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3aKpPEn/IEHHbIMY Ha FpaHuLEe Mac/io—BoAa, BMECTO 06bIUHbIX 3My/IbFraTOPOB. 37eCk paccMaTpuBaeTcs
nx o6pasoBaHue, CTabUILHOCTbL M MOPCRO/IONUS B NMPUCY TCTBUM TBEPAbIX YacTUL, pasHoi npupoabl.
Bonbluolii UHTepec K aMy/beusiM MUKeprHra 3a Moc/efHe AecATUNETUS NPOsIB/ISETCS B CBS3N C
MepCcrneKkTYBaMN 3KOSIOrMYECKN YNCTOr0 M 3KOHOMWUYHOIO NMPOM3BOACTBA MMOPUAHBIX MO/IMMEPHbIX YacTul, 1
HAHOKOMMO3WTOB C CYNpamosIeKy/IsipHOM KOJIOWAHOW CTPYKTYPOil. OMy/IbCUOHHAsi WM CyCNeH3VOHHas
no/iMMepusaLus B aMy/ibcusix MuKeprHra no3Bosisie T nosyydaTh in Situ yCUIeHHble HAHOCTPYKTYPUPOBaHHbIE

3 My/nibcuu MUKeprHra npeacTaBnsioT co6oil aucnepcun, cTabunmn3vpoBaHHble TBEPAbIMY YacTULaMM,

nosinMepHbIe KOMMO3UThI, HeoObIYHble NaTEeKChI MUKPOKancy/ibl C yHUKa/IbHbIMU CBOWCTBamu.

KntoueBble crioBa: agcopbuus,

BellecTBa MOBEPXHOCTHO-aKTUBHbIE,

KpaeBoli yron, naTeKchl,

HaHOKOMMNO3NTbI NOJIMMEpPHbIe, CMaynBaHue, yCTOI7I'-|I/IBOCTb 3MyﬂbCVII7I, amMynbcun MNukepuHra, amysibCMOHHasA

noiMMepusaLys.

Bonee cToneTnsa ToMy Hasaf 661710 06HapPY>KEHO
[1, 2], 4TO HeKoTOpbIE BbICOKOAWCMEPCHbIE TBEpAbIe
yacTuupl Mpu KX [o6aBfeHUMM K CMecaM BOfbl
C HENOMAAPHLIMK  PACTBOPUTENAMU CMOCOBHBI MpK
AMCneprmpoBaHnmn CTabunnavpoBatb 06pasyroLLmecs
3MY/IbCUM  JaXe B OTCYTCTBME MOBEPXHOCTHO-
akTuBHbIX BewlecTB (MAB). TpumeHeHVe 3My/b-
CWiA, CTabUIM3MPOBAHHbLIX TBEPAbIMU YacTMLAMM
(amynbenin MukepuHra, cM. puc. 1) gonroe Bpemst
OrpaHnuMBanoCh 06/1aCTbiO MULLEBOM M KOCMETU-
YECKOW NPOMBILLINIEHHOCTU.

Bopa

Teepabie YacTHLkL!

Puc. 1. CtpoeHune smynscuu NukeprHra tmna
macno/soga (M/B).

B nocnegHee BpeMsi MHTEpPeC K TakUM 3MY/lb-
CMSIM BO3POC B CBA3W OTKPbITMEM HOBbIX 06/1acTeld
NPUMEHEHNS N8 CO3AaHMA Pa3/IMYHbIX caMmoopra-
HU3YIOLMXCA KonnouaHbix cuctem (supracolloidal
structures), B 4aCTHOCTM Ha MOBEPXHOCTU Kanenb
3MYNbCMIA MOHOMEPOB M NaTeKCHbIX YacTuy, [3].
Mofo6Hble CTPYKTYpPbI BbINN Ha3BaHbl «KOMNONL0-
comamm» (colloidosomes). B nocnegHee gecatnnetve
CXOXXMM 00pa3oM MofyyeHbl [IMHHbIE CTEPX-
HeobpasHble CTpyKTYpb! (hairy-rod nano-structures,
puc. 2) [4], amynbcun MukepuHra, ctabunmnsnpo-
BaHHble MarHUTHbIMK YacTuuamm [5], HaHovacTu-
Lamun ceneHnga kagmmsa CdSe [6], HaHouacTUUaMK
3onota [7] v gp. [8].
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Puc. 2. SEM (hoTO CMHTE31POBaHHON

BO/IOCONOAOGHON MONMMEPHOI CTPYKTYPbI, KOTOpast

MOXET MCMO/b30BaThCs A1 YNaBNBaHNS Karne/b
HeqTAHOR amynbeum [4].

MpuHUMN cTabunmsauum 3MynbCUiA TBEpAbIMU
yacTULaMu UCMOMb30BaH B MPOLEcce CO3AaHus
CYNpamOoneKyspHbIX  KOMMOUAHLIX — AUCMEPCHbIX
CUCTEM W MNOAMMEPHbIX HAHOKOMMO3WUTOB MyTeM
6€30TX0AHOI 3MY/NLCYOHHOI UK CYCNEH3MOHHOM
nonumepunsaumm [9-13].

B nocnegHee pgecATuneTMe  ONy6/MKOBaHbI
paboThbl, B KOTOPbIX A/ CTabuam3aumm amynbCuii
MPUMEHANNCH CaMble PasHble YacTULI, TAKKe Kak,
Hanpumep, KOMMOUAANbHLIA AUOKCUL KPEMHWS
[14], rnapodobunsnpoBaHHsbIiA aspocun [12], nomm-
CTUpONbHble  MUKpoctepbl  [13],  yrnepogHble
HaHoTpy6kM [15], okcug UuuHKa [16], cnoucTble
[BOMHbIe rugpokenabl [17], FAMHUCTbIE YaCTULbI
[18], GETUT (rnapokeng antomuHus) [19], marHeTuT
[20] v gp. Momumo CcTabUnMsaLMM  3MYNLCUIA,
TBEpPAblE YaCTWLbl MOTYT MPUMEHATLCA TakKe A5
ctabunmsaumMm neH, OCOBEHHO B COYETaHUMN C
TpagnumoHHbIMK MAB [21].




K OCHOBHbIM MPenMYLLECTBAM 3MYNbCUiA Mnke-
PUHra, MO CPaBHEHWO C OObIKHOBEHHLIMM 3MY/b-
CUSMK,  CTABUNU3MPOBAHHBIMA  TPAAULMOHHBLIMU
MAB, cneayeT OTHeCTU 6ofee BbICOKYHO CTabu/b-
HOCTb MO OTHOWEHWIO K  KOaleCLueHUumMn 1
M30TEPMUYECKOM  MEperoHke, 4TO  MO3BOSET
CTabunM3nNpoBaTh BbICOKOKOHLIEHTPUPOBAaHHbIE CUC-
TEMbl, a Take B pAfe ClyyaeB A3eT YHUKANbHYHO
BO3MOXHOCTb COXPaHATb W/ MOMHOCTHIO BOCCTA-
HaBMBaTb  CTPYKTYPY 3My/NbCUiA  [ake nocse
MOMHOTO  YdaseHns AWCNepCMOHHON cpeabl  [22].
CnefyeT OTMETWUTb MOBBILLEHHYH) YCTONYMBOCTb
3MyNbCeuin MkepuHra K n3meHeHuto pH cpedbl u
cocTaBa MaCnsHOM  hasbl, BBEAEHWNIO [00aBOK
anekTponutoB [18]. Bonee Toro, npu hnokynauum
yacTUL, MOXET BO3HMKATb AOMOMHWTE/bHbIA CTabu-
N3NPYIOLLMIA 3thheKT, CBA3aHHBIA C 06pa30BaHMEM
TPEXMEPHOIA reneBoii CTPYKTYpbl B 00beMe 3MY/NbLCUN
[19]. K BakHbIM MpeMMyLLECTBAM TaKMX CUCTEM
OTHOCWUTCH CPaBHUTENbHO HU3Kas CeBGecTOMMOCTb,
3KONOrMYHOCTb M HU3KAs TOKCUYHOCTb M3-3a OTCYT-
CTBUA TPaAMLNOHHBIX [TAB 1 BbICOKOMONEKYNAPHBIX
COEANHEHMIA MO0 NOHVKEHHOTO NX COAEPKaHW.

1. BnunsiHve pas/inyHbIX PaKTopoB Ha obpa-
30BaHWe, MPMPOAY U CTabWUbLHOCTb 3MYNbCUIA
MnkepnHra

C TeopeTuyecKoit (TepMOANHAMUYECKOR) TOUKM
3peHus TBepAble YacTULbl, MCNO/b3yeMble B Ka4eCTBe
CTabuM3aTopoB 3MY/NLCUIA, AO/MKHBI YA0BETBOPATL
Tpem OCHOBHbIM TPebOBaHUAM:

1) CyWecTBEHHO MeHbLUMMM pas3MepamMy Yac-
TWUbI MO CPaBHEHWIO C pasMepamu Kanefib Auc-
nepcHoli thasbl;

2) YaCTUYHOI IMOGHOBHOCTLIO MO OTHOLLIEHWHO K
[JVCMEPCMOHHONA cpeae, UTO MPYBOAUT K MPOTEKAHWHO
Mef/IeHHOI 1 0BpaTUMOIA KoarynsaLmm ¢ 06pa3oBaHNEM
Pa3BETB/IEHHbIX arperatoB Ha rpaHuLe pasgena Bofa—
Macno;

3) MpOMEXYTOYHOA W30MpaTeNlbHOA  CMayn-
BaEMOCTbH0 MO OTHOLLEHWIO U K [MUCTIEPCUOHHON
cpefe, 1 K aucnepcHoit ase [22].

