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ELECTRONEGATIVITY OF GROUPS IN BENZENE SUBSTITUTED
AND METHYL RED

N.P. Rusakoval, Zavyalova A.G.1, V.V. Turovtsev*, S.A. Tretyakov?,
Yu.A. Fedina®, Yu.D. Orlov?
Tver State University
! Department of Physical Chemistry
2 Department of General Physics
% Department of Applied Physics
Tver State Medical University

*Department of Physics, Mathematics and Medical Informatics
®Elizabeth Andrews High School Dekalb County School District

Annotation:

The distribution of electron density in benzene, some of its ortho-, para- and
monosubstituted and methyl red is obtained. The group charges q(R) were
calculated using the methods of the "quantum theory of atoms in molecules"
by R. Bader. The individual scales of electronegativity of the groups y(R) for
each structure under consideration were obtained and the general y(R) was
created. The presence of intramolecular hydrogen bonds (IMHB) in N,N-
dimethylaniline, 4-methyl-N,N-dimethylaniline, 4-[(Dimethylamino)phenyl]-
diazene, 2-(carboxyphenyl)methyldiazene, 2-(carboxyphenyl)diazene and
2-[4-[(Dimethylamino)phenyl]diazenyl] benzoic acid (methyl red) was noted.

Key words: quantum theory of atoms in molecules, electron density,
intramolecular hydrogen bonds, group charge, group electronegativity, group
electronegativity scale, monosubstituted benzene, parasubstituted benzene,
orthosubstituted benzene, methyl red.
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MATEMATHUYECKAS MOJEJIb HECTAIIMOHAPHOM COPBIIUN
B IBYX®A3HOU CPEJIE, YYUTBIBAIOIIAS
INPOCTPAHCTBEHHYIO HEPABHOMEPHOCTD
PACITPEJEJIEHUA KOHOHEHTPAIIU MUKPOKOMIIOHEHTA
B ®A3E COPBEHTA

J.A. TykmakoB

®denepanbHbIid HCCaeA0BATENBCKUM HEHTP «Ka3zaHCKUI Hay4YHBIH HEHTP
Pocculickoli akaieMuy HayK»
Hncmumym mexanuxu u MawuHocmpoenus —0060codienHoe CmpyKmypHoe
noopazoenenue DedepanbHo2o uccre0o8amensckoeo yeumpa « Kasauckuil nayunoiii
yeump Poccuiickou akademuu HAyK»

