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OO0mas xapakTepucTuKa padoThl

AKTyaqabHOCTL Ppadorbl. [lomusnextponutel (I19) cocTaBnsitoT BaKHBIN
KJIacC BOAOPACTBOPUMBIX MakpoMmojiekyld. K HUM OTHOCUTCA OOJBIIMHCTBO
OouononumMepoB  (OeJIKW, HYKJIEWHOBBIE KHUCJIOTHI, TIOJIMCAXapUbl), a TaKke
MHOTOYHUCJIEHHbIE CUHTETUYECKHUE MOJIMMEPDI, COAEPIKAIINE HOHOTEHHbIE TPYMIIbI.

XOTs OCHOBBI TEOpWUU PACTBOPOB JHHEWHBIX [ID ObITM 3aM0XKEHBI B
1970-1990 rr, nNOHUMAaHWE CBOWCTB AapPXUTEKTYPHO-CJIOXKHBIX, B TOM YHCIE
CYTpaMOJIEKYJISIPHBIX, CTPYKTYp, oOpazyeMbix ampudunsaeiMu 13 B pacTBOpax, a
Takxke KOH(POPMAIWI 3apsHKEHHBIX MaKpOMOJICKYJT BOJM3M TOBEPXHOCTEH paszziena
¢a3 10 HEMABHETO BPEMEHM MPAKTUYECKH OTCYTCTBOBAJO. YHUKAIBHBIE CBOWCTBA
TaKUX CHCTEM OIpPEAENSIIOTCS, TPEeXAEe BCEro, KOMOWHAIUEW TOMOJIOTHYECKOU
CIOXHOCTH (pa3BETBJICHHOCTH) W aM(U(PUILHONH NPUPOABI MAKPOMOJIEKYN C
JNaJIbHOACUCTBYIOIMMH DJICEKTPOCTATUUECKUMM B3auMojencTBusiMu. HampaBieHHoe
M3MEHEHUE BHEIIHUX YCJIOBUM, TAKUX KaK MOHHAs cuia u pH, mo3Bonser BIUATh Ha
CUJIY DTHX B3aUMOJEHUCTBUH U, TeM camMbIM, 3(()EKTUBHO YIPaABISATh KOHPOPMALUSIMU
MaKpOMOJIEKYJT U MaKpPOCKOMUYECKMMHM CBOMCTBAMHM TMOJMMEPHOIO pacTBOpa B
0o0beMe WM OKOJIO MOBEPXHOCTU. YCTAHOBIICHHE CHCTEMATUYECKHX CBSI3€d MEXKITY
MaKpOMOJIEKYJISIPHON apXUTEKTypod U (YHKIHUSIMU OTKJIMKA CHUCTEMbl HAa BHEIIHUE
BO3JICHCTBUS COCTABISECT BAXKHEUIIIYIO 3a1a4y TEOPUH, PEIIEHUIO KOTOPOM MOCBSAIIEHA
naHHas pabora.

B mnocnennne 30 ner ObIMM MpPEANpPHUHSITHI 3HAYUTENBHBIE YCWIHS B
TEOPETUYECKOM U HKCHEPUMEHTAIBHOM M3YyYEHHH, a TaKXKE B KOMIBIOTEPHOM
MOJIEJTMPOBAHUN KOH(GOpMalMi LEMHBIX MAaKpPOMOJIEKYl B pacTBOpax BOIH3U
MOBEPXHOCTU pazfena (a3 KUIKOCTb-TBEpAOE Teso. MoHocnon, o0pa3oBaHHbIE
NOJMMEPHbIMM  LENSIMH, KOBAJEHTHO  CBSI3AHHBIMU  KOHLEBBIM  3BEHOM  C
MOBEPXHOCTBIO, MOJTYYMIM HAa3BaHUE MOJUMEPHBIX 1eTok (PucyHok 1).

Hctopuyeckn uU3ydeHHE TMOJUMEPHBIX MIETOK OBIJIO  MOTHBHPOBAHO
BO3MOJKHOCTBIO WX HMCIMOJNB30BAaHUS JUISI CTEPUUYECKON CTAaOMIM3AalMKM KOJUIOUAHBIX
aucriepcuil. Pe3ko BO3pocinii B camMO€ MOCJHEAHEE BPEMSI MHTEPEC K MOJIUMEPHBIM
IIETKAaM BBI3BAH HUX I[IMPOKMM NPUMEHEHHEM B KaueCTBE YJIBTPATOHKHUX
OMOCOBMECTHMBIX MOKPBITHI. TakolW WHXKEHEPHBIM MMOAXOA TMO3BOJISET CO31aTh
MOBEPXHOCTU C AHTUMHKPOOHBIM, aHTUTPOMOOTEHHBIM M MPOTHBOBOCHAIUTEIHHBIM
JEeNCTBUEM U, TEM CaMbIM, CYIIECTBEHHO YIyYIIUTh OMOCOBMECTUMOCTH MAaTEPHUAIIOB,
UCTIOJIB3YyEMBIX B MEAULIMHCKOM MPUOOPOCTPOCHUU U B MIPOTE3UPOBAHUU.

KonnouaHeie 1 MoneKyasipHbIE IETKH (POPMUPYIOTCS] TOTUMEPHBIMHU LIETISIMH,
NPUBUTHIMM K HAHOYACTUIAM pa3MepaMu OT €IWHHUIl O COTE€H HAHOMETPOB WJIU
K Oonee IIMHHBIM JMHEHHBIM Makpomosekynaam. KommowmHble W MONEKYNSpHBIE
MIETKH SIBJSIIOTCS HWACANbHBIMH MaTPHUIIAMH 1T caMOCOOpKH (DyHKIIMOHATHHBIX
CYNpaMOJIEKYJIIPHBIX U CYNPAKOJJIOUAHBIX CTPYKTYP C MCIOJNBb30BAaHUEM Pa3IHMYHBIX
COCTABJISIIOIINX JJIEMEHTOB W THUMOB B3auMonaeuWcTBuil. Hampumep, koisouaHble
IIETKH, HE Tepsis arperaTMBHOW CTaOMIBLHOCTH, MOTYT abCcopOMpoBaTh M 00paTUMO
CBSI3bIBAaTh B OONBIIOM KOJMYECTBE HAHOYACTHUIIBI ONAaropoIHBIX METaJJIOB
Ui ToOynsipHeie  Oenku  (pepMeHThI), KOTOpPhIE MPH 3TOM COXPAHSIOT CBOIO
KaTaJUTHYecKylo ((epMEeHTaTHUBHYI0) aKTUBHOCTh. OJTO OTKPBIBAET BO3MOXKHOCTH
co3mannst BEICOKOA((HEKTHUBHBIX (0M0)HAHOKATATUTHYECKUX CHCTEM.

[IpumedaTenbHO, YTO BHYTPH- W BHEKJIETOYHBIE OMOMAKPOMOJICKYISIPHBIC
CTPYKTYpPHI (HampuMep, SKCTPALEIUTIONISIPHBIE CJIOU PA3BETBIECHHBIX MOJUCAXAPUIOB U
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PI/ICYHOK 1 — CxemaTnueckoe npeaACTABJICHUEC TUNIOCKUX, KOJIJIOUJHBIX U MOJICKYJIISIPHBIX
MOJIMMCPHBIX IIECTOK.

[JIMKOMIPOTEUHOB, HEUPO(DUIAMEHTHI U Ap.), CXOAHBIE TI0O CTPOCHHIO C MOJMMEPHBIMHU
HIETKAMU BCTPEYAKOTCS B KUBOU MPUPOJE.

Hcxoass w3 BbILIECKA3aHHOIO, MOXHO YTBEpPXKJIaTh, YTO MOHUMaHHE
(GyHIaMEHTaTbHBIX 3aKOHOMEPHOCTEW U (PU3MUECKUX MEXAHU3MOB, YHPABISIOLINX
CTPYKTYPHBIMM M KOH()OPMALMOHHBIMU HM3MEHEHUSIMH B TMOJMMEPHBIX MHIETKaX
U apyrux  (OMO)MAaKpOMOJIEKYJISPHBIX  KOJUIOMAHBIX — CTPYKTYpax,  SBISETCS
NPUHUMITHAJIBHO BAXKHBIM HE TOJIBKO U1 HAYKW O Marepualax, HO U ISl KJIETOUHON
OMONIOTUN U MEIULIUHBI.

CamonpousBonbHasg cOopka aM@UOUIBHBIX, B TOM YHCIE HOHHBIX,
MaKkpOMOJIEKYyJd, MpUBOASIIAas K  00pa3oBaHMIO  HAHOCTPYKTYp  pa3ivuHOM
Mopdonoruy, IHUPOKO pPACIpOCTpaHEHa B JKUBOM mpupoae. B coueranum c
pazHooOpa3ueM MaKpOMOJIEKYJISPHBIX apXUTEKTyp ("CTpoUTENbHBIX ONOKOB") U
MHOYKECTBOM KOHKYPUPYIOIIMX BHYTPH- M MEXKMOJIEKYJISIPHBIX B3aUMOIEHCTBHMA
ATOT TOAXOA OTKPBIBAET IIUPOKHE BO3MOXKHOCTH [UJISi  CO3JAHUSI  CTPYKTYD
BBICOKOW CIIOHOCTH C MHOT0OOpa3HOW (YHKIMOHATBHOCTBIO Ui MPAKTUYECKUX
OPUJIOKEHUH B COBPEMEHHBIX 00JacTSIX HAHO- U OMOMEIMLMHCKUX TEXHOJIOTHM, B
(apMalieBTUUECKOM, KOCMETUYECKON M TMHILIEBON MPOMBINIJIEHHOCTH, B Mpoleccax
BOJIOTIOATOTOBKHM M BOJOOYHMCTKH OT KOMITJIEKCHBIX 3arpsi3HEHUN W T.1I.

Jlng  cozmaHuss  HOBBIX  (DYHKUMOHANBHBIX  MaTepuajoB  HeoOXoauma
pa3paboTka TEOpHH, TO3BOJIAIONIEH YCTAHOBUTH CHCTEMATUYECKHE CBS3M MEXIY
MOJICKYJISIPHOW apXHWTEKTypod “OJOKOB”, C OMHOW CTOpPOHBI, W Mopdonorue
U CBOWCTBAMH CaMOCOOHUPAIOMIUXCA CTPYKTYp, C APYrod CTOPOHBI, a TaKxke
JOCTOBEPHO MpencKa3aTh CI0KHbIE (PYHKUINUU OTKJIMKA (M3MEHEHHUs pazMepa, (HopMmsl,
arperallMoOHHOIO COCTOSIHUS) “yMHBIX” HAHOCTPYKTYp Ha H3MEHEHHUE KOMILIEeKca
BHEIIHUX YCIOBUU. TeM camplM, TEOPHs NO3BOJISAET PEIIUTH KOHLENTYAJbHYIO 3a1a4y
CYNpaMOJIEKYJIIPHOM XHMHH - 3aKOJUPOBATH TpeOyeMble CBOMCTBA MaTepUasoB
€lle Ha CTaJud CUHTE3a O0pa3yIoIHUX €ro 3Je€MEHTAapHBIX MaKpOMOJEKYISIPHBIX
OOKOB - W HAy4yuThCS PANMOHAIBHO  YMPABISTH TMOBEAEHUEM  CIIOKHBIX
CYyNPaMaKpOMOJEKYJISIPHBIX CTPYKTYp IIyTEM HAIPABICHHOIO W KOHTPOIUPYEMOIO
WU3MEHEHUS BHEIIHUX YCJIOBUM.



Takum oOpazom, Kpyr mnpoOjieM, pacCMOTPEHHBIX B JaHHOW pabore,
MPENCTABISETCS AKTyaJdbHBIM KakK B TMJAHE CO3IaHWs HOBBIX (YHKIHMOHAIBHBIX
IIOJIMMEPHBIX MATEPHUAJIOB JUIsl IIAPOKOTO CIIEKTPa MPUIIOKEHUM, TaK U JAJbHEUILEro
pa3BUTHS (PYHIAMEHTAIBHON HAYKU O MOJUMEpaXx.

Heasro HaCTOSILEN paboTHI SIBJISIETCS MIOCTPOECHUE TEOpUH
KOH(QOPMAITMOHHBIX CBOWCTB JIMHEWHBIX W PA3BETBICHHBIX TMOJIUAIEKTPOIUTOR
B BOIHBIX pPAcTBOpax W BOJM3M TOBEPXHOCTEH paszmena (a3 >KUIKOCTb-TBEPIOE
TEI0, TEOpeTUYeckoe OOOCHOBaHWE NPHUHIMIOB YOpPaBI€HUS MopQooruen
CaMOOPTraHMU3YIOIIUXCS ~ MOJMMEPHBIX  HAHOCTPYKTYp TMYTEM  HalpaBJIEHHOTO
W3MEHEHUs] BHEIIHUX YCIOBUM (MOHHOW cuibl, pH, TemniepaTypsl, U T.I.).

B aucceprannonHoil paboTe pacCMOTPEHBI CIEAYIONIME OCHOBHBIE 3aauu:

1. TTocTtpoenne Teopuu KOH(DOPMALMOHHBIX M HAHOMEXAHUYECKUX CBOWCTB CJIOCB,
00pa30BaHHBIX 3aPSKECHHBIMA MAaKpPOMOJEKYJIaMH, MPUBUTHIMH K TOBEPXHOCTH
paszzena >KHIKOCTh-TBEPIOE TEJIO.

2. AHamu3 MEXaHW3MOB B3aUMOJICHCTBUS M KOMITJIEKCOOOpA30BaHUS MOJTMMEPHBIX U
MOJIMAJIEKTPOJIMTHBIX IIETOK C MYJIBTUBAJIEHTHHIMH MOHAMH, HAHOKOJUIOMIAMHU W
100y ASipHBIMU O€JTKaMH.

3. IlocTpoeHne TeopuH pPacTBOPOB 3BE3M000paA3HBIX, CIy4YalHO pa3BETBICHHBIX
MOJIMAJICKTPOJIUTOB, MOHHBIX (PPAKTAJIOB U 3aPSHKEHHBIX JICHIPUMEPOB.

4. Nzyuenne koHdopmammii u IP(HEKTOB BHYTPU- H  MEKMOJCKYISPHON
CaMOOPTaHM3AIMU B PACTBOPAX IpeOHE0Opa3HBIX COMOIMMEPOB U MOJEKYISIPHBIX
IIETOK.

5. Pa3zBuTHe Teopuu camoopraHuzalud amQpu@UiIbHbIX UOHHBIX OJIOK-COMOJIUMEPOB
U TPUOJIOK-TEPIOTUMEPOB B CENIEKTUBHBIX PACTBOPUTEIISX.

Hayuynasi HOBM3HA

1. Ilpencka3ansl U cTporo 0OOCHOBAaHBI B pPaMKaX aHAJIMTHYECKON TEOpUH, PA3BUTOU
B npubmmwkenun Ilyaccona-bonbliMana, siBAeHWS JOKanW3alUU TMOABHKHBIX
OPOTUBOMOHOB B IUIOCKMX TMOJIMANIEKTPOJIUTHBIX IETKAX, HAXOASIIUXCA B
KOHTakTe ¢ OeccoleBbIM BOJHBIM pacTBOpoM, M HaOyxanus [ID mertok 3a
CUeT OCMOTUYECKOTO JaBJICHUS JIOKAJIM30BaHHBIX TPOTUBOMOHOB.

2. BnepBbie mpenckazanbl Takue 3QQGEKTh, Kak aHOManbHOE Hal0yxaHHWE IIETOK,
oOpa3oBaHHBIX HemsiMu ciaaboro (pH-4yBCTBUTEIBHOTO) MOJNMANEKTPOIUTA, MPH
YBEIWYEHUH KOHIEHTPALMU CONM W pe3kud komnarmc [ID meTku mpu 3aMeHe
MOHOBAJICHTHBIX MPOTUBOMOHOB COJIM Ha MYJIBTUBAJIEHTHBIE. DTH TEOPETUUYECKHE
npenckazanusi ObUIM TTOATBEPKIEHBI PSIIOM DKCTIEPUMEHTOB.

