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PaccMoTtpeHa Bu3yanu3samst MUKpOGIIOMIHBIX YMITOB C IETbIO UCCIIETOBAHNS MOP(MOJIOTHH TTOBEPXHOCTHU
KaHaJIOB M OLIEHKU Ka4yeCTBa IMeYyaTh MUKPOMIIOUIHBIX YCTPOICTB ¢ MOMOIIBIO TexHoJioruu 3D mevyatu
MeTOoIOoM LIM(MPOBOIT CBETOBOIM MpOoeKIIW. Busyanu3samnys BBHITIOJTHEHA ¢ TIOMOIIBIO PEHTTEHOBCKON MUK-
poTtomorpaduu ¢ UCITOJIb30BaHEM Pa3IMYHbIX KOHTPACTUPYIOIIMX BEIIECTB HA OCHOBE focomepKaliux
MpeTapaToB, a TAKKE METOJIOM PacTPOBOM 3JEKTPOHHOM MUKPOCKONUHU. Pe3ybTaThl moKa3ajiu, YTO MUK-
po-KT-Busyanu3zauusi mo3BOJISIET OCYIIECTBUTh KOHTPOJIb KauecTBa IevyaTh YCTPOMCTBA OTHOCUTEIBLHO
OCHOBHBIX T€OMETPUYECKUX TTapaMeTPOB MOJeJIei, 3alIaHHbIX Ha 3Tarie MPOTOTUITMPOBAHUS YCTPOMUCTB,
a TakKe BU3yalu3UpoBaTh TPEXMEPHYIO MOZe/Ib KaHana U Mop¢hOJIoTUI0 NoBepXHOCTU. [IpocTpaHCTBEH-
HOE paspelieHre METOIa pACTPOBOI 3JIEKTPOHHON MUKPOCKOIIMH ITPEBOCXOIUT pa3Mep MUKCEIST IieyaT U
MO3BOJISIET YTOYHUTh HaJIMUME JIOKATbHBIX NeheKTOB, 00YCIOBICHHBIX HEPABHOMEPHBIM 3aTBEpIeBaHUEM
CMOJTBI TIPU TIPOMBIBKE 00pa3IoB.
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BBEAJEHUWE

Muxpodmonanka siBiIsieTCsI COBpeMEHHO MeX-
JTUCIMIIMHAPHON 00J1acThI0 3HAHWI, HaxOomsIeii-
Cs Ha CThIKe (DU3UKU, XUMUU, OMOJIOTUMN, MUKPO-
TUAPOAMHAMUKN, MUKPOIJIEKTPOHUKNA U MaTeprua-
JnoBedeHus. B Takmx ycTpoiicTBax Majibie 0ObEMBI 1
MOTOKHY XUAKOCTEM OrpaHUYEHbI CyOMULIMMETPO-
BBIMM MacIITabaMM, YTO MO3BOJSET OCYIICCTBIISITh
MPEeN3MOHHBIN KOHTPOJIb PA00YNX 0O0HEMOB BIUIOTH
JIO TIMKOJIUTPOB U HAXOAUT IIPUMEHEHUE B PsIIIE MPO-
LIECCOB B 00JIaCTU XUMUM, MEIULIUHLI, (hapMaKOJI0-
My, OMOJIOTUM U NPYTMX HAyYHO-TEXHUYECKUX 00-
nactsax [1—5]. MukpodaonaHble yCTpocTBa HAILIN
CBOE IIpUMEHEHNE B KOHTPOJIMPYEMOM CMEIIMBAaHUN
KOMIIOHEHTOB XMMMYECKUX peaklivii, pa3aeJeHun
WIM OOHapy:KeHUU npumMeceii [6, 7]. B 3aBucumoctu
OT (PYHKIIMOHAIBHBIX 0COOEHHOCTEI MUKPOMIION I~
HbBI€ YCTPOMCTBAa MOXHO HCHOJIb30BaTh B KA4ye€CTBE
MukpopeaktopoB [8—10], nabopatopuii Ha 4umne
[11—13] wau opraHoB Ha yuire [14].

C pa3BUTHEM aAIUTUBHBIX TEXHOJIOT M TPAIULIT-
OHHBIE METOAbl M3rOTOBJIEHUST MUKPOMIIOUIHBIX
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YCTPOICTB (MUKpO(hpe3epoBKa, MUKPOJIUTHE, TOPSI-
yee TUCHEHME, JIUThe II0N HaBJIECHHEM), KOTOpbIE
CUMTaNIM “30JI0TBIM cTaHmapToM” 1ociaenHue 30 Jer,
HAayMHAIOT TEPATh CBOIO aKTyaJbHOCTh. Ilepeumc-
JIEHHBIE BBIIIIE METOALI UMEIOT PSIT HEJOCTATKOB, Ta-
KHX KaK TPYJZOEMKUE, TOPOTOCTOSIINE MPOLECChl U
CJIOXKHOCTh BHECEHMS M3MEHEHUI B KOHCTPYKILIMIO.
Kpome Toro, ajist JaHHBIX METOJIOB 4YaCTO HEOOXOIM~
MBI “9HCTBIE TIOMEIIEeHU, 4TO BJIeYeT 3a Co00if co-
OTBETCTBYIOIINE CIIOXKHOCTHU ITpoun3BoacTaa [§—10].

