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OoNnTUuMM3AIUA METOJAUKHN CUHTE3A TEPMOIIVIACTUYHBIX COITIOJIMMEPOB HA
OCHOBE AKPWJIOBBIX 1 BUHUJIOBBIX MOHOMEPOB JIUIS1 OBYBHBIX
INOJOIBEHHbBIX MATEPHAJIOB

Hoiiab3an maz mamepuaniapu yyyH mMepMONIACMUK CONOIUMEPAAPHU CUHME3NAUL YCIYOUHU ONMUMALIAUMUPULL
Makcaouoda, aKpui 6a GUHUI MOHOMEPIAPU UWMUPOKUOGSU JHCAPAGHHUHZ MameMamuk modenu sapamunean. bownaneuu
MOHOMEPNAPHUHZ ONMUMAN HUCOAMAApUOa 6a Katma WWAAUWHUHE MEPMUK WUaApOUmaapuoazy ConOIUMEPIAHUMHUNS KUHEMUK
napamempaapu maoxux smuazan. ConoaumepIauiHune KupuulL 64 YuKUw napamempau 2emepozen gazaoa bopyeuu sHcapaénnune
pezpeccus menenamanapu onunean. Onunean MavayMOMAGPHUHE MABCUDIAPUHU COTUUMUPMA MAXTUTU AMAN2A OUUPUTSAH.

Taanu cyznap: onmuMaiiQuimupuwi, CuUHme3, CONOIUMED, AKPUNLOHUMPUL, OYMuIMemaxkpuiam, eUHulayeman,
3UUAUSU NACH NOAUIIMUTEH, MOTYOL (KCUNIOT), NOUAO3A MATUK MAMEPUATU.

B yensx onmumusayuu memoouxu cunmesa mepMOnIACMUYHbIX CONOIUMEPOB OJisk 0OYEHbIX NOOOUIBEHHBIX MAMEPUATLO8
C030aHa MAMEMAMUYEcKas MOOelb NPoYecca ¢ yY4acmuem aKpuio8slX U GUHUIOBbIX MOHOMEPOS. Hcciedosanvl Kunemuieckue
napamempbvl CONOIUMEPUIAYUU NPU ONMUMATLHOM COOEPICAHUU UCXOOHBIX MOHOMEPOS U MEPMULECKOM PedCUME NepepadoOmKuU.
Tonyuenvr pecpeccusHule ypashenus npoyeccad, npomeKanuje2o 8 2emepo2enHol aze ¢ BX0OHLIMU U 8bIXOOHLIMU NAPAMEMPAMU
cononumepuzayuu. Bulnoinen cpasHvimenvbHblil AHAIU3 XAPAKMEPUCUK NOTYYEHHbIX OAHHBIX .

Knroueevie cnosa: onmumusayus, cuumes, COROIUMED, AKPULOHUMPUL, OYMUIMemakpuiam, UHUIAYeman,
NOAUIMUNEH HU3KOU NIOMHOCMU, MONYOJ (KCULOT), 00Y8HOU NOOOUIBEHHBIU MAMEPUA.

In order to optimize the synthesis of thermoplastic copolymers for shoe sole materials, a mathematical model of the
process involving acrylic and vinyl monomers has been developed. The kinetic parameters of copolymerization at the optimum
content of initial monomers and the thermal processing regime are investigated. The regressive equations of the synthesis process,
which takes place in the heterogeneous phase with incoming factors and outgoing copolymerization parameters, are calculated.
The comparative parameters of optimization of the synthesis process, as well as the molecular characteristics and structure of
copolymers with the optimal composition, are estimated mathematically by the data obtained.

Key words: optimization, synthesis, copolymer, acrylonitrile, butyl methacrylate, vinyl acetate, low density polyethylene,
toluene (xylene), shoe sole material.

BappupoBaHue cocTaBa MHUKpPOIE€TEPOT€HHOM CHCTEMBI TIO3BOJIAET YNPABIATH CTPYKTYpPOH
oOpasyromierocsi B THOKOM (a3e comosmmepa, BO3HUKAIOMINX B PABHOBECHBIX YCIIOBHUSX pacmpeesieHueM
MOHOMEPOB M KOH(popMmaiueM MakpopaaukaioB. CymiecTByeT psj rerepodasHbIX MPOILECCOB CHUHTE3a
COIIOJIMMECPOB, II€ XUMHUYCCKUC PCAKIHU MPOHUCXOAAT HAa OTHOCHUTCIBHO 6OJIBH_II/IX MMPOCTPAHCTBCHHO-
BPEMEHHBIX MaclTabax, BO MHOTO pa3 MPEBBIIIAIONINX Pa3MEPbl OTIECIbHBIX MaKpPOMOJIEKYISPHBIX
KIIyOKOB. B 3THX yCIIOBHSIX XUMHUYECKHE POIECCHI OCT0KHEHBI 11 () Yy3HOHHBIMH SBICHUSAMH, TOTHOCTHIO
MEHSIIOLIIMMHU MEXaHU3M 00pa3oBaHus conosmumepa [1].