Lenpro nmaHHOW pabOTHI SABISETCS TONYYCHHE MaTeMaTHYeCKOH MOJeln
mporiecca HECTallMOHAPHOW COpOLMH, YUYHUTHIBAIOIIEH MPOCTPAHCTBEHHYIO
HEPaBHOBECHOCTh KOHIEHTPALlMM MHUKPOKOMIIOHeHTa B (ase copbeHta. B
paboTre wHCHOIB30BaHA CHCTEMa YPaBHEHUII B YACTHBIX IPOM3BOIHBIX
OIHCHIBAIONIAs TPOIleCC HECTAIMOHAPHOW TWHAMHYECKOH copOmmu. JlaHHas
CHUCTEMa YpaBHEHUH CBeJeHa K OJHOMY YPaBHEHHIO CTapIlero mnopsaka
OTHOCHTEIHHO (DYHKITUHM KOHIIEHTPAIM! MUKPOKOMIIOHEHTA B (a3ze copOeHTa.
BriBeneHnoe ypaBHeHHME ObUIO TNPHBENCHO K KaHOHMYECKOH (opme,
HO3BOH$IIOHIGI‘/'I IMPUMCHATL U3BCCTHBIC W3 JIUTCPATYypPbl YaCTHBIC PCHICHUA.
HpCILCTaBJ'IeHO YpaBHCHUEC B YaCTHBIX IIPOU3BOJAHLIX BTOPOr'o IIOpsAJKa,
ONMCHIBAIOIIEE  IpOLECC  COPOLMM  OTHOCHTENBHO  KOHIEHTpAaLMH
MHUKpPOKOMIIOHEHTa B (a3e copOeHTta. [lomydeHO uacTHOe pemieHHs IS
CHUCTEMBI ypaBHEHUI HECTAallMOHAPHOU JIUHAMHUYECKOU copOruu.
MaremaTnyeckass MOJAEIb pPEaM30BaHAa B BHIAE IMPOrpaMMHOIO koja. B
pe3yibpTaTe MaTeMaTH4ecKOr0 MOZEIMPOBAaHUS BBIABICHBI 3aBUCHMOCTH
BIUSHUS TIOPUCTOCTH COpOEHTa Ha MPOCTPAHCTBEHHOE pAaCIpeleeHre
KOHIIEHTPAIllMM MHKPOKOMIIOHEHTa, Kak B TBEpIOW (ase copOeHTa, Tak U B
XKUIKOM (ase pactBopa. IIpoBenmeHo comocTaBlieHHE CTATHYECKOIO U
JUHAMUYECKOTO PELICHUM YpaBHEHUI MATEMAaTHYECKONW MoJenu. BhIsSBiIEHO,
YTO YBCIMYCHHUE TIOPUCTOCTHU MNPUBOIUT K I/IHTeHCI/I(bI/IKaIII/II/I mpounecca
BBILEJIAYNBAHIS] MUKPOKOMITOHEHTA U3 (a3bl COpOeHTa.

Knwouesvie cnosa: mnozogasnsie cpedvi, MamemMamuyeckoe Mooeauposanue,
OuHamuyeckas copoyusl, MacconepeHoc.

DOI 10.26456/vichem2019.4.3

Ha  naHHBIE MOMEHT OJHMM M3  aKTyaJlbHBIX  BOIIPOCOB
MaTeMaTUYeCKOro MOJEIIUPOBAHUS SIBISETCS ONHCAHME HECTAalMOHAPHBIX
MPOLIECCOB MAaCCONEPEHOCa B HEOJHOPOAHBIX cpenax [1-8], B uwacTHOCTH
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TaKUM TPOIIECCOM SIBIISIETCS COPOIMS. WuTtepec k TeopeTHUECKOMY
UCCIIEIOBAHUIO  TIpollecca COpOIUU  BBI3BAH  PSJIOM  MPAKTUYECKUX
npunoxenui [8-16]. Pa3paboTke TeopeTHueckux Mojaeneld COpPOIMOHHBIX
IIPOLIECCOB MOCBSIIEHBI PabOThl, KaK C MO3ULHUU OOIICH TEOPUH TUHAMUKU
MHOro(a3HbIX CIUIOMHBIX cped [1], Tak ¥ C MNO3ULMM TNPUKIAJTHBIX
uccinenoanuii [2,8].  CoBpeMEHHBbIE METOJIbl AHAIUTHYECKOM XHMHH,
HaIpaBJICHHBbIE HA BBISBJICHUE COJIEP)KaHUS B OKpYXKarouleil cpeae (mouse u
JIOHHBIX OTJIOKEHUSIX) TOKCUYHBIX 3JIEMEHTOB IPE/IIOIaraloT HempephIBHYIO
MoJIa4yy BO BBIPAXKAIOLICIOCS CIUPAIbHYIO KOJOHKY MOTOKA KUAKOCTH [8].
s onTUMU3aLMU [IPOLIECCOB M3BIEYEHUS 3JIEMEHTOB BO Bpallarollencs
CHHMPAIBHON KOJIOHKE HE00X0[MMa pa3paboTKa TEOPETHUECKOW METOAO0IOTUN
MOJICJIMPOBAaHUS ~ MAacCOIEpeHoca B IPOLECCE  HECTallMOHAPHOI'O
BBHIINICTIAYMBAHUS C TIOJBIDKHBIM IOTOKOM OJyfoeHTa. B paborte [§]
IpeJICTaBICHa CUCTEMa YpaBHEHMH IMHAMHUKH COPOLMOHHOIO IIpolecca B
nByxda3Hoi cpexae. st ynpouieHus pemeHns ypaBHeHUH MaTeMaTHYeCKOn
Mojieu B pabote [8] OBUIO cHeaHO MPEIIOJIOKEHHE, YTO KOHIICHTPALUS
MHUKPOKOMITIOHEHTa B (haze copOeHTa sBiseTcsl (PyHKUIUEH HCKIIIOYUTEIHHO
BPEMEHHOM ITIEPEMEHHOMN U HE 3aBUCUT OT IIPOCTPAHCTBEHHON KOOPAMHATHI X.
B nmannHoit paboTre paccMmarpuBaeTCs TOJIHAs CHUCTEMa YpaBHEHUH,
npejAcTaBieHHass B pabore [§] € yu€roM  HEpaBHOMEPHOTO
IIPOCTPAHCTBEHHOT'O PACIpENEICHHs] KOHLIEHTPAllMM MHMKPOKOMIIOHEHTa B
¢aze oOpasma, mpemIoKeHa METOJUKA IPHUBEICHHS CHCTEMbl YpaBHEHUIA
COpOLMM K OTHOMY JIMHEHHOMY YPaBHEHMIO CTapILIEro Mopsjaka, UMEuemMy
TOYHble 4YacTHble penieHus. CucreMa ypaBHEHUH HECTAllMOHAPHOTO
mporecca copOIuy UMEET BH/I:

F ac(xt) +gac(x,t) . da(x.t) _ 0
OX ot ot (1)
da(x,t)

=k[c(xt)—f(a(xt))]

f(c)=dc,f*(a)=ald

)
3)

3nech a(X,t) - KOHIEHTpausi MUKPOKOMIIOHEHTa B (aze copbOenra; C(X,t) -
KOHLIEHTpPAaLlMs MHUKPOKOMIIOHEHTa B TMOJABWXHOW dasze, F-ckopocts
HPOKaYMBaHUs MOIBIKHON (a3bl, K-koadduirienT BHemHeanHY3HOHHOTO
MaccomnepeHoca MHKPOKOMITOHEHTA, d-oTHOIICHHE PaBHOBECHBIX
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KOHIICHTPAIlUd MUKPOKOMIIOHEHT; €-00111asi TOPUCTOCTh COpOeHTa, (DYHKITUS

f - uzorepma cop6umu [8].

Cucrema ypaBHenuii (1) -(2) monosHseTcs rpaHUYHBIMU YCIOBHIMU (4)
c(0,0)=c,,c(L,0)=c,,a(0,0)=a,,a(L,0)=a,, (4)

3nech L—mmna kononku. M3 cucremsbl ypaBHeHuid (1) -(2) ¢ momomipro

u30TepMbl  copOruu (3) MOKHO BbIpasuTh (yHKIMIO C (X, t) yepes

byuknuio a (X, t)

1 oa(x,t) 1

k ot d

C nomouisto ypaBHeHus (5) npeoOpasyem cucremy ypaBHeHui (1)-(2) x Bugy

(6):

c(x,t) = a 5)

2 2
F &%a(xt) L €0 a(z,t) +Eaa(x,t) +(£+1j da(x.t) 0 ©
k otox kot d ox d ot
I'me koadduLMeHT MpU MPOU3BOAHBIX OT (PYHKIIMH BBIPAXKAIOTCS B BUJEC

(7):

F F
al=?,a2=s,a3=a,a4=(§+lj (7)

Takum o00pa3zoM Imojy4aeM YpaBHCHHE BTOPOTO IOPSAKA OTHOCHTEIBHO
KOHIICHTPALlM! MUKPOKOMIIOHEHTa B (haze copOenTa (8):
o%a(x,t o%a(x,t oa(x,t oa(x,t
L Ta0) | Falxt) | daxt) | a(x)
Otox ot OX