bynyyn MHOrOOOGeIIa0IIel aTbTePHATUBHOM JJTST
U3TOTOBJIEHUSI MUKPODIIOUIHBIX YCTPOUCTB, 3D me-
yaTh MpU3BaHa U3MEHUTH MOAXObl K UX MPOU3BOJ-
cTBY. TexHoOrMM Ha OCHOBe cTtepeosuToprapum SLA
(Steriolitography), DLP (Digital Light Processing),
TOCIOIHOTO HAIIaBJICHUS (PMJIAMEHTA, a TAKKE CTPY I -
Hoit 3D neuyatu — HanboJee INPOKO UCIIONb3yEeMbIe
METONbl aJAAUTUBHBIX TEXHOJIOTUI MJISI TIPOTOTUITU-
pOBaHUS U CO3AaHUS MUKPOMIIIOUIHBIX YCTPOUCTB
[15, 16]. OmHaKo aKTyaJIbHBIC VCCIIEIOBAHMS B 00J1a-
ctu 3D neyaty MUKPOMIIOUAHBIX YCTPONUCTB OTIAIOT
MpEeaIodYTeHue TEXHOJOTUSIM ILIM(POBOI CBETOBOM
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Puc. 1. 3D Moneau MUKPOMDIIIOUIHBIX YCTPOMCTB B re0-
METpPUU MeaH/Ipa Ha 3Tare NPOTOTUITMPOBAHMS: a — YMII
3aKpBITOTO TUTA W1t MUKpO- KT-Busyanmzanuu; 6 — gyuin
OTKPBITOTO THUIIA JUIS BU3yaJIM3aliuyi MeTogoM POM.

MPOEKIIMU, YTO SIBJISIETCSI OMHUM U3 BApUAHTOB CTe-
peonurorpacduu [17—20].

1t yMeHbIIeHUsI KOJIMYECTBA pPeareHTOB, BCTY-
MAIOIIMX B PEAKIINIO, TIOBLIIICHUS YICIbHOM TLTOIIAIN
IMOBEPXHOCTH CMEIIMBAEMbIX KMIKOCTEIA, yMEHBbIIIE-
HUSI THEPTHOCTHU HarpeBa UCCJIeI0BaTEIN CTPEMSITCS
YMEHBIIIATh IUaMeTp KaHayioB uuna. Ha macmTabax
10—100 MxM TIpocTpaHCTBEHHAs pa3pelaioniasi CIio-
COOHOCTh METOJIa MeYaTy OKa3biBaeT CYIeCTBEHHOE
BJIMSIHME Ha TE€OMETPMIO KaHAJIOB, IIEPOXOBATOCTh
IMOBEPXHOCTU CTEHOK, YTO B CBOIO OYepEIb BIIMSICT
Ha TUAPOIMHAMMYECKNE XapaKTePUCTUKHU ITOTOKOB
XKUIKOCTEM.

Knaccuueckne MeToabl ONMTUYECKON MUKPOCKO-
IMAY ITO3BOJISIOT UCCIIeIOBATh IJIaHAPHBIC CTPYKTYPHI
KaHaJIOB Ha 4YuIle, IIPU 3TOM BU3yaau3alus BHYT-
peHHero oobeMa KaHaJOB, a TaKxXe HCCIeIOBaHUE
MOP(OJIOTMY MX BHYTPEHHUX CTEHOK OCTalOTCS 3aTPy/I-
HUTeIbHBIMU. [IpoHMKaOIIAasl CHOCOOHOCTh PEHTTe-
HOBCKOTO M3JIyYeHUsI TTO3BOJISIET UCCAea0BaTh TPeX-
MEPHYIO CTPYKTYPY MUKPOMIIOMIHBIX KaHAJIOB IIPU
HMCIOJIb30BaHNUM MOAXOOSIIET0 KOHTPACTHOIO Bellle-
ctBa [21]. OgHako, HeCMOTPS Ha IIMPOKOE TpUMEHeE -
HME METOAA PEHTIT€HOBCKOM KOMITBIOTEPHOM MUKPO-
ToMorpaduu 1j1s1 UCCIeN0BaHUS CTPYKTYPbl MUKPO-
pa3MepHBIX 00bEKTOB, B TOM YMCJIE MUKPOKAHAJIOB
B Pa3JIMYHBIX T'€OJIOTUYECKUX 00beKTax [22], maH-
HBIII METO He MOJIyYI INUPOKOTO PaCIIPOCTpaHe-
HUS IJISI BU3yalu3alluyd KaHaJIOB MUKPOQIIONI-
HBIX ycTpo#icTB. Tak, B [23] ¢ MOMOIIBIO pEHTIEHOB-
CKOM ToMorpaduu HMcCleIoBaiu TpaHUIbl pasaesa
¢a3 KUAKOCTb—KUAKOCTh U KMIKOCTb—Ta3 B TOHKMUX
Kanuuisipax (pa3Mep MOINEpPEeYHOro CEYECHMs COCTa-
BIJI HECKOJILKO MIJJIMMETPOB), a B [24] Mukpodio-
WIHBIC YCTPOICTBA, MTOJIyYEHHBIE C ITIOMOIIBIO TEXHO-
soruu 3D 11e4aTy ¢ TIoTriepevYHBIM pa3MepoOM KaHaJIOB
okoJio 400 MKM, B KOMOMHALIMM C METOJJaMU TOMO-
rpa¢du UCIIOIb30BAJIM JJI1 UCCIeNOBaHUS TTpoliecca
¢opMupoBaHUS TPOMOOB B KPOBEHOCHBIX COCYIaX.

B nHacroseit padore Oblia mpoBeacHa IByMEp-
Hasl U TpexMepHasl BU3yaau3aiust MUKPOQITIOUTHBIX
YCTPOUCTB C TIOIMEPEYHbIM CEYEHUWEM KaHaioB 125
u 500 MKM C MOMOIIIbIO PEHTTEeHOBCKOI KOMIbIOTEP-
HOU MUKpoToMorpacduu ¢ MpUMEHEHUEM pPa3IuYHbIX
KOHTpacTtupyolmux areHtoB. MccienoBaHa Mmopdo-
JIOTUSI MOBEPXHOCTH MUKPOMIIOMAHBIX KaHAJIOB U
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NpoBeaeHa olleHKa KadyecTBa 3D mmegatt MUKpodIIro-
UIHBIX yCTpoiicTB. [TonydyeHHBbIE TaHHBIE CPABHUBA-
JIU ¢ pe3yJibTaTaM1 BU3yalIn3aluy MOBEPXHOCTU 00-
KOBBIX CTEHOK MUKPOMIIOUIHBIX KAHAJOB METOIOM
pacTpOBOIi 2JIEKTPOHHOI MUukpockonuu (POM).