OOpatuTcss K pe3yibraTaM JIOKaJbHOTO MAaTEMaTHYEeCKOTO MOJEIHPOBAHUS MEXK(Pa3HbIX U
MEXMOJIEKYJISPHBIX B3aUMOCIHCTBHI TMPOIIECCOB COMOJUMEPHU3AIMH TOJMMEPHBIX MOIOIIBEHHBIX
MaTCpralioB, KOTOPBIC MPOUCXOIAT B I[BYX(ba?;HI)IX CUCTEMAX XKUAKOCTH-)KUIKOCTHh HIJIN KUAKOCTH-TI'CIIb.
JlokanbHasg MaTeMaTHUYeCKas MOJIENb pa3paboTaHa AJisl ciiydyasi mpoliecca COMoIMMepU3allii, B KOTOPOM He
YUUThIBAJIACh BO3SMOXHOCTDb HUKIM3allUN U O6pLIBa emu, CJICA0BATCIbHO, BBIMTOJIHACTCSA MMPHUHIIUIT paBHOﬁ
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PEaKIIMOHHON CIOCOOHOCTH (YHKIIMOHANBHBIX TPYII, U CKOPOCTH IU(G(Y3UH MOJEKY1T OAMHAKOBOU
CTENECHN MOJIMMEPHU3alMM PaBHBL. B COOTBETCTBHM € Teopueil MOrpaHudHOro AU(P(GY3MOHHOTO CIIOS B
NpUOJIMKEHUN KPAaTKOBPEMEHHOTO KOHTAakTa (a3 3TH MapaMeTpbl MPEACTaBIAIOT co00i OECKOHEYHYIO
cucteMy anppepeHInANBHBIX TUPPY3NOHHO-KHHETHYECKUX yPaBHEHHH, OMMUCHIBAIONIYI0 KOHBEKTHBHYIO
Qg Qy3uio, rae XUMUIECKOe B3aMMO/ICHCTBIE MOHOMEPOB M M3MEHEHHS IO OTHOIICHUIO PACIIOIOKCHHUS
aKTHBHBIX [ICHTPOB B MAaKPOMOJICKYJISIPHOMU IIETIM TPOUCXOST BOJIM3H B MeK(pa30BOM IPOCTpaHCTBe [2]:

2
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x>0,y —>oo; b =b,c;=b, =0,

rae X, Yy — KOOpaAuHaThl IPOJI0JIbHOW M HOpMAJIbHOM CII0EB (ha3bl COOTBETCTBEHHO, M; — 3¢ dexTuBHAL

W:tl)t/)
CKOpOCTb ABMKECHUS PEAKLIMOHHOU (baSLI B IpOJ0JIbHOM HalpaBJICHUH, Mm/c; | — cTeneHb CONOJIMMEpHU3aluH
MOJICKYJIbI, paBHAs YHUCIY BXOASAIIMX B HEE MOHOMEPHBIX 3BEHBEB (IIJII MOHOMEPOB i = 1, nua
MaKpOMOJICKYJI i>1); ci, bi —KOHIICHTpauus (I)I/IGpI/IaHLHLIX MOJICKYJI CTCICHU COHOJ‘II/IMepI/ISaHI/II/Ii B

peaximonHoi dase, moav/m%c; — paBHOBECHAs KOHIICHTpALMs MOHOMEpa TPAaHCIOPTHOH (asbl Ha
MEXMOJICKYIISIPHOM CII0e, Moab/m%; b — KOHLEHTpalus MOHOMepa pPeakUHMOHHOH (as3sl B 00BEME
nocnenueit, moav/m; Di — kospduimenT 1udQy3un MOIEKyIIbl CTENEHN CONOIMMEPU3ALUH, M%/C; jbi, jo.i
— CKOPOCTH XHMUYECKHX PEaKIUii; Kn — KOHCTaHTa CKOPOCTH B3aUMOJIEICTBHS HHIPEAUEHTOB, M°/(MOb C);
Z — MHOECTBO IeNbIX 4mcer;l — mapameTp, MO3BOJSIIONIMIA y4eCTh, YTO MAKPOMOJIEKYJbI C YETHOM
CTETICHBIO COMOJIMMEPHU3AIMH UMEIOT pa3Hble PUOPOrIo0yIbl, a C HEYETHOM - OJJMHAKOBBIE.