Mpy 3TOM B POMM HenpepbiBHOW (hasbl (T.e.
[VCNEPCUOHHOA cpefibl) BCErfga BbICTYMAeT MMEHHO
Ta (hasa, B KOTOPO/ CTabUM3MPYIOLLME YacTULbI
nerye gwcneprupytotcs. MoMumo 3TOro, COracHO
[aHHbIM MHOTVX WCCNEA0BaHWNA, MpsiMble 3MYLCUM
NpPeanoyTUTENLHO  06pasyroTes npu  gobasneHnm
MacnsHOM (hasbl B BOAHYHO CPELY, Y)KE COLEepPKaLLyHO
B cebe npefBapuUTeNbHO AUCNEPTMPOBaHHbIE YaCTULbI
cTtabunusatopa. OfHaKo €CnM TakuMe YacTulbl He
00MafalT [OCTATOMHO XOpOLUeli CMa4YMBaeMOCTHHO
[VCMEPCUOHHON  CPenoit, B AanbHEWLLIEM MOXET
nponcxoanTb, 60 paspyLueHne, TM6o obpalleHne
3TUX aMynbenia [18, 23].

TeepAble  YaCTWUbl,  NPUMEHsieMble  ANS
CTabunmsaLmm amMynsLCU, MOryT UMETb PasNMUHYHO
CMauMBaemMoCTb M 00pa30BbIBaTb KpaeBble YI/bl
(yrnbl cmaumBaHms 6) ¢ BOAOIA, npesbilLatoLme 0° n
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MeHbLlUne 180°, npu 3ToM, ecnn & OKasblBaeTcs
HeCcKoNbKO MeHbLle 90°, yacTuubl ByayT cTabu-
NIN3MPoBaTh MpsaMble 3MynbCcuu, a ecnn > 90°, To
obpaTHble aMynbcum [8, 22]. YuuTblBas rnaBeH-
CTBYIOLLYHO pOfib CMOCOBHOCTU YacTWL, K CMauu-
BaHWIO, BaKHO, YTO CMAYMBAEMOCTb TakMX YacTul,
MOXET ObITb W3MeHeHa, Hanpumep, 3a CYeT
aICOPOLMOHHOI0  MOAN(ULMPOBAHNS WX  MOBEPX-
Hoctn TAB [24]. Takoe coyetaHne [AB c
TBEPABIMM  YacTUL@MK,  Hanpumep, — onpeaenser
3(htheKTMBHOCTb NpoLiecca NeHHoW toTauun [25] 1
MCMOMb3YeTC  MPU W3TOTOB/IEHUM  BUTYMHbIX
3aMynbcuiA [26], a KOMOUHALUMSA XMBOTHBIX XXMUPOB C
thocchonmnuaaMmn No3BOSET PerynmpoBaTh CTabusb-
HOCTb HEKOTOpPbIX BUAOB MMWLLEBLIX 3MYMNbCuiA [27].
OnbITbl MO MNOMYYEHUHO  MPAMBIX  SMY/IbCULA
MukepuHra B CUCTEMAX C YaCTMYHO ruapodo-
6M3MPOBaHHLIM  KPEMHE3eMOM  MOKas3anu,  4To
KOHLEHTpaums TBepAbIX 4acTul, nNpu  KOTOpOi
00ecrneynmBaeTcsi  MakCMMasbHas  CTabu/bHOCTb
3MynbCuiA (@ TaKKe HambOMblUas AWMCNEPCHOCTb
Kanenb, COOTBETCTBYHOLUAsA, MO BCEA BUAUMOCTH,
MaKCUMa/lbHOMY COJEPXaHUK0 YacTWL, Ha MOBEepX-
HOCTW  MacnsHoi  (pasbl  NpW  33faHHOM  ee
COLEpPKaHUM) OKa3bIBAETCS HUXE B CMy4ae aspocusia
CO CTeMeHbi0 MOKPbITUA MOBEPXHOCTA  CUMNAHOMb-
HbIMU Tpynnamy = 48 % (6 = 85°), yem B cnydae
6onee rMAPOPUMBLHLIX YacTuL, WUMEIOLWMX CTeneHb
3aro/IHeHWs MOBEPXHOCTY CUNAHOMBHBLIMU Fpynnamm
=71 % n 0 =68°[28].

HenocpeACTBEHHO C KpaeBbIM YoM CBS3aHO
OTHOLLEHME MOBEPXHOCTM YacTUL, CMauMBaeMol
BOAOI Ay, K MOBEPXHOCTU, CMauYMBaEMO Mac/iom A..
3TO COOTHOLLIEHWE MOXHO paccMaTpuBaTh Kak HeKui
aHanor rnaponabHO-IMNOMUILHOIO GaaHca 06bIy-
HOr 0 aMy/braTopa:

. A, 1l+cosd 1
HLB= A 1-cosf @

MocKoMbKY Yron CmayvMBaHWA Ha rpaHuLe
yacTuL, ManblX PasMepoB W COKHOW (POpMbI
3KCNEPUMEHTANIBHO OLEHUTb CIOXKHO, TO OfHOW U3
KOCBEHHbIX XapaKTepUCTUK CMaunMBaeMoCTN MOXKET
ABMATLCA WX 3MEKTPOKUHETUYECKUIA MOTeHLman,
YBE/IMYEHNE KOTOPOro Mo abCoMOTHON BENUUMHE,
OYeBUAHO, MNPUBOAUT K POCTY CMaynBaemocTu
MOBEPXHOCTY YacTuL, Boaoii [28].

B pa6ote [29] 6bIn0 NokasaHO, YTO 3a CYeT
N3MEHEHNs KONMYecTBa [1006aBNEHHONA ONENHOBO
KMCNOTbl MOXHO MPOBECTU 06paLleHne aMynbLCun
MnKeprHra, CTabyuM3MPOBaHHOI YacTuLaMK GapuTa.
A B pabote [30] yganocb CyLIeCTBEHHO MOBbICUTb
YCTOAYMBOCTb MPAMOIA IMYNbCUW, CTABUIN3NPOBAH-
HOM TMAPOPUIBLHBIM ANOKCUMAOM KPEMHMS 3a CHET
npeABapuTensHOro Mcnosnb3osaHua MAB, Bbi3biBato-
LUMX (hNOKYNSLMIO YacTuL, cTabunmsaTopa. Hanpotus,
fobasneHne TAB K 3apaHee NPUrOTOBNEHHON
amynbcun MNukepuHra UM K neHe, crabmamsupo-
BaHHOIi TBEpAbIMU YacTWLaMU, MOXET MPUBOAUTL
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K 06paTHOMY 3hheKTY — pa3pyLLIEHNIO KOMIOMAHOM
CMCTeMbI B pe3y/ibTaTe fecopbummn TBepablX YacTuL, ¢
MeXMha3HON rpaHuLbl pasgena MBo 3a CYeT CMe-
LeHns paBHoBecus npu agcopbumm TMMAB Ha
MOBEPXHOCTU TBEPALIX YaCTUL, B 06bEME ANCNEPCUOH-
HOIN Cpefdpl, a TaKKe B pe3ynbraTe in situ Moaihmka-
LN NOBEPXHOCTU YacTUL, HAXOAALLUXCA B MeX-
ha3HOM Cfoe W, COOTBETCTBEHHO, N3MEHEHUS CMauu-
BaemMoCTM Yactuubl [31]. B paboTe [24] 6bi10 06Ha-
PYXXEHO, UTO f06aBNeHNe aHUOHHOMO Naypuncynb-
thata HaTpust K 30 % npsamoii amynbcun MUKepUHra,
00pa30BaHHON MpYU CMELLEHUM MacnsHOW hasbl C
1.5 % BOAHOIA AMCMEPCUE YaCTUYHO rMapodobmsm-
POBAHHOIO aspocusa, MPUBOAUT K KOANeCLeHLn
Kanenb Npu KoHLUeHTpaumsax MNAB Bblille KpUTUYec-
KO KOHLeHTpauum mMuenoobpaszosaHms. Mpy 3Tom
6b1710 MOKa3aHo, YTO Monekynbl MAB gocTaTouHO
cnabo afcopbupyoTcs Ha AaHHbIX YacTmuax u Bbl-
3bIBAlOT paspylUeHue pasBUTbIX CTPYKTYp, 4TO
CMOCOBHO CHMKAaTb YCTOAYMBOCTb 3MY/LCUM.

C uenblo U3ydeHUs BUAHUS afCcOpPOLMOHHOr0
MoaM(hMLMPOBaHNA Ha 0bpa3oBaHKNe U CTabUbHOCTb
NpsAMBbIX 3My/bcuiA  TMkepuHra aeTopamy paboTl
[32] npoBegeHO MccnefoBaHWE BAUSAHUA NpUPoabl U
cofiepKaHua KaTMoHHbIX MAB Ha cnocobHOCTb Mn-
HUCTBIX YacTWL, MOHTMOPW/IIOHWATA C NEPMaHEHTHbLIM
OTpuLaTe/bHbIM 3apsAAOM K CTabumnsaumm npsambix
3My/bCUIA MPM MAacCOBOM COOTHOLLEHNN (ha3 paBHOM
3 K 2. [pn pasgenbHOM NMPUMEHEHUA HN KAaTUOH-
Hoe MAB, HW YacTuUbl MOHTMOPW/IOHNTA, NpesaBa-
PUTENBHO AWUCMEeprupoBaHHbIe B BOAHOW (hase, He
NPOsIBASAKT CMOCOGHOCTM K MOMHO CTabumsaumm
3MynbCyiA. [Mpn IHOBPEMEHHOM J00aBIEHUM YacTuLY
n TTAB, YyCTOWYMBbIE 3MYMbCUM  HAYMHAIOT
06pa30BbIBaTLCA NpYMEPHO Npu 1.5 % cogepxaHum
yacTuul, B BOAHOIM (hase B MNPUCYTCTBMM COfel
3aMeLLEHHbIX OKCUITU/IMPOBAHHBLIX aMMOHMWEBbIX
KaTUOHOB. B TOoxe Bpemsa, N0 faHHbIM [33],
BO3MOXXHO MO/yYeHNe MPSMbIX 3MY/bCUIA ToMyona
B BOAe, codepxkaulein 1.5 % nanoHuTa (CUMHTETU-
YECKUIA TMHUCTBIA MUHepasn), npuyeM CTabunmsa-
UMA MOJOGHBIX CUCTEM MOXET MPOUCXOLUTb, B
OCHOBHOM, 3a CYeT CTPYKTYPUpPOBaHUS BOAHOM
thasbl. [ocnegHIO MAe KOCBEHHO MOATBepPXAa-
0T W NPOBEAEHHble WCCNeA0oBaHUA MO BAUSHUIO
3MEKTPONUTA Ha CTAOUNBHOCTL 3MY/bCUIA. Y CTaHOB-
NEeHO, YTO POCT KOHLEHTpauumn xnopuja Hatpus B
BOAHOI (hase NPUBOAUT K SIBHOMY YBE/MYEHMIO
CTabMMbHOCTN  3MY/bCUIA, MNPUYEM CTAaOW/bHblE
amynbcumn obpasytoTcs yxke npu 1 % cogepxaHun
FMMHACTBIX YacTul, a Takke npy  MeHbLUEM
COZleP>KaHMM 4YacTul, HO B NPUCYTCTBUWN [06aBKU
KaTtuoHHoro lAB. ABTOpbl Hanpamylo CBfA3aIv
3TW  pe3ynbTaTbl C  YCUIEHWEM  (hIOKYNAL MK
FNIMHUCTBIX YacTuL, B NPUCYTCTBUM 3MEKTPONUTE, B
pesynbTaTe YMeHblUeHMsA TonwmHbl 43C. BbiBog
3TOT, BMNPOYEM, HE CTOMb OHO3HAYEH, TaK KakK npu
[OCTaTOMHO BbICOKOM COOTHOLIEHUN TMAB/MOHT-
MopUAIoHUT O3C yacTuy, JO/MKEH HaxXOAUTbCA B
MOHOCTHH0 CKATOM COCTOSHWUU, U TPYLAHO OXUAATb