METO/bI

Onucanue memoduku 3D newamu
MUKPODAIOUOHBIX YCMPOLicmE

B xauecTBe Moaenu Ajs uccienoBaHuit Mopgo-
JIOTUU TMOBEPXHOCTU MUKPOQDIIOUIHBIX KaHaJOB
B HacTosleir pabore OblIa BbEIOpaHa Haubojee
pacrnipocTpaHeHHasi TONOJOTUsI MUKPOMIIIOUIHbBIX
YCTPOMCTB — MUKPOMHUKCEP B F€OMETPUU MeaHapa
(puc. la). s uccieqoBaHuii Metogamu Mukpo-KT
OblJ1a CIPOEKTUpPOBaHA W peaJiM3oBaHa MoJesb 3a-
KPBITOTO YuMa, a Jjsl uccieaoBaHuii MetonoMm POM
ObLITM U3TOTOBJIEHBI MOJIEJIU YUTIOB C OTKPBITHIMU Ka-
HajamMu (puc. 10). 3D momenb MUKPOGIIOMIHBIX
YCTPOMCTB, COCTOSIIIIAs U3 TeJia Y KaHajla KBaapaTHO-
ro ceyeHusl, ObUIa CIPOEKTUPOBaHA C UCMOJIb30Ba-
HueM CAD-cuctemsl Fusion 360 (Autodesk, CIIIA).
OcHOBHbIE MapaMeTpbl MUKPODIIOMTHBIX YCTPOUCTB
npuBeaeHbI B Ta0. 1. [TonroToBKy 1 oTIipaBKy Moje-
mu Ha 3D 1eyars IMPOBOAMIM NPU TOMOIIH IIPO-
rpamMmHoro ob6ecrneueHust ASIGA Composer (Cuna-
Heit, ABcTpanusi). OcHoBHBIe ITapameTphl 3D neuaTtu
obeux Mojaeieit MUKpOMIIOUIHBIX YCTPOMCTB MpPU-
BeAeHbl B Taba. 2. CienyeT OTMETUTh, UTO YKa3aH-
HbIi B Ta0J1. 2 MapaMeTp CKOPOCTU OTpbIBa maT¢hop-
MBI OBLI TOJO0OpaH 3KCIIEPUMEHTAIBHBIM ITYTEM, OH
BJIMSIET HAa PaBHOMEPHOCTb pacmnpeie/ieHUus] He3a-
TBepaeBlIei (oTornogimmMepHO CMOJIbI BHYTPU Ka-
Haja, a TakXe Ha KauyeCcTBO BEpxHeil MOBEPXHOCTHU
MUKpodrouaHoro kaHana. J[jist neyat MUKpodJito-
HUIIHOTO YCTpPOMCTBa ObUT MCHONB30BaH 3D MpuHTEp
ASIGA UV MAX (Cunneit, ABcTpanus). B kauectBe
MaTepuajia IJisl Tedatu Opanu (GOTOMOJMMEPHYIO
cmoiry FunToDo Nano clear (YTpext, Hunepnanmaer).

Onucanue napamempos peHmeeHo8CKol
murxpo-KT-eusyasuzayuu

MUKpOKOMIBIOTEPHAsI pEHTTEHOBCKAs TOMOTpa-
¢ust uumnoB ObIIa BHITIOJIHEHA Ha JabopaTOPHOM
npudope Quantum GX microCT (Impou3BoaCTBO
Perkin Elmer, CIIIA). ITapameTpbl peHTT€HOBCKOM
TpyOKu: HanpstkeHue 90 kB, cuita Toka 88 MkA. Cka-
HUpPOBaHNeE MIPOBOAWIN B pa3IMYHbBIX PEKMMaXx C Ba-
pbUPYEMBIM paspelineHueM. [1pu HauTydieM paspe-
IIEHUU pa3Mep BOKcesst cocTaBul 20 MKM, Bpalle-
Hue reHTpu 360° (M300paxkeHUEe OBLIO MOJIYYEHO B
427 ipoeK1MsIX), BpeMsI HaKOIIJIEHUsI JaHHBIX COCTa-
BIJIO 14 MuH 1151 ogHOTrO n3MepeHus. C Leabo yiayd-
IIEHUSI KOHTpACTa U JIy4llleid BU3yaJnu3aluy TpaHuII,
o0beMa 1 MOP(POIOTUHY TTOBEPXHOCTU MUKPODITIOUI-
HBIX KaHaJIOB WCIIOJIb30BaIl KOHTPACTUPYIOILINE
KUIKOCTHU Ha OCHOBe iiofa, a UMeHHO (papMalleBTH -
YeCKMii IpernapaT Ha ocHoBe crnupTtoBoro 10%-ro
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Ta6mmma 1. TeoMeTpudyeckue mapamMeTpbl pa3Mepa Kopltyca U BHYTPEHHUX KaHAJIOB MUKPOMIIONIHBIX YCTPOMCTB,

3aJlaHHble Ipu (opmupoBaHuu 3D Monenu ycTpoiicTBa

Obpasen Pasmepsnr Pasmep nmomepeunoro Jmmnaa O6BeM Hamuuwne
MUKPOQDIIIONITHOTO
. XX YX Z MM | cedeHUSI KaHaja, MKM | KaHajia, MM KaHajla, MJ1 | 3aKpBIBAIOILETO CJIOS

