICKYJIIPHBIMU  CHJIAMH, CO3Ja€T B IOBEPXHOCTHOM CJIO€ CBOOOIHYIO
MTOBEPXHOCTHYIO SHEPTHUIO.

Ha moBepXHOCTH KHIKOCTH KakK Obl 00pa3zyeTcs «IUIeHKa», oOjamarorias
«TOBEPXHOCTHBIM HATSXKEHUEM.

BHyTpeHHee [aBiieHHE BTATMBAET MOJEKYJbl, pAaCIOJIOXKEHHbIE Ha
MOBEPXHOCTH JKUJIKOCTH, BHYTpb U TEM CaMbiM CTPEMHTCS YMEHBIIUTH
MOBEPXHOCTH JO MUHUMAJIbHOM TIPH JTAHHBIX YCIOBHSIX.

Cuia, [eicTByoIlas Ha €OUHUIYY JUIMHBI TpaHMLbl pasfena WU
0OyCIIOBJIMBAOIIAsA COKpAILEHUE IMOBEPXHOCTU >KHMJIKOCTH, HA3bIBACTCS CHJION
MNOBEPXHOCTHOT'O HATSKEHUS WM MPOCTO MOBEPXHOCTHBIM HATSKEHHEM.

Kpome TOro, rmoBepXHOCTHOE HAaTSHKEHHUE MOYKHO pacCMAaTpUBaTh U Kak
paGoty (8 JIx), HCOGXOXMMYIO JUIS YBETHUCHHS OBEPXHOCTH KUAKOCTH Ha 1 M7,
T.€. KaK CBOOO/IHYIO SHEPI'HIO TTOBEPXHOCTH.

B 3aBuCcMMOCTHM OT TOrO WM HWHOTO OIPENEICHUS II0BEPXHOCTHOE
HATSDKCHHE M3MEPACTCS MM B HBIOTOHAX Ha Metp (H/M) WM B IKOYIX Ha M°
(Jlx/M?). O6a M3MEpeHHs YHCICHHO COBIAAIOT B CIIydae OJHOKOMIIOHEHTHON
xuakoctu. O003HaYaeTcs MOBEPXHOCTHOE HATSHKEHUE CUMBOJIOM G (CUTMa).

Takum  00pa3oM, TMOBEPXHOCTHOE  HATSHKEHHE  SIBJISICTCS  MEpoi
ITOBEPXHOCTHOMN YHEPTUH.

2. TepMoguHAMHYeCKHEe OCHOBbI IOBEPXHOCTHBIX SIBJICHHIA.

TepMOI[I/IHaMI/ILICCKOe OIIPCACIICHUC ITOBECPXHOCTHOI'O HATAKCHHA BBITCKACT
n3 06T>GI[I/IHCHHOFO YPaBHECHHUA IIEPBOr0O U BTOPOTO HA4YaJl TCPMOJUHAMUKHU .

dG =-SdT + Vdp + ods + Zu;dn; + pdq, 20e

G — sueprus ['u66c¢a,

S — sHTpoONUA,

V — o0beMm,

p — JaBJIeHHUE,

2 — IMOBEPXHOCTHOE HATSKEHHUE,

S — mionaasr NOBEPXHOCTH,

Wi — XUMHYECKHUI TOTEHIINAJl KOMITOHEHTA 1,

Nj — YKCJI0 MOJIEH KOMITOHEHTA 1,

() — DIEKTPUYECKUU MOTEHIUAIL,

( — KOJI-BO DJIEKTPHYECTBA.

AG = AH - T-AS - u3amenenne n300apHO-N30TEPMUUECKOTO MTOTEHITHAA.
AF = AU - T-AS - u3aMeHeHne N30X0pHO-U30TEPMUUYECKOTO OTEHIIHAIIA.
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Ecnu cocraB paBHOBecHbIX (a3 TMOCTOSHEH, TO YacTHas MPOU3BOAHAS
sHeprun ['mb6ca mo mimomanu pasnaena (a3 OpU MOCTOSHHBIX TEMIIEpaType U
JABJICHUU TIPEJICTABIIAET COOOM MOBEPXHOCTHOE HATsKEeHUE 6. Ero MOXXHO Takxke
ONPEJENUTh KaK YAaCTHYIO MPOU3BOJHYIO SHEPruH [ eabMroiblia, BHYTpPEHHEH
HHEPTUU U SHTAIBIIHH 110 TJIOMIAIU TOBEPXHOCTH pasnena ¢as:

S BRI (W
0s RT.C; s VTG 0s ViSiGi 0s RS;C;

rae F— sueprus ['enbmrosneia,
G — aneprus ['m60ca,
H — snenanpnms,
U — BHYTpEeHHSA SHEpTHs,
S — sHTpONIHA,
T — temneparypa,
p — JaBJeHuUe,
Ci — KOHIIEHTpalus BEIIECTB,
S — IIoIma b pasaena das.

Takum 00pa3oM, MOBEPXHOCTHOE HATSKEHHE €CTh YacTHAas IPOU3BOIHAs
OT JI000TO TEPMOJMHAMHUYECKOTO TMOTEHIMAjda MO0 TUIOMAAn MexX(pa3HoH
MOBEPXHOCTH TPU MOCTOSHHBIX COOTBETCTBYIOIIMX MapameTpax. Haubonee wacto
G BBIpaXaloT Yepe3 MPOU3BOAHYIO OT dHepruu [ mbbca, T.K. ycnmoBust p u T = const
JIETKO OCYIIECTBUMBI IKCIIEPUMEHTATBHO. A T.K. G OTHOCHUTCS K XapaKTepUCTUKaM
KOHJICHCUPOBAHHBIX ~ CHCTEM, TO MOXHO TIOJB30BaThCsl C  HEOOJBIION
MOTPEUTHOCTHIO U TPOU3BOJHOM OT 3HEpruu I enbmrosisua (M3MEeHEHHE 00bemMa OT
JABJICHUS JUISI )KUJIKOCTEN MaJio).

N3menenue sueprum ['m60ca MOBEPXHOCTH MOKHO TPEICTaBUTH Yepe3
sHepruto ['nbb6ca, MpUXoaANTyIOCs HA €ANHUITY TII0Mau oBepXxHocTH G, T.€.

G=0Gss wm

dG=d(Gs's)
Torna:
oS oS

TepMO,Z[I/IHaMI/I‘IGCKI/Ie NOTCHOUAJIBI €AUHUIBLI TIOBEPXHOCTHU HE MCHAIOTCA C
HN3MCHCHHUCM ILIOIAAW IIOBCPXHOCTH JIA HWHIAWBUAYAJIBHBIX BCIICCTB, [JIA

oG o
KOTOPBIX > =0. [loatomy mus Hux sHeprusi ['mb0Oca MOBEPXHOCTH JIHHEWHO

CBSI3aHAa C IUIOIIAJbIO IOBEPXHOCTU BIUIOTH JO OYEHb OOJBIIMX YJEIbHBIX
ITIOBEPXHOCTEMN.

DTO 3HAYUT, YTO MOBEPXHOCTHOE HATSKEHUE WHIAMBUIYAJIbHBIX BEILECTB
SBIISIETCS. B TO K€ BpeMs yleiabHOU sHeprueit ' mb0ca moBepXHOCTH.
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VY pactBopoB ke Gg 3aBHCHT OT yJEIbHOW MOBEPXHOCTH, T.K. MEHSETCS
COCTaB MOBEPXHOCTHOIO €J10s1, U T0ATOMY G5 HE MOKET OBITh PaBHA G.

Ecim o© paccmarpuBaTh Kak paboTy, pacxolyeMyl Ha pa3phiB
MEXMOJIEKYJIPHBIX  CBSI3€d, TO MOXKHO CUMTaTh, YTO YE€M CHJIbHEE
MEXMOJIEKYJIIpHbIE CBA3M B JaHHOM TeJl€, T€M OOJIbIIE €ro MOBEPXHOCTHOE
HaTsDKEHHE Ha TPaHMIIe ¢ Ta30BOM (a3oil.

[looToMy © MeHbIlIE y HENOJSPHBIX JKUIKOCTEM, HMMerIue ciaalble
MEKMOJICKYJISIPHBIE CBS3H, U OOJIbILE Y MOJSPHBIX KUIKOCTEH.

6 OoJbllle TakXke y BEUIECTB, MMEIONIMX BOJOPOJHBIE CBS3H, HApPUMED
H,0. ¥V TBepabIx Ten 3HaUeHUE 6 OoJIblle, YeM Yy KUAKUX. 3mMepeHue sHepruu u
CWJIbl pa3pblBa MEXMOJEKYJSIPHBIX CBSI3€H JIEKUT B OCHOBE MHOTHX METOJOB
ONpEJENIECHUs] OBEPXHOCTHOTO HATSKEHUE TEJl: METOJ OTpbIBa Kallelb; METOH
OTpBIBA KOJIbLIA; METOJI OTPhIBA MJIACTUHKU. DTU METOJbI MPEANOIaraloT pa3pbiB
XKUIKOCTH MO ONPEEIEHHOMY CEYEHUIO.

Omnpenenenus G JUIsl TBEPIBbIX TN MPEACTABISAECT 3HAYUTEIBHO Oosee
TPYIHYIO 33]1a4y, U METO/AbI MEHEE TOYHBI, UEM JUISl )KUJIKOCTEH.

3. BHyTpeHHss1 yae/bHASA IOBEPXHOCTHAS YHEPT U

[IpakTiueckn  BCA  IIOBEPXHOCTHAs  DSHEPIHWs  COCPENOTOYEHA B
IIOBEPXHOCTHOM CJIO€ TOJIIIMHON B HECKOJIBKO MOJIEKYJI, TO3TOMY BCE CBA3aHHBIE C
HEI0 COOTHOLIEHUSI MO)KHO OTHOCUTD TOJIBKO K TOBEPXHOCTHOMY CJIOIO.

B cooTBeTcTBUM € W3BECTHBIM TEPMOAMHAMUYECKMM COOTHOUIEHUEM
M3MEHEHHUE SHTAJIBIIUU MOBEPXHOCTH (€€ U30BITOK) BEIPAXKAETCSI YPAaBHEHUEM

AH = AG + T-AS 1)

AHanoOrnyHbIM BBIPAKEHUEM XapaKTEPU3YETCS W3MEHEHUE BHYTpPEHHEH
HHEPIUU MTOBEPXHOCTU KOHJAECHCUPOBAHHBIX CUCTEM:

AUs= AGg+ TAS,, (2)
rI€ MHACGKC S O3HAayaeT TMPUBEJICHUE TMOTCHIMAIOB K EIUHUIIE
MTOBEPXHOCTH.

B coorBercTBMM €O BTOPBIM HayajgoOM TEPMOJMHAMUKU H3MEHEHHUE
DHTPOIUH PABHO:

AS s= Q/T, (3)

rae Qs — TermioTa 00pa3oBaHUs €AMHUIIBI TOBEPXHOCTH.

VYuuteiBas, uto AGs = o, monyuum BelpaxkeHne AUs — H3MEHEHHUE
BHYTPEHHEW HEPTUHU ITOBEPXHOCTH:

AUs= o0 + Q. 4)

Jnst uHauBHAyanbHBIX BewecTB Qs Bceraa MoNoXuTelNbHA, T.K. MPHU
o0pa30BaHUU MOBEPXHOCTU TeruioTa mnorjiomaercs. CiaeaoBaTenbHO, BHYTPEHHSS
MOBEPXHOCTHAS SHEPTHs €AUHULIBI TOBEPXHOCTH OOJIbIIIE TOBEPXHOCTHON SHEPTUU
['n66ca Ha TemnoTy 0Opa3oBaHUS €AMHHUIBI MOBEPXHOCTHU. [1o3TOMY ee 0ObIuHO
Ha3bIBAIOT ITOJIHOM ITOBEPXHOCTHOM SHEPTUEH.

Ecnn Bce mapamerpsl, KpOME TEMIIEPATYphbl, IOCTOSIHHBI, TO W3
oObenunenus ypaBHenus I u Il Hauan TepMOAMHAMUKH HMEEM:

dGs=-Ss- dT.
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WIH (aGSj =-S, __Q (5)
s Jp T

0Gq
Qs :_T'( s )P-

[ToacTaBisist 3TO BEIpAKEHHUE B YpaBHEHUE (4) MOIyYHM:

Qs =-T '(a;;ss j AUg =0-T '(8;3 j - ypaBHeHue 'nb0ca-
P P

['enpMmrosema.
DTO ypaBHEHHUE CBA3BIBACT MOJIHYIO TOBEPXHOCTHYIO SHEPTHUIO C SHEPTUEH
['n66ca (MOBEpXHOCTHBIM HATSKCHUEM).
N3 sToro ypaBHeHHs CleayeT, YTO JJIS ONpeIeSIeHUs YHEPTUH HEOOXO MO
3HATh 3aBUCUMOCTH G OT T.
JIst vHAMBUYaTbHBIX BemiecTB Qs BCerma MOJIOKHUTENbHA, a 3TO 3HAYHT,
YTO TeMIEpaTypHbIA KOIPOUIIMEHT TOBEPXHOCTHOTO HATSXKEHUS OTPUIIATENICH:

(=) (Z)e
0s )p \0S )

[ToaTOMYy G MHAMBHAYAJbHBIX BEIIECTB HA TPAHUIIE C TA30M CHUKAETCS C
MOBBILICHUEM TEMIIEPATYPHL.

JI71s1 OOJBITMHCTBA HEMOJSPHBIX KUJKOCTEH 3Ta 3aBUCUMOCTh JIMHEWHAS U

B ICpBOM HpI/I6J'II/I)K€HI/II/I MOXET OBITH AIlIIpOKCUMHPOBAHA IMPOCTBIM
COOTHOIICHUCM .

6t=0p- a'AT, oTkyna a= —Z—?

IJ€ Gt — IOBEPXHOCTHOE HATSKEHUE NIPU JaHHOU T,
Gy — HOBEPXHOCTHOE HATSKEHUE NPU cTaHAapTHOU T,
AT — pa3HOCTh MEXy TAaHHOW U CTaHAApTHOM T,
a — TIOCTOSIHHasi, paBHas TeMIepaTypHOMY KOI(P(GUIIUEHTY C
0OpaTHBIM 3HAKOM.

JInst GOJIBIIMHCTBA JKUAKOCTEH, 0COOEHHO HemossipHbIX, AUg moutn He
3aBUCUT OH TemrepaTypbl. B cBowo ouepenp T.k. AU~ + Qs T0 Qs ¢ pocTom
TEMIIEpATypbl  YBEJIWYMBACTCS. OJTHU 3aKOHOMEPHOCTH  JI€MCTBUTEIBHBI  J0
KPUTUYECKOW TEMIIEPaTyphl (KUIKOCTh NMEPEXOMUT B map), B Touke T, ncuezaer
MOBEPXHOCTh U CHUKAIOTCA €€ IHEPreTUUECKNE MTapaMeTpPHhI.

4. MexaHM3M NPOLECCOB CAMONPOU3BOJbLHOI0 YMEHbIIIEHUS
NMOBEPXHOCTHOM 3Heprum U GopMHUPOBAHNS MOBEPXHOCTHOI'O CJIOA

PaBHOBeCcHE B T€TEPOTEHHBIX CHCTEMaX BO3MOXKHO TOJBKO TPH YCIOBHUH
MOJIOKUTENbHON dHeprun [ m606ca 0Opa3oBaHMs TOBEPXHOCTH.

ATOMBI WM MOJEKYJBI KUAKOCTH WU TBEPIOTO Teia, HAXOIIIIUECs Ha
MOBEPXHOCTH, 00JIaAar0T OOMbIIeH >HEpruei, yeM BHYTpU 3Tux ¢a3. IlosTomy
MOBEPXHOCTHYIO PHEPTHIO PACCMATPUBAIOT KaK U30BITOK SHEPTUH, TTPUXOISAIITHIACS
Ha €IMHUITYy MTOBEPXHOCTH. ATOMBI WJIM MOJIEKYJIbl TTIOBEPXHOCTHOTO CIIOSI KaK OBl
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HAXOJUTCSA HA TOJITYTH Tepexoqa B map. OHU MOSABISIOTCS HA MOBEPXHOCTH B
pe3yibTaTe pa3pbiBa OINPEICICHHBIX CBA3€H, MO3TOMY U 00ya7aroT OoJbllein
NOTEHIIMAIBHON PHEprueil. YBenndeHne MOBEPXHOCTU MPUBOJUT K BO3PACTAHUIO
YKCJIa MOJIEKYJI UJIM aTOMOB Ha MOBEPXHOCTHU U COMTPOBOXKIAETCS 3aTPaTON pabOThI
Ha Pa3pbIB MEKMOJIEKYJISIPHBIX CBSI3EH.

[ToaToMy O0OpaTHBI MPOIECC YMEHBIIEHUS TOBEPXHOCTU JOJHKEH
MPOXOJIUTHh CAMOMPOU3BOJIBLHO U COMTPOBOXKAATHCS YMEHbIIeHHeM sHeprun ['ndoca
MOBEPXHOCTHOTO CIIOA.

T.K. G5 = 6°S, TO MOBEPXHOCTHAsI YHEPTUS MOXKET YMEHBIIIATCS KakK 3a CYET
COKpAIICHHsI TIOBEPXHOCTH, TaK U 3a CUET YMEHBIICHUS G.

1. [ToBepXHOCTh MOXET CAaMOTIPOM3BOJILHO YMEHBINIATHCS TP U3MEHEHUHN
dopmbl Tema. Hampumep, XUAKOCTh B YCIOBHSX HEBECOMOCTH MPHHUMAET
chepuueckyro popmy. Ecam aHuIuH 10 KarisiM BHECTH B TETUTYIO BOAY, TO MOKHO
HaOMI0aTh, YTO Karljisi aHuiimHa uMeeT chepuueckyro ¢opmy. Chepuueckas
dbopma MmaHeT pe3ysbTaT JCHCTBUSA MOBEPXHOCTHON JHEPrUU, OOYCIOBICHHBIM
B3aMMHBIM TPUTSDKCHHEM YacTHUIl COCTaBISIONMIMX OTH  IUJIAHETHI. (ITpu
OJINHaKOBOM 00bEME MOBEPXHOCTh CPepbl MUHUMAJIBHA).

2. Menko pa3apoOiieHHbIE TBEpAbIE W JKUIKHE Tena, o0JaJaromiye
OONBIIMM  H30BITKOM TOBEPXHOCTHOW JHEPrUHU, CTPEMSCh YMEHBIIUTH €€,
CaMOTMPOU3BOJILHO arperupyioT (CIUMArTCs). ITO MPOIECC KOATY IS H.

3. CtpemiieHHE MOBEPXHOCTH YMEHBIIUTH CBOIO SHEPTUIO 00YyCIaBIMBACT
U CTpeMJICHME K CHIKEHHIO G©. TBepiaple Tela MOTYT YMEHBIIATh CBOIO
MOBEPXHOCTHYIO JHEpTui0 Omaronmaps aacopOumu apyrux BemectB. OO0 sToMm
SIBJICHHH MBI OYJIEM €I1le TOBOPHTb.

4. )KunkocTH ke, CTPEMICh YMEHBIIIUTh G, OPUCHTUPYIOT ONPEIeICHHBIM
o0pa3oM  MOJIEKYJNBl  TOBEPXHOCTHOTO  CJOA. OJTO  XapakTepHO IS
HECUMMETPUYHBIX MOJIEKYJ: B CTOpPOHY Ta30Boil (a3bl oOpalieHa Ta 4YacTh
MOJIEKYJIbI, KOTOpasi 00ecreynBaeT MEHbIIE C.

MIX MOBEPXHOCTHAS SHEPTHs IPHMEPHO oauHakosa ~ 50-107° x/M°, T.k. Ha
MOBEPXHOCTU HAXOMATCS YTJIEBOJOPOJIHBIC PAJUKAIbI, a PYHKIIMOHAIbHAS TPy
oOpailieHa BHYTPb KUIKOCTH.

Takum 00pa3oMm, CTPyKTypa TOBEPXHOCTHOTO CJOsI (QopMuUpyeTcs B
pe3yJibTaTe cCaMOIPOU3BOJIBLHOTO YMEHBIIICHHUS TOBEPXHOCTHON YHEPTHH.

14



Jlexuusa Ne3

Tema: AJCOPBIIUA U HOBEPXHOCTHOE
HATAKEHUE

IIJIAH

=

AncopOuus Kak MOBEPXHOCTHOE SIBJICHUE.

2. ®yHpameHTalbHOE acopOironHoe ypaBuenue [ md6ca. ['mb6coBckas
azcopOnus.

3. IloBepxHOCTHAsi aKTUBHOCTH. [I0BEpXHOCTHO-aKTUBHBIE U

NOBEPXHOCTHO-WHAKTUBHbIE BEIIECTBA.

1. AncopOumsi Kak MOBEPXHOCTHOE sIBJIEHHE

K SIBJIEHUSIM, IIPOUCXOISAIIAM BCJIE/ICTBHUE CTpEMIICHUS K
CaMOITPOM3BOJIbHOMY  CHIDKCHHIO ITOBEPXHOCTHOTO HATSKCHHS, OTHOCHUTCS
azcopOIus.

AncopOruss — 3TO TIPOIECC CaMOIMPOM3BOJIBHOTO TEepepacIpeacIICHHS

KOMITOHEHTOB CUCTEMBI MEXK/Ty IIOBEPXHOCTHBIM CJIOEM U 00beMHOU (ha3oii.
AncopOruss MOXET HaOMoAaThCs B MHOTOKOMIIOHEHTHBIX CHCTEMax, U
Ipy  TIepepaclpeiciCHH KOMIIOHEHTOB B TIOBEPXHOCTHBIA  CIIOM  OyneT
MEPEXOAUTh TOT KOMITOHEHT, KOTOPBIA CHJIbHEE YMEHBIIIACT G.
B onHOKOMITOHEHTHOUW cuctemMe Mpu (HOPMUPOBAHUH TOBEPXHOCTHOTO
CJIOSl TIPOMCXOJMT HW3MEHEHHWE €ro CTPYKTYpPhl, KOTOPO€ YacTO HAa3bIBAIOT
aBTOAJICOPOIHCH.
Kpome Toro, ancopOrusi MOXeT OBITh pe3yJIbTaTOM XHUMHYECKOTO
B3aMMOJICUCTBHS KOMIIOHEHTA C TIOBEPXHOCTHIO BEIMIECTBA (XEMOCOPOITHS).
[Ipunsito Oonee MIOTHYIO ¢azy, T.e. BEUIECTBO HA MOBEPXHOCTU KOTOPOTO
MPOUCXONUT AACOPOIMS Ha3bIBaTh aaCOpPOCHTOM. AJCOPOCHT MOXKET OBITh
TBEPBIM H KUIKHAM.
BemecTBo, KOTOpOE MIepepacpenesieTcst U MO3TOMY OOBIYHO HAXOAUTCS B
razo00pa3Hol WM XUAKOH (ha3e, Ha3bIBaeTCs acopOaToOM.
Takum obpazom, ajgcopOaT aacopOUpyeTCsi Ha MOBEPXHOCTHU aJCOPOCHTA.
OOpaTHbIli TIpollecC TEpexoAa BEIIecTBa M3 MOBEPXHOCTHOTO CJIOS B
00beMHYI0 (ha3y Ha3bIBAIOT JECOPOLIUE:
B 3aBHCcHMOCTH OT arperaTHoOro COCTOSIHHS (pa3 pa3IuvaroT:
e a/1cOopOIMIO ra30B HA TBEP/ABIX aJICOPOCHTAX;
® a7CcOpOIMI0 PACTBOPEHHBIX BEIIECTB HA TPAHUIIAX TBEPIOE TEJIO — KUJIKOCTh
U SKUIKOCTh — skuakocTh (T-2K, XK-XK);
e ajcopOIMIO HAa TPAHUIIE KUJKUIA PACTBOP — Ias.
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KonnyecTBeHHO acopOIHst OMMCHIBACTCS ABYMS BEIIMYMHAMMU:

1) Yucno mojeld WM TPaMMOB BEIIECTBA, MPUXOMASAIIMECS Ha CAUHHILY
MIOBEPXHOCTH WJIM HA €IAMHUILy Macchl ajcopOeHTa. OOo3Hauaetcs A. EguHMIIbI
m3MepeHmst: [Mois/M’], [mous/r], [r/M?], [r/m?].

2) H30BITOK BEIIECTBA B IOBEPXHOCTHOM CJIO€ IO CPAaBHEHUIO C €ro
KOJIMYECTBOM B TaKOM e 00beMe (Da3bl, TaK)Ke OTHECCHHBIM K €HHUIIC TUIOIIA M
MOBEPXHOCTH WJIM K EIMHMIEC Macchl ajncopOenta. OOo3HauaeTcst OykBoit I,
CIMHUIIBI H3MEPEHHS TE JKE.

3aBHCHUMOCTD BEJIMYHHBI aICOPOLIUU OT MAapaMETPOB CHCTEMBI MOXKET OBITh
TPEX BHJIOB:

1. 3aBHCHMOCTb OT KOHIEHTpAIMH (WIM MMapIHaIbHOIO JAaBICHHS IS
ra3oB) BEIIECTBA MPH IMOCTOSHHON TEMIIEpaType — H30TepMa:

A =1r(c) = '1(p)

2. 3aBUCHMOCTD BEJIMYHHBI aJICOPOLUU OT TEMITEPATYPhI IIPH TOCTOSHHOM
KOHIIEHTpanud (MJIM [OTEHIMAJIbHOM JaBJICHHH) BEIIECTBA — H3O0MHUKHA
(u300apa):

A=1(T) =f+(T)

3. 3aBUCHMOCTb KOHUEHTpAuu (WM MaplyalbHOTO J1aBJICHUS) BEIECTBA
B 00bEME OT TEMIEPATYPHI IPU OCTOSHHON BEIMYHMHE aICOPOLMU — H30CTepa:

C=1A(T); mam p="~1x(T)

Ha IMPAaKTHUKEC, KaK IIpaBUJIO, IIOJYy4YarOT H30TCPMbI, T.K. 00€eCIIeYnTh
IIOCTOAHCTBO TCMIICPATYPHI IIPOLIC BCCTO.
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2. dyHaaMeHTAJBHOE aacopOounoHHoe ypaBHeHue I'udoca. 'm60coBckas
aacopouus

BoiBog ypaBHenust ['m60ca ocHOBaH Ha NPUMEHEHUH OOBEAMHEHHOTO
ypaBHEHUsI TMEPBOIO W BTOPOr0 Hayal TEPMOJAMHAMHKH, a TakxkKe TMpu
paccCMOTpEHHMH TIpoliecca aJcopOIMKM Kak IMpoIlecca, MpU KOTOPOM H3MEHSIOTCS
XUMHUYECKHE TOTEHIMAIBI KOMITOHEHTOB CUCTEMBI.

JIns ycnoBUs MOCTOSIHCTBA TeMIEpPaTypbl MOKHO BBIBECTH CIIEIYIOIIYIO
3aBUCHUMOCTb!

sdo+> ndy; = 0 — obmree  ypaBHenune I['mbOca  mms

Mex(a3HOM MOBEPXHOCTH.
Nj — YHCI0 MOJICH KOMITOHEHTA 1.
Bce mapameTrpbel B 3TOM YypaBHEHUH YAO0OHEE OTHOCUTh K €IUHUIIE
TIJIOIIAIM TIOBEPXHOCTH.
Pazgenum Kaxaplid WieH 3TOr0 BBIPAKEHUS HA S U MOJYUHUM:

—do = Z Ady, — byHIaMEHTAIBHOE a7IcOpOITMOHHOE

ypaBHeHue ['ub0ca.

T.K. 0j/S = I'j — MOBEPXHOCTHBIN W30BITOK KOMITOHEHTA 1 B TIOBEPXHOCTHOM
CJIO€ TI0 CPABHEHUIO C €r0 PAaBHOBECHOM KOHIIEHTpalue B o0beMHOM (aze. D10 u
€CTh BEJIMYMHA THOOCOBCKOM aJICOPOITHH.

Wi — XUMUYECKUH TTOTEHIIMAJI KOMIIOHEHTA 1.

DTO ypaBHEHHE CBS3BIBACT MOBEPXHOCTHOE HATSDKEHHME C ajcopOuuen
BEII[ECTBA — B ATOM 3aKJIIOYAETCS €ro (QyHIaMEHTaIbHOCTD.

AncopbrmonHoe ypaBHeHHe ['m60ca OTHOCHTCS K MHOTOKOMITOHEHTHBIM
CUCTEMaM M SBJSETCS TEPMOJAMHAMHUYECKH CTPOTUM COOTHOIIeHHeM. OmHako
MPaKTUYECKOE €ro UCMOJIb30BaHUE HE BCEria YI00HO.

YacTo BO3HUKAET HEOOXOIUWMOCTH OINpEAEICHUs 3aBUCUMOCTH G OT
aJICOPOIIMM OJTHOTO BEIIECTBA MPH MOCTOSHHBIX XUMHUECKUX IMOTEHITHAIaX JIPYTUX
BEILIECTB.

Torma MOXHO 3alucaTh:

99 ) __&
a/ui i

Wi = },lio + RTlna;,
rae W 1 W’ — pAaBHOBECHOE M CTAHAAPTHOE 3HAYCHHE XMMHUCCKOTO
MoTeHIIhaa aacopbara i;
aj — TepMOJIMHAMHUYECKasi aKTUBHOCTh ajicopOara;
R — yHuBepcanpHas razopas nocrosiuaas 8,314 k/x/mons-K.

dp; = RT-dIna;
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00 | __pRr
dlna, ,~

ro_t[ 00 | __&/0do
' RT\ola )  RT(éa )

ai = Cj.vi.

Jlns1 paz6aBlIeHHBIX pacTBOPOB i = 1, @ = Cj,
[ToaTomy 17151 paCTBOPEHHOTO BELIECTBA UCTIOIB3YIOT ypaBHeHue ['n06ca B
CJIEYIOIIEM BU/IE:

F=_L(a_gj
RT \ dc

Ecin ancopbums NpouUCXOAMT U3 ra3oBod  (asbl, TO BBIpa3uB
KOHIIGHTPALMI0 B COOTBETCTBUU C ypaBHeHueM Kiamelipona-MenneneeBa uepes
JIaBJICHUE:

p=CRT

[IOJIyYUM,

JUIS1 a7ICOpOLIMK U3 PACTBOPOB.

I = _%(2_0} — JUISL a7ICOPOLIMM M3 Ta30BOM (pasbl.
p

M3 noaydeHHBIX ypaBHCHHMH CJI€AyeT, YTO, 3Has 3aBHCHMOCTH
MOBEPXHOCTHOTO HATSHKCHHS pacTBOpa OT KOHICHTPAIMA PacTBOPEHHOTO
BEIIECTBA, MOYKHO PACCUUTATH H30TEPMY aJICOPOIIUH STOIO KOMITOHEHTA.

['n60OcoBCcKast amcopOlMs Bcerja BBIPAKACTCS B MOJSIX Ha CIUHHILY
TIomau (MOJIb/M°).

3. IoBepxHocTHAsi aKTUBHOCTh. [l0BepXHOCTHO-aKTHBHbBIE U
NMOBEPXHOCTHO-UHAKTHBHbIE BellleCTBA

B ancopOumnonHoMm ypaBHeHuu ['mOOca BiMSHUE NPUPOJLI BEIIECTB Ha

oo
aJIcOpOIIMIO OTpaXkaeT MPOM3BOJIHAS P Dta NpOM3BOAHAS OIMpPEICIsSeT W 3HAK
C

rub0coBckor aacopOumu. [loaToMy 3Ta BeNIMUYMHA CIYXUT XapaKTEPUCTHUKON
MOBEJICHUSI BEIIECTB MPHU aJICOPOITUH.

oo o
Bennunny - P o MpeJIoKeHnIo PeOuHaepa Ha3bIBalOT MOBEPXHOCTHOM
C

AKTUBHOCTHIO M 0003HAYAIOT g:

oo r
g = = RT P
oc c
[TpuHUMaeM, 4TO pacTBOPHI TOCTATOYHO pa3OABIICHBI U C < a.

oo
Ecmmn ~ <0, TO amcopOIHs MOTOKHUTENbHA.
c

Ecnn 2—0 >0, To aacopOIUs OTpUIATEIbHA.
c
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3HaK MUHYC CTOUT JJISI TOTO, YTOOBI 3HAKM MTOBEPXHOCTHOW aKTUBHOCTHU H
a7IcOpOIIUM COBMAJAIIH.

[ToBepxHOCTHAsE AKTHUBHOCTb SIBJIICTCS BaKHEWIEW ajcopOIMOHHON
XapaKTePUCTUKON BEIIECTB, OMPENEIAIONIed MHOTHE WX CBOMCTBa M 00JacTH

IIPUMCHCHMUA.
YP ABHCHHC IIOKAa3bIBACT, 4YTO, YEM CHJIBHCC VYMCHBIIACTCA G C
YBCIIMYCHUCM KOHIOCHTPpAaUN az:cop6preM0ro BCIICCTBA, TCM OoubIIIe

MOBEPXHOCTHAs! aKTUBHOCTH g 3TOTO BEIIECTRA.

VYpaBHEHHE MTOKA3bIBAET, YTO YEM CUJIbHEE YMEHBIIAETCSA 6 C YBEIUUYCHHUEM
KOHILIGHTPAaLlMU  aJcopOMpyeMOoro BeIllecTBa, TeM OOoJblle IMOBEPXHOCTHAs
aKTUBHOCTb ( OTOro BemiecTBa. BoO3MOXHBI Tpu ciydas HM3MEHEHHS
MOBEPXHOCTHOT'O HATSHKEHHS C POCTOM KOHIIEHTpauuu (puc.).

GA

/ 1B (Ac > 0; g< 0)

ITHB (Ac = 0; g = 0)

ITAB (A6 < 0; g >0)

C

Puc. 3aBUCMMOCTb MOBEPXHOCTHOIO HATSIKEHUS OT KOHLICHTPALIUU
BEILIECTB B BOJJTHOM PacTBOpE

Ecnn  pacTBOpeHHOE BEIIECTBO IOHMXKACT IIOBEPXHOCTHOE HATSIKEHUE
(Ao<0), TO ero MOBepXHOCTHAs aKTUBHOCTH MOJIOXKHUTEIbHA (§>0); Takue BelecTBa
HA3bIBAIOTCS MOBEPXHOCTHO-akTHUBHBIMH BemecrBamu (ITAB). B BogHbix
pactBopax  cBoiictBa I[IAB mnposBISIIOT MHOTHE OpraHMYECKHE BELIECTBA,
HaIpUMep, CIIUPTHI U KUCIOTHI alU(paTUYECKOTO psiia, CIOXKHbIE d(PUphI, OEIKU U
Ap.

MHorue  pacTBOPEHHBIE  BEIIECTBA  HE3HAYWUTEIBHO  IOBBIMIAIOT
noBepxHocTHOE HaTshkeHue (Ao>0). IIockoabKy HMX MOBEPXHOCTHAs AKTUBHOCTH
otpuuateiabHa (g< 0), UX Ha3bIBAIOT MOBEPXHOCTHO-UWHAKTUBHBIMH BellleCTBAMM
(IIMB). K rtakuMm BemecTBaM B BOJHBIX pPacTBOpax OTHOCATCA MHOIHE
HEOPraHWYECKHUE KHUCIOTHI, OCHOBAaHUS W COJIM, IOJISIPHBIE MOJEKYJBI U HOHBI
KOTOPBIX CHUJIbHEE B3aMMOJACWMCTBYIOT C BOJOM, yeM MexXAy coboi. CBoiicTBa
[IMB 1nposBIAIOT M HEKOTOPbIE OPraHMYECKUE COEAUHEHUs, HaIpuUMep, o-
AMUHOKHCJIIOTBHI.
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N3BecTHBI U BEIIECTBA, KOTOPHIE HE U3MEHSIOT TOBEPXHOCTHOTO HATSHKCHUS
XKHUJKOCTH, B KOTOpor oHu pacTBopeHsl (Acg = 0; g = 0). Takue BemiecTBa OTHOCST
K NMOBEepPXHOCTHO-HeaKTUBHbIM BemecrBam (IIHB). Ilo oTHomienuto k Boje
TaKHWE CBOMCTBA MPOSBIISET caxapo3a U Jpyrue caxapa.

AncopOruio mpH  KakoW-JMOO KOHIICHTpAIMd MOYKHO  ONPEICIIUTh
ciaeayrmmM o6pazom. JIjisi Kakor-1ub0 TOYKHM C KOHIIEHTpAIlMed C; MPOBOIST
KacaTeJIbHYIO U BBIYUCIISIOT tg0 — 3TO MOBEPXHOCTHASI AKTUBHOCT.

[ToncraBnsior B ypaBHeHue ['u60ca:

c
I'=— 19c.
RT g

TepMuH «IOBEpPXHOCTHO-aKTHBHBIE BemecTtBa» uinu [IAB  00buHO
MPUMEHSIOT K CHEeUU(PUUYECKUM BEIIEeCTBaM, OO0JIAIal0IUM OYEHb OOJIBIION
MOBEPXHOCTHOW aKTHMBHOCTBIO MO OTHOILIECHHIO K BOJE, YTO SIBISIETCS CIEACTBUEM
uX 0c000r0 CTPOCHUS.

Monekynesl [TAB umeror HenossipHyro (Kak MpaBUIIO, YIJIEBOJIOPOIHYIO)
4acTh W TOJISIPHYIO, MpeACTaBiIeHHYIO GyHKUHOHaIbHBIMH rpynmamu: -COOH,
-NH,, -OH, -O-, -SO,0H wu ap.

YTrieBogopoaHbIE paIMKalbl BBITAIKABAIOTCS U3 BOJbI HA TOBEPXHOCTH, U
ux ajacopomus I' > 0.

[TAB tuma o6sranbix MbuT (C17H33COONa, oneat HaTpust) B KOHIIGHTpAITUH
10 MOJIB/T IOHMIKAIOT G BOJIbI B =2,5 pasza.

[IpuMep MOBEPXHOCTHO-WHAKTUBHBIX BEIIECTB — 9TO HEOPraHUYECKHE
COJIM, KOTOpbIC pacmaaasich B BOJE HAa HWOHBI, CWIbHO THApatupyrorcs. OHu
B3aUMOJICHCTBYIOT C BOJIOM CHJIbHEE, Ye€M MOJIEKYJIbl BOIbI MEXIYy COOOM.
NxI' <O.

Bepnemcs k ITAB.

Crpoenue Monekynsl [TAB, kak cocTosiieil U3 HENOJSIPHOW W MOJIIPHOU
4acTH, TMO3BOJISET Ha3BaThb WX JAUGUIBHBIMH, T.e. Moyiekyidbl [IAB wmoryt
B3aMMOJICHCTBOBaTh KaK C HEMOJSPHBIMU BEIIECTBAMHU, TaK U C MOJSPHBIMHU
KUAKOCTSIMH, Kak Boja. Monekyny [TAB npunsTo n3o0paxaTh Kak:

oO——

Ecmu paccmarpuBarth rpaHully paszznena JByX ¢a3 BOJa-BO3IYyX, TO
MosiekyIibl [TAB opueHTHpYIOTCS Ha MOBEPXHOCTU BOJBI TAKUM 00pPa3oM, U4TO UX
MOJISIpHAsE TPYyMIa WU «TOJI0OBA» MOXKET OCTaBaThCA B BOJHOUM (asze, T.e. OBITH
TUJPATUPOBAHHOM, a YIVIEBOJOPOAHAA YACTh WU «XBOCT» BBITAJIKUBACTCS
AKTUBHO B3aMMOJECHUCTBYIOIIMMHU APYr C APYrOM MOJIEKYJIaMU BOJbBI «HAPYKY»,
T.€. B HEMOJSIpHYIO (ha3y.

~N [/
O O 0O OO0
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3aBUCHUMOCTh MOBEPXHOCTHOTO HATSKEHUsI OT KoHIeHTpauuu s 1TAB
JOCTATOYHO TOYHO TMOJYUHSACTCS SMIMPUUYECKOMY YPaBHEHHUIO, MPEIIOKEHHOMY
[[IumkoBckuM B 1908 roay:

6 = 0p- a'In(1+bc) — ypaBHenue llInmkoBckoro,

I'Zle G — IOBEPXHOCTHOE HATSHKEHUE PacTBOPa;
Gy — IOBEPXHOCTHOE HATSKEHUE PACTBOPUTEILS;
a v b — BMOUPUYECKUE TIOCTOSIHHBIE;
¢ — MoJssipHas koHueHTpauus IIAB B pacTBope.

