LEPXXABHU BALLNIA HABYATBHNI 3AKINAL
“YKPAIHCbKA AKALEMISi BAHKIBCHKOT CMIPABM
HALIIOHANTBHOIO BAHKY YKPAIHI”

IHCTUTYT ®INIOCO®IT IMEHI I'. C. CKOBOPOAM
HALIIOHANIBHOT AKABEMIT HAYK YKPATHM

CBITOIMMAQ -
DINTOCODIA -
PENITA

36ipHUK HayKOBMX NpaLb
3acHoBaHun y 2011 p.

Bunyck 1

3a 3ar. pegakuieto g-pa ginoc. Hayk, npod. . . Mosrosoro

CYMH
ABH3 “YABC HBY”
2011



306ipHuK HaykoBux npaub. 2011. Bunyck 1

YOK 130.3
BenHuamux UNKUH

AYXOBHOCTb HOBOI'O BPEMEHU
B CBETE HAHO®UJIOCODUUA

B cmamve nposeden ananuz cymu Oyxo8HOCMU U GIUAHUA HA ee (OpMUPOBaHUe
Gunocogpuu nanonayx u Hanomexnoso2ui. Ilpu 3mom ocobenHvlll aKkyeHm coelaH Ha
PACKpbIMUY 8AUAHUSL MUPOBO33PEHUECKO20 ACNeKma HAHOMEeXHOI02Ull Ha npoyec pas-
8UmMUsL OYXOBHOCMU COBPEMEHHO20 YeNlOBEKd.

Knrwueewvie cnosa: ()yxoenocmb, HAHO, HAHOHAYKA, HAHOMEXHOI02UA, HCIHO¢Z/UZO—
coghus.

IMocTanoBka mpodJeMbl. J[yXOBHOCTb YeslOBeKa — 3TO OOTraTCTBO MbIC-
JIeH, cujia 9yBCTB U yoexxaeHuil. Bo Bce Oosiee mosiHOiM Mepe OHO CTaHOBUTCSI
JOCTOSIHUEM COBPEMEHHOI'O 4YEJOBEKA. Y HEro NMPUCYTCTBYET LIUPOKUHU
KPYTr030p, OXBAThIBAIOIINI TOPU30HTHI HAYKH M TEXHUKH, BBICOKAs! KyJbTypa
YyBCTB. JlyXOBHOCTb 3TO MHTEJUIMTEHTHOCTh, HPABCTBEHHOCTh, KPEATUBHOCTh
U 100poxenaTenbHOCTh. Hanbonee 1akoHMYHOE OMpeieIeHHEe TyXOBHOCTH
Oyzaer Ttakoe. J[yXOBHOCTbh 4EJIOBEKA — 3TO CHHTE3 TPEX 3J1EeMEHTOB: McTHHBI,
Jlo6pa u Kpacotsl. MicTuna B JaHHOM CiTydae OTOXKIIECTBIISIETCS C COBOKYTI-
HOCTBIO BCEX HAYYHBIX 3HaHUH, JJoOpo — ¢ MOpanbHBIM co3HaHuEM, a Kpaco-
Ta — C ACTETUYECKUM. Bce OHM TECHO B3aMMOCBS3aHbl, B3aUMONPOHUKAIOT
Y B3aMMOJIONOJIHAIOT IPYT Apyra.

AHaIM3 aKTyaJIbHBIX HccjegoBaHuil. Hekoropbeie coBpeMeHHbIe (pu-
Jocodbl YTBEPXKIAIOT, UTO B JII000M (utocodun (B TOM 4uClie U TOH, KOTO-
pasi cTajia KJIACCHUYECKOM) BCEr/ia IBUKET CKPHITOE WU SIBHOE MEPEKUBAHUE,
v smonus. [lostomy nmobast punocodus — 3T0 TOJNBKO NPEICTaBICHUE U HE
oosiee. IMeHHO MO3TOMY CyIIECTBYET MHOTO (prustocoduii, KOTOpbIE MpeKpac-
HbI, HO KOTOpPBIE UMEIOT COBEPILIEHHO MPOTUBOMNOIOKHBIE TOUKH 3pEHUS. JTH
U JIpyrue HOBBIC TCHACHIIMHU B (puiiocopuu pacMMaTpuBaInCh 26—28 mas
2008 roga Ha MEXIYHAPOAHOM HAy4YHOM CUMITO3UyMe ““DEHOMEHBI PUPOIBI
Y SKOJIOTHUS YelloBeKa”, KOTOPbIM Mpomén B AkageMuud Hayk TatapcTaHa B
Kazanu. B anexropornom pecypce (http://garifi.livejournal.com/394 . html)
U3/aeTCsl )KypHaJl OCHOBATEISl HAHOTICUXOJIOTMH M HaHo(uiocopuu P. P. T'a-
pudyurHa. Tem He MeHee BIUAHUE HAHOPUIOCOPUH HA IEPUTIETHH TyXOB-
HOT'O pa3BUTHUA 00ILECTBA €11€ HEAOCTATOYHO PACKPBITHI.

B cratbe npenmnonaraercsi OCYIIECTBJICHUE TAKOM WHeJIH: aHAINU3 BaX-
HEWIIEro 3JIEMEHTa AYXOBHOCTH — HAayYHOT'O 3HAHHS, OCHOBY KOTOPOTO
cocTaBiisieT B Hacrosuiee BpeMs komruiekc NBIC — koHBepreHuuu, reuepa-
TOPOM KOTOpPOT'O BBICTYyHAaeT HaHOHayka. Kak ke BIMseT HaHOHayKa, HaHO-
dunocodust Ha TyXOBHOCTH COBPEMEHHOTO YeioBeKa?

© Benunamun Hukus, 2011
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N3105keHe OCHOBHOIO MaTepHaJia. 3a MocjieHee BpeMsi B MUPOBOE
CO3HaHUE OBICTPO BOILJIO KOPOTKOE CIOBO C OOJBIIUM IMOTCHIIUATIOM —
“nano”. OHO OyAUT B BOOOPAKEHUU JOTAJIKH O OOJIBIIINX CIBUTAX MPaKTHYE-
CKHM BO BCEX aCIEKTaX HayKu M TEXHUKHU, UMEET MOCIEICTBUS JIJI1 SKOHO-
MUKH, MEXTYHAPOJHBIX OTHOIICHWUW, MIOBCEHEBHOM KU3HU, STUKU U JAXKe
IOHMMAaHMs YEJIOBEKOM CBOETO MecTa BO BcenmenHo. Meurarenu pacxsa-
JIMBAIOT €ro Kak MaHarero oT Bcex Oef. [[aHukephbl BUAST B HEM HOBBINA dTaIl
OMOJIOTMYECKUX U XUMUYECKUX BOWH WUJIM, B KpallHEM CITy4dae, BO3SMOKHOCTD
CO3/IaHMsI HOBBIX OMOJIOTHYECKHX BHUJIOB, KOTOPhIE MOTYT 3aMEHUThH 4eJlo-
BEUECTBO.

Kax u3BecTHO, “HaHO” C rpedyecKoro nepeBoauTcs Kak “kapauk’. Ilpu-
CTaBKa “HaHO” O3HAYaeT OJHY MULTHapaHyio Merpa (1077). UToObl MOHATH
ATOT MacITad, YKaKeM, 4YTO TOJIIMHA YeJIOBEUYECKOTO BOJIOCA COCTABIISIET
npumepHo 50 000 HaHOMETPOB, KJIETKa OaKTEpUU M3MEPSIETCS] HECKOIBKUMU
COTHSIMH HAHOMETPOB. HanMeHbITie 371IeMEHTBI, KOTOPBIE CIIOCOOCH pasriis-
JIETh HEBOOPY>KEHHBIM IJ1a30M 4elloBeK, uMetoT pazmep 10 000 HaHOMETpOB.
OauH HAHOMETP — ATO PSI/I U3 JECATH aTOMOB BOJIOPO/Ia. ITO I€HCTBUTEIIBLHO
o4yeHb MaJio. “KapiimkoBbie” TEXHOJOTUU CETOJIHS BCE AKTUBHEE UCIIOJIb-
3yIOTCSl JUIsl U3rOTOBJIIEHUS KepamMuku. M3-3a MaiblX pa3MepoB YACTHII
IJIOTHOCTh MaTepualia Mocje CIIEKaHUs BhICOKA, IOITOMY CUHTE3UPyEMbIe
HaHOMAaTEpHUaJbl 00JaJaAI0T YHUKAIHHBIMUA CBOMCTBAMU: OHU YCTOWYUBBI
K MEXaHHUYECKUM U XUMUYECKUM BO3JICUCTBUSM, BBIIECPKUBAIOT BBICOKHE
TEMIIEPATYPHI.

