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B paGoTe n3yueHo BIMsSTHUE BOMIbI HA JBOMHBIE KOMITO3UIIMU TTOJIUATUICH—OJIUIAKTHU pa3JIMYHBIX COCTa-
BOB M TPOMHBIE CMECH C 100aBJIIEHNEM TEPMHUUECKU COCTAPEHHOTO (B MPUCYTCTBUU KUCIOPOIA) TTOJTUITH -
JIeHa KaK aHajiora BTOPUYHO TlepepabOTaHHOTO TojiuMepa. YCTaHOBJIEHO, YTO COCTaB CMECU HaIMpsIMYIO
BJIMSIET Ha €€ XapaKTepUCTUKU, OCOOEHHO TIPY BO3NEHCTBUU arpecCUBHOTO ¢hakTopa — Boabl. KoMmosu-
LMY TOJIM3TUIICH—TOJMJIAKTUI UMEIOT MaKCUMAJIBHYIO CTeTIeHb BOAOTONIOIIeHUsI 0KoJio 7.5%, a B TIpH-
CYTCTBMU TPEThEro KOMIIOHEHTA — OKHUCJIIEHHOTO MoJu3TuIeHa B KojnuecTse 40 1 50 mac.% creneHb BO-
JIororoleHust ypennuubaeTcs no 10%. Merogom MK-crnekTpockonmuuy mokKa3aHo, 4TO TTocje AeHCTBUS
BOJIbl Pa3pylIAlOTCs CTPYKTYPHbIE 3JIEeMEHTHI, TpuHamexaiiue [1JIA, yto oOycioBieHo 6ojiee aKTUBHBIM
B3aMMOJIeiICTBUEM MOJIEKYJT BOIIbI ¢ MoJieKyiamu [TJIA, B To BpeMs Kak XapaKTepUCTUKU MaTPUIIbI TTOJTH-
STWIeHA MPAKTUYECKU He U3MEHSIIOTCSI.
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BBEJIEHUE

Ipu moGaBiaeHUM HEGOMBIIOrO KOJIMYECTBA MO-
JIUMepa B MaTpUIly OCHOBHOTO KOMIIOHEHTa B IO-
cliemHe oopasyeTcs ero aucriepcusi. Ecimi naMeHUTh
KOJIMYECTBO M00aBJISIeMOTO MOJMMepa 10 3HAYCHUSI,
3HAYUTENILHO OOJBIIETO ITOJOBUHBI, TO 3TOT ITOJHU-
Mep yXe OyIeT MpeacTaBisITh CO00il MaTpHILy, a UC-
XOIHBIN TTOJTUMEP — HeTIpephIiBHYIO a3y [1].

XuMndyeckre 1 pu3NKo-MeXxaHNIeCKNEe CBOMCTBA
3aBUCST B OOJIbIIICii CTETIEHU OT MPUPOJIbI BEIIECTBA,
KOTOpOE SIBIISIETCS HelpepbIBHOU da3oii [2, 3] Ta-
KM 00pa3oM, B pe3ysbTaTe odpaiieHus ¢pa3 B cMecu
MOJMMEPOB MOXHO HOOUTHCS KEaeMbIX CBOICTB
MOJIMMEPHOI CMECH, U3MEHSISI COOTHOIIIEHHE KOM-
TMOHEHTOB.

JlobaBieHue 3jgacToMepa B KojauudecTtBe 30—
50 Mac.% B MaTpHUIly KPUCTAJUTU3YIOIIETOCs IOJIH-
Mepa [4] MOXET CYILIEeCTBEHHO ITOBIIMSITh HA CTPYKTY-
py U CBOMCTBA KOMMO3WIIMOHHOTO MaTepuajia. B
cMecsix, conepxkarmx 30—50 Mac.% BTOPOTro KOMIIO-
HEHTa, 4acTO MPOUCXOOUT MHBepcus ¢as. B sTtom
cilydae y MOJUMEPOB TUBJIEKTPUUYECKIE, MeXaHnde-
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CKHME 1 PCOJIOTUYCCKUEC CBOlCTBa 6y,I[YT OpeacIAThb-
Csd XapaKTepUCTUKaMM1 BTOPOIo KOMITIOHEHTA.

Yro kacaercs cMmeceii moauaTwieH (I19)—mnonu-
nmaktug (ITJIA), To oHU TepMOAMHAMNYECKHN HECOB-
MECTUMBI M3-3a Pa3UUYUi B MOJEKYJISIPHOW XUMUU
15 u IUUIA [5—7]. B Takux cMmecsix 1iejaecoo0pa3Ho
MpUMEHEHNE COToIMMepa-KoMITaTuOUIM3aTopa, YTo-
Obl yMeHbIIaTh MexXda3Hoe HaTsSKeHUe U, clelnoBa-
TEJIbHO, Pa3Mepbl IOMEHOB LTSI TTIOBBILIEHYSI MOPOJTO-
TAYECKOI CTAaOMILHOCTU U MeXda3Hoit anre3uu. B pa-
oore [5] mccmemoBasm MexdaszHyio aaresuio I1D ¢
nojaykpuctauimyeckum ITJIA ¢ ucronb3oBaHUEM pa3-
JIMYHBIX TUTOB MOJUATWICeHa. [Ipy ucroib3oBaHUU
ymHeitHoro 19 Huskoit motHocTu (ITOHIT) cunb-
Hast MexXdaszHasl aare3ust yaydiiwia yaapHylo Bsi3-
KOCTb, TOT/Ia KaK MpU Ucrojib3oBaHuu [1D BeicOKOIi
mnotHocTu (ITOBIT) mokazaTenb ymapHOil BI3KOCTU
YXYALIAJICS.