YCTpOMCTBA
POM 19 x8 %1 124 52 0.06 Her
Mukpo-KT 19 x 8 x2 124 52 0.06 Ha
Mukpo-KT 24 X 8 X2 500 52 0.24 Ha
Taomuna 2. ITapameTpsl 3D neuatu ucciienyeMbix MUKPOMITIOUIHBIX YCTPOMCTB

Obpaszen Bricora Bpews Bpews CkopocTh oTpbiBa | UHTEHCMBHOCTH Bpews
MUKPOQDIIIOUIHOIO SKCITO3ULUM | IKCIO3ULIUU TMOCTPOEHUSI,
. CJIOST, MKM tatopMmbl, MM/c | YD-namsl, %

YCTpOICTBA OIIHOTO CJIOsI, C | IBYX CJIOEB, C MUH
POM 25 20 10 95 6
Mukpo-KT 25 20 10 95 10
Mukpo-KT-500 25 20 10 95 10

pacTBopa itoga — O0eTaiuH, a TaKXKe KOHTPpaCTUPYIO-
1IIM TIperapaT Ha OCHOBE OPraHUYEeCKU CBSI3aHHOIO
oma, ncronb3yeMblii 11t Mukpo-KT Busyanuzanum
KUBBIX OpraHu3MoB, — mpenapat Optiray (fpous-
BoncTtBo Mallincrodt, KaHnana), roe KOHLEHTpaLus
iona coctasisieT 350 Mr/mi (ITpu 3alOJTHEHU Y KaHa-
JioB Optiray Ob11 pa36aBiieH IMCTUILISITOM B OTHOIIIE-
Huu 1 : 10). PeKOHCTpYKIIMS TpeXMEpHBIX N300paxke-
HUM IyTEM aHaIM3a COBOKYITHOCTHU MOJYYEHHBIX B XO-
ne Mukpo-KT-Busyaimzanmuu mpoekumidi  Obuia
BBITIOJTHEHA B IIpOorpaMMHOM KoMIutekce RadiAnt.

Pacmpoeaﬂ INEKNMPOHHAA MUKDOCKONUA

Busyanuzanuio Mop¢oaorum IoBEpXHOCTU CTe-
HOK MUKPOMIIOUIHBIX KaHaJI0B MeTonoM POM ocy-
IECTBIsIIU ¢ ToMolbio Mukpockorna FEI Teneo Ha
0aze OO0 “CMA”. ag mpoBedeHUsT M3MEpPEHU
0o0Opa3ibl MoMellaad Ha YIJIepOIHYIO JICHTY, UX TO-
BEPXHOCTb IIPEIBAPUTEIBLHO IIOKPHIBAIM TOHKHUM
CJIOEM 30JI0Ta C LIEIbI0 HEUTPpaAIM3alluM 3JIeKTPOCTa-
TH4YecKoro 3apsiga. Pabouyio kaMepy MUKpPOCKOIIa
oTKauuBaiu 10 nasiaeHus MeHee 1073 [1a B pexxume
BBICOKOTO BaKyyMa. YCKOpSIOIlee HaIpsDKeHUE U
TOK 3JIEKTpOHHOTO ITyuka coctaBwiu 10 kB u 0.10 HA
COOTBETCTBEHHO. [l perucrpanim mn3o0pakeHUi
HCIIOJIb30BaJIN IETEKTOP 0OPATHO pacCesIHHBIX 3JICK-
tpoHoB THMa ETD (Everhart—Thornley detector) [25].

PE3VJIBTATBI 1 UX OBCYXIEHHUE

Busyanauzayus memodom peHmeeHo8CcKol
KOMNbIOMEPHOI momoepaghuu

B pamkax nepBoro noaxoaa BU3yaiu3alus MUK-
POMIIOUIHBIX YCTPOICTB ObLIa BBIITOJIHEHA C TIOMO-
1IbIO, CKAaHUPYIOLIEH PEHTIEHOBCKOM MUKPOTOMO-

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

rpaduu ¢ paspemenneM Bokcelrst 20 Mkm. MHTepecHoO,
YTO BBUAY JITOCTATOYHOIO OTIWYUS Ko3(ddummeHra
MOMIOIIEHUSI PEHTI€HOBCKUX JIy4yeli | Bo3ayxa, KO-
topheiii B equHnnax KT (mim Tak Ha3pIBaeMbIX €oM-
Huuax XayHchunna) paseH —1000 u | maTepuana
cMoitel (—6.4 £ 7.1), npuMmeHsieMoit mig 3D meyartu
MUKPODIIOMIHBIX YCTPOMCTB, MOKHO BU3yaTU3UPO-
BaTh KaHaJbl MUKPOMIIOUIHBIX YCTPOMCTB Jaxe B
OTCYTCTBUE KOHTpacTUpYIOIllero areHTa (puc. 20).
B TO Xe BpeMsi CTOUT OTMETUTh, YTO OOJIBIINHCTBO
METOJIOB CHHTE3a IIoApa3yMeBaeT KCHOJIb30BaHNUE
BOJIHBIX PACTBOPOB peareHTOB (TaK Ha3bIBacMbIe T~
porepManbHbIe CUHTEe3bI). Kak 1mokasaHo Ha puc. 2a,
KO3(UIIMEHTHI TTOIJTOIIEHUST PEHTTeHOBCKUX JIydeit
JUCTULIMPOBAHHOI BOIBI M CMOJIBI, MCTIOAb3YEeMOId
IUIST IeYaT MUKPOMIIOUIHBIX YCTPOMCTB, OKa3hiBa-
IOTCSI OYE€Hb OJIM3KMMU, YTO HE 00ECIIeUnMBAET TOJIK-
HOTO KOHTpAacTa JJjIs1 BU3yaInu3aiuu.