YTo Takoe HAaHOMHUP U YEM OH OTJIIMYAETCS OT MAKPO-, MUKPO- U THU-
xomupoB? ITouemy nmHeiHsIi pasmep 10 B ormmmame or 10° u 107
MPUBJIECKAET BHUMAHUE YUYEHBIX U MPakTUKOB? JJish Hayana OTMETHUM, UTO
AKTUBHOCTH YaCTUIl 00YCJIOBJI€Ha OOBIYHO TTOBEPXHOCTHOM »Hepruei (moka-
3arejieM aKTUBHOCTH MOKET OBITb COOTHOIIICHHE 00bheMa YacTHUIIbl K €€ IOo-
BEPXHOCTH). YeM MeHbLIEe JTUHEHHBII pa3Mep YacTULbl, TEM OHA aKTHBHEE.
OpHako, eciu pa3Mep 4acTHll 10*12, TO €CTh “TIMKOMHUP’’, TO B3aUMOJICHCTBUS
MEXTy HUMH B OOJIIIMHCTBE CIIy4yaeB HE MPUBOMAST K UX CAMOOpPraHHU3aI[uU
Y HaIpPaBJICHHOMY JIOCTUXKEHUIO OINpPENICJICHHBIX CBOWCTB. A BOT 4acTHU-
16 pasmepoM 107 mproGpeTaroT yike onpeneieHHbie GOPMbI U CIIOCOOHDI
K caMoopranuzanuu. [lo3HaHue MexaHu3Ma caMOOpraHu3anuu (CUHepre-
TUKW) OTKPBIBAET WIMPOKUI MPOCTOP MJid HAMpPABJICHHBIX HA OIpPEJIEIICH-
HBIW pe3yibTaT JEUCTBUM CO3JATEJIE HOBBIX MAaTEpUAJIOB, TEXHOJIOTUN U
KOHCTPYKILIMH.

B 1957 r. P. ®eitnman 00paTri BHUMaHUE HAYYHOUN OOIIECTBEHHOCTH
Ha TO, YTO ‘““TaM BHU3Y MHOT0 MecTa” u Toyibko B 1981 1. dusuku I'. Popep
u . bunnur B mBeinapckoit naboparopuu IBM coznanu ckanupyromui
TYHHEJIbHBIA MHUKPOCKOII, CIIOCOOHBIA TOKa3bIBaTh OTHEIbHBIE aTOMBI, a

94



306ipHuK HaykoBux npaub. 2011. Bunyck 1

TaK)X€ MOJAHUMATh UX U MEPECTaBIIATh C MeCTa Ha MecTo. YUepes 5 et 3a
3TO JOCTIKEHUE UM Oblia mpucyxaeHa HoOeneBckast mpeMus 1o ¢Gpu3mke.
Tak Havaslach 3pa HAHOTEXHOJIOTH, KOT/1a YEJIOBEUECTBO HAYUYMUIIOCh CO3-
JlaBaTh MeJIbYalIliie CTPYKTYPHI “aTOM 32 aTOMOM”. A 4TO TaKoe€ HaHOTEX-
HoJioTHsI? HaHOTEXHOIOTHUS — 5110 MeHCOUCYUNIUHAPHAS 001ACMb HAYKU, 8
KOMOPOU U3y4aromcs 3aKOHOMEPHOCU PUIUKO-XUMUYECKUX NPOYECCo8 8
NPOCMPAHCIMEEHHBIX 00IACMAX HAHOMEMPOBLIX PAZMEPOS C Yelblo YHpasie-
HUSl OMOENbHLIMU AMOMAMU, MOJEKYAAMU, MOTEKVIAPHLIMU CUCTNEMAMU NPU
CO30aHUU HOBbLIX MOJIEKY]l, HAHOCMPYKMYD, HAHOYCMPOUCME U MAMEPUANO8
CO CneyuanbHbIMU QU3UYeCKUMU, XUMUYECKUMU U OUOTIO2UYECKUMU C8OUCT -
eéamu (TepMuH “‘HaHoTexHoJsiorus” BBed H. Tanuryuu B 1974 r.).

HaHoTexHOoJI0ruM — 3TO TEXHOJOTUU TI00AIBHOTO JIEUCTBUS, PUMEHH-
MBbI€ BO BCEX O0JACTSIX YEIOBEUECKOU JesATeIbHOCTH. B Hacrosiee Bpems
pa3pabaThIBAOTCS JETKUE CBEPXIPOYHbIE MaTEPHAIIbI JIi KOCMUYECKON U
BOCHHOW TEXHUKU, OPOHEKUIETOB, aBUAIIMOHHONW TEXHUKU. B 351eKTpOHHOM
MIPOMBIIINICHHOCTH YK€ HayajaoCh UCIOIb30BaHNE HAHOTPYOOK. Co3maroTcs
MaTepuasbl ¢ 3aJaHHBIMUA CBOMCTBAMH JIsl IPUMEHEHUS B OBITY (Harpumep,
HEMHYIIAsACS OACKaa, YUCTAIMEe candeTkn). MHOTHE W3 MPOIYyKTOB Ha-
HOTEXHOJIOTHI Y€ CTaJll MPUBBIYHBIMU U BOCHPUHHUMAIOTCS KaK 4acTh
MMOBCEIHEBHOM KU3HU.

Ho moteHiman MoneKyIsspHbIX HAHOTEXHOJIOTUH HEM3MEPUMO OOJIbIIIE,
IIOATOMY MHTEPEC K HUM CTOJIb BBICOK. DTO CTaJlo SICHO, Koraa B 1986 r.
“KpECTHBIM OTEll HAHOTEXHOJOrun OJDpuk Jpekciep u3nan nepByr Ha-
YUYHO-TIOMYJISIPHYO KHUTY O HaHOTEXHoJorusx “Mamuunel co3unanus’ [1].
B 1991 1. oH e nepBbIM Cpeld YUYCHBIX MOTYYWI HAyYHYIO CTEIeHb B 00-
JACTU MOJIEKYJIAPHON HAHOTEXHOJIOTHU. A B 1992 1. BBIITYyCTHI HAYUYHYIO
MoHorpaduro “HaHocucTembl: MOJEKYJISIPHBIE MAIllUHbBI, MPOU3BOJICTBO
Y BBIYUCIICHUS, KHUT'Y — PAaBHOI KOTOPOM M0 MOJHOTE U TJIyOMHE HET 10
CHX TOp.

