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AnHoTanusi. B pabote npeanpuHsiTa MombITKa HOMyYeHHsT paboyell TEXHOIOrHYeCKoi (GOpMyIibl, periiaMeHTHpPYoIIast T00aBKy COMOHOMEpPa BO
BpEMEHHU, KOTOpas O0ECIeYMBACT CHHTE3 MAaKpOMOJECKYJbl CONOJIMMEpa C IOCTOSHHBIM COCTABOM M COOTBETCTBEHHO C IPOTHO3UPYEMBIMU
CBOMCTBAMH, KaK COIONHMEpa, TaK M MOJU(HIMPOBAHHBIX UM IOPUCTHIX KOMIIO3HMIMOHHBIX MAaTCpHAlIoOB. B OCHOBE MaTeMaTH4ecKoro
MOJICIIUPOBAHNUS JISKUT TEOPHs] KHMHETHKU COIONMMEPH3AIHH, YUUTHIBAIOMIAS PEAaKIMOHHYIO COCOOGHOCTH MOHOMEPOB ITOCPEICTBOM KOHCTAHT
COIOMMEPH3ALIHI PEArHPYIOLIHX COMOHOMEpPOB. VicxomHol 6a30if CiIy)Xuia KHHETHKA COIMOTMMEPH3ALHMH JByX COMOHOMEPOB, CYILIECTBEHHO
OTVIMYAIOLIUXCS IO CBOCH PEAKLMOHHOM CIIOCOGHOCTH, YTO TPeOOBAIO MOCIENOBATEIbHYIO, CTYIICHYATYIO [0Ja4y MEHEE PEaKLOHHOCIIOCOOHOTO
MOHOMepa B PEAKIHOHHYIO Cpely ¢ 0oJiee aKTUBHBIM MOHOMEPOM. JIaHHBIH TEXHOIOTMYCCKUI TIPHEM CIIOCOOCTBYET HOAIEPKAHUIO IIOCTOSHCTBA
HCXOIHOTO COOTHOMICHHSI COMOHOMEPOB U COOTBETCTBEHHO CHHTE3 COMOJIMMEpA C TIOCTOSTHHBIM COCTaBOM, CTPYKTYPOH H CBOMCTBAMH. 3aBHCHMOCTD
TOCJIE/IOBATELHOCTH T0/Ia4l COMOHOMEPA B PEAKIIOHHYIO CPEly MOTPeOOBAIO BBE/IeH s 00001IeHHOr0 3Q(eKTHBHOTO KO3 dHIIIeHTa CKOPOCTH
OuHapHOW comomuMepusauuy. JUisi  HaxXoxaeHHs 00OOIIEHHOro Kod(dUIMEHTa CKOPOCTH COIONMMCPU3ALMH INPOBEICHA ONepaLys
Jorapu()MUPOBaHUS M IIEPEBOJIA TEKYLICTO BHIPAXKCHHUS 3aBHCHMOCTH M3MCHEHHS KOHIICHTpAIMU OoJiee aKTUBHOIO MOHOMEpPa BO BPEMEHH B
nHeiHy1o Gopmy. JlaHHBINH MaTeMaTHYECKUii PUEM TO3BOJIUIT CTIONB30BaTh IPOrPaMMHOE OOecIeueH e U1l 00pabOTKH CIIpaBOYHO# HH(OpMAIUK
THOJTY4CHHS HEOOXOMUMBIX KO3 MHLMEHTOB U1 paboyeii hopMyIbL. B pesynbraTe MaTeMaTH4eCKOro MOZICITMPOBAHHS C HCIIOIB30BAHIEM OCHOBHBIX
TOJIO>KEHUH GHHAPHOMN COMOIMMEpPH3AIIIH, 3aKOHA TeHCTBYIOIIUX Macc, METO/Ia HAMMEHBIINX KBA(PATOB IIOIy4YeHa paboyast hopMyIia, HO3BOJIAIOMIAs
PErIaMCHTHPOBATh 3aJaHHOC BBEICHHE MCHEE AKTHBHOTO MOHOMEpAa B PEAKIMOHHYIO CPEIy BO BpeMeHH. Moenb MpOaHAIM3HUpOBaHA C
HCIIONB30BAHUEM CIIPABOYHOM HH(MOPMALIHH, OCHOBHBIX MOHTHM OMHAPHOMN COMOIMMEPH3AIIN U MOJKET OBITh HCIIOIB30BAHA B TEXHOTIOTHYCCKIX
pacyeTax IpH NOIYYEHHH COMOIMMEPOB 33 JAHHBIMH XapaKTCPUCTHKAMH 110 COCTABY U CTPYKTYpE.
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Abstract. An attempt has been made to obtain a working technological formula that regulates the addition of comonomer over time, which
ensures the synthesis of a copolymer macromolecule with a constant composition and, accordingly, with predicted properties of both the
copolymer and its modified porous composite materials. Mathematical modeling is based on the theory of the Kinetics of copolymerization,
which takes into account the reactivity of monomers by means of copolymerization constants of reacting comonomers. The starting base was
the kinetics of the copolymerization of two comonomers, significantly differing in their reactivity, which required a sequential, stepwise supply
of a less reactive monomer to the reaction medium with a more active monomer. This technological technique contributes to maintaining the
constancy of the initial ratio of comonomers and, accordingly, the synthesis of a copolymer with a constant composition, structure and
properties. The dependence of the sequence of supply of comonomer to the reaction medium required the introduction of a generalized effective
binary copolymerization rate coefficient. To find the generalized coefficient of the copolymerization rate, the operation of logarithm was
performed and the current expression of the dependence of the concentration change of the more active monomer in time in a linear form was
translated. This mathematical technique made it possible to use software to process reference information to obtain the necessary coefficients
for the working formula. As a result of mathematical modeling using the basic principles of binary copolymerization, the law of effective
masses, and the least squares method, a working formula is obtained that allows one to regulate the given introduction of a less active monomer
into the reaction medium in time. The model is analyzed using background information, the basic concepts of binary copolymerization and can
be used in technological calculations when producing copolymers with specified characteristics in composition and structure.
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BBenenune