C uenplo OoJjiee YETKOW BU3yalM3allMyd KaHaJbl
MUKPOMIIOUIHOTO YCTPONCTBA 3aMOJHSIN PacTBO-
pamu oncoaepxanux npenapartos. Pe3ynabTarsl BU-
3yajqu3alliM, MOJy4YeHHbIe MPU 3aroJHEHUM 4Yura
OeTagHOM (CIIMPTOBOM pacTBOp Hi0/1a) 1 KOMMepYe-
CKMM KOHTPACTHBIM BEIIECTBOM Ha OCHOBE OpraHu-
YeCcKHM CBsI3aHHOTO Hona Optiray, UCIOIb3yeMbIM 15T
KOHTPACTUPOBAHUSI TIPU KIMHUYECKUX MCCIIeIoBa-
HUSX, TIpEACTAaBIIEHBI Ha pUC. 2B, 2T COOTBETCTBEHHO.
Hakoner, Ha puc. 211 MOKa3aHO pacnpeaeieHue peHT-
TEHOBCKOM TUIOTHOCTH BELIECTBAa IPU 3alOJIHEHUU
MUKPOMIIOUAHOTO YCTPOMCTBA KOHTPACTOM Ha OC-
HoBe Optiray BOoJb MOMEPEYHBIX (BEpPXHSISI 4acTh) U
MPOAOJLHOTO (HUXKHSSI 4acThb) CEYEHUM KaHaJloB.
IIpuBeneHHble NaHHbIE MO3BOJSIOT OLIEHUTh OIHO-
POIHOCTh 3aIlOJIHEHUSI KaHAJIOB XXWUIKUM KOHTpa-
CTUPYIOIIMM BEIIIECTBOM U KOJIMYECTBEHHO OLIEHUTD
T€OMETPUYECKUE MapaMeTPbl UCCIETYEMbIX MUKPO-

Ne 3 2023
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Puc. 2. Pesynbratel 2D Bu3yanuzaluuu B IBYX IIPOSKIUSIX — “BUI CBepXy” M “BUJ ¢ TOpLa” — ISt MUKPOMIIOMIHOIO YUIIa C
3aJaHHBIM IIOIIEPEYHBIM CEUeHMEeM KaHaJIOB 124 MKM, 3alIOJTHEHHBIX: a — IMCTUUIMPOBAHHOI BOIOIT; 6 — BO3IyXOM; B — Oe-
TaguHoM; I — Optiray; o1 — pacripejejieHue PEHTT€HOBCKOM TIOTHOCTH B MUKPOMIIIOUIHOM YHIIe, 3alIOJITHEHHOM KOHTPACT-
HBIM BELIECTBOM Ha ocHOBe Optiray JUIsl CEpyy MOINEPEeYHbIX CeYeHM (BIOJIb IMHUY B BEPXHE YaCTH pUC. T) U TTPOAOILHOTO

ceueHMs KaHasa (BIOJIb JMHUU B HUKHEH YacTu pUc. T).

GmonIHBIX ycTpoiicTB. Tak, mMpogoibHOE ceueHUe
KaHajla COCTaBJISIET MIPUMEPHO 6 MM, YCPETHEHHOE
3HaYeHME MonepeuHbIx ceueHmnit ~100 = 20 MkM, 4TO
COOTBETCTBYET ITapaMeTpaM medyaTd MUKPOQIIonI-
HBIX YCTPOICTB C 3aJaHHBIM TTONIEPEUYHBIM CEYCHUEM
KaHayioB 124 MxM (T1a61. 2).

Ha caenyiomem sTane Obula BEIIOIHEHA PEKOH-
crtpykuusa 3D mopmeneit kKaHAJIOB MUKPOMIIOMIHBIX
YCTPOMCTB C MOIEPEYHBIM CeUeHEM KaHaioB 124 u
500 MM (puc. 3), 3aITOJTHEHHBIX KOHTPACTUPYIOLIUM
BemectBoM Optiray. B 0o6oux ciaydassx MOXHO BU-
JIeTh, 4TO T10 pe3ysibTaTaM MUKpo-KT-Busyanuszanum
U TIOC/eAyIomeil peKOHCTpYKunu 3D n3o0pakeHUit
MOXHO YCTaHOBUTH OCOOCHHOCTU MOpPdOJIOoTUUN
MOBEPXHOCTU MUKPODIIONIHBIX KaHanoB. [ToBepx-
HOCTb OOKOBBIX CTEHOK KaHayia cedyeHueM 500 MKMm
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Puc. 3. Pe3ynbrarsl pekoHcTpyKLmu 3D KaHanoB s uu-
OB C TTONepeYHbIM ceueHreM KaHanoB 124 (a) u 500 MxMm
(6), 3amoJIHEHHBIX KOHTPAcCTHbIM BelecTBoM Optiray.
PasMep Bokcelts st cepur IBYMEPHBIX MPOEKITUI, UC-
MOJIb3YEMBIX IMPU PEKOHCTPYKILIMU, COCTaBUI 20 MKM.

MOBEPXHOCTb. PEHTTEHOBCKHUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEJOBAHUS ~ Ne 3

Oosiece abpa3MBHAs IO CPAaBHEHUIO C BEPTUKAJTbHBIMU
IOBEPXHOCTSIMU, UTO MOXKET OBITb CBSI3aHHO C TEM, YTO
paspeleHue TeYaTy BIOb CJIost, (POPMUPYIOLLIEro 60-
KOBBIE CTEHKM KaHAJIOB, COCTaB/ISIET 25 X 62 MKM, B TO
BpeMsl KaK pa3pellleHre IIeYaTh BIOJb CJI0sT, (hOpMU-
PYIOILIETO TOPU3OHTAJbHBIE TUIOCKOCTU, COCTABUIIO
62 X 62 MKM (T.€. 00YCIIOBJIEHO GOJILIINM 3€PHOM ITe-
YaTy B TOPU3OHTAIbHOM INIOCKOCTH).