CTOMb 3aMETHOr0 BAUAHWA X/J0pUAa HaTpus Ha
arperayumio. MoXHO NpeanonoXnTb, YTO U B 3TOM
CNyyae OMpedenstoly0 pofb B CTabmamsauum
3MY/IbCUM WUFPaeT MOBbILIEHNE BS3KOCTU BOAHOM
(hasbl 1 BbiCaIMBAIOLLEE AEACTBIE 3NEKTPOUTA.

B nepsoM MpubavXeHUM POCT KOHLEHTpaLmu
TBEPAbIX ~ CTabWM3aTOpOB  MOXET  OKasblBaTb
BNSHUE, aHANOTMYHOE BINSHWIO KOHLEHTpauum
00bluHbIX [MAB. CpegHuii  auameTp  Kanesb
3MY/IbCUMN CBA3aH C YAENbHON MOBEPXHOCThI S/V
M 06bEMHOW fonei YacTuL, AMcnepcHol ¢asbl, ¢
N3BECTHbIM COOTHOLLEHMEM (2):

p - Noow _ SV @
S S

MOCKONbKY BenMYMHa MeX(asHOoN noBepx-
HOCTWM S MPONOPUMOHaNbHA COAEPKAHMIO YacTuL,
cTabunmnsaTopa, TO MOXHO CAenaTb BbiBOS O TOM,
YTO C POCTOM COAepXaHWs TBEpAOro crabuimsa-
TOpa AuMameTp YacTuL, SMynbCUU AO/MKEH YMeHb-
LaTbcsA. Takum 06pa3oM, pasMepbl YacTuL, 06pasy-
fOLLeics aMynbCuMKM, B MEPBYHD oyepedb, OyayT
OMNpeaensiTbCsa OTHOLUEHWEM COAEPKaHUS TBEPAbIX
yacTuL, K COAepXKaHU0 MacnsHol hasbl B CUCTEME
B C/lyyae 06pa3oBaHusl aMynbcuii Tna M/B [28].
MpeanonoxeHne 06 06paTHOM MPONOPLMOHASb-
HOCTW MexZy pa3mepamy Kanefb 3MynbCUM W
KOHL,eHTpaLmein YacTuL,-CTabminsaTopos NoaTeep-
XKOAeTCs, B YaCTHOCTU, B pabote [32], B KOTOpPOIA
6bl10  06HapYXXeHO  3KCMEePUMEHTa/IbHO,  YTO
pasMep Kanefb MPAMOA  3My/nbCuMW, CTabunu-
3MPOBaHHOW  YacTMLaMM  MOAM(ULMPOBAHHOIO
MOHTMOPW/IIOHNTA, CHWKAeTCa C POCTOM KOH-
LeHTpauumM Yactuy, no CTeneHHoMy 3akoHy (D =
39.7C™*'®). O6paTHast NPONOPLMOHANLHOCTL MeX-
[y pasvepaMu Karnenb W KOHLEHTpauuein 4vacTuy
noATBEPXKAEHA TaKkkKe B C/lyyae 4acTuy, rugpo-
thobusmpoBaHHOro aspocuna B pabote [34], ogHako
B psge ClyyaeB Takas 3aBUMCMMOCTb HE Bbl-
MO/HAETCA.

Camo no cebe BblpaxeHne (2) NUWb KayecT-
BEHHO YKasbiBaeT Ha 00paTHYH MpPONOpLWO-
Ha/IbHOCTb MEXAy AMaMEeTpPoOM 4acTuy, obpasyto-
Leiica aMybCUM U COLEePXKaHUEM TBEPAbIX YacTuL,
ctabunuszatopa. B pgeiicTBuTenbHOCTU, TBEpAble
yacTuLpbl HaxXofATCA He TOMbKO Ha MexXdasHol
MOBEPXHOCTH, HO 1 B 06LEME AUCMEPCUOHHON Cpeabl,
MpuYeM MeXay HWMK YCTaHaB/IMBAeTCA onpege-
neHHoe paBHoBecue [35]. Kpome Toro, TBepdble
yacTuupbl, Haxogswmecsd B 00beMe, BAMAKOT Ha
BA3KOCTb [MCMNEPCMOHHONA cpedbl U YCTORYMBOCTb
obpasyrowmxcsa amynbcuii [19], u, cnegoBatenbHo,
MpW 3TOM KapAvHaIbHO MEHSIETCS pacnpefeneHme
pa3sMepoB Kanesb 3MY/IbCUN BO BPEMEHU.

B pa6ote [28] gns ABYyX TUMOB a3poCWIOB,
rmapodobmsnpoBaHHbIX — ANXNOPAUMETUCUIAHOM,
MOKa3aHO, YTO POCT KOHLEHTpauuu TBepAbIX vac-
T, MpU MOMYYeHUN MPAMbIX 3MYNLCUIA, Ccofep-
Xawmx 20 %06. mMacnsHoli (asbl, BANSET Ha pas-
Mepbl Kanenb 06pasyloweiica 3MynbCun  Henu-




HeliHo. B 06nacti MarbIX KOHLEHTpauuWii aspocuna
AMamMeTp kanefb 06paTHO NPOMOpLMOHaneH ero
COZlEPXKaHMIO N U3MEHSETCS CIOXKHbLIM 06pa3oM no
CTEMNEHHOMY 3aKOHY, a Npu COofLepXXaHuW TBepabIX
yacTtuy, nopsgka 5-6 % aTta 3aBUCMMOCTL BbIXOAUT
Ha nnaTo, M pasMmep Kanefb CTAHOBUTCA MWHU-
Ma/ibHbIM. XapaKTepHO, YTO B 3TO 06/71aCTU KOH-
LeHTpauuiA aMynsCcuM NpUOGPETalOT  HeorpaHu-
YeHHYI0 CTabu/IbHOCTb BO BPEMEHMW, B TO BPeEMS
KaK Nnpu MeHbLUMX KOHLIEHTPALMAX YacTUL, OHW He
CTabusbHbI.

Ecnu BblpasuTb ypaBHeHUs (2) yepe3 CTeneHb
MOKPbITUS  MEX(asHON MNOBEPXHOCTM TBEPAbIMM
yactmuamn (Sy), TO AN MNpSMbIX  3MY/bCUIA
nonyyaem:

_ 6sec (M.) _

M Faec (TB)(L— Faec (M.)) - S

6 M (M.)

PmSts M(TB)'
roedec(M.) U ¢hec(TB.) — COOTBETCTBEHHO, Mac-
coBasi [ONA MAacnsHOM a3kl B 3My/bCMU 1
MaccoBas 4ons TBepAblX YacTuUL, B AUCMEPCMOHHON
cpege (Boag), ov — NNOTHOCTb MacnAHOA (hasbl.

CnpaBegMBOCTL  NPUBEAEHHOIO  BbIPaXKEHUA
NOLTBEPXKAAETCA NINLLL NPU HEBLICOKUX COAepXa-
HMSX MacnsiHol hasbl. C yBeIMuUeHMEM ee [0NU
CTereHb MOKPbITUA  MEX(asHOM MOBEPXHOCTM
TBEPALIMU HACTULLAMW CHUXAETCS, UTO NPUBOAUT K
HapyLIEHNIO YCTONYMBOCTM 3MYNbCUA U, B CBOHD
oyepefb, MOXeT BECTU K WX PacCcinOeHUD Wan
obpaLLeHnto ¢has.

