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OBEPHEHI KOE®IIIIEHTHI 3AJTAYI KOMIIETUTUBHOI JN®VY3Ii B
HEOJHOPI/THNX CEPE/IOBUIIIAX HAHOIIOPNICTUX YACTUNHOK 3

BUKOPUCTAHHSAM I'PAJIECHTHNX METO/IIB

Posrnanaersesa obeprera koedimieHTHA 3a0a4a /1719 KOMIETUTUBHOI qudy3il B HEOTHODITHUX ce-
PeIOBUINAX HAHOIOPUCTUX YaCTUHOK. 3IiHCHEHO IIOCTAHOBKA Ta OOI'PYHTYBAHHAM IPSAMOI Ta CIIPs-
JKeHOT KpaoBHUX 33729 Ta TMOOYI0BAHO TX PO3B’a3KM omnepariiitnuM metogoM lesicaiina. Orpumano
sIBHI BUPA3U I'PaieHTiB (DYHKIIOHAJIB-HEB 130K isi ijeHTrdikaLii napamerpis HAHOIIOPUCTUX Ce-
peoBULL, 1IPU JIONOMO31 sIKUX BiiHOBJIEHO pO3uoiiau koedinientis qudysii aus intercrystallytes
Ta intracrystallytes mpocTopiB sk GyHKIH Big 9acy A7 Pi3HUX MOJTOKEHb YACTUHOK B CEPEIOBHU-
111i. 3MOJETHOBAHO PO3IIOILTH KOHIIEHTPAITiil 1BOX AudyHIOBAHNX KOMIIOHEHTIB B JOC/Ii I7KyBaHOMY
HAHOCEPETOBUIITL

Inverse problem for coefficients finding of competitive diffusion in heterogeneous media of
nanoporous particles has been considered. Formulation and justification of direct and conjugate
boundary problems has been provided. The solutions of boundary problems has been build taki-
ng advantage of Heaviside’s methods . Explicit expressions for gradients functional residuals has
been obtained to identify the parameters of nanoporous media in form of diffusion coefficients for
intercrystallytes and intracrystallytes spaces as functions of time for different modes of particles
along the catalyst layer. Distributions of concentrations for two defunded components in studied
sample of nanoporous media has been visualized.

Beryn

BacTocyBaHHS MAaTEeMATHYHOTO MOJIETIOBAHHS
JIO TOCTIIZKEeHHS MPOIEeCiB MAacoIepeHocy B Ha-
HOTIOPUCTUX CEPEJIOBUIIAX TOJATAE HE TiTh-
KA B CKJIAIHOCTI HOOYI0BU aJIEKBATHUX MaTe-
MaTHYHUX MoJeseil, a #i B 3amaHHl iX mapa-
merpie [1-10]. Panime B npamgax [11, 19-21]
po3TJIsijlaancs NuTaHus igenTudikarii mapa-
MeTPiB 3aJa9 MacOIepeHoCy B HAHOMOPUCTUX
cepeJIOBUIIAX TPH BiJOMHUX PO3MOIiJIaX MacC pe-
YOBUHM B TBepiit i razomomionoi dazax. B
CUJIY CKJIQTHOCTI eKCIEePUMEHTATHHOTO MOJTi-
JIy TUX XapaKTePHUCTHK, JOMLIFHO BUKOPUCTO-
ByBaTu e(peKTUBHI OOUHUCTIOBAIBHI ATTOPUTMHE
imenTudikarii mapaMeTpiB NIpH BIIOMHX Cy-
MapHUX Macax JIs MeBHUX HANPAMKIB 30HTY-
BaHHYA JIOCJTIIKYBAHUX CEPEJIOBUIIN, 3 BUKOPH-
CTAHHSIM BUCOKOIIBUJIKICHUX AQHAJITHIYHUX Me-
TOJIB 3 ypaxXyBaHHAM KOMILJIEKCY HalCyTTERI-
MUX YAHHWUKIB. Y Il mpali po3risaaaioThes
MATAHHS CTBOPEHHS BUCOKOMPOIYKTUBHUX Me-
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TOIB imeHTH]IKAIIT MIIIXOM TOOYI0BH MAJIO-
BUTPATHUX AHATITHYHUX PO3B’I3KiB MPIMUX 1
CIpsIZKeHUX 3aJa4 1 OTpUMaHHA Ha 1X OCHO-
Bl SBHUX BHPa3iB I'Pai€HTIB (DYHKIIOHATIIB-
HEB’SI3KM J1J14 ieHTudikalii napamMeTpis nepe-
HOCY B HAHOTIOPMCTUX CePeJIOBUINAX TPHU BiJIO-
MWUX CYMapHUX PO3MOIiIaX Mach B TBep/ii i
ra3omnomioHoi ¢azax agcopboOBAHUX PEUOBHH.

