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C. B. Eropos, E. C. Opoobeiiko,
E. C. MyxauyeBa
KoJutonaajabHass XUMHSsI, IINApraJjka

1. Bo3HUKHOBE€HHE U OCHOBHBIE JTAaIlbI
pa3BuTusi koougaon xumun. Illpeamer n
00LEeKTHI HCCJIeJOBAHUI KOJLJIONHON XUMHUH

Bo3HUKHOBEHME HayKH1 KOJUIOU/IHOM XMMHHU CBS3aHO C UCCIIEIOBAHUAMM AHIJIMICKOrO XUMHKA
T. I'pama. Tlocne nmuoHepckux uccnenoBanuii M. @apades (1857 1.), Korja BriepBble ObUIM TONTY-
YEHBl YCTOMYMBBIE KOJIJIOMIHBIE PACTBOPBI BBICOKOAMUCIIEPCHOTO 30710Ta, B 1861 r. I'pam nsyyan nud-
(by3HI0 pa3HBIX BEIIECTB B BOAHBIX PACTBOPAX M OOHAPYKHUII, UYTO HEKOTOPBIE M3 HUX (KeJIaTHH, arap-
arap u T. 1.) U PyHIMpyIOT B BOJAE HAMHOIO MeJJIEHHee, YeM, HallpuMep, COJIM M KUCIIOTHI. Takike
9TH BEIeCTBA NIPH MEPECHIIIIEHNH PACTBOPOB HE KPUCTAJUTM30BAIIHCH, & (POPMHUPOBAIIH CTYAHEOOpas-
HYI0, KJIEWKYI0 Maccy. D1 Bewectsa T. I'pam HazBan kostonzamu (ot rped. kolla — «knen», eidos —
«BU»). Tak MOABUIIOCH Ha3BAHUE HAYKU — «KOJLJIONHAsA XUMUsD». T. ['poM BBIABUHYII TUIIOTE3Y O
CYILECTBOBAaHUM B MPUPOJIE JIBYX MPOTHUBOIONIOKHBIX KJIACCOB XUMUUYECKUX BELIECTB — KPUCTAILIO-
UJIOB M KOJJIOMJIOB. DTa Ujiesl 3aMHTepecoBajla MHOTUX Y4YeHbIX, 1 BO BTOpoil noJjiopuHe XIX B.
Havasxoch OypHOE pa3BHUTHE KOJUTOMAHOHN xumun. B Poccun B 3T0 BpeMst KOJUIOMHON XMMHUH TaKkKe
yZIeJs10Ch OO0JIbIIOe BHUMaHUE, BO MHOToM nof BiustHueM /[, M. Menoeneega. ViccnenoBaHust TeM-
riepaTypHOW 3aBMCUMOCTH IOBEPXHOCTHOIO HATSKEHMs opraHuyeckux xkuaxocreid (1861 r.) npu-
Besi MeHjienieeBa K OTKPBITHIO MIOHATUSL KPUTUYECKOW TeMIlepaTyphl BellecTB. MeH/iesieeB BbICKa-
3aJ1 TaKKe MJEI0 O CBSA3U MEX[y [OBEPXHOCTHBIM HATSKEHUEM M JPYTMMU CBOWCTBAMM BEILECTBA.
B 3T roapl ObUIM OTKPBITHI MHOTHE BEILECTBA C KOJUIOWAHBIMUM CBOWMCTBAMM, pa3padOTaHbl pas3iny-
Hble METO/Ibl OYUCTKM M CTAOMJIM3ALMKM KOJUIOWAOB, CO3JaHbl METOIbl UX uccienosanus. ITo mepe
OTKPbITUS HOBBIX KOJUIOMI0B Ha cMeHy runorese T. ['pama B nepBoii nonorHe XX B. NMpHUIILIA K OH-
Henuusi YHUBePCAIbHOCTH KOJLIONHOTO (JUCIePCHOr0) COCTOSsIHNSA BemecTBa: «Komutona-
HOE COCTOSIHME He SIBJISIETCS] 0OYCIIOBJIEHHBIM OCOOSHHOCTSIMH COCTaBa BelecTsa. [1pu onpeneneH-
HBIX YCJIOBHSAX KaXJ0O€ BEILECTBO MOXET HAXOIUTHCS B KOJUIOUJIHOM COCTOSIHUM». DTy KOHIIEHLIUIO
cpopmyamposain npogpeccop Cankr-IlerepOyprekoro ropaoro uncrutyta I1. I1. Beiimapn B 1906—
1910 rr. OH nokasaj, 4To TUIUYHBIE KOJUIOU 1! (HAIIPUMEDP, KeJaTHH) MOXHO BbIIEJIUTh B KPUCTaJI-
JIMYECKOM BUJIE U, HAIIPOTUB, U3 KPUCTAIJIOMJHBIX BEIIECTB MOKHO NPUTOTOBUTH KOJUIOM/IHBIN pac-
TBOp (HarpuMmep, MOBApeHHOH coM B OeH3oe). [Iponsonuio cmelieHre NpuopruTeTOB KOIOMIHOM
XuMuHM. [ TaBHBIM HalpaBjeHUEM CTajI0 U3y4YeHHe JUCIEPCHOro (KOJUIOUIHOTO) COCTOSIHUS BELECTB.
[MpumepHo K 1920-M 1. hyHIaMEHTaIbHbIE TPOOIEMbl KOJUIOUTHOM XUMUH YCIIOBHO Pa3eviIv Ha
TPU TPYIIBL: COCTaB, CTPOEHHE M CBOWCTBA KOJJIOMIHBIX YacTHIL; B3AaUMOJEHCTBUE YaCTUL C AUC-
MIEPCHOI Cpe/IoN; KOHTAKTHBIE B3aMMOJEHCTBHS YacTHIL IPYT C JIpyroM, MPUBOLSIIME K 0Opa3oBa-
HUIO KOJJIOMJHBIX CTPYKTYp. B 3TOT nmepros ObLIM OTKPBITHI OCHOBHbIE 3aKOHBI KOJIJIOMJHOW XUMUM
— 3aKOH OpPOYHOBCKOTO ABMKEHHS M TU(dy3u KOIUTOUAHBIX YacThll (A. JiiHuimeiin), TeTeporeH-
HOH MPUPOJIBI KOJUIOWAHBIX PacTBOPOB (P. 3uemonou), ceuMeHTalMOHHO- 1M (PY3UOHHOTO PaBHO-
BecHs qucnepcuil B nosie cuitbl Tskectu (7K. Ileppen) v B uentpudyre (1. Ceedbepe), cetopacce-
saust (ore. Paneir), xoarynsaiyu 3omeit anekrponutamu (I llyavue u B. I'apou). Tlosisnenue Bo
BTOPO#A 10JI0BMHE XX B. BRICOKOpa3peIaloX METOA0B U3yyeHus cTpoeHus BeectB (AMP, snek-
TPOHHOHM U aTOMHO CHUJIOBOM MUKPOCKOIMHU, KOMITBIOTEPHOTO MOJIEIMPOBaHMs, (DOTOH-KOppEIIsLu-
OHHOMI CIIEKTPOCKOITUM U Jp.) MO3BOJIMJIO MEPEUTH K CUCTEMAaTUYECKOMY MCCIIEJOBAHUIO CTPOECHUS
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U CBOWCTB KOJUIOUJHBIX cucTeM. COBpeMEHHOE OIpeiesieHNe JaHHOW HAayKH IVIACUT: KOJIJIOHIHAS
XUMHUSI — 9TO YYEHHE O CBOICTBAaX U MPEBPAILEHUAX BEUIECTB B JUCIIEPCHOM U YJIbTPaJIUCIIEPCHOM
COCTOSIHUSIX M TIOBEPXHOCTHBIX SIBJICHUSIX B TUCHIEPCHBIX cucTeMax. OObeKTh MCCIIeIOBaHMST KOJLIO-
W/IHOW XMIMUU UMEIOT BBHICOKOPA3BUTYIO MIOBEPXHOCTh U MPEICTABISIOT COOOM pa3iryuHbIe 30711, CyC-
TIeH3UH, SMYJILCUH, TIEHBI, TOBEPXHOCTHBIE TUICHKH, MEMOPaHbI ¥ TIOPUCTHIE TeJla, HAHOCTPYKTYpPUPO-
BaHHBIE CHCTEMbI (HAHOTPYOKH, TUIeHKH JleHrmiopa-BiomkeTT, ruOpuaHble OpraHo-HeOpraHn4ecKue
KOMITO3ULIMOHHBIE MATEPUAJIbl, HAHOKOMITO3UTHI).
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2. OcHOBHBIE 0COOECHHOCTH JAUCHEPCHBIX CHCTEM.
Oco0eHHOCTH YIAbTPaAMHUKPOreTePOreHHOr o
COCTOSIHUSI (HAHOCOCTOSTHHSA)

JlncnepcHbie cucTeMbl 00pa30BaHbI U3 ABYX WM Oosee (a3 ¢ CUIIBHO Pa3BUTOM MOBEPXHO-
CTBIO pazziena Mek/ly HUMH, IIpU4YeM X0Ts1 Obl ofHa U3 (a3 — qucnepcHasi pasa — pacnperesieHa B
BUJIE MEJIKMX YacTULl (KPUCTAJUIMKOB, KaIleJIb, ITy3bIPbKOB U T. I1.) B IPyrOM, CIUIOLIHOM (paze — quc-
nepcuoHHoi cpene. [Ipumepamu ABIAIOTCA FOPHbIE IOPObL, T'PYHTHI, TIOYBbI, JbIMbI, 00JIaKa, aTMO-
cepHble 0Ca/IKM, PACTUTENIbHbIE U KMBOTHBIE TKaHU U Ap. BaxHeileln oCOOEHHOCTBIO IUcnepc-
HBIX CHCTEM SIBJISIETCS] F€TePOreHHOCTh. XapaKTepHasi 0COOEHHOCTh IMCHEPCHBIX CHCTEM —
CHJIBHO pa3BUTasi Mexk(]asHasi MOBEPXHOCTb U, KaK CJIEJICTBUE, BBICOKAst CBOOOIHAS SHEPIHsl, TOITOMY
OOBIYHO JIVICTIEPCHBIE CUCTEMBI (KpOMe JTMO(UIIBHBIX ) TEPMOIMHAMUYECKH HeycToiunBbl. OHM 001a-
10T MOBBILIEHHON aJCOPOIIMOHHON CIIOCOOHOCTBIO, XUMUYECKOM, 2 THOTAa M OMOJIOTMYeCKOH aKTHB-
HOCTBIO. [IJ151 IUCHIEPCHBIX CUCTEM XapaKTEPHO YBEJIMYEHHE IOBEPXHOCTH C POCTOM JIUCIIEPCHOCTU U
BO3pacTaHKe POJIM MOBEPXHOCTHBIX SIBJIEHUH. [{yicIiepcHble CHCTEMBI XapaKTepU3yIoTCst O4eHb OOJTb-
LI0M yAEIbHOM MOBEPXHOCTBI0 W nucniepcHon hasbl.

W<K/dr,

rae K — 6e3pa3mepHblil ko3 duumeHT (11 cpeprueckux M Kyondeckux yactiu K = 6); r —
IJIOTHOCTh JUCTIEPCHOM (has3bl.

