


CoBpeMeHHas MeguLUuHa cerogHsa HadnHaeT
aKTUBHO MCMNOMb30BaTh JOCTUXEHUS
HaHOTEXHOMNOrMN, TeEM caMmblM OOpeTaeT HOBOE
HanpaBrieHne CBOEro pa3BuUTUSA — Nog Ha3BaHUEM
HaHoMeAuLMHa.

Py T
Ha cerogHsLWwHWI AeHb AN NOHATUS HaHOMeAULMHA, NoXanyn, He
CYLLIECTBYET McYepnbiBatoLLEro onpeaeneHns. EQUHCTBEHHO, MOXXHO
cKasaTb, YTO HaHOMeaAULMHA — 3TO MeAuLMHa, OCHOBaHHAaga Ha
NOCTUMXKEHUSIX COBPEMEHHOW HayKM OXBaTbIBAOLLNX NPaKTUYECKN BCe
3HaHWSA HaKoMMeHHbIe YenoBeyeCTBOM.
HaHomeauumHa sBnseTca O4HMM U3 aKTUBHO pa3BMBalOLMXCA
Hay4YHbIX HanpaBreHUN MeaAULMHCKOW HayKn U nogpa3ymeBaeT —
cneXxeHwe, UcnpaBrieHMe, reHeTUYECKYH KOPPEKLUIO U KOHTPOIb
Ouonornyeckux cCUCTeM opraHu3amMa YerioBeka, Ha MOJeKynsipPHOM
YPOBHE, UCMONb3ys HAHOYCTPOMCTBA, HAHOCTPYKTYPbI U
WHJOPMALMOHHbIE TEXHONOIMM.




HaHomeaununHa n HAHOTEXHOSOMMN KOPEHHBbIM 0OPa30M MEHSIOT

Halun npeactasneHus o Yenoseke. O HaHOMeaMLMHE CrOCOBHOU
SABNATb «4yOQ0» pereHepaunm CMCTEM, OPraHoB N TKaAHEWN

opraHmama 4vesrioBeka, peluaTtb NnpobnemMbl reHeTU4eCcKu :
obycnoBneHHbIX bonesHeun, a Takke 6UOTOrM4YECKoro ctapeHus

MO>XXHO rOBOPUTb, KaK O Hay4YHO-TEXHNYECKON MeAULIMHCKOUN
pesonouun. Pesontoumsa nog HasBaHMEM « HAHOMeAULUHA»
HaMe4aeTCsl yXXe CEeroaHs.

YenoseyecTtBo nnaHupyet B 2050 rogy co3gaTh nepsBbii HAHOMaHUNYNATOP,
MNOSTHOCTLIO yrpaBrgeMbl YENOBEKOM UMK NPOrpaMmMuUpyemMbi KOMIMbIOTEPOM.

B nencrButenbHOCTU Haykun rnog HasBaHMEM HaHOMeAMUMHA NOoKa eLle He
CYLLECTBYET, CYLLECTBYIOT NULLb HAHOMNPOEKTbI, BOMSOLLEHMNE KOTOPLIX B MEAULINHY, B
KOHEYHOM UTOre, U AacT pesyrbtart. Yepes HeCKONbKO LECATKOB J1ET, Koraa yxe,
HakOHeL, Oyaet paboTaTb nepsBbi accembsriep (HaAHOPOOOT-COOPLLNK), 3HAHMA,
HaKOMJIEHHblE HAHOMEONLMHOWN, BOMNSIOTATCA B XU3Hb. Ha 6a3e co3gaHHOro
HaHOMaHMNynATopa M y>Ke roToBOro K ToMy BPEMEHM HaHOKOMIMbOTEPA MOXHO
byneT coenartb nepBbli HAHOPOOOT, CNOCOOHLIN cobupaThb Nobblie Belwn. Ho nepBbiM
0OBbEKTOM, KOTOPbIN OH Npoun3seaeT, Oyaet oH cam! 3ateM 3TK ABOE CKONUPYHOT
cebs, 1 3T YeTBepo CHoBa... I Tak 4o Tex nop, noka He OyaeT nosiydeHo
OOCTaTOMHOE KONMMYeCTBO HAHOPODOTOB A1 CO34aHUs HaMW BCEro 3alyMaHHOrO,
YTO HEe NMPOTUBOPEUNT 3aKOHaM NMpPUpPoAbLI.