MaTtemaTuuyHa MOJeJIb CHUCTEMM KOMIIEe-
TUTHUBHOTO TEPEHOCY B HEOAHOPiIHOMY
cepeaoBUIITi

Posrnganaernca ckimagunii KOMIETUTUBHAN Ma-
COTIEPEHOC JIBOX KOMIOHEHT, MO AU(YHIYIOThH
MizK cOD00 B HEOTHOPITHOMY CepeIOBHII ce-
PUYHUX YACTHHOK MIiKPO- Ta HAHOTOPHUCTOT
cTpykTypu. udy3sisg po3risigaeThes npu 1mbo-
My $IK Ha MakpopiBHI (B MiKYaCTHHKOBOMY
npocTopi, interparticle space), Tak i Ha MiKpo-
piBHi (B IpocTOPi MIKpO- Ta HAHONOPIB cdhepu-
YHUX YACTHHOK, intraparticle space).
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MaremarudHa Moje/ib TAKOI'O I[EePeHOCY 3
VpaxXyBaHHSIM BKa3aHUX (DI3MYHUX YMHHUKIB
ommcaHa y BUTJISII 3MIMMaHOl KpailoBoi 3a/1a-
ai. B obmacrax Qg = (0,7) x Q,Q, =
lk_l,lk7k3 =1n+ ]_,l() =0<lh<..< ln—i—l =
| < oo kounenrtpanii Uy, (t, z),Us, (t, 2), 3 ypa-
xyBaHHsM [3, 6, 7| 3a70BOJIbHSIOTH cHCTEM]
PiBHSIHBb B YACTWHHUX TTOX1THUX

Sl -
0

v Dinteruk Dinterlzk 2 Ulk .
(92 Dinterglk

Dinterggk 8z U2k
lg Dintrank Dintralzk (hk <t7 r, Z)
R (97’ Dintraglk Dintrazzk Q2k <t7 T, Z) r=R

(1)
e R << mkin (lg — lg—1) ,R - paziyc cde-
PUYHUX MIKPOIOPUCTUX YACTUHOK BiIIMOBiI-
ol obsracti (2. Jlns koxkHOI mopucToi wi-
KpovyacTuHku pajgiycy R 3 mentpom B TO-
i z € Q npu t € (0,7) xouumenrpamnii
q, (t,7,2) ,q0, (t, 7, 2) nudyHIOBAHOI TBOKOM-
MOHEHTHOI CYMITT cTipaBejinBa CUCTEMa PiB-
HAHB auy3ii

2 Q1k (ta r, Z) —

at QQk (ta r, Z)
lg Dintrau]C Dintralg,C 7‘22 q1,, (2)
7’2 a?ﬂ Dintraglk Dintraggk 87“ QQk

[TouarkoBi ymoBH

[Z;:E: =o)L=
€ (0,R), (3)

z€Q,k=1,n+1.
KpaiioBi yMOBH 1O TPOCTOPOBi#t 3MiHHIN 7

_ %
A= [QQ]
2 Dintmu]C Dintralgk Q1k ) ,Z>
87" Dintrazlk Dintrazgk Q2k ) 72) -0
a1, (ta r, Z) Ulm (tv z
q2,, (t, T, Z) =R 0 kg UQm (t, z

2€Qum=1n+1t¢(
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(4)

Jie Ipyra yMOBa € YMOBOIO PiBHOBAru.
Kpaiioni Ta inTepdeiicHl yMOBH MizK TOHKH-
MH TapaMd MiKPOMOPUCTHX YaCTHHOK, MO KO-

opmunati (2) mua U = lgl]:
2

g Dintelrll1 Dinterlgl U11 (tv Z) =0
aZ Dintemll DinteI“QQl U21 (tv Z) 2=0 ’

i) =) e,

(5)

(U, (t,2) = U,

Sk+1

9(p O (1,2)
9~ inter Uzk (t> Z) 2=l

5 Us,., (t,2)
- 2(p e -
9n ( inter 11 |:U2k+1 (ta Z) 2=l ’
k=Tn+1te(0,T),

(t,z)] |Z:lk =0,s=1,2

(6)

Dinter11 Dinter12
e Dipier . = k k
inter i '

Dinter21k inter22k
Cucrema (1) ommcye 3oBmimmmiit (BigHoCHO
YACTUHOK ) KOMIETUTUBHUIT MACOTIEPEHOC 3 TI0-
TOYHIMU KOHLeHTpauiamn k-ro mapy U, ,Us,
B interpartical space, gimiroBanuii cucremu
BILTUBY Ha TOBEPXHAX CHEPUIHUX UYACTUHOK
paziyca R. Cucrema (2) ommncye BHyTpinmHiii
MaCOTIePEHOC 3 MOTOYHUMU KOHIIEHTPAIIAMY B
MIKpO- it HaHOTOpax /i1 K-TO mapy intraparti-
cle space qi,,q2,. 3B’A30K MiK KOHIIEHTpAILis-
mu 17151 k-ro mapy Uy, ,Us, Ta ¢, ,q2, Bu3HaUa-
€ThCS KPaOBUMHU YMOBaMH aICOPOIIiHOI piB-
HOBATHU HAa MOBEPXHi chepUIHNX TaCTHHOK (4).
Tyt Dy ta Dipgre, - MaTpumi KoedirmieH-
TiB 1uy3il B mpocTopax interpartical space ta
intraparticle space, IO B 3arajJbHOMY BUMA/I-
y € (byHKL[iHMI/I BiJl TOTOYHWX KOHIIEHTPAIii
Ujp:@j,:J = 1,2.
BBa}KaeTbCH mo Koedimientn audysii
Dinters Dintra  3amaui (1)-(6) € HeBimommmu.
Onnak Ha moBepxXHAX obmacteil vy C i,k =
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1,n 4+ 1, HeomHOpiZHOTO CcepegOBUINA BigoMi
cJIiim po3B’s3KiB (KOHIeHTpaIliii):

[Usk (t,2) + qs (t, Z)],Yk = M, (t, Z)"Yk

SZE,%k € Q,

(7)

R
ae s, (L R/2,2) = + [qs, (t,r,2)rdr e yce-
0

pe/iHeHe 3HAYEHHs] KOHIEHTpamil s-1 audyH-
JIOBAHOT KOMIIOHEHTH PEYOBUHU B MIKPOIOPax
YACTUHKH, 30CepeizKeHol B Touni r = R/2
Ji1st k—To mapy MiKpOIMOPUCTHX YaCTHHOK, k =
1,n+ 1.