Yron Hak/oHa 3aBUCUMMOCTU pa3Mepa 4acTuly
OT MaccoBOro OTHOLUEeHMSi Macno/TBephble 4ac-
TUUbl B 06/1aCTU MasbIX COAEPXaHWiA MacnsHoM
thasbl (8o 10-15 %06.) N03BOAMA NONYUUTL 3HAYeE-
HWS CTENEHW MOKPbLITUA MeX(asHOA NOBEPXHOCTU
TBEpAbIMMA  YacTuuamn. Ana  rugpohobusmpo-
BaHHOr0 KpPemMHe3eMa Takue 3HaueHUs CoCcTaBNAatoT
nopsigka 10 M%/r. OfHaKo 3TV JaHHble UMElOT He
OYeHb XOPOLUYK CXOAUMOCTb C TEOPETUYECKUMMU,
YTO MOXeT SABNATbCA CNefCcTBUEM  (PNOKYNALUn
yacTumu,

B pa6oTe [32] MeTOAOM OMTMYECKOWA MUKPO-
CKONMM B MONAPU30BAHHOM CBETE C  MWCMO/b-
30BaHMEM AnhepeHUManbHOro  KoHTpacTa Mo
NHTePMEPEHLMN MONYYEHbI faHHble, CBUAETENbCT-
BYIOLLME B MO/b3Y FOPU3OHTA/ILHOrO pPacnosnoxe-
HWSt NAACTUHOK TIMHUCTBIX YacTuL, Ha MeXdasHol
rpaHuue. PacyeT no ypaBHeHMO (2) AN MOHT-
MOPWNNOHMTA MOKA3bIBAET, YTO B C/lyyae 2% BOAHOM
AVCrepcun C YaenbHOW MOBEPXHOCTBIO Syyrs= 800
M%r (Npu cofepskaHnm 40 % mMac. MacnsHol asbl
M nnoTHocTblo 0.82 r/cM® U NpegnonoxeHu
MOHOC/OAHO MNOCKOW OpUEHTALMM YacTul) Mo-
Laab aMynibCun S paBHa:

S
s:c-o.oos-%, (4)

®3)
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rae KospguumeHt 1/2 yuntbiBaeT TOT (PaKT, yTO
«paboueit» ABNAETCA TOMbKO OfHA W3 CTOPOH
NNaCTMHYaTOl YacTuLpbI.

MogcTaHoBKa ypaBHeHWs (4) B (2) gana pasmep
yactuy amynbcun 0.61 MKM. B peanbHOCTU Hab-
NI0JAeMbIA CpeHUNIA pa3Mep UX COCTaBAsAN 23 MKM,
YTO MpaKTWYecKM Ha fBa nopsgka MpeBblaeT
pe3sy/bTaTbl TEOPETUYECKOTO pacyeTa. ABTOPbI «Cnpa-
BANCL» C YKa3aHHLIM PacXOXAEHWEM, WCMOMb3ys
(hopMa/ibHbIA MOAX0H — MOACTaBMB B YpaBHEHMWe
(2) akcnepMeHTaNbHbIE JaHHbIE O pacnpeaeneHun
MOHTMOPW/IIOHNTA MEXAY MOBEPXHOCTHLIM CNOEM
1 BOAHOW ha3oii. Takoi MmepecyeT MoKasas, yTo B
MOBEPXHOCTHbIA CMoin monagaetT nuwb 10 % oT
06LLero uncna Yactuu,. BbickasaHo 1ormyHoe npea-
nonoXeHve 06 arperayun rAnHbI N0 6a3a/bHbIM
rpaHsm, T.e. BMOSIHE peasbHO CyLLEeCTBOBAHWE He
€AVNHNYHBIX NIACTUHYATbLIX YacTuL, a ux ctonok. C
YUYETOM TakuX MOMpaBOK W BBEAEHWS 3KChepu-
MeHTa/IbHOro KoaguumeHTta 1/9 npmeeno K pac-
UETHOMY 3HAYeHWIO pa3Mepa Kanau nopsigka
6.1 MKM. B pesynbrate 3TMX pPacyeToB MOMY4YEHO
3HayeHns 4 [N CTeMeHW arperaumm FANHUCTBIX
yactuy, B cTonkax. OfHaKo faHHbIA pe3ynbTar
HWKaK He OOBACHAET, MNOYeMy C [Aa/lbHelLUMm
YBE/IMYEHNEM KOHLIEHTPaLMM TBEPAbIX YacTul, He
MPOVCXOAUT CHKEHWS Pa3MepOB Karefib.

2. PerynupoBaHue YCTOMYMBOCTM 3MY/IbCUIA
MnkepnHra

Y[auHbliA NpyMep NPOCTOro PerynmMpoBaHus
CTabMNM3MPYHoLLLEA CNOCOBHOCTM YacTuL, 3a CYeT
yrpaB/feHns Mx cMauMBaHWeM, MokasaH B paboTte
[17], B koTopoii Aana cTabunmMsauum npsIMbIX
3MY/bCUIA XMAKOro napaduHa B BOLE WCMOMb-
30Ba/laCb BOAHblE AMCMEPCUM [BOMHOrO0 MarHuit-
IIOMUHUIA-COEPXKALLIEr0  CUHTETUYECKOrO  CIOWC-
Toro rugpokempa (ACI) ¢ KoHueHTpauuein 0.5-
2.0 %macc. MMonoXnTensHO 3apsXKeHHble YacTuLbl
rMapoKcuaa MMeKT Ha MOBEPXHOCTU MHOXECTBO
PH-3aBUCUMbIX TMAPOKCUIIbHBLIX Py, KOTOpble
AMCCOUMMPYIOT NpU MOoBbIWeHWn pH, yTo Npu-
BOAMT K CHUDKEHWIO BENIMUMHBI NOMOXUTENBHOMO
NnoTeHLMana noBepxXHOCTU U MOXET BbI3BaTb (H/10-
KyfMALMI0 YacTul. Bblno MokasaHo, 4TO YCTOW-
YMBOCTb, @ TAKXKE W AMCMEPCHOCTb MPAMbIX 3MY/Ib-
CWA CYLLECTBEHHO BO3PacTardT ¢ pocToM pH. 3Tm
pe3ynbTaTbl MOryT OblTb OGBACHEHbI YBE/IMYEHWNEM
aacop6ummn TBEPAbIX YacTULL Ha MeX(asHoiA rpa-
HMUEe B pesynbTaTe WX YaCTUYHOW (PAOKYNALUN.
BecbMa WHTEpeCHbl CAenaHHble B LUTUPYeMO
paboTe BbIBOAb!I HA OCHOBE COMOCTaB/EHUSA Pe3y/b-
TaTOB CTATMYECKUX W AUHAMWUYECKMX WCMbITAHUIA.
B nepsom cnyyae nposBogunuch HabntofeHue 3a
yactmuammn ACIT, aMcrneprmpoBaHHbIMK B BOAHON
(hase, B YCMOBWSAX, KOrja CBEpXy Haj BOAHON
hasoil MoMeLLanca HeMoABWXKHbINA Coin napaguHa
(nnockasa rpaHunua pasgena). bbino nokasaHo, YTo C
poCTOM pH KOHUEHTpaums yacTuy, B MeX(a3HOM
Cfoe yBenn4yMBaeTca, ogHako npu pH > 12 B pe-
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3ynbTaTe CUNMbHOW  (hNOKynauMn  Habntopaetcs
0b6pa3oBaHMe 0CaKa, U YacTuL, Ha MeX(asHoli rpa-
HMLE MpaKTUYeckKn He ocTaetcd. B npoTuBo-
MONOXKHOCTb 3TOMY, B AWHAMUYECKMX YCMOBUAX
(T.e. B MpoLecce 3MyNnbrMpoBaHUA) cogepxaHue
yacTuL, Ha MOBEPXHOCTW, KaK W YCTOMYMBOCTb
3MY/bCUIA, PacTyT faXKe MpPU BbICOKMX 3HAYEHUSX
pH. Ecnu npeanonoxuts, YTo NEpexoq YactuLbl B
MOBEPXHOCTHbIA CNoiA 13 06beMa AWCMEPCUOHHON
Cpedbl OCYLUECTBASETCA 4epe3 3HEepreTUYeckuii
6apbep, O4YEBMAHO, YTO 3TOT NpoLecc 0b/eryaercs
AN 4acTuL, HaxoAsLmxcs B CUCTeMe, NoOABep-
ratoLeincs 601bWMM CABUTOBbIM Harpy3kam, KOTO-
pble OOHOBPEMEHHO pa3pyLlalT o6pasytoLumecs
(hNoKy”bl.

B pa6ote [36] 6bln NPOAEMOHCTPUPOBAH POCT
YCTONYMBOCTM Kanefb NPSAMOA aMynbcum, CTabu-
NN3MPOBAHHOM  YaCTMYHO  rMAPO(OBM3MPOBaH-
HbIMW YacTMLaMM aspocuia npu  yBEIMYEHUM
CTeMeHW arperauym  MepBUYHbLIX  YacTuy B
pe3ynbTaTe J0OaBNEHNS 3MEKTPONTOB. AHaNOrNy-
HbIi pe3ynbTaT 6bin NonyyeH B pabote [24]. PocT
KOHLEHTpaLuM 4actul, ¢ yBe/MYEHUEM COfepXka-
HUA  3NeKTPONnUTa, B MeXdasHoOM cnoe, Oblf
NoATBEPXKAEH MPAMbIM METOZOM KOH(OKa/IbHOM
thnyopecueHTHOA Mukpockonuu  (confocal fluo-
rescence microscopy). B kadectBe hnroopec-
LIEHTHOW METKM MPUMEHANCA KpacuTeNb PoamMuH
6K, n36upaTenbHO aacopoupYOLLMIACA Ha NMOBEPX-
HOCTW KpemHe3ema. Kpome Toro, 6b110 NOMy4eHo
NpsMOe [0Ka3aTeNbCTBO OTCYTCTBMA YacTuL, CTa-
6unmsaTopa B MacnsHoii thase. MeTogom CKaHu-
PYIOLLEA 3/TEKTPOHHON MMKPOCKONWM 6bII0 06Ha-
PY)KEHO, UYTO TO/ILUMHA CNOA YacTuL, aspocuna Ha
MeXXha3HOM rpaHuLLe (CO CTOPOHbI BOAHOI Cpefbl)
cocTaBnseT BennumHy nopagka 200 HM. [aHHble
pasMepbl 4OCTATOYHO GMN3KM K pasMepam arperaTos
a’3pocuna, NOAyYeHHbIM METOAOM AMHAMMYECKOTrO
cBeTopaccesHus. 3TW  arperatbl 06pas3ylotca B
BOAHOW (hase NPWM KOHLIEHTpaUWsX 3MeKTponmTa
BblLLe Mopora Koarynsauum (B OTCYTCTBME Mac-
NAHOIA hasbl).