PaccmarpuBas BaussHue (pakTopoB OKpyzKarolei
cpellbl Ha TOJMMEPHI U TOJIMMEPHbIE KOMITO3UTHI,
CTOUT OTMETUTh HauboJiee arpecCuBHbIE (PaKTOpBhI,
Takue Kak Boja, YP-usydeHue, 030H, TeMIieparypa
u kuciaopon [8, 9]. BiusiHue Boabl Ha MOJIMMEpPHI U3Y-
qaeTcs ¢ cepeanHBI rponuioro Beka [10]. Boma urpaer
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PEIIaIoIILyI0 POJIb B OMOIOTMYECKIX IIpolieccax, HO MO-
>KET OTPULIATENIBHO TTOBJUSTh Ha XapaKTePUCTUKU T10-
JIMMEPOB. YCTAaHOBJIEHO, 4TO Tuaposm3 [1JIA HaunHa-
erca ¢ mnddy3un MOJIEKYNT BOIOBI B aMop(dHEIe 00J1a-
ctu. Ilocie aToro perpamamnyst IIPOAOJDKAETCS B
MOTPAHUYHBIX CJIOSIX KPUCTAJUIMYECKUX JOMEHOB [11].
I'mopommtaeckast pgerpamaumst ITJIA msydeHa mo-
BOJILHO IIMPOKO [12—14].

Tak:ke M3BECTHO, UTO TOBBILICHUE TEMIICPATYPhI
CITOCOOHO YCKOPSITH IPOLIECC TUAPOIUTUICCKOM Je-
cTpykuuun. Temmeparypa, HIKe KOTOPOM CKOPOCTh
ruapoautudeckoi aectpykuuu ITJIA 3amenssiercs,
cocrapisiet 60°C [15]. laHHbIi 3¢ EKT cBA3aH C TTe-
pexoaoM ITONMIAKTAAA N3 CTEKI000pa3HOTO B BEICO-
KO2J1aCTUYECKOE COCTOSIHME, TeMIlepaTypa CTEKJIO-
BaHusd [1JIA Haxomutcs B ripeneiiax 58—65°C. Kpome
TOTO, TaKWe M3MEHEHUS B CKOPOCTSIX THAPOIUTIYC-
CKOM OECTPYKLMU TaKXKe MPOUCXOASIT B CHUCTEMax
cMmeceit ITJIA ¢ npyrum KomnoHeHTamu. Hampumep,
B CMeCHM MOIUIAKTUIA U TTOJUMOJIOYHOIIMKOJIEBOI
KMCJIOTBI B MaccoBoM cooTHouueHuun 50 : 50 cko-
POCTh THUIPOJIUTUYECKON ASCTPYKLIMU B HEUTPaJIb-
HBIX YCIIOBHUSIX 3HAUMTEIBHO BO3pacTaeT IIPH TeMIIe-
paTtype IIpoliecca BhILIe TeMIepaTyphbl CTEKJIOBaHUS
[15—17].

HemanoBaxxHoil IpoOJieMOl Ha CEeromHSIIIHUA
JIIeHb SIBISETCS HE IMPOCTO pa3padoTKa HOBBIX OMO-
pasjlaraeMbIX MaTepuajioB, HO U MOMCK MyTeil Mmpu-
MEHEHMSI BTOPUYHOTO IMOJMMEPHOTO ChIpbs. ITonu-
MepHBIe oTX0nbI TOJIbKO 20—30 j1eT Ha3ag cTaianl oT-
HOCHUTb K BTOPUYHOMY CHIpbIO. B 11eJToM cTOouMOCTh
MMOJIUMEPHBIX MaTepHaloB JOCTATOYHO BHICOKA, IO-
3TOMY ¥ TIOJITMMEPHBIC OTXOIBI pacCMaTPUBAIOTCS Ce-
TONHS KaK LIEHHBIN MPOAYKT, IMOMICKAIIUN PEeLUK-
JIVHTY.

B cBs13u ¢ 3TMM HCcenoBaHNE MAaTEPUAIIOB C TIPU-
MEHEHUEM BTOPUYHOTO TOJIUMEPHOTO CHIPBS SIBJISI-
€TCs KpailHe BaKHON 3KOHOMUYECKOU U 3KOJIOTUYE-
cKoii 3amaueii. B maHHOI pabGoTe paccMaTpuBarOTCs
KOMITO3UIIUUA C TIPUMEHEHUEM TEPMHUYECKUA COCTa-
PEHHOTO MOJIM3TUJIEHA B IPUCYTCTBUM KMCJIOPOIA
KaK aHajiora BTOPCHIPbs. [I0CKOTBKY B 3aBUCUMOCTH
OT KOHKPETHOTO MPUMEHEHWUSI TIONTUMEPHBIE MAaTEPU-
aJibl TIOABEPTalOTCsl JIUOO TOCTOSHHOMY U HeTlpe-
PBIBHOMY BO3IEWCTBUIO BIIAXXHOCTH, JIMOO KPATKO-
BpPEMEHHOMY BO3IEMCTBUIO 3TOTO pakTOpa, AaHHAs
paboTa TOoCBsIleHa U3YYEHUIO Mpoliecca TMAPOINTH-
YECKOI AECTPYKIIMU CMECEli, B COCTaB KOTOPBIX BXOIUT
TOJIVJIAKTU], TIOJTUITUIIEH HU3KOW TUIOTHOCTUA U CO-
CTapEHHBbIN MOJUATUIIEH HAU3KOU TUIOTHOCTHU.

