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DKOJIOTMYECKHU YUCTHIM METOJOM “MSITKOM” MEXaHOXMMUWYECKOI aKTUBAIIUU 0€3 pacTBOPUTENIS U CIIU-
BaOIIMX areHTOB MOJIyYeHbl OMopa3jaracMbie TBepaOoGha3HbIe KOMITO3UThI TTOJUBUHWIOBBIN CITUPT/
KapOOKCHMMETHIIIIEILTION03a, TIePCIIeKTUBHBIC IS IPUMEHEHUS B (papMaIneBTUKE, CEIbCKOM XO3SIICTBE,
XUMIYIECKOM ITPOMBIIIIIEHHOCTH. BO3IyIITHO-CyX1e cMeCH TTOTMBHHUIIOBOTO CITUPTA M KAPOOKCUMETHII-
LIEJUTIOJ03bI B MACCOBOM COOTHOIIeHUM 2:1; 1:1; 1:2 moasepraau yoapHO-CIBUTOBOMY BO3ACHCTBUIO
B TeueHue 3 u 5 MuH (Do3a MexaHndeckoi sHeprun 0.74 u 1.24 x/IX/T) ¢ IIOMOIIIBIO BUOPAIIMOHHOTO
nctupareiass MBC-4 (1500 06./mun; 23.4 I'x; 0.55 kBt; HaBecka nipo6kI 50 T; OTHOIIIEHWE MacChl pa3-
MOJBHBIX Tell K Macce obOpasua 44:1). MexaHoaKTUBMPOBaHHBIE 00pa3libl, MPeACTaBIsIONINe cO00I
cpeqHMe TOPONIKH (HACHITHAS TIOTHOCTD 6ombiie 600 1 Menbime 1000 Kr/M3), MccienoBaHbl METONA-
MM CKaHUPYIOIIEH 3JIEKTPOHHON MUKPOCKOINH, N1 hepeHINaTbHON CKaHUPYIOIIEH KaIOpUMETPUN
¥ TEPMOTPAaBUMETPUU, UHGPAKPACHOU CIIEKTPOCKOIUHU, ONITUIECKON MUKPOCKOITMHU, TTMKHOMETPUH,
METOIOM CIIEKTpa MYTHOCTH, TpaBuMeTpui. HalineHo, 9To MexaHOXUMIIeCKast aKTUBAIIUsI CMECH C 9K-
BUMAaCCOBBIM COAepXKaHUEM ITOJUBUHIIOBOTO CITUPTA M KApOOKCUMETHIIIIEIITIONO3EI U 10301 SHEp-
ruu 1.24 xJI/T 1M03BOJISET MOJIYUYUTh TOCTATOYHO MPO3payHble B BUAUMOIT 001acTu (MyTHOCTh paBHa
0.14 cM™!) 1 cTabuabHBIE B TeueHUE 96 U TONMMEPHbBIE PACTBOPLI KOHIIEHTpauuu 1 r/m1. YcraHosieHo,
YTO TTOJIMBUHWIOBBIN CITUPT KPUCTAJIIIN3YETCS U3 BOOHBIX paCTBOPOB KOHILIEHTpauuii 1 u 2 r/nj1 ipu
BBICYIIMBaHUM MpH 25°C B IEHAPUTHI UM KPUCTAJIUATHI, TTociie 1036l 3Hepruu 0.74 u 1.24 xIX/T cooT-
BeTCTBEHHO. [ToMMepHBIe INIEHKA KOMIIO3UTOB UMEIOT CIIOXHYI0 MOP(MOJIOTHIO, BKITIOUAOIIYIO JeH-
JIPUTHBIE U aKCUAJUTHBIE KPUCTAINIECKHE (POPMEIL. BBISBIIEHO, YTO MexaHOXMMUWYECcKass 0OpaboTKa
CTUMYITUPYET (POPMUPOBAHNE KPUCTAULINICCKUX (POPM MOJIMMEPOB, U3MEHSIET UX MEXMOJIEKYJISIPHOE
B3aMMOJICHCTBYC N 3aTParuBaeT TMAPOKCUIIbHBIC M 3(PMPHEIE TPYIITE KapOOKCUMETUIIIEILTIONO3E! 1 TH-
JIPOKCUJIbHBIE TPYIIITbI MOJUBUHUIOBOTO CIIMPTA.

Karouesbie cro6a: MOTUBUHUIOBBIN CIIUPT, KapOOKCUMETUIILEIITION03a, KOMITO3UTHI, MEXaHOXMMUYECKast
aKTHUBALIMS, MyTHOCTh, HAIMOJIEKYJISIDHBIE 00pa3oBaHKsI, MOP(DOJIOTHS, arIOMepallMOHHO-arperaTuBHast
CTPYKTYpa, A1e(EeKTHOCTD, MOJUEHbI

DOI: 10.31857/50023291224020059, EDN: DGXQZQ

BBEAEHHWE

Komnoszuter [1BC/KML —[CH,—CH(OH)],,—
—[C¢H,0,(OH),_ (OCH,COOH),],—, rne x=0.08—1.5,
n/vnu [I1BC/Na-KMII npencTaBisioT HHTEpeC Kak
HEIOpPOToi, OCTYIIHBIN, OMogerpagupyeMsblii [ 1] yma-
KOBOYHBIN MaTepuajl, yonoOpeHue ¢ MpOJOHTUPYE-
MBIM JIeficTBHEM [2], IPOIOHTATOP IS aIPECHOM T0-
CTaBKM JICKApCTBEHHBIX CPENCTB 3], cemapalimoHHasI
TUTEHKA IJIST cepeOpsSTHO-ITMHKOBBIX M HUKETb-ITUHKO-
BbIX aKKYMYJISITOPOB [4], CTPYKTYpHO-UYBCTBUTEJIbHBIE
IUIEHKU K YD-U3IydeHUIO W 3JIEKTPUUECKOMY TTOJTIO

[5]. Kommo3unmio Ha ocHoBe Na-KMII u I1BC pe-
KOMEHIYIOT B KQUeCTBE CBSI3YIOILETO MPU MOJyYeHUN
TEIUIOU3O0ILIMOHHOro Matepuana [6]. U3 monumep-
Horo Matepuana, Bkinovatoiiero [IBC/KMII, anTto-
IIMaHBl WX OeTallMaHWHBI, WK MX CMECh B MaCCOBOM
cooTHoleHuu 2:2, 3:1, 1:3, pazpaboTaHa KoJopuMe-
TpUuecKasl TIJeHKa JJIsl MUHTE/UIEKTYaJlbHOI yIaKOBKU
[7], a u3 kommosuuuu [NBC/kpaxman/KMII — nep-
CTIEKTUBHBIM YIaKOBOYHBIN MaTepuall C yaydIIeH-
HBIMU MexaHu4deckumu cBoiictBamu [8]. Kapbokcu-
meTuauennonoda (KMII) conepkut KapOoKCUIbHbIE
TPYMIIbl B AJIKUJIBHOM 3aMECTUTENIE MaKPOMOJIEKYJIbI
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¥ TUAPOKCUJIbHBIE TPYIIIILI, KOTOPBIE MOT'YT 00pa3o-
BBIBaTh BOIOPOIHBIE CBSI3U C TUAPOKCYILHBIMU TPYII-
namu nonuBuHUIoBoro cnupra (ITBC) Henmocpen-
CTBeHHO [9] n1ubo ¢ yyacTueM MoJeKyad Boabl. B Ka-
YEeCTBE HAMOJHUTENECH U CIIMBaTeaeii KOMIIO3ULIUNA
IMBC/KMII npuMmeHsIIM MHOTOCTEHHbBIE YIJIEPOAHbIE
HaHOTpyOKu [10] u TeTpadbopat HaTpus [11], GopHYIO
kucnoty [12], katuonsl xkene3a (I1I) [13], TeTpaxiio-
pun tutaHa [14], cynbdar anromuHud [15] cooTBeT-
ctBeHHO. g cmmBanus KMII, I1IBC u nmonusu-
HUJIMTUPPOJUAOHA B cOOTHOLIEeHUU 1:1:1 MeTomoMm
3aJIMBKU PACcTBOPUTEIEM MCIIOJIb30BaJM IJIMOKCAJb
n rrytapansaerun [16]. MexaHOXMMUYECKUIA CIIO-
€00 TOJTy4yeHHUs TTOJIMMEPHBIX KOMITO3UTOB SIBJISIETCS
5KOJIOTUYECKHM YUCTBIM U He TpeOyeT MpUMEHEHUS
cimBareseid. ITon neiicTBueM MexaHM4YeCKOro Harpsi-
KEHUSI MaKpOMOJIEKY/Ibl CIIOCOOHBI BHIIPSIMIISTHCS
U KPUCTAJJIM30BAThCS, YMEHbBILIAIOTCS pa3Mephbl Yya-
ctul rmoaumepa [17]. ITonuMepHble KOMIO3UTHI C Mac-
coBbIM cooTHoureHueM ITBC: Na-KMII, paBubim 1:1;
2:1; 3:1; 3:2; 5:2 BcaeacTBe MEXaHOXMMHUYECKOTO
BO3JIEMCTBYS B BUOPALIMOHHON 1IapOBOI MEJIbHUILIE
MJI-1 (100 06./MUH; KepaMUYECKHe IIapbl AMAMETPOM
10—40 mMm) mauTenbHOCTRIO 5, 15, 45, 60 MuH [3] oba-
JaJIv TIOBBIIIEHHON IIJIOTHOCTBIO M KWHEMATU4YeCKOM
BSI3KOCTBIO (3%-Hble pacTBOpHI) [18], MOHMKEHHOM
MOPUCTOCTHIO U YAYUIIIEHHO! CHIITYYeCThlO0. ABTOPbI
YCTAaHOBWIM ONTUMAaJIbHBIM BpeMsI MEXaHUYECKOI 00-
paboTKu 45 MMH, YTO HE SIBJISICTCS BEITOTHBIM C 3KOHO-
MUYECKOM nmo3uunu. B ynapHoO-BOJHOBOI yCTaHOBKe
KOMIIO3UTHI, B TOM YUCJIe C HAHOAUCTIEPCHOM CTPYKTY-
pOIii, MoJiydyanu u3MejJb4eHeM 1 CMEIIMBAHUEM — 3TO
MOPOIIKY ¢ HEBLICOKOI HACHIITHOM IIJIOTHOCTRIO [19].
B Lie10M MexaHOXMMHUUYECKHEe CITOCOOBI MOJTyYeHUs
komro3utoB [IBC/KMII [20] udyyeHbl HEAOCTATOUYHO.

