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IMpoBeneH 0630p paboT aBTOPOB 110 pa3pabOTKe HOBOTO YHUBEPCAJIbHOTO METO/1a TTOJTyUYeHUSI TTOTH -
Mep-TIOJIMMEPHBIX cMeceli. MeTol OCHOBaH Ha SIBJISHUU Kpel3uHTa, KOTOPBIU peaan3yeTcsl Ipu ae-
¢GhopMUPOBAaHUU TIOJIMMEPOB B aICOPOIIMOHHO-aKTUBHBIX XUAKNUX cpenaX. OueHb BaXXHO, UTO B
npolecce Kpei3uHra B MoJiuMepe pa3BUBaeTCsl yHUKaabHast GUOPUILISIPHO-IIOPUCTAsl CTPYKTYpa C
pa3Mmepamu Top U GUOPUILT He GoJsiee HECKOJBbKUX eCATKOB HaHOMeTpoB. OrnucaHo 1Ba moaxoaa
TSI CO3[TaHUSI TOJIMMEP-TNIOJIMMEPHBIX cMeceid. CoriacHO IepBOMY MOAXOAY HAHOTIOPUCTAs CTPYK-
Typa Kpei30BaHHOIO MoJIMMepa 3aroHIeTCSI MOHOMEPOM, U ero TTOC/Ieayolas mojJuMepu3aius
in situ TPUBOIUT K MOJYYEHUIO MOJUMEP-TIOJIMMEPHBIX cMeceli. BTopoii monxon, He1aBHO OTKpPbI-
ThIl aBTOpaMU, OCHOBaH Ha MPSIMOM MPOHUKHOBEHUM MaKpOMOJIEKYJI B pa3BUBAIOILYIOCS TIPU BbI-
TSDKKE B aICOpOLIMOHHO-aKTUBHOM XKMAKOCTU (PUOPMILISIPHO-IIOPUCTYIO CTPYKTYPY nedopMupye-
Moro TojinMepa. B o6oux ciydasix ynaeTcst MoJlydYuTh IIMPOKUI KPYT TTOJJMMEPHBIX CMECEi C BBICO-
KOU CTeneHbl0 OUCIEPCHOCTM KOMMOHEHTOB. [loka3aHO, 4YTO MoOjJdy4Yyaemble TaKuMM OO0pa3oM
MaTepuaibl UMEIOT OCOOBINT KOMIUIEKC MEXaHUYECKUX, DJIEKTPUIECKUX U COPOLIMOHHBIX CBOWCTB,
00YCJIOBJIEHHBIX CcTlelMpUIecKOl (pUOPUILISIPHO-IIOPUCTON CTPYKTYPOU Kpeii30BaHHOIO MOIUMe-
pa. MexaHu3M Kpei3uHra v ycJioBus 1eopMUPOBAHUST UCXOAHOTO TTOJIMMEepa MO3BOJISIIOT PETyJIu -
poBaTh COCTaB, CTPYKTYPY U CBOMCTBA cMeceil. PaccMOTpeHbl BO3MOXHOCTU MPUKIIATHOTO UCTIONb-
30BaHMSI TTOJTUMEPHBIX CMeCceit, TTOTy4aeMbIX ITPU BHITSIKKE TTOJIMMEPOB B aICOPOLIMOHHO-aKTUBHBIX
KUAKHUX cpeflax Mo MEXaHU3MYy Kpei3uHra.

Knrouesbvie cro6a: Kpeii3MHT NMOJIMMEPOB, CMECH TTOJIMMEPOB, CTPYKTYpa MOJIMMEPHBIX CMeCeit, 2J1eK-
TpUUYECKHE, COPOLIMOHHBIE, MEXaHUYECKHE CBOMCTBA IMTOJTUMEPHBIX CMECEiA.
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2 SPBILIEBA u np.

1. BBEAEHUE

B nociienHue roabl IpOMCXOAUT OypHOE pa3BUTHE HAYUYHBIX HallpaBASHMI, CBSI3aHHBIX C TTOJIyYEeHU -
€M MHOTOKOMITOHEHTHBIX MHOTO(a3HbIX MOJIUMEPHBIX cucTeM. OCHOBHOI TPYAHOCTHIO, TTPETISITCTBY -
IOLIIEl MPOrpeccy B 3TOM OO0JIACTU, SIBIISIETCS TEPMOAMHAMMYECKAsT HECOBMECTUMOCTb OOJIBIIMHCTBA
MOJIMMEPOB JIPYT C APYIOM, CBSI3aHHASI C MAJIBIMM 3HAYCHUSIMHM SHTpoIMu cMmeleHus [1]. B pesynbrare
3TOTO CMEIIMBaeMble MOJMMEPHI B TO MW MHOM CTENEHU paclajaloTcsl Ha MPOTsiKeHHbIe (a3bl, UMe-
IOIIME MJIOXYIO B3aMMHYIO aAre3uio, YTO CYIIeCTBEHHO YXYAIIaeT CBOMCTBA ITOJIy4aeMbIX KOMIIO3UIIWIA.
J1ns1 ipeonoeHus IIpo0IeM, CBI3aHHBIX C IVIOX0i COBMECTUMOCTBIO TTOJIMMEPOB, IIPOAYKTUBHBIM ITOI-
XOJIOM SIBJISIETCSI CO3JaHUE TTOJUMepP-TMOJIMMEPHBIX HAHOKOMIIO3UTOB, TO €CTh CO3JaHNe YCTOMYUBBIX
MHOT0(a3HBIX CUCTEM C BEICOKMM YPOBHEM B3aUMHOI1 nucriepcHocTu. [loaydeHure Takoro poga HaHO-
KOMIIO3UTOB yJIAETCS OCYIIECTBUTH IIOCPEICTBOM OTHOBPEMEHHOM MJIM MTOCIeA0BATEIbHOM IIOJIMMEPH-
3allMM IByX MOHOMEPOB B YCJIIOBUSIX, UCKJIIOUAIOIIMX UX COMOJIMMepHU3alnio. Takoi Moaxo/1 Mmo3BoisieT
JIOCTUYb BBICOKOTO B3aMMHOTO IUCIIEPIrMPOBaHUSI TTIOJUMEPHBIX KOMIIOHEHTOB B KOHEYHOM IMPOIYKTE.
YKkazaHHBIN CITOCOO M3BECTEH JOCTATOYHO JTaBHO M ObLI pa3paboTaH IS ITOJIYyYeHMs TaK Ha3bIBaeMbIX
B3aMMOIPOHUKAIONUX TMogauMepHbIX ceTok (BIIC) [2]. DTOT Kinacc moauMep-ToJIMMEpPHBIX CMecei
CUHTE3UPYIOT IIyTeM COBMEIIEHMS ABYX MJIM O0jiee MOHOMEPOB C IOCJIeAyIoleil uX He3aBUCUMOI 1O~
nmuMmepu3anueii. B aTom ciydyae pazoBoe pasaesieHue B CUCTEME IIPOMCXOINUT B IIPOLECCe IIOJIMMepr3a-
111, OJHAKO B TAKMX YCOBUSIX OHO HE MIPUBOIUT K PACCIOESHMIO CUCTEMBI Ha MPOTsLKeHHbIe pa3bl. Kak
cinencreue, BITC npenctaBiisitoT co0oii AByX(ha3HbIe CUCTEMBI, UMEIOIIIME BBICOKUI yPOBEHb B3aUMHOM
JIMCIIEPCHOCTY KOMIIOHEHTOB, HAXOISIINXCS B KOHTAKTEe APYT C IPYTOM.

CyllecTBYIOT IBa OCHOBHBIX criocoba rmoaydeHust BITC:

1. OnHoBpeMeHHbie BITC (cucrembl, mojsyyaeMble OTHOBpeMEHHO TToJiuMepu3aliveit IByx uin 60o-
Jiee MOHOMEPOB);

2. IMocnenosatenbHble BITC (cucteMbl, ogydyaeMble ITyTeM HaOyXaHUsI MOHOMeEpaA 2 B TOTOBOI CET-
Ke mojimMepa 1 ¢ rmociaeayionieil ero moJuMepu3anueii in situ).

InaBHbIe ocobeHHOCTU TToayuyeHUus1 BITC 06061ieHb B MoHOorpaduu Chnepiaunra [2].

C TOUYKM 3peHUs MpeameTa JaHHOro o030pa BaKHO OTMETUTb, YTO MOAABJISIIONIEE OOJBIIMHCTBO
BIIC gBasitoTcsd TANUYHBIMUA HaHOCUCTEMaMU. JIeiCTBUTENIbBHO, pa3Mepbl TIOMEHOB MoJMMepa 2 B CETKe
nojumepa 1 (D2) MoryT ObITh BbIpaXkeHbI Kax [3]:

D, = 2yWy)/RTIVI{[1/(1 — W)12/3 — 1/2}, (1)
rne W, — MaccoBas A40Jisi KOMIIOHEHTA 2, Y — MexXda3Hasi 3Heprus, v, — 3(pGeKTUBHOE YUCI0 MOJIEH
CIIMUTHIX 1IeTIel B ceTKe mojimMepa 1, R — yHuBepcaibHas ra3oBasi KOHCTaHTa 1 1 — aOCOIIOTHAsI TeM-
nepatypa. YpaBHeHue (1) ObLIO MOABEPTHYTO MHOTOUYMCIEHHBIM 3KCIIEPUMEHTATBHBIM ITPOBEPKaM C
WCITOJIb30BaHUEM MPSIMBIX MUKPOCKOITMYECKUX U3MepeHU i ¢a3oBbix 1oMeHOB B BITC.

bbL10 11oKa3zaHo, YTO B MOJABJISIONIEM OOJBIIMHCTBE CllydaeB pa3Mephbl (ha30BbIX JOMEHOB, PACCUM-
TaHHBIC MO ypaBHeHMUIO (1) 1 ompeneseHHbIe ¢ TOMOIIBIO 3JIEKTPOHHO MUKPOCKOTIUY, XOPOIIIO COOT-
BETCTBYIOT APYT ApYTY. boiiee TOoro, 3Tu pa3aMepsl COCTaBJISIIOT, HanpuMmep, 1151 BITC Ha ocHoBe OyTanu-
eHcTupoabHOro kayayka u rmojmctuposna (ITC) ot 48 mo 150 HM B 3aBUCHMMOCTH OT COCTaBa M CTEIEHU
cuuMBaHus [3], 4TO MO3BOJISIET OTHECTU YKa3aHHbIE CUCTEMBbI K TUTIMYHBIM HaHOKOMIIO3UTaM. PacueTbl
mist BITC Ha ocHoBe kactopoBoe maciio — ypetaH /I1C maroT pasmepsbl (a3oBbIX JOMEHOB OT 25 10
55 HM, 9TO TIOJTHOCTBIO ITOATBEPKIACTCS HAHHBIMU 3JIEKTPOHHON MWUKPOCKOIMM [4]. AHaJIOTUYHEBIC
pe3yabsTaThl ObLIM TToaydeHbl B padotax [5—8]. Haxke romo-BIIC Ha ocHoBe IIC (maHHBIE CHCTEMBI
nosiy4yaroT mytem HadyxaHusi ciiutoro I[1C B ctuposie ¢ mocieayolieit moauMepusalveil in situ) Takxe
IIEMOHCTPUPYET HAJTMIHe TOMEeHOB ¢ pa3MepaMu 6—10 HM [9]. Pazmepsr arperaTos 190 B mosryB3anMo-
TIPOHMKAIOIINX CETKaxX Ha OCHOBE CIIMTOIO MMOJMMeTaKpuiiaTa, onpeaeneHHbie Meronamu JJCK, MYP
M 1Ip., cocTaBwin okoJio 10 um [10].

B nocnennue roas BITC yacto nosiydatot B Buzie MHOroa3HbIX HaHOTeIel, MPUTOAHBIX JIJIs pellie-
HUST MHOTMX BaXKHBIX MPUKIATHBIX 3a1a4, TAKUX KaK MOIYJsLUs cBeTa [11], pacriodHaBaHME TeMOTJIO-
OMHa B BOJHBIX pacTBopax [12], moaroBpeMeHHOe BblAeIeHe HU3KOMOJEKYISIPHBIX IUTAHI0B B OKPY-
Xaromyio cpeny [13] m op. [14, 15]. bonee Toro, npunnui noxydeHus BITC ucnoab3yior a1 co3maHus
KJIaCCUYECKUX HAHOKOMITO3UTOB — TaK Ha3blBAEMbIX OPraHO-HEOPTaHUYECKUX TMOPUAHBIX TTOJTUMED-
HBIX MaTepuaios [16—18].

Wrak, cyiiecTByeT U IIUPOKO UCTOIB3YETCS METO/ TOJyYeHUS MOIUMEP-TOJIMMEPHBIX HAHOKOM-
IO3UTOB ITyTEM OCYIIECTBJICHUS IBYX HE3aBUCUMO IMPOTEKAIOIIMX POLIECCOB CUHTE3a MOJUMEPOB, CO-
MPOBOXIAIOIIMNICS (ha30BbIM pazaeeHeM MOJIUMEPHBIX KOMIIOHEHTOB.

B TO Xe BpeMs CyllleCTBYeT U MPUHIUITUAIBHO MHOU MOAXO K CO3IaHUIO MOJIUMEP-TIOJTUMEPHBIX
HAaHOKOMITO3UTOB. B camoM o6111eM BUE 3TOT MOAX0/ 3aKJII0YAETCsl B CO3IaHUM HAHOMIOPUCTOM MOIU-
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MEPHOI MaTpULIbl C MOCISAYIOIINM 3aITOJTHEHEM 00pa30BaHHbBIX ITOP BTOPHIM MOJIMMEPHBIM KOMIIO-
HeHToM. [1pu TakoMm noaxone pazoBast HEOJHOPOIHOCTh KOMITOHEHTOB HE BO3HMKAET B Ipolecce 1Mo~
JIMMepU3alliy, a 3aKJIadbIBaeTCsI HA CTAAUN BOSHUKHOBEHMSI HAHOTTOPUCTOCTU MOIMMEPHOM MaTPUIIBI.
OTOT MeTOoH, IMMPOKO UCIOJIL3YeTCS 1T MOTU(PHUKALINN TTOINMEPHBIX MeMOpaH. Hanmpumep, 1i1s ripu-
IaHUS TUAPO(MUIILHOCTY U ITIOBBIIIEHUS CEJICKTUBHOCTH pa3AeIeHMs IO OTHOLLIEHUIO K BOIE ITOJIYYEHBI
HOBBI€ KOMITO3UIIMOHHBIE MeMOpaHbl Ha OCHOBE IMOPUCTHIX [1D MIeHOK M CIIMTOI MOJINAKPUIIOBOM
kucyaoTsl [19]. B Tex xe MUKporopucThix Matpunax I19 ObL1a mpoBeaeHa MoauMepr3alus 3JIeKTPo-
MPOBOISIIMUX ITOJIUMEPOB B padoTte [20].

YHuBepcaabHBIM METOJIOM MPUIAHUS TTOJUMEPHBIM TUIEHKAM 1 BOJJOKHAM HAaHOCKOMWYECKOM TTo-
PHICTOCTH SIBJIIETCS KPEH3MHT MOJIMMEPOB B SKUIKKX cpeaax [21, 22]. B ¢cBs3u ¢ 3TUM MCHOIb30BaHME
HaHOMIOPHUCTHIX KPEeN30BaHHBIX MTOJTUMEPOB MPEICTABISETCS MEPCIIEKTUBHBIM C TOUKH 3PEHMS CO3/a-
HUSI HOBBIX BUIOB TTOJIMMEP-MOJIMMEPHBIX CMeCeil C BHICOKMM YPOBHEM AUCIIEPCHOCTU KOMITOHEHTOB.