3. TlokazaHo, 4TO Kak B HEUTPATbHBIX, TAK U B 3aPSKCHHBIX TUIOCKUX MOTHUMEPHBIX
MeTKaX WHIWBUIYabHBIE IIETH UCTIBITHIBAIOT CUIIbHBIC (DITYKTYaIluu PACTSIKEHUSI.
OTOT pe3ynbTaT NPUHIUIMHUATIBHBIM 00pa3oM HM3MEHWJ CYIIECTBOBABILEE paHEe
MpeNCTaBIeHNE O CTPYKTYpE MOJUMEPHBIX MIETOK, OCHOBAHHOE Ha KJIACCHUYECKON
monenu Anekcanaepa - ne JKena, mpeamonaraBiieldl OAMHAKOBOE M PAaBHOMEPHOE
pacTsHKEHUE LENEN B IIETKE.

4. Pa3BuTa TeopHsi B3aMMOJCHCTBUS M KOMIUJIEKCOOOPA30BaHUS MOJIMMEPHBIX IIETOK
c (6Mo)HAHOKOUIOMIAMHU W TIPENJIOKEHO TeopeThdeckoe oObsicHeHne 3ddeKrTa
abcopOuuu roOyIsipHBIX OETKOB OAHOMMEHHO 3apsikeHHbIMU [1D meTkamu.

5. IlocTpoeHa Teopusi PAcTBOPOB 3BE3M000pPA3HBIX M CIYYaWHO pa3BETBICHHBIX
MOJIMAJIEKTPOIUTOB U 3aPSIKEHHBIX TEHAPUMEPOB.

6. Ilpennoxkena ckeWnMHroBas Teopus pa30aBIEHHBIX U MONypa30aBICHHBIX
pacTBOpOB TIpeOHEOOPA3HO-PA3BETBICHHBIX (CO)MOJUMEPOB U MOJEKYISPHBIX



IIETOK W YCTAHOBJICHBI 3daKOHOMECPHOCTH WX BHYTPH- U Me}I(MOJIeKyHﬂpHOI)'I
opraHun3anvu B CCIICKTUBHBIX PACTBOPUTCIIAX.

. YCTaHOBNEHBI 3aKOHOMEPHOCTH CaMoOOpraHu3amuu amM(u(UIbHBIX HWOHHBIX H-

6J'IOK-COHOJ'II/IMCp0B B BOIHBIX paCTBOpax H (1)OpMI/IpOBaHI/I${ MYJIBTUIOMCHHBIX
HaHOCTPYKTYP TpI/I6JIOK-TepHOHI/IMCpaMI/I B CCIICKTUBHBIX paCTBOPUTECIIAX.

HOJIO)KeHI/IH, BbIHOCUMbIC HA 3aIIIUTY:

. HepaBHOMepHOG N HCOOHMHAKOBOC PACTAXKCHHUC I_[CHGI\/'I B IICTKC MIPUBOIUT

K HCEOOHOPOAHOMY pPaCHpCACIICHUIO KOHOCHTpAIUNW MOHOMEPHBIX 3BCHLCB,
IMOABHUYKHBIX MOHOB M JJICKTPOCTATHYCCKOI'O IIOTCHIKMAJIA.

. XapaKTepHHe CBOMCTBA paCTBOPOB CHIIbBHO PAa3BCTBJICHHBIX IMOJHUIJICKTPOIIUTOB

CBSI3aHBI C CYILIECTBEHHO HEOOHOPOMHBIM pacHpeNeIEeHUEM MPOTUBOMOHOB MEXKIY
BHYTPH- U MEXKMOJIEKYJIIPHBIM 00BEMOM.

. Muoroo6pa3ue Qopm BHYTpH- U MEKMOJEKYISIpHOH (B TOM  YHCIE,

UEpapXUYeCKoi) OpraHu3aludud B pacTBOpax TIpeOHEeoOpa3HbIX CONOJUMEPOB
U MOJEKYJISpHBIX IIETOK SIBISIETCA  CleNCTBUEeM OamaHca OnM3ko- U
JNAJIbHOACUCTBYIOIIMX ~ B3aUMOJECUCTBUA B COYETAHUM C  U3MEHSIEMOU
MAaKpPOMOJIEKYJISIPHOU apXUTEKTYPOMU.

OCHOBHBIE 3aKOHOMEPHOCTH CAaMOOpPraHu3aluu ¥ (HOpPMHUPOBAHUS HAHOCTPYKTYP
B pacTBopax amMpupuiabHeIX pH-4yBCTBUTEIBHBIX HOHHBIX OJOK-COMOJIUMEPOB
OMPENENSIOTCS B3aMMOCBSI3bI0 MEX/Y CTEMEHbI0 MOHW3ALMU U arperalyoHHbIM
COCTOSIHUEM MaKpPOMOJIEKYIL.

JINUHBIA BRJaaA aBToOpa COCTOAl B MOCTAHOBKE 3aJdaqd, BBIIMOJIHCHHUN

AHAJIMTUYCCKHUX PACUYCTOB, BBI60pC Moz[eneﬁ U MCTOAOB YHCJICHHOTO MOACJINPOBAHMUA,
B INTAHUPOBAHHWH JSKCIICPUMCHTA, AHAJIN3C U HY6J'II/IKaI_II/II/I IMOJYUYCHHBIX PC3YJILTATOB.

I[OCTOBepHOCT]) IMOJITY4YCHHBIX B pa60Te PE3YJIbTaTOB W BBIBOAOB OCHOBAHA

Ha WCIOJb30BAHUM B3aUMOJIONOJHSAIOUIMX METOJOB AHAJIUTUYECKON TEOopUuu u
YHCJIICHHOTO MOJCIUPOBAHMS, apOOMPOBAHHBIX HA JIPYTUX MOJUMEPHBIX CHCTEMAX,
a TaK)K€ Ha COITIACHUM MpEICKa3aHUN TEOPUU C IKCIEPUMEHTOM.

IIpakTnyeckass 3Ha4YMMOCcTh PadoTbl. Pe3ynbTaThl paboThl MOTYT OBITH

MCIIOJIB30BaHbI [IJI1 BEIPAOOTKHU MPAKTUYECKUX PEKOMEHIAIUN MpPU CO31aHUU HOBBIX
BBICOKOA((DEKTHUBHBIX HAYKOEMKHX MAaTepPUAJTIOB U TEXHOJOTUM, TAKUX KaK

OMOCOBMECTUMBIE MOKPHITUS C YAYUIICHHBIMH TPUOOJIOTHUECKUMHU CBOMCTBAMU;
HAHOKOHTEWHEPHI JUISI HANMPaBJICHHOTO TPAHCIOPTA JIEKAPCTBEHHBIX W OWOJIOTH-
YECKHU-AKTUBHBIX BEIIECTB B MEAUIMHE U arpOXUMHM;

OHEPro- W pecypcocOeperaroine HaHOKATATUTUYECKHE CHUCTEMbl Ha OCHOBE
THOPUIIHBIX MOJTUMEP-HEOPTAHUYECKUX CTPYKTYP;

OMOHAHOPEAKTOPHl HA OCHOBE KOMIUIEKCOB (EPMEHTOB W  KOJUIOMIHBIX
NOJIUMEPHBIX CTPYKTYp [JIsi MCIOJIb30BaHUSI B (PapMalleBTUYECKONH M MUILEBOU
MPOMBIIIEHHOCTH;

MOJIEKYJISIDHBIE ~ MATPULbI ISl DJIEMEHTOB  HAHOJJEKTPOHHBIX  YCTPOWMCTB,
TAKAX KaK HAHOYACTULBI W HAHOIMPOBOJIOKHA PEAKO3EMENBHBIX METAJIOB U
ANEKTPONPOBOASAIINX OPraHUYECKUX MATEPUATIOB;

MHOTO(YHKITHOHATBHBIE pereHepupyemMbie a7CcOpOEHTHI TSKEITBIX 171
pPaIMOAaKTUBHBIX METAVIOB, TOBEPXHOCTHO-akTUBHbIX Bemects (ITAB) wu
TOKCHYHBIX HAHOYACTHUI[ JUIs MCIOJIB30BAHUS B NPOLECCAX BOJOOYHUCTKH U
BOJOMOJTOTOBKH.



AnpobGauusa padorbl. Pe3ynbrarthl  AMccepTalMOHHOW  paboThl  ObUIH
MpeICTaBieHbl B BHJE [JICHAPHBIX, TMPUIVIANICHHBIX W YCTHBIX JIOKJIAJOB Ha
CIEIYIOMINX MEXKTyHAPOMHBIX M BCEPOCCHUCKUX KOH(epeHuusx: MexayHapoaHbIi
cemMuHap  “Maremarudyeckue  METOABI  [JIsI  HCCIENOBAHUS  IMOJIUMEpPOB”
(ITymmno,1991); 9-p1if  MexxayHaponseii cumno3uyMm  “Surfactants in solution”
(Bapna (bonrapus), 1992); Becennsisi koHpepeHus AMepukaHCKoro XUMHUYECKOTO
O6mectBa ([ensep (CIIA), 1993); 30-it cemunap “Ren-contres de Moriond:
Short and long chains at interfaces” (Bunnap-ctop-Omnon (IlIBeitmapus), 1995);
CECAM cemunap “Numeri-cal studies of polyelectrolytes” (JIuon (®pannus), 1995);
[lepBoIii MeXayHApOMHBIN cuMmo3nyM 1o monudnektponutam “Polyelectrolytes in
Solution and at Interfaces” (Ilorcmam (I'epmanms), 1995); 2-oit,3-nit,5-biid,6-01,7-
oif MexnayHnaponnsie cummnoszuyMbl “Molecular Order and Mobility in Polymer
Systems” (Cankt-IleTepOypr, 1996, 1999, 2005, 2008, 2011); MexayHapoaHblit
cemurap “Fluctuations mediated inter-actions in soft matter” mocBsIEHHBIN
60-netuto @ .Ilunkyca (Jlesym (Ppannus), 1996); Cumnozuym ‘““Proteins, Bio-
polymers and Polymer at Interfaces” xondepenumss EBpomneiickoro ®usnueckoro
O6mectBa (I'penobOas (®panmus) 1998); Mexnynaponnsii cemunap ““Structured
Polymer Systems: self-assembly, heteropolymers and networks” (bax Xonned
(I'epmanus) 1998); Mexnaynaponnsii cemunap “Soft Condensed matter: what’s
new after 30 years?” nocssmennsiii 65-netuto I1.-XK. ne Kena (Jlezym (Dpanmms),
1998); Koudepenmus Erponeiickoro ¢usnueckoro odmectBa “Rheology, Rheo-
Physics and Flow-Induced Structures of Liquid Crystalline Polymers, Surfac-tants
and Block Copolymers” (Codus Antunonuc (®panmus) 1999); Epponeiickas
koHpepenuns: (European Research Conference) “Interfaces and colloidal systems:
interfacial behaviour in polymer and colloidal systems” (Mpaknuon (I'perus)
1999); Mexnynaponasiii cummnosuym “‘Polyelectrolytes 2000” (Jle [IuaGnepe
(Iseitapus) 2000); EBpomneiickas kondepenmusi (European Research Conference)
“Chains at Inter-faces 2001 (EBopa (ITopryramus) 2001); MexayHapoaHbiii
cemuHap ‘“‘Nanoscale functionalities” (Yankmmmku (I'perus) 2003); IILIV,V
Bceepoccuiickue Kaprunckue konpepenunn (Mocka, 2004,2006,2010); BcemupHbiit
nonuMepHblid  koHrpecc Macro 2004 (ITapwx (®panums), 2004); Espomnelickue
nonumepHbie koHrpeccol (Mocksa, 2005, Ilopropox (Cnosenwusi), 2007, Ipair
(ABctpusi), 2011, Tuza (HMrtanmms) 2013); Mexaynaponusiii cemuHap ““Statistical
mechanics of polymers: new developments” (Mocksa, 2006); Koundepenuus
nporpammbl  EBpomneiickoro HayuHoro ¢onnma ‘“‘Self-organized nano-structures”
(ITuza (Uramus) 2006); Mexnmynaponubiii cumnosuym “Structure and Dynamics
of self-organized macromolecular systems” (Ilpara, (Uemickas Pecmybnuka) 2006);
Cemunap Esponeiickoro Hayunoro ¢onaa EUROCORES “Structure and properties
of self-organized amphiphilic copolymers™ (Ilpara, (Yemckas Pecmy6nuka) 2006);
Poccwuiicko-IlIreiinapckuit cemunap “Grafted polymers for biomedical applications”
(Kaagepmrer (IIBetimapusi) 2007); Mexaynaponusiii  cummosuym  “Polymer
Colloids: from design to biomedical and industrial applications™ (IIpara, (Yemickas
Pecniybnuka) 2008); Mexnaynaponnas «koHpepenuuss mnporpammbl  STIPOMAT
“Experimental and Theoretical Design of Stimuli-Responsive Polymeric Materials”
(Jlakano (®pannus) 2008); MexayHaponnsiii cemunap ‘‘Polymer-Nano-Particles
Interactions: Concepts, Observations and Applications” (ban Xouned (I'epmanusi)
2010); EBponeiickas nonumepHas konepenuus “Hierarchically Structured Polymers:
chemistry, physics and applications of polymer materials with structures at multiple
length scales” (I'apuano (Mranus) 2010); Mexaynaponnsiii cemunap ‘“‘Physical



Chemistry of Biointerfaces” (Can Cebactean (Mcnanus) 2010); Poccuiicko-
repmaHckuii cemuHap ““Self-organized structures of amphiphilic macromolecules™
(Typuay (I'epmanusi) 2010); 14-wpiii mexaynapoansii [lUPAC cumnozuym “Macro
Molecular Complexes” (Xenbcunku (Ounnsaaus) 2011); 1-as mexayHapomHas
koH(pepenuns COPAMPHI 2012 (Tyny3a, @panuus); Mexxa1yHapoIHbIi CUMIIO3UYM
“Self-Organized Polymer and Hybrid Structures” (baiipoiit, (I'epmanus) 2012); 12-s
exerogHas koHdepenmusi UNESCO/IUPAC mo makpomornekynaM W Marepuanam
(Crennenbom, KOxnas Adpuxa 2013); Mexaynapoansiii cemunap “Challenges and
perspectives of soft matter at interfaces” (Illmox3ee, ['epmanus, 2013).

PaGora Opima BBITIONHEHA B COOTBETCTBMM C  TJIAHOM  HAy4YHO-
uccnenoarenbckux pabor MBC PAH mno Ttemam ‘“OkcriepuMeHTalIbHBIE H
TEOPETUYECKHE HCCIEAOBAHUS CYNEPMOJEKYISIPHBIX MONUMEPHBIX cuctem’” (2005-
2007 rr), “CrpykTypa ¥ AWHAMHUKAa HAHOPA3MEPHBIX TMOJUMEPHBIX CHUCTEM.
OKCNEpUMEHT, Teopusi W KoMmmbloTepHoe wmoaenuposanue” (2008-2010 rr),
“HaHopa3MepHble MOJUMEpPHBIE CTPYKTYpbl B pacTBope W TBepmoi ¢aze” (2011-
2013 rr.) u 6p1a moanepkana rpantaMu PODU.

Iyonukanum [lo Teme nuccepranuu omyOnukoBaHo 125 mewyaTHbIX padoT,
BKItouasi 118 crareii B pelieH3UpyeMbIX )KypHalax, U 7 I1aB B KHUTAX.

Ctpykrypa padorsl. [luccepramuonHas paboTa COCTOMT W3 BBEICHUS,
YEThIpeX IJ1aB, 3aKIIOUYCHUS U CIIUCKa [UTUpyeMoi nutepatypsl (180 HanmeHoBaHMIA).
Ona uznoxeHa Ha 314 crpaHuLax v coaepKUT 82 pHUCYHKA.

COAEP KXAHUE PABOTBI

Bo Bsenenum o00CykmarOTCsi aKTyaJdbHOCTh, HOBHU3HA U MPaKTUYECKas
3HAYUMOCTbh MPEACTABIEHHON pabOTHl.

I'masa 1. IloimMepHBIe M MOJINIJIEKTPOJIUTHBIE IETKH

[TonumepHbie, B YACTHOCTH, TOJMIIEKTPOJIUTHBIE WIETKH (POPMUPYIOTCS
JUTMHHBIMA, THOKUMH TOJUMEPHBIMH TIENSMU, MPUBUTHIMH OJHUM KOHIIOM K
HENPOHULAEMON MOBEPXHOCTH M TMOTrPY>KEHHBIMH B pacTBOpUTENb. B ycnoBusx,
KOTZIa pAacCTOSHUE MEeXIy TOYKAMH TPHUBUBKH MEHBINE XapakTEPHOTO paszMepa
WHAWBUAYATBHBIX MAKPOMOJIEKYI, MEXKMOJIEKYISIPHBIE B3aMMOJAEHCTBUSI JOMUHUPYIOT
HAJ BHYTPUMOJEKYJISIPHBIMUA B3aUMOJEUCTBUSIMU M OMPENENSAIOT CTPYKTYpPHBIE U
JUHAMUYECKHUE CBOMCTBA MOJMMEPHBIX IIETOK.