Busyaauzayus memodom POM

MukpodaiongHble YCTPOMCTBA € TIOIIEPEYHBIM
pa3MepoM cedyeHus KaHaJIoB 124 MKM ObLIM UCCIEN0-
BaHBI ¢ TToMo1bpio POM. Ha puc. 4 mokazaHbI pa3-
JIMYHbIE KOHCTPYKTUBHBIE BJIEMEHTHI UCCIEIyEMOIO
yumna. Kak MoxxHo BugeTh u3 puc. 40, 4B, pa3Mmep I10-
MepevHOro CeYeHUS B IPSIMOIi YacTH KaHaja 1 o0J1a-
CTU IeTau BapbupyeTcs oT 90 1o 125 MKM COOTBET-
cTBeHHO. Pe3ynbTarhl BU3yanv3aliMy J€MOHCTPUPYIOT
Pa3IUYHYIO CTeTIeHh HEOMHOPOTHOCTH ITOBEPXHOCTU
OOKOBBIX CTEHOK KaHaJIOB I10 BHEIITHEMY W BHYTPEH-
HeMy paauycaM usruba. Ha puc. 46 ctpenkamu yka-
3aHBI BBICTYIIBI, pa3Mep KOTOPHIX HNPUOIU3UTEIIHLHO
COOTBETCTBYET 3aJaHHOMY pa3Mepy IiKcessd 62.4 MKM
B ILTOCKOCTU XY.

Bonee 1 MeHee BhIpaxkeHHbIE HEOTHOPOIHOCTH B
U3rnbax KaHaJI0B MOTYT OBITh CBSI3aHbBI C HEOMHOPO/I -
HOCTBIO IIPOMBIBKU (YIAJIEHUSI OCTATOYHOM XKUIKOMA
CMOJIbI M3 ITOJIOCTU KaHaJIOB) U, KaK pe3yJibTaT, He-
OIHOPOIHBIM 3aTBEPIAEBAHUEM CMOJIbI. DTOT 3 PEKT
OTYETIMBO HAOMI0OJAeTCsI MPU BU3yaIM3alldu BXOM-
HOTO ITOpTa MUKPOMITIONIHOrO YUIIa OKPYTIoii hop-
MBI, IOKAa3aHHOTO Ha PUC. 5, [Ie B MpaBOil YacTU OT-
BepcTUsT O0OKOBasI CTEHKA BBITJISIAUT O0Jiee TTOJIOTOM.
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Puc. 4. POM-u3o06paxeHnss 60KOBBIX CTEHOK KaHaJIOB
MUKPOGDIIOUIHOTO YMIIa TOMOJIOTUM MEeaHIpa: a — MeTst
KaHana, ysennmaeHue 400%; 6, B — meTis KaHasa, yBelu-
yeHue 800X ; T — MpsIMOi1 y4aCTOK KaHaJja.

500 MKM :

Puc. 5. POM-u3o06paxeHuss BXOOHOIO IOpTa MUKPO-
(mronaHOTO UMIIA C pa3IMYHBIM yBeJinueHueM: a — 200%;
6 — 400%. TeMHBIMU OTpe3KaMH yKa3aHBI CJIOU IeYaTh
BIOJIb OcU X. YCpeoHEHHbBII pa3Mep MUKCES BIOJIb OCH
X cocraBisieT 66 MKM, YTO COOTBETCTBYET 3aJaHHBIM Ia-
pameTpam nevaTu (Taoi. 2).

Taxke Ha puc. 4a, 4B BUAHBLI BKpaIUICHUS BO
BHYTPEHHEM YacTU KaHaJlOB, KOTOPBIE MOTYT OBITh
CBg3aHbl KaK C 3arpsi3HEHMEM MUKPOMIIOUIHBIX
YCTPOMCTB C KaHaJlaMU OTKPBITOTO TUIIA MHOPOMIHBI-
MU 00BEKTAMHU, TaK U ¢ HEHTPAMU KPUCTAUIU3allNU
Mpu 3aTBepAeBaHUU cMoJbl. Ha puc. 56 ipu Busya-
JIM3alIMM BXOJHOTO ITOpTa OTYETIMBO BUIHBLI HEOMI-
HOPOOHOCTA M MUKPOTPEIIVHBEI B GOKOBOII CTEHKE
OTBEJIEHHOIO KaHajla, a TakKXKe YETKO BU3YaIM3UPY-
eTCsI TMMKCEIbHbBII XapaKTep MneyaTu. YCpeIHEeHHbIH
pa3Mep IMHUKCeIs BIOJIb OCH X, OLIeHeHHbII 110 POM -
n3oopaxkeHuo ¢ 400-KpaTHBIM YBEJIWYECHHUEM, CO-
CTaBJISIET ~66 MKM.

B 11ie;oM cTouT OTMETUTB, YTO MeTOI POM 1103BO-
JISIET TIPOBOAUTH OoJiee AeTaJbHBIII aHaJIU3 U KOH-
TPOJIb KayecTBa mevyaTd MUKPOQIIONIHBIX YUIIOB B
paMKax nucnojibdyeMoi rexnoyioru DLP 3D neuatn.
OnIHako JaHHBIMA METON OrpaHWYEH TEM, YTO MOXKET
OBITh IPUMEHEH TOJIBKO JJISI YUIIOB OTKPBITOIO THUIIA.
Nma ke MUKpOQIIOMIHBIA YWIT 3aKPBITOTO THUITA
JIOJKEH OBITh TTOABEPXEH IOIepeyHOMY paspesy,
9TO HEM30eXXHO MpPUBEAET K JONOIHUTCIBHBIM Oe-
dopmanvsIM, U aHaJIU3 TIOJIyYEHHBIX B ITOCIIEIYIO-