['panmnunbie ycnoBus (3) MpeAnoiararoT, 4YTo Ha T'PaHUIIC pasfesia MCHOBEHHO YCTaHABIMBACTCS
paBHOBECHE IO IEPEHOCUMOMY MOHOMEDY ¢ [3].

HenuneiiHas cuctema ypaBHeHwmid (1) pemanach YMCICHHO. Y CIOBUS MPOIECcca COMOIMMEPU3alluu
XapaKTePU30BAIMCh  KOHICHTPAIIMOHHBIM, KHHETHYeCKUM U Ju(y3HOHHBIM  Oe3pa3MepHbIMU
napaMeTpamu:

M =bf/c], (4)
R =7k, b)x/(4w;”) = \Jk b’ /3 ()
r=0,/D,, (6)
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rae [ — kodddunueHT Gu3ndecKoi MacCoOTIaur 0 MOHOMEPY ¢ B peakiuoHHou (dase, m/c; mapamerp M
XapaKTepu3yeT COOTHOIIEHHE MOHOMEpPOB B 30HE peakluw, R — cooTHomeHue ckopocTei
COITOJTUMEPHU3AIIMN U MaccollepeHoca, i — COOTHOImeHHe Kod(pPuunueHToB nupdy3un COMOIUMEPHBIX
(bpakuuit 1 UX 3aBUCUMOCTD OT JJIMHBI MAKPOMOJIEKYIL.

B pesynbrate pemenust cuctemsl (1) HaliIeHbI OCHOBHBIE XapaKTEPUCTUKH COTOIUMEPHU3AINH B
IIMPOKOM JIHMAala30He yCJIOBHIA, HEOOXOIMMBIE KaK JIJIsl aHallu3a 3aKOHOMEPHOCTEH mporiecca, Tak U JUIs
MOCJIEYIOLIET0 MaKPOKMHETUYECKOTO MOeIUpoBaHus [4].

VYCTaHOBIIEHO, YTO MPOTEKaHHWIO Mpoliecca MPUBUTONW COMOIMMEpH3alMU BOJIM3H Mek(pazoBOro
COCTOSIHUSI CITOCOOCTBYET YBEIMYECHUE CKOPOCTH COMOJMMEPH3AIMH 110 CPABHEHUIO ¢ MHTEHCHBHOCTHIO
MmacconepeHoca (R) M CHM)KEHHIO PAacTBOPHMMOCTH MEPEHOCHMOr0 MOHOMEpa B pEaKIMOHHOW (¢aze
(moBbimieHue M).

IToxasano (puc. 1), uto cpeaneuncnosad ( P, ) u cpeHemaccoBas ( P, ) CTENIEHb CONOJMMEPH3ALIIH,

HE 3aBHCHUT OT MOJIBHOI'O COOTHOIIEHHS MOHOMepoB (M). YciOBUS CHHTE3a COMOJIMMEPOB C BBICOKOM
MOJICKYJIIPHOM Maccol M Yy3KUM JHana3oHOM MOJEKYJIsSIpHO-MaccoBoro pacrpeaenenus (MMP),
BO3MOJKHBI JIMIIb B PEKMME MTHOBEHHOH peakiuu (mpu R>50), B KOTOpOM ONTHMaIbHOE COOTHOIIECHUE
MOHOMEPOB B HECKOJBKO Pa3 MPEBBIIMIAET SKBUMOJIbHOE 3HaueHue (M = 1), u ero BeJMunMHA 3aBUCUT OT
COOTHOIIIEHHsI CKOPOCTEH comoMMepu3almu u Maccorneperoca (R).

100

107 107 107

Puc. 1. 3asucumocmo cpedneuuciosoii cmenenu COROAUMEPUIAYUU ONL MOSIbHO20 COOMHOUICHUSI MOHOMEPOB 6 30HE
Peaxkyuu npu Pa3HvIX 3HAUEHUSX OMHOCUMEIbHON CKopocmu peakyuu, R; nynkmupom 0603nauena ananocuunan
3A6UCUMOCHIb 0J151 20MO2CHHOIL cucmemol 6 npedeiie R—»co.