Lenp HacTosileil paboOTHI 3aKiI0vyaiach B MOJyY-
YEeHUU MOJUMEPHBIX KOMIIO3UIITMOHHBIX MaTEPUATOB
IIBC/KML ¢ nomMombio MEXaHOXUMUYECKOTO BO3-
JNeicTBUSI TUMA yAap CO CIBUIOM B J1aOOpPaTOPHOM
BUOpOUCTHUpAaTese, UCCAeNOBaHUU UX MOPGdOIOTUH,
CTPYKTYpPHl U (PU3UYECKUX CBOMCTB, YCTOMYUBOCTU
TMOJIMMEPHBIX PACTBOPOB, a TakKKe MOP(OIOTUH TT0-
JIUMEPHBIX IJICHOK.

OKCITEPUMEHTAJIbHAA YACTb

Komnosutel [IBC/KMII nonyyanu Mmetogom Mme-
XaHOXUMUWYECKON aKTUBALIMM BO3MYIITHO-CYXUX CMeE-
ceit IIBC (02-1799, Kuraii) u KM (Molecularmeal,
Kurait) B MaccoBbIX cooTHomeHusx 2:1; 1:1; 1:2
B uctupareine BubpanuonHom MBC-4 B teueHue 3
U 5 MUH (D032 MEXaHMYECKOM 3HEepPruu cocTaBuiia
0.74 n 1.24 x/IX/T COOTBETCTBEHHO); YCTAHOBJIEHHAS
morirHocTth 0.6 kBT; yacrora konebanuii 23.4 I'u; ya-
crota BpauieHus 1500 06./MUH; OTHOIIIEHHE Macc
Pa3MOJIbHBIX T€JI U3 MHCTPYMEHTaJbHOU cTtanu XBI'
U MIOJIMMEPHOM cMecu cocTaBisiio 44 : 1. Beibop Bpe-
MEHH MEeXaHOXMMUUYECKOTO BO3ACHCTBUS OrpaHNYcH
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pa30rpeBOM CTAIBHBIX Pa3MOJIBHBIX TEJI IO TeMIlepa-
Typbl ~50°C. ITopomiku [IBC nu KMII nocne 5 MuH
MEXaHOXMMUYECKO aKTUBALMU MPUOOpETU cepo-
BaTyIO0 OKpacKy, a IIpA UX pacTBOPEHUM B BOIe Ha-
O01aeTcsl B HE3HAUMTEIbHOM KOJIMYECTBE BKIIHOUE-
HUE BBICOKOAMCITIEPCHBIX YEPHBIX YACTHULL. DTO MOXKET
yYKa3bIBaTh Ha HAJIMYME CPEIU TMPOAYKTOB MEXaHOXM-
MHWYECKOTO TIPEeBpaIleHUs MMOJIMEHOBBIX (PparMeHTOB
(—CH=CH-) [21].

McxomHbie moauMepHbIe pacTBOPbl KOHIICHTPALUM
1 1 2 v/0 TIoTyYanyu pacTBOPEHUEM B TUCTHILIMPO-
BaHHOI Bone, HarpeBaHueM a0 90°C npu nepuoau-
YeCKOM MEXaHUYeCKOM IepeMellIMBaHU1 B TEPMOCTa-
te-penykrazHuke JITP-24. [TonuMepHble IVIEHKA TO-
TOBUJIM METOJOM IOJIMBA HA CTEKJISTHHbIE MOMJIOXKU
U CYLIWIM Ha Bo3ayxe npu 25°C, Kak B padore [5].

CpenHeBSA3KOCTHYIO MOJEKYISIPHYIO Maccy HC-
XOTHBIX 1 TIONBEPTHYTHIX MEXaHUUECKOM aKTUBAIIUH
B YKa3aHHBIX BbIIIIE YCIOBUSIX UCXOAHBIX MOJIUMEPOB
ONPENeNISUTM METOIOM BUCKO3UMETPUU 10 YPaBHEHUIO
Mapka—Kyna—XayBuHka [1] = KM%, rae [n] — xapak-
TepUCTUUYECKasl BI3KOCTb MOJMMEpPaA B pacCTBOPUTEIIE,
1u1/T. KOHCTaHTBI B 3TOM YpaBHEHUU IPUHUMAJIM PaB-
HbeMUA K = 6.6-10~* 1 5.95-10~* m1/r; oo = 0.91 1 0.63;
pactBoputeab 1.5 M NaOH u muctunnupoBaHHas
Bona 1t KMII [22] u TIBC coorBeTctBeHHO. Cpen-
HEBSI3KOCTHBIE MoieKysipHble Maccel KMII u ITBC
cocrasirstiot 42300; 12500; 11000 m 14400; 8800; 3400
NpU A03aX NONIOLIEHHOM aHeprun paBHBIX 0; 0.74;
1.24 xJIX/T COOTBETCTBEHHO. YMEHBIIIEHUE MOJIEKY-
JISPHOI Macchl NMPU YBEJIUYEHUU A03bl TTOABEASHHOM
MEXaHUYECKOI SHEePTUU SIBJISIETCS CIEACTBUEM Mexa-
HOIECTPYKIINU 1IeTIei TOJIMMepOB U pa3phiBa KOBa-
JICHTHBIX CBSI3€il.

HaceinHyto oTHOCTS (p,,,.) A3MEPSUIA TPaBUMe-
TPUYECKUM, & UICTUHHYIO ITUIOTHOCTD (P,,.;) — MTUKHO-
METPUYECKIM METOIOM, paboyast XKUIKOCTh — TeKCaH
(kBammbukanus u.a.a.; p = 0.6548 r/cm?), u paccum-
TBIBAJIU 110 POpMYJIE:

0.0011 + 0.6548 - (m, — m)
(m +my) = (m+ m;)

pl/lCT =

rae m — Macca MycToro NuKHOMeTpa, T; m; — Macca
MUKHOMETpa ¢ TEKCAaHOM, T; m, — Macca MUKHOMe-
Tpa C NOJIUMEPOM, T; m; — Macca NMKHOMETpa ¢ 1o-
JUMEPOM U rekca”oM, T; 0.0011 r/cm® — mIoTHOCTD
BO31yxa MPU BHELIHUX YCIOBUSIX B MECTE U3MEPEHUI
(T'=25°C; P=700 MM. pT. CT.).