B meguuuHe npo6nemMma npuMeHeHnss HAHOTEXHOJIOrUK
3aK/1loyaeTca B He06X0AMMOCTU U3MEHATb CTPYKTYPY KJI€TKM Ha
MOJIEKY/ISPHOM YPOBHE, T.€. OCYLUECTBJIATb ""MOJIEKYJIAPHYIO

d(uem rmro" ¢ NOMOLLbIO HAHOBOTOB. -
pY7s €TCSA co3laHMe MOJIEKYJIAPHbIX poboToB-Bpauyen, KoTopble

MOryT '""XKUTb" BHYTPU YesioBe4YeCKOoro opraHusma, yCTpaHsif Bce
BO3HMKaAMOLME NOoBpexXAeHUs, UIn npeaoTepaillas BO3HUKHOBEHUe
TaKOBbIX.

MaHunynupysa otaesibHbiIMM aTOMaMM U MOJIEKYJlaMU, HAHO6O0TbI
CMOryT OCYLLECTBJ/IATb PEMOHT KJIETOK.

NMporHo3umpyemMbin CPOK co3aaHuA poboTtoB-Bpauen, nepBas
nonoBmHa XXI Beka.




HaHoTexHonornm B meanumHe

BINNArogAPA HAHOTEXHOJIOTMYECKOMY METOAY CAMOCBOPKU YYEHbBIE
NONY4YUn HOBbIN TUN HAHOANEKTPOHHbIX OHK-CTPYKTYP.

MOJEKYIbl AHK HACTO UCMOJNb3YKOTCA UCCNEOOBATENAMU HE TAK,
KAK SAOYMATA NMPUPOAOA. U3 HUX CTPOAT NNECEHKW, CKITAObIBAIKOT
MO3AUKY, DOPMUPYIOT KOPOBKU U OAXE LUATAOLWLNE
HAHOCTPYKTYPbl!

NMPUYNHA BCEX 3TUX MAHUNYNALWUN NPOCTA — LENW OHK BbICTYNAIOT B
POJIN «YHUBEPCAIJIbHbIX CTPOUTEJIbHbIX BJIOKOB» U3-3A
KOMMNEMEHTAPHOCTU OTAENbHbLIX HYKNEOTMOOB. 3TO CBOUCTBO
NMO3BOJIAET PA3JNTIMYHbIM ®PATMEHTAM AHK COEAUHATBLCA OPYI C
APYITOM



STOT POBOT BYAET AYBIIMPOBATb BCE XKUSHEHHO BAXHbIE
TEMNOBBLIE N BUOXUMUYHECKUE TPAHCIOPTHbBLIE ®YHKLUUN
KPOBMW, BKITIOYAA LUUPKYNALUUIO PECINUPATOPHBIX TA30B,
MOKO3bl, TOPMOHOB, ULUTOKUHE3A, OTXOO0OB U BCEX
BAXHbIX KNETOYHbIX KOMMNOHEHTOB. YCTPOUCTBO BYAET
nogxoauTb Noa PASMEPbI KPOBEHOCHbBIX COCYAOB
YEJTOBEKA. B UOEATE, YCTPOUCTBO AOJIXHO SAMEHUTb
HATYPAJIbHYIO KPOBb TAK, YTOBbIl YEJIOBEYECKOE TEJ1O
OCTANOCb, NO KPAUHEN MEPE, ®U3UKOXUMUYECKMU,
HEMOBPEXOEHHO. 3TO YCTPOUCTBO — MEXAHUYECKU
NMEPEMNPOEKTUPOBAHHAA YEITOBEYECKAA
LUPKYNALMOHHAA CUCTEMA C MUHUMATIbHOM
AOANTALUMEN, CNOCOBHAA TECHO MHTErPUPOBATbL CEBS B
’XUBOE HYENOBEYECKOE TEIO.



Nccnepoeatenu Konymbuinckoro yHmBepcuteTa cosganu pobota, pasmepsl
KOTOPOro B CTO ThICSY pa3 MeHbLUE AnaMeTpa YeroBeYecKoro Bosioca. Takue
HAaHOTEXHONMOrM1n B MeguUUMHe JOMMKHbl NOAHATE MeAULUNHY Ha HOBYHO
cTyneHb pa3sutusi. Pobot co3gaH n3 monekyn AHK n MOXeT ¢ nerkocTsbio
nepeaBuraTtbCs BHYTPU OpraHnu3mMa YenoBeka, UCMonb3ys MMEOLWMECS Y HEro
YeTbIpe HOXKM.