ILenpio maHHOTO 0030pa SIBISICTCS aHAJIN3 JAHHBIX, KacalolIMXCs METOIa MOJTyISHUS MTOJIMMEP-T10-
JIMMEPHBIX CMECEN C UCTIONB30BAHUEM KPE30BAHHBIX ITOJIMMEPOB, a TAKXKE IEMOHCTPALIUS HEKOTOPBIX
X CBOMCTB.

2.KPEM3UHI KAK METO/1 I[MPUAAHWA TTOJIMMEPAM
HAHOPASMEPHOMU ITOPUCTOCTH

Kpei3uHr nmouMepoB B KUAKUX cpelax MpeacTaBisieT co00oi oauH U3 (hyHIaMeHTalbHbIX BUI0OB
HEYIIPYrol IIaCTUYeCKO nedopMany TBepAbIX IMoauMepoB [23, 24]. Dot Bua aedopMainu, SIBIISIIO-
LLIMIACS IO CYIIECTBY CBOEOOpa3HBIM ITposiBiIeHHEM dddekTa Pebunaepa B moaumepax [25, 26], npuso-
JIUT K IUCTIEPTMPOBAaHUIO TBEPAOTO MOIMMEPa Ha MeJibualiliive arperaTbl OpueHTUPOBAHHBIX MAKPOMO-
nekyn (puOpwiIbl), pasaelieHHble MUKPOIYCTOTAaMHU IIPMMEPHO TaKoro e pasmepa. Jedopmarus
ImoJiImMepa T0 MeXaHU3My KpeW3WHTa JIETKO pealu3yeTcsl TPU ero pacTSKeHWU B TaK Ha3bIBA€MBIX
ancopOIMOHHO-aKTUBHBIX cpeaax (AAC) [21, 22] 1 mpoucXOaUT MyTeM 3apOoKIEeHUSI U Pa3BUTUSI OCO-
OBIX 30H IUTACTUYECKU Ae(POPMUPOBAHHOTO TTOJIMMepa — KPei30B.

IIpouiecc pazButus aecopMaliuy Npyu Kperu3nHIe MOKHO YCJIOBHO pa3feuTh Ha HECKOJBbKO CTaIuii
M OLICHUTH BKJIAJ KaXXI0# M3 HUX B GOPMUPOBAHME TTIOPUCTON CTPYKTYPHI B TTonnuMepe [21, 22]. AuHa-
MOMETpUYECKast KpUBasl pacTsKEHUSI M OOIINIA XapaKTep SBOJIOLMU CTPYKTYPHI B 3aBUCUMOCTH OT CTe-
MeHU BBITSKKU MTosiuMepa B AAC nipeactapiieH Ha puc. 1. [lepBas ctanus - 3apoxaeHue Kpei3oB. YcTa-
HOBJIEHO, YTO 3TOT MPOLECC HOCUT JIOKATbHO-KPUTUYECKUIA XapaKTep 1 CBS3aH C MOTepeid yCTOMYNBO-
cTtu AedeKToB peajbHoro noaumepa. [pu atom posb AeeKTa MOTYT BBIITOJHSITh HEPOBHOCTHU peJibeda
MOBEPXHOCTH, HEOAHOPOJHOCTU CTPYKTYpbl MOJMMEpa, pa3HOOOpa3Hble MeXaHWYeCKHe IIPUMECH.
Yuco 3apoxXaarolinuxcst KpeM30B MOXHO PErYIUPOBaTh, U3MEHSIS 1e(PEKTHOCTh UCXOAHOTO MOJIUMeEpa,
OCYIILIECTBJIsISI MPeIBapUTEIbHOE 3apOXXIeHNEe OOJBIIOro Yyucjia Kpen3oB B 0ojiee KeCTKUX YCITOBUSIX
nedopmupoBaHus [27] WM uCHONB3Ys TpeaBapUTEIbHYIO OpueHTaluio moiaumepa [28]. Cragus
3apOKIEHUS KPen30B SIBISIeTCSl BaXKHOU 711 POPMUPOBAHUS TTOPUCTOU CTPYKTYpPhI B 1ehOPMUPOBAH -
HOM NOJIMMEpPE, TaK KaK UMEHHO Ha 3TOW CTaAWU MOXHO PETYJIMPOBaTh IUIOTHOCTh KPEW30B, KOTOpast
3aBUCUT OT YCJIOBUI Ae(OPMUPOBAHUS U OMpeaesseT TaKylo TEXHOJOTMYECKYI0 XapaKTEPUCTUKY, KaK
OHOPOJIHOCTh paclipelieSieHUsI OP B TIOPUCTBIX MaTepUuasax.

Bropast cranuss — pocT Kpei30B B HAIIpaBICHUM, NEPIIEHINKYIIPHOM OCHU BBITSIKKU. DTa CTAaUs
JUTUTCSI A0 TEX TTOP, TTIOKA OTAEIbHbIE KPei3bl MJIM UX aHCaMOJIb HE TTPOPACTYT Yepe3 BCe MoIepevHoe ce-
yeHMe obpasua. s pa3BUTHUS KPEii30B pacTSKeHME JOJIKHO OCYILECTBIISIThCS B TAKUX YCJIIOBUSIX, UTO-
OBl cpefia ycIieBajia IIPOHUKHYTH B JIOKAJIbHYIO 30HY JTedopMalii B BepiiinHe Kpeiiza. OTciona clieayer,
YTO KPUTUUSCKUMMU TTapaMeTpaMU pa3BUTHUsSI KPeii30B U pean3alluii IOPUCTOI CTPYKTYPHI B AepopMu-
POBaHHOM ITOJIMMEPE SIBJISIIOTCSI CKOPOCTh BBITSKKM, MacIITaOHbBINA (pakKTop 0O6pa3oB (0COOEHHO MX
TOJIIIMHA) ¥ KO3(GPUIIMEHT THAPOANHAMUYECKOTO COIIPOTUBJICHMS 00pa3ylolieiicss GuopmLIsIpHO-T10-
PUCTOI CTPYKTYPBI Kpeii3a TeueHmo skuakoctu [29, 30]. ITocaennuii mapamMeTp, B CBOIO 0Yepeib, OIIpe-
NeNsieTCsl AUaMETPOM TI0P B Kpeii3ax 1 BI3KOCThIO CPeAbl, B KOTOPOI OCYILIECTB/ISICTCS BBITSKKA.

Tpetbst cTagust pa3BUTHSI KPEH30B — MX YIIMPEHME B HAIIPpaBJICHUM, TTAPAJUICIbHOM OCU BBITSIKKM.
Dra cTaaus aBIIsieTcss Hanbosiee BaXXHOM ¢ TOYKU 3PEHUS MOTyYeHUSI MAaTEPUAJIOB C BBICOKOI ITOPUCTO-
cThl0. OCHOBHBIE MAapaMeTPHhl, BIUSIONIE Ha CKOPOCTb YITUPEHUS KPEeii30B B 3aBUCUMOCTH OT YCIOBUM
neOpMUPOBAHMS, OCTAIOTCS TEMHU Ke, UYTO 1 JJIST TMHEHHON cCKopocTH pocTa KpetizoB [31]. ITpu pac-
CMOTPEHUM 3TOIM CTaAuM OCHOBHOE BHUMAHME YIEISIETCS MEXaHU3MY BBITSDKKM (UOPHILT B Kpeii3ax.
B 3aBucumocTtu ot npupoabl cpeabl (AAC v cpeaa, oKasbiBalollas IacTUGUIUpPYIolee BIUSHUE Ha
MOJMMEP) MOXKET ObITh pealM30BaH JU00 MEXaHMU3M IMOBEPXHOCTHOM BBITSIKKM (PUOPUILI, JIMOO Mexa-
HU3M TOJI3YYECTH.
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4 SAPBIILIEBA u np.

I11

Ocb BBITSIKKUA

| [ I[ [ | [ I crapust 3apoXkaeH s KPEH30B

BepIIrHA
I1 ctamust pocTa KpeiizoB Kperiza

111 cranus yuimpeHust Kpeit3oB

Puc. 1. lunamomeTpudeckast KpuBas pacTskeHUsT moanmepa B AAC u cxeMaTudecKoe N300pakeHre OTIeIbHBIX CTa-
nuit pa3BuTHs Kpeit3oB: | — obacTe ”HULIMKMPOBaHUS Kpeit3oB, 11 — obacTs pocrta Kpeii3os, I11 — obnacts ymmpeHust
KPEU30B.

OnHaKo CyIIecTBYeT U ellie OfHAa CTaausl, HabiroaaemMast mpu eile 0ojiee BHICOKUX CTEIEHSIX PacTsi-
XeHUsI — KoJiiarnc GuOpMUISIpHO-IIOPUCTOM CTPYKTYPHI KpelizoB. Ha 3Toii cTamum MporCcXoauT CyKe-
HHe 00pa3lia C OMHOBPEMEHHBIM OPHMEHTAIIMOHHBIM BRITITUBaHEM GUOpri B Kpeizax. [To cytn nena,
3Ta CTaAusl OrPaHUYMBAECT I10 CTEIIEHU BBITSIKKM 00JIaCTh peain3alii IIOPUCTOM CTPYKTYPHI B tepop-
MUPOBAaHHOM MHojuMepe. BMecTe ¢ TeM 3Ta cTaaus pa3BUTUS KPE30B SIBISIETCS BaXKHOM ¢ TOUKU 3pe-
HUS 3aTle4aThbIBaHUSI IOPUCTOM CTPYKTYPHI KPEM30B ¥ MOMYYEeHUSI MOHOJUTHBIX MaTepHaioB. [1oapo6-
HEe DBOJTIOLINS [TIOPUCTOM CTPYKTYPHI B IIPolLiecce Kper3uHTra rojmuMepa u3jaoxeHa B padore [32]. Takoit
BUJ IepopoManiny ImojaruMepa B aacopOILIMOHHO-aKTUBHBIX Cpeaax ITOJIydMJI Ha3BaHME KJIaCCUIEeCKOIro
JIOKAIM30BaHHOTO KPE3nHTA.

IToMrMO onMCaHHOTO BBIIIE KJIACCUUECKOTO Kpei3nHTIa, ISl KOTOPOTO yIaeTcsl YeTKO HaOII01aTh
CTaluy pa3BUTUS OTIAEIbHBIX KPe30B, CYILIECTBYET elile OAUH BU AedopMallui MOJUMEPOB B XKMIKUX
cpenax — JeJIOKaJIn30BaHHBIN Kpei3uHr [33, 34]. Ecim knaccu4eckuii JIOKaan30BaHHBIN Kpe3uHT 060-
Jiee XxapakTepeH U1 aMOPGMHBIX CTEKII000pa3HBIX TTOJIMMEPOB, TO ACJTOKAIM30BaHHBIN KPEM3MHT Xapak-
TepPeH TOJIbKO ISl KpUCTAJIIMUECKUX TToJIuMepoB. B pesybraTe pazBuTus AedopMaliuy Mo MeXaHU3My
ITeJTOKaIM30BaHHOTO KPEW3WHTa B TTOJTMMEpPe TakKKe BOZHMKAET HAHOTIOPHCTAas CTPYKTYpa, HO HECKOJTb-
KO MHBIM criocoooM. B aToM cityyae pa3BuTre mopruCTOCTH ITPOMCXOIUT OJJHOBPEMEHHO BO BCEM O0ObE-
Me TIoJIMMepa 1 Ha BceXx aTarax JedopMaiuu MoJauMep IpeacTaBisieT co00i OMHOPOAHBIN HAHOIIOPU -
cThIi MaTepuan. CTpyKTypa ITOJUMEPOB, He(OPMUPOBAHHEBIX IO MEXaHU3MY IeIOKAIM30BAHHOTO
KpeW3nHTa, TaKXKe MOXeT OBITh IpecTaBieHa GUOpUUIaMu OPUEHTUPOBAHHBIMHM BIIOJb OCU BBITSIKKH
MoJiMMepa 1 IMycToTaMu MeXI1y HUMM.

OO0111eii 0COOEHHOCTBIO CTPYKTYPhI KPEM30BaHHBIX TTOJIMMEPOB, 00Pa3yIOIINXCS MTPU BHITSIKKE MO-
JIMMEPOB KaK 110 MEXaHU3MY KJIACCUYECKOTO0, TaK U JIeJIOKAITM30BAaHHOIO KPE3nHTa, SIBJISIETCS TO, YTO
pa3mepbl GUOPUIIT U pasaesIONIX UX MUKPOITYCTOT, UMEIOT HaHOpa3Mephl U COCTaBISIOT ~2—20 HM.
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OO01ast MOPUCTOCTD MPU ITOM MOXKET mocturath 60%, a yaeabHast TOBEPXHOCTh (PUOPUILIM30BAHHOTO
nomumepa 6osee 100 M2/r. PasMepsl mop 1 GUOPMILI B KPeii3ax MOXKHO PETYIMPOBATh, U3MEHSIS CTENIEHD
BBITSDKKM nojiuMepa, rmpupony AAC, TeMIiepaTypHO-CUJIOBBIE PEXXMMBI BBITSDKKH, CTEIIEHb ITpeIBapy-
TEJIbHOI OpUEeHTALUU U CTPYKTYPY UCXOTHOTO MOJIMMEPA.

Cyl1ecTByeT ellie 0aHa 0COOEHHOCTh CTPYKTYPbI KpeiizoBaHHOTO noaumepa. [1pu nedbopmupoBaHun
nojuMmepa B AAC o MexaHU3My Kpel3nHra, TakKe Kak P BBITSDKKE Ha BO3AYXE, UMEET MECTO OpU-
eHTauus nojauMepa. OgHAKO OpHEHTAIIMs MaKpOMOJIEKYJT OCYIIECTBIISICTCS HE B MOHOJIMTHOM IIeHKe,
a B pa30OMIEHHBIX B IIPOCTPAHCTBE TOHUYANIIINX (PUOPUIIIISIPHBIX arperatax MakKpoMoseKysi. OpueHTH-
poOBaHHasl CTPYKTypa IOJIydEeHHBIX MaTepHUaoB oOecIieuMBaeT MX BbICOKME MeXaHUYeCcKue CBOICTBa,
HECMOTpS Ha HAJIMYKME CKBO3HOM ImopucTtocT. OgHAKO OHA CO3[IacT U ONpeIe/IcHHbIE TPYIHOCTUA B CO-
3IaHUM CTAOMJIBHBIX HAHOIMOPUCTHIX MATEePUAJIOB, CBSI3aHHBIE C IPEIOTBpPAILCHUEM ITOC/IEIyIOIICH
ycanku e opMUpOBaHHBIX 0Opa31ioB.

TakuM 06pa3oM, Kpel3uHT MOIUMEPOB B afCcOPOLIMOHHO-aKTUBHEIX CpelaX MOXET ObITh peain30-
BaH JJIs1 IIMPOKOTro Kpyra Kak aMOp(HBIX CTEKJIO00pa3HbBIX, TaK M KPUCTAJUTUUECKUX MOIUMEPOB U CO-
IIPOBOXIAaeTCsI 00pa3oBaHMEM BBICOKOAUCIEPCHOM (UOPUIIIISIPHO-TIOPUCTOMN CTPYKTYPHI.