Tak kak XapaKTCPUCTHYCCKOC BbIPAKCHUEC [JISI OAHHOTO YPAaBHCHUA B

-0 (8)

YaCTHBIX MPOU3BOJHBIX UmeeT BuI: 0.25- ((12)2-(11‘0>0, TO, CJIEI0BATENLHO,
ypaBHEHHWE OTHOCUTCS K YypaBHEHHUSM rumepbonnueckoro Ttumna. s
MIPUBEICHUS K KaHOHUYEeCKOMY BUAY pemnaetcs ypaBHenue (9) [18,19]:

—aydtdx + o, (dx)* =0 (9)
dx (—eydt + a,dx) =0 (9

Takum 00pa3oM mosyyaem CIeIyIOUIyI0 3aMeHY KOOpAMHAT: E=X, nN=o1t-o2X.
JU1st 4aCTHBIX IPOU3BOJIHBIX B HOBBIX KOOPAMHATAX MOJIYYaeM BBIPAKECHUS:
a_cadi caon_ca_,a o
OX 0&ox oOnox o0& on
0a_caos oadn_ ca

o oot onat ton
2 2
o’a a( @j@_g+i(aaaja_n:azaa 12)

(11)

o oe\Mon)at Ton\Mon)at T “ o
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Oa_0(oa_ oalos o da\on o%a o%a
—a,— —a,— = —— - —,

atox  oc\oe Con)at an ag 2on ot tonos on

[ToacranoBkoit Beipakenuii (10) -(13) B ypaBHeHue (8) mosrydaemM ypaBHECHHE
OTHOCHTEJIBHO HOBBIX ITEPEMEHHBIX

(13)

2 2
azlé_a+( 2 2 )6—a+a3@+(a4al—a3a2)a—a=0 (14)
onoé on

b= azpﬂz =, = (0!4051 - 0%“2) (15)
C yuérom (15) ypaBuenue (14) umeer Bua (16), yto siBIsieTCA TEPBOI
KaHOHUYeCKoU (hopMoit I[JISI runepbonndeckoro ypasuenus [18,19]:

oa oa

—=0 (16

ﬂlaag /3’25 /33877 (16)

Jlanee ocyiiecTBiseTCsl 3aMeHa MEpeMeHHbIX: §1=E+m, M1=&-1. B HOBBIX

MNEPEMCHHBIX YaCTHBIC ITPOU3BOJHLIC 6y,I[YT HUMCTBb BHU:

oa _ da o0& L0 oa 8771 oa +6_a’ (17)
oc 0g 0 om oé  0& om,
oa _ oa 651 oa 6771 oda oJa (18)
on o0& oy om on & om

2 2 2
o’a a(anr_aJ%Jr_(a_aJrananlzai_aaz, (19)
ogon 8‘;:1 o& On)on oOm\0g On )on 05" On

oa
-pB;)—=0 20
,Bl é:l 131 7+ (B + 133)85l (5, ﬁs) on, (20)
(ﬂ2+ﬂ3)/ﬂ1172 (B=B)! B, (21)

Hcnons3ys Koaq)(bnuneHTbl (21) nmomyyaem BTOPYIO KaHOHMYECKYIO (QOpMy
rUnepOoINYecKOro ypaBHEHUs:

‘a_da  oa  ca
o&' on? Tog "Com
Pa, fa_Oa_ da
05! "og on® TCom,
Janee nns npeoOpazoBaHusi ypaBHeHMsI (22°) k runepObonnyeckomMy

YpPaBHCHHIO 0e3 YyacTHBIX IMPONU3BOAHBIX IIECPBOTO MOPAAKAa OCYHICCTBIACTCA
3aMeHa nepeMeHHbIx (23) [17]:

3(511771) =€exp (1

=0 (22

(22)
2 5](5 ) (23)