Takum uunOM, OTpuMyeMO 3amady (1)-
(7), mo moasirae B 3HAXOIKeHHI bYHKII
Dintrasp,k S DaDintersp,k’ S D7 e D =
{V (t, 2) :1/|QkT € C (), v > O}

@yukmionas-ues’si3ky [14,22|, mo Busna-
Ya€ BEJIMYUHY BiIXUJIEHHS TIIYKAHOTO PO3B’SI3-
Ky BiJ #l0oTO CJiiB, OTPUMAHUX €MIipUIHUM
MJIIXOM Ha TIOBEPXHSX Yk, 3AMUIIEMO Y BUTJIsI-
i

Js (Dinterspa Dintrasp> -
n+1

‘Z/” (7,2) + Qo (1, 2) — My, (£, 2)|2, dr

k=17

’YkEQk,mzl,N (8)

Ae ||90||i2(7k) = fsﬁzd% - KBaJIpaT HOpMHU. B

Yk
sanowy sumaey ol ) = lo (6 2)]_, .

TTo6ynoBa po3s’s3ky 3axaqi (1)-(6)

BHyTpPIIIHBOYACTUHKOBU MaCOIIEPEHOC.
B nmpunymenni, mo 3aaani Ta mykaHi yHKIIIT
e opurinanamu 3a JlammacoMm ¢TOCOBHO t, 30-
opazkeni 3a Jlammacom [17] mna qlk (p,r, z) =
Llg) =[5 @i, (t,r,2)e7Pdt,i = 1,2, Buko-
pucroByioun saminy ¢, = R -7~ - Q; Ta 380-
JIAYUM 33249y BHYTPIIIHBO-4ACTUHKOBOIO IIepe-
HOCY 110 cucteMu JudpepeHItiaTbHIuX PIBHSIHD

2
Dintrallk% —Dp Dintra12k 1 |:Q1k:| =0

@3,

Dint ra2ly Dlnt ra22g g2 dr

158

3 KpailoBumu ymoBaMu

1L/ d ., .
Dintraslk [ﬁ <TaQ1k - Qlk):| 0

1 d ., .
- DintTas2k |:ﬁ (r%QQk - Q2k>:| - = Oa
Que (0,7, 2)|,y = ki - Ug, (p,2)  (10)

Bceranosmoorhest  ymMoBH  T1apabo/1iaHOCTI
cucremu 3a IlerpoBebkuM (Ding ra11, Dint ra22, —
DintraleDintraﬂk > 0) [15]

Ob6Mmeskennii po3p’a30ok 3amadi (9)-(10) ma
[0, R] oTpuMy€eMO y BULJISIIL:

*
Qlk (pv T, Z) -
Ellrit TaEng ra shw \/57'
k k —
‘A}c‘“ re shwi, /pR ki U*
EY T ER shas, /pr Le ™1,
Aik"t ra sh w2, /PR |
Eint raE'mt ra M
. 11, Shwlk\/ﬁR ]f (11)
Aintra _ shwa, /pr 2k 2k’
k sh w2y VPR ]
* .
sz (pa Ty Z) -
Eint ra Elnt ra Shwl—k\/ﬁr _
21 shwi, /PR L *
Aintra shwa, /pr 1™~ 1
k sh w2y, VPR
EllgtkTaEmt Ta sh wlk \/Z—)T
Alnt ra Sh w1 \/ﬁR *
— k k
B EiritkraEmt ra Sthk \/ﬁT‘ ka UQk Y (12)
Amt ra Sh ka \/ﬁR

3 y3araJbHEHOI0 TEOPEeMOI0 PO PO3BUHEH-
Hdg l'eBicaiiga 3HAXOIMMO OPUTiHAJIH PO3IOIi-
. _ R 79
niB g, = +Qj,,7 = 1,2 [17, 18]

qiy (ta T, Z) =
t Eint 'ra,Eint ra
11 22
b — Oy (t — 7, 7)
Emtk'raEmt ra X
12,
Doy (t — T, 7)

0 - Alnt ra

Aint ra

R
klkUl (T, Z)dT?

t Elnt ra Elnt ra
HZ}CT(DU@@ —7,7)
- Ellrit raEiQrét ra X
——W@2k(t —7,7)
R
(9) kang (T, Z))d’?'? (13)
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qQk (t7 T, Z) =
t Eigt ra Elnt ra
Zlnt ra ®1k<t - 7—7 T)
EllgtkTaEmt ra X
k
0 - Amt ra ¢2k‘(t -7, T)

k1, U1 (T, Z)d’T%

¢ Emt ra,Emt ra

%W‘hk(t - T, 7’)
- EiritkraEmt ra X
s —quk(t—ﬂ'f’)
R
kaUQk (T, Z))d’?'?