Kunerndeckre 3aKOHOMEPHOCTH OWHAPHOM
COIOJIMMEPH3aLIMU XOPOIIO U3yUECHBI U IPEJICTAB-
JIEHBl [IUPOKHAM CHEKTPOM HH(MOPMAITMOHHON
crpaBo4HOM juTepatypsl [1, 2]. CoracHo JaHHOM
nH(OpPMAaIMK MTHOBEHHBIH COCTaB COIOJIMMEpa
B YCJIOBUAX paﬂHKaﬂBHOﬁ COIIOJIMMEPU3aIINU 3aBU-
CHT OT HCXOAHOTO COOTHOIIEHHS, KOHLIEHTPALUH
BCTyHarOUMX B PCaKIu0 MOHOMEPOB U UX COOTHO-
MICHNS, Pa3IMIHON PEaKIIMOHHOW CIIOCOOHOCTEIO,
KOJIMYECTBEHHO CBSI3aHHON C KOHCTAHTaMH COIIO-
nuMepusanuu [3, 4]. CyinecTBeHHass pa3HHIA B
PEaKIMOHHOW CITOCOOHOCTH MOHOMEpPOB MPUBOAWUT
K 00pa30BaHUI0 HEOJHOPOIHBIX MO MOJIEKYJIIPHBIM
MaccaM W COCTaBe MaKpPOMOJIEKYJ COIOJIMMEPOB.
3T0 NPUBOJUT K HU3KON BEPOSATHOCTH JJOCTOBEPHOTO
MPOTHO3a O BO3MOXHOCTSIX TaKHX COIIOJINMEPOB
B COCTaBax pa3jMYHBIX KOMIIO3UIIMOHHBIX MaTe-
pHaNoB, IOCKOJIBKY CBOWCTBA YCPEIHEHHBIX,
HO 3HAYMMO OTJIHYHBIX II0 COCTABy U CTPYKType
COMoNMMMepoB OyayT HM3MEHSATHCS B HIMPOKOM
muanasone [5, 6]. ITosToMy mLenbi0 HacTOSIIEH
paboTHI SBISIIOCH MOTyUeHHS pabodel TEXHOIOTH-
4eckor (hOpMyIIbI, PErjJaMeHTUPYIOIIas J00aBKYy
COMOHOMEpa BO BpPEMEHH, KOTOpasi 00ecrieunBaeT
CHUHTE3 MaKpOMOJICKYJIBI COIOJIMMEpa C MOCTO-
SAHHBIM COCTaBOM MU COOTBE€TCTBCHHO C IIPOTHO-
3UpyeMBIMA CBOWCTBaMH, KaK COIOJHMepa,
TaK ¥ MOJU(UIIUPOBAHHBIX UM MTOPHUCTHIX KOM-
MO3UIUOHHBIX MaTEPUAJIOB.