Hanonayka — 310 u3ydyeHue GyHIaMEHTAIbHBIX MPUHIIUIIOB MOJIEKYJI
U CTPYKTYp, pa3Mep KOTOphIX paBeH oT 1 10 100 HaHOMETpOB. ITH 3JIEMEHTHI
Ha3bIBAIOTCA HaHocmpykmypamu. Bee, 4To MeHbllle HAHOMETPA, — 3TO MPOCTO
CBOOOJHBIN aTOM WJIM HEOOJIbIasi MOJIEKyJIa, Oy X atoliasi B IpOCTpaH-
CTBE, KaK MaJeHbKOE OJIMHOKOE 00jauko mapa. HaHOCTpyKTyphl HE MPOCTO
MEHBIIIE BCErO, YTO JEJiajl PaHbllIe YEJIOBEK, OHU SIBJISIFOTCS HAMMEHBIIUMU
TBEPABIMU MaTepualiaMHu, KOTOpble MOXKHO cieyiath. HaHoHayka U HaHO-
TEXHOJIOTHSI PAacCMaTPUBAIOT BCE CBOICTBA CTPYKTYp B HaHOMAacIiTale,
HE3aBUCHUMO OT TOTO, SIBJISIOTCS JIM OHM MEXaHUYECKUMH, KBAHTOBBIMHU,
bU3HYECKUMU WM XUMUYECKUMU. JTO HayKa “pa3HONIMKAs” W JIETUTCS Ha
JECATKU MoA001acTeil.
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HanomacmTal yHWKanaeH, MOCKOJBKY 3TO TOT MacmTad pa3Mepos,
rJie 3HAKOMbI€ MTOBCEIHEBHBIE XapaKTEPUCTUKU MaTepHUaliOB, Takue, Kak
MPOBOJUMOCTh, TBEPJIOCTh MJIM TOYKA IJIABJICHUSI BCTPEYAIOTCS C TAKUMU
AK30TUYECKUMU XapaKTEPUCTUKAMU MUPa aTOMOB U MOJIEKYJI, KaK KOPITyCKY-
JISIPHO-BOJTHOBOM Jyaliu3M U KBaHTOBBIC 3 dexThl. B HanHOMupe Hambomnee
dbyHIaMEHTaJIbHBIE CBOMCTBA MAaTEPHUAJIOB M MAIIIMH 3aBUCAT OT UX pa3Mepa
TaK, KaK He 3aBUCAT HU NPU OJHOM Jpyrom macirade. Takas cBs3b pazmepa
¢ HauOosiee yHIaMEHTATbHBIMU (DU3UYECKUMU, DICKTPUUESCKUMHU U XUMHU-
YECKMMU CBOMCTBAMU MATEPUAJIOB SIBJISIETCS KIIFOYEBOM 1711 BCEX HAHOCTPYK-
Typ. CTOUT 1OCTHYL HAHOMACIITa0a, KaK cpa3y MEHSIOTCS BCe (PU3UUECKUE
U XUMHUYECKHE CBOMCTBA (LIBET, TOUKA IUIaBIeHUS U J1ip.). [IpuunHy Takoro
WU3MEHEHHUSI CIEyeT MCKaTh B MPUPOJAE B3aUMOJCUCTBUS aTOMOB, COCTaB-
JISIOIIMX TO WM MHOE BeliecTBo [&, ¢. 35].

Hanonayka u HaHOTEXHOJOTHS 3aCTaBIISIOT ymMaTh, CO3/1aBaTh, U3Me-
pATH, UCHOJIL30BATh U MPOEKTHUPOBaTh B HaHOMaciuTabe. [TockoyibKy Ha-
HOMacHITad Tak Maj, YTO €ro HeJb3s MPEACTaBUTh, NEPEUUCIICHHbBIE BEIIU
clenaTh OYeBUJIHO TPYAHO. Tak cTOUT Ju 3TUM 3aHuMaThesi? B mpupoe
cymectByeT 0onee 100 aToMOB, KaXblil U3 KOTOPBIX UMEET Pa3IMYHbBIN
3apsg sapa. Bece arombl umerot pasmep nopsiaka 0,1 Hanomerpa, a Hau-
00Nl quameTp ypana — okoio 0,22 nanomerpa. Crie1oBaTeIbHO, ATOMBbI
UMEIOT NMPUOIU3UTEIBLHO OJMHAKOBBIM pa3Mep WU OHM HEMHOTO MEHbIIIE
HaHOPa3MEpPOB. DTH aTOMBI SBISIIOTCA (QyHIAMEHTAIBHBIMUA OJIOKaAMH BCEH
MPUPOJIbI, KOTOPYIO MBI BUIUM. VX MOKHO MPEICTABIATh KaK KUPITUIUKU
Pa3HOTO I[BETA U pa3Mepa, U3 KOTOPBIX MOXKHO CJENaTh JIOOBIC MPEAMETHI
OKpY>KaloIlero Hac MUpa. ITo “CTPOUTEILCTBO” MOJA00HO TOMY, Kak 00be-
JTUHSIOTCA aTOMbI B MOJIEKYJIBI.

[Ipuposa 1 HAHOTEXHOJIOTUSI UMEIOT JIEJIO C aTOMaMH, KOTOPbIE MOUYTH
OJIMHAKOBOM ceprueckoil PopMbI M pa3InyaroTcs Mo pa3Mepam, Crocoo-
HOCTU B3aMMOJEHCTBOBATh U COCAUHATHCA B MOJIEKYJbI. Pasmep Moseky-
b1, coctositiedt u3 10 wim 6oJbilie aTOMOB, PEBBIIIACT OJJUH HAHOMETD.
DCTh MHOTO TUIIOB XUMHYECKHUX CBSI3€M, HO BCE OHM MOPOXKIACHBI B3aUMO-
JEUCTBUEM DJIEKTPOHOB, aTOMOB MJIM MOHOB. [I0CKONIBKY AJIEKTPOHBI OTBE-
YaloT 3a CBSI3U, & XUMHUYECKHUE PEAKIMU — 3TO MPOCTO CO3J]aHUE U Pa3pPbIB
CBSA3EH, MOXKHO YTBEpXAaTh, YTO SJEKTPOHBI OTBEYAIOT 33 XMMHYECKHUE
CBOIMCTBAa aTOMOB U MOJIEKYI.

OTH CBSI3M B aTOMaX W MOJIEKYJaxX SBJISIOTCS KIOUYOM K HaHOTEXHO-
jorud. OHU OOBEAUHSIOT aTOMBI M MOHBI B MOJIEKYJIBI U MOTYT JICHCTBOBATH
KaK MEXaHUYECKUE YCTPONCTBA, UMEIOIINE HAHOCKOMUYECKUE Pa3MepBbl.
JIJ1st MUKPOCKOIIUYECKUX M OOJIBIIMX YCTPOWCTB 3TH CBSI3M — 3TO MPOCTO
CPEJICTBO JJIsl CO3/IaHUsI HOBBIX MaTepuajaoB. B HaHoMupe, T1ie caMu MOJIEKY-
JIbI MOTYT OBITh YCTPOMCTBAMH, CBSI3U TaK:Ke€ MOTYT ObITh KOMIOHEHTAMHU
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3TUX ycTporcTB. HaHOHayka M HAaHOTEXHOJOI'HMSI COCPENOTOYEHbI Ha KOHCT-
PYyUpOBaHUU (PUBNYECKUX, XUMUUECKUX, OMOJIOTUYECKHUX U Ap. 00bEKTOB.

Ha cerogusiiuHuii 1eHb B HAHOTEXHOJIOTUAX MOKHO BBIICIHUTH Mpu
Hanpaenenus: a) CO3JaHue HaHOMATepHaJIOB (MaTepuagoB C HAaHOpa3Mep-
HBIMU DJIEMEHTaMHU) C TOMOIIBIO TPAJUIIMOHHBIX XUMHYECKHUX METOJOB
(Tak HaA3bIBaEMbIC ‘‘HAHOMACIITAOHBIE TEXHOJIOTMK); 0) MOMBITKUA CO3JaHUs
aKTUBHBIX HAHOCTPYKTYp ¢ Hcnosib3oBaHueM Oenkos, JIHK u npyrux op-
FaHUYECKUX MOJIEKYJ; B) HAHOMEXAHWYECKUU MOJXOJ, TaK HAa3bIBa€MbIii
“MOJIEKYJIIPHOE MPOU3BOJCTBO”, B pAMKaxX KOTOPOTO CO3AAOTCS HAHOPA3-
MEpHBIE YCTPONCTBA.

[lepBoe HampaBieHHWE HaMMEHEE aMOUWIIMO3HO W SIBIISICTCS MPOIOJI-
KEHUEM TPAJUIMOHHBIX XUMUYECKUX M MHUKPOIJIECKTPOHHBIX TEXHOJOTHUM.
[lepBoHavasibHO €ro BOOOIE HE OTHOCKIIM K HaHOTeXHodorusM. Co3nanue
HAHOCTPYKTYp Ha OCHOBE OpraHUKH MPUBJICKATEIHO KaXyIIEHCs: MPOCTOTOM
UCIOJIb30BaHUS CYIIECTBYIOIIMX B KUBOW MpHUpoje 00pasioB, HO, B TO ke
BpeMsi, 3TO HampaBieHHE W3HAYAIBHO JIEKIApUPyeT COOCTBEHHYIO OTpaHU-
YEHHOCTb, CBSI3aHHYIO C HCIIOJIb30BAaHUEM OIIPENEIIEHHOIO Kijlacca “CTpOHU-
TEJIbHOTO MaTepuana’.