BecbMa WHTEpecHbI pe3y/nbTaT, Coriacyto-
LMiAca C TEOPETUUECKUMM PacCyXAeHNAMN, Mony-
YeH MpW 3aMeHe B CUCTeMax, CTabuM3npoBaHHbIX
KPEMHE3eMOM, AWUCTUIIMPOBAHHOW BOAbI Ha pacT-
BOP CONSIHOM KMCNOTbl. B aTOM cnydae ctabusib-
HOCTb 3MYNbCMM BO3pacTasia, YTO MOXET ObiTh
CBA3AHO C YMEHbLUEHWEM BE/IMYUHBI  3MEKTPO-
KMHETUYECKOro MoTeHUMana Ha NoBEPXHOCTM Kpe-
MHe3emMa, T.e. CHWKEHUEM €ero CMayvMBaeMOCTW.
Mpy 3TOM cneayeT NPUHUMaTL BO BHUMaHue [37],
4TO MeXasHas rpaHuLa BOLa—Macno 3apshkeHa
oTpuuatensHo (npu pH BogHOW hasbl 6/IM3KUX K
HeiTpanbHbIM) 3a cyeT agcopbunn OH™ aHWOHOB, U
MOTeHUMan Takol/i MOBEPXHOCTU 3aMeTHO MOBbI-
LLaeTca ¢ pocToM pH.

V3mepeHnst 3NeKTPOKUHETUYECKOrO NOTeHLMana
N UCNbITAaHNS YCTONYMBOCTM 3MY/bCUIA MOKa3asu,
YTO [/IMHUCTbIE YacTULbl B W303/1EKTPUYECKON

7

Touke (T), HaxopasLleiica B KACMON obnactn pH,
He CTOMb 3PYEKTUBHO CTABUNUINPYIOT 3MYLCUN
MuKepuHra, B TO BpeMs Kak 4acTuLbl KpemHeseMa
NposiBuUAN 06paTHOe MOBeAeHWE, T.e. MaKCUMyM
CTabUNBLHOCTU 3MY/ILCUW MPUXOAUICA UMEHHO Ha
UT. ¥YmepeHHaa MUHepanu3auma Bogbl 1 MpucyT-
CTBME COME KanbLMs MOBbLILIAET YCTOWYMBOCTb
amynbcunia [38].

B HekoTOpbIX  paboTax  MCCNeAoBasMChb
amynbcun MNukepuHra, o6pasoBaHHbIE NpU fo6aB-
NEHNN OAHOBPEMEHHO TBEPAbIX YaCTWL, pas/NYHON
npupodpl. Tak, B paboTte [39] NOBbILIEHUS YCTOIA-
YMBOCTM 3MY/bCUIA yaanocb A06UTLCS, KOMOUHM-
pysi OTPULATENbHO 3apshKeHHble 4acTuubl farno-
HATA W MNONOXMUTENbHO 3apsXKEHHblE  YacTULbl
[BOVHBIX CMOMCTBIX MMAPOKCMAOB. ABTOpbI MOKa-
3a/11, 4TO CTPYKTYpbl, BO3HMKAIOLLME B pesy/bTaTe
reTepoKoarynsLmu, He TobKO CO34at0T Ha NOBEpPX-
HOCTW Kaneflb 3My/bCUN PasBUTbIE U 3MACTUYHbIE
3alUTHBIE CNOU, HO TaKke MoAUGULMPYIOT peo-
NOTNYECKIME CBOCTBA 3MY/IbCUOHHbLIX CUCTEM.

CTabunnbHOCTb NPSIMbIX 3MyNbCUiA B paboTe
[40] noBsblwanM 3a CYET COBMECTHOFO WCMOJb-
30BaHVs MapaMHOBOro BOCKa M nanoHuTa. Cre-
[yeT OTMETUTb, YTO AaHHOEe COuYeTaHue SIBNSeTCs
BaXHbIM Kak B TEOPEeTWYECKOM, TaK W B
MPaKTUYECKOM OTHOLLEHWMN, MOCKO/IbKY CUCTEMbI
nogobHoro Tuna (rWHa, >XUAKWE W TBepAble
yrneBogopoasl) o6pas3ytoTcsi B 6GOMbLUMX KOMK-
YyecTBax M npu fJobblue HepTU M B Mnpouecce ee
MCMONb30BaHNA 1 MepepaboTKu.

B pabote [39] paccMOTpeH MexaHW3M CTabu-
AN3aUMn aMynbCuii MKeprHra, NoayyYeHHbIX Npu
COBMECTHOM MCMO/Mb30BaHUW FIMHUCTBLIX YacTuL, u
CMOUCTBIX ABOMHBIX rnapokenaos (CAN) (cm. puc.
3n4).
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Puc. 3. MpeanonoxuTenbHbIA MEXaHU3M CTabum3aLmmn
amynbeuin MukepuHra npu 1 % cymmapHOM
coflepXXaHnu 1 pa3IMiyHOM COOTHOLLEHUN MIMHUCTBIX
yactuu, v ACI npy yBennyeHun gonu ACIH

(a—100 % rAvHMCTBIX YacTuLl,
d-100% ACr) [39].

B oTcyTCTBME reTepokoarynsuum, crabuim-
3auMs Kanenb 3MYNbCUKM MOXET MPOUCXOAUTL 3a
CYET WX BOBMIEYEHUS B reneBblii Kapkac, 06paso-



BaHHbIA YacTULaMM MOHTMOpPUANoOHMTa (puc. 3, a),
nmbo 3a CcyYeT agcopbuMM  YacTuy CAoMCTOro
[IBOMHOrO rMapoKcMaa Ha MexgasHoil rpaHuLe
(puc. 3, d). B npucyTcTBUM YacTumy, 060MX TUMOB
MPOMCXOAUT POCT MPOYHOCTU TeNeBOii CETKM B
obbeMe BOAHOA (hasbl, a TakKkKe 00pa3oBaHMe
CTPYKTYPUPOBaHHbIX aACOPOLMOHHBIX C/I0eB HEMo-
CPeACTBEHHO Ha MOBEPXHOCTW Kamefb 3My/bCuu,
YTO B LL&/IOM 0OYC/MOB/IMBAET 3HAUUTE/bHBIA CUHEP-
TMYECKNiA 3heKT.

CTabun13NPOBaHHOI COBMECTHO MMNHUCTLIMM
yacTuuamu 1 YacTuLaMm ABOMHOIO rmapoKcnaa,
nony4YeHHas Npy NOMOLLM MPOCBeYMBatOLLEl
PEHTreHOBCKOI MUKPOCKONM
(transmission X-ray microscopy) [39].

WHTEpecHbIM  pe3ynbTaToM, MOMYYeHHbIM B
pabote [41], ABNSETCA YCTAHOBNEHME 3aBUCUMOCTH
YCTOMYMBOCTU 3MYNbCUIA OT pa3MepoB 4YacTumu,
KpemMHesema. Kak yCTaHOBNEHO, C POCTOM Cpeg-
Hero paguyca 4acTul, r YCTOAYMBOCTb 3MYNbCUIA
BO3pacTaeT, YTO COriacyeTcsi C NpefcTaBIeHUAMM
0 BE/IMYMHE 3HEprumn aaresny TBepAOA YacTuubl K
MeXhasHoin nosepxHocTM MJ/B  (Mnm, uWHade
rOBOPS, 3HEPruyM MPUCOEAUHEHNS YacTULbl K
nosepxHocTn) [42], KoTopas onpegensieTcs ypas-
HeHunem [43]:

E = r2opgy (L£C0s6)?, )

roe oswm — MexdasHoe HaTsKeHue, & — KpaeBoi
yron, r — paguyc YacTuLbl.

B kauvectBe npumepa [17]: pacyeTHOe 3Hauye-
HWe 3Heprnn npucoegnHeHuns E = —-2800 KT ans
yacTuL, ABOWHOrO rmapoKcMaa MarHus-aioMUHNS
cr =70 HVM nNpu MeX(pasHOM HaTHKEHUN Ha
rpaHuLe Xuakuii napaduh/eoga o = 32.5 MH/M® n
Kpaesom yrne ¢ = 30°. 31a 3Heprus CyLlecTBeHHO
60/bLUe 3HEPrMM TEMNJIOBOro ABWXKEHUS KOMNouA-
HbIX YacTuL, (BeNMUMHa, paBHas HECKOMbKMM KT).

TeopeTnyeCcKoe 3HAYEHWE 3SHEepPruy  CBA3bI-
BaHMS, HaligeHHoe B pab6oTe [37] Ana nnacTuH-
yaTblX YacTuy, rMapoodU3NPOBaHHO CAoabl C
pasMepamu 1 — 10 MKM, COCTaB/ISeT NpUGAN3NTENLHO
10° - 10° KT. B TO e BpeMs BenMuMHa 3HEpPriu
agcopbumn B cnyvae 06bl4HbIX Monekyn MAB
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coctaensieT 1 — 10 KT Ha ogHy monekyny. CpaBHe-
HVe 3TUX BENMYMH MOKA3bIBAET, YTO B CUCTEMAX
coflepxallmx OAHOBPeMeHHO Monekynsl MNMAB u
TBEPAbIE YacTULbl C MPOMEXYTOYHON nonsp-
HOCTbO, Ha MOBEPXHOCTb AO/MKHbI MPEnMYyLLEeCT-
BEHHO BbIXOAUTb TBEpLble YacTuLbl.

B psge uccnefoBaHuiA 6bl10 MOKas3aHO, UTO
obpalleHre ha3 B aMyNbCUAX, CTaBUIN3MPOBAHHbIX
Kak TpaguuunoHHeiMn TMAB, Tak © TBepAbiMu
YyacTmLUamMm, MOXET NPOUCXOAUTb MPU YBENNYEHUN
COflepKaHNA B CUCTEME KOMIMOHEHTa, SABNSAIOLLE-
rocs gucnepcHoin hasoin [42]. Bbino 06HapYXeHO,
4yTo Nogo6Hoe obpalleHNe (a3 MOXET npouc-
X04UTb B TOM CNydae, ecnv TBepAble 4acTullbl
06MaaaloT NPOMEXYTOYHON rMapodobHOCTLIO (T.€.
NMEKT CpefiHUe Yr/bl CMauMBaHus). B npoTMBHOM
cnydae HabMoAaeTCH KOANEeCLEHLMA Kanenb 3amy-
NbCUK, a TaKxXe CAMBKoobpa3oBaHMe (creaming)
[43].