Jlpyrve BaxHeWIIMe TepMOJAMHAMUYECKME MapaMeTphbl, XapaKTepU3yIOIUe KOJUIOUIHBIE
CHUCTEMBI, 3TO y/IeJIbHAs1 CBOOOJHASI IOBEPXHOCTHAS SHEPIUs O (IOBEPXHOCTHOE HATSKEHKE), TOBEPX-
HOCTHasl SHTpOIH h 1 yaenbHas ancopoums 1. BaxkHast 0c00€HHOCTD IMCIIEPCHBIX CHCTEM 3aKJIIO-
yaeTcs B TOM, YTO 3HAUMTENbHAsl JOJIsI BCE MacChl U CBOOOJHOM SHEPIMU CUCTEMbI COCPEIOTOUEHBI
B MeK(a3HbIX TIOBEPXHOCTHBIX CJI0sIX. C 3TOi OCOOEHHOCTBIO CBSI3aHBI CBOMICTBA — HEBOCIPON3BO-
JMMOCTh (MY HHAUBHAYAJTBHOCTH) CHCTEMbI B CBA3M C HEOAWHAKOBOW MOBEPXHOCTBIO YaCTUIL]
aucnepcHoit (asbl, 00NAAIONINX Pa3HOW MOBEPXHOCTHOM SHEeprueut Aaxe Mpu OIUHAKOBOW YIesb-
HOIl TIOBEpXHOCTH; CTPYKTYPOOOpa30BaHHe , CBA3aHHOE C TEHICHIMEH K TePMOIMHAMUYECKOU
HeycTounBOCTH. PyHTaMEHTaIbHBIM CBOWCTBOM JIMCIIEPCHBIX CHCTEM SIBJISIETCS MX CITIOCOOHOCTD K
MIOCTENEHHOW 9BOMIOLIMH, KOTOpasi CBA3aHa C PUPOJOI JUCIEPCHOTO COCTOSIHMS BEIIECTBA, B IEPBYIO
o4epe/ib C TEPMOIMHAMUYECKOW HEpPaBHOBECHOCTBIO. MI30BITOK CBOOOAHOM SHEPTUH, O0YCIOBIEHHOM
HaJIMYMEM BBICOKOPA3BUTON MOBEPXHOCTU pasjiesia MeXIy JUCHEePCHON (pa3oil U ITUCIIepCHOHHOM
Cpeloy, CTUMYJIMpPYeT NMPOTeKaHWe Pa3IMYHbIX NpoLeccoB ((PU3NYECKUX, (PU3MKO-XUMHUYECKUX ),
NPUBOIAIIMX K YMEHBIIEHHIO CBOOOIHOI sHeprun ['ensmromnbua F. Takoi MmpusHaK, Kak JaduiIb-
HOCTb, SIBJISIETCS CIIEACTBUEM TEPMOJMHAMUYECKON HEYCTOMUMBOCTH Y CKJIOHHOCTH K YMEHBIIEHUIO
CBOOOJIHOI SHEPruM MyTeM 0Opa30BaHUs MEHee NHCIIEPCHBIX CTPYKTyp. OCHOBHasi XapaKTepH-
CTHKA JUCTIEPCHBIX CUCTEM — pa3Mepbl YaCTULL (WJIM MCIIEPCHOCTD ), YTO ONpPENEIIAETCs OTHOLLE-
HHEeM 001I1ell TuIoIma M MexkdasHol OBEPXHOCTH K 00beMy aucnepcHoi ¢asbl. [1o aTomy npusHaky

BBIJIJISIIOT TPpyOOauciiepcHble (HU3KOAUCTIEPCHBbIE) (YaCTHIIBI UMEIOT pa3mep OT 10 cmu BBILIE) U

TOHKOJIMCIIEPCHBIE (BBICOKOAUCIIEPCHBIE) (YACTULBI UMEIOT pa3Mep OT 1074 i (o) 107°-1077 CM), VI
KOJUIOU/IHBIE cHCTeMbl (Kosutonisl). IlpenenbHas creneHb AUCTIEPCHOCTH, TIPU KOTOPO KOJIJIOMIHAS
CHCTEMA COXPAHSET INIABHOE CBOWCTBO — I'€TEPOr€HHOCTb, JIEXXUT B nHTepBasie OT 1 10 100 HM. Viib-
TPAJUCIIEPCHBIE YaCTUIbl 3aHUMAIOT [TPOMEKYTOYHOE IMOJNOKEHUE MEXAY MOJIEKYJIaMH (aToMaMH,
MOHAMM) U MaKpOCKONMUYecKuMu Tenamu (gazamu). Pazmep nucnepcHoit asbl yacTuiibl d O1M30K
K TIpeJeIbHO BO3MOXKHOMY, TeM CHJIbHee OyIyT CKa3blBaThcs MacITaOHble 3(p(PEKTH — 3aBUCHMOCTh
CBOICTB OT pa3mepa yactull. Eciu y cuctem co cpeiHel CTeneHblo JUCIEPCHOCTH MOBEPXHOCTHOE
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HaTAXKCHUE S ONPCACTIACTCA TOJIbBKO XUMUYCCKUM COCTABOM, TO IJII HAHOCHCTEM YIKC HeO6XOJII/IMO
YUYUTBIBATb 3aBUCUMOCTb ITOBEPXHOCTHOI'O HATAXKCHHUA OT pasMEpPOB JUCIICPCHBIX YaCTHUII.
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3. Pazanunble TUNBI KJaaccu(PUKANAA JUCIEPCHBIX CHCTEM.
JInopuiabHbie 1 IHO0(POOHDbIE AUCIIEPCHbIE CHCTEMBI

ncnepcHble CHCTEMBbI F€TEPOreHHBl M COCTOAT U3 IBYX (pa3, oHa U3 KOTOpHIX (Aucnepc-
Has (a3a) B BUAE YaCTUL] PAa3JIMYHON BEJIMUUHBI PACIIPENENIEHa B IPYToy (pa3e — CIIOIIHON JHC-
NepCcUOHHOI cpeae. [ucnepcHble cucteMbl KIacCU(UIMPYIOT IPEXAE BCEro Mo pa3Mepy YacTHIl
AUCTIEpPCHOM (pa3bl (WM MO CTeneHU AucriepcHocTH). Kpome Toro, X pasfesnsioT Ha IpyMiibl, pas-
JIMYAIOLIUECS 110 MPUPOJAE U arperaTHOMY COCTOSIHUIO JUCIIEpCHOM hba3bl U JUCHIEPCUOHHON Cpe[ibl
(MOryT OBITH TBEPABIMH, KUAKUMH M ra3000pa3HbIMU), TIO CTPYKTYpE U TIO XapakTepy Mek(asHbIX
B3auMoerCcTBUNA. Eci TucriepcMOHHON Cpeion SABJISIETCS KUIKOCTb, a JUCTIEPCHOU (pa3or — TBEP-
Jble YaCTULIBI, CUCTEMA Ha3bIBAETCSl B3BECHIO, WIIM CYCIIEH3UE; €ClIU AucTiepcHas ¢pa3a npe/CTaBIIseT
co00i1 KarenbKy KUIKOCTH, TO CUCTEMY Ha3bIBAIOT AMYyJsibcuel. Cpel JUCHEPCHBIX CUCTEM BblJe-
JIIIOT TaKKe MeHbl (ra3 AUCTIEPIUpOBaH B JKUIIKOCTH), a3p030Ju ((KUAKOCTb — B ra3e) U MOPUCTHIE
Tesna (TBepaas ¢aza, B KOTOPOH JUCHEPrupoBaHbl ra3 100 KUAKOCTh). COKpaIlleHHO THIT AUCTIEPC-
HOH CUCTEMBbI B 3aBUCUMOCTH OT arperaTHOro COCTOSIHUSA 3aIIMCHIBAIOT B BUJIE 1pOOU, I/ie AUCTIEPCHAs
(baza HaxogUTCA B UMCIMTENE, a TUCTIEPCUOHHAS cpella — B 3HaMeHarese (Hanpumep, T/T (TBepabie
KOJUIOMJHBIE PacTBOPBI — MUHEPAJIBI, crulasbl), T/7K (3omu — cycnensun), T/I" (aspo3onm — mblm,
abivbl); K/ T (mopuctsie Tena — renm), K/ K (amynbeun), K/ (aspozomu — tymansl); I'/T (mopucteie
U KanwuisipHble cucteMsl), ['/2K (nensl — razoBble amynbceur)). Cucremsl '/ 00b1uHO He urypu-
PYIOT B KJIacCU(UKALINH, T. K. HEOOXOAMMOE YCJIOBUE 0Opa30BaHMs JUCIIEPCHON CHCTEMbI — OrpaHHU-
YEeHHasl paCTBOPUMOCTD BEILLIECTBA B CpeJle.

Ilo crenenu AUCTIEPCHOCTH OOBIYHO BBIAEIIAIOT CIIEAYIONIHME KIACChl IUCIIEPCHBIX CUCTEM.

I'pydoaucnepcHbIe CHCTEMBI — CUCTEMBI, pa3Mep YaCTHII JUCTIEPCHOM (pa3bl B KOTOPBIX Tpe-

poimaer 107> cm.
MukporeTeporeHHbie CHCTEMBI — pa3Mep YacTUI] KOJIeOJIeTCs OT 107 i (o) 107 em.

VabTpaMHKpoOreTeporeHHble CHCTEMbI — pa3Mep 4acTull] Konebnercs: ot 107 5o 107 em;
MX Ha3blBAIOT TAK)KE BBICOKOAMCIIEPCHBIMHU, WIM KOJUIOMJAHbIMH, cucTemMamu. KosutongHbie
CHCTEMBI XapaKTepPU3YIOTCSl T€TEPOr€HHOCTBIO, T. €. HAJIMUMEM MOBEPXHOCTEH pasjena (a3 U OYeHb
OOMNBIIIMM 3HAUYEHHEM YIEJbHON TMOBEPXHOCTU IMCTIEPCHOM (hasbl. BricoKomucnepcHble CUCTEMBI
OOBIYHO HA3BIBAIOT 30JIsIMU. VIHOT/IA BHIIETISIOT MOJIEKYISIPHO-AHCIePCHbIE (MOHHO-IUCIIEPCHBIE)
CHCTEMBI, KOTOPBIE, CTPOTO TOBOPS, SIBJISIIOTCS UICTUHHBIMU PacTBOpPaMH, T. €. TOMOTEHHBIMU CHUCTE-
MaMH, MOCKOJIbKY B HUX HET MoBepxHocTer paszaena ¢as. [lo cTpykType Bce AUCIEPCHBIE CUCTEMBI
MO/IPA3aCISAIOT HA CBOOOJHOAUCHEPCHBbIE, B KOTOPBIX YACTUIIB AUCTIEPCHOM (Da3bl HE CBA3AHBI
MeKIy coOOU (CYCIIEeH3WH, SMYJIbCUU, 30JI1), U CBSI3QHOAMCIEPCHBbIE, B KOTOPHIX OfHA U3 (a3
CTPYKTYPHO 3aKperuieHa (resu, reHsl). JlucrnepcHplie CUCTeMBb MOAPA3IETSIOT Ha IBE MPYIIbI, OTJINY-
HBIE T10 XapaKTepy Mek(a3HbIX B3aUMOJAEHCTBUI MEXy YacTUL[AMU JUCTIepCcHOM a3kl U AUCTIEp-
CHOHHOH cpefipl. B 3aBHCMMOCTH OT 3TOr0 OHU MOTYT ObITh JIHO(OOHBIMH WU JHO(UIbHBIMU.
JIst HUX XapakTepHO cladoe MeXMOJISKYJISIPHOE B3aMMOJCHCTBIE BelllecTBA JUCTIEPCHOM (hasbl co
CpeJioi, a JIJIsl BTOPBIX — CHJIbHOE. DTO B3aMMOJICHCTBIE MPUBOAUT K 0OPa30BaHUIO COJIbBATHHIX (B
CITy4ae BOJIbl — THAPATHBIX) 0O0JIOUEK M3 MOJIEKYJT AUCTIEPCHOHHOM Cpe/ibl BOKPYT YaCTHII, TTPOLIECC
HasbIBaeTCs conpBatanuent (rugparammeit). K mmodoOHsIM KOJIOUaaM OTHOCSITCSI CUCTEMBI, B KOTO-
PbIX YaCTHUIIBI TUCTIEpCHOM (pa3bl c1a00 B3aUMOJEUCTBYIOT C AUCTIEPCHOHHON CPENION; 3T CUCTEMBI
MOT'YT OBITh TIOJTyY€HBI TOJIBKO C 3aTPaTOi SHEPTMU U YCTOWYMBHI JIMIIb B MPUCYTCTBUU CTaOMITN3a-
TOpOB. JIno(poOHBIE 1 TMODUITBHBIE TUCTIEPCHBIE CUCTEMBI PA3JIMUYAIOTCS TaKKe CTPYKTYPOU YaCTHII,
COCTaBJIAIONIMX AucniepcHyo ¢azy. s mmodoOHBIX KOJIOWAOB €AUHUIICH CTPYKTYphI SIBJISACTCS
CJIOKHBII MHOTOKOMITOHEHTHBIN arperar nepeMeHHOro cocTaBa — MULEJUIA, AJis1 IMO(UIIBHBIX pac-
TBOPOB — MAKPOMOJIEKYJIA.
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4. IuCcriepCHOCTb. Y/ieJbHasA MOBEPXHOCTh
JMCIIEPCHBIX CHCTEM, METO/IbI €€ H3MepPeHust