[lepBoe TeopeTHueckoe omucaHue KoHQoOpMamuil 1erneld B HEHUTpalbHBIX
nonuMepHBIX meTkax Obuto mpemnoxkeno 1. Anexcangepom u I1.-)K. ne Kenom Ha
OCHOBe cKkeinmHroBoir OmoOHoM Moxmenu [S. Alexander 1977; P.-G. de Gennes
1980]. OcHOBHBIM oOrpaHuyeHuemM Teopuu AnekcaHnaepa-ne JKeHa SBHIIOCH
NpeanoiiokeHne 00 OMWHAKOBOW M pPaBHOMEPHOM BBITSDKKE BCEX IleMeil W, Kak
CJIEICTBUE, MOCTOSHCTBE KOHLEHTpALMU MOJUMEPA BHYTPU LIETKU. TeM HE MeHee,
TAKOW yHPOLIEHHBIH MOAXOJ MO3BOJWI MOJYYUTh ACUMITOTHUYECKHE CTENEHHBIE
3aBUCUMOCTH JJIsl SKCMIEPUMEHTANBHO HM3MEPSIEeMON TOJIIMHBI MIETKU KaK (YHKIUU
JUIMHBI 1IeTIe, TYCTOTBI MPUBHUBKM M TMapaMETPOB B3auMOIEHCTBUS (Hampumep,
KadecTBa pacTBoputes). B nanpHeimem 6106Hast Momens Obta 06001IeHa Ha CITydaid
MNOJIUMEPHBIX IETOK, MPUBUTHIX K BBIMYKIION (cpeprueckoil Wiau HUIHMHAPUYECKON)
noBepxHocTH [M. Daoud, J.-P. Cotton 1982; T.M. Birshtein, E.B. Zhulina 1984].

bonee neranbHOe omucaHue CTPYKTYpbl MOJMMEPHBIX HIETOK OBIJIO JAaHO B
paboTax aBTOpa B paMKax aHATUTHYECKOU Teopun camocornacoBanHoro mosst (CCII).
BakHeWuM pe3ynbTaToM 3TOM TEOpUH SIBUJIOCH MPEACKa3aHue aHOMAJIbHO CUIIBHBIX
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Pucynok 2 — [TonuaneKkTponuTHas 1meTka.

(bayKkTyanuii pacTsHKeHUs WHANBUIYAJTbHBIX IEMEeH M CYIIeCTBEHHO HEOIHOPOIHOTO
pacripeiesieHusi TUIOTHOCTH TMOJIMMEpa MO TOJIIMHE MIeTKH. B dacTHocTH, OBLIO
MmokazaHo, 4To (yHKIHMOHANIbHAs (opma pacnpeneneHus TJIOTHOCTH TMOJMMEPA U
KOHIIEHTPAIlUM KOHIIEBBIX 3BEHBEB IMIEMEW 3aBUCIT OT JI€Tajiel B3aWMOJICHCTBUS
MOHOMEPHBIX 3BEHBEB (HampWMep, OT KadeCcTBa pACTBOPHUTENS), B TO BpeMs
KaKk yOBIBaHUE JIOKAJILHOTO PACTSHKEHHS] BIOJIb KOHTYpa WHAWBUIAYAJIBHOW IIEMU
OTMUCHIBAETCS YHUBEPCAIBHBIM 3aKOHOM, OMPEACSIONIMMCS TOJIBKO TayCCOBOM
AIIACTHYHOCTRIO Henei. B nanpHelimemM aHanmutuueckui moaxon CCII Obut pa3BuT u
00001IeH B paboTax aBTopa ISl OMHCAaHHWS KOH(GOPMAIIMOHHBIX U YIMPYTUX CBOWCTB
HEUTpaTbHBIX MOJMMEPHBIX MIETOK, MOTPYKEHHBIX B PACTBOP WJIM pacTjiaB JIMHEHHBIX
MaKpOMOJIEKYJI, B3aUMOJCHCTBHS M KOMIUIEKCOOOPA30BaHMS IMOJUMEPHBIX IIETOK C
HAaHOKOJUIOMJAAMHU, a TakXke s aHanu3a 3(G(EKTOB HOHHBIX B3aMMOACHCTBUN Ha
koH(popMmanuu u cBoiictBa [13 metok (PucyHok 2).

Teopus 11D meroxk B npudan:kenun Ilyaccona-boabumana

Tounoe AQHAJIUTUYECKOE  PELICHUE 3a1a4u 0 pacrpeneneHuu
DIIEKTPOCTATUYECKOTO  MOTEHIMAala, KOHUEHTpPAlWHW  TOABWKHBIX HOHOB U
KOHpopManuu nened B miaockod [ID merke B yclIOBHSX JAOMHUHUPOBAHMS
AIIEKTPOCTATHYECKUX B3aUMOIEHUCTBUI ObIJI0 monydeHo B mpubmmkenun [lyaccona-
bonenmana. Takoit monmxox siBisieTcsl HamOoJiee OOIIMM, MOCKOJBKY OH HE Tpelyer
a priori TIPEANOJOKEHUM OTHOCHUTEIBHO MPOCTPAHCTBEHHOIO paCHpeieneHus
MOJBWKHBIX TMPOTUBOMOHOB. B yacTHOCTH, OBUIO TOKa3aHO, YTO pacmpeleeHHe
AIIEKTPOCTATUYECKOITO MOTEHLMaNna BHYTPU WLIETKU OINMMUCHIBAETCS KBaApaTUUHON
dynkumeii paccrosaus x ot miockoctu npusueku: eV (x)/kpT = +(H? — x?)/ HE,
rne H - tonmmma merkn, a Hy = ((8/372))Y/?Naa'/? -xapakrepnas miuna,
NPOMOPLMOHANbHAS TOJNIIMHE IIETKH B OECCONIEBOM pPAacTBOpe, M 3HAKU =+
COOTBETCTBYIOT TOJIMKAaTHOHHOW WM TIOJIMAHUOHHOW IIETKe. 3Aech W Jajnee
N - cremeHp mMONMMEpHU3ANMH, 4 - pa3Mep MOHOMEpPHOTO 3BEHA, S - TUIOMIANb
MOBEPXHOCTH, NPUXOJSALICICS HA OAHY LiEMb, (v - J0Js (JIEMEHTAPHO) 3apsSKEHHBIX
MOHOMEPHBIX 3BEHBEB.

Bce crpykTypHBle M TepMOoAMHaMU4YecKue cBoicTBa I[ID 1meTtku B
0eccoJeBOM pPACTBOpPE  SIBISIIOTCS  YHUBEPCAJbHBIMM  (YHKUMSIMH TapameTpa
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¢ = Hy/A ~ 1ga®?N?/s, tne A = s/2nlgaN, lp = €*/ekpT - nnuna Beeppyma,
€ - IUDJIEKTPUUECKasi MPOHWIIAEMOCTh PACTBOPHUTENS, kp - MOCTOsIHHAs bosbimana,
a 1" - abcomotHas temmeparypa. Ilpu ( < 1 OoOnpmas 4acTh MPOTUBOMOHOB
obpasyeT mud¢y3Hoe 001aK0 TOMMHUHON A, MPOCTHpArOIIEeCs B PaCTBOPE ANIEKO 34
TpeeNamMn METKH; oIS MPOTHBOMOHOB, YAEPKUBAEMBIX BHYTPH METKH, ~ (2 < 1.
ITpu sTom Tommumua wetku, H = Hy(, pacter ¢ pocTOM TyCTOTHI MPUBHBKH 1/s.
Hanpotus, npu ¢ > 1 GOJBIIMHCTBO MPOTUBOMOHOB YACPKHBACTCS BHYTPH IICTKH;
7015 IPOTHBOMOHOB, YXOISIIUX B pacTBOp, Mana, ~ In'/?¢ /¢ < 1. B 3Tom pexume
MOJHAsl TOJIIWHA IIETKH MPOJODKaeT clabo (JorapudMHUYECKH) BO3pacTaTh Kak
(GYHKIHS TYCTOTHI TPUBUBKH, a CPEeIHEKBaJApaTHUYHAs TONIIMHA (BTOPOH MOMEHT
pacnpenencHusi KOHIIEHTPALIMA MOHOMEPHBIX 3BEHBEB) CTPEMUTCS K nipeaeny ~ H,.

B ycnoBHSX CONEBOT0 pacTBOpa BCE CTPYKTYPHBIE CBOMCTBA INETKH 3aBUCST
oT mByX Oe3pasMepHbix TapamerpoB: ( = Hy/A wu orHOmenust pamuyca JleGast
rp = (4rlpey) /% (rae ¢y - MOHHAs CHITa PacTBOpA) K XapaKTePHO TONIIMHE IETKH
B OecconeBoM pexume, p = rp/Hy. Tak, HanpuMep, TpUBEICHHAS TOJIINHA ETKHU
h = H/H, onpenensiercsi ypaBHEHHEM

1/2 /1 212
a (h + L)Z exp (h?)erf(h)+
p

8

i(h — —"1;/)2]12)2 exp (—h?)erf(ih)| + h = (, (1)

rae erf(x) - marerpan BepositHocTH. [IpH 3TOM HAYAIBHOE YBENTHYEHHE KOHIICHTPALHH
COJIM MPAKTUYECKHU HE BIUSET HA pa3Mep LIETKU 10 TEX MOP, NOKA KOHLIEHTPALUs COJIN
B PacTBOpPE HE CpaBHsETCS (MO MOPSAKY BETUUUHBI) ¢ KOHIIEHTPALMEH MPOTUBONOHOB,
yIAEP)KUBAEMBIX B ILIETKE B peXUMe OeccosieBOro pactBopa. BaXHO OTMETHTh, 4TO
BBI3BAHHOE YBEJIMYEHUEM KOHLIEHTPALMUA COJM YMEHBIIECHUE TOJIIMHBI IETKH
OPUBOIUT K POCTY KOHIIEHTPAIlMd MOHOMEPHBIX 3BEHBEB U YCUJICHHUIO OOBEMHBIX
(HesNeKTpocTaTUuecKux) B3auMopaeicTBuid. [locnenHue BHOCAT CYIIECTBEHHBIN
BKJIQJI B HAOyXaHWE MIETKU B YCIOBUSX BBICOKOW MOHHOW CHIIBI PacTBOPA.

Hanwuwme 3apsimoB Ha nemsx, oOpasyromux [19 meTky, mo3BossieT ypaBisiTh
CTPYKTYPOUW M CBOMCTBaAaMH MOBEPXHOCTHU HE TOJBKO MYTEM M3MEHEHUSI XUMHUYECKOTO
coctapa (HOHHOU cwbl, pH) cpenpl, HO U ¢ TOMOIIBIO MPUIIOKEHHOTO IEKTPUUECKOTO
nosisi. [1D 1meTku, mpuBUTHIE K OMHOMMEHHO 3apsSKEHHOW MOBEPXHOCTH, B YCIOBUSIX
HU3KOW HWOHHOM CWJIBI PacTBOpa XapaKTEPU3YKOTCS HJOIOJIHUTEIBHOU BBITSKKOU
LENEN, YBETUYMBAIOIIENUCS ¢ POCTOM IJIOTHOCTH MMOBEPXHOCTHOTO 3apsana. llpu stom
npoucxoauT (popmupoBaHue CBOOOIHON OT KOHIIOB LIE€TEH 30HbI BOJIM3U MOBEPXHOCTH
npuBUBKH. Hanwume 3apsiga MPOTHUBOMONOKHOTO 3HAKA, HMMMOOOJIHU30BAHHOTO
Ha (unu BONHM3M) TOBEPXHOCTH TMPUBHUBKHU, MPUBOAUT K pa3ielieHuI0 Ienen
Ha JIBE TMOMYJSIIUU - IEMU BBITSAHYTHIE, 00pa3yrolue pa3pekeHHYH IIETKY, U
nenu afcopOupoBaHHble BOMM3W moBepxHOCTH. CyMMapHBIN 3apsi MOCIEIHUX
npUOTH3UTENHHO KOMITIEHCUPYET 3apsii MOBEPXHOCTH. [IprMeuaTenbHO, 94TO 3TH JIBE
NOMYJIALUU TO-Pa3HOMY PEArMpyroT Ha yBEIWYECHHE HWOHHOM cuibl pactBopa. Kak
CIeNCTBUE, CpedHsisi ToimuHa [ID meTkun HEeMOHOTOHHBIM O0pa3oM 3aBUCHUT OT
MOHHOM CUJIbI PACTBOPA, MPOXOIs YEPE3 MUHUMYM.

Teopuss pH-uyBcTBUTEeAbHBIX 11D meTOK

OcHOBHBIE OCOOCHHOCTH TIOBEICHHSI IIETOK, OOpPa30BAHHBIX CIAOBIMH
MOJUKHUCIIOTAMH WK MoIrocHOBaHusIME (pH-uyBcTBUTENBHBIMU [19), onpenensitorcst
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B3aMMOCBSI3bI0  MEXAY JOKalbHbIM pH BHYTpH IIEeTKM | KOH(OpPMALMSIMHU
obOpasyromux metky [19 neneit.

Hanbonee mnpumedarenbHa  MpeAcCKa3aHHas  Teopued  HEMOHOTOHHAs
3aBUCUMOCTb TONIIMHBI pH-uyBcTBUTENBHOM [ID MIETKM OT KOHLIEHTpAaLUW COJHU
B pactBope: nmpu pH~pK TommuHa meTku Bo3pacTaeT Kak (yHKIUS MOHHOW CHIIBI
pacTBopa B OO0NAaCTH HU3KOM KOHLEHTpALUU COJHM, MPOXOAUT Yepe3 MaKCUMyM
U yOBbIBAa€T MpPHU BBICOKOW KOHIIEHTPALMHM CONH. AHOMaldbHOEe HalOyXaHUE IIETKU
MpU Ha4YaJIbHOM YBEJIMYEHUM KOHUEHTPALWU COJM BbI3BAHO YBEJIWYEHHWEM CTENEHU
MOHU3AIMU LENEH W CONPOBOXKAAKIIMM €ro POCTOM OCMOTHYECKOrO JaBJIEHUS
MPOTUBOMOHOB BHYTpH IIETKU. TouHoe pemienue 3anaud B npubmmxeHun CCII-
Ilyaccona-bonpliMana TMO3BOWIO JAETAJbHO MPOAHATU3UPOBATH BHYTPEHHIOKO
cTpykTypy pH-uyBcTBUTENnBHON [ID merkm W omnucarb MNPOCTPAHCTBEHHO-
HEOIHOPOJHOE PaCHpeNesIeHHE D3JIEKTPOCTATUYECKOrO IMOTEHIMANa, KOHIEHTpauuu
U CTENEeHH WOHW3alMd MOHOMEPHBIX 3BE€HbEB. D(PQPEKT aHOMAJBLHOTO HalOyXaHHs
pH-uyBcTBUTENnBHBIX [ID 1meTok, mnpenckazaHHbId Teopuei, Obll yOeauTeNbHO
noaTeepkaeH B psjae skcriepumentoB [E.P.K. Currie et al 2000; R. Konradi, J. Riihe
2005].

B3aumoneiicreue 119 merok ¢ MyJIbTHBAJEHTHBIMH HOHAMH

AHanu3 KOH(QOPMAIMOHHBIX M3MEHEHWH, mpoucxoasmmx B 1D merkax npu
n00aBIeHUU B PACTBOP COJH, COAEPIKAIIEH MYJIbTUBAJCHTHbIE KO- U MPOTUBOMOHBI,
nokasaj, 4yTo Haubonee CUIbHBIA 3(PPEKT BO3HUKAET B YCIOBUSAX HU3KOW HOHHOUN
CHJIBI TIpU T00aBJIEHUU B PACTBOP MYJIBTHBAJIEHTHBIX MPOTUBOMOHOB. B aTOM ciyuae,
Jake TMPU CPaBHUTENHHO HHU3KOW KOHUEHTPAIMH MYIbTHBAJIEHTHBIX MPOTHBOWOHOB
B PAacTBOpE, MPOUCXOJUT MPEUMYIIECTBEHHOE 3aMENICHHME HWMH OJHOBAJEHTHBIX
MPOTUBOMOHOB BHYTPH WIETKU. BcrencTBue BBI3BAHHOTO TaKUM  3aMEIIeHHEM
nazeHus OCMOTHYECKOTO NABJIEHUS] BHYTPU HIETKH MPOUCXOIUT PE3KOE YMEHBIIECHHUE
€€ TOJILIUHBI.