CkopocCTb nepeaBmxeHns poboTOB MNoKa OCTaBNSET XefaTtb NyyLlero.
OnbITHbIE 06pa3ubl MOryT NpeoaoneTb pacctosiHne B 10 HM 3a yac. Tem He
MeHee, caenaH BaXXHbIW Lar B MONEKYNAPHON poboToTEXHUKE. TexHonornu
OyayT coBepLUEHCTBOBATLCSH, M NOAOOHbIE pobOTHI ByayT obecnevnBaTh
cneunannucToB MHopMaLUnen Npu MeanunHCKuUx obcrnegoBaHuUsix.



YyéHble Hayuunuch ¢ noMmollbio HaHoyacTuu u PHK ybuBaTb
paKOBble onyXxonu HaHopobombil mpaHcayMaHu3M HaHO MeQUUUHa

Ob6pun ,U,SBI/I,EI, HI/IKOJ'IaC Ll,)Kacn D211 ,[pel/l _ ,_.Q.}(TQ AMbI BopeLl co
A ROSED i | DAl oM IMbI GopeL| Co
cTapeHueM, Bbigenun Z: ‘T' JOF PERNEHATSISNEES | H/ikonac [Ixacrep
an [pew, HeyTOMI/IMbII/I u_ Q0 LU TUMNOB MOBPEXAEHNN
L 105 K paky. 2-I1;
MyTauumn MI/ITOXOH,EI,pl“/f 'YMaHUCTbI TaK Xe
npasbl, cunTagOopu 3 K0T TR T TRl el & HeyTOMUMBIN Bopell
CO CTaPEHUEM, Bbl/Er/ondvsiépnun 0 s D H LY. -1 MyTaLmS
anepHoun OHK, npusoasawas K pa|<y 2 - MyTaLI,I/II/I MI/ITOXOHJJ,pl/IaJ'IbHOI/I OHK.
[Toxoxe, YTO TpaHCryMaHMUCTbI TakK Xe npaBbl, cynTasi HaHO- N Buo-
TEXHONOrmM cambiMn nepcnekTnBHeIMU. . 2KypHan Nature onybnukosarn
nHrepecHenwyo ctatbtoObpn dasug Hukonac Qxkacnep au pen,
HEeyTOMUMbIN BopeL, Co CTapeHneM, Bblaenun 7 TUNOB NOBPEXOEHUN NpU
crapeHunn. 1-n: mytaumnsa agepHon OHK, npusogsiuas kK paky. 2-u: mytauum
mMutoxoHgpuanosHon OHK. Noxoxe, 4To TpaHCryMaHUCThLI Tak Xe npasbl,
cumTasi HaHO- N BNO-TEXHONOIMK camMmbiMn NepcnekTnBHbIMK. . 2KypHan Nature
onyonukoBarn MHTEPECHENLLYIO CTaTbio MPO TO, Kak [pynna y4éHbIX noa
pykoBoactsoMm Mapka [asuca (Mark DavisO6pu [asng Hukonac Oxacnep au
[pen, HeyToMuMbIN BopeL, co cTapeHMeM, BblAenus 7 TUNOB NOBPEXAEHNN
npu ctapeHnn. 1-n: mytaumnsa aaepHoun OHK, npusogsawas k paky. 2-u:
MyTauum mmtoxoHgpuanoHon OHK. Noxoxe, 4To TpaHCryMaHUCTbI Tak Xe
noaBbl. CYNTAS9 HAHO- N DNO-TEeXHOSONMMM camMmbiMU nepcnekTnHbIMU. XKvoHan




"OpeaHu4eckasi HaHornunnemka"

AnoHckue y4veHble BO rmase ¢ npodeccopom Towmo dykyaon (Prof. Toshio Fukuda)
dakynsTeTa NPOEKTUPOBAHUA MUKPO-HAHO cnuctem yHnsepcuteta Haromn (Department of
Micro-Nano Systems Engineering at Nagoya University)

paspabomasiu HaHOMuUNemky, nNo3eoJisiroWyro 0o3uposamb 06bLeMbI pacmeopos
MeHbWwue 00HOo20 hemmosiumpa.

