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HNHCTUTYT XMMUHU BBICOKOMOJIEKYIISIpHBIX coenrHennii HAH Ykpaunbt

48, XapwkoBckoe mocce, Kues, 02160, Ykpauna

B pabome demanvnoe snumanue yoeneno memooy opMupo8aHus nOPuUcCmou CmpyKmypol 8
RONUUMUOCOOEPHCAUWUX (6 HACMHOCU 8 NOAUUMUO—NONUYPEMAHOBBIX) CUCTIEMAX NOCPeOdCEOM
mepmMu4ecKkoll 0eCmpyKyuu JabUIbHO20 KOMROHEHMA, YO NO360NAEH Pe2yIuposamy pazmep nop u ux
pacnpeoenenue ¢ mamepuane. [Ipogeden CpagHUMENbHbIN AHATU3 CIPYKMYPbL U CEOUCME NOPUCTBIX
Mamepuanos, NOIYYEeHHbIX MeMoOOM MEPMUUECKOU OeCmpYKYuU 1a6UIbHO20 KOMHOHEHMA, NOKA3AHO
GIUSIHUE OCODEHHOCMEN CIPYKITYPb HA MepMUYecKue, meniohusuieckile, OUNEeKMPULecKue, MeXaHuieckue
U Opyaue c80UCmea NOTUUMUOCOOEPHCAUUX MATNEPUATIOS.
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KOMIIOHCHT.
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VHTeHCHBHOE pa3BUTHE HAYKH M TEXHUKN O0YCIIOBIIH-
BAcT pa3padOTKy HOBBIX IIOPHCTHIX MOTMMEPHBIX MaTepHa-
JI0B, a TAKXXe WX HIMPOKOE MPUMEHEHNE B Ka9eCTBE MEMO-
paH, copOeHTOB, (PIIIETPOB, TIOUIOKEK B MEMOPAHHBIX TEX-
HOJIOTHSIX, IPOIIECCaX Pa3feiIeHNs U OUNCTKH, B CHCTEMAX
ra30- ¥ HOHOTIEPEHOCA, B MUKPOAIEKTPOHHBIX TEXHOJIOTH-
ax U T. 1. [ |-4]. Tlorck auTepaTypsl B OCHOBHBIX ANIEKTPOH-
HbIX 0a3ax manHbIX Elsevier (www.sciencedirect.com),
Wiley (http://www.onlinelibrary.wiley.com) u Springer
(www.springerlink.com) mokasa, 94To K HacTOsIIEMY Bpe-
MeHH orryormikoBaHo 6ornee 400 ThIc. paboT, B KOTOPBIX HC-
CIIEZIOBATEITH MOyJaIld U U3y4Jalli CTPYKTYpPY U CBOHCTBa
Pa3TIMYHBIX TOPHUCTHIX MaTepraiio. 13 Hux oxoio 100 TeIc.
paboT, B KOTOPBIX aBTOPHI pa3padaThIBAIM U UCCICHOBATIH
CBOICTBa TOPUCTHIX MaTEpUaJIOB Ha OCHOBE PA3THYHBIX
MOAN(HITIPOBAHHBIX MTOIMMEPOB, CMECEH OIMMEPOB, THO-
PHUIHBIX WM B3aMMOIPOHHUKAIONIUX MOIMMEPHBIX CETOK,
HAHOHAIOIHEHHBIX KOMIO3UTOB M Tp. IIpy 3TOM BHHMMa-
HHE HCCIIEA0BaTeNel COCPEIOTOYEHO Ha CO3IaHNH TIOpHC-
THIX TOJIMMEPHBIX MATEPHAIIOB, 00JIaIafOIINX OJHOBPEMCH-
HO 3aJJaHHOH TIOPUCTOH CTPYKTYPOH (C OIIpeIeleHHON Teo-
METpHUeH W pasMepaMHu Iop) U TpeOyeMBIM KOMIUIEKCOM
(PMBUKO-XMMUYECKNX I MEXaHUYECKNUX CBOMCTB.

Pa3paboraHo MHOXECTBO CIIOCOOOB ITOTYUCHHUS TIOPH-
CTBIX MOJIMMEPHBIX MaTepHaNIOB, KOTOPbIE TIOAPOOHO OMH-
CaHBl ¥ NIPOAHAIN3UPOBAHBI B JINTEPAType: Pa3IoKeHHE
TpeIBapUTEIBHO BBEACHHOTO mopodopa [5, 6], odpazo-
BaHHE MOpodopa B MPOLECCE MOITYIEHHS CMECH C TTOC-
JIeTYIOIIAM €TO0 Pa3lIoKeHUeM [ 7], IMyIIbCHOHHAS TIOJIH-
MepH3alys B IPUCYTCTBUH TOporeHa [8], BCeHnBaHne
[9], monexymsapusrit ummpuHTHHT [10], MeTom Mexdac-
THYHOW cimBKH [11], 301mb-renb MeTox [12], HHKITIO3uS

MHKpocdep cTekna mwin yraepona [13], Bo3meiicTBue
MHKPOBOJIHOBOTO M3ny4eHus [ 14], meTon pa3oBoro pas-
nenenus [15-17], meTon TepMuYecKd HHAYIHPOBAHHO-
ro (azoBoro pazneneHus [ 18], METox MOPUCTHIX OO~
xkek [19], sxcrpakums [20], pa3nokeHHe TepMUIECKU
Na0MIBHBIX JOMEHOB B (ha30pa3[eICHHBIX ONOK- WU
MIPUBHUTHIX conoimMepax [21-23] u paguaioHHBIe TeX-
Hojtoruw [24, 25]. Tlouck nuTepaTypsl, IPOBEICHHEBIN B
IEKTPOHHBIX 0a3aX JaHHBIX 110 KITIOYEBBIM CIIOBAM #0-
PpUCmblil, MepmMoOecmpykyus, mepmudecku 1aduibHblll
KoMRnOHeHnm TIOKa3all, YTO Ha CETONHSIIHWI IeHb METOX
(hopMHPOBaHNS TIOPUCTHIX MAaTEPHAIOB IIOCPEICTBOM JIEC-
TPYKIMH TEPMHUYECKH JTaOMIBHOTO KOMITOHEHTA TpHMe-
Hsics aBTopamu Oomnee gem B 300 paborax. Heobxonu-
MO OTMETHTB, YTO KOJNYECTBO M3maHHbIX mocie 2000 1.
pabort coctamseT 76 % ot 001Iero yncia omyoInKoBaH-
HBIX PabOT B 3TOM HAIPABJICHHUH, YTO CBUACTEILCTBYET
0 TIEPCIEKTHBHOCTH HCIIOJIB30BAHUS JAAHHOTO CIIOCO0a
(hopMHpOBaHHMS IOPUCTOM CTPYKTYPBI.

C mpaKkTHYecKoi TOYKH 3PCHHS HAUOONBIIHA WHTE-
pec IPenCTaBISIOT MaTEPHAITBI C ITUPOKUM TEMITEpaTyp-
HBIM JJHAINIa30HOM JKCIIIyaTalllH, HapumMep, Groporuia-
CTHI, TOTMM(EHUIICHBI, TOIH-(/1-KCHUIAJICHBI), TTOIUTETe-
poapmiieHs! (HanpuMep, TONMHOEH30KCa30IIbl ), HEKOTOPHIE
3JIEMEHTOPTaHWYIECKHUE TOIUMEPHI, & TAKXKE ITOTUIMU
(ITN). Kak m3BecTHO, [TN 00magaroT BEICOKO TepMUAdeC-
KOH M TEPMOOKHCIIUTEIBbHON YCTOWYUBOCTEIO, TEMIIEpa-
Typa Hauaja npouecca tepmonectpykuuu 11 nexur B
obmactu 350-450 °C (ma Bozmyxe) mmm 500 °C (B Bakyy-
Me/mHepTHOH cpene) [26]. M3memust uz [TU MoryT mmmTess-
HO DKCIUTyaTHpOBaThes pu Temmeparypax 200-260 °C 6e3
YXYIIIEHHS 3KCIUTyaTallMOHHBIX CBOICTB, a TakXke o0Ja-
JAIOT BBICOKOHM paglalimoHHOM CTOiKOCTRIO [27], 9TO, B
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COUYETaHUU C MAJIOH JIETYYECThIO B BakyyMe, nenaet [1U
HE3aMEHUMBIMH ITPY HCIIONB30BaHNUH B y371aX TPEHUS, pa-
Oortarommx B Bakyyme. LlenHol xapakrepuctukor TN
SIBISIETCS] BBICOKOE COIIPOTHBIICHHUE TOJI3YyYECTH TIPH T10-
BEIIICHHBIX TeMmeparypax [28, 29], a BO3MOXXHOCTB ITPH-
meHeHust [IM s M3roTOBNEHUS MPENN3HOHHBIX JeTa-
nei o0yciaoBIeHa MUHUMaIbHOH ycankoi (< 1,0 %) mpn
nepepaboTKe METO0M IIPECCOBAaHMS WM CclIeKaHus. Bece
nepeuncieHapie gocronHcTsa [T oOycioBuimm BEIOOp
€ro B KaueCTBE OCHOBHOTO KOMIIOHEHTA /ISl TOIYICHUS
MeMOpaH.

B marHOM 0030pe€ npoBezeH aHan3 padoT, KacaroIiX-
cs1 (hopMUpOBaHMS TTOPHUCTOH CTPYKTYpHI B [IM-comepxa-
MUX MaTepHaiax METOAOM TEPMUYECKOHN JIECTPYKIMH JIa-
OMIIFHOTO KOMITOHEHTA, B YACTHOCTH MOMYpPETaHa.

2. IMosry4yeHne NOPUCTHIX MOJMUMHUIHBIX MATEPHAIOB
3a cYeT TePMHUYECKOM 1eCTPYKIUH Ja0HIbHOT0 KOM-
TIOHEHTAa CONOJMMEPOB U OMHAPHBIX CMecei.