HanoMexannyecknii moaxoa MOXKET UCIIOJIb30BaThCA YKE cerdac, u pa-
00Ta B 9TOM HampaBJeHUH BeAeTCa J. J[pekciaepom u psAioM IPYTUX aB-
TOpPOB U Opranuzaiuii. B ocHoBe HaHOMEXaHUYECKOIO MOAX0/1a JICKUT UJIes
CO3/IaHUSI UCKYCCTBEHHBIX KOHCTPYKIM HAaHOPa3MEPOB, KOTOPbIE ObLIM ObI
HPUCIIOCOOJICHBI JJIS1 BBIIOJHEHUsI HE00X0MuMbIX neiicTBuil. Co BpeMeHeM,
nouepkuBaeT JIpekciep, MpoOMBIIIICHHBIE CPEJICTBA MOJIEKYJISIPHOM COOPKH
Pa30BBIOTCS IO YPOBHS, KOT/Ia CTAHET BO3MOXKHBIM CO3aBaTh HAHOPOOOTS —
yCTPOMCTBA pa3MepOB MOPSIKAa COTEH HAHOMETPOB, BIMOIHSIIONINE JIIOObIE
MaHHUNYJISIUUA C aTOMaMu BelecTBa (COOpKY U pa3dbopKy) Mo 3aJaHHBIM
nporpammam [ 1, c. 49].

HaHopo0oTbl, cHOCOOHBIE KOHCTPYUPOBATh MPEIMETHI U3 OTAECIbHBIX
aTOMOB WJIM MPOCTBIX MoJIeky, Jpekcinep Ha3Ban accembrepamu. Eciu
1o/100Hast cOOpKa OCYIIECTBIIICTCS B paMKaX €IMHON CUCTEMBbI, a HE OT/IeJIb-
HBIMH HAaHOPOOOTaMU, TO peub UAET O HaHoghabpuke. B moOom ciyuae, nms
paboThl ¢ aTOMaMmu, a 3aTeM ¢ COOpaHHBIMHM M3 HUX OJIOKaMu BCe OOJBIINX
pa3MepoB, OYIyT UCHOJB30BATLCS HaHOMaHunyiamopul. V3-3a cBepxXmMalibIx
pPa3MepoB KaKIbIil MAaHUITYJISITOP HAHOPOOOTa CMOXKET paboTaTh C YaCTOTOM
JI0 MUWJLTMOHA oriepaiuil B cekyHay [10, c. 111-113]. 3a cuer 310l ckopocTu
U NapajuiebHOW pabdoThl MUJJIMOHOB HAHOMAHUMYJISATOPOB (MO0 B HAHO-
¢dabpuke, 1100 y MHOKECTBA OTAEIBHBIX HaHOACCEMOJIEPOB) MPAKTUIECKU
110001 MaTepHaIbHBI O0BEKT MOXXHO OyJET MPOU3BECTH OBICTPO U HE
JIOpPOT0 B HEOTPAHMYEHHBIX KoJinuecTBax. B kauecTBe ChIpbs 1151 pabOThI
HaHO(paOpHUK WIM HAHOACCEMOJIIEPOB MOKHO OyAET UCIOIb30BaTh MPAKTHU-
YeCKHU JIIOOBIEe BEIIECTBA: 3€MIII0, XUMUUECKUE U ObITOBBIE OTXO/IbI; IJIABHOE
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YCIIOBHUE JJIsl ChIPhS — HAJIMYUE B HEM B JIOCTATOYHOM KOJIMYECTBE BCEX
XUMHUYECKHUX JIEMEHTOB, BXOAIIMX B COCTAB MPOU3BOIUMOIO OOBEKTA.

[TogoOHbIe HAHOPOOOTHI pa3MepoM He OoJibllle OaKTEpUHU, CHAOXKEH-
HbIC MAHUITYJIATOPAMHU, JIBUTATEISIMA U KOMIIBIOTEPAMH, CMOTYT BBITIOJHSTh
J00bIe 3a/laHusl IO KOMaH/Ie yesioBeka [4, ¢. 81]. B mocnennue roapl momy-
YeH Psiji Pe3yJbTaTOB, IEMOHCTPUPYIOIIUX MEPCIIEKTUBHOCTh HAHOMEXaHU-
yeckoro nojaxona. Hanpumep, HanomeauiuHa OyaeT cnocoOHa UCIPABUTH
J00bIe MPOOJIEMBbl BO BCEX KJIETKaX YEJIOBEYECKOTO Teja: OYUCTUTh ap-
TEPUH OT CKICPOTHUYCCKHUX OJIAIICK, YHHYTOXHUTh WHPEKIIUIO WU PAKO-
BbI€ KJIETKH, JIaKe MEePernporpaMMUpOBATh HA TEHETUUYECKOM yPOBHE BCE
KJIETKU OpraHu3Ma.

HanotexHosiorum B CUHTE3€ C APYrUMU 0a30BBIMU TEXHOJIOTHUSIMU
XXI Beka yxe Cero/iHst mo3BOJISIOT YEJIOBEKY CO3/1aBaTh UCKYCCTBEHHBIE aTo-
MBI, aTOMapHbIE CTPYKTYPHhI, MPOrpaMMHUPOBATh MATEPHUIO0 HA ATOMAPHOM
YPOBHE, OCYIIECTBISITh aTOMHO-MOJICKYJIIPHYIO COOPKY CaMbIX Pa3HbIX Be-
niecTB. Takue TEXHOJOTHH CIIOCOOHBI U3MEHSTh IO BOJIE YesIOBeKa (u3nye-
CKHE CBOMWCTBA BEILIECTBA HA YPOBHE aTOMOB, aTOMAPHBIX CTPYKTYP U MPOCTE-
WX MOJIEKYJ, TO €CTh Ha YPOBHE OOBEKTOB M MPOILIECCOB, COPa3MEPHBIX
HAaHOMETPY.

Ho kakum o0pa3om 4enoBek (SIBJISISICh MAaKPOCKOMMYECKUM CYIIIECTBOM,
pa3Mepbl KOTOPOTO B MUJLTUAP/IBI pa3 MPEBOCXOIAT Pa3MEPbl aTOMOB) MOXKET
B3aMMO/ICHCTBOBATh C OOUTATENIIMU HAHOMHUPA U JUKTOBATh UM CBOIO BOJIIO?
Kak u moueMy y 4eiioBeka MOsSBUIACH BO3MOXHOCTh MPOTPAMMHUPOBATH
MAaTEPUIO0 HA AaTOMAPHOM ypOBHE?

CampIii OO OTBET TAKOB: BCE 3TO CTAJ0 BO3MOXKHBIM OJiaromaps
HEOOBIYHBIM JOCTHXKCHHUSIM HAHO(DU3WKH, HAHOXUMHUHU, HAHOOMOJIOTUH, Ha-
HOOTITUKHU, HAHOAJIEKTPOHUKH, HAHOMH(DOPMATUKN U NPYTUX HAHOHAYK,
KOTOpbIE TMO3BOJISIIOT HAHOTEXHOJIOTAaM OCYUIECTBIISITh OOMEH 3JIEKTpOMar-
HUTHBIMH CUTHAJIAMH MEXK]Ty YEJIOBEKOM M HAHOCTPYKTYPaMH (TO €CTh 0OMEH
nHpopmarmed, 3aK0TMPOBAHHON B BUJIC YJICKTPOMArHUTHBIX CUTHAJIOB).
[Tockosnbky Takoit 0OMeH uHbOpMaIMel OCYyIIEeCTBISETCS ¢ TOMOIIbIO TeX-
HOJIOTWH, pa3padaThiBa€MbIX Ha 0a3e JTOCTHKEHUH HAHOMH(OPMATHKH, IO-
CTOJIbKY OHa OyJeT mpuoOpeTarh Bce Oosiee BaXKHYIO POJib B MOCIEAYIOIIEM
npeoOpa3oBaHUM OKPYKAIOIIEH HAC PeabHOCTH.