Konnanc KOJIJIOMAHBIX 119 LIETOK, 00pa3oBaHHBIX LEensmMu
HNOJUCTUPOICYNb(OHATA, MPU 3aMEIICHUH MPOTUBOMOHOB HATPUS MOHAMHU JIAHTaHA
U3ydalics METOAOM JAMHAaMH4YecKoro cBeTtopaccesHus (Pucynok 3). Pesynbrarel
HKCMEPUMEHTA KAue€CTBEHHO TMOATBEPKAAIOT MpEACKa3aHus TEeOopuH. SIBieHue
MpEerMyIECTBEHHOW abcopOunu MynbTHBAIEHTHBIX HMOHOB [ID mieTkammu mMoxeT
OBITh HCIOJB30BAHO ISl MPE-KOHIIEHTPUPOBAHHUS HMOHOB TSKENBIX, B TOM YHUCIE
paAMOaKTHBHBIX, METAUIOB B MpoLeccaXx BOJOOYUCTKM U B IKOJIOTMYECKOM
MOHUTOPHUHTE.

B3aumoneiictBue 11D meTok ¢ rio0yasipHbIMH 0eJIKaMHu

[Tormmanue MEXaHW3MOB  B3aUMOJCHUCTBUS  TJIOOYNISIPHBIX  OENKOB  C
moMMepHBIME U [1D meTkamu sIBISIETCSI BAKHBIM TIJIST CO3JIaHUST OMOCOBMECTHMBIX
TMOKPBITHA M KOJUIOMJHBIX OnopeakTopoB. MMmoOunm3amus GenkoB-pepMeHTOB B
MOJTMMEPHON IIIETKE TO3BOJISIET COXPAaHUTh WX (DEPMEHTATUBHYIO AKTUBHOCTh, B
TO BpeMsl KaK BBICOKAas CTENEHb THApATAIlUU MIETKA 00eCneunBaeT CBOOOTHYIO
g ¢y3uto cyocTpara U mpoaykTa (hepMEHTAaTUBHOM peakuu.

OKCHEPUMEHTAIbHO  ObUIO  OOHApYXKEHO, 4YTO  [IOOYJspHbIE  OENKHU
MoryT alcopbupoBarbess [1D mieTkamMu B yCIOBHSIX, KOTIA CyMMapHBIH 3apsij
OenkoBod 100y Bl COBMAAAET MO 3HAKy ¢ 3apsaoM menei, obpasyrommx [19
metky [A. Wittemann, B. Haupt, M. Ballauff 2003], npuyem KomU4eCTBO
abCcopOMpOBAaHHOTO MIETKAMH O€lKa MaKCUMaJdbHO TMPU HU3KOH WOHHOW CHJIe
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Pucynox 3 — 3aBUCUMOCTB TONIUHBI KOJUTOUIHON IIETKH MOJU(CTUPOI CyTh(pOoHATA),
OTIpeJIETICHHOM METOIOM JHHAMUYECKOTO CBETOPACCESIHUS, OT COOTHOIICHHUST KOHIICHTPAIi HOHOB
JaHTaHa W HATPWs B PACTBOPE W CPaBHEHUE C TIPEICKa3aHUsIMH TEOPHH.

pacTBOpa W CYIIECTBEHHO YMEHBINAETCS MPH JOO0ABICHUU CONU. DTO HAOMIOMEHUE
YKa3bIBAET HA OHIIEKTPOCTATUYECKUN MEXaHU3M CBSI3bIBAHUSI OENKOBBIX IJI00YT ¢
OJTHOMMEHHO 3apsikeHHbIMHU 13 meTkamu.

Jlnst oObsicHeHuss oOHapyxkeHHoro d(ddekra B pabore OBLIO MPEANPUHSITO
yucienHoe wmonenuporanue wmeronom CCII B3aumopeiicTBust OeakOBO-MOAOOHOMN
YaCTHIIbI, TTOBEPXHOCTh KOTOPOU cojaepikana o0JIacTH KaK MOJOXKHUTEIBLHOTO, TaK U
OTPULATENBHOIO 3apsaa, ¢ [19 meTkoil. Pe3ynbraTel MOOETUPOBAHUS MOATBEPKIAIOT
YMEHBIIIEHUE CBOOOMTHON YHEPTUU CUCTEMBI MPHU MOTPYKEHUU OUTIONSIPHOU OETKOBO-
nooOHOW yacTuiel B 11D merky u, TeM caMbiM, TEPMOJIMHAMUYECKYIO BBHITOAHOCTh
abcopOmmm dYacTUIBl MIETKOH B YCIOBHSIX HHU3KOH MOHHOM CHJIBI pacTBOpa.
IIpr BBICOKOW HMOHHOW CHJIE PACTBOpa JOMUHHUPYET CTEPUUECKOE OTTAJIKHUBAHME,
OpensTCTByIomee abcopOunn Oenka meTKoM.

bonee neraneHbIil aHanM3 Mokaszaj, 4TO MpUpoJa OOHapyx)eHHOTo dddekTa
3aKJIIOUAEeTCd B ACHUMMETPUM B3auMoaeucTBua [ID memei MmETKH € ydacTKaMH
MOBEPXHOCTH TIIOOYJIbI, HECYIIMMH 3apsibl Pa3IUdYHBIX 3HAKOB. B wacTtHOCTH, 3Ta
acuMMeTpusi 00yCJIOBJIEHA BBICBOOOKICHHUEM HHU3KOMOJEKYISPHBIX MPOTUBOMOHOB,
UCXOHO JIOKAJM30BAaHHBIX BOJIM3U YYAaCTKOB TOBEPXHOCTU [IOOYJBI, HECYIIHUX
3apsi MPOTHMBOMOJIOKHOTO 3HAKa MO OTHOIIEHHWIO K IIETKE. JKCIEPUMEHTHI
METOZIOM HM30TepPMHUYECKOro Kamopumerpudeckoro tutpoBanus [K. Henzler et al,
2010] yka3plBalOT Ha CYIIECTBEHHOE IOBBIIICHUE OHHTPOMHUM MPHU CBA3BIBAHUHU
Oelika OMHOMMEHHO 3apspDkeHHOW [ID mieTkod, YTO HAXOAUTCS B COOTBETCTBHH C
NMPEIJIOKEHHBIM TEOPETHUECKH MEXaHU3MOM a0COpOIInH.

B3aumoneicTBre MOJUMEPHBIX HIETOK C HAHOKOJLJIOMIAMHU

BzaumoneicTBue noauMepoB ¢ HAHOKOJUIOMJAHBIMHU YaCTUIIAMH, HAIPUMED C
mvureiamu [1AB, B BOIHBIX cpeaax MPUBOIUT K (POPMHUPOBAHUIO BOTOPACTBOPUMBIX
MOJIMMEPKOJUIOUIHBIX ~ KOMIUIEKCOB.  JIjis  omucaHusi  KOMIUJIEKCOOOpa3oBaHUs
HAHOKOJIJIOW/IOB C TOJUMEPHBIMHU IIeTKaMu ObljJa HCMOJb30BaHA MOJCNb JBYX
COCTOSIHUM B coueTaHuM ¢ aHanuTthdeckuM noaxonaom CCII. Beuio mokaszaHo, 4TO B
YCJIOBUSIX XOPOIIIErO PACTBOPUTENS CBSI3bIBAHUE YACTHIL B IIETKE MPUBOIUT HE TOJIHKO
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K JOTMOJHUTENFHOMY HAaOyXaHHWI0, HO U K TIEPEeCTOPOWKE BHYTPEHHEH CTPYKTYDHI,
BBI3BAHHOW HEOJHOPOAHBIM PACHpPEEICHUEM CBSI3aHHBIX YAaCTHI[ 1O TOJIIUHE
meTkd. AOCOpOIMOHHAS €MKOCTh IMIETKH (T.€. KOJMYECTBO CBSI3aHHBIX YaCTHUI Ha
€IWHUIYy TIOBEPXHOCTH) 3aBHCUT HEMOHOTOHHBIM 00pa3oM OT TYCTOTHI TMPUBUBKH.
CBs3pIBaHHE HAHOYACTHII C IIETKOW, KOJIJTAIICHPOBABIIEH B TIOXOM PacTBOPHTETIE,
crocoOHO BBI3BAThH €€ HaOyxaHWe, COMPOBOXKIAOIIEecss MUKPO(a3HBIM pazaeneHrnem
Ha TPUMBIKAIONIYI0O K TOBEPXHOCTH KOJJAIICUPOBAHHYIO 001acTh, B KOTOPOM
KOHILIEHTpAlMs CBS3aHHBIX 4YacTHWIl Malla, W BHENIHIOW, Oolee pa3pekeHHYIO
o0nacTe, TJ€ CBs3aHO 3HAYUTENbHOE dHCIO 4dacTull. Kak criencTsue, Iemnw,
oOpa3yrolue IIeTKy, pas3IeNsioTcss Ha JIBe MONYJSIUUA - C1ab0 BBITSIHYTHIE,
dbopmupyroIme KoaIancupoBaHHYI0 (asy, U CHIBHO BBITSHYThIE, TPEUMYIIECTBEHHO
azcopOupyromnme Ha cede HaHOYaCTHIBI. 171 W30MMpOBaHHOW MOTUMEPHOU TI00YIBI
B IUIOXOM pacTBOPHUTENE pa3BUTasi TEOpHUs MPEACKA3bIBAET BO3MOXKHOCTh KakK
IUTABHOTO, TaK W CKavyKoOOpa3HOro HaOyXaHWs MpPH KOMIUIEKCOOOpPA30BaHUU C
HAHOKOJUTOMAAMH.

Cuibl B3auUMOAeCTBUSI MEKIY
MOJTMMEPHBIMH M MOJHAJIEKTPOJUTHHIMHU IEeTKAMH M MX YIPYIrue CBOiCTBA

Cunbl  OTTQJIKUBAaHMS, BO3HUKAIONIME TMPU TEPEKPHIBAHUU TMOJIUMEPHBIX
HIETOK, OMPEIENSIOT arperaTuBHYI0 YCTOMUYMBOCTh CTEPUYECKH CTAOMIM3NPOBAHHBIX
KOJUJIOMAHBIX aAucnepcuii. B BomHbIx cpenax wucnoib3oBaHue [ID  mietox
MO3BOJISIET JOCTUTaTh Jyuiiero ddd@ekra 3a cyeT KOMOUHAIIMU CTEPUUYECKUX
U DJIEKTPOCTATUUYECKUX  OTTAJIKUBATEIBHBIX  B3auMmoneWcTBuil. Teopus  cui
B3aUMOJICHCTBUSI MEXIYy JBYMs IIOCKUMHU WIH C(PEPUUYECKUMHU TMOJTUMEPHBIMU
u IID merkamu ObTa pa3BuTa Ha OCHOBE aHanmuthdeckoro moaxoma CCIL.
HoHHBIE B3aMMONCHCTBUS YyUYWTHIBAIHCH B mpuoOmmxkeHnn [lyaccona-bonbsimana.
Jlnis paccueTa cuil B3aMMOAECUCTBUSI MEXKIY CHepuuecKuMH MIETKaMU MCTOIb30BaJICs
Meron Jlepsruna. B pesynbrate ObIIM TOJNYyYEeHBI AHAIIMTHUECKHUE BBIPAXKCHUS U
CTETICHHBIC ACUMITOTHUKH TSI CHJI OTTAIKWUBAHUS KaK (QYHKIIUU PACCTOSIHHS MEXKITY
MOBEPXHOCTSIMUA MPUBUBKHU (KPUBBIE Te(POpMALIHH).

Cunbl ottankuBaHusi Mexay [ID merkamu B O6eccolieBOM pacTBOpe UMEIOT
JTATBHONECUCTBYIOMIMI  XapakTep ¢ BO3HHUKAIOT TPU TEPEKPHIBAHUU  00JIAKOB
MPOTHBOMOHOB, TPOCTUPAIOIINXCA Jaleko 3a mpenenamu meTok. Jledopmamms
(ckarue) IID 1mieTok OPOUCXOAUT MPU COXPAHEHUHM PA3IAENSIONIEr0 WX BOJHOIO
3a30pa. DTO MpeAcCKa3aHue TEOPUH MO3BOJISIET OObSICHUTD, B YACTHOCTHU, HAONIIOaeMOoe
AKCIIEPUMEHTATIBHO CYIIECTBEHHOE YMEHBIIICHUE CUJIBI TPEHUS MEXY CKOJB3SIIUMU
MOBEPXHOCTSIMU, MomupummpoBanabiMu TipuBUTEIMEA 11D memsimu [M. Cheng et al

2009].

I'naBa 2. PacTBOpbI
3B€3/1000pa3HbIX U CIAYYAHHO-PA3BETBIEHHBIX MOJMMEPOB U MOJIUNIEKTPOJIUTOB

PacTtBopbI 3Be31000pa3HbIX MOJIMMEPOB

PacTtBopsl  3Be3M000pa3HBIX MaKpOMOJIEKYJ MpOSBISIOT Bce Haubosee
XapaKTEpPHbIE  CBOWCTBA  PAcTBOPOB  PA3BETBIEHHBIX  MOJAUMEPOB.  Teopus
KOH(popMaui 3BE37000pa3HBIX MaKpOMOJIEKYI B pa30aBI€HHOM pacTBOpe Oblia
BrepBble npemiokeHa b. 3umMom u B. IllTokmaliepom W B majlbHENIIEM MOTy4dHsIa
pa3BUTHE HAa OCHOBE CKEHJIMHrOBOro moaxoaa v OnoOHONW Momenu B paborax M.
HNayna u JK.-11. Korrona u E.b. Xynunou u T.M. bupiureitn. PaBHOBeCHasi BBITSKKa
BeTBeW (ompeaensomas pa3Mep 3BE3[bl KaK LEJoro) KOHTPOJUpYeTCs OalaHcoM
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CBOOOHOW JHEPTHH BHYTPHUMOJICKYISPHBIX OTTAJIKWBATECIIBHBIX B3aUMOJCHCTBUN H
BO3HUKAOIIMX MPU PACTSKEHUU BETBEH MOTeph B KOH(POPMALIMOHHOW SHTPOITHH.

bnobnas momens Obula mganee WCHOAB30BaHA B paboTax aBToOpa IS
MOCTPOCHUS CKEHUJIMHTOBOW TEOPUM CTPYKTYPHBIX CBONCTB W PaJHAIIMOHHOTO
paccesHUs TIONypa30aBICHHBIMA PACTBOpaMHU 3BE31000pa3HBIX MaKpPOMOJICKYNT W
JUIsl MHTEPIPETAlMU PE3yJIbTaTOB JIKCIEPUMEHTOB [0 MAajOoyrIOBOMY PaCCesHUIO
HEUTPOHOB PACTBOPAMH 3BE31000pa3HBIX MHUIENT ¢ KOPOHAMH, OOpa30BaHHBIMH
HEMSIMA TTONTH(ITHIICHOKCHIA).

PacTBopHbI 3B€31000pa3HbIX MOJUIIEKTPOJTUTOB

JlanbHOAEMCTBYIOIINE KYJIOHOBCKHUE B3aMMOJIEHCTBUS OKa3bIBAOT
CyllIeCcTBEHHO Oosiee cwibHBIM d(dekr Ha koHbopmaruu [1D 3Be3n, uyem
BHYTPHUMOJICKYJISIPHBIE B3aMMOACUCTBUS B HE3apsDKCHHBIX MOJMMEPHBIX 3BE3/Iax.
[Ipu 3TOM, OmHAKO, BIEKTPOCTATHUECKUE B3aUMONIEHUCTBHSI B pacTBopax [1D 3Besn
YACTHYHO SKPAHUPYIOTCS MOIBIKHBIMHU MPOTHUBOMOHAMH, KOTOPHIE MPUCYTCTBYIOT B
pacTBope Iiisi 00eCreueHust ero o0aJTbHON IEKTPOHEUTPATTEHOCTH.