VYpaBuenue IIIUIIKOBCKOTO XOpOIIO MPUMEHHUMO Ui BBIYUCIICHUS
MOBEPXHOCTHOTO HATSXKEHUSI KUPHBIX KUCJIOT C HE CIMIIKOM OOJBIIUM YHUCIIOM
aToMOB yriiepoja B MoJiekyJie (10 Cg).

Hns  monekyn IIAB jnvHa yIiieBOJOPOJHOrO paauviKajia CHIIBHO
CKa3bIBAETCS HA TOBEPXHOCTHOW AKTUBHOCTH MOJIEKYJIBI.

Hiokno, a 3areM TpayOe, m3ydas MOBEPXHOCTHOE HATSIKEHUE BOIHBIX
pacTBOPOB TOMOJIOTMYECKOTO psiia MPEACIbHBIX KXUPHBIX KHUCIOT, YCTaHOBWIH
3aBUCHMOCTb, KOTOpas MOJIy4ria Ha3BaHue npasuiia Jwokiao-Tpayoe.

IHoBepxHocTHast akTuBHOCTH y ITAB ogHOro romoJiornyeckoro psiza
TeM BbIllIe, YeM 0o/bllIe JJIMHA YIJIeBOAOPOAHOI0 PAMKAaJIa; B CPeJHEM OHA
yBeJauyuBaercs B 3,2 pa3a Ha kaxkayro rpynmy -CHo-.

[IprunHa TakoW 3aBUCMMOCTH 3aKJIKOYAETCS B TOM, YTO C YBEIMYECHUEM
JUIMHBl ~ YTJIEBOJOPOJHOIO paauMkana B MoJekynax IIAB  yMmeHsbinaercs
pPacTBOPUMOCTh 3THX MOJIEKYJ M TEM CaMbIM YBEJIWYHUBACTCS CTPEMIICHHE HX
neperT u3 o0beMa U TOBEPXHOCTHBIN CITOM.

Hanpumep, wMacnsiHas KUCIOTa CMEIIMBAETCI C BOJOM BO  BCeEX
COOTHOUICHMSIX, @ BajlepuaHoBasi 00pa3yeT ToJbKo 4% pacTBOp, a APyrue KUCIOTHI
c 0oJiee BBICOKOM MOJIEKYJIIPHOW Maccoi elie MeHee pacTBOPUMBI B BOJIE.

[IpaBuno ioxio-Tpaybe HanbOosiee TOYHO BBIMOTHSACTCS TPH HUZKUAX
KOHILICHTPALUAX PACTBOPEHHBIX BEILIECTB:

gn+l — Ao-m—l — b ~ 3’2
gn AO_n c—0

rae n u (N+1) — 9ucio yriaepoaHbIx aTOMOB B YIJIEBOIOPOIHOM pauKale.

Crnenyer 3ameTuTh, 4To mipaBuiio Jrokio-TpayOe cobiromaercs UMb Jist
BOJHBIX pacTBOpoB ITAB. Jlyisi pacTBOpOB k€ B HEMOJSPHBIX PACTBOPUTENSIX OHO
HE BBINIOJHAETCS, T.K., Kak npasuio, [TAB xopolio pacTBOpstOTCS B HEMOISIPHBIX
KUIKOCTSAX B OyAyT CTPEMHUTHCS IEPEXOAUTH U3 TTIOBEPXHOCTHOTO CIIOSI B PACTBOP.

[Ipu manbix KOHLEHTpauusx AuduibHbIXx MoJiekyn [IAB B Bome onHM
o0pa3yloT HMCTHUHHBIA pacTBOp, mnpudyem Mosekyisl I[IAB cocpemnorodens B
OCHOBHOM B MOHOMOJIEKYJISIPHOM ITOBEPXHOCTHOM CJIO€, YTO BBI3BIBAET PE3KOE
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CHIDKCHUME MOBEPXHOCTHOIO HATSDKECHHMS pPacTBOpa IIPU  YBEIMYEHUH €r0
KOHILICHTPAIlMM BIUIOTh /10 ONPEIEICHHOIO 3HAYEHUS — KPUTHYECKOH
KoHUeHTpauueil munesiooopazoBanusi (KKM). Ilpu eme Oosnee BbICOKOH
KOHILIEHTpanuu Mojekynbl [IAB  oObenuHsAOTCS B CTOMKHE —acCOIMaThl
(KOJIJTOMIHBIE YaCTHUIIbI), KOTOPbIE HA3bIBAIOTCA MUIEIbL. (711 HEMOHOTEHHBIX
[IAB Bemuunna KKM cocrasnser 107°-10™ MOJIB/JI, IS HOHOTE€HHBIX — 103-10
MOJIB/ 1.

[Ipu oOpa3oBaHMM KOJIOMAHBIX yacTull Mosiekyisl [IAB opuenTtupyrorcs
TaK, 4TOOBI TOBEPXHOCTH MUILIEIUIBI IO MOJISIPHOCTH ObLIa OJIM3KA JUCIIEPCUOHHON
cpene. B monspHOl muMcnepcMoHHOM cpene (BOJa) MOBEPXHOCTh MHUIICILIBI
oOpa3oBaHa TMOJSAPHBIMH TPYIIAMH, a SAPO — THAPOPOOHBIMU (DparMeHTaMu
monekyn IIAB. B HemonspHol aucnepcHoHHON cpene (Macio) sapo MUIIEIUIbI
dopmupyeTcss W3 MOJSPHBIX TPyMN, a €€ IMOBEPXHOCTb — M3 TUAPO(POOHBIX
dbparmentoB monekyn [TAB.

IIpn konuenrpanusix, npespimawmux KKM, B pacTBope BO3HMKAIOT
muneibl. Mx Qopma wmensercs mo Mepe yBEIMYEHHsS] KOHIICHTPALUU OT
chepuyeckod K DSIUIAINCOMIHOM, 3aT€M LUIMHJIPUYECKOW M TE€KCAarOHAJIbHOM.
Taroke 00pa3yroTcs U II0CKUE (MJIACTUHYATHIC WK JUCKOOOPA3HbIC) MULICIUTHI.

[Ipu panpHelmeM yBenuyeHUd KoHieHTpanuu [TAB yBennueHue pasmepa
MUIIEJUT U MX arperupoBaHU€ NPUBOJUT K OOPa30BAHMUIO CBSI3HOJUCIEPCHOU
CUCTEMBbI — BOBHHMKAET CIUIONIHAS rejieo0pa3Hasi CTPYKTypa U3 MUIICILIL.

OmuuM n3 BaxkHeHmmx cBoucTB [IAB gBiagercda coJo0MIn3anug —
CaMOIIPOU3BOJIBHBIM ~ MEPEXO]  TPYAHOPACTBOPUMBIX  HHU3KOMOJEKYJISPHBIX
COCIMHEHUN B BOJHYIO (pazy Mmoj JEWCTBHEM KOJUIOMIHBIX pacTBOpoB [TAB.
ComoOunuzanus cBsiz3aHa C MPOHUKHOBEHUEM MOJIEKYJl BEIIECTBA B CTPYKTYPY
MHUIIEUT. BHEApEHHE TOCTOPOHHUX MOJIEKYJ B MUIIEJUTY YBEJIMYUBAECT €€ pa3Mmep,
HO HE HapylIaeT YCTOMYMBOCTh AUCTIEPCHOMN cucTeMbl. CoMro0mmmn3anus sSBiseTcs
BaKHEUITUM (hakTopom morotiero aeicteus [TIAB.
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Jlexiusa Ned

Tema: AxcopOuus Ha rpaHule pa3jaelia
TBEpAOe TeJO — ra3, ’KUJAKOCTb — ra3s

IIJIAH

1. YpaBHenue @pelinamxa A aicopOoIuu ra3a u aicopOoiuu u3 pacTpopa.
2. Teopwust MOHOMOJIEKYJIIPHOH ajcopOmmu JIeHrmiopa.

3. Cssa3p Mexay ypaBHeHUsME [ n60ca, Jlenrmropa u LumkoBckoro.

4. Teopus nomuMmonexysspHoit aacopommu bIT.

1. YpaBHenue @peiinanauxa Ajs aacopoOuum raza u aacopoumnu u3 pacTreopa

PaccmoTpuM wu3oTepMy ajncopOumu, T.e.
A 3aBHCHUMOCTh aJICOPOIIMU OT KOHIICHTPAILUU
azicopOMpPyeMOro BELIECTBA.
M3orepma afcopOuuu 1o BUAY HAIOMHUHAET

napabony. OpeiHIIMX A €€ aHATTUTUIECKOTO

BBIpAKCHUA IMPCAJIOKHII OMIITUPHUYICCKOC

¥

€ ypasuenue:

N e e
A=~ =Kp

1in

X — KOJIMYECTBO aJICOPOMPYEMOT0O BEIIEeCTBA;
M — Macca aJIcopOeHTa;
P — PaBHOBECHOE JIaBJICHHE Ia3a B CHCTEMC;

K 1 N — KOHCTAHTEL.

s ancopOuuu U3 pactBopa ypapHeHue OpelHamxa npeacTaBiseT:

X _ I3l'::1.fn
m PREH

A=

B ¥ N — KOHCTAHTBHI;

23



Cpasn — PABHOBECHAsI KOHLIEHTPALIKS.

Koucrantsl ypaBHeHuss @pelHayinxa Jerko HalTu rpaguuecku Mo U30TepMe,
MOCTPOCHHOM B TIOTapu(PMHUUECKUX KOOPAUHATAX.

1

lgA=Ilgp + 0

lg €
1 ]

lg A
|
Iz fp

o

" 12 o
teu=—-

n
2. Teopust MOHOMOJIEKYJISIPHOI ancopOuun Jlearmiopa

AncopOuus raza Ha TBEpAOM Telle SBISETCS MNPOCTEHIINM ClIydaem
ancopOuuu, T.K. CUCTEMa ra3 — TBEPJOE TEJIO COCTOMT U3 JIBYX KOMIIOHEHTOB.
[ToaToMy amcopOrius ra3a TBEPbIM TEJIOM OCOOCHHO YJ00HA /I TEOPETUUYECKOTO
pPaccMOTpEHUS SABJICHHUE aJICOPOLIUU.

Nmeercst HECKOJIBKO Teopuil  (Qu3nyeckod aacopOIMu, U3 KOTOPBIX
PacCMOTPUM TEOPHIO0 MOHOMOJIEKYJISIPHON aJCOPOLIIH.

Orta Teopuss Obuna mnpemiokeHa B 1915 romy aMepuKaHCKUM y4YEHBIM
JleHrmMiopom, HO, Kak OTMEYaeT caM JIEHrMIOp, UM MCIOJIb30BaHbl MPEICTABICHUS
00 aZICOpOIIMOHHBIX CHUJIaX, BIEPBBIE BHIIBUHYTHIE PYCCKUM y4eHbIM [ 'ypBUUEM.

[Ipu pazpabotke Teopun JISHrMIOp UCXOAMIT U3 CIETYIOMINX MOJOKEHU:

1. AncopOuus siBIsieTCs TOKAIM30BaHHON. MoOJIeKyJIbl HE IepEeMEIatoTCs 110
IOBEPXHOCTH.

2. AncopOnus MoKy afcopOaTa MPOMCXOIUT Ha aKTUBHBIX IIEHTPAX, BCETIa
CYLIECTBYIOIIMX HA MOBEPXHOCTHU aJcOpOEHTa (KaK MPaBHUIIO, 3TO BBICTYIIbI,
BO3BBIIICHHBIE HA TIOBEPXHOCTHU aicOpOeHTa, pedpa U yIiibl KPUCTAIIIOB).

3. Kaxaplit akTUBHBIN LIEHTP, aICOPOUPYsI MOJIEKYITY ajacopOara, CTAaHOBUTCS
y’K€ HECTIOCOOHBIM K JlaibHelen agcopouuu. [10aToMy Ha MOBEpXHOCTH
azgcopOeHTa MOKeT 00pa30BaThCs TOJIBKO MOHOMOJIEKYJISIPHBIN CIION
azcopOara.

4. AncopOupoBaHHBIE MOJIEKYJIbI YAEPKUBAIOTCS aKTUBHBIMU LIEHTPAMU TOJIBKO
B TEYEHHE OIPEACIICHHOTO TPOMEKYTKa BPEMEHHU.

5. AncopOupoBaHHBIE MOJIEKYJIbI HE B3aUMOJIEUCTBYIOT JIPYT C APYTOM.

Ucxons w3 »TuxX mnonoxeHui, JIGHTMIOp cMOr nath oOIIee ypaBHEHUE

HN30TCPMbI JIOKQJIU30BaHHOU az[cop6u1/m, MMPUTroAHOC KaK IJIs1 OIMMCAaHHA az[cop6u1/m
Ta30B, TaK U PaCTBOPCHHBIX BCIICCTB.
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Jlearmiop monarajg, 4YTO TpPU AACOPOIMU TIPOUCXOJIUT KBA3UXUMUUYECKAS
peaKiys MKy MOJICKYJION ra3a M akTUBHBIM IIEHTPOM aJICOPOCHTA, B pe3yiIbTaTe
KOTOpOil 00pa3yeTcsi aacopOIMOHHBIA KOMILIEKC, T.€. MOJeKyJa ajcopoara,
azicopOMpoBaHHAas aJCOPOCHTOM:

A+ B == AB

Fy
1

rae A — aicopOIMOHHBIE [IEHTPBI IOBEPXHOCTH;
B — pacnipenensaemoe BemecTno;

AB - o6pasyromuiics KOMIUIEKC Ha TOBEPXHOCTH.

[To mepe yBenuueHHWs KOHIICHTpAIlMHM BellecTBa B paBHOBecue peakiuu
CIBUTAETCS] B CTOPOHY 00Opa30BaHUsI KOMILJIEKCA, B CBOOOJIHBIX aJCOPOMPOBAHHBIX
[IEHTPOB CTAHOBUTCS BCE MEHBIIIE.

Koncranta ancopbupoBanHoro paBHOBecHusi (0e3 ydera K03(h(PUIIMEHTOB
aKTUBHOCTH PEarupyroIIuX BEIIECTB) paBHA:

C
- AB
E =

st Cp

B sTOM cOoOTHOILIEHMU:

Eﬁgzﬁil Eﬁ=f1in=91m_}"k,

rae A- BeauuuHa ajacopOImu;

A, - €MKOCTh aJCOpOLIMOHHOTO MOHOCJIOSl WU YHUCJIO aacOPOILMOHHBIX
IIEHTPOB, MPUXOIAIINXCS HA CIUHUILY TUIONIAJHM TIOBEPXHOCTH WJIM Ha CAUHUILY
Macchl acopOeHTa;

A, - UHCIO OCTaBIIUXCS CBOOOJHBIMH  aJCOPOLIMOHHBIX  IIEHTPOB,
MNPUXOJSIINXCS HAa €IUHUILY ITUIOMIAJU TMOBEPXHOCTH WJIM HA EIUHUIY MacChl
azicopOeHTa.

[ToncraBiisist 3T COOTHOUIEHUA B ypaBHeHUE il K nmomydnm:

L A
(Ax—A)ec
WIIH

A=A, ,Kc-AKc

1 +Kc |- YpaBHeHHe U30TepPMbI acOPOIUMN
Jlenrmiopa

Jns Tra3oB M MapoB KOHIIEHTPAUMHU MNPOMOPLMOHAIBHBI WX MNapUUAAIbHBIM
naBiieHusM. [loaTomy i1 HUX M30TepMa aacopOoruu JIeHrMopa npuHUMAaET BUI:

K, P

A=Aw'T:E;ﬁ; - ZUA Ta30B H IMapos.
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KoncranTta aacopOumMoHHOro paBHOBecusi B ypaBHeHUHM JleHrmiopa
XapaKTepu3yeT SHEPruio0 B3auMOJACHCTBUS ajcopbata c ancopOeHToMm. Yem
CWIbHEE OTO B3aUMOJICHCTBHE, TeM OOJbIIE KOHCTaHTA aJCOPOIMOHHOTO
paBHOBECHS.

Tunuunas nzotepma agcopOuuu JIeHrmMropa nokasaHa Ha pUCyHKe.

Ay
A

c(p)

BaxxHbl IKCTpanoJsiiuOHHbIE CIeACTBUS U3 3TOT0 YPABHEHHUS :
1. Ilpm manbix xoHUEHTpauusx korna ¢ — 0, To wieHom K-c B 3HameHatene
npeHeOperaem:

A=A,"K-¢c - ypaBHenue I'enpu.

T.€. BEJIMUMHA aJICOPOIUU JIMHEWHO PACTET C YBEIMYCHUEM KOHIICHTPAIIUH.

Ha rpaduke »TOT cimydaili COOTBETCTBYET Ha4yaJlbHOMY IMOYTH JUHEHHOMY
Y4aCTKY U30TEPMBL.
2. Ilpm Oonpmmx kKoHIEHTpamusx, korga K-c >> 1, ypaBHenue JleHrmiopa
MEPEXOIUT B COOTHOILIEHHE: A = A,. DTO OTBEYAET MPSAMOJUHEUHOMY YYacTKY
M30TEPMbl, UAYIIEMY MOUYTH MAPaJIENIbHO OCH JIaBJICHUIA.

DTO COOTHOUIEHHWE OTBEYAET HACBIIIEHHUIO, KOTJa BCA MOBEPXHOCTH

aJiIcopOeHTa MOKPHIBAETCS MOHOMOJIEKYJISIPHBIM CIIOEM ajicopOara.

DKCIEpUMEHTAIBLHOE OMpeesieHHe A, TMO3BOJSET PacCUUTaTh YIACIbHYIO
MOBEPXHOCTh aJCOpPOEHTA:

Sy}l.z Aw 'NA ()

riae A, - mpenelbHas amcopOmus, BhIpa)kaeMas YUCIOM MOJeH ajcopOarta Ha
SMHUITY MaCChl aICOPOCHTA;

N, - uucio ABorajpo;

® — IUIOIIA/Ib, 3aHMMAaeMasi OJTHOM MOJIEKYJIOH ajcopbara.

DKCIepUMEHTAIbHBIE PE3yJbTaThl MO OMPEACICHUIO HU30TEPMbI aJCOPOIUU
OoOBIYHO 00pabaThIBAIOT C TOMOIIBIO ypaBHEHHsS JIeHrMiopa, 3alMCaHHOTO B
JUHEHHOU popme:

1 1 + 1 1

A A, KA, ¢
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50)0%0

C
A KA, A,

CrtposT rpaduk 3aBUCMMOCTH B KOOpAMHATaX c — C/A. DKcTpamnoisuus
3aBUCUMOCTH JI0 OCH OpAMHAT JaeT OTpe30K, paBHbI 1/A, - K, a Tanrenc yrna
HaKJIOHA MPSMOM o paBeH 1/A..

[ |
A
1A
-7 1
1 tgou=—
- J.ﬂk.{,.‘}
I‘k J.ili.{,.‘:;. o
C

B obnactu cpennux KOHIIEHTpanui ypaBHeHue JIeHrMiopa mpeBpaiaercs B
ypaBHeHne @DpeiHmnxa, paHee BBIBEJCHHOE HKCIEPUMEHTAJbHO, TaK KakK B
00JIaCTH CpEJIHUX 3alOJHEHUN TOBEPXHOCTH XapaKTEPHO HKCIIOHEHIIUAIBLHOE
pacrpeneraeHue HEOJHOPOHOCTEN TOBEPXHOCTH:

A=K c™

3. CBa3b mexay ypaBHeHusimu ['u00ca, Jleurmiwopa u llInmkosckoro

JlenrmMiop moOKazaj, d4TO MOJIb3YySACh ypaBHeHWeM IlIWmKoBCkoro B
nudepeHnranbHOM BUIE MOKHO TIEpeTH OoT ypaBHeHHs ['mb0Oca K ypaBHEHHIO
Jlenrmropa.

Kak s yxe roopwia, I[lIMmkoBckuii ompenenus B CBOEM YpPaBHEHUU
3aBUCUMOCTH G OT KoHIeHTparwu s [TAB. Jlearmrop, cBsizaB ypaBHeHue [ nd6ca
CO CBOMM ypaBHEHHUEM, ONpPeAeIni (PU3NIECKUN CMBICIT KOHCTAHT AMITUPHUIECCKOTO
ypaBHeHus InImKoBCKOrO.

Jnsa ITAB Oonplne 3HaYeHUS TOBEPXHOCTEH aKTHUBHOCTH IIPEJIIOJIararoT
OueHb Mayible KoHueHTpanuu IIAB B oObeMe pacTBOpa MO CpaBHEHHIO C
BEJIMUYMHOMN UX aJCOpOLIMM Ha TPAHUIIE PAaCTBOP — BO3YX.

[Tosromy nna ITAB:

I'=A

CornacHo ypaBHEHUIO JIeHrMropa:

I'=A., - Kc/(1 +Kc)

CornacHo ajcopOroHHOMY ypaBHeHuto [ nooca:
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c do

ET (¢
K dc
1+ K¢
[TpoBenst HHTErpUpPOBAHUE ITOTO ypaBHEHUs 1m0 dG OT 6y 10 6 1 dC ot ¢=0 110
C TIOJTyYHM:

r'=-

-do=A_RT +

L]

O C

do = A..RT _Kde = AxRT | dln (1 + EKc)
1+ Kc
a0

ITocne uHTErpUpOBaHUS MMOTYUHUM:

O

00 — Ax:RTIn (1 + Ec¢) | -ypaBuenune lInmkoBckoro

G=0610—al (1+ Bc) |-smnupuueckoe ypaBHenue LlnmkoBckoro
a=A_RT

B = K — KOHCTaHTa aJIcOPOITMOHHOTO PAaBHOBECHSI.
DTO ypaBHEHHME CIIpaBEIMBO TOJIbKO 11 ITAB.

4. Teopus moumoJiexkyJasipuoi agcopouun BIT

OmnbIT MOKa3all, YTO HE BO BCEX ClIydasx afcopOLUU BUA U30TEPM aJCOPOILIUU
COOTBETCTBYET paHee NpuBeAeHHOMY Trpaduky. OdeHb YacTO Ha MpPaKTUKE
BCTPEYAIOTCA M30TEPMbl, HE HMEIIIHE BTOPOrO y4yacTKa, OTBEYAIOLIETO
HACBIIICHUIO TIOBEPXHOCTH ajcopOeHTa MoJsiekyjJaMu ajacopbara. Bupa Takux
KPUBBIX MOKa3aH HA PUCYHKE.

I )

A

c)

OueBHIHO, YTO CBS3bIBaHME ajcopOara ¢ aJCOPOECHTOM HE MpeKpalraeTcs
nocJie 00pa3oBaHUsi MOHOMOJIEKYJIIPHOTO CJIOA, & IPOJOJIKAETCS JalbliIe.

B OGonblIMHCTBE CilIy4yaeB MOHOMOJIEKYJSIPHBIA aJCOPOLIMOHHBIN €O He
KOMIIEHCUPYET TOJHOCThIO M30BITOUHYIO MOBEPXHOCTHYIO SHEPTUIO, U TO3TOMY
OCTA€TCA BO3MOYKHOCTH BIIMSIHMSI ITIOBEPXHOCTHBIX CHJ Ha BTOPOM, TPETUH H
MOCIIEAYIOLIUE CIIOU, T.€. 00Pa3yIOTCS MOIMMOJIEKYISPHBIE CIOU.

[lepBble MOMNBITKM NOJYYEHHS YPABHEHUS HM30TEPMBI MOJHUMOJIEKYJIAPHOU
ancopOuu O6bUH crenanbl emie Jlenrmopom. CoBpemenHas ke Gopma ypaBHEHHS

28



MOJIMMOJIEKYJISIPHOM aficopOruu Obuta pemtokera B 1935 — 1940 rogax yaeHbpIMU
Bbpynayspom, OmmeroM u Temiepom. B cooTBeTCTBUM ¢ HadalbHBIMU OyKBaMu
dbaMunuit aBTOpoB 00Cyx)aaemasi Teopus nmoayyuia Hazsanue Teopunt bIT.

B sTOl Teopuu AOMOTHUTENBHO K JOMYLIEHUSIM, CAEIAHHBIM IPHU BBIBOC
ypaBHEHUs H30TEpMbl aacopOiu JleHrmiopa, ObUIO CeaHO MPENOI0KEHUE O
TOM, YTO Ha TMOBEPXHOCTU aJcopOeHTa O00pa3yroTcs MOCleq0BaTeIbHbIC
KOMILJIEKCHI aJICOPOIIMOHHBIX LIEHTPOB C OJHOM, JBYMs, TpeMs M TakK Jajee
MOJIEKyJIaMHu ajicopbara.

o

o o

OO Q00

MOHOMOJIEKYTIAPHEBL TIOTHMOTIEKY TIAPHBI

CITOH CIIOH

[Iponecc MOAUMONEKYISAPHOM aACOpPOLUMM MOXKHO TMPEJICTaBUTh B BHJIC
MOCJIEA0BATENbHBIX KBA3UXUMUYECKUX PEAKIINAN:
A+ B==AB

3B+ B == AiF,

AB,+ B == AB, HT. I

[TonmumonekynsipHast aacopOIMs Yalie BCero BO3MOXKHO TOT/Ia, KOT/a Ta3bl U
napel aacopOMpYIOTCSl MpPU TEMIIEpaTypax HIKE KPUTHUYECKOH, UYTO MOXKHO
MPEJACTAaBUTh KaK BBIHY)KJCHHYIO KOHJEHCAIIMI0 mapa Toj JeHCTBUEM
MOBEPXHOCTHBIX cwi. B  pesyaprare, eciu B oOinactu  oOpa3oBaHUs
MOHOMOJIEKYJISIPHOTO CJIOSl BEJTMYMHA aJCOPOLMHM CYUIECTBEHHO 3aMEIJISieT CBOM
pPOCT ¢ yBEJIMYEHUEM JaBJCHUS Tapa, TO B O0JacTH JaBJCHUM, OJU3KUX K
JABJICHUIO HACBIIIEHHOIO Tapa, OHA PEe3KO HAauMHAEeT BO3pacTaTh, U aAcopOuus
3aKaH4YMBaeTcs 00BEMHOM KOHACHCAIUEH mapa Mmpu p = Ps.

ABtopbl Teopun bBOT mnpuHsAIM, 4TO BO BCEX CIOSAX, KPOME NEPBOTO,
B3aMMOJICHCTBUE TaKO€ €, KaK ¢ NpU KOHJEHCAllMu, T.K. B 3TOM CcClly4yae
B3aMMOJICUCTBYIOT TOJIBKO MOJIEKYJIBI ajicopbara.

ABtopel Teopun bBOT ¢ momMomipl0 MareMaTHUYeCKuX MpeoOpa3oBaHMA
BBIBEJIM YPABHEHHE MOJTMMOJICKYIISIPHOM aIcCOpOITUH:

A = A Cp/Ps - ypaBHeHHe
) (L-pipIH+(c-110/p NOJIMMOJIEKYJISAPHOI
Lop/p) [LHie-1)p /pe] agcop6ouuu BIT

rie ¢ — Const paBHAa OTHOIIEHHIO KOHCTAaHT pPaBHOBECUS aACOpPOLMHU U
KOHJICHCAI[MU Tapa.

p — JaBJeHUE Napa;

Ps — JIaBJICHUE HACBIIIEHHOTO Mapa.
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D10 ypaBHEHHE 00001IeHHO# Teopuu JleHrmiopa, T.K. p/ps‘ 1 ypaBuerue BOT
npeBpallaeTcs B ypaBHEHHE MOHOMOJIEKYIISIpHON afcopOiuu JIeHrMiopa.
[Ipu oOpaboTke FKCIEPUMEHTAIBHBIX pe3yabTaToB ypaBHeHHEe BT 00b1YHO
HCIIOJIB3YIOT B JIMHEHHOU popMme:
P/ Ps 1 c-1

—— = + P/ ps
Al - P/ 1}5} Asc Asc

P/ ps

A(l-p/ps)

c-1
tg u=
/ : Jﬂlwc
} 1
Asc .

-
=

P/ ps
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Jlekuusa Ne5

Tema: AxcopOuus Ha rpaHulle pa3jaelia
TBEpPAO0e TEJIO — PACTBOP

IIJIAH

=

OcoOeHHocTH a1cOpOIIMU U3 PACTBOPOB.

2. 3aKOHOMEPHOCTH MOJICKYJISIPHOM aJcopOIMu U3 pacTBOPOB.

2.1. Pacuer BelIMYUHBI a/ICOPOLIUH.

2.2. BnustHue npupoibl Cpeabl Ha MOJIEKYJISIPHYIO aJICOPOIHUIO.

2.3. BausitHue cBOMCTB ajcopOeHTa Ha MOJIEKYJISIPHYIO aJICOPOIIHUIO.
2.4. BausiHue cBOMCTB ajficopOaTa Ha MOJIEKYJISIPHYIO aJICOPOIIUIO.
2.5. Bnusinue BpeMeHH, TeMIepaTyphl U KOHLIEHTPAIUU pacTBOpa.
HNonnas agcopOrius.

HNonoobmeHnHas aicoporusi.

B~ w

1. OcobennocTH agcopOLUM U3 pACTBOPOB

[IpakTuueckoe 3Ha4YeHHWE UMEET aJacopOUMs W3 pacTBOpa Ha TBEpAOU
IIOBEPXHOCTH, TAK KaK UMEHHO 3TOT IIPOLIECC JIEKUT B OCHOBE IPOLIECCA OUYUCTKU
JKUAKOCTEU. PereHepamusa W OYMCTKA PA3JIMYHBIX JKUIKOCTEM — 3TO BeChbMa
aKTyajpHas mpobjiemMa cOBpeMEHHOW IuBMWiIM3alMu. HaM rpo3uT skojormueckas
Karactpoda, €cliu He MPUHATH COOTBETCTBYOUIMX Mep. W mepBasg 3amgava — 3TO
OYMCTKA CTOYHBIX BOJ NpeAnpusTHd. JlJIsi peleHust 3ToW 3a4a4v M MPUMEHSIOT
Ipolecchl aacopOLnn Ha TBEpAbIX afacopbeHTax. [Ipu aTom B kauecTBe ajncopbara
BBICTYTAIOT IPUMECH, 3arpA3HSIONINE BOAY.

AncopOIus Ha TpaHUIE «TBEPJIOEC TEJIO- PACTBOP» CXOJIHA ¢ ajacopOIrel Ha
TPaHUIIE «TBEPJIOE TEJIO — r'a3», HO B pacCMaTPUBAEMOM HaMU CIy4yae dTO SBJICHUE
CWJIBHO YCJIOXKHSETCS HAJIMYUEeM TPEThero KOMIIOHEHTAa — Cpeabl WU
pacTBOPUTENISL, MOJIEKYJbI KOTOPOTO MOTYT TakKe aacopOMpoBaThCs Ha
MOBEPXHOCTH aJICOPOEHTA U, CJIENOBATEIBHO, SBISATHCS KOHKYPEHTAMH MOJICKYJ
azcopoara.

Takum oOpaszoMm, ancopOums Ha rpanune «T- pacTBop» SBIsSieTCS BCeEraa
aacopomueit u3 cmecu. lloaTromy 3TOT BHA amcopOUMM Bceraa YCIOXKHSIETCS
B3aMMOJICHCTBHEM MOJIEKYJ ajicopbaTa ¢ MOJIEKYJIaMU CPEJIbI.

[Ipu paccmotpennu aacopouuu «T- pacTBop» pa3nnyaroT Ba Ciaydasi:

1. AncopOuusi HEANIEKTPOIUTOB, KOT/Ia aICOPOUPYIOTCS MOJIEKYJIBI ajicopOara.
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2. AncopOuust 3IeKTPOIUTOB, U30MPATETHHO aJCOPOUPYETCS OAUH U3 HOHOB
AIIEKTPOJIHTA.

2. 3aKOHOMEPHOCTH MOJIEKYJISAPHOI aICOPOIIMU U3 PACTBOPOB
2.1. Pacuer BeJIMYUHBI AACOPOIIUHI

KonuyecTBo BemecTBa A, MOJEKYJISIpHO afcopOupoBanHoe 1 r agcopbeHTa u3
pacTBopa, 0OBIYHO BBIUUCIISIIOT 0 YPaBHEHHUIO:

A=](co-cy) - V]/m,

rae

A-anicopO1tus, MOJIb/T;

Co, C1 — HAYAJIbHASI U PAaBHOBECHAsI KOHIICHTpAIUU ajcopOara, MoJb /J;

V — 00beM pacTBOpa, U3 KOTOPOTO MPOUCXOAUT acopOIus, J;

M — macca ajicopOeHTa, T.

WNuorga, xorga m3BecTHA yneldbHAas MOBEPXHOCTh aJCOpPOEHTa, BEIHMYHUHY
a7copOIIUK OTHOCAT K €UHUIIEC TOBEPXHOCTH (0OBIYHO K 1 CMZ)

3aBUCUMOCTh MOJIEKYJIIPHOM pAaBHOBECHOM aacopOUMK M3 pacTBOpa Ha
TBEP/IOM TeJie OT KOHIEHTPALUU ajicopOaTa XapakTepu3yeTrcs 0ObI9HO M30TEPMOM
ajacopOonmMu, W I JOCTaTOYHO pa30aBICHHBIX PACTBOPOB B OTOM Cilydae
aJIcOpOIIHsT XOPOIIIO OMHUCHIBACTCS AMITUPUUECKUM ypaBHeHUEM DpeitHmaixa uin
ypaBHeHHUeM JleHrMmropa.

Jlist ommcanusi afcopOIMU W3 pacTBOpa Ha TBEPIOM Tele MPUMEHUMO U
ypaBHeHue ['n60ca, HO CIOKHOCTh OMpEIETICHUSI TTOBEPXHOCTHOTO HATSKEHUS Ha
rpanuiie « T — pacTBOp» HE TMO3BOJISIET HEMOCPEJACTBEHHO HCIOJIb30BaTh €r0 B
ATOM clly4ae.

Opnako  BennuuHy  THOOCOBCKOM  aacopOUMU  JIETKO  ONpPENETUTh
AKCIIEPUMEHTAILHO, WU3MEpssl M3MEHEHHUE MOJIbHOM KOHIICHTpAIlMHM ajcopOaTa B

pacTBOpe B pe3ysibTaTe aacopOInu:
I'=[n-(No-N)J/m- Sy,

rjie N — o0IIIee YMCII0 MOJICH BEIIECTBa B pacTBOPE;

N, — MOnBHAs 0JIs1 aficopOaTa B pacTBOpeE J0 afcopOIuy;

N — monbHas 1018 aficopOata B pacTBOPE MPH PaBHOBECHH C aJICOPOSHTOM;
M — macca ajicopOeHTa;

Sys — yHenbHas IOBEPXHOCTH aJICOPOEHTA.
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2.2. BausiHre mMpUPOABI CPeAbl HA MOJIEKYJISIPHYIO a1COPOIMIO

Tak kak mpu ajgcopOIUU M3 pacTBOpa MOJIEKYJbI ajgcopbaTa W MOJEKYJIbI
CpeIlbl SIBJISIIOTCS KOHKYpPEHTaMH, OYEBUIHO, YTO YEM XYKe aJlcopOupyeTcs cpeaa
Ha ajcopOeHTe, TeMm Jyuiie OyAeT MPOUCXOAUTh aJCOpOIUs PacTBOPEHHOTO
BEILIECTBA.

Ucxons u3 Toro, uto ITAB ob6nagaior mManbsiM G, MOXHO CYMTATh, YTO, YEM
OOJbIIE MOBEPXHOCTHOE HATSHKEHUE CAMOW Cpelbl, TEM MEHbIIE €€ MOJIEKYJIbI
CHOCOOHBI K aAcOpOLMU HAa TBEPJAOM TeJie M TeM Jy4llle Ha HEM aJcopOupyeTcs
PaCTBOPEHHOE BEIIECTBO.

IHostomy ancopoums IIAB Ha TBepaom Tejie 00BIYHO XOPOILIO HMIET M3
BOJHBIX PACTBOPOB U rOPa3/io Xye U3 PACTBOPOB B YIJIEBOAOPOJAaX, CIMPTAX
U IPYTUX OPraHUYeCKHUX JKUJAKOCTAX CO CPABHUTEJIbHO MAJIOH .

Mepoii MONSAPHOCTH BELIECTB  SABISIETCS  BEJIMYMHA  JUAJIEKTPHUUYECKOU
npoHHnaeMoctu. Ilo3ToMy  CymecTByeT CBS3b MEXIY JAMDJIEKTPUYECKON
IPOHUIIAEMOCTBIO KHJKOCTEH M aJCOpPOLMOHHON CIOCOOHOCTBIO Pa3IMYHBIX
ancopOaToOB B 3TUX KUAKOCTSX.

B nepBoM npuOamkeHnr NPUHUMAIOT CIIEYIOIIEE MTOJI0KEHHUE:

Yem ayuiie cpega pacTBopsieT aacop0ar, TeM Xy:ke HIeT B ITOH cpejae
aacopoumusi.

DTO MOJIOKEHUE SIBISICTCS OJHOW M3 MpUYMH oOpalieHus mpaBuiia J[rokiio —
TpayOe.

Hampumep, B ciywyae aicopOIuu >KUPHOM KHUCIOTHI Ha TUIAPOPUIBHOM
afcopOeHTe (CUMKareib) U3 YIJIeBOJOPOAHON cpeabl (O€H30J1) - B 3TOM Cilyyae
aacopouus ¢ ysennuenrem yucia - CH, — rpynn He Bo3pactaer, a yMEHbLIAeTCH,
TaK KaK BBICUINE >KMPHBIE KUCIIOTHI JIyYIlle PACTBOPUMBI B HETIOJSIPHOM CpeJie.

2.3. Buusinve cBOWCTB acOpOeHTAa HA MOJIEKYJISIPHYIO aICOPOLIUI0

Ha anpcopOuuio u3 pacTBOPOB BIUSIOT MOJIIPHOCTH U IOPHCTOCTH aJICOPOCHTA.

Kak mpaBuiio, HEMOJSIPHBIC aICOPOCHTHI JIyUIlle aIcoOpOMPYIOT HETIOJISIPHBIC
ajcop0athl, a MOJSPHBIC a7ICOPOSHTHI — TIOJIIPHBIC a/ICOPOATHI.

Bnustaue mopucroctd ancopOeHTa 3aBUCUT OT COOTHOIICHHS Pa3MEpOB MOP
aJIcOpOCHTOB U MOJICKYJ agcopOaTa. [lpu yBeJMueHUH MOPUCTOCTH A/ICOPOEHTA
aJIcopoIUsl MAJIBIX MOJIEKYJI aacop0aTa W3 pPacTBOPOB BO3pPacTaeT, TAK Kak
MEJIKOMOPUCTHIE  aACOPOEeHThl  00J1aJalT  O0O0JbIIMM  H30HPATEJbHBIM
neiicreueM. OJTHAKO 3Ta 3aBHCUMOCTb COOJIFOAETCS JIMIL B TOM ClIydae, KOrjia
MOJICKYJIBI ajicopOara JOCTATOYHO Maylbl M MOTYT JIETKO IMPOHUKATh B IOPHIL.
Kpymabie Monekyiel agcopbaTa HE MOTYT IMOMACTh B Y3KHE MOPHI afcopOeHTa, u
amcopOuus yMmeHbIIaeTcs. Pe3ynmbraToM 3TOTO SIBICHHS MOXET OBITh TaKKe
oOpamenue mpasuna [Jokino — Tpaybe, T.e. ¢ yBeTMUYEHHEM pa3Mepa MOJIEKYI
ajcopbara aacopOmus Ha aacopOEHTax ¢ Y3KMMH TOpaMH HE BO3pacraeT , a
nasaerT.
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Ha wnemopucThiXx, T.e. C TJIAAKOW TIOBEPXHOCTHIO, aICOpPOCHTAaX TaKoe
oOpaienue npasuia J[rokio — TpayOe HabmrogaThbest He OyeT.

2.4. Buusinue CBOMCTB ajcopdaTa HA MOJIEKYJISIPHYIO a1COPOIHI0

31ech OYEHb TPYAHO BBISBUTH 3aKOHOMEPHOCTH, T.K. aJCOPOMPYEMOCTh
OJIHOTO W TOTO K€ ajcopdara CHIBHO 3aBUCHUT OT IOJISIPHOCTH afCcopOCHTa M
CpEIIbI.