OcHoBHas XapaKTEPUCTUKA AUCIIEPCHBIX CHUCTEM — pasMEpbl 4aCTHL, WM AUCIHEPCHOCTD.
HI/ICHCPCHHC CHUCTEMBI OCJIAT Ha FPY60)_II/ICHCPCHBIC (HI/ISKO,HI/ICHCPCHBIC) 1 TOHKOOUCIICPCHBIC (BBICO—
KOI[I/ICHCPCHLIC), NI KOJUIONIHbIEC CUCTEMBbI (KOJIJ'IOI/I,HLI). B FPY60,I[I/ICHCPCHLIX CUCTEMAX 4YaCTHUIbI

HUMEIOT pa3Mep OT 10~ cm u Bbine, B kowtonansx — ot 107 10 107 - 1077 cm. JlucnepcHOCTh
orpesieNisieTCsl 0 TPEM U3MEpPEeHUsIM Tella, MO0 XapaKTepusyeTcsl BeJIMYMHOW, OOpaTHOW MUHHM-
MaJIbHOMY Pa3Mepy U Ha3BaHHOM IMCIIEPCHOCTBIO, JIMOO Yepe3 YAENbHYIO IIOMab IIOBEPXHOCTH Sy
(oTHOIIEHHE Mex(a3HON MOBEPXHOCTU K 00beMy Tena). KonmmuecTBeHHOW XapaKTepUCTUKOW JIUC-
NepCHOCTU (pa3ipoOIEHHOCTH) BEUIECTBA SIBJISIETCS CTENEHb JAUCTIEPCHOCTH (CTeTeHb pa3apo0sieH-
HocTu D) — BenMuuHa, 0OpaTHasi pa3Mepy AWCIIEPCHBIX Yactull a: D = 1/a, rae a paBHO TuaMeTpy
c(hepUIECKUX UM BOJIOKHUCTBIX YACTHII, WJIH JITIMHE pedpa KyOMUeCKUX YacTull, WK TOJIIIMHE T1Ie-
HOK. Bce wactuiipl aucriepcHoi (ha3bl MMEIOT OAMHAKOBBIE Pa3Mepbl — MOHOAMCIIEPCHAsI CHCTEMA.
Yacruipl aucriepcHoi (a3bl HEOAMHAKOBOTO pa3Mepa — nosnuauciepcHas cucrema. COOTHOIIEHUE
ME>K/1y TOBEPXHOCTBIO 1 00BEMOM XapaKTepU3yeT yaesIbHasi TIOBEPXHOCTb:

Syp=S8/V.

Jlis yactuil cpepruyeckoit (popMbl OHA paBHA:

Syn=4jrr2/(4/3nr)=3/r=6/d.

Jlns1 gactui Kyoudeckor (hopmbl —

Spu=611=61/1,

e r — paauyc mapa; d — ero fuamerp; / — aauHa pedpa Kyoa.

JucniepcHocTh D cBA3aHA C YAENBHOM MOBEPXHOCTHIO Syy:

Syu=8/V=k/d=kD,

rae V — oobem nucriepcHou (hasbl, ML

Hns ceprueckux 4acTull ypaBHEHUE TPUHUMAET BUI:

2
s =7 _gp,

AR

k — ko3 dureHT popmbl YacTuIl; d — TUAMETP YaCTHIIbI, M.
dopmyrna 1714 pacyeTa yaeabHON HOBEPXHOCTH (Sy;) CUCTEMBI C MIAPOOOPA3HBIMU YACTULIAMMU:

:rr 3

S -HS ?I{M'W,

[II€ ©1 — YUCJIO YACTHIIL, M3; So — MOBEPXHOCTh KaKAOM YaCTHIIbI.
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IJIe 711 — YMCJI0 YACTHUII, KT} ¥ — IIJIOTHOCTh BEIIECTBA, r/em’.
KoppensimonHas CieKTpOCKOMNUS PacCesTHHOTO CBETa: B OMpee/IeHHOM ONTHYECKOM 00beMe
V), TOACUUTHIBAIOT YUCIIO YACTHUIL 7. 3HAsA KOHIeHTpaluio Jyactul] C v n, HAXOASIT 0ObEM YaCTHIIbI

V.V =c/a,
rae d — MIOTHOCTh TUCTIEPCHON (hasbl.
3Hast 00beM, MOXKHO BBIUMCIUTD PAIYC YACTHII:

r=vF ur=3y3v,/ 4r .

3Has paanycC 94aCTrull, MOXHO BBIYUCIIMTDH YACJIIbHYIO TOBEPXHOCTDb Syﬂ.

11
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5. Kosutonapl. IIpuMepsl KOJLTOUTHBIX
CHCTEM, MX PACIPOCTPAHEHHOCTH B IPUPO/Ie
U 3HAYeHHeE JJIs1 COBPEMEHHOMN TeXHOJIOTUMN

HI/ICHCpCI/IOHHbIC MHUKPOI€TEPOr€HHBIC CUCTEMbI, YaCTULIBI ,HHCHCpCHOfI (1)8.351 KOTOPBIX UMECIOT

pasMepsl 107-10° m u PaBHOMEPHO paclipe/ie/ieHbl B AUCIIEPCHOW Cpejie, Ha3bIBAIOT KOJIJIOM /-
HbIMH PAcCTBOPaMHU.

1. Cycnen3ouanl (v JuogoOHbIE KOJLUIOHIBI, HEOOpaTUMbIe KOJTOUIBI). Tak Ha3bIBAIOT
KOJUIOM/IHBIE PACTBOPHI METAIIJIOB, UX OKCUIOB, TUAPOKCUIIOB, CYIb(HUIOB U APYrux coseil. [leppuy-
HbIE YaCTHIIBI AUCTIEPCHON (pa3bl KOJUIOWAHBIX PACTBOPOB 3THX BEILIECTB 10 BHYTPEHHEN CTPYKType
HE OT/IMYAIOTCSI OT CTPYKTYPhI COOTBETCTBYIOIIETO BEIIECTBA M MMEIOT KPUCTAUIMUECKYIO PEIETKY.
CycrieH30u/1bl — TUIUYHBIE KOJUIOUIHBIE CUCTEMBI C CHUIBHO Pa3BUTON Mek(a3HOW MOBEPXHOCTHIO.
OT cycrnieH3uil OHM OTJIMYAIOTCs OoJiee BBICOKOM TUCIEPCHOCTBIO, HO, KaK U CYCIIEH3UH, HE MOTYT
IJTUTENIBHO CYIIECTBOBATh B OTCYTCTBHE CTAOMIIM3aTOpa JUCHEePCHOCTH. sl TOMydeHus: yCTONYu-
BBIX KOJUIOMJIHBIX PACTBOPOB JOOABJISIOT CTAOMIIN3ATOP IUCIEPCHON CUCTEMbl MOHHOM WM MOJie-
KyJIsIpHOH ripuponsl. VloHHast cTabuim3anis cBs3aHa C MPUCYTCTBHEM 3JIEKTPOJIUTOB, CO3AAIONINX
VIOHHBIE [TOTPAaHUYHBIE CJIOM MEX]ly AUCIEPCHOM (pa30ii U IUCTIEPCUOHHOM cpelior. BricokoMoreky-
JSIpHBIE coeMHEeHus1 (OeKH, MOMUIENTH b, TOTMBUHUIIOBBINA CIIUPT), 100aBJIsieMble /17151 CTaOWITH-
3aI1M, HA3BIBAIOT 3AIIIUTHBIMU KOJUTOMIAMH. AICOPOMPYsICh Ha rpaHMIie paszena (a3, OHl 00pa3yoT
B TIOBEPXHOCTHOM CJIO€ CE€TYaThle CTPYKTYPBI, CO3/IAI0IINE CTPYKTYPHO-MEXaHUYECKU# Oapbep, mpe-
MATCTBYIOIUT O0ObEAMHEHHIO YaCTHIT qUCTIepCHOM (hasbl. CTPYKTYpPHO-MeXaHUIeCKast CTaOMIIN3aIus
MMeeT pelaliee 3HaueHue 17151 CTaOMIN3aIy B3BECeu, MacT, IeH, KOHIIEHTPHUPOBAHHBIX SMYJIbCHIL.
Ocanku, ocTaIuecs Mpy UX BHIITAPHUBAHUM, HE 00Pa3yIoT BHOBb 30JIs1 IIPU KOHTAKTE C AUCTIEPCHOH-
HOU cpeliod. BA3KOCTh 9TUX 3071€i HE3HAYUTEIBHO OTIIMYAETCS OT BSI3KOCTH JTUCIIEPCUOHHOI CPEbI.

2. Mune/uisipabie KOJIOHAbI. VX Ha3bIBAIOT Takke MOTYKOJIONAaMU (CEMUKOJIJIOUAAMU).
OHM BO3HMKAIOT TPU JIOCTAaTOYHOM KOHLIEHTPAIMM IU(PHUIBHBIX MOJIEKYJ HHU3KOMOJIEKYJISIPHBIX
BEIIECTB IyTeM MX aCCOLMAIMU B MUIEIIB C(DepUUECKON WK TIIacTUHYaTOM (popMbl. Mutiesuibt
MIPE/ICTABIISIOT COOOM CKOIUJIEHUS! TTPABWJIBHO PACIONIOKEHHBIX MOJIEKYII, YICPKUBAEMBIX MPEUMY-
IIIECTBEHHO JMCTIEPCHOHHBIMU cviamu. OOpa3oBaHe MUIEIUT XapaKTepHO AJIsi BOTHBIX PacTBOPOB
MOIOIIHUX BEIIECTB, HATIPUMEP MBUI M CHHTETUYECKUX MOIOIIUX BEIIECTB, HEKOTOPBIX OPraHMYeCKUX
KpacuTesel, Tyosnmx BemecTB (TaHHUIOB), AJIKAJIOUIOB. B Ipyrux cpenax, Hanpumep B TaHOJe,
9TU BelecTBa 00pa3yloT MOJIEKY/ISIPHBIE PACTBOPHI.