3. OCOBEHHOCTHU MOJIYYEHUS MOJTUMEP-TIOJTUMEPHBIX CMECEN
HA OCHOBE INOJIMMEPOB, IE®@OPMHWPOBAHHBIX
B XKNJIKNWX CPEOAX ITO MEXAHNU3MY KPEM3WHIA

3.1. OcobenHocmu noayueHus noauMep-noaUMepHuIX cmeceil Memooom noauMepu3ayuu in situ
8 Kpeli308aHHOU NOAUMEPHOU Mampuye

Bo3HuKHOBeHUE YHUKaIbHON (UOPUILISIPHO-TIOPUCTOM CTPYKTYPHI TIPU KPEW3MHTE BO3MOXKHO
TOJIbKO B TOM cily4yae, ecjii oOpasyloliuecsl Mopbl HEMIPEPbIBHO 3aMOIHSIOTCS OKpYyKarollelh XuaKoi
cpemnoit, B KOTOpoii BeayT AedopmMalinio mosmMepa. Ecm BBITSKKA OCYIIECTBIISIETCS B paCTBOPE, COIEP-
KalieM Kakue-1ubo 100aBKU, MOCIeTHUE MPOHUKAIOT B HAHOTIOPUCTYIO CTPYKTYPY KPeii30B BMeCTe C
pactBopuTtesieM. B pesysisrare u nmojaumep, 1 T€pMOAMHAMUYECKU HECOBMECTUMOE C HUM HU3KOMOJIe-
KyJIIpHOE BEIIECTBO HE TOJBKO OKa3bIBAIOTCS B3aWMMHO IUCTIEPTUPOBAHHBIMU IO HAHOPA3MEPHOTO
YPOBHSI, HO U, YTO BasKHO, 00OPAa3yIoT ¢ TTIOJIMMEPOM BBHICOKOIMCIIEPCHYIO M OUeHb OMHOPOIHYIO CMECH.

EctecTBeHHO, YTO TaK1Me OCOOEHHOCTH Kpe3MHIa MOJIMMEPOB B XKUIKUX Cpefax CO3aloT peajbHbIe
MIPEIITOCHUIKH IIJTsI Pa3pabOTKN YHUBEPCATBHOTO METOIa BBEACHMST B HUX BTOPOT'O KOMITOHEHTA C IIEbIO
CO3MaHNs HAHOKOMITIO3UTa. BO3MOXHOCTH Kpel3nHTa, Kak METO/Ia CO3MaHUsI HAHOKOMITIO3UTOB C HU3-
KOMOJIEKYJISIDHBIMM BeIleCTBAMU Pa3IMYHON MNPUPOABI, PACCMOTPEHBI JOCTATOYHO INIUPOKo [35].
B manHOIT pabote OymyT pacCMOTpEeHBI BOIIPOCHI, CBSI3aHHBIE C PA3TMYHBIMU METOIAMM TTOTYICHMUS
cMeceil Ha OCHOBE KPEN30BAaHHBIX MTOJIMMEPOB, a4 TAKXKE C XapAKTEPUCTUKON UX CTPYKTYPBI 1 HEKOTO-
PBIX GU3UKO-MEXaHUYECKUX CBOMCTB.

OnuH 13 METOIOB MOJTyYeHUs CMecell OCHOBaH Ha ITPOBEICHUH ITOJIMMEPU3alInd MOHOMEPOB B MaT-
puIle Kpeii3oBaHHOTO TouMepa (in situ ionuMepu3aiiis). [IpruBeneM HECKOJIBKO MPUMEPOB TTOJTyde-
HUSI CMeceil C MOMOIIBIO 3TOTO METOJa Ha OCHOBE IOJUMEPOB, Ae(POPMUPOBAHHBIX MO MEXaHU3MY
KJlaccuueckoro kpeisrHra. HaHomopsl B Kpeii3ax OTKPbITHl M B3aMMOCBSI3aHbl U MOTYT OBITh 3aITOJTHE-
Hbl MOHOMEPOM KakK MpPH PaCTSI>KEHUU, TaK U ITyTeM TOCJIeIyIolleid 3aMeHbl MCITOJIb3yeMOM 1151 BBITSIXK -
ki AAC Ha moHoMep. Tak B pabote [36] GbUIM MOy4eHBI KOMITO3UIIMOHHBIE MAaTEpUAIbl Ha OCHOBE
kpuctajudeckoro [T, nedopmupyeMoro 1mo MexaHM3My KJIacCUYECKOTO Kpel3uHTra, U TOJUBU-
HunnuppoimaoHa (ITBIT). [Tpu stom pactsokenune [TDTD o pa3HBIX cTeNeHEN BBITSIKKHU OCYILIECTBIIS -
JIM HETIPOCPEICTBEHHO B BUHWITIMPOJIUIOHE U TTOCIEAYIONIYIO TTOJIUMEpHU3alinio MOHOMEepa OCYIIECTB-
JISUIU C TIOMOLLIBIO Y-O0Iy4eHUSI.

B pa6otax [37—39] ObLIM TTOTyYeHBI 3JIEKTPOIPOBOMSIIINE CMeCH Ha ocHOBe amopdHoro [19TO,
TaKKe neopMUPYeMOro 10 MEXaHU3MY KJIaCCUYECKOTo Kpei3nHTra, U MoJuaHWwInHA. B aToM ciydae
[I9T® npenBapuTeabHO 1ePOPMUPOBAIU A0 Pa3HbIX cTereHel BHITSKKU B AAC (1-OytaHosne). Jlanee
OCYIIIECTBIISUIN 3aMeHy CpeIbl Ha pacTBOp MOHOMEpa M MPOBOIMIIN TTOJTUMEPU3AIINI0 aHWJIMHA 3JIeK-
TPOXUMUYECKUM METOJOM B TAJIbBAHOCTATUIECKOM PEXUME.

[MonyyeHHBIE JaHHbBIE TTOKa3aau, YTO UCITOJIb30BaHUE TTOPUCTBIX MOIJTOXKEK, MOJYYEHHBIX C TOMO-
IO KJIACCHYECKOTO KPEeM3MHTA, TTO3BOJISIET MOIYIUTh CMECH C BHICOKUM COIEpPKaHWEeM BBOIMMOTO
noyimMmepa. [1pu 3ToM XapakTep pacipenejeHus BBOAUMOTO TTOJIUMepPa B CMECH OTIPENESISIETCS CIIeIH -
(bUYEeCKOIl CTPYKTYpPO Kpeii30BaHHOTIO MoJiMMepa. B 3aBUCUMOCTH OT CTeNeHU BBITSIKKU, KaK 3TO BU/I -
HO Ha cxeMe, TIpeACTaBIeHHOM Ha puc. 1, TToyJyaeMblit MaTepyraa MOKET COCTOATh M3 YePEIyIOITIXCS
YYaCTKOB MCXOITHOTO HeJe(opMUPOBAHHOTO TTOJTMMEpPA M COOCTBEHHO CMECH, COCTOSIIEH 13 PUOpUII-
nm3oBaHHOrO [TDT® 1 BTOpOro rnojuMepa, 3aroJHsI0IIEro MOPUCTYIO CTPYKTYPY Kpeli3oB. JIuib rmpu
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Puc. 2. 3aBucrMOCTb cofepKaHus rmoanaHmwimHa B cmecu [19Td-nonnanunus ot creneHu pactsokeHust [1DTO.

6ONBIINX AehopMaLIUsIX, IPEBLIIIAIOIINX BEIUIMHY €CTeCTBEHHOM cTeneHU BRITSKKU [1DTD (6onee
300%), korma He ocTaeTcs y9acTKOB Heae(OpMUPOBAHHOTO MTOJIMMEpPA, CTPYKTYPa CMECH CTAHOBUTHLCS
opHopoaHoi. CoaepxaHue BBOIMMOTIO ITOJIMMEPa B CMECU U3MEHSIETCS B COOTBETCTBUM C UBMEHEHUEM
nopuctoctu pepopmupoBaHHoro [T u, Kak mpeacTaBIecHO Ha pUC. 2, JOCTUraeT MAaKCUMyMa B 00-
snactu 150—-200%.

B oTiimume oT KJTaCCUYECKOTO ASI0KATU30BAHHBINA KPEU3UHT OCYILECTBIISIETCSI OMHOPOIHO II0 BCEMY
00BbeMy 00paslia, YTo JeiaeT ero 6oJjiee MpuBIeKaTeIbHbIM JJISI CO30aHUs] HOBBIX BUIOB ITOJIMMEP-T10-
JIMMEpHBIX cMeceli. Kak ObIJIO OTMEUeHO BHILIE, NEIOKAIM30BAHHBIIA KPEU3UHT OCYILECTBIISIETCS TIPU
JIedopMHUPOBAaHUH TOJBKO KPUCTAIUIMYESCKHX ITOJIMMEPOB. B TO ke BpeMsI ITpakKTU4YeCKU BCEe U3BECTHEIC
cerogHst BIIC cuHTEe3MpoBaHbl HA OCHOBE aMOP(HBIX IMTOJIMMEPOB. DTO CBSI3aHO C TEM, UYTO MOJTyYSCHUE
IIOJIMMEPHBIX HAHOKOMITO3UTOB METOJIOM ITOJIMMEPU3ALNU in Sifu TIpeLyCMaTpUBaeT CIIOCOOHOCTh TaK
Ha3bIBAEMOI MEPBOI1 MMOIUMEPHOI CETKM 3HAYUTEJIbHO Ha0yXaTh BO BTopoM MoHoMepe [40, 41]. Kpu-
cTa/uIn4ecKure Imonmmepsl, Takue Kak I19 wiu I1I1, crtocoGHBI IMIIb K OrpaHUYeHHOMY HAaOyXaHUIO B
OpraHMYeCKMX KUAKOCTSIX, UMEIOLINX K HUM cpoacTBo. HabyxaHue Takoro poja, Kak IpaBujio, HEBe-
JIMKO ¥ COCTaBJISIET BCETO JIMIIb HECKOJIBLKO MPOLEHTOB, OCKOJIBKY HU3KOMOJIEKYJISIPHBII KOMITOHEHT
CcnocobeH MPOHMKATh TOJIBKO B aMOP(HBIE 001aCTU IMOJIMMEpPA M He 3aTparuBaeT KPUCTALUIUTEL. [1o3To-
MY €CTECTBEHHO, YTO BBICOKOKPHCTANIMYECKUI TTOTMMED, HATIPUMED TTOJMITUIEH BBICOKOM MJIOTHO-
ctu (ITDBII), He cnocobeH cOpOMPOBATh 3HAYUTEIbHBIC KOJINYSCTBA HU3KOMOJICKYJISIPHOM KMIKOCTH,
B YaCTHOCTU MOHOMepa. Buaumo, 1o 3Toit npuunHe He 0bUIM cuHTe3upoBaHbl BIIC Ha ocHOBe Kpu-
CTa/UINYECKMX ITOJIMMEPOB.

Kpeii3yHr moanMepoB B XKUIKUX Cpelax MO3BOJISIET PE3KO YBEJIMUUTh KOJIMYESCTBO HU3KOMOJIEKY-
JISIPHOTO KOMIIOHEHTA B JedopMupyemMoM rnoauMepe. Kak Ob110 1TokazaHo B padote [42], pacTsoKeHue
MoJIMMepa B KOHTAKTE C IIaCTUDULIUPYIOIIEN KUIKOCTBIO MO3BOJISIET YBEJIMYUTh €r0 HabyXaeMOCTh /10
100 1 6oJiee MPOLIEHTOB. DTO OOCTOSITEILCTBO M OBLIO MCITOJIB30BaHO B padoTe [43] mist mojrydeHus psiga
noJIMMepHBIX cMeceil Ha ocHoBe [TOBII. B 3101 paboTe B KayecTBe aKTUBHOM XKUIKOCTU UCTTOIb30BaIN
MOHOMEDPBI, KOTOPbIE BbI3bIBAIOT 1€JIOKAIM30BaHHbII KPEM3UHT MOJMMepa U aKTUBHO MPOHUKAIOT B
Pa3BUBAOLIYIOCS [IOPUCTYIO CTPYKTYPY KpPEii30B.

C 11eJ1bI0 MOJIyYeHUSI TIOJUMEPHBIX KOMITO3ULIMI MJIEHKY 3KcTpyarupoBaHHoro [TIDBII pactsruBanu
IIpY KOMHATHOM TeMIlepaType B MOHOMepax, cogepxkaiux 0.3 Bec. % nHummaTopa (Iepekrucu 6eH30U-
Jla) U B HEKOTOPBIX CAy4YasiX CIIUBAIOIINIA areHT. BblIM BEIOpaHbl MOHOMEDPHBI, XOPOILIO COBMECTUMBIE C
[IDBI1 — MeTHIIMETaKpUJIAT, CTUPOJI M H-OyTuiaMeTakpuiart. ITocie nedpopmanyu 10 HEOOXOIMMOM CTe-
MNeHU YIUIMHEeHMs pa3Mephbl 00pa3na (pMKCHMpOoBaJIM B cieIajIbHOI paMKe, 3aTeM o0pa3ell ITepeHOCUIN
B TEPMOCTAaTUPYEMBbII COCY/, I/ie MPOBOAWIM ITouMepur3anunio. Kak BUITHO, METOTMYECKU TIPOIIECC CO-
30aHUS TTOJIMMEP-TMOJIUMEPHOTO HAHOKOMITO3MTA B 3TOM CJIy4yae MOJTHOCThIO aHAJIOTUYEH CITOCO0y Mo-
JydyeHwus rociaenoBareabHbIx BITC [2].

Ha puc. 3 nipencrasiieHbl 3aBUCUMOCTH KOJIMYSCTBA BBEACHHOIO ITOJIMMEpa MyTeM MOJIMMEPU3aLin
COOTBETCTBYIOILIETO MOHOMEPA OT cTeneHU pacTskeHus: [IDBI1 B XuakoM MoHOMepe. XOPOoIIo BUIHO,
YTO OIMMCAHHBIM BBIIIE CIIOCOOOM yIaeTcCsl MOJYYUTb IOJUMEpPHble HAHOKOMITO3UILIMU HAa OCHOBE
I1DBI1, conepxariuue 10 50% 1 60Jiee BTOPOro KOMIIOHEHTA, YEr0, ECTECTBEHHO, HEBO3MOXKHO OBbLIO ObI
JIOCTUYB ITPU IIPOCTOM HaOyXaHUU Hele(OpMUPOBAHHOIO MOJIMMEpPaA B TeX 3ke MOHOMepax. KonmuecTBo
BBOJUMOTO BTOPOTO TTOJIMMEePa MOHOTOHHO BO3PAaCTaeT C YBEIUUECHUEM CTETIEHU PACTSKEHUS MTOJTMME-
pa ¥ cTaHOBUTCS OIM3KUM K nipeaeny npu ~200—250% ymimHeHWH, TOYHO TaK K€ KaK U KOJIMYECTBO
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Puc. 3. 3aBucumocts comepxkanust [IMMA (1), T1C (2) u [IBMA (3) B KOMIIO3UIIUK OT CTETIEHU pacTsokeHust ()
T1DBII B cOOTBETCTBYIOIIEM MOHOMEDE.

TUIACTUMULUPYIOLLIEN KUAKOCTH, B KOTOPOI MpoBoasaT Aedopmanuio [42]. KoanyecTBo BTOPOro KomM-
noHeHTa, BBonuMoro B [1OBII, Majo 3aBUCUT OT TIPUPOIBI BEIOPAHHBIX MOHOMEPOB, U 3aBUCHMOCTbD
cocTaBa OT CTeIIeHU IIpeaBapuTeabHOTO pacTskeHus [I9BII Bo Bcex BBIOpaHHBIX MOHOMEPAX MOXKET
OBITH IIPUOJIMKEHHO OMKCaHa OJTHON KPUBOI.