B nanomupe pacrnonaratoTcsi mepBOOCHOBBI XKUBOM Marepun. Hayuno-
TEXHOJIOTUYECKOE OBJIAJICHUE TailHaMU HAaHOMHUpPA, UCIIOJIL30BAHUE €TO B
Ka4yeCcTBE MHCTPYMEHTA TJI00aJbHBIX MpeoOpa3oBaHUN MaKpo — U Mera-
Mupa ofemniaer cyobeKTy TII00aNbHBIX NEUCTBUNM TUTAHTCKYIO BIACTh HA:
a) TEHOMHBIM MPOCTPAHCTBOM BCEX JKUBBIX CYIeCTB 3emMiu; 0) Ouochepoit
[1nmaneTsl; B) MIaHETAPHBIM COLIMYMOM; T') 3BOJIIOLIMOHUPYIOLLIEH BeeneHHOoM.

98



306ipHuK HaykoBux npaub. 2011. Bunyck 1

Cka3zaHHOTO BBIIIIE, MTO-BUAUMOMY, JOCTaTOYHO, YTOOBI MOHSTH, OTKY/a
y 4€JIOBEKa — TBOPLIA HAHOTEXHOJIOTUM, TIOABIIAETCS BO3MOKHOCTh OT/IaBATh
KOMaH/Ibl UICKyCCTBEHHOMY ‘‘aTOMy’’, aTOMapHbIM CTpyKTypaM. CTaHOBHUTCA
SICHO, TIOYEMY YEJIOBEK, OPYAYIOIIMHA TEXHOJOTUSIMH HOBOI'O BEKA, MOXKET
U3MEHSTh MO0 CBOEMY YCMOTPEHHIO (U3NUYECKHE CBOMCTBA U MOBEJCHHE
aTOMapHbIX CTPYKTYyp. Pacnopsixasch nunpopmaiuei, “3ammroi” B HaHO-
CTPYKTYypax, COBEpIICHCTBYsI CIOCOOBI Tiepeaayr MH(POPMAIMOHHBIX KOMaH/]
HAHOCHCTEMaM, YeJIOBEK yCTaHABIMBAET BCE 00OJIee MOTYIIECTBEHHYIO BJIaCTh
HaJl MUPOM 3TUX CUCTEM. Takas BJIACTh MO3BOJISIET YEJIOBEKY C TOMOIIBIO
HAaHOTEXHOJIOTUN YNPaBIATh, MAHUITYJIUPOBATH, TPOTPAMMHUPOBATH KOHCT-
PYMpPYEMBIE UM HCKYCCTBEHHBIE aTOMBI, U3 KOTOPBIX BIIOCJIEJICTBUU OH CO3-
JAET PA3IMYHBIE THUIIBI HCKYCCTBEHHOM MaTEPUHU C 3alpOrpaMMUPOBAHHBIMU
cBoiicTBamu [7, c. 35].

HanounxeHnepuiiHbie, TeHOMHbIC, HAHOMEIUIIMHCKUE, HHHOpMAIIH-
OHHO-MEJMIHBIE TEXHOJIOTUH, & TAKKE TEXHOJOTMH HEHPOUYUIIOB, BUPTY-
AJIbHOM PEeabHOCTH U UICKYCCTBEHHOI'O MHTEJJIEKTA IT0KA HE CTalIi 0a30BbIMH
JUTS IUTAHETAPHOT'O COLMYMa, TO €CTh TAKUMH, C TIOMOIIBIO KOTOPBIX OH CaMo-
BOCIPOM3BOJUT CBOIO TOTAJIBHOCTh B Mupe. OQHAKO BEAYyIIME COLMUAbHbBIC
AKCIIEPTHI YTBEPKIAAIOT, YTO TAKOBBIMU OHU CTAaHYT YK€ B OnmKailline He-
CKOJIBKO JecsTuiieThil. 110ABATCS HEUPOUMIUIIAHTAHTBI, KOTOPBIE TTO3BOJIAT
JIOASIM HENOCPEJICTBEHHO MOJKJIIOYAaTh K CBOEMY MO3TY pa3juyHbIE YCT-
poiicTBa (IONOJHUTENBHYIO MMaMATh, 00yUaIOUI1e MPOrpaMMbl, CPEACTBA, MO-
3BOJIAOLIME BUAETH Apyrue oosnactu cuekrpa). C uxX MOMOUIbIO JIFOAU CMOTYT
HE TOJIbKO PACIIMPATH CBOM 3HAHUS U BOCIPUATHE MUPA, HO NIEPEBECTH CBOIO
JUYHOCTh B AJIEKTPOHHYIO Qopmy. M Kak TOJBKO TEXHOJOTHMH HEUPOUM-
IJIAHTAHTOB CTaHYT IOBCEJHEBHOW PEAIBHOCTHIO, “TEMIIOPUTM 3BOJIOLIUU
IUTAHETAPHOTO COIMyMa MPUOOPETET TaKOE YCKOPEHHE, KAKOTo eIl He 3Hajla
BCsI PEIILIECTBYIOIIAS SBOJIOLMS YesnoBeka” [6, c. 21].

beicTpas roHKa B cpepe BBICOKHX TEXHOJOTHH — yOEIUTEIbHOE CBU-
JIETENBCTBO TOTO, YTO IUIAHETApHAs [IMBWIIM3AIMS HEOOPATUMO BCTYIWIIA B
TEXHOJIOTUYECKYIO a3y CBOEH 3BOJIIOIMH, KOTOpas Bce 0oJiee paJuKalbHO
U3MeHseT 00pa3 )KU3HU MUJUIMOHOB JIFOJEH, IPUPOY, COLUUYM, YeTIOBEYEe-
CKYI0 CyOBEKTUBHOCTb BO BCEW €€ TOTaJbHOCTU. HempepbBHO MoJepHU3M-
PYIOIIAsICS MPAKTUKA UCIIOJIB30BAHMS TAKUX TEXHOJIOIMM TUTAHTCKU YCUIIAJIA
IPUPOJIHBIE CIIOCOOHOCTH CyOBEKTa UCTOPUUECKHUX JACHCTBHIM, MOpPOaNIIa
LEJIBIN P PAAUKAIBHBIX “TEXHOJIOTHYECKUX MEPEPOKACHUN INITAaHETAPHOU
ABWJIN3AIAN .

B cTparerndeckoi NMepcrneKTuBe IIaHETapHOE MCIIOIb30BaHUE MHAY-
CTPUM HAHOTEXHOJOTUH HEU30€KHO M3MEHUT MeTaboJM3M MOMyJIsSLUuu
Homo sapiens, To ecTh ee 00MeH 3HEpruei, BelmecTBOM U nHGOpMaLnei
C OKPY’KAIOIIUM MHUPOM. A 3TO 3HAYUT, YTO NEPEXO0J] K HAHOTEXHOJIOTHIM
HEen30eXKHO TOBJIEYET 3a c000il rimybokue TpaHcHopMai UCTOPUIECKON
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HBOJIIOLUM TIJIAHETAPHOW IUMBUIM3ALMU U BCEU CHUCTEMBbI O0Opa3OBaHUS

[3, c. 130-133]. IlpenBuaeTh BCIO CETh JOJTOBPEMEHHBIX TJTIOOATBHBIX DK3U-

CTEHIIMAJIbHBIX, COLMAIBHBIX, JKOHOMUYECKUX MOCJIECACTBUM, MOpPOKIaec-

MBIX MPAKTUKON JKCIIyaTallMd HAHOTEXHOJIOTHM, B HACTOSIIEE Bpems

HEBO3MOKHO JIa’K€ C IOMOUIBIO CaMbIX MOLIHBIX DBM.