CunsHO pazBerBieHHbIE [ID CMOCOOHBI aKKyMyTHpOBATh 3HAYUTEIBHYIO
4acTh TIPOTHBOWOHOB BO BHYTPHUMOJEKYISIPHOM oOBeMe. D(PQeKT ToKanu3anuu
IPOTUBOMOHOB B 0€CCOJIEBBIX PACTBOPax 3Be31000pa3HbIX [13 ObLT M3ydyeH B pamkax
STYEEUHON MOJIETH, TTO3BOJISIFONIEH MOMYyYNUTh Kak MPUOIMKEHHOE aHATTMTHIECKOE, TaK
¥ TOYHOE YHCJICHHOE perieHus ypaBHeHus [lyaccona-bonbimana st pacipeaeneHus
AIIEKTPOCTATUIECKOTO MOTEHITHAa U KOHIIEHTPAI[UH MPOTUBONOHOB.

DTOT TMOAXOJ TO3BOJIMJI BBIUUCIUTH KOHIIEHTPAIIMIO TMPOTUBOMOHOB Ha
BHENTHEN TpaHWIle SYEHKH, KOTOpas OMpeneNsieT IKCIEPUMEHTANTBHO H3MEPSEMOE
OCMOTHYECKOE JaBlieHHe pacTBopa. CoOMIacHO NPeACcKa3aHUsiM TEOpUH, pa3Mep
3BE37bl CHaYaa BO3PACTAaeT Kak (YHKIWMS 4YWCla Jydel, a Jajee BBIXOJUT Ha
MJ1aTo, OTBEUAIOIEee PEXXKUMY JOKAJINU3AINN MPOTUBOMOHOB BO BHYTPHUMOJIEKYIISIPHOM
oonreme 3Be3nbl (Pucynok 4). Tlpu manom uwcne nayuedd B 3Be3I€ KOHIIEHTPALHS
NPOTUBOMOHOB HAa BHEMNTHEH TpaHWIlEe sSUCHKH ONHM3Ka K WX CPEAHEH KOHICHTPAINH
B pacTBope (paBHOMEpPHOE pachpeesieHne MPOTUBOMOHOB), B TO BpeMs Kak B
pacTBOpE MHOTOJYUYEBBIX 3BE3[l 1Ta KOHIIEHTPALUS OKA3bIBAETCS CYILIECTBEHHO
HIOKe cpenHed (9ddexT mokanu3anuu MPOTHBOMOHOB BHYTpHU 3Be3nm). B mocnemnnem
cllydae pacmhpenesieHue MPOTUBOMOHOB BHE 00beMa, 3aHUMAaeMOro 3BE3/10H, OIU3KO K
pPaBHOMEPHOMY.

DKCNEPUMEHTAJIbHBIC W3MEPEHUsI OTHOILICHHWS OCMOTHYECKOTO JaBJICHUS K
cpenHell 00beMHON KOHIEHTPAIMH MPOTUBOMOHOB (OCMOTHYECKOTO KO duiueHTa)
B pactBope 3Be3n mnoiu-(N-metakpunounokcudTuin)-N,NN MeTtunamMmonuil oauna
[F.A. Plamper et al 2007] u nmonuakpunoBoil kuciotel [F.A. Plamper et al 2005]
MOJTHOCTBIO MOATBEPKIAIOT MPEACKA3AHUS TEOPHUH.

Kak cnencteue addexra mpenMynieCTBEHHOH JTIOKATU3aui MPOTHBOUOHOB BO
BHYTPHUMOJIEKYISIPHOM 00BeMe, KOH(POPMAIMd MHOTOTYYEBBIX 3BE3], 00pa30BaHHBIX
CUJIBHBIMU TOJIUAJIEKTPOJIUTAMH, HEUYBCTBUTENbHBI K TOOABJIEHUIO COJM BIUIOThH 10
JOCTATOYHO BBICOKMX KOHIIEHTpALMWA. DTOT BBIBOJ TEOPUU HAXOIUTCS B COIVIACUU
¢ akcnepumentoMm [J. Mays 1990]. IloporoBoe 3HaueHUE KOHILIEHTpAIUU COJIH,
BBIIIE KOTOPOW HAUYWHAETCS TO/KATHE Jydell 3Be3/bl, ONPEACNsIeTCs] KOHIICHTPAIHEH
COOCTBEHHBIX MPOTUBOMOHOB, YIEPKUBAEMBIX BO BHYTPHMOJICKYISIPHOM OOBEME B
yCIIOBHSAX O€CCOJIEBOTO PacTBOPA.

B ycrnoBusx BeICOKOM MOHHOW CHIIBI pacTBOpa paszmepsl 113 3Be31bl yOBIBAIOT
Kak (yHKIOHUS KOHIICHTPAIIMHA COJIM TPUONHU3UTENBHO TIO CTENEHHOMY 3aKOHY C
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PucyHok 4 — 3aBUCUMOCTH JIOJIM IPOTHBOMOHOB, JIOKAJIM30BaHHBIX BHYTpH 13D 3Be315I (a),
CPEHETr0 PacCTOSTHHSI KOHIIOB JIydel OT IeHTpa 3Be3/n! (b) M KOHIIEHTpaIlii TPOTUBOMOHOB Ha
TpaHUIle TYCHKH (c) oT uncia aydeid. [IyHKTHpOM MoKa3aHa CpeaHss KOHIICHTPAIUs IPOTHBOHOHOB
B sSIUEHIKE.

nokaszareneMm -0.2. MHOTOYMCIEHHBIE JKCIIEPUMEHTBI MO W3MEPEHUIO COJIEBOM
3aBUCUMOCTH pa3MepoB [ID kopoH 3Be3m000pa3HbIX MHULET C 3aMOPOKEHHBIM
SIPOM JTAIOT, KaK MPaBUiIO, ONM3KOE WM HECKOJIBKO MEHbBINEE 3HAUCHUE MOKa3aTems
crenend, yeM 0.2. 310 00BACHSIETCS, MPEXKIE BCEro, YCUICHUEM OTTAJIKUBATEIbHBIX
00BbEMHBIX B3aUMONEWCTBHI BETBEW MO Mepe BBI3ZBAHHOTO JOOABIEHUEM COJIH
YMEHBILIEHUS] Pa3MEpPOB 3BE3/bI.

Dddekr MPENMYILECTBEHHOM JIOKaJIU3aluu MPOTUBOHMOHOB BO
BHYTPHUMOJIEKYISIPHOM 00bEeMe MPUBOMUT K CYMIECTBEHHO PA3TUYHOMY TMOBEICHUIO
cunbHBIX U caa0bIX (pH-uyBeTBUTEIBHBIX) I1D 3Be31 B pacTBOpax HU3KOW MOHHOU
cuibl. B yCclIOBUSIX HU3KOW KOHIIEHTPAILIMKU COJIM CTETIEHbh HOHU3AIIUN BETBEH SBIISIETCS
BO3pacraronieil GyHKIHeH KOHIEHTPAIMU COJIM W YOBIBAET C POCTOM YHUCJIa BETBEH B
3Be3nae (PucyHok 95).

3aBUCUMOCTh CTENEHUW HWOHU3AIMU 3BE3[bl (v OT 4YHUCla Jydyed p U OT
KOHLIEHTPAlUH COJNHU Cg; MPUBOJUT K CIEAYIOMIEH CKEHWJIMHTOBOM 3aBUCUMOCTH ISl
pasMepoB pH-uyBcTBUTENBHOW 3Be3Abl B 00JACTH HU3KOW KOHIIEHTPALIMHM COJIU:
R = a*N3playc,. Takum o6pa3om, Teopwsi TNpeACKa3bIBAET HEMOHOTOHHYIO
3aBUCUMOCTh pa3MmepoB pH-uyBcTBUTENbHOU [1D 3BE3ABl OT KOHIIEHTpPALMU COJIM.
HauanpHoe yBennueHHWe KOHUEHTpaluu NOOaBJIEHHOW COJM BBI3BIBAET HalOyxaHHE
3BE€3/Ibl 3a CUET YBEJIWYEHUs CTENEeHM HWOHU3auuu jyded «. JlocTuKeHue Jiydamu
3B€3/1bl MAKCUMAJIBHO BO3MOXHOW IpU 3anaHHOM pH creneHn moHM3ammu o ~ oy,
MPOUCXOAUT TIPHU MEPEXO/E B PEKUM JOMUHUPOBAHUS CONMU. JlanbHellliee yBETUUECHHE
KOHIIEHTPAIlUU COJIM TPUBOJUT TOJBKO K YMEHbIIEHUIO IuddepeHnanibHoro
OCMOTHYECKOTO JaBJEHUsI BHYTPH 3BE3[bl, U €€ pa3Mepbl yMmeHbluarTcs (PucyHok
6). IIpu BBICOKON KOHIEHTpALUU COJU MPOMAAAET Pa3IUUYUE MEXKAY MOBEACHUEM
cunbHbIX U cnadbix [19 3Be3n. [lpeackazanHoe Teopueld HEMOHOTOHHOE U3MEHEHUE
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Pucynok 5 — Cpennsisi cTeneHp AUCCONMAMN MOHOMEPHBIX 3BeHbeB pH-uyBcTBUTENBHBIX 1D
3Be3 (cnabas monukuciaoTa) kKak GyHKuus pH B okpyskarolemM pacTBope MpU KOHIEHTPALWU CONN
10~* M (cnnommeie kpuBbie) u 1075 M (myHKTHpHBIE KpHBEIE).
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Pucynok 6 — Paccunrannsie metonom CCII 3aBucumoctu pasmepoB pH-uyscTBuTENBHBIX [19
3Be3] (Cpe/iHee pPacCTOSIHUE KOHIIOB JTyuel OT IIeHTpa 3Be3/bl) OT KOHIIEHTPALUH COJIH TIPH
pa3nuuHbIX 3Ha4eHuAX pH B pactBope, pK, = 6.

pa3MepoB Kak (GYHKIIMU KOHIIEHTpALMK conn Habmoaanock B akcriepumente [X. Guo,
M. Ballauff 2001] ans moxoxxkux Ha 3Be3abl cepuueckux pH-uyBcTBUTENBHBIX [1D
IIETOK.

JlokanpHoe pacTsokeHue ayded B [ID 3Be3me u, TeM cambIM, XapakTep
yObIBaHUSI BHYTPUMOJIEKYJISIPHON TMJIOTHOCTU KakK (DYHKIIMM PAacCTOSIHUS OT LIEHTpa
3B€3/bl 3aBUCIT OT MOHHOM CWJIbI pacTBOpa. B yCllOBUSIX HU3KOW WOHHOW CHJIbI
BHYTPUMOJIEKYJISIPHAsT KOHLIEHTPALMSI MOHOMEPHBIX 3BEHBEB CMANAET MO 3aKOHY
c(r) ~ r7°, YTO OTBEYAET PABHOMEPHON BBITSIKKE IIyYeil. 3aMeTHM, YTO 3Ta
3aBUCUMOCTh CHpaBejIMBa Kak [UIsl CWIBHBIX, Tak M s ciabeix [13 3Besm.
B nocnemnem cnydae nokanbHas CTENEeHb HWOHW3ALMK JIy4ed BO3pacTaeT Kak
(GyHKLIHSA paccTOSHHUS 7 OT LIEHTpa 3BE3bl. YBETUUYEHHWE HOHHOM CHUIIBI PacTBOpA
OPUBOAUT K (OPMUPOBAHMIO Ha TMepudepuu 3Be3Abl 30Hbl JOMUHHUPOBAHUS COJIH,
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XapaKTePU3YIOMIEHCS paaralbHBIM CITaJIOM JIOKAJIbHOTO PacCTsDKeHHS JIy9eH, B TO
BpeMsi KaK BO BHYTPEHHEW 00JIaCTH JIy4H COXPAHSIIOT PAaBHOMEPHYIO BBITSIKKY. [1pu
0oree BBICOKOM MOHHOW CHIIE pACTBOPAa KOHIEHTPAIMOHHBIA MPOPUIL TPHOOpETaeT
dopmy c(r) ~ 7743, nokaneHoe pacTskenme nyuell yObiBaeT Kak (yHKIUs
r, a CTCNEeHb HWOHM3AIlMM MOHOMEPHBIX 3BEHbEB B pH-uyBCTBUTENBHOW 3Be3ie
BBIPABHUBAETCS 10 BCEMY €€ 00beMy.

B ycnoBusx mioxoro pactBopuTenss mnoiauMmepHas win 11D 3Be3na
MpETEPreBaeT BHYTPUMOJICKYIISIPHBIM KOH(POPMALIMOHHBIA TMEPEeXo]] TUMa KIyOOK-
roOyna. Pa3Butas Teopust mepexoma KiyOOK-rmoOyna B HEHUTPaNbHBIX 3BE3/Iax
MPEACKA3bIBAET IMJIABHOE YMEHBIICHUE Pa3MEPOB 3BE3Abl MPHU YXYAIIEHUH KauecTBa
pactBoputens. llpu osTom Touka mepexonma (ompenesnsemass MO OOpAIICHHIO B
HOJIb BTOPOTO BUPHAIBHOTO KOX((PUIIMEHTAa B3aMMONEHUCTBUS 3BE3]) OKa3bIBACTCS
CABUHYTA B 0071aCTh OOJI€E TIIOXOTO PACTBOPHUTEIS IO CPABHEHHUIO ¢ TOUKOHM mepexoaa
B JIMHEWHOM MAaKpOMOJIEKYJIE TakKOM K€ MOJIEKYJsIpHOM Macchl. llpenckazanus
TEOPUU HAXOIATCS B COIVIACHUU C JKCIEPUMEHTOM IO TMepexoAy KIyOOoK-TiioOyna B
MOJIMCTUPOJIBHBIX 3Be3nax B nukiorekcane [J.C. Meunier, R. Leemput 1971].

Teopust komanca [19 3Be3/1bl, OCHOBAHHASI HA MPENOJ0KEHUN OJUHAKOBOCTH
pacTsokeHHsl Jy4dell W coxpaHeHHus C(HepHuecKO CHUMMETpPUH, TMPEICKa3bIBaeT
CKauKOOOpa3HbI XapakTep NEepexoAa M BO3MOXHOCTh COCYIIECTBOBAHHS 3BE3I C
KOJIJTATICHPOBAaHHBIMHA W BBITIHYTBIMH BETBAMH. KOMIBIOTEpHOE MOIEINPOBAHNE
[ID 3Be3npl METOOOM  MOJEKYISIPHOW OWHAMUKH  TOKa3ajgo, 4YTo OajaHc
KOPOTKOJIEHUCTBYIOIIETO  MPUTSKEHHUsT W JANbHONEHUCTBYIOIIETO  KYJIOHOBCKOIO
OTTAJIKUBAHU B COYETAHWH C PA3BETBIEHHOU TOIOJIOTMENH MAKpOMOJIEKYJ MPUBOIUT
K COCYIECTBOBaHHMIO B 00JAcCTH Mepexofa MHOXKECTBA TOMOJIOTHMYECKH pPa3INnYHBIX
BHYTPHUMOJIEKYISPHBIX CTPYKTYp € OJM3KUMHU CBOOOAHBIMU DHEPTHUSIMH, T.€. CUCTEMA
OKAa3bIBAETCSI CUIIBHO (PPyCTPUPOBAHHOM.

PacTBOpBI ci1y4yaiiHO-pa3BeTBJIEHHbIX
MOJINYIEKTPOJIHUTOB, 3aPAKEHHBIX (PPaAKTATIOB U TeHAPUMEPOB

Jlokanu3anusi TPOTUBOMOHOB BO BHYTPUMOJICKYJSIPHOM OOBEME SIBIISIETCSI
HarboJee OOIUM CBOHCTBOM O€CCOJIEBBIX PACTBOPOB Pa3BEeTBICHHBIX [13 pa3nuvHoii
TOTMOJIOTHH, BKIIIOYas CJIy4allHO- W CBepXpa3BeTBIeHHBIE [1D W 3apshkeHHBIE
AeHapuMepbl. XapakTepHasi CTEMeHb pPa3BETBICHHOCTH, OTBEYANOMIAsi MOPOTY
JOKaJTH3aluid TPOTUBOMOHOB, 3aBHUCUT, KaK M B cliydae 3Be3moo0paszHbix [13, ot
napameTpa KyJOHOBCKOro Biaumoneictsust «(lp/a)?, HO He 3aBHCHT OT JUTHHBI
JUHEWHBIX (PparMeHTOB (BETBEH, Pa3BsI30K), 00Opa3yIolnux pa3BeTBieHHbIN [10.