ITockoibKy 00a KOMITOHEHTa CMECH ObLIM IMHEMHBIMU, B T€X CJIy4asix, KOI/a CIIUBAIOIINI aTeHT He
I00aBISUIN, CYILIECTBOBAJIa BO3MOXKHOCTD IIPOBEPKU MOIYYeHHBIX JAHHBIX METOIOM CEJIEKTUBHOMI OT-
MBIBKM KOMITOHEHTOB. TaKMM IIpMEeMOM YacTO ITOJIb3YIOTCS I aHaIM3a COCTaBa U CTPYKTYPHI ITOJIM -
MEPHBIX KOMIIO3UIINI1, B YaCTHOCTH B3aMMOIIPOHMKAIOIINX IIOJIMMEPHBIX CeTOK [44, 45]. C 3T0i1 11eJIbI0
KoMmIio3uliiu Ha ocHoBe TTOBIT-IITMMA mnonBseprajiu IocjegoBaTeIbHOM OTMBIBKE B XJiopodopme
(ns pactBopeHust [IMMA) u v-pekaHe (111 pactBopeHust ITOBIT). HezaBucuMbIMu 3KCiepruMeHTaMU
OBLJIO YCTAHOBJIEHO, UTO TOMOIIOJIMMEPHI B 3TUX XK€ YCIOBUSIX MOTHOCTHIO PacTBOPSIIOTCS. Pe3yabrarsl
9TUX 9KCIIEPUMEHTOB IIpeACTaBIeHbI Ha puc. 4. OKa3bIBaeTCs, IIyTeM CEJIEKTUBHOIO paCTBOPECHMSI IOJI-
HOCTBIO pa3fejiMTh KOMIIOHEHTHI ITOJIydeHHOM KOMITO3MIINU He yaaeTcs. Bo Bcex ciydasix 1mocie oT-
MBIBKM ocTaeTcst ~25—30 Bec. % HepaCTBOPUMOTO MPOAYKTa. BUAUMO, B YCIOBUSIX HOJIUMEPU3ALINU
MPOMCXOAUT JINO0 XMMUYECKasl IPUBMBKA IeTeil KOMIIOHEHTOB [41], 11060 1X B3aMMONPOHUKHOBEHUE
Ha MOJIEKYJISIPHOM yYpOBHE (KaK 3TO HaOJI0AaeTCs NpU MOJy4eHUN OOJbIIMHCTBA B3aMMOIIPOHUKAIO-
IIMX TTOJIMMEPHBIX CETOK [46]), 1160 OMHOBpEMEHHOE MPOTEKAHKE STUX ITPOLIECCOB.

Tem He MeHee, MOJyYeHHbIE CMECU MPEACTaBIISIIOT cO00i AByxda3Hbie cucTeMbl. Ha puc. Sa npen-
cTaBJieHa 3JieKTpoHHas1 MukpogoTtorpacdus [IMMA-kapkaca, TOJTy4eHHOTO MOCJIe OTMBIBKU U3 CMECU
TTIDBII. Xopo1o BugHo, yTo yaajeHue ITDBIT mpuBoauT K 00pa30BaHUIO BRICOKOIIOPUCTOTO asKypHOTO
Kapkaca ¢ pa3MepaMu CTPYKTYPHBIX 2JIEMEHTOB OT HECKOJIbKMX HAHOMETPOB /10 HECKOJIBKUX AECATHIX
nmoneii MukpoHa. IToxoxass kapTrHa HaOJIogaeTcs U B TOM citydae, ecii oTMBITh IIMMA u3 cmecu
(puc. 50). O4eBUIHO, YTO CTPYKTYPHI, M300paKeHHBIE Ha pUC. 5a 1 50, SIBJISTIOTCS KOMILJIEMEHTapHBIMU
U NOTIOJIHSIOT ApYT Apyra. JIByx(a3zHoCTbh MOTyYeHHBIX cMecelt MOATBEPKIA0T U TaHHbIE KaJTOPUMET-
pUH, COTJIACHO KOTOPBHIM HE MPOUCXOAUT UBMEHEHMS TeMIlepaTyphl U TeTI0ThI riaBaeHus [TOBIT [43].
Wrak, npeanaraeMasi poliieaypa Mo3BoIsieT JOCTUYb YKa3aHHOM 1IeJIM — cO3/1aTh HOBBIN BUJI TTOJIUMED-
MOJIMMEPHBIX HAHOKOMIIO3UTOB.
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Puc. 4. 3aBucumocts copepxanusi [IDBII (7), IMMA (2) u HepaCTBOPUMOTO B CEJIEKTUBHBIX PACTBOPUTEIISIX OCTaTKA
(3) B komnosutusix [IDBIT — [IMMA or crenienu pactsikenusi (L) [IDBI1 B meTriiMeTakpuiaTe.

OB30PHBIN XYPHAJ T1T0 XMUMWUM Tom | Ne 3 2011



8 SPBILIEBA u np.

w 4

{a)f-l :

Puc. 5. DnekrpoHabie Mukpodortorpacdhuu HaHokomnozuimu [IDBIT-TIMMA (cTeneHb pacTskeHUS B MOHOMEpE
200%) mociie cenekTuBHOM OTMBIBKU TTDBIT (a) u IIMMA (6).

BaxxHOo mogYepKHYTh, YTO MOJUMEpPHbIE cMecu Ha ocHOBe [1DBII, nmosyyaeMbie myTeM MOJUMEpU-
3alMU in Situ, 3aMETHO OTIINYAIOTCS MOPMOIOTUYECKH OT aHAJIOTUYHBIX KOMITO3UIINIA, TTOTyJaeMBbIX
TPAIUIIMOHHBIM ITyTeM (CMEIIeHWEeM PacIIaBOB TTOJIUMEPOB), HE3ABUCUMO OT TOTO, TOOABJISIETCS JIU B
TaKylo CMeCh JUJISl YAYYIIeHUSI COBMECTUMOCTH TIPUBUTOM WX OJI0K-COMoJMMep uiau HeT. Hanmpumep
[47—49], B cMmecsax Ha ocHoBe [1D — T1C noboro coctaBa NOSIBISIOTCS chepruyeckrue o0pa3oBaHus C
pa3zMmepamu 1—10 MKM B HenmpephIBHOM MaTpulie. Takass Mop@doJIoTust BOSHUKAET B pacIliaBe MO Jei-
CTBHUEM TOBEPXHOCTHBIX CUJI BCJEACTBHE MPAKTUUYECKOM HECOBMECTUMOCTH KOMITOHEHTOB. OUeBUIHO,
YTO TT0 pa3MepaM COCYIIECTBYIOMMX (a3 TaKasi CMeCh HE MOKET OBITh OTHECEHA K pa3psiay HAaHOKOMITO-
3UTOB.

JIns1 cMeceit, TToJIydeHHBIX ¢ TIOMOIIIbIO MeToIa KPe3MHTa, COBEPIIICHHO He HabrogaeTcs cpepuye-
CKHX 00pa3oBaHMI OTHOTO U3 KOMIIOHEHTOB 1, KaK BUIHO HA PUC. 5, JOCTUraeTcsl 3HAUYUTEIbHO OoJjiee
BBICOKMIA YPOBEHb IMCIIEPCHOCTU COCYLIECTBYIOLIMX (ha3, pa3Mepbl KOTOPBIX OKa3bIBAIOTCS XapaKTep-
HBIMH JJISI HAHOKOMIIO3UTOB. DTO OOBSICHSIETCS TEM OOCTOSITEILCTBOM, YTO 00pa30BaHME BTOPOI ITOJIN-
MEPHOM (ha3bl MPOUCXOAUT B MEXKKPUCTALTUTHBIX U MEXXK(DUOpUIIsIpHbIX 001acTsax [TOBII. B ycrnoBusix
MoJIMMEPU3aLIMU BTOPOTro MoHoMepa (ctupoJa) [TOBIT HaxoauTcst HUXe cBoelt TeMIiepaTyphl TiaBjie-
HUS U B 3HAYUTEJILHOM CTEIIEHU CIIOCOOEH IIPOTUBOCTOSITh AEICTBUIO IIOBEPXHOCTHBIX CHJI, OIIpeaeIIs-
o1IMX (ha3oBoe pasaesieHue, CTa0MIM3UPYsd BOZHUKAIOIIYIO CTPYKTYpY. JpyrumMu ciioBamMu, ceTKa Kpu-
crauiutoB [IOBII orpaHnunBaeT BO3MOXHOCTb 00pa3oBaHUsI MPOTSKEHHOM (ha3bl BTOPOTO KOMIIO-
HEHTa U1 OoIpeaesisieT IUCIEPCHOCTh CUCTeMbl. CUTyalysl aHAJIOTMYHA CJIy4daro, HaOMIomaIomeMycs Ipu
CUHTE3€ B3aMMOIPOHUKAIOIINX ITOJTMMEPHBIX CETOK, KOIIa YBEIUYEHNE TYCTOTHI CITMBOK IIEPBOIA CET-
KM yBeJIMYMUBAeT (pa3oByI0 AMCIIEPCHOCTh BO3HMKalolIei BTopoii ceTku [50]. B paccMaTpuBaeMoM city-
Yae poJjib CIIMBOK B IIEPBOI CETKE UIpaeT KpucTaindeckas crpykrypa [1DBII.

Ha ocHOBaHUM TOJIy4EHHBIX JAHHBIX MOXHO 3aKJIFOUUTh, YTO IIPU CHUHTE3€ OMUCHIBAEMbIX TTOJIU-
MEPHBIX CMeceil MPOUCXOIUT 00pa3oBaHNE CTPYKTYPHI, UMEIOIIEH IBOMHYIO (pa30BYI0 HEMTPEPBIBHOCTb,
TaK KaK CeJIEKTMBHAasl OTMBIBKA KaXKIOTO U3 KOMIIOHEHTOB IPUBOIUT K 00pa30BaHUIO HEPEPbIBHOTO
MOPHCTOTO KapKaca, a He K pacriaay odpasiia Ha YacTu.

HeobxonuMo oTMeTUTb, 4YTO YBeIMUEeHUE cTeTleHU BBITSKKU [TDBIT B skuakom MoHOMepe TIPUBOIUT
HE TOJBKO K YBEJIMYECHHNIO KOJIMYECTBA BTOPOIO KOMIOHEeHTa B cMecu. CorslacHO TaHHBIM, IIPEeACTaB-
JICHHBIM B paboTtax [43, 51], B mpo1iecce pacTsoKeHUs IIpoucxoauT 3aMmeTHast opueHTtaus [IDBII. B To
ke Bpemsl BBeaeHue B [IDBIT BToporo noJimMepHOro KOMIIOHEHTa He COMPOBOKAAETCSI €TI0 MOJIEKYJISIP-
HoW opueHTanueii. O4eBUIHO, YTO U3MEHEHME IIPY KPei3HTe MOJIEKYISIPHOM OpUEHTAIIMKA OTHOIO U3
KOMIIOHEHTOB JIOJIKHO OTPa3uThCsI Ha CBOMCTBaX KOHEYHOIO MpoaykTa. JIpyrumMu cioBaMu, B OTJIUYME
OT U3BECTHBIX MOAX0I0B ISl MOJIYYEHUS TTOJIUMEP-TIOJIMMEPHBIX CMecell, KpeM3UHT MOJUMEPOB pealiu-
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3yeT ellle OauH (haKTop, IMO3BOJISIIOIINI HAIIPaBJIE€HHO BIMSATh Ha CBOMCTBA MOJy4aeMbIX HAHOKOMIIO-
3UTOB.

Takum o6pa3zoM, paguKajabHas MoJUMepr3aLus psiga MoHoMepoB B maTpulie I1DBII, nedopmupo-
BaHHOTO B X CPeJie, TTO3BOJISIET TTOJYUUTh Pl MTHTEPECHBIX TTOJUMEP-TMOJIMMEPHBIX CMeCei, UMEIOIIIX
BBICOKYIO B3aMMHYIO JMCIIEPCHOCTh KOMIOHEHTOB. M CIOJIB3ys BBITSKKY ITOJIMMEPa B KMAKOM MOHO-
Mepe, YIaeTCs BKIIOUYUTD B UMCJIO OOBEKTOB, MIPUTOAHBIX JJIs CO3MaHUSI CMECEN METOIOM ToJIMMepur3a-
UM in Situ, IMIPOKUN KPYT KPUCTAJIMISCKUX MOJIMMEPOB, Takux Kak [1DBII [43, 51, 52], noauriporm-
nen (ITIT) [53—55], nomuamun (ITA-12) [56], cMecH KOTOPBIX OOBIMHO TOTOBMIM UCKITIOUUTEIIBHO 1Ty~
TeM CMeEIIeHUs] UX pacIuiaBoB. EcTecTBEeHHO, MpM 3TOM He yIaBaJIOCh JOCTUYb BBICOKUX CTEHEHeu
JIMCTIEPCHOCTA KOMIIOHEHTOB, YTO HEXeTaTeJIbHBIM 00pa30oM OTpakaJoCh Ha CBOMCTBAX MOJTy4aeMBbIX
marepuanoB. boiiee Toro, ¢ MoMomIbIO0 KPEM3MHTa yIaeTCs CO30aTh HAHOKOMITIO3UThHI HA OCHOBE I10JIM -
MEPOB, CYILIECTBEHHO OTJINYAIOIIMXCSI OJSIPHOCTHIO, HAIIPUMED, TTOJIUTETPaTOPAITUIICH U TOJIUAKPU -
namun [57] v ITTT u monuakpuinamun [58], coBMelleHMe KOTOPhIX B OHOM MaTepualie ¢ UCMOJIb30-
BaHMUEM TPaIUILIMOHHBIX METONOB, OYEBUIHO, COMPSIKEHO C CYLIECTBEHHBIMU TPYIHOCTSIMU.

3.2. Memod npsamoeo esederust 6mMmopoeo NOAUMEPHO20 KOMNOHEHMA 8 noaumep,
dechopmupyemolili NO MeXAHUIMY Kpel3uHea

B paccMOTpeHHBIX BBILLIE CJIydasiX IJIsl TOTO, YTOOBI MOJIYYUTh MOAMMEP-TIOJIMMEPHBI HAHOKOMIIO-
3UT, B IOPUCTYIO CTPYKTYPY Kpei30BaHHOTO ITOJIMMepa BBOASIT MOHOMED C ITOCJICAYIONIEH ero IMoJImMe-
pu3anmen in situ. DTOT IToaxod ObUT OOYCIOBJIEH TEM, YTO IIPSIMOE BBEASHNE MaKPOMOJIEKYJI B HAHOIIO-
pPBI Kpeli30BaHHOTO TOJIMMepa, KakK Iojiarajiv, 3aTPyJHEHHO MO CTepUYECKUM TMpUudIruHaM. JleicTBu-
TeJIbHO, HEBO3MYILIEHHbIE pa3Mepbl MAKPOMOJIEKYJIBI C MOJIEKYJISIPHOU Maccoil 1 MJTH. 1aXe OIHOTO U3
HaunOoJiee TMOKOLETTHBIX moJIuMepoB — [1D, cocrapisaioT BeqmunHy 1opsaka 200 HM. B To ke Bpems
pa3Mep HaHOIIOp B CTPYKTYpe Kpei3oB coctaiseT oT 2 no 20 HM. BMecrte ¢ TeM, 04eBUIHO, YTO €CIIN
OBl Y1a710Ch BKIIFOYUTH KAKUM-JIMO0 00pa3oM MaKpOMOJIEKYJIy B CTPYKTYpPY Kpeii30BaHHOTO MOJIMMeEpa,
TO 3TO ObI PE3KO YIIPOCTUIIO MPOLEAYPY ITOJIYYSHMS MOJIUMEP-TIOTMMEPHBIX CMECeli, ITOCKOJIbKY yaa-
JIOCh Obl MCKJTIOUUTh 1OCTATOYHO TPYAOEMKYIO M 3KOJOTMYECKU HEOE30MaCHYIO CTaIUIO MOJIMMEepU3a-
LIMU U3 TIpoliecca UX MOoJIydeHUs.