B apceHan HAaHOMHCTPYMEHTOB, C MOMOIILIO KOTOPHIX YEJIOBEK YyKe
CEeroJiHsl BTOpraercs B (PyHJaMEHTaJIbHbIE MEPBOOCHOBBI MPUPOJHOU U
OMOCOIUAIEHON KU3HH, BXOISAT CKaHUPYIOIIHE TYHHEIbHbIE MUKPOCKOIIBI U
aTOMHO-CUJIOBBIE MUKPOCKOIIBI. B CKOpOM BpeMeHU MOSIBATCS HAHOOMO-
MIPOLIECCOPBI U MOJIEKYJISIPHBIE MAlIUHbI, KOTOPbIE CMOTYT CAMOCTOSITEIILHO
HE TOJIbKO MaHUITYJIMPOBATh OTJECIbHBIMU aTOMaMH, HO U IIyTEM MEpPECTaHO-
BOK aTOMOB: a) CAaMOBOCIIPOM3BOAUTHCS; 0) CO37aBaTh U3 MOAPYUYHOTO Marte-
puaia JIroObIe TIOJIE3HbIE YEIOBEKY BEIIECTBA, MATEPUAIIbI, MAIIIMHBI, OJICKITY,
MUILY; B) MYTEIIECTBOBATH MO YEJIIOBEUECKOMY TEIYy M, IPOHUKAS B KIETKH,
YAAJATh U3 HUX IIUIAKH, BOCCTAHABJIMBATH IIOBPEXKICHHBIE BHYTPUKIIETOYHBIE
o0wekThl v [IHK, yimydiaTs reHHble CTPYKTYPbI M TEM CaMbIM MOJICPKUBATH
CKOJIb YTOJIHO JUJIUTEIBHOE CYILIECTBOBAHUE KMUBOTO OpPraHM3Ma U Jaxe
COBEPILIEHCTBOBATH YEJIOBEUYECKYIO TEIECHOCTH [9, c. 224].

[TpuHIMNHATIEHO HOBBIM CIOCOO MCIIOIB30BAHUS MPUPOIbI UETOBEKOM —
ATO MPAKTUKA HAHOTEXHOJIOTOGUKAINH TPUPOabl. OCYIIECTBIISISI 3Ty MPaKTHU-
Ky, HQHOTEXHOJIOT ¥ HAHOMH)KEHEP HE MPOCTO MOJIB3YETCS TEM, YTO MPEOC-
TaBWwia €My MPUPOJia, a C MTOMOIILI0O HAHOTEXHOJOTHI KOHCTPYUPYET MU
HEMPUPOIHBIX MOJICKYJISIPHBIX MallvH, (HaOpuK, MPOU3BOICTBEHHBIX MOIII-
HocTel. Hade roBopsi, OH co3/aeT Kak Obl HICKYCCTBEHHYIO, CHHTETHYE-
CKYIO IPUPOJTY, TOJUMHEHHYIO IPUHIIUITY [TOJE3HOCTU. B noaroBpeMeHHOM
NEPCIEKTUBE MPAKTUKA CO3[IaHUs TAKON MPUPOILI MOKET IPUBECTU MUP K
HOBOM HAYYHO-TEXHOJIOTUYECKOW PEBOJIIOLMU, KOTOPAsl MOJHOCTBIO U3Me-
HUT TUTAaHETAPHYIO0 YKOHOMHUKY, TEHOMHOE MPOCTPAHCTBO, IKOCPEay oOUTa-
HUS YEJIOBEYECKOW MOMYJISIIIUK, MUIAHETAPHBIM COLIMYM U CaMOT0 YeJIOBEeKa
[5, c. 19-20].

[ToTeHuMabHbIE BO3MOKHOCTH HAHOTEXHOJIOTUU Ha OyyIee MOKHO
OYEPTUTD CIICTYIOIIUMU IITPUXAMHU:

e B Ommkaimue 25 JeT 0XUJIACTCS MOSIBJICHUE MEPBBIX HAaHOPOOOTOB,
KOTOpPBIE CIIOCOOHBI OYyAYT KOHCTPYHUPOBATH U3 TOTOBBIX aTOMOB JIIO-
00€ MOJIEKYJISIPHOE YCTPOUCTBO, UCHOJIHSIONIEE (PYHKIIMN XUMUYECKUX
MaTepuaioB, PACTUTEIbHBIX U )KUBOTHBIX OPTaHU3MOB;

® OXXHIACTCA TAKKE, YTO HAHOTEXHOJIOTO(PHUKAIHS CETbCKOXO03SICTBEHHOTO
MPOU3BOJACTBA MPUBEIET K MOSBICHUIO MOJEKYJISAPHBIX OMOPOOOTOB,
KOTOpbIE OYyIyT MPOW3BOAUTH MHUILy HE MeHee 3()PEKTUBHO, YEM ITO
JIENa0T pacTeHusl U KUBOTHbIE. COBPEMEHHBIE HAHOTEXHOJIOTH U HAHO-
VHXEHEPBI YBEPSIIOT, YTO TEOPETUYECKH BO3MOKHO MPOU3BOIUTH MOJIOKO
IpsIMO U3 TPaBbl, MUHYSI TAKOE MTPOMEKYTOUHOE 3BEHO, KaK KOPOBa;
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e B 00JaCTH MEIUIMHBI BO3MOXXKHO CO3/IaHHE MOJIEKYJISPHBIX pPOOOTOB-
Bpaueil, KoTopble OyayT COCOOHBI “KUTh” BHYTPH YEJIOBEYECKOro Oopra-
HU3Ma. Takue HaHOPOOOTHI CMOTYT YCTPAHATHh BCE BO3HUKAIOIIUE TIO-
BPEXJEHUS WIHM NMPEAOTBpallaTh UX BO3HUKHOBEHUE. brnaronapsa Tomy,
YTO HAHOTEXHOJOIMH CHOCOOHBI CKOJIb YTOJHO JOJIIO PEreHepUupOBaTh
OTMHUpAIOIIKE KJIETKW, HAHOMEIUIIMHA, 0a3upyroliascs Ha HuX, Oyier ra-
paHTHUPOBaTh YeoBeKy aosroierue. I1o mpornosam xypHana “Scientific
American” yxe B OnuxaiiemM OyaylieM MOSBSTCS MEIULIUHCKUE YCT-
pOICTBA Pa3MEpPOM C IMOYTOBYIO MapKy. J[OCTaTOUHO Takoe HAHOYCTPOW-
CTBO HAJIOXUTh HA paHy, YTOObI OHO CAMOCTOSITEIBHO MPOBEJIO aHAIU3
KpPOBH, ONPEJEINIO, KaKue MEIUKaMEHThl HEOOXOIUMO HCIIOIb30BaTh,
U CaMOCTOSATEILHO BBEJIO UX B KPOBb;

e B cdepe IKOJIOTUU TPAKTHKA HAHOTEXHOJOro(UKammuy o0eaeT mpemaoT-
BpPaTUTh HAJIBUTAIOMIMICS dKOKpHU3nc. HoBbIe BUIIBI MPOMBINIIICHHOCTH,
OCHOBAHHbIE Ha HKCIUTyaTalldd HAHOTEXHOJIOIWWA, HE OYIyT IMPOU3BOJIUTH
OTXO0JIOB, OTPABIAIOIIMX MOYBY, aTMOc(epy, MUPOBON OKeaH, a HaHO-
POOOTHI CMOTYT YHUUTOXATh MOCIEACTBUS CTAPBIX 3arpsI3HEHU;

® MOJIEKYJISIPHBIE OMOKOMIIBIOTEPHI OTKPBIBAIOT OJIECTAIIUE MEPCIEKTUBBI
B 00J1aCTH HAHOKOMIIBIOTEPUCTUKHU U MHPOPMALIMOHHBIX TEXHOJIOTHIA;

® B KUOEpHETHKE MPOU3OUAET mepexo]l K 00bEMHBIM MHKPOCXEMaM, a
pa3sMepbl aKTUBHBIX 3JIEMEHTOB YMEHBIIATCA 0 Pa3MEPOB MOJICKYII.
[TosiBUTCS OATOBpEMEHHAs ObICTPOACHCTBYIONIAs NaMATh Ha OEIKOBBIX
MoJieKyJiax. EMKOCTh Takoi mamsaTu OyAeT u3MepsThcs TepabaiTamu.
CraHeT BO3MOXHBIM ‘‘TIEpecesieHnEe” YeJIOBEYECKOIO0 MHTEIIEKTa B KOM-
neroTep [2, c. 44—46].