Kpome TOro, B COOTBETCTBHM C OSKCHEPHMEHTOM, Ha MOJCKYISIPHYID MacCy COIOJIMepa,
CHHTE3HPYEeMOro BOIU3M Mek(a30BOro cios, ciadbee BIMUAIOT HE TOJIBKO MOJIBHOE COOTHOLICHHE, HO U
KOHIIEHTPALIMK MOHOMEPOB, a TAK)Ke CKOPOCTh M JUINTEILHOCTH IPOIIEcca COMoIMMepH3anun. B yactHoOCTH,
IpA MEXMOJIEKYJISIPHOM pacTpeie]IeHnd W MexX(a30BOM B3aUMOACHCTBUM MOJIEKYJ MaTeMaTHYeCKas
MO/JIeJIb UMEET BUJL

D 0.5+1.8 0. 0.25+0.9

Py oc R o (kb it )™, O
rae to — Bpems auddysuu, 6IU3Koe K UIMTEIBHOCTH COMOJIMMEpH3alMy BOIM3U MEX(pa3z0BOrO CIIOS
(t, =D,/ f?), Torna Kak nmpu roMo(hasHO! CONOINMEPH3ALMK yPABHEHHS IPUHUMAET BT

P, o k,brt, (8)

rae t - JTUTEIBHOCTh COMOIUMEPH3alnHg.
YcraHoBiieHO (puc. 2), 4To B mpenerne M—»co, COOTBETCTBYIOIIEM COTMOJIMMEPH3AIMi BO BHEITHEH
muddysuonnoii obmactn, P, —> 3, T.e. B 3TOM pexmMe B MEK(pA30BOM CIOE 0OPa3ylOTCS TOJIBKO
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OJIMIOMEpBL. JTO — HAMIAJHOC TOATBEPXKICHHE TOTO, YTO MEXKMOJICKYJISIpHOE U Mex(dazoBoe
B3aMMOJICHCTBUS PA3IIMYHBIX MOJICKYJI CTPOTrO KOHTPOJMPYIOTCS BHEINHEH ux nuddysueil, kotopas He
HaOJI0AaeTCs KCIIEPUMEHTAIBHO.

Paccunrtannoe 3Hauenne MMP nprOImkEHHO ONHUCHIBACTCS AKCIIOHCHIIMAIBHBIM Paclpe/ieiIeHHEeM

fu(i) = exp(-i/P,)/P,, xoTopoe HaGmOAeTCs SKCIEPHUMEHTATBHO. YCTAHOBIEHO, YTO KO3(h(MUIHEHT

MOJIMIUCIIEPCHOCTH CUHTE3UPYEMOTrO COIOJIUMEPA MPONOPLUOHAIEH CTEIEHHU €ro COMOJIMMEPU3ALMH U
MO>KET 3HaUMTEJBbHO MPEBBIIIATh 3HaUeHue K,=2, XapakTepHoe 1Jis pacipeneneHust Onopu.

N3yueHo BiMsSHUE TOABMKHOCTH MAKpOMOJIEKYJ Ha XOA Mex(pa3HOM TreTreporeHHou
cononuMmepu3anuy. [l 3TOro HCIOJIB30BAIUCh HECKOJIBKO Mozeneid auddysun: Moaens 3uMa,
OINUCHIBAIOLIAS. JMHAMUKY THOKMX IOJIMMEPHBIX LENed, a Takke MOJyIMIHUPHUUECKUE BbIPAXKEHUS,
YUHUTBIBAIOUIME IIOBEJICHHUE XKECTKUX MAKPOMOJEKYJ, Ppa3Mepbl KOTOPBIX CONOCTaBUMBI C JJIMHOU
CTaTUCTUYECKOrO CerMeHTa. B pe3ynbraTe OOHapyX eHO, YTO AJI MOJHOCTbIO TMOKHMX CONOJMMEPOB U
KECTKUX MOJIEKYJI C XapaKTepUCTHMUECKUM OTHOIIEHHEM (OTHOLIEHUWEM JauHbl cermMeHta KyHa K
KOHTYPHOH JUIMHE IOBTOPSIOUIETOCS 3BEHA) C=5 pe3yibTaThl pacyeTa CTENEHH CONOJUMEpPHU3aLUU
paznuyaroTcs He 6osee ueM Ha 10%, B TO BpeMs Kak XapaKTepUCTHKH MacconepeHoca (¥ 1 Xc) MPaKTHIECKH
COBIIAJIAIOT.

Paccuurtannsie 3HaueHus MMP (puc. 2), u pe3ynbraTsl OOpaOOTKHM CTATUYECKHUX JaHHBIX
CBHUJIETEJICTBYIO HauOoJiee MIMPOKOM pacrpeesnenue Diropu, KOTOPOE XapaKTEpHO sl FOMOI€HHBIX
cucteM. Bricokoe conepkaHue B COCTaBE CMECH HU3KOMOJIEKYJISIPHBIX (pakuuii 1 HauOoJbIlas MUpPHUHA
nuanazoHa MMP, Bbi3BaHbI TeM, yTO B Mek()a30BOM COCTOSHUU PEaKLUUN CHCTEMBI MOJIMMEpP-MOHOMEDP
npeo0aaoT HaJl B3aUMOACHCTBUSIMH 3TOH CHCTEMBI.

