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MocBslleHue

Ita KHura nocesmaerca Puuapay 9. Cmommm (Richard E. Smalley),
npodeccopy xumun u usukn YHusepcurera Paiic (Rice University).
Ob6samast BUIEHWEM, CMeJOCThI0 M HACTONYMBOCTBIO, OH TOJABEPras CO-
MHEHUIO TPaJMUIUOHHDIE IIPEJCTABJICHUS, IBITANCS OOBSICHUTD IPOTHBO-
pedns B IPHUPOJIE U €CTECTBEHHBIX HAayKaX, MCKaJ HOBBIE UJEH PEIIeHUS
rI00ATBHBIX MTPO6JeM. MHOTHe BBIAIONINECS NOCTIXKEHNS B cpepax Me-
JUTTAHDI, CBSI3W, TPAHCIOPTA U SHEPTETHKYN, HECOMHEHHO, CTAJIN PE3yJib-
TATOM 3TUX YCUJIUN.

[Ipodeccop Cmosm yines U3 KU3HU HA 3aKTIOYUTEJNBHON CTaJuu
IIOZATOTOBKY 3TOH PYKOIIMCH IOCJE NPOJOJ/LKUTEIbHOH GOPLOBI ¢ PAKOM.
Hawm 6yaer oyeHb He XBaTaTh €r0 IIPOHNKHOBEHHOTO BUICHMUS.

Junda Yunvamc



06 aBTopax

Jluaaa YuapsMc — aBTOP MHOTHX HAYUYHO-TIOMYJISIPHBIX KHHT TIO XW-
MUM, MeIuInHe U KocMoHaBTrke. OHa ObLIa BEAYIIUM CIEIHATNCTOM 1
texamueckuM nucareaeM B HACA, kommanusx McDonnell Douglas u
Wyle Labs, a takxe B YuuBepcurere Paiic. Jlunga sSBjaseTcst aBTOPOM
HECKOJIbKUX HAYYHO-TIOMYJISIPHBIX KHUT cepuu «be3 Taiiiy u3garesbcTBa
«IDKCMO>.

Hokrop V¥oaiinx Amamc — pupexktop WHCTUTyTa HAaHOTEXHOJOTHI
uM. Cmouiu B YHusepcurete Paiic, aBtop 6osee 190 ny6aukanuii, BKJIIO-
Yasg HECKOJIBKO 0030POB, a TaKyKe PeJaKTOp JABYX KHHUT.



lpeaucnosue

JTa KHUTA TpeIHA3HAYeHA JIJIST BCEX, KOTO MHTEpecyeT HAaHOMAcIITad-
HBIII MUP U KTO X0ueT 6oJibllie y3HATh 00 3TON yBJEKaTeIbHOU 06JaCTH
Hayku. OHa OyJeT MOHSATHA IMKOJTbHUKAM, CTYJEHTaM M BceM JI0O03Ha-
TEeJbHBIM YUTaTeIsIM. Marepuas nsjaraercs Iocjael0BaTebHO, eT0 MOXK-
HO JIETKO YCBOUTD, €CJIN YUTATh KHUTY OT Havdasa /o KoHla. OfHaKo ecian
BaC UHTEPECYIOT TOJIBKO OT/IebHbIe TEMbI, HAIIPUMEDP KBAHTOBbIE TOYKH,
HAHOAJIEKTPOHUKA, <«JabOpaTOpHUSI-HA-UUIIe> U T. M., COOTBETCTBYIOIIIE
TJIaBbl MOKHO YHUTATh HE3aBUCUMO OT JIPYTHX.

B xojie moBecTBOBaHMS aBTOP YIOMHMHAET BaKHEWIINe TEOPHU U [10-
CTHIKEHUST YYeHbIX U WHKEHEPOB B JAHHOW 06JaCcTH. DTH CBeJleHHS MPH-
BOJATCS, YTOOBI TOKA3aTb, KaK BOIPOCHI U SIPKUE Uen JII0O03HATEIbHBIX
JIOJIEN TIOPOii CIIOCOGCTBOBAIM PA3BUTHUIO BCETO YEJOBEYECTBA.

Hayka ocHoBaHa Ha JIOOONBITCTBE U KEJTAHUU Pa306pPaThCs B MPOUC-
xogseM. Jlaypearsr HoGesneBckoii mpeMun Korja-1o GbLId CTYJEHTaMHu,
MCKAaBIIMMHU HOBbIe ITyTH B Hayke. OHM BepWJIM, YTO HA caMble TPY/HbIE
BOTIPOCHI JOJKHBI CYIECTBOBATh OTBETDI, U YIOPHO IIBITAIICh HAWTH UX.
Exxerogno kunemarorpaducram Bpydator «Ockapbly» 3a BbIIAIONIIMECS [10-
CTUIKEHUST B KUHO, a yueHbiM — HobeneBckue nipemun; ¢ 1901 r. ux mo-
ayanau 6onee 750 ydyenbix. CambiM MosoabpiM JjaypeatoM HobeseBckoit
npemun (25 ner) cran pusux B. Jloypenc Bparr (W. Lawrence Bragg)
B 1915 1.

Anbpdpen Hobenb (Alfred Nobel, 1833—1896) moayunn 355 nareH-
TOB 3a cBou u3o6perenusi. OH 3aBemas, yToObI HOCTIE €0 CMEpPTH U3
OCTaBJIEHHBIX UM JIEHEeT BbIIIAYMBAIN IPEeMUK B TSATH obsactax (xumus,
dbusuka, GuU3NOIOrUA U MEAUIUHA, JUTEPATypa U YKPeIIeHue MHUpa)
«TeM, KTO B MPEAbIAYIIUI TOJ] ciesian HanbGoNbIiA BKJIA/ B TPOIIBETAHNE
yesoBeuecTBay. B 1968 r. 6buia yupexkaena HobeneBckas npemusi 1o
9KOHOMHKE.

Hob6enb xotes obecrieunTb IpU3HAHHE HOBATOPOB M JIOCTOWHOE BO3-
HArpask/JieHue TBOPUYECKOTO MBIILJIEHUsT B TIOMCKAX HOBBIX 3HAHWN. ABTOD
HAJIeeTCs, YTO OMUCAHUE OTKPBITUI, KOTOPble M3MEHUIH TIOHUMaHUe CyTH
MHOTUX Belllell M MPOIECcCOB, MOCTYKHUT IS YATATENS] TOTIKOM K KOH-
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HeHTpaIu COGCTBEHHON TBOPUYECKON SHEPIUU JIJIST PENIeHUsT BaXKHEUITIX
mpo6JieM B HayKe U TEXHUKeE.

B aroii xaure npeasaraercs oGl 0630p HAHOTEXHOJOTHI C OIH-
CaHUEeM HEKOTOPbIX HauboJiee BAJKHBIX 06JIACTEll HAYKHU, T/l€ YUTATEH
CMOTYT BCTPETUTbCS C HUMHU. B Havase KHUTU OODBSICHSIOTCS OCHOBHBIE
TEPMUHBI, TOHATHS, KOHIIENINN W WHCTPYMEHTBHI, KOTOPbIE Yallle BCETO
UCTOb3YIOTCS YUEHBIMU W WHXXKeHepaMU [ OMUCAHWUSI HAHOTEXHOJIO-
ruii. Bece cBefieHNST cCOMTPOBOKAIOTCS CCBHIJIKAMH Ha TOJE3Hble MHTEPHET-
PeCypchl, cofepKaliue HOBEUITyo WHMOPMAII0 0 MeToIaX U MOJIydeH-
HBIX Pe3yJIbTaTaX.

B kuure nmpuBoauTcst 60JIbIIIOE KOJHYECTBO WUJLIIOCTPAINI, KOTOPbIE
MOMOTYT YHMTATEJISIM TIPEACTaBUTh cebe BCe, U4TO MPOUCXOIUT HA «HAHO-
TexHoJIOTmYecKOoM (ponTe». Kpome TOro, 37€Ch TpeIaaraioTcss 3adaHus
¥ BOIPOCHI, KOTOPbIe MOTYT BCTPETUTHCS HA dK3aMeHe, C HECKOJTbKUMU
BaprMaHTaMU OTBeTa. B KOHIle KaXKI0 TJIaBbl TPeIaraioTcs HeCJO0KHbIE
KOHTPOJIbHbIE BONPOCHI. UTOObI OTBETUTb HA HUX, MOXKHO BEPHYTHCS K
COJIEP>KaHMIO TJIABBI, OCBEXUTH MOJyYeHHbIE 3HAHUS U MPOBEPUTDH cebs.
OTBETBI ¢ TPABUJIBHBIMU PEIIEHUSAMU HAXOMATCS B KOHIE KHUTH.

Kuura cocroutr m3 ueTnipex uacrteii. B KoHIle Kaxkaoil dactu mpe-
JIaraeTcsi TPOUTH MPOBEPOYHbBIN TECT, HO Terepb y:Ke 6e3 MOMOIIU KHU-
riu. Bompockl Tecta He cJI0KHEEe BOTIPOCOB B KOHIlE KaK0# TyaBbl. OHU
Ipe/IHa3HAYEHBI TOJIBKO [IJIS TOTO, YTOOBI MO/BITOXKUTD TTOJyYeHHbIE 3HA-
HUs. ABTOpP ToCcTapajics CAenaTh UX JOCTATOYHO MHTEPECHBIMU U HEOOBIY-
HBIMHU, 4TOGBI TT03a6aBUTh unTaresneil. Eciau BoI maaure 6ojee 75% mpa-
BUJIBHBIX OTBETOB, CUUTAlNTE, YTO XOPOINO ycBowanu MaTepuani. [lomHuure,
OTBETHI Ha BCE BOIPOCHI COOPAHBbI B KOHIIE KHUTH.

Bam mnpegaraercs ¢huHaNbHBIN 3K3aMeH, KOTOPBII COMep:KUT Gosiee
JIeTKHEe BOIIPOCHI, YeM B KOHI[E KaK/0 TJIaBbl U yacTu. ETo pekoMeHayeT-
cs TIPOUTHU IOCJIe BBIIOJHEHUS 3aJaHUil BCeX TeCTOB. XOPOIIUM pe3yJib-
TaTOM 9K3aMeHa MOKHO CUMTATh MPAaBUJIbHBIE OTBETHI Ha 75% BOMPOCOB.

[Toce BoImoHEHNS TeCTOB U (DUHATHLHOTO dK3aMeHa MTOPYUUTE CBOUM
JIPY3bsIM TIPOBEPUTDH MMPABUIBHOCTb OTBETOB. B TakoM ciiyuae Bbl He Gyjie-
Te 3HaTh, HA KaKWe MMEHHO BOIPOCHI JIaJi HEMPAaBUJIbHBIE OTBETBI, CMO-
JKeTe TIOBTOPUTH MPOW/IEHHBIN MaTtepuas U elle pa3 MOINbITaTbCs TTPOUTH
tecT. ToabKO TMOC/e TTOBTOPHOTO TIPOXOXK/IEHUS CJAEAYeT c/enarb pabory
HaJl ONTNOKAMU U TIOTIBITAThCS OMPENENTUTh MPOOEbl B 3HAHUSIX.

KHury pekoMeHjyercsi 4utaTh 10 OJ(HOU IJIaBe B HeJEN0, Ju00 M0
OJIHOMY Yacy B JIeHb, 4TOOBI MOCTENEHHO MepepabaTbiBaTh MOJTYYEHHYIO
uHdopmaiuio. CremuTb He CTOWT, Jydllle 3aHUMATbCS MEHbBIIE, HO pe-
ryasipo. OcBOoeHUEe HAHOTEXHOJIOTHE /IOCTATOYHO MPOCTO, HO JJisi 00/y-



peaucnosue

MbIBaHUSI TPOYMTAHHOTO MaTepuajia MOTpeOyercst OlpeeleHHOE BPEMS.
K ouepennoii riaBe peKOMeH/IyeTCsl IEPEXOUTh TOJIbKO TOCTEe OCBOEHUS
MaTepuaia IpebIAyIIel TJIaBbI.

TeM, KTO MHTEpecyeTcs: BAUSIHIEM HAHOTEXHOJIOTUH Ha OKPYSKAIOIIYIO
cpeny u Harre o6IIEeCTBO, HECOMHEHHO, OY/IeT WHTEPECHO MPOYHUTATh TJIa-
Bl 13 u 14.

[Tocsie okoHuaHuUs yTeHUs] He cliennre U30aBUTHCS OT 3TON KHUTH.
Ona eille MOKET MPUTOAUTHCS BaM B KAUeCTBE CIIPABOYHOTO IMOCOOUS MO
HaHOTEeXHOJIOTUsIM. Besb KHUTra cHaGKeHa MpeMeTHO-MMEHHBIM yKa3aTe-
JIEM U TPUJIOXKEHUSIMU C yKazaHueM Hambosiee U3BECTHBIX abOpeBUaTyp,
KOMNaHu# 1 my6anKanuii B 061acTH HAaHOTEXHOJIOTHIA.

Junda Yunvamc




bnaropgapHocTu

Wamoctpanyy Jid KHUTH ObLIN MOATOTOBJIEHBI C TOMOIIBIO TIPOrPaMM
PowerPoint 1 Word ot kommanuun Microsoft Corporation.

B knure 6bwia ucnosnb3oBana uHQopMalus, JI06E3HO MPEIOCTaB-
JieHHas TpaBuTeabcTBeHHbIMU opranusainuamu CIITA: HarnuoHnanbHOM
HaHorexuosornyeckoir nunnmarnsoii CIITA (National Nanotechnology
Initiative — NNI) u [lenapramenTtoM ucciaenosanuii u passurtus (Office
of Research and Development — ORD) ArenTcTBa 110 OXpaHe OKpyKa-
tomeii cpeapt CIIA (Environmental Protection Agency — EPA) u ap.

ABTOp BbBIpaKaer O6JarofgapHocTh JoKTOpy Kpucren KynaunoBcku
(Kristen Kulinowski), ucnonnureapromy anpextopy IleHTpa HaHOTEX-
HOJIOTHI B GMOJIOTUN W OKpYy’Kalolell cpefie n3 YHuBepcurtera Paiic 3a
TEXHIYECKOE PelleH3NpPOBaHNe U KOJIEKTUBY YHUBepcuTeTa Pafic 3a mi-
JITOCTPAINN JIJIST 9TOW KHUTH.

Bamaromapio moxtopa Yaiima Anamca, mupekrtopa MHcTuTyTta HaHO-
texHosoruii CMOJIIN, 32 MCTOPUYECKHE CBeJAeHUs U ILIOJOTBOpHbIE 006-
CY>K/IEHUSI.

Buaarogapio [xyan Bace (Judy Bass) us usgareapctsa McGraw-Hill
3a ee TIOPa3uTETbHYIO SHEPTUIO U MOAAEPKKY, HECMOTPS Ha BCE TIPETST-
CTBUS U JKU3HEHHbIE 00CTOSITEIbCTBA.

dms3aber, ITon, Bpun, IBan u [xek, 6aarogapio Bac 3a JI060Bb
U TOJIEPKKY!

Junda Yurvamc
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InaBa 1

OTkpbiTHE (hynnepeHa

Wuorpa (pas B €TO WM Jake THICAYY JIET) YEJOBEYECTBO OTKPHIBAET
WK CO3/IaeT HEeYTO, MeHslollee gce BOKpYT. lleliepHblie XUTEIN MOYY I
HOBBII /I HUX 3amax AbIMa U PeNImId MCCAefoBaTh (BUANMO, mocie
JIOJITOTO TIPOU3BOACTBEHHOTO COBEIaHKsI) ero UCTOYHUK. OTKPBITHE OTHS
NIepeBEpPHYJI0 MUP: HA CMEHY CyIIU TpUNLIH 6ap6eKio U MIAILIbIKHI.

ITo3zxe MX TOTOMKU OTKPbIM WHCTPYMEHTBI U3 >Keje3a, KOTOpbIe
ObLIN TOPA3/0 JOJrOBeuHee, YeM KaMeHHble HakoHedHuKu. Opyskue us
JKeJe3a CTajio MPeNoChblIKON 3aBOeBaHNS OKPY KAIOIEero MUpa.

3areM ObLIN OTKPBITHI KAHATM3AIMS, JJEKTPHYECTBO, aBTOMOOWIM
U aHTHOMOTHKM, KOTOPbIE CTaIM HEOThEMJIEMON YacThiO KM3HH GOJIb-
NTMHCTBA Pa3BUTBIX CTpaH. BHe3alHO YeJl0BEYeCTBO OCO3HAJO, YTO €CJIH
HaCTOIUMBO CTPEMUTHCSI K KAKOH-TO MeuTe, TO ee BIIOJHE MOXKHO OCyIle-
crButh (ec He MOCBAmATH B 5Ty MeuTy Gropokparuio). Hayka u texmu-
Ka COBEPIINJIN TaKWe MPOPBIBLI, KOTOPHIE CUUTAINCH (PAHTACTUKON erle
HECKOJbKO JeCATUIECTUI Ha3a/l.

Haxonerr HacTynuia spa BBICOKUX TeXHOJIOTHI: I[BETHOE TeJIeBHUIECHNE,
KOMIIBIOTEPDI... [[eBU30M COBpeMEHHOH HayKU M TeXHUKHU CTAJIO BBICKA3bI-
BaHue: «MeHbllle, 6bICTpee, Jierye 1 yMHeey. UeM 60Jbllie Mbl 3HaeM, TeM
6oJibIlle XOTUM y3HaTh. JKask/1a 3HAHUN HEyTOJIMMa, a JIIOOIBITCTBO Oe3-
rpaanmdHo. Bece — ot kBaszapos g0 /[IHK — BbI3bIBaer ;Kry4mit nHTEpEC.

B Hacrosiniee BpeMst TOMCK 3HAHWH JJOCTUT HEBEPOSTHOTO Hakama. Bo
MHOTOM 3TO OOBSICHSIETCSI OTKPBITHSIMHU B COBEPIIEHHO HOBOI (paHTaCTH-
YyecKoil 06J1acT! 3HAHWIA, KOTOPYIO CTAJIN HA3bIBATh HAHOMEXHOI02UEl .

Baarogaps HaHoTeXHOJOTMAM MOSBUJIACH BO3MOKHOCTb CO3/1aBaTh
6oJjiee ObICTPBbIE U JIEFKME KOMIBIOTEPDI, YJyUIlleHHbIE TEHHUCHBIE MSIUH,
MPOYHYIO TKaHb, TPO3PavyHbIe COJIHIIE3AIIUTHbIE 9KPAHbI, MOJIEKYJISPHbIE
CEHCOPBI W KJIETOUYHBbIE METO/bI JeueHns paka. Celidyac HaHOTEXHOJIOTUH
UCIOMb3YIOTCSI B COTHSIX PBIHOYHBIX TPOAYKTOB. MHOTHME W3 HUX CTa-
JIU Pe3yJbTaTOM YJIyUIlleHUs y»Ke CYIIeCTBYIONINX TeXHOJOTUH, Halpu-
Mep aHTHUBaH/JAJIbHbIE MOBEPXHOCTHU, AHTUIPUJUIIAIONINE MTOKPBITUSI, HO
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B Ommxkaiimue 10—20 jeT Hac mMopasgT COBEPIIEHHO HOBBIE NMPOAYKTHI,
CO3/I1aHHbIe HA OCHOBE HAHOTEXHOJIOTHIA.

B 9T0it KHWTe OMMUCHIBAIOTCS HOBBIE MATEPHUAJIBI, YAMBUTETbHbBIE TTPH-
JIOJKEHUS U TOPA3UTETbHbIE TEXHOJIOTHHN; BOBMOKHOCTD UX MCIIOJb30BAHUST
NOSIBUJIACH B Pe3yJbTaTe HAYUYHBIX HCCJAEOBAHUN HA HAHOMACIITAGHOM
ypoBHe. KpoMme TOro, 3j1eCh aHAJIU3UPYETCS BJUSHUE HAHOTEXHOJIOTHIA
Ha OOIIECTBO: WHBECTUIMH, PUCKU, OOIIECTBEHHOE MHEHWME W MeXKIyHa-
POIHAS TONUTHKA.

YcrpauBaiitech nmoy/jo6Hee 1 OrPy3UTECh B MUP CBEPXMAJIBIX 0ObEK-
TOB U YJAMBUTENbHBIX TPOIECCOB — B MUP HAHOTEXHOJIOTHI.

B Hayane Bcex Havyan

20

B 1897 r. Ix. Jx. Tomcon (J. J. Tomson) OTKPbLI OTPHIATETHHO
3apsKEHHbIE YACTUIIHI B TPYOKE C OTKAUAaHHBIM BO3AYXOM, KyJa OH TOMe-
CTHUJT /IBA 3JIEKTPO/Ia. JTa TPyOKa MOMyINIa Ha3BaHUe ACKMPOHHO-IYUEBAs]
mpyoxa, win OJT. OHa UCHONIB30BANACH /I U3y4eHUs] BO3GYKIEHHBIX
aTOMOB Ta3000Pa3HBbIX BEINECTB, KOT/Ja C TIOMOINBIO 3JEKTPOAOB UYepe3 Hee
TIPOITyCKaJICsl 3JeKTprdeckuil Tok. Takum o6paszoM, 6Gosiee cra JieT Ha3ajl
OBLIY C/IeJIaHbI TIePBble TIONBITKA Pa3/IeleHIsT AaTOMOB HA COCTABHBIE YACTH.

ANEKTPOHbI

Bo BpeMs skcniepuMeHTOB ¢ udyuenueM cBedenus razon x. k. Tom-
COH OGHAPY KW, YTO 31eKMPOHbL UMEIOT OTPULIATEJBbHDIN 3apsiZl U BXOJSAT
B COCTaB BCEX WM3BECTHBIX XUMWUYECKUX HJIEMEHTOB. IJTO ObLIa ONIEJOM-
JISIONIAs HOBOCTb, IIOCKOJIBKY [I0 9TOTO PAa3Muus MEXAY 3JeMeHTaMU
O6BLTN OYEHDb PACILIBIBYATBIMU.

é INEKTPOHbI — 3TO KPOLUEYHbIE OTPMLIATENBHO 3apPSHKeHHbIE Cy6aTOMHbIE YacTuLbl, KO-
TOpble BMECTE C MOJIOXKUTENBHO 3apPAXKEHHBIM A1DOM HAX0AATCA B COCTaBe aTOMa.

B 1906 r. [Ix. xx. Tomcon noayunsn HobGeneBckyto npemuto mo u-
3uKe «B 3HaKk npusHaHus 3acayr B OGJIACTH TEOPETHYECKUX M IKCIIe-
PUMEHTAJbHBIX MCCJIEJOBAHUN MPOBOAMMOCTH 3JEKTPUYECTBA B Taszaxs.
[To3ske yueHble BBISCHWIN, YTO 2JIeKTPOH UMeeT Maccy 9,1x10-3! kr u 3a-
pan 1,6x10-1 K.

A0Po

CpaBHI/ITGJIbHO HelaBHO y4Y€Hbl€ YCTAaHOBWJIK, YTO aTOM ABJIAETCA HE
OTHUM CIIJIOIIHBIM OébeKTOM, a COCTOUT M3 MHOYKECTBa KPOIIEYHbIX Ya-
ctuuek u 6oJiee KpYIIHOTO fA/jpa.



IMABA 1 OTtkpbiTe chynnepeHa

B 1907 r. Opnecr Peseppopa (Ernest Rutherford), yuennk
[Lx. JIx. Tomcona, pa3Bui cOBpeMeHHYIO KOHIIENIIWIO aToMa. 3a 3Ty pa-
6oty oH nosyunn HobGenesckyto nmpemuto 1908 1. mo xumun ¢ $hopmyJin-
POBKOI1 «3a TIpoBe/IeHHbIe MCCIEI0BAHNS B 00JIACTU PaCIia/la 3JEeMEHTOB
B XMMUH PAJMOAKTUBHBIX BeleCTB» W pbiapckuii turya B 1914 r. (xro
CKaszaJ, uTo XuMus HebjaarogapHoe 3ausarue? ). Bo BpeMs sKCIepUMEHTOB
¢ paanoakTuBHBIM ypanoM B 1911 r. Pesepdopa mpeanoxun cBoo Mo-
nesib sipa. BoMmGapaupyst 4actuiiaMu TOHKYIO 30JI0TYIO (POJIBIY, OH MpeJ-
CKasaJl, 4To aTOMbl OO6JIAJIAIOT TIOJOXKUTENbHO 3aPSKEHHBIMU SIJIPAMU,
pa3Mepbl KOTOPBIX TOPa3/l0 MeHbllle pa3MepoB atoMa. Bmecte co cBouM
yuernukoM [arcom Teiirepom (Hans Geiger), KOTOPBIN TIOJyYns BCEMUP-
HYTO M3BECTHOCTD 3a n3006peTeHne cyetunka [eiirepa, Pesepdopa o6Hapy-
KW, 4To Gosiee 99% BCex 4acTull MPOXOST HACKBO3b. V TOJIBKO O/HA 13
8000 wacTtuir oTpaskaeTcs OT SApa MO/ HEKOTOPHIM yrjoM u gaxke Ha 180°.
YueHble NMPEANONOKUIN, YTO TAKOE OTPA’KEHUE NMPOUCXOUT, KOr/a ya-
CTHIIA CTAJIKUBAETCS C MACCUBHBIM TIOJIOXKUTEJNbHO 3aPSIXKEHHBIM S/[POM.

B xoxe nampHeHNMX wccaeoBaHUN yAAIOCh YCTAHOBUTD, YTO SIIPO
COCTOUT W3 TPOTOHOB M HENTPOHOB. KaskabIfi MPOTOH MMeeT Maccy, B
1800 pa3 mpeBBHIIAIONIYI0 MAcCy 2JEKTPOHA, MOITOMY B sSpe CKOHIEH-
TpUpOBaHa G4JbIIAs YacTh MAcChl aToMa. Spo mMeeT KpolleyHbie pas-
Mepbl U 3aHUMAeT OYeHb Mayylo /10y0 o6beMa atoma. Ha pucynke 1.1
MOKa3aHa CTPYKTypa aToMa ¢ Touku 3perusi Pesepdopaa. Bekope yuenbie
BBISICHWJIM, YTO BHYTPHU aToOMa 3JIEKTPOHBI HE BPAIAIOTCS 10 OpOUTaM BO-
KPYT 4/1pa, Kak miaHeTsl BOKpyr CoJHIla, a pa3Ma3aHbl B IPOCTPAHCTBE,
Kak o6JsaKka.

\/,

DNEeKTPOHbI

T A®K__ D

Puc. 1.1. Mozenb atoma Peszepdopaa
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Uro6b! 1pesictaButh cebe CTPYKTYpPYy aroMma, BOOOPa3HTE, 4YTO SIIPO
AMeeT pa3Mep MSIYHKa AJs1 UTPhI B HACTOJIBHBIN TeHHMC. Torga auamerp
Bcero aroMa Oyner Gosbiie 5 kM! TouHee TOBOpsi, SIPO MMeET AMAMETP
okosio 10712 M.

NPOTOHbI

[IpoTOHBI TMPEACTABISAIOT cO00i KPOIIEUHble CYOAMOMHbBIE YACTHIIHI
BEIeCTBa, HAXOJAIUecs BHYTPHU gipa. Kak yske yKasbIBAJOCh BBIIIE,
IpOTOH O06JIAZIAeT IMOJOKUTENbHBIM 3apS/IOM U UMEeT Maccy, KOTOpas
B 1800 pa3 Gosbime Macchbl snekTpoHa. Amommnoe uucao (Z) snemen-
Ta OIPE/IENSETCS KOJUYECTBOM TIPOTOHOB B sifipe. Yucmoim snemenmonm
Ha3bIBAETCS 2JIEMEHT, COCTOSIIUN M3 aTOMOB C OJWHAKOBBIM aTOMHBIM
YIICJIOM.

HEATPOHbI

YacTuiibl, 13 KOTOPBIX COCTOUT SIAPO aTOMA, HA3bIBAIOTCS HYKJIOHA-
Mu. DTUMU YaCTUIAMU SBJISIOTCS MPOTOHBI U HENTPOHBI. Korga yuenbre
O0OHAPYSKIJIM TIPOTOHBI U TIOCYNTATM MacCy si/[pa Ha OCHOBE WX CYMMBlI,
NOJIyYeHHBIH Pe3yJbTaT He COBIAJ C BBIYMCJIEHHON OIEHKOI 06Ieil Mac-
col sipa. Uero-to He XBAaTaio, W 3TO «YTO-TO» BCKOpe OBLIO HANEHO.
Tak OTKpBLIN HEHTPOHBI.

é HellTpoH — 370 He NMeloLLAs NEKTPMYECKOro 3apsaga cybaToMHas yacTuua ¢ Maccon,
NpUGIM3NTENTIbHO PABHOM MaCcCe NPOTOHa.

Heiitponbsl HaxoasTCsl BHYTPH sipa BMecTe ¢ mpoToHamu. B Tabsm-
e 1.1 mpuBeieHbl Macchl CyGaTOMHBIX YaCTHUI[ aTOMA: 3JEKTPOHOB, MPO-

TOHOB U HEUTPOHOB.

Ta6auua 1.1. Macchl cy6aTOMHBIX YacTHIL

Yacruna O603HayeHue Macca
DJIEKTPOH e 9,110 x 103 r
IIporon p* 1,675 x 107 r
Heiitpon n 1,675 x 10~ ¢

MOJIEKVIbI

Mmuorue BelleCcTBa, HallpuMep AepeBO, KaME€Hb W/ MbIJI0, Ha OHIYIlb
KaXXyTCA TBEPpAbIMH, HO OHH COCTOAT M3 MHOKECTBa IIyCTOTEJ/IbIX aTOMOB.
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CBa3b, KOTOpas yAep:KHBAeT [Ba aTOMa BMeCTe, Ha3blBAeTCS XUMUUE-
ckotl ces3vi0. Moaexyia — 910 KOMOMHAIMS ABYX WM G0Jiee aTOMOB,
CBSI3aHHBIX XMMHUYECKOI CBs3bl0. Koeanienmmnou wasblBaeTcsl XuUMHUYE-
CKasl CBsI3b, TIPU KOTOPOIi 9JE€KTPOHBI pa3MasaHbl B MPOCTPAHCTBE TakK,
YTO UCHOJIB3YIOTCS BCEMU aTOMaMK MOJIEKYJIbI B paBHON Mepe (B oTinume
OT UOHHOU CBSA3M, IPU KOTOPOH 3JEKTPOHBI MCIOJAb3YIOTCA aTOMaMK He-
PaBHOMEPHO).

é Monekyna — 370 NpOCTeLLas CTPYKTYPHAs eAUHULIA STIBMEHTA NN BELLECTBA, KOTopas
COCTOMT U3 aTOMOB, CBA3AHHbIX XMMUYECKUMI CBASAMM.

OnHO W3 XOPOIIO M3BECTHBIX HAM BENIECTB COCTOUT U3 JABYX aTOMOB
BOJIOPO/ia M OJHOTO aToMa KucJaopoja. Kak HaseiBaercs BemectBo? Ilpa-
BWIbHO, Bojia. CoCTaBHbIE YacTU MOJIEKYJIbI BOJIbI YEP3KUBAIOTCS BMe-
CTe ¢ MOMOIIbIO0 KOBAJEHTHBIX cBsA3eil. CHMBOJIbHAS 3aICh KOMOMHAIIIN
aTOMOB B MOJIEKYJIE BEIECTBA HA3bIBAETCS €r0 XUMUUECKOU (HopMYaol.
dopmyJia BoAbl UMeeT BU[L HZO, rae H2 o6o3Havaer aBa (HKHUI WH-
JIeKC) atoMa Bogopoaa, a O — oauu aToM Kucaopoga. OTCyTCTBHE HUMK-
HEro WHEeKCca 03HAYaeT HaJU4YNe JUIIb OJHOTO aToOMA.

Bce wMosiekysibl OflHOTO BellecTBa OAMHAKOBbI. OHU HACTOJIBKO
MaJibl, YTO Jla’Ke KPYIUHKA BEIEeCTBA COAEPIKUT OTPOMHOE KOJIUYECTBO
MoJsiekyJ. Hampumep, B Kaime BOJAbI AMAMETPOM OKOJIO O MM COJEp-
xures 2 x 102! Mogsekysn, To ectb okosio 2000 MUIIHAPAOB MOJEKY.JI.
Ecau cnoxuth Takoe sKe YNCJI0 CTPAHUIL, CTOMKA MPOTIHETCS OT 3eMJIu
o Comnma (150 mun kM) okoso 600 teic. pas! Ecam 6b1 MOXKHO GbLIO
BBLIOKUTH Bce MOJIeKyJ bl (quamerp okoo 0,3 HM) Kallid BOJbI B OJHY
JIUHWIO, TO €€ JIJIMHA PaBHSJIACh Obl J[BYyM PACCTOSIHUSIM OT 3eMJH /10
Cournia!

Ykazanue KOJMYECTBA aTOMOB B BHE HUYKHUX HHIEKCOB B XUMHU-
4yeckoit (opmysie uMeer GOJbIIOE 3HAYEHHE JIJISI ONPEIEJEHUST PA3HBIX
BeniecTB. Hike mpUBOAUTCS HECKOIBKO IPUMEPOB IMIPOCTHIX XUMUYECKIX
bopmyr.

e xyopug Harpus (mosapennas comb) NaCl — 1 arom Harpus

u 1 aToM XJI0pa;

¢ nepekuch Bogoposa H,O, — 2 aToma Bojopoja u 2 aroMa KUCJIO-

poaa;

e sranon C,H,O — 2 atoma yranepoga, 6 atomos Bogoposa u 1 arom

KHCJI0PO/A.

BemtectBo Ha 3emie MOXKeT CyHIeCTBOBATb B TBEPAOH, SKUAKON WK

razoo6pasHoii gopme. ATOMBI BENIECTB HA HAHOYPOBHE MOTyT 06pa3o-
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BbIBaTb OrPOMHOE, MOYTH GECKOHEYHOE, KOoJn4ecTBO KoMOuHaimii. Op-
HAKO y4eHble OOHAPYKUIU CPABHUTENHHO HEOOJIBIIOE YUCJIO JIEMEHTOB
u BerecTB. [IprnueM HEKOTOpbIe BHEIHE Pa3Hble BEIECTBA YacTO MMEIOT
OJIMHAKOBYI0 XUMH4ecKyio dopmyy. UTo6bl oTimyath (popMbl pasHbIX
BEIIeCTB, YUeHbIe MCHOJIb3YIOT CTPYKTYPHbIE (DOPMY.IbI.

XUMUYECKUE U CTPYKTYPHBIE ®OPMYJIbI

Xumudeckasi opMyJia BeIIecTBa YKa3bIBaeT, CKOJbKO aTOMOB pas-
HBIX 2JIEMEHTOB COAEPIKUTCS B KaK/IOH MOJIEKyJie JaHHOTO BeNIecTBa.
[Momnpo6yem cpaBHUTH MoJieKyJay ¢ aBToMobuieM. [lycTtb KOpOTKUii 1 BbI-
COKMII JIKUII UMEET CTOJIbKO JKe [BHUraTesieil u Kosec (TO ecTb aHaJIoOroB
aTOMOB), CKOJIbKO ¥ JUIMHHbBIA M TPU3EMHUCTbIH JuMy3uH. OpHAKO WX
pacroyioskeHne OKa3bIBAaeT CYIIeCTBEHHOE BJIMSHIE HAa XO/I0Bble KauecTBa
U mpefHasHaveHne 0O0UX THIIOB aBTOMOOHJIEN.

Bce MonekyJibl BelecTBa HMMEOT OJWHAKOBOE KOJMYECTBO ATOMOB
OJTHOTO 3JIeMEHTAa, KOTOpbIe COe[MHEHbl XUMHYECKUMHU CBSI3SIMH, BO3HH-
KaOUIMMU B pe3yJbTaTe B3aMMO/IeHCTBUS 3JIeKTPOHOB U aTOMHOIO S/Ipa.

[To mpocToii xuMuueckoit dhopmyJe cyibdara Mean (MeaHbli KyIo-
poc), CuSO,, MOXXHO CKa3aTh, YTO B HTOM BEIIECTBE COAepKUTcs: 1 atoM
mean (Cu), 1 arom cepor (S) u 4 atoma kuciaopoga (O). B tabmume 1.2
OpHUBEJeH TepedeHb HEKOTOPBIX PACIPOCTPAHEHHBIX XHMHYECKUX Be-
IIECTB BMECTE € UX XUMHYECKUMHU (HOPMYJIaMiu.

Ta6auua 1.2. Xumudeckue GoOpMyJIbl BEHIECTB

BemectBo dopmyia
Kap6onar ammonus (NH,),CO,
Hurpar ammonust (aMMuayHast cenurpa) NH,NO,
Benzon CHy
Tugpokcny kanpiys (rameHas U3BeCTb) Ca(OH),
Terpadropuz yriaepona CF,
AJNIeXUT KOPUIHBIN C,H,O
Hurpar mean Cu(NO,),
JIT (auxaopandeHuaTpuxI0pMeTUIMETaH ) C, H,Cl,
Oxkcua dpocdopa (I11) (dbocdopuctbiii anruapu) PO,
DTOPUCTBINT METUT CH,F
Dpyxrosa CH,0O,
IJTaH C,H,
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BemectBo Dopmyra
Oxcup rammms Ga,O,
[uxpomar nurusa Li,Cr,O,
XJopu/ MarHust MgCl,
Iranauosas Kucjora (1aseeBast KUCIOTA) H,C,0,
[Iepexucn Bogopoaa H,O,
Hurpar xanusa (cesurpa) KNO,
Xnopugz Hatpus (I0BapeHHast COJIb) NaCl
Creapatr HaTpus CH,0O,Na
CepHast KUCJOTA H,SO,
MoueBuna CO(NH,),

Q Xumudeckas ¢oopmyna BeLLeCTBa YKa3bIBAET TOYHOE KOIMYECTBO aTOMOB BCEX 3NIEMEH-
TOB, KOTOPbIE 06PA3YIOT MOJEKYIY BELIECTBA.

Boma mmeer xmmmdeckyio dopmyry H,O, cemmrpa (ucmosbayercs
Autst npurorosrieHnst ¢eiiepsepkos u ypo6pennii) — KNO,, a dpykro-
3a (c/IaJKoe BEIEeCTBO, KOTOPOE COAEPKUTCS BO (PpyKTax M Meae) —
CH,,0,.

Q CTpyKTypHas ¢hopmyna yKasbiBaeT, Kak pacrnonoXeHbl OTAeNbHbIE aTOMbl B MONeKyne
BELLECTRA.

CrpykrypHasi QopMmysia [MOKa3bIBAET MOJOMKEHHE KaXKIOro aToMa
n Kaxjoit cBsizu. OObIYHO B Takoit popMysie aTOMbl 0603HAYAIOTCS CUM-
BOJIAMH 3JIEMEHTOB, a CBsI3M — dYeproukamu. OJ[HA JTMHUS TIPE/CTABIISIET
JIBa 3JIEKTPOHA, KOTOPbIE UCIOJb3YIOTCA B OJIMHAPHOI KOBAJIEHTHOMN CBSI-
34, a JIB€ JUHUM — 4YeTbIpe 3JEKTPOHA B JIBOMHON KOBAJEHTHON CBS3U.

é BelyecTtBa, KOTOpble COCTOAT U3 MONEKYN C OAWMHAKOBOW XUMUYECKOi (hOpMynon, HO
pa3HbIM PAcnoNoXXeHeM aTOMOB B MONEKYNe, Ha3blBAIOTCS M30Mepami.

Ha pucynke 1.2 mokasana xumumueckass ¢popmysna C,HO u nsa ee
n3oMepa ¢ Pa3HbIMU CTPYKTYPHBIMHU (POPMYJTIaMU.

CrpykrypHast ¢opMy/ia yKasblBaeT TOUHOE PaCIIOJIOXKEHUE aTOMOB
B MoJiekyJe. Ty (GOpPMyTy MOXKHO MPEACTAaBUTh KaK TIJIaH PacIosoxe-
Hus (PyTOONMCTOB HA TOJIe B OIIpe/le/IeHHbIX WI'POBBIX MO3WIUAX. B pas-
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Hble MOMEHTbI UTPbl, HallpUMEP BO BPEMs aTaKu, IOJIOXKEHHE UIPOKOB
MOKeT ObIThb pa3HbiM. Pacriosioxkenue u (YHKIME OTAEJbHBIX HTPOKOB
OTIpeIeITIOT CTUJIb KOMAHIHON WUTpbl. TOWYHO Tak >Ke pacmoyioKeHue U
(pyHKIIUN OT/IETHHBIX aTOMOB OIIPEESIOT TIOBEJIEHUEe MOJIEKYJIbI 1 (DU3u-
YecKUe XapaKTEePUCTUKK BENECTBA, HAPUMEP UX CIIOCOOHOCTb BCTYNATh
B XMMHUYECKIE PeaKIy ¢ ApyruMu BemectBamu. Ha pucynke 1.3 moxa-
3aHBI CTPYKTYPHBIE (POPMYJIBI HEKOTOPHIX BEIECTB.

| P
H—Cl—Cl—OH H—(li—O—Cl—H
H H H H
STMNOBbIN CNNPT HdvmeTnnosbit a3¢up

C,HgO

Puc. 1.2. CtpyxrypHble (DOPMYJIBI T30MEPOB

0 N 0]

/\ /1N |
H H HHH H3—C—OH
Boga  Ammnak YKcCycHasa Kmcnota

Puc. 1.3. CrpykrypHble (POPMYJIBI IIOKA3bIBAIOT PACIIOJIOXKEHHE aTOMOB
B MOJIEKyJIaxX

Yuenble UCCAEIYIOT CTPYKTYPY MOJEKYJ, YTOOBI OMpEeAeNnuTb, Kak
oun OynyT ce6st Bect. CTPYyKTypa MOJIEKYJ TaK:Ke CUJIbHO BJIMSIET HA
CBOWCTBA HAHOYACTHII.

«BHU3Y NONHLIM-NOJIHO MecTa»

26

29 nexa6ps 1959 r. npodeccop Puuapa Deiinman (Richard Feynman),
ngaypear HoGeseBckoil npemun 1o ¢pusuxe 1965 r. «3a dpyHaaMeHTaIbHbIe
PaGoThI 110 KBAHTOBOW 3JIEKTPOIMHAMUKE, UMEBIITHE TJ1yOGOKUE MOCIE[CTBUS
JUist GUBMKK 3JIeMEHTapHBIX YacTull», Beictynua B KanmudopHuiickom tex-
nosornyeckoM uHetuTyTe (CIITA) Ha PokaectBeHCKOM o6ene AMepuKaH-
ckoro (pusuveckoro o6iectsa B kKanyn 1960 r. ¢ Jiekiueil 1o/ Ha3BaHUEM
There’s Plenty of Room at the Bottom («BHU3y NOJHBIM-TIOJIHO MECTa» ).
B Heii on pacckasan o HOBOI o6sactu uccaenoBanmii. MeffHMaH TPeIIO-
JKUJT UIEI0 YIIPaBJEHUs OTAEJbHbIMU aTOMAMU U CO3[AHMSI HA UX OCHOBE
HOBBIX BEIECTB Ha YPe3BbIYaiiHo MaaoM (cy6aToMHOM) ypOBHE.
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OH 1opasu/ ayAUTOPUI0 MPOCTONH U cMesoll HayuHoll upeeii (st
TOTO BPEMEHH M € HOMOIIBIO JOCTYIHBIX TOTJa HAyYHBIX HHCTPYMEHTOB).
Deiiaman o6paTuyi BHUMaHUE HA BbICKA3bIBAHUS HEKOTOPBIX YYEHBIX O
TOM, YTO BCE BEJMKHUE OTKPBITUS YK€ C/IeJIaHbl, U 3aHUMATbCS HAYKOIl
y:ke HemHTepecHOo. DU3NK cUnTAT NHAYE W TIPE/JIOXKUJ CBOU apryMEHTHI.
Omn 3agBuJ1, 4TO BCe cojiep:kiMoe bpuranckoii autmkIoneun Britannica
MOJKHO Pa3MecTUTb Ha OYyJABOYHOI IOJIOBKeE.

DefiHMaH NPEATOKUT TIPEJACTABUTD KAKIYI0 OYKBY 6—7 OGutaMu WH-
opmaruu, a nadopMalmMio XpaHUTb HE TOJBKO HA TIOBEPXHOCTH, HO U B
o6beme. Eciu g 3anucu kaskjgoro 6ura ucnosb3osarb 100 aromos, To
BCIO MHQOPMAIINIO U3 BCEX KHUT CO BCETO MUPa MOXKHO 6y/IeT pa3MeCTUTh
B Ky6e ¢ peGpoM uyTh 6osiee 0,1 MM. B cy6atomHOM Mupe deticmeume.iv-
HO JOCTaTOYHO MecTa.

Dusuk 3asBuII, YTO OGHOJIOraM 3TO JJABHO U3BECTHO. buoJioru yxe B Te-
YeHUe HECKOJIbKUX JIeCATHIETUI U3ydaan Takue OObeKThbI, KaK MOJIEKYyJIa Jie-
3okcupubonykaenHosoii kucaorbl (JIHK). Oun suamm, uro [THK Haxomut-
csl B A/[pe KJIETKU OPraHu3Ma U COAEPIKHUT KOJ CTPYKTYPbI 3TOTO OpraHu3Ma
(6yzb TO KOMap, YesoBeK WK Kacatka). U Bce ocTasibHble OpraHu3Mbi!

DeiiHMaH COOOIU, YTO OMOJOTH YKe JABHO XKAYT OT (PU3UKOB M30-
OpeTeHus HOBOTO MUKPOCKOTIA, crioco6Horo pasrisigers B 100 pa3 MeHb-
muii 06bEKT, YeM 3TO BO3MOXKHO ceiiyac. Kak TOJbKO OHHM TOJydYaT B
CBOe pacnopsikeHue 60Jiee MOIIHbIE WHCTPYMEHTbI, TO CMOTYT BILJIOTHYIO
Pa3TJIsAIeTh PeAKIUU MeX/y OT/eTbHbIMU GermkaMu. (DeliHMaH oOmucam
6eCKOHEYHbIE BO3MOXKHOCTH MOJIEKYJISIPHOTO MUPA, KOTOPBIH Temephb Ha-
3BIBAIOT HAHOMUPOM. YUeHbIi pa3byana BooOpaskeHne KOJJIET, a TaKiKe
JlaJl CTapT HAYYHON TOHKE B MCCJAEOBAHUSX MOJIEKYJSIPHOTO MUPA.

Ho nopusityio MeiinMaHoM TeMy HeJib3sl Ha3BaTh aGCOJIOTHO HOBOII.
Ee anxuMuku cTpeMUINCh U3MEHUTh XMMUYECKUE CBOWCTBA 2JIEMEHTOB.
OHM TBITATHCh HAWTH PEIENnT BOJIIEOHOTO <«3JTUKCUPa MOJIOJOCTH» U
«punocodcknii kKaMeHb» IS TPeBPallleHusT CBUHIA B 30710T0. DakTnye-
CKHM OHM TPeAIPUHIMANN TONBITKH MaHUITYyJINPOBAHUSA HE TOJBKO aTOMa-
MU, HO U OT/EJbHbIMU UX KOMIOHEHTaMHU.

B 1981 r. Tepa Bunnur (Gerd Binnig) n Xaiinpux Popep (Heinrich
Rohrer) u3 Hay4Ho-ucce0BaTeIbeKoll JTaGopaTopu Komianun IBM B
iopuxe (IlBeiirapusi) cospamm CKaHUPYOWUL MYHHETbHbIL MUKPOCKON
(scanning tunneling microscope), KOTOPbIH BIepBbIe MO3BOJIMI yIEHBIM
YBUJIETb OT/IEJIbHbIE aTOMbI U MaHUITyJUpoBaTh uMu. OHU OOHADYIKUJIM,
4TO, UCIIOJIB3YSI JIEKTPUYECKOE MOJIe W CIIEIUATbHBIN 30H/ C KPOIIEYHbIM
HAaHOPa3MePHbIM KOHUMKOM, MOKHO TIepeMellaTh OT/ieJibHble aToMbl. Bekope
MOCJIe CO3/IaHUsI CKAHUPYIOIIETO TYHHEJIBHOTO MUKPOCKOIA Obl1 M306peTeH
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AMOMHBILL CUNOBOU MUKPOCKON (atomic force microscope), ouH U3 Hau-
6oJiee TIOIYJIIPHBIX WHCTPYMEHTOB 3Pbl HAHOTEXHOJIOTHI. 3aTeM TTOSIBUJIUCD
U/IeV CO3/1aHMsI HOBBIX BellecTB. [losiBJieHME Takoro MHCTPYMEHTA CTaJio
3HAYUTENBHBIM COOBITHEM U ObLT0 oTMeueHo HobeneBckoil npemueit mo ¢pu-
3uke 1986 r. «3a u3o6peTeHne CKAHUPYIOIIETO TYHHETbHOTO MUKPOCKOIIA Y.

B 1989 r. [Ton diirep (Don Eigler) B AlbMaeHCKOIT Hay4HO-HCCTe-
JoBartebckoil maboparopun Komnanuu IBM B Can-Xoce, mrar Kaan-
dopuus (CIITA), caoxun caoBo «IBM» u3 35 aroMoB KceHoHa u co-
torpacduposBas ero. Ha pucynke 1.4 1mokaszaHo, Kak 3TO CJI0OBO MOXXHO
CJIOKUTh U3 OTJEJNbHBIX aTOMOB. BoJiee MOAPOGHO MHCTPYMEHTHI HAHO-
TEXHOJIOTHI OITUCHIBAIOTCS B TJIABE 4.

5

Puc. 1.4. Cxema pacroJiOKeHUS OTJIeJbHBIX aTOMOB I CO3[jaHus cjoBa «IBM»

VAAYA U UHTYULMA

B centsibpe 1985 r. tpemsa xumukamu, Pobeprom @D. Kepsom, M.
(Robert F. Curl, Jr.), copom Tapoabaom Y. Kporo (Harold W. Kroto)
n Puuyapgom 9. Cmommm (Richard E. Smalley), 6buta oTkpbita HOBas
pasnosuaHoCTb yriaepoaa Cy. Onu cobpanuck B Ynusepcutere Paiic ais
MIPOBE/ICHISI COBMECTHBIX 3KCIIEPUMEHTOB, PE3YJbTaThl KOTOPBIX MTOPA3N-
JM Bech Mup. YueHbIM momoramu jasa crygenra: J[xoiimc Xus (James
Heath), temepp mpodeccop xumum B KammdopHuiickoM TexHoJIormYe-
ckom unctutyte, u [lon O’Bpaiian (Sean O’Brien), Temepb HaydHbIi
corpyanuk komnanun Texas Instruments B [ainace (CIITA). TTockoabKy
onny Hob6esneBckyto mpeMuio MpuUCysKIalOT He 60Jiee 4eM TpPeM YUYeHbIM,
to Xu3 u O’Bbpaitan obpenn auirb BceMUpHyIo ciaBy, a HobeneBckyio
npemuio 1996 r. mo xumuu «3a oTKpbiTHE QyIepeHoBy moaydnan Kepa,
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Kporo u Cmommu. Ity npemuto Bpyuman 10 gexabps 1996 r. B 100-met-
HIOIO TO/JIOBIINHY CMEPTH ee OCHOBATeJId.

HoBast pa3HOBHAHOCTH yTJI€pOAa TOJyuYWsa Ha3BaHue @y aepen
(fullerene). Crpykrypa (dy/uiepeHa o4eHb IIOXO0Ka Ha KapKac OGBIKHO-
BEHHOTO (hyTOOJBHOrO MsAYa, CHIMTOTO U3 JIOCKYTOB KOku (puc. 1.5).
Dymrepen cocrout u3 60 aromoB yriaepoma. Ero crtpykrypa mpuHIM-
MUAJTBHO OTJMYAETCS OT CTPYKTYPBI JPYTUX PasHOBHWIHOCTEH yriepoja:
rpadguta u anmaza. DysepeH OblI HA3BaH TaK B YeCTb apXUTEKTOpPA W
uso6perarenss Puyapna Bakmuncrepa @ymiepa (Richard Buckminster
Fuller), KoTOpbIii CIPOEKTUPOBAT M IIOCTPOMJ IEPBbIA TeoAe3ndecKuii
KYTIOJT — TIOJIYIO MTPOCTPAHCTBEHHYIO CTAIbHYIO CPePUUECKYI0 KOHCTPYK-
1IUIO U3 TIPSIMBIX CTEp>KHe.

Puc. 1.5. OynnepeH N0X0X Ha OObIKHOBEHHDbIN (pyTOONbHBII MY, CIIUTBII
M3 JIOCKYTOB KOXKHI

OrtkpoiTe QyaepeHa IMPOU3OILIO B pe3yibTaTe JKCIEPUMEHTOB
Cmomm 1 KpoTo ¢ uHCTpyMeHTOM, KOTOpbIii CMOJIIM n306pest /i u3y-
YeHMs] MOJIEKYJ M KJAacTepoB aTOMOB. KpOToO 3amHTepecoBasia NpeJJio-
>keHHass CMoJumi MeTojuKa JiazepHoro mcnapenus. C ee TOMOIIbIO OH
HaMepeBaJsICs MPOBEPUTH CBOIO TEOPHIO O TOBEJEHUHW YTJepoJa B MeX-
3BE3/THOM mpocTpancTBe. KpoTo cumran, 4ro 6orarbie YriaepoJoM 3Be3/Ibl,
KpacHbI€ TUTAHTBI, CIOCOOHDBI UCIYCKATh CJOKHbBIE YTJIEPOIHBbIE COEIUHE-
HUsI, KOTOPbIe MOXKHO OOHAPYKUBATH C MMOMOIIbIO PAJAMOTENECKOIIOB.

UccaenoBarenn MONBITATUCH TPEJACTABUTH CTPYKTYPY [Jisg OO6Ha-
PY’KEHHOH WMHM HOBOH pasHOBHHOCTU YTIJEPOJa C TOMOIIbIO MaccC-
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cnexmpomempd, KOTOPbIH CIOCO6eH M3MEPSITh JJIMHBI BOJH U3JTy4eHUs
U 9HEpruM OT/AEJIbHBIX 3jeMeHTOB. OQHaKAbI MO3AHUM BeuepoM CMosun
¢ IOMOIIbI0 GyMary, HOKHUI[ U CKOTYa coeJuHUJ Bce 60 BepuIMH U 110-
JIy4uJl CUMMETPHYHYIO 3aMKHYTyI0 (popmy. Ilomyuennyio monekyny Cg
cramu Tak:ke HasbiBath Oaxuboan (buckyball). Tpadur, nanbonee pac-
MIPOCTPaHEHHAs PAa3HOBUIHOCTD YIJIEPO/Ia, COCTOUT U3 aTOMOB YIJIEpPOJa,
KOTOPbBIE PACIIONOKEHDI B IBYXMEPHBIX IIJIOCKOCTAX. A B MoJiekye dyJ-
JiepeHa CBSI3aHHbIE CUJIbHBIMHU CBSI3sIMM aTOMbBI yTJIepo/la Pacliojiararor-
Csl B TPEXMEPHOM IIPOCTPAHCTBE U 00OpPasyloT 3aMKHYTbIH cepuueckuit
KapKac.

[lo aTOrO MOMEHTA yYeHbIe CYUTAJN, YTO YIJIEPO/ CYIIECTBYET TOJBKO
B Bujie Tpadura mwin aamasa. OHU He MOTJIU MTOBEPUTH B CYIECTBOBAHWE
ynnrepera u nmocuutanu OTKpbiTHE ONMIMOKOW. [leiicTBUTENBHO, TTOUEMY
HUKOMY paHbllle He YyIaBaJoCh OOHApYKUTb 3TO HOBOE COelnHeHHe?
MHorue yueHble CTaJyl MHTEHCUBHO MCCIELOBaThb (pysjepeH, M BCKOpe
CTajo $ICHO, YTO JaHHAs MOJIEKYJa CYIIECTBYET, U €€ OTKDPBITHE WMeeT
OTPOMHOE 3HaveHne A Hayku. Kak yske ymOMWHAJIOCh BBINIE, 3a 3TO
orkpbitue Cmosin, Kepa u Kporo noayunin HobGeseBeKyio peMuio 1o
xiumun 1996 r. 3a oTkpbITHE QyiepeHa U IPoIaraHiy UccjaeloBaHuii Ha
HaHomacira6HoM yposHe Cwmosum (Hapsigy ¢ @eiiHMaHoM, BuHHHTOM
1 PopepoM) 4acto HasbIBAIOT OJHUM U3 OTIOB HAHOTEXHOJIOTHIA.

TPADUT

o otkpoitust ysnepera Hanbosee WUCCTETOBAHHBIM COEITHEHUEM
yraepoja 6b11 rpadut. Ipadur cocTouT U3 MJI0CKUX CJI0EB Yriaepo/a, Io-
XOKHMX Ha KOJIOJy UTPAJIbHBIX KapT. CBsI3W aTOMOB B KJK/IOH MJIOCKOCTH
(kapTe KOJIO/Ibl) YPe3BbIUaitHO MTPOYHBI, HO OT/EJbHbIE MJIOCKOCTH CBSA3a-
HBI JIPYT C JPYTOM HE OYeHb CUJIbHO U MOTYT M3TMOATHCS M JIOMATBCS.

BoabmuacTBO o€l TOIb30BANCh TPOCTBIMU KapaHAaIlaMy ¢ MsT-
KuMU TpaUTOBBIMU CTEPXKHAMHU. Takue KapaHAAIW MOTYT MHCATh, TO-
TOMY 4TO IIPU TpeHuu o Gymary cjou rpadura OTCJAAUBAIOTCS U OCTAIOTCS
Ha Gymare.

Ort/ebHBIE ATOMBI B OJTHOM CJIo€ TpaduTa CBS3aHBI KOBAJIEHMHbIMU
CBSI3SIMU. DTU CBS3H yJEPIKUBAIOT MOJIEKYJIbI Tpaduta BMecTe U Croco6-
CTBYIOT TTO/I/IEP>KaHMIO TIITOCKON POPMBI coeB. B rpadure KaxkAbIl aToM
yIIepofia CBSI3aH C TPEMS COCETHUMI aTOMAaMU CUJIbHBIMU KOBAJIEHTHBIMU
csizsimu. Cusvt Ban-dep-Baanvca CBS3bIBAIOT COCEAHUE IIOCKOCTH U
yaep:xuBaoT ux psagoM. Ha pucynke 1.6 mokasaHbl OCHOBHBIE THUIIBI pac-
OJIOKEHHST aTOMOB yIJiepoia: miockoe (B yriie u rpadure), pemeroyHoe
(B anmmase) u chepuueckoe (B yJsuiepene).



Yronb (06bem) IpaduT (NnockocTb)

Anmas (Kpuctann) ®ynnepeH (chepa)

Puc. 1.6. B yruie n rpadgure atoMbl yrjaepoja pacroJoXKeHbl B IJIOCKOCTSX,
B aJMade — B OOBEMHOI KPUCTAJINUECKOIl pelieTke, a B QyJsuiepeHe —
B cepUYecKOM KapKace

I'padutr yacto mcnoJsib3yercs B KadecTBe CMa3KW B HEKOTOPBIX Me-
XaHM3MaxX C TPYUIMMHCI YacTAMU: 3aMKaX, BEHTUIATOpax u T. 1. Cnib-
HbIe CBSI3U MEXK/Y OTIEeJbHBIMU aToMaMi rpaduTa OOBSCHSIIOT BBICOKYIO
TeMIeparypy ero miasjeHus. I'paduT He pacTBoOpsieTcss B BOJe U Opra-
HUYECKUX PACTBOPHUTEJSIX, HO CIIOCOOEH IIPOBOJAUTD 3JEKTPUYECKHIl TOK,
II03TOMY He HOCUTE KapaH/Jalll B KapMaHaxX cBeTJoi ofexabl. MHaue
BaM IPUJETCS C/leJaTh MOKUPYIOIee OTKPhITHE!

AJIMA3

o oTkpbiTHsi dyssiepeHa caMbIM TIPOYHBIM COEJNHEHHEM aTOMOB
yrjaepojla CUMTaJCcs anMas. AJMas3bl Ha3bIBAIOT <JIYUIIUMU JDPY3bSIMU
JeBYLIeK» U.. UHXXeHepoB. bilarosapsi cuJIbHBIM KOBAJEHTHDBIM CBSI3SIM
Ka)X/I0OT0 aToMa YIJIepoJa C TpeMs COCEAHUMH aToMaMH OHH 006pasyloT
IIPOYHYI0 OObEMHYI0 KPUCTAINYECKYIO PELIeTKY. AJIMa3 HaCTOJIbKO IIPO-
YeH U TBeP/I, YTO UCTIOTIb3YeTCs [JIsl PE3KH, CBEPJIEHUS U NOJUPOBKH JIPY-
TMX MaTepuasoB B MPOMbBINLIEHHOCTH. [leficTBUTENbHO, aqMa3 — camoe
TBEP/0€ TEJI0, KOTOPOE U3BECTHO YUEHDBIM.

AJMa3 uMeeT 0ueHb BBICOKYIO TeMmeparypy masaeHust (okoso 4000 °C),
Be/lb [JIs1 Pa3pyLIeHHs] KPUCTALIMYECKON CTPYKTYPbL HYKHO Pa3opBarh Bce
CBEPXCUJIbHDIC KOBAJIEHTHBIE CBSI3U MEXJy aToMaMu. AJIMa3, Kak M rpa-
(ut, He pacTBOpSAETCA B BOJE M APYTUX OPTaHNYECKUX PACTBOPUTEAX.
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Opanaxo ajMa3 He IIPOBOAUT 3JeKTpUuecKuil Tok. [leso B ToM, 4To BCe
97IEKTPOHBI B HEM TIPOYHO YAEPIKIBAIOTCS MEXKIY aTOMaMH U He MOTYT Tiepe-
Meratbest 1o perierke (pezictaBbre cebe MIOTHYIO TOJITY JIOAEH BO BpeMst
MHOTOJIIO/THOTO ITpa3/iHoBaHus BeTpeun HoBoro rojja Ha 1ieHTpasIbHOI 11J10-
mazu ropoja, HanpuMep B Hbio-Vlopke, — CHJIbHO He TIOABUTAeIIbes).

Jlionn wu3naBHa IeHMJAN anMas3bl 3a MX HEOObIKHOBEHHOE CHSIHUE
u Gsieck. OMHAKO yYeHBIX OHM TIPUBJIEKATH CBOEH Ype3BbIYAifHOW TBEp-
JIOCTBIO M MAJIOH C3KMMaeMOCTbIO. AJIMa3bl IPEKPACHO IIPOBOJAAT TEILIO U
OYeHb €1a00 PACHIMPSIOTCS C yBesJndeHneM Temreparypbl. OHU He BCTy-
HAl0T B PEAKIMIO ¢ OOJIBITMHCTBOM CUJIbHBIX KUCJIOT MJIM OCHOBAHUM. AJ-
Ma3bl IIPO3PAUHbI B OUeHb IINPOKOM JIMANa30He: He TOJIbKO IS BUIUMO-
TO cBeTa, HO U /ISl yJAbTPadHOIeTOBOrO 1 HH(MPAKPACHOTO U3JIyUEHHUS.

[PA®UT, AITMAS 1 ®VITTIEPEHBI

MHorne MIHEPaJIBI COCTOSIT U3 aTOMOB M MOJIEKYJI BCETO OJIHOTO XMMMU-
YeCKOro ajeMeHTa. [eosiorn pa3inyuaioT Memaiiuueckue u Hememaiiuye-
cxue munepasbl. Okoso 80% XUMIYECKUX 2JIEMEHTOB SIBJISIIOTCSI MeTaLIa-
mu. Hampuwmep, 3071070, cepe6po 1 MeZib — METAJJIbl. YTJEPO JIEXKUT B
OCHOBE TaKMX MUHEPAJIOB, Kak rpadur, aamas u Qyiepen (Hemerasibn).

NMenHO yTIOpSIOUEeHNEM aTOMOB yTJepo/a B aiMade OODbSCHSIOTCS
€ro y/[uBuTebHBIE cBolicTBa. [leiicTBuTenbHO, Tpadur, aiMas u ¢yJie-
PEH COCTOSIT U3 OJIMHAKOBBIX aTOMOB yrJepona. OIHAKO anMa3 sSBIISeTCs
caMbIM TBEp/bIM BELIeCTBOM, a rpauT — OJHUM U3 CAMbIX MSTKHUX.
Takoe pazsnune 00BSICHSAETCS PA3HBIMU CIIOCOGAMU CBSI3U aTOMOB. B aj-
Ma3e KaXIbIHl aTOM yTJepoja CBA3aH C YeThIPbMs IPYTUMHU aTOMaMH, a B
rpadure — TOJBKO ¢ TpeMs. B rpadure aroMbl yriepoga 06pa3yioT KOH-
uryparnuio, kak y Mosekysbl 6ersona. OHU PacHoJiaraioTcs B IJIOCKO-
CTSIX, KOTOpPbIe MOTYT JIETKO IIPOCKAJIb3bIBATh JPYT OTHOCUTEIHHO Jpyra.

ODysneper 1moxoxx Ha anMas u rpadur. OH obsajaeT HEKOTOPbIMU
XaPaKTePUCTUKAMU OOOMX 3TUX BENeCTB, HO JIMIIEH WX HEJIOCTATKOB.
C 1990-x rT. BemyTcst McCJaeOBaHNS CTPYKTYPBI W CBOWCTB (DyJIJIEPEHOB.
Terepb yueHbIM U3BECTHBI He TOJIbKO chepuueckue (yiepets (¢ 60 ato-
MaMu), HO U oBaibHBIe (¢ 70 atromamm), tuma cocucku (¢ 80 aromamm)
u 1p. Kaxzmoe HOBoe OTKpPBITHE JaBajo OTBETHI HA IIPEKHHE BOIPOCHI,
HOPOXK/asi MHOKECTBO HOBBIX BOIIPOCOB. YueHble ONPe/leIUIN SHEPruio
3JIEKTPOHOB M M3MEPWJIH 3JieKTpuieckne Toku. OKasajoch, 4TO y pas-
HBIX BU/IOB (PyJIIEPEHOB OHU MMEIOT Pa3Hble 3HAYEHNS Ha MOJIEKYJISAPHOM
ypoBHe. Bosee Toro, ¢yiiepeHbl Ben ceOsi COBEPIIEHHO WHAaye, 4yeM
anma3 u rpadurt. as uccaenopanus QyJaepeHOB NPUIILIOCh TPUMEHNUTD
6oJiee N30MIPEHHbIE HAYYHbIE METO/bI.
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OnHocnoiHble Yyrnepo/Hble HaHOTPYOKK

B 1991 r. Cymuo Wupkuma (Sumio Iijima) uz JlaGopatopuu dyH-
namenTaabHbIX uccaenosanuii kommaauun NEC (NEC Fundamental Re-
search Laboratory) B IlykyGe, Snonusi, oGHapyKuJ1 B caxke Ha yrJe-
POJIHOM CTEpIKHE KaTojia JyTrOBOTO Paspsijia yzi1epodHvie HAHOMPYOKU
(carbon nanotubes). Ha ¢ororpadusax, nogTydyeHHbIX ¢ MOMOMIBIO JJIEK-
TPOHHOTO MHMKPOCKOTIA BBICOKOTO pa3pelieHus, ObLTH HaiJleHbl MHOTO-
caoiitbie yraepoaubie HanotpyOku, uin MCYH (multi-walled carbon
nanotubes — MWNT). Okasanoch, 4T0 OHU UMEIOT 3aKPYIJIEHHbIE KOH-
I[bI ¥ OYeHb MOX0Xu Ha dysnepensl. Ho, B orimume ot dysiepeHos,
MHOTOCJIOWHBIE YTJIEPO/IHbIe HAHOTPYOKU He 00Ja/adi COBEPIIEHHOM
CTPYKTYPOI Ha MOJIEKYJISIPHOM YDOBHE.

B 1993 r. Cymmo Munmxuma n Tommuapu Munxamm (Toshinari Ichi-
hashi) B dnonun, a taxxke [Jonamba C. Beryn (Donald S. Bethune) c
COTPYZIHUKAMU AJIbMAJIEHCKOTO HAyYHO-MCCJIE0BATEIbCKOTO 1IEHTPa B
Can-Xoce, mrar Kammgophust (CIITA) 1104TH 0IHOBPEMEHHO OTKPBLIN OJI-
HocJIolHbIe yriepojatbie HanotpyOku, mimn OCYH (single-walled carbon
nanotubes — SWNT). OGe rpyIimbl yueHbIX OMUCAIHN TIOBEJICHIE JKee3a,
HUKeJIsT 1 KoOaJIbTa Ha aHo/Ie IyTOBOTO pa3psia  o6pasoBanue (yiepeHa
C,, B caxe Ha cTeHKaX Kamepbl. C IIOMOIIbIO IPOCBEYMBAIONIETO 31EKTPOH-
HOro MUKpOcKoIa, [I9M (transmission electron microscope — TEM), yue-
Hble OOHAPYXKUJIM, YTO Ca’ka COCTOMT M3 MHOXKECTBA OJHOCJOMHBIX yTJe-
POJIHBIX HAHOTPYOOK MPUOIU3UTENHHO C OJMHAKOBBIM JuaMeTpoM. Kpome
HUX, B Ca)kKe HAILJIM TaKKe MHOTOCJTOWHBIE YrIepOIHble HAHOTPYOKH.

Thicaun yIeHBIX U WHKEHEPOB JI0 CHX TOP IBITAIOTCS Pas3raJiaTh 3araj-
Ky o6pazoBanusi (PyJLIEPEHOB, CTPEMSTCS HAUTH CHOCOObI MX IeHepaliy B
6OJIbIIIEM KOJIMYECTBE U GoJiee YMCTOM BUJIE, A TAKXKe UCCIEAYIOT UX CBOIi-
crBa. Ha pucynke 1.7 nokazana cxema CTPOEHUS YIJIEPOJHON HAaHOTPYOKH.

Hanorpy6Kku, B 3aBUCUMOCTH OT JIJIMHBI, COJEPIKAT OT THICSYH IO
MIJIJIMOHOB aTOMOB yTJepojia. biarogaps cBoeil CTPYKType OHU MOTYT
OBITH TAKUMH K€ XOPOIIMMU MPOBOJHUKAMU AJIEKTPUYECKOTO TOKA, KaK
Mejib, 60 MOJIYIPOBOJIHUKAME, KaK KpeMHuil. OHU MOTYT IPOBO/UTDH
TEIIO TaK K€ XOPOIo, KaK aaMa3. A MOCKOJIbKY ajMa3 COCTOUT M3 aTo-
MOB yTJIEPOJA, TO XUMHUKH MOTYT CO3/IaBaTh CBS3W MEK/y HUMHU U aTO-
MaMu JIpYruX BemlecTB. Biarogapst atoit ciocOGHOCTH €CTh BO3MOYKHOCTD
UCTIOJIb30BaTh (PyJijiepeHbl 1 HAHOTPYOKH B KAavyeCcTBe HOBOTO HAHOMAC-
mrrabHOro Marepuasa B OMOJOTHUECKUX CHCTEMAaX U KOMIo3uTax. Teope-
TUKH TOJICUUTAIM, YTO U3 HAHOTPYOOK MOMKHO CO3/aTh CaMble IPOUYHBIE
BOJIOKHA B Mupe, KoTopblie moytu B 100 pa3 mpouyHee u B 6 pa3s Jierde 33
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crajiu. YriepojiHble HAHOTPYOKU u (hyJiepeHbl sIBJSIOTCS Hanboiee yiu-
BHUTEJbHBIM OTKPBITHEM B 00JIACTH MaTepUAJOBEAEHHS 3a IOCAeIHIe He-
CKOJIBKO JIeCATUJIETU.

Puc. 1.7. YraepopHas HaHOTPYOKa

BYAVIUUE HAHOTEXHOJIOTU

O6yuenne CTyZIeHTOB, aCIIUPAHTOB M IOKTOPAHTOB UMeET OYeHb 6OJTh-
Ioe 3HAYeHue A/ Pa3BUTHUS MHOTHX OO6JacTell HAyKd, BKIOYas OUO-
Joruio, XuMuio, GU3NKY, MarepuagoBefeHne, MHPOPMATUKY, JEKTPO-
TeXHUKY u T. J. HoBble cnernuanuctbl 6yayT BocTpeGOBaHbI BO MHOTUX
OTpAC/ISIX TPOMBIIIJIEHHOCTH, CBSI3aHHBIX C MPUMEHEHNEM HAHOTEXHOJIO-
ruii mpu paboTe ¢ KepaMUKOH, MOJUMEpPaMH, MOJYIPOBOJHUKAMM, Me-
Ta/lJIaMu, CIIaBaMU, KaTaausatopaMu u ceHcopamu (mogpoGHee 06 5TOM
pacckasbiBaercs B riase 8).

Jl1s ocBoeHUsT HAHOTEXHOJIOTHI, KOTOPble HAaXOSTCS Ha CThIKE He-
CKOJIbKMX HAYYHBIX JUCIUILINH, CTyJ€HTaM U aclupaHTaM TpeGyercst co-
JIMJTHAS TTO/IFOTOBKA B HECKOJIBKUX 006J1acTSIX HayKu. Bo3aMoskHO Oy rytiue
oTKpbITHs (HanpuMep, B MeAUIMHE ¥ HAHOKOMIIO3UTaX) NMPHUBEAYT K T10-
SIBJIEHUIO HOBBIX ITPEIMETOB B YUEOHBIX PACITHCAHUSX, KOTOPbIE MOTECHIT
MPUBBIYHBIE TUCITUATIINHDI.
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Bnepep!
Ha pucynke 1.8 mokaszana XpOHHMKa COOBITUN U MPOTHO3 Pa3BUTHS
uccJieIoBaHmii B 06JIACTH HAHOTEXHOJIOTHIA.

CobbiTus

Doknag Qeiitmana There's Plenty of Room at the Bottom

(«<BHU3Y NONHBIM-NONHO MecTay) (1959)

MeittmaH, TomoHara u LWsuHrep nonyunnm Hobenesckyto npemuto no ¢prsmke

«3a dyHAameHTanbHble paboTbl MO KBAHTOBOI SNEKTPOANHAMMKE, UMEBLUKE ryBoKme
nocneacTauaA ansa GranKmM anemeHTapHbIx Yactuyy (1965)

0961

0s61

B nabopatopuu Palo Alto Research komnaHun Xerox HauyaTbl NCCNeAOBaHNA
TeXHONornu CTpynHom nevatu (1970-e)

0861

M306peTeHne TyHHeNnbHOro Mrkpockona (1981)

M306peTeHne aTOMHOrO CMIIOBOIO MUKpocKona (1986)

L —
)g 8 MN306peTeHne 6n13KoNonbHOM MUKpockonuu (1986)
= O
Cmonnu, Kepn n Kpoto nonyunnu Hobenesckyto npemuto no Xmumum
«3a oTKpbITME dynnepeHoB» (1996)
I3 YueHble 13 MaH4YeCTepCcKoro yHBepcuTeTa U KomnaHum Amherst
S OCyLECTBUAN CAMOCOOPKY MOSEKY
\ HaHouacTuubl cTanu ncnonb3osath AN UCCiefoBaHNA
PaKoBbIX KNEToK
IS ____ CospaHve HOMEHKIaTypbl, CUCTEMbI MAPaMETPOB
> 1 OrpaHNYeHwii 1A HaHOMaTepranos
I N PacnpocTpaHeHne HaHOTEXHONOT Wi B MeunLmnHe,
HanpumMep «1abopaTopuit-Ha-umne»
o N YrnepopaHble HaHOTPYOKN CyLLeCTBEHHO
§ — NoBbIWAIT 3GPEKTUBHOCTL Nepesaymn sHeprum

Puc. 1.8. PazBurue HaHOTEXHOJIOTUIA

Memnpbliite, 6bICTpPEE, JeTye M yMHEee — BOT K YeMY CTPEMSTCSI YUECHDIE,
UCCaenys] HOBble HAHOTEXHOJOTHHN, KOTOPBbIE MOJUKHBI TMTPUHOCUTD TOJTh-
3y 4YesioBeUecTBY. Buepaiinue MeUThI CETOMHSI CTAHOBATCS PEATbHOCTDHIO.
CoBpeMeHnHble JOCTIKEHHSI HAHOTEXHOJIOTOB MOYKHO CPaBHHUTb TOJBKO C
Mepexo/ioM HalIMX TPEJKOB U3 GPOH30BOTO B Kese3Hbll Bek. B ciemy-
IOIUX TJIaBaX MbI OJIMKE TMMO3HAKOMUMCS C STHMMH MOPA3UTEJbHBIMU JI0-
CTUKEHUSIMU U TexHojorusiMu. Brepes! 35
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KOHTPOJIbHBIE BOIPOCHI

1.

B 1985 . 6bL1a OTKPBITA HOBAsI PA3HOBUIHOCTD YIJIEPO/IA, KOTOPYIO
Ha3BaJIN:

(a) uHepTHBIH ras;

(6) manTaHUn;

(B) peKO3eMeTbHbIN JJIEMEHT;
(r) dpymnepen.

Moxaan nox uassauueMm There’s Plenty of Room at the Bottom
(«BHU3Y TIOJHBIM-TIOJIHO MeCTa») ¢ ONUCAHUeM HaHoMacuTaba Mmpo-
quTaJl.

(a) Puuapa Cmouuny;
(6) Puvapa Bapron;
(B) Puuapy @eitnman;
(r) Puuapp IlorTn.

HaHoTpyGKH MOTYT MMeTh MeTa/sIMYeCKue CBOWCTBA, CPaBHUMbIE
CO CBOICTBaMU:

(a) natynu;

(6) cBuHIIA;

(B) os0Ba;

(1) menn.

Hexoropsie dyinepennt nmeor hopMy:

(a) HakoBaJIbHY;
(6) cocuckm;
(B) Gakyaxana;
(r) cocynbku.

Macca IIpOTOHAa 60JIbIIIE MACChI 9JIEKTpOHA!

(a) B 800 pas;

(6) B 1200 pas;
(B) B 1600 pas;
(r) B 1800 pas.

CTpykTypa Bcex >KMBbBIX cymiecTs (0T KoMapa 0 KHTa) 3aKOANpPOBa-
Ha:

(a) B kome Mopae;

(6) B pagnoBoaHax;

(8) B JHK;

(r) B MOMC (MUKPO3JIEKTPOMEXaHUYECKOI CHCTEME).
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B anMaze kaxIplii aToM YTJepojia CBsi3aH CO CJEAYIONIMM KOJude-
CTBOM JIPYTUX aTOMOB yTJIepoja:

(a) 2;
(6) 4;
(B) 6;
(r) 8.

PaSHOBI/IﬂHOCTb yriaepoa, II0XOsKasd Ha (bymlepeH, HO He€ oénaaaf
olfasa ero CI/IMMeTpHeﬁ, Ha3bIBAa€TCA:

(a) aMUHOKHCJIOTOI;

(6) yraesomom;

(B) MHOTOC/IONHON HAHOTPYOKOI;
(1) uepHoii caxeii.

B 1996 r. HoGeneBckas npemMus nmo XuMun ObLia MPUCY3KIEHA 34 OT-
KPBITHE:

(a) xBapa;

(6) dpynnepena;
(B) ypana;

(r) nosonus.

s bopMupoBanus HAHOTPYOOK HUCCIEIOBATENN UCIIOTb3YIOT!

(a) xene3so;
(6) ypan;

(B) kanmii;
(r) 6epunii.
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Bcerpa nu cnegyert BEpUTb TOMY, YTO Mbl BUAUM

OnMnuiicKre 4eMIIMOHBI IOCTUTAI0T HEMBICJIUMBIX pe3yabTaToB. Do-
KYCHUKH JIeJIal0T HEBO3MOKHOE BO3MOKHBIM. KunematorpaducTsr ¢ 1o-
MOTIbIO cTelddHEKTOB TEMOHCTPUPYIOT HEBEPOSATHBIE TPIOKH. CTOUT JIn
JIOBEPSTDH TJ1a3aM? YueHble W WHKEHePbhl JOBEPSIOT YBUAECHHOMY CBOUME
rJIa3aMi TOJIBKO IOCJ€ MHOTOKPATHBIX ¥ TIMATEJbHbIX POBEPOK. Bcemy
(OT ABMIKEHUS TLJTAHET 0 M3MEHEHHsI XPOMOCOM JIeTyueil MBIIIN) MOKHO
MOBEPUTH, €CJU TOHATh, KaK 3TO IPOUCXOIUT.

B nacrosiiee BpeMsI TEXHOJIOTMM Pa3BUBAIOTCS TaK CTPEMUTEJNBHO,
YTO MUKPOCKOIIMYECKUI MacIiTab yKe He aBJsgercd npeneaom. Cosmanue
MUKPOCKOITMYECKUX MEXAHU3MOB OBLIO CYIIECTBEHHBIM JOCTHKEHHEM 00-
gee 30 et Ha3am, a ceifyac TUM HUKOTO He yauBUINb. HeBuanMbie MUpHI,
KOTOPbIE MOYKHO OBLJIO TOJBKO MBICJEHHO MPEACTABJSTh B MPOIILJIOM, Te-
MEePb CTAJIM IPEJIMETOM MHTEHCHUBHBIX HMCCJIEIOBAHUN C TOMOIIBIO CJIOK-
HBIX WHCTPYMEHTOB M JUHAMWYECKU Pa3BUBAIOIINXCS TEXHOJIOTHIA.

HamorexHnonornu — 3To oueHb «KpyTasy» 06JacThb COBPEMEHHO Hay-
ku. Kak mccienoBanusg KocMoca n MHTepHET B HeJaBHEM TIPOILIOM, Ha-
HOMUD 3aXBaTHJI BOOOPAsKEHUE COBPEMEHHBIX MIKOJbHUKOB, CTYJIEHTOB U
yueHbIX. HaHoTrexHoJsOruM Ternepb UrpaloT BaJKHYIO POJib Jaxe s u-
HAHCUCTOB, KOTOPbIE IJIAHUPYIOT CBOM MHBECTUIMU. HOBbIE TEXHOJOTUU
O0OBIYHO O3HAYAIOT MOSIBJIEHNE HOBBIX TIPOAYKTOB U CIIOCOOOB MOJTYYEHUS
J0xXo0B. IloToMy ceroHs WHBECTOPDI U TOJUTUKHU TaKyKe WHTEPECYIOTCS
OTKPBITUSIMA B HAHOMUPE.

Mukpo- 1 HaHo-

CosceMm HeJaBHO MHUKPOCKOIIMYECKHE pa3Mepbl CUUTAJINCh CaMbIMU
MaJIECHbKUMU M3 M3BECTHBIX YEJTOBEKY. JIroou Hay4YUJIUCh CO3JaBaTb MM~
KpO(l)OHbI N MHUKPOCKOIIbI, MCCJIeIOBATb MUKPOOPTaHU3Mbl 1 MHKPOIIPDO-

38 IEeCChbI. C KaXXIbIM TroJjOM MOOUJIbHbIE TeJIeCl)OHbI 1 MHUKPOIPOLECCOPDbI
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CTaHOBSTCS Bce MoTHee 1 MeHble. OHAKO COBpeMeHHasd MUKPO3AJIEKTPO-
HUKA TIOYTH JOCTUTIA CBOETO TEOPETUIECKOTO Tipeaena. i mocTimkeHns
6OJIbIIIell MOIIHOCTH U CKOPOCTH BBIYUCJIEHUN HEOOXOAMMO TIEPEXO/UTh
Ha COBEpPUIEHHO HOBble TexHojoruu. CoBpeMeHHble MHKPOIPOIECCOPDI
CTalM TaKUMU KPOIIEYHBIMU W MOITHBIMHU, YTO BO BpeMs PaGOTHI MOTYT
TeperpeTbes W CcropeTh. Kak ke CracTy MoJioKeHwe?

OrtBet mpocT: MuUp cnacyT HaHoTexHoJornn! Hanonayka 3anmMaercs
M3yYeHWEeM YPe3BBIYafHO MaJOT0 MUpa — MHPA aTOMOB W MOJEKYJI.

é HaxomeTp (HM) — 370 0gHa MunNUapaHas meTpa, To ectb 107 m.

YacTuilbl CYNTAIOTCS HAHOYACTHUIIAMU, €CJU OJHO M3 UX HU3MEPeHUi
Menbine 100 am. TIpucraBka «HaHO» O3HAYAET «O/[HA MUJIJIMAP/IHAS YaCThy.
B Tabsure 2.1 pas cpaBHEHUS MPUBEIEHO HECKOJIBKO TPUMEPOB OOBEKTOB
pasuoro pasmepa. O6paTute BHUMaHUE: €CJIU MIPEJACTaBUTh ceOe, U4TO 30J10-
Tasg HaHockopJayna (HaHOo4acTHIa, KOTopas NOAPOOHO ONMMCHIBAETCS B IJIa-
Be 6) uMeer pasMep OUIBAPAHOTO IIapa, TO POCT YET0BEKA MOKHO IIPHPAB-
HATb K CaMO BBICOKOI BepIlHE MUpa, IBEPeCTy, TO eCTb OKOI0 8848 Mm!

Ta6mma 2.1. PasMepbl HEKOTOPBIX 00GHEKTOB

O6bexT Pasmep (B M)

SInpo ypana (quamerp) 10-13
Moutexysa Boabl 1010
Mouaekyra JIHK (mmpuna) 10-?
IIporosoa (mpocreiinmii OHOKIETOUHbIH OPraH3M ) 10
JloskieBoli 4epBb 102
Yenosex 2

Isepecr (Bbicora) 104
3emssa (nnamerp) 108
Couneunas cucrema (paccrosinue or Costua o ILiyrona) 101

MouJiekyJia ¢ KOJTMYECTBOM aTOMOB OT 2 /10 25 OOBIYHO MMEET Pajnyc
B auanasone ot 1 g0 10 um. Ilo ompexnenenuio MoJiekyJa mMeeT 6oJiee
omHOTO aroMa. HawMeHbIell MOJEKYJIOU SBJSETCS MOJEKYJa BOIOPO-
Aa — H,. Muorue 6uonoruyeckue mosekysnl, Hanpumep JIHK, ropasiao
60JIbIlIe MOJIEKYJIbI BO/IbI, TIOCKOJIBKY COJEPKAT HAMHOTO GOJIbIIIE ATOMOB.
Hanouacruna moxer cogepxkarb ot 50 g0 200 000 aTtomoB, a noromy ee
pasMepbl BapbUPYIOTCS B MPeJiesiaX OT HECKOJbKUX HAHOMETPOB /IO COTEH
HaHoMeTpoB. Bakrepusi umeer pasmep oxkoso 100 HM, a KpacHOe KPOBS-
Hoe tesbite — 6000 M. Paszmep HamMeHbBINEro aJeMeHTa COBPEMEHHOM
MHUKpPOCXeMbI — OKosi0 130 HM.

39
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HoBble TEXHOJOTMM ¥ METO/bl MAaHUITYJIMPOBAHUS OT/JAEJbHBIMH aTO-
MaMH, MOJIEKYJJaMH U HaHOYACTHI[AMH IIO3BOJSIOT CO3/[aBaTh WM M3-
MEHSATh CTPYKTYPY OKPY/KalOMIUX OOGBEKTOB — OT PAKOBBIX KJETOK [0
HaHOKOMIIBIOTEPOB. Bce TOJMBKO BBIMTPAIOT OT BHEAPEHMS HOBBIX OTKPbI-
Tuii B o61actu HaHOTEXHOJOTHII. [J1aBHOE OT/IMYME HAHOMHCTPYMEHTOB
(HaHOpa3MEPHBIX MUHIETOB, JIMH3, MATHUTOB M 9JEKTPUYECKHX CXEM)
OT OGBIYHBIX JAG0PATOPHBIX PUGOPOB (HAIPUMED, MEH3YPOK U TOPEJIOK
ByHsena) — ux pasmep uau Macmral.

Camas 6onbLluas B MUpe MoOfienb HaHOTPYOKK

Camble ManeHbKne 06bLEKTbI, KOTOPbIE CMOCO6EH Pa3rnafeTb YeN0BeK, UMEKT
pasmep 0kono 10 000 HM (LUMPUHA LOPOXEK HA MaTePUHCKOW niaTte KOMMbOTe-
pa). HUKTO He MOXET pasriafeTb HAHO4YaCTULbI U HAHOTPYOKN HEBOOPYXXEHHbIM
rna3om, 6e3 NOMOLLM CKAHUPYIOLLEro 3N1IeKTPOHHOIO MUKPOCKONa. HacTonbKo Marbl
OHM Ha camom fene!

Y106bl BM3yanbHO NPeACTaBUTb CTOMb KPOLLeYHble 06bLekTbl, 6onee 100 co-
TPYAHWKOB 1 CTYAEHTOB YHMBEPCUTETA Paiic peLunnv BOCNpONU3BECTI OAHOCOIHY0
YrMepPoOAHYH HAHOTPYOKY LumMpuHoii 0,7 HM 1 anuHon 700 HM B YBEIMYEHHOM BUAE.
22 anpens 2005 r. OHM C MOMOLLbIO 65 ThIC. NIACTUKOBbIX AETaNel M3 XUMUYECKUX
HabopoB ANs MOLENUPOBAHMSA CTPYKTYPbI MOMEKYN CO3Aann CaMytd KPYMHYH MO-
[enb YrNepoaHoii HaHOTPY6KK (puc. 2.1). OnuHa mogenwn pasHanace 1180 cytam
(60nee 350 m), TO ecTb 60MbLLE, YEM BbICOTA CAMOIO BbICOKOr0 He60cKpeoa B Xblo-
cToHe (CLUA). Takum 06pa3om, 6bIn YCTAHOBNEH HOBbLIN MMPOBON PEKOPA AN MO-
[e/IM HAHOTPYOKMW, 3aHECEHHbIN B KHUTY pekopnos MMHHecca. Ecnu 6bl COTPYAHMKM
1 CTYAeHTbl YHuBepcuTteTa Paic cosgani nosHyo MogeNb HaHOTPYOKK, ANnHA KOTO-
pOii paBHa 5 cM, OHa pacTaHynach 6bl Ha 15 Tbic. Munb (60nee 24 Tbic. Km)!

Tenepb He TONbKO CTYAEHTbI W Y4EHble, HO 1 BCE OCTA/IbHbIE MOPAXKAKTCA TOMY,
HACKOMNbKO KPYIHbIMY, TO eCTb J/IUMHHBIMU, MOTYT ObITh CTONb Masble 06beKTbI! Ky-
COYKM 3TOI MOZENIM MOXHO YBULETb B MOCTOSHHOM 3Kcno3uuum B My3ee ecTecTBo-
3HaHNA XblOCTOHA.

Pa3mep umeet 3Ha4yeHue

40

Ha rpedeckoM si3bIKe CI0BO HAHO O3HAYAET «KAPJIMK», a B HAYKe MPHU-
CTaBKa HAHO- O3HAYAET <«OJHA MHUJUIMAPAHAS YaCTb», TO €CTb HAHOMETP
(am) — a10 109 M, a Hanocekynaa (He) — 1079 ¢. 3a OHY HAHOCEKYH/TY
CBET MPOXOJUT paccTostare okoJio 30 cMm.



Puc. 2.1. Camag qmHHast MoJieJib HAHOTPYOKH, KOTOpas 3aHeceHa
B Knury pexopnos I'munecca

B 1670 r. Ta6pusap Myton (Gabriel Mouton) npeanoskun Merpu-
YecKylo cucreMy, koropas Obuia mnpunsTa lIpaBurenbctBoMm Dpaniuu B
KayecTBe CTAH/IAPTHON CUCTEMbI eAWHUI] u3Mepenus B 1795 r. Merpuue-
CKasl CUCTEMA SABJISIETCS JAECATUYHON, TO €CThb BCE €IUHUIIBI N3MEPEHUS B
Hell cBsizanbl MHOKHUTeTeM 10. [yt cpaBHenusi: 1 MeTp NMpUOIN3UTENBHO
paBen 40 miofimam, a 1 kmmorpamm — 2 ¢yHTaM, Tae JIOHM — 3TO eau-
HUIA JUINHBL, a GYHT — eIUHUIA MacChl B bpuTtaHcKoil cucreMe euHUIL
nu3MepeHusi, Koropble ouenb nonyJspusl B CIIIA, Benuko6puranuu u He-
KOTOPBIX JIPYTUX CTPaHAX MHUPA.

B Ta6auie 2.2 nepedncieHbl HEKOTOpPbIE TPUCTABKU, KOTOPBIE HUC-
MOJIb3YTOTCA B HA3BAHUAX €MHUI] N3MEPEHUS METPUYECKON CHCTEMBI.

Hanouactuiibl Tak Majbl, 9TO UX HEJIb3sd Pa3TJagAeTb. Y TUBUTENbHO,
KaK [PU 3TOM y4YeHBbIM yJaeTcst HabJII0AaTh UX 1 paboTaTh ¢ HUMH.

Q HanomeTp paBeH OfHO MWNNMapAHOM Y4acTW MeTpa, a TOJLMHA BOOCA YesoBeka
B cpeaHem paBHa 80 TbIC. HM.

YdyeHble 0GHAPYKUJIHM, YTO B HaHOMAacHITabe pasMep JeHCTBUTENBHO
nMeet 3Hauenmne! Pasmep atoma Bomopoma — mpumepno 0,1 HM, otoMmy
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B OJIHOM HaHoMeTpe moMemiaercsa okoao 10 aromos. (Yurure, uto artom
BOZIOPO/Ia — 3TO CaMbli MaJEeHbKUN atoM.) Ho taxoit cy6aTOMHBIIT MUpP
HEBO3MOXXHO Pa3T/sieTb HEBOOPY’KEHHBIM TJa30M M3-32 KPOIIEYHBIX

pasMepoB.

Ta6mmna 2.2. IlpucTaBKu METPUYECKOI CHCTEMBI

IIpucraBka Mpuosxurens | Ilosnas 3amuch MHOKUTEIST HazBanue
ak3a (exa) 1018 1 000 000 000 000 000 000 KBUHTHJLIHOH
nera (peta) 1015 1 000 000 000 000 000 KBaJIPHJLIIOH
tepa (tera) 1012 1000 000 000 000 TPUJLIIOH
rura (giga) 109 1 000 000 000 MUJLIHADP/L
Mera (mega) 106 1 000 000 MEJLTIOH
xkuyto (kilo) 103 1000 ThICAYA

1 1
musm (milli) 103 1,/1000 ThICAYHAS
Mukpo (micro) 10-¢ 1,/1 000 000 MUIJLTHOHHAST
Hano (nano) 10-9 1,/1 000 000 000 MUJLIHAD/IHAS
nuko (pico) 10-12 1,/1 000 000 000 000 TPUJLTHOHHAS
demro (femto) 10-1 1,/1 000 000 000 000 000 KBa[PUJLTHOHHAS
arro (atto) 10-18 1,1 000 000 000 000 000 000 | KBUHTHJIMOHHAS

YueHble TOBOPSIT, YTO B HaHOMaciIiTabe pa3Mep MMeeT 3HaueHue, 110-
TOMy YTO CBOICTBa HaHO4YaCTul] CyHl€eCTBEHHO OTJ/IMYalOTCSA OT CBOJICTB
GoJiee KPYIHBIX CIJIONIHBIX MATEPUAIOB. JTa Pa3HUIA OOBSICHSIETCS /IBY-
MA IPpUYUMHAMMU.

Bo-1iepBbIX, HAHOYACTUIIBI UMEIOT TOPA3/0 OOJBINYIO YAENbHYIO ILIO-
aJb, TO €CTb BEJWYUHY IJIOMAAM YaCTUIbI, KOTOPas MPUXOAMUTCS Ha
enqnHUIly ee oObeMa. /leficTBUTENBHO, O6IIasi TOBEPXHOCTH TOPCTH Me-
TAJJIMYECKUX OIUJIOK ropa3fo GoJibiiie GPyCcKa MeTasia TOW K€ MacChl.
HOCKOﬂbe XUMUYECKHNE peaKIun MeXay TBEPAbIMU TeJIaMU ITPOUCXOIAT
Ha UX MOBEPXHOCTH, TO GOJIBIINAS MOBEPXHOCTb O3HAYAET GOJIEe BHICOKYIO
CKOPOCTD PEaKInH.

BO-BTOprX, YeM MEHbIIIe YaCTullbl, TeEM 3aMe€THee U3MEHECHUA UX Mar-
HUTHBIX, ONITHYECKUX U SJEKTPHYECKUX CBOUCTB.