O6sryHO [1M moONydaroT MOMUIUKIOKOHICHCAINEH
JTUAHTHIPUAOB KapOOHOBBIX KHCIIOT U TUAMHUHOB B pa-
CTBOPE HMJIM PAcIIaBe B OJHY MM JIBE CTaIUH, 3aKJII0Ya-
fomyecs B cuaTe3e nonraMunokuciotsl (ITAK), ¢ moc-
neayronel UMuIu3anueil (Jeruaparanus 1 IUKIN3anns
¢ 00pa30BaHMEM MMHUIHBIX LIUKJIOB) MPU ITOBBIIICHHON
TEMITepaType B IPUCYTCTBUH KaTaIH3aTopa Mk Oe3 HeTo.
PactBop ITAK wmmm, B GONBIIMHCTBE CITy4aeB, CPOPMH-
pOBaHHBIC U3 HEE TUICHOYHBIE MaTEpPHabl U BOJIOKHA,
HarpeBaloT B BaKyyMe WJIM MHEPTHOH arMocdepe ¢ mo-
CTETICHHBIM ITOBBIIIICHHEM Temirepatypsl 1o 300-350 °C.
[Tpn 3TOM CTeneHb MOMMMEPU3AINH TPETIONNMEPa TIPU
100150 °C ymenpIaeTcst BCIEACTBHE IPOTEKAHUS 00-
MEHHBIX B3aUMOJEHCTBUI MEXIy PaCcTYIIIMH OJIATOMEP-
HeIMH Monekynamu [TAK, a 3areM, mpu Gojee BBICOKHX
TEMIIEpATypax, BO3PACTAET, YTO OOYCIOBICHO IPOTEKA-
HUEM PEaKIUH MOTUINKIOKOHICHCAINH 110 KOHIEBBIM
aMHHO- M aHTHAPUAHBIM IrpynmnaM. Beicokoremmneparyp-
HbIE, C TOYKH 3PEHHS TPAJULMOHHON MOJUMEPHOU XH-
MUH, YCIOBUSl CUHTE3a, a Takxke croikocth IIU k neit-
CTBHIO PACTBOPHUTENEH 3HAYUTENBHO 3aTPYAHSIOT MOy~
YEHHE CMECEH Ha €T0 OCHOBE C MTOTMMEPAMH APYTHX TH-
OB, 0COOCHHO MMEIOIIHUX CYIIECTBEHHO MEHBIIYIO
TEPMOCTOMKOCTB. Takum 0Opa3om, ycimoBus cuaTe3a [11,
a Taxke crocoOs! nomydenns [IM-comeprkammx cucteM
CYIIECTBEHHO BIIMSIOT Ha KOHEYHBIE MEMOpaHHBIE CBOH-
CTBA, B YaCTHOCTH, Ha Ta30MPOHUIIAEMOCTbH, KOTOpast Ha-
MPSAMYIO CBSI3aHA C TUIOTHOCTBIO YMAKOBKH €r0 Makpo-
MoJieKyn. Bricokast mmotHOCTh OonprmmHCTBa [T s1BIsI-
€TCsl IPUYMHON HU3KOM Ia30IIPOHUIIAEMOCTH, YTO, B CBOIO
o4epenb, CyKaeT BOSMOXKHOCTH MX NpUMEHEHUs. Jlis
MIPEOIONICHHSI JAHHOTO HEJOCTATKA MPEIOKEH CITOCO0
MOBBIMICHNS IPOHNUIIAEMOCTH TIOIMMEPA 0 OTHOIICHHIO
K Pa3IUYHBIM Ta30BBIM CpEJaM, 3aKJIIOYAIONIUICST BO
BBeaeHUM B [IM monuMepHOro KOMIOHEHTA C CYyIle-
CTBEHHO MEHbINIEH IUIOTHOCTHIO, HAIPUMEp MOJINype-
TaHa, 9T0 OyIeT crocoOCTBOBaTh (POPMUPOBAHUIO 0O-
Jee peIxion cTpykTypsl 111 6e3 yXynameHus: o CHOBHBIX

9KCIUTyaTallMOHHBIX XapakTepucThk. Eme onue HeocTa-
Tok [V, orpannumBaromuii ©X MpUMEHEHUE, 00YCIOB-
JICH BBICOKUMH 3HAYCHHSIMU JTHIEKTPUIECKON MOCTOSH-
wott (€ (ITN) = 3,1-3,5). Kak u3Bectro, 1M, ocobeHHO
HaHOIOPHCTHIE, TPUMEHSIOT B MUKPOJJICKTPOHUKE MPH
W3TOTOBJICHUN MHUKPOIJIEKTPOMEXaHHUECKUX CUCTEM MO
TEXHOJIOTHH JXEPTBEHHBIX CJIOEB M B3PBIBHOW JINTOTpa-
(K, Kak MEXKCIOHHYIO N30JISIMIO, 8 TAKXKE B Ka4eCTBE
JUAIEKTPUUECKUX U KOPIYCHBIX MarepuanoB [30-32].
OnHako, B CBSI3M C Pa3BUTHEM MHKPOIEKTPOHUKH, Tpe-
OyroTcsi Marepuanbl ¢ HU3KUMH (< 2,5) ¥ yIbTpaHnu3KH-
mu (< 2,2) 3HaueHusmu € [33]. @opmupoBaHre mopuc-
TOM cTpykTyps! B [1M m03BOMNSET 3HAYNTETLHO CHU3HUTH
3HaueHue £ [22] 3a cyeT 3amoJHEeHUs MYCTOT BO3AYXOM
(€ (Bo3myx) = 1). Tak, B tuTeparype 10CTaTOYHO HINPOKO
OTIMCaHBI CTIOCOORI TToNTydeHus nopucTeix [1U mieHok ¢
HU3KAMH 3HAYCHUSAMH TUANEKTPUUECKUX MOCTOSHHBIX:
9TO M MHUKpPOBONHOBas obOpabotka [14], u obmydenne
noHamu [34], ¥ BBeJleHHE BCIICHUBAIOIINX areHToB [35],
a Taroke moJbIX MuKpocdep [13].

[lepcneKTHBHBIMHU SIBISIOTCS METO/BI Oy UIEHHSI 110-
PHUCTOH CTPYKTYpBI, OCHOBaHHBIE Ha ()OPMHUPOBAHUH ITy-
CTOT B OJIOKCOTIONMMEpax, KOTOPBIE COIEPKAT TEPMUIEC-
K HecTaOuIbpHBIC ONOKH (MOIUIPOMUICHTIHKOID
(ITOIIT"), moTMMETHIIMETaKPIIIAT ), TOCPEICTBOM TEPMH-
YECKOW JEeCTPYKIHU MOCIenHuX [36], Wi necTpyKInu
OOKOBBIX TEPMHYECKH JAOMIBHBIX IETIEH B MPUBHUTHIX
comonumepax [1IM [37, 38]. Mcnons30BaHNE MPUBUTHIX
COIOJIMMEPOB B KAUECTBE NMPEKYPCOPOB JUIS MOIYICHUS
Ha"HonopucTelx IIM maTepuanoB uMmeeT psa NpeuMy-
miecTB. Tak, B pabore [37] Hanonopucteie [11 mmeHku ¢
HU3KOHU € MONyYyald TEPMUUECKON UMUAN3ALUEN B apro-
He coronumepa o[ N,N’-(1,4-¢pennnen)-3,3',4,4'-6en-
30(heHOHTETPaKapOOHOBOI aMHIOKHCIOTHI| C METHIIME-
takpunaroMm (ITAK-np-IIMMA), nmonygerrnoro RAFT-
nonmMepu3anueii (Reversible Addition-Fragmentation
chain Transfer polymerization — monnmMepu3anus myTem
o0OpaTuMoro prcoeqHEeHIA-PpparmenTanun) [39], ¢ moc-
nemxyromei necrpyknueii 6okoBeix nemeir [IMMA. Tlo-
pucrocTh nomydeHHbIx 1M mnenok cocrasmina 5-20 %,
TIpY 3TOM pa3MepP HAHOIIOP BapbUpoBaJics OT 5 10 15 HM.
[oxazano, yto mra [T mnenku ¢ mopuctocteio 20 %
3Ha4YCHHUE £ paBHO 2,1. AHANIN3 pe3yabTaTOB IOKA3all, 9TO
[IM1-coneprxaiine HAHOMOPUCTHIE TIIEHKH, IPEKYPCOPOM
JUTSL KOTOPBIX SIBJISUIACH OIIOKCOTIOIMMEDHI, TIOJTydYCHHBIE
TPaANUIIIOHHBIM METOIOM PaANKAIILHOM MOTMMEpU3annH,
MMEIOT OOBIINIA pa3Mep HOp 1 HEPAaBHOMEPHOE pactpe-
JIeTICHNE TIOp TI0 pa3Mepam, 10 CPAaBHEHHIO C COIIOINME-
pamu, cunTe3upoBaHHbIMU RAFT-nonumepusanuei.

