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NpumeHeHne nuTorpadnyeckmnx

TEeXHO/IOrMm B 6MoMmeanLLMHCKMX
. yuconenoBaHMAX Ha KJ1IETOYHOM
. M MONEKY/ISIPHOM YPOBHSIX

B.A. Bacun, E.H. Heawoes, I1.C. Kocmomapos

peanoXxeHbl MPUHLMMMANbHBIE CXEMbI Ppeannsaumn nuTorpapuyeckmx Tex-
HOMorum B BMOMEANLMHCKUX UCCNEefOBaHUAX Ha KIETOYHOM U MONEKynsp-
, DM YpOBHSIX. lprBeaeHb! np“MepbI npuMeHeHns obopyaoBaxusa anist ¢op-
MNPOBAHNA TOMOMNOMMYECKON CTPYKTYPbl MUKpOUMNa Ha Noasioxke u dop-
MPOBaHWs PUCYHKa MPW MPOMBILLNIEHHOM MPOM3BOACTBE WHTErpasibHbIX
xeM (Mnn npeAnaraemoro 060pyaoBaHKst). Ha ocHoBe AaHHOI TEXHONOMMK,
NPEANoXeH MPOTOTUMN YCTPOMCTBa ANS BbIAENEHUS NNEKapCTBEHHbIX npena-
PaToB, @ TaKXe BO3MOXKHOCTb CO3AaTb (hOTOMO3auKy uuna Ans pakumo-
HupoBaHus Monekyn JHK.

KnioyeBble c/10Ba: HAHOTEXHO/IOMMS, OMOIOMS U 34PaBOOXPAHEHUE,
CHabIKeH1e opraqHn3mMa JIEKapPCTBEHHbIMM rpenapatamu, JHK n PHK, ¢pak-
YnoHmpoBaHue LJHK.

‘ A basic scheme for the implementation of lithographic technologies in biomedical re-
G h at the cellular and molecular levels. Examples of application equipment for the
ation of the topological structure of a microchip on the substrate and forming a
tern in the industrial production of integrated circuits (or proposed equipment).

on this technology, proposed a prototype device to separate drugs, and the
‘ I|ity to create a photomosaic chip for fractionation of DNA molecules.

Keywords: nanotechnology, biology and health, supply the body of drugs, DNA and
'RNA, fractionation of DNA.

OTEXHOJIOTHS TIO3BOJISIET YUEHBIM, WHDKEHEPaM U MeIWKaM TepetTH K
HOMACIITaOHBIM MCCIENOBAaHMSAM B 00JIacTH OHMOJIOTMHM M 3paBo-
HeHNs Ha KJIETOYHOM M MOJIEKYJIIPHOM YPOBHSIX. DTH HCCIEIOBaHMs
gIyT K HOBBHIM OMOTEXHOJIOTMYECKHMM TIPOU3BOICTBEHHBIM IIPOLIEC-
4 TAloKe K PUHIMITMATLHBIM H3MCHEHHSIM B METOIaX MeIMIMHEI [1].
PaccMoTpEM CXeMy pearu3aluu 000pyIOBaHHs TAaKOH TEXHOJIOTHHU
CorlacHO NpeAyioKCHHOMY TEXHMYECKOMY PEHICHHMIO, HCTOYHHK Jia-
0r0 M3Jy4eHHs] BBIIIOJIHEH HA OCHOBE IIIyOOKOro yibTpaduosera ¢
Hoit BoNHBI A9 = 193 HM. OTpakaromuii ma0I0H BBIIIOJIHEH U3 allio-
is, a hoKycHpyromasi TuH3a — U3 candupa. Ha nomioxke pacrosno-
) TOHKasl TUIEHKA YKUIKOCTH BeicoTor 4 = 0,3 ... 0,5 MM ¢ nokasare-
n penomsieHust 7 > 1,7, a oOpamnaTenas BOJTHOBOTO (pOHTA BBINOJIHEH
e mostoro 1urHapa ¢ xugkocTeio CF3CH,OH (TpudTopsTanon).
IHOCTh TEXHUYECKOTO PEIIeHHs IOsCHIeTCs Ha puc. 1, rae mo-
HO yCTPOICTBO (POPMHUPOBAHUS TOTIOJOIMIECKON CTPYKTYPbI MHKPO-
a Ha mouioxke [3]. JlanHHOE yCTPOMCTBO CONEPIKUT MCTOYHHUK Jia3ep-
0 H3TydeHuss 2, epBOE MOIYIPO3PadHOE 3epKano 3, OTpaKaroluii
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mabsion 4, (GoKycHpyUIyI0 JHH3Y 6 H3
candupa, BTOpoe MOJIYyIpO3pavyHOe 3epKajio
5. Ha mopgnoxke [ pacronokeHa TOHKas
IUIEHKa KUIKOCTH 8 BeIcOTOH A2 = 0,3 ... 0,5 MM ¢
nokasartesieM mpeiaomieHuss » > 1,7, a oOpaniaresib
BOJIHOBOTO (ppOHTA 7 BBINOJIHEH B BUIE TIOJIOTO IIH-
nunapa 9 ¢ xunkocteio CF;CH,OH.