OpmHako Bce K€ B 3TOM CiIy4ae MPHU ONPENCICHUU BIUSHUS Ha aJCOPOIHIO
CBOMCTB caMOTo afcopOeHTa WCXOASAT W3 MpaBWja YpPaBHUBAHUS TOJSPHOCTH
PeGunpepa.

CorsiacHo 3Tomy npaBujy BemecTBo C MoOXkeT ajJcopOMpoBaThbecsl Ha
nmoBepxHOCTH pa3aena ¢a3 A u B B Tom ciyuyae, ecsin Hajmuue BemecTsa C B
MOBEPXHOCTHOM C¢JI0€ NMPHUBOAUT K YPABHUBAHMIO PA3HOCTH IOJISIPHOCTEN
3TUX (ha3.

€ — JMRJIGKTPUYECKas MPOHHUIIAEMOCTh, XapaKTepU3yrolias IMOJIIPHOCTh
BEIIECTBA.

Ancopbrus BemectBa C OyneT UITH, €CITH:

EACECYER NN €EpA<EC<ER

N3 nmpaBunia Pebunnepa cnenyer, uro nuduiabHbie Mojekyisl [TAB nomkHb
OPUEHTUPOBATHLCS Ha TPaHUIIE pa3jelia aAcopOeHT — cpeaa TaKUM 00pa3oM, YTOObI
NoJIsIpHAsE 4acTh MOJIEKYJIbl Oblia oOpareHa K ToJisspHOUM (a3e, a HemojspHas
4acTh — K HETOJISIPHOM.

Boxaa Benzon

TTTTTT TTT S S it

T

VTOb } CHITHKAT &7k -~ =
(HEHL‘~E313P[5HI (TTOAPHBI ~ Boma
ancopGeHT) ancopdenrT)
BriBos;:

Bce noasipable ruApPOQUIbLHbIE TOBEPXHOCTH [OJKHBI  XOPOUIO
ancopoupoBars IIAB M3 HemoJSIpHBIX WM CJI200MOJSIPHBIX Kuakocreid. U
HA000pOT — HemoJAsipHbIe THAPO(OOHBIE MOBEPXHOCTH XOPOLIO AICOPOUPYIOT
ITAB noJsipHbIX )KUAKOCTEH (HAanpuMep, U3 BOAHBIX PACTBOPOB).

HNwmeercs n PAOd YaCTHBIX IIPABUIJIL.
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® C YBEIMYCHUEM MOJIEKYJISIPHOM MacChl CIOCOOHOCTh BEIECTBA
azgcopOupoBaThbcsi  Bo3pacTaeT (IOITOMY Takue BEHIECTBA, Kak
AJIKAJIOUIbI, KPACUTENU XOPOIO aICOPOUPYIOTCS);

® apoMaTHYECKHWE  COCAMHEHHS  ajcopOupyercsa  Jiydile,  4YeM
anudaTUIeCKre, a HepeAeIbHbIC TyUIlle, YeM HaCHIIICHHBIC.

2.5. BunsiHue BpeMeHH, TeMIIepaTypbl 1 KOHIEHTPALMH PacTBOPA

AncopOuus BemecTBa U3 pacTBOpa UaeT MeAJIeHHee aJcopOunM rasa, Tak
kak nuddy3us BelecTBa B pacTBOPE — 3TO JAOBOJIBHO MEIUICHHBIN mporiecc. Jis
YCKOPEHHSI YCTAHOBJICHHUSI aJICOPOIIMOHHOIO PABHOBECHUS YAaCTO MPUMEHSIOT
MEPEMEIINBAHNE CUCTEMBI.

Oco0EHHO MENJIEHHO MPOUCXOJUT aacopOuust OOJBIIMX MOJEKYJI Ha
a7IcOpOEHTE C JOCTATOYHO Y3KUMHU KaIlUJUISIPaMHU.

[Tponecc agcopOLMKM — SK30TEPMUUYECKHUH TTpoIIeCC.

IIpn noBbIlIEHUN TeMIEPATYPbI aACOPOLMS U3 PACTBOPA YMEHbIIAETCS,
OHAKO, B MeHbIIel cTeneHu, yem ajacopouusi raza. OIHaKo B cllydae, €Ciu
pacTBOPUMOCTh ajicopbaTa B pacTBOpPUTENE C YBEIUYEHUEM TeMIIepaTypbl
MOBBIMIAETCSA, TO AJACOPOIMS TaKKe MOXKET BO3PACTATh BCIEICTBUE JTOCTHKCHUS
0oJee BRICOKMX PAaBHOBECHBIX KOHIICHTPAIIUH.

3aBUCUMOCTh aJcOpOIMM OT KOHIIEHTpalluu ajcopbaTa TMpuUBEIEHA Ha
PUCYHKE.

1. C pocToM KOHIIEHTpaIluu aacopOIHsi BO3PACTAET, 3aT€M MPOXOIUT
yepe3 MaKCUMyM U 3aT€M PE3KO CHHUXKACTCS JO0 HyJsl, TaK KaK TpHU OOJBIINX
3HAUCHUAX KOHIICHTpalus ajcopbaTta B TOBEPXHOCTHOM CJIO€ M B oOBEMe
pacTBOpa BHIPABHUBAIOTCHI.

1. Cunenas agcopbuna agcopberTa
H clabad pacTEOpHTELA

3. Cnabad agcopbiiua
EHTOE

W —=

2. Cnabasg agcopbuua agcopberTa
H CHILHAA pacTEORHTENA

N- MonbHas 1o ajacopoOara.
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SIBnenue ancopOUUU W3 PACTBOPOB IMMOJNYUWJIO IIMPOKOE NPUMEHEHUE B
TEXHUKE:

® OUYHCTKA JKUIKOCTEH OT INpuMmeced (OCBETIEHUE CaxapHBIX CHUPOIIOB
nyTeM 00pabOTKH UX aKTUBHUPOBAHHBIM YIJIEM, OYMCTKA CIIUpTa U Jp.,
OUYHMCTKA CMa30YHBIX Mace);

® [U3BJICYCHHE MaJbIX KOJHMYECTB BELIECTB, PAaCTBOPEHHBIX OO0BMax
KUJKOCTH, T.€. KOHLICHTPUPOBAHUE — MOJY4arOT PEAKUE METAILIbI.

e IIPUMEHEHHUE aIcOpPOLUU TS pa3/ieJIeHHsI BELIECTB B XpoMarorpaguu.

Xpomatorpadguieckass KOJIOHKA, 3aloJTHCHHAsS
ancopbmua /////// ancopoerToMm (Al,O3, MgO, CaO, CaCO; u apyrue) —
MEIJIEHHO IIPOITYCKAIOT CMECH BEIIECTB, KOTOPBIE
\\\\\\ HeoOxoauMo pasnenuth. Ha ancopOeHTe B BepxHei
YacTH KOJOHKHU aJICOPOMPYIOTCS BEIECTBA C CHUIILHOM
W ajcopOueit u T.1. 3aTeM afcopOMpOBaHHbBIE BEIIECTBA
W3BJIEKAIOT B ITOMOIIBIO ITOAXOISAIIETO PACTBOPUTEIIS.

3. Uonnas axcopoums

AncopOItus 3JIEKTPOIUTOB OTIMYAETCS OT MOJIEKYIsIpHOU ancopOrmu. MoHbl
OynyT azcopOupoBaThCsi Ha TMOJSIPHOM TIOBEPXHOCTH, 0Opa3ys JBOWHOM
AIEKTPUUYECKUI CIIONM MOHOB: | CJIOW — CI0M U3 MOTEHIHATIONPEAESSIONINX HOHOB;
2-0i1 CTIOW — MPOTUBOUOHBI.

Ha ancopOuuio HOHOB CYIIECTBEHHBIM 00pa3oM CKas3bIBaeTCs MPHUPOJIa
a7copOorpyeMoro HoHa (€ro paauyc u 3apsn).

Pannyc MOHOB CHJIBHO BIMSET Ha UX CIOCOOHOCTH ancopOupoBathes. U3
MOHOB OJIMHAKOBOTO 3apsila MaKCUMAJIbHYIO aJICOPOIMOHHYIO CIIOCOOHOCTh
MMEIOT MOHBI HAauOOJIBIIErO paJnyca. ITO CBSI3aHO C TEM, YTO Y HOHOB C OOJIBILIUM
paguycoM  Oonbllle  TOJSPU3YEMOCTH U,  CIIEOBATENbHO,  CIIOCOOHOCTH
NPUTSATUBATLCS  TOBEPXHOCTHIO, H  MEHbINE  Tuapatanus. [ umgpararus
MPENSTCTBYET aACOpPOIMM HWOHOB, TaK KakK HaJIWYWe TUIPATHOW OO0OJOYKHU
YMEHBIIAET IEKTPUUECKOE B3aMO/ICHCTBHE.

Psabl MOHOB, COCTaBJIEHHbIE B MOPSiAKE YMEHbIIIEHHS MX CIHOCOOHOCTH
CBSI3BIBATH CPey, HA3BIBAKTCS JHOTPONHBIMU PSIIaAMM.

JInoTpomHBINA Psii OTHOBAJECHTHBIX MOHOB TIO0 BO3paCTaloNIel CIOCOOHOCTH
azIcopOUpOBaTHCS:

+

Lit<Na"= K'<=Rb = Cy

-
ancopbina

I[J'IH JABYXBAJICHTHBIX HOHOB!:
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Mg2+ < Ca2+ < Sr2+ < Ba2+
OnHOBaJICHTHBIE AHUOHBI:

Cl <Br <NO; <NCS

AncopOuroHHas CltocoOHOCTh HOHOB CHIJIPHO 3aBHCHUT OT WX BaJICHTHOCTH.

Yem OodtpIlie 3aps MOHA, TEM CHUIbHEE OH MPUTATHBACTCS MPOTUBOIOJIOKHO
3apsHKCHHBIMU YJaCTKaMU TIOBEPXHOCTH.

3aBUCUMOCTH aICOPOIIMU OT 3apsijia HOHA:

I FE . ¥t 4+
E «Ca® « Al «Th

-

OcoOblii  MHTEpEC TMPEACTABISIET  aAcopOLUUsT HOHOB  MOBEPXHOCTHIO
KpPUCTAJUIOB, B COCTaB KOTOPOIO BXOJAT HOHBI TOW ke Hpupoisl. IIpu stom
ancopOLUI0 paccMaTpUBAIOT Kak KPUCTAUIM3ALUIO, T.€. Kak JOCTPOUKY
KPUCTAJIMYECKON PELIETKU CIIOCOOHBIM aICOPOUPOBATHCS HOHOM.

o1 01 OI
0 @O0 @O
Ag*T Ag*T AgtT

Coraacno npasmiy Ilanera — @asiHca KpHUCTAUIbl JOCTPAUBAIOTCS JIUIIb
TeMH HMOHaMH, KOTOphIE BXOISIT B UX COCTaB, T.€. aJCOpOUPYIOTCS B
MOBEPXHOCTHOM CJIO€ MOHBI, UMEIOILIME OJIMHAKOBBIA COCTaB C OBEPXHOCTHIO.

Kpucramner Agl, Baecennsie B pactBop Kl, ancopOupyroT Ha MOBEPXHOCTH
MOJIU/l — MOHBI; a BHeceHHbIe B pacTBop AgNO3, Gyzer ancopouposaTs Ag'.

dopMyna MULEIIIBl HOAUAA cepedpa, MOJYYEHHOro MpU M30BITKE pacTBopa
MO/IM]Ia KAJIUSA:

{(Agd)m - NI - (N = X)K'F - xK*
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4. UonooOMeHHas1 aicopOnus

HNonooOMeHHas ancopOiusi HaOJIOAAETCsl HA TMOBEPXHOCTU C JOCTATOYHO
BBIPDAKEHHBIM JIBOMHBIM JJIEKTpUUECKUM cioeM. [loJBHXKHBIE MPOTHBOMOHBI
AIEKTPUYECKOTO CJIOSl CIIOCOOHBI OOMEHHMBATHCSL HA JIPYTrUe MOHBI TOTO K€ 3HAKa,
HaXO/ISIUECS B PACTBOPE.

ITon oOMeHHOH aacopOUUU AACOPOEHT, MOIJIOMIAIOINMH OIpeae/IeHHOe
KOJIMYEeCTBO KAKHX-JIM00 HOHOB, OJHOBPEMEHHO BbIIeJIsieT B PacTBOP
IKBHBAJIEHTHOE KOJIMYECTBO [PYrHX MOHOB TOI0 ’Ke 3HAKA, BHITECHEHHBIX €
noBepxHocTu. Ilpu oOmeHHoOWl aacopOuuu  aACOpOEHT, MOTJIOMIAKOIINI
OTIpE/IETIEHHOE KOJMYECTBO KAKUX-IMOO HMOHOB, OJHOBPEMEHHO BBIJCIAET B
pacTBOp PKBUBAJIIEHTHOE KOJUYECTBO JPYTHX MOHOB TOTO K€ 3HAKA, BHITECHEHHBIX
C TIOBEPXHOCTH.

HNonooOMeHHas ancopOrust UMeeT psii 0COOCHHOCTEH:

1. CneunduuHOCTb, T.€. K 0OMEHY CLIOCOOHBI TOJIBKO ONPEEICHHbBIE HOHBI.

Pa3nuyaroT KHUCIOTHBIE U OCHOBHBIE a7CcOpPOEHTHI. KucnoTHble ancopOeHThI
OOMEHUBAIOT KaTUOHBI, OCHOBHBbIE — aHUOHBI. CyIIECTBYIOT TaKXe U aM(pOTEepHbIE
a7ICOpOCHTBI, CIOCOOHBIE B OJTHUX YCJIOBHUSIX OOMEHUBATH KATHOHBI, a B JAPYTUX —
AHUOHBI.

2. O6menHas ajcopOIus He Beera ooparuma.

3. OOmennHas ancopOmmsi TMpoTekaeT Ooiee MEJIEHHO, YeM MOJICKYIsIpHas
(ocobeHHO eciu UAET TITyOUHHBIN OOMEH)

4. Tlpu oOmeHHOU ancopOLMKM MOXET U3MeHsAThcs pH cpeasl — B TOM ciydae,
Kora oomeH ujiet ¢ yuactuem H' u OH - noHoB.

Huxombckumit (1939 1) nmpemioxkun  ypaBHEHHE,  KOJUYECTBEHHO
XapakTepu3yromiee 0OMeH HOHOB 11 2 Ha TBEp10il MIOBEPXHOCTH:

1z, 2121
- K — - ypPaBHeHHe

921/z2 a21/22 Huxosbckoro

9

rae g; g, — comepxkaHue 0OMEHHUBAIONIUXCSI HOHOB B aJICOpOEHTE,
a1 U a; — aKTUBHOCTH OOMEHHUBAIOIINXCS HOHOB B PAaCTBOPE,

Z1 Y1 Z, — BAJICHTHOCTH HOHOB,

K — xoHCTaHTa MOHHOTO OOMEHa.

IIpu z; = z, = | ypaBHEHUE ynpoIaercs:
% a4

gz a2

n IIpY MaJIbIX KOHOCHTPAIUAX:
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[TpakTHdeckoe mpuMeHEeHne HOHOOOMEHHOW acopOIHH:

- yMSITYEHUE BOJIBL;

- KOHIIGHTPUPOBAHHWE IIEHHBIX BEIICCTB W3 pa30aBICHHBIX PaCTBOPOB
(pacTBOpHI cepebpa, XpoMa, paaHOaKTUBHBIX 3JIEMEHTOB);

B xadectBe amcopOeHTa TpH HOHOOOMEHHOW aaCcOpOIMH HCIOIB3YIOT
BEIIECTBA, KOTOPHIE TIOMYyYNITN Ha3BaHNE HOHUTOB.

HNonutel k7acCUUIUPYIOT HA TPUPOIHBIE M CHHTETHYECKHEe (110
IIPOUCXO0XKJICHHUIO);

IO COCTaBY: Ha HEOPTAaHWYECKUE U OPTAaHUICCKHUC;

M0 3HaKy 3apsga OOMEHMBAIONIUXCS HMOHOB. KATHOHWUTHI, AHUOHUTHI U
aM(OJUTHI.

[IpupogHbie HEOPTAHMYECKHUE HWOHHUTHI: KPHUCTAJUTMYCCKUE CHIIMKATHI THIIA
[[EOJIUTOB.

[IpupoHbie OpraHnYecKre HOHUTHI: TYMYCOBBIE BEIIIECTBA.

[IpupoHbie HOHUTHI HE HAIUIA MIUPOKOTO MPUMEHEHUs, TaK KaK UMEIOT Pl
HEJIOCTATKOB (XMMUYECKAsi HECTOMKOCTb, HEMTPOUYHOCTH ).

CuHTEeTUYECKHE MOHUTHI — MOJYYUIIU IIMPOKOE MPUMEHEHUE, B YaCTHOCTH,
MOHUTHl HA OCHOBE OpraHWYecKux cmoi (PeHondopmanbaeTuIHON, MPOTYKT
B3aMMO/ICHCTBUS CTUPOJIA U TUBUHUIIOCH30J1a).

NoHuTe HWMEIOT CTPYKTYpy B BHAC KapKaca WIM MaTPHIBl, CIIATOU
KOBAJICHTHBIMHU CBsI3iMH. Kapkac wumeer 3apsa, KOTOPBIM CKOMITGHCHPOBAH
MIPOTHUBOIIOJIOKHBIM 3apsIOM TOABMKHBIX MOHOB, KOTOpPBIE B TIpollecce oOMeHa
3aMCHSIOTCS Ha JPYTUe UOHBI.
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Jlexuusa Ne5

Tema: CTpyKkTypooOpa3oBaHue B THCIEPCHBIX
cucTeMax

[log cTpykTypoii Ten OOBIYHO MMOHUMAIOT MPOCTPAHCTBEHHOE B3aUMHOE
pacIoa0KEeHUE COCTABHBIX YaCTEH TEa: aTOMOB, MOJIEKYJI, YacThll. B qucnepcHbIX
CHUCTEMaX YaCTHIIBI TUCIIEPCHOMN (Da3bl U MOJEKYJBI CPEAbl CHIIBHO Pa3InyaloTCs
no pasMmepaM. Eciaum Takas JgucnepcHas CHCTEMa CWIbHO pa30aBieHa U
arperaTMBHO yCTOMYMBA, TO €€ CTPYKTypa MO CBOWCTBAM OYEHb IOXO0XKAa Ha
CTPYKTYpPY UCTUHHBIX PACTBOPOB.

CrpykTypa pa30aBiIE€HHBIX U arperaTUBHO YCTOWYUBBIX TUCIIEPCHBIX CUCTEM
MOX0’Ka HAa CTPYKTYPY UCTUHHBIX PaCTBOPOB.

B JC c¢ yBenumyeHueM KOHILEHTpPAIMM JUCTIEpCHONW (ha3pl BO3pacTaet
B3aMMO/JICHCTBUE MEXK/Y YaCTUIIAMHU JI0 TEX MOP, IOKA HE HACTYMHUT KOATYJISALIHS.

[TosTomy B KOJIJIOMJHOM XUMUHU MOHSTHUS CTPYKTYpPBbI u
CTPYKTYPOOOpa30BaHUs CBA3BIBAIOT UMEHHO C KOAryJsiliuen, B MpoIecce KOTOpoit
MIPOUCXOIUT 00pa30BaHUE MPOCTPAHCTBEHHOM CETKHU Y YaCTHI] AUCIIEPCHON (Da3bl ¢
pPE3KUM YBEIMYEHUEM TMPOYHOCTH cucTeMbl. CBOOOAHOIUCIIEPCHAS CHUCTEMA
IIEPEXOAUT B CBSI3HOIUCIIEPCHYIO.

Takum  oOpa3oMm, CTPYKTYpooOpa3oBaHue B CBOOOJHOJAUCHEPCHBIX
CHCTEMAaX eCTh Pe3yJIbTAT NOTePU UX AIPEeraTUBHON yCTOMYMBOCTH.

CrpyktypooOpa3oBaHue B JUCHEPCHBIX CHUCTEMaX CBS3aHO C W3MEHEHHUEM
MEXaHUYECKUX CBOWCTB CHUCTEM: BSI3KOCTH, YyOPYIrOCTH, IIJIACTUYHOCTH,
MIPOYHOCTH, MIOATOMY 3TH CBOMCTBA HA3bIBAIOT CTPYKTYPHO — MEXaHUUECKUMHU.

CTpyKTypHO — MeXaHHYECKHEe CBOMCTBA KOUJIOMJAHBIX CHCTEM
HCCJIEAYIOTCS € MOMOIIBI0 PE0JIOTHYECKUX METO/10B.

Peosiorust — 5T0 Hayka, u3ydaromas aedopMaluio U TedeHue Ten (T.e.
CIIOCOOHOCTH TeJI U3MEHATH (hOPMY MPH TEUCTBUU JeHOPMUPYIOUTUX YCHIIHH ).

Jedopmanmsi — 5TO OTHOCUTEIBHOE CMEIIEHHUE TOYEK CHCTEMbI, IpH
KOTOPOM HE€ HapyLIaeTcs €€ CIUIOUIHOCTh. DTO MOHSTUE OTHOCHUTCS K TBEPIABIM
Tenam (y).

Ecnu na Teno neiicTByeT capuratomias cuia F, To otHomenue  F
Ha3bIBACTCS HANPSI)KEHUEM CIABUra, rie S — IUIom@aap, Ha =
KOTOpYIO AeicTByeT cuia F.

=p

Ay =Ty OTHOCHTENbHAT nedopMaIHA
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X FEEPER PPN

P =G - y—3akon I'yka

Kuakoctu nedpopMupyroTcs Mpu HATOKEHHUM MHUHUMAIBHBIX Harpy3ok, T. K.
OHM O0O0JIAJAI0T TEKy4eCcThbl0. TeYeHue JKUIKOCTU — 3TO €CTh OJMH M3 BUIOB
nedopMaiuu, Ipu KOTOPOM BeIMYMHA JedOopMaIlui BCe BPEMsl yBEIIMYMBACTCS BO
BpeMeHHU. [103TOMy BenmmunHa y y’Ke He OTpa)kaeT cocTtosiHue marepuana. [loaromy
MOBEJICHUE >KUAKOCTU TOJ| HArpy3Kod XxapakTepusyeTcss He nedopmainuei, a
CKOpPOCTBIO iepopmaliuu, T. €. ”3MEHEHUEM Jiehopmaniuy BO BpeMeHH t:

d7
T =—"— - CcEopoCTE DedopMAllHH.

dt

3aBUCUMOCTH CKOPOCTH JedopMaliii OT HAMNPSHKEHUS CIIBUTAa OMUCHIBACTCS
ypaBHenneMm HbroToHa:

P=n-y
3akoH HproTOHA cripaBeyIUB JUIsl JIAMUHAPHOTO TEYEHHUSI KUIKOCTH, a HE JUIS
TypOyJIEHTHOTO.
N = P/y — BA3KOCTb XUAKOCTM WM BHYTPEHHEE TpPEHHE, T. K. CHIIA,

CO3aroIIas HampsuKeHUeE, [EIMKOM AT Ha MPEOI0ICHHE TPEHUS MEXIY CIOSMH
YKHIKOCTH.
Euanna n3Mepenns Bszkoctd B cucteme CU - Ma-c = (H/m?) ¢ = [xr/(m-¢)].
B cucreme CI'C [r/(cm-c)], Ha3BaHHas mya3oM B 4YecThb (HPaHIIy3CKOTO
yuenoro Ilya3zeitns (IT).
BsizkocTh Bosbl mpumepHO paBHa | cll.
I ITa-c =0,1 cIl.

Bce xuakoctu KiacCMPUUUPYIOT HAa HBIOTOHOBCKHE, TOJIYMHSIOIIMECS
3aKkoHy HbprOoTOHA, MX Ha3bIBAIOT €1I€ HOPMAJbHBIMHA, U HEHbHTOHOBCKHME WIIN
aHOMAaJIbHBIE.

BS3KOCTP HBIOTOHOBCKHMX KUAKOCTEM HE 3aBUCUAT OT MPUIIOKEHHOTO
HalpsDKEHUST CIBUTA W SIBISIETCS INOCTOSIHHOM BEJIMYMHOM B COOTBETCTBHM C
ypaBHeHHEM HBIOTOHA, a BS3KOCTh HEHBIOTOHOBCKHMX — 3aBHCHUT OT HAIPSKEHUS
caBura. HEHBPIOTOHOBCKHME JKHIKOCTH [JEIATCS Ha ICEBAOIUIACTHYECKHE U
AuIaTaHTHble. KpuBble TedeHMs NpencTaBiIeHbl HAa PUCYHKE M1 BCEX TpeX
THUIIOB.
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LT “.

[P

[ ]

Y

1-HEROTOHOBCKAA EUIKOCTE F
2-NCceBAoNNacTHYHAA EHIKOCTE
A mHMmATAHTHAT EHIKOCTE

OO0111yI0 3aBUCUMOCTb HAIPSKEHUS CIBUTA OT CKOPOCTH A€(POPMALIMH MOKHO
BBIPA3UTh B BUJIE CTENIEHHON (QYyHKUHUU:

P=k-vy"

n=P/y=k-y"" |- ypaBuenne OcrBainbaa — Beiiis.

I'nme K 1 N — mocTossHHBIE [UIA JAHHOM KUIKOCTH.

Ecrm n = 1, to K — 310 Bs3kOCTh M cHcTeMa OYACT HBIOTOHOBCKOM
KUJIKOCTHIO.

JInsi AunaTaHTHBIX KUJIKOCTEW N>1, U HBIOTOHOBCKash BSI3KOCTh PAaCTET C
YBEIIMYEHUEM CKOPOCTHU CJIBUTA.

JInsg  mceBOOIIaCTUYECKUX KUJAKOCTEH N<I, HBIOTOHOBCKAas BS3KOCTH
CHIDKAETCA C YBEJIMYEHHEM CKOPOCTH CABUIA.

Pazb6aBiennbie UCTIEPCHBIE CUCTEMBI CO C(HEPUUECKUMU YACTUIIAMU OOBIYHO
MPEICTABIISIOT COO0I HBIOTOHOBCKHE YKUKOCTH.

K nceBmormmacTuueckuM — KMAKOCTSIM — OTHOCSITCSL  CYCIIEH3MM €
HECUMMETPUYHBIMU YaCTULIAMHU U PACTBOPHI MMOJIUMEPOB.

JlunaTaHTHBIE JKUAKOCTA BCTPEUYAIOTCS PEAKO, HAIpUMEp, HEKOTOPhIE
KepaMUYECKHE MACChI, Yallle CUCTEMBI C OOJIBIIIUM COACPKaHUEM TBEPI0H (ha3bl.

HbI0OTOHOBCKYIO BSI3KOCTH MOHO HM3MEPUTH C MMOMOIIBIO KaWLIAPHOTO
BUCKO3MMETPA Y BBIUUCIUTH 110 YpaBHeHHIO Ilyaseiis:

v=(m1p)/ (&) — ypaBHenue Ilya3eiiss.

I'me v — oObeMHast CKOPOCTh UCUUCIICHHS, V = V/T;
Tu [ - paguyc U JUTMHA KanwnIsipa;
P — Pa3HOCTH JAaBJICHUN HA KOHIIAX TPYOKH.
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Jlnisg pa30aBlIEHHBIX AHUCIIEPCHBIX CHUCTEM C KUAKOW IUCIEPCHOU Cpenoit
BA3KOCTb 3aBUCUT OT KOHLIEHTPALMU 110 YPABHEHHIO D HIITEHA:

N=no (1-L£"¢) |—ypaBHeHne JiHIITEeiHA

TJIE Mo — BSI3KOCTH TUCTIEPCHOU CPEbI;
¢ — oOBeMHAas OIS TUCTIEpCHOU (ha3bl;
£ — x03¢dUIMEHT, 3aBUCAIIUNA OT (GOPMBI YacTull aucriepcHor dasbl. s
chepuieckux gactui L= 2,5.

VYpaBHeHUE TPUTOAHO TOJBKO MPHU yCIOBUU, YTO:

- B3BEIICHHBIC B KUIKOCTU YACTHUIIBI SIBISIOTCS TBEPABIMU IIAPOOOPa3HBIMU
TeJIaMu;

- KOHIIGHTpalus JucriepcHon (pa3bl Maa;

- MEXK/Ty YaCTUIIaMU OTCYTCTBYIOT B3aUMOJICHCTBUA.

VYBenuueHne KOHUEHTPALMK TBEPoU (Pa3bl B CBOOOAHOIUCIIEPCHON CHCTEME
NPUBOJNT, KaK MbI YK€ TOBOPWIH, K CTPYKTYpPUPOBAHUIO IJKHIAKOCTH |
HEMOIYUHEHHUIO €€ 3akoHaM HbroTOHA M DUHIITEHA.

CormacHo PeOuHepy CTpYKTYphl B TUCIIEPCHBIX CHCTEMAax MOYKHO Pa3/ieTUTh

Ha:

- KOaryJIiliHOHHbIE (THKCOTPOITHO - 00paTHUMBbIe);

- KOH/ICHCAIUOHHO-KPUCTA/UIU3ANNOHHbIE (HeoOpaTumo-
pa3pyIIaroImecs).

Paccmompum Koazynayuonnsie cmpykmypol

DTO CTPYKTYphl, KOTOpbIE 00pa3yroTcs MpU KOATyJSLUU, COOTBETCTBYIOIIEH
BTOPUYHOMY MHUHHUMYMY [IOTEHUHAIBHOM KPHUBOM B3aUMOJICMCTBUS YaCTHII
aucnepcHor (aspl. B 3TOM COCTOSHMM MEXy YacTHIIAMH HMEIOTCS MPOCIONKU
cpenbl. O4eHb YacTO B TAKOM COCTOSIHMM OBIBAIOT TaK Ha3bIBA€MbIE rejeo0pa3Hble
CTPYKTYpBI, Ppa3iIU4HbIE JAKO-KpACOUHble MaTepuaibl. Cuibl B3aUMOIEHCTBUS
MEXKy YacTUllaMUd — BaH-1ep-BaanbCoOBbI, U IMMO3TOMY MPOCTPAHCTBEHHBIN KapKac
CTPYKTYpPbl HE OTIMYAETCS OOJIBbIION MPOYHOCTHI0. OgHAKO 00pa3oBaHUE TAKOTO
KapKaca 00yclaBlIMBaeT MEXaHUYECKUE CBOMCTBA TAKMX CUCTEM.

Jlst KOaryJsIIuOHHBIX CTPYKTYP
XapakTepHO  sIBJIeHHEe  TUKCOTPOIIUA  —
CIIOCOOHOCTh BOCCTaHABIIMBATH CBOIO CTPYKTYPY
BO BpPEMEHHM TMOCJIE €€  MEXaHWYECKOTo
paspymieansi.  [loatoMy OHM  Ha3bIBAIOTCS
KOAryJISMOHHO — THKCOTPOnHbIMHU. [Ipumep:
cycnen3us  (10%)  OEHTOHUTOBOW  TJIMHBI,
OTIOJI3HHU, TTBIBYHBI.
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CucreMbl C KOAryJsIIUOHHBIMH CTPYKTypamMu O0OJaJaroT, Kak IpaBHIIO,
HEOO0JIBILION MPOYHOCTHIO, MJIACTUYHOCTHIO U AIACTUYHOCTBIO.

OTUM CHCTEMaM TOXXE€ OYEHb YacTO INPUCYLIC SIBJICHHE CHHepe3uca —
CaMOIIPOU3BOJILHOE YMEHBIIIECHUE Pa3MEpPOB I'ellsl C OJJHOBPEMEHHBIM BBIICIICHUEM
U3 HETO JUCIIEPCHOM CpEBl.

Konoencayuonno-kpucmaniuszayuonnvie CmpyKmypol

KoHaeHCanOHHO-KPUCTAIIIM3aMOHHOE CTPYKTYpOOOpa30BaHUE IPOUCXOJUT
IIPU KOATyJSILAH, OTBEYAIOIIEH NEPBUYHOMY MUHHMYMY NOTEHLIHUAIBHOW KPUBOU
B3aMMOJICHCTBHSl YacTUIl JUCHEpCcHOM ¢a3pl. B 3TOM ciiydae NpPOHCXOAUT
XUMHUYECKOE B3aMMOJIEUCTBUE MEXTY YaCTUI[AMU U UX CPACTaHHUE C 00pa30BaHUEM
KECTKOM 0OBbEMHOM CTPYKTYPBHI.

Eciu  wvactuuel  amopdHble, TO  CTPYKTYpbl NPUHATO  HAa3bIBaTh
KOH/JICHCALIMOHHBIMHU, €CJIM YaCTUIbl KPHUCTAJUIMYECKUE, TO OOpasyroluecs
CTPYKTYpPBI OyIyT KpUCTAIIN3aLMOHHBIMHU.

Takue CTpYKTYpbl XapakTEpHbI Ul CBSA3HOPUCIIEPCHBIX CUCTEM U INPUIAIOT
TelaM TAaKWe CBOMCTBA, KakK IIPOYHOCTb, XPYNKOCTb, HEBO3MOXXHOCTb
BOCCTAHOBJICHU I1OCIJIE PAa3PYLLICHUS.

KpucrannuzanuonHoe cTpykTypooOpa3oBaHUE MPOUCXOAUT IPU TBEPIACHUU
LIEMEHTA, TUIICA, U3BECTH.

Cmpykmypua}l GA3KOCHIb UJIU GAZKOCHID CMPYKMYPUPOBAHHBIX CUCHIEM

CTpyKTypUpOBaHHBIE CHCTEMbI, KaK yX e ObUIO CKa3aHO, HE MOJYMHSAIOTCS
3akoHy HproTOHa. ITO 00YCIOBICHO HAIMUUEM B KUJIKOCTU: 1) HECBSI3aHHBIX JIPYT
C IpyroM OOpBIBKOB CTPYKTYPbI WJIH K€ 2) HaJU4YUEM MaJIONPOYHOIO CILIOIIHOTO
CTPYKTYPHOI'O KapKaca.

B mnepBom cnyuyae cucrema BeneT ceOs NMpH TEYEHMM KakK >KUIKOCTh, B
KOTOpPOW 4YacTHIIbl CHOCOOHBI OPUEHTHPOBATHCS OIpPEAEIEHHbIM 00pa3oM WiIH
nedopmupoBatbesa. B pesynpraTe ABMXKEHHS CIIOEB  JKUAKOCTH  OOpPBIBKU
CTPYKTYPHOU CETKH pa3pylIAlOTCs, & YaCTHLBI, €CIM OHU HMEIOT BBITSHYTYIO,
YIJIUHEHHYI0 (OpMYy, OPUEHTHUPYIOTCS CBOEHM UIMHHOM OCBIO MO HamnpaBiICHUIO
TEUYCHUS.

Bropoii ciyuaii 6oJiee ClI0KeH.

Cuauvaina IlIBenos, a 3aTeM BUHram npeanonoKuin, 4To TEYEHUE CUCTEMBI C
MAJIOIIPOYHOM IPOCTPAHCTBEHHOM CTPYKTYpOW HA4yHETCs JMUIIb TOrAa, KOoraa
HaIpspKeHUE cABUra P mpeBBICUT KaKOe-TO ONPENEIEHHOE KPUTHYECKOE 3HAYEHHUE,
HE0OX0AMMOEe Uil pa3pylleHHusl CTPYKTypbl. Takoe TeueHue buHram HazBaiu
IUIACTHYECKMM, a KpHUTHYECKoe (TpelenbHoe) HampspbkeHue P, — mpenesom
TeKY4YeCTH.

JIns cucteM C IUIACTHYECKMM NPEAEIIOM TEKy4dyeCTH ypaBHeHHe HproTona
3ameHsercs Ha ypaBHeHue IlIBeqosa — bunrama:

44



P-Pr=mw vy —ypaBHenue llIBenoBa— bunrama

A€ Ny, — IJIACTHYECKASA BA3KOCTD,

Ecrm P, = 0, 10 3TO0 XwmakooOpasueie Tenma, eciu P, > 0, To 3TO
TBEpA000pa3HbIC TeA.

JIns TakuxX CHUCTEM XapaKTEpHBI BA3KO-ynpyrue coucTsa. [lpm mambix
HaIPSDKEHUSAX Pa3BUBAIOTCS TOJNBKO ynpyrue aepopmanuu, a npu P > P, nmeer
MECTO IUIacTHYecKas nedopmarms, pacTtymias 10 O€CKOHEYHOCTH, T.. TECUCHHE.
[Ipu P < P, ckopocts nedopmarnuu y paBua 0, a mpu P>P., y Bo3pacraer c
BO3pacTaHueM P.

)
Y

T N =ctga

¥

¥

i

-
.
.

IIpu P, = 0, 3akon bunrama nepexoaut B 3ak0H HproTOHA.

Hanpspxkenue P pazOuBaeTcs kak Obl HA JBE COCTABIISIFOIIINE:

- mpeaen Tekydyectu P, — HampspkeHue, HeEoOXOOuMOE ISl pa3pylICHUsS
CTPYKTYpBI.

- HaripspkeHue (P-P,), ocyecTsisitorniee coOCTBEHHO TeueHue. B aTom citydae
BSA3KOCTb TAKOW CUCTEMBI Oy/IET MJIACTHYECKON BA3ZKOCTHIO 1);;, KOTOPYIO MOXHO
ONPENENIUTh KaK KOTAHI'€HC YyIJjla 0. HAKJIOHA MPSMOW, KOTOpas BBIXOAUT U3 TOUKHU
P..

CooTHoOILIEHNE MEX Y HBIOTOHOBCKOW U MIIACTUYECKOU BA3KOCTBIO:

WZ(PT+nm'Y)/annn+(PT/Y)

HproTOHOBCKass BS3KOCTh 1 YUYMTBHIBAET BCE COIPOTHMBIIEHUE TEUYEHHIO, a
IJIACTUYECKAsA BSA3BKOCTh M, , SIBIIETCA YAaCThbIO HBIOTOHOBCKOW M HE YYMUTBHIBAECT
MIPOYHOCTHU CTPYKTYPbI, HO OTPAXKAET CKOPOCTh €€ pa3pyLICHHUS.

CTpykTypHass BS3KOCTh KOJUIOUJHBIX CHCTEM OblJa JETaJIbHO H3y4yeHa
PebunnepoM u ero mkosioi. bplio mokasaHo, 4To Mpu JIF0OOM CKOPOCTH TEUEHHUS B
KOAryJSIMMOHHOM CTPYKTYpe NPOTEKAIOT JIBa IMPOTHUBOINOJOXKHBIX Ipolecca —
pa3pyll€HHE M BOCCTAHOBJICHUE. PaBHOBECHOE COCTOSIHUE MEXKIY OTHUMH
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npoleccaM B YCTAaHOBHBILEMCS TIOTOKE Xapakrepusyercs 3¢ (GeKTUBHOMN
BA3KOCTBIO.

JUis pealbHbIX KOJUIOMJHBIX cucTteM 1o PeOuHaepy KpuBble TEUEHUS HU
3aBHCUMOCTH 1 OT P BiusieT cienyromum oOpa3om.

i - i
vy M| Mmax Nmax — Ctg 0
J i
.rJ .]]H.T.[
!
/s _d~-*”ﬁ” Nmin Nmin = Ctg 03
g Il ﬁ{ll . .
T P P

T

Ha xkpuBO# MOXKHO BBIACINUTH TPH YYacCTKa:

| — yyacTok mon3ydectu (IIpy MajbIX HAMPSIKEHUSX CABUTA BA3KOCTh MMEET
HamOoJIblIEE 3HAYEHUE, TEYEHHE CHCTEMbl MPOUCXOAUT O€3 pa3pylIeHUs
CTPYKTYPBI, TaK KaK pa3pylIeHHs yCIIEBAIOT THKCOTPOMHO BOCCTAHOBUTHCH);

Il — yd4acToK IUIACTUYECKOrO0 TEYEHMs, OMNpEeAeNIieMbI MJIaCTHYECKOM
BA3KOCTBIO Ny;

Il — y4acTok HBIOTOHOBCKOTO TEUYEHHS — BSI3KOCTh YMEHBIIAETCA [0
IIPENEIBHOIO 3HAYEHUS Nmin, OTBEYAIOLLEE [TOJIHOMY Pa3pYLICHUIO CTPYKTYPHI.
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Jlexus Ne 7/

Tema: JuekTpuUYecKkne CBOMCTBA TUCIIEPCHBIX
CHCTEM

1. OOpa3oBaHue M CTPOEHNE JBOWHOIO 3JIEKTPUIECKOT0 CJI0S

00LedUHERHoE yagaHeHue | Ui Havan mepModuHamuky

CME"HE. KalHIIApH
aNresHA  MOMHATHE afcopbn

dy =-SdT + Vdp + adS + IZd +  gdg

SHEPTHE

thbca

E JEETRHE.
SHEPRT HED

(O — DJIEKTPUYECKHUH MMOTEHIINAT;
( — KOJIMYECTBO AJIEKTPHUUYECTBA.