Amnanornuto, RAFT-monmumepu3zaruei ObUT CHHTE3H-
poBan comonumep ¢GropupoBanHoro [T (PIIN), momy-
YEHHBIN CTYyNEHYAaTON NOJUKOHICHCAUEeNH TUaHTuAPUIa
2,2-6uc(3,4-nukapOokcudenni)-rekcagTopuponana
(6DA) u 4,4’-6uc(4-amuaopeHoken)audeHnIcymsho-
Ha ¢ monudTIIIeHTHKoeM (I19T), mmeronum KoHIEeBbIe
METOKCIJIBHYIO W MeTakpuiaTHyto rpymnmsl (II9TMA)
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Puc. 1. Cxema momydeHs] HAHOMTOPUCTHIX TNIEHOK Ha
ocHoBe OIIU-np-IIBI'MA [40]

[40]. Ha puc. 1 cxeMaTH4YHO Ipe/ICTaBIICH poriece QyHK-
nuoHanu3anuu OIIN o30HOM ¢ nocnenyoleil NpuBUB-
kot makporeneit [IDI'MA, a Takke moay4eHHe HAHOO-
pucTbIX IeHOK Ha ocHOBe DI -np-II2I'MA. Hanomo-
pUCTBIE TUIEHKHU C YJIBTPAaHU3KHMHU 3HAYEHUSMH E MOy~
YaJld TEPMUYECKON JIECTPYKIUEH TaOMIBHBIX OOKOBBIX
neneit [I9T'MA npusutoro nonumepa OIIN-np-I1I9TMA
npu Temneparype 250 °C Ha Bo3nyxe. Metonom daso-
KOHTPACTHOM CKaHUPYIOLIEH 2JEKTPOHHON MUKPOCKOTTH
(CBM) ObLIH OTIpEICTICHBI OCHOBHBIE MOP(OIOTUICCKHE
XapaKTepUCTUKH U MTOKa3aHO, YTO MOPUCTOCTH BapbHUPY-
ercst B npenenax 2—10 %, a pasmep nop ~ 20-50 um
(puc. 2). Ilpumenenne nannoro croco6a [40] nmo3Bonu-
JI0 3HAYNUTENBHO cHU3UTS € ¢ 3,1 (PI1N) no 2,0 (HaHOTIO-
pucteiii ®I11) 3a cuet, BO-NepBbIX, YMEHBIICHUS CTPYK-
TYPHO# )KE€CTKOCTH M TNIOTHOCTH YIIAaKOBKM MaKpoIerei
@IIN, 4To MPUBOAKT K YBEIUYEHUIO CBOOOTHOTO 00Be-
Ma B TIOJINMEPE U, BO-BTOPHIX, YBEITUUEHHS [TOPHCTOCTH
Marepuana. B To sxe Bpems Obi10 ycTanosneno [40] He-
aJIJUTHBHOE U3MCHEHHE 3HAUCHHUH € 10 OTHOIIEHHIO K
HM3MEHEHUIO CBOOOTHOTO 00beMa U KOHIIEHTPAI[H HaHO-
mycToT B nonumepe. [lokazano, uto usmeHnenus koudop-
Manuii Makpolenei, npoucxoasIine B pe3yybTare cono-
JTIUMEPH3aLUH, a 3aTEM U UX JCCTPYKIHH, B JaIbHEHIIIEM
OKa3bIBAIOT BIMSHUE Ha € ojuMepa. VizydeHne MmexaHu-
YECKUX XapaKTEPHCTUK BBISBHUIIO TEHJICHIIMIO K CHUKE-
Huto ipouHocT OIIN ¢ 67 o 62 Mlla qnst HaHOTIOpHC-
toro ®IIN ¢ mopuctoctio ~ 9,3 % Ha OCHOBE COMOU-
Mepa OIIU-np-IIDI'MA, cuntesupoanHoro RAFT-no-
nuMepu3anueit, u 10 55 Mlla nns @I ¢ mopucTocThIo
~ 10,1 %, nonydyernHoro Ha ocHoBe cononumepa PITN-
np-IIDI'MA, cUHTE3UPOBAHHOTO TPATUIIMOHHOM CBOOO -
HOpaJIuKaIBbHOHN IomMMepu3anueii. bonee Bricokne 3Ha-
YEHHs] POYHOCTH ISl cucTeM, noidydeHHbIX RAFT-mo-
JTUMepHu3anuel npu OJIM3KUX 3HAYEHUSAX MOPUCTOCTH,
aBTOPBI OOBSCHSIIOT BHICOKOOPTaHW30BaHHOM IOPUCTOM
CTPYKTYpPOH C paBHOMEPHBIM paclpeielIeHHEM I0p B
o0beMe 00pasiia U MCHBIICH JTOJIeH B3aMMOCBSI3aHHBIX
mop (puc. 2).

Bce onucannsle Boime [1M-conepaxaliie MaTepHasl

Puc. 2. COM mukpodoTtorpaduu mormepevHoro cpesza
o6pasnoB mieHok OIIU-np-IISTMA, momydeHHBIX
RAFT-nonmmepusanueii (umotHocTs npusuBku 0,37): a
— HCXOXHBIN; 6 — IMOCHe AECTPYKIHH NMPHBHUTBIX
Makponemneif; ¢ — mocie JEeCTPYKIUH ITPUBUTHIX
makporueneit ®IIU-np-IITMA (oOpa3en cHHTE3UpOBaH
panvKaIbHOW MoNMMepH3alreil (INIOTHOCTh IIPHUBUBKU
0,44)) [40]

00J1a/1al0T XOPOIIUMH JUIEKTPUYECKHMHU CBOHCTBAMH
C HEOOXOAMMBIMH YIIBTPAaHU3KUMH BEIMYNHAMU £ 1 IMe-
IOT BBICOKOIIOPHCTYIO CTPYKTYpy. OZIHaKO U 3TOM TI0-
JIUIMCTIEPCHOCTD MOP JI0CTaTOYHO BBICOKA (OT HAHO- 10
MHKPOMETPA), YTO HEAOMYCTHUMO MPH HCIOIH30BAHUH
TakuX MeMOpaH Juisl pas3nesieHus ra3os. Bropsm cyiue-
CTBEHHBIM HEJOCTAaTKOM IOJYYECHHBIX MopucThix [11
COZIepIKaIllUX MaTepHaliOB SIBISETCS UX BBICOKAs XpyI-
KOCTb.

Islam ¢ coaBTOpamu [41] mpeIOKUIN HCITOTH30BATh
meton nuponusa (1,5 4, 450 °C) cynabsdupoBannsix TN
JUISL TIOJTyYEHHsI TACTUYHBIX OPTaHO-HEOPTaHUYECKHUX
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MeMOpaH 3a cueT TepMudeckoit nectpykiuu SO,H-rpym.
[Tony4eHHble MEMOpaHbI 00J1a1aI0T XOPOILINMHE Ta30pas-
JIETUTEIbHBIMU CBOWCTBAMH, PETYJIUPYEMBIMH BapbHPO-
BanueM conepxanns SO,H-rpynm 8 ucxoanom IU. ITo-
Ka3aHo, 4to aectpykuus SO,H-rpynn npusoaut k obpa-
30BaHUIO MHKPOIIOp B TIOJIMMEPHOM MaTpPUIE U CIOCO0-
CTBYeT JIyutiei 1u¢dy3un ra3oB ¢ OOJIBIINM THAMETPOM
moriekyd, Hanpumep C H,. Ionyyennrie nmopucteie Ma-
Tepuabl 00J1a/1al0T BBICOKOW CEJIEKTUBHOCTBIO NP pas-
nenenuu cmecu rasos C,H /C H,.

MemOpaHbl ¢ XOPOIIUMHU Ta30pa3aeIUTeNbHbIMH
CBOICTBaMU OBUIM MOJYYCHBI [42] TepMuUdeckoit oopa-
6otkoii (300—450 °C) I, cuHTe3UPOBAHHOTO W3 JUAH-
runpuna 6®JA, 3,5-1uaMuHOOCH30HHON KHCIOTHI
(IABK) u 2,3,5,6-teTpameruii-1,4-peHnnenanamMmna c
npuuThiM K JIABK mukmonexcrpunom (I11/1) mo 6oxko-
BbIM KapOokcuiabHbIM rpynmnam ([TU-np-1111). Beiio yc-
TaHOBJICHO, YTO TEPMOOOPAOOTKA CIIOCOOCTBYET HE TOJIb-
Ko pasnoxenuto [/l u oOpa3oBaHUIO MOP, HO U CUIMBKE
makpouenei [11, yTo npuBOAUT K 00pa30BaHUIO KECT-
KOTO Kapkaca, IpeJOoTBpaIlaloniero pa3pylieHue mnop.
KomOunnpoBanHbIM MeTo/10M TepMorpasumMeTpun (TTA)
—uHdpaxpacuoii cniekrpockornuu (MKC) 66110 yeranos-
JICHO, YTO TEPMHUUECKasl JECTPYKIHsI CHHTE3UPOBAHHOTO
conosnumepa [IN-np-L1J] nporcxoqur B Tpu ctaguu. B tem-
neparypaoM unrepsane 200400 °C noreps macchl cocTa-
Bwia 10 %, maBHBIM 00pa3oM, 3a CUET BBICBOOOXKIICHUS
npoxyktoB pasnoxenus 11J{ - RCHO, R ,CO, R-COOH u
np. Ha Bropoii ctanuu (moteps macchl 5 %) B muama3oHe
temneparyp 400-450 °C mpoucxomut BhIgenenue CO,
(nosiBneHue Ha crektpe noiock 2350 cM') B OCHOBHOM
3a cueT mporecca aekapookcunmupoBanus JJABK, Bxoms-
IIIEX B COCTAB COMOJMUMHM/IA, U BBIICICHUE CFX (momoca
1149 cm™!', HIHTEHCHBHOCTH KOTOPOil 3aBUCHUT OT TEMIIE-
parypsrl). B obmact 500—700 °C Ha criekTpe HOTIIOMCHUS
MOSIBIIAIOTCS OJIOCHI, XapaKTEPHBIE TSl HU3KOMOJIEKYIISP-
HBIX TponykToB Aectpykuuu (H,0 3700-3900 cm; CO,
2350 cm'; CO 2170 1 2110 em'; a30T- 1 pTOpCcomepka-
e BemectBa (C—N 1360 cm!; CF, 1149 cm!; C-O
1050 cm)), uTo CBsI3aHO C paspylICHUEM MaKpOMOJie-
kyn [THU. Memb6pana [T1-np-11J], nonydeHHas TepMoo0-
pabotxoii mpu Temnepatype 425 °C, mokasana XOpouryro
CEJICKTHBHOCTH JUISA pa3fefieHus cMecell ra3oB (OZ/NZ,
CO,/CH, n C,H /C,H,), uT0 aBTOpBI OOBACHAIOT GOPMH-
pPOBaHHEM TOPIOBHHO-TIOAOOHBIX MUKpomop. CpaBHHU-
TEJIBHBIN aHAIN3 MIPOHUIIAEMOCTH H CEJIEKTHBHOCTH TIO-
Jy9IEHHBIX MEMOpaH IMOKa3aJl BO3MOXHOCTh HX KOHKY-
pUpPOBaHUS C yX€ M3BECTHBIMU Marepuaiamu PIMs
(Polymers of Intrinsic Microporosity — «ImonuMepsI ¢
BHYTpPEHHEH MMOPHUCTOCTEION) [43—46].

