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HPEIUCJ/IOBHUE

JlanHoe mocoOue mnpeaHa3HAuYeHO MJIg CaMOCTOSITENbHOW paboTh
CTYJIEHTOB XUMHUYECKOro (hakynbrera beiarocyHuBepcuteTa HaJl JIEKIIMOHHBIM
KypcoM «KomnonuiHass Xumus».

[Ipuctynmarb k pabore ¢ 1oOcoOMEM  pEKOMEHIYyeTcsl  Mocie
MPOCIIYLIMBAHUS JICKIUA U 3HAKOMCTBA ¢ «OMIOPHBIM KOHCIIEKTOM JIEKIUI TI0
KOJUIOUJTHOU XUMUI.

[IpencraBnenHplii B TOCOOMM MaTepuasl pa3OUT B COOTBETCTBHH C
JEKUUSIMHU U COAEPKUT BOIPOCHI, IOMOTAIOIINE CTYIEHTY CTPYKTYPUPOBATh U
cucTeMaTu3upoBaTh Marepuan. OTBEThl, CIEAYIOIIHE 3a BOIPOCAMH,
MO3BOJISIIOT CTYJIEHTaM, C OJIHOM CTOPOHBI, KOHTPOJIUPOBATh CBOM 3HAHMS, a C
JPYroi CTOPOHBI, CIOCOOCTBYIOT Oosiee 3PPEKTUBHOMY UX YCBOEHHUIO.

Borpocsl 14 KOHTpOJIST 3HAHWM, Pa3MELICHHbIE B KOHLE KaXKIOU
JEKLHUHU, CHOCOOCTBYIOT  3aKpeIICHHIO MaTepuaja M aKTUBU3AIUHU
CaMOCTOATENBLHOM pabOThI CTYICHTOB.



JIEKIASA 1

«B COBpeMEHHOM ee 3HAMEHUU KOANOUOHAS XUMUS
SA6ASEMCS  PUSUKOXUMUET  OUCNEPCHBIX,  CUcmem U
N08EPXHOCTHBIX ABACHUIL

JI.A. Pebunoep

JlaBajiTe HaYHeM C TOro, YTO e H3y4aeT KOJUIOMIHASI XUMHUS H
KAKOBO ee 3Ha4YeHue?

Komnougnass Xumusi — 3TO HaAyka O OUCHEPCHBIX cucmemax Uu
NOBEPXHOCMHBIX ABNEHUAX, 803HUKAIOWUX HA 2panuyax pazoeia ¢hasz. bynyun
HAYKOU O NOBEPXHOCMHBIX SAGNEHUAX U QUIUKO-XUMUYECKUX CBOUCMEAX
OUCNEPCHbIX cucmeM, OHa SBISACTCS XuMueu peanbHulX mes, TOCKOJIbKY
peasibHble OOBEKTHI KUBOW M HEXKHMBOW IMPUPOABI, MPOAYKTHl U MaTEpUaIbl,
CO3/1aBAEMBIE U HCII0JIb3YEMBbIE YEJIOBEKOM, NPAKTUUECKU BCEI/1a HAXOMIATCS B
JUCIIEPCHOM COCTOSIHUH, T. €. COJAEPKAaT B CBOEM COCTAaBE Mallble YacCTHIIbI,
TOHKHE TUIEHKH, MEMOPAHbI, BOJIOKHA C YETKO BBIPAKEHHBIMU TOBEPXHOCTIMU
pa3nena. [Ipy 3TOM MOBEPXHOCTHBIE SIBICHUS U JIUCHEPCHBIE CHUCTEMBbI
BCTPEUAIOTCS HE TOJIBKO Ha 3emile, HO U JaJIeKo 3a ee npeaenamu. Hampumep,
MEX3BE3/IHasi MaTepHsi — 3TO Ta30MblUIeBble 00aKa, U3 KOTOPBIX, COTJIACHO
teopun obpazoBanusa rianet O.}O. Imuara, mpousomio camooOpa3oBaHue
miaHeT BOKpyr ComnHua.

MeTeoponoruieckue siBICHUsI — TPO30BBIE paspsbl, JOXKIb, CHET, Tpaj,
TyMaH U JAp. — ABISIOTCS KOJUTOMIHBIMH MPOIIECCAMHU.

Komnougnass xumMus cocmaensiem HayuyHyl0 OCHO8Y TPOU3BOJACTBA
IUIACTUYECKMX  Macc, PpE3UHbl, CHHTETUYECKUX  BOJIOKOH,  KJIEEB,
JAKOKPACOYHBIX U CTPOUTENIbHBIX MAaTEPUAJIOB, IPOYKTOB MUTAHUS, JIEKAPCTB
u T. 0. [IpakTuyeckn HeT HU OAHOM 00JIACTH MPOMBILUIEHHOCTH, KOTOpas B
TOM WM MHOM CTETEHU HE UMeia Obl Jieia ¢ JUCIIEPCHBIMU CUCTEMaMH.

Benuxa ponb koanouoHou xumuu u 6 peueHuu KOMNIeKca 3a0ay OXpaHbul
OKpydcarowell cpeovl, BKIIOYas OUYUCTKY CTOYHBIX BOJ, BOJOIOJTOTOBKY,
yJIaBIMBaHUE a3p030JIei, 00pbOy C 3po3ueii MoUB U JIp.

Komnongnas xumusi omkpwieaem Hogvle n00X00bl K U3YyUYEHUIO UCTOPUU
3€MHOIl KOpBI, YCTAaHOBJICHHUIO CBSI3€d MEXIY KOJUIOMIHO-XUMUYECKIMHU
CBOMCTBAMH TOYBHI U €€ TJI0JOPOIMEM, BISICHEHUIO YCIOBHI BOSHUKHOBEHHUS
KU3HU, MEXAHU3MOB JKU3HEACITEIIbHOCTU; OHA A81A€MmCs OOHOU U3 8e0VUUX
OCHO6 TaKUX CMEXKHBIX HAyK, KaK COBPEMEHHAas OMOJIOTHS, MOYBOBEICHUE,
reoJjiorus, Mereoposorus. Bmecre ¢ Onoxumueit 1 Gpu3NKOXUMUEH MOTUMEPOB
OHa COCTAaBIIIET OCHOBY YUEHUsl O GO3HUKHOGEHUU U PA3GUMUU HCUSHU HA
3emne. KoHEUHO, KU3HEHHBIE MPOLIECCHI BECbMA CJIOXHBI, U HEBO3MOXXHO
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CBECTH UX K 3aKOHOMEPHOCTSIM KOJUIOMJHOW XMUMHUHU, HO TOT (PaKkT, 4TO BCE
YKUBBIE CUCTEMBI SBJISIOTCS BBICOKOJIWUCIEPCHBIMHU, IMOJYEPKUBACT 3HAUYCHUE
KOJUTOUJTHOW XMMUU JUJISL Pa3BUTUSI COBPEMEHHOM HAYKH B LIEJIOM.

A KakK BO3HHKJIA U pasBuBaJIaChb cCaMa KOJUIOUAHAsA Xxumusi?

Komnounnas xumus Bo3Hukina B cepeauHe XIX Bexka. B 1861 r.
U3BECTHBIN aHriauickuii xuMuKk Tomac I'pom (1805-1869 rr.) wusyuan
b dy3uio pa3InyHbBIX BEHIECTB B BOJAHBIX pacTBopax. OH OOHApYKWj, 4YTO
HEKOTOpbIE BelIecTBa (KEJIAaTHH, arap-arap u 1p.) 1upPyHIupyroT B BOAy U
IIPOXOJAT Yepe3 MOJYNPOHULAEMBIE IEPETOPOJKA BO MHOIO pa3 MEJJICHHEE,
4yeM, Hanpumep, COiaM M KUCIoThl. Kpome Toro, 3tm BemecrBa IpH
NEPECHIIEHNH  pPacTBOPOB  HE  KPUCTAUIM3YIOTCS, a  (QOpPMHUPYIOT
CTyJIHEOOpa3Hylo KielKyro Maccy. Ilo-mpeBHerpedecku Kieid Ha3bIBaeTCs
«Komna», W 3TU «ocoObie» BemecTBa ['pam HazBan «komroudamuy. Tak
MOSIBUJIOCh HA3BAHUE HAYKU «KOLIOUOHASA Xumusy. Ha OCHOBE CBOMX OIBITOB
['p>M BBIABMHYI BECbMa CMENYIO TUIIOTE3Y O CYLIECTBOBAHUHU B MPUPOJIE JBYX
IMaMETPAIbHO  MPOTHUBOIMOJOXKHBIX  KJIACCOB XMMHMYECKHMX BEIIECTB —
KKpUCMANIOUO008» WU «KOLIOUO08». DTa WIes BbI3Bajla OONBIIONW HHTEpEC
MHOTHUX YYE€HBIX, U BO BTOpOU IoioBUHE XIX Beka KOJIIIOUAHAs XUMUS CTaJIa
pa3BUBAThCA OYEHb OBICTPO M IUIOJAOTBOPHO, MPUYEM OCHOBHOE BHUMAaHUE
YAENSAJIOCh MUMEHHO XMMHUYECKUM acmnekTaM. B 3Tu rojibl ObUIM OTKPBITHI
MHOTHE BEILIECTBA C TUIIUYHO KOJIJIOMIHBIMU CBOMCTBaMuU. Bmecte ¢ Tem Oblin
pa3paboTaHbl PA3TMYHBIE METOJIbI OYMCTKM U CTA0WIM3AIMU  KOJUIOWJIOB
(HEOpraHM4eCcKHX, OpPraHWYeCcKUX U  OEJNKOBBIX BEIIECTB), CO3J/IaHBbI
OpUTMHAJIbHBIE U BBICOKOUYBCTBUTEIbHBIE METO/IbI 11 U3MEPEHUS pa3MEpPOB
YacTHL], MOBEPXHOCTHOIO HATSHKEHUS YHUCTBIX JKUJIKOCTEH U PpacTBOPOB,
CKOPOCTHU 3JIeKTpodope3a U psaa APYrux MapameTpoB KOJUIOMIHBIX CHCTEM.
OpnHako 1Mo Mepe OTKPBITHSA BCE HOBBIX KOJUIOMAHBIX cHCTeM runores3a ['pama
yTpaurBajia CBOIO MPUBJIEKATEIbHOCTb.

Ha cmeny eil npunuma xkowyenyus YHUBEPCANIbLHOCMU KOJIOUOHO20
(OucnepcHnozo) cocmosanus eeujecmea. Pemarouryro pojb B yTBEPKICHUH 3TON
KOHLIETILUKA ChITPAJIM  dKCIEepUMEHTalbHble paboTel mnpodeccopa CaHKT-
ITerepOyprckoro ropHoro wuHctutyTa ILII. Belfimapna (1906-1990 rr). Ha
MHOXECTBE IPUMEPOB OH II0KA3aj, 4YTO [JaXe THUIUYHBIE KOJUIJIOUIbI
(Hanmpumep, >KeJlaTHH) MOXKHO BBIACIUTh B KPHUCTAIUIMYECKOM BHUIEC W,
HAllpOTUB, W3  «KPUCMALIOUOHBIX»  BEUIECTB  MOXHO  TPUTOTOBHUTH
KOJUIOMJHBIM pacTBOp (Hampumep, MOBapeHHoW coiau B OeH3one). Ha
OCHOBAaHMM JTHX pe3yJbTaToB BeliMapH cdopmyanupoBan cleayromiee
nosioxkeHue: «Koanouonoe cocmosinue He a61s1emcs 00yCl061eHHbIM KaAKUMU-
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JUOO0 0COOEHHOCMAMU COCMABA Beujecmaa, Haobopom, ObLIO OOKA3AHO, YO O
KOIOUOAX MOMNCHO 2080pUMb KAK O MBEPOblX, MHCUOKUX, 2A3000PA3HbIX,
pPACmeopuUMbIX U Hepacmeopumuvlx gewecmeax. Ilpu onpedenenHvix ycio8usx
Kascooe seuecmso moxcem oObimb 8 KOANOUOHOM COCMOSHULY).

KoHmenmusi  yHMBEpCATBHOCTH 3HAYUTENIHHO pacmmpuia 00JacTh
00BEKTOB KOJ/UIOMJHOM XHMMHHM M OKa3ajga 3HAYMTEILHOE BIIMSHHE Ha €€
pasButrie. Ha mepBbIii mmaH OBUIO BBIABUHYTO TIOHATHE OUCHEPCHO20
COCMOsIHUSL 6ewyecmea WU KaK pe3yJbTaT — OCO3HAHUE GadiCHeuwiel pou
NOBEPXHOCMHbIX  sAGleHull. BeWMapH cyuTan HEOOXOJUMBIM  BOOOIIE
OTKa3aThCs OT TEPMHUHA «KOJLIOUO» W 3aMEHHUTH €r0 MOHATHEM «OUCNEPCOUOY,
a KOJUIOWJHYI0 XHMHUIO TMEPEUMEHOBATh B OUCHEPCOUOONIO2UI0 — KHAYKY O
CBOUCMBAX NOBEPXHOCMEl U NPOYeccax, HA HUX COBEPUUANOUUXCY. ITO
ompeesieHre 04YeHb OJIM3KO K COBPEMEHHOM TPAKTOBKE KOJUIOMJIHOW XUMHUU
KaK HAyKH O OUCNEPCHOM COCHMOSIHUU 8eUeCm8 C ONPeoesiomuM GlUIHUEM
nogepxuocmuvix seirenutl. C yTBEPKICHHUEM KOHIEIIIMK YHUBEPCATbHOCTH
MIPOMU30IIO CYIIECTBEHHOE CMEIICHUE IMPUOPUTETOB KOJUIOMIHONW XHUMHH.
['1aBHBIM HANpaBJIE€HUEM CTaJ0 M3YyYEHHE JHUCIEPCHOTO (KOJUIOMIHOIO)
coctostHus BemecTB. J[imst »TOoro HeoOXOoawMO OBLIO BBISICHUTB, KaKHE
CBOMCTBA JJOCTATOYHO IMOJTHO U OOBEKTHBHO XapaKTEPU3YIOT 3TO cOCTosiHUE. B
Hayaie XX Beka dTa mnpoOsieMa NpeAcTaBiIsjIach O4YeHb cloxHOU. He
cinyuaiino BunbereasM Boabdanr OctBanba (1853—1932 rr.), oquH U3 nepBbIX
HCCJIE0BATENIE U MPENOAABATENEH KOJUIOUAHOM XUMHUM, HA3bIBAJl €€ MUPOM
oootioennvix seauyun. OH TIUcal: «/Jo HedasHezo 8pemeHU Mbl He udel, Ymo
Medxncoy mamepueli 8 macce U mamepuei 8 MOJIEeKyIax cywecmeyem euje
yenvii  Mup 3ameuyamenvHvlXx  AeleHuu. Mbvl  kak-mo obowiiu  3mo
NPOMENCYMOYHOE yapcmeo c Upe38bIYAUHO MHO2OYUCTICHHbIMU
npeocmagumenisiMy, He 3HAs, UYMmo CMeNneHb OUCNePCHOCMU O0Ka3vléaem
3HauUmMenbHoe GIUAHUE HA CBOUCMBA, UMO MHO2UEe U3 CBOUCME KAK pa3 8
KOMIOUOHOU — cmenenu OUCNEePCHOCU — 8eujecmed  O00CmMUarom Cc80e2o
makcumyma uiu mMunumyma. Tonbko menepb mbl 3HaeM, 4mMo Kajicooe meio
npuobpemaem ocobvle c80UCMBA U OEMOHCMPUPYEm C80e00pA3Hble SA8IEHUS,
K020a e2o 4acmuyku Oovlle pazmepos MOIeKYl, HO 8ce dice euje maK Maibl,
YUMo UX HeNvb3s paziudumes 6 ONMmuyeckuti Mukpockon. Tonvko menepb
BLISICHUNIOCL 0COO0€e 3HAYEHUe pasmMepos, XApakmepHuiX OJisl KOJLIOUOHBIX
cucmemy.

[Tpumepno k 20-m rogam XX Beka CTajio SICHO, 4TO (pyHIAaMEHTaJIbHbIE
mpoOJieMbl KOJUIOMJIHOM XMMHHM B HOBOM ITOHMMaHUU €€ COJep KaHUs MOXKHO
YCJIOBHO pa3/ICJINTh HA TPU TPYIIIIHL:

1. Cocras, cTpo€HHE U CBOMCTBA KOJUIOMJAHBIX YACTHIL.
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2. BzaumopeiicTBUe YacTUll C JUCHEPCUOHHOW cpenod  (TJIaBHBIM
00pa3oM, C JKUJIKOCTSIMH).

3. KoHTakTHbIE B3aUMOJEHUCTBUS YaCTUILl APYT C APYTOM, MIPUBOJIAIINE K
00pa30BaHUIO KOJJIOUIHBIX CTPYKTYDP.

31ech, OTBIIEKAsICh Ha UCTOPUYECKUN IKCKYPC, YMECTHO BCIIOMHUTH, YTO
B Hauasie XX BeKa B KOJUIOUJIHYIO XMMUIO BOIILJIW WUJEU U METOJbI (DU3UKU U
¢usnueckoil xumuu. Tak Hayancss 3Tan  (QyHIAMEHTaIbHBIX OTKPBITHIA:
YCTAaHOBJICHA TETEepPOreHHass MNpUpoJa KOJUIOMAHBIX PACTBOPOB; OTKPBITO
CeAMMEHTAIIMOHHO- A1 (DY3MOHHOE PAaBHOBECHE B CYCIEH3MSIX U IMYJIbCUAX;
pa3paboTaH METOJ| OMNpeleieHUsT pa3MepoB KOJUIOMIHBIX YacTUI[ U
MaKpOMOJIEKYJl C TIOMOIIBIO YJIbTPAUEHTPU(YT; CO3JaHA KUHETHYeCKas
TEOpUs aACOpPOIMM U CTPOEHUS aJCOPOIIMOHHBIX CJIOEB IMOBEPXHOCTHO-
aKTUBHBIX BEIIECTB. B codeTaHmu C TEPMOJMHAMHUKON MOBEPXHOCTHBIX
apieHnii ['mbOca 3T pabOTBl COCTAaBWIM TEOPETHUECKH (yHAAMEHT
KOJUTOUJTHOW XUMUMU.

B nocnenyromuii nepuon (mpumepHo ¢ 1925 mo 1975 rr.) riaBHble
YCIIEXU KOJUTOMAHON XUMHUU ObUIM JOCTUTHYTHI HA MEPEKPECTKaxX C APYTUMHU
HayKaMd: (U3HKOW TBEPAOrO Tela U KUAKOCTEH, DIEKTPOXHMHEH,
TUAPOJMHAMUKON, OHOXMMHEN U PSIAOM TEXHOJIOTUYECKUX JUCLUIUIHH.
[IpuBeemM HECKOJIBKO SIPKUX MPUMEPOB: OTKPBITHE A PeKTa aacopOIHOHHOTO
MOHWXKeHUs TpouHocTu TBepAbiX Ten (ILLA. PeOunaep) u packJIMHUBAIOIIETO
naBiaeHuss B ToHkux 1wieHkax (B.B. Jlepsrun), wusydyeHue CTpoeHHUS
CBIBOPOTOYHBIX OeJIKOB METOIaMH ANEKTPOPOPETUUECKOTO u
afacopOuuonnoro a"anmms3a (A. Tuzenmnyc). KpynHeWmmm ycrnexoM ObLIO
noctpoenue B 1940-x romax T€OpUH YCTOMYMBOCTU JIMO(DOOHBIX KOJUIOMIOB
(b.B. Hepsrun, JI./. Jlannay, D. @epseit, 5. OBepbOek). XapakTepHas depra
ATOTO ATarna B Pa3BUTUU KOJUIOUIHON XUMHUU — pa3pabomra HAY4YHbIX OCHOB
npuknaonou koanouonou xumuu (I1.A. Pebunnep, W.B. IletpstnoB-Cokolios,
®.J] OBuapenko, M.IL. BomapoBuu wu j1p.). IlomyyeHHble pe3ynbTaThl
3¢ ()EeKTUBHO peanu3oBaHbl B TEXHOJOTHSAX (ioTamuu, moaurpaguu, B
MIPOU3BOJICTBE CTPOUTENIBHBIX Y KOHCTPYKIIMOHHBIX MaTEPUAJIOB U T. .

Bo3nukaer Bompoc: O KakoM ypOBHe OPraHM3alMM MaTepuu UAeT
peYb B KOJLJIOMIHON Xumuu?

B  gpyrux  XumMu4YecKMX ~ AMCHMIUIMHAX  CBOWCTBA  BEUIECTBA
paccMaTpuMBarOTCAd  HA  JABYX  YPOBHSIX  OpraHu3alMd  MaTEpUH:
maxpockonuyeckom (CBOMCTBA CIUIOMIHBIX (Da3) U moaekyiaprom (CTpOEHUE U
CBOMCTBA OT/EJbHBIX MOJEKYJ). B KOJJIOMTHONW XUMUM peYb HIAET O
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oucnepciom (pa3npoOIEHHOM) COCTOSIHUU BEIIECTBA, KOTJIA €ro YacTHIIbI
KpYIIHEE MOJIEKYJI, HO MEHbBIIIE MAKPOCKOIIMYECKUX TEI.

WUrtak, ™Mbl ynmoTpeOWIM HOBOE TIOHATHE «OUCNEPCHOE COCMOAHUE
gewjecmea», KOTOPOE€ MOXKHO Ha3BATh KOLIOUOHBIM COCMOAHUEM seujecmea. B
KOJUIOUTHOM COCTOSTHUM OOBIYHO CYIIECTBYIOT BCE peanbHbIe Tena. [loatomy
MOKHO TOBOPUTH O KOJIJIOWJHOM COCTOSHMU BEIIECTBA KaK O Gceoduyem
ocobom cocmoanuu mamepuu. KoJTOMAHOE COCTOSTHUE BEILIECTBA — 3TO TAKOE
COCTOSIHUE, B KOTOPOM BEHIECTBO HAXOJUTCS B BBICOKOJUCIEPCHOM (CHUIIBHO
pa3apo0IeHHOM) BUE, OTJEIbHBIE €r0 YAaCTHUIBI SBJSIOTCS HE MOJIEKYJIaMHU, a
arperaTaMi, COCTOSIIMMHU U3 MHOXKECTBA MOJIEKYJ]. Takum arperaram MOTyT
ObITh MPUIUCAHBI BCE TEPMOJUHAMUYECKHE CBOWCTBA (a3bl. Momekybl
Cpelbl, B KOTOPOW JMCHEPTrUpOBaHbl KOJUIOMJIHBIE YACTHIIBI, O00pa3yroT

npyryio dasy.

KakoBbI NpH3HAKHN KOJJIOMIHOIO0 COCTOSIHUS BelecTBa?

1. Onpenenennas creneHb pazapoOieHHOCTH (~1 HM-1 MKM) BeliecTBa
X0Td Obl B OJTHOM M3 TPEX M3MEPEHHi, MPU KOTOPOMl crucreMa mpuoOpeTaer
pan  crneuupUYeCKUX CBOMCTB, HE MNOpUCYIIUX (WM  BBIPAKEHHBIX
HE3HAYUTEIHHO) MAKPOCKOMMMYECKUM TeJIaM TOT'0 K€ XMMHUYECKOTO COCTaBa.

2. Hanmuune B cucreme JByx wuinu Oonee (a3, OrpaHUYEHHBIX
MOBEPXHOCTHIO pazjena (reTeporeHHOCTb, MHOTO(Da3HOCTB).

[Tonsarue «xonnoudy MPUMEHUMO K JIFOO0M CHCTEME, YIOBIICTBOPSIONIEH
yKa3aHHbIM TIpU3HAaKaM, HE3aBUCUMO OT €€ XHMMHYECKOro COCTaBa,
CTPYKTYpHO-()A30BOI0 M arperatHoro COCTOSHUS, a Takke MOPQOIOTHH.
Taxkum 00pa3oM, OCHOBHBLIMU NPUBHAKAMU KOLIOUOHLIX CUCTEM SIBISIOTCS
2emepo2eHHOCMb U OUCNEePCHOCHb.

B 1934r. H.II IleckoB B KkHuUre «®OU3HNKO-XUMHUUYECKHE OCHOBEBI
KOJUIOMJHOW Haykm» nmcan: «KommowaHas cucteMa €CcTb CHUCTEMaA
reTeporeHHas, T.e. MHorodasHas. C 3Toil MHOro(a3zHOCTHIO KOJUIOUIHBIX
CUCTeM U C TeM (DaKTOM CYIIECTBOBAHUS y HHUX MOBEPXHOCTH pazielia
CBSI3aHBl BCE CaMmble CYIIECTBEHHBIE U CaMbl€ XapaKTEepHbIE CBOMCTBa
KoJutonioB. [loaTOMy BCce Te SIBIIGHHS U 3aKOHOMEPHOCTH, KOTOPbIE UMEIOT
MECTO Ha IIOBEPXHOCTH pazjaeia ¢as, npuoOpeTaroT g Hac OOJIbIIoe
3HA4YCHHE, a, CJICIOBATEIILHO, TPEOYIOT CIEIHMATBHOTO U3YUCHHUS...»

Yem xe oO0bsicHseTC cBoeoOpa3ue CBOMCTB BellecTBa B
KOJIJIOWAHOM COCTOSTHMH?

[Ipexne Bcero, TemM, YTO B 3TOM COCTOSIHUM 3HAYUTENbHASI JIOJISI BCEX
MOJIEKYJI UM aTOMOB, COCTaBJISIIOIIUX BEIIECTBO, HAXOAUTCS HA HOBEPXHOCIU
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pasoena ¢haz; 3T MOJEKYJIbI SBISIOTCS «OCOOCHHBIMIWY» (OTIUYHBIMU OT TeEX,
KOTOpBbIE HAXOJATCA B 00bEMe, MPU TOM KE XUMHUYECKOM COCTaBE) Kak IO
MOJIOKEHUID B HECUMMETPUYHOM CHJIOBOM I10JIE, TAK U IO SHEPIreTUUYECKOMY
COCTOSIHMIO. B wWTOre BKJIaJ MOBEPXHOCTHBIX CHJI B CBOMCTBA CHCTEMBI
CYIIECTBEHHO MPEBOCXOAUT BKJIAJ OOBEMHBIX CBOWCTB COCTABJISIONIMX €€
BEILIECTB.

B npeabinymem Bompoce BBOAMTCSH TEPMUH «HOGEPXHOCHb pa3oeia
¢hasz». A 4TO OH 03HAYAET ¢ TOYKH 3PEHUSI KOJTOUTHOH XUMUU?

B otnuyme oT reoMeTpuYecKoro MOHSTHS MMOBEPXHOCTU, NOBEPXHOCHLb
pasoena ¢az 8 KONIOUOHOU XuMuy — 3TO TpaHUYHAS 00acTh MKy (hazamu,
CJIIOW ONpeNeNeHHON TOJIIUHBI, B KOTOPOM IPOUCXOJUT H3MEHEHHE
pa3JIMYHBIX CBOWMCTB OT 3HAYECHUH, XapakTEpPHbIX IS OJIHOW Qasbl, 10
3HA4YEHUH, XapAKTEPHBIX IS APYTOM.

Urtak, nosepxnocmv paszdena ¢az — 3TO HE MNPOCTO TpPaHUIlA, HE
uMerotnas ToamuHbl. Ha rpanuie pasznena dha3 GopMHupyeTCs TOBEPXHOCTHBIN
cioit  (meoxrcgpasnas nogepxHocmv) TOJMIMHON B OJMH WM HECKOJIBKO
MOJICKYJIIPHBIX pa3MepoB (IMaMeTpoB). TepMOIMHAMHYECKHE TMapaMeTPhI
Mex(}a3HOW TIOBEPXHOCTH OTJIUYAIOTCA OT aHAJOTHYHBIX IapaMeTPOB
o0beMHOM (ha3pl TOro ke BemiecTBa. Hampumep, Takas XapakTepuCTHKA, Kak
CTPYKTypa TOBEPXHOCTH JKHUJIKOCTH OylIeT OTJIMYaThCi OT CTPYKTYphI
KUAKOCTH BO BHyTpeHHeM oObeme. II.A. PeOunnmep ormeuan, dTO
MMOBEPXHOCTHBIC CJIOW Kakaou (a3el TommuHoi okono 0,5 Mm oOnagaror
0COOBIMH CBOMCTBaMH, TaK KaK HaXOISITCS B IOJI€ AECUCTBUS CHUJI COCEIHEH
¢ba3bl.
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C n1noHfITHEM  «HOBEPXHOCMDB»  CBSA3aHO  NpeEACTABJIEHHE O
nosepxHocmuulx sAeaeHuax. Yto takoe nosepxnocmuvle A6j1eHus U B 4eM
NPUYMHA UX BOBHUKHOBEHHSH ?

Ilosepxnocmuvie sa61eHUss — 3TO TPOILECCHI, BO3HMKAIONIME Ha OO0
TPaHUIIe pa3zeia JABYX WM HECKONBKUX (a3 M MPUBOANINE K M3MEHEHHUIO
CBOMCTB BEILECTB MpHU IMEPEX0oJe OT MPOTSKEHHOTO Tena K MexpasHbIM
MOBEPXHOCTHBIM CIIOSIM.

OTU  sBIEHUA OOYCJIOBJIIEHBI TEM, UYTO KOHTAKTUpYHOIIHE (a3bl
pa3IUYarOTCs MO CTPYKTYpe U, COOTBETCTBEHHO, MO (HU3UKO-XUMHYECKUM
cBoiictBaM. CrnefoBaTenbHO, CHIIOBOE TOJIE, IEHCTBYIONIEE HA CTPYKTYPHBIC
AJIEMEHTHl BeliecTBa (MOJIEKYJIbI, MOHBI, aTOMbI, ATOMHBIC TPYNITHPOBKH,
aCCOIIMATHI), KOTOPHIE HAXOATCS B MTOBEPXHOCTHBIX CIIOSX M KOHTAKTHPYIOT C
apyrumu ($azamu, OyJIeT OTIMYAThCS OT CHUIIOBOTO TIOJS, KOTOPOE JNEHCTBYET
Ha CTPYKTYpHBIE DJIEMEHTHl BellecTBa B oObeme Tena. M uem Oonvuie
pasauyus 8 ceolcmeax ¢haz, mem cuibHee 0YOYM BbIPANCEHBI PA3IUYUSL 8
CBOUCMBAX MeHCPHA3HOU NOBEPXHOCMU U 00beMA KAHCOOU U3 (has.

HawnGonee HarmsiIHO TIPEACTaBUTh MOBEPXHOCTHBIC SIBJICHHS MOYKHO Ha
MpUMEpPEe TPaHUIIBI pa3jiena KUAKOCTh/Ta3. B 00beMe )XUAKOCTH Ha KaKIYIO
MOJIEKYJy ~JI€UCTBYIOT OJMHAKOBBIE MO BEJIMYMHE CHUJIBI  B3aUMHOIO
OPUTSDKEHUST CO  CTOPOHBI COCEJHUX MOJIEKYJd, T.€. CHJIOBOE TIoJie
cumMMeTpudHO. [loaTomy cpeHue BO BpeMEHU PaBHOACHCTBYIOIIME STUX CHII
paBHbI HyJII0. MOJEKYJNbI, pacHoJIO)KCHHbIE B IOBEPXHOCTHOM  CIIO€
KUJIKOCTH, UCTIBITHIBAIOT MPUTSKEHUE CO CTOPOHBI HAXOMSIIUXCS TOJ] HUMH
«OOBEMHBIX» MOJIEKYJI, HO 3TO MPUTSKEHUE KOMIIEHCUPYETCS JIMIIb YaCTUIHO
WX TPUTSDKCHHEM K MOJIEKyJIaM Ta30BOM Cpembl W3-3a HU3KOW TUIOTHOCTH
Bo3myxa W ruapodoOHOCTH ero Mojekyn. [lodTomy sl MOBEPXHOCTHBIX
MOJIEKYJT KUJIKOCTH PABHOACHCTBYIOIIAs MOJICKYJISIPHBIX CHJI HE paBHA HYJIIO
W HampaBjJeHa BHYTPb KUAKOCTH. WHBIMH CJIOBaMH, MOJEKYJIbl B
MMOBEPXHOCTHOM  CJIO€  HAxXOJATCI B  JIBYMEPHOM  DHEPreTUYECKU
HECKOMIICHCUPDOBAaHHOM  COCTOSIHUM B OTJIMYHE OT  TPEXMEPHOIO
(KOMIIEHCHPOBAHHOTO) COCTOSIHMSI MOJIEKyl B oObeme. Takum oOpazowm,
MOJIEKYJIbl MMOBEPXHOCTHOTO CJIOsi O0JaAar0T M30BITOYHOM MOTEHIMAIbHON
sHEpruer (OTMETUM, YTO PHEPTHUS YACTHUIL TIOBEPXHOCTHOTO CJI0SI B HEKOTOPbIX
Clly4yasix MOXXET ObITb M MEHbIIE CpeJHEH SHEepPruM 4YacTull B 00BEMeE).
Bnusaue mnoBepxHocTH pazgena (a3 Ha CBOWCTBA JUCIEPCHBIX CHCTEM
CBA3aHO MMEHHO C HaJM4YMeM Ha MeX(]a3HOW MOBEPXHOCTH H30BITOYHOU
SHEPruu (IOBEPXHOCTHOM SHEPTUN).
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Bce  ocoO0eHHOCTM  OHMCHIEPCHBIX  CHCTEM,  CBSiI3aHHbIE €
NMOBEPXHOCTHBIMHU SIBJICHUSIMM (HANPUMeEpP, NMOBEPXHOCTHOE HATSIKEHHE,
CIMOCOOHOCTH K aJ1COPOIUHU, BHICOKASI PEAKIIMOHHAS CMIOCOOHOCTH H T. IL.),
00ycJIOBJIeHbI H30BITOYHOW JHepruei, KOTOPOil 00/1aJal0T aTOMbI H
MOJICKYJIbI B IOBEPXHOCTHBIX CJIOAX, [0 CPABHEHHI) € aTOMaMH M
MOJIeKyJaMHu B TjayOnHe Tejia (B 00beMe), a TakiKe MAaJbIM pa3Mepom
yactull. biiarogaps u30bITOYHOM INMOBEPXHOCTHOH JYHEPIrMM U MAJIOMY
pasMepy 4YacTHI BelIeCTBO B MCIEPCHOM COCTOSHUM IpUHOOpeTaer
YHUKAQJIbHbIE CBOICTBA. JTH CBOICTBA 4YeJI0BeK C [PEeBHUX BpeMeH
HCIO0JIb3YyeT B NMOBCEJIHEBHOM KM3HM (YacTO JaKe He 3aAyMbIBAsiChb 00
3TOM), B Hayke M mnpousBoactBe. be3 comHenusi Bam Toxe 3HAKOMBI
TaKHe MPpUMepBbI.

Bcnomuure, xak Bbl nmoctymaere mpu pas:xuranuu kocrpa. ims Toro
9TOOBI pa3Ke4yb OTOHb, Bhl HE OepeTe TOJICTHIN KapTOH WX TOJCTHIC BETKH, a
UCIIOJB3YETEe TOHKYI0 OymMary W MEJKUE IIENKH, KOTOPhIE€ BOCILUIAMEHSIOTCS
ropazno Jerye. KM 4YeM TOHbBIIE IIENKH, TEM JErde MPOUCXOJUT
BOCIJIAMEHEHUE. DTO OOBSACHSIETCS TEM, UTO C YMEHBIIICHHEM pa3Mepa IICTKH,
C OJIHOM CTOPOHBI, YBEJIMYMBACTCS IUIONIAAb KOHTAKTAa MOJEKYJ BO3AyXa C
MaTepuajoM JIPEBECUHBI, a C JAPYroil CTOPOHBI, YBEIWYUBACTCS OIS
pPacIoJIOKEHHBIX HA TOBEPXHOCTH IIETKH MOJIEKYJ, KOTOpble O0JaJaroT
NOBBIIIEHHBIM ~ 3allaCOM  JHEPIMU M, COOTBETCTBEHHO, IOBBIIIEHHOW
PEaKIMOHHOM CIIOCOOHOCTHIO, B TOM YHMCJIE U B Ipoiiecce ropeHus. M3BecTHbI
CJIy4au, KOrJa B3BECh OUCHb MEJIKOM JPEBECHOM, CAXapHOW WJIM MYYHOH IbLIN
B BO3/lyX€ B3PbIBACTCS OT UCKPHI, T. €. TOPEHHUE B 3TOM CIIy4ae IMPOUCXOJHUT C
Ype3BbIYaitHO 00JbIION ckopocThio. Tak, 10 r Myku mnm kpaxmana uian 35
caxapa, pachblICHHbIC B 1 M’ BO3/LyXa y)e COCTAaBIIIOT B3PBHIBUATYIO CMECh.
I[Ipu cropannu | T pacmblIEHHOro caxapa B 3,7 AIM° BO3IyXa TeMIEpaTypa
noxoaut jo 4300 °C, a gaBnenue — g0 20 aTm.

AHaJIOTMYHbIE 3aKOHOMEPHOCTU CIPABEJIMBBI HE TOJBKO IS Mpolecca
TOpeHUs, HO W A BCeX (UBUKO-XUMUUYECKUX MPOILECCOB (XUMUYECKUX H
ANEKTPOXUMHUYECKUX pEeaKUi, pacTBOpeHus u ap.). Hanpumep:

-pacTBOpPEHHE BEUIECTB MPOUCXOAMUT Topa3fo ObICcTpee IMocie HX
U3MEJbYCHUS;

-TIOBBIIIICHHAs] PEAKIMOHHAs CIOCOOHOCTh BBICOKOIAMCIEPCHBIX YaCTHUIL
LIMPOKO HCIIOJB3YETCS B IPOMBILIJIEHHOCTH Il CUHTE3a BBICOKOAKTHUBHBIX
KaTaJau3aTopoB;

-BEJIMYMHA CUTHAJIa BCEBO3MOKHBIX JATYMKOB M CEHCOPOB HA JCHUCTBUE
OTPABISAIOIINX U TOPKOYUX Ia30B, HOHOB, CBETA U APYTHX BUIOB U3IYyUYCHUS
BO3PAcCTaeT BO MHOTO Pa3 MPH HCHOJIB30BAHUHM B Ka4€CTBE UYyBCTBUTEIIBHBIX
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AJIEMEHTOB MAaTepUajloB, IMOJYYEHHbIX B HaHopazMmepHoM (1-100 Hm)
COCTOSIHUU;

-JI7Is1 TPOBeIeHUsI TBEP10(a3HBIX CHHTE30B (CIIEKaHUE TBEPABIX OKCHUIOB,
METaJUVIOB C OKCHJAMU M T.II.) pEarupyrollue BELIECTBa MPEIBAPUTEIBHO
THIATEIBHO U3MEIBYAIOT, YTO MO3BOJISIET CYIIECTBEHHO CHU3HUTH TEMIIEPATypy
CHHTE3a, M30€KaB TEM CaMbIlM OTPOMHBIX 3aTpaT SHEPTrUU; KpPOME TOTO,
MHOTJIa TeMIlepaTypa B3aMMOJCIHCTBUS pEareHTOB B MAacCHUBHOM (HE
pa3apo0JIEHHOM) COCTOSSHUM MPEBBIIIAET TEMIEPATYpPY HUX pPAa3joKEHHUs, U
MIPOBECTH CHUHTE3 B TAKUX YCIOBUAX HEBO3MOXHO.

BaxxHo oOTMeTHTb, YTO TMOJy4YE€HHWE MaTEpPUAJIOB B HAHOPA3MEPHOM
coctostHus (1-100 HM) TPUBOAUT HE TOJIBKO K IMOBBIIIEHUIO UX PEAKIIMOHHON
CIIOCOOHOCTH, HO M K H3MEHEHHUIO LENOoro psaa ux (U3HKO-XUMHYECKHX
CBOMCTB, YTO B HEKOTOPBIX CIIy4asiX MOXKET BbI3BATh NU3MEHEHUE MEXAaHU3MOB
pPa3JIMUHBIX pPEaKlUHMil C y4YacTUEM TaKuX CHUCTeM. JlaHHO€ YTBEpKICHHE
OCOOCHHO CHpPaBEUIMBO JUIsl TMPOIECCOB C YYaCTUEM HaHOPA3MEPHBIX
MOJTYTPOBOTHUKOBBIX MaTepualoB, AIEKTPOHHAs CTPYKTypa u,
COOTBETCTBEHHO, CBOMCTBAa KOTOPBIX YPE3BBIYAMHO UYYBCTBUTEIbHBI K
a7COpOLIMM Pa3IMYHbIX BEIIECTB U JEHCTBUIO M3IyYEHUN. XOpPOIIO U3BECTHO
TaKXke, 4TO JIJIi MHOTUX METaJUIOB U MOJIyNnpoBOAHUKOB (Ag, Au, Pb, Sn, In,
Bi, Ga, CdS) naGmntonaercss CUIIbHOE MOHWKEHUE TEMIIEpaTyphl IJIaBICHUS
P UX MIEPEBOJIE B HAHOPA3MEPHOE COCTOSHUE.

[ToMUMO pacCMOTPEHHBIX BBINIE YHUKAIBHBIX CBOMCTB JAUCHEPCHBIX
CUCTEM, CBSI3aHHBIX C MOBEPXHOCTHBIMH SIBJICHUSIMU, MOXHO BBIJICIUTH PSiJI
cnenupUYecKux CBONCTB JHMCHEPCHBIX CHUCTEM, KOTOpPbIE OO0YCIOBJIEHBI
MMEHHO MaJIbIM pa3MepOM YacTUIl U MaJIOW mMaccoil (ONTHUYeCKHe CBOWCTBA,
b dysus, cenuMenTanus). Takue cBolcTBa OyayT PaCCMOTPEHBI HIKE.

HHoraa roBopsT, YTO KOJUIOUIHAS XUMHUS — 3TO pa3ae (pu3n4ecKou
xuMud. Tak JM 3T0 M KakoBa CBA3b KOJUIOMJAHOW XHMHHM C JAPYrUMHU
HAyKaMu?

[TepBoHauanbHO KOJUIOHUJIHAST XWMMHS ObUla TPATUIIMOHHOW COCTaBHOM
4acTelo ¢uznyeckor xumuu. OJHAKO MO MEpe Pa3BUTUSI UHCTPYMEHTAIbHBIX
METOJIOB MCCJICAOBAHUSA U PaACHIUPEHUs 00JIaCTel MPUMEHEHUs] TUCTIEPCHBIX
CHCTEM KOJIJIOMIHASI XMMHS CTaJIa CAMOCTOSITEILHOM 00JIaCThIO 3HAHHUIA.

Bcenencreue 0ONBIIOrO YHMCIa OOBEKTOB, OXBATBIBAEMBIX KOJIIOMIHOM
XMMHUEW, W €€ 3aJad NpOsBISACTCA TEHACHIMA, C OJHOW CTOPOHBI, K
MPUBJICUCHUIO METOJOB CHUHTE3a W MCCICAOBAHUS CTPYKTYpPbl BELIECTB W3
JIPYTUX HAYK HApSy C KIACCUUECKUMU KOMNOUOHO-XUMUYECKUMU Memooamu
(ompeneneHue MOBEPXHOCTHOIO HATSKEHUS M MOBEPXHOCTHOTO JIABJICHUS,
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YJIBTPAaMUKPOCKONUS, AUAIN3, YIbTpaduiabTpalus, AUCIIEPCUOHHBIN aHaIu3,
MOPOMETPHUSI, paccessHUE CBeTa, AeKTpodope3). B uactHocTH, B HacToslIEe
BpEMs B KaU€CTBE 3KCIEPUMEHTAIBHBIX METOJO0B HCCIEAOBAaHUS AUCIEPCHBIX
CUCTEM NPHUMEHSIOTCS COBPEMEHHBbIE (U3MUYECKHUE METOJbl HMCCIEIO0BaHUA,
Takhue KaK PEHTIeHOBCKas (oTodnekTpoHHas crekrpockonusa (PDOIC),
AIEpHBId MarHuTHBIA pe3oHaHc (SMP), snexkTpoHHBI NapamMarHUTHBIA
pesonanc (JIIP), sinepHbiii ramma-pesonanc (AAI'P wim meccOGayspoBckast
cnekTpockonusi) uHdpakpacHas (MK), ontuueckas u yibTpaduosieToBas
(Y®) cnextpockonuu, CKaHUpyroWlas 3JeKTpoHHas Mukpockonus (COM),
[IPOCBEUMBAIONIAS  JJEKTPOHHAS MMKPOCKOIIMSI BBICOKOTO  pa3pelleHus
(OMBP), 31eKTpOHHO-30HOBBIE METO[bI, (IyOpecLeHTHasT MHKPOCKOIUS,
AJUIAIICOMETPUS U JIP.

C npyroil CTOpOHBI, MMEETCS TEHACHLMS K BBIJCICHUI0 HEKOTOPBIX
pa3zenoB KOJUIOMJHOM XMMHH B CaMOCTOSITEIbHBIE HAYyYHbIEC TUCLUILIMHBI U
HCIIOJIb30BAHUIO €€ METOJOB M MJIeH B CMEXHbIX oOyacTsax Hayku. Tak, u3
KOJUTOMJTHOM XUMUU BBIJICIUIACH PuU3UUecKas XUMus pacmeopos noiumepos;
B 3HAYUTEJIBHOW MEpE CaMOCTOSTENIbHO Pa3BUBAIOTCS HAYKa 00 aspo30.iXx,
XUMUSL NOBEPXHOCMU, XUMUS YIbMPAOUCNePCHbIX cucmem (B TIOCIETHUE TObI
HAHOXUMUS1); HEKOTOPbIE KOJUIOMAHO-XUMHUYECKUE MPOOIEMBI, CBSI3aHHBIE C
u3yyeHueM (GyHKUMOHUPOBAHUS OHMOJOTMYECKUX MEMOpaH U JIUIIOCOM,
M3YUYAIOTC PUBUKO-XUMUYECKOU Ouonozueld, OUuopuuKou N 21eKmpoxumuelt
MeMOpan.

Bomnpocs! Aj1s1 CAMOKOHTPOJISA 3HAHMH M0 MaTepuaiy 1-if Jekuuu

He 3a6yobme, umo 01151 omeéema Ha s3mu 60npocwsl, Bam Heobxooumo
npouumams 1-10 1eKyuro ONOPHO20 KOHCNEeKMA No KOJIOUOHOU XUMUU U
BHUMAMENbHO NPOCYUAmMb JeKyuio npenooasamerst!

1. JaiiTe ompeneneHHe W HA30BHTE OOBEKTHI MCCIECIOBAHUS KOJUIOHUIHOMU
XUMUH.

2.  OxapakTtepusyiiTe 3Ha4Y€HUE KOJUIOMTHOM XHMMHHM JUISI Pa3BUTHS
IIPOMBILICHHOCTH, HAYKH, OXPaHbl OKPYKAOIIEN CPEBI.

3. Tperun nepuon, KOTOPBIM MOKHO BBIIEIUTH B HUCTOPUM KOJUIOWIHOU
XUMHH — 3TO Pa3BUTHE COBPEMEHHOU KOJUIOMIHOW XUMUHU. Y KAXKUTE JBA
IPEABIIYIINX MIEPUOJA U HA30BUTE OCHOBHBIE ATallbl 1 UMEHA YUYEHBIX, C
KOTOPBIMU CBSI3aH TPETUi nepuoi. YeMy ObLIM MOCBSIIEHBI UX pabOThI?

4. KaxkoBbl TEHAEHLNHU PA3BUTHSI COBPEMEHHOW KOJUIOMAHON XUMHM?

YTo Takoe KOJUIOUJHOE COCTOSIHUE BEIIECTBA, U KAKOBBI €r0 IIPU3HAKU?

6. Kak Brl nymaere, Kkakol W3 NPU3HAKOB JUCIEPCHBIX CUCTEM SIBISETCSA
0oJsiee yHUBEPCAIbHBIM: F€TEPOr€HHOCTb WM JucnepcHOCTh? [Touemy?
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[Ipogomxkure psAx NPUMEPOB MaTepUd B KOJUIOMJIHOM COCTOSTHHUU:
turorpadckasi Kpacka, HMPOAYKThl IMHTAHUSA, TyMaH, IayTHHA, I10YBa,
MHKPOOPTaHU3MBI, CTPOUTEIbLHBIE MaTepHUaJIbl, TKAHU, PACTBOP Kpaxmaja
WM IUMYHOTO OeIKa B BOJE...

KaxoBa cBA3b KOJIOMIHON XUMUU C APYTUMHU HAyKamMu?
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JIEKIIASA 2

«Cmenend OUCNEPCHOCTUL eCb MOALKY 00UH U3 ZAABHBLX
NPU3HAKO8 — KOAAOUOHOZ0 — COCMOSHUS, U  MHOZUe
C601CMBa OUCNEPCHBIX, CUCTEM SI6ASIOMCS PyHKUUET UX,
cmenenu OucnepcHoCmuLy

C.M. Aunamos

HUrak, u3 marepuana mnpeabiayineil Jekuuu Bbl J0KHBI ObLIH
YCBOMTb, YTO COBPEMEHHAA KOJIOUOHAA XUMUA — IMO KPYHHAA 001acmb
XUMUYECKOU HAayKu, U3yyalouwas ceolucmea eeuiecmed 6 OUcCnepcHom
COCMOAHUU U NOBEPXHOCHIHbIE AGIEHUA 8 OUCHEPCHBIX cUcmeMax. A 4To
’Ke TaKoe JUCIepPCHbIe CHCTeMbI?

Jucnepcuvie cucmemvbl — 3TO T€TEPOTEHHBIE CUCTEMBI, COCTOSIIUE W3
JIBYX WIH OOJBINET0 uncia (a3 ¢ CHIBbHO Pa3BUTOM MOBEPXHOCTHIO pasfena
Mexay HUMH. OcoOble CBOMCTBA TUCHEPCHBIX CUCTEM O0YCIOBIEHBI UMEHHO
MaJIbIM pa3MEpPOM YacTHIl U HATUYHEM OOJbULOU MeHcPa3HoU nosepxXHOCIU.
B cBs3M ¢ 3TUM ONpeAensitouMMu ABIISIFOTCS CBOMCTBA MOBEPXHOCTH, a HE
YacTHI] B LEJIOM. XapaKTEPHBIMU SIBISIOTCS HpPOYeccyvl, Npoucxoosiujue Ha
nogepxHocmu, a He BHYTpH (a3bl. OTCIofa CTAHOBUTCS IMOHSATHBIM, MOYEMY
KOJUIOUAHYIO XUMUIO HA3BIBAIOT U3UKO-XUMUEl NOBEPXHOCMHBIX AGIeHUU U
OUCNEPCHBIX CUCTNEM.

Oco0eHHOCTh TUCIIEPCHBIX CUCTEM COCTOUT B UX AUCHEPCHOCTH — OJHA
u3 ¢a3 00s3aTeNbHO JOJKHA OBITh pa3ApOOJICHHOM, €€ HAa3bIBAIOT OUCNEPCHOL
¢gazon. CrulonHasi cpea, B KOTOPOH pacrpeneseHbl YacTHIbl JTUCIEPCHOM
(daspl, Ha3bIBACTCS OuUCnepCcuoHHou cpeoou. daza cUUTACTCS TUCIIEPCHOM,
€CJIM BEUIECTBO pa3apo0eHo X0Ts Obl B OHOM HampasiieHuH. Eciu BemiecTBo
pa3apoOseHO TOJNBKO MO BBICOTE, 00pa3yloTcs IJICHKW, TKAHU, TUIACTUHBI U
T. A. Eciin BeniecTBo pa3apo0sieHO U MO BBICOTE W IO LIMPUHE, 00pa3yroTCs
BOJIOKHA, HUTH, Kanuuisipbl. HakoHel, eciau BelecTBo pa3apo0iieHo 0 BCEM
TpeM HampaBJIEHUSIM, JUcCIiepcHas (a3a COCTOUT U3 NUCKPETHBIX (OTIEIbHBIX)
qyacTull, popMa KOTOPBIX MOXKET ObITH CAMOIl pa3HOOOPA3HOA.

Kakue npu3Haky MOKHO MOJIOKUTH B OCHOBY KJIacCH(PUKAIUU
AUCIIEPCHBIX CUCTEeM?

JlucriepcHple  CHCTEMBI MOJXKHO  KJIACCH(UIIMPOBATh IO MHOTHUM
MpU3HAKaM, 4YTO CBS3aHO C OrPOMHBIM MHOXECTBOM OOBEKTOB, KOTOpPBIC
M3y4aeT KOJUTOMAHAs XuMHs. B KadecTBe OCHOBHOTO KJIaCCHU(MUKAITMOHHOTO
MpU3HAKa MOYKHO BBIICTTUTH pazmep 4acmuy TACTIEPCHOM (asbl:
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-I'pybooucnepcuvle (> 10 MKM): caxap-TieCOK, TPYHTBI, TyMaH, Karljiu
JOK 151, ByJIKAHUYECKUH Teres, MarMa u T. 1I.

-Cpeoneoucnepcuvie (0,1-10 MKM): SpUTPOIUTHI KPOBH YEJIOBEKA,
KUIIeYHas AJI0YKa | T. T.

-Bvicokooucnepcuvie (1-100 HM): Bupyc rpumnma, AblM, MYyTb B
MPUPOAHBIX BOJAX, UCKYCCTBEHHO IOJIYYEHHBIE 30JIM Pa3IUYHBIX BEIIECTB,
BOJHBIE PACTBOPHI IPUPOAHBIX MOJUMEPOB (aJTbOYMUH, KE€JIATUH U JIP.) U T. II.

-Hanopasmepusvie (1-10 HM): MOJeKyJia TIIMKOT€HA, TOHKUE TIOPbI yTJis,
301 METaJUIOB, MOJYy4Y€HHbIE B MPHUCYTCTBUU MOJEKYJ OpPraHUYECKHUX
BCI[ECTB, OTPAHUYMBAIONIUX POCT YaCTHI], YIJIEPOJHBIE HAHOTPYOKH,
MarHUTHbIC HAHOHUTH U3 KeJe3a, HUKENS U T. 11

3/1ech OTMETHUM, YTO KJIacCU(DUKALNUIO TUCTIEPCHBIX CUCTEM IO pa3zMepy
YaCcTULl Mbl PAaCCMAaTPUBAEM IIEPBOM HE CIy4YauHO. MmeHnHO pazmep yacmuy
(tunetinbiti pazmep, a HE BEC M HE YHUCIO YacTUI[ aTOMOB B yacTuiie!)
ABNAEMCA BANCHEUUUM KOULECTNEEHHbIM NOKA3ameneM OUCNEPCHBIX CUCTEM,
onpeoensaowumM ux Kadecmeennvie ocobennocmu. Ilo mepe H3MeHEHUs
Pa3MEPOB YACTHUILl U3MEHSAIOTCA BCE OCHOBHBIE CBOMCTBA JIUCIIEPCHBIX CUCTEM:
peaklMoOHHasA, aJCOPOIMOHHAs CIOCOOHOCTh; ONTHYECKHE, KAaTAIUTHUYECKHUE
cBorictBa U T.J. COBpEMEHHAsl KOJUIOMJHAS XUMHUS H3y4daeT IUCIEPCHBIC
CUCTEMBI C IIMPOKHM JUANA30HOM Pa3MEpPOB YACTHIL: OT 2pyOOOUCHEPCHBIX
g10'6-10'4 M) 10 6bICOKOOUCNEPCHBIX WIN COOCTBEHHO Komtoudnsix (107-107

M).

B kakoii o0s1acTu pa3mMepoB crienupuuecKkre CBOMCTBA TUCIEPCHBIX
CHCTEM MPOABJAITCH 0CO0EHHO HHTEHCUBHO?

B o6mactu KOJIJIOMJHOW CTENMEHW ITUCHEPCHOCTH, T.€. B 00JacTu
pasmepoB oT | HM g0 0,1 Mxm. I[lo pa3mepy yacThll KOJUIOUIHBIE CHCTEMBI
3aHUMAIOT MPOMEXKYTOUYHOE IMOJIOKEHUE MEXKIY TpyOOJUCHIEPCHBIMU H
MOJIEKYJISIPHBIMU CUCTEMaMU. MOKHO CUMTaTh, YTO B KOJUIOUMIHBIX CUCTEMAaX
JIOCTUTAETCSl BBICIIAS CTEMEHb Pa3APOOJICHHOCTH BEIIECTBA, MPU KOTOPOW
COXpaHSIETCs MIOHATUS «Paza» U «2emepo2eHHOCmby. Y MEHbBIIIEHHUE Pa3MEPOB
YaCTHIl €IE Ha MOPSAJOK EPEBOJUT CUCTEMbI B TOMOT'€HHBIE.

BemiecTBa, mosiydeHHbIE B KOJUIOMJHOM COCTOSIHMM, Kak MPaBUIIO,
oOmamatoT Oojiee WHTEHCHUBHOW OKpAackoil, OonblIell MPOYHOCTHIO H
TBEPJAOCTHIO MO CPAaBHEHUIO C MACCUBHBIMU TE€JIaMHU TaKOI'0 k€ XHUMHYECKOTO
cocraBa. MHOrMe BEIIECTBA, NPAKTUYECKH HEPACTBOPUMBIE, 3aMETHO
PacTBOPSIIOTCS, HAXOIACh B BBICOKOJAMCIIEPCHOM cOCTOSIHUM. [Ipu yBennuenuun
CTENEHU JUCIEPCHOCTU BEIIECTB, HAPSAY C U3BMEHEHHEM YKa3aHHBIX CBOWCTB,
NOSIBIIIFOTCS M COBEPILIEHHO HOBBIE, XAPAKTEPHBIE TOJBKO ISl KOJUIOMIHOTO
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COCTOSIHUS CBOMCTBA. Takue CBOWMCTBA CBSI3aHbBI IJIaBHBIM 00Pa3oM € T€M, YTO
CTPYKTypa MEJIKUX YaCTHIl, COCTOSAIIUX M3 HEOOJBIIOr0 Yuciia aTOMOB HIIU
ATOMHBIX TPYNIIUPOBOK, OTJIMYACTCS OT KPUCTAJUIMYECKOM CTPYKTYpPbI
o0veMHBIX ¢a3. [Ipyn u3mMenpueHn: TBEPABIX MAaTEPHAIIOB 10 HAHOPA3MEPHOTO
COCTOSIHUSI HAOIIOJIaeTCsl MEepPeXoj]] OT 30HHOW 3JIEKTPOHHOM CTPYKTYphI K
Ha0Opy OTIEIBHBIX AJIEKTPOHHBIX YPOBHEH, UTO, HAPSTY C TMTOBEPXHOCTHBIMH
SIBJICHUSIMH, OOYCJIOBIMBAE€T BOBHUKHOBEHUE HETUITMYHBIX I 00bEeMHBIX (a3
ANEKTPOPU3UYECKUX,  aJICOPOIMOHHO-KATAIMTUUECKUX U ONTHYECKHUX
cBoiictB. Tak, a-Fe,O;, sBistounuiicss MOJynpOBOJHUKOM #-THUMA, Oyaydu
MIOJIy4YEHHBIM B BUJI€ TOHKHMX IIJIEHOK B BBICOKOJUCIIEPCHOM COCTOSIHUU, BEJET
cebst Kak TONYyNpOBOAHUK  p-Tumna. O(PPEKTUBHOCTH H  XapakTep
B3aMMOJICUCTBUS CyOCTpaTa ¢ KaTaau3aTOPOM 3aBUCUT OT €ro KOJUIEKTHBHBIX
AJIEKTPOHHBIX CBOWCTB — PACITOJIOXKEHUSI IHEPreTUUECKUX 30H U JIOKAJIBHBIX
YPOBHEMN 3IEKTPOHOB, pabOThI BbIXO/IA AJIEKTPOHA, KOHIEHTPALIMK HOCUTEIICH
TOKAa M JIp., KOTOpPbIE B CJIy4dae KOJUIOMAHO-IAHMCIEPCHBIX MATEPHUAIOB B
ONPEAEISAIOTCA UMEHHO X IUCIEPCHOCTHIO U COCTOSIHUEM MTOBEPXHOCTH.

Yem ke o0O0bsICHAETCHA cBOeoOpa3ue CBOMCTB BellecTBa B
KOJIJIOUAHOM COCTOSTHMHU?

Pe3koe M3MeHEHME CBOMICTB BEIIECTBA C IOBBIIIEHUEM AUCIEPCHOCTH
CBS3aHO C OBICTPBIM YBEJIMYEHUEM CYMMAapHOW MOBEPXHOCTH pa3zeiia MEXIY
JacTULaMU U cpeaoi. bosblas MOBEpXHOCTh pa3ziesia co34aeT B KOJIOMIHBIX
cuctemax OOJIBILION 3amac NOBEPXHOCTHOM sxepeuu [ubbca, KOTOPBIA Jenaer
KOJUIOUJHBIE CUCTEMbI TEPMOJUHAMUYECKA HEYCTOMYMBBIMH M YPE3BbIYAITHO
pPEaKIMOHHOCTIOCOOHBIMU. (A Bbl 6cnomnunu, Kakoe onpeodeienue IHepeuU
T'uboca oaemca 6 Kypce (u3zuueckoii xumuu?) B >TUX cuCTEMAX JETKO
MPOTEKAIOT CAMOIIPOU3BOJIbHBIE IPOLIECCHI, TPUBOASILINE K CH)KEHUIO 3araca
MOBEPXHOCTHOM HHEPruu: aAcopOlus, Koaryisuus (ClIumaHue 4YacTull),
oOpa3oBaHHE€ MAaKpOCTPYKTyp, B TOM YHCI€ CAMOOPraHU3YIOIIMXCA
BBICOKOJIUCIIEPCHBIX HAHOCTPYKTYp. Takum o00pa3om, camble Ba)KHbIE U
HEOTHEMJIEMBIE UYEPTBI BCAKOW JMCHEPCHOM CHCTEMBI — 2€mepoceHHOCHIb W
8bICOKAsL OUCNEPCHOCMb — TIOMHOCTBIO ONPEIENISIOT CBOMCTBA U IOBEJCHHE
ITUX CHCTEM.

OnHolt W3 LEHTPAIbHBIX MPOOJIEeM KOJUIOUTHON XUMUU SIBIISIETCS
pacCMOTPEHHE M3MEHEHMsSI CBOMCTB IO MEpe YBEJIMYEHUS CTEIEHU
pa3apobreHHocTH  (gUcmepcHOCTH) — auchepcHo  ¢aszel.  [oBops o
pa3apo0IeHHOCTH HEOOXOAMMO 3HATh €€ KOJIMUYECTBEHHYIO XapaKTePUCTHUKY .
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Kakue oOCHOBHbBIE XapPAKTEPUCTHKH SIBJISKOTCH KOJMYECTBEHHOM
Mepoii pa3apo0JIeHHOCTH BemecTBa?

Nx tpu:

1. Xapaxmepucmuueckut pasmep yacmuy — a; [CM, M].

Jst chepudeckux yacTuil 3To duamemp chepsl d, s KyOUYeCcKux —
pebpo kyba /. [Ins ompeneneHus pa3MepoB YaCTHUI[ HEMPABHIBHOW (OPMBI
CYILIECTBYET HECKOJIbKO crmoco0oB. [Ipudem, mHoTIa ynoOHO MOJIB30BATHCS
MuKpodoTorpadussMu YacTHI] H OMNPEIACHATh HX pa3Mep C TOMOIIBIO
NpPO3PAUHbIX WAONOH08, TAe d COOTBETCTBYET IUAMETPY OKPYKHOCTH,
KOTOpasik WMEET TO € TOIMEePEYHOe CEYCHHE, YTO W YACTUIBI, WU TIO0
ouamempy Mapmuna (TAHUS, KOTOPAast IEIHT IJIOMIAAb MPOCKIIMH YaCTHIIBI Ha
JIBE YaCcTH) U T. II.

2. Jlucnepcnocmo (pazopobaennocms) — D.
OTo0 BeMMYMHA, O0OpaTHAs XapaKTEPUCTUICCKOMY pa3Mepy dacTull: D =
Va; [em™, m7'].

3. Yoenvuas nosepxnocmo — Sy,

Oto miomans MexdazHOW TOBEPXHOCTH, OTHECEHHAs K CIUHUIIC
obbema aucnepcHoit dasel (V) wim ee maccol (m). Eciau cucrema cocTouT U3 n
YaCTHII, TO

N _SM(Z)n_Sll—L;blxn_Sq—L;bl. Jl/l2_ 1
0 B B 3T,
4 Vﬂ@ Vq-ubzxn Vq-ubz M M
g Smgbn _ Stt—ubl -n _ Stt—ubl _ Stt—ubl B Sjwqbn Sya . Jl/l2

ya: m Ke

D mq—ubz.n mll—L;bl Vll—l/;bl.pll—lx;bl Vﬂ@.pﬂ@ p,ZZCD

Kak Biusier reoMeTpusi 4acTHIl HA BEJUYHMHY IUIOIAAU YACJIbHOU
NMOBEPXHOCTHU?

