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OnTumisanis HIbOBOTO TTepeHeCEHHS
JIIKIB 13 CHCTEM MIKPOTOJIOK

IIpedcmasneno unenom-xopecnondenmom HAH Yxpainu C.I. Jlswuxom

Posznsidaemocs Modemosanis ma onmuMi3ayis mpancoepmarviozo Mpancnopmy Jikie 3 nOPOICHUCUX CUCTIEM
Mikpozoaxu. Bupiwyemuvcs 00HOBUMIPHA 3a0a4a BePMUKATHHOZ0 NEPEHECEHHS POSUUHHUX NPEeNnapamie uepes
nopucmi cepedosullya 3 MOUKOBUMU ONCEPELAMU, WO IMIMYIOMb 0Meopu Mikpozoiox. Kepyiouu inmencuenicmio i
YCManoemouu Koopounamu oxcepel, Mu SUPiUuiL npodiemy ONmuMaibHoz0 Ynpasiinis Ol mpancoepmaiy-
1020 MPAHCNOpmy 1iKie i docseau neobxionoi Konyenmpauii 1ikie 6 enidepmici 3 npuiinsmmuoio mounicmio. /s
DO36’I3AHHS NOUAMKOBO-KPATOBUX 3A0AU BUKOPUCTNOBYIOMBCS MEMOOU PISHUUEBUX CXeM i 0B0CMYNeHesUll cume-
MpU308anULl arz0puUmm.

Kmouosi croea: sapiayitinuii nioxio, mpancoepmanvna oudysis, cucmema Mikpozoiok, Mo0ei08anis, onmi-
Mizauis, mouxoee 0wcepeno, PisHUUesa Cxemd.

OcHoBHMM 6ap’€poM Uil TPaHCAEPMaIbHOIO IIPOHUKHEHH JIIKIB B OPraHi3M JIIOAUHU € BEPXHIii
mrap emigepmica. J{uist fioro moosantst 6y10 BUHANIEHO CUCTEMH MiKPOTOJIOK, TI0 3a0€31euy0Th
KOHTPOJIbOBaHe i Oe306oJticHe BUBLIbHEeHHs JIiKiB |1, 2]. Mikporoixun MoXyTh OyTH CYIIIbHUMHU,
HOPOKHUCTUMU 260 posurHHUMU. CyIiTbHI MiKPOTOJIKY TOKPUBAIOTHCS MIOYMMU PEYOBHHAMM
30BHi 1 I0CTaBJSAIOTH JIiKH, YTBOPIOIOYN MiKPOKaHAaJ, TOPOKHUCTI MIKPOTOJIKH HAIIOBHIOIOTHCS Pe-
YOBUHAMM, sIKi MICTSATHCST B Pe3epByapi i BIPUCKYIOTHCS TTi/] TUCKOM abo TIijT €0 Pi3HUTI Tpajli-
€HTIB, @ PO3YMHHI MIKPOTOJIKHN YTBOPIOIOTHCS 3 MOJIIMEPY, 1110 IHKAICYJII0E XIMIYHUN 1Tperapar i
MOBiJIbHO BUBLIBHSE Horo [3]. Po3unHHI MIKPOTOJKN — Iie HalOiIbIn cydacHUH i eeKTUBHMIA
3acib TpaHcaepMaIbHOTO BBOY JIiKiB [4—7].

Posrasgaemo mportiec TpaHCcAepMaTbHOTO TTePeHeCeHHs JIKiB 32 TOTIOMOTOT0 CUCTEMH PO3UMH-
HUX MiKPOTOJIOK K MOYaTKOBO-KPalOBY 3ajiauy KOHBEKTUBHOI /ndy3ii B iHTEPCTUIIaTbHOMY
IIPOCTOPI. 3 OTJISALY Ha PO3MIp i TeoMeTPUYHY (hOPMY MiKPOTOJIOK ITI0 3a/1a4y MOXKHA BBaKATH OJ1-
HOBUMIPHOIO, & MIKPOTOJIKU JIOIIJIbHO IHTEPIIPETYBATH SIK TOYKOBI JpKepeJsia 3 MEeBHOIO IHTEH-
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cuBHIcTIO. Kepyloun iHTeHCHBHICTIO Ta 33/1al091 KOOPAWHATH JKEPeJs, MOKHA PO3B’3aTH 3a/1a4y
ONITUMAJIBHOTO KEPYBAHHS IIPOIIECOM TPAHCIEPMAIBHOTO MEPEHECEHHSI JIKIB 1 10CATTH OasKaHO-
T'O PO3MO/IITY JIiKiB B eli/lepMici.