HanouacTuiipl — GOJIbIIE JIIOOUTENN «IOTYCOBATHCS», MOCKOJIbKY
OHU CIOCOGHBI GBICTPO BCTYTATh B PEAKIIUIO JIPYT C APyroM 6e3 oGpeMe-

42 HUTETBHOTO «baraskas, KOTOpbIil 3ame s Obl ux. Pa3Mep Takike Biausier
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Ha 1BeT. C IOMOIIbI0 HAHOYACTHI] PA3HOrO pa3Mepa U IBETa MOXKHO CO3-
JlaBaTh 1eNyI0 PAAyry I1BeToB. Bce 3t 0cO6eHHOCTH O3BOJISIOT COBEP-
MIEHHO TI0-HOBOMY HCIOJIb30BATh HAHOYACTHUIIHI.

Hanouactuiibl HeBO3MOKHO 6bLI0 HAOGIIO/ATh paHee, MOCKOJbKY He
CYIIECTBOBAJIO MHCTPYMEHTOB JIJIsI UX TMOUCKA, W3YUYEHUs] U YIPABIEHUS
umu. CoBpeMeHHbIe ydueHble CIIOCOOHBI BHETh TOpasno OOJIbIlle CBOUX
npesiectBeHHUKOB. C TIOMOIIbI0 MUKPOCKOIIOB U JIPYTUX WHCTPYMEHTOB
BBICOKOTO PaspelieHnsi CEeTOHST MOKHO M3ydaTh CTPYKTYPY M CBOCTBa
CaMbIX KPOIIEYHbIX 0ObEKTOB.

OTKpbITHE MMKpPOMUpA

Eile HeCKOJIbKO CTOJIETHI HA3a/ JIOAU CYUTAJU, YTO MBIIIH MOPOK-
JTAfOTCS 3€PHOM, TMOCKOJIBKY MBITIEl Bceraa MOKHO ObLIO HAUTH B 3€pHE.
Ecnu 3epuo y6upasu, ucuesanu u Mpiiu. /o 1665 r. taiiHa Ipoucxox/ie-
Hust Mbled (a TakyKe MPUYNHA TOSABJICHUS TJIECEHN Ha ChIpe W HUEHHS
Msica) ocraBajach HepasrajaHHoil. OjHaKO UMEHHO B 9TOM Toay Pobeprt
I'yk (Robert Hooke) B cBoeit kuure Micrographia omy6ivKkoBas nepBbie
PUCYHKH MUKPOOPTaHU3MOB.

B mosogoctu TI'yk, CblH aHIJIMHCKOTO CBSILIEHHHWKA, >KUBIIEr0 Ha
octpoBe Baiit, 6osibllle HMHTEPECOBAJICS PUCOBAHUEM U CO3/[AHUEM MeXa-
HUYECKUX yCTPONCTB, YeM BBINOJHEHUEM JOMAIlHuX 3afaHuii. Ha camom
Jlesie yYuThes To-HacrosmeMy ['yk wHavan B kosuiemke B Oxcopae. On
TPATUJ MHOTO BpEMEHU Ha M3yueHne GUOJOTHH W MATeMATHKH, MbITAsICh
MOHSITh, Kak paborator MHorue Bemu. /s Gojiee cepbe3HOro Mcc/er0Ba-
Hust ['yKy HYKHO OBbLJIO THIATEJBHO U3y4aTh CaMble MEJIKUE JeTajlu 00beK-
toB. 1l03TOMY HEYIUBUTENIBHO, YTO OH MOCTOSIHHO IOJIb30BAJICS YBEJIU-
YUTEJbHBIM CTEKJIOM, a CIyCTS KaKOoe-TO BpeMsi U3006pes MUKPOCKOII.
C momorpio Mukpockona ['yk cMor BhepBble pacCMOTPETb KpPOIIeYHbIe
MYCTOTHl BHYTPU MPOOKHU, KOTOpPble OH HA3BaJ KJIETKAMHU [0 AHAJOTHH
C MaJIeHbKUMHM KOMHATKaMU MOHAaXOB B MOHACTBIPE.

B rnase Observation XVIII cBoeit kuuru Micrographia T'yk nucar:
«$1 sBHO y6enuicst B ToM, 4TO [1po6Ka] MOJHOCTBIO IPOHU3aHA MOPaMH,
KaK COTbI, HO 3TH TIOPbI HE TaK PETYJSIPHbBI, KaK COTBI... 3TU MOPbI, UJIH
KJIETKH... IEHCTBUTEILHO ME€PBble MUKPOCKOITUYECKIE MTOPbI, KOTOPbIE MHE
yaanoch Haba0aTh. ['YK BIiepBble M300pa3u/ Mesbyaiilie AeTaau Mo-
1K, MOPCKUX I'YOOK M OKaMEHEJTOCTEN.

Yuenbiii u306pesi HECKOJIBKO COBEPIIEHHO HOBBIX HAYYHBIX UHCTPY-
MEHTOB: GapoMeTp, NPYKUHHBIN GaJaHCUDP JiJisi HAPYYHBIX YacOB, YHU-
BePCAbHbBIN MIAPHUD U TeJeCKOoM-pedIeKTop.
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é 3akoH T'yka rnacut, 4T0 yAsMHeHWe NPY>XWHbI NPOMNOPLMOHANLHO MPUIOXKEHHOI K Heil
cune.

Anronn Ban Jlesenryk (Antony van Leeuwenhoek), rosuiangckuii
TOPTOBEIl U ChbIH KOP3WHIIMKA, TakKe 06JAJas TAJTAHTOM MU300peTaTesis.
Oun nayumics niudoBaTh JUH3bI U CO3/IaJl MUKPOCKOII C YBeJUYEeHUEM
o6bekToB B 200 pa3. Baaromapsi takomy mukpockony JleBenryk cmor
pPaccMOTpPeTh CTPYKTYPY BOJIOC U APYruX OGBEKTOB; HO OH He 06Jiajal
XY/10’KECTBEHHBIM TAJTaHTOM, YTOOBI N300PA3UTh UX CAMOCTOSITEIHHO, TIO-
3TOMY HaHSAJ XYyI0KHUKA, KOTOPBI CMOT MacTepCKH M300PA3nUTh €ro Ha-
xonku. B 1674 r. JleBeHTyK BIlepBBIE PACCMOTPEJI CTPYKTYPY BOAOPOCTEH
Spirogyra, wdydast 06pasibl BOJbI U3 IPyJa.

JleBeHTyK ObLI1 HACTOJIBKO JIIOOO3HATENbHBIM, UYTO B3SLJICS HUCCJE0-
BaTh HaJjeT Ha 3y6aX CBOeil XeHbl U jieTell. DTU UCCJIEOBAHUS HUYETO
He JIaTi, TIOCKOJIbKY €ro CeMbsl PeryJysipHO YMCTHIA 3yObl M COjepsKaia
uxX B yuctore. Torma oH pemmsa B3ATh MPOObI HajleTa y ABYX CTAPUKOB,
«KOTOPbl€ HUKOT/Ia B CBOEl Ku3HU He uyuctuiu 3yObi». Tak JleBeHryk
CTaJl TIEPBBIM YUYEHBIM, KOTOPOMY Y/JAJI0Ch HAOIOaTh KUBBIX GaKTepHii
M0JI MUKPOCKOIIOM.

B 1683 r. B nucoMe, agpecoBanHoM KopoJieBckoMy HaydHOMY 0O61ile-
ctBy B JloHmone, JleBeHryk onmncan 6aKTepuio KaK «HEBEPOSITHO OGOJIBINOE
coOpaHKe KUBBIX KPOIIEYHBIX OPraHU3MOB, KOTOPbIE CIIOCOOHDI TLIaBaTh
ropaso MPOBOpHEEe, YeM BCe, UYTO MHE TPUXOAUIOCH BUAETH MPEXKIE>.
Buonorudyeckue omnpitol JIeBEHTyKa CYNTAIOTCS OJHUMU U3 CAMbBIX MEPBBIX
TOYHO TIPOBE/ICHHBIX U JIETAJbHO OMUCAHHBIX HAYUYHBIX MUCCJIE0BAHMIA.

CerojHst yuenbie MoryT Habsionarh ropasno 6osbiie, yeM [yk, Jle-
BEHTYK W JpyrHe TepBble HcciepoBaren MuKkpomupa. CoBpeMeHHbIe
WHCTPYMEHTBI BBICOKOTO Pa3pelieHns T03BOJIAIOT M3y4YaTb CTPYKTYPY
U CBOIICTBA TIOUCTUHE KPOIIEYHBIX OPTAaHU3MOB W JACTHII.

Noppo6Hee 0 macluTabax
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WNrtak, HAllOMHUM, 4TO HAHOMETP — 9TO OJ[HA MUJLIMAP/IHAS METPa,
nmn 10~ M. IlpencraBbre ce6e pe6eHKa, KOTOPBI CMOTPUT Ha TOPY BbI-
coroii mpumepro B Thicstuy (1000) pas Gosbine ero. Mypaseii Ha Hore
pebeHKa ToKe TPUOJUBUTENBHO B THICIYY pa3 MeHbIle ero. A GakTepus
Ha TeJie MypaBbsl B THICAUYY Pa3 MEHBIIIe MypaBbs U MPUMEPHO B MUJIIHNOH
(1 000 000) pas Menbine peGerka. HakoHer, MoJeKyJabl caxapa, KOTO-
pbiMu nuTaercss GakTepus Ha MypaBbe, KpaJylleMcs 10 Hore peGeHKa,
npumepto B Musumapa (1 000 000 000) pas MeHbie peGeHKa.
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Kak Bujute, pasmMepbl MOJIEKYJibl caxapa M OaKTEPUM OTJIUYAIOTCS
B 1000 pas, 6akrepuu u mypaBbss — B 1000 pa3, MmypaBbst u peGenka —
B 1000 pa3. Nrave roBops, HaHOpPa3MepHAsl MOJEKYJa paBHA ITPUMEPHO
oauoit Mummapaaoit (1,71 000 000 000) go/e IPUBBIYHBIX A/ HAC Pa3-
MepoB. CoBpeMeHHbIE y4YeHble HAYYNINCh paboTaTh ¢ 06bEKTaMU U TPO-
1eccaM UMEHHO B TaKOM Maciirrale!

CTAHAAPTbI

Habuoiennst n u3MepeHust IBIAIOTCS KJIIOUEBBIMUI KOMIIOHEHTAMH HAY-
KM ¥ TEXHUKU. YUeHble B HAYYHBIX MCCJEOBAHUIX, KAK U B OCTATBHBIX
chepax UeNOBEUECKON JIeATENBHOCTH, TPOBOJSAT U3MEpPEHUsT HAa OCHOBE
YCTAHOBJIEHHBIX €JIMHUI] U3MepeHust. JIOCTUKEHUST CIIOPTCMEHOB-TIPBITYHOB
U3MEPSIIOTCS B METPAX U CAHTUMETPAX, a PE3YJIbTATbl TOPHOJIBIKHUKOB —
B JIECSITBIX JIOJISIX CEKYH/Ibl. J[JIsT BBINOJIHEHUST TOUHBIX U3MEPEHUN UCIIOJIb-
3YIOTCST OOIIENPUHATBIE CTAHAAPTHI JJINHBI, MACChI, BPEMEHNU, TeMIepaTy-
PBI U APYTUX BendnH. De3 HuX ObLIO ObI OUEHb TPYAHO CPABHUBATH W3-
MepeHUsI, BbITIOJIHEHHbIE PA3HBIMU YUEHBIMU B PA3HbBIX JaO0PaTOPHUSIX.

Hamnpumep, Kak cpaBHUTb Pe3yJbTaThl KOHHBIX CKAueK, €CJU TOYHO
He oTpeie/ieHbl TOHATUs 0UuHA U epemsi. KoHedHo, MOKHO ObL1o0 Obl
CYMTATh Pas3Mep JIOWAAU eIWHHIEH [JUHBI, HO BeAb JOMAIu ObIBAIOT
Pa3Ho#l JJINHBI, W /s TOYHOH OIEHKN Pe3yJbTATOB TAKOE OIMpe/IeseHIe
He TOIUTCA.

Hayumble 1 WHKeHEpHbIE MHCTPYMEHTBI U U3MEPEHUs JOJKHBI UMETh
OYeHb CTPOTHE CTAHJIAPTHI, M JOJIKHBI ObITh TOYHbBIE €MHUIIBI U3Mepe-
uuit. Hanpumep, B HaydyHOM 3KCIepUMeHTe ONIMMOKA B COCTaBe XUMUYE-
CKHUX PEareHTOB MOXKET IPUBECTU K ONIMOOYHOMY Pe3yJbTaTy, TO €CTh K
MOJIYYEHUIO COBEPIIEHHO PYTOTO MPOAYKTA. AHAJOTHYHO IMECTEPEHKH
MeXaHHU3Ma JOJIKHBI ObITh OYE€Hb TOYHO C/eJIaHbl, YTOObI 00ECIIEUNTh He-
00X0IMMYIO YETKOCTh PABGOThI BCETO MEXAHU3MA.

-é‘ JKCNePUMEHT — 3T0 CTPOr0 KOHTPONUPYeMasi NpoBepKa CBOMCTE M3Y4aemMoro 06beKTa
Ha OCHOBE TLATENbHO U3MEPSEMbIX 1 3aNNCHIBAEMbIX HAGMIOAEHNIA.

Hayunble ncciefoBaHus HENOCPEJCTBEHHO CBS3aHBI C HM3MEPEHNUs-
MU U cpaBHeHMSMU. [l BOCIIPON3Be/eHUs dKCIIePUMEHTa MJIN MeTo/a,
IIPE/IJIOSKEHHOTO JIPYTUMH UCCJIe0BATeNIMH, YYEHOMY HY)KHO HUCIIOJIb-
30BaTh Te Ke equHUILI M3Mepenus. [IpeacraBbre cebe, 4TO y4yeHbBIN B
Hbio-Mlopke naMepsier o6beM >KUAKOCTH B YalIkaX, a yYeHblii B I'epMa-
HUU — B MWLTmnTpax. Kak cpaBHUTD MoJy4eHHbIe pe3ysabTarbi? s
3TOTO HY>KHO MCIIOJIb30BaTh OOIIYI0 CUCTEMY eMHUIl U3MEePEHUSI.

45



L7
K>
O3S

46

YACTb I OTkpbITUE

MEXXOYHAPOOHASN CUCTEMA EAVNHAL — CIA

B 1960 r. na Tenepasbhoii kondepeHiuu 1Mo MepaM u BecaMm ObLia
npunsta Mexodynapoonas cucmema edunuy, win CH (International
System of Units — SI). B 1965 r. Beqmko6puranust opuInagibHO MpU-
3Hana a3ty cucremy, a CIIA ocratorcs cpeam HEMHOTHUX CTpaH, KOTO-
pble opUIMAIbHO ee ellle He TPUHSAIN, XOTS HCHOJb3YIOT C CEepPelnHbI
XIX Beka. B Mexaynapoanom Giopo mMep u BecoB B Cespe (MDpanims)
XpaHuTCcs O(PUIMAIbHBIN IIATHHOBBI cTangapT (3TasoH) eAMHMIBI N3-
MepEeHUs MaCChl.

Takast enquHast cucteMa Mep U BECOB TI03BOJISIET YUYE€HBIM TOYHO CPaB-
HUBATbh PE3yJIbTAaTbl CBOUX HMCCJIEIOBAHUN C BBICOKOH HAJEKHOCTHIO U JI0-
CTOBEPHOCTBIO. B HacrosIiee BpeMsi aHAJOTHYHbIE CTAHAAPTHI JKU3HEHHO
HEOOXO/IUMO HCTIOJIb30BATh U B 00JACTH HAHOTEXHOJIOTHI. MeTpudyeckas
cucTeMa eUHUI] U3MEPEHUsT YK€ HUCIOJb3YeTCsl, HO YUYEHbIM ellle Hpej-
CTOUT BBIPAOOTATh CTAHJAAPTHI GE30MIACHOTO UCIOJb30BAHUS HAHOTEXHO-
JIOTUI Ha TTPOU3BOJICTBE U B OBITY, TIPEJEIbHO JOMYCTUMBIX YPOBHEN pac-
MPOCTPaHEeHUs] HAaHOPa3MEPHBIX OOBEKTOB B OKPYXKAIOIIEl cpeje u T. 1.

HOMEHKJATYPA

B mayuHOM Mupe nmpuHATa euHasA cucTeMa nMeHoBauus (MM HOMeH-
Kaamypa) oObeKTOB U 1poleccoB. Hampumep, B XUMHUU UCHOJb3YETCS
XUMHUYECKAsT HOMEHKJIATYPA IS OMMCAHUS CIenPUIeCKIX XUMUYECKIX
COeIMHEHNI.

é XuMHyeckas HOMEHKNATypa — CTaHAAPTU3UPOBAHHAS CUCTEMA MMEH, KOTOPbIE MpU-
CBaNBAIOTCSA XMMUYECKIUM BELLECTBAM.

JLJist XuMu4ecKuX 371eMEHTOB M3/[aBHA UCIOJIb3YIOTCS COKPAIlEHUs] Ha
OCHOBE JIATMHCKUX CHUMBOJIOB, MTOCKOJIbKY JIJIsi HAUCAHUS [TOJIHBIX HA3Ba-
HUI 9JIEMEHTOB B COCTaBe BeIecTBa MOTpe6oBasioch O6bI MHOTO GyMaru, a
JUIS UX TIPOM3HECEHHsT — MHOTO BpeMeHW. Hanpumep, W3BeCTHbIN MHCEK-
unng AT umeer dopmyny C, H,Cl, u nonnoe Haspanue «IuXJop/iu-
enmnrpuxaopmernaMeran». C ApyruMu mpuMepaMu JJIMHHBIX TOJHBIX
Ha3BaHUN XMMUYECKUX 3JIEMEHTOB MbI YK€ MMEJH BO3MOXKHOCTH MO3HA-
KOMUTBCI B Taba. 1.2.

CokpaliieHus: XMMUYeCKUX BENIeCTB 0COOEHHO yI0OHO UCIO0Jb30BaTh
P 3aNUCH XUMHWYECKUX peakiuii. B Taknux ciydasx XuMUYecKwil sie-
MEHT 0003HAYAETC:

e oxuuM cuMBosioM, Hanpumep C o6osnauaer yraepos (mat. carbon),

a K — xammit (mar. kalium);
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® /ByMs cuMBOJaMu, Hanpumep Ag — cepebpo (mar. argentum),
Cu — wmenp (nar. cuprum);
® TpeMsi CHUMBOJIaMH, HalpUMepP OTKPbITbIE HEAABHO 9JIEMEHThI
Uuq — ynyukBamuii (sar. ununquadium) v Uuo — yHYHOKTHi
(mar. ununoctium).
OG6paTute BHUMaHUE, YTO HEPBbIH CHMBOJI 3allMCBIBAETCS C IPOIIUC-
HOIi GYKBBI, a BCE TOCAEAYIOIIe — CO CTPOYHBIX.

NEPWOANYECKAS TABNILIA 3JIEMEHTOB

B 1864 r. nemenxuii xumuk Jlotap Meiiep (Lothar Meyer) omy6.m-
koBan kuury Die Modernen Theorien der Chemie («Cospemenmbie
TEOPUU XUMUM»). B Hell OH NPeaNoKIa YHOPSI0YeHHOE PACIOI0KEHHE
28 XUMUYeCKUX 3JeMEHTOB B IIECTH ceMellCTBaX Ha OCHOBE UX aTOMHOTO
BeCa, a TaKKe CXOAHBIX (PU3MUECKUX U XUMUYECKUX CBOWCTB. Hekoropbie
3JIEMEHTBI Kak OyJTO MPOCKOYMJIA MecTa B 3TOM yIopsijjodyeHnn. Meii-
ep MPEIOoJIOKU, YTO TaM JIOJKHBI HAXOJMUTBHCS ellle He 0OHApY KeHHbIe
aneMeHTBl. OH TaK)Ke BIIEPBBbIE MCTOIb30BAJ MTOHIATHE 8AJIEHINMHOCNY IS
OIIMCaHUs CIIOCOGHOCTU aTOMA O/IHOTO 3JIEMEHTA CBS3bIBATHCS C HECKOJIb-
KUMH aTOMaMu JI[PYTOro 3J1eMeHTa.

B 1870 r. Meiiep npe/soxun HOBbIiT Bapuant Ilepuoduueckou ma-
OauypL, yxe ¢ 57 ajneMeHtaMu. B Heil Ha OCHOBE TaKUX HOBBIX CBOICTB,
KaK TeMIlepaTypa ILIaBJEHUS 2JEMEHTOB W aTOMapHLI o6beM, Meiiep
TPEJIOKII YIOPSIAOUNUTD 3JEMEHTBI 0 OT/eTbHBIM TPYTITIaM.

Q Meiep ony6nukosan cBow Tabnuuy anementos B 1870 r., a HE3aBUCMMO OT HEro —

pycckuit xumuk . V. MeHgenees B 1869 r. 410661 He NyTaTbCA ¢ aBTOPCKUMU NpaBamu,
00MbLIMHCTBO YYeHbIX 3anafHOro mMupa HasblBalT 3Ty cuUCTeMy npocTo «[lepuoamye-
CKOW CUCTEMOWN 3/1IeMEHTOB» 6e3 YNOMUHAHUA UMEHMW MepBOOTKpbIBaTeNs. Ha camom
[lene nepable UAen 0 NepuoauyHOCTM CBOMCTB 3JIEMEHTOB BbICKa3blBanuCh 3a40ro 0
nosereHna paéot Menaeneesa u Meitepa. Bcero cywecTByeT HeCKOMbKO COTEH BapuaH-
TOB NEPUOANYECKOI CUCTEMbI (B BUAE KPUBbIX, TA0NUL, OUTYp U T. 4.).

JII060TIBITCTBO YUEHOTO OOBICHIETCS TEM, YTO OH BBIPOC B CEMbe Me-
JIUKOB M C PAHHErO JETCTBA MPUBBIK K HAYYHBIM U METUITUTHCKUM JIHC-
KyccusiMm. Metiep mosyumsi MeauiimHcKoe o6GpasoBanue B IlIBeifapun,
3aTeM y HEro IOSIBUJICS MHTepec K (PU3UOJIOTUH JbIXaHUs, ¥ BCKOPE OH
MEPEKJIOUNJICS Ha XUMUYecKue ucciaenoBanusi. OJHUM U3 MEPBBIX y4e-
HBII Y3HAJI O TOM, YTO KHCJOPO/ B KPOBU CBS3BIBAETCS C TeMOTJIOONHOM.
MHOKeCTBO 37I€MEHTOB B Teje YeJOBEKa M WX CJOKHbIE B3aMMOCBSA3U
3amnTpuroBamn Meiiepa. [I1s1 06bACHEHUS CAOKHBIX OMOXUMUYECKUX
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MPOIIECCOB U CHCTEM €My HYKHO ObLIo 6ojiee TOYHO MAeHTUMUIMPOBATDH
oT/iesibHble 3jieMeHTbl. B Tabuuie 2.3 npuBeieHO HEeCKOJIbKO HauboJiee
pacmpoCcTpaHEHHBIX XUMUYECKUX 3JeMEHTOB U X (PYHKIIUU B OpraHuU3Me
YeJI0BeKa.

Ta6Jmua 2.3. XuMu4ecKue 3JIEMEHTBI B TeJie YeI0BEKa

deMeHT Opranbl ¥ QyHKIHH
Kamprmit Kocrtn, 3y6bI, KUAKOCTH OpraHu3Ma
Dochop Kocru, 3y6n1
Marunit Koctn, BHyTpUKOCTHBIE KUAKOCTH
Harpuii BuyTpukierouynble skujkocTu, nepejadya HEPBHBIX UMILYJIbCOB
X7op CoJ B OKOJIOKJIETOUHBIX M KEJIYJOYHBIX SKHIKOCTSIX
Kanuii BuyTpukierodnble KUJKOCTH, Ilepejjaud HEPBHBIX HMILYJIbCOB
Cepa AMUHOKHUCIOTBI, GEJKK
Keeso Temorso6un KpoBH, MBIIII[bI

A IVA VA VIA VIIA

lIB IVB VB VIB VIIB —Vi-  —B- |IB

[52 [59 Jeo [o1 Joz [e3 Jo¢ [65 o6 [67 [e8 Jeo [0 |71
Ce | Pr [Nd |Pm|Sm]| Eu| Gd| Tb| Dy| Ho| Er| Tm| Yb| Lu

%0 o1 |92 [ [|9% [ [% [97 [9%8 [99 [100 [t01 [102 [103
Th |Pa | U |[Np|Pu|Am|Cm|Bk | Cf |Es |[Fm|Md|No|Lr

* JlaHTaHOMAbI

+ AKTHOMADI

Puc. 2.2. llepuoauyeckast TabauIa 3TEMEHTOB

B 2008 r. Ilepnoauveckas tabauiia ajieMeHTOB cozepskasna 118 age-
MeHTOB. Bcee aseMentsl BILIOTH 10 92-r0 (ypaH) BCTpeyaioTcss B IPUPO-
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Jle, a TaK Ha3bIBaeMble TPAHCYPAHOBBIE 2JIEMEHTBI MOKHO CHHTE3WPOBATH
B XoJle g/epHbIX peaknmii. CpaBHUBas HbIHeIHWH Buj Ileprogndeckoii
tabuupl sneMentoB (puc. 2.2) ¢ Bepcueit Meliepa, MOKHO HPOC/IEIUTh
150-/1eTHIOIO UCTOPUIO XUMUYECKUX OTKPBITHIA.

Homenxksatypa Takske mMmeer 6OJIbIIOE 3HAYEHUE JJIS WAeHTU(dUKA-
IIUN U OTIpeJleJIeHns HaHOMaTepuaaoB. [/leficTBUTETbHO, B HOMEHKIATYPE
HAaHOMATepUAIOB JOJKHA YINUTBIBAThCA pasHad dopMa Jaske TaKUX Ha-
HOMaTepHUaJoB, KOTOPble MMEIOT OJWHAKOBBIM XMMHWYECKUH COCTaB, Ha-
npumep rpadur, anmas, dyJiepen, HaHorpybka. Eme 6osiee cioxHas
3ajla4a I/ HOMEHKJIATypPbl HAHOMATEPUAJIOB BO3HUKAET NMPU HEOOXO/U-
MOCTH pa3janyarTh HaHOMAaTepHasbl C OJUHAKOBBIM COCTaBOM U (OPMOTi,
HO pasHbIMU pa3MepaMHu WM CBOMCTBaMHU, HAlpUMepP KBAHTOBBIE TOUYKH
(quantum dots). KanToBble Touku 6osee mogpoOHO paccMaTpUBAIOTCS
B IJ1aBe 8.

BMOJTOTMHECKASA HOMEHKNATYPA

B 6umosnoruu g MMEHOBaHUS Pa3HbIX POJIOB M BHUIOB UCIIOJb3YETCS
300J02uMecKas HoMeHKaamypa. Mexoynapoonvii kodexc 30070zute-
cxou nHomenx.iamypot (International Code of Zoological Nomenclature —
ICZN) — sto0 OOGIIENPU3HAHHBIN MEXK/[yHAPOIHBINA CBOJ[ TIPABUJI JIJIsl Ha-
YUHBIX HA3BaHUM KUBOTHBIX. Kak ¥ B XuMuu, B GMOJIOTHY HCIIOIb3YIOTCS
CTporue CTaHJapThl UMEHOBAHUS, KOTOPbIe M3BECTHBI M IOHSITHBI BCEM
OHO0JIOTaM.

Cormacio xoxy ICZN, Bce opranusmbl pasjejeHbl Ha TPYIIIbI
U MOATPYIIbI, HAIPUMEP HA MO3BOHOYHBIX U Oecro3BoHOYHBIX. Opra-
HU3M TI0JIy4aeT OKOHYATEIbHOE HA3BaHME, KOI/A J[OCTUTAaeT KOHEYHOM
TOYKM B KJaccudukanmm, Hanpumep Homo sapiens — 3To Ha3BaHue
coBpeMeHHOTO uesnoBeka. [losnas knaccudukanus ICZN coxepskut
COTHM Pa3BETBJIEHUI, T/le ONMUCAHbI MeJbyailline OTINYUS MEXIY BU-
JlaMU.

HOMEHKATYPA HAHOTEXHOJOT I

ITo Mepe mosBeHUST HOBBIX HAHOMATEPUAJOB 3HAY€HHWE HOMEHKJA-
Typbl yBennuusaercs. Tenepb Bce o6bexTol, Bmovasa Cy, C , C ), Ha-
HOTPYOKHM, KBAHTOBbIE TOYKH, 30JI0TbIe HAHOOOOJOUKY 1 T. [., HAXO/SATCS
Ha JIMHWY TIePeIOBbIX MCCIeI0BAHUI B 06/acTU OGMOJIOTUH W MaTepPUaio-
Bemenusd. OO6meNpuHITas HOMEHKIATYPA U TEPMUHOJIOTHUS YIIPOIIAET TI0-
HUMaHMe U UCIO0JIb30BAaHIE HOBBIX MATEPHAIOB U KOHIIEIIIIHIA.

[TIpodeccop Buku Koasun (Vicki Colvin) us Ilenrpa uccaegoBanus

HAHOTEXHOJIOTUI B GMOJIOTMM U OXPAaHE OKPY:KAIOIIEN Cpe/lbl Y HUBEPCH-
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tera Paiic paboraer Ha/ CO3/JaHUEM CTAHJAAPTHON HOMEHKJIATYPbI U Tep-
MuHoJiOTUU Uit Bcelr orpacau. B 2005 r. oHa BuepBbie HpeicTaBUIA
cBon umen Ha 229-i1 HanmonasbHO! KOH(pepeHInn AMEPUKAHCKOTO XU-
mMuueckoro obmecrBa B Can-/luero, mrar Kamndopuus (CIITA). Nmen-
HO TaKoe Tepe/IoBoe BU/ieHNE OYAYIINX MEPCIEKTUB CIIOCOOHO YIIPOCTUTD
MeXXIUCIUTIINHAPHBIE HAyYHbIE MCCIeTOBAHMS.

KomBuH oTMeTmsia, 4TO KOJAWYECTBO CTaTell MO HAHOTEXHOJOTHSM,
ony6sukoBanubix B nepuoia ¢ 1990 mo 2005 r., ysemuuuiocs 10 20 Thic.,
YTO OTPaXKAET PACTYIYI0 3HAYMMOCTb JlaHHOI TeMaTuku. Hanouacrtuiia
MOJKET UMEeTb pa3Hble HA3BaHUs, B 3aBUCUMOCTHU OT ee (hOpPMbI U TpHMe-
HeHusl. KoJBUH TIpe/ioKniia NCIoIb30BaTh CUCTEMY UMEHOBAaHUS, KOTO-
pas mpuHATa AJd ToJuMepoB. Hampumep, pasHble MOBEPXHOCTHBIE XU-
MUYeCcKHe XapaKTePUCTUKN HAHOYACTHUI] MOKHO MCIIOJb30BaTh B KAUECTBE
HAYaJbHOTO KPUTEPUS JIJisi IIPUCBOEHUS] UM PA3HBIX MMEH.

Jliist olleHKu pucKoB TpebGyeTcst CTPOrasi U MoJTHAsl CUCTeMA MMEHOBA-
HUs, 4TOObI M36€KaTh MOTEHIMATHHO OIIACHOTO HEIPABUJIHHOIO TOJIKO-
BaHUS BBIBOJIOB. AHAJOTMYHO JIJIST 3alUTHI OKPY>Kalolell cpe/ibl OT BO3-
MOKHOTO 3arps3HEHUS BO3/lyXa, BOJBI U MOYBBI TaKKe TPeOyeTcsl CTpo-
rast TepMUHOJIOTHS 1 Y€TKO C(popMyTupOBaHHbBIE CTAaHAAPTHI O6E30IIACHOTO
UCHOJIb30BAHMS HAHOTEXHOJOTHI U HAHOYACTHUIL.

[TockosibKy HAaHOMHUDP HAaXOJUTCS TOYTH B CAMOM OCHOBAaHWM Ma-
TepuaibHoro Mupa (Ha ypoBHE aTOMOB M MOJIEKYJ), OH 3aTparkBaer
MpaKTUYecKu Bce 06JIaCTH Hay4YHBIX HcciefoBaHuii. B atom cocrto-
uT Hanmbosee BAXKHBIN acleKT HAaHOHAYKW M HAHOTEXHOJOTUW — OHH
YAWBUTETHHBIM 06pa3oM MPOHM3bIBAIOT Bce BOKpyr Hac! Kaxkmas o6-
JIACTh JIESITEJIbHOCTU YeJOBEKA TaK WJU MHAYe BCKOPE MOUYYBCTBYET UX
BJIMSIHIE.

KOHTPOJIbHBIE BOIPOCHI

1. JleBeHTYK OOGHAPYKUJI MUKPOOPTAHU3MBI:

(a) y 60JIbHBIX TIOJHOMUETUTOM;
(6) B mymke;

(B) y GoJibHBIX Massipueii;

(r) B 3y6HOM HaJeTe.

2. OauuM u3 "Hanbojee BaXKHbIX CBOMCTB HAHOYACTUIL] SABJISAETCH:

(a) 6oJiee CUIBHBIH 3amax;

(6) moBbIIIeHHAS KUCJIOTHOCTD;

(B) GousblIas MOBEPXHOCTHAS ILIOIA/b;
(r) 6osbIIas CTOMMOCTD.
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CeI’OlIHH C IIOMOIIbIO MMUKPOCKOIIOB BBICOKOI'O pa3pelieHuss ydeHbie
MOTYT BUIETH!:

(a) ropaszo MeHbllle, YeM ydeHble TPOILIOTO;
(6) ropaszno GoJibliie, YyeM ydeHble TIPOIILIOro;
(B) 1moYTH TaK e, KaK ydeHble IIPOIILIOro;
(r) BooG1E HUYErO.

Y nnuHeHne TPYKUHBI TTPOMOPIIMOHATBHO MPUJIOKEHHON K Hell cujie
Ha3bIBaeTCH:

(a) zaxonom [[xo03.12;
(6) 3akonom Tyka;
(B) 3akonom Jlyriaca;
(1) 3akonom Kpyka.

Coxkpamennaa sanucs C,,H Cl, o60o3nauaer:
(a) MTV;
(6) AILL;

(8) IAT;
(r) CTM.

B 6mnonorun [JIA UMEHOBaHUA OPraHnu3MOB MCIIOJIb3YETCA:

(a) Iepuoauyeckas TabnuIa;

(6) MexayHapoHast cucTeMa eIMHNUII;

(B) [luarpaMMa M30TOIIOB;

(r) MexayHapoaHblil KOJEKC 300JJ0TMYECKON HOMEHKIATYPhI.

OcHOBHOE OT/IMYKE HAHOMHCTPYMEHTOB M OGBIMHBIX JTaG0PaTOPHBIX
mpuGOPOB:

(a) pasmep u macmrra6;

(6) 3anax u 3BYyK;

(B) pasmax u paszer;

(r) 3amepsaHue u TasiHueE.

KonTpoJsibHasg mpoBepka CBOWCTB 0o6pasiia ¢ MOMOIIBIO TOYHBIX W3-
MepEeHUl ¥ TIIATeTbHBbIX 3aliCell Ha3bIBAETCS:

(a) sKcnepuMeHT;

(6) na6oparopus;

(B) IEMOHCTPALMOHHBII POEKT;

(r) runoresa. 51
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9. Hanowmerp paBeH:

(a) 0IHON KBUHTHJLIMOHHON 4acTH MeTpa;
(6) oxHON MUJTMOHHON YacTH MeTpa;

(B) oxHON MMIMAPAHON YacTh MeTpa;
(r) oxHO# TPUIIMOHHON YacTH MeTpa.

10. Kakwue TUIIBI HAHOMHCTPYMEHTOB HMCHOJIb3YIOT MH)KEHEPHI U yYeHble?

(a) Kpoureynbie MOJIOTKY U IaevyHble KJIIOYH,;

(6) cucreMbl T106aIBHOTO MO3ULUOHUPOBAHNS;

(B) xommachl u nosoxkenne CoOJHIIA;

(r) onTuueckne, MarHUTHBIE U 3JEKTPUYECKUE TPUOOPDI U CXEMBbI.
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[ToueMy HAHOTEXHOJIOTHH BBI3BIBAIOT TAKOW TOBBLINIEHHBI WHTEpec?
OTBeT MpOCT: aTOMbI B OYEHb MAJEHBKUX TIPYIIAX BeAyT ceOsi MHaue,
yeM B 6oJibiiuX. 110 oTAenbHOCTH 6Ga30Bble GJI0KM BelecTBa (aToMbl) He
OKa3bIBAIOT CYIIECTBEHHOTO BJIUSHUS Ha OKPYSKAIOIIYIO CPey, HO B 60JIb-
HIUX TPYIIaX OHU CIIOCOOHBI TPOSIBUTH CBOU CBONCTBA M (DYHKITHH.

CoBpeMeHHbIe yueHble MOTYT U3y4YaTh JlaXKe CBOMCTBA OT/IETbHBIX aTo-
MoB. Hampumep, Ha HaHOYpPOBHE OHU WCCIEAYIOT KEAHMOGbIE CBOICTBA
(moapo6uee sra Tema onucbiBaercs B raase 10). IIpu sToM HeIb3s CKa-
3aTh, YTO aTOM HE OKA3bIBAeT BJUSHUS HA OKPY’KAIONIYIO CPELy, OJHAKO
aTa cpejia YPE3BBIYAIHO Majia 110 CPAaBHEHMIO C pa3MepaMu YesiOBEKa.

Q KBaHT — 370 Mefbyalillee HeleNnMOe KOMMYeCTBO (hU3NYECKOIl BENNYMHBI, Hanpumep
3NeKTPOMArHUTHOrO U3Ny4eHNs UK SHePrian.

Kak yxe ymomunamocb B tiaBe 1, B 1959 r. Puuapn Deitaman
(Richard Feynman) Boictynui ¢ gexiueii There’s Plenty of Room at
the Bottom («BHu3y NOJHBIM-TIONHO MeCTa»), B KOTOPOil OH OTMETHUI:
«3BecTHble HAM TIPUHIUIIBI (DU3UKU HE 3aMpeniaioT co3/[aBaTh OObEKThI
“aToM 3a aromMoM’. MaHWMyJAINS aTOMaMW BIOJHE peajbHAa W He Ha-
pylllaeT HUKAKUX 3aKOHOB MpHUpoAbl. lIpakTwyeckue ke TPYAHOCTH ee
peanu3anuu 00yCJIOBJIEHBI JHUIb T€M, YTO MbI CAMU SIBJISIEMCST CJIUITKOM
KPYIHBIMH ¥ TPOMO3JKMMH OOBEKTAaMH, BCJEJICTBHE 4Yero HaM CJIOXKHO
OCYILECTBJISATh TaKHe MaHUILYJISLIUN .

Pasmep siBasiercst onpeaensionuM (GakTopoM ycriexa HaHOTEXHOJIOTHII.

[IpencraBbre cebe, 4TO BbI cuanTE B 1leHTPe (hyTOOIBHOTO CTAAMOHA,
3an0JHeHHOTO 70 TBIC. TANJANINX 3PUTENE. Y CJABIIIAT JU BaC 3PUTENH
B CaMOM BEpPXHEM Py, €CJIM Bbl 3aKPUYHTE YTO ecThb cuiibl? Hackomb-
KO BO3pocIlasi TeMIlepartypa Balllero TeJa IOBJIUSeT Ha OKPY’KAIOILYIo
cpeny, ecjau Bbl HauHeTe OeraTh IO CTaAMOHY? A ecM HayHeTe ToNarthb
HOTaMH, TO TIOYYBCTBYIOT JIU 9TO 3PUTEJU B caMOM BepxHeM psany? Ko-
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HEYHO, HeT. B Takoit orpoMHOll ayAnTOpUN KPUK, TEMIEpPaTypa, Yaapbl
HOTaMU OTZEeJbHOTO YesJIOBeKa He OKAXKYT 3aMEeTHOTO BJIUSHUS.

A Terepb Tpe/CTaBbTe, YTO B LEHTPE TOJSI CTOUT HECKOJBKO TBHICSY
BalllX CTOPOHHUKOB, KOTOPbIE OTYASTHHO KPUYAT U TOJJIEPKUBAIOT CBOIO
koManay. IloBausior in oHM Ha ocTaJdbHBIX 3puTesaeit? Koneuno! Koop-
JUHUPOBAHHbBIE KPUKH, XJIOMKH JIAJOHSIMU PYK W Yapbl HOTAMU YCJIBITIAT
BCe TIPUCYTCTBYIOIUE. Bosee TOro, st Takoro GOJBIIOTO KOJMYECTBA
3pureseii morpe6yercsi BKIIOUYUTh CUCTEMbI KOHAUIIMOHUPOBAHUS BO3JLY-
Xa, YCTAHOBUTH MHOTOYUCJIEHHBIE JIOTKH C THIIEH U OTKPBITh MHOYKECTBO
TyasieToB. BiusiHue ThicSY 3pUTEsell HA OKPYXKAONIYIO0 CPely 3aMeTHO
60JTbIIIE BIMSHUS OJHOTO YeJIOBEKA.

B nHanoMmpe yacTHIlBI MOTYT pacrnoJiararbes 6JM3K0 WM AATeKO PYyT
OT IpyTa, HO UX WHTEPECHBbIE CBOMCTBA MOKHO 3apETUCTPUPOBATH NMEHHO
6siarojjapsi TOMy, 4TO OHM 3aBUCAT OT pasMepa uactuil. Kak y:xe ymnomu-
HAJIOCh B IJIaBe 2, pa3Mep OKa3bIBAaeT BJUSHIE HA Pa3Hble CBONCTBA HAHO-
MaTepUaJIOB: I[BET, IJIOMIA/[b TOBEPXHOCTHU, MPOBOJUMOCTD U ITPOYHOCTD.
I'paBuranus u 3axkonbl HbioTOHA HE OKA3bIBAIOT 3aMETHOTO BJUSHUS HA
MOBe/IeHNe HAHOYACTHII, TIOCKOJIbKY MX Macca 4pe3BblYaifHO Masia.

Korga DefinMaH TOBOPUJ, YTO «BHU3Y TOJHBIM-TIOTHO MeCTay, OH
uMes B BUJLY, YTO HAHOMUD IIPEJJIaraeT MCCJAe0BATEISIM OIPOMHbBIE BO3-
MOJKHOCTHU [IJISI HOBBIX OTKpbITUil. HaHOMUDP COAEPIKUT MHOKECTBO KPO-
IIEYHBIX ATOMOB U MOJIEKYJI, Pa3/IeJl€HHbIX OIPOMHBIMU ITPOCTPAHCTBAMM.
OpHaKo B 3€MHBIX YCJOBUSX KpaifHe TPY/HO HalTH COBEPIIEHHO M30JIH-
pOBaHHBIE aTOMBI MJIU WX KOMIOHEHTBI — CyOATOMHbBIE YacTHIbI. BoJib-
IIXHCTBO aTOMOB XUMWYECKUX 3JIeMEeHTOB (3a MCKJIIOYEHHEM WHEPTHBIX
rasoB) CyIIECTBYeT B CBA3aHHOM BH/e: TU60 B MOJIEKYJIax, MO0 B COe/IH-
HEHUSIX C MOA0OHbIMU cebe aTOMaMU WJIM aTOMaMU J[PYTUX 3JIEMEHTOB.

ATOMBI HAXOJSTCS TIOBCIOZY W PEATHPYIOT CO BCEMU OKPY KAIOUMMU
o6bekraMu. Mbl einM, BJbIXaeM U HajeBaeM ux. Bce, To ectb abcoatom-
HO BCe, BOKPYT HAC COCTOUT M3 aTOMOB WM CyGATOMHBIX YACTHUII.

®opmbl yrnepoaa
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B mpeapiaymux riaBax Bbl Y3HAJIU O PA3HBIX CTPYKTYpPaX, KOTOpbIE
MOryT 06pa30BbIBATh aTOMBI YTJEPO/a, O CBA3SIX, BOZHUKAIONIMX MEXKTY
HUMH, ¥ O TOM, HaCKOJbKO OHM CHJIbHBI. [lompobyem paso6parbes, To-
YeMy yTJIepOJ IPUBJIEKAET TaKOe MPUCTATbHOE BHUMAHNE YIEHDBIX.

Yraepos — 1ecTtoil 1o pacipoCTPAaHEHHOCTU XUMMYECKUH 3JeMeHT
Bo Bcesennoit. OH m3BecTeH ¢ He3almaMsSTHBIX BpeMeH. YTJEepPO COoAep-
JKUTCS B atMocdepe W MOXKET PAcTBOPSITbCS B Bojie. B ropHbix 1mopo-



ITIABA' 3 Y10 0CO6EHHOr0 B HAHOMUPE

Jax yriaepoji o6pasyer HeCKOJIbKO coeiuHenuii: kapGonat kambius (13-
BECTHSK), Kap6oHat Martus (yriiekuc/biii Maruuii) u kapOoHaT KeJesa.
B redenme MHOrMX BEKOB yrJjiepoji J0OBbIBAIM B BUJle KAMEHHOTO YISl U
HMCIOJIb30BAJIM B KaduecTBe ToiwinBa. M3BectHo okosio 10 MJIH coeuHeHn
yTJIepojia ¢ PYTUMH 3JIeMeHTaMU, PIUYeM OKOJIO COTHU UT'PAIOT BaXKHYIO
POJTb B XUMHUYECKUX W OMOJOTHYECKUX TIPOIECCAX.

B ecTecTBEHHBIX YCJIOBUAX YIAEPOI MOKET HAXOAUTHCS B TPEX AJ10-
mponnvix Gopmax: rpadur, anmas uiau amopdubiii yraepoxa. (Dysepe-
HbI U YTrJIepO/IHble HAHOTPYOKHU ObLIN TIOJYyYEeHbI B CHEIHATbHBIX Jabopa-
TOPHBIX YCJIOBUSIX U He 00Pa3yloTcsl B €CTECTBEHHOI cpe/ie.)

Q AnnotponHble (0T rpey. allos — Apyroi, rpey. trpos — noBopoT, CBORCTBO) (POPMbI —
3T0 MOAMMMKALMM OHOTO W TOTO XKe XMMMUYECKOr0 31eMeHTa B BUAE ABYX M 6onee npo-
CTbIX BELLECTB, PA3NINYHbIX MO CTPOEHMIO 11 CBONCTBAM.

Amopnviil yzaepod (Hanpumep, caka U aKTUBHBIN yToJib) 06pasyer-
s TI0CJIe CTOPaHUs YTJePOJI0COAEPKAIUX MaTepUuasoB 6e3 JOCTaTOUHOTO
JIOCTYyTIa KUCJIOPO/IA /LI UX TIOJTHOTO cropaHus. YepHas caska MCIHOJIb3Y-
eTCsl JIJIST U3TOTOBJIEHNUS] KPACOK, YEPHWUJ, PE3WHOBOW MPOIYKIINU, a TaK-
’Ke B CIIPECCOBAHHOM BH/IE [ CYXWX TOIJIMBHBIX Garapeex.

I'paghum wm3BecTeH Kak OJWH M3 CAMBIX MATKUX MaTePUATOB U YACTO
UCIIOJIb3YETCSI B KauecTBe cMas3Ku. XOTs OH CYIIECTBYET B €CTECTBEHHOM
BHle, KOMMepYecKuil TpachuT ITPOU3BOANTCS HA OCHOBE HE(MTSIHOTO KOKCA
(4epHOro CMOJIMCTOrO OCajiKa, KOTOPbIil OCTAETCsS 110C/Ie OYUCTKU ChIPOIi
HeTH) B GECKUCIOPOAHOIT TIeun. B ecTecTBEHHBIX yCa0BUSAX Tpadur cy-
IIeCTBYeT B JABYX BHUAX, WMesl TPAKTHYECKW OJMHAKOBbIE (DU3NYecKue
CBOMCTBA, HO PasHYIO KpuUcmaiiudeckyio cmpyxmypy: o-rpadur (rex-
caroHaJbHbIN) u B-rpadur (pomGosapuuecKnii).

Q B npupoge B-rpacdut B 4nCTOM BUAE He HAOMIOAAETCSA, TaK KaK ABMAETCA METacTabunbHom
MoAndmKauyen, Ho B MPUPOLHBIX rpadiuTax ero cofepxanue Moxert gocturats 30%.

[ToMrMO WMCITOIB30BaHUSA B TBEPJBIX CMA30YHBIX MaTepHatax, Ha
npaktuke rpadur (a TouHee KOKC) MIMPOKO IPUMEHSIETCA B METaJ LIy Pri-
YeCKOH TPOMBITIIEHHOCTH. KOKC ToTyJaioT 3a cueT HaTpeBaHUs MSITKOTO
yras 10 500—550 °C B neun 6e3 jgocTyna Bo3ayXa.

AZnmas, KOTOPBI ysKe yIOMUHAJCS B TyaBe 1, sIBJASETCS OJHUM U3
HanboJjiee TBEPIBIX BEIIECTB B MpHUpoje. EcTecTBEHHBIE aaMasbl UCIIOJIb-
3YIOTCSI B IOBEJIUPHOI OTPAC/H, a /IS IPOMBIIILJIEHHOCTH OHU YacTO CO3-
JTAIOTCS NCKYCCTBEHHBIM TIyTeM. [IpOMBIIILTEHHbBIE ATMA3bI BHIPATITITBAIOTCS
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10/ GOJIBIIIUM JIaBJIEHUEM [IPU BBICOKOI TeMIIEpaType B TeueHHe HECKOJIb-
KUX JHell win Heneab. Takue cCHHTETUYECKUE AJIMa3bl UCTIOJIb3YIOTCS JIJIst
CO3/IaHUST PEKYIINX WU a6PA3UBHBIX MATEPUAJIOB.

[Tocsie otkpbiTust yJIepeHOB yueHble 3aUHTEPECOBATNCH TE€M, KaK
YTJIEPO/l MOKET MPUHUMATHh TaK MHOTO Pa3HBbIX CTPYKTYPHBIX Moaudu-
Kaluif, ocraBasich yriepojoM. OOHapy:keHHe MOJEKyJbl B Buie GyT-
60sbHOrO Mg4a ¢ 60 uan 70 cBI3aHHBIMKE BMECTE€ aTOMaMU (C60 WIn C7O)
CTajI0 MOWCTUHE YAMBUTEIbHBIM OTKPbITHEM. Pe3yJsbTaTbl JAaibHEUITNX
UCCJIE/IOBAHMIT TO3BOJIMJIA TIOJYYUTh OTBETHI HA MHOTHE BOINPOCHI OTHO-
CUTEJIbHO TIPUPO/IbI JaHHOTO siBjieHusi. OKa3anioch, YTO HOBble MoaudU-
KAl yriaepoja o6JaaioT COBEPIIEHHO HEOXUIAHHBIMU (DU3NYECKUMU
xapakrepuctukaMu. OHU CIOCOOHBI BBIEPIKUBATH OIPOMHbBIE JAABJIEHMS,
a Takyke 00/1a/1af0T MAaTHUTHBIMU U CBEPXIIPOBOSAIIMMU CBOWCTBAMU TIPU
BBICOKUX TeMIileparypax. Takas YHUBEpPCAJbHOCTb HE CBOWCTBEHHA UX
GJIMKANUIITM POJICTBEHHUKAM — rpaduty U aamasy.

OnHocnoiHble YyrnepoHble HaHOTPYOKH

56

Co Bpemen lasmnest TouHbie TPUGOPHI U UHCTPYMEHTBI B PYyKax yMe-
JIBIX YUYEHBIX YaCTO CTAHOBUJIMCH MCTOYHUKOM HOBbIX OTKpbiTuil. Hamo-
TEXHOJIOTHH TaKKe CIIOCOOCTBOBAIH TOSIBJIEHUIO0 (GOjiee MOIIHBIX U TOY-
HBIX UHCTPYMEHTOB.

Puuapan Cmosin u306pesil MHCTPYMEHT, € TIOMONIbI0O KOTOPOTO €My
yAQJI0Ch 0OHAPYKUTh (PyJIIepeHbl U TIepeBepHYTh TIPEXXHUE TIpe/ICTaBIe-
Hust. C Tex TMOp ydeHble JOOWIUCH 3HAYUTEJNbHBIX YCIIEXOB B U3YUYEHUH
(ymrepeHoB, HO HCCAEI0BAHUS OJHOCJIOUHBIX YTJIEPOAHBIX HAHOTPYOOK
(OCYH) cunrarorcs naun6osiee MepCIeKTUBHOI 00JaCTbI0 COBPEMEHHOI
Hayku. MHOTHE y4YeHble CUUTAIOT, YTO BO3MOKHOCTH YIJIEPOJHBIX HAHO-
TpyOOK HAMHOTO TIPEBOCXOAT TOTeHIHaN pysiepeHoB. OHU UCCIEAYIOT
XaPaKTePUCTUKK CBsi3eil Mexy atromamu yriaepoaa B OCYH, koropbie
MO3BOJISIT MOHSTH U TIPEJCKa3aTh UX XMUMUYEeCKUe cBoiictBa. Hampumep,
y4€eHbIe CJE[SAT, KaK aTOMbl HEKOTOPBIX METAJLIOB 06Pa3yioT CJOMKHbBIE
o6paszoBannsg ¢ OCYH, u takuM o6pa3oM MPOCIEKUBAIOT TOHKNE XUMHU-
YyecKue B3aMMOCBSA3UM Ha OTAeJbHBIX dranax co3ganugd OCYH.

I'pynne Cmosnm yaanoch CHUHTE3UPOBATb YAUBUTEJNbHO [IJIMHHBIE
u cummerpuutble OCYH. Cmommm Bepmi, uto OCY H obsagaior mpakTu-
YECKU HEOTPAHMYEHHBIM MOTEHIMAIOM JIJisi YCOBEPIIEHCTBOBAHUS COBPE-
MEHHBIX MeTOJI0B mepenadn sHepruu. OH 0OGHAPYKUJ, YTO HAHOTPYOKH
MOTYT OY€Hb XOPOIIO MPOBOJUTH IJEKTPUUECKU TOK, 06J1aJjast TOPa3/io
MeHbIllell, yeM MeTaJlTMuecKue MpoBoja, Maccoii 6e3 ymiepba s 1Ipoy-
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HocTH. IlyTeM TOYHOIT MOATOHKM pa3MepPOB MOKHO CO3/IaTh KOH(UTYpa-
nuio «Tpy6Ka B TpyOKe», TO €CTb NOMECTUTD IIPOBOJSINYI0O HAHOTPYOKY
BHYTDPb U30Jupyloiieit Hanotpy6ku. Ha pucynke 3.1 mokaszanbl npuMepsbl
TaKON KOHUTypalu Ha ocHOBe 06bIyHOTO MesHoro nposoga u OCYH.

MepHbi

/ nposoa

Tpy6Ka BHYTpUW TPyOKM

Pe3nHoBan (c pa3HbIMK AameTpamm)

obosnouka

Puc. 3.1. Konuenrpuueckue HaHoTpyOKu (cripaBa) MOryT cTaTb OCHOBOMU /1151
6ouiee 3 PEKTUBHOI Tepe1auil dJIeKTPHIECKOTO TOKA MO CPABHEHHIO € OOBIYHOM
TEXHOJIOTHEH Ha OCHOBE M30JIMPOBAHHOTO MeJIHOTO TPoBoja (cieBa)

L7

HaHocTepxHu

HaHOCTepKHM M3rOTaBIMBAIOTCS M3 KpeMHHs, Metanios (Hanpumep,
THTaHa, OJI0OBAa M IIMHKA), a Takxe APYTUX IOJYNPOBOAAIINX M U30/IH-
pYIOIMUX MaTepuajoB. B 3aBucmMoCTH OT MaTepuaja HAHOCTEPKHU MO-
TYT UMeTb pasHble MeXaHUYeCKHe, 2JeKTPOHHbIE U ONITUYECKNe CBOMCTBA.
OHH PUMEHSIOTCS. B PA3JIMYHBIX OTPACSX ITPOMBINIIEHHOCTH [JISI CO3-
JIaHMST 3JIEKTPOHHBIX M ONTHYECKUX KOMIIOHEHTOB, JUCILIEEB, MOJUMep-
HbBIX KOMIIO3UTOB, CEHCOPOB U aKTyaTOPOB.

HanocrepkHu OOBIYHO M3TOTABAMBAIOT C IOMOIIBIO HMCHAPEHUS
¥ KOHJIEHCAIINN WJIU MEeTOJAAMU SKUAKON XuMun. VX MOKHO BBIpANInBaTh
Ha TIOJIJIOKKAX C TeJIEM C MOMOIIBIO 3JeKTPOPOPETUIECKOTO OCAIKIEHUS
(IIpu POIyCKaHUK 9JIEKTPUYECKOTO TOKA Y€PE3 TeJib) WM BHICOKOTEMIIE-
paTypHoOil KpucTaaIu3aliu.

B npotiecce co3nanusi HAHOCTEPIKHENH UX MOKHO YIIOPSI/IOUUBATD B 60-
Jiee KPYIIHbIE CTPYKTYPbI ¢ GOJIbINON XUMUYECKH aKTUBHOU TLIOIIA/IBIO.

Kak ogmH m TOT >Ke 3JeMeHT — YTJEepPOoJ — MOKeT IMPOSBJITh TaKue
pasHble cBOMCTBA?

LiBet
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Bce pgemo B pasmepe. Hampmmep, o6bruHOe 06pydaybHOE KOJIBIO
73 30JI0Ta WMEeT JKeJThIH I[BeT, HO €CJIH ero pa3Mepbl YMEHBIIUTDH [0
HAHOYPOBHS, OHO CTaHeT KpacHbIM. Pa3Hble onTuyeckme cBoiicTBa Ko-
Jie1; OObSICHSIOTCST Pa3HbIMU pa3MepaMu. KoHeuHo, B MaKpOCKOINYECKOM
MHpe 3TOT TPIOK He IOJYYUTCs, IOCKOJIbKY pasHHIla B IIBeTe CTAHOBUTCS
OLIyTHMOM TOJIbKO B HaHoMacTtabe.

[l HanowacTul LBeT sBJsgercsl (PU3UYECKOH XapaKTePUCTUKOH,
U MaTepHuaJ/bl ¢ TAKUMU HAHOYACTUL[AMU MOTYT BBITVISJIETh II10-PA3HOMY.

CpenHeBeKOBbIE CTEKJIOAYBbI MBITAJINCH HATH HOBBIE CIOCOOBI OKpa-
muBaHusa crekoa. OHUM HeyCTaHHO HKCIEPUMEHTHUPOBAIU C 30JI0TOM, U
UM YJaJ0Ch TOJYYUTh Mesbyaiilliie 4acTUYKU, KOTOPble MEHSAIH CBOIl
I[BeT B 3aBUCUMOCTH OT pa3dMepa: 3eJIeHblil, OpaHKeBbIil, KPacHbIH U IIyp-
NypHbIA. MHOTHE BUTPAKU B TIEPKBSIX TOTO BPEMEHU OBLIH MOJy4YEeHBI B
pesyJibTare MOAMEINNBAHNSA TaKUX YaCTUYEK B CTEKJIO. [laske HEKOTOpbIe
00pasIpl TJIa3ypH Ha JAPeBHeHl KepaMHKe cofep:KaT MeJbyalliinie 4acTH-
I[bI, I[BET KOTOPBIX 3aBHCe]T OT UX pasMepa. /lpeBHue Macrepa MOIJIH
CO3/IaBaTh IpeKpacHble MHOTOLIBETHbIE M3/e/IHs, HO He NOHUMAaIN MeXa-
HU3Ma U3MEHEHMsI I[BeTa.

MNoBepxHocTHaA naowaab

58

Pa3MmbInuisiss 0 HaHOYACTUIAX, HYXKHO UMETb B BU/Ly UX OTPOMHOE KO-
JmaecTBo. MbI UMeeM [Ielo ¢ MIJLTHAp/laMi HAaHOYACTHUIL Jaxke B oObeMe
6ysaBouHO# rosoBku. IIpesncraBbre cebe: KyOMK MeTasljia Mbl pa3pe3aeM
Ha MeJbYaiiliiie 4acTUIbl BILIOTH /10 HAHOMETPOBbIX. Ec/u Terepp X
CJIOXKUTh BMECTE, MOJYYUTCS TOT XK€ CaMblil MCXOIHBIN KyOUK.

Ho uero MbI 1o6beMcst B pesybTare Takoil pazéuBku? OTBET MPOCT:
OTPOMHOE yBeJIMYeHNe XUMUUYECKU aKTHBHOW TTOBEPXHOCTH, MOCKOJIbKY B
pe3yJibTaTe pa36UBKU MOXKET ObITh Mojiy4eHo okoJio 10'S HaHOMEeTPOBbIX
vacreit. VcxXoanblii KyOUK MMeeT TIONIA/b TIOBEPXHOCTH, PABHYIO CyMMe
momiaaeit ero rpaneit. [pu kaxoii pa36uBKe KyOUKa Ha MEHBIITHE IOJIH
YICJIO TPAHEN YBEJUYUBAETCSI, a OTHOIIEHHE ILUIONAN K 00bEMY 3aMETHO
Bo3pacraer. Ha pucynke 3.2 noka3zaHa HarJsiiHas cxeMa 10J06HOI pas-
OUBKI.

[IpexncraBbre cebe, uto map auamerpoM 1 M clieslaH M3 CILIOIIHOTO
MaTepuasa, TOT/Ja IJIONAJb €ro TOBEPXHOCTH 4yTh 6osee 3 M2. Temeps,
ecii paspesarb ero Ha 10 KyCOYKOB, IJIONIAJb UX MOBEPXHOCTU OyIeT
paBHa momaau npuMepto 10 teic. GyT6OIBHBIX TIOJIET!

Kak Buaute, Maciitab urpaer OorpoMHYyIO POJib B HAHOTEXHOJIOTHSIX.
Ha orpeske giunoit or 10 1o 100 anrcrpem (E) MOKeT OMECTHTBCS OT
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100 go 1000 wacrun. Mmenno mepexoj K cBepxmajoMy maciitaly yBe-
JINYMBAET BJIMSHUE TLIOIMAAU ToBepxHOocTU. B Tabaune 3.1 npuseneHb
CPaBHUTEIbHBIE PA3MEPhl HEKOTOPBIX HAHOPA3MEPHBIX OOBEKTOB.

Liget O6pyuanbHoe KonbLo — XKeNToe HaHopa3mepHoe KosbLIO — KpacHoe
Pactet —— S
KOJNNYECTBO (PP 280000
D000
yactuy @ @ T T T oo
@ @ @ @ D093 3D
D093 33D
@ @ O0d0d 999557
— OO0 0

D000
YBenuunsaetca @ @ @ @ @ @ %g%g%g
I 8585 33333
MOBEPXHOCTU 000000

Puc. 3.2. YvMenbliienue pazMepa o6pydajJbHOTO KOJbIA 0 HAHOPa3Mepa MPUBO/IUT
K M3MeHeHHIo ero IBera (c/aeBa), a pasbuBKa KycKa MeTajla Ha HAHOYACTHIIbl —
K TPOMAJIHOMY YBEJMYEHHIO €r0 XUMUYECKN aKTHBHOI mosepxuoctu (crmpasa)

TaGauua 3.1. PazMepbl HEKOTOPHIX HAHOMATEPHUATIOB

Pasmep Hanomarepuasn

Bce tpu usmepenus < 100 um | HanovacTuiipl, KBAaHTOBbIE TOYKN, HAHOOGOJIOUYKH,
MUKPOKAIICYJIBI, IyCTOTEJIble HaHOC(EPDI

[IBa usmepenus < 100 am OmHocI0liHbIE yTJIepOHble HAHOTPYOKH, BOJIOK-
Ha, HAHONIPOBOJA

Opnno n3mepenne < 100 HM AHTUKOppO3NUiiHble,/ AaHTHAT€3NBHbIE TTOKPBITHS,

HAHOIIJIEHKHU, BUPYCbI

Peskoe yBesmvenue 1iomaan o6beKTa CBI3aHO U ¢ ApyrumMu addek-
tamu. HenaBHO cpejcTBa MaccoBoit nHQOpPMauu yaeasyini MHOTO BHU-
MaHMs MPABUJIBHOMY IMPHUTOTOBJIEHUIO raMOyprepoB. Msco myis ramOyp-
repoB PEeXKeTCs Ha TOHKUE CJIOM, U B KAKOI-TO MOMEHT OO0Iasi TIoNa/lb
[MOBEPXHOCTU BCEX JIOMTEN CTAHOBUTCSI GOJIbIIIE, YeM ILIOIIA/b TIOBEPXHO-
CTU UCXOJHOW MsAcCHOU Tymin. 1Ipn HempaBUIbHON TEXHOJIOTUN XPaHEHUS
W TPUTOTOBJIEHHs MUIM onacHble Gakrepuu (HampuMmep, crnopooGpasy-
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fomas nanouka Clostridium botulinum, xotopasi BbI3bIBaeT GOTYJIN3M)
MOTYT JIETKO TIONACTh CPa3y B OrPOMHOE KOJUYECTBO JioMTel (Beab 1io-
1a/lb PE3KO BO3POCTAET) U BBI3BATH MACCOB0E OTPABJIEHUE.

é botynuam — 3710 0CcTpOe MH(EKLMOHHOE 3a60NeBaHIe, KOTOPOE NPOSBSETCS KaK Ha-

PYLLUEHKE COKPALLEHMIA NONEePeYHO-NON0CATbIX U MMAAKNX MbILLL, @ TaKXKe AeSTeNbHOCTH
HEPBHbIX KNETOK, OTBETCTBEHHbIX 3a Mepeaayy BO3OYXAEHWUS K Mbiuam. Y 60/bHbIX
CTPAZAT MbILULbI [Na3, MOTKM, AbIXaTeNbHbIe Mbillbl. CMepTb, Kak NpaBuo, HacTy-
naet 0T Napannya AblXaHus.

Ucnonb3ysd HanoMaTepuasbl, ydeHble CTPEMATCS MOJIYUYUTh aHAJOTHY-
HbI 9 PEKT OT yBeJUYeHUss XMMUYECKU aKTUBHON TIJIOMIA/U JIJIsT TIOBbI-
LIEHUs 4YBCTBUTEJbHOCTH JE€TEKTOPOB U KaTaJlu3aTOpPOB.

KBaHTOBas MexaHuka

60

Koumunyanivnas Mexanuka WMeeT IeJIO C HEPEePbIBHbIMU (hu3nye-
CKUMU BEJIMYNHAMM U TIPUBBIYHBIMU B OBITOBBIX CHUTYAIUSIX 3aKOHAMM
Hpiorona m tpaBuTaimoHHoro nputrszkeHns. OmgHaKO B HaHOMHUpPE [0-
MUHUPYIOT [IPyTHe 3aKOHDI, «CTPAHHbIe» 3aKOHBI KEAHMOBOU MEXaHUKH,
KOTOpPasi ONMUCHIBAeT AUCKPETHbIE BEJTUYUHBI U TPOIECCHI.

-é‘ KBaHTOBas MeXaHWKa — 3T0 Pa3fien TEOPETUYECKON (HIU3MKM, OMMUChIBAIOLLMIA KBAHTO-
Bble 3aKOHbI [IBV)KEHIS! 1 CBOMCTBA BELLECTBA B HaHOMacLUTa6e. [oBeaeHne 1 CBONCTBa
MHOTMX HaHOYaCTUL, U HAHOCTPYKTYP OMUCHIBAIOTCA 3aKOHAMU KBAHTOBOM MeXaHUKM.

Yuenble 0GHAPYKUJIM, YTO MHOTHE SIBJIEHUS] HAHOMUPA HE TIPOUCXO-
T B Makpomupe. VIMeHHO 110 9TO# mpuyYnHe HAaHOTEXHOJOTHN 3aXBaThl-
BafoT BooGpakenue. VccienoBanuss HAHOMUPA MOTYT TIPUBECTH K HOBBIM
YAUBUTENBHBIM OTKPBITUSIM.

Bot tunmunstit npumep u3 ¢pusuku 6nonornn. B cepeaune 1990-x rr.
MCCTeI0BATE N B3I KPOLICYHbIE MapUKN KBapia (Bemecrsa, I0X0Kero
Ha OGBIYHBINA HecoK) auameTpoM okoao 20—30 HM M HOKPBLIM UX €Ie
60Jiee MeJKUMU HIapuKkaMu 30s10Ta. [losydeHHYI0 CTPYKTYpPY, MOXOXKYIO
Ha KPYTJIOE TIeYeHbe, MMOKPBITOE MIOKOJIAJHON I1a3ypblo, Ha3BaIH HAHOO-
6osoukou (noapobHee oHa onucbiBaercsa B raase 10).

WsMeHsist auaMeTp siipa W TOJIIIMHY 30JI0TOIO TOKPBITUS, ydYeHbIe
CMOTJIU YJIOBUTH CBSI3b Pa3MEPOB C OTPA’KEHHBIM CBETOM, KOTOPBIA MOT
ObITb KPACHBIM, IYPIIYPHbIM UJU 3€JEHbIM.

[Ipu ompezneseHHOM COOTHOIIEHHH Pa3MepPOB sipa U IMOKPHITHS Ha-
HOOG0JIOYKA MOTJIA TOTJIONATh WH(PAKPACHOE M3JydeHue. ITOT Pe3yJib-
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TaT MO3BOJIU/ C/Ie/IaTh Ba)KHOE OTKPbITHE, TIOCKOAbKY MH(ppPaKpacHOe n3-
JIydeHue crocoGHO IIPOHMKATD B *KUBYIO TKaHb Ha TIyGUHY 0KoJ0 10 cM.
DTO OTKPBITHE A0 TOTYOK CO3AAHNIO HOBBIX MEAMIIMHCKIX TeXHOIOTHIT
(6omee TOAPOGHO MPUMEHeHIe HAHOTEXHOJOTHIT B Me[UITNHEe OIIChIBACT-
cs1 B riase 6).

Mpou3BoacTBo

HanoTexHOJI0TIHN TTO3BOJSAIOT UCIOJIH30BATh COBEPIIIEHHO HOBBIE CIIO-
co6bl TpoMbinLieHHoro npoussoactBa. C cepexunnl XX B. (u 1mo ceit
JIeHb) ISl CO3JaHHsl CBEPXMAJIbIX JJIEKTPUUYECKUX CXEM M MaTePHaJIOB
6bLJI0 HEOOXOJMMO TPUMEHSTh CBEPXTOYHbIE WHCTPYMEHTBI U CBEPXYHU-
cThle oMeltieHus. /laske cero/iHsI TIOJydYeHHbIE Pe3yJIbTaThl He Beeraa ab-
COJTIOTHO WI€QJTbHBI.

WHkeHepbl CTPEMUJINCH CO3/laBaTh KaK MOXHO OoJiee Jierkue u Obl-
CTPbl€ KOMIIBIOTEPBI ¢ MaKCUMAJIbHO OOJIBIION MOITHOCTHIO U 0GBEMOM
maMsTH. [[J1s1 3TOTO 10 CHX TTOP WCTIOIB3YETCS HUCXOOSAUUL TIOAXO/, WK
noaxoj ceepxy enu3 (top down): GOJBUION UCXOAHDBIA MaTepual pas-
6uBaeTcs Ha Bce 6osiee MeJiKie PPAarMeHThbl, KOTOPbIE CTAHOBSATCS YacCTs-
MU €IMHOTO MeXaHU3Ma. ITOT MOJX0J HAIOMUHAET PA6OTy TeHUATbHOTO
cKymbITOpa MuKesanmkeno byoHappoTw, KOTOPBINA /IS CO3MaHUS Iile-
JleBpa OTCEKaJl OT TJibIObl Mpamopa Bce Jiniinee. CoBpeMeHHbIE MUKPO-
TEeXHOJIOTUN [IeHICTBYIOT AHAJOTUYHO: HATIPUMED 3JEKTPUUYECKUE CXEMbI
CO3IAI0OTCA 3a CYET OTCEUYEHHSI BCETO JIMITHETO C TIOCTETIEHHBIM CO3/[aHheM
HY>KHOH CTPYKTYpBI.

HUCXOAALMIA U BOCXOAALLMA NOAXOADI

MHorue HaHOYACTHUIBI 1 MHKPOKAIICYJIbl T€HEPUPYIOTCSL 32 CUET Cd-
MOCOOPKU, TO €CTh HA OCHOBE CAMOOPTAaHM3AINK U (€3 TPSIMOTO BMeIIra-
TEJTbCTBA WHIKEHEPOB W YUEHBIX. IJTOT MOJAXOJ TOJYYNJ Ha3BaHUE 60C-
x00swezo, wi noaxona cuusy eeepx (bottom up). ATOMbI U MOJIEKYJIbI
€aMOCTOSITEJIbHO COOMPAIOTCSI B HAHOCTPYKTYPBI MO/ eficTBUEM XUMUUe-
CKMX U KaTaJIuTH4ecKNX peakinil. CoBpeMeHHble yuyeHble U MH>KEHEpPBI
MeuTaoT, 4ToObl B OyaylieM Bce KOMIIBIOTEPbI U JPYyrHe 3JIEKTPOHHBIE
pu6oOPH cOGMpaTIICh NMEHHO TakuM o6pa3oM. B takoM caryudae gaxe ca-
Mble MOTI[HbIe HAHOKOMIBIOTEPBI CMOTYT YMECTHTbCA Ha HOTOTKE MW3WH-
1a WK Ja’ke UMIUIAHTHPOBATHCS 0] KOXKY desoBeKa. Banr MoOMIIbHDIIH
tesedon Beerga 6yaer 6YKBaJAbHO MOJ PYKOIi!

CoBpeMeHHble KOMITBIOTEPDI CO3/IAI0TCST HA OCHOBE HUCX00Ue20 MO/
xona. Bce Gosee Menkue n Meskue geranu (poOpMUPYIOTCS C IIOMOIIBIO
CJIOKHBIX MaKpO- 1 MUKPOMHCTPYMEHTOB, XIMMUKAJWiA, MaGJ0HOB H T. TI. 61
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HoBble NpoAyKTbI

62

Hanorexunosnoruu pa6oraior yske ceityac. [IpoMbIlieHHOCTD BbIIly-
CKaeT MHOTHE TOBapbl ¢ HOBBIMH HAHOCBOMCTBaMU, KOTOPBIE IIPEBOCXO-
[T MpeskKHNe CBOMCTBA TeX ke MaTepuajoB. MaHUIYJIUPYs HEKOTOPBIMU
MaTepuaJaMu Ha MOJIEKYJSPHOM yPOBHE, y4€Hble CMOTJIU TIOBBICHTH WX
JTIOITOBEYHOCTD W TIPOYHOCTb.

Bol maske He mpejacTaBiigeTe, CKOMBKO TOBAPOB, KOTOPbIE TTPOU3BO-
JIITCST HA OCHOBE HAHOTEXHOJOTWH, YK€ HaXOAWTCS Ha TOJKAX COBpe-
MEeHHBIX Mara3nHoB. Hampumep, coBpeMeHHbBIe COTHIIE3AIlUTHBIE KPEMbI
yiKe He MOXOXKM Ha TNpekHue Ma3u 6esioro I1[BeTa, KOTOpble MPUAaBasIu
BCEM KYPOPTHHKAM Y KacHBII BH/ WHOITaHeTssH. CoBpeMeHHbIe GeciiBeT-
HbIe KPEMBI POIYCKAIOT BUAMMBINA CBET, HO MOTJIONIAIOT BPeIHOE yIbTPa-
duoneroBoe manyderne. OHU cofepsKaT HAHOYACTUIIBI JUOKCH/IA TUTAHA
U OKCHJAa IMHKA, KOTOpble 3(eKTUBHO OTpaskaioT yabTpaduoieToBoe
uznydenue. [IpuHiunm paGoTbl HOBBIX KPEMOB TOYHO TaKOW JKe, KaK U Y
NpesKHNX 6esTbIX Ma3eil, HO pa3Mep YacTHIl TeNepb CYNIeCTBEHHO MEHDIIIE,
U OHU HE3aMETHO BBITIOJHSIOT CBOIO PaboTy.

Jlpyrue mpuMephl HCMOIb30BAHNS HAHOMATEPUATIOB — HAHOYACTHUIIHI
KBapila B 3yOHBIX HAIMOJHUTESIX U HAHOBOJIOKHA B TPSI3€0TTAJTKUBAIOIIEN
tkanu Nanopants. Kommnanus NanoTex paspa6orana TeXHOJIOTHIO CO3/1a-
HUS TPsA3eoTTaJKuBamoIell TkaHn Nanopants Ha OCHOBe TIOKPBITHS U3 Ha-
HOBOJIOKOH, KOTOpbIE He TIOTJIONAIOT Tpsi3b. Temepnb 6osiee 80 TeKCTUIID-
HBbIX (HaGPHUK UCMOJNB3YIOT TeXHOJorHI0 Nanopants /st co3/[aHusT HOBBIX
TKaHel I 0/le3KIbl M OOMBKU MSATKOU MeGesIn.

[IpeumyiiecTBo HOBOI rpg3eoTTankuBamolnieil Tkanu Nanopants 3a-
KJII0YaeTcss B TOM, YTO IIOCJIE CIeIHaJbHON 0O6paGoTKM B HaHOMacHiTabe
TKaHb CTAaHOBUTCS ruIpoo6HOIT U TpsideoTTaIKUBaoIIeli. Bmecto Tpaau-
IIMOHHOTO HUCXOMSIIETO TOJAX0/1a, TO €CTb YJaJeHUs MaKPOCKOINYECKUX
NATEH, UCIIOJb3YETCS BOCXOJANIUI MOAXO0/, TO €CTb MATHA yAJSIOTCS
eIlle Ha JTale WX TMOSBJeHUs. BrosiHe BO3MOXKHO, 4TO BCKOpPE HAHOIIO-
KPBITUS ¥ HAHOTEXHOJOTUU JOUIYT JI0 TAKOH CTETIeHN COBEPIEHCTBA, UTO
OTHaJIeT HAJOOHOCTh B CTUPAJIBHBIX MAITUHAX.

Eite omuu HOBBIN TOBap GBITOBOW XWUMHHM TO3BOJISIET YIIPOCTUTH TIPO-
I[ECC MBITbSI CTeKOJ. B HOBOI CTEKJIOOYNCTUTENbHON SKUAKOCTH MCIOJb-
3YIOTCST HAHOYACTHIIB JAMOKCH/IA TUTAaHA, KOTOPbIE YK€ M3BECTHBI HaM
KaK KOMIIOHEHT COJIHIIE3aNTUTHBIX KpeMoB. /[Mokcuia TuTaHa yCKOpSET
pacraji OpraHuvYeCKUX MaTepHajioB, CIOCOOCTBYSI Pa3pylIeHHI0 U CO-
CKAJTb3bIBAHUIO T'PSI3U C OKOH M JIPYTUX BEPTUKAJbHBIX TJIAKAX MOBEPX-
Hocteli. OKHa, BeTPOBbIE U YBEJIMUUTEIbHbBIE CTEKJA TOC/e ClelUaabHON



ITIABA' 3 Y10 0CO6EHHOr0 B HAHOMUPE

HaHOOOPAGOTKH MOTYT CTaTh CaMOOYMIIAOIUMICI. Tenepb y 10MOX034-
ek Gyzer 6oJibllie BPEMEHU JIJisi IPOCMOTPA CEPUANIOB, 3aHSTHI CIIOPTOM
1 Tene(OHHBIX Pa3TOBOPOB C MOJAPYKKaMu!

Hanomacmita6uble TeXHOJOrHH OOPAaGOTKU MOBEPXHOCTEN IO3BOJISI-
IOT CO3/1aBaTh TOBAPBI C YJIYUYNIEHHBIMA MEXaHWUYECKUMU, TEPMUYECKUMU,
OMOJIOTHYECKUMU, 3JEKTPOHHBIMH, ONTUYECKUMU U XUMHUYECKUMH CBON-
crBaMu. Huske 1iepednc/ieHbl HEKOTOPbIE MEPCHEKTUBHbBIE OOGJACTH WX
[IPUMEHEH NS :

® 3AM[UTa OT M3HOCA UHCTPYMEHTOB M MAIIWH;

® zamMTa MATKUX MarepuasoB (Hampumep, NMOJMMEPHBIX, JAE€PEBSIH-

HBIX ¥ TEKCTUJIbHBIX);

® aHTHBaH/aJbHbIe U HEOOPACTAIONINE TTOKPBITHS;
CaAMOOYMIIAONINECS TTOBEPXHOCTHBIE TIJIEHKW JIJIST TEKCTUJIST U Ke-
pPaMUKU;

AHTUKOPPO3UITHAS 3aIUTA /IJIT UHCTPYMEHTOB ¥ MAIlIWH;
TEPMOCTOMKNE TTOKPBITHS JiJis TypOUH U J[BUTATEJIEl;
TEPMOU3OJISAIUSA 711 060PYAOBAHUS W CTPOUTENbHBIX MaTEPHAJIOB;
OMOJIOTHYECKU COBMECTUMbBIE UMILIAHTAHTBI;

aHTHOAKTEPUAJIbHBIE MEIUIIMHCKIE MaTepUaJbl U HHCTPYMEHThI;
CBEPXTOHKME KOMIIOHEHTbI JIJisi TPAH3UCTOPOB;
MarHUTOPE3UCTUBHbBIE CEHCOPbI U 3JIEMEHTDI TTaMSITH;

g oTOXpOMHDBIE ¥ AJEKTPOXPOMHBIE OKHA;

aHTUOJUKOBBIE 3KPAHbI;

6oJjiee a(peKTUBHBIE COJIHEUHbIE OaTapen.

HAHOBOThI

Jlerko MokHO Boo6OPasuTh cebe pazHooOpa3Hbie BO3MOKHOCTH CO3AAHIS
HOBBIX MaTepUaJIOB HA ATOMAPHOM yYPOBHE, OJJHAKO MHOTHE TPOEKTHI MPHUH-
IIUIIATHHO HEBO3MOXKHO peasn3oBaTb. OMUH WX TakuX (DAHTACTUYECKUX
IIPOEKTOB OCHOBAH Ha WCIIOJb30BAaHUKM HAHOMACIITAOHBIX POOOTOB, WJIH
narnobomos. Hano6orer (M MOJEKy/ISpPHBIE MOHTaKHUKN) YK€ yCIIEIn
CTaTh OTPUIATEIbHBIMU TIEPCOHAZKAMU HEKOTOPBIX (DAHTACTUYECKUX CIIe-
HapHeB, OIMCAHHBIX MOIYJSPU3ATOPOM HAHOTEXHOJOTHIT JpuKoM Jlpek-
caepom (Eric Drexler) B cBoeii kHure «Mammnbl cosumanusi>! (Engines
of Creature). On onmcas, Kak HaHOGOTbI MOIYT CTaThb <CEPOil CJIM3bIO»
(gray goo), moxupaionieil Bcex o6uratesneii Beenennoit. (B nione 2004 r.
B :xypHasie Nature Ipuk Jlpekciep MpU3HAJCS, 4YTO Jiydiiie Obl HUKOTIA

' Ha pycckoM s3bIke KHHUTAQ O(HUIMATIBLHO He H3/aBajach, HO IEPEBOJL
MOJKHO JieTKo Haiitu B Untepuere. — Ilpum. ped.
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He YIIOMUHAJ O «cepoii causu»!) Elie ouH NOMy/isipHblii aBTOp Hay4HO-
(danracTnyeckux Tpuiaepos, Maiikn Kpaiiron (Michael Crichton), onmcan
BO3MOKHYIO YIPO3y OT HaHOGOTOB B cBoeil kuure «Poii» (Prey). ABTopbI
JIEIeBbIX KOMUKCOB YacTO N300PajKaoT, KaK Cyleprepou CPasKalTcs ¢ UHO-
TUTAHETSTHAMU, O6JIa/IAloIUMIA HAHOTEXHOJOTUYECKUM OPY3KUEM MacCOBOTO
MOpakeHns, KOTOPOe TPO3UT YHUUTOKUTD 3eMJTI0 MM BCIo Beeennyio.

[lo6aBbTe K 9TOMY TIOIHATBIN B Ipecce MyM B OTHOIIEHUH BO3MOXKHON
YIPO3BbI OT BHeJpeHUs HaHoTexHoJorwi. C BOJHON HeraTWBHOHN WHOOP-
Mali¥ TPY/IHO CIIPABUTLCS, JAaKe TPUBOS apryMEHTbI, YTO Peanu3alusi
MHOI'MX CIl€HAPHEB HEBO3MOXKHA, IIPOCTO TIOTOMY YTO OHU IPOTUBOpPEYAT
3akoHaM npupobl. Ho, kKak aTo yacTo 6b1BaeT ¢ HayYHO-PaHTACTHYECKUMU
NPOM3BEJIEHUSIMU, HAYKA B HUX MOPOU BbITECHSETCST (DAHTACTUKOM.

[leiicTBUTEIbHO, HAHOOOTHI MMEIOT TaKie KPOIIeYHble Pa3Mepbhl, 4TO
MIPOCTO HE MOTYT JIBUTAThCS JOCTaTOYHO OBICTPO WUJHU TOJBKO B OIpejie-
JleHHoM Hanpasienuu. OHu He 006J1a1aI0T COOCTBEHHBIMU MCTOYHUKAMU
SHEpPruM, KOTOpble NMo3BOMIN Obl UM (DYHKIMOHUPOBATH MOJ0O6HO 6HO-
JIOTHYeCKUM opranu3MaM. Bosiee Toro, HaHOGOTHI U3 OPTaHWYECKUX MO-
JIEKYJI CAMU MOTYT CTaTh JA00bIUeil 0ObIYHbIX OakTepuil U rpu6OKoB. Ecin
6bl HAHOGOTBI MOTJTH CaMOBOCITPOM3BOJMTLCS U3 HEOPraHMYECKOTO MaTe-
puasa (HanpuMep, CKaJbHBIX IIOPOJ), HA TAKOH CHHTE3 YILIO ObI BCE UX
BpEMSI, 9HEPTUS U JPYTHe PECYPCHI.

IKcnepthl B 06acT nHPOpMaTHKY JI00AT TOPAHTA3MPOBATH HA TEMY
BOOOpPaskaeMoll MpoTrpaMMbl JEWCTBUI, KOTOpas MorJja Obl TIOMOYb TIpe-
OJIOJIETH AT TPYAHOCTH. Takas mporpaMMa moMorsa 661 KOHTPOJNPOBAThH
pacxo/l PecypcoB, MpuyYeM Ja’ke ¢ OTKJIIOUEHNEM MUTaHNus, OOHOBJIEHUEM
3HAYEHUN U MMOMCKOM HEOOXOAUMBIX PECYPCOB. JTO J0BOJBHO 3a0aBHOE
3aHsITHE, HO PEATHHOCTH OYEHDb OTJIUYAETCS OT (DAHTACTUYECKUX MUCTOPUIL
B ayxe «nokopenus [lukoro 3amajay» HaHo60TaMu.

Cepbe3Hble ydeHble, HalpuMep YyiKe YIOMSHYTBbI panee Puvapn
Cmosn m Mapk Paruep, mpodeccop xumun B CeBepo-3amagHoM YHH-
sepcurere (CIITA), naypear DeliHMAHOBCKOI NPEMUU 3a UCC/IEOBAHUS
B o6sacty Ha"noTexHosoruii 3a 2001 rozx, CKenTUYEeCKU OTHOCATCS K Ujee
BO3MOKHOT'O UCII0JIb30BaHMS HAHO60TOB. CMOJIIIN CUUTAET, YTO HAHOOOTAM
norpeGyercst 4y/JOBUII[HO OIPOMHOE BPEMs [IJIsl CO3/IaHUsI MAKPOCKOITnYe-
ckoro o6bekTa. CieyeT HATOMHUTD, YTO pa3Mep aToMa paBeH MPUMEPHO
OJTHOW MWJIIMAPHON MeTpa, a MOTOMY /ISt COOPKU MAaKPOCKOIHYECKOTO
00beKTa NOTPeOYETCsT TPOCTO HEBEPOSTHOE KOJIUYECTBO aTOMOB. YYeHbIe
JIOGSIT TIPUBOMTD TAKOU HPUMEP: i COOPKH aTOM-32-aTOMOM OJIHOTO
MUJIMJIUTPA BOJBI MOTPe6OBAJIOCH ObI CTOJIBKO JKE OIepaliuii, CKOJIbKO
JUIST BbIUEpIIbIBaHUS THXOro oKeaHa ¢ MOMOIIbIO YallHOH JIOJKKMU.



ITIABA' 3 Y10 0CcO6EHHOr0 B HAHOMUPE

KOHTPOJIbHBIE BOIPOCHI

1. HpI/I U3MEHEHUUN [AuaMeTpa dA/ipa U TOJIUHBI 30J0TOr0 CJOA Yy Ha-
HOOGOJIOUKN MEHSIETCS:

(a) mosb3a;
(6) user;
(B) zamnax;
(r) ysop.

2. Caxa, KOKC W aKTMBUPOBAHHBIN YyTOab — 3TO (DOPMBI:

(a) cBuHIIA;

(6) asora;

(B) pryru;

(r) amopdnoro yraepoza.

3. CpeaHeBeKoBbie CTEKJIOAYBbI MBITAJIUCH HAWTU HOBbIE CIIOCOOBI OKPa-
IINBAHUA CTEKOJI, U3MEHSASA CBOICTBA:

(a) onoBa;
(6) kanug;
(B) 3070TA;
(r) xemnesa.

4. Camoc6opKa MUKPOKAIICYJI M JPYTUX HAHOYACTHI] BBINOJIHIETCS:
(a) cBepxy BHUS;
(6) cHusy BBEpX;
(B) c6oKy;
(r) BIOMB OCH 7.

9. Ha#norexHoJsorus mossoJser co3laBaTb MaTepuaJibl Ha OCHOBE!:

(a) orpoOMHBIX TPaHUTHBIX OJIOKOB;
(6) aToMOB U MOJIEKYT;

(B) mecka;

(r) MeTeopuTOoB.

6. Kakune HanoMarepuaJbl eJal0T U3 KPEMHMS, METAJJIOB, TIOJYTIPOBO/I-
HHUKOB M M30JISSTOPOB?

(a) HanocrepkHY;

(6) cKyJIBITYPBI;

(B) HAHOKOHEYHOCTH;

(r) ypaHOBbIE CTEPKHH. 65
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7.

10.

Ha kakoM MecTe 1O PaclpOCTPaHEHHOCTH B HPUPOJE HAXOUTCS
yriepon?

(a) BTOpOM;

(6) gerBepTOM;

(B) mmrecToM;

(1) mocnenHeM.

Hamno6ot He mpezacrasisier co6oii:

(a) danrasuio nucareei;

(6) omubKy, 0 KOTOPOIi KaTeeT Dpuk [pekcaep;

(B) 06BEKT, KOTOPBIH TPYAHO CO3/aTh U 3allPOrPAMMUPOBATD;
(r) peasibHyIO yIpo3y BCEMYy 4eJIOBEYECTRBY.

Kgsapiiesoie mapuku guamerpoM 20—30 HM ¢ 30J10T0# 060JI0YKOI Ha-
3bIBAIOTC:

(a) nanomapukamu;

(6) somotbivMu r0GyCaMu;
(B) HaHOOGOIOYKAMY;

(r) nanoremem.

[Toaxoa, mpu KOTOPOM HCXOAHBIN Marepuas paséuBaercs Ha 6oJiee
Mesikue OparMeHTbl, CTAHOBSIIIMECS YaCTSMU GOJIBIIOTO MEXaHU3MA,
HA3BIBAETCST:

(a) BOCXOMSIINM;
(6) TpynoeMkum;
(B) HUCXOIAIINM;
(T) 5KOHOMUYECKHU BBITOHBIM.



[naBsa 4
HaHOMHCTPYMEHTDI

B cepunanax Star Trek («3Be3aubiii myth») n Star Wars («3Be3auble
BOWHBI») IOJHO 320aBHBIX MEPCOHAKEH ¢ HEOOBIMHBIM BHEITHUM BHIOM,
Hanpumep Bykn u Kinnronst. CoBpeMeHHbBIE TeJECKOIbI IIO3BOJIAIOT HaM
3arITHYTh Ty/a, Ky/Ja IPesK/Ie MOIJIO A06paThCst TOJAbKO BOOGPasKeHHe.

Q KnuHrousl (Klingons) — 310 BbIMbILLIEHHAA UHOMMAHETHas LWBUAM3aLmMs ryMaHongos-

BOWHOB M3 Hay4HO-(DaHTacTU4ecKON BceneHHoW cepuana «3Be3fHblit NyTb». A Byku
(Wookiee) — 3T0 BbIMbILLIEHHAA paca NOKPbITbIX BONOCAMM 1 HAMOMUHAIOLLNX 3EMHBIX
06€3bsIH 'yMaHOUA0B 13 ceprana «3Be3fAHble BOWHbI».

[Tpexxme HeOCTYTHBIE 3BE3/IBI, TIJIAHETHI U He3eMHbIe TaHAImadThHI Te-
nepb THIATENbHO M3y4aloTcsi pa3Hoo6pasHbiMu Metogamu. CoBpeMeHHbIe
y4eHble aHATM3UPYIOT BCE — OT CTPYKTYPbI arMOCQepPbI 10 XUMHYECKOTO
cocTaBa I'pyHTa.

OmHako coBpeMeHHbIe OTKPBITUS TTPOUCXO/IAT HE TOJbKO B OTKPBITOM
KocMoce, HO U Ha 3emuie. TeXHOJOTUN COBEPIIEHCTBYIOTCS TaK OBICTPO,
YTO Telepb Y4yeHble MOTYT BU/IETb U AaHAJU3UPOBATb HE TOJbKO OYEHb
JlaJieKre ¥ KPyNHble OGBEKThI, HO ¥ OUeHb GJU3KUE U YPE3BbIYANHO MeJi-
kue. CTpaHHbIe U Tpek/e HeAOCTyITHble MUKPOMUPBI Telepb HaXOJSITCS
B 30HE 0COO0TO BHUMAHMS.

HawnorexHosoruu Kak 06J1acTh MEXKUCIUIITMHAPHBIX 3aHSATHI YUEHbIX,
WHXXEHEPOB U Aaske (PUHAHCUCTOB TOSBUINCH HE <«B OJWH TPEKPACHBIH
nerby. Kak 310 yacto ObIBa€T CO MHOTUMU CEHCAI[HOHHBIMU OTKPBITHSIMHU,
MOSIBJIEHUIO HAHOTEXHOJIOTUH TIPeIIIIeCTBOBAIN JOJTHE TOAbl MHTEHCUBHBIX
WCCIeIOBAaHUI 1 OTKPBLITHI HOBBIX MHCTPYMEHTOB, KOTODbIE JIETJIN B OCHO-
BY 3TOT0 HOBOTO HAIIPABJIEHUS YeJIOBEYECKON AesITeJbHOCTH.

WHCTPYMEHTbI ANd HOBbIX OTKPbITHA

YueHble TPOILIBIX BEKOB BIIEPBble OOHAPYKUJIN OGAKTEPUU C TTOMO-
N[bI0 OOGBIYHOTO ONTHYECKOTO MHUKPOCKOIA € THIATEJIBHO OTHOJUPOBAH- 67
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HbiMU JinH3aMu. CoBpeMeHHble yueHble it PaboTbl ¢ HaHOOObEKTaMU
UCHOJIb3YIOT TOPa3fo 6oJiee MOIHbIE U CJIOXKHbIE UHCTPYMEHTHI. [J1a3
YyesoBeKa crocobeH PasT/saAeTh JeTanu BeanduHoi He MeHee 0,1 MM Ha
pPacCTOSTHUM OKOJIO 25 ¢M OT rya3. Utobbl yBujserb 6osiee MejKue mpej-
MEeTbI, HY>KHO UCIIOJTb30BaTh MIUKPOCKOII.

OO6bIuHbIE ONTHYECKNE MHUKPOCKOMBI HEIOCTATOYHO CUJIBHBI, UTOOBI
C WX MOMOIIBI0 MOXKHO ObLIO paccMaTpuBarb MoJieKyJibl. [IpesesnbHoe
yBeJUYeHNe ONTUYeCKNX MUKpockomoB — okoso 1000 pas; ¢ mx mo-
MOIIIBI0 MOKHO Pa3TJsijieTh AeTanu BeawdnHoil He meHee 200 mm. /Jlas
uzydyenusi 6ojee MeJKIMX OOBEKTOB y4YeHbIE MCIIOJIb3YIOT HE CBET, a AJIEK-
TpoHbI. VIMEHHO 3JIEKTPOHHBIE MHKPOCKOIIBI TIO3BOJISTIOT PacCMaTpPUBATh
caMble KpOIIeYHble 0OBEKTHI.

é YBenu4eHne MUKPOCKONa — 370 BeNMYMHA, KOTOPAs YKa3blBaeT, BO CKOJbKO pa3 60Mb-
LLIe BbIMMAAUT U306PAKEHNE N3Y4aeMOoro 06beKTa No CPaBHEHWIO C ero peanbHbIM pas-
MepoM.