ITycth MaTepuan ¢ IJIOTHOCTBIO p CYIIECTBYET B BUAE HMJIMHIAPUIECKUX
yacTull ¢ paguycom R u gnuHOM L. llmomans KakAaon HUIHHIPUYECKOU
YacTUIIBl paBHA CYMME€ IUIOMIAJCH JIByX OCHOBAaHMM U TIOBEPXHOCTHU
HWIMHApA:

S;o =27R* + 27RL

OO0beM KaXJI0W IMUIMHAPUYCCKOW YacTHIBI paBeH zR°L, a ee Macca —

prR’L .
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Jns aHcamOyis W3 n 4YacTHI[ CyMMapHas IUIOIIaJab, JCJICHHAs Ha
CYMMAapHYIO MaccCy, U JacT YAECIbHYIO IIOBEPXHOCTD:
o - n(27R* +27RL) _ 2(R* + RL) :3[l+lj
¥ prR*L PR2L p\L R)

o 1
JIist TOHKMX CTepKHEH, Koraa L » R S}, = 2

LS

JIJ1st mIoCcKuX TUCKOB, Koraa L « R: 4.

Otcroga cienyer, YyTO BEJIMYMHY IUIOMIAAM YACIBbHOW MOBEPXHOCTHU
ompenensieT  camvii  MeHvwiuu  pasmep. (A  menepv  evigedume
camocmoamensno opmyny ona pacuema S,, 4acmuy, umerouiux gopmy

KoHyca.)

CaenyommuM BapHAHTOM KJIACCH(PUKAUNM IUCIEPCHBIX CHCTEM
SIBJISIETCH KJACCUPUKALMA IO YHUCIY XAPAKTEPUCTHYECKHX Pa3MepoB
WIH 10 reoMeTpuueckoil popme yactun gucnepcHou ¢gaspl. Kakue Tunbl
AMCIIEPCHBIX CHUCTEM IMPUHATO BbUICJATH B 3aBHCMMOCTH OT YMCJIA
XapaKTEePUCTUYECKUX PA3MEPOB YaCTHII AUCHePCcHO# ¢da3bi?

dopma gacTuIl AUCTIEPCHON (Pa3bl MOKET ObITh OYCHb Pa3HOOOPA3HOU B
3aBUCHMOCTH OT YCIIOBHIl MOTydeHus BeuiecTBa. Hampumep, 1 M° HCXOZHOTO
BEIIIECTBA MPUHIIMIUAILHO BO3MOXKHO pPa3apoOUTh HAa KyOWKHA C JJIMHOU
pebpa = 10" M, BRITAHYTb B HUTH ¢ cederreM 10°x10™ M MM pacimromuTh
B miacTuHy (IUTeHKy) Tommmuoil 10° M. B KaIoM M3 3THX CTydaes cHCTEMa
OylleT KOJUIOMJIHO-AUCIIEPCHOM, oOJagaromel 3HAYUTENIbHOW YJIeTbHOU
NOBEPXHOCTBIO M MOBEPXHOCTHOM »Heprueil. COOTBETCTBEHHO BBIACIISIOT
CHUCTEMBI:

-Tpexmephnvie (TBEpAbIC YACTHIIBI, KaIlJK, My3bIpH): MbLIb, TyMaH,
M0YBa, PACTBOPUMBINA KO(dE, IPUTPOLUTHI B IJIa3ME€ KPOBH, SIUUHBINA OEJOK,
MYTb B IPUPOJHBIX BOJIaX, BUPYChI, OaKTEpHUHU.

-/[8ymepHbie (HUTH, IOPHI, BOJIOKHA): MMAYyTHHA, BOJIOCHI, TOHKUE MOPHI B
yrie, XJ1e000yTOUHBIX U3ACTUAX, KAaIWUIAPhl, HEPBHBIC KIICTKH, MBIIICUYHBIC
BOJIOKHA.

-Oonomepnvle (TUIGHKH): TICHKU HETU WU Macjia Ha BOJIE, 3alllUTHHIE
IJICHOYHBIE TOKPBITUS HA METajulaX, «IPOCBETISIONINE» ONTHUKY IUICHKH,
TOHKHE TIOJIMMEPHbIE TUIGHKH (MeMOpaHbl), B TOM YHCIE KIETOYHbIE
MeMOpaHBbl.
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Bbl yxke ycBOWJIM, YTO /JHCHEPCHbIE CHCTEMbI COCTOST W3
oucnepcHoul (azpel U Ooucnepcuonnou cpeovt. Illpy 3T0M HEOOXOAUMBIM
ycJ10BHEM CyIIeCTBOBAHMS AUCHEPCHBIX cucTemM SIBJIAIETCS
HEpPaCcTBOPUMOCTH BellecTBa JUCIIEPCHOH (pa3bl B JTUCIIEPCHOHHOM cpeje.
OnHako BO3HHKAET BONPOC, a peain3yercs JH B JUCHEPCHBIX CHCTEMAaxX
B3aumMo/eiicTBue Mexkay GazaMu M 4TO NOJA 3TUM NoApPa3zymMeBaeTcs?

[Ton B3aumopeiicTBUEM (a3 AUCHEPCHBIX CHCTEM MOAPA3yMEBAIOT
IpoLEeCChl cojibBaTalMu (TUIpaTallid B Ccllydae BOJHBIX CHUCTEM), T. €.
oOpa3oBaHHE  COJNBBATHBIX  (THAPATHBIX)  O0OJOYEK W3  MOJIEKYI
JUCIIEPCUOHHOM Cpelibl BOKPYT YacTHll AucrepcHor (a3pl. COOTBETCTBEHHO,
10 UTHTEHCUBHOCTH B3aUMOJICHCTBUS MEXKy BEIIECTBAMU JUCTIEPCHON (Da3bl U
JUCTIEPCUOHHON Cpebl (TOJMBKO I CUCTEM C JKHJAKOM JHUCIEPCHOHHOU
cpenoii), mno mnpennoxeHuto [. OpelHanMxa pazInyalOT CIEAYIOUIUE
JTUCIIEPCHBIE CUCTEMBI:

-Jluogpunvnvie (ruapodunbabie, ecnu JC — Boaa): MHIIEIUISPHBIC
pactBopel [IAB, kputuueckue HSMyJIbCUU, BOJHBIE PACTBOPHI HEKOTOPHIX
npupoausix BMC, wnanpumep, OenkoB (kenaTuHa, SUYHOro Oelnka),
nosiMcaxapuaoB (kpaxmana). [[ns HUX XapakTepHO CUIIbHOE B3aMMOJICHCTBUE
gactunl 1P ¢ monexkymnamu JIC. B npenensHoM ciaydae HaOMr0AaeTCs TTOJTHOE
pactBopenue.  JIlmoguibHble ~ AWCHEPCHBIE  CUCTEMBI  00paszyroTcCs
CaMOTMPOU3BOJILHO BCJEACTBUE MpOliecca COJbBaTalluu. TepMOIuHAMUYECKU
arperaTuBHO YCTOWYUBHI.

-JTuogobHwvie (ruapododusie, eciu JIC — Boga): IMyJIbCUU, CYCIICH3UH,
3omu. [l HuX xapakTepHo ciaboe B3aummogeiictBue uactuir D ¢
mousiekysamMu JIC. CaMonpou3BOJIBHO HE 00pa3yroTcs, IUisl UX oOpa3oBaHHUS
HeoOXoamMo  3aTpatuth  pabory. TepMogMHAMUYECKH  arperaTuBHO
HEYCTOWYMUBHI (T.€. MMEIT TEHACHUUIO K CaMOIIPOU3BOJIBHOW arperanuu
YacTUIl JUCIEepCHOUW (a3bl), MX OTHOCUTEJbHAS YCTOMYMBOCThH (Tak
Ha3bIBaEMasi MemacmaobuibHocms) 00yCIIOBI€HAa KUHETUYECKUMH (PaKkTopaMu
(T. €. HU3KOM CKOPOCTBIO arperaium).

(A menepv 6ocnonv3yiimecv Bawiumu 3nanuamu kraccuguxayuu
OUCHEPCHBIX CUCmeM RO pazmepy Yacmuy U ¢ Imoil mouKu 3peHusn oaiime
XaApaKmepucmuKky  6ceMm  GblUleNepPequUcieHHbIM  TUOQUIBHBIM U
AUO0PooHbIM cucmemam.)

IIo arperatHomy coctossnuio ¢a3 B. OcTBanba NpeaIoKuI
CTABUIYI0 BeCbMa PACHPOCTPAHCHHOM KJIACCU(PUKALUIO:

Tabnmuua 1. Knaccudukanuss AUCHEPCHBIX CUCTEM IO arperarHoMy
COCTOSIHUIO (a3
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C | Kuakasn I'azoo0pa3uas TBepnas
JAD
Teepaa | T/K —| T/ — nbuM, abiMbl, | T/T — cniaBbl, TBepAbIe
| CYyCIeH3MH, 30JIM: | IOPOLIKH: KOJJIOWHbIE PACTBOPHI:
CyCIIEH3UHU MIPOMBIILJICHHBIE BEIOPOCHI | CIIJIaBbI METaJIJIOB,
METaJIJIOB U | TBEPJIbIX YaCTHIL B | OKCUIHBIC u
IpYTrux TBEpAbIX | aTMOcepy,  AbIM  OT | METAJJIOKCHU/THBIE
4acTHll, 30JI4 | KOCTpa, TMecyaHble OypH, | KOMIO3UIIMOHHbBIE
METAJJIOB W WX | My4Hast U JOPOKHAsl MbUIb | MATEPUAIIbl, MUHEPAJIBI
OKCH/JIOB B BO3AyXE, a’po30JH
TBEPIBIX JIEKAPCTBEHHBIX
BEILIECTB
Kuaka | K/K — | KT — aspozomm ¢ |XK/T — mopucrsie Teia,
b IMYJIbCHH, skuakon  [Ad: Tymad, | 3amoJIHEHHbIE
KpeMbI: MOJIOKO, | Karliu 0K, | JKUAKOCTBIO,
cMeTaHa, He(Th, | pacIbUICHHAS CTPYsl | KANWJLISIPHbIE TeJa,
KOCMETHYECKUE OXJIQXIAIOIIEH KUJIKOCTH, | TeJIM:  KJIETKH  JKUBBIX
KpEMBbI pacrbUICHHBIE B BO3AYyX€ | OPraHU3MOB, KEMUYT,
IyXH, KUJKOE TOIUIMBO B | TJIUHBI, I0J0KO
Kamepe CropaHusi)
TYMaHBbI
I'a3000- | I'/7&K — nmenbl: | — I'’'T - nopucrsie wu
pa3Hasi | MbUIbHasi  T€HAa, KaNWLISIPHbIE
NYBHAas NIeHa, CHCTEMbI, KCeporeJm:
neHa TUTSt meM3a, aKTUBUPOBAHHBIN
TYIIECHUS MOXKAPOB yroJib, CUJIMKAreb,
MEHOILJIACT,  JIPEBECHUHA,
Oymara, KapTOH,

TCKCTUJIbHBIC TKAHU

HNrak, npUHIUNNAJIBLHO BO3MOKHO CYHIeCTBOBAHUE 9 KOMOMHALIMH
arperatHbix cocTossHuil yactuy I® u JIC. A Bbl goraganuces, mouemMy Mbl
OCTABWJIM HE3AINOJHEHHOW CTPOKY /Uil CMCTeM ¢ ra3oo0pasHbivMu P u

JC?

Cuctemy /7" xaK KOJUIOMIHYIO pacCMaTpuBaTh HE CTOHUT, IMOCKOJIBKY
ra3pl pacCTBOPUMBI JIPYT B JIpyre U 00pa3ylOT TOMOTEHHYIO CHCTEMY, T. €. HE
BBITIOJHSETCST HeoOXoammoe [Uisi  oOpa3oBaHHUS KOJUIOMIHOM  CHUCTEMBI
TpeboBaHue TreTeporeHHocTu. [lo3ToMy 00pa3oBaHME IUCIEPCHBIX CUCTEM
tuna /7" ¢ SBHBIMU TpaHUIaMU pasjaena (a3 HEBO3MOXHO, OJHAKO U B

21




ra3oBbIX  CMECSIX  BO3HUKAIOT  HEOAHOPOJHOCTH,  OOYCIIOBJIEHHbIE
GiayKTyalsiMi IUIOTHOCTM W KOHLIEHTPALMM, YTO O HEKOTOPOM CTEHEeHH
POAHUT OTU CHCTEMBI C JUCHEpCHbIMU. Hampumep, 1mo XapakTepHBIM
ONTHYECKUM CBOMCTBaM: roiy0oil nBeT Heba CBsSI3aH C pacCEIHHEM CBETa Ha
HEOJTHOPOJHOCTSIX aTMOC(EPHI.

HMHTEpECHO OTMETUTH, UYTO CYIIECTBYIOT TAKXKE IHUCIEPCHBIE CUCTEMBI,
cocTosiliue TOJIbKO M3 oAHOW (a3pl. Hampumep, kocMuueckas 0bUIb B
0€3BO3IyIIIHOM KOCMHYECKOM IIPOCTPAHCTBE (Bakyyme) MOXKET
paccMaTpuBaThCs Kak OAHO(pa3Has JUCIIEPCHAsl CUCTEMA.

Kak yuuTbiBaercst B3aMMoOJAeiCTBHE YACTHI AUCIIEPCHOM ¢a3bl IPH
BbI/ICJICHUH KJIACCH(PUKALNMOHHBIX THUIIOB JUCIHEPCHBIX CUCTEM?

B cooTBeTcTBMM C KUHETHUYECKUMHU CBOMCTBAMH JHCIEPCHON (a3bl
Pa3INYaOT C80O0OHOOUCNEPCHBIE U C8A3HOOUCNEPCHble CUCTEMBI. BBIIEnsoT
Tak)Ke pa30aBlIeHHBIE U KOHLIEHTPUPOBAHHBIEC CUCTEMBI. B CBSI3HOIMCIIEPCHBIX
cucreMax ojHa u3 (a3 CTPYKTYpHO 3akperieHa (MeXIy YacTHIIAMH
peanu3yeTcsl B3aUMOJICHCTBIE, OHU «CBSA3aHBD) APYT C APYTrOM) M HE MOXKET
nepeMeniaTbcsi CcBOOOMHO. B CBOOOMHOIMCIEPCHBIX CHUCTEMAX YaCTHIIBI
000cO0JIEHBl M YYAaCTBYIOT B TEIUIOBOM JABWXeHUU U auddysun. B
pa30aBJIEHHBIX CBSI3HOAMCIEPCHBIX CHUCTEMaX YacCTHUIbl 00pa3yroT CIUIOUIHYIO
IPOCTPAHCTBEHHYIO CETKY (IUCIEPCHYIO CTPYKTYpY) — BO3HHUKAIOT 2enu.
JlucniepcHble CUCTEMBI JIIOOOr0 THUIIA, MOJYYEHHbIE B KOHIIEHTPUPOBAHHOM
COCTOSIHMM (IIaCThbl, Ma3u, TyCThIE 30JIM, TYCTbIE a’p030Ju M T.II.), TaKxke
OTHOCST K CBS3HOJUCHEPCHBIM cucTeMaM. B KOHLEHTpUpPOBaHHBIX
JUCTIEPCHBIX CHCTEMaxX HE3aBHCUMOE JIBUKEHHE YacTHIl JUCIEpPCHOU (ha3bl
3aTpygHEHO, M JUIsl ~ HHAX  XapakTepHa  HEKOTopas  CTeNeHb
CTPYKTYpUPOBAaHHOCTH, UYTO U TO3BOJSIET UX paccMaTpuBaTh Kak
CBSI3BHOAMCIIEPCHBIE CUCTEMBI.

A 3Haete Ju Bbl 0 cymecTBoBaHMU KJaccupUKANMU TUCTIEPCHBIX
CHCTEM IO XapakTepy pacnpeejeHus ¢a3, 00pa3oBaHHbIX JUCTIEPCHBIMH
YACTHLAMM U JMCIIEPCHOHHOM cpeaou?

CornacHo nmaHHOW KiaccuuKauu Haubojaee pacrnpocTpaHEHHBIM
BUJIOM JMCIIEPCHBIX CHUCTEM SIBJISIETCS Takas CHCTEMa, COCTOSAIIAs W3
CIUIOIIHON (KOHMUHYanbHOU) JUCIIEPCUOHHOM cpenbl — ras, >XHUIKOCTb,
TBepAoe Teno. B psge ciydaeB JOMCIIEPCHOHHAs Cpela COCTOUT U3
COOOIIAIONINXCA APYr C JOPYrOM TOHKHX MPOCIOCK (KaHAJOB), pa3Mepsl
KOTOPBIX COOTBETCTBYIOT pa3MepaM uacTull aucnepcHoit ¢assl. Ilo cymectBy
B 9TOM ciy4ae o0e (a3bl SBISIOTCS AUCTIEPCHBIMU. Takue CUCTEeMBbl Ha3bIBAIOT
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ouxonmunyanvHuimMu. [lpumep: mopucTas cpena C 4YacTHIIAMH U TIOpaMu
JIUCIIEPCHBIX Pa3MEPOB.

Bonpocs! u 3a1anus ik CAMOKOHTPOJISI 3HAHUM M0 MaTepuasy 2-i
JIEKIMH

l. Uro Ttakoe gucnepcHble cucrembl? IlpuBeaure  npuMepbl
JIUCTIEPCHBIX CUCTEM.

2. Kakue pgucnepcHble CHCTEMBI H3y4aeT KOJUIOMAHAA XUMUA?
SBnsAr0TCA MM 00bEKTaMH U3YYEHUS KOJUJTOUTHON XUMUU CUCTEMBI:

a) MeJIKasi Tajibka Ha MOPCKOM JIHE;

0) crmagkuil 4ail B cTakaHe;

B) COpPOEHT C OTKPBHITOM MOPUCTOCTHIO (MOPHI CBSI3AHBI MEXKIY
co00li B €IMHYIO cUCTEMY)?

') KJIETOYHasi MEMOpaHa, T. €. 000JI0UKa KJIETKH, KOTOpasi COCTOUT
U3 JIBYX WJIH YETBIPEX CJIOEB OOJBIIUX OPraHHMYECKUX MOJIEKYI
JUTUIOB U OEJIKOB.

3. K yeMy  mpuBener = HEOTrpaHMYEHHOE  JUCIIEPrUPOBAHUE
reTepOreHHON JUCTIEPCHOU CUCTEMBI?

4. Yem ompenensercsi cBOeOOpa3re CBOMCTB BEHIECTBA B KOJUIOUIHOM
COCTOSIHUU?

5. Kakue KOJIMYECTBEHHbIE XapPaKTEPUCTUKU JUCIEPCHOCTH BbI
3HaeTe?

6. PaccuuraiiTe yaeiabHYyI0 MOBEPXHOCTh YacTHI] KyOu4eckoil popmel ¢
umHOM pedpa [ = 10" m, Hureil ¢ cedennem 10° x 10° M 1 mieHku
TOJIIIUHOU 1078 .

7. Haiinure oOIIyI0 MOBEPXHOCTh | KI' CepHUEeCKUX 4YacCTHUIl YTJ,
ecii cpemHuit muamerp dactun 7-107 MM, a IUIOTHOCTH YIJIS
1,8:10° kr/m’.

8. VienpHas  MOBEPXHOCTh  CHIHMKarems pasHa  8,3-10° M7/kr.
Paccunraiite cpenHui AuaMeTp 4YacTHLl CUJIMKArelss, €CIU €ro
TIOTHOCTB paBHa 2,2 I/cM’.

9. Komnounueie wactuiel mamtaaus (Pd) B marpuiie u3 oxcuaa
ATIOMUHUSL  KaTAJIM3UPYIOT PEAKUUI0 THUIPUPOBAHUS OATEHA C
obOpazoBanuem 3tana: CH,=CH, + H, — CH;-CHa.

Hwnxe npuBeneHpl XapaKTEPUCTUKH PA3IMYHBIX KATAIU3aTOPOB:

Juamerp uactur Pd (A) 55 75 75
115 145
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Konuentparus gactur Pd (ppm’) 170 250 200
250 250

Brixon sTana B nepecuere
Ha 25 mr katanuzaTopa (%) 50 45 40,5 38,5 29

% eqqe
ppm (parts per million) — KOJTUYECTBO UCKOMBIX YACTHI[ HA MIJIJTUOH
BCEX YaCTHUIl KOMIIO3UIINU

a) Ilpoananu3upyiite 3aBUCUMOCTb AKTUBHOCTU KaTajiu3aTopa OT
maccel Pd 1 oT miomaau yaensHoM nmoBepxHoctu yactuil Pd.

06) Ha ocHoBanuu pesynbpTaToB Bamiero ananusa ciaenaite BBIBOJA O
TOM, CBS3aHa JIM aKTUBHOCTh KaTajlM3aTopa CO CBOMCTBaMH OOBEMHOMN
dba3et Pd wim onHa ompeaensieTcss MMEHHO OCOOBIM COCTOSIHUEM
noBepxHOCTH yactull Pd.

10.Yro Takoe muoduiabHble Koouabl? YUTo Takoe JuOPOOHbBIE
koJutonbl? [IpuBeagnTE HECKOJIBKO NPUMEPOB.

11.Ilepeuniciute OCHOBHBIE MPU3HAKH, TIOJIOKEHHBIE B OCHOBY
KJ1acCU(DUKAIIUU JUCTIEPCHBIX CHCTEM.

12.Ut0 o03Ha4YaeT TEPMUH «CMAOUILHOCMbY) TPUMEHUTEIBHO K
KOJUIOMIHBIM cucTeMaMm? B dem pasHuila MeXTy KUHETHYECKOU U
TEPMOIUHAMHYECKONW CTa0OMITLHOCTHIO KOJUIOUIOB?

13.IlpuBequre HE MeHee IIATH IPUMEPOB TEPMOAUHAMHYECKHU
YCTONYMBBIX KOJUIOUIHBIX CUCTEM.

14.Ilosicaute  pa3HUIly MEXKIYy TEpMHHAMHU  «arperamus» u
«koanecueHuusi». IlpuBenure mATH TPUMEPOB MPOLIECCOB, B
KOTOPBIX UMEET MECTO arperanus 4acTHIl.

15.1lpuBenure Ha3BaHHWsSI JUCHEPCHBIX CHUCTEM, OOpa30BaHHBIE OT
JATUHCKUX CJIOB «YaCTHULA», «HUThY», «IUICHKa». Ha kakoM npusHake
OCHOBaHa 9Ta Kiaccuduxaius?

16.0OxapakTepu3yiiTe AUCIEPCHBIE CHUCTEMBI, MPUBEJICHHBIE HIXKE WU
onucaHHele  A. biokom B ctuxorBopennn  «He3zHakomkay,
OCHOBBIBACh Ha KJIACCHU(UKAIMKM IO arperaTHOMY COCTOSHUIO U
pa3Mepy YacTHIl AMCIEPCHOW (a3bl: XOJOJHOE MOJIOKO, ropsdee
MOJIOKO, CJIMBOYHOE Macjo, Maprapus, xiue0, 3yOHas macTa,
OMMCAHHBIE  AJIXMMHUKAMHU  KOJUIOMJHBIE  pPACTBOPBI  30JI0Ta,
JparolicHHble ~ KaMHM,  [POTUBOIIOXApHas  I[€HAa,  KpPOBb,
aKTUBUPOBAHHBIN yTOJIb.

«.. JbllHa AyXaMu U TYMaHaMU,
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OHa cagutcs y OKHa...»

«...BJJAJIM HAJl IIBUIBIO MIEPEYIIOYHOM,
Hanx ckyko# 3aropoHbIX 1ad...»

17. Kakoe OTHOmEHHE K KOJUIOWZHOW XHMHMM HMMEIOT PAaCTBOPBI

nosumepoB? Kakue TUNHYHBIE KOJUIOMJIHBIE CHUCTEMBI Ha OCHOBE
nonumepoB Bel 3HaeTe?
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JIEKIIASA 3

JTpuzomoerenue  UCKYCCMBEHHBIX, — MUHEPAALHBIX
KoAAOUO08 si6Astemcst pabomoil éecbma O0eAUKAMHOU 6
610y XapaKmepHoil 0AsL HUX HECTOUKOCTU»

. Menve

Cpean [aucnepcHbIX CHCTeM Hamn0ojee YeTKO BbIPaKeHHBIMH
KOJUIOUIHO-XUMHYECKHMMHU CBOMCTBAMH 00/1a1aI0T CHCTEMbI ¢ Pa3MepoM
JacTHII 10°-10" M. VMeHHO 7TM CHCTeMBbI HA3BIBAIOT UCHIUHHO
KOJUIOUOHbIMU WM TIPOCTO Kou1ouousimu cucremamu. Haubodsee
TUNMAYHBIMM ~ HUX  NPEeICTABUTEJSIMH  SIBJAKTCH  30JHM, T.e€.
BbICOKOAUCHIEPCHBbIe cucTeMmbl 777K wam T/I" (a3po3o.u). Kak Bl y3Haau
U3  mpeablaylledl  JeKUMH, KOJJIOMJAHbIE CHCTEMbl  3aHUMAIOT
NMPOMEXKYTOUHOE  TMOJIOKEHHE  MeKIY HCTHHHBIMH  pacTBOpamMu
(MoJIeKyJISIpHO- WIn HOHHO-TUCIEPCHBIMH CHCTEeMaMM) "
rpyooaucnepcabiMu  cucreMamu. CoOOTBETCTBEHHO, [AJIsl MOJIyYeHHS
KOJUIOMAHBIX CHCTEM NPUHIUIHAJIBHO MOIYT OBITH HMCIIOJIB30BaHbI Ba
MoAX0a.

Kommonaasie cucteMbl MOTYT OBITH MOTYYEHBI MO0 ITyTEM acCOIHAITIN
(mMemoo komoencayuu) MOJEKYyd WIA HOHOB HCTUHHBIX PacTBOPOB, JMOO
YBEIUYCHUEM CTETeHW pa3apobseHHocTH dactuil D rpyboaucnepcHbIX
cucteM (memoo oucnepeupoganus). Ilpu 3TOM HocTUraeTcss KOJUIOUIHAS
crernens gucrepcroctr (10°-10 m™).

JucneprupoBaHue U KOHACHCAIIUS — JIBa OOUIUX MOAXO0/a K MOJTyYSHHUIO
HE TOJIBKO 30JI€i, HO U JPYTUMX AUCIEPCHBIX CUCTEM: MOPOIIKOB, CYCIICH3UN,
AMYJIbCHM.

Bo3Hukaer BONpoC, a J0CTATOYHO JIM JJIS MOJYYEHHUSI CTA0OMIBHBIX
B Te4YeHHE /JIUTEJbHOI0 BPEMEHH KOJUIOMIOB TOJbKO [JTOCTHKEHHUS
TpeOyeMOi CTerneH! JUCTIEPCHOCTH?

BcnoMHuM  kinaccuUKALMIO JUCHEPCHBIX CUCTEM M0  XapakTepy
B3aUMOJICUCTBUS MEXAY YacTULAMU JIUCTIEPCHON (a3bl M JHUCIIEPCUOHHOM
cpenon. Tak, miud cuUCTEM, B KOTOPBIX YKa3aHHOE B3aMMOJIEUCTBUE CHUIIBHO
BBIPDAKEHO, T.€. JUOPUIbHLIX CUCTEM PEATU3YETCS CAMONPOU3BOTLHOE
obpaszoeanue, IIpUYeM oOpasyroiuecs CUCTEMBI ABJISIFOTCS
MepMOOUHAMUYECKU YCMOUYUBbIMY OTHOCUTEIBHO TIPOLIECCOB CIIMIAHUS
(arperanmu) YacTHIl M, COOTBETCTBEHHO, IOCIEIYIOIIET0 pacCIOCHHs Ha
otnenbHbie Qa3bl. [lomydenne mMnopuIbHBIX CUCTEM HE TpeOyeT CrielraaIbHbIX
npueMoB (HampuMep, BBEIEHUS CTaOWIM3aTopa) JUIsl TIOBBIIMICHUS WX
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yctoitunBocTd. [IpuMepamu THOGUIBHBIX CUCTEM MOTYT OBITh KPUTHUYECKUE
AMyJbCUU, MulesipHbie pactBopbl IIAB, pactBopsl Hekotopeix BMC
(HampuMep, PAacTBOPHI SIMYHOTO O€jKa, Kpaxmaia WIW KeJIaThHAa B BOJIEC
00pa3yroTCsl CaMOIPOU3BOIHHO U B IajIbHEHIIIEM HE pacCIauBarOTCs).

Hns auogobHubix  cucTeM,  HANPOTUB,  XapakTepHO  ciadoe
B3aMMOJICHCTBHE MEXIy YacTHIIAMH IUCIIEPCHOM (a3bl W JUCIEPCHOHHON
cpenbl (Manoe CpoJCTBO). BBIMTpHINI 3HEPrUU OT COJBBATALMM YaCTHUIL
IUCIIEPCHOM (pa3bl MOJEKYJIaMH AUCIEPCUOHHOMN CpE/Ibl, a TAKKE YBEINUYCHHE
sHTponuu cuctemsl (Tlodymaiime, 3a cuem wuezo 30ecy e6o3pacmaem
IHmMpOnuUsa.) HE KOMICHCUPYET TIOJHOCThIO M30BITOYHYIO DHEPrui0 Ha
Mexk(da3HOW MOBEPXHOCTH, KOTOpash HaKaIlUIMBAeTCS B CHCTEME B Ipoliecce
JUCHIEPTUPOBAaHUS B PE3yJibTaTe yBEIMYEHMS IUIOMAIM  Mexda3HOu
ITOBEPXHOCTH. Takue CUCTEMBI SIBJISIFOTCS MepMOOUHAMUYECKU
HeycmouyusbimMu. OHU MOTYT OBITH TIONYYEHBI TYTEM HPUHYOUMENbHO2O
oucnepeuposanusi Ulu KoHoeHcayuu, T.e. JJIA uX o0pa3oBaHUsl TpeOyercs
3aTpaTUTh BHENIHIOW pabory. s crabwimmzanuu JUOPOOHBIX CHCTEM
HEOOXOUMO TPUCYTCTBUS CTAaOWUIIN3aTOpa, KOTOPBIM KOHIIEHTPUPYETCS Ha
MexX(pa3zHOM MOBEPXHOCTU M MOHIKAET OOIIYI0 HEPTHIO CHCTEMBI, a TaKKe
oOpa3yeT 000J109KkH, (PU3NIECKN TPEMSITCTBYIONINE arperanyuyd 9actuil. Poib
crtabuin3aTopa MOTYT  BBINOJHATH  3nekTpoiuthl, IIAB, OenkoBbie
coeMHEeHUs U T.N. JIMoOPOOHBIMU NHUCTIEPCHBIMU CHCTEMaMH SIBISIOTCA,
HaIpUMEp, BOJIHBIE CYCIIEH3UU U 30U TBEPABIX YAaCTHI] (METAJJIOB, OKCHIOB
METAJNIOB U Jp.), KOTOpbIe ciab0 B3aMMOACHCTBYIOT C BOJOW, 3MYJIbCUU
cnabo B3aMMOJICUCTBYIOIIMUX >KUIKOCTEH (BCIIOMHUTE, HANpUMEpP, Kak MpU
IPUTOTOBJIICHUM 3€JICHOTO cajnara Bbl cMelnMBaeTe pacTUTENbHOE Macio U
YKCYC), CYCIIEH3MM JIEKapCTBEHHBIX CpelIcTB B Boje (Bbl, HaBepHOE, HE pa3
MOJIb30BAIMCH ~ JiekapcTBamMu ¢ Hamanuceto  «llepen  ymorpebGiieHuem
B300JTaTh!») U T. II.

OrpomHuoe pa3HooOpa3zue TUNOB U (OPM JAUCHEPCHBIX CHCTEM,
KOTOpPOe BCTPe4YaeTcs BO BCeX 00J1aCTAX KU3HeAesiTeJIbHOCTH 4Yel0BeKa,
NMpeanoJjaraeT M MHOTOYHMCJIEHHOCTh METOJ0B HMX MOJYYeHH — KaK
0o0IUX, TAK M CHeNUAJIbHBIX. JIOTHYHO PaccMOTpPeTh MO OTAEJIbLHOCTH
MeTOAbl, B OCHOBE KOTOPBIX JIEXKHUT OJAUH M3 TMOAXOA0B —
KOH/ICHCAIIMOHHBIH WIN JUCTIEPTralMOHHbIM.

OaHUM M3 OCHOBHBIX CIOCO0OB IHCNIEPTHPOBAHMS MAaTepPHAJTIOB
ABJISIETCSl  MeXaHuyeckKoe oucnepzuposanue. Kaknue npueMbl
MeXaHu4ecKoro aucnepruposanus Bol 3Haere? IlpuBeaure mpumepbl
MaTepualoB, MOJdy4YaeMbIX TAKUM 06p330M B IPOMBIIIIVICHHOCTH.
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JIeCTBUTENBHO, MEXAHUYECKOE AUCIIEPTUPOBAHUE SIBJIIETCS OCHOBHBIM
COCOOOM  M3MENIbYCHHUs]  MaTepuajoB, KOTOPBIA  NpPUMEHSETCS B
IIPOMBINIUICHHOCTH M IIOBCEMECTHO BcTpewaercss B npupozae. llpu
MEXaHUYECKOM JHCIEPrUPOBAHUM MPEOAOJIECHUE MEKMOJIEKYJSIPHBIX CUI H
HAKOIJIEHUE TOBEPXHOCTHOW SHEPIHMHM B IMPOLECCE APOOJIEHUS MPOUCXOAST
IPpU COBEPLIEHUWM HAJ CHUCTEMOW BHEIIHEH MEXaHWYeCKOW padoThI.
MexaHudeckoe AMCHEPTUPOBAHUE OCYLIECTBISIOT PA3JIMYHBIMU CIIOCOOAMU:
UCTUPaHUEM, pa3/IaBIMBaHUEM, pACKAJIbIBAHUEM, paclblieHueM, 0apOoTaxkem
(mpornyckaHueM CTPyHU BO3JlyXa 4epe3 JKUJKOCTh), BCTPSIXUBAHUEM, B3PBIBOM,
JEHCTBMEM 3BYKOBBIX M YJIBTPa3BYKOBBIX BOJH U T. . B mpombiiieHHOCTH
TaK MOJIy4yaroT cTpoiiMaTepHalibl (IeMeHT, OETOHHYIO KPOLIKY, CyXHe KpacKH,
MIMATIEBKU M JIPyTUe CTPOUTEIbHBIE CMECH B BHUJE CYXUX IOPOIIKOB U
CYCIIEH3UI1), JIEKapCTBEHHbIE CPEJCTBa (IIOPOILKH, Ma3H, MacThl, SMYJIbCUN),
NUIIEBbIE TPOXYKTHl (MPSHOCTH, MOJOTHIM Kode) u Jp. MexaHuyecKum
JUCTIEPTUPOBAHUEM OOBIYHO YAA€TCS MOIYYUTh TUCIEPCHBIE CUCTEMBI TOJIBKO
C IOBOJILHO OOJIBIIUM pa3MepoM dactuil (He meHnee 100 Hm).

W3menpuenueM moiydaloT gucnepcHbsie cuctemsl 1/T, T/K n JK/OK.
Yame Bcero M3MeNnpYeHHE MPOBOAAT B APOOMIKAX, )KEPHOBAX M MEIbHHIIAX
pPa3IUYHON KOHCTPYKLHMH, M3 KOTOPBIX HamOoJiee pacupOCTpaHEHHBIE — 3TO
mapoBas W KoJUIoMJHas MenabHUulIbl. (CaMoe TOHKOE AMCHEeprupOBaHME
TBEPABIX W XUAKUX MarepuanoB (g0 100 Hm) obecreunBarOT KOJIOUIHBIC
MEJbHULBI, TPUHIMI JEHCTBUS KOTOPBIX OCHOBAH HA BO3HUKHOBEHHH
pa3phIBalOIMX YCUJIUNH B CYCHEH3UM WU DMYJIbCUU TMOJ JIeWCTBHEM
HEHTPOOESKHOW CHJIBI B Y3KOM 3a30p€ MEXIy pPOTOPOM M CTAaTOPOM HIIU
MEXTY AUCKAMHU.

PacribuieHre MCIIONB3YIOT NI MOJYYEHHsI JUCHEPCHBIX CHCTEM THUIIA
JK/T" v JK/2K, 6apboTaxk — st mostydeHus cuctem tumna [ /7K.

3avacTy0 BO3HHKAaeT He00X0AUMOCTh B H3MeJIbUYeHHH MAaTEePHAJIOB,
00J1a1a101MX BBICOKOH TBepPAOCTHIO. B 3TOM ciiyyae 3aTpaThbl BpeMeHU U
JHEPruM Ha JUCNEPrUPOBAHNE MOTYT cyllecTBeHHO Bo3pacTu. Ucxoas u3
OBITOBOI0 ONbITA, JIETKO MPEIJIOKHUTH MPHeEM, 00JIer4aloniuii Npoueccol
pa3pyuieHusi TBepAbIX YacTull. 3Haere Ju Bbl, Kak JaBHO XUMHUKHU
HAYAJM NPUMEHSITDH 3TOT MPUEM, U KTO JaJ1 eMy HAYYHOe TOJIKOBaHHe?

[Tpuem, O3BOJISAIOMINN TOOUTHCS TTOHIKEHUSI TIPOYHOCTH TBEPABIX TEIN
B aJIcOpOLMOHHO-aKTUBHBIX cpenax (pactBopax [IAB, »snekTponuTax,
paciuiaBax CcoJjiei) IIUPOKO MCIOJb3yeTcs Kak B ObITy, Tak HU B
MPOMBIIIUICHHOCTH ¢ JaBHUX BpemeH. CyTb TpHeMa 3aKkiIio4aeTcs B
obOneruennn oOpa3oBaHMsI HOBOW TOBEPXHOCTH (T. €. yMEHBIIICHUE 3aTpat
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paboThI, TPEOyEeMOi AJIs pa3pyIICHUS MaTePHAIOB) 3a CUET aJICOPOITMU HA HEH
yKa3aHHBIX BemiecTB. ONUCaHHOE SBIICHUE TOHWKEHUS COMPOTUBICHUS
TBEPABIX TEN yOPYTUM U  IUIACTHYECKUM JAedopManusM, HaydHOE
o0ocHoBanue kotoporo mgano II.A.Pebunmepom B 19821, Ha3BaHO
agpghekmom Pebunoepa. B xauvectBe wumroctpanuu 3¢dexra Pebunmepa
MO>KHO IPUBECTH CIIEAYIOUIME MpUMEpPBL: Hcnoiab3oBanue 1IAB (MbL10, meHa
WJIU Telb 11 OpUThs) o0serdyaer OpUThE BOJIOC; KOCUTh TPaBy ropaszo jerde
B pOCy WU moclie NoxAs (B 3TOM ciydae Boaa urpaet posb [TAB!). B
HacTosmee Bpems dddext Pebunaepa wucnonbdyercs B OOJBIIMHCTBE
TEXHOJIOTUYECKUX  MPOIIECCOB,  BKJIIOYAIOUIUX  CTAguU  pa3MeIbYCHUS
MaTepHalIoB.

Ooparture BHUMAaHUE: BaKHOCTh MEXaHUYEeCKOro
AUCIIEPTUPOBAHMS MOAYEPKHMBAETCHA TeM, 4YTO OHO BbIJACJCHO B
HHAUBUAYAJIbHYI0 TPYNILy METOAOB M PACCMATPUBACTCH OTHEJBHO OT
¢usuyeckoro agucnepruposanusa. Ha dyemM ocCHOBaHBI  MeTOAbI
(pusuyeckoro JAUCHEPrUpPOBaHMA W YeM OHH OTJIHYAKTCH  OT
MEXaHUYeCKOro TUCIIePrupoBanus?

®duznyeckoe JUCHEPrUpOBaHUE, B OTJIMYHME OT MEXaHUYECKOTO,
IOPEANOJIaracT HMCIOJIb30BaHUE TAaKUX MNPHUEMOB HU3MENBYEHUS MATEPUAIIOB,
KOTOpbIE HE TPeOYIOT 3aTpaT MEXaHWYEeCKOM paldoThl (YaCTHOTO cCiyyas
¢u3nyeckoil paboThl); MPU ITOM XUMHUYECKUM COCTaB JIUCIEPIHPYEMBIX
BEILECTB U MATEPUAJIOB, U3 KOTOPHIX M3TOTOBJICHBI JI€TAIN JUCIEPTUPYIOLIIUX
YCTPOMCTB, HE U3MEHSAETCA. JTO TJIaBHBIM 00pa30M METO/bl, OCHOBAaHHBIE Ha
WCITOJIb30BAaHUM 3BYKOBBIX (Yallle YJbTPa3BYKOBBIX) BOJH M 3JIEKTPUYECKOIO
MOTEHIHAIIA.

Tak, nmns AWCHEPrUpOBAHMS HE OYEHb NPOYHBIX MAaTEpPHAIOB B
HACTOsIIIee BpEMs JOCTaTOYHO IIMPOKO MPUMEHSIOT VIbMpPA368YKOBOU MEmoo.
MeTton OCHOBaH Ha BO3HUKHOBEHMHM B JKHAKOCTH WJIH TBEPIOM Teie
JIOKIBHBIX CXaTUM WM PACTSDKEHUH IPU NIPOXOXKICHUHU BOJIHBI BBICOKOU
SHEPruU, a TAKXKE BCIEJICTBUE OOPA30BaHUS U «CXJIONBIBAHUS» MOJIOCTEM,
3aMoJHSAEMbIX PACTBOPEHHBIMH B JKMJIKOCTH razamu. B pesynbrare 3a
KOpOTKHE mpoMexyTkn Bpemern (10%-107°c) BO3HHMKAIOT —OrpOMHbBIC
nokanbHble n3MeHenus gapneHus (~10° ITa) TakuM MeTOZOM MONYYAlOT
KOJUIOUJHBIE PAcTBOPHI CEpbl, THrca, rpadura, JEKApCTBEHHBIX BEIECTB,
MOJINMEPOB.  YJIBTPa3ByKOBOE JUCIEPTMPOBAHME YACTO HCIIOJIB3YETCS B
7a00paTOPHBIX YCIOBUAX Ul MOJIYYEHHUs 30JIed OKCHJIOB U THIPOKCHIOB
METaJUIOB.
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K anextpuueckuM merogaMm (U3NYECKOTO AUCIIEPIHMPOBAHUS OTHOCST
METOJl PACHbLICHUS 3APANCEHHbIX YaACMUY MAmepuanos 6 3JeKmpuyecKkom
nose (TaKk MPOU3BOJST, TJIABHBIM 00pa3oM, JpOOJICHHE KUIKOCTEH Ha Karliu)
U METOIl OUCnepeupo8aHus 6 KoaiebameibHOM  paspsoe  8blCOKO20
Hanpsaxcenusi. TakuMm o0pa3oM, B 3aBHCHUMOCTH OT BHJa BHEIIHEW pPaOOThHI
AUCTIEPralluOHHBIE METOABl MOXXHO TOJpa3feiuTh Ha MEXaHHYeCKoe U
¢dusnueckoe (yJIbTPa3ByKOBOE U AJIEKTPUUECKOE TUCTIEPTUPOBAHKE).

B kadecTBe (PU3MKO-XMMHYECKHX METOA0B IMCIIEPTUPOBAHMS
paccMaTpHUBAIOT HERMU3AuUUI0 W METOJ J1eKMmpPUUecKo20 pAacnvlileHus
Mmamepuanos 6 60.1bmoeoiu oyze (memoo bpeouza).

Ilenmu3zayueti Ha3pIBAIOT NIEPEXO]] OCATKOB B KOJUIOUIHBIA pacTBOP MO/
JCHCTBMEM CHENUATbHBIX CTAOWIM3UPYIOMUX J00aBOK (nenmuzamopos),
anbo 3a CyeT yAalNeHUs M3 CHCTEMbl MOHOB, CHOCOOCTBYIOLIMX arperamnuu
gacTull. B ponu mnentu3aTopoB MOTYT BBICTYNATh PAacTBOP AJIEKTPOJIMUTA,
MOBEPXHOCTHO-AaKTUBHOI'O BEILIECTBA MJIM pacTBopurtenb. llenTusupoBarhb
MOXHO TOJBKO CBEXENPUTrOTOBIEHHBIE OCAJKHA, B KOTOPBIX YaCTHUIBI
KOJUIOMJHOTO pa3Mepa COEOUHEHbl B 0Oojiee KpYyMHHBbIE arperatbl uepes
npocinoiikun JIC. Ilo wMepe XpaHEHUsS OCAaJKOB MPOUCXOIST SIBICHUSA
PEKpUCTAILTA3aMN U CTApEHUS, IPUBOAIINE K CPAIIMBAHUIO YACTHUILL IPYT C
OPYroM, 4YTO MPEMATCTBYET nenTu3anuu. [lenTusamuioo OTHOCAT K METOoJaM
IUCIIEPTUPOBAHUS YCIOBHO, T. K. B €€ OCHOBE JIEKUT U METOJ KOHIECHCALINH,
T. €. TMPEIBapUTEIbHOE IOJYyYEHHE arperaToB M3 HCTUHHBIX PACTBOPOB.
Meron nentuzanui, B OTIWYUE OT JAPYTUX AUCHEPTallMOHHBIX METOJOB,
MO3BOJISIET TakXKe JOOUTHCS TIONYyYEeHHs] KOJUIOMIHBIX CHCTEM C MaJbIM
pazmepoM yacTull (70 1 HM), YTO XapakTEpHO B OCHOBHOM JJisi METOJOB
KOH/ICHCAIUH.

CyTb MeTOA 21eKMpUYecKo20 pacnvlileHus Mamepuaios 6 60J1bmoeol
oyee (memoo bBpedueca) COCTOMT B TOM, YTO 4Yepe3 OXJaXKIAEMYIO
OUCIEPCUOHHYIO  Cpely  MPOMYCKAlOT  DJEKTPUYECKUH  TOK  MEXKIY
ANEKTPOJAMU H3TOTOBJICHHBIMU M3 Marepuana, KOJUJIOUJAHBIA pPacTBOP
KOTOPOT'O XOTAT IMOJY4YUTh. TakuM METOAOM B OCHOBHOM MOJIYYarOT 30JIH
MeTa/IoB. B 1aHHOM cllydae METOJ] OCHOBBIBAETCSA TOJIBKO Ha (PU3NYECKOM
PaCIbUIEHUY METAJJIOB € MOCIEAYOIIEN KOHIeH caueln nmapoB. [Ipyu BBeeHnn
B JIMUCIIEPCUOHHYIO Cpedy JONOJHUTENbHBIX pEareHTOB (OKUCIUTENEH,
KOMIUIEKCOOOpa3zoBaTesell) BO3MOXKHO IMOJyY€HHUE OKCHUAOB U JIPYrHX
COCIMHEHUH METAJUIOB 3a CUET MPOTEKaHWs XMMHYECKHUX peakuui. Meron,
uzobperennsii  I'. bpenurom,  MoxeT  paccMmarpuBaTthcsi @ M Kak
KOHJICHCAllMOHHBIA METO/.
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Bonpocs! u 3a1anus 1Jisi CAMOKOHTPOJISI 3HAHUI IO MaTepuany 3-i

JICKIIUH

. Kakumu meTonamu nosny4aroT KOJUIOUIHBIE CUCTEMBI?
. B dWem cCymHOCT, JHMCHEPrallMOHHBIX METOJOB  MOJYYEHUS
JUCTIEPCHBIX CUCTEM?

3. Ilpomomxkute (pasy: «B 3aBucumocTH OT BUAa BHEITHEH pabOTHI,
KOTOpasi ~ coBepuiaeTcss  Haj  rpyOOAMCHEpPCHOM  CHUCTEMOM,
JUCTIepralliOHHbIE METObl MOYKHO MTOAPA3CTUTH Ha...»

4. Tlepeuncnure MPOIECCHI, KOTOPbIE UMEIOT MECTO MPU TMOTYyYCHUH
IUCIIEPCHBIX cUcTeM Mo Metony I'. bpenura.

5. Kak Bbl nymaere, kakod W3 AUCHEPTallMOHHBIX METOAOB JIy4IlE
OPUMEHUTH JJIs1 JUCTIEPTUPOBAHUs Kpaxmaina, rpagura, cepbl?

6. Cuuraercsi, 4TO yJIbTPA3BYKOBOM METOA  JHUCHEPTrUPOBAHUS
HaumOoJiee TpUeMIIeM JJIS TOJYYSHHUS CYCIICH3MH JIeKapCTBEHHBIX
BemiecTB. Kak Bol nymaere, nouemy?

7. K kakoMy BUly TUCTHEPTrUPOBaHUs OTHOCUTCA nentuzanusi? Yto 3to
3a MeTox?

8. Hackonbko MpaBWJIbHO OTHOCUTH MENTU3AIUIO K JUCIIEPralliOHHBIM
MeToaam?

9. Kakue Buanl nentusanuu BaMm n3BecTHBI?

10. Paccmotpute monydenue 3o CaSO4 MeTo0M a1copOIIMOHHOM

MeNnTU3aluK, UCTOJb3ys B KadecTBe HcxoaHbix BemectB CaCl, u

H,SO, u CaCl, B kavectBe mnentuzatopa. Hamuimure ¢opmyiny

MULEIUIBl U YK@XKWATE 3HAK JJIEKTPUYECKOTO 3apsiia KOJUIOMIHBIX

yacTull 3Toro 30is. [losicHuTe CTpoeHHE MULEIUIBI U MEXAHU3M €€

N —

oOpa3oBaHUs.
11. Tlosicaute, kKak ¢opMUpyeTCsS MHIIEITIa B COOTBETCTBUH C
MIPABUJIOM [Tanera-®asHca pU MENTU3AIUA

cBexenpurotoBieHHoro ocagka PbCl, pactBopom HCI. Hazoute
COCTaBHbBIC YACTU MUIICILIBI.

12.  Ha npumepe MHIEWIbI, MOJIYYEHHOM CIIOCOOOM, OMUCAHHBIM B
Bonpoce 10, MOSICHUTE, YTO TAaKO€ ABOMHOW SIIEKTPUUYECKUU CIIOU
(A30).

13.  Onummmre, uyro npoucxomut c¢ JOC npum mnomxydeHun 3055
MEeNTU3aUOHHBIM METOJIOM MPOMBIBAHUS OCajJika pacTBopuresieMm. B

Kau€CTBC IIpUMEpa BO3bBMHUTC 30Jb HzSiOg,, CTa6HHH3Hp0BaHHLIﬁ
NaQSiO3.
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JIEKIIUA 4

«Bo3HUKHOBeHUe OUCNEPCHOT CUCTEMbL 6 Pe3yAbmame
obpaszosanus (u nocaedywousezo pocma) 3apoobiuiesvix
uacmuy, Ho80i cMaburbHoll Paszbl 603MOKHO 6 A10b0iL
MemacmabuabHoil cucmemes

E.D. 1UyKun

B mpeabiaymieil jJekuuu ObLIM PACCMOTPEHbI JMCIEPralOHHbIE
METOAbl, KOTOpPble CBSI3aHbI ¢ [po0JieHMeM KPYNHbIX 4YacTHUIl [0
JKeJ1aeMoil TUCHEePCHOCTH M IIMPOKO MCHOJb3YIOTCH sl TOJYyYeHUs
Pa3HOOOpa3HBIX UCHEPCHbIX cHcTeM. B orimyme 0T  HHX
KOH/ICHCAIIMOHHbIC MeETOAbl OCHOBAaHbI HAa OObEIMHEHHH MOJIEKYJ,
aTOMOB WJIH HOHOB B arperatbl KOJJIOMJIHBIX pa3MepoB. Kakmue
0COOCHHOCTH KOHJEHCAIMOHHBIX MOAXO0JA0B [1eJaKT HX He3aMeHMMBbIMH
NPHU NOJYYEHUH PAIa MATEPUAJIOB B KOJJIOMTHOM COCTOSIHUM?

K KoHJeHCallMOHHBIM CcHoco0aM TOJIYYEHHUS AUCHEPCHBIX CHUCTEM
OTHOCATCS KOHOeHcayusi, Kpucmaniuzayus u oecyonrumayusi. OHU OCHOBaHbI
Ha oOpa3oBaHUM HOBON (a3bl B YCJIOBUSAX MEPECHIIIEHHOTO COCTOSHUS
BEIIECTB B Ta30BOM WM KujIkol cpeae. HeobxomuMbiM  ycioBUEM
KOHJICHCAIIMU SIBJISIETCS. TEPECHIIIEHUE W HEPABHOMEPHOE pacCIpeieeHue
BELIECTB B JIUCIEPCUOHHON cpene ((uIyKTyalluu KOHIICHTPAlUM), a TaKke
oOpa3oBaHMEe LIEHTPOB KOHAECHCAIIMU WK 3apojsiiei. [Ipu a3ToM cuctema u3
TOMOTEHHOM TIEpeXOoAUT B rereporeHHyro. KonmeHcamus u necyoaumanus
XapaKTEPHBI U1 TA30BOM, @ KPUCTAIUIN3ALMS IS )KUJIKOU CPEJIbL.

MeTonbl KOHJEHCAIMU HE TPEOYIOT CHEIHUANbHBIX MAIllMH U JaroT
BO3MO>HOCTb MOJIY4YaTh JUCIEPCHBIE CUCTEMBI C MEHBIIINM Pa3MEpPOM YaCTHII
[0 CPaBHEHUIO C JUCHEPralMOHHBIMU  MeTonamu. B wactHOCTH,
JUCTIeprallMOHHbIE METO/BI (32 UCKJIIOYEHWEM METOJa MENTU3allui U METOo/1a
Bbpenura) He mO3BOJIAIOT MOAYyYaTh HAHOPA3ZMEPHBIE JUCTIEPCHBIE cUCTEMBI (1-
100 uM). [nst 5TOM 1€ OOBIYHO HMCIOJIB3YIOT KOHJEHCAIIMOHHBIE METOJIBI.
IIpy 5TOM B 3aBHCUMOCTH OT YCJIOBHH CHHTe3a (HOPMUPYIOTCS YACTHUIIBI
aucnepcHor  (a3pl  M00BIX  pa3MepoB. Emie  ogHO  mpeMMyIiecTBO
KOHJICHCAI[MOHHOI'0 TMOAXO0Aa 3aKJII0YaeTcsi B TOM, YTO OH B OOJIBLIMHCTBE
cily4yaeB He TpeOyIOT CyIIeCTBEHHON 3aTpaThl BHEIIHEW paboOTHI.

Kak u B ciayuyae JucHeprandoHHBLIX MeETOJOB TMOJIyYeHUsI
AUCTIEPCHBIX CHCTEM, BBIICISIOT QuU3UUECKYlo, (PUUKO-XUMUUYECKYI0 M
xumuueckyro kouaencanuio. [lepeuncianre u oxapakrepusyiite 0CHOBHbIE
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KOH/ICHCAIIMOHHbIC METOAbl, CHCTEMATH3UPOBAB HMX MO0 YKA3aHHBIM
NPU3HAKAM.

Xumuueckasi KOHOeHcayusi SABISETCS OCHOBHBIM KOHJIEHCALIMOHHBIM
METOJIOM. MeTOol OCHOBaH Ha TMPOBEICHUM XHUMHUYECKUX pEAKLIHM, B
pe3ysibTaTe KOTOPBIX M3 MCTUHHBIX PAacTBOPOB pEAareéHTOB 00pa3yroTcs
MaJopacTBOPUMBIEC BEIIECTBA, KOTOpble OOpa3yloT YacCTUIBI JUCIEPCHOU
¢da3pl. [l XMMUYEeCKOW KOHJIEHCAMM MOTYT OBITh MCIOJIb30BaHbl peakluu
BCEX THUIIOB: OKHCJIEHUS-BOCCTAHOBJICHHUSI, THAPOJIU3a, OOMEHa, 3aMelleHHUs,
HEUTpAIU3ALUU U T. [I.

Hanpumep, B mpomecce MIEIOYHOIO THUAPOJM3a TMOJYy4aroT 30J1
TUAPOKCUA UHITUSA:

IH(NO3)3 + 3 NaOH — IH(OH)3 +3 NEINO3
ITo pC€aKknuu JIBOMMHOTO 0OMEHa IIOJIy4aroT 30J1b HOJHJa cepe6pa:

AgNO; + Nal — Agl + NaNO;

Cpenn OCHOBHBIX (DM3MUECKMX METOJOB KOHICHCAIIUU BBIICISIOT
METOJ1 KoHOeHcayuu u3z napos u Mmeto, Poeunckozo-ILllansnuxosa.

B Merone koHaeHcanuu U3 MApoB MapaMeTPbl CUCTEMBI PEryJUPYIOT
TakKUM 00pa3oM, 4TOObI JaBJI€HUE MapOB BELIECTBA, U3 KOTOPOTO IUIAHUPYIOT
NOJIYYUTh JUCIEPCHYIO CUCTEMY, MPEBBIIAN0 Obl UX PAaBHOBECHOE JIABIICHUE;
B pe3yJIbTaT€ BO3HUKAET TIEPECHIIMICHUE, W W3 TOMOICHHOW CHUCTEMBI
BbIjIeIIsIeTCA HOBas (aza B BUJE MUKPOCKOITMYECKUX YACTHI], T. €. 00pazyercs
JUCTIEpCHasi cucTemMa. B kadecTBe mpumepa MOXKHO MPHUBECTH 00pa3oBaHHE
tymana. Kak »To mnpoumcxomut? B gHEBHOe BpemMs CYTOK oOpasyercs
HACBIIICHHBIN MPU JTAaHHOW TeMIlepaType BOJSHOW map, a mpu Oosiee HU3ZKOU
HOYHOU TEeMITepaType TaKOU IMmap SBIISICTCS YK€ MEPECHIICHHBIM U 00pa3yeTcs
HOBasi (haza — B3BEIICHHBIE B BO3yX€ KaleIbKH >XUIKOCTH, KOTOPBIE MBI
Ha3bIBAEM TYMAHOM.

OOparure BHMMaHu€ Ha TO, UTO MeTon bpeodueca, KOTOpPBIA
paccMaTpuBajiCsi B MPEIbIAYIIEH JEKIMU KaK JUCIEepPralliOHHBIA METO],
MOXET TaKKE pacCMaTPUBATHCS U KaK YaCTHBIM CIydail MeToJa KOHACHCAIUU
U3 TIapoB, BEllb OH BKIIIOYAET KAK CTAJMI0 PACcCHbUICHUS MaTepualia, TaKk U
KOHJICHCAIIO0 00pa3yIOIIUXCs B PE3yJIbTaTe PaCbUICHUS TapOB!

Memoo 3amenvt pacmeopumensi SBISCTCS  (PUBHKO-XUMUYECKUM
NOAXOAOM K IOJIYYEHHIO ITUCHEpPCHbIX cucteM. OH OCHOBaH Ha TOM, 4YTO
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HEKOTOPbIE BEIIECTBA XOPOIIIO PACTBOPSIOTCS B OJTHOM cpejie ¢ 00pa3oBaHUEM
HUCTUHHOTO pacTBopa (kaHu(pOIb B COHpPTE, XJOPUA HaATpus B BOJE), a B
JIPYTUX Cpelax uX PacTBOPUMOCTH ropas3fo Huxe (KaHU(OJb B BOJE, XJIOPHU
HaTpus B OeH3o0s1€). B TakoM ciydae mpu MOCTEIEHHOM JTOOABJICHUH BOJBI B
pacTBOp KaHUGOIM B CHUPTE MPOUCXOIUT OOpa3OBaHHWE BOIHO-CIHUPTOBOM
CMECH; TIPU OTOM PACTBOPUMOCTh KaHU(POIU PE3KO TOHMKAETCS U
MPOUCXOAUT 00pa30BaHUE KOJJIOWTHOTO pacTBopa KaHU(OIU. AHATOTUIHBIM
00pa3oMm MoJIy4aroT 30JId XJIOpHUJia HaTpus B O€H30J1€, CEphl B BOJIE U JIP.

HNrak, ucnoab3yss OAMH W3 MHOIOYMCJIEHHBIX METOAOB MOJYy4YCHHS
AUCHEPCHBIX CHCTEM MOKHO CHHTE3HMPOBATh MPAKTH4YECKH J1000e
BelIECTBO B  KOLIOMJAHOM coctosiHuu. Kak Bbl yxe 3Haere,
oOpasyouuecsi MpU 3TOM O04Y€Hb MeJIKHE YacTHIbI 00/1a1a10T U30bITKOM
JHEPIruU MO CPABHEHHUIO ¢ MACCUBHBIMH 00beKTaMHU. Bo3HuKaeT Bompoc,
a B KaKOM BH/e YaCTHIbl JUCIEPCHOHN (a3bl HAXOAATCH B KOJJIOMIHBIX
pacrBopax?

OO6nanass M30BITOYHOM OHHEPruer, MEJNKUE YacCTULbl CTPEeMATCA ee
MOHU3UTh 3a CYET TMpPOLECCOB aAcOpOLUMU MOJIEKYJ] WM HOHOB U3
JUCIIEPCUOHHOM cpefpl MO0 3a CYEeT AMCCOLMALMM MOJIEKYJ WJIM HMOHHBIX
IPYNIUPOBOK, PACIONIOKEHHBIX HAa MOBEPXHOCTU YACTHUI] AUCHEPCHOU (pa3bl
(mpouecc arperanyy Kak BO3MOXHBIM MyTh MOHMXKEHUSI CBOOOHOM sHEpruu
3leCh Y4YUThIBaTh He Oynem). B pesynbrare BOKpPYr KakKIOW YacCTHUIIBI
dbopmupyetrcsi uoHHas armochepa. Yacmuya ¢ uonHou ammocghepoi
ABNAEMC CMPYKMYPHOU eOUHUYell KOAIOUOHO20 pAcmeopd U HA3bleaemcs
muyennou. MUNENIsIpHOE CTpoeHUE Hauboyiee XapaKTepHO IS 30JICH,
CYCIIEH3UH U OMYJIbCUM.

Paccmotpum 06pa3oBanre MULEIIBI HA ipuMepe 30751 Agl.

ITpu cuntesze 3o0ma no peakuuu AgNO; + Nal — Agl + NaNO; npu
COOJIIOJICHUU OMpENIEJICHHBIX YCIOBUNM CHUHTe3a (pa30aBlIEHHBIE PACTBOPHI,
UHTEHCUBHOE TniepeMmemiuBanue) Agl dopmupyercs He B BHUIE 0cajka,
00pa30BaHHOIO KPYHHBIMM 4YacTHI[AMH, a B BHJIE€ BBICOKOJUCIEPCHBIX
(HaHOpa3MEpHBIX) YaCTHI], KOTOpbIe Ha3bIBAlOT acpecamamu. W30bITOUHAS
sHeprusi o0pa3oBaBIIMXCS YACTHUIl MPUBOAUT K TOMY, YTO HA HUX CTPEMSTCS
a71copOMpPOBaTHCS MOJIEKYJIBI BOJIbI M IPUCYTCTBYIOIINE B PACTBOPE HUOHBI.

B of0mem ciyuae mpu cuHTE3e peareHThl OepyTcsi HE B CTPOTO
SKBUBAJIEHTHBIX COOTHOIIEHUSX. I[lyCTh B pEaKkIMOHHONW CMECH HMEETC
n30bITOK AgNO;3; MO CpPaBHEHHUIO CO CTEXHOMETPUYECKHMM KOJIMYECTBOM. B
pe3yibTaTe peakluu BCE MMEIOLIEECS B CHCTEME KOJIHMYECTBO HOAUA-HOHOB
yAaJSeTcs U3 pacTBOPA U MEPEXOIUT B HEPACTBOPUMOE coearHeHue. Torna B

34



pacTBope ocTaroTcs Tonbko HoHel NOs', Ag' n Na'. BosHuKaeT Bompoc, Kakue
’Ke UIMEHHO MOHBI OyayT ajncopbupoBaThcsi Ha arperate Agl? Teoperuuecku,
JA00bIe NOHBI, Yel XMMUYECKUN MOTEHIIMA B paCTBOPE BBIIIE UX MOTEHIMAIA
B TBEpJbIX YAaCTULIAX, OYIYT CTPEMHUTHCS aJcOpOMPOBATHCA Ha MOBEPXHOCTH
arperata. OJIHaKO JOTMYHO MPEAMNOJI0XKHUTh, YTO HanbOJIee «OXOTHO» OyIyT
a71copOMpOBaTHCS UIMEHHO T€ MOHBI, KOTOpbIe OyAyT 00pa3oBbIBaTh Haubojee
MPOYHYIO CBA3b C MOHAMM, BXOISIIMMH B cocTaB arperara. O4eBUIHO, YTO
TaKUMH HWOHAMH SIBJIIIOTCSI MOHBI, KOTOpbIE CIIOCOOHBI JOCTpauMBaTh Ha
MOBEPXHOCTU  YaCTUIBl KPUCTANIMYECKYIO PpEUIETKY HEpacTBOPUMOIO
COEIMHEHMs (HAcChIlaTh OOOpPBAaHHBIE CBA3M Ha IOBEPXHOCTH YaCTHUIBI).
OnucanHasi 3aKOHOMEPHOCTh H3BECTHA Kak npasuno Illanema-Dasanca. B
pe3ysbTaTe AOCTPAMBAHMSI PELIETKH MEXAY aJcOpOMpOBaHHBIMU HOHAMHU U
arperatom o0pa3yroTcsl IPOYHbIE XUMUYECKHE CBA3U CO 3HAYUTENLHOM J0eit
KOBaJEHTHOCTH. B 1aHHOM mpumepe TakUMU HOHAMH MOTYT OBITH TOJBKO
nousl Ag'. B o0mem ciydae, DOCTPOMTH PEIIETKY HEPacTBOPHMOIO
COEIMHEHMs CIOCOOHBI HE TOJIBKO MOHBI, BXOJSIINE B COCTAB COSAMHEHHUS, HO
U JIpyrue HMOHBI, KOTOpbIe OJIM3KU MO CBOMCTBAM M pa3MepaM (M30MOPQHBI)
aJIcCOPOUPYIOMMMCS HOHAM (Hanpumep, HoHbl Mg” 1 Sr™* n3oMophHEI HoHaM
Ca®, a momel I' m Br wmsomoppuel momy CIl). Homsr NO; u Na'
MPUCYTCTBYIOIIME B paccMaTpUBaEMOW pEAaKIMOHHOM CHUCTEME HapsAly C
MoHaMH Ag', CIOCOOHBI MPUTATMBATBCA K arperary IMIOb 33 CUeT
AIEKTPOCTATUYECKOTO B3aUMOJICUCTBUSL (OCOOEHHO CIa0Oro ¢ Yy4eToM TOro,
YTO arperaT 3JEKTPUUYECKU HEUTpaJIeH), U, COOTBETCTBEHHO, YCTYNAIOT MECTO
MoHaM Ag' Ha MOBEPXHOCTH arperara.
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[Agl], — arperar
[Agl], nAg" — sapo
{[Agl]m nAg" (n-x)NO; }*" — konmouaHas yacTuna

{[Agl]m nAg" (n-x)NO; }*" xNO;™ — mumenna.