TurpockonuuHocth (€, %) omnpenensiiu TpaBu-
METPUUYECKUM METOIOM, Tocie 24 4 npeObiBaHUS
0o0pa3ioB B O10Kcax Hal BOMOI B dKCUKATOpE MpU
25°C. Cpennee Biaroconepxanue (M, %) monumepoB
1 KOMITO3UTOB U3MEPSUIUM TPaBUMETPUUECKUM METO-
JoM Mociie 3-yacoBoii cymiku B neuyu ripu 103°C u mo-
clenyroliero octeiBaHus 1o 25°C B akcukarope. Ilo-
pucrocts ciod (I1, %) Beraucisty Mo popmyiie:
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JTABUXA u np.

Tabmua 1. CoctaB 1 ¢u3MUecKue XapakKTePUCTUKU MOJIUMEPHBIX 00pa3LioB: HacklnmHas (p,,.) U UCTUHHAS MJIOT-
HOCTb (P,,.,), opuctocTh nopouika (IT), rurpockonuuHocTs (€), Braroconepxanue (M), Bpemst pacTBopeHuUs (f)

B Bome ripu 90°C

Cocras, Macc. % fyns MHH , , M t, MUH
OO6pa3suel ’ Pracs T/EM® | pues T/eM° | I1, % | €, % ’

neC | kM | (P> KIx/r) % | v/ | 2r/m
P-3 100 0 0.8621 1.7425 50.5 | 0.39 | 0.06 45 45
PC,,-3 67 33 0.8214 1.4203 42.2 | 0.50 0.12 45 110
PC,-3 50 50 3(0.74) 0.7193 1.5386 53.3 | 0.56 | 0.19 45 100
PC),-3 33 67 0.7370 1.4980 495 | 0.66 | 0.25 75 100
C-3 0 100 0.7002 1.3256 46.7 | 0.68 | 0.30 100 165
P-5 100 0 0.8409 1.8720 55.1 0.36 0 45 45
PC,,-5 67 33 0.7849 1.4914 474 | 0.58 | 0.18 45 45
PC,-5 50 50 5(1.24) 0.6998 1.4438 51.5 | 0.68 | 0.23 75 125
PC,-5 33 67 0.6229 1.4963 584 | 0.74 | 0.29 75 130
C-5 100 0 0.6927 1.3308 479 | 0.70 | 0.37 125 125

= (1 —pﬂ)-loo%.

UCT

Mopdosoruio nNoJuMepHBIX MMOPOIIKOB UCCIEN0-
BaJIv ¢ TIOMOIIBIO CKAHUPYIOLIETO 3JIEKTPOHHOTO MU-
kpockormna Supra 55VP (Carl Zeiss, I'epmaHust) B pe-
KMME BTOPUYHBIX 3JIEKTPOHOB IIPU YCKOPSIOIIEM Ha-
npsckenun S kB. [Ipu aToM yacTHIIBI ITOMeIaam Ha
MPOBOISIIYIO TIOMJIOXKY U BO M30eKaHUEe HaKOILIe-
HUS 3aps1a HAHOCUJIU HA HUX TOHKUI CJIOM IJIaTUHBI
B yctaHoBke Q150T ES (Quorum Instruments, Benu-
KOOpUTaHUS).

TepMmuueckuit aHaJIM3 MOJMMEPOB ITPOBOIUIN ME-
Tomamu U depeHINATBHON CKaHNPYIOIIEei Kaaopu-
metpun (JICK) u trepmorpaBumerpun (TT) ¢ momo-
1IbI0 CUHXpPOHHOro TepMoaHaiu3aTtopa STA 449F1
NETZSCH. O6pasusr KM, IIBC/KML u I1BC
Maccoii ~20 MT B3BeLIMBaJIM B IIJIATUHOBOM THUIJIE U Ha-
rpeBaju co ckopoctbio 20°C/MuH B aTMOcepe aproHa
B TeMITepaTypHBIX MHTepBaiax oT 25 mo 600 u ot 25 1o
997°C cooTBeTcTBeHHO. B KauecTBe siueiiku cpaBHEHMUSI
WCIIOJIb30BAJIA MTyCTOW TJIATUHOBBIN TUTEND.

UK-crieKTpbl ITOJIUMEPHBIX MOPOIIKOB PErH-
ctpupoBanu ¢ nomouisio MK-Dypre criekTpoMmeTpa
FTIR-8400S (Shimadzu, fInmoHus) B TabneTkax ¢ 6po-
munoM Kanust. Maneke kpuctammaHoctn KMII pac-
CUMTBLIBAJIM KaK OTHOCUTEIbHYI0O MHTEHCUBHOCTh —
OTHOILIEHUE OINTUYECKUX MJIOTHOCTEM MOJIOC IMOTJIO-
wenust (1.1.) pu 1418 u 914 em~! (D, 415/ Do) -

ONTUYECKYIO TUIOTHOCTh MOJUMEPHBIX PaCTBO-
POB KOHIIeHTpauuit 1 u 2 T/01 U3Mepsiin B UHTepBaJie
JIJWH BOJH 364—540 um mipu 25°C ¢ momouipio ¢o-
ToanekTpokonopumeTpa KPK-2 B KioBeTax TOIIIM-
HOI1 2 ¢cM, pacTBOp CpaBHEHUS — IUCTUIIMPOBAHHAS
Boma. CpemHeMacCOBBIM pagnyc HaaMOJIEKYISIPHBIX

oOpa3oBaHUIl OIIpenelIsiIi METOAOM CIIEKTpa MYTHO-
CTH U BhIUMCIIsIM MeTogoM Iemtepa [23] yepes mapa-
MeTp Z = —3.7195tga + 16.197. YCTOMYMBBIMU YCIOBHO
MPUHUMAJIHN Te TOJIMMEPHBIE PACTBOPHI, OTHOCUTEb-
HBIC U3MEHEHUS ONITUYECKOM IUIOTHOCTU KOTOPHIX 3a
96 4 cocrasistiu He 6oJiee 7%.

Mopdonoruio NoJMMepHbIX MJIEHOK UCCIECA0BATN
¢ nomo1pio ZOOM crepeomukpockona Meiji Techno
cepuu RZ ¢ obmum yBeandeHueM X150 B pexume
MPOXOJSILEro CBEeTa.

PE3VYJIBTATHI 1 OBCYXKAEHUE

MexaHoxuMHYecKasi akTUBaLIMSI TTPENCTaBIIsIeT CO-
00¥i CIIOXHBIIT MHOTOMAKTOPHBIN (PU3ZUKO-XUMUYE-
CKUIA IIPOLECC, U3MEHSIOLINNA CTPYKTYPY U CTEIIEHb
KPUCTAJUIMYHOCTY MTOJIMMEPOB, YTO OTpaKkaeTcsl B Mep-
BYIO ouepeab Ha UX (hM3UYEeCKUX cBolcTBax. B Tao. 1
npuBeneHbl 0003HaYeHUsT 00pa31ioB, MPUHSITHIE B pa-
00Te, BpeMs MEXaHOXUMUYECKOM aKTUBALIMM U 1034
MEXaHMYECKOM SHEPIuHu, a TaKxkKe 3HaUYeHMsT HaChIII-
HOU YU UCTUHHOM MJIOTHOCTEM, TIOPUCTOCTHU, TUTPO-
CKOMWYHOCTH, BJIAarocojaepxxaHusi, BpeMs pacTBope-
Hus B Boge npu 90°C. Mccnenyembie MmojivMmepHbie
MOPOIIKU OTHOCSITCS K CPEIHUM 11O BEIMYMHE HACHITI-
HOW TUTOTHOCTH, KoTopast u3meHsieTcs ot 0.6 1o 0.9 r/
cm?®. OGHapyXEHO, U4TO C YBEJIMYEHUEM O3Bl MeXa-
Hu4eckoit sHepruu ot 0.74 mo 1.24 xJIxx/T ncTuHHAas
niaotHocTh obpasuoB KMII u I1BC yBennunBaeTcs
Ha 4 1 7%, HachIlTHas TUIOTHOCTh YMEHbIIAaeTCs Ha |
u 3%, NOpUCTOCTh yBeanuuBaeTcss Ha 3 u 9% coort-
BeTcTBeHHO. HabmomgaeTcs yBennuyeHre TMIpOCKOMu-
YHOCTU U BJIAarocoAep>KaHUsl MOJUMEPHbIX KOMIIO-
sutoB [IBC/KMII Ha 8—12 u 4—6% c noBbIlLIEHHEM
JI03bl MEXaHUYECKOUN PHEPruu Ha yKa3aHHYIO BbIIlIE
BeanuuHy U Ha 13 (PC,-3 u PC,-3) u 11% (PC,,-5
Ne2 2024
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Puc. 1. COM-u3obpaxeHns] MeXxaHOAKTUBUPOBAHHBIX TTOJMBUHWIOBOTO CITUPTA U KapObokcuMmeTuie/unono3sl: P — [1BC;
C — KMII; 3 u 5 — BpeMsI MEXaHOXMMUYECKOM aKTUBALIMU, MUH.