0,25

0,20

0.15
1.

0,10

0,05

0,00

0 10 20 30 40 50

Puc. 2. Monexyaapno-maccosoe pacnpedenenue (ri = 7%, M = 10) npu cnedyrowgux ycnosusx:
(1)-R=1.84,P,=3.08; (2)-R=3.16,P,=4.04;(3)-R=5.41, P, =6.29; (4)-R=10.0,P,=13.8; (5)-R=32.0,P,=
54.0. Kpusas (6) - pacnpedenenue @nopu ons Pn = 6.29.

M3ydyeHa MakpOKHMHETHKAa MeX(pa30BOT0 paclpeesieHHuss MOJEKYJI B MEPHOJUYECKOM pPEaKTope
cMemeHuss (MM HENpepbIBHOM peakTope BbITecHeHMs). [logoOHOe wuccienoBaHUE — BBIIOJIHEHO
HEIOCPEJACTBEHHO HA OCHOBE PE3YJIbTATOB JIOKAJBHOTO MOJEIHNpPOBaHUA. B OCHOBY MoOJenu MOJIOKEHO
npeacTaBiIeHre 00 OJHOBPEMEHHOM MPOTEKAHUHM CONOJIMMEPH3AMU B 00bEME peakMOHHON (a3bl, YTO
MMO3BOJISIET TOCTPOUTh YHUBEPCAJIBHYID MAaKPOKMHETHUYECKYIO MOJEb, OIMCHIBAIOIIYI0 MPOLECC B
KUHETHYECKOW, BHYTPH- M BHEIIHEAU(PPY3MOHHON OONacTAX, a TaKkkKe B MHEepeXxoAHbXx pexumax. C
MTOMOILBIO 3TOM MOJIENIM U3y4€HAa 3aBUCUMOCTh KOHLEHTPALIMII MOHOMEPOB, a TAKKE BBIX0J1a COMOIMMEpPA
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U CPEJIHEYHCIOBON CTENEHM COIMOJMMEPHU3AIMH OT Pa3IM4YHBIX ()AaKTOPOB, BKIIIOYAss COOTHOUICHUS U
KOHLIEHTPALlM MOHOMEPOB, CKOPOCTH MaccoIlepeladyd M MacCcOoOTAaud, KOI(POHUIUEHT pacIpeeseHns
MOHOMepa C ¥ COOTHOIIEHHE 00hEMOB (a3 B TUAPOAUHAMUUECKUX U KUHETHYECKUX YCIOBUSAX, THITHYHBIX
IUISL COTIOJIMMEPOB C T€TEPOTeHHON CTPYKTYPOH.

B pesynbraTe mokazaHo, 4TO 3a BpeMsl COMOJIMMEPH3AIMK MPOMCXOJUT CMEHA JHUMHUTHPYIOIIEH
CTaAu{ Mpolecca, OOBIYHO HE YYUTHIBAEMOTO NPU aHaIW3€ HKCIEPHUMEHTAIBHBIX PpE3YyJIbTaTOB.
Y CTaHOBIIEHO, YTO HANPABICHUE CMEHBI JUMUTHPYIOIIEH CTAIUH ONpPENessieTCs HadyaIbHBIM MOJIBHBIM
COOTHOIIIEHHEeM MoHOMepoB. IIpu HemocraTke MOHOMEpa pPEaKIHMOHHOW (ha3bl MPOLECC MEPEXOIUT B
KHHETUYIECKYI0 00J1aCTh, TOT/Ia KaK MPH €ro M30BITKE — BO BHENIHIOKW MU (dy3noHHyI0 001acTh. OMHAKO,
OpU MOJBHOM COOTHOIICHHWHM, ONM3KOM K €AWHHIE, CHTyallis HE CTOJb OJHO3HAayHA. Tak, eciu
MEXMOJIEKYJISIDHOE ~ paclpesiefiecHHe HauyWHaeTcs BO BHemHed auddy3umoHHol oOnactu, rtae y
CHHTE3HPYEMOT'0 COIoJIMMepa 00pa3yloTcsl TPEXMEpHBIE CTPYKTYPHI ¢ MPEoOIaAalonuM COAepKaHHEM
OCTaTKOB MOHOMEpa TPAHCIOPTHOW (a3bl, KOTOpBIE HCYEpIBIBaeTCs BIBoe ObicTpee. B pesymbraTe
COOTHOIIIEHHE MOHOMEPOB B Hayaje MPOIecca COMOIMMEPU3AIH PEBBIIIACT YHCIIO SIUHHUL, C TCUCHUEM
BPEMEHHU CTAHOBHUTCS MEHBIIIE €IMHUIIBI, YTO TIPUBOIUT K TIEPEX01y BO BHYTpU AP PY3NOHHYIO U 3aTEM B
KUHETHYECKYIO 001aCTh.