[lns BbIGOpa THIIA MUKPOCKOTIA GOJIbIIIOE 3HAYEHWE MMEET HECKOJIb-
KO (baKTOpOB, BKJIOYAs, HANPUMEP, CIOCOOGHOCTb M3y4aeMOro O6BeKTa
U3nyvaTh (payopecuenmuuiyi cser (TO ecTb CBET C ONpeeJeHHON [Ii-
HOI BOJIHBI), IMPOBOJMTH 3JEKTPHYECKHI TOK MM MMETh OPraHMYeCcKYIo

CTPYKTYDY.

JNEKTPOHHBINA MUKPOCKON

Jist u3ydeHns CBOWCTB HAHOOGBEKTOB YUEHBIE NCTIOIb3YTOT AJIEKTPOH-
Hble MUKPOCKOTIBI PAa3HbIX THTIOB:
* CKaHUPYIOIIMI 9JIeKTPOHHBIE Mukpockon (scanning electron
microscope), uan COM (SEM);
* IIPOCBEYMBAIOIINIT 2JIeKTPOHHBII MuKpockon (transmission electron
microscope), uau [I9M (TEM);
* aHAJUTHYECKUH aJeKTpoHHbIH Mukpockon (analytical electron
microscope), umm AOM (AEM).
Ha BbI6Op OHOTO M3 3TUX MHCTPYMEHTOB JJIA M3YUYE€HUST HAHOOODbEK-
Ta BJMSET HECKOMBbKO (haKTOPOB, BKJIOUAST MPUPOAY HAHOOOBEKTA U WH-
TEPECYIOINe YUYEHOTO MapaMeTphl.

Qanempouubm MWKPOCKON [aeT BO3MOXHOCTb MOJy4aTb CUbHO YBEJINYEHHOE

n3obpaxkeHne 06BLEKTOB, [N OCBELEHWS KOTOPbIX WCMONb3YHTCH 3MEKTPOHbI.
HekoTopble 9MEKTPOHHbIE MUKPOCKOMbI MO3BOMAKT YBENAN4YNBATL M306paxeHune
B 2 MIH pas.



ITIABA 4 HaHOMHCTPYMEHT®!

CKAHUPYHOLLMIA ANEKTPOHHbIA MIIKPOCKOM (CAM)

B COM ¢oxycnpoBanHbIfl NMy40K 3JIEKTPOHOB HWCIOJb3YeTCS [
CKaHUPOBAHUS TIOBEPXHOCTH TOHKUX M TOJCTBIX 06pasiioB. [lomyuennbie
CHUMKH JQI0T BU3YaJbHOE MPE/ICTaBIeHIE O TPEXMEPHOI CTPYKTYpe U3Yy-
yaeMoro o0bekTa. VTorosoe m300paskeHue CKJIAAbIBAETCS U3 TOYeK, I10-
JIy4eHHBIX 6J1aroiapsi 1moc/ie/JoBaTeIbHOMY CKaHMPOBAHMIO MHOTHX MeCT
MOBEPXHOCTU M3y4aeMOro OObeKTA.

Ha pucynxke 4.1 moxka3aHbl HEKOTOPbIe OCHOBHBIE KOMIOHEHTBI COM.

WcTouHnk nyuka

SN1EKTPOHOB \
\I

BakyymHas
-——  KONIOHHa

KOHREHCI/IpyIOIJ.l,aFl
JINH3a

OTKnoHAwWMe
KaTyLWKN

O6beKTUBHaA
NNH3a

O6beKT nccnefoBaHnA

9 O
e HetekTop
AR A AR A

nyciunutenb

B N

Puc. 4.1. Tpunnun paGoTbl 3JIEKTPOHHOTO MHUKPOCKOIA

COM obecneunBaer ypeaunuenue or 10 mo 100 000, uyro mO3BOJIS-
€T paccMaTpuBaTh JletTain o6bekTa BemununHoi g0 5—10 um. Hekoropbie
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HanboJiee MOIIHbIE COBPEMEHHbIE MHCTPYMEHTBI CIIOCOOHDBI YBEJUYUBATH
06bexT B 1 000 000 pas ¢ paspemienueM okoyio 1 HM.

é Paspeluenue — cnoco6HOCTb ONTMYECKOro Npuéopa U3mepsaTb paccTosHWE WU yron
Mexny 6/IM3KNMN 0ObEKTaMU.

DoTtorpaduio MOKHO yBEJUIUTH C TIOMOIIHIO0 YPE3BLIYANHO MOTTHBIX
JINH3, HO HOBBIX JleTajiell Ha Hell oOHapyKkuthb He yaacrcs. [leno B Tow,
YTO YBeJIMYEHUE YIKe MOJYYEHHOTO U300PaKEHNsI He TIPUBOJUT K YBEJU-
YEHUIO pa3pelieHus.

Paspewarowas cnocobHocmy ONTHIECKOTO MEKPOCKOTIA OTPAHUYHBA-
ercst 0UHOU 601HbL cBeta, Juppakiyuel (CTENEHbI0 OTKJIOHEHUS CBETA)
u anepmypoti (BeMUMHOI OTBepPCTUsI OOBEKTHBA).

Q Pa3pewatowas cnoco6HOCTb — 370 Mepa CMOCOGHOCTY MIMH3bI U ONTUHECKON CUCTE-
Mbl NOKa3bIBaTh Pa3feNibHO 6/IM3KO PACNONOXKEHHbIE 0ObEKTHI.

YepHo-6esble n3o6paskeHus Ha 9kpanax MouutopoB CIOM mpescras-
JISTIOT UCCJIE/IyeMbIil OOBEKT, TIpudeM G0Jiee CBETJIbIE MECTA COOTBETCTBYIOT
6OJIbIIIEMY KOJIMYECTBY OTPAXKEHHBIX 3JIEKTPOHOB, a MEHee CBETJble —
MEHbIIEMY.

O6bruno o6pasiel B COM m3yyaioT B ycJoBUSX BakyyMa. UToObr
OHU He CXKUMAJUCHh U He U3MeHsIu (GOpMY MOJ[ JeCTBUEM BAKyyMa, UX
HYKHO TIATEJbHO TOATOTOBUTH. DBuojorndyeckue o6pasiibl BBICYNTHBA-
0T ¥ TIOKPBIBAIOT TJIEHKOW, YTOObI OHM HE CheXWBATHCH. [loCKOJIbKY
uzo6packenre 8 COM dhopMuUpyeTcst ¢ MOMOIIbIO 3JEKTPOHOB, 06pa3Iibl
JIOJKHBI TIPOBOJIUTD 3JeKTpuueckuii Tok. Ha o6pa3sell, ycTaHOBJIEHHBII
Ha CHelnuaJbHON TardgopMe, HANBLISIOT OYEHb TOHKWI CJIOW MeTaslia,
4TOOBI CO3/IaTh HA HEM TPOBOJSIINI TOBEPXHOCTHBIH CJIOA.

[Tocne oTKaYKM BO3AyXa U3 MUKPOCKOIA MCTOYHWK IMOCBLIAET TTYYOK
9JIEKTPOHOB BBICOKOW SHEPIHH Yepe3 Psiji MAarHUTHBIX JTHH3, KOTOpble (ho-
KyCHPYIOT €TO B OJHOH TOUKe.

Ha6op orkjonsomux Katyuek (cM. puc. 4.1) nepemernaer ¢pokycu-
POBAHHDIN MTyYOK BIiepe/-HAa3a/l, CKAHUPYS TaKUM 06pa3oM IOBEPXHOCTD
o6pasia. IIydok 37eKTPOHOB momajiaeT HA o6pasell U BbIOMBAET J[pyrue
9JIEKTPOHBI 13 06paslla WM ero IPOBOSIIEro MOKPbITHS. /[leTekTop
yJIaBINBAET OTPA’KEHHBIE U BBIOUTHIE 3JIEKTPOHDI M TIEPEIAeT CUTHAJ YCH-
gutenio. [locse ycuieHusi CUrHAIBI OT BCEX CKAHMPOBAHHBIX YYaCTKOB
MoBepXHOCTH o6pasiia co6upaioTcs BMECTe U OTOOPAKAIOTCS Ha 9KpaHe
MOHUTOPA.
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MPOCBEYMBAIOLLIA SNEKTPOHHBIA MIUKPOCKOM (N3M)

B ormmume or CIOM, KOTOPBIH cliocO6EH aHATM3NPOBATH TOJBKO TO-
BepxHOCTb 06bekTa, [IOM Mosker 3arsisinyTh BHYTPb o6pasiia. [llupokuii
IYYOK 3JIeKTPOHOB IIPOXOJUT CKBO3b TOHKWII o06pasel] u oO6pasyer Kap-
TUHKY €r0o BHyTpeHHero crpoeHusi. Ilydok asexrponos B I1I9OM dokycu-
pyercsi ¢ TOMOIILI0 MAarHUTHBIX JIMH3, KaK CBET B ONTUYECKOM MUKPOCKO-
e POKyCUPYETCs C TOMOIIBIO CTEKISHHBIX JINH3.

I[IOM moxox Ha OOBIYHBIH ONTHYECKUNH MUKPOCKOII, MOCKOJbKY OH
MOJKeT TIPOCBEYMBATL TOJHKO O4YeHb TOHKHe oOpasipl. [Ipwmuem Ha 1M0-
JIydeHHOM u306paskeHun 6oJjiee TEMHbIE MECTa COOTBETCTBYIOT GOJIbIIEMY
HOTJIONEHUIO 3JIEKTPOHOB, a MeHee TeMHble — MeHblieMy. MHorue 610-
JIOTHYECKIe OOBEKTBI COCTOAT W3 yTJEPoJa, a3oTa, KHUCJOPoAa M BOJO-
poaa. Il1oTHOCTD X KOMIIOHEHTOB HE HACTOJBKO OTJIMYAETCS, YTOOBI WX
MOKHO ObLIO Pa3myuTh ¢ momomipio [I9M. B takux ciyuasgx 6uoJoru
C TIOMOTI[BIO CHENUATbHBIX XUMIUECKUX MPOIeyp A06aBISIIOT B 06pasell
KPacKy C aTOMaMHM TSDKEJIbIX MeTAJJIOB, KOTOPbIE CBSI3bIBAIOTCS C OIpe/ie-
JIEHHBIMM aTOMaMHU U MOJIEKyJIaMH ¥ 00pa3yloT YeTKoe U300paskeHue.

C nomomnrwio II9M moskHO paccmarpuBath 06beKThI, B 1000 pa3 MeHb-
nive, yeM OObeKTbI, JOCTYITHbIE /IS TPOCMOTPA € MOMOIIBIO OIITHYECKOTO
mukpockona, 1 B 500 000 pa3 MeHbIne, 4eM HEBOOPY>KEHHBIM TJIA30M.
Paspemenue I[19M pasuo npumepso 0,1—0,2 am. ViMerHO Ha TakOM pac-
CTOSIHUM JIPYT OT JIpPyTra HaXO/STCSl aTOMbI B TBEP/bIX TeJIaxX.

IIpocBeunBalonie 3JeKTPOHHBIE MHUKDPOCKOIDBI C IYYKaMH BBICOKHX
AHEPTUIl NCIOIB3YIOT /I aHAIN3a CBEPXMAJIBIX HAHOOOBEKTOB M M3y4e-
HUS UX CBOUCTB:
pasMepa u GOpMHI;

BHYTDEHHEN CTPYKTYPBI U €e CI0KHOCTH;

COCTaBa;

YIIOPSIZIOUEHHST aTOMOB U MOJIEKY.I;

dbusuueckux cBoiicT (TeMeparypbl MIABICHUS, TBEPAOCTH, TPOY-
HOCTH, MPOBOJMMOCTH, PEAKTHBHOCTH).

CoBpeMeHHbIE yueHble CIIOCOOHBI BUIETh ropasfo 6osbiie, yeM [yk,
JleBeHTyK M X coBpeMeHHUKH. Tenepb MOXKHO 3arJisiHyTb BHYTPb KJeT-
KM, XpPOMOCOMBI, 6eJiKa, OTAETbHBIX MOJIEKYJ U Jaxke aTOMOB.

AHATINTUYECKIIA 3NEKTPOHHDBIA MUKPOCKOM (A3M)

BosmoskHOoCTB ucc/ie1oBaTtb CTpYKTYpy Marepuajia U €ero XuMn4ecKue
XapPaKTEPUCTUKU ABJIAETCSA BaKHBIM YyCJOBUEM 6y,ZIyI_I_II/IX yClexoB HaHO-
HaYKN U HaHOTEXHOJIOTHUU. [IJIH 9TOTO0 HYKHO HCIIOJbH30BaTh BCE UME-
Io1muecd MeTo/bl NCCJAe/JOBaHNA HOBBIX MaTepUaJioB.

n
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[IOM BMecTe ¢ TaKUMU aHATUTUYECKUMU WHCTPYMEHTAMM, KaK PEHT-
FE€HOBCKMII M 3JEKTPOHHBIN CIEKTPOMETP, YacTO HA3bIBAIOT aHAJIUTHYE-
CKUM 3JIEKTPOHHBIM MHKPOCKOIOM. C €ro moMompbio MOKHO aHaJIU3UPO-
BaTh PEHTI€HOBCKOE M3JyYeHUE, KOTOPOE BO3HMKAET MPHU CTOJKHOBEHUU
9JIEKTPOHOB C aToMaMu o6pa3slia, a TakyKe MMOTePH SHEPTHH TIPH MPOX0K-
JIEHUU 3JIEKTPOHOB CKBO3b 0Opasell. Tak MOKHO OOGHAPYKUTH PAZHUILY
MeXIy aToMaMU YTJaepoJa W a30oTa, a TaKyKe MeXIy aToMaMU JKeje3a
W HUKEJSI, OYeHb TOYHO OIpEJIe/isis COCTaB MaTepuasa.

C momompio ADM ompejenutb HE TOABKO pasMmepbl (BILIOTH [0
0,1 HM), HO ¥ XUMHUYECKHUil COCTAB, THI MOJIEKYJISIPHBIX CBSI3€d U 9JIEK-
TPUYECKYIO TTPOBOAUMOCTD 06pa3iia, TO €CThb MOJYYHUTb MOJPOOHYIO WH-
dopmanuio o GU3MUECKNX U XUMUYECKUX CBOICTBaX Marepuasa o6pasiia
1 €ro KOMIIOHEHTOB.

ADM mMWPOKO WCMOTL3yeTCd JJsl M3YyYeHUS HOBBIX MATEepUAJIOB
U CTPYKTYP: «YMHBIX» MOKPBITHI, TOIJUBHBIX 3JI€MEHTOB, MArHUTHBIX
HAHOCTPYKTYP, MOJYIPOBOJHUKOBBIX KBAaHTOBBIX TOYEK ¥ T. 1. [lyis atux
NPWJIOKEHW TpebyeTcss TOYHO 3HATH TOJIOKEHHWE aTOMOB Ha TIOBEPXHO-
CTSIX, TPAHUIIAX U BO3MOXKHBIX /le(peKTaxX CTPYKTYPHI.

CKAHUPYIOLUUE 30HAO0BLIE MUKPOCKOIbI (C3M)

Ckanupyionue 30H10Bble MUKpockonbl (C3M) ucnosb3yiores s
U3Yy4YEeHUS TIOBEPXHOCTH MaTeprajoB Ha aTOMapHOM ypoBHe. OHU MMEIOT
3a0CTPEHHYIO UIJTy — 30H], KOTOPBIH OTCJEKUBAET U 3aNMCHIBAET MEJIb-
yaiiimne W3MEHEHWS CBONCTB TIOBEPXHOCTH M3y4aeMOro o6beKTa. 30H[
CKAHUPYET MOBEPXHOCTb 00pa3iia, KaK MapCOXOJ, 3aMUChIBas TEKYIIYIO
BBICOTY, IPOBOAMMOCTD U jipyrue cBoiictBa. C3M paboraer Kak crapuH-
HBII rpaMMO(OH € METAINYECKOU UTOJIKOM, KOTOpast IIOBTOPsieT OYyropKu
U BIQ/IMHBI 3BYKOBOI JIOPOKKK TPAaMMO()OHHON MJIACTUHKU M TEM CaMbIM
BOCIIPOM3BOJINT 3aITMCh HA TJIACTUHKE.

Menpuaiinme ABMXEHWUS 30HIA BBEPX M BHU3 (PUKCHUPYIOTCS Ja3ep-
HBIM JIy9OM, KOTOPBIH OTpa’kaeTcs OT 30Ha W HepejaeT Bce ero BUOpa-
IIUU ONTHYECKOMY JETEKTOPY. AHAJIOIMYHO MOXKHO U3MEDPUTH PABHUILY
MOTEHINATIOB W 3JIEKTPUYECKUN TOK MEX/Y 30HJOM U ITIOBEPXHOCTHIO
u3y4yaeMoro o6bekra. [l nepeMeleHust 30H1a B PeKUMe CKAaHMPOBAHUS
MPUMEHSIOTCS Mbe30KPUCTAJLIBI.

é Mbe3okpueTanabl — 3TO KPUCTaNbl, KOTOPbIE NPW CXATWK CO3LAKT Pa3HOCTb MOTEH-

LMANOB (3N1EKTPUYECKOE HANPsHKeHWe) 1, Ha060pOT, NoL AECTBUEM 3EKTPUYECKOr0
HaNPSXKEHUS U3MEHAIOT HOPMY: CXXMMAOTCA 1 PACLUMPAIOTCA, CKPY4YMBAOTCA W crinba-
toTcs.
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CKAHUPYHOLLMIA TYHHENbBHbIA MKPOCKOM

[TepsbiM nmporotunomM C3M 6Gblil CKAHUPYIONTHI TYHHEJNbHBIH MUKPO-
ckon (CTM), uso6perennniii B 1981 r. Tepmom Bunnurom n Xaitupu-
xoM Popepom B naGoparopun komnauuu IBM B Iliopuxe (IlIBeitapus).
B aToM peBosOIIMOHHOM M306PETEHUH UCIIOJIb3YETCs crcTeMa «06paser—
uraas, K KOTOPOW TPHUJIOKEHA Pa3HOCTh MOTEHITMATIOB. DJIEKTPOHBLI U3
o6pasiia TYHHEJIUPYIOT Ha UTJIY U CO3JAI0T TYHHEJbHBIN 2JIEKTPUIECKIIT
TOK, KOTOPBIH MOKHO TouHO n3Meputhb. B 1986 r. I'epa bumanr n Xaiin-
pux Popep noayunnun HobGeneBckyio npemuio no ¢gusuke «3a uzobpere-
HUE CKAaHUPYIOIIEr0 TYHHEJIbHOTO MHUKPOCKOIIA.

B 3aBucumocTu oT croco6a MCIOJIb30BAHUS UTJIBI MOXKHO IOJIy4aTh
pasnyio uagopmaimio. B mpocreiiiiieM ciydae MOBEPXHOCTh 06pasiia cKa-
HUPYeTCS Ha TOCTOSHHOM paccrogHuu, HanpuMep 0,2 HM, a Wrjia npu-
MOHUMAETCS WJIN OIYCKAETCS AJS MOeP>KaHus TTOCTOSHHOTO TOKA, 4TO
03HAYaeT OJMHAKOBOE PACCTOSIHUE MEXK/y WUIJoil M moBepxHocTbio. Ha
pUCYHKe 4.2 TI0Ka3zaHa cxeMa BOJb(PaMOBOil UTJIbI.

Bonbdpamosas nrna

100 MUKPOH

Puc. 4.2. Cxema BosnbdPaMOBOIl UTTIbI JJIS CKAHUPYIOIIETO TYHHEJIbHOTO
MIKPOCKOITa

é TyHHENbHbIi 3NEKTPUYECKUA TOK — 3TO ABJIEHNE UCKMOYUTENbHO KBAHTOBOW NMPMPOLbI,
HEBO3MOXHOE B KNacCUYECKOW MexaHuKe, KOrfa dnekTpoHbI NPeoAoseBaoT NoTeHLu-

anbHbIN 6apbep, 06n1aAas NONHOW JHEPrMer (0CTaeTcA NpU TYHHENUPOBAHWUNA HEU3MEH-

HOM), KOTOpas MeHbLUe BbICOTbl 6apbepa. BennynHa 3Toro Toka 3KCMOHEHLUMANbHO 3a-

BUCWUT OT PACCTOAHNA MeXay 06pas3Lom U Urmon. 73
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[Ipu nepemerieHusiX UrJbl BBEPX WJU BHHU3 OTHOCHUTEJIbHO IOBEPX-
HOCTU /ISl TIOJ/IEPKAHUS OJMHAKOBOTO TYHHEJIBHOIO TOKA CTAHOBUTCSI
BO3MOXKHON (pukcanust Tonorpaduu (penveda) nosepxuocru. [last cy-
IIECTBOBAHUS TYHHEJbHOTO TOKa 06pasel] J0JKeH ObITh IIPOBOJHUKOM.
W3zongaTopsl, HAaIpUMep pe3uHa, He MPOBOJAST 3JEKTPUUYECKUI TOK, M UX
HeJTb3sT M3y4yaThb TaKWM CHOCOOOM, €cJii He TOKPBITh TOHKHM IPOBOJS-
I[UM CJIOEM.

Wryia o6bIYHO OYeHb OCTpasi, M ee KOHYUK MOJKET COJEPKaTh BCETO
HECKOJIbKO aToMOB. VMeHHO Gsarojapst aToil «ocTpoTe» yIaeTcs ycra-
HOBUTD IIOJIOSKEHHE OTAeJbHBIX aToMoB ¢ ToyHOCThbIO 70 0,2 uM. C mo-
MOIIBIO 3TOH WTJIbI MOKHO TaK’Ke BBI3BIBATH OIpe/eIeHHble XUMUUECKIE
peaKkIuy WM CO3[aBaTh WOHBI, BBIAEPTUBAS OTAENTbHBIE 3JTEKTPOHBI U3
aTOMOB wJin, Ha06OPOT, TepeaBasi aToMaM J06ABOYHbBIE 3JIEKTPOHbI.

ATOMHO-CIMOBOI MUKPOCKOM

Ha maubix paccrosausax (OKOJIO OZHOTO aHTCTpeMa) MEKIY aTOMOM
o6pa3sila U aTOMOM OCTPHSI BO3HUKAIOT CHJIbI OTTAJKMBAHUS, a Ha 60JIb-
MIUX — CHJIBI TIPUTSDKEHNs. BenndymHa yCcuans Takske dKCIIOHEHIINAIbHO
3aBUCHT OT PACCTOSHHUS MEXAY 06pasiioM W WTJOH. AmomHO-cuU1060U
muxpockon (atomic force microscope), wiu ACM (AFM), duxcupyer
OTKJIOHeHUs 30H7Aa (KaHTuIeBepa), BbI3BAaHHbIE TAKMM CHJIOBBIM B3anMO-
JeficTBueM 6JM3K0 pacioJiokeHHbIx atroMoB. ACM Moxxer pa6orath B
HECKOJIbKUX PEKUMaX, HAI[pUMeEDP B PEKUME OTHOCUTENbHOTO GJIN3KO/IeN-
crBust (M3MepsierTcst cua OTTAJKMBAaHKs) WK JajbHozelicTeus (n3meps-
eTCsl CUJia TIPUTSKEHUS ).

ACM xapakrepusyercsi paspelaiolnieil criocOOHOCTbIO B IJIOCKOCTH
CKAaHMPOBAaHUS M B BEPTUKAJBHOM HAINPABJEHUU, NEPIEHIUKYJISPHOM
aToli mmockoct. Yem ocrpee uria-3ouza (ee 0ObIMHO [ETAIOT M3 KPEM-
HUS WM HUTPUZA KPEMHHsI), T€M JIydlle pa3peliaionias crocoGHOCTD.
WNneanpHoil Wrioii-30HA0M MoTJia OBl CTaThb OHOCJOWHAS yTJEPOIHAS
HAaHOTPYOKa C PEryJsIpHON CTPYKTYPOIi, KOTOpas MO3BOJMJIA OBl BBITIOJ-
HAITb OYeHb TOUHbIe u3Mepennsi. Ha pucynke 4.3 mokaszaHa cxeMa Takoi
UTJIBI-30H/1a, a Ha puc. 4.4 — mnpumMep 60jiee TOUHOTO U3MEPEHUS METKHUX
geraneil oObeKTa.

Beptukanbaoe paspemienne ACM pocturaercs 3a cYeT CPaBHEHUS OT-
HOCHUTEJbHBIX KOJe6GaHWil UTJIbI-30Ha HaJ MOBEpXHOCTbI0. Ha TouHOCTD
3TUX U3MEPEeHNNl BIUSAIOT BHEITHIE TOMEXU B BUJE 3ByKa, BUOpAIUN 3/1a-
HUSI U TEIJIOBbIX Kosiebauuii. [lyis yerpanenust momex ACM pactiosiaraior
Ha CIHEIUAJIbHBIX MJIATHOPMaX, KOTOPbIE CHOCOOHBI TOTACUTh BHEITHUE
MapasuTHble BUOPAITHH.
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OpHocnonHan yrnepogHas
HaHOTpy6Ka

Puc. 4.3. Oanocroiitnas yriepojHasi HAHOTPYOKa MOKET CYIIeCTBEHHO YBEJTHYUTD
touHoctb ACM

BonbdpamoBblii 30HA

30HJ Ha OCHOBe YrNIepOAHON HaHOTPYOKM

Puc. 4.4. B aroMHO-cujI0BOIl MUKpOCKOTUHU GoJiee OCTPAsi UTJIa-30H/ MO3BOJISIET
MOBBICUTH TOYHOCTb U3MepeHuit 75
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MVYITbTU®YHKLOHAJIbHBIE MWKPOCKOTMbI

C cepenunbl XIX B. TeopeTwueckwil mpemes MaKCUMaJbHON paspe-
marmoei crocoOHOCTH ONTUYECKUX NPuGOpoB u3-3a andpariun (pac-
CesTHNS) OTPAaHMYUBAJICS BEJUYMHON, MPUOIM3UTETHHO PABHOI MOJOBHHE
JUHbL BosiHbl BuguMoro csera (0,5 Mxm wan 500 um). M3o6perenue n
passute C3M B 1980-x IT. Ha TP MOPSAAKA YJIYUIINIO PAa3PENIAIoNLyIo
crioco6HOCTh. OHAKO WX BO3MOKHOCTH OTPAHUYMBAIOTCS Takke (u3u-
YeCKUMH 3aKOHAMM.

Q Nudhpakuua — 310 ABNEHME, KOTOPOE HABNOAABTCA MPW PacNpOCTPAHEHNN 3NEKTPO-

MarHWTHOM BOJIHbI WHa4e, YeM NPeLnuCHIBAIOT 3aKOHbI FEOMETPUYECKOI onTuKK. B co-
BPEMEHHON HayKe C AUDPaKLMel CBA3LIBANT LUNPOKWUIA KPYT SBJIEHUIA, BOSHUKAKOLLUX
Npy pacnpoCcTpaHeHUN BOSTH B HEOLHOPOAHbIX Cpefax.

N3o6paxkenus, nomydyennbie ¢ nomoiibio C3M, TOAUNHSIOTCS 3aKO0-
HaM KBAHTOBOH MEXaHWKW W 3aBUCAT OT YCJOBHWH NPOXOXKICHHUS TYH-
HesibHOro Toka. ACM o6samaer 6oJiee MUPOKUMHU BO3MOKHOCTSIMU, TIO-
CKOJIbKY CIIOCOGEH 3aperucTpupoOBaTh CUJIOBOE B3aUMO/IEHCTBUE MEKIY
30H/IOM ¥ MTOBEPXHOCTBIO B IIUPOKOM JIMANIA30HE, HAIPUMED, BCJE/CTBUE
TPEHMS, MArHUTHOTO ¥ 3JIEKTPOCTATHYECKOTO B3aMMOJIENCTBUS, OTTAJIKHU-
BaHUS S/Iep aTOMOB U XUMHYECKOTO CBSI3bIBAHMUS.

[udpakims cBeTa orpaHUYNBAET pa3pemraroniyo clmocoO6HOCTb COBpe-
MEHHBIX OMTHYECKIX MWKPOCKOIIOB, HO YUeHbIe BCe JKe TMPUAyMain, KaK
06oiiTH 310 OTpannyenue. B 61U3K0N0IHOM CKAHUPYIOUWEM ONMULECKOM
muxpockone (near-field scanning optical microscope), wiu BIICOM
(NSOM), uso6paskeHne co CBEPXBBICOKMM Pa3pelieHneM MOXKHO ITIOJy-
YUTh IyTEM PErUCTPALUU U3JTYYEHUS, TTPOXO/ISAINIETO TIPU CKAHUPOBAHUM
06BbeKTa CKBO3b OTBEPCTHE MEHbBINIEro pazMepa, YeM JJINHA BOJTHBI.

NA3EPHbI CKAHUPYIOLLIA KOHOOKATNbBHBIA MUKPOCKON

Jlng cosmaHus peasbHOro TPEXMEPHOrO M300PasKEHHs H3y4aeMOro
06DbEKTa B JAA3EPHOM CKaAHUpyiowem xoupoxarviom muxpockone (laser
scanning confocal microscope), wau JIJCKM (LSCM), wucnosibayercs
CO3/IaHHbIIT 1a3epoM yIbTPapHOJEeTOBbINH CBET U CKaHUPYIOI[He 3epPKaJa.
HeGoubliasi aneprypa OrpaHUYMBaET I10Je 3PEeHUs Tak, 4ToObl B (POKY-
ce ObLT OYEeHb Y3KWI CJIOH, MapauleJbHBIH TIIOCKOCTH CKAHWPOBAHUA.
TakuM 06pa3oM CKaHUPYETCS HECKOJIBKO PSAIOM PACIOJIOKEHHBIX CJIO-
eB, WIN ONMUUECKUX CeHeHull, KOTOpble KOMOMHUPYIOTCS C HOMOIIBIO
KOMITbIOTEPA, B Pe3yJIbTaTe 4ero o6pasyercst TpeXMepHOe MpeCTaBIe e
o6bekTa. [TOCKOIbKY y3Kas aneprypa CHJIbHO OrPaHMYMBAET IIYYOK CBe-
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Ta, /IS yCHENnTHOH paboThl TpeOyeTcs MCIOoJb30BaTh OY€Hb MOIIHBIH HC-
TOYHUK. [lJisT n3y4eHust pa3HbIX 06Pa3I0B IIPUMEHSIOTCST Pa3HbIe PESKUMbI
cpeMku. Paspermaiomast cioco6Hocts JICKM gocruraer 1,2 um. JICKM
MOXKHO HCIIOJIb30BAaTh B KOMOMHAIIMY CO CTAHAAPTHDLIM (DJIyOpeCleHTHBIM
ONTHYECKUM MHKPOCKOIIOM.

JICKM o6masaeT HECKOTbKUMHU TIPEUMYIIIECTBAMU Tlepesl OOBIYHBIMU
ONTUYECKUMH MHKPOCKOTIAMU: KOHTPOJIUpyeMas TIyOuHa Pe3KOoCTH, CIIO-
coOHOCTh OTCceKaTh uHGOpMaluio BHe (POKyca, CIOCOOHOCTh KOMOMHU-
pOBaTh pasHble ONTHYECKIE CEYeHUsI B OJHO TPEXMEPHOE IPe/ICTaBIeHIe
nzyuyaemoro o6bekra. JICKM faer BO3MOXKHOCTb MOJIy4aTh BbICOKOKaye-
CTBEHHBIE TPEXMEPHbIE CHUMKH OOBEKTOB C OYEHD CJIOKHBIM peJbedoM.

OPYITVE NHCTPYMEHTDI

Hosbre cnoco6bl HAGMOAEHUST OTAETHHBIX HAHOCTPYKTYP M MAHHUITY-
JIUPOBAHUSI UMH NPUBEJIN K HOBBIM JOCTHXKEHWUSIM M OTKPBITHIM B 006Jia-
¢t HaHOTexXHOsIoTHil. CKaHUPYIOUIMe 30H/bI, 3JI€KTPOHHbIE MUKPOCKOIIBI
BBICOKOTO pa3pelieHusl U JPyrHe CJIO0XKHble MHCTPYMEHTBI OTKPBIBAIOT
YYEHBIM BO3MOKHOCTH JIJISI CO3/JaHUS HOBBIX HAHOCTPYKTYP, M3MEPEHUS
HOBBIX CBOWCTB W HOBBIX NMPUJIOXKEHUH Ha TpakTuke. YacTo eamHCTBEH-
HBIM TIPEMSATCTBHEM, 3aMe/JIIONINM TIPOTPecC MCCAeI0BAaHUl, SBJISIETCS
HEOOXOIMMOCTD OTIpe/le;IeHUsT XUMUYeCKOTO COCTaBa HAHOYACTHUIIBI U ee
3JIEKTPOMArHUTHBIX U TEPMOANHAMHYECKIX CBOHCTB.

Wtak, Mbl IO3HAKOMUJIUCH C HECKOJIbBKUMM MHCTPYMEHTAMM [JIs1 U3Y-
yeHust HanoMupa. Kakoii u3 Hux sBisiercs HauboJsiee MOJE3HbIM, o0saja-
eT HanboJIbIIell paspemnraoneil CIIoCOOHOCTBIO U MPEAOCTaBIsIeT Hanbo-
Jiee TleHHbIe JaHHbie? OTBET 3aBUCUT OT TIPUPOBI U3YIaeMOro o0beKTa 1
nesieit nccaepoBanusi. Hampumep, 6eKn UMEOT CTPYKTYPY, KOTOPAst Cy-
HIECTBEHHO OTJIMYAETCSI OT CTPYKTYPbI KePaMHUKH, a HOTOMY JJIS UX U3Y-
yeHust TpeOyercsl IPUMEHSTb COBEPIIEHHO JPYroil MeTo/| HaOMI0AeHus.

JJIEKTPOHHbIE MUKPOCKOIIB Y3K€ LJINTEIbHOE BpeMsI YCIIEIIHO UCIIOb-
3YIOTCSI yUEHBIMU JUUIS U3y4eHHs 0ObeKTOB B CYOMUKPOHHOM Macirrabe, 1
WX TPYAHO MPEeB30HTH. B a/eKTpoHHBIE MUKPOCKOIBI HEKOTOPHIX THIIOB
Ternepb MOKHO pasTJ/si[ieTb OT/eJbHble aTOMbI B HAHOYACTHUIIAX U Mare-
pHuasbl B CyOHAHOMETPOBOM Macuitabe. YueHble HAyIHJINCH TTOTy4aTh WH-
(hopMalnIo 0 XUMIUYECKOM cOCTaBe OObeKTa, aHATU3UPYSI [I0TEPU SHEPIun
3JIEKTPOHOB U PEHTTEHOBCKOE HM3JIydeHUe IIOYTU Ha aTOMAapHOM YPOBHe.
HoBble MeTozbl MO3BOMMIN AOOUTHCA 3HAUNTENBHBIX PE3yJbTAaTOB B TO-
HUMaHUM TTPUPO/IbI MATHUTHBIX HAHOCTPYKTYP.

Pazsutne CTM u ACM NOATONKHYJIO yUYeHBIX W WHXKEHEePOB K CO3-
JlaHnio HOBBIX MUKpockonoB C3M. Kak y:xxe ynommHajsoch Bbie, C3M
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MOJKET M3MepATh JIOKAJbHbIEe CBOUCTBA M (DOPMY HAHOOOBEKTOB C TIOMO-
I[bI0 CBEPXMAJIOTO M CBEPXTOHKOTO 30H/IA.
Hosbie ckanupyiolue 30H,1bI CIIOCOOHBI HE TOJIBKO OTIPEENUTD TOTIO-
rpaduio MOBEPXHOCTU, HO U MPEACTAaBUTL WH(OPMAIUIO O JPYTrUX CBOIi-
CTBaX M3y4aeMoro oObeKTa, KOTOpPble KPaTKO MEPEYNCTIeHbl HIKE:
® SIEKMPOHHYIO CMPYKMYPY NPU HUSKUX MEMNepamypax MOKHO
MCCJIe/I0BATh, HAIpUMep, C TIOMOIIbIO CKaHUPYIONeH 3JIeKTPOHHOMN
CIIEKTPOCKOIINH;

® onmuuecKue C80UCMBA N3y4aroT MPU MOMOIN GJU3KOTIOIHHON CKa-
HUPYIOIIEH ONTHYECKOH CIHEKTPOCKOIINU, KOTOPasi ClIOCOOHA aHAJIM-
3UPOBAaTh OT/IEebHBIE (hparMeHTh! BoJHBI B MactiTabax S0—100 HM;

® memnepamypy N3MepsAoT ¢ MOMOIIBI0 CKaHUPYIOIIell TepMaabHON
CIEKTPOCKONUN, B KOTOPOH TEPMOYYBCTBUTETIHHBIN 30H/ HMCIIOJb-
3yeTcs [l CO3JIaHUsI KapThl TEMIIEPATYPHBIX TI0JI€il 3JEKTPOHHBIX
U ONTHYECKUX HAHOYCTPOUCTB M U3MEPEHUS TEPMAJbHBIX CBOWUCTB
HAHOYACTHIL;

® Juasekmpuueckue KOHCMAHMYL NU3MEPSIIOT C IOMOIIbIO CKAHU-
pyforieil MUKPOCKOTINU C COXPaHEHUEM 3apsjia JJs MUCCIeOBAHMS
CBOWCTB TOJYTIPOBOJHUKOBBIX HAHOYCTPONCTB;

® cmpykmypa OUON0ZUUECKUX MOLEKY] WCCIELYETCs Uil OIpejie-
JIEHUST CJIOKHON HAHOMEXAHWKU OT/EJbHBIX BHYTPUMOJIEKYJISIPHBIX
nporeccos (Ipesk/ie MoBeeHNe TAKNX GHOJOTHYECKUX CHCTEM MOK-
HO OBLJIO M3y4YaTh TOJBKO 3a CUET yCPEIHEHUS TOBEJEHUS GOBINO-
IO KOJIMYeCTBa GHOJIOTHYECKUX MOJIEKYJI);

® Xumuueckue ceoucmed NpeNocTaBagior nHGopMaIio 06 0co6eH-
HOCTAX (PUBMUECKUX, XUMUYECKUX 1 OMOJIOTMYECKUX MPOIIECCOB HA
HAaHOMACIITAOHOM YDOBHE.

HAHOMAHUNYNATOPbI

Takme MameHbKkHe OOBEKTBI, KaK OT/AEJbHbIE aTOMBbI W MOJIEKYJbI,
MOKHO TIepeMeNIaTh U MCIOJb30BAaTh B HAHOPA3MEPHBIX JJIEKTPUUECKITX
cxeMaxX B KauecTBe TepeKiovaresiell Ha aTOMapHOM ypoBHe. Bo3Mosk-
HOCTb KOHTPOJISI COCTAaBA U CTPYKTYPbl HAHOOOBEKTOB SIBJISETCSI OTPOM-
HBIM CKAauKOM B CO3/aHWH HOBBIX MartepuajoB. Cpeanm AOCTHKEHUN B
MaHUITYJIMPOBAHNM HAHOOOBEKTAMU CJIEyeT OTMETUTh BO3MOXKHOCTDL HC-
MOJIb30BAHUS 3JEKTPOHHBIX MUKPOCKOIIOB Pa3HbIX THUIIOB [IJISI BBIMOJIHE-
Hug pasubix omepanuii: C3M ¢ KOMOBIOTEPHBIM yIIPaBJEHUEM, ONTHYE-
CKUX TIMHIIETOB U HAHOMAHUMYISITOPOB.

C3M ¢ KommviomepHviM YnpasienueM TO03BOJSET B OlePaTUBHOM
pexuMe MaHWITYJIMPOBaTh HaHOYAacTUIaMU. HekoTopblie cucteMbl /it Ha-
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HOMAHUITYJTUPOBAHUS WMEIOT BUPTYaJTbHbBIN uHTEepdelic mosb3oBarend,
KOTOPBIIf HAllOMWUHAET UTPY C 3JIeMEHTaMU BUPTYAJIbHOW pEeaTbHOCTH.
ITO MaeT MCCaeJ0BATENO BO3MOKHOCTD BBITIOJIHSITD MAHUITYJISITN C TOY-
HOCTBbIO, B MWJJIMOH Pa3 OoJibllieil, yeM IIPU PYYHDBIX MaHHITYJISIHIX.
[Tpsamoit unTepdeiic yenoBek—C3M He TOTBKO yIydniaeT BO3MOKHOCTH
n3MepeHus, HO 1 ofecriedynBaeT OOPATHYIO CBSI3b [IJIS1 OTIepaTOpa, TaK Ha-
3bIBaeMbIii TakTuIbHbIN (ocs3aTenphbiil) nunrepdeiic. Ceiluac oH Bee erme
oueHb Tpy6, HO B O/msKaiiliiee BpeMsi Ta TeXHOJOTUsT OyZeT yjydieHa
HACTOJIbKO, YTO MOKHO OyzieT mpousBojuTh 1 (MIK1) PEMOHTHPOBATH Ha-
HOYCTPONCTBA U HAHOCTPYKTYPBHI.

Onmuueckue nunyemsl TIPELOCTABJSAIOT ellle OAMH CcIoco0 3axBara
U TiepeMeleHns] HAHOMETPOBBIX CTPYKTYP B TPEXMEPHOM IPOCTPAHCTBE.
JTa BO3MOXXHOCTH 0COOEHHO Ba)KHA TIPU M3YYEHUU JUHAMUKHU aTOMOB W
MOJIEKYJI, TIOCKOJIbKY CIIEIIATNCTaM MOJEKYJSPHONW OMOMU3NKU BaXKHO
MOHUMATh TOBe/IeHNe OTAEJbHBIX MOJieKyJa. OnTudeckue NHHIIETHI I10-
3BOJISIIOT HEIIOCPEJCTBEHHO HAOGJII0AATh 32 CTPYKTYPHBIMU IIapaMeTpaMiu.
Vx npuHimun paboTbl OCHOBAH Ha (POKYCHUPOBKE IIyUKa CBeTa Ha YacTHUIle
B JKuAKocTH. BosgeficTBre cBeTa JOCTAaTOYHO BEJUKO, YTOOBI yepsKaTbh
MOJIEKYJIy B OJTHOM MecTe: eCJI MOJIEKyJia cJieTKa CMeCTUTCA K Kpaio co-
KYCHUPOBAaHHOTO ITy4YKa, TO CBET TOEHCTBYET HA Hee TaKUM 00Pa3oM, 4To
MOJIeKyJla BepHeTcsl B IeHTp my4yka. C IIOMOIIbI0 ONTHYECKUX MUHIIETOB
yueHble MOTYT U3y4aThb PEaKIMIO0 OeJKOB M JAPYTUX CJOXKHBIX MOJIEKY.JI,
HalpuMep IOJIMMEPOB, Ha BHEIIHEe BO3/EHCTBHE.

Hanomnanunyasmopu: ipeiHa3HaveHbl /IS UCIOJIb30BaHUS B COCTaBe
COM u C3M BMecTe ¢ OTHUM WU HECKOJBKUMU Mbe303JEKTPIIECKUMHI
MOTOpaMHU, KOTOPbIE COBEPINAIOT yIpaBJ/sieMoe TepeMelieHne o6pasiia mo
HECKOJIbKMM HaIrpaBJIeHUSIM.

é Mbe303neKTpU4ecKuit MOTOp, UMK NbE30MOTOP, — 3TO MOTOP, Pa6oTa KOTOPOr0 OCHOBA-

Ha Ha Nbe3okpucTannax. Noa AeNCTBUEM 3NEKTPUYECKOTO HAMPSXKEHUS OHI U3MEHSIIOT
hopMY: CXUMAIOTCS U PACLLMPSIOTCS, CKPY4MBAKOTCA U CrMBAIOTC — U TaKUM 06Pa3om
MOTYT COBEPLLIATh MEXaHNYECKOe IBIXKEHNE.

IIbe30a7ekTpIUecKre AepskaTeau ucnoabdyiores B [IOM s nsyue-
HUSI B3aUMOJIEHCTBUSI HAHOKPUCTAJJIOB U YIJIEPOJAHBIX HAHOTPYOOK, a
TaKKe [/ U3MepeHus MIPOBOAUMOCTH OTJEeJbHbIX PAJ0B aTOMOB, UTO I10-
3BOJISIET TOJICUUTATh KOJIMYECTBO aTOMOB B ONpeeNeHHON HAHOCTPYKTY-
pe. HanoMaHUIyIITOPBI 4acTO NPUMEHSIIOTCS TPU IIPOBEPKe HOBEHIINX
3JIEKTPOHHBIX CXeM, IIOCKOJIbKY UX 30H/IbI JIOCTATOYHO MaJibl JIJISI COIIPU-
KOCHOBEHHUSI C KPOIIEYHBIMY 3JIEKTPUUECKUMY KOHTAKTaMH.
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HaHOMHCTPYMEHTDI

Yd4enble cTpeMsTCS HAHTH HOBble OOJACTH TMPUMEHEHNsS HaHOTeXHO-
goruii (OT KOMIBIOTEPOB [0 JIEKapCTB NPOTHB pPaka) M OJHOBPEMEHHO
1CHonb3yoT Gosee coxubie nHerpyMenTsl (COM, CIIM, COM u T. m.)
JUIST UCCJIETOBAHUSI CBONCTB HAHOCTPYKTYp. OHM NPUMEHSIIOT 3TU WH-
CTPYMEHTBI JIJIsT U3Y4YeHUs, MOJIEJNPOBAHNS U CO3/[aHUS HOBLIX HAaHOMA-
TepuanoB. VIHCTpYMEHTBHI AeJATCS HAa TPU KaTeTOPHUU: WHCIEKIMOHHbBIE
WHCTPYMEHTBI [T WCCJEOBAHWS, WHCTPYMEHTHI MOJETMPOBAHUS [/
MIPEeICKA3aHUST XaPaKTEPUCTUK ¥ IIPOU3BO/ICTBEHHBIE WHCTPYMEHTBI JIJist
M3TOTOBJIEHUS] HAHOYACTUI] U HaHOMarepuasoB. Bce oHu urpaior orpom-
HYIO POJIb B HOBBIX 00JIACTSX UCCJIE0BAHUI U TIPUJIOKEHUSIX HAHOTEXHO-
goruii. B rmase 12 6osiee moipo6HO ONMUCHIBAIOTCS KOMMEPUYECKHE aCIIeK-
TBI NCHOJIb30BaHUS HAHOWHCTPYMEHTOB.

Teopus U KOMNbIOTEPHOE MOJIENIPOBaHNE

80

HaunGonpmuii nporpecc B TEOPUH 1 KOMIIBIOTEPHOM MOEINPOBAHIN
HAHOTEXHOJIOTHI CBSA3aH C MOSBJIEHUEM M Pa3BUTHEM HOBBIX TEOPHIA,
aJITOPUTMOB, IIPOTPAMMHOIO M allapaTHOro 00eCHedyeHns KOMIbIOTe-
poB. PasButne u causHue pasHbIX METOMOB KOMIIBIOTEPHOTO MO/ENN-
poBanusi (HanpuMep, KBAHTOBOHW XUMUU W MOJIEKYJISAPHOIN JAMHAMUKY)
II03BOJISIET C BBICOKOIl JOCTOBEPHOCTBIO M HAAEKHOCTHIO BBIIOJHATDH
KOMIIBIOTEPHOE MOJEIMPOBAHNE HAHOMACHITAGHBIX CTPYKTYp M MaTe-
PHAJIOB.

HecMOTps Ha OrpOMHYIO CJIOKHOCTb MOAENUPOBaHKsS HaHOMACIITaG-
HBIX CHCTEM M3-3a GOJIBLIOTO YMCJA HEM3BECTHBIX BEIMYMH B HaHOMAC-
mrabe, yU4eHbIM YIaM0Ch J0OUTHCS 3HAUMTEIbHBIX YCIEXOB:

® COKpaTUTh BPEMS IPOEKTUPOBAHMS HOBBIX MaTEPHUAJIOB;

® co3/aTh HOBblE HAHOMACIITAOHBIE yCTPOMCTBA HA OCHOBE HOBBIX Ma-

TepuasioB (HampuMmep, yrIepoaHble HaHOTPYOKH);
® YBEJIMYUTD HAJAEKHOCTH M INPEACKa3yeMOCTb PaGOThl  HAHO-
YCTPOMCTB;

® CIPOEKTUPOBATH M ONTUMHU3MPOBATH HOBbIE HAHOTEXHOJIOTHUH.

Teopust 1 KOMIBIOTEPHOE MOIETUPOBAHIE UCIIOJIb3YIOTCS /IS YCOBEP-
IIEHCTBOBAHMS SKCIEPUMEHTAIbHBIX METOL0B M3MEPEHNsT HAaHOCTPYKTYP.
VX yao6HO IIPUMEHSTH AT UMUTAINU PAOGOTHI CIOKHBIX GHOJOTUYECKIX
CHCTEM, HalpPUMEp KJETOK, B OYAyIMX HAHOTEXHOJOIMYECKMX HPUJIO-
KeHusx. JleiicTBUTEIbHO, MHOTHME COBPEMEHHbIE HAHOTEXHOJIOTHYECKHE
ycTpoiicTBa ObLIM CO3/IaHbI Ha OCHOBE IIOHUMAaHMs MPUHIIUIIOB PaGOTHI
€CTECTBEHHDBIX HAHOCHCTEM U GEJIKOB.
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Ho Bce 310 Ipou301LI0 HE B OJJHOYAChe, & B Pe3yJibTaTe MHOTOJIETHUX
uccaenoBannii. Hampumep, 1ad u3ydeHHUs] 3MeKTPUIECKUX, MATHUTHBIX,
XUMHUYECKUX U TEPMOJAMHAMUYECKUX CBOUCTB HAHOCTPYKTYP MOTPe6OBa-
JIOCH CO3/]aThb METO/bl KOMITbIOTEPHOI'O MOJEJUPOBAHUS C YYETOM KBaH-
TOBOH TIPUPOJBI NPOIECCOB HAa HaHOMAacHITaGHOM ypoBHe. lIpexae uyem
Hauarb JOPOrocrosiiee IIPOU3BOACTBO HAHOCTPYKTYP, YUEHBIM 1 HHKEHe-
pam cieiyer nepebpaTh M [IPOAHATU3UPOBATH THICSIYU AJTbTEPHATUBHBIX
BapuaHTOB. /lJIg 3TOTO KaK HENb3s JIyUIlle MOAXOIUT TEOPUSI U KOMIIBIO-
TepHOE MOJIEeJMPOBAHNE.

NEPEX0A K HAHOMACLUTABY

Jlng mpuMeHeHMs HA NMPaKTHKe PabOTy HAHOMACIITAOHBIX YCTPOHCTB
HEOOXOIMMO MOJIETUPOBATh B 6oJiee KPYIMHOM OKpy:KeHun. Takoe Moje-
JINPOBAHUE JIOJIKHO BKJIIOYATh HECKOJIBKO YPOBHEN APYruX MacitaboB —
OT MOJIEKYJT K HAaHOYPOBHIO, MUKPOCKOTIUYECKOMY 1 MaKPOCKOITUYECKOMY
ypoBHio. IIpu aT0M Hesb3st POKYCHPOBATHCS TOJLKO HA KAKOM-TO OJIHOM
ypoBHe. HanomacuitaGHble ycTpoiicTBa HY3KHO MOJEJUPOBATh B KOHTEK-
CTe BCEro X OKPY)KeHUusl. B sjIeKTPOHUKe MOJeIUPOBAaHUE BbBIIOJIHSETCS
COTJIACHO CJIe[yIolllell cxeMe Bo3pacTalolleil CJI0KHOCTU:

Mmamepuail = yC?’)’lpO?;lCﬂ’l@O = dJleKmpocxema = cucmema = apxumexmypd.

Jlns ycnemHoro nepexo/ia K MOJEIMPOBAHUIO B HaHoMacIitabe 60Jib-
Ioe 3HAYeHWe MMEIOT HOBbIe METO/IbI COeINHEHNsI YPOBHEHN PA3HBIX Mac-
mtaGoB. YydllleHHble TEOPETHYeCKNe MOJETH MO3BOJIST MOJIETUPOBATD
MOBe/IeHNe 3JIEKTPOHHBIX YCTPOUCTB B I[€JIOM, a He MO OT/IEJTbHOCTH.
Ycnex paGoTbl MHJKEHEPOB OY/IET 3aBUCETb OT YCIENIHOrO B3aMMOJIEN-
CTBUSI Pa3HbIX Yacreil u (PyHKIUN TOTOBOTO YCTPOUCTBA.

TPYAHOCTH KOMNbHTEPHOI0 MOAENMPOBAHUA

JIJisi yCUEeNHOro CO3/IaHusl HAHOMACHITAGHBIX CTPYKTYD HEOOXOANMO
HCIIOJIb30BaTh TaKUe METO/IbI KOMITBIOTEPHOTO MOJEJIUPOBAHNSI, KOTOPbIE
MO3BOJIAT a/IEKBATHO BOCIIPOU3BECTU MPOIECCHl HA HECKOJIbKUX YPOBHSIX.
JInis uMATAIMN TOBEJICHUS CIOKHBIX OUONOTMYECKUX MOJIEKYJ HEeo6XO-
JIMO TIPUyMaTh HOBbIE METO/IbI ONTHMU3AINU CIOXKHBIX CTPYKTYD, KO-
TOpbIE CMOTYT NPHUBECTH K NPEJACKa3yeMOll caMOCGOpKe HaHOCTPYKTYD,
HanpuMmep cBopaunBanus (uau dosgnnra) Geska.

Q CsopaumBanue (Mnu (honamHr) 6enka — 310 NPOLECC CMOHTAHHOrO CBOPa4uBaHUA
NoNUNenTUAHOA Lenoykn 6eNKoBbIX MONeKyn B 60/ee KPYMHbIE W COXHbIE CTPYK-

TYpbl.
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ITU METO/IbI JIOJIKHBI OBITh COBMECTUMBbI M JIOCTYIIHbI JIJISI IIUPOKOTO
Kpyra CHelnuaniucToB, 4To6bl obecrneuntb 0611yio 3ppekTuBHOCTb PaGOThI
MPOEKTUPYEMOTO HaHoycTpoiicTBa. [losydyeHnHbie pe3ybTaTbl KOMIIbIO-
TEPHOTO MOJIEJTMPOBAHUS JIOJKHBI UMETh HeOOXO[UMYI0 HA/IEKHOCTb U
TOYHOCTH, a TaK)Ke COTJIACOBBIBATHCS C YHCJOBBIMH pPacueTaMy U Teo-
pPETHYECKUMU OlleHKaMu. B HacTosiiee BpeMsi /IS 9TOTO CO3/IaHbl U HC-
MOJIb3YIOTCST CPE/Ibl KOJLUIEKTUBHOTO MOUCKA PEIIEHUSI U COBMECTHbIE Ga3bl
JaHHbIX. baarogapst uM ydenbie u3 reorpaduyecku yAaleHHbIX OpPTaHu-
3a1ii MOTYT COBMECTHO paboTaTh HaJ OJHOU MPOOIeMOIi.

C pa3BuUTHEM KOMIIBIOTEPHBIX TEXHOJIOTUH IOSIBJSIOTCS HOBbIE MOIII-
Hble MHCTPYMEHTBI McCJeIoBaHns HaHoTexHosornit. [lapannenpabie KoM-
MBIOTEPHI U METO/bI TMAPAJIETHHOTO BBIYMCIEHUS 3HAYUTENBHO PaCIliu-
PSIIOT BO3MOJKHOCTU MOJIEJIUPOBAHUS HAHOCTPYKTYD U PEIIEHUST MHOTHX
3a/1a4 HAaHOTEXHOJIOTUIA.

NAPAMETPbI KOMNbHOTEPHOI0 MOAENUPOBAHUA

Yuenble HAYIMJIUCh CUHTE3UPOBATh M AHAJIU3UPOBATH HAHOMACIITAO-
Hble CTPYKTYDBI, a TaKXXe MAHUMYJUPOBATh UMHU. [loMHMO HIMPOKOTO
Kpyra (QyHIaMEHTAJbHBIX U MPHUKJAJHBIX PE3YyJbTATOB C WX PaboToii
CBSI3aHO IIOSIBJIEHME MHOJKECTBA HOBBIX CJIOKHBIX BOIPOCOB. [ljast mH-
TEPIIPETAINY JKCIEPUMEHTATBHBIX PE3YJbTATOB, MOJYYEHHbIX Ha Ha-
HOMAcHITAGHOM YPOBHE, HEOOXOJMMO CO3/IaTh MaTeMaTUYeCKyI0 MOJIENb
B3AMMO/IENCTBUST MEXK/Yy W3MEPHUTETHHBIM HHCTPYMEHTOM U U3Y4aeMbIM
o6bekToM. B Tabuuie 4.1 nepedyucieHbl TOJTBKO HEKOTOPBIE COCTABHBIE
vyactn (KOMIIOHEHTBI, TOHATHS, CBOIICTBa, IMapaMeTpbl) MaTeMaTHYeCKHX
Mo/iesiell, KOTOpble HeOOXOAMMO YUUTBIBATH IPU KOMIIBIOTEPHOM MOJIEJIU-
POBAaHUU HAHOCTPYKTYP.

Ta6auua 4.1. CocraBHble YacTH MATEMATHYECKUX MOJIEEH HAHOCTPYKTYD

ITapametp Omnucanne
AxTyarop KommnorenT, npeo6pasyoniuii aJIeKTPUYECKYI0 JHEPTUIO B Me-
XaHUYECKYIO
Buounn KoMroneHT, BBINOJHAIONNI GHOJIOTHYECKHE OIIePaIuu C T10-

MOIIbIO I‘HZ[paB]IH‘-IeCKOfI ninn 3HeKTpH'~IeCKOﬁ CXeMbl

buonndopmarnka | Hayka, udydaronias reHeTH4eckyto HHPOPMAIUIO

BpoyHoBckoe TemnoBoe ABUKEHHE MUKPOCKOIIMYECKNX B3BEMIEHHBIX YaCTHII,
JBIKEHHE (6poyHOBCKHe YacTuIb1) TBEPAOTO BemecTBa (MBLIMHKN, KPY-
MUHKH B3BECH, W T. JI.), HAXOAAIIETOCS B )KUIKON MM ra3o-

o6GpasHoii cpeje
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ITapameTp

Onucanue

[lexaproBa cucre-
Ma KOOpJUHAT

[TpsiMoyrosibHas cucTeMa KOOp/AMHAT HA IJIOCKOCTH, KOTOpast
00pasyercst ABYMs B3AaUMHO ITIE€PIIEHANKYISIPHBIMU OCSIMU KO-
OpAMHAT

[udpaxims Pacnipocrpanenne 2/1eKTPOMArHUTHOH BOJIHBI WHAaYe, deM
IPEANNCHIBAIOT 3aKOHBI FeOMETPHYECKOI ONTHKH

OHTpONNS Mepa Heo6paTUMOrO pacCerBaHUs dHEPTHU

IMepkeHTHOCTh | Hanmune y kakoif-mu6o cucteMbl 0COObIX CBONCTB, HE IPUCY-
X ee dJeMeHTaM

Hanoruapasanka | Hayka MaHUITyIMPOBAHHUSI HAHOMACIITAGHBIME OObEMaMU JKI/I-
KOCTH

Dayopectieniust | CBedeHne BeleCTBa, MPOUCXOAAIEE TI0C/Ie TOTJIONEHNsT UM
9HEPTUH BO30Y KICHUS

DpaxTaabHOCTD Maremarmdeckoe camonogo6ue o6beKTa WIN €ro CBOICTB

Wsomepust Cy1ecTBOBaHNE COEAMHEHMI, OJMHAKOBBIX 0 3JIEMEHTHOMY
COCTaBYy U MOJIEKYJIIDHOI Macce, HO Pas/M4YHbIX HO (dusnude-
CKMM M XUMHYEeCKHM CBOHCTBaM

JlammHapHOE Tevenue, 1pu KOTOPOM KUKOCTb WJIN T'a3 HEPEMENIAeTCs CI0sI-

TeyeHue ME 6e3 TiepeMelnBaHus U IIyJIbCAIii CKOPOCTEN U JlaBJaeHuit

Jluneitast o6pa-
60TKa

Croco6 BbI‘lI/ICJIGHI/II;'I, BBIINIOJIHAEMBIX ITOC/I€A0BATEJbHO IIar 3a
raromM

Monoxkox Tun KOHCTPYKIMH, B KOTOPOIt (B OT/IMYME OT KapPKACHBIX MJIN
PaMHBIX KOHCTPYKIMH) BHEIIHsIsI 060JI0YKA SIBJASETCS OCHOB-
HBIM U €[IMHCTBEHHBIM HECYIIMM 3JIEMEHTOM
OnroanexTponnka | Paszen ¢Gpuankn n TeXHUKH, CBSI3aHHBIN ¢ Mpeo6pa3oBaHu-
€M 3JIEKTPOMArHUTHOTO M3JIyYeHUsI ONTUYECKOTO [UAlla30Ha
B 9JIEKTPUYECKUIl TOK M 06PATHO
OpG6urannb T'eomerpuyeckoe 1peicTaBIeHNE O ABUKEHUN 2JIEKTPOHA
B aToMe, OTpakawliee TOT (PaKT, YTO JABUKEHHE JEKTPOHA
B aTOME OIUCHIBAETCS 3aKOHAMYM KBAHTOBOW MEXaHUKU
OcuunisaTop dusnyeckasi CHUCTeMa, COBEPLIAIONIAS KoJeOaHUsI, — ee IIOKa-
3aTesi IePUOJIMYECKH TIOBTOPSIOTCS BO BpEMEHU
[Mapannenbuas Crioco6 BBIYKC/IEHUIT, BBITIOJHSIEMbBIX HE3ABUCUMO JIPYT OT
o6paboTka apyra
doTokaTaIn3 Yckopenne GOTOXUMIUECKUX PeaKIWil B IIPUCYTCTBUH KaTa-
JIN3aTOpa
[laBnenne OrHomenne CUIIbI, HAIIPABJICHHON TEPIEeHANKYISIPHO K HO-

BEPXHOCTH B3aUMOJENUCTBUS MEX/y TeJaMH, K IO 3TOI
MTOBEPXHOCTH
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Ta6muua 4.1. Ipomo/keHue

ITapametp Omnucanue

Kpanrosas Touka | dparMeHT NMPOBOJAHMKA W/ TOJYTIPOBOJHUKA, OrPAHNYEHHDIN
10 BCEM TPEM MPOCTPAHCTBEHHBIM M3MEPEHMSIM U COfIep KaIInii
3JIEKTPOHDBI TIPOBO/IMMOCTH; NPUYEM OH HACTOJBKO MaJI, UTO
CTaHOBATCS CyNIECTBEHHBIMU KBAaHTOBbBIE 3(P(eKThI

KBanToBoe TyHHe- | SIBTeHIe NCKIIOYNTETBHO KBAHTOBOI MTPUPO/IBI, HEBO3MOXKHOE
JIIPOBaHNeE B KJIACCHYECKOI MeXaHHKe, KOIJIa JaCTUIbI IPe0J0JIeBa0T 10~
TeHUMa/IbHbII Gapbep, 06./1a1as MeHbLIEeH 110/1HON sHeprueil (pu
TYHHEJUPOBAHUM OCTAETCSI HEU3MEHHOM ), ueM BbicoTa 6apbepa

Camoc6opka C110co6HOCTD CHCTEMBI K CAMOOPTaHM30BAHHOMY CO3/IaHUIO
CJIOKHOII CTPYKTYPbI Ha OCHOBe (0Jiee IIPOCTBIX 3JIEMEHTOB

CHnuHTpPOHUKA O6acTb KBAaHTOBOU 3JIEKTPOHUKY, MCIOJb3Yiomas ahdeKTt
CIITHOBOTO TOKOIIEPEHOCA

CBepXIpoBoIN- C110co6HOCTb HEKOTOPBIX MaTepuasioB 06JagaTh GJIN3KUM

MOCTb K HYJIIO 3JIEKTPUYECKUM CONPOTUBJIEHUEM IIPH TeMIIeparype

HUIKE ollpeJeJIEHHOTO 3Ha4Y€HUA

Tepmoasextpuue- | IIpeo6pazoBanue 371€KTPHYECKOIl SHEPTUH B TEIIOBYIO
ckuit ap ekt

Tomosorus Paznen maTemaTnKy, M3ydaroniuil CBONCTBA reoMeTpHye-
CKHIX OOBEKTOB, HE MEHSIOINECS TIPU MaJIbIX JeOpMaIisx
1 He 3aBUCSINKE OT CII0coba MX CO3/aHMsT

Tpansucrop TToJy I pOBOIHUKOBBI TIPHGOP, B KOTOPOM TOKOM B IENHU JIBYX
3JIEKTPO/IOB YIIPABJISIeT TPETUil 3JIeKTPOJ

Tpancasuus [TapannenbHBIN TIepeHOC B TeOMETPHUH U MTOCTYTIaTeIbHOE JBU-
JKeHHe B MeXaHUKe

BOCNPON3BOAUMOCTb HAVYHbIX PE3VJIbTATOB

BocnpousBoanmMocTh pe3yabTaTOB — 3TO HAJIWYNE BO3MOXKHOCTH TIO-
BTOPUTDb HAYUHBIH 3KCHEPUMEHT C IMOJy4YeHHeM TaKHUX >Ke Pe3yJbTaTOB.
[lnst obecriedeHnst BBICOKOI BOCITPOU3BOJIUMOCTH PE3YJIbTATOB U KAYeCcTBa
HAHOCTPYKTYP M HAHOMATEpPUAJOB HEOOXOIMMO PAacCMOTPETb HECKOJBKO
nepeMeHHbIX. Bo MuOrux nporeccax (0T BuHOZENNA 10 CO34aHUS GHO-
4UII0B) €CTh (PAKTOPBI, KOTOPBIE SBJSIOTCA KPUTHIECKUMIL: TEMIIEPATYpa,
JlaBjIeHre, KOHIIEHTPaIllsl KOMIIOHEHTOB, BpeMsi 00pabOTKM U T. .

B wuccnemoBanusx, mpoBOAMMBIX B paMKax HarmumonajbHO# Ha-
HortexHostorndeckoii mannmatussl  CIIIA (National Nanotechnology
Initiative — NNI), npugaercst orpoMHOe 3HaueHHE HKCIIEPUMEHTY, TEO-
pHUU U KOMIbIOTEPHOMY MoJie/mpoBanuio (GoJiee moapo6HO 06 TON WHM-
[UATUBE PACCKA3bIBAETCS B JAPYTHUX TJIaBaX 9T0i KHUrK). [[efiCTBUTEIbHO,
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6siarojlapst yMeJIOMY B3aUMOJIEHICTBUIO 9KCIIEPUMEHTATOPOB, TEOPETUKOB
U CIEUATHCTOB KOMIIBIOTEPHOTO MOJEJUPOBAHUS yAAJIOCh MOJYUYUTD
MHOTO BRJKHBIX Pe3yJbTaTOB.

B Hamwmonanbhoii na6oparopun Oyk-Puisk HemaBHO ObLT OCHOBaH
Wucturyr teopun HanomarepuasoB (Nanomaterials Theory Institute),
3a7laya KOTOPOTO COCTOUT B YIPOUYEHWH CBA3€ll MeXKIy Teopuell M KOM-
MBIOTEPHBIM MoeanpoBanneM. OGbeKTaMu HCCAeI0BAaHNS 3TOTO MHCTHU-
TyTa SIBJISIOTCS HEOPTaHWYECKWe HAHOMATEPHAJbI, CaMOCOOUPAONINecs
HAHOCTPYKTYPbI, HAHOKATATM3aTOPBl 1 MHOTOE JIPYTOE.

MogesnpoBaHie HaHOMATepUAIOB OCHOBAHO HA KBAHTOBBIX 3aKOHAX
JIBUKEHUSI 1 B3aMMO/IeHICTBUS 5JIEKTPOHOB, CIIMHOB U T. II. C UX IIOMOIIBIO
TEOPETUKHU MOJIETMPYIOT TIOBEIEHNEe aTOMOB U MOJIEKYJI, & TAKXKe N3y4aloT
W TIPEZICKA3bIBAIOT MX B3amMo/ieiicTBre. KoMIbloTepHOEe MOJenrnpoBaHNe
UCTIOIb3YeTCsT M JI7IsT OODbSCHEHNS 9KCIIEPUMEHTAIbHBIX Pe3YJbTaToB, Ha-
puMep, 10 PACCESTHUI0 HEHTPOHOB.

COBMECTUMOCTb

Hanonayka ¥ HAHOTEXHOJIOTMM HPEJOCTABISIOT BO3MOMXKHOCTH CO-
BMECTHO HCIIOJIb30BATh CJIOKHbIE HAHOYACTHUIBI ¥ HAHOMATEPUAJIbI, TIpe-
JKJIe CUMTABIINECS] HECOBMECTUMbIMU. Takue KOMOMHAIMU OHMUCHIBAIOTCS
B yactu Il aroii knuru. Hanmpumep, moBepXHOCTh HEKOTOPBIX HEOPTaHU-
YECKUX MATEepPUAJIOB XUMUYECKH CBSI3BIBAETCS C OMOJIOTMYECKUMHU MOJIe-
kyJsamu. [lonyuyennbie TakuM 06pas3oM moJible chepbl MOKHO TPUMEHSTh
JUIST CHIEIMATN3UPOBAHHON JIOCTaBKU JIEKAPCTB.

[Touemy aro Bo3mo:kHO? Bce neno B pasmepax! /lannoe HabuoeHme
JIOKA3bIBAET, YTO MOKHO CO3/[aBaTh HOBbIE MATEPHUAJIbI, MAHUITYIUPYST HA-
HOYACTHUIIAMHU, A He KpymnHOMacmTabHbiMU ob6beKkTamu. B Guosiornu, xu-
MUU U QPU3NKE CYIIECTBYET OrPOMHOE KOJMYECTBO TAKUX BO3MOXKHOCTEH
Ha aTOMapHOM M MOJIEKYJISIPHOM ypoBHe. Ha HaHoMacniraGHOM ypOBHe
yueHble U WHXKEHEPbl MOTYT UCIOJIb30BAaTh ropasjo 6osee MUPOKUl BbI-
60p CJTOKHBIX HHCTPYMEHTOB.

KBAHTOBBIE CBOHCTBA

B nacrosmee BpeMsi pa3Mepbl IOJYIPOBOJHUKOBBIX YCTPOUCTB J10-
CTUTJIM HaHoMacmTabHOTO ypoBHA. Ternepb TPaH3UCTOPHI B BBICOKOIPO-
M3BOJUTEBHBIX MPOIECCOPAX MMEIOT HAHOMETPOBbIe padMepbl. [Toaromy
[pU OIleHKe UX PabOThI CJIEIyeT YYUTHIBATH CJIOKHBIE KBAHTOBbIE CBOI-
CTBa CTOJb MaJbiX OOBEKTOB. [lJi MPOEKTUPOBAHMS U KOMIIBIOTEPHOTO
MO/JIEJTUPOBAHUS TAKMX HAHOMACHITAOHBIX OOBEKTOB TPEOYETCS PElIUTh
MHO3KECTBO JIOBOJIbHO CJIOKHBIX 33/1a4.
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KOHTPOJIbHBIE BOIPOCHI

1.

B KakoM MHKPOCKOIIE HCIOJIb3YEeTCs JazepHoe YJbTpaduoeToBoe
U3JIyYeHNe U CKaHUPYIONIKe 3epKaja /s ChbeMKH (DIyopecupylome-
ro obpasma?

(a) ckanupyoneM KOH(POKATbHOM;

(6) aTOMHOM CHJIOBOM;

(B) onTHUECKOM;

(r) ckaHupyIOIEM 9JTEKTPOHHOM.

ITomumo kavecTBa IPOJAYKLUMY, IPU IPOMBIIIIEHHOM IIPOU3BO/ICTBE
HaHOMAaTepHasIoB HY;KHO YUYUTBIBATH CJIELyIONNH OCHOBHOM (hakTop:

(a) crouMocTb MaTepHAJIOB;

(6) BOCIIPOM3BOMMOCTD;

(B) TpadMiK OTIYCKOB HH3KEHEPOB;
(1) oxJaxenHmue.

C110cO6HOCTD ONTUYECKOTO TPUOGOPa U3MEPSITh PACCTOSTHUE UM yTOJ
MeKy OJU3KUMH 0ObEeKTAMU HA3BIBAETCS:

(a) MUKpOCKOIIHeii;

(6) paspemenuem;

(B) MOJIEKY.IAPHOI 5JIEKTPOHUKOI;
(r) dorocunresom.

CxaHupyoumii 30H10BbIII MUKPOCKOIT UCTIOJb3YeTCS [ U3yUeHUsI:

(a) XUMHYIECKOTO COCTaBa OOBEKTA;

(6) TOJIIMHBI 4eJ0BEYECKOTO BOJIOCA;

(B) MOBEPXHOCTHBIX CBOMCTB MaTepHala Ha aTOMAapHOM M HaHOMAC-
ITabHOM YPOBHE;

(r) Bpamienust 3eMJM BOKPYT CBOEii OCH.

N3o6paskennsi, KOTOpble MOKHO BUIETH ¢ TIoMotbio [I9M, B 1000 pas
MEHbBIIE, YeM PacCMATPUBAEMBbIe C TOMOIIBIO OMITHYECKOTO MUKPOCKO-
1a, ¥ MEHbIIlEe BCETO, YTO BUIHO HEBOOPY KEHHBIM TJIA30M:

(a) B 10 pas;

(6) B 50 pas;

(8) B 50 000 pas;
(r) B 500 000 pas.
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I[.HH NU3y4€eHusg U CoO3/1aHuA HAaHOTEXHOJIOTUI He UCIIOJIb3YIOTCA:

(a) uamepuTesbHbIE MHCTPYMEHTDI;
(6) IpPOU3BO/ICTBEHHbIE UHCTPYMEHTDI;
(B) MHCTPYMEHTBI MOJETUPOBAHNS;
(r) KOHCEPBHBIIT HOX.

[ng HaGmonernst QyiepeHa U APYTUX CIOKHBIX MOJIEKYJISPHBIX
00DBEKTOB y4€HDIE MCIOJIb3YIOT:

(a) yBesmuuTEIBHOE CTEKIIO;
(6) CBETISIUKOB;

(B) 5/IEKTPOHBI BMECTO CBETa;
(r) 6UHOKJID.

Ha npourpsisareb TpaMMOGOHHBIX IJIACTUHOK IOX0K MUKPOCKOIL:
(a) ATM;
(6) AILL;
(8) JICM;
(r) C3M.

HanorexHosOTHN TO3BOJISIOT XUMWYECKN CBSI3BIBAThH ITOBEPXHOCTD
30J10Ta:

(a) ¢ xoMapawmu;

(6) amoMuHueM;

(B) MoJIeKyJTaMu JJMOKCHIA YTJIEPO/a,;
(r) 6MOIOrMYECKUMH MOJIEKYJIaMH.

DJIEKTPOHBI, MPEoLoeBast MOTEHIINAIBHBIN 6apbep ¢ TOJHOH sHEpP-
rueii, KOTopasi MeHbIlle BBICOTHI 6apbepa, PopMUPYIOT:

(a) porommuii TOK;

(6) TyHHENbHBIN TOK;

(B) MarseTusM;

(r) HmKenekammi TOK.
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Ha npourpsisare/ib rpaMMO(OHHBIX ILIACTUHOK TTOX0K MUKPOCKOIL
(a) omrtuueckuii;

(6) JICM;
(B) C3M;
(r) II9M.

Hanowmerp paBeH:

(a) ogHOll MuULIMApAHON MeTpa;
(6) oxHOIl MIILTMOHHON MeTpa;
(B) OJHOIT TBICAYHON MeTpa;

(r) oxHoll coToil MeTpa.

o oTkpbiTus dyJIepeHa caMbIM ITPOYHBIM BEIECTBOM CUUTAJICS:

(a) cBuner;
(6) 30710T0;
(B) KpuITOH;
(r) anmas.

YBemnuenneM MUKPOCKOIIa Ha3bIBA€TCA BEJINMYMHA, KOTOPpad YyKa3bl-
Ba€T, BO CKOJIbKO pa3 I/IBOépa)I{eHI/Ie n3y4yaemMoro 00beKTA:

(a) MeHbIIE ero peanrbHOro pasmepa;
(6) Gomblre ero peaabHOTO pasMepa;
(B) mI0THEE OpUTMHAIA;

(r) cBeree ero peaabHOTO CBEYEHHUS.

MeTpI/I‘{eCKaH CHUCTEMa OCHOBaHa Ha:

(a) Gymese u Teke;

(6) Merpe u KujIOrpaMMme;
(B) menorke u QyHre;
(r) apae u Mue.

DJIEKTPUYECKIET MOTOP, paboTa KOTOPOro OCHOBAaHA Ha MaTepuasax,
O/ IeWCTBUEM 3JIEKTPUUECKOTO HAIPSDKEHNST U3MEHSIomux dhopMy,
HAa3bIBAETCS:

(a) muIa-MoTopoM;

(6) KpamymmmMcss MOTOPOM;
(B) POTOPHBIM MOTOPOM;
(r) mbe3soMoTOpPOM.
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11.

12.
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HaHoTexHOJIOTHY BBI3BIBAIOT IOBBINIIEHHBIH HUHTEPEC:

(a) y Masibimmei;

(6) y unBecTopoB;

(B) y GJIOHANHOK;

(r) y yuuresneii cJIOBECHOCTH.

Jpuk [Ipekciep st npuBaedeHus oOIIECTBEHHOTO BHUMAaHUS K OY-
JIyIuM 1po6sieMaM HaHOTEXHOJIOTHH TPe/JIOKHUI MJIEI0:

(a) yepHOrO KOMKa;
(6) nypmypHoii IeHbr;
(B) cepoii cusu;

(1) seneHoii causn.

I[JISI N3y4deHuA n Co3gaHuA HAaHOTEXHOJOTHUHI HCIIOJIb3YIOTCA BCE I1€-
peduciieHHble HUKE NHCTPYMEHTDbI, KPOME:

(a) UHCTPYMEHTOB MOJETUPOBAHYS;
(6) IPON3BOJCTBEHHBIX MHCTPYMEHTOB;
(B) UBMEPUTENBHBIX UWHCTPYMEHTOB;
(r) ca/loBbIX MHCTPYMEHTOB.

HaHopa3MeprIe YaCTUIbI OKCH/a IWHKa UCIIOJb3YIOTCA AJIA 3allin-
TbI OT:

(a) cosHeuHOrO CBeTa;
(6) Berpa;

(B) u3HOCA;

(T) WI0XOH TMOTO/BI.

IIpu msMeHeHuun auamerpa AApa U TOJIIUHBI 30JI0TOIO CJIOS Yy Ha-
HOOOOJIOUKH MEHSETC:

(a) Bec;
(6) oTCKOK;
(B) 1BeT;
(r) 3anax.

k. [Ix. ToMCOH OTKPbBLI OTPUIIATEIbHO 3apsi>KeHHble YaCTHUIIbI, KO-
TOPbIE Telepb U3BECTHDI KaK:

(a) poronsr;
(6) smeKTpoHSI;
(B) KBapku;

(r) He#lTPOHBDL.
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15.

16.

17.

18.
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Metozi, B KOTOPOM aTOMbI U MOJIEKYJIbI CAMOCTOSITEIbHO COOUPAIOTCS
B HAHOCTPYKTYDBI IO/ JAEfCTBMEM XMMUYECKUX U KATAJIUTUYECKUX
peaxiuii, Ha3bIBAETCS:

(a) BOCXOASIIUM, MM METOJIOM CHU3Y BBEPX;

(6) HUCXOAAIMM, MM METOLOM CBEPXY BHUS3;

(B) IPOMBIILIEHHBIM;

(r) apxeosorn4ecKum.

MuKpOCKOII, KOTOPbIH CIIOCOOeH AaTh WHMOPMAIUIO 0 XUMUUECKOM
coCTaBe, MOJIEKYJISIPHBIX CBS35X, JJIEKTPUYECKOW MPOBOJAMMOCTH
¥ T. II., Ha3bIBAETCH:

(a) MOT;
(6) ADM;
(8) AOJI;
(r) AM.

B 1959 r. Puuapny @eiinMaH 3asiBUJI, YTO MAHUIYJSIUS aTOMaMU
BIIOJIHE PeaibHa U He HApYIIaeT HUKAKUX 3aKOHOB MPUPOIBI, HO:

(a) 370 OUEHBb XJIOMOTHOE JIEJIO;

(6) coBpeMeHHBIMHU CPEJCTBAMHE CJOXKHO OCYIIECTBJISATD TAKKHE TOHKIE
MaHWITYIAINN;

(B) 510 MIOXO OIUTaYMBaeMast paboTa;

(1) 5TO0 6ECKOHEUHO JI0JITOe 3aHSTHE.

[lns 3axBaTa m mepeMelieHus HAHOMETPOBBIX CTPYKTYD B TpeXMep-
HOM HPOCTPAHCTBE UCIIOJIb3YIOTCSI:

(a) onruueckue MUHIIETDL;
(6) KyxXOHHbBIE BUJIKH;

(B) 10BeMpPHBIE NIUIYNKY;
(r) 6okcepckue mepyaTK.

ITpocteiimeil CTpyKTYpHOHI eIMHUIIEH BelecTBa SBJSETCS:

(a) xpucraJur,
(6) Hanorpy6Ka;
(B) MoseKy.Ia;
(r) moscaxapuy.

K HAaHOUHCTPYMEHTAM OTHOCATCA BC€ IE€PEUYNCJEHHbIE HUKE TPE/-
METbI, KpOME!

(a) MarauToB;
(6) onTuKY;

(B) MOJIOTKOB;
(r) a;ekrpocxem.
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20.

21.

22.

23.

24.
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Xumuueckoii (opMyJIoi EPEKUCH BOAOPOJA ABJISETCS:
(a) H,0;

(6) H,0,;

(8) C,H,,04

(r) Pb(SO,).

HanorexHojioruu crajam BceM IIepEeYnCJAEeHHbIM HUXKE, KPOME:

(a) mHTEHCUBHOI 06JIACTH UCCJEIOBAHNS;

(6) MOZHOTO CI0BEYKA PEKJIAMUCTOB;

(B) MCTOYHMKA MCTEPUM B CPEACTBAX MacCcOBOW nH(pOpMaIuy;
(1) yrposbr Beenennoii.

Hanouwactuiia no cpaBHEHUIO € KJIETKON 110 Pa3MepaM BbBITJISIJUT TaK
JKe, KaK OWJIbSIPIHBIN 11ap 10 CPaBHEHUIO:

(a) ¢ Diienesoit Gamrmeit;

(6) erKOBBIM aBTOMOGWIEM;

(B) co6aubUM HOCOM;

(r) moctom 3os0tbie BopoTa B Can-MpaHInCKo.

Hanorexuosnoruu o6paboTKy IOBEPXHOCTH TTO3BOJISIOT CO3/IATh Tepe-
YHCJIeHHbIE HUKE HOBbIE CBOMCTBA, 32 NCKIIOYEHHUEM:

(a) omTuueckux;

(6) MHTEIEKTy A/IbHBIX;
(B) aekTpUYECKUX;

(r) TepMUYECKUX.

BYKBOCO‘{BTB.HI/IB <«HaHO» UCIIOJb3YETCA AJIA 0603HAYEHIST MHOKUTEJIST:

(a) 109
(6) 104
() 10%
(r) 107

I/IHQKCHepbl HCIIOJb3YIOT HAHOTEXHOJIOTUHU AJIA CO3JaHUA MaTEePUAJIOB:

(a) mo MUHUMAJIBHOH 1IEHE;
(6) 10 yxozma B OTIyCK;

(B) aToM 3a aToMOM;

() ¢ OMOIIBIO TEOPUU CTPYH.

Cospemennas [lepuoguueckast Tabyiuiia 3JIeMEHTOB COAEPIKUT OKOJIO:

(a) 28 31eMeHTOB;
(6) 57 s1eMeHTOB;
(B) 82 31€MEHTOB;
(r) 118 anemeHToB. 91
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26.

27.

28.

29.

30.

31.

MousekynsipHasi CTpyKTypHas popMyJia OIMChIBAET:

(a) mpocTpaHCTBEHHOE YIIOPAZOYEHNE U PACIIONOKEHNE DJIEMEHTOB;
(6) cTOMMOCTD;

(B) KOIMYECTBO aTOMOB YIJIEPO/IA;

(r) peakTHBHYIO CIOCOGHOCTD.

MUKPOCKOIMYECKAsT TEOPHST, TEOPHUS CJAOMKHBIX CUCTEM U MYJIbTHMAC-
mrrabHble METOAbl — 3TO:

(a) BUADI BeYEPHUX TEJIEBU3MOHHBIX IIOY;

(6) anrsmiickue MeTobl U3MEPEHNUS;

(B) HazBaHus Teopuil, MOJeNEl U METO0B MOJEIMPOBAHNS;
(T) crmoco6bI UCCaeMOBAHNS AUBKEHNT 3eMJIN.

IpHect Pesepdopa mosyunn HobGeneBckyioo mpemumio mo dusuke
B 1908 . n primapckoe 3Banme B 1914 r. 3a:

(a) pelenT MoOKOJIaAHOrO TOPTA;

(6) OTKphITHE CIIMHA 5JIEKTPOHA,;

(B) TEOPUIO TEKTOHMYECKUX ILINT;
(r) coBpeMeHHYIO KOHIIEIIHUIO aToMa.

ABTOPOM BBICKa3bIBaHUS O TOM, YTO BCIO HMHMOPMAIMIO H30 BCEX
KHUT CO BCETO MUPa MOKHO OYy/IeT Pa3MeCTUTb B Ky6e ¢ pe6poM 4yTh
6omee 0,1 MM, SgBJIsETCS:

(a) Puuapa CmoJuny;
(6) Puuapy Deiinman;
(B) PoGepr Kepu;

(1) Lxemc Xus.

HanMenbimmii mpeaMeT, KOTOPBIN CIOCOOEH pasTJIAieTh YeJ0BeK He-
BOOPYKEHHbBIM TJIa30M, UMeeT pa3Mep:

(a) 100 uM;

(6) 1000 mM;
(8) 10 000 mM;
(r) 100 000 uM.

B 1989 r. lon Jiirnep us AnbMaieHCKOH HayYHO-UCCe10BaTENbCKOM
naboparopun kommanuu IBM B Can-Xoce, mrar Kamudopuus
(CIITA), usymus HayuHyto OGIIECTBEHHOCTD TEM, YTO:

(a) BBIMOTHUIT CJIOKHBIE MCCTEOBAHUS € HEGOJIBIINM GIO/KETOM;

(6) nepBbIM YBU/MI MUKPOOPTaHU3MBbI,

(B) cosxun cnoBo «<IBM» u3 35 atomoB kceHona u cdororpadupo-
BaJl €ro;

() mosmyuna BTOpyIo HayuHyIO CTEleHb B (DUIOJIOTUH.
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34.

35.

36.

37.

38.
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BoapmmHaCTBO KOMIIbIOTEPHBIX YUIIOB AEJIAE€TCA 110 TEXHOJOTUN:

(a) nmonepevHoii;

(6) HUCXOAAIIEH, UM TEXHOJOTUH «CBEPXY BHU3>;
(B) Tonmorpaduyeckoi;

(r) BocxoaslIell, NN TEXHOJOTUH «CHU3Y BBEPX»>.

KousmmdecTBO cTarefi, TOCBAIMEHHBIX HAHOTEXHOJIOTHSM M OITyOJUKO-
BanHbIX B 1epuos ¢ 1990 mo 2005 r., yBenwunnocs ¢ 0 n1o:

(a) 10 000;
(6) 15 000:
(8) 20 000;
(r) 30 000.

[IpocBeumBaromuil 31€KTPOHHBIM MUKPOCKOII:

(a) ckanmpyer MOBEPXHOCTH 00PA3Ia;

(6) nepemaer sJIeKTPUYECTBO;

(B) mpocBeunBaer o6paser; BUAUMBIM CBETOM;

(r) npocseunBaer o6pasell, Kak cJaiiJi B IPOEKTOpe.

Dynnepen umeer chepudeckyio Gopmy, a rpaduT COCTOUT U3:

(a) mnacrun;

(6) nomekasapos;
(B) Terpasapos;
(r) oBaJyIOB.

Hano6or — »aro:

(a) HOBasz HOBOTO/IHSS €JI0YHASA UTPYIIKA;
(6) MUHMATIOPHBIN JIYHOXO/I;

(B) c60pIIUK MOJIEKYT;

(r) cinoxHas KapTouHas Urpa.

Yro6bl MaTepuas CYUTAJICS HAHOMACIITAOHBIM, HYJKHO, 4TOOBI XOTsI
6bI OJHO €T0 M3MepeHne ObLI0 He GOJIbIIIE:

(a) 25 nm;
(6) 50 uM;
() 100 nym;
(r) 200 um.

Yuenbie MIpUAYMBIBAIOT HOBbBIE€ METO/Ibl ONTUMHU3allUN CJIOKHbIX Ha-
HOCTPYKTYDP [JiA TIpe/JCKa3aHuA nX:

(a) uBera;

(6) camoc6opku;

(B) 3amaxa;

() CPOKOB MBTrOTOBJIEHUSI. 93
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39.

40.

MupoBoit pexop/ A1 pa3MepOB MO/IesIn HAHOTPYOKHU, KOTOPBII ObL1
3aneced B Kuury pexopnoB I'mHHecca, paBeH:

(a) 880 ¢yros;

(6) 1180 pyToB;
(B) 1420 (pyTos;
(r) 1820 ¢pyTosB.

KoMm6uHnaiuio mpocBeuynBaoniero aJeKTPOHHOTO MUKPOCKOIIA C PEHT-
FEeHOBCKUM U 3JIEKTPOHHBIM CIIEKTPOMETPOM YACTO HA3BIBAIOT:

(a) cTepPeOMHKPOCKOIIOM;

(6) KoH(DOKATBHBIM MUKPOCKOIIOM;

(B) TEMHOIIONIbHBIM MHKPOCKOIIOM;

(r) aHAIMTHYECKUM SJIEKTPOHHBIM MUKPOCKOIIOM.



HacTb I

«MOKPbIE>
(OPTAHWYECKME)
NPUNOXEHUS
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Hanomacmrta6ubIii MUp 3HAUYUTETHHO OTJUYAETCS OT TOTO MUPA, KO-
TOPBIA MbI 3HAEM M JIOOMM M B KOTOPOM BCE IIPEIMETbl — OT CaMOJIETOB,
1oe3zi0B u aproMobuseir 0 Tydeab, KapaHjalleil ¥ BuepallHeil IIuil-
IIbI — OIpPeJEesSIeTCs UX KPYITHOMACIITAaOHBIMI MACCUBHBIMU CBOICTBAMU.
Bcem oxpyskaionuM HAC MaKpPOCKOIMYECKUM TIPeIMETaM C pa3MepaMu OT
MUJLTUMETPOB /10 KUJOMETPOB TIPUCYIIM TaKWEe CBONCTBA, KaK TPEHUE,
IJIACTUIHOCTD, TPWINIIAHUe, YIOPYTOCTh W T. . bBiarogaps aTuM CBOM-
CTBaAM HAIIK JIOMA TMPOYHO CTOAT Ha CBOWX (DYHIAMEHTaX W He pPyIarcs,
KaK KapTOYHbIE JOMHKH.

B nanomacirtabe, Hao60poT, TOBeAeHne OGBEKTOB OYEHb CHJIBHO
3aBHCHT OT WX pas3MepoB. Hampumep, Kak OObIYHAs MbLTb 6o0Jjiee TO[-
BepsKeHa MOPBIBAM BeTpa W MeHee CIEPKUBAETCS CHJION TSKECTH, TaK W
HAHOYACTUIIBI MeHee YYBCTBUTEJNbHBI K TPABUTAIMOHHOMY MPUTSKEHUIO.
CocrosiHrie aTOMOB U MOJIEKYJ B OOJIbIlIell Mepe 3aBUCUT OT BJUSHUS
coceanX 06bEKTOB. KOHTaKTHOE B3auMOJIENICTBHE ATOMOB U MOJIEKY.JI
ropas/o CUJbHee NX FPAaBUTAIIMOHHOIO NpuTsHKeHus. Ha aBuskenue u pe-
AKI[MOHHYI0 aKTUBHOCTb HAHOYACTHUI[bI OKA3BIBAIOT TAK)KE BJIUSHIE BHEII-
HU€e CHUJIbI, HAIIPUMEP 3JIEKTPOMATHUTHOE II0JIe, Ta30BbIE U JKUIKOCTHBIE
IIOTOKHU, TEILJIO U XOJIOJI.

Kak HaM y:ke M3BECTHO W3 TJIaBBI 2, HAHOUYACTHIIBI MMEIOT Pas3Mephl,
CpaBHMMBIE C pa3MepaMH aTOMOB, IMWPUWHA KOTOPBIX mpuMepHo 0,1 HM.
OO6beKT cuuraercss HaHOMacIITaOHbIM, KOTr/a XOTs Obl OJHO U3 €ro h3Me-
penuit Haxoautcs B uHTepBase ot 1 10 100 M. XoTs 6bI OHO U3MepeHNe
60IBIIMHCTBA GUOJTOTHYECKUX OOBEKTOB TOTAIaeT B 3TOT Auana3oH. Ha pu-
cyHKe 5.1 TIpuBeZeHBI OTHOCUTEIbHBIE Pa3MePhl HEKOTOPHIX OPTaHUIECKITX
00BEKTOB, KOTOPbIE HEBO3MOKHO Pa3TJISIZIETh HEBOOPYKEHHBIM IJIa30M.

Bo/IbIIMHCTBO OHOKJIETOYHBIX OPraHU3MOB COAEPIKHUT ele OoJiee
MeJIKIie KOMIIOHEHTBI: SAPO, MUTOXOHAPHIO, armmapaT [onbaKu u 1p. ITH
KOMIIOHEHTBI KJIETKH BBITIOJHSIOT pa3HOOOpa3Hble CJI0KHbIE (PYHKINH,
HaIrpuMep TOCTABJISAIOT 3HEPTHIO UM CHOCOOCTBYIOT BOCITPOU3BOJICTBY.
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KpaCHOE KpoBAHOE Tenble

Ceass C_C  Femorno6uH (8-10 Mkm)
(6,5 Hm)
(015 ) bakrepusa LLUnpynHa
MMioko3a Bupyc (1-10 MKM) | nHY30pPUU-TYDENbKM
(0,9 Hm) (10-100 HM™) (65 MKM)
| | | I | | |
[ | [ [ I [ [
0,THM  THM TOHM 100 HM 1MKM 10 MKM 100 MKM

OnnHa

Puc. 5.1. Jaxxe Ha HaHOMACIITAGHOM YPOBHE OOBEKTHI UMEIOT Pa3Hble Pa3Mepbl

l'panuua paspgena

98

IToBepxHOCTb pasjena MeXIY PA3HBIMU COCTOSTHUSIMH BEIIECTB, Ha-
IpUMep KUJKUM U TBEPJBIM, UTPAET BAXKHYIO POJIb JJIsI UX PACTBOPUMO-
CTU. YueHble HAYYUIUCH C TIOMOIBIO GUOJOTHYECKUX HAHOTEXHOJOTUI
peBpallaTbh HEPACTBOPUMbIE B BOJI€ BEIIECTBA B PACTBOPUMbIE, KOTOPBIE
MOTryT (PYHKIIMOHMPOBATh B PA3JUYHBIX JKUAKUX PACTBOPAX, BKJIOUYast
pacTBOPBI KUBOro opranusMa. OTKPBITHE HOBBIX CIOCOOOB TaKUX IIpe-
Bpaiiennii (13 CyXoro cOCTOSIHHSL B MOKPO€) SIBJISIETCS KJIIOYEBbIM (haK-
TOPOM YCIIEITHOTO BHE[PEHUsT HAHOTEXHOJIOTHIA B OMOJIOTUYECKUX U Me-
JUIUHCKUX [IeI9X.

Opun u3 croco60B COCTOUT B TOM, YTOOBI B3SITh HEUTO U3 <«IapCTBa
CYXOro», HalpuMep 30JI0TO, U NPUCOEIUHUTD €r0 K «I[APCTBY MOKPOTOY,
HarpuMep GOJIBHOI KJIETKe, ¢ IOMOIIbIO CHEIHAJIbHBIX aHTUTE]I. TaKkuM
o6pasoM, s JiedeHust 6oJie3Hell, HallpIMep paKa, MOKHO HCIOJIb30BaTh
HETOKCHYHBIE YACTHUIBI WU TuOpujHble cyOctanimu. HanorexHojorun
00.J1a/1af0T OrPOMHBIM TIOTEHIINAJIOM JIJIs1 BJUSHUS Ha OT/EJIbHbBIE KJIETKH,
OpraHbl, MUKPOOPTraHU3MbI U [[AJK€e 9KOCUCTEMBI.