OKCITEPUMEHTAJIBHASA YACTb
Ioayuenue obpasuos

J11s1 TIomydeHUS KOMIIO3UIINIA OBIJIM MCITIOJI30Ba-
HBbI IMOJIMATUIIEH HU3KOoM TuioTHOCTU (ITDHIT) Mmapku
15803-020 (Poccust), momwmaktun (ITJIA) mapku
4032D npousBoacta komnaHuu Nature works (USA),

a takxe [1OHII, monBeprmmiicsa TepMrUIeCKOMY CTa-
peHuto ipu 7' = 90°C B mpUCYTCTBUM KHMCJIOPOIA
Boznyxa B redeHue 250 u u p = 750 Topp. [1ocne npo-
necca crapeHus [1OHIT metronom MK -crrekTpocko-
MUY TTOKa3aHO MOSIBJICHUE TT0JI0C (DYHKITMOHATBHBIX
KapooHuabHbIX Tpynmn Ha MK-crekrpax. dusuko-
MeXaHWYeCKHe XapaKTepucTuku I1D Toxe MeHSIOT-
CsI: OTHOCUTENIFHOE YIJIMHEHWE TIPY pa3pbiBe CHIKA-
erca ¢ 620% nmo 506%, BeawmduWHA TIPOYHOCTHU TIPH
pacTsLKeHUM ymeHblaeTcd Ha 10% [18].

IMomimepHbIe KOMIO3ULIMY TIOTYyYaId ITyTeM IIpe-
BapUTEJIbHOTO CMEIIeHusT B cMmecuTesne Brabender
(Germany) npu T'= (180 + 2)°C. M3MenbyeHHbBIIT Ma-
Tepraj noaseprajiu npeccopanuto mpu (180 + 2)°C ¢
nmoMolIpio ruapaiamueckoro npecca INPI-10 (Poc-
CHsl) C 9JIEKTPOHHBIM OJIOKOM JJ1s1 Harpesa rmiauT. Co-
nepxanue IIJIA B cmecm cocraBmsuio 30, 40,
50 mac.%. CocTtapeHHbI MOTUITUIIEH HU3KOM IIOT-
Hoctu (ITODHIIc) BBoguau B cMecH ¢ coaepKaHueM
ITJIA, pasabiM 30 mac.%, kommuectBo ITDHIIc co-
crasisuio 30, 40 1 50 mac.%.

Juchpepenyuaavnan ckanupyrowasn Kaiopumempus

Hdnst onpeneneHus: TETUIO(PU3UIECKUX XapaKTepy-
CTHK TOJIyYeHHBIX CMeCceil UCITOIb30oBalIcs nuddepeH-
IMadbHBIN cKaHupyommii kamopnMeTp POLYMA 214
komnaHuu Netzsch (Germany). OCHOBHOI TeMniepa-
TypHbIi nuana3oH coctabiisii 30—200°C, ckopocTb
ckanupoBaHwus — 10 rpag/muH. HaBecka oOpa3siia co-
crasisia (5 = 0.3) mr. TouHOCTb UBMEPEHUSI TEMITC-
patypsl coctaBuia 0.1 rpam.

BennuuHy creneHu KpUCTaIMIHOCTH (X,,) pac-
CUUTBIBAJIY IO (hopmyJie

Yo (%) = 100AH,,/AH.,, (1)

%
rne AH,, =93.1 JIx/r — TerioTa MaBjieHUs Uneasb-

Horo kpuctama ITJIA [19], y moanuaTuieHa AH;’?1 =
=293 JIx/r [20].