Tyr @, (,2)- komuonenrn Gynxmiit Bim-
By KOHIICHTpAIil MIi?KYaCTHHKOBOTO IPOCTO-
py Uj, (t, z) Ha BHyTPINIHBOIACTHHKOBHI TIepe-
HOC; 31 5, - KODeHi XapaKTepHCTHIHOTO MHOTO-
9JIeHA MATPUILl CHCTEMU:

(l)in‘crallkl)inthQ;C - Dintra12kDintra21k) ﬁ4
- (Dintrallk + Dintra22k)pﬁ2 + p2 =0 (14)
Ilpu Binomux 3anexuoctax Uj, (t,z) pos-

LHOJLIM KOHIeHTpaIliii B intraparticle space
¢;, (t,7, 2) crarorh BigoMuMu.

MaconmepeHoc B  Mi>KYaCTUHKOBO-
My mpocTtopi. Y 300pakeni 3a Jlamma-
com ana bynxuiii U (p,z) = LI[U;] =

fooo Uj, (t,z)e7Pdt;j = 1,2 omepayemo 3a-
Jady Tpo TOoOyI0oBY 0OMEXKEeHOTO B 00.JacTi
PO3B’sI3Ky CHCTeMH piBHSAHB [17]

Dy, L~
(p+hi, ) DiL —hiy, ()
D21k dz2 )
h3,, (p) D22k% - (p + h3y, (P ))

oit )=o) o

3 KpalloBUMU yMOBaMU:

0

Oz 1 U1*1 (pv Z) + D521 UQ*l (p’ 2)] -0 =0;

Us. (0:2)|._, = U (p); (16)

Ta CHCTEMOIO N- iHTepdeiCHIX yMOB
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ERCERIW

o (Dk [U:ﬂ ~ P [U**

BaraapbHuM po3B’si3koM cucremn (15) €

U; (p7 Z) = Asl (p) (Cll ch )\12 + 031 ch >\§1 Z)
U;k (p, Z) = Ask (p) (C’hC ch X{kz + OQkSh)\TkZ)
+ Ay, (Cs, ch s,z + CyyshA; 2), (18)

Tyr
A1, (p) = (Dag, his,.)

Ay, (p) = (an—Dz‘lk))\Tk (p+hiy, (p)—h3, ()
A )\Qk’)\3k7)\

1]€ Y
plBHHHHH

- D12)/\* (p + h22k

- KOpeHl XapaKTepUCTUIHOTO

(DllkDQQk - D12kD21k))\4
— ((D11,, + Doy, )p + by, (p))N* + hs, (p) =0,

Kpaiiosi Ta inrepdeiicai ymosn (16), (17)
JIAIOTH cucTeMy PiBHsSHb 4n + 2-10  1Opsiji-
Ky JITsi BU3HAYEHHsI HEBITOMHMX KOHCTAHT
0117031701k; Cgk,C:;k, C4k,]€ = 1,n + 1B (18)

BukopucroByoun miaxia mo10 BU3HAYEHHS
eJIeMeHTIB MaTpuili BIIHBY Kot Ta MeTo Ky
npaik [8, 18|, Bupasu jist 0GUnCIeHHST KOMITO-
HenTiB BekTop-bynKmiit U (p, 2) 3B0A4THCS 110
KJIACUYIHOTO BUTJISILY

23)-

TyT KOMIOHEHTH  MATpPHUIb  BIUIUBY
[H;‘jk( z)] - iepapxiunoi crpykrypu ozep-

JKYIOThCSI PEKYPEHTHUM CIIOCODOOM  TILISIXOM
00UNCIeHHS BU3HAUYHUKIB aJIrebpaidHol cucre-
mu, mobygoBanoi Ha ocHoBi ymoB (16)-(17).
3rigno metoanku onucanoi B [18,22|, 3aiiicuio-
€ThCd Tepexia 10 opuriHadiB 3a Jlammacow,
3aMIHOIO IHTerpaJly 1Mo KOHTYpy bpowmBiua
iHTETpaJIOM TIO ySBHIi Bici
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Hijk (t,2) = [H;k( )} =

/Re 5 (is, 2)e™] ds,

i,j=1,2;k=1n+1 (20)

3 BpaxyBaHHAM OJI€P:KAHUX TOJTOBHUX

po3B’sa3kiB 3amaui (15)-(17) ra dopmyn (20),

OTPUMYEMO €IMHUN PO3B'I30K IO OMUCYE
MAacoTepeHoC y MizK9YaCTUHKOBOMY TTPOCTOPI:

i) -

t
/ r‘[nk(t —7,2) Hyg, (t—
) Ho, (¢

-7, Z) 7'[22k (t -
Buknajene Buie jae mijgctaBu copmyTioBa-
TU HACTYILIHY TeopeMy.

T, 2) U, (1)

(21)

Teopema (mpo PO3B’SI3HICTHL HPAMOL

KpaiioBoi 3a/1a4i): AKIIO BUKOHYETHCSI yMOBa
OJTHO3HAYHOI PO3B’SI3HOCTI HEOTHOPIIHOT 3Mi-
manoi Kpaitoroi 3aj1a4i, 3a/1ani i mykKani ¢yn-
KIIii € opurinaaamu 3a Jlammacom, To po3B’si30K
3mimmanol Kpaitosoi 3agaqi (1)—(6) ichye i ean-
Huit Ta Bu3HavaeThes popmytamn (13) 1 (21).