Po3B’s13yBaHHIO TTOUATKOBO-KpaoBUX 3a/1a4 Auy3ii JiKiB, 10 BBOASATHCA B elijilepMic 3a
JIOTIOMOTOIO CUCTEM MiKPOTOJIOK, IPUCBSIYEHO OCUTH Oarato 3az1a4, 30kpema [9—13]. CrinbHoio
BAJIOI0 1IUX POOIT € Te, MO ONTUMI3aIlis MPOIECy MEPEHeCEeHHs JIKIB 3/iICHIOBAIACS CYTO eM-
HiPUYHO — IIJISXOM Hepebopy CKiHYeHOTo Habopy mapaMeTpiB. 3acTOCyBaHHs BapialiiHOrO Mmij-
XOJLy /10 PO3B’I3yBaHHs 33/la4i ONTUMAJbHOTO KePYBAHHS TPaHC/AepPMaIbHUM I1€PEHOCOM JIiKiB 3
ypaxyBaHHSIM KOHBEKTUBHOI Mudy3ii i TOUKOBUX JZKEpeJI J03BOJISIE OTPUMATH CTPOTO OOIPYH-
TOBaHe 3HAYEHHS I[i1b0BOT iIHTEHCUBHOCTI 1 3a6e3meunT GakaHy KOHIIEHTPAIIIIO JIKIiB Y 3a/IaHuil
MOMEHT 4acy.

KonBekTnBHa nudy3is JikiB NpH TpaHCAEePMaJbHOMY NlepeHeceHHi. /[719 MoieTioBaHHs
TpaHCIePMATbHOTO TIepeHeceHHs JiKiB 3acTocyemMo mozenb Kamnada—/laca [11]. Biamosigxo mo
1i€el Mojesi pyX YacTHHOK /if040i pewoBuun B ooMeskeniit obmacti G =(0,T)x [0, L] %[0, Ly ] =
=(0,7) X Q iHTepCTUIiaAJILHOTO TPOCTOPY OMUCYETHCS ApyruM 3akonom Dika.

PosrassaemMo Moziesib, 1110 OMMCY€E PO3TIO/Ii JTKIB Y TKAHWHI B pe3yabraTi Audysii i3 Mikporo-
JIOK B TOYKAX Xg BHAC/IJIOK iH'€KTUBHOTO BBeAEHHsL. IIpUIycTimo, 1o KoopAuHaT! MIKPOTOJIOK
BiloMi 3a3/a/1eriab. BriounMo B Moze b ToukoBi kepesta Q(¢) =(Qy(¢), Qy(t), ..., Q,(¢)) iBBe-
AeMo crenianbue noguadents 8 (x)=(3(x—17),8(x—1),...,8(x—7,)), 110 BpPaXOBy€ TOUKOBY
NPUPOALY JuKepes. TOUKN 73 BU3HAYAIOTH PO3TAIIYBAHHsI PKEPEJT JIKIB 3 HEBIIOMUMH TOTYKHOC-
TAMU QB Tpeba BusHaUMTH QB(t), B=1, p, mo MiHIMI3yIOTb CepeHE KBapaTUIHE BiJXHJIEHHS
BiJl 11i7TbOBOI KOHIIEHTPALl @(x,¢), HokaaBIm Qg(x)=Q(¢)d (x). OTxe, po3B’sKEMO 3314y