[loBepxHOCTHasE DJHEPrus MOMKET MEPEXOAUTh B  DIIEKTPUYECKylO. B
pe3yabTare B3auMOJICUCTBUS compuKkacatomuxcsa (a3 Omarogapsi U30BITOUHON
MTOBEPXHOCTHOM YHEPTUH BO3HUKAET JBOMHOM DIIEKTPUUYECKUH CIIOU:

1 - noreHUManONpPeaENOUUE HOHBL; 2 - TPOTUBOUOHBI.

CrpemiieHME TETEPOT€HHOW CHUCTEMBI K YMEHBUIEHHUIO ITOBEPXHOCTHOM
SHEPTUHU BBI3BIBACT OIPEICIICHHOE OPUEHTUPOBAHUE MOJISIPHBIX MOJIEKYJI, HOHOB U
3JIEKTPOHOB B MOBEPXHOCTHOM CJIO€, BCIEACTBHUE YEro compukacaromuecs (asbl
MpUOOPETAIOT 3apsibl MPOTHUBOIOJIOKHOTO 3HAaKa, HO PAaBHOW BEIWYHMHBI. Tak
BO3HHMKAET JBOMHOW DIEKTPUYECKUN CIOM Ha Mexkda3sHOW TMOBEPXHOCTH,
00yCIJIaBIMBAIONTUH PA3TMYHBIE JIEKTPOTIOBEPXHOCTHBIC SBJICHHUS.

Paznmuuaror Tpu  BO3MOXHBIX ~ MEXaHW3Ma  OOpa30BaHUS  JIBOMHOTO
AIEKTPUYECKOTO CIIOSL.

l. JIBOMHOM »IEKTpUUYECKUI CJIoM 00pa3yeTcs B pe3yJibTare Inepexoia
WMOHOB WJIM 3JIEKTPOHOB U3 OJHOM (pa3bl B IPYryi0 — MOBEPXHOCTHAS MOHU3AIUS.
Hampumep, ¢ moBepxHOCTH MeTaiia B ra3oByro a3y NepexoAsT 3JIEKTPOHBI.
[ToBepxHOCTh MeTajula 3apsbKaeTcsl MOJIOKUTENbHO, a ra3oBas ¢aza —
OTPUIIATEILHO, W TakKUM 00pa3oM 00pa3yeTcsi ABOWHON JJICKTPUYECKUM CIIOM.
pyroii npumMep — mMajiopacTBopuMoe coenuHenue AgJ, nucrneprupyemMoe B BOJIE.
[Tpu pactBopennn AgJ B BOJy MpeuMyIECTBEHHO MEPEXOST HOHBI cepedpa, T. K.
OHM CWJIbHEE THAPATUPYIOTCS, YeM UOJU-UOHBI. B pe3ynbrate nmoBepxHocts AgJ
OyZeT WMeTh  HEKOTOPBhIA  M30BITOK  OTPUIATENIHHBIX  WOHOB  Hoja
(MOTEeHIMATIONPEACIIAIONIUX HOHOB), KOTOPBIA OyAeT HeHTpaau3oBaH H30BITKOM
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MOHOB cepeldpa B MPUIIETAIONIEM BOJHOM ciioe (mpoTuBOMOHOB). Eciu xe B Boxy
nobaBute conb  AQgNO;  (XOpolo  pacTBOPHMYIO), TO  YBEIHMYHMBACTCS
DIIEKTPOXUMHUYECCKUI MOTEHIIMA MOHOB cepedpa, u ¢ moBepxHocTH AQJ B BOay
OyAyT TMepexoAWTh HWOIUA-WOHBI, a TMOBEPXHOCTh 3apsSIAUTCSA TIOJOKUTEIBHO
(130b1TOK HOHOB AQ). [IpoTrBOMOHBI — J.

1. OO0Opa3oBanne JABOMHOIO JJICKTPHYECKOI0 CJOA TMPOMCXOIMUT
Os1aroaaps aacopouum.

JIBOMHOW 3JEKTPUYECKUH CJIOM MOKET 00pa3oBaThCcsi B  pe3ysbTaTe
n30upaTenpbHOW amcopOumm B MeX(pa3HOM CJI0O€ HOHOB DJJIGKTPOJIHMTOB, HE
BXOJISIIUX B COCTaB BeIecTB, obOpasyromux (a3el. Hampumep, cuctema Bopa-
metai. [lo6aBnenue B a1y cucremy pactBopa NaCl mpuBoauT kK u3OuparenbHOU
a7copOLMK XJIOPUA-AaHHOHOB Ha MOBEPXHOCTH METajula, a B OJMU3JIEKAIIEM CIIOe
HAKaIIMBAIOTCS MOHBI HaTpus. Takum oOpa3om, Ha Mex(a3zHON MOBEPXHOCTH
oOpa3yeTcsi JBOWHOM siekTpudeckuid cioi. Ecnmu amcopOupyercss MOHOTEHHOE
I[TAB (t.e. nucconuupyolmee Ha HOHBbI), TO Ha TOBEPXHOCTH MeTaia
IPEUMYILECTBEHHO agcopOupyercs OpraHUYEecKue, a  TPOTHUBOUOHBI
(Heopranudeckue) (HOpMHUPYIOT JIBOMHOW CJIOW CO CTOPOHBI BOAHOW (a3bl, T.K
CUJIBHEE C HEW B3aUMOJICUCTBYIOT.

Ha rpanune pa3zaena 1ByX HECMEIIMBAIOIINXCS KUIKOCTEW, HAIIPUMED «BOJIa-
O0eHzom» moxa aeiictBueM uoOHOTeHHBIX I[IAB (a;mear HaTpusi) MOXKET TaKke
oOpa3oBaTbcsl JBOMHON anekTpuueckuil cioil. Ha moBepxHocTu OeH3ona OyaeT
azcopOMpoBaTbcs OpraHuyeckas vactbh MoJekynsl I[TAB, a B BoaHoil (a3e-
NOJISIpHAs rpyIa. _

{(Agd)m-nd - (n-X) - K} - xK*

[1l.  J{BoiiHOW »JJieKTpUMYECKHII CJOH MOXeT 00pa3oBbLIBATHCSI B
pe3yJjbTare aacopOuMHu HeAMCCOUMHUPYIIINX MOJAPHBIX MOJIEKYJI. JTO B TOM
ciydae, eciu MexdaszHas TOBEPXHOCTh 00pa3oBaHa BEIIECTBAMU, HE CIIOCOOHBIMHU
OOMEHMBAThCS 3apsaamMu  (HEINEKTPOIUTamMu). JIBOMHONM AIEKTPUUECKHUI CIOM
MOXET O00pa30BBIBaThCS Oyarojgapsi OPUEHTUPOBAHHWIO TOJSPHBIX MOJIEKYJT
COTPSDKEHHBIX (Da3 B pe3ysbTaTe X B3aMOICHCTBHUSI.

Korma B (opmupoBaHum ABOWHOTO 3JIEKTPUUYECKOTO CIIOS HE MPUHUMAIOT
y4acTusi DJEKTPOJUTHI, JJisg OIpeleieHUus 3Haka 3apsjia Ha IOBEPXHOCTHU
noJb3yroTcs npaswioM Kéna:

N3 nByx compukacaromuxcs ¢as3 TMOJOKUTEIbHO 3apsikKaeTcs Ta, KoTopas
UMeEET OOJIBIIYIO JUAICKTPUUECKYIO TPOHUIIAEMOCTb.

[ToaToMy MHOTrME BEIIECTBA, HAXOASIUIAECA B KOHTAKTE C BOJOW, UMEIOLIEH
OYEHB BBICOKYIO €, 3aPsIKAIOTCS OTPULATEIIHHO.

[IpencraBienust 0 CTPOCHUHM JBOMHOIO 3jeKTpuyeckoro ciost 3a 100 net u3
Pa3BUTHUS NPETEPIIEIN CYIIECTBEHHbIE N3MEHEHUSI.

Bnepseie IT'ensmroneny m I'eppeH  mpencraBuiaM CTPOCHHME JIBOMHOTO
AIEKTPUYECKOTO CIIOS [0 aHAJIOTUH CO CTPOCHUEM IIOCKOT0 KOHJIEHCATOPA.
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TBEpRaT |
i aza L

++ ++ + 4+ F+

Kak u B mi1ockoM KOHAEHCATOpE, HA TPAHUIIE CONpUKacatomuxcs ¢a3 3apsibl
pacnoJyiaratoTcs B BHJI€ JABYX pPSJIOB PA3HOMMEHHBIX HOHOB. ToJuHA CIlos
OpuOJM3UTENIBHO  paBHA  MOJIGKYJSIDHBIM ~ pa3MepaM  WIH  pa3Mepam
COJIbBATUPOBAHHBIX HOHOB. [lOBEpXHOCTHBIM 3apsn (s oOmpenensiercs B
COOTBETCTBHUHM C TEOPHUEN INIOCKOTO KOHJEHCATOpA:

» (pACTOAHHE OT

% noeepzHocTH T)

(]

Os= (€0 €) * @/ 0

€o- DJIEKTPpUYECKAs MOCTOsIHHAA 8,854+ 10'12; d/m

€- OTHOCUTEJIbHAS TUDJICKTPUUECKAasl IPOHUIIAEMOCTh

A- TonMHA IBOMHOIO 3JIEKTPUYECKOTO CIIOSI

(o~ DIEKTPUUECKUN MOTEHIMA (Pa3HOCTh MOTEHLIHAIOB MEXIY AUCIEPCHON
¢azoii 1 pacTBOPOM)

Takoe cTpoeHue TBOMHOTO 3JIEKTPUUECKOTO CJI0SI BO3MOKHO MPU OTCYTCTBUU
TEIUIOBOTO JIBU)KEHUSI MOHOB, YTO B PEAIbHBIX CUCTEMaX HEBO3MOKHO.

[Toaromy I'yu 1 He3aBucHMO OT HEro UenmeH NnpeamnoyoKUIIf, 4TO JBOMHON
IEKTPUUECKUN ClIoi  wmMmeeT pasmbiToe (muddys3Hoe) CTpoeHue, U BCe
MPOTUBOMOHBI HAXOAATCS B TU(PHY3HON YacTH CIIOS.

[ |

), —= () YMEHBIIAETCA
B € pa3

T
r
Pl

0O X
CoBpeMeHHas TeOpHs CTPOEHUS JBOMHOI0 3JIEKTPUYECKOIO CJI0sI OCHOBAaHA Ha
npencraBienusx [tepua. Ona o6bequHseT nBe npenpiaymue Teopun. CornacHo
9TOM COBPEMEHHOM TEOPUU CIOW MPOTUBOWHOB COCTOUT UX JBYX YACTEU:
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- cnost 'enpMmrodiblia (acOpOIIMOHHBIN CJION) TONMIIMHON O HE 0oJiee quaMeTpa
TUAPATHPOBAHHBIX HOHOB, €0 COCTABJISIIOIINX;

- cioit I'ym, koTopsiil Ha3biBaeTcs AU Y3MOHHBIN CIOM C MMOTSHIIMAIOM Q5 U
TOJIIIIUHOM A.

[Torenmman B nuddy3noHHON YacTH ABOMHOrO DIEKTPUYECKOTO CIIOS HE
MOXET 3aBUCETh JMHEHWHO OT PACCTOSIHUS, TaK KaK MOHBI B HEM pPAaCIpPEICIICHbI
HEPABHOMEPHO. A BO3PACTAET C POCTOM TEMIIEPATYPHI U € CPEIbl U YMEHBIIIAECTCS C
BBEJICHHEM IMOCTOPOHHETO 3JIEKTPOJIUTA.

Takum 00pa3om, ABOMHOMN JNEKTPUUYECKUIM CIOM COCTOUT U3 MOHOB OJHOTO
3HaKa, OTHOCUTEJIIbHO  MPOYHO  CBSI3aHHBIX C  AucnepcHod  dazoi
(moTeHIMaIoNPEICIIIONINE HOHBI), u HSKBUBAJICHTHOTO KOJIMYECTBA
MPOTUBOIOJIOKHO 3aPSHKEHHBIX MOHOB, HAXOJSAIIUXCS B KUJIKOW JUCIIEPCUOHHOMN
cpene BOIM3u Mex(da3zHoM MOBEPXHOCTH (TPOTUBOUOHBI).

Cmpoenue KOJIOUOHBIX CUCITEM

PaccMoTpeB oOpa3oBaHHe U CTPOEHHE JABOWHOTO 3JEKTPUUYECKOTO CIIOs,
U3YYUM CTPOCHHME KOJUIOMJHBIX YaCTHI] (BMECTE C JBOMHBIM 3JIEKTPHUYECKUM
CJI0EM), KOTOpbIE HA3bIBAIOTCSI MUIIEIIJIAMHU.

Hamnpumep, oOpazoBanue nuozonss AgJ mpu go0aBiieHUH pa30aBIEHHOIO
pactBopa  AgNO; k paszOasienHomy pactBopy KJ. VYuuteiBas Tteopuu
oOpa3oBaHUs JIBOMHOTO AJIEKTPUYECKOTO CJIOS 3a CuUeT aJcopOluu HOHOB Ha
Mex(}a3HOW MOBEPXHOCTH W MoJb3ysick mnpasBuwiioM DasHca- [lanera (B mepByro
ouepeb aICOPOUPYIOTCS HOHBI, UMEIOIINE OJIMHAKOBBINA COCTaB ¢ TBEPAOH (azoii),
CTPOCHUE TAKOW MUIEIIJIBI MOKHO IIPEICTABUTH CIEIYIOLIEU CXEMOM:
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mAgJ — arperar;

MAQJ - NJ" - aap0 MUIIEIUTH;

1 — agcopOIMOHHBIN CJIOM;

2 — nupdy3uOHHBIN CIIOM;

3 — TBOMHOM AIEKTPUUCCKHUI CIIOH.

NJ” - MOTEHITUATIOTPECIISIONTNE HOHBI;

K" - IpOTUBOHOHBI.

@opmyny munemwasl AgJd npu u3z0biTke KJ MOXHO BBIpa3uTh cleAyrolien
bopmyIioi:

TacTHOA HIH I'paHyIIa X7

anpo
rrf/’./_/\\? - -t E —
{fm[Agl] «nT « (n—-X ) K } XK
e W:w
ArpEraT nubyas. cnoi

ancopbIHOHHEEH cnodl

3apsi YaCTHUIIBI — OTPULIATETHHBIN
B cnyuae n3oniTka AgNO; yacTuiia 3apspkaeTcsi HOJ0KUTENbHO:
{m[AgJ] - nAg" - (n - X) - NO; }" - x NO5".

aﬂeKmDOKUHemull€CKue A6EHUA

DNEKTPOKUHETUYECKUE SBJICHUS OBLTH OTKPBITHI IpodeccopoM MOCKOBCKOTO
yHuBepcuteTa Peliccom B 1808 rony npu nccineaoBaHuM 3JIEKTPOIIA3a BObL. Pelice
MOCTAaBMWJI JIBA SKCIEPUMEHTA:

1. Ucnons3oBan U- 0Opa3Hyto IpoOHUpKY, MEPErOPOKEHHYIO B HIDKHEH 4acTU
nuapparMoil M3 KBapLEBOIO IEecKa W 3alloJIHEHHYH0 BoJoW. Ilpu Hanoxenun
AIIEKTPUYECKOTO TMOJII OH OOHApyXWl JABW)KEHHE IKHUJAKOCTH B CTOPOHY
OTPHULATEIBHO 3apsDKEHHOrO 3JIEKTPOJA, IMPOUCXOASIIEe O TEX IOop, IoKa He
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yCTaHABJIMBAJIACh OIpPENEICHHAs] Pa3HOCTh ypoBHeH kuakoctedr N. Tak kak 6e3
nuagparMel ABM)KEHUE JKUJIKOCTH OTCYTCTBOBaJIo, TO Peiic caenman BbIBOI, YTO
KUJKOCTB 3apsDKACTCs IPU KOHTAKTE C YaCTULAMU KBapIa.

sSIBjeHne nmepeMemeHusl KMJAKOCTH B NMOPUCTBIX TeJdax HoA AEHCTBHEM
AICKTPUYECCKOI'0 I10JIH IMMOJIYIH/I0 HA3BAHUE IJICKTPOOCMOCA.

2. Peiic morpy3mi B IIMHY JIB€ CTEKJSIHHbIE TPYOKH, 3allOJHHII X BOJON U
MIOCJI€ HAJIOKEHUS AJIEKTPUUECKOTrO MOl HAOII01a] MepeMELIEHUE YaCTULL TJIMHBI
B JKUJIKOCTH B HAIIPABJICHUH TMOJIOKUTEIBHO 3apSXKEHHOTO AJIEKTPOIA.

SBJjieHHe mepeMellleHUs] YAaCTHI AMCIEPCHON (pa3bl B IJIEKTPHUUYECKOM
noJie MoJIy4uJio Ha3BaHue 3JjieKTpodopesa.

Takum oOpa3zom, ObUI0O OOHapyKE€HO, YTO YacTULA HMEET 3aps,
MPOTHUBOIIOJIOKHBIN 10 3HAKY 3apsiAy >KUIAKOCTH.

[lepBble KONMMYECTBEHHBIE MCCIIEIOBAHUS AJIEKTPOOCMOCA OBUTU BBINOJIHEHBI
Bunemanom (1852 ropn).

3. B 1859 rony KBunke mokasan, 4TO CYIIECTBYET SBJIEHHE, OOpaTHOE
IEKTPOOCMOCY, T.€. NPH TEYeHHMH SKMIKOCTH 4Yepe3 IOPHCTOE TeJo IOoJ
BJIMSHHMEM Iepenajga JaBJICeHHl BO3HHKaeT Pa3HOCTb MOTEHUHUAJIOB. OTO
SBJICHUE TTOJTYYUJIO Ha3BaHUE MOTEHIIMAJIa TEUYEHUS.

4. KommuectBeHHOe wuccienoBanne d(pdekra, obpaTHOro 3mekTpodopesy,
BIiepBbie ObUTO BbIMoOMHEHO JlopHoM. B 1878 romy oH m3Mepsil BO3HHUKAIOIIYIO
pPa3HOCTh TMOTEHIMAIOB TMpPU CEIMMEHTAIMM 4YacTUIl CYCIIEH3WW KBapla B
[EHTPOOCIKHOM TI0JIE.
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SIBieHHe BO3HMKHOBEHHUSI PA3HOCTH MOTEHIIHAJIOB TNPH OCAKIECHUHU
AucnepcHoil ¢a3pl MOJIYYHJI0 HA3BAHHE MOTEHIHUAIA CeIUMEHTANMH WIN
ocenanus (mam 3¢gdexr dopHa).

@4 SACTHIE FEARITA

Bce 3t sBieHHMS 1O MPUYUHHO-CIICICTBEHHBIM IPU3HAKaM JCNAT Ha JIBE
TPYIIIIBL:

1. SBneHus 35eKTpoocMoca WM EKTpodope3a- NBHKeHUE (pa3 BhI3bIBACTCS
AIIEKTPUYECKON Pa3HOCTHIO MOTEHITHAIOB.

2. IloTenmuan TeYeHHWss W TIOTCHIHWAT CEAUMEHTAIMd — BO3HUKHOBEHHUE
AIIEKTPUYECKON Pa3HOCTH MOTEHIINATIOB 00YCIOBICHO ABMKEHUEM (Da3.

DexmpoKuHemuyecKull NOMeHyual

PaccMoTpeHHBIE 3JIEKTPOKMHETUYECKUE SBJICHUS B JUCIEPCHBIX CHCTEMax
BO3MOXKHBI NPU HAJIMYMM Ha TpaHULE pasjena (a3 IBOHHOTO 3IEKTPUYECKOTO
cios, uMmeromero g dy3Hoe CTpoeHHUE.

[Ipy oTHOCUTENBbHOM mepeMelleHud (a3 He3aBUCHUMO OT IMpPHYMH, €ro
BBI3BABIIINX, MMPOUCXOUT PA3PHIB JBOMHOTO ANEKTPUUECKOTO CIIOS TIO MIOCKOCTH
CKOBbXEeHUsI. [110CKOCTh CKOJNBbKEHHSI OOBIYHO MPUXOAUT MO AU Yy3MOHHOMY
CIIOI0, W 4YacTh €ro HWOHOB OCTaeTcs B MAHUCIEpCHOW cpeae. B pesymprare
JTUCTICpCUOHHAS CpeJa W JAuciepcHas (a3a OKa3bIBAIOTCSA MPOTHBOIIOIOKHO
3apsKCHHBIMHU.

[ToTennuan, BO3HUKAIOUIMI HAa TUIOCKOCTH CKOJIBKEHHUS MPH OTPHIBE YACTH
mudPy3HOro CI0si, HA3bIBAETCS AJIEKTPOKHMHETHUYECKUM MOTCHIMAIOM Wi (-
MOTEHIMAIOM ( 13€Ta-MOTEHIIUAIIOM).

[110CKOCTh CKOJBKEHHUSI MOKET HaxXOJUThCS Ha Pa3HOM pPACCTOSHUU OT
MeXK(pazHOM MOBEPXHOCTU. ITO PACCTOSTHUE 3aBUCUT OT CKOPOCTH JIBHXKEHUS (a3,
BSA3KOCTH cpefbl, Ipupobl ¢a3 u 1pyrux GpaxtopoB. COOTBETCTBEHHO, OT ITHX XKe
(aKkTOPOB 3aBUCUT U JEKTPOKUHETUYECKUIN TOTEHIUAL.

B oOmem cayuae, { — mOTeHIMan Bcerga MEHBbIIE MOTEHIMAIA
TuhPy3MOHHOTO CJIOS @5, W OTO pa3iIuuMe TeM OoJbllle, YE€M MEHbIIE
MPOTSHKEHHOCTb, T.€. TOJIIMHA TU(PPY3UOHHOTO CIIOS A.
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[TyHKTHpPOM MOKa3aHa MIIOCKOCTh CKOJIBKCHHUS.
C1, C2, C3 — KOHIICHTpaluu UHIU(D(PEPEHTHOTO NEKTPOIUTA C1< Co< C3.
O — TOJIIMHA aICOPOIMOHHOTO CIIOSI.

Beenenue B cucremy uHIuGM(PEPEHTHOTO 3IEKTPOJIUTA, YBEJIMUCHUE 3apsiia
€ro MOHOB W KOHIICHTPALUMU TMPUBOJIUT K YMEHBIICHHUIO TOJIMUHBI TudPy3HOTO
CJIOS. ¥, COOTBETCTBEHHOTO, CHIDKEHUIO DJICKTPOKMHETUYECKOTO TOTEHIIMANIA.
[Torenmuan 3TOoT OyAeT CHWKATBCA C TIOHIDKCHHEM TEMIIEpaTypbl U C
YMEHBIIICHUEM JAUDJICKTPUUECKON TPOHUIIAEMOCTH CPEJIBI.

(- moTeHIaa CUIBHO 3aBUCUT OT MPHUPOABI MOBEPXHOCTH KOHTAKTHUPYIOIINX
¢a3. B 3ToM oTHOIIEHNH MO>KHO BBIJICIHUTH JIBA KPAWHUX MTOJOKEHUS: aKTUBHBIC U
WHEPTHBIC TOBEPXHOCTH. AKTHBHYIO ITOBEPXHOCTH HMEIOT TIOJUAJICKTPOIUTHI-
MOJIMMEPHI, COJIepP KAIINE NOHOTCHHBIC TPYIIIHI, CTETICHb AUCCOIUAINA KOTOPBIX H
ompeseNsieT 3apsij MOBEPXHOCTH. Ha aKTUBHBIX MOBEPXHOCTSAX (OKCHABI, JTUTHS,
ATIOMUHUA, JKeJie3a u ipyrue) (- MoTeHInan MOXKeT AocTuraTh 3Hadenue 100 MB u
6onee. HepTHBIE TTOBEPXHOCTH JUIICHBI MOHOTCHHBIX TPYII, W 3aps] HA HUX
BO3HMKAET B pe3yJibTare crienuduaeckoi agcopOiuu noHoB (rpaduT, yroisb).

Crnenndudeckas aacopOIs MOXKET BbI3BaTh W yMEHbIIeHUE (- TMOTCHITNAIIA,
ecnu crienu@uUecKk aacopOupyIOTCsl MPOTUBOMOHBI, TaK KaK OHM WMEIOT 3aps/l,
MIPOTUBOIIOJIOKHBIN 3apsily MOBEPXHOCTU. Takas ajncopOIus MOXKET MPUBECTH K
nepe3apsiike MOBEPXHOCTH, T.€. K TaKOMY IIOJIOKEHHUIO, KOTrJa IOTEHIHAI
muddy3Horo ciost u (- noTeHIMa 0y1yT UMETh 3HaKU MEX(pa3HOTo MOTEHIMaNa.

3HauMTeNbHOC BIMSHWE Ha (- MOTEHIMad oka3biBaeT pH- cpenmpl, Tak Kak
woubl H 1 OH™ 00671a1a10T BBICOKO# a7cOpOIIMOHHON CITOCOOHOCTHIO M CIIOCOOHBI
nepe3apsiAuTh MOBEPXHOCTh.

SABneHue nepe3apsaIKu JIydIlle moka3aTh rpa@uyecKi.
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CHCHH@)H‘IGCK&H a,ucop6u14;1 34aBHUCUT OT CPOJCTBA az[cop61/1pyeMLIx HOHOB K
IMOBCPXHOCTH, X CIIOCOOHOCTH O6paSOBBIBaTL HCANCCOUMHNPYIOIINC

MOBEPXHOCTHBIE COCAMHEHHUSI.

CunbHO ajicopOupyronMecs WOHBI B IUIOTHOM CIIO€ HHOT/A CIIOCOOHBI HE
TOJIBKO TIOJIHOCTBIO CKOMIIEHCHPOBATh MOBEPXHOCTHBIN noTeHnuan, Hou co3nartk
M30BITOYHBIN 3apsA]l CO 3HAKOM 3apsja TMPOTUBOMOHOB. DTO M Ha3bIBAETCSA
nepezapsiakor. I[lpu mepesapsnku  HaOmOmaeTcss CMEHAa MPOTMBOMOHOB B
nuddy3HOM cloe Ha HOHBI C 3apsAaoM Japyroro 3Haka. I[loBepXHOCTHbIE
MOTCHITHAIBI (P M Oz UMCIOT pa3HbIC 3HAKH.

DNEKTPOKUHETUYECKUA TOTCHIIMAT MOXXHO  OMPEICINTh, TMPOBOIAS U
HaOIrOAas JICKTPOKMHETHUCCKHE SIBJICHUS.

INeKmpoocmoc
DNEeKTPOOCMOC YA00HO M3y4aTh C MOMOIIBI0 MpUOopa, U300paKEHHOTO Ha
PHUCYHKE.

[Tpubop npeacrapnser codoit U-00pa3nyto TpyOKy, B OTHO KOJEHO KOTOPOH
BrasH kKamwuisip K UIsi TOYHOTO oOmpenencHWs KOJWYECTBA JIBMDKYIICHCS
KUIKOCTU. MeXIy dJIeKTpoJlaMu pacrioyiaraercs mopuctas memOpana M ( u3
CWJIMKArelys, TIMHO3eMa W JApyrux). B mpubop HammBaioT BOAY WM BOJIHBINA
pacTBOp M OTMEUAIOT YPOBEHb JKUIKOCTH B Kamwuisipe. Ecim K aiexTpomam
MPWIOKUTh PA3HOCTh TOTCHIIMAJIIOB, TO MPOTUBOMOHBI AU y3HOrO CIIos,
DPHEPTreTUYECKH CJIa00 CBS3aHHBIE C TIOBEPXHOCTBHIO TBEpHoM (das3wl, OymyT
IepeMelaTbCsi K COOTBETCTBYIOIIEMY JJEKTPOAYy UM yBIEKAaTb 3a COOOM
JUCTIEPCUOHHYIO CPELy.
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I'enbmronbi 1 CMOTYXOBCKHI YCTAaHOBUJIM 3aBUCUMOCTbh MEXIY CKOPOCTBIO
HEepeHoca JKUAKOCTH (- MOTEHIIUATIOM:

Uo=(& '€ 'E-0)/n | —ypaBHenue I'esibmMrosibna — CM0OJIyX0BCKOTO.

Uo- TMHENHAs CKOPOCTh KUIKOCTH OTHOCUTEIHLHO MEMOpPAHHBI;
E- Hanpsi>KeHHOCTh 3JIEKTPUUECKOTO MOJIS;

€o- DJIEKTpUYECKAas MOCTOSIHHAS , 8, 854+ 102 @/

€- OTHOCUTEIIbHAS IUAJICKTPUYECKAsl IPOHUIIAEMOCTH;

1- BA3KOCTb.

N3 ypaBHeHus:

C=(Uo M)/ (& & E)

Uo/E — ammekTpoocMoTHyecKas MoIBHKHOCTD, U/E = (v %) / |
I'ne v- 00beMHa CKOPOCTh TEUEHUS KUJIKOCTH;

Y- yIeJIbHAs JIEKTPOIPOBOIHOCTD;

|- cuna Toka.

C=( /(g el

1o skcriepuMEeHTaIbHO HAIEHHBIM BEJIMYMHAM V, ¥, | U | MOKHO paccuuTaTh
(- moTeHIManl.

Crnenyromue orpaHuyeHus sl IPUMEHEHHS] 3TOr0 YpaBHEHUS:

1. TonumHa ABOWHOIO AIEKTPUYECKOTO CJIOS 3HAYMTENBHO MEHBIIE
paaunyca nop, KanwuisipoB TBEPIOH (asbl.

Inekmpogopes
Onexktpodope3 MOXKHO HaOMIOAaTh B CEIWMEHTAIMOHHO YCTOWYHMBBIX
JIMCTIEPCHBIX CUCTEMAX.
B oriaumume ot snexkrpoocmMoca npu 3IeKTpodope3e MOKHO HEMOCPEICTBEHHO
HU3MEPATh CKOPOCTD JBM)KCHUS YaCTHII.
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B kaudectBe mpubopa s ucciaefoBaHHs dJeKkTpodope3a ucnonib3dyroT U-
oOpa3Hyi0 TpyOKy, B KOJIEHa KOTOpPOM BBICTABJICHBI 3JIEKTpoabl. U-00pa3Hyto
TpyOKy 3amoJIHAIOT 10 YPOBHS «a-a» HCCIEAYyEMBbIM 30JIeM, Ha MOBEPXHOCTb
KOTOPOTO HAJIMBAIOT KOHTAKTHYIO JKUAKOCTb (JAMCIEPCHOHHYIO Cpely) u
BKJIIOUYAIOT JJICKTPUYECKYIO Ienb. Yepe3 omnpeliesieHHbIe MPOMEXYTKU BPEMEHU
OTMEUYAIOT CTENEHb MEpPEMEIEHUsI 30JI1 K COOTBETCTBYIOLIEMY 3JEKTPOIYy, T. €.
YPOBEHb 30J11 B 000X KOJIE€HaX TPYOKH.

CKOpOoCTh TIEpEeMEIIeHHs YaCTHUIl TUCTIEPCHON (pa3bl onpeaeseTcst 3HaYeHUEM
(- moTeHIMaIa Ha YaCTUIaX TBEPI0i (asbl.

Takxe npuMeHUMO ypaBHeHuUe [ enpMrobiia-CMoIIyXOBCKOTO:

C=(Uom)/ (e & E)

Uo- JTMHEMHAA CKOPOCTh JIBUKECHUS YACTHII;

Uo— JIeKTpodopeTHIecKast MOABUKHOCTb.

E

Ipaxmuueckoe ucnonb308anue 31eKmpoOKUHEMU4eCcKUx S6NIeHULL

1. Hanecenue MTOKPBITHI Ha pa3In4HbIe ITOBEPXHOCTHU
ANEKTPOPOPETUUECKUM METOJIOM  (aBTOMAThl, JIMHUU TPYHTOBKHU
Ky30BOB aBTOMOOHJIEH).

2. DnexTpodope3 UCTONb3yeTCS B MEIUIIMHE U OUOJIOTUU TIPH BBIABICHUU
OMOXUMHYECKOH " (buU3NOIOTUYECKO posin pPa3IUYHBIX
BBICOKOMOJIEKYJISIPHBIX COEIMHEHU, OEIKOB.

3. ®paKMOHUPOBAHUE MOJIUMEPOB, OEIIKOB.
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4. DIEKTPOOCMOC WCHOJB3YeTCS JIsl yNajJeHWs BIATH TIPU OCYIIKE
00beKTOB  (3MaHUM, CBHIMYYMX MaTepUaJOB, OOJIBIION  pPacxoj
AIICKTPOIHEPTHH).

5. Dnektpodopes ucmonb3yeTcs I pa3pylIeHHs a’po30Jiel (yaajaeHue
JbIMa U T.1.)
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Jlexuusa Ne§

Tema: ArperaTuBHasi yCTOHYMBOCTb U KOATYJIANUSA
JTUCIIEPCHBIX CHCTEM

IIJIAH

1. ®dakTopsl yCTONYUBOCTH JTNOPOOHBIX TUCIIEPCHBIX CUCTEM.
2. Teopus xoarynauuu CMOITyXOBCKOTO.
3. Ocwuossl Teopun JJIDO.

1. ®akTOpHI yCTOMYUBOCTH JTHO(POOHBIX JUCIIEPCHBIX CHCTEM

Y CTOWYMBOCTh JUCIEPCHBIX CHCTEM- 3TO IIOCTOSIHCTBA HX CBOMICTB BO
BPEMCHU:

- IUCIIEPCHOCTH;

- pacnpeneneHus Mo 00beMy YacTUL AUCIEPCHOM (a3bl;

- MEXXYaCTUYHOTO B3aUMOJCHCTBUS.

[IpoGiiema yCTOWYMBOCTU AUCHEPCHBIX CHUCTEM SBJISETCS OJHOM UX
BaXXHEUINNX B KOJUIOMIHON XUMHH.

I[Io npenmoxenuto IleckoBa, yYCTOWYHMBOCTH  JUCIEPCHBIX  CHCTEM
MOAPA3AEIAIOT HA J1Ba BUJA:

1.YCTONYMBOCTh K OCQXKICHHUIO TUCIIEPCHOW (a3pl - cequMeHTANMOHHAsI
YCTOHYHUBOCTD (YCTOMYUBOCTH K OCAXKICHUIO YACTHI).

2.YCTOWYMBOCTh K arperaiuu 4acTull AUCTEpCHON ¢a3bl - arperaTUBHas
YCTOMYHUBOCTbD.

[Io oTHOMIEHWIO K arperaiud CUCTEMbI MOTYT OBITh TEPMOJMHAMHYECKH
YCTOWYUBBI U KHUHETUYECKH YCTONYUBBI.

TepMoguHaMUYecKn YCTOWYMBBIE CHUCTEMBI O00Opa3yloTcsi B pe3ybTaTe
CaMOMPOU3BOJILHOTO AUCIIEPTUPOBAHUS OJTHOM U3 (a3 - InO0(PUIbHbIE CUCTEMBI.

TepMoauHAMUYECKH HEYCTOMYMBBIE JUCIEPCHBIC CHUCTEMbl TOJTYYUIIH
Ha3BaHHE JUOPOOHBIX.

JInodoOHBIE cucTeMBbl 00JIaAI0T Pa3IMUYHON KHHETHUYECKON YCTOWYHMBOCTHIO
K arperaiuy 4acTull.

Arperanys 4acTull MPOUCXOJUT 3a CYET CaMOMPOU3BOJIBLHOTO YMEHBUICHUS
MOBEPXHOCTHOM YHEPTUH BCIEACTBUE YMEHBIIICHUS yACIbHON MOBEPXHOCTH.

YKpynHeHHe YacTUIl MOXKET UATH ABYMS ITyTAMMU:

- U30TEPMUYECKasi IEPErOHKA;

- KOaryJsius.

B m1o¢oOHBIX cucTeMax arperaTuBHAasl yCTOMYMBOCTh HOCHUT KHHETHYECKHIA
XapakTep, U CYIAUTb O HEH MOXKHO IO CKOPOCTH IPOLECCOB, BBI3BIBAEMBIX
M30bITKOM TIOBEPXHOCTHOW »Hepruu. HaumOonbliee 3HaYEeHHME HMMEET MPOIIECC
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KOAaryJsilh{, 3aBUCSIIMI OT CBOWCTB IOBEPXHOCTHBIX CJIOEB, OKPYKAIOIIMX
YaCTHUIBI.

[Io mpupoge 3THMX CIOEB M MEXAHU3MY HUX OTTAIKUBAIOUIETO ACHCTBUS
kiaccuuuupyior daktopsl ycroitunBocTd. OCHOBHBIMHU (aKkTOopamMu OYyIyT Te,
KOTOpPbIE CHIDKAIOT TOBEPXHOCTHOE HaTsKeHUE. OTH (aKTOphl OTHOCAT K
TepMoaUHaMUuecKuM. OHU YMEHBIIIAIOT BEPOSITHOCTh 3(D(PEKTUBHBIX COyAapEeHUN
MEXIy YacTHIIAMH, CO3JaeT MOTEHIMAIbHbIE Oapbephl, 3aMEISIONINE WU JaxKe
UCKJTIOYAIOIIME Mpolecc Koarynsiauud. Ho moMumo TepMoarnHaMUYecKuX PaKkTopoB
B CUCTEME JCHCTBYIOT U KUHETUYECKHE.

Kunernyeckue (QaxTopsl, CHIKAIOIIME CKOPOCTh KOATyJSIIIMM, CBS3aHBI B
OCHOBHOM C TEPMOJMHAMUYECKHUMH CBOMCTBAMU CPEJIBI.

PaznuuaroT cienyromuye TepMoOIMHAMUYECKHEe U KMHeTHYeckne (GaKTopbl
YCTOMYHUBOCTH AUCIIEPCHBIX CHCTEM.

1. Duaekrpocrarnueckuii (akTop — CBSi3aH C yMEHbBLIEHUEM MeEX(pa3zHOTO

HATSKEHUS; IPOUCXOIUT BCJICJICTBUE oOpa3oBaHus JIBOMHOTO
AIIEKTPUUECKOTO CJIOS Ha TTOBEPXHOCTH YaCTHIL (TEPMOJUHAMUYECKUN).
2.  AICOpOIMOHHO-COIBBATHBIN ¢akTOp — yMEHbIIEHHE MeX()a3zHOTro

HATSDKEHUS [TPOUCXOUT MPHU B3aUMOJAECUCTBUU YAaCTULl AUCTIEPCHOU (ha3bl CO
Cpeloil B COOTBETCTBUM C ypaBHeHueM /[lrorpe, g paOoThl anre3uu u
aJICOpOIIMOHHBIM ypaBHeHHEM [ 'nO6ca (TepMOIMHAMUYECKUH).

3. DHTponuiiHblii (paKTOp — CTpEeMIICHHE TUCTIEPCHON (Pa3bl K paBHOMEPHOMY
pacrpesieyieHul0 Mo BceMy o00bemMy cHucTeMbl (3a cuer auddy3uu u
OpOYHOBCKOTO JBM>KEHHUS) (TEPMOIUHAMUYECKUIA).

4. CrpykKrypHo-MexaHu4veckmii ¢akrop. 3akiioyaeTcs B TOM, YTO Ha
MOBEPXHOCTU YACTUIBI HUMEIOTCS «IUJIEHKW», O00JIaJaloliyue YIpPyrocThlo M
MEXaHUYECKOM NPOYHOCTHIO, Pa3pyLIEHUE KOTOPBIX TPEOYIOT SHEPrUM M
BpeMeHU (KUHETUYECKUM).