Kpome Toro, ;kuBble OPraHM3Mbl MOKHO HCIIOJIb30BATD AJISI CO3MAHMUS
HAHOCTPYKTYp. IIpupoja mepernoHeHa pasHOOGPA3HBIMU YTJEBOIOPO/I-
HBIMHU CHCTEMAaMH, KOTOPbIE BBIMOJHSIOT CIOKHENINe XuMmueckue, (u-
3udeckne u O6uosnornyeckne GpyHkimu. Ecau ydeHble CMOTYT HAYYUTHCS
UCIIOIb30BATh TH OMOJIOTUYECKUE CUCTEMbI ISl CHHTE3a HAHOCTPYKTYP,
TO 9TO TOJHOCTHIO M3MEHHUT HAIIU IPEJICTABJIEHUS O XUMUU, OGUOJIOTUU
U MaTepHaIOBeIeHNH.

PykoTBOpHBIE HAHOMATEPHUAJBI SIBJSIIOTCS «MHOCTPAHIIAMI» B OHOJIO-
TUYeCKUX cucrteMax. [IoTOMY /I UX TPUMEHEHUsT B MEUIIUMHCKUX U KO-
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JIOTUYECKUX HEAAX BaXKHO MOHATH, KAKOE BJIMSHUE OHM OKa3bIBalOT Ha
6moxuMuYecKne Ipoiecchl. [l HOBBIX NpPHUMEHEHNUH HAHOTEXHOJOTHI
HEOOXO0MMO YETKO MPEACTABIATh, KaK B3anMOJAEHCTBYIOT GHONOrHYECKHe
cucreMbl («<MOKpOE 11apCTBO») M HeopraHudeckue HaHoMarepuasbl («cy-
X0€ IapCTBO»).

BUOMEXAHUKA NPUPO/bI

[Ipupona neMOHCTPUPYET OTPOMHOE Pa3HooOpasue >XKUBBIX OPTaHU3-
MOB — OT KPOIIEYHbIX HACEKOMBIX /10 OTPOMHBIX CUHUX KUTOB. B ocHoBe
BCeX 3TUX OMOJIOTMYECKUX KOHCTPYKLUH Jexxar Gesku. besok mpencras-
JisietT coOO0Il TIeHTPATbHBII ATOM YTrIepojia C OTBETBJEHUSIME: AMUHOKUC-
JIOTHOU T'PYNIIOH, KapOOKCHIBHON IPYNIOi U GOKOBBIMU IETIOYKAMU Pas-
HOU JUINHBL.

Q benkn — 370 BbICOKOMONEKYNAPHbIE OPraHNYecKue BeLecTBa, COCTOALLME U3 aMUHO-
KWUCNOT, COEANHEHHbIX B LEN0YKY NenTUAHON CBA3bLIO.

VTak, HECKOJBKO CBSIBAHHBIX NENMUOHBIMU CE8A3AMU AMUHOKUCIOT
o6pasyior 11ernouky Geska. Ha pucynke 5.2 mokasana CTPYKTypa THITHY-
HOTO 6eJKa ¢ MenTUAHBIMI CBA3ssMu. CBOMCTBA 3TUX CBsA3€H TMO3BOJISIOT
YUYEHbIM MaHHUIYJIUPOBATh BHYTPUKJIETOYHBIMU MeXaHU3MaMH B OIpejie-
JIEHHBIX OMOJIOTMYECKUX IEJISIX.

0
H R H
AN
N AN / OH
N C
| g / \
u R H

MenTngHasa cBA3b
MeXay aMUHOKMCNoTamMu

Puc. 5.2. Crpykrypa 6eska MOKeT ObITb IPOCTOI WM CJIOXKHOI
(B 3aBUCHMOCTH OT NMENTUHBIX CBS3e# Ui GOKOBBIX OTBETBJICHWUIA)

Ha pucynke 5.2 IOKa3aHa IENTUAHAS CBSA3b, KOTOPAs COEAMHSIET aMU-
HOKHCJIOTBI, a TaKKe JOHOPCKAS BOAOPOHAS CBA3b, TO €CTh CBA3b MEXKILY
azoroM (N) u Bogopogom (H), u akuenmophasi BONOPOIHAS CBsI3b — JIBOIi-
Hast cBsi3b Meskay yraepogoM (C) u kucaopogoMm (O). Drtu cBsa3u onpese-
JITIOT CBOMCTBA M (DYHKIMKM HOBBIX HAHOCTPYKTYP M HAHOMATEPUAJIOB.

99



S|

100

‘,.',!‘0 YACTb Il «Mokpble» (OpraHu4eckue) npunoXxeHus

YdeHble CYUTAIOT, YTO HAHOTEXHOJIOTUU TIPU3BAHbBI OKA3bIBATH TOMOIIlb
Marepu-Ilpupone. /lo6aBisisi aTOMbl 1 MOJIEKYJIbl B GEJKOBbIE CTPYKTY-
Pbl WM yJAJsist UX, MOKHO HAYUUTBHCS JIEYUTh HEKOTOpble GOJIe3HU WK
Jla’Ke TIPeJ0TBPAIATh UX.

UTto6bI TOHATH MPUHITUI PaboThl GEJKOB B KJeTKaX, HeoOXOAMMO
UMeTh BO3MOKHOCTb Y3HATh, KAK OHU YCTpOeHbl. HanmpuMep, Hesb3s pac-
KPBITb CEKPEThl OMOJIOTMYECKUX MOJIEKYJI, €C/Ii He U3BeCTHA ux (Ga30Bast

CTPYKTYPA.
YOTCOH W KPUK

[To o6pasnoMmy BbipaskeHuio ydenbix, Geakn B JHK (desokcupu-
OOHYKACUHOBASL KUCAOMA) colepKaT niaan Ku3dnu. OHU JelcCTBUTEb-
HO XPaHAT TporpaMMy pa3BUTHSI W (HYHKIMOHUPOBAHUSA JKUBOTO OpTa-
HHU3MA.

Bee skuBotHbie (0T TpyOKO3y6a M GpoHeHOCHAa a0 GereMora u de-
noseka) cozepxkar JHK ¢ sanmcaHHbIME OCHOBaMH CTPOEHHSI JAHHOTO
JKMBOTHOTO, KOTOPbIE IEePEAIOTCS U3 TTOKOJEHUS B TIOKOJIEHHE,

B 1953 r. 6uonoru [[xeiitmc Yorcon (James Watson) u @pancuc
Kpuxk (Francis Crick) 8 Kem6pumkckom yunsepcurere (Bernko6pura-
Hust) usydasnu ctpykrypy JAHK ¢ moMouibio MeToq0B penmzenoecko
Kkpucmannozpaguu. Ha ocHOBaAaHWM TOJYYEHHBIX [JaHHBIX OHU CO3/1a-
sn ¢pusnveckyio mozesab JJHK. [Tosxe cyuiecTBoBanme mnpeyioKeHHOM
UMU CTPYKTYPBI JABOIHOI crniupanu ObLI0 JJoKa3aHo, a uX pabora ObLia
orMeueHa HobeneBckoit nmpemueii mo ¢pusuosornu u Megunuie 1962 r.
«3a OTKpBITHS, Kacaolluecs MOJEKYJSIPHOW CTPYKTYpPbl HYKJIEWHO-
BBIX KHCJIOT U UX 3HAYEHUeE J/Jis repegadyn uHdopMalu B KUBbIX CHU-
creMax».

[Tocne otrpoitusa crpykrypol JHK ydenbie ctanm jaydiie TOHMMATD
MeXaHM3Mbl HACJEJACTBEHHOCTH M HacJaeJCTBeHHbIX 3aboseBannii. [JHK
COlEPXKUT (pparMeHThl, KOTOpble XpaHAT mH@opMaIuio o 6eakax Tesa
OpTaHW3Ma, a TaK)Ke O PA3HBIX IH3UMAX.

Kaxmag momexyna JJTHK cocTouT m3 AByX AAWHHBIX HUTEH, cOeIn-
HEHHBIX BOJOPOJHBIMU CBSA3SIMU U 3aKPYUYEHHBIX B BUIE 0GOUHOU CNU-
paau. Hutn BRIIOYAIOT TIepeMeskarolecsl TPYIIbI, KOTOPbIe COJepKaT
docdar, caxap m oHO U3 UYeTbHIpEX a30TUCTBIX OCHOBaHuil. Hutm cBs-
3aHBI JIPYT C JPYTOM C TOMOIIBIO BOJOPOJHBIX CBSI3el MeXK1y MapaMu
A30TUCTBIX OCHOBAHMUIA.

Urak, caxap ¢ nsatbio atomamu yriepoja (desoxcupubosa), dpocdar
1 a30THCTOE OCHOBaHUE 00Pa3yioT HYyKAeomud. UeTbIpe a30THCTBIX OCHO-
sanust (6aspr) — ryanus (T), nurosun (I1), agernn (A) u tumun (T) —
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0o6pasyior zenemuyeckutl K00d. MaKTUIECKW OHU UTPAIOT POJIb KIETOUHON
namsiT, B KOTOPOI#i 3anucaHa nHQoOpMaIus O TOM, KaK CO3/[aTh SH3UMBI
n gapyrue 6esku. Ha pucyHke 5.3 cXxeMaTH4YeCKM IOKa3aHa CTPYKTypa
JBoitHON criimpasn Mosekyanl JJHK.

AfeHuvH

TMnH

l'yaHuH

Puc. 5.3. Monexyaa /[IHK cocronT n3 3akpy4eHHBIX B CIHPAJb [BYX CBSI3aHHBIX
HUTeN, KOTOPble 06PA30BAHBI U3 IETIOYEK YeTHIPEX A30THCTBIX OCHOBAHMUIT

O6e nenoukn [IHK yaepskuBaioTcsi BMecTe ¢ IOMOMIBIO NYPUHOBHIX
WIN NUPAMUOUHO8HLX OCHOBAHUI, KOTOPBIE 00Pa3yIOT CBSI3AHHBIE TTapPbI.
[IpuueMm azennn (IlypMHOBOE OCHOBAaHHE) MOKET OBITH CBSI3aH TOJIBKO C
tuMuHOM (IMpaMuIOHOBOE OCHOBaHMe), a TyaHuH (IIypHHOBOE OCHOBA-
HUE) — C HUTO3MHOM (IIMPaMUJOHOBOE OCHOBAHUE).

AnennH < TumuH

I'yanun < Hurosun

Yerpipe nykaeotnaa (A, T, Il u T') B pasHbIX coueTaHHMAX ABYX Ile-
nouek /JIHK comepskar mosHblil 11an crpoeHus M (PyHKIMOHUPOBAHUS
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opranusma. OHE CIIOCOOHBI KONUPOBATH 3Ty UH(OPMAIUIO C TIOPA3UTEJIb-
HO BBICOKOW TOYHOCTBIO. B opranmsme uesoBeka Kakjgas KJIETKa COJIEp-
KUt 46 ormenpHbIx Mosekya JHK, npuuem B Kaxk01t HAXOAUTCS OKOJIO
160 muiH map Hykjeotu/ioB. VI Bech 3TOT OrpoMHbIN 06beM UHMOpMaIm
KOIUPYETCST U XPaHUTC 1MouTH 6e3 ommboK. ITO Topasno 6oJiee HAIEXK-
Hasl cucTeMa XpaHeHus WH(MOPMAIIMK, YeM KOMIIbIOTED!

KOO OHK

JIHK demoBeka coiepKUT IJIaH, WU KO, CTPOEHUS BCETO Opra-
Hu3Ma. /[y BBINIOJIHEHUS 3aKOAMPOBAHHBIX WHCTPYKIMI WHOOpPMAIUs
KOIMpYyeTcs U Iepepaercss ApyruM MoJjekysaam. Ecau ogHa Huth JHK
COZEPKUT TIOCJeIoBaTeNbHOCTh a30TUCThIX ocHOBaHuit ATTITTIAAT, To
BO BTOPOIl HUTH COOTBETCTBYIONIAS €l MOCJIe0BATENbHOCTh OY/IET UMETDH
Bug THITITTTIL. DTOT MPUHIUAII COOTBETCTBUS A30TUCTBIX OCHOBAHMI
coxpaHgeTcs Bcerza, ecan toabko JHK He mosyuyniaa kakoe-To mMoOBpesK-
JleHue.

[Mospesknenne /IHK Moxxer ObIThb BBI3BAHO pa3HbIMU (haKTOpaMmi,
HATIPUMED PaJUAIMOHHBIM O6JydeHreM. VIMEHHO 110 91Ol TmpuunHe Oe-
PEMEHHBIM JKEHITMHAM He PeKOMEHAYETCS TTPOXOAUTHh PEHTreHorpaduio.
Jlesio B TOM, 4TO PEHTreHOBCKOE 00/IyUeHUEe MOKET MOBPEUTH CTPYKTYPY
6eskoB B MoJekyaax /JIHK sapogpbiia.

Koneuno, 60Jibilloe 3HaU€HWE UMEET MECTO M BeJUYHHA OIMMUOKY IIPH
kornupoBannu JHK. Ecau yuyacroxk JHK ¢ nocaegoBaTenbHoCTbIO a30-
tuctbix ocHoBanuit ITIIAATII ckomnupoBaicsd B MOCJAeI0BAaTENbHOCTD
ITTAATII, To moTeHIMAIbHBIA Bpea OT TAaKOU omubOKu OyJeT 3aBUCETDH
OT TOTO, YTO WMEHHO 3aKoAMpoBaHO B manHoM ydacTke JHK. Oxamm
13 TEePCIEeKTUBHBIX HAIPaBJEHUN pPa3BUTHS HAHOTEXHOJOTHH SIBJSETCS
BO3MOKHOCTDb HCIIPABJIEHUS TaKUX OMIMOOK B TeHeTHYeCKOM Koje. Ecin
6bl yueHble HAYyYWJIUCHh YJAJSATb WM 3aMEHSThb OT/EJbHbIE aTOMbI, TO
OHU MOTJI OBbI JIEYUTh MHOTHE TeHeTHYecKue 3a60jeBaHUs, HAIPUMep
CEPIOBUIHO-KIETOUYHYIO AaHEMUTO. Y YeHBIM TIPE/ICTOUT ellle MHOTO W OCHO-
BATEJbHO TOTPYAUTHCS, YTOOBI HAYYUTHCS CKJIA/bIBATH 10/00HbIE OHO-
JIOTUYECKHE 11a3JIbl.

N3BectHO, uTO MIOCHenoBaresbHOCTH HyKJaeoTunoB B JHK orBevator
3a BKJIIOUEHUE WM BBIKJIOUEHUE HEKOTOPBIX IPOIECCOB, CO3aHue OETKOB
U APYTUX 6MOJIOTHYECKUX CTPYKTYp. OZHAKO eCThb MHOTO TIOCJIE/[0BATEb-
HOCTel, pOJib KOTOPBIX A0 CUX TOp HescHa. HoBble HAHOTEXHOJIOTHH W
HAHOMHCTPYMEHTHI MO3BOJIAT 3arasHyTh ray6sxke (BILIOTH O aTOMapHOTO
YPOBHS) U JIydllle PACCMOTPETh, YTO MPOUCXOJAUT HA HAHOYPOBHE M KaK
5TO MOJKHO KCIIOJb30BATh BO OJIAaTO YeJIOBEUYECTBA.
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Ha6niogexne 3a 6WoNOrM4ECKMMU CTPYKTYpaMu U NpoLeccami

Ycnex nabmoeHust 3a GHOJOTMYECKUMU CTPYKTypaMK M I[IPOIlecca-
MU B OCHOBHOM 3aBHCHT OT YMEJIOTO TPUTOTOBJEHUST MUCCJIETYEMBIX 00-
pasioB. Uem syuriie sabopatopHoe 060pyIoBaHie U yuiie o6paserl, TeM
60JIbllle BEPOSITHOCTH TOYHOTO OIPeJIENeHNs] €er0 CTPYKTYPbl, XUMUYECKO-
ro cocrtaBa U CBOHCTB. HacTo cTyneHTaM He ynaeTcs JOOUTHCS XOPOITHX
pe3yJIbTaTOB JlaXke C IMOMOIIbI0 TOTO Xe OOOPYJOBAaHUSI M TeX JKe Me-
TOJIOB, KOTOPBIMHU MOJIb3YIOTCS UX GO0Jjiee OIbITHbIe HACTABHUKHU. OIbIT
U TIIATEJBHOCTh B MeJOYax WIrpaioT Gosbiryio poas! MHorma mpocroe
M3MeHeHne TPOIEYyPhI, HATIPUMED MEPEHOC TOJBKO UTO TTOJYUEHHOTO 006-
pasiia B XOJOUJIBHUK B JAPYTOM KOHEI[ JaGOPATOPUU BMECTO MIHOBEHHO-
ro TOMENEHHST €r0 B KOHTEHHED CO JIbJIOM, MOKET 3HAYUTEJbHO CHU3UTD
KauyecTBO MOJYYEHHBIX Pe3yJbTaToB.

MacTuThIM y4eHBIM HEOOXOIUM BECh WX OMBIT, YTOGBI MOJTYUYUTH
HaWJydline pe3yJabrTatbl. [IpH 3TOM OHU CTPEMSTCS WUCIOJb30BATh
UMeHHO Te crenndudecKkiie CBOMCTBA MCCIEYeEMOTO 0OBEKTA, KOTOPbIE
MO3BOJIAT TOJYYUTh Haubosabiuil 06beM uHdopMaluun o HeM. Hanpu-
Mep, ecan obpasel] crocober QIyopeciupoBaTh, TO JJs1 HAGTIOTEHWS
3a HUM CJielyeT aHAIM3UPOBaTh (DIyOPECIeHIINIO, a ecau 06pa3elr SIB-
JISIETCST XOPOIIMM TPOBOJHUKOM, M3MEPSITh €ro 3JeKTPUYECKHe CBOM-
CTBA.

PEHTTEHOBCKAS KPUCTAJNIOrPAGUSA

PenrtrenoBckas Kpucrajiorpadusi Mo3BOJSIET TOJYYUTh HanboJjee
no/ipobHyio wHOpMAII0 06 ATOMHOU CTPYKTYPE HCCIELyeMOTr0 0ObeK-
ta. C TOMOTIBI0O METOJI0B PEHTTEHOBCKOHN KpucTajaaorpaduu MOXHO [10-
6bIBaTh CBe/leHUs] O KOH(UTYpAIUU 3JEKTPOHOB U TPEXMEPHOM paciipe-
JIeJIEeHUN UX TIJIOTHOCTH.

Jlns1 aTOTO CHAYAJIA TTBITAIOTCS BBIPACTUTD YUCTHIN KPUCTAJLIT HA OCHOBE
HCCIeayeMOl MOMEKYJIbI. 3aTeM €ro TOMEMIAIOT B PEHTTEHOBCKYIO yCTa-
HOBKY W OCBEMNIAIOT MYYKOM PEHTTEHOBCKOTO u3maydeHus. llydox mud-
parupyer (OTKJIOHSETCS) Ha CTPYKTyPe MOJEKYJbl, a An(PaKIHOHHAS
KapTuHa (PUKCUPYETCS JETEKTOPOM M aHAJIU3UPyeTcs: KoMmnbiotepoM. Ha
OCHOBE TOJIYYeHHO# WH(OpMAIUU BOCCO3/Ia€TCSI KapTa paclpe/eeHus
3JIEKTPOHHOH TtoTHOCTU. Hampumep, TakuM 06pa3oM MOKHO OIIpe[e-
JIUTh TUTBI CBA3€H W PACMOJIOKeHUEe a30TUCTBIX OCHOBAHUHN B MOJIEKY.JIE
JIHK, kak mokasano Ha puc. 5.4.

[elicTBUTETbHO, pACIONIOKEHNE ATOMOB MOXKHO OIPEEeSITh C TOY-
HOCTBIO 10 gou anrcrpema (oxoso 1078 ¢M). B 3aBucMMOCTH OT CIIOCO- 103
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6a cosnanus (BbIpAlMBaHUA) KPUCTALIA B HEM MOIYT ObITb HEKOTOPbIE
CTPYKTYDHBIE OTINYHS.
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Puc. 5.4. C nomoupio MeToJIoB PEHTT€HOBCKOI KpHcTasjIorpaduu MOKHO
OTIpeZIeJISATh PACTIONIOXKeHNe a30TUCTBIX OCHOBaHHUil B MoJekyste [JHK

ANEKTPOHHAA MUKPOCKOMUA

B rnage 4 ysxe ynoMuHaoch 06 UCIIOIb30BAHUN 3JIEKTPOHHON MUKPO-
CKOTIMU JIJISI omnpeieieHust o01eil CTPYKTYpPbl OMOJTOTHYECKUX MOJIEKYJI.
DJIEKTPOHHDBIE MUKPOCKOIIBI 00JaIal0T pa3pelieHneM OKOJIO 2 HM U IIO-
3BOJISIIOT HAOMIOAATh 32 OOIIUM BHJOM CJIOXKHBIX OHOJIOTHYECKHX CTPYK-
Typ, HO He 3a OoTJeabHbIMU aToMaMu. COM u [IOM wucnosb3ytores aas
n3ydeHus oOmell CTPYKTYPBI CTOKHBIX GHOTOTHYECKUX MOJIEKY.JI.

PesyabTarsl, osyueHHbIE C TIOMOIIBIO METO/IOB 2JIEKTPOHHON MUKPO-
CKOIIMHM ¥ PEHTIeHOBCKON KpHCTaJLIorpadun, UCHOJIb3YIOT [ KOMIIbIO-
TEPHOTO MO/IeTMPOBAHUS U aHaJIu3a aTOMapHOW CTPYKTYPbl KPYIHBIX
CJIOKHBIX MOJIEKY.I.

HABIOAEHUE 3A OQHOCTONHBIMUN YIEPOAHBIMI HAHOTPYEKAMM

Ipynma wuccnemoBateneit mona pykoBoacTBOM Tpodeccopa bproca
Baiicmana (Bruce Weisman) u Pe6exkn [Ipesex (Rebekkah Drezek) us
[leHTpa uccaejoBaHUs HAHOTEXHOJOTHHA B OUOJIOMMU U OXPaHbl OKPY-
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xaromein cpeapr (Center for Biological and Environment Quality —
CBEN) Vuusepcurera Paiic (CIIIA) umier HOBbIE CIIOCOOBI MOTyYEeHNS,
OYMCTKY ¥ aHaIn3a OUOJOTMYEeCKUX HAHOYACTHLI.

B cBoeii paGore OHU WCIIOJB3YIOT OJHOCJONWHBIE YIJIEPOJHbIE HAHO-
TPYOKH, KOTOPbIE YIPOIIAIOT TIPOIece HAGIIOEHNS 32 HEKOTOPBIMU OHO-
JIOTHYECKUMU Tipotieccamu. PaboTa oc/ioxHsieTcst GOMbITUME TEXHUYECKH-
MU TPY/HOCTSIMU, CBSI3aHHBIME C TE€M, YTO MOJIy4aeMble HAHOTPYOKH MMe-
10T pPa3Hble pa3Mepsl, (GOPMY W OPUEHTAIINIO. Y YeHbIM HYKHO TPOBEPHUTDH
1 oTUIBTPOBATH TOJBKO HAHOTPYOKU, KOTOPBIE TOASTCS JIST X IesIell.
OHu BHEpBble CTAJIHM UCIOJb30BATh CREKMPANLHBIL AHALU3 HAHOTPYOOK
B GHOJIOTHYECKUX I1eJistX. [IJ1s1 aToro 6bLin co6paHbl JaHHbIE O 33 pa3HbIX
TUIAX MOJIYIIPOBOAAIINX HaHOTPYOOK. Pacriosiarasi TakuMu CBeJIEHUSIMU,
yueHble CMOTJIM UCI0JIb30BaTh uX Jis1 3 (HEKTUBHOTO CO3/JAHUS U BbI-
6OpPKM UMEHHO TeX HAHOTPYOOK, KOTOPbie GOJIbIE BCErO TMOAXOIAT JIJIs
UX IIEeJIEN.

é CnekTpockonua (CneKTpanbHblif aHanu3) — 9T0 HayKa, KOTopasl U3y4aeT B3aUMOASN-

CTBUE U3MNY4YEHUs C Pa3Hoil AANHOM BONHbI U BellecTBa. OGbEKTOM UCCNenoBaHNs npu
9TOM ABNAETCSA CMEKTP U3Ny4eHUs, TO eCTb PacnpeaeseHne UHTEHCUBHOCTM U3NY4eHNs
B 3aBMCUMOCTI OT AIMHbI BOJHbI.

Ojana u3 HamboJiee BasKHBIX IleJiell HOBBIX HAaHOMACIITAOHBIX HCCJIe-
JIOBaHMI B OMOJIOTHM — IIOMCK <UTOJIKH B CTOTe ceHay. TouHee TOBOPS,
YUEHbIX YacTO MHTepecyeT, B KaKOM UMEHHO MeCTe MPOUCXOJSAT U3MeHe-
HUS, HalpuMep MOBpeXeHne OesKa, W KaKOBBI CJEIACTBUS TAKOTO IIO-
BpPEXK/IEHIST B Pa3HbIX KJETKaX U OUOJIOTHYECKHX cucreMax. Ha pucyH-
Ke 5.5 MOoKa3aHa TUIUYHAS CXeMa OIPe/leIeH sl TIOBPEXK/IEHIS Ha Pa3HbIX
CTaJIASIX ATOTO TPOIlECCa.

Ynomsuyrteie Bbinie uccaenoBatenun ud CBEN npupymanu croco6
HaGJIO/leHns 32 Makpogazamu mpinieii (KJIeTKaMu, KOTOPbIE CIOCOGHBI
3axXBaTbIBaTh U TE€PEBAPUBATH JPYTHe KJIETKH) C MOMOIIBIO HAHOTPYGOK.
OHu 3aMeTH/IN, YTO B PEKUME 1R 0it70 HAHOTPYOKU HUKAK HE BJUSIOT Ha
dbyHKIU MakpodaroB MLIITH, HO OHU XOPOIIO BUIHBI Gjaroaapst puyo-
pectienniuu. TakuMm o6pasoM, QiyopeciieHInsi OJHOCIOMHBIX YTIepPO/I-
HbIX HAHOTPYGOK MO3BOJISIET UCIIOJIb30BAaTh 3TH HAHOTPYOKH B KauyecTBe
MapKepoB U areHTOB /Jis HAGJIOJAeHUs 3a TOBeJeHneM OMOJOTHYECKHIX
00BEKTOB.

Q Pexxum in vivo 03Ha4aeT BHyTpM XWBOTO OPraHu3Ma, a pexxum in vitro — BHe XUBOro
OpraHu3ma, Hanpumep B Nnpo6upke.

105



BUHedarogee BMHOGOHNNHEOT 1 MOLaIr BUHIKAgO01 9MULOOHIRNT N@IEN& 4 9hOWOIl LAIOW UWIOIFOHXJLOHR]] ‘¢ C *Ind

cecees
eos cens
.ot ce.

. ..
o e

VANLOOHIent?

s : YoHHed BuT .

T . WUNIOLOHXSLOHEBH :

[<b) .. N

X SUHIHIWMCY |

=

=

o

=

<)

= A D>

X

o BUHILRT BWada og

nu_w mLBL g Loietfelou

W 1a1HaWledd

I~ SI9HHATda0| | -——
—

Q
2 _

N naody g soLagHedyoduoed -—
N

<) SuHamKadEo| |

0

m. =XITETe} 19323hodu
W anHamKadao|| ~/— audahmIoLong
¥
— g
.a qrdawd

-

- ‘SnHaKAdeHQO daH oL
Wﬂu ‘nroxAuo 1od I —
o ‘BMHegsLroges ologosed oueheH -—

1002 YIGHYehALD

1atrad> yamoiexAdyo
9UHaHeBd RS

LrOEHDg

9MH3hALQO 90HHOdLUIH
SUHIKALIEN SOXIDRUWDOY

9N1I900)

106



L7

HGKO
IMABA'S buonorus S

buonoruyeckue HaHoCeHcOopbI

Buosiornueckiie HAaHOCEHCOPDI UCTIOJIB3YIOTCSI B PA3JIUYHBIX 00JIACTSIX,
JUISL PA3HBIX TPUIOKEHW, BKJIOUas 3/[paBOOXPAaHEHUE, MOHUTOPUHI U
3alIUTy OKpYsKawolleil cpeibl, (apMaleBTUKYy, racTPOHOMUIO, KOCMETHU-
Ky, XMMUIO, 3aIIUTy OT GUOJIOTUYECKOTO TePPOpPU3Ma U yIpaBjeHue 61o-
JIOTUYECKIMHU TTPOIECCAMU.

Onu npeHa3HaueHDI i OOHAPY>KEHUS CIEeNNaJn3MPOBAHHBIX OHUO-
JIOTHYECKUX CUTHAJIOB, KOTOPbIE OOBIYHO TIOPOKIAIOTCS U(DPOBBIM 3JIEK-
TPUYECKUM CUTHAJIOM, CBSI3AHHBIM C OCOOBIM OUOJIOTUYECKUM WJIH XUMU-
yeckuM 06beKTOM. VcnoJib30BaHe HOBBIX HAYYHBIX METOJIOB, HAIIPUMED
MUKPO- U HAHOIPOU3BO/ICTBA, & TAKXKE YCIIEXU ITEKTPOHUKU TTO3BOJIUIIH
YYEHBIM CO3/1aTh YJIydllleHHble GHMOMEeUIIMHCKUE ceHCophl. [IpuMenenune
3TUX CEHCOPOB CIIOCOOCTBOBAJIO PA3BUTUIO HOBBIX TEXHOJOIHI B Meu-
IIUHCKON 1 (papMalleBTHYEeCKON MPOMBIIIJIEHHOCTH, a TAK)Ke HOBBIX METO-
JIOB 3alIUThI OKpYsKaioleil cpesibl. Hanpumep, ceituac pazpabarbiBaiOTCs
HaHOMACIHITaOHbIE CEHCOPbI TJIIOKO3bI, KOTOPbIE CIIOCOOHBI 3aUKCUPO-
BaTh HaJUYME CAXaPHOTO Juabera.

Buosornveckiie HaHOCEHCOPDI /AIOT YYEHBIM BO3MOKHOCTH M36Mpa-
TEJIbHO HAEHTU(MUIMPOBATh OYeHb HU3KHE KOHIIEHTPAIIMH TOKCHYHBIX
COE[IMHEHUT B MPOMBIILJIEHHONW MPOAYKIUU, XUMHUYECKUX MaTepuajiax,
BO3JyXe, BOJIE, Mo4Be, OHOJ0rnuecKux cucreMax (Hampumep, B GakTepu-
gX, KJeTKax U Bupycax) u T. A. KoMOuHupys crennduyeckue GuoJI0rH-
yecKkre Mapkepbl (HampuMep KpacuTe/ M) ¢ METOAaM1 ONTHYECKOTO JIeTeK-
TUPOBAHUS U BBICOKONPOM3BOJAMTETHHBIMU KOMIBIOTEPHBIMU CHCTEMAaMH,
yueHble HAYYHJIUCh CO3aBaTh OMOJOTHYECKUE HAHOCEHCOPDI JIJIST MOUCKA
u auddepeHIrany CJI0KHbIX COeUHEHH.

BosibumHCcTBO GHMOJIOTHYECKIX HAHOCEHCOPOB PAGOTAET MO MPUHIUITY
u3MepeHusi B3aUMOJIEHCTBUS U3y4aeMoro o6pasiia ¢ HEKMM PEareHTOM C
06pa30BaHMEM HOBOTO TPOAYKTA PEAKINU. IJTa PEaKIUs yJaBIUBAETCS
CEHCOPOM, KOTOPbLIil Tpeo6pa3yeT ee B 3JEKTPUYeCKUil curHasi. /laHHbIi
CUTHAJI OTOOPAKAETCsT WJIM 3alMChIBAETCS € MOMOIIbIO KOMIIbIoTepa. Pe-
aKIM B OUOJIOTMYECKUX MPOIECCAX MOTYT PETUCTPUPOBATHCS TPE0s-
pasoBarejieM HECKOJbKUMU Pa3HbIMU CIOCOO6AMU, MEPEYUCTEHHBIME B
taba. 5.1. KoHKpeTHBINl THII ceHcopa ompejesiercss crenudpuyecKuMu
6UOJIOTUYECKUMH TTPOIIECCAMH.

Hwuke mepeuncriensl Han6oJjiee BayKHbIE TTapaMeTpbl GMOJOTHYECKUX
HaHOCEHCOPOB:

® crocoGHOCTb M30JMPOBaTh crienuduieckuii Ouoyornueckuii (ak-

TOP ¢ HEGOJIBINON CTENEHbIO BMENIATENbCTBA APYTUX (PAKTOPOB;
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MaJsioe BpeMsl OTKJIMKA,;

OUOJIOTYECKass COBMECTHMOCTD;

cBepxMasible (HaHO) pasMephr;

CBEPXBBICOKAsI YYBCTBUTEIbHOCTD;

CBEPXBBICOKast TOYHOCTb;

POYHOCTB;

HU3Kasi CTOUMOCTD JIJIsi GOJIBIIIOTO KOJIMYECTBA Pa3HbIX TECTOB Ha
OJTHOM HcCcJielyeMoM o6pasiie.

Ta6mna 5.1. Dusnyeckue TPUHIKAIBI, J€Kallie B OCHOBE HEKOTOPHIX TUIIOB
OHOJIOTHYECKIX CEHCOPOB

Merox npeoGpa3oBanust Tun 61OJOTHYECKOTO CEHCopa
W3nyveHue wiy MOTJIONIEHHE TeTLIa Kamopumerpuueckuii
Wsmenenus pacrpejiesieHus 3apsja [MorennuomMeTpuyecKuii

ﬂBI/I)KeHI/Ie JJIEKTPOHOB B PE€AKIUAX OKUCIECHUA AMHEP()MCTPI/I‘{@CKI/Iﬁ
NJIN BOCCTAaHOBJIEHUA

I/ISJIyLIeHI/Ie NJIN IOTJIOIEHNE CBETa Onruyeckuit

[edopmaiiust niam HanpsKeHNe [Ibe3oanexTpuyeckmit

Ha nyrtu BHenpeHnusi 6MOJIOrnYecKUX HAHOCEHCOPOB B J1AGOPATOPUSAX
u GOJIbHUIIAX YUYEHBIM TIPUJETCS TPEOJI0JIETh HECKOJIbKO IIPENSTCTBUI.
Buromnornyeckne HaHOCEHCOPBI MOKHBI OBITH AJANTHPOBAHBI K TEKYIITIM
KJIMHUYECKUM MeToJaM W WHTErpUpOBaHbI B HUX. Kpome Toro, morpe-
GyeTcst co3/1aTh HOBbIE OMOUMHIKEHEPHBIE TEXHOJOTUU W YCOBEPIIEHCTBO-
BaHHYIO 3JIEKTPOHUKY. Harpumep, KOJIMUYECTBO MOMBITOK MCIIOJIb30BAHUS
6HMOJIOTHYECKOTO CEHCOpPAa MOJKET OTrPAaHMYMBATHCS 110 Mepe HaKOILIEHHS
6eIKOB Ha GMOJIOTUYECKU aKTUBHBIX TOBEPXHOCTSIX.

Bonee toro, mig noctmikeHuMs BBHICOKON YyBCTBUTEILHOCTH, M36Mpa-
TEJBbHOCTH, CTAOWIBHOCTA U COBMECTUMOCTU PA3HbIX MaTepHaJOB MOTpe-
GyeTcst COrJIacoBaTh UX 3JeKTpUUYeCKue u Guojorndeckue nHrepdencs.

NOBEPXHOCTHOE HATAXXEHUE, BA3KOCTb U 3APA[l

Ha maHocKonmmyeckoM M MOJEKYJSIPHOM ypOBHe Ga30Bble CBOICTBA
KUAKUX CyOCTAHIME OYeHb CUJIBHO OTJIUYAIOTCS OT (Ga30BBIX CBONCTB
TBEPABIX Te. ITa 0COGEHHOCTh UMeeT OOJIbLIOE 3HAUeHUe Jjisi OUOJIo-
rUYeCKUX HaHoMmarepuasoB. /lejio B TOM, 4TO B3auMo/ieiicTBUe aTOMOB U
MOJIEKYJI B 3HAUUTEJbHON Mepe olpejessieTcss uX OJMMKANUIIIM OKpYysKe-
HueM. [[ns ycremno# pa6oThl HEKOTOPHIX GHOJIOTHYECKUX HAHOCEHCOPOB

108 HEOOXO/IUMO YUUTHIBATH UX JIOKAJTbHOE OKPYKEHUE.
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MOBEPXHOCTHOE HATAXXEHWE

Y HEMOCBSIIEHHBIX 3TOT TEPMUH MOXKET ACCOIMUPOBATBHCS C HAIPSI-
JKeHHOI 06CTaHOBKOMI BO BpeMsI KOPIIOPATUBHBIX COBEINAHMI NN CBETCKIX
MIPUEMOB C yYacCTHEM IMOJUTHYECKUX CONEPHUKOB. B HayuyHOM KOHTEKCTE
TIOBEPXHOCTHOE HATSI’KEHWE BCTPEYAETCS] BCSKMII Pa3, KOT/A Mbl BHUM
KAl 0K Ha JIMCTBbSIX PACTeHUN MM HATEPTHIX KPEMOM OaniMaKax.

Q MoBepXHOCTHOE HaTAXKEHUE BO3HUKAET, KOrLa MOJIEKY/bI XUOKOCTU CTPEMATCS COOpaTh-
C BMECTe /151 YMeHbLLEHWUA CBOEN NOBEPXHOCTU W 06LLE 3Hepruu.

[ToBEpXHOCTHOE HATsIKEHHe MPeCTaB/IseT cOO0N Pe3yIbTaT CTpeMIe-
HUSI HECKOJTBKUX MOJIEKYJI )KUIKOCTH YMEHDBIIUTD 3aTPaThl CBOEii SHEpPruu
3a c4eT MUHMMHM3AIMHK IIomaau cBo6oHoii mosepxuoctu (puc. 5.6).

MNoBepXHOCTHOE HaTAXKeHNe

Puc. 5.6. IloBepxHOCTHOE HaTKEHUE BOJbI MOKET IIPOABJIATHCS
B BHUJIE 3aMETHOI CHJIbI

Eciu nmopasMbIciuTh, TO MOKHO MOHSITH, YTO JIOAM TIOPOU BeyT ceOst
tak xe. [IpencraBbTe cebe HECKOIBKUX JIIOJEI, KOTOPbIE MOPO3HOI 3UMOI
BBINLJIN U3 TEIJIOTO JoMa. Bce oHM cpa3sy ke moryy6ike HaTIHYT CBOU TO-
JIOBHBIE YOOPBI, CIIPIYYT PYKH B KaPMaHbI UM HAIEHYT MMEPUYATKH, YTOOBI
YMEHbIIUTH 3aTparhl 00mIell sHeprun (Ha 060rpeB) 3a cueT MUHUMHU3AIUN
mwIomau cBo6o oI nopepxHoctu (OTKPBITON BCeM BeTpaM KOKH).

UccaenoBarenu, KOTOpbie paboOTAIOT € KUAKOCTSIMH HA MOJIEKYJISIP-
HOM YPOBHE, YYHMTBIBAIOT IIOBEPXHOCTHOE HaTsikeHue. Mukpocmpyiinas
U HAHOCMPYUHAS TEXHUKA OCHOBAaHA HA M3Y4YEHUH NOTOKOB CBEPXMAaJIBIX
KOJIMYECTB KuAKoCcTH. [lyis ycrenmHoit paGoTbl 6MOJOTHYECKNX HAHOCEH-
COPOB U JIPYTUX MEAUITMHCKUX HAHOCWCTEM YUEHBIM U WH)XKeHepaM HeoO-
XO/IUMO HAXO/JUTh CHOCOOBI JOCTABKU MEIbUANIINX 00PasiloB KUIKOCTH,
HarpuMep Karejiek KpoBHU, K jgerekropaMm. Ha HaHoMmaciiTaGHOM ypOBHE
nepeMeniarh XUJAKOCTH OY€Hb CJIOXKHO MMEHHO W3-3a BJIUSHUS TOBEPX-
HOCTHOTO HATSKEHUS.
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BA3KOCTb

Hageprsika BaM [TOBOJUJIOCH CJIBIIIATH BBIPAYKEHHUE «TyMaH TYCTOH,
KaK dedeBUYHASA MOXJeOKay. TepMUH 6513KUll WCTIOIB3YETCS IS XapakK-
TEPUCTUKK MMEHHO TAKOTO ILIOTHOTO COCTOSIHUSI JKHAKOCTH, KOTJa OHa
CONPOTHBJISIETCST JIOOOMY TMEPEMENTMBAHUIO WM TIEPEMENEHUIO B HENl.
IIpexkpacHbIM TIPUMEPOM OYEHDb BSI3KOH JKUAKOCTH SIBJISIETCSI OOBIYHBIN
Mejl, JKUPHAs CMeTaHa WM PUTOTOBJIEHHBIN JIEAYIITKON KETUYII.

Ecnu past kynunapuu BSIBKOCTb HE HPE/CTABJsIET TPOOJIEMbI, TO st
HAHOTEXHOJIOTHH OHA CO3/AeT [OTOJHUTENbHBbIE TPYAHOCTH. [Ipu Tpo-
eKTHPOBAHUM U CO3/[aHUH HAHOCEHCOPOB YYEHbIM W WHXKEHEPaM BCera
IPUXOIUTCS YUUTHIBATH BSA3KOCTb MCCIEAYEMbBIX 06Pa3IoB.

BsskocTb cBs3aHa ellle ¢ OJHUM CBOWCTBOM JKUJIKOCTH — JAAMUHAD-
HolM meyenuem. C JIaMUHADHBIM TE€YEHUEM MbI CTAJKUBAEMCS BCSIKHIA
pa3, Korja, HalpuMep, IMPOJMBAaeM MOJIOKO M3 cTakaHa. IIposmroe Mo-
JIOKO He 3a/JePyKIBAETCSI B OZHOM MECTe, a IJIABHO PACTEKAETCs 110 Bceil
CBOOOIHON TLIOIIAIN.

é JlamunapHoe Te4eHue — 3T0 CMOKOWNHOE HenpepbiBHOE TeYeHWe OTAESIbHbIX MOMEKYI
XXWAKOCTW B OnpeaesieHHOM HanpasiieHUn.

XapaxTtep TeueHUd SKUAKOCTH U BI3KOCTh MMEIOT OTPOMHOE 3HAUeHUe
P ITPOEKTUPOBAHNY MUKPOCKOIINYECKUX KAHAJIOB JIJIsT B3SITUST 06PA3I0B
U TepeMelieHns uX K ceHcopaM. Beab yueHble M MHKEHEpPbI CTPEMSTCS
n36eKaTh 3aKyOPUBAHUS 3TUX KAaHAJOB.

INEKTPUYECKAS KNHETWKA

st ickmoyeHust po6yieM ¢ BSIBKOCTbIO M JIAMUHAPHBIM TeYeHUEeM
JKUJKOCTEN B HaHoMaciiTabe UCIOJb3YyeTcsl ajieKTpudectBo. [lis nepe-
MeleHNsT MOJIEKYJT KUJKOCTH B 33/IaHHOM HAIPABJEHUM UCCJEI0BATEH
MPUMEHSIOT 3JIEKTPUYECKUE CBONCTBA JKIIKOCTEH.

é AnekTpuyeckas KWHHeTHKaA, Ui ANEKTPOKMHETHKA, — 3TO YNpaBnsemblil NepeHoc anek-
TPUYECKOrO 3apsifia Mo CBEPXMAnoMy KaHany [ns nepemeLleHist Monekyn B 3ajaHHOM
HanpasneHun.

DJIEKTPOKUHETUKA UCTIOJIb3YeTCsI B JAaGOPATOPUN HECKOJIBKUMHE CIIOCO-
6amu. B ofHOM 13 HUX BJI0JIb KAHAJA MTOCHLIAETCS 2JIEKTPUUECKUN 3apsi,
KOTOPDLII yBJIEKAaeT 32 co60il OT/eTbHbIE MOJEKYJbl. JTOT METO]] Ha3bl-
Baercst a1ekmpogopesom. OO6beKTbI-MapKepb! (HapuMep GesKn) uccie-
JiyeMoro o0pasiia TOMEN[AIoTCs Ha OJHOM KOHIE CyOCTaHIIMU-TeJsl, Yepes3
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KOTOPYTO TIPOIYCKAETCS 3IEKTPUYeCKHil TOK. B 3aBucMMOCTH OT pa3Mepa
U JIPYTUX XapaKTEPUCTHK MOJIEKYJ OHU HAYMHAIOT MEPEMEIIAThCS C Pas-
HOI1 CKOPOCTBIO K MPOTUBOIIOIOKHOMY KOHILY. 3aTeM y4eHble CDAaBHUBAIOT
MOJIOJKEHUE OT/IETbHBIX MAapKEePOB M JIEJAIOT BBIBO/IbI O cocTaBe 06pasiia.

B szexmpuueckomn ocmoce (i a1ekmpoocmoce), Kak U B 3JEKTPO-
opese, ncnosb3yercs dTEKTPUUECKUN TOK, KOTOPBIH MPOIMYCKAETCS de-
pe3 SKUAKOCTb B KaHase. MoJieKyJbl pearupyioT ApPYyT ¢ JIPyroM u o06-
Pa3yioT CTEHKH 3JIEKTPUUYECKUX 3aPSIZIOB, KOTOPbIE TIEPEMEIAIOTCS B/IOJIb
KaHaJa ¢ Pa3HoOl CKOPOCTBIO.

Buosiorn y:xe gaBHO MCHOMB3YIOT 3J1€eKTPODOPE3 U IEKTPOOCMOC [Tt
aHa/M3a KPyHHbIX (MUJLIMMETPOBBIX) OHOJIOTHYECKHX 06pasioB. Tenepb
OHM WMEIOT BO3MOXKHOCTDH HCIIOJIh30BaTh GOJiee COBEPIIEHHbIE W TOHKUE
TEXHOJIOTHH Ha MOJEKYJISIPHOM YPOBHE.

JKNOKOCTHAA 3NTEKTPOCKITOBASI MNKPOCKOMNNA

Joxrop Txeiicon Xadpuep (Jason Hafner) us CBEN otkpbL1 crioco6
U3MepeHus 3aps/0B B HaHOMAacIiTabe, KOTOPbIH MOXKHO HMCIIOJIb30BaTh B
6uoJsiornyecknx Hanocercopax. C MOMOIIBIO TaK HA3bIBaeMOIl KUOKOCH-
notl aaekmpocuioot muxpockonuu, win JKICM (fluid electrical force
microscopy — FEFM), oH Hayuu/icsi U3MepSITh KPOIIEYHbIE 3aPsi/bl Ha
onnoit Mosiekysie. JKICM 6bLia UCIOIb30BaHA [IJII PA3HBIX OGUOJIOTHYE-
CKUX cucTeM, BKaouas aunuabl (Gkupbl) 6uosormdecknx mem6pan. Co-
TpyaHuKKN Jaboparopun Xaduepa wucnosb3oBamu KICM pis Habio-
JIEHUST 32 CKOIJICHWSIMHU JKMPOB B MeMOpaHaX, HAXOASMNUXCS B KUIKON
u TesieBoit pasze.

BUONOrMYECKUE CEHCOPbI U MAPKEPbI

Eime omHO moctuskeHyre y4eHbIX B 00JIACTH CO3/IaHUST GUOJIOTUYECKUX
HAaHOCEHCOPOB OTHOCHUTCSI K cTOMaToJioruu. Kak m3BecTHO, C/IIOHA OYHMIIIA-
€T TI0JIOCTDb pTa ¥ TpefoxXpaHsieT 3yObl oT pazpyuierns. CorjaacHO MHEHUIO
yuenbrx u3 Illkosbr cromarosioruu npu Y HuBepcutere mitara Kamudop-
nusg (CIIIA), cmoHa TakKe AeHCTBYeT KaK MHAMKATOP OGIIEro 310POBbsI
yesoBeka. [leo B TOM, YTO C/IIOHA COAEPIKUT MHOTO GEJIKOB, TOPMOHOB,
AHTHUTEN U JIPYTUX MOJIEKYJSIpHBbIX cy6craniuii. [lo MHeHmo npodeccopa
osuga Bonra (David Wong), GoJIbIiuM JOCTOMHCTBOM JAHATHOCTUYECKO-
IO TECTUPOBAHUS CJIFOHDI SIBJISETCS TO, YTO ITOT METOJ[ HEMHBA3UBHBIM, TO
ecTb He TpeOyeT XUPYPruyecKoro BMeniaTeabcTBa. [IpoGy CJIOHBI MOKHO
B3SITh JIOBOJIBHO JIETKO 6€3 KaKoro-arbo pucKa, CTpecca WM HOTEHI[HAIb-
HOIl BO3MOKHOCTH 3apa’KeHHus, B OTJMYHME OT TE€CTOB, CBSI3AHHBIX C KPO-
Bbi0. KpoMme ToTO, 3/1eCh HE HY>KHO HUKOTO TPOTHIKATh UTOJIKAMMU.
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Bonr ¢ xosuteramMu MCII0/Ib30BaI GUOJIOTMYECKUE HAHOCEHCOPDI st
U3MEPeHusT COAEPIKAHUSI B CJIIOHE YeThIPEX CBSI3aHHBIX C PAKOM MoJie-
kya PHK (pu6GonykienHoBoii kuciorsr). VIM ypanock ¢ touoctsio 91%
OTIPEJIEJIUTh COBEPINEHHO 3/I0POBBIX J0Jlell U OOJIbHBIX PAKOM POTOBOI
nmosioctu. O6Ja7ad0 TAKMMY TOYHBIMU METOJaMM, BCKOpPe JI060i JaHTUCT
CMOZKET MTHOBEHHO U JIETKO ONPEIE/UTh HAJIMYME PAKOBOTO 3a00JI€BAHNUSI
Ha OCHOBE aHAJIM3a CJIIOHBL.

[To muenuio Bownra, B GyjayiieM Ha OCHOBE aHa/n3a OGUOJOTHYECKUX
MapKepOB B CJIOHE MOXKHO OyjieT pazpaboTaTb METOJIMKY PaHHEell JuarHo-
CTHKU JIPYTUX BHJIOB 3a60JI€BaHWI, HAPUMEDP PaKa MOJIOYHON >KeJie3bl,
SIMYHUKOB W TIO/IXKEJTyIOUHOH Kese3bl, 6oe3nn AusbireiiMepa, CIIN/a,
caxapHoro amabera U OCTEONOPO3a.

B03MOXHOCTD BBIIOJHATh BBICOKOTOUHBIA aHAAN3 OHOJOTHYECKUX
MeMOpaH IpeBpanaer OGHOJOTHYECKHe HAHOCEHCOPBHI B elle OMMH MOII-
HBIl MHCTPYMEHT yYEHBbIX U WH3KEHEPOB.

BUOJIOTMHECKHUE “Mnbl

B /IHK-cencope omnoctmpasnbhas Mmosekyaa [IHK moxer mcmoss-
30BaTbCA AJisd IIOHUCKa [[OHOJIHPITGJH)HOfI II0CJIE10BATEJIbHOCTH HyKJIeOTI/I—
JIOB CpeJiu cMecH JAPYrux omgHocnupanbHbix Mosekya JHK. B nacrosiree
BpeMs Ha OCHOBe 3Toro 3ddexTa co37aI0TCS HOBbIE GUOJOTHYECKTE Ha-
HOCEHCOPHI.

JHK-wun, wm 6uonozuveckuti yun (6uouun), 0OCHOBaH Ha HECKOJIb-
KIX KOpOTKHUX Mojekyaax JJHK, KoTopbie TpUKPEIeHbl K TTIOBEPXHOCTH.
I1u ynopsinodeHabie Moaekyabl JJHRK mo3Boasior yueHbIM OTHOBpPEMEH-
HO aHaJII/ISI/IpOBaTb TbICAYN T'€HOB. BI/IO‘II/IH SABJIAETCAd Ba’KHbIM I/IHCpr-
MEHTOM HCCJIEJOBAaHUS IOBEJEHUSI '€HOB, OHOJIOTHYECKHX MapKepOB H
OCJIE/[OBATEJNBHOCTEN HYKJIEOTHI0B B OroornyeckoM oOpasite. Vcmosib-
3yﬂ peSyJIbTaTbI, HOJIyquHbIe C IIOMOUIbIO 6I/IO‘II/IHOB, TEHETUKU 1N Meaun-
KU CMOTYT pa3paboTarb MPOMUIaKTUIECKTe MEPBI sl MTPEIOTBPAIIEHIS
MHOTUX 3200JIeBaHUI.

BaskHOCTD MCCIeJOBaHMS, CO3JaHUsI U BHEIPEHHUSI HOBBIX HAHOCEHCO-
poB GoJiee MOAPOGHO paccMaTPUBAETCS B TJiaBe 9.

Bnuanue Ha buonoruyeckuin Mup
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HanorexHoJ0TuM 03BOJSAIOT TOJYYUTh OTBETHI HA BONPOCHI, KOTOPbI-
MU 33/IaBAJINCh yUYeHble B TeUeHHe MHOTUX CTOJIETHH.

buosoruueckne HaHOTEXHOJIOTHM [JAIOT BO3MOKHOCTb HCCJEJ0BATDH
BHYTPEHHHUII MUDP OPTAHOB U OTJEJIbHBIX KJETOK, TPEIyIpesKIaTb CMep-
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TeJIbHbIe 60JIE3HN U TIPEIOTBPAIIATD IKOJIOTHUECKIE KaTacTPOPDI. YUeHble
Kak OyaTo oOpesu 4yJIeCHbIIl «HAHOCKOI», KOTOPbIII OTKPbLT UM COBEp-
MIEHHO HOBBIH W HETO3HAHHBIN MUp. VICToIb3yst 6uosorndeckue HaHOCEH-
COpBI, GUOYUIIBI U JIPYTHEe HOBbIE HHCTPYMEHTBI 1 METO/Ibl MCCIE0BAHNS,
ydeHble MOTYT TIOJTHOCTHIO M3MEHUTh HAlll GMOJOTHYECKHH MUP.

KOHTPOJIbHBIE BOIPOCHI

1. Takue BHemHue (PaKTOPHI BO3AEHCTBUA HAa HAHOYACTHILY, KaK 2JIEK-
TPUYECTBO W MATHETW3M, BO3IYIIHbIE U BOAHBIE TIOTOKH, TEIJIO M XO-
JIOJl, MOTYT TIOBJINATH HAa:

(a) ee cTOMMOCTD;

(6) monokenune Ha pbIHKE;

(B) IBWKeHWE W B3aWMMOJEHCTBHE;
(r) pasmep.

2. Meroapt kpucrasnorpadun No3BOJSIOT MOJIYYUTh WH(OPMAIIHTIO:

(a) o mpospauynHoCcTH anMasa;

(6) crpoeHun TeMHON Marepuu;

(B) ABYXMEPHBIX JIMHEHHBIX CHHTYJISPHOCTSIX;

(r) TpexMepHOM pacipe/ie/IeHnH 9JIEKTPOHHON TJIOTHOCTH.

3. CHexTpoCKONNS NCTONb3yeTCs A1 N3ydYeHNsT MaTepraIoB Ha OCHOBE
aHaJIN3a UX:

(a) cmekrpa;

(6) 3amaxa;

(B) TOUKU HACBIIIEHUS;
(r) pasmepa.

4. JKuBymo 6axkTepuio BIepBble HAGJIIOAT:

(a) Anekcanap Demunr;
(6) Taposba Kopeor;

(B) Auronu BaH JleBeHTyK;
(r) Puuapa CmoJunu.

5. Dwuosormueckne MapKepbl paka MOJOYHOM sKejie3bl, 601e3Hn AJbIreii-
mepa, CIIM/la, caxaproro arabera U OCTeONOPo3a ObLIM HallEHbI:
(a) B ymHoii cepe;
(6) B curoHeE;
(B) B BoJIOCAX;
(r) B ciesax. 113
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ﬂJII/IHHbIe IEMOYKN aMUHOKHNCJIOT, KOTOPbIE CBOpAYMUBaIOTCA B CIIEIN-
(bI/I‘{eCKI/Ie CTPYKTYPbI, Ha3bIBalOTCA:

(a) munmpami;

(6) HeonTAMN;
(B) 6eaxaMu;

(r) mporormasmoi.

PacnosnaBanue ctpykrypot JJHK ocroBano Ha:

(a) cooTBETCTBUM HUTH HYKJEMHOBOH KHUCJIOTHI M JONOJIHUTEIbHOI
K Hell 10C/Ie0BaTeIbHOCTH HyKJI€OTH/I0B;

(6) NOBbBIIEHNH TEMIIEPATYPbI;

(B) ¢hobun, cBA3AHHOI ¢ BUBUTOM K Bpauy;

(r) pacnosHaBaHuu 06pPa3oB B CAyYailHOM yIOPSAJIOYEHUH HECBS3aH-
HBIX JIMIHIOB.

ITonoxxeHnss aToOMOB MOKHO OIIpEAESUTb C TOYHOCTHIO JO HECKOJIb-
KHnX:

(a) KOMapMHBIX yCOB;
(6) anrcrpem;

(B) MEKPOMETPOB;
(r) KmIOMeTpOB.

HecyiecTBeHHOI XapaKTepUCTHKON OHOJOTHYECKOTO HAHOCEHCOPA
SIBJISIETCS:

(a) 6uomoruyeckas COBMECTHMOCTD;
(6) pasmep;

(B) BBICOKAs 4yBCTBUTEIHHOCTD;
(1) BBICOKAS CTOMMOCTb.

JKugkocrhas JJIEKTPOCUJIOBAA MUKPOCKOIINA CBA3aHaA:

(a) ¢ MOABEMOM U TOTPYIKEHHEM Y3bIPHKOB B SKUAKOCTH;
(6) o6HapyskeHneM KpOIIeYHbIX 3aPsA0B Ha MOJIEKYIE;

(B) KoHIENIMENH XPaHEHUS IEKTPOIPUOOPOB B CYyXOM MECTE;
(r) dpayopecuenuunein MoKy 1.
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MepuuuHa

Uepes 15 MUHYT TIOCJIe B3STUS aHAIN30B Bpad BO3BPAIIAeTCSI U CO00-
nraer pesyJsbrarel ux o6paborku. «Iloxoxe, uto Bce B nopsigke. OpHAKO
sl yIuBJIeH HEOObIYHOW aKTUBHOCTBIO IO/XKEJYJIO0YHON >Kejie3bly, — 3a-
MeyaeT OH.

[Ipu atux u cieayonx ca0BaxX Mos yJabIiOKa 3aMeTHO TyckHeet. [le-
JylIKa yMep OT pakKa MOJKeJyJ0YHON KeJe3bl: 3Ta MbBICIb MTHOBEHHO
npoH3aeT Mot Mo3r. OH oT/iHMYaJcsd 3aBUIHBIM 3[J0POBBEM Ha TPOTSKeE-
HUU BCEWl JKU3HU U JIMIIb B TAJIEKON MOJIOJOCTH 3JI0YTIOTPEOISiT KypeHu-
eM u ajikoroJjieM. A eille BYepa s BbIIJI GOKAJ BUHA BO BPEMs Y3KHHA.
Hackoabko aTo cepbe3Ho Tenepb?

Bpau npomosmkaer: «Kierku n 6eku eMOHCTPUPYIOT YCKOPEHHBI
pocT. DTOT BUJ paKa IMOJXKETY/IOUYHOI KeJe3bl...»

Moe cepaiie 3amepsio. Baesamro MHe cramo Hexopotro. Pak? CroBa?
Ho mouemy?

JlimHHOE TTOBECTBOBaHME Bpay 3aKaHYMBaeT cjaoBaMu: «Ha artoil paH-
Hell cTaiuy BaM JOCTATOYHO CeJaTh HECKOJIbKO MMMYHHBIX MHDBEKITUH,
KoTopble 060 BceM mo3aborsarcs. Cormacyiite y1o6HOe [IJIT BaC BpeMs C
MoOell TTOMOIIHUIEH. YBUAUMCS BO BpeMs CJeIyIoniero ImpoduiakTuie-
CKOTO OCMOTpa 4epe3 TOd».

Kaxkoe o6seruenne! [Ipexusisi cMepresibHast GOJIE3Hb YK€ COBCEM He
TaK cTpailHa OJarofapst HAHOMeOUUUHE.

é HaHomepanumsa — 3710 0651aCTb MEAULMHBI, B KOTOPOW NeYeHne 60Me3Heln 1 onepauun
BbINOJHATCA HA MOJEKYNIAPHOM YPOBHE.

[To MHEHUIO MHOTHX yYeHBIX W MEeIMKOB, BO3MOXKHO yke B 2015 1.,
3Ta BBIMBIILIEHHAs uctopust Oyjier He (DAHTACTUKON, a PeajibHOCTHIO.
Corsacho Ilnany pefictBuii B o6jactu HaHOMeAuIMHBI HarmoHaabHOTO
urctutyta 3apaBooxpanennss CIITA (National Institute of Health —
NIH), ocHOBHBIMU I1eJIAIMH HAHOME/UIMHB! ABJISIOTC:
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® paHHee OOHAPYXKEHWE W yCTPAHEHUE PAKOBBIX KJIETOK;
® yjajeHue WM 3aMeHa MUCHOPYEHHBIX KOMIIOHEHTOB KJETKU C I10-
MOIIbI0 HAHOMACHITAOGHBIX YCTPOICTB;
® CO3/laHNe W UMILIAHTAIUS MOJIEKYJISIPHBIX HACOCOB [ JIOCTABKU
MeIUKaMEHTOB.
Uccnenosanusi 1O  CO3[JAHUI0O ¥ UCIIOJb30BAHUIO MaTePUATIOB
U YCTPOUCTB HA HAHOMACHITAGHOM YDOBHE, U3 MOJIEKYJ U aTOMOB, OY€HD
AKTUBHO BEAYTCS U MeAPO (PUHAHCUPYIOTCSI.
HanorexHosoruu MOTYT HUCIIOJIb30BAThCS JIJISI PEIIEHUS Pa3JIUYHBIX
MeIMIUHCKUX 33/1ay:
® XpaHEHWS W U3BJI€YeHUs TeHeTUYecKoil nHpopMaIny;
® IMarHOCTUKU, HAIPUMEDP OOHApY KeHUs OOJIe3HMU;
® ompejesieHNsT OOIIEell BOCIPUUMYHUBOCTH K HEKOTOPBIM GOJIE3HSIM,
HarmpuMep K 6ojie3Hn AJbIreiiMepa;
e yiyunieHHON Kjaaccudukaiymu 6ojie3Hell, HapuMep pa3OéUBKU UX
Ha THUIIbI U TIOJITHIIbI;
® TOYeyHOTo TOAGOPA JIEKAPCTB HA OCHOBE XPOMOCOMHBIX Pa3JINyuni;
® TeHHOI Tepamuu, HATPUMep [/ KUCTO3HOTO (hubpo3a;
® 1107100pa MeJINKAMEHTOB, HAIleJIEHHBIX HA OT/eJbHble KJIEeTKH, Ha-
MpUMep CO3IAHUS AHTUTEN JIJIST CIEIUATbHbBIX KJIETOK.

MocbinaeTt cBon COBCTBEHHbIE CUrHAsbI
LN NPOAOKEHUA POCTa

WrHopupyeTt curHansl
npekpaLlieHna pocta

Co3paeT CBOK COBCTBEHHYIO
COCYANCTYIO CUCTeMy /

ANA CHabXeHUA NUTaTeNbHbIMM

BellecTBamMm

\ MopaxaeT fpyrue opraHbi
I 1 PacnpoCTPaHAETCA B HUX

Knetkn paka genartca
HeKOHTponMpyembiM 06pa3om

Puc. 6.1. Pak npoHUKAET B TeJIO Pa3HBIMU CIIOCOGAMU

Pak 10 cux mop siBisteTcsl OJHMM 13 HamboJiee CMEPTOHOCHBIX 3a-
6oseBanuii. Ha caMoM ziesie 110/ CJIOBOM <«PaK» CKPbIBAETCS MHOYKECTBO
116 60J1e3HEl, KOTOPbIE XapaKTePU3YIOTCS CBOUMHU OCOOEHHOCTSIMU M METO/[a-
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MU JedeHns. Pak o4eHb XOPOIIO MacKUpyeTcs W TMPOHUKAET B COCETHUE
yactu Tesa. Ha pucynke 6.1 1moka3zanbl HEKOTOPbIE CIIOCOObBI, € MOMOII[BIO
KOTOPBIX PaK IIPEOJIOJIEBAET 3AIUTY OPraHU3Ma.

Hanpumep, pak MoOJIOYHOH :KeJsie3bl TMposiBiasieTcss 14 pa3audHbI-
MU croco6aM#, KOTOpbIE OTJIMYAIOTCS CTENEHBIO TSKECTH M GbICTPOTOM
pocta. XOTS ydeHble yKe PACKPbLIM HEKOTOpble CEKPEThl PAKOBBIX 3a-
60JIeBaHNil, HEKOTOPbIE BU/bI Paka He TOAJAIOTCS JIEYeHN0, 0COOEHHO
€cJI PaKOBas OIyX0Jib 0OHAPY’KEeHA MO3/HO, KOIr/la OHA YKe JOCTaTOYHO
poyHo o60cHOBaJIACh B Tesie 6osbHOTO. Ha pucynke 6.2 nokasana cxema
TUITMYHOTO Pa3BUTHS PAKa C JIETATBHBIM MUCXOIOM.

MpexpeBpemeHHasn
CMepTb OT paka EctecTBeHHan
Ha 25 net paHbLue CMepTb B C/lyyae
eCcTeCTBeHHOW YAAYHOrO fleyeHns
1
I
|
I
I
I
I
1
1
I
I
B I
e ne K pak !
AV paKy O6pasoBaHue !
BocnpummumsocTtb  npepBapuTtenbHble L 1
BMEHEHVS pakoBoW onyxonu 1
A A A b, A
PoxpeHne Monogoctb 3penoctb EctectBeHHan

CMepTb

Puc. 6.2. be3 panseii [narHoCTUKA U CBOEBPEMEHHOTO MEIUITTHCKOTO
BMeIIaTeIbCTBA PAK MOXKET TIPUBECTH K TPEK/IeBPEMEHHON CMepTH

B monroBpeMeHHOI TepCHeKTUBE HAHOTEXHOJIOTUN MOTYT JIaTh MeIu-
KaM MOTI[HbIE MHCTPYMEHTHI JIEUeHNS PaKa W APYTUX CMePTETbHBIX 60JIe3-
Hell, a MOXKeT ObITb, U IPEOIOJIEHHS CTAPOCTH.

MeToabl nevyeHus

B pasHbix HayuHbIX usganusx, Hamapumep Journal of Biomedical
Nanotechnology (JKypHaiu 6roMe IUIIMHCKIX HAHOTEXHOJIOTHIA ), OIUChIBA-
I0TCSI MHOTOYNCJIEHHBIE TIPUMeEpbI NCTIOIb30BaHMsT HAHOTEXHOJIOTHH B GHO-
JIOTUU, MEeJUIHE U XuMuu. [eHeTUKH, MOJIeKyJsIpHbie GHOJIOTH, OMOXU-
MUKHI 1 GHOMHKEHEPDI 3aKJIA/bIBAIOT OCHOBBI JIJISI CO3/JAaHNS HOBBIX YJIyd-
NIEHHBIX METOIOB JiedeHUsT pa3HbIX Oose3Hell. Bekope pak craHeT BIoJiHe
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u3jieduMoil 60JIe3HbI0, KaK Terepb [uaGeT, IPUYeM ¢ TAKUMU JKe [IaHCAMU
Ha BbukuBaHue. Ha pucyrke 6.3 mokaszana cxeMa TUITMYHOTO Caydas, KOT-
Jla paK yjaaercss OGHAPYKUTb U BBLIECYUTH €llle HA PAHHEN CTa/uu.

MN36aBneHmne
OT pakKa

MpepnoxpaHeHne O6HapyXeHue

Be, ne K pak
Ay paky O6pa3zoBaHue
BocnpuvmunBoctb  NpefBaputenbHble .
M3MEHEHVA paKkoBoW onyxonu
A A A A A
PoxpeHne Monogoctb 3penocTb EctectBeHHan

cMepTb

Puc. 6.3. [lna ycuenrsoro JieueHUsI paka KJIOUYEBbIM (PAKTOPOM SIBJISIETCS BpeMst

JIABOPATOPUA-HA-YUNE

[TpencraBbre cebe MajeHbKUU IJIACTUKOBBIN YUIl BEJIUYUHOU ¢ Oy-
JIABOUHYIO TOJIOBKY, KOTOPBIN MOMKET BBIJATh PE3yJbTAaThl AHAIU30B B
TeUueHNue HEeCKOJbKUX MHUHYT, a He 4epe3 HEeCKOJbKO [Hell WU Heesb.
[Toxoxxe nHa danractuky? BoBce Her. ITO BO3ZMOXKHO C ITIOMOIIbIO Ha-
HOTEXHOJIOTUII.

Joxrop [Ixeitmc Xur (James Heath), mpodeccop xumum u uc-
ceqoBaTeslb HAHOTEXHOJIOTHI W3 YHmuBepcuTera mrata Kamndopuus
B Jloc-Aumxkenece (CIITA), paboraer Haa CO3JaHHEM YCTPOICTBa C
1000 sueiikaMu-aHaJIM3aTOPAMM, pa3MelleHHbIMU Ha 1 ¢M? KPEeMHHEBOTO
yuma. Kax/aplii uun umeer psiji sSTY€eK C OT/JENbHBIMU CKBaJKMHAMU IO
nopamu kpeMuus. IlojcoeqHennas K KJaeTouyHoOi MeMOpaHe 1mopa UrpaetT
pOJIb KaHaia MeX/y BHeITHell M BHYTPEHHEH JacTaMmu KJjeTku. Kpome
TOrO, Ha YHIle IJIOTHO YIAKOBAHbI MACCUBbI HAHONPO60006 (TO ecTb Jiu-
HUS U3 aTOMOB MeTajljIa TOJIIUHON B HECKOJIBKO HaHOMeTpOB). Kasxgprit
HAHOIPOBO/] OKPHIT GHOMOJIEKYIAPHBIM 30HA0M (0cOObIMEU GeKkaMn) —
HaIpUMep aHTUTEJOM, — KOTOPBII CBSI3bIBAETCS CO crieruduueckuM 6e-
KOM. bBesku mpoXoasiT ckBO3b MeMOPaHy U CBSI3BIBAIOTCS C aHTHUTEJIOM,
U3MEHSST 3JEKTPUUYECKYIO MTPOBOJANMOCTD, KOTOpas U3Mepsercs JIeTeKTo-
POM, TIPUCOEANHEHHBIM K 3TOMY MACCHBY.

XUT ¢ KOJJIETaMI HA3BaJIN 3TOT METOJl NePeHOCOM C8epXpPeulemouto-
20 Hanonposodnozo wabsona (super-lattice nanowire pattern transfer).
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B mannoM MeToze MCTOMB3YIOTCS OTAeTbHbIE MOMYITPOBOISIINE HAHOTIPO-
BOJKH C JUaMeTPOM 8 HM, KOTOPbIE PACIIOJIATAIOTCS Ha PACCTOSIHIH 8 HM
npyr ot apyra. [IpexxHue NMONbITKU APYrUX HMCCJAe0BaTEIeN TPUBOIUIN
K CO3/IaHUI0 aHAJOTMYHBIX YUIIOB BEJIMYMHON Ha 2—3 TOpsiKa OOJIblIe.
Ha pucynke 6.4 nmokazanHo ¢0oTo OJHOW W3 MEPBBIX peaTu3aluii ujewu,
KOTOpast 4acTo HasblBaeTcst «iabopamopus-ua-uunes (lab-on-chip). O6-
paTuTe BHUMAaHUE Ha ero ropaszo 6oJiee KPyIHbIE Pa3Mephl.

|
J

Bydep

— Lo

Obpasel| Cb6poc 1
5 MM
Cbpoc 2

Puc. 6.4. IlpuMep peaqnsaiuy uaen «a1abopaTopusi-Ha-IHIIe>
(¢horo, moyuenHoe B pamMkax mporpamMmbl Human Genome Program,
mo6e3Ho TpegocTaaeno MunucrepcrsoM suepretuku CIITA)

[lpyTue mcciemoBaTe N MBITAIOTCS BBISCHUTDL CTENEHD BJIUSHUS BHY-
TPUKJIETOUHBIX HAHO30HIOB HAa OOBIYHYIO [ESATeJbHOCTh KJeTku. OHu
XOTST BBISIBUTH TUIIMYHbBIE TIPOIECCHI U MPOLECCHI, KOTOPbIE TOSBUIUCH
JINNIb TIOCJIe BMENIaTeJbCTBA. JTa paboTa T0X0XKa HA aHAIU3 BeyepHei 119
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JIESATETHHOCTH CPEIHECTATUCTUYECKON ceMbu B OyIHUN JIEHDb U, HAIPUMeEP,
B BBIXO/IHOW, KOr/la OGBIUHBIN PACHOPSIOK HAPYIIAETCS M3-32 KAKUX-TO
BHENIHUX (PAKTOPOB: MOXO0/Ia 32 MOKYNKAMU B CYNEPMAapKET, MOCEIEeHUs
(gyrbosbHOTO MaTua, NpUeMa rocTei u T. II.

[lns peanu3anum TEXHOJIOTUN «J1ab0PATOPUS-HA-UNTIE» UCTIOIb3YIOTCS
METO/IbI, KOTOPbIE Y3Ke JJABHO TTPUMEHSIOTCS JIJI U3TOTOBJEHUS TTIeYaTHBIX
IJIaT B 3JEKTPOTeXHKUKe. TaKue YuIlbl CO3AI0TCA ¢ MUKPOCKOIIUYECKUMU
1 HAHOCKOIIMUYECKUMHU KaHaJIaMU IS KUJIKOCTEN U XUMUKAJINN.

é MukpocTpyiHas TeXHMKa — 370 00651acTb AEATeSIbHOCTW, KOTOpas M3y4aeT Crnocoobl
CO3[aHNA MUKPO- M HAHOMACLUTABHbLIX KaHasoB [Jif Nepefadn >XXMAKOCTEN B pasHble
KNeTKu.

Texnosorusi «jaaGoparopusi-Ha-uunes ObICTpee, JEIIEBJIe U TOUYHEE,
yeM OObIUHbIE TEXHOJIOTHHU. DoJjiee TOro, 3Tu KpOIIeYHbie YUITBI MOXKHO
CIIPOEKTUPOBATH [IJISI BBIMOJHEHUSI OJIHOBPEMEHHO HECKOJbKUX TECTOB.
Ha pucynke 6.5 nmokazana cxeMa THUIIMYHON «J1a60PATOPUU-HA-UHIIEY, BbI-
HOJTHSTIONIEH CPa3y HECKOJbKO Pa3HBIX TECTOB.

Puc. 6.5. Texnonorus «HaéopaTOpI/IH’Ha"{HHe» IIO3BOJIAET CYHUIECTBEHHO
YBEJINYUTDH KOJIMYECTBO TECTOB U UX YYBCTBUTEJbHOCTb JaKe [JIA HeOOJIBIIIOr0
o6beMa aHaJII/ISI/IpyeMOfI JKUAKOCTH

Oco6eHHOCTD HAHOTEXHOJIOTUH B TOM, YTO OHM TO3BOJSIOT CO3/a-
BaTh OueHb HEOOJIbIIINE CIEUATN3UPOBaHHbIe cucTeMbl. Ha pucynke 6.5
MOKa3aHO TOJbKO 16 aHanIM3aTOPOB, HO <«JAaGOPATOPUS-HA-YUIIE> MOJKET
coJlepKaTb COTHM U JlaKe TBICSYM TAaKUX aHAJIM3ATOPOB /IS TECTHUPOBA-
HUS Pa3HBIX XUMHWUYECKUX COEJMHEHUHN W WX IIPOM3BOAHBIX. TakuM o6pa-
30M, C TIOMOIIBIO «JTab6OpaTOPUU-HA-YUIIEe» TTAIUEHT MOKET MPONTH OJUH
VHUBEPCANBHBIN TECT HAa HAJWYNE MOYTH BCEX BO3MOJKHBIX XUMHWYECKIX



[MIABA 6 MepuunHa

BenlecTB. Bpemena, Korja /Jist 3TOro nNpuiLioch Obl BbINOJIHSITh JIJIUTE/b-
HYIO CEPHUI0 MHOTOYKMCJEHHBIX aHAJIU30B, YXOJAT B IPOILIOE.

Hanomacmirabuast  «jaboparopusi-Ha-4uiie» IMO3BOJUT CMEIINBATh,
pasaessTh, TECTMPOBATh M 0OpabaThiBaTh OMOJOTHYECKHE OOPA3IIbI [JIsT
OTIpe/ieIeHNsT UX TEKYIIEro COCTOSHUS, HAMUYNS WH(EKINOHHBIX U APY-
rux Gonesneii. C ee MOMOIIBIO MOXKHO GYIEeT MPOCTEANTb 3a B3aMMO-
JIENICTBUEM KJIETOK: Tepelaueil CUrHAIOB, pab0TOl 9H3UMOB U JOCTABKON
MUTATEJbHBIX BENECTB, 00Pa30BaHUEM KJIETOUHBIX MPOJAYKTOB U MHOTUM
IpyruM. BMecTo olHOTO «CHUMKAa» OJIHOW KJIETKH Y4YeHble CMOTYT CHSIThb
«(duIBM» 0 TOM, KaK JKMBYT HECKOJIbKO KJIETOK.

KPEMHWEBbLIE HAHOMPOBOJA

Yuennie Tapsapzckoro yuusepcurera (CIIIA) o6GHapysKuim, dYTo
CBEPXTOHKHE KPEMHUEBbIE 3JIEKTPUYECKIe HAHOMPOBOAA MOKHO MCIOJIb-
30BaTh JJisi OOHAPYIKEHUST OTAENbHbIX BUPYCcOB. C IIOMOIIbIO TAKKX Ha-
HOTIPOBO/IOB €CTb BO3MOXKHOCTb C GOJIBIIION TOYHOCTHIO ONPEIEIATh HAJIN-
4yue pasHbIX BUPYCOB. Eciu oTeabHbIe HAHOIIPOBO/A cOOPATh B MACCUB,
MO3KHO CKOHCTPYUPOBATh CJIOKHBII aHAIN3ATOP, CIOCOOGHBII ONpeesaTh
HaJIM4Me THICSY PA3HBIX BUPYCOB.

Jokrop Yapabs M. JluGep (Charles M. Lieber), npodeccop xumun
u3 Tapsapackoro yausepcurera (CIIIA), cymen co3gaTth KpeMHUEBbIE Ha-
HOTIPOBO/IA, KOTOPbIE MOTJIM 3aMbIKATh WJU PAa3MBIKATh 3JIEKTPUUYECKYIO
LIenb TPU HAJMYUU Bcero ojHoro Bupyca. O6HapyskeHue BUPyCa CTAJO
BO3MOKHBIM 6Jlaroiapsi TOHKOW TIOJITOHKE TapaMeTpPOB HAHOIIPOBOJIOB,
3JIEKTPUUECKOTO TOKA U PEIENTOPOB AHTHUTEJ.

IIpn coeprHeHNN OHOTO BUPYCA C PEIENTOPOM aHTHUTEJIa BO3HUKA-
€T OIIpe/Ie/IEHHOE U3MEHEHNE JJIEKTPUIECKUX CBOICTB, KOTOPOE SIBJISIETCS
MPU3HAKOM HAJMYUS JaHHOTO Bupyca. MccienoBarenn o6HAPYIKIIU, YTO
TAKOW METOJ T03BOJIIET TOYHO Pa3jnyaThb pasHbie BUpPYychbl. Takum 06-
pas3oM, BCKOpe MOXKHO Oy/leT 0OGHapYKUBATh OMAcHbIe BUPYChI HA OYEHb
PaHHUX CTaausx WHGMEKIIMOHHOTO 3aboJieBaHusA. /lesjo B TOM, YTO UM-
MYHHasI CHCTeMa CHOCOOHA BO3JEHCTBOBATH HA HEGOJbIINE IOy
BHPYCOB, HO 0CO60 OIIACHbBIE BUPYCHI MOPOU MOKHO TOOEIUTH TOJBKO C
MOMOTI[bI0 MEJIMIIMHCKOrO BMEMIATETbCTBA HA PAaHHEN CTAaJuU, KOTOPYIO
O6GBIYHO TPYIHO 3a(PUKCUPOBATH TPAAUITMOHHBIMUA METO/IaMU.

C pasBuTuEM HAHOTEXHOJIOTHI1 yd€HbIE CTa/in BCE 4Yallle IIPOBOAUTD
MEAUIMNHCKNE 9KCIIEPUMEHTDBI C NCIIOJIbSOBAHNEM CaMbIX HOBBIX JOCTHUKE-
HUH. Me,ZII/H_II/IHCKI/Ie HAHOTEXHOJIOTUN HaAXOJAATCA Ha CTBIKE MHOTUX JUC- 121
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LUIJTMH ¥ BKJIIOYAIOT Pe3yJbTaThl U3 00actu OMo0ruu, XuMun, (pusuku
U TeXHUKU. HeKoTopble U3 HUX MCIIOIb3YIOTCS JIJis HAlleJIeHHOU JOCTABKU
Me/IMKaMEeHTOB K GOJIbHBIM KJIeTKaM, HAIIPUMEP PAKOBBIM KJETKaM, M Ha-
3bIBAIOTCS HAHOBEKMOpaMu. KpoMe TOro, OHM IPUMEHSIIOTCS B KauecTBe
areHTa /s TIOBBIEHNS KOHTPACTHOCTH M306paskeHus — ryopecimpy-
10T WJIM TTPOCTO YETKO BHUIHBI TI0JT MUKPOCKOIIOM.

30J10TbIE HAHOOBOJIOYKH

[Tpo6oBasu a1 Bbl Korjia-HUOY/Ib TPOIMYCTUTH CBEeT (DOHAPUKA CKBO3b
nmaJgblibl cBoelr pyku? CBeT Ha BBIXOJE KaXKeTcs KPacHbIM, HO COBCEM
He TI0TOMY, YTO KPOBb MMeeT KpacHbIil 11BeT. /leso B TOM, 4TO CBeT,
UMeIOIUil GOJIbINYIO JITUHY BOJHBI, MOJKET TPOXOJUTH CKBO3b KOXKY 6e3
3HAYUTEHHOTO paccenBanus. VIMeHHO 9TOT MeTo/] UCTIONb3yeTcs B (GOTO-
JIMHAMUYECKON Teparuu JJisl JedeHus BHyTPEHHUX O0Jie3HEN .

CBeT MOYKHO HCIOJIb30BaTh Pas3HbIMU crioco6amu. Eciaum Ha cBoeM
MYTU CBET TIOBCTPEYAET METAJLTI, TOT MOXKET Pa30rPeThCs TaK CUJIHHO, YTO
B GYKBaJIbHOM CMBICJIE TOKAPUT OKPYIKAIOUIYI0 €ero TKaub (Harmpumep,
PaKOBYIO OIYXOJib). A €Cjii CBET BCTPETHT YACTHUILy, KOTOpas CreHepH-
PYET BbICOKOAKTUBHBIE MOJIEKYJIBI KUCJIOPO/A, OHU BCTYNSAT B PEAKIIUIO C
OKpy>Kalolell TKaHpio 1 paspymar ee (HanpuMep, CHOBa PaKOBYIO OITy-
XOJIb).

Jixenudep Yacr (Jennifer West) u PeGexka /Ipesek (Rebekah Dre-
zek) us CBEN st o6HapyskeHUsi U jiedeHust GOJIbHBIX TKaHe# UCIOJIb-
soBas Hanoobos0uku (nanoshells), cosmanubie npodeccopom Haomu
Xasac (Naomi Halas) na ocHOBe cBepXMaJIbIX KBapIEBbIX IAPUKOB, T10-
KPBITBIX TOHKHM cj0eM 3os0ta (puc. 6.6).

Keapuesbll  3onotas o6onouka
WwapuK

Puc. 6.6. Hanoo6004KH SIBISIOTCS IIPOCTBIMH, HO OY€Hb 3((EKTHBHBIMU
HaHOAreHTaMu

é HaHoo60n04ka — 370 MOKPbITHIA TOHKMM CIOEM 30710Ta KBApLEBbIA LIAPMK C ONTHYe-
CKUMMW CBOWCTBAMM, KOTOPbIE 3aBUCAT OT Pa3MEPOB LLIAPUKA 1 TOMLLUMHBI CI0S, a TaKXKe
0T XMUYECKOro coCcTtaBa ero KOMNOHEHTOB.
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HanouacTuipl Ha OCHOBE CBEPXMA/bIX KBapIEBBIX MIAPUKOB, IO-
KPBITBIX TOHKHUM CJIOEM 30JI0Ta, GBLIN CO3[aHbl TAKKM 06Pa3oM, 4To IO-
riomaan cer (SIEeKTPOMArHUTHOE M3JIydeHHe) B AuanasoHe, OJM3KOM
K nH(paKpacHOMY, KOTOPBIH Jlerde BCEro MPOXOAUT CKBO3b TKAHU Teja
yenoBeka — puc. 6.7 (Kak M3BECTHO, BUAMMAsSI 4acCTh CIEKTPa JEKTPO-
MarHUTHOTO M3JIy4eHHs JJIsI AJMHHBIX BOJH MMEET KPACHbIH 1IBET, a /s
KOPOTKUX — (PMOJIETOBBIN).

PeHTreHoBCKOE Bupumblii ceet

o MwuKpoBonHoBoe usnyuyeHune
n3nyyeHune . °
r—0
FaMma—m3nyqu|/|e yanE:J?tZ:iITGOBoe Pap‘mom_?,nyqume
- Y WndpakpacHoe hA——
nsnyyeHvne
Py ¢
T T
101 107° 1077 107 1073 107 10 103

OnunHa BonHbI (Cm)

Puc. 6.7. lllkana 11uH BOJH U 9HEPrUil 31€KTPOMAarHUTHOTO U3JIy4YeHUs

HoBbiil MeTO/1 JieueHusT paka OCHOBAH Ha TOM, YTO KPOIIEYHbIE HAHO-
000JIOYKH BMECTE C KPOBBIO MTPOHUKAIOT B PAKOBYIO OMYX0Jb. [I0CKOIBKY
COCYZTbI B OIMyXOJU WMEIOT HeOOJbIINe eI, HAaHOOGOJOYKN OCETAI0T
U HAKAIUIUBAIOTCS TOJBKO BHYTPH OIYXOJH. ITO sIBJIEHHE HA3BIBAETCS
nosviuenHot nponuyaemocmoio u yoepxanuenm (enhanced permeabi-
lity and retention — EPR). Hanoo60/J04KK TaK:Ke MOXKHO COEJUHSTD
C aHTUTEJIaMU M HAIPaBJIATH IPOTUB 0HK0Oe/1K06 (OHKOTEHHBIX, TO €CTh
PAKOBbIX, GEJIKOB) WM MAPKEPOB, MOBBIIIAS CIEIUATU3AIMIO JIEUCHUS 10
KJIETOYHOTO YPOBHS.

Wtak, HAHOOGOJOUYKU MOTYT JOCTABJISATHCS B OMYXOJb JBYMSI CIIOCO-
6amu: ¢ momotnbio EPR nin anturen. OpgHako He Bce pakoBbie 3a60/eBa-
HUSI UMEIOT Y€TKO BbIPasKeHHbIe MAPKePbI, JIJISI KOTOPBIX MOJKHO CO3/aTh
antutesno. K cuacrpio, EPR MoxxHO mcnosb3oBath st GoJiee NIMPOKOTO
Kpyra pakoBbIX 3a6ojieBanuii gaxe 6e3 0cOObIX MapKepOB.

Hampumep, misa JedeHust paka MOJIOYHON SKeJe3bl MOKPHITHIE 30J10-
TOM HAHOOGOJIOYKU COEUHSIOT C AHTHTETAMHU, KOTOPbIE CIOCOOHBI pea-
TUPOBATh C PAKOBBIME KJETKAMH. B sKcIepuMeHTe HA MbIIIAX PAKOBbIe
KJIETKU € 9TUMHU HAaHOOOOJOYKAMH OCBelan MWH(PAKPACHBIM Ja3ePHbIM
JgydoM. IIpu 9TOM 30JI0TO TIOTJIONIAJIO JIa3epHOE U3JIyueHue, 1 HAaHO00O0-
JIOUKH Pa30rPeBANIUCh, a 3[0POBbIe TKaHU ObLIN XOJOAHBIMU. [Ipu TeM-
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neparype +55 ‘C pakoBble KJETKH TO/KAPUJINUCD, & 3J0POBbIE OCTATHCDH
1[EJIbIMU ¥ HEBPEIUMbBIMHU.

[Ipenectb TakOro HalleJeHHOTO JIEYEHUS COCTOUT B TOM, YTO <«IIO/I-
JKApUBAIOTCSI» TOJIBKO MOPAJKEHHbIE PAKOM 06JIacTH, a 3/I0POBblE TKaHU
OCTAIOTCSI HEBPEANMBIMU. ITa OCOGEHHOCTHb JEMOHCTPUPYET OTPOMHOE
MPENMYIIECTBO JAHHOTO METO/Ia 10 CPABHEHUIO C TPAJAUIIMOHHON XUMHO-
teparnueii. [Ipyn xuMuorepanuu moru6aloT Bce OBICTPOPACTYIINE KJIETKH,
KaK PakoBble, TaK U 340pOBble (MMEHHO MO HTOH NPUYMHE NALMEHTBI,
MPOXO/SINE XUMUOTEPANIUIO, YTPAYMBAIOT BOJOCHI — JI€JI0 B TOM, 4TO
KJIETKM BOJIOCSIHOTO MEIIOYKa JeJSTCS U PACTYT OBICTPEE OCTAJbHBIX
1 TIOTHOAIOT TIEPBBIMI).

B ombiTax na Mbrmax y4ensie qo6uschk 100-mpoienTHON adderTHB-
HOCTH B YHWYTOXEHUH KJIETOK PAaKOBOW OMYXOJHW MOJOYHOH >KeJe3bl 1O
CPaBHEHUIO C KOHTPOJIbHOW MBINIbIO, KOTOpPasl He MOJyYrJia HUKAKOTO
JedeHns: u ymepiaa depe3d 30 mHell. braromapst TakoMy mpeKpacHOMY pe-
3YyJIbTATY OIIBITHI C JIIOAbMK Havamuch yxe B 2005 T.

B onbitax Ha MBIIIaX 1O JIEYEHNIO paKka MPSMON KUIIKHM MOCJe BHY-
TPUBEHHON MHBEKITNM HAHOO60JI0UEK 1 cIycTs 6 4acoB Tocsie 06IyYeHns
MOPa’KEHHOHM PaKOM 30HBI HMCCJAET0BATENN 3a(DUKCHPOBAIN TOJHOE YHU-
YTOKEHHE BCEX PAKOBbIX KJaeToK. Ha 10-it meHb Bce o6paboraHHbie Ha-
HOOGOJIOUKAMU OITYXOJIU TIOJTHOCTHIO MCYE3JIU, A OMYXOJH KOHTPOJbHBIX
MBIIIEll OCTATUCh HEBPEIMMbBIMHU.

Ha 21-it neHb Bce KOHTPOJIbHBIE MBI C OITyXOJISIMU YMEPJIH, a y BCeX
BBIJIEYEHHBIX TaKUM 06pa30M MBITIEH OMyXOJH TaK W He TTOSBUJINCD.

YdeHble, uccaeayole MOTEHINAT HOBBIX JieueOHbIX METOJIOB, JIOJIK-
HbI YOEeIUThCS, YTO HOBBIM METOJ JieUeHUs 10 KpaliHell Mepe He oracHee
camoro 3a6oJieBanus. [1po6eMbl MOTYT BOBHUKHYTb, €CJIU HAHOYACTHUIIBI
He MOMNAJAT B 3al/laHMpOBaHHble Mecta (GHOJIOrMYecKoe PacipocTpaHe-
HIE), OCTaloTCs B Tesie HaBcerja (YrcToTa) WM OKa3bIBAIOTCS SIIOBUTHI-
Mu (tokcuunocTb). [ToaToMy, Tepe TeM Kak NPUMEHSATbh HAaHOOGOJIOUKH,
HY>KHO OBLJIO TIPOBEPUTH CTENEHb MX OGUOJIOTHYECKOTO PACIPOCTPAHEHNS,
YUCTOTBI U TOKCHYHOCTU. HaHOOGOJOUKHU YCIIENIHO MPOILIH 3Ty MHPO-
BEPKY.

Takue pajuKaabHO HOBBIE W YJIyYllIEHHbIE METO/bI JIEYEHUS paKa
C TTOMOIIBIO TIPOHMKAIONIET0 MH(MPAKPACHOTO M3JIyUYEeHUS BCKOPE MTOMOTYT
MHOTHUM TIaIlueHTaM u36eKaTh CTpajaHuii n mo6ouHbIX addexToB. Kpo-
Me TOTO, OHU TI03BOJIAT TOBBICUTH 3((EKTUBHOCTD JICUEHHUS, MOCKOIbKY
OpraHu3My He IPUJIETCS SPOCTHO CONPOTUBJISATHCS JEUEHHUIO, KaK IIPU XU-
MHUOTEPAIUU, KOTr/la BMECTE C PAKOBBIMU KJIETKAMU TOTUOAIOT 3/[0POBBIE
KJIETKM OPraHu3Ma.
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CBAPKA TKAHE#

[TockosibKy HAHOOGOJIOUKU MOKHO MPOEKTHPOBATH TaKuM 006pasoM,
4yTOGBI OHU TIOTJIOMAJNN UHQPAKPACHBIN CBeT 63 HarpeBa OKPYIKAIOIIUX
3/I0POBBIX TKaHell, To B Jaboparopuu npodeccopa YacT B Y HUBEpCHUTETE
Paiic (CIITA) ux penmiu UCHOJIb30BaTh s «CBapKu» TKaHeil. CBapeH-
HbIe TAKUM METOJIOM TKAHU JIydille U ObICTPee 3AKUBAIOT. ITO 0COOEHHO
BAJKHO JIJISI OY€Hb MOJIOJBIX M TOXKUJIBIX JIO/EH.

Jlns cBapku TKaHell HAaHOOGOJIOUKHU MOTPYIKAIOT B PACTBOP ajibOyMu-
Ha (6enKa) M CMas3bIBAIOT MM Kpas paHbl. [Ipy OCBeNIeHHN KPaeB paHbl
nH(PaAKPACHBIM CBETOM HAHOOOOJOYKU HATPEBAIOTCS U OKPY’KAIOIINe MX
Genku seHaTypupytor (To eCcTb M3MEHSIIOT CBOIO CTPYKTYPY, Kak GesoK
KyPUHOTO SIiiIla IPU TI0/PKapHBaHNK HA CKOBOPOJIKE) WM CJIUIMAIOTCS, Kak
npu cBapke Meramtos (puc. 6.8). Ilpu undpakpacHoM ocsemenun 6e3
HaHOO60JI0YEK HUKAKOI CBapKu Obl HE ObLIO.

<

MecTo paHbl

O6nyueHve paHbl HpaKpacHbIM
CBETOM C ANIMHOW BOJIHbI 832 HM

~ N

-
o
o/
KoHTposnbHbIl 06pasel O6paseL, NOKPbITbI PaCTBOPOM
C HaHoO6OoNIOUKaMM
l Bpema l Bpema
MepneHHoe BoicTpoe
1 HeMnosHoe 3aXKnBneHne 1 NOMHOE 3a)KNBNneHne

Puc. 6.8. IlpuMeHeHrne HaAHOOOOJIOUYEK [I0 JTa3ePHOTO OOyUYeHUsT TTO3BOJISIET
6bICTPEe U TIPOYHEe 3aTeUNBATh PAHbBI
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OOGbIuHast jlazepHasi cBapKa TKaHell 6e3 HAaHOOOOJIOUEK CBsI3aHA C He-
KoTOpbIME TIpobJjeMaMu. /leJio B TOM, 4TO CBETOBOE U3JIydYeHHE HE MO-
JKeT TPOHUKHYTb HA GOJIBIIYI0 TJYOUHY, a TIOTOMY CBAapeHHbBIE IIBBI TI0-
JIYyYalOTCSl OYeHb TOHKUMHU M HEIPOYHBIMHU, a OKPY’KAlolue WX TKaHU
CUJTHHO TIOBPEXK/JAIOTCS. B TeXHOJIOTHN ¢ HAa0060J0YKAMU 3TH MPOOIEMBI
MUHUMU3UPOBAHBI 32 CUET MOAO0Pa U3JIYUYEHUsS C ONpeeTeHHON INHOM
BoJtHbI (61M3KOH K mMHQPaKpacHON), KOTOPOE B MUHMMAJIbHON CTENeHH
MIOTJIONIAETCST JKUBbIMU TKaHsIME. [locjie MOKPBITUST PaHbI MPUIIOEM C HAa-
HOOGOJIOUKAMU ¥ OCBEIIEeHUs TIPUTIOsi MH(PPAKPACHBIM CBETOM OY€Hb Obl-
CTPO TPOMCXOJUT CBAPKA KOHTAKTUPYIOIUX TKaHell ¢ npuroeM. [Ipuuem
MPOYHOCTDH CBAPHOTO ITBA MPHUOIKAETCS K IIPOYHOCTU HETIOBPEXKAEHHOM
tkauu. [IpeaBapurebHble UCTIBITAHUS {7 VIU0 HA MBIIIAX MOKA3aJH, YTO
CBapHbIE IIBbI HE TOJBKO HE PA3PYIIUINCH, HO JIa’Ke CTAJU [IPOYHEE CITy-
cTd 32 [IHS HOCJe UCIBbITAHNN.