Luzg—?+Au:(pS—(pR, xeQ, 0<t<T, 1)
_Da_u+vu =0 u| =u,(t) @)
ax1 - x1=L1_ 1 )
.X'1=0
v ®=0 ()

ne Au=div(uv—Dgradu); u(x,t) — KOHIIEHTpaIlist PO3YNHY JIiKiB B iHCTEPCTUIIATLHOMY ITPOC-
TOPi, T/MOJIb; V — MIBUIKICTD PIIMHU, CIIPSIMOBAHOI B3/I0BK MiKPOTOJKH, cM/c; D — Koedi-
uient audysii, cM/c; @g(x) — AKepeo JiKiB, 0 HAAXOAATD 10 TKAaHUHU, I/MOJIb - C; Qp(X) —
(yHKIIiS eKCTpaBacKyJISIPHOTO 3B’ 43yBaHHS JIiKiB 32 PAaXyHOK XiMIUHUX PEAKIIii, I'/MOJIb-C.
ChopmysrtoeMo eKBiBaJIEHTHY 3a/[a4y ONTUMAJBHOTO KepPyBaHHS, BBa)KAIOYH, MO ONTH-
MaJbHe KepyBaHHsI HaleXkuTh pocTopy (Ly(G))? .
DyHKITIOHAT SKOCTI 3aIUIIIEMO Y BUTJISII

T J—
Jo (@) =[x, 0)=(x, 1)) dedt+ || Q I, (5)
0Q
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e Q =(Q(0),Qy(¥),...,Q, (t))T — BekTOp KepyBaHHs; o >0 — mapamerp peryaspusariii. Onru-
MaJbHe KepyBaHHsI MiHiMizye dyHKIionamn (5)
Ja(Q)=_ min  J,(Q). (6)
Qe (Ly(G)F
Teopemu npo icHyBaHHs po3B’s3Ky. Hexaii H — 1omoBHEHHS IIPOCTOPY TJIAJAKUX (DYHKILIH,
110 33/I0BOJIbHA0TH yMoBaM (1)—(4) 3a HOpMoOTO

n n
2 _ 2 2 2
| u ||H—J. u; +Z“x,- + Zuxixj dx,
Q i=1 i, j=1

ne H, — anasoriunuii mpocTip, 1o MiCTUTD IJIaZiKi (PYHKILI, SKi 33/10BOJIBHAIOTH TPAHUYHI Ta 110-
YaTKOBI YMOBMU CIIPsi;KeHO1 3a/1a4i. Posiupunmo oneparop L Ha H 3a HellepepBHICTIO, BpaXOBYIOUU
rpaHuyYHi yMOBHU. /{7151 01IepaTopHOTO PiBHSAHHS

Lu=f, (7

ne f=-8Q , caymmumu € Taki Teopemu [14].

Teopema 1. J/lns1 Gyab-sikoro enementa f e (H,)" icnye exunnii crabkuii poss’ssox 3a-
navi (7) y posyminHi (y, L*V)LQ(G) =<f,v>, Ve H_, ue Ly, (G).

Teopema 2. Hexaii craH CICTEMM BU3HAYAETHCS SIK CJIaOKUI cripsikeHol 3azadi (7) Ta cripas-
JUKYIOTBCS Taki yMOBH: KpuTepiii sikocti J,, 1 (Ly(G))? > R! € cnabko HalliBHETIEPEPBHUM 3HU3Y
3a craHoM cucteMu u(x, t) QyHKI[IOHATIOM, 0OMEKEHUM 3HU3Y Ta CTPOIO OIYKJIMM, MHOKIHA J10-
nyctumux kepysanb Uy € (Ly(G))P obmexkena, 3amMkHeHa Ta onykia. Toi icHye exanme onrtu-
MaJsibHe KepyBaHHs cuctemoro (1) — (4).

4. Anroputm. IIpoaudepenititoemo pyHkiioHasa (5) Ta OTPUMAEMO

Jo(Q) =¥ (t)+20Q(),

ne @(t) =y (711, 0), Yo (1, 1), ..., W, (7, t))T — BEKTOP 3HAa4eHb PO3B’S3KYy CIPAKEHOI 3a/1a4i y
BiZmoBiAHNX Toukax. PiBusanng Eilnepa qs GyHKiioHasa sKocTi HabyBa€ TaKOTO BUTJISLY:

W(t)+200Q(t) =0.