Takum 00pa3oM, CHIKEHHE ¥ POCT CTENCHH COMOJMMEPHU3AINH, SBISIOTCS IPU3HAKAM
MEXMOJIEKYJIIPHOTO  B3aUMOJCHCTBUS BO BHYTpH JU(P(Y3HOHHBIX M KHHETHYECKHUX O00JacTsIX
COOTBETCTBEHHO, a 00pa30BaHUE OJIMTOMEPOB — MPU3HAKOM BHEIIHETO AU Py3HOHHOTO KOHTPOJIS.

OcHOBHOH peaklueil pocta B KUHETHUECKOW 001acTH SBIISETCS B3aMMOJECHCTBIE MaKpOMOJIEKYI,
uMeronmx ($a3zoBbie 00JaCTH Ha MOBEPXHOCTH pazzena a3 tuma b, ¢ MoHoOMepoM C, 1uddyHAUPYIOIUM
u3 TpaHcnopTHOH (as3bl. [lyis cTemeHu CONMOJUMEpHU3alUH, JIOCTUTaeMOM K MOMEHTY HCUepraHus
Mek(pa30BbIX cII0eB D, MOMy4eHO MaTeMaTHIeCKOE BBIPAKCHHUE

kl;l+(VT/RKT/RkT)_l
" ClT'O(l_Mo)/KT/R

rae b?,c]° — HayabHble KOHLIEHTPALME MOHOMEPOB PEaKLIMOHHOM 1 TPaHCTIOPTHOU (ha3bl, Moas/m>; Kn —

P=1+20 |7k , (9)

KOHCTaHTa CKOPOCTH COTOJIMMEPH3ALMH, MY/ (MONb-C); VTR — COOTHOLIEHHE OOBEMOB TPAHCIIOPTHOW M
peakmmonHon ¢az; Krr — kodddumumeHt pacmpenesneHus MOHOMEpa C MEXIYy TPAHCHIOPTHOM U
peakimonHo dazamu; Kr, kT — 06beMHBIE KO3(DPUIMEHTHI MACCOOTAAYM B COOTBETCTBYIOMIMX (aszax, ¢t

N 7,0
Mo — HagaIbHOE MONBHOE cooTHomeHue MoHoMepos (M, = b /(v;,.c]%)).

Kak BumHO U3 BbIpakeHus (9), mpu MOJHOM pacTBOPUMOCTHU rpanyisl nonuoneduna (IIDHIT) B
peakiMoHHOM (a3e B pesynbraTe rerepodasHoiiconoaMMepu3alMd K MOMEHTY €€ 3aBeplLIeHHs B
KMHETUYECKOM 00JIaCTU HE 3aBUCAT OT 3aKOHOMEPHOCTEHW COMOJIMMEPU3ALMOHHOIO Ipoliecca BOIM3HU
MmexdaszoBoro paBHoBecus. [loaToMy pe3koe H3MEHEHHE CTENEHU COMOJUMEpHU3alMM IOJ BIUSHUEM
COOTHOLIEHHUSI MOHOMEPOB HE SIBJISIETCS JOCTATOYHBIM IIPU3HAKOM IPOTEKAHUS IPOLecca B KHHETUYECKOM
00J1acTH B TEYEHUE BCETO CUHTE3A.

W3 puc. 3 oueBuaHO, uTO BbIpakeHUE (9) HE COBHNAZAET C MPABUIOM HEIKBUMOJBHOCTH M
IIPEICKAa3bIBAET O BO3MOKHOCTH IOJIyUYEHHUS CONOJIUMEPA B ITUPOKOM MHTEPBAJIE MOJIBHBIX COOTHOILIEHUH,
KOTOpOe XapakTepuzyercs Ooisiee y3kuM MMP 1 BBICOKON MOJEKYISIPHOW Maccoil. DKCIEPUMEHTAIBHO

Habmogaemble 3aBucumMoctd P ot bP,¢/® u Mo cornmacyrorcs ¢ BbipaxkeHHeM (9) B 00IaCTH HU3KHX
KOHLIEHTpaLU.
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Puc. 3. 3asucumocmo cpeoneuucnosoii cmeneHu conoaumMepu3aAyUU OM MoabHO20 COOMHOUICHUSL MOHOMEPO8 NPU
zemepodpaznoit (1) (no ypasnenuio (9)) u npu 2omozennoii (2) cononumepuzayuu (no nPaguly HeIKGUMOJIbHOCHIU).