MeTtoanl

B 0OCHOBY MaTeMaTH4ecKoro MOJICTHPOBAHUS
IMOJIOKE€HA TEOpUA KHHETHUKHU CONOJMMCpHU3aAIUH,
YUUTHIBAIOIIAs PEAKIMOHHYIO CIIOCOOHOCTH MOHOME-
POB MIOCPEICTBOM KOHCTAHT COTMOIMMEPH3AIINH pear-
pyrommx coMoHOMepoB. McxomHolt 0a30if ciyxkuia
KMHETHKA CONOJUMEpU3allui OBYX COMOHOMECPOB,
CYIIECTBEHHO OTJIHYAOIIUXCS 10 CBOSH PEaKIMOHHOM
CIOCOOHOCTH, YTO TpPebOBalO IMOCICAOBATEIIBHYIO,
CTYMEHYATYIO T0JIauy MEHEee PeakIMOHHOCIIOCOOHOTO
MOHOMEpa B PEAKIIMOHHYIO Cpeay ¢ Gojice aKTHBHBIM
MOHOMepoM [7].

Pe3y.]'ll)TaTI)l u 06cy>lmemle

HcxonubiM BeipakeHueM (1) mociyxuio
COOTHOUIEHHE KOHILEHTPALUH  pearupyroumx
MOHOMEPOB B BHJI€ IOCTOSTHHOM BEJTMYHHBI:

M,

=const=x . Q
Cu,

Vpasuenune (1) MOXHO TmpeoOpa3oBaTh

B paBeHCTBO (2), paccMaTpuBasi OTHOLICHHUE KOH-

LEHTPALMI PearupyOIIX MOHOMEPOB B COCTaBE

00pa3yIoIIerocst COMoIMMepa B CICIYIOIIEM BU/IC:

)

Cotpn . X +1_
Cotyn n+Xx
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PaccMoTpeHHbIe /1Ba BRIpKEHHUST 00pa3yoTCs
KaK CIEICTBHsS TEOPHH COIOIuMepHu3anuu [8],
YUUTHIBAIOIIEH PEaKIIMOHHYIO CITOCOOHOCTh KaX-
JIOTO MOHOMEpa C TIOMOIIBI0 KOHCTAHT COMOJIH-
Mepu3aluu (r).

YMeHbllIEHNE KOHIIEHTPALMU pearupyroniero
MOHOMEpa B YCIOBHSAX PAJUKAILHOIO CHHTE3a
MOJKHO TIPEICTaBUTh B Buae auddepeHITHaTLHOTO
ypaBHEHHS C yYETOM 3aKOHA JIeHCcTRyronmX Macc [9]

de,,, Tk
de

rae K. — KOHCTaHTa CKOPOCTH COMOJIMMEPHU3ALINH,
Y4YuThIBaromasa KOHTAHThI COITOJIMMEPU3 AU
Ka)XJI0r0o MOHOMeEpa

Jlanee poBo/IvIM OTIEpALIHO MHTET PUPOBAHMS,
YTO INO3BOJIICT OJIYUNUTh YPAaBHCHUEC IJII U3MCHSTO-
IIeicsl BO BpEMEHHM KOHIIEHTpalliu MOHOMepa M2
B PEAKI[MOHHON CMECH COTJIACHO 3KCIIOHEHIIUAIb-
HOoMy 3akony [10]:

—k,
cMz = C/(\)/fzf J[l]t ! (3)