5. Tuapommnamudveckuid d¢akrop. 3aKI0O4acTCss B CHIDKCHUH CKOPOCTH
KOaryJsilUA IpPU W3MEHEHUM BA3KOCTH CpPEAbl M IUIOTHOCTU JMCIIEPCHOM
¢da3bl U AUCTIEPCHOM Cpelibl (KHHETUYECKU).

B peanpHbIX cucTeMax 0OBIYHO ACHCTBYIOT HECKOIBKO (PaKTOPOB.

2. Koaryasiuust 110¢G00OHBIX JUCIIEPCHBIX CHCTEM.
Teopusst CM0J1yX0BCKOT0

[Iporecc Koarynsiuu MPOUCXOTUT B TEPMOJAMHAMUYECKH HEYCTOWIMBBIX
KOJUTOMJIHBIX cucTeMax. CKOpOCTh KOAryJsIIIuU MOXKET OBITh CAaMOW Pa3iIMdHOM: OT
HECKOJIBKMX CEKYHJI IO MHOTHUX CYTOK H JIaXKe JIET.

[Tonbckum  ydueHbIM  CMOIyXOBCKMM  ObITa  paccCMOTpeHa  KHUHETHKa
KOAryJisiliMd MOHOAMCIIEPCHBIX 30J1€H CO crenu(puuecKuMH 4acTULlaMHU, KOTOpBIE
CTAJIKUBAIOTCS MEXAy co0oil mojJ JAeiicTBMEM OpOYHOBCKOTO —JIBHIKEHUSI.
CMOIyXOBCKMI TpeArnosaraji, 4To B pe3ysibTaTe KoaryJsiud B3auMOJCHCTBHE
OPOUCXOAUT TOJIBKO MEXAY JBYMS YacTHIIaMH, TaK Kak BEpPOSTHOCTh
CTOJIKHOBEHHS OOJIBIIIET0 YKCJIa YacTHIl O4YeHb Maja. [losTomy mporecc Takoi
KOAryJISILIUA MOXKHO CBECTH K TEOPUU OMMOJIEKYIIPHBIX XUMUYECKUX PEAKIUH.
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CornacHO TeopuM KHHETUKH KOAryJsillMH, pPa3lId4yaloT OBICTPYI0 U
MEJICHHYIO KOAryJIsIIIHIO.

[Ipu ObICTpOI KOATYINALIMKM BCE CTOJIKHOBEHMS YACTHI] IPUBOIST K CIUIIAHUIO
YacTHII.

[Ipu MejeHHONW KoaryjislMM BCJEACTBHE TOrO, YTO HAa TOBEPXHOCTU
KOJUIOMJHBIX YaCTHI] YaCTUYHO COXPAHWICS JBOMHOM AJIEKTPUUECKHUI CIION WM
coJibBaTHasi 000JI0YKa, CIUNAHUE YACTHUI] MIPOUCXOAUT JIMIIb B pe3yjbTaTe 0co00
YIa4HBIX COTMKCHUM.

CMOIYyXOBCKHMI MPEJIOKUI TEOPUIO OBICTPON KOAryJsIUU, OPUHUMAs, YTO
BCE€ CTOJIKHOBEHHUS MEXIYy 4YacTULAMHU MPUBOAAT K uXx arperamuu. Ho 3t0
BO3MOYKHO TOJIBKO TOIZla, KOTJAAa DSHEPrusi COYJapeHUsi 4YacTHUL] IPEBBIIIAET
CPEIHIOI SHEPrulo, HeoOXxonumyr mis ux ciaunanus AE, Ha3eiBaemyro
MOTEHIIUAJIBHBIM 0apbepoM.

D¢ dexTuBHOCTH cOyapeHus NponopLuuoHaibHa pakropy boiabimana.

[IpoBoast aHAJIOTHIO C TEOPUEN aKTUBHBIX COYJapeHUN, HEOOXOJUMO Y4ECTb
CTEepUYECKUIl MHOXHUTEIb P, yuuThIBaomUi OJaronpusTHBIE PaCIOIOKECHHUS
YaCTHUL IPU CTOJIKHOBEHUH, UX (GOPMY, pa3MepBI.

Toraa ckopocTh Koarysisiliuy B JaHHBIA MOMEHT BPEMEHHU T paBHa:

-d vy / dt = 4xDRP exp [- (AE / RT)] v’

r7Ie Vy. CyMMapHas KOHIIEHTpaI1s YaCTHII,

D- koaduiment nuddysuu;

R- paccTositHue Mex1y AByMSl YaCTUIIAMM;

P- crepuueckuii MHOKUTEIb;

AE-nioTeHIMaIbHBIN Oapbep;

k-ocrostnuas bonbnmana;

T- Temneparypa.

Ecnu  cpaBHUTH 3TO ypaBHEHHWE C ypaBHEHHUEM I  CKOPOCTH
OMMOJNIEKYIISIPHON PEaKIIUU:

-d 1)2/ dt=K 1)22,

TO 1O AaHAJIOTMM KOHCTAHTa CKOPOCTH  KOAryJsiUA  BBIPA3HUTCS

COOTHOILIEHHEM:
K =4aDRP exp [- (AE / RT)].

OO11ee YMCIIO YacTHUI[ B MPOIECCE KOAryIsIlU{d YMEHBIIAETCS IO 3aKOHY
OMMOJIEKYIIAPHBIX peakiuii. [IpoBOas HHTErpUPOBAHKME STOrO ypaBHEHHS vy OT v,
110 Vy IIPH U3MeHEHHH T 0T 0 10 T; MOIyduM

v =0,/ (1 + Kvg1),

TAC Uy — HCPBOHAYAJIBHOC YMUCJIO YaCTHUIl B I[HCHCpCHOﬁ CHUCTEMC,
Uy — 4YUCJIO 9aCTHUIl K MOMCHTY BPCMCHHU T C Ha4YaJIa KOAryJIAIInu.

KoHcTaHTy CKOpPOCTH KOAryJiilMM TEOPETUYECKH ONPEIEIUTh TPYAHO,
1n03ToMy CMOJIYXOBCKHI BBEJI NIOHSITHE BPEeMEHH MOJOBHHHON KoaryJasuuu 0 —
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9TO BpEMs KOarysiovuu, B TCUCHHUC KOTOPOTO 0611135[ KOHLOCHTpAIHA YaCTHIL
YMCHBbIIACTCS A0 ITOJIOBUHLBI OT Ha4yaJIbHOU KOHLCHTPAIIUU IICPBUYHBIX YACTHUII:

Vo /2= v,/ (1 + Kuve);
2=1+Ky,0
Vs =V, /(1 +1/0).

VYpaBHEeHHE WIUPOKO HCIONB3YEeTCS I OOpaOOTKH HIKCIIEPUMEHTATbHBIX
PE3yNbTATOB 110 KHHETHKE KOATYJISLUU.

PaccMoTpuM Tenepb KOHCTAHTY CKOPOCTH OBbICTPOIl KOATYJISILMH.

IIpu ObIcTpoii kKoarysauuu AE=0, a P=1:

Ks; = 4nDR
R =2r, D =KT/ 6anr,
r7e T - paguyc chepruueCcKOi YaCTHUIIBL.

Ks = 4KT / 3n
0; = 3n / 4KT v,

IIpu ObicTpoii koaryasiuuv K; 3aBHCHT TOJBKO OT TeMIeparypbl M
BSA3KOCTH Cpelbl. A BS3KOCTb C POCTOM TEMIEpPaTypbl IJs >KHIKOCTEH, Kak
paBUJIO, yMEHBIIAETCs, 00ycIaBiuBasl eile 0oliee pe3kyro 3aBucumMoctb Kg ot T.

Takum oOpa3oM arperatvBHasi YCTOMYMBOCTb CHCTEM YBEIMYMBAECTCS C
pOCTOM BSI3KOCTH CHUCTEMBI, TOHM)KEHHEM TEeMIepaTypbl W KOHLEHTpaluuu
nucrepcHoi Bassl (T. K. 0~1/v,).

s menjenHoii koaryasimum AE#1, P#1 — HeoOXoauMo yYUTHIBATH
3¢ (HEKTUBHOCTH COYAapECHMIA:

Ku=Kg* P-exp[- (AE/RT)].
Ku=(@4KT /3n) - P-exp[- (AE/RT)].

Teopus kuHeTHMKH  Koaryymsimuu  CMOJYXOBCKOTO — ObUTO  OJecTsie
MOJITBEPXKACHO SUTMOH/IM U APYTUMHU YYECHBIMH, HECMOTPS Ha €€ JOMYIICHUS.

Miosuiep MpOJOIKIIT 3Ty TEOPHUIO — JJIsl MOJIUIUCTIEPCHBIX 30Jieii. OH caeman
BBIBOJI, 4YTO  NOJUAMCIICPCHBIC  30JM  KOAryJupyloT  ObIcTpee,  4YeM
MOHOAMUCIEpCHbIe. KpymHBIE YacTHIBI BBICTYMAlOT B POJH  3aPOJBIIICH
koarymsanuu. Yactuubl B QopMe TaNOYeK KOAryJIHpyrT ObICTpee, YeM
chepuueckue.

3. OcHoBbl Teopuu JJ1PO

Y CTOMYMBOCTD M KOATYJISLUS CBA3aHbI HEMOCPEACTBEHHO C B3aUMOJICVICTBUEM
4acTUI aucrepcHoi ¢aszpl Mexay coboi. [losTomy B ocHOBe m000¥ Teopuu
YCTOMYMBOCTH JIEKUT COOTHOIIEHUE MEXKAY CUJIaMU MPUTSHKEHUSI U OTTAIKMBAHUS
YaCTHII.
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CymecTByeT eAMHOE MHEHHE O TMPHUPOe CHWJI NPHUTHKEHUSA- ITO
MeKMOJIEKYJIsIpHbIe CWIIbI Ban-nep-Baagbca.

Cunbl OTTaNKUBAaHUS MEXKIY YacTULAMU MOTYT HMMETh Pa3HyIO MPUPOLY,
COOTBETCTBYIOIYIO (paKTOpaM yCTOHYMBOCTH.

bbulo  mpe/uioKeHO HECKOJIbKO TEOpUM, OOBICHSIOIMX YCTOWYUBOCTD
OUCHepcHbIX cucrteM. Hawmbonee mmpokoe TMpuU3HAHUE TMONy4YHsia TEOpHs,
YUUTBIBAIOIIAs 3JIEKTPOCTATUUYECKUE CHUJIbI OTTAJIKUBAHUS M MOJIEKYJIIPHBIE CHUJIbI
OPUTSDKEHUSI. JTa TEOpUsl YAOBIETBOPUTENIBHO OIKCHIBAET 3aKOHOMEPHOCTH
MOBEICHUS TUIMHYHO JTUOPOOHBIX IUCIEPCHBIX CUCTEM, ISl KOTOPBIX MOKHO
npeHedpeysb aacopOIMOHHO-CONBBATHBIM (DAKTOPOM YCTOMYMBOCTH. DTa TEOpUs
Obuta paspaboraHa coBeTckuMmH yueHbIMH [lepsirunbiM u Jlanmay B 1937-1944
IT. ¥ HECKOJbKO MO031Hee He3aBHCUMO OT HHUX TO/UIAHICKHMH Yy4eHbIMH
®epBeem u OBepoeKoMm.

Cymnocts Teopun JJIPO cBoauTcs K TOMy, UTO OOIIasi DSHEPrus
B3aMMOJEHCTBHS JBYX YacTUI[ paBHAa CYMME€ OHEPIUU 3JIEKTPOCTATUYECKOTO
OTTaJIKUBAHUS U MOJIEKYJISIPHOTO MIPUTSKEHUSI.

DHeprus 3JeKTPOCTaTUUECKOI0 OTTAIKMBAHUS MEX/ly YaCTULIAMU BO3pPACTaeT
C YMEHBIIICHHEM PACCTOSIHUS N MEK1y HUMH 0 SKCIIOHCHIIUATLHOMY 3aKOHY:

U,=(64'coRT/y) ye=a-e™

Y — BelIWuuMHa, oOpatHass TodmuHe JIU@PQGy3HOM dYacTh ABOMHOTO
AIEKTPUYECKOTO CIIOS;

Co — KOHIIEHTpAIUs IPOTUBOMOHOB B PACTBOPE;

v = (exp [zFs/ (2RT)] - 1) / (exp [zFgs/ (2RT)] + 1);

Z -3apsi1 MPOTHBOMOHOB;

(@3 — moTeHIMan 1ud@y3HON YacT JBOIHOTO AIIEKTPUUECKOTO CIIOS.

OHeprusi TNPUTSKEHUS MEXKIy YacTHIlaMH OOpaTHO MPOIOPIHMOHATEHA
KBaJIpaTy pacCTOSHUS MEXKIY HUMH:

U, =-zn’c/12h* U, =-B - (1/h°).

C —const;

N — 9KCII0 MOJIEKYJT (ATOMOB) B €IMHUIIE 00bEMa YACTHUIIBI

OOGmiass »Heprus B3aUMOJEHUCTBHUS OyJeT CKJIAIbIBAThCSI W3 OJHEPruu
NPUTSHKEHUST YW DHEPrUM  OTTAJIKWUBAHUS, COTJIACHO  BBINICTIPHUBEIECHHBIM
COOTHOIICHUSIM. DTH COOTHOIICHUS M OIpPEACSIOT TOBEICHUE JTUCIIEPCHBIX
cucteM. X yCTOMYMBOCTH WJIM CKOPOCThb KOAryJisiiMU 3aBUCAT OT 3HaKa M
3HA4YEeHUS 00IIeH MOTCHIIMATBLHON YHEPT U B3aUMOACHCTBHS YaCTHII.

IonoxuTenbHasA HepPrusi OTTAJIKUBaAHUA U, C yBEIIMUCHHEM PACCTOSIHUS
YMEHBIIIAETCS MO SKCIOHEHIUAIBHOMY 3aKOHY, a OTpHUIATeJbHAsl JHEpPrusi
nputskenus U, oOpaTHO MpOmOpIMOHAIbHA KBAAPATY PACCTOSHUS.
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Tk

MOTEHIDHANEHAAL
FHEPIHA

s

B pesynbrate Ha Maibix paccrosuusx (nmpu h—0 u U,—const, U,—x0) u
OONBIINX PACCTOSIHUAX ( OSKCIOHEHTa YOBIBa€T 3HAYMTENIBHO ObICTpEe, YeM
CTENEHHasl (PYHKIIMS) MEX]Ty YaCTULIAaMHU Npeo0IaiaeT SHEPTusl NPUTSHKEHU, a Ha
CPEIIHUX PACCTOSHUAX - SHEPIHS JIEKTPOCTATUYECKOTO OTTAJIKUBAHUS.

[lepBuunbiii muaummym | (Ha KpuBO#) OTBEYaeT HEMOCPEICTBEHHOMY
CIIMTIAHHIO YacTull, a BTopuuHbiid (1) — uX npuTsHKeHUIo yepe3 mpocaonKy cpeibl.

MakcumMyM Ha CpeIHHUX pPACCTOSIHUSIX XapaKTepu3yeT MOTEHIMATbHBIN
Oapbep, NPENnSITCTBYIOMIMMI CIMIIAHUIO YaCTHLI.

VYBenMYeHnI0 NOTEHIMAIBHOTO Oapbepa CocOOCTBYET POCT MOTEHIHAIA @,
[IpakTka mNOKa3bIBAET, YTO YK€ mpu (3= 20 MB BO3HMKAET NMOTEHUHWAIBHBIN
Oapbep, 00ecneYnBaroIIUid arperaTUBHYIO0 YCTOMUMBOCTh JUCTIEPCHON CHCTEMBI.

Lo

OTTANTKHEAHHE

ONPHTAEEHHAE

Paznnuaror TpH HanoOoee XapaKTCPHBIX BHJA IMMOTCHHUAIBHBIX KPHBBIX,
OTBCHAOIIUX OMPCACICHHBIM COCTOSHUSAM YCTOﬁqHBOCTH JAUCIICPCHBIX CHUCTCM.
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KpuBas 1 oTBewaeT TakoMy COCTOSHUIO JUCIEPCHOW CUCTEMBI, KOIJa Mpu
J1000M PACCTOSHUM MEXKIY YacTUIAMHU MpeoOiiafacT IHEPrusl MPUTSIKEHUS HaJl
9HEpruer oTTajkuBaHus. B »ToMm ciyyae HaOmrogaeTcsi ObICTpasi KOAryJssius C
o0pa30BaHUEM arperaTos.

KpuBas 2 yka3piBaeT Ha HalW4ME JOCTATOYHO BBICOKOTO MOTEHIIMAIBHOTO
Oapbepa U BTOPUYHOTO MUHUMYMa. B cucreMe, Haxonsiencs B TAKOM COCTOSIHUH,
MPOUCXOAUT ObICTpast (DIOKKYJISAIMSA YaCTUIl HA PACCTOSIHUSIX, COOTBETCTBYIOIIUX
BTOPUYHOMY MUHUMYMY.

OnoKKyIsIust — 3TO0 00pa3oBaHME arperaToB M3 HECKOJIBKUX YacCTHII,
pasle’eHHbIX MpOCIOKaMH cpeapl. bnarogaps HaJIW4YWI0 MNOTEHUHUAIBHOTO
Oaprepa yacTUIlbl BO (IIOKKYJIaX HE UMEIOT MEXy COOO0M KOHTaKTa M pa3/esiCHbI
npocioiikaMu cpefpl. Takoe COCTOSHHME OTBEYaeT OOpPaTUMOCTH KOAryJssiuu.
[Tocne ycTpaneHus: BTOPUYHOTO MUHUMYyMa BO3MOXHA MENTU3ALIHS.

KpuBasi 3 oTBedaer COCTOSHHUIO CHUCTEMBI C BBICOKUM MOTEHIUATBHBIM
OapbepoM MpU OTCYTCTBUU BTOPUYHOIO MUHHUMYyMa. BeposTHOCTH 0OpazoBaHUs
arperaToB 4YacTHUI[ OYEHb Mayia, W JIUCIIEPCHBIE CHUCTEMBbI 00JIaJIal0T OOJIBIION
arperaTuBHON yCTOMYUBOCTBIO.

Teopus [JJI®O mnpumeHrMa TOJNBKO K TEM JHUCIEPCHBIM CHCTEMaM,
YCTOMYMBOCTh KOTOPBIX OOECIIEUNBAETCS TOJBKO 3JEKTPOCTATUUECKUM (PAKTOPOM.
B peanbHbIX ke cucTemMax Habto1aeTcs B JIyUIlleM clydae TOJIbKO MpeodiiaaHue
KaKoro-to ojaHoro (Qakropa. OpHako, MAId BOJHBIX cpea  mpeodsanaer
AIEKTPOCTATUYECKUNA (PAKTOP, U OH CBS3aH C MEXAHU3MOM OOpa30BaHMS JBOMHOTO
AIEKTPUYECKOTO CIIOSI.

Tak kak sJeKTpocTaTUUeCKUi Oapbep omnpenesnsercs, TJaBHbIM 00pa3oM,
AIEKTPUYECKUM MOTEHIMAIIOM U TOJIIMHON ABOMHOTO AJIEKTPUUYECKOTO CIIOS, TO
OH OyJeT BO3pacTaTh C YBEIMYEHHEM IOBEPXHOCTHOM NUCIEPCUHU, KOJIUYECTBO
aJIcCOPONPYEMBIX TOTEHIIUATIONPEACISIONINX HOHOB, a TAaKXE C YMEHbBIICHHEM
B3aMMOJICUCTBUSI TIPOTUBOMOHOB C TIOBEPXHOCTHIO (YBEJIMYEHUE TOJIIUHBI
JIBOMHOTO CJI051).
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Jlexkusa Ne9

Tema: 3aKOHOMEPHOCTH KOATYJISLMHA THAPOPOOHBIX
JTUCIIEPCHBIX CUCTEM JJIEKTPOJIUTAMHU

JInooOHbIE CUCTEMBI arperaTMBHO yCTOMYMBBI, IJIaBHBIM  00pa3om,
Onmarozapsi TPOSIBICHUIO 3JIEKTPOCTaTHUeCKOro (akrtopa crabummzanuu. OHU
KOaryJupyrT MpU BBEJIECHWU B CUCTEMY CPAaBHHUTEIIBHO HEOOJBIIMX KOJIUYECTB
JTIOOBIX AJIEKTPOJIMTOB. OTO YycTaHoBwiIM eme ['pam, bopmoB u napyrue
OCHOBOTIOJIOKHUKH KOJUIOUTHOW XUMHH.

Havmenbpmiass KOHUEHTpanusi JJIEKTPOJINTA, IPU KOTOPOM HAYMHAETCS
KoaryJsinus (MeJyieHHas ), Ha3bIBaeTCsl IOPOTOM KOAryJIsilUU.

breicTpas koaryssiius TpeOyeT Takod KOHIIEHTPALMH 3JIEKTPOJUTa Cs, MOCHE
YBEIMYEHHS] KOTOPOI CKOPOCTH KOAryJsiiuu ocTaeTcsi nocTossHHON (AE=0).

|

CEOpOCTE
EQaryIAIHHe

P
-

™ & C, SMEETRONHTA

BBenenne anexrponura B IUCIEPCHYIO CUCTEMY CHHXKAET MOTEHIUATIbHBIN
Oapbep.

[Topor xoarymisiiuu 3aBUCUT OT MHOTUX ()aKTOPOB:

- OT METO/1a €ro (PUKCUPOBAHUS;

- OT METO/1a HAaOJIIOICHMS 32 KOaryJsiuew;

- OT KOHLICHTPALIMH 3015 U APYTHE.

B cootBetrcTBUM ¢ Teopueit JIDO nobGapiieHUE AIEKTPOJIUTA B TUCTIEPCHYIO
CUCTEMY BBI3bIBAET C)KAaTUE JBOWHOIO JJIEKTPUYECKOTO CJIOSI y YaCTHL.
BcenencrBue 3TOr0 4acTMIBl MOTYT MOJAOWTH APYr K APYry Ha PAacCTOSIHUA, MPU
KOTOPBIX HAOMIOAAIOT CWiIbl MOpUTsHKeHUsS. CHIKEHHE TOJIIUMHBI JBOMHOTO
AIIEKTPUYECKOTO CJIOSI COMPOBOXKJIAETCS OOMEHOM IMPOTHBOMOHOB ATOrO CJOSA Ha
BBI3BIBAIOIINE KOATYJISIIAIO MOHBI 3JIEKTPOJIUTA.

Cxxatre JBOMHOIO 3JIEKTPUYECKOTO CJIOS MOXET IPOUCXOAUTH ABYMS
MyTSAMMU:

1. 3a cdeT yMEHBIIEHHUs TMOTEHIMAada B PE3yibTare CHerupuIecKon
ancopOIuu HMOHOB JO0ABJICHHOTO OJJIEKTPOJIMTA HA TOBEPXHOCTH  YaCTHUIL-
HEWUTpaIu3alMOHHas KOAryslus.

2. 3a cuet orpannyeHus UG y3un MPOTUBOUMOHOB B PACTBOP B CBSI3U C
YBEJIMYEHUEM MOHHOM CHJIBI PACTBOPA- KOHLIEHTPALIMOHHAS KOATYJISIIU.
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[Io teopum JJIPO npu KOHUEHTPALMH BJIEKTPOJIMTA, PABHOW MOPOrY
OBICTPOH KOaryJsluy, MOTEHIUAIbHas KPUBask JUCIIEPCHOM CUCTEMbI HAaXOAUTCS B
o0nacTh OTpUUATENIBHBIX 3HAaYeHU KoopauHaT. TonbkO e€e MakCuMyM,
OTBEYAIOLINI HYyJIEBOMY NNOTEHIIMAIBHOMY Oapbepy, JIEKUT Ha OCH adCIUCC.

)

U(h)

A

1 -
opH BrcTpoR h

HEoaryIAITHH

Takum 00pa3om, BBEJCHHE SJEKTPOJIUTA MPUBOAMUT K CXKATHUIO JIBOWHOTO
AIEKTPUUECKOTO CJIOSI U TEM CaMbIM K TMOHIKEHUIO SHEPreTUYecKoro Oapbepa,
MPENATCTBYIOUIETO CIUMAHUIO YACTHUIL IPU UX CTOJIKHOBEHUHU.

Cxkatue JABOMHOIO JJIEKTPHUYECKOI0 CJI0f 00ecneYMBAOT HMOHBI
3JIEKTPOJIMTA, UMEIIIHMEe NMPOTUBOMOJIOKHBIN KOIOUAHOM YacTHLe 3apsl -
310 ycranoBua I"apau B 1900 roay.

Eme B 1882 r. lllyJbue yCTAHOBUJ, YTO KOATYJHPYHOILIAsg CHCTEMa TeM
OoJiblIe, YeM 0oJiblle 3apsii 3TOr0 MOHA (WM BAJIEHTHOCTH, KAK TOBOPWJIH
paHble). JTa 3aBUCUMOCTh Oblla MOATBEPkKACHBI ['apyu U moiy4yuiia Ha3BaHUE:
npaswio Ilynbma - Tapam. OTo mnpaBuino He npeaycMaTpUBaeT MPsSMOMN
IIPOITOPLUMOHAIIBHOCTY MEXIY 3apsiA0M MOHA U €ro KOAaryJaupyroluM JeUCTBUEM:
KOaryJupyrolasi Cujia BO3pacTaeT ropas3io ObicTpee 3apsa.

Tak kak Koaryisiuys MNPOUCXOJIUT B PE3YyJbTAaT€ YMEHBIICHUS IMOTEHUIHAJIA
J2C  (meuTpanmzanuonHas) wiu  coxarusg — auddysnon  yvactm  JID9C
(KOHIIEHTpAIIMOHHAs), TO MOXHO CYUTaTh, 4YTO IPU BBEACHUH JJICKTPOIUTA
MeHseTCs nmoTeHman aud@y3Horo cios @; .

IIpu maneIX 3HaAYCHUSAX Q5

s =K' (95)* / 22 — HelTpaju3alMoOHHAasI KOATyJISAIHS.

Cg — TOPOT OBICTPOI KOATYIISINY;

Z — 3aps]1 KOaryJupyroIIero HoHa,

K — xoHcTanTAa.

B o0nacti OONBIIMX TOTEHIMAIOB (05 DHEPTHUS B3aUMOJCUCTBHUS MEXKITY
YaCTUIIAMU MTPAKTUYECKU HE 3aBUCUT OT 3HAYCHUS (g

Cs = const / 2° — KOHIEHTPALMOHHAS KOATYJISIIUS.
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B cootBerctBuM ¢ Teopuel JJIDPO nns cuctemM, UMEIOIIUX YaCTUIbI C MAJIBIM
AJIEKTPUYECKUM MOTEHIIMAIOM XapaKTepHAa HEUTpalv3alMOHHasA Koarysiinus. Jis
TaKuX CHCTEM Ha HMX KOaryJsiliid CKa3blBaeTcs crenuduyeckas ajacoporus
MIPOTUBOMOHOB DJICKTPOJIUTA. DTH HMOHBI MPOHHUKAIOT B aJICOPOIMOHHBIN CIIOM U
PE3KO CHIDKAIOT MOTEeHIHMan AUG(PY3HOTO CIIOs (Pz- MPOUCXOIUT HEHUTpaIM3aIius
MOTEHIIHAJIA (P B aICOPOIIMOHHOM ciioe. Ho 3T0 B citydae OTCYTCTBUS Nepe3apsiaKu
MOBEPXHOCTH yacTuil. [Ipu GONBIIOM BBEICHHUH SJIEKTPOJIUTA MOKET BO3HUKHYTh
nepe3apsiika MOBEPXHOCTH YacTHIl, U CHUCTeMa MEPEXOJUT BO BTOPYIO 00JIacTh
YCTOMYHUBOCTH.

CrnenmnpuIHOCTh  ancopOIMy  TIOBBIMIACTCS TPH  YBEIWYEHUW  3apsja
MPOTUBOMOHOB, TOATOMY YBEJIMYUBACTCS U HEUTpATU3aI[MOHHAS KOATYJISIIUS.

Ecnu konmnoupnass cucremMa HWMEET CHUIIBHO3apsDKEHHBIE YacTHIBI  (T.€.
OOJIBIIION DJIEKTPUYECKUM TMOTEHIMa), TO JUIsI TAaKUX CHCTEM XapaKTepHa
KOHIICHTPAIIMOHHAS KOAryJslusa. OTOT BHJ KOAryJslUH HaOII0IaeTcs IpU
no6aBiaeHd MHAUDPEPEHTHBIX AJIEKTPOJIUTOB, HE CIIOCOOHBIX K CHEU(pUISCKON
a7copOIlMM Ha TIOBEPXHOCTH KOaryJupyromux dactuil. OpHako W IIpH
KOHIICHTPAILIMOHHOM KOaryJsiuu YBEIIMYMBACTCS KOJHUYECTBO HOHOB
a7ICOpOIIMOHHOM cJloe, HO 3(¢dEeKT CHWIKEHMs TOTCHIMajda B HEM HE SBISCTCS
pemaromuM. ['71aBHOE 37eCh OCTaBISIET Iporecc cxkaTusa Iuddy3HOM YacTh
JIBOMHOTO  3JIEKTPHUYECKOTO CJOS 3a CcyYeT BBeAcHUSA HHAU(GepeHTHOro
AJIIEKTPOJINTA, TaK KaK YBEJIMUMBACTCS UOHHAS CHUJIa pacTBOpPA.

Takum oOpaszom, aJig Mpolecca HEUTPATU3AIMOHHON KOAryJIsIIUU TOPOTroBast
KOHIICHTpAIUsl  3JEKTpoJuTa OOpaTHO  MPOMOPLMOHAIIbHA 22, a A
KOHICHTPAILTMOHHOW — z°,

[IpaBuno Illynena - Napan, HaliieHHOE 3KCIEPUMEHTAIBHO, NAET 3HAYCHUE
MOPOTOB KOATYJISIUU JJIsl OTHO-, IBYX- U TPEX3aPSIAHBIX HOHOB:

1:(1/20) : (1/500),
a BBIYKCIICHHBIC 110 ypaBHEHHIO Cg = const / z° 1 : (1/64) : (1/729).

Heckonbko MEHBIIYIO S3KCTIEPUMEHTAIBHYIO 3aBUCUMOCTh, MOKHO OOBSICHUTD
poJpi0  crienu(pUYecKo ancopOIUMM C POCTOM 3apsiia HOHAa U BKIJIAJIOM
HEUTPAIN3ALMOHHON COCTABJISIOLIECH.

Opnnako Teopus [JJIPO He yunThIBacT NpupoAy NPOTUBOMOHA C OJUHAKOBBIM
3apsIOM.

Hampumep, moporu koaryiasiiud yMEHBIIAIOTCS B Py HPOTUBOUOHOB —
katuoHos: Li™>Na"™>K">Rb">Cs" u npotusononos — anuonos: Cl >Br >NO; >J .
DTO  JUOTPOINHBIC  PSAAbl  YBEIMYEHHUS  aJICOpPOIIMOHHOM  CIOCOOHOCTH,
XapaKTEPU3YIOT CPOJACTBO MOHOB K PACTBOPHUTEIIO (THApPATALNSA).

T.e. c yBelMYeHHMEeM PpaJauyca HOHA KOATYJHMPYHOIIAs CIOCOOHOCTH
BO3pacraer.

VY nByX3apsIHBIX HOHOB 3Ta 3aBUCUMOCTD BbIpaxkeHa Oosee cinabo.

Becbma  cBoeoOpazHO — Koarynumpyolnee — JeHCTBUE  MPOSBISETCS Y
OpraHM4ecKuX HOHOB. [lOJOKUTENBHO 3apPSIKEHHBIE  OJHOBAJIEHTHBIE HOHBI
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aJKaJOUJ0B W KpacuTesneil AEHCTBYIOT Tropa3lo CHIIbHEE, YeM OJHOBAJIEHTHHIE
HEOPTaHUYECKUE  HOHBI. OJTO  OOBICHSAETCS  BBICOKOW  aJCOpOIMOHHOMN
CIIOCOOHOCTBIO OOJBIITUX OPraHMYECKUX HOHOB. OpraHuyeckue HOHBI, Kak |
MHOTOBAJICHTHbIE  HMOHBI, BCJICJICTBUE CBOE€M BBICOKOW  ajJcopOupyromiei
CIIOCOOHOCTH, MOTYT BBI3BaTh IEpe3apsAaKy MOBEPXHOCTH YaCTHIl, W TaKUM
o0pa3oM B ONPEACIICHHOM JWalia3oHe KOHIIEHTpaIlMid BBI3BaTh YCTOMYHMBOCTH
MEpBOHAYAJILHO CKOAryJWPOBAHHOI'O 30Jisl. DTO SIBJICHHUE IMOJY4YUJIO HA3BaHUE
«SIBJICHMSI HENMPaBWIbHBLIX PpsaaoB». Ilo mepe mo0aBieHHs K 30J10 TaKOIo
ANIEKTPOJIUTA BHAYalle HAOMIOJAETCS KOaryJsiius, 3aTeéM 30Jb CTaHOBUTCS
YCTOMYMBBIM, a 3aTE€M BHOBb KOAryJIUPyeT MO MEXAHU3MY KOHIEHTPAIMOHHOU
KOAryJIsIIUU.

NHorga mpoBOAST KOArymsiliMI0 CMEChIO 3eKTpoiauToB. Koarymupyrormiee
JIEUCTBUE CMeEcel DJIEKTPOJIUTOB YacTO ObIBaeT HeaaauTuBHBIM. WHorma s
Hayaja KoaryJsuu TpeOyeTCs CMECh JICKTPOJIUTOB B OOJIBIIIEM KOJUYECTBE, YEM
OJIHOTO U3 HHUX - 3TO SIBJICHUE «AHTATOHU3MA JIEKTPOJIUTOB.

Ecau e cMech 2IeKTpOIMTOB ACHCTBYET A(DPEKTUBHEE OJTHOTO JISKTPOIUTA-
TO 3TO SIBJICHUE «CHHEPTrU3Ma IJIEKTPOJIUTOB.

AJITUTUBHOCTh HAOJIOMAaeTCs OOBIYHO MPHU CXOJICTBE KOAryJIUPYIOIICH
CIIOCOOHOCTH 000X 3JIEKTPOJUTOB, T.€. IPOTUBOUOHBI, 3apsHKEHHBIE OJIMHAKOBO.

AHTaroHu3M - €CIM HMeeTCs OOJbIIoe pa3uyue B KOAryJIUPYIOIIEM
JNEUCTBUU ANEKTPONUTOB. CUHEPTU3M Ke TPYJIHO OOBSICHUTH U MPEICKa3aTh.
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Jlexnusa Nel(

Tema: BbIcOKOMOJIEKYJIAPHBbIE COCIMHEHHUS U MX CBOMCTBA

BricokoMonekysipabiMu - coennHeHusiMu (BMC) HaspiBaroTcs BELIECTBA,
MMeEIOIME MOJEKYJApHY0 Maccy oT 10000 g0 HECKOJIBKMX MUJUIMOHOB a. €. M.
Pa3mepsl mosiekyn BMC B BBITAHYTOM cOCTOSIHUM MOTYT focturarb 1000 Hwm, T.e.
COM3MEPHMBI C pa3MepaMd 4YacTUll B KOJUIOMJHBIX pacTBOpax MW B
MUKpPOT€TepOreHHbIX cucTemax. Temneparypa kuneHuss BMC 3HauMTENbHO BBIILIE
TEMIIEPATYPhl PA3IO0KEHUS, TOITOMY OHHU CYIIECTBYIOT TOJIBKO B YKHUJKOM HWIIA
TBEPJIOM  COCTOSIHMH. BOJNBIION MOJEKyJISIpHOH Maccoll M THOKOCTBIO Iernei
MaKpOMOJIEKyJl oOBscHsOTCA crienugpuyeckue cBoiictBa BMC u ux pacTBopos:
CHOCOOHOCTBH 00pa30BbIBAaTh BOJIOKHA U IJICHKH, 3JIJACTUYHOCTh, HA0YyXaeMOCTb.

[To npoucxoxnenuto BMC genstcss Ha HarypalibHble (IPUPOJIHBIE) H
cunretnueckue. Harypansubie BMC — 310 OGenku (Ka3ewH, KeJaTHH, SUYHBIN
anbOyMUH), TMONMcaxapuabl (Kpaxmaj, LeJUTioIo3a), HaTypaldbHBIA KaydykK.
Cunretnueckne BMC — 310 moimmMepsl, TOIy4aeMbI€ B PE3YJIbTATE XUMHUUECKOTO
CUHTEe3a. B KxauecTBe NCXOAHBIX BEIIECTB IS NOJYYEHHUS TOJIMMEPOB UCIIOIB3YIOT
HU3KOMOJIEKYJISIPHbIE HEHACBIIEHHbIE WM MOJU(DYHKIIMOHAIBHBIE COSAUHEHUS —
MOHOMEpBI. MeToapl CUHTE3a OCHOBAaHbBl HAa PEAKUUAX ITOJIUMEpHU3ALUU
(monmyyeHue MONMATUIICHA, TOJIUIIPONWIICHA, MOJIMBUHUIXJIOpUIA, OyTaAueHOBOTO
KaydyKa U Jp.) U TOJUKOHAeHcauu (rmoixydeHue peHospopManbIeruIHbIX CMOJI,
KalpoHa, JIABCaHa, MOJUCUIIOKCAHOB U JIp.). YHCIO MOBTOPSAIOUIUXCS 3BEHBEB B
MaKpOMOJIEKYJIE Ha3bIBAIOT CTENEHbBIO MOJINMMEPU3ALINH.

Ilo crpoeHHIO MOIMMEpPHOM LENU BBICOKOMOJIEKYJIPHBIE COECIMHEHUS
OBIBAIOT: JIMHEWHBIMU, PAa3BETBICHHBIMU U TPOCTPAHCTBEHHBIMH. JIWHEHHbIE
MOJIUMEpPHl  00pa3yroTCss B TeX cClydasx, KOrjJa MOJIEKYJIBI MOHOMeEpa
OM(pYHKITMOHAIBHBI, TPUYEM TPU POCTE MOTUMEPHOM e GYHKIUOHATBHOCTD HE
mensiercsi, Hampumep nommdTHieH  (-CH, — CHy-),. Jluneiinbple monmuMepsl
SBJISIIOTCS.  BBICOKOJJIACTUYHBIMM M XOPOUIIO PACTBOPSIIOTCS B  OPraHUYECKHX
pactBoputensax. MX mnpuMeHeHHe OCHOBAHO Ha CHOCOOHOCTH 0Opa30BBIBATH
BOJIOKHa, HHUTH. [IpoCTpaHCTBEHHBIE  MOJIUMEPHI  00pa3yloTCs,  KOTIa
(GyHKIHMOHATBHOCTH MOHOMEpa OoJibllle JIBYyX M B TIpoLiecce pocTa IenH
(GYyHKUIHMOHATBHOCTh ~ MAKpOMOJIEKYJIbl  yBenuuuBaercs. lIpocTpaHcTBEHHBIE
MOJMMEPhl  MEHEe DJACTUYHBI, 00JIalaloT OOJIbIIEH TBEPIAOCThIO, MEHEe
pacTBOpUMBI, HO  CHOCOOHBI  HaOyxaTh. [lpumMepoM  MOTYT  CIYXKHUTh
dbenondopmanpaeruiabie cMOibl. [lpu ompeneneHHBIX YCIOBHUSX O00pa3yroTCs
pa3BeTBICHHBIEC TOJUMEPDI, UMEIOIE OOKOBbIE OTBETBJICHUS OT OCHOBHOM IIETIH.
OHM  UMEIT  CBOWCTBA, NPOMEXKYTOUYHBIE  MEXAY  JIMHEHHBIMU U
MPOCTPAHCTBEHHBIMU MOJUMEpPaMu. [IpuMepoM MOXKET CIIyKUThb KpaxmaJl.

[Tpu B3aumonerictBun BMC ¢ pacTtBoputenemM mpoUCXOAUT UX HaOyXaHHE.
HaGyxanue — 3TO mpollecc MOTJIOIIEHHUsS] PACTBOPUTENS MOJIMMEPOM, O00BbEM U
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Macca KOTOPOro IpU 3TOM YBEIWYUBAIOTCA. KONMMYECTBEHHONW XapaKTEPUCTUKOU
HaOyXaHUs SBIIAETCS cTeneHb HA0yxaHus o niam K:
m - my V -V,
o = — -100% wmm K= - < 100%,
My Vo

rae Mg, Vo - Macca U 00beM CyXOro nojamumepa;
m,V -wMacca u 00beM HaAOyXIIEro MoJuMeEpa.