AropuT™ pO3B’sI3aHHS 331adi TOYKOBOTO ONTUMAIBHOTO KEPYBAHHST CKJIAJIAETHCS 3 TPHOX ETAITiB:
1) po3B’st3amHs IpsIMOi 3a1a4i

(k)
%mu(k) =f® 0<t<T, 8)
u® =0 C)
2) po3B’sI3aHHS CIIPSIKEHOI 3a/1a4i
(k)
—a‘g—tm*w(k) =2(u(x,t)—@(x,1)), 0<t<T, (10)
W(k)(T)=O, (11)
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3) 3HaXO/IJKEHHA HOBOI'O HaOJIVKEHHS JJI OIITUMAJIbHOT'O KEPYBaHHA

—(k+1) —(k)
Q -9

Q +$(k)+2aé(k):0, kzoyi,...- (12)
Tkt

PisnuneBa cxema. Ha koxxniit itepaitii mocrioBHO po3B’s3yeMo npsimi 3aadi (8), (9) mus
OCHOBHOTO cTaHy cuctemu nipu dikcoBanux i=1,2,..., N Tta3agaui (10), (11) an4g cupskeHro-
ro crany nipu i=N, N —1,...,1 3 Bukopuctanusm /[|C-anroputmy [15]. Posrisinemo 3arayibauii Bu-
najaok, koa Q=[aq, b |x[ay, by|X.. ><[a ,bp] c R? —p—MipHMf/’I napasesnerinen. Obmactb Q 10-

KPUBAEMO CITKOIO {2 X5, X )| xg, =ag+kh} net=nt,k;=0,M,, n=0,N,;
p h T 1 k1 2 k2 k k t
=(b;—a,)/ M, s =1,p p, >0, 9Ky p036I/IBa€MO Ha JIBI AMHOKUHU: 9(1 ") 1a 9(2 ",

Jlo TIepIIoi 3 X BifIHOCHMO BCI TOUKM (X1, s Xy fy s+ Xy 5 Ly )€ L gy IS AKX (k1 +hy+...+
+k, +n) — Hemapue, a 10 apyroi — (& +k +...+k +n) — napue. [lokmagemo ky £1=(k;, ko, ...,
) p Py 1R p 1) %)
ko1, k)5 k=(k, ky, ..., k). Y BHYTPIlIHIX TOUKAX CiTKOBOI MHOKUHY 9(1 ”+1) 3a/1aMo Ci-

MEeMCTBO PI3HUIIEBUX CXEM
uy"™ = up " —t(Cuy" ~ Dup "y +E) "V (13)
(2 n+1)
a'y BHYTPIlIHiX TOYKaX MHOKMHU €2
u;; n+l — u;;, T(Cul n+l Dul n+1)+TFkl, 7’[+1Vkl', n+l . (14)
“k +1 “k -1 . )
Tyt Cuk ch k — g5 — PISHHIEBa alPOKCUMALLisl ONEPATOPA KOHBEKTUBHOIO IIEPEHOCY
- in w2yt —— . ,
C, Cu=div(vu); Duk’ Zkk h—Z’ i1=1, N, — pisHuIieBa arfpoKcuMarllisi orepaTopa
mdysiitHOro IIepeHocy D, Du =div(Dgradu),
pimtyinet [V DS GE  gy,) =
k k -
0, B IIPOTUJIEKHOMY BUTIA/IKY.
CxeMU JIOTIOBHIOIOTHCST TOYATKOBOKO YMOBOIO
03 (kihy, kyhy, ... k), ko=0,M,, s=1,p (15)
Ta TPAHUYHUMU YMOBAMHU
uy"'=0, k=0 abo k=M, s=1,p. (16)

PoaB A30K 3a/1a4i 3Haxo4uMo nocaigosro npu n=0,1,2,..., N, —1 BUKOPUCTOBYIOUYM CIIOYATKY

(1 n+1)

sIBHE pigHuIeBe piBHAHHA (13) B yciX TOUKax MHOKUHUI £2) , a1oTiM HesBHe (14) B ycix ToU-