Memoo ouenru eodonozioutenus
u 2udpoaumuseckoli decmpyxuuu

Kunetuky nomnomeHus obpa3liaMu TUCTUILIM-
pOBaHHOI BOJBI UCCIeOBaIU B TeueHUe 240 4 10 10-
CTUKEHUS MaTepHrajaMy paBHOBECHOTO BOJIOIMOITIO-
meHus. g WCIbITaHUS TIPUMEHSIIA TUIEHOYHBIS
o0Opasibl KBaapaTHoi ¢opMbl co cTopoHOIt 30 MM.
HcnbeiTanne 6bLTO TIPOBEIEHO MUHUMYM Ha TpexX 00-
pasliax Kaxaoro cocrapa. [lepen mpoBeaeHNEM HUCITbI-
TaHus 00pa3Libl ObLTU BbicyllieHbI TIpy (40 + 2)°C B Te-
yeHue 24 4, a 3aTeM OXJIaKAECHBI B 9KCUKATOPE HaJl OCY-
LIUTENEM — XJopuaoM Kanbumst nipu (22 £ 2)°C u
B3BEIlIEHBI HEe OoJjiee YeM dyepe3 5 MUH Mocje U3BJe-
yeHUs U3 3KcuKaTopa. Janee oOpasiubl moMeaaiyu B
cocyl C JUCTUJIMPOBAHHOM BOOON, B3STOM B KOJIU-
yecTBe He MeHee § cM® Ha | cM? MOBEPXHOCTH 06pa3-
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na. McrpiTyeMble 00pa3ibl He JOIKHBI ObUIA COIPU -
KacaTbCs APYT C IPYTOM, a TAKXKE CO CTEHKaMU COCy-
Jla U JOJKHBI OBITH TTOJHOCTBIO TOKPBITHI BOIOM.
KunkocTh nepemelinBaiy, Bpaliiiasi Cocy He MeHee
OIHOTO pa3a B CYTKU. AHAJIM3 CTPYKTYPhl 00Opa31oB
nocje TUAPOJUTUYECKON AeCTpyKUUU IMPOBOIUIN
nociie 120 gHel HaxoxXaeHMWs oOpaslia B IUCTUJLIN-
POBaHHOI BoIE.

ITo nocTUXEeHUI0 paBHOBECHOTO KOJMYECTBA BO-
JIbl B 0Opa3iie ero BBIHUMaJIY U3 BOJIbI, TPOCYIIMBaINU
¢unbTpOBaAILHOI OyMaroil u He Oojiee YyeM 4Yepes
1 MMH B3BEIIMBAJIM Ha 3JEKTPOHHBIX Becax Acculab
Atl-220d4-1 (Germany). CtenieHb BOAOIIOIJIOIIECHUS
paccuuThIBaIu Mo popMyIie

W= [(my — m,)/m,) - 100%,

Tae m; — ucxoagHass Macca o6pa3ua, m, — Macca 006-
pasna 1mocje BO3IEHCTBUS BOIBI.

Memoo unghpaxpacnoii cnekmpockonuu

Meron nHdpakpacHO CHEKTPOCKOTIMU UCIIOJb-
3YIOT TSI XUMUIECKOTO aHain3a coctaBa cMmeceit. C
€ro IOMOIIILI0O MOXHO WACHTUMUIIMPOBATh COCTaB
cMecH, a Takke 3a(hMKCUPOBATh €ro UBMEHEHUSI TT0-
cJIe BO3IEUCTBUS BIaru, KMCJIopoaa, yIbTpaduosieTa
¥ 9KCIIOHUPOBAHUS B IMOYBE.

DKcrepuMeHT TpoBoann ¢ momolbio MK -dypbe-
cnektpoMerpa Lumos komnanuu Bruker (Germany).
Criektpbl cHUMaIM Tipu Temmeparype (22 + 2)°C B
IuarasoHe WIMH BoiH 4600 < A < 650 cm~! B oTpa-
KEHHOM CBETE METOJIOM MHOTOKPATHOIO HapylIeH-
HOTIO IIOJIHOTO BHYTpeHHero orpaxenus (MHITBO).

Cranupyrowas 31eKmpoHHas1 MUKPOCKONUS

Mopdoaornio niIeHOYHBIX 00pa31IoB cMeceit n3y-
YaJiu METOJIOM CKaHUPYIOILIel 3JIeKTPOHHOM MUKPO-
ckonuu (COM) Ha nmpubope Hitachi S-570 (Japan).

OBCYXIEHUE PE3YJIIbTATOB

CucTeMbl Ha OCHOBE HECOBMECTUMBIX MOJIUMEP-
HBIX ITap — O0OTaThIii MCTOYHUK SKCIEePUMEHTAIbLHBIX
MCCJIEIOBAHUN CTPYKTYpbl NOJUMEPHBIX CMeECei
[21—26]. BomapInas romans MexXba3HOM TTOBEPXHO-
CTH B CMECSIX UCHOIb3YETCs IJIsk U3ydYeHUsT MexXpas-
HBIX SIBJICHUI, CBSI3aHHBIX C COBMECTUMOCTBIO MOJIU -
MepoB [27—29].

besyciioBHO Hanuuue rpaHUIlbI pasnea ¢ha3 BiIu-
SIET Ha CTPYKTYPY U CBOMCTBA MOJUMEPHEIX CMECEIA.
N3BecTHO, yTO Mexdas3Hass rpaHULa WK MexXda3s-
HBIi1 CJIOH OTIpeeIeHHOM TOJIIIMHBI XapaKTePHEI 151
KOHTaKTUPYIOILIMX Tea JI000i nmpuponsl. B obnactu
KOHTaKTa HECOBMECTUMBIX MOJIMMEPOB MeskdazHast
rpaHuina (cJjioit) MOXeT UMETh TOJMIIUHY OoT 10—20 HM
mo 1—7 mxM. Hammune Mexga3HOro clIost B CMecsX
COCTaBOB, OJIM3KUX K MHBepcUM a3, oTpaxkaeTcs Ha

XUMUYECKAS ®U3NUKA Ttom42 Nel 2023
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Puc. 1. Mukpodortorpadhun COM o00pa3LoB MIeHOK
TIJIA/TIBHII, mac.%: a — 100/0 (yBenuuenue 215%), 6 —
30/70 (yBenuueHue 215%).