0

10

3aBUCHUMOCTD CTEIIEHU COMOJIMMEPU3ALMU U BbIXoja (X) OT MOJIBHOTO COOTHOILIEHHS MOHOMEPOB
(puc. 4) MOXXHO YCIIOBHO pa3JeiuTh Ha 4YeTbipe obOmactu. B obmactu | mporecc comommmMepusanuu
3aBepIIaeTCs 3a BpeMsi CUHTE3a, CTETIEHb COMOJIMMEPU3aIlMU ONUChIBaeTCs ypaBHeHueM (9), a X = 1.

H3ydyeHo BIMAHHE MEXMOJEKYIIPHOrO W MexX(a3zoBOro B3aUMOJCHCTBUS Ha CKOPOCTh
maccootgaud. llokazaHo, 4yTo WHTEHCH(UKAIMS MaccolepeHoca YCKOPSET HCUEpPIIbIBAHWE MOHOMEpa
peakIMoHHON (a3bl U BEIET K PACHIMPEHHUIO 00JACTH CHHTE3a BBhICOKOMomMepa (ob6macTel |) B cTopoHy
HKBUMOJIBHOTO COOTHOIICHUSI MOHOMEPOB. B TO ke Bpemsl IepeMeIlnBaHHE CHUKAET MOJIEKYISPHYIO
Maccy, CTENEeHU COMOJUMEpH3aIH, OO0pa3ylIlerocs IroMo - M TeTeporoiuMepa, Magaer 3a cuér
YMEHBIICHUS! MTHOBEHHOTO 3HaUeHHs R (OTHOCUTENBHON CKOPOCTH COTMOJIMMEPH3AINHU 10 CPABHEHHIO CO
cKkopocThio Tud dy3un), a B 00bEME peakIoHHOM a3kl — B pe3yabTaTe yBEITUUCHUS ITOTOKA IEPEHOCUMOTO
MOHOMEpa B pEeaKIMOHHYIO (ha3zy.

B nepexonnoit obnactu |l mponomKuTeNbHOCTh CHHTE3a MEHbBIIIE BPEMEHHU, HEOOXOAUMOTO s
3aBepIIeHUs] Tporecca moauMmepu3anuu. [lo3ToMy BBIXOA 34ech MeEHbIIEe eauHuIpbl. CTeneHb
cononuMepuzanuu B obmactu |l ompenensieTcss COOTHOIIEHHEM MHTEHCHUBHOCTEH MOIMMEPU3AIIHOHHOTO
nporiecca BOJIM3K TPaHUIIBI pasziesia U B 00bEMe peakMoHHON (ha3bl. 3aKOHOMEPHOCTH MOJIMMEPU3ALIUH Y

TOMOIIOIMMEPA MPOSIBIAIOTCS 3/1€Ch B BUJIBI ITOJIOT0M 3aBUCUMOCTH P or Mo. Ha ocHoBanum YpaBHEHUU
(9) crpomnu rpaduueckue auarpammsl (puc. 4).06macts Il - mepexonHas Mexay BHYTPU- U BHEILHE
muddysnonnont chepoir. Obmacte |V — BHemHenuddy3uonnas. [lo Ha3BaHHBIM BBIIIE TPHYUHAM
MOJIEKYJIsIpHAsl Macca 00pa3yrolerocs 3ech MoJuMepa Majia, 0OJTHAKO BBIXOJ MOXKET MIPEBbIIATh CAUHUILY,
MIOCKOJIBKY PacCUUTBIBAETCS 110 MOHOMEpY. ONTUMAaNIbHBIM SIBJISIETCA U30BITOK MOHOMEpA TPAHCIIOPTHOM
(a3pl, NPEMATCTBYIONUNI Mepexoay BO BHEIIHIO AU(PQPY3nOHHYIO 00IacTh U MPEKPALICHUIO Mpolecca

COIIoJIMMEpU3alnu.
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Puc. 4. 3aeucumocmo cpedneuucnogoii cmenenu cononumepuzauuu u 61xo0a (X) om moibHo20 cOOMHOUEeHUSA
MOHOMEPOB npu 6e3pazmepHoil NPOOONHCUMETbHOCHU COROIAUMEPUIAYUU knbl0 t =1 (t- épems). Hauanvnas