Takum 00pa3oMm, MOHEI Ag TPOYHO CBS3BIBAIOTCS C arperaTom H,
OyIoyud 3apsuKeHHBIMM, MPUIAIOT 3apsi]l U arperary (paBHBIM MPOU3BEICHUIO
3apsa MOHAa Ha KOJUYECTBO HMOHOB). IloaTomMy Takue WMOHBI Ha3bIBAIOTCS
noteHuuanonpeaesnstomumu  (IIOM); T.e. oHM ompenendroT 3apsan sapa
(s, ApOM MUTIEIUTBI HA3bIBAIOT arperatr ¢ MOTCHIIMAIONPEICSIOIMMUA HOHAMU ).

Anapo Munemibl MMEeT 3HAUYMUTENBHBIN 3apsij] W MPUTITUBACT U3
pacTBOpa MPOTUBOMOJIOXKHO 3apsKEHHBIE MOHBI (npomusouoHst). B mannom
ciydae 910 nonsl NO”. IIpOTHBOMOHBI B MHIlEIUIE OOpa3yioT [ABa CIIOS,
KOTOPBIE PA3TUYAIOTCS TIO0 CHIE WX TNPUTSHDKCHHUS K SAPY — OTHOCHUTEIHHO
IUIOTHBIA  a0COpOYUOHHBIN CI0U NPOMU8OUOH08 (B KOTOPOM pealn3yeTcs
JAOCTATOYHO CHJIBHOE DJIEKTPOCTATUYECKOE B3aMMOJICHCTBHE MPOTUBOMOHOB C
3apsiioM siipa) U O6oJee yJIaaeHHbIN OT siapa ouggysuuiil cioti («pa3MbITBIN)
(B KOTOPOM TIPOTHBOMOHBI TIPUTATHUBAIOTCSA K SJIpYy HAMHOTO MEHBIIE
BCJIEACTBUE OCialbneHus: (9KkpaHuposanus) 3apsaa sapa MPOTUBOMOHAMU
aacopOIMOHHOTO cios). [IpOTHBOMOHBI AJNCOPOIIMOHHOTO CJIOSI BMECTE C
AJIpOM 00pa3yloT €IUHYI0 CTPYKTYpPY OTHOCUTEIBHO MOCTOSIHHOTO COCTaBa —
KOJLIOUOHYIO 4acmuy).

BaxxHO OTMeTUTH, YTO B pPE3yJIbTaTe€ TEIJIOBOTO JBIKEHUS WJIU IO
JEHUCTBUEM DJIEKTPUYECKOTO TOJII MOHHAS CTPYKTYpa KOJUIOMIHOM YACTHUIIBI
HE W3MEHSETCSA, T.€. SAPO W TPOTUBOUMOHBI aJCOPOIMOHHOTO  CJOS
(xoymonTHAsI 9acTUIIA) IBIKYTCS BMecTe. Kosmonmnas yactuiia uMeeT 3apsij,
MEHBIIIUN, YeM 3apsn sapa, T.K. 3apsa sSApa 4YaCTUYHO KOMIICHCHUPOBAH
3apsAIOM TPOTUBOMOHOB. 3apsii KOJUIOMTHOW YaCTHI[BI HMEET OOJIbIIoe
3HaUEHWE I TMPOTEKaHUS MHOTHX TIPOIECCOB C YYaCTHEM JMCIICPCHBIX
CHUCTEM U, B YaCTHOCTH, SBJIIETCS (AaKTOPOM MIX arperaTUBHONW YCTOHYHBOCTH,
T.K. OJHOMMEHHO 3apsDKCHHBIC YaCTHIIBI OTTATKHBAIOTCS 3a  CYET
AIEKTPOCTATUYECKOTO B3aUMOJIEUCTBHS, UTO MNPENATCTBYET WX arperamum.
COBOKYMHOCTh ~ MPOTUBOMOHOB  JMU(Pdy3HOr0o  («pa3sMbITOro»)  CIIOs
KOMIIEHCHUPYIOT 3apsii KOJUIOMJHOM 4YacTUIbl M BMECTE€ OHHU 0OpasyroT
ANEKTPUUECKH HEUTPATLHYIO MULETLTY.
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Mutiemibl  SBASIOTCS CTPYKTYPHBIMHU €IMHHIIAMHU JTUCTIEPCHOM (pa3bl
30JIel, KOTOpbIE YacTO HAa3bIBAIOT KOJUIOMAHBIMU pPacTBOpaMu. ITO
HUCTOPUYECKH CIIOKUBIIIEECS Ha3BaHue. HeoOXoaumMo TOMHHTH pa3iuydue
MEXJy HWCTUHHBIMM (MOJEKYJISIPHBIMU, HWOHHBIMH) M  KOJUIOUJIHBIMU
pacTBOpaMH.

Hrak, Bbl HAyYuMch mojiy4arb KOJIJIOMJAHbIE PACTBOPbI, Y3HAJH
0COOCHHOCTH CTPOCHUS MHUEJLI, T. €. CTPYKTYPHBIX €IUHMI TUCIHEPCHOM
¢a3pl. Eme Bam coBepuieHHO Heo0X0auMO 00paTUTh BHUMaHHE HA TO,
YTO B HEKOTOPBIX CJIY4YasX IMOJYYEHHBIH 30.Ib MOXKET NMOTePATh CBOIO
CTA0MJIBHOCTH U MPEBPATUTHCH B 0CaA0K. OIQHOM M3 IJIABHBLIX NPUYUH
HEBBICOKOH CTa0OMJIBLHOCTH 30JIell fIBJSIETC MNPHUCYTCTBHME B HHX
00JIbIIOr0 KOJMYECTBA pa3jn4HbIXx HOHOB. Kak Bbl aymaere, mouemy
NMPUCYTCTBHUE 3JIEKTPOJUTOB B 30JI€ CIIOCOOCTBYET ero KoaryJjasiuuu?

B namem npumepe, onuchlBarOmMM nosrydeHue 3018 Agl, B pactBope
OCTaeTcsi 3HAYMTEIbHOE KoJM4ecTBoO HOHOB — NO; m Na'. UYem xe
OCTAaBIIIMECA HOHBI MEMIAIOT 30107 YBEIWYECHHE KOHIEHTPALIMM HOHOB B
pacTBOpe MPUBOAUT K YBEIMYECHUIO MOHHOW CHJIBI PacTBOpPA, YTO B CBOIO
ouepeqlb BBI3BIBAET YMEHBIIECHUE TOJIIMHBI MOHHOW aTMmocdepsl (cxaTue
noHHoro cjosi). CremoBarenbHO, MPOTUBOUOHBI  AUDPy3HOrO  CIlIlOs
pacriojararoTcs y»e HE «pa3MbITO», a MNPUOJIHKAIOTCA K MPOTHBOMOHAM,
HaXOSIIUMCS B aJICOPOIIMOHHOM CJIO€, M Ja)Ke MPOHUKAIOT BHYTPh €ro, BCE
CWIbHEE «HEUTpAIM3Ys» 3aps] MPOTUBOMOHOB. B pe3ynbrare 3apsn
KOJUIOUJHOW YaCTULbI, a, CJIEJOBATEIbHO, U YCTOWYMBOCTH JUCHEPCHOMN
CHUCTEMBI YMEHBIIAOTCS.

Jns  ynaneHus HU3KOMOJEKYJISIPHBIX TpuMece (B 4YacTHOCTH,
NECTA0MIN3UPYIOMINX  AJEKTPOJIMTOB) 30JId TMOCJE TMOJYyYEHHUS 4YacTo
MOJBEPratOT OYUCTKE. MeTomaMy OYUCTKHA 30JIEM SBJSIOTCA JHAIU3 WU
yIbTpa(UIbTpaLus.

Yro Takoe quaani?

Jluanu3 OCHOBaH Ha pa3HUIE B CKOpocTH IudPy3uu HEOOIBIINX
MOJEKYJI WIM HOHOB M YacTHI] KOJUIOMJIHBIX pPa3MEpOB  4epe3
MOJIYITPOHUIIAEMYIO TIEPETOPOJKY — MeMOpany. (Bcnomnume, kmo eénepevie
nPeoNoHCUl KOHCMPYKUUIO npuodopa 0aa ocyuwiecmenenus ouanusa.) Jins
OTUX TMeNied TMPUMEHSIOT MEMOpPaHbl, HW3TOTOBIICHHBIE W3 JKUBOTHBIX W
pPaCTUTENIbHBIX TEPENOHOK, 3aAyOJEeHHOrO JKeJaTWHAa, MEMOpaHbl U3
KOJUIOZMS, areraTa IEJUTIONIO3bl W Ieuiodana, IepramMeHTHol Oymard,
KepaMUYECKUX MOPUCTHIX MaTEPUAJIOB U JIp.
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Heb6omnpiine MOJIeKy bl 1 HOHBI U3 307151 MPOHUKAIOT Yepe3 MeMOpaHy U
b GYHIUPYIOT B BOAY, KOHTAKTUPYIOIIYIO C MEMOPaHO, a MOJIEKYJIBI BOJIBI
IpyU STOM MPOHUKAIOT uepe3 MeMmMOpaHy B oOpaTHOM HampaBieHUU. B
pe3ynbTaTe MOCe OUYMCTKH KOJUTOMIHASI CUCTEMa OKa3bIBaeTCs pa30aBIICHHOM.
(Ilonpooyiime nosacnums, 6 pe3yaromame 4e20, U KAKUM 00paA3OM
ocyuwiecmenaemcs nepeHoc MoaeKya1 u uoHoe yepes memopany.) OuucTia
KOJUIOUHBIX PAcCTBOPOB TaKUM CIIOCOOOM TpeOyeT 3HAYUTEIHHOTO BPEMCHH
(mHM, HEemEIW U Jake MecsInl). [ yeckopeHus auaiv3a MOKHO MPUMEHSTH
pa3HbIe MPUEMBI, HAIPUMEDP, YBEIMUMUBATH IIJIOMIA> MEMOpAHbI, YMEHBIIATh
CJION OYMINAEMOM YKHJIKOCTH MM YaCTO MEHSTHh BHEITHIOK KHUIKOCTh (BOIY),
TIOBBITIIATh TEeMIeparypy, MIPUKJIABIBATh AIIEKTPUIECKOE noJie
(onexTpoauanus). B yacTHOCTH, O3JEKTpOIMANHM3 TIO3BOJSET 3aKOHYHUTH
mpoliecc Juain3a B TEYEHUE HECKONBKHUX YacoB. B MpOM3BOJICTBEHHBIX
YCIOBUSIX JUAIN30M OYHUIIAIOT OT cojiell Oenku (KelnaTwH, arap-arap,
ryMMHapaOuK), KPAaCUTENH, CUITUKAreshb, TyOIbHBIC BEIECTBA U JP.

Eme ogHuM cmoco0OM OYMCTKH JIHMCIIEPCHBIX CHCTEM SIBJISIETCS
yasmpagunempayusa. IloscHATE CyTH JAHHOT0 METOAA.

B npomnecce ynprpaduiabTpalii MEMOPAHON 3a1€pKUBAIOTCSI YaCTULIBI
aucnepcHod (aspl WM MaKpOMOJIEKYJIbI, a JHUCIIEPCUOHHAs cpeaa ¢
HEXENATEIbHBIMU  HU3KOMOJIEKYJISIPHBIMH ~ [IPUMECSIMU  TIPOXOJHUT  Yepe3
MeMOpaHy. YibTpaduiibTpanus OTHOCUTCS K 6apoMeMOpaHHBIM MpolieccaM, B
OTIIMYHME OT AWalii3a €€ MPOBOAAT Moj naBieHueM. [Ipu yiapTpaduibrpanuu
JOCTUTAIOT BBICOKOM CTENEHW OYMCTKM 30J€d IPU OJHOBPEMEHHOM UX
KOHIIEHTpUpOBaHUH. VHOT/1a TOBOPSAT, YTO YAbTpadUIbTPALMs — 3TO JUAIIN3,
MPOBOJMMBIN MOJ JaBJICHHEM, XOTS 3TO M HE COBCEM BEpPHO (0c0o00
mo003HaTeNnbHbIe U3 Bac MOryT nogymars noyemy).

[Ipumenenue memOpaH € OIpeNeJeHHBIM pa3MEpOM MOp TMO3BOJSET
pa3enuTh KOJUIOMJIHBIE 4YacTUUbl Ha (¢Qpakuuu 1O pa3MepaM |
OPUEHTUPOBOYHO OMNpPEAETUTh 3TH pa3Mepbl. Tak ObUTM HaAWAECHBI pa3Mepbl
HEKOTOpPBIX BHpPYyCOB. Bce 3TO roBopUT O TOM, 4YTO YIbTpapUIbTpaLIUs
ABJISIETCSI HE TOJBKO METOJAOM OYUCTKH KOJUIOMJHBIX CHCTEM, HO M MOXKET
ObITh MCIOJIb30BaHA Kak CHoco0 JHUCIIEPCMOHHOTO aHalu3a W A
IpEnapaTUBHOTO PA3AEIEHUS TUCIIEPCHBIX CUCTEM.

WNHTepecHbIM TPUMEPOM COYETaHUSl JMajiu3a M yibTpaduibTpanuu
ABJISIETCA ~ anmapar «HUCKYCCTBEHHas IMOYKa», MpeAHA3HAYCHHBIM 1Jid
BPEMEHHOM  3aMeHbl  (PYHKIIMM  TIOYEK TPU  OCTPOM  TOUYECUHOU
HepocTaToyHOCTH. OH  BOCHPOM3BOAUT Takue (YHKIUU T[OYEK, Kak
BbIJIeJICHHE OTPaOOTaHHBIX MPOAYKTOB M3 KPOBU, PETYIHPOBAHUE KPOBSIHOTO
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JaBJICHUS W BOJHO-AJIEKTPOJIUTHOrO OanmaHca. B MCKYCCTBEHHOW MOYKE U3
a3Mbl (I1a3Ma — KUAKas 4acTh KPOBHM) YIAISIIOTCS MOYEBHHA, MOYEBas
KHCIIOTa, KPEaTUHUH, MOHBI Kallis, TOKCHUHBI M JPYyTHe BellecTBa Ammapar
OTIEPATUBHBIM ITyTEM MOAKIIOYACTCS K CHCTEME KPOBOOOpaIeHuss 00JIHHOTO.
KpoBr mom  naBieHueM, CO3/1aBa€MbIM  MYJIbCUPYIOIIMM  HACOCOM
(«MCKYCCTBEHHOE CEpJille»), MNPOTEKAaeT B Y3KOM 3a30p€ MEXIy ABYyMS
MeMOpaHamMH, OMBIBaEMBIMH CHApyXXd (PU3HOJIOTHYCCKUM  PacTBOPOM
(busmosioruyeckre pacTBOPhI — ATO BOJAHBIE PACTBOPHI, OJIU3ZKHE MO COJICBOMY
COCTaBy, BEJIWYMHE pH W IPyruM CBOWCTBaM K KPOBHU 3J0POBOr0O YEIOBEKA,
Hanpumep, pactBop, coaepxatuii 0,9 % NaCl u 4,5 % ratoko3sr). biarogaps
GombIoi mwiomany Memopan (~15000 cM”) U3 KpoBH 3a 3-4 4yaca ymasIOTCS
BCE BBIIICTIEPEUNCICHHBIC «IILIAKI.

Pazmep mop meMOpan aiis yiabTpauiIbTpaliiy COCTaBISET BETUIHMHY OT
1 no 10 aM. Ecniu mictionib30BaTh MeMOpaHbI ¢ 00jiee TOHKHUMU IopaMu (MeHee
1 HM), TO TPOUCXOIUT 3aJIePKKAa HE TOJIBKO JHUCIIEPCHBIX YaCTHUIl, HO H
OTHOCUTEJIBHO KPYITHBIX MOJIEKYJI M JlaX€ MOHOB (pa3Mep MOHOB B BOJIHOM
pacTBOpe [IOBOJILHO 3HAUMTENEH Omarojmapsi OOpa30BaHUIO THAPATHOU
obonoukw). [IpaBaa myisa mpoBeAeHHs Takoro mporecca TpelOyercs padbouee
naBieHue ~ Ooybliee, YeM B ciaydae  yAbTpaduiIbTpamuu.  ITOT
OapoMeMOpaHHBIN MPOIECC HA3BIBACTCA cunepguibmpayueii Ui 00pamHvim
OCMOCOM.

HNHTEepecHO OTMETUTH, YTO METO TUTIEPOUIBTPAIIMH HAPSTY C METOIOM
NEPErOHKU TMPUMEHSAETCS B OBITY M TPOMBIIUIEHHOCTH MJI OYHCTKU U
JCMOHU3AIUU BOBI.

Ykaxurte pa3auqus Mexay GpusnyecKUMH SIBJICHUSIMHU, JeKAIMMHA
B OCHOBe IMAJIN3a U yJbTpapuabTpanuu?

B pesynprare nuanuza u yiabTpaduIbTpalMud M3 30J€M 3a cyeT
n30MpaTeNbHOTO  NEPeHOca  YacTUll  4yepe3  MeMOpaHy  YJaisioTcs
ANEKTPOJUTHL. Paznuuuss MeXIy OTUMHU MpOIEccCaMu 3aKIIOYaloTCs B
MEXaHU3ME€ W [BIKYIIEH cuie MepeHoca BewecTBa. B cinydae auanusa
OUYMCTKA OCYIIECTBIISIETCS 3a cueT AU (Py3ur MOHOB UM MOJIEKYJ, KOTOpPbIC
IPEUMYIIECTBEHHO HMMEIOT pa3Mep, CYLIECTBEHHO MEHBIIWN, YEeM pa3Mep
KOJUIOMJIHBIX YacTHIl, a B Clyyae yJIbTpapuIbTpallu pa3AejeHUE HOHOB,
MOJIEKYJI M KOJUIOMIHBIX YaCTHUI] IPOUCXOIUT 10 MPUHLMITY cuTa. J{BIOKyIIast
cuia yiapTpauiabTpalud — TpPagueHT JaBi€HHs, a He TPaJueHT
KOHLIEHTpaluy, Kak B ClIly4yae Auainia. B mpouecce 04MCTKH JUaIM30M 30J1b
pa30aBisieTcs, a pu yAbTPaQUIBTPALUNA — KOHLIEHTPUPYETCH.
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Bonpocs! u 3a1anus 1Jisi CAMOKOHTPOJISI 3HAHUI M0 MaTepuany 4-i

1.
2.

3.

4.

5.

JICKIIUH

OxapakTepu3yiTe crocoObl MOIYYCHHS 30JIeH IMTyTeM KOHCHCAIUH.
Kakue ycnmoBusi HEOOXOMWMBI Il OCYIIECTBICHHS] XUMUYECKOUN
KOHJIeHcaluu?
Uro BaMm u3BECTHO O METOAE NOJIYYEHUs 30JI€M, IPEMIOKEHHOM
Porunckum u IlanbHUKOBBIM?
[Ipu neicTBUM HAa MOHBI Ca2+, Sr*" u Ba®" wonamu C,0,> u SO,” B
pa30aBJICHHBIX PpacTBOpaX Ha XOJojA€ OOpa3ylTCcs  IUIOXO
OCEelaloIMe MEJIKHE KPUCTaUIbl, a B KOHUEHTPUPOBAHHBIX
pacTBOpax MpHU HaArpeBaHUM 0OPA3yIOTCS OBICTPOPACTYIINE KPYITHBIE
kpuctaibl. OOBSCHUTE TPUYMHY Takoro paznuuud. Hamummre
dbopMynBl MHUILIETUT M YKOKUTE 3HAK DJIEKTPUYECKUX 3apsjioB
KOJUIOMJHBIX YacTUIl Modydaronuxcsi B3Beceil. Kakumu ee
croco0amMu MOKHO YCKOPHUTD BBINIAJIEHNE OCa/ika B ATUX PacTBOpax?
B xakom nopsiike ciaeAayeT cliuBaTh PaCTBOPHI:

a) H3ASO3 u (NH4)QS,

6) CdC12 u NaQS;

B) H3ASO4 nu (NH4)28,

r) AgNO; u KI,

YTOOBI IMOJYYHUTDb KOJUIOUJHYIO CUCTEMY C HaCTHLIaMHU, HCCYIIIMUMMU !

a) MOJIOKUTEIBHBIE DICKTPUUECKUE 3aPS/IbI;
0) OTpUIIATENbHBIE JIEKTPUYECKUE 3apsiibl?

Hanummre ¢popMyibl MULIEIUT 00pa3yroOMIMXCs B KaXKI0M CIydae 30J1eH.

6.

[Ipu pacTBOpeHHH HEKOTOPBIX BEIIECTB B BOJE TMPOUCXOIUT
THAPOJIN3, KOTOPBIM TMpU pa3zdaBICHUH pacTBOpa YTiayOiseTcs u
MPUBOAUT K oOpa3oBaHuio 3o0is. M300pa3ure cXemMaTH4HO
CTPYKTYpY MUIEIUIBI W 3anuiuTe ee (Gopmyiy sl CIeAyOInX
MPOILIECCOB:

a) FeCl; —22 5 FeO' +2 H' + 3 CI' —2:2, Fe(OH);] + 3 HCI

0) AI(CH;COO); + 3 H,O — Al(OH);3| + 3 CH;COOH

B) Sn(CH;COO), + 2 H,O — H,Sn0O;| + 2 CH;COOH
[Tpun HarpeBanuu BOIBI (0OCOOCHHO O3€pHOW WM pedHOor) 1m0 90-
95 °C npoucxoauT HMHTEHCHUBHOE O0pa3oBaHUE OypBIX XJIOIMbBEB.
OO0bsicaute 310 siBneHue. [loyemy Takoe sBiieHHE HE HAOMIOJAETCS
MIPU HArpeBaHUU JUCTUIUIUPOBAHHOUN BOJIBI?
B ocHoBe mpoun3BoicTBa MOMAIHBIX KOH(ETHBIX MAaCC JICKHUT PEe3KOe
OXJIAKICHHE CHPOTa, a B OCHOBE CaXapHOI0 MPOMU3BOJICTBA — PE3KOE
OXJIAXKICHHE TMEPECHIIEHHOTO0 pacTBOpa caxaposbl. B pesynbrare
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KaKOTO TMpoIlecca B ATUX CIy4asx MPOUCXOIUT 00pa30BaHUE YACTHI]
nucriepcHoi (a3br?

O6naka OTHOCATCA K JWCHEPCHBIM  cuctemMaM 1, K/IT wu
MPEACTABIIAIOT COOOIl B3BELICHHBIE B BO3AYIIHOM Cpele Kalid U
KpUCTauIbl BoJbl. Kakue mporecchl mMpoucxoasaT B atMochepe mpu
oOpa3zoBaHUH 00JIAKOB?

10.0T1 4ero u U1t 4Ero OYMILAOT KOJUIOUIHBIE CUCTEMBI?
11.Yto Takoe nuanuz? M3o0pasure cxemy ammapara JJisl NpOBEIEHUS

IAAIIN3a.

12.Kak MOXXHO YCKOPUTH AUATU3?
13.Yt0 Takoe ynpTpaduibTpalus U 4YeM OHA OTIMYAETCS OT auanuza?

JlaliTe onpenesieHrue MeMOpaHBbI.

14.Yto 00111€T0 U B 4eM 3aKITF0YAETCS] 0COOCHHOCTh TAKMX MEMOpPaAHHBIX

MPOIIECCOB, KaK JHANINA3 U YIbTpaQuiIbTpanus?

41



JEKIAS 5

JIlakue  ceolicmea  UCMUHHBLX — pPACMEopos,  Kak,
ugpgpysus,  ocmomuueckpe — Oasienue,  UIMEHEHUe
0asAeHUS NAPA U MEMNEPATLYP 3AMEP3AHUSL U KUNEHUS.
0bycAOBALHDL CAMONPOUSEOABHBIM 0BUKEHUEM MOAEKYA.
Obaadarom Au  Imumu  C6OUCMBAMU  KOAAOUOHDLE
UACMUUDbL, 3AHUMATOWUE NPOMEKYMOUHOE TNOAOKEHUE
MEKQY — MpAKMuUuecKy — HENoOBUNKHbIMU — KPYNHbIMU
MEAAMU U 6EHHO OBUNKYWUMUCS MOAEKYAAMU?»

JLM. KpyeaaKos

I/ITaK, MBI pPacCMOTpEJI METOALI TIOJYYCHHUA M OYUCTKH
KOJUIOMJIHBIX CHCTEM. I[a.ﬂee, AJd TOro, yTo0BI 00JI€€ YeTKO
NpEeaACTABJATL IMPOHECChI, KOTOPbLIE JEKAT B OCHOBE, HaIpuMmep,

BbIIIEOMUCAHHBIX  MeMOpaHHBIX  MpoleccoB —  aUaam3a "
yabTpaQuIbTPalUM, 1eJeco00pPa3HO  PacCMOTpPeTb  MOJAEKYAAPHO-
KuHemuuecKkue  ceolicmea  PacTBOPOB, KOTOpble  00yCJIOBJIEHBI

Xa0THYECKUM TeILUIOBBIM JIBHKEHHEM MOJIEKYJ M aTOMOB. 3aKOHBI 3TOI0
CAMONPOU3BOJILHOTO [ABHKEHHSI HM3Yy4aeT MOJIEKYJISPHO-KMHETHYEeCKas
Teopusi. HekoTopbie CBOHCTBA PacTBOPOB  O00YCJOBJEHBI 3THM
ABHMKEHUEM, T. €. ONMPeAeIAIOTCS He COCTABOM, 2 YHCJI0M KMHETHYEeCKHX
eMHHUIl — MOJIEKYJ B eaquHHMIEe 00beMa ujaM Maccbl. K HUM oTHOcATCH
CBOMCTBAa, KOTOpbIe HA3BIBAOTCA Koaiuzamuenvimu: audpdysus,
OCMOTHYECKOE JaBJIeHHE, Pa3iuyus B JaBJeHMH Napa U TeMmepatryp
3aMep3aHNsl U KHUIIEHUSl B CJIy4ae YUCTOr0 PacTBOPHUTENsI U PacTBoOpa.
EcTrecTBeHHO BO3HHMKAaeT BONPOC, 00JAaJAKT JM 3THMH CBOWCTBAMU
KOJUIOWJAHBbIC YaCTHLbI, 3aHUMAKIIHE MPOMEKYTOYHOE II0JIOKEHHE
MEXKAY HENOABHKHBIMM MAKPOCKONMUYECKMMH TeJaMH M BeYHO
ABMKYIIMMHUCS MOJIEKYJIaMu ?

VY4yeHble  AOKa3zanu, YTO  KOJUIOMJHBIE  CHCTEMBI  00JagaroT
MOJIEKYJISIPHO-KUHETUYECKUMH  CBOMCTBaMHU, K  KOTOPBIM  OTHOCSITCA
muddy3us, OpOyHOBCKOE ABUKEHUE U OCMOC.

bpoynosckoe  Osuoiwcenue — 3TO  HenmpepbIBHOE OecOPSAOYHOE
JBIDKCHUE YaCTHUI] MHUKPOCKOIMMYECKUX M KOJUIOMJHBIX pa3sMepoB, HE
3aTyXawlMe BO BPEMEHH. OTO [BUKEHHUE TE€M HMHTCHCUBHEE, YEM BBIIIEC
TEMIIEpaTypa U 4YE€M MEHBUIE Macca YacTHUIbl M BSA3KOCTh JIHUCIIEPCHOHHOU
Cpepbl.
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Kem 0bL10 OTKPBHITO OPOYHOBCKOE IBHKEeHUE?

BbpoyHoBckoe JBHKeHHE OTKphUT B 1827 r. aHrnuiickuii OOTaHUK
PoGepr bpoyH, paccmarpuBas 1OJA MHUKPOCKOIOM BOJHYIO CYCIIEH3HUIO
LBETOYHOW TbUIbLBI. HekoTopsie uccnenoBarenn OObSICHSAIN OOHApyKEHHOE
ABJICHUE >KU3HEIEATEIbHOCTHIO MbUIBII, OJHAKO MO3JHEE OKa3aJoCh, YTO
OpOYHOBCKOE JBUKEHHUE CBOMCTBEHHO BCEM CYCIIEH3USIM, B TOM YHCJIE U
CYCHEH3USIM HEOPTaHUYECKUX BEIIECTB.

OObsicCHEeHHE 3TOTO SIBIICHUS JIOJITO€ BPEMs CBSI3BIBAJIU C BHEIIHUMU
IIPUYMHAMM — HapyLIEHUEM MEXAHUYECKOIO PAaBHOBECHS, TEMIIEPATypPHBIX
YCJIOBHM U T. 1. 'y 1 DKCHEP NMPEANOI0KIIN, YTO OHO SIBISIETCS CIEACTBUEM
TEIUIOBOTO JBHXKEHHUSI MOJIEKYJI AUCIIEPCUOHHOM cpenbl. (Kemamu, a nouemy
MONIEKYIbl HAX00AMCA 8 NOCMOAHHOM 08U ceHuu?) I1a ToUKa 3peHus Obuia
TEOPETHUYECKH NOATBEpXkAeHa OWHIITEHHOM M CMOJIyXOBCKMM, a 3aTeM
JoKa3zaHa dKcnepuMmeHTaibHO IleppeHom, CBendbeprom ©  APYTHMH
HCCJIeI0BATEISIMU.

B o0mmx wueprax sBieHUE OpPOYHOBCKOTO JBH)KEHHUS MOKHO
MpEeACTaBUTh cleAylomuM oOpa3oM. Ecinum wactuna wania, TO  YHKCIO
OJTHOBPEMEHHO IMOJIy4aeMbIX €H0 yAAapOB CO CTOPOHBI MOJIEKYJ Cpelbl He
CJIMIIIKOM BEJINKO ¥ BO3HUKAET BEPOSTHOCTH HEPABHOMEPHOTO PaCIpeAeICHUs
UMITYJIbCOB, TIOJIy4aeMbIX YaCTULIEH C pa3HBIX CTOPOH. DTO OOYCIOBIEHO KaK
Pa3HBIM KOJIMYECTBOM YJApOB, TAK U PA3IUYHON SHEPrUEd MOJIEKYJ Cpe.bl,
CTAIKUBAIOIINUXCA C YacTUleW. B pesynbrare B3BELIEHHBIE B JKHIKOCTU
YacTULbl TPUOOpETAIOT MOCTyHaTelbHOE, BpallaTesIbHOE M KoseOaTesbHOEe
JIBUKEHUE.

HNMmeeT i OPOYHOBCKOE IBH:KE€HHE HANIPABJIEHHOCTD?

DBpoyHOBCKOE JIBMKEHHE COBEPIIEHHO XAaOTHYHO, T.€. B HEM
HaOJII0JaeTCs MOJIHAs PaBHOIIPABHOCTH BCEX HAIPABICHUI.

Yto siBJseTCS KOJMYECTBEHHOM XAPaKTEePHUCTHKON OPOYHOBCKOIO
JBHKEeHHUA?

JIisi  KOTMYECTBEHHOW XapaKTePUCTUKH OPOYHOBCKOTO  JBMIKEHUS
HCIIONB3YeTC cpednuti coue A., KOTOPBIH cBsi3aH c KOd(hQHUIHEHTOM
mudys3uu ypasnenuem Iunwmetina-CMOnTyX08CK0O20:

A =2D-7,

rae D — koaddunuent nuddysun, 7— Bpems nudpdysum.
CraTuctrueckas TeOpHs, MPHUBOIAIIAS K STOMY YPaBHEHHUIO, HMEET
MHOTOYMCJICHHbIE U HEOCIIOpUMBbIE  TOATBEpXAEHUS.  Pe3ynbTatsl,
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IIOJIyYEHHBbIE JUI YAaCTUL[ PA3JIUYHOM NPUPOABI U Pa3sMEPOB, IOKA3AIH
OIM3KOE COOTBETCTBHME M3MEPEHHBIX U BBHIMUCICHHBIX BEIMYMH A, SBHIIHChH
ONECTSIIMM JIOKa3aTeIbCTBOM PEajJbHOCTU CYLIECTBOBAHHUS MOJIEKYT H
IIOATBEPAWIN CTATUCTUYECKUN XapakTep BTOPOIO 3aKOHA TEPMOJIMHAMMKH.
(Kakue uszéecmmnovie yuenvie u 011 4e20 UCHONb30641U IMO YPAGHEHUE 6
Cc8OUX UCCe008aAHUAX?)

B komtongHON XuMuM Teopusi OpPOYHOBCKOIO JIBHJKEHHSI OKa3alach
(aKTHYECKH MEePBON KOJIUUECTBEHHOU TEOpHEil.

Kaxkoe onpeaesieHne MOKHO AaTh npoueccy 1uppysuu?

Huddysueil Ha3pIBaeTCS CaMOMPOU3BOJIBHBIN MPOIECC BHIPABHUBAHUS
KOHIICHTPAIMX MOJIEKYJ, MOHOB WM KOJUJIOMAHBIX YACTHUIl MO BIUSHUEM HX
tersioBoro aBwxkeHus. Ilpoumecc nuddysun wuaeT caMOmpoU3BOJIBHO,
MIOCKOJIbKY ~OH  CONPOBOXKAAETCS  YBEJIMYEHUEM JHTPONHH  CHUCTEMBI.
HaromMHuM, 4TO paBHOMEPHOE PACIPEIEICHUE BEIIECTBA B CUCTEME OTBEYAET
ee HanboJsiee BEpPOATHOMY COCTOSHUIO.

Oo6parum 1u mpouecc 1udpdy3un?

[Ipouecc muddy3un saBisgeTcs HEOOPATUMBIM, OH NPOTEKAET 0
MOJIHOTO  BBIPABHMBAHUS ~ KOHIEHTpAIMM, TakK  KaK  XaOTHYECKOe
pacmpeneneHue YacTUIl OTBEYAeT MAKCHUMAJIbHOM OSHTPOMHH CHUCTEMBI.
Bo3sBpaiienne cuctemMbl B MEPBOHAYAIBHOE COCTOSHUE BO3MOXHO TOJBKO B
pe3yibTaTe BHEIIHUX Bo3neucTBuil. Ilpueedume npumepovt makux
6030eiicmeuii!

Kakoil 3ak0H HMCHOJb3yeTcs Jf ONUCAHMS KOJHYECTBEHHbIX
3aKOHOMEPHOCTEN cTanuoHapHou (udPy3uun?

Crammonapsas 1uddy3us SBIseTCS NPOCTCUIINM BapUAHTOM SIBIICHHS
muddy3un. g Hee XapaKTEpHO ITOCTOSHCTBO BO BPEMEHH TpajueHTa

dc
KOHILIEHTpaluu [d—:constj. Jlis konuuecTBeHHOro omnucanus auddy3uu
T

UCIIONIb3yeTCsl 3akoH @Duka, KOTOPbIA OBbLT YCTAHOBIEH MO AHAJIOTHH C

3aKOHAaMU TIEpeHOoca TeIla U DJIEKTPUIECTBA:

de

dQ0=-D".s.dr,

dx
rae dQ — konuyecTBo npoaudPyHaupoBaBIiero BemecTa; D — kodphureHT
mubdy3un; dc/dx — rpalMeHT KOHIIEHTPAIUUY; § — TUIOMIAb, 4YepPe3 KOTOPYIO
unet nuddysus; 7 — npoaokuTenbHOCTh Tuddy3un. (Kak Bot oymaeme,
nouemy nepeo npagoil Yacmvio ypaeHeHus Cmoum 3HaK Munyc?)
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Yacro qs onucanuss  nud@y3uum  UCMONB3YETCS  VOenbHbll

ough@y3uonnsvili nomox — KOJIMYECTBO BemiecTBa, auddyHaupyromiee 3a
€IMHUITY BPEMEHHU Yepe3 CEUCHHE eIMHUYHOM TUIOIIaIN:
1 d d
Loy _14d0 _ _p%
s drt dx

N3 storo ypaBHEHHS SICHO BUJEH (DU3WUYECKUN CMBICT KO3 dUIIMEHTA
mubdys3un. (Chopmynupyiime ezo, He 3a0b18, Umo peusv uoem 0 eOUHUUHOM
2paouenme KOHYEeHmMpayuu.)

IIpuBenure BHIBOA ypaBHeHUN JiiHIITEHHA-CMOJIYyXOBCKOTO.

Paccmorpum HUAJTAH]IP, 3ar0JIHCHHBIM M
KOJIJIOUTHOU CUCTEMOU u pa3aeiIeHHbIN
MTOJIYIIPOHUIIAEMOM IIEPETOPOJIKON MN.

PaccTosiHue OT CTEHOK LMIIMHIpa ClIeBa U CIpaBa V1 A&
0 Teperopojku — A, Vv, VvV, — dacTHYHas
KOHIIEHTPAIMs CIIPaBa M CIEBa, V; > V. R

N
HepeHoc KOJUIOMAHBIX YaCTUIl B OIHY H

IPYTYIO CTOPOHY paBHOBEpoOATEH. KonmuuecTBO BellecTBa, NEPEHECEHHOE 3a
BpeMs 7 uepes neperopoaky MN Hanpaso:

1 —
Ql = EVISA .
CrnpaBa HazneBo:
1 —
Ql = —5V2SA .

KosmdecTBo BelecTBa, IEPEHECEHHOE 3a BPeMsI T Yepe3 MOMepeyHOe
CCUCHHE:

BI)IpaSI/IM I'paduCHT KOHOCHTpAIUHN:

dv v, —-v, dv—
—_:T)OTK alv, —v :__A.
dx A A (1 2) dx
ldv —
Torma dQ =——sA*.
A © 2 dx
dv
[To ®uky: dQ=-D—sr.
dx
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dv 1dv

IIpupaBusem: D=V n

dx 2 dx

OTkyaa nojay4uM UCKOMOE ypaBHEHUE DUHIITENHA-CMOITYyX0OBCKOIO:

E=2D'T.

Bonpocsl ¥ 3a1aHus 1JI1 CAMOKOHTPOJIS 3HAHUM 0 MaTepuasy S-i

N =

9.

JeKIUHU

. UTo u3y4aeT MOJNEKYISIPHO-KUHETHYECKAsL TEOpUs?
. B Kakux SBJIECHHAX MPOSBILSIFOTCA MOJIEKYJIIPHO-KHHETUYECKHE

CBOMCTBA AUCTICPCHBIX cucrem?

. B 1uem coctouT cymHocTh OpOyHOBCKOro nBmxkeHus? Yem oHO

00ycnoBIeHO?
Ot xkakux (HaKTOPOB 3aBUCUT HWHTECHCUBHOCTH OpPOYHOBCKOTO
JIBYOKCHHSA?

. B uem 3HaueHue Teopuu OpPOYHOBCKOTO  JBWXKEHUS IS

€CTECTBO3HAHUA?

Haiite ompenenenue auddys3un. UTo SBIASETCS MBIKYIIEH CHIION
storo mnporecca? KakoBo Hanpasnenue auddy3un?

B dem cocTosAT paznuyMs MEXAy MOJEKYISPHO-KHHETHUYCCKIMHU
CBOMCTBaMHU KOJUTOUTHBIX U UCTHUHHBIX PACTBOPOB?

Chopmynupyiite 3akoH Puka U BBIBEJUTE YpaBHEHUE DWHINTEITHA
st kodddurmenta nudhysuu.

BriBenute ypaBHEHUE OiinmTeHa-CMOIyX0BCKOTO TUISE
CPEIHEKBAPATUYHOTO CABUTA.

10.KakoBa pazmepHocTh K03 duruenta nuddyzumn?
11.Mbu10 06pa3zyer B BOJE MHIICIUIBI, Pagnyc KOTOPBIX » = 12,5 HM.

Onpenenute kodpduruent muddysun munemn npu 313 K, ecnu
BSI3KOCTB pacTBopa 77 = 6,5-107 ITa-c.

12.0npenenute cpeaHUN CABUT Kamleidb MHKPOIMYJIBCUH PaTUyCOM

=10 uM 3a Bpems 7 =4 ¢ npu 293 K u Baskoctu 5 = 10~ Ia-c.

13.Onpenenure kodddurueHT nuddy3un B BO3ayxe 4aCTHUI] PaIIyCOM

r=1munm, 100 am u 10 MKM.
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JIEKIIUS 6

«B 1914 2 nemeukuii Pusuko-xumux, Borvgeane
Ocmearvd obpamur eéHuMaHue WUPOKOL HAYUHOIL
obwecmeeHHoCmU HA MUDP «ODOTOEHHBLX, BEAUYUH», . €.
MAKUX, OUCTIEPCHBIX, CUCTEM, HACTIULbL KOMOPbIX, boAblue
PaA3MEPO8 MOAEKYA, HO HeBUOUMbBL 8 MUKPOCKON. Dasi
1000bHbIX cucmem XapaKmeprvl 0cobvle MOAEKYASPHO-
KunemuuecKue cé0icmea»

A.D. Bumon

OrpomHO€e 3HaueHHe A pa3BUTHSL Hayku B KoHie XIX — Hauane XX
BEKa HMMEJIO HM3Yy4YCHUE SIBJICHUMN, CBSI3aHHBIX C OCOOCHHOCTSIMHU IPOIECCOB
MepeHoca BEIIECTBA B JUCIEPCHBIX CUCTEMaX. JTO, BO-TEPBBIX, SIBJICHUA,
CBSI3aHHBIC C HAMPaBJICHHBIM MEPEHOCOM YaCTHI] MOJ JEUCTBUEM TOJS CHUJIbI
TSDKECTH WM B pe3yJibTaTe UX TEIJIOBOTO JBIKEHUS. BBl yXke 3Haere, 4yTo
TaKue MOJIEKYISIPHO-KMHETUYECKUE CBOMCTBA KOJUIOUJHBIX CHUCTEM, Kak
OpOyHOBCKOE ABMKEHHE, ocMOC U IU(y3usi 00yCIOBICHBl XA0OMUYECKUM
MennosviM OsudceHuem Mmosexkya. MOoNeKyJIapHO-KUHETHYECKHE CBOMCTBA
MPOSBIIIOTCS. B KUJKOM M Ta3000pa3HON TUCIIEPCUOHHBIX Cpefax, MOJIEKYJIbI
KOTOPBIX 00JIaJJal0T ONpeIeICHHON MO IBUKHOCTBIO.

Monekysl )KHAKON 1 ra3000pa3HON TUCIIEPCUOHHON CpeJl HaXOIATCS B
IIOCTOSSHHOM JIBIJKEHUM M CTaJKuBaroTcss napyr c¢ JapyroM. CpenHue
pPacCTOSIHUS, KOTOPBhIE MPOXOAUT MOJIEKYyJia 10 CTOJIKHOBEHHUSI C COCEIHEU
MOJIEKYJION, Ha3bIBAIOT CpeoHell ONUHOU C80000H020 npobeza. JIns Monexyn
Bo3ayxa mnpu 273 K ona cocraBmser 71 um, a npu 298 K — 20 um. U3
NPUBEAEHHBIX JIAHHBIX CIEOyeT, YTo JUIMHa CBOOOJHOro mpoOdera
3HAYUTENHHO MPEBBIIIAECT Pa3MEPhbl CAMUX MOJICKYII.

Monekynasl  Jaxke  OJHOrO  BellecTBa  O0OJIaJal0T  pa3iuyHOU
KUHETUYECKOU dHEpruen. Tem He MeHee, IPU JAaHHOW TeMIIeEpaType CpeaHee
3HAYCHUE KUHETUYECKOW SHEPTUU MOJIEKYJ BCETJla OCTAeTCA TMOCTOSHHBIM.
OHoO cocTaBisieT

o mv:  3k,T
JJIsL OJHOHU MOJICKYJIbI: E1 = ) = 5 ; JJIA OOAHOTO MOJIb:
_ Myv® 3RT
2 2

rJie m — Macca OJHOW MoJieKyly, M — macca OJHOTO MOJIb BEIIECTBa, V —
CKOPOCTh JABMYKCHHS MOJICKYJI.
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Onykryanus (OTKIOHEHHWE OT CpEeAHEro) 3HAYeHWM KUHETUYeCKOU
DHEPTrUM  MOJIEKYJ JUCIIEPCUOHHOM Cpelbl MW SBJISETCS  NPUYMHOU
MOJIEKYJISIPHO-KUHETUYECKUX CBOMCTB.

YCTaHOBIICHME W M3YYCHUE MOJICKYISPHO-KUHETHYECKUX CBOWCTB
JUCIIEPCHBIX CUCTEM CTAJIO BO3MOXHBIM B PE3yJbTare NPUMEHEHUSA
CTaTUCTUYECKUX  METOJNOB  uccienoBanus. CTaTUCTUYECKUE  METOJbI
WCCIICIOBAHUS TPENINOJAaraloT MPUMEHEHUE K CHUCTEMaM, COCTOSIIUM U3
MHOKECTBa 3JIEMEHTOB (B JIaHHOM CIy4ae MOJIEKYJ) TEOPUH BEPOSATHOCTH.
Ucxons u3 nonyuieHus 0 6€CHopsI0YHOCTH ABUKEHUS OTJECIbHBIX MOJICKYJI,
TEeopHsl ompenessieT Haubosee BEpPOATHOE COYETaHUE ISl CUCTEM, COCTOSIIUX
U3 MHOYKECTBA MOJIEKYL.

MonekynasipHO-KHHETUYECKAE  CBOMCTBA  JHCHEPCHBIX  CHCTEM,
HalpuUMep, KOJJIOMIHBIX PACTBOPOB, MOJOOHBI AHAJIOTMYHBIM CBOWCTBAM
MOJIEKYJISIDHBIX ~pacTBOPOB  HEAJIEKTPOJIUTOB. OJHAKO Yy KOJUIOMIHBIX
PacTBOPOB ATH CBOMCTBA BBHIPAKEHBI 3HAUUTEIBHO cllabee, T. K. MPU OJHON U
TOW K€ MAacCOBOM JI0JI€ YMCJIO YACTHUI[ B KOJUIOWIHOM PACTBOPE 3HAYUTEIIBHO
MeHbIlle, 4eM B HCTHHHOM. CremyeT oOpaTuTh BHUMAaHHE HAa TO, YTO
MOCKOJIBKY  MOJICKYJISIPHO-KUHETUYECKUE  CBOMCTBA  ONPEACISIIOTCA  HE
XUMUYECKUM COCTaBOM BEILIECTBA, & YUCIOM KMHETUYECKUX €IUHUI] (ATOMOB,
MOJIEKYJ, MOHOB, KOJUIOMAHBIX YacTHIl), TO KOHIICHTPAIMIO KOJIJIOUIHOM
CUCTEMBI CIEyeT BbIpaKaTh YHUCJIOM YaCTHI] AUCIEPCHOUN (a3l B €AUHULIC
00beMa CUCTEMBI.

Yacmuynas WA yucienHas KOHIEHTpAUus — 3TO YHUCIO OTIEIbHBIX
YacTHI] B €IMHUIIE 00beMa TUCTIEPCHON CUCTEMBI:

N, 1
cC = [
N S TR
rae V, — oOmuili 00BEM JUCIIEPCHOM CHCTEeMBI, N, — YHCJIO YaCTHII

IUCTIEpCHOM (has3bl.
CBs13b ¢ Maccol U pa3MepaMu YacTHUIl TAKOBA:

m C C
T.K. N, =—22 10 ¢ ==
m m, V.p,

r r

rlie Myep U M, — 3TO Macca BCEX YaCTUI] JUCIEPCHON (pa3bl U OJHON YaCTHILIBI
COOTBETCTBEHHO.

Takum o0pa3zoM, mpu OAHOM MU TOW K€ MACCOBOM JOJ€ YacTHUYHAS
KOHIICHTpAIIUsl TEM MEHBIIIE, YeM KPYITHEe YaCTHUIIbI.

OuenuMm mnopsiaok BenuduHbl ¢, miaga 0,1 %-Horo 3oy ¢ paguycom
gactur 7 = 10 M, cumras yacTubl B MIePBOM MPUOIMKEHUU CHEPUUECKUMU:
o6beM uactunsl V., = 43m° = 410% M, macca m, = Vp, = 410
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24 I[M3’20‘103 KF/I[M3 ~ 810% kr. B 1 I[M3 0,1 %-HOoro pacTBOpa COACPIKUTCS

107 kr YaCTHUIl, CJIEAOBATEIIBHO ¢, = {23 0~ =~ 2-107° M
8-1007-6-10 oM

OTOT JOCTaTOYHO TNPOCTOM pacyeT TMoKas3ald, 4YTO YaCTHYHAS
KOHIEHTpAIU KOJUIOMAHBIX PACTBOPOB OYEHb Maja MO CPAaBHEHUIO C
MOJICKYJISIPHBIMH PACTBOpaMH. B 1aHHOM mpuMepe BenuumHa ¢, B 2:10° pas
MeHbllle, 4yeM mig 1 M pactBopa, MOATOMY YHCIEHHBIE ITOKAa3aTEIu
MOJIEKYJISIPHO-KUHETUYECKUX CBOMCTB KOJUIOMIHBIX CHCTEM JOJIKHBI OBITH
3HAYUTEIIBHO HUXKE, YEM Y HCTUHHBIX PACTBOPOB.

3T0, B YaCTHOCTH, TTOCIY>KHIJIO TPUUUHON OmMUO04YHOT0 MHEHHS ToMaca
I'pama, KOTOPBIN CUUTANL, YTO OTCYTCTBUE OCMOTHYECKOTO JAABIICHUS SIBJISIETCSA
OTJIMYUTEIbHOU 0COOEHHOCTHIO KOJUIOUIHBIX pacTBOPOB. B
JNEUCTBUTEIIBHOCTU XK€, I KOJUIOMJHOIO PacTBOpa ¢ KOHIEHTpALUEN 2:10°
MOJIb ‘{aCTI/IH/I[M3, paccuntanHoe 1o ¢opmyne IT=cRT (¢ — KOHLEHTpauus
pacTtBopa, MOJIB/IM’, 32 MOJIb IPUHATO CUYUTATh 6-10* KOITOMIHBIX YaCTHII)
OCMOTHYECKOE JIaBJIICHUE JOJDKHO COCTABIISITH 2,3-10'2 [Ta. Ina cpaBHEHuUs,
aTMOCc(epHOE AaBIEHUE COCTABISET 10° a. Takyro BEIMYUHY IIPAKTUYECKU
HEBO3MOXHO MU3MEPUTh C HEOOXOJUMON TOUHOCTHIO, YUUTHIBAS MOTPEIIHOCTH
OCMOMETPOB.

CnenmoBarenbHO,  HHUYTOXHO  MaJO€  OCMOTHMYECKOE  JIaBJICHUE
KOJUIOMJHBIX  PacTBOPOB, OTMEUEHHOE MHOITMMHU  HCCIEAOBATEIISAMU,
O0O0BSCHSAETCS] MAJIBIM 3HaYE€HUEM YaCTUYHOW KOHIICHTPAIUH.

YT1o Takoe ocmoc?

Ocmoc — 310 ogHOCTOPOHHSS MU dy3Us MOJIEKYT PACTBOPHUTENS uepe3
MOJyNPOHHUIIAEMYI0O MeMOpaHy TIpH YCIOBHH Pa3HOCTH KOHIEHTpAIUi
pacTBOopa mo o06e cTopoHbl MeMmOpaHbl. [lpu paszneneHunm IBYX pacTBOPOB
pa3IMYHON KOHIEHTPAllMM WJIA pPAcTBOpPa W YHUCTOTO  PACTBOPHUTEIS
MOJYNIPOHUIIAEMON  Tieperopoakord  (MeMOpaHO#)  BO3HUKAaeT  IMOTOK
pacTBOpPHUTENST OT MEHBIIEH KOHIIEHTpAIlMd BeIlecTBa K OoJsbIIed, dYTO
OPUBOJUT K BHIPAaBHMBAHMIO KOHIIEHTpauuil. Bo3HuKHOBEeHHME TOTOKa
00yCIIOBJIEHO T€M, YTO YHUCIIO YAAPOB MOJIEKYJ PACTBOPUTENS O MEMOpPaHy CO
CTOpPOHBI Oosiee pa3z0aBICHHOTO PacTBOpa (MM YUCTOTO PACTBOPUTES) OyaAeT
Oonbllle, YeM CO CTOpPOHBI 0OoJyiee KOHLIEHTPUPOBAHHOI'O pacTBopa. ITO
U30BITOYHOE YHCIO YAApOB U  SBJISETCS MPUYMHONW  TMEpeMEeleHUs
pacTBOPHUTENS yepe3 Mopsl MeMOpaHbI Tya, Iie Mosekya MeHsbine. [logooHoe
OOBSICHEHHE SBJISIETCS KUHETUYECKON TPAKTOBKOW MPUUMHBI OCMOCA.

CymiecTByeT elie u TePMOJAMHAMUYECKOE OOBSICHEHHE OCMOTHYECKOTO
nepeHoca. XUMHYECKHA TOTEHIMANl YHUCTOW JKHIKOCTH [, TIPEBHIIIACT
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XAMUYECKUN TIOTEHIHMAI TOM € JKUIAKOCTH B pactBope u;. I[Ipouecc mmer
CaMOITPOU3BOJIbHO B CTOPOHY MEHBIIETO0 XWMHYECKOIO0 MOTEHIMajda 10 TeX
1op, MOKa HE MPOU30MIET BRIPABHUBAHUE XUMUYECKUX MOTEHIUAJIOB, T. €. 0
JOCTUKEHUS YCIIOBUS U;-ii;. B pe3ynbrare mepeMemeHusl KUJIKOCTH B TOU
€MKOCTH, KyJa OHa MepeMellanach, co3/laercs H30bITOYHOE naBiieHue /7,
KOTOPO€ M HAa3bIBAETCSI OCMOTHYECKUM. OCMOC XapaKTEpEeH HE TOJIbKO s
UCTUHHBIX, HO U JIJIS1 KOJUIOUJIHBIX PACTBOPOB.

B manHOM ciydae, e€CiM KOJUIOMJHBIM pPACTBOp OTHEICH OT
JTUCTIEPCUOHHON Ccpefbl MOJYMPOHUIIAEMON MeMOpaHO, HE MPOIYCKAIOIIEH
KOJUIOUJHBIE YACTUIIBI, BO3HUKAET OJHOCTOPOHHSS 1UDPy3uss MOJEKyI
JUCTIEPCUOHHON Cpe/ibl B KOJJIOMJIHBIA pacTBOp, T.€. ocMoc. [lomoGHo
OpOYHOBCKOMY JBUKEHUIO U g dysumn, 0CMOC SABIIAETCS
CaMOIPOU3BOJILHBIM MpolieccoM. llepexon pacTBopuTenss B KOJUIOUIHBIN
pacTBop OyJeT MPOUCXOAUTH A0 TEX MOp, MOKa MOCTOSHHO BO3pacTarollee
TUAPOCTATUUECKOE JaBJICHUE KUJKOCTH HE BOCHPEMSATCTBYET 3TOMYy. BricoTa
noAbeMa J>KUJIKOCTH OTHOCUTEIBLHO IEPBOHAYAIILHOTO YPOBHS pacTBOpa
KOJIMYECTBEHHO OMNpEAe/sIeT BEIMYMHY OCMOTHYECKOTO JaBiieHUs. Takum
o0pa3oM, OCMOTHYECKOE JaBJIEHHE MOXHO paccMaTpuBaTh KakK TaKoe
U30bITOYHOE JaBJICHHE HaJ pPAcTBOPOM, KOTOpO€ HEOOXOAMMO s
UCKJIIOUEHHUSI TepeHoca pacTBoputrensi uepe3 MemOpany. OcmoTHueckoe
JaBJICHUE PaBHO TOMY JaBJICHHUIO, KOTOPOE MPOM3BOJAWIA OBl JMCIEPCHAS
¢da3za (pacTBOpeHHOE BEIIECTBO), €cii Obl OHA B BHUJE ra3za MpU TOU Ke
TeMIlepaType 3aHUMalla TOT K€ 00beM, YTO U KOJUIOMIHAS CUCTEMA (pacTBOpP).

OcMoTHUYECKOE JaBIEHUE HE €CTh MTPOSIBICHUE BHEIIHETO BO3JICHCTBHUS.
OHO BO3HHMKAaeT CaMOIIPOM3BOJIBHO, KakK CIEJICTBHE  MOJIEKYJISIPHO-
KUHETUYECKUX CBOMCTB JUCIIEPCUOHHON CPEIBI.

PaBHOBECHOE OCMOTHMYECKOE JABJIEHUE ISl PACTBOPOB HEJIEKTPOJIMTOB
paccUMTHIBAIOT HAa OCHOBaHMU 3aKkoHa BanT-I'odda no ypaBHeHuto:

I1=cRT,
I'7I€ ¢ — MOJISIPHOCTB PacTBOpA.

I[J'DI KOJNIOMAHBIX CUCTCM MOKHO 3aIIMCaThb

IT=cRT =< RT = C, kT .

A
Takum oOpa3zoM, 7 MPONOPUMOHAIBHO YMCIY YacTHI] PACTBOPEHHOIO
WIM JTUCIIEPTUPOBAHHOTO BEIIECTBA B €AMHHUIIE O0ObeMa pacTBOpa M HE
3aBUCUT OT MpUpoabl U Macchl yactuil. [Ipu 273 K miist 1M pactBopa mro060ro
BemectBa 7 =1000 moas/M’-8,314 JLx/MonsK-273 K = 2,27-10°IIa
(2,27 MITa).
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JlaBaiiTe elie pa3 COMOCTaBUM OCMOTHYECKHE JABJICHUS HWCTHHHBIX
PacTBOPOB M KOJUIOMIHBIX CHCTEeM. PacdeTsl MOKa3pIBatOT, YTO B JIMO(POOHBIX
30JI51X BCJIEJICTBME WX HU3KOM arperaTuBHOM YCTOWYMBOCTH M OOJIBIIUX
pa3MEpPoOB YACTHUI] YacCTUYHAs KOHIIEHTpalus (YUCIO YacTHUI] B E€IUHUIIC
o0bemal) 0ObIYHO Ha 5-6 TOPSAAKOB MEHBIIIE, YEM B UCTUHHBIX PACTBOPAX MPH
TOM Xe MaccoBO# moie. Macca OJHOHM YacTHUIILI 30JI1 MOXKET OBITh HaijeHa
MPOCTBIM pacueroM. JlomycTum: AuamMerp 4acTuipl d = 10® M, mioTHOCTH
BerecTBa yactuipl p = 2-10°kr/M’. B npeamnonoxennn cdeprueckoii Gopmsl
00BeM gacTunsl V = nd’/6 = 5-102 M3, Macca 4acTuipl m = Vp = 5-10%%-2-10*
=10 kr. ITpu maccoBoii goiie 3018 okoJio 0,5 % B 1 1 conepxkurcs 5107 kr
YaCTUI WIH C), = 5-10'3/(10'20-6-1023) ~ 10°® momp wacTur/mv’. Taxum obpazom,
KOHIIEHTpAIMsl 4YacTUIl B 30Ji¢ MEHbIIE, ueM B 1 M pacTBOope B 10° pas.
CJie10BaTeNbHO, OCMOTHYECKOE IABIEHHE TAKKE JOJKHO ObITh Hike B 10°
pa3: I[1=2,27 Ila.

Kak yxe ynomMuHaloch, Takas Majas BeJIUYMHA OCMOTHYECKOTO
JABJICHUS C TPYJIOM MOJJIaeTcsl U3MepeHuto. [loMruMo 3TOro, 0OCMOTUYECKOE
JABJICHHE, CO3/1aBa€MO€ KOJUIOMJHBIMH YaCTUIIAMHU, MACKUPYETCS WIH
MCKaXaeTcs MPUCYTCTBYIOIIMMHU B 30Ji51X dJeKkTpoiauTamu. l[lpuuem, naxe
HeOOJIbIIass KOHIICHTPAIUS SJEKTPOJINTa 3HAYUTEIHHO BIUSET HAa BEIUYUHY
Il. (Kax Bwt Oymaeme, npucymcmeue 3I1eKmpoIumos HOHUMCAem UIU
noevluiaem ocmomuyeckoe oasieHue?)

Ecte eme oaHO  OOCTOSITENBCTBO,  KOTOPOE  MPEMSITCTBYET
MCIIOJIb30BAHUIO U3MEPEHUM OCMOTHYECKOTO JABJICHUA JJIs1 XapaKTEPUCTUKU
3ojiei. OHO CBSI3aHO € TEPMOJAMHAMHUYECKON HEYCTOMYMBOCTBHIO 30JICH.
(Cpopmynupyiime, K uemy npueooum mepmoouHamuyeckan
Heycmounyueocmy  30.eu. Kak ona ckazvieaemca Ha  eeuHUHE
0CMOMUUECKO20 0ABIeHUSL.)

B 3akirodeHun cienyer OTMETHUTh, YTO OCMOTHYECKHE SIBJICHUS
OOHapYy>KMBAIOTCS HE TOJBKO MPU HAIMYUKW MEMOPAHBI, MPEMSTCTBYIOMIEH
mubdy3ur  pacTBOPEHHBIX U JTUCIEPTUPOBAHHBIX BemiecTB. [lomoOHBIC
SABJICHUSI OOHAPYKUBAIOT U B JPYTUX CUCTEMAaX, UMEIOUIUX OTPAHUYCHHUS JJIS
CBOOOJHOTO TMEpEeMENIEHUsS KOJUIOMIHBIX 4YacCTUIl WA MaKpPOMOJIEKYJI
MOJIMMEPOB, HANPUMEP, B TefsX, CTYIHIX, HOHOOOMEHHBIX aJcOpOeHTax, IJie
YaCTHUIIbI B3aUMHO (DUKCUPOBAHBI B BUJIE AXKYPHOU MPOCTPAHCTBEHHOUN CETKH.

Yto Takoe oﬁpaTan‘/i OCMOC 1 JIA 9€I0 €ro HpI/IMeHHIOT?

B ocHoBe paccMoTpenHoro B Jjekuuu 4 Merona runephuiIbTpaIiu
JSXKHUT SIBIIGHUE o0Opamuozo ocmoca. PazneneHue pacTBOPOB METOJIOM
obpamno2o ocmoca OCHOBAaHO Ha NPOHUKHOBEHUM 4Yepe3 MeMOpaHy
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pacTBOpUTENSL W 3aJIepKUBAHUM PACTBOPEHHBIX BemiecTB. J[imsi oOpaTHOTO
O0CMOCa UCTOJIB3YIOTCS MEMOpaHbI ¢ pazMepamu mop Menee 1 Hm. JBuxymien
CWJION TIpollecca SIBISIETCS TPaJUEHT JaBlieHus. HampaBieHnue IBHKEHUS
KUJKOCTU TpU OOpaTHOM OCMOCE MPOTHUBOIMOJIOKHO  HAMPABICHUIO
ocMOTHYecKOro mnoroka. [lo 3Tol mnpuyuHE ABMIKEHHE JKHUIKOCTH Yepe3
MeMOpaHy TMOJi JEWCTBUEM BHEIIHErO JAaBJICHUS WM TOJYYWIO Ha3BaHUE
«obparHoro ocmocay. [lepenaa gaBienus mno ooe ctopousl Ap = p-I1, rae p —
M30BITOYHOE JIaBJICHHE HAJl pPacTBOpoM, [/ — OCMOTHYECKOE J1aBJICHUS
pactBopa u p>11.