IIpama 3amaua ¢yHKIIOHAIBHOL iIeHTH-
dikarrii

3 MEeTOIO ienTudikarii napameTpin
KOMTIeTUTUBHOT iyt (koedinienTin
Dintray,, Ding ersm) aK (YHKII Bij 9acy, BUKO-

PUCTOBYIOUM 00'€MHY 0a3y eKCIepuMeHTA b
Hux Jjanux  nomaposoro RNM-ckanyBanms
[3,6], posriasinemo TpauncdopMyBaHHS 3asadi
(1) - (6) vy Burmsigi cucremu N — 1 - kpaiio-
BuX 3aja4 imenrudikamii D, ,D.

int ras,, »*int ers,,, B

KOXKHIl Toumi Z Aad KOXKHOTO (hpparMeHra

Q,m =1, N +1 [3,9]:
acsnl (t’ Z) o Dint €Tsm 825”1
ot 2 972
Din ras 1 ONS 1
_eintermKsm : 2 - ( 8 - — _2 sm)
R \X 0x X et
160

T, @} | [Uh (7)} .

ON,,, (t,X,7) Dintra,, O*Ny, (23)
ot R 0X?
3 MOYaTKOBUMHU yMOBaM
Cs, (t=0,7)=0,
N, (t=0,X,7)=0,
X € (0,1),Z€Qum=1N+1, (24)

KpaﬁOBI/IMI/I YMOBaMU JJigd KO?KHOTO mM-T'0 MIapy

O (t.Z=Ly) =0

Sm?

Cs,, ,(t,Z=Lp1)=10,, _,, (25
Csl (t7 Ll) — 0817
aC,,
Z p— p—
aZ (t7 O) O?
s=1,2m=N+1,206,,. =1 (26)

KpaitoBi yMOBU /1711 OKpeMOl 9aCTUHKH

N, (t, X =0,2) =0,

N, (t,X =1,2)=C,, (t,72),
Ze€Q,m=1N+1 (27)
neA=L,—L,_ 1m=1,N+1,0,, - ekcue-

pumenTasibunii caig, Cs () Ha m-My cerven-
ti, Al = 0y — Oy, =1, N + 1.

€auanit poss’ask C,,, i N, npamoi 3a1a-
4i o0y toBanmii onepaniitaum metos ['eBicaiia
Ha OCHOBI TeOpeMW PO PO3KJIAJ B PsJi 300pa-
JKeHb 3a JlamnacoMm 3a KOpeHSAMU 3HAMEHHHUKA

17, 18].

|4 2T
AL Dlntrasm

R2 Dint ersm
INZE

Dmt rasm Bkn
R? t

(/BkNm)

Com (8, 2) =

0 X Wy (1, Z) exp (—

(]

27 R2 Dint eTrsm %
AL Dintra,,, AL?

Sm(n’ Z) eXp( Dlnt'ra;;;ﬁkn t)

—1)" Bz, sin (Ben,, ) O (Bin,,)

NE
N
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(29)

. 3 1 _ Ctg (ﬁknm) >
0= (einterm Sin2<6knm) ﬂknm ) * 2

1€ Brn, B, » M = 2,00- KOpeHi BiTlOBiIHUX
TPAHCIIEHIEHTHUX PIiBHSIHD:

3 AL2 Dinttrasl

2 _
s ﬁ -
7 1( ) einterl R2 Dinter51
€inter; ,2 ) 2n —1
Jnter 52 1) =
<3ﬁ fetg + N
3 AL?D;
2 — inttrasm
/ysm <ﬁ) N €int erm R2 Dint ersm
eintersm 2 ) nm
Sberam g2 BetgB41) = —
(Pt 52 — etgl +1) = 1
n,0,00,k=1,000m=2,N+1
Wsm(n, Z) =
(2n — 1) cos (2-172) m=1

Hsmsm[ (Z — Ly, 1)]
n<—H9 sm[AL(L —Z)]) m>1

I'pagienTHuii meronm po3B’s3yBaHHA
3agauy  KoedimieaTHol imeHTudikaiii.
Posp’s30Kk 3aza4 inentndikanii (23)-(27) 3Bo-
JUTHCA 0 3a7a4i onTuMizarii (pyHKIIOHATY-
HEB'SI3KH TIOCTYTIOBO yIOCKOHATIOIYHN PO3B -
30K TLJISIXOM CHEIiaIbHOl TPOIEYyPU PeryJis-
pusarii 3 BUKOPUCTAHHAM BUCOKOE(DEKTUBHUX
rpajieHTHUX MeToaiB. ['pajaieHTHI MeToanm B
3ajax igmerTndikalii Ha OCHOBI cepeTHbOKBa-
JapatnaHOTo (DYHKIIOHAIY-HEB SI3KHW 3HAWTILIN
CBOE TPAKTUUYHE 3aCTOCYBAHHSI B pobOTax
ZK.-JI.JTionca [20], mizmime mneii migximx OGys
possunyTuit  O.M.AnidbanoBum (po3paxyHOK
TeMIIepaTypHUX TOJJIB  JUTATbHUX  amapa-
TiB)[19], mpamgax aBropis (3amadi rizpomexamni-
ku, diaprparnii, andysii i agcopbuii Ta . )
[3,10,12,13,22].