Hanpumep, Ans npsaMbix 3MmynbCuid, cTabu-
NIN3MPOBAHHBLIX YacTMuamm rmapogobmsnpoBaH-
HOro aspocuna, paspylleHne 3MynbCUiA Habnto-
[aeTca Npu pocTe COfepXaHUW MacnsaHOM hasbl
cBbie 50% 06., TOrga Kak Ans obpaTHbIX
3MY/bCUI, CTabUIM3MPOBAHHBIX B 3TUX XK€ CUC-
Temax Habntoganocb obpalleHve (a3 ¢ pocToM
cogepxaHusa Bogpl [44]

Mogo6Hoe obpalleHre (ha3 HabNAANOCh TakKe
Anst 06paTHbIX 3MYNbCUIA, CTabUNN3NPOBAHHBIX
yacTULaMu Coabl, MOLUMULMPOBAHHOKW MeTUs-
TPUMETOKCMCUNIAHOM, MPW UX pa3baBieHun BOAOM
[45]. B TO Xe Bpemsi B cucTeme ruapodobHas
cnofa — AUCTUIMPOBaHHAsA BOZA — CU/IMKOHOBOE
Macno (UMKNOMeHTaHCUIOKCaH) 6bl10  06Hapy-
>KeHO (ha30Boe obpalleHne gpyroro tuna (puc. 5).

Water

SAP Vil 0 “Hilitonc wil
Puc. 5. ®a3oBas gmarpaMmma cucteMbl rngpotobHas
cnoga — Boda — CU/IMKOHOBOE Mac/1o.
O6nactb | — amynsens B/M 1 061acTb CyLLECTBOBaHMUS
OTAeNeHHOI MacnsHol asbl; 06macTb Il — amynscus M/B
1 Tuna; obnactb I — amynsens M/B 2 Tung;
06nacTb IV — 06nacThb CyLLecTBOBaHS HAOYXLLIETO NMOPOLLIKA
cnobl; 06nactb V — amynbens M/B 3 Tvna;
o6nactb VI - amynscvs M/B 4 Tvna. [45].

TpeyronsHas guarpamMma AeMOHCTPUPYET cre-
JytoLLMe 3aKOHOMEPHOCTU cucTeMbl. B Tom cny-
yae, Korga KOMMYECTBO MacnsiHOM (hasbl MpeBbl-
LIaeT HEKWA abCOpPOLMOHHBIA npeaen, KOTOPbIA
CNocobeH  MOrnoTUTL  MOPOLLOK  rnapodobm-
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30BaHHOI CNKOAbI, YBENNYEHNE COAEPXKaHWUS BOAbI
NPUBOANUT K 0ObIYHOMY oOb6paLleHnto a3 (cm.
nepexog mexay obnacteto | 1 o6nactbto Il).

C [pyroil CTOPOHbI, CMELLEHMEe B CTOPOHY
00pa30BaHMs NPSMOMA 3My/NbCUM NpKU A06aBNEHNN
BOAbl K HAaCbILLEHHOW CU/IMKOHOBLIM  MAac/ioM
cntoge (Npy  cogepkaHMM  Macna, MeHbLUEM
npegena nornoweHns) naeT yepes crtaguto obpa-
30BaHMSl  CEMapuMpoBaHHONO  MAc/isHOrO  Cos,
KOTOpbI fanee Aucreprupyerca B Boge ¢ 06paso-
BaHMEM MpPSMON 3Mynbcun. Mpy 3TOM MOKasaHo,
4yTO Mony4vaemas npsmas 3MynbCusl, 06pasy-
owascs npu o6bemMHoin gone Boabl oT 0.42 Ao
0.65, xapakTepm3yeTca  HambOMbLUeA  YCTON-
UYMBOCTHIO U HaMMeHbLUMM pa3mepoM Kanenb 10-60
MKM (06nacTb V, puc. 5). MNMpomexyTouHoe Bblie-
NeHMe MacnsHoi  hasbl, Habnogaemoe npu
(ha3oBOM 06palLEeHNN, He MOXET BbITb HanNpsMYyHo
YyBA3aHO C (JEHOMEHOM KOHKYPEHTHOro CMadu-
BaHWA  MOBEPXHOCTM  rMAPO(OBM3MPOBaHHBIX
FMIMHUCTBIX YacTWL, NMOCKOMbKY MOCMeAHME nyuLle
CMaymnBarOTCAa Mac/nom, Yem Bogoi. MoaTomy npea-
NoNoXunu, 4to gobaeneHne BoAbl K Habyxwum B
mMacne vactuuam [AvHbl BefeT K paspyLUeHMHO
00pa30BaBLUECa TMMHUCTON CTPYKTYpPbI, KoTopas
BbICBOOOXAET MPU CBOEM Pa3pyLLEHNN MACNSHYH

thasy (cm. puc.6).

Puc. 6. MNMpeanonaraemMblil MEXaHU3M pacc/oeHuns
obpatHoli amynbeum MnKepuHra B npouecce
YBENMYEHNS COAEPXKaHUs BOAHON (hasbl [45]:

a — Habyxwas B Macne ruapodobrsmpoBaHHas cnojga;

6 — BbITECHEHME Mac/na BOAOl C pOCTOM COfepXKaHUs

BOAbl B CUCTEME.

WHTepecHO, 4TO B MNPUCYTCTBAM  HEMOHO-
reHHoro cunuMkoHosoro MAB (6nokcononmmepa
NONMU3TUNIEHOKCMAA C MOAUAMMETUNCUIOKCAHOM),
cenapaumn MacnsHoii hasbl He Habnoaaercs,
BO3MOXKHO, KakK pa3 Mo TOW NpUynMHe, 4TO
fob6asneHve MAB npenaTcTBYeT (hOPMMPOBaHNIO B
Hell TpexXMepHOro kapkaca npu AucneprupoBaHum
FMMHbI, 33 CYET YAYYLIEeHWs CMayMBaemMocTy
TBEPAbIX YacTuL.

Kak 0TMeyanocb, OAHUM W3 FNaBHbIX MPenMy-
LeCTB 3Myfbeuit MKepuHra MO CPaBHEHUK C
3MY/bCUAMU,  CTabUIN3MPOBAHHBIMU  Klaccuyec-
kumn T1AB, SBNsieTCS WX MOBbILLEHHAS YCTO-
UMBOCTb MO OTHOLLEHWIO K KoanecueHumn. C TepMo-
JMNHAMWMYECKON TOYKM 3peHns OTpbIB TBEpAOW
yacTuupl OT MEeX(asHOM MOBEPXHOCTH, ABASIO-
WWIACS NPeanocbINKOA  Ans  CAUSHUA  Kanenb,
3HEPreTUYecKn HeBLIFOAEH, B TO Bpems Kak

aresns TBEPLOA YaCTMLbl K MOBEPXHOCTU, KOTO-
pas BEOET K CHVDKEHMIO MexXasHol 3Hepruw,
COMpPOBOXAAETCA OONbLUMM OOLUMM BbIUPbILLEM
3Hepruu. TBepAble 4acTWLpl, OKasaBLUMEC B
MOBEPXHOCTHOM C/0e, CYLLECTBEHHO MEHSIOT €ro
PE0NOrNYecKre CBOMCTBA U 3aMef/It0T NCTeYEHNE
XXUAKOCTW M3 NPOCONKM MeXay conmxarommMmmncs
Kannasmm amynbcun [46].

MOXHO TEOpeTMYECKM OLEHUTb  3SHEPTUIo,
KoTOopas Heobxoguma AnA NPeofosieHns  3Hep-
retmyeckoro Gapbepa W CAMAHWS ABYX Kanenek
3MY/IbCUM, HAXOAALLMXCA B AMHAMUYECKOM PaBHO-
BECUM, B MNPEANONOXEHWM, UYTO ee BeMuMHa
6/M3Ka K BEMUYMHE 3HEPreTUYECKOro MUHUMYMa
Ha KpuBoli B3ammogeincTems asyx Yactuy, (Upmin).
MpesnonoxuM, YTO CKOPOCTU CANSHUA Kanenb U
NX APOBAEHNS NPU 3TOM PaBHbI MeX/y COOOiA.

YacToTa CTONKHOBEHWIA Kanenek amynbcuu (1)
3aBUCUT OT CKOpPOCTM CcABMra y MW nNponop-
LMOHaNbHA OOBLEMHOI A0ne AMCTEPCHON (asbl .
Ecnn  npegnonoxutb, 4YTO BCE CTONKHOBEHWS
yauHbl M MPUBOAAT K CAMSIHWKO Kanenb, TO
CKOpPOCTb  AWCCMNALMM  SHEprin  onpegensieTcs
BblpaXkeHneMm (6):

og 7 =V -Unin. ()

Torga npefenbHOe HampshkeHwe chasura Ans
3My/IbCUM C AWAMETPOM arperaTtoB paBHbIM a, B
YCNOBUAX MPOTEKAHWUA  (POKYNALMN  OKaXKeTcs
paBHbIM [47]:

2
o =yt 0
7<(2a%)

B pa6ote [48] nogpobHO M3yyanocb BAMSHWE
CTereHn arperayMm ©  CTabuUIbHOCTM  camux
TBEPAbIX YaCTWL, Ha YCTOMYMBOCTb  MPAMbIX
amMynbcuii - TlMKepuHra B YCNOBMSIX  [AeiCTBMS
COBWIOBbIX HAaMpsOKEHWA. ViccnegoBaHWst  Mmpo-
BOAWAN C Mcnonb3oBaHWem 50 % amynbcumn 6pom-
rekcajiekaHa B BOfe, KOTOpas B Ka4yecTBe CTabu-
nn3aTopa cofepana vyacTuLbl aspocuna, Mogugu-
LIMPOBAHHOIO TeKCafeLnncMiaHoM, C pasmepom
nepBuYHbIX YacTuy, 10-25 HM Npu nX cogepxaHnm
B BoAHOW (hase 0.9 %. Nomo6Hble YacTULbl, Kak
M3BECTHO, CKMOHHbI K 06pa3oBaHWI0 arperatos U
arsoMepaToB B BOAHbIX pacTBOpax, a CTemneHb UX
arperauyuy ferko perynnpyetcd, B TOM uucie
[06aBneHEeM 3NeKTPONNToB [44].