Y no0ob6HbIX HaHONUNEemMoK ecmb 60s1bWOU NOMeHyuas uUcrnosib308aHusl 6
MeduyuHe, makK Kak ux pabo4yue o6nemMbI M0380J1s1F0OM Mposooums ornepayuu ¢
omaoesibHbIMU Knnemkamu (06bem 1 knnemku npumepHo 1000 ghemmonumpos),
880051 1UbO u3eJsieKkasi KpoweYyHble Kosiudecmea seujecmea, He rnospexoasi npu
3MOM KJ1emKy.

B kayecTBe urmbl B HAHONUMETKE UCMOSb3yeTcHd opraHnyeckas HaHoTpybka gnuHoun 10
MKM, BHYTPEHHUM 1 BHeLwwHUM anameTtpamu 50 n 400 Hm cooTBeTCTBEHHO. [ngd
NOSTy4eHNS HAHOMUMETKN HAHOTPYOKY 3aKpennann B CTEKNAHHOW MUKPOMUNETKE C
BHYTPEHHUM anamMmeTpoM 1.8 MKM, 3arnosfiHAA OCcTaBLUeecs MeXxay HaHo- U
MUKPOTPYDOKamMm NpOCTPaHCTBO CMOSIOW, 3aTBeEpAEBaIOLLIEN NO4 OENCTBUEM CBETA.
[103npoBaTb 06bEM NogaBaemMoun Yepes NUMNETKY XUOKOCTU NIaHNPYETCS C MOMOLLbIO
NPUKNagbiBaEMOro K HaHOTPYOKe SNEKTPUYECKOTO HaNpPsKeHUS.



HAHOMEOWUWHCKUE POBOTbI

C pas3BuTUEM HAHOMEOMLIMHCKMUX POOOTOB CTAHET BO3MOXHbIM
oTaarieHue YerioBedeckom CMepPTU Ha HeonpeaeneHHbIM cpok. Takke He
Oyaet npobnem ¢ nepecTponKkon YernoBe4ecKkoro Tena ans
Ka4eCTBEHHOIO yBENUYEHNSI ECTECTBEHHbBIX CMOCOOHOCTEN. BO3MOXHO
Takke obecrnevyeHmne opraHmamMa saHeprmemn, HeaaBMCUMO OT TOrO,
ynoTpebnanoch YTo-NMbo B NULLLY MU HET.

PasnunyHble HemponHTepdencol U UMNNaHTbI, paspaboTaHHble Ha
cerogHsiLLHee BpeMsa OyayT 3HAYNTENbHO YNyYLLEHbI N UX
Bbrnonornyeckas COBMECTUMOCTb C HEPBHBLIMU TKaHAMKM YeroBeka
CTaHeT elle 6onee nonHown. Toraa HacTaHET BPeEMSI «HACTOSILLIEN»
BUPTYyaribHOM peanbHOCTU 1 NMOMHOLEHHOIO B3aMMOLEUCTBUS C
KOMIMbOTEPAMU YEpPE3 HEPBHYIO CUCTEMY YEerNoBeKa.

brnarogapsa aToMy KOMNbIOTEPHAsS TEXHUKA TpaHCOpMUPYETCS B
eanHYyo rmobanbHyo NHHOOPMALMOHHYIO CETb OFPOMHOM
NPOM3BOANTENBHOCTU, NPUYEM KaXabIW YENOBEK OyAeT MMETb
BO3MOXHOCTb ObITb TEPMUHASIOM — YEPE3 HENOCPEACTBEHHbIN AOCTYnN K
rOSTIOBHOMY MO3ry 1 opraHam 4YyBCTB.



HaHo-nbe30TpoHMKa obellaeT NpopbLIB B MeauLUHe.







HaHo TexHonorum B XpOMOCOMax.
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HaHoMmeauuuHa ABNsAeTcA OAHUM U3 aKTUBHO
Pa3BNBAOLWUNXCA HAYYHbIX Hal'lpaBﬂeHMﬁ
MeaULMHCKOWN HayKNn U nogpa3ymMmeBaeT — ClieXXeHue,
ncnpasneHne, reHeTu4eCKyro KOppekumno n KOHTpPOJib
Gnonormyeckmnx cuctem OopraHnu3ma 4eJrioBeka, Ha
MOJEeKYJIAPHOM ypOBHEe, UCNOJ1b3yA HaHoyCTpOﬁCTBa,
HaHOCTPYKTYPbI U VIH(bOpMaLIMOHHbIe TeXHOJ1I0I'nn.