MOBEPXHOCTb. PEHTTEHOBCKUWE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCJIEIOBAHUS

meM POM-u3zobpaxeHuii He OymeT OOBEKTHMBHBIM
KacaTeJbHO KauecTBa NevyaTy 1 MOp(dOIOTUM CTEHOK
KaHAIOB MUKPOGIIOUIHBIX YCTpoicTB. OmHaKo
PEHTreHOBCKasT KOMIBIOTepHass MUKPOTOMOTpachus
MMpUMEHNUMA TSI BU3yaJIM3allMi MUKPOMIIOUIHBIX
YUITOB 3aKpbITOro Tuna. bojee Toro, npu opmupo-
BaHUM CTAIlMOHAPHBIX ITOTOKOB MUKpPO-KT-mmarHo-
CTUKAa MOXKET OBITh TIPUMEHNMA JUISI UCCIIeNOBaHUSI
MPOLIECCOB MUKPOTUAPOAMHAMUKY U MTO3BOJIUT MTPO-
BoauTh 3D BU3yanmM3anuio IMpoLeCcCOB CMEITNBAHUS
JKMIKOCTEW B MUKPOMIIOMIHBIX KaHaJIax.

BbIBOJbI

B pabote paccMoTpeHa BU3yaldu3allvsl KaHaJIOB
MUKPODIIOMIHBIX YUIIOB, ITOJy4a€MBbIX C IIOMOIIBIO
3D meyatu MeTtomaMu HUGPOBOI CBETOBOM MPOCK-
LIUM, PEHTIeHOBCKOII MUKpoToMorpadum m POM.
B nepBoMm ciryyae ymaeTcsl BU3yaJM3UPOBATh CTPYK-
TYpy KaHaJIOB Jaxke 0e3 UCIOJIb30BaHUSI KOHTPACTU -
PYIOLLMX BEILIECTB BBUIIY IOCTATOYHOIO KOHTpACTa rpa-
HUIIBI pa3aeiia cMojla—Bo3ayx. Metomamu Mukpo-KT
BU3yaJM3alluid YyIAeTCs OLEHUTh TIeOMETPUYECKUE
napaMeTpbl MUKPOMIIIOUAHBIX KaHAJI0B, TaKUX KaK
pa3Mephl IPOIOJILHOIO 1 ITONIEPEYHOro ceueHunii. Pe-
KOHCTpyK1Ms 3D m3o00paxkeHWT M3 cepuu MUKPO-
KT-cpe3oB ¢ paspemieHuem 20 MKM TO3BOJISIET 3a-
KIIIOYNTh, YTO MIOBEPXHOCTh OOKOBBIX CTEHOK KaHa-
JIOB OoJ1ee abpa3uBHAasI, YTO MOKET OBITh CBSI3aHO C 00-
Jiee BBICOKMM pa3pellicHUEeM IIe4aTh B BEPTUKAJILHOM
HampapJieHUM (pa3Mep IUKCenst 25 MKM II0 ocu Z) B
CpaBHEHMH C TOPU3OHTAJIBHBIM (pa3Mep MuKcess 62
MKM 110 ocsiM X u Y). IIpocTpaHcTBeHHOE pa3pelie-
HHe POM-u300paxkeH1 ITO3BOJINIO IIOJTYIUTH 00-
Jiee AeTajJbHYI0 MH(pOopMalio 0 MOp(POJIOTUHN T10-
BEPXHOCTU OOKOBBIX CTECHOK MUKPO(MIIOUIHBIX Ka-
HaJIOB IJISI YUIIOB “OTKPHITOro” TUIIAa U HAOII0OaTh
JIoOKaJibHbIe apTedaKThl Me4aTu, KOTOPbIE€, BEPOSIT-
HO, OOYyCJIOBJIeHBl HEpaBHOMEPHBLIM 3aTBepiaeBa-
HHEM CMOJIbI MpU IIPOMBIBKE MUKPOQIIOMIHBIX
YCTPOMCTB.

BJIATOJAPHOCTHA

HccnenoBaHue BBIMOJHEHO MHpU (UHAHCOBOM ITOMI-
nepxke MuHoopHayku Poccum (Cornmamrenne Ne 075-15-
2021-1363).

KOH®JIMKT MHTEPECOB

ABTOPBI 3asIBJISIIOT, YTO Y HUX HET KOH(JIMKTAa UHTEPECOB.

CITMCOK JIMTEPATYPbBI

1. Song Y., Kumar H.J., Kumar C.S.S.R. // Small. 2008.
V. 4. Ne 6. P. 698.
https://doi.org/10.1002/smll.200701029

2. LaiX., Lu B., Zhang P., Zhang X., PuZ., Yu H., Li D. //
ACS Biomater. Sci. Eng. 2019. V. 5. Ne 12. P. 6801.
https://doi.org/10.1021 /acsbiomaterials.9b00953

Ne 3 2023



11.

12.

13.

NCCIEAOBAHUE MOP®OJIOTMHU ITOBEPXHOCTU KAHAJIOB

. MalJ, LeeS, Yi M.Y, Li. C. // Lab Chip. 2017. V. 17.

Ne 2. P. 209.

https://doi.org/10.1039/C6LC01049K

Noviana E., Ozer T., Carrell C.S., Link J.S., McMahon C.,
Jang ., Henry C.S. // Chem. Rev. 2021. V. 121. Ne 19.
P. 11835.
https://doi.org/10.1021/acs.chemrev.0c01335

. Niculescu A.-G., Chircov C., Bircd A.C., Grumezescu A.M. //

Int. J. Mol. Sci. 2021. V. 22. Ne 4. P. 2011.
https://doi.org/10.3390/ijms22042011

Hwang J., Cho Y.H., Park M.S., Kim B.H. // Int. J. Pre-
cis. Eng. Manuf. 2019. V. 20. Ne 3. P. 479.
https://doi.org/10.1007/s12541-019-00103-2
Hamdallah S.1, Zoglam R., Erfle P., Blyth M., Alkila-
nyA.M., Dietzel A., Qi S. // Int. J. Pharm. 2020. Ne 584.
P. 119408.
https://doi.org/10.1016/j.ijpharm.2020.119408

Wang Y., Seidel M. // Sensors. 2021. V. 21. Ne 7.
P. 2290.

https://doi.org/10.3390/s21072290

Hakke V., Sonawane S., Anandan S., Sonawane, Ashok-
kumar S. // Nanomaterials. 2021. V. 11. Ne 1. P. 98.
https://doi.org/10.3390/nano11010098

. Shrimal P, Jadeja G., Patel S. // Chem. Eng. Res. Des.