UCIIOJIb3Ysl KOHEUHBIE YCIOBHS MHTEPUPOBAHUS
CLZ =cM2‘ t=0, rme CLZ — KOHIIEHTpAIUS BTO-
POro COMOHOMEpPA B HAYAIBHEI MOMEHT BPEMEHH.
JInst  TONydYeHUs] 3aBHCHMOCTH  MEKIY
KOHIEHTPAIMAMHE ~ PEarupyIoIuX MOHOMEPOB
B YCIIOBUSIX paJUKaJbHOW COIOJUMEPU3AIINT
BOCIIOJIb3YEMCS PaHEE PACCMOTPEHHBIMH YPaBHE-
HUSMH W TIOJly4MM HEOOXOJMMOE BBIPAKEHHE
B CJIC/IYIONIEM BHJIE, KOTOPOE YUHTHIBAET COOTHO-
I[IEHHE COMOHOMEPOB
Cy, = XCy, =xCyp L ot
Bocronb3yeMcst  yCIOBHSIMH  MaTepHAIIb-
HOro OayaHca, yToObl BHIPA3UTh KOHIIEHTPALIUIO
BTOPOr0, MEHEE PEAKIIMOHHOCIIOCOOHOI0 MOHO-

mepa M: (¢, ,) B MOTMMEPE KOTOPYIO MOXKHO

NpeACTaBUTh B BUJC CIICAYIOMICTO paBCHCTBA
M, - (4)

p— o -
Catyn =Cu, —C€

W3 ypaBHeHus (4) MOKHO 3aKITIOYHUTH, YTO
YMEHBIIICHHE COCPKAHUS BTOPOTO MOHOMepa M-
B PpEaKkIMOHHON Macce O3HauaeT yBeJIHYCHHE
€ro B COCTaBe COMOJIMMEpA.

Bocnonbzyemcs BeipaxkerreM (3), cortacHo
KOTOPOMY MOKHO 3aITUCaTh

Copy =, A= 07) (5)

o

OueBHIHO TAKXKE, 4TO Crr, T Crtpn =Car, -

JTo crnemyeT U3 Xapakrtepa (DU3HUYECKOTO
ABJICHUA U onpenemleTcsI I“pa(i)I/I‘IeCKI/IMI/I 3aBUCHU-
MOCTSIMH, TIPEICTaBICHHBIMA Ha pPHCYHKE 1,
AHAJIMTUYECKOW OCHOBOM JIJIsl KOTOPBIX SIBJISFOTCS
BeipaxkeHus (3) u ().
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Car b ¢ AMyn
€ AMan
o
Car,
(4] 1,
r
Pucynok 1. Kwunernueckue KpuBBIE IIpolecca

COIoJIMMEpU3allin

Figure 1. Kinetic curves of the copolymerization
process

Y cTaHOBUM 3aBUCHMOCTb MEX]Y COAEpKa-
HHUEM IIEPBOT0 MOHOMEPA B COCTABE COIOIUMEPA
M (¢, ) ¥ MCXORHON KOHUEHTpAUKEH BTOPOTO
MOHOMEpa B PEaKLUUOHHOM Macce Iyl Yero
BOCITOJIE3yeMcs ypaBHeHUAMHU (2) 1 (5)

rx+1 _
L L R T VRN ()
r,+X 2

2

chn

ITogoOHOE ypaBHEHHE MOKHO MCIIOIB30BATH
U JUIs1 BTOPOr'O MEHEE aKTUBHOT'O MOHOMeEpa M.
HeoOxoaumo BeIpa3uth ol1iee copepikaHue

MepBOro MoHOMepa M1 (Zch ) B pEaKIIMOHHOU

Macce ¥ B COCTaBe COTOIMMeEpPa, YTO OYIET COOTBET-
CTBOBaTh BBIpaXECHUIO (7): KOTOPOE OMPEAEITUTCS
€ro KOHIICHTpAalKel B MOIMMEPU3YIOILICHCS CHCTEME
U COIoJIuMepe:

Zch =Cy, FCypy- @)

OTKy/1a JIOTHYHO BBITEKAET COOTHOIIICHHE (),
_ o

Acy, = Zch —Ch, 8)