[To HaOyxaHHIO MONMUMEPHI PA3ACTAIOTCS HA OTPAHUYEHHO Halyxalomme U
HEeOrpaHM4YeHHO HalOyxawmme. B ciydae orpaHM4eHHOro HaOyxaHus M U o
JOCTUTAIOT TOCTOSHHBIX IPU JaHHOW TEMIIEpaType NpPENCIbHBIX 3HAYCHUN U
nanee He MeHAOTCH. IIpu HeorpaHmyeHHOM HaOyxaHMM M W O  JOCTUTAOT
MaKCUMAaJIbHBIX 3HAYEHHUH, KOTOPBIE 3aTE€M YMEHBINAKOTCS 3a CYET PAaCTBOPEHUS
nonumepa. B aTom ciaydyae HaGyxaHue sIBISIETCS IEPBON CTaAUEN PaCTBOPEHMSL.

Ilpununna HaOyxanuss — auddy3uss MOJIeKYJ PpaCTBOPUTEJNS B
CTPYKTYPHYIO CETKY IOJHMepa. JTOT MPOLECC BO3MOXKEH B CBA3U C TEM, UYTO
MakpoMmoiieKyisl BMC ynakoBaHbl HEIUIOTHO, a B pe3yJbpTaTe TEILIOBOTO
JBUKEHUS THOKUX IeNel MeXy HUMH MEpUOINYeCKH 00pa3yroTcsi BeCbMa MaJlble
IIPOCTPAHCTBA, B KOTOPHIE MOTYT IPOHUKATh MOJIEKYJBI pacTBOpUTels. Tak Kak
MOJBM)KHOCTD MAJIBIX MOJIEKYJI PACTBOPUTENISE BO MHOTO pa3 0O0JIbIIE TOIBHKHOCTH
MaKpOMOJIEKYJI, TO BHayajue MNpoUcXoauT Iud@dy3usi MOJNEKYJ pPacTBOPHUTENS B
MOJIUMEP, YTO COMNPOBOXKAAETCS YBEIMYEHUEM €ro o0beMa, a yXK 3aTeM
MaKpOMOJIEKYJIbI (CBSI3b MEXKAY HUMHU YK€ 3aMETHO OCJiabuiiach) OTPHIBAIOTCS OT
OCHOBHOM Macchl BellecTBa U TU(PPyHIUPYIOT B Cpeay.

Ha0yxaHue 3aBHCHT OT TeMIIepaTyphbl, AaBJICHUS U PUPOABI NOJIUMepa
u pacrBoputeasa. HaOyxaHue 3T0 He MpPOCTOE MEXAaHMYECKOE NMPOHUKHOBEHHE
MOJIEKYJI ~ pacTBOPUTENI B  IYCTOTBI MOJMMEpa, a  MEXKMOJEKYJISIPHOE
B3aMMOJICUCTBUE, OOYCJIOBJICHHOE COJIbBaTalel Makpomosekyn. [loatomy
nosuMep HaOyXaeT He B JII0OO0M, a JIMIIb B «XOPOIIEM» PacTBOPUTEIE, C KOTOPhIM
OH B3amMozeiicTByeT. Tak, moJsipHble MOJMMepPbl HA0YXalT B NOJSPHBIX
JKMIKOCTSIX, HAmpuMep, OeJIKM B BOJe, a HENMOJSIPHbIe — B HEMOJSIPHBIX
(kay4yk B OeH30.1€).

PactBopenne BMC siBnsiercst caMOnpon3BOJIBHBIM MIPOLECCOM U MPUBOJUT K
YMEHBIIEHUIO CBOOOIHON 3HEPTUU CUCTEMBI, MO3TOMY pacTBopbl BMC sBisitoTcs
TEPMOJIMHAMHYECKH YCTOMYMBBIMM CHUCTEMaMH U HE TpPeOYyIOT MPUCYTCTBUSA
ctabunuzatopoB. bonee Ttoro, pactBopsl BMC camMu 4acTo HCHOJB3YIOTCS Kak
ctabunuzaropel. PactBoper BMC mpeacTaBisitoT cO0OM HCTUHHBIC PACTBOPHI,
COCTOSIIME M3 OTACJIbHBIX OYEeHb OOJIBIIMX MOJEKYJ, MO pa3MepaM YacTo
MPEBOCXOAAIIMNX KOJUIOUHBIE YaCTULIBI.

BMC, cnoco0Hble B PpacTBOpe IMCCONMHPOBATHL € 00Opa3oBaHHEM
BBICOKOMOJICKYJIAPHBIX HMOHOB, HA3bIBAKTCH MOJHIJIEKTpOIuTaMH. B
3aBUCHMOCTH OT IPUPOJbI COACPKAMUXCA B MOJUMEPE TPYII HMOJIUIIIEKTPOJINATHI
MOYHO Pa3JEeIUTh HA TPU BUJA:
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1) MONMANEKTPONIUTHI, COAEPKAIIME KHUCIOTHYIO TpYIIy, HalpuMep,
—COOH unmu —OSO3H;

2) TOJMAJICKTPOJIUTHI, COACPIKAIMEe OCHOBHYIO Tpymiy, Hampumep, -NH,.
Takue BeliecTBa B MPUPOJI€ HE BCTPEYAIOTCS, HO MOTYT ObITh CHHTE3UPOBAHbI;

3) MOJIMAJICKTPOJIMTHI, COJIEPIKAIINE OJJHOBPEMEHHO KaK KUCJIOTHYIO, TaK H
OCHOBHYIO0 Tpynimbl (rmonmmuamdonutel). K HUM OTHOCATCA O€NKH, coaep Kalue
KapOOKCUJIbHYIO M1 aMUHHYIO TPYIIIIBI.

Bce BBICOKOMOJNIEKYISIPHBIE 3JIEKTPOJIUTBI  PACTBOPSIOTCS B  MOJIIPHBIX
PacTBOPUTETISX. Baxueimmmu MIPEACTABUTEISIMU amM(pOTEepHBIX
MOJINAJIEKTPOJIUTOB  SABJISIIOTCA 0€JIKH, MOJIEKYJbl KOTOPBIX IOCTPOEHbI W3
AMHMHOKMCJIOT, COCAMHEHHBIX MNeNTHIHbIMM CBA3IMUH. B Kkucioii cpene
MOHM3alMgd KapOOKCWJIBHBIX TIpynn OyneT NoJAaBleHa, M MOJeKyna Oenka
NpUOOpETaeT TOJIOKUTENbHBIA 3apsii. B 1ienouHolt cpene Moliekyna Oelka
npuodpeTraeT oTpuLaTeNbHbIN 3apan. Perynupys pH OenkoBoro pactBopa, MOXHO
NOOUThCS IepeBoia Oenka B H302JIeKTPpHYECKOe COCTOSIHHE.
N303/1eKTpHYeCcKUM COCTOSIHHEM OesIka Ha3bIBaeTcsl COCTOsIHHE O0eIKOBOM
MOJIEKYJbI, PH KOTOPOM €€ IMOJIOKUTEeJIbHbIe W OTPHLATEJbHbIC 3apsAbl
B3aHMHO CKOMIIEHCHPOBaHbI. MoJiekyiy Oesika B U303JIEKTPUYECKOM COCTOSTHUN
MO>XHO CUUTaTh HEUTPAJIBHOM, XOTSA B HEW MMEIOTCS MOHU3UPOBAHHBIE T'PYIIIHI.
N3o03sexkTpuueckas Touka Oeaxa (UTH) — 310 3navyenne pH, mpu koTopom
0eJIOK mepexoauT B M303JIeKTpUuYeckoe cocrosinue. Tak kak 0eJioOK sfiBJsieTcCH
0oJiee CHIILHOM KUCJI0TOH, YeM ocHoBaHueM, ero UTh aexur npu pH < 7. Tax
kak B UTH 4ncino MOHM3UPOBAHHBIX KUCIOTHBIX M OCHOBHBIX I'PYIIT OJUHAKOBO,
ruOKasi MaKpoOMOJIEKYJIa CBOPAYMBAETCS B KIYOOK, YTO NPHUBOJUT K MUHHUMYMY
HaOyxanus. [lpu pH Gonbme unu mensiie UTh HaOyxaHue pacTeT U AOCTUTAET
MaKCcMMyMa B KHcJIoN cpene npu pH = 3,2. B CuiapHO KHCIION U CHIIBHO IIETOYHOU
cpene HaOyxaHWe BHOBD I1aJ1a€T.

Ha ¢opmy mMakpomonekyn BiauseT He Tojbko pH cpenbl, HO U BBeleHUE
unauddepentaoro aexrponauta. Boauzu UTH cou MoryT Kak moHU:KaTh, TaK
U yBeJHYUBATHL HaO0yxaHue. [Ipy 3TOM pemaroulyro pojib UIpar0T aHUOHBI, TaK
KaK OHHM 00JIaaroT pa3jMyYHbIM BbICAIMBAOIMKM jelicTBueM. Ilpm BBeaeHuu
00JbIINX KOJHMYECTB JJIEKTPOJUTOB HaOaoaaercsa Bbigejdenne BMC u3

pacTBopa — I@pouecc BbICAJIUBaHMA. DBplcainBamomee JEUCTBUE HOHOB
M3MEHSIETCSI COOTBETCTBEHHO TOMY MOPAJKY, B KAKOM OHHM CTOSIT B JIMOTPOITHOM
pany.

BsizkocTh  pacTBOpPOB ~ NOJIMMEPOB  BBIIIE  BA3KOCTH  PacTBOPOB
HU3KOMOJICKYJISIPHBIX ~ COCJUHEHUH M  KOJUIOMIHBIX pAacTBOPOB TEX  XKe
KOHLIEHTpanuii. Bs3KocThb pacTBOpPOB TOJMMEPOB 3aBUCUT OT NPUPOABI H
TEMIIEpaTypbl PACTBOPUTEINSA: YEM JIyYllle MOJIUMEpP pPacCTBOPSETCS B JaHHOM
pacTBOpUTENIE, TEM BBIIIE BSI3KOCTh pacTBOpa. B «mioxom» pacTBopuTEle
MaKpOMOJIEKYJIbl MaJloCOJIbBAaTUPOBAHbI, CBEPHYTHl B KOMIIAKTHBIE KIyOKH, U
BSA3KOCTh TAKOT'O PacTBOpa Oy1eT HU3KOM.

BszkocTh pacTBOpa mosiMMepa 3aBUCUT €LIE U OT YCIOBHUW OINpPEAEIICHHUS.
OgHM W T€ K€ MaKpOMOJIEKYJIbl MOIYT HAaXOOUTbCA B  Pa3JIUYHBIX
KOH(GOPMAIIMOHHBIX COCTOSHUSIX: OT JHHEWHBIX A0 Ti00ya. IloaToMy BSI3KOCTH
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pacTBOpa C BBITSSHYTBIMA M OPHUEHTUPOBAHHBIMHU XAOTHYHO MAaKpOMOJIEKYJIaMHU
BBIIIIE BSI3KOCTH PACTBOPA C MaKpOMOJIeKIamMu B (hopMe KITyOKOB U TJI00YII.

Takum o00pa3om, Bs3kocTh pacTBopoB BMC, umerommx OJIMHAKOBBIN
COCTaB, KOHIIGHTPAIIMIO U TEMIEpaTypy, MOXKET ObITh nepemeHHoi, [loaTomy ee
CPaBHUBAKOT C BA3KOCTbIO pactBopurend. st pactBopoB BMC pasznuuarr
OMHOCUMENIbHYIO0, YOETbHYI0, RPUBECOCHHYIO U XAPAKMEPUCHMUYECKYI0 6A3KOCHb.

OTHocHuTeNbHAS BA3ZKOCTD 1oy — OTO OTHOLICHHE BA3KOCTH pacTBopa 1 K
BSI3KOCTH PACTBOPUTENSA N, :

n
Non —
No
YIICJIBHaﬂ BH3KOCTb 1)y, - OTHOCHUTCJIIBHOC IIPpUPAIICHUC BA3ZKOCTH
pacTBOPHUTEIIS IIPU BBCACHHWHN B HECTO IMOJIMMEpPaA.:
N -Mo
nyu = ———— TMNom - 1.
Mo

3aBUCHUMOCTh YJIETIbHOM BSI3KOCTHM HE CIIMIIKOM KOHUEHTPUPOBAHHBIX
pacTBOPOB OT KOHIIGHTpPAllMd OOBIYHO  YJOBJIETBOPUTEIHHO  OIKCHIBACTCS
ypaBHeHHeM XarTHHCA:

Nyx

= [n] + k[n]C,
C
TIE Ny, / C - npusedennas esasxocm;,
Ml - xapaxkmepucmuueckaa éazkocmo;
K - koHcTaHTa XWITHHCA, 3aBHUCSINAs OT MPUPOIBI PACTBOPUTEISA U
HE
3aBUCSIIAS OT MOJIEKYJISIPHON MAacChl MOJIUMEPA;
C - KOHIEHTpaIMs pacTBopa MoJuMepa.

[Ipu C — 0 (B pa30aBieHHBIX PACTBOPAX):
n] = lim (nyn/C)C—m.

XapakrepucTudeckasi BA3KOCTb [1], oTpaxkaromas ruipoIMHaAMUYECKOE
COMPOTHUBJIEHUE MOJIEKYJ MOJUMEpa MOTOKY >KHAKOCTH, MOXET ObITh ompe/eneHa
JUTs1 pa30aBIICHHBIX PACTBOPOB MOJUMEPOB rpauUYECKU.

XapakTepucTU4yecKass  BSI3KOCTh HEIOCPEACTBEHHO 3aBUCUT  OT
MoJIeKyIsipHOM Macchl monmmepa (M). Ceszp mexay [n] U M 00bIdHO
YAOBJIECTBOPUTEIBHO  BBIPAXKACTCS OMIMUPUYECKUM ypaBHeHHMEM Mapka —
XayBUHKA:

ml = K-M",

rae K ¥ o - KOHCTaHTBI, XapakTEepHbIE JJIs1 UCCIEIYEMOr0O MOJIMMeEpa B
JAQHHOM DPacCTBOPUTEIE.

JIaHHOE ypaBHEHHE MO3BOJISAET ONPEAEIIUTH MOJIIPHYIO MacCy MOJIMMEPA.

PactBoppi BMC B HEKOTOpBIX YCIOBHSX TEPAIOT CBOK TEKYy4eCTb H
nepexoasat B cTyAaHu. CTyaHeoOpa3oBaHHMe WJIH KeJATHHUPOBAHHME — 3TO
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MIPOLIECC TOSABJIEHUSI U MOCTEIEHHOTO YNPOYHEHUS B 3aCTYIHEBAIOIICH CHCTEME
MIPOCTPAHCTBEHHOU ceTKU. IIpuMHa 3acTyAHeBaHHUS COCTOUT B BOSHUKHOBEHUU
CBs3EH (XMMHUYECKUX M BOJOPOAHBIX) MEXIY OTAENIbHbIMU Moiiekylamu BMC,
MPUBOASIIUX K 00pa30BaHUIO MPOCTPAHCTBEHHOM ceTku. DaKTOphl, BIUSAIONINE HA
npoliecc cryaHeoOpa3oBanus: koHueHTpauus BMC B pactBope, popma u pazmep
monekyn BMC, temmneparypa, Bpemsi, TmpuCyTcTBHE UHAMG(EPEHTHBIX
anekTponuToB, pH cpenbl. 3acrynHeBaHue Oesika Jyd4llle BCero HMAeT IpPH
3HaYeHun pH, oTBevarmeM M303JIEKTPUYECKON TOYKe, TAK KaK IPU 3TOM IO
BCEM JUIMHE MOJIEKYJSIPHOM LENW  PACHOJIOKEHO  OJMHAKOBOE  YHCIIO
MPOTUBOMOJIOKHO 3apsDKEHHBIX HOHM3UPOBAHHBIX TPYIN, YTO CHOCOOCTBYET
YCTAHOBJIEHHIO CBSI3€M MEXKAY OTIEIbHBIMU MAKPOMOJIEKYJIAMMU.

CrynHu 00aatoT CBOMCTBAMU KakK TBEPJBIX TeJ, TaKk W kuakocted. Kax
TBEPABIM TEJaM, UM NPUCYIIA TAKUE MEXAHUYECKUE CBOWMCTBA, KAK YIPYrOCTh,
MPOYHOCTH, 3JIACTUYHOCTH, CIOCOOHOCTH COXPaHATH ompeaeieHHyo ¢opmy. B
CTYIHSX COJEPKHUTCS OOJIBIIOE KOJIMYECTBO BOJIbI, MOITOMY OHH TMPOSBISIOT
HEKOTOPBIE CBOMCTBA KUJIKOCTEH.

Jis cTyaHeill XapakTepeH CHHEpe3Uuc — JTO SIBJICHHE, NPU KOTOPOM
NMPOMCXOUT BbIIeJICHUE KUAKOCTH (cpeabl) u3 cryaHs. [Ipu sToM cTyneHb
coxpaHsieT cBoro ¢opmy B cocyne. [IpuumHa cuHepesuca B TOM, YTO TIpH
oOpa30BaHUU CTYAHS HE JIOCTUTAETCsS €Ile paBHOBECHUS CHUCTEMbI, U B HEH
MPOJOJIKAIOTCS MTPOLECCHI, CBA3aHHBIE C €r0 ycTaHOoBIeHUEM. [Ipenen, Kk KoTopomy
CTPEMUTCS 00BEM CTYJIHS, 3aBUCUT OT KOHIIEHTpaluu cTyaHs. CuHepe3uc 0ObIYHO
TeM OOJIbIlIe, YEM BBIIIE€ KOHIICHTPAIUSI PACTBOPUTEINSI B UCXOAHOM CTyaHe. Jlis
CTyaHel aM@oTepHbIX OEJIIKOB MaKCUMAaJbHBI CHHEpE3UC HaOomaercs B
M302JIEKTPUYECKOW TOYKE, T.K. B 3TOM CJIy4a€ MOJEKYJbl HECYT PaBHOE YHCIIO
Pa3HOMMEHHBIX 3apsAJIOB, UYTO CIIOCOOCTBYET CXKATHUIO MOJICKYJISIPHOM CETKH
CTYJHS. DJIEKTPOJIUTHI, CIIOCOOCTBYIONINE Ha0yXaHUI0, YMEHBIIAIOT CHHEPE3UC U
HaoOopot. Ilpumepsl cuHepe3uca — MOJIy4YEeHUE TBOpOra, Chipa. B momyueHuun
Mapmenaza CHHEPE3UC MOKET UTPATh OTPULIATEIIBHYIO POJIb.
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JlekuusaNel1

Tema: MoJieKyJSIPHO — KHHeTHYeCKHUE CBOMCTBA
JAUCIEPCHBIX CHCTEM

IILTAH

BpoyHOBCKOE IBMKEHUE U €70 MOJIEKYJIAPHO — KHHETUYECKAs MPUPOIA.
Huddysus.

OcMOTHYECKOE JaBJIICHUE 30JICH.

CeauMeHTallMOHHAsI YCTOMYUBOCTb.

OCHOBBI CEIUMEHTALIMOHHOTO aHaJIM3a.

o0 E

1. BpoyHOBCKOC ABMIKCHUE U €I'0 MOJICKYJIAPHO — KHHETHYECKAs IIPUpPoOaa

BpoyHoBCKoOe IBHKEHHE — 3TO TEIUIOBOE ABMKEHUE YACTHUL B JUCIEPCHBIX
cucTeMax. bpOoyHOBCKOE ABMKEHME NOJYYWIO HA3BaHUE B YECTh AHIVIMKMCKOIO
o6oranuka P. bpoyna, oOnapyxwuBmero B 1827 r., yto mnpu HaOIIOIECHUU B
MUKPOCKOIT BOJIHOM CYCHEH3MHM LBETOYHOW MBUIBLBI, MPOUCXOIUT XAOTHYHOE
HEMPEPBIBHOE ABWKEHHE 3THX 4YacTHll. bojee KpymHbIE 4acTUIbl HAXOJIWIUCh B
COCTOSIHUM TIOCTOSIHHOTO KOJE€OaHMsI OKOJO TIOJIOKEHHUs paBHOBecus. boree
MEJIKHME YacTULbl nepeMeranich. Konebanus u nepeMenieHus: 4acThll yCKOPSIIUCh
C YMEHBUIEHUEM UX pa3Mepa U MOBBIIICHUEM TEMIEPATYPhl U HE ObLIU CBSI3AHBI C
KaKUMH-TO BHEITHUMU MPUYUHAMH.

[lepBble MpEANONOKEHHUS] O CBSI3W OTKpbITHUS bpoyHa ¢ TemioBeIM
JBIDKEHUEM MOJIEKYJ ObLTM caenaHbl Toiabko B koHIEe XIX Beka I'ym (1888 r.).
Teopernyecku 0OOCHOBaHHAs WHTEpHpeTalds OpPOYHOBCKOTO ABMKEHHUS ObLia
JlaHa HE3aBUCUMO JApYyT oT apyra DitHmreiroM (1905 1.) u CmomyxoBckum (1906
r.).

PaccMotpum npupoy 6pOoyHOBCKOTO ABMXKECHUS.

Monexynel cpenbl (K mmm ') cramkuBaroTcs ¢ 4acTuiei aucrnepcHoi (asbl, B
pE3yNbTaTe YEro OHa MOJIy4aeT OFPOMHOE YHCIIO YAAPOB CO BCEX CTOPOH. HacTHIlbI
¢ Goumbiielt Maccoit (d >5 MKM) Majio Y4yBCTBUTENBHBI K yapaM MajbIX MOJIEKYJI
cpelbl. A MaJleHbKUE YacTULIbl OYyT YyBCTBUTENIbHBI K yAapaM MOJEKYJ Cpebl,
YTO MNPUBOAUT K TOMY, YTO YMCJIO yIapOB C Pa3HBIX CTOPOH OYyJEeT HEOIMHAKOBO. B
pe3yibTaTe YacTHIla B 3aBUCUMOCTH OT pa3MepoB MpHOOpeTaeT KosedaTeabHoe,
BpaliaTesbHOE U OCTYNaTEIbHOE IBUKEHUE.

Takum o00pa3oM, OpOYHOBCKOe [JABHJKEHHE SIBJISIETCH CJIEACTBHEM
MOJIEKYJIAPHO- KHHETHYECKOI0 ABMKCHUS B IMCIIEPCUOHHOM cpefe.

Teopust GpOYHOBCKOIO ABMXKEHHUS ChIrpajia OrpOMHYIO pojb B Hayke. OHa
MO3BOJIWJIA 3KCIEPUMEHTAIIBHO J0Ka3aTh peajbHOE CYLIECTBOBAHUE aTOMOB M
MOJIEKYJI, @ TAKXKE NMPABUIBHOCTHh MOJEKYJISIPHO-KUHETUYECKOW TEOPHUU BOOOIILIE.
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3Ta TeOpI/IH SBNJIACH y6eI[I/ITeJ'IBHBIM HOI[TBep)KI[eHI/IeM HpaBI/IJ'H:-HOCTI/I
MaTepI/IaJII/ICTI/ILIeCKOFO MI/Ip0B033p€HI/I$I. B KOHHOHHHOﬁ XUMHNHU TGOpI/IH
6p0}IHOBCKOFO JIABMOKCHHUA OKa3aJdaChb (1)aKTI/III€CKI/I r[epBoﬁ KOHH‘IGCTBGHHOﬁ
Teopneﬁ B yquI/II/I (0] ,Z[I/ICHepCHI)IX CUCTCMAx.

B pCBYJIBTaTe OFpOMHOFO yuciia y,Z[aPOB, KOTOpI;IG HAHOCAT MOJIeKyJIBI
CpGI[LI KOHHOHHHOﬁ qacTune, 4dactuia MCEHIACT CBOC HaHpaBHGHI/Ie 51 CKOpOCTB
BechMa 4vacTto (3a 1 c. = 10% pa3). B Takux ycClOBHSX OIpEeAeIuTh UCTUHHBIN
HYTB KOJIJIOI/II[HOP'I qaCTunbl HCBO3MOXHO, HO JCI'KO OHpeI[eJ'II/ITB cpez[Hee
pacCToOAHNEC, HA KOTOPOC OHAa CMCIIACTCA B CAMHHUIY BPCMCHHU.

CXGMaTI/I'-IHO HpeI[CTaBJ'DIIOT HpOGKHI/IIO JOBUXKXCHHUA 4aCTHULbI HA ITJIOCKOCTD.
Ho B pacuerax OepyT He caMO CMEIICHHE WJIM CIBHI, a BEIMYHMHY A - cpeaHee
KBaupaannoe JHAYCHUC Hp()eKllI/Il/l CMeCIICHUA 4YaCTulnbl Ha OCbh X,
nmapajaje/JIbHYI0 Bl)lﬁpaHHOMy HanpaBJCHUIO:

A2 HA%HA?,
A=/

rae Aj, Ay, Az, ¥ ... - OTAEIBHBIE TPOEKIIMN CMEMICHUS YACTULIBI HA OCh X,
7 — YHCJIO TAKUX MPOEKIUH.

2. Iuddy3us

Auddy3uss — 370 caMONPOU3BOJIBHO NPOTEKAKIIUI B CHCTEMe MPoLece
BbIPABHUBAHUS KOHIEHTPAIUM MOJIEKYJI, HOHOB WJIH KOJUIOMIHBIX YACTHIL
I10/] BJMSHUEM MX TEIIOBOr0 Xa0THYEeCKOI'0 ABUKEHHS.

Hubdy3uss wmaer Tem ObicTpee, 4YeM BbIIE TeMmiiepaTypa. SBieHHe
mubdy3un  HeoOpaTUMO, OHO TMPOTEKAET JO TMOJHOTO  BbIpAaBHUBAHUS
KOHILICHTpALMK, T.K. XaOTHYECKOMY  PACHPEACIICHUI0  YacTHUL] OTBEYaeT
MAaKCHMaJIbHasl SHTPOIIHS CUCTEMBI.

JiiHTeHH #W CMOJYXOBCKHH, TIOCTyJIUPYSd €IUHCTBO IIPUPOABI
OpPOYHOBCKOTO M MOJIEKYJISIPHO-KUHETUYECKOTO JIBH)KCHMS, YCTAHOBHWIIU CBA3b
MEKAY CPeAHUM CABUIOM YacTULbI U K0P puuueHnTom 1updpysuu /1.
Kosdbdumment muddy3un JI YUCIEHHO paBeH KOJMYECTBY  BEIIECTBA,
npoauPyHIMpOBaBIIETO uYepe3 €AUMHUIY IUIOMAAM B €IUHUIY BPEMEHHU NpH
rpaueHTE KOHIIEHTpauuii, paBHOM 1. EnuHuUIIeN u3MepeHus sSBISETCS [MZ/C] 158105
[em?/c].

JI71st KomMuecTBeHHOTO onucanus Aud y3un UCTIOIb3YyeTCs MePBbIi 3aK0oH Duka:

dc
dm= - 11— -S-dr,
dx

re M — KOJU4eCTBO nMpoaudGyHIUPOBABIIETO BEIIECTBA;
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dc
d x

S — mromaae, yepe3 KoTopyro uaeT auddysus;

— I'PaIMCHT KOHIICHTPAIIHII;

T —Bpemsa quddyzum.

Oiinmreiin (1908 r.) BbIBEN ypaBHEHHE, CBsI3bIBatoIIee KOADPHUIIUEHT
nuddyzun J{ ¢ abconmroTHOM Temnepatypoit T, BA3KOCThIO JUCTIEPCUOHHOMN Cpebl
1 ¥ paAnuyCcoOM YacTHI] AUCTIEPCHOU (a3bl I :

RT 1 kT

D= = - YpaBHeHHe JiiHIITeliHA
N, B B

rne B — xoddduiiveHt TpeHus; B=6xnr;
k — mocrostanast Bonbumana; k =R/N, = 1,38:10% JIx/K;
R —ra3oBas mocrostaaass;  N,— ywcimo ABorajpo.
D=kT/ 6znnr

Koappumment mudpdy3un J[ mnpsmMo mnponopuuoHaieH aOCONIOTHOM
TeMIiepaType U oOpaTHO MPOMOPLUUOHANEH BS3KOCTH CpPEAbl U PAIUYCy YaCTHUIL
nucriepcHor  (aspl. T.K. pa3mepbl KOJUIOMJHBIX YAaCTHUI[ OYEHb BEJIUKH IO
CPaBHEHHUIO C pa3MepaMH OOBIYHBIX MOJEKYN, Ko3pduuueHt guddy3un B
KOJUIOMJHBIX CUCTEMAX MaJl.

CBsi3b  MEXAy CpEJHUM KBaJIpaTUYHBIM CIBUTOM 4YacCTHIL A u
kodddunmentom auddysun | ycraHaBiuBaeT ypaBHEHHE OWHINTEWHHA-
CMOJITyXOBCKOTrO:

A= \N20-t=VkT-t/3aqr.

3. OcMoTHYecKoe JaBJIeHHE 30J1ei

JUist  gocTaTo4HO  pa30aBIEHHBIX  KOJUIOMJIHBIX  pacTBOPOB  (30J1€il)
OCMOTHYECKOE NIaBJICHWE T BBIUMCISAIOT, KaK U JJII UCTUHHBIX PacTBOPOB, IO
3akony Banrt - ['odda:

t = ¢ RT,

ri€ ¢ — MOJIIpHAs KOHLEHTPAIMS PAaCTBOPEHHOTO BEIIECTBA, MOJIb/JI.

Tonbko 11t 3071€M 3TO COOTHOIIEHUE 3aIUChIBAIOT HECKOJBKO MO JPYrOMYy:
BMECTO MOJISIPHOM KOHIIEHTPAIlMU C UCIOJIb3YIOT YACTUYHYIO KOHIIEHTPALUIO V —
YUCJIO YaCTHI] B €AMHUIIC 00BEMa 30JT1.

v =c¢-* Ny

[ToaTomy:
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T = _‘RT = V‘k‘T,

rae  k — nocrosunas boibpiMana.

Takum o0Gpa3oM, MOJICKYJISIPHO-KHUHETUUECKHUE YpaBHEHUS, IPUTOJIHBIC IS
HWCTUHHBIX PACTBOPOB, MPUMEHUMBI U K KOJUJIOMJHBIM PacTBOpPaM C TOW TOJIBKO
pa3HUIEH, 4TO Macca MOJIEKYJ 3aMEHsAeTcs Ha maccy dactuil. OcoOeHHOCTIMHU
OCMOTHYECKOI0 JIaBJIECHUS JINO30JIEM MO CPAaBHEHHUIO C MCTHUHHBIMH PAaCcTBOPAMU
ABJISIIOTCSI €r0 MaJIble 3HAYEHUsI U HEMOCTOSHCTBO BO BpeMeHu. [IpuumHa sToro B
CHENYIOIIEM.

N3 ypaBHeHus n=v k- T BUJIHO, YTO OCMOTHYECKOEC JaBJICHHUE
YBEIIMYUBAETCS C POCTOM YHMCJIAa YAaCTUIl B €IUHUIIE 00beMa Jaxe MPHU MOCTOSHHOM
Macce aucrepcHoi ¢asbl (C pocToM JUCTIEpCHOCTH). Eciu cpaBHUTH KOJUIOUIHBIN
pPacTBOp C UCTHHHBIM, TO B ICTUHHOM PacTBOPE YHCIIO YACTHI] B SIMHHIIEC 00beMa
Bcerjga Oouipiiie, yeM B KoJuiowaHoMm. IlodTomMy M ocMoTH4YecKoe JdaBJieHHE Y
HCTHHHBIX PACTBOPOB 00Jibllle, MPUYEM 3HAYUTENbHO. Majoe OCMOTHYECKOE
JIaBJICHHE y JTM030Jjel mpuBenio Tomaca ['pema k o1mmmO0YHOMY MHEHHIO O TOM, YTO
Y KOJUIOUJHBIX PACTBOPOB OCMOTHYECKOE JIABJICHUE OTCYTCTBYET BOBCE.

HemocTossHCTBO OCMOTHYECKOTO JaBJCHUS Yy JHO30JeH OOBICHSAETCS
SIBJICHUEM arperaruu, XapakTepPHbIM ISl KOJUIOUTHBIX CUCTEM.

Jnsg nByX KOJJIOMIOHBIX CHCTEM C OJMHAKOBOM MAacCOBOM KOHLEHTpAalMENd C
JTUCIIEpCHOM  (pa3bl, HO pa3HOM JAUCHEPCHOCTHIO, OYJET  BBIMOJHSITHCS
COOTHOIIICHHUE:

mooovi o c/@B3-@lp)
T, v, —  c¢l@3-(n r,° ) re
rjae v=c/V-p; V =43 -(nrp);

V — 00bEM OJIHOM YaCTHIIHL;
p — INIOTHOCTb IUCTIEPCHOM (pa3bl;
I1 ¥ I, — paguychl CEpUYECKUX YACTHII.

Jlaxxe HeOOIbIIOE HM3MEHEHHWE paJnyca 4YacTHUIlbl BBI3BIBAET OOJIBIIIOE
M3MEHEHHE OCMOTHYECKOTO JaBieHus. [loaTomy npu arperaiiu 4acTHI] B JINO30J1€
OCMOTHYECKOE JABJICHUE CUIIBHO MAJIA€T, T.€. SIBJISIETCSI HEIIOCTOSIHHBIM.

N3-3a MasbIx 3HAYCHHUI W HETIOCTOSTHCTBA T OCMOMETPHS, a TaKKe d0yTNOCKOMHUS
Y KPUOCKOMUS, HE IPUMEHSIOTCS JJIsI ONPEEICHUS YaCTUYHOW KOHIEHTPAlUU WU
pa3MepoB KOJUIOMIHBIX YACTHII.

Onnako B ciydae pactBopoB BMC, ocmoMerpuueckue METOJIbl MOKHO
WCIIOJB30BaTh [IJIL  OMNpPEJETCHUS MOJICKYJISIPHOM MacChl ATHUX IOJHUMEPOB.
PactBopst BMC 0051a1a10T yCTOMYHMBOCTBIO B OTCYTCTBUU 3JIEKTPOJIUTOB U JIETKO
OUYHUIIAIOTCS.
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4. CequMeHTAUMOHHAS YCTOHYHBOCTD

ITpu paccmoTpenuun aud@y3un Mbl HE NMPUHUMAIM BO BHUMAHHUE BIIMSIHUE
I'PaBUTALIMOHHOTO TOJISI (TIOJIT 3€MHOTO NPUTSDKEeHMs) Ha cuctemy. OmHAKO s
4acTHUIl OOJIBIIION MAacChl 3TO BIUSHUE YUUTHIBATh CIECIYET, T.K. KPYITHBIEC YaCTUIIBI
mojJ JACHUCTBUEM CHJIBI TSDKECTH OyayT ocelaTh WIM CEAUMEHTUpPOBaTh. B
pe3yabTaTe B CUCTEME YCTAHOBUTCS OINPEHCICHHOE PABHOBECHOE PACIPEIICIICHUE
YaCTHII 10 BBICOTE, JIMOO, €CIU YaCTHUIIbI JOCTATOYHO TSAXKEJbI, TO BCE OHU BBIITAIYT
B OCaJIOK.

CrnocoOHOCTh  AUCHEPCHOM  CUCTEMBI  COXpPaHATb  PAaBHOMEPHOE
pacnpenesneHrue 4acTHI] 10 BCeMy O00beMy Ha3bIBAIOT CeIMMEHTANMOHHON WIIU
KHHETHUYEeCKOM YCTOMYUBOCTHIO CUCTEMBbI.

I'pyboancnepcHbie cucreMbl (HampuMmep, CYCHEeH3Usl IeCKa B BoJe)
CeIUMEHTAIIMOHHO HEYCTOWYMBBI M OCEHANT, T.K. YACTUIIbl UX TSIKEIbl U HE
MOT'YT HaXOJUThCS B COCTOSIHUM OPOYHOBCKOTO JBHXKeHHs. HaoO0opoT, uCTUHHBIC
pacTBOphI 00J1a4al0T BHICOKOM KMHETHYECKOM YCTOWYMBOCTBIO, T.K. M3-3a MAaJIBIX
pa3MepoB 4YacTHI[ CEJUMEHTAIlMeld B HHUX MOXHO THpeHeOpeub, a mauddys3us
MIPUBEJICT K PABHOMEPHOMY PaCIIPEICIICHUIO YACTHUII IT0 BCEMY 00BEMY COCY/Ia.

Koanouanbie cucreMbl (JIMO30JIM W MHUKPOTE€TEPOTCHHBIC CHCTEMBI) IO
YCTOMYMBOCTH 3aHUMAIOT MPOMEXKYTOYHOE IOJIO)KEHUE. B 3THX cuctemax mmeer
MECTO CeaMMEeHTAUMOHHO-IU(PPy3noHHOe paBHOBecue. [Ipu paccmoTpeHUU
nporieccoB UG y3uu B JTMO30J5X Mbl HE YUYUTHIBAJIM BIIUSIHUE TPABUTAIMOHHOTO
nojs. OMHAKO B KOJUIOMJHBIX PACTBOpaxX CEAMMEHTALMS HUIET, T.K. HA YaCTHUIIbI
JIEUCTBYET IOJI€ TPABUTALINH.

[Ipy HaAMTMYMK CTATHCTUYECKOTO MHOKECTBA YACTHUIl OCEAHUE NPHUBEIECT K
YMEHBIICHUIO X YACTUYHOW KOHIIEHTPAIIMU V B BEPXHHUX CJOSIX U YBEJIUUYEHHIO B
HIDKHUX CJIOSIX, T.€. K BOSHUKHOBEHUIO TPAIMEHTA KOHIIEHTpauuil. B MonekyspHo
KHHETHYECKOM TEOpMHM HM3BecTHa OapomeTrpudueckas ¢Gopmyna Jlamiaca,
XapaKTepHU3yIolilas pacipeac/IieHre JaBlICHUs Ta3a 1o BeicoTe h :

InP, / Py = %
YpaBHenue Jlamiaca HOCHUT Ha3BaHHE THIICOMETPHYECKOro 3aKoHa (Nypsos —
BBICOTA).

OpaHIy3CKUA Y4Y€HHBbIM lleppeH TpHUMEHUT TUIICOMETPUYECKUM 3aKOH
Jlammaca miist pacnpeneneHus Mo BbICOTE YaCTUI[ MOHOJAMCIIEPCHOM CYCIIEH3UH U
AKCIIEPUMEHTAIIBHO OMNpenenawn 4ucio AsBoragapo. JlIs AUCHEPCHBIX CHUCTEM
3aBUCUMOCTh PAaCIpPEICIICHUs YacCTUI[ IO BBICOTE BBIPAKACTCS CIECAYIOUIUM
YpPaBHEHUEM:

mgh
KT
- ypasHeHue Jlamiaca — Ileppena.

W3 3TOTO0 YypaBHEHUS MOXHO BBIPA3UTh BEIMYUHY N — BBICOTY, Ha KOTOPOW

JacTHYHAs KOHIICHTPAITUS YMEHBIIIACTCS C V, JI0 Vy WIH B V, /[ vy pas:

In(vo /vy) =

h = KT -In(vo/ W)
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mg

OTa 3aBUCHUMOCTH OCYIIECTBIISIETCS B MOHOMCIIEPCHBIX cUcTeMax. B ciyuae
HOJMINCIIEPCHBIX CHUCTEM 3aBUCHUMOCTh paclpeieficHus, Kak MpaBuio, Oosee
CIIOKHASI.