2020. V. 153. P. 728.
https://doi.org/10.1016/j.cherd.2019.11.031

Srikanth S., Dudala S., Jayapiriya U.S., Mohan J.M.,
Raut S., Dubey S.K., Ishii I., Goel J.A. // Sci. Rep. 2021.
V. 11. Ne 1. P. 9750.

https://doi.org/10.1038 /s41598-021-88068-z

Schaap A., Koopmans D., Holtappels M., Dewar M.,
Arundell M., Papadimitriou S., Hanz R.,Monk S.,
Mowlem M., Loucaides S. // Int. J. Greenh. Gas Con-
trol. 2021. V. 110. P. 103427.
https://doi.org/10.1016/j.ijggc.2021.103427
Narayanamurthy V., Jeroish Z.E., Bhuvaneshwari K.S.,
Bayat P, Premkumar R., Samsuri F., Yusoff M.M. //
RSC Adv. 2020. V. 10. Ne 20. P. 11652.
https://doi.org/10.1039/D0ORA00263A

. Tymm C., Zhou J., Tadimety A., Burklund A., Zhang J. X.J. //

Cell. Mol. Bioeng. 2020. V. 13. Ne 4. P. 313.
https://doi.org/10.1007/s12195-020-00642-z

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

97

Bressan L.P, Lima T.M., da Silveira G.D., da Silva J.A.F //
Appl. Sci. V. 2. Ne 5. P. 984.
https://doi.org/10.1007 /s42452-020-2768-2

Gonzalez G,. Roppolo I., Pirri C.F, Chiappone A. // Ad-
ditive Manufacturing. V. 55. P. 102867.
https://doi.org/10.1016/j.addma.2022.102867

De Costa B.M., Griveau S, Bedioui F., Orlye F., da Sil-
va J.A.F, Varenne A. // Electrochim. Acta. 2022.
Ne 407. P. 139888.
https://doi.org/10.1016/j.electacta.2022.139888

Nguyen H.Q., Seo T.S. // Anal. Chim. Acta. 2022.
Ne 1192. P. 339344,
https://doi.org/10.1016/j.aca.2021.339344

Fritschen A., Bell A.K., Konigstein 1., Stiihn L., Stark,
Blaeser R.W. // Biomater. Sci. 2022. V. 10. Ne 8. P. 198]1.
https://doi.org/10.1039/D1BM01794B

Van der Linden PJ.E.M., Popov A.M., Pontoni // Lab.
Chip. 2020. V. 20. Ne 22. P. 4128.
https://doi.org/10.1039/DOLCO00767F

Jahanbakhsh A., Wiodarczyk K. L., Hand D.P., Mai-
er R.R.J., Maroto-Valer M.M. // Sensors. 2020. V. 20.
Ne 14. P. 4030.

https://doi.org/10.3390/s20144030

Kumar M., Knackstedt M. A., Senden T.J., Sheppard A.P,
Middleton J.P. // Petrophys. 2010. V. 51. Ne 05. P. SPWLA-
2010-v51n5a4. https://onepetro.org/petrophysics/arti-
cle-abstract/171223/Visualizing-And-Quantifying-the-
Residual-Phase?redirected From=fulltext,

Schuler J., Kockmann N. // AIChE J. 2020. V. 66. Ne 4.
P. 16890.
https://doi.org/10.1002/aic.16890

Costa P.FE, Albers H.J., Linssen J.E.A., Middelkamp H.H.T,,
van der Hout L., Passier R., van den Berg A., Malda J.,
Van der Meer A. // Lab. Chip. 2017. V. 17. Ne 16.
P. 2785.

https://doi.org/10.1039/C7LC00202E

Everhart TE., Thornley R.F. // J. Sci. Instrum. 1960.
V. 37. Ne 7. P. 246.
https://doi.org/10.1088,/0950-7671/37/7/307

Study of Surface Morphology of Microfluidic Chip Channels via X-Ray Tomography

and Scanning Electron Microscopy
S. V. Chapek!, 1. A. Pankin’ *, D. V. Khodakova?, A. A. Guda!, A. S. Goncharova?, A. V. Soldatov!

ISmart Materials International Research Institute, Southern Federal University, Rostov-on-Don, 344090 Russia
2National Medical Research Centre for Oncology, Rostov-on-Don, 344037 Russia
*e-mail: pankin @sfedu.ru

The visualization of microfluidic chips was considered to study morphology of microfluidic channel surface
and estimate the quality of 3D printing technology based on digital light processing. The visualization was
performed by X-ray microtomography using different iodine-based contrast agents and by scanning electron
microscopy. It was shown that X-ray microtomography visualization made it possible to control the quality
of device printing relative to geometrical parameters of the models specified at the prototyping stage, as well
as to visualize a 3D model of microfluidic channels and surface morphology. The spatial resolution of scan-
ning electron microscopy exceeds the print pixel size and makes it possible to clarify the presence of local de-
fects caused by uneven solidification of the resin during sample washing.

Keywords: microfluidic systems, 3D printing, X-ray tomography, microtomography, scanning electron mi-

Croscopy.

MOBEPXHOCTb. PEHTTEHOBCKHUE, CUHXPOTPOHHBIE U HEUTPOHHBIE UCCIEJOBAHUS ~ Ne 3

2023




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