u PC,,-5) c yBennueHueM B HuUx conepxanusga KMII
Ha 34%. D1 U3MeHEHMS OOBSICHIIOTCS YBETMYEHUEM
conepxaHus amopdHoit (a3pl B MEXaHOAKTUBUPO-
BaHHBIX oOpasiax. [ToprucTocTh MOPOIIKOB MOTUMEDP-
HBIX KOMITO3UTOB IIPUHUMAET 3HaueHUs oT 42 1o 58 %
U yBelInuuBaeTcs Ha 9—18% Ipu MOBBIILIEHUM HO3bI
MexaHudeckoii sHeprum Ha 0.5 xJIx/r. Makcumaib-
Hble 3HAYEHUSI UCTUHHOMN TJIOTHOCTU U MOPUCTOCTU
peructpupytorcs y komnosutos PC,;-3 n PC,,-5 co-
OTBETCTBEHHO. BpeMst pacTBOpeHMS TOPOIIKOB B BOIIE
YBEJIMYUBAETCS C MTOBBILIEHUEM COMEPXKAHUS B UX CO-
crtaBax KMII n no3bl moaBeneHHOM MexaHU4YeCKOit
aHepruu. MexaHoaktuBupoBaHHass KMII nepexonut

KOJIJIOUAHBIN XKYPHAJ Ne 2

TOM 86 2024

B XXHUJIKOE COCTOsSSHUE B 2—4 pa3a JIOJIbIIE, YeM 10/~
BEprHyThIi aHamorndHoMy BosaeiictBuio ITIBC. Jlerue
OCTaJIbHBIX PACTBOPSIIOTCS B BOZAE T€ 00pa3Iibl KOMIIO-
3UTOB, B COCTaBe KOTOPBIX, KaK MpaBuUio, Npeoodia-
naet [1BC — PC,,-3; PC,,-3; PC,,-5 (1 r/mm); PC,,-5
(2 v/nn). CrnenyeT MMOOQYEPKHYTh, YTO HEBLICOKAS Ha-
CBIMTHAs TUIOTHOCTh MOPOIIKOB 0JaronpusiTCTBYET
(bopMUPOBaHUIO AXXyPHBIX KOMITO3ULIMOHHBIX BOJIOK-
HUCTBIX MaTepuasoB [19]. HalineHo, 4To HEBBICOKOM
HACBIMTHOW MIOTHOCTBIO (P, < 0.7 r/cM?) U BMecTe
C TeM HauOOJIbIIIEH TUTPOCKOIMMYHOCTHIO XapaKTepu-
3ytorcst Kommnosutel PC,;-5; PC,-5, a Hanbomnpieit
nopuctocteio — PC,,-5; PC,,-3.
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Ha puc. 1 nokazansr COM-u3o0paxkeHuss Mexa-
HOAKTUBUPOBAHHBIX MOJMMEPHBIX nopomKoB ITBC
n KMII npu tpex yBenmmueHusix. OOHapyXeHO, 9TO
I1BC umeeT caoxHY10 MOP(QOJIOTHIO, IIPEACTABIISIIO-
IIy1o coOOoif arToMepaThl U3 arperaToB MOJIHIUCIIEPC-
HBIX YaCTUII TIOOYISApHO (popmbl. [1oBhIIIIeHIE TO3BI
nomioleHHoi s3Hepruu ot 0.74 no 1.24 xJIx/T npuBo-
JIUT K YBEJIMYEHUIO pa3Mepa arjioMepaToB B HECKOIbKO
pa3 ¥ J0J1 arperaToB 4acTull ¢ 00Jiee BbICOKOI ITUC-
MEePCHOCThIO MPU COXpaHEHUU OOIero xapakrepa
Mopdosioruu, HabaoaaeMoil Ha MUKpodoTorpadusax
oOpasuoB nonumepa P-3 u P-5. COM-usobpaxeHus
KapOOKCUMETHUJILIEJUTIONO3bI TToce 3 U 5 MUH MeXa-
HoxuMmuyeckoit aktuBanuu (C-3 u C-5) kKaueCTBEHHO
TOXOXHU U CBUIETENBCTBYIOT O TOM, YTO 3TOT MOJIMMED
COCTOMT U3 UMEIOIIMX MHOTOCJIOMHYIO CTPYKTYpPY Ae-
(¢eKTHBIX GUOPUIIIIPHBIX YELITYHYaThIX BOJTOKOH pa3-
JWYHON UTMHBI, UMEIOIITUX MHOTOCIOMHYIO CTPYKTYDY.
CrenoBartenbHO, B pe3y/IbTaTe MEXaHUYECKOTO BO3ACH-
cTBUS yaapHo-caBuroporo tuia B IIBC ¢opmupyercs
arjioMepaloHHO-arperaTuBHas CTpykTypa, a B KMII
TTOBBIIIIAETCS CTETIeHD Ne(PEeKTHOCTH BOJIOKOH.

N3meHeHuss Mopdoa0TuM MOBEPXHOCTU YACTHUILL
MmocJie MpUMEHEHUs MEXaHOXUMUYECKOM aKTUBAIIUU
yIapHO-UCTHUPAIOIIEro TUIla BUAHKI Takxke Ha COM-
nzobpaxeHussx komrosutos [IBC/KMII npu yeThl-
pex yBenumuyeHus x (puc. 2). AHaamu3 3TUX U300paxe-
HUI moka3aj, 4yro arperatsl yactull I1BC pa3zmenia-
IOTCSI B Ie(DEKTHBIX 00J1aCTIX (PUOPUIUISIPHBIX BOJIOKOH
KMII (PC,,-3) n BHeapswoTcs B [e(HEeKTHBIE CION BO-
nokoH KMII (PC,,-5). I1pn 3kxBUMaccoBOM COOTHO-
IIEHNY UCXOMHBIX TTOJIMMEPOB B COCTaBE KOMITO3UTOB
TaKKe MMEETCs TeTepOoreHHasl CUCTeMa ¢ arjioMepa-
Tamu u3 arperatoB yactull [IBC Ha BojlokHax u Ha
ux pacuenymeHHoi nosepxHoctu (PC,,-3; PC,;-5).
B caydae npeodmaganusa KMII B coctaBax KOMIO3MU -
TOB PETUCTPUPYETCS HAJTMUKE TPELIUH Ha ee BOJIOKHAX
u arperatoB yactul [I1BC (PC,,—3), a Takxe arperartsl
C amioMepaTaMU arperaToB YacTHIl Ha BojlokHax KMII
(PC,,—5). Ha Bcex COM-n3obpaxeHusx odpasion
I[MBC/KMII HabitogaeTcsi HEOOHOPOAHASI MUKPO-
cTpyKTypa ¢ BHeapeHueM arperatoB [1BC B nedex-
THbhIe (pUOPMILISIpHBIe BolokHa KMII.

®dyukuunonansHbie poau KMII u INBC kak oc-
HOBHOI'O MOJMMepa U IojuMmepa-moaudukaTopa
MOATBEPKAAIOTCS UCCAENOBAHUSIMU, MPOBEACHHBIMU
metonamu JICK u TT. Tak, morepu Macchl KOMIIO3U-
TOB TIPU HArpeBaHUM Koppenupyiot (r,, = 0.999) ¢ co-
nepxanneM KMII B ux cocraBax (taou. 2). Ha JICK-
KpuBbIX MexaHoakTuBupoBaHHbIX KMII (C-3 u C-5)
MepBblii pa3MbIThId dHH03(PdekT npu 133.9 u 134.3°C
COOTBETCTBYET IoTepe (GU3NIECKU CBA3AHHOI BOIBI
1 IIPaKTHYECKU HE CMEIIAeTCs TIPH YBEIMUEHUH TO3BI
MEXaHWJIEeCKOW SHEPTUH, B OTIIMIME OT BTOPOTO 3HIO-
addekTa, KOTOpHIf uMeeT MecTo ipu 447.9 u 443.4°C
cootrBercTBeHHO. [ToTepu Mmacchel npu 597°C cocra-
B 62.70 u 62.81% mist C-3 1 C-5 COOTBETCTBEHHO,
YTO yKa3bIBaeT Ha MPUCYTCTBHUE B MOJIMMepe (ppaKIIuu

JTABUXA u np.