OOpatHbIlt 0CMOC UMEET MIUPOKHUM CIEKTP MUCIIOIH30BAHUA: OT OYUCTKU
pacTBopUTENs (B 3TOM CiIy4yae MPOIYKTOM SBISIETCS nepmeam, T. €. TO, UTO
MPOXOJUT Yepe3 MeMOpaHy, OT aHTJIMHUCKOTO permeate — MIPOXOAUTH CKBO3b)
70 KOHILIEHTPUPOBAHMSI PACTBOPEHHOI'O BEHIECTBA (B 3TOM Clydae MPOJIYKT —
pemaum, T.€. TO, YTO 3aJCPKUBACTCS, OT aHIJIUUCKOro returned —
BO3BpalaeMbiit). OOpaTHBIN OCMOC MOKHO UCTIONIb30BaTh JIJIs1 00ECCOIMBAHUS
MOPCKOM BOJABl C MLENbI0 INOJYYEHHUsS IUTbEBOM BOABL. (OCMOTHYECKOE
JABJICHUE MOPCKOM BOJIbI, coaepskamierd 3,5 macc. % pacTBOPEHHBIX COJIEH,
cocrapmsier 25-10°I[Ma wmmu npubmmsurensHo 25 atM. JIpyroil  BaskHOI
00JacThi0O MpPUMEHEHUsT OoOpaTHOrO OCMOca SBJSIETCS  IPOU3BOJCTBO
yIBTPAYUCTOM  BOABI  JUISI  TOJYHNPOBOAHUKOBOM WM MEAMIIMHCKOM
MIPOMBIIIEHHOCTH.

OOpaTHBIE OCMOC HCIONB3YETCS Ha CTaAUM KOHIEHTPUPOBAHUA,
OCOOCHHO B THIIEBOM MPOMBIIUIEHHOCTH (KOHIIEHTPUPOBAHHUE (PYKTOBBIX
COKOB, caxapa, ko(e), B raTbBAHUYECKONU TEXHOJIOTUHU JIJIs1 KOHIICHTPUPOBAHUS
CTOYHBIX BOJ U T. II.

Kaxkue euie siBjieHusi, CBI3aHHbIE ¢ MOJICKY/JISIPHO-KMHETHYECKUMU
CBOMCTBAMHU JUCIIEPCHBIX cUcTeM, BaM n3BeCTHBI?

Cedumenmayuss — OTO €II€ OJHO W3 SIBICHUH, CBSI3aHHBIX C
MOJIEKYJISIPHO-KMHETUUYECKUMHU CBOMCTBAMM JUCIEPCHBIX CHCTEM.

CenuMeHTanyel Ha3bpIBalOT IPOLECC OCENaHHA (B PEIKHX CIIydasx
BCIUTBIBAHUE) YACTUIl TUCTIEPCHOM (ha3bl B KUIKOW UM Ta3000pa3HOM cpejne
oJ AecTBUEM CuJIbl TshKecTH. CelMMeHTalus XapakTepHa Uil cycrneH3uil. B
AMYJIbCHSIX, HA0OOPOT, YaCTHUIIbI JUCIIEPCHON (Pa3bl OOBIUHO BCIUIBIBAIOT. (Kak
Ha3zvleaemcs 6cnivléanue Kanenw 6 amyavcuu? Yem ono 00ycnoeneno?)

Jass orBera Ha mnociaeaHuii Bompoc Bam HeoOxogumo Oynaer
BCINIOMHUTh, KaKHe (PaKTOPbI BJUSIOT HA CKOPOCTH OCEAAHUsN YACTHII.
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N3 ypaBHEeHUs Uil CKOPOCTH CEAMMEHTAIlMU CJIeIyeT, YTO CKOPOCThb
CEIMMEHTAIIMU OIpPEJCIACTCS pa3sMEepoOM YacCTHIl, PA3HOCTBHIO TUIOTHOCTEH
YaCTUI] W CpPEAbl, a TaKXe BA3ZKOCTHIO Cpelbl. 3Has CKOPOCTh, MOKHO
ONpeNeNuTh paguyc dyactull. Ha 3TOM OCHOBaH ceoumeHmayuoHmvlil aHAIU3
pPa3MEPOB YACTUI] B MOPOIIKAX, CYCIEH3UAX, IMYJIbCUSAX, PA3TUYHBIX B3BECIX
U T. 1. (Bcnomnume, umo makoe koncmanma ceoumenmavuu. Moicno nu
ee onpedenumsp KaK CKOpOCHib CeOuMeHmauuu 6 pacueme HA eOUHUYHOE
yckopernue? B kakux eounuyax ona ouenueaemc:?)

I'py0onucnepcHbie cucremMbl (HanmpuMep, NbLUIb WIH CYyCHEH3HS
necKka B BOJAE) CeAMMEHTAIIMOHHO HEYCTOMYMBBI, MOCKOJbKY MX YACTHIbI
TAKeJAbl M NPAKTHYECKHM He MOIYT OCYIIeCTBJATH TeMJI0BOI0
(OpoyHOBCKOr0) aBU:KeHUAA. (Bcnomnume, kakoeé npedenvHuvlit pazmep
yacmuy, CHOCOOHBIX yuacmeosams 6 0poynosckom oeuxcenuu.) Haodopor,
BbICOKOUCIIEPCHbIE CHCTEMbI (ra3bl, HCTHHHBIE PACTBOPLI) 00J1a1aK0T
BbICOKONI KHHETHYECKON YCTOMYUBOCTHI), T.K. HM CBOWCTBEHHO
TEeIUIOBOE JABHKEHHE U cOoCcO0HOCTh K nud¢y3uu. Kosutonanbie cucremMsl
(a3po30s14, JIMO30/1M) IO YCTOMYUBOCTH 3aHUMAKT IPOMEKYTOYHOE
nojgoxeHue. Yro ciaeayer MOHMMATh MOA  CEAUMEHTALMOHHOM
YCTOHMYHMBOCTBIO?

CrnocoOHOCTh CHUCTEMBI COXPaHSITh PAaBHOMEPHOE paclipesiesieHue
yacTull 10 OOBeMy TPHUHATO Ha3blBaTh  CEIMMEHTALIMOHHON WM
KUHETHUYECKOU YCTOMYHUBOCTBHIO CHUCTEMBI. OueBuzHO, 4TO 0
CEIMMEHTALIMOHHON YCTOMYMBOCTH WJIM HEYCTOMYMBOCTH HMEET CMBICI
TOBOPUTH TOJIBKO TIPH PACCMOTPEHUU CBOOOJHOIUCIIEPCHBIX CHUCTEM, KOTJa
Ka)k/1asi 4acTUIa CBOOOHA B CBOEM JABUKEHHH, T. €. IBHXKETCS HE3aBUCHMO OT
APYTUX 4dacTull. Mepol KMHETHYECKOW yCTOMYMBOCTH IHMCIEPCHOU CHCTEMBI
SABJISIETCS BEJIMUMHA, OOpaTHAs KOHCTAHTE CETMMEHTAIUU.

Kak yxe yka3pIBajloCh, YacCTUIbl KOJUIOWJHBIX pPa3MEpPOB HE
CEIMMEHTUPYIOT TIOJ JCHUCTBUEM CHJIbI TSXKECTH WA CEAUMEHTPUYIOT
Ype3BbIYAaHHO MEJIEHHO. Tak, Hanpumep, YacTUllbl kBapua paauycom 0,1 MM
IIPOXOJAT IPU OCEIAHUU ITyCTh B 1 cM 3a 86 yacos.

Kak M0kHO 3acTaBUTh KOJLUIOU/IHbIE YACTUIIBI 0CeIaTh ObICTpee?

YCKOpPUTh CEIMMEHTAIMI0 MOXKHO C TOMOIIBI0 HEHTPU(YyrupoBaHuUs,
MIPU KOTOPOM Ha YaCTHUIIbI IEUCTBYET EHTPOOEKHAsI CUJIa, B COTHU ThICSY pa3
MIPEBBINIAIOIICE TPABUTAIIMOHHOE TOJIE 3eMJT. B 4acTHOCTH, B TIEHTPOOSIKHOM
nolte ¢ yckopenneM 10°g Ta e CycreH3Hs KBapia J0JDKHA ocenaTth Ha 1 cM
BCEro 3a 3 c.
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KT1o0 BHEpBBIC NpeNIoKHI MCIOJIb30BATH YJIbTPAUCHTPUDYTY NJIs
onpeneeHUs] pas’Mepa KOJUIOMAHBIX YACTHL, W KTO HCIOJB30BaJ 3Ty
HJIEI0 ISl pa3padoTKN KOHCTPYKIMA yabTpameHTpudyr?

Bbl, KOHEYHO, BCIOMHMJIM HMMEHA OSTUX H3BECTHBIX YUYEHBIX: 3TO
A.B. Iymanckuit u T.Csenbepr. Jlymanckuii BHOepBble TNPUMEHUI
HeHTpU(yry JUIsl OCaXKJIEHUS KOJUIOMAHBIX wvacTul. 3areM Cendepr
pa3paboTain cHelMadbHble LEHTPU(PYIM C OTPOMHBIM YHUCIOM OOOpPOTOB,
Ha3BaHHble  yiubTpauneHTpupyramu. C  HUX  [OMOUIBIO  JIOCTHTaeTCs
neHTpocTpemurenbHoe yckopenue cpoime 25000g. Co Bpemenn CBenOepra
NPUHLUIINAIBHOE  YCTPOMCTBO  yJIbTpPalleHTPUPYTd  HE  U3MEHUIIOCH.
(H300pazume eco cxemamuuHo.) YCOBEPIICHCTBOBAHME MO 1O IyTH
CO3JaHMs yCIOBUA PaBHOMEPHOI'O BpALIEHUs] POTOPA U HOBBIX KOHCTPYKLHUUN
KIOBET.

CoBpeMmeHHass ynbTpaleHTpuyra MpeacTaBiIseT CcoO0OW CIOXKHBIN
arrapar, LEHTPAJIbHONW YacThI0 KOTOPOTO SBIISIETCA POTOP C TOHYAMIIEH
PEryJIUPOBKON TEMIIEPATYpPbl U ONTUYECKOW CUCTEMOW KOHTPOJIS IIporecca
OCAKJEHUA. YIbTpalleHTpU(PYry MOKHO HCIOJIb30BaTh HE TOJIBKO s
OIpEJENICHHs] pa3MeEPOB, (POPMBI, CTENIEHU aCCOLMALMU U TOJUIUCIEPCHOCTH
4acTHILI, HO U JUI NIPEMAapaTUBHBIX LEJIEH, HapUMep, UL pa3JeiIcHUs] CMECEn
BBICOKOMOJIEKYJISIPHBIX COEIMHEHUI B pacTBOpax Ha OTIEIbHbIE (paKiuy,
OTJIMYAIOLIMECS  pa3MEpoOM  MOJIEKYJd, (PaKIUOHUPOBAHMUS  BHUPYCOB,
HYKJIEMHOBBIX KHCIIOT.

[ToMMMO CKOpPOCTHBIX YJIbTpAaUEHTPU(DYT, B KOTOPBIX CEAUMEHTALUs
npeobiagaer HajJ JPYTUMH  MOJEKYJISPHO-KMHETUYECKUMH IpOIIecCaMH,
MPUMEHEHUE HAIUIM YJbTPAUEHTPUPYTH C MEHBUIMM YHUCIOM OOOpPOTOB (10
20000 o06/mMuH), B KOTOpPBIX aHalW3 JUCIEPCHBIX CHUCTEM TMPOBOIAT B
YCIIOBUSIX CETUMEHTAIIMOHHO-TU((Y3NOHHOTO PAaBHOBECHS.

Yto Takoe ceMMeHTAMOHHO-IM(PPy3noHHOE paBHOBeCcHEe?

[Iporecc ceaMMEHTAIMU MTOCTETIEHHO MPUBOANUT IUCIEPCHYIO CUCTEMY
K YIOPSAIOYEHHOMY COCTOSTHHUIO, T. K. OCEIAIOIINe YaCTHUIIbI PacIoiaraloTcs B
COOTBETCTBHHM C WX pa3MepaMu (B HIKHHX CJIOAX TNpeoldsanator Ooiee
KpyIHBIE, a B BEPXHUX — OoJiee menkue). Uepes ornpeaeieHHbI TPOMEKYTOK
BPEMEHHU BCE YaCTHUIIBI MOTJIM OBl OCECTh, KaK Obl MaJibl OHM HH ObuTH. OJTHAKO
3TOMY  TPOTHUBOJEHCTBYET OpOyHOBCKOE  JBIKeHHE U Auddysus,
CTpeMsIIUECs PaACHpPeeTUTh YacTHUIIBI PAaBHOMEPHO TIO BCEMY OO0BEMY
JTUCTIEPCUOHHON cpeapl. Mexay mporeccaMyd cemuMeHTannu U auddy3un
YCTaHABJIMBACTCS PAaBHOBECHE, XapaKTepU3yeMoe HEOTHOPOJHBIM, HO
MMOCTOSTHHBIM PaCIpeeICHHEeM YacTHUIl 110 BBICOTE CTOJI0A. MenKrue 4acTHUIlhI
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CWJIbHEE UCIBITHIBAIOT BIMsiHUE TudPy3un U pacronararorcsi B OCHOBHOM B
BEPXHHUX CJOsIX, 0oJiee KpyMHBIE YaCTUIIBI TOJ JEHCTBUEM CHIIBI TSHKECTH
pacronararorcs B HI)KHUX CJOSIX. YCTAHOBHUBIIEECS COCTOSSHUE CHCTEMBI
Ha3bIBAIOT  CeOUMEHMAYUOHHO-OUPPYIUOHHbIM — pasHOoBecueM, KOTOPOe
XapaKTepU3yeTCsl cuncomempuyeckum pacnpeoenenuem uacmuy. llyrem
MojicYeTa YacTHUI[ Ha JBYX YPOBHSIX MOXKHO OINPEIAEIUTh MacCy U paauyc
vactull. (IIpuseoume ¢opmyny, nozeonarowyro mo coenrams. Kaxoii
YueHwlil, padomasa ¢ CycneHzueil 2ymMmuzyma, Ucnojivb3oean 3my gopmymny
ona onpeodenenus uucna Aeozadpo?) CenrMeHTAMOHHO-IU(PHY3UOHHOE
PABHOBECHE — OJHO W3 NPOSIBJICHUN MOJIEKYJISIPHO-KUHETUYECKUX CBOWCTB
BBICOKOJIUCTIEPCHBIX cucTeM. CelMMeHTalMOHHO-TU(PdY3MOHHOE paBHOBECHE
YCTaHABIIMBAETCA B CHCTEMax C pasMepamu yactun MmeHee 0,1 Mxm. Jlid
yacTHI C pasMepamMu >>1 MKM Yyke HaOmomaeTcsa CeauMeHTaIlus, T. €.
CBOOOJHOE OCeJaHHWe YacTHIl II0J] IEHCTBHEM CHIIBI TsDKeCTH. (B kakux
OucnepcHvlx cucmemax npoyecc ougppyzuu  npeoonadaem - Hao
ceoumenmauueit?)

Bonpocs! 1 3a1aHus U1 CAMOKOHTPOJIAA 3HAHUI 10 MaTepuaJy 6-i
JIEKIMH

l. JIma Kkakux JUCHEPCHBIX CHUCTEM  XapaKTEPHO MPOSBICHHE
MOJIEKYJIIPHO-KUHETUYECKUX CBOMCTB?

2. Kakyto poisib urpaet GiaykTyalus 3HaYeHUW KMHETUYECKOU IHEPIUU
MOJIEKYJl JIUCIIEPCUOHHOM Cpellbl B TMPOSBICHUHU MOJIEKYJSPHO-
KMHETUYECKUX CBOMCTB JUCIIEPCHBIX CUCTEM?

3. Uro Takoe yYacTW4yHasg KOHUEHTpAUWs MPUMEHUTEIBHO K
KOJUIOUJIHBIM CHCTEMaM?

4. Onpenenute yacTUuHy0 KoHueHTpamuio 0,2 %-Horo 305 3010714 (p

= 19,6 r/cM’) ¢ pasmepom uwactur] 7 = 20 uM u 0,4 %-HOro 30115 C

pa3sMepoM 4YacTUll ¥ = 5 HM.

Yro Takoe ocmoc? JlaiiTe onpeaeeHne 0CMOTHYECKOMY JaBJIEHUIO.

6. IlpuBenure ypaBuenue Bant-I'opda. [aiite mosicueHuss mo moBoay
BEJIMYMHBl OCMOTHUYECKOTO JIABJICHUS HWCTHUHHBIX pAacTBOPOB U
KOJUJIOMIHBIX CUCTEM.

7. HazoBuTe OCOOEHHOCTH OCMOTHYECKOTO JAaBJIEHHUS KOJIOUIHBIX
cucteM. Kak Biuser OpHUCYTCTBHE 3JIEKTPOJUTOB Ha BEIUYUHY
OCMOTHYECKOTO JTaBJICHUS ?

8. Bo CkOJBKO pa3 0CMOTHYECKOE AABJIECHHUE PACTBOPA COKa CaXxapHOU
CBeKJIbl //;, Monekynbl KoToporo umero auamerp d = 0,8 M,
MPEBBIIIAET OCMOTUYECKOE JIABJIEHWE KOJUIOMJHOIO pPacTBOpa

9,

55



CBEKJIOBUYHOr0 coka /5, ¢ nuamerpom vactul d = 80 HM. mpu
OJIMHAaKOBOM CyMMapHOW Macce dvacTull B 00oux oOpa3uax Ha
eAuHUIy o0beMa kuaKocTh? [I10THOCTh BeleCcTBa YaCcTULl CUUTATh
OJIMHAKOBBIMH.

9. Yto Takoe oOpatHbIi ocMoc? [y Kakux 1ieseil OH UCTIIOJIb3yeTCs?

10.ln1 monmydeHUs] TUTHEBOM BOJBI W3 MOPCKOW TMOJBIM IIap U3
MOPUCTOTO CTEKJIa OMycKaloT Ha riiyouHy Oomee 250 M. UYepes
HEKOTOPOE BpEMsl OH OKa3bIBa€TCs 3allOJHEHHBIM O00ECCOJIEHHOMN
BOJIOM, TpUTrOAHOW aiia TuThi. OOBSICHUTE, KaK B JTOM IIape
OKa3ajach MUTHEBas BOJIA.

11.KoHIIEHTpUpOBAaHWE MHOTUX  IIHIIEBBIX HPOAYKTOB  (COKOB,
AKCTPAKTOB, CUPOIOB H T. I1.) MPOU3BOAAT OOpPATHBIM OCMOCOM IIPHU
nasnenun 17 MIla B anmapate ¢ aneTHILEIUIIOIO3HON MeMOpaHOH.
PaccunraiilTe  KOHLEHTpALMIO MOJY4aeMOIO  pacTBOpa, €Ciu
ocMoTrueckoe nasieHue B Hem npu 20 °C paBHO:

a) 1,48 Mlla aJis aneabCUHOBOTO COKa;
0) 2,45 MIla nns skctpakrta kode.

12.YT0 Takoe cequMEHTallMOHHAsA YCTOMYMBOCTD IUCIIEPCHBIX CUCTEM?

13./laiiTe ompezaelnieHHe CEAUMEHTAIMM M BbIBEAUTE (POpMYITY s
pacdera CKOpPOCTH CEeIMMEHTAINHN CPEPUUECKIX YACTHII.

14.Y10 Takoe koHCTaHTa ceauMmeHTanu? KakoBa ee pa3MepHOCTh?

15.Kakass BenuuyuHa SBIAETCS MEPOW KHHETUYECKOW YCTOMYMBOCTH
JTUCTIEPCHOM CUCTEMBI?

16.1Tonyuute dopmyily, XapaKTEpPU3YIOIIYIO CEIUMEHTAIIUIO YaCTHI] B
IIEHTPOOCKHOM TIOJIE.

17.Yto Takoe ceguMeHTalnOHHO-A1(dy3uoHHOE paBHOBecue? B kakmx
CUCTEMaX OHO YCTaHaBIINBAETCS?

18.Onumure ycTpoilcTBO yiabTpaueHTpudyru. s kakux wenen
MO>KHO HCIIOJIb30BaTh yJIbTPALEHTPUPYTUpOBaHUE?
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JIEKIIAS 7

«Koaroudvt — cymv mead, N0-6UOUMOMY, CAOKHOZ0
cocmasa, boAvuL020 6eca HACTULBLY

D.U. Menderees

Bam y:ke Xopomio HM3BeCTHO, YTO OCHOBHAsl XapaKTepPUCTHKA, OT
KOTOPO# 3aBHCAT CBOMCTBA JUCIEPCHBIX CHCTEM — 3TO pa3Mep YacTHI
aucnepcHo  ¢aspl. OuneHKy JUCHEePCHOCTH MOYXKHO HNPOBOAHUTH
pa3auyHbiMiu  MeTOoAaMU. COBOKYNMHOCTH TAaKHMX MeETOAOB Ha3bIBAIOT
oucnepcuonnvim ananuzom. C OIHHUM M3 TNOAXOA0B JAWCIEPCHOHHOIO
aHaau3a Bbl yXe NO3HAKOMWINCHL TP U3YyYeHHUHM MeMOpPaHHBIX
NMPOLECCOB. IJTO CuUmMOBbIL Memod, OCHOBAHHBII Ha MeXaHMYECKOM
pa3iejieHUM YacTUI] HEOJHMHAKOBBIX Pa3MepoB NMyTeM NPONMYCKAHHUS HX
yepe3 CUTa C omnpeaedeHHbIM auamerpom mnop. Ilpeanoxure apyrue
MOAXO0/Ibl, KOTOPbIE MOKHO UCMOJIb30BATh JIJIsl IUCIIEPCUOHHOT0 AHAJIN3A.

Camblii O4YEBHUIHBIN CMOCOO OICHKM pa3Mepa YacTHI[ JHCIEPCHBIX
CUCTEM — 3TO UBMEpeHUe Napamempos omoeibHblX Yacmuy, HaupuMmep, mpu
BU3yaJIbHOM H3y4YeHUH o00pa3noB. Tak, paccmaTpuBas caxap-leCOK WIH
CaxapHylo IyJApy, MBI JETKO MOXKEM YCTaHOBHUTb, YTO YaCTHUIIBI caxapa-Tmecka
Oosee kpynHbIe U UMEIOT (GOopMy KyOa; HCIOIb3Ysl ONTHYECKUNA MUKPOCKOII CO
IIKAJION WM JaXK€ JIMHEHMKY, MBI MOJKEM C OIPEAECICHHONM TOYHOCTBIO
U3MEpPUTHh JJIMHY TpaHell oOTHenbHBIX TecunHOK. OHa  coCTaBiseT
npubauszurenbHo 1 Mm. 910 B 1000 pa3 Oomblie, yeM XapaKTepUCTUUYECKUN
pasMep dacTUI[ caxapHOW myapbl. B OonbmIMHCTBE ciydaeB TpeOyercs
OLICHUTh pa3Mep 0oyiee MENKUX OOBEKTOB, HAIPUMEP, YACTHI] JUCIEPCHOU
da3pl 307eil. s aTOro yxke HEOOXOAUMO MCHOJB30BATh SJIEKTPOHHBIN
MUKpPOCKOI, KOTOpbIA  oOiamaer ropa3fgo Oonblliei  paspelarolei
CIIOCOOHOCTBIO  (21eKMpOHHOMUKpPOCKONnUYecKuti  anaauz). K 1aHHOMY
MOAXOAY OTHOCATCS U METOJbl, MPEANOJaraine HU3MEPeHHe JIpPYTrux
napamMeTpoB JTUCHEPCHBIX CHCTEM, HAlPUMEP MAacChl YaCTHI[, ONTHYECKOU
MJIOTHOCTH TUICHOK M T. TI.

Tperpst rpymnma MeTOAOB IUCIEPCHOHHOTO aHajdW3a OCHOBaHa Ha
usyueHuu ceoucms 001buio2o Koauvecmea (ancamons) yacmuy. Cpeau HHUX
BBIJICIIAIOT METONBl CeOUMEHMAYUOHHO20 AHANU3A, METOAbl OnpedeneHus
yoenvHou nosepxHocmu uacmuy (aocopoyuonuvle memoost). B mocnennem
cllydae, 3Hasi YICJIbHYIO MMOBEPXHOCTh M (POPMY YACTHUI], MOKHO OIPEICTUThH
UX pazmep (CM. JIEKIUIO 2).
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Haunbosee pacnpocTpaHeHHBIM METOIOM IMCIEPCHOHHOT0 aHAJIU3A
SIBJIAETCH CeIMMEHTAUMOHHBbIM aHaau3. Ha kakom ¢uznyeckom
NPUHIIMIIE OH OCHOBAaH?

CenMMEHTAIMOHHBIA aHAJIW3 OCHOBAaH Ha pPa3JIMYHOM CKOPOCTH
JIBIDKEHUS YACTHUIL AUCTIEPCHOM (Da3bl OTHOCUTEIBHO JUCIIEPCUOHHON CPEJIbl B
noJie AeMcTBUS BHEMIHUX cwil. Hambosee mpocToil BUA ABUKEHUS YaCTHUIl —
3TO OCEJaHuE€ MOJ JACHUCTBUEM CHUIIbI TsKEeCTH. (M3 npedvioyuieii ekuyuu
6CHOMHUmMeE, Om KAKUX (akmopoeé 3a8ucum cKopocmsv 0CEOAHUs Yacmuy, 6
2PAGUMAYUOHHOM hoJe, U KAK OHa C6A3aHa ¢ ux pasmepom. B kaxux
CAYyHUaax Npoucxooum He oceoanue, a ecniavleanue uacmuy?) BnusHue
pa3MEpPOB YacTUI[ HAa CKOPOCTb CEJUMEHTAIlMU OYE€Hb CYLIECTBEHHO.
Hanpumep, wactuupsl Si0, ¢ auamMerpoM | HM JOJKHBI OCENaTh C BBICOTHI
I cm B Teuenue 89 ner. [loaToMy Ha NMpPaKTUKE CEAMMEHTALUIO YCKOPSIOT,
MIPUKJIA]IbIBASI JIOTIOJTHUTENbHBIC BHEIIIHUE BO3/ICUCTBUS:
LHEHTPOCTPEMUTENBHOE YCKOpPEHHE (MCIOJIb30BAaHUE YJIBTPALlCHTPUPyrn),
MarHuTHOE MoJjie (711 MAarHUTHBIX YacCTHIL) U .

MN3BeCcTHO HECKOJIBKO BADUAHTOB NPOBEJICHHUS CeIMMEHTALMOHHOIO
a"naau3za. HauboJsiee mpocToii cnocod — 310 HAOJACHHE 32 YACTHLAMMU,
ocelalIUMHM B CHOKOMHOM xkuakocTtu. Ilpemnoxure mnpuembl, ¢
NMOMOIIBI0 KOTOPBIX MOKHO OLCHMBATH CKOPOCTH OCEAAHHMs YACTHI HA
NPOTSIZKEHUH BCEro mpouecca ceAuMeHTaluu.

Haubonee mpocToif crnocod — 3T0 HEMOCPEIACTBEHHOE HaOII0JCHHE 3a
CKOPOCTBIO OCENaHWsI OTHEIBHBIX YACTHUI[ C TIOMOIIBIO JIMH3BI WIIA
MHUKPOCKOTIa qepes oTpe/ieIICHHBIC IPOMEKYTKH BpEMEHU
(muxpockonuueckuti memoo). OAHAKO TaKOW METOJ OTJINYAETCS HEBBICOKOMU
TOYHOCTBIO M HE TTO3BOJISIET aHATM3UPOBATh BHICOKOIUCIIEPCHBIC CHCTEMBI.

Hpyroi#t crnocob — memoo ombopa npob — OCHOBAH Ha OTOOpE MpoOd
M3y9aeMOil JTUCTIEPCHOW CUCTEMBI C TOMOIIBIO MHUIIETKH Ha OMNPEICICHHOM
BBICOTE JKHIKOCTH Yepe3 YCTAaHOBIECHHBICE MPOMEXYTKH  BpPEMEHHU.
OtoOpannbie (ppakiuy BBHICYIIMBAIOT M B3BEIIMBAaIOT. Meroa oTbopa mpob
JaeT OTHOCUTENHHO BBICOKYIO TOYHOCTh M TIO3BOJIIET AaHAJIM3UPOBATH
pazb6apnennbie cycrensun (~0,5 macc. %). OpmHako SKcIepUMEHTaIbHAS
Mpolelypa TOCTAaTOYHO TPYAOEMKa U MPOJOJIKUTEIbHA 13-32 HEOOXOIUMOCTH
BBICYIIIMBAHUS ¥ B3BEIIMBAHUS OTACIBHBIX MPOO.

Becosoti memoO — 3TO MIMPOKO PpacOpOCTPAHEHHBIM  METOJ,
OCHOBAaHHBI Ha M3MEPEHUU MACChl 0CaJKa, OCEBIIIETO HA JIHE COCYy/la WM Ha
YallKy CIEeHHUAIbHBIX BECOB, IOTPYKEHHYIO B )KUAKOCTb (Memod OoeHa).
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Tuopocmamuueckuti memod CETUMEHTAITMOHHOTO aHaji3a OCHOBAH Ha
M3MEPEHUHN 3aBUCUMOCTH THAPOCTATHUECKOTO JIABJICHHS CTOJI0A CYCIICH3UH OT
BPEMECHHU.

Kaxoe o0opynoBaHue HCIO0JIb3YIOT IS NPOBEACHUS
CeIUMEHTAIIMOHHOTO aHAJIM3a BeCcOBbIM MeToaAOM? Onumure Xoj
aHaJaIM3a.

JUis mpoBeleHUsT HKCIEPUMEHTa HEOOXOIUM IWIUHIpP, B KOTOPBIM
NOMEUIAIOT AaHAJIU3HPYEMYIO CYCHEH3UIO0, M YCTPOWCTBO I HW3MEPECHUS
Macchl oOcefaromux yactuil. Hawmbomee NPOCTHIM MO KOHCTPYKIUU H
JIOCTaTOYHO UYBCTBUTEIBHBIM SBISIETCS cedumenmomemp Dueyposckozo,
KOTOPBIN TPENCTaBIseT COOON TOPU3OHTAIBHO 3aKPEIUICHHBIN B INTATHUBE
rUOKUN CcTep)keHb (IIMWIl), W3TOTOBJICHHBIM W3 KBaplla WIH YIPYrou
macTMacchl. Ha KoHell mnuia noJBennBaT Ha CTEKISTHHON HUTH YallleuKy.
Otcuer M3MeHeHHEe Beca (MaccChl) Yall€YKHd MPOU3BOAMTCS MO HW3MEHEHUIO
MOJIOKEHHST KOHI[A IIMUIIAa B BEPTUKAIHLHOM HAMPABJICHUU C TOMOIIBIO
MHUKPOCKOIIA.

CoBpeMeHHbII CEeIMMEHTOMETP MPEACTaBIAECT COOOW TOPCHOHHBIE (C
BpalllaTeJIbHBIM MEXaHM3MOM) BEChbl, Ha KOPOMBICJIE KOTOPBIX YKPEIUISIIOT
yaiieuky. Takue Bechl CHa0XEHbI CIIEIUATbHOM MIKAIO0W, KOTOpasi MO3BOJISIOT
yI00OHO U C BBICOKOM TOYHOCTHIO (PMKCUPOBATH U3MEHEHHUE Beca (MaccChl).

JIns mpoBeNeHHsT CEOUMEHTAILMOHHOTO aHalln3a BECOBBIM METOJIOM,
HaxoJSIIYIOCS B LIIMHAPE aHATU3UPYEMYIO CYCIIEH3UIO B3MYUHMBAIOT. 3aTEM
OBICTPO OIMYCKAIOT YallleuKy Ha HUTHU B CYCIICH3HUI0, OJMKE KO THY IUIUHIPA,
HO Ha TAKOM PACCTOSIHUH, YTOObI HAKOIIJIEHUE OCaJIKa B YallleYKe HE MPUBEIIO0
K €€ CONPUKOCHOBEHUIO ¢ JHOM IuMHiapa. [lo moka3aHusiM BecoB
ONpENENSIETCS] 3aBUCUMOCTh MAacChl OCEBIIEr0 HAa 4YalleyKy ocajJka oT
BpEMEHHU, KOTopas 3areM u3oOpaxkaercs rpadudecku. ['paduueckas
3aBUCUMOCTb MAacChl OCEBIIEro O0CaJka OT BpPEMEHH CEIUMEHTALNH
Ha3bIBACTCS CEOUMEHMAYUOHHOU KDUBOL.

B yem cocToSiT mpeumMyliecTBa W HEJOCTATKH MeTOJa BECOBOIO
aHagauza?

HpGI/IMYHIGCTBa BCCOBOI'0 aHa/IM3a — 3TO IIPOCTOTA M BO3MOKHOCTH
HCIIOCPCACTBCHHOI'O ITOJIYYCHHA 3aBUCHMOCTH MACChbl OCaJlKa OT BPCMCHHU IIO
nmoka3zaHusiM BecoB. (OCHOBHOM HECOOCTAaTOK AaHHOro ™MeEroga — 3TO
HCOIIPCACIICHHOCTh Ha4dajla Iponccca CCAMMCHTAllMM, T.K. 3a BpCEMI,
HGO6XOI[I/IMOG A1 TIOMCHICHWA YallKh B JKUJAKOCTb IIOCJIC 3aBCPHICHHA
NnepeMCciMBaHus, YCIICBAIOT OCCCTh CAMBIC KPYIIHBIC YadCTHIIbI. B peE3yIbTaTC
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KOHEUYHAsi Macca YacCTHUIl Ha YallleyKe OKa3bIBACTCs 3aHMKEHHOU. Kpome Toro,
IIOIPEIIHOCTh B HM3MEPEHUs BHOCUT M OTKIIOHEHHME TPACKTOPHUM OCEHaHUs
YacTULl OT JIMHEWHOTO 3aKOHAa, OCOOCHHO €CIM YacTUIbl HUMEIOT
ANEKTPUYECKUH 3aps] U B3aUMOJECUCTBYIOT IPYT C APYTOM.

Onumure npouecc CeAMMEHTAIMOHHOIO AaHAJIU3a ¢ TNOMOIIbIO
THAPOCTATHYECKOr0 MeToa. OTMeTbTe NMPeuMYILECTBA 3TOr0 MeTo/1a.

OpuruHanbHbBI METOJ] CEIMMEHTAllMOHHOTO aHaliu3a ObUT MPEeJIOKEH
Burnepom B 1918 1. OH OCHOBaH Ha HU3MEPEHUU THUAPOCTATUYECKOTO
TABIICHUS )KUAKOCTU. AMMapar sl TUAPOCTATHYECKOTO CEIMMEHTAMOHHOIO
aHaJu3a MPEeJICTaBIsIeT COO0H COOOIIAOITUECS COCYAbl — IMIMPOKUH, KOTOPHIN
3aMoJHEH aHAIU3UPYEMOW CYCIEH3MEeW M y3KWid, 3alOJIHEHHBINH KaKOW-THO0
KUAKOCTBIO (HaIpuMep, IHUCIEPCUOHHOW cpenoil, Boxoi). B aTtom ciyuae
BBICOTHl ypOBHEW CYCHEH3UM W IKUJKOCTH YCTAaHOBSTCA  0OpaTHO
MPONOPLIMOHANIBHO UX IJIOTHOCTSAM. B mpoliecce ocenanus 4acTull IIOTHOCTh
CyCHeH3Uu OyJIeT YMEHbBIIAThCS W, COOTBETCTBEHHO, YPOBEHb >KHJIKOCTH B
TOHKOM KOJIEHE OYJIeT OIMyCKaThCs. DTO MO3BOJSET CICIUTh 3a KUHETHUKOU
nmporecca ceauMeHTanud. OCHOBHBIE MPEUMYIIECTBA THUAPOCTATHYECKOTO
METOJIa CEAMMEHTAIIMOHHOTO aHaJIn3a — BBICOKAsi TOUHOCTb, IKCIIPECCHOCTh U
IPOCTOTA SKCIIEPUMEHTA.

PaccmorpuTe rpadpuyeckuii MeTox BeCOBOI0 CeIMMEHTALMOHHOIO
aHajau3a OQneHa NpUMEHHUTEIbHO K MOHOAUCIIEPCHBIM CHCTEMAM.

B MOHOIHCIIEpCHON CUCTEME BCE YaCTHUIIbI UMEKOT OJIMHAKOBBIN pa3Mep
U OCAXJAITCS C OJWMHAKOBOM CKOpPOCThbIO. BclienctBue 3TOro BbICOTA
CYCIIEH3UH, COJiepKalleil 4YacTUIlbl JIUClepcHOM (a3pl, U Macca 4YacTHIl,
coOMparolMXCcs Ha YallleyKke BECOB, U3MEHSIOTCS 10 JIMHEMHOMY 3aKOHY.
['paduix KUHETUKHM CEAMMEHTAIMU B MOHOJUCIIEPCHOMN CHUCTEME MMEET
CIICIYIOLINM BUL:
m 4

Q

0 T
19

CKOpOCTB CCAUMCHTAUMN COOTBCTCTBYCT TAHI'CHCY yI'Jla HAKJIOHA A iga = IR
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B TOuke 4 W3MEHEHHE MacChl OCEBIIEr0 OCaJKa MPEKpalaercs, T .€.
IIpolecC CeAMMEHTAMU 3aKaHuuBaeTca. OnyCcTUB NMEPIEHIUKYISP U3 TOUYKH
A Ha OCh OpJIMHAT, MOKHO HAalTH MacCy BCEX YaCTHL] CYCIICH3UU.

3aBUCUMOCTh MacChl OCaJKa OT BpPEMEHHU I MOHOJUCIEPCHOU
CHUCTEMBI OIIPEACIISIETCS CAEAYIOIUM YPaBHECHUEM:

ngU
H

cez)‘[ >

0

rae O — obmas macca gucrepcHoi (assl, " Macca 4acTHIl JTUCTICPCHOU

(I)EBBI B O6’I>€MC, npuxoaiamaiacia Ha CAMHUIY BbICOTEI.

Jlns cpepudecknx 4acTHIl, Al KOTOPhIX cobmogaeTcst 3akoH CTokca,
Macca OCEBIINX YaCTHUI] MOKET OBITh paccUuTaHa 1mo Gopmyre:

2r (p -
22 (p-plg

H 9
N3 3TOr0 ypaBHEHUS MOYKHO BBIPa3UTh PAINYC YACTHILL:
r:\/ M mbo r=k. 2.
0-2p-p,)g 7 r

(Kaxoit paduyc peanvhnwlit uau 3IxeusaneHmuslii (I¢pghexkmuensiii)
MOIHCHO onpedenums 011 4acmuy, nPou3eoavHoul (Hecghepuueckoit) gopmor
no ypasHeHu1o 011 CKoOpocmu ceoumenmayuu?)

3Has ¥, MOXKHO OIIPEIEIIUTD Sy

3 3
Sy = - (Ha equaMLy 00beMa) WK S, = " (Ha eIMHUILY MacCChl).

HoauaucnepcHbie CHCTEMBbI COCTOSAT W3 YACTHUI] HEOJMHAKOBBIX
pasmepoB. CoOOTBETCTBEHHO, YaCcTHLbI, oO0pa3ywiuue OTAeJbHbIE
dpakuum, OyayT ocaxaaAThHCH € Pa3sHbIMH CKOpOCTsIMH. CaMbIii POCTOM

KpynHbIX (0Tpe3ok OA) U MeNKuX (OTpe30K
OB) yactuil.
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BAPHAHT NOJHUIUCIEPCHONH CHCTEMbI — 3TO0 OWAUCHEpPCHAsi cHCTeMa,
cocTosimas U3 ABYX ¢pakumii — MeJKHX U KPynHbIX yactul. Kak Oyner
Q BBITVISIIeTh KPHUBasi CeIMMEHTAIIUM TAKOM
CUCTEMBI?

O D
2 c : I'papux  xkuHETHKH ceIMMEHTAIuU
P, I ; omaucepcHoi CUCTEMBI Oyner
Q, it~ A i COOTBETCTBOBATH JIOMaHHOH OCD,
p ,i»/”'/iB MPEACTABIAIONIC  cOO0M  CyNEepIO3HIINIO
g y 5 (cymmy) mpsIMBIX, OTBEYAIOIINX CEIUMEHTAIlUU

T T
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00, = At; — XapaKTepu3yIOT COJICPKAHUE KPYITHBIX YACTHIL;
0,0, = Bt, — XapakTepu3yloT COAepKaHUE MEJIKUX YaCTHII;
0OO0; = Dt, — XapakTepu3ylOT CyMMapHOE COJACpKaHNE YACTHII.

Touka C OyJeT COOTBETCTBOBATH OKOHUAHMIO Mpoliecca OCeaHusl Beeil
¢dpakiuu KpynHbix vacTull. [lpousoiger 3To 3a Bpemsi 7;. UTOOBI y3HATh
Maccy 3Toi (pakiuu, HYHO TPOUIUTh 0Tpe3ok CD 10 mepeceueHus ero ¢
OCbl0 OpauHAT (TakuM 00pa3oM, H©3 CYMMapHOM MacChl OCajKa,
00pa30BaHHOTO YACTUIIAMU OOOMX pa3MepOB, BBIYMTACTCS Macca MEJKHX
yactull). B pesynbrare nomyunm Touky ;. Macca KpyHHBIX 4YacTHII
cycneHsuu O0yner paBHa otpe3ky OO0;.

Hanee mpu 7>7; Ha otpeske CD OyayT ocenaTh TOJIBKO MEIKHE
YacTULBl BIUIOTH JO MOMEHTa BpeMeHHM 7;. Haknon otpeska CD paBeH
HakIoHy oTpe3ka OB. (Oovsachume, nouemy!) UToObI HANTH CyMMapHYIO
Maccy ocajka He0OXOAMMO MPOCTO OMYCTUTh MEPICHAUKYJISIP HA OCh OPJIUHAT
m3 touku D. Ilomyuum otpe3ok OO,. g ompeneneHuss Macchl MEJIKOU
bpakuuu u3 cymmapHo maccel OO, BBIYUTAECTCS Macca KPYMHOW (Gpakiuu
00,.

I pacyera paguyCcoB YacTUIl U YAEJIbHOW MOBEPXHOCTU KAXKIOW U3
dbpakiuu cropaBeJIUBbl TPUBEJICHHBIC BBHIIIE YpPaBHEHUS JUIsl ONHUCAHUS
MOHOJUCIIEPCHOM cUCTEeMBI (TIPU JOMYIIEHUH, YTO YaCTHUIIbI ChepruuecKue).

Kak Oymer BbIrisgerb KpHUBas CeIUMEHTANUM PeabHBIX
NOJIMAUCIIEPCHBIX CHCTEM, KOTOPbIE 00bIYHO NPEACTABJICHbI MHOKECTBOM
¢dpakumii, He3HAYUTEJHbHO pa3IHYAKIUXCA 10 pasmepam? Kak
onpeeJUTh MACChl OTAECJbHBIX (PPaAKIUil 1151 TAKMX cUCTEeM?

Bbl y3Hanmu, 4To Ha KPUBOM CEIMMEHTAIMM OMAMCIEPCHON CUCTEMBI
MMEETCS ABa U3JI0Ma, Ha KPUBOU TPUAUCIIEPCHOM CUCTEMBI — TPU U T. 1. Yaiue
BCETO MBI HMEEM JEJIO CO CIOXHBIMU TOJUJINACIEPCHBIMA CHCTEMAMHU,

IPEACTAaBICHHBIMU MHOECTBOM
Q| ¢pakmuit. s Takux CHUCTEM KpuBas
......................... ceAUMEHTalMu  OyAeT  COCTOATh U3
00JBIIOr0 YMcla OECKOHEYHO MallbIX
OTPE3KOB,  KOTOpbIE  CIMBAKOTCA B
TUTABHYIO JTUHUIO. J[J1s1 TOrO 4TOOBI HANTH
maccy (ppakuuid, COOTBETCTBYIOIIUX ATHUM
OTpe3KaM, HEOOXOAMMO K KaXKJI0i TOuke
KpUBOM  IIPOBECTH  KACATENBHYID U
IPOMJINTE €€ 10 IIEPeCeyYeHuss C OChIO
OpJIMHAT.

Q
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B navane 3Toil KpuBOW MMeETCA MPSIMOJIMHENHBIN ydacTok OA, T. K. B
HayaJbHBIA TME€pUOJ BPEMEHM Ha 4YalleyKy CEIUMEHTOMETpa OCEAaroT
PAaBHOMEPHO (HO C pa3IUYHBIMU CKOPOCTSMH) YacTHIbI BCEX pa3MEpOB, 10
T€X MOp, MOKa He OCAAYT BCE caMble KpyIHbIE YacTULbI (Touka 4). C 3TOro
MOMEHTA BPEMEHH T,,;, CKOPOCTh HAKOIUICHUSI O0CaJIKa YMEHBIIACTCS, U IpsiMast
MEPEXO/IUT B KPUBYIO.

[To MUHUMATEHOMY BPEMEHHU T, PACCUUTBIBACTCS 7y — PATUYC CAMBIX
KPYITHBIX YaCTHI, T. K. 32 3TO BpeMs BCE TAaKHE YACTUIIHI.

Bpems t,;,, omnpenensercs mno rpaduxy MyTEM MPOBEACHUS K
CEIUMEHTAILIMOHHON KpPUBOM KAacaTeJIbHOM, IPOXOJALIECH 4Yepe3 Hadalo
koopauHat. KacarenbHast JOJKHA COBNAAATh C HAYAJIbHBIM IPSIMOJIMHEHHBIM
yagacTkoM OA kpuBori OK. U3 Touku oTphiBa kacaTenbHOM oT OK (Touka A)
OITyCKaeTCsl MEePIECHIUKYJIISIP Ha OCh a0CITUCC U HAXOIUTCS BPEMSI Ty

ITocne Toro, kak Bce dYacTUIBI ocenu (7>7T,,, Touka K)
CEUMEHTAIIMOHHAsl KpHUBas MOJHMAMCIEPCHON CYCHEH3UU MEPEXOAUT B
npsamyto. [IpoBoas kacaTenbHy0 K KpuBoil OK, mapaieabHyr ocu a0CIuce,
U3 TOYKU OTpbIBa €€ OT KpuBOM (Touka K), OMyCKalOT MEPHEHIUKYISP U
HaxoJsT HAa OCU a0CUHUCC BPEMS T4y, [0 KOTOPOMY PACCUMTBIBAIOT Py —
pamuyc caMmblx Menkux 4actull. Opaunata ()’ 93ToM KacaTelbHOU
COOTBETCTBYET BECY BCEX YACTHII, BBITIABIINX HA YalIEYKy CETUMEHTOMETpA.

@)
OTHollIeHuE 0—1' IIOKa3bIBAET OTHOCHTENILHOE COJEP)KaHHE B
H 0,
CYCIIEH3UHU YaCTHUI[ C PAgUyCaMU OT 7, = K |~ IO Fax, & OTHOIIECHHE 00’ —
7

H
COJZICPKAHUE YACTHI] C PAIIUYCOM OT Fppay A0 7, = K /— UT. 1.
z-2

OtmetuM, yto rpaduueckuii Meroa OneHa HEAOCTaTOYHO TOYEH. B Tex
clly4asiX, KOrja HeoOXOoJMMa BbICOKAash TOYHOCTb PE3YyJIbTATOB, HCIOJIb3YIOT
aHanumudeckuil Memoo, peIoxKeHHbIN ABeeBbIM U [{topymoi.

JIIf1  HATJSAHOTO TPEACTABJIEHUSI MOJYYEHHBIX JAHHBIX IO
pe3yjabTaTaM CeJUMEHTAIMOHHOTO AHAJIUW3a OOBLIYHO CTPOSIT KPUBbIE
pacnpeneaenuss 4YacTull nmo pa3smepaMm. Kakme 1aBa BHIa KPHBBIX
pacnpenesieHusi cymectByoT? OxapakrepusyiTe KasKIblid U3 HUX.

Hnmeepanvnas unu cymmapuas kpueas pacnpeoenenus  Q(r)
MOKAa3bIBAET 3aBHUCUMOCTh OT PaJWyca CYMMapHOrO KOJMYECTBAa YacTHUI[ C
pa3MepaMu, IPEeBBILIAIIUMH paauyc 7. Jljid ee mocTpoeHus: Ha OCU aOCIUCC
OTKJIAJBIBAIOT 3HAYCHUSI PAJNYCOB B UHTEPBAIC 7ypiy—Fmax, @ HA OCH OpPJUHAT
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OTHOCHUTEJIbHOE cojepkaHue (MO0 MacCe€) YacTUIl C PAIUYCOM OT Py MO
JTAHHOT'O pajguyca 7,.

JImg 3TOro K CEIMMEHTAllMOHHOM KpPUBOM B OTAECIbHBIX TOYKAX
MPOBOJAT KacaTelIbHbIE O HX TNEPEeCeUYCHUsT C OChK OpJAWHAT W
PaCCUHUTHIBAIOT:

00,
Q(rl)_OO U T. 1.

max

o) ]

'

»
»

V'min rp ry Vmax 7V

[Io wHTErpaJbHOM KpHBOM pACHpEeNeHUs] MOXHO OBICTPO OIPEIECIHUTh
CoJep>KaHUE B JaHHOW CYCNEH3WHM J000M ¢pakuuu vactun. Tak, s
HAaxO0KJICHU KOJINYECTBA YaCTHULl, UMEIOIIUX Pa3Mephl B IIPENEax OT 7g 10 ¥4,
Ha HHTETpajbHOM KPHUBOM OTMEYAlOT JIBE TOYKM C aOCIUCCOM rp JO 7y,
pPa3HOCTh HX OpPJAMHAT JlaeT TMPOIEHTHOE COJAEpKaHHE ITOW (Ppakiuu.
NurterpanpHas kpuBasi OOBIYHO HUMeEET S-00pazHyro ¢GopMmy, C XapaKTepHOU
TOYKOM mepernda, COOTBETCTBYIOLIEH HanbosIee BEPOATHOMY pa3Mepy YacTHII,
COJIEP KAIIUXCS B JAHHOM THCIIEPCHOM CUCTEME.

I[I/Id)(bGDGHHI/IaHLHaH KpUuBaA pacrpcacICHUA ITOKAa3bIBACT HU3MCHCHHC
BCCOBOI'0 KOJIHMYCCTBA IIPpHU U3MCHCHHH paaWyCa 4aCTHUI[ Ha CAWMHUIY BOJIM3HU

AQ

JIAHHOTO 3HauYeHus paauyca F(r)= -
r

Hns  moctpoenus: nuddepeHanbHoil  KpUBOM  pachpeesieHus
UCIIONIB3YETCsl TIOCTPOEHHAsI paHee HHTerpajbHas KpHBas, MO KOTOPOH u

AQ

HaxoIAT 3HAYCHHA A_ OJIA  PA3]IMYHBIX HWHTCPBAJIOB PAANYyCOB. Ha ocu
A

a0CIIMCC OTKJIAJBIBACTCS CPEIHEe 3HAUYCHHE pajauyca M3 JaHHOrO0 WHTEepBaja
paJnycoB.
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Fr)l

% 001

O 7"min ro Fmax 7

Huddepenunanbuas KpuBas paclpeiesieHus OObBIYHO HMEET OJHH
MaKCUMYyM, COOTBETCTBYIOIIMNA HamOOJbIlel mo Becy (pakiuuu U Haumbosiee
BEPOSITHOMY pa3Mepy YacTHull B JaHHOM cycrieH3uu. [1inoimaas, orpanuyeHHas
muddepeHmanTbHOl  KpUBOM M OChIO  abcIiucc, JaeT oOIIee BECOBOE
KOJIM4ecTBO wvacTul] Bcex paszmepoB (100 %), a miomanb, OrpaHuyYeHHas
IBYMs 3HAQUEHUSMH PAJUYCOB — IIPOLIEHTHOE COJIEPKAHUE B CYCIICH3UH
YacTUIl B 3TOM UHTEpPBAJI€ paIlnyCOB.

Bonpocs! u 3a1anus 1Jisi CAMOKOHTPOJISI 3HAHUI M0 MaTepuay 6-i

W N —

()}

o0

JEeKIUHU

Yro Takoe AMCHEPCUOHHBIN aHaIN3?

Ha onpenenenue Kakux HapameTpoOB HaIpaBi€H JUCIEPCHOHHBIN
aHaJIM3 BBICOKO-, CPEJIHE-, a TAKKE TPyOOAUCTIEPCHBIX CUCTEM?
Kakue rpynmnsl METOJ0B IUCTIEPCUOHHOTO aHalin3a BaM n3BecTHBI?
Ha  xakom  (u3nueckoM  MPUHUUIIE  OCHOBAH  METOJ
CeIMMEHTAIIMOHHOI0 aHaian3a?

Yro Takoe oOpaTHasi ceqUMEHTALNS?

C nmomoupl0 Kakux CIocoO0OB MOYKHO OLIEHUTh CKOPOCTh
CEeAMMEHTAIUU YaCTHIL?

Onumure yCTpONCTBO M NPHUHLUI pabOThl CEIMMEHTOMETPOB
®duryposckoro u Burnepa.

Yro Takoe ceAMMEHTAILIMOHHAS] KpUBasi?

N300pazute ceauMMEHTAMOHHBIE KpUBBIE M MOHO-, Ou- U
ITOJIMAUCIIEPCHON CUCTEM.

10 ITosicaure mpouenypy oOpaOOTKH CEIUMEHTAIMOHHON KpHUBOM

HOJ'IPII[HCHCpCHOfI CHCTEMBbI MECTOJOM KacCaTCIIbHBIX.
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11 Kakyro uHbpopManmio naloT MHTErpayibHas U AuddepeHnnanpHas
KpUBBIE pacTpeIelICHUs YaCTUIl TUCTIEPCHOM a3kl Mo pazMepam?

12 Kak  mpoBecTH  CEAMMEHTAIlMOHHBIM  aHAdW3  KUHETUYECKHU
YCTOMYMBBIX CHUCTEM (30JI€i, pPAaCTBOPOB BBICOKOMOJICKYJISIPHBIX
COeIMHEHU)?

13 Paccunraiite BpeMsi OcelaHUsl YacTHUI] MeCKa B BOJAE Ha TIyOHHY
10 cM, ecnu ux paauyc paBeH a) 50 mxm, 0) 10 MkM, B) 5 MKM, T)
1 mxm, 1) 0,1 MKM.

14 Onpenenute CKOPOCTh OCENAHUA YacTUll paauycoM 10 MKM,
06pasyroIuxcs mocie moMoia 3epet kode B Boge (7= 107 [Ta-c) u
Bosayxe (n=1,81-10" Ia-c); mrotHOCTE KOde p =1,1-10° kr/™0’,
BO/JIbI ¥ Bo3ayxa npu 293 K — 10° u 1,21 KI/M° COOTBETCTBEHHO.
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JIEKIIAS 8

«Jlosepxnocmuble — CAOU  6eulecméd  UYOOBUULHO
HEOOHOPOOHBL (UX, HeOOHOPOOHOCMb CKA3bleAemcs HA
PACCMOSHUSAY, — CPABHUMBLX, € MOACKYASPHbIMU
pasmepami) u K, MoMy Ke AHU3OMPONHbL (COCMOsHUE
MAKUX, CUCMeM ONUCHIBAEMCS. MEHIOPHBIMIU TOAAMU)
Boucmuny cKazano: «boe cozdar merd, a O0bsiBOA —
noeepxHocmuL»

A Pycanos

MHorue mnpoumeccbl — HCHapeHHe, CyO0JUManMsA U KOHJICHCAIH,
ancopoumsi, udpdy3usi, rereporeHHbIH KaTajln3, XUMHYECKNE PeaKluu B
reTeporeHHbIX cCUcTeMax — MPOTEeKAIT Ha rpaHuue pasaenaa ¢gas. B aTtux
npouneccax BeuecTso Jud0 nepexoauT Yepe3 NOBEePXHOCTHBIN €10, 1100
NorJiomaercs WM, Ju00 BbITeCHseTcss U3 Hero B o0bem. C
NMOBEPXHOCTHBIMU CBOHCTBAMH BeIECTB CBfA3aHbl TaKKe IMPOLecChl
CMaYuBaHUsA, TPEHHUS, CMA30YHOI0 AefiCTBUSA, aATe3UH.

Bbl yke OTIMYHO 3Haere, 4YTO HAJU4YUE BbICOKOPA3BUTOM
NMOBEPXHOCTH Ppa3aena ¢a3 — IT0 NPUHUUNHAIBHAA OCOOCHHOCTH
BBICOKOIMCIIEPCHBIX cHcTeM. BiusiHue moBepxHocTeil pasgena (a3 u
CBSI3AHHBIX ¢ HUMH NMOBEPXHOCTHBIX SIBJICHUI HA CBOMCTBA JHCIEPCHBIX
cUCTEeM 00YCJIOBJICHO U30bIMOYHOU nogepxXHOocmHou IHnepeueii. 3-3a yero
BO3HHMKAET M30BITOK JHEPIruM HA MeK(Pa3HOI MOBEPXHOCTH?

Monexynvl KoHOeHCUpOBaHHBIX a3, HAX0OAWUECs 6 NOBEPXHOCMU
pasoena, obaraoarom u3dbIMOYHOU IHepeueli N0 CPABHEHUI0 C MOJEKYIAMU 8
obveme  U3-3a  HECKOMNEHCUPOBAHHOCMU UX — MeNCMONEK)IAPHBIX
ezaumooeucmeui. (Ilpounnocmpupyiime >my ¢pazy cxemamuuecku!)
HeckoMneHCUpOBAaHHOCTE MEXMOJIEKYJISIPHBIX B3aUMOJEHUCTBUANM, B CBOIO
ouepesib, 00YCIOBJIEHO Pa3IU4YMEM COCTaBa U CTPOCHHS KOHTAKTHUPYIOIIMX
da3. DOTO TMOpPOXKTAaET BO3HUMKHOBEHHE HA  TOBEPXHOCTH  pasielia
NOBEPXHOCMHBIX CU N U30BITKA DHEPTUU — NOBEPXHOCMHOU IHEPIUL.

HaunbGonee mnpocTo cBsi3b MEXIy IOBEPXHOCTHBIMH CBONCTBAMU H
TEPMOJMHAMUYECKUMHU XapaKTepUCTUKaMU KOHTAKTUPYIOLIUX da3
NpPOSIBISIETCS Ul OJHOKOMIIOHEHTHBIX JABYX(a3HBIX CHCTEM (HaIlpuMep,
KUJKOCTb Ha TPAHULE C €€ HACBILICHHBIM I1APOM).

Ha mnoBepxHocTn paznena ¢a3 MOJIEKYJIbl HCHBITHIBAIOT CUJIBHOE
MPUTSHKEHUE CO CTOPOHBI XKUAKON (Pa3bl M MOYTH HUKAKOTO MPUTSIKEHUS CO
CTOpPOHBI mapoBoi (a3pl. PaBHOAEHCTBYIOMAs CUJI HalpaBiieHa B CTOPOHY
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KHUJIKOCTH M CTPEMUTCS BTSHYTb MOJIEKYJbl BHYTpPb XUAKOW (a3bl. Jta
PAaBHOJICUCTBYIOIA  CUJIa  HA3bIBACTCS  GHYMPEHHUM  MOJIEKYIAPHbIM
oasneruem. Ero IpUunHON SBISAETCS MEXMOJIEKYJISIPHOE B3aUMOJICHCTBUE, U
yeM OHO Ooiibliie, TeM OOJbIIe BHYTpPEHHEE AaBieHue. Tak, A BOABI OHO
PaBHO 15-10° I1a, a mus Gensona — 3,810 [Ta. Bel BuauTe, TakuMm o0Opazom,
4TO JUIsi 00euX >KUIKOCTeH BHYTpEHHEE AaBJICHHE JOBOJIBHO BENUKO. IMEHHO
MO3TOMY >KMJIKOCTH MaJIOC)KUMAEMBI.

JIBe BbIIEYNIOMSAHYThIE (pa3bl (KMAKOCTh M IIap) MOTYT CYLIECTBOBATh B
PaBHOBECHUU TOJBKO MPU HAJUYMH YCTOMYMBOW TPAHULBI pazliena MEXIy
HUMH, HE TPOSBISAIOMIEH TEHACHUWH K CaMOIPOU3BOJIBHOMY YBEIHUYECHHIO,
T. €. TEPMOJIMHAMHYECKH YCTOMYMBOM (IIPU JAHHBIX TeMIlepaType U oO0beme
cuctembl). C MaKpOCKOIHUYECKOM TOUKM 3pEeHHs 3TO O3HA4yaeT, 4YTo C
MOBEPXHOCTBIO CBSI3aHA HEKOTOPAst SHEPTUs, TAK UTO 00IIast SHEPTUSI CUCTEMBbI
HE SIBJISIETCS CyMMOW SHEpPruu JBYX OOBEMHBIX (a3, a BKIIOYAET €Ule U
M30BITOYHYIO SHEPIHIO, TPONOPLHUOHAIBHYIO TUIOIIAIU TOBEPXHOCTH pa3zerna

ba3:

dG
o, =—S=0"5.
ds
Bxomsimiass B 3TO  ypaBHEHHWE BEIWYMHA 0 — 3TO YJelbHad

(mpuxopsmascs Ha eIUHUILY TUIOIIAIN) H08epXHOCMHAs dHepeus. Hanmuue Ha
MOBEPXHOCTH pazzena (a3 n30bITKa SHEPTUU O3HAYAET, UTO JJisi 00pa3oBaHUs
HOBOHM TTOBEPXHOCTH HYXXHO COBEPIIUTH pPaOOTy, TMOITOMY BeEIWYMHA O
OJIHOBPEMEHHO TPEJICTABIISIET COO0H pabomy 06pamumoco uzomepmuiecko2o
006pazosanus eOuHUYbl NOBEPXHOCMU; ITY BEIUYMHY TaKKEe HA3bIBAIOT
HOBEPXHOCNHBIM HAMSICEHUEM.

CyuiecTBYIOT JIM Ipyrde TPAKTOBKHU MOBEPXHOCTHOI0 HATSKeHUs ?

[loBepXHOCTHOE HATSKEHUE MOXKHO TpPAKTOBATh M KaK cuuy,
NCHCTBYIOUIYI0  TaHTeHIMAJIbHO K TOBEPXHOCTH pazfena ¢a3 u
MPENATCTBYIOUIYIO €€ YBEINYEHUIO.

Kak cooTHOoCcHUTCH TNOHATHE «IIOBEPXHOCTHOE HATSKEHHE» B
KOJUIOMAHON XHMHMH C TeM, KOTOpOe [IaBHO Y:Ke ObLIO HM3BECTHO B
¢pusuke?

OTMmeTHM, YTO MOHATHE «IIOBEPXHOCTHOE HATSHKEHHE» ObUIO BBEICHO
TOJUIAaHACKUMHU (PU3UKaMU 3HAUYMTEIHLHO paHee, 4YeM IMOSBUIIOCH TOHATHE
(QHEPIUsH» M O3HAYaJI0 CWIY, CTIATHBAIOIIYI) THIOTETHYECKYIO IIJIEHKY
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(aHAJIOTUYHYI0 3JACTMYHOM IUIEHKE) Ha TOBEPXHOCTH JKUJAKOCTH U
MIPOTHUBOJICHCTBYIOLIYIO €€ PACTSKEHUIO.

B 1oBepXHOCTHOM CJI0€ ACHCTBYIOT TOJIBKO MEXKMOJICKYJISIPHBIEC CHUIIbI,
U TO3TOMY NPOBOAUMMYKO AQHAJOTHIO IMOBEPXHOCTHOIO CJIOA C 3JIAaCTUYHOU
IJICHKOM HENb3s MPU3HATH MOJHOW, TaK KAK MNPHU PACTSHKEHUHM TaKOM IUICHKH
cuja BO3pacraeT MPONOpIHOHAIBHO Aedopmanuu (mo 3akoHy ['yka), B TO
BpeMsi Kak i1 oAHO(a3HOW TpaHUIbl KUIAKOCTb-ra3 HE3aBUCUMO OT
BEJIMUMHBI IIJIONIAIU IJICHKU o=const.

KakoBbI pa3Mepbl IOBEPXHOCTHOIO CJIOSI?

Peanphas MexdaszHas TpaHUIla UMEET TOBEPXHOCTHBINA CIOW KOHEYHOM
TOJUIMHBL, B IIpeJerax KOTOpPOro TEPMOJWHAMUYECKHE IapaMeTpPhl
(KOHLIEHTpalMsi KOMIIOHEHTOB, JIaBJICHUE, TEMIIepaTypa U Jip.) UCHBITHIBAIOT
peskue wu3MeHeHwus. [1.A. PeOunmep oTmedan, 9TO MOBEPXHOCTHBIE CIIOU
KaX0# (ha3el TommuHOM okoio 0,5 HM 007a1af0T 0COOBIMU CBOMCTBAMH, TaK
KaK HaXOJsATCS B TMOJe JSHCTBUS MOJEKYJSPHBIX CHJIBI COCEeIHEH (ha3bl.
Yactunia pucnepcHol (a3l HE MOXKET COCTOSTh W3 OJHUX JIMIIb
MOBEPXHOCTHBIX  CJIOEB, OHA [JOJDKHA HMMETh «SIpo», COAEpKaliee
OJIHOPOJIHYIO MAacCy BEIIECTBA. B 3TOM ciydae pa3mep 4acTULBI BO BCEX TPEX
U3MEPEHUSAX JOJDKEH NPEBBINIATh, 10 KpallHEH Mepe, YABOCHHYIO TOJILIHHY
NOBEPXHOCTHOT'O CJIOA, T. €. | HM, YTO COCTaBJISIET HWKHUM TIpenesl pa3Mepa
KOJUIOUIHBIX YaCTHL.