BukopucroByioun rpajiieHTHUNE METOJ Mi-
Himizaril nmoxubok s imerTudikamii posmo-
gimiB koedimientiB audysii B intracrystallite
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space Diygra, 1intercrystallite space Digger,, 9K
byHKIT Big yacy mjs s-1 andyHI0BAHOT KOM-
TTIOHEHTH, OTPUMYEMO PeTyIApU3alliiiHi BUpa3n
n + 1-ro xpoky izenrudikarii [9,21]:

n+1 n
Dlntrasm ( ) DlntraS

[Osm +
|

Dn+1

inters,,

VJgimSm (t) x
(i)X 1N5 o Msm]2

2
o +[v5..0)
VJ}SHMS (t) x

v,

int ras,,

() =
[Csm -

n
Dmtersm

()

o + o

)’

(t)

intersy,

ijn 5 (30)

mtrasm

e Js (DimerSm, DimaSm) Mo In(pIKOBaHUH
dYHKIIOHAI-HEB I3KU Ha MOBEPXHi Vs € (2,

Js (Dintersmu Dintrasm) ==

1
5/ (C, +Q,, — M, ] dr (31)
0
Vipn (t), VJpn () - KoMIOHEH-
™ FpaﬂieﬂTy (l)yHKuiOHaJIy—HeB’ﬂ3KI/I
Js (Dintersm> Dintrasm)) 110 d)YHKL[iHX
2

D]?lter € QT? Dl?ltra € QT' ijgu<t)H =
T
i [VJ% (t)] dt -  KBaapar  HOD-
0 int ras,,
MH Ppa,zueHTy dbyHKIIOHATY-HEB I3K1
Qs, (1, fo Qs,, (t, X, Z)dX.

1'[06y,1103a po3uiupesoro ¢GyHKIiOHAa-
ay. Ilepeiinemo 10 6e3yMOBHOI €KCTpeMaJbHOT
dbopMu po3TIgIYBaHOI 3a7ad9l iaeHTudIKAIIil,
BBOJIsTYM posnupennii dyukiionan [19,20]

P (Dintersm; Dintrasm) -

Js + I, + 1, (32)

B gakomy I, [s, - CKIaI0Bi, MO BPaXOBYIOTH
criennpiky OCHOBHWX DiBHsIHb Oasancy (22) i
(23) BignosiaHo JJist BUXigHOI 3324l ineHTH-

dikamii (22)-(27):
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Dint ra 8Q
einterm K s :

,,, D m>X_1 )dZdt

aCsm _ Dint ersm 82Csm
ot 2 072 +
(%)

)XdXdZdt (34)

ne Js - byHkunionan-nes’s1sku, @s,,, Vs, 13
— HeBIZOMI MHOXKHHKH Jlarpanzka, 1Mo miais-
raloTh BU3HAUEHHIO, 3 YMOBH CTAIllOHAPHOCTI

(byHKHiOHa-Hy P (Dintersma Dintrasm):

AP (Dintersma Dintrasm) =

AJs+ Al + AL, =0, (35)
IToctanoBka crpsa>keHO1 KpaitoBoi 3a-

gadi. Y BiAIMOBIIHOCTI 3 BUXIJHOIO TTOYATKOBO-

KpailoBoro 3ajiavero Jijisi KOYKHOTO HaOJIMKe-

n n 3

HHA Dimam, e eney, PO3BA30K Dintrag,, s Dintergm

OTPUMYEMO CIPSIZKEHY KpailoBY 3aja4y B OIle-

patopwiii dhopwmi [9,22]:

o (6, X, 2) = E,, ()6 (Z —m),
U, € (0, )| JQmrm=Tn+1, (36)

L

0
0_X¢Sm (ta X? Z)\X:O = 0; (37)

0
g Yo (16X Z) g =0 (38)
wsm (tu X7 Z)|X:1 = Spsm (tu Z) (39)

¢s,, (t,Z = Lp,) =0,0s, , (t,Z = Lyp_1) =
t,L1) = 09, t,Z =0 0
¢S1(7 1) GZ( )

3—1 2,m = N+12 (40)

¢3m (ta X7 Z)|X:1 = Psm (t’ Z) (41)

¢sm (t, Z = Lm) =
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O’¢S7n—l (ta Z = mel) = 07
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(42)

CanHnit po3B’A30K ¢, U, CHPAKeHOI
KpaitoBoi 3a1a4i o0y 10BaHO ONepaliiHuM Me-
rogom lesicaiima [17,18|.

TexHosioTiss  OTpUMAaHHA  aAHAJJITH-
YHUX BUPA3iB KOMIIOHEHTIB TI'DAAMEHTA
dbyskmionany-aeB’a3ku. Posrasgaoan L
K oreparop, 1o Bigzodopaxkae (1,7 B mpocTopi
Lo, nna enementis Lw,V € Ly BH3HAYNMO
CKaJIsIpHUiT JIOOYTOK

(Lws, (t.X,2), 9, (,X,2)) =
[] LAC,, ¢, XdXdZdt
S}Tf LAQ, v, XdXdzdt| (43)
0,R) U Qmr
ne b, (t,2) i s, (t, X, Z) wanexurn Qi

[0, R| U Q7 Bianosigmo.
Jlnst ckaJsgpHOTO JT00YTKY Ma€ MicIie TOTO-
xKuicrp Jlarpanxa [19,21]:

(Lws,, (t,X,2),¥s (t, X, 7))
= (ws,, (t,X,2),LV, (t,X,72))

Banucasim pupicT dyHKITIOHATY-
e siskn AJs (Dintero s Dintra,,,) B CKa-
JsapHiit  ¢dopmi, BUKOPUCTOBYIOUM  3aMiHy
w, = L7, e L7! - obepHenuii omepaTop
J10 oneparopa L, OTpUMAaEMO

(44)