Puc. 1. llpuanunuanbHas cxeMma ycTpoHCTBa (pOPMHUPOBAHH
TOTIOJIOTUYECKON CTPYKTYPBhl MMKpPOYHIA Ha TOIIOXKKE
(6e3 m300paxceHns] 3JEMEHTOB ONTHYECKON CHUCTEMBI):
WJIV — ncTOYHMK J1a3epHOTr0 N3IIyYeHUs

YeTpoitcTBO (POpMUPOBAHHS TOMOJIOTHMYECKOM
CTPYKTYPbl MUKpPOUYMIIA HA TIOUIOXKKE paboTaeT clie-
JYIOIIUM 00pazom.

JlazepHoe m3iyueHHe OT MCTOYHMKA 2 TPOXO-
JUT CKBO3b ITOJIYIIPO3PAaYHOE 3epPKAI0 3, OTpaskacTcs
oT mabiioHa 4, ToMajgaeT B Cpeay ¢ HeperyaapHBIMH
HEOJTHOPOJIHOCTSIMU HOJYTPO3PAaYHOro 3epkana 3 H,
paszieisiach, IaJaeT Ha BTOPOE MOJYIPO3PAvyHOE
3epkaino 5, mnocie 4ero (Gokycupyercs candupoBou
NMH30H 6. Pacxomsiumiics HEOXHOPOIHBINH MYyHYOK,
coKycHpoBaHHBIH carupoBoil JIMH30# 6, Monaaa-
eT B noJsielil nuiuHAp ¢ xkuakocteio CF;CH,OH, 06-
nagaomui - dpdexToM  obpamieHHs  BOJHOBOIO
¢ponra (OBD), u obopaunBaeTcs.

Ob6paiiieHHOE M3JIyYeHHE MOIXOIUT K HEOIHO-
POIHOM cpejie BTOPOTO MOJIYMPO3pavHOro 3epKaia J
U, MPOXOJs Yepe3 Hee, CTAHOBUTCS HWACAIbLHO Ha-
npaBJieHHBIM. VckaxkeHus: BOJHOBOTO (GpOHTA, IOSs-
BUBIIMECS MOCJE MPOXOXKACHHUS TICPBOTO TOIYIIPO-
3pavHOro 3epKajla, KOMIICHCUPYIOTCS MPU MPOXOK-
JEHUU BTOPOTO MOITYIIPO3PavHOTO 3epKaia.
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Tonkass TUIeHKa OKUOKOCTH §  BBICOTOM
h = 03.0,5MM ¢ 1nokaszaTejgeM IPeJIOMJICHHS
n > 1,7 yMeHbIlIaeT OJIMHY BOJIHBI JIyya B IOKa3a-
TeJb MPEJIOMJICHUS Ag = A /n.

IIpuMeHeHME TIpeqIaraeMoro ycrpoucTsa (op-
MHPOBaHHUS TOTMOJIOTHYECKON CTPYKTYpPhl MHKPOUHMIIA
Ha TIOAJIOKKE TIO3BOJSIET 00ECredHTh BO3MOKHOCTB
CO3JIaHUsl YMEHBIICHHOTO M300pakeHHsI IadJIoHa
(IpM  WICTIONIB30BAaHMU METOJIOB TIOBBILICHUS pa3pe-
IIaloied CroCOOHOCTH IPOEKUMOHHOI JuTorpadum
TIPEAIIoJIaraeTcs MOaydaTh JIEMEHTHI C TIPOSKTHBIMH
HOpMaMH He Gozee 32 HM), Ipu pabodUeii JJIMHE BOJI-
HBI YIBTPa(HOIETOBOTO M3ITydeHUs Ay = 193 HM.