3. MoJgekyJisipHble, WK JH0(PUIbHbIE KOJIOUAbI. VX Ha3bIBaIOT 0OpaTUMBIMHY, T. K. ITOCTIE
BBINIAPUBAHMSI KX PACTBOPOB U 100ABJIEHH I HOBOH MOPIIMY PACTBOPUTEIISI CYXOM OCTATOK BHOBB Iepe-
XOAUT B pacTBOp. K HUM OTHOCATCS NMPUPOTHBIE W CHHTETHUYECKHE BBICOKOMOJIEKYJISIPHbIE Bellle-
crBa ¢ MoJyieKysipHoll Maccoi oT 10 000 10 HEeCKOMbKHMX MHUJUIMOHOB. MOJIEKYJIbl 9TUX BEIIeCTB
MMEIOT pa3Mepbl KOJUTOUAHBIX YaCTHII, TOSTOMY TaKHe MOJIEKYJIbl HA3bIBAIOT MAaKpOMOJeKyaamMu. [ist
TMOJTyYeHUsI PAaCTBOPOB MOJIEKYJISIPHBIX KOJUIOMIOB JOCTATOYHO MPUBECTH CYXO€ BEIIECTBO B KOH-
TAaKT C MOAXOISAIIMM pacTBopuTeseM. HenonsipHbie MaKpOMOJIEKYJIbI PACTBOPSIIOTCS B YIJIEBOIOPO-
nax (HampuMep, KayqayKH — B OEH30J1e), a IOJISIPHbIE MAKPOMOJIEKYJIBI — B TIOJISIPHBIX PACTBOPHUTENSIX
(HarpuMep, HEKOTOpbIe OeNIKU — B Bozie). IX pacTBOPHI MMEIOT 3HAYMTEIBbHYIO BSA3KOCTh, BO3pacTa-
IOUIYI0 C YBEJIMYEHHEM KOHIIEHTPAIIMKM PacTBOPOB. [10OBbIIIIEHNE KOHIIEHTPAIIMM MaKpPOMOJIEKYJISIp-
HBIX PacTBOPOB, I00aBKH BELIECTB, MOHMKAIOIIUX PACTBOPUMOCTD MOIMMEPA, M YaCTO IMOHMKEHUE
TeMIIepaTypbl IPUBOAST K 3aCTYAHEBAHUIO — IPEBPAIIEHUIO CUJIBHO BSI3KOTO PACTBOpA B COXPAaHSIIO-
mui (popMy TBEpIOOOPA3HBIN CTYyleHb. PacTBOPHI MOMMEPOB C CUIIBHO BBHITSHYTHIMA MaKpOMOJIe-
KyJIaMH 3aCTYJHEBAIOT MPH HEOOJIBIIION KOHIIEHTpalMK pacTBopa. Tak, JeJaTHH U arap-arap oOpa-
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3y1oT ctynHu u renu B 0,2—1,0 %-HbIX pacTBopax. BeICyllieHHbIE CTYIHU CIIOCOOHBI BHOBb HAOyXaTh
(cylliecTBEHHOE OTJIMYME OT Tefiei).
Komnnounap! mmpoko pacnpocTpaHeHbl B IPUPO/E, TEXHUKE U OBITY.
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6. OnTuyeckue MeTObI HCCJIEJOBAHNSI M CIEPCHBIX
cucreM (HecpeaoMeTpus, TYpOMIMMETPHUA)

Ecnm mpomnycTuTth mydoK CXOASIIMXCS JIyded yepe3 KOJUIOMIHBIA pacTBOp, TO HaOMOAaeTCs
oOpa3oBaHMe CBETsIerocsi KoHyca. JT1oT 3(pdeKT B yecTb aBTopa HazBaH 3¢ dexrom Tunaaus.
SBnenne Tunpans HaOmonaeTcs He TOJBKO Y KOJJIOWAHBIX, HO M Y BCEX JUCIEPCHBIX CHUCTEM, CTe-
NIeHb AMCIIEPCHOCTH KOTOPBIX CPaBHUMA CO CTENIEHBIO TUCIIEPCHOCTH KOJUTOUIOB. D(PDEKT 0ObACHS-
eTCsl TeM, UTO IyYOK MapaJuIeNIbHBIX JIy4yel, Momnajas Ha MOBEPXHOCTb YACTHLIbI, IMHEIHbIE pa3Mepbl
KOTOPOH BEJIMKHU O CPABHEHUIO C JAJIMHON CBETOBOI BOJIHBI, BbI3BIBAIOT OTPaKEHHE IO 3aKOHaM I'eo-
MeTpUyeckor onTUKU. Ecim ke [IMHa BOJHBI MAaJAIOLIEro CBETa MPEBbIIAET JUHEHHbIE pa3Mephl
yactuibl npumepHo B 10 pas, To nmponsoiaer nudpakiusa CBETOBOU BOJHBI, BHI3BIBAIOIIAS CBETOPAC-
CesiHUe, IPUYEM paccesiHie CBETa B IMPOCTPAHCTBE CHMMETPUYHO U HA3bIBAETCS PAJIEEBCKUM pacce-
sHueM. PaccesiHue cBeTa yacTuIiaMu OOJIBIIMX Pa3MEPOB CUJIbHEE, HO HEPAaBHOMEPHO: OHO OOJIbIIIE B
HallpaBJIeHUM ABUKEHHUS JIyda MaJlalollero cBera. Teopusl paccesiHus cBeTa NPUMEHUMA IIpU U3Me-
PEHMU MHTEHCMBHOCTH KaK PacCestHHOTO CBeTa (COOCTBEHHO HedesIOMETpHs), TaK U OCJIabIeHHOTO,
BCJIEZICTBUE PacCesHUsI, TIPOXOMSIIErO cBeTa (TypOuIuMeTpHs).

[Tpubops! A U3yuyeHUs! paccesiHUsl CBeTa JUCHEPCHBIMM CHUCTEMaMM JeNsATcs Ha Hedeso-
METpPBl U TYpOUIMMETPBI; B Ka4eCTBE MOCIESAHUX UCHOIb3YIOTCS TaKxke a0COpOIMOMETPBI, KOIOPH-
METPbl U CHEKTPO(POTOMETPBI.

Hedenomerpamu HasbiBaloTCsl NMPUOOPHI, HEMOCPEICTBEHHO H3MEPSIONIEe WHTEHCUBHOCTD
CBETA, PACCESIHHOTO B OINpEJEIEHHOM HalpaBieHUM (WM, pexke, B pa3IM4HbIX HallpaBieHusx). B
(poroanekTpuueckux konopumerpax (Hanpumep, PIK-H-57, PIK-56-2) Takxke mpesycMOTpPEHBI
MIPUCTIOCOONIEHU A 17151 UCTIOJIb30BaHM A MX Kak HedenomeTpor. HedpessomeTpust —3T0 COBOKYITHOCTh
METO/IOB U3MEPEHHs] MHTEHCUBHOCTH PacCesTHHOTO B JaHHOM Cpe/ie BUIMMOIO WM YbTpaduosieTo-
BOTO CBETa C LIEJIbIO OIpPEAETIEHUs] KOHLEHTpaly, pa3mepa U (hopMbl AUCTIEPIUPOBAHHBIX YACTHII
B JIMCIIEPCHBIX cucTeMax. locie KalmOpOBKM MO CYCTIEH3UsIM C M3BECTHHIMU KOHLICHTPALUSAMH C
MIOMOIIIBIO HeheIOMETPUM MOKHO ONPeIesATh KOHIIEHTPALIUIO JUCHIEPCHOM (pasbl, YTO UCHOIb3YETCS
B XMMHUYECKOM aHasn3e. [lepBoHayasibHO MeToz HeheTOMETPUH TPUMEHSIIICS U1l aHAIM3a HEKOTO-
PBIX €CTECTBEHHO MYTHBIX OOBEKTOB (Harpumep, peuHoi Bofpl). [lozxke 1is onpeseneHus: KOHLEeH-
TPALMY PACTBOPEHHBIX BEIIECTB CTAJIM MUCHOJIb30BAaThCSl UCKYCCTBEHHbIE cycrieH3nu. Hanpumep, 1uis
orpenesieHns cynb(aros B Bozie nonydawoT npu nomoiu BaCl, cycnensuio BaSO4, MHTEHCMBHOCTD

CBETOpacCesiHUs KOTOPOH M3MePSIIOT B He(peJIoMeTpe, a 3aTeM 10 KaJIMOpOBOYHOMY IpacuKy Haxo-

JAT KOHLEHTPALIUIO MOHOB SOZ_4. Merton npumeHsieTcst 4Jisi onpeesieHus: HepTenpoayKTOB B BOJIE,
1py aHaau3e (papMaleBTUYECKHX, MTUIIEBBIX U UHBIX ITPOYKTOB.

N3mepsas MHTEHCUBHOCTb CBETOPACCESIHUS B PACTBOPAX IIPU Pa3HBIX KOHILIEHTPALIAAX, TAKKE
OIPE/IENISIIOT MOJIEKYISIPHbIE MAcChl TIOJIMMEPOB. YTJIOBasl 3aBUCUMOCTb CBETOpPACCESTHUS JUTsT OOJb-
IIMX YaCTHULL, a TAKKE CTENIEHb NOJISIPU3ALMK PACCESTHHOTO CBETa 1al0T MHGOpMaLMIO 0 (pOpMe YaCTHIL
(wm makpomoriekynn). Kpome Toro, HedenomeTpusi UCOb3YeTCsl PU UCCIIEJOBAHUU IMYJILCUI U
APYTUX KOJUIOUAHBIX CUCTEM, B METEOPOJIOTHH, (PU3HKE MOPSI IPU U3YyUEHUU HEKOTOPBIX OUOJIOTHYe-
CKMX 00bekToB. Hedenemerprudeckuil aHamM3 IPUrofieH s OnpeiesieHus BeIeCTB B 001aCTH KOH-

LEHTpauun 10°-10"*% ¢ TounoCTHIO OKOMO 5 %.

TypouanmMeTpsbl U3MepsIIOT 0OIIIee paccessHue CBeTa TOJ BCEMU YIJIAMHU IO YMEHBIICHHUIO
WHTEHCHUBHOCTH CBETA, MPOIIIE/IIIEro yepe3 CYCIeH310, 00pa30BaHHYI0 YaCTUIIAMU OIPE/IENISIEMOro
BellecTBa B XUIKON (ase (1o apdpekTrBHON abcopOIMy CBEeTa), U MOTYT MPUMEHSITHCS JIUIIb IS
OecrBeTHBIX 3071el. V3-3a Majioil TOUHOCTH TypOUIMMETPH ST UCTIONBb3YETCS TOIBKO IS ONpeie/ICHU ST
KOMIIOHEHTOB, ISl KOTOPBIX HET YAOBJIETBOPUTENbHBIX (POTOMETPUUECKUX U APYTMX METOAOB aHa-
m3a. [To MeTonam perucTparyu Bee puOOpHI ISNSTCS Ha BU3YasibHbIe U (DOTOEKTPHUECKHE C pa3-
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JIMYHBIMU TUNAMH (DOTOINIEMEHTOB U (poTOyMHOKUTENeN. POTOYMHOKUTENN IPUMEHSIIOTCST OOBIYHO
B HeesloMeTpax, MOCKOJIbKY B HUX HEOOXOIMMO U3MEPSITh BeCchbMa cia0ble CBETOBBIE MTOTOKHU.
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7. OnTnueckne cBoMcTBa KOJIONA0B. CTaTnueckoe
paccestnue cBeta. OnrTuyeckas aHN30TPONNA