HEJIETy4YMX KOMITOHEHTOB [24, 25]. UIHTeHCUBHBIN K-
3orepmuueckuit apdext pu 304.0 u 303.4°C compo-
BOXIaeTcss OCHOBHOM moTepeil Macchl oopasia ~42%
¥ 00YyCJIOBJIEH MTUPOJIUTUYECKOM (hparMeHTalueii [24],
MHOTOYMCJIEHHBIMY PeaKIUsIMU JeTOoJUMepu3aluu,
Jeruaparaumnu, 1eKapOoOKCUIMPOBaHUs, 1eKapOOHU-
JIMPOBAHUS U Jp., IpolieccaMy MHTEHCUBHOTO 0Opa-
30BaHUs pagukajnosB [25].

Ha JICK-xpuBbiXx MexaHoaKTuBMpoBaHHBIX [TBC
(P-3; P-5) sHm03¢deKThl, COOTBETCTBYIOIINE TIaB-
JIeHu10 nmojmMepa, umetorca npu 7' > 800°C, mocie
Yyero clieayeT MHTEHCUBHOE pa3jioXeHue oOpas3iloB.
IIpu sToM TT-KpuBbIE 3TUX IIOJUMEPOB A0 TEMIIepa-
Typbl 600°C nmpakTU4eCcKu rOpU30HTAJIbHBIE C MOTE-
peit Macchl Tipu TepMoin3e Beero 10 0.5%. B komrio-
3uTHBIX oOpasuax [IBC/KMII HaGntonaeTcst TOJbKO
nepBbIii 9HAOTEPMUYECKU 3D (PeKT, cMelleHHbII
B CTOPOHY 0o0Jiee HU3KUX TeMIlepaTyp MO CPaBHEHUIO
¢ JCK-KpuBbIMU MeXaHOAKTUBUPOBAHHBIX ITOJIMME-
poB C-3 u C-5 (ta6a. 2). Haubonee 3HaYMUTEAbHbBIE
cMeleHus 3HA03¢ G eKTa YKa3blBalOT Ha pa3pbixJIeH-
HYIO CTPYKTYPY U PETUCTPUPYIOTCS 1Jis1 00pa3IoB C K-
BHUMACCOBBIM COOTHOIIIEHUEM TTotmMepoB — 11 1 9%
g PC -3 u PC,;-5 cooTBETCTBEHHO.

Ha ATT-xpusbix KMII u kommnosuros [IBC/KMILI
BBIIESIIOTCS IBE CTYMEHU MOTEPU MACChl TIPU TEPMO-
Jm3e: nepBbliit B mHTepBaje oT 50 mo 200, BTopoii (oc-
HoBHOI1) — oT 240 mo 340°C. Bug Bcex TI-kpuBbIX,
kpome TakoBwix g [IBC (P-3, P-5), kauectBeHHO
cxoxuii. IIpu 3ToM 3HaYeHUST OTEPh MaCChl 0Opa3-
1I0B C OMMHAKOBBIM COCTABOM, TTOIBEPITIIHUXCS MEXaHO-
XUMMYECKOMY BoaaeiicTBuio n1o30ii 0.74 u 1.24 kJIx/T,
pasnuyaloTcd MeXay coboil He 6ojiee ueM Ha 1%. Ha
tepmorpammax obpasuoB [IBC/KMII oTcyTcTByIOT
TeTI0BEIe 3(PGEeKTH B TeMIIEpaTypHOM WHTEpBaJe
400—600°C 1 MeHbIIIME TTOTEPU MACChI Ha BCEX CTyIIE-
Hsx y TT-kpuBsbix (Ta6. 2). Pesynsratel JCK-TT no-
Kazaju, 4To MexaHoaktuBupoBaHHbIN [1BC npetep-
neBaeT (a3oBble MpeBpalleHus ToJabko Bhilie 800°C,
KMII comepxXxuT ¢pakiivio HeJeTy4uX BEelIeCTB,
a repMmocToiikocTh KomrnosutoB [IBC/KMII, B koTo-
peix KMII urpaet pons matpulisl, a [IBC — monume-
pa-MonuduKaTopa, CHIKeHa He 6osee yeM Ha 9—12%
110 CpaBHEHMIO ¢ MexaHoaKTuBUpoBaHHot KMII.

Namenenuss B UK-cnekTpax MexaHOaKTUBUPO-
BaHHbIX [IBC u KMII y6enuTenpHO yKa3bIBalOT Ha
CTPYKTYpPHBIE IIpeoOpa3oBaHMsI, MHUIIMNPOBAHHbBIC
TTOIIOIIEHUEM TBEPABIMU MOJMMEpPaMU MeXaHUYECKOM
sHepruu (puc. 3). [IBe mupoKue I.Mm. B 00JacTH Ba-
JIECHTHBIX KosiebaHuit OH-rpyni ¢ MakcumMyMamu Mpu
3567 u 3179 TpaHCHOPMUPYIOTCI B OXHY IIIHUPOKYIO
1. ~3300 cm~!' (MK-cniekrpst 06pasuos C-3 u C-5),
YTO CBUAETEIbCTBYET O CTPYKTYPHOM MEPECTPOMKE
B CHCTeMe BOIOPOIHBIX CBSI3EH M YMEHBIIIEHUH SHEP-
reTMYeCKu HepaBHOIIEHHBIX €€ TUTIOB. ACUMMETPUY-
HBIM BaJICHTHBIM KOJIEOQHUSIM METUJIEHOBOU I'PYIIIbI
MpuHaaiexar .m. npu 2874 u 2907 cm~!, a koneba-
Husim C—H B MeTUJIbHOMN TpyIine — .M. B 00JlacTh
Ne2 2024
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scale bar 100 pm scale bar 10 um scale bar 2 um scale bar 1 um
PC21-3

100 pm

Puc. 2. COM-u3obpaxkeHnss MeXxaHOKOMIIO3UTOB: PC — MOJMBUHWIIOBBIN CIIUPT/KapOoKCMMeTUILesoNn03a; 21, 11, 12 —
maccoBble cootHomeHust [TBC: KMIL =2:1, 1:1, 1:2; 3, 5 — BpeMsl MexaHOXUMWYECKOI aKTUBALlUU, MUH.

1400—1470 cm~!. UuTeHCcuBHAA IL.1I1. 1ipu ~1610 cM~'  OTHOCHTCHI K aHTUCUMMETPUYHBIM KOJIEOAHUSIM
XapakTepusyeT KoJyiebaHus KapOokcuiaT-aHuoHa 3dupHbIX cBsa3eit C—O—C. YMeHbllleHe UHTEHCHUB-
(COO"). Mornowmenue B obnactu 1140—1065 cMv~'  nHoctu m.m. npu 1030 cM~' (BasieHTHBIE KOIeGaHUs

KOJJIOUJHBIM XKYPHAT tom86 Ne2 2024
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JTABUXA u np.

Taomuna 2. [Totepu Macchl M OCTaTOUHbBIE Macchl (Am; m), TeMIepaTyphl TeIIOBLIX 3 dekToB (7) Ha TepMorpaMmmax
TMOJUMEPHBIX 00PA3LIOB C COAEPXKAHNEM KapOOKCUMETUIILIEIUTIONO3HI (0, TOABEPTHYTHIX BO3AECUCTBUIO C yAEIbHOM 10-

3011 MexaHu4yecKoit saHepruu D

Am, % T,°C

O6pa3uel NV D, x]Tx/t Msq7, %

100°C 240°C | 340°C SHIOTEPMBI 5K30TePMBbI
P-3 0 0.02 0.01 0.06 72.60* 814 —
PC,-3 33 1.58 3.50 17.39 78.86 133 305
PC,-3 50 0.74 2.40 5.52 26.16 68.70 119 306
PC,-3 67 2.42 7.01 34.84 58.18 128 304
C-3 100 2.87 10.43 52.27 37.30 134; 448 304; 505
P-5 0 0.13 0.22 0.29 75.96* 817 —
PC,-5 33 1.66 3.50 16.87 79.66 131 306
PC,-5 50 1.24 2.23 5.41 25.79 69.18 122 305
PC,-5 67 2.50 7.31 35.36 57.71 127 304
C-5 100 2.90 10.40 51.97 37.19 134; 443 303

* YkaszaHa octaTouHast Macca ripu 997°C.