B oT0i4 cBSI3M B mociieaHee BpeMsl ObLIY MPOBeIeHbI MCCISIOBAHMS 110 BBISCHEHUIO BO3MOXHOCTEH
MPSIMOTO BBEAEHMSI MAKPOMOJIEKYJT B HAHOTIOPUCTYIO CTPYKTYPY Kpeli30BaHHBIX ITojiuMepoB. Hanboree
MIpUBJIEKATEIbHBIM IJIS1 BBISICHEHUST TaKO BO3MOXHOCTH KaXXeTCsI CO30aHMe CMeCeil Ha OCHOBE II0JIM-
MEpPOB, UMEIOIIMX PEe3KO OTJIMYaIONIUecs] CBOMCTBA, HAIpUMEpP, TUAPOMUIbHBIX U TUAPO(MOOHBIX. B
3TOM cJlydae MOXHO TIpeJIoaraTh MosiBJIeHNE CaMbIX MHTEPECHBIX M HEOXKUIaHHBIX CBOMCTB Y MOy~
YaeMoro IoJIMMEpPHOro Ipoaykra. CoBMeEIlIeHME CTOIb Pa3HOMOJISIPHBIX KOMIIOHEHTOB caMo IO cebe
NpeICTaBIISIET CEpbe3HYIO IpobiieMy. Hanpumep, HenonsipHblii moauMep [T T u nmonsipHbIe IToJIMMe-
pbl oauaTuiaeHTuKoAb (ITBT) unu nonunponuneHrMkoab (I HeBO3MOXKHO COBMECTUTH C 00Opa-
30BaHUEM BBICOKOIMCIIEPCHOM CMeCH KaKMM-JIM00 U3BECTHBIM CITOCOOOM. JlefAICTBUTEILHO, TEMIIEpa-
Typa miaasieHus [TOT®D cocrapisger 252°C, a TeMnepaTypa Hadajla XMMU4YeCcKoro pasinoxenusd [10I u
IIIIT cocrasisier — 180° u 220°C cooTBeTcTBeHHO. OUEBUIHO, YTO CO3AaTh CMECh M3 YKAa3aHHBIX KOM-
MOHEHTOB Yepe3 CMEIICHNE pacIUIaBOB B IMPUHIIMIIE HEBO3MOXHO. CMEIIeHNE CTOIb OTINYAIOIINXCS
MOJMMEPOB Yepe3 pacTBOP TaKKe TPYAHO OCYIIECTBUTD, TaK KaK yKa3aHHBIE MTOJMMEPHI HE UMEIOT 00-
LIMX pacTBopuTeseil. TakuM oOpa3oM, UCHOIb30BaHUE KPEU3UHTA SBJSIETCS, BUIUMO, MPaKTUUYECKU
€IMHCTBEHHBIM CIIOCOOOM MOJIy4eHUSI HAHOKOMIIO3UTOB Ha OCHOBE YKa3aHHBIX KOMIIOHEHTOB.

J1st co3maHusl MOJIMMEPHBIX CMeCeii METOIOM TPSIMOi BBITSIKKU B PaCTBOPax BICOKOMOJIEKYJISIP-
HBIX COCIMHEHM UCITOJIb30BaIU IIMPOKU KPYT MOJIMMEPOB ¢ MOJIEKYJISIpHOI Maccoii oT 400 mo 1 muiH.
u Oosiee. BBIJIO ycTaHOBIIEHO, YTO XXMAKKE oiuromMepshl, Takue Kak [1DT1 u ITI1T, camu 1o cede aBasItoTcst
3(pdeKTUBHBIMU Kpeit3ytommmu areHTamMu mist IIDTO u ITDBIT [59], a, caenoBaTelbHO, BKIIIOYAIOTCS
B IIOPHUCTYIO CTPYKTYPY NoJMMepa, 1eopMUPYyeMOro B UX Cpelie, B pe3yjIbTaTe 4ero oopa3yercs oI~
Mep-O0JIMTOMEPHBIN HAHOKOMITO3UT. KonnuecTBO BKIIFOUEHHOTO BTOPOTO KOMIIOHEHTA JOCTATOYHO BbI-
coko (1o 40 Bec. % u Gonee), B CBSI3U C YeM MOXKHO OKHMIATh €ro CYIeCTBEHHOE BIMSHHE Ha CBOMCTBa
KOHEYHOTIO IPOAYKTa.

BmecTe ¢ TeM cyIIeCTBYIOT HEKOTOPbIE OTPAHUYCHUS B MMOJIYYEHUU OJIUTOMEP-TIOJIMMEPHBIX CMecei
B 00JIaCTH BBICOKUX CKOpocTeil nepopmupoBanus. B kadectBe AAC 1151 pean3aliiy KpemM3mHra o0bIa-
HO MCIOJb3YIOT XKUAKOCTH, B KOTOPBIX MOJIUMED IIPAKTUIECKN HE HaOyXaeT, HO KOTOPbIE CHIKAIOT €ro
MOBEPXHOCTHOE HaTsikeHue. OJHAKO Hapsily CO CHMXXEHHEeM MOBEPXHOCTHON 3HEPryMM MojrMMmepa K
AAC nipenbsIBIISIETCS eIlle OJJHO TpeOoBaHMe, CBSI3aHHOE ¢ KMHETUKOM TPAaHCIIOPTA XUIKOCTH B BEPIIIN-
Hy pacTyiero kpeisa. st appeKTUBHOro pa3BUTHUS Kpei3uHTa cpeaa JoKHa ycIreBaTh IIPOHUKATh B
BEPIIMHY pacTylllero Kpeiisa. B mpoTuBHOM ciyyae, aecdopmMalivsi moarMepa OCyIIEeCTBIsIeTCST KaK Ha
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Puc. 6. 3aBucumocTts conepxkanusi [150 m.M. 40 Toic. B cmecu [IDTD-T1B0 ot koHueHTpauuu [150 B pactBope (1) u
TEOPETUYECKU BBIYUCIICHHAsI 3aBUCUMOCTbH (2).

BO3MyXe C pa3BuTUeM Lieiku [29]. OnHUM U3 MapaMeTpoB, KOTOPBIN OMpeAessieT CKOPOCTh TEUSHUS
XKUJKOCTHU, SIBJISIETCS €€ BSI3KOCTb, U Tepexoj OT Kpel3uHra K cIBUroBoit qecopmaiiuu Haubosiee 3a-
METHO TPOSIBIIsIETCS MPU J1e(DOPMUPOBAHUY TTOJTUMEPOB B BBICOKOBSI3KMX CpelaxX, KAKOBbIMU, B 4acT-
HoctH, aBisitores [1D1 u ITTI1TL bosee moapo6HO BOMPOCH, CBI3aHHbBIE C KWHETUYECKUMU 3aTPYIHEHU -
SIMW TPaHCIOPTa BbICOKOBA3ZKUX KUIKUX OJTMTOMEPOB B BEPIIIMHY Pa3BUBAIOIINXCS KPEH30B, pacCCMOT-
peHBbl B pabdorax [60, 61].

B cBs131 ¢ 3TMIM BCTaeT BOIIPOC, BO3MOXKHO JIM OCYIIECTBUTDH BBEICHIE B HAHOIIOPUCTYIO CTPYKTYPY
Kpeii30B MOJIMMEPOB 0oJiee BEICOKOM M.M., B yacTHOCTHU 1T unu [1D0 m.M. 10 1 MIIH., KOTOpBIE SIBJISI-
IOTCSI TBepAbIMU BeliecTBaMu? OUeBUIHO, YTO JJIsl BBEICHUSI TBEPIAbIX MOJIUMEPOB HEOOXOIMMO MC-
MOJIb30BaTh UX pacTBOphl B AAC, TaK KaK KPEU3MHT MOXKET OBITh peajr30BaH TOJbKO B IIPUCYTCTBUU
XKUAKOCTEN v ra3oB. B padorax [60—63] medopmanuio I1DT® u I1DBII mpoBonuiau B pacTBopax
120 B cMmecsx aTtaHo-Boaa. CocTtaB pacTBOPUTESI ObLI IMTOAOOpPAaH TaKUM O00Opa30oM, YTOOKI, C OMHOM
CTOPOHEI, B HEM PacTBOPSIIOCH 3HaYUTEeIbHOEe KonmdecTBo [1D0, a ¢ mpyroii, 3TOT 3Ke pacTBOPUTEIIb
BBI3bIBaJI 9(p(eKTUBHBIN KPEU3MHT MAaTPUIHBIX nojauMepoB. KoHIlleHTpalusl MOJMMEPOB B pacTBOPE
cocTabiisia 5—20 BecoBbIx %.

HeoxumaHHO 0Ka3ajoCh, YTO MOJMMEPHI CO CTOIb BRICOKMMU MOJEKYISIPHBIMUA MaccaMu (BILUIOTh
10 1 MJTH.) crocoOHbI 3 HEKTUBHO MPOHUKATH B HAHOIIOPUCTYIO CTPYKTYPY KpeiizoBaHHOTO [TDT®,
00pa3ysl COOTBETCTBYIONINE MTOJIMMEPHBIE CMECH CO 3HAYUTEJIbHBIM COIEPXKaHNEeM BTOPOTI0 KOMIIOHEH-
Ta (puc. 6, kpusast ). HamomHum, uro npoHukHoBeHUe [1D0 B mopuctyio crpykrypy [1DTD ocy-
LIECTBJISIETCS] B YCIOBUSIX, KOTJa pa3Mephbl KIyOKa MaKpOMOJIEKYJ B pacTBOPE 3aMETHO IPEBBIIIAIOT
pa3MepHl II0p mojmMepa, Ie(opMUPYyEeMOro 110 MexXaHU3My Kpeli3uHra. D(G@EKTUBHBIN MaMeTp HOp
IIDT® npu BeITSKKE B AAC, orpeaeaeHHbI METOJOM NPOHULIAHMS XKMUIKOCTEN Mo, IeMCTBUEM Ipa-
JIIUeHTa NaBJeHUs I METOJOM MaJIOyIJIOBOTO PEHTTEHOBCKOTO paccestHUsI, cocTaBisieT S—10 HM, B TO
BpeMsl KaK CpedHEeKBaIpaTUUHbIN paauyc Kiyoka MakpoMojekya [190 m.Mm. ot 40 Teic. 10 1.2 MIH.
cocTaBiisieT 9.2—63 HM [61—63]. KpoMe TOro, MOKHO GBLIO I10JIaraTh, YTO BBICOKASI BI3KOCTh UCTIOIb-
3yeMBIX JJI51 BBITSI>KKM MTOJIMMEPHBIX PACTBOPOB, KOTOPAasl 3HAUMUTEIbHO BbIIIE BI3KOCTU KMAKUX OJIUTO-
MEpPOB, TaKXe 3aTPYIHUT pa3BUTHUE JedopMalii TTOJUMEPOB MO MEeXaHU3MY Kpel3uHra, v Mojay4nuTh
CMECH METOIOM MPSIMOI BBITSKKM OKAXKETCSI HEBO3MOXKHBIM.

OnHako, Kak ObLIO YCTaHOBJIEHO, 1eOpMUpPOBaHUE TTIOJUMEPOB B PACTBOPAX BHICOKOMOJEKYJISIP-
HbIX COEIUHEHUIA OCYIIIECTBIISIETCS MO MEXaHU3MY Kpel31Hra, 1 MAaKpOMOJIEKYJIbl IPOHUKAIOT B HAHO-
MMOPUCTYIO CTPYKTYpPY Kpeit3oB. Bonee Toro (puc. 6), konmndectso [1D0, MpoHUKAIOIIETO B Mpoliecce
KpeiiduHra Kak B [1DT®, necdhopmMupyeMblii 1o MEXaHU3MY KJIacCMYeCcKoro KpelisuHra, Tak u B [19BI1,
JnedopMUpyeMbIli IO MEXaHU3MY JeJTOKATM30BaHHOIO Kpei3uHTa, 3HAUUTEIbHO MPEBBIIIAET BO3MOX-
HOE €ro CoJiep>KaHue, KOTOPOE MOXKET OBbITh pACCUMTAHO U3 MPEATIONOXEHUS, YTO OPUCTAs CTPYKTypa
MTOJTHOCTBIO 3aIlOJTHEHA OKPYKAIOIIMM pacTBOpOM TojimMepa (puc. 6, Kpusas 2). JpyrumMu ciioBamu,
CYLIECTBYeT HEKUI MexaHU3M oboraleHust pactBopa [1D0, mpoHUKaIOIIEro B MOPUCTYIO CTPYKTYPY
[IDT® u I1DBII, pa3BuBalollylocs B IIpoliecce UX Kpel3nHra npu aedopMalui B pacTBOPe BTOPOIro
MOJINMEPHOTO KOMITOHeHTa. B pab6ote [62] BbICKa3aHO MPEINOJIOKEHNE, YTO BBICOKOE COIEpKaHUe
I190 B cMecsx 00yCIOBICHO €T0 aAcopOLIMeil Ha BBICOKOPa3BUTON MTOBEPXHOCTU (DUOPUIITU30BaHHOTO
MoJruMepa B Kpelzax.

MHorue 0oco6eHHOCTH YKaszaHHOTIO IMpouecca 1moka B MOJHOM MEPE HE BBISAICHCHBI, OAHAaKO MO2KHO
CYUTAaTh, YTO CO3JaHUMEC ITOJIMMEPHbBIX cMecer IIyTEM ITPAMOTI'O BBEACHUA BTOPOTO ITOJIMMEPHOI'O KOMIIO-
HEHTa HEMMOCPCACTBEHHO B ITPOLECCE BLITAXKKHM BITOJITHE p€aJIbHO.
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Puc. 7. Kpussie pactsexkenust [IDBII, mpeaBaputebHO OpUeHTUPOBaHHOTO B H-TenTaHe Ha 100 (1), 200 (2), 300 (3) u
400% (4).

4. ®DUBUKO-MEXAHUYECKUE CBOMCTBA IMOJIMMEPHBIX CMECEN, MMOJIYYEHHBbIX
METOOAOM KPEM3WHIA

4. 1. Mexanuueckue c80iicmea nOAUMEPHbIX cMecell, NOAYHEHHbIX NYMeM NoAUMepU3auuu in situ
8 Kpeli308aHHOIl NOAUMEPHOU Mampuuye

Ha puc. 7 mpencrasieHbl AeopMaliMOHHO-IPOYHOCTHEIE KpuBbie [IDBII, moaBeprHyTOro BBITSIK-
K€ B cpejie H-TeIlTaHa 10 Pa3IMYHbIX CTeNIeHEN YIUTMHEHUS TT0 MEXaHU3MY IeJIOKAIN30BaHHOTO Kpeii-
3uHra. XOpoIllo BUAHO, YTO ITOJIMMEPHAsI MaTPpHUIIa, UCIIOJIb30BaHHAS IS TIOJTydeHUSI HOBBIX BUIOB Ha-
HOKOMIIO3UTOB, IEMOHCTPUPYET MTOBEeHUE, XapaKTepHOE IJISI OPUEHTUPOBAHHLIX ITOJIMMepOoB. I1o Me-
pP€ BBITSDKKM YBETMUMBAETCS MOIYJIb, TIPeNesl TEKYUYeCTU U MTPOYHOCTh MOJIMMEPa, U CHUKAIOTCI €ro
pa3phIBHBIC yIUIMHEHUS [52].