KOTOPOE MPHHIUITHATBHO BBIPAXKACT YCIIO-
BUE TMOJIICP)KAHHUS TOCTOSHCTBA COOTHOLICHUS
COMOHOMEPOB B PEaKIMOHHON Macce (X = const)
MyTEM BBEJACHHS OMNPEACICHHOTO KOJIMYEeCTBa
nepBoro 0oJiee aKTHBHOTO MOHOMeEpa M1 B peakTop.
JlaHHBII TEXHOJIOTHYECKHUM TPUEM CIIOCOOCTBYET
00pa3oBaHUI0 MAaKPOMOJICKYJIbI COMOIMMEpPA C
0ojee CTaOMIBHBIM COCTAaBOM M CTPYKTYpOH
(cTpykTypy 1o cocraBy) [11].

Haniee He0OXOIMMO BBIPa3UTh (HYHKIIMOHAIIb-
HYIO 3aBHCHMOCTH BBEJICHHS OINPE/IEICHHON KOH-
LEHTPALMH [IEPBOro MOHOMEpa Ac,, BO BpeMeHH .

Acy, = @(b).

Ha ocHOBe BHIIlIe TOMYYCHHBIX YPaBHEHUH
MOXHO HEOOXOIUMYI0 (PYHKIMOHATLHYIO 3aBU-
CHUMOCTB TIPE/ICTABHUTD CIIEAYIOIUM 00pa3oM
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Ac,, =xc, 17" +
My T M,
rx+1 kot .
4 1 2 o
o, T ),
r, + X

[NocnenHee BrIpaKeHUE HECKOJIBKO H3MEHUM,
MIPUBOIIS K OOJIee JIAKOHMIHOMY BHAY ITyTeM PaOOTHI

C OJHOMMEHHBIMHU iIeHamu (xcj, ) M KBaapar-
HBIMHU CKOOKaMUu:

nx+1
r, + X

Ac,, =xc.

My M,

1|2 @

Bripakenue (9) ycraHaBiImBaeT 3aKOHOMED-
HOCTb BBE/ICHUS B PEAKI[HOHHYIO MacCy aKTHBHOTO
HepBOro MOHOMepa M1, 4To obecrieynBaeT 00Opaso-
BaHue OoJjiee CTaOMIIBHOTO 110 COCTaBY M CTPYKTYpE
cononumepa [12].

IMocnenuee Boeipakenne (9) mnpuBemeM
B OoJiee yIOOHYTO I TEXHOJIOTHH (hOpMY, KOTOpast
TpebyeT omnpeeNieHus 00IIelH KOHCTAHTBI CKOPOCTH
paaMKaIbHON COMOJIUMEpH3aLH K,y B YCIOBHUIX
OuHapHbIX cucteM. [Ipu 3TOM HEOOXOAUMO HC-
MOJIb30BaHUE JIMOO CIPaBOYHOW HHGBOPMAIMU
WM SKCTIEPUMEHTANTBHOE ONPEIelICHHE KOHCTAHT
COMONTUMEPH3ANMU  JIISI  KaXIOro MOHOMepa
OuHapHO# cucTembl. [lenecooOpasHo Takxke omnpe-
JACIATh ONTHUMAJIBHBIC COOTHOLICHHUA MOHOMEPOB,
o0ecneyrBaroIIue  MOJY4YEeHHE  COIOJIMMEPOB
C 3aJ]aHHBIMU COCTABOM U CTPYKTYPOH.

Jlnst HaxoxaeHust Ko, moaBeprHeM BbIpa-
xenue (3) omeparnmu norapupmuposanus [13],
YTO MO3BOJISIET MOTY4UTh ypaBHenue (10):

ko L. (10)

_— o
Inc, =Inc

Vpasuenue (10) npeobpasyem k Buay (11),
KOTOpOE yJI0OHO 00padaThIBaTh METOJIOM HAUMEHb-
mmx KBaapartoB [14] s HaXoaeHUsT TPeOyeMBbIX
k03 umeHToB:

y=ao— K - t. (12)