Hogerit mogxox B pa3paboTke HaHOMOpHCTHIX [1M-
MaTepuanoB ¢ HU3KUMH 3HAYCHUSIMH JUAIEKTPHUCCKOH
MTOCTOSTHHOM M XOpoIIel Ipo3pavHOCThI0 OBLT MpeIo-
JKeH B padorte [47], roe popMupoBaHIie HAHOIOP IIPOBO-
JIVITH B TOHKUX TUIEHKaxX IukiIoanudarnaeckux 11, cun-
TE3UPOBAHHBIX N3 COOTBETCTBYIOUINX AWAHTHIPHUIOB U

nuaMuHOB. CuHTe3 nukioanudarndeckux I1U ¢ Bvico-
KOM MOJIEKYJIIpPHOI Maccoit OCYIIECTBIISIN IPU UCHIONb-
30BaHUH CHITMIINPOBAHHBIX ATMIIUKINYECKUX THAMUHOB.
Tpubnokcononuumuasl [47], momydyeHHbIE Ha OCHOBE
JIBYX pa3iU4YHbIX N-CHIMIMPOBAHHBIX aTHIUKINIECKHX
TUaMuHOB 4,4’ -MeTuieH-0uc(2-MeTn-N-TpUMeTHIICH-
JWILUKIIOTeKCUIIaMHHA) (Jasee 1a) uim S-TpuMeTuiICcH-
nunaMuHO-N-TpuMeTHICUIuA-1,3,3-TpuMeTUIIIIUKIIO-
rekcaHMmeTmiamMuHa (nanee 10) m guanruapuna (rel-
(1°R,38,5°S)-cnupo[ pypan-3(2H),6'-[3]okcaburukio
[3.2.1]oxTan]-2,2',4",5(4H)-terpon), u I1IOIIT (MM =
4000) ¢ KOHIIEBOM aMHUHOTPYIIION TOABEprald TEPMH-
yeckoi 00paboTke npu Temneparype 230 °C B TeueHue
6 u st pazpyuenus jadbuiasHoro ¢parmenta (ITOIID).
Metonom TTA, npoBeI€HHBIM B U30TEPMUUECKUX YCIIO-
BHSIX, OBIJIO YCTAHOBJICHO, YTO TOJIHAS JECTPYKLHUS
[TOIIT" mpoucXoaAnT NpHU BBIACP)KUBAHUH 00pa3la MpH
temneparype 230 °C B reuenne 200 mun. Metogom COM
(puc. 3) ObUTO OOHAPY)KEHO HATMYHUE MOPUCTON CTPYK-
TYpBI JUIsl 00pas3loB ¢ UCXOAHBIM cozaepkanueM [TOIIT
Menee 30 % mac. YCTaHOBIEHO BIIMSIHUE Pa3MEPOB J0-
MeHOB (azopasnencHubix 65okoB [TOINI" B marpune [1U,
a, cnenoBaTenbHo, U conepxkanus [TOIII na pazmep mop,
Bapbupytoluiics B npeaenax ~ 50-100 um.
3aBUCHMOCTBH pazmepa rnop, cpopMHpPOBaHHBIX B CMe-
csix [TW/momuBrnaunupponunoH (I1BIT), mpu cootHore-
HUM KOMIIOHEHTOB 95/5 % Mac., 0T MOJICKYJIIPHOIT MacChI

Puc. 3. COM mukpodoTorpadnu TOHKAX mieHok [T
mocie Tepmoobpadorku (Bo3myx, 7=230°C, T=614.)c
conepxanueM [1OII" (Mac.%) B MCXONHBIX TUICHKAX M
CHHTE3UPOBAHHEIX Ha ocHOBE (1a): a —0; 6 — 16; 6 — 27,
2— yBeJIMYEHHAs YaCTh PUCYHKA (8); 1 CHHTE3UPOBAHHBIX
Ha ocHOBe (16): 0 — 18; e — 26 [47]
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(MM = (1,0-5,5)-10*) TepMuuecku Ta0HIBHOTO KOMIIO-
HEeHTa pacCMOTpeHa aBTopamu B padote [48]. Umunu3a-
muto [TAK mpoBonunu B npucyrcteuu I1BII npu temne-
patype 250 °C B TeueHue 30 MHH, a KOHTPONIb OCYyIIIe-
CTBJISUIM TIO TOSIBJICHUIO XapaKTEPUCTUYECKUX IOJIOC
C=0 umuansix rpymn 1779 u 1721 ecm!, C—N-rpynn
1373 cM’!, ¥ MCYE3HOBEHUIO TOJIOCKHI TormonieHus NH-
rpyni (1569 cm™). YrieponHsie MeMOpaHbI TOMIIUHOM
30 MKM ¥ fuamMeTpoM nop = 1,7 HM MOJIydaau MUPOJIH-
3om [TU/TIBII cMeceii, TOMEIIIEHHBIX B KBapIIEBBIC TPYO-
kU B atMocgepe Ar ripu Temrieparypax 550 u 700 °C. B
paboTe OTCYTCTBYET NeTanbHbIi aHamu3 TI' KpUBBIX, HO
OTMeueHO, uTo AecTpykuus I1IBII mpoucxonur npu Tem-
neparype 450 °C, a paznoxenue [11 — npu 550 °C. Uzy-
YCHHE aJICOPOIHH DA3NIMYHBIX Ta30B [48, 49]: He (pas-
Mep MOIICKYJIBI 2,6 A),H, (2,89 A),CO,(3,3A),0,(3,46
A), N, (3,64 A) u celeKTHBHOCTH MeMOpaH NpH pasjie-
nenun razosbix cmecedt H,/N,, He/N,, CO/N, u O/N,
MO3BOJIMIIO MOATBEPIUTH HPEANONIOKeHHe 00 0co0oii
ponu TIBII B hopMupOBaHNN MUKPOIIOp MPH TTHPOJIU3E
cmeceit [IW/TIBII u, cooTBETCTBEHHO, B YIy4IlIeHHN AU(-
(y3uu MOJIeKyJI ra3a yepes norydeHHble MeMOpaHsl. [1pu
3TOM C POCTOM MOJIEKYJISIPHONH MAaccChl yBEIMYUBACTCS
MOPHUCTOCTH MOJy4aeMbIX MEMOpaH C OTHOBPEMEHHBIM
YXYIIIEHHUEM UX CEJIEKTUBHOCTH T10 CPAaBHEHUIO ¢ MeMO-
panamu Ha ocHoBe ucxognoro IIW. Tak, manpumep, c
pocTtoMm MonekynsipHoi Maccs! [IBII moBsiaercs mpo-
nunaemocts O, wepes IMU/IIBIT meMmOpansl 10
6075,405-10"% m?>-c!“I1a’!, mo cpaBuenuto ¢ [T membpa-
Hamu (3750,25-10"® m*c'-I1a’!), mpu 3TOM CENEKTHB-
HOCTB TIpH paszienennn cMecu razos O /N, yMeHbIIaeT-
csac 11 go 7. Heo6XomuMo OTMETHTE BO3MOKHOCTE KOH-
KypupoBaHus Takux cmeceBbix [1W/TIBIT memOpan ¢ yxe
W3BECTHBIMH YTIICPOAHBIMA MEMOpaHaMH, MOTyICHHBI-
mu u3 [IH-comepxammux mpeKypcopoB (TakuxX Kak
Kapton® [50, 51] u I Ha ocHOBEe 6DMIA [52]), mpHn
pa3AeIeHUN Ta30B C HEOONMBIITNM THAMETPOM MOJICKYIIBL.

Cwmecu I1U ¢ npyrumMu mojauMepaMy 9acTo HUCTIONb-
3yIOT JUIA TTONMYYIEHUS YITIEPOAHBIX MEMOpaH IIyTeM IH-
poH3a MOJMMEPOB, HAHECEHHBIX Ha MOUIOKKY B KOHT-
pOIHMPYEMBIX YCIOBHSIX (TeMIepaTypa, ra3oBasl cpena,
CKOPOCTh HarpeBa, IMPOIOIDKUTEIHFHOCTE 00pabOTKH).
Taxme MeMOpaHBI XapaKTePU3YIOTCS MEXaHHIECKOH JKe-
CTKOCTBIO, XOpOUIEH YCTOMYMBOCTBIO K arpeCCUBHBIM
cpemam [53, 54], mydmei MpOHUIIAEMOCTEIO U CETICKTHB-
HOCTBIO TIpH paszieiennn cmecer razos (He/N,, H./CH,,
O,/N,, CO,/N,, CO,/CH,) mo cpaBHEHHMIO C IPYTHMH Cy-
e CTBYIOMIMMH ITOJIMMEPHBIMHA MeMOpaHamu [55]. B ka-
YeCTBE MOJIMMEPHBIX HMPEKYPCOPOB IS MONTYyYEHHS yT-
JeponHBIX MeMOpaH Hamboiee gacto ucmonb3ytor [N
[56-58], mommaxpunonuTpui [59], momudypdyprmnoBsiit
coupt [60], perom-anpaeruaasie cMonsl [61]. Yrepon-
HbIE MEMOpaHBI SBJISIOTCS TIEPCIIEKTUBHBIMHA MaTepua-
JTaMu JUIA pa3BUTHS COBPEMEHHBIX TEXHOJIOTHH B obmac-
TH XMMU9€CKOH MHKPOCEHCOPHKH, YTO 00YCIOBIEHO HX
HaIpaBICHHBIMHA MOJIEKYISIPHO-CUTOBBIMU CBOHCTBAMH