272771 27/11 P\
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[Tocne mpumeneHus: mpeoOpa3zoBaHus HCKOMOW (GyHKIMU (23) ypaBHEHHE
(22) cBoautes k ypaBHenuto Kieitna-I'opaona [17]:

o O (l , 1 2]

— = +| =yt == 24

aglz 67712 4]/1 4}/2 ¢ ( )
B JaHHOM ypaBHEHHH BBINOIHSETCS CIELYIOIIEE COOTHOIIECHUE v22 %1
<0 Tak kak u3 (21) cnenyer:

(By=B) = (B, + B.) = -4B,B, = 40,0, — ety ) = —45—5(%j = —45—: <0

U3 monorpaduu [17] U3BEeCTHO, YTO IPH BHIIONHEHHH YCIoBHi y22 —y%1 <0,
JUIs ypaBHEHUs TUNa (24) 4acTHOE PEIIEHNE MOKET UMETh BUJIL:

a(‘fl’ﬂl) = exp((%%ﬂl _%71§1J_%\/7/21 _7/22)(A771 + B) (29)

HpI/I MOCJIEIOBaTEIIbHOM 3aMeHEe KOOpAMWHAT I10J1y4acM:

o(cn) e (e n) (e e 102 me) @)

a(xt) =exp£x(é—§—%+ kZF_ng gjﬂ(%\/z:—gn(A(g:k x+t(§D+ BJ (29"

U3 (29) u ypaBuenus (5) ciemyer QopMyna Ul YacTHOTO pELICHHS
pacripeieieHus1 KOHIIEHTPAIl MUKPOKOMIIOHEHTa B (a3e pactBopa (30):

ek F k?’—ek [k k [k k e+k ) k [k k e+k
C(X,t)zexp[x(ﬁ—F+ = EJ_‘—t(E E—EJ][AX[( 2 )(E\/g—aj+( kd \JJ-F
+A{(ij[£ﬁ_kj_£]+B[Aﬁ_zj_/*_fﬁ )
K F\Nd d) kd FNd d) k° d

Koncrantel A u B omnpenernsiThCsl UCXOJs W3 HAYalbHBIX M TPAHUYIHBIX
ycnoBuit  (4). Jlns peanu3anuu  aHaTUTHYECKOTO PEUICHHS CHCTEMBI
ypaBHEHUH auHamudeckoil copobuuu (29°7)-(30) O6pin pazpaboTaH aJropuTM
Ha sI3bIKE IporpamMMupoBanus Fortran.

B pacuérax mpenmonaraaoch, 4TO CKOPOCTh NPOTEKaHHUs SIIOEHTA
yepe3 kosouky F=100 mi/muH, mopucrocth copberra £€=0.95, k= 0.005, d=
0.01, L=0.1 ™M, a1= 1 r/kr, a=0. U3 pucynka 1 cienyer, 4ro mpouecc
BBITECHEHUS MUKPOKOMIIOHEHTA U3 (ha3bl COPOEHTA, TSl TOUKU HaXOsIIecs
MeXIy KOHIIaMH TpPyOKH, MpOTeKaeT B ABa dTama. [lepBbIil 3Tam — pocT
KOHIIEHTPAllMd ~ MUKPOKOMITOHEHTA, BBI3BAaHHBIH  JBM)KCHHEM  MAacCChI

MUKPOKOMIIOHEHTa W3 OJHOr0 KOHIIa TpyOku B japyroi. Btopoit stam-
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yYMEHbIIIEHHE KOHLIEHTpPALIUH, BBI3BaHHOE MaccoIepeHOCcoOM
MUKPOKOMITIOHEHTA U3 TPYOKHU.

a MI/KT
2504

200+
1504
1004

50

0

100200 300 400 500 600 £

Puc.1. BpemeHHas 3aBHCHMOCTD KOHIICHTPAIIMM MHKPOKOMIIOHEHTA B (Daze
copbenra B Touke X=0.01 M

JJ1s IpOCTPaHCTBEHHOTO PACIIPE/ICIICHUST KOHIICHTPAIIMH MUKPOKOMITOHEHTA
B ¢aze pacTBopa MOXHO HaOIIOJaTh POCT KOHIEHTpAIMU B HAIpaBICHUU
UCTEUYCHHUS TIOTOKA JJTFOCHTA —pHC.2,a.