B kawecTBO mpuMepa MOXHO TIPUBECTH YCT-
POMCTBO «CHAOKCHHS» OPraHU3Ma JICKAPCTBEHHBIMHU
npenaparamu B Tpedyemoe Bpemsi (puc. 2). YcTpoii-
CTBO TIPEJCTABJISIET COOOW aBTOHOMHBIM, MHHHa-
TIOPHBIM (TBEpJOTENbHAS KpPEMHHEBass MHKPOCXe-
Ma), UMIUIAHTHPYEMBII MEXaHM3M, CIIOCOOHBIN 110
3alaHHON IporpaMMe BBIIEISITH COZAEpIKanicecs: B
HeM BellecTBO (Miu BemiecTBa). OUEeBUIHO, YTO Ta-
KO MEeXaHU3M MOJKET BBIIOJIHATH U ApyTrHe (yHK-
MM (IMarHOCTUKA, XMMUYECKHUH aHaau3 u T.1.) [1].
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Puc. 2. TlporoTun ycTpolicTBa Ha MHUKPOYHIIE, BbIAEJIAIOIIEIO
JIEKapCTBEHHBIE TIPETapaTh!

C yMeHBIIEHHEM pa3MepoOB TaKUX HMHTETrpalib-
HBIX HAHOCHUCTEM YCIIOKHSIETCS 3ajada HaJleJICHHs
MX 3aJaHHbIM (PYHKIMOHAJIBHBIMH XapaKTCPUCTH-
KaMu. B >KMBBIX OpraHM3Max MHOIHC TEXHHYECKUE
3a/1a4M PEHIaloTCs ¢ MIOMOIIBIO MOJIEKYIISIPHBIX [BH-
ratelel M OPYrMX BHYTPUKIETOYHBIX (YHKIIHO-
HaJIBHBIX MamuH. VM3yueHue Takux OHOJIOTHYECKHX
00BEKTOB MO3BOJINT B JAJLHENIIEM O0BEAUHUTH UX
C HEOPraHMYECKUMH YCTPOHCTBAMH M CO3[aTh HO-
BBIC, THOPHUIHBIC HAHOMEXaHUYECKHE CUCTEMBI.
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B nocnennne HeckoIbKo JIET y4eHble pa3paboTa-
JIM TEXHOJIOTHIO OBICTPOrO KapTUPOBAHWs TeHETHYE-
ckoi mH(popmanmu B Moniekynax /JHK n PHK, Bkro-
Yas ONpeieJIeHHe MyTalllil 1 ypoBHeH akcripeccun. B
5TOM TEXHOJIOTMH HCIOJb3YeTCS MaTpHIlda MHKpPOYH-
nos JIHK, dro mmeer cxonacTBo ¢ nurTorpadudeckom
TeXHOJIOruei (popMHPOBaHMSL PUCYHKA TIPH IIPOMBIIII-
JIEHHOM IIPOM3BOJ/ICTBE MHTETPAJILHBIX cxeM [1].

PaccmoTpum cxemy peanmsanuv Takoil TeXHO-
norun [4]. CornacHo MPeIVIOKEHHOMY YCTPOHCTBY
it GOPMHUPOBAHUS PUCYHKA TPHU TIPOMBIIITIEHHOM
IIPOU3BOJCTBE MHTETPAIBHBIX CXEM HCTOYHHK Jia-
3€pHOr0 W3JIy4YE€HMsI BBIIIOJIHEH IIEJIEBBIM, C pa3Me-
poM menu 6 = (2...3) A ¥ pacCTOSSHHEM MeXy Ile-
asiMu p = (4...6) A e BostH m3nydyenust. Orpaxa-
T€Ib COCTOUT M3 JIBYX 3€pKaJ, MOCTaBICHHBIX IPYT K
apyry noz yriom, ommskum k 180°. TTomnoxka 3a-
KpEIUIeHa Ha MOI0XKKOLEepIKaTeNe, BBIIIOTHEHHOM B
BH/IE KIOBETBHI C KMJIKOCTHIO M YCTAaHOBJICHHOM Ha
IIECTUKOOPUHATHOM IbE30NPUBOLIE, 3aKPCIUIEH-
HOM Ha HETIOJIBMYKHOM OCHOBAHUH.