AJS (Dintrasm7 Dintersm) =

(ws,, (8, X, Z), B, () =

T Lm
/ / lem 1 Sm( )5 (Z - er) dZdT+
0 Lm 1
T Lm 1
/ / / Koo Bs, ()0 (Z — ) dXdZdT
0 Lm 1
+ O(max |ACs,,, AQsm|) (45)
HexTyroun HeCKiHYeHHO MaJIIMU
JIPYTOro HOPAIKY, 3 BpaXyBaHHAM



L™ [E,, ()0 (Z — )] = VU, orpuMaemo
upupoct PYHKIIOHAIY-HEB' 3K, BUPAZKEHO-
ro Yepe3 PO3B’I30K CIPAKEHOI 3a,1aMi:

AJS (Dintersma Dintrasm) =

(&, (6, Z), L7 By, ()6 (Z — 7m)]) =

(P, (, X, Z).&6,, (1, X, Z))  (46)

ne L7 - omeparop crnpsawennii 3 obepHe-
nuM oneparopom L1, U, - BekTOp poO3B 43Ky
CIPS2KEHOI 3a,1adi.

®opmysia B3a€EMO3B’A3KY MiK IPSAMOIO
i copsi>keHOI0 3amadamm. Po3kpuBamoudu B
piBusinni (44) kommonentn X,  (t, X, Z), orpu-
MYEMO BaKJIUBY (DOPMYJIY JIJIsi BCTAHOBJICHHST
B3a€EMO3B’SI3KY MizK TPSIMOIO 1 CIPSIZKEHOIO 3a-
JladaMu, 110 B KIHIIEBOMY PAXYHKY JIa€ MOYKJIM-
BICTh OTPUMATH SBHI aHAJITHYHI BUPA3U KOM-
MOHEHTIB TPAIi€HTy (DYHKIIIOHATY-HEB SI3KU:

AJs(Dintmsmy Dintersm) -
( (bsm (t, {)7% (ADintersm%Csm) - )

il]];!‘a m %QSm (t’ X, ZX:I
Dintra,
%m(taX» Z)#imx

2
(% + o) Qu.(t.X,2)

€int erm

+ (47)

Bupasu rpagienTtiB ¢ yHKIIOHATY-
HeB’a3Kku. [IpomudepennioBasmu Bupasu
npupoctis  (45) Bigmosigno 10 ADinga., 1
ADinter,,, 1 PO3KPHUBAIOUN CKAJIAPHI TOOYTKH,
OTPUMAEMO TIIYKAHI aHAJITUYHI BUpA3U T'PaIi-
€HTIB (DYHKIIOHATY-HEB I3KH 34 HEOOXITHUMUI
KOMIIOHeHTAMHU KOe(IIEHTIB KOMIETUTUBHOI
audysii, sk dyHKil Big vacy B intraparticle
space Ta interparticle space BiamnosiaHo:

VJDintrasm (t) =

Ly,

0
/ @_XQS'" (t7lvz)¢sde

Ly —

€int €rm
R

Ly 1
1 0? 2 0
b ] [ ) e

X 0X

Lm
0*C,
VD, () = [ 575500 (8, 2)dZ (49)

Lm—l

InenTudikamnig napamerpiB, YncIOBE MO-
JEJIIOBAHHA Ta aHAJII3

BinmnoBiaenns npodiis KoedimienTiB au-
dy3ii. Ha puc. 1 Ta 2 nogani izearudikoasni
3riIHo peryaspusamniiaux Gopmya igerTudi-
Kauii 3a gaanvu RNM-crekrpockomit [6] pos-
MO KOEMITEHTIB KOMIIETUTUBHOT Tudy3il
OeH30J1y Ta rekcany, sk (OYHKIII Bij| dacy s
PI3HUX TOJIOYKEHb KOOPJWHATH TOBIIWHY TITa-
py: 6, 8 10, 12, 14 mm. Kpusi koedimienTin
Jnuy3il MaloOTh TCEeBI0CKCIOHEHITIHNIT Xapa-
KTep 1 3MIHIOIOThCA B Aiana3oni Big 7,0 10 5,0
E-12 E-13. JInga gacy audy3ii oiabire 125-150
XB. CIIOCTEPITra€ThCd BITHOCHO cTabiabHa Kap-
THHA MACOOOMIHY, IO CYHPOBOIXKYETHCS ILTAB-
HUM HaOIMKEeHHSIM IpodiiiB KoedillieHTiB 11-
bysil Dingra,, [0 3HAYEHD, BIINOBIIHUX T0JI0-
JKeHHSAM iX pIBHOBArm.

Dintra

1,01E-12 -
=——6mm
8,10E-13 -
=——8mm

6,10E-13
——10mm

4,10E-13
——=12mm

2,10E-13 + Dt

AN

0 50 100 150 200 250
Temps (mn)

1,00E-14

(a) intraparticlle space (6ern3om)

LO00E-05 7 pinter

9,00E-06 -
8,00E-06 -
—=—6mr
7,00E-06 -

6,00E-06 - ——=8mr

5,00E-06
=101
4,00E-06 -

3,00E-06 —k=14n

2,00E-06 -

gt

0 50 100 150 200 250
Temps (mn)

—=12n

1,00E-06 -

0,00E+00

(b) interparticlles space (6ernzo.)