[To T'ubbcy mexdaszHyro MOBEPXHOCTh CIEIYET paccMaTpUBaTh Kak
KOHEYHBIM IO TOJIIMHE CJIOH, B KOTOPOM OCYILECTBIJISIETCS IEPEXOd OT
CBOMCTB, XapaKTEpHBIX /I OJHON (a3bl, K CBOWCTBAM, XapaKTEPHBIM s
JIpyroi. DTOT HEOTHOPOAHBIA MO CBOWCTBAM IMOBEPXHOCTHBIN ciioii ['mOOC
Ha3BaJl uU3U1eCcKol NOBEPXHOCMbIO PA3PLIEA.

Kak onuceiBaeT TepMOIMHAMMKA MOBEPXHOCTHBIN €JI0i?

TepmoauHaMuyeckoe OmMMcaHUE MOBEPXHOCTH pa3pbiBa OCHOBAHO Ha
PacCMOTPEHUH 3aKOHOMEPHOCTEH H3MEHEHHUs 0 Mepe ee mepecedeHus (B
HOPMAJIbHOM  HANpaBJIeHWW)  YCPEIAHEHHBIX  3HAUYCHUNM  TUIOTHOCTEH
TePMOJIMHAMHUYECKUX (QYHKIIHUMA, HATPUMEp, MIIOTHOCTA CBOOOIHOM IHEPTUU a
(A = aV). UroObl MONYYUTh CBS3b MEXIY XapaKTepoOM pacipeneieHus
IUIOTHOCTEN TEPMOJAMHAMUYECKUX (DYHKIMII B TOBEPXHOCTH pas3pbiBa H
MaKpOCKOMTMYECKUMH XapaKTEPUCTHKAMU TIOBEPXHOCTH M OOBEMHBIX (a3
WCIIOJIB3YETCSl IBA METOJA: Memoo uzobimoynvix eeauyun [ ubbca m memoo
Cll0s  KOHeYHOU  MOMWuUHbl,  Pa3BUTBIl  ['yrreHreiMoM ©  3aTeM
A.UN. PycanoBeim.
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B wmerome clios KOHEYHOM TOJIIMHBI TOBEPXHOCTH  pa3phiBa
paccMaTpHUBAETCsl KaK peajbHBIM CIIOH, KOTOPHIA OTJIMYAETCS OT OOBEMHBIX
¢da3 TeM, uyTo 0OJamaeT U30BITOUHON dHEepruel os. B aToM Metozie BBOAUTCS
MapaMeTpP TOJIIMHBI TOBEPXHOCTHOTO CIIOA.

['m60c mpenmoden wATH TO TyTH 00Jie€ CXEMATHYHOTO OIHUCAHUS
TEPMOJMHAMHKH MIOBEPXHOCTHBIX SIBJICHUMN. B €ro MeTone cBOMCTBA peaIbHOM
CHUCTEMBI COIOCTABJISIFOTCS CO CBOMCTBAMH WACATU3UPOBAHHOM CHUCTEMBI, B
KOTOPOW TUIOTHOCTH TEPMOJMHAMUYECKUX BEIUYUH COXPAHSIOT MOCTOSTHHOE
(oObeMHOE) 3HaueHHME BIUIOTH /10 HEKOTOPOW MaTeMaTUuecKol (MMeromein
HYJIEBYIO TOJIIUHY) pazoensoujeli nogepxHocmu. Pa3HOCTb (MOJ0XKUTEIbHAS
WIM OTpUIATENbHAS) MEXKIY 3HAYECHUSIMU TEPMOAMHAMUYECKON (DYHKIHMH B
peaJpHOM CHCTEME U CHUCTEME CpaBHEHHMs, OTHECEHHas K IUIOIIAIH
MOBEPXHOCTH, pPACCMATPHUBAETCS KakK yJAENbHOE 3HAYCHHE uU30bImKa
COOTBETCTBYIOIIECH BeIMYMHBL. VIMEHHO 93Ta U30BITOYHAs  BEJIMYMHA
COIIOCTABJISIETCSI C COOTBETCTBYIOIIEH MAKPOCKOIIMYECKOM XapaKTEPUCTUKOM.
[Ipu 3TOM OmpeneneHrne Takoro U30bITKA OCHOBBIBAETCA HA MHTETPUPOBAHHUH
[0 KOOpAMHATE, HOPMAJIbHOM K IIOBEPXHOCTH, PA3HOCTU IUIOTHOCTEU
TEPMOJIMHAMHUYECKUX (PYHKITUH B PEATbHON CUCTEME U CUCTEME CPABHEHHUSI.

Kakoii w3 Merog0oB ONUCAHMS TEPMOAUHAMUYECKHX (GYHKUMA
NMOBEPXHOCTHOIO CJI10s1 MoKa3aJica Bam (oJiee opUrnHaIbLHBIM?

JlaBaiiTe MpeacTaBuM, Kak C IMOMOIIBIO 3THUX JIBYX METOJOB BBIPA3UTh
00011 TEPMOAMHAMUYECKUHN TTapaMeTp CUCTEMBI.
[To meTomy I'n66ca (yuacmoxk I na pucyrnxe):
G=G;+ G, +os,
rne G; u G, — 3HaueHuss OdHepruum [ubOOca oTHenpHBIX a3 B
UJICaTU3UPOBAHHON CHUCTEME, COOTBETCTBYIOIIME UX OOBEMHBIM 3HAUCHUSIM,
0s — N30BITOK, CBSI3aHHBIN C pa3AeNsIoeii MTOBEPXHOCTHIO.

I I
¢a3q 1
G . | |6
f NoBepTHocmHbILL
ool

s
A7 770
L)

Pasdenswow,aq
Gy noBeprHocmy ,

Pasz a
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[To MeTony cii0si KOHEUHOU TONIMHBI (yuacmok Il na pucynke):
G=G/'+G'+G,=G/'+G'+G, +os,
rne G;' u G, — sueprus ['m66ca coorBeTcTBeHHO (Da3bl 1 w 2 O TPaHUIIBI
MMOBEPXHOCTHOTO CJI0s1 (TOBEPXHOCTH Pa3phiBa).

IIpumeHnuTenbHO K JAUCIEPCHOM  CUCTEME  MOJKHO  3alucarth
O0OBEIMHEHHOE YpPAaBHEHHE IEPBOIO M BTOPOTO Hayal TEPMOJAMHAMHUKHU
OTHOCUTENIBHO 2Heprun ['nboca:

Jj=k
dG = —SdT +Vdp + ods + Y u,dn, + pdgq

i=l

rae S — oHtponus; d1, dp — U3MEHEHHE TeMIlepaTypbl U JaBICHUS; dS —
W3MEHEHHE TUIOIIAAM TIOBEPXHOCTH pasnena (a3; ¢ — MOBEPXHOCTHOE
HATSKEHUE; [, N; — XAMAYECKUMA MOTEHIIMAT U YHUCIIO0 MOJIb KOMIIOHEHTA I; @, ¢
— DIIEKTPUYECKHUI MOTEHIIUAT U 3apsij] TOBEPXHOCTH.

B ycnoBusix nzobapHo-uzorepmuueckoro mporecca (d7 = 0, dp = 0) B
OTCYTCTBUU (DU3UKO-XMUMHUYECKUX U DIIEKTPOCTATUUECKUX B3aUMOJICHCTBUMN
rpannuHbiX a3 (dn; = 0, dg = () U3 ypaBHEHUS MOTYUUM:

0G = 00§, o= (Z—GJ
O J1.pnia
Nunexcor 7, , P, n; 1 ¢ 03HA4Yar0T, 4TO TEeMIICpaTrypa, AaBJICHUC, YHUCJIO MOJIb
KOMIIOHECHTAa I u SHGKTpI/I‘IeCKI/Iﬁ 3apsan IIOBEPXHOCTHU OCTarOTCAa

HEU3MEHHBIMH.

Takum 00pasom, NOBEPXHOCMHOE HAMANCEHUE eCMb  YACHHAS
npouseoonas om suepeuu I ubbca no niowaou pazoena ¢asz npu NOCMOAHHOL
memnepamype, O0asieHul, 8 OMCYMCMEUe XUMUYECKO20, INeKMPUUECKO20 U
Opy2uUx U008 83aUMOOEUCBUSL.

HanmomauM, dYtro kpome »Hepruu [mb0Oca MOXXHO HCIIOJIB30BaTh
SHEpruro I eIpMroibia Uit OMUCAaHHs U3MEHEHHS IOBEPXHOCTHOM SHEPTUH Ha
rpanuiie pasuena ¢as:

J=k
dA =—SdT + pdV +cdS + ) pr.dn, + pdg

i=1
U 4TO CYILECTBYET CBS3b MEXKY XapaKTEPUCTUUECKUMH (PYHKIUSIMU:
dG =dH - TdS
dA = dU—-TdS
(Bovipazume noeepxnocmmnoe HaAmMaANICEHUE 4epe3 UMEHEHUEe MAaKux
mepmoounamuueckux Qyukyuii, kak A, Hu U.)
N3BecTHO, UYTO TMpU TOBBIIIEHUU TEMIEpPaTypbl IMOBEPXHOCTHOE
HATSDKEHUE  YUCTBIX  JKUJIKOCTEH  YMEHBIAeTCS  MPUOJU3UTEIBHO 1O
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o oo o
MNPSIMOJIMHEMHOMY 3aKOHY, T. €. ﬁzconﬂ U TOJIbKO BOJM3U KPUTHYECKOU

TEMIIEPATYPBI 3Ta 3aBUCUMOCTb OTKJIOHSAETCS OT NpsAMoiauHeWHOW. (Kak Bot
00vACHUmME, NOYEMY C POCHOM MeMnepamypsvl ¢ ymeHbvuiaemca?)

OtMmeTuM, 4TO JUIsi MHAWBUAYaJIbHBIX BEIIECTB, HAIPUMEP, IS BOIBI
0e3 mpuMecel, Korja MexXMOJIEKYJIIpHOe B3auMoJeHCTBUE U (popMHUpOBaHHE
IIOBEPXHOCTHOTO CJIOSl OCYIIECTBISAETCS OJHMUMH U TEMH K€ MOJEKYJIAMHU,
3HAQYEHUSI ITOBEPXHOCTHOTO HATSKEHHS B DHEPreTHUYECKOM M CHIIOBOM
BbIpaXeHUHU (MX 0003HAYAIOT €IUHBIM CUMBOJIOM ) COBITAIat0T.

JUI1 pacTBOpPOB, B KOTOPBIX MEXKMOJIEKYJISIPHOE B3aUMOJACUCTBUE HX
KOMIIOHEHTOB (paCTBOPEHHBIX BELIECTB M PACTBOPUTEINS) PA3IUYHO, 3HAUCHHUS
IOBEPXHOCTHOT'O HATSDKEHMS B BUJIC DHEPTUU U CHJIBI HE COBIIAJAOT.

oG oG*

oc=G""s, oc=—=G"+5
os os

N N

=0, a 1JIs1 paCTBOpPOB

b

IJII MTHAUBUYaJIbHBIX BCHICCTB #0.

JInst  TBEepAbIX BEUIECTB NPUMEHEHHE TOHSATUH «IIOBEPXHOCTHOE
HATSHKEHUEY» U «yJIEeTbHAsl TOBEPXHOCTHASI SHEPIUs» CIEAYET paccMaTpUBAaTh
C y4eTOM TOro, YTO B 3TOM ciliydae pabota, 3aTpaunBaemasi Ha oOpa3oBaHue
HOBOM TMOBEPXHOCTH, OyA€T HEOAMHAKOBA B  PA3JIUYHBIX MECTax.
HeonnopoHOCTh MOBEPXHOCTU M OTPAHUYEHHAS TTOABUKHOCTD MOJIEKYJT 3THX
Tel OyAyT CKa3bIBaThCs HA TIOBEPXHOCTHOM HATSKEHUU W CICAYyET €ro
paccMaTpuBaTh WM B ONPEACICHHOM TOUKE TMOBEPXHOCTH WIH Kak
YCPEIHEHHOE 3HAYEHUE.

MoxxHOo M BbIpa3uTh Jpyrue TepMOAMHAMHYECKHE (PYHKUMH B
BH/E UX M30BITKOB B NMIOBEPXHOCTHOM CJIO€ M NPUMEHHUTh K HUM 0CO0BbIEe
TePMOAUHAMHMYECKHE COOTHOLIEHUs ?

Jla, Kk n30BITKaM TePMOJUHAMHUYECKUX (DYHKITUN B TOBEPXHOCTHOM CJIOE
MO>HO IPUMEHUTH TEPMOJUHAMUYECKHUE COOTHOIIECHUS, HAIIPUMED:
oc=G" =U"-TS"
oo s ‘
g 4

or T
G=US+T[



rae U — BHYTPEHHSIE OSHEPrHss IOBEPXHOCTHOTO CJIos, ¢ — TeIuloTa
00pa3oBaHus €AUHUIIBI TOBEPXHOCTH, S° — SHTPOIHUS MOBEPXHOCTHOTO CIIOS B
pacyeTe Ha €UHUILY IUTOMIaJAN MOBEPXHOCTH.

Benmnunny U° Ha3bIBAIOT NOIHOU NOBEPXHOCHHOU SHEP2Uel.

Kakue ABa THIIA MEKMOJIEKYJISIPHBIX B3auMoOaelCTBUI
XapaKTepPHbI VISl FTeTePOreHHbIX cucTeM?

B rereporeHHbIX cHcTEMax pa3iauYaroT JBAa TUMNA MEXMOJEKYISIPHOTO
B3auMoOJIeCcTBUS: BHyTpudazHoe u Mexdasznoe. [lputsokeHue atoMoB U
MOJIEKYJl BHYTPU OTHETbHOUN (pa3bl Ha3bIBAIOT Koce3uell (OT nat. cohaesus —
CBSI3aHHBIMA, CHEIUICHHbINH). VIMEHHO OHa oOmpeaeNseT BO3MOXKHOCTh
CYILIECTBOBAHMS BEILIECTB B KOHJICHCUPOBAHHOM COCTOSIHUHU.

K wmexda3HpiM B3aMOJICHUCTBHUSIM OTHOCSTCS TOHATUS —aATE3UH,
CMauyuBaHusi U pacTtekanusi. Adeezuss (0T nar. adhaesio — TpUIUNIAHUE) —
B3aUMOJICHCTBUE MEXAYy NPHUBEACHHBIMA B KOHTAaKT IOBEPXHOCTSIMHU
KOHJIEHCUPOBaHHBIX (a3 pa3HON mpuponsl. Agnre3us oOecreynuBaeTcs
(U3MYECKUMU WM XMMHUYECKUMHU CUJIaMU B3auMopaeuctBusi. Cumauueanue u
pacmexanue — 3TO aiTe3UOHHBIC B3aUMOACHCTBUS MEXKIY KUIKUM U TBEPIbIM
TEJIOM.

SIBneHus aAre3uu U CMauyMBaHUA IIUPOKO PACIPOCTPAHEHBI B IPUPOJIE
U TEXHOJOTMYECKUX TMPOLECCaX: CKICHBAHUE Pa3JUYHbIX MaTEpUAIIOB,
HAHECEHHUE JIAKOB, KPACOK, METAJUIMYECKUX IOKPBITUM, Ne4YaTh, KpalleHUE
TKaHEW, W3rOTOBJIEHUE PAa3JIMYHBIX MAaTEPHAIIOB HAa OCHOBE CBS3YIOIIMX
BEIECTB (CTEKIIOMIACTUKH, pEe3rHa, OETOH | T. 1.).

PR ey Gy.3 T Tz -y

-7 -y - - - - _

-t . M- T — Ba”. 3-

a i

Cxema, unnrocmpupyrowjas nousamus koeesuu (a) u adzesuu ().

PaccMoTpuTe KOJHMYECTBEHHbIE XAPAKTEPUCTUKH aJAre3HOHHBIX
MPOIeCCOB.

YrtoObl pazopBaTh CTOJOMK >KUIKOCTH C OOpa3oBaHMEM JIBYX HOBBIX
MOBEPXHOCTEH pasnena (CM. cxeMy a), HEoOXOAMMO 3aTpaTuth padoTy,
KOTOpas paBHa paboTe KOre3uu, HO MPOTUBOIOJI0KHA 0 3HAKY:

VVpa3p = _AG
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N3menenue >nepruu ['mb6c¢ca B 3TOM Mmporiecce:
AG = AGKOH - AGnaq = 02 + 02— 0= 20_]2
_VVpa3p = WK
W,= 20,
PaGota, 3arpaunBaeMasi Ha pa3pbIB MOBEPXHOCTHOTO CJIOS (CM. CXEMy

0), OyneT paBHa paboTe aire3un ¢ 0OPaTHBIM 3HAKOM:

_VVpa3p = AG’
rae AG — usmenenue sHepruu ['m60ca B nporiecce pa3pyieHus: aAre3MOHHOTO
CJIOA.

AGHau = 0j3
AGyon = 037 + 02— 033
AG = AG,,,, — AG 0, = O3 + 015 — 073
~Wpasp = Wy = AG
W, = o3, + 01,— 073 (ypasuenue [ronpe)

PaCCMOTpI/ITe Ha KaYE€CTBCHHOM YPOBHE€ BO3MOKHBLIC BapHUaHTLI
MOBECACHUS KAIlJIH KUAKOCTH Ha TOBEPXHOCTHU TBEPAOIO T€JIA.

Kamns Ha m1OBEpXHOCTH TBEPAOr0 Tela TMPEACTaBISIET COOOM

Tpexdasznyto cucremy: (aza /K — KuAKOCTh Kar, $aza I'— Bo3nyXx, paza 7 —
TBEP/A0E TEJO:

YcioBue pacTekaHus Kalld: Oy > Oy

(Kax Bot Oymaeme, Kak npu pacmeKkanuu Kaniu Uu3MeHACMCc
anepzusa I'uboca cucmemol, eciu 04e6UOHO, YMO NOBEPXHOCMb C DobULE
anepzuen I'uooca 3amenaemca nogepxnocmuvio ¢ menvuiell Inepeuen? Bam
HOHAMHO, NOYEMY PA3TUYAIOMCA IHEPZUU IMUX NOGEPXHOCHEIl?)

Cnenyer Takke MPUHATH BO BHUMAaHHE, YTO B O3TOM Mpoliecce
YBEJIMYUBACTCS DSHEPrusi HAa TPAHMIE KUIAKOCTb—Ta3 M IOITOMY MOXKHO
0’KHMJIaTh OCTAHOBKY IPOIECCA PACTEKAHUS MPU JOCTHKEHUU PABEHCTBA Oy —
Opxk U Oxrcosf, Wi HEOTPAaHUUCHHOE pAacTeKaHWe, €ClIu Oy — Opx >
O cos0.
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Ecmu o7 < opx MOXET NpPOU30OWTH CTSATMBAHUE Karuik. B mepBoM
Clydae MPOUCXOAUT cMauueanue, a BO BTOPOM — HECMAayu8aHue TBEPIAOTO
TeJa KUIKOCTHIO.

(Ymo asenaemca KOAUYECMBEHHOU XAPAKMEPUCMUKOU CMAYUBAHUA?
Ilpuseoume mamemamuuecxkoe eviparcenue 3akona FOnza u nokaxcume,
KaK oHO nonyyaemcs.)

IIpuBenuTe ypaBHeHHe, BbIpakawilee B3aUMOCBSA3b PadOTHI
KOTe3HH, IOBEPXHOCTHOI0 HATSIKEHUS U KPaeBoro yriia cMauiMBaHUsl.

DTO ypaBHEHUE Ha3bIBaeTCs ypasuenuem FOnea-/[ionpe:
W, 1+cos@

a

/4 2

K

Takum o00pa3oMm, cMauyMBaHUE, XapPaKTEPU3YIOIIEECS KOCHHYCOM
KpaeBoro yria 6, ompeneiseTcssi OTHOIIEHHEM paboThl aAre3uu K padore
KOT'€31H JUIsl CMAuMBaOLIEH KUIKOCTH.

PaccMoTpeHHbI€ BhIlIE 3aKOHOMEPHOCTH CMauUBaHUS BBIOJIHSIIOTCS HE
Ha BCEX IMOBEPXHOCTSIX, a TOJHKO Ha HICAIbHO TJIAAKUX U OJHOPOIHBIX.
PeanpHo Xe TBepible Teja BCErjla MMEIT HEOAHOPOJHOCTH, OT KOTOPBIX
3aBUCUT KpaeBOW YroJl CMauyMBaHUS, U KOTOPBIE 3aTPYAHSIOT OINpeiesieHHe
KpaeBbiX yrioB. (Hazoeume aenenue, komopoe 3aKnouaemcsa 6 HAAUYUU
HECKOJIbKUX CMAOUIbHBIX KPAEBbIX Y2108, OMIUYHBIX OMl PAGHOBECHO20.
Jlasas omeem na mom eonpoc, Bvl, nasepnoe, ecnomnunu, umo makoe
Yelibl HAMEKAHUA U OMMEKAHUA U KAK UX MOXMCHO Haoawoams. /laiime
2paghuueckoe noacuenue.)

Bonpocs! 1 3a1aHuA U1 CAMOKOHTPOJIAA 3HAHUI 10 MaTepuaJy 8-i
JIEKIMH

1 Kakme peanpHble TPOLECCHI CBSI3aHBI C  MOBEPXHOCTHBIMU
CBOMCTBaMU BEIIECTB?

2 B yeM 3aKITI0YaeTCS NpUHLIUNHATbHAS O0COOEHHOCTH
BBICOKOJIUCTIEPCHBIX CUCTEM?

3 Kak u3MEHAITCS TEPMOJUHAMUYECKHE TapaMeTpbl B Mpenenax
¢a3bl U B mipesiesiax MoBEPXHOCTHOTO CIIOs?

4 Yrto Takoe BHyTpEHHEE AaBJIeHUE?

JlaliTe CHUJIOBOE M 3HEPreTUYECKOE OIPENEIECHUE MOBEPXHOCTHOTO

HATSKECHHUS.

6 IlosicHuTe, 3a cueT Yero BO3HUKAET MOBEPXHOCTHOE HATSXKEHHE.
Kakue cuiibl OTBETCTBEHHBI 3a €r0 NposBICHUE?

()}

75



7 Ha 4yeM OCHOBaHO TEPMOAMHAMUYECKOE OIMCAHHUE IMOBEPXHOCTHU
pa3pbiBa’?

8 IlosicamTe, B 4YeM CyTh  JBYX  METOJOB  BBIPAXKCHUS
TEPMOJUHAMHYECKUX (PYHKIHI ITOBEPXHOCTHOTO CIIOSI.

9 Belpasure sHeprutro ['empmrosbua I JACHEPCHOW CHUCTEMBI,
ciemyst metony [ mb0ca m METOTy CJI0S KOHEYHOU TOJIIUHEI.

10 Kak 3aBUCUT ITOBEPXHOCTHOE HATSKEHHUE OT TEMIIEPATYPHI?

11 IlpuBenure TEPMOIMHAMHYECKOE BHIPAXKEHUE JIJIS1 BETUYHHBI 0.

12 TlpuMeHUMBI 1 OOBIYHBIE TEPMOJUHAMUYECKHUE 3aKOHOMEPHOCTH K
U30BITOYHBIM ~ 3HAQUYEHHUSIM  TEPMOAMHAMUYECKUX  (PYHKIHUH,
XapaKTEepU3YyIOIIUX NOBEPXHOCTHBIN CIION?

13 Kak  yBenuuuTCcs TOBEPXHOCTHAs DJHEPrUsl  Kameiab  KUpa,
colepxamuxcs B 1 Kr MailioHe3a, IO CpPaBHEHUIO C €ro
HEpa3ApOoOJICHHONM Maccoil IUIOMIAbI0 0,65-10° M*. TL10THOCTB
kupoBoit dpaxuuu 0,9-10° kr/M’, IUaMeTp Kamemnb 35 MKM.

14 Yemy paBHO mpupaiieHue sHeprun [mb0ca s Kamenb XUPOBOU
bpakiuy, KOTOPOe TOCTUTaeTCs 3a CUeT AUCTIEPrHPOBAHUS KUpPaA B
MaiioHese?

15 JTaiite onpenenenne aaresum u  koresuu. IlpuBeaure ux
KOJIMYECTBEHHBIE XapaKTEPUCTUKHU.

16 Yto Takoe KpaeBOM yroa cMauyMBaHus?

17 3anummre ypaBaenue IOnra, {ronpe u FOnra-/lronpe. st uero onn
UCIIOJIb3YIOTCS?

18 OxapakTepusyiite yClIOBUS CMAaUMBAaHHMS U HECMAUMBAHUA, a TAKXKE
NOSICHUTE, B KAKOM CIIy4ae MOKET HaOJII0JaThCs HEOIPaHUYEHHOE
pacTeKaHue.

19 Yto Takoe rucrepe3rc cMauyuBaHUs?

20 Kak BiusieT 1IEPOXOBATOCTh IMOBEPXHOCTM HA XapAKTEPUCTUKHU
cMauyuBaHus?

21 IlosicHuTE, TOYEMY («OKUPHBIE» TapEIKH Jydlle OTMBIBAIOTCS
ropsiuei BOJIOM, YEM XOJIOAHOM.

76



JIEKIAS 9

«POAb KANUAAAPHBIX, ABACHUTL 6 Npupode U MexXHUKeE
ozpomha. Hmu obycroereno nponuxHosenue KuUOKocmu
no MOHKUM KAHAAAM 6 TMOUBAX, PACMEHUAX, ZOPHBLX,
nopodax, NponumKg nOpuUCMbIx, MAmepudar0s u mxaei,
usmenenue CMpyKImypHO-MmexXanu1ecKux, C60icme nous u
ZPYHIMOB NPU UX YBAAKHEHUL U M. T.»

E.D. 1UyKun

Jlo cux mop Mbl paccMAaTPUBAJIM MPOLECCHI B CHCTEMAX, B KOTOPBIX
conpHuKacauuecs (ha3bl pa3aesieHbl IUIOCKOM MexdazHol
noBepxHocTrio. Mcxoas M3 Takoii mMoO3MLIUHM, HEBO3MOKHO OOBSICHUTH
HEKOTOpbIe SIBJIE€HUSI, KOTOPble Mbl Ha0JII0aeM Ja)ke B TMOBCEIHEBHOI
KM3HH, HAIPUMeEP, CAMONPOU3BOJIbHOE NMOAHATHE KUAKOCTH M0 TOHKOMY
cocyny (xkanuuisipy). IlonpoOyiite 00bSICHUTDB, 32 CHYET 4Yero KUIAKOCTh
CaMONPOU3BOJIbHO MNOAHMMAETCH MO0 KanuuiAapy. B kakux ciy4yasix
Ha0J/110/1aeTCsl ONYCKaHUE YPOBHA KUIKOCTH B KallMJLJIAAPE MO CPABHEHUIO
C YPOBHEM KUJAKOCTH B cocyae?

[Ipenmnonokum, 4To Mbl OIYCTHIN KAaWIISP B HEKYIO XKUAKOCTh. Kak
Bel yxe 3HaeTe u3 Marepuana NpPEeabIAylIed JEKIUU, B 3aBUCUMOCTH OT
OPUPOJBI KUJKOCTH W MaTepuala Kanuwuisipa BO3MOXKHBI JIBA BapHUaHTA!
KUJKOCTh CMAyMBaeT KalWUISIp, M KUAKOCTh HE CMadyuBaeT Kanwuisip. B
MEPBOM cClly4ae Mbl OyJieM HaOII0JaTh CaMOMPOU3BOIBLHOE MOIHATUE YPOBHSI
KHUJAKOCTH IO KalWULIPYy Ha HEKOTOPYIO BEJIMYMHY. DTO OOYCJIOBIICHO TEM,
YTO TIOBEPXHOCTHO HATSDKEHUE Ha rpanuiie 7/ OoJblile, 4eM TreoMeTpudecKas
CymMMa CcwWi, OOYyCIIOBJIEHHAs ACHCTBHEM IIOBEPXHOCTHOTO HATSDKCHHS Ha
rpanunax 12K v XKI': o, > o, +0,, -cosd. B pe3ynaprare cucrema, nposBisis

TEHJCHILIUIO K CHU)KEHMIO OOILEH €€ YHEPIUH, CTPEMUTCS] K YMEHBIICHUIO O7r
MyTEeM MOKPBITUS KaK MOXKHO OOJIbILIEH IUIOIIAaU TBEPAOro Teja >KUIKOCTHIO
(mpu  3TOM IUIOW@AAL TpaHULbl 7/ yMEHBUIAETCS MU COOTBETCTBEHHO
yMeHbliaeTcsi 3Hepruss [ub0ca, paBHas oS). UWHpiMM cioBamMu, cuia
B3aUMOJEHUCTBUS >KMJIKOCTH C MaTepHajioM Kaluuigpa IpeodsagaeT Haj
CYMMapHOW CHJION B3aMMOJEHCTBUS KUAKOCTU C ra30M U raza ¢ MaTepHajiom
Kanuuisipa.

B nporuBomonoxkHOM ciydae, Korja HMeEET MECTO 0OpaTHoe
HEPABEHCTBO O < Oy + Oy -C0sO, YPOBEHb JKUIKOCTH B  KallWUIApE
CTAHOBUTCS] HUKE YPOBHS )KUIKOCTH B COCYJE.

B pesynpTaTe OmMMCAHHBIX MPOLIECCOB MblI OyAeM HaOmonaTh JMOO
BOTHYTBIH, MO0 BBIMYKJIBIM (HE TJIOCKMI!) MEHUCK JKUJIKOCTU B KamWLIspE,
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T. €. popMma Mexpa3HOM MOBEPXHOCTU Ha Tpanuile K/ OyneT uckpusieHa (B
JTAHHOM CJIydae oHa OyaeT chepruuecKom ).

SBjieHHe MCKpPUBJIEHUA MexXK(Pa3HOU IMOBEPXHOCTH [1aJIeKO He
OTPAHMYMBACTCH OCOOCHHOCTAMM [ABWKEHHMS KHIKOCTH IO KANWLISAPY.
IlpuBeaure npuMepbl IPYrUX CHCTEM, A KOTOPBIX XapaKTepHO
HCKPHUBJICHHE IOBEPXHOCTH rPaHULIBI pa3aena ¢as.

Uckpusrienne Mex(da3HOW MOBEPXHOCTH HaOMIOAaeTCA MPaKTUYECKU
JUIsE JTIOOBIX CHCTEM Ha MHUKpoypoBHe. MeanbHO IJIOcKasi MOBEPXHOCTD
HAOJIOAaeTCsl B PEIKUX CIydasiX M SIBISETCA CKopee HcKiItoueHueM. OJHaKo
CUJIBHO  BBIPAXKEHHOE  HCKPUBJIIEHHWE  XapakKTepHO  HUMEHHO  JUIA
BBICOKOJUCIIEPCHBIX CUCTEM, T. €. I MEJKUX YaCTHUI] — YaCTULl JUCIEPCHOM
(ba3bl 3071€H, CyCIeH3mi, SMyIbCUH, HUTEH, KaneleK XUIKOCTH B Ta3e H T. TI.

K 4yeMy nmpuBOAMT BO3HMKHOBEHHE HMCKPHUBJICHHMUSl NMOBEPXHOCTH?
Yro Takoe Kanw/uisspHoe [aaBjeHue? JlaiiTe Kputepuidi Mepbl
HCKPHUBJICHHS TOBEPXHOCTH.

[IpenacraBum cebe Kakyro-HHOYAb CHUCTEMY, B KOTOPOM HMeEeTCs
UCKpUBJIEHHASI TTOBEPXHOCTh. /[ HATAIHOCTH BO3BMEM MBUIBHBIN IMY3bIPb,
BbIIyBaeMbIid uepe3 TpyOouky. Eciu, BBIITYyB My3bIpb, OCTaBUTH TPYOOUKY
OTKPBITOM, MYy3bIPph TYT K€ CIyeTCi. IJTO CBUIETEIbCTBYET O TOM, YTO
JABJICHUE C BHEIIHEW CTOPOHBI IIy3bIPS IIPEBBILIAECT JABJICHUE BHYTPHU
ny3bipsi. MIHBIMU clOBaMU, B COCTOSSHUM PaBHOBECHUsSl JaBleHUsS B (azax,
pa3/IeICHHBIX HMCKPUBICHHOW IMOBEPXHOCTHIO, PA3IMYAOTCA. DTa Pa3HOCTh
JaBJICHUI HA3bIBAIOT KANULIAPHBIM OABIEeHUEM.

B OonbmmHCTBE ciiydaeB Mbl UMeeM JIei0 ¢ (pazamMu, HAXOIAUTUMHUCS B
paBHOBecuu ¢ armocdepoi. B »sToM ciyyae AaBieHHE BO3AyXa MOXKHO
paccMaTpuBaTh Kak MOCTOSIHHOE, a KalMMJUIAPHOE JIaBJICHUE — KaK U30BITOYHOE
JaBJI€HUE B KOHJCHCHUPOBAHHOM (a3e, KOTOpoe cO3JaeTcs 3a CYET
UCKPUBIICHUS TOBEPXHOCTH pazzeina (das.

KonuuecTBeHHast xapakTepUCTHKA PA3HOCTH JaBJICHUHN MO 00€ CTOPOHBI
VCKPUBIICHHOM TOBEPXHOCTH BBIPAXKAETCA 3aKOHOM Jlaniaca — OCHOBHBIM

3aKOHOM B Teopuu KanwuisipHoctu (Ilpueedume 6v1800 3axona Jlannaca!):

ds ds
Ap=0——,TIe — — KPUBUZHA NOBEPXHOCMU.
dv dv
Ecnm meHTp KpUBH3HBI JIEKUT BHYTPH JKUIAKOCTH, TO KpHUBH3HA
noJa0JCUmenvHa, €CIu BHE )KUIKOCTH — OMpuyamenbtda.
W3 ypaBHeHHS BHIHO, 4YTO B (aze, HMEIOIIEH MOJOKUTEIbHYIO

KpUBHM3HY MeX(a3HO! MOBEPXHOCTH, JaBJIEHUE OOJbIIE, YeM BHYTpH (a3bl C
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OTPULATEIIbHON KpUBU3HOM. KanmwiuisipHoe naBieHHE BCErJa HaIpPaBJICHO K
neHTpy kpuBu3Hbl! Hampumep, B crTonOuke prTyTH, HE CMadyuBaloIIeH

o das
CTCKILIHHBIM  KAITUJLJIAP (HOJ'IO)KI/ITCJ'IBHaH KpHUBH3HA _V> 0, T.K. LOCHTP

KPUBU3HBI BHYTpHU (pa3bl), AaBlieHHUE PTYTH OOJbIIE, YEM B HACBHIILIEHHOM Mape
HaJ KUAKOM PTyThl0 B Kamwuisipe. Ecim B Kanwusipe HaxOAHUTCS
CMayMBaIollasi €ro BOJAA, TO pPaauyC KPUBU3HBI KUAKOM (Da3el Oyjaer

dS o
OTpHUILIATEIbHBIM W<O’ a JaBicHHWEe B OTOM (a3e MeEHbpIIe, YeM B

HACBIIICHHOM IIapc.

das 1 1
B oOmem cmywae —=|—+—|, TOe 7; U 7, — TIABHBIE PaJUYCHI
dav norn
KPUBH3HBI.
B mpocreiitem cnydae ans chepruueckoi MOBEpXHOCTH (My3bIPEK WIH
Karuisl ) KUIAKOCTH B HCBCCOMOCTI/I) TJIABHBIC paI[I/IYCBI KpI/IBI/IBHBI OJIMHAKOBBI U

IIOCTOAHHBI BJOJIb BCel IOBCPXHOCTH:

s
dv
3 MMpEaACTABJICHHBIX BBIpa}KCHI/Iﬁ BUIHO, YTO YCM MCHBIIC paauyc

qacTHIl (4eM BBIIIE AUCTIEPCHOCTH), TEM OOJIbIIE PAANYC KPUBU3HBI U OOJIbIIIE
KalWUISIPHOE JTABJICHHE.

1
B Clly4yae LWINHIPA: —.
r

C namOoJjiee HAIVISIAHBIM TPOSIBJIEHHEM KANWLIAPHBIX SIBJECHU
BbI yke mo3HAKOMWIHNCH. JTO CAMONPON3BOJIbHOE IBUKEHHUE KUTKOCTH B
kanuuisipe. Temepb YCTaHOBHTE KOJUYECTBEHHYI0 CBfI3b MEKIY
XAPAKTePUCTUKAMHU SKHUJAKOCTH H KANWJLISIPA U BbICOTOM TMOJHATHSA
(omyckaHusi) JKMIKOCTH.

Kak yxe oTmedasioch BBIIIIE,
a 5 ' KUAKOCTh B KaNWUIAPE MOXKET
""L . ObITh BBIILIE WM HUKE YPOBHS
U /

KUJKOCTU B COCYJE, Ky/Ja OMYIIEH
Kanwuisip. DTO 3aBUCHT OT TOTO,

|
B3
By
S
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1
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T

BR P CMaunBaETCs KaIMJLIAP
==[: ?a: KUJKOCTBIO WM HET. B mepBoM
= - ciyJae KUIKOCTh Oyner

AR [IOJIHUMATHCS, T. K. paauyc
KPUBU3HEI KHUIKOCTU
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OTPUIIATEIBHBIM W JOTIOJHUTEIBHOE JIaBIICHUE HAMPABICHO B CTOPOHY
razoo0pa3Hoi (a3l (B IEHTp KPpUBU3HBI). BOo BTOpOM ciiyuae KUAKOCTh OyIeT
OITyCKaThCs (paanyCc KPUBU3HBI KUJKOCTHU MOJOKUTEIBHBIN, TOTIOTHUTEIHHOE
JaBJICHUE HAMPaBICHO BHYTPh JKHIKOCTH). J[Ba OMHMCAaHHBIX BapHaHTa
KaMWIISIPHOTO  JBMIKEHUS JKUJIKOCTH CXEMAaTHYeCKH TMPEACTABICHBI Ha
PUCYHKaX a U 0.

Od4eBUIHO, YTO NBIKCHHUE KUIKOCTH OYJIET MPOUCXOAMTH JI0 TEX IOp,
noka AasieHue Jlammaca He ypaBHOBECUTCS THIPOCTATHYECKHM JaBICHUEM
cTOJI0a KUAKOCTH BBICOTOU /1. JI7si COCTOSIHUSL paBHOBECHS] MOXKHO 3aIlucaTh
PaBEHCTBO:

Ap=i2%=(p—pa)gh,

IJi€ p — IUIOTHOCTH JKUJIKOCTH; p, — TUIOTHOCTH Ta30BOM (a3bl; g — YCKOPEHHE
CBOOOTHOTO MAJICHHUS; ¥ — PAJUyC MEHHCKA.

N3 pucyHKa B BbIpa3uM paguyc Kanuiuisipa v, 4epe3 paguyc MEHUcKa r
U yron cmaumBanus 0. r,=r-cos 6. Toraa BbICOTY KamMIISPHOTO TIOJTHSTHS

(ormyckaHwusi) MOXKHO BBIPA3UTh hopmynol KiopeHa:
20 -cosf

r,(P=p)g

ITo dopmyne XKiopeHa MOXHO pacCUMTaTh BBICOTY KalWUISPHOTO
MOAHATHS WJIM OITyCKaHUsS JKHAKOCTH B 3aBHCUMOCTH OT CTEIEHH
CMA4YMBAEMOCTH KUJKOCTHIO MaTepuaja Kamwuiipa, €ero paadyca u
IJIOTHOCTEN XKUIAKOW M ra3000pa3Hoi (a3. M3 ananmmza GopMmynsl cleayer,
YTO €CJIM KUJIKOCTh HE CMadyuBaeT Kamwuiap (kpaeBod yron 6>90°, a cos
0<0), To BenuurHaA A OyIeT OTPULATENIBHOW (MJIOTHOCTH JIFOOOW >KHIKOCTH
0O0JIbIIIe IOTHOCTU BO3/lyXa), T. €. )KUJIKOCTh B KaMJUIAPE OIMYCKAETCS HUXKE
YPOBHS XUAKOCTH B cocyze. [Ipu cmaunBanuu OyaeT HaOM0AaThCsl oOpaTHas
3aBUCUMOCTb.

Kak BausieT MCKpuUBJIeHHE NMOBEPXHOCTH HA TEPMOAMHAMHMYECKHUE
napamerpbl BemecTB? Kak 310 cka3bpiBaercsi Ha (QU3MYECKHX U
XHMHYECKHUX CBOMicTBax?

Wtak, WCKpHUBJICHHE TMOBEPXHOCTH BBI3bIBACT TMOBBIIMICHUE WU
MOHIKEHUE JaBJIeHUS B (pa3e Mo CpaBHEHHUIO C TUIOCKOM MOBEPXHOCTHIO (ha3bl
TAKOTO JK€ XHMHYECKOTO cocTtaBa. (OueBHIHO, YTO OSTO MPUBOAUT K
W3MEHEHUIO  TEPMOJMHAMUYECKHMX  TapaMeTpPOB  BEIIECTBA, KOTOPHIE
OIIpeNeNIAI0T ero (U3MYECKHe CBOMCTBA M PEAKIHMOHHYIO CIIOCOOHOCTb.
[Tonsatue mepmoounamuyeckas peakyuoHHas CHOCOOHOCMb  BEIECTBA
XapaKkTEepU3yeT €ro CIOCOOHOCTh M3MEHATh XUMHUYECKMM WM (ha30BbIi

80



COCTaB, T. €. BCTYNaTh B XMMHUYECKYI) PEAKIHUIO WU IEPEXOJUTh B HOBYIO
dhazy (Hanmpumep, HCIAPATHCS WM KOHJACHCUPOBATHCS, PACTBOPATHCS ).

TepmonumHamMuueckass  peakIMOHHAs  CIOCOOHOCTHb  OMNpEeseTCs
BEJIMYMHON XUMHYECKOTO MOTEHIMAaNa WIH APYrod (QYHKIHMEH COCTOSHUS
(manpumep, sHeprum ['nbOOca, ecnm cUCTEMa HAXOMUTCS TPH TOCTOSHHBIX
JABIICHUH U TEMIIepaType, SHEepruu [ eapMrobiia npu MOCTOSTHHBIX 00beMe U
TeMmneparype 4 Ap.). HamomHuMm, 49TO  mpou3BOJHAA  JIFOOOM
TEPMOJMHAMUYECKON (YHKIIMU COCTOSIHUSI 1O COOTBETCTBYIOLIEMY IS
JAHHOM CHUCTEMBbI TapamMeTpy OyJeT paBHa XUMHUYECKOMY TMOTECHIUATY.
(Buipazume xumuueckuii nomenyuan u3 ynepzuit I'uooca u I'enomzonvua.)

JIns  mpouecca UCMapeHUs  BEIIECTBA  3aBUCMMOCTh  JIABJICHUSA
HACBILIEHHOTO T1apa HaJl )KUJKOCThIO OT KPUBU3HBI MOBEPXHOCTU BBIPAKACTCS
ypaenenuem Kenvsuna (Tomcona): (Ilpusedoume 61600 ypasnenus!)

P _ 20V
Do rRT
TJI€ p, — NaBJIECHHUE HACBIIICHHOIO Mapa HaJl HCKPUBJIECHHOW MTOBEPXHOCTHIO; Do,
— JIABJICHUE HACBIIIEHHOTO Mapa HaJ IIOCKOW MOBEPXHOCTHIO; V), — MOJISIpHBIN
00bEM KHJIKOCTH.

JlanHOe ypaBHEHHE MOXET OBITh IPUMEHEHO I YCTaHOBJICHHS
YCIIOBUM PABHOBECHUSI XKUJIKOCTM MW Tapa IMpPU HAJIAYUU MEXAY HUMH
HCKPUBJICHHON IMOBEPXHOCTU (HAMpPUMEP, B CIydae >KUAKOCTU B KAIMWILISIPE
WU KUJKOCTA B BuAe Karun). M3 ananuza ypaBHeHusi KenbBHHA MOXHO
CIeNaTh BBIBOJ O TOM, UTO IPHU MOJIOKUTEILHON KPUBU3HE JKUJIKOCTH (Karuis
B HEBECOMOCTH WJIM Ha MOBEPXHOCTH TBEPAOrO Tela MPU OTCYTCTBUM WIIH
HETIOJTHOM CMauyuBaeMOCTH) HaJl HEW CO3/1a€TCs MOBBIIIIEHHOE 110 CPABHEHUIO C
MJIOCKOM MOBEPXHOCTHIO JIABJICHUE Mapa, T. €. UCMAPSETCS OOJbIIE KUIKOCTH.
[Ipu oTpumatenbHON KpUBU3HE (KUJIKOCTh, CMayuBaroONas KamuJusp)
KOJMYECTBO HCITIAPUBIICICS JKUJIKOCTH B PABHOBECHMH C €€ TapoMm OyJer
MEHBIIE MO CPAaBHEHHIO C IUIOCKONW TMOBEPXHOCTHbIO, HHBIMHU CIIOBaMHU,
KOHJICHCAIusl OyJeT NMPOMCXOJIWTh NMPU MEHBIIEM JaBJICHUU IapoB. Takoe
SIBJICHUE U3BECTHO MO/ HA3BAHUEM «KANUIIAPHASL KOHOCHCAYUSD).

b

Ilomumo  wu3ydYeHMsi  paBHOBeCHS  KOHJAeHcalMs-HCIapeHue,
NpeacTaBjieHnsl 0 KPUBHU3HE NMOBEPXHOCTH MCHOJbL3YIOTCH ISl ONMCAHUS
NMpoIEecCOB PACTBOPEHHs]I 4YacTUll TBepAbIx BemecTB. IlpuBenute
COOTBETCTBYIOIIlee YPABHEHNE H NIPOAHAJIU3UPYHTE €ro.

VYpaBHeHUe, YCTaHaBIIMBAIOIIEE 3aBUCUMOCTh MEXAY PaBHOBECHOM
PacTBOPUMOCTBIO TBEPJBIX TEI M Pa3MEPOM YaCTUIl (KOTOPBIM oOmpenesseT
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KpUBH3HY HX TIOBEPXHOCTH) ToiydeHo [ubbcoM, @DpelHamuxoM w
OcTBasbIOM M HOCUT UX UMEHA!

c rRT

0

c, 20V,
Ig +—

b

IZI€ ¢, — PACTBOPUMOCTH BELIECTBA B BBICOKOAMCIEPCHOM COCTOSHUM; Co —
pPacTBOPUMOCTh KPYITHBIX YacTHI] BELIECTBA, T. €. MAKpOCONMUYECKOHN (ha3bl,
0o0pa30BaHHOW YaCTUIIAMH C MaJiO KPUBU3HOW MOBEPXHOCTH, NJISI KOTOPBIX
MO>KHO ITpeHeOpeys AaBieHreM Jlaraca.

[IpencraBum cebe TBepaoe TeNO, pacTBOpsitoiieecs B XUAKOCTH. OHO
oOpa3oBaHO JMOO OTIAEILHBIMU YaCTUIIAMH, KOTOPBIC dYallle BCEro HUMEIOT
HEOJMHAKOBBIM pa3Mep U HENMpaBWIbHYIO (OPMY M BKIIOUYAIOT BBICTYTBI H
yriyosieHrus, Ju00 KOMIAKTHBIM MaTepHalioM, KOTOPBIA COCTOUT W3
cpociuxcst yactull. KomMmnakTHple Tela TakkKe OOBIYHO MMEIOT MHOXKECTBO
BBICTYIIOB U yriyOsieHui. J[i TBepIbIX Tell, UMEIOIIUX TaKyIO0 CTPYKTYypy Ha
OCHOBaHUU YypaBHeHUs1 ['nO6ca-Opeitnnxa-OcTBagbga MOXHO CJenaTh
CJIEAYIOIINE Ba’KHBIE BHIBO/IBI:

-Y4acTKu, KOTOpBIE MPEACTABISIOT COOON BBICTYIIBI, XapaKTEPHU3YIOTCS
MOJIOKUTEIIBHOM KPUBHU3HOM, W PACTBOPUMOCTh TaKUX Y4YacTKOB OyAyT
MOBBIICHA TI0 CPAaBHEHUIO C WACAIBHOM IUIOCKOW IIOBEPXHOCTHIO; B
MPOTUBOIOJIO)KHOCTh, ~ PaBHOBECHAsi  PacTBOPUMOCTh  YIIyOJIeHUH  C
OTpULIATEIFHON KpHUBU3HOW Oyaer Menblue. (IIpocnedoume amanozur c
npoyeccamu ucnapenus-konoencayuu!) B pesynbTaTe B HACHIIIEHHOM
pacTBOpe TMPOUCXOAWT TPEUMYIIECCTBEHHOEC PACTBOPEHHE BBICTYIIOB H
«3apactanue»  yriayOneHuil. BcnencTtBue — cTpemiieHHMs ~— CHUCTEMBI K
BBIPABHUBAHUIO XMMHUYECKUX MOTEHIIMAIIOB BO BCEX €€ YaCTAX TEOPETUUYECKH
M0 UCTEUYCHUIO OTIPEJICTICHHOTO BPEMEHH BCE BBICTYTIBI U YTITyOJIEHUS JTOJKHBI
MCYE3HYTh U CPOPMUPOBATHCS TUIOCKASI TIOBEPXHOCTh. B peanbHBIX cHUCTeMax
YCTAHOBJICHHE TAaKOTO COCTOSIHUS OOBIYHO OTPAHUYECHO KHUHETHUYECKUMHU
(dakTopamu, T. €. IPOILECCHl PEKPUCTAIN3AINNA UYT OYSHb MEJICHHO.

-BenenctBue TOro, 4To 4YacTUIBl PACTBOPSIEMOTO BEIIECTBA OOBIYHO
MMEIOT HEOJIMHAKOBBIE pa3Mephl, pa3iinuyHa KPUBH3HA UX IOBEPXHOCTU H,
COOTBETCTBEHHO, Pa3IM4YHbl XUMHUYECKHE MOTEHIMAIbl Kaxaou (paxuuu. B
pe3ysibTaTe pPacTBOPUMOCTh MEJKHX YacCTHUIl OKa3bIBaeTCS OOJbIICH, ueM
KpynHbIX. CTpeMjeHHe CHCTEMbl K COCTOSHUIO TEPMOJAMHAMUYECKOTO
paBHOBECHUs TPUBOJUT K HapallMBaHUIO 00Jiee KPYIMHBIX YaCTHI[ 3a CYET
pacTBopeHus 00j1ee METKHX.

OtmetuM, uTo ypaBHeHue [unb60Oca-Opeitnanuxa-OcTBanbaa MOXKET
OBITH UCIOJI30BAHO JUTsI OMPEIeNICHUs TOBEPXHOCTHOTO HATSHKEHHS TBEPJIbIX
tel. (Ilodoymaiime, nouemy maxoii memoo 6yoem Hemo4HbIM.)

82



OcHOBHasl XapaKTePUCTHKA CBOICTB MOBEPXHOCTH pa3iena ¢a3 —
NMOBEPXHOCTHASI YHeprusi (MOBEPXHOCTHOE HATSIXKEHUE) MOKeT ObITh ¢
00JIb1I0i TOYHOCTHI) M OTHOCHTEJIbHO JIEerKO omnpeaejeHa AJsi TPAHMI
pasgena ¢a3 KI' u KK. Onpeaesurb NOBEPXHOCTHOE HATSIKEHUE
TBepPAbIX TeJa ropa3ao cjaoxHee. (C uem mo ceazano? Jlna uezo
HeoOxo0umo ee onpedenramsp?) Kakoii wmeronq HauboJiee 4acTo
HCMOJIb3yeTCsl  JJf  OmpedejieHUs  MOBEPXHOCTHOIO  HATSIKEHHS
IUIACTUYHBIX Tes? B uem cyTh 3TOr0 Mmeroaa?

HaunbGonee mmMpoKko pacmpocTpaHeH .Memoo HY1e8ou Noa3yyecmu,
paspaborannplii TaMMaHoM u YJIUHBIM, KOTOPBIA TIO3BOJISIET OICHUTH
MOBEPXHOCTHOE HATSHDKCHHE TUIACTUYHBIX TBEPABIX TET BOJMU3M TOUYKH
mnaBieHusi. CyTh METOJIa 3aKJII0YaeTCsl B TOM, YTO BOJIM3M TOUKU IJIaBICHUS
TBEPAOTO TeJla CYIIECTBEHHO BO3PACTACT MOABUKHOCTh OTAECIBHBIX aTOMOB U
ATOMHBIX T'PYIIIUPOBOK. B pe3ynbTaTe NpOUCXOIUT CTATUBAHUE KOHTYpa TeJa
C CWJIOH, MPONOPIHUOHATEHON MTOBEPXHOCTHOMY HATSKEHUIO (BCIIOMHHTE, Kak
MMOBEPXHOCTHOE HATSKEHHUE CTATUBACT KUJAKOCTh B Karutu!). [l HaXxoxaeHus
ATOM CUJIbl K TOHKHM IIOJIOCKAM W3 M3y4a€MOro MaTepualia ¢ OJMHAKOBBIMHU
JIMHEMHBIMU pa3MepaMu MOABELINBAIOT TUPU C Pa3HOM MACCOM U BCIO CUCTEMY
TIIATEJIBHO TEPMOCTAaTUPYIOT, 3aJaB TEMIIEPATYPY, HECKOJIBKO MEHBIIYIO
TOYKHU TUIaBJICHUS BelecTBa. B mTore Ha monocku OyIayT AEWCTBOBATH JABE
CUJIbl — CHJIa TIOBEPXHOCTHOI'O HATSDKEHMS, HANpaBlIeHHas BBEPX K
HEMOJBVKHOW OIIOPE, U CUJIA TSKECTH, HANPABJICHHAS B MPOTUBOIIOJIOKHYIO
cTopoHy. lIpuueM cuna NOBEPXHOCTHOTO HATSKEHUS IIPEBBIIACT CHILY
TSKECTH, T. K. IJTACTUHKH TOHKHE M UX COOCTBEHHBIM BECOM IpeHedperaiot. B
TE€X CIly4asX, KOrja BEC I'py3a HEIOCTATOYHO BEJUWK JJIsI YPABHOBEIIMBAHUSA
CUJIbI  TIOBEPXHOCTHOTO  HATSDKCHWS, IUIACTUHKA  YKOPAuMBAKOTCA, B
MPOTHUBOIIONIOKHOM cClly4ae — yuIuHsoTca. OOpatumocth  aedopmariui,
KOTOpasi SBJISIETCS HEOOXOAUMBIM YCJIOBHUEM H3MEPEHUM, TOCTUTAETCA MpPU
TAKOM BEC€ TIpy3a, KOrja IUIaCTUHKA HE HW3MEHAET CBOeU IMHBL. [Ipu
MPOBEJICHUM DKCIIEPUMEHTa HET HEOO0XOJMMOCTH TOYHO MOA0UpaTh BeC,
HEOOXOJIUMBIN JIJIs1 BBITIOJIHEHUSI 3TOTO YCJIOBHS, T. K. OOBIYHO 3aBUCHUMOCTH
JUIMHBl IUIACTUHKU OT IPWIOKEHHOTO BECa HMEET JIMHEWHBIN XapakTtep.
[ToaToMy A0CTaToO4HO rpaduuecku OTOOPAa3UTh 3aBUCUMOCTH YIJIUHEHUS OT
BECa U, COCAUHUB TOUYKHU IPSIMOM, HAUTH BEC, COOTBETCTBYIOILUN HYJIEBOMY
PaCTSDKEHHIO IUIACTUHKHU. l1IOBEpXHOCTHOE HATSIKEHUE PACCUMUTHIBACTCS II0

dbopmyie:

F
o=—.
d
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Jls Xpynkux TeJd MeTOoA HYJIeBOi MoJI3y4ecTH HeNpUMEHHUM.
(ObocHyiime, nouemy.) Kakoil MeToj HCHOJB3YHT JIsl ONpeaeJeHUs
NMOBEPXHOCTHOI0 HATSI’KEHUS XPYNKHUX Tea?

JInst  3TOro  NOPUMEHSIOT Memoo pacujenierusi no Ni0CKOCHuU
cnatinocmu, padpadborannbii OOpeuBbsiM. B 3TOM MeTone usmepstoT cuiy F.,
KOTOPYI0 HEOOXOUMO MPHIIOKHUTH, YTOOBI 3apaHee oOpa3oBaHHAsl B TBEPJIOM
Telle TpellMHa cTajga pa3BUBaTbes nanee. [lOBEpXHOCTHOE HATIKCHHE
BBIYHUCIISIOT 1O (popMmyiie:

_6(FI)
CEdR
rae [, d, h — nuuHa, WYMpPUHA W TOJIIMHA OTIICIJIIEMONM IUIAaCTUHKU, E —
Moxayib FOHra.
(Ykasicume na nedocmamku memodoa.)

Bonpocs! 4 3a1aHUA 1)1 CAMOKOHTPOJIA 3HAHUI 10 MaTepuaJay 9-i
JIEKIMHU

1 Onwumure sBIEHUS, KOTOPBIE OYIyT UMETh MECTO MPHU MOTPY>KEHUU
CTEKJITHHOT'O Y MOJUATUIEHOBOIO Kallujuisipa B BOLY.

2 Jlnsg KakoW KUAKOCTU: YKCYCHOW WJIM NPONHOHOBOW KHCIIOTHI
pPa3HOCTh JAaBJEHUS B Kalyle W HaJl MOBEPXHOCTHIO Karuil OyneT
6onbie?

3 Kakue BenWYMHBI BIHSIOT HAa BBICOTY KaWUISIPHOTO ITOJHATHUS
KUJIKOCTU?

4 Kakoil meron ompeneiaeHus: MOBEPXHOCTHOTO HATSKEHHUS MOKHO
MIPEUIOKUTD JIJI1 METHOU TJTACTUHKU, CITIOJIbI, TpaduTa?

5 Uemy paBHO mpuparieHue 3Heprun ['mbb6ca i Kamenab >KUPOBOM
dbpakuuu, KOTOpoe JOCTUTACTCS 3a CUET JUCIEPTUPOBAHUS JKHUpA B
MaroHe3e, eciii Mexda3zHoe MOBEPXHOCTHOE HATSHKEHHE 55 MI[}K/Mz,
MOJISIpHBIH 06beM xkupa 0,19 M>/MOTIb, a IUaMeTp Kamemnb 35 MKM.
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JIEKIIAS 10

«Kpacumeaw, pacmeopennviii 6 600e, Yyoep:Kuéaemcs
N0BEPXHOCTIBIO MKAHU, YEPHUAL — BOAOKHAMU bymazu,
npumecu 6 6030yXe — AKMUBUPOBAHHBIM YereM,
CUAUKGZEALM, AAIOMOZeAEM, YOObpeHUS — N0BEPXHOCTILIO
nouGbl,  UEPCMAHAS ~MKAHL  3dXeambiédem  c0eil
N0BEPXHOCIBIO MOAEKYAbL 24308, COCMABASIIOWUX 8030YX,
uem U ObbACHAEMCS ee XOPOwldsi MePMOUSOAUPYIOUAs
cnocobrocmy,  KooKg  Hawux, pyK, —  4ACMUUbL
3azps3Henuil u m. 0. DMo sA6AeHUe HOCUM HA3BAHUE
adcopbuuu (om aram. sorbeo — 8ms2UBAI0, NOZAOWAIO )

HIH. Uropyna

N3 nmpenbiaymmx jgexkuuil Bel y3HaAH, 4TO U30BITOYHAS IHEPIrUsi
NMOBEPXHOCTHOI'O CJI0OSI KOHACHCUPOBAHHOM (pa3bl ("KUIAKON MM TBEpAOH)
HAa rpaHuIe ¢ BO3AYXOM MOKeT CAMONPOU3BOJbHO YMEHbIIATHCH 32 CYeT
COKpalleHUs MJIOMIAJAN MOBEPXHOCTH WJIM 32 CYET SIBJICHUI CMAaYMBAHMUSA
U pacTekaHus. B yeM npuHOUMNHAJBHAS Pa3sHULA MEXKAY YKA3aHHBIMH
npoueccamu?

B mepBom ciydae ynenbHas NMOBEPXHOCTHAs SHEPrusi (MHTEHCHBHBIN
napameTp, He 3aBUCSIINI, OT KOJIMYECTBAa BEIIECTBA) OCTAETCS HEU3MEHHBIM,
a TIOHW)KEHUE OHEPrUM CHUCTEMBI B IEJIOM MPOUCXOJUT BCIEACTBUE
YMEHBIICHUS] JKCTEHCUBHOIO MapaMmeTpa — IUIOMIaJAX TMOBEPXHOCTH
(Hanmpumep, Kamid B BO3AyXe NpUHUMAIOT (opMy 1apa — Tela ¢
MUHHMAaJIbHON IUIOIIAbI0 TOBEPXHOCTH). Bo BTOpOM ciydae BeIWYMHA
IUIOLIA I TOBEPXHOCTH HE H3MEHSIETCSA, a CyMMapHas DJHEPrUsl CUCTEMBbI
YMEHBILIAECTCS 34 CYET NOHWKEHUE DHEPIUU MMEHHO IOBEPXHOCTHOI'O CIIOS.
OTO NPOUCXOAMUT BCIEACTBHE TOrO, YTO YACTULBI IMOBEPXHOCTHOTO CIIOS
CUJIbHEE B3aMMOJCUCTBYIOT C YaCTHUIIAMH CMAa4MBAIOIIETO BELIECTBA, YEM C
MOJIEKyJaMH BO3QyXa. B wWrOore Takoe B3aMMOAECUCTBHE YACTUYHO
KOMIIEHCUPYET CHILY, BTSTHBAIOIIYIO ITOBEPXHOCTHBIE MOJIEKYJIBI )KUAKOCTH B
00BEM U UX SHEPTHUs MOHMKACTCS.

Kakmue eme mpouecchl, KOTOpble MOIyT NPOTeKATh HA IPaHMLAX
pasaesa (a3 He3aBMCHMO OT MX arperaTHOro COCTOSIHUSI, NPUBOAAT K
MOHMKEHUI0 MOBEPXHOCTHOM YHEpruu?

Hapsiny co cmaunBaHuMEM NOBEPXHOCTH TBEPAOIO Tela JKUIKOCTBIO W
pacTEeKaHWEM >KUIKOCTU IO IOBEPXHOCTU APYIOW KUAKOCTH, IMOHUKEHUE
MOBEPXHOCTHOM SHEPTUU CHUCTEMBI MOXET JIOCTHTaThCs 3a CUET adcopoyuu —
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CAMONPOU3BOJILHO20 NepepacnpedeieHus KOMHOHEHMO8 MedHcoy 00beMoM
Gaszvl U ee NOBEPXHOCMHBIM CclloeM. ANCOpOIMs SBIAECTCS yHUBEPCAIbHBIM
MPOIIECCOM, TaK KaK OHa XapakTepHa JJIsl JII0ObIX MOBEPXHOCTEN pasjaena ¢as
Y BCTpEYaeTCs MPAaKTHYECKU IMOBceMecTHO. Yamie Bcero moxa ajacopOumeit
MOJAPA3yMEBAIOT KOHLUEHTPUPOBAHHWE BEIIECTBA HA TBEPAOM WM KUIKOU
MTOBEPXHOCTH, KOTOPOE MPOUCXOIUT BCIEACTBUE MEPEX0/IA ITOTO BELIECTBA U3
o0beMa OJHOM WM HECKOJbKMX KOHTAaKTHpyroUMX (a3 Ha Mex{(aszHylo
noBepxHOCTh. llornmomaromee (agcopOupyroiiee) BEIIECTBO HA3bIBAIOT
aocopbenmom, a TOTIIONIaromeecs (aacopoupyromieecs) — aocopoamom.
311ech Mbl BCTpeYaeMcsl ¢ yAUBUTEIbHBIM SIBJICHUEM, B KOTOPOM UHTEHCHUBHbBIC
BEJIMYMHBl  (KOHIIEHTpAallMM) B  CAMOINPOM3BOJIBHOM  MpoIlecce  He
BBIPAaBHUBAIOTCS, KaK OOBIYHO, @ HA00OpPOT pPACXOASTCS, U B COCTOSHUU
paBHOBECHS KOHIICHTPAIIMKM BEMIECTB B 00BEMHBIX (Dazax u Ha Mex(pa3HBIX
MOBEPXHOCTAX HE PaBHBL. DTOT pe3yJbTaT aJCOpPOLMOHHOIO Ipolecca ObLI
npeackaszan ['m66coM u mociie MoATBEPKIEH IKCIIEPUMEHTATIBHO.