CyniHOCTh TEXHMYECKOTO PEIICHMs TOSICHSET-
Csl Ha puC. 3, Tlie MMOKa3aHO YCTPOUCTBO st HOpMHU-
pPOBaHMS PUCYHKA MPH IPOMBIIUIEHHOM MPOH3BOI-
CTBE UHTErpaJIbHBIX cXeM [5].
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Puc. 3. IlpunnunuanbHas cxeMa yCTpoicTBa ()OpMHpPOBAHHUS
pUCYHKa TIpYM TIPOMBIIIJIEHHOM TIPOMU3BOACTBE HWHTE-
TpajibHBIX cXeMm (0e3 M300pakeHMs1 3JIEeMEHTOB OITHYe-
CKO CHCTEMBI)

BHOMeAHNINHCKas paAHO3AEKTPOHHEKA, 2013 r., Ne 2

JlaHHOE YCTpOICTBO COHEpPKHT TOA-
JIOKKY /, ICTOYHHK JIA3€PHOTO M3JITyYCHHS 2
U OTpakaTellb 3, TPUYEM HCTOYHHK Jiazep-
HOrO M3JIyY€HHs BBINOJHEH IIEJIEBBIM C pPasmMepoM
nienu 4, 0 = (2...3) A ¥ pacCTOSTHUEM MeX1y IIEIsIMH
y = (4..6) A IIMH BOJH W3JIydYeHHs, OTpa)karelb 3
COCTOWT M3 JIByX 3€pKail J, 6, IIOCTaBIIEHHBIX JIPYT K
Ipyry non yriaoM Ommskum k 180°, momioxka /, 3a-
KperyieHa Ha NOJUIOXKKONepKaTene 7, BRIOTHEHHEIM
B BHJIE KIOBETBI § C XKHMIKOCTHIO 9 M YCTAHOBJIIEHHOM
Ha IIECTUKOOPJMHATHOM Tibe3onpuBoie (), 3akper-
JIEHHOM Ha HEIMO/IBUXKHOM OCHOBaHUM / /.

VYerpoiicTBo Ansi GOPMHUPOBAHHS PHCYHKA ITPH
MPOMBINIJIEHHOM  TIPOM3BOJICTBE  HHTETPATBHBIX
cxeM paboTaeT crenyromuMm obpazom. Mcroununk
J1a3epHOT0 M3JlyuyeHHsi 2 (OPMHUPYET KOTE€PEHTHBIN
BOJIHOBOM IY4YOK, KOTOPBIH, BBEIXOIs M3 MCTOYHHKA
2, pasfensieTcs LENIMH 4 Ha CHCTeMY JIydei, pac-
MPOCTPAHSAIOIMUXCS BAOJB MapajlIesIbHBIX MPSIMBIX,
IpHYEM PACCTOSHME MEXAY COCEIHHMH JIydaMu
coctaBusier y = (4...6) A umH BonH. [lanee usny-
YE€HHUE, OTPaKasACh OT 3epKajl J U 6, IPOXOIUT CIIOi
KHMJKOCTH 9, yMEHbIIasl AJIUHY BOJIHBI IIPOTIOPLIHO-
HaJIbHO TIOKA3aTeNI0 MPEIOMIIEHHS 3TOH KUIKOCTH
Y TONajacT Ha MOMI0KKY /. Yron Mexay 3epkasa-
MH 5 1 6 mogo0paH Tak, 4TO JOCTUTAs TIOIJIONKKH /,
KOTEPEHTHBIC JIy4d HHTepdepupylor, obpa3sys ue-
pely paBHOYIAJIEHHBIX MAaKCHUMYMOB HWHTEHCHBHO-
CTU H3Jy4YeHHUs, B MECTaX KOTOPBIX MPOUCXOIUT
MHTEHCHUBHBII BLIOpPOC MaTepuana MmoaiokKu /, 9Tto
Ipu HEOOXOAMMOM IIEPEMEIEHUH LICCTUKOOP/IH-
HaTHOro mee3onpuBoaa /() obecneunBaeT GpopMu-
poBaHue (OTOMO3AaUKM 4YunNa A GpaKkMmOHUPOBa-
Hua JIHK. IllaroBoe mepemelneHne mecTUKOOP/IN-
HATHOTO Iibe3onpuBona /(0 Ha BennmuuHy (2...3) A
JIMHBI BOJIHBI B HaNPaBJIEHUH, TIEPTICHANKYIISIPHOM
chOopMHpPOBaHHBIM Ha 4YHIIE CTOHKAM, ¥ IOBTOpE-
HUE BBIIIECTOSIMMX onepauuil GopMHUpPOBaHUS PH-
CyHKa II03BOJIAT YCKOPUTH IIpolecc GOpMUPOBAHUS
(hoTOMO3aUKH YHUTIA.