Takum 00pa3oM, CeIMMEHTALMOHHAS YCTOMYMBOCTH JAUCHEPCHBIX CHUCTEM
OIpeIeNIAeTCs, TIIaBHBIM 00pa30M, pa3MepaMu YacTHIl JUCTIEPCHOM (a3bl:

o mmodobuble 30mu (pasmep wactum 107 - 10° cM) — CeIHMMEHTALHOHHO
YCTOWYMBBIE CHUCTEMBI, JJIsi HUX XapakTtepHa auddysus, obecrneynBaromias
pPaBHOMEPHOE paclpeesieHUe YaCTHI] 0 00BEMY CUCTEMBIL;

® MHUKDOreTepOTeHHbIe CHCTeMBbI (pasmep wactmi 10° - 10° cm) —
YCTaHaBIMBAETCS  CEAUMEHTALIMOHHO-TU(P(Y3MOHHOE  paBHOBECHE, IS
KOTOPOT'O XapaKTEpPHO TMIICOMETPUYECKOE pacCHpeeIeHUe YacTUll 0 00beMy
CUCTEMBI;

e rpyGoaucIepcHble CHCTeMbI (pasmep wactmi Gomee 10°  cm) -
CeIMMEHTAIMOHHO HEYCTOWUYMBBIE CHCTEMBI, B KOTOPBIX MPOUCXOAUT OBICTpas
CeIMMEHTAITUS YaCTHII.

5. OcCHOBBI CeIUMEHTAIITMOHHOI0 AHAJIN3A

HaGmronenue 3a CKOPOCTBIO OCEaHUs YacTUL[ B CYCHEH3MSIX —
KMHETHYECKHM HEYCTOMYMBBIX CHUCTEMAX — IIO3BOJISET CPAaBHUTEIBHO JIETKO
ONpPENENATh pa3Mep 3TUX 4YacTULl. MeTozsl, IMO3BOJSIOIINE IPOBOJIUTH TaKHE
HaOJII0ICHUS, TTIOTYYHJIM HA3BaHWE METOJIOB CEIMMEHTAIIMIOHHOTO aHaJIN3a.

Pa3nmnuaroT ceIMMEHTAllMOHHBIM aHaJIW3 B TPAaBUTALMOHHOM IIOJIE JUIS
cycrnen3uii ¢ pazmepamu dyactul ot 0,1 1o 100 MKM ¥ ceAMMEHTALIMOHHBIN aHAIU3
B LIEHTPOOEKHOM I0JIe — JJisl AUCHEPCHBIX CUCTEM C pa3mepoM vactuil menee 0,1
MKM.

PaccMoTpum, Kak ocemaeT B KUAKOM cpeie OTAeNbHas TBEpAas yacTula
CyCHeH3UH, umerolas chepudeckyro hopmy.

O4eBUIHO, YTO OCEJAHUE TAKOM YacCTUIbl MPOUCXOAUT MOA JEHCTBUEM
CWIbl TshKecTu P, KoTopas ¢ yuyeToM Ha MOTEpI0 B BEce MO 3aKOHY Apxumena,
COCTABJISET:

P=V-:(p-p)-9,

rmue V — 00BbEM YaCTHIIBL,
p — TJIOTHOCTH YaCTHIIBI;
Po — TUJIOTHOCTB CPEJIbI;
g — yCKOpeHue CBOOOIHOTO MaeHUS.

OcenaHuio 4YacTHIe MPOTHUBOJACHCTBYeT cuia TpeHus f  co CTOpOHEI
KUJKOCTH, KOTOpas ornpezensercs no 3akony Crokca:

f = 6anr-u,
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TO€ 1 — BS3KOCTb XKUIKOCTH;
I' — paauyc 4acTHULbI,
U — JIMHEWHas CKOPOCTh JIBUYKECHUS YACTUIIBI.

BHavane yacTuiia IBUXKETCS YCKOPEHHO, T.K. TIPU MaJIbIX CKOPOCTSX CHJa
TSOKECTH TPEBBIIIACT CWIIy TpeHus. [lo Mepe yBeTUYEHHUS CKOPOCTH JIBUKCHHUS
CHJia TPEHUS BO3PACTACT M B HEKOTOPBIA MOMEHT YPAaBHOBEIIUBACT CHITY TSKECTH,
BCJICJICTBHE YEro YacTHIla HAYWHACT JIBUTAThCS C IOCTOSHHOM CKopocThio. [Ipum
CTallMOHAPHOM PEXKHUME OCEHAHUS JIOJKHO COOJIIOIAThCS PABEHCTBO:

P=f wm V-(p-py):°g=6aqr-u.

Jlnst cepruvecKoil YaCTHIIBI 3TO ypaBHCHHE IPUHUMAET BU/I:
M3mr-(p—po)-g = 6mr-u.

CkopocTh  CEIMMEHTAlMd YacTUIbl MOYHO BBIPA3UTh  CIECAYIOIIUM
ypaBHEHUEM:

2 r?
u=___-(-p)-g
91

DTO COOTHOILIEHHE MOKA3bIBAET, UTO MOCTOSIHHAS CKOPOCTH CEIMMEHTAIUU
YaCTHUIIBl TPOTIOPIIMOHATIbHA KBaJpaTy €€ paJnyca, pa3HOCTH IJIOTHOCTH YaCTHUIIbI
U cpeabl U O0paTHO MPOMOPIMOHATIBHA BS3KOCTU cpeabl. [lo Takomy 3akoHy
MPOUCXOJUT OCAXKICHUE YACTHUIL B CYCTICH3USIX, a9PO30JI5X, IMYJIIbCUSIX.

Pannyc yacTuiibl MOXKHO paccYUTaTh IO CIEAYIOIIEMY YPABHEHUIO:

=\/ 91]11
2¢g (p-po)

OrnpenenuB 3KCIEPUMEHTAIBHO CKOPOCTh CEIMMEHTAIlMN Y 3Hasl BEJIMYUHbI
M, P U Po, IO JAHHOMY YPaBHEHHIO JIETKO paccUUTaTh pajauyc dactuilbl. Ecnu
CUCTeMa MOHOJMCIEPCHA, TO CKOPOCTh CEAMMEHTAllMM MOXHO BBIYUCIIUTH,
HaO0/1asi 32 OCeaHMeM KaKOW-HUOyAb OJHOM 4YacTHIbI B MHUKpOCKOIL. J[is
MOJMAUCIIEPCHON CHUCTEMBI OMpPECISIOT CKOPOCTh HAKOIUICHMsI OcajKka, T.e.
YCTaHABJIMBAIOT 3aBUCHMOCTh MEXIy MacCOM BBIMMABIIEr0 OCajka W BpPEMEHEM
ocelaHusl. JTa 3aBUCHUMOCTh IIOJy4YWJia Ha3BaHUE KPUBOW CEIUMEHTAIIWU.
Hcrnonp3yst Tpaduueckuii WM aHAJUTHYECKUH METOABl pacdyeTa, MOXKHO
ONPENICNIUTh COJIEPKAHUE B TMOIUAUCIEPCHBIX CHUCTEMAaxX 4YaCTHUIl Pa3TUYHOTO
pasmepa.
PaccmoTpum ycnoBus, Tipu KOTOPBIX cobOmomaercs 3akoH CTokca mpH
CEMMEHTAIIMU JUCIIEPCHBIX CUCTEM:
1. PaccMOTpeHHbIE COOTHOIIECHHSI CHPABEJIMBBI, €CJIA YacTUIbl JIUCHEPCHOM
da3bl OCaXKAAIOTCS HE3aBUCUMO APYr OT JIpyra, YTO MOXKET OBbITh TOJBKO B
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pa30aBIEHHBIX CHCTEMax, IOSTOMY MacCOBasi KOHLIEHTpAlUs YacTUI[ He
JIOJKHA MpeBbIaTh 1%.

TBepble yaCTUILIBI TOJKHBI UMETh C(hepruecKyIo (opMmy.

B cucreme noimkeH OTCyTCTBOBATh TYpPOYJIEHTHBIN PEXXUM OCaXKIECHUS YaCTHULL.
4. Cucrema noipkHa OBITh arperaTMBHO YCTOMYMBOH, B HEH HE JOJDKHBI

IPOTEKATh IMPOLECCHI, IPUBOASILINE K YKPYITHEHUIO YaCTHULL.

Ecnn yacTtuipl B CyCHEH3UsIX OYEHb Majbl U MX pa3Mep NpUOIMKaeTcs K
pasMepaM YacTHI[ 30Jiel, TO CEAMMEHTalusi TOJBKO TOJ JACHCTBUEM
TPaBUTALMOHHBIX CHJI TPOTEKAaeT OuYeHb MeIJIeHHO. YToObl MpoBecTH
CeIMMEHTAIMIO YIbTPAMUKPOTETEPOreHHBIX CHUCTEM, PYCCKHUM Y4eHbIM A.B.
Jymanckum B1912 r. OpUTO NpeAsIoKEHO UCIOJIB30BATh LIEHTPOOEIKHOE MOJE. ITO
yaJoch OCYIIECTBUTH IBeICKOMYy ydeHoMy CBemdepry, KOTOpsIid paszpaboTai
HEHTPU(DYTY C YacCTOTOW BpAIEHUS B HECKOJBKO JECSITKOB ThHICAY OOOPOTOB B
CEKYHIY.

W N

Yckopenue — mporecca  OCeAaHHS — YacTUI[  LEHTpU(yrupoBaHHEM
MPUMEHSIETCS TPU aHAJIU3€ KPOBHU, CEMAPUPOBAHUM MOJIOKA B MOJIOYHOM U
MacJI0KUPOBOUN MPOMBIIIIEHHOCTH.
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JlexkmuaNel2

Tema: Aspo3oiu

IIJIAH

Kinaccuduxanus aapo3onei.
Metozp! nosydeHus: a3pO30JIEH.
OO6m1as xapakTepUCTUKaA a3PO30JICH.
Mertons! pa3pymeHus a3po30JIen.
[TpakTHueckoe 3HaUeHHE aIPO30IIEH.

GO E

1. KIACCUDPUKAIIAA ADPO30OJIENA

Komnonanele cucTEMBI € Ta30BOM JUCIEPCHOHHOW CPENON Ha3bIBAIOT
a’pozoisimMu. OHAKO, WX JIUCIIEPCHOCTh HMKE KOJUIOMIHOM, U Oosiee MpaBUIIbHOE
Ha3BaHME JIJIs1 3TUX CUCTEM — a3POIUCIIEPCHBIE CUCTEMBI.

ABpo30Ji UTrparoT OOJIBIIYIO POJIb B MPHUPOJE M B JKU3HU 4YeloBeka. Tak,
BO3IYX, OKPY>KarOIIHA 3emuto, MPEACTABISIET cobon HauOoJee
pacnpoCTpaHEHHYIO €CTECTBEHHYIO a3p030JIbHYI0 cucTeMy. CreluanucT-TeXHOJIOT
OUYEHb YaCTO CTAJKHUBAETCS C a’pO30JISIMU B CBOEH MPAKTUYECKOW AESATENbHOCTH.
MeponpusiTiss 1O OXpaHE OKpPY’KaloIIeH Cpelbl, CBSI3aHHBIE C YMEHbIICHUEM
3anbIJIEHHOCTH BO3/1yXa, OCHOBAHbI Ha Pa3pyIICHUH a3p030Jieh

Otnuyue ad’po30Jied OT JIMO030JIeM OOYCIIOBJIGHO Pa3peKEHHOCThIO U
MEHBIIECH BA3KOCTBIO JUCIIEPCUOHHOW ra3zoBou cpenasl. [loaTomy B aspo3oisix
OpOYHOBCKOE  JBW)KCHHE MPOUCXOAUT Topa3fgo Oojee WHTEHCUBHO, a
CeMMEHTAIUSI UJIET 3HAYUTEIBHO OBICTpee, 4eM B JIHO30JiX. [pyroe oTinuume
a’po30JIed OT JIMO30JIEM COCTOMT B TOM, 4YTO B Ta30BOM Cpele HE MOXKET
MPOUCXOJUTh MPOLECC IEKTPOIUTUUECKON NUCCOLMAIUMU, U CIEAOBATEIbHO, HE
MOET UATH 00pa30BaHUE IBOMHOTO JJEKTPUYECKOTO ciosi. [loaTomy ydenue o0
a’p030JI5IX Pa3BUBAJIOCH CAMOCTOSATEIHLHO, CBOUMU COOCTBEHHBIMH MYTSMH.

Asp0307u KI1acCUPUIIUPYIOT:
1. [To arperaTHOMy COCTOSIHUIO IUCIIEPCHOM (pa3bl pa3nyaroT:
e Tty™manbl (K/T);
e abiMbl u kLM (T/T);
e cmMmor (OK+T/T") — takas cucremMa OJHOBPEMEHHO SIBJISICTCS M JIBIMOM U
TYMaHOM.

2. [lo nucnepcHoCTH:
e TyMaHBI HIMEIOT pa3Mep Karenb ot 10™ 10 107 cm;
e JIBIMBI UMEIOT pa3MepP YaCTHIl OT 107 110 10 CM;
e IIBUIM UMEIOT pa3Mep 4acTull OoJiee 1072 cm.
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3. IIo MeTonaM Iony4eHus pa3andaror:
e KOHJICHCALMOHHBIE a3PO30JIH;
e JIUCIIEprallMOHHBIE a9PO30JIH.

2. METO/JIbI IOJYYEHHUS ADPO30JIEN

Kak u napyrue MHUKpPOTETEpOre€HHBIE CHUCTEMBI, a’3p030JU MOTYT OBITh
MOJIYYCHBI ~ JIBYMS  pPa3HBIMH  MyTSIMU: HW3  TPYOOJHUCIIEPCHBIX  CHUCTEM
(mucnepraiioHHble METOJIbI) W W3 HUCTUHHBIX PacTBOPOB (KOHJICHCAI[MOHHBIC
METO/IbI).

KOH/IEHCAIIHOHHBIE METO/1bI

OTU METOJIBI CBSI3aHBI C 00pa30BaHUEM B TOMOTEHHOM cUCTEMEe HOBOH (has3bl.
OO0s3aTenbHBIM YCIIOBUEM €€ O0pa30BaHUs SBISIETCS HAJIUYUE TEPECHIIEHHOTO
napa, KOHJICHCAIUsI KOTOPOTO M MPUBOJUT K OOpa30BaHUIO YACTHUI] JUCIEPCHOMN
¢da3bl. O0beMHasE KOHJIEHCAIIMS TTEPECHIIIIEHHOTO Mapa MOXKET IPOUCXOJIUTh B TPEX
CIIyYasx:

1. AnmabaTuueckoe pacliupeHue rasa.

Tak oOpa3zyrorcs obOnaka. Termible MacChl BIaXHOTO BO3/yXa MOJHUMAIOTCS
B OoJiee BbICOKHME ciiou aTMocdepsl. Tak Kak TaM aTMOC(EPHOE JaBICHUE HUXKE, TO
MPOUCXOINUT aIUabaTUYECKOE PACIIMPEHUE, COMPOBOXKAAIOLIEECS OXJIAXKICHUEM
BO3/yXa U KOHJACHCAIMEeW BOASHOTO Mapa. Ha oTHOCUTENbHO HEOOJBION BHICOTE
00pa3yroTcs KydeBble 00J1aka, B KOTOPBIX BOJa HAXOJUTCS B BUJIE XKUAKUX Kameb.
B BepxHuUX ke closx aTMocdepsl, T Temreparypa Oosiee HU3Kas, BO3HUKAIOT
nepucThie 00J1aka, coAeprKanue KPUCTAIUTUKH JIb/IA.

2. CMellieHre ra30B U MapoB, UMEIOIINX Pa3HbIE TEMIIEPATYPHI.

Tak oOpazytorcs atmocdepHbie TyMaHnbl. Yalne Bcero TymaH MOSBISETCS
MpU SICHOM TOroJie HOYbIO, KOTJa MOBEPXHOCTh 3€MIIM, WHTEHCHUBHO OTAaBas
TEIUIO, CUJIBHO OXJIAXIAeTCsA. Teruiblii BIIAXKHBIM BO3IyX COIPUKACAECTCA C
OXJIK IO CS 3eMIIeH WK ¢ XOJIOHBIM BO3JIyXOM BOJIM3H €€ TOBEPXHOCTH, U B
HEM o0O0pa3yloTcs KamelbKd >KHIKOCTH. TO Ke MPOUCXOTUT TMPU CMEIICHUU
(POHTOB TEIJIOTO U XOJIOAHOTO BO3AYXa.

3. OxnaxaeHue razoBoi CMeCH, cojJieprKaliei mnap.

[Ipumepom Takoro crnoco0a MoayyeHUs: a’po30Jiel SIBISETCA BOASHOW map,
KOTOPBIM BBIPHIBACTCS M3 HOCHKA KHUIIAIIET0 YaHWKA, WM MACJSHBIN a’po30Jb,
oOpa3yroluiics B BO3ayXe Npy KUMIEHUH Maciia Ha CKOBOPOJIKE.

KpoMme TOro KOHIEHCAIMOHHBIA a’po30Jib MOXET OO0pa3OBBHIBATHCA B
pe3ysibTate MPOTEKaHUS XUMUYECKUX PEAKIUH C Yy4acCTHEM Ta3000pa3HbIX
BEILECTB, BEYIIUX K 00pa30BaHUIO HEJETYUNX NPOAYKTOB:

e TpPHU CrOPAaHWMU TOIUTMBA OOPA3YIOTCA JIBIMOBBIE Ta3bl, KOHICHCAITUS
KOTOPBIX MPUBOIUT K MOSBICHUIO TOTIOYHOTO JBIMA;

e 1pu cropanuu gocdopa Ha Bo3ayxe odpazyercs 6enbiit a6 (P,0s);

e 1pu B3aumoneicTBur NH; nu HCI o6pasyercs nsim NH,CI (TB);
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e OKHCIICHHC MCTAJUIOB Ha BO3AYXEC, IPOUCXOAAINICC B PaA3JIMIHBIX
MCTAJUTYPIrH4CCKUX H XHMHYCCKHUX IIPOHCCCAX, COIIPOBOKIAACTCA O6paBOBaHI/I€M
ABIMOB, COCTOAIIHNX M3 4aCTHUIL OKCHUIO0B MCTAJIJIOB.

JAHUCIIEPI'AITUOHHBIE METO/IbI

JlucneprailioHHbIE a3pO30JIU 00pa3ylOTCs MpU U3METbYEHUH (PaCcTbLIICHUN)
TBEPAbIX M KHUAKUX TEJ B Ta30BOM Cpele M MpPHU MEepPexoJe MOPOIIKOOOpPa3HBIX
BEIIECTB BO B3BEIICHHOE COCTOSIHHME MpPHU JIEUCTBUM BO3AYLIHBIX MOTOKOB.
A3po30JI1 MOXKHO MOJYYUTh U B pe3yibTaTe B3pbiBa. Kak mpaBuio, MeToaaMu
JTUCTIEPTHPOBAHUS TOJMY4YalOTCs Tropas3fo Ooyiee HU3KOIUCIEPCHBIE M Oonee
MOJIUIUCIIEPCHBIE a3P0O30J1M, YEM METOJaMU KOHACHCAIUH.

B OBITOBBIX YCIOBHUSIX IIOYTH €JAMHCTBEHHBIM CPEICTBOM IOJYyYEHHUS
KUJKUX M TOPOLIKOOOPA3HBIX a’p030JieH SBISETCS YCTPOMCTBO, HA3bIBAEMOE
«a3pO030JIbHOM YIIAaKOBKOM». BelecTBO B HEM YIIaKOBBIBAECTCS IIOJ ABJICHUEM M
pacnpuIAeTCs PU MOMOIIM CKMXKEHHBIX WIH CKAThIX Fa30B.

B npupone a3po3omnu, conepkaiiye KamneiabKd >KUJIKOH TucnepcHoil dasbl,
o0pa3yroTcs MyTeM AUCIIEPTUPOBAHUS B PE3YJIbTaTe MaIeHUs OOJIBIINX MAcC BOJIbI
B BOJIOIA/IAX.

3. OBIIASI XAPAKTEPUCTUKA ADPO30JIEN

CBoMCTBa a3p030JIEi ONPEIEIISIIOTCS:

e TMPUPOJIOH BELIECTB JUCTIEPCHOU (Pa3bl U JTUCTIEPCUOHHOM CPEJIbI;

e YAaCTUYHOM M MACCOBOM KOHUEHTPAIUEH a3PO30JIs;

e Ppa3MEpPOM YACTHI[ M PACIPEACICHUEM YACTHII TIO pa3Mepam;

e (opMoii NEPBUYHBIX (HEArPETUPOBAHHBIX ) YACTHII,

e CTPYKTYpPOU a3p030Jis;

e 3apsIOM YaCTHII.

JIJist XapaKTepuCTUKHN KOHIIEHTPAITUHU adpO30JIeH, KaK U IPYTUX JUCTIEPCHBIX
CUCTEM, HMCTOJB3YIOTCSI MaccoBasi KOHIIEHTpAIUsl M YacTuyHas (WM 4YUCIICHHAs)
KOHIIEHTpaIusi. MaccoBasi KOHIIGHTpAIUsI — 9TO Macca BCEX B3BEIICHHBIX YaCTHI] B
eauHuIle 00bema raza. YacTuuHas KOHLUEHTPALMS — 3TO YUCIIO YACTHUI] B AUHUIIC
o0bema arpososist. Kak Obl HU Benuka ObLla YaCTUYHAs KOHLEHTPALMS B MOMEHT
o0pa3oBaHuUs a’p030JIs, YK€ uepe3 HECKOJIbKO CEKYHJ] OHa HE MOXET IMPEBHIIIATh
10° wacTum/cm®.

PASMEPBI YACTHUII ADPO30JIA

MuHUMaNBHBIA pa3Mep YacTHL] ONPEAESIEH BO3MOXKHOCTBIO CYIIECTBOBAHHUS
BEILECTBA B arperaTHOM COCTOSHMM. Tak, OJHAa MOJIeKyJda BOJbl HE MOXKET
o0Opa3oBaTh HU Ta3a, HU >KUIKOCTH, HU TBepaoro tena. [[ns obpazoBanust ¢azbl
HeoOxoaumbl arperathl u3 20-30 monexkyn. Camasi ManeHbKas 4acThIla TBEPAOTO
BEIECTBA WM JKHAKOCTH HE MOXET MMeTh pasmep Membime 1-10° m. Bepxmmii
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npezen pa3MepoB YacTUIl CTPOTO HE ONpeAesieH, HO YacTullpl KpynHee 100 Mkm He
CIIOCOOHBI JITTUTEIbHOE BPEMsI OCTaBaThCS B3BEIICHHBIMU B BO3/IyXE.
B taGnuiie npuBeaeHbl pa3Mepbl YaCTUI] HEKOTOPBIX a3pO30JieH.

Aspo3sonun VYcnoBHOE 0003HAUCHUE Pa3mepsl yacTuiy, M
Tyman (H,0) K/T 5107
Cnouctele o0maka KT 1-10%-1-10°
JloxxneBbie 00J1aka KT 1-10°-1-10
H, SO, (TymaHn) X/T 1-10°-1-107
ZnO (zpim) T/T 5107
TabayHblil IbIM T/ 1-107-1-10°
TomnoYHbIN IBIM T/ 1-107-1-10™
P, Os (1bIM) T/T 1-10%-1-10"

DOPMA YACTHII H CTPYKTYPA ASPO30JIA

Kunkue xamiaym al’po30JisiX Bcerjga UMeEroT chepuyeckyro (GopMy, TBepabie
YaCTHUIBI MOTYT UMETh caMble pazinyHbie (GopMbl. X MOXKHO pa3ienuTh Ha TpU
KJ1acca.

1. VM3omeTpuyecKkre 4YacTHUIlbl, IS KOTOPHIX TpPH pa3Mepa B IEPBOM
npUOIMKEHUU COBManalT. K 3TOMy Kilaccy OTHOCSITCS MIAPUKU, MPaBHIIbHBIE
MHOTOTPAHHHUKHW WJIM YaCTHUIIBI, OJIM3KHE K HUM 110 (popMme.

2. TlnmacTUHKYM — Y4aCTUIIbl, UMEIOIIHIE IBa OOJBIINX pa3Mepa U OJJUH MaJbIi:
JICTIECTKH, YECIITYHUKH, TUCKH.

3. BonokHa — wacTuipl, MPOTSHKCHHBIC JIMINh B OJHOM HAIlpaBJICHUH U
MMEIOIIME MEHBIINE pa3Mepbl B JIBYX JAPYTHMX HAMPABJICHUSX: WTJIbI, HUTH WU
MUHEpaTbHBIC BOJIOKHA.

dopMa 9acTHI] 3aBUCHT OT CII0c00a MOJTyUYCHUS U MaTepuaa.

Yactumpl a’dpo30Jii MOTYT CYIIECTBOBAaThH CaMH MO ce0e WM OOBEIUHITHCS B
IIEMTOYKH, KOTOPBIE HAa3bIBAIOT arjoMepaTaMu uiu (iokynamu. I110THOCTE yacTuiy
B a3p030JIe MOJKET 3HAUYNTEIHHO OTIIMYATHCS OT TUIOTHOCTH MCXOJHOTO BEIIECTBA.

IIOBEPXHOCTHBIE CBOHCTBA

AdpO30JIbHBIE YaCTHUIBI, HWMES Majble pa3Mepbl, O00JIaTal0T Pa3BUTOU
MOBEPXHOCTHI0, HA KOTOPOW MOTYT MPOTEKaTh aacopOIms, TOPEHUE U IpYyrue
XUMUYECKHE peakiud. bosbInas moBepXHOCTh 00YCIOBIMBACT Takue (pusndeckue
CBOMCTBA, KaK THUTPOCKOMUYHOCTh WJIM CIIOCOOHOCTh B3aUMOJICUCTBOBATH C
ANEKTPUUYECKUMU 3apsiiaMHu.
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OIITHYECKHE CBOHCTBA A9PO30IEH

OnTuyeckre CBOMCTBA a3p030Jiel MOJUMHSIIOTCS TEM K€ 3aKOHOMEPHOCTSIM,
YTO U ONTUYECKUE CBOMCTBA JMO30JI€H, HO B a3pO30JIsIX OHU MPOSBIIAIOTCS OoJiee
ApKO 3a cyeT OOJBIIOW Pa3HOCTH B IUIOTHOCTH, a 3HAYUT U B IOKa3aTEJsIX
MpEJIOMJICHUSI a’3pPO30JIbHOM YacTUlbl U Ta3oBod cpenbl. [lns  aspososieit
XapaKTEPHbI pacCcestHUE U MOIJIONICHUE CBETA.

N3 ypaBHeHus Panes cimemyer, 4TO KpAacHBIM CBET PACCEHUBAECTCSA TOPa3zio
MEHBIIIE, YeM CHUHHI U JKENIThbIi (MHTEHCUBHOCTH PACCESHHOIO CBETa OOpaTHO
MPONOPLUHMOHAJIbHA [IJIMHE BOJHBI B 4eTBepTOM cremeHu). Ecmu ydecTh, 4TO
a’pO30JIBHBIX YACTHIl B HIDKHHUX CIOSX aTtMocdephl HaAMHOTO OoJbIe, 4eM B
BEPXHUX, CTAaHOBUTCA SCHBIM, I[I0YEMY Ha BOCXOJE M Ha 3akare He0o
OKpalIuBaeTcsi B OarpoBble TOHA, a B MOJAEHb CUsieT roiayOusHoil. Beap korna
ComnHile npubAMKaeTcst K TOPU30HTY, MbI HA0JII0/1a€M JTy4Hd, TOYTH TOPU30HTAIIBHO
pacroIoKEHHBIC, TPOXOJIAIIME Yepe3 3alblICHHBIE HUXKHUE CIIOM aTMocdepsl,
CWJIBHO PACCEHMBAIOIIME CBET, U JO HAC JIOXOJUT, IJaBHBIM 00pa3oM, KpaCHBIH
cBeT. Korga sxe CoiHIle CTOMT BBICOKO, B BEPTUKAIBHOM CTOJ0E€ aTMOC(hepHOTro
BO3JyXa CyYMMapHO€ KOJMYECTBO YacCTUI[ OTHOCUTEIBHO HEBEIHUKO W,
CJIEIOBATEILHO, HEBEJIIMKO PACCESHUE, MMOATOMY COJIHEUHBIN CBET MbI HAOJIOaeM
HEHUCKA)KCHHBbIM, HE3HAYUTEIBbHO PACCEUBAECTCA TOJIBKO KOPOTKOBOJIHOBAs
(romy0Oast cocTapisitolasi CBE€Ta), KOTopas u mpuaaeT HeOy roy0oit 1BeT.

HexoTopeble, Ti1aBHBIM 00pa3oM, METANIMYECKUE WM YTOJIbHBIE YaCTUIIbI
MOTYT MOTJIOIaTh CBET. UepHbI LBET JbIMa OOYCIOBIEH TEM, YTO JBIMOBBIC
yacTullbl YPPEKTUBHO MOTJIONIAI0T BUAUMBIC JIyYd BCEX JJIMH BOJIH. bemnbiil 1iBeT
JIbIMa BBI3BaH MHTEHCHUBHBIM PACCESIHHUEM €ro YacTHUIAMHU BCEX BUJIUMBIX JIMH
BOJIH.

brnaronapsi 0oJsbIIoi CIOCOOHOCTH pacceuBaTh CBET adpPO30JM IIUPOKO
MPUMEHSIOTCST I CO3/IaHus JILIMOBBIX 3aBec. M3 Bcex IbIMOB HamOOJbIIEH
CIIOCOOHOCTBIO paccerMBaTh W OTpaxkaTh cBeT oOnagaetr aeiM P, Os , ero
MaCKHUpYIOIas ClIoOCOOHOCTh MPHUHSATA 32 SANHUILY.

MOJIEKY/JIAPHO-KHHETHYECKHE CBOHCTBA A9PO30JIEH

OcoOeHHOCTH  MOJIEKYJISIPHO-KMHETUYECKUX  CBOMCTB  a’dpo30Jieit
00YCJIOBJICHBI:

e MaJioi KOHLIEHTPALMEH YacTHI] AUCTIEPCHOM (a3bl;

e MaJIOW BA3KOCTBIO JUCIIEPCUOHHOM CpPEIbl — BO3AYXA;

e MaJIOW MJIOTHOCTBHIO AUCIIEPCUOHHOM CPEJIbl, TOPA3/I0 MEHBIIE NIOTHOCTH
YaCTHII.

Bce 310 mpuBOAUT K TOMY, YTO JBUKEHHUE YACTHUL] B a3PO30JISIX TPOUCXOIUT
3HAYUTEJIbHO UHTEHCUBHEE, YEM B JIMO30JISX.

PaccmoTpum ciywaii, korja a’po30jb HAXOJIUTCS B 3aKPBITOM cocyne (T.e
WCKITFOUCHBI BHEIITHNE MTOTOKU BO3/yXa), M YaCTUYKH UMEIOT chepruueckyro popmy
pagnycoM I U TOTHOCTh p. Ha Takyro yacTuily OJHOBPEMEHHO JEHCTBYIOT CUJa
TSDKECTH, HANpPaBIICHHAs BEPTUKAJIbHO BHU3, M CWIAa TPEHUS MPAMO
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IPOTHUBOIIOJIOXKHOIO  HampasieHus. Kpome Toro, dactuma HaxOJuTCs B
OpOYHOBCKOM JIBH>KEHHH, CIIEACTBUEM KOTOPOTO siBIIsieTca Tuddy3usi.

[Ipeobnaganue mnpouecca auPy3uud WU CETUMEHTALMU B a’pO30JIsX
onpenenseTcs pazMepom dactuil. Eciu > 1 MKkM, TO B a3p030J1€ UHTEHCUBHO UIET
MPOIIECC CEAUMEHTAINH, U YaCTHUILIbI OceNaroT Ha JHO cocyna. Eciau r¢ 0,01 mxm, To
B J3TOM CJy4yae CeJIMMEHTallMeil MOXHO TMpeHeOpeub — HUJET HWHTCHCUBHAs
mubdy3us, B pe3yiapTaTe KOTOPOM YACTUIBI JIOCTUTAIOT CTEHOK CcOCyaa u
OPWINAMAIT K HUM. EcCiM Ke YacTHIbl CTAIKUBAIOTCA MEXAYy COOOW, TO OHU
CIIMMNAIOTCS, YTO MPUBOJUT K MX YKPYMHEHUIO U YMEHBIICHUIO KOHIICHTPAILIUH.
Takum o0Opa3om, U3 a’3po30is1 OBICTPO HCUYE3aAI0T KaK OYEHb MEJKHE, TaK U OYCHb
KpyHHble  4YacTHLbL. ~ YacTUIBI  IPOMEKYTOYHBIX  pa3MEPOB  00JadaroT
MaKCUMAaJbHOW YCTOMYMBOCTHIO. [103TOMY Kak Obl HM BelMKa ObLIa YUCIECHHAs
KOHLIEHTpalUsl YacTHUIl B MOMEHT OOpa30BaHMs a3p030Jisd, YK€ Yepe3 HECKOIbKO
CeKyHJ oHa He mpeBbimaet 10° qact/cm®.

JIns  dYacTui a’po30Jie  XapakTepHO JABWKEHHE YacTHI[ B  TIOJIE
TEMIEPATYPHOIO TPAJUMEHTA B HANpPAaBICHUU H3MEHEHUS TEMIIEpaTypbl. IJTUM
OOyCJIOBJIEHbI ~TaKHe SIBICHUA, Kak TepModope3, TEPMOINpPEIUNUTAIUI U
dboTtodopes.

Tepmoghopes — 3TO caMONPOU3BOJILHOE JBUKEHUE YACTUIl B HAIPABICHUU
CHIKEHUs TemnepaTypbl. OHO OOyCIIOBJIEHO TE€M, UTO C «TOpSYEi» CTOPOHBI Ha
YacTUIy HaJjieTaloT Ooiiee OBICTphlE MOJEKYJIbl Ta3a W OHAa CMEIIAeTcs B
«XOJIOIHYIO» CTOpPOHY. Iepmonpeyunumayusi — 3TO OCAKICHUE YaCTHULl adpO30JIs
MPEUMYILECTBEHHO Ha XOJOJHBIX IMOBEPXHOCTAX, KOTJIa BOJM3U MPUCYTCTBYIOT
ropsiure Tena. TepMonpenunuTanyeil o0ycloBIEHO OCEIaHUe MbUIM Ha CTEHAX U
MOTOJIKE BOJIM3U PaJAMATOPOB, JIAMII, ropsiuux TpyO, medeil. Pomogope3 — 3TO
NEepeIBIKEHUE YaCTHULl a’po30Jisl MPU OJTHOCTOPOHHEM HMX OCBEIICHHUH, SBIISIETCS
YacTHBIM ciydaeM TepModopes3a. s Hempo3payHbIX 4YacTUll HaOIrOAaeTcs
MOJIOKHUTENBbHBINA (PoTOdOpE3, T.€. YACTUIIBI JBHKYTCS B HAIIPABJICHHH CBETOBOTO
ayda. Jlisg mpo3padHbIX YacTUIl HAOIIOJACTCS OTpULIATeIbHBIN  (oTodopes,
NpUYEM TMPU YBEJIMYEHUM PA3MEPOB YACTUIl OH MOXKET MEPEXOIUTh B
MTOJIOKUTEIIbHBIN.

IJTEKTPHYECKHE CBOHCTBA A9PO30JIEH

DJIEKTPUYECKHE CBOMCTBA a’p030Jied 3HAYUTEIBHO OTIWYAKOTCS  OT

AJIEKTPUYECKUX CBOMCTB JIMO30JIEN.

1. Ha gacTtunax a’po30Jieil He BO3HUKAET ABONHOMN 3ekTpudeckuit cioit (IIC),
TaK KaK U3-3a HU3KOM JUDJICKTPUYECKOMN IPOHULIAEMOCTH Ta30BOW Cpebl B HEU
MIPAKTUYCCKHA HE TMTPOUCXOIMT ICKTPOIUTHUCCKAS TUCCOITHAITHS.

2. 3apsa Ha 4acTHIAX BO3HHKAET, TJIABHBIM 00pa3oM, 3a cueT Hem30upaTeIbHOM
aJcopOonMy HMOHOB, KOTOpBIE 0Opa3yloTcss B Ta3oBOM (aze B pe3ysibTare
WOHU3AIMU Ta3a KOCMHUYECKUMHU, YIbTPAPUOIECTOBBIMH WA PATHOAKTHBHBIMHU
JTy4aMH.
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3. 3apsa yacTUIl HOCUT CIyYallHBIA XapakTep, U AJs 4acTULl OAHON MPHUPOJBI U
OJIMHAKOBOTO pa3Mepa MOKET ObITh Pa3IMYHBIM Kak MO BEJIWYUHE, TaK U 10
3HaKy.

3apsi 4acTHUIbl U3MEHSIETCS BO BPEMEHU KAK IO BEJIMYUHE, TaK U 110 3HAKY.

B orcyrcTBUE cnenuduueckoil aacopOLMM 3apsabl YacTHIl OYEHb Mallbl U

OOBIYHO MPEBBIMIAIOT AJIEMEHTAPHBIN IEKTPUUECKUH 3apsiy He Oonee, ueM B 10

pas.

6. Cnemududeckas aacopOmus xapakTepHa JUIsl a’dpo30Jied, YaCTHUIbI KOTOPBIX
o0pa3oBaHbl CWJIBHO MOJSPHBIM BEIIECTBOM, TaK Kak B 3TOM Ccllydyae Ha
Mex(}a3HOW TOBEPXHOCTH BO3HUKAET JIOCTATOYHO OONBIIONW  CKA4OK
MOTEHITMaIa, 00YCIOBIICHHBIN TTOBEPXHOCTHOW OPHEHTAIIMEH MOJICKYJI.

W3 mpakTUKU M3BECTHO, YTO YACTHIIBI a3pO30JIEM METauIOB U UX OKCHJIOB
OOBIYHO HECYT OTpPUUATENbHBIA 3apsi, a YacTHIbl a3p030Jied HEMETAJJIOB
3apsKEHBI TIOJIOKUTENBHO. 110JI0KUTENBHO 3apsKEHBI YaCTULbI [IOBAPEHHOM COJIH,
YT, Kpaxmala, a YaCTUIbl MyKH HECYT OTPULIATEIIbHBIE 3apsI/Ibl.

o b

ATPETATUBHAS YCTOMUYNUBOCTD U KOATYJISIIUA
ADPO30JIEN

B oTianume OT OCTaJIBHBIX JHCIEPCHBIX CHCTEM B a’pO30JsX OTCYTCTBYET
BCSIKO€ B3aMMOJECHCTBUE MEXAY ITOBEPXHOCTBIO YACTHIl U Ta30BOM Cpenou, a
3HAYUT, OTCYTCTBYIOT CHJIbI, IPEMSATCTBYIONINE CLEIJIEHUIO YaCTHI] MEXKIy COOO0H,
a 3HAQYUT M C MAKPOCKOMMYECKUMHU TejlaMu MNpu coydapeHuu. Takum oOpazom,
a’p030JIM SABJISIOTCS arperaTUBHO HEYCTOMYMBBIMU cucTeMamu. Koarynsius B HUX
MPOUCXOUT IO TUIMY OBICTPON KOAryJsiluu, T.€. KaXI0€ CTOJKHOBEHHE YaCTHUIL
MPUBOJUT K UX CIUIAHUIO.

CkopocTh KOaryiasiquu OBICTPO BO3pAcTaeT C YBEIMYEHHEM YHUCIEHHOM
KOHLIEHTpauuu a’po3ois. HezaBUCHMMO OT HadajJbHOM KOHLEHTpALMU a’pO30Jis
gepes Heckonbko MuHyT B 1 cM® Haxomures 10° - 10° wactui (11st cpaBHeHUs — B
mosomsax =~ 10 wacrmm). ITosTOMy adpo30iM SBIAIOTCS BEChMa CHIIBHO
pa30aBIEHHBIMH CHCTEMaMHU.

Koaryssamun a’po30ien CIOCOOCTBYIOT MOJIMAUCIIEPCHOCTD u
aHu3oAMamMeTpuueckas (opma 4YacTuIl, HaTUYUE MPOTUBOIIOIOKHO 3apSKCHHBIX
YacTHll, KOHBEKI[MOHHbIE MOTOKH, MEXaHUYECKOe nepeMenInBaHue,
yIbTPa3BYKOBbIE KOJI€OaHUs, TaK KaK BCE OTHU BO3JCUCTBUS YBEIUYHBAIOT
BEPOSITHOCTh CTOJIKHOBEHUS YaCTHI] APYT C APYTOM.