Hanodabpukam oTBOIUTCS Beaylash posib B IPsIyliedl HAyYHO-TEXHH-
4yecKkoil peoiironuu. [IpocToTa MpOEKTUPOBAHUS M U3TOTOBJIEHUS CIIOAKHBIX
KOHCTPYKIIMI TO3BOJIUT CO3[]aBaTh CBEPXMOIIHBIE KOMIIBIOTEPHI, MPEBOC-
XOJIAIINE COBPEMEHHBIE 110 OBICTPOICUCTBHIO U 00beMaM 00pabaThIBaeMOi
uHbopMaIi B MIJUTHOHBI pa3. CynepKOMIIbIOTEPHI B COYETAaHUHM C HAHOPO-
00TamMH MO3BOJIAT MOAPOOHO MPOAHAIU3UPOBATH CTPYKTYPY UYEIOBEYECKOTO
MO3Tra U MOHSTh MEXaHU3MbI €r0 paboThl. ITO, B CBOIO OYEPEb, [IOMOKET
YYEHBIM CO3/1aTh UCKYCCTBEHHBIA MHTEIIEKT, IPEBOCXOSIIUN YeloBeUe-
ckuii. JItoOyro paboTy 1o oOCIyKUBAHUIO JIFOJICH U 00ECIICUCHUIO UX Ma-
TepUaIbHBIMU OJlaraMu MOXHO OyzeT mepenaTs MamuHaM. Jlroau mosrydar
BO3MOKHOCTh MOJIEPHU3UPOBATh CBOU TeJa, 3aMEHSIsS OPTaHbl U TKaHU Oosiee
COBEpILIEHHBIMU. ByZIeT BO3MOXKHO J1a)ke M0 COOCTBEHHOMY YCMOTPEHUIO H3-
MEHUTbH CBOM BHEITHUIN 00JUK, MpeoOpa3uBIIKNCh /10 HEY3HABaeMOCTH [4].

['moGasibHbIE MOCIIEACTBUS HAHOTEXHOJIOTHMYECKOW PEBOIIOLMU (IIepBast
¢daza KOoTOpoW pa3BOpayMBaEeTCs Ha HAIIMX TJa3ax) OKaXyTCs HeU3Me-
puMoO OoJiee 3aXBaThIBAIOIIMMHU, YEM TOCIEJCTBUS BCEX MPEAIIECTBYIOUIUX
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HAyYHO-TEXHOJIOTHYEeCKUX peBoonuid. [IpeaBuaers Bce pazHooOpasue IK3H-
CTEHIMAJIbHBIX, COLIMATILHBIX, MUPOBO33PEHUYECKUX MOCJIECTBUN ITON PEBO-
JIIOLIMM CETOAHSI OYEHb TPYJHO. SICHO JUIIb TO, YTO HAHOTEXHOJOTHYECKas
IPAKTUKA YK€ CEroJHs MpeBpallaeTcss B CBOCOOPa3HbI IKCTPUM HAy4dHO-
TEXHOJIOTUYECKOTO TBOPYECTBA.

[IponcxoauT Mpouecc CTaHOBJIEHHUS CUHEPTHMIHO CBSI3aHHOTO KJIacTepa
UH(OPMAITMOHHBIX TEXHOJIOTUH, OMOTEXHOJIOTHM, HAHOTEXHOJIOTUNA U KOT-
HUTUBHBIX HayK. OTo Tak Ha3zbiBaemass NBIC xonBeprenuus (1o nepBbiM
OykBam obnacreit: N-nano; B-6uo; I-undo; C-xorno), nporecc, B KOTOpOM
HAHOTEXHOJIOTUHU UTPAIOT POJb CBOEOOPA3HOI0 KaTalIu3aTopa. ITO JOJIKHO
HANTHU OTPa’KEHUE BO BCEH CHCTEME CO/IEpP)KaHMsl 00pa30BaHuUs KaK B CpeTHEN
TaK U BBICIIEN LIKOJIBI.

dunocodckuii TUCKYpC, B IEHTPE KOTOPOTO PacCMaTpPUBAETCS TOJIE
npo0JieM, TOPOKAAEMBIX MPAKTUKOW KCILTyaTalli HAaHOTEXHOJOTHM, uMme-
Hyercs “¢unocodueit HaHoTexHONOTHI” [6, €. 10]. dunocodus HaHOTEX-
HOJIOTUH — 3TO 00JacTh (usocodckor pedaekcruu, OCYIIECTBISIEMONH Hal
TEeNEPEIIHUM MEPEX00M IIUBUIM3ALNYU K IKCIUTyaTallui pa3HOOOpa3HbIX
HAHOTEXHOJIOTUH. B KOHTEKCTe 3TOW peduiekcur yIOMSHYTBIM Mepexo] oc-
MBICJIMBAETCSL KaK AMOXAJIbHOE COOBITHE I100ATIbHON ABOJIIOLMH MOIMYJISLIUU
Homo sapiens. Kaxaplit mepexo/1 K HOBO cyMMe TEXHOJIOTUH MPOU3BO/JICTBA,
MOTPEOIIEMBIX ITUBUIIN3AIMEH BEMIECTB, YHEPTUH, WHPOpMAIUU, — ITO
KapJMHAJIbHOE OOHOBJIEHHWE CaMOro Croco0a BOCIPOM3BOACTBA MOIMYJIALUU
YeJI0BeKa.

B xoHTekcTe “¢punocopuu HAHOTEXHOJIOTHUM YEJIOBEK paccMaTpUBa-
€TCSl KaK CyOBEKT IJIAHETAPHBIX JACHCTBUM, OCYIIECTBISAEMBIX C TOMOIIbIO
Bce OoJiee MOIIHOM MHIYCTpUM HaHOTeXHoJIorui. HaHokocMoc asist Takoro
cyOBeKTa — 3TO HEUcUepIraeMblii CKJIaJ BELIECTBEHHBIX, YJHEPreTUUECKUX,
uHpopmanmoHHbIX pecypcoB. OAHAKO YEIOBEK — HE MACCUBHBIN MOTpe-
OuTeNb pecypcoB HAHOMHPA, OH TBOPYECKH KOHCTPYHPYET TaKHE CaMo-
BOCIPOU3BOISIIIINECS UCKYCCTBEHHBIE MOJIEKYJISIPHBIE MAIIMHBI, KAKUX HE
CYLLECTBYET B mpupoje. HecMoTpss Ha MCKyCCTBEHHOCTbh, TAKWE HAHOMAIIIH-
HBI CIOCOOHBI OoJiee Y(HPEKTUBHO UCIIONHATH BCE T€ MOJIE3HBIE (PYHKITUH,
koTopsie BeinoiHsoT npupoansie JJHK, PHK, puGocomsl, reHbl, reHOMBI,
BUPYCHI, OaKTepuu, pacTeHus, KuBOTHbIE. Co3aaBas Bce 0osee MOIIHBIHI
“mapk” HENPUPOAHBIX MOJIEKYJISIPHBIX MAIIWH, YEJIOBEK HANEETCA C UX IO-
MOILIbIO TPOU3BOJUTH BCE PECYpChl, “‘HEOOXOIUMBIE JIsI CAMOBOCIIPOU3-
BO/JICTBA IJITAaHETApHOU nuBUIM3auuu’” [9, c. 228].