Jnst uHTEpecyromux OMHAPHBIX PEAKIMOHHBIX
cMecell MOHOMEpPOB MOYKHO HCIOJIb30BaTh CIpa-
BOYHYI0 WH(GOPMAIMIO O BEIMYWHAX KOHCTaHT
CKOPOCTH WJIH TI0JTy4aTh UX SKCIIEPUMEHTAIBHBIM
myTeM. /17151 HOBBIX OMHAPHBIX CUCTEM BCIO HEOOXO-
JMMYIO HCXOAHYIO MH(OPMAIIHIO MOXKHO MOTYYHTh
Ipu SKCIICPUMCHTAJIbBHOM H3YUCHHUU KHUHCTUKHU
COTIOJTMMEPH3AIIIH. 3aTeM OTIpeessieM TpeOyeMbIit
COCTaB COMOJIMMEPOB (X), HCXOAHYIO KOHIIEHTpa-

L0 MEHEE aKTHBHOTO BTOPOro MOHoMepa (cj, )
HeoOxoamMmoe BpeMs cunTtesa (t). Jlamee ypaBHe-
aue (9) mosBossleT paccuMTaTh HM3MEHEHHE
KOHIICHTPAIIMU TIEPBOTo 00Jice aKTHBHOTO MOHO-
mepa (Ac, ) I MONydeHMs  COMONMMEpA

C 3aIJaHHBIM COCTaBOM M CTPYKTYPOH.
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3akiaoueHmne

Ha 0a3e OCHOBHBIX MOJIOKEHUH TEOPHUH
KHHETHKU OMHApHOW COMOJUMEpHU3aIln, 3aKOHA
JICUCTBYIOIIMX MacC M METOJa HAaMMEHbIINX
KBaJ[paTOB IMOJTydeHa pabodast (hopMyIIa, OTpeIeris-
IOIIAas 3aBUCHMOCTh JIO3UPOBKU MEHEe aKTUBHOTO
COMOHOMEpa BO BPEMEHH C YYETOM HCXOIHOTO
coieprkaHus 0oiee akTHBHOTO COMOHOMEPA, & TAKIKE
MX KOHCTAHT COTMOTUMEPHU3AIIHH.

Takum 00pa3oMm, UCMIONB3Ysl TeKyIlee
3HAUYEHHE BPEMCHH, OKCIIEPUMEHTAJbHBIC WU
CTIPABOYHBIC BEIMYMHBI KOHCTAHT COMOJIMMEpPHU-
3allUM, 3aJJaHHOE COOTHOILEHHE COMOHOMEPOB U
HaydaIbHOE co/iepKaHue 0ojiee aKTHBHOTO COMO-

post@vestnik-vsuet.ru

BO BpeMeHH. [Ipu 3TOM mpenBapuTensHO pacCyu-
TEIBaeTCs 3(PQPeKTUBHAS KOHCTaHTAa KHHETHKH
COTIOJIMMEPH3AIH Ha OCHOBE TIPOJIOTapUPMHUPO-
BaHHOTO MPOMEXYTOYHOTO YPABHEHUS C UCIIOJNb-
30BaHUEM METOJIa HAaUMCHBIIUX KBaapatoB. [lo
CIIPaBOYHBIM JAHHBIM OBLIA TTOCTPOCHA U TIPOaHa-
JTM3UPOBAaHA MaTeMaTHYECKast MOJIEIb C HCIIOIb30-
BaHMEM OCHOBHBIX MOHATHH OMHAPHON KHMHETHKH
COTIOTMMEPH3AITHIH.

KommproTeprast 006paboTka IMOITyYEeHHBIX
YpaBHEHHWI TOKa3aja JOCTOBEPHOCTh NPHUMEHEHHUS
WX B TEXHOJIOTHYECKOW MPAKTHKE CHHTE3a COTOJH-
MEpOB Ha OCHOBE COMOHOMEPOB C CYIIIECTBEHHOM
pasHUICl B PEAKIIMOHHOW CIOCOOHOCTH, IS

HOMEpPA MOXKXHO paCCUHUTATh IMOCJIIEA0BATCIIBHOCTD
BBCIOCHUA MCHEC AKTHUBHOI'O COMOHOMEpa

KOTOPBIX JaHHAsA MOACIIb Haunboee aKTyaJibHa.
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