IIpuMeHeHue npeiaraeMoro yctpoicTsa s
(hopMUpPOBaHUS PUCYHKA MPHU NMPOMBIIUICHHOM ITPO-
M3BOJICTBE MHTETPAIBHBIX CXEM IO3BOJIsIeT obecrie-
YUTh BO3MOJKHOCTH CO3JaHusi (POTOMO3aWKH 4HIIA
st ppakmonupoBanus JHK (puc. 4).

B HacTosiiiee BpeMsi TEXHOJIOTMHM TaKOro THIIA
IpHOOPETAIOT KOMMEpPYECKOe 3HAYeHHe M HaXOISAT
NpUMEHEHNE B OMOTEXHOJIOTHYECKUX HMCCIIeI0BaHH-
X M TPOMU3BOIACTBEHHBIX Ipoieccax. Pazpaborka
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Puc. 4. doromozanka umna s ppaxkunonuposanus JTHK. Mso-
Gpakenue COCTaBICHO W3 12 ONTHYeCKMX MHUKpodoTorpa-
¢uit [1]. Ha Bpe3ke 1MokazaHo YBEIMHIEHHOE M300paKeHue
HeGOJIBIIOro yYacTKa Ymia (JymHo# 0,8 MM), TyCTO HOKpBI-
TOro CTOMKaMH (CTOJIOMKaMH), KOTOpbIE MIPArOT POjb MO-
JeKyJISIpHOTO cuTa, pasziernsis Morekyisl JJHK no pazsmepam

HOBBIX THIIOB XHMHMYECKUX MaTpHILl MO3BOJUT pac-
LIMPUTH BO3MOXHOCTH TaKMX TE€XHOJIOTMH U MpUMe-
HUTH UX B OMOJOTHYECKHUX YCTPOHCTBAaX 00pabOTKH
nH(pOpPMAIIMK WM 1711 aHaiau3a OCJIKOB M JIPYTHX
ouomosiexys. MHUHHaTIOpU3aLMsi yCTPOWCTB Ha OcC-
HOBE POJCTBEHHBIX AHAJIMTUYECKUX TIIPOLIECCOB, B
YaCTHOCTH dJiekTpodopesa, MOBbIIIAET 3PPEeKTHB-
HOCTh TAKMX TEXHOJIOTUH M CHWXAET CTOUMOCTH
MHOTUX BAXHBIX aHATUTUYECKUX MEeTOIUK, Halpu-
Mep cexkBennpoBanus JHK mnu co3manus ¢unHrep-
TIPUHTOB (MENTHIHBIX KapT).

B kauecTBe ImpuUMepa MOKHO IPUBECTH HCCIIe-
noBaHue [6], 1eab KOTOPOTO — 3aMEHUTh YTOMH-
TEJIbHBIN, MEUIEHHBIM M JOPOTOW METOJ CEKBEHH-
poBanus JIHK B reneBbIX IacTMHAX Ha aHallU3 C
HWCIIOIb30BAHUEM MWHHUATIOPHBIX  MHTETPATbHBIX
CHCTEM.
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The use of lithographic technologies in biomedical
research at the cellular and molecular levels
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N Nanotechnology allows scientists, engineers and physicians to move to large-scale research in the field of biology and public
health at the cellular level and the molecular level. These studies will lead to new biotechnological production processes, as well

as to the fundamental changes in the methods of medicine. [1]

The use of the device forming the topological structure of a microchip on the substrate allows for the possibility to create a
thumbnail template (using methods to increase the resolution of the projection lithography is proposed to obtain the elements of
design rules with no more than 32 nm), the wavelength of ultraviolet radiation A 193 nm .

An example is the lead device "supply" of the body of drugs at the right time (Fig. 2). The device is a self-contained, miniature
(solid-state silicon chip), implantable mechanism able to allocate according to a program contained in it is a substance (or sub-
stances). Clearly, such a mechanism may serve other functions (diagnostics, chemical analysis, etc.). [1]

In the past few years, scientists have developed a technology rapid mapping of genetic information in DNA and RNA molecules,
including the identification of mutations and expression levels. This technology uses a matrix of DNA microarrays, which is similar
to the lithographic patterning technology for the industrial production of integrated circuits [1].

Currently, these types of technologies become commercial importance and are used in biotechnology research and production
processes. Development of new types of chemical matrices will expand the capabilities of these technologies and apply them in
biological information processing apparatus or for analysis of proteins and other biomolecules. Miniaturization of devices based on
related analytical processes, including electrophoresis, the reach of such technology and reduce the cost of many important ana-

lytical techniques, such as DNA sequencing or a fingerprint.
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