BzanMozeiicTBre cBeTa ¢ TUCTIEPCHBIMU CHCTEMaMU UMEeT psiji OCOOEHHOCTEH, CBSI3aHHBIX C
paccesiHueM CBeTa yacTUIAMU JuctiepcHou ¢aszbl. [Ipu mpoxokaeHnr CBETOBOTO MyYKa yepes3 OITH-
YeCKH HEOJHOPOJHYIO Cpely — JUCIEPCHYI0 CUCTeMY — OOBIYHO HAOJIOIAeTCsl CBETSIIIUIACS KOHYC
(konyc Tunpans), BuaUMBbIA Ha TeMHOM (poHe. Takoe paccesiHue CBeTa KOJUIOMTHBIMU PACTBOPAMU
HazbiBaercs 3 pexrom Tunnanst. OH xapakTepeH 4JI PaCTBOPOB KOJUIOMHBIX CUCTEM (HaIlpH-
Mep, 30JIel MeTaJIJIOB, TA0AYHOTO JbIMA), B KOTOPBIX YaCTUIIBHI 1 OKPYKAIOIIAsl KX CpeJia pa3InJaroTcs
IO TOKa3aTeso npesioMieHus. Ecau pa3mepbl 4acTHll MeHbIle MMOJIOBUHBI AJTUHBI BOJIHBI CBETa, TO
MIPOMCXOIUT paccesiHue CBeTa B pe3yJbrare ero audpakumu. O61acTb BUIUMOIO CBETa XapaKTepusy-
ercs AyimHor BOJH oT 760 10 400 HM. [103TOMY B MOJIEKY/ISIPHBIX M KOJUIOMIHBIX CUCTEMAX BUIMMBIN
CBET PacCcerBaeTcs, a B MPOXOMAIIEM CBETe STH PACTBOPbI Ipo3pauHbl. Hanbosnbiieit ”HTEeHCUBHO-
CTU paccesiHUue CBeTa JOCTUTaeT B KOJUIOMIHBIX CHUCTeMaXx, [UIsl KOTOPBIX CBETOpACCesHUE SIBJISETCS
XapaKTepHOW KaueCTBEHHOU 0cOOeHHOCThI0. OOHApYKeHUe B paCTBOpE MyTH JIy4a UCTOYHHUKA CBETA
MIPU pacCMATPUBAHUM PacTBOpA MEPHICHIUKYJISIPHO K HAMPABJIEHUIO STOTO JIy4ya MO3BOJISIET OTIIMYUTh
KOJUIOMJHBIM pacTBOP OT UCTHMHHOTO. Eciy ke TMHA BOJHBI MAJAIoOIIEero CBeTa MpeBbllaeT JTUHEN-
HbIE pa3Mepbl yacTulbl TpuMepHO B 10 pa3, To npousoraer aqudpakiys CBETOBOW BOJIHBI, BbI3bI-
BalolIasl cBeTopaccesiHue, MpUYeM paccesiHue CBeTa B MPOCTPAHCTBE CUMMETPUYHO U HAa3bIBAETCS
P3JIeeBCKUM paccesiHueM Mo MMeHU ucciienoBatens. owc. Paaeil co3ian TEOPUIO CBETOPACCESIHUS
KOJUIOMJHBIX PACTBOPOB U MPEIOKIIT YpaBHEHNE, XapaKTepu3yIolliee STOT MPOoLecc.

JIx. Paneem ObL1 paccMOTpeH MPOCTEUININI CIydaill paccesiHusl CBeTa MpU CIASAYIOIIUX YCIOo-
BUSX:

1) Masoll KOHIIEHTpALUK AUCTIEPCHOM CUCTEMBI;

2) manoM pa3Mepe yactull (OTHOIIEHUE JJIMHBI BOJIHBI Mafaoiiero ceera formula k paauycy
gacTuilsl 7 He MeHee 10);

3) U30METPUYHOU (pOpME YaCTHLI.
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8. Iloruomenne cBeTa qUCHepPCHbIMHA
cucremMami, ypasHeHue byrepa-J/lamoepra-bepa.
OnpenesieHue pa3MepoB KOJJIOUIHBIX YaACTHI

VYpasnenue Panes cripaBeyivBO [17151 MOHOAUCTIEPCHBIX pa30aBIeHHBIX KOJUIOUTHBIX PACTBOPOB
IIpY pazMepax qacTul gucnepcHoi gasel r < 40—70 HM. Bosee o01iyie BBIBO/IBI O PACCESIHUU CBETA,
ClpaBe[JIUBbIE JIsI CUCTEM BCEX CTereHel TUcriepcHOCTH, chopMynupoBanbl B teopuu I. Mu. B nan-
HOW TEOPUM YUYHUTHIBACTCS, UTO MPU OOJBINIUX pa3Mepax YacTUIl KApTUHA PacCesTHUS CBETa OCIIOXK-
HSIETCSI BOZHUKAIOIIMMU JIEKTPUUECKUMH U MATHUTHBIMU MOISIMUA. MaKCUMyM paccestHUsI COrJIaCHO
I'. Mu umeet mecto npu pasmepax yactun okoso 0,254, rae A — AjivHa BOJIHBI BUAMMOM YacCTH CHEK-
Tpa.

SIBneHus paccessHUs M TIOIVIOIIEHUSI CBETa CBSI3aHBl TAKKE C TaKMMU CBOMCTBAMHM, Kak
OKpacKa pacTBOPOB, KOHLIEHTpAIIMsI PaCTBOPEHHOro BelecTBa. [ormoiieHne ceeta umeer u3dupa-
TeJbHBIN xapakTep. [lorioienue cBeTa A1 MOJIEKYJISIPHBIX PACTBOPOB OIpeJiesisieTcs 0 ypaBHe-
Huio byrepa-Jlam6epra-Bepa:

I=Iye kcﬁ’

rae I v Iy — MHTEHCUBHOCTH MAJAIOIIEro CBETa 1 CBETA, MPOIIE/IIero 4epe3 pacTBop; k — Koag-
(purrieHT norIoIEeHU 1, 3aBUCSIIMIA OT MPUPOJIbl PACTBOPEHHOI'O BEILIECTBA U JUIMHBI BOJHBI; € — KOH-
LIEHTpaLKsl MOIVIOIIEHHOIO BEIIECTBa; d — TOJIIMHA CJI0S1 PacTBOpa.

N3 nanHOro ypaBHEHUsI MOXHO BbIBECTHM COOTBETCTBYIOLIME YPAaBHEHUs [JIsl ONpejesIeHust
OTHOCHUTEJILHOM MIPO3PAYHOCTH U OTHOCUTEBHOTO MOTJIOIIEHUS:

1/ Iy=e — &2,

(oD /Ip=1—e X2

JI7151 KOJUTOMTHBIX PacTBOPOB B ypaBHeHUe byrepa-JlamOepra-bepa BHOCAT nmonpaBKy, KOTOpast
H€O6XO):[I/IMa IJIA y4€Ta pacCeAHUs CBETA. KonmnuectBo PaCCCAHHOIO CBETA S9KBUBAJICHTHO NOIIOJIHH-

TCJIbHOMY KOJIMYCCTBY IOITIOIIECHHOI'O CBECTA. B cBs3u ¢ a3TMIM IpUBEIEM MOIII/Iq)I/ILII/IpOBaHHyIO (l)Op—
MyJy, B KOTOpOfI YUYUTBIBACTCSA ABJICHUEC CBCTOPACCCAHUA:

kcov?
[ =1,exp 2

rje v — 00beEM KOJIJIOUIHOHN YaCTHIIBL.

W3 nocnenHero ypaBHeHUsI MOKHO BbIBECTH (POpPMYIy [UIsl pacyera pa3MepoB KOJJIOWIHOW
yacrtuiipl. [Ipeanonoxum, 4to yacTuiia MMeeT NpaBUIbHYI0 cheprueckyio popmy.

Tornma pamuyc 1o YacTHIIBI OYIET ONPEIeNAThCS TaK:

rF=((9.21n fi / kedY216.22)5.

)

SMHI/IpI/I‘IeCKI/I paanyC 9aCTHUbI B KUJIKOM paCTBOPE MOXHO OIIPEACIIUTL METOAOM YJIIbTPAMUK-

POCKOITNHN. IIJ'IH 9TOI'O ITpH oMo MHKpOMGTpH‘-ICCKOfI OKyanHOfI ITKAJIbI BBIACIAIOT OIIPEACIICH-
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HBIT 00BEM KOJUIOUIAHOTO PACTBOPA, B KOTOPOM BU3YJTLHO TOJICYUTHIBAIOT KOJTMYECTBO KOJIJIOMTHBIX
YaCTHUII. Eciu usBecTHa Macca YaCTUlbl, TO, YUUTbIBAA IJIOTHOCTh JUCIICPIrUPOBAHHOI'O BCIICCTBA,
MOXHO OIPE/ICUTh OOBEM U pa3Mepbl YACTHIIBI.

[TockomnbKy yaBTPaMUKPOCKOIT MO3BOJISAET KOCBEHHO CYIUTh O (DOpMe KOJUIOUIHBIX YaCTHIL, TO
HEoOXOIUMO MPUHATH BO BHUMaHue ABe (popmyibl. Ecmu (popma dactuiisl npeacrasisier cooou Kyo,
TO CIIPaBEIMBO, YTO

05
(V)
vd

€CJIM YacTHIa IPeCTaBIsIeT codou cepy, To

_(3cv Ve

D=2
Aavd ] ’

rae C — MaccoBasi KOHLIEHTpAlUsl KOJUIOMHOTO PacTBOpa; V — BBIAEJEHHBI ONTUYECKUIA
o0beM; V — 4ncIio yactul B oobeme V; L — pedpo Kyda; D — nuamerp cepsl.
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9. IloBepxHOoCTHBIE sABJeHHUA. PoJIb
MOBEPXHOCTHBIX SIBJIEHUH B MpoIeccax,
NMPOTEKAIIIUX B JJUCIEPCHBIX CHCTEMAaX

CBoeoOpasue TUCTIEPCHBIX CHUCTEM OIpe/ieisieTCst OOJBINON YIeTbHON TOBEPXHOCTBIO JIUCTIEPC-
HOU (pa3bl U (PUBMKO-XUMUUYECKUM B3aUMOJEHCTBUEM IMCIEPCHOM (ha3bl U IUCHIEPCUOHHOW CPEJIbl
Ha rpanule pazaena ¢a3. C nopblilieHHEM AUCIEPCHOCTH BEIIECTBA Bce OoJblliee 3HaUeHUe UMEIOT
€ro CBOKCTBA, OMpe/ie/isieMble NOBEPXHOCTHBIMH SIBJE€HHSIMU, T. €. COBOKYITHOCTBIO MPOIIECCOB,
MIPOUCXONSIIMX B Mek(a3oBol MOBEPXHOCTU. DTU CBOKCTBA OOYCJIOBJIEHbI N30BITKOM CBOOOTHOM
SHEPruy MOBEPXHOCTHOTO CJIOSI, OCOOEHHOCTSIMH €r0 CTPYKTYPHI U COCTaBa.

[ToBepXHOCTHBIE SIBJIEHUSI MOTYT UMETh (PU3MYECKUI XapaKTep WM COMPOBOXAATHCS XUMHU-
YECKUMHU MPEBPAIEHUsIMU; OHU MPOTEKAIOT HA KUIKUX (JIETKOTIOABMKHBIX) U TBEPAbIX Mexdas-
HBIX rpaHuliax. [IoBepxHOCTHBIE sIBJICHUSI, CBSI3aHHbIE C JIEHICTBUEM MOBEPXHOCTHOTO HATSKEHUS U
BbI3bIBAEMbIE UCKPUBJICHUEM KUJIKUX TIOBEPXHOCTEN pas/ielia, Ha3bIBAIOTCS TAKKe KAMWJLISPHBIMH
siBaeHussMH. K HUM oTHOCATCS:

1) kanuIsIpHOE BCcachbIBaHHe KHKOCTEN B MOPHCTHIE TeJa;

2) KanuJJIsIpHAsA KOHJeHCcallsl, yCTAHOBJIEHHEe PABHOBECHOI (popMbI KaneJib;

3) ycTaHOBJIeHH e ra30BbIX My3bIpeii;

4) ycTaHOBJIEHHE MEHHCKOB.