4. METOJIbI PASPYIIIEHUSI ADPO30OJIEN

HecMmoTpss Ha TO, YTO a’pO30JIM SBJSIOTCS arperaTUBHO HEYCTONYMBBHIMU
cUCTeMaMHM, TpobiieMa UX pa3pylleHHs CTOMT O4eHb OcTpo. HeobxomumocTsb
pa3pyuieHus a3p030Jieil BOSHUKAET B CIASAYIOLIUX MPOLIeCcax:

e TIPU OYUCTKE aTMOC(HEPHOro BO3AyXa OT MPOMBIIIICHHBIX a9PO30JIECH;

e IIpU YJABIUBAHUM U3 MIPOMBIILICHHOTO JIMA [IEHHBIX MPOJYKTOB;

e TIIPU UCKYCCTBEHHOM JI0’KJIEBAaHUU WJIM PAaCCEUBaHUU OOJIAKOB M TyMaHa;
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Pazpymenue aspo30iiel MPOUCXOANUT IYTEM:

e pacceuBaHUs TMOJ JIEWCTBHEM BO3YIIHBIX TEUEHUW WM BCJICACTBUE
OJIHOMMEHHBIX 3aps/I0B YaCTHII;

e CCAMMEHTAINY;

o 1uddy3un K CTEHKaM COCYJ1a;

e KOAryJsIuu;

e HCHApEHMs] YaCTHIl JUCTIEpCHOM (a3bl (B cilydyae a’po30jeil JIeTydux
BEIIICCTB).

N3 o4nCTHBIX COOpYXEHUW HamOoJiee NPEBHHUM SBIISICTCS JILIMOBAsi Tpyoa.
Bpenubie a’spo30im cTaparoTcsl BBIMYCKaTh B aTMOC(epy KaK MOXKHO BBIIIE, TaK
KaK HEKOTOpblE XHWMHUYECKHE COCJIMHEHMS, Tomnaaass B MPU3EMHBIN CIOH
aTMoc(epbl MO/ ICUCTBUEM COJIHEYHBIX Jy4yel M B PE3yJIbTaTe Pa3HbIX PEaKIUH,
IIPEBPAIIAIOTCS B MEHEE ONACHBIE BEILIECTBA.

OnHako COBpEMEHHBIE SKOJOTUYECKUE HOPMBI TPEOYIOT, YTOOBI JHIMOBBHIC
BBIOPOCHI MPOXOWIN MPEABAPUTENbHYI0 OUUCTKY. Pazpaborano MHOro crnoco6oB
pa3pylIeHus] a’po30Jieid, HO JIFOOOW M3 HUX COCTOUT W3 JIBYX CTaAuil: mepBas —
yJIaBJIMBAHUE JHCHEPCHBIX YacTUIL, OTACJIEHWE UMX OT Trasza, BTOpas —
MpEAOTBPAIEHUE TOBTOPHOTO IMOIAIaHKs YaCTHUIl B Ta30BYIO CPEY, 3TO CBSA3AHO C
npoOIeMoil aAre3uu YJIOBJICHHBIX YacTHIl, ()OPMUPOBAHUEM K3 HUX MPOYHOTO
ocaJIKa.

K cnocobam mnpuieynaBiIMBaHUsS OTHOCSAT HWHEPUUMOHHOE OCAXIACHHE,
bunbTpalKIo, 1eMCTBUE YIbTPA3BYKA U ANEKTPUUECKOE OCAKICHHE.

NHepuiMoOHHOE  OCaXXJ€HWE TMPOBOJUTCS C TOMOIIBI IEHTPOOEKHBIX
OTHENUTENIeH,  Ha3blBaeMbIX  MHUKIOHAMH. OHU  TMPENCTaBISIOT  coOOM
METAJTUYECKUE IWIMHAPHI, B KOTOPBIX a’p030Jib MO CIHUPANUA ABUKETCS CBEPXY
BHM3, MPU 3TOM YaCTHUIIBI OCEJAI0T HAa CTEHKaX IUJIMHIpPA, a OYUIIEHHBIN ra3 1o
CIIeIIUAJIbHONU TPyOe BBIBOJUTCS M3 ITUKIIOHA. BBICOKOMPON3BOAUTEIBHBIN IUKIOH
MOKET 00ECTeYUTh MPAKTUYECKH TOJIHOE yJIaBIMBaHUE YacTull kpymHee 30 MKM,
YacTHUILIBI pa3MepaMu 5 MKM ynaBiauBatoTca Ha 80 %, a pa3mepaMu 2 MKM — MEHEe
yeM Ha 40 %.

K uHepiMOHHOMY  OCaXXIE€HHUIO  MOXHO  OTHECTH U  MOKpOE
nbUleyJaBiuBaHue. B 3ToM MeTozie pa3pylieHus a3po30Jel 4YacTUIbl IPUBOAST B
CONPHUKOCHOBEHHE C KAIJISIMH JKUJIKOCTH, BMECTE C KOTOPBIMU OHM YJAJIAIOTCS U3
anmnapata. Mokpoe nblieyJaBIuBaHUe OCYIIECTBIISETCS IBYMs CIIOCOOAMMU:

e IS YacTHUI] C JUaMETpoM Ooiiee 2=5 MKM HCHOJIB3YIOT CKpyOOepbl
(moJible WM C HAcaJKoM), MOKpBIC IMKIOHBI, O0apOOTaXKHBIE WM TICHHBIC
NbLICYJIABIMBATEINH;

e JUIS YaCTUIl C JUAMETPOM MeHee 2 MKM HCIMOJb3YIOTCSI CKOPOCTHBIE
NbLICYJIABIUBATENH.

Jlns oTnenenus 6oJjiee MENKHUX YacTHIL OT Ta30BOM (pa3bl IPUMEHSIIOT CIIOCO0
bunpTpanuu. OUWIBTPE TPUMEHSIOT B NPOTHUBOTA3ax IS 3aJepiKaHUs YaCTHII
SJIOBUTBIX JIBIMOB, JJISI TOJYYEHUS CTEPUIBHOTO BO3[yXa M B psAle APYIrUX
ciydaeB. CyIIeCTBYIOT CE€TYaThle U BOJOKHUCTBIE (puibTpbl. CeTyaThie (QUIBTPHI
CIyXaT JyUIsl 3aJepXKaHUs CPaBHUTEIBHO TpyObIX dacTwil al’posoieit. Ux
M3TOTOBIISIIOT U3 OJJHOTO WM HECKOJIBKHUX CIIOEB TKAHU WJIU METAJTTMYECKOU CETKH.
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Bonoknucteie QuibTpsl JenaiT U3 (GUIBTPOBAIBHOM Oymaru, CHerualbHOTO
KapTOHAa M HEKOTOPBIX JIPYTMX BOJOKHUCTBIX MATEpUATIOB. XapakTep TEYEHUS
a’po30Ji1 B BOJIOKHUCTOM (UIBTPE OYEHb CJIOXKEH, TaK KaK IOTOK, Ormoas
OTJEJIbHBIE OECHOPSAAOYHO PACIIOJIIOKEHHBIE BOJIOKHA, BCE BPEMSI M3MEHSET CBOE
HanpasyieHue. JleiicTBrEe BOJOKHHUCTBIX (UIBTPOB CBOAUTCS K HHEPLHOHHOMY
OCaXACHUIO, MPWINIIAHUIO JBIKYLIEICS 4acTULBl K KaKOMY-HHOY/Ib BBICTYIly Ha
MOBEPXHOCTU BOJIOKHA, CEAUMEHTAllMM U K Iu(pdy3un 4acTULbl K TOBEPXHOCTH
BOJIOKHA C MOCTeayIomen (hukcarue.

Pazpymienne aspo3ons mox AEUCTBHEM yIbTpPa3ByKa WM3BECTHO JABHO.
Y apTpa3ByKOBBIE YCTAHOBKH Yallle BCETO MCIOJB3YIOT JJIS Pa3pyLICHUS TyMaHOB.
JIoCTaTOYHO HECKOJBKHUX CEKYHH, YTOOBI TyMaH, JBHXKYIIUICS B YIbTPAa3BYKOBOM
nosie, ckoarynupoBan Ha 90 %. B Hacrosmee Bpems pa3pabOTaHbl
MPOMBIIUICHHBIE  YCTAHOBKH C  MPOM3BOAMTENBHOCTBIO 10 1000  M°/mum.
Henocrarkam 3TOro Meroaa sBISIETCS TO, YTO OH HE pa3pyllacT CHIIBHO
pa30aBieHHbIE a’pO30JiM, a TaKXKE OCTaBIIIET HECKOAryJMpOBAaHHON CaMylo
BPEIHYIO — BBICOKOJUCIIEPCHYIO YaCTh a3pO30JIs.

DIEKTPOCTATUYECKOE OCAXKIACHUE YCIIECIIHO MPUMEHSIOT Ul YJIaBIMBaHUS
IBUIEM W TYMaHOB B [IEMEHTHOW, CEPHOKHUCIOTHOM, METaulypru4ecKon
IPOMBIIIJIEHHOCTH U OCOOEHHO Ui YJIaBIMBaHUS JIETy4ed 30Jbl U3 JBIMOBBIX
ra3oB AJIEKTpocTaHUWW. [IpuHIMI MeToma COCTOMT B clleayromeM. Aspo30Ib
MPOITYCKAIOT MEXKIY AJIEKTPOJAMU ANEKTPOPHUIBTPA, CO3AAIOIIMME T0JI€ BEICOKOTO
HanpspkeHust (70-100 kB). Karomom siBisieTcsi UEHTpaJIbHBIA KOPOHHPYIOLIUI
DIEKTPOA, a AHOJOM — TOJIOKUTEIBHBINA DJIEKTPOJA, KOTOPBIM CIYKHAT CTEHKA
MeTauIn4eckorl TpyOsl anekTtpoduibrpa. Iloa ageiicTBUEM MOJsS  BBICOKOTO
HaIpsHDKEHUST BO3HHUKAET KOPOHHBIM pa3psi, NMpU KOTOPOM KaToJ HCIYCKaeT
OTPOMHOE KOJMYECTBO JJIEKTPOHOB. OJIEKTPOHBI HOHHU3UPYIOT MOJIEKYJBI Tas3a
(Bo31yxa), HaXOMSIIEToCs] B MPOCTPAHCTBE MEXAY dekTpomamu. OOpasyroriue
aHUOHBI aJCOPOMPYIOTCA YacCTUI[AMH a’po30Jii M NPUIAIOT UM JOCTATOYHO
Oonbimoil 3apsa. OTpuLATENbHO 3apsHKEHHBIE YaCTHIBI IEepeMeIlalTcs K
MOJIOKUTENBHO 3apsHKEHHOW CTEHKEe TpyObl M TaM OCaXKJIalTCs, IOCIE YEro
coOuparoTcs B ceuaibHoM OyHKepe. Eciu yacTuisl aspo3osst )KuIK1ue, TO Mocie
KOAQJIECLIEHIIMU KareJeK >KUIKOCTh HEMPEpPhIBHO CTEKAaeT MO CTEHKaM TpyObl U
HEIPEPHIBHO yaJsieTcs yepe3 OyHKep.

Psan MeromoB paspylieHuss aj’po30J€d OCHOBaH Ha UX KOaryJslUu.
[IpakTUueCcKOe 3HAYEHUE TAKMX METOJOB BEJIMKO ISl CEIBbCKOrO XO35MCTBA, TAK
KaK TpOLECC KOaryjsiiud OOBIYHO COMPOBOXKIACTCS OTIEICHUEM IHUCIEPCHOMN
da3bl aTMOCEpHBIX a’po30Jiel B BUAEC OIS WM CHera. boibloe 3HaueHHe
METO/bl KOAryJsiiiid MMEIT M B aBUALMU JJII UCKYCCTBEHHOI'O pPAaCCEeHBaHUs
o0nakoB Haj a’poapomamu. Koarymsuus aTMochepHBIX a’po30Jieid MOXKET OBbITh
BbI3BaHa pa30pachlBaHHEM C CaMoOJIeTa BBICOKOAMCIIEPCHOIO TIECKAa, YaCTHIIBI
KOTOPOTO HECYT OJJIEKTPUYECKUH 3apsi, MO 3HAKy OOpaTHBIM 3apsly 4YacTHI
a’posoiier. [Ipyroii Meron 3axkimrodaercs B PacIbUIEHMM B a’p030Jb PAaCTBOPOB
TUTPOCKONMYECKUX  BEUIECTB, HANpPUMEpP, KOHILEHTPUPOBAHHBIX PAaCTBOPOB
xjopuaa Kajnpuusa. Kamenbku 3TOM KMIKOCTH 3aXBaThIBAKOT KAaleJbKU BObI,
YKPYNHSIOTCA M BbINAJAIOT B BHJE J0XKAS. AHAJIOTMYHO [JIs 3THUX LENed
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UCITOJIB3YIOT TBEPBIN THOKCH] yriaepoaa ¢ temneparypoid —79,8°C u BbI3bIBAIOT
OCaJIK{ B BU/JIE CHETA.

5. MPAKTUYECKOE 3HAYEHHME A3PO30JIEN

Abspo3zonu Oiarogapsi MHUPOKOMY PacCHpOCTPAHEHHUIO B MPHUPOJIEC U TEXHUKE
UTPAOT BAXKHYIO POJIb B )KU3HU U JIEATEIIBHOCTH YEJIOBEKA.

[Ipupoansie a’po3onu — obiaka U TyMaHbl — UTPAIOT OTPOMHOE 3HAYEHHUE
JUIS. METEOPOJIOTHM U CEIIBCKOTO XO35MCTBA, TaK KaK OHU ONPEIEIIAIOT BbINAJCHUE
OCagKOB M OOYCJIOBIMBAIOT KIMMAaT peruoHa. BaxHa ponp a’po3oneil U B
OuoNornM, Tak Kak MbUIbIA PACTEHUH, CIIOPBI OaKTEpUid, a TaK)Ke JIETKUE CeMeHa
NEPEHOCSTCS B IPUPOJIE B PopMe adrpo30Jsl.

He menbliee 3HaueHHE HMMEIOT a’pO30JM, OOpa3yoIIHMecs B PE3yJbTaTe
IIPaKTUYECKON JAEATENBHOCTH 4YENOBEKa. B MEeTalulypruueckux W XUMHUYECKHUX
IPOM3BOJCTBAX B BO3JyX BBIOPACHIBAIOTCSA OIPOMHBIE KoJM4ecTBa AbiMa. [Tomumo
TOTO, YTO C JBIMOM YHOCSITCSI ILICHHBIE BEIIECTBA, KOTOpblE MOITIU 0a OBITh
UCIIOJIB30BAaHbl B IIPOU3BOJCTBE, JBIM 3arpsi3HSET OKPECTHOCTH, YHHUYTOXAET
PacTUTENBHOCTD U BPEIHO BJIMSIET HA 3J0POBBE JIFOJICH.

B npowusBozcTBe a3po3onu 00paszyroTcs Mpu padoTe pazHOro poja MallvH:
OpOOUJIOK, MEJbHUL, BaJIbLIOB, IPOCEUBAIOIINUX IPUCHOCOOIEHUN U  Jp.
Beigenstoniasicss nmbuib 3arpsA3HsAET NPOU3BOJCTBO, MOMAAasl MEXIY TPYILIMMUCS
YacTSIMU MAIlIMH, YCKOPSIET MX HM3HOC, CO3/Aa€T AHTHUCAHUTApHbIE YCIOBHS IS
paboThl yenoBeka. B yroiapHbIX maxrax oOpa3oBaHUE MbUIM MOMKET CIIYKHUTb
NPUYMHONM CHJIBHBIX B3pbIBOB. OIAacHOCTh B3pbIBAa BO3MOXKHAa Ha BCEX
NPEANPUATUIX, MepepadaThIBAOIINX B IMOPOIIKOOOpPa3HOM  COCTOSTHUU
MaTepHuabl, CHOCOOHBIE TOPETh, HO B OOBIYHOM BHJE BIOJIHE O€30MacCHbIE: MYKa,
caxap, cepa. OJTO OOBICHSETCS TeM, 4YTO Onarogaps OTrPOMHOMN yJelbHON
MOBEPXHOCTH  JUCTEPCHON  ¢a3bl, a 3HAYUT OTPOMHOM  IIJIOMIATu €€
CONPUKOCHOBEHHSI C BO3AYXOM M MaJOW TEIUIONPOBOJHOCTH  a’3pO30Jid,
CHOCOOCTBYIOLIEH MECTHOMY pPa30rpeBAaHUIO, PEAKIMS OKUCICHHs MPU CrOpaHUU
JUcepcHOM (azbl a’dpo30Js UAET € KOJOCCAIBHOM CKOPOCTBIO, YTO MPHUBOIUT K
B3pbIBY. B3pbIBBI a3p030J€ii omacHee, 4eM B3pbIBbI I'a30B, TaK KakK IEPEXOo] OT
TBEPJAOI0 WM JKUJIKOTO COCTOSHUS BEUIECTBAa K ra3000pa3sHOMY COIMPOBOKIACTCS
ropaszio 0OJbIIMM YBEIMYEHUEM 00bEMA CUCTEMBI, UEM TTPH T'a30BBIX PEAKIUAX.

B HekoTOpbIX ciydasx aj’po30JM HWrPalOT W TOJIOKUTEIBHYIO POJIb.
Hanpumep, pacnbuieHHe 10 COCTOSHHMS adpo30Jisi NPUMEHSAIOT IPU MO0Jade
TBEPJOT0 WM >KMAKOTO TOIUIMBA B TOMKH. JIaKM M Kpacku, pa3jiudHble CPEICTBa
OBITOBOM XUMHUH, MNap(HIOMEPHO-KOCMETUYECKHE CpEACTBA, YINaKOBAHHbBIE B
CHEUHUAIBHYIO a3pO30JIbHYI0 YITAKOBKY, HAallUIM IIMPOKOE NMPUMEHEHHUE B HaAIIEH
XKU3HM. B MeaumuHe aspo30iii NPUMEHSIOT IS BBEJIEHHUS JIEKAPCTBEHHBIX
BEIIECTB B OpraHu3M IyTteM HHraxsnuu. Ocoboe 3HaueHue a’po30Jid UMEIOT B
BOCHHOM JI€JIE ITPY CBETOMACKHUPOBKE.

Baxna ponp a’po3oiiel B NUIIEBOM ITPOMBILIICHHOCTH, HAIpUMEpP IpHU
MOJyYEHUU CyXOro Moiioka. [Ipy KOm4eHWHm MSCHBIX M PBIOHBIX MPOAYKTOB
UCITIOJIB3YIOT AbIM, KOTOPBIA MPUIAET STUM IPOIYKTaM COOTBETCTBYIOLIUI BKyC. C
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1958 roga B a3p030JIbHOM YHNAKOBKE BBITYCKAIOTCS MULIEBBIE TPOIYKTHI: KPEMBI,
COKH, COYCBI, TPUIIPABBI U Jp.

JlekuuaNel?2

Tema: AI[Fe3I/IH H CMAaYNBaHHE

IIJIAH

KonuyecTBeHHbIE XapaKTEPUCTUKU KOT€3UHU U aJIFC3UU.
. MexaHu3M NpoLeccoB aIre3uu.

. CMaunBaHue U KpaeBOM YIoJl.

. CBs13b pabOTHI a/IF€3UH C KPAEBBIM YTJIOM.

. PacTtekanme ;XKMIKOCTH.

g~ wWN R

1. KosinmuecTBeHHbIE XaApPAKTEPUCTUKHU KOI€3 U U aAre3um

B reTePOreHHBIX cucTemMax pa3auyaroT MEKMOJICKYJIIPHBIE
B3aMMOJICHCTBUS BHYTPH (a3 u Mexay (azamMu U BBOIAT IMOHATHE O SBICHUSX,
MOJIYYHBIINX HA3BAHUE KOTE3UsI U A/IT€3HUSL.

Kore3ust — 310 sIBJIEHHE, CBSI3aHHOE C IPUTSHKEHUEM aTOMOB M MOJIEKYJI
BHYTPH OTJENIbHOU (Da3bl. HarmsiHo Kore3uto mpeACTaBUM CIICIYIOIIUM 00pa3oM.
Bo3pmeM nuimHApPHL, B OMHOM — BOJAa, B ApyroM — macio. [lnomans cedenusd
KOXIOTo muiauHapa — 1 M’ Ecmu cron6 BOABI WM Macia pas3pesaThb
MEPIEHIUKYISIPHO OCU HWJIMHPA, TO HYKHO 3aTPAaTUTh OMPEICICHHYIO paboTy 1o
MPEOJOJIEHUIO CWJI CLEIUIEHUS MEXAY MOJEKylIamMu Kuakoctu. [lpu sTom
MPOUCXOJUT 00pa3zoBaHUE 2 M MOBEPXHOCTH Pa3ieiia ) KUIKOCTh - BO3AYX.

PabGora, 3aTpaunBaemass Ha TIPEOJOJCHHUE CWJI CHEIJICHUS MEXIy
MOJIEKYJIaMUA OJHOPOJHOM >KUJIKOCTH W TPHUBOMASAIIAS K BO3HUKHOBEHHUIO NBYX
HOBBIX IMOBepxXHOCTel pasnmena ¢da3 XK - I, ¢ miomaapio KakIoW U3 HHUX 1M2,
Ha3bIBAIOT Pa00TOil KOTEe3HH.

Pabora kore3uu a1 BOJIBI U Maclia paBHA:

W, = 20H20 ; Wy =2 Oyacao , i1 B 0011eM ciiyyae W, =2 o,

IJl€ O - MOBEPXHOCTHOE HATSHKEHUE HA TPAHULE )KUJIKOCTH C BO3IYXOM.
AHanoruyHbple pacCyXJI€HHsI MOXKHO NPHUBECTH U JJIS TBEPIOTO Tea.
Kore3us omnpenenser cyliecTBOBaHUE BEIIECTB B KOHJEHCUPOBAHHOM COCTOSTHUU.
Wnorna st TBepabIX Ten BennunHy W, Ha3bIBalOT MPOYHOCTHI0 HA Pa3pbiB.
T.K. KOre3usi OTpa)xaeT MEXMOJEKYJISIPHOE B3aUMOJIEUCTBHE BHYTPHU
TOMOTEHHOM (pa3bl, TO € MOTYT XapaKTepU30BaTh TAK)KE TaKUe MapaMeTphl, KaK:
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® DJHEPrUs KPUCTAJUIMYECKON PELIETKU;

e BHYTPCHHEE JIABJICHUE;

e BHeprus napoodpazoBaHUs;

® TeMmIleparypa KUICHUS,

® JICTY4ECTh U OP.

OTH ke mnapameTpbl KOJWYECTBEHHO XapaKTEPU3YIOT M ITOBEPXHOCTHOE
HaTsDKCHUE.

SIBneHue aare3smm OTHOCHUTCS K MEX(a3HBIM B3aMMOJICHCTBHSIM, KOTOpHIE
HAOJTFOMAI0OTCS MEXKIY KOHICHCUPOBAHHBIMH (ha3aMH.

JI1st Toro, 4TOOBI JTydllle MOHSTH SIBICHUE aAre3ur, 00paTUMCS K IpUMEpPY C
nwmHApoM. Ho B IWIMHAP MOMECTUM ABE HECMENIMBAIOIIMECS KUJIKOCTH: MACIIO
U BoAy. Mexly HUMH HMEETCsl MIOBEPXHOCTh pazfena. Temepb pa3pexeM CToJO0
KAJKOCTH TIO TMOBEPXHOCTH pasfena Macio - Boja. B 3ToMm ciyyae Ham yxke
MPUJIETCS TMPEOJOJEBATh CHJIBI CIHEIUICHUS MEXAY MOJIEKYJIaMH Pa3HBIX
YKUJIKOCTEW: BOJIbI M Maca.

PabGora, 3arpaunBaemasi Ha TMPEOJOJEHUE CHJI CLEIJICHUS MEXIy
MOJIEKYIaMH JBYX pAa3IHUHBIX JKHAKOCTEH HA ILIOM[AAM KOHTaKkTa | M’
Ha3bIBacTCA padoToil aare3umu.

Cuibl afre3un BO3HUKAIOT HE TOJIBKO MEXAY JABYMSI HECMEIIMBAIOLIMMHUCS
JKUJIKOCTAMU, HO U MEXIY KUIAKOCTBIO U TBEPABIM TEJIOM, a TAKXKE MEKIY ABYMs
TBEPJBIMH TelaMU. MEXMOJNEKYISIPHOE B3aUMOJICUCTBIE MOXET OBITh MO CBOEH
MPUPOJIC KaK PUBHMYECKUM, TAK U XUMUYECKHUM.

Anresus -  pe3yabTaT  CTPEMJICHHUS  CHUCTEMbl K  YMCHBIIICHHUIO
MTOBEPXHOCTHOTO HATSKEHUS, IMOITOMY aire3usl SBISCTCS CaMOIPOU3BOJIBHBIM
MIPOIIECCOM.

PabGoTta anmresmm cBsi3aHa C TIOBEPXHOCTHBIM HATSDKCHHEM  CIIEAYIOIIAM
obOpazom:

1 -T

2 - K,

3 - XK 1 —-ra3, 2 u 3 — KOHIEHCUPOBAHHBIE TEIA.

PaboTa anre3un paccUMTHIBACTCS MO CISAYIONIEMY YPAaBHCHHUIO:
W,=0,1+ 031 - 623 - ypaBHenue /lronpe,

I€ Gp1 U O31; - MOBEPXHOCTHOE HATSHKEHUE COOTBETCTBEHHO BTOPOTO U
TPEThEr0 KOHJEHCUPOBAHHBIX TEJI HA TPAHUIIE C BO3TYXOM;

G3 — MeX(]a3zHOe HATSHKEHHE Ha TPaHUIEe MEXIY KOHIAECHCUPOBAHHBIMU
TEJIaMH.

Ot paboThl aare3nu HEOOXOAMMO OTIWYATH AATE3MOHHYIO MPOYHOCTH, T.C.
paboTy, 3aTpadye€HHYI0 Ha paspylleHue ajare3uoHHoro coeaudeHus W,. Orta
BeIMYMHA OTJIMYAETCSs TEM, 4YTO B HEe BXOAUT Kak pabora paspbiBa
MEXMOJIEKYISIpHBIX cBsizeit (W,), Tak u paboTa, 3arpadeHHass Ha JehOpMAaIIHIO
KOMIOHEHTOB (Wep):  Wy= Wot Wiy,
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2. MexaHu3M IPOLECCOB aAre3un

IIpouecc o6pa3oBaHus aAre3MOHHOM CBSI3U OOBIYHO AEIIAT Ha JIBE CTAIUH.

1 cragusa — (TpaHCHOpPTHAsE CTaausA) — HJAET IEPEMEIIECHUE MOJEKYJI
ajare3uBa (T.e. KJICIOIIEIO WM CBS3YIOLIETO BEIIECTBA) K IOBEPXHOCTH cyOdcTpaTa
(Teno, Ha KOTOPOE HAHOCUTCS a/ir€3uB).

®daxkTophl, CIOCOOCTBYIOLINE MPOTEKAHHUIO TIEPBOI CTATUU:

® [IOBBILIEHUE TEMIEPATYPHI U JABICHUS;
e rmepeBon OAHOM u3 (a3 (0OBIYHO ajre3swBa) B IKHUAKOE COCTOSHHE C

IOMOUIbIO PAaCTBOPEHUS WIH IIJIaBJICHHUS;

® TINATEJIbHAs OYUCTKA B3aMMOJCHCTBYIOIUX TOBEPXHOCTEM.

2 cramusi — HEMOCPEJICTBEHHOE B3aMMOJICMCTBUE aAre3uBa U cyOcCTpara,
KOTOPOE MOXKET ObITh O0YCJIOBJICHO Pa3IMUHBIMU CHUJIaMU: OT BaH-/I€P-BaalbCOBBIX
o0 xumuueckux. IIpu ckienBaHUM TBEpABIX TEJI HAa JTOM CTaguu OOBIYHO
MPOUCXOAUT OTBepaKAeHHe aare3uBa. KoJIMYeCTBEHHO OTOT TMPOLECC HE
MOIACTCS OIMCAHMIO.

JIns 0OBsACHEHUS MEXaHW3Ma are3uu MEeXIy TBEPJbIMU TeJIaMu B pa3HOE
BpeMsl  BBUIBUTQINCh pa3Hble TCOPHUMU: MEXaHMYECKas, aJacopOIHOHHas,
anekTpuueckas, auddysuonnas u gap. OgHako YHHBEpPCAIbHOH TEOPUH IS
OOBSICHEHUS MEXaHU3Ma aAre3dd He pa3paboTaHo, U B KaXKJIOM KOHKPETHOM
clIydae aare3uro OOBSCHSIOT, UCXOAS M3 Pa3IMYHBIX TeOpUH (B 3aBUCHMOCTH OT
MIPUPOJIBI TBEPJBIX TEN U aJre3WBa U YCIOBUH, B KOTOPBIX MPOUCXOJUT aaAre3us).
Yaire MEXaHW3M aAre3un ObIBAET CMEIIAHHBIN.

SIBeHUsA anare3uy IIMPOKO PaCHpOCTPAHEHBI B PA3IUYHBIX OTPACISIX
HApPOJHOI0 XO3SMCTBA: CKJICMBAHUE MAaTEpPUAIOB, HAHECEHUE JIAKOKPACOUHBIX U
HEOPraHUYECKHUX MOKPHITU, CBAPKA U MAsTHUE METAJUIOB, IIEYaTAHUE U KPALLICHHUE.

3. CMmauyuBaHue M KpPaeBoii yroJ

SBreHHMs cMauyMBaHMSI U PACTEKAHMsI OTHOCSITCS KaK U SBJIICHHE aJre3HH K
MexK(pa3HBIM B3aUMOJICUCTBHSIM, KOTOpBIC HaAOJIFOJArOTCS MEKY
KOHJICHCUPOBaHHBIMU  (ha3aMH, OJHA M3 KOTOPBIX HAXOJHUTCI B KHIKOM
COCTOSIHHH.

OTu ABJICHUS 00YCIIOBICHBI AAT€3MOHHBIM B3aUMOICUCTBUEM.

CMauuBaHMe — OTO IIOBEPXHOCTHOE SBJICHHE, 3aKJIIOYAIOIICeCs BO
B3aMMOJICCTBUH KHJIKOCTH C TBEPABIM WA APYTUM JKHJIKUM TEJIOM TPH HATHYUU
OJTHOBPEMEHHOTO KOHTaKTa TPeX HECMEIIMBAIOMUXCs (a3, oJHa M3 KOTOPBIX ra3
(BO3IYX).

CrerneHb CMavMBaHUS KOJUYCCTBEHHO XapaKTepuszyercs Oe3pa3MepHOu
BEJIMYMHOM KOCHHYCAa KpPaeBOro yrja WiId yrja CMadYMBaHUsSl WA IPOCTO
KpaeBbIM YIJIOM.
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PaccmoTpum  sBIeHHME, NPOUCXOIAIIEE NPU HAHECEHUHM OJHOW Karluiu
KUJKOCTU Ha MOBEPXHOCTb JIPYroil *KUAKOCTH (HE CMEIHIMBAIOLIEHCA C TIEPBOM)
uin TBepaoro tena. Kamuist moxker nubO pacrekarbCcsi MO MOBEPXHOCTH, JIHOO
OCTaBaThCsl B BUJE KAIUIM, NPUHSABIIEH NpPHU YCTAHOBUBLIEMCS PaBHOBECUU
OTIpEIEICHHYIO (POpMY.

PaccmoTpum noapoOHee mociaeHul ciayJaid:

1 - ras; 2 - )KMJKOCTb;
3 - TBEpAOE TEJO WM Ipyrasgs  HECMEIIUBAIOIIASCS KUIKOCTb.

.
-
/ﬁ{” Tyt
R T %/ i "

HECMaHMBaHWE Hal THHHDE NonHoe CMaHMBaHNE
CMaEHMEaHNE (pacTexaHue)

Ha pucC. npcaAcTaBJICHa TaKasd Kallld KUAKOCTHU Ha IMOBCPXHOCTHU TBEPAOTO
TCJIa B YCIIOBUAX PABHOBCCHA.

PaccmoTpum neicTBUE NOBEPXHOCTHBIX CHJI MPU B3aWMMOACHCTBUU Kallu
JKUJIKOCTH C MOBEPXHOCTHIO TBEPAOTO TEJIA U MPEACTABUM 3TO B3aUMOJICHCTBHE C
ITIOMOILIBKO BEKTOPOB 3TUX CHUJIL.

1. IloBepxHOcTHasi »HEpPrusi TBEPIOrO TeJd, CTPEMSCh YMEHBIIUTHCA,
pacTArMBaeT KaIUll0 IO MOBEPXHOCTU. OJTa JHEPIHsl paBHA MNOBEPXHOCTHOMY
HATSHDKEHUIO TBEPAOTO TEJa C BO3YXOM — G3 1.

2. Mexda3Has sHeprusi Ha TPaHULIE TBEPAOrO Tela C KUAKOCTBIO G2 3
CTpPEMHTCsI, HA0OOOPOT, CKATh KAIUTIO, T.€. TIOBEPXHOCTHASI DHEPTHUS YMEHBIIACTCS
3a CYET CHMXKEHUS TUIOIIAAN TTOBEPXHOCTH.

3. PacTekaHuio NpensiTCTBYET KOT€3HMOHHBIE CHIIbI, JIEHCTBYIOIIWE BHYTPHU
Kary. JlencTBue KOre3MOHHBIX CUJI HAIpPaBJIEHO OT I'PAaHUIBI MEXAY TBEPIOH,
KUJIKOW M Ta3000pa3HOil (pazamMu MO KacaTeabHOH K c(epuuecKkoil MOBEPXHOCTU
KAIUIM U PaBHO G 1.

Yron Q, KoTophlii 00pa3oBaH KacaTeIbHOW K MEX(a3HOW MOBEPXHOCTH, H
MMEEeT BEpUIMHY Ha JIMHUM pasjesia TpexX (a3, Ha3pIBACTCS KPaeBbIM YIJIOM WA
YIJIOM CMAaYMBAHUA.

Bce atH cocTaBisitomrie MOXXHO BBIPA3UTh C TOMOLIBIKO BEKTOPOB cuil. [lpu
PAaBHOBECHM MEXKYy HUMH COOJIOAAETCS CIEIYIONIEE COOTHOIICHUE:

O31= G237+ G1-C0S Q -3akoH FOHra

cos Q= (031 - 023)/ 021

Uem wmenbmie yroan Q © COOTBETCTBEHHO Oosbine COS Q, Tem Jydiie
cmaunBanue. [losHoe cmaunBanme : Q =0, a cos Q = +1
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Ipu ocrpom yrie, T.e. Q < 90° , cos Q > 0 — MOBEPXHOCTH XOPOLIO
CMA4YMBAaeTCs JTAHHOMN KUJIKOCTHIO.

Ecan yroa > 90° , cos Q < 0 , TO 10 OTHOLICHMIO K JAHHON KHIKOCTH
TIOBEPXHOCTh CMauUBACTCS IJI0XO0 ( KaK TOBOPST, «HE CMAYHBAETCS»).

['panuiiell MeXy CMauMBaEMOCThIO U HECMAaYMBAEMOCTBIO SIBJISIETCS YTOJ
Q=90° wm cos Q = 0.

Yrom Q mpaKTH4eCKH HHKOrna He ObiBaerT paBHbM 180°, u momHOroO
HECMauMBaHUs HE HAOIIOaeTCA.

Pa3Hble XKMAKOCTHM MO-pa3HOMY CMa4yMBaIOT OJHY M Ty K€ MOBEPXHOCT.
CornacHO TPUOMIDKEHHOMY TpaBWIy JIydllle CMayuBaeT IOBEPXHOCTh Ta
XKHUIKOCTh, KOTOpasi OJIMKE 1O MOJISPHOCTA K CMAauyWBAEMOMY BEIIECTBY M MMEET
MEHBIIIE C.

JInsi cpaBHUTENBHON OLEHKM CMAauMBA€MOCTH MOBEPXHOCTEN pa3IMYHBIMU
KUIKOCTIMU OOBIYHO CpaBHEHHUE MTPOBOJISAT C BOJIOK.

Ecnu Mexny HaHECEHHBIMM HAa TIOBEPXHOCTh BOJOM W HEMNOJSAPHBIM
YIJIEBOAOPOJOM KPA€BOM YroJl MEHBIIE 90° co CTOPOHBI BOJbI, TO MOBEPXHOCTH
HAa3bIBAIOT THAPOPUWIBHON 1K 0J1e0(OOHOI.

Ecin e kpaeBoii yron Mmembme 90° CO  CTOPOHBI  HEMOJSIPHOTO
YTJIEBOJIOPO/IA, TO TOBEPXHOCTh OYyJIeT 0J1e0pUIBLHON WK ruAPO(POOHOIA.

I'mapoduibHasi MOBEPXHOCTh Y OKCHUAOB W TUIAPOKCHUIOB METAJIOB,
CUJIMKATOB, CyJb(haToB, THAPO(YOOHAS — Y OPraHUYECKUX COCAUHEHUN C OONBIINM
COJIep >KaHUEM YTIJIEBOIOPOIHBIX TPy (TIOJIUMEPHI).

4. CBsi3b pa0oThI aAr€3MH C KPACBbIM YIJIOM

Ecnu pasHocth 631 - 023 B ypaBHeHuu [ionpe W, = G3; + Gy - Gy3
3aMCHHTH €€ BBIpAKCHUEM U3 3aKoHa FOHTa:
O31- O23=0y1.C0S Q,
TO TIOJIYIHM:
W, =071+ 62108 Q = 5,1 (1+ cos Q)

W,/ 0,1 =1+ cosQ - ypaBHenue Jronpe —FOnra.

PaznenuB 06e yactu ypaBHEHUS Ha 2, TIOJTYIHM:
W,/ W,=(1+cosQ)/2

CrnieicTBue U3 3TOro ypaBHEHUS:

JUISL YBEJIMYEHUS CMAauMBaHUs HAJI0 YBEIUYUTh pPabOTy aare3ud Wi
YMEHBIIIUTh PA00TY KOT€3UHU KUJIKOCTH, T.€. YMEHBIIUTh G, HAIlpUMEP, BBEJACHUEM
[TAB, u3zmeHeHneM TeMIIepaTyphl.

JIydie cMauMBaeT MOBEPXHOCTh Ta KUIKOCTb, KOTOpas UMEET MEHbIIE G
(v paboty kore3un). OpraHu4ecKue KUIKOCTH UMEIOT HU3KHE MOBEPXHOCTHBIC
HATSOKEHUST W TI0ATOMY CMa4yMBalOT OOJIBIIMHCTBO IOBEPXHOCTEH pa3HOM
npupoasl. Boma cMauuMBaeT TOJBKO TOJSPHBIE BEIIECTBA, a PTYTh IIJIOXO
CMa4YMBaET OOJBITMHCTBO MTOBEPXHOCTEH.
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5. Pacrexanmue KUAKOCTH

PaccmoTpum citydaii, korja Karisi pacTeKaeTcsl 0 MOBEPXHOCTH KHUIKOCTH.
PaccmoTpum ycnoBue pacTeKaHus >KUJIKOCTH 2 MO MOBEPXHOCTU 3. DTO
yCIIOBUE€ MOKHO TMONY4YUTh U3 3akoHa FOHra, ecium NpUHATH, YTO pPACTEKAHUE
MIPOUCXOIUT TpHU KpaeBom yrie Q < 0.
Torna nmosyyum:
03120231 C1 - yCJI0OBHE PACTEKAHUA

[Ipu TakoM ycCIOBHMM paBHOBECHE MEXKAY CMAyUBAIOIICH >XUIKOCTHIO U
MOBEPXHOCTBIO JPYroro Teja CTAaHOBUTCS  HEBO3MOXKHBIM W TMPOUCXOJUT
pacTeKkaHue:

031 - 0232 021,
W, - 0,1 2 024,
Wa Z 20—2,1;
W, >W,.

Takum o0Opa3om, pacTekaHue MPOUCXOJUT B TOM cliydae, Korma pabota
aJre3uu TPEBBIIaeT PaboTy KOTE3UH PACTEKAIOMIEHCS KHAKOCTH, T.€. YKHIKOCTh
pacTtekaeTcs, KOrjJa €€ MEXKMOJICKYJSIPHbIE CBSA3H pPa3pylIalOTCs B pPe3yjbTare
aJre3um.

[IprumeHeHne cMauMBaHUsA:

e (roranus (pa3TuyHas CMAaYMBAEMOCTh YaCTUUYEK PY/JIbl);

® CTHUpKa C TTOMOIILIO MbLIA;

® KpAICHHWE TKAHEM.
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