U BBICOKOW CTaOWIBHOCTHIO. [Tuponus cMmeceil monmnme-
POB MPUBOJMT K 00Pa30BaHUIO JIBYX Pa3JIMUHBIX ITOPHC-
TBIX CTPYKTYP C IIMPOKUM pacrpeielieHHeM op Mo pas-
MepaMm, OCKOJIBKY TEPMHUYECKH JIaOMIIbHBIA KOMITIOHEHT
(dopmupyeT OosbIIHe [0 pa3MepaMm MOPbI, 8 TEPMHUYECKH
CTaOMIIBHBIN OIUMEp — MUKpOTIOpbl. COOTHOIIEHHE MOP
M0 pa3MepaM CyIIECTBEHHO 3aBUCHUT OT COOTHOILLIECHHUS
TEPMOJMHAMUYECKOH COBMECTHMOCTH KOMITOHEHTOB B
cmecH. Tak, MUKporopucTbie (< 2 HM) HJIH YIbTPaMHUK-
pomopuctsie (<0,7 HM) yriiepoaHble MEMOpPaHBI MOTy4a-
IOT TUPOJM30M IUIOTHBIX 10 CTPYKTYpE IOJIMMEPOB, B
JTAHHOM ClTy4ae pe3y/IbTHPYIOIINI pa3Mep Mmop B OCHOB-
HOM 3aBHCHT OT YCJIOBUH IHPOJIN3a, & CEIIEKTHBHOCTD
OTrPaHHYMBACTCS Ta3aMi C PasMEPOM MOJEKys HE mpe-
seimaromum 4,0-4,5 A (He, H,, CO,, O,,N,, CH,). B to
Ke BpeMs ISl TIOJTyYeHHsT Me30IopHucThIX (2 — 50 HM)
YIJIEPOJHBIX MEMOpaH NMPUMEHSIOT KaK MHUPOJIU3 CMECH
MOJIMMEPOB, TaK U (pa3oMHBEPCHOHHBIN MeTox [62, 63].
KoHTponupyemslii npouecc popMHPOBaHHS 1Op B pe-
3yJbTaTe MUPOJIA3a CMECEH MOTUBUHIIIOyTHpANS U (e-
HOJI-aJTBJICTU/THBIX CMOJI C TTOJTy4Y€HHEM aKTUBHPOBAHHBIX
YIJIEPOJHBIX BOJIOKOH, COZIEPIKAIMX ME30IMOphl pa3Me-
pom 3-5 HM, noapobHo onucan Ozaki ¢ COTpYTHUKAMHU
[63]. B manHOM citydae KOHIICTIHS KapOOHHU3AIMH IO-
JMMEPHOW CMeCH OCHOBaHa Ha pa3HHUIIE CTETEeHEH aecT-
PYKLMIT KOMIOHEHTOB CMecel, TaK, OUH U3 HHUX B pe-
3yJbTaTe NMUposin3a o0pasyeT yIIeponHylo MaTpully, a
BTOpPOM — pasJiaraeTcst Ha ra3000pa3Hble MPOTYKTHL.
Meron nonydeHus: MOPUCTOM CTPYKTYphl, OCHOBaH-
HEIA Ha GopmupoBannu nop B [IM-comepskammx mare-
pHanax 3a cieT TEpMHUIECKON IECTPYKIIUH OOKOBBIX TEP-
MHYECKH JTaOMIBHBIX IIENEH B MPUBUTHIX COMOIMMEPAX
11 umeeT mMpoKoe pacnpoCTpaHEHUE, YTO OCHOBAHO
Ha BO3MOXHOCTSIX METO/a MOy4aTh MOPUCTHIE MaTepH-
ajbl ¢ paBHOMEPHBIM pacnpenenaeHuem nop B 111 mar-
puIe, BapbUpOBaTh pa3Mep 1mop (OT HAHO- 10 MHKPOMET-
pa), a TaKke B MPOCTOTE TEXHOJIOTUIECKOTO MPOIlecca.
B kauecTBe TEpMHUYECKH HECTAOMIBHBIX TPUBUTHIX (par-
MEHTOB 3auacTyio ucnonbdyror [191, IMMA, I u
[TOIIT ITpumenenune npouecca RAFT-monnmepusannu,
Kak OBUTO MOKa3aHO BBINIE, IS CHHTE3a TAKUX MPHUBHU-
TBHIX COIIOJIMMEPOB CIOCOOCTBYET Ooiee paBHOMEPHOMY
pacmpezneneHuro mop B oo0beMe 00pasiia 1 yMEHBIICHUIO
JIOJTM B3aWMOCBS3aHHBIX TOP.
3. ITopucTble MOJUUMHI-NIOJHYPETAHOBbIE MATEePUAJIBI.
[Momuyperans! 00Magar0T HA3KOH TEPMUIECKOHN CTa-
OMIBHOCTHIO M TEIUIOCTOHKOCTBIO, UTO OTKPHIBAET HOBBIE
BO3MO)KHOCTH MX NPUMEHEHHUS B KaIECTBE TEPMHUECCKH
Ta0MIIPHOTO KOMITOHEHTA IPH TONYYCHHH MOPUCTHIX
MatepuaioB [64]. Beenenme cTpykrypHbIX exuaun [T
B ITY mpoBOIsT pa3muIHBIMH CIIOCOOAMU, 8 UMEHHO B3a-
nMmoperictereM: [1Y-npenonmumepa ¢ korneBsiMa —NCO
TpyTIIaMU C THAHTHAPHIOM [65, 66]; ITY -mpemonnmepa ¢
KOHIICBOW HEM3OIMAaHATHOW (PYHKIIMOHATBFHOCTBIO C JH-
aarunpugom [67]; ITY -npenonmvepa ¢ kormeBsIMI —NCO
TPYIIIaMH € TUOJIaMU WM AUKUCIOTAMH, COJIEPIKAIINMHE
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Puc. 4. COM mukpodoTorpadun moBepxXHOCTH U
norrepegHoro cpesa mopucteix [1U mrenok (7= 400 °C,
T7=114.) c conepxxarnem 10 % I1Y: a — moBepxHOCTS, 6 —
noniepeunsiit cpe3 u 50 % I1Y: 6 — moBepXHOCTD U 2 —
ToTIepeyHbIi cpes [72]

umuaHble Tpynns [68]; ITY-npemonmumepa ¢ ITAK [69].
Bce mepeuncieHHbIe METOABI MPUBOIAT K IONTYYEHHIO
MOMMYPETAHUMH/IOB 33 CUET XUMHUIECKOTO B3aWMOACH-
CTBHS KOMIIOHEHTOB ¥ TOJIbKO OTHOCHTEIIFHO HEOOBIIIOE
KOJIMYECTBO IMyOnmuKarmii [79—81] onncriBaroT BBEIEHIE
[N B Tepmornnactiunblil [1Y nyTem cMemeHus noiume-
poB. [aHHEI QakT 0OBSCHICTCS TPYIHOCTHIO IOTyYe-
aust [TA/ITY cmeceit n3-3a BEICOKOH TeMIIepaTypbl HMH-
nu3armn [TAK 1 pa3nmaHO# Iprpoab! HCITOIh3yEeMBIX M0-
JIMEPOB.

3.1. Cononumepst nonuypemanumud KaKk npexKypcopsl
0J14 NOJIYYEHUA NOPUCHBIX MAMEPUAII06.

Hamubomee mompo6HO npobieMy MONy9IeHUS U H3yde-
HUSI CBOWCTB MTOPHCTHIX MaT€pHajIoOB HA OCHOBE Pa3IINd-
HBIX conoimMepoB nommyperanumunos (ITY) ommcan
B cBOMX pabotax Takeichi c coaBTopamu [29, 58, 70-76].
Tak, B pabote [72] mopucTBIe MaTepUaHI TOTyYaIH MTH-
ponusoM mieHok ITYU, cunre3upoBanHeix u3z 1Y mpe-
mojmMepa ¢ KoHIeBbIMU GeHokcurpynnamu u [TAK Ha
ocHOoBe mupomernuroBoro nuanrunpuna (IIMJA) u
4,4’-mnamuHonndenunoBoro 3¢upa. Iorydenne mopu-
croii [1M coneprkaiieii INIEHKU OCYLIECTBISUIM HarpeBa-
HueM obpasna ITYU no 7= 300—400 °C. Meromom TTA
OBLIO ycTaHOBIEHO, uTo B 001actu 7' = 280-390 °C mpo-
WCXOIHT PA3NI0KEHHE TEPMUIECCKH JTAOMIBHOTO ypETaHO-
BOTO KOMITOHEHTA, Torna kKak mpu 7 > 500 °C mportekaet
pa3iokeHne W KapOOHM3AIUsI UMHIHOTO KOMIIOHCHTA.
Metomom COM mokazaHo (puc. 4), 9To MOIyISHHBIE IT0-
pHUCTBIE TUIEHKH XapaKTepU3YIOTCS HAJINYHEM YHHMO-
JTATBHOM MIOPUCTOCTH C MAKPOIIOPAMH OBaJTbHON (POPMBL,
MIPUYEM C YBETMUEHHEM coneprkanus [1Y komrnoHeHTa pa-
cTeT cpenauii pasmep Makporop (¢ 0,6 xo 10,0 MkM) 1 ux
MONHAAUCTIEPCHOCTD (PHC. 5), 9TO CBHACTEIBCTBYET O BO3-
MOKHOCTH KOHTPOJISI pa3Mepa MakpoIrop BapbHPOBAaHNUEM

Y50%
I1Y30%

467 TIY10%

Puc. 5. lnarpammsl pacrpeaesneHus nop mno pazmepam
B nopucthix [N nmieHkax ¢ pa3iIMyHbIM COAEPKAHUEM
Iy [72]

conepxxanus I1Y komnoneHra.