Jlns  oueHkn  KOH()OPMAIIMOHHOW  DHTPOMHUHM  WM30TPOMHO  HAOYXIIEro
AeHApUMEpa HCHOJIB30BAIOCh MPHUOMMKEHHE, OCHOBAaHHOE HaA OamaHce CHiIl B
KQKJOW TOUKE BETBIICHHS. Takoe NPUONMKEHUE HDKBHBAJICHTHO MPEIOIOKECHUIO
00 yOBIBAaHMU CpENHEr0 pACTSHKEHHsI CHECepoB MO Mepe yAalleHHus OT LEHTpa
AeHApUMepa, 4YTO TOATBEpXKAaeTcs 4YucieHHsiM pacdetom wMetonom CCII. B
pe3yabTare ObIIN MOMY4YeHBbl CKEUJTMHTOBBIE BBIPDAXKECHHS TSI pa3Mepa 3apsHKeHHOTO
IeHApUMEpa, HAOyXIIero B 0ecconeBoM pacTtBope, Rgien ~ N 2/3 4 Ryen ~ N2,
COOTBETCTBEHHO, MPU MajoM W TpH OONbIIOM 4Yucie mokoieHud (N - momHas
cTeneHb nonuMepusauuu). CreayeT OTMETHTh, YTO 3THU CTEMEHHbIE 3aBHCHUMOCTH
OBLIM TOJTyYEHBbI B MPEANONIOKEHUH TayCCOBOM yrpyroctu creiicepos. [Ipu Gonbiom
YuClie TIOKOJICHWH W/WiW Tpu OONbIIOM 3apsifie JeHApuMepa TpelyeTcs ydeT
3¢ (HEKTOB KOHEUHOU PACTSHIKUMOCTH CIIEUCEPOB.
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CnyuaitHo pasBeTBieHHBIH [1D mpencTaBnseTcss Kak BETBAIIEECS IEPEBO
(6e3 metenb), 00pa3oBaHHOE [BYX- W TPeX(PyHKIMOHATHLHBIMH MOHOMEPHBIMH
3BEHbSIMHU. 3BECTHO, YTO B OTCYTCTBHE BHYTPHUMOJEKYISIPHBIX B3aUMOICHCTBHIA
XapaKTEepHBIA pa3Mep CIy9aiiHO-Pa3BETBICHHOW MaKpOMOJIEKYIIbI 3aBUCUT OT CTENICHU
nonmuMmepm3atid N Kak Rpqnehed ~ N 1/4 [B.H. Zimm, W.H. Stockmayer 1949],
YTO TMO3BOJISIET OIEHUTHh TOTEPH KOH(OPMAIMOHHOW SHTPOMHH TPH H3O0TPOITHOM
HaOyXaHWW MaKpPOMOJIEKYJIbl, BBI3BAHHOM BHYTPHMOJICKYJISIPHBIM OCMOTHUYECKHM
JABICHHEM MPOTUBOMOHOB W/WIM KyJOHOBCKHM OTTAJKHBAHHUEM 3aPSKEHHBIX
3BeHbEB. Pa3Mepsl ciydaiiHo-pazBeTBieHHOTO 1D B GeccomneBoM pacTBOpe 3aBUCST
oT N xak Rprgnched ~ N 5/6 ynu Ryranchea ~ N 3/4 COOTBETCTBEHHO, Mpyd MaJiou
1 OOJNBIION CTETeHW pa3BeTBICHHOCTH. llepexom OT pexuma JOMHUHHPOBAHHS
HEOKPaHUPOBAHHOTO KYJOHOBCKOTO OTTAJIKHUBAHHWS K OCMOTHYECKOMY PEXHMY,
XapaKTepU3yIOIIeMycs JTOKaIu3aueil MpOTUBOMOHOB, MPOUCXOAUT TPU YHUCIIE TOUYEK
BetBNeHus ~ o 2(Ip/a)~* He3aBUCHUMO OT JJIMHBI CHieHcepoB.

3T1oT pe3ynbTar ObuT 00001IeH Ha ciydail HOHHBIX (DpaKTaOB MPOU3BOILHOM
TOTOJIOTUH, XapaKTEPU3YIOIIUXCA CHEKTPaTbHOW  pa3MepHOCThIO d; (AnmuHa
MAKCHMAJIBHOTO TMyTH Ha hpakTane Re, ~ N ds). Jlnst cryuaifHO-pa3BeTBIEHHOTO
nomumepa d; = 4/3. SIBneHuWe NOKANIW3alMU MPOTHBOMOHOB MPUBOIUT K POCTY
s dexTuBHOM (KaxyIeics) ppakTalbHOU Pa3MEPHOCTH 3apSHKEHHBIX KJIACTEPOB Kak
(QyHKIIMM WX Macchl B MPOCTpaHcTBe pasmepHoctd d < ds + 2. Jlns Oonbmmx
KJacTepoB, HaOyXarmOIIMUX 3a CYET OCMOTHYECKOTO MJaBIEHUS YyIACpKHUBAEMBIX
NPOTHBOMOHOB, (paKkTalibHas pPa3MEPHOCTh TMPUOMMKAECTCI K MaKCHUMaJbHOMY
3HAYEHHUIO, PABHOMY CIEKTPAIILHON Pa3MEpHOCTH.

I'naBa 3. Moseky/sipHble IeTKH U rpeOHeo0pa3Hble MOJMMepPbl
Paz0aBienHble U oJypa3daB/ieHHbIEe PACTBOPbI MOJIEKYJISIPHBIX IIETOK

['pebHEeoOpa3Hbie MONUMEPHI, B KOTOPBIX PACCTOSIHUE MEXKAY COCETHUMHU
OOKOBBIMM IIETISIMM OKa3bIBAETCS HAMHOTO MEHbBIIIE WX XapaKTEpHOro pasMmepa,
HA3bIBAIOT MOJEKYJISIpHBIMH  TIeTKamMu. [[ns omucaHus  KpymHOMAcCIITaOHBIX
KOH(OPMAIIMOHHBIX XapaKTEPUCTUK MOJICKYJISIPHBIX IIETOK Obljla MpeiokKeHa
3arpyOsieHHass MOJEJIb DSKBHUBAJEHTHON uepBeoOpazHOM 1enu ¢ dddexkTuBHON
TommuHOW [, ompenensiemMoil pacTsokeHneM OOKOBbIX 1erned, u dddexTuBHON
KOHTYPHOU JUIMHOM Ly,,. PyKTyanuu n3ru6a MojeKyIspHOM IETKH Ha Macmradax
00mpmmx [) KOHTpONUPYHOTCS AGGEKTHBHOW (WIIM KaxyIIehcs) MepCUCTEHTHOM
IOAUHOU  [4,,. OTa JUIMHA OMpefenseTcs BKIAAOM “‘COOCTBEHHOW” IKECTKOCTH
(MEpCUCTEeHTHON JJIMHBI) OCHOBHOW 1LENMU U “‘HaBEEHHOUW JKECTKOCTH, CBS3aHHOU
C BO3HHUKHOBEHHEM JOIMOJHHUTEIHLHOTO OTTAJIKWBAHUS OOKOBBIX IEMed mpu H3ruode
MOJIEKYJISIPHOM IIETKH.

Borpoc 06  addextuBHON  (Kaxymiedcs) — MEPCUCTEHTHOW  JIJIWHE
MOJIEKYJISIPHBIX IIETOK C TUOKOM OCHOBHOM IWEMbIO JOJTO€ BpeMsl OcTaBajcs
TeMoW mauckyccuu B Juteparype. B pabGore [. ®penpukcoHa Ha OCHOBaHUU
ckernmaroporo mnoaxona [G. Fredrickson 1993] Owim chmenan BbIBOA O TOM,
YTO MOJIEKYJSIPHBIE IIETKH JOJKHBI BECTH CeOs B pacTBOpaxX Kak MONYKECTKHE
MOJIUMEPHI, Y KOTOPBIX JUIMHA CTATUCTUYECKOTO CETMEHTa CYIIECTBEHHO IMPEBBIIIAET
53¢ (deKTUBHYIO TONIIMHY Lenu. B aToMm ciyuae crnemoBano Obl 0KUOaTh, HApUMeED,
CIOCOOHOCTH  MOJIEKYNISIPHBIX ~ IIETOK  0Opa3oBbIBaTh  JIMOTPOIHBIE  JKHIKHE
KPUCTANIBl BOJM3M TPaHUIBl MONMypa30aBIEHHOTO pacTBopa. Bmecte ¢ Tewm,
JAHHBIE MHOTOUYUCIIEHHBIX KOMITBIOTEPHBIX IKCIEPUMEHTOB U PE3yIbTaThl U3yUEHUSs
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KOH(pOpMaIui MOJEKYJISPHBIX IIETOK METOAAMH MaJIOyIJIOBOTO HEHUTPOHHOTO
paccesiHUsT OAHO3HAYHO YKa3plBaIM Ha TO, 4YTO d(d(eKkTuBHAs MepCUCTEHTHAs
JUTMHA MOJICKYJSIPHBIX MIETOK YBETUYHMBACTCS C POCTOM JUIMHBI OOKOBBIX IIeTEi
IPONOPLUUOHATIBHO TONIMHE INETOK, Iy, = D.

B pabGote mnpoBeneHbl pacyeThl UYHUCIEHHBIM JBYXI'PAIUEHTHBIM METOIOM
CCII. Jlnuna O0KOBBIX Iienel W3MEeHsIach B Mpeaenax Tpex nekan. MoaenupoBaHue
Takux cuctem merogamMu Monte Kapiio unyu MOJIeKyasspHOM AMHAMUKH HAXOIMUTCS HA
IPaHU COBPEMEHHBIX BHIUUCIUTEIBHBIX BO3MOKHOCTEMH.

Pe3ynbTaThl pacyeToB MOKa3alid, YTO OTHOIIEHWE HABEAEHHOW KECTKOCTH
(n3mepsiemoii B emuannax k1 ) k tommuue wetku, k/kpT D, xoTs n BO3pacraer
MOHOTOHHO € POCTOM JUIMHBI OOKOBBIX LENEH 7, HO OCTAeTCS MEHbLIE €IUHULBI
mpu n < 10°. MeHHO B JTUX mpefenaxX HAXOAMIACH JTMHA OOKOBHIX Iereil B
MOJIEKYJISIPHBIX IIETKaX, M3y4aBIIMXCS O CHX MOP B PEaJIbHOM M B KOMITBIOTEPHOM
DKCIIEPUMEHTE, YTO U OOBACHAET MONYYEHHBIH B 3TUX paboTax pesyabTarT lq,, = D.
Tonbko B mMIeTKaxX ¢ CyIIECTBEHHO Oosiee NIUHHBIMU OOKOBBIMHU LEMIMH (PIyKIyaluu
u3rnba W Kaxymascs TepCUCTEHTHAas [UIMHA KOHTPOJUPYIOTCS HaBEIEHHOU
KECTKOCTBIO, lopy, = k/kpT > D. CuHTe3 peryisipHbIX MOJEKYISPHBIX IIETOK
CO CTOJIb JUIMHHBIMH OOKOBBIMHU LIEMSIMU MPENCTABISIET COOOW KpalHE CIOXKHYIO
SKCIEPUMEHTANbHYIO 3adady. Haumbonee mnepcnekTUBHONW CTpaTeruel cUHTE3a
MOJTY’)KECTKUX MOJIEKYJISIPHBIX IIETOK SIBJISETCS 3aMEHa JIMHEWHBIX OOKOBBIX IIeTel Ha
CWJIBHO Pa3BETBJIECHHBIC.

IMonypa30aBieHHbIe PACTBOPbI MOJIEKYJISIPHBIX HIETOK MPOSBISIOT
Ha COOTBETCTBYIOIIMX XapakKTEpPHBIX MaciiTabax © B PA3IUYHBIX HHTEpPBaax
KOHIIEHTpALlUU crienn(rueckue 4epThl, CBOMCTBEHHBIE PACTBOpPAM 3BE3M000pa3HBIX
WM TUHEWHBIX MakpoMouiekyi. M3-3a Hanuunst B cucTeMe HECKOJIBKUX XapaKTEPHBIX
MacmTaboB (JIOKaJdbHAsT KOPPEISIIMOHHAS JUTHHA £ B MOJICKYISIPHOU IIETKE, TONIIHHA
metkn ) W ee paaMyc HMHEpUMM [U;) pasnuyaloTCs HECKONBKO XapaKTEPHBIX
(MOpOTOBBIX) 3HAUEHUI KOHIIEHTPALIMHA PACTBOPA U CBSI3AHHBIX C HUMU CKEMJIMHTOBBIX
3aKOHOB [JIl CTPYKTYPHBIX U TEPMOAMHAMUYECKUX CBOMCTB PACTBOPA. YMEHBIICHUE
BBITSDKKM OOKOBBIX LIETIEH M CIIEHCEPOB ¢ POCTOM KOHLIEHTPALMU PacTBOpa MPUBOJUT
TaK)Xe K YMEHBIIEHUIO 3(D(PEKTUBHBIX KECTKOCTH M KOHTYPHOU JJTMHBI MOJEKYISIPHON
HIETKH, YTO HAXOIUTCS B COTVIACUU C IKCIIEpUMEHTaIbHbIMU JaHHBIME [S.Bolisetty et
al 2009].

Jlnst u3ydenusi koHGopManuii MOJEKYJSIPHBIX MIETOK B pacTBOpax Haubolee
5G(GEKTUBHBIM  SIBISIETCST  METOJ MAaJOyIJIOBOTO  pacCesiHUs HEUTPOHOB  WJIU
PEHTTeHOBCKMX Jyued. VYmioBas 3aBUCHMOCTh WHTEHCHBHOCTH PACCESHHOTO
M3TydeHus B OONacTH 3HadeHWi BekTopa paccesHums ¢ ~ 0.1 Bm ! comepskut
HH(pOpMaIIUIO O JOKATHhHON KOH(POPMAIIMOHHONW CTPYKTYpE MOJEKYJISIPHOMN IIETKU Ha
MacimTabax, CpaBHUMBIX C €€ TOJIIMHOW, B TOM 4Hciie 00 3(h()eKTUBHOM KECTKOCTH.
Wcxons w3 mpeanonokeHnss 00 aAIuTHBHOCTH BKJIAAO0B (DIyKTyanui MIOTHOCTH Ha
pa3UYHbIX MallTabax B MHTEHCUBHOCTh PACCESIHUS U MPUONMKEHUS JIOKAJIbHOU
HWINHAPUYECKOM CHUMMETPUM MOJEKYASPHOW IIETKH, Oblla pa3BUTa Teopus,
OMHCHIBAIOIAS YIVIOBYI0 3aBHCHMMOCTh WHTEHCHBHOCTH PACCESHHOTO W3IIy4YEHHUSI.
Orta Teopusi Oblna HMCHOJIB30BAaHA sl KOJMYECTBEHHOM WHTEPIPETAIIUU KPHUBBIX
MaJiOyIJIOBOTO PACCESHUSI HEUTPOHOB BOJHBIMU PACTBOPAMHU MOJIEKYJSPHBIX IETOK
(o603nauaemMbix B nanbHeieM [IJIJI-I1917) ¢ moau(L-n1u3uH0BOM) OCHOBHOM 1IETBIO U
OOKOBBIMH LIETSIMU TTOJTMATHIICHTIIMKOIISI BAPbUPYEMOI MoJeKysipHOM Macchl (0T 1 110
5 KDa). AHanu3 nojay4eHHbIX KPUBBIX PACCESHUS AAET KOJIMUYECTBEHHYIO OLICHKY sl
MONEPEUHON TONIIMHBI MIETKU (COBHAAAIONIYIO0 C MOJTYYEHHBIMU APYTUMHU aBTOpaMu
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JAHHBIMU JJIsI aHanorudHoi cuctemsl [L. Bastardo et al 2007]) u monrBepkmaer
BBIBOJ TEOPHH O TOM, YTO MEPCHCTEHTHAs JUIMHA MOJICKYJISIPHOW ILETKH pacTeT
IPOMOPIIMOHATBFHO €€ TOJIIUHE MPU YBEIUUYCHUN JTITUHBI OOKOBBIX TIETICH.

Ancopouns rpagT-conoiuMepoB ThMNA noyu(L-nu3un)-rpad-
NOJUATHJICHITTUKONG WM modu(L-nu3uH)-rpadT-moTuoKCa30MuH ¢ KaTHOHHOU
OCHOBHOW TIEMBI0O W HEWOHHBIMH  BOJOPACTBOPUMBIMUA OOKOBBIMH  ICTISIMH
Ha OTPULATENIbHO 3apsOKEHHBIX (B YACTHOCTH, OKHCJICHHBIX METaJUIMYECKUX )
MOBEPXHOCTSIX AKTUBHO WCCIENOBaNach B TMOJIEAHUWE TOABI C IEJIbI0 CO3[aHUS
OMOJIOTUYECKH YUCTHIX, YCTOWYUBBIX MO OTHOMIEHUIO K HECTIEH(PUIESCKON aacopOmmu
OeJIKOB MOBEPXHOCTEH, UCTIONB3YEMBIX B MPOTE3UPOBAHUH, TUATHOCTUKE H T.1I.