Puc. 1: IIpodini koedirtientis audysii bem3omry

(48)
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Dintra

1,00E-11 -
8,00E-12 - ——6mm
——8mm
6,00E-12 -
——10mm
4,00E-12 - % 12mm
==14mm
2,00E-12 . T ]
0 50 100 150 200 250
Temps (mn)
(a) intraparticlle space (rexcan)
4,00E-05 -
Dinter
3,50E-05 -
3,00E-05 - —=—6mm
2,50E-05 -
——3mm
2,00E-05 -
——10mm
1,50E-05 - \_—%
1,00E-05 - 1amm
5,00E-06 - == 14mm
0,00E+00 T T |

0 50 100 150 200 250

Temps (mn)

(b) interparticlles space (rexcam)

Puc. 2: Ipodini koedimnientis andysii rekcany

Posnoginn xoedinientis andysil Digger,
MAIOTh OLIBIN TOJOTHH BHUIJISI 1 3MIHIOIOTHCS
B miamazoni Bim 6.0 E-6 1o 1.0 E-6.

Konnenrpariii i rpagieHT KOHIIEHTpPAa-
miii B Mikpo- i HaHOOpax YacTUHOK. Puc.
3 JeMOHCTPYE pe3y/aIbTaTh MOJIEJTIOBAHHS KOH-
HMEHTPAIHIX KPUBUX OEH30J1y 1 TeKCaHy B
intercrystallites space, 3a pe3yabraTamu ijeH-
rudikamnii koedirmienris qudysii (puc. 1 ta puc.
2).

I'pacdiku wa puc. 4 Ta puc. 5 JIeMOHCTPY-
I0Th 3MIHY TPaJi€HTIB KOHIIEHTPAIlil TOTJINHY-
THX KOMIOHEHTIB ajcopbary (Gensony i re-
KcaHy) B MIKpo- i Hanomopax intracrystallites
space y3JI0BXK pajiiyca YaCTUHKHU (KPUCTAIITA).
Puc. 4 moxasye 3MiHy T'paji€HTIB KOHIIEHTpA-
il y3T0BXK pajiyca KpUcTamiTa I OeH30y
B intracrystallites space 151 1BOX KoopanHATH
toBHU: 8 1 14 MM mpu audy3iitHux nepiogax
Ba—-t=25mn,b—-t=50mn,c—-t=100 mn, d -
t=200, a puc. 5 - s rekcany. flk BuHO 3 Tpa-
dikiB, 3HAYHI IPaTIEHTH KOHIIEHTPAIliil MalOTh

164

Benzen

220 270

Time (mn)

(a) Gemzom

0.6 1 Hexane
0.5 -+

0.4 -

o] T T T T

70 120 170 220 270
Time (mn)

(b) rexcan

Puc. 3: Posnoxinm kounentpariit audysii 8 mpocropi
intercrystallites Big gacy i pi3HEX TOMOXKEHDb KATATiTH-
YHOTO TIapy

MicIie JJT YACTHUHOK, PO3MIIEHNX B BUXITHUX
mapax (8 MMm), 3HaueHHsT SKUX Ha biHaTbHIil
craii andy3sii JocsararoTh B MEeHTPl KpUcTai-
Ty 0,8-0,9 omuaune. Iist rekcany (puc.5), cro-
CTepiraeThCcsl MEHINa CTYiHb MOTJInHAHHA. Tak
JUTsI YACTHHOK BUXIHOTO mapy (8 MM) 3HAYEH-
H KOHIeHTpalil Ha diHaTbHil craaii audys3il
mocsirae 0,3 - 0,1 ogunurmi (B meHTpi Kpucrasi-
TYy).

BucuoBku

PeamizoBano momemi imeHTHdikamii mapame-
TPiB KOMIETUTUBHOI audy3il B HEOTHOPITHUX
CepeJIOBUIIAX HAHOTOPHUCTUX YACTHHOK 3 00-
I'PYHTYBaHHSIM TOCTAaHOBOK Ta pO3B’ SI3aHHS
NMpsIMOl Ta CHpPsi?KeHoi Kpaitosux 3ajad. Ome-
pamiitaum MeTooM [eicaiiia oTpuMaHi X TO-
4YHI aHa/JiTH4YHI po3B's3Ku. Ha mijgcrasi Teo-
pii onTUMAJBLHOTO YIpaBJIiHHS CTaHOM Oara-
TOKOMIIOHEHTHUX CHCTEM i 3a3HAYeHUX BUCO-
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092z

0.7
0.5
d
0.3 c
b
0.0 0.2 04 0.6 0.8 1.0
X
(a) 6enzou (14mm)
QL‘-{Z

09

0.3

04 1.0

X
(b) Genzon(8mm)

0.0 0.2 0.6 0.8

Puc. 4: Po3noxinu rpazgienTiB KoHmenTparii andys3ii
Y3I0B2K paiyCy 4acTUHKU /171 OEH30.Iy

KOINIBUIKICHIX aHAJTITHYHUX PO3B’I3KiB Hps-
MHOX 1 CHOpsSzKeHHX 3aJad OTPUMAHO sSIBHI BHU-
pasu TpaJieHTiB DYHKIIOHATIB-HEB I30K 115
imerTudikamii mapaMeTpiB HAHOMOPHCTHX Ce-
PEIOBHII, IPU JOIOMO31 IKUX BiAHOBIEHO PO3-
nojiiim  koedinientis audysii B mpocropax
intercrystallytes space i intracrystallytes space
dK (pyHKIH BiJ Wacy JJisi Pi3HUX T0JIOYKEHb
YACTUHOK B3JI0BXK TMapy KartajizaTopa Ta Io-
OYyI0BAHO PO3LOJLIM KOHIEHTpAIiil jaudyH10-
BAHUX KOMIIOHEHT.
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