B pa6ore [70] mns momyuenus [TYU ucnons3oBanm
[TV npenonumep Ha 0CHOBE MONUITUIIEHIIIMKOIbaAUIIH-
Hara ([13T'A), 2,4-Tomyunenannzonuanara (2,4-TAN) u
thenomna. [Tokazano, gto ucxomusie [IYUW mrenkn obmna-
JIal0T SIBHOM OMaJIeCLEHIMEN NOocie ylajJeHusi pacTBO-
putens, Toraa kak npu 3amene [19T'A wa 10T [71] 06-
pasusl ITYU ontryecku npo3payHsl BO BCEM AUANa30HE
KOHIIEHTpalui 0e3 3aMETHBIX CIIEJIOB OMaJICCICHINH
nake mpu Harpese 1o temieparypsl 200 °C. ®daxkr oma-
JIECIEHIINN aBTOPBI OOBSCHSIIOT PA3HBIM Pa3MEPOM J0-
MeHoB [1Y mpu ucrons30BaHAN TOTUIPHUPOB PASTUIHON
TIPUPOJEIL, TIOCKONBKY 3Heprus Kore3un [121 cymecTBeH-
HO MeHbIIIe, 4eM y cerMeHToB [I1OT'A. Brutn nzydeHs! me-
XaHuuyeckue cBoiictra mieHok [IYU no u nocne nuposnu-
3a, a pe3ynbTaThl MccienoBaHni 0000meHsl B Tabm. 1.
[Muponu3z cuntezupoBanublx [I1YU mieHOK Ha CTEKIIAH-
HOM TOUTOKKE TMPOBOAMIIN TEPMHUECKOH 00pabOoTKOM
mpu 7=300 1 400 °C B TeueHune 1 4. mpu KaXk 101 TeMIIe-
parype. UccrenoBanme ITYH 06pa3nos mocie nupoimsa
MeToroM COM CBHIETENBCTBYET O HATHYNH B 00pasnax
mop pasmepom = 50 uam [71]. [IpoBeneHne Mexanudec-
KX ucnbITannii mopucteix [IYUW cuctem (cm. Tabm. 1)
OBIJIO 3aTPYAHEHO W3-32 UX BBICOKOW XpymKocTH. J[is
JTAaHHBIX 00pa3I0B yCTAHOBJICHO CYIIECTBEHHOE CHIKE-
HUE 3HAYCHUN £ IpU yBeNUUYeHUU coneprxkanus [1Y, a 3na-
geHus G 1 O BBITIE, 9eM i nHauBuayansHoro [TM. Ha
OCHOBAaHMHM aHAJIN3a BI3KOYNPYIrux xapakrepuctuk [IYU
czenaH BBIBOJ O (ha30BOM pa3/elIeHNH KOMIIOHEHTOB BO
BCEM KOHIICHTPALMOHHOM JHana3oHe. AHAJIN3 BSI3KOYII-
pyrux cBoicTB 00pa3mos I[1Y U, monBeprayThIX MAPOIH-
3y, CBUIETENLCTBYET 0 pasnoxennu [TV (orcyrcryer T,
ITY B HU3KOTEMUIEpaTypHOIT obmactu ~ -30 °C). MeTo-
moMm TI'A oOHapy)keH IBYXCTaAMWHBIA XapakTep JecT-
pykuuu ucxonusix [IYU: I-as cmaous (300-400 °C) —
pa3iokeHHe TePMUYICCKH JTaOMIBHBIX cerMeHToB 1Y u
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Tabmuna 1. Mexanudeckue xapakrepuctuku [TYU
TJICHOK JI0 U mocJie nuposinza [71]

Iy

JI0 AP OIn3a I10CJI€ IUPOIN3a
owny| G o, g mmy| G, | o | &
% mac.|TTla' |MITa?| %’ |% mac.| TTla | MITa| %
100/0 | 2,5 | 137 | 61 |100/0 | 2,5 | 136 | 43
80/20| 22 | 75 | 49 [80/20] 4,5 | 199 | 15
50/50] 09 | 22 | 44 [50/50] 3,0 | 107 | 8.8
20/80[0,03| 8 490 [20/80| 1,3 ] 5 |04
10/90 [ 0,01 | 9 | 985 | 10/90 | - - -
0/100 [0,001| 4,2 [>1000

* — cooTHOLIEHHE KoMITOHEeHTOB B ITYU 10 uponmsa
'G — Momynb ympyroctu; >0 — mpeaes MPOYHOCTH TPHU
paspsiBe; € — yIIMHEHHE TIPH pa3phiBe.

2-as cmaous (>500 °C) — repmuyeckas nectpykius [T1
[71]. B mponomxkenue cBoux pabdbot Takeichi ¢ coTpyaHu-
Kami [72, 76] mpoBenu BEICOKOTEMIIEPATYPHBIN MHUPOITU3
nopuctsix [T menok npu 7'= 900 °C, npeaBapuTeasHO
TOJIy4eHHbIX U3 cooTBeTcTBYomUX I[TYU cuctem co cpen-
HUM paszmepoM nop 0,6—51,0 MKM, pe3yapTaToM uero ObLIo
o0Opa3oBaHue KapOOHHM3MPOBAHHBIX IICHOK, COXPAHHUB-
LIMX TOPUCTYIO CTPYKTYPY MCXOIHBIX 00pa3noB (puc. 6).
Hzyuenne nzorepm anacopOunn N, MakpOopHUCTBIMH Kap-
OOHM3MPOBAaHHBIMHU TJICHKAMH ITO3BOJHIIO OOHAPYKUTh
HaJIW4YMe MUKPOIOp, MOSBUBIINXCA B MPOLECCEe MTUPONHU-
3a Makponopucroit IT1 miaenku.

Krishnan ¢ corpynuukamu [77] npeacTaBuin TeXHO-
JIOTMYECKH MTPOCTOH CIOCO0 MOJTyYeHNs] HAHOTIOPUCTBIX
II1 cucrem nuponuszom mieHok [1YU. Ilocnennue cun-
te3upoBanu umuauzanuen ITAK B mpucyrcreum ITY mpe-
MoJIMMepa Ha OCHOBE 1,6-rekcaMeTHIeHANU301[MaHaTa u
[3T". 1ns nonyuenus 11 koMroHeHTa OBUTH UCIIONB30-
BaHbl [TAK pa3nuuHON XMMUYECKOH CTPYKTYpHI, B KOTO-
PBIX BapbUpPOBAINCH AUAHTUAPUAHAS U AUAMUHHAS CO-
cTaBisitomue: quanruapun 3,3’ ,4,4° -nudenunrterpakap-
6onoBoi kucnotsl (ADPTA) c 1,4-penmnenmaMuHoM
(1,4-®0A) (ITAK A), ADTHA c 2,5-mumeTni-1,4- dpenn-
aenanamuHoM (2,5-/1-1,4-OJ1A) (ITAK B) u qauanrunpus
6DJIA c 1,4-DJIA (ITAK C). Pactopsr ITAK u ITY -nipe-
nonumepa B N-metunnuppoiunone (HMII) cmenmsanu

Puc. 6. COM wmukpodoTorpaduu MOPHUCTHIX
KapOOHM3UpOBaHHBIX IuIeHOK: 10 % I1Y (@) moBepxHOCTH
u cpes (0); 70 % I1Y: moBepxHOCTS (8) M cpe3 (2) [72]

¥ OTVIMBAJH Ha CTCKIITHHYIO MOJUIOKKY, TIOCIE Yero 00-
Ppasiibl BAKYYMUPOBAIU U TEPMOCTATUPOBAIH TPU TEMIIe-
parype 50 °C (B Teuenue 16 4.), 100 u 200 °C (o 1 4.).
Hanee, Beraepxanuble B Boje mieHkH [IY U nonsepranu
TepMUYeCcKoit 00paboTke mpu Temmeparype 300 u 400 °C
B TeueHue | 4 npu kaxjoi. Hanudue HaHOpa3MEpHBIX
mop ObLTO MOATBEpKACHO MeTogoM COM. JlaHHBII cro-
co0 IMO3BOJIIET PETYIUPOBATH pa3Mep MOP B MIUPOKUX
npejenax myTeM U3MEHEHHUs] COOTHOIICHUS YPETaHOBO-
TO0 ¥ UMUJIHOTO KOMITIOHEHTOB B KOMITO3UIIUU. bbUTH H3y-
YCHBI TETIO()U3UUCCKUE, TUIIICKTPUUCCKUE U PUIUKO-XH-
MHUYECKUE (TUIOTHOCTh, PACTBOPHUMOCTB) CBOWCTBA TIONY-
YEHBIX MMOPUCTHIX MaTEPHANIOB, PE3yIbTaThl IPUBEICHBI B
Ta0J1. 2. YMEHBIIICHUE TUIOTHOCTH CBUJICTEIILCTBYET 00 YBE-
JMYCHUU CBOOOJHOTO 00BEMa 3a CUCT BBEACHHS THMOKHX
MOJIHOJBHEIX cocTaBisronux B coctas I1Y. K coxxanenuro,
ABTOPBI HE TIPUBOJIIT MOAPOOHOTO aHAJI3a TeIUIO(PHU3nICC-
KHX JTJaHHBIX. Tak, TOBOpsl 0 HAIMYUH B cucTeMe (pa3oBo-
TO pasJieieHus], B CTaThe MPUBEICHBI 3HAYCHUS TOIBKO
onHout T » KOTOpas, mo-BuMMoMy, oTHocutes Kk T 1Y
cocrasisitoliei. Bricokne 3Hauenus kordduipenta tep-
muueckoro pamupenus (KTP) y ITYU (ITAK B) u IIYU

Tabmuma 2. OCHOBHBIE XapaKTEPUCTHKH IOPUCTHIX MaTepHaios [77]

CocraB

CaoiicTBa % ITY 8 [IYU (ITAK A) % ITY B IV (ITAK B) % ITY 8 IYU (TTAK C)

5 10 20 5 10 20 5 10 20
TInotHOCTH (K/CM’) 1,429 | 1,417 | 1368 1,205 | 1,282 | 1,260 | 1,478 | 1,465 | 1,439
E,, (MIK/M’) 12,0 | 14,1 14,8 9,21 955 | 1436 | 782 | 9,19 | 15,24
7., (°C) 20,1 | 207 20,8 9.1 9,5 9,2 22,6 | 22,0 21,7
KTP 17,0 | 222 27,5 48,2 51,6 | 61,1 64,8 | 703 73,5

& (1T 341 | 329 2,82 2,91 - 2,85 - -

*‘mocIre MUposn3a; ~“XpynKuit o6paserr.