Jlns w3yueHusi 3aKkoHOMEpHOcTed ancopbmuu rpadrt-comomumepa [1JIJI-
[IDT" Ha paBHOMEPHO OTPHIATEIBHO 3apSDKEHHON TOBEPXHOCTH HCMOIB30BAJICS
neyxrpaaueHTHbIil MeTonq CCII. Ananus cBOOOIHOW 3HEpPTUM aacopOUpPOBAHHOTO
cJiosi Kak (YHKIMM TOBEPXHOCTHOW TIJIOTHOCTH CBSI3aHHOTO TOJIMMEpa MO3BOJIUII
YCTaHOBUTH CBS3b MEXKIY PaBHOBECHOH aACOpPOLMOHHON €MKOCTBIO MOBEPXHOCTU H
T'YCTOTON TIPUBUBKH B MOJIEKYJSPHBIX IMIETKaX. B cormacuu ¢ 3KcrepuMeHTaTbHBIMU
JaHHBIMH 1O afcop6muu rpadr-cononumepa [JIJI-TISIT Ha moBepxHOCTH OKcHaa
auoOus [S. Pasche et al 2003] 6wi0 MOKa3aHO, YTO yBENMUYEHHE TYCTOTHI IPUBUBKH
OOKOBBIX IEeNeH MPUBOIUT K HEMOHOTOHHOMY HM3MEHEHHIO KoimdecTBa Ienei 191
UMMOOMIM30BaHHBIX HA €AMHUILY TOBEpXHOCTH: KonudecTBo [I1O1" B cioe Bo3pacTaeT
MpY HAadaJIhbHOM YBEITMYCHHUN TYCTOTHI MPUBUBKH, TPOXOIUT UYEpPe3 MAKCUMYM U CJIa0o
yObIBaeT mpu O0JbIION TycToTe MpUBUBKH. [lociennee oObsCHAETCS KOHKYpEHITUEN
MEXMOJIEKYJISIPHOTO OTTAJIKUBAHUS B aACOPOLIMOHHOM CIIO€ C DJIEKTPOCTATHUECKHM
NPUTSDKEHUEM MOJIEKYT TpadT-comoiuMepa K MOBEPXHOCTH.

MonekynsipHple  METKH C XUMHYECKA  Pa3NIUYHBIMA  OCHOBHOW H
OOKOBBIMH TIETISIMA CIIOCOOHBI K BHYTPHMOJEKYJISIPHOW €aMOOPraHM3aluu B
CEJICKTUBHBIX PACTBOPHUTENSAX. Teopwsl TpEeAcKa3bIBaeT, YTO BHYTPHUMOJIEKYIISPHBINI
KOH(OPMAIIMOHHBIN TIepexo/], BBI3BAHHBIN yXYIIIICHHEM Ka4eCTBAa PACTBOPHUTENS IS
OOKOBBIX IIeTIel B MOJEKYISPHBIX MIETKAX C YKECTKOIEMHBIM OCTOBOM, MPHBOIUT
K TIOSIBJICHHUIO TIPOAOJIBHBIX MOIYJSIIANA TOJIIWHBI MIETKUA. Takue MOTyTUPOBAaHHEIC
CTPYKTYpPbl B  CKOJUIAIICHPOBABIIUX  MOJIEKYJISIPHBIX  IETKaX JEHCTBUTEIBHO
HAOMIOMAINCh METOAOM aTroMHO-cuioBoi mukpockormuu [S. Sheiko et al 2004;
Y. Xu et al 2010].

KavyecTBeHHO WHOE TOBEIEHHWE B CEIEKTHBHOM DPACTBOPHUTENE MPENCKA3aHO
TEOPETHUECKH W TPONEMOHCTPUPOBAHO B KOMBIOTEPHOM JKCIEPUMEHTE IS
MOJIEKYJIIPHBIX IIETOK C PaCTBOPUMBIMH OOKOBBIMH IIETISIMH M TUTOXO PACTBOPUMBIM
OCTOBOM, TJI€ KOJIJIAIIC OCHOBHOUM LIENU MPUBOJUT K 0OpPa30BAHUIO CTPYKTYPhl THIA
OXKepesbsi U3 BHYTPUMOJEKYJsApHbIX Muuenn (Pucynok 7). CylmecTBeHHO, 4TO
OTTAJIKUBAHUE KOPOH MUIIEIUT MPEMATCTBYET TAKKE U MEXMOJIEKYISIPHON arperarum,
MO3TOMY HE MPOUCXOAUT MAKPOCKOMUYECKOTO (a30BOTO pa3neseHusi B pacTBOpE.

BuyTpu- U MexMOJIeKyAsIpHAS
OpraHu3anus B pacTBOpPax accOUMMPYIOIIUX rpeGHeo0pa3HbIX MOJUMEPOB

Accomuupyomue rpedHeoOpa3Hbie  TOJUMEPBl  COCTOSIT W3 JIJTMHHOUW
rMOKOM  BOAOPACTBOPUMOM OCHOBHOM I€MH, K KOTOpPOM Ha 3HAYUTENbHBIX
UHTEpBajaX MPUKPEIUIEHbl KOPOTKHE TUApodoOHBIE enH. Takue MaKpOMOJIEKYIIbI
MHOTZAa  HA3bIBAIOT  MOJWMbIIAMHU.  Accommanusi  ruApodOoOHBIX  OOKOBBIX
neneil B HM30JMPOBAHHOM MOJIEKYyle€ TMOJMMBUIA TPHUBOAUT K (POPMUPOBAHUIO
BHYTPUMOJIEKYJSIPHBIX ~ MuIlessT B (opme 1Berka. Bo3MmoxHOCTE 00MeHa
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Pucynok 7 — Pesynberar MmogenupoBanus koH(Gopmanun aMpUPpHIEHON MOMUMEPHOH METKU C
PacTBOPUMBIMU OOKOBBIMU IIETISIMU U HEPACTBOPUMOM OCHOBHOM IIETBI0 METOAOM OpPOYyHOBCKOM
JIMHAMUAKH.

ruApoOOHBIMU  TpyNMaMUd MEXAY BHYTPUMOJICKYJISPHBIMU MHUIEUIAMH  ITyTEM
MpEeBpaIIeHNsT YacTU TeTeJb B MOCTBI, COCIUHSIONINE pa3udHble TUAPOPOOHBIC
JOMEHBI, TPHUBOAWT K TMOSBICHUIO A(P(HEKTHBHOTO DSHTPOMHHHOTO MPHUTSKECHUS
MEXIYy BHYTPUMOJICKYJISIpHBIMU muliennamu. Kak crenctBue, TEpMOIMHAMHYECKHU
paBHOBecHass KoH(opmalus HM30JIMPOBAHHOW  MAaKpPOMOJIEKYJIbI  TOJIUMbLIA B
pa30aBJIEHHOM pacTBOPE COOTBETCTBYET MIOOyJae W3 IUIOTHO YMAaKOBAaHHBIX
BHYTPUMOJIEKYJSPHBIX MHULEII. DPGEKTUBHOE MEKMONCKYISIPHOE MOCTUKOBOE
MPUTSKEHUE TPUBOAUT K (Pa30BOMY pa3leieHUI0 B PAcTBOpax TrpeOHeoOpa3HbIX
aCCOLMUPYIOLIUX MOJIUMEPOB.

UNepapxuueckass  BHYTPUMOJEKYJISIpHAs ~ OpraHW3alusi  MaKpOMOJEKYIbI
MOJIMMBIIA KaK TI00YJIbl W3 BHYTPUMOJEKYISPHBIX MHUIE TPOSBISETCS B €€
cnenupuyeckux HaHOMeXaHUu4YecKux cpoiicTBax. [lon neiicTBUEM MPUIOKEHHOTO
HarnpspDKeHus (HampuMmep, B CIABUTOBOM TMOTOKE) MOJIEKYyJa MOJUMBLIA W3MEHSET
CBOIO KOH(OpMalMIO, TMPUYEM XapaKTepHbIM MaciiTad, Ha KOTOPOM MPOWCXOIUT
MEPECTPOMKA  BHYTPUMOJEKYJSIPHOM  CTPYKTYpBI,  ONPENENAECTCA  BEIHMYHHOU
MPUJIO)KEHHOTO  BHEIIHETO HaNpsDKeHWs. PaBHOBECHBIE KpUBBIE 3aBUCUMOCTH
MPUJIOKEHHON CHIIBI OT AedopMaIiud MOJIEKYJ MOJIUMBLIA UMEIOT CIOXKHYIO (opMy
¥ HAMOMHWHAIOT KPUBBIE pa3BOpauMBaHMs OEIKOBBIX TOOyn. Takue KpuBBIE MOTYT
OBITH MONYYEHBI B DKCIIEPUMEHTAX MO OTHOMOJIEKYISPHOW CHIIOBOM CIEKTPOCKOTHH
METOAOM aTOMHO-CUJIOBOM MHKpPOCKONHWHU. Pa3zBopaumBaHuE MOJEKYJbl MOJUMBLIA
MOXET MPOUCXOAUTH TAaK)Ke B MPOJOJIBHOM CABHTOBOM TMOTOKE. B 3TOM cnydae
pa3BopauvBaHWe TIOOYJIBl B IEMOYKY W3 BHYTPUMOJICKYISPHBIX MHUIET H
MOCIEIyIoasl TUCCOonuanus THAPOPOOHBIX JTOMEHOB, COMPOBOXKIAIOMIAS TMOTHYIO
BBITSDKKY LE€MH, MPOUCXOOAT TMPH JIBYX pPa3IAYHbIX KPUTHYECKUX 3HAYCHHSIX
MTPOJOJIBHOTO TPaJNEeHTa CKOPOCTH MOTOKA.

I'nmaBa 4. Camoopranusanusi B pacTBopax (MOHHbIX) OJIOK- CO- M TEPNOJIMMEPOB
Munemibl aMpuGHUIbLHBIX HOHHBIX 0JI0K-COMOJIUMEPOB

Camoc6opka ampuduiabHbIX OJI0K-COMOTUMEPOB, COCTOSIIINX U3 3aPSKEHHOTO
(IT3) wu mweittpaneHOrO THApPOPOOHOTO ONOKA, B BOAHBIX CpPENaX MPUBOAUT
K 00pa3oBaHUIO HAHOCTPYKTYp pa3nuuHON Mopdonorun (chepudecKkux Wiu
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OWIMHIPUYECKUX MHIEI, Be3ukyda, U T.h.). [lpm stom ruapodpoOHbie OnoKH
00pa3yroT TIoTHOE (MPaKTHYECKH OE3BOIHOE) SIAPO, OKPYKEHHOE THIPATUPOBAHHOM
[ID kopoHO#, oOecmedynBaromIeil arperaTuBHYI0 CTAaOMIBHOCTH HAHOCTPYKTYD B
BOJTHOM PacTBOPE.

ComonmuMepsl, y KOTOPBIX CTeMeHb mnoiumepm3aruu [1D Omoka Ny
NPEBBINIAET WM CpPaBHUMA CO CTEMEHBIO MOJTUMEpH3anuu THaApodoOHOTro O10Ka
Np, acconnnpytot ¢ oOpa3zoBaHreM cPepuIecKrX 3BE3M000pa3HbIX MHIIEUL. B Takumx
munenIax pasmep R mioTHoro ruapodoOHOTO siapa CYIIECTBEHHO MEHBIIE, 4YeM
pa3Mep THAPATUPOBAHHON KOpoHBI /. B ycnoBusX HW3KOW MOHHOW CHIIBI PacTBOpa
arperaroHHOe YUCIIO SBIIsIeTCS OBICTPO yObIBatome GyHKInen muHbI 1 3apsaa [19
Omoka. V3-3a moTepu TpaHCISIIMOHHOW SHTPOMUU MPOTHBOWOHOB TIPH aCCOITHAIIH
nerne B MHUIEIJIBI, KPUTHYECKas KOHIEHTpauusi mwunemiooopasoranus (KKM)
HMOHHBIX OJIOK-COTMOMMMEPOB cymiecTBeHHO mpeBbimaer KKM ans aHamorudsbeix
HeirpanbHeix comoiumepos, In CMC =~ In C M Cheprr /N 4.

Jlns mwurenn, oOpa3oBaHHBIX COMOJIUMEPAMH C CHibHBIME [1D OGrokamw,
yBEJIMUCHNE KOHIICHTPAIIUN COJTU TIPUBOANT K OCIA0JIEHUIO OTTAIKMBAHUS B KOPOHE U,
KaK CJIEZICTBHE, K POCTY arperarioHHOTO 4rciia. B pe3ynbrare, ruapoInHaMIYe KA

pasMep 3Be3q000pa3HON MUIEIBI OKa3zbiBaeTcs cnabo yOwBaromeil GyHKunen

~1/11
KOHIIGHTpanuu coiu, H Cs M ror pe3ynbTaT HAXOAUTCS B XOPOIIEM

KOJIMYECTBEHHOM coriacuu ¢ skcriepumenToM [S. Forster et al 2002; M. Burkhard et
al 2007].

bonee cnoxHble QYHKIUMM OTKJIMKA HA YBEJIUYEHHE HWOHHOW CHIIBI
pacTBOopa TpeacKa3aHbl I MHULEU, 0o0pa3oBaHHBIX OJok-comonumepamMu ¢ pH-
gyBcTBUTENBbHBIMU [ID Grnokamu. Tak, ymMepeHHOE MOBBINIEHNWE KOHIIEHTPAIMHA COJU
npu pH ~ pK MOXeT CHpoBOLMPOBATH MEPECTPOUKY MHUIIENI, COMPOBOXKIAEMYIO
CKauKOOOpa3HbIM HW3MEHEHHEM AarperalioHHOr0 4Yucida W CTENEeHW MOHHU3ALMH
KOpOHBbI. Takoil CTPYKTypHBIH mepexol, MMEHMi xapakrep (a3zoBoro mnepexoaa
HEPBOro poja (COMpOBOKAAKOIIMICSI COCYLIECTBOBAHUEM JBYX MOMYJISILIMI MULEN),
HO HE CBSI3aHHBIH C M3MEHEHHUEM CHUMMETPUU CHUCTEMBI, BIEPBBIE OOHAPYXKEH
st OJOK-COMOJIMMEPHBIX CUCTEM. AHAJOTHYHBIA TMEpexXo]l MOXKET OBITh BBI3BAH
n3mMenennem pH pactBopa. OT1oT 3ddekt, mpeackazaHHbIA TEOPETHUYECKH, ObLI
HNOATBEPKIEH B 4yuCIeHHOM MozaenupoBanuu metoqoM CCII m 3kcnepuMeTHanbHO
[L. Xu et al 2009].

IHonumopdusm arperatoB ampuPuIbHBIX HOHHBIX 0JI0K-COMOJIMMEPOB

brok-cononmmepsl, y KOTOpbIX AnnHA TUApodoOHOTo 650Ka N5 CyIIeCTBEHHO
npesbimaerT anuHy [19 Omoka /Ny, oOpa3yroT HaHoarperarbl, B YacCTHOCTH,
chepuyueckre MUILENIBl C pa3MepoM siipa, MPEBBIMIAIOIIUM TONIIUHY HaOyXiieu
[19 koponsl. Takue MuULENIBl MPUHATO Ha3biBaTh “‘cTpuxkeHHbIMU . Cdepuueckue
“CTpWKeHHbIE” MHIEIbl ¢ pH-4yBCTBUTENBHBIMM KOPOHHBIMHU OJOKaMHU TaKxke
CoCOOHBI IPETEPIeBaTh pacnaja Ha MULEIBI MEHBIIEr0 pa3Mepa ¢ OIHOBPEMEHHBIM
CKauYKOOOpa3HbIM MOBBIIIEHUEM CTENEHH HOHU3ALUU KOPOHHBIX OJIOKOB MPH TJIABHOM
M3MEHEHUHU MOHHOM cuibl win pH pactBopa. bonee Toro, oHM cnocoOHBI U3MEHSTh
Mopdonoruto npu u3MeHeHnn BHeMHUX yciaoBuil [L. Zhang, A. Eisenberg 1995].