KaxX MHOKIHU Q;f T"H). Posp’si3koMm BBaXKaeEMO 3HAUEHHS, OTpI/IMaHi Ha ITAPHUX YaCOBUX KPOKaX.
AHaJsioriyHo /1714 crpsikeHoro crany cxemu /[ C-airoputmy MaloTh BULJIS]L

i,n—1

: : 3 : Lnt
Wi =g (O DY RTZ T (R g Xy Xk, L)€ Qfh b, (17)
ISSN 1025-6415. /lonos. Hay,. axad. nayx Yxp. 2017. Ne 11 19



C.1 Jlsuuxo, /I.A. Knowun, B.B. Onoyvxuit, O.C. bondap

i,n—1 i,n—1

i, i, n—1 2,n-1
=y, " +1(Cy " + Dy ) +Z" ,(x17k1,x2yk2,...,xpykp,tn_1)eQﬁlﬂ" ), (18)

i,n—1

Vi

ne Zy" =2uy" -0 (t,));

vy =0, k=0,M, s=1p; (19)

W%n_120, k.=0 abo Fk :Ms’ S=1,p. (20)

3a MU CXeMaMU PO3B’30K 3HAXOAUTbCA MOCII0BHO TounHaoun 3 n=N,, N, -1,...,1.

Teopema 3. Cxemu J[C-anropurmy (13), (14) Ta (17), (18) mist mouaTKOBO-KpailoBUX 3a/1a4
(8), (9) Ta (10), (11) BignOBiAHO MaOTH MOPAKOK anpokcnmarti O(t +h +h3 + ...+ hf,) :

Teopema 4. Ao GyHKINIS TOYATKOBOTO PO3TOIINY q)(()i)(g) PO3BUBAETHCST B aOCOJIOTHO
36ixxuuit psig Dyp’e

up =07l Ry, . ) =

s=1

p p
:Z 2 Bmpmg,...,mp exp Insthsms , (21)
q=1mq=—oo

amapameTpu T Ta hg, s= E craJii, ab0 3MIHIOIOTHCST He YacTille Hijk Yepe3 TapHe YHUCI0 KPOKiB,
to JIC-anropurmu (13)—(16) ta (17)—(20) ming nouatkoBo-KpaiioBux 3aza4d (8), (9) Ta (10),
(11) BianoBiHO 6€3yMOBHO CTiliKi 32 MOYATKOBUMU JTAHUMHU.

OO6uncmoBaIbHUI eKcniepuMenT. TecToBa 3a/1a4a PO3TIISIAETHCS B TIPSMOKYTHIH oOsacti Q,
L =10 cm, Ly =10 cMm, 3 Hanepes 3a/JaHMMK IHTEHCUBHOCTSIMU [PKepeJI-ToJIoK 3 (hi3snuHuMU Ha-
pamerpamu, B3sstumu 3 [7, 10, 11]: 1) TpuBasicts obunciens ¢,, =8 rox; 2) TpUBATICTh BBOLY JIi-
KiB f; =4 rox; 3) cucremMa MiKpOroJIOK Ma€ IPSIMOKYTHY (popMmy po3mipy 2 X 2 ¢M, cxeMa pos-
TaNTyBaHHS MIKPOTOJIOK piBHOMIipHA: 4 X 4; 4) pedoBWHa, MO BBOAMTHCS Mifl MKIipy: (peHTaHim,
koedimient audysii D=9, 751078 cm? /1100y, MBUIAKICTH KOHBEKTHBHOTO neperocy V=0 cm/c;
5) IHTEHCUBHICTD KOKHOT Mikporosiku: 11,42 mi1/To.