E_—TNOBEpXHOCTHOE HATSHKEHHE, £ — IUINIEKTpHIecKas moctosanast; KTP —kospdunment repMudeckoro pammpenus
mexy 100 n 150 °C onpenensimi ¢ momomeo TMA 2940; T, (manmsie JICK) — TemmnepaTypbl CTEKIIOBaHHS ONPEETSAIH

10 2-My UKy Harpesa
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(ITAK C) 00BsICHEHBI KECTKOH CTPYKTYpO#H 0OBEMHBIX
(dparmMenToB Makpolenu (3amenieHHoro quamuna [TAK
B unu ¢propuposannoro auanruapuna [IAK C). Ananus
(U3NKO-MEXaHUYECKUX U TETUIOPU3NIECKUX CBOWCTB
MIPOBOAMIICS TOJIBKO st ucxomubix [1YU obpasios. Kak
u3BecTHO, nuponus [IYHW npusoaur k ycajake Marepua-
J1a, 0COOCHHO 3HAYUTEIBHOM ITPH OOJIBIIOM CONIEPKAHUH
ITY. D¢ hexTHBHO YMEHBIINTD YCaKy MaTeprasa Mo3Bo-
JIUITO TOOABIICHUE YITICPOIHOM caxu [ 78], pu 3TOM OBLIO
OTMEYEHO 3HAYUTENIHLHOE YBEIMYEHHE BHYTPEHHEH MO-
BEPXHOCTH U 00bEMa MUKPOTIOP.

Takum o6paszom, nomyuenne nopucteix 11 meHOK
U3 ComoIMMepa MOJINypPEeTaHNMHIA KaK PaBUIIO TIPOBO-
JAT TepMuueckoi nectpykuueit [1Y cocrasnstomeit npu
temneparype 300400 °C. YcraHoBIEHO, 4TO pazMep mop
3aBHUCHUT OT COOTHOUIEHUS] KOMITOHEHTOB B CONIOJIIMMEpE,
MIpUYEM IOBbIIIeHHE coaepkanus [1Y komnoHeHTa npu-
BOJIUT K IOJTYYESHHUIO XPYITKUX 00pa31oB ¢ 00IbIINM 00be-
MoM 1iop. [Topucteie ITM ruieHKH XapaKTepHU3yrOTCs BbI-
COKMMH 3Ha4eHUAMH T, TEPMOCTaOMILHOCTBIO U COXpa-
HSIIOT XOPOIINE MEXaHHYECKHE CBOWCTBA MPU BBICOKUX
temneparypax. Vcnons3zoBanue conoaumepon [IYU B
KauecTBE OCHOBBI [Is OTy4YeHus HopucThx [1U nueHoxk,
M0 CPaBHEHUIO C NPUMEHEHUEM OJIOK- WJIM NPUBUTHIX
COIIOJIMMEPOB, MO3BOJISIET CYIIECTBEHHO YIPOCTUTH IPO-
Lecc cuHTe3a (CMELIeHNe U HarpeBaHne KOMIIOHEHTOB),
UCIIONIb30BaTh B Ka4eCTBE MPEKYpcopa BHICOKOMOJIEKY-
nsapHbli [1M v KOHTpONMpOBaTh pa3Mep Mop IIyTeM Ioj1-
6opa CTPYKTYpHI MPEKYPCOPOB.

3.2. Cmpyxkmypa u ceoiicmea HAHO- U MUKPOROPUCHBIX
Mamepuanos, NOJAYUEeHHbIX U3 cMecell ROTUUMUOA U
nonuypemana.

Kak oTmeuanocs paHee, 10 HACTOSIIIIETO BPEMEHH OITy0-
JIMKOBAHO TOJBKO HECKOJIBKO PaboT, B KOTOPBIX MPEZICTABIIC-
HBI PE3YNIBTATHI 110 TIOMYYICHUIO M UCCIEAOBAHUIO CMECEi
TN u ITY [79-81], a Taxke Mano padOT, MOCBIIIEHHBIX
W3YYIEHHUIO CTPYKTYPHI M CBOMCTB OPUCTHIX MaTEPHAIIOB,
nmonyueHHBIX u3 [THU/ITY cmeceit [82, 83]. [Tomyuenue
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IMU/ITY cmeceit, kak MPaBUIIO, IPOBOIAT B pacTBope (B
KayecTBE pacTBOPUTEIIS yalle Bcero nucnoias3yror HMII,
N,N-mumerunaneramuza, JM®DA, tetporuapodypan)
cmemenueM [TAK u [TV ¢ nocnenyromeit umuan3zanue
I[MAK [79], mu00 cMemeHreM MpeIBApUTEIILHO MOJTyYCH-
noro [T u ITY [80]. [Tony4yenue cmeceit Tuna nonudhu-
pyperan/monudpupumun (IIDY/T12M) [79, 81] nposo-
JIVJTH B [1Ba 9Tana. Ha nepBom cuHTe3upoBay nonuddup-
amunokuciory (II3AK) u3 nu-n-amnHoOeH30ara nonu-
oyrunenrukons (I1IBI) (MM = 650, 1000, 2000) u
IIMJIA. Ha BropoMm aTamne nposoaunu cMmemierne [IDAK
¢ IIDY npu cooTHomEeHNH KOMITIOHEHTOB 25:75, 50:50 u
75:25 ¢ nocnenyromen numunuzanueit [I9AK npu tem-
neparype 140 °C B Teuenue 6 4. Heo0Xo1uM0O OTMETHUTH,
YTO aBTOPaMH OBbIIH MOTYYEHBI TPO3pauHbIe TNICHKH ITPH
ucnons3zoBanun [I19U, B cTpykrypy kotopsix Bxoaut [1bI"
¢ MM 650 u 1000, 6maromapsi XOpoIieMy CMEIICHUIO
rubkux cermeHToB [1OU u I15Y. Ha JICK kpuBBIX cMe-
ceit [IDY/TIOU650 u TIDY/TIBN1000 (puc. 7a) npucyT-
ctByer 7, TMOKHX CETMEHTOB B 00macTu ot -75 1o -40
°C ¥ UK NJIaBJIeHUs KPUCTAJUIUTOB KECTKUX CETMEHTOB
II9U B untepBane 160-250 °C, 3aBucsIMe OT COOTHO-
HIeHUst KOMIIOHeHTOB. [Tpn aTOM HabroaeTCst Koppens-
us ¢ JIMA naHHbIMM OTHOCUTENLHO yMeHblieHus T
TMOKUX CErMEHTOB MPOMOPIHOHAIBHO COJEPIKAHHIO
19U B cmecu. OgHako JaHHAs KOPPESLUs HE JIMHEHHA
st [I3Y/TI3N2000 (puc. 76), BO3MOXKHBIM O0BSICHCHH-
€M 4ero sIBJIsIeTCsl JOPMUPOBAHNE KPUCTAIIIUTOB THOKHX
cermenToB B [I19112000, uTo mposBiIsieTcs B BUAE YHAO-
TEPMUYECKOTO NMHKa ruraBierns okoso 0 °C u cBUAETENb-
CTBYET O TOSBICHUN MHUKPO(]a30BOTO pazaeleHus ¢ Ho-
mm¢upHEIME cermerTamu [19Y 1000. Ha mmpoxoyTimoBeIx
mudpakrorpammax cmecu [19Y/TIOM 1000 mpu cooTHOIIE-
HUH KOMITOHEHTOB 1:1 pHUCYTCTBYIOT 3 TKa KpUCTAIITHY-
HOCTH, YKa3bIBAaIOIINX Ha aKTUBU3AIUIO TIPOIIECCOB KPHC-
tammsanun [10Y B yenoBusx mmuanzanmn [19AK. As-
TOPBI MIPEATIOTOKHUIIN, YTO 3TO BOSMOKHO M TIpH (hopmu-
POBaHHMHM KPHCTAIIATOB CMEIIAHHOTO THIIA B pe3yibTare
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Puc. 7. ACK xpussie cmeceit [12Y/TION1000 (a) u IIDY/TID12000 (6) [81]
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B3aUMOJeHCTBUS kecTKkUX cermMeHToB IOV 1000 un
[I311000. YnyumieHHas TepMHUECKasi CTAOMIBHOCTD
BBICOKME MEXaHWYECKUE XapaKTEPUCTUKHU (YIUIMHEHHE
npu paspsiBe coctaBuiio 460-670 %, a mpoYHOCTH U
monyab FOunra — 32-53 u §,1-15,1 MIla cooTBeTCTBEH-
HO) O3BOJIMIIN UCIIOIB30BATh IOTy4YE€HHBIE OJINMMEPHEIE
MaTepHalibl Kak TEpMOCTOMKIE TEPMOIITIaCTUYHBIE JJ1ac-
TOMEDBHI.