¢ MI/KT
46.5 1
46.0
45.54
45.0
4451
44.0
43.54
43.0 T T T T T
0.02 0.04 0.06 0.08 0.10 X,M
a
a MI/Kr
0.20 1
0.154
0.10 T T T T T
0.02 0.04 0.06 0.08 0.10
0 X,M

Puc.2. IlpocTpaHcTBEHHOE pacpe/eeHIe KOHIICHTPAITUN
MHUKPOKOMITOHEHTA B JKUAKOH (aze — prc.2,a; KOHIICHTPAIIMH MUKPOKOMITOHEHTA B
¢aze copbenra — puc.2,0.
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ComocTaBieHHEe CTaTHYECKOTO (HE3aBHUCSIIEr0 OT MPOCTPAHCTBEHHOMU
KOOpJMHATHI) M JHHAMUYECKOTO pEIICHUH YypaBHEHUH copOImH JUis
KOHIICHTPALMU MUKPOKOMITOHEHTa B (pase copOCHTa MOKa3bIBaeT, uTo B (hase
copOeHTa MPOUCXOIWT YMEHBIICHHE KOHIICHTPAIlMM MUKPOKOMIIOHEHTa Ha
MPOTSDKEHUH JIJTUHBI COPOLIMOHHOM KOJIOHKH —puc.2,0. [Ipu 3TOM 3HaYeHUs
KOHIICHTPALIMU MUKPOKOMIIOHEHTA TIPU YBEJIIMYCHUU ITOPUCTOCTH MaTepralia
copOeHTa yMmeHbIIaeTcss B ¢a3e copOeHra-puc.3,a U Bo3pactaeT B (ase
anroeHTa —puc.3 0.

¢, MI/KT —_— =095
4651 - =075

e=0.5

46.04

45.54

45.04

4454

44.0

43.54

43.0 T T T T T
0 2 4 6 8 10

0.16

0.14 4

0.12 4

Puc.3. IIpoctpaHCcTBEHHOE pacipe/ie/ieHie KOHIIEHTPAIMA MUKPOKOMIIOHEHTA B
XKuIKo# daze- puc.3,a; KOHICHTpPAIMU MUKPOKOMITOHEHTA B (ha3e copOeHTa-
puc.3,0.