C—O cBs13u B [TIEpBUYHOI CITUPTOBOI rpyrme [26]) o
CPAaBHEHUIO C MUHTEHCUBHOCTLIO I.11. ripu 1057 cm~!
(BanenTHbIe Kosebanus C—O B ceasu HC*—OH [26])
YKa3bIBAlOT Ha MeXaHOJeCTPyKLuio B obpas3ue C-5
C y4acTMeM IMAPOKCHIbHBIX Tpynmn y C®. Cnemnosa-
TeTbHO, U3MEHEHUs HaOMIOTAIOTCS B 00J1aCTH BaJIeHT-
HbIx Kojiebanuiit OH-rpynmn u C—O—C-rpynn. Muaekc
KPUCTAJUIMYHOCTH, ABJISAIOLIMIACSH PE3YJIBTaTOM MEXLIE-
MOYEYHBIX BOAOPOIHbBIX CBSI3€i M KpUTEPUEM peaKIIy -
OHHOI1 cITocOOHOCTU nonvcaxapuaa [27], cocTaBusieT
1.48 (C-3) u 1.42 (C-5), 1.e. cHuxaetrca Ha 4% npu
yBeJIMYEHUHU J03bl MexaHWuYeckoii aHepruu. M3BecTHO
[27], yTo pa3opBaHHbIE LENMMU LETI0J03bl 00Ia7a0T
Ooublieit cBOOONOI M1 hopMUpOBaHUS 00JIee BHICO-
KOOPTaHU30BaHHBIX CTPYKTYP.

I1.n1. yrnepongHoit Lenu HaOa0ga0TCsT B 00JIacTU
900—1200 cm~!, a MapkepoM cTeIreHU KPUCTaJLIAY-
Hoctu IIBC cnyxwur m.o. npu 1140 cm~! [9], KoTo-
past OTCYTCTBYET B CHEKTpaxX ero MeXaHOaKTUBHUPO-
BaHHBIX 00pa3uoB. MakcumyM 11.11. ripu 1069 cm— !,
COOTBETCTBYIOIIMI BaJIECHTHBIM KOJICOAHUSIM CBSI3€id
C—C, cMenaercs BCAEACTBUE YBEJIUUYEHUS 103bl Me-
XaHWYECKOM SHEPTUU B CTOPOHY 0oJiee HU3KUX YacTOT
u peructpupyercs rnpu 1037 cm~! (MK-crniekTpbl 06-
pasuoB P-3 u P-5). IIpu 3ToM MakCMMyMOB II.II. CTa-
HOBUTCSI HAMHOTO MEHbIIIEe 1 CHUXAETCSI UX UHTEH-
cUBHOCTH (puc. 3). MHTeHCUBHbBIE M.TI. BaJ€HTHbBIX
u nedopMauMoHHBIX KonebaHnuii OH-rpynn peru-
ctpupytores npu ~3400 u 1651 cm~! cOOTBETCTBEHHO
(P-3) 1 ipu 3453 u 1624 cm~! (P-5) cOOTBETCTBEHHO
(puc. 3). T.i. BaneHTHBIX Kosiebanuii Csp*-H rpynn
oTcyTcTBYIOT (P-3) wiu oueHb ciabbie U HabaOMA-
forca nipu 2924, 2855 cm~! (P-5). I1.11. cna6oii uH-
teHcusHocTH ipu 995 (P-3) u 953 cm~! (P-5) moryr
NpuHamiexaTsb nechopMallMoOHHbIM KojebaHusim C—H

dparmenToB —CH=CH-—. 3HauynTebHbIe CMELIEHUS
MaKCUMYMOB IT0JIOC TIOTJIOIIEHMSI B HU3KOYACTOTHYIO
00J1aCTh OOBSICHSIOTCSI U3BMEHEHUEM BEIUYUH Me-
SKMOJICKYJIIPHOTO B3aMMOIEICTBUS U JeruapaTanyeii
¢ 0O0pa3oBaHMEM COIPSIKEHHBIX MOJIMEHOBBIX CTPYK-
Typ (puc. 4) [21], B Goablieit cTereHu B odopasie P-5.

B UK-crniekrpax kommo3utoB [IBC/KMII ¢ coort-
HOIIIEHWEM TMOJIMMepOB 2:1 JIeTKO YBUAECTh HE3HAUK -
TeJIbHbIE CMEIIEHUSI MHOTUX II.T1. B BLICOKOYACTOT-
HyI0 00J1acTb Ha 2—7 cM ™!, BbI3BaHHBIE YMEHbLIEHUEM
YyacTull MOJMMepa, U BMECTe ¢ TeM He3HaUYUTeIbHbIE
CMeEILeHHUS T1.11. B HU3KOYACTOTHYIO 00/1acThb, YKa3bIBa-
[oIlMie Ha TTOBBIIIEHUE SHEPTUM BO30YyKaeHUs (puc. 3).
IIpu sxBumaccoBoM cooTHomeHuu IIBC u KMIJ
B UK-cnexrpax o6pasuos PC,,-3 u PC ;-5 Habmonaem
CMeEIeHNe XapaKTepUCTUUeCcKoi 1m.1m. mpu 1613 Ha
5 cMm~! B cTopoHy GoJiee BBICOKHX YaCTOT C MOBBILLE-
HUEM ee MHTeHCUBHOCTU. Takoii “Tojy0oi1” caBUT MO-
JKET YKa3bIBaTh HA IMOBBIIICHUE TUCIIEPCHOCTH YACTHIL
MOPOIIKa, a YBeJIMUYEHUE OTHOCUTEbHOM MHTEHCHUB-
HOCTWH TI.TI. Ha ~29% CBHIETEILCTBYET O TTOBBIIICHUN
colepkaHusl KapOOKcHJIaT-aHMOHHBIX TpyIIn. Takxke

H, H H, H
H Q c_ C
“‘m/c\c/c\g/cz\ﬂ,,w —> Wc\cécj/ TN
H, H§ -H,0 H H
" OH of
H H H A
WC\C¢C\C4C\,¢ ?
H H

Monuen

Puc. 4. CxeMa 06pa3oBaHUs MOJUEHOBBIX CTPYKTYp U3
MOJIMBUHWJIOBOTO CITUPTA.
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Puc. 3. UK-crekTpsl MexaHOAaKTUBUPOBAHHBIX MMOJIMBUHIIOBOTO CITUPTA M KapookcumMetuiiemntonossl: P — [IBC; C —
KMII; 3 u 5 — BpeMs MEXaHOXMMUWYECKOI aKTUBALIMKU, MUH.

WMEIOT MECTO Y CMEILIEHMS T1.TI. B KOPOTKOBOJIHOBYIO ¢ cooTHomeHueM [IBC u KMII 1:2 3arparuBawmor
00J1aCTh CIIEKTPA U UCYE3HOBEHHME I1.11. ITpr 984 cM~!  o6acTh BaneHTHBIX Konebanuit OH-rpynn, C—H-
(PC,,-3) mocne 5 muH Mexanuueckoii aktnBauuu. U3-  rpynmn, COO- n C—O—C-rpynn (puc. 4). Cnenosa-
MmeHeHUus1s B UK-crekTpax KOMIO3UTHBIX 0Opa3loB TeJIbHO, CTPYKTYPHbIE UBMEHEHUSI, PETUCTPUPYEeMble
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Taomuua 3. MyTHOCTB (T) MOJUMEPHBIX PACTBOPOB MPHU A

= 400 uM, ko3P puureHT neTepMuHaLK (R?) U TaHTeHC

yIJIa HakJIoHa (tgo) mpsiMbix IgD = f(Igh), cpenHemaccoBbIil pagnyc HaIMOJMEKYISIPHBIX 00pa3oBanmii (7,)

T, cM! T, cM!
R tgol 7y HM R tgo 7y HM
O0pa3ubl t=049 | t=9614 t=09 | t=96u
Konuentpanms pactBopa 1 r/mn KonueHnrpanust pactsopa 2 1/mi1
P-3 0.10 0.06 0.964 1.96 160 0.17 0.13 0.972 2.99 91
PC,,-3 0.12 0.09 0.967 1.26 207 0.20 0.21 0.964 1.06 220
PC,-3 0.18 0.16 0.918 1.23 209 0.39 0.44 0.961 1.26 207
PC,-3 0.26 0.28 0.909 0.84 235 0.44 0.55 0.932 0.94 229
C-3 0.22 0.24 0.949 1.27 206 0.46 0.53 0.936 1.13 216
P-5 0.15 0.05 0.984 1.08 219 0.44 0.33 0911 1.34 202
PC,,-5 0.19 0.20 0.828 1.30 204 0.32 0.37 0.985 0.78 239
PC,-5 0.14 0.13 0.951 1.33 202 0.28 0.29 0.948 1.02 223
PC,-5 0.17 0.18 0.999 1.39 198 0.51 0.43 0.903 0.72 243
C-5 0.34 0.38 0.958 0.89 232 0.69 0.58 0.849 0.66 247

B UK-crniekTpax moauMepHBIX KOMIIO3UTOB, yOemu-
TEJIbHO TOKAa3bIBAIOT HAJIMYUE TIPOIIECCOB TUCTIEPTU-
pOBaHUSI MOJUMEPHBIX YaCTUIl U TaKXKe MX arpera-
LIMU C y4acTUEM BOIOPOIHBIX CBsI3€il, BOZHUKAIOIINX
Mexay ruapokcuabHbiMu rpynnamu KMII u TTBC,
U 9(pUPHBIX CBsI3eil KapOOKCUMETUILEITIONIO3bI.