ONTUYECKAA KOFEPEHTHASl TOMOTPA®UA

JlJist HEMHBA3UBHOMW IMATHOCTUKU PAKOBBIX 3a00I€BAHUIT HCIIOTB3YIOT-
Cs1 TaK)Ke ONTHYeCKHe TEXHOJOTUM BU3YaJH3AIUN HA OCHOBE PACCESTHUS
cBeTa, HAINPUMEP Onmuueckas kKozepenmuas momozpagpus, nim OKT
(optical coherence tomography — OCT). Tlo Mepe NPOrpeccUpoBaHuUs
paka ONTHYECKHe CBOWCTBA TKAHW U3MEHSIOTCS, YTO TIO3BOJISET BpadaM
3a(UKCUPOBATh PA3HUILY MEXIY 3J0POBBIMH U 3J0KAYECTBEHHBIMU Ya-
cramu TKauu. PannHee oOHapy:KeHUe, TMOBbBIIIEHHE YYBCTBUTEIBHOCTU U
yJIydllleHue BHU3YaJIU3AlUN PAKOBOI OIYXOJH CTAHOBUTCS BO3MOKHDBIM
6J1aro/1apst UCIIOJIb30BAHUIO B KAYECTBE MOJIEKYJISPHBIX MapKePOB HOBBIX
areHTOoB.

ITockoabKy HAHOOGOJOYKH WMEIOT KOHTPOJUPYEMbIE ONTHYECKIE
CBOWCTBA, WX MOKHO TOJCTPAWBaTh, 4TOOBI HAHOOOGOJOYKH TOTJIONIAIN
UM PACCEMBAN CBET MPAKTUYECKH BO BCEM JMANa3oHe BUIAMMOU W WH-
dbpakpacHoii yactu aseKrpoMaruuTHOro usiaydenns (puc. 6.9, 6.10).

C HOMOIIBIO TEMHOTIOJIbHOI MUKPOCKOIUH (KOTOpas 4yBCTBUTEIbHA
TOJIBKO K PACCESTHHOMY CBETY) ObLIM BBIIOJHEHbI 9KCIIEPUMEHTBI i Vitro
C PaKOBbIMH KJIeTKaMH ¢ Mapkepamu (6eqKaMu, aHTUTeJIaMH U T. [.).
Baaromapst ucmob30BaHUI0 HAHOOGOJIOUEK CO CBS3AHHBIMU AHTHTETAMU
yAQJIOCh OTYETJIUBO PACCMOTPETh PAKOBbIE KJETKH.

ITU METO/IbI BU3YATU3AIMU MOKHO TIPUMEHSTh HAPS/Y C IPYTHUMHI Ha-
HOMaTeprajiaMi, KOTOpble 06JIAJAi0T ONTHYECKUMH CBOICTBAME, HAIPH-
Mep uyopectieniieii BOm3u wHOpPaKpacHOTO ananas3oHa. Diarogaps
YACTUYHOMY TOTJIOIIEHWIO W PACCEMBAHKMIO M3JTYUEHHS MOXKHO CO3/1aBATh
JTaKe HEBUIUMbIE HAHOOGOJIOUKH.
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20nm 10 7 5

CTteneHb nornouweHns
(B NPOU3BOMbHbIX eANHULAx)

500 600 700 800 900 1000 1100 1200
InnHa BonHbI cBeTa (HM)

Puc. 6.9. Ilapamerpbl HAHOOOOJOYKN MOKHO HACTPOUTH TaK, 4TOOBI OHA
MaKCHUMAJIbHO MOTJIOIIAIA CBET C 3a[aHHON JIJIMHON BOJTHBI

Puc. 6.10. Orrenku cBeTa, TMOTJIOMEHHOTO HAHOOOOJOYKAMU PAa3HOTO pa3Mepa
(ny6aukyercs ¢ paspewenust xenudep Yacr)

buonoruyeckan uHxeHepus

ObJacth IeITeNbHOCTH, B KOTOPOH NPEAbSBISIOTCS CaMble BbICOKHE
TpebGOBaHUS K CBOHCTBAM MaTepuajioB, — 3TO, HECOMHEHHO, OMOJIOTHYe-
cKas WH)KeHepusi. HaHoMarepuasbl MMeIOT OrpOMHOE 3HAaueHue B Meu-
IIMHCKOM JIEYEHNN, TTOCKOJBbKY CBEpXMaJble pa3Mepbl TO03BOJIAIOT BHE-
JIPATH WX B OMOJIOTHYECKYIO cpeay. KpoMme Toro, MHXeHepbl HAay4UJINCh 127
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MCII0Jb30BaTh XapaKTepHble /I HaHOMATepuaJoB CBOWCTBA, HAIPHUMeEP
OFPOMHYIO TIOBEPXHOCTHYIO TLJIOIIA/b, [JISI JMATHOCTUKM 3a60JIeBaHMIl
1 TTOBPEXKIEHNUN OPTaHOB.

BEJIKOBAAl UHXXEHEPUA

Buosiornyeckue cucteMbl, BKJIIOUAsT OPTaHU3M YeJOBEKA, COCTOST W3
MHOKecTBa 6ekoB. Koska, BOMOCHI, MBIMIIIBI, KPOBb, BHYTPEHHWE Opra-
HbI, I'JIa3a U MHOTHUE JIPYyTUE YacTH OPraHu3Ma — 3TO ThICSUU OEJKOB,
KOTOpble 00Pa3yioT cTpyKTypy u dyHKiuu oprana. Hexkoropsie 3a6oie-
BaHWS, HAIPUMEDP CEPIIOBUIHO-KJIETOUYHAS aHEMUSI 1 KOPOBbe GEIlEeHCTRBO,
BBI3BAHBI MTOBPEXKIEHUSMU MOJIEKYJT GeJiKa.

B TeueHne MHOTHX JIeT y4eHble CTPeMSITCS paciiu@poBaTh CTPYKTY-
Py HEKOTOPBIX GeTKOB. IDTOT TPOIECC 3AMETHO YIIPOCTUJICS TOCJE Pac-
mPOBKU TeHOMA Y€J0BEKA U OTKPBITHS MHOTMX HOBBIX O€JKOB U UX
CBOIICTB.

B Hacrosiiiee BpeMsi yueHble XOTST HAYYUTHCS CO3/1aBaTh OeJKH,
YKJIaJIbiBast CTpouTe/bHble 610KM (aMUHOKHMC/IOTHI) B JJIMHHbBIE IENOY-
k. OHM HAYYMJIUCH 3AMEHSITh OT/IeJbHbIE YACTU TIOBPEKIEHHOTO OeJKa.
TakuMm 06pa3oM, U3MeHeHHbBIH 6eJIOK MOJKeT JeHCTBOBATh JUOO TaK, Kak
eMy ObLIO TIPEIHAYEPTAHO MPUPOOH, OO0 TaK, KaK 3aJyMaju ydYeHbIe,
[Tomo6Has esITeTbHOCTD CTajla HA3BIBATHCST O€IK060U UHKeHepuel.

é benkoBas HHXEHEePU — Hayka CO3[aHus UK U3MEHBHUS GENKOB B MEANLIMHCKIX UK
arpapHbIX Liensix.

HanorexHosoruu HaxoJsTCSI B TECHOH CBA3U ¢ OeJIKOBOH HMHIKEHe-
pueii. V3ydyeHue neraneii CTPyKTYpbl MOJIEKYJIBbI GeKa € WX HOMOIIbIO
3HAUNTEIHHO YCHJIMBAET TOTEHIINAT MeTO/I0B GeKoBOl nHxKkeHepun. Ho-
Bbl€ HAYYHBIE UCIUIINHBI — 2eHOMUKA W npomeomura (0T cloBa «mpo-
TEUH», TO €CTb O€JI0K) — 3aHMMAIOTCSI M3YYEHHEM MHOMKECTBA BasKHbBIX
6eJIKOB, X CTpPOeHUs U (QYHKIMI, a TaKKe CIOCO60B NX M3MEHEHUS HJIN
yayuutenuss. OdeHb CKOPO CTaHYT PeabHOCTbIO UCKYCCTBEHHbIE OEsIKH,
KOTOPBIE CMOTYT aTaKOBATb W/ KOHTPATAKOBATh BUPYCHbIE MH(MEKIINN.

MONEKV/IAPHAA [IHK-TEPANUA

Eme oanH THI Jle4eHUs, W3BECTHBIN IO/ HA3BaHUEM 2eHHAs Mepd-
nus, nwm [AHK-mepanus, ocHoBaH Ha cnocoOHoctu MoJekysanl JHK k
camopenauxayuu (10 ecTb co3gaHuio co6CTBeHHOI Komun). Ero MoxHO
HCIIOJTh30BaTh B KayeCTBe OMOJIOTMYECKOr0 CEHCOpa [JIsI TOMCKa CIEIn-
aJIbHOI OMOJIOrMYECKO 4acTullbl, MeMOpaHbl Win TKanu. VccaegoBaTenn
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Hayymimch cosfaBarh ¢gparmentor [JHK 115 HeKOTOPBIX OHKOGETKOB.
MHK-daxmunockonus (Hassannas tak, moromy uro JHK nuausumy-
allbHa W yYHUKaJbHA) TOYHO MAEHTU(MUIHMPYET OHKOGENOK B KPOBH WJIN
tkaHu. [lockosbky rennl B JJHK Haxoggrcst mo oHO3HAYHOMY COOTBET-
CTBUIO, BEPOSITHOCTD OIMMOKM TPAKTUYECKH HUYTOXKHA.

AOCTABKA MEAUKAMEHTOB

OpranusM dYesioBeKa SIBISETCS OTPOMHOM M CJIOKHOUM CHUCTEMOH, CO-
CTOSITIEN W3 PAa3HBIX TOACUCTEM, MTOITOMY GOJBINOE 3HAYEHUE UMEET TOU-
Hasl JIOCTaBKa MeINKAMEHTOB B HY)XKHOe Mecto. Harr opranusm crmoco6en
JIeIaTh 9TO €CTECTBEHHBIM CIIOCOOOM, TO €CTh MO CBOEMY OTIPEEJEeHUIO.
OaHako yuyeHble TOJbKO HAYMHAIOT TOHUMATh BCE TOHKOCTH MEXaHW3Ma
o6uodocmynnocmu (bioavailability), 6aarogapsi KOTOPOMY JOCTABKa Me-
JINKAMEHTOB BBITIOJIHSIETCS] B OPraHu3Me 4eJIOBEeKa.

Q buoaocTynHOCTb ONUCbIBAET CNOCOGHOCTb [JOCTAaBKM MeAMKaMeHTa 10 MecTa HasHade-
HUA B OpraHn3me 4enoBeka.

B HaHOTEXHOJOTUYECKUX METOJIaX JOCTAaBKU MeIUKAMEHTOB UCIIOJIb-
3yercs yHuUKaabHOCTh koga JIHK, 6maronapsi koTopoil JiekapcTBo mpu-
COE/IMHSIETCS UMEHHO K HYKHOMY GEJIKY U JIOCTABJISIETCS K PAKOBOI OIIy-
xosiu. B oriinume ot MeMKaMEHTOB, KOTOPbBIE BJUSIOT HA BECh OPraHU3M,
HOBbIE MeJIMKaMeHThI CIIOCOOHBI JIeiicTBOBaTh M3bupareabHo. Takoii cro-
cob6 ropazo Ge3onacHee JJIsI MAIUEHTA, MOCKOJBKY MCKJIOYAIOTCS BPE[I-
Hble 110604YHbIe 3(DEKTHI.

[Tpo6sieMbl GUOOCTYITHOCTH W JIOCTABKH MEINKAMEHTOB HEJb3sT pe-
HIMTh IPOCTOI CUJION, TO €CTh IPOCTO YBEJNYUBAS KOHIIEHTPAIUIO TIPera-
para. B xumuorepanuu jieuenne HEKOTOPBIME TOKCUYHBIMU JIEKAPCTBAMU
MIPOBOJIUTCS HA TPAaHU YHUYTOXKEHUS PAKOBOHN OIYXOJIM M CaMOTO Mallu-
eHTa.

HanotexHOIOTHY TTO3BOIUIN YBETUYUTh OGUOOCTYITHOCTD OJ1arofaps
HOBBIM METO/IaM [TPOHUKHOBEHUS] MEIMKAMEHTOB CKBO3b KJIETOUHBbIE MEM-
OpaHbl BHYTPb KJ1€TOK. [10CKOJIbKY GOJIBIIMHCTBO PEIINKAIMIT BUPYCOB U
JIPYTUX GOJIE3HETBOPHBIX PEAKIIUN MPOUCXOIUT BHYTPU KJIETOK, UMEHHO
ATOT C1OCO6 JOJKEH CYIECTBEHHO TOBLICUTD 3(PMEKTUBHOCTD JIEYEHMS.

B Hacrosiee BpeMsi MHOTHE MEIUKAMEHTBI TIPEKPAINAOT CBOE Jieli-
CTBME MMEHHO MOTOMY, 4TO He MOTYT NPOHUKHYTb B KJETKy uepe3 ee
MeMOpaHy. ITO HEBO3MOXKHO, TIOCKOJIbKY OHHM WMEIOT 3JIEKTPUYEeCKHid
3apsil. 3apsKenHdas YacTUlla He MOXKeT NMPOUTH CKBO3b IJIEKMPUUecKU
neumpaavnyio MeM6pany. OnuH U3 croco6OB pelleHust JaHHOH mpobJie-
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MBI — OKPYXK€HHe MOJEKYJbl HeHTPaabHOW 000JOUKOMN, C MOMOIIBIO KO-
TOPOH MOJIEKyJIa MeJUKaMeHTa MOXKeT MPOHNKHYTb BHYTPb KJETKH.

CAMOCBOPKA

B na6oparopun Maiikia Bonra B Yuusepcurere Paiic (CIITA) uger
MHTEHCHBHAsT paboTa MO HU3YyYEHWIO METOJ0B camocOGopku. YdeHbie 00-
HApYKWJINW, YTO B HEKOTOPBIX YCJOBUSAX TIOJble MHKPOKAICYJIBI MOTYT
aBroMaruueckn 006pas3oBbiBaTh 1oyiI0 cdepy. Mukpokaricyia umeer
O-o6pasnayio dopMy € aHTUTEJIAMU WM JAPYTUMU OeJKaMHU CHAPYKU
U 9H3UMaMM WM J[PYTUMH MOJIEKYJIAMU BHYTPH.

CamocbopKa MUKpOKancysbl
N VHKaNCynAUmMA KPYMHbIX MOSIeKy

HobaeneHune
MaJsiblX MOeKyn

Peakuus c o6pazoBaHneM
MeAVIKaMeHTOB

|/|CI'IyCKaHI/Ie MeanKaMeHTa

Puc. 6.11. C noMoLIbio PEaKTAaHTOB B KaICyJaX MOXKHO KOHTPOJIPOBATb CKOPOCTD
HOCTYIJIEHNSI MEJIMKAaMEHTa B OPraHu3M YeJIOBeKa

Camoco6upalonuecss MUKPOKAICYJIbl JAI0T BO3MOKHOCTD JIOCTABJISITH
MeJIMKaMEHThl B HY;KHOE MECTO B OpraHusMe dejioBeka. Hanpumep, st
JiedeHnss 00JIe3HN AJTbIrefiMepa MCIOIb3YeTCs CJeAYIONas Tocaea0Ba-
TeabHOCTD AelicTBuil (puc. 6.11).

1. Cnauana ¢ nomompio caMoc6opku (Ha OCHOBE XMMHYECKOW pe-

130 aKIMU C TOJUMEPOM U COJIbI0) 06pasyioTcsi 1oJible  chepbi-
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MHKPOKAIICYJIbI C IOpaMU OIpejeaeHHoro pasMepa. OmHoBpe-
MEHHO BHYTPb MUKPOKAIICYJIbl J00ABISIOTCS 60Jiee KPYIHbIE MO-
JIEKYJIBI.

2. DBousee Meskue MOJIEKYJIbI JAPYTOro BeIlecTBAa IPOHUKAIOT BHYTPb
MHKPOKAIICYJIbI U pearupyioT ¢ 6ojiee KPYIMHBIMH MOJIEKYJIaMU
BHYTPH.

3. Menkue n KpymnHbIe MOJIEKYJbl PearnpyioT ¢ 00pa3soBaHHEM Me-
JITKAMEHTOB.

4. MennkaMeHTbl, TO €CTb IPOLYKTbI UX PEAKIIMHU, TOCTENIEHHO C 3a-
JJAHHOI CKOPOCTBIO HOKU/AI0T MUKPOKAIICYJTY.

B 3aBucMMOCTH OT TOTO, KaKue MOJIEKYJIbl MHKAICYJIUPYIOTCS H J10-

6aBJISAIOTCS, A TaKXe OT KHCJIOTHOCTU M TeMIepaTypbl, MOKHO PETyJNPO-
BaTb TUM U KOHIEHTPAIUIO MeIMKAMEHTA.

MHOTO®YHKLUNOHAIBHAA TEPANNSA

Menukn 4acTo mbITalOTCS OOGHAPYKUTD aIbTePHATHBHBIE CIIOCOODI Jie-
yeHus 6oJie3Heil. A TIOTOMY OHU TIOPO¥i UILYT pa3Hble CIOCOOBI JOCTaBKH
MeINKAMEeHTOB I/ JIeYeHHs] TAaKUX OMACHBIX 3a00JeBaHUl, KaK paK WM
CepHOBUHO-KJIETOUHAS aHeMUS.

-é‘ MHorodyHKuMoHanbHas Tepannua — 310 CrNoco6 JieYeHus, Npyu KOTOPOM MeuKameH-

Tbl AOCTABNAOTCA B MECTO HA3HAYEHWA B OpPraHn3Me 4YesioBeka pasHbiMu crnocobamm
(Hanpumep, yepes poT 1 XXeNyAoK UMW C NOMOLLLI0 UHBEKLMN B KPOBEHOCHYIO CU-
CTEMY).

HaHoTexHOOrMM MOKHO IPUMEHSTh [JIsT CO3JaHUS HAHOYACTHII,
KOTOpbIE CMOTYT [IOCTaBJATh MEJIUKAMEHThl B TaKWhe MecTa Ha3HaYeHWs,
KOTOpbIe HEeIOCTYIIHBI [/ TPAAWIMOHHBIX METOJO0B AOCTaBKU. Kak us-
BECTHO, KOT/Ja HAIMEHT IrJIoTaerT TabJeTKy, B JKeJIyJKe OHa IONAJaeT B
OUeHb arpecCUBHYIO KHCJOTHYIO MHUIIEBAPUTETbHYIO cpeldy. 3areM Ha
MyTH BCTAIOT JAPYTHe MPENSTCTBUS: MOTJIONEHNEe U AJUTeJbHOe TepeBa-
puBanue (puc. 6.12). Her HUKaKOIl yBEPEHHOCTH B TOM, 4TO JIEKAPCTBO
JIOCTUTHET MecTa Ha3HAueHUs C KOHIIEHTpaIlhell, KOTopas OKaKeT Mallu-
eHTy HeOOXOAUMYIO TTOMOIIID.

B TedyeHme MHOTHX JIeT MEeIUKU MBITAIOTCS HAWTH HEXUPYPIUUECKIE
METO/IbI JIeUeHUs paka Mo3ra. B Hacrosinee BpeMsi ¢ Pa3BUTHEM WHIKEK-
TUPYEMbIX HAHOBEKTOPOB OHH MOJYYAIOT B CBOE PACIOPSKEHUe MHCTPY-
MEHTBI, KOTOPbIE TO3BOJISIOT 3aryISHYTh BHYTPb Mo3ra 6e3 Xupyprude-
ckoro BMemaresberBa. C momotbio MPT 1 HaHOBEKTOPOB MEUKH MOTYT
TaKkKe OIIeHNWBATh Ppe3yJabTaThbl XWPYPTrUUECKO#l olepanuu, HarmpuMep,
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HACKOJIbKO YJAYHO y/AajeHa PaKoBas OIyX0Jb. 3JI0KauyeCTBEHHbBIE KJeT-
KU C HPUKPEMUBIIMMUCS K HUM HAHOYACTUI[AMHU BU/HBI HA 9KPaHE KOM-
NbIOTEPa, KaK OTOHbKU JIAMIIOYEK HA HOBOTO/Hel eske. Takum o6pasoM,
MOJKHO JIETKO BBIJIEJIUTH 3/I0POBble TKaHU 6€3 NMPUMEHEHUs MHOTHX Tpa-
JUTINOHHBIX MEJIMKAMEHTOB.

[noTaHune TabneTkn

MKenypok

®

ArpeccuBHasn

nuwieBapuTesibHaA
KnweyHoe cpena Kncnot
nepesapvBaHune 1 3H31MOB

Puc. 6.12. Ilpumep 10CTaBKU MeJAMKAMEHTOB Yepe3 MUIeBaPUTEIbHYIO CUCTEMY

Hexoropbie 60/1€3H1 MOTYT MMETHh TaKO¥ K€ YHUKAJBHBIN XapaKTep,
KaK ¥ CaMW TaIlMeHTBl, a MOTOMY [T WX YCIENTHOTO JIEYEHUS ITIPOCTO
HEOOXOMMO TIPUMEHSATh MHOrO(YHKIIMOHAIbHYIO Tepariuio. Hampumep,
opoit TpeGyercst CTPOro KOHTPOJIUPOBATH MOCTYILIEHUE MEIUKAMEHTOB B
TedYeHNe HeCKOJbKUX JHel, MecsleB Win gaxe JieT. /s mpoBepku meit-
CTBEHHOCTH Jie4eOHBIX METO/I0B KOHKPETHOW 60JIE3HU 4acTO HCIOJIb3yeT-
€51 KOMIIbIOTEPHOE MOJeJTMPOBaHNe U UHTEHCUBHbBIE TECThI.

Kaxk m3BectHo, mH(pEKIMOHHbIe 6aKTEPUHW U BUPYCHI B TIpoIiecce Jie-
YeHUsT U3MEeHSIOTC Wil MyTupyioT. [lo Mepe ux Tpancdhopmanum BaKHO
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KOHTPOJINPOBATh BCe M3MEHEHNS U MPUMEHATh HOBble MeauKaMeHTel. Ha
pucynke 6.13 mepedncseHbl HEKOTOPbIE MPEMMYIIECTBA MHOTO(MYHKITHO-
HAJbHON Teparnu.

HanpaBnaeTt MeamKameHTbI
K MecTy 6onesHu
WAV NOBpeXAeHNA

KombuHmpyeT pasHble neyebHble
MeTofbl B OAHOM MecTe

A A

MHoro-
dyHKUMOHanbHas
Tepanus

¥
I'Ipeo,qonesaeT 6uonoruyeckne
6apbepbl (KOXa, CNM3ncTas 0605104Ka,
OoCMOoTnYeckKkoe gaBneHume, MaKpod)aer)

MNo3BonaeT ynpasnAatb
HanpasfieHnemM MeArKaMeHTOB

Ha OCHOBE CXOACTBA pa3mepa, popmbl,
MAOWAAN N aKTUBHOCTY PAKOBbIX KNETOK

Puc. 6.13. MHorodyHKINOHAIbHAS Tepalns AaeT MeJHKaM MHOKECTBO HOBBIX
c110co60B ITIpeJJoTBpallleHHs Ul JedeHus 6osie3Heit

BU3VANU3ALUA

[lng mpaBUJbHON OMArHOCTUKU 3a060J7€BaHUS MEIUKU JTOJIKHBI
UMeTh BO3MOXKHOCTb <«3arJsgHyTb BHYTPb» OpranusMa uesoBeka. /[lo
MOABJIEHNSI HAHOTEXHOJOTHUH yueHble M TPAKTUKYIOIIIE BPAYN BBIHY K-
JleHbI ObLIN AeaTh OMOICHI0 TKaHel  6paTh aHAJIN3bl KPOBHU, MCIIOJIb-
30BaTh PEHTTEHOBCKUE W YJbTpa3dBykKoBbie Meroiabi, MPT u apyrue
MeTozbl. Kak y:ke yrmomMmHasnoch B TyaBe 4, 3a nociaennue 15—20 jer
MOSTBUJIOCH HECKOJIBKO yCOBEPHIEHCTBOBAHHBIX METOJOB M WHCTPYyMEH-
TOB, KOTOPbIE CYIECTBEHHO YIPOCTIIN BU3yaJN3alNI0 U OTIPe/ieeHIe
JUarHosa.

Tenepp HAHOTEXHOJOTMYECKNE KOMIIAHUN U MEAUKU CTPEMSITCS 00b-
€JIMHUTD YCUJIHS, YTOObI HAYUUTHCS BU3YAJIU3UPOBATH OT/IEJbHbIE MOJIE-
KyJsibl. COBpeMeHHbIE areHTbl BU3yaM3allui yKe CIOCOOHbI BU3yau3u-
poBaTh cOOBITHS BHYTPHU KJeTKU. Tenepb Bu3yanusanusi choKycupoBaHa
HE TOJbKO Ha HAGIOJEHUSX KPYIHbIX 0ObEKTOB, HAPUMED MEPEJOMOB
U MUKPOTPaBM.
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Q MonekynapHas BU3yanusauua — 3710 0671acTb UCCNEA0BAHNIA, KOTOPaAs 3aHMMAETCS in
Vivo Ha6ni0ieHNeM 32 NOBEAEHMEM MONEKYN C TEYEHNEM BPEMEHN B OPraHU3Me 4enose-
Ka WITI XKMBOTHBIX.

Jlist HaO/MoieHnsT 3a TIPOLIECCAaMU B OT/IEJIbHBIX OpraHaxX 4eJoBeKa HC-
HOJIb3YIOTCST CIENNAIbHbIe areHThl BU3yaausaiuu. Hanpumep, paanoak-
TUBHBIA u30TON Gapusi *Ba sBJsieTcss KOHTPACTHBIM areHTOM, KOTOPBbIil
MIPUMEHSIETCS [IJIS IMATHOCTUKU HEOOBIYHBIX OPIONIHBIX OOJIEH, ey 104HO-
KWIIIEYHON PErypPTUTAIly, PaKa, TAaCTPUTA W S3BBI [BEHAINATHIIEPCTHON
KUIIKKA. 3a6JOKHPOBaHHbIE O0JACTH IIPOSIBJSIOTCS HAa PEHTTEHOBCKHIX
CHUMKAX B CBETJIbIX TOHAX, KOTOPbIE KOHTPACTHO BBITJISIAT Ha (hOHE 3710-
POBBIX TKaHel 1 TO3BOJISIOT PAAMONOTaM aHATN3UPOBATh BHYTPEHHIO TO-
BEPXHOCTD MUIIEBAPUTEIHHOTO TPAKTA Ha Hajuuue OJIOKAJ U OIIyXOJIel.

AnepHast BU3yasm3aiusi OCHOBaHA HA BIPBICKUBAHUHU TPaccepa B opra-
HU3M YeI0BeKa 1 OTCIEKHBAHUU €T0 ¢ IIOMOIIbI0 KaMepbl. Hampumep, ajs
JIMATHOCTUKHU COCTOSTHUSI CEPAEYHO-COCY/TUCTON CHCTEMbBI UCIIONB3YETCS
PaaroaKTUBHBINA n3oTon Tawaus 2°'Tl. DTOT M30TOI XOPOIIO CBSI3bIBAETCSI
C KUCJIOPO/IOM, KOTOPBIN OOBIYHO B GOJIBIIION KOHIIEHTPAIIUHU TIPUCYTCTBYET
B MBIIIEYHBIX TKaHsIX. [lJis onpe/iesieHIst KOHIIEHTPAIMK U30TONA B CEP/IIE
HaIenTa UCIOIb3YeTCsl CHUMHTULISIMOHHbINA cyeTynk (JIeTeKTop paanoak-
TUBHOTO M3aydenns). OH (GUKCHPYyeT ypOBEHb PAJANALK B Pa3HbIX ydacT-
Kax cep/iia, IpuYeM HU3KUH YPOBEHb COOTBETCTBYET MAJIOH KOHIIEHTPAINN
kucjopoza (To ecTb MaJoOMy KOJMYECTBY CBSIBAHHOTO C HUM PaJMOAKTHB-
HOTO TaJlJIisl), YTO MPOSABJISETCS B BUAE TEMHOIO TISITHA Ha MOHUTOPE.

Ceiiuac pa3paGaTbIBaIOTCsl HOBEWIIINE HAHOMHCTPYMEHTDI BU3YaJIM3allnH,
30HObl, KOTOPbIE CIOCOOHBI YJIOBUTH CIEIM(UUECKI KIETOUHbBI CHTHAJ
Wi 3apUKCUPOBATD CEPUIO COOBITHIT BHYTPH KJIETKH. JTO TTO3BOJUT MEIH-
KaM BbISIBUTD 3a00J/ieBaHIe Ha Topaso 6ojiee paHHel cTaiun, yeM ObLIO BO3-
MOJKHO Tipesk/ie. MoJTeKyIsipHble 30H/IbI CIOCOOHBI OTPA3UTh CAMbIe TIEPBbIe
PEaKIK B XO/Ie PA3BUTHST 3a00JI€BaHMSI, TO €CTh €llle 3a/0JIr0 [0 TOTO, KaK
OHO TIPOSIBUTCSI B BUJIE YKACHOU OITyXOJIM MJIH KYTKOTO KPOBOTEUEHUSI.

3/1eCcb CTOUT BCIOMHUTH CTapylo MOrOBOPKY «Karuist Takrta moJiestee
TMOTOKOB OCTPOCJIOBHUsI», KOTOPYIO MOKHO TepedpasnpoBaTh CJIeIyIONIM
o6pasom: «Kamms npoduiakTukn mojie3Hee OTOKOB JeKapcTBy». [opasao
TPOIIE PENUTD TPOGJIEMY PAa3MEPOM € MyXY, YeM TOT/la, KOTJa OHa MpH-
MeT pa3Mephbl CJIOHA!

HAHOCTPYKTYPUPOBAHHBIE UMINJIAHTAHTbI KOCTEI#

Ecan xocth moBpeskieHa BO MHOIMX MeCTaxX WA Ha GOJBIION ILIO-
AU, TO JJjis ee JiedeHus norpebyercst JJUTeabHOE BpeMsi. bBosee Toro,
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€CJTN TIAITMEeHT HAXOAWTCA B TPEKJOHHOM BO3pacTe W Y HETO TPOOJIEMbI
C KpoBoOOpaIlleHneM, TO JIeUeHIe MOKET IIPOJ0J/IKAThCS BBOE JOJIbIIE,
yeM y MOJIOJIOTO TAIleHTa ¢ TAKOU JKe TPaBMOi. YCKOpeHIe 3a1eUNBaHUS
TSDKEJIONW TPaBMbI KOCTH TIOMOJKET MAIMEeHTy ObICTpee BEPHYTbCS K HOP-
MaJIbHOU »Ku3HH. /leslo B TOM, YTO 4eM JJINTejbHee jieueHne, TeM GoJIblie
BEPOSITHOCTD JIETPAJIAIINN MBINIEYHBIX TKaHel U Apyrux opraHoB. Hampu-
Mep, Y KOCMOHABTOB BO BPEMSI JIJIUTENbHOTO TPEObIBAHNS B COCTOSIHUY He-
BECOMOCTH YMEHbBITAeTCS KOHIIEHTPAIINS KAJbITNS B KOCTHBIX TKAHAX, KO-
TOpble He UCHOJb3YIOTCS S TMOAMEPKAHNUS Teda, a TakyKe JeTPafupyioT
MbIIIIEYHbIe TKAHU, KOTOPbIe He 3a/IeiiCTBYIOTCSI B IIOBCEIHEBHON >KU3HMU.
[Ipy neyeHun TaKUX TOBPEKIAEHWIH MOKHO TMPUMEHSATb METOIbI OHO-
JIOTHYECKON WHKeHepuw. HampuMep, 1 UMHUTAIMK KOJIJIAaT€HA XOPOIIO
WCIIOTHb30BATh HAHOKOMITO3UTHI Ha OCHOBE KOPOTKUX IETOYEK TIENTU/IOB.
Taxne HAHOKOMTO3UTHI BHEAPSIOT B YSI3BUMbBIE 30HBI /IS TTOBBIMIEHUS
MMPOYHOCTHM KOCTH W TIPEIOTBPAIEHNS €€ NaJbHENIIETO TTOBPEXKIAEHUS.

é Konnaren — 3710 Han6omee pacnpocTpaHeHHblil 6eS10K B OpraHu3Me YesoBeka, KoTopblil

COCTOWT U3 TPEeX CMMpanbHbIX LiENeil aMUHOKWCIOTHLIX OCTATKOB, COCTAB/AET OCHOBY
COBLMHUTENLHON TKAHN XMBOTHBIX (CyXOXMUINSA, KOCTW U XPALLM) 1 06ECneYnBaeT ee
MPOYHOCTb.

KopoTkie menTuHbie MernouKku caMOCTOSITETbHO COGUPAIOTCS B CTPYK-
TYpy KoJlIareHa u oOpasyloT CBsI3aHHbBIE MOJUMEPDI CIIMPaTbHON (HhOPMbI
JUIMHON B COTHM HAaHOMETPOB. B KOMOMHAIINYN ¢ HAHOYACTHIIAMU TH KOJI-
JIAaT€HOTIOJOOHBIE MaTepHabl 0OPa3yI0T HAHOKOMITO3HUTBI, KOTOPbIE MOJK-
HO HCIOJIb30BaTh [IJIsl YIIPOYHEHUsT TOBPEKJIECHHBIX YYaCTKOB KOCTHOIR
TKAHH.

[To muenmio pokropa PoGepra Xsamona (Robert Haddon), mupex-
topa llenTpa HaHOMacIITAGHON HAYKU U WHIKEHEPUU NPU Y HUBEPCUTETE
mrara Kamudopuus B Pusepcaiize (CIIIA), ocTeonopos u mepesoMbl
KOCTell TaKyKe MOKHO JIEYUTD C TIOMOIIBIO YTJIEPOAHBIX HAHOTPYOOK.

[Ipo4HOCTh, THOKOCTH U JIETKOCTH OJHOCJOWHBIX YTJIEPOIHBIX HAHO-
TPYOOK Jle/laeT X YHUBEPCATbHBIMU KaH/MATaMU [Jisl CO3/[aHUS «CTPOU-
TEJbHBIX JIECOB» TIPU JIEYeHUH ¥ pereHepannu kocreil. Ha ocHoBe Ha-
HOMaTepUasoB 9TOTO THIIA MOKHO CO3[aBaTh HCKYCCTBEHHbIE KOCTH C
HOBBINIEHHO# TMOKOCTbIO ¥ MPOYHOCTHIO, HOBBIE TUIIBI KOCTHBIX TPaHC-
IUTAHTATOB ¥ YJIyYIIIEHHbIE METO/bI JIEYEHHSI OCTEOTIOPO3a.

C 1OMOIIbI0 TAKUX WHTETPUPOBAHHBIX HAHOMATEPUAJIOB TIPOIECC Jie-
YeHHsT MOKET TPOXOAUTh 6ojiee THOKO M OBICTPO, a TaKKe ¢ MEHBIINM
YHUCJIOM OCJIOKHEHUH, 0OCOOEHHO Y TOKUIIBIX MAIHEHTOB.
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HaHOTOKCMYHOCTD

[TockobKy HaHOMATEPUAJBI YACTO BeAyT ceOsi COBCEM WHaye, 4yeM
ux «cobparbsi» 6Gojiee KPyIHOrO pa3Mepa, TO UX yJIydllleHHble CBOUCTBA,
HaAIpUMep CBePXO60JIbIlasi IPOYHOCTh UK 3JEKTPUIECKAsT ITPOBOJIUMOCTD,
HABOJISIT HA MBICJIb O MOTEHITMATHHON OMACHOCTH.

B Hacrosiee BpeMsi HAHOTEXHOJIOTUU UCIOJIB3YIOTCS LIS TIPOU3BO/I-
CTBa COTeH TPOAYKTOB. OHAKO caMi HAHOTEXHOJOTUN HAXOSATCS elle B
caMOM HadyaJje CBOETO CJIABHOTO TYTH, a NX KOJUYECTBO TIOKA €IIe TTPOCTO
nuutokHO. [loka elle 1I0X0 M3y4YeHO BPEIHOE BJIMSHUE HAHOMATEpPUA-
JIOB Ha OPTaHU3M 4ejIOBeKa. JTO OUEHb IIMPOKAs 06JACTh UCCJIE0BAHUN,
KOTOpasi HAXOAUTCS Ha crajuu c6opa nndopmaiuu. OJHAKO TOKCUKOJIO-
ru YnpasieHust o oxpane okpyskatomieii cpeabt CIIIA (Environmental
Protection Agency — EPA) yske Hauaium Bcepbe3 aHAIM3UPOBATh BCE
(pakTOpPBI prCcKa, KOTOPBIE COMPOBOXKAAIOT TPUMEHEHe HAaHOMAaTEPHAJIOB,
U pa3paboTaiu MporpaMMy JIesiTeJbHOCTH.

B oxtsa6pe 2005 T. B sieKTpOHHOM HaydyHOM KypHante Particle and
Fiber Toxicology (TOKCHKONIOrHUs YacTHI] ¥ BOJIOKOH) yYeHble OmyO6/Iu-
KOBaJIu 85-CTPAaHUYHbBIA OTYET C MOAPOOHOI XapaKTEPUCTUKON MOTEHITH-
AJBHBIX yTPO3 3/IOPOBBHIO YeJIOBEKA CO CTOPOHBI HAHOMATEPUAJIOB U CTpa-
Ternell UX MpeOTBPAIeHMNS.

OcHOBHOE BHUMAaHHUE B 3TOM OTYETE YJIE€JEHO TOKCUYHOMY BJIUSHUIO
HAHOYACTHI[ HA Hall opraHu3M. OJHAKO M3BECTHO BCETO JIUIIb HECKOJIb-
KO IMPUMEPOB TIPSIMOTO BO3/IENICTBHSI HAHOUYACTHI] HA YesoBeKa. B oruere
MO/{Y€PKUBAETCS HEOOXOIUMOCTD XapPAKTEPUCTUKN HAHOYACTHI] TIO CTPYK-
Type, dhopMe, TIOMAIN TOBEPXHOCTH, 3JEKTPUYECKIM CBOIMCTBAM M BO3-
MOKHOCTH 00Pa30BaHMS arperaToB, KOTOPbIe MOTYT B3aMMOENCTBOBATDH
C OPraHu3MOM MHaue, YeM OT/eJibHble YacTuilbl. B oTuere mpemiaraiorcs
METO/IbI IPOBEPKU BJIUSIHUSI HAHOMATEPUAJIOB HA Pa3Hble BHYTPEHHUE OP-
TaHbl, & TaKKe CoCOObI TPOBEPKH TIOCIE/ICTBUN B/IbIXaHUS, MOTJIONIEHUS
HAHOYACTHI[ W JIaXKe KOHTAKTA C HUMH.

B oruere He ommcHIBAIOTCA METOADBI, KOTOpbIE TO3BOJUIN OBbI 0ObBsIC-
HUTb, TIOYEMY HAHOYACTHUIIBI MOTYT OKAa3bIBATH GUOJIOTHYECKOE BJIUSTHUE.
YdueHnbiM U MeJMKaM ellle IPeICTouT co6parb noApobHy0 HHOOPMAIHMIO
B XO/I€ THIATEJbHBbIX UCCJIE0BAHMUIA.

Mepauuuna byaywero
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U craceHue TMaIMeHToB. 3amnagnas MeIuITnHa TPAANIINOHHO pearnpoBaia
Ha y’Ke HAvyaBIIMeCs U SIBHO MPOSIBJsIoNiue ce6st 60Ie3HN.

B BocTtouHO# MeauIIiHE OCHOBHOI 11€bI0 SIBJISIETCS TIPEOTBPAIlEHHE
60J1e3HU. VIMEHHO T03TOMY TaKOe Ba)KHOE MECTO B Hell 3aHMMAaIOT aKy-
MYHKTYPa, MacCaKk U MeUTAIHS.

OnHaKo MPOTACTh MEKAY OCHOBHBIMU IEJIIMU BOCTOYHOM M 3amaHOM
MEJIUIIUHBI MOJKET 3aMETHO YMeHbIIUThCS B Oimkaiiiime 10—20 ser nmeH-
HO 6J1arofapsi pa3BUTUIO HAHOTEXHOJIOrHN. Ecn HOBble HAHOTEXHOJJIOTHH
MO3BOJISIT ONPEESATh TeHETUYECKUI TPOMUIIb 1 BBIOJHSITH MOJIEKYJISIP-
HBIIl aHau3 1Mo mpobaM KPOBH, TO OIEHKA 3J0POBbS ¥ MPEAPACIION0KEH-
HOCTb K OIpe/leJIEHHBIM 6OJI€3HSAM MOJKET BBITIOJHATHLCS YK€ B MOMEHT
posK/ieHus yesoBeKa. TakuM o6pas3oM, MeIUKHM CMOTYT IJIAHMPOBAThH Jie-
4yeHue 3a10JIT0 JI0 TeYaJbHbIX MPOSIBJIEHII MHOTUX 3a00/IeBaHMI.

B Ttakux yciaoBugx mpoduIAKTHUYECKas MeIWIMHA CTAaHeT HOPMOM,
a MePCOHAJIbHBIE TIJIAHDBI JIeYeHUs] IEPEBEPHYT MPEKHIE TIPE/ICTABIEHUS O
KadecTBe MeUIMHbBI. YYeHble HaJel0TCs, YTO JOCTH KEHUS HaHOMEIUIN-
HbI U3MEHST K JIy4IlIeMy He TOJbKO 3/[pAaBOOXpPaHeHNe, BKIIOYAs MeIUTINH-
CKYIO TIPOMBIIIIIEHHOCTh ¥ 06pa3oBaHie, HO M BCce OOTIECTBO B TIEJIOM.

KOHTPOJ/IbHBIE BONPOCHI

1. O6mactb JAeATeIbHOCTH, KOTOPad 3aHNUMAETCA JIEUeHNEM 1 BOCCTAaHOBJIE-
HHUEM HOBPEXIACHHDIX TKaHell Ha MOJIEKYJIAPHOM yPOBHE, Ha3bIBa€TCA:

(a) HAHOGMOTHUKOI;

(6) HaHOTHIICOM;

(B) HaHOMEIUIIMHOIL;
(r) HAaHOOPTOAOHTHKOIA.

2. Cucrema HaHOMAacCIITaOHBIX KaHAJIOB [JId TiepeMenieHnsa KUJAKOCTU
B «ﬂaéOpaTOpI/H/I*Ha*‘II/IHe» Ha3bIBa€TCA:

(a) MmukporpybKamu;

(6) MuUKpoCTPYIiHOI TEXHUKOM;
(B) MUKPOCOJIOMKaAMMU;

(r) HanocTpysMu.

3. Ilpotecc mpocauynBaHusi 30JI0TBIX HAHOOOOJIOUYEK CKBO3b IIOPUCTHIE
COCY/JIbI PAKOBOH OITyXOJIM U OCKIEHHSI B Hell Ha3bIBAeTCS:

(a) Mera/IMYecKNM OCaKIEHHUEM,;

(6) cMMGUOTHYECKIM OCAK/ICHUM;

(B) omTnueckoii Tomorpadumeii;

() TOBBINIEHHOH TPOHUIIAEMOCTBIO U y/IEPIKAHUEM. 137
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30710TbIe HAaHOOOOJIOUKHI NCHOJIb3YIOTCA AJIA JIEHEHU:

(a) paka MOJIOUHON >KeJIe3bl;
(6) Hemaron;

(B) ciemnorsr;

(r) rpu6ka.

HaHOBeKTOpr — 9TO:

(a) nanomacurraGHble KOMaphbI;

(6) MHCTPYMEHTDI U3MEPEHUS YIJIOB;

(B) cpeicrBa 0CTaBKKM MeJMKAMEHTOB U BU3YaJIM3allnM;

(r) cBepxMasible MHCTPYMEHTBI JJIsi KOHTPOJISL HaJ MOAONBITHBIMU
IPbI3YHAMH.

Konmaren — aTo:

(a) BererapuaHCKas INIIA;

(6) crmpasp U3 Tpex Heneil aMHHOKHMCIOTHBIX OCTaTKOB;

(B) GesikM M SKUPBI, CBSI3aHHbBIE B KPYTOBYIO CTPYKTYPY;

(r) cuMMerpuYHbBIE CTPYKTYPbI, 00pasyoliiie TPEYroabHYI0 (HopMy.

OHKOGEJNKN — 3TO:

(a) 6enkn penTumii;

(6) mueTmdeckas THUIIA;

(B) pakoBble GesKHu;

(r) Genku U3 MOPCKOIi KaIycThl.

[Ipu cBapke TKaHeli HAHOOOOJOUKHM HAXOSITCS:

(a) B 6EIKOBOM PacTBOPE;
(6) xenaTtune;

(B) coeMHEHUAX KUPOB;

(r) KypuHOM cyIie ¢ JIaIoi.

Hanorexuosoruu u3MeHsT Oyyliue MeIUIIMHCKUE METO/bI 32 CUET
6OJIbIIIEH:

(a) JIUTENBHOCTU U CTOUMOCTH;

(6) UHBA3UBHOCTH U 3aBUCUMOCTY;

(B) Pe3KOCTH U TPEBOKHOCTH;

(r) mpenckasyemMoct M PO HUIAKTHKH.

PaxoBbie Ki1eTKn XOpouio BU/AHbI M3-3a:

(a) KOHTpacTa MeK/y CBETIBIMU KJIETKAMH M KPOBBIO;
(6) GonbIero paccessHus CBeTa Ha HAaHOOGOJIOUKAX;
(B) ux GosblIero pasMepa U KJIETOYHBIX MeMOpaH;
(r) Gosiee MOUIHBIX JIMH3 W JIyYIIHX 3€PKaJ.



InaBa 7

OxpaHa okpyxatoLiei cpefpl

Uro mepBoe HIPUXOAUT HA YM, KOIZla Mbl CJBIIIMM CJIOBOCOYETaHUE
okpyKarwas cpeda? IIOKPHITbIE CHErOM BEPXYIIKHM TOPHBIX BEPIUINH
i Gjaroyxaroliye [UKyHTIn AMa3oHKN? BeceHHue 1[BeTbI WM OCEHHSS
JucTBa’?

Oxpykatomas cpefa MoxeT ObITb IIPEKPACHON WJIM y>KAacHOM, B 3a-
BUCUMOCTH OT yCJIOBUH miu o6crosrenberB. OKean MOXeT OblTb YMUPO-
TBOPSIIOIINM U CHOKOHMHBIM, 60 mTopMammM n OymryomundM, ¢ 10-me-
TPOBBIMH CMEPTEIbHO OTACHBIMU BOTHAMW. MHOTHE aMepUKAHIIBI CTaJH
CBUJETEJNSMI CMepTell 1 paspylleHui, BbI3BAHHBIX yparaHamu KarpuHa
u Pura, xoropbie o6pymuianch Ha mratsl Jlynsunana, Muccucunu u Ana-
6ama B asrycre 2005 r.

py:kecTBEHHOCTD WX BPakZeOHOCTb OKPY:KaloLleidl cpeibl daile
BCEro OT HAC He 3aBUCUT. BpeMeHa roja CMeHSIOT APYr Apyra BMecTe
¢ IpHUCYIUMK UM KarakjauaMaMmu. OaHako oguH U3 (PaKTOPOB OKpyKa-
Ioleil cpesibl, & UMEHHO ee 3arps3HeHue, sIBJseTcs npobJaeMoil, co3/laH-
HOIl HaM®, a He MPUPOJION.

3arpa3HeHue

Oxpana okpysKaoleil cpeabl OT 3arps3HEeHUsT — O/[Ha U3 Hambosee
BKHBIX TIpo6JsieM coBpeMeHHOCTH. [Ipn aToM HegocTaTouHO CHOKYCHPO-
BaThCS TOJMHKO Ha oXpaHe arMocdephl, TTOCKOJbKY OKPY KAIomas cpena
SIBJISIETCST UPE3BBIYANTHO CIOKHON CHCTEMOI, COCTOsIIENR 13 OeCUNCIeHHO-
o MHO’KECTBa IMOJUMHEHHbBIX B3aNMOCBS3aHHBIX cucTteM. Boga u mousa ¢
UX CBOMCTBAMU M OOUTATEJISIMU TaK)Ke SIBJISIIOTCS YaCTSIMU 9TOM CHUCTEMBI.
OnHu cunTaloT, 4TO 3arpsi3HEHNE OKPY:Kalolell cpebl — HeudbeKHoe
cJe/ICTBUE TIpOTpecca, a APyrue Xoredaw Obl BEpHYTbCcS B 6oJiee 4UCTOE
[poIIIoe. ITH CIIOPbI BEJKUCh Bcerga u OyAyT MPOJOJIKATHCS GeCKO-
HEYHO.

He Hy:kHO 6bITh aKTHBHBIM 3AIIUTHUKOM OKPY3KaIoIIei cpejibl, 4TOObI
MIOHUMAaTh, KaKo# Bpe/ M KaKylo yrpo3y HallleMy 3[0POBbI0 U KU3HU He-
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cer ee 3arpssHenue. [lpiMsinme TpyObl M3BEPraloT BCe BU/bI 3JIOBOHUIA,
OT KOTOPBIX HE TOJbKO GOJUT TOJIOBA, HO U Cle3aeT KPackKa ¢ aBTOMOOH-
Jgieit. CrpailliHee BCEro TO, YTO MCITyCKAaeMble 3aBOJICKMMU TPyOGAMU XUMU-
KaTbl SBJISIIOTCS KAHUCPOZEHAMU.

é KaHueporeHbl — XMMW4eCKMe BELUECTBA, KOTOPbIE BbI3bIBAKOT PakoBble 3a60J1eBaHUS
UM cNoco6CTBYIOT UX MOSBSIEHNIO.

OpaHako olpejiesieHne CTeNeHd 3arpsi3HeHus] BOJABI WJIW TIOUYBBI —
OuYeHb TPY/HAS 33/1a4a, MOCKOJIbKY YaCTO OHO HE MPEBBINIAET HECKOJIbKIX
yacTeil Ha MWIIMOH WM Ja)kKe MULIHapa. MHOTHe JIIOU BEPST TOJbKO
TOMY, YTO BUJST BOOUMIO, a TOKCUHBI MOKHO YBU/IETH TOJBKO TIOJ CHJIb-
HBIM MWKPOCKOIIOM. B HacTosImiee BpeMs MbI JO/UKHBI 3a60TUTHCS He
TOTBKO O YHUCTOTE BO3AyXa W MUTHEBOH BOMABI, HO W O KAayeCTBe IIHIIH.
JleiicTBUTENIBHO, HEKOTOPBIE BU/IbI PbIO, HATIPUMEDP TYHEIl, CIIOCOOHbI TI0-
IJI0IATh M HAKAILJINBATh OIACHble XUMHUYECKHEe BEIeCcTBa M3 3arps3HeH-
HBIX BosoeMOB. B Ttabiuie 7.1 mepedyuncieHbl TOKCUYHBbIE XHUMUYECKHE
BEIECTBA M WX TUIINYHBbIE KOHIIEHTPAIIUU B TIOYBE U BOJE.

Ta6mmua 7.1. YpoBHN KOHIEHTPAIIMNA HEKOTOPBIX TOKCHYHBIX
XNMUUYECKHNX BEIeCTB B IIOYBE U BOJIE

Bemectso TokcuyHasi KOHIIEHTPAIHS
(mpomuLie)

Mprubsk (B eTckoil mecounurie) 10
Mbibsk (B 0TX07aX TOPHBIX TOPOJ) 1320
[watunoBbrii acpup 400
Tpuranomeran (B Boje) 0,1
Hurpatsr (8 Boze) 10
Hurputsr (B Boze) 1
Cepe6po (B Boge) 0,05
Kaamuit (8 Boge) 0,005
Pryts (8 BOZE) 0,002

Bo MHOrmx mnpoMbllIIeHHO Pa3BUTBIX CTPaHaX BO3/YX 3arpga3HeH
JIbIMOM, MaKpOYacTUIIAMU U TOKCUYHBIMM XUMUYECKUMHU BellleCTBaMu,
KOTOpbIE T€HEPUPYIOTCS B pe3yJibTaTe ObITOBOW W IIPOMBINLIEHHON Jesi-
TEJTHHOCTH 4YesioBeKa. Hambosiee pacmpocTpaHeHHBIMH 3arpA3HSIONUME
BellecTBaMU CUUTAIOTCS:
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® oxuch yriaepoga (Uiau yrapHbiil ras);

e dpeon (chlorofluorocarbon — CFC);

o TspKesble MeTasibl (MBIIIbAK, XPOM, KaJMUii, CBUHEN, PTYTb,

IIMHK);

® YIJIEBOIOPO/IbI;

® OKCH/IbI a30Ta;

® opraHmyeckne XuMHUKarbl (JIeTydyme OpraHmyecKue COeAMHEHNs,

IMOKCITHDBL);

e quokcuz cepbl (MM CEPHUCTBIN aHTUAPHUL);

® MaKpOYACTHIBI.

KauecTBO Halleil »KU3HU BO MHOTOM 3aBHCHUT OT JIESITEJbHOCTH MECT-
HbBIX, PErMOHAIBHBIX U OOIIEHAIMOHATBHBIX OPraHOB OXPaHbl OKPYsKa-
fomeil cpeapl. VX paGoTa 3aTPyAHSETCS TeM, YTO 3arpsA3HSIONINE Belle-
CTBa 4aCTO HE MMEIOT I[BeTa, BKyca M 3alaxa.

Kucaommuvie 00:xk0u mpoucxoaaT u3-3a TOro, 4TO OKCH/IbI a30Ta M [H-
OKCHJI Cepbl OCEJIAI0T Ha 3eMJII0 U B3aUMOIEHCTBYIOT C POCON WU MHEEM.
OK0J10 95% HOBBIIIEHHOTO CO/IEPKAHUST OKCUIOB a30Ta U JIUOKCH/IA CEPbI
B armMocepe CBSI3aHO C JESATETbHOCTIO YeJOBeKa U JIMIIb 5% — C ecTe-
CTBEHHBIMHU TIPUPOAHBIME IIPOIieccaMy. [TaBHBIMU MCTOYHUKAMU OKCHIOB
a30Ta M AMOKCHU/A CEePbl SABISIOTCA:

e cxxuranne HedTH, YIS U rasa;

BYJIKAHUYECKAs JIeATEbHOCTD;
JIECHbIE TIOKapbl;

paciiaji HOYBEHHbBIX GaKTepHii;
MOJIHHU.

3arps3HeHne BO/Jbl BbI3BIBAETCS BHE3AIHBIMU WM HEIPEPHIBHBIMU,
CIyJallHBIMU WJIM 3aIJIAHUPOBAHHBIMU BBIOPOCAMU 3arps3HAIONINX Be-
mectB. 1o Mepe pocTa HaceJeHUs IJIAHETbl YEJOBEYECTBY HPUXOUTCS
nMeTh J1eJ10 ¢ GoJiee MaciITaGHbIM 3arpsi3HeHreM Mopeii 1 okeaHoB. Boja
Jale BCEro 3arps3HseTCs:

® CTOKaMHU IPOMBIILIEHHBIX OTXO/I0B;

COKIKEHHBIMU MCKOIIAeMbIMK BH/IAMH TOILINBA,;

yTeukamMu HedTH;

yAOGpeHUAME, repOuIIaMu, TeCTHIM/AMI, KOTOPbIE HCIOJIb3Y-
IOTCSI B CEJIbCKOM XO3SIHCTBE M NPH YXO/€ 3a CajlaMi U TapKaMu;

® BC/e/ICTBUE BBIPYOKH JIECOB.

CeroaHs MOJUTUKY U OOIECTBEHHbBIE JEATEIN NPUIAraloT YCUINs 1151
60pb06bl ¢ 3arpsiHeHurieM atMocdepbl U BOJHOrO mpoctpancTBa. [lomu-
MO POCTa HaceJeHHsl 3eMJIH, CYIECTBYeT MHOKECTBO APYTHX CJIOKHBIX
U B3aUMOCBSI3aHHBIX IPUYKMH 3arPsI3HEHUS OKPYIKaAIOLIE Cpe/ibl.
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YACTb Il «Mokpble» (OpraHu4eckue) NpunoXeHms

HaHoTexHonorum B 0XpaHe OKpyXatoLLei cpefbl

[Topoit kaxkercsd, 4To 3arps3HeHNE OKPY:KaoIlell cpeabl CTOIL Be-
JINKO, YTO €TO y:Ke Helb3sl YCTPAHWThb. MHOTHe JaBHO CMUPWINCH C Te-
KyIIUM ToJIoKeHueM Betieir. OHAKO HCCAeI0BATENN HAHOTEXHOJOTUN
BUJISAIT CBET B KOHIIE TYHHEJIS.

[IpoextnpoBanre MarepuasioB Ha MOJIEKYJISPHOM W aTOMapHOM
YPOBHE U MaHUITyJTMPOBaHNE UMHU OTKPBIBAET TE€pPel YUeHBIMI OTPOMHBIE
BO3MOKHOCTU JJIST CO3/aHUS HOBBIX METOJOB 3alUThI OKPY:KAIOIIen
cpeabl. YHUKAJbHBIE CBOWCTBA HAHOMATEPHUAIOB MOTYT JaTh OIIyTUMbIE
MpenMyIecTBa B MeTOJaX TPOU3BOJCTBA dHepPruu, ee 3 OEKTUBHOTO
WCTOJIb30BAaHMS, BOJIONOJIb30BAaHUS W BOCCTAHOBJIEHUS OKPY:KaOMIeH
Cpenbl.

MHorue TekyIiie MPOEKThI HAIleJeHbl HA M3yUYeHne XapaKTepa B3au-
MOJIEHCTBHSI HAHOYACTHUI[ ¢ OMOJIOTUYECKMMU U 9KOJOTHYECKUMU CHUCTE-
MaMU, BKJOYasd TepeMelienre HaHOUACTUI] B MUKPOCTPYHHBIX CHCTEMAaX.
WccnemoBaten MbITAIOTCS OIPEAENNTb, KaK pa3Hble BH/bI 3arps3HsI-
IONINX BEIECTB CBS3BIBAIOTCSI ¢ HaHOMaTepHaIaMH, MEPEHOCITCS UMU B
TPYHTOBBIX BO/IaX, B3aUMO/IEHICTBYIOT C GMOJIOTMYECKUMU KJI€TKaMH ¥ TI0-
paKAIOT WX.

OyucTka Bofbl
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Bopa skmsneHHO BaskHA [7Is1 4esl0OBeYeCTBAa. 3arpsisHEHHAs OTXOJaMU
BO/Ia Mary6HO BJMsET Ha 3/70poBbe. [locTym K 4mcTol BoMe — TOpaso
66mbiast mpo6sieMa, 4eM TOJI0Jl, B Pa3BUBAIOIIUXCS CTPAHAX C JIOKAJb-
HBIMU BOEHHBIMU KOH(JIUKTAMM M YaCTbIMU CTUXUIHBIMU O€/CTBUSMHU.
B CHIA cranmapTbl UCIIOIb30BaHUS NMUTHEBON BOJbI IepeCMaTPUBATIUCD
HECKOJIBKO Pa3 C IeJIbI0 MOBBINIEHHS €€ YHCTOTHI.

Poct HaposoHacenennss 1 MHTEHCUBHOE Be/lEHUE CEJIHCKOTO XO3sii-
CTBa CBSI3aHBI C IIOCTOSIHHO PACTYIUM MOTpeOJIeHNeM YUCTOM BOJIBI,
03TOMY Bce 6oJjiee aKTyaJbHbIMH CTAHOBSITCS TIOMCKU HOBBIX METO[OB
ee ounctku. [IpuMeHeHne HaHOMATEPHATIOB MOXET [OMOYb YJYUIIUTH
CYIECTBYIOIINE, a TaKXe CO3/]aTh COBEPIIEHHO HOBBIE TEXHOJOTUU U
MaTepuasbl, UCIOJIb3yeMble /I OYNCTKH BOAbl. C TOMOIIbI0 HAHOTEX-
HOJIOTWII MOXHO YCOBEPIIEHCTBOBATH CHOCOOBI 06PABOTKM U JOCTABKH
BOJIBI B YJaJIEHHbIE PETHOHBI 0e3 OCTATOYHBIX 3aIacOB dJEKTPUIECKON
9HEPTUN.

CrieniuaibHO CO3/IaHHbIE HAHOMATEPHUAJIbI SIBJSIOTCS HOBBIM KJac-
COM, KOTOPBINl OTHOCUTETHHO Maji0 U3BECTEH GOJBIIUHCTBY CIEI[UAJIU-
CTOB II0 OXPaHe OKPYy’Kalollel cpeabl W BojomnoJsb3oBanus. OqHaKO



IMABA 7 OxpaHa oKpyxxatoLlein cpefbl

[IOCTENEHHO CUTYyaI[Usi MEHSIETCS K JiyulieMy. Bjarofapst JajbHeRnmm
MCCTEIOBAHUAM Ge30TMacHbIX, JeNeBbIX U 3(P(PEeKTUBHBIX METOI0B 00-
paGOTKHU BOJbI TOCTEIIEHHO MEHSIOTCS IIPEKHIE TPaLUIMOHHbBIE IIPAKTH-
YyecKue CIocoObl.

KEPAMWYECKME MEMBPAHbI

Mem6panbl 1 (PUIBTPBI Pa3HOOOPA3HBIX Pa3MEPOB HCIOJIb3YIOTCS
JIUIS pa3/ieJieHns BelecTB. B 3aBUCIMOCTH OT CBOMX CBOWCTB UM y/JaeTcs
BBITIOTHATD 3Ty PalOTy C TIepeMEHHBIM YCIIEXOM.

IIpu yabTpaduabTpaiii co3gaeTcsl MOBBIIEHHOE /laBjeHne ¢ OJHON
CTOPOHBI MeMOpaHbl, KOTOPOe CIOCOOCTBYET IIPOHMKAHUIO KOMIIOHEHTOB
€ MaJIbIM MOJIEKYJISIDHBIM BECOM CKBO3b IOpbL. [Ipu aToM GoJiee KpynHbIe
MOJIEKYJIbI MOTYT [I€PeMeNaTbCsl TOIbKO BIOJIb MeMOPaHbl U He IIPOHUKA-
IOT CKBO3b IOPBI M3-32 CBOETO pa3Mepa.

é MonyHenpoHuuaemas ynbTpaunbTPaLMOHHAA MeMOpaHa vMeeT Nopbl BENMHUHON
0T 0,0025 po 0,01 mMKm.

Uccnenosaremn u3 nearpa CBEN Yuusepcurera Paiic (CIIIA) cos-
[l PeakKTUBHY10 MeMOpaHy u3 geppoxcana (ferroxane), 1o ectb Kepa-
MUKH Ha OCHOBE OKCHJA »Kese3a. biarojaps yHUKaJbHbIM XUMUYECKUM
CBOIICTBAM 3KeJie3a 3TU peaKTHBHbIe MeMOpaHbl II03BOJISIOT OYUIINATD
BO/y, VAAJsisg U3 Hee 3arpsI3HSIONINE BENIECTBA U OPTaHUYECKUE OTXOJIbI.
Kpome Toro, o6HapyxkeHo, 4TO (PePPOKCAHOBBIE MaTepPUAJbI CIIOCOOHBI
pasJjiaraTh 3arpsa3HeHus ¢ 6eH30MHOW KUCJIOTOM.

[Ipu ucnoab3oBanun MeMOpan us automoxcana (alumoxane), To ectb
KepPaMUKHU Ha OCHOBE OKCH/IA AJIIOMUHUS, YYeHble HAYUYUJUCHh YIIPABJSATDH
ux cBoiictBamMu (TOJIIMHOMN, pacipe/eJieHueM AUaMeTPOB 10pP, IIPOHKIAe-
MOCTbBIO), KOHTPOJIUPYS pasMepbl allOMOKCAHOBBIX YACTUI[ i PEKUM Tep-
Muueckoir o6paboTkn MeMGpanbl. Ha pucynke 7.1 mokasaHa TUIHYHAS
cXeMa TaKol KepaMUuecKoil MeMOPaHbI.

HanoctpykrypHbie Kepamudeckue MeMOpaHbl CIIOCOOHBI (DUIBTPO-
BaTh U OUMUIIATb BOJY B MIACCHBHOM U aKTHMBHOM peskuMax. Kepamuueckue
MeMOpaHbl MOKHO UCIOJIb30BATh B TPAJAMIIMOHHBIX CUCTEMAX OUUCTKU 3a-
I'PSI3HEHHON BO/IbI U BO3/yXa.

WNHaTerpanys HAHOKATAIN3aTOPOB U METO/IOB OYUCTKH BOJbBI TTO3BOJIS-
€T TIOJYYUTh HOBbIE TIPENMYIIECTBA.

Q HaHokaTanusaTopbl — 3T0 BELLECTBA UM MaTepuarbl, KOTOPbIe 06/1a1at0T KaTanuTnye-
CKUMM CBOIICTBAMM M UMEIOT N0 KPanHei Mepe 0uH HaHopa3mep.
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Puc. 7.1. Tunuynoe pacupeziesieHie pasMepoB 10p B KepaMHYecKoil MeMOpaHe

Biarogaps yBemuueHHIo 1IOBEPXHOCTHON IIOLIA/U HAHOKATAIN3ATO-
pBl 06/1a1a10T GOJIbIIell KOHTAKTHOH MOBEPXHOCTDbIO U Gosiee 3h@eKTuB-
HO Pearupyior, ueM CILIOIIHbIe MaTepuasbl. HanokaranausaTopbl MOXKHO
UCTIOJIb30BATh, HAIPUMED, [JISI OUUCTKU 3arpsi3HEHHBIX IPYHTOBBIX BOJ,
B OOBIUYHBIX YCTPOWCTBAaX JIS OYMCTKU BOJDBI, a 3aT€M BOCCTAaHABJINBATD
nx (To ecThb BO3BpamaTh B paGouee COCTOSIHHE) C MOMOIBI0 HAHOMEM-
6pan. Ha pucynke 7.2 mokasaHa 4YacTb HAHOCTPYKTYPHOW MeMOpaHBbI,
CO3/JaHHOI Ha OCHOBe IIaGJI0HA.

AccV Spot Magn )
30.0 kv 8.0 15000x_SE 9.

.

Puc. 7.2. Tunnynas kepaMudeckass HaHOMeMOpaHa
144 (dporo mobesno npepocrasaerno M. Busnepom us Yuusepcutera /Ipiok, CIITA)



IMABA 7 OxpaHa oKpy»xatoLen cpefbl

HAHOYACTHLIbI XENE3A

YHUKaNbHBIE MCCAETOBAHNS, TPOBEJIEHHbIE WHXXEHEPOM IO 3allluTe
okpyskatoreii cpeabl Wxan Beiicsnem (Wei-xian Zhang) us YHusepcu-
tera Jlexait (CIIIA), nmpoaeMOHCTPHPOBAIN NOTEHIMAA HAHOMACIITaOHO-
IO 3KeJIE3HOTO TIOPOIITKA, CIIOCOOHOTO OYMIIATH MOYBY U IPYHTOBbBIE BOJIbI,
3arpsi3HeHHbIE ITPOMBIILJIEHHBIMU BelleCTBaMHU.

JKeneso, oguna u3 HanboJsiee pacpoOCTPAHEHHBIX METAJIOB HA 3eM-
Jie, MOKeT CTaTh HEJOCTAIONIUM 3BEHOM B PEINIeHUN MYJbTUMUJIIHAP/I-
Holl mpob6uieMbl. /leso B ToM, uto B CIIIA m gpyrux cTpaHax mMeeTcs
OTPOMHOE KOJINYECTBO 3arpsI3HEHHBIX B Pe3yJbTaTe ITPOMBIIIJIEHHON
JeSITeTbHOCTH PETUOHOB, IOA3eMHBIX XPAHWJIUII BPEIHBIX BEIIeCTB,
3a6POIIEHHBIX MIAXT W TOPHBIX BbIpaGoTok. yKeseso obusamaer cro-
COGHOCTBIO JIETKO OKHUCJAThCS M 06pas3oBbIBaTh p:KaBymHy. Ecaum aro
OKHCJIEeHNEe TTPOMCXOANT B MPUCYTCTBUU TAKUX OTMACHBIX 3arpS3HSIIONINX
BellleCTB, KaK TPUXJIOPATUJIECH, TeTPaXJOpU YTJjaepoa, JUOKCUHbBI UK
nonuxjopuposanubie gudennnbt (IIX]]), TO UX CHOMKHBIE MOJEKYJIbI
pacnajaorcs Ha 6oJiee TIPOCTbie U MeHee TOKCUYHbBIE yTJIEePOJHbIE KOM-
ITOHEHTBI.

AnanornyHoe ABJeHUe HAGIIOAETCS, KOT/IA OKHMCJIEHHE JKeje3a Mpo-
HUCXOAWUT B TPUCYTCTBUU TAKWX OMACHBIX TSKENbIX METAJIOB, KaK CBU-
Hell, HUKeJb, PTYTh U Jaxke ypaH. Torga atm Metasabl 06pa3yioT Hepac-
TBOpHUMBIe (DOPMBI, KOTOPBIE OCEAAIOT B TOYBE U HE MEPEHOCSTCS MO TH-
meBoii nenouke (cae0BaTeNbHO, UX BPeAHOE BAUSHHUE HA OKPYIKAMOILYIO
Cpe/ly YMEHbIIAeTCs1).

[TockoJsbKy ee30 He 06JajjaeT TOKCHYHBIM 3 GdeKToM U B 60Jb-
IITOM KOJIMYeCTBe MPUCYTCTBYET B TOPHBIX MOPO/IaX, TOUBE U BOJE, MHO-
rue KOMIIAaHUU B HACTOsIlee BPeMs HauyajMd NPUMEHSTb KeJe3HbIH I10-
POIIIOK JIJIsi OYUCTKU CBOWMX MPOMBIIIJIEHHBIX OTXOJ0B Tiepe]l BIGPOCOM
WX B OKPYXKAIOMIYIO Cpefy. ITa TEXHOJOTUS TTPEKPACHO MOAXOANT s
HOBBIX ITPOMBINIJIEHHBIX OTXOJ[0B, HO YYEHBIX OECIOKOWT CUTyalus |
CO CTapbIMU OTXO/aMH. B aToM nese UM MOTYT NOMOYb HAHOYACTHUI[BI
JKemesa.

Hamnouacruis! sxkemne3a B 10—1000 pa3 akTuBHee 0OBIYHBIX MaKPOCKO-
MUYEeCKIX YACTHII.

O6sajast MEHBIINM pa3MepoM U O0Jiblllell aKTUBHON TTOBEPXHOCTHIO,
HAHOYACTUIIbl MOTYT JIETKO IIPOHUKHYTb B IIEHTD 3arpsI3HEHHON 30HBI.
OHu JIeTKO TepeHoCcATCS BMecTe ¢ TPYHTOBBIME BOJAMHU U TOIYTHO OYH-
IIAI0T BCe OKpy:Karoliee MpocTpaHcTBo. Ha pucynke 7.3 moka3aHa TpUH-
LUNAAIbHAS cXeMa JaHHOTO IIpolecca.
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IMABA 7 OxpaHa oKpy»xatoLen cpefbl

Ha cBoiicTBa HaHOYACTHUL] ’Kejie3a He BJIMSIIOT KHCJIOTHOCTb, TeMIIe-
patypa WiM cojep:KaHue MUTATeTbHBIX BelecTB B mouyBe. KpormeyHbre
pasmepsbl (1—100 1M, uto B 10—1000 pas MeHbIIe GaKTEPUH) IIO3BOJISIOT
HAHOYACTHUIAM JKeJie3a JIETKO U OBICTPO MepeMeNaTbCss MeXK/y YacTulla-
MU TouBbI. JlabopaTopHble U TOJIeBbIe UCTIBITAHUS MTOKA3aJau, 4YTO 6JIaro-
Jlapsl HaHOYACTUIIAM >Kejie3a YPOBHM 3arps3HEHUs BO3JEe MeCTa UHDbeK-
IUN 3HAYUTENHHO TAJA0T yKe 3a 1—2 MHSA U CHISKAIOTCS MPAKTUIECKN
110 6e3011aCHOTO YPOBHS 32 HECKOJIbKO Hejlesib. Pe3yibTaTbl 9TUX UCCJIe-
JIOBAaHUI MTOKa3bIBAIOT, YTO HAHOYACTUIIHI JKeje3a OCTAITCS aKTUBHBIMU
B TeueHue 4—6 Hezesib, TO €CTh /IO Te€X IIOP, MOKAa He pacipeiessaTcs B
IPYHTOBBIX BOJIaX /10 JOCTUKEHUSI eCTeCTBEHHON KOHIIEHTPalUU >Kese3a
B MPUPO/IE.

ITOT TUT HAHOTEXHOJOTWUYECKONH WHHOBAIIMM MOKET OBICTPO YJIyd-
IIUTh CUTYAIMIO B 3arpA3HeHHON OKpy:Kaiolieil cpeze. Bosee Toro, on
MOKEeT BIOXHOBUTDH JAPYTUX HCCAeZOoBaTesell Ha TOUCKU HOBBIX CIIOCO-
60B OUUCTKU OT 3arps3HsomuX BeriecTB. Cienyer OTMETHTb, YTO METO/
Usxana ropaszio gemieBsie u 3 QeKTuBHEE, YeM PACKOIKU 3arpSI3HEHHOM
TIOYBBI U ee MOJTHas TepepaboTKa OOBIYHBIMU METOAMMU.

HAHOMACLUTABHbIE NOJINMEPHBIE NOTOKU

Hosble yuayuiieHHbie MeMOpaHbl ¢ HAHONOPAMHU MOYKHO MCIIOJIb30-
BaTh JIJIsl U3yYEHUs TepeMeleHusl MOJUMEePHBIX MOJeKyJa. /leso B ToM,
YTO CIOCOOBI TepeMelleHns TTOJUMEPHBIX MOJIEKYJI CKBO3b Y3KHE IIPO-
XO/Ibl WTPAIOT OTPOMHYIO POJb B XUMHYECKUX U OMOJOTUYECKUX IIPO-
1eccax.

JKcIepuMeHTHI ¢ TakuMu Mosekyaamu, kKak JIHK nu PHK, mokazanm,
YTO MX TIepeMelleHrue CKBO3b MOPbl B MeMOPaHaX COIPOBOK/IAETCS Tepe-
HOCOM 3JIEKTPUYECKOTO TOKA. ITH IPOIECCHI UTPAIOT OTPOMHYIO POJIb
B M3yYeHHU B3aUMO/IEHCTBUS JAHHBIX MOJIEKYJ C BUPYCaMU M B HCCJIe-
JIOBAHUW METOJIOB CeKBEHUPOBaHMS TeHOB. /[leficTBuTeNbHO, Garomaps
cBoelt cTpykrype u dopme mosexkyna [JHK aBiasercs mpekpacHoir Mo-
JIEJIbIO LISl IPOEKTUPOBAHUS JJIMHHBIX CUHTETUYECKUX mojmMepoB. Ha
pucyHke 7.4 TOKa3aHO, KaK MoJieKyJia 6ejlka MPOHUKAET CKBO3b ITOPY
B MeMOpaHe.

dusuka nepemenienuss mosekya JHK u PHK udepes Hanokanasb
CBd3aHa HEMOCPEACTBEHHO ¢ OYAYNIMMH MeToAaMW (PUIbTPAIMH U TPO-
eKTUpOoBaHus HaHoMeMOpaH. HamomacmiTabuble KOMIbIOTEPHbBIE MOIENH
[O3BOJISAIOT MOJIyYUTb HOBbBIE [IAHHbBIE [IJISI TPOEKTUPOBAHUS TAKUX Ha-
HOMeMOpaH, MpeIHa3HAYEHHBIX /s GoJiee 3 dekTuBHON GuabTpaIu
BOJIBI.
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Puc. 7.4. Tlepemenienne IOJINMEPHOIT MOJIEKYJIBI CKBO3b IIOPY MeMOPaHbI

HaHoTexHonoruu u rocyapcTBeHHbIE NPUOPUTETDI

Hamotexnonorus sBisercsa omHuM U3 Hamboee BaKHBIX HAYyYIHO-
nccaeoBaTelbcKuX —mpuoputeroB mpasutesabctBa  CIIA!.  Hayuwno-
UCCJIE/IOBATENbCKAS IPOTPAMMa B 06JIaCTH HAHOTEXHOJIOTUI Y IpaBJIeHUS
1o oxpate okpyskatomeii cpeapt (Environmental Protection Agency —
EPA) saBasierca yactbio HaloHasbHONH HAHOTEXHOJIOTMYECKOH MHUIINA-
tuBbl (National Nanotechnology Initiative — NNI), koropast oGecre-
YUBAET KOOPJAMHAIMIO BCEX YCUJIMK M KOHTPOJIb HAJ HUMHU B 3TOU 06Jia-
ctu. C toukn 3pennsi NNI, Bce TeXHOJOTHN U WCCIEOBAHUS, KOTOPBIE
BBITIOTHSIOTCS HA aTOMAapHOM, MOJIEKYJSPHOM WA MaKpPOMOJIEKYJISIPHOM
yposHe (To ectb B auanasone pasmepos 1—100 HM), cunrarorcst HaHOTEX-
HOJIOTHYECKUMHU.

é CornacHo onpenenerunto NNI, K HAHOTEXHONOrMAM OTHOCATCA BCE CTPYKTYPbI, YCTPOIA-
CTBa W CUCTEMbI C YHUKANbHBIMU CBOACTBAMU/PYHKLMAMM, KOTOPbIE CO3JAKOTCA U KOTO-
PbIMW MaHUMYNMPYIOT UK YNIPaBAAIOT HA aTOMApPHOM YPOBHE.

1 B Poccuu B 2007 1. 17151 peasusanuu rocy/JapcTBEHHO MOJUTUKE B 06-

JIACTH HAHOTEXHOJIOTMI Oblia CO3/aHa TOCYapCTBeHHast Kopropaims «Poccuii-
148 ckast kopropanust Hanotexuosoruii> (POCHAHO). — IIpum. peo.



IMABA 7 OxpaHa oKpyxxatoLien cpefbl

Ha wnanomacurraGHOM ypOBHE 3aKOHBI KBAHTOBOW MeXaHUKHU 4YacTo
KOpPEHHBIM 06pPa30oM MEHSIOT MeXaHWYeCKHe, OINTHYECKHEe, XMUMUYECKUe
¥ 2JIEKTPOHHBIE CBOWMCTBA MaTepwaioB. JTH CBOHCTBA MOYKHO WCIOJIb-
30BaThb B HOBBIX HAHOTEXHOJIOTUSX JJIS 3alIMTbl OKPY:KAIOIIEN Cpejibl,
BKJIIOYAs YJIyYIIEHHBIE CEHCOPbI MOHUTOPHWHTA TEKYIIETO COCTOSIHUS U
o6Hapy KeHNs 3arpsa3Hennii, a(heKTUBHDIE U JIETIEBbIE METO/IBI OUNCTKH,
«3ejienbie» (To ecTh 6e30MacHbIe [T OKPYIKAIOIIEil cpe/ibl) CIIocOGbI TIPO-
U3BOJICTBA 9Heprur u ToBapoB (6osee MOAPOGHO JaHHbBIE METOAbI OIUCHI-
Batorcs B ruase 11).

HoBble HaHoOMaTepuasbl TaKXKe MOTYT MPEJICTABJSATb OIACHOCTD JIJIsSt
OKpY’KaIoIell Cpe/ibl U3-32 CBOETO XUMHUYECKOTO COCTaBa, MOBBINIEHHOM
PEaKTUBHOCTH M CBEPXMAJbIX Pa3MepOB.

[ToaToMy 6oJbIlIOE 3HAUEHWE UMEIOT TIATEJNbHbIE HCCIEIOBAHUST BCEX
HaHOMaTepnanoB. Oco6eHHO BakHA OIleHKa MX BJMSHUS Ha aTMocdepy,
MOYBY U TPYHTOBBIE BOJIbI, BKJIIOUAsi BECh JKU3HEHHDIN IIUKJ U TPAHCIIOP-
TUPOBKY.

AHanmu3 pUCKOB, CBSI3aHHBIX C IPUMEHEHHEM HAHOMATEPHUAJOB, J0JI-
’K€H BKJIIOYATDH TIPOBEPKY WX TOKCUYHOCTU W BOCIIPUUMYUBOCTHU CO CTOPO-
HbI PAacTeHWi, *KMBOTHBIX 1 YEJOBEKA.

NMPABUTENbCTBEHHBIE UCCNIEAOBAHUSA

EPA npunnMaer aKTUBHOE y4YacTHe B HMCCJIEOBAHUSX TOKCHUIHOCTH
HOBBIX HAHOTEXHOJIOTHUIA.

ITO areHTCTBO HE TOJBKO BeAET HECKOJbKO COGCTBEHHBIX HAYUHO-
MCCJIEIOBATEIBCKAX TTPOTPAMM, HO M YY9aCTBYET B JAPYTUX MPOEKTaX BMe-
cTe ¢ MOAKOMUTETOM 1o HaHoMacmTaOHON Hayke un Texnuke (Nanoscale
Science, Engineering and Technology subcommittee) Cosera 1mo Ha-
YYHOU M TEXHOJOTHYECKOW TOJUTUKE, HAIMOHATIBHON HayKe W TeXHU-
ke (Science and Technology Policy, National Science and Technology
Council) ITpasurenbcrea CIIIA.

Hayuno-uccaenosarenbckas jedrenbHocTh EPA BkiovyaeT nepevuc-
JIEHHbIE HIUKE HATIPABJIECHIS.

¢ HammoHanbHBIN TEHTP HCCAeOBAHUN MO 3alluTe OKpPYsKarollei

cpeabl (PUHAHCUPOBAJT MHOTOMUJITMOHHBIE TPAHTHI HA HAyUYHBIE
UCCJIEIOBAHMS HAHOTEXHOJOTUN ST 3aIIUTBl OKPYXKAIOIIEH cpe-
abl (To ectb pa3paGoOTKy JAeleBbIX, ObICTPHIX U IPOCTHIX METOIOB
OYNMCTKM BOJABI OT TOKCHUYHBIX 3aTPSI3HSIONINX BENECTB, HOBBIE
CBEPXYYBCTBUTEIBHBIE CEHCOPBI 3ATPS3HSIONINX BEIECTB, <3eJie-
HOE» MPOU3BOACTBO HAHOMATEPUATOB W BBICOKOM3OUPATETbHBIE
KaTaJu3aTtopbl).
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e l36paHHble HAYYHO-UCCIENOBATENBCKIE TPOEKTDI MTOCBSIIEHBI U3Y-
YEeHHMIO BO3MOKHOTO BPEIHOTO BO3zeiicTBusl HanoMarepuanoB (1o
eCTb MX TOKCHYHOCTH, NPEBPAIIEeHNI, HAKOILIEHUST U T. .).

® B pamkax mporpaMMmbl ogjaep;kku Majaoro 6usneca (Small Busi-
ness Innovation Research Program) Bbliejsiinch cpeicTBa Ha
pas3paboTKy M KOMMEPIMAJU3AINI0 HOBBIX HAaHOMATePHAJIOB U
MeTo0B ouuctku (Hanpumep, kommnauuss SBIR cospana dbuibtp
Ha OCHOBE YIJIEPOJHBIX HAHOBOJIOKOH C GOJIbINO MOBEPXHOCTHOM
IJIOTIA/IbI0, KOTOPbIN MOr 3((EKTUBHO YIAJNSTh JETydyhe Opra-
HUYECKHUE COEJIMHEHUS M YaCTHUIIbl JUAMETPOM MeHee 3 MKM U3
BBIXJIOTHBIX Ta30B JIBUTATeJiel, TEHepaTOPOB AHEPTUM W KOHJIH-
IIOHEPOB ).

® HecCKOJbKO HAYYHO-MCCAEOBATENBCKAX MPOEKTOB TIOCBSIIEHBI
U3YYEHUI0 HAHOCTPYKTYPHBIX (POTOKATAIU3ATOPOB, KOTOPbIE
MPEJIII0JIATAeTCS UCIOIb30BATh B KAUeCTBE «3€JIeHOI» ajbTepHa-
TUBBI JIJISI YTJIEBOJOPOJHOTO OKHUCJIEHUS; HMCIIOJb30BAHUIO HAHO-
MaTepuajoB B KayecTBe aJicOPOEHTOB, MEMOPAH M KaTaJIN3aTOPOB
JIJIT KOHTPOJIST HA/l YUCTOTOH BO3/yXa W BBIXJIOMHBIX Ta30B; MPO-
BepKe BPEIHOTO BJIMSHUS CBEPXMAJBIX YACTHUI[ BO BpPeMsS UX MPO-
U3BOJICTBA.

HAHOKATAJIU3ATOPbBI

Hanouactuiipl B pacTBOpax Miu BMecTe ¢ MeMOpaHaMM MOTYT OKa3aTb
3aMeTHOe BJNSIHUE HE TOJbKO Ha MepeMelleHne 3arpsi3HSAoNiX BEIecTs,
HO W Ha XMMWYECKyIo Jerpajaannio. B Hacrosiiee BpeMsl y4yeHble MHTEH-
CUBHO WCCJIEAYIOT POJb HAHOKAMAIUIAMOPOE B Jiejie 3AIUThI OKPYKa-
IoIIell cpesibl, MOCKOJbKY KaTaJUTHYECKHE PEaKINM MOTYT 3aMeTHO yjie-
HIEBUTb METO/Ibl OYUCTKU BOJIBI.

Hanpumep, orpoMHoe 3HaueHHe MMeeT OYMCTKA I'PYHTOBBIX BOJ OT
nectuiuoB. OHAKO YacTo /g KaXKJOTO THUIA 3arpsS3HSIONIETO Bellle-
cTBa TpeOyeTcsl OTJEeNbHBIN KaTaJIW3aToOp W OTpeeJeHHAas CTpaTerus
OYHNCTKH.

Crenmann3upoBaHHble HaHOMaTepHaIbl MOTYT YCKOPHUTb OYHUCTKY
u crenatb ee 6oJiee 3(pPeKTUBHOII.

JHoxrop [Isuusn P. Crponrunn (Daniel R. Strongin), npodeccop xu-
mun u3 Yuusepcurera Tomm B Dunagensdun (CIIIA), ucmosabsyer
GeJKOBbIe CTPYKTYPBI JIJISI TPOEKTUPOBAHUS M COOPKU HAHOYACTHUI[ HA
OCHOBE OKCH/I0B MeTayioB. OH cunTaeT, YTo TaKue HAHOYACTHUIBI MOXKHO
IPUMEHSITb B KauecTBe HAHOKATAIM3aTOPOB JIJIS 3alllUThl OKPY Kalollei
Cpe/ibl.
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CTpoHTHMH € KOJUIeTaMHM HM3y4YaeT XWMHWYEeCKHe PeaKInh, KOTOpbIe
MOTYT CIOCOGCTBOBATH CTYIIEHUIO OTACHBIX METAJJIOB WJIM BbIJIEJIEHHIO
X W3 PacTBOpPA, MPeAOTBpAIlas UX PACIPOCTPaHEHNEe B IPYHTOBBIX BO-
JlaX UM IPOCAuMBaHUE B MOYBY. JKCIEPUMEHTUPYS C TOKCUYHBIM XPO-
MOM, YYeHble CO3[ajJi HAHOYACTHIIbI, KOTOpbIE BCTYIIAlOT B PEAKIIHIO
C XpPOMOM.

B xoMOuUHAIMK ¢ HAHOYACTUIIAMU XPOM YK€ He PAacTBOPSIETCS B BOJE
M JIETKO OT(UIBTPOBBIBAETCA. ITOT METO IT03BOJIET ropas3io dddex-
THUBHEE OUYHUIIATh BOAY 03€p, PeK M PYUYbeB OT 3arpsi3HEHUS.

I'pynna Crponruna pa6oTaer u HaJl CO3/[aHMEM JAPYTUX HAHOYACTUII,
CNOCOOHBIX PearnpoBaThb C TOKCUYHBIMU MeTa/lJIaMK, HAIIpUMeEpP TeXHEeIn-
eM, KOTOPbIM 3arpsi3HeHO HeCKOJbKO MecT B mTare Bamuurron (CIIIA).
[leno B ToM, uto B 1940—1950-€ rr. Tam ObLay 3aXOPOHEHBI OOJIbIINE eM-
KOCTH C siiepHbiMu oTxXogamu. C TeyeHrneM BpeMeHU B HUX 0OPa30BaJIKCh
Opely, KOTOpble IPO3SIT 3arpsi3HEHUEM TPYHTOBBIX BOJ. B orimuume ot
OGBIYHBIX MaKpOYaCTUI[, HAHOYACTHUIIbI MTO3BOJMIN Obl YUYEHBIM TOPa3/0
appexTBHEE CIIPABUTHCSA C TAKNUM 3arpsi3HEHUEM.

AICOPBLNA 3ATPA3HAIOLWUX BELIECTB

Xotrs 1pu 1OMOIIM OOBIYHBIX METOJ0B OUYUCTKU BOJbBI Y/AJSETCS
64J1bIIast YacTh 3arps3HSAIONIMX BEIIECTB, JJIS YAJeHUS] HEKOTOPBIX TOK-
CUYHBIX TIpUMecei Topoii Tpebyercst MCroib30BaTh 6osee apderTuBHbIE
CHelraTu3uPOBAHHbIE METO/bI. [[JIT MHOTHX TSDKEJIbIX METAJJIOB HE y/ia-
JIOCh HAWTH TMOAXO/ISIINE HAHOKATATU3ATOPbI, IOITOMY YUeHbIe COCPEIO-
TOYUJIM CBOM YCUJIMSI Ha METO/AaX UX aJCOPOIUU, HATIPUMED, MIPU TTOMOIIH
ITOJTIMEPOB MJIN HAHOYACTHIIL.

MBbIIIbSIK SIBJISIETCS OJHUM 13 HauboJjee pacIpOCTPAHEHHBIX 3arpsi3-
HSIIOIINX BOJY BENIECTB. JTOT SIAOBUTBIN XUMUYECKHUH 3JeMEHT MOKeT
pearupoBatb C KHCJOPOJIOM, XJOPOM, CEpOii, YIIepo/oM, BOJOPOOM,
CBUHIIOM, 30JI0TOM U JK€Je30M, a MOTOMY MPHUCYTCTBYET BO MHOTUX TOp-
HBIX TIOpOJIaX W MuHepajax. [IpucyrcrBue MbIiibsKa B IPUPOE 00bsIC-
HSIETCSI €r0 y4YacTUeM B €CTECTBEHHBIX TEOJIOTMYECKUX U UCKYCCTBEH-
HBIX IPOMBIINIJIEHHBIX IIPOIECCAX, CETbCKOXO3SIICTBEHHON IesTeabHO-
CTH M T. II.

Mpibsk mary6HO JeiiCTByeT Ha MUIIEBAPUTETHHYIO CUCTEMY YesIoBe-
Ka M yXY/IIAeT JOCTaBKy KUCA0PO/a B KiaeTKu. CUMIITOMAMU OTPaBJIEHUS
MBIIIBSIKOM SIBJISIIOTCSI HApYIIEeHNE CEPAEYHON JIeATETbHOCTH, YCKOPEHHOE
cepauebuenue, GJIEHOCTb, CUJbHBIE KeJay/o4uHbie 60Jid, PBOTA U pac-
CTPOMCTBO CO3HAHUS. JTO OTPABJIEHUE YACTO BbI3bIBAET YBEJUYEHUE MO-
YEeBOTO MY3bIPSl ¥ PaK TPSIMON KUIITKH.
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B cBsi3u ¢ TeM, 4TO MBINIBSIK Hpe/cTaBsieT co6oil GOJbIIYI0 Onac-
HOCTb JJId 3/10poBbs 4enoBeka, EPA yxxecroumna craHgapTbl JJad €ro
IpeleJbHOTO COAepsKaHusl B HuTheBoil Boge 10 10%.. B rmo6GambHOM
Maciitabe yrpo3a OTPaBJIEHUS MBINIbSIKOM SIBJISIETCS OYEHb CEPbEe3HOM
npobsemoii. B Banurnagem, Muann, Mekcuke, Uunu, Aprenrtune, Taii-
Bate u Taumanzge ot 10 10 40% HaceseHUST CTPALAIOT OT OTPABJIEHUST MbI-
HIbSIKOM, HaXOJSIEeMCS B MUTbeBOM Bose. XOTSA 3arpga3HeHue MUTbeBOn
BO/IbI ITOBBIIIEHHBIM CO/E€PKAHNEM MBIIIbSAKA OOBIYHO XapaKTEPHO [IJIsI
CTpaH TpeTbero Mupa, Muorue cucreMbl BogocHab:kenuss B CIIIA comep-
JKaT MBIIIbSK B 60Jibliell KoHIleHTpanuu, yeM 10%o. TToatomy paspabot-
Ka U ITPUMEHEeHNEe HOBBIX TEXHOJOTUH OUYMCTKU BOJIBI OT TaKUX OTACHBIX
MeTaJIJI0B, KakK, HalpuUMep, MbIIbIK, UMEET OrPOMHOE 3HaueHue s
3/IpaBOOXPaHEHUS.

daKTopbl PUCKa OKpYXatoLLeil cpefibl
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Cpenn ¢akTopoB pHCKa OKpysKaloleil cpelbl Hanbosbliee 3HaUe-
HIle UMeIOT Bo3jlelictBue u yrposa. Iloj eo3deticmeuem mojpasymeBa-
€TCSI BO3MOKHOCTb KOHTAKTa C 3arpsI3HSIOIIMM BeleCTBOM B JI0CTATOYHO
BBICOKOI KOHIIEHTPAIMK, KOTOpasi CIOCOOHA BBI3BATH MpolOseMbl. [lox
Y2po30i TopasyMeBaeTcsi caMa arta npobiema (Hanpumep, BosjelicTBre
OJTHOCJIOMHBIX YTJIEPOJHBIX HAHOTPYOOK B (hOpMe aspo30Jisi BBIPASKAETCS
B BO3MOKHOCTH MX B/JbIXaHM, a YIPo3a — B IOTEHI[MAIbHON yIpo3e op-
raHaM jpixanus). MaKToOpbl PUCKA U METO/IbI X OIEHKH 60Jiee TOAPOGHO
OTIMCBIBAIOTCS B TJ1aBe 13.

K coxasennio, B HacTosinee BpeMs MPAKTUYECKN HITYETO He M3BECT-
HO O TOKCHKOJIOTHH MCKYCCTBEHHO CO3/IAHHBIX HAHOYACTHUI[ B «MOKDPBIX»
B3anMo/ieiicTBuax. Koe-uTo Ha cerojHs onpejeseHo JHUIIb B BOIpOCe
BJIMSHMST a9P0O30Jiell Ha JKUBble OPraHU3Mbl B pe3yJbTaTe UX BJbIXaHUS.
OnHaKO TOKCHKOJIOTMYECKOE BJIMSHNE HAHOYACTHUI[ Ha OUOJIOTHYECKUe
IIPOIIECChI II0OKA He U3YUeHO.

B Hacrosiiee BpeMsi WHTEHCUBHO WCCJEAyeTCs OUOTOTMYECKOe
BJINMSIHWE HAHOYACTHI[ KBaplla, TUTaHA W Kese3a Ha (PYHKIMOHWPOBA-
HIUe KJIETOK B YaCTHOCTH M JIbIXaTeJbHON CHCTEMbI B 11eJI0M. AHAJOTHY-
Hble MCCJIEOBAHUS BBIIIOJHSIOTCS HayYHO-UCCIEJ0BATETbCKIMHU J1a00-
paropuamu CIIA gss usydyeHnst Bo3JeiCTBUSI HAHOUYACTHUI[ HA KOXY
YyesoBeKa.