PaccmoTpuM Tenepb, Kak U3MEHSITCS MEXaHMYECKME CBOMCTBA IIOJIMMEPHBIX CMECE, €CIU B Kpeii-
30BaHHOM [1D MpoBOAMTSH in Sifu TIOJIMMEPU3ALIMIO BTOPOro MojauMepa Mo Mpolieaype, OnrucaHHO! B
npeaplayireM pasaeite. Ha puc. 8 mpencrasieHnl KpuBble pacTskeHus cMmeceit [IDBII ¢ I1C mmm monm-
metuamMmeTakpiatoM (IIMMA). Xopolio BUIHO, YTO ITOJIy4aeMble CMECH “HOMHAT”’, 4To (hasa 1D
opHeHTUpoBaHa. JIeiiCTBUTEILHO, C YBEIUYSHUEM CTEIIEHU TIpeABapUTe/IbHOM BRITSKKU [TDBII B TOM
WJIM UHOM MOHOMepE 3aKOHOMEPHO BO3pacTaloT MOJYJIb 1 TTpeiesl TeKyYeCTH MoJIyyaeMoro Marepualia.
Kak BumHO Ha puc. 8a, 6, BTOpoil KOMIIOHEHT, HAXOASIINICSI B CTEKJIOOOPAa3HOM COCTOSIHUM, TaKXKe
OKa3bIBaeT 3aMETHOE BIMSIHUE Ha CBOMCTBA KOMITO3UTA, UTO B IIEPBYIO OUEPEIb BhIPAXKaeTCs B yBeJIMYE-
HUJ Ha4yaJIbHOT'O MOMYJIS IT0JIydaeMoTo MaTepuaiia. B To ke BpeMst Bo BceX Cilydasix MOJIMMEPHast CMECh
nproOpeTaeT CBOMCTBA, HE XapaKTepHbIe HU 11 OMHOTO M3 COCTABIISIIONINX €r0 KOMIIOHEHTOB. BumHo,
Y10 HaHOKOMIT03UThI Ha ocHOBe I1DBII u I1C, a Taxcke [TDBIT 1 [IMMA cnnocoOHBI K 3HAYUTEIbHBIM
riactuyeckuM aedopmauusm. JerictBurenbHo, BBeaeHue [1C wiu [IMMA B ITDBII no3sonsieT no-
CTUYb 3HAYMTEJILHBIX Pa3pbIBHBIX VIJIMHEHUI AaKe IS CMeCeil, B OCHOBE KOTOphIX HaxoauTcst [I1DBII,
nmedopmupoBaHHbIii Ha 300—400 % 1 He CIOCOOHBIN B YMNCTOM BHUJIE K 3aMETHBIM YIJIMHEHUSM (puc. 7).
Kaxk uzBectHo, Hu I1C, Hu [IMMA 1nipu KOMHaTHOM TeMIepaType caMu 110 cebe He CITOCOOHEBI K 3aMeT-
HBIM HEyIIpyTruM AedopMalsaM 1 pa3pylIaloTcs Npu ymnHeHusIX 3—5%. boiiee Toro naxe climBaHue
CTEKJI000pa3HOIo KOMIIOHEHTA B CTPYKTYpe cMecH (puc. 8B) HE TMOIABJISIET €r0 CIIOCOOHOCTHY K 3HAYM-
TeJIbHBIM IIaCTUYECKUM JepopManusiM. Takum 06pa3oM, UMeeT MeCTO HEKUI CUHEPIM3M B MexaHuve-
CKOM IIOBEJICHMM, KOI/Ia ABa II0JIMMEpa, He CIIOCOOHBIE B OTIEIbHOCTHU K 3HAYUTEIbHBIM AehopMalii-
sIM, OyIy4u COeAMHEHHBIMU B CTPYKTYype HAHOKOMITO3MTa, OOHAPYKMBAIOT TaKylO CITOCOOHOCTb.

ITprmarHBl 0OHAPYKEHHOIO CUHEPIU3Ma, BUANUMO, KPOIOTCS B BBICOKOM TUCIIEPCHOCTH CTEKII000-
pa3Horo rnojuMepa, BBeneHHoro B [1D MaTtpuily. B uccienoBaHusIx MocjenHero AecTUIeTUs MoKasa-
HO, YTO B TOHKUX CJIOSIX (HAHOPa3MEPHOIo AMAarna3oHa TOMIINH) CTEKJI000Pa3HbIX MOJIMMEPOB MTPOUC-
XOIUT pe3Koe (Ha HOeCSITKHM, COTHM TpaaycoB) MOHMKEHHME MUX TeMIlepaTyphbl CTeKJIOBaHUS [64, 65].
Ha puc. 9 npencTaBieHbl JaHHbIE Pa3JIMYHBIX AaBTOPOB 10 U3MEPEHUIO TeMITepaTypbl cTekyioBaHus (7,)
I1C B 3aBMCHMMOCTH OT TOJILIUHBI ITOJTUMEPHOM TTEHKU [66]. XOpOoIlIOo BUAHO, YTO UMEET MECTO CUJTbHOE
rnoHwxeHne 71,, HAUMHas C TOJNIIWHBI TJIEHOK B HECKOJIBKO COTeH aHTCcTpeM. [1piInHBI TAKOTO CHITBHO-
ro TIOHVDKEHUSI TeMIIepaTyphl CTEKJIOBAHMS TTOJUMEPOB, MepelieAnX B HAHOCOCTOSTHUE, TTOAPOOHO
M3J10KeHBI B paboTax [64—66].

OB30PHBIN XYPHAJ T1T0 XMUMWUM Tom | Ne 3 2011



12 SPBILIEBA u np.

o, MIla (a)
100

60

20

(©)
120
80
40 1
l
120 (8)
80
2 1
40
l | 1 l |
100 200 &, %

Puc. 8. Kpussie pactsskeHust Kommo3uTtoB Ha ocHoBe [1OBII-T1C (a) u [IDBI1 — [IMMA (6, B), IMOJy4eHHBIX TTOJTU-
Mepuzaluei in situ ryrem pactskeHus [19BI1 B ctupodne (a) unmm Mmetrmertakpuiiare (6, B) Ha 100 (7), 200 (2), 300 (3)
1 400% (4) 6e3 cumBalolero areHTa (6) wiu B mpucyrcTBum 20 Bec. % auMeTakpuiiaTa STWICHIJIMKOJS (B).

Apyrumu cioBaMu, epexo MmojuMepa K HAHOCOCTOSTHUIO COTIPOBOXKIAETCST CYIIIECTBEHHBIM U3Me-
HEHUEM €ro CBOMCTB U, B YaCTHOCTU, pe3KUM yMeHblieHueM 7,. CHuxeHue 7, Huxe TeMIepaTypbl Uc-
MIBITAaHKS (KOMHATHOM TeMITepaTyphl) 03HAYaeT, YTO aMOpdHEIHM mommMep B MaTpure [1DBI1 raxonut-

360

340

320

|
800
h, A

|
400 600

Puc. 9. 3aBucumoctsb Temnepatypsl crekiaoBaHust [1C cBOOOAHBIX MUIEHOK (C pa3Hoil MoJieKynsipHOit Maccoit [1C, M x
1073 I/MOJIb) OT UX TOJMIIUHBL: 116—347 (1), 541 (2), 691 (3), 1250 (4), 2077 (5), 6700 (6) 1 9000 (7) [33]. [lyHKTMpHas
JIMHUS TOKA3bIBAaeT TeMIIepaTypy cTekjioBaHus 6siouHoro I1C.
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Puc. 10. M3otepmsr copbunm CCly B o6pasens UIII, nedopmupoBanHslil B #-rentane Ha 200% (1), 1 B KOMIIO3UT
HIIIT — TIMMA, nosydeHHsIi Tipu gedopmarimu UTTTT 8 MMA Ha 200% (2).

¢ B Kay4yKOIOJIOOHOM COCTOSTHUM U BCJIEACTBUE 3TOTO TepsIeT CBOIO XPYNKOCTh. MaTepuan MaTpULIbI
TaK>Ke M3MeJIbUeH JI0 HAHOCOCTOSTHUS M, BUIMMO, TaKKe U3MEHSIeT CBOM cBoiicTBa. Kak ciencreue, pe-
3yJBTUPYIOIINIT HAHOKOMIO3UT MpHoOpeTaeT 6oJiee BICOKYIO MJIaCTUYHOCTD, YeM COCTABJISIIOIINE €rO
0J10YHbIE OJIUMEPHIL.

BazkHO OTMETUTD, YTO LIEHHbIE MEXaHUUYECKME CBOMCTBA CUCTEMA COXPaHSIET IO TeX IOp, IT0Ka CMECh
MHOJUMEPOB IUCIIEPIMPOBaHAa 1O HAHOCOCTOSTHUS. OTXKUT MOJTyYeHHBIX MaTepraioB BhIIIE TeMIIEpaTy-
pbI TUIaBJIEHUSI KPEM30BAHHOM ITOJIMMEPHOI MATPUILIbI IMIPUBOIUT K HEOOPATUMBIM MOCIEIACTBUSIM B
CTPYKTYpe TOJYYEHHBIX MOJUMEPHBIX cMeceil. CTpyKTypHBIC MCCACAOBAaHMSI MOKA3BIBAIOT, YTO MPU
3TOM MPOUCXOIUT 3HAUUTETIBHOE YBEJIMUeHNE (Pa30oBbIX JOMEHOB KOMITOHEHTOB [67]. Kak cnencrtBue,
roJjiydyaeMble IVIEHKW B 3HAUUTEIbHOM CTENEHU yTPAaYMBaIOT IIPOYHOCTh U INTACTUYHOCTD U Pa3pyllaioT-
csl IPY MaJibIX 3HAaUeHUSIX HanpspkeHus (~5 MIla) u ynmuHenust (2—5%). @akTudecKy B 3TOM cIydae
MOoJydeHHasi CMECh ITOJIMMEPOB IIepecTaeT ObITh HAHOKOMITO3UTOM, U BO3HMKAET CTPYKTypa, KOoTopas
OOBIYHO peamn3yeTcs MpU CMEIIeHUU TTOJIMMEPOB 13 paciuiaBa [49]. HanpumMep, pa3pbelBHOE YIJIMHE-
Hue cMeceit [1D u I1C, noaydeHHBIX CMEILIEHUEM PacIyIaBOB U colaepxKaiiux no 50% KOMIIOHEHTOB, T.€.
aHAJIOTMYHBIX [0 COCTaBY PACCMOTPEHHBIM BBILIIE, COCTABIISIIIO OT 2 10 8%, a MX pa3pbIBHAsI IIPOYHOCTh
onuta MeHee 10 MITa.

Takum oOpazoM, BBeaeHue amopdHoro kommnoHeHTa B ITOBII MeTogoM monumepusaluu in Situ
MPUBOAUT K MOJYYEHUIO HAHOKOMIO3UTOB, 00J1aJal0IIMX MOBBIIIEHHON MPOYHOCTHIO U TJIACTUYHO-
CTBIO.

4.2. CopbyuoHHbie c80licmea NoauMep-noAUMepHbIX HAHOKOMNO3UMO8, NOAYHEeHHbIX noauMepusayuels in situ
8 Kpeli308aHHOI NOAUMEPHOU Mampuuye

HccnenoBanue nuddy3nm u copOIIM HU3KOMOJIEKYISIPHBIX COSTMHEHUI B ITOJIMMEPHI TaeT BaXK-
HY10 UH(OpMaLIMIO HE TOJBKO O MEXaHU3Max MepeHoca, HO U O CTPYKType matepuaina. B To BpeMs kak
MPOILIECCHI TIepeHOCca B OMHOKOMITOHEHTHBIX TTOJIMMEpaxX JOCTAaTOYHO XOPOIIIO U3ydeHE! [68], ncciemo-
BaHMSI TAKOTO pOoJa B MHOTOKOMITOHEHTHBIX TeTepoda3HbIX CMECSIX ITOIMMEPOB ITOKa HEMHOTOYMCITCH -
HBI 1 eIIle He HAIIJIM IIMPOKOro 0o6001mmeHus1. M3ydyeHrn1o cCOpoIIMOHHBIX CBOMCTB HAHOKOMITO3UTOB, T10-
JIy4eHHBIX C MCIOJIb30BaHUEM KpPei3MHIa, MOCBIIEHbl eAMHUYHbIE paboThl [69, 70], KOTOpbIE, ecTe-
CTBEHHO, HE MOTYT B TTIOJIHOI Mepe OCBETUTh UX CBOMCTBA.

PaccMoTpuM HEKOTOpBIE pe3yabsTaThl UccaeqoBaHus AMbOY3Un U COPOLIMU CETEKTUBHOIO HU3KO-
MOJIEKYJISIPHOTO PaCTBOPUTEJISI B CTPYKTYPY MOJTYYEHHOTO YKa3aHHbBIM BbIIIE CITOCOOOM HAHOKOMITO3U -
Ta Ha OCHOBe M30TakTH4Yeckoro nonmunponuiaeHa (UITIT) u [IMMA [69]. Ha puc. 10 mpencTaBieHBI TH-
nuaHbie n3oTepMbl copounu CCl, B UITI, nedbopmupoBaHHsblii B #-rentane Ha 200%, 1 B cmech UITTT
¢ [IMMA, nonyueHHyto pactsekenrnem UIITT B MMA Ha 200% c mocaeayioleii ero mojuMepu3aruei
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Puc. 11. Knnetnueckue kpusble copounu CCly B komnosut UIIIT - IMMA, nony4yennstit npu pactskenuun UITIT B
MMA Ha 200%: a — Ha4aJIbHBII y4acTOK, 6 — CTallMOHAPHBII y4acTok. p/p;= 0.69

in situ. Xopolilo BUIHO, 4To yucThiii UITIT umeeT 0ObIYHYI0 N30TEPMY COPOLIMU, XapaKTePHYIO A1 KpU -
CTaJUIMYECKOTO ITOJIMMEPa, HaXOISIIIErocs BEIIIIE TeMIIepaTyphbl CTeKIoBaHuI [71]. DTa m3oTrepma Impak-
TUYECKN UIEHTUYHA N30TepMe copomn ncxomHoro HeopueHTnpoBanHoro UIIII. B To ke Bpems n3o-
Tepma copouuun CCl, B KOMITIO3UT UMEET Psil OCOOEHHOCTE, HE CBOMCTBEHHBIX KPUCTAIIUYECKOMY
MOJUMEDY.

Bo-T11epBrIX, 10 3HAUMTEIbHBIX BeTMIMH gaBieHus napoB CCl, (p/p, ~ 0.5—0.6) ero copo1iim B KOM-
MO3UT He MPOoUCcXoauT. ITocse 1oCTUXKeHMSI HEKOTOPOIro ITOPOroBOro 3HAYEHMSI 1aBJIEHUS TapoB copo-
U1 HAUYMHAEeT BO3pacTaTh OYeHb pe3Ko. Takass KpuBasi HAIlOMUHAET MU30TepMY COPOLIMM BOOBI HU3KO-
MOJIEKYJISIPHBIM CaxapoM, YTO OOYCJIOBJICHO CHadaJjla ero IUIaBJIEHMEeM U MOCJIEAYIOLIMM ITOTJIOIIEHUEM
BOIBI 0Opa3oBaBIINMCS pacTBopoM [72]. ITockoibKy Boja U caxap CMEIINBAIOTCS BO BCEX COOTHOIIIE-
HUSIX, HA U30TEpME COPOLINU TSI TAKOU CUCTEMBI HAOIOAAeTCS PE3KUIA MOABEM B Y3KUX TIpeAesax 1aB-
JneHus mapoB. B paccMaTpuBaeMoM cirydae mogoOHbIe (pr3MIecKue SIBJICHUS, OUeBUIHO, HE UMEIOT Me-
cra. TeM He MeHee, Kak BUAHO Ha puc. 10, konuuecTBo copbupyemoro noaumepHoi cmecbto CCl, pe3ko
BO3pacTacT U HaYMHAET 3aMETHO MPEeBhIIIATh €ro KOJUUYeCTBO, noroinaemoe yucteiM UIIITIT. Bo-BTO-
PBIX, IPU 3HAYEHUSIX JaBJICHU I NapoB, MpeBbiaminnx 0.6, J0CTUYL PABHOBECHOTO 3HAYEHUSI COPOLINU
HE ymaeTcsl, TaK KakK OHa MPOIOJIKAETCS B T€UeHME MHOTHX CYTOK. 1 aHaim3a CTOJIb HEOOBIYHOIO
copbimonHoro noseaeHust cmecu UITIT ¢ [IMMA paccMoTpuM JaHHbIE O KWUHETUKE copomu. B ciny-
Yae UCXOAHOTO, HEOPUEHTUPOBAHHOTO, a Takke MIIII, BHITIHYTOro B aKTUBHOM KMAKOCTU, COPOLIMOH-
Hasl KpUBasi UMeeT OOBIYHBIN BUI, KOTOpasi JOCTUTAET PAaBHOBECHOIO 3HAYEHMSI IPUMEPHO B TeUCHUE
1 yaca. Beenenue IIMMA B MUIIII maTpuily pe3Ko U3MeHsIeT KWHETUKY Ipoliecca coporuu. Kak BugHo
M3 JaHHBIX, IPUBEIEHHBIX Ha puc. 11a, 6, mocyie HeOOIBIIOTO MHAYKIIMOHHOIO Meproaa COpOLMs Ha-
YMHAET PacTH 110 IMHEMHOMY 3aKOHY. Takol XxapakTep COpOILIMH COXPaHSIETCS B TEYCHUE MHOTHX CYTOK
(puc. 110) u naxxe Henenb. PaBHOBeCHOE 3HaU€HUE COPOLIMU HE JOCTUTAeTCs Jaxe B TeueHue 1 mecsia.
KonuuectBo copoupyemoro CCl, nocturaer 50 u 60Jjiee BECOBBIX IPOLIEHTOB, XOTS YUCThI UCXOIHBIA
WIIII, KoTopblit ABAsIETCS €AMHCTBEHHBIM KOMITOHEHTOM, UMetoliuM cpoacTBo K CCl,, copoupyeT He
6osee 15%.