B pactBopax cmeceit KMII u IIBC usmensiorcs
KOH(MOPMAIIMA MaKPOMOJIEKYNI U TIPOUCXOIUT TIepe-
CTpoOIiKa CTPYKTypHOI1 opranu3anuu [28]. i3BecTHO,
yto KMII co crenensio 3amemenus C3 = 1.2 mone-
KYyJISIPHO PacTBOPSIETCS B BOIE C JIOKAJIBHO JKECTKOM
koHbopmanuei [29]. C yBenruyeHreM KOHILIEHTpaluu
KMII o6pa3zyioTcsa MaKpoMOJIEKYISIPHbIE aCCOLIUMAThI —
SIBJICHUE, TIPOSBIISIIONIEECS B YBEIMUSHU pa3Mepa ya-
ctul, pacceuBawinux cset [30, 31]. BeisiBaeHo, 4to
MYTHOCTB TTOJIMMEPHBIX PACTBOPOB YBEIMYUBACTCS
C TIOBBIIICHUEM JI03bl MOABEACHHON MEXaHUYECKOM
sHepruu ot 0.74 no 1.24 xJIx/r. Habmogaomeecs
YMEHBIIIEHUE MYTHOCTU PacTBOpoB 1 /11 00pas3uoB
P-3; P-5; PC,-3; PC ,,-3; PC ;-5 u 2 r/on P-3; P-5;
PC ,-5; C-5 00ycnoBieHO (QIyKTyalusIMUA IIJIOTHOCTH
U YYBCTBUTEIBLHOCTBIO aHCAMOJIST HAAMOJIEKYJISIPHBIX
YacTUIl K JIIOOBIM, He BCErIa KOHTPOJUPYEMbIM BO3-
MyLIeHUSIM cucTeMbl [32]. Hanbonee ycTOYMBBEIMU BO
BPEMEHU MOXHO CYMTATh BOIHbBIE PACTBOPHI KOMITO3M -
toB PC ,,-5; PC,;-5; PC,,-5 u PC,;-3; PC,;-5 xoHUEeH-
Tpauuii 1 u 2 r/a1 cooTBeTcTBeHHO. CpeIHEeMacCOBbIi
paauyc HaaMOJIEKYJSIpPHBIX 00pa3oBaHUl B BOAHbBIX
pacTBopax MmojJuMepoB (Tabi. 3), BBIYMCIEHHbIN 10
3aBUCHUMOCTSIM Jlorapudma ONTUYECKOM MJIOTHOCTH OT
Jjorapridma JUIMHBI BOJIHEI (puc. 5) MetonoM [emnepa
[23], npuHuMaet 3HaueHus ot 198 (1 r/nin PC,,-5) no
243 um (2 t/nn PC,-5).

CTpyKTypooOpa3oBaHHe ITOJMMEPOB B BOTHBIX
pacTBOpax M WX HaIMOJEKYISIpHBIE CTPYKTYPHI

OKa3bIBaIOT BIMSIHME HAa MOP(OJIOTUIO TTOJTUMEPHBIX
IUIeHOK (puc. 6). Ha 3aKII04UTEIbHBIX CTAIUSIX BBICY-
muBaHus mwieHokK ITBC mpoucxoauT ero Kpucrauin-
3a1us ¢ 06pa3oBaHUEM IEHAPUTHBIX U ¢(PepOTUTOIIO-
JTOOHBIX KPHCTAJIJIOB, CPpACTAIOIIUXCS JPYT C IPYTOM.
HaoOmonaeMble SIBJIEHUS COTJIaCYIOTCS C JIMTEpaTyp-
HBIMU JAHHBIMH O HAIMOJIEKYJISIPHBIX YaCTULIAX, TIpe-
CTaBJISIIOIIMX CO00I (pparMeHTHI HanboJIee COBEPILICH-
HBIX KpUCTAJIATOB [33], 1 MHTeHCU(UKAIIUM TTPOLIEC-
COB KPUCTAJUIN3AIIUM MAaKPOMOJIEKYJI B MEXaHUYECKOM
none [34]. KMII o6pa3yeTr omHOpOAHBIE IIPO3pavyHEIe
TieHKU. TTJIeHKU MOJIMMEPHBIX KOMIIO3UTOB UMEIOT
cpoclIvecs pa3BeTBIIEHHbIE KPUCTAIMUECKUE MOP-
domornu. Uckimouenne cocrasusger oopasewn PC -5,
Ha ONTUYECKOM U300pakeHUU KOTOPOTO BUAHBI CO-
eNuHsIoNImMecs: c(pepoJIUTHBIE 000JOYKU U ACHAPUT-
HBIe OCU MepBoro nopsaka. M3sectHo [35], uTo mo-
BBIIIIEHNE KOHIIEHTpALMU MToJIUMepa-MoauduKaTopa
(ITBC), compoBoxaaolieecst pacCJIOEHUEM CUCTEMEI,
BeleT K pa3pylLIeHUIO KapKaCcHOI CETKM MaKpOMOJIe-
KyJl MoAU(UKATOpPa U K €ro BHIICICHUIO B JUCIIEPC-
Hoe cocTostHre. O4eBUIHO, IO TOU IMPUIMHE Ha OIl-
TUYECKUX U300paKEeHUSIX MOTMMEPHBIX TJICHOK, TO-
JIyYeHHBIX U3 pacTBopoB 1 u 2 r/n1 obpasuos PC,,-3,
PC,,-5, BunHa cerperanus nonnmepos. [ToBeieHne
KOHILIEHTpallUX PacTBOPOB A0 2 I/AJ U3MEHsIeT Xa-
pakTep MOp(OJIOTUU KPUCTATLTNYECKUX (DOPM MOJIH-
MepoB (puc. 5). Tak, Ha nzobpaxkenuu mwieHku [IBC
nocjie 3 MUHYT MEXaHOXMMUUECKOTO BO3ACHCTBUSI
(o6paszenr P-3) HaGmomaroTes XxopoIio oopMIeHHbIE
JEHIIPUTHI, a TI0C]Ie S-MUHYTHOI MeXaHOAKTUBALIUU —
MOHOKpHCTA/UIBI ToJuMepa (oopasenr P-5). Kpucrai-
JIn3alusl MOJIUMEPOB CBUAETEILCTBYET O CUJIbHBIX
MeEXILEeNHbIX B3aumoneictBusax. s mieHok KMII
M3 pacTBOpa KOHILIEHTpaUuu 2 T/ 10 CPaBHEHUIO
¢ KOHIIeHTpauueit 1 T/m1 cylecTBeHHBIX U3MEeHEHUIA
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Puc. 5. UK-cnekrpbl MexaHOKOMNO3UTOB: PC — MOJMBUHWIOBBII CIIMPT/KapOOKCUMETUILENT003a; 21, 11, 12 — Macco-
BoIe cooTHomeHus [IBC : KM =2:1, 1:1, 1:2; 3, 5 — BpeMsI MeXaHOXUMHWYECKOI aKTUBAIIUN, MUH.
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214 HJABUXA u np.
(@) (0)
InA InA
2.56 2.60 2.64 2.69 2.73 2.56 2.60 2.64 2.69 2.73
—0.7 —0.7
Q y Q 1\
o0 o0
—1.1 —-1.1 3
—-1.5 —1.5 l\k
(r)
InA
2.56 2.56 2.60 2.64 2.69 2.73
—0.7 —0.7 z — S—
M .
5y )
——1.0 —-1.0
L\ﬂ'\_"
—1.3 —1.3

Puc. 6. 3aBucuMocTb Jorapudma ONTUYECKON MJIOTHOCTU MOJUMEPHBIX PACTBOPOB OT JioraprdMa JUTMHBI BOJIHBI JIs1 KOH-
ueHrpauuii 1 u 2 r/mn (a, B): — « — C-3; —a— C-5; —a— P-3; —x— P-5; (6, 1): —— PC,,-3; —s— PC,,-5; —a— PC;-3;

—X— PC,,-5; —k— PC,,-3; — e — PC,,-5.