Peonornyeckme UCCnefoBaHWst BOAHbIX [ANC-
nepcuii YaCTUYHO TMAPOOBM3NMPOBAHHOMO a3po-
cuia B OTCYTCTBME MACMSIHON (hasbl MOKa3ann, UTo
nog AeACTBMEM CABMIOBbIX HanpsPKEHWIA Habno-
faetca 6bIcTpoe, B TeueHue 10 c, yBennuyeHwe
HanpsbkeHWsi cABMra C POCTOM BPEMEHW MpPWIIO-
XKEHWSA Harpyskum B C/ly4yae, €CN KOHLEHTpaums
3MeKTPONTa B CUCTEME MpeBbIlana MOpor Koa-
ryfnaumMm  4vacTuy, [AMOKCUAR KPeMHUS.  VIHbIMK
cnoBamu, Takasi CUCTemMa MpOsBMISET AuiaTaHTHOe
noBefeHMe.



B cnyyae amynbcuii, CTabUAM3NPOBaHHbIX Yac-
TMLAMW aspocuna, NPUIOKEHWE CABUIOBbIX Harl-
PSOYKEHWIA NPUBOAWMO K YKPYMHEHUIO Kanesb W, B
KOHLIE KOHL,0B, K pacC/I0eHUI0 CUCTEMbI B 06/1aCTH
HW3KUX KOHLEeHTpauuii anekTponuta. Mpu yBe-
NINYEHNN coaepXXaHnsa anekTponuTa (0cobeHHO npu
ero COAepXaHuW Bbllle Mopora Koarynayuu
4yacTumu), aMynbCUa NprobpeTana MOMHYK YCTOR-
YMBOCTb MO OTHOLUEHMIO K KOAMECLEHLMWN [axe
NPV BbICOKNX CKOPOCTSAX caBura (1000 ¢™). Takum
06pa3om, NOKasaHo, YTO BBEAEHUE 3MEKTPOMTA B
3MYNbCUIO, CTabUIM3NPOBAHHYIO TBepAbIMK Yac-
TMLUAMW, OKa3blBaeT B/MSHME O0OpaTHOE TOMY,
KOTOPOE 3MEKTPOSIT OKa3bIBAET Ha camy Auc-
nepcuio TBEPAbIX YacTuL.

Ons  amynbcuiA  MukepuHra  cobntogaercs
npaeuno baHkpodTa, COrnacHo KOTOpoMy «ruapo-
thunbHble TTAB cTabunmnsnpytoT npsmMble 3My/b-
cun, B TO BpeMsi Kak ruapotobHele T[1AB
CTabMNM3NPYOT 0bpaTHble 3MynbCUM». [elAcTBu-
TeNlbHO, MpU 3MY/IbIMPOBAHWM Macna B BOLHOW
aucnepcun  rMApoPUbHLIX  YacTWL,  MOHOCOW
TakMX 4acTuL, Ha NOBEPXHOCTU Karefek macna B
BOAE paguyca r>>r OyLeT norpyXeH B Macno Ha

rny6uHy a =R, (1-cos#). C pocTom pasmepa TBep-

[bIX 4acTuL, SHeprus akTueauun MnpopbiBa MOHO-
CNnos, BefyLllas K KoaseCLeHLMN, BO3pacTaeT, yTo
aHanorMyHo 3deKTy MOBbILIEHNS YCTOKYNBOCTU
06bIYHbIX 3MYNMbCUIA MpW  YBEIMYEHUM pa3Mepa
monekyn MAB. Mpasuno baHkpogTa cnpasesMBo
N NS 3My/brMpoBaHMA BOAHON (hasbl B Macre.
MmgpoobHble  YacTuubl  ByayT  CTPEMUTbCH
clienaTb KPUBM3HY MeX(asHoro cnos oTpuLa-
TeNbHOI, YTO CNOCOOCTBYET 06pa3oBaHMIO 06paT-
HOli amynbcun. B 3TOM TOXEe NpOsBNSETCs aHa-
norus  Mexay  amynbcuaMu - MukepuHra u
KNaccuyeckMmmn amynbcusimm [8].

3. Monumvepusaumst B aMynbCUsIX, CTabUIMN-
3MPOBaHHbIX TBEPAbIMU YacTuLamMn. CycrieH3VoH-
Has nonMMepu3saLms

OMyNbCUOHHAA NONNMEPU3ALNA B IMYNLCUAX,
CTabnNIM3MPOBAHHbLIX TBEPAbIMY YacTuLaMK, SBNS-
eTCs BecbMa MOMyNsApHbIM HanpasfieHWeM ucche-
[IOBaHW 1 TEXHONOrMIA. STO CBS3aHO He TOMbKO C
paHee nepeyncneHHbIMA NPeMMyLLecTBaMn aMyb-
cuit TlnkepuHra nepes KNacCUUECKUMU  3MY/ib-
CUAMKU, HO U C BO3MOXHOCTAIMU, KOTOpble npea-
OCTaB/ISET BHEAPEHWE HaHo4acTul, B 00bLEM
NONMMEPHOro MaTepmana. Takke BbI3blBalOT UHTeE-
pec HOBble Crocobbl MONYYEHNUS MONNMEPHbIX
HaHOKOMMO3WTOB, HaMO/HEHHbLIX HaHo4YacTULAaMU
Ha paHHUX cTaamMax (POPMMPOBaHUA TakUX Mare-
puanos [9]. Pasnuune NogxodoB OObIYHOW 3MYNb-
CMOHHOI nonumepu3aummn ¢ MAB 1 nonmmepusa-
Uym B amynbemax [NukepuHra unnrctTpupyer puc. 7. K
NoA06HbLIM MHHOBALMOHHBIM CNOCO6am OTHOCATCS:
M3BECTHbIE MeTOAbl in Situ  30/b-refb
CMHTe3a KepaMWYeCKMX HaHoyactuy, B NOMu-
MEPHbIX MaTpuLax Unu B flaTekcax;
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e  3MY/bCVOHHBIA CUHTE3 COMEBbIX YacTul
B 06paTHbLIX 3MYNbCUAX, B TOM YWC/E B MOSMMep-
HbIX MaTpPULAX;

npouvie He MeHee MHTEPeCHble Hanpas/e-
HUS MaTepUasIOBEAEHNS, (U3NKOXUMUM N TEXHO-

JIornn KOMMNO3nLUMOHHbLIX MaTepmnasoB.

gmulsion
palymenzation

{a) conventional Emulsions
(using surfactants

as stabilizer)

By _
Pickering Emulsions
{using solid particles

as stabilizer)

Pickering emulsion
palymerization
—_—

Puc. 7. Paznnume Mexgy aMynbCUOHHOM
nonvmepusauyein B npucytctemm MNAB 1
nonvMmepu3aLyein B NpuCcyTCTBMM TBepAbIX YacTuy, [9].

PaboTbl MO MPOBEAEHWIO  MOAMMEPU3ALLUN
B Kamnisax 3MynbCUiA, CTabuan3npoBaHHbIX TBep-
ObIMW 4acTUL, MK, W3BECTHbI C CepefuHbl MPOLL-
noro Beka [49], HO, HECMOTPSl Ha 3TO, MacCOBbIi
NHTEpeC K NofobHbIM paboTaM BO3HWMK TOMbKO B
nocnegHee aecatunetve. [na Toro 4tobbl OCyLLECT-
BUTb MPOLLECC 3MYNMbCMOHHON MNOAMMEpU3aLun B
3MY/bCUAX, CTabUIN3MPOBAHHLIX TBEPABIMM Yac-
TULaMKN, HEO6XOAMMO OCYLLECTBUTL Y)XKe W3BECT-
Hble Ham MNPUHLWMbI Bbl6OpPa TBEPAbIX YacTuL.
YunTblBasi TOT (haKT, YTO MPOLECC, KaK MpaBuno,
MPOTEKAeT B MPAMbIX 3MY/MbCUOHHLIX CUCTEMAX,
Heob6X04MMO BbIGMpaTb MW NoMyyaTb B npolecce
CMHTE3a TaKWe YacTuLpl, BENMYMHA KPaeBoro yria
KOTOPbIX CO CTOPOHbI BOAbl Bblna Bbl YyTb MEHbLLIE
90°. 3TOT 3th(heKT MOXET ObITb AOCTUIHYT Kak 3a
CYET UCMONb30BaHUA afacopbLMOHHOr0 MoanhnLn-
POBaHMA MOBEPXHOCTM MOBEPXHOCTHO-aKTUBHLIMM
BellecTBaMM, TaK W 3a CYET pPerynmpoBaHums
CBOIWCTB AWMCMEPCUOHHOI Cpefbl, HANPUMEP, TaKnx
KaK M3MeHeHVWe pH wan yBennMueHue KOHLEH-
TpaLuy HEOPraHMYECKNX 31EKTPONTOB.

B HayuHOW nuTepaType onmcaHbl MPOLLECCHI
3MY/IbCUOHHOW  MOAMMEpM3aLUM € UCMO/Mb30-
BaHMeM 06paTHbIX B/M amynbcuii TMukepunHra
[50]. C a3TOin uUenbit0 4YacTO MPUMEHSIKOTCS He-
MoAM(MLUMPOBaHHbIE NGO  MOAMDULMPOBaHHbIE
rMHUCTbIE YacTuubl, Hanpumep B pabote [51]
MoKasaHa BO3MOXHOCTb MCMOMb30BaHMA YacTuL,
MOHTMOPWU/INOHWTA, 06paboTaHHOro pPasINYHLIMK
KUMAIKOKCUCUTaHaMK 11 SMYNTbCUOHHOM Nonn-
mMepu3aumMn MeTunmeTakpunata, a B paborte [52]
MPOAEMOHCTPMPOBAHA  BO3MOXXHOCTb  3aMEHb!
NONMBUHUAXIOPUAA HA  MOHTMOPW/IZIOHUT  MpK
CYCNEH3UOHHOM CMHTE3€e MONMMETUIMETaKpUIAaTA.

C Uenblo MOBbILLEHNS YCTORUYMBOCTU IMY/bCUIA
ctmpona [10], a Takke MPOU3BOAHBLIX aKpPWI0BOIA,
METAKpUNOBOA KWCMOTbl UM ux admpoB [53],
CTabUNM3MPOBAHHBIX  YacTMLaMU  nanoHWTa, B
BOAHOM  Ccpede  YBENMUMB/IM  KOHLEHTPALUHO
xnopuga Hatpua po 0.1 monb/n. Jlob6aBneHue
3MEKTPONTA NPUBOAUT K 3aMETHOMY CHVDKEHMIO
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TONWMHBLI J3C 1 TeM cambIM K YBENUYEHWUIO yrna
CMauMBaHMsi 10 Heob6XOAMMOI MPOMEXYTOUHON
BE/IMYMHBI. (CM. puc. 8 n 9).

-
)

Pickering miniemulsion

/oMemm

Laponite RD armored latex

sonication

monomaer + initiator

%
‘< v

Laponite RD + NaCl
in water

Puc. 8. Cxema nony4eHns CTabunnampoBaHHOro
CTMpOsbHOro narekca [53].

Puc. 9. SnekTpoHHas MuKpooTorpadus yactuy,
CTUPOLHOrO flaTekca, CTabuM3MpoBaHHOrO;
a — Na+-MOHTMOpPUIOHNTOM [54],
6 — CMHTETUYECKUM flanoHMToM [10].

JononHuTenbHble BO3MOXHOCTU 1 CUHTEe3a
MO/MMEPHBIX  KOMMO3MTOB  METOAOM  3MY/IbCU-
OHHON MOMMMEepMU3aLMnM  JaeT WCMOb30BaHNE B
KayecTBe MOAWN(UKATOPOB MUHEPaSIbHbIX Hamos-
HUTeneld (B TO XXe BPeMS SBNSIOLLMXCA CTabuamsa-
TOpaMu 3MyNbCun), CoAePXKaLLMX rpynmnbl, CNoco6-
Hble K COMOAMMEpM3aLLMn ¢ MOHOMEPOM M PYHKLU-
OHa/IbHbIE TPYMMbl, CNOCO6HbIE K XeMOcopoL MM Ha
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MOBEPXHOCTU MWHepaNbHbIX YacTuy,. Hanpumep,
npy NOMy4YeHUM HAHOKOMMO3UTOB HAa OCHOBE
MMVIMA MeTofoM 3MY/NbCUOHHOK NONMMepU3aLnm
B pabote [55] ¢ 3TOi Lenbio Bblna MCNonb3oBaHa
CO/b 2-(aKpUIOMNIOKCU)ITUNTPUMETUNAMMOHUS.

B pa6ote [56] nonyyanu opraHoHeopra-
HUYEeCKMe rnépuaHble nosble cdepbl C UCMONb-
30BaHMEM CTabunMsnpoBaHHon TiO, 3MynbCcUK
MuKepuHra MeTo40M 3MY/bCUOHHON MoMMepu3a-
umun. B pesynbTate caMoopraHu3aLmm HaHo4acTuL,
TiO, Ha rpaHuUue Macna ¢ Bogoid (MoHOMep U
pacTBOpUTENb), (OPMUPOBASIUCHL  «KOMSTOMAOCO-
Mbl», KOTOpblE Aasiee NOMMEPU30Ba/IN U UCMOMb-
30Ba/IN ANA MONYYEeHUs TMOPUAHBIX NOMbIX chep,
AMaMeTp Y MeXaHWYeCKyto CTabuIbHOCTb KOTOPbIX
MOXHO BapbMpOoBaTb, MEHAS COOTHOLLEHME Macns-
HOA (a3bl U ClMBKM (AMBUHMN-GeH30Ma) B
MOHOMEpe, COOTBETCTBEHHO.

[JlONOMHUTENbHLIA  KOHTPONb  CTPYKTYPbl 1
CBOIACTB, MOMUMEPHbIX HAaHOKOMMO3UTOB BO3MOX-
HO OCYLLECTBNATL MEHAA YCNI0BUSA NOMMEPU3ALIMN.
HanpvimMep, npy nonyyeHn KOMMO3UTHbLIX MUKPO-
cthep, cogepkawmx nonuctupon u Si0O, [57].
OMY/IbCUOHHYIO  NOMMMEPU3aLUI0  NPOBOAUAN C
rmapodobHbIM  (a30-6MC-U306YTUPOHUTPUN)  1©
rnapodunbHeIM (nepcynbgaT aMMOHKUS) UHUUMA-
TopamMu. MeTofamMm NPOCBEUMBAIOLEA U CKaHW-
PYIOLLEA MMKPOCKONWUW YAanoch MOKasaTb MPUH-
uMnNuasbHOe pas3nnyMe B COCTaBe W CTPOEHWUU
KOMMO3MTHBIX MUKpocep, 06YCNoBNeHHOE pas-
NNYHBIMW  MeXaHW3MaMu  nonumepusauun. pu
[o6aBneHMn uHUMUMaTopa B MacnsHyto  (pasy
HaHOYaCTULbl MOAUDULMPOBAHHOIO KpPeMHe3ema,
MMERLLME KOHTAKTHBIA Yron Ha rpaHuLe ¢ Bogoi
yyTb MeHee 90°, pacnonaratoTCs UCKIHOYUTENBHO
Ha rpaHuUe CTUPONbHbLIX Kanenb W 3aTeM
MUKpOCep, NMEILWMX B 3TOM C/ly4ae MUKPOHHbIE
pasmepbl. Bo BTOpOM cfyyae, Korja WHMLMATOp
nepBoHa4asbHO PacTBOPSETCS B BOAHON (hase, OH
BCTyMNaeT B peakuMio C MOHOMEPHbLIM CTUPOJSIOM C
06pa3oBaHMEM OIMTOMEPOB, TEPAIOLLMX C POCTOM
MOMEKYNAPHOA Macchbl pPacTBOPUMOCTL M 06pasy-
fowmx arperatbl. [pu 3TOM B KOHEUYHOM
KOMMNO31MTe  MUKpochepbl  06nafgaloT  CyoOMUK-
POHHbLIMM pa3mepamu, UMElOT 60fiee OTKPbITYHO
CTPYKTYPY W COAepXaT OTAe/bHble Cerperupo-
BaHHble YacTuULLbl KpeMHe3ema.

MonMmepHble HaHOKOMMO3WUTbI B WM3BECTHOM
CTEMEeHWN NPUBHECNIA PEBOMIOLMIO B MUCCEf0BaHUA
N pa3paboTKy, CBSI3aHHbIE C TEXHOMOrMeR KoM-
nosuToB, 6narofaps BO3MOXHOCTAM, KOTOpble
OTKpbIBaeT MPUMEHEHNEe HaHOoAMcnepcuii Heopra-
HWYECKMX HaMO/HMTENel, TaKMX KakK HaHOr/MHbI,
KpeMHe3eM W cnofa, B MoAuuMuUMpoBaHUA
CBOWCTB MONMIMMEPHON MaTpuubl. Takoi moau-
(hMKauMy MOXHO MOoABEPrHyTb 60/bLIOE YKCNO
NOMNUMEPHBIX MATPUL, C LLeNbI0 YyULleHns Npoy-
HOCTHbIX U GapbepHbIX CBOWCTB, NPUAAHWS He-
roproYecT, U3HOCO- W TEPMOCTOMKOCTU, WU3Me-



HEHMS aAresvoHHbLIX, TPUBONOTNYECKUX, 3MEKTPM-
YECKMX 1 MPOYMX XapaKTepUCTUK. DTO OTKPbIBAET
MyTb K HOBbIM TEXHOMOTUAM M 0GecnevmBaeT pag
NPeMMyLLECTB Nepes KNnaccuyeckvMy BapraHTamm
3MYNbCMOHHOM M CYCNEH3MOHHOW MonMMepu3aLnn,
a TaKkke nepej M3BECTHLIMI CMOCOGAMMN CMELLEHNS
KOMMOHEHTOB B pacniaBe, Tak Kak NPUBOAUT K

BecT HUK M TXT, 2013, 7.8, Ne 1

YAYYLLEHNIO €ro CBOWCTB. 3a MOC/MefHWNE oAbl
MOSIBU/IOCh HEMA/IO0 MHHOBALMOHHBIX Pa3paboToK B
3Toii  ObICTPO  MpOrpeccupytlolleid  0bnacTu.
[JaHHbii  0630p, He npeTeHAys Ha MOMHOTY
cBedeHUA (3a CKOGKamMu OCTa/iuMcb, HanmpuMep,
MHOTMe MaTeHTOBaHHbIe PeLUeHNst), Mpu3BaH BOC-
NOMTHNTb 3TOT UH(OPMALIMOHHBIV Npober.

6onee  OHOPOAHOM CTPYKType KOMMosuta WU
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PICKERING EMULSIONS AND THEIR USE IN PRODUCTION
OF POLYMER NANOSTRUCTURED MATERIALS
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In this article both types of Pickering emulsions — oil/water and water/oil — and their applications in the synthesis
of different polymers have been considered. Pickering emulsions are dispersions stabilized by solid particles
adsorbed at oil-water interface instead of conventional emulsifier. The influence of various solid particles, their
amount and interaction on emulsions formation, stability and morphology with various suspended solid particles
have been considered. Phase inversion phenomena and factors (such as wettability of solid particles) affecting
them have been described. The interest to Pickering emulsions for the last decade is highly fueled by eco-friendly
and cost-effective manufacture of hybrid polymer particles and nanocomposites with supracolloidal structures.
The Pickering emulsion polymerization or suspension polymerization allows preparing in situ reinforced
nanostructural polymer composites, unusual latexes and microcapsules with unique properties.

Key words: adsorption, contact angle, emulsion stability, latexes, Pickering emulsion polymerization, polymer
nanocomposites, surfactants, wetting.
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