OpunM u3 HamboJiee BAXKHBIX BOIPOCOB, BOJHYIONMX MHOTHX yue-
HBIX 1 TIOJUTHKOB, SBJSETCS YPOBEHD TOCIEACTBIH OT MOCTOSTHHOTO WJIH
BHE3AITHOTO MAacHITAaGHOTO BO3/IEHCTBUS HAHOYACTHUI[ HA OKPY KAIONIYIO
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cpeny. Henb3s ¢ yBepeHHOCTBIO CKa3aTh, YTO TAKOE BO3EHCTBIE OKAKET
KaKoe-TO HeraTWBHOe BJuSHHE. IIpocTo 10 cuX TMOp elle HeAOCTaTOIHO
SICHO, KaKue CBOICTBAa HAHOYACTHUI[ MOTYT HAHECTH BpeJ OKpy:Kamomei
cpelle U B KaKol Mepe.

B Hacrosiee BpeMs yueHbIM U3BECTHbI MHOTHE [TO3UTHBHbBIE CBOWCTBA
HanomarepuagoB. OnHaKo, BO M36€KaHIe HEMPUATHBIX TOCTENCTBUN I
3PaBOOXPAHEHNS U OJATONONYYNS OKPYSKAIOIIel Cpebl, HyKHO TIpeIy-
CMOTpETDb Bce HeraTuBHBIE 3(MEKTHI OT TPUMEHEHNST HOBBIX HAHOTEXHO-
JIOTHH.

Yyenble 3aHUMAIOTCS UCCJIEOBAHUAMU (DAKTUYECKOW [103bI HAaHOYA-
CTHUL[, BJMSHUIO KOTOPBIX MOXKET IIOJ[BEPTHYTbCS OKPYy’Kalolllasl cpeia U
6uostorndeckune opranusmbl (GakTepum, pbiObl, moam). Ins mpepckasa-
HUS cKopocT 1 9 HEKTUBHOCTH PACTPOCTPAHEHNSI HAHOYACTHI] B OKPY-
JKaloleil cpejie HeoOXOAMMO THIATEJIbHO U3YUYUTh BCE CIOCOOBI TepeMe-
IeHUsT HAHOYACTUII.

Hanomarepuasbl crocoO6HbI PACIIPOCTPAHATHCS PA3HBIMU CIIOCOba-
MU B TIOPHUCTBIX MaTepuanax. Hampumep, QysiepeHbl M 0JHOCJIONWHDIE
YIJIepO/IHbIe HAHOTPYOKM JEMOHCTPUPYIOT COBEPIIEHHO Pa3HYIO MOBUK-
HOCTb. BO BpeMsi cOOpKM HAHOCTPYKTYP HUX TOABUKHOCTH 3aMETHO Ia-
naet. Ilpodeccop Mapk Busnep ¢ komneramm u3 YHuBepcurera /[Ibiok
(CIITA) 3aHuMaeTcst M3y4eHHeM MOABUKHOCTH M METOJI0B TIePeMeleHHst
Pa3HbLIX HAHOYACTHII.

«3ENEHDLIE>» HAHOTEXHOJIOT UK

HanorexHosioruu crnoco6Hbl U3MEHUTDb [TPOU3BO/ICTBEHHBIE MTPOIIECCHI
nByMsi criocobGamu. Bo-niepBbix, 3a cueT GbICTPOro COKpAIEHHUS] OTXO/I0B
MPOM3BOICTBA ¥ TOBbIEHNs ero addeKTHBHOCTH. BO-BTOpPBIX, 3a cuer
HCIOJb30BAHMST HAHOMATEPHAJIOB B KauecTBe KaTaJIM3aTOPOB, KOTOPBIE
1OBBICAT 3 (HEKTUBHOCTD MPOU3BOJCTBEHHBIX MPOIECCOB U TTO3BOJIST U3-
6aBUTHCSI OT TOKCHYHBIX U TPSI3HBIX MATEPUAJIOB, a TaKKe KOHEYHBIX
MIPOJIYKTOB.

é «3eneHble» HAHOTEXHOJIOrMU — 3T0 TEXHONOTK, B KOTOPbIX UCNONb3YHTCA 6e3onacHble
ana Opr)KaPOLLleVI cpeabl XMMNY€CKne N TeXHON10rm4eckne npoLecchbl.

B umaeane «3ejeHble» HAHOTEXHOJOTMHU JOJKHbBI YJIYUYIIUTb IIPOU3-
BOJICTBEHHBIE TIPOIIECCHI, TPeAbIBJsEeMble K MaTepuasaM TpeOGOBaHWUS,
XUMHUYECKHe MPOIEAYPhl, a TaKyKe 3aMeHUTb TeKyIre HeGe30macHble Be-
IIeCTBa W TMPOIECCHI. JTO MO3BOJUT COKPATUTH PACXObI 9HEPTUU W Ma-
TepUasIoB.
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JIist TOCTUXKEHUsT IaHHbBIX 1ieJieil yUeHble BeIyT MCCIeIOBaHus B CJIe-
AYIONMX HAIPABJIEHUSIX:

® CHHTE3 HAa ATOMHOM YPOBHE HOBBIX YJIYYIIEHHBIX KaTaJIN3aTOPOB

JIISI TPOM3BO/ICTBEHHDBIX IPOIECCOB;
e pcraBka uHbopMaiu B Moseky bl (takne kak JIHK) st cosma-
HUST HOBBIX MOJIEKY.T;

® caMocOOpKa MOJIEKYJT KaK OCHOBA JIJISi HOBBIX XMMHKATOB M Mare-

pHaJIoB;

® Co3j1aHUe MOJIEKYJl B MUKPO- I HAHOPEAKTOPAX;

® JICIIOJIb30BaHKE AJIbTEPHATHBHOI SHEPrHMM HA OCHOBE COJIHEYHBIX

6arapeil 1 TOIIMBHBIX 3JIEMEHTOB, a TaK)Ke Pa3paboTKa HOBBIX CIO-
co00B Tiepeiauul SHEPTUH;

® YCOBEPINEHCTBOBAHIE MTPOM3BO/ICTBEHHBIX MPOIECCOB C IEJbI0 GO-

Jiee 9KOHOMHOTO UCIIOJIb30BAHUST JHEPTHN.

3HaueHue «3eJI€HO0I» XUMUU U «3€JIeHbIX» TEXHOJOTUH ObLTIO OllEHEHO
no jpocrounctBy B 2005 1., korpa HoGesneBckyto mpemMuto 1mo XuMun «3a
BKJIA/l B Pa3BUTHE METO/la METaTe3lca B OPTaHMYECKOM CHHTE3€» BPYUH-
mua PoGepry Tpa66ey (Robert Grubbs) us Kammudophuiickoro texHoso-
ruueckoro nuctutyta (CIIMA), Puuapay IIpoky (Richard Schrock) us
Maccauycerckoro textosorudeckoro uucruryra (CIIIA) u Wsy Illoseny
(Yves Chauvin) us Wucruryra Hedgrn (Dpanimus).

Meraresnc o3HayaeT Takoe «IePeKJIIYeHnes Mapbl XUMUYECKUX CBS-
3eil, IPU KOTOPOM BO3HHKAET MeperpyInnupoBKa aTOMOB, TO €CTb M3MEHSI-
€TCs1 YTJIEPO/IHDII CKEeJIET OJHON WJIN JBYX MOJIEKY.I.

Bor tunuuHbil npuMep Takoil peakuuu:

NaCl + AgNO, = AgCl + NaNO,.
ITOT TUT PEAKIINU UTPAET OTPOMHYIO POJIb B XUMWUYECKON TTPOMDIIII-
JIEHHOCTU, HAIPUMEP IIPU CO3/laHUHU JIEKAPCTB U IJIACTMACC, MOCKOJbKY

JIA MeTaTe3nca pacXoAyeTcsda ropas/io MEHbIIEe 9HEPIrun U yMEHbIIAeTCAa
KOJIMYECTBO BPEIHDBIX MOOOYHBIX IIPOAYKTOB.

MexayHapoaHblif cOBET N0 HAHOTEXHONOrUAM
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B 2004 r. suTysmactamu 6blTa yupesk/ieHa MeXXAyHapo/Has OpraHu-
sanust — MexOynapoonvii cosem no nanomexrnonozusm (International
Council on Nanotechnology — ICON), — kortopas cobupaer u pac-
IPOCTPAHSIET BCIO JOCTYNHYI0 NHGOPMAIINIO O HAHOTEXHOMOTHX. UseHbl
STOI OpraHU3alMK IIBITAIOTCS OLEHNMBATH IIPEUMYIIECTBA M HEJOCTATKH
HAHOTEXHOJIOTHI (HAIPUMED PUCKU [IJISI OKPYIKAIOIIEl CPe/ibl) U Pacipo-
CTPaHSIOT NHPOPMAIINIO 06 3TOM.
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ICON cosgan 6a3y JaHHBIX C HAayYHBIMH BBIBOJAMHU O IIPEUMYIIle-
CTBax W HeJoCTaTKax HaHotexHoJioruii. CoBer mojjep:KuBaer aty 6asy
JAHHBIX B coTpyaHudectse ¢ YHusepcureroM Paiic (CIIIA), Munucrep-
ctBoM sHepretuku CIIIA u npeacraBuTe IMU XUMUYECKON TPOMBIIIIEH-
HOCTH.

B ICON BXozgaT TpeAcTaBUTENN HE TOJTbKO MPOMBINLJIEHHBIX MPe-
MpUATHH, HO W TIPaBUTENbCTBeHHBIX yupexaennii CHIA, yHuBepcure-
TOB, KOJIJIe/)Kel M HempaBUTEJbCTBEHHBIX OpTaHuW3aruii. B Takom mmim-
pokoM naprHepctBe wieHbl ICON 06cysk1a0T U OIEHUBAIOT TOTEHIIU-
aJbHbIE PUCKU U Mepbl 6€30NaCHOCTU TP paboTe ¢ HAHOTEXHOJIOTUSIMH,
npe/JiarailoT CTaHAapThl ¥ TEPMUHOJIOTHIO AJIS1 CO3JaHUsl U IPUMEHEHUS
HaHOMATEPHUAJIOB, a TaKKe PACIHPOCTPAHSIIOT CBeAEHUS O HAHOTEXHOJIO-
TUSAX.

[IImpoxkas moameps:kKa CO CTOPOHBI WIEHOB COBETA YIIPOUMJIA TIOJIOXKe-
nue [CON kak BCEMMPHOTO XpaHUJIUINA WH(OPMAIUU O JOCTOMHCTBAX
1 HeJOCTaTKaX HAHOTEXHOJOTHUI.

Inaps B yaywee

Briosie BO3MOKHO, YTO HEKOTOpPbIE HOBbIE MaTepPHAJbl MOTYT IMPE/l-
CTaBJISITh PUCK [IJIST M3TOTOBUTENEN 1 TOTpebuTeneii, a Takxke st o0Iie-
CTBa M OKpysKaioteil cpesbl. [[0aTOMY yueHble CTPEMSITCSI MaKCUMAJIbHO
TIATE€JIbHO W BCECTOPOHHE MU3YYUTDb HOTCHL[I/IB.]IbeIﬁ PHUCK, CBSI3aHHBIN
C HOBbIMU HAHOTEXHOJIOTUAMU, 4TOOBI rapaHTHpOBATb 6€e30I1aCHOCTb UX
TPUMEHEHNS.

KOHTPOJIbHBIE BOIPOCHI

1. 3arpssHeHUe YacTO U3MEPSETC:

(a) B yacTsX Ha COTHIO;
(6) "acTax Ha MUJLIMAP;
(B) yacTax Ha KBapK;

(r) yacTax Ha TPUJLINOH.

2. Mpinbsk nary6HO JeicTByeT Ha!

(a) nuIEBapPUTENIBHYIO CHCTEMY;
(6) PenpoayKTUBHYIO CUCTEMY;
(B) HepBbI;

(r) cayx.
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IToBbITIeHHOE CO/IEPIKaHNE OKCHU/la a30Ta U MOKCH/la CEPbI 00bsICHS-
eTCsI 4eJI0BEeYeCKOil AeATEJIbHOCTbIO HpHéJII/ISI/ITeJIbHO Ha:

(a) 52%;
(6) 75%;
(B) 95%;
(1) 100%.

TGXHOJIOFI/II/I, B KOTOPbIX HCIIOJb3YIOTCA 6e301acHble [JIL OKpYyJsKa-
IO].[ICfI Cpebl XUMNYECKNEe N MHIKEHEPHbIE IIPOLECChl, HAa3bIBAIOTCA:

(a) «OpaHKeBbIMU» HAHOTEXHOJIOTUAMU;
(6) MUKPOHAHOTEXHOJIOTUAMHY,;

(B) «3€JIeHBIMI> HAHOTEXHOJIOTHSIMY;
(r) JepeBsIHHBIMU HAHOTEXHOJIOTHSMU.

Texuermit — aTo He:

(a) sarpasusioniee BEIECTBO B SPHOM MOTWJIbHHKE B InTaTe Ba-
MIWHTTOH;

(6) no6aBka Ay npotupanus 1060BOrO CTEKJIa aBTOMOGWIIS;

(B) TOKCHUHBII MeTaLT;

() MCTOYHMK 3arpsi3HEHHs] TPYHTOBBIX BOJ.

OTpaBiieHHBIN TyHEI[ UMeeT BBICOKOE COJep KaHue:

(a) MplIbsKa;
(6) MomubaeHa;
(B) crponuus;
(r) pryru.

ITpoBepka TOKCMYHOCTH €CTECTBEHHBIX W MCKYCCTBEHHBIX HaHOMare-
pHUasoB, MyTeil MX BO3/EeNCTBHS W GMOJOTMTYECKOTO HAKOILIEHUS nMe-
eT GOJIbIIoe 3HAUEHWE JIJIST:

(a) ananmsa GpakTOpOB PHCKA,;
(6) npoussojicTBa 06YBH;

(B) KypcoB KyJMHAPUH;

(r) mkosabHOrO rapaepoda.

Marepuasbl XOTsI 6bI C OJJHUM HaHOMACIITAOHBIM Pa3MEPOM M ITOBbI-
MIEHHON KATATNTHYECKON aKTHBHOCTBIO HA3BIBAIOTCS:

(a) 6mokepaMuYeCKUMU MeMOpaHaMM;
(6) KOCMUYECKUMH TOUKAMI;

(B) HAHOBCIIBIIITKAMT;

(r) HaHoOKaranM3aTOpaMu.



9.

10.

IMABA 7 OxpaHa oKpyxxatoLien cpefbl

XI/IMI/IKaTbI, KOTOpPbIE ITPOBOIUPYIOT PAKOBOE saéoﬂeBaHHe, Ha3bIBa-
I0TCA:

(a) aHTHUTEHAMT;
(6) nefikoIUTAMI;
(B) KaHIEpOreHaMu;
(1) sH3UMaMH.

ICON — aro a66peBuarypa:

(a) Indentured Committee of Neighbors (O6yc/ioBneHHbIi 10r0BO-
POM KOMHUTET coce/ieit);

(6) Indivisible Council of Nanobots (Beckoneuno Masblii coBer
HaHOGOTOB);

(B) Incredible Calmness of Night (HeseposiTHBIN HOYHON MOKOM);

(r) International Council on Nanotechnology (MexayHapoaHbiii
COBeT TI0 HAHOTeXHOJIOTHSIM ).
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Tpenue, npuannatue, MIACTUYHOCTh W CABUTOBas IIPOYHOCTD CILIOII-
HBIX TeJ 00bIACHAETC:

(a) BIaXHOCTDBIO U TEMIEpPaTypoi;

(6) cKOMbKEHUEM U COJTHIEM;

(B) uHepiyeii U rpaBuUTAIKEi;

(r) rugpocTaTHUECKUM JaBICHHEM U HAKJIOHOM.

Kpucrannorpadguueckue MeTOAbl BU3YaJU3alUU IO3BOJISIOT IIOJY-
YUTDb TPEXMEpPHOEe IIpe/ICTaBJIeHUE:

(a) armocdepHoii aypsr;

(6) 21eKTPOHHOIT TIOTHOCTU U KOHDUTYpaIKy;
(B) rOpHBIX pallOHOB;

(r) romoBBIX KOJIEI Ha Cpe3axX JePEBbEB.

HanorexHomorum MOKHO IIPpUMEHUTDb [JId pEeHIeHnuA pa3HbIX Mequn-
IIUHCKHUX HpOé]IeM, 3a UCKJ/IIOYEHUEM:

(a) coxpaHeHus n U3BJAEYEHHs T€HETUYECKON MHBOpPMaIuy;

(6) mocTaBKM BEIIECTB B KJIETKY;

(B) coszganus JIeKapcTBa Ha OCHOBE XPOMOCOMHBIX OCOGEHHOCTEI;
(r) meyenust Bpociiero HOTTS Ha MaJblle HOTH.

Haubosee PacipoCTpaHeHHbIM 6eJIKOM B OpraHm3aMe 4esoBeKa ABJIA-
€TCA:

(a) nurporenasa;
(6) kepatun;
(B) amMmiasa;
(r) Kosnares.

«Moxkpbie» (opranmyeckne MOJEKYJIbl) HaXOIATCS:

(a) B maBaTenbHOM GacceiiHe;
(6) sKUBOM OpraHu3Me;

(B) TOpHBIX MOPOAAX;

(r) pagMoOaKTUBHBIX OTXO/AX.

C momotpio 6eTKOBOI WHIKEHEPUN MOKHO CO31aTh OEJKU, KOTOPbIe
CIIOCOOHBI:

(a) HOBBICUTD IIPOYHOCTH MOCTOB;

(6) yBesmunth puHAHCHPOBAaHKME HAYYHBIX MCCJEJOBAHMII;
(B) HOBBICUTH TOYHOCTH IIPOTHO30B MOTO/BL;

(r) aTakoBaTh WM KOHTPAaTaKOBaThb BUPYCHbIE MH(EKIINM.



10.

11.

12.

TECT K YACTW 1i

Be]lIeCTBa, KOTOpbIE IPOBOIMPYIOT PaKOBbIE 33.60.7[6B3HI/IH, Ha3bIBa-
I0TCA:

(a) pasgpaxurenu;
(6) 6asbr;

(B) anneprensr,

(r) KaHIEepOreHbI.

[lepBast KHUra O CTPOEHHN MUKPOOpranuaMoB, Micrographia («Mu-
Kporpadusi»), Oblja HamMcaHa:

(a) xopmxem Bennerom;
(6) Po6eprom Tykom;

(8) Hopmanom Bexmarom;
(r) [rekom Ilayspcom.

CBerMaJIbIey IIOKPBITbIE 30JI0TOM IIaPpUKHU, KOTOPbI€ UCIIOJIb3YIOTCA
AJIA JUAaTrHOCTUKHU M JIEYEHUA ITOBPEKIEHHDBIX TKaHeﬁ, Ha3bIBaIlOTCA:

(a) HAaHOOGOMOUKY;

(6) ckopayna ycrpui,
(B) Tpy6uarbie 060J104KY;
(r) 61006OIOUKH.

IIoBnImIeHHOE CO/IE€P/KaHNE OKCH/IAa a30Ta U JIUOKCHU/la CEPDI 00bICHSI-
eTCcs YeJIOBEYEeCKOi JA€ATEJIbHOCTbIO l'IpI/I6JII/ISI/ITeJIbHO Ha:

() 15%;
(6) 42%;
(B) 70%;
(r) 95%.

Pacmpenenenne pasMepoB IMOp, MPOHUIAEMOCTb U MOBEPXHOCTHYIO
XUMUYECKYI0 aKTMBHOCTb MOXXHO PEeryJUpOBaThb 3a CUeT U3MEHEeHMsI
MCXO/IHbIX TTAPaMeTPOB YaCTHUIl JIJisi HAHOMEMOPAH HA OCHOBE:

(a) amoMoOKcaHa;

(6) xpemus;

(B) Moy IpOHUIIAEMOCTH;
(r) 6uoxuMuu.

buonornueckue HaHOCEHCOPbI IIpeAHa3Ha4Y€Hbl AJIA:

(a) BBIABJICHUS BBIJAIONMXCS YUEHBIX;

(6) o6HapysKeHUsT BasKHBIX GHONOIMYECKUX CHIHAJIOB;
(B) U3MepeHns 0CcaaKoB;

(r) onpeznenenus pasmepa 06yBH.
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14.

15.

16.

17.

18.
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TokcuuHbIE TSKeJIble MeTaJlJbl, HallpuMep CBUHEI], HUKeJb, PTYTb
1 Ja’ke ypaH, MOYXHO HEfITpaJII/I3OBaTb B IIOYBE 3a CYET:

(a) cokpalenus copep:kaHus 1MHKA;
(6) moGaBaenus HaTpus;

(B) OKHCIEHUS KeJe3a,;

(r) mo6aBnenus xjopa.

3anH3HeHI/Ie BOAbI IIPOUCXOAUT BHE3AITHO WJIM IIOCTEIIEHHO, HaMe-
PEHHO HJIN Cﬂy‘laﬁHO n3-3a IIolaJaHnusda B Hee:

(a) necka;

(6) Ky6HKOB Jbjla U3 XOJOANIbHUKA;
(B) BOAIHBIX JIUINIL;

(r) 3arpsAsHAOIUX BEIECTB.

CKOJIbKO THUTIOB PaKa MOJIOYHON >Kesie3bl 0OHAPYKEHO HA CETrOJIHSIII-
HUN [IeHb?

(a) 11;

(6) 14;

(B) 15;

(r) 17.

ﬂJII/IHHbIe IEMOYKN aMUHOKMCJIOT, KOTOPbIE€ CBOPAYUBAIOTCA B CJIOK-
Hbl€ CTPYKTYPbI, Ha3bIBAOTCA:

(a) munugamuy;

(6) puszomamu;

(B) opuramamuy;
(r) Genkxamu.

O6J1acTb 1eTeIbHOCTH, CBSI3aHHAS C U3YYEeHIEM CTPYKTYP, YCTPOHCTB
U CHCTEM C YHHUKAJbHBIMH CBOWCTBAMHU, KOTOPBIMH YIIPABJISIOT Ha
aTOMAapHOM YPOBHE, Ha3bIBACTCS:

(a) aspoMHAMUKOII;

(6) Mukpo6uoornei;

(B) HaHOTEXHOJIOTHEI;

(r) 6uosornveckoii MHKEHEPHUEN.

O6Jiacth MeAWITMHBI, KOTOPAsl HalleJleHa Ha JiedeHne 6oJie3Hel U 110-
BpEXK/IEHUS] TKaHel Ha MOJIEKYJISIPHOM yYPOBHE, HAa3bIBAETCS:

(a) HAaHOMEIUITMHOI;

(6) akymrepcTBoMm;

(B) smepHONl MeUINHON;
(r) punonorueii.



19.

20.

21.

22.

23.

24.

TECT K YACTW 1i

ITepBoit o6Hapy>KEHHOIl YeJ0BEKOM 3eJIeHOH BOZOPOCbIO OblLiIa!

(a) Leptospira (nenrocnupa);

(6) Saccharomyces (caxapomuiiera);
(8) Spirogyra (cuuporupa);

(r) Aspergillus (acneprumn).

Bo3MOXHOCTD JOCTaBKU MEAUKaMEHTOB B 3aJlaHHOE€ MECTO OpraHu3-
Ma Ha3bIBaeTCAd:

(a) XeMOCHHTE30M;
(6) dapmakosoruei;
(B) dorocunresom;
(r) 6MomOCTYITHOCTDIO.

[TepBbie KpolieyHble MYCTOTHI, OGHAPY>KEHHBbIE BHYTPU TPOOKH, Ha-
3BaJIN:

(a) rnngamu;
(6) xmeTKaMI;
(B) ynmcamy;
(r) mpipkamy.

C OTpOMHOII TOYHOCTHIO HAHOMPOBOJOYHBIE JETEKTOPHI MOTYT pas-
JITYATD:

(a) MeTasLbl;

(6) HeopraHuueckue MOJIEKY.JIbI;
(B) BUpYCHI;

(r) 3eMISHBIX YepBeii.

W3-3a orpoMHOI NOBEPXHOCTHOW ILJIOMIAM HAHOYACTUIIbI KeJje3a
o6saialor GoJjiee BBICOKOI PeaKTHBHOCTBIO, 4eM MaKpPOYaCTHIbI JKe-
Jesa:

(a) B 2—3 pasa;

(6) B 5—7 pas;

(B) 8 10—1000 pas;

(r) onu ero He 06ma1AIOT.

VICTOPUYECKH CJIOKUIOCH TaK, 4TO BOCTOYHAS MEIUIMHA SIBJISETCS
npoUIAKTHYECKOH, a 3anmaHas Jy4Ille CIPABIsSeTCs C JedeHHeM:
(a) MopuiuH;

(6) cepbesHbIX TpaBM;

(B) cTpeccos;

(1) Hapy;KHOTO OTHTA.
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25.

26.

27.

28.

29.

DJIEKTPOMAarHeTn3M, BO3/yIIHbIE W BOJHBIE TIOTOKHU, TETIO M XOJO/I,
a Takke Apyrue (pakToOpbl BJIUSIOT Ha CJEAYIOlIee CBONCTBO HAHOYA-
CTHUIBI:

(a) ee mms;

(6) PBIHOUHYIO IPUBJIEKATETLHOCTD;
(B) MHBECTHITMOHHBIN MOTEHIIUAT,
(r) mepemerienme U peakiini.

O6J1acTh eATeJIbHOCTH, CBA3aHHas C CO3/aHueM U u3MeHeHueM Oeli-
KOB B MEAMIMHCKUX WU arpapHbIX IEJISIX, Ha3bIBACTCS:

(a) munuaHON MHKeHepuei;
(6) moMAaIIHUM caMOJIeYeHUEM;
(B) 6eKOBOI MHKEHEPHEii;
(1) caoBOACTBOM.

B CIIIA a66pesuarypa NNI osnauaer:

(a) Neonatal Nanny Initiative (MuunuatuBa HHERH [ HOBOPOXK-
JTEHHBIX );

(6) National Neurological Institute (HaunonaabHbIH HEBpOIOrHYe-
CKUI UHCTHUTYT);

(B) Nanoscience and Nanotechnology Institute (MuctutyT HaHOHAY-
KU ¥ HAaHOTEXHOJIOTHII);

(r) National Nanotechnology Initiative (HanmonanbHas HaHOTEX-
HOJIOTMYECKAs MHUIMATHBA).

B kepammueckux HaHOMeMOpaHax, KOTOpblE MNPUMEHSIOTCS ISt
OUYUCTKHU BOJIbI OT 3arPS3HSIONIUX BEIIECTB, UCIIOJIb3YETCS:

(a) narpuii;
(6) sxeme3o;
(B) cBuHeI;
(1) 1MHK.

I/I3yquI/Ie 06pa3110B Ha OCHOBE aHa/l3a ONTUYECKOTO CIEKTPpa Ha-
3bIBA€TCA:

(a) cmexrpockonueii;
(6) KIUMATONOTHEIH;
(B) acTpoHOMUEIt;
(r) Bupycosorueii.



30.

31.

32.

33.

34.

35.

TECT K YACTW 1i

ABTOMaTHUYECKOE CO3/laHre MUKPOKAIICYJI Ha3bIBA€TCA:

(a) moHYUKOM;

(6) kpuorenesucom;
(B) caMoc6OPKOi;
(1) xagbIuHAIIE.

Ha nanomacimtaGHOM ypOBHE OrpOMHbBIE M3MEHEHUS] MEXAHUUYECKUX,
ONITUYECKUX U 3JIEKTPOMATHUTHBIX CBOUCTB IPOUCXOST TI0:

(a) mpaBu/IaM MECTHBIX M TOCYAAPCTBEHHBIX OPraHOB;
(6) 3akoHaM (HOTOAMHAMUKIM;

(B) mpUHIMIAM CIIPOCA U TIPEJIOKEHUS;

(r) 3aKoHaM KBaHTOBOW MeXaHUKH.

SKCHepI/IMeHTbI HEMOCPEACTBEHHO BHYTPHU JKUBOTO OpraHm3Ma Ha3bl-
BalOTCA:

(a) in centro;
(6) in vivo;
(B) in livo;
(r) in vitro.

Marepuasbl XOTsI ObI ¢ OJJTHUM HAaHOMACIITAOHBIM Pa3MEPOM U TIOBbBI-
MIEHHON KaTAaJIUTUUYECKON aKTHUBHOCTHIO HA3BIBAIOTCS:

(a) 6uomapkepamu;

(6) sH3UMaAMU;

(B) HAHOKATAIM3AaTOPAME;
(r) anTuTenamu.

Peakiuu B paMkax GUOJIOTMYECKUX TPOIIECCOB YJIABIUBAIOTCS:

(a) npeo6pasoBarensamu;

(6) pe3nHOBBIMU NEpYATKAMME;

(B) MeTesIKaMU JJ1s1 CMaxXMBAHUS [IbLIY;
(r) IOCHLIBHBIMH.

HanorexHos0TuM MpefocTaBIsIOT MeINKaM HOBBIE MOTIHbIE WHCTPY-
MEHTDI /111 60PBHOBI ¢ PA3HBIMU OOJIE3HSIMH, 33 UCKIIOYCHUEM:

(a) paka;

(6) cocanug 6OJBIIOTO MAIbIA;

(B) nerenepanuu;

(r) crapenusi. 163
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36. «3esenble» HAHOTEXHOJIOTUH BKJIIOYAIOT:

(a) GesomacHbie /st OKPYIKAIOIIEH cpe/ibl XUMIUYECKHE M TeXHOJIOTH-
YeCcKue TPOIECChI;

(6) HaTypasibHbIe KpaCUTEIH U BOJOKHA;

(B) TeKTOHMYECKHE MPOIECCHI;

(r) TsKesble MeTaJIbl, KakK, HAIIPUMED, MBIIIbSIK, XPOM U KaJMHUii.

37. «Jlaboparopusi-Ha-unIie» CO3/AETCS HA OCHOBE:

(a) oueHb MasmeHbKUX TPYOOK U HEHTPUPYT;

(6) mepenoca cBepXpeIIeTOYHOr0 HaHOPOBOIHOTO 1IabJI0HA;

(B) cosmanust aGopatopuu C TOMOIIbIO OYEHb TOYHBIX MHCTPY-
MEHTOB;

(r) cBepXMabIX MUIIETOK M IPOBOAKOB.

38. BKCHEPI/IMGHTI)I IIOKa3aJii, 4TO MCIIOJb30BaHMNE HaHOYACTHIL JKeEJjie3a
3aME€THO CHUKAET YPOBEHD 3arpA3HEHUA B MECTE€ NHBEKIUN YiKe CITy-
CTA:

(a) 3—4 yaca;
(6) 1—2 mug;
(B) 5—6 gueit;
(r) 3—4 Mecsaua.

39. fBnenue, npm KOTOPOM YACTHIIBI 3aXBATBIBAIOTCS W Y/EP>KUBAIOTCS
MakpodaramMu, Ha3bIBAETCS:

(a) okameHeHue;

(6) omnpecHenue;

(B) (parouuros;

(r) mypHoii 3anax uso pra.

40. 3axoH, cOTJIaCHO KOTOPOMY YAJWHEHWNE MPYKUHBI MPIMO MPOTIOP-
IUOHATHHO PACTIATUBAIOIIEN ee CUiie, HA3bIBAETCS:

(a) sakonom Xeiidepa;
(6) 3akonom Xyna;
(B) 3akonom T'epmuoHa;
(r) 3akonom TyKa.
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InaBa 8

Matepuansoi

Hanomarepuasibl UMEIOT TPOCTO MOTPSICAIONTIE W CTPAaHHbIE CBOIICTBA.
Hamnpumep, yriepombie HAHOTPYOKH fieJaioT GoJiee TPOYHBIME, THOKUMU
U TePMOYCTOMYMBBIMUA HEKOTOPbIE BHUBI TLIACTMACC, KEPAMUKHN U MeTaJ-
anyueckux ciutapoB. HanoMarepuasnbl He Tak HpocTo pas3pymutb. [Ipu
pa3pe3aHny OHU CITIOCOOHBI CAMOCTOSITEIbHO «3JI€YMBATHCS» U OTKPbIBA-
IOT JIJIsl NHKEHEPOB COBEPIIEHHO HOBBIE TIEPCIIEKTUBBHI.

Hanomatepuasibl 061aa10T MOJIE3HBIMU CBONCTBAMHY [T MHOTHX [TPH-
MeHEHUH, HO WX HeJb3d Ha3BaTh aOCOMIOTHBIMA HOBWYKaMuU. VX Havamm
WCIIOTb30BaTh JOBOJBHO aBHO, HO HE MOTJIM YBUETb U HE MOTJU Ma-
HUMyJaupoBaTh M. Hampumep, 3010Tble HAHOYACTUIIBI UCTIOJb30BAINUCDH
B CpeaHue Beka /51 OKpalIMBaHUS CTEKJA, a yIJIepOAHble HAaHOYACTH-
IIbI Ha MpOTspKeHnu nociaeauux 100 jleT mpUMeHSIIUCD JIS TTOBBIMIEHUS
MPOYHOCTH TITHH.

AnXumus

Anxumust, KOTOpasi CyIIeCTBOBAJIA COTHH JIET HAa3aJ, MPEeJCTaBJsIIA
co6oii cMech HAyKHU, UCKYCCTBA ¥ IIapJIaTaHCTBA.

OHu anxXuMUKH, ddenmol, YTBEPKIAIHA, 9TO GJIarofapst 1yXOBHOMY
[PEBPAIIEHUIO 1 OILyIIeHUI0 BUOpalnii 3eMJin OHU MOTYT JOCTUTaTh a6-
COJTIOTHOTO COBEPITIEHCTBA W CO3/IaBaTh 3070TO. VIHbIE cTpeMuanch mpe-
BpamaTh Jio6ble MeTasyibl B 30J0TO. /[lJisi mOoJydeHus: 30J10Ta OHU HC-
[I0JTh30BAJIM Pa3Hble BHUbI I€UYeil, MEXOB U CIIelMabHble KOMIIOHEHTHI,
BKJIIOUasi HedTh, JEroTb, caxky W HaBo3. CumTanoch, 4TO 4eM ropsuee
OTOHBb, TEM CKOpee MPOU3ONET ’KeJaHHAs peakius npespaiierus. llo
MpaBjie CKa3aTh, AEITETHbHOCTD ATXUMUKOB BCera 6bLIa KPACOYHBIM IOy
I UX cOoceelt.

HecmoTpst Ha cTpaHHbBIE METOBI, KOTOPBIMHU II0Jb30BAJNCH AIXU-
MUKH, UM Y/JAJ0Ch HAWUTH M PAa3BUTb HEKOTOPbIE UM, KOTOPbIE CTAJH
OCHOBOII TIepBBIX XUMHUYECKUX 3HaHMIT. HampuMep, aJxXUMUKU NPaBUJIb-
HO TPEITOJNOKUIN, YTO I[BET SBJseTCS 6a30BBIM CBOIICTBOM 32JIEMEHTA.
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B cBoux momnbiTKax HalTH CrocO6 TeHEPUPOBAHUSI 30JI0TA OHU IBITAIUCDH
B TEPBYIO OUYepelb MOJYUUTh METAJT JKEeJTOTO WM 30J0THCTOTO IIBETA.
Vcmosb3yst U3BECTh, Cepy, YKCYC U Me/b, OHU MOJyYasTi BEIECTBA C 30-
JIOTUCTBIM IIBETOM, KOTOPbIE YACTO TMPUHUMAJIHU 34 30JI0TO.

B mporecce 3THX TOUCKOB alXUMHUKU HAYYMJIUCh KPUCTAIN30BATH
U JUCTUJLTAPOBATH PACTBOPBI, OTKPBLIN HECKOJBKO HEM3BECTHBIX 3JIEMEH-
TOB U COEIMHEHUN.

CoBpeMeHHbIE HCCIeIOBATENN TMOCTOSHHO OOHAPYKUBAIOT YHUKAb-
Hble (pu3nvecKrie, XMMUIeCKue 1 ONOJIOTHYECKIEe CBOICTBA HAaHOMACTIITA6-
HBIX MaTepuayioB U peakiuii. OHOBPEMEHHO UX UCCJAEAYIOT C TOMOIIBIO
TEOPETHUECKUX 3HAHWI, KOMIBIOTEPHOTO MOJIETUPOBAHUS U OKCIEPU-
MEHTOB.

[IpuMeHeHne HAHOTEXHOJIOTUU BO3HUKAET B Pe3yJbTarTe MPOBEPKU
HOBBIX MATEPHUAJTOB, CBOWCTB W TPOIECCOB. VccaeqoBaHust OTKPBIBAIOT
HOBBIE CTOCOOBI YJIYUIIEHNsT CYIIECTBYIOMINX KOMMEDPUECKUX MPOIYKTOB
B JManasoHe pasMepoB OT aToMOB M MoJsiekyJ (~1 HM) 10 uX ropasio
661X obpasosanuii (>100 um). ITo cpaBHeHuio ¢ GoJiee MacIITaGHbI-
MU YPOBHSIMU HAHOMACIITAO He MPOCTO ellle OJIUH YPOBEHD, a KAY4eCMBEeH-
HO HOBbIII ypoBeHb. HaHoMaciitaGHblE CUCTEMbBI CYIIECTBYIOT B I[aPCTBE
KBAHTOBBIX 3aKOHOB, W WX MOKHO YBW/IETb TOJBKO C TIOMOIIBIO CAMBIX
MOTIIHBIX MHUKPOCKOTIOB M JIPYTUX WHCTPYMEHTOB. Temepb KBAHTOBBIE 3a-
KOHBI, KOTOpbIe TpeK/e OblIM JIMIIb JIOOMMOI MUIPYNIKO# (aHTacTOB,
CTAHOBSITCSl MMOBCEHEBHBIMU MHCTPYMEHTAMU HAHOTEXHOJOTHYECKUX HC-
CcJIeJOBaHUIL.

YMHble maTepuansl
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ITpakTuuecku Bce OTPACJH, BKIOUAsS OUOMETUIIITHY, JHEPTETUKY, XH-
MUIO U 9JIEKTPOHWKY, Telepb TaK MW WHAa4Ye CBSI3aHbI C HAHOMACIITAO-
HbIMKU OObekTamu. HaHoMaciitaGHble MaTepHasbl M ITPOIECCHI UCIOJIb-
3YIOTCS /IS CO3[IJaHUsI MHOTMX HOBBIX MarepwasoB. /[l peanusarnun
PasJIMYHBIX Wel, HAPUMEP CO3/aHusA 60jiee IKOHOMUYHBIX COJHEUHBIX
Garapeil wiu JUHWI 3JeKTporiepenady, He XBaTaerT 6osiee 3PDEeKTUBHBIX
MarepuaynoB. C TOSIBIEHIEM TAKUX MATePUATOB TJI0GATbHBIE TPOOTEMbI
sHeprocOepeskeHnst MOTYT yiiTu B ucTopuio. Kak u MHOTO JieT Ha3aJ|, Kor-
Jla B pe3yJibTaTe MPOrpecca Mocje KaMEHHOTO BeKa HACTYNUJ GPOH30BBII
BEK, a MOTOM JKEJIE3HbIN M WH/yCTPUAJIbHBIN, CEroJHs Ha cMeHy uHdop-
MAIIMOHHOMY TIPUXOJUT MOJAEKYASAPHOIU G6EK.

HoBsbie HaHOMATEPHUABI, HATIPUMED YTJIEPOIHBIE HAHOTPYOKH WU Ha-
HOOOOJIOUKH, 00IAJAI0T TOPA3A0 GOJIBIIUME BO3MOKHOCTSIMU TI0 CPaBHE-
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HUIO ¢ OOBIYHBIMU YIJIEPOJHBIMU UJIM KPEMHUEBbIMU dacTuiiamu. Hampu-
Mep, yruepojHbie HaHOTPyOKH B 100 pa3 mpouHee cTajam, OHU IPOBO-
JIAT TETJIO JIydllle aaMa3a U MepeHoCAT 3JeKTPUYECKHi TOK JIydIle MeJIH.
NmenHo mo mpuumHe Takoll yHUBEPCAJbHOCTH MHOTHE MaTepHuasbl, Ha-
npumep dyJiiepeHbl, OJHOCIONHbIE YraepoiHble HAHOTPYOKHM, HAHOO6O-
JIOUKM, KBAHTOBBIE TOYKU U MUKPOKAICYJIbI, YACTO HA3bIBAIOT YMHBIMU
mamepuaramu (smart materials).

Kaxk pasnbie pazjesbl HAyKd, Tak W pa3Hble OTPACIU TPOMBINIEHHO-
CTH, HAIIPUMeED aBUACTPOEHUe, GUOMEIUIIITHY, XUMUIO, JEKTPOTEXHUKY,
MAaIIMHOCTPOEHUE U IHEPTETUKY, 0ObeuHSIET OOIIUI 3HaMeHATe b — II0-
WCK MAMepuaios ¢ yaywuennovimu ceoticmeamu. Ilocie oTkpuITHg HaHO-
TPYOOK M HAaHOOGOJIOUEK YUEHbIE W UHIKEHEPHI CTPEMSITCS MIPOBEPUTD BCE
HOBbIE BO3MOKHOCTH, KOTOPbIE OTKPBIBAIOTCSI 6yaroapsi UX CBOICTBaM,
¥ HaWTH croco6 UX TMPUMEHEHMS.

Hampumep, mccieoBanms miaacTMacc TPUBEJN K TOMY, YTO Telepb
OHU WCTOJb3YIOTCSI MPAKTUIECKU Be3Jle — OT KOHTEWHEPOB U UTPYIIEK
JI0 KOHTAaKTHBIX JIMH3 W MPOTE30B CycTaBoB. llmactmacchl ObLiu yauBH-
TEJIbHBIM OTKPbITUEM HayKu U TexHuku 1950—1960-x rr. x BHenpenue
MMOJTHOCTBIO M3MEHUJIO MUpP. MHOTHeE TIPeIMEThI CTATH CTOJIb JIEIIEBbI, YTO
npoirie 6bLTI0 UX BBIOPOCUTD W KYNUTHh HOBBIE, YEM TIOMBITh UJIU TOYNHUTD
(oHaKO O TOJIb3e W Bpe/ie OJHOPA30BOI TJIACTUKOBOI MOCY/bI BCE €INe
BEJLyTCS 0KECTOYEHHDIE UCKYCCHN).

[Toxosxe, 4yTO MpUMEHEHNE HAHOMATEPHUAJIOB UJET 10 TOMY JKe IIyTH,
HO, BO3MOXXHO, B 06oJjiee Ml IS OKPYIKAIOIIEH Cpe/lbl MaHepe.
Kpome Toro, HekoTopble CBOHCTBA HAHOMATEPUATIOB HAMHOTO ITPEBOC-
XOAAT aHaAJOTUYHbIe CBOICTBa IiactMacc. B rtabmune 8.1 mpuBeneHa
CpaBHUTeJbHAS XapaKTePUCTUKA OCHOBHBIX CBOICTB HEKOTOPBIX THIIOB
HAHOMAaTePHUAJIOB.

Ta6auua 8.1. CpasHure/ibHast Tab/IuIla CBOWCTE HAHOMATEPUAJIOB

CsoiicTBa Oprauunveckue | Meraninl | Iloaynpo- | Kepamuka | Yriaepon
MOJIMMePbI BOHUKH

Onruyeckue ok ok o %
Mexaanueckue * * * ok
DJEeKTpUYeCKIe ** k%
MarnurtHbie * sk ok
Karanmutnueckue *% *
A6cOopOIINOHHbBIE ek
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WNHxeHepbl Teriepb UMEIOT B CBOEM PACHOPSIKEHUU OGIIBIIYIO IPOYHOCTD,
TETJIONPOBOIHOCTD, 3JIEKTPOIIPOBOTHOCTb, TUOKOCTD W MOTYT HE TOJBHKO
HaliTH HOBbIE PelIeHNs cTapbiX Mpob6/eM (HarmpuMep HOBBIE CIOCOOBI Jleue-
Hust Gosle3Hel ), HO ¥ CO3/1aBaTh IIPOCTO HEBEPOSITHBIE CETO/IHST MaTEPHAJIbI 1
MPOAYKThI. VM KaK TOJIbKO OHU TIOSIBATCSI, HAM TPYAHO OY/ET TPE/ICTaBUTD,
KaK JKe MOXKHO ObLIO Tak I0Jro 6e3 HuX 0O0XOAuTbCcd. Bce craHer BO3MOXK-
HbIM, KOr/la c(POPMUPYIOTCS TEXHOJIOTUN MaHUITYJIUPOBAHUST aroMamul!

OpnHocoitHbIE YTJIEPOAHBIE HAHOTPYOKHU SBJSIOTCS HEBEPOSITHO TEp-
CTIEKTUBHBIMM HaHOMaTepuajaMu. VX cBoO¥CTBa, HampuMep MPOYHOCTD,
JIOJITOBEYHOCTD, XUMHUYECKass CTOMKOCTD, TEIIONPOBOAHOCTD U (BEPOAT-
HO, HambGoJjee Ba)KHOE CBOMCTBO) 9JIEKTPONPOBOAHOCTD, JAEJAI0T HAHO-
TPYOKM YHUBEPCAJIbHBIM MaTepuajsoM. B 3aBUCUMOCTH OT MOJIEKYJISIPHOI
CTPYKTYPBI OJIHU HAHOTPYOKM SIBJISIOTCS IIOJYNPOBOJHUKAMU, A JPY-
rme — TPOBOJHMKAMHU. DTH CBOICTBA, BMeCTe ¢ HaHOMACIITaGHOH Teo-
MeTpUeil, MealoT UX KaHAUJaTaMU IS CO3[aHUs MPOBOJOB, KOHTAKTOB
U YCTPOMCTB AJISI MOJIEKYISIPHON 9JIEKTPOHUKU.

B Tteuenune muOrux Jjier pabora ¢ OJHOCIOUHBIMU YTJEPOAHBIMU Ha-
HOTPYOKAMM OCJIOJKHSJIACH TPYAHOCTAMHU uX o6pabotku. OnHaKo Hpo-
deccopam Puuapay Cmosum m Matrreo ITackyanun (Matteo Pasquali)
n3 Yuusepcurera Paiic (CIIIA) ymanoch ciejaartb BaskHOE OTKPbBITHE.
Oxa3zasoch, YTO HEKOTOPbIE KHUCJIOTHI, HAllpUMEP CepHas, IO3BOJISIIOT
MaHUIYJIUPOBATh HAHOTPYOKAMU U IOJIy4aTb PACTBOPBI C OTAEJIbHBIMU
HAHOTPYOKaMU WM KUJAKUMU KPUCTALJIAMH HAHOTPYOOK. IJTO TO3BOJIU-
JIO YUYEHBIM 3aJI03KUThb OCHOBY [IJIsI CO3/IaHus 60Jiee KPYIMHBIX 0ObEKTOB,
[EJTMKOM COCTOSIIIUX U3 O/IHOCJIOMHBIX YIIepoJHbIX HaHOTPYy6oK. Ha pu-
cyHke 8.1 ToKa3aH OIUH U3 MPUMEPOB caMOCOOPKU HAHOTPYOOK.

[TockoabKy HAHOTPYOKY TIPOYHEE CTAJM, HA UX OCHOBE MOXKHO CO3/a-
BaTh CBEPXIIPOYHBIE TJIACTMACCHI. Biarogapss aToMy MOXHO 3HAYNTETHHO
CHUBHUTb BEC CaMOJIETOB, KOCMHMYECKUX amnmapaToB u aBromobuJieii. Bo-
opy:kennbie cunbl CIIIA 3auHTEepecoBaHbl B HCIOJb30BAaHUM HAHOTPYOOK
JUISI TIOKPBITUI caMoJIeTOB, KopabJiell, TAHKOB U aBTOMOOMWJIEH, KOTOPbIE
norsomanu 66l U3JIyd4eHne pasapoB. B aspokocMuueckoil oTpacjn mnepe-
X0/l Ha TaKWe TIACTMACChI MOXKET ChITPaTh TaKylo K€ PEBOJIIOIMOHHYIO
POJIb, KaK Tepexo/i OT BUHTOBOW aBUAIIMU K PEAKTUBHOM.

MHuoroc/iolinble yTJepPOHble HAHOTPYOKH CO CPEIHUM JIUAMETPOM
okoJio 40 HM Tak:Ke MMe0T MHOXKECTBO TIOTEHITMAJbHBIX MPUMEHEHUN —
OT OITUYECKUX CHCTEM B MOOUJIBHBIX TesiepOHAX IO HJIEMEHTOB OKOH aB-
TOMOOUJIEH U CIIOPTUBHBIX TOBapoB. OHU 06J1aJ1al0T elte 6ObInell Mpoy-
HOCTBIO, YeM OJHOCJONHBIE YTJIepOIHbIe HAHOTPYOKH, U UTPAIOT BAXKHYIO
POJIb TIPU CO3/ITAaHUN KOMIIO3UTHBIX MaTePUAJIOB.



HaHoTpy6ku nocne
Ccamoc6opKm

HaHoTpy6kn
Puc. 8.1. Camoc60pka HaHOTPYOOK

NPON3BOACTBO

OrpoMHbBIE TeXHUYECKUE TPYAHOCTH HA IYTH NPOMBIILJIEHHOTO IIPO-
M3BOJICTBA HE MOTYT OCTAHOBHUTb WU JaKe 3aMe/JINTh UCCeJOBAHUS Ha-
HOMarepuasioB. B KpaTKOCpOYHON TiepCleKTHBE MPOMBINIIEHHOE MTPON3-
BOJICTBO HAHOTPYOOK GYET TONBKO PACIIUPATHCS Oarojapsi yCUIusIM U
CpecTBaM, 3aTPAYeHHBIM Ha MCCJIEOBAHUS TAKNX BBICOK0I(HEKTUBHBIX
MaTepHuaJJoB, KaK HAHOTPOBO/JA MM HAHOIOJIYITPOBOJHUK.

Hexoropble cnemuanaucTbl CUUTAIOT, YTO HAHOTPYOKU HaumboJiee Iep-
CIEKTUBHBI JIJIs1 IPUMEHEHMsT B IOKPBITUSIX U Kpackax. [Ipu cMemmBanun
C Kpackoll HaHOTPYOKM TIOTy4aloT 3JeKTpOoCcTaTmiecKuil 3apsij. buaro-
Jlapsl ATOMY KpPAacKa U MOKPBITHS C HAHOTPYOKAaMU ILJIOTHEE TPHJIETAIOT
K noBepxHocTu. Takue KpacKu € HAHOTPyOKaMU MOKHO HAHOCHUTH He-
MOCpe/ICTBEHHO Ha KoHBeliepe. KpoMme Toro, cmernmasnbHas macta ¢ Ha-
HOTPYOKAMKM MOJKET YJIYUIIMTb ONTUYECKHE CBOWCTBA JKUIAKOKPUCTAILIN-
YECKUX U THOKUX JIUCILIEEB, HAPUMED TTO3BOJIUT MOJyYaTh 6oJiee YeTKOe
n3o6pakeHne, 4eM 9TO BO3BMOKHO ceifvac.

HaHokpucTannuyeckue matepuanbl

Kaxk m3BecTHO, Bce MaTepuaJbl COCTOST U3 aTOMOB M MoJieKyJ1. bosb-
ITTHCTBO MATEPUATIOB COCTOUT M3 YACTHI] C pa3MepaMHl OT HECKOJIbKUX
COTEH MUKPOH JI0 HECKOJBKUX MUJIIUMETPOB.

Hanokpucrammmdeckue Marepuasbl uMeioT pasMeps! oT 1 10 100 \M.
Paauyc atoma — okoso 1—2 A, torga xak 10 A = 1 M. B 3aBucumoctn
OT THIIA aTOMAa Ha OJHOM HAHOMETpE TOMelaeTcss 3—>5 aTOMOB.

Hanomatepuanabl MoryT o6JaZlaTh YPE3BbIYAHO BBICOKOW ITPOYHO-
CTBIO, TBEP/IOCTHIO, THOKOCTHIO, BA3KOCTLIO TIPU BBICOKUX TEMIIEPaTypax,

mn
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U3HOCOCTOMKOCTbIO, KOPPO3UOHHON CTOMKOCTBIO, XUMUYECKON pearTUB-
HOCTBIO U T. J. MHOTHe HaHOMaTepuasbl Topasjno 6oJiee 3PPEKTUBHBDI,
yeM ux 6ojiee KpylHble aHasoru. Hanpumep, HaHovacTuilbl cepe6bpa 06-
JIAIA0T 0COOEHHBIME KaTaJIuTHYeCKUMHU cBoiicTBaMu (CIIOCOGHOCTBIO pea-
TUPOBaTh ¢ BUPycaMu M yOUBATh UX), KOTOPBIX HET Y MaKPOCKONUYECKO-
IO MAaCCUBHOTO KyCKa cepebpa.
[t co3manust HAaHOMATEPUAIOB OOBIYHO MCIIOJIB3YIOTCS CJIeTyTOITie
HSATbh METOJOB:
® 30/1b-reab (KOMLIOMIHBIE) TEXHONOTUHY;
® KOH/IeHcalus B aTMocdepe UHEPTHOTO ra3a;
® MeXaHWYEeCKOe CIJIABJIE€HNE NN BBICOKOIHEPTETHYECKOE ePEMaJIbl-
BaHMUE;
® [JIa3MEHHbBII CUHTES;
® 3JIEKTPOJUTUYECKOE OCANK/IECHIHE.
Bce atu nporiecchl UCHOB3YIOTCS [IJIS1 CO3/IaHUs PA3HOTO KOJIMYECTBA
HAHOMATEPHAJIOB, HO CUHTE3 HAa OCHOBE 30JIb-Te/Ib-TEXHOJIOTUN TT03BOJISIET:
® IPOM3BOANUTDL GOJBIIIOE KOJTMYECTBO HAHOMATEPUAJIA;
® reHepUpPOBaTh OJHOBPEMEHHO ABa WU 6OJiee MaTePUAJIa;
® Co3/aBaTh OYEHb OAHOPOAHBIE U BbicOKouncThie (10 99,99%) crua-
BBl 1 KOMITO3UTDI;
® [0JIy4aTh KepaMUUYECKUEe U METAIMYECKUE MATePUaJIbl [P OYEHb
Hu3knx temneparypax (okoso 60—300 °C BMecTO cTaHAAapPTHBIX
1200—3500 °C);
® TOYHO IOJTOHSATH ATOMHBINA COCTaB M CTPYKTYPY.
CosznaBast MaTeprasibl Ha HAHOMACIITAGHOM YPOBHE, WHXKEHEPBI MO-
I'YyT OPUMEHSITh UX Y/IUBUTEJbHbIE CBOWUCTBA, HAIPUMEP CBEPXBBICOKYIO
MPOYHOCTD, JIJISI YK€ CYIIECTBYIONUX MPOIYKTOB.

HaHokpucTannbl

172

Hanokpucrannamu HaszbiBatoTcss HeGOJbIINE CKOILIEHUS] aTOMOB, KO-
Topbie GoJbiiie pazmepa Mosiekya (1o ectb 10 HM), HO ropasjao MeHbIle
MaKPOCKOTMYECKNX KpUCTaIoB. OHU MOTYT UMeTh pa3Hble (hU3nIecKue
U XUMHUYECKHWe XapaKTePHCTUKW, HO pasMep W IJIOMNIQ/lb HAHOKPHUCTAJI-
J0B (HAlpUMEP KBAHMOBLIX MOUEK), a 3HAYMT M WUX CBONCTBA, CTPO-
ro KOHTPOJUPYIOTCs. [leficTBUTEIbHO, yUueHble MOTYT TOYHO OTPEIENSITh
UX KPUCTAJIMYECKYIO CTPYKTYPY, PEryJUPOBATb 3JEKTPONPOBOJUMOCTD
U Jla’Ke U3MEHSATb TEMIIEPATypy IJIABJEHUS.

Xumuk ITon Amumsucaroc (Paul Alivisatos), koropsiii paGoraer
B Yuusepcurere mrara Kamdopuust 8 Bepkau (CIITA) u Harmonalib-
Hoii ma6oparopun Jloypenca Bepkm (CIITA), cosmaeT HaHOKPHCTAJLIBI,
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J00aBJISIST MOJMYTIPOBOASIIII TOPOIIOK B TEHOOOPA3HOE N08EPXHOCIHO-
axmuenoe seuyecmeo (ITAB). EMy ¢ KoJuieraMmu yaoch BbIPACTUTh He-
CKOJIbKO HaHOKPHCTAJJIOB pasHoil (opMbl (HampuMep B BHJe CTEPIKHEN
unn cdep) ¢ momorpio pastbix 1TAB.

Q MoBepXHOCTHO-aKTUBHOE BELIECTBO — 3TO BELLECTBO (HAanpuUMep CTUPAnbHBIA NOpPo-
LIOK), KOTOPOE Nnocne [06aBNeHNA B XUAKOCTb YBENUYMBAET NPOHUKAIOLLYIO CrOCO6-
HOCTb XUIKOCTM 32 CHET YMEHbLLEHUS 68 NOBEPXHOCTHOTO HATSHKEHUS.

AnBuCaTOC ¢ KOJJIeraMu IOJyYUId TOJIYIPOBOASIINE HAHOKPUCTAT-
Jbl B BHUJIe JIBYXMEDHBIX CTep)XHell U olpele/uan YCJOBUS, KOTOpbIe
MO3BOJISIIOT KOHTPOJMPOBAaTh (POPMY M pa3Mepbl 3TUX HAHOKPUCTAJIOB.
[Mpunnmmsr uaMeHeHus (GopMbI elle 10 KOHIla He SCHBI, HO BIIOJHE BO3-
MOXXHO, UTO OHA ONpeJeJsdeTcsl XapaKTepOM B3aWMOJEHCTBUS aTOMOB
skuakoctn u [TAB. Perymupys atém ycioBusi, yueHble BBIPDACTUIN He-
CKOJIBKO Pa3HbIX THIIOB HAHOKPUCTALIOB (BBITSHYTbIE CTEPKHU W OTpa-
HEeHHbIe KPUCTAJIMKK), 00pasi(bl KOTOPBIX MOKa3aHbl Ha puC. 8.2.

Puc. 8.2. Hanokpucraibl KBapia

Kpowme ToOrO, yUeHBIM yIag0Ch TOKA3aTh, YTO HAHOKPUCTAJIBI B DOp-
Me CTep>KHeHl WCIyCKAaloT MOJISIPU30BAHHBIN CBET BJOJb CBOEH JATMHHON
ocH, B OTJIMYME OT cPepuYecKnX HAHOKPUCTAIIOB, KOTOPBIE UCHYCKAIOT
HENOJIIPU30BaHHbIN cBeT. Biarogapsi atomy CBOICTBY Takue HaHOKPU-
CTaJIbl y00HO MCIIOTh30BATh B KauecTBe GUOJIOTUYECKUX MapKepOB.
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AnuBucaToc ¢ KoJuleraMu OOGHApY’KUJIM, YTO TPAaHUIla MEXIY dHep-
TUSMU M3JyYeHUs] U TOTJIOHMIEHUS Y CTep:KHel GoJibiiie, yeM y cdep. ITo
CBOICTBO MO3BOJIUT YJIYYIINTh XapaKTEPUCTHKN CBETOM3JIYYAIONNX [IH-
0/I0B, KOTOpbIE IIOIJIONIAIOT YacThb M3Jy4aeMoro csera. Ilockosbky Ha-
HOKPHUCTAJIJIMYECKHUE CTEPXKHH MOXHO IVIOTHO YIIAKOBATH C TIPEIIOYTH-
TeJIbHOW OpueHTUPOBKON (Kak GpeBHa Ha CKJaje, puc. 8.3), UX MOXKHO
UCIOJIb30BATh B CBETOAMO/AX M (POTOTATbBAHNYECKUX DJIEMEHTAX.

YdeHble HAYYHJINCH BBIPANTUBATD HAHOKPUCTAJLIBI TIPUIYAINBOI (pop-
MbI, HAlPUMep B BUJIE€ KalleJbKH, CTPEJKHU U Ja’ke B Buje pbryara. Ha-
HOKPHUCTAJIJIbI TaKoil pOpMbI ellle He IMOJYYNIH HUKAKOTO KOHKPETHOTO
IIPUMEHEHNs], HO, BIIOJIHE BEPOSITHO, OHM Gy/IyT TosIe3Hbl B 6yaynieM. Ha-
[pUMep, CTPYKTYPBI THIa mempanod 8 ¢opme pouara (puc. 8.4) MOKHO
OyZIeT UCTIOJTH30BATh B KAYECTBE COEJAUHUTEEH B HAHOAJIEKTPOHUKE.

oy ’*\"ﬁ\., PSS ge—="1
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Puc. 8.3. Hanoxpucraaimieckue CTepP>KHI
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Puc. 8.4. Hanokpucraansl B Bujie TeTpamnoja
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KBAHTOBBIE TOYKH

[TosynpoBOIHUKOBbIE HAHOYACTHUIIBI, KOTOPBIE CIIOCOOHBI 3aXBaTbl-
BaTb 3JEKTPOHBI W JIOKAJIN30BaThb WX B Majoil 06JACTH, HA3bIBAIOTCS
keanmosvimu moukamu (quantum dots). OHu cocOGHBI UCITYCKATH CBET
C PasHOi JJIMHOI BOJIHBI, B 3aBUCUMOCTH OT COOCTBEHHOTO pasMepa U
YPOBHEI 3HEPTUU. Y POBHAMM 3HEPTUU MOKHO YIPAaBJSTH 32 CUET M3Me-
HeHUS pas3Mmepa, POPMBI M 3apsa KBAaHTOBOH TOUKHW. PasHUIbI ypOBHEH
U JUITHA UCITyCKAeMOTO CBeTa CBA3aHbI Mexxay coboit. M3MeHenune pas-
Mepa KBAaHTOBOW TOUKHM M3MeHseT Pa3HUIbl YPOBHEH 9HEPTHH, YTO B CBOIO
odepezib BIMSET Ha JTMHY UCITYCKAEMOTO CBETA, TO €CTDb IIBET U3JIyUeHHUS.
ITa B3aUMOCBSI3b 1[BETA M3JIYyUeHUS U pa3Mepa KBAHTOBOI TOUKU SIBJISIET-
Cs XapaKTepHBIM CBOMCTBOM HAHOMACIITAGHOTO MHPA.

Keanmosoui nposod (quantum wire) u xeanmosas sma (quantum
well) aHAIOrMYHBI KBAHTOBOI TOYKE, HO OrPAHUYMBAIOT JBIKEHUE HIICK-
TPOHOB TI0 JIBYM U3MEPEHUsIM JIJIs IPOBojIa (KaK BIOJb Y3KON CKBAKUHBI)
U TI0 OTHOMY J1JIst siMbI (KaK BZIOJIb CTEHOK KOJIO/IIIA), TOT/Ia KaK B TOUKE OHO
OrpaHMYEHO 10 TpeM u3MepeHusiM (Kak B KJeTKe). [[BIKeHNe 3JIEKTPOHOB
OIPaHMYMBAETCSI HA PACCTOSIHUSX IIOPSIIKA JUIMHBI BOJIHBI Jie Bpoits.

Q NnuHa sonHbl ae bpoing — 310 Mepa KONMYECTBEHHOTO COOTHOLLEHNS MEXY BOSTHOBbI-
MU 1 KOPNYCKYNAPHLIMM CBOMCTBaMM YacTul,. Ecnn YacTuua umeet aHepruto £ n umnynsc
D =mv, T0 C Hell CBA3aHa BOJIHA, 4acToTa KOTOPON v = E/h v gnuHa A = hip = himv.

ITO OorpaHUYeHue OlpeesisieT YPOBHU SHEPTUH 1 K8AHMOGHIL 6blX00
(TO ecTh KOJIMYECTBO COOBITHI MIPHU TIOMJIONEHUH OJHOTO (POTOHA M3JIyUe-
Hust). KBaHTOBbIE TOUKM MOTY CJYKUTh B KauectBe Kybumos (qubit) —
3JIEMEHTOB KBAaHTOBOI'O KOMIIBIOTEPA.

-é‘ KBaHTOBas TO4Ka — 370 (hparMeHT NPOBOAHMKA UKW NONYNPOBOLHUKA, OFPaHNYEHHbIA
M0 BCEM TPEM NMPOCTPAHCTBEHHBLIM U3MEPeHUaM B 0651acTi He 6onee 10 HM 1 copepxa-
LLMIA ANEKTPOHBI NPOBOAUMOCTH.

Kak u aTOMbI, KBaHTOBbIE TOUYKH MOKHO M3Yy4aTh TOJBKO C IOMOIIBIO
CaMbIX MOIIHBIX COBPEMEHHBIX CIEKTPOCKOIMYECKMX M MHUKPOCKOIMYE-
CKMX MeTOJ0B. KBaHTOBBIE TOYKM ONpEAENEHHOTO pasMepa 00/aJaroT
XapaKTEePHbIM 1[BETOM, U, HECMOTPS Ha KPOLICUHbI pasMep, UX MOMKHO
3aMeTHUTh 110 9TOMY IBeTy (KOHEUHO, He IO OTAENbHOCTH, a B JOCTATOYHO
6OJIbIIOM CKOILJIEHUN).

Yem Gosiblile KBaHTOBasi TOYKa, TeM OJMXKe ee CIEeKTP HM3JIy4eHus
K KPACHOMY KOHILy BH/MMOW 4aCTH BCETO CIEKTPa HJIeKTPOMArHUTHOTO
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U3JIy4eHHsI, a YeM OHa MeHbIle, TeM OJIMIKe ee CIeKTP H3JIydeHus K CU-
HeMy KoHITy. HekoTopbie ydenble cuntaior, yTo (hopMa KBAHTOBOH TOYKH
TaK)Ke OKa3blBaeT BJUSHUE HA ee LBET, HO JJIs1 OKOHYATEJbHOIO BbIBOJA
TpeOyeTcs IPOBECTU J[OTIOJHUTEIbHbBIE NCCAe0BAaHMS 9TON 3aBUCHMOCTH.

BUOJTOTMHECKE MAPKEPbI

Eie o/iHO BaskHOe NMpUMeHEHWEe KBAHTOBBIX TOYEK CBSI3AHO C UX HUC-
M0JIb30BAHUEM B Ka4eCTBe (AYopodhopos, To ecTb (IyOopeCIeHTHBIX 61O~
JIOTHYECKUX MApPKEePOB, /ST OOHAPYKEHUST PAKOBBIX OMyXOJel ¢ TOMO-
1610 (JIYOPECIIEHTHON CIIEKTPOCKOTINN.

Kak yske ymoMuHANIOCH BbIIIE, PETYJUPYST pa3Mep KBAHTOBOW TOYKH,
MOJKHO PETyJUPOBATh JJIMHY BOJHBI ee uaaydenusi. C MOMOIIBIO TAKOTO
MeXaHM3Ma MEIMKU U YYeHble HAYUYHJIUCh HACTPAUBATh KBAHTOBBIE TOUKHU
JUTST OTIpeieIeHHbIX 1esieit. HampuMep, oHM MOTYT (DUKCHPOBATH MTPOHUK-
HOBEHME TAKNX GHOJOTUYIECKUX MAPKEePOB BHYTPb KJIETOK CKBO3b MeMGpa-
ubl (910 gBIEHKE noApoOHee onucbiBaercs B riase 6). ITogoOHbIe MapKe-
DBl HUKOT/Ia He «BBII[BETAIOT», TO €CTh He TEPSIIOT CIOCOOHOCTH U3JIYYaTh
CBET C ONpEJeJeHHON JIIMHOW BOJIHBI. JTO CBOWCTBO yIpoIaer padoTy
YUYEHBIX, KOTOPBIE MbITAIOTCS PasraJlaTh BHYTPUKIETOYHbIE MEXAHU3MBI.

B macrositee BpeMst B KadecTBe OMOJIOTHYECKUX MapKEpPOB MCIOJb-
3yIOTCsI opraHmyeckne kpacutean. OMHAKO TIO Mepe MOSIBJIEHUS] HOBBIX
TEXHOJIOTHI BU3yau3aliy NpeskHre OGUOJOTHYECKHEe MapKepbl HA OCHO-
B€ OPTaHUKHU TOCTENEHHO BBITECHSIOTCS HOBBIMM MapKepaMU Ha OCHOBE
KBaHTOBBIX ToueK. [loMuMoO mpovero, 6HMOIOTNYecKne MapKepbl HA OCHOBE
KBaHTOBBIX TOYEK 0GJI/Ial0T MOBbINIEHHOI ApKoCcTbio (Garogapst 6oJib-
IOMY 3HA4€HMIO KBAHTOBOIO BBIXOZa) M CTAOMIBHOCTBIO.

B macrosiiiiee BpeMst yueHble M3y4aioT cpepudeckre HAHOKPUCTAILIBI
HAa OCHOBe CyJIbdU/Ia KAIMUSI U CeTeHnaa KajaMus. Takne HaHOKPUCTAT-
JIBI CIIOCOOHBI U3Jy4YaTh CBET PA3HOTO I[BETA B 3aBUCUMOCTH OT CBOETO
pa3mepa. VIMEHHO OHU UCTIOJIB3YIOTCST B KauecTBe (hJIyOPeCHeHTHBIX OHO-
JIOTHYECKIX MapKepoB. B KOH(MOKAILHONH MUKPOCKOIUN OOBEKT 00.Iy-
gaercst (DOTOHAMHU, KOTOPBIE CTUMYJUPYIOT (QJIYOPECIIEHTHOE U3IydeHre
B OGHOJIOTHYECKUX MapKepax.

Hanoxpucraaibl yo6HO MCIIOIb30BATH sl BU3YATIU3AIUN COCYI0B
U TlepeHoca MeJINKAMEeHTOB B PeXuMe in vivo. VIMEHHO [JIsT 3TOTO HMX
npumensiior Mapust Akepman (Maria Akerman), Yoppen Yan (Warren
Chan) u 9pkku Pyocnaxtu (Erkki Ruoslahti) nz Yumsepcurera mra-
ta Kamudopuusa B Can-/Iuero (CIIIA). Oum 1okasaim, 4TO HaHOKPH-
CTAJLTBI, TIOKPBITHIE JIETOUHBIMI TENTUIAMU, TTOMOTAIOT BU3YAJTU3NPOBAThH
JIETOYHbIE TKAHU MbIiieir. KpoMe TOro, HAHOKPUCTAIBI ¢ PYTUMU TI€T-
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TUAMU TIO3BOJIUIN BU3yaIU3NPOBATh KPOBEHOCHbIE W JUMGbaTHIECKIe
COCy/Ibl PAKOBO# OMyX0Jid. IDTH Pe3YJbTaTbl HABOISAT HA MBICJIb 00 HC-
MIOJTb30BAaHUY HAHOYACTHI] HE TOJBKO /IJIS BU3YAJIU3AlUH, HO U JIJISI BBICO-
KOTOYHOH JOCTAaBKU MeJANKAMEHTOB K MeCTy Ha3HAUeHMUsI.

[ns u3ydeHus: HEKOTOPBIX HOMYJISIUI KJIeTOK MeJUKaM 4acTo Tpe-
OyeTcsi UCII0JIb30BaTh pas3Hble KOMOMHAIUU GUOJIOTUYECKHX MapKeEpOB.
Jl1s1 HEKOTOPBIX U3MepeHi HeOOXOAMMO aHAIU3UPOBATH CPA3y HECKOJIb-
KO I[BETOB M3Iy4YeHUS, YTO OUYEeHb CJIOKHO TEXHUYECKU MPU HMCIOTH30Ba-
HUKM OOBIYHBIX OPraHMYecKHX KpacuTeseil. Buosormueckme Mapkepbl Ha
OCHOBE HOBBIX HAaHOTEXHOJIOTUI TIO3BOJISIOT JIETKO ¥ OBICTPO PENIUTDH 3TH
PO6IEMBI.

[To-BupMOMy, HOBbIE METO/IbI BU3YaIU3alMU IIOMOTYT YYEHbIM U Me-
JIUKAM [PUAYMaTh HOBbIE CIIOCOOBI JAMATHOCTUKYU U JIEYEHUS CJOKHBIX
3a6oseBanuii. Hanpumep, /s BU3yasn3aiuu U JedeHus: NOBPEXK/IEHII
u O6oJie3Hell BHYTPEHHMX OPraHOB MOKHO HCIOJIb30BaTh BOJOKOHHO-
OTITUYECKHUE 30HbI C yabTpaduoaeToBoii mojacseTkoil. Bomee Toro, ana-
JIOTUYHBIE METO/Ibl IIPUTOASATCS JJs1 Pa3BeIKU U YCTPAHEHMST TOKCUYHBIX
3arpga3HeHuil B TPYAHOIOCTYIIHBIX MeCTaX, HallpUMep B SI/IEPHBIX PEaKTO-
pPax WJM OMAaCHBIX OTXOJIaX MMPOU3BOJICTBA.

WHCTPYMEHTbI AHAJTU3A HAHOYACTUL

[ToMuMO MeTO0B MUKPOCKOIIUHU, KOTOPBIE YK€ OINMCHIBAJIUCH PaHee
B IJIaBe 4, JJIs aHATM3a U M3Y4YE€HUs CBOICTB HAHOYACTHI] UCIOJIb3YIOTCS
HOBbBIE METOJ[bI U UHCTPYMEHTBHI.

Maiikn O’Kupu (Michael O’Keefe) u Kpucruan Kucenoscku
(Christian Kisielowski) n3 HanmoHaJbHOrO LEHTpa 5JEKTPOHHON M-
kpockormun (HIIOM) — National Center for Electron Microscopy,
NCEM — npu MunucrepcrBe anepretuku CIIIA pazpaboraiu HOBbie
BBICOKOUYYBCTBUTEIbHbIE METO/IbI aHaau3a HaHodyacTuil. C TTOMONIbIO OJ-
HoaHrcTpeMuoro Mukpockomna (One-Angstrom Microscope — OEM) onn
jpocruryn HauboJibliel pasperaorniein criocobnoctu B CHIA ayst uccie-
JIOBaHM HaHOMAaTepuasoB, To ecTb okoso 0,8 A (<0,1 um).

Pasperienue 3T0ro MUKPOCKOINA HACTOJbKO BEJUKO, YTO C €r0 MOMO-
IIbI0 MOXKHO paccMaTpHUBaTh OTZAesbHble aToMbl. Kak yTBep:kgaer Kuce-
JIOBCKH, TaK MOXXHO COEJIMHUTDH TEOPETHUYECKWEe Mpe/CKa3aHusl O pasMe-
pax HAHOKJIACTEPOB M 3KCIEPUMEHTAIbHBIE PE3yIbTAThl. JKCIIEPUMEHTEI
[MOKa3aJ/ii, YTO aTOMbI BeAyT ce0sl TaK, KaK ObLIO IPEJCKA3aHO B KOMIIbIO-
TEPHOM MOJIEJTUPOBAHUU U TEOPETHUYECKUX PACUETAX.

C moMOIIbI0 HOBBIX TEXHOJOTHH M WHCTPyMeHTOB ydeHble HI[OM
Terepb MOTYT M3y4aTh IIPAKTUYECKHe KaK/blil aTOM HaHOKJacTepa. Ha-
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mpuUMep, aTOMBbI KDEMHUS B 3JieMEeHTe-BEHTUIe MIKPOCXEMBI MOKHO pac-
moJiarath ¢ GecIperneeHTHOR TOYHOCThIO 0K0oJo 0,1 HM.

KBAHTOBBIE BbIMUCIEHUA

KBanToBble TOYKM TPEACTABJSAIOT COO0Il OTPOMHBIN TEXHOJOTHYE-
CKUH CKA4OK Ha IIYTH K TBEPJOTEJbHBIM KBAHTOBBIM BBIYMCJIEHUSIM.
[MpukragpiBas HeOOJBIIOE HANPSKEHNE K KBAHTOBOW TOUYKE, MOXKHO
VIPaBJIATL 9JEKTPUUECKUM TOKOM, KOTOPBIN MpoTekaeT yepe3 Hee. Ta-
KM 06pa3oM, MOSIBJISETCS BO3MOKHOCTD BBIIOJTHSATH TOUHbBIE N3MEPEHMS
CIIMHA U JPYTUX CBOUCTB ajneKkTpoHa. CoBCceM CKOPO XpaHeHHe JaHHbBIX
U BBIYUCJIEHUS HA OCHOBE KBAaHTOBBIX 3(P(EKTOB CTaHYT MOBCEIHEBHOM
peabHOCTBIO.

B orsuune OT cTaHAApPTHBIX 3JEKTPOHHBIX YCTPOWUCTB, B KOTOPbIX
[T TIepelaull CUTHAJIOB MCTOJb3YEeTCS TOK 3aPSKEHHBIX 2JEKTPOHOB, B
KBAHTOBBIX BBIYMCJEHUSAX WX POJIb UTPAIOT CIIMH 3JEKTPOHA U TOJSAPH-
3alus cBeTa. JTOT METOJ MOKET CYIIeCTBEHHO MOBBICUTH CKOPOCTDH BBI-
MOJTHEHUST OIEpalliii M CHU3UTh SHEPToONoTpe6eHNe BbIUYUCIUTENbHBIX
CHCTEM.

[ToMmMo cBoero pasmepa, KBAaHTOBBIE TOUKHN O0JATAIOT HECKOJTBKUME
JIPYTUMU TPenMyTecTBaMu. biarogapsa cBOUM JyUITNM KUHETUIECKUM T
ONITUYECKNM CBOWCTBAM OHM SIBJISIIOTCSI TIPEKPACHBIMHU KaHAWAATaMU IS
UCIIOJb30BAHKUS B YCUJIMTENSX, MOJYIPOBOAHUKOBLIX Ja3epax M OMOJIO-
ruyecKkux ceHcopax (To ecTb BHYTPU KJIETOK).

KBaHTOBbBIE TOUKHN y3Ke IMOSIBUJIUCD B 3JIEKTPOHMKE M UI'POBOH MHIY-
crpuu. B cambix coBpeMenHbIx DVD-1ieepax m UTpoBbIX MPUCTaBKaX
y3Ke UCIOJIb3YIOTCSI TAK Ha3biBaeMbie roJiylObie Jazepbl. Elile HegaBHO 3TO
CYUTAJIOCH YeM-TO HEBO3MOKHBIM, IIOKa He ObLIM HCIIOJb30BAHbI KBAHTO-
Bble TOYKM C U3JTyYeHUEM CUHETO CBETA.

Bosnee nmoapo6HO BIMSIHEE HAHOTEXHOJIOTUH HAa BBIUYMCJIEHUS, JJIEK-
TPOHUKY, CEHCOPBI U CBS3b OMIChIBaeTcs B TyaBax 9 u 10.

Cnnasbl

178

MarepuasoBe/ibl 1 UHXKEHEPbl Hay4YUJIUCh CO3/laBaTh IIPOYHbIE CILIa-
BBI ellle 3a/I0JIr0 /10 TOro, Kak Havya/au aHaJIu3MpoBaTb MX BHYTPEHHIOO
cTpyKTypy. CHadasa pasHble KOMIOHEHTHI CIIJIaBA HATPEBAJN 10 TTOJTHOTO
PacTBOPEHUS, 3aTeM OXJaxkJaau. [Ipm 3ToM BBIMagaIm HEKOTOPBIE KOM-
MOHEHTBI, ¥ 0O6PA30BBIBAJICS MTPOYHbBINA U TBEP/IbIl CILIAB.

[eiicTBUTENIbHO, TEXHOJOTUU JUCIHEPCUOHHOTO TBEPACHUSI UMeJIn
OTPOMHO€e 3HAveHWe JIJISI aBUAIUU CO BPEMEH IEPBOTrO MoJieTa 6paThbeB
Pafit. Kak mokasan anamms, ABuTarteab WX camojera ObLI clefgaH W3
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CIlIaBa, ITPUTOTOBJIEHHOTO 110 ATOU TEXHOJIOTUM. ‘{epeB CEMb JIET OaHHad
TEXHOJIOTUA CTaJjla CTaHﬂapTHOﬁ JJI1 aBUaIlMOHHBIX CIIJIaBOB.

Q CnnaB — 370 CMECh, COCTOALLAA U3 HECKOMbKNX KOMMOHEHTOB, MO KpaiHei Mepe 0auH
13 KOTOPbIX SIBNAGTCA METannom. Hanpumep, natyHb — Cias Me/n U LINHKA, a CTab —
CMNaB Xenesa v yrnepoga.

Boo6i1ie roBOpsI, 4YeM MeHbIIle PACCTOSHUE MEXKIy aTOMaMU, TeM TBEP-
e ciaB. HekoTopble KOMITOHEHTBI CJIOXKHBIX CILJIABOB, HAIIPUMED aJIio-
MUHIEBOTO ciuiaBa 2219, HACTOJBKO MaJbl 1O TPOIEHTHOMY COfepsKa-
HUIO, YTO UX yHOPSJOUeHHe He BCerja TOYHO M3BECTHO.

OmHako ¢ MOMOIIBIO TTPOCBEYMBAOIIEH 3JEKTPOHHON MHUKPOCKOIUH
U METOJIOB aHA/IM3a MOYKHO OINpPEAEJUTh pasMepbl, (OPMy U CTPYKTYPY
JlaKe CaMbIX KPOIIEYHBIX BBIIEIUBIINXCSA (Pa3 — npeyunumamos.

[TockoabKy TPEUIUTATBI MEHSIOT KPUCTALINYECKYIO CTPYKTYPYy Ma-
Tepuaja, 3TO MOXKeT TOBJUSATh HA er0 CABUTOBYIO MPOYHOCTH. UH:KeHe-
PBI BBIHY>KIEHBI YUUTBIBATh TAKO€ BJIUSHUE MPEIUINTATOB HA TPOYHOCTD
KOHCTPYKIUH [JIsT TPAaKTUUECKUX IIPUMEHEHUN.

[Ipermunurarbl Takxe BAUSIOT Ha TePMUYECKHE CBOMCTBA MaTepuala,
Be/lb OHW MOTYT UMeTh 6oJjiee BBICOKYIO MJIM HU3KYIO TeMIeparypy IJIaB-
JIEHUS, YeM OCHOBHOW MaTepuaJl CILIaBa.

YuenbiM 13 HalluoHa/JIbHOTO 1IEHTPA 3JEKTPOHHOW MUKPOCKOIIUU ITPU
MunucrepctBe anepretuku CIIIA ymamoch co3gaTh cOBepIIEeHHO HOBBIN
CIJIaB aJIOMUHMS, MeIH, TePMaHUs M KPEMHUS [JId aBUAIlMOHHON M aB-
TOMOOWJIBHOW MPOMBINLJIEHHOCTH. JTOT CIJIaB MMeeT YPe3BbIUaliHO ILIOT-
HOe paciipe/ie/ieHre CBEPXMAJIbIX IPEIUINTATOB, obeciednBasi GOIbINYIO
MPOYHOCTH U CTAGUIBHOCTD, YeM ciuiaB 2219,

Tak, u3yuyass aTOMapHyIO CTPYKTYpy HaHOJ00aBOK B Marepuasax
C TIOMOIITBI0 HOBEHIIINX METOIOB 3JTeKTPOHHONW MUKPOCKOIINY, YUeHble Ha-
XOJAT HOBBIE CITOCOOBI KOHTPOJISI CBOMCTB MaTepPUAJOB HAa HAHOMACIITAO-
HOM YPOBHE.

HaHoKOMNO3UTDI

Marepuasbl 1 IPOLECCH], UCIOIb3yeMble JJsI MAaHUITYIMPOBaHMS Ha-
HOMacIITaOHBbIMHM 4acTULAMU B ILTacTMaccax, MeTaslaX WK KepaMHKe,
SIBJISIIOTCSL 9JIEMEHTAMU HAHOKOMNO3UMHbIX TEXHOJIOTHi. XapaKTepHOU
0COOEHHOCTHIO HAHOKOMIIO3UTOB SABJISIETCS TO, YTO UX BHYTPEHHAA CTPYK-

Typa O4€Hb MEJIKO3€pHUCTadA U COCTOUT U3 HAHOMACIITAOHbBIX 2JIEMEHTOB.
Boubiast moBepXHOCTHAS IJIOIAAb ITUX JEMEHTOB 06ecrednBaeT Ipod-
HOCTb HAaHOKOMIIO3UTHBIX MaTepUaJsoB. 179
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Q HaHoKOMNO3UTbI — 370 HOBbLIN KN1ACC MaTepuanos, KOTOPbLIA CO3[AETCH 3a CHET BBE/E-
HWS HAHO4aCTWL, (HANOMHUTENs) B OCHOBHON MAKpPOCKOMUYECKMIA MaTepuan (martpuuy).

Hanpumep, HekoTOpble HAHOKOMIIO3UTBI CO3/AIOTCSI HA OCHOBE BHe-
JIpEHNST HAHOYACTHI[ CUJIMKATHOHM TJIMHBI B IJIACTMACCHI WJU KEPAMUKY.
Takue cBepxXTBep/Ible HAHOKOMIIO3UTBI YK€ MCIOJb3YIOTCS B aBTOMOGUTH-
HOH TMPOMBINIJIEHHOCTH JIIS CO3/IaHUS TIaHeJ el 1 CTyIeHeK.

Hogeiime HaHOTEXHOJOTUH, a TaK)Ke METOJbI W MHCTPYMEHTHI aHa-
JIN3a OTAEJbHBIX HAHOCTPYKTYD M MAHUIYJIUPOBAHUS MMH, OTKDBIBAIOT
nepej MaTepuaaoBelaMy IMUPOKUI KPyT Bo3MOXXHOCTel. Tenepb OHU MO-
TyT KOMOMHMPOBAaThH HEOPTaHWYECKNEe, OpraHuYecKre U OGUOJOTHYECKUe
CUCTEMBI B OJTHON WHTETPUPOBAHHON CBEPXCTPYKTYPE.

HaHomatepuanbi u asToroHku NASCAR

MunoTbl FoHOYHbIX aBToMO6uNen NASCAR 4acTo nonyyatoT 0XX0ru 0T neperpe-
Ba JBWratens, TpaHCMuUCCUKM M Jaxe nona. [ng npefoxpaHeHus OT Takoro nepe-
rpesa (8o 60 °C) B ux aBTOMOOUAAX CTaNN UCMOMb30BATHCA 3aALLUUTHBIE KPaHbI U3
HaHOMaTepuanos.

Korga 13BeCTHbIA aBTOrOHLUMK 50661 AnNAncoH nocetun LIeHTp KOCMUYECKMX
nonetos um. KeHHeau B wutate ®nopuaa (CLLIA), oH ¢ yausneHuem 06HapyXus, 4To
B KOCMWUYECKMX annapartax UCronb3yeTcs 3aLLMTHBIA CNOK, KOTOPbIA NpefoXpaHsaeT
X OT Neperpesa BO BPeMs CMNyCcKa B MNOTHbIX cNosix atMocdepbl. OH pelunn o6cy-
ONTb C APYrMM FOHWMKOM, Pomxepom [eHcKe, BO3MOXHOCTb NMpUMeHeHns nofo6-
HOM 3aLUMTbI B TOHOYHbBIX aBTOMOOUIISAX.

Bckope komaHga MeHcke BmecTe co cneumanuctamm NASA n doupmbl Rockwell
nonpo6oBana NpUMeHUTb KOMMNO3UTHbIA HaHomaTepuan NASA onsi CBOEro roHo4-
Horo astomo6uns Ford Thunderbird. Bec BCero mokpbiTusi He MPeBbICU U Napbl
KunorpammoB. 1ocne HecKONMbKMX TECTOBbIX 3ae3[0B HA MAKCKUManbHOW CKOpPOCTM
0koso 300 KM/4 0Kasanoch, YT0 3TOT HAHOMATEPUAN MO3BOUI CHU3UTL TEMMEpaTy-
py neperpesa no4ti Ha 30 °C.

Ecnu 6bl Takue nerkue TEM0W30MPYIOLLME HaHOMATepuasbl NMPUMEHSNCH
paHblue B roHkax NASCAR, Formula 1 n MHOrMx apyrux roHkax, ato u3o6peTeHme
MOr/10 6bl 06€30MaCUTb 1 NIIOAENA, N UX MALLUHBI. [T110TbI CMOTMK 6bl COPEBHOBATLCA
B 605166 KOMG)OPTHbIX YC/IOBMSX, @ paboyne 4acT MalIMH He neperpesannch 6bl 1
He BbIXOAWIN M3 CTPOS NPeXAeBPEeMEHHO. Takue HaHomaTepuasbl NPUroOAATCS He
TO/IbKO aCTPOHABTaM M MWJIOTaM, HO M MOXXapPHUKAM W YiieHam cracatesibHbIX KO-
MaHA.
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HaHokonbua

Yuennie n3 HammoHanbHOTO WHCTUTYTa CTAaHAAPTOB W TEXHOJIOTHUI
CIIA BmMmecte ¢ kosteramu u3s IBemun n Mcnanum mokasaand, 4TO 30-
JIOTOE HAHOKOJIbUO C PAANYyCcOM OKoJio 60 HM 06saJlaeT yIUBUTETHHBIMU
ONTUYECKUMU U 3JIEKTPOMArHUTHBIMU cBolicTBamMu. [Ipuyem aTn cBolicTBa
MOKHO HACTpauBaThb 3a CUeT U3MEHEHUs PAaJNyca U TOJIIUHBI KOJbIA.

[leso B ToM, 4TO TIpU OCBEIEHNH HAHOKOJIbIIA BHYTPU U BHE €T0 TeHe-
PUPYIOTCSI CUJIbHBIE 3JIEKTPOMArHUTHBIE KOJleOaHusT B [uana3one, OJin3-
KoM K mH(pakpacHoMy. OHU BO3HMKAIOT B Pe3yJbTaTe B3aMMOIENCTBUS
CBETa C JIEKTPOHAMU KOJIbI[A, KOTOPbIE BO3OYK/IAIOTCS U CO3/IAI0T BOJIHY
Kosebannii. [Tapamerppl 3TuX KoJie6aHUN 3aBHCST OT TEOMETPUHU KOJIbIIa
U JIJIMHB! BOJIHBI [1Q/1a10IETO CBeTa.

Yyenble TpugyMasu crnoco6 CHHXPOHM3AINU 3JIEKTPOHOB M CBETA,
4TOObI UX KOJIEOAHUS] UMEJTH OJMHAKOBYIO JJINHY BOJIHBI.

Ha pucynke 8.5 mokazaHa cxeMa 3JTeKTPOMATHUTHOTO TIOJIS BHYTPH
U CHApY>KHM HaHOKoJbIa ¢ pagmycoM 60 uM u toamuuaoi 10 am. Crpen-
KN YKa3bIBAIOT HAINPaBJeHUE 3JeKTPOMArHUTHOTO TOJSI, CO3/1aBaeMoro
3JIEKTPOHAMU.

TonwwmHa
.~ HaHokonbLa 10 HM

OnameTp HaHokonbLa 120 HM

Puc. 8.5. BHyTpn HaHOKOJBIIA CBET CO3/1a€T CUJIbHOE 2JeKTPOMAarHUTHOe MoJIe 181
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DJIEKTPOMArHUTHOE T0Jie BHYTPU KOJIbI[Aa UMEET YacToTy, OJM3KYIO
K uH(PaKpacHOH YacTh CIEKTpa, TMOITOMY TaKWe HAHOKOJbIA MOYKHO
IPUMEHSITh B KayecTBe KOHTeWHepa-ycuauTesnss WHPPAKPACHBIX CHTHA-
JIOB [IJIsT TECTUPOBaHUs MoJieKys. Hampumep, Kak yKe YIOMHHATIOCH B
rjaBe 6, yueHble MOTYT TakuM 0Opa3oM HU3y4daThb IOBe/eHUe OENKOB 1
XUMUYECKUEe PeakInu, o6Jaydast uxX Ja3epoM u (PUKCUPYS TOTJIONIEHHYIO
u nepeusayueHuyio sHepruio. C HOMOIIbIO TOAOOHBIX JKCIEPUMEHTOB
BHYTPHU HAHOKOJIbITA MOJKHO OY/IET TIOyYaTh yCUIeHHbIe MH(pPAKPACHBIE
CUTHAJIBI U GOJIee TOUHBbIE PE3YTbTATHI.

CAMOCBOPKA

Anexcanap Boit (Alexandr Wei), npodeccop xumun IlIkosbl Hayk
B Yuusepcurere [Topapio (CIITA), u ero KoJiern cosaand HAHOKOJbIA
13 KOOAJIbTOBBIX HAHOYACTHUII.

ITH HaHOKOJbIA AuamerpoM Menee 100 HM crOCOGHBI XpaHUTh Mar-
HUTHYIO MHGOPMAIUIO TIpU KOMHATHOU TeMiiepatype. bosee Toro, onu
CO3/IAI0TCSI C MOMOIIIBIO CAMOCOOPKIL.

Ko6asbToBBIE HAHOYACTHUIBI COENUHSIOTCS U 06pPa3yloT HAHOKOJIb-
110, B KOTOPOM BelyT ceOsi, KaK KpOlleyHble MAarHUTUKHU C MOJIOCAMU
Pa3HOTO 3HaKa Ha MPOTHUBOMOJOXHBIX KOHIAX. OHM OPHEHTHPOBAHDBI
TaK, YTO BHYTPH HAHOKOJIbIIA BO3HUKAET 3AMbIKAHUE MAZHUMHO20 NO-
moka. XOoTs BHYTPHU KOJIbI[a MMeeTCs CUJIbHOE MAarHUTHOE II0Jie, CHa-
PYKHU €ro Her.

Takne MarHWUTHbBIE HAHOKOJbIIA MOXKHO MCIIOJTb30BaTh B KayecTBe
3JIEMEHTOB TMaMsITH B YCTPONCTBAaX /[OJTOBPEMEHHOTO XPaHEHWs JaH-
HBIX W omepaTuBHON mamaATH. [IpeaBapuTenpbHble MCCaEIOBAHUS TTOKA-
3aJi, YTO MATHUTHBIE COCTOSIHUS HAHOKOJIbIIA MOYKHO HAJIEKHO KOH-
TposmpoBaTh. Hanpumep, 1npu BKJIIOYEHUN BHEIIHETO MATHUTHOTO TIOJIS
HAHOKOJIBII0O MOXKHO TiepekJioyath u3 1 B 0, 4TO COOTBETCTBYET ABYM
COCTOSTHUSIM TIaMSATH B OJHOM OuTe. JTO 3HAYUT, YTO HA OCHOBE HAHO-
KOJIbIIAa ¥ HAaHOTIPOBOJOB MOJXHO CO3/1aBaTh HAHOPA3MEPHYIO 3JEKTPOH-
HYIO TTaMATh.

HaHonokpbITus
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Ecnu TeHHUCHBIM MY MOKPBITH HAHOMACIITAOHBIM T'E€PMETHKOM, TO
OH TIPOCJYKUT B HIECTh Pa3 J0JIbllle, YeM OObIYHBIN MY ¢ OOBIYHBIM TIO-
KpbiTueM. HanomaciitaGHble TOKPBITUS UCIIOJIb3YIOTCS HE TOJBKO [IJIsT
TEHHUCHBIX MS4Yel, HO W JUIS BeJIOCHUIIEZ0B U aBToMoOumieil. OHU IIOBbI-
NIAI0T M3HOCOCTOMKOCTh M He TaK JIETKO IapamaioTcs, KaK OObIYHbIE IT0-
KPBITHS.
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A3POKOCMUYECKAS OTPACJIb

[TokpbITHg UTPAIOT OrPOMHYIO POJib B aBUAIMOHHON M KOCMUYECKOI
MPOMBITIIJIEHHOCTH

® [OBBIMIAIOT JIOJITOBEYHOCTH, HAJIEXKHOCTH U 3(PMEKTUBHOCTD PA3HBIX

KOMIIOHEHTOB;

® [IPENATCTBYIOT 9PO3UU U U3HOCY;

® [IOBBIIIAIOT KAYeCTBO IMOBEPXHOCTE;

® MPENITCTBYIOT KOPPO3UH, OTCIAMBAHUIO, OKUCIEHUIO W TEPETPEBY.

B aspokocMuueckoii MpoOMBIIIJIEHHOCTH Pa3pabaTblBaeTCsi HECKOJIbKO
MHOTOQYHKIIMOHATIHBHBIX HAHOIOKPBITHI, KOTOPbIE JOJKHBI 06ECIIeYUTh
KOPPO3UIHYIO 3alIUTy C HOMOIIbIO CIeIMaJbHbIX Marepuason. lIpearo-
JIAraeTcs, 4To OHU OYyT CHOCOOHBI OOHAPYKUBATH KOPPO3UIO U MEXAHU-
yecKoe MOBPEesKIeHNe U IPenaTCTBOBATh UM, PearupoBaTh Ha XUMUYECKOe
u dhusndeckoe BO3AEHCTBUE, YIyUNIaTh aTe3WI0 W MOBBIMATH J0JTOBEY-
HOCTb METAJITHYECKUX KOHCTPYKImii. OHOBPEMEHHO Pa3pabaThIBAIOTCS
JierKue, TPOYHble U TEPMOCTOHKNE HAHOMAaTepHUaJbl [Jis aBUAIIMOHHBIX
IIBUTATEJIEeN.