CBoiicTBa MOBEPXHOCTH KOHTAKTA JABYX TBEPIBIX TeJ WM TBEPIOTrO Teja ¢ KUAKOW U ra30BON
cpenamu OnpefieNisIioT YCIOBUS TaKUX SIBJICHU, KaKk aJare3usi, CMaylBaHue, TPeHHe.

MornekyssipHasi IpUpoaa M CBOWCTBA MOBEPXHOCTH MOTYT KOPEHHBIM OOpa3oM M3MEHSThCS
B pe3yibTaTe 0Opa30BaHMs MOBEPXHOCTHBIX MOHOMOJIEKYJISIDHBIX CJIOeB WM (ha30BBIX (TIOJMMO-
JIEKYJISIPHBIX) TJIEHOK. Takue M3MeHeHUsl 4acTo MPOUCXOMAST BCeACTBUE (PU3MYECKUX IPOLIECCOB
(amcopOumm, moBepxHOCTHON A py3un, pacTeKaHus *KUAKOCTH) WIM XUMHUYECKOTO B3au-
MOJEWCTBYSI KOMIIOHEHTOB corpukacatomxcs ¢as. Jliodoe «monudpuiimpoBaHme» MoBepXHOCTHOTO
(Me:x(azHOro) ¢J10si OOBIYHO TIPUBOIUT K YCUJICHHIO MJTH OCJIA0JICHUI0 MOJIEKYJISIPHOTO B3aUMOJIeH-
CTBUSI MEXJy KOHTaKTUpYIOIMMU (pazamu. Pusnyeckre Wik XuMUYECKUe MpeBpaIieHus B MoBepX-
HOCTHBIX CJIOSIX CUJIBHO BJIMSIIOT Ha XapaKTep U CKOPOCTb FeTepOreHHbIX MPOIeCCOB — KOPPO3HOH-
HBIX, KATAJINTHY€CKHX, MEMOPAHHBIX U JIp. [ToBepXHOCTHBIE SIBJICHUS OTPAKAIOTCS U HA TUTTUYHO
OOBEMHBIX CBOHCTBax Tejl. Tak, yMeHbIIeHHe CBOOOIHOW MOBEPXHOCTHOM SHEPIUU TBEPHABIX Tel
MO/l ICWCTBUEM a/ICOPOIIMOHHO-AaKTUBHOW CPEe/Ibl BbI3bIBAET MOHWKEHUE MX MPOYHOCTH (3(ppeKT
Peounpepa).

Oco0y10 TpyIITy COCTaBIISIOT TIOBEPXHOCTHBIE SIBJIHH S, OOYCIIOBJICHHBIC HAJIMUNEM B IIOBEPX-
HOCTHOM CJIO€ JIEKTPUUECKUX 3aPsIJIOB:

1) aneKTpOoaare3MOHHbIE SIBJIEHMSI;

2) 3JIeKTPOKANWLISIPHbIE SIBJICHUS;

3) 3JIeKTPOAHbIE MPOLECCHI.

[ToBepXHOCTHBIE SIBJIEHUSI UMEIOT MECTO B JIIOOOW TeTepOreHHOM CUCTeMe, COCTOSIILIEN U3 IBYX
WIA HECKONMbKUX (pa3, MOITOMY MX pOJib B MPUPOOHBIX M TEXHOJOTMUYECKUX MPOILIECCaX UpPe3Bbl-
YaifHO BelrKa. Bo B3auMOCBSI3U OPOYHOBCKOTO JIBUKEHHS U TIOBEPXHOCTHBIX SIBJIGHUI MPOTEKAIOT
BCE IMPOIIECCHI, MPUBOASIIME K U3MEHEHUIO Pa3MepOB YacTUI] BHICOKOAUCTIEPCHOM a3kl (KoaryJisi-
Hs1, KoajecleHIusi, NenTu3anusi, SMyJbrupoBanue) . B rpyoonucrnepcHbIX 1 Mak poreTeporeH-
HBIX CHCTeMax Ha MepBblil IJ1aH BHICTYIAET KOHKYPEHIMS TOBEPXHOCTHBIX CHJT M BHEIIIHUX MEXaHU-
Yyeckux Bo3zeicTBuil. [IoBepXHOCTHBIE SIBJICHUsI, BJMsIs HA BEJMUYMHY CBOOOJHOW MOBEPXHOCTHOM
SHEepruu U CTPOEHUEe MOBEPXHOCTHOT'O CJI0s1, PETYIUPYIOT 3apOkKICHHE U POCT YacTHUI] HOBOH (ha3bl B
TMEPECHIILIEHHBIX TTapaX, pacTBOPaX M pacIuiaBax, B3aMMOJCUCTBYE KOJIOUAHBIX YaCTHIL IIpU (hOpMHU-
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POBaHMU Pa3HOTO oA UCIEPCHBIX CTPYKTYp. Ha rimyOuHy 1 HampaBiieHHe mporieccoB, 00yCIOBIIEH-
HBIX MIOBEPXHOCTHBIMHU SIBJICHUSIMH, YaCTO peraimum oopasoM Baustior [TAB, MeHso1e B pe3y/ib-
Tarte aJIcCOPOIUU CTPYKTYPY U CBOMCTBA MeK(a3HbIX MOBEPXHOCTEN.
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10. IToBepxHOCTH pa3jaesa cgas.
CB00OaHAasI IOBEPXHOCTHASI SHEPIusl.
IloBepXHOCTHOE HATSI2KeHHEe. AZIcopOIus

CpoiicTBa yuyacTka (pa3bl, IPUMBIKAIOLIETO K MOBEPXHOCTU paszzena (a3, OTIMYalTCs OT
CBOWCTB (hba3bl B 00bEME: YaCTHIIBI HA MTOBEPXHOCTH KakI0M (pa3bl 00pas3yoT 0coOyio HOBEPXHOCT-
HyI0 hba3y, CBOICTBa KOTOPOI OTJIMYAIOTCS OT CBOWCTB BHYTPEHHUX oOnactell pa3bl. YacTuipl Ha
MIOBEPXHOCTU HAXOIATCS B JPYTOM OKPYKEHHH IO CPABHEHHIO C YaCTUIIAMH, HaXOISAIIMMUCS B 00b-
eme (paspl, T. €. B3aMMOAEHCTBYIOT KaK C OJHOPOAHBIMH YaCTULIAMM, TaK U C YACTULIAMU JIPYTrOro poja.
ITosToMy cpenHss SHEPIrUs g YACTHILIBI HAa MOBEPXHOCTH pasjiesia (pa3 OImyaeTcs OT CpeiHel SHep-
T'MH TAKOW K€ YaCTHIIBI B 00beMe hasbl gy (IpHUeM SHEprusl YacTUIbl Ha TIOBEPXHOCTU MOXKET OBITh
Kak OoJblle, TaK ¥ MEHbIIIE SHEPTMY YaCTHIIB B 00beMe). XapaKTepHCTUKON MOBEPXHOCTHON (ha3bl
SBJISACTCS NOBEPXHOCTHAsA YHeprus Gs — pa3HOCTb CPEHEN SHEPriM YacTHILIbl, HAXOAAIIEHCS Ha
MIOBEPXHOCTH, ¥ YaCTHIIBI, HaXosIIelcs: B 00beMe (hasbl, YMHOKEHHASI Ha YHCIIO YaCTHI] Ha TTOBEPX-
HOCTH Nj:

Gs = N (gs—gv)-

OueBnaHO, YTO OOMIAs BEJIMYMHA TOBEPXHOCTHOW SHEPruM (ha3bl OyAET ONpeaensThCsl BEu-
YMHOM ee noBepXHOocTH S. IToaToMy /17151 XapaKTepUCTUKM TOBEPXHOCTU pa3jesa, OTAEIAIIIEH AaH-
HyI0 ha3y OT Jpyroil BBOIUTCS MOHATHE NMOBEPXHOCTHOIO HATSKEHHUsI O — OTHOILIEHHUE MOBEpX-
HOCTHOW SHEPrUH K TUIOMIAIN TTOBEPXHOCTU paszzena ¢as:

Gs
=

s

Kak u moBepxHocTHast sHeprusi (hasbl, TOBEPXHOCTHOE HATSKEHUE MOXET UMETh TOJIOKH-
TeJIbHOE WJIM OTpUIaTelbHOe 3HaueHrue. OHO MOJIOKUTENbHO, €CIM HAXOISIIMECs] Ha TIOBEPXHOCTH
YaCTHILIbl B3aMMOJICHCTBYIOT C YaCTULIAMM ITOM ke (pa3bl CHUIIbHEE, YEM C YaCTUIAMU JIpyrou ¢asbl
(4, cnegoBaTesbHoO, g > g,). COracHO NPUHLIMITY MUHUMYMa CBOOOIHOM SHepruu odas ¢aza Oyzier
CTPEMUTBCS CAMOITPOU3BOJIBHO YMEHBIIUTH CBOIO TOBEPXHOCTHYIO SHEPTHIO, TOTOMY B CIIy4ae MoJo-
JKUTEJILHOTO MOBEPXHOCTHOTO HaTsikeHus (0 > 0) ¢a3a cTpeMHUTCS yMEHBIIUTh CBOIO TIOBEPXHOCTb.
Ecnu 6 < 0, moBepxHOCTHas SHEprus (hasbl OyIET yMEHbBIIAThCS TP YBEIUUYCHUM TIOMIAIA TIOBEPX-
HOCTHU. BiiusiHue noBepXHOCTHOTO cJiost (ha3bl HA €€ CBOICTBA OINpeesieTcsl 10el YacTull, HaXO/sl-
IIMXCS1 Ha IOBEPXHOCTH, OT OOIIIEro YKciia COCTABMSIOMMNX JAaHHYIO (ha3y YacTull, T. €. BeJTMYUHOH
yaeJbHOi nmoBepxHocTH (pa3bl S/V (MOBEpXHOCTH, MPUXOASAIIEcs Ha equHuIly ooObema). CBo-
0601Hy1I0 SHepruio pazpl G MOKHO MPEACTABUTh KaK CyMMY MOBepXHOCTHOU G U 0O6beMHoi G,
SHeprui, MPONOPLUOHATBHBIX TUIOHIAIN MIOBEPXHOCTH U 00beMy (asbl:

G=G;+G,=65+KV.

PaznenuB 310 BhipakeHue Ha 00beM (hasbl, MOTydaeM:

%=H§+K.

W3 nocnenHero ypaBHeHUs CeAyeT, YTO MPU HEM3MEHHOM o0beMe (pasbl BKJIA]] TTOBEPXHOCT-
HOW SHEPruu B OOIIYI0 SHEPruio (ha3bl BO3PACTAET C YBEIMUSHUEM YIeTbHOM MOBEPXHOCTU WU CTe-
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e’y aucnepcHocty ¢asbl. Eciu crenens qucnepcHocTy (pas3bl HEBEIMKA, BKJIAJIOM ITOBEPXHOCTHOM
SHEPruy B MIOJHYIO SHEPruio (a3bl 0OBIYHO MpeHedperaioT. Bkiaa moBepXHOCTHOTO CJI0s1 B CBOMCTBA
(asbl ¥ cHUCTEMBI YUUTHIBAIOT MTPU U3YyYCHUH JUCHEPCHBIX CHCTEM — FeTePOreHHBIX CHCTEM, OIHA
13 (pa3 KOTOPHIX SIBJISIETCS CIUIONTHON (IMCIePCHOHHAS cpefia), a ipyras — pa3apoOieHHo (Jauc-
nepcHas casa).