He BbIsiBJIeHO. KpoMe, KOHeUHO, TeMHBIX TPUMECHBIX
BKJTIOYEHHI — TTOJTMEHOBBIX COMPSIKEHHBIX CTPYKTYP,
MPUIAIOIIMX TTOPOIIKY CepOBaThlii OTTEHOK U CHUXKA-
FOIIUX TIPO3PAYHOCTD TUIEHKU. Y TTOJTUMEPHBIX KOM-
nosuros PC,;-3; PC,;-5; PC,,-3; PC,,-5 onTueckue
M300paxXeHNsT BKIIOYAIOT XaOTUIECKU OPUEHTHUPO-
BaHHbBIC pa3BETBJICHHbBIC YUK U KBa3uchepruiecKue
JIUCIIepCHbIe TeMHbIe oOpa3oBaHMsl. Ha nx ¢poHe BbI-
nendiorcea uobpaxenus oopasuos PC,,-3 u PC,,-5,
npeacTasisione codboit OpueHTUPOBAHHBIE TTYYKU
U ACHAPUTO-CPHEPOIUTONOT00HBIE KPUCTAIIINIECKIE
opmbl. CrenoBatenbHO, YBeJIUYEHUE O3Bl MOABEACH-
HOI MeXaHMYeCKOU dHeprun (BpeMeHU MeXaHOXUMU-
YeCKOli aKTUBAlLIMU) CTUMYJUPYET KPUCTAIIUN3AIIAIO
MMOJIMBUHUJIOBOTO CITMPTA MPW BBICBIXaHUM TUIEHOK
U U3MEHSET BUJ KPUCTAIMUYECKUX HOPM MOJIUME-
poB. [1po3pauHBIMU OCTAIOTCS MMOJUMEPHBIE TIJICHKH,
MoJydyeHHble U3 PAacCTBOPOB MeXaHOAKTUBUPOBAH-
Hoit KMII, konueHnTpauuii 1 u 2 r/mj1, a HauMeHee

reTeporeHHOM — IUIEHKa U3 MMOJIMMEPHOTO pacTBopa
o6pasua PC,,-5 n xkoHuenTpauuu 1 r/mi.

SAKJIIOYEHUE

C nomoisto Bubpouctuparenss MBC-4 (0.55 kBT;
1500 06/MuH) MOJyYeHBI CpenHUE MO BEJIUYMHE Ha-
CBIITHOM MJIOTHOCTHU MOPOIIKH — IepPCHEeKTUBHEIE
JUJISI MHOTOUMCJIEHHBIX TIPUMEHEHUN MOJUMEpPHbBIE
KOMIIO3UTHI MOJUBUHUIIOBEIN CIIUPT/KapOOKCHMeE-
TUJILEJTI0J03a C MAaCCOBBIM COOTHOIIeHUeM 2: 1;
1:1; 1:2 ¥ IIUTETPHOCTHIO MEXaHOXNMIYIECKOTO
BO3IEHCTBUSA 3 U 5 MUH (1032 MEXaHUYECKOI IHEpP-
ruu 0.74; 1.24 xJIx/1). BoisiBieHO, 4YTO TTOJMMEpHbIE
MOPOIIKY KOMIIO3UTOB UMEIOT HEOTHOPOAHYIO MU-
KPOCTPYKTYPY, B KOTOPOil IIOOYIsIpHbIE arperathbl
MOJIMBUHUIIOBOTO CIIMPTAa BHEAPEHBI B IMTOPUCTHIE
U AedeKTHBIE BOJTOKHA KapOOKCUMETUILETIONO03bI.
BcaencTBue ygapHO-COABUTOBOTO BO3AENCTBUS
Ne2 2024
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Puc. 7. Ontuueckre n300paxeHus MOJIMMEPHBIX TUIEHOK, IMOJTYYeHHBIX U3 PACTBOPOB KOHIIeHTpauuii 1 u 2 t/m1 (yBenu-
yenue x150): P — [IBC; C — KMII; PC — KOMITO3UThI TOJIMBUHUIOBBIN CIIMPT/KapOOKCUMeTHILeono3a; 21, 11, 12 —
maccoBble cooTHomeHus [1BC : KM =2:1, 1:1, 1:2; 3, 5 — 1UTeTbHOCTh MEXaHOXUMHWYECKOI aKTUBALIMW, MUH.

¢ 1030i1 1.24 xJIX/T OpOIIKY MOJTUMEPHBIX KOMIIO- a C COOTHOIlIeHUEeM 2:1 — MeHee MOPUCTBIMU. Y 006-
3uToB ¢ cooTHomeHneM [IBC: KMII, pasabiMm 1:1 pasma [IBC/KMLI ¢ comepxanuem IIBC B co-
u 1:2, ctaHOBATCS GoJjiee PBHIXJIBIMU U MTOPUCTBIMU, cTaBe 67 Mac. % MMEIOTCS BKITIOUEHUS TTOJTUEHOBBIX

KOJJIOUJHBIM XKYPHAT tom86 Ne2 2024



216

(bparMeHTOB — MpPOIYyKTa MEXaHOHIECTPYKIINH TTOJIH-
BUHUJIOBOTO CITMPTA.

ITotepu Macchl MpU HArPeBAaHUU KOMITO3UTOB IOBBI-
1IaI0TCSI CUMOATHO € YBEIMYEHUEM B COCTaBaxX comep-
>KaHUS KapOOKCUMETWILIE/UTIONO03bI, B OCHOBHOM B TEM-
neparypHoM uHrtepBaie ot 240 no 340°C. IToka3aHo,
YTO BCJICACTBUE MOMIOIIEHUS MEXaHUUECKOM SHEPTUN
MPOUCXOAUT U3MEHEHUE MEXMOJIEKYISIPHOTO B3au-
MOIEHCTBUS C Y4aCTUEM TUAPOKCWILHBIX TPYII Kap-
OOKCUMETUJILIEIITIONO03bI U TTOJUBUHUIOBOTO CIIUPTA,
a Takke 3(UPHBIX TPYITT KapOOKCHUMETUILIECIUTIONO3bI.
BrisaBieHo, 4To MOp(oJIOTUS MOJMMEPHBIX IJIEHOK
KOMITO3UTOB UMEET BUJI CPOCIIIMXCS IEHIPUTHBIX, cde-
POJIMTHBIX Y ITYYKOBBIX KPUCTAJUIMTHBLIX (hOPM U 00Y-
CJIOBJIEHA CTUMYJIMPOBAHHONW MEXaHUYECKUM MOJeM
KpUcTa/UIM3auueil moauBuHunoBoro crupta. CpenHe-
MAacCOBBIE paauyChl HAAMOJIEKYJISIPHBIX 00pa30BaHUM
B BOTHBIX pacTBOpax KOHIEHTpanuii 1 1 2 1/m1 coctaB-
nsiioT ~200 HM. YcTaHOBJIEHO, YTO BOOHBIN PacTBOP
KOHIeHTpaluu 1 r/m1 obpasiia ¢ 3KBUMACCOBBIM COOT-
HOIIIEeHWEM YKa3aHHBIX TTOJIMMEPOB B KOMITO3UTE U JI0-
300 MexaHn4eckoii sHeprun 1.24 xJIX/T 10CTaTOYHO
MPO3PauHBIi ¥ CTAOMIIBHBII, MyTHOCTh COCTABJISIET
0.14 cm~! v He u3MeHserca 6osee yeM Ha 7% 3a 96 u.

OUHAHCHUPOBAHUE PAGOTLI

NccnenoBaHue NpoBOAWIM B COOTBETCTBUM C TEMOIA
HUWP I'3 UXC PAH 0081-2022-0006.

COBJIIOAEHUE D TUYECKHNUX CTAHOIAPTOB

B maHHO# paboTe OTCYTCTBYIOT MCCICTOBAHUS YEIIO-
BeKa WJIN KUBOTHBIX.

KOH®JIMKT MHTEPECOB

ABTODBI 3aSIBJISIIOT, UTO Y HUX HET KOHMIMKTA UHTE-
pEcoB.
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