KOHUEHmMPayua MOHOMepPa peaKyuoHHoU Pa3vl bl0 =const.
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OKCHEPUMEHTAIbHO YCTAHOBJIEHO, YTO BIMSHUE NEPEMEIIMBAHUS HA CTEIEHb COINOJIMMEPHU3ALUU
HEOJIHO3HAYHO U 3aBUCUT OT COOTHOIICHHUS MOHOMEepOB. OHaKO HauOOJIbIIast CTENCHb COMOIUMEPU3AIIIH
U BBIXOJl MPOJYKTA JOCTUTAIOTCS B KMHETUYECKOM 00JacTh. YBelIMYeHHE KOHIEHTpaluid MOHOMEpPOB B
KMHETUYeCKOU U BHYTpH AU Yy3nNOHHON 0071aCTH MOHOTOHHO MOBBIIIAET CTENEHb COMOIMMEPHU3AIUH U €&
BbIXOJ. B 4acTHOCTH M3y4eHBl 3aKOHOMEPHOCTH KMHETUKU PACTIPEAEIICHUS PEarupyroIUX KOMIIOHEHTOB
IpU SKBUMOJBHOM COOTHOLICHHMM MOHOMEpOB, Hambojee XapaKTepHOM Ui HKCIEPUMEHTAJIbHBIX
UCCIIEIOBaHUM BIIMSHUS KOHLEHTpPALUi HAa CKOPOCTb NMPOTEKaHMsI Mpoliecca conoiauMepusanuu (puc. 5).
[Toka3zaHo, YTO CTENEHb COMOJIMMEPHU3ALUN OMpPEEsieTcs B OCHOBHOM 3aKOHOMEPHOCTSIMH IPOIIECCOB,
npoTeKaroImux BOIM3U Mex(pazoBoro ciosi. [IporeMoHCTpUPOBAaHO, YTO MPHU M3MEHEHHH KOHIEHTPAIHA
MOHOMEPOB B Mpeeiax 0JHOr0 MOPsi/iKa 3aBUCUMOCTb CTETICHH COTIOIMMEPHU3ALIMU OT TUX KOHIICHTPAIIHii
COOTBETCTBYeT cTemeHHOH ¢dyHkumeid Buga P ~ (b)), rae o= 0+0,6. AHamu3 SKCIEPUMEHTANBHBIX
JIAaHHBIX [0 CUHTE3Y COMOJIMMEPOB NPH HU3KUX KOHIEHTpanusx (mopsaka 100 mons/m®) B cucTeMe TOMyOIN-
KCHJION JIA8T CTENEHHYIO 3aBUCHMOCTh P ~ by c mokaszatenem crenenn = 0.57 u a = 0.33 (puc. 5), 4o

KAaueCTBEHHO MOJITBEPKIAET PE3YNIbTAThl BBIYMCINUTENBHOIO DKCIIEpPUMEHTa [5].

100 3 p .
. —//.,_/—"’_ - H -
- — =
] 2
P =17,3b,"
10 o /,-/.”, .
E * ° - ]
17— 0,795 ¢’
co, bo, MOJIB/M>
1 T T T LI I B N | T T T L |

10 100 1000

Puc. 5. Ixcnepumenmanvhble 3a6UCUMOCHIU CPEOHEUUCT080IL CHIENEeHU CONOIUMEPUZAUUN OM KOHYECHMPAWUT
MOHOMEPOB:
1 - no oannvim P = 0,79 b,°%"; 2 - no oannvim P = 17,3 b0 : mouxamu obosnauensl xapaxmepusyrowue 3KCnepuMermbl,
npo6eoeHHble MemoO0OM HAUMEHbUIUX K8AOPAMOE.

Takum  oOpa3oM, 1O  pe3ydbTaTaM TPOBEICHHBIX  MOJETUPOBaHUA ©  00pabOTKH
HKCHEPUMEHTAJIbHBIX JAaHHBIX METOJaMM MaTeMaTHYeCKOH CTaTUCTHUKH YCTaHOBJIEHO, 4TO 00JacTb
MOJIBHBIX ~COOTHOUIEHUM, TJ€ TMPOLECC CONOJMMEpPU3ALMM 3aBEpIIACTCS 3a BpeMs CHHTE3a,
COOTBETCTBEHHBIM 00Pa30M MPONOPIHMOHAIBEHO YBEIMYMBAETCS U KOHLIEHTPAIIMM MOHOMEPOB U CKOPOCTh
COTIOJIMMEPHU3aLliU, KOTOpasi 00paTHO MPONOpLHOHATIbHA KOA(G(ULIMEHTY paclpeeieHHs epeHOCUMOro
MOHOMEpa H COOTHOLICHHIO OO0BEMOB TPAHCHOPTHOM M peakuuoHHON ¢a3pl. IlepBele 1Ba
BBILICYNOMSHYTBIX (paKTOpa CIIOCOOCTBYIOT YCKOPEHMIO IIpOLiEcca CONMOJMMEpPU3alliM, a BTOPbIE JBa —
HAIPOTUB, 3aMEJISAIOT IIPOLECC, ITIOCKOJIbKY CHI)KAIOT JBUKYIIYIO CHIIy MacCOIIEPEHOCa U MaCCOOTAAuH.
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