HaubGonee spkuii mnpumep ajacopOmuu — 9STO  MOTJIONICHHE
AKTUBUPOBAHHBIM YTJIEM BPEIHBIX IS 30POBbS NMPUMECEH W3 TMUTHhEBOU
BOJIBI. 371ECh a/ICOPOECHTOM SBIISIETCSI aKTUBUPOBAHHBIN yToJib, @ a1COpOaTOM —
BpelHbIe MpuMecH. J[pyroil mpumep — KOHIEHTPUPOBAHHUE HA MOBEPXHOCTH
M000r0 TBEPIOTO Teja WA SKUAKOCTH MOJIEKYJl PAa3JH4YHBIX IpUMECEH,
HaxonsAmuxcs: B Bo3ayxe. [Ipum pacTBopeHuMM MblIa B BOJE HAOJIOAAETCS
MOHM)KEHHE MOBEPXHOCTHOIO HATSKEHUSI 00pa3yIoLerocs pacTBOpa 3a CYET
nepexo/a pacTBOPEHHBIX MOJIEKYJI Ha €ro MOBEPXHOCTh M3 00BEMHOU (Da3bl,
YTO TaKkKe OTHOCUTCA K siBJIeHUIO ancopOuuu. (Ilpueedoume opyzue npumepoi
aocopoyuu, wuzeecmuvie Bam u3z noecedneenoii Hcuznu, npupoowl,
npomvluiiennocmu, meouyunsl. Ilpednorycume mamepuansvt, Komopwvie
Mo2ym 0blmb UCNOIb308AHbBL 8 Kayecmee adcopdenmos. Kaxk Bol cuumaeme,
KaKumMu  Xapakmepucmukamu  00icHbl  obaadamv  Ihpexmugnule
aocopoenmut?)

Kakue Buabl aacopOéunu pa3inyarT B 3aBUHCMMOCTH OT NPHUPOALI
CIJI B3aUMOJEHCTBUS MexXAy aacopOeHToM u aacopdarom? B uyem ux
oco0eHHOCTH?

Paznmuuator (usmyeckyro M XHMHUYECKYIO ajcopOuuto. Dusuueckas
aocopbyuss oOycioBIeHA JeHCTBHEM (PU3UUECKUX CHUJ TPUTSHKSHUS —
pa3IMYHBIMUA THUIIAMHU BaH-IEP-BaajlbCOBOIO B3auMoJelcTBUsA. Hamomuuw,
yTo Ccwibl Ban-gep-Baanbca BriroWaroT Tpu  BHJA B3aMMOJICHMCTBUSL.
OCHOBHBIM W3  HHUX  SBIFETCS  OUCNEPCUOHHOe  83aumooleticmeaue,
MPOSIBIISIONICECS MEXKYy HETOJSIPHBIMU MOJIeKylamMu. Takoe B3auMoaeicTBre

86



0OyCJIOBJIEHO B3auMoOJIecTBHEM (0ajaHCOM MPUTSHKEHUS W OTTATKWBAHMS)
MTHOBEHHBIX JUIIOJIEH, KOTOpbIE BO3HUKAIOT B pe3yibTaTe (GIyKTyaluid
AJIEKTPOHHOM IUIOTHOCTM B aroMax win Mojekynax. [Ipu B3aumoperncrsuu

MEXAY TMOJSPHBIMA W HENOJSPHBIMA MOJEKYJIaMH — UHOYKYUOHHOM
é3aumooelcmeuy — NOJIIPHAsE MOJIEKYJIa BBI3bIBAET BOSHUKHOBEHHE JUIIOJS B
HenoJsipHoM.  Hambonee ~ O4eBHIHBIM  SBISIETCS  OPUEHMAYUOHHOE

gzaumooeticmaue, KOTOPOE BBI3BIBACTCS TMPUTSHKCHHEM U OTTAJIKHBAaHHEM
MOJIIPHBIX MOJIEKYJI — JUTIOJIEH.

duzudeckass ~ afgcopOUMs — XapakTepu3yercs  OOpaTUMOCThIO U
YMEHBIIIEHUEM CTENEeHU acOPOLMK MPU TMOBBIIEHUU TEMIIEPATyphbl, TaK Kak
OHA SABJIIETCS K30TEPMHUECKUM MPOLECCOM (IMPOTEKAIOIIUM C BBIIEICHUEM
Ter1oThl). TermoBoit 3¢dexT dhusndeckon aacopOIK HEBEIUK U COCTABIISACT
10-80 x/I»x/Momnb. [Ipumep dbusudeckoit aacopOIMy — MOTIIONIEHNE HHEPTHBIX
ra3oB aKTUBUPOBAHHBIM YTJIEM.

Xumuueckass aocopoyusi  (xemocopbyus) TPOUCXOAUT 32  CYET
o0pa3oBaHUsI XMMHUYECKUX CBS3€H MEXAy MOJeKylamMu (MOHAMH, aTOMaMH)
aacopbara u azacopOeHTa. XemocopOius OOBIYHO HeoOpaTWMma; OHa, B
oTauure OT (U3MUYECKON afcopOuuu, SBISETCS JOKAJIW30BaHHOM, T. €.
MOJIEKYJIBI aJicopOaTa HEe MOTYT MepeMEeIIaThCs M0 MOBEPXHOCTH aJCcOpPOeHTa.
Tak kak XuMHUecKas aJacopOIUs SBISETCS XUMHUYECKHM TIPOIECCOM,
TpeOyIOMMM JAOCTH)KCHUS DHEPTHH aKTUBAIlMU, KOTOpas JOCTaTOYHO BEIHKa
(40-120 x/[>x/MOB), MOBBILIEHUE TEMIEPATYPhl CIOCOOCTBYET MPOTEKAHUIO
peakuuu. [Ipumep xemocopOIMM — aacopOuMs KUCIOpoAa Ha MOBEPXHOCTH
cepeOpa pu BBICOKOW TemriepaType. B mpornecce xemocopoiuu oOpa3yrorcs
XUMHUYECKUE CBA3U MEXY aJCOPOCHTOM U afcopOaToM, U OHHM TEPSIOT CBOIO
UHAMBUAYAIbHOCTb, T.€. IO CyTH, 0Opa3yercsi HOBOE XHUMHUYECKOE
COEIUHEHHE.

HeoOxoaumo nMeTh B BUAY, YTO XUMUYECKOE B3aUMOJCHCTBUE MEXKIY
a7COpOEHTOM U aacopOaTOM B HEKOTOPBIX CIydasX MOKET IPUBECTH JIaXe K
MOBBIIICHUIO YHEPrUH Mek(a3sHOW MOBEepXHOCTU. JIBMXKyIHas cuiia TaKoTro
mporecca — 3TO CyMMAapHbIN BBIMTPBIN B 3Hepruu ['mb0ca cucrteMbl. IT0
BO3MOXKHO, €CJIM MOHWKEHHE XUMUYECKON COCTaBISIOUICH HEPrUu OOJIbIIe,
YeM IMOBBINIEHUE TIOBEPXHOCTHON YHEPTHH.

OTMeTHM, 9TO YETKO Pa3AeNuTh SBICHUS (PU3NYCCKON U XUMUUIECKOU
aJIcOpOIIMU MOKHO JIMIIb B OYEHb peAkux ciaydasx. OObIYHO peann3yroTcs
IPOMEXKYTOUYHBIE BapHaHTBl, KOIJIa OCHOBHAs Macca aJcopOupyeMoro
BEIIECTBA CBA3BIBACTCS OTHOCUTEIBHO CIA00 W JIMIIb HEOOJNbIIAs YacTh —
IPOYHO.
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Kakue BeJITMHUMHBI MCNIOJIB3YIOTCH AJI51 KOJMYECTBEHHOT0 ONMMCAHUS
agcopoumnu?

B yects ['100ca oHa M3 KOMMYECTBEHHBIX XAPAKTEPUCTUK aJCOPOLIMU
Ha3BaHa yOdenbHOU WU 2ubbcosckoti ancopoiueir /. B COOTBETCTBUM C
METOJIOM U30BITOYHBIX BeJIMUMH ['mO0Cca ee MOKHO BBIPAa3UTh Kak

n=(n+nl) _n

[ = i i i
S S

/I 71; — KOJIMYECTBO BEIIECTBA B PeasIbHON cucteMe; n; — B (paze I, n; — B daze

Il wupeanbHONM CUCTEMBI, 7, — W30BITOYHOE KOJIMYECTBA BELIECTBA B

MTOBEPXHOCTHOM CJIO€; § — TUIOMIAIb MEeK(a3HOI TOBEPXHOCTH.

Yoenvnas aocopoyus — smo uz0blmox uiu HeOOCmamox eeuecmsa 8
MeHCHA3ZHOM NOBEPXHOCMHOM Cll0e, NPUXOOAWUNUCT HA eOUHUYY NIouaou
NOBEPXHOCMU  UAU  eOUHUYY MACCbl  NOBEPXHOCMU NO  CPABHEHUI0 C
KOJIUYeCmMBOM Beuecmsad 8 makom e obveme gaswi:

rae ¢; — n30BITOYHAs KOHIICHTPAIMS BEMIECTBA B TIOBEPXHOCTHOM CIIOE; § —
II0IAAb MeX(Pa3HOU MOBEPXHOCTHU; O — TOJIUIMHA TOBEPXHOCTHOTO CIIOSI.

JUIs IpakTHUYECKOIo ONpeAeseHUs] BEJIMYUHBI THOOCOBCKON ajcopouuu
MO’KHO HCITI0JIb30BaTh (hOPMYIIy:

TJIe ¢, — HavajgbHas KOHIICHTpAIUS BEIICCTBA B PACTBOPE; ¢ — PaBHOBECHAS
KOHIICHTpAIUsl BEIIECTBA B PacTBOpE, COAEpKalieM ajcopOeHT; J — o0beMm
pacTBoOpa; m — Macca aJacopOcHTa.

I" MOXeT OBITh MOJOKUTEIHHOM, €CIIM BEMIECTBO KOHIICHTPUPYETCS Ha
MOBEPXHOCTH, W OTPHUIATCITHHON, €CIM MPOUCXOIUT IEPEXO0J]l BEIIECTBA C
MOBEPXHOCTH B 00BEM. [ paBHA HYNIO, €CIU KOHIEHTPAIIMH HMCKOMOTO
KOMIIOHEHTA B TIOBEPXHOCTHOM CJI0€ U 00BEeMHOM (pa3ze coBmaaarorT.

[[7] = [kr/M*], mu6o0 [kr/kr], mu6o [Moas/M’], 160 [MOIb/KT].

[Tomumo rHOOCOBCKOM ancopOLMM, HCIONB3YEeTCs MPECTAaBICHUE O
NOJIHOU adcopoyuu a;:
a,=c; 0.
llonnas adcopbyusa — xonuuecmeo eeujecmea 6 NOBEPXHOCMHOM CJlOe
MOAWUHOLL O 8 pacieme HA eOUHUYY NOBEPXHOCMU UL MACCbL A0copberma.
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[Tonnast ancopOuusi HE MOXET MPUHUMATh OTPUIATEIbHBIC 3HAUYCHUS.
OHa paBHa HyJIIO, €CIM KOHUEHTpPAUUs HCKOMOTO KOMIIOHEHTa B
IIOBEPXHOCTHOM CJIO€ PaBHA HYJIIO.

[a;] = [kr/M*], mu6o [Kr/kr], 1160 [MOIB/M], 1160 [MOIB/KT]

Kakasi B3auMOCBA3b CylIeCTBYeT MexkAy ri00COBCKOI U MOJIHOI
agcopouueii?

[Tonnas agcopOius paBHa cyMMe THOOCOBCKOM afcopOIIuu U
KOHIICHTPAITUH BEIIECTBA B ¢JIoe 00beMa TOJIITUHON, PaBHON TOJIIINHE
MTOBEPXHOCTHOTO CJIOS:

a, =T, +c/ 0.

Kakum o0pa3om agcopOumsi pacTBOPEHHOI0 BellecTBAa BJAMSET HA
NMOBEPXHOCTHOE HATSKeHHe pacTBopa?

[Ipu agcopOiuu BelecTB Ha TpaHUIlle pasfena (a3 MOBEPXHOCTHOE
HATSOKEHUE  MOXET  yMEHBIIAaThCH,

OBBIIIATHCS 150105 0CTaBaTHCS : : ArAAND
HeTOJIApHEIe TOJIAPHLIE -
HEU3MEHHBIM. «XBOCTBD) m «TOJNIOBKH»
Bemectna, KOTOpBIE npu X ' :

a7copOLMKM Ha TpaHUlE pas3zesia MOHWKAIT €€ MOBEPXHOCTHOE HATSHKEHHE,
Ha3bIBAIOT nogepxHocmuo-akmusHvimu eeujecmeamu (I1AB). Takue BemecTa
MMEIOT TEHJICHIIMIO TMEPEeXOIUTh U3 00bheMa pacTBOpa Ha €ro MOBEPXHOCT,
T. €. MPOUCXOJUT UX KOHIICHTPUpPOBAHUE Ha MexpazHOU l'IOBerHOCTI/I TUTS
Hux [' > 0. [IoBepXHOCTHO-aKTHUBHBIE BEIIECTBA,

KaK TPaBUJIO, SIBISIIOTCS OU@UIbHbIMU — OHU } i § i % %

COCTOSIT M3 MOJISIPHOM W HEMOJSIPHOM YaCTeH. |[—---=mmm-mm—-——=-=-—-—-

[lonsipHble YacTU SBISAIOTCA THUAPOPUIBHBIMHU |- __ e ]
(MMEIOT CPOACTBO K BOJE, MOJEKYJBI KOTOPOH |f----fmeeeo ;’ .........

TaKKe HIOJISIPHBI). [Tonsipable 4acTH
oprannueckux ITAB Bkiouaror snekrpodpuibabie atoMbl — O, N, S, P u ap.
(manmpumep, rpynnel —OH, —COOH, —COH, =CO, —SH,, SO,H, —POsH).
Henonsipable 4yacTu SBISAIOTCS THAPOPOOHBIMHM K OOBIYHO HPEICTABISIOT
co0Ol yIJIeBOJOPOAHBIE paguKaibl. (Bcnomnume, na Kaxkue O0ee zpynnol
Mmodxcno pazoenrums IIAB coznacno Pebunoepy?)

IIpu  pacTBOpeHMH  Takux  JU(QUIBHBIX  MOJEKYJI B  BOJE
TEPMOJMHAMMUYECKHA BBITOJHEE OKa3blBAa€TCSI WX KOHLIEHTPUPOBAHHE Ha
IIOBEPXHOCTH pacTBOpa, KOrJa IOJIIPHbIE YacTH HaxXoAsTcs B BOJE, a
HETOJISIPHBIE YTJIEBOJOPOJHBIE «XBOCTBD) OPHEHTHUPYIOTCS K BO3IYIIHOM
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¢daze, MOJEKyJIbl KOTOPOM Takxke HenoJisipHbl. [IpuBefeHHBIE pacCyXACHUS
CHpaBeUIMBBI HE TOJIBKO JUIsl TPAHMIIBI pa3jiena BoJAa-BO3AyX, HO U IS JTHOOBIX
¢a3, paziaMyarolUXcs CTENEHbIO MOJIPHOCTH UX MOJeKyl. B stom ciyuae
MouiekyJibl ITAB opueHTUpyroTCcs TakuM o0pa3oM, 4TOObI X MOJISIPHAs 4acThb
OblTla HampaBjieHa B CTOpOHY ¢aspl, 00pa3oBaHHOW OoJee MOISIPHBIMU
MOJIEKYyJIaMH, a HeMNoJsipHas, COOTBETCTBEHHO, — B CTOpPOHY (a3bl,
00pa30oBaHHON MeHee MOJSIPHBIMHU MOJIEKYJaMH. B pesynpTaTe OMMCaHHOTO
mporecca JHEepPrust MOJEKYJ, HaxOIAIINXCSd B MOBEPXHOCTHBIX CIOSAX
(TOBEpXHOCTHOE  HATSHKEHHE), yMEHbIaeTcs. [loBepXHOCTHO-aKTHBHBIC
BEIIECTBA OTJIMYAIOTCS HEBBICOKOW PACTBOPUMOCTBIO KaK B MOJISIPHBIX, TaK U B
HEMNOJIAPHBIX Cpeaax.

BemiectBa, KOTOpble yBEIMYMBAIOT TOBEPXHOCTHOE HATSHKEHHUE,
Ha3BIBAIOT nosepxHocmuo-unakmusnvimu eewgecmeamu (IIUB). Oru 06b19HO
OPEJCTaBISIIOT ~ CcO0OM  HM3KOMOJIEKYJIIPHBIE OpraHWYecKue  WIu
HEOpPraHUYECKUEe DBJEKTPOJIUTHl  (COJIM, KHUCIOTHI, IIEIO0YH), KOTOPbIE
JUCCOLMUPYIOT Ha MOHBI, UMEIOLINE BBICOKOE CPOJCTBO K BOJE. Takue MOHbI
CTpEeMSTCSl YHUTH C MOBEPXHOCTH PacTBOpa B 00beM; ANl HUX THOOCOBCKas
aacopOuust orpunarenpHa, T.e€. I'< (. Ocobennocteio [IMB sBiugercs ux
BBICOKAasi pACTBOPUMOCTD B CHJILHOIIOJIAPHBIX cpeax (Boje).

Bo3MokHBI  Takke ~ choydad, KOTJa  pPacTBOPEHHOE  BEIECTBO
NPAaKTHUYECKH HE BIUSET Ha TOBEPXHOCTHOE HATSHKEHHE pacTBOpa, OHO
PaBHOMEPHO pacIpenessieTcss MeXIy oO0beMOM M MOBEPXHOCTHIO PacTBOPA.
Takue BellecTBa Ha3bIBAIOT HOBEPXHOCMHO-HEAKMUBHbIMU —GeUeCmMBaAMU
(ITHB). ITpumep ITHB — pacTBOp caxapa B Boje.

N3o00pa3sute rpaduyeckun ONMCAHHBIE BbIlIe 3aBUCHUMOCTH
NMOBEPXHOCTHOIO HATSKEHUSA pacTBopa oT KOHLEHTPALNH
PAaCTBOPEHHOI'0 BellecTBA.

3aBUCUMOCTh TOBEPXHOCTHOTO HATSHKEHUSI pACTBOPA OT KOHLEHTPAUUU
pPacCTBOPEHHOrO BEMIECTBA IMPU TNOCTOSSHHOM TEMIEpaType Ha3bIBAETCA
usomepmou nogepxHocmuo2o Hamsaxcenus. Ha

pHUCYHKE MIPUBEJICHBI U30TEPMBbI

NOBEPXHOCTHOTO HATSIKEHUSI NJI1 PacTBOPOB

[I1B, ITHB u [TAB. R s Stk el
IIpn YBEIINYEHUH KOHIUEHTPAIUU  f====tmmmmmm | oo

ITOBEPXHOCTHO-aKTUBHOI'O BEILIECTBA B PACTBOPE
€ro MOBEPXHOCTHOE HATSHKEHUE YMEHBIIACTCS 110 JKCIOHEHIUAIbHOMY
3aKOHY M BBIXOJWUT Ha IUIATO (MPSMYI0) MHPH HEKOTOPOW KOHUEHTpAlWH,
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OTBEYAIONICH TMOJTHOMY 3alOJIHEHUIO TOBEPXHOCTHOTO CIJIOSI MOJICKYJIaMU
ITAB (cM. pucyHOK).

A

0 / e
ITHB

IIAB
g

B cnaydae  mOBEpXHOCTHO-HEAKTMBHOTO  BEHIECTBA  HM30TEpMa
IpeACTaBIseT CO00M MPsIMYIO, TTapaIeIbHYI0 OCH KOHIICHTPAITUH.

3aBUCUMOCTh MOBEPXHOCTHOTO HATSXKEHUS PACTBOPa OT KOHIECHTPAIUU
MMOBEPXHOCTHO-WHAKTUBHOIO BEIECTBA TaKX€ JIMHEMHA W  BBIPAXKACTCS
psiIMOii, oOpa3yrolei OCTPBIA YroJl ¢ OCbI0 KOHIIGHTPAIUH, T. €. YeM BHIIIIE
koHueHTpanusa [ 1B, TeM BbIllle HOBEPXHOCTHOE HATSIKEHUE PACTBOPA.

CyumecTByer psii yYpaBHeHMil, C NOMOIIBI0 KOTOPBIX MOKHO
0XapaKTepu3oBaTh npoueccol aacopouun. Kakoe ypaBHenue cBsi3bIBaeT
BEJIMYNHY NOBEPXHOCTHOIO0 HATSLKeHHsI ¢ ru00COBCKOW aacopOoumeii?
IIpoanaau3upyiiTe 310 ypaBHeHHeE.

[IpocThiX W JOCTYNHBIX  METOAOB  ONpeleieHUuss  U30bITKa
PacTBOPEHHOT'O BeIIeCTBa B aJCOPOIIMOHHOM CJIO€ Ha TpaHHIAX pasjena
KUIAKOCTh-Ta3 W JKHUIKOCTb-KUIKOCTh TMoka HeT. OnmHako ajacopOmus B
pacTBOpax  BCErJga  COMNPOBOXKIACTCS  W3MEHEHHEM  MOBEPXHOCTHOTO
HATSHKEHUSI. DTO TMO3BOJISIET OMPEACNISITh BEIUUYMHY aJCOpOLMH BEIIECTBA MO
M3MEHEHHIO TOBEPXHOCTHOTO HATSXKEHUSI pacTBOPA.

KonudecTBeHHOE  COOTHONICHHWE MEXAY YICHbHOW  aacopOmmeit
PacCTBOPEHHOI'O0 BEIIECTBA W H3MEHEHHEM MOBEPXHOCTHOIO HATSKEHUS
pacTBopa € POCTOM KOHIIEHTpAallMi MPU TOCTOSHHOW TeMmIiepaTtype ObLIo
nostydeHo I'm66com. CoOTBETCTBYIOIIEE YPAaBHEHUE HA3BIBACTCS YPAGHEHUEM

usomepmul aocopoyuu I'ub6ca uv npocto ypasnenuem I uboca:
¢ do

RT dc’
2
rae I — rub6coBckas aacopOius (MOJabM *); ¢ — paBHOBECHAsI KOHIIEHTPAIIUs
3
BEIIIECTBA B pacTBope (MOJB-IM ~); R — yHUBEpcallbHas ra3oBas MOCTOSHHAS

(I[)K-MOHL'I-K'I); T — abcomotHas Temmeparypa (K).
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A Tunuunas wuzotepma ajacopoimu I[TAB Ha
IPaHULIE PAcTBOp-NAp INPEJICTaBIEHA Ha
PHUCYHKE.

N3 ypaBHenuss ['mb0ca cienyer, 4to
BEJIMUMHY  aJCOpOIMH  PacTBOPEHHOTO
BEIECTBA MO>KHO OINPEIENIHTD 1o
U3MEHEHUI0 TMOBEPXHOCTHOTO  HATSKEHUS
XKUIKOCTH C POCTOM KOHUEHTPALMH 3TOrO
» BEIIECTBA B PaCTBOPE.

c do
BGHH‘-II/IHa d_ 5 COOTBGTCTBYIOH.[&H
c

0ECKOHEYHO MaJlOil KOHLIEHTPAIMU BEIEeCTBA ¢, B3sTasi C OOpPAaTHBIM 3HAKOM U
MOJyYEHHAs] TMpPU TMOCTOSHHBIX 3HAYEHUAX TEeMIEpaTypbl W JaBJICHUSA,
Ha3bIBAETCA NOBEPXHOCMHOU AKMUBHOCMbIO (g):

) (80)
g=lim —| .
c—>0 ac o7

llosepxHocmuas akmueHocms — 9M0 Mepa CnocoOHOCMU Beujecmed
usMeHamv nosepxnocmuoe Hamsaxcenue. (OUEBUIHO, UYTO YeM OOJbIIIe
BEJIMYMHA g, TEM CUJIbHEE CIIOCOOHOCTh BEIECTBA MOHMKATh TOBEPXHOCTHOE
HaTsoKeHUe. (Ykaxncume 3naxk napamempa g oaa IIAB u ITUB. Yemy paeno
3Hauenue g ona ITHB?) Kak BumHO w3 (HopMyibl, TOBEPXHOCTHYIO
AKTUBHOCTh  BEILIECTBA OOBIYHO  OMNPEACNSAIOT,  alMpPOKCUMHUPYS  €ro
KOHIICHTPAIUIO K HYJIO; B 3TOM CJIydae HaiJIcHHbIC 3HAUYCHUS g JJI Pa3HbIX
ITAB MoxHO OyAeT KOpPpEeKTHO CpaBHUBATh, TaK KaK OHU OyAyT 3aBUCETH
TOBKO OT ipupobl ITAB u pactBopuTens.
['padprueckn MOBEpPXHOCTHAS AKTHUBHOCTD
cA MOXET  OBITb  TOJIydeHa U3  HU30TEPMBI
MOBEPXHOCTHOTO HaTskeHus. s storo K
Y4YaCTKy KPHBOW, OTBEUYAIOLIEH MHUHUMAJIbHOMU
KOHIICHTPAIlMM  PAacTBOPEHHOTO  BEIIECTBA,
MPOBOAUTCSL KacaTelibHas JI0 IEPECEUCHUs] C
OCSIMH.
c> [ToBepxHOCTHAsE AKTUBHOCTb PABHAETCS
TaHreHcy yria «  (T.e.  OTHOIIEHHUIO
NpUpALIEHUS 0 K IPUPALIEHUIO C).

Go
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JlJ1si KakKMX CHUCTEM BO3MOKHO MPpHMMeHeHue ypaBHenus I'm606ca?

Ha ocHOBaHMU TEpMOJAMHAMUYECKUX IPEICTABICHUN, HCIIOIb30BAHHBIX
npu BbIBOJE ypaBHeHUs ['mOOca, MOXXHO CJenarh 3akKJIIOYEHUE, 4YTO OHO
CIOpPABEAJIUBO ISl pa30aBICHHBIX CHUCTEM B JIFOOOM arperarHoM COCTOSIHHH.
(IIpuseoume 6v1600 ypasnenua lI'udbca u oOokarxcume cnpaseonugocmo
npueedenno2o ymeepicoenusn.) OIHAKO Ha MPAKTHUKE OHO MOXKET OBITh
MCIIOJIb30BAHO IS OMNpPEENICHHUs] BETUYUHBI aJCOPOLIMH JIMIIb JJIsi CHCTEM,
JUISL KOTOPBIX BO3MOKHO JKCIIEPUMEHTAIBLHOE ONPEEICHHE TTOBEPXHOCTHOTO
HATSDKEHUS, T. €. JUIsl CHCTEM JKHJIKOCTb-Ta3 U KUAKOCTh-KHIKOCTb.

IosicauTe mnoOHsATHE PadOTHI AACOPOIUM, CONMPOBOKIAAIOUICHCS
OpHMEeHTAaUed MOJIeKYJI.

JUiss  XapaKTepUCTHKU MPOIECCOB  aJCOpOIMU C  OpUEHTalHen
a7ICOpOUPYIOIIUXCA MOJEKYJ (Hampumep, ¢ OpHeHTanuel JuduibHBIX
moniekyn ITAB Ha moBepXHOCTH pacTBOpa) BBOAWTCA TOHATHE padOmbl
aocopoyuu. Pabora amcopOiuu B 3TOM ciiydyae — 3TO paboTa, KOTOPYIO
COBEpIIIaeT CHCTEMa MPU 0OPaATHMOM M30TEPMHUECKOM MEPEHOCE MOJIIPHON U
HETIOJISIPHOM  4YacTeil MONeKynsl U3 oObeMa ¢a3bl Ha MeX(asHyo
MTOBEPXHOCTH:

/4

we =W, +n-AW,
rae W, — pabota mo nepeHocy nosisipHo vyactu; AW — pabota mo mepeHocy
onnout CH,-rpymmsl; n — yucno rpynm CH,.

1o Jlenrmropy:

a

5

W =RTIn

c

v

Ir7ie ¢, — paBHOBECHAs! KOHIIEHTpaIus B o0beMe.

Ha rpadmuyeckoid 3aBHCHUMOCTH TMOBEPXHOCTHOIO HATSKEHUS
pactBopa ot kKoHueHtpanuu ITAB wumeercss JMHEeHHBIH Y4YacTOK B
o0slacTu oO4YeHb HHM3KHMX KoOHueHTpauuil. IIpuBeaure ypaBHeHMHS,
ONMHCHIBAKOIIME NPOLECC AACOPOUNH B CWJIBHO Pa30aBJIeHHbIX PACTBOPAX.

Jlnst cusibHO pa30aBlICHHBIX PACTBOPOB XapaKTepHA MPsSMOJUHEHHAs
3aBUCUMOCTh KoHIeHTpauuu [IAB, ancopOupyromierocs Ha Mexda3HOU
MOBEPXHOCTH, OT KOHIIEHTpAllMd pPAcTBOPEHHOI'O BellecTBa B oOBeMe
pacTBopa. JTa 3aBUCHUMOCTb OMNHUCBHIBAECTCS YPABHEHUEM, KOTOPOE SIBISETCA
aHajiorom 3akoHa [ 'enpu:

c,=c, -k,
rae k — xomcmanma pacnpeoenenuss KOMIIOHEHTOB PacTBOpAa MEXIY €ro
MOBEPXHOCTHIO U 00BEMOM:
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3aBUCUMOCTh ~ BEJIMYMHBI ~ MOBEPXHOCTHOTO  HATSDKEHUS  CHUJIBHO
pa30aBJIEHHOTO pacTBOpa OT €ro KOHIIGHTpAIlMh TakXe  SIBISETCS
MPSAMOJIMHEWHOM :
o=o0,—k.RTdc.
IIpousBenenue k, RT SBISETCA MOCTOSHHOW BEIIMYMHOM I JTAHHOTO

BOJHOTO pacTBOpAa M COBIAAACT CO 3HAYCHUCM HOBGpXHOCTHOﬁ AKTHUBHOCTH

PaCTBOPCHHOT'O BCUICCTBA IO OTHOIICHUIO K BOAC!

k,RT =92 k.RT =g.
dc

Kakoe ypaBHeHMe HCHOJIB3YyeTCHA [JI ONHUCAHUA TPOLECCOB
aacopOoOuMu 1Jisi KOHHEHTPUPOBAHHBIX PACTBOPOB?

Jl1st pacTBOpPOB C OOJIBIION KOHIIEHTPAIME PAaCTBOPEHHOI'O BEIIECTBA
3akoH ['‘eHpu HenmpumenuMm. B 3ToM cnydae 3aBUCHMOCTb aJCcOpOLMH
BEIIECTBA OT €ro KOHIEHTpaluu B o0ObeMHOM (a3e pacTBopa MOXKET ObITh
ONIMCAHO ypaeHeHuem Jlenemiopa:

ke
aoc—7
1+ ke
ri€ a — TOJHAsg ancopOIus; a, — MpeaenbHas IMOJHAs ancopOuus, T. €.
azcopOLHUsl TIPU MPEJIETHHOM 3aMOJHEHUH TOBEPXHOCTH PACTBOPA MOHOCIOEM
aZcopOUpyIOIIErocsl KOMIIOHEHTA; ¢ — pPAaBHOBECHAas KOHUEHTpauus; k —
KOHCTaHTa aJICOPOIIMOHHOTO PAaBHOBECHS.

BaxxHo oTrMeTuTh, 4TO, HECMOTPSA HA TO, YTO ypaBHEHHE JIeHrMropa
OBUTIO BBIBEJACHO CIEHHAIBHO JUIsI OMUCAHMUS TPOIECCOB aiacopOlMu Ha
TpaHUIIe pa3fesa TBEPAOE TENIO-ra3, OHO XOPOLIO IPUMEHUMO JIsl pACTBOPOB
ITAB Ha rpaHule ¢ BO31yXOM.

Jast  pemienuss ypaBHeHusi JleHrMopa Heo0X0AUMO 3HAHHUE
KOHCTAHT a, W k. OnummrTe ajaroputM rpa@uyeckoro omnpeaeeHus
YKa3aHHBIX IapaMeTpPoB.

JInst  OKCHEPUMEHTANIBHOW IIPOBEPKM IIPUMEHHMOCTH  YPaBHEHMS
Jlearmoopa M HaxOXACHUS KOHCTAHT, ypaBHEHHE JIeHrMropa HpUBOAAT K
JIMHEMHOMY BHJY, Pa3/JeiiMB KOHLEHTPALMIO ¢ HA JIEBYIO U IPaByI0 YacTH
ypaBHeHus. [locie HecnoKHOro npeoOpa3oBaHus MOTYUYHUM:

c c 1

a a, ayk

0
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[Ipu nmoctpoenuu rpaduka B KOOPAUHATAX ¢/a — ¢ NOJDKHA TOTYyUYUTHCS
psiMas:

claA

1
tgo=—
o oo

* c
[TomydeHnHyro IpAMYIO MPOJOIHKAIOT JI0 MEPECEUCHUsl C OChIO ¢/a U TO
BEJIMYMHE TaHT€HCa yTjla HAKJIOHA MPSAMOW HAXOASAT 3HAUYECHUE MNPEIeIbHOU
aacopOLMH d.. 3HaYE€HUE KOHCTAHThI aJCOPOLMHU BBIUUCISAIOT, 3HAS JJIUHY

OTpe3Ka, OTCEeKAaeMOro MpsiIMoi Ha ocHu c/a. JlnmmHa oTpe3ka OyAeT paBHATHCA
1/ka.

Kakum o0pa3om, 3Hasi mapamerp a., MOKHO OIpeleuTh JVIMHHY U
IVIOIIA/Ab MONEPEeYHOro ceyeHuss MosieKyJabl ITAB?

CoryniacHO THPUHIUIY HE3aBUCHUMOCTU IMOBEPXHOCTHOI'O HATSKEHUS,
KOTOpBbIM BBeN JIeHrMiop, BelIMUYMHA MPEAENbHONW aacopOUuu d, OJIMHAKOBA
JUISL BCEX YJIEHOB T'OMOJIOTMYECKOrO psiAa, T.€. HE 3aBUCUT OT JUIMHBI
YIJIEBOJAOPOJAHON LIEMH, a ONPEAEISIETCS TOJBKO IUIOMIAIBI0 IONEPEYHOTO
CEYEHUsI MOJEKYJ. OTO YTBEPKICHHE CTAHOBUTCA IOHATHBIM, €CIIU
pacCcMOTpPETh CTPOEHHE TMOBEPXHOCTHOTO CJOSI TPU  €ro MpeaesIbHOM
3arnojgHeHuu. B aToM cityyae AuQUIbHBIE MOJEKYIbl MOTYT pacnojiaraThCsi B

MOBEPXHOCTHOM CJIO€ E€AMHCTBEHHO BO3MOKHBIM 00pa3om,
Korja TruapouibHbIE YacTH  MOJIEKYJl Haxonarcs Ha
INOBEPXHOCTH BOJbI U IUIOTHO NPUMBIKAIOT JIPYr K APYyTry, a
ruipodoOHbBIE paIUKaIIbl OPUEHTUPYIOTCS K BO3YIIHON cpese
(Tak Ha3pIBAEMBIM «4acTOKOJ JIEHrMIopa», 0 KOTOPOM YXKe
YIOMHHAJIOCH BBIIIIE).

CrnenoBaresibHO, €CIIM MpEAeNbHAs aJAcoOpPOLMs — 3TO KOJIUYECTBO MOJIb
ITAB, monHOCTBIO 3aHMMAamUIEe €AWHUILY ITOBEPXHOCTH, TO BEJIWYMHA,
oOpaTHasi TIpeleNbHON ajfcopOIuu, OyJeT maBaTh CyMMapHYIO IUIOIIANb
ITONIEPEYHOr0 CEYEHUS OJHOTO MOJIb MOJIEKYJI, TOTAA!

g _ 1

MOJIeKyibl
a, N,
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J1s HaxOXKOAEHUsI AJIMHBI MOJIEKYJbl HEOOXOIUMO HOMHMO  S,omexymm
3HATh €€ 00BEM:

MOJIeKYlbl >

M Vﬂw."lEKyflbl M - a, . N A M - a,
=———,TOraa o = = =
p ’ N A S MONeKybl p ’ N A p

rne M — momnsipHast macca [TAB, p — mmotnocts 11AB, 6 — nnmuHa MOJEKyIbI
ITAB.

Kakoe ypaBHeHHMe omnucbiBaeT 3aBHCHUMOCTH IOBEPXHOCTHOIO
HATSIZKeHUs BOAHBIX pacTBOpPoOB ITAB oT UX KOHUEHTpauuu?

Kak yxe oTMmeuanoch BbIlIE, OCHOBHBIM JUIsl WM3Y4YEHMs ajcopouuu
BogopacTBopuMbIX 1IAB Ha rpaHune pasnena BoJa-BO3AyX SIBIISIETCS METOA
WU3MEPEHHUS 3aBUCUMOCTH ITIOBEPXHOCTHOIO HaTshkeHus pactBopa IIAB ot ero
KOHLeHTpanuu. lloctpoeHne U30TEpMBI  MOBEPXHOCTHOTO  HATSKEHUS
MO3BOJISIET IEPEUTH BIOCIEACTBUU K HCKOMOM U30TEPME aICOPOLIHMH.

b. [lInmkoBckuii, UCCnenys 3aBUCUMOCTb MOBEPXHOCTHOTO HATSKEHUS
BOJHBIX PAacTBOPOB TOMOJIOTOB KapOOHOBBIX KHCIOT OT MX KOHUEHTpPALHH,
MOJIyYWI DMIMPUYECKOE YpaBHEHUE, KOTOPOE€ HA COBPEMEHHOM JTalle
Pa3BUTHS KOJUIOMTHON XUMUU UMEET CIIETYIOIIMNI BUI:

o =0, —a-In(l+bc) — ypasnenue [uwkosckozo,

rie ¢ — I[OBEPXHOCTHOE HATsDKEHHWE pacTBOpa, 0, — IOBEPXHOCTHOE
HaTSDKEHUWE BOJbl, C — paBHOBecHass KoHueHTpauus [IAB, a u b —
AMIUPUYECKUE KOHCTAHTHI.

BnocnenctBum  ObI0  OOHapyX€HO, 4YTO Takas 3aBUCHUMOCTD
CIpaBeyIMBa HE TOJBKO JUIsi KapOOHOBBIX KHCIOT, HO W JUIsl APYTUX
pacTBOpUMBIX B Bojae opranmueckux [IAB (cnupThl, aMUHBI, ambIeTHIBI,
CYJIb()OKUCIIOTHI U JIp.).

[Tapamerp a B ypaBHeHuu LIIMIIKOBCKOro coBmazaeT AJs BCEX UJIECHOB
TOMOJIOTUYECKOTO psila HEKOTOPBIX KIJIAcCOB IU(UIBHBIX OpPraHUYECKHX
COEIMHEHM, 00J1a1at0INX TOBEPXHOCTHO-aKTUBHBIMY CBOMCTBAMHU.

KoHcTanTta b oTinMyaeTcst 1715 4I€HOB OJHOIO TOMOJIOTUYECKOTO psija, U
B €ro Ipejenax ee 3HaueHue yBeauuumBaeTcs B 3-3,5 pasza mpu mepexojie K
KaXI0MY cliefyronemMy romojiory. OTMeTHM, YTO yKa3aHHasi 3aKOHOMEPHOCTh
ObLIa y)Ke yCTaHOBJIEHA paHee U U3BECTHA Kak npasuio /rokno-Tpaybe.

Bonpocs! 1 3a1aHus 1)1 CAMOKOHTPOJIA 3HAHUH o MaTepuaay 10-i
JIEKIMH

1 Kakwue nporecchl, MpOUCXOAIINE Ha TPAHUIE KOHIACHCHUPOBAHHBIX
dba3 ¢ BO3QyXOM, MOTYT BbI3bIBaTh TOHIKEHUE HSHEPIUU
rE€TEPOreHHOW CUCTEMBI?
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Yem otnnuaetcst XeMocopOIus oT Gu3ndeckou ajacoporun?

Kakue BelMYMHBI UCHOJB3YIOTCS ISl KOJIMYECTBEHHOTO ONMMCAHUS
azcopOuum?

[lomyunte ypaBHEHHE, CBS3bIBAIOLICE MOJHYIO aaCcOpOLMIO C
ru0OCOBCKOM.

UYro Bl 3Haete o knaccudukanuu [1AB?

YTo Takoe n30TepMa MOBEPXHOCTHOIO HATSHKEHUS?

Kakue ypaBHeHus1, Xxapakrepusyolue ajacopouuto, Bel 3Haere?

Uro Takoe moBepxHOCTHasA akTUBHOCTH? Kak ee ompeperstor mo
DKCIIEPUMEHTAJIbHBIM JIaHHBIM ?

UYro Ttakoe pabota agcopOumu?

10 Kak onpenenuts napameTpsl mosiekya [TAB?
11 B3auMoCBsI3b MEXIy KaKUMH XapaKTEPUCTUKAMU MOBEPXHOCTHOTO

cJ10sl ycTaHaBiauBaeT ypaBHeHue [nmkoBckoro?

97



JIEKIASA 11

Jlo HeKomopbim eepcuam npuuunoil boresnu H.
Hotomona u  Hanoreona  bonanapma — ABUAUCH
adcopbuusi 6 00HOM cAyuae napoe pmymu, Komopbvle
bviru 0bHApYKeHbl 6 B0A0CAX, BEAUKQ20 YueH0z0 (00
boresnu Hovtomon 18 aem pabomar ¢ pmymvio) a 60

8MOPOM — NaApos8 Mblubakg (6 0bosX cnaivHu
Hanoreona obnapyKuAL apcenid MblubsaKa )y
A.D. Bumon

[lornmomenne mnapoB JPEBECHBIM yTieM OBbLUIO BIEPBHIE OMHCAHO
K. Illeere B 1773r. m ab6batrom @.Donrana B 17771. llepBoe
CHUCTEMATHYEeCKOe u3ydeHue ajcopOruu Oputo mpoBeneHo T. Cocropowm,
MCCJICIOBABIIIMM TIOTJIONICHUE PA3IMYHBIX Ta30B HEKOTOPHIMU aICOPOCHTAMH.
K  macrosimemy  BpeMEHHM  M3BECTHBI ~ MHOTOYHCIICHHBIE  OOJAacTH
MPAKTUYECKOTO TPUMEHEHUS aJCOpPOIMM, CPeAr KOTOPHIX BaKHCHIIMMH
SIBJISFOTCS: OYMCTKA Ta30B OT MpPHUMECeH (HarpuMmep, OYMCTKa aMMHUaKa mepe]
€ro KOHTAKTHBIM OKHCJICHHEM, OYHMCTKA BO3IyXa B IOABOJHBIX JIOJKAX W
NPOTUBOra3ax); U3BJICUCHUE U PEKyTepalnsl BEIIECTB (HapuMep, U3BJIeUEHNE
ra3zoJiiHa U3 MPUPOJHOIO ra3a, peKynepaius napoB JETYUYUX pacTBOPUTEIIEH B
POU3BOJICTBE TOJMMEPHBIX IIJIEHOK, BOJOKOH); Te€TEPOTreHHBbIN KaTaiu3s
(HampuMep, peakiusi MEXIy OKCHUIOM yTIepoJia U BOJOPOJOM IPU CHUHTE3E
METaHOJIa, MPOTEKAIOIIas MPU KOHTAKTE C BBICOKOJAMCIIEPCHBIM KH3EIbI'YPOM
WIW CUJUKareleMm, Ha Koropele HaHeceHa cMmech Co-TiO,—MgO);
(bpakMOHUPOBAHUE W aHATTU3 MHOTOKOMITOHEHTHBIX CHCTEM (a1cOpOIrOHHas
xpomarorpadus).

«Knaccuueckue» Tteopuu afcopOIuu ObUIM pa3paboTaHbl B Hayale
XX B. OHM paccMaTpuBalOT OOpaTUMBIE TMPOIECCHI, HCXOAS W3 OOIIei
TPAKTOBKM CHJ MEXKMOJEKYJISIPHOTO B3aMMOJIEUCTBHSI U OXBaTHIBAIOT
MpoIecChl  (pU3MUECKON ancopOIuu W 0OpaTHMbIE  XEeMOCOPOIIMOHHBIC
MIPOIIECCHI.

B 1915 1. W. Jlearmiop u M. [lonssHM ONHOBPEMEHHO M HE3aBUCHUMO
JpyT OT Apyra cO3/1ajiy JBE COBEPIIEHHO pa3HbIe TEOPUH.

JIGHTMIOp HMCXOIWJI W3 TMPEANOJIOKEHHS, YTO aJcopOIus SBISETCA
XAMHYECKUM TPOIIECCOM, M aJICOpOMpPOBaHHBIE MOJEKYJbl Ha MOBEPXHOCTH
azicopOeHTa pacroiaratoTcs B BUAE OJHOTO CJIOS aTOMOB MM MOJIEKYIL.
[TonstHu cumran, 4yTo aacopOLMs MpeCTaBIsAeT co00M GU3HUECKHUil TpoLece U
4TO afcopOIMoHHas ()a3a COCTOMT M3 MHOTHX cjloeB Mousiekyn. O0e Teopuu
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ObUIM BO MHOTMX OTHOUICHMSIX IJIOJOTBOPHBI U 00€ MMENIU ONpEJeIICHHbIE
orpanudeHus. Teopus I[lonssHu nmpuMeHMMa TOJBKO K BaH-AEP-BaalbCOBOM
agcopOuuu, Teopust JIeHrMiopa, ¢ M3BECTHBIMU OTPAaHUYCHUSIMH, IPUMEHUMA
KaK K XUMUYECKOM, TaK U K (PU3NUECKOM aICOPOITHIH.

N3BecTHBI TpU BBIBOJIa ypaBHEHUS JIEHrMIopa: KWHETUYECKUIA, JaHHBIN
camuM JleHrmMroopoM, TepMOIMHAMUYECKHUM, HaHHbId M. DosbMepom, u
cratuctuyeckul BbIBOJ P. @aynepa. (Bwvieeoume ypaenenue Jlememiwopa,
NPUHAG, KAK U OH, YMO YUC]I0 AKMUBHBIX YEHMPOB HA NOBEPXHOCMU PAGHO
eounuye, a 00110 AKMUBHBLIX MECHl, CBA3ZAHHBIX C AOCOPOUPOBAHHBIMU
MoOJIeKy1amMu, m.e. My HaAcmb HOBEPXHOCMU, KOMOpas 3aHama
MoneKynamu aocopboama, ovo3nauvme uepes 0.)

Jlsist 00paboOTKM SKCIIEPUMEHTATBHBIX JAHHBIX OOBIYHO HCIOJIB3YETCS
nuHenHas Gopma ypaBHeHus JleHrmiopa:

p_p 1
a a a k

0 0

B sToM ciyuae uzorepma agcopOuuu, T. €. 3aBUCUMOCTh aJICOPOIMU OT
JaBJIeHUs ajacopOaTa MpenCTaBiIseTCsl B BUAE NPSIMOW JIMHUM, U TOSBISAETCS
BO3MOKHOCTb ONPEJCIUTh BaXKHEHUIINE acOPOLMOHHBIE KOHCTAHTHI (K U pyo).
(Bvl nomnume, Kakou pu3uvecKuil CMblCl1 UMEIOm IMu eAUYUHBL?)

K coxanenuro, nzorepma agcopOLUuu HE AaeT KOHKPETHBIX CBEACHUN O
ckopocTH ancopouuu. KuHeTnka ancopOuuuM sIBISETCS CaMOCTOSITENbHOM
001acThI0 MCCNEAOBaHUN. DKCIIEpUMEHTANIbHBIE TaHHBIE CBHUJIETEIBCTBYIOT O
TOM, YTO aAcopOLHus Ta30B M MAapoB MPOTEKAET YPE3BBIYANHO OBICTPO.
Hanpumep, npoTrBorasHelil yroias U3BJIEKAET U3 BO3ayXa, conepxkaniero 7000
YacTHI] XJOPNHUKPUHA HA MWJUIMOH YacThll cMecH, 99,99 % storo BemecTsa 3a
0,03 cexyHbI.

CkopocTb aacopOuuu (Kak U JIFOOOW JPYroil reTepOreHHOM peakKilvH)
MPOTMOPIMOHANIEHA YUCIY BO3MOXKHBIX COYJApEHH MOJIEKYJ CO CBOOOIHOM
noBepxHOCcThi0. Kakmas Mousiekyna 3aJep)KMBaeTcsi Ha IIOBEPXHOCTH B
TEYEHHE KOPOTKOIO BPEMEHHM, 3aTeéM B pe3yibTare (IyKTyalludl >HEpPruu
MOJIEKYJIBI OTPBIBAIOTCS OT AKTUBHOTO IIEHTpA, YCTyHas MECTO HOBBIM.
OTHOLIEHHE KOHCTaHT aAcopOLMU M JecopOLMU SBISETCS IMOCTOSHHOM
BEJIMYUHOM.

OmnbIT OKa3bIBa€T, YTO YpaBHEHUE U30TEPMBI afcopOuuu JIenrmiopa

kp
“l+kp’
I7I€ p — PAaBHOBECHOE MaplUaIbHOE JABJICHHUE T'a3a WU Iapa, CPABHUTEIHHO
YIIOBJIETBOPUTEIBHO JAET KOJMYECTBEHHYIO XapaKTEPUCTUKY aJcopOLuu Mpu
HU3KHUX M BBICOKMX KOHLEHTPALKAX MOIJIOIIAEMOT0 BEIIECTBA.
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AncopOris ra30oB Ha TBEpAOW IMOBEPXHOCTH B OOJACTH CPEIHHUX
JaBJICHUN MOXKET OBITh Tak)Ke OINMHUCaHA TMOJYIMIUPUUYECKUM VPAGHEHUEM
beoexepa-Dpetinonuxa:

. kpl/n

m
r7ie X — KOJIMYECTBO aCOPOMPOBAHHOIO BEIIECTBA; 71 — Macca afcopOeHTa; k u
1/n — KOHCTAHTHI; p — PAaBHOBECHOE JIABJICHHE ITapa WK ra3a B CHCTEME.

HecMmotpst Ha 1O, 4TO0 ypaBHeHHe DPpelHINXA MUPOKO NMPUMEHSETCA
Ha IIPaKTUKE, OHO HMMEET OIPEACICHHbIE HEAO0CTaTKW. MHOIOYMCIICHHBIE
MCCJIEI0BAHMS TIOKA3aJIM, YTO 3HAUEHUS BEIMUMHBI aICOPOLIMH, BBIYUCIISIEMBIE
Ha OCHOBAaHMM JTOI0 YpPaBHEHHUs, HE COOTBETCTBYIOT [aHHBIM OIIBITA B
o0nacTu ManbiX W OonblIMX KoHUeHTpauuid. KoHcrantel k 1 1/n He umeroT
ONPENEICHHOr0 (PU3UYECKOTO CMbICIA U SABISIOTCS  UCKIIOYUTEIBHO
OMITUPUYECKUMH.

bruto ycraHOBIEHO, 4YTO HapsALy C H30TEPMaMH MOHOCIOMHOU
azcopOLuy, Ha NPAKTHUKE YacTO BCTPEYAIOTCS H30TEPMbI, HE HUMEIOLINE
BTOPOrO YydacTKa, IOYTH MapajulebHOTO OCH abCHHUCC U OTBEYAIOLIETO
HaCBIIICHUIO aJICOpPOEHTa ajicopoaToM:

»
»

p

st oObsicHeHus 3toro siBienuss M. [lonsiHu Npenioxun meopuro
NOTUMOJIEKYIAPHOU  a0copOyuu, HA3BIBAEMYIO TaKXKe€ HNOMEHYUAIbHOLU
meopuet [lonsanu.

OCHOBHBIE N0JIOKEHNUSI TEOPUH OcHOBHBIE N10JI0KEHUS] TEOPUH
Jlenrmrwopa Hoassuu

1. AncopOuus ABJISIETCS 1. ApncopOuus  oOycnoBieHa
JOKaJIN30BaHHOM U UCKJIIOUUTEIBHO
BBI3bIBACTCS CHJIAMH puznyecKkumMu CUJIAMH
MEXMOJIEKYJISIPHOTO B3aMMOJICHCTBHSI.
B3aUMOJICHCTBHS. Omna 2. Ha [IOBEPXHOCTHU
IIPEACTABISAET co0oit a7CcopOEHTa HET aKTHBHBIX
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00paTUMBIHA XUMHYECKHU I
nporecc.
AncopOrus MOJIEKYJT

agcopbara MPOUCXOIUT  Ha
aKTUBHBIX IIEHTpaX, BcCeraa
IPUCYTCTBYIOIINAX Ha
MOBEPXHOCTH ajicopOara.

Bcenencteue mamnoro pamuyca
JEHCTBUS aICOPOIIMOHHBIX CHIT
U CHOCOOHOCTM  HMX K
HACBIIICHUTO KaKTbIH
aKTUBHBIA IICHTP, aJCOpOHpys
OJIHYy MOJIEKyJy ajcopOara,
CTAHOBHUTCS HECTOCOOHBIM K
TanbHenIen agcopomuu.

AJnicopOMpoBaHHBIE MOJICKYJIBI

YAEPKUBAIOTCS AKTUBHBIMU
LEHTpaMU B TEUCHUE
ONPEIEIIEHHOTO BPEMEHH,

3aTeM MPOUCXOJHUT JlecopOuus,
II0CJIE YEro AKTHUBHBIU LIEHTP
BHOBb MOXET aJIcOpOUpOBaTh
MOJIEKYJIBI ajicopOaTa.

Cuibl B3aUMOJIEUCTBUS MEXY
a71copOMpPOBAHHBIMU
MOJIEKYJIaMU OTCYTCTBYIOT.
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IIEHTPOB, a aJCOPOIMOHHBIC
CWJIBl JICHCTBYIOT BOJIU3U
MOBEPXHOCTH aJicopOeHTa u
00pa3yloT  OKOJO  3TOM
MOBEPXHOCTH CO CTOPOHBI
ra3oBoi (pa3bl HEMIPEPHIBHOE
CHJIOBOE TIOJIE.
AJICOpOITMOHHBIE CHUJIBI
JIEUCTBYIOT HAa PACCTOSHUAX,
OONBIINX, YeM pa3Mepbl
OTICNBHBIX ~ MOJIEKYJd, U
MOTOMY y TOBEPXHOCTHU
azgcopOeHTa oOpazyercs
a7ICOpPOIIMOHHBIN o0beM,
KOTOpBIN TpU  ajacopOuuu
3aMoJHSAETCS  MOJIEKYJIaMU
azcopoOara.

JleiicTBue aacopOLMOHHBIX
CIJI 10 Mepe yAaJeHUsi OT
MIOBEPXHOCTH YMEHBIIIAETCS

u Ha HEKOTOPOM
paccTostHun CTAaHOBHTCH
PaBHBIM HYIJIIO.

[Iputsxenne TaHHOU

MOJICKYJIbI ~ TTOBEPXHOCTBIO
afncopOeHTa HE 3aBHUCHUT OT
HaJU4us B a7COPOIIMOHHOM
IPOCTPAHCTBE JIPYTUX
MOJICKYJI, BCJIEICTBHE YETO
BO3MOYKHA
TIOJTUMOJICKYJIIpHAs
azcopoIusl.
AJICOPOITMOHHBIE CHUJIBI HE
3aBHCAT OT TEMIICPATyphbl U
MO3TOMY  aJCOPOIIMOHHBIN
o0beM TIpU  HM3MCHCHUH
TEeMITepaTyphbI HE
U3MCHSICTCS.



[Io Tteopum Jlenrmiopa MoJEKyJbl ancopOaTa, TMPUTAHYTHIE K
OTJICJIbHBIM aKTHUBHBIM TOYKaM, MEXIy coO0l He B3auMOAeUCcTBYIOT. OJIHAKO
MpU HAKOIUIEHWU B aJCOPOIIMOHHOM CJIO€ MOJIEKYJ BEIIECTB C OOJBIION
MOJIEKYJISIPHOM MacCOM, MEXAY HUMH MOTYT BOSHUKHYTh 3HAYUTEIbHbBIC CUIIbI
cuemieHud. B 3Tom cimywae ypaBHeHuwe JIeHrmMropa [aeT HEBEpHBIE
pe3ynbTaThl. B psjae ciydaeB, B YAaCTHOCTH NPHU NPUMEHEHWH MNOPHUCTHIX
a7cOpOEHTOB, TaKUX, KaK yrojb, CHJIMKareib W np., popmyna Dpelinpinxa
JIAeT JIy4lllue pe3yabTaThl, YeM ypaBHeHUE JIeHTrMIopa.

B cootBercTBUM ¢ Teopuel l[lonsiHM misi Kakaod mapel ajacopOeHT-
aacopbar xapakmepucmuueckas — Kpueas, T. €.
3aBUCUMOCTb aJICOPOIIMOHHOTO MOTEHIHalla & OT 4
o0beMa V, 3aKIFOYEHHOTO0 MEX]y MOBEPXHOCTHIO,
COOTBETCTBYIOIIEM  JaHHOMY  IIOTEHLMANy, U
MOBEPXHOCTHIO aJCOPOCHTA, YCTAHABIMBAETCS IO
OKCIIEPUMEHTAJIBHO  OMNpPENeIIEMOM  M30TEPME
azcopOIMu. JTa 3aBUCUMOCTh UMEET BHI: %

v

p P
& = J.V.wdp :Iﬂdp —RTIn%:
». » P p
rae V,, — MOJSIpHBIN 00bEeM Trasa; p; — paBHOBECHOE JIaBJIeHHWE B ra30BO ¢aze
BHE aJICOPOIMOHHOTO CIIOS; p — JABJICHHWE HACHIIIEHHOTO Mapa B 00JIacTU
ITIOBEPXHOCTHOTO CJIOSI.

(/laitme onpedenenue & kaxk padomui!)

XapakTepUCTUYECKUE KPUBbIE MHBAPUAHTHBI 10 TEMIEpaTrype: Z—; =0.
YKazaHHOE€ CBOMCTBO XapaKTEPUCTUYECKOW KPUBOM HMEET OrPOMHOE
IIPAKTUYECKOE 3HAYCHHE, TaK KaK MO3BOJSAET IO OJHOM JIKCIEPUMEHTAIBHOU
U30TepMe acOpOIMH OCTPOUTH Yepe3 KPUBYIO -/, CEeMEUCTBO M30TEPM ISt
JOOBIX 3a/IaHHBIX 3HAYEHH 110 CXEMeE:

a;— V—a,
Pr—&—po>.

/ M
(V.=aV, = |a,— ,TA€ p — IIIOTHOCTh BEILIECTBA B )KUJKOM COCTOSTHHH )
o,

Hns  ppyroro ancopbata HM30T€pMYy MOXKHO BBIYHCIUTH 10 yKe
HaWJICHHOW XapaKTePUCTUYECKON KPUBOM.

AJZIcOpOLMOHHBIN MOTEHIMAN JJI1 AAHHOTO aJcopOeHTa &; U3MEHSETCs
OJIMHAKOBO JUJIS BCEX aAcopOupyeMbIX BemiecTB. [losToMy mnpu paBHBIX
3allOJIHEHUSAX  aJCOPOLIMOHHOTO  CJIOS  OTHOLIEHUE  aJCOpPOLIMOHHBIX
MOTEHIMAJIOB ABYX a/1cOpOATOB ABJIAETCS NOCTOSTHHOW BETMYHUHOM:
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KpuBble ¢ TMOCTOSHHBIM OTHOLICHHUEM OPAMHAT  HA3BIBAIOTCS
ag@unnvimu (OT NaT. affinus — pOJCTBEHHBIN, COOTBETCTBEHHBIN). [ToaTOMY £
Ha3BIBAIOT K02 Puyuenmom appunrnocmu.

B unenom, teopus IlonssHM, HECMOTpsT Ha CBOK OrPAaHUYEHHOCTH
(OTCYyTCTBME AHAJIUTHUYECKOTO BBIPAKEHHS JJIsI H30TE€PMBI), OTHIOAb HE
NOTEpsASIa MPAKTUYECKOr0 3HAYEHHMS] W JO HACTOSIIEr0 BPEMEHU OCTaeTcs
Teopuel, MPUTOJHON JUIs ONMUCAaHUS aICcOpOIMH Ha aJCcOpOEHTax ¢ pe3Kou
HHEPreTUYECKON HEOTHOPOJHOCThIO, HAIPUMED, HA AKTUBUPOBAHHBIX YIJISIX.

Jlenanuch monbITKU 0000uMTh Teopun Jlenrmriopa u Ilonsau. OgHoi
U3 HauOoJiee yJauyHbIX IMONBITOK SIBISETCA TaK Ha3biBaeMas meopusi bOT
(tTeopust bpynayaspa-Ommera-Temnnepa, 1935-1940 rr).

OcHoBHbIE ON0kKEHUSA Teopun bOT:

1. Ha moBepxHocTH ancopOeHTa UMEETCS OINPEICICHHOE YHCIIO
AKTUBHBIX [IEHTPOB.

2. BzaumopeiicTBueM ancopOMpPOBAaHHBIX MOJEKYJT B TEPBOM U
MOCEAYIOLUX CI0AX MpeHeOperaroT.

3. Kaxnmas Moisekyna IIEpBOTO CJOSI MOXKET CTaTh AaKTUBHBIM
[EHTPOM JIJIs aICOPOIIMK 00pa30BaHUs MOCIETYIONTUX CIIOEB.

4. Ilpeanosaraercs,, 4TO BO BTOPOM H MOCIEAYIOIIHUX CIOSIX BCE
MOJIEKYJIBI UMEIOT TaKyl0 K€ CYMMY CTaTUCTUYECKUX COCTOSIHHIA,
KaK ¥ JKHJIKOCTH.

YpaBHeHUE U30TEPMBI aJCOPOLIUK B JIMHEHHOM BUe (3anuwiume e2o!)
MO3BOJIIET TpaUUeCKu ONpeNeTuTh mapameTpsl ¢ u I,,. (Bcnomunume, ¢ —
Imo KoHuyenmpayua?)

OT angcopOumu Ta30B U MAPOB CYIIECTBEHHO OTJIMYACTCS afcopomus u3
pacTBOPOB HA TBEPAOH MOBEPXHOCTH. Tak mpu aacopOImu razoB MOBEPXHOCTh
afcopOeHTa ¢ POCTOM JaBJCHHUS TMOCTENEHHO 3amoJIHAETCS ajcopOaToM B
COOTBETCTBHHM C u30TepMoil ancopOrmu. [lpum amcopOuuu W3  KUIKHX
PacTBOPOB MOBEPXHOCTH aJCOPOEHTA BCET/Ia MOJIHOCTHIO 3aHATa MOJIEKyJIaMu
pacTBOPHUTENS. M PACTBOPEHHOIO BellecTBa. PacTBOpEHHOE BELIECTBO MOXKET
azcopOMpoBaThCA Ha a7COPOEHTE, TOJIBKO BHITECHSISI MOJICKYJIBI PACTBOPHUTEIIS
C €ro MOBEPXHOCTH.

JIiss  XapakTepUCTUKH PAaBHOBECHOM  aacopOmmm U3 pacTBOpa
HCIIOJIB3YIOT KaKyI0-TH00 U30TepMYy aJCOpPOIIUH.
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Jlns  moctaroyHO pa30aBiICHHBIX PACTBOPOB  aiCcOpPOIHMSA  XOPOIIO
onuchiBaeTca ypaBHeHueM Jlenrmiopa wim benekepa-®penHanuxa, KoTopoe
JUISE aJICOpOIIMU U3 PACTBOPOB UMEET BUI:

I=ke'".
JIJIs 9KCIIEpUMEHTAIBHOTO HCCIE0BaHUs afCOPOIIMU U3 PacCTBOPOB
UCIIOJIB3YIOT APYTHE YpaBHEHUS, HAIIPUMED:
_(e,=a)V

m
rae [, — KOJIMYEeCTBO BEIIECTBA, acopOupoBaHHOro 1 r aacopOeHTa, MOJIb/T;
C, U ¢ — HauaIbHAs ¥ PABHOBECHAS KOHIICHTPALHH a1cop0arta, MOb/mM’; V —
00BbEM pPacTBOpa, M3 KOTOPOrO MPOUCXOIUT aicopOuus, IM’; m — Macca
azicopOeHTa.

9KC

Cy1miecTBeHHYIO pOJIb MPU aJACOPOIMH U3 JKUJIKHUX PAacCTBOPOB UTpaeT
pupojia pacTBOpuUTeNs u aacopoenta. OOIee MpaBuiIO: YeM JIydIlle JaHHBIHA
pacTBOPUTENH CMAaYUBAET aJICOPOEHT, TEM MEHBIIIE aIcOPOIIHS paCTBOPEHHOTO
BellleCTBA U HA00OPOT. ACOpOIMsS pacTBOPEHHOTO BEIIECTBA HAa TBEPAOU
MMOBEPXHOCTHU Oy/ieT TeM OOoJbIe, 4eM OO0JIbIIe PA3HOCTh MOJISIPHOCTEH MEXKITY
pacTBopuTeneM W ancopOeHToM, u Haobopor. Takum obOpazom, amcopOmus
UJET B CTOPOHY YpaBHHMBAHHS TOJSPHOCTEH W TEM CHIIbHEE, YeM OOJIbIIe
Pa3HOCTh MOJIIPHOCTEN (npasuno ypasuusanus nonsipHocmet Pebunoepa).