[l po3B’d3aHHA cHIPsKEHOT 33/1a41 BUKOPUCTOBYETHCS YNCETbHUI PO3B’430K MPAMOI 3a/1a4i,
OTPUMAHUH Ha MOINEPEIHbOMY €Talli 3 €TAJIOHHUMU 3HAYEHHSIMU IHTEHCUBHOCTEN MiKPOTOJIOK, B
SIKOCTI Ii7TbOBOI KOHIIEHTpaIlii @(x,¢) 3HaXO[UJINCSA HeBiZloMi iHTeHCUBHOCTI xKepest. [Ipu 1bo-
My IIpsiMa 3a/1a4a Ma€ BUTJIS]L

2 2 2
L Er v DYCIGUEEVRLIED
Y i=1

3 TIOYATKOBUMM Ta rpanndHumu ymoBamu (15), (16) i mapamerpamu 3 TabJ1. 1.
CripsikeHa 3a/1aua Ma€ BUTJIS]

ok 9%  o%
——=2=D| —2+—2 H2(u-
” PR (u—9)
3 MOYATKOBUMU Ta TpaHnYHUME yMoBamHu (19), (20).
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[Tapamerpu [IC-anropurmy: A, = hy :%, T :io. [TapameTtpu iTepartiiinoro mpouecy: T, =0, 1,
o=0.

EdexruBHicTs arroputmy o6yMoBJIeHA YCYHEHHSIM HEOOXiIHOCTI PO3B’sI3aHHS HA KOKHO-
MY iTepariiiHoMy KPOIIi crcTeM JiHiHUX anreOpaivaux piBHstHb. Bukopucranus /[ C-anropurmy
3HAYHO CKOPOYYE Yac PO3B’si3aHHs 3a/aui igeHTH(IKallii 32 paXyHOK yCyHEHHsI HeoOXiHOCTI
PO3B’sI3aHHS Ha KOKHOMY iTepalliifHOMy KpOIli CHCTeM JIHIMHUX ajreOpaidHux piBHsSHB. [Ipn
I[OMY TOYHICTb PI3HUIIEBOTO AJITOPUTMY 30iTa€ThCS 3 TOYHICTIO HESTBHUX CXEM, a CTIHKICTh Kpa-
1A HiXK y SBHUX CXeMax.

Pesyabratu. By niposezieni o6uncienns, mo ckiaaganucs 3i 100 irepartiit aus izertudi-
Kaitii 16 aesizomux /prepen Ha ITK 3 mporiecopom AMD Athlon(tm) 64 X2 Dual Core Processor
4200+, gactororo 2,21 I'Ti, oneparusHoto mam’sittio 3 ['6aiit (vac Bukonauus 99 c). [lpu mpomy
OJIHOYACHO CIOCTepiranocs cuagatis GyHKIIOHALY SKOCTI I HaOJIMKeHHs T0YaTKOBUX (DYHKILII
IHTEHCUBHOCTI JpKepe 10 eTaJoHHuX (Tabir. 2). MakcuMasibHe BiIXUJIeHHS 3HalIeHUX 3HAaY€Hb
IHTEHCUBHOCTE Bijl €TAJIOHHKX MTPH 1IbOMY CTAHOBWJIO MeHIIe 2 %.

Takum yuHOM, B poOOTi 3aIPOITOHOBAHO Ta OOTPYHTOBAHO BUKOPUCTAHHSI IBOKPOKOBOTO CH-
MeTPU30BAHOTO PiI3HUIIEBOTO aJITOPUTMY JIJISI UMCETHHOTO PO3B’sI3aHHs 3a/1a4ui iienTudikartii iH-

Tabnuys 1. IlapameTpu AzKepes: X, y — KOOPIUHATH;
Q — eTasionHi 3HayeHHd inTencuBHocTel, Q") — MoYaTKOBI HAGIMKEHHA

x Yy Q Q® X Yy Q Q®
30,0 30,0 11,422 5,0 31,0 30,0 11,422 5,0
30,0 30,5 11,422 3,0 31,0 30,5 11,422 5,0
30,0 31,0 11,422 3,0 31,0 31,0 11,422 3,0
30,0 31,5 11,422 5,0 31,0 31,5 11,422 5,0
30,5 30,0 11,422 3,0 31,5 30,0 11,422 3,0
30,5 30,5 11,422 3,0 31,5 30,50 11,422 3,0
30,5 31,0 11,422 5,0 31,5 31,00 11,422 5,0
30,5 31,5 11,422 3,0 31,5 31,50 11,422 3,0