Ha rpanune koHaeHCMPOBaHHOM (ha3bl ¢ ra30M MOBEPXHOCTHOE HATSKEHUE BCerja MOJIOXKHU-
TEJIbHO, TIOCKOJIBKY YacCTHUIIbl KOH/IEHCHPOBAHHOW (hba3bl B3aMMOJEUCTBYIOT APYT C APYTOM CHIIbHEE,
YyeM ¢ MoJieKyJamu ra3a. KongeHncupoBanHast paza OyieT CTpeMUTBCsI YMEHBIIUTH CBOIO IIOBEPXHOCT-
HYIO SHEPIHI0, yMeHbINast JIMOO IJIOMIAIh MOBEPXHOCTH (pasbl (II03TOMY Karuis XUIKOCTH B HEBECO-
MOCTHU pUHUMAET hopmy cepbl), MO0 MOBEPXHOCTHOE HaTskeHHe. [Tpoliece caMonpon3BOIBHOTO
M3MEeHEHMsI KOHLISHTPAIMK BEIeCTBa y IOBEPXHOCTU pasziena IBYX (pa3 Ha3bIBaeTCsl aJcopOmmei.
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11. TepmoauHaMuyeckoe ONucCaHue
pa3aensomen NoBEPXHOCTH

Pa3jessiioniasi noBepXHOCTb — 9TO F€OMETPUUYECKasi IOBEPXHOCTb, KOTOPAsi BOCIIPOU3BO-
auT (popMy TMOBEPXHOCTH pa3pbiBa M pacrojaraercs napauleibHo nociaeaneid. Ecnm npencraButh
UJIeaIM3MPOBAHHYIO CUCTEMY B KOTOPOM KaXkJasi 13 MHTEHCUBHBIX BEIMYMH MMEET XapaKTepHbIE IS
IaHHOW 0OBEeMHOH (ha3bl 3HAUEHWsI, M CPABHUTD €€ C peaIbHOI CUCTEMOI, TO TIOJyYUM, YTO Pa3HOCTH
COOTBETCTBYIOIIMX SKCTEHCHBHBIX MAPAMETPOB B JAHHBIX CHCTEMax IPEACTAaBJISIOT COOOW MOBEpX-
HOCTHBbIE M30BITKHM. Hamprmep, cocTaB MoBEpXHOCTHOTO CJIOSI OTPEAEIISIeTCS] N30BITOUHBIM YHCIIOM
MOJIEH KOMIIOHEHTOB 71;.

JI71s1 HaXOXX/AEHHsI TIOCNIeHEr0 HeOOXOIUMO pacCMOTPETh M3MEHEHHEe KOHIIEHTPAIUA KOMIIO-
HEHTa CUCTEMbI BJIOJIb HOPMaJIM, HAIIPABJIEHHON U3 OflHOW (pa3bl B Apyrylo. B peanbHbIX cucteMax
JaHHOe M3MeHeHue Bblpaxkaercs: pyHkuuen C (x), KOTopasi MpeacTaBisier coOoi KPUBYIO M UMEET
MIOCTOSIHHBIE BEJIMUMHBI B IIIyOuHe (a3. B naeannzupoBaHHO crcTemMe AaHHAsE (DYHKIIMS IPE/ICTaB-
JIeHa IByMsI IPSIMBIMH, JJOXOISAIIMMU [0 pasiessiioniell noBepxHocTU. COCTaB MOBEPXHOCTHOTO CIIOS
OyzeT BbIpakeH popMyJIon:

Mir

ne = SJ'C‘{dx - S[C*‘“{xs —x )+ C” (xa— xs)],
x4

rjie 1;’ — M30BITOK KOJIMYECTBA BEIIECTBA B IIOBEPXHOCTHOM CJIOE; Xb M Xa — 00BbEMBI pa3fiess-
eMbIx (a3z;

Cuct- KOHIIEHTpalMs BEIIECTBA B PEAIbHON U UACATM3UPOBAHHON CUCTEMAX; § — IJIOLIA/lb
MOBEPXHOCTU paszzea.

Wrak, napameTp 7;> BEIpakaeT M30BITOK KOMIIOHEHTA, CBA3AHHBIA CO «CTYIEHUEM» UHTEHCUB-

HOTO MapaMeTpa B 00JIaCTH IIOBEPXHOCTHOTO CJI0s1, — KOHIIeHTpatuy C. AHaJIOTMYHO B BUJIE U30BITKOB
BBIPXKAIOTCS BCE TEPMOAMHAMUYECKHUE (DYHKIIMU MOBEPXHOCTHOTO C1osl. Tak, SHeprusi MoBepXHOCT-
HOTO CJIOS OTIPENIeNISIETCs KaK Pa3HOCTh €€ 3HAYSHUI B PeaIbHOW U MjIeaTM3MPOBAHHON CHCTEMAX:

Us=U-(U*+ UP)
NN
U=U + U+ UP,

YieHbl HpaBOﬁ Y4acTu 3TUX Bpra)KCHI/Iﬁ pas3imiaroTcda TeM, 4TO Ua u l]{3 ABJIAIOTCA ITOJIHBIMUA

KOJIMYECTBAMU SHEPTUU B IBYX 00beMHBIX (ha3ax, a U’ npeacTapiser co00M MOBEPXHOCTHBINA H30bI-
TOK.

AHanoruuHble BRIPaXKEHUsI 3aIMUCHIBAIOT TSI APYTUX TEPMOAMHAMUYIECKUX (DYHKIIUIA: SHTAIIb-
Y, SHTPOITUHU CBOOOTHBIX SHepruid [ejibMroJibna u I'm6o6ca.

JIOCTOMHCTBOM JIaHHOTO METOJa OTMCAHHMSI IOBEPXHOCTHOTO CJIOSI SIBJISIETCSI OTCYTCTBHE HE0O-
XOIUMOCTHU YTOUHEHUsI ero rpaHuil. PyHKIMK, BEIpaXalolye U30bITKY, SBJISIOTCS MHBAPHAHTHBIMU
B OTHOIIIEHWH TOJIIIMHBI IOBEPXHOCTHOTO CJIOSI, OTHAKO OHU 3aBHCAT OT TMOJOKEHUSI Pa3essiomieit
MOBEPXHOCTH.

[ToBepXHOCTHBIN CJIOW MOXET TOABEPraTbCs BO3JACUCTBUIO W3MEHEHWH Temreparypbl M
cocraBa. [ToaToMy HEOOXOAMMO NMPHUHATH BO BHUMaHKE B Ka4eCTBE MEPEeMEHHBIX TTOBEPXHOCTHbIC
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SHTpOMMIO S° M COCTaB 71°, B pe3yNbTare OyJeT NoIydeHo (PyHIAMEHTAILHOE YPABHEHHE U1 SHEPTUH
pazzensioniell MOBEpXHOCTH:

dU® = T%dS® + ods + Zu® dn’,

rae dU° — BHYTPEHHsil SHEpPrusl IOBEPXHOCTHOIO cios 1° — Temmeparypa pasaelsiomeit
MOBEPXHOCTH;

S® — BHTPONHUSA MOBEPXHOCTHOTO CJIOS; $ — KO PUIMEHT NPONOPLIUOHAIBHOCTH, YUCIIEHHO PAB-
HBII IOBEPXHOCTHOMY HATSKEHMIO; S — ILUIOMIAIb TIOBEPXHOCTHOIO CJIOS; /1° — XMMUYECKMI MOTEH-
1Al MOBEPXHOCTHOTO CJIOS; 11 — COCTAB TIOBEPXHOCTHOTO CJIOA.

JlaHHOE ypaBHEHME HAXOIAT ITyTeM BHIUUTAHUS yPaBHEHUH IJIs1 IBYX OOBEMHBIX (ha3 U3 BbIpa-
KeHUs i BHyTpeHHew sneprun U Beelt cuctembl. CormacHo Teopruu ['106ca 1St MII0CKOro MOBEpX-

HOCTHOTO CJIOSI TIOCJIeIHEE YPaBHEHUE CIPABEIMBO TPH JIIOOOM MOJIOKEHUH pas3/elisonel IoBepX-
HOCTH;, TS UCKPUBJICHHOW TIOBEPXHOCTHU K HEMY OOABJISIOTCS WICHBI, CBI3aHHbBIC C KPUBU3HOM.
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12. Ancopouust. ILnomaab, npuxoasamasics
Ha OJHY MOJIEKYJIY B aJICOPOIIMOHHOM CJI0€

Ancop6uus (ot sat. ad — «Ha, IpU» U SOrbeo — «IOIJIOIIA») — 3TO MOMIOIIEHNE BEIeCTBa
13 ra3000pa3HOil Cpe/ibl MJIM PACTBOPA MOBEPXHOCTHBIM CJIOEM KUAKOCTU WM TBEPIIOTO Tena, Cle-
CTBHEM KOTOPOT'O SIBJISIETCS] CAMOITPOM3BOJIBHOE KOHIIEHTPUPOBAHUE BEIIECTB BOJIM3U MOBEPXHOCTU
paznena ¢a3. BemecTBo, Ha TOBEPXHOCTUA KOTOPOTO MPOUCXOAUT aIcOpOIHsi, Ha3bIBaeTCsl aJicop-
0eHTOM, a ToromaemMoe U3 00beMHOI a3kl BelllecTBO — agcopdaTom. [ocne ancopOium BHYT-
pEeHHee MPUTSKEHUE YACTUYHO KOMIIEHCUPYETCsl TPUTSKEHUEM CO CTOPOHBI a[ICOPOIIMOHHOTO CIIOS,
Y MOBEPXHOCTHOE HaTsKeHHe yMmeHblaercs. CIol KUIKOCTH, KOTOPBIM MpHUJIEraeT K MOBEPXHOCTU
Y paBeH M0 TOJIIMHE paauycy cepbl MOJIEKYISIPHOTO B3aMMOJICHCTBU I, HA3bIBACTCSI MOBEPXHOCT-
HBIM CJ10eM. MOJeKyJIbl )KUAKOCTU B MIOBEPXHOCTHOM CJIO€ HAXOSATCS MO/ AEUCTBUEM CUJ IPUTSIKE-
HUSI COCEJHUX MOJIeKyJ1. PaBHOZEICTBYIOIAs STUX CUJI PUTSKEHU I HATTPABJIeHA B TITyOb KUKOCTH,
TIepeIBIKEHIE MOJIEKYJT U3 TITyOMHBI )KUIKOCTH B TIOBEPXHOCTHBIN CJION TpeOyeT 3aTpar paboThl Ha
MPeoIoieHUe CUJT MEeKMOJIEKYJISIPHOTO clierieHus1 (kore3mm). Pabota, BeITIOTHSAGMAast JIJ1s1 yBeJT4e-
HUSI TIOBEPXHOCTH KUAKOCTU HA €IMHUILY, Ha3bIBAETCS] IOBEPXHOCTHBIM HaTsizkeHneM. [Toeepx-
HOCTHOE HaTSKEHHE MOKHO pacCMaTpUBaTh KaK CUILY, KOTOpasi IEUCTBYeT Ha €AUHUILY JJIMHBI KOH-
Typa, KOTOPBI OrpaHUYKBAET MOBEPXHOCTD U IBITAETCS €€ COKPATUTh M0 HOPMAJIHM K KacaTeJIbHOU K

MOBEPXHOCTU. [I0BEpXHOCTHOE HATSKEHHUE U3MEPSIETCS B I[)K/M2 wim H/m. Pabota o o6pazoBaHuio
HOBOW NOBEPXHOCTH, KOTOPAsi TPOUCXOIUT B YCIOBUSIX U30TEPMUIECKOTO UM 0OPATUMOTO Iporiecca
(MakcuMastbHasl padoTa), OCYILECTBIISIETCS 38 CYET M3MEHEHHUsI U30XOPHO-M30TePMUYECKOTO MOTEH-
nuasa.