AncopOIust  DJIEKTPOJIUTOB W3 BOJHBIX PAcTBOPOB Ha TBEPABIX
ajicopOeHTax sBISETCS eme 0oJiee CIIOKHBIM MPOIIECCOM, YeM MOJICKYJIsIpHAs
agcopOrmsi. Ha amcopOIy MOHOB CYIIECTBEHHO CKa3bIBA€TCA TMPUPOJA
agcopOenTta. Tak, HOHBI, CIOCOOHBIC TOJSAPU3OBATHCS, aAIACOPOUPYIOTCS
OOBIYHO HA TIOBEPXHOCTSX, COCTOSIINX W3 TOJSPHBIX MOJEKYJ WM HOHOB.
[Ipotiecc agcopOIHMK MOHOB YCIOXKHSETCS €IIe U TeM, YTO OH, KaK MPaBUJIO,
HEeoOpaTuM.

Pannyc MOHOB CHUIIBHO BIIMSET Ha MX CIIOCOOHOCTH aJCcOpOUpPOBATHCS.
Tak, u3 MOHOB OJMHAKOBOW BAJICHTHOCTH JydYIlle aJCOPOMPYIOTCS HOHBI,
UMeIoImue OONBIMUN  paguyc, T.K., BO-TIEPBBIX, TaKWe WOHBI CHJIbHEE
MOJIAPU3YIOTCS, a BO-BTOPBIX, MEHBIIE THUApAaTUPYIOTCsA. Cpeau WOHOB,
UMEIOIINX Pa3JIMYHbIC 3apsi/ibl, Kak MPaBUIO, JIyUIlIe aacopOUPYIOTCS HOHBI C
OOIBIIIM 3apsIOM. PSbI HOHOB, COCTABJICHHBIC B TOPSIKE YMEHBIICHUS HX
CIIOCOOHOCTH CBSI3bIBaTh BOJY, HA3BIBAIOTCS JIUOMPONHLIMU paoamu (paoamu
T'eopoiiya v paoamu I 'ogpmeticmepa).

HecoMmHeHHBIN wWHTEpeC s KOJJIOMTHOW XHMHU TIPEJCTaBIISCT
aJicopOIsl MOHOB IMOBEPXHOCTBIO KpHCTauia. B 3ToM ciydae ancopOmmro
MOXKHO  paccMaTpwBaTh  KaK  KPUCTAUIM3AIMIO, T.€.  JIOCTPOHKY

KPUCTAJUIMYECKOW  pEeNIeTKM  CIIOCOOHBIM  aacopOMpoBaThCs ~ MOHOM
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(Bcnomnume  npasuno Ilanema-®aanca o0 cnocodbnocmu  UOHOG
docmpaugamep Kpucmaiiudyeckylo peuiemky, komopoe Buvl usyuanu, kozoa
paccmampueanu gopmuposanue muyenn ¢ 30aax!) llpu stom Ha Kpuctaie
oOpasyeTtcs dgotinoti snexkmpuueckuii criou (J1C).

Ecnu xe Ha moBepxHOCTH aacopOeHta yxke mmeerca JO9C, Tto mpu
KOHTAaKT€ 3TOr0 aJcOpOEHTa € 3JIEKTPOJUTOM MOYTH BCErJa B TOW WM MHOU
CTENEHU MPOUCXOAUT UOHOOOMeHHAsE adcopbyus. 11oIBUKHBIE TPOTUBOUOHBI
AIEKTPUYECKOTO CJIOSI CIIOCOOHBI OOMEHMBATHCS HA JIPYTHE HOHBI TOTO JKE
3HaKa, HAXOAIINECS B PacTBOpE.

ITepBbie coobmieHnss 00 HMOHOOOMEHHOUM ajcopOIUM ObUTH ClIeJIaHbI
Tomriconom u Yaciu B 1850r. OHM yCTaHOBWJIM, YTO MEXIY BOIHBIMU
pacTBOpaMH CoOJIEW W TMOYBaMM MPOUCXOAUT oOMeH uoHamu. Bemiectsa,
CIIOCOOHBIE K MOHHOMY OOMEHY M HCIOJIb3yeMble ISl afCcOpOIIMU HOHOB,
MOJIYYHJIA Ha3BaHUE UOHOOOMEHHUKOS VI UOHUMOS.

NoHUTB UMEIOT KapKaCHYIO CTPYKTYpPY, «CIIUTYIO» KOBAJICHTHBIMU
CBSA3SIMU. 3apsiJi Kapkaca CKOMIICHCUPOBAH IPOTHUBOIOIOKHBIM 3apsiioM
MOJBW)XHBIX ~ MPOTUBOMOHOB,  HAXOIAIIMXCS B aACOPOIMOHHOM |
auddysuonnoit yactsax I3C.

HNonuTel Aenarcs Ha opeaHuueckue N Heopeanuyeckue (IO COCTaBy), Ha
npupooHvie N cunmemuyeckue (MO TPOUCXOXKIEHUIO), HA KAMUOHUMbL,
aHuoHumsl U amgorumol (M0 3apsy OOMEHUBAEMBIX HMOHOB; TMOCIIEIHUE
CrocOOHBI 0OMEHUBATh KaK KaTHOHBI, TAK U aHUOHBI).

[Tog eMKOCTbIO HMOHHMTA MOHHUMAIOT €ro CHOCOOHOCTh OOMEHHBATH
WOHBI, KOTOpas ONpeNensieTcs YuciIoM (DYHKIIMOHANBHBIX Tpynm u
TEOPETUYECKH SBJISIETCS] BEJIMYMHOMN MOCTOSHHOM, a MPaKTUYECKU — 3aBUCUT
OT psifia yCIOBUM.

Cmamuyeckas obmennaa emkocms (COE) — momHas eMKOCTb,
XapakTepu3yroIias o0Iiee 4Yuciao OOMEHHBIX Tpynn (MMOJb 3KB Ha 1T
BO3/LYIIHO CYXOro HOHHTA MK Ha | cM® HaGyXIIero).

Junamuuecrkas oomennasn emxkocms (JJOE) — onpenensiercs To 4acTbio
MOHOTEHHBIX TPYII, KOTOpas yYacTByeT B OOMEHE B TEXHOJOTHYECCKUX
YCJIOBHSIX, HAPUMEpP, B MOHOOOMEHHOW KOJIOHKE IMPHU JIBWKEHUU pPacTBOpa
otHocutenbHO noHuTa. JIOE Bcerma mensie COE, oHa 3aBUCHUT OT CKOPOCTH
JBYKEHUS PacTBOPA, pa3Mepa KOJIOHKH U JIp.

Bonpocsl 1 3ajaHus 1)1 CAMOKOHTPOJISA 3HAHUM o0 MaTepuaay 11-i
JICKIIUM

1 CdopmynupyiiTe OCHOBHBIE TMOJIOXKEHUsT Teopuu Jlenrmiopa wu
3aMMILINATE YPaBHEHUE U30TEPMBbI aJICOPOLIHH.
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[Ipoananu3upyiite ypaBHEeHUE Tpu a) ¢ — ©; 0) ¢ — 0; B) I=172.
Yemy paBHA KOHCTaHTA k?

Kak Bpl moHuMaere TepMHHBI «MOHOMOJIEKYJISIpHAs aacopOLHsy U
«TOJUMOJIEKYJISIpHAs aACOPOIUsI»?

Bxomut nmu B teopuro IlosisiHu mpencTtaBiieHUs O JIOKAJIM30BAaHHOU
azcopOuuu?

Yro Takoe ancopOLUMOHHBI 00BEM, aJCOpPOLMOHHBIN MOTEHLUA,
XapaKTepUCTHYECKAsI KpUBas?

OxapakTepusyire NpakTUYECKUE BO3MOXKHOCTH Teopun IlomsHwy,
UCXOJs U3 TOro, yTo Bbl MeeTe n3orepmy ajcopOLuu BelecTBa Ha
ancopOenTe. Kakue 3aBUCHMOCTH MOXHO MOJIyYUTh, TIOJB3YSICh 3TON
TEOpUEH U HKCIIEPUMEHTATILHON H30TEpMOM afacopOIu?

KakoBbel ocHOBHbIE T0JIOKeHUsT Teopun BOT m ee mpakTtuueckoe
3HayeHne? Kakylo BaXHEHIIyI0O XapakTepUCTUKY afcopOeHTa
MOJIyYaroT, MOJIb3YACh 3TON Teopuen?

B dem 3akirogaroTcsi 0COOCHHOCTH aJICOPOITUU U3 paCTBOPOB?
OObsicHUTE, TOYEMY MNPU BBICOKMX KOHLEHTpAIUsl pacTBOPEHHOTO

BEIIECTBA  yJIeJbHAsI  aJCcopOIus M YacTO CTAHOBUTCS
m

OTPULATEIIbHON BEIWYUHOU, T. €. KpUBas 3aBUCUMOCTU YJACIbHOMU
azcopOLuy OT KOHIIEHTPALMH OITyCKAeTCsl HUYKE OCH adCLHCC.

10 Byner nu otnuuaTthes opueHTanus moisekys [TAB mpu ancopOuuu

N3 BOAHBIX PACTBOPOB HaA YIJIC U cunukarene?

11 Kakoe mnpaBuno ycranoBun II. PeOunnep mns axcopOruu w3

pacTBOpoB?

12 K. I'expoiill yCTaHOBHMIJI, YTO HOCHTEIEM OOMEHHOW aacopOIuu B

MOYBE SBJISICTCS TOYBEHHBIM MMOTJIOMIAKOIMMNNA KOMIUIEKC, KOTOPBII
MpeCTaBIsAeT cOOOM BBICOKOAUCIEPCHYIO CMECh HEPACTBOPUMBIX B
BOJIC QJIIOMOCUJIMKATHBIX, OPTraHUYECKUX M OPraHOMHHEPATbHBIX
coequHeHnl. B oOMeHe y4acTBYIOT TOJBKO KaTHOHBI. Kakoil u3
MEPEYUCIICHHBIX HOHOB BBITECHSIET Oojblie Oapus u3 oOpasna
YEPHO3EMHOW TOYBHI: Mg2+, Li", K*, Rb", Cu®>™? Pacronoxure 3tu
HOHBI B TIOPSIIKE YBEINYEHUS BHITECHUTEILHON CIIOCOOHOCTH.
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JIEKIIAS 12

«DiKona Manzavca 60pye ocenura udes. «<Kup! —
écKpuuar on. — Kup, pebsma. Jllawume cioda baxu c
mioAeHbUM Kupom». Komanda cpazy nomsrd MblcAb
Kanumana. OW XOmeA NpumeHums cpedcmeo, uHozod
oaroulee OMAUUHbIE PE3YALMAMbL MOKHO YMEPUmb
SPOCIMb B0AH, 6bIAUS HA HUX, CAOTL JKUOKO20 Kupa, Imom
CAOTL 6CTIABIBAETL HA NOBEPXHOCHD U OCAAbASIEN B0AHDL.
Kup ycnoxaueaem 60imvL MzHO8eHHO, HO Oelicmeue ezo
Kpamxoepemenno»

XK. Bepn

Bbl, HaBepHOe, HEOAHOKPATHO MOIJM HAOJIOAATHL O0pa3oBaHHUe
TOHKHUX IJIEHOK Pa3JIUYHBIX Bel[eCTB HA MOBEPXHOCTH BOJAbI MJIM JPYTHX
skuakocreid. [lpuBeaure npuMepsl Takux miIeHOK. KakoB mexaHusm Hx
oOpa3oBaHus?

B kxadectBe mpuMepa MOXKHO TPHUBECTH 0Opa3oBaHWE Ha MOBEPXHOCTU
BOJBI TUICHOK HedTH, OeH3uHa, maceln, IIAB. Takue mieHKH MOTYT OBITH
HEBUJMMBI  HEBOOPYXKEHHBIM  TJIa30M  (TUIGHKH  MOIOIIUX  BEIIECTB),
NPOSIBIATHCS B BUAC MHTEP(HEPCHIIMOHHOW KapTHHBI (TOHKHE CJIOM OEH3WHA,
He(TH) UM MOTYT OBITh OOHAPY’KEHBI KaK JJOCTATOYHO TOJICTHIC OKpPAIICHHBIC
TUIeHKY (TUIeHKU HedTH, HadTaIuHa).

[IneHkn Ha TOBEPXHOCTH >KUJIKOCTH MOTYT OOpPa30BBIBATHCS JIBYMS
criocobamu:

-AncopOuueit BelecTB U3 00beMa pacTBOpa HA €ro0 MOBEPXHOCTH (cou
T'u66ca). Ilo Takomy MeXxaHHW3My OOpa3yrOTCS IUIEHKHM MajOpacTBOPUMBIX B
JTAaHHOM PAaCTBOPHUTENIC BEIICCTB, KOTOPHIE SBIISIOTCS MO OTHOIICHHUIO K HEMY
MMOBEPXHOCTHO-aKTUBHBIMU  (BOJHBIE  PAcCTBOPHI ~ MOIOIIMX  CPEJCTB,
MaJjIOpaCTBOPUMBIX CITHPTOB, KHUCIOT WU Jp.). BO3MOXEH Takke MEXaHU3M
aJIcOpOITMH BEIIECTB U3 Ta30BOM (a3bl.

-HemocpencTBeHHBIM ~ HaHECEHHWEM  BEIIECTBA HA  MOBEPXHOCTh
KUJIKOCTHU TIOJY4aloT TUIEHKH HEPACTBOPUMBIX BemlecTB (crou Jlenemiopa). B
ciydae JKHAKOCTeH (HeTh, Macia W Jp.) TUICHKU (OPMHUPYIOTCA 3a CUeT
CaMOIIPOU3BOJILHOTO pacTekanus. (Cghopmynupyiime ycnosus, npu Komopvix
peanuzyemcs HeoZpaHuueHHoe PAcmeKaHue HCUuOKoOCmu no noeepxXHocmu
opyzo0ul yHcuokocmu ¢ o00pazosanuem MoHoc10sa.) TBepabie BelIEeCTBA
HaHOCAT JMOO B BHJE TMOPOIIKA, JUOO B BHUAEC PacTBOpa B JIETKOJIETy4eM
pacTBOpUTENC, KOTOPBIA BIIOCIEACTBHH MOXKET OBITh yAAJICH HCHapeHUEM
(madranun, kamdapa u ap.).
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Mousekyabl BelmecTBa, 00pasylomue MOBEPXHOCTHYH IUICHKY Ha
NMOBEPXHOCTH KUAKOCTH, B3aMMO/ICICTBYIOT He TOJbKO C € MOJICKYJIaMH,
HO M JApyr ¢ JapyroM. HWHTEeHCHMBHOCTH 000MX B3aMMOAeHCTBUIL
CYLIECTBEHHO 3aBHCUT (IIOMHMMO TeMIEpPaTypbl) KaK OT HPHUPOALI
BelIECTBA M KMIAKOCTH, TAK U OT TOJIUMHBI IUIeHKU. [loBepxHOCTHBIE
IVICHKH M0 AaHAJOIMM ¢ Pe3MHOBbIMU IUIeHKaMu (Ilouemy makasn
aHanous He Mmodcem Oblmb NOJHOU?) XAPAKTEPHU3YIOTCH JAaBJCHUEM,
KOTOPOEe HA3bLIBAKT NOGEPXHOCHMHbLIM WJIH O06yxmepHvim. Onuuure
YCTPOWiCTBO M TPUHOUN JAeHCTBUS NPudopa, CKOHCTPYHUPOBAHHOIO
JIeHrMIOpOM [UIsi M3MEPEHUs JIBYXMEPHOI0 /JaBJICHUSI NMOBEPXHOCTHBIX
IVICHOK.

[Ipubop JlenrMropa npeacraBisieT

co0oif IUIOCKYIO KIOBETY C
rupodoOU3NpPOBaHHBIMU  TapaduHOM /Fq 2
cTeHKaMu. Ha TIOBEpXHOCTH KIOBETHI v E

MOMEIIAIOT JICTKUH TJIaBaroluii 0apwep,
COCOUMHEHHBIM C JIUHAMOMETpoMm. B
COBPEMEHHBIX  BapuaHTax  mnpudopa
UCIIOJIB3YIOT ~ BBICOKOYYBCTBHUTEIIbHBIC
aBTOMATHYECKUE CUJIOM3MEpPUTENN. B KIOBETy HAJIMBAIOT JO KpaeB BOJIY U B
IPOMEXKYTOK MEXAY TMOJABWKHBIM (M3MEpPUTEIbHBIM) M HEMOJBHKHBIM
(BcmomoraTenbHbIM) OapbepamMu HaHOCAT u3Mepsiemoe BemectBo ([TAB),
oOpasyiolliee TOBEpXHOCTHYIO IUJIEHKY. JIByXMepHOe JaBiieHue T,
co3gaBaeMoe IUICHKOHM, JEeWCTBYeT Ha U3MEpUTeNbHbIA Oapsep. OHO
IIPONIOPLIMOHAIIBHO MTOKa3aHUAM JUHAMOMETPA:

¥

T = 7,
riae f— cuna, Gpukcupyemas TMHaMOMEeTpoM; / — mupuHa 6apbepa.

JUis u3MeHeHus IUIoNIaJd ITOBEPXHOCTH, HAa KOTOPOM HAHECEHO
3aJlaHHOE KOJINYECTBO BelIeCcTBa (T. €. JUIsl U3MEHEHUsl CTENEHU 3all0JIHEHHUS
MOBEPXHOCTH, KOTOPOE€ BIUSAET HA COCTOSHUE IUIEHKH), NEPEeIBUTaI0T
HEMOJABW)XHBIA BCHIOMOTaTelbHbId Oapbep. (Kakoeo munuunoe 3nauenue
08YXMEPHO20 0A61ICHUA HEPACMBOPUMBIX NJIEHOK?)

IIpoananu3upyiite 3aBUCUMOCTb 7—S,, MOJY4aeMYl0 B pe3yJbTaTe
NMPOBeAeHUsI OMMCAHHOrO »JKcnepuMenrta. Kakyw wuHpopmannio 00
HCCJIelyeMOM BelleCTBE MOKHO MOJYYUTh U3 JAHHOH 3aBUCUMOCTH?

[Io 3aBUCMMOCTH IOBEPXHOCTHOIO JaBJIEHUS IUIEHKH OT 3HAYEHHUS
aacopOouuu /7 (WM IJIOIAa MOBEPXHOCTH, NMPUXOAIIeics Ha 1 Monekymiy
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(wmu 1 Monp) BeliecTBa IUICHKH S, (S,,), MOKHO
CYIuTh 00 arperaTHOM COCTOSIHUU IUIEHKH. JOTa 7T
3aBUCUMOCTh  AQHAJOTMYHA  M30TEpME  JUIA
peanbHbIX ra3oB M MapoB. Tak, ImpH OOJIBIIMX
3HaYEHUAX S, (IUIEHKa CWJIBHO PAacTSIHYTa)
MOJICKYJIbl TUICHKH PAaCIOJIOKEHbI Ha OOJbIIOM
paccTOSIHUM Jpyr OT Jpyra W BeayT cels

noj00HO  JABYXMEPHOMY  ra3y,  IO3TOMY S0 S;
3aBUCUMOCTb 7S,  TNpPEACTaBIsieT  cOoOOM

JUHENHBIN y4acTOK, napajljiebHblid ocu adciucc. B pe3ynbpTaTe BHINOTHEHUS
MHOTOUYHCIICHHBIX ~HCCIIeOBaHUN JIeHrmMopa © €ro mnocjefgoBaTesei
(H. Anama, E. Paiimuna u ap.) ObUTIO NOKa3aHO, YTO JJISI IIUPOKOTO Kpyra
BEILIECTB HE3aBUCHUMO OT mpuponabl Monekys [IAB npu /" — 0 crpaBemimBo
BbIpaxeHue s, — kg T.

[lo mepe yBenuuenus s, (3a CYET MPUONMIKEHUS BCIOMOIATEIbBHOIO
Oapbepa K H3MEPUTEILHOMY W/WIW YyBeludeHusi koHmeHTpauuu I[IAB)
moiekyiel [IAB npubmmkarotes apyr k Apyry. [Ipu 1ocTuxkeHun HEKOTOPOro
npejena MOJIEKYJIbl 00pa3yroT CIUIOMIHYIO KUAKYIO IJICHKY B BUAE MOHOCIOS,
YTO COOTBETCTBYET PE3KOMY YBEJIIMUEHHIO 7T BCIEACTBUE MO CKUMAEMOCTH
Kuakoctu. Ecnu nmpuTspkeHne MOJEeKyJl BBIPaKEHO cllado, TO 3aBHCHUMOCTb
JBYXMEPHOT'O JAaBJIECHUS OT IUIOIIAAU MOBEPXHOCTH, MPUXOIALIYIOCS HA OJHY
MOJIEKYJLy, MOXET OBbITh ONMHMCaHa NpPeIoKEHHBIM DOIBMEPOM BBIPAKEHUEM,
AQHAJIOTUYHBIM YPAaBHEHUIO HJCAIBHOTO Ta3a C BBEACHHOW IIONPAaBKOM Ha
COOCTBEHHBI 00BEM MOJICKYJIBI:

(s, —s,)=k,T.
OnHako poOCT JABYXMEPHOIO MJAaBJICHUS MpPHU
C)KaTUU a7ICOpOIMOHHOTO cliost OTpaHUYEH ii_é_ijé?{%
HEKOTOPOW BEJIWYMHOU T, KOTOpAs Ha3bIBACTCS 53?335"‘__
TS f?f;
oasnenueM  Koilanca, TaK Kak TPH  ITOM e f { ﬁ?

MOHOMOJIEKYJISIDHBIA  CJIOM, KakK IMpPaBUJIO, TEPSET
CBOIO YCTOMYHMBOCTH, Ha €r0 MOBEPXHOCTU O0Pa3YyIOTCs CKIaAKUA U BOSHUKAIOT
MOJIMMOJICKYJISIPHBIE YYACTKHU.

[Io wu30oTepmMaM NOBEPXHOCTHOTO JABJICHHS MOXHO HE TOJIBKO
YCTaHOBUTH TUII TOBEPXHOCTHOM TUICHKU, HO U ONIPEACIIUTH pa3Mephl U hopmy
Mosekya [TAB, oOpa3yronux mieHky.

3HAa4YEHUE S,, COOTBETCTBYIOLLEE T4y, MOYKHO TPHHATH 3a IUIOLIAIb,
3aHUMaeMyl0 oJiHoM MoJiekyynoi IIAB mnpu mnpenenbHOM 3amoJIHEHUU

MOHOCJIOS, T. €. OHA paBHA MI0WAOU NONEPEHHO20 Ce4eHUsi OOHOU MOJIeK) bl
1IAB:
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1
s, ==,
Foo : NA

Benuunna s, mpuOIM3UTENBHO NOCTOSIHHA ISl HEPa3BETBJIEHHBIX
YJIEHOB TOMOJIOTHYECKOTO psla HEKOTOopbiX kiaccoB I[IAB (ecnomnume
npasuno /[iokno-Tpayébe!). bonee T0rO, 5, HE 3aBUCAT OT IPUPOIBI TOJSIPHOU
IPyNIbI, YTO CBHUJETEIBCTBYET O TOM, YTO OHA OINPENEISIETCS IUIOLIAIbIO
IIONIEPEYHOr0 CEYEHUS YIVIEBOAOPOAHOM LIETH.

TS, ‘r

tgo = s

k7| |

»
»

i

YacTo n30TepMy ITOBEPXHOCTHOTO JIABJIEHHUS CTPOST B KOOPAUHATAX 7S, — TT:
ga = S,.
Ecnu neusBectHa monekymsipHas macca [IAB, To Hamo mpeoOpa3zoBathb

v m
IIOJIyYEHHOE BBIPAXKECHHE, YMHOXXHMB €ro KaXIbld ujleH Ha —-N,. B
M

pe3yJIbTATE MOJYyUYHUM:

m m m
mM.H.NA_ﬂSO'H.NA :kET.M'NA7

m 9
TIe s, -H-N , =S — MakpoIuionaib, 3aHsATas MICHKOM.

m
Hanee k,T -H-N , O0003HaYUM Kak 6 M IMOCTPOUM TrpaduK B KOOpIMHATAX

TS — 7

TCS A

tga:so-%-NA

Tak HaX0AT MOJNIEKYJIAPHYIO Maccy OEJIKOB.
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(Kakum 00pazom  u3MeHAWOMCA  CEOUCMEA  HCUOKOCMU  npU
oopazosanuu na ee nosepxnocmu niaenxku INAB?)

OxapakTtepusyiiTe BO3MOKHbI€ THIIbI COCTOSIHUII MOBEPXHOCTHBIX
IUICHOK.

B camom o0mieM ciiydae B aficOpOIIMOHHOM CJIO€ JEHCTBYIOT CHIIBI KaK
MEXMOJIEKYJIIPHOTO OTTAKUBAHUS, TaK U MEXMOJIEKYJISIPHOTO MPUTSKEHHUS.
CocTosiHUE TUIEHKH OMPEIENsieTCcsl, C OJHON CTOPOHBI, MPHUPOAOW BEIIECTB
(T. €. cuiIoil B3aMMOJEWUCTBHUS MOJIEKYJl IUIEHKOOOPA3yIOIIero BeIlecTBa
MeXAy CcoOOH ¥ MOJEKyJIaMH JKHUIKOCTH), a C JpPYrodl CTOpPOHBI,
KOHIIEHTpAIlMeH IJIEHKOOOpa3yIoIIero BemecTBa. AJJICOPOIIMOHHBIE CIIOU
MOT'YT HaXOAUTHCA HE TOJBKO B COCTOSIHUAX, AHAJOTMYHBIX WU3BECTHBIM IS
o0beMHBIX (ha3 (Hampumep, B Ta3000pa3HOM, TBEPIAOM, XHUIAKOM), HO H
OOHapy>XKMBAIOT HEKOTOpPbhIC HWHBIE, HE HMMEIONIME AaHAJIOTOB B OOBEMHBIX
¢azax.

Haunbonee mnonHoe mpeAcCTaBI€HUE O COCTOSHUM TMOBEPXHOCTHBIX
IJIEHOK OXBaThiBaeT Kkiaccudukaius A. Agamcona. CoriacHo 3ToM
KJ1accuUKaIMy MOBEPXHOCTHBIE TUICHKH JENATCs Ha 4 Tumna:

1. I'azoo6pasnvie nnenku (G-nienku)

B Takux mieHkax MOJIEKYJbl pacHojlararoTcsi Ha OOJBIIOM pacCTOSHUU
APYyT OT JIpyra U, COOTBETCTBEHHO, CJIa00 B3aUMOJCHCTBYIOT. OHU ABMXKYTCS
IIPAaKTUYECKA HE3aBUCUMO, HAIlOMHHAs II0 CBOMCTBAM MOJEKyJbl rasa. Ha
U30TepME JIBYXMEPHOTO JIaBJCHHsS Tra3000pa3HOE COCTOSIHME OTBEYaeT
JUHEMHOMY YdYacTKy, napajuieqbHoMy ocu aOcuucc. OOpa3zoBaHUE IUIEHOK
ATOTO THIIA XAPAKTEPHO I BEUIECTB, Y KOTOPBIX YIVIEBOAOPOAHAS YacCThb
conepxut 12-22 aromoB yriepoja. OHU CyHIECTBYIOT IPU HU3KUX 3HAYECHUSX
JBYXMEPHOTO JABJICHHsS WJIM JOCTaTOYHO BBICOKHMX TeMIleparypax. Takwue
IUICHKA AHAJIOTMYHBI TMOBEPXHOCTHBIM IUIEHKaM, KOTOpbIE 00pa3yroT
pactBopuMble [TAB npy o4eHp HU3KOM UX KOHLIEHTPALIUH.

2. Kuokopacmsanymuie nieuxu (LE-naenku unu Ly-nienku)

OHHU 3aHUMAIOT MPOMEKYTOUYHOE MOJOKEHUE MEXAY Tra3000pa3HbIMU U
UCTUHHO JKUJKUMHU TIUIeHKamu. Jisg Hux s, >>5, Y Takux IUIEHOK
CYHIECTBYIOT 00JIaCTM KOHJCHCHUPOBAHHOTO COCTOSIHHSA, XOTSI TOJIIMHA HX
MEHbIIE JUIMHBI  yrieBogoponHo dactu I[IAB. Takoe cocrosHue
MTOBEPXHOCTH HE HMMEET aHajora B 00OBbEMHBIX (azax. DTO BO3MOXKHO TMPH
TAaKOM PACIOJIO0KECHUU MOJICKYJI, KOTJla MEXIY YTJICBOJOPOIHBIMU YaCTSIMHU
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peanu3yercsl MPUTSHKEHUE, a MEXIy MOJSPHBIMU TPYIIaMU — YMEpPEHHOE
OTTaJIKUBaHUE.

Takue mIeHKH O00pa3yrOT JKUPHBIE KUCIOTHI C HEOOJBIION UITMHOU
YTJIEBOJOPOTHOM IIETMH U BEIIECTBA C Pa3BETBICHHBIMU IICTISIMHU.

3. ’Kuoxue nnenku (LC-nnenxu unu L;-nnenku)

Onu XapaKkTepU3yrTCs Majon C)KUMAEMOCTBIO, HaJIMYAEM
KOHJICHCUPOBAHHOIO COCTOSIHUS — Y4YacTKOB «4YacTOKoJia» JIeHrMmiopa
oOpa3zyrorcs u3 LE-TVIEHOK IPHU BICOKUX 3HAYEHUSX JBYXMEPHOIO JIABJICHHUS.
Nx TtonmmmHa paBHA JIMHE YTIeBOAOpOAHOM nenu Monekyiasl 1IAB. Ha
U30TepME JIBYXMEPHOTO JABJICHUS TaKUX IUIEHOK HaOJIIOAaeTCsl pe3KHid
IIOIBEM.

Mexny  KUOKMM U OJKHJKOPACTSIHYTHBIM  COCTOSIHUAMHM — MOXET
CYLIECTBOBATh IMEPEXOAHAss 00JIACTh CPABHUTEIBHO BBICOKOW CKHUMAEMOCTH,
KOTOpast OTBEYaeT TaK Ha3bIBAEMBIM IIPOMEXYTOYHBIM IIJIEHKaM, IPUPOJA
KOTOpPBIX HE BIIOJIHE SICHA.

4. Teepovie naenxu (S-nieHxu)

Nx cxxumaemMocTs enie Huxke, yeM y LC-TIEHOK U MTOYTH BCSI TOBEPXHOCTh
3anonHeHa Monekyinamu I[IAB B Buae wactokosia Jlenrmropa. HauOonee
BAKHBIC pPa3IMyus TBEPJbIX IUICHOK OT JXKHUAKUX OOHApYyXUBAETCS MpH
COIIOCTABIIECHUM MX PEOJOTHYECKUX CBOWMCTB. B  KUAKMX IUJICHKAX
Ha0II0/IaeTCsl UX TEYEHHUE y)KE€ MPU MAJIBIX HANPSHKEHUSX CABUTA, a CKOPOCTH
CABHUIa JIMHEHMHO CBSI3aHa C HANpsbKeHUEM. B mpOTHBONONIOXKHOCTH, s
TBEPJBIX IUICHOK XapakKTepHa yrpyras aedopmainusi, OHM HE TEKYT, a MpH
HEKOTOPOM 3HAYEHWU HANPSLKEHUS Pa3pyIIaArOTCS.

Kakoii u3 ¢akropoB Hapsinzy ¢ COJIbLBATHOM 000JI0YKOH HMrpaer
BAKHEHIIYI0 PoJb B o00ecreYeHUMH AarperaTMBHON  yCTOWYHMBOCTH
AUCIIEPCHBIX CHCTEM?

Takum  ¢akTopoM  SBISETCS BO3HUKHOBEHHE BOKPYI  YacTHUIL
aucnepcHor ¢asbl qBoitHOro anekrpudeckoro ciod (JI9C). Hanuuue 3apsga
MPEensATCTBYET arperauuu (CIUNAHUIO0) KOJUIOMJHBIX YAaCTHI, T.€. PE3KO
HOBLIUUAIONM YCMOUYUBOCb TUCTIEPCHBIX CUCTEM.

Kakumu  mnokasarensiMu  MOryT ObITh  OXapaKTEPU30BaHbI
3JIEKTPUYECKHE CBOCTBA IMCIIEPCHBIX cUCcTEM?

DNEeKTPUYECKHUE CBOMCTBA JUCHEPCHBIX CHUCTEM XapaKTEPHU3YIOTCS
TpeMs IOKA3ATEISIMU — 3aPsA0OM, HOMEHYUATOM U NOOBUNICHOCHIBIO.
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HaHOMHI/IM, qTo IHOABHIKHOCTD B QJICKTPUICCKOM I1OJIC
(anexmpoghopemuueckas noOBUNCHOCMb) — ITO CKOPOCTH JIBHXKCHUS YaCTHII B
IT10JIC C eHHHHqHOﬁ HAIIPsAKCHHOCTBIO!

2
qu,:%, [qu,]:%-

HaHpH}KGHHOCTB QJICKTPUYICCKOI'O IIOJIA B TOW WJIM UHOM TOYKE — 3Ta
cuiia, HeﬁCTBymIHaﬂ HA €IMHUYHBINA TTOJIOKUTEIIbHBIN 3apsama:

=L, g Haw Ao B
q’ Kn Ki-m Ki-m M
JIS I COEPUUCCKUX HAaCTULl ITIOABUKHOCTH MOZKHO OIIPECACIINTD KaK:
Htst chep p
z.e
U, =——,
e

TJ€ z; — 3apsA] YaCTHLL; 7; — pa3Mep YaCTHII.

[ToaBMKHOCTD ONPEAEIISIOT, U3MEPUB CKOPOCTh JBMXKEHHS YacTHIL, IO
cienytouei popmyre:

b g U
t /
rae U — pa3HOCTh NOTEHLMATIOB MEX/1y TOUKaMU Ha pacCTOSHUU /.

B T0 BpeMs Kak HalpsKEHHOCTH SBJISAETCS CUJIOBOM XapaKTEPUCTUKOU
NOJISI, IOTEHIINA CIIYKUT SHEPTETUUECKON XapaKTEPUCTUKOM.

ITycTh none coznano Hekum 3apanoM Q. [loTeHnman nosus B HEKOTOPOU
TOYKE — 3TO paboTa Mo NEePEMEIICHUIO €IMHUYHOTO MOJIOKHUTEIBHOIO 3apsiia
13 OECKOHEYHOCTHU B JJAHHYIO TOUKY MOJIS:

e
y=—-.
q

Ecou QO > 0, To npu npubnrkeHuu 3apsaa g = +1 u3 66CKOHEYHOCTH B
HEKOTOPYIO TOYKY T0Jig paboTa coBeplIaeTcsi npomus cucmemsl, T. €. P> 0.
HampotruB, ecim Q@ <0, TO mnpu YyKazaHHOM T[epeMelleHnu padoTa
coBepuiaeTcs caMou cucremou, oTtkyma ¥ <0. CrnenoBarenbHO, 3HAK
nomenyuana cosnaodaem co 3HAKOM noreobpaszyioueco sapsada. IloTeHunan

I1I0JIs1 TOUCYHOI'O 3apsada paBCH:

kQ
yv=—,
&r
rjae x — KodhPUuIueHT nponopIruoHanbHOCTH B 3akoHe Kynona; O — 3apsn; € —
JUAJIEKTpUYEcKass MPOHUIIAEMOCTh CpEJbl; » — PACCTOSHHE /10 TOYEUHOIO

3apsijia.

A ecnu yacTuia, co3jaromasi mojie, sBIsSeTcs He OECKOHEUHO Majou
TOYKOM, a paBHOMEPHO 3apsbKeHHOM cdepoit? BHyTpu cdepbl Bce TOUYKH
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UMEIOT OJMH U TOT K€ IMOTEHIMAJ, PaBHBIM MOTEHIMATY Ha MOBEPXHOCTH
cheppl. BHe cdepsl co3maBaeMbplii €0 TOTEHIIMAN YyOBIBACT C POCTOM
paccTostHEsL OT 1eHTpa cdepsl. CremoBaTenbHo, g chepbl  dopmyna
npuoOpeTaeT BUA:

ki ki
W:—Q npur,=2r H l//:—Q,eCerOSr,
e, e

7€ 7', — IOCTOSIHHAS BEIMYMHA, paguyc cepbl, KOTOphIM Hapsay ¢ 3apsaom O
oInpeensieT MNOTEHLKal BO BCEX TOUKaX BHYTPU c(epHI.

Bonpocs! u 3a1aHus 1)1 CAMOKOHTPOJISI 3HAHUH 0 MaTepuaay 12-i
JIEKIMH

1 TlosicHute ABa BO3MOXKHBIX MeXaHHW3Ma (HOPMHUPOBAHHS IJICHOK Ha
ITOBEPXHOCTH KUIKOCTH.

2 Jlns yero mpumensiercs npuoop Jleurmropa? OnuinTe NpuHLIKUII €ro
NEUCTBUSL.

3 Kak omnpenenuTe arperaTtHoe COCTOSHHE IUICHKM W3 aHajau3a
MU30TEPMBI €€ IOBEPXHOCTHOT'O JIaBJICHHUS.

4 Tlpusenure BeipaxeHnune PonbMmepa.

5 UYro Takoe aaBieHue KoJanca?

6 Kak ompenenuTh IUIOMIAb MOMEPEYHOTro ceueHus mosiekyn ITAB,
00pa3yoIIKX MOBEPXHOCTHYIO IJICHKY?

7 llpuBenurte aaropuTM OIPEAEIICHHUS MOJEKYJISIPHOM Macchl OEIKOB
10 U30TE€PME IMOBEPXHOCTHOIO TABJIICHUS UX IUIEHOK.

8 OxapakTepu3yiTe BO3MOMKHBIE COCTOSIHUS MOBEPXHOCTHBIX IJICHOK,
UCIIOJIBb3Ysl Kiaccuukauo A. AgamcoHa.

9 Yro Takoe IEKTPUUECKHUN 3apsil, OTCHIUAT dJIEKTPUIECKOTO IO
Y TTOJABMKHOCTD YaCTHIIBI B DJIEKTPUYECKOM ITOJIE?

10 Kak onpenenuTs 3JIEKTpUUECKHUI NOTeHIHaN chepruiecKoro Tena?
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JIEKIIASA 13

«Bnepevie npedcmasrenue ob obpazoeanuu 060UH020
areKmpuueckoeo cros  boiro  evickgsano 1. Keunke
(1859 2) u paseumo e pabomax T. Teavmzorvua (1879 2),
KOMopblil  NPeOAOKUA  TNepeylo  MoOeab  080iHO020
aAeKmpuneckozo cAos. OCHOBbL COBPEMEHHOU MeopuU
0801iHO20 IAEKMpuUuecKz0 (A0 bbiau paspabomanw.
O. Ulmeprom. Moduguxauuro ezo meopuu  0rs
yAyuuenus, cozaacus no emxocmu DIC nposoduru
DK, Puanom, . PpymKun, DK, BuKKepma,
D. Tpaxem. Ymounenus KACAAUCL Ydemd PASAUMHDBLX
C60iice KAMUOH08 U dHUOHO8, 0bbema UOHO8, ceneHu
ux zudpamayuy é adcopbuuoHHOM cr0ey

---------------------------

CoBpeMeHHass MOJENIb CTPOEHUS MULEIIBI
YUUTBIBAET TOT  (aKT, UYTO  HPOTUBOMOHBI
pacmonararoTcss B JBa CJIOA — TIUIOTHBIK W
muddy3HbIA, U UYTO MOBEPXHOCTHIO CKOJIBKEHUS
YacTULbl B PACTBOPE SBISIETCS TpaHHULA MEXKIY
TUMH ClIOsIMU. B cBsi3u ¢ 3TUM paccmaTpuBaercs
Tpu 3apsbkeHHble cepbl. [lepBas — MOBEPXHOCTH
aapa ¢ mapamerpamu ( u r,. Bropas cdepa —
ITOBEPXHOCTH KOJUIOMJHOM YaCTULBI C PAJUYCOM 7 U
3apsanoM -0 + x (x — 00U 3apsa] TeX MPOTUBOMOHOB, KOTOPHIE OCTAIOTCS B
muddysHom croe). TpeTsst chepa — 3TO yclIOBHAS MOBEPXHOCTh, K KOTOPOH
MOXKHO «HpUBS3aTh» 3apsia Au(Qy3HOH YacTH MPOTUBOMOHOB (-x). s
ouleHKH 3((PEeKTUBHOrO paauyca STOM MOBEPXHOCTU (TOYHEE, BEIHMUMHBI
d = r, - r,) BIIOJIHE NpuMeHnMa Teopus [lebdas- XoKkens, coraacHo KOTopoit d
MOYKHO HAlTH 10 YPaBHEHUIO:

_ ks T
87N ,xe" N1

Otcroma cnemyer, 4to 3¢dexktuBHas ToMmMHA UG Y3HOTO CIOs
MPOTUBOMOHOB, a 3HAYUT W IPPEKTUBHBIN PAAMYC MHIICIUTHI 3aBUCAT OT
MOHHOU cuiibl pacTBopa (/) m ot Temneparypsl (7): pasmepsl d u v, =r, +d
YBEJIMYUBAIOTCS TPU HArpeBaHUM W CHIDKEHWM HWOHHOHM cuibl. Hampumep,
ectn T=300Ku/l=0,1 MOJII)/I[M3, Tod=10"m=1 HM; €CJIM MPU TOU XKe
temmepatype [ = 0,01 mons/nqm’, To d ~ 3,1 HM
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Wrak, yuutsiBast Tpu cepbl, pacCuuTaeM pe3yabTUPYIOMIUNA TOTESHITUAT
Ha IOBEPXHOCTHU KaXKJI0W U3 HUX.

[ToTeHmman Ha MOBEPXHOCTHU S/Ipa; TEMEepb MBI €r0 0003HAYMM Kak ¢-
nomenyuan (pu-nomenyuan):

xpszﬁ(g_@_iqu).

e\r, r, r

[ToTenmman Ha TOBEPXHOCTH KOJIJIOUTHOM YaCTHIIBI, TETIEPh UMEHHO OH
o0o3HavaeTcs Kak (-nomenyuan (03ema-nomerHyuan):

\szﬁ(g_@_ijzg,

e\r, 7, r

OueBuaHO, 4TO { < 0.
HakoHner, moTeHIMan Ha TMOBEPXHOCTH pajuyca 7, PaBEH HYIIO —
MUIIEJUIA B IIEJIOM JICKTPOHEHTpaIbHA:

Tizﬁ(g_@_i}o_

e\r, r r

M M

[IpeoOpazyem BbIpakeHUE ISl A3€Ta-MOTEHIIMANA:

k-x r, —h _
§=a'g—rafﬂea= ,x—Q-qm,

K M

T7I€ ¢, — 3apsA] IPOTUBOMOHOB B TUIOTHOM CJIOE.

B cucreme SI k = ,The e, = 8,85-10'12 D/Mm.

Are

o

C yueTom 3Toro ¢ = L> nU ;
&€«

[g]_[n]x[U]:17a~c><mz-B_1-c_1 :Ha-M3 _ H-u-B :H~M:,Hofc:
e, ] D-m” B® u-B-Kx Ki Ku

B

B pamkax coBpemenHoi Teopuu ctpoenus JJIC nonxyunnu oObsiCHEHHE
ANEKTPOKUHETUYECKUE U AJIEKTPOKANWIUIAPHBIE SIBJICHUS, a TAKKe MPOOJIEMBI
CTPOEHUS M YCTOWYMBOCTH KOJUIOMJHBIX 4acThll JHO(OOHBIX 30iied. [lpun
OTHOCUTENIFHOM JIBIDKEHUHM JKUAKOM © TBepAod (a3 HX IUIOCKOCTh
CKOJIbXKEHUSI JIKUT Ha HEKOTOPOM pACCTOSIHMM OT TBepnaoil ¢aspl. Croii
KUAKON (a3bl TONMLMHOM B 2-3 MOJIEKYJbl HpHU JABMKEHHHM (a3 ocraercs
HEIMOJABW)XHBIM BMECTE ¢ TBepAou (a3oil. IHpIMU clloBaMH, HETTIOCPEACTBEHHO
y TIOBEPXHOCTH KOJUIOMJHOW YacTHIbl 0O0pa3yercs TaK Ha3bIBa€MbId
a71copOLIMOHHBIH CJIOH, KOTOPBIH BKJIFOYAET HE TOJIBKO
noreHuuanonpenenstome uousl (IIOM), HO W dYacTe NPOTUBOMOHOB,
KOTOpBIE€ B OOBIUHBIX YCIOBUSAX CUMTAIOTCS HEMOJBMKHBIMU U MPU JBUKECHUU
TBepmoi  ¢a3pl  mepeMmemiaroTcs  BMecTe ¢ Hed.  HemonaBwokHBIHM
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aJCOPOIIMOHHBIA  CJIOW  CONEPXKHUT JajJeko He BCEe WOHBL, a JIMIIb
OIPEICJICHHYIO UX YaCTh, KOTOPasi HE B COCTOSIHUM LIEJIMKOM KOMIIEHCUPOBATh
3apsii TBEPAOM IOBEPXHOCTH, a CIIOCOOHBIC JHINL IMOHU3UTH €ro. VHBIMH
CIOBaMH, B  aJCOPOIMOHHOM  HEMOJIBIDKHOM  CJIO€ B  pe3yibTaTe
B3aUMOJCUCTBUSA IIOJOKUTEIBHBIX W OTPULATEIBHBIX 3apSA0B OCTAETCA
HEHEUTPAJIN30BAHHBIM HEKOTOPBIA IMOTEHIMAJN, KOTOPBIA SBISETCA YaCTbIO
o0111ero MOTeHI[MaIa TOBEPXHOCTH TBEPAOU (azbl.

Kakue ¢paxrops! BausioT Ha JIIC?

[Ipu mocTosstHHOM pa3Mepe yacTull JBa (akTopa BIMSIOT Ha 3apso
YJacTHIIBI X. DTO KonudecTBo aacopoupoBanubix [IOU (ot yero 3aBucur Q) u
pacrnpeziesieHue MPOTHUBOMOHOB MEXKIY IUIOTHBIM U AU(PPY3HBIM CIOSIMH (deM
Oonpmie A0as «audy3HBIX» MPOTHUBOMOHOB, TEM MEHbBIIE ¢,,). B CBOIO
ouepenp 0o0a 3Tu (akTopa 3aBUCIAT OT TEMIIEPAaTypbl, HOHHOW CHJIBI U psaa
IPYTUX yCIOBUM.

[Tomumo 3TOrO, TEMNepaTypa U MOHHAs CHJIa TAKXKE BIMSIOT, KaK yXKe
yOOMHHAJIOCh, W Ha 3¢dekTuBHy0 Toaumuy auddysHoro cios d. C
yBEJIUYEeHHEM d (-TIOTeHIal Bo3pacTaeT: npud — © a— lu{— g

Temnepamypa.

[loBblIeHHE TeMIEpaTypbl MPUBOJIUT K pacliMpeHuro Auddy3Horo
CJIOs JaXKe TIPU MPEXKHEM COJICpKAaHUU B HEM MPOoTUBOMOHOB. Ho, kpome TorO,
npuoOpeTasi BHICOKYIO TEIUIOBYIO HEPIHIO, YaCTh MPOTUBOMOHOB MEPEXOAUT
U3 IJIOTHOTO cJosl B 1U(Py3HBIN, TOATOMY YBETUUUBAETCS U 3apsi YACTHUIIBI X
(u3-3a CHIKEHHS ¢,,). O0a 5TU QakTopa BBI3BIBAIOT BO3pacTaHue (-
noteHMana. OgHako mpu OOJBLION TEMIlEpaType HAYMHAET CKa3bIBAaThCA
necopouust [IOW, o3nauaromasi cHuxkeHue 3apsga (), a 3HAYUT U (-
MOTEHIHAIIA.

Pa3zb6aenenue cucmemul.

[Ipu yBennueHun oObeMa IUCIEPCHOM CHCTEMBI 3a cueT J00aBIICHUS
YUCTOrO PACTBOpPUTENS (HAIpUMEP, BOJIbI) CHUKAETCSI HOHHAsI CHJIa pacTBOpA.
(Ilooymaiime, k Kakum I¢pghexmam 3mo morxicem npueooums.)

Jlobaenenue anexkmpoarumos.

B cinyuae wunmuddepeHtHrix HOHOB (Kakue uonst omuocam K
unoughhepenmnpim?) NOBBHILIACTCS MOHHASI CUJIA, YTO OKAa3bIBAET JBOMHOE
JIeHCTBUE: yMEHBIAeTCsl ToNMHA AU GY3HOTO €10 d U TPOUCXOJIUT CABUT
pacnpeziefieHuss TPOTUBOMOHOB MEXAY IUIOTHBIM M JU((QY3HBIM CIOSMU B
CTOPOHY IUIOTHOT'O €105 (YMEHbIIECHHUE 3apsiia KOJUIOMIHOM yacTulsl x). 1 to,
U Jpyroe MNPUBOJUT K CHIDKEHHIO (-OTeHUMana. Ecium 3To CHMKEHHE
CWIbHOE, AMCIEPCHBIE YacTHULBl HA4YHYT KoaryiaupoBatb. Ho B ciydae
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BBEJICHUS] MHOTO3apsiAHBIX HMOHOB BO3MOXKEH M Takoh ddPexrT, Kak
nepezapsi0ka 4acTull, T. €. U3MEHEHUE 3HaKa 3apsja M MOTEHIUajla YaCTHII.
Jleno B TOM, uYTO J00aBisieMble HMOHBI MOTYT OOMEHUBATHCS C
MPOTUBOMOHAMHU, 3aMelIasi uX U B mudQy3HoM U B TNIOTHOM ciiosx. [Ipu sTom
€CJIM MHOT03apPSIAHBIA MOH SABJISETCS JTOCTATOYHO MAJIICHBKUM (Al3+, Th* u
Ip.), OH 3aMellaeT Ha TMOBEPXHOCTH 4YacTull (B TUIOTHOM  CJIO€)
HEAKBUBAJIEHTHOE MO 3apsAy KOJIMYECTBO MPEKHUX MOHOB (4TO 0003HAYAIOT
KaK ceepxaKeusaieHmuyo aocopoyuro). Hampumep, BMECTO OJHOTO-ABYX
noroB K~ mosxer okasarbes mon Th*. [ToaTOMy mpu JOCTATOYHO BBICOKOU
KOHIICHTPALIMU TaKUX MOHOB CO3/1aBaEMbII UMM 3apsAJl B ILIOTHOM CJIOE€ MOKET
ctath Oonbiie (mo moayito), yem 3apsia [IOW. DT1o u o3nayaeT u3MeHeHue
3HaKa 3apsna M noreHuuana. I[lo cymecTBy Takue MOHBI CaMHM CTAHOBSITCSA
noTeHuuanonpeAesstomumMu BMecto npexnux [IOU. (Ymo npousoiioem npu
oanibHenuemM noevluieHUN KOHYEeHMPAayuu MHO203aPAOHBIX UOHOE?)

Ntak, MBI paccMOTpEIN COBPEMEHHYI) MOJIENb CTPOCHHSI MHIICILIBI.
Ucropuueckn B xone usydeHus JIOC ObUIO TPEeAsio’KeHO HECKOJIBKO €ro
Mozeneil. CormacHo mnpocreimieid monenu ['ensmromeua-Ileppena, J12C
COCTOMT M3 JIBYX IJIOCKUX CJIOEB 3apsJI0B, PACIIOIO0KEHHBIX Ha MOJIEKYJIIPHOM
PAcCTOSIHUM OJIMH OT JAPYIOro M B3aUMOJICUCTBYIOIIUX MEXKIY COOOM TOJBKO
3a CuUeT JJEeKTpocTaThyecKux cuil. Takasg cTpykTypa MnoJoOHa IUIOCKOMY
KOHJICHCATOpY, U MaJicHUE MOTEHIIUANIa MKy CIOSIMU MTPOUCXOIUT JTUHEHUHO.

Mopens T'yn-Uenmena mnpeanonaraer au@dy3Hoe pacroiioKeHHe
npOTUBONOHOB. (Cghopmynupyiime, noo oeiicmeuem Kakux cul HAXO00AMCA
IMuU NPOMUGOUOHBI.) DTa TEOPHUs BBOAUT MOHATHE NU(PPY3HOTO CIllosi, HO
MOHBl pAacCMaTpPUBAET KaK TOYEYHBIC 3apsijibl, HE HMEIOLUE COOCTBEHHBIX
pasmepoB. Teopuss He  yuuThIBaeT  CHeU(UUECKYIO  aJICOPOIIUIO
IIPOTUBOMOHOB, HE OOBSACHSACT SBJICHUE Mepe3apsaku U T.a1. (Bcnomuume,
Kakue npeocmaenenus eeen Illmepn ¢ meopurwo /JIIC, u ecmv nau
HeooCmamku 6 e20 meopuu.)

Bbl yxke 3Haere, uTo Oaaromaps cymecrBoBanui /IIC yactunbl
aucnepcHoi (¢aspl mpuodperaT ompenejeHHble cBoiictBa. IlepBoe u3
HUX, KaK Y:Ke YINOMHMHAJOCH BbIlIe, 3aKJIYaeTcsi B MOBBIINICHUHN
YCTOMYHUBOCTH [MCHEPCHBIX cucreM. JlaiiTe XapaKTepuCTHKY BTOPOM
rpymnme CBOMCTB, KOTOpPble CBSI3aHbl C 2J1eKMPOKUHEMUYeCKUMU
AGNCHUAMU.

Hanbonee BaXHBIM OSJIEKTPOKHHETHUUECKUM  SBICHHUEM, KOTOpOE
TUMAYHO I JHUCIEPCHBIX CHCTEM, SBISIETCA  dJekTpodopes, T.e.
MEPEMENICHUE KOJUIOMJHBIX YaCTHI[ BO BHEIIHEM JJIEKTPUYECKOM MOJIE.
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(Bcnomuume, a Kak Ha3vléaemcs nepemeujeHue OUCHEPCUOHHOIU cpeodbl
OMHOCUMEIbHO OUCNEPCHOIL ()a3bl 60 6HEUIHEM ITIEKMPUUECKOM noJie?)

DnexTpodope3 U IEKTPOOCMOC — 3TO AIEKTPOKUHETHUECKUE SIBICHUS
I-ro poma. K »anexrpoxunermyeckum sBieHusMm II-ro poma oTHOCATCA
NOMmeHyuanl  npomekamus U HOMEeHyuanl  ceoumMeHmayuu, KOTOPbIE
3aKJIIOYAIOTCS B BO3HUKHOBEHUH PA3HOCTH MOTEHLIHMAIOB IPU NEPEMELIECHUN
YaCTHI] IUCTIEPCHOM (pa3bl WIH TUCTIEPCUOHHOU CPEbI.

Benuuuna (-moTeHIMana cBsi3aHa CO CKOPOCTBIO 3JIeKTpodopesa
3apsKEHHBIX YacTull ypasHenuem I enomeonbya-CMoayxo8cko2o:
_ kmany
T
rae k — xoaddunuent, 3aBucaimuid ot Gopmel yactui (aas chep k£ = 6, mis
IWIMHAPOB k = 4); v — JIHMHEWHas CKOPOCTh MEpeMENIeHHs] YacTull (WiH
TPAHULBI 30J51); € — OTHOCUTEIbHAS IUAJIEKTPUUECKas MPOHUILIAEMOCTh; E —
HaIpPSKEHHOCTh 3JIEKTPUYECKOTO MOJIS.

JIuneliHasi CKOPOCTh V U3MEHSIETCS MPONOPIIMOHAIBHO HAMPSHKEHHOCTH
nons E, mMo3TOMy HE MOMKET CIYKUTh XapaKTEpUCTUKOW 4YacTull. B cBA3u ¢
ATUM BBEJICHO TIOHSITHE 271eKMpPOohopemuiecKo noO8UNCHOCU:

2
U :1; [anb]: - —1:M :

E c-B-m B-c
Bemnunna U,y He 3aBUCUT OT IPUJIOKEHHOTO HAIIPSHKEHHU.

B SI 3Hauenne (-moTeHnnana BEIYUCIACTCS 10 hopMyTie:
nv
e E

OnekTpodopernueckass TMOABMIKHOCTD Pa3IMYHBIX YaCTHUIl HMEET

2
BEJIMYMHBI nopsaKka: aus 3oien U,y = (0,4+0,8)-10°® BM—, JUISL SPUTPOLUTOB
C

2
KHUBOTHBIX U, = (1,0+1,7)-10°® BM_ DKCNEPUMEHTAILHO HANJECHHbBIC
-C

3HAYEHHS] AIEKTPO(POPETUUYECKUX TMOJBMKHOCTEH YacTO  OKa3bIBAIOTCS
MEHBIIE PacUETHBIX. 3JECh CIEAYEeT MMETh B BUJIY, YTO KaK €IMHOE LIEJO0e
nepeMenaercss He Muleia, a KowtouaHas vactuua. [lostomy Ha
MOJABW)XHOCTh ~ BIIMSIOT JBa SIBJICHUA: PelaKCayuoHHulti d¢pgexm U
anekmpogopemuyeckoe mopmodcerue. IlepBpli  u3  3TUX  3PPEKTOB
BBI3BIBACTCA HApYyIIEHHUEM CHUMMETpUU Ju(d@Py3HOro ciios HMOHOB BOKpPYT
yactuil. Bropoii 3@dext o0yciioBiaeH 100aBOYHBIM TPEHUEM 3IEKTPUUECKOU
OPUPOJBI NPU ABMKEHUHM YaCTHI[ M TPOTHBOMOHOB B IMPOTUBOIIOJIOKHBIC
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cTopoHbl. OnucaHHasi CUTyalusl I0I00Ha TOM, KOT/a JIOJKa MepeMeniacTcsl He
B CTOSTYEH BOJIE, @ IPOTUB TEUEHUS BOJIBI.

Metoapsl  anekTpodope3a UMEIOT  OOJbIIOE  TEOPETUYECKOE U
MpaKTUYECKOe 3HadeHHWe. BenwumnHa (-mOTEHIMAlIa IMO3BOJIAECT CYIUTh 00
YCTOMYMBOCTH KOJUIOMTHOTO PacTBOPA, MOCKOJIBKY U3MEHEHUE YCTOWIUBOCTH,
KaK MPaBUJIO, TPOUCXOIUT CUMOATHO C M3MEHEHHUEM 3JICKTPOKUHETUYECKOTO
nmoTeHIMasia. B HacTosmiee Bpems 3JeKTpodope3 SBISICTCS MOITHBIM
CPEIICTBOM JIJIsl M3ydeHUs (HPaAKIIMOHHOTO COCTaBa CIIOKHBIX OMOJIOTHYECKHX
CUCTEM — MPUPOJHBIX OENKOB (Memod Tuzenuyca), a Tak:Ke UCTOJIb3YETCS TS
NOJIYYeHHsS] XapaKTEPUCTUKU TaKUX TPUPOJHBIX OOBEKTOB, KaK SH3UMBI,
BUPYCHI, OakTepuu, (QOpMEHHbIE dJeMeHThl KpoBU U Jap. C mnomolursio
ANeKTpodope3a MOKHO BBIACNATH M3 CYCHEH3WM B3BEIICHHBbIC YaCTHUIIBI, a
TaK)X€ TMPOU3BOJUTH MOKPHITUE TBEPJBIX YACTHUI[ WU MOBEPXHOCTEH CIIOEM
JAPYTUX BEIIECTB. IJEKTpoope3 MPUMEHSIOT ISl OYUCTKUA Pa3THYHBIX
dapmarneBTryeckux npenaparoB. B dapmakornesx (cOOpHUKAX CTaHAAPTOB U
MOJIOKEHUH, PErIaMEHTUPYIOMUX TpPeOOBaHUS K KAaueCTBY JIEKapCTBEHHBIX
CpPEICTB)  TPEAYCMOTPEHO  YCTAHOBJEHUE  CTEMEHH  YUCTOTHI  TIO
ANEKTPOPOPETUIECKON OIHOPOTHOCTH psA/ia AHTUOMOTHKOB, BUTAMHHOB W
Apyrux mnpenapatoB. (Kakue ewie obénacmu npumenenusn rnekmpogopesa
Bovt moowceme ykazamo?)

Bonpocsl 1 3ajaHus 1)1 CAMOKOHTPOJISA 3HAHUM 10 MaTepuauay 13-i
JIEeKIIUM

1 Kakme Tteopunm CTpOeHUs JABOMHOIO JJIEKTPUYECKOro ciosi Bsl
3Haere? CocTtaBbTe TAOMUIly, B KOTOPOM YKa)KUT€ NOCTOMHCTBA U
HEJIOCTATKU KaXKJI0U U3 TEOPHU.

2 Kakue OCHOBHBIE XapaKTEPUCTHUKU HCIIOJIB3YIOTCA JUISI OLEHKH
ANEKTPUYECKUX CBOKCTB TUCIIEPCHBIX CUCTEM?

3 Yemy paBeH MOTEHIMAJ M0JIsI, 00pPa30BaHHOTO TOYEUHBIM 3apsAI0M U
cthepoit?

4 Onuimmre COBPEMEHHYIO MOJEIb CTPOCHHSI MULEILIBI.

Uro Ha3pIBalOT MOBEPXHOCTHBIM M AJIEKTPOKMHETHYECKUM

noTeHuasiamMu? B uem ux paznuuns?

Kakue ¢aktops! BiustoT Ha JI9C 1 3HaU€HUS TOTEHIIUATIOB?

Bo03MOXHO 71 M3MEHEHue 3HaKa 3apsja KOJUIOMJIHON 4YacTHIbl Oe3

WU3MEHEHHUS (,-TIOTEHIANa?

8 IloueMy  DOSKCHEpHUMEHTAIIBHO  HAWJEHHBIE M TEOPETUYECKHU
paccuuTaHHbIE 3HAYEHUS AIIEKTPOPOPETUUECKON MOJBUIKHOCTH HE
COBITAIAIOT?

(V)]

N O
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9 T';me mpuMEHSIIOT METOIBI AJIeKTpodope3a?
10 O0OBsicHUTE MEXaHU3M OHIIEKTPOOCMOCA, OCHOBBIBasCh Ha Baiem
3HAHUH CTPOCHUS MUIIEIUT YaCTHI] 30JICH.
11 I'me npuMeHSIOT METO 3JIEKTpoocMoca?
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JIEKIIAS 14

«Xapaxmeprnoe omauvue KOAAOUOHBLX CUCMEM —OMm
UCTUHHBIX, PACTBOPO8 3AKAIOUAEMCS 6 MOM, HIMO
cmenenb OUCTEPCHOCTIU KOALOUOHBLX, HACTIUY, SBASEMCS.
BEAUMUHOL — HeNOCMOsHHOU. — VKpynHenue — uacmuy
NOCMeNnenHo npueodum K, momy, umo OHu CMAHOBSMCSL
CAUMKOM KPYNHOIMU U YMPaAvuearom me @usuuecKue u
XumuuecKue ocobennocmu, Komopvle NPUCYWu UMEHHO
Jucnepcuvim  uacmuuam. — Jlosmomy — npobrema
ycmouMueocmy  OUCHEPCHBIX,  CUCTEM — SBASEMCS
UCHMPAALHOTL 6 KOAAOUOHOT Xumuu. Om ee pewenus
3ABUCSN KUSHD U CMEPIMbY OUCTEPCHBLX, CUCTIEMY

b.D. Cymm

Bl yxe, HaBepHOe, YCBOWJIH, YTO B [HCIEPCHBIX CHCTEMAax
yAeJbHAs MOBEPXHOCTh JHMCHepPcHOil ¢a3bl oveHb Beauka. OgHo u3
Han0oJiee BaXKHBIX CJIeICTBUIT 00JIbIIIOH MOBEPXHOCTH AUCIIEPCHOH (Pa3bl
3aKJ/II04aeTcsi B TOM, 4TO JHO(OoOHbIe AUCHEPCHbIE CHCTEMbI 00J1a1AK0T
U30bITOYHONH TOBEPXHOCTHOM JHeprueii, a, cJea0BaTeJIbLHO, SIBJISIIOTCS
TEPMOAMHAMHYECKHU HeycTONYUBBIMU. [103TOMY B AMCHIEPCHBIX cHCTEMAX
NMPOTEKAT Pa3jIMYHbIe CAMONPOU3BOJIbHBIE MPOLECChI, KOTOPbIEe BEAYT K
yMeHbIIeHUI0 u30bITKa JHeprun. HaubGosee o0muUMM ABJIAOTCSH
NMpouecchbl yMEHbIIEHHs] YAeJbHOW IMOBEPXHOCTH 3a CYeT YKPYIHEHMS
yactull. B utore takue mpoueccobl NPpUBOAAT K Pa3pyLICHUI0 CUCTEMbI.
(Ilooymaitme, Kaxoii euie npouecc Mmodcem npuUecmu K YMEHbUIEHUIO
nogepxnocmuou 3Inepeuu?) Taxkum o0pa3oM, KJIKUYEBOE CBONMCTBO,
KOTOpPOEe XapaKTepHu3yeT caMo CylIeCTBOBAHUE IMCIEPCHBIX CUCTEM — ITO
HX YCTOMYHMBOCTb, UM, HA000POT, HEYCTOMYNBOCTD.