BOEHHO-NPOMbILLJIEHHbIH KOMNNEKC

Jlns nocrosinHolt 60pbOBI ¢ KOppo3ueil TpeGyeTcsi MHOTO PECyPCOB.
O6mas croumoctb TakuxX pa6or B Boopyskennbix cunax CIIA orenuBa-
ercst B 10 Mapa gosiapoB B TOA, U3 HUX 2 MJPJ AO0JJIAPOB YXOAUT HA
O06bIYHbBIE OTIepAIlMi COCKAGJUBAHUS CTApOl KPACKU U HAaHECEHUsI HOBOII.
Ydenbie pa3pabaThIBAIOT yMHbIE MOKPBITHS, KOTOPblE B CJydYae KOPPO-
3UOHHOTO TIOBPEXKJIEHUST WU TOSIBJIEHUST OOBIYHON 1[aparuHbl MOTJIA Obl
CaMOCTOSTEJbHO 3a/eunBaThcsa. Kpome Toro, paspabaThIBaloTCsI HAHOIIO-
KPBITUS IS TAHKOB U JIPYTOil BOEHHON TEXHUKH, KOTOPble MEHSJIU Obl
IIBET /IJIT CO3/JaHUSI MACKUPOBKH B PA3HBIX YCJIOBUSIX.

HaHoo60n04ku

XoTs1 HaHOOOOJIOUKU TIOAPOGHO ONHCHIBAIUCH B TJIaBe 6, UX CTOUT
YIOMSHYTD ellle Pa3 3/1eCh, MOCKOJbKY OHHU SIBJISIOTCS Ba’KHBIM KOMIIO-
HEHTOM [IJI1 YMHBIX MarepuajoB B HaHnomacmrtabax. HaHoo6omouku si-
JISIIOTCSI HAHOYACTUI[AMI HOBOTO THIIA — C HACTPAMBAEMBIMH OIITHYECKHU-
Mu cBoiicTBamu. OHM OGBIYHO COCTOSAT U3 AUSJIEKTpUYecKoro siapa (Ha-
npuMep KPEeMHHUSI) U CBEPXTOHKOI MeTalIndeckoil o6omouku (Hampumep
30J10Ta). 30JI0Tbie HAHOOOOIOUKHU, KaK 1 KOJJIOUAHbIE PACTBOPBI 30J10Ta,
06J1a1a10T TIOBLITIEHHON ONTHYeCKOi abcopOIiineli, BBI3BAHHON aKTHUBHBIM
B3aMMOJICHICTBIEM CBETAa W 9JIEKTPOHOB ITOTO MeTasaa. IJTU CBOWCTBA
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MITPOKO MCIIONB3YIOTCA Ha TpakTuke. HampuMep, KpacHble KOJJIOWIHBIE
PACTBOPBI 30JI0TAa MIPUMEHSIIOTCS B TeCTaX Ha GEPEMEHHOCTD.

Kak y:xe m3BecTHO, ONTHYECKUE CBOWCTBA 30JI0TBIX HAHOOOOJOYEK
3aBUCAT OT pa3Mepa si/[pa U TOJIIUHBI €r0 30JI0TOro MOKpbiTUsi. Kak u y
KBAaHTOBBIX TOYEK M HAHOKOJIEI], 3TH CBOHCTBA MOXXHO M3MEHSTD, YIIPaB-
Jigs pasMepaMu HaHOo6004eK. TakuM 06pa3oM, TTOMEHSIeTCS He TOJIbKO
UX I[BET BO BCEM BHU/MMOM JHMala30He, HO U COOTHOIIEHWE MOTJIONIEHHOTO
U OTPA’KEHHOTO CBETA.

Hawnoo6o0uku 6b1iu BriepBbie nosyueHsl mpodgeccopom Haomu Xamnac
(Naomi Halas) us Yuusepcurera Paiic (CIITA). [lnst ux cosganust morpe-
60BaJIOCh TPUMEHUTD 3HAHUS W TEXHOJIOTMHM M3 Pa3HbIX 06JacTell HAYKU:
XUMHA, (U3NKH, ONTUKM ¥ ajekTporexHuku. B 2001 r. Haomm Xamac
BMecte ¢ Komteroii [xennudep Yacr (Jennifer West) ocHoBama kKoMmna-
Huto Nanospectra Biosciences, Inc., koTopas 3aHUMaeTcsl CO3[JaHIEM Ha-
HOO00JI0UEK B MEIUIIMHCKUX TlesistX. Ha pucynke 8.6 mokasaHa TUITHYHAS
30J10Tasi HAHOOOOJIOYKA, OKPY>KEHHAs MOJUAKPUJIAMIIOM W aHTUTEJIAMHU,
KOTOpbIE MOTYT MPIJINNATh K OCOOBIM MeCTaM PaKOBOH OIYXOJIN.

Puc. 8.6. HaHoo6os10uKa ¢ «rajo» U3 I0JNaKpUIaMiIa

B nacrosmiee BpeMs yueHble U3y4yaloT CJeLylolue BO3MOKHbIE IPHU-
MEHEHHSI TaKUX HaHOOOOJIOYEK:

® ONTHYECKUIl aHAIU3 KPOBU;

® onTHUYeCKas BU3yaIW3allnsd,;
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e pororepmuueckas abaanus («ImomKapuBaHUe») PAKOBBIX ONMYXO-
JIell 1 MecT JereHepanuu jKeroro natHa (3a6oseBaHue CBETOYYB-
CTBUTEJNBHBIX KJIETOK IJa3a);

® [OCTaBKa MeJUKAMEHTOB BHYTDH OPraHU3Ma;

® ONTHYECKU KOHTPOJIUpyeMasi MUKPOCTPYHHAsl TeXHUKA;

® OHMOJIOTHYECKUE CEHCOPBI.

Kpome Toro, mpejrosaraercsi IpuMeHsITh HAHOOGOJOUKU B KayecTBe

uHruOUTOpa B (DOTOOKUCTUTENBHBIX MPOIECCAX MOJUMEPHBIX IIEHOK.

KaTtanusaropbl

Y:ke MHOTHE TOABI HAHOTEXHOJOTHH C MOJAaun ABTOPOB HAYYHO-
(baHTaCTI/ILIeCKI/IX HpOI/ISBeZ[eHI/Iﬁ IIPpEeACTABJIAIOTCA KaK C1roco6bl CO3/laHUA
KpOII€YHbIX MCKYCCTBEHHDBIX MOJIEKYJAPHDbIX pOéOTOB, KOTOpbIE CII0CO0-
Hbl MaHUIIYJUPOBATHb OTAE/JIbHBIMU AaTOMaMMU. OJIHaKO JIOM JaBHO HC-
TIOJIb3YIOT €CTECTBEHHbIE MOJEKYJJIAPHBIE «MOHTAKHUKN», KOTOPbIE Ha-
3bIBAIOTCA KAMAJIU3aAmopamu.

é KaTtanu3atopbl — 3T0 BeLLECTBa, KOTOPble YCKOPAIOT XMMUYECKUe peakuuu, HO mpu
9TOM He PacXoayrTCA N He N3MEHAKTCA XUMNYECKN.

HarypasnbHble KaTanmm3aToOpbl, 3H3WMBbI, MPEIOCTABISIOT aJbTepHA-
TUBHBIN cOCOO TIPOTEKAHKS peakiuu ¢ 6oJiee HU3KOI dHEprueil ee akTu-
Baruu. [IpomblIiyieHHEbIe KATAMN3aTOPbl He 06JaJaf0T TAKIMU BBICOKUMH
XapaKTepUCTUKAMH, KaK ecTeCTBeHHbIe. KaTtajn3aTopbl nMeoT, Kak Tpa-
BUJIO, GOJIbIIOE OTHOIIEHUE IJIONIAAN TOBEPXHOCTH K 00beMy U paciipe-
JIeIAI0TCSl Ha MHEPTHOM HOCHTeJIe.

Eme ¢ 1920-x rr. B IPOMBINIIEHHOCTH UCIOJIb3YIOTCSI KaTaJIu3aTOPbI
B BUJIe METAJUIMYECKUX YACTHUI[ CO CJIYYAHHBIM pacipe/ieleHneM 10 pas-
MepaM.

YdeHble OOGHAPYKUJIHM, YTO PA3MePbl YACTUI[ U PACCTOSTHUS MEXIY
HUMHU MMEIOT OIPOMHOE 3HaueHue st 9PPEKTUBHOCTH KATAIM3aTOPOB.
B skcrepuMeHTax ObLTO MOKA3aHO, YTO YNOPSIOYEHHE HAHOKPHCTAJIOB
maTHbl BbIcOTOH 15—20 HM Ha pacctosgaum 100 HM Ha TJIACTUHKE OK-
cuia KpeMHuA 110/ (bio Bcero 0,5 ¢cM? MO3BOJISAET YBEIMUNTD KaTaJTUTH-
4ecKylo crmocoGHOCTh B 20 pa3 Mo CpaBHEHWIO C TAKUM Ke KOJUYECTBOM
CIJTOMIHON TJIATHHBI. JTO W APYTHE OTKPBITHS BCKOPE TO3BOJAT YYEHBIM
co371atb cBepXapPeKTUBHbIE KATAIN3ATOPDI.

HanorexHnosoruu 06/1a/1al0T OTPOMHBIM TTOTEHIIMAJIOM [IJIS1 CO3JaHMS
HOBBIX KaTaJM3aTOPOB [III XUMHYECKOi, HedTemepepabaTbIBaIoOIIei,
aBTOMOOWJIBHOM, (apMaleBTHUECKO U THUINEBON ITPOMBINIIEHHOCTEH.
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Crennanm3npoBaHHble HAHOKATAIM3aTOPBI, KOTOPBIE CIIOCOOHBI B3aUMO-
JIeiiCTBOBATh ¢ GUOJIOTHYECKIMHU CTPYKTYPaMH, MOTYT CJIY>KHTb Ba’KHBIM
CBA3YIOIUM 3BEHOM MEXKAY TPAJULNOHHBIMM MCKYCCTBEHHDBIMU KaTajiu-
3aTOPAMU U SH3MMaMHU.

Mukpokancynbl

186

WccnenoBanne MUKPOKAIICYJT SABJISETCS OJHUM W3 IIPHOPHUTETOB [IJIS
CTTEIUATIMCTOB B 06JACTH HAHOMACIITAOHOTO MaTepuaioBeienusi. MHorue
KOMIAHUH CTPEMSTCS CO3/IaTh MOJIble KOHTEHHEPHI /I TOCTaBKN MeINKA-
MEHTOB, BU3YyaJU3alM¥ BHYTPEHHUX IIPOIECCOB, 3AIUTHI OT COJHEYHOTO
u3aydenusi, kocMetuku u tnapdiomepun. CIoCOGHOCTh MUKPOKAICYJIbI
COXPaHATb W TIEPEHOCUTH MOJIEKYJIbI J[PYTOTO BENIECTBA UMEET OTPOMHOE
3HaYeHUE [IJIT COBPEMEHHON MEUITMHBI U TPOMBILIEHHOCTH.

MuKpoKarncyJbl MOTYT 06pa30BBIBATHCS € MTOMOTIBIO CAMOCOOPKU TIPH
KOMHATHOHN TeMIIepaType B pe3yJbTaTe PeaKINu MesK1y HaHOYaCTHIaMH
KBapila B BOJJHOM PAacTBOPE MOJUMEPOB U COJIEN.

MuKpOKarcyJibl JIETKO MEPEHOCST 9H3UMbI — CJIOXKHbIE OHOJIOTHYe-
CKHe MOJIEKYJIbl, KOTOpble CIOCOOHBI MHUITMMPOBATDL MHOTHE KJIETOUHBIE
mpoliecchl U yrnpasJiadTbh uMu. IIpodeccop Maiika Bonr u3 Yausepcurera
Paiic (CIITA) poieMOHCTPUPOBAT B CBOUX HKCIIEPUMEHTAX, KaK SH3UMBbI
MOTYT COXPAHATbCS B MUKPOKANCYJax 6e3 yTeYKH CKBO3b CTEHKH, HO C
IPOHUKHOBEHUEM JIPYTUX 60Jiee MEJKUX MOJIEKYJ BHYTPb MUKPOKAIICY.I.
Ha pucysnke 8.7 moka3aHo, KaK BBITJISAST MIKPOKAICYJIbI.

Puc. 8.7. MukpoxkaricyJbl
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IMeHHO 3TO CBOMCTBO MOKHO, II0 MHeHMIO BoHra, mcmno/ib3oBaTh 114
Karajan3a XMMUYECKUX PeakiMil ¢ ApyruMu MoJiekyJjgamu. Takue MUKPO-
6MOPEaKTOPbI XOPOIIO TIPUMEHSITh B TIPOU3BO/ICTBEHHBIX IPOIECCAX XU-
MUYECKOl u apMaleBTHYECKOH TPOMBIIIJIEHHOCTH.

YHukanbHble CBOWCTBA MOJOOHBIX HAHOMATEPUAIOB U HAaHOMAaCHITAaO-
HBIX CTPYKTYP BBI3BAJIM JIaBUHOOOPAa3HOE YBeJWYEHWE MHTepeca K HUM
cpean MarepuasoBeoB. B HEKOTOPBIX MPOMBIILIEHHBIX IPoAyKTax (Ha-
npuMep, B HANOJHUTENIAX, IIOKPBITUAX M 9JEKTPOCXEMaX) YiKe HCIOJIb-
3yI0TCSl YHUKAJIbHBIE CBOMCTBA HaHOMaTepuanoB. HaHoTexHonmOTHN KAET
BeJsinKoe Oy/ryliee, HO yKe ceiiyac OHU JIEMOHCTPUPYIOT CBOM IpENMYyIiie-
CTBa, KOTOPbIE BelyT K 3HAUUTEJbHBIM U3MEHEeHUSIM B IIPOU3BOCTBEHHBIX
poIeccax, aCCOPTUMEHTAX TPOIYKIUN U OOIIECTBEHHOM CO3HAHWH.

KOHTPOJIbHBIE BOIPOCHI

1. Mepoii KoMYeCTBEHHOTO COOTHOLIEHHS MeXK/ly BOJTHOBBIMU U KOPITY-
CKYJIAPHBIMH CBOICTBaAMU YaCTHI[ SIBJISETC:

(a) mpOTAKEHHOCTD;
(6) MumIIATD;

(B) cBeTOBOI TOT;

(r) Boana e Bpoiia.

2. Onruueckue CBOMCTBa 30JI0THIX HAHOOOOJIOUEK 3aBUCAT OT:

(a) KommuecTBa Telia, MOrJIONIEHHOTO BO BPeMs UX CO3/aHMS;
(6) pBIHOYHOI 1IEHBI 30J10Ta;

(B) pasmepa sapa U TOJIIMHBI €r0 30J0TOTO IOKPBITHS;

(r) BpeMeHH CyTOK.

3. MaTepI/IaﬂbI, KOTOpPbIE CO3/1al0TCA Ha OCHOBE€ BHEAPECHUA HaHOYACTUIL
CUJIUKATHON TJIMHBI B IJIACTMACCHI WU KepaMUKy, Ha3bIBalOTCA:

(a) HaHOKOMIIO3UTAMU;
(6) HaHoKOMBLAMY;
(B) HanoTpyOKaMMU;
(r) HaHOIIEHOILIACTOM.

4. Karanmmsatopbl — 3TO BeleCTBa, KOTOPBIE:

(a) BBI3BIBAIOT 3€MJIETPSACEHNS;
(6) yCKOpSIIOT XUMHUYECKHE PeakIii, HO MPU 9TOM HE PaCXOAyIOTCs
U HE U3MEHSIOTCSI XUMHUYECKH;
(B) mo6bIBaOTCA B GOJOTUCTOI MECTHOCTH;
() croco6CTBYIOT 3aTBEP/IEBAHUIO. 187
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5.

10.

MHKPOKaﬂchIbI MOTYT COXPAHATH BHYTPH cebg u TIEpEHOCHUTD!

(a) cosHeuHbIH CBeT;

(6) nepenenunble giina;

(B) 5/IEKTPUYECKYIO SHEPIUIO;
(r) sH3UMBL.

[TpuMeHeHNE KOMIIO3UTHOTO HaHOMaTepuaJia /IJisi TOHOYHOTO aBTOMO-
6w Ford Thunderbird mo3Bosmio cHusnTh TeMmeparypy meperpesa
MOYTH Ha:

(a) 10 °C;
(6) 20 °C;
(8) 30 °C;
(r) 40 °C.

Onrnueckue u JJIEKTpOMarHuTHbIE CBOIiCTBa HaHOKOJIbITa MOJKHO Ha-
CTpanBaTb:

(a) 3a cuer M3MEHEHUS pajnyca ¥ TOJIIMHbI;
(6) ¢ mOMOIBIO PYKH, Ha KOTOPOII OHO HOCHTCS;
(B) yBesqmuuBast €ro AuaMeTp 0 3 MM;

(r) perynupys aaBJjeHHe NIPHU €ro M3TOTOBIEHUM.

[ co3panns HaHOOOOIOUEK HYKHO IIPUMEHSITb 3HAHUS M TEXHOJIO-
TUM U3 XUMUHU, PU3AKA:

(a) u anTponosoruy;
(6) My3bIKH;

(B) onTHUKY;

(r) axoJoruu.

Cdepnl, KOTOPbIE MOTYT 06PA30BLIBATHCS € TIOMOIIBIO CAMOCOOPKH MPU
KOMHATHOH TeMIlepaTtype B pe3yJbTaTe peaklny MeK/1y HaHOYaCTHUIlA-
MU KBapliia B BOJHOM PacCTBOPE IOJUMEPOB U COJIel, Ha3bIBAIOTC:

(a) TammMoKoii;

(6) dynnepenamu;
(B) MUKpOKaICyJIaMu;
(r) 6uabspaOM.

BertiectBo, kKOTOpOE TOCE 106AaBIEHUS B JKUJAKOCTb YBEJIUYUBAET €€
MIPOHUKAIOIIYIO CIIOCOOHOCTb 32 CYET YMEHBIIEHHS] TTOBEPXHOCTHOIO
HaTSPKEHUs, Ha3bIBAETCS

(a) naeasbHBIM Ta30M;

(6) MOBEPXHOCTHO-AKTUBHBIM BEILECTBOM;
(B) sH3UMOM;

(r) myccom.
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JNEeKTPOHMKA U CEHCOpDI

Texacipl cUMTAOT, YTO 4YeM OOJIbIle KOPOBA, IISANA WU JUYHBIH
aBTOMOOUJIb, TeM Jydunie. Ho korma neso kacaercs 3J€KTPOHUKH, BCE
Ha060pOT: OHU JIOGIT Bce MajieHbKoe, ObicTpoe u JemreBoe. UToObl HO-
BUHKHU 3JIEKTPOHUKH BCETJA COOTBETCTBOBAIM TPEeOOBAHUSM TIOTpe6HTE-
Jiell, TEXHOJIOTHU JIOJIKHBI MTPEelyCMaTPUBaTh BECh TIOTEHIMAl WHHOBAIIM-
OHHBIX pelIeHui.

3akoH Mypa

Topaon Myp (Gordon Moore) 3a Tpu roja 10 OCHOBaHMS KOMIIAHUK
Intel 3ameTws, 4TO MIOTHOCTH KOMIIOHEHTOB 3JIEKTPOHHBIX CXEM y/Bau-
Baercd Kaxxable 18 MecsieB. OH 3asgBMJI, YTO €CJM TakKasl TEHICHIINSI
MPOIOJIKUTCS, TO UX IJIOTHOCTh Bo3pacteT ¢ 50 KOMIIOHEHTOB B OJHOI
cxeMe 710 65 Toic. yxke B 1975 r. JTa TEHJEHIMS COXPAHWIACh U CTaja
HasbiBarbesl 3akon Mypa. Ha pucynke 9.1 nokasan rpadux sTtoil TeH-
JIEHIIMN 32 IIOCJIeJHUE I'OJIbI.

[ToMIMO TEXHMYECKOTO IIporpecca, HaOII0JAaeTCs TEHIEHIHST SKOHO-
MHUYECKOTO POCTA, IIPUYEM TIOUTH B COOTBETCTBUH C 3aKOHOM Mypa. [leso
B TOM, YTO CTOMMOCTb [TPOU3BOJICTBA CJIOMKHBIX 3JIEKTPOHHBIX CXEM Y/IBau-
Baercs exxeroano. B 2005 r. TUNUYHBIA KOMIIOHEHT CJIOKHOHN 3JIEKTPOH-
HO¥ cxeMbl, MEKpotpoiieccopa uMesna pasmep 130 um. Kommanus Intel
IJIAHUPYET TIOCTPOUTH 3aBOJ[, KOTOPbIN OyJeT MPOU3BOAUTbH MUKPOIPO-
1IECCOPBI C KOMIOHEHTAMM BEJHMYUHONU OKOJIO 65 HM, TO €CTh IIUPUHOM,
pasHoii 1enouke u3 300 atoMoB.

YMenblleHne KOMIIOHEHTOB He 3aMezIgeTcs, OJHAKO OYE€BH/IHO, 4YTO
npeses 6y/eT TOCTUTHYT OYeHb CKOPO, HalpUMep, KOT/a pa3Mep KOMIO-
HEHTa CTAHeT PaBHBIM pa3Mepy aToMa. Ecju aTOT mpeznen Bce ke OyIeT
JIOCTUTHYT, YeJIOBEUYECTBO HAYUYUTCS BBIMTONTHATH KBAHTOBbIE BBIUNCIECHUS.
OnHU cHernmaancTbl CYUTAIOT, 4TO 3TO mpousoiinetr yxke B 2010 1., a apy-
rue — yto He paHee 2020—2030-x 1T. BoJsiee MenKne KOMIIOHEHTHI KOM-
IBIOTEPOB OY/IyIero, BepOsiTHO, OYAYT COCTOSITh U3 CyGATOMHBIX 4aCTHII.
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Puc. 9.1. 3akon Mypa, COrITaCHO KOTOPOMY PACTET ILIOTHOCTh KOMIIOHEHTOB 3JIEKTPOHHBIX CXEM
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Kaxk 6b1 To HU OBLIO, HO JIJIST IOCTUKEHUST 3TOTO WHXKEHEPAM CHavaJia
HYKHO HAYYUTHCS WCHOJIB30BAaTh HAHOCTPYKTYPBI, HATIPUMEDP HAHOTPYO-
KU B Ka4eCTBe MPOBOJIOB.

OrtaesbHBII BOIIPOC: a KaK ObITh € MPOrpaMMHbBIM oOeciieueHneM? Ka-
KUM OHO Oy/IET U KaK €ro 3arpy3uTh B TaKue CBEPXOBICTPbIE KOMITBIOTEPHI?

KBAHTOBbBIE BONPOChHI

Uyeca HAHOTEXHOJIOTUM 3aKJIOYAIOTCS HE TOJBKO B yYMEHBINIEHHOM
pa3Mepe KOMIIOHEHTOB cucteM. Biaromapst 6osiee MaibIM pa3MepaM ydyeHble
HAJIEIOTCS BBIITH HA HOBBIN KayeCTBEHHBIN YPOBEHD IMOJIYTIPOBOAHUKOBOI
3JIEKTPOHUKHU W CO3JAaTh COBEPIIEHHO HOBBIE TIOKOJIEHUS TTPOIIECCOPOB.

[leficTBuTeIbHO, HA MOJIEKYJISIPHOM yPOBHE HAHOTEXHOJIOTHH TO3BO-
JISIIOT TOJIy4aTh MOUCTUHE OIEJOMJISIONINE pe3ysbTarbl. Kak yske oru-
ChIBAJIOCH B IJIaBe 3, pa3OMBKa CILIOIIHOTO Marepuasja Ha HAaHOYACTHI[BI
YBEJIMYUBAET OOIIYIO TIOIA/b TIOBEPXHOCTH B MUJLIMOHBI pa3. Bémbiias
IJIOIA/b TIOBEPXHOCTH O3HAYAeT OOJIBIIYI0O PEAKTUBHYIO CIIOCOGHOCTD.
HanomaTepuasibl MJIaBSTCS, BOCIUIAMEHSIOTCS U aGCOPOUPYIOT TOPa3/0
O6bICTpee, YeM WX CILIONIHbIE MAaCCHBHBIE aHasorn. Hampumep, mMaccus-
HBIIT GPYCOK 30JI0Ta SBJSETCS XUMUUECKU UHEPMHbIM, & 30JI0TOe HAHO-
KOJIBIIO JIEHICTBYET KaK KaTaJau3aTop.

Q WNHepTHOCTb 03Ha4aeT cnabyio XMMIUYECKYH0 aKTUBHOCTb UMK ee NOJTHOE OTCYTCTBUE.

HekoTopble HaHOMaTEpHAJIbI ¢ YMeHbIIEHHEM pasMepos (MeHee 1m-
HbI BOJIHBI BUJUMOT'O CBeTa) CTAaHOBATCA HpOSpa‘IHbIMI/I. BJIaFO[[apH STOMy
apexTy yueHble HAyUNIUCH NIEPEIaBaTh CBET Yepe3 TAKNE HEMPO3PaUHbIe
MaTepHuasbl, KaK, Hanmpumep, KpeMuuil. /[pyrue MaTepuaibl CTAHOBSITCS
4ype3BbIYAHO TIPOYHbIMU. Hanpumep, yriepojnbie HAaHOTPYOKU o6saja-
IOT OY€Hb BBICOKON MPOYHOCTBIO M TMOKOCTHIO, TIOCKOJIBKY MX aTOMapHast
CTPYKTypa — 3TO aTOMapHas CTPYKTypa ajaMasa.

OnHako B HAHOMHPE BCe elle MHOTO HepasraJaHHbIX 3arafok. Ha-
[IpuMep, HaHOMAaTepHaJIbl He IOAYMHSIOTCS 3aKOHaM MeXaHuKu Hpioro-
Ha. Bce neo B ToM, uTO B HaHoMacitabe JOMUHUPYIOT 3aKOHBI KGAHNO-
60U MEXAHUKU.

Q KBaHTOBas mexaHuka (BO/IHOBAA MeXaHuKa, MaTpUyHas MexaHuka) — 310 pasfen Teo-
peTN4ecKon PU3NKK, ONUCHIBAIOLLNIA KBAHTOBbIE 3aKOHbI ABVKEHUS.

Irot pasjen (PU3NKU ONICHIBAET MOBE/IEHNE BEIIECTBA HA ATOMAPHOM
U sijiepHoM ypoBHe. Ha aTuX ypoBHSIX 3HEPTHUS, UMITYJIbC U APYTHe CBOM-
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CTBa M3MEHSIIOTCS HE HEIPEPbIBHO, KaK Ha MaKPOCKOIMMYECKOM YPOBHE,
a JUCKpemHo, TO eCTb HeJeJUMbIMU OPIUSIME, WIH KEAHMAMI.

3akonbl MexaHuKKu HbIOTOHA MPEKPACHO OOBSICHAIOT ABUKEHUE ILIa-
HET U TPAEKTOPHIO T10oJeTa 6acKeTGOJbHOrO Msda, a 3aKOHbI KBAaHTOBOIL
MEeXaHUKHU OMUCBIBAIOT MOBEIEHNE MOJIEKYJI, aTOMOB U JAPYTUX OOBHEKTOB
Hanomupa. Mexanuka HploTOHA He MOKET YAOBJIETBOPUTETIBHO OObBSIC-
HHUTH CTaGUIBHOCTH aTOMOB, a TakKKe TaKue SABJICHHS, KaK CBEPXIPOBO-
JMMOCTD ¥ CBEPXTEKYYECTb.

[Ipe/ckasaHust KBAHTOBON MEXaHMKH BOT ysKe GoJiee BeKa MOATBEePIK/Ia-
I0TCsI 9KCIIEPUMEHTaMK. B oT/nume oT KI1acCu4ecKoii MEXaHUKK, KBAaHTOBAsI
MeXaHUKa CIOCOGHA OGBSICHUTD HEKOTOPBIE TIONCTUHE YANBUTEIbHBIE SIBJIE-
Hust. TIpesk/ie BCero, aTo KOPnycKyIspHO-601H060U Oyaiusm (Hamiaue y
HAHOOGBEKTOB CBOWCTB, NPHUCYIUX BOJHAM M YaCTUIIAM) U KGAHIMOGOE 3d-
nymuiéanue (BIMAHIE U3MEPEHUS OIHOI CHCTEMBI Ha APYTUe CHCTEMBbI).

KBanToBasi MexaHuKa JIEKUT B OCHOBE COBPEMEHHOU u Oyiyieit
5IeKTPOHUKHK. [IpuMeHeHne ee 3aKOHOB ISl CO3JaHUS HOBBIX HAHOTEX-
HOJIOTHII CTAaHET 3aJI0TOM ycliexa B Gy/IyIIeM.

TPAH3UCTOPBI

B 1948 r. amepuxanckue ¢usuku [xon Bapaun (John Bardeen),
Yourep X. Bparmiin (Walter H. Brattain) u Yunbam ok (William
Schockley), koropsie B To Bpemsi paGoramu B Komnanuu Bell Telephone
Laboratories, o6bsBin 06 u3o6perernn Tpansucropa. B 1956 r. onu nosy-
yun HoGesieBCKy1o TipeMuio 1o (pusnke «3a UCCIeI0BAHMS TOJTYTIPOBO/HNU-
KOB U OTKPbITHE TPaH3UCTOPHOTrO addektar. (IIpakTudecku 0HOBPEMEHHO
C HAMW W HE3aBUCWMO OT HUX TPAH3WCTOP ObLT CO3MAH TAKKe HEMEIKUMI
yuenbivu Tep6eprom Matape (Herbert Matare) u Xaiinpuxom BenbkepoM
(Heinrich Welker) u3 ma6oparopun komnanuun Westinghouse B ITapuske.)
C Tex mop npuayMaHo GOJIbIIOe KOJUYECTBO PA3HBIX TPAH3UCTOPOB.

Bapaun nposeMOHCTPUPOBAT CBOIO YHUKAJIBHOCTH B 3TOM CJOMKHON
Hay4yHOll obsactu, korga B 1972 r. mosyunsn HobeneBckyio mpeMuio 1o
(usnke «3a co3mpanue TEOPUN CBEPXIIPOBOAMNMOCTH, 0OBITHO HA3BIBAEMO
BKIII-reopueii» Bmecte ¢ Jleonom H. Kymepom (Leon N. Cooper) u
Ixonom P. IlIpuddepom (John R. Schrieffer). Ha MmomenT Hamuicanust
aToll kHUTH Bapamn — enuHcTBeHHBIN ABaXKIbI jJaypeaT HobeneBckoil
IpeMuyu B OJHON 06JIacTh HAYKH.

JlJist TOHUMaHUS OCHOB HAHOAJIEKTPOHUKY HEOOXOINMO TIOTYYUTh HEKO-
TOpbIe 6A30BBIE CBEJEHNUS O MPUHITUTAX PaGOThl KOMIbIOTEPA. TPaH3UCTOP
3aMEHWJT HJIEKTPOBAKYYMHYIO JIAMITY B KQUeCTBE PETYJISITOPA ATEKTPOHHBIX
curtanoB. Ilo cpaBHEHUIO C 3JIEKTPOBAKYYMHBIMH JIAMITAMU TPAH3UCTO-
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PbI 06JIaIAI0T HECKOJBKUMHY MPEUMYIIECTBAMU, HATIPUMED MEHBIIUM Pa3-
MepoM, GOJIblliell J[OJITOBEYHOCTBIO U IIPOYHOCTRIO, JeliieBu3Hoil. [lepBbie
TPAH3UCTOPbI UMEJU BUJl HEOOJIBINOH JIeTall B KEPAMUYECKOM KOPITyce C
MeTaIMYeCKUMU KOHTaKTaMu. Takoil TpaH3UCTOP NIPUIIauBaId B HYKHOM
MecTe 3JIEKTPUYECKOH CXeMbl. XOTs T0J06HbIe M30JUPOBAHHbIE TPAH3MU-
CTOPBI UCHOJIb3YIOTCS [0 CUX IOP B IPOCTBIX CXE€MaX, OHU 4Yallle BCEro
SIBJISTIOTCST HEOTHEMJIEMON 4acTbhio GoJiee CIIOKHBIX MWHTETPATBHBIX MUKPO-
cxeM. TpaH3ucTOPBI TPUCYTCTBYIOT MPAKTUUYECKH BO BCEX 3JEKTPOHHbBIX
YCTPOWCTBAX: KOMIIbIOTEPAX, PAIUONPUEMHUKAX, CHCTEMAX TJIOOATBHOTO
MTO3UIIMOHUPOBAHNUSI, KOCMUYECKIX CUCTeMaxX U T. II.

Q TpaH3ucTOp — 3TO MONYNPOBOAHUKOBLIA 3NEKTPOHHbIA NPUGOP, B KOTOPOM TOKOM
B LMY IBYX A/IEKTPO/I0B YNPABAET TPETUIA ANBKTPOS.

TpaH3ucTop cOCTOUT U3 TPEX CJIOEB IMOJYNPOBOJAHUKOBOTO MaTepua-
na. IToaynpoeodnux — 3TO Matepuas, KOTOPBIH O-PA3HOMY HMPOBOJHUT
3JIEKTPUYECKUN TOK B pasHbIX ycjosusx. IIpu Bbicokoil Temmeparype
IIOJIyIIPOBO/IHUK IIPOBOJAUT 3JIEKTPUYECKUIl TOK, KaK MeTajl, HalpuMmep
MeJb, a IIpU HU3KOH SBJISIETCA U30/ISITOPOM, Kak, HallpuMep, pe3uHa.
B mosynpoBo/HUKe [BUKEHHWE 3JEKTPOHOB OIPENEesSeTcs ero KpUcTas-
JINYECKON CTPYKTYPOI.

Q MonynpoBogHMKM — 3TO BELLIECTBA, KOTOPbIE NO CBOEI YAeNbHO NPOBOAUMOCTY 3aHM-

MalT NPOMEXYTOYHOE MECTO MEeX[y NPOBOAHUKAMMU U AMANEKTPUKAMI 11 OTNMYAKOTCS
OT NPOBOAHUKOB CUNLHOW 3aBUCUMOCTbIO YAENbHOA NPOBOAUMOCTI OT KOHLGHTpALIMK
NPUMECei 1 BHELLIHUX YCNIOBUIA (TeMNepaTypbl, U3Ny4eHUs 1 T. I.).

B TBepoTeIbHON 3IEKTPOHUKE JIJIs TOJYTPOBOJHUKOBBIX 3JIEMEHTOB
WCIOMBb3YIOTCSI KpeMHUi u repManuii. VIX aTOMbI UMEIOT 1O YeTbIpe 8d-
JAEHMHBLY DJIEKTPOHA (3IEKTPOHBI, KOTOPbIE CIOCOGHBI 06Pa30BaTh CBSA3H
¢ apyrumu aroMamu). OHAKO TIPU U3MEHEHUH TeMIIEPaTyPbl B FepMaHUK
nosiBJisieTcst GOJibIlie CBOGOIHBIX 3JIEKTPOHOB, M OH CTAHOBUTCS TIPOBO/I-
HukoM. Kpemuwuii B 3T0M OTHOIIEHUU 00Jiee yHUBEPCAJEH, MOCKOJbKY
MOJKET MCIOJIb30BaThCsI NpU 6oJiee BBICOKUX TeMieparypax. I[lox Bo3-
JIefiICTBMEM CBETA WJIM AJIEKTPUYECTBA MMOJTYNPOBOAHUKN CTAHOBATCS JINOO
IPOBOIHUKAMU, JTHOO N30JSATOPAMH.

[losynpoBOAHUK CO3JaeTCsl 3a CUET JIe2UPOB8AHUs, TO €CTb XUMH-
4YecKol orepaiuu 100aBJe€HUST HEKOTOPBIX BEIIECTB B OCHOBHOW MaTe-
puan (kpemuuii, repmanuii u 1. 11.). Ilocje JerupoBaHUS B OCHOBHOM
MaTepuaJie MOSIBJSETCS HEKOTOPOE KOJUYECTBO aTOMOB, KOTOPBIE MMEIOT
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JuGO MATH BAJEHTHBIX 9JIEKTPOHOB, U TaK ITOJYYaeTCs MOJIYPOBOIHUK
n-tuma (0T aHraI. c1oBa «negative» — OTPHUIATENbHDIIL, TTOCKOJIbKY MOSIB-
JISTIOTCS JIMITHUE 3JIEKTPOHBI M M3OBITOK OTPHIATENBHOTO 3apsijaa), JuGo
TPH BAJIEHTHBIX 3JEKTPOHA — MHOJYIPOBOAHUK p-tuna (0T aHra. cjaoBa
«positive» — TI0JOKUTENbHBIN, TTOCKOJIbKY M3-32 HEXBATKU JEKTPOHOB
NOSIBJISIETCS N3OBITOK TIOJIOKUTENBHOTO 3apsaa). TpaHsuctop 06bIMHO CO-
CTOMT U3 TPEXCJOHHOTO «OyTep6poas: OAUH CJIOH p-TUNA HAXOAUTCS
MKy ABYMS CJIOSME 7-THIA, WK, HA060POT, CIOH 7-TUIla MEXIY IBY-
Ms CTOSIMU p-THIA. Bosiee mogpoGHO 9TH CJIOM ONMUMCHIBAIOTCS HUKE.
[Ipy HeGOIBIIOM M3MEHEHMH HANPSKEHHs BO BHYTPEHHEM CJIOe Ta-
KOro «OyTep6poja» M3MEHSeTCsl BeJUYMHA HJIEKTPUYECKOTO TOKa BO
BceM TpaHsucTope. TakuM 06pasoM, TPaH3UCTOP AEHCTBYET KakK OuYeHb
GBICTPBIN MEpPEeKJIIoYATe/lb HIEKTPUIECKOTO TOKA. B COBPEMEHHbBIX KOM-
IpIOTEpaxX MCHOJIb3YIOTCS TPAH3UCTOPHI HAa OCHOBE CTPYKTYPbI MeTa/ll—
okcna—nosnynposogunk (MOII-crpykrypa). OrpoMHOE KOJUYECTBO Ta-
KUX MUKPOCKONMYECKUX CTPYKTYP-TPaAH3UCTOPOB 06pasyer MUuKpouun.

JITOrPA®NA

CrangapTHass KpeMHUEBAsST MUKPOIIPOIIECCOPHAS TEXHOJOTHS BCKOPE
jJocturuer cBoero dusuyeckoro npezesna. CoszparensiMm OyAynuX MUKPO-
MIPOIIECCOPOB MOTPEGYETCsl HAWTU HOBbIE TEXHOJIOTHH, KOTOPbIE TTO3BOJIU-
Jn 6bI UM TIOBBICHTH IJIOTHOCTb TPAH3UCTOPOB B MUKPOYHUIIE M CO3/ATh
HOBbI€ MOIIHbIE MUKPOIIPOIIECCOPHI.

B nacrosimiee BpeMs Ay co3aHNS MUKPOITPOIIECCOPOB UCTIOIb3YETCS
Aumozpagpus. ITa TEXHOJOTHS OCHOBAHA HA MPUHIMIE HeyaTw (OTo-
rpaduii, TO ecTh C TIOMOIIbIO CBETA M300PAKEHUE JIEKTPUUECKON CXEMbI
mpoenupyeTcss Ha KPeMHHEBYIO MOJIOXKKY. B mpoliecce co3manmss uHTe-
TPAJIBHOI CXeMbI MUKPOIIPOIIECCOPA MACKA UTPAET POJb (POTOIIEHKH, a
KpeMHUueBas TMojI0KKa — ¢dorobymaru. CBeT MPOXOAUT Yepe3 MacKy, C
TIOMOTIBI0 HECKOJIBKUX JIMH3 ee M300pa’keHne YMEHBIIAeTcs /0 MUKPO-
CKOTIMYECKNX PAa3MEPOB W MOMAJaeT Ha KPEMHUEBYIO MOIJIOKKY.

Ha nojioxke pacriojiaraercsi CBETOUYBCTBUTENbHBIN CJIOH, homo-
pe3ucm, 3aTBep/leBaloOnil MoJ Bo3jelicTBueM cBera. Korjga cser (Ha-
npuMep yabTpaduoIeToBblil ¢ AJMHON BOJHBI 248 HM) MPOXOJUT CKBO3b
MacKy ¥ IaJlaeT Ha TOJIJIOXKKY, He3aluieHHas MacKoil yacTb ¢oTopesu-
cta 3arBepaeBaer. OcraabHOe JIETKO cMbiBaeTcs Bojoii. Ha pucynke 9.2
MOoKa3aHa TOCJeI0BATENbHOCTb AeHCTBUM, KOTOpbIE BBITIOJHSIIOTCS TPU
CO3[ITaHUM MWKPOYMIIa ¢ MOMOIMIbio Jjurtorpaduu. [Ipoiecc moBTopseTcs
JI0 T€X TOp, TOKa Ha IMO/IJIOKKE He OYJIeT MoIyYeH HeoOX0 UMbl Y30 U3
BBITPABJIEHHDBIX JOPOKEK, TO €CTb HY>KHas 3JeKTPocXeMa.
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C moMormIbio cBeTa C AJTMHONW BOJHBI 248 HM TakuM 06pa3oM MOKHO
TMOTYYUTDL cXeMy ¢ poposkkamu mmupunoit 200 #M. B coBpeMeHHBIX KOM-
MBIOTEPAX UCHOJIB3YIOTCS COTHU MUKPOIIPOIECCOPOB C MUJIIMOHAMY TPaH-
3ucTopoB. KoMmanuu — mpousBOAUTENM MUKPOIIPOIECCOPOB, HAIIPUMED
Intel — crpemsitcst cosznmaBath Bce 60Jiee MUHUATIOPHBIE TPAH3UCTOPDI
JUIST yBETWYEHNsT WX TJIOTHOCTH B MUKPOIPOIlECCOPaX.

OnuuM u3 HauboJjiee Ba)KHBIX (haKTOPOB JUTOrpaduu SIBJISIETCS [IJIU-
Ha BOJIHBI cBeTa. UeM KOpoue JIJIMHA BOJIHBI, TEM MEHbIIIE BHITPABIEHHbBIE
Ha TOJIOKKE 27eMeHTbl (JIOPOKKN) 9JIEKTPOCXEMbI U BBIIIE MJIOTHOCTH
TPAH3UCTOPOB. A 4YeM BbIlllE NJIOTHOCTb TPAH3UCTOPOB, T€M GOJIbIIE BbI-
YHICJUTENbHAS MOIIHOCTh MUKpOIpoiieccopa. VIMeHHO 1o aTO#M mpuunHe
nporieccop Intel Pentium 4 umeer 42 MJIH TPaH3UCTOPOB, a IPOIECCOP
Intel Pentium 3 — Bcero 28 M.

Jlutorpadusi — 3TO, MO CYTH, TEXHOJOTUYECKUN MPOIECC PeITmKa-
MU YepTeska 3JEKTPOCXeMbl HA TOJIOXKKY. /locToMHCTBA M HeIOCTATKH
3TOTO IPOILIECCA OTIPEAENSIOT ITPOU3BOIUTENBHOCTD U CTOUMOCTD AJIEKTPO-
cxeM. Jlutorpadus BKJIIOYAET 3TANbl CO3AAHUS MACKH, SKCIIO3UINH, Ha-
HeCceHNs W cMbIBaHus oTOpe3ncTa, Tpasjienus n T. J. CokpalneHne uim
nosbiiiienne 3G @PeKTuBHOCTU JIOO0T0 U3 ITUX ITANOB MO3BOJISIET YMEHD-
IIIUTh CTOUMOCTH CO3JIAHHBIX 3JIEKTPOCXEM.

é ®doTtonutorpacus, Unu nuTorpatna, — 370 MeTOA NOJTyHeHNS PUCYHKA HA TOHKOI NneH-

Ke martepuana, KoTopblil LMPOKO NMPUMEHSIETCH B MUKPO3NIEKTPOHUKE W nonurpaduu.
[lna nony4eHns pucyHka ncrnonb3yeTcs CBET ONpeLeneHHON ANNHbI BOJHbI, MPUYEM MU-
HUMAITbHbIIA PasMep AeTanen pUCYHKa OrpaHnyeH nonoBMHON ANHbI BOJTHbI.

CoBpeMeHHbIE KPEMHHUEBBIE UHIIBI CO3JAIOTCS C TOMOIIBIO YJbTPa-
($buoIeTOBOTO CBETa ¢ 04eHb KOPOTKOW ammHoil Bosmbl (deep-ultraviolet
lithography). B Hacrosiee BpeMsi BeyTCsI MHTEHCUBHbBIE HCCJIEI0BAHMS
BO3MOJKHOCTEll MCIIOJIb30BAHUS JUMOZPAPUU HA OCHOBE IKCMPEMAlb-
Hozo yavmpagpuosemosozo ceema (extreme-ultraviolet lithography) c
JTTHOHN BOTHBI 0K0JI0 10—15 HM. C ero moMomibio MOKHO HACTOJIBKO yBe-
JIUYUTH TJIOTHOCTb TPAH3UCTOPOB B MUKPOIIPOIIECCOPAX, YTO OHU CTAHYT
momuee moutu B 100 pa3. HekoTopble cmenmaamcTbl CYUTAIOT, YTO 3Ta
3asaua Oyzer peiena yxe k 2010 r.

WMMEPCNOHHAS NTUTOIPA®IA

B asrom BapmanTe smTorpaduu Bce ONEpaIyl BBITOJHAIOTCS B KUI-
KOCTH, KyJa IIOIPy>KaeTcsl olTHYecKas cucreMa u noasoxkka. Hampumep,
B MMMEPCHOHHOW JUTOTPpAdUH ¢ yAbTPAdUOJETOBLIM CBETOM C AJTIMHOU
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BOJIHBI 193 HM HCIHO/IB3YeTCS CBepXUnCTas jAerazuposantas (to ectb 6e3
Iy3bIPHKOB) JKUAKOCTb. VIMMepcuoHHAsE JUTOTpadus yBEIUUMBAET TJIy-
6uHy (QoKyca, 4TO TO3BOJSET CO3/IaBaTh COBEPIIEHHBIE 3JEKTPOCXEMbI
1151 GoJiee MOIIHBIX MUKPOIIPOIIECCOPOB.

TUNbl TPAH3UCTOPOB

TpaH3ucTop COCTOUT M3 HECKOJIbKUX MOJYITPOBOJIHUKOBBIX MaTepua-
JIOB, HallpUMep KPEMHHUS, apCeHU/la Tajiugd U TepMaHud ¢ IpUMecaMu,
06aBJEHHBIMU B TIpoOIlecce JerupoBanus. B MosynpoBOJHUKAX 7-TUIA
npumMecn (HanpuMep MbIIIbSIK) BbI3bIBAIOT MOSIBJIEHHE JIUITHUX HJIEKTPO-
HOB ¥ M30bITOK OTPHUIIATEJIbHOTO 3aps/a, a B HOJIYIIPOBOJHUKAX p-THUIIA
npumecu (Hanpumep 60p) SBJASIOTCS NPUYMHON HEXBATKU 3JIEKTPOHOB
(Tak Ha3bIBaEMbIX JIBIPOK) U U3GBITKA TOJOKUTEIBHOTO 3apsijia.

MI0CKOCTHOI TPAH3WCTOP

Taxkoii n-p-n-TPaH3UCTOP COCTOUT U3 [ABYX MOJYIIPOBOJAHUKOB N-TUTIA
(amummepa n xoarexmopa), MeKILy KOTOPHIME HAXOIUTCS TIOJTYTTPOBO/I-
Huk p-tuna (6asa). HeGombinoit Tok Mexay 6a3oil U SMUTTEPOM 3HAYN-
TEJIbHO YBEJIUYMBAET TOK MEKIY HMUTTEPOM U KOJIEKTOPoM. IToMuMo
POJIM YCUJIMTENISI TOKA TPAH3UCTOP MOKET UTPaTh POJb YIPABJISIONIETO
szmeMenTa anekrpocxembl (puc. 9.3).

Tpurrep,
6a3a nnv 3aTBOpP

Bxog,
aMUTTEp
WIIN UCTOYHUK

Bbixog,
KONNEeKTop
W CTOK

MepeknioyaTenb OTKPbIT MonynpoBoAHNKOBbIiA

(Ha TpUrrepe HeT HanpsiKeHus) Marepuan CiTyut
Kak nepeknioyatens

MepekntoyaTensb 3aKpbIT
(Ha Tpurrepe ecTb HanpsXeHue),
T. €. NONYNPOBOAHUK NPOBOANT TOK

Puc. 9.3. KoMOUHAIMIO MTOJYITPOBOHUKOBBIX MAaTEPHAJIOB B TPAH3UCTOPE MOXKHO
HCIOJIb30BATh ISl BKJIIOYEHHsI/ OTKIIOYEHNST SIEKTPUIECKOTO TOKA 197
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JleiicTBuTebHO, JTI060U TOK Mekay 6a30il U AMUTTEPOM 3HAYUTETHHO
CHIDKAET COTPOTHUBJIEHNE YUACTKA MEXKAY dMUTTEPOM U KOJLIEKTOPOM.

P-N-p-TPAH3UCTOP YCTPOEH AHAJOTMYHO 71-p-N-TPAH3UCTOPY, HO B HEM
MOJIYIIPOBO/IHUK 7-TUTIA HAXOMUTCS MEXK/Y JBYMS MOJIYIIPOBOJHUKAMU
p-TUnA.

MONEBO TPAH3WCTOP

Bceuen 3a mI0CKOCTHBIM TPAH3UCTOPOM ObLI CO3/aH IOJIEBON TPaH3M-
crop. Ilockosbky st ero paGoTbl TpebGyeTcsi BXOAHON CUTHAJ C TOPa3/lo
MeHblllell sHeprueii, oH 06J1a/laeT HECOMHEHHBIM IIPeUMyIecTBoM. B 1o-
JIEBOM TPAH3MCTOPE KAHAJ-TOJYIPOBOJHUK 7-TUIIA HAXOJUTCS MEXKIY
ABYMsI HeOOJIbIIUME HOJIYIIPOBOJHUKAMU p-TUIIA.

KoHiipl KaHama n-TUIA HA3bIBAIOTCS UCTROYHUKOM U CMOKOM, a KOH-
1IbI o6J1acTelt p-tuna — 3ameopamu. Ha 3aTBOpBI TIOAaeTCsS HANPsSKEHMe
(o6paTHoe HanpsKeHne), KOTOPOe MPENSTCTBYeT MPOTEKAHUI0 TOKa IO
IPaHUIaM MeXX/ly HOJIYIIPOBOJHUKAMHU p-TUIIA U n-Thlla. TakuM o6pas3oM,
C TIOMOIIBIO OOPATHOTO HAPSLKEHUS MOKHO KOHTPOJIHMPOBATH IIPOTEKA-
HUe ToKa 1o Ka"amy. IlosieBoil TpaH3MCTOP ¢ KaHAJIOM-TIOTYTPOBOIHITKOM
p-THIIA paBoTaeT aHAJIOTUYHO, HO OOpATHOe HAINpsSLKEHWEe B HEM HWMeeT
MIPOTUBOIIOJIOKHDBIN 3HAK.

HAHOTPAH3MCTOPbI

Yyenbie u3 YHupepcurera imrata Mnunoiic B Illammaitn-Y p6ane
(CIIIA) cosmanu GUIOISAPHBINA TPAH3UCTOP, KOTOPDIii croco6er padoTaTh
¢ vacroroit 600 I'Tr. Onm mpeamosaraioT B cKOpoM OyAyIIeM CO3JaTh
TPAH3UCTOP, KOTOPBII CMOXKET MPEOI0JIETh TEPATePIIOBbI 6apbep M CTaTb
OCHOBOM /11 BBICOKOCKOPOCTHBIX BbIYMCeHUN. VIMess MeHbIINiI pa3Mep,
TeparepIioBbIil MUKpoIpoiieccop 6yeT cojep:kaTh B 25 pa3 6oJibliie TPaH-
3UCTOPOB, paboTath B 25 pa3 ObIcTpee U MOTPeOSATh MEHBINE SHEPIHH,
vyeM unn Pentium 4. Komnanusa Intel mnanupyer cosgarh Takoii yuim Ha
OCHOBE HaHOTPA3NCTOPOB.

IToneBoit TpananucTop Ha ocHOBe (pocdhuaa NHANSA U APCEHNU/IA TAIIH
COJIEPIKUT KOJLIEKTOP, 6a3y u sMutrep. MIMEeHHO HAa TakoM TpaH3UCTOPE
YYEeHBbIM yJaJ0ch oayunuTh 4actoTy 604 I'Ti u caaBy cosgaresneil camoro
6BICTPOTO TPAH3UCTOPA B MUPE.

Pa6otaromiiie Ha BBICOKMX CKOPOCTSIX TPAaH3UCTOPBI MEPEHOCAT TOK
BBICOKOW TIIOTHOCTH W CUJIBHO TIEPErpeBafoTCs, TPU 3TOM MPOUCXOIUT
[JIABJIEHUE UX OT/EJbHBIX KOMIIOHEHTOB. B HOBBIX KOMIIO3UTHBIX OHUIIO-
JISPHBIX TPAH3UCTOPAX MOJJEPIKUBAETCS GOJiee HU3KAS MJIOTHOCTb TOKA.
C 1oMOIIbI0 HOBBIX MAaTEpPUAJTOB yuYeHble W WHXKEHEPBI CTPEMSTCS TI0-
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BBICHTD BEPOSITHOCTb YCHENTHOTO CO3/IaHUs TepareprioBOTO TPAH3MCTOPA
yKe B HedamekoM OymaymieM. Bojiee ObICTPBIE TPAH3UCTOPBI TTO3BOJISIT
co3zaBaTh 6oJjiee GbICTPbIE MHUKPOIIPOLIECCOPHI, a 3HAYUT GOJIee MOIIHBIE
KOMTIBIOTEPBI 1 3(hDeKTUBHDBIE JEKTPOHHBIE CUCTEMBI JJIsI CBSI3H, MPO-
MBINIJIEHHOCTH U apMUH.

AOCTUXXEHNA KOMMAHUM INTEL

WNTtak, Kak Bce 3TN JOCTIKEHUS CBA3aHBI ¢ HAHOTEXHOJIOTUAMU? 3a
mocaeHne 35 JIeT CIeluaancTsl KoMmanun Intel Hayumamch cos3maBath
Bce 60Jiee MUHUATIOPHBIE YHITBI U UX KOMIIOHEHTbI. B Hacrosiliee BpeMs
OT/IeJTbHbIe KOMIIOHEHTBhI 3THX YWIIOB YK€ BBIILJIN 32 Tpe/leJbl HaHOMe-
TPOBOIO JMana3oHa, TO ecTb crtaau Menbiie 100 um. [leiicTBUTENBHO,
KOT/la cO3/laBajiach 9Ta KHHTA, y4YeHble W WHKeHepbl KoMmmanuu Intel
maHupoBasu nepeitu pybex B 20 um!. IT0 HOCTUIKEHME TO3BOJIUT KOM-
mauann Intel crate caMoil KpymHOI HAHOTEXHOJOTHYECKONH KOMIMAHWeEH
B MUpE.

35 JjieT Hasaja MaMATh HA OCHOBe KpeMHus cromsia modytu B 100 pas
JIOPO’Ke, YeM TaMsTh Ha OCHOBE MarHUTHBIX cepiAedHMKOB. OcHoOBaTe-
gassm Intel yaanocs cospmarp nepsbiii Mukpornpoieccop Intel 4004, co-
nepxamuii 2300 TpaH3MCTOPOB Ha TIIOMAIAN, KOTOpas MeHbIe HOTT.
Iror nporeccop crous okosio 100 mosn. CIIA u o6pabaTbiBasi nopsijaka
60 Tbic. MHCTPYKIME B cekyHay. CpaBuute: 4ToObI JOCTHYb IPOM3BO-
JINTETBHOCTA CPEJHEr0 COBPEMEHHOTO KOMIIbIOTEPA, TOTPe6OBAIOCH Ob
okosio 250 Teic. Takux MUKpornpolieccopoB! Hudto Tak He cmoco6CcTByeT
nporpeccy, Kak KomMepueckuii ycrex. Crenuanucram komnanuu Intel
Ka)K/IBII TOJI yIaBasloch W yAaeTcs ceifuac cos/aBaTh Bce GoJiee MOIIHbIE
U MUHUATIOPHbIE MUKPOIIPOIIECCOPHI.

JNEKTPOHHAA roHKa

CrnenmanucTsl MPOTHO3UPYIOT, YTO TOJYIPOBOJHUKOBAS WHIYCTPUS
C COBPEMEHHBIMU CTAaHIAPTHBIMU TEXHOJOTUSIMU JOCTUTHET (PU3HMUECKOTO
npejiesia MUHUATIOPU3AIUN 3JIEKTPOHHBIX KOMIIOHeHTOB K 2010—2016 1T.
ITocsie aTOTO MHKEHEpPAM HE yAACTCS Jajiee COKpaNlaTh pa3Mephl sJIeMeH-
TOB KPEMHUEBBIX MUKPOIPOIIECCOPOB.

C mpubamkeHneM 3TOTO BpeMeHN KOMIAHUN-TIPOU3BOIUTETN MIKPO-
IIPOIIECCOPOB XOTesu Gbl COXPAHUTH CBOE JIUUPYIONIEE IMOJOKEHUEe Ha
pbiHKe. Bymayuuit ycniex oM CBSI3bIBAIOT ¢ HAHOTEXHOJIOTUSIMU.

! Ha nmavano 2009 r. B cepwilHOM NPOM3BOJACTBE 3TOT py6esk He Tepeii-
nex. — Ipum. peo.
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B 2005 r. mOJympOBOJHUKOBBIE KOMIIAHUU TOJYYUJIA COBOKYITHBIN
poxoa okono 214 mupn gonn. CHIA. Ilpoiizer HeMano BpeMeHHU, TIOKa
HAHOTEXHOJIOTUYECKME KOMIIAHUU JIOCTUTHYT TAaKOTO YPOBHS JOXOJIOB.
Ho 4To6b1 yaBamBaTh BBIYMCJIUTENbHYIO MOIIHOCTH KOMIIBIOTEPOB KaK-
JIble TIOJITOPA TO/Ia, COTJIACHO 3aKOoHy Mypa, KOMIbIOTepHAs TTPOMBITILIEH-
HOCTDb [IOJIDKHA TIOCTOSTHHO HAXOJWTh HOBBIE TEXHOJOTHUN, apXUTEKTYPbI
n MaTepnasbl. Hemb3s ckasarh, 4To aTa 3aja4ya HEJOCTHKUMA, Belb He-
KOTOpbIE MPOU3BOJIUTENN MUKPOIIPOILIECCOPOB Y3Ke Peoiosiesin pybex B
90 uM. dakTHuecKn B CBOeH paboTe OHU y)Ke UCIOJb3YIOT HAHOTEXHO-
JIOTUH.

[lo BToporo necatunetud XXI B. TpPoM3BOAUTENM MUKPOIPOIIECCO-
POB, KOTOpble WHBECTUPYIOT OTPOMHOE KOJWYECTBO CPEACTB B HAHOTEX-
HOJIOTHHU, OYyT TPUOGPETaTh TEePCIEKTUBHbIE KOMIIAHUU, KOTOPbIE CMO-
I'YT CO3/IaBaTh CBOM HAHOTEXHOJIOTMH, a TaKKe WHTETPUPOBATH YIKe MMe-
IOIUECST METO/IbI U MATEPUAJIBI.

MONEKYVJIAPHBIE BbIYUCIIEHUA HA OCHOBE HK

Moanexyabsl IHK, comepskamnye Hall reHeTHYeCKUI KO/, BIIOJHE MO-
TYT CTaTh OCHOBOW KOMITbIOTEPOB Oyayiero. /[ H K-uunot, KOTOpble Tak:Ke
HA3BIBAIOT OUOUUNAMU, U MUKpomaccusamu (microarrays), siBISIOT-
Cd 4acTblo OMOJIOTUYECKMX TEXHOJOTHII B TEHETUYECKUX HCCIeLOBAHU-
ax. JHK-yunpr coctost u3 mosekyn JHK, koropble pacmosararorcsi Ha
JKECTKOM 1o/1okKe (HarmpuMep, 13 KPEMHUS, CTeKJIa, IIaCTUKA U T. I1.).
Texnonorus JHK-4umoB MoxeT cbIrpaTbh Ba)KHYIO POJIb B peaju3aliud
HAHOTPOU3BO/ICTBA.

C nowmortipio IHK-4yuiioB ydenbie MOryT IIPOU3BOAUTH O[HOBPEMEHHO
THICSTYM aHAJN30B. [le0 B TOM, YTO Ha HO/JI0KKE PACIIOJIAraeTcsl OrpoM-
HO€E KOJIMYeCTBO oT/eabHbIX KycoukoB [IHK. HeussectHbrii o6paserr mnpu-
Junaer K coorBercTByonemMy Kycouky. JHK-unnsr cogepxar ot 100 1o
100 ToIc. Takux kycoukoB JAHK, nin nuxcenei JHK-unna. B 3aBucumo-
ctu ot Trma JHK-ynma pasmMepsl 0HOTO KyCOUKa MOTYT BapbUPOBATHCS
B auamnaszone ot 10 go 100 MxM. B Kaxkg0M TakoM Kycoduke MOMKET ObITh
or 10% 1o 10° HyKI€OTHIOB.

Cozganuem /[IHK-ynumoB 3aHUMAOTCSI HEKOTOPBbIE KPYITHbIE KOMIa-
uun, Briouyast Affymetrix, PE Applied Systems, HySeq, Nanogen,
Incyte, Molecular Dynamics u Geometrix'. CoBpemennbie [IHK-umribt
MPUMEHSIOTCS TIPU TPOBEIEHNN TeHETUIECKUX WMCCJIENOBAHUN, U3yUeHUN

! B Poccumn takue umnmbl HaXoJATCA JIMIIb Ha CTaAuN Hay4YHbIX HMCCJIE€10Ba-

uuit. — Ilpun. peo.
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HOBBIX MeJMKAMEHTOB, a TaKxXe B (papMaleBTUYeCKOl TeHeTHukKe, cyed-
HOIl Me[MIlUHe, PU IUATHOCTUKE PaKa U JIPYTUX 3a00JieBaHUI.

dnextpudeckn aktusHble JHK-umnsr  (pomsBojcTBa  KOMIAHUK
Nanogen), KOTOpbie F€eHEPUPYIOT KOHTPOJUPYEMBIE DJIEKTPUUECKUE TI0JIsT
B KQKJIOM IIHKCeJse, MOI'YT UMeTb MOTEHIUAJbHO MePCHEKTUBHbIE IIPUJIO-
JKEHUsS JIJIS HAHOTPOW3BOJCTBA. TakwWe MUKPO3JIEKTPOHHBIE YCTPOHCTBA
nepeHocar sapstkennbie Mosekyabl (Hanpumep, [HK, PHK, Genkn u
SH3MMBI), HAHOCTPYKTYPbI, KJIETKH U CTPYKTYPbI MUKPOHHOTO Macmraba
K JII060MY MeCTy Ha MOBEPXHOCTU YCTPONCTBA.

B BpruncauTenbHbIX ycrpoiictBax Ha ocHoBe /JHK amextpuueckue
MOJIS MICTIOJTB3YIOTCS JIJIsl PETYJIMPOBAHUS TIPOIIECCOB caMOCOOPKHU B 3a-
Jannbix mkcensax [JHK-unma. OHEM TakXe UTPAOT POJb «MaTePHHCKUX
nary st c6opku Mosiekysa JJHK B cioxHble TpexMepHbIE CTPYKTYPBI.
Mouekyant IHK camu 1o cebe 06/1a1al0T TPOrpaMMUPYEMBIMU U CAMO-
OPTAHMU3YIONINMH CBOMCTBAMU, TIO3TOMY WX MOXKHO HACTPOUTH AJS BbI-
noJiHeHust PyHKIUN MOJIEKYJISPHOI 3JEKTPOHUKHN U (POTOHUKH.

Mouexybr JJTHK MoskHO TpucoeinHATh K 60J1€€ KPYITHBIM CTPYKTYpaM
(HampuMep, MeTaIMYeCKUM U OPraHUMYeCKMM YacTUIlaM, HaHOTPyOKaM,
MUKPOCTPYKTYPaM U KPEMHHUEBbIM MOBEPXHOCTsIM). B GyjyiieM MUKPO-
aneKTpoHHBIe MaccuBbl U J|HK-KOMIIOHEHTBI MOTYT TO3BOMHTH yUEHBIM
U WHXXEHepaM PeryJupoBarb CaMOCOOPKY JBYXMEPHBIX U TPEXMEPHBIX
AJIEKTPOHHBIX I[eTlell U YCTPOUCTB BHYTPH 60Jiee KPYIIHBIX TIOTYTPOBO/IHU-
KOBBIX CTPYKTYp. B aTOM ciryuae aslekTpuuecku ympasiseMas caMoc60pKa
JIHK MoxeT 0XBaTUTDh MUPOKHI KPYT NOTEHIINAIBHBIX TPUMEHEHHIA.

Hamnpuwmep, uccaenoBatenn u3 Vspawis yske cBA3aJN TPAH3UCTOPHI
¢ autamu [IHK. Ipynna ¢dusuxoB mox pykoBogacTBoM Ipe3da bpayna
(Erez Braun) us M3panjibCcKOro TeXHOJTOMMYECKOTO MHCTUTYTa TeXHUOH
pazpaboTasia JBYXITAlHbBIH MPOIECC TAaKOW CBs3u. Bo-1epBbIX, OHU wuC-
MoJIb30BaTN GEJTKH, KOTOpbIE CIIOCOOHBI CBS3aTh YTIJIEPOJHbIE HAHOTPYO-
k1 ¢ oco6piMu Mectamu Hutn JJHK. 3atem um nonajo6mioch npeBpaTHTh
OCTaJbHYI0 4acTb Mojekyanl [JHK B ameKTpompoBoAgIIyIo TTPOBOJIOKY.
[Mockosbky [IHK He mnpoBoauT 3/7€KTpUYECTBO, OBLIO HEOOXOIUMO MPH-
COeIMHUTDh MeTasmnaecknii mpoBogHuk kK Hutn [ITHK. [lns storo moJe-
kyay JHK nokpeum Genkamu Gaxrtepuum E. coli. 3areMm yriepontbie
HaHOTPYGKN (MOKPBITHIE AHTUTENAMK) TPUKPENUIN K GeJKy, a IOTOM
MOMECTUJIM B PAaCcTBOP, T/le MOHBI cepe6pa CTalu CBSA3bIBAThCA ¢ docdart-
ueiMu Tpymmamu JIHK, #Ho TobKO B Mectax, rae He 66110 6eakoB E. coli.
Aubierna (erIepo,i:[ C TPUCOEIMHEHHON TPYIION C 3JEKTPUUECKUM 3a-
PSAI0OM) TIPEBPATUII HOHBI cepebpa B aTOMbI, KOTOPbIE 00Pa3oBaji OCHOBY
MIPOBO/ISITIEN TTPOBOJIOKH.
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3aTeM yCTPOHNCTBO TMOKPBIIN 30J0TOM JIJIST CO3/JaHUS TMOJHOCTBIO TIPO-
BOJIsiIIel PoBoJioKu. TakuM o6pa3oM, yrjepojHasi HaHOTpyOKa 060uMu
KOHIIaMU ObLJIa COeJMHEHA C 30JI0TON U cepeOPSIHOI TIPOBOJIOKON U (DYHK-
[MOHUPOBAJIA KAK TPAH3UCTOP NPU MPUIOKEHUN [TEPEMEHHOTO HaIpsiKe-
HUsA. B 3aBUCHMOCTH OT NPUJIOKEHHOTO HANPSKEHUS HAHOTPYOKHU JM60
3aMbIKJIM IeJb MesKAy MpoBojokamu (U Ienb B 1eJ0M), J1u60 pasMbl-
Kasmm ee. Tak ¢ TOMOIIBIO GHOJIOTHYECKOTO MPOIECCa YUeHble HAYYUIHNCh
coeIMHATh 002 yCTPOICTBa.

AHaJIOTHYHBI METO/I MOJKHO MPUMEHUTD JIJIsl CO3JaHusI caMocobupa-
fonmxcst Ha ocHoBe [JHK ctpykTyp u neneii. XoTs 3To BCero Juiib OJUH
KPOIIEYHBIT HAHOCKAYOK K MOJIEKYJISIPHBIM BBIYHCJIUTENBHBIM YCTPOi-
cTBaM, camocobupaionmmcst Ha ocHoBe /JITHK, HO ecth nazexaa, uTo B
6smekaiieM OyynieM TakuM o0pa3oM MOKHO OyZIeT CO3/1aBaTh KPYITHbIE
caMOCOOHPAIOIIECs HIeKTPOHHbIE YCTPoiicTBa (HarpuMep KOMIIBIOTEPDI).
Otiepupysi Ha aTOMapHOM YPOBHE, yueHble U WH)KEHEePbl CMOTYT OPraHu-
30Barb nepejauyy u o6paboTKy MHQOPMAIUU B MAJbIX MOJEKYJSPHBIX
yCTpoiicTBaX.

maBHas Hapexpaa

Co3gaTem MUKPOIIPOIIECCOPOB B TIONCKE HOBBIX MaTepUayioB A 6y-
JYIUX THTEIPATbHBIX MUKPOCXeM OOpaTUIU IPHUCTATbHOE BHUMAHUE HA
OJIHOCJIOMHBIE yTJIepoHble HAHOTPYOKU. OHAKO 0KAa3a/0Ch, YTO C HUMU
YPE3BBIYAIHO TPYIHO PaboTaTh.

Onu umeior auamerp or 1 g0 5 uM (ro ectb nmouru B 50 ThiC. pa3
TOHbIIIE YeJIOBEYEeCKOro Bosioca), Ho B 100 pas mpounee, B 6 pas jerde u
Ha 20% amactuynee craan. He Matepnai, a Meuta umkeHepa! OaHOCTOM-
Hble HAHOTPYOKHM TaksKe 00JIa/lal0T OTPOMHOU TEIJIOEMKOCTBIO M MOTYT
B/IBo€e ObICTPeE TIEPEHOCUTD IJIEKTPUUYECKNE 3aPsi/Ibl, YeM eIl Ha OCHOBE
KpPeMHUsI. DTU TPEUMYIIECTBA BJOXHOBJSIOT YUE€HBIX HA co3/aHue 6oJiee
MUHHUATIOPHBIX, OBICTPBIX M MeHee HarpeBaiolmuxcs uyumnoB. [Ipenmnoa-
raeTcsi, 4TO Ha OCHOBE YTJIEPOJHBIX HAHOTPYOOK MOXKHO Gy/eT CO3/1aTh
JlaKe TpeXMepHbIe HHTErpabHble MUKPOCXEMBI, B KOTOPBIX TPAH3UCTOPbI
OyZyT paciojiaratbCsi He TOJbKO GOK 0 GOK, HO M OAWH HAJ| IPYTUM, 4TO
HEBO3MOJKHO B CXeMaxX Ha OCHOBE KPEMHUS.

EnnHoo6pasue

Kaszanoch 6bl, Bce <«IIOMENIATHCb» Ha YIJIEPOAHBIX HAHOTPYOKax,
OJ/IHAKO MHOI'ME KOMIIAHMM CTPEMATCA YIOPSAJOYUTb U CTPYKTYPHUPOBATDH
202 JJaHHbIE O HOBBIX Marepuajax. Accolualysl NOJyIPOBOJHUKOBON IIPO-
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mbiienaoctn (Semiconductor Industry Association — SIA), B KoTOpyIo
BXO/ISIT OCHOBHbBIE TIPOU3BOIUTEM MUKPOIIPOIIECCOPOB, COBMECTHO C TIpa-
BurtesbcTBeHHbiMU opranamu CIIIA paspa6orana nmporpaMMy OIIEHKH BO3-
MOJKHOCTEIl HOBBIX HAHOTEXHOJIOIMYECKUX MPOIECCOB U (PMHAHCUPOBAHUS
MCCJIeZIOBAHUH TIPABUTEIHCTBEHHBIMU M YACTHBIMU OPTAHU3AIMSIMHE.

SIA cdokycupyercss Ha JIBYX-TPeX HOBBIX HAHOTEXHOJOTUYECKUX
00J1acTsIX, 4TOObI MAKCUMAJIbHO CKOHIEHTPUPOBATH B HUX CPEACTBA W
pecypcbl. YueHble U MHXKEHEPBI CMOTYT TIPOBOJUTH CBOU MCCJEIOBAHUS
60Jiee OPraHN30BaHHO U KOOPIUHUPOBAHHO.

[lo 2005 r. y4yeHble He 3HAJIN, KAaK MOXKHO MPOU3BOJIUTL HAHOTPYOKM
B IIPOMBIIIJIEHHOM Macnrrtabe. /leso B TOM, 4TO TIOCJ€ BBIPAIUBAHUS TIO-
JIY4aIOTCST HAHOTPYOKU PA3HOTO JuaMeTpa W JJIMHBI, a TaK)Ke CO CBOW-
CTBaMU TIPOBOJIHUKOB ¥ TOJYIPOBOJHUKOB. J[efiCTBUTENHbHO, MUJIJIHOHBI
YIJIEPOJIHBIX HAHOTPYOOK BBITJISAAST KaK OObIYHOE MSATHBINKO caxu. [lyist
U3BJIEUEHUST HAHOTPYOOK 33/[aHHOTO TUIA U pa3Mepa HY)KHO M3PS/IHO TO-
TPYIUTBCS.

[pynme yuenbix us komnannu DuPont u Yuausepcurera Paiic (CIITA)
YAQJI0Ch PA3JEJUTh HAHOTPYOKH € MOMOIIBIO CIIEIMAIBHBIX JT00ABOK, KO-
TOpbIE He Jai0T HaHOTPpyOKaM caunarbest. Jlaypear HobGeneBckoil mpemun
Puuapa Cmouu onucan 3ty curyaiuio tak: «lIpeacraBbre cebe, uTo Ha-
HOTPYOKU — 3TO CIIATETTH, A& Mbl JIHIIb U300PETH MACTIO».

B 2005 r. mpob6siema mosydeHus OJHOOOPAa3HBIX TPYOOK crana Me-
Hee aKkTyasnbHOIl. Yuenbie u3 kommanunm Southwest Nanotechnologies
(CIITA) npeaioskuan crnoco6 BbIpANMBAHUSA HAHOTPYGOK MOCTOSTHHOTO
[uamerpa, a ux Kojuteru uz Yuusepcurera [liox n HanuonanbHoit 1a6o-
paropun B Jloc-Anamoc (CIITA) BbIpacTUIN caMble JJIMHHbIE HAHOTPYO-
KU — JJIUHOH oKojo 4 cM. Biaromaps nx ycuamsiM Temnepb MOKHO TIOJTY-
YaTh HY>XHOE KOJIMYECTBO HAHOTPYOOK OJIMHAKOBOTO pas3Mepa, a 3HAYMT,
YIIPOIIAETCsT UX MPUMEHEHNE.

HAHONPOBOJA

MeTo/ibl OYMCTKM, PACIyTbIBaHUS, BBIIPAMJIEHUS U COPTUPOBKHU Ha-
HOTPYOOK TOPa3/l0 CJOXKHEE, YeM MeTOJ[bl BBIPAIMBAHUS KPEMHUEBbIX
KPHUCTANIOB. A cO3[aHUe 3JeKTPUYEeCKUX Ilerleil Ha UX OCHOBE — 3TO
OTpOMHAas TeXHWYecKash mpobseMa, KOTOPYyIO cefidac pemialT yYeHble
U UHXKEHEPBHI.

Q HaHonpoBog — 3T0 NPOBO/IOKA ANAMETPOM BCEro HECKOSTbKO HAaHOMETPOB (TO eCTb OKO-
no 10° m). Ha TakoM MacluTabHOM YpPOBHE BRXHYID POAb Urpal0T 3aKOHbl KBAHTOBOM
MEXaHWKK, a NOTOMY NOA06HbIE NPOBOAA HA3bIBAIOT KBAHTOBbIMU NPOBOAAMM.
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Topasao tmpoiie paboTaTh ¢ KPEMHUEBBIMU HaAHONPosodamu (Hao-
CMEPIKHAMU, NIV KEAHIMOBLIMU NPOEOOAMU), KOTOPbIE SIBJISIIOTCS CJIE/LY-
IOIM 3TANlOM Pa3BUTHS KPEMHHUEBON 2JIeKTPOHUKN. Kak M HaHOTPYOKH,
HAHOTIPOBO/Ia MOTYT 06Pa30BBLIBATh CJOKHBIE KOH(MUTYPAINH U3 CBEPX-
MaJibIX TPAH3UCTOPOB, HO OHM He 006JIAJAIOT CBEPXBBICOKOU MPOYHOCTHIO
HaHOTPYOOK.

HanomnpoBoga MoryT 06pa3oBbIBaTh CJIOXKHbIE CUCTEMBI C JAPYTUMU
MaTepuajsaMu. KpeMHUEBble HAHONPOBOJA HAYYHJIUCH JejaTh 6iaroja-
P OTPOMHBIM ycCIleXaM COBPEMEHHBIX 3JIeKTPOHHBIX TeXHoJoruit. leso
B TOM, YTO y4YeHble W WH)XEHEPbl MOTYT KOHTPOJMPOBATH WX CTPYKTYPY
U CBOWCTBA TakK e, KaK JIeJadu 3TO Ha MPOTSKEHUN MHOTUX JIeT.

OpaHako KpeMHW — He eJWHCTBEHHBI MaTepuaJs, MPUTOJHBIN s
CO3/IaHUST HAHOMPOBOOB. /17151 pa3HbBIX 1iesiell MOTYT IPUMEHSIThCS MeTa-
JIM4ecKue WM MHOTOCJOMHbIE HAaHOMPOBOJAA U3 30JI0Ta, MeAN WU Map-
raHIa.

HamompoBoga auamerpoM 12 HM MOKHO WCITOJTb30BATh [IJISI ONTHYE-
CKMX U 3JIEKTPOMArHUTHBIX CUCTEM, BKJIOYAS CEHCOPBI U COJIHEYHbIE Ga-
Tapeu.

Ha pucynke 9.4 mepedncyieHbl MaTepHUasbl, 13 KOTOPBIX MOXXHO W3-
TOTaBJMBAThb HAHOIIPOBOJA.

Bucmyt KpemHun
3onoto
Nannaguii MuHo3sem
MOKCWT, TUTaHa
Kap6opyHg, A A
Mepp FepmaHui
OKkcnp umHKa CeneHunp Kagmua

Hutpua rannua Hukenb

HaHonposopg
Qocdng nHamns

Okcnp marHmsa
Okcnp mapraHua

Puc. 9.4. HanonpoBosia MOKHO CO3/1aBaTh M3 Pa3HbIX MaTepuasoB
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MOABELLEHHBIE HAHOIMPOBOJA

HanomnpoBoga co31ai0T B JJaGOPAaTOPHUAX € IIOMOINBIO N006CUUCAHUS
nnu Hanviienuss. OObIYHBIN IPOBO/I TOJABEIINBAIOT B BAKYYMHON KaMepe
U YMEHBINAIOT €ro TOJIIHUHY JU6O0 C MOMOIIbIO TpaBJjeHus, Ju60 06CTpe-
JIUBasi €r0 BBICOKOIHEPTETHYHBIMU YACTHIIAMH, JUOO BBITATHBAS €r0 U3
paciuiaBa (IIpUOIM3UTENbHO TaK, KaK BBHITATUBAIOT BUJIKONW OYEHb TOHKKE
BOJIOKHA U3 PaCILIaBJIEHHOIO ChIPa MOIAPEJLIA).

HATBIJTEHHBIE HAHOMPOBOA

Harmbliennble HaHONpoBoga 06pa3yioTcsi Ha TOJJIOMKKE U3 JIPYroro
MaTepuaJia, HalpUMep, B BUJE Psja aTOMOB MeTasjia Ha HEeNpPOBOSIIEH
MIOBEPXHOCTU. JTO OOBIYHO JOCTUTAETCS C MOMOIIBIO JIA3ePHOH abJISIIH
(«cTEpaHus») aTOMOB MCTOYHIKA HAHOIIPOBOAOB B COCTOSIHUK THUIIA Map—
KUKOCTb—TBEPI0E TEJIO.

CHavama MCTOYHMK IIOJBEpPraercs BosJeicTBmio Karanmsatopa (Ha-
HpuMep HaHOKJIACTEPOB 30JI0Ta). ATOMBI MCTOYHHUKA IIPOCAYMBAIOTCS
B KaTaJu3aTop W HACHIINAIOT ero. B MOMEHT TepeHaChIeHUs OHU Iie-
PEXOJAT B TBEPJOE COCTOSIHME M HAYMHAIOT PAcTH B BHJE KPUCTAJLIA-
HaHOTIPOBOJA. /lMHA TaKoro HAHOMPOBOJA PETYJUPYETCS € TOMOIIBIO
MOJIAYM ATOMOB UCTOYHHKA. TaKUM CIIOCO60M MOKHO TIOJIyYaTh HE TOJTbKO
OTZleJIbHBIE HAHOMPOBO/A M3 OJHOTO Marepuaja, HO U CBEPXPENIETKH 3
HepeMeKAIONIUXCsS MAaTePUAIOB 32 CUET BKJIOYEHUS PA3HBIX UCTOYHUKOB
BO BpeMs HarblieHus. VIMEHHO Tak MOJIyYyaloT HAHOIPOBOJA JJISl MOJY-
ITPOBO/IHUKOBBIX KOMIIOHEHTOB 3JIEKTPUYECKUX CXEM.

s co3manust KOMIIOHEHTOB 3JIEKTPUYECKUX CXEM Ha OCHOBE HAHO-
[POBOIOB OT/I€JIbHbIE HAHONPOBO/AA JIETUPYIOT (TO ecTh JOGABJAIOT MPU-
MeCH APYTMX XMMHYECKHMX BEIIECTB), YTOOBI MOJIYyYUTH MOTYIIPOBOAHUKN
n-TUNA WX p-TUHA. 3aTeM HPOCTOH Tepexoj| p-n-Tuna (UKCUPYIOT T0-
CPEJCTBOM MPOCTOTO (PU3NIECKOTO COEANHEHHs IPOBOJA p-TUIA C HPO-
BOJIOM 7-THUTIA UJIH TIPU TIOMOIIA XUMUYECKOTO JIETHPOBAHMS PA3JUYHBIMU
npuMecsivmu. Hanpumep, nepexof p-n-tuna MOXKHO HOJYYHUTD C IIOMOIIBIO
Bcero ogHoro mpoBosa. [locse co3manms nepexo10B MPHUCTYTIAIOT K CO3/1a-
HUIO JIOTHYECKUX 3aTBOPOB HA OCHOBE HECKOJIbKUX TE€PEXO0B p-N-THTIA.

HecoMuenHo, moiynpoBojisiliiie ¥ MPOBOJISIINE HAHONPOBOAA OYIyT
UMETb OTPOMHOE 3HauyeHue /s OYIyINX KOMIbIOTEPOB, MOCKOJbKY 3a-
JIENICTBYIOT MHOTOUYHNCJIEHHbIE MTPEUMYIIECTBA HAHOTEXHOIOTHIA.

CBOWCTBA 1 NPUMEHEHIS HAHOMPOBOJ0B

Buaronapst ceouM cBepxMaJ/iblM pa3MepaM HAHOIPOBOJA MMEIOT yHU-
KaJIbHbIE 3TeKTPUIECKre CBOICTBA. B oT/mdme OT yriaepogHbIX HAHOTPY-
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60K, B KOTODbIX 3JIEKTPOHbL CBOOOJHO IIEPEMEIIAIOTCS MEXKAY KOHTaKTa-
MU, TPOBOJNMOCTb HAHOMPOBOAOB OYE€Hb CHJIBHO 3aBHCUT OT KPAEBHLX
a¢hhexmos, BOZHUKAIOIINX, MOCKOJbKY aTOMBI HA TIOBEPXHOCTH U BHYTPU
HAHOIPOBOJIa I0-PAa3HOMY CBSI3aHBI C COCEJHUMM aroMaMH. YacTHYHO
CBSI3aHHDBIE aTOMBI Ha IIOBEPXHOCTH MOTYT MHUIMIPOBATH HOSIBJICHUE [ie-
(pexTOB B HAHONIPOBOZE, KOTOPBIE CHU3SIT 3JIEKTPUUECKYIO IPOBOUMOCTD
HAHONPOBOJIOB. UeM MeHbIlle HAHONPOBOJ, TeM OO0Jibllle B HEM MOBEPX-
HOCTHBIX aTOMOB, M T€M CHJIbHee KpaeBble a(pdeKThI.

KBaHToBble 3(h(heKTbl B HAHOMACLLITAOHON INEKTPOHMUKE
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Heo6xoanMocTh co3/ianns CI0XKHOHN 3JTEKTPOHUKHM U 3JIEKTPUYECKUX
KOMITOHEHTOB HA MOJIEKYJISIPHOM YPOBHE CIIOCOOCTBOBAJA OGBICTPOMY TO-
SIBJIEHUIO W Pa3BUTHUIO HOBbIX HAHOMACIITAOHBIX MeTosoB. Ha atoM ypos-
HE OrPOMHOE 3HAUeHue WMMEIOT TO4YHble u3MepeHusi. Kuneruueckue wu
KBaHTOBbIE A(PPEKTHI CYNIECTBEHHO MEHSIOT 3JIEKTPUYECKUE U TETLIOBbIE
CBOICTBA MaTepHasoB U YCTPOUCTB.

[TpoBoasnie HAHOCTPYKTYPbI MOTYT TPUMEHSTHCS [ HaHOMAcC-
mTabHbIX U3MepeHuii. Hekoropbie saGopatopun y:ke aKTHBHO UCTIOIb3Y-
10T IBMKEHNE OT/AEJbHBIX 2JIEKTPOHOB B KauecTBe CTaHAAPTHBIX N3MepH-
TEJIbHBIX MHCTPYMEHTOB 3JIEKTPUUECKOTO TOKAa U eMKocTu. Kpome Toro,
y4€eHble YCIHEITHO M3MEPSIIOT CBOWCTBA aTOMAapHBLIX POBOJIOB U JIPYTUX
3JIEKTPOMArHUTHBIX HAHOCTPYKTYP.

Bynaymme sanOCTPYKTYpBI, BEpOATHO, 6yAYT NCHOJIb30BATHCS B Upe3-
BBIYAIHO TMHPOKOM CIIEKTPe — OT KBAHTOBBIX BBIYMCJIEHWH [0 CEHCOPOB
OT/IETbHBIX YACTHUI[ M aTOMapHBIX B3anMo/ieiicTBuii. KBanToBble apexTo
oueHb caabbl C TOYKKU 3PEHUS MaKpoMaciitaba, a oToMy JIJisl UX u3Mepe-
Hust Tpebytorcst 60Jiee TOUYHbIE MHCTPYMEHTHI.

Hexoropble MUKpPOCKOITMYECKHE CHCTEMbI, HECMOTPSI HA CBOW TOPA3/I0
60BN pa3Mep 10 CPAaBHEHWTO C HAHOCUCTEMAMH, JIEMOHCTPUPYIOT CBOW-
CTBa, MpHUCYIHe TocaeHuM. Yare Bcero Takne HaHOCBOICTBA BO3HUKAIOT
[IpU CO3/IaHUU MaTepuaJoB U UX B3aumojelictBun. Hanpumep, HaHOCBOK-
CTBa TPOSIBJISIIOTCS MPHU CO3/IaHUU OMOYUIIOB JIJisi CEKBEHUPOBAHUS TE€HOB
U JIpyrux OUoNornyecKuX NpuaoskeHuil. OOGbIYHO CTEHKH MaKPOCKOIIU-
YeCKUX COCY/IOB €J1a00 BJIMSIOT Ha TeYeHWe B HUX KUAKOCTH. OJHAKO B
MUKPOCKOTNYECKNX U HAHOCKOTIMYECKIX COCY/IaX 3TO BJINSHHUE CTAHOBUT-
CSI OTPOMHBIM W MOKET IPUBECTH K HEMPe/ICKa3yeMbIM Pe3yIbTaTaM.

Baaromapst pasBuUTHIO HAHOAIEKTPOHUKH ObLI CeJIaH OTPOMHBIH TIPO-
pPbIB — u300peTeHUEe ONTUYECKUX MEePeKJIoYareseil B ONTOBOJOKOHHBIX
cerssix. CeeroBbie BOJIHBI (¢ AJMHON BOJHBI B HECKOJBKO COTEH HaHOMe-
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TPOB) CIIOCOGHBI MIEPEHOCUTh TUra0ailThl JaHHBIX, HO STOT MOTOK YMEHb-
1raercsi, KOTJa HACTyIaeT atal uX 0O0paGOTKU C MOMOIIbIO 3JEKTPOHOB.
[Tocko/IbKY 2JIEKTPOHHBIE KOMMYTATOPbI CTOST OY€Hb JOPOTrO, Yy pa3pa-
6OTYUKOB OITHYECKUX KOMMYTATOPOB HMMEETCS OTPOMHBII SKOHOMUYE-
ckuit ctuMysn. OnTudeckre KOMMYTaTOPBI MOTYT UMETh BHJI MACCUBA UJIH
KOJIbIIa U3 JIUH3 1 3epKas (puc. 9.5), mpeo6pasyonux u pacieIsonux
MOTOK (POTOHOB, KOTOPbIE TTEPEHOCAT JaHHbIE.

OnTuyeckre NnH3bI
7D S .

OtpaxaTenb @ @

J T KommyTupytowmii myyok
(Bkntoyaer)
S S — Y
g
>
Y e Bkntovalownin
3epkano | | MyuoK
KommyTatop KommyTaTop
B BMJie Macc1Ba 3epKai B BuAe KosbLa

Puc. 9.5. IlpumMepnl ONTHYECKUX KOMMYTATOPOB

buonoruyeckue HaHoCeHCOopbI

Kaxk y:xe o6cyskmanoch B ryaBe 5, GHOJOTHYECKIE CEHCOPBI — OYEHb
BaJKHbIe WHCTPYMEHTDI JJIs MIEHTU(MDUKAIIMH TOKCUYHBIX XUMUKATOB, KO-
TOPbIe B MaJIBIX KOHIIEHTPAIMIX MOTYT HAXOAUTHCS B IPOMBINIIEHHBIX
MPOJYKTaX, XUMHYECKUX COEJUHEHUsIX M OKpyKatwouieii cpexe (Boia,
BO3/IyX, [0YBa), a Takyke JJIsi OOHAPYKEHUs ONACHBIX OGUOJOrMYECKHX
cucreM (Hanpumep, GakTepuii, BUPYCOB U T. II.).

IKcTpeMabHas CHenn@UIHOCTh GHOTOTHYECKUX 30HJOB, a TaKKe
CBEPXUYYBCTBUTEJbHOCTb OINTHYECKHUX /IETEKTOPOB HA OCHOBE JIA3€POB I10-
3BOJISIET OMOJIOTUYECKUM CeHCopaM OOHAPY:KUBATh M PA3JjnyaTh XUMUUe-
CKHe KOMIIOHEHTBI CJIOXKHBIX CHUCTeM. Buarofgapst nx TOHKO HACTPOEHHOI
cXeMe MOXKHO YeTKO OIIpe/esiiTh U TOYHO HM3MepSITh HCcieayeMbie 006-
pasIbl.

HoBas rpynma OHOJIOTHYECKNX HAHOCEHCOPOB C WCIOJIb30BAHUEM
arrures n JIHK-30H10B pacmmpsier apceHas y:xe NMeOMNXcs GHOJIOTH-
YecKMX ceHcopoB. Hampumep, 71 uaeHTH(UKAINN KaHIIEPOTEHOB YyIKe
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npuMeHstoTest paroopoumnmynocercopul (fluoroimmunosenors — FIS)
Ha OCHOBE aHTHUTeJs. AHTHUTeJAa PacliojiaraioT B KOHIE OITOBOJIOKOHHOTO
3onza win cencopa (Buyrpu FIS) must ananmsa B pexkuMe in 0ivo uim
in vitro. DKCTpeMasbHAsI YyBCTBUTEIbHOCTD JOCTUIAETCs ¢ IOMOIIBIO JIa-
3€PHOTO M3JTy4eHus ¢ GoJiee BBICOKOI sHEprHell N yIpaB/IseMbIX ONTHYE-
CKUX CHUTHAJIOB.

FIS 1o BoJiokHy mocbuiaeT B 0o6pasel] CUTHAJ YBEJIUYEHHOUN 3HeEp-
ruu u cobupaer JyopeciieHTHOe H3JIydyeHue, UCIycKaeMoe OeJKOM Ha
KOHIle 30H/a. 30HJ Iocje Ja3epHoro o0sydeHus: Bo3OyskaaeT oOpasell,
CBSI3QHHDBIN C aHTUTEJIaMU Ha KOHYMKE OIITOBOJIOKOHHOrO 30HJa. C 1oMo-
MbIO 9TOTO METO/Ia MOKHO BBITIOJTHSATH OBICTPBIE M MPOCTbIE M3MEpPEHNS
XUMUYECKUX U GUOJIOTHYECKIX areHTOB C TOpas/io OJbIell TYyBCTBUTEb-
HOCTBIO.

buonornyeckue 4yunbl
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Buoyiornyeckue mporiecchl, HanpuMmep aAnddepeHnuaus KIeToK, ae-
JIeHne KJIETOK, (aronutos (To ecTh MoKMpaHue 4yKePOJHBIX YacTHIL) U
HeKkPo3 (CMEpPTh KJIETOK), CBSA3aHbI C IIEPEMENICHIAMI KOMIIOHEHTOB KJIe-
TOK. [y M3y4eHus] STUX BaKHBIX TPOIECCOB ceilyac pa3pabaTbIBAOTCS
HOBbIE MeTO/[bl. MOJIEKYJISIPHOE MAPKUPOBAHUE C MOMOIIBI0 XUMHYECKUX
U GHOJIOTHYECKUX METOJIOB MO3BOJISIET TOYHO OTCJEKHBATh OT/EJbHBIE
MOJIEKYJTBI B TIporiecce (PIyopeciieHTHOH MIUKPOCKOTIHH.

C moMoIbi0 HOBLIX HAHOTEXHOJIOTUH W HAHOMATEPUAJIOB MOXKXHO 6Y-
aetT OéH&py)KI/IBaTI) aTOMbI U MO.HGKy.]IbI, a TaKXe MaHI/IHyJII/IpOBaTb nmn
Ha KJETOYHOM YPOBHE B MEJIUIIMHCKUX IessX. Tor dakr, uro 6uosioru-
YeCKHe CEHCOPbI MMEIOT HaHOMacCIITaOHble pasMepbl, 03HAYAET BO3MOXK-
HOCTb qpe3BquaﬁH0 BBICOKOU CTeIleHUn JIOKaJIn3allnun I/IBMepeHI/Iﬁ B CaMbIX
KPOXOTHbBIX Me€CTaX BHYTPHU KJIETKH. PasBurue 6I/IOJIOFI/I‘I6CKI/IX HaHOCEH-
COPOB U BHYTPUKJIETOUHDbIE M3MEPEHUS B PEKUME 7 SitU C TOMOIIBIO Ha-
HO30H/IOB HA OCHOBE aHTHUTEJ — 3TO GOJbBILIOE JOCTUKEHHE COBPEMEHHON
HAayKN U TEXHUKU.

[Tpu moMoIu OHOJOTHYECKUX HAHOCEHCOPOB YYEHBbIE MOTYT TECTH-
poBaTb OT/E€JIbHbIE MOJIeKyJIbI 1 1nepegaBaeMble Me>1<11y HUMHN CHUTHAJIbI
B crennuIecKnX MecTaX BHYTPH KJIeTKH. Pacmososkenne GuoJormde-
CKOTO HaHOCEHCOPa BHYTPU KJIETKW He BJMSET Ha KJIETOUHYIO MeMOpaHy
Wjin BCIO BHYTPUKJIECTOUYHYIO [A€ATEJIbHOCTD. Jro quSBquaﬁHo IpuATHaA
HOBOCTbD JIJIsI MEJMKOB, KOTOPbIE BCET/a MEUTAIN O TaKOil BO3MOKHOCTH.
CrocoGHOCTb OTCJIESKUBATD TPOIECCHI B PEKUME i 0i00 BHYTPU SKUBbBIX
KJIETOK I103BOJIUT CYUIECTBEHHO YJIYUIIUTb HaIl€ IIOHUMaHHEe KJIETOYHbIX
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dynaxmmii. TosbKO OZHO 3TO TOCTIKEHNE HAHOTEXHOJJIOTHH JACT BO3MOK-
HOCTb TIOJIHOCTBIO TIPe06pa3oBaTh KJIETOYHYIO GUOJIOTHIO.