CTPYKTYpE€ M CBOMCTBAX TaKMX CMeCei Mpu BO3Aeli-
CcTBUU (PAKTOPOB OKPYXKAIOLIEH Cpebl.

Ha puc. 1 npeacrasiensr COM-MukpodoTorpa-
¢uu obpasuos [TJIA/TIOHII. Ha puc. 1a npencras-
JneHa mukpodororpacpus yucroro I1JIA ¢ xapakrep-
HOH JIJI1 HETO CTPYKTYPOI: IagKasi TIOBEpXHOCTh 0e3
nop 1 ynyoneHuit. Mopdosorust cMeceBbIX KOMITO3M -
oyt orimdaercss oT mMopdonorun uucroro ITJIA. Ha
MuKkpodororpadum obpasiia, cogepxkariero 30 Mac.%
T1JIA, oTyeTniMBO HAOMIOmAETCS HAaIU4IME OBYX (a3 ¢
UX pacrnpeneieHueM, OJIM3KUM K PaBHOMEpPHOMY, a
KakKune-au0o siBHbIEe NeeKThl OTCYTCTBYIOT [30].
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Puc. 2. ®ortorpacduu CHOM noepxHocTeit cmecu TTJTA
Opy pas3iudyHOM BPEMEHM THMAPOJIM3a: MCXOOHBIN (a),
9 nueit (6), 20 nHeii (8) [29].

IIpu sKcruryaTalli TTOJMMEPHBIC MaTepHaThI
MOABEPraloTCs NeCTBUIO arpeCCUBHBIX (DAKTOPOB, B
TOM 4HcCJie BOIbl. B 3aBUCUMOCTU OT pa3IMYHbBIX Xa-
PaKTepUCTUK BOTHOM Cpembl MOTYT M3MEHSTHCS Te
WJIM WHBIE CBOMCTBA MaTtepuanioB. CKOPOCTb TUIIPO-
JuTudeckoro pasioxeHus I[1JIA cUJIbHO 3aBUCUT OT
pH, KoTopEIif MOXET BIMATH KaK HA MEXaHU3M pas-
JIOXKeHMsI, TaK U Ha KUHETUKY Ipolecca. B yactHo-
CTH, TIpU HEUTPaJIbHOM 1 OCHOBHOM pH oTmeuaercs,
YTO Herpajgalvs MPOVCXOIUT MPEUMYIISCTBEHHO B
pe3yabTare peakiimii 00paTHOTO pacIIeIUICHUS, XOTS
MOXET HaOI101aThCsl HE3HAUMTENbHBIN BKJ1A THAPO-
JIM3a ciIy4aitHoro paciueruieHus [31].

Tak, B padote [32] ObLIO TTOKA3aHO, KaK TUAPOIN3
BiusieT Ha MopdoJoruto I[TJIA ¢ TeueHHEM BpeMEHU.
V ucxonnoro ITJIA (puc. 2a) noBepxXHOCTh INIagKasl.
OmHako Mo Mepe yBeJIWYeHUs] BPEMEHU THAPOIU3a
MOBEPXHOCTh CTAHOBUTCSI Bce OoJiee IIepoXoBaToit
(puc. 26 u ). Kpome Toro, aBTOpamMu 0OTME4aeTcsl o-
SIBJIECHUE MUKPOIIOPUCTOCTHU T10cjie 20-1HEBHOI 9KC-
MO3UIIUU B BOJIE.

Bmusnane Bonpl Ha Mmatpuiy ITJIA MmoxHOo ome-
HUTB BU3yasrbHO. B pabore [33] mpencraBneHs! poTo-
rpacpuu o6pasuos I1JIA go u mociie 3KCIO3UIUU B
Boje TedeHue 120 cyT, Ha KOTOPhIX 3aMeTHA MOTepPs
npo3pagyHocTH, momyTHee [1JIA, aTo cBsI3aHO ¢ 00Opa-
30BaHUEM OJIMTOMEPOB U MOHOMEPOB B Mpoliecce
TUAPOJIN3A.

B 11enom nerpanaiiyst rmnpo@oOHBIX 1 BRICOKOKPH-
CTAJUIMYECKUX TIOJIMMEPOB TPOUCXOIUT MEIJICHHEe,
yeM amop@dHBIX. C Ipyroii CTOPOHBI, IOPUCTOCTh MaTe-
puajia U BbICOKasl yAeJibHasl TUIONIAAb MOBEPXHOCTU
YBEJIMYMBAIOT BEPOSITHOCTb THAPOJIN3A 13-3a OOJIbIIICTH
JIOCTYITHOCTH CJI0XKHO3(PMPHBIX TPYIII U 00JIee JIETKO-
ro MPOHUKHOBEHUSI BOABI, a TAKXKE CITOCOOCTBYIOT
JIETKOMY YIaJICHUIO TPOAYKTOB pasioxeHus [34].