H.IL IleckoBbiMm B 1920r. OBLIO TMPENIOKEHO Pa3IN4vaTh
KMHETHYECKYI) M AarperaTuBHYI YycToiuMBOCTH. B mepBoM ciayuae
paccMaTpuBaeTcs BbLIeJIeHHEe IMCIEePrupoBaHHON (pa3bl NMOA JelicTBUEM
CHJIbI TSKECTH B 3aBHCHMOCTH OT CTEIEHH [MCIEPCHOCTH, a cama
CTeleHb JUCIEPCHOCTH IMO0JIATAETCH BeJIMYUHOU, OCTOSTHHOM 115l JaHHOM
cucreMbl. Bo BTOpoM ciayyae paccMaTpuBarwTCs YCJIOBHUS IOCTOSIHCTBA
WM HEMOCTOSIHCTBA CAMOM CTeNeHH TUCIHEePCHOCTH YACTHII.

N3Menwiicst M moAxoa K mpodJeMe YCTOMYMBOCTH IMCHEPCHBIX
CHCTEM HA COBPEMEHHOM 3Tale Pa3BUTUS KOJJIOMIHON XumMuu?

B.JI. Cymm  mpemnaraer  paznuyath 4 BHJAa  HEYCTOMYMBOCTHU
KOJUIOUJIHBIX CUCTEM:
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([laBaiiTe BCIIOMHHM: TIOJI YCTOWYHUBOCTHIO JTMOGOOHBIX IUCIIEPCHBIX
CUCTEM TIOHMMAeTCd UX CIOCOOHOCTh COMPOTUBIATHCS MPOTEKAHUIO
MPOLIECCOB, BEAYIIUX K M3MEHEHUIO WX JHUCHEPCHOCTH, Xapakrepa
pacmpesieieHusl 4acTUll M0 pa3MepaM, a Takke B 00beMe IUCIEPCHOHHOU
Cpenpbl.)

1) Tepmoounamuueckasn (acpecamuenas) HEeYCMOoUYU8oCms
MPOSIBJISIETCS] B IOCTEIIEHHOM YBEJIUYEHUH PA3MEPOB IUCIEPCHBIX YACTHUI WIIH
0o0pa3oBaHus arperaToB U3 CIUIMIINUXCS YACTHII.

OBOJIIOLIMIO  arperaTUBHO  HEYCTOMYMBOM  IHCHEPCHOW  CHCTEMBI
KOJIMYECTBEHHO XapaKTEpU3yKOT 3aBUCHMOCTBIO pa3Mepa YacTULl U HX
pacrpeneneHuss MO pa3MepaM OT BpPEMEHHM, a TakXke BpPEMEHHOU
3aBUCUMOCTBIO KOHILIEHTpauuu vactul. (Ilosacnume, Kk uemy 6 nocieonem
ciyuae 6edem YKpDYNHEHUe YACMUY NPU HEUIMEHHOU oduiell macce
oucnepcHoii ¢ghaszul.)

N30bITOUHAsT TIOBEPXHOCTHAS JHEPrusi A’ TUCIIEPCHOW CHCTEMBI
ONMCHIBAETCS YPABHCHUEM:

_Kom, 1

Py d
rae K — koadduimeHT hopmbl; ¢ — yaedbHas MOBEPXHOCTHAS YHEPTUS; Py —
IJIOTHOCTH BEIIECTBA JUCTIEPCHOMU (Da3wl, my — Macca qucrepcHou (assbl.

A s

5

Ot10 ypaBHenue (lloacnume, Kax oHO noJjyuaemcs.) NOKa3bIBAET, YTO
BO3MOXXHBI JIBa Pa3HBIX MPOIECCa YMEHBIIECHUS MOBEPXHOCTHOM JHEPTUU
JUCTIEPCHON CUCTEMBI:

-YKpylHEeHHE AMCIIEPCHBIX YacTHUll, MPUBOJSAIIEE K YBEIUYEHUIO HX
pasmepa (o = const). ITOT NPOLIECC HA3BIBAIOT Koanecyenyuell (CIUSHUEM).
OHn xapakTepeH ISl CUCTEM C KUIKUMHU UK Ta3000pa3HbIMU YaCTUIIAMH.

-YMEHbBIIICHUE YJIeJIbHOM MOBEPXHOCTHOM SHEPruu (IMOBEPXHOCTHOTO
HaTsokeHus1, d = const). COOTBETCTBYIOIIMM TPOIECC HA3BIBACTCA
koazynayueu. OH 3aKioyaeTcs B OOpa30OBaHMM AarperaToB M3 MHOTUX
JUCTIEPCHBIX YaCTHUIl, PA3/ICICHHBIX TOHKUMH MPOCIONKAMHU TUCIEPCUOHHOM
cpenbl. Koarynsuus xapakTepHa Ijisi CHCTEM C TBEPAbIMU YaCTUIIAMH.

2) CedumenmayuonHas Heycmouuugocms. BBI3BIBACTCS pazinuneM
IJIOTHOCTEMN BEIIECTB AUCIEPCHON (ha3bl U TUCTIEPCUOHHOU cpennl (p,). DTO
pazuuvde TPUBOJUT K TOCTENEHHOMY OCEIaHMI0 (CeAUMEHTaluun) Oolee
KPYIHBIX YaCTHI] (€CJIH py > p,) WIN UX BCIUIBIBAHUIO (€CIH py < p,).

PasmMep  mgucnepcHBIX  4YacTML] BIMSAET HA  arperaTMBHYKO U
CEIMMEHTAlMOHHYIO0 YCTOMUYMBOCTH MPOTUBOMOIOKHBIM 00pa3oM. Uem BbllIe
CTENEHb JAUCIEPCHOCTH (MEHBILE pa3Mep YacTHI[), TEM CHIIbHEE MPOSBIAETCS
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X arperaTuBHasi HEYCTOMYMBOCTb, OJHAKO pAaCTET UX YCTOMYMBOCTH IIO
OTHOILICHHIO K CEIMMEHTAIIUH.

3) @aszosasn neycmouuusocmo. VimeeTcss B BUy U3MEHEHUE CTPYKTYPHI
YacTHUIl IPU COXPAHEHUU UX pa3MepoB. Hampumep, npu cuHTE3€ KOJUTOUIHBIX
PacTBOPOB METAIIJIOB, OKCUIOB M THIPOKCUIOB JUCTICPCHBIE YACTHUIIBI OOBIYHO
amMmopHBI, a CcO BpEeMEHEM BHYTPH YaCTHUI] MOXET TPOUCXOJIUTH
SHEPIreTUYECKU BHITOHBIN MPOIIECC KPUCTATITU3AINY.

4) llosepxnocmuass  neycmouyugocms. Ee TpPUYMHBI  pa3IUYHBI.
Hampumep, IIAB c¢ Oonbiioii MonekynsgpHOil Maccoil (Oenku) MeIjIeHHO
b GyHIUPYIOT U3 00beMa TUCTIEPCUOHHOM Cpe/ibl Ha TOBEPXHOCTH YACTHIL U
CO BpeMeHeM O0O0pa3ylT aJcOpOIMOHHBIN cloi. J[lpyroii BO3MOXXHBIN
MEXaHNU3M — PACTBOPEHUE BEUIECTBA JUCIIEPCHBIX YACTHI] B JUCIEPCUOHHON
cpene. OHO 00yCIOBIMBAET HECKOJIBKO IIPOLIECCOB:

-U3MEHEHHUE XHUMHUYECKOTO COCTaBa pacTBOpa BOJW3HM IMOBEPXHOCTHU
yacTuIll ¥ u3MeHenue crpoenus [[9C;

-U3MEHEHUE MUKpOpesbeda TBEpAOW MOBEPXHOCTU U, KaK CIEJICTBUE,
M3MEHEHHE KPaeBbIX YIJI0B CMauyBaHUSI.

AHanu3 TpUYMH U (POPM HEYCTOMYMBOCTU JUCIEPCHBIX CHUCTEM
IPUBOJUT K CIEeAYIOIIEMY NPUHLIUNHAITBHOMY 3aKJIFOUYCHHIO:
HEepasHOBECHOCHb  8bl3bleaent IBONIOYUI0  OUCNEPCHbIX  cucmeM. Takum
o0pa3oM, XapakTepUCTHUKU JAUCIEPCHBIX CHUCTEM MOTYT CYyIIECTBEHHO
MU3MEHATHCS BO BPEMEHH.

OcHoBHasi mpoOieMa TEOPUM YCTOMYMBOCTU JUCIIEPCHBIX CHUCTEM
3aKJIIOYAETCSl B ONPEACIICHUM KOHKPETHBIX MPUYMH M MEXaHHU3Ma
o0BeIMHEHUST OTICTBHBIX JUCIIEPCHBIX YACTHUIl B 0OJiee KPYMHBIC arperaThl U
B BBISICHCHUH (DAKTOPOB, KOTOPHIE MPETSITCTBYIOT UX arperupoOBaHUIO.

Teoputo ycroitunBocTH ruApo(OOHBIX 30JI€M JEeTalbHO pa3padoTaiu
b. Hepsrun u JI. Jlannay u HezaBucumo 3. @epreit u T. OBepOek (meopus
HJIDO). (Bcnomnume, Kaxkue o0e6e cuibl 6 COOMEEMCHMEUU C OCHOGHBLIM
ynpowarowum nonoxcenuem ¢ meopuu /IJIOO oeiicmeyrom na meepovie
oucnepcHovle yacmuypl.) B 3aBUCUMOCTH OT COOTHOLIEHHSI OTHUX CHII
BO3MOJKHBI /IBA BApUAHTa MTOBEJICHHS KOJUIOUIHOTO pacTBOpa:

1) Ecnu mpeoGnamaer cunma nputsikeHus (|fy >|fe]), To aucnepcHbie
YacTHUIbl CONMMKAIOTCSA, MEXKIy HHUMHU BO3HHUKAeT KOHTAaKT, M OHH
oOBeUHSIOTCS B OoJiee KPYMHBIA arperar (KOJUIOUIHBIN «aumepy). Takum
o0pa3oM, B 3TOM Cjydyae dJEMEHTapHBIA aKT Mpollecca KOATyJSIIIUH MOXKET
COCTOSITHCS.

2) Ecm mpeobGamaer anekrpocrarndeckoe ottankuBanue (|f <|f.|), To
YacTUIIBI MOTYT HE BCTyNaTh B HEMOCPEJICTBEHHOE COMPUKOCHOBEHHUE, H
KOAryJisius 30Jisl HE IPOUCXOUT.
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Takum 06pa3oM, B KauecTBe OCHOBHOTO (pakTopa TEPMOJIMHAMUYECKON
YCTOMUYMBOCTH JucnepcHod cucrembl B Teopuu JIJI®O mnpuHumarot
ANEKTPOCTATUYECKOE (KYJIOHOBCKOE) OTTAJIKUBAHHUE IUCIIEPCHBIX YACTHIL.

Jlns  pacyeta yCIOBUM KOAryJslMM BBOJSTCS  JIOMOJHUTEIbHBIE
KOHIICTIIUHU:

1) Yactuupl UMEOT  OpU3MaTUYECKyr (GopmMy H  pa3aeneHsl
MJIOCKOMApasuIeIbHBIM 3a30pOM HIUPUHOM /4 (CM. puc.).

2) YacTubl nepeMeIarTcs TOJBKO B HaIpaBJICHUH,
MEPIIECHAUKYJISIPHOM 3a30py. bpOyHOBCKOE IBUKEHHUE UCKITHOYAETCS.

JIns pacdera YCIIOBHMl CONOCTABJSIOTCS HE CHIIBI TPUTSKECHHS, a
COOTBETCTBYIOIIKME UM dHEpTruu Baumoaeiicteus (U, U,).

s
1270
IIe 4, ,— CIO)XHas KOHCTaHTa I'amakepa; 3HaK «—» yKa3blBaeT Ha B3aHMHOE

MIPUTSKEHUE.

DHeprus 3ieKTpocTaThudeckoro B3aumoxeiicteus (U,) co3paercs
BCIIEJICTBUE TEPEKpbIBaHUs IU(PPY3HBIX CIOEB MNPOTHBOMOHOB B TOHKOM
IUIEHKE PacTBOPa IEKTPOIUTA B 3a30p€ MEXKAY YaCTHUIAMHU.

U,, xoTopass 3aBUCUT OT TOJIIUHBI IIJIEHKH, CO3[a€T B ILJICHKE
JIOTIOJIHUTENIBHOE JaBlieHue — packiunusarouee oasnenue (11). I1 — sto
TEPMOJAVMHAMUYECKUIN I1apaMeTp TOHKOW JKUIAKOW IUIEHKUM B IIPOCTPAHCTBE
MEXK]Ty YaCTUI[AMU:

_—aw;
dh
rne Wy — 510 paboTa, KOTOPYIO HYXKHO 3aTpaTUTh JUId yBEIHMYEHHs
MMOBEPXHOCTU TOHKOM TUICHKA Ha EAUHUIY IUIOIIAAd MpPU MOCTOSHHOM
TeMIIepaType.

W,=2c+AW,,
rae AWy — 3T0 JONOIHUTEIbHAS YHEPIUs IUICHKH, KOTOPYIO HYKHO 3aTPaTHUTh

JUIsl COJIMKEHHMST TOBEPXHOCTHBIX cioeB ABB'A" m CDD'C'. (llosacnume
KoI(hpuyuenm 2 ¢ npueedennom evipasrcenuu.)

E
y Y A p
2 D’
A’ = B’
C © Y D
Y /
E
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Bosnuxnosenue packnunuearoujeco oasnenus 8 NIOCKOU MOHKOU NeHHOU
NJleHKe ¢ nepeKkpuleanuem nosepxHocmuulx cioed (h <20)

[lo ¢usnyeckoMy cMbICIy BelIHYMHY W, MOXKHO paccMaTpHBaTh Kak
SHEPreTUYECKOE OINPEICIICHUE IIOBEPXHOCTHOIO HATSKEHUS TOHKOW IICHKH.

dusnueckud cmbicil BeauduHBI [I — 3TO M3OBITOYHOE IaBIEHUE B
TOHKOM TUICHKE MO CPABHEHUIO C THIPOCTATUYECKUM AaBJICHUEM B OOJIBIIIOM
00BEME KUJIKOCTH.

Ih)=p,-p,,
7€ py— NaBJICHUE B TOHKOM IIJICHKE.

[lonoxuTenbHOE  PACKIMHHUBAIOILIEE JaBJICHUE MPENATCTBYET
YTOHBILICHHUIO TJICHKH!

Bo3nukHoBenue [/ CBSI3aHO C TOBEPXHOCTHBIMH CHJIAMH  Pa3HOU
npupoAbl  (PNMEKTPUYECKUMH,  MArHUTHBIMH,  MOJEKyJIspHbIMU). s
KOJUIOUTHOW XUMUU OCOOCHHO BaXKHBI TEPBHIE U TIOCIETHUE.

ITpu Tonmuue xuakoi miaeHku 1 mxm I7 moxet nocturath 400 Ila, a
0,04 mxm — 1,88-10° Ia.

U

e

_G4C,RT[ . 2ep,
ART

} exp(—aeh) s
X

(1)
rae 1/e = 0 — TonmuHa HOHHOM aTMOC(epHI.
He o6s3aTensHo 3annomunaTh popmysl! I'naBHoe ysacuutsb, uto U, u Uy
UMEIOT pa3Hble 3HAKW U TO-Pa3HOMY 3aBHCAT OT TOJIIUHBI pa3Aelistoeit
TUICHKH h:

U A

Puc. Uzmenenue snepeuu (U) moukou nieHKU 51eKmpoauma 6 3a6UcCumocmu
om ee moawunvl (h)
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Kak BugHO u3 pucyHka, U, N3MEHSETCs M0 SKCIIOHEHIIUATLHOMY 3aKOHY
(mporopuronansaa ¢“"), U, — mo cremeHHoMy (TIporopuuoHambHa 1/47).
[ToaToMy Ha MaybIX paccTosHUSIX OyAeT mnpeobnagaTh MNpUTKEeHUE (TpH
h — 0 U; — o). Ha 60apmux pacCcTOSHUAX TAK)Ke MPeodiaaeT NpUTSHKEHHE,
T. K. cTeneHHast QyHKIMs yObIBaeT MeaJeHHee, YeM dKcroHeHTa. Ha cpemgamx
PaCCTOSIHUSX BO3MOJKEH JIOKATbHBIN (anbHUi) MakcuMyM. OH COOTBETCTBYET
HHEPreTuYeckoMy (MOTEHIMAIbHOMY) Oapbepy, KOTOPBIM MPEnsTCTBYET
COJIMYKEHUIO YACTHUIl U UX KOATYJISIIIUH.

AHanu3 ypaBHeHUSI W Tpaduka MO3BOJISET BBIACTUTH TPHU CIydas
MOBEJICHUS JTUCTIEPCHON CUCTEMBI B 3aBUCHMOCTH OT COOTHOIICHHS BBICOTHI
sHepreTuyeckoro Oapwepa Uy, TyOuHB TOTeHIMATbHOW sMmbl Uy Ha
OOJBIINX PACCTOSHMSIX, M HAa MaJbIX PACCTOSHUAX DJHEPTrUU TEIIOBBIX
konebanuit k7. (IIpoeedume 3mom ananus!)

Kak ormeuyasiocb paHee, M3y4YeHHE YCTOMYMBOCTH IHMCIEPCHBIX
CHCTEM — 3TO OJHA U3 CAMBIX Ba’KHBIX U CJIO0KHBIX MP00IeM KOJIONIHOM
XuMuH. Bpime ObuIiM  paccMoTpeHbl  (akTOpbl, ol0ecnedYuBalOLIUe
CTA0MJIBHOCTH BO BpEeMEHH OCHOBHBIX NAPAMETPOB AUCIEPCHBIX CHCTEM —
JAUCIEPCHOCTH W PABHOBECHOIO pacnpefeeHUsl AUCIEpPCHOH ¢a3pl B
aucnepcuoHHoi cpene. IlpuBennTe npuMepsl, B KOTOPBIX CTA0MIH3ALMA
JAUCIIEPCHBIX CHCTEM SIBJISIETCH HesKeJIaTeJIbHbIM SIBJIEHHEM.

3a4acTyro oOpa3oBaHUe KOJUIOUJHBIX CUCTEM ABJISIETCS
HEXEJATEIbHBIM SIBJIEHUEM, C KOTOPBIM MPUXOIUTCA OO0poTbes. Tak, mpu
MPOBEICHUH  MHOTMX  TEXHOJOIMYECKHMX  IPOLIECCOB  HMEET  MECTO
neHooOpa3oBaHue, KOTOPOIro CTpeMSTCS u30exaTh, HalmpUMep, B Ipolecce
OUYMCTKH BOJBI, IPH MPOU3BOJCTBE JIEKAPCTBEHHBIX NPEMApaTOB W T. .
[lenooOpa3zoBaHue wYalle BCEro SBISETCS pe3yJbTaTOM NPUCYTCTBHUS B
cucteme npumecel pasnuunbix [IAB; cienoBatenbHO, 00pasyercs
auoQuiIbHas KOJUIOUIHAS CUCTEMa, KOTOpasi TPYIHO MOAAETCsl pa3pylICHHUIO.
(Bcnomnume, umo nonHumaiom nOO0 mMePMUHAMU JUOPUIbHbBIE U
auogoouvie cucmemot. Ilpuseoume xKpumepuii auoguibnocmu, KOmopbwlil
npeonoxcun Peounodep.) 1IUpoko pacnpoCTpaHEHO TaKXKE SIBJIICHUE
HEXEJIATeIbHOTO 00pa30oBaHUsl YCTOMYMBBIX MUCTIEpCHBIX cucteM Tuma T-XK.
CaMOIIpOHU3BOJIBHOE JHUCIIEPrUPOBAHUE TJUMH B BOJE SIBISIETCS IPUMEPOM
oOpa3zoBanus  crabunpHOTO  JuoduibHOro  Koiwtounma.  JlmodoOHas
BBICOKOJIMCIIEPCHAsA CYCHEH3MsI TUAPOKCHAA Keje3a, KOTopas MOMJEKHUT
KOaryJsiuu, (QOopMHUpYeTCsl TpH  DIEKTPOOYUCTKEe Bonbl. [Iporecch
KOaryJisilys [UPOKO MCIOIb3YETCS B COBPEMEHHON MEIUIMHE JJI1 OCTAHOBKH
KpOBOTEUEHHUSI, YAAJICHUS OITyXO0Jeil, COeJUHEHUSI TKAHEH U Jp.
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YkaxuTre mnpumMepbl BO3JACHCTBUI HAa JUCHEPCHbIE CUCTEMbI,
KOTOpPbIe MOIYT CHHU3MTh HX AarperaTMBHY0 M CeJUMEHTAIMOHHYIO
YCTOMYMBOCTH, A TAaKKe BbI3BaTb MNPOTEKAHHE CTPYKTYPHBIX H
XHMHYECKHX TMpeBpallleHUuid ¢ y4YacTHeM BellecTB, 00pa3ylImx
JUCHIEPCHYIO (pa3y U JTUCIIEPCHOHHYIO Cpeqy.

Cpenu Takux BO3JE€HCTBUN MOYKHO BBIJICIIUTD:

-U3menenue  cocmaea  oucnepcHoti  cucmemst  (pa3z0aBlieHHE,
KOHIEHTPUPOBAHUE, BBEICHHUE JICKTPOJIUTOB U UHBIX BEIIECTB).

-Mexanuueckoe 8030eticmaue (MHTEHCHUBHOE BCTPSIXUBAHUE,
pacTupaHue, nepeMelIvBaHue, yJIBTPa3ByKOBOE BO3JICIICTBUE,
1eHTpudyrupoBaHue, IeMCTBUE MAarHUTHOTO TIOJIS U JIp.).

-Tepmuueckoe 8o30elicmaue (HarpeBaHUE WU OXJIAXKICHUE).

-/leticmeue usnyueHuti (PEHTTE€HOBCKOE, BUIUMOE, YIbTpaduoIETOBOE,
Paauo4acTOTHOE).

VYkazaHHble BO3JCHCTBUA OOBIYHO OJHOBPEMEHHO HUBEIUPYIOT
HECKOJIBKO (DAKTOPOB YCTOMYMBOCTHU AMCTEPCHBIX cucteM. (Ilodymaiime, na
Kakou (haxmop ycmoiiuugocmu Oyoem 6 HAUOOIbUIC CHENneHU GUAMb
Kajcooe u3 6030eiicmeuil 6 ciayuae a) MolllbHOU NEHbl, 0) 2ena Hceaamuna,
8) Kpoesu ueioeeKa, 2) 3011 0KCOZUOpoKcuoa xcene3a?)

HaubGoabmuii  TeopeTMYecKHiliT M  NPAKTHYECKHl  MHTepeC
NMPeACTABJISACT KOAryJauus ruapodoO0HbIX 30J1ei daekTpoauTtamu. Kakne
MPOLECCHI JIEKAT B OCHOBE 3JICKTPOJUTHON KOATYJIAMA?

Kak Bwl nomuute, ans OonbiMHCTBA THAPOGOOHBIX 30J€H OCHOBHBIM
(dakTopoM, OOECIEeUnBAIOIIUM WX CTA0OWIBHOCTh (HApSAy C THUAPATHOU
000JI0YKOM), SIBISIETCS HATMYUE OAHOUMEHHOIO 3apsijia y YacTHI] JUCTIEPCHOU
da3pl. BBeneHue 2JIEKTPOIMTOB B  THAPO30JIH MOXKET MPUBOAUTH K
YMEHBIICHUIO WU TIOJTHOM HENTpamu3aiuu 3apsiga KOJJIOUIHBIX YaCTHIl, YTO
OCIIa0JISIET MX AIEKTPOCTATUYECKOE OTTAIKMBAHUE, CIOCOOCTBYET COMMKEHUIO
u arperanuu. OHAKO MEXaHHU3M JJICKTPOJUTHON KOAryJsIUA MOXKET OBITh
paznuueH. beiio 06HapyKeHO, YTO 3MEKTPOJIUTHI CYIIECTBEHHO Pa3IHyaloTcs
M0 CIOCOOHOCTH BBI3bIBaTh KOAryJsiluio 3o0jeil. [lo mMexanusmy u3MeHeHUus
3apsiaa KOJUIOMIHBIX YaCTHUI[ JCKTPOIHUTHI JEISATCS Ha uHouggepenmuvie n
Heunouggepenmuoie.

Nunuddepentabivu (0T nart. indifferens — 0e3pa3nuuHblil) SBISIOTCS
ANEKTPOJUTHI, KOTOpPbIE HE CIOCOOHBI MPOYHO aacopOUpOBaThCA Ha
NoBepXHOCTH arperara. OHU BbBI3BIBAIOT KOHYEHMPAYUOHHYIO KOA2YIAYUIO.
Takass cuTyalusi oObIYHO peanu3yercs, KOrjJa KOJUIOMJHAS YacTHUIlA HMEET
3HAYUTEIBHBIN 3apsijl, @ MOHBI, BXOJSIINE B COCTaB AJIEKTPOJIUTA, HE SIBISIOTCA
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UJCHTUYHBIMA C WOHAMH, O0pa3ymoIIMMHU aJCOpPOIMOHHBIE ciiou. B »ToMm
ClIydyae OCHOBHOE JIEICTBHE BBOJMMOTO AJIEKTPOJIMTA 3aKJIH0YAETCS, TI1aBHBIM
o0pa3oM, B YBEIWYCHHH HOHHOW CHJIBI JIUCIIEPCHOHHOU cpenpl. CoriacHo
teopun JlebGas-Xrokkens 3TO MPHUBOJUT K CXKATUI0O HOHHOW aTMmochepsl
KOJUIOMJIHOM  YacTUIbl, 4YTO  BBI3bIBAET  YBEJIMYECHUE  BEPOATHOCTH
MIPOHUKHOBEHUSI TTPOTUBOMOHOB M3 nU(PPy3HOTO ClIosi B ancopOnuoHHbI. B
pe3yiibTate JAaHHOrO TMpoliecca  3apsj  KOJUIOWJHOM  YacTHIbl, W,
CJI€I0BATENBHO, {-TIOTEHIIMAN yMeHbIIAeTcs. (Ymo npousoiidem npu smom c
mMepmMOoOUHAMUYECKUM NOMEHUUANOM (P-nOmMeHyuaIom)?)

DNEKTPOJUTHI SIBISIOTCS HEUHAUDPEPEHTHBIMU TI0 OTHOIICHUIO K
JAHHOMY THAPO30JI0, €CIIM OHU CHOCOOHBI MPOYHO aAJACOPOMPOBATHCS Ha
MOBEPXHOCTH arperara, Ju0o 3a CYET JOCTPOUKH KPUCTAJUTMYECKON PEIIeTKU
(Chopmynupyiime npasuno Ilanema-@asanca!), mudbo 3a cueT 3aMEIICHUS
NOTEHUUAIONPEACISIIOIUX HMOHOB. (OYeBUAHO, 4YTO 3TO MPUBEHAET K
M3MEHEHHIO KaK (-, TaK U (@-NOTEHUUANIOB. J[aHHBIM MEXaHH3M peann3yeTcs
JUIIb TOT/A, KOrAa 3apsii KOJUIOUIHOW YacTUllbl HeBeNMuK. [Ipu 3ToM Moxker
MPOUCXOJIUTh HEUTpanu3anus 3apsiia KOJUJIOMIHOM YacTHUIlbl, MO3TOMY
KOAryJisiliii0 Ha3bIBAIOT HeUmpaiu3ayuoHHou Ui aocopoyuonHou. (B kakux
cayuanx éeedenHue HeuHOuUPhepeHmno2o IN1eKmpoIUma MoHcen npueecmu
K HOGbIWEHUIO YCMOTIYUGOCHU 301147)

Kakmue 3JIEKTPOJIUTHI - uHAu(pPepeHTHDBIE W
HeuHAuPPepeHTHBIe — B 00JIbIIEH CTENEHU BJIHUAKT HA YCTOMYMBOCTH
ruapo3oJaei?

BBenenue m000ro 35eKTpoSMTa MPUBOAMT K YBEIHUYECHUIO HOHHOU
CWJIBl U, cienoBarenbHo, K cxatuio JIOC. [Ipu HeOONbIINX KOHIEHTPALUIX
UHIU(G(PEPEHTHOTO 3JIEKTPOJIUTAa €ro BIMSHUE OOBIYHO HeBenuko. WHas
CUTyallMsl TUNOWYHA [ HEeUHIU(P(PEpEeHTHBIX DBIEKTPOJIUTOB —  YyiKe
HEOOJIbIIOE €r0 KOJUYECTBO CIOCOOHO BBI3BATh CYIIECTBEHHOE H3MEHEHHE
ctpoenust JIDC. Koarymupyromiee AENCTBUE 3JIEKTPOJIMTOB OMPEACIICTCS,
IIPEK/IE BCET0, BETMUYUHOMN 3aps/ia, JIEKTPOHHON CTPYKTYpPOH U pa3MepoM TeX
MOHOB, 3HaK KOTOPBIX POTUBOIIOJIOKEH 3HAKY 3apsja KOJUIOMIHBIX YaCTHII.

Kakas BeMunHA HCHOJb3yeTCH JJA KOJUYECTBEHHOT0 ONMUCAHMS
CIMOCOOHOCTH JIEKTPOJINTA BbI3bIBATH KOATYJISIIIUIO 30J1517

MuHuManbHas KOHLIEHTPALMS 3JIEKTPOINTA, KOTOpasi BhI3bIBAET HAYAIO
mpoliecca KOaryJIsiii Ha3bIBACTCSA nopocoM Koazyiayuu ¥. (Moas/am’). OHa
SABJISCTCS MOCTOSIHHOM BEJIWYMHOW I JTAHHOM MAapbl 30JIb—JIEKTPOJIUT IIPU
OJIMHAKOBBIX BHEIIHHMX YCJOBHUSAX (TeMIieparypa, JAaBjieHUE U T. 1.). MHorma
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UCIIOJIB3YIOT BEIWYUHY, OOPATHYIO MOPOTY KOATYJSIUU, — KOAZYIUPYIOULYIO
cnocoboHocms deKTponuta V,.

N3 ypaBuenusi (1) MoxHO BbIpa3uTh nopor koaryjsauuu C,, T.e€.
KOHIICHTPAIMIO MOHOB, COOTBETCTBYIOIIYIO UCYe3HOBeHUIO Oapbepa (Uy, = 0);

dUu
JIOTIOJTHUTCJILHOC yCIIOBHUE: A 0.

2eqp !
2(RT)|th=—"=
e,V (R | 00|

* \2
(A12) z%e°
rie k; = 10° — Ge3pasMepHast KOHCTAHTA.

b

2ep,
B cnyyae cunbHOTO 3apsija MOBEPXHOCTHU thmzl, nostomy C,

00paTHO MPOIOPLHOHATbHA 3apsiay HPOTHBOMOHA (ze)’. DTOT BBIBOA [AACT
Teopetudyeckoe obocHoBanue mnpaswia llyneue-Iapau. (Chpopmynupyitme
eco!) llpy cuUIBHOM 3apslie NOBEPXHOCTH CHWIKEHHE JHEPIETHYECKOIO
Oapbepa BbI3bIBACT U cxkaTue AU (y3HOro cjiosi IPOTUBOUOHOB MIPH BBEJICHUU
BJIEKTPOJIUTOB B JOCTATOYHO BBICOKOM KOHUEHTpauuu. HamoMHuM, 4TO Takou
CJIy4ai Ha3bIBalOT KOHLEHTPALMOHHON KOAryJsilue.
thzei:%.
4RT  4RT
NOJIyyaeM JIpYT'yK0 CBSI3b MEXKIYy IIOPOTOM KOAryJisiiiud W 3apsaioM
MIPOTUBOMOHA (HEUTpaIN3alMOHHAs KOATyJISIus):
(e2,)" RTp,’

*222’
(Alz)ze

Jis  crnabo  3apsKEHHOW TIOBEPXHOCTH [Toatomy

CI( =k2

rae k, = 800.

Ilepedyuciaure 3KCIEPUMEHTAILHO TOJy4YeHHble 3aKOHOMEPHOCTH,
ONMUCHIBAKOIIME TPOLECCHl JJIEKTPOJIMTHONH Koaryiasiuum (npaeuna
Koazynauuu).

1. Inst mpoTekaHusi KOAryJjsiud C 3aMETHOM CKOPOCTHIO HEOO0XOIUMO
JOCTUKEHUE HEKOTOPOM MHUHUMAJIBLHON KOHIICHTPAI[UU AJIEKTPOJIUTA —
nopoza Koaz2yisayuu.

2. Koarynupytomum JIedcTBUEM OOJaJaeT TOT U3 HMOHOB JJIEKTPOJIUTA,
3apsii KOTOPOTO MPOTUBOIIONOKEH 3apsAay KOJUIOMIHBIX YaCTHII, IPUYEM
KOaryJaupymllee IeHCTBUE MOHA TE€M CUJIbHEE, 4eM OOoJbIle €ro 3apsij
(mpaBunio  WMynsue-T'apau).  I[lpaBuno  Ulynbue-l'apnu  umeer
NpUOTMKEHHBIM XapaKTep U CIPaBeUIMBO TOJBKO JJII HEOPTraHUYECKUX
VOHOB.
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3.B  psagy opraHMyeckMX HMOHOB  KOaryJaupympomiee JeHCTBUE
IPOIOPIIMOHATIEHO X CIIOCOOHOCTH aJICOPONPOBATHCS.

4. Havany KoaryJsilMd COOTBETCTBYET CHW)XEHHE (-NOTEHLHANA JI0
kputnueckoit Benuuunsl (~0,03 B).

5.B pspax HeOpraHMuecKMX HWOHOB C OJMHAKOBBIMHU  3apsiiaMH
KoaryJaupyloiiee neicTBue BO3pacTaer C yMEHBIICHUEM
TUAPATUPYEMOCTH HOHOB; HalpUMeEp:

Bo3pacranue KoaryJiupymouieii aKTUBHOCTH

»
»

Li" Na" K Rb'

A

B03paCTaHne CTCIICHU THAPATAIIUHA

Takue psiibl, B KOTOPBIX MOHBI PACIIOIOKEHBI B MOPSJIKE YObIBAaHUS WU
BO3pacTaHusl KOAryJIHpyOUed CIOCOOHOCTH, HA3bIBAIOT JUOMPONHLIMU
paoamu.

6. B ocagkax, MOTy4aeMBIX IPH KOAryTALMH 3071l 3IeKTPOIUTAMH,
BCET/ia TIPHCYTCTBYIOT MOHBI, BEI3BABIINE KOATyIsaumo. Hanpumep, mpu
KOAryTAIMH XJIOPHIOM OapHs 3078 CylTb(DHAa MBIIBAKA, YACTHIIEI
KOTOPOTO MMEIOT OTPHIATENbHBIH 3apsi, B OCAAKE COJCPKHTCS
HEKOTOPOE KOJTH4ecTBO Ba’',

7. Ilpu xoaryisiliuu 30JI€¥ CMECSIMU JJIEKTPOJIUTOB CPABHUTEIBHO PEIKO
HAOJIFOTaeTCs UX HE3aBUCHUMOE (AIIUTHUBHOE) JCHCTBUE; OOBIYHO MMEET
MECTO B3aUMHOE YCWICHHE (cuHepeuzm uoHog) Iu0O0 ocnabieHue
KOaryJMpYyIOIIEero AeHCTBUS (aHMa2oHU3M UOHOB).

IIpoananu3upyiite KHHeTHYECKHE 3aKOHOMEPHOCTH KOATYJSIIIUU
30J1eil B 3aBUCUMOCTH OT KOHIIEHTPAIIUH 3JIEKTPOJIUTA-KOATYJIAHTA.

IIponecc  koarynsuuu 3008  XapakTEPU3yeTCs  ONPEIEICHHOU
BEJIMYMHON CKOPOCTH KOAryJsillMM, KOTOPYIO MOYKHO OIPENEeIuTh Kak
M3MEHEHUE 4YMCla KOJUIOMJHBIX 4YacTUIl B €IWHUIE oObeMa 3a EIUHHILY
BpeMeHU. CKOpOCTh KOAryJiSIUM 30151 JIEKTPOJIUTAMHU 3aBUCUT KaK OT
KOHIICHTPAllMM CaMOro 30Ji1, TaK W OT KOHUEHTPALUUHU 3JJIEKTPOJIUTOB.
Tunuuebli  BUJ  KOAryJIsIUMOHHOW KpPUBOW (3aBUCHUMOCTH  OTHOLUEHUS
KOHIIEHTPALMX KOJUIOMAHBIX YACTHUIl 7 K UX HA4YaJIbHOM KOHILIEHTPALUU 7, OT
BPEMEHU f) U KPUBOM 3aBHCHUMOCTU CKOPOCTH Koaryjsiuuu V' (KOJIU4eCcTBO
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«CIIMMIINXCSD YACTHI] 32 €ANHUILY BPEMEHH) OT KOHUEHTPALUH DJIEKTPOJIUTA
C moka3aH Ha pUCYHKax.

n/noA

VA

no

»
»
> l

Cc C1 Cy C

Ha «xpuBoii OABB otpe3ok (OA OTBEYAaET TEPUONY CKpbImou
Koa2ynayuu, Tpu KOTOPOH 30J7Ib COXpPaHSET CBOIO yCTOWYHMBOCTh. B Touke A
OpU KOHIEHTPALMK DJIIEKTPOJIUTA ¢; HAYMHACTCS A6HAA Koa2yliayus: Ha
y4dacTtke AD CKOpOCTh KOAryJsiliuy pe3Ko BO3PACTAET C POCTOM KOHIICHTPALIMH
ANEKTPOIUTa (Mednennas koazynrayus). O4eBUIHO, UTO CKOPOCTh KOAryJISLUN
BO3pacTaeT Ojarojaps CHIDKEHHIO dJHepreruueckoro Oapbepa  (Eur),
NPEMSTCTBYIONIEro cOMMKeHu0 vactull. KoHCTaHTa CKOPOCTH KOaryJsiluu

MOKET OBITh BBIpAXKEHA ypasHeHuem Appenuyca:
E

_Zakm

k. = Ae AT
Ha yuactke AB (6vicmpas koazynsayus) CKOPOCTh KOATYJISIIIUN OCTAeTCs
MMOCTOSTHHOM; 3TO CBSI3aHO C TEM, YTO MPU KOHIICHTPAIIUU SJIEKTPOJIUTA C)
BENTMYMHA (-TIOTEHIIMAaja CTAaHOBUTCS PAaBHOW HYJIO (T. €. YK€ OTCYTCTBYET
DHEPreTUYECKuid Oaphep W MPAKTHUECKH KaKI0E€ CTOJKHOBCHHE YACTHII
MPUBOJANT K WX arperanuu), CKOPOCTh KOAryJsIUd TPH STOM JOCTUTACT
MaKCUMAaJIbHOTO 3HAYCHHUS.

Bonpocsl 1 3ajaHusA 11 CAMOKOHTPOJISA 3HAHUH 0 MaTepuauay 14-i
JIEeKIIUM

1 OOBsCHHTE TPUYHMHBI, KOTOPHIC BBI3BIBAIOT HEYCTOWYHMBOCTH
JUCTICPCHBIX CUCTEM M MX TTOCTCIICHHYIO 3BOJIIOIIHIO.

2 Kakwme aBa mpoliecca BI3BIBAIOT YMEHBIIICHHE CBOOOJHON SHEPTIHH
JUCTIEPCHBIX CUCTEM?
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3 Kakoit dakTop 00yCJIOBTUBAET CEIMMEHTAIMOHHYO
HEYCTOWYMBOCTD AUCIEPCHBIX CUCTEM?

4 B d4em 3aKiHOYaeTCs OCHOBHOE OTJIMYME KOAryJasiluud  OT
KoajecueHuuu?

5 IlpuBenuTe  OCHOBHBIE  IIOJIOKEHHMS  TEOPUM  YCTOMYMBOCTH
ruIpoPOOHBIX 3051ei Hepsruna-Jlannay-®eppes-OBepOeka
(JJ1DO).

6 UYrto Takoe packinuHuBaroiee napieHue? KakoB ero ¢uzmyeckuit
CMBbICH?

7 Kakue BapuaHThl MOBEACHUS KOJUIOMAHOM CUCTEMBI BO3MOKHBI B
3aBUCHUMOCTH OT COOTHOLIEHUS BEJIWYUHBI IOTECHIHAIBHOTO
Oapbepa, riIyOMHBI MOTEHUUAIBHBIX SIM U KUHETUYECKOW SHEpPruu
YaCTHI] IUCTIEPCHOM (ha3bl.

8 [aiite ompenenenue koaryisuuu. l[IpuBenure ee KOIMYECTBEHHbIE
XapaKTEPUCTUKH.

9 IlpoanamusupyiiTe JBa  BO3MOXHBIX  MEXaHU3Ma  BIMUSHUSA
AIEKTPOJIUTOB HA YCTOMYMBOCTH TUAPO30JIEH.

10 O6ocnyiite npaBuio Lynbue-I"apau ucnonb3ys MoN0KEeHUs] TEOPUU
JUJI®O. UYem MOXHO OOBSICHHTH HEIOJHOE COOTBETCTBHUC
TEOPETUYECKH MOJIyYEHHBIX MOPOTOB KOaryJsiiuu C
AKCIIEPUMEHTAJIbHBIMU pe3yJbTaTaMu ?

11 ChopmynupyiiTe OCHOBHBICE 3aKOHOMEPHOCTH  DJIEKTPOJIUTHOMN
KOaryJsiuu (IpaBuiia KOAryJisiiiim).

12 B 4yem CyThb SBJIEHUS KOJUIOMOHOM 3amuThl? JlJIE 4Yero OHO
pUMEHseTCs?

13 Vkaxure NpuUHLIMN, KOTOPBIA ONpPENEseT MOPSAI0K PacHOIOKEHHS
MOHOB B JHUOTPONHBIX psfoB ['odmeiictepa. Jlaiite oOocHOBaHUE
ATOMY IIPUHLUITY.

14 IIpuBenure npuMep B3aWMMHOM KOaryJisilMU ABYX 3o0sei. KakoB ee
MeXaHu3M?

15 PaccmoTpuTe BIMSHME KOHUEHTPALHMM DJIEKTPOIUTA HA CKOPOCTh
KOaryJisiLyH.

16 ITomyuure YpaBHEHHUE ['enbmronpna-CMOIyX0BCKOTO,
ONMUCBHIBAIOIIEE  3aBUCHUMOCTb  CKOPOCTH  KOAryJiAllud  OT
KOHLIEHTPAI[MU YaCTUILl TUCTIEPCHOM (pa3bl.
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Cii0Bapb OCHOBHBIX oOmpeaejieHUid (PU3NUYECKO XUMHMH, HEOOXOIAMMbIX
JJIS1 M3yYeHHUsI Kypca KOJUIOUAHON XUMHHU

duzndeckas XUMHs — HayKa, OOBICHSIONIAs XUMHUYCCKUE SIBICHUS U
yCTaHaBIUBAIONIAs WX OOIIME 3aKOHOMEPHOCTH Ha OCHOBE IIPUHIIUIIOB
GU3MKH W C HCIONB30BAHUEM (PU3NIECKUX SKCIIEPUMEHTATBHBIX METOJIOB.
Baxneiimas npobiema cOBpeMEHHON (PU3NYECKONW XUMHHM — YCTaHOBJICHHE
CBSI3M MEX]Iy CTPOSHHEM BEIIIECTBA U €ro PEaKIIMOHHON CIIOCOOHOCTHIO.

TepmonnHamMuKka H3y4aeT B3aWMHBIE IIEPEXOIbl JHEPTMU M3 OJIHOU
dbopMbI B Ipyryto, sHepreTudeckre 3PGeKThbl, COMPOBOXKIAIONINE Pa3INUHbIC
busznyeckue M XUMHUYECKHE MPOLECCHl, COCTOSHUE PAaBHOBECHS, a TaKxkKe
BO3MOXKHOCTb, HaNpaBI€HUE M TPENENl NPOTEKAHUS CaMOIPOU3BOIbHBIX
IIPOLIECCOB.

Cuctema — COBOKYIHOCTh MaT€pHAIbHBIX OOBEKTOB, IPOU3BOJHLHO
BBIZICJICHHAS W3 OKPYXAIOIIEro MHpa [Js H3Yy4YEHUS, U OTIEIEHHas OT
OKpY’Karolel cpejibl peaibHOW UM BOOOpakaeMOU TpaHMIICH.

OTkpbITasg cucTeMa — CHCTEMa, KoTopas MOXKeT OOMEHHBAThCA C
OKPY’KAIOIIEH CPEION U BEIIECTBOM, U SHEPTUEH.

3akpbITas cUCTEMa — CHUCTEMa, KOTOpasi HE MOXKET OOMEHHUBATHCS C
OKpY>KaroIIei cpefoil BEEeCTBOM (T. €. UMEET MOCTOSHHYI0 Maccy), HO MOKET
oOMeHUBaTbCs SHEprueH (B popme TeroThl Wil paboThI).

N3onupoBaHHasl cucTeMa — CUCTEMa, KOTOpasi He MOXKET OOMEHUBATHCS C
OKPY’KAIOILIEW CPENOW HHU BEIIECTBOM, HM JHEPIUEM U HMMEET IOCTOSHHBIN
00BEM.

['omorenHas cucrema — CHCTCMa, COCTOAIIAaA 13 0I[HOI71 (1)8,351.

['eTeporeHHas cucTeMa — CHCTeMa, COCTOsIIas U3 ABYX U Oojee da3.

dasza — COBOKYIMHOCTh BCEX YaCTEH CHCTEMbI, UMEIOIIUX OJWHAKOBBIN
COCTaB, XMMHYECKHE W (PU3MUECKUE CBOMCTBA W OTACIEHHBIX OT IPYTHX
YaCTEW CUCTEMBbI TOBEPXHOCTHIO pa3ena.
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CocrostHue CHUCTCMbI — COBOKYIIHOCTDb TCPMOANHAMUYICCKHUX
mapaMCcTpOB CHCTCMEI. Ecimm xoTa Obl OdHa H3 BCINMYHMH MCHACTCA, TO
HU3MCHACTCA U COCTOAHUC CUCTCMBI.

[TapaMeTpbl COCTOSIHUS CUCTEMBI — OIIPEIEIIEHHBIE H3MEPSIEMbBIE CBOMCTBA
cucTteMbl (Temmeparypa, oOObeM, HaBIEHHE HT.J.), OINpENSIHIIoNe €€
COCTOSTHHE.

HHTEeHCHBHBIC TApAMETPhI HE 3aBUCAT OT MAacChl 1 HMCIOT OJJUHAKOBHIC
3HAUEHUA BO BCEX TOYKAX CHUCTEMbI (IUIOTHOCTb, TEMIEpaTypa, MOJbHBIH
00BbeM).

OKCTEHCUBHBIC MapaMeTphl 3aBUCAT OT MacChl WM KOJUYECTBa
BEI[ECTBA, BXOJAMIETO B cHUcTeMy (oOmmii 00BeM, TEMI0eMKOCTh).
OKCTEHCUBHBIE IMapaMeTphl, OTHECEHHbIE K €IMHUIIC KOJIMYECTBAa BEIECTBA
(MONbHBIE) WJIM €IUHUIIE Macchl (yAeNbHbIE) TPHOOPETAIOT CBOWCTBA
WHTEHCHBHBIX TTAPaMETPOB.

CranmmoHAapHOE COCTOSIHUE — COCTOSIHHE CUCTCMBI, KOTOpPOC HC
HU3MCHACTCA BO BPCMCHHU.

PaBHOBECHOE COCTOSIHUE — COCTOJgHHC, IIPW KOTOPOM B CHCTCMC HC
TOJIBKO BCC IIapaMCTpbl IIOCTOAHHBI, HO M HCET HHWKAKUX CTAUMOHAPHBIX
IIOTOKOB 3a CYCT I[CfICTBI’IfI KaKuX-I100 BHCITHUX HCTOYHHUKOB, T.C.
CTAIMOHAPHOCTDH HC 06YCJ'IOBJICH3 HHUKaKHMMH BHCIIHHUMU IIPOLICCCaMU.

H[}OQGCC — paa MmocCJ€aoBaTCIIbHBIX W3MEHEHHUN COCTOSIHUS CHUCTCMBI,
T. €. ©BMCHCHUC BCCX UJIM HCKOTOPLIX €C IIapaMCTPOB C TCHCHUCM BPCMCHH.

KBaszucratuueckuii (paBHOBECHBIN) Mpoliecc — MPOIEce, TP KOTOPOM
napaMeTpbl CUCTEMBl MEHSAIOTCA OECKOHEYHO MEIJIEHHO, a CHUCcTeMa
MOCJEAOBATEAbHO  MPOXOAUT  PSAl  COCTOSIHUM, OECKOHEYHO  Majo
OTJIMYAIOIINXCSI OT PABHOBECHOTO.

OOpaTuMBIi TPOIECC — TMPOIECC, KOTOPBIA COBEPINACTCS TaKUM
o0pa3oM, 9TO TOCJI€ €r0 OKOHYAHUS CUCTEMY MOYXKHO BO3BPATHUTh B MCXOIHOC
COCTOSIHHE, TIPHYEM HUKAKUX M3MCHCHUH B OKpY)KAIOIICH cpejic HE 0CTaeTCs.
[Ipomecchl, KOTOpBIE HE YJIOBICTBOPSIOT 3TOMY YCJIOBHIO, HA3bIBAIOTCS
HEOOPATUMBIMH.
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PaBHOBECHBIN MPOIIECC — MPOLECC, MPOXOIAIINNA YE€pPe3 HENPEPHIBHYIO
IIOCJIEIOBATENBHOCTh COCTOSIHUN PABHOBECHS, T. €. COCTOSIHUM, IPU KOTOPBIX
tepmonnHamuueckue napamerpel (T, p, V, p m ap.) mindrensHOoe Bpems
OCTaIOTCSl TOCTOSHHBIMU. JIf000€ Jpyroe HW3MEHEHUE COCTOSHUA Oynaer
HEpPaBHOBECHBIM. PaBHOBECHBI Mpolecc TOJDKEH NPOTEKAaTh OECKOHEYHO
MEJUIEHHO, MI03TOMY OH MPAaKTUYECKU HE peanusyeM (ABIsieTcsl adCTpakuuen),
XOTS MOYKHO TPHUONHM3UTHCA K 3TOMY HUICAIBHOMY CIy4dalrd CKOJb YTIOJHO
onu3ko. PaBHOBeCHOMY IMpoliecCy CBOMCTBEHHbI MaKCHMallbHas paboTa u
JIBYCTOPOHHOCTbD, T. €. 00paTUMOCTb.

CaMonpou3BOJIbHBIA Ipollecc — MPOIlecC, B XOJ€ KOTOPOTo cHCTeMa
npuOIMkaeTcss K  COCTOSHHUIO  paBHOBECHs, M3  KOTOPOrO  OHA
CaMOITPOU3BOJILHO BBIMTH HE MOXET. [[1s mpoTekaHusi caMOINpOU3BOJIBLHOTO
mpoliecca He TpeOyeTcs 3aTpayuBaTh SHEPTUIO U3BHE.

Hecamonpoun3BoabHBI Ipoliecc — MNPONUECE, ANl MPOTEKaHUS KOTOPOTO
TpeOyeTCs 3aTPATUTh YIHEPTUIO U3BHE.

N30TepMHUYECKH TPOLECC — MPOLECC, NPU KOTOPOM TeMIeparypa
CHUCTEMBbI HE U3MEHSIETCS.

W300apHEIi poliecc — MPOIEecc, IPU KOTOPOM JaBIICHHE B CUCTEME HE
MN3MEHSETCSI.

M30x0pHEINM _OpoLecc — mponecc, 1nmpu KOTOpoOM 00BEM CHCTEMBI HE
HU3MCHACTCA.

XUMHYECKasi PeaKlusi — 3TO Pa3HOBUAHOCTH Ipollecca, MpU KOTOPOM
HaOJIIOIaeTCs U3MEHEHNE XUMHUECKOTO COCTaBa CHCTEMBI

PeakiimoHHass cnocoOHOCTb — CHOCOOHOCTH BEIIECTBAa BCTYNATh B
XUMHUYECKYIO PEAKLHUIO.

DHeprus — Mepa CloCOOHOCTH CUCTEMBI COBEpIIIaTh padoTy.

BHYTpeHHSIsT DHEprus (U) — CyMMa BCCX BHIOB OHCPruM, 34
HCKIIIOYCHUCM KHHETHYECKOMU OHCPIUHU CHUCTCMBI B ocjioM U cC
HOTGHHH&HBHOﬁ OHCPI'UHU ITOJIOKCHUA.
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PaGota (A) — xonMuecTBEHHAs] XapaKTEPUCTHUKA MepeIaHHOM IHEPTHUH.
B nmanHOM cimywyae sHeprus mepemaeTcss IyTEM — CONIACOBAHHOIO,
YIOPSAIOYEHHOTO, JBIW)KEHMsI yacTull. Pabota, mnponaenaHHas CHCTEMOH,
CUMTACTCS TIOJNIOKHUTEIbHON, a paboTa, TpojernaHHas HaJ CUCTEMOM —
OTPULATEIIBHOM.

Tennora (Q) — BTOpas (Hapsay ¢ padoToif) popma mepenadyu SHEPTUU.
B cnydae TemnoThl 3HEPrUsS TEpenaeTcsl MyTeM XaoTHYECKOTO JIBYKCHHUS
gacTull Tena. Temnora MoMOKUTENbHA, €CIM TEIUIOTa MOCTYMaeT B CHUCTEMY
(PHIOTEPMHUYECKHI TPOIECC), U OTPHUIATENIbHA, €CIM TEIUIOTa OTBOJIUTCS W3
CHCTEMBI (9K30TEPMHUYECKHIA ITPOIIECC).

OHranbnuss H — sHeprus, KOTopoi o0jagaeT cCUCTeMa, HaXOsImasics
MIPU MOCTOSTHHOM JIaBJICHUH; SHTAJIBIIMS YMCJICHHO paBHA CyMME BHYTPECHHEU
sHepruu U u pabote oobeMuoro pacmmpenus pV: H=U + pV.

3aKOHBI _ TEPMOJAMHAMUKH  —  MOCTYyJaThl,  KOTOpble  ObUIU
chOopMyTUPOBaHKl HAa OCHOBE OOOOIIEHWS MHOMXECTBA HAKOIICHHBIX
AKCIEPUMEHTANbHBIX JaHHbIX. Ha OCHOBE S3THX 3aKOHOB TOJYYEHBI
MHOTOYHUCJICHHBIE CJIEICTBUS, KOTOPBIE JIEKAT B OCHOBE CTPOTOTO OMHCAHUS
OKpY’KaroUIero Hac MHUpa.

[lepBBlii 3aKOH TEPMOIWHAMUKHA — OHEPTHs, IepelaHHas CHUCTEME,
pacxoayeTcsi Ha TIOBBIIICHWE €€ BHYTPEHHEH JHEPTMH M Ha COBEpIICHHE
cuctemoir pabotel: OQ=dU +OA. IlepBwiifi 3akOH TEPMOJAMHAMHUKHU
YCTaHABJIMBACT IMOCTOSTHCTBO (HEYHHUYTOXKMMOCTH) SHEPTHH TIPH B3aWMHBIX
MPEBPAIICHUSIX €€ Pa3INYHBIX (POPM, OJTHAKO OH HE JTaeT HUKAKUX yKa3aHUH O
HaIlpaBJICHUH TPOIECCOB, MX BO3MOKHOCTH WJIM HEBO3MOKHOCTH.

BTopoy 3akOoH TEepMOIWHAMUKU — ECIM B HM30JIMPOBAHHOM CHUCTEME
IIPOTEKAET CaMOIIPOU3BOJIbHBIN MPOLIECC, TO YHTPONUS CUCTEMBI BO3pPACTAECT:
dS > 0. Btopoil 3akOH TEPMOJMHAMHKHM XapaKTEpHU3yeT HarpaBlieHUE
npoueccoB. B o0mem ciyyae kputepueM NpPOTEKaHHsSI CaMOIPOU3BOJIBHOIO

O
(HeoOpaTuMoOro) mporecca SBISETCS HEPABEHCTBO: dS>7Q. B cocrosinun
paBHOBECHUSA dS :57Q.

OHtpomws (S) — QyHKIUS COCTOSHHSI TEPMOTUHAMUYECKON CHUCTEMBI,
U3MEeHeHue KoTopoid dS B paBHOBECHOM MPOLECCE PABHO OTHOLIECHUIO
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KOJIMYECTBA TEIUIOTHI 0(Q, COOOIIIEHHOTO CUCTEME HIIM OTBEJICHHOTO OT Hee, K
TEePMOJMHAMHUYECKOM Temrepatype T CUCTEMBbl. OHTPONUIO MOXKHO
paccMaTpuBaTh KaKk BEPOATHOCTh HAXOKJIECHUSI CUCTEMBI B TJAHHOM COCTOSIHUH.
OHTpomUsT — Mepa YNOpsAI0YEHHOCTH CHUCTEMbI, YeM MEHbIIIE MOpALIKa, TEM
Oonprie  SHTpomms. TakuMm 00pa3oM, DHTPOMHUS SBISETCS KPHUTEpUEM
BO3MO>XHOCTH MPOTEKAHUS CaMOITPOU3BOJILHOTO nporecca
(TepMOAMHAMUYECKUM MMOTEHIMATIOM) B U30JMPOBAHHON CUCTEME.

Oueprus l'enpmronbia (F = U — TS) — kpurepuil BO3MOKHOCTH
CaMOITPOM3BOJIBHOTO TPOTEKAHMSI PEAKIUU B H30XOPHO-U30TEPMHUUYECKHUX
YCIOBUSIX (M30XOpHO-U30TepMuueckuit moreHuuan). Ilpomecc nmpu V,T=const
IPOTEKAET caMonpou3BosIbHO pu AF<0.

Oueprusi [ub66ca (G = H — TS) — kpurepuifi BO3MOXKHOCTH
CaMOIIPOU3BOJILHOTO TMPOTEKAaHUSI pPEAKIUH B H300apHO-U30TEPMUYECKUX
ycinoBusix (M300apHo-n3oTepMudeckuii morenmman). [Ipomecc mpu p,T=const
MPOTEKaeT camonpoun3BoiabHO npu AG<0.

XHMMHYECKMI TOTEHUHMAT — TMOHATHE, HCIOIb3yEMOE I ONUCAHUSA
TEPMOJIMHAMHYECKOTO PABHOBECUSI B MHOTOKOMIIOHEHTHBIX CHUCTEMax.
OOBIYHO XMMHMYECKHI MOTEHLHA KOMIIOHEHTAa CHUCTEMBbI BBIUMCISIOT Kak
YaCTHYIO MPOU3BOJIHYIO S3Heprun ['mub0ca no yucity yactuil (MiIu MoJiei) 3TOro
KOMIIOHEHTa IpU IOCTOSHHOM TemIieparype, JaBICHMM M Maccax APYTHUX

oG — . .
KOMIIOHCHTOB: M= (_ =G; B paBHOBeCHOI/I reTepOFeHHOI/I CHUCTEMC
P>T i

on

XUMUYECKHE TOTEHIUAIbl KaKIOTO W3 KOMIIOHGHTOB BO Bcex (asax,
COCTaBJISIONINX CHUCTEMY, paBHBI (ycmoBue (asoBoro paBHoBecwHs ). Jlms
a000H  XMMHYECKOM  peakiud CcyMMa TPOW3BEIACHHA  XHUMHYECKOTO
MOTEHI[MAJIa BCEX  yYacTBYIONIMX B  pEaklWd BEMmECTB Ha  UX
CTEXHUOMETPUYECKUN KOd(PPUIMEHT paBHAa HyIIO (YCIOBHE XHUMHUYECKOTO
paBHOBECHSA).

ArperatHble COCTOSHUS — COCTOSHMS ((a3bl) OJHOTO M TOTO K€
BelllecTBa (HampuMep, BOJbI, JKeJlie3a, CEPbl), MEPEXO0/bl MEKIY KOTOPBHIMU
COTPOBOXKIAIOTCSI CKAYKOOOPa3HBIM M3MEHEHUEM psiia (PU3MYECKUX CBOWCTB
(mnotHocTH, BHTponmuu U Ap.). OOBIMHO paccMaTpPUBAIOT Tra3000pa3HoOE,
KUJKOEC U TBeploe arperatHbie cocTosiHus. CyIIeCTBOBAaHHE Yy BeEIIECTBa
HECKOJIbKUX arperaTHbIX COCTOSHUU OOYCJIOBJICHO Pa3/IMUUSIMU B TEIJIOBOM
JBI>KEHUH €r0 MOJIEKYJ (aTOMOB, HOHOB) M B X B3aUMOJICHCTBUH.
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PaCTBOQ Ha3bIBAIOT T'OMOI'CHHAsd TCPMOINMHAMHUYCCKH YCTOI\/JILII/IBaH
CUCTCM, COCTOAIIMC M3 ABYX HIH OOJIBIIIETO YMCIIa KOMIIOHCHTOB, COCTaB
KOTOPBIX MOKET MCHATHCA B IIPCJALiIax, JOIIYCTUMbBIX paCTBOPHUMOCTBIO.

WeanpHbld  pacTBOp — pPAacTBOP, KOMIIOHEHTBI KOTOPOTO HeE
B3aUMOJICUCTBYIOT MEXIy coOoi. HekoTopble peanabHble pacTBOPHI OJU3KUX
M0 CBOMCTBaM BEUIECTB MPHUOJMKAIOTCS 1O CBONCTBAM K HJ€albHBIM
pacTBOpaM, TaK KaK B HUX CHJIBI B3aUMOJEUCTBUSA MEXAY OJHOPOIHBIMU H
Pa3HOPOJHBIMHU MOJIEKYJIaMU IIPAKTUYECKN OJMHAKOBBI.

HachpllieHHbld ap — mnap, KOTOPbIM HAaXOJUTCS B PABHOBECUHU C
JKUJIKOCTBIO.
PaBHOBEeCcHOE JIaBJIEHHME — JaBJICHHE B CHCTEME, HaXOIdIIeHCI B

COCTOAHHNHN TCPMOJNHAMHNYCCKOI'O PABHOBCCHA.

[1olyTpOBOJIHUKOBBIE MaTepuagbl — BEIIECTBA, JIEKTPOIPOBOIHOCTh
KOTOpPBIX IPU KOMHATHOW TEMIEpAaType HMEET MPOMEKYTOUYHOE 3HAUYECHHE
MEXTy IeKTpOornpoBogHocThio MetamioB (10°-10* Om™-em™) 1 muonexrpukos
(10%-10" Om"-cm™).  XapakrepHas O0COGEHHOCTh IONYNPOBOJAHHKOB —
BO3pacTaHUE BJIEKTPONPOBOAHOCTA C POCTOM TEMIEpaTyphbl; MPU HUBKUX
TEMIIEPATYpPaxX 3JIEKTPOIMPOBOJHOCTH MOIYIIPOBOJHUKOB MaJla; HA HEE BIUSIOT
U JpYTY€ BHEIIHUE BO3ACHCTBHUS: CBET, CUIIBHOE JJIEKTPUUYECKOE MOJIE, TOTOKU
OBICTPBIX YACTUIl U T. 7. BbICOKas YyBCTBUTEIBHOCTb JJIEKTPUYECKUX U
ONTUYECKUX CBOMCTB K BHEIIHUM BO3JICUCTBUSIM U COJECPKAHUIO IPUMECEN U
nedeKTOB B KpUCTAIIaX TaKKe XapaKTepHa /IS MOJIYITPOBOIHUKOB.

DJIIEKTPOIUTEI — 3TO BEHIECTBA, KOTOPHIE B PACTBOPE WM paciuiaBe
JTUCCOLMUPYIOT HA HOHBI U IPOBOMASAT JICKTPUUECKUI TOK.

Honnas cumma  pactBopa (I) — BenmmumHa, NOKa3pIBaloIas, Kak
CyMMapHO€ JEHCTBME BCEX HOHOB B pPAaCTBOpPE HU3MEHSET KO3(PQPULKEHT

. 1 2
aKTMBHOCTH JaHHOH conn: [ = —Zmi Zj .
i

KoJyuturatuBHbie CBOMCTBA — CBOMCTBA PACTBOPOB, KOTOPHIE HE 3aBUCST
OT TPUPOABI PACTBOPEHHOTO  BEIIECTBA, a  ONPEACISAIOTCS  JIMIIb
KOHIICHTpAIlUe ero KWHETHUYECKUX eAUHUIl (MOJIEKYJd, aTOMOB, HOHOB,
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KOJINTIONJHBIX LIElCTI/II_[). K xonnuraTuBHBIM CBOMCTBAM OTHOCST IIOHMKCHUE
TOYKH 3aMCP3dHHUA U ITOBBIMICHHUC TOYKHU KUIICHHUA PACTBOPOB I10 CPABHCHUIO C
YUCTBIM PACTBOPHUTCIICM, OCMOTHYCCKOC IaBJICHUC PACTBOPOB.

FHI[DOCTaTI/ILIeCKOC JJABJICHUC — JTABJICHHC CTOH6a KHUAKOCTU
(F mnp.:pgh)-

Kunernka — Hayka, uzyyamonias CKOPOCTb U MEXaHU3Mbl XUMHUYECKUX
peaKumii.

MexaHu3M XHUMMYECKOW PEAKIMUA — COBOKYIIHOCTBb 3JICMCHTAPHBIX
IMpoHeCCOB, YCPEC3 KOTOPLIC ITPOXOJAUT 3Ta pCAKIHA.
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COJIEPKAHUE
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