Jlng cononumepoB ¢ cuibHBIM [1D OnokoM, a Takxke IJsi COMOJIMMEPOB C
pH-uyBcTBHUTENBHBIM [1D G10KOM B 0051aCTH BBICOKOW MOHHOM cuilbl pacTBopa (1 pH,
CYLIECTBEHHO oTianyarommumcsi oT pK) yBennueHne KOHLEHTpPAUUW COJNM TPUBOAMT
K OCNa0IeHUIO0 OTTAJKWBAaHUS B KOPOHE U, KaK CJIENCTBUE, K MOCIEAOBATEIbHOCTH
MOP(}OTOrHYeCcKUX MepexonoB chepa-UHInHAp-IaMenb. YpaBHEHUs AJid OMHOJaneu
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Pucynok 8 — INocnemoBarensHOCTE MOPGHOIOTHUECKUX TIEPEXOA0B, BRI3BAHHBIX YBEIUUCHHUEM
KOHIICHTPAIIUU COJIM B HAHOCTPYKTypax ONoK-comonumepoB ¢ pH-uyBcTBUTETRHBIME [1D Om0okamu.

HUMCIOT B OTOM CJiy4dac BUJ

ag Nllgo/9 (73@2

2/3
= o () i+ ) B+ 17 -0 =12 @)
B

3 = A716/9
2c,a® N /

rae yp- KOOPPUIMEHT MOBEPXHOCTHOTO HATSIKEHHs] Ha TpAHUIE SAPO-KOpOHA, a
ko3(pduuuentsl by = 72/8, by = w2/16, by = 37%/80 onpenensroTcs paziduHeM
B MOTEPSIX KOHPOPMAITMOHHOW SHTPOMHUH TMPH PACTSHKEHHH OJOKOB B THAPO(HOOHBIX
aoMeHax paszHod wmopdonorun. B ycnoBusx HM3KOM HWOHHOW CHIIBI pacTBOpa
HAaHOCTPYKTYpbl, oOpa3oBaHHble comonuMmepamu ¢ pH-uyBcTBUTENnbHBIME [1D
OnokamMu, MOTYT TMpETeprneBaTh HEOOBIUHYIO “00paTHYK” MOCIEA0BATENBHOCTD
MOpP(OJOTHYECKUX  TEpPEeXOoloB  JaMelb-UWINHAp-chepa  TNpU  YBEIUYEHUH
koHneHTpanun conu (Pucynok 8). VYpaBHeHus misi OMHOZaned TakuWx MEpexooB
UMEIOT CIEAYIOIIUN BUA:

2/9
apcsa® N B/

4/3
<VB“2> [+ 1) [+ 1% — 2] V7 i=1,2. 3)

1— ap a N/114/9 kBT

Takue NEPEXoabl HEBO3MOXKHBI I COMOJIMMEPOB C CUJIbHBIMU I1D OGmokamm.

MyabTHAOMEHHBbIE
HAHOCTPYKTYPbI TPHUOJIOK-TEPNOJUMEPOB B CEJIeKTUBHBIX PACTBOPHUTEJIAX

Camoopranuzamus ABC TpuOIOK-TEprOIMMEpPOB JIEMOHCTPUPYET Oosee
CJIIOXHBIE 3aKOHOMEPHOCTH, 4YeM camMocOopka IuOJIOK-conmoaumMepoB. Paznuunas
PacTBOPUMOCTh TpeX OJIOKOB B CEJIGKTUBHBIX PACTBOPHUTENSIX M HEOOXOAUMOCTH
ONITUMH3UPOBATh OONBIIOE YUCIO B3aMMOACHCTBUU B YCIOBHSIX TOIOJIOTHYECKUX
OTPAaHUYEHUM, HAJOKEHHBIX CBSI3HOCTBHIO OJOKOB, MPUBOAUT K (POPMUPOBAHUIO
MHOTO00Pa3HbIX MYJBTUIOMEHHBIX HAHOCTPYKTYP.

Teprionumepsl ¢ HEPaCTBOPUMBIM LEHTPaJIbHBIM OnokomM B u  nByms
pacTBOPUMBIMHU KOHIIEBBIMU OJokamMu A u C acconmuupyroT ¢ 00pa3oBaHUEM MUIIEIIT
CO CMENIAaHHOW WU JaTepanbHO cerperupoBaHHOM kopoHou (Pucynok 9). Takue
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Pucynok 9 — Munensibl TpuOIOK TEPIIOJIMMEPOB CO CMEIIAHHOM M JaTepalibHO CErperupoBaHHON
KOPOHO.

CTPYKTYpBI OBIIIA PacCMOTPEHBI B pa0OTE TEOPETHUUECKH, MOACITUPOBAIUCH YHCIEHHO
metonom CCII u HabMOaATUCh YKCIEPUMEHTANIBHO /JISI IIUPOKOTO Kiacca JIMHEHMHBIX
TPUOJIOK-TEPIIOIMMEPOB (Hampumep, MOJIUCTUPOIT-OTOK-TIONINOY TaIueH-0T0K-
nonumetunMmeTtakpunar B N,N-numerunaneramuzie). bbijio MpoaeMOHCTPUPOBAHO,
4TO MPU X AC > Xyo ~ In~?° N A,c TIPOUCXOIUT (GOPMHUPOBAHHE MOITYCHEPUIECKHX
COJIbBATUPOBAHHBIX 00mUM pacTBoputesieM A u C JOMEHOB, pa3lejeHHBIX Y3KOU
MEKIOMEHHOM I'PaHULIEH, IIMPUHA KOTOPOM BO3paACTaeT MO MEpe yAaleHus OT siapa.
OTU CTPYKTYpPHI MONTYUYUIU Ha3BaHUE SIHYC-MUIIENI.

SlHyc-yacTunpl  00MamalOT  BBHICOKOM  TMOBEPXHOCTHOW  aKTUBHOCTBHIO
U MOTYyT HaWTH TOpPUMEHEHHE [UJIs CTa0WiIu3aluu  SMYJIbCcUd (B TOM
gyucjie, B TMpoleccax SMYJIbCHOHHOW TMOJUMEpHU3aIuu), YIydllleHus CBOUCTB
MOJINMEPHBIX KOMMO3UIIMOHHBIX MAaTEPUAJIOB, a TAKXE CO3JaHUsl UEPaAPXUUECKHU-
CTPYKTypHUPOBAHHBIX MaTEpHUAJIOB MyTEM HAMpPaBICHHON camMocOopku SHyc-9acTwHil
Ha Me3ockonmuueckux Macmrabax [A. Walther, A.H.E. Miiller 2013].

Acconmanusi TPUOTOK-TEPIOTUMEPOB C OIHUM DPACTBOPUMBIM OJlIOKOM A ©
IBYMsi HepacTBOpUMbIMU O5iokamu B u C mpuBoaUT K ((OPMUPOBAHUIO HAHOATPETATOB
C KOMMapTMEHTAJIU30BaHHBIM siApoM. Mopdosorusi 00pa3yroImuxcss HaHOCTPYKTYp U
cooTHOIIeHUe uncia u pazmepa B u C 1oMeHOB B sigpe onpenensieTcs, mpexke BCEro,
COOTHOIIIEHUEM JIJIMH HEPACTBOPUMBIX OJOKOB M M30BITOYHON CBOOOMHON JHEpTrHEH
MEXOMEHHBIX TPAHHII.

Tpubnok-TepnonuMepsl ¢ CHIBHO aCUMMETPUYHBIMUA HEPACTBOPUMBIMH
onokamu, No > Np W CpaBHUTENBHO IJUHHBIM DPACTBOPUMBIM OJIOKOM A
dbopmupyroT chepudeckre “TATHUCTBIE® MHUIEIJIBI C IMeHTpadbHbIM  C-simpom
U HECKOJIbKUMH B-momeHamMu, pacmojiO)KeHHBIMH HA €ro IMOBEPXHOCTH, YHCIIO
KOTOPBIX BO3pACTae€T C YBEJIWYCHHEM OTHOIICHHs [muH OnokoB, No/Np, kak

4/5 6/5
np = (%—g) (%) , THe Yo, YB U Ypc- KOIDPUIMEHTH MOBEPXHOCTHOTO
HarTshkeHuss Ha rpanune C- u B-I0MeHOB ¢ pacTBOpuTelleM W Ha MEXKIOMEHHOM
rpanue  BC, coorserctBenno, p =~ yp(l — c089)2/3(1 + 0.5 c089)1/3,
0 = arccos[(yc — YBc)/vB]- DTO mpenckazaHWEe TEOPHH XOPOLIO KOPPETHPYET
¢ pesynbraramu dkcrepuMmenTa [A. Groschel et al 2012].
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Teprionumepsl ¢ MPUOIU3UTEIHLHO OJNMHAKOBBIMHU JTMHAMU HEPACTBOPHUMBIX
omokoB, No ~ Np, U JJIMHHBIM PACTBOPUMBIM OJIOKOM A 00pa3zyloT MULE/UIbl B
dbopme "ramOyprepoB". YMeHbIICHHE JIMHBI W/HIIH KadyecTBa PACTBOPHUTEINS IS
Ormoka A BbI3BIBa€T MOPGOIOTHUECKHN MEpexo/, MPUBOAAIINN K (HOPMUPOBAHHUIO
MUAJTUHIPUIECKUX MHUIIEIJT C CETMEHTUPOBAHHBIM SIIPOM, COCTOSIIIIUM U3 PETYISIPHO
yepenytommxcss B u C nmomenoB. Takue MHIEUIBI XapaKTEPU3YIOTCS HIUPOKUM
(PKCTIOHEHITHANIBbHBIM) pacOpeaeiCHUEM M0 JIMHAM, UX CPEIHss IJIMHA BO3PACTAET C
YMEHBIIIEHUEM XapaKTEPHOTO pa3Mepa HaOyXIINX KOPOHHBIX A OJIOKOB.

BbIBO/IbI

1. B npuOnmxeHnn camMoOCOITIaCOBAHHOTO TMOJIS MOCTpOeHa oOmas Teopus
MOJUMEPHBIX (B TOM 4YHCJIE, TMOJUIJIEKTPOJIUTHBIX) ILETOK, MpPeacKa3bIBarOIast
CYIIIECTBOBAHNE KPYMHOMACIITAOHBIX (IYKTyaluil pacTsKEHUs OTACNBHBIX IIETeH
W, KaK CIeICTBUE, HEOJHOPONHOCTb pACHPEAECIEHUS] MOHOMEPHBIX 3BEHHEB B
HaMpaBJICHUU, TEPNEHAUKYISIPHOM TMOBEPXHOCTH TMPUBUBKHA. B pamkax sToit
TEOpUM TPEACKA3aH M KOJIWYECTBEHHO MPOAHANM3UPOBaH A(PGEKT JoKaIn3annuu
MMPOTUBOUOHOB B TOJMUAJIEKTPOJIUTHOM WIETKE, YCTAHOBJIEHBI 3aBUCUMOCTH CHII
B3aUMOJICUCTBHUSI OT PACCTOSIHUSI MEXAY [MOBEPXHOCTSIMH WJIA KOJUJIOWIHBIMHU
4acTULAMH, MOJU(UIIMPOBAHHBIMU  TOJMUMEPHBIMU WM MOJUAICKTPOJUTHBIMU
LHIETKaMHU, IIOCTPOEHA TEOpHUsl B3aUMOACUCTBUS MMOJIUANICKTPOJIUTHBIX IIETOK C
MYJITUBAJICHTHBIMU MOHAMU, HAHOKOJUIOUJIAMH U TIOOYJISIPHBIMU O€JIKaMHU.

2. TloctpoeHa Teopusi pacTBOPOB PA3BETBIEHHBIX MOJIUIIEKTPOIUTOB.
YCTaHOBIEHO, YTO CYIIECTBEHHO HEOJHOPOAHOE pACHPEAEICHUE MPOTUBOUOHOB
MEXIy BHYTPHU- U MEXMOIEKYISIPHBIM 00bEMOM SIBJIsIETCSI Haubosee oOI1ei yepToi,
OMPENEISIONIel XapaKTEpPHbIE CTPYKTYpHbIE M TEPMOAWHAMUYECKHE CBOMCTBA
0eCCOJIeBBIX PACTBOPOB PA3BETBICHHBIX MOIUIIECKTPOIUTOB PA3THMUYHON TOTIOJIOTHH.

3. TloctpoeHa Teopusi pa30aBIEHHBIX M MOJNypa30aBIEHHBIX PAcTBOPOB
MOJICKYJISIPHBIX IETOK. YCTAHOBJIEHO, YTO W3THOHAsl JKECTKOCTh MOJICKYJISPHBIX
HIETOK, PEATIM3YEMBIX B DKCIIEPUMEHTE, KOHTPOIUPYETCs ux TonmuHou. [Ipenckasano,
YTO KOJIJIANC OOKOBBIX IEMEN B MIIOXOM PACTBOPUTENIE COMPOBOKAACTCS MOSIBICHUEM
MPOIOIBHBIX MOAYJISILIMI TOJIIAHBI IETKH, a KOJJIANC OCHOBHOM [EMU MOJIEKYIISIPHOM
MIETKH C PACTBOPUMBIMH OOKOBBIMH IETSIMA  TMPHUBOIUT K  (HOPMHUPOBAHUIO
BHYTPUMOJIEKYJISIPHOW CTPYKTYpPBI THIA OXKEPEIBE.

4. TloctpoeHa Teopusi BHYTPUMOJIEKYJISIPHOW OpraHu3aiud B PacTBOpax
accomuupyrmux  rpedHeoOpa3HbIX  comonmmepoB.  [Ipemckazano, dro B
pa30aBIIeHOM PacTBOPE MaKpOMOJIEKYJIbl MPUHUMAIOT TIOOYISPHYIO KOH(MOpMAIHUIO,
CTAOMIN3UPOBAHHYIO “MOCTHKOBBIM ™ TIPUTSIKEHUEM MEXIY BHYTPUMOJECKYISIPHBIMU
MUIIEUIaMU;, Pa3BOpPaYUBAHUE MOJIEKYJIbl BHEITHEW CUIION U €€ BHYTPUMOJICKYJIsIpHAs
peopraHu3aius Ha pa3HbIX MaciTadax MPOUCXOAUT MPHU CYIIECTBEHHO Pa3IMYHBIX
BEJIMYMHAX TPUJIOKEHHONU CHJIBI, YTO TPOSBISETCS B XapakTEpHOU (oOpMe KPUBBIX
nedopmanuu.

5. TlocTpoena Teopusi camoopraHuzaluu U (HOPMUPOBAHUS HAHOCTPYKTYP
paznuuHoi MOpGOJIOTUU B BOJHBIX pacTBopax aM(PUUIBHBIX HOHHBIX THUOJOK-
cononuMepoB. [IpenckazaHo (M MOATBEPkKAEHO B IKCMEPUMEHTE) COCYLIECTBOBAHUE
MHULIEIUT C Pa3IMYHBIMU YHCJIAaMU arperauidd W CTENEHW HWOHU3ALUHUM KOPOHHBIX
OJIOKOB B Y3KOM HMHTEpBajie HOHHOU cuiibl uid pH pacTBopa, a Takke BO3ZMOXXHOCTh
“peBEpPCUBHBIX”’ TOCJIEAOBATEILHOCTEH MOP(OJOTHUECKUX MepexoaoB (JaMelb)-
UIMHAP-Chepa-IuIuHaP-(JaMenb) TpU YBETUYCHHH HOHHOW CHUIIBI B PAcTBOpPAx
onok-cononumepoB ¢ pH-uyBcTBUTENBHBIME [1D Onokamu.
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6. Pa3zpaborana CKeWJIMHTOBas TEOpHUS CaMOOpPTaHU3ALMH U (HOPMHPOBAHUS
MYJIBTUIOMEHHBIX HAHOCTPYKTYp JIMHEWHBIMH U  3BE371000pa3HbIMU  TPHUOJIOK-
TEPNOJMMEPAMM B CEIEKTHBHBIX pacTBopuTensx. Ha ocHoBe »dTOM Teopuun
omnpezAesieHbl ycloBUs (GOPMUPOBAHUS 3BE3J000PA3HBIX MUIIENI ¢ CErPErMpOBAHHOM
KOpOHOHM, TMpencKa3aHa W TIOATBEpPXKAEHA B OJKCIIEPUMEHTE CBSI3b  MEXKIY
JUIMHAMHA HEPaCTBOPUMBIX OJIOKOB TepronuMepa W Mopdosoruei oOpa3zyembix
MYJBTUAOMEHHBIX CTPYKTYD.
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