B Hacrosiee BpeMsi MpUCTaJbHOE BHUMaHWE YESETCS HCCJIe0Ba-
HUIO Guosornyecknx ceHcopos ¢ JTHK-zongamu (6uounnamu). Kak yske
YIOMUHAJIOCH B TJIaBe 5, pacro3HaBaHue 6eJKOB OCHOBAHO HA YPE3BbI-
vaiiHo ToyHoM coorBercTBiM yuyactka JIHK ¢ kommiemenrapHoii (1o ecth
JIOTIOJIHAIONIEH ) OCIe10BaTeNIbHOCTBIO0 HyKaeoTn10B. JJHK-30H1BI MOTYT
MPUHECTH TMOJb3y TaM, TAe BO3MOXHO HCHOJb30BATh 3TO CBOWCTBO HY-
KJEMHOBBIX KHUCIOT. Bbruosormieckue ceHCOPBI TAKOTO THIIA MOTYT TIOMOYb
B JIMaTHOCTUKE TeHETUYECKON BOCIPUUMYMBOCTH K HEKOTOPBIM 3a60JIeBa-
HUSM, HAIPUMEDP HACJEe[ICTBEHHON TeMOQUINH.

CeHCOpPBI TJIIOKO3bI, BEPOSITHO, SBJSIOTCS CAMBIMHU PaCIIPOCTPaHEH-
HbIMH OHOJIOTHYECKUMHU CceHcopaMu. Thicsuu crpajaiomux ot gauadera
J0/Ieft BO BCeM MUpe HYKIAIOTCS B HUX IS ONpeeTeHnsT YPOBHS TJIIO-
KO3bl B KPOBHU B TeueHHe Bcero AHs. [IpwHIUN geficTBUS ceHCOpa OCHO-
BaH Ha WCIOJb30BaHNM 9H3UMa (IJIIOKO30KCHIa3bl), KOTOPbIH YCKOPSIET
PEeaKInIo TJII0KO3bI U KUCJIOpPOoAa ¢ 06pa30BaHUEM TJTIOKOHOBOIM KHCJIOTBI
u nepekucu Bogopoaa. CeHcop MOKET OTpeeaTh YPOBEHD ITIOKO30KCH-
J1a3bl W BBI3BAHHbBIE M U3MEHEHUS JIEKTPUUECKOTO TOKA.

buonorndeckne HaHOCEHCOPBI MO3BOJIAIOT WCCAEAOBATENSIM HCIIOTh-
30BaTh W TECTUPOBATb OUOJIOTMYECKUE MOJIEKYJbl. Meauku Xoreau Obl
€O3/1aTb TaKie HAHOMHCTPYMEHTBI, KOTODble IIOMOTYT aHAJIU3UPOBATDH
KJIETOYHbBIE TPOIECCHI, BBITIOJIHIAEMbIE OTAETbHBIMU OUOJOTHUYECKIMHI MO-
JlekyJiaMu u Kiaetkamu., OJHU CHEUATUCThl Ha3blBAOT 1MOI0GHBIE HC-
CTIeTOBAHUSA KJIeMOUHOU UHXKeHepuel, a IpyTne — 3APaBOOXpPaHEHNEM
Oy Ly1Iero.

JlocTiokeHnst MUKPO- M HAHOZJIEKTPOHUKHU [O3BOJISIT CO3/1aTh OoJiee
MUHUATIOPHbIE, OBICTPbIE, TOYHbIE U JIelIeBble HAHOMHCTPYMEHTBI YIKe
B GmmkaiiimeM OyayuieM (a HeKOTOpble yske co3[aHbl). B HameM KoM-
MIOTEPU30BAHHOM OOIIECTBE BCE OTPACJU ITPOMBITIIEHHOCTH OILYTST 3TH
MPENMYTIECTBA U U3BJEKYT U3 HUX MOJIb3Y.

KOHTPOJIbHBIE BOIPOCHI

1. Yro perysimpyer TOK/HanpsiKeHne U AefCTBYeT KaK MepeKTioyaTesb
WM BEHTUJIb [IJIS1 3JIEKTPOHHDBIX CUTHAJIOB!

(a) mmos;

(6) Tpansucrop;
(B) 3a/BIKKA;
(r) cueryux.
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2. KpeMHuii, apceHn[ rauusi U TepMaHUIl HCHOJb3YIOTCS IJIs1 CO3/a-
HUSL:

(a) yno6pennii;

(6) mw1acT™Maccnl;

(B) MHraIATOPOB;

() Oy IIPOBOIHUKOBBIX MATEPUAJIOB.

3. HOBe,ZIeHI/Ie BelleCTBa Ha aTOMapHOM M AJA€PHOM YpPOBHE OIIMCbIBa-
€TCA:

(a) KBAaHTOBOI MeXaHUKOI;

(6) nenenneM szpa;

(B) reousnueckoil TEKTOHUKOI;
(r) dusukoii duBapaa.

4. HpI/IMeHeHI/Ie 11a6JIOHOB IJIA CO3JaHUA MHTErpaJbHbIX MHKPOCXEM
Ha3bIBa€TCA:

(a) xuMmorepanuei;
(6) dorocunTesom;
(B) TpaHCAyKIMEI;
(r) mmrorpadueii.

3. HpOBOlII/IMOCTI) HaHOITPOBO/Ia B 3HAUNUTEIbHOU CTEIIEHU 3aBUCHUT OT:

(a) xpaesbix 3 deKToB;
(6) cocTostHUS PBIHKA;

(B) COTHEUHBIX BCITHITIEK;
(r) croumocTn Marepuasos.

6. IlomynmpoBogHWKN n-THIIA XapaKTepU3yIOTCS:

(a) UBIMIIKOM KBapKOB;

(6) M36BITKOM HJIEKTPOHOB;

(B) meiiTpanusanueil Bcex 3apsioB;
(r) nedunUTOM 9JEKTPOHOB.

7. C noMompio yabTpaduosIeTOBOTO H3JAYUYEHUS CO CBEPXKOPOTKOI
JUTMHON BOJTHBI B CKOPOM OYyIlleM CTaHeT BO3MOKHBIM CO3/IaBaTh
TPAH3UCTOPDHI HA KPEMHEBOW TOIJIOXKKE, KOTOPble GYIyT MOIIHEE CO-
BPEMEHHDIX:
(a) B 10 pas;
(6) B 25 pas;
(B) B 50 pas;
210 (r) 8 100 pas.



8.

10.

IMIABA'9 3neKTpOHMKA 1 CEHCOPbI

leBOGHI/Ie IJIOTHOCTU KOMIIOHEHTOB MHUKPOIIPOLECCOPOB Kax/ble
IIOJITOpaA roJla Ha3bIBA€TCA:

(a) reopueit KymHoBcKoroO;
(6) npeanonoxenunem Ilays;
(B) 3akonomM Mypa;

(r) runoresoii Bapauna.

ZIOéaBJIeHI/Ie HpI/IMeCGfI B IIOJIYIPOBOJIHUKOBbIE MaTe€puaJbl Ha3blBa-
€TCA:

(a) o630poM;

(6) mnacruduxanuei;
(B) mermpoBanuem;
(r) MmackupoBaHueM.

D100pONMMYHOCEHCOPHI Ha OCHOBE AaHTHUTEN TPUMEHSIOTCS IS
UAEHTUPUKAIIH:

(a) MOCKUTOB;

(6) KaHIEPOreHOB;
(B) ypPOBHS IIIOKO3BI;
(r) saepHBIX OTXO/I0B.
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BypHbIit pocT KOMMYHUKAIIMOHHBIX TEXHOJOTUN B mocjaeanue 40 et
yiKe CTalu Ha3bIBaThb <«MH(MOPMAIMOHHBIM BeKOM». C KaXKIBIM TOIOM
ynporaercst crnocob o6IeHust ¢ APYy3bsSMU, POJACTBEHHUKAMH U KOJIJIETa-
mu. Paszsutue VHTepHeTa [ajo BO3MOKHOCTD JIIOJSIM MIHOBEHHO IOJIY-
YaTh JOCTYI K yaajeHHo! nHdopMaiuu 1 06MeHUBaThCs elo. PaHbiie 06
3TOM TPUXOMJIOCH TOJTBKO MEUYTaTh, a TeMepb 3TO MOXKHO OCYIIEeCTBUTH
OJTHUM MIEJTYKOM MBIIIn!

Metombl foctyna Kk mHQOpPMAIMK W ee Tiepejayd MOTYT COBEPIIMTD
HOBBIII HEBEPOATHBI CKAYOK C IIOMOIIbI0O HAHOMATepHaJOoB U HAHO-
ycTpoiictB. Kak yxke 6bL70 cka3aHO B TJiaBe Y, KOMIIOHEHTHI KOMITbIOTE-
POB MOTYT CO3/IaBaThCsl HA HAHOMACHITAGHOM YPOBHE KaK «CBEPXY BHU3»,
TaK M «CHHU3Y BBEPX». IDTH METO/bI TAKIKE UCIOJb3YIOTCS [/ pa3pabor-
KM KOMIIOHEHTOB KOMMYHUKAI[MOHHBIX YCTPOUCTB, HApuMep MOGUIbHBIX
Tesie)OHOB U PAJIAPHBIX CUCTEM.

[eiicTBuTesibHO, MHOTHE CBOMCTBA HAHOYACTHI[, KOTOpPble MMEIOT
OTPOMHOE 3HaueHWe JJIs TPOM3BO/ICTBA KOMIBIOTEPOB W CEHCOPOB, MOTYT
UMETh TaKoe ’Ke 3HaueHue W s KOMMYHUKaruii. EcTb BO3MOKHOCTD
TPUMEHATh HEKOTOPble HAHOCWCTEMBI, HANPUMEP KBAHTOBBIE TOUYKH, BO
Bcex aTtux orpaciagx. llepegada curHAIOB WrpaeT BaKHEUIIYIO POJb B
KOMMYHUKAIUSX, U €€ BaAXKHOCTb Oy/IeT TOJbKO BO3pacTarb 110 Mepe HC-
[10JIb30BaHUSI CBOMCTB HOBBIX MAaTEPUAJIOB.

Ydenble aKTHBHO M3y4aioT CIIOCOOBI BBIYMCJIEHUS C MTOMOIINBIO M3Me-
HEHUs CBOWCTB OTAEJbHON MOJIEKYJbl WAN TPyHmbl Monekya. Cosmanie
(PYHKITMOHATHHOTO 37€MEHTAa Ha OCHOBE MOJIEKYJIbI, KOTJIa HEKOTOPOE ee
CBOICTBO HYKHO CBSI3aTh C BBITTOJIHEHNEM apudMeTUYecKOro Win JoTuye-
CKOT'O JIeifiCTBUSA, ABJSAETCS OOJIBIION U CJIOKHON 3ajadyell /Ui ClelhaJin-
CTOB MOJIEKYJISIPHOW 3JIEKTPOHUKMU.

MoutekyiIpHasl 2JIEKTPOHMKA OXBATHIBAET MHOXKECTBO KOHIIETITYaJTh-
HBIX, 9KCIIEPUMEHTAILHBIX U MOJENbHBIX acneKToB. [Ipw momncke oTBe-
TOB HAa BOMPOCHI HYKHO YUYUTBHIBATH PACIOJOKEHUE W B3aWMOeiCcTBUE
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MOJIEKYJI, XUMUYECKHEe CBONCTBA, METOIbI HAHOCOOPKH W HAHOYIIAKOBKM.
ApXUTEKTypa MOJEKYJ CBSI3aHA CO CJOKHBIMU 33aJa9aMU OTIPe/eeHUS
X B3aUMOJIENICTBUSI U POJIM: IEPEKJIoYaTeNs, TPaH3uCcTopa min 6oJiee
CJIOJKHOTO YCTPONCTBA, HAaNPHUMEP JIOTMYECKOTO WJIU apudMeTHYecKOro
ssneMenTa. Ecim Kakoe-TO aJIeKTPOHHOE YCTPOoiicTBO (CKaskeM, TpaH3u-
CTOP) yAACTCsl YMEHBIIHUTH 0 BEJMYUHBI MOJEKYJIbI, OYIeT COBEPIICH
rnepexo/i OT MUKPO- K HAHOAJIETPOHUKE.

W3BecTHO, UTO B OMHON MOJIEKYJIe COCPETOTOYEHO AOCTATOYHO «KBaH-
TOBBIX PECYPCOB» /IS WHTErpalu HeCKOIbKUX (yHKImi. UTo6bl BO-
IJIOTUTH 9TH WJ/IEN HAa TPAKTUKE, YUYeHble CTPEMSTCS 1og06paTh IOJXO0-
JIAIIUE MOJIEKYJbI, YCTAHOBUTH TMapaMeTpbl UX paboThl U ONTHMAJIBHYIO
ApXUTEKTYPY.

KBaHToBble KOMMYHUKALHUK

Kak yske ymoMwHAIOCh B TJaBe 9, g CO3MaHUS HOBBIX KOMMYHU-
KAIlMOHHBIX CUCTEM YyYeHbIe TBITAIOTCS HMCIOJb30BATh KBAHMOBOE 3ANY-
muolganue. OKa3bIBAETCsI, YTO HA OCHOBE OJHOTO BBICOKOIHEPTETHYHOTO
dhoToHa MOKHO MOJYUYUTb [Ba (POTOHA C MeHbINell dHeprueil, KOTopbe
OyZlyT KBAaHTOBO 3aIlyTaHHBIMU.

Q KBanToBOE 3anyTbiBaHMe BO3HWKAET, KOrAa pasHble DOTOHbI HE YAAeTCcs onucaTb OT-
DIeNbHO, NOCKONbKY W3MEPEHNE XapakTepMCTUK OOHOM0 M3 HUX 0Ka3blBAET BANSAHME Ha
Lpyromn.

IToBenenne TakMX KBAHTOBO 3aIyTAHHBIX (DOTOHOB SBJISETCS CBA3aH-
HBIM, U UMEHHO 3Ta OCOOEHHOCTD JIEKUT B OCHOBE KBAHTOBOTO NPUHIIMIIA
nepegaun MHGOPMAIME MEXAY ABYMs YJAJeHHBIMH MeCTaMiu, TO eCTb B
OCHOBE K8aHmogou menenopmayuu. lloTpsicaomue ycoBepIIeHCTBOBA-
HUS DKCIEPUMEHTAJIbHBIX METO/J0B U MHCTPYMEHTOB I103BOJISIOT YUEHBIM
BBIIIOJIHATh KBAHTOBbIE 9KCIEPUMEHTBI C yAMBUTEIbHBIMU pe3yJbTaTaMy
JUUTST HAYKH, TIPOMBIIIIEHHOCT! 1 GU3Heca.

IToreHnmnan KBAaHTOBOIO 3aIlyTbhIBAaHMSA Hauyasl OLEHUBATHCA 1O JI0-
CTOMHCTBY TOJIbBKO HEJAaBHO, IIOCKOJIbKY paHblle €ro IIpoCTO He yha-
Bajloch HaOJIOJATh, aHAJIU3UPOBATh M HCIOJIb30BaTh. Ha camoMm nese
KBAHTOBOE 3allyThIBaHWE MOYKET CTaTh OCHOBOH GesomacHoii (KBaHTO-
BOI) Kpunrorpaduu, BHIYUCIUTENbHBIX AJTOPUTMOB U KBAaHTOBOII TeJie-
HOPTALMN.

M3MepeHns KBaHTOBBIX CUCTEM I[I03BOJIAT OTIPABJIATb CEKPETHYIO UH-
(hopMalnio ¢ NOMOIIBIO CUTHAJIBHOTO MYUKa, a aJpecaT CMOKeT paciind-
poBaTh ee ¢ MIOMOUIBIO JPYTOT0 KBAHTOBO 3aIIyTAHHOTO IPUEMHOTO IIYUKa.
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Takas mepenavya abCcOMOTHO HEYSI3BUMA JIJIS TI€PEXBaTa, MOCKOJIbKY pac-
mu@poBaTh ee CMOTYT TOJbKO 00JaJaTe N TepelaBaeMoTo W ITPIMHUMAe-
MOTO Iy4YKa. 3JOYMBIIJIEHHIK He MMeeT IIPUEMHOTO ITyuyKa M He CMOXKeT
pacumndpoBaTh IepegaBaeMyo HHGOPMAIo. A ecu OH /1a’ke HOIbITa-
€TCs 3TO C/Ies1aTh, TO MOJYyYaTes b JEerKO 06 3TOM JIOTaJAeTCsl, TOCKOJIbKY
J060€e BMEIATENbCTBO H3MEHUT CUTHATBHBIIN MTy4YOK.

ITOT HEBEPOSATHO OBICTPBII CITOCO6 Niepeaun HHPOPMAIHU U YPE3BbI-
YaifHO BBICOKAS CTeTleHb MUHNUATIOPU3AINY KOMIBIOTEPHBIX KOMITIOHEHTOB
JOCTHUTJIA TOUKH, B KOTOPOI JJIs1 OIMCAHUS 6a30BbIX BBIYMCIEHNN YYEHBIM
Hen36eKHO IPUXOAUTCS MCIO0JIb30BaTh 3aKOHDbI KBAaHTOBOI MexaHuKu. Ha
HAaHOMAaCHITAGHOM YPOBHE HEOOXOANMO TEPENHCATh JJaXKe TeOPeTHYeCKIe
OCHOBBI KOMIIBIOTEPHBIX BbIYMCJICHUN.

CNUH

KBanToBbie KOMIIbIOTEPBI CIOCOOHBI 00pabaTbiBaTh M COXPAHSITH
orpoMHble 06beMbl MH(MOPMAIMKM, YTO HE IO/ CUJIY OOBIYHBIM COBpe-
MEHHBIM KOMITbloTepaM. /leJlo B TOM, YTO KBAHTOBBbIE KOMIIBIOTEPHI CIIO-
co6HbI 00pabaThiBaTh JaHHbIE B TMapajiesbHoM pesxume. CoBpeMeHHble
KOMIIBIOTEPBI COZEPIKAT TMOCJIe0BATENbHO paboTaioniie MHKPOIIPOIeC-
COPBI M BBIHYKAEHBI MOCaea0BaTebH0 (OJHy MHCTPYKIHMIO 3a APYToii)
06pabaTbiBaTh BCE OIEPAIUU KOMIIBIOTEPHOTO MOJeJUpOBanus, Imud-
pOBaHUs WJIM Tepe/ayl JIAHHbIX. KBaHTOBbIE BbIuMCIeHUsT 6Jarojaps
MapaJIeTbHOCTH MOTYT BBITIOJHATHCS B MUJIIMOHBI M Ja)Ke MUJLIAAP/IbI
pa3 ObIcTpee, YeM BBIYHMCJIEHUS B COBPEMEHHBIX IMOCJe0BATENbHBIX CY-
HNEePKOMIIbIOTEPAX.

UccaenoBarein KBAHTOBBIX BBIYHMCJEHUI BTOPraioTCsS B COBEPIIEHHO
HOBYIO 06JIaCTh KBAaHTOBOMEXAHUYECKNX 3aKOHOB. CTAaHOBUTCS BO3MOXK-
HBIM pellleHle TaKUX BbIYUCIUTEIbHBIX 33/1a4, KOTOPbIE PaHbIIE CUMTA-
JIUCH TIPAKTUYECKHW HEPa3PelIMMbIMU, HAIPUMep paciin@poBKa «CBepX-
CJIOKHBIX > MN(POB, reHepalys UCTUHHO CJAYYANHBIX Ynces 1 a6COTIOTHO
3AIUIIEHHBIX KOMMYHHUKAIMIT HA OCHOBE KBAHTOBOTO 3aITyTbIBAHUS.

B KBaHTOBbIX BBIYHCJIEHUSAX MCIOJb3YIOTCSI KBAHTOBbIE CBONCTBA, HAa-
npuMep cnuM siekTpoHa. CIIMH — 3TO YPE3BbIYANHO 3arajlovuHasi Xapak-
TEPUCTUKA 3JIEMEHTAPHOI YaCTHIlbI, KOTOPAas MOKET NPUHMMATh 3Haue-
st —1,/2 wm 1/2. C TouKM 3peHrsi KOMIIbIOTEPHDBIX BBIYUCJIEHUIT, 9TH
3HAYEHUs] MOTYT COOTBeTCTBOBATHh () U 1, TO €CTh JIOTYCTUMBIM 3HAYEHUSIM
6uta — 3JeMeHTa KoMIbioTepHO# mHMopMarmu. TakuM obpas3oM, ciuH
9JIEKTPOHA MOJKET CTaTh OCHOBOM eJuHUIlbI WH(GOPMALUU, [ KOTO-
poil B KBAaHTOBBIX BBIYMCJIECHUSIX MPUHSATO MCIIOJb30BaTh TEPMUH KyOUmM

(qubit).
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Metoabl coxpanenusi u nepefadn uHGOPMAlUU HA OCHOBE CIUHA
3JIEKTPOHA YPE3BBIYAITHO CJOKHDI, TIOCKOJIbKY 3HAYEHHE CIINHA HEU3BECT-
HO /IO €r0 U3MepeHus.

Kak yke ynmoMuHasoch B rJiaBe 8, CIIUH 3JIEKTPOHA B3aUMOJIEHCTBY-
€T CO CBETOM, M XapaKTep B3auMOJEHCTBHSI 3aBUCUT OT JJIMHBI BOJIHBI
cBeTa W €ro mnoJisgpusaiuu. M3ymurtenpHblil (akr, 4TO CHUH 2JE€KTPOHA
HEU3BECTEH JI0 €r0 M3MEPEHHs], MOKHO HCIOJIb30BaTh JJIsl BBIOJHEHUS
JIByX omeparuii ogHoBpeMeHHO g coctoguuit 0 u 1. Bosee Toro, xy-
OUTbI MOKHO CBSI3aTh BMECT€ TaK, 4TOObl M3MEHEHHE COCTOSIHUSI OJIHOTO
MPUBOJIMJIO K TIETHOHM peakIuy, KaK B ITIOCJIE/J0BATEJbHOCTH TaafoNInX
KOCTSIIIEK JOMUHO.

B npocreiiiem ciaydae gBa KyOuTa MOTYT UMETb YEThIPE Pas3jiMyHbIe
kouduryparuu: (00), (01), (10) u (11). Maremaruveckue omnepanuu ¢
KyOuTaMy MOKHO UCIOJIb30BATh [IJIsl OLEPAIil Cpasy C 4eThbIPbMS Pa3-
HBIMH COCTOSTHUSIMU. DTO CBOMCTBO CHOBa BO3BpAIllaeT HAC K TeMe KBaH-
TOBOTO 3aIyTHIBAHMUS.

[Togo6HbIE MAHUTTYASAIIMU ¢ KYOUTAMU W CIIMHAME He TOJBKO YCKOPSI-
10T KOMITBIOTEPBI 1 KOMMYHUKAIIUH, HO U JIEJAI0T BO3MOKHBIMU BbIYHUCJIE-
HUsI, KOTOPbIE paHee Ka3aauCh MPAKTUYECKU HEBO3MOMKHBIMU, TOCKOJbKY
TPe6OBAIM MUJLTHAP/IOB JIeT paGOThl CAMbIX MOIIHBIX KOMIIbIOTEPOB. biia-
rojiapsi KBAHTOBBIM BBbIYUCJIEHUSIM MOXKHO OyneT no6uThcsi paHTacTuye-
CKHIX yCIeX0oB B pabore ¢ 6a3aMu JJaHHBIX M o6ecrieueHN 6e30MacHOCTH
31 POBAHHBIX JJAHHBIX.

Cuaesyer uMerb B BU/Y, YTO KBAHTOBO 3allyTaHHbIE 3JIEKTPOHBI U MX
cBoficTBa oueHb ysi3BuMbl. Jli060€e B3auMo/ieiicTBUE C OKpYsKalomleil cpe-
noit (mampumep, monaganue GOTOHA MM TPSICKA) MOIYT HAPYIIUTh MX
3alyTaHHOCTD, U 9TO sIBJIeHUe Ha3biBaeTcs dekozepenyued. 11pu nammaun
JIEKOTE€PEHITNH B KBAHTOBBIX BBIUYMCJIEHUSX BO3HUKAET OMIMOKA.

HenaBHo uccregoBaTesn HAavYaJu U3ydaTh METOIbI UCIPABIEHUS TO-
JIOGHBIX KBAaHTOBBIX OIIMOOK, U X HEKOTOPbIE BAPUAHTBI YIKE MPEIJIOKe-
Hbl yuenbiMu komanun Bell, Okcdopackoro yausepeutera (Bemnko6pu-
tanus), Yuausepcurera Toponto (Kanazga), HanponanabHol maGoparopun
Jloc-Anamoc (CIHIA) u ITpuncronckoro yuusepcurera (CIITA). OcHos-
HOI 3a/1aueil ABJISETCS COXPAaHEHUWE KBAHTOBOW CHUCTEMbI B KOT€PEHTHOM
COCTOSIHUH, TO €CTb ee CJIeJyeT U30JUPOBATh OT B3aMMO/IEHCTBUS C OKPY-
skamoreir cpeoit. CJI0KHOCTD 3a/a4i CO3/IaHUSI KBAHTOBOTO KOMITHIOTE-
pa 3aKJI0YaeTcss B 00eCeYeHun CUIbHOTO BHYTPEHHETO B3aUMOJIENCTBUS
U MCKJIIOUEHUU BHENTHETO BO3/IEHCTBUSI.

[ns crabunuzanuu Ky6uToB HEOOGXOJUMO BBINOJHUTH €Ille OYeHb
MHOTO MacmTabHBbIX HCCJe/0oBaHMil. B Hacrosiiee BpeMsi JeKOrepeHIus
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BO3HUKaeT Tocje BbimomHernss okojo 1000 omeparuii. [lig mepemaun
JAHHBIX 9TO HEMPUEMJIEMO BBICOKAS YaCTOTA OMMUOOK, OJHAKO WMCIOJIb-
30BaHMe HOBBIX HAHOMATEpUANOB M HaHocucteM (HanmpuMep, KBaHTOBBIX
TOYEK, ONMCAHHBIX B IJIaBe 8) MOMOJKET PElIUTb Ty 3ajauy.

ATomapHoe no3uLuoHUpPOBaHUe

216

[lns nepenayn u 06paGOTKU JIAHHBIX € MOMOIIBIO MOJIEKYJT HEOOX0/ -
MO JIOCTHYb BBICOKON TOYHOCTU Pa3MelleHus U COOPKU aTOMOB, MOJIEKY.JT
U HAaHOIIPOBOJIOB, TO ecThb TouHee, yeM (0,1 HM.

1 TOHKOW HACTPOWKM W CTaHJAPTHU3AIMN COOPOYHBIX CHEIndu-
Kaluii Ha HaHOMAacmITAOGHOM YPOBHE M CBSI3M C MaKPOCKOIUYECKUM
YPOBHEM HEOOXOAUMO pa3paboTaTb U YTBEPAUTH IOIIATOBbIE METO]IbI
U MHCTPYKIUU. /[l HOCTUKEHUs 3TOH 1eau HYXKHO JOOUTHCS BBICO-
Kol TouHoCTH JBMKeHUIl. [leficTBUTEeNbHO, amomapmnoe no3uuuoHupo-
6anue SABJSETCS COBEPIIEHHO HOBOW M O4YeHb OyPHO pa3BUBAIOIIEHCS
00J1aCTbI0 UCCJEeI0BaHMi. ITa 00JACTh OXBATHIBAET METObI Mepeaadn
JIAHHBIX OT MOJIEKYJIbl, PACIIOJIOKEHHOU Ha MeTaJJIn4ecKOl IOBEPXHO-
CTH, K MOJIEKyJie Ha MOJYIIPOBOJAIIEH TMOBEPXHOCTU C IMOCTeAyIOIIen
nepezfaveil 6osee KPyIHOMY BHeITHEMY KOHTakTy. Clienuanauctbl MHO-
rux obuacreil Hayku ((usMKa, XUMUSA, MEXaHUKA U MaTepuasioBeeHue)
TECHO COTPY/JHUYAIOT [JI pelleHus TOJ0OHBIX 3a/ad KOMIBIOTEPHOM
MOJIEKYISIPHON WHKEHEPUH.

Co3ganue MOJIEKYISIPHOHN 9JIEKTPUUECKOM WK JOTUIECKOH CXeMbl —
6oJbinasi Ipo6yieMa He TOJIBKO JIJisi HAHOMACIITAOHBIX KOMMYHUKAIUH, HO
u JJIs1 HaHOMAacCITaOHON XUMUU. Y4YeHbIM HeoOXOAMMO Moa06paTh MoJe-
KYJIbI, KOTOpbIe ObLTM ObI HA/IEXKHBIMK 3JIEMEHTAMU CXEMbI, HO He CTaJIu
OBl UCTOYHUKOM IIOMEX JIJIs BBIIOJHEHNSI KBAHTOBBIX BBIUMCJIEHUIA.

Hampumep, mcciemoBanmsi MOJIEKYJISIPHOH CXeMBbI ¢ TIOMOINBIO CKa-
HUPYIOIIETO TYHHEJbHOTO MUKPOCKONA MOTYT OKa3aThb pa3pyIlUTeIbHOE
BJIMSIHNME HA camy cxeMy. [[nsi obecnieueHusi CTPYKTYPHOI CTaOUIbHOCTH
MOJIEKYJISIPHOI CXeMbl XUMUKaM HY>KHO HAlTH XMMUYECKUE COe/IMHEHMS,
KoTopble obecriedynBaiu Obl HAJIEXKHOE B3aMMOJIENCTBUE MEXKIY MOJIEKY-
JITPHBIMU KOMIIOHEHTAMU CXeMbl. B HacTosiiiee BpeMsl Ha 3Ty pOJb TIpe-
TEHAYIOT KOHIIEBBIE TPYIIBI TUTIA THOJIEH, TO €CTh OpPTaHMYeCKUe COeIN-
HEHWd, cofepKalue cepy. ITOT MpoIlecc Herb3sT HAa3BAaTh UPE3BBIYANHO
MPOCTBIM, a MOTOMY YYeHble CTpeMsTcs HailTu 6oJiee 3deKTHBHDBIE Me-
TOJIbI.

C6opka MOJIEKYJISPHBIX CXEM C HAHOMACHITAOHOW TOYHOCTHIO HAXO-
JINTCS Ha HAYaJbHOM 3Talle CBOErO Pa3BUTHS. YUeHble HAJeIOTCS, UTO
B KOHEYHOM HTOTE YIACTCsi OOGHAPYKUTh METOAbI CaMOCOODKHU 3JieMEeH-
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TapHBIX CTPYKTYp U UX coeamHeHuii. Toabko mocjie 3TOTO MOTyYeHHBIE
06BEKTBI MOKHO OYy/IeT IPUMEHSITh HA IPAKTUKE U IepeHecTu u3 jabopa-
TOPUI B MPOMBIIIJIEHHOCTD.

Ipsimymnii «<HAHOTEXHOJIOTUYECKUH BEeK» /laeT HaM BO3MOXKHOCTD HUC-
cJeIoBaTh HOBbIE CBOWCTBA MaTepUAJIOB HA HAHOMACIITAOGHOM yPOBHE U
UCTIOJIb30BaTh UX B 60Jiee KPYIHBbIX MpoayKTax. CBs3aHHbIe ¢ HUMH WH-
CTPYMEHTHI TIOMOTYT KOHTPOJMPOBATh aTOMAapHbIE U 3JTeKTPOHHBIE CTPYK-
TYPbI, XapaKTepU30BaThb HAHOMACIITAOHbIE MATEPUAJDI, CTPYKTYPBbI U
CBOIICTBA, a TakyKe HAGJIONATb U AHATU3UPOBATH MPOIECCHI HA HECKOJIb-
KUX MacIHITaGHBIX YPOBHSX — OT HAHO JI0 MaKpo.

K HacrosmieMy BpeMeHM XUMHUKH JOOMJINCH 3HAYUTENbHBIX YCIEXOB
B CUHTE3e, aHAJN3e W MOJETMPOBAHNN HAHOCTPYKTYPHBIX MAaTEepPUAJIOB
Ha OCHOBE TOJYNPOBOAHUKOB. OHAKO MUPHUAJAbI KOMOMHAIUI APYrux
MaTepUaJOB BCKOPE MOTYT CTaTh OCHOBOU [IJIsI CO3/aHus elle GOJbIIETO
KOJINYECTBA HAHOMATEPUAJIOB OYIyIIETO.

Bnuanue pasmepos

Kak y:xe He pa3 TOBOPUJIOCh paHee, M3MeHEHUEe pa3Mepa MaTepuaia
YacTO MPUBOJANUT K KaUueCTBEHHOMY M3MEHEHUIO ero cBoiicTB. Hampumep,
€C/Ii pa3Mepbl YACTHUIIBI CTAHOBSITCS CPABHUMBIMH C JIJIMHOUN BOJIHBI (ho-
nona (KBaHTa KoJIeGATEIbHON 9HEPTUM), B HEil MOTYT BO3HUKATh HOBBIE
PEKMMBI TIepe/layr TeTia W aJeKTpudecTBa. Takue HaOmoeHUs ObLIH
cienanbl B Hadase 1980-X IT. npu n3y4eHUM OOBIYHBIX TOKOB B METAJLIN-
YECKUX KOJIbI[AX ¥ CBEPXITPOBOISIINX YIJIE€POIHBIX HAHOTPYO6OK. HoBbie
CBOIICTBAa MaTepPHAJIOB TAKKe ylaJ0Ch HAGJIIOAATD TIPU O0OJYUYEHUN CBETOM
KBAHTOBbIX TOYEK.

TepMopnHaMuveckie ¥ 3JEKTPOMAarHUTHBIE CBOWCTBA TOXKE CYIIe-
CTBEHHO MEHSIOTCS TIPH YMEHBIIEHNH PasMepoB CTPYKTYPBI O HaHOMAc-
nrraGHoro ypoBHst. CucCTeMbI ¢ pasMepaMy OT HECKOJbKUX [IeCAThIX Ha-
HOMeTpa JI0 JEeCSITKOB HAHOMETPOB HAXOJSTCS HAa HEOCSI3aeMOU TPaHUIe
MEXK/y KBAaHTOBBIM U OOBIYHBIM MHUPOM.

B nacrosiee BpeMs jgoctmkeHus B 06JacTH XpaHeHus uHpoOpMa-
1Y CTUMYJIMPOBAIN WHTEHCHBHbLIE HAYUYHBIE WCCJEAOBAHUS B O0JACTH
HaHoMaciTabHoro MarHetusma. CJIOJKHBIE MOJIEKYJIBI TIOPON 06JaAI0T
HeOOBIYHBIMYM MarHUTHBIMU CBoOlicTBaMu. Hampumep, y4eHbIM KOMIIAHUH
IBM ymanoch ycoBepIieHCTBOBATb METOAbI MAarHUTHO-PE30HAHCHON BH-
3yanu3anuyu ¥ M3MEPUTh CJAAObI CUTHAJT OJHOTO-eJIMHCTBEHHOTO 3JIeK-
TPOHA. IJTOT pe3yJbTaT MMeeT KOJIOCCAJIbHOE 3HAaueHue JJs1 CO3/aHUS
MHUKPOCKOIIA, CIIOCOOHOTO BU3Ya/IN3UPOBATh TPEXMEPHYIO CTPYKTYPY MO-
JIEKyJl ¢ aToMapHbIM pasperienneM. C TTOMOIIBIO TAKOTO WHCTPYMEHTA
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MOKHO OyJZieT ¢ OoJbllieill TOYHOCThIO M3Yy4aTh caMble CJIOXKHbIE Mare-
puaJjibl, HapuMep GeJKM, KaTaJu3aTopbl, MOJIEKYJIsIPHbIE CXEMbI U T. 1.
TouHoe ompeseseHe PacmoONOKEHNsT AaTOMOB B HAHOAJEKTPOHHBIX CXe-
MaxX YIPOCTHT PaGOTy MPOEKTHPOBIIMKOB U CO3/aTeIell MOJEKYISIPHBIX
CXeM, MOBBICUT UX 3(PDHEKTUBHOCTD U MPOU3BOUTENBHOCTL. KpoMe Toro,
CO3/IaHMe CXeM HA OCHOBE CIIMHOB, a He 3apsi/IoB, OTKPOET HOBBIN MyTh
pasBUTHA 5JeKTPOHNKY (a TOYHee, CIMHTPOHUKN) Ha OCHOBE MarHUTHBIX
HaHOCTPYKTYP.

V3MeHeHUsST CTPYKTYPHOM TTPOYHOCTH, aJT€3NMOHHBIX U THIPOANHAMHE-
YeCKUX CBONCTB HAHOMACHITAOHBIX 3JIEMEHTOB CIIOCOOCTBYIOT TIOSIBIEHUTO
HOBBIX METOJIOB MPOEKTUPOBKY U CO3JaHUs HaHOYCTpoiicTB. OpHAKO pa-
60Ta Ha 9TOM MacHITAGHOM yPOBHE CBSI3aHA C HEKOTOPBIMU Heymao6CTBa-
mu. [leno B TOM, 4TO HexxesaTesbHble 3(d@deKTh B HaHOMacITabe Tak-
JKe ycunuBaiorcsi. Hampumep, MexaHudyecKoe BJIMSIHUE, MOBEPXHOCTHOE
Harskenne, qudysus 1 KOppos3us CylMIeCTBEHHO BospacTaior (oTyactu
u3-3a GoJiee BHICOKOTO OTHOILIEHUS II0BEPXHOCTH,/ 06beM). [laske mpob.ie-
MBI HArpeBa MMEIOT ropasfio GoJiblilee 3HAYEHUE [JISI HAHOMACIITAOHBIX
YCTPOUCTB, ueM /iJist uX 6oJiee KPYIHBbIX aHAJIOTOB.

BJINAHUE BPEMEHHOI0 MACLUTABA

CaoiicTBa MaTepuaJOB MEHIIOTCS C YMEHbBIIEHNEM X pagMepa. A uTo
IPOUCXOJUT C BPEMEHHBIM MAaCIITA00M HAHOCKOIIMYECKUX IPOIECCOB?
N3amenenne macmitaba JJIMHLI HEPA3PBIBHO CBS3aHO C M3MEHEHWEM Mac-
mraba BpeMEHM MpPOIleccCoB. BceM TOHATHO, YTO YKMH U3 HATH GJIIOJ
JUTUTCST IOJIbIIlE, YeM TOJAHUK U3 TISATU MEeYeHUi.

C HaydYHOU TOYKHU 3peHUs, 9T0 oueBUAHO. [lJist TepeMenieHns 0ObeKTa
Ha MeHbIIee PACCTOSHHE C TOM e CKOPOCTbIo (HampuMep CKOPOCTBIO CBe-
ta a1 GoToHoB) Tpebyercs Menbline BpeMs. OMHAKO He BCe Tak MPOCTO,
U YYEHBIM HY3KHO YUUTBIBATb MHOXKECTBO JAPyTuX 3(deKTOB, HAPUMED,
CBSI3aHHBIX C yBEJMYEHNEM TTOBEPXHOCTH.

[lns w3yueHUsT yHWKAJbHBIX CBOWCTB KPOINEYHBIX HAHOMATEPHAJIOB
moTpe6OBaIOCh CO3ATh MHOKECTBO COBEPIIEHHO HOBLIX WHCTPYMEHTOB
(HampuMep aToMHBII cHIOBOM MUKpockomn). Ilorpefyercss nzo6pectn u
COBEPIIEHHO HOBBIE WHCTPYMEHTBI JJISI U3Y4YeHHsS] ObICTPONPOTEKAIONINX
KBaHTOBBIX ITPOIECCOB.

HaHoontuka

HanoonTuka oxBaTbIBaer IIPpOIECCHI BSaHMOJIGfICTBHH CBe€Ta C YaCTu-
aMu, pa3Mepbl KOTOPbIX Iropa3jo MeHbllie, 4eM /[JAJIMHa BOJIHbI CBETa.
218 YueHbIM yAaJs10Chb 06Hapy>KI/ITb, YTO 1101 BOS,ZIef/,ICTBI/IeM CB€Ta HaHOYaCTu-
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bl KOJIeOIIOTCST ¢ ONTHYECKON YacTOTON 1 BSaHMOHeﬁCTByIOT KaK 9JIEK-
TpOMarHuTHbIC BOJIHBI.

Q MnasmoH — KBa3n4acTuua, COOTBETCTBYHOLLAA KBAHTOBAHMIO MNa3MEHHbIX KOfebaHuit, Ko-
TOpPbIE NPeACTaBNAOT CO60I KOMNEKTUBHbIE KONlebaHus CBO6OAHOrO 3NIEKTPOHHOIO rasa.

Korzma cBer paccemBaercsi Ha aToMax W MOJEKyJdaX, OOJBITUHCTBO
doToHOB yIpyro orpaxkaerca or HUX. VIMEHHO 3TO gBJEHUE MOJIYUIUTIO
HasBaHue pamanosckoe paccesnue (Raman scattering). Paccesitinbie
doroHbl 06mazaroT TOH ke sHeprueil (4acToToll) W AMMHON BOJIHBI, YTO
U OKpYysKatole ux (HOTOHBI.

Q PamaHoBcKoe paccesiHne — 3T0 paccesiHue CBETa B rasax, XXWAKOCTAX U KpucTannax,
conposoXxpatoiieeca 3aMeTHbIM N3MEHEHNEM €ro 4acCToTbl.

Opnako He6Goabmas yactb csera (oxomo 1%) paccemBaercs ¢ ONITH-
YECKUMU YaCTOTaMM, KOTOPbIE MEHbIIIE YACTOThI OKPYKAOIIMX (POTOHOB.
B raszax pamaHoBcKoe paccestHie TPUBOIUT K M3MEHEHUIO KoJie6aTeTbHOI
WJIM BpallaTeJabHOH sHepruu.

IAPdexT ycunennozo nosepxHOCMHOZ0 PAMAHOBCKO20 PACCEIHUS
(VIIPP) ucnob3ylor B 30J0TOH mm cepeOpsnoil nomnoxke. Cepe6po
U 30JI0TO JIETKO BO30Y3K/IAIOTCS JIa3€POM, a PE3YJIbTUPYIONINE 2JIEKTPUIE-
CKI€ T0Jis1 BbI3bIBAIOT PAMAaHOBCKOE PACCESIHUE B OKPYKAIOIIUX MOJIEKY-
gax. Mcnonb3yst aTo siBjieHWe, yueHble MOTYT aHAJIN3UPOBATh U U3y4yaTh
XUMWYECKUE CBSI3U BHYTPU MOJIEKYJI.

KBA3MYACTHULIA

B KBaHTOBOiII MexaHWKe 6030ys0dennoe cocrosiue cucreMbl (Ha-
HpUMep aToMa, MOJIEKYJbl WK sifipa) O3HavaeT Jo60e KBAHTOBOE CO-
CTOSHUE, TPU KOTOPOM 3HEPTUs O6O0JIbIlle, YeM B OCHOBHOM COCTOSHUM,
TO €CTb COCTOSIHMM € MUHUMaJbHO BO3MOKHOU sHeprueit. Hampumep,
OCHOBHBIM COCTOSTHHEM aTOMa BOJZIOPOA SIBJISIETCSI COCTOSTHIE, B KOTOPOM
€ro eJIMHCTBEHHBIN 2JIEKTPOH 06JajaeT MUHUMAaIbHOU sHeprueii. [Toce
MOJIyYeHUsI HEKOTOPO TOTIOJHUTEIbHON 9Hepruu 3J1eKTPOH IepeXOAnT B
BO30Y:K/IEHHOE COCTOsSTHHME. Ecam aJeKTpoH mosydaer JOCTaTOYHO MHOTO
SHEPruU, OH MOXKET MOKUHYTb aTOM, U TaKOH aTOM HAa3bIBAETCS UOHU3U-
POBAHHBIM.

-é‘ JInemeHTapHoe BO36YXAEHUE — 3TO BO3OYXKJEHHOE COCTOSIHME, B KOTOPOM KBa3n4a-
cTuua o6rafaeT camon HU3KON 3Hepruen.
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BsaumoielicTBue KBa3WyacTHIl JOCTATOYHO MaJjiO MPU HU3KUX TEM-
neparypax, HO UMEHHO TIPU ITUX TeMIlepaTypax Jerde BCero usydaTb
UX MOBEJIEHNE U CBONCTBA, HAIIPUMEp TelioBble. [lelficTBUTEIbHO, MHOTO-
YaCTUYHBIE CHCTEMbBI YaCTO XAPAKTEPU3YIOTCS JABYMS THIIAMU 3JI€MEHTap-
HBIX BO3OYIK/EHUI: M3MeHEeHNeM [BIKeHUs KBA3UYACTHI U3-32 B3AUMO-
JIefiCTBUST ¢ APYrUMHU OObEKTaMU 1 KOMOMHUPOBAHHDBIM JIBHIKEHHEM BCEil
cucteMbl. Takue BO3GYKIEHUS HA3BIBAIOTCS KOJLIEKMUSHLIMU MOOAMU
U BKJIIOYAIOT 1JIA3MOHbL.

[11a3MOHBI UTPAIOT BaXXHYIO POJIb B ONTHYECKUX CBONCTBaX MeTaJ-
JIOB. BinsiHUe 11a3MOHOB Ha ONTHUYECKHE CBOWCTBA OBLIO OOHAPYKEHO B
1989 r., npuyeM CcOBEPIIEHHO cJydaitHo (Kak 3TO JOBOJBHO 4acTO MPO-
HCXOAUT ¢ HayyHbIMU OTKpbITHaME). Tomac J66ecen (Thomas Ebbesen),
corpyaauk Hayuno-nucciaenoBatenbckoro mHeTutyTa Kommannu NEC B
[Tpuncrone, mrar Howo-/xepcu (CIIA), IpOBOAMI OMBITHI MO MPOXOK-
JIEHUIO0 BUIUMOTO CBETa CKBO3b 30JI0TYI0 IiacTuHy ¢ 100 MaH oTBepCTHit
quamerpoM okosio 300 uM. OTBepcTusi ObLIM y:Ke, Ye€M JIJIMHA BOJIHBI
cBeta, — okosio 400 um. IlpencraBbre cebe ceTKy, B KOTOPYIO 6pOCAIOT
Bosieti6obHbIe Maun. COTrJIacHO KBAaHTOBOHN TEOPHUU, CYIIECTBYET BEPOST-
HocTh TOTO, uTo 1,/1000 YacTh CBETOBOTO TIOTOKA MOJKET TPOHTH CKBO3b
TaKyIo IJjactuHy. B npumepe ¢ ceTKOil 3TO 3HAYUT, YTO OJMH U3 THICSUU
Mstuell TpPOTUCHETCS CKBO3b ceTKy. OjiHako B ombiTax J66eceHa CKBO3b
IJIACTHHY TIPOILIO Aaxe Ooavue, uem 1009 uanaiomero csera. C o6-
PaTHON CTOPOHBI TIACTUHBI OBLIO GOJIBIIE CBETA, YEM C JIMIIEBOI! Y UeHbIi
TIIATEJBHO TTPOBEPUJT METOANKY IKCIEPUMEHTA U HECKOJBKO pa3 MOBTO-
pua Bce uaMepennd. OaHAKO pe3yabTaT OCTaBaJICd HeM3MeHHbIM. Mcxon
9KCIepUMeHTa ObLI HACTOJBKO HEOOBIUHBIM, 4TO DOOECEH MPETONTOKIII
HaJMYue KAaKON-TO HEM3BECTHON OIMMOKU HKCIIEPUMEHTA U JIA’Ke He OILy-
6JIMKOBAJI CBOM PE3YJIbTATHI.

C 1998 r. B kommannu NEC pa6oraer ¢pusuk-reoperuk [letep Boabd
(Peter Wolff). On usyuns pe3yibraThl HEOGBIYHBIX OIBITOB JOOeceHa C
HAHOPAa3MEPHBIMU OTBEPCTUSMU U cBeToM. [lockosbky Bombd yike 3Hau,
KaK 5JEKTPOHBI BeAyT cebs Ha MOBEPXHOCTH MeTawtoB (oHu 06pasyior
BOJIHUCTYIO «Psi0b»), OH TIONPOGOBAJ OBTOPHUTH 9TOT HKCIIEpUMEHT. Jleii-
CTBUTEJNBbHO, Bosibd 06HAPYKUJI, YTO HJIEKTPOHBI BeAyT cebsl KaK BOJHBI,
a He KaK YacTHUIlbl, W TIPHU ONpeeJEeHHBIX YCJIOBUSAX MOKHO HAGJIIOATh
apdexrT, 3amedeHHDBINH DOOECEHOM.

B nacrogmiee BpeMs TI1a3MOHBI AaKTUBHO MCCJAEAYIOTCS, 1, BO3MOXKHO,
BCKOpe OYIyT IIPUMEHSTHCS /IS Tlepelaun KOMIIbIOTEPHON nH(opMaliuu,
MOCKOJIBKY TIEPEIAlOT €€ ropas/io ObICTPee JEKTPOHOB U MOTYT UCHOJIb-
30BaTbCs B CTAHAAPTHBIX KOMIBIOTEPHBIX YUIIAX.
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HAHOJTH3bI

Ipynna uccaenosaresieit u3 Texuuueckoro yHusepcutera J>Kopaxun
(CHIA) n Yuusepcurera Teab-AsuBa paGoTtaer Haz crioco6oM (hoKycu-
POBKH CBETa B OKPECTHOCTU C JUAMETPOM BCETO HECKOJBKO aTOMOB U
CTPEMUTCST JIOCTUYb ONTUYECKOTO yBEJTMYEHUS B MUJIINOHBI pa3. C 1o-
MOIIBIO PSA/la W3 HECKOJbKUX MeTAIINYeCKNX HaHocdep ¢ MOCTerneHHO
YMEHbBINAIOMUMHUCS pa3MepaMi W PACCTOSTHUAMM MeKIAy HUMU CBET MOK-
HO c(OKYyCHpPOBaTh B OYeHb Masoil obiactu. Takne MOMBITKY HAMOMUHA-
10T TIPUBBIYHOE C JIETCTBA 3aHSITHE, KOT/JA IbITAEIIbCS MO/XKeUb KYCOUeK
6yMmaru ¢ IOMOIIbI0 OOBIKHOBEHHOI JyIibl. MeTo/l, OCHOBAaHHBII HA MpU-
MeHeHn:n HaHocdep, MOKHO HUCIOJIb30BaTh 151 OOHAPYKEHUS MOJIEKYJT
" HAHOYACTHUI, a TaK)Ke JJIs1 MAaHWIYJIMPOBAHNS WM.

Ha pucynxke 10.1 mokasana npocras Mojiesib HAHOJNWH3BI, CO3/aHHAS
Ha ocHOBe Tpex HaHocdep ¢ pazmepamu ot 50 g0 5 uM. [Ipu ocseneHun
caMoil KPyITHON HaHocepbl BOBHUKAIOT BOJHBI KOJIEOTIONXCS 3JIEKTPO-
HOB (IJTa3MOHBI), KOTOPbIE PACIIPOCTPAHSIOTCS B/OJIb TIOBEPXHOCTH Ha-
Hocdepbl, B pe3yJibTare Yyero BOSHUKAET HJIeKTPOMarHuTHoe moJe (1odru
Kak B onbiTax J66ecera u Bosbda). 1o moJe, MpoxXoasa yepes Mocae10-
BaTeJbHOCTD YMEHBIIAONNXCST HaHOC(EDP, CTYIIAeTCs U CBOANTCS B TOY-
Ky. Takum 06pa3oM, MOKHO JOOUTHCS yBEIMUEHUSI MHTEHCUBHOCTH CBETA
MOYTH B MUJIJIMOH Pa3.

HaHonuH3bl
(MeTannuyeckme HaHochepbl)

/
—22) \}

Onametp 50 HM
MecTo HaHOdOKYCa,
B KOTOPOM 3Hepruu cBeta
KOHL[EHTpI/IpyeTCH B MUJTMOHbI pa3

e

Puc. 10.1. Tpuniun geiicTBIS HAHOJIMH3bI, C TOMOIIBIO KOTOPOI MOYKHO JTOGUTHCS
yBeJNUEHUsI B MUJUIHOH Pa3

Takoe yBesmdeHne HeceT OTPOMHBIE MPENMYINECTBA [T HEKOTOPBIX
BH/IOB CITeKTpOCKONNU. lloBepXHOCTHBIE MIa3MOHBI MOXKHO (QOKYCHPO-
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BaTb B YCTPOIiCTBe, MOZOGHOM Jla3epy, KOTOPOE Ha3blBACTCS CNA3EpPOM
(ot anrun. spaser — surface plasmon amplification by stimulated emis-
sion of radiation, ycujieHue CTUMYINPOBAHHOIO M3JIy4€HNUs IIOBEPXHOCT-
HBIMU TITa3MoHaMu). B pa6ore criazepa IpUHUMAIOT yYacTie MeTajlInde-
CKH€ HAHOYACTHUIIBI M aKTHUBHAS CPEa C IOJYIPOBOJHUKOBBIMU KBAHTO-
BBIMH TOYKAMH.

BcrnomuuTe BceoObiiee yBiedeHre BOJOKOHHON onTukoii. HanoonTuka
MO3KeT IIPHBECTH K TAKOMY TE€XHOJIOTHYECKOMY CKAuKy, PAaBHOTO KOTOPO-
My He ObLIO CO BPEMEH IOSIBJIEHUS] OITOBOJIOKOHHBIX Kabeseil. C momo-
1[bI0 HAHOOIITUKHU YY€HbIe ¥ HH)KEHEPbI CMOTYT CYIIECTBEHHO yCOBEPIIIEH-
CTBOBATb METO/IbI Iepesaun u 06paGoTKN NHQPOPMAIINH.

KOMNbLHTEPHOE MOAE/IUPOBAHUE

Kaxk y:xe onuchiBasioch B riaBe 4, KPyNmHOMAcCIITAOHOE KOMIIbIOTEP-
HOEe MOJIeJIUPOBAaHNE NUMeeT OTPOMHOe 3HaueHHe JJisl IOHUMaHMs CBOHCTB
U TpolieccoB B HaHoMUpe. [leso B TOM, YTO 2JIEKTPOHHbBIE, ONTHYECKHUE,
MeXaHWYecKWe W MarHWTHbIEe CBOICTBA HAHOCTPYKTYP TECHO CBSI3aHBI
¢ UX pasMepamu, (OpMOH, TOMONOTHEH M XUMUYECKUM cocTtaBoM. [l
NOJHOTO TMOHUMAHUSI 3TUX B3aUMOCBSI3ell YYEHBIM NPUETCS BBITIOJTHHUTD
KOMITBIOTEDHOE MOJIeJMPOBAaHNE MHOXECTBA BapUaHTOB — BeIb ceifuac
M3BECTHBI CBOICTBA TOJBKO IPOCTEHINNX IOIYHNPOBOJHUKOB U YIJIEPO-
HBIX HAaHOTPYOOK.

B nHanomupe mensiosvie (hayxmyayuu CpaBHUMBL C dHepeuel axmu-
séayuu MHOTHX TiporieccoB. CraTncTndeckne W KOMIbIOTEPHbIE MOJEIN Ha-
HOCHCTEM JIOJIKHBI YYUTBIBATD MX JJIs1 oOecriedeHs BBICOKOH TOYHOCTU
Pe3yJIbTaToB MOZeINpoBaHus. BoJsiee Toro, st KOMIBIOTEPHOTO MOIENPO-
BaHMS HAaHOMACIITAGHBIX CHCTEM HEOOXOMMO HCIIOJIb30BATh 3aKOHBI KBaH-
TOBOI MeXaHWKH. KoMmbioTepHOe MOJIEJMPOBaHNE UTPAET BA)KHYIO POJb
B ONICAHUN CBOHCTB HAHOMATEPHAJIOB U MTPOEKTHPOBAHUN HAHOCTPYKTYP.

NEPERAYA CUTHANOB

TexHosornueckue MHHOBAIMU CTUMYJHUPYIOT Pa3BUTHE KOMMYHMKA-
MOHHON oTpacau (Hanpumep, BHeApeHue texHojoruun DVD, Gecrpo-
BOJIHBIX ¥ IIUPOKOIIOJOCHBIX CeTeil), a TakKe HOBBIX cTaHaapToB. Kowm-
MYHUKAI[MOHHBIE CTAHAAPTHI UMEIOT GOJIBITIOE 3HAYEHNE /IS OPTaHU3AITII
cTabUIbHON TIepeflaui CUTHAJOB B PA3HBIX CpelaX U MEXAY Pa3HbIMU
ycrpoiictBamu. B oTcyTcTBue OOHIEIPUHSATHIX CTAHAAPTOB CBSI3b MEKIY
HUMHI ObL1a ObI IPOCTO HEBO3MOKHOIA.

[Tompocty TOBOpS, CBSI3b O3HA4aeT, 4YTO COGECETHUKHM HAXOMISATCS
«Ha OJIHOW BOJiHE». B 6bITY, KOT/]a yTpaueHO B3aWMMOTIOHMMAHWE MEKIY
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JIOJIbMY, WH)KEHEPbI TOPOil 00PAa3HO TOBOPSIT 00 «yTPAYeHHON CUHXPO-
HU3AIUI>. ITU CJI0Ba OGYKBAJIbHO OMMCHIBAIOT OCOOEHHOCTH U MPOOIEMBI
paGoThl KOMMYHUKAIIMOHHBIX YCTPOUCTB. {151 yCmenmnuoro o6MeHa curHa-
JlaMu 6OJIbIIOE 3HAYEHHE MMEET BBICOKAsSI TOYHOCTb M3MEPEHMII BpeMeHU
M YACTOTBI C TIOMOIIBIO HAJIEIKHBIX WHCTPYMEHTOB.

CraHapThl 33/1af0T Y€TKHE OPUEHTHUPDI JJIs1 JAJTbHENIIEro mporpecca
HAHOTEXHOJIOTUHN U UX BJAUSHUS HA KOMMYHUKAIUK: PAJNo0, TeJeBUIEHUE,
WNurepHer, HaBUTAIUIO, MCCAEIOBAaHUS KocMoca u T. A. [lias ycnenrHoro
B3aMMOJIENCTBUS CTAHAAPTHI OTNITOBOJIOKOHHOM TEXHWKU W TEJEKOMMYHH-
Kaluil JOJIKHBI COOTBETCTBOBATD CTaHAApTaM, pa3paGOTaHHBIM s HO-
BBIX HAHOTEXHOJIOTUI ¥ HAHOCUCTEM.

CETK

DJIEKTPOHHASI KOMMepIlusi, 3/paBooxXxpaHenue, o6pa3oBaHue, HayKa
U Pa3BJIEYeHUS 3aBUCIT OT IJIOOAJIbHBIX KOMIIBIOTEPHBIX ceteil. [lyist co3-
JTaHWsT KOMIIBIOTEPHBIX ceTell Ha OCHOBe HAHOTEXHOJOTHH YYeHBIM U WH-
JKeHepaM notpebyercsi pa3paboTaTh HOBbIE CETEBbIE TPOTOKOJIBI U METO/IbI
MIPOBEPKM CUCTEM M KOMIIOHEHTOB. [[y1g ucnosb30BaHus KBAaHTOBBIX Mac-
mrtaboB U CKOPOCTEH B HOBBIX CETSIX, MYJbTUMEIMANPUIOKEHUSIX U Oec-
IIPOBO/IHBIX CeTIX OYIyT HYKHbI YCOBEPIIEHCTBOBAHHbBIE CTAHIAPTHI.

BECMPOBOJHBIE TEXHOJTOT N

CoBceM HeaBHO 6eCTIPOBOHBbIE TEXHOJOTUN CTATH «IIOCAEIHUM IUC-
KOM» BBICOKOTEXHOJIOTHYHOW MO/IbI. JBOJIONHS YCTPONCTB It 6eCtpo-
BOJHOM CBSI3W OBICTPO TIPOIILIA ITAI TTEH/PKEPOB U TIEPENLIa K MOOMITHbHBIM
TeredoHAM W TIEPCOHAJBHBIM OpraHaiidepaM. Bompoc :KusHm m cMepTH,
«ObITh MK He ObITb», TEIepbh O3HAYaeT «ObITb MM He ObITb HAa CBSA3U».
HpaButcsa Ham 3TO UM HET, TAaKOBa CypoOBasi PeaTbHOCTb COBPEMEHHOTO
OM3Heca B YaCTHOCTU M JKU3HU B I[eJIOM!

Kporreynbie 32/eKTPOHHBIE KOMIIOHEHTHI BHYTPH TEHPKEPOB, MO-
OUIbHBIX TeseOHOB W APYrMX MUHHUATIOPHBIX KOMMYHUKAI[MOHHBIX
YCTPOUCTB TOJHOCTHIO M3MEHWJIM CTUJIb COBPeMEeHHOU ku3Hu. Punrron
tesiepOHA TElepPb SIBJSETCS HEOThEMJIEMBIM 3JIEMEHTOM JII060# Cpejibl,
6y/Zlb TO XY/IOKECTBEHHbBII (DUJIbM, ITKOJBHBINA KOHIEPT, COBEIIAHUE WJIH
caysk6a B IIEPKBHU.

[ns ycroitunBoii pa6oThl U Ha/EKHOHN CBSA3W KJIOYEBbIE YAaCTH KOM-
MYHUKAIIMOHHBIX YCTPOUCTB MOKHBI paboTaTh B ITMPOKOM AUATMA30HE
temrepaTyp. HaHOTexXHOMIOTUUM TPOJABUHYJIM UHAYCTPUIO OGECIPOBOJI-
HBIX TEXHOJIOTHI OJarofapsi pasBUTHIO KePAMHUYECKMX MaTepPUAIOB IS
(puabTPOB, PE30HATOPOB U OCIUJIATOPOB, & TaKXKe KePaMUYECKUX TOH-
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kux miaeHok. B 2003 r. HekoMMepueckas dacTHas opranmsarus Larta
Institute (CIITA), komnanuss Hybrid Plastics u Shea Technology Group
Inc. nosyunnu npemuto 3a HauGosiee MHOrooGemalolee NpUMeHeHne Ha-
HoTexHOJIOrHiH. OHM CO3/a/M HAHOCTPYKTYPHbI THOpUA (TEeXHOJIOTHIO
COBMECTHOT'O MCIOJIb30BaHIA HEOPIraHNYECKNX U OPraHUYEeCKUX BEIecTB)
JUISL CO3/IaHKST KOMMYHUKAIIMOHHBIX ycTpoiicTB. Clielyer OTMETUTD, YTO
Shea Technology Group Inc. yske maBHO aKTHBHO paGoOTaeT B TEJEKOM-
MYHUKAIIMOHHON OTpacJu.

KOMIMbIOTEPHASA 11 OBLLECTBEHHAA BE30MACHOCTb

Bo muorux manenbkux ropogkax CIIA cpenyn MeCTHBIX sKuTeJiell He
MPUHATO 3aKPBIBATH J[BEPU HA KJIIOY, OHU He GECIIOKOSIT O TOM, 4TO KTO-
TO MOJKET yrHaTh uX aBTroMoOuau. Eciau 6bl Bce Mbl ObLIN TaK CYACTJIUBbI
n 6e33a60THBI! YpOaHMU3aIMsl W YCKOPEHWEe TeMIIOB JXKU3HU HeCyT HaM
HOBbBIE YTPO3bI M OIACHOCTH: OT CIIaMa B 3JIEKTPOHHOI II0YTE /10 KPaxK
9JIEKTPOHHBIX JIAHHBIX.

KpuMunanucraM m skcmepraM HY>KHBI MOIIHbIE WHCTPYMEHTBI JIJIST
paccJieIoBaHusI U PACKPBITUS MPECTYIIEHU, CBI3AHHBIX C KOMIbIOTEP-
HBIM [HUPATCTBOM, HAPYIIEHHEM AaBTOPCKUX IIPaB, PacCIPOCTPaHEHUEM
nerckoil nopuorpaduu u T. 1n. Cpeau 3TUX UHCTPYMEHTOB CJIEIYeT yIO-
MSIHYTb CHCTEMbI KJacCHU(PUKAIMU U OIpe/eJIeHUs] OTIIEYaTKOB TaJbIleB
U 4epT JIUIa.

[TonuuefickuM, TOXApHBIM W BpavyaM CKOPOIl TOMOIIM HEeO6XO0IUMO
UMETh BBICOKOCKOPOCTHBIE HAJIEKHbIE KOMMYHHUKAITHOHHbBIE CUCTEMBI, KO-
TOPbIE TIOMOTYT UM OBICTPO OOMEHUBATHCS KU3HEHHO BAKHOU mHGpOpMa-
mueit (HampuMep, OIepaTHBHO COOGIIATh O PACHPOCTPAHEHHH IIOKapa,
yparana uin 1po6JieMax, CBSI3aHHBIX C Tojadell anekTposHeprun). Kpu-
TUYECKM BaJKHBIM KOMMYHHMKAI[MOHHBIM CHUCTEMAaM HY’KHO MMETb HAJIeXK-
Hble CUCTeMbI mu@poBaHus u 06pabOTKU WHPOPMAIUU, YTOOBI HE CTATh
MUIIEHBIO JIJII ATaK 3JI0YMBIINIJIEHHUKOB. biarogaps mocjaeHuM JOCTH-
JKEHUSIM B 06JIaCTH KBAHTOBBIX KOMMYHHUKAIIMII ONTHYECKHE HAHOTEXHO-
JIOTUY BCKOPE CMOTYT YJIOBJETBOPUTH 3TU TPeGOBAHUSI.

MPOTPECC BUOEOTEXHOMOT N

ToBopsT, 4TO OAMH PUCYHOK CTOMT ThIcsuM cjoB. Ecim ato Tak, To
1@ poBoil BUJEOANCK CTOUT JIECSATKOB BHUIEOKACCET MW COTEH KaTyIIeK
¢ KuHOTIeHKOH. Biarogaps mporpeccy KOMIBIOTEPHBIX TEXHOJIOTHI yye-
Hble ¥ MHXXEHEPHl YK€ HAYYUJIHCh IPOKPYUYMBATb BHICOKOKAYECTBEHHDIE
TOJTHOIIBETHDBIE BU/ICOPOJIMKN HA KapMAaHHBIX NEePCOHATbHBIX KOMIIbIOTE-
pax M OTPOMHBIX dKpaHaX Ha CTa/JINOHAX.
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CoBceM HeTaBHO, BCETO HECKOJIBKO JIeT Ha3al, MOSBUINCH TEPBBIE
IJIOCKOTIAHETbHbIE MOHUTOPBI, & TENEPb OHHU YK€ CTOSAT IMPAKTUYECKH
Ha KaxkjoM pa6oueM crojie. HaHnoontuvyeckue TeXHOJIOTUU Y3KE COBCEM
CKOPO PAacCHIMPSAT JOCTUTHYTBIH YyCIIleX 3a CYeT MCIOJIb30BAaHUS HAHO-
pa3MepHBIX KOJOPUMETPOB U TOHKOH HACTPOUKU C IMOMOIIbIO HaHOYA-
CTHUII.

XpaHeHue uHdgopmauum

YcrpoiictBa xpaHeHus: WHGOPMAIMK, KaK U BCS KOMIIbIOTEPHAS WH-
JIyCTPHS, TaKKe Pa3BUBAIOTCS B CTOPOHY YMEHbIIEHUsT MacIiTaba BILIOTh
[0 HaHOYPOBH:A. Temepb Ha OCHOBE 3JeMeHTOB, KoTopble B 10 TeIC. pa3
TOHDBINIE BOJIOCA, yYeHble W WHKEHEPbI MOTYT CO3/[aBaTb HE TOJbKO Obl-
CTpble KOMIIbIOTEPHbIE YMIIbI, HO M 0oJiee eMKHe yCTPOICTBa XpaHEHUs
nHpopmanun. OgHAKO YeM MeHbllle HaHOMAcIITa0Hble KOMIIOHEHTDI, TeM
JIOPOKE WX TPOU3BOJICTBO.

BosbmmHcTBO pom3BoauTENEl 3TEKTPOHHBIX YCTPONCTB CTPEMSTCS
UCTIOJIb30BATh B HUX KaK MOXKHO 6oJiee MeJKHe KOMIIOHEHThI XPaHEHUs
nHdopMaiun. B TpomsioM WHXKeHepaM MPUXOAWJIOCH TOJAratbCs Ha
MarHuTHble HocuTean. OHM CTPEMHJIUCH NMOBBICUTD IIJIOTHOCTb XPAHEHUS
nHdOpMalUU U CKOPOCTb ee CUNTBIBaHUS. B Hacrosiee BpeMsl nccieso-
BaTesM TaKKe TBITAIOTCS MCIOJIb30BaTh MATHUTHBIE CBONCTBA, HO TENEPb
y:Ke HaHOMaTephaJoB.

B 2004 r. kommnanusst IBM o6bsiBuiia 0 co3maHuu yCTPOHCTBA Xpa-
merns uudopmarmu Millipede, B KoTopoit ncmonbayercst Mmaccus 32x32
n3 1024 30HIOB aTOMHOTO CHJIOBOTO MMKPOCKOIIA, KOTOPbINA CIIOCOOEH
nesath yroay6uenust ¢ marom B 50 HM Ha noBepxHocTH nosuMepa (Gosee
HoAPOOGHO aTOMHBII CUIOBON MUKPOCKOII OIIMCHIBAJICS B TJIaBe 4). 30H/bl
MHUKpoMexaHudeckoro ycrpoiictBa Millipede MoryT cunTbiBaTh M 3amu-
coiBath nH(popManuio B Takux yraybnaenusx. Ha pucynke 10.2 nokasaHa
cxeMa paBOThI TOZOGHOTO YCTPOUCTBA, B KOTOPOM 30H/] OTKJIOHSETCS TIO/T
JieficTBUEM 2JIEKTPUYECKOTO TOKA.

30HADBI CO3JAI0T YIJAyOJIeHUsT Ha IJIOCKOH IIOBEPXHOCTH IOJUMeEpa
WIN YIAJSIOT WX, PaCIIaBiss OKPYIKAIONIYI0 TTOBEPXHOCTh. TakuM 06-
pPa3oM MOXKHO TOJYYUTh CHCTEMY 3alUCH W XpaHeHns WH(GOPMAIUU C
MJIOTHOCTBIO 3amucu OKoJO 1 TepaGUT Ha OAWH KBAJPATHBINA [IOWM, TO
ectb B 40 pa3 GoJibliie, YeM MO3BOJISIOT COBpeMeHHbIE TexHoJsoruu. [Ipu-
YeM HOBDBII MeTOJ TpeOyeT Topas3jio MeHbllle SHEPTUu, YeM IIPesKHue.

Cuermanuctet NIST cospamu nyavcupyrowuil undyxkmusnvitl MuKpo-
60110601 maznemomemp (pulsed inductive microwave magnetometer —
PIMM) [/t BBINOJHEHUSI MUKOCEKYH/HBIX H3MEPEHUH Mpu CBepXObl-
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CTPBIX MATHUTHBIX MEPEKTIOUEHNIX. ITOT MHCTPYMEHT TIO3BOJIUT U3y4aTh
CBOICTBA CBEPXMATHUTHBIX HAHOMATEPUAJIOB [IJII BBICOKOCKOPOCTHBIX 3a-
MUCHIBAIOIUX TOJOBOK B Ype3BbIUaiiHo Manbix obaactax (¢ miomaabio
Menee 160 um? Ha oxun 6ut). C IIOMOIIBIO 3TOrO HOBOIO MarHETOMETpa
y4eHble CMOTYT KOHTPOJHMPOBATH CBOWCTBA HOBBIX HAHOMATEPHAJIOB B
Tpollecce WX CHHTE3a W BBIPAIMBAHUS. IJTO TO3BOJUT CO3/1aBaTh CBEPX-
OBICTPYIO MATHUTHYIO TAMSITh CO CKOPOCTBIO CUMTBIBAHUS OK0JIO 1 MJpi
6UT B CEKYHJIY, TO €CTh 3aIKCaTh BCIO BPUTAHCKYIO SHITMKJIONE/UIO BCETO
3a OJTHY MUHYTY!

~<—— 30H[bl PacrnonoxeHbl
c warom 50 Hm

SnekTpog, 30H/1bl B COCTOSIHMA NOKOA

OTKIIOHEHHbIV 30H[

226 Puc. 10.2. 3ouz OTKIOHSETCS MOJ AefCTBUEM 3/IeKTPHYECKOrO TOKa
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KBAHTOBbIil NOTEHLUAN

KBaHTOBBIE BBIUMCAEHHS W KOMMYHUKAIIMU CIIOCOOHBI COBEPHIMTD
MepeBOPOT B Pa3BUTHUU COBPEMEHHOW 3JIEeKTPOHUKU. Jlujgepamu B 3TOH
0o6JacTH HAYKU U TEXHUKHU sBJstiorcss Komrmanusg [BM, Maccauycerckuii
texnosornyeckuii uactutyr (CIIIA), Oxcdopackuii yausepcuter (Be-
mukoOputanus ), Haunonanbhas na6oparopus Jloc-Anamoc (CIITA). Mx
yCIIEXW OCHOBAHBI Ha TIyGOKOM aHAIN3e MOJEKYJSIPHBIX U ATOMApPHBIX
B3aMMOJICHCTBHUI, OMMCHIBAEMBIX KBAHTOBON (PU3UKOM.

KOHTPOJIbHBIE BOIPOCHI

1. {Baenue, xorma pas3ubie POTOHBI HE YAETCS OMHICHIBATH OT/AEILHO,
MOCKOJIbKY M3MepeHre OJHOTO (POTOHA OKA3bIBAET BJIMSIHHUE HA JIPY-
TOlf, Ha3bIBAETCS:

(a) KBaHTOBBIM ClLIATETTH;

(6) KBaHTOBBIM 3aIlyThIBAHUEM;
(B) dororponusmom;

(r) COHEUYHBIMU BCIIBIITKAMH.

2. Ecau pasMepbl HaHOYACTHI[bI CTAHOBATCS CPAaBHUMBIMU C JJIMHON
BOJIHBI (poHOHA (KBaHTa KOJe6aTeJbHON SHEPIUM), HTO MOXKET IIPH-
BECTH K HOBBIM PEKHMAM:

(a) MrpoBBIX yCTPONCTB;

(6) KOJMEeKTUBHBIX UCCJEeI0BAHUII;
(B) mepesaun Temna u 3IEKTPUYECTBA;
(r) mapoBoro ABUKEHUSI.

3. Ilpm ocmemenun camoii KpymHO#H HaHocdepbl B HAHOJUH3E BO3HU-
KaIOT BOJIHBI KOJIEGMOIMXCS 9JeKTPOHOB (IJIa3MOHbBI), KOTOPbIE MO~
POSKIAIOT:

(a) 3ByKOBOIT 3 (PEKT aKKOPAEOHA,;
(6) ycuaeHHy10 TEIJIOBYIO BOJIHY;
(B) yCHJIEHHYIO OCTPOTY 3PEHHS;
(r) seKTpOMarHUTHOE TOJIE.

4. Yto6bl He CTaThb MUIIEHBIO AJIA aTaK 3JIOYMbIIIJIEHHUKOB, KpUTHUYE-
CKM BaKHbIM KOMMYHUKAIIUOHHbIM CHUCTEMaM HYKHO UMETh:

(a) cucTeMbl OXJIQKICHUS;

(6) MemHYIO TIPOBOJIKY;

(B) cucrembl mudpoBanus 1 06paboTKu WHGOPMAIWH;

(r) cucrembl uaeHTUUKAIMI PALYKHOM 0GOJOUKH TJIa3a. 227
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3. KBaSI/I‘{aCTI/IHa, KOTOpasd ABJAETCA pe3yJabTaTOM KoJIeOaHui 11J1a3MBblI,
Ha3bIBAa€TCA:

(a) HeGyToHOM;
(6) kceHoHoMm;

(B) m1a3MOHOM;
(r) mrasMuoM.

6. 3onapl MukpoMmexanmdyeckoro ycrpoiictBa Millipede mMoryT cuuthbi-
BaTh M 3aMKUCHIBATh WH(OPMAIINIO B HAHOMACIITAGHBIX YTIyOJeHUSIX
C IIOMOII[BIO:

(a) 30HI0B;

(6) 0CMOTHYECKOTO JaBJIEHUS;
(B) HAHOJUHS;

(r) dpeona.

7. Das3oBbIM 3J1€eMEHTOM KBAHTOBBIX BBIYMCJECHUIT Ha OCHOBE CIIMHA
9JIEKTPOHA SABJIAETCA:
(a) ky6;
(6) ky6ur;
(B) MuKpo6wur;
(r) Hano6uT.

8. Ha ocHoBe mukpomexannveckoro ycrpoiicrsa Millipede moxxHo co3-
JIaThb CHCTEMYy 3aliCH W XpaHeHWs WHQOpPMAIU C IJIOTHOCTHIO 3a-
MUCH, KOTopas 60JIbIlle, YeM MO3BOJISIIOT COBPEMEHHBIE TEXHOJIOTHUN:

(a) B 10 pas;
(6) B 20 pas;
(B) B 30 pas;
(r) B 40 pas.

9. BJIeMeHTaprIe BOSéy)K]IeHI/IH, KOTOpPbIE ABJIAIOTCA HOCUTEJIAMU SHEDP-
M 1 KOTEPEHTHOCTNU B HAHOOIITHKE, Ha3bIBAIOTCA:

(a) MOBEPXHOCTHBIMHU TIJIA3MOHAMH;
(6) 1noJ3eMHBIMU ILJIa3MOHAMH;

(B) kBapkamu;

(r) TpaHsucTopamu.

10. KBaHTOBbIE BLIUYMCIEHWS MO3BOJISAT CO3[aTh KOMIBIOTEPBI C KOJIOC-
caJIbHON BBIYUCJUTEJNbHOM MOIIHOCTBIO 6J1aro/iapsi uX CloCOOGHOCTH:

(a) 6bITD UPE3BBIYAIHO MAJBIMU U KOMIAKTHBIMHE;

(6) doxycupoBaTh Hay4HO-MCC/IEA0BATENBCKIE PECYPCHI;

(B) HUCIIOIB30BaTh IOJIE3HbIE UCKOIIAeMbIE;

(r) BBINOJIHATH ONEpAIlMU CPa3y ¢ HECKOJbKUMHU Pa3HbIMH COCTOSI-
HUSIMU.
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JHepreTuka

[Ipencrasbre, KakuM Oyaer Hair Mup B 2050 r. 6e3 BO30OHOBJISIEMbIX
NCTOYHWKOB oHepruu. [IpakTidyeckn Bce 3amachl HeTH HA TIaHeTe Oy IyT
COKJKEHbI B JIBUTaTeJsIX aBTOMOOWJiei. A Bce 3alachl raza M3pacxo/io-
BaHbI HA TEHEPAIUIO HJIEKTPUYECTBA WM B CXKUKEHHOM COCTOSSHUU MHC-
TI0JIb30BaHbI JIJIS TlepeMelieHns aBToMoOusIell 1 caMosieToB. YesioBeyecTBy
MIPHUJIETCS UCTIOIH30BATh OCTABIINECS 3aMAChl YIJIS C BBIOPOCOM MPOYKTOB
CTOPAaHMS C BBICOKHM COJIep>KaHMeM MEeTAJJIOB M JIPYTUX 3arpA3HAIONNX
BemecTB. Cozep kanne yriaeKnucaoro ra3a B atMocdepe MPEBLICUT OTMETKY
750 yacreii Ha MUJUIMOH. Y POBeHb BOJbl B MUPOBOM OKeaHe MOBBICUTCS
TakK, 4To GeperoBasi JWMHUS cJBUHETCS 1mouTH HA 80 KM BriiyGb KOHTHHEH-
tasbHON yacTu. IIpu atoM 6yyT 3aTONsIeHbl MHOTHE TPUGPESKHBIE TOPOA
U TYCTO3aceJeHHbIe TEPPUTOPUN. JJIEKTPOceTH GYAyT HACTOJIBKO MEPErpy-
JKEHBI, UTO MEPECTAaHYT HA/IEXKHO PAb0TaTh, U GOJBITUHCTBO JIOJEl CMOTYT
MOJTy4aTh 9HEPTHIO BCETO HECKOJBKO YacoB B Hezeso. V3-3a HeBbIHOCH-
MO yKapbl MUJLIUAP/IbI BBIHYK/EHbI OY/IyT MUTPUPOBATD.

Huriera u 6osie3nn 6y 1yT pacTy B CBSI3U C OTCYTCTBUEM JIEIIEBON M 9KO-
JIOTHYECKU YHMCTON 3HEPruH. JHEpPrusl CTaHeT 3JeMEHTOM DPOCKOIIH, [10-
CTYIHON TOJIbKO GorayaM, KOTOpble BBIHYXK/EHBI OY/yT TPATUTh OGOJIBIITYTO
4acTh CBOMX CPE/ICTB Ha 3AIUTY OT SHEPTeTHYECKN TOJOAHBIX OP/I.

Tpyasao ceGe mpencTaBUTh, YTO MHUPOBBIE JUAEPDI TTO3BOJSAT OCYIIE-
CTBUTHCSI TAKOMY KOIIMapHOMY ciieHapuio. CerojiHsi oueHb Ba)KHO HANTH
HOBDBIE TEXHOJIOTUYECKUE PEIIeHUs /IS ONCKA aJTbTEPHATUBHBIX UCTOY-
HUKOB 3HEPTUU €ellle JI0 TOr0, KaK MCYEPHAIOTCS MUCKOIaeMble MCTOUHUKH
sHepruu. B aToii Ty1aBe NpeCcTaBIeHbl HEKOTOPDIE TYTH MOUCKA PEIIEHUS
9HEpPreTHYeCKNX MpobJeM, ¢ KOTOPbIMU YeJIOBEYECTBO HEM3OEKHO CTOJK-
Hetes k 2050 r.

OTKpbITUS B 06JIACTH HAHOTEXHOJIOTHI BBI3BIBAIOT 3(PdEKT TOMUHO
MPaKTUYECKH BO BCEX OTpAC]sX Hayku u TexHuku. [lo Mepe moctuske-
HUSI OCHOBHBIX CBONCTB HAHOMUPA U OTKPBLITHS HOBBIX HAHOTEXHOJIOTHIT
yueHble ¥ WH)KeHePbI HaXO/AT HOBbIe cephbl NX IpuMeHeHus. BeposTHo,
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Hambosiee BaKHBIM Oy/eT TIPUMEHEHWUS] HAHOTEXHOJIOTHI B dHEPTeTHKE.
[lanbHeliiee TpoIBeTaHIEe YeJOBEYECTBA, [TOCTYITHOCTD SHEPTUH U Kaye-
CTBO OKpY’Kalolleil cpe/ibl 6y/lyT BO MHOIOM 3aBUCETb OT ycCIieXa MpHuMe-
HEHUs HAHOTEeXHOJIOTHUI.

Puyapa CMonn, oguH U3 caMbIX aKTUBHBIX CTOPOHHHMKOB IPUMEHe-
HUST aJIbTEDHATUBHBIX TEXHOJIOTUH, YOEXKIEeH, YTO HOBble HAHOMATEPUATIBI
CBITPAIOT KPUTHYECKH BAXKHYIO POJb B YAOBJIETBOPEHWH OYIyIINX 9HEP-
reruyeckux norpe6Hocreil yesoBeuectsa. OH cYUTaET, YTO HAHOTEXHOJIO-
UM OMOTYT HAWTHU CIIOCO6 pacipe/ieieHusi SHEPTUU 110 BCEMY MUDPY, U
BEDUT, UTO YeJIOBEUECTBO HAi/IeT U NPUMEHUT HYKHbIe HAHOTEXHOJOTUU
JUIST PEleHNsT BCEX IHEPTETHYECKUX TTPOGJIEM.

HoBble TexHoJIoriK B 9HEPreTHKe HEOOXOMMBI JIJIST BCEOOIIEro GJIaromo-
Jiyuus desopedecTBa. Ilocse ncueprianns MCKOAaeMbIX UCTOYHUKOB SHEPIrUuu
YeJIOBEYEeCTBY TPUAETCS HANTH KOHOMUYECKH BBITOIHBIE ATbTEPHATHBDI,
60 B IMIPOTUBHOM CJIyuae MbI IIPOCTO TIPEKPATUM CBOE CYIIECTBOBAHMUE.

JHeprua
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ITpexe 4eM MCKATh pelleHus SHEPTeTHYECKUX MPOOJIEM C ITOMOIIDIO
HAHOTEXHOJIOTHI, TONpo6yeM pa3obpaTbhCs, B UYeM JKe 3aKJII0YaloTCs
3HEpreTHYeCKue MPoBJIeMBbI.

C KakuMu HamOOJBIINMEI TPOOJEMaMi CTOJIKHETCS YeJI0BEYeCTBO
B 6mmkaiiime 50 jer? [loctatouHo GOJBINOI CIIMCOK BCEX IIPOOJIEM MMe-
eT o6umii 3HaMeHaTe b: sHeprus. B Tabauie 11.1 nepeunciaenst 10 Hau-
6oJiee BasKHBIX COBPEMEHHBIX MTPOGJIEM YeI0BEYECTBA.

Ta6mmna 11.1. JlecsaTh caMbIX BaskHBIX TPOGJEM YeJIOBEYECTBA

Mecro IIpoGaema

1 HemocraTok sHeprun

3arpsizHeHue Bo/J

Henpocratok mumnm

3arpsi3HeHHe OKPY’Kalolleil cpe/ibl

[Tepenacenenmne

bonesun

Boitubl/ Teppopusm

bexnoctb

Ol |IN (|~ |WwW]|N

Herpamornoctb

—_
o

Hcromenne nous
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Béabmas yactb npo6sieM 3arpsi3HeHUs OKPYKAIOIIel cpe/ibl CBsi3aHa
C UCIOJIb3yeMOii sHeprueii, KoTopasi TeHepUPYeTCs 32 CUET CXKUTAHUS WC-
KomaeMbix pecypcos (yruisi, HedTn u raza), APeBECUHbBI WU TPOLYKTOB
JKU3HE/IESITEbHOCTU Y€J0BEKA U JIOMAIHUX JKUBOTHBIX. JTO CIKUTAHUE
HPUBOJIUT K BO3PACTAHUIO B aTMOC(epe KOHIIEHTPAIIUU YTJIEKUCIOTO Ta3a,
CaXK! W JIPYTUX 3arpsi3HSIONIUX BEINECTB, KOTOPbIE TIPUBOJSAT K OTPABJIE-
HUIo atMocdepbl U TJI06aTbHOMY MOTENIEHHUIO.

BexnocTp, mouTn 10 ee onpeenennio, 03HaUYAET HEOCTATOK SHEPTUH.
N3 6,5 mupna miofeil, JKUBYIUX HA 3eMJie, OKOJO 2 MJIPJ He UMEIOT J0-
CTyIla K 9JIEKTPUYECTBY, a ellle 2 MJIP]| BBIHYK/E€HbI UCIIOJb30BATh OTpa-
HUYEHHOE KOJIMYECTBO MCKOIAEMbBIX BHJIOB TOILINBA, OOBIYHO JPEBECUHY
U TPOJYKTHI KU3HEJESATEJIbHOCTH JIOMAITHUX >KMBOTHBIX. OcTajbHbIe
2 MJIPJL MCTIOJIB3YIOT JPYTHE JOCTYIHbIE UCTOUHUKK dHepruu (Hanpumep,
aAMEPUKAHIbI COCTABJISIIOT BCETO 3% HAceJeHHst 3eMJIH, HO HCHOJIb3YIOT
OKOJIO0 25% Bcell pacxoayeMoil uesoBedecTBoM sHeprum). Jloan 6e3 jo-
CTyIIa K JOCTATOYHOMY KOJIMYECTBY SHEPTUU BCTYIISIT B KOH(JIUKT ¢ TeMH,
Yy KOrO 3HEpPruu JOCTATOYHO, a 9TO MPUBEAET K POCTY COIHUAILHOW U MO-
JIUTUYECKON HanpsKeHHOCTH. OTPOMHBIN 9KOHOMUYECKWI Pa3pbiB MeEXK-
ny 6oratbiMu U Ge/IHbIMM CTPAHAMU M HApOJIAMK MOBJIEYET 32 cO60Il pocT
HaIpPSKEHHOCTH B OTHOIIEHUSIX MEXK/y HUMM.

A 410 ¢ BoitHaMu u TeppopuaMoM? [Ipuxoansaoch Ju paHbIlle JIOAIM
BoeBaTh 3a sHepruio? llepBoe, 4TO HPUXOIUT B TOJOBY, — 3TO BOIHA
B IlepcuickoM 3asuBe u ropsiiiue HeTSHbIE CKBAYKUHBDI.

[Mprunnoit MHOKecTBa 6GoJjie3Hell SIBISETCS 3arpsi3HeHne ITUTheBO
Bozibl. Ecsin 6b1 y desioBeyecTBa OBLIO JOCTATOYHO SHEPTUU JIJISI OYMCTKH
BOJIBI, YPOBEHDb 3a60JI€BaHMIT MOKHO OBLIO ObI CYNIECTBEHHO CHU3WTD.

O6pa3oBanre TaKk:Ke 3aBUCHT OT PeCYpPCOB U dHepTuu. TPyaHO yUUTH-
cs Ha MyCTOW KeJTyJoK, B xape wmiu xosoje. He epure? Crpocure
y mo6oro crynenta. Hacesernne 3emim B 2050 T. MOXKET JOCTUTHYTD
8—10 mupn uenoBek. OTCyTCTBHE JeMOKpPATUU M CBOGOJBI MOXKET TMO-
Ka3aTbcsl MeHblIlell Tpo6JeMoil, YeM repeHacejeHe U HeJJOCTaTOK dHep-
TMH, HO PellleHre HEPTEeTHYECKUX MPOOIeM YIPOCTHIO ObI pellleHne BCeX
OCTaJIbHBIX MTPOOJIEM YeJI0BEYECTBA.

Kakue dakropbl, KpoMe 3HEPIrUU, MOTYT IOBJUSATH HA PelleHre 3TUX
npo6iem? Ilpu TiaTeIbHOM H3y4€HUU MOKET MOKA3aThCs, YTO TOJBKO
yMeHbllleHUe HaceseHust 3eMJIn MOJKeT 1oMOYb B uX pemierun. OHAKO
Jla’Ke TI0CJIe CaMbIX YXKACHbIX BOIH U STIH/IEMUIT HACEJEHUE CYIEeCTBEHHO
HE YMEHBIIAJ0Ch. Y/aJoch Obl PEMUTL 3TH MPo6JIeMbl, ecan Obl Hace-
JleHne 3eMJH cocTasiisano Bcero 1 mapg denosek? Ckopee Bcero, [Jia, HO
Ky/la JIeBaTb OCTAJbHbIE 5,5 MJIP/L?
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BeposaTrao, BBI 3aMeTH/IN, YTO TOJKU KHUKHBIX MaraswHOB JIOMSITCS
OT KHUT C YKAcalolUMHU 3aroJioBKaMi: «be3 zazas», «Daxkmop nHedhmu»,
«Koney negpmus, «Ilocrednuil anepeemuueckuti kpuducs, «bes neg-
mu: eud ¢ nuxa Xab6apoas w np. B GosbiHceTBe U3 HUX 06CYKIAETCsI
BOTIPOC: JIOCTUTJIA JIU TIMKA MUpoBasi no6brua Hedgru? lloutn Bce coruia-
MIAf0TCSA, YTO TaKoi nmuk OynaeT qocturHyT y:ke B 2010 1.1

M. Kunr Xa66apa (M. King Habbard), reopusux xommanun Shell
Oil, B 1957 T. mpoaHAIM3UPOBAJ TEMITBI JOOBIUN He(DTH U TPEACKA3AT, YTO
CHIA npocturnyT nuka go6bruu et B 1970 r. iMenHo Tak u npouso-
nwio. Ha pucynke 11.1 npenckasanus Xa66ap/a nmokasaHbl Ha rpaduke.
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Puc. 11.1. Temubt 106b1yn HepTH coracHo mpejcKazanusM Xa66apaa

1 Hano ckasarp, yto B Poccum Takux KHUT NMpPaKTHYECKU HeT. Bugumo,
Boripoc «Yrto Gynmer, Korpa KoHUUTCS HedTh?» ans Poccum He akTyaseH. —
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IMABA 11 OJHepreTnka

B kuure Twilight in the Desert («CymepKn B IyCTbIHE») OIKCHIBA-
1orcst HedTsiHbie nosist CaypoBckoit ApaBuu. B Hell ananmsupyercsi co-
CTOSTHYE KPYIHEHIX HeTSIHBIX T10J1eil MUpa 1 YPOBEHDb UX MCTOIIEHMS.
CorJiacHo 3TOMY aHa/n3y, 1eHbI Ha He(Th U HeTEPOAYKThI, BEPOATHO,
OCTAHYTCS TAaKUMU K& BBICOKWMH, €CJIU He BbIlle. /[es0 B TOM, 4TO CIipoc
Ha HeTb MOCTOSIHHO PacTeT ObICTpee MpeJIosKeHus !,

ITourn 99% COBPEMEHHBIX YYEHBIX COTJIACHBI C TE€M, YTO TOBBINIEHIE
YPOBHS KOHIIEHTPAIIMK YIJIEKUCJIOTO Ta3a B aTMocdepe BBI30BET Cepbe3-
Hble npobJieMbl B Teuenne Oumkaiiimux 100 ser. Bce nckonaeMbie BUIbI
TOTIJINBA BBIEJSAIOT YIJIEKUCHTBIN Ta3 mpu cropanuu. lloatoMy eciam MbI
OyieM TIPOIOJIKATh CKUTAaTh HETD, Ta3 U YroJib, TO AOJKHBI TPUAYMATh
cnocoObl CHUMKEHUSI YPOBHS YTJEKUCJIOro raza B armocdepe. Muorue
KOMIAHUU Pa3pabaTbiBAIOT BAPUAHTHI COXPAHEHUS YIJIEKHUCJOrO Ta3a B
MO/I3EMHBIX pe3epByapax, OKeaHe WJIM B COCTAaBe TIPOU3BO/IHBIX BEIIECTB,
HarpuMep Kap6oHare Kasblys. [Ipo6sema B TOM, UTO /JIsi CHUKEHUS CO-
JlepsKaHusl yTJEKNUCJI0TO Tasa B aTMocdepe TaKMMH METO/aMU TIPUJIETCS
B Teuenne 100 jeT XOpPOHUTD JECATKU TUTATOHH yTJIEKUCJIOTO Tas3a.

JlocTynHocTb

JHeprusg HEOJWHAKOBO JOCTYIHA BCeM JOAIM Ha 3emie. Kak yke
FOBOPUJIOCH BBIIIIE, OKOJIO 2 MJIPJ[ Y€JOBEK HE MMEIOT JIOCTyIa K 3JIeK-
TPUYECTBY, a elle 2 MJIP/ BbIHYKAEHbI UCI0Ib30BaTh Guomaccy (1o ectb
JIPEBECHHY ¥ TIPOAYKTbI KU3HEAEATETBHOCTH JOMAITHUX KUBOTHBIX ).

Ha pucynke 11.2 moxasaHbl KpHUBBIE CIIpoca 1 TEKymero mnorpebJie-
Hust HedtH, raza u yrias. YemoBeuecTBo noTpebisieT OrPOMHOE X KOJIU-
yectBo. 1o mMepe npubmuskenuss k 2050 r. cripoc Ha 3TH BU/IbI TOILIHBA
O6ylleT TOIbKO pacTu. Eciu ydecTb, 4TO TEKyIIHe MPOTHO3bI YPE3BbIUaiHO
3aHWKEHBI M HE YYHMTBIBAIOTCS HEKOTOPbIe (DaKTOPbI, TO TOJIOXKEHUE MO-
JKeT OBITh ellle 6oJiee TIKEebIM.

Hamnpumep, eskerojHbie 0OLIEMUPOBBIE TEMIIBI POCTa IIOTPEGIEHUS
SHEPTUH PaBHBI 2%, a TEMITbI pocTa norpebienust sueprun B Kutae — 20%.
[Tockosbky Hacenenue Kurast npesbiinaer 1 Mip yesoBek, To o6Iuil poct
norpebJieHrsi SHEPTUM B MUPE BPSiJI JIM OCTAHETCS Ha IPEKHEM YPOBHE.
Daxrnuecku 1MOTpe6IeHNe IHEPTUN PACTET B HanboJjee HACETEHHBIX CTpa-
HaxX MHUpa BMECTe C POCTOM YDPOBHS JKM3HU: JIIOAN CTPEMSTCS TOKYIIATh aB-

! Kuura 6buta nammcana o0 majenus e Ha Hedtp B Konie 2008 r.,

U aBTOpP He MOT ce(e TPE/