B pabote [33] 6b10 mOKa3aHO BIMSIHUE BOIHOI
cpenbl Ha Kommosuuun [TJIA/TIDHII. Ycranosie-
HO, YTO IO CPaBHEHUIO C MOJIMJIAKTUIOM U IMOJIUITHU-
JIECHOM HM3KOM IUIOTHOCTM COpPOILIMOHHASI CIT0CO0-
HOCTb y CMECEeBBIX 00pa31oB Boie. ITo-BuauMomy,
JaHHBIK 3(deKT cBsA3aH ¢ HaauuueM Mex@a3HOoro
CJ10s1, TIOTHOCTh KOTOPOTO HUXKE MO CPaBHEHMUIO C
TUIOTHOCTBIO TIOJIMMEPHBIX MATPULI, BXOASIIIUX B CO-
craB cMecHu [1]. B pabdote [33] npeacTaBiieHO TakKkKe
BiusiHue pactBopa NaCl Ha cTerneHb BOJIOMOIJIOIIE-
Husg. B komnosuumu, cogepxaiueii 50 mac.% I1JIA,
HaOI01aeTCsl TTOBBILICHWE CTeNEeHU BOIOIOIIOINIe-
Hus B 1.5 pasa 1Mo cpaBHEHUIO C KOMIO3ULIUSIMU C
MeHbINM conepxkanueM I1JIA B maTpuiie.

CTOUT OTMETUTh, UYTO MPU HM3YYSHUU METOIOM
MK-cnekTpocKonMyu KOMMOO3MWIWU, CoAepKalleil
50 mac.% I1JIA, HaGMOoDaeTCs CTPYKTYPHO-UyBCTBU -
TeJIbHasg nosoca 720 cm~!, mpuHamIexaas Koneba-
HusaM —C—C-cBs3eii monmaTuiaeHa (puc. 3), KoTopast
CTaHOBUTCS 0oJiee OTYETIMBOM IMOCJE BO3ICUCTBUS
IUCTWUIMPOBAHHOI BOAKI Ha 00pasell, T.€. IOCJIe Ya-
CTUYHOTO pa3pylIeHUs MOMMIAKTUIHON MaTPULIBI B Te-
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Puc. 3. UK-criekrpsl (MHITBO) o6pasua cocrasa SOITJIA/SOTIOHIT: 7 — ucxonHslit u 2 — nocie 120 nHeli 5KCMO3MLIMU B BOJIE.

W, %
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______________ 4
i 3
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192 240
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Puc. 4. 3aBucuMocTb cTerieHu BoponontoieHust (W) or comepxaHus TepMudecku cocrapeHHoro ITDHII, mac.%: I —
30 IIJIA/70 TIDHII, 2 — 30 T1JIA/40 TIDHII1/30 TIDHIIc, 3 — 30 TJIA/30 TIBHII/40 TIBHIIc, 4 — 30 TIJIA/20 TIDHII/

50 [I9HIIc.

yenne 120 mHeit. Bo3aMOXHO, ITpenItoioskeHe O TOM,
YTO yBeJIWYEHME WMHTEHCUBHOCTM IIOJIOC B 0O0JacTU
2968—2820 cM~! cBA3aHO C ACUMMETPUYHBIMU U CUM-
METPUYHBIMM BaJIeHTHBIMU KoyiebaHusM —C—H— B
amaTIIECKOM YaCTH, MOXKET OBITh OOBSICHEHO pa3py-
IIEHUEM TOJIMJIAKTUAHOM MaTpULIbl 1 BKJIAIOM KOJie-
Oanwmii cBsazeii —C—H— nonuatuiena [33].

Tuaponuns CIOXHBIX MOJIU3PUPOB, B TOM UHCIE
IUUIA, mpomcxoauT MO MeXaHU3MYy aBTOKaTajau3a
[35]. B monmnadupax mon neiicTBEM BOITHOM Cpembl
MPOUCXOAUT BJIMMUHALIMS 3(UPHBIX T'PYNI OCHOB-
HOI LIeNU ITOJIMMEpa, YTO IMPUBOOUT K CHIKESHUIO
MOJIEKYJISIPHOM Macchl M1 00Opa30BaHUIO PacTBOPU-
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MBIX OJUTOMEPOB M MoHOMepoB [11]. B pesymbrare
MPOBEIEHHOIO 3KCIEPMMEHTA ObUIM MOJIYYeHbI KUHE-
TUYECKM€ KpPUBBIE CTEIEHM BOIOIONIOLIECHUS It
Kaxkgoro obpasiua. Ha ocHoBe 3TuxX JaHHBIX ObUT I1O-
CTpOEH TrpaduK 3aBUCHUMOCTU CTCIIEHM IIOIIOIICHUS
BOIBI OT comepKaHus coctapeHHoi ppaknmm [TDHII
(puc. 4).