Jl1s1 eIMHULIBI TOBEPXHOCTH (S):

IToBepXHOCTHOE HATSKEHHE MPEJCTaBIseT COO0M CBOOOJHYIO SHEPIUi0 €UHUIIbI TOBEPXHO-
cTU. 3anac cBOOOAHOM MOBEPXHOCTHOW SHEPTUM I€TEPOTreHHOIN CHCTEMBI ¢ MeK(a3HON MOBEPXHO-
cTeio pasgena S: F = o x 5. CaMOIpOM3BOJIBHOE CTPEMJIEHUE K YMEHBIIEHUIO [ CHCTEMBI MOXET
OBbITh PEaTM30BAHO WM IyTEM yMEHbIIEHUsI MeK(a3HON MOBEPXHOCTH (HAaIpuMep, MpU Koaryis-
LIMM), WIN 32 CYET YMEHBIIIEHUS IOBEPXHOCTHOI'O HATSKEHUS pacTBopa. Ecim pacTBOpeHHOE Belle-
CTBO CIIOCOOHO YMEHbILIATh TOBEPXHOCTHOE HATSIKEHUE PACTBOPA, TO OHO OyAeT KOHLIEHTPUPOBAThCS
(apcopOMpoBaThCsl) Ha MOBEPXHOCTHOM CJloe. DT BEIECTBA HA3bIBAIOT MOBEPXHOCTHO-AKTHB-
HbiMH BemecTBamu (ITAB). Cesasp Mexay agcopOuueil 1 MoBEPXHOCTHBIM HATSKEHUEM BbIpaka-
ercst ypaBHeHHeM [ mb0ca:

C der
—_— x ,
RT dc

=

2
roe I — yaeJbHada ancopéunﬂ PaCTBOPEHHOI'O BECHIECTBA B MOJIb/M , T. €. M30BITOYHAS KOHIIECH-
Tpalud paCTBOPEHHOI'O BEIIECTBA B ITIOBEPXHOCTHOM CJIO€ pACTBOPA B CPABHECHUU C €TI0 00BEMHOI
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KOHLIEHTpALMEN C; § — MIOBEPXHOCTHOE HATSKEHUE PacTBOPA, Tk/M%; R — YHUBEpCaJbHas ra3oBas
nocrosiHHas; T — Temneparypa, K.

[IpousBonHast (M3MEHEHHE NOBEPXHOCTHOIO HATSKEHMs] C KOHLIEHTpalued) Ha3blBaeTcs
NOBEPXHOCTHOI AaKTUBHOCTBIO PACTBOPEHHOIO BelllecTBa. Takue BelllecTBa Ha3bIBAIOTCS IOBEPX-
HOCTHO-MHAKTUBHbIMH BemecTtBamn (ITMAB). /3meHeHne NOBEpXHOCTHOIO HATSKEHUS IO
CPaBHEHHUIO C MOBEPXHOCTHBIM HATS)KEHUEM PAcCTBOPUTENSI OMUCHIBAETCS IMITMPUYECKUM YpaBHE-
HueM IllumkoBckoro:

0p—0=BIn(l + Ac) <0, rne A u B — smnupuueckue KoHcTaHThl. [Ipoguddepenurposas,
uMeeM:

_A « Ac
RT 1+ Ac

r — .I!.'_' e — —
RT- ylesnbHask aAcopOLMsl MPU MAaKCUMAJIBHO 3allOJIHEHHOW MOBEPXHOCTU
(rpannyHas yaenbHas ancopOuust). Otciona B = [.RT. Ilnomaapb, KOTOPYIO 3aHUMAET OfiHa MoJie-

KyJia B aICOPOMPOBAHHOM CJIOE:
S=1/I,N.
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13. Xpomarorpaduueckuil acOpOUMOHHBII aHAIU3

SIBnenne ancopOIMU MOMYYMIO IUPOKOe mpuMeHeHue. OIHUM U3 CIOCOOOB HCIIONB30Ba-
HUS JAHHOTO sIBJIEHUS siBiisieTcs XpomaTtorpadusi. Xpomarorpapudeckuil aicOpOLMOHHbINA aHa-
m3 ObuT pazpadoTaH pycckuM yuyeHbiM M. C. I]eemom. CyliHOCTh METOA 3aKJII0YAeTCs B ClIeyIo-
IIeM: Yepe3 CJIOH aficopOeHTa MPOITyCKAIoT pacTBOpP, COEPKAIMi HECKOIBKO BelecTB. OTaesbHble
BEILIECTBA B PACTBOpPE OOMAIAI0T PA3IMYHOM CIIOCOOHOCTHIO K aCOpPOIMH, TO3TOMY OHM pacrionara-
I0TCS B Pa3HBIX YaCTSX aICOPOIIMOHHOTO cyiosl. BelecTsa, KOTophble 0071a/1a10T OOJIBIIIAM CPOACTBOM K
aficOpOeHTY, 33/IePKMBAIOTCSI B BEPXHEH YacTH CJIOs1, BEIIECTBA C MEHbIIeH acopOMPyeMOCThIO pac-
TI0JIAraloTCs HUKe. B pe3ysbTraTe MPOMCXOAUT pasJiesieHue CJI0KHON CMECH Ha OT/eJIbHbIE COCTABHBIE
KOMITOHEHTBI.

MeTtonoM Xxpomatorpadpuyeckoro acopOIMOHHOTO aHAM3a BIIEPBbIe ObUT pa3/iesieH IIMTMEHT
pactutenbHOro smcta. [TurmeHt o6pasyior xjaopodusul, KcaHTopuul 1 KapotuH. [Tyrem noBTopHOM
Xxpomarorpacdun XJopopuILT OblT TaKkKe pas3ziesieH Ha XJI0pohuILT a U XJ0popuiLt 0. 3eeHblil nur-
MEHT ObLJT U3BJIeUeH HU3KOKHUITSIIIMM OSH3MHOM, MOJTyYeHHBIH 3J1i0aT ObUT OT(HUIBTPOBAH N3MEIbUCH-
HBIM YIJIEKUCITBIM KasibieM. Tlocne ¢puibTpanuy B KOJIOHKE HaOMoga10Cch 0Opa3oBaHue pasInyHO
OKPAIIIEHHBIX CJI0EB, KOTOPBIE HA3BIBAIOTCA XpoMaTorpaMmon. CJion MOTyT NEpeKphlBaTh APYr Apyra
WIIH OBITh OT/EJIEHHBIMU.

B ancopOumonHo# xpomarorpacuy NPUHATO Pa3inyaTh 1Ba €€ OCHOBHBIX BU/IA: MOJIEKYJISIP-
HyI0 Xpomartorpacduo 1 HOHOOOMeHHYI0 XpomaTorpaduio. B nepBom ciydae nmeer Mecto
pazinuYHast acopOrPyeMOCTb MOJIEKY.T Pa3JIMYHBIX BELIECTB, BO BTOPOM — HEOIMHAKOBAS aCOPOU-
PYEMOCTb pa3IMYHbIX HOHOB.

HonoobmeHHast xpoMartorpausi OCHOBaHa Ha CIIOCOOHOCTH COPOEHTOB He TOJIBKO IMOIJIOIATS,
HO ¥ OOMEHMBATh MOIJIOIEHHbIE MU KOMIIOHEHTHI Ha JPYTUe, KOTOpble HAXOAATCA B KUAKOH cpefe.
K takum copOeHTaM ciie/lyeT OTHECTH TMIPOCHUIMKATHI (LEOJUThl U MEPMYTUTHI), a TaKke HMOHO-
OOMEHHbIE CMOJIbI, WM MOHUTHL. VIOHUTHI 00/aJaloT orpaHNueHHO HaOyXaeMOCThIO, TPAKTUIECKH
HepacTBOPUMBI B BoJe. YacTHilbl HOHOOOMEHHBIX CMOJI COCTOAT M3 HEMOJBMKHOTO aHUOHA (KaTu-
OHa) M MOJBMKHOTO KaTvoHa (aHuoHa). [locnenHue crnocoOHbl OOMEHMBATLCS HA Jpyrue MOABHUK-
Hble MOHBL. OOMEH MOHOB COpPOEHTa M pacTBOpa MPOUCXOAUT B SKBMBAJIEHTHBIX COOTHOIICHUSIX.
Ecnu noaBrkKHbIE MOHBI ABJISIIOTCS KATHOHAMM, TO MOHUT HA3bIBAIOT KATHOHUTOM, €CJIU, HA000POT,
MOJBHKHOCTBIO 00JIAIaI0T aHUOHBI, TO MOHMT SIBJIsieTCS] aHMOHUTOM. CyIIEeCTBYIOT Tak:ke OMIONsp-
HBIE MOHUTHI, UM aM(DOJIUTBI, OHU NIPOABIIAIOT CBOWCTBA KATUOHUTOB M aHUOHUTOB. MeToz MOH-
HOH Xpomatorpaguu MOXeT MPUMEHSTHCS 11 U3YYEHUS CJIOXKHBIX IPUPOAHBIX OOBEKTOB, COCTaB-
HBIMH YaCTSMU KOTOPBIX SBJISIIOTCS BEILECTBA, HAXOAAIMECA B KOJUIOMIHOM COCTOSIHMUA. OHUM U3
TaKkMX 0OBEKTOB sIBJIsieTcs MouBa. Kak npaBuiio, NouBeHHbIE KOJUIOMIHbIE YaCTHUIIBI 3apsiKEHbI OTPH-
[aTeJIbHO, TO3TOMY MMEET MECTO KaTUOHHBIN 0OMeH. [1py IBIKeHNH TOYBEHHOM BJIark HAOMOAAeTCst
paseseHue KaTMOHOB, BCTPEYAIOIMXCs B NOYBE. AHAIM3UPYS MOYBEHHbIE XPOMATOrPaMMBl, yia-
JI0Ch ITyOXe MOHATh CYLIHOCTb ITPOMCXOASIIMX MTporeccoB. Tak, HanpuMep, py 00pa30BaHUU MO[-
30JIMCTIX MIOYB UMEET MECTO 3aKperyieHHe MOHOB BOJOPO/A B BEPXHUX YaCTsX, & KATUOHBI IEJI0YHO-
3eMEeJIbHBIX METAJUIOB MTPOHMKAIOT B HM)KHME CJIOM MOYBBHl. TakuM 00pa3oM, BEpPXHHUE CJIOM MOYBbI
3aKUCIATCSA. JJOCTOMHCTBO MeTofia XpomaTorpaduu sABIsieTcss BO3MOKHOCTb pa3JielisATh CIOKHBIE
CMECH, HE MEH$ISl XUMUYECKUI COCTaB KOMIIOHEHTOB. DTO BaKHO MPH UCCIEAOBAHUM OMOJIOTMYECKUX
KUAKOCTEH, CoIepKalUX MAJIOyCTOMYMBbIE OPraHMUECKHME COeJUHEHU I, COCTAB M CTPOEHHE KOTOPBIX
3aBUCAT OT HE3HAYMTEJHOIO U3MEHEHH S TEMIIEPATypbl, KUCIOTHOCTH U Ipyrux (pakTopoB. Xpoma-
Torpapuueckuii aHaJIM3 NPUMEHsIETCs U1l BbI/IEJIEHUsI U3 PACTBOPOB BEILLECTB, KOHIIEHTpalusl KOTO-
PbIX OYEHb MaJjia: TOPMOHOB, MHTEP(EPOHOB, BUTAMUHOB U JIp. DTOT METOJ NO3BOJISIET Pa3leiUTh
CXOJHbIE 110 CBOMM CBOICTBAaM BELIECTBA, pa3/ie/IeHue KOTOPbIX XMMUYECKUMH METOIaMHU MpeJICTaB-
JsieT coOoM OOIbIINE TPYAHOCTH (AMUHOKHUCIIOTHI, peJKO3EMEIbHbIE METaILIbI).
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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