BeiBoabl. B nmaHHO# paboTe cucreMa ypaBHEHUH, B YaCTHBIX
MIPOU3BOIHBIX, OMUCHIBAOIIAS TPOIIECC TUHAMUYECKONW COpPOIMU CBEJCHA K
YPAaBHEHHUIO CTapIlIero TMOpsSAKa OTHOCHTENIHHO (YHKIUU KOHIIEHTPAIUH
MUKPOKOMIIOHEHTa B (paze copOeHTa, MOJIYYEHHOE YpaBHEHHE METOI0M
3aMEHbl KOOpAWHAT OBUIO cBeleHO K ypaBHeHuto Kueitna-I'opaoHa,
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HMCIOIIEMY TOYHBIC YAaCTHBIC PCHICHUA M3BCCTHBIC U3 JIUTCPATYPHI. Taxkum
00pa3oM, MOJYYCHO aHAJIUTHYECKOE pEIICHUE JUIsi CHCTEMbl YpaBHEHHI
copouMM C  NPOCTPAaHCTBEHHO  HEPaBHOMEPHBIM  pacIpelesieHueM
KOHIICHTPAllM MHKPOKOMIIOHEHTa B (aze copOeHTa. AHaIUTHYECKOE
pelieHue ObUIO pealu30BaHO B BUJAC KOMIbIHOTEpHOW mporpamMmbl. C
HOMOILBI0 KOMITBIOTEPHOI peau3alul MaTeMaTHYeCKOH MOJean ObLIO
VICCJIC/IOBAHO BIIMSHUE TTOPHCTOCTU COPOEHTa Ha MPOLECC BBIIEIauNBAHUSL.
B paboTe mpoBeneHO CONOCTaBICHHWE pEIICHHH C ydeToM M 0e3 yuera
HPOCTPAHCTBEHHOH HEPAaBHOMEPHOCTU KOHIICHTPAI[MM MHKPOKOMIIOHEHTA B
¢aze copOenra. B pesynprare pacu€ToB OBUIO YCTaHOBJIEHO, 4YTO B
NOJBIKHOM  (ase  pacTBopa  KOHICHTpalUsi  MHUKPOKOMIIOHEHTa
YBEJIMYMBACTCS B HAIPABJICHUH TCYCHHS MOTOKA )KUAKOCTH. BBIsSBICHO, 4TO
Opyd  BO3pacTaHMM TIOPUCTOCTH  Marepuana COpOCHTa, IMPOMCXOIMT
yBEIMYCHHE KOHLCHTPAlMM MHKPOKOMIIOHEHTa B (aze pacTtBopa H
YMEHBIICHNE KOHLIEHTPAIIM MUKPOKOMITIOHEHTA B (pa3e copOeHTa.
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MATHEMATICAL MODEL OF NON-STATIONARY

SORPTION IN A TWO-PHASE MEDIUM TAKING INTO ACCOUNT
THE SPATIAL UNEQUALITY OF THE DISTRIBUTION OF THE
MICROCOMPONENT CONCENTRATION DISTRIBUTION IN HE

SORBENT PHASE
Tukmakov D.A.

FIC KazanSC of RAS,
IME FIC KazSC RAS

The aim of this work is to obtain a mathematical model of the process of non-
stationary sorption, taking into account the spatial nonequilibrium
concentration of the microcomponent in the sorbent phase. In the work, a
system of partial differential equations describing the process of non-
stationary dynamic sorption is used. This system of equations is reduced to
one higher order equation with respect to the concentration function of the
microcomponent in the sorbent phase. The resulting equation was reduced to
canonical form, allowing the use of particular solutions known from the
literature. A second-order partial differential equation is described that
describes the sorption process relative to the concentration of the
microcomponent in the sorbent phase. A particular solution is obtained for the
system of equations of non-stationary dynamic sorption. The mathematical
model is implemented in the form of program code. As a result of
mathematical modeling, the dependences of the influence of sorbent porosity
on the spatial distribution of the concentration of the microcomponent both in
the solid phase of the sorbent and in the liquid phase of the solution are
revealed. The static and dynamic solutions of the equations of the
mathematical model are compared. It was found that an increase in porosity
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leads to an intensification of the leaching of the microcomponent from the
sorbent phase.
Keywords: multiphase media, mathematical modeling, dynamic sorption,
mass transfer

006 aBTOpax:
TYKMAKOB JImutpuii AnexceeBud — KaHAWIAT (PH3UKO-MAaTEeMaTHYECKUX HAYK,
HAY4YHBIA COTPYIHUK, MHCTUTYT MEXaHMKH M MAIIUHOCTPOSHUS — 00O0COOJICHHOE
CTpYKTypHOe moppaszzaeneHue @DenepanbHOr0  MCCIEJOBAaTENBCKOTO — IIEHTpa

«Ka3zaHckuif ~ Hay4HBII ueHtp  Poccuiickoi — akageMuM — Hayk», -
mail:tukmakovDA@imm.knc.ru

[Moctynuna B penakuuro 13 oktadps 2019 r.

35