Ta6ruys 2. Inentudikosani axepena

x Yy Q X Yy Q
30,0 30,0 11,229028 31,0 30,0 11,229028
30,0 30,5 11,201992 31,0 30,5 11,201992
30,0 31,0 11,229028 31,0 31,0 11,229028
30,0 31,5 11,201992 31,0 31,5 11,201992
30,5 30,0 11,229028 31,5 30,0 11,201992
30,5 30,5 11,201992 31,5 30,50 11,229028
30,5 31,0 11,229028 31,5 31,00 11,201992
30,5 31,5 11,201992 31,5 31,50 11,229028
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TEHCUBHOCTEH TOYKOBUX JIKEPeJ-MIKPOrOJIOK 3 BijomMuMu KoopauHatamu. Hasenena meroanka
JIO3BOJISIE He TIIBKU MPOTHO3YBATH PO3MOJIL KOHIIEHTPAI] JHKiB, a i OTPUMYBATH CTPOTO 00-
IPyHTOBaHE 3HAYEHHS I[iJTbOBOI IHTEHCUBHOCTI i 3a6e31meunT GakaHy KOHIIEHTPAIiIO JIKiB y 3a-
JlaHUIT MOMEHT 4acy.

Pobomy euxonano 3a ¢inancosoi niompumxu Minicmepcmea oceimu ma nayxu Yxpainu, mema
Ne /TP 01160004777 ma [lepacasnozo (pondy gpynoamenmanvrux docrioxcenn, npoexm F74,/24921.
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OIITUMUN3ATINA HEJEBOTO ITEPEHOCA
JIEKAPCTB N3 CUCTEM MUKPOUIJI

PaccmaTprBaeTcs 3aa4a MOAEANPOBAHNS 1 OITHMUSAIIIH TPAHCAEPMAIBLHOTO TPAHCIIOPTA JIEKAPCTB M3 CHCTEM
C PaCTBOPUMBIMM MUKPOUTJIAMU. PelraeTcst oHOMEPHAs 33j[auya BEPTUKATIBHOTO TIEPEHOCA JIEKAPCTB Yepe3 IMo-
PHUCTYIO Cpely ¢ TOUYEUHBIMU UCTOUHUKAMU, UMUTHPYIONUMU PACTBOPUMbIE MUKPOUTIIBI. YTIPABJISASI NHTEHCUB-
HOCTBIO U YCTAHOBJIMBasi KOOPAWHATHI HCTOYHUKOB, MBI PEIIUIN TIPOOJIEMY ONTUMAIBHOTO YIIPaBJIEHUsT TPaHC-
JIEPMATBHBIM TIEPEHOCOM JIEKAPCTB U TOOWIINCE JKeTAeMON KOHIIEHTPAITINH JIEKAPCTB B AMUIEPMIUCE C TTPUeMJIe-
MOIi TOUHOCTBIO. J{JIsT pelieHrs KpaeBbIX 3a/[ad MCIIOIb3YIOTCS KOHEUYHO-PAa3HOCTHbIE MeTo/bl U /[ C-anropuTm.

Kmouesvie cnosa: mpancoepmanvnas Oug@ysust, Cucmema MUKpouzit, MOOeIUPOSaAnUe, ONMUMUSAUUS, TIOUCUHLT
UCTMOYHUK, PASHOCMHAS CXeMA.
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OPTIMIZATION OF TARGETED DRUG DELIVERY
FROM SYSTEMS OF MICRONEEDLES

We consider the simulation and optimization problem of transdermal drug transport from systems of solvable
microneedles. We solve a one-dimensional problem of vertical transport of drugs through the porous media with
point sources simulating solvable microneedles. Controlling the intensity and setting coordinates of the sources,
we solved the problem of optimal control over the transdermal drug transport and achieved a desired distribu-
tion of drugs in epidermis with acceptable precision. To solve the boundary-initial problems, we use finite-dif-
ference methods and two-step symmetrizable algorithm.

Keywords: transdermal dif fusion, microneedle system, simulation, optimization, point source, difference scheme.
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