B To e Bpems pa3BuUTHE HAHOTEXHOJOTHH TauT B ceO€ M OMmacHO-
ctu. Hanbonee HebnaronpusTHHIN ClieHaApHil — MOsIBIIEHHUE “cepoil cnu3u’
(grey goo): HENPEPHIBHO PA3MHOKAIOIIUXCS HAHOPOOOTOB (PETIMKATOPOB),
LEJICHANIPABICHHO YHUUYTOXKAKOIIUX JIOAEH, JKUBOTHBIX, PACTEHUS, BCIO
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OPraHUYECKYIO KU3Hb Ha IUIaHeTe. TakoW CLEHApUl BIOJHE BO3MOXKEH
IPU UCMOJIB30BAHUM HAHOPOOOTOB B KAYECTBE OPYKHUSI.

YToOBl peIOTBPATUTH PA3BUTHE MOJOOHBIX CIIEHAPHEB, HEOOXOMMBI
¢ PeKkTUBHBIE MEXaHU3MbI OOIECTBEHHOIO KOHTPOJISI HAJl Pa3BUTHUEM BBbI-
COKHMX TE€XHOJIOTHUH U, OCOOCHHO, 3a MPOrpeccoM B 0OJACTH BOOPYKEHUII.
OpnHa W3 KOHLIETILMI 3aIUTHI, IPEAJIOKEHHAsT J[pekciepom, COCTOUT B CO3-
JTAHUU aKTUBHBIX IIUTOB, KOTOPBIE OYIyT caMu OOHAPY>KMUBATh BBHIIICAIINE
U3 TMOJ KOHTPOJSI SKCIEPUMEHTBI U MCHOJb3yEMOE OPYKHE U CaMOCTOS-
TEJIbHO YHUYTOKATh BOZHUKAIOIINE OMACHOCTH.

Cambie cl0XxHbIE TIPOOJIEMBI, C TOUKH 3peHust (puinocopur HaHOTEXHO-
JIOTHA, KOTOpbIE B OYyIIIEeM BCTAHYT TEepe MOJIb30BATENIIMU HAHOTEXHOJIO-
TUH, — 3TO HE TEXHOJIOTMYECKHUE WK HaydHble poosiembl. [lo-HacTosmemy
CJIOHBIM OKQKETCS KOMILJIEKC MOPAIbHO-3TUYECKUX U COLUATbHO-TIOJIUTH-
yeckux npobsuem. HeiHennee cocrosinue ¢puinocopun HaHOTEXHOJIOTUN HE
MO3BOJISIET OJHO3HAYHO OTBETUTb HAa MHOTHE BOIPOCHI, MOPOKIEHHBIE CO-
BPEMEHHBIM 3TAIlOM PACLIMPEHHS TPAHUL] MUPa YEJIOBEUYECKOIO CYIIECTBOBA-
Hus. Y kak ObI MBI HE OTHOCWJIMICH CETOMHS K (prmocopuu HAHOTEXHOJIOTHH,
OHa, HECOMHEHHO, M3MEHUT Hay4yHoe MupoBo33peHne XXI Beka. Kakoil Obl
He3penoil oHa HU ObLTa cerofHs, 0e3 3Toi (unocoduu Mbl BPsII JIM OCMBIC-
JIMM ¥ OLIEHUM HE0OO03pUMYIO TKaHb MMOCJIEACTBUNA TOTO TPAHIUO3HOTO COOBI-
TUSI, KOTOPOE UMEHYETCSl CErOJIHS MEePEeX0JIOM K HAHOTEXHOJIOTMYECKOMY
IIPOU3BOJICTBY.

dunocodusi HAHOTEXHOJOTHI MOPOXKIAET HOBYI0 MHPOBO33PEHUYECKYIO
napagurmy, CTUMYJIUPYET pa3BUTHE HOBOM KYJIbTYpbl pa3MbIIUICHUNA O MUDE,
MOJIOKCHUH YeJIOBeKa B HEM, Tpsayliet cyapbe ero B (pu3nko-kocMuyec-
Kol sBosronuu BceenenHoit. MHumaropsel 3toit pusiocohun yoOeKICHBI,
YTO BBICOKHE TE€XHOJOTHUHU MO3BOJISIIOT HAIIEMy COBPEMEHHUKY BBIUTH 3a
Ipenensl TOro, YTo MeTapu3nKa MPEIIeCTBYIONIEH AMOXU T0rMaTHIeCKU
cuutana “gyenoBeyeckuM’. CpencTBa, KOTOPbIE MOTYT ObITh UCIIOIb30BaHbI
1. TOCTUKEHUSI 3TOW LIEJIU, TaKOBBI: MOJEKYJISIpHAs HAHOTEXHOJIOTHS,
TFeHHAasl UHXKEHEPHs, TEXHOJIOTMU UCKYCCTBEHHOTO UHTEJUIEKTa, POrpam-
MBI JIJIsl yIIpaBieHus uHbOpMaIel, JeKkapcTBa JUisl yIydllleHUs] TaMsiTH,
OMOKOMITBIOTEPHI, KOTHUTUBHBIE TeXHoJIoruu [3, ¢. 131].

BoiBoabl. Utak, ceroans ¢punocodusi HAHOTEXHOJIOTUM CTAHOBUTCS
HEOThEMJIEMOM YacThbl0 MUPOBO33PEHUSI U JYXOBHOCTH JIF0OOTI0 YEIOBEKa,
cTpemsierocs Kk GpyHIaMeHTaTbHOMY TOHUMAHUIO SBOJIOIMOHUPYIOIIEH
BcenenHol, Tak Kak MbITA€TCS MPOSICHUTH CaMble aKTyalbHbIE BOMPOCHI
coBpeMeHHOCTH. Puitocodusi HAHOTEXHOJIOTUH HU B KOEM CITy4yae HE SIBIISCT-
Csl aloJIOTHEN arpecCUBHOTO aHTPOMOTEHHOTO BMELIATENbCTBA B MPUPOY.
®duocodussi HAHOTEXHOJIOTHI MPETOCTABUT B PACTIOPSHKEHHUE JIFOJIEH MOIII-
HbI€ MHCTPYMEHTBI, C TOMOIIbIO KOTOPBIX OYIyT YCIEUIHO PEelIeHbl MHOTHE
U3 CETOTHAIIHUX TI00aTBHBIX MTPOOIIEM.
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Huxin, Beniamin. /[yxoenicmo Ho6020 uacy y ceimii HanHo@pinocodgii.

Y cmammi npoeedenuii ananiz cymmocmi oyxosHocmi ma eniugy Ha ii popmysanus
Qinocoii nanonayx ma nanomexuonoeiu. Ilpu ybomy ocodorusuii akyenm 3pooaeHuti
HA PO3KpUMMI NAUBY CE8IMO2NILOHO20 ACNEKMY HAHOMEXHONO02IU HA Npoyec Po36UMKY
O0YX08HOCMI CYYACHOT THOOUHU.

Knrwouoei cnosa: oyxosuicmo, HaAHO, HAHOHAYKA, HAHOMEXHONO2IA, HAHOPINOCOPIA..
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HOBA POIJ1b IHTENEKTYARIB | CYHACHA NOJIITUKA

Y ecmammi poszensioaemvcs numanns npo HeobOXiOHicmb 0N MeopemuKie cKkope-
2ysamu C80i NOAIMUYHI, COYION02TUHI ma IHW meopii 3 Ypaxys8aHHAM 0cobaUBoCmel
ceimocnputimanusa nonimuunux oisie. Ilicns maxoi kopexyii, Ha OyMKY asmopa, yumu
meopisiMu Cmanyms 4acmiuie Kepy8amucs npu npo8eoeHHi NOJIMUYHUX i eKOHOMIYHUX
pedhopm, wo ocodbIuBo aKmyanbHO 6 KOHMEKCMI CyYacHOi eKOHOMIYHOI Kpu3u. 3anpo-
NOHOBAHI CNOCOOU MAKOI KopeKyii.

Knrwouoei cnosa: nonimuxa, inmenekmyanu, nepeoddayerts, npocHo3, i0eo02is.

IMocTanoBka npodemu. Ha cboro/iHi HassBHUM IOCUTH BEJTUKUI PO3PUB
MDXK BJIQJIOI0 Ta TaK 3BAHMMH €KCIIEPTHUMHU KOJIaMH, TOOTO €KOHOMICTAMH,
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