ComtacHO puc. 4 HaUMEHBIIYIO CTEIIEHb ITOIJIO-
IIEHUS MMeeT oOpasell, He colepxKalluii TepMude-
cku coctapeHHoro ITOHII. CreneHb Bogonomionie-
HUg obpasua, cogepxkamiero 30 mac.% IMOHIIc, no-
CTUINIa 3HadeHUs1, Oamu3koro K 9%. HaubGonbiiyio
CTEIEHD ITOIVIOLLEHUST UMEIOT 00pa31Lbl, B COCTaB KO-



40 IMMOA30POBA u np.
Ta6auya 1. Tennodpusuueckue xapakrepuctuku cmeceii IIJIA/TIDHII/TIDHIIc a0 u nocyie neiicTBus BOAbI B TEYEHUE
120 nueit
T, °C T °C Axp> 70
Cocras cmecu, Mac.% (THJTA) (TJTA/TIDHIT) (THJTA/TIDHIT)
Hcxonubie
30 TTJIA/70 TIDHIT 63 164/108 52/16
30 TTJIA/40 TIDHII/30 TIBHIIc 64 165/108 45/16
30 TTJTA/30 TIDHIT/40 TIDHIIc 64.5 164.5/107 40/19
30 TTJTA/20 TIDHII/50 TIDHIIc 64 164/107 41/20
IMocne Bo3neiicTBUs Bonbl B TeueHue 120 mHeit
30 IJIA/70 TIDHIT 62 163/107 53/16
30 TTJTA/40 TIDHII/30 TI9HIIc 63 163/106.5 47/16
30 ITJIA/30 TIDHII/40 TIDHIIc 63 163/106.5 44/19
30 TTJIA/20 TIDHII/50 TIDHIIc 62.5 163.5/106 43/20

TopbIx Bxoaut 40 u 50 mac.% coctapennoro [TOHII.
3HayeHUE CTEIIEHU BOJIOITOMIOLICHUS IJIsl 3TUX 00-
pa3iuoB coctaBwio okojio 10—10.5%. YcraHoBieHO,
YTO CTEIIEHb BOJOIIOIVIOLIEHUS YBEJIMUMBAETCS C PO-
ctom conepxanus I[IDHIIc, yro, mo-Bummmomy,
CBSI3aHO C HaJIMuueM MexXda3HbIX B3aUMOAECUCTBUIA
IpHY HAIMYMK TPEThEro KOMIIOHEHTA, a TaKXKe ¢ 00-
pa3oBaHueM (PYHKIMOHAJILHBIX TPYHIl B MaTpUle
I[1D5HIIc B mpoliecce OKMCIEHUS KUCIOPOIOM BO3IY-
xa npu 7= 90°C. Takue rpymniibl ClTIOCOOHBI B3aUMO-

NMEMCTBOBAaTh C MOJIEKYJaMHM BOIBI U YBEIWYMBATH
ruapoGUIbHOCTh MOJIMMEpA.

B Tabs. 1 npencraBieHbl YUCIEHHbIE HaHHbIE
Ter1ou3nYeCKuX XapaKTepUCTUK cMmecei
TUIA/TIOHIT/TIDHIIc no u mociyie neiicTBUSI BOABI.
Ananu3z cMmeceit merogoM JICK nonrBepxiaer, 4yto
3a BpeMsi BO3IeHCTBUS BOJIbl Ha 00pa3libl cMeceid U3-
MEHSIIOTCS UX CTPYKTypa U TeTIo(u3nYecKrue CBOi-
crBa. CornacHo Tabi. 1 Temmeparypa TijlaBieHUS
(T,,) TIA monmxkaetcs Ha 1—2°C, 4TO CBSI3aHO C
HagajioM pa3pylieHus amopdHOoii pa3sl. O0pasiom,

L 1 1 1 1 1 1 1 3 1
960 878 795 713 630
BosHoBoe uncio, cm—!
1

r

2 i
Sagpme RNt e et ) Nyees — ) > 1 1 1 1
3996 3584 3172 2760 2348 1936 1524 1112 700

BomHosoe qucliio, CM_1

Puc. 5. UK-cnekrpsl (MHITIBO) cMecu nonmminakTyaa v mojaustuiieHa coctaa 30 ITJ1A /20 TTDHIT/50 ITDHIIc no (/) u mocie

(2) BO3OEMCTBUSI BOIBI.
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YbU TETUTOMU3NIECKIE XapaKTePUCTUKI HanboJee 13-
MEHUJIMCH TTOCIe ACCTBUS BOMBI, SIBISIETCSI CMECh, CO-
nmepxarnast 30 mac.% TIDHIIc. TemrrepaTypbl CTEKIIO-
BaHus (7;,) Bcex oOpa3lioB MOHU3UINUCH HE3HAUUTEb-
Ho: Ha 1-1.5°C. Crenenb kpuctamadyHoctu ITTJIA,
COOTBETCTBEHHO, YBEINYIIIACh Ha 1—4% 3a cueT Bvs-
HUS BOIbI Ha aMopGhHYTO (hasy MoIMIaKTHIA.

JJ1st OLIeHKM M3MEHEHWIT B CTPYKTYpE CMECH JI0 U
ToCye OENCTBUS BOABI ObLIM cTonb30BaHbl MK -criek-
TpeI 0OpasuoB. Ha puc. 5 npencrasinenbl MK -criekTphl
KOMITO3MLIMIA ¢ comepkanueM 50 mac.% ITOHIIc.