Benson ¢ coaBropamu [80] MeTogamMu ManoyTiIoBOH
pentrenorpadun, JIMA n UK-cnexrpockonuu nzyyanu
CMECH Ha OCHOBE CErMEHTHPOBaHHON MOIMA(UpypeTaH-
moueBuHbl (Ultem-1000™) u ITH. Beuto ycraHoBIEHO,
uyto cmewenue I u cermentuposanHoro I1Y mpuso-
JUT K YMEHBUICHUIO Pa3MEpoB KECTKUX oMeHOB [TV,
COIIPOBOXAAETCS BO3PACTaHUEM MEXKIOMEHHOI'0O paccTo-
SHUSL M ylydmiaeT (a3oBoe CMEIICHHE KOMITOHEHTOB.
Metonom MK-cnekrpockonuu nokazano, uro 111 nenw,
pacnpeneneHubie B 1Y, crabunusupyroTcs 3a cueT 00-
pa3oBaHMsI MEKKOMIIOHEHTHOW CETKH BOJIOPOJIHBIX CBS-
3eif. [Ipounoctusie xapakrepuctuku [TU/ITY cmeceit
UMEIOT JIOCTATOYHO BBICOKHME 3HAuU€HHsS OCOOCHHO INpH
Hu3koM (1-5 % mac.) cogepxxanuu 1M, uto oObacHsET-
sl KaK XOPOIIMM JTUCTIEPTUPOBaHNEM KECTKUX CETMEH-
TOB, TaK U 00pa30BaHHEM BOJOPOIHBIX cBsizel. CpaBHe-
HHE C aHaJOTMYHBIMU XapaKTEepUCTHKaMH, 3a()UKCHPO-
BaHHBIMU JUIs conosnumepoB IIYU [77], noka3ano koH-
KypeHTocrocoOHoCTh cMeceBbix [TW/ITY mueHok.

B pabore [82] onmcan MeTox MONyYEHHUST TOPHCTHIX
mieHouHbIX [TW/ITY marepuaiioB ¢ HU3KUM 3HAYEHUEM
& Nmuamsanuto [TAK (Ha ocaoBe [IMJIA u 4,4’ -mnamu-
Honuernunosoro >dupa (JA3)) n tepmomns [THU/ITY
MIPOBOAMIIH ITOCIIENOBATEIBHO, IIPX CTYIIEHIATOM ITObe-
Me Temneparypsl 1o 360 °C. BapeupoBaHue comepka-
Hus [TY mo3Bonser momy4ars mopsl ¢ pazmepamu 40—-300
oM 1 400 aM — 1,5 mxMm. Metonom UKC nokaszano orcyT-
cTBUeE B criekTpax nopuctoro 11 nonoc normomenus [1Y,
YTO TOBOPHT O €ro MoiHON aectpykunu. OOpa3oBaHne
MHUKPOTIOPHCTOH CTPYKTYPBHI MOATBEPKAAIH METOAOM
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Puc. 8. KpuBble npesena npoyHOCTH pHU pa3phiBe (a)
u Moayns ynpyroctu (6) mopuctsix IIM miueHok B
3aBHCHUMOCTH OT conepskanus 1Y [82]

TPaHCMUCCHOHHOM 3JIEKTPOHHOI MUKPOCKOIIHH, TIPHYEM
NP OBBINIEHUH MaccoBoi osu [1Y komnonenTa B [11/
[TV cMecsix oTMeyalloch yBeIHYSHHE pa3MEPOB U KOJIU-
yecTBa nop. [Ipu conepxkanuu 1Y 25 % wmac. B ITY/IIU
KOJIMYECTBO U IUNIOTHOCTb PacIipeAesIeHus IIop CTAaHOBHT-
Csl MEHBIIIE, YTO aBTOPHI OOBIICHSIOT pa3pyLICHUEM IOp,
BBI3BAHHBIM WX M30BITOYHBIM Pa3MEpPOM M H3MEHEHUSIMHU
TUIOTHOCTH YITAaKOBKH TOJIMMEPHBIX IieTieil. YcTaHoBIIe-
HO, YTO B 00pasiie IPHCYTCTBOBAJIH KaK OTKPBITHIE, TAK U
3aKpBITHIE TOPHI, UMEIOIIUE BHITIHYTYIO GOpMY U paBHO-
MepHO pacnpeaencHusie B [T marpuue. YMeHbLIeHHE €
nopuctoro TN no 2,0 nns cocrasa [TU/ITY npu cootHo-
mennn 80/20, o cpaBHeHuto ¢ ucxonusiM 11 (€ = 3,2),
00BsICHSIETCS 3aXBaTHIBAHUEM BO3lyXa IIOpaMu o0Opasia.
Takum 00pa3om, aBTOpPBI CYMTAIOT BO3MOXKHBIM YMEHbB-
HINTH € 32 CYET BAPbUPOBAHUS OPUCTOCTH, OJJHAKO He-
00X0OIMMO OTMETHUTD, YTO JaHHBIN CIIOCOO BIEYET 3a CO-
00l yXy/IIlIeHHEe MEXaHUYECKHIX XapaKTepUCTUK (puc. §)
Y TIOBBIILIAET BoJloNoTIomeHue (puc. 9) marepuana.
WnTtepecusiii nogxox k nomyuenuto [TU/TTY nopuc-
THIX MaTepuajoB omnucaH B padore [83]. Tabnerku 1Y
pasmepoM 20-25 u 5-8 MM HpPONUTHIBAIN PaCTBOPOM
ITAK, cunrte3upoBanHoit Ha ocHoe [IMJA u /13, u,
nociie ucnapenus pactsoputens (60 °C/10 4.), npoBo-
qun cHadaia umunusanuio [TAK (200 °C/20 4.), a 3a-
TeM kapOonu3saiuio oopasios (1000 °C/1 4, Ar). Uzyde-
HHUE KPUBBIX TEPMOAECTPYKLIUH WUHIWBUAYAIbHBIX I10-
numepoB MetonoM TI'A noka3zano, 4yTo pa3nokeHue HHIH-
BuayanbHOro [1Y mporekaeT B 0OHy CTaIuI0 B UHTEPBAJE
temmeparyp 300-400 °C, a mectpykuus I1H, kak Opu1O
OTMEYEHO aBTOPAMH, ITPOUCXOINUT B TEMIIEPATypPHOM JHa-
ma3oHe 550650 °C ¢ mpenMyIe CTBEHHBIM BBICBOOOXKIE-
anem CO u CO, [84]. Ipn n3yqennn necrpykunn [TU/ITY
KOMITO3UIINH 3a(h)UKCHPOBAHBI JIBE CTAJUN PA3TOKEHUS IIPH
temnepatypax 300-400 u 550-650 °C. B xauectBe
OTJIMYUTEIBHON 0COOCHHOCTH JaHHOH paboThl HE0OX0aH-
MO OTMETHTb €€ YETKYIO IPAKTHIECKYIO HAIIPaBICHHOCTb.
Taxk, Inagaki ¢ coasropamu [84, 86, 87] paccmoTpenu He-
CKOJIbKO BO3MOXKHOCTEI MPUMEHEHMS YIIEPOIHbIX IIEH,
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Puc. 9. Boponoromenne mopucteix 1M mieHok B
3aBHCHMOCTH OT conepskanus [1Y [82]
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MOJTY4EHHBIX CXO/IHBIM OITMCaHOMY BbIIIE MeTo oM. [ pa-
¢urnzuposanusie (3000 °C/20 muH., Ar) yriepoaHbie
TNIeHbI 00J1/1a10T BEICOKOW TEPMUYECKOH TPOBOANMOCTHIO
[85] u moryT paboraTh Kak Xopouire o0paTUMBbIE COp-
OeHTHI BosTHOTO Napa [86] u cydcTpars! it pOTOAKTHB-
HOTO aHarasa [87].

Takum o0pazoM, MPOBEJCHHBINH aHAIN3 PadoT, Kaca-
1omuxcst GOpMHUPOBaHUS TOPUCTON CTPYKTYpPHI B MOJH-
MMUJICONIEPIKAINX MaTepHataX TePMUYECKON IECTPYKIIH-
i1 TabuIbHOT0 KOMIOHEHTa (OOKOBBIX IIETICH B IPUBUTHIX
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CHCTEM METOIO0M TEePMIYHOI JeCTPYKUil

B pobomi demanvhy ysazy npudineno memody gopmysanus nopucmoi cmpykmypu 8 noaiiMiO8MIiCHUX
(NONIMIO-NONIYPEMAHOBUX) CUCMEMAX 34 PAXYHOK MEPMIUHOI OecmpyKyii 1aOibHO20 KOMHOHEHMY, WO
0ae MONCIUBICMb Pe2yioeamu pO3MIp nop ma ix po3nodin y mamepiani. [Iposedeno nopieHsbHUL aHAI3
CmMpyKmypu i 61aCmugocmell NOPUCUX MAmMepianie, OmpumMaHux MemooomM mepmiuHoi decmpykyii
abIbHO20 KOMNOHEHMA, NOKA3AHO 6NAUE 0COOIUBOCMEN CMPYKMYPU HA MepMIuHI, menio@izuuni,
OleeKmpuyHti, MEXaHiuHi ma iHui 61acmueocmi NOTIMIOBMICHUX NONIMEPHUX MAMEPIaNie.

KarouoBi cioBa: noniiMiz, noniyperan, HIOPUCTa CTPYKTypa, TEPMOACCTPYKIIis, TEPMIYHO JIAOUTbHUN KOMITOHEHT

Preparation of porous polyimide systems via thermal destruction of labile

component

0.V, Slisenko

Institute of Macromolecular Chemistry NAS of Ukraine
48, Kharkivske shause, Kyiv, 02160, Ukraine

The principles of formation of porous structure in polyimide-containing (polyimide-polyurethane) polymer
systems via thermal degradation of thermally labile component, which provide precise control of pores size
and distribution, were overviewed in details. The relationship of structure and thermal, thermal-physical,
dielectric, methanical and other properties of obtained porous polyimide based materials has been evaluated.

Keywords: polyimide, polyurethane, porous structure, thermal degradation, thermally labile component.
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