He MeHee HeOoObIYHBIM OKa3biBaeTcs moBeAeHue cMeceii u nipu necopouuu CCly. [Tpu ymeHblIeHun
naBiaeHus mapoB oopa3nbl uuctoro MIIII o6HapyxuBaoT odpaTuMoe U3MEHEHME COPOLIMY, U IIPU Ba-
KYYMUPOBaHUM OHU MOJHOCTBIO TEPSIOT Bech copoupoBaHHbiii CCl,. B To ke Bpems B ciiyyae cMecu
UIIIT ¢ IIMMA BeIZEpXMBaHUE 00pa31oB, aACOPOMPOBABIINX IIPU JaBJIeHUM ITapoB copodata 0.7, ot
JTaBJICHHST HACBIIIIEHHBIX TapoB MpH HaBieHnu 0.6 B TedeHHe 2 CYT. He TPUBOIMT K MOTepe copbaTa, KO-
TOpOE MOXHO OBbLIO ObI OOHAPYXUTH C IIOMOIIBIO BecoB Mak-beHa. BeimepxxuBaHue 3Toro xe oopasina
Ha Bo3ayxe B TeueHue 20 cyT. IIpyu KOMHATHOM TeMIrepaType TakxKe He BbhI3bIBAET 3aMETHOM JIecopOLumu
CCl,. ToIbKO COBMECTHBIM JICMCTBUEM BaKyyMa U MOBBIILIEHUEM TeMIlepaTypbl OT KoMHaTHOi (23°C)
1o 40°C ynaeTcs BbI3BaTh YacTUUHYI0 AecopOimio CCl,.

Takum oo0paszom, BBeaeHue B UIIII crekimoo6pazHoro [IMMA monuMepusaimeil B ITOJIUMEPHOMN
MaTpUIIE PE3KO U3MEHSIET €ro COPOLIMOHHbBIE XapaKTepuCTUKU. Bo3HuKaeT psia BompocoB. HemM o0bsic-
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Puc. 12. CkaHupytouiasi aJieKTpoHHast MUKpodoTtorpadus xpyrnkoro ckoiia odopasua HaHokomrosuta UTITT-TIMMA
nocisie copouuun CCly us xxuaxoit ¢gasnl B TeueHue 30 cyt.

HSI€TCS HEOOBIYHBIN BUJ U30TEPM COPOLIMU U TTOYEMY CYIIIECTBYET moporoBoe nasieHue napos CCly,
HIKE KOTOPOTO copOI1usl He HaOmoaaeTcs? Yem oObsicHsIeTCS HEOObIYHASI KWHETUKA COPOLIUY U CITO-
COOHOCTb KOMITO3UTA MOLJIOLIATH CTOJIb O0sbiue KoindectBa CCly,, xots unctoiii UTII cnocoben cop-
OupoBaTh B HECKOJILKO pa3 MeHbluue KoauvyectBa CCly, a yuctsiit [IMMA BoBce ero He copoupyeT?
IMouemy necop6uus CCl, U3 cMecu B 3HAUUTENIbHOU CTENEHN HEOOpaTMa WJIM OYE€Hb 3aTpyIHeHa?

B pa6orte [69] GbLIO YCTAaHOBIIEHO, YTO CTOJIb HEOOBIYHOE TTOBEIeHUE MTOJTyYeHHBIX CMeCEil 00yCITOB-
JIEHO CTPYKTYPHBIMM MEpecTpoiKaMU, MPOUCXOASIIMMU B MaTeprajie Mpu MPOHUKHOBEHUN B HETO
HU3KOMOJIEKYISIPHOrO KOMITIOHeHTa. OKa3anoch, YTO C 00EUX MOBEPXHOCTEl obOpasua, T.e. TaM, IIe
reHka B3anmoneiictBoBaia ¢ CCly, ee CTpyKTypa BRIIJISIIUT O60Jiee PhIXJIOi, YeM IIJIOTHAsT CepaIieBIHA
(puc. 12). Mexnay peIXJ0il 00OJIOUKOM M TIJIOTHOW CEpALIEBMHON MMEETCSI OYeHb pe3Kas IpaHMIIa.
MMeHHO BO3HUKHOBEHHE PHIXJION TOPUCTOM CTPYKTYPHI M OOYCIAaBIMBACT CTOJIb OOJIBIITNE KOJIMIECTBA
nororaeMoro CCl, myTeM ero KOHIeHCAIY B BOSHUKAIOIINX MUKPOITYCTOTaX.

IIpoBeneHHbIE pacyeThl B COBOKYIHOCTH C MPEACTaBICHHBIMU 3JIEKTPOHHO-MUKPOCKOITMYECKUMU
JMaHHBIMHY MO3BOJISIOT IPEJIOXUTD CIESIYIOIINN MeXaHu3M OoOHapyXeHHoro sBiaeHus. Co3maHue He-
OoJTBIINX JABJIEHUI Mapa He BBI3bIBACT 3aMETHOTO HaOyXaHUsI KOMITo3uTa BBUay Toro, uto MUIIII, crio-
cobOHbIil HaOyxaTh B CCl,, HaxoauTcs B xkecTKoM Kapkace [IMMA, npensiTcTBy0111eM U3MEHEHUIO pa3-
mepoB MIIIT ¢asbl. Tak npoposkaeTcs 10 TeX Mop, noka He HauuHaetcsl koHaeHcauus CCly B y3Kux
MOBEPXHOCTHBIX ITOpax, XapaKTepPHBIX ST CTPYKTYPbl KOMIT03UuTa. BOZHUKHOBEHME XKUAKUX TJIEHOK
CC]4 CTOJIb MaJIbIX pa3ME€pOB MPUBOAUT K ITOABJICHUIO PACKIIMHUBAIOLICTO AABJICHHW A, UTPAIOILICTO BaXK-
HYIO POJIb B CTaOMIM3ALIUM JUCIIEPCHBIX cucTeM [73]. B pe3ysibraTe BOSHUKHOBEHMSI paCKJIMHUBAIOIIE-
ro JaBJieHUsI HAUMHAETCSl CBOEOOPa3HOE CaMOITPOU3BOJIbHOE TUCIIEPTUPOBaHNE CTPYKTYPbhl HAHOKOM-
M03UTa, MOCTPOSHHOTO U3 TEPMOAMHAMUYECK HECOBMECTUMBIX MOJIMMEPHBIX KOMIIOHEHTOB. Takoro
poJia caMOIPOM3BOJILHOE AUCIIEPITUPOBAaHUE IMyTEM MPOHUKHOBEHUSI XXUIKOCTU T10 TpaHULIAM MEXIY
3epHaMM XOPOIIIO M3BECTHO U MOAPOOHO OITMCAHO JJIsI HU3KOMOJIEKY/ISIPHBIX TUCIIEPCHBIX CUCTEM [74].

Takum obpaszom, BBeaeHUe B UTIII cTek1006pa3HOTO0 KOMIOHEHTA METOAOM ITOJIMMEPU3aIUH B TTO-
JIMMEPHOI MaTpulie pe3KO U3MEHSIET XapaKTep COPOLIMHU CEJIEKTUBHOTO HU3KOMOJIEKY/ISIPHOTO pacTBO-
purens. HaGmrogaeTcss cBoeoOpa3HBIil CHHEPTU3M B COPOIIMM, KOTJa €e BeJIMIMHa Pe3KO BO3pacTacT
IpY BBEJICHUU BTOPOTO KOMIIOHEHTA, HE B3aMMOJIECHCTBYIOIIEro ¢ copobaroM. HeoObIuHOE COpOIIMOH-
HOE TTOBEICHUE TTIOJIMMEPHBIX CMECEi CBSI3aHO C €T0 CBOe0OPa3HbIM CAMOITPOU3BOJIBHBIM TUCIIEPTUPO-
BaHUEM, IPUBOISIINUM K pacliaiy Ha OTAe/IbHbIE (a3l 1 psIAy SIBICHUM, HE XapaKTEPHBIX HU JJISI OTHO-
'O U3 YUCTbhIX KOMITOHEHTOB.
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Ta6muma 1. CocTtaB 1 2JIeKTPOITPOBOIHOCTb CMECEN C BJIEKTPOIPOBOISIIUMMU ITOJTUMEPAMU. A — CTETIEHb BBITSIK-
ku noauMepa. C — colepXaHue 3J1eKTPONPOBOASIIETO MOIMMeEPa B CMECH, G, — yIeJbHasl 00beMHasl JIeKTPOo-
MPOBOIHOCTD, G, — YIeJIbHAasI TOBEPXHOCTHAS 3JIEKTPOIIPOBOAHOCTh B IBYX HAIPABICHUSX, A — aHU30TPOIIUS

YAEIbHOU OOBEMHOI 2JIEKTPOTTPOBOAHOCTU

c,, OM~ ' cm™! A
Gy,
CmMmech A, % C, % Om—"om—! Gj_, G!, cj‘/ G! Gﬂ/cj'
Omtem ! Omtem!
MATP—nonuMaHUINH 50 29 1.6x1073 | 3.7x 1072 | 5.4x 1073 6.8 -
100 41 22%x1072 | 3.7x107' | 2.7 x 1072 13.7 -
200 39 72x107° | 1.0x 107" | 4.7x 1072 2.1 —
300 13 7.5%x107% | 3.7%x 1073 - 4.9
[1D—nonmmanmnmu 100 27 29%x1072 | 54x 1072 | 3.9x 1072 1.4 —
200 42 23%x1072 | 24x107' | 1.6 x 107! 1.5 -
[19—monmmaneTiieH 200 8 (0.2—1.4) x| (0.9—4.4) x [ (0.9—1.3) x — 3—10
102 102 107!

4.3. Daexmponposodsaujue nosumMepHble cMecu, noayuaemble noaumMepuzayuels in situ
8 Kpeli308aHHOI NOAUMEPHOU Mampuuye

B KoHTeKkcTe JaHHOTO 0030pa KaxKeTcsl BaXKHBIM OCBETUTh TaK:Ke JaHHBIE MO CO3IaHUIO CMecei, B
KOTOPBIX OAMH M3 KOMIIOHEHTOB SIBJISIETCSI 3JICKTPOIIPOBOISIINM NoJruMepoM. [TonydyeHne HOBBIX BU-
JIOB 3JIEKTPOIIPOBOISIINX MOJIUMEPOB SIBJISIETCS BaXKHEMIIIEe HAyYHO 1 IIPUKJIaIHON 3amadyeii coBpe-
MEHHON (PU3NYECKON XUMHM TIoauMepoB. HecMoTpsi Ha 3HaAYUTENIbHBIE YCIIEXM, JTOCTUTHYTHIC B
NocleaHMEe ToAbl B 3TOM 00JacCTU, NPAaKTUUECKOE KMCIOJb30BaHUE 3JIEKTPOIPOBOIASIINX MOJIUMEPOB
JIOCTAaTOYHO OTPaHMYEHO, MOCKOIBKY, KaK MPaBUJI0, OHU MPEICTABISIOT COO0I HeIUIaBKMe, HEPAacTBO-
pUMBIE TTOPOIIIKHM, MaJIoO ITPUTOIHBIE K epepadboTrke [75].

B pabotax [37—39] 661N TpOBeAEHBI UCCIIETOBAHMS 110 pa3paboTKe MOAX0A0B K MOTYyYEHUIO TTOJIU -
MEPHBIX CMeceil, B KOTOPBIX BBOAUMBIN B KpeH30BaHHYIO MOJMMEPHYIO MaTPUILy BTOPOI MMOJIMMEDP 00-
JlagaeT BBICOKOW 3JIEKTPOIIPOBOHOCTHIO. B MeToagnmuecKoM miaHe B 3TUX paboTax UCITOJIb30BaHbI IO/~
XOJIbI, U3JTOKeHHBIe Bhille. [TomuMepHbie ieHKH ([TDBI1 u [IDT®) moaBepraiu Kpei3nHry, 1 3aTeM
B 00pa30BaBIILYIOCS MMPU BBITSKKE HAHOMIOPUCTYIO CTPYKTYPY BBOAMJIU COOTBETCTBYIOIIME MOHOMEPHI
(aetuneH u anuauH). [Tocnenyrolias moaMmMepusanus BBEASHHBIX MOHOMEPOB i# Sif U NOTIMPOBaHUE
MOJTy4EHHbBIX MMPOAYKTOB MO3BOJIMJIO MOJYYUTH PSIJl MEPCTIEKTUBHBIX MAaTEPUAIIOB, KOTOPBIE YCIEITHO
COYeTaloT B ce0e BBICOKYIO 3JIEKTPONPOBOJHOCTD, XapaKTePHYIO U151 MoJMalleTUIeHa 1 MoJIMaHUInHa,
C BBICOKMMM MEXaHWYeCKMMU MoKazaTeassMu, xapakTepHbIMU 1ist [IDBIT u [T TO.

JLtst cMeceii ¢ 3JIEKTPOITPOBOASIIIMU TTOJIMMEPaMU ObLIa ITPOBeAcHA XapaKTEPUCTUKA NX OO beMHOI
U TOBEPXHOCTHOM 3JIEKTPONPOBOAHOCTU. YUYUTHIBasg cHelUU(PUKY CTPYKTYpbl CMeCeii Ha OCHOBE
Kpei30BaHHBIX ITOJIMMEPOB 1 BO3MOXKHOCTh MOJICKY/ISIPHOM OpUEHTALIMM 3JIEKTPOIIPOBOISIIETO TTOJIN-
Mepa B CMECH, YAEIbHYIO TOBEPXHOCTHYIO SJIEKTPOIIPOBOIHOCTD MJICHOK OLIEHUBAJIA B IBYX HaIlpaBJe-
HUSIX — BIOJIb OCU BBITSKKM MOJMMEpPa B Cpelie M B IEePIIEHIMKY/ISIPHOM HallpaBjieHUU. JJaHHbIe 11O
COCTaBy CMeCel 1 X JIEKTPOIPOBOAHOCTH B 3aBUCUMOCTH OT CTEIIEHU BBITSKKY MCXOAHOTO ITOJIMMEpa
IpeacTaBiIeHbI B Ta0I. 1.

Oxazanoch, uto BBeaeHue B [1DBI1 naxke cpaBHUTEJIbHO HEOOJBIIIOTO KOJUYECTBA TMOJIMAlleTUIIeHA
(8 Mmac. %) u mocemyolee TOMMPOBaHTE ITOJIMMEPHOM CMECH TOIOM CITOCOOCTBYET YBETUNIECHUIO 00h-
€MHOIA 3JIEKTPOIIPOBOIHOCTH Ha 14—16 nopsaakos, T.e. 10 (0.2—1.4) x 1072 Om~! em~! [37]. D1OT hakT
VKa3bIBaeT Ha TO, YTO CTPYKTYpa ITOJTyYeHHOMN MOJIMMEPHOI cMecH obecTieYnBacT HU3KHI TTePKOJISII -
OHHBIN OPOT BJIEKTPONPOBOTHOCTU. OCOOEHHOCTH CTPYKTYpPHI cMeceit 1D ¢ moaunaneTriaeHoM 3aKITio-
YyaeTcs B TOM, YTO MPH MOJMMepU3alliy B TTopaxX BBEIEHHBINM B Kpeli30BaHHYIO MaTPUILy TTOJUMeED Tpu-
0o0peTaeT 3aMETHYIO MOJIEKYJISIPHYIO OPHMEHTAIINIO, KOTopast, KaK M3BECTHO [75], CyIIeCTBEHHO yBEIH-
YUBAET €T0 JIEKTPOIIPOBOTHOCTE. B pe3ysbrare aToro yaenabHast TOBepXHOCTHAS 3JIEKTPOIIPOBOIHOCTh
cMmeceil BIOJIb OCU BBITSIKKU B HECKOJIBKO pa3 MPeBbIIAeT 3JeKTPOIMPOBOIHOCTh, U3BMEPEHHYIO B Mep-
TIEHIUKYJISIPHOM HaIIpaBICHUU.