HMccnenoBaHue nmokasauo, 4To B pe3yIbTaTe Tvl-
POJIMTUYECKO NEeCTPYKIIMM cMecelli HalOioaaeTcs
YMEHbIIEHUE WHTEHCUBHOCTHU MOJIOC MOIJIOIIEHUS B
00J1aCTSIX, XapaKTePHBIX ISl CTPYKTYPHBIX (DparMeH-
toB [TJTA: ipn 755 1 870 cM ™!, KOTOpBIE OTHOCATCH K KO-
Jie6aHusiM cBsizu —C—C— KpUCTaJUIM4ecKoit u aMmopd-
HoOI1 (ha3 ToMMIaKTUIA COOTBETCTBEHHO [36, 37]. dan-
HBbIM (baKTOM TIOATBEPKAAeTCS MPOTEKAHUE Mpollecca
TUAPOJIUTUYECKON NecTpyKUMU. MHTeHCUBHOCTD TO-
nocel B o6mact 720 cM~! HEMHOTO yBEIUYMBAETCS.
ITocnenHee, BO3MOXHO, YKa3blBaeT Ha TO, YTO MOJie-
KyJIbl BOJbI 0OJiee aKTUBHO B3aUMOMIEHCTBYIOT C MO-
nekynamu ITJIA, yem ¢ Mmonexkyiaamu ITDHII. Takum
oOpa3owm, ripu pa3pyurenun [1JIA oTdyeTiBee IIposiB-
JIIIOTC ~ CTPYKTYPHO-UYYBCTBUTEJbHbBIE  TIOJIOCHI
IIOHII. D10 moaTBepkXnaeTcss yCUJICHUEM WHTEH-
CUBHOCTH T0ojJioc B obsactu 2968—2820 cm~!, Te.
BKJIanoM KosebaHuii cBsaseit —C—H— monustuieHa.
IIpu 3TOM NMPOUCXONUT CHUKEHUE WHTEHCUBHOCTU
ntostockl ipu 1720 cm~!. JlaHHAs 10J10Ca COOTBETCTBY -
€T BAJICHTHBIM KOJIE0aHUSIM KapOOHUJIbHOU IPYIIbI
—C=0 B mnpeneabHbIX anudaTuyeckux adupax u
KapOOHOBBIX KUCJIOTaX, OHA TaK>Ke NMPUCYTCTBYET U B
obpasie cocrapeHHoro II1DHII [18]. OnHako B ripen-
CTaBJIECHHOM WCCJIEIOBAaHUU YyMEHbIIIEHUEe WHTEH-
CUBHOCTM BbIllI€YKa3aHHOU IMOJIOCHI, CKOpee BCEro,
CBSI3aHO C pa3pylIEeHUEM MaTPHULIbI TOJWIAKTUAA.

3AKJITIOYEHUNE

HccnenoBaHa CTpyKTypa CMECEBBIX KOMIIO3UIIUIA
I[JIA/TIDHIT u IJIA/TIDHII/TIDHIIc ocne meii-
cTBUs Bonbl B TeyeHue 120 qHeii. Iloka3zaHo, 4To nmo-
cJie IeiCTBUS BOJBI pa3pyllaloTCs CTPYKTYPHBIE 3J1e-
MeHTHI, TipuHamIekaine I1JIA, 9To oOycioBiIeHO
AKTUBHBIM B3aUMOACHCTBUEM MOJIEKYJI BOJIBI C MO-
nexkyiaamu I1JIA, B To BpeMsl KaK BoJa He OKa3bIBAaeT
pmusgang Ha [TIDHII. Tenmodmn3maeckne cBoiicTBa
CMeceil ToCjie BO3IECMCTBUS BOJbl M3MEHSIOTCS B
oodbiieit crerienu B pase T1JIA.

OmnpeneneHo, YTo ¢ yBeJIMYEHUEeM CoAepKaHUs B
CMECEBBIX KOMMIO3ULIMIX TEPMUUECKU COCTAPEHHOTIO
ronuaTUeHa mo 50 Mac. % 3HaueHHe CTeIIeH! BOMIO-
MomIoIeHUs Bo3pacTtaeT 10 10%, 4To CBSI3aHO C yBe-
JImyeHueM ruapoduiabHocT MaTpulbl ITOHIIc 3a
cueT oO6pazoBaHusA PYHKIIMOHAJIBLHBIX TPYII B MIPO-
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liecce OKUCJIEHHUS M, BO3MOXHO, C MexX(a3HbIMU
B3auMoneicTeusiMu mexay ITTJIA u ITOHTI.

B pabore mokazaHo, 4TO BBelIeHHE B KOMIIO3M-
nuio ¢ ITJIA cocTtapeHHOro IMOIMATUIICHA, aHajioTa
BTOPUYHO IepepadboTaHHOIO NOoJUMepa, MPUBOAUT K
CO3IaHMIO IIEPCHEKTUBHBIX ITOJMMEPHBIX MaTepHa-
JIOB, CITOCOOHBIX K YCKOPEHHOW THIPOINUTHUYCCKO
JIIECTPYKIIMHM B OKPYKAIOILIEN cpene.

PaboTa BeImoHEHA C MCIIOJIb30BaHUEM IIPUOOPOB
LlenTpa komnekTuBHOTO TToJb3oBaHus (LI KIT UBX®D
PAH) “HoBble MaTepuaiibl U TexHoorun” u Llentpa
KOJUIEKTUBHOTO nojiab3oBanus POY um. I.B. Ilnexa-
HOBa.
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