He MeHee ycrienIHbIMUM OKa3aJuCh MOTBITKY BBEACHUSI IPYTOro 3JeKTPONPOBOSIIETO TToJiuMepa —
NOJMaHWINHA B Kpeli30BaHHBIE MaTPUIIbI OJIMMEPOB, 1e(pOPMHUPOBAHHEIX II0 MEXaHU3MY KJlacCHde-
ckoro (BeITsiKKa I19) mnm memoxkanmizoBaHHOTO (BHITSKKA [1DT®) kpetizunra [38, 39]. OcHoOBHBIE
pe3yabTaThl 3TOro UCCISAOBaHUS NpeAcTaBaeHbI B Ta0a. 1 u 2. B Tab1. 2 conocTaBiieHbl MeXaHUYeCcKre
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Tadamma 2. MexaHUuecKre XapaKTepuCTUKU HaHomopucThiXx MaTpull [IDT® u I1D u cMeceii ¢ MOJIMaHUIMHOM
Ha UX OCHOBE

E,MIla | c,, MIla €y % E,MIla | c,, MIla €y, %
Marpuna mwim A % C %
HAHOKOMIIO3UT > 70 » 70
Bnoapb ocu BBITSKKU HopmanbHo ocu BBITSKKI
T19TD 100 — 690 48 190 660 34 380
MNOT®—monuannInH 100 40.8 1210 51 7 1000 17 4
15 100 — 310 64 150 360 29 550
T[1D—1onmanuax 100 26.6 730 64 180 650 31 550
o 200 — 320 88 80 280 28 680
T1D—nonmmannnH 200 42.2 930 86 90 870 30 5

roKa3aTejIi YUCTHIX ITOJIMMEPHBIX MaTpull, necdopmupoBaHHbIX Ha 100 1 200%, 1 COOTBETCTBYIOIINX
cMecel Ha X OCHOBE. XOPOIIIo BUTHO, YTO TaKMe BaXKHEHUIITIe MeXaHTYECKIE XapaKTepUCTUKH KaK MO-
ITyJTb YIIPYTOCTH Y TIPOYHOCTH TTOJTYYEHHBIX CMeCeil HaXOIsTCs B TIpeaeiaX COOTBETCTBYIOIINX XapaKTe-
PUCTHK IS YUCTBIX MATPUIL, 2 B HEKOTOPbIX CyUasix 1axe MpeBbIIIaloT UX. B To Xe BpeMs moydeHHbIe
CMeCH JeMOHCTPUPYIOT (Tabi1. 1) mpeKpacHbIe SJIEKTPOITPOBOISIINE XapaKTePUCTUKI, KOTOPBIE OJTH3-
KM K 9JIEKTPOIPOBOJHOCTH YMCTOTO NMoMaHuIMHa. O0beMHas 3JIeKTPOIIPOBOIHOCTH (G,) 000MX BUIOB
cMmecell BecbMa BbICOKA, HE3aBUCUMO OT BUIA MOJIUMEPHONM MaTPHUIIbI, TIPOUCXOIMAA JIU AedopMaLius
rnojJimMepa 1o MexaHU3My Kjaccuueckoro (BuITsSDKKa ITDTA) muim nenokaan3oBaHHOTO Kpel3uHTra
(BeITsEKKA [19). MonekynsapHas opueHTaIINs TTOJIMaHMIMHA B IOPUCTOM MaTpUIlEe, B OTJIMYNE OT ITOJIH-
alreTuJIeHa, MpakKTUYEeCKH OTCYTCTBYET. B TO ke BpeMsi M3 JTaHHBIX TabJ1. 1 clieayeT, UTO MOBEPXHOCTHbBIE
3JICKTPOTIPOBOHOCTH B HAMIPABJIEHUH OCU PACTSIXEHUs (G, ) U B HOPMAJIbHOM HATpaBJIeHUH (O, ) 3a-
METHO OTJIMYAIOTCS APYT OT ApyTa, 0cOOeHHO It MaTpHUIIbl [1DTD, nedbopMrpoBaHHOTO 11O MEXaHU3MY
KJIaCCHMYECKOTO Kpe3rHTA.

IIpy MaJbIX CTEIeHSIX BBITSIKKH MOJIMMEpPA IT0 MEXaHU3MY Kjlaccuueckoro kKpeisunra (50—200%)
MTOJIMAHWJIMH PACIIONIOXEH B Kpeii3ax, pa3ne/leHHBIX MPOCIoKaMH Heae(opMUpPOBAHHOTO MOJIMMEpa,
SIBJISIIOILIETOCS AUIJEKTPUKOM. B CBSI3U C 3TUM 3J1eKTPpONPOBOHOCTh MaTepuralia B epHeHANKYJISIPHOM
OCU BBITSDKKM HallpaBJIeHUM BbIIIE, YeM BIOJb OCU BBHITSLKKU. C yBeMYEHUEM CTENeHU BBITSXKKU
YMEHBIIAeTCs TPOTSIKEHHOCTD YIaCTKOB Helle(hOpMUPOBAHHOTO TTOTMMEpa MEXITY KpeiizaMu, Kak 3TO
cXeMaTWU4YeCKU mpeacTaBieHo Ha puc. 1. OnHaKo, ¢ Apyroii CTOPOHbI, B pe3yJibTaTe Kojularca B CTPYK-
Type Kpei30B HAUMHAIT 00pa30BbIBAThCS arperathl CKOaryJanpoBaBIInX (pUuOpULI, 3HAUUTEIbHO Mpe-
BBIIIAIONINE UX pa3Mephl TIPU MAJTBIX CTETICHSIX PACTSKEHUS M CITOCOOHBIC YBEIMYUTH CONTPOTUBIICHUE
cMmecell B HanmpaBJIEHUU TIEPIIEHANKYISIPHOM OCH BBITSIKKHM. DTO HAXOAUT CBOE BBIpAXKEHUE B CHUXKE-
HUM BJIEKTPONPOBOIHOCTU M U3MEHEHUU XapaKTepa ee aHM30TPOIMU Ha MPOTHUBOIIOJOXHBIN. Diek-
TPOITPOBOTHOCTD BIOJIb OCH BBITSDKKH TTOJIMMEpa OKa3bIBaeTCs BBIIIE, YeM B IIEPIEHINKYISIPHOM Ha-
MpaBJICHUU.

Hrak, ncnosb3oBaHne KPeH30BaHHBIX ITOJIMMEPHBIX MATPUIL TSI TIOJTMMEPHU3ALINU if Situ 3TEKTPO-
MTPOBOSIIMX MTOJMMEPOB MO3BOJISET YCIICIITHO COBMECTUTh B HUX BBICOKME MEXaHUYECKUE MOKa3aTesIu
C ONTUMAaJIbHOM BJIEKTPONPOBOIHOCThIO. M3 TIpeacTaBAeHHBIX JaHHBIX CIAeAyeT, YTO CO3AaHre HOBBIX
BUJOB 3JIEKTPOMPOBOSIIMNX MOIMMEP-TTOJIMMEPHBIX HAHOKOMIIO3MTOB HA OCHOBE KPei30BaHHbIX MO-
JIMMEPHBIX MaTPUIL MOXET OBITh BeCbMa MEPCIIEKTUBHBIM B TIPUKJIATHOM OTHOIIIEHUH.

4.4. IIpoaoneuposanroe evi0eneHue 8blCOK0BA3K020 KOMNOHEHMA U3 CIMPYKIMYPbl KPell308aHH020 NOAUMePA

BrITSKKA TTOJTMMEPOB B BBICOKOBSI3KMX HEJICTYUYMX XXUIKOCTSX, TAKMX KaK XKMAKUE OJIMTOMEPHI,
MIpEACTaBIISIET OCOOBI MHTEPEC, TaK KaK ITO3BOJISIET HAOMIOAATh KWUHETUKY MUTPALlUU CPpeabl U3 o0beMa
Op, U JAET IIpeCTaBIeHUE O CTAOMIIBHOCTU TAKUX CUCTEM M CTPYKTYPHBIX IIepeCTPOMKaxX, IIPOUCXOIs -
LIIMX CO BpeMeHeM B KpelizoBaHHoI MaTpule [59]. dust [IDTD, nehopMrUpoOBaHHOTO B 3KUIKUX OJIUTO-
Mepax [19I M.m. 400 u 600 ObIITO OGHAPYKEHO IIPOJOHTMPOBAHHOE BhIJEIEHIE 3aXBaY€HHOM MOTMMe-
POM XKHUIKOCTH B TeUeHHUE TINTEIBHOT0 BpeMeHU (6oiee roaa). O Beinenenun [1DT1 13 mopucToii cTpyK-
Typbl KpeizoBaHHOro IIDT® cynuiam mo M3MEHEHUIO Macchl AehOPMHUPOBAHHBIX OOpAa3llOB BO
BpeMeHu. Ha puc. 13 nmpeacrasiieHa 3aBUCUMOCTD, XapaKTepU3yIollas OTHOCUTEIbHOE U3MEHEHUE Mac-
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Puc. 13. VismeHeHMe BO BpeMEHU OTHOCUTEILHOTO KOJIMYECTBA XXUaKo cpeabl [1DT 600, BbIACISIONIEHCS U3 00pa3LioB
MBOT®D, nepopMrpoBaHHBIX 10 pa3HbIX cTernieHel BRITSKKU: 100% (1), 200% (2), 300% (3).

¢l TieHOK [1DT® ¢ 13T 600 ot BpemMeHn. HavabHbIe TOYKM COOTBETCTBYIOT KomdecTBy I1DT 600,
3aXBa4Y€HHOMY ITOJIMMEPOM B IIPOLIECCE BBITSLKKU U ONpeleIeHHOMY Cpa3y Mocjie 0CBOOOXIEHUST 00-
pa3loB U3 3aXXKWMOB pacTsTUBAIOIIETO YyCTpolicTBa. Ilocie aToro oopasibl OCTaBISLIM HAa BO3IAyXe B
YCIIOBUSIX KOMHATHOM BJIAXXHOCTU (OTHOCUTEIIbHAS BIAXXHOCTh 0K010 30%) U IIpoTUpaiu Iepen Kaxk-
IBIM B3BEIIMBaHUEM, UTOOBI yaanuTh [10T, BeigemBIImiicss Ha moBepXHOCTh miIeHKH. [TouTu 3a ron cu-
creMa Tak M He Mpulluia B paBHOBECUE, U TIPOLIECC BbIIEJICHMS XUIKOW cpelbl He TMpeKpaTUIICs.
Kak BumHO 13 JaHHBIX, IIpeICTaBACHHBIX Ha puc. 13, KpuBasi, XxapakTepuayomias BeiaeaeHue [191 u3
CMeCH COCTOUT M3 JIBYX y9aCTKOB. MoXXHO HabrogaTh pe3koe nageHue cogepxkanus I[1DI 600 B Teue-
HUE TIePBBIX CYTOK, HO B JaJIbHEUIIIEM MMPOUCXOAUT 3aMeJICHUEe 3TOro Mpoliecca, U CAeAyIoIInii yJya-
CTOK KPUBOI1 XapaKTepu3yeT MeIJICHHOE 1 IJIMTEeJIbHOE BbIIEJICHUE, THTEHCUBHOCTh KOTOPOI'O 3aBUCUT
OT CTeNeHU BBITSKKH U, KaK ITOKa3aHo B paboTe [76], BIaXKHOCTH OKPY>KAIOIIE Cpeabl.

PaHee momo6OHOeE BBIIEIEHNUE BEICOKOBSI3KUX KUAKOCTEN ObLTO0 06HapykeHo mjist [1DT®, necdopmu-
POBAHHOIO MO MEXaHU3MY Kpei3rHTa B BBICOKOBSI3KUX XKMUIKOCTSIX, TAKMX KaK 3TUJICHIJIUKOJb U pac-
TBOPBI TUJICHIJIMKOJISI WU TJuliepyuHa B aTaHose [77, 78]. OCHOBHOI NMPUYUHON BbIACICHUS XKUIKO-
CTel U3 00beMa ITOPUCTHIX MaTePHAIOB Ha TOBEPXHOCTD SIBJISIETCS MX KaIIWJUIIpHOE ogHsaTre. OaHaKo
JUIST Kpe30BaHHOTO IIOJIMMEPA BBIACJIEHUE XKMIKOCTEM OCYIIECTBIISIETCS 1 10 APYroi IMpUInHE, CBSI-
3aHHOI cO crieM(pUKO HAHOMOPUCTOM CTPYKTYpPHbI. [1eJIo B TOM, UTO CTPYKTYpa Kpei30B SIBISIETCS Tep-
MOOUHAMWYECKM HECTAaOMJIBHOM M MOCJIE BHITSKKM MpeTepIieBacT U3MEHEHNSI, CBSI3aHHbBIE C KOaryJIsi-
HUel OTaeabHbIX GUOpUI. B pe3yabrare 3TOro mpoucxXoauT ycaaka mojJanuMepa, U KMAKOCTb BbIIaBIM-
BaeTCs U3 o0beMa Kpeli30B.

ITogoOHOE CBOMICTBO CMCTEMBI, COCTOSIICH 13 TUCIIEPTUPOBAHHOM IMTOJTUMEPHON MaTPUIIBI M BEICO-
KOBSI3KOI aaCcOpOLIMOHHO-AaKTUBHOM Cpeabl, HAXOMSIIENCS B Kpei3ax, MOXET UMETb IPaKTUYSCKUA
MHTEpeC, TaK KaK Ha CEeTOIHSIIHMUI JeHb CYIIeCTBYeT IIOTPEOHOCTh B MaTepHajiaX ¢ KOHTPOIUPYEMbBIM
JUIMTEJIbHBIM BbllieIeHUEM (DYHKIIMOHAJbHBIX MHIPEIUEHTOB B MEIUIIMHE, KOCMETOJIOTUY, TTUIIIEBOI
MPOMBILIIEHHOCTU U CEJIbCKOM X03s1iicTBe [79—81].

IMoabIToXXMBast BHILIEU3IOXEHHOE MOKHO 3aKJIIOUUTD, YTO UCTOJIb30BaHME KPEeH3UHra MoJIMMepOB
B XUJIKUX CpelaX IMTO3BOJISICT MOJIYIUTh IIMPOKML KPYT HOBBIX BUIOB MOJINME P-TIOJIMMEPHBIX CMECEeH C
BBICOKUM YPOBHEM AUCIEPCHOCTU KOMIIOHEHTOB M HOBBIMM (PM3MKO-MEXaHNYECKMMU CBOMCTBAMM.

Pabota BeimoaHeHa nipu ¢MHAHCOBOI noaaepxkkKe Poccuiickoro donna ¢pyHIaMeHTaIbHBIX UCCIIE-
noBaHuit (kon mpoekTta 09-03-00430-a), rpaHTOM rocymapCTBEHHON IOMAep>XKU Bemyux HaydHbBIX
ko (HII-4371.2010.3) u TocynapctBeHHbIMU KOHTpakTaMu (Nel11484 u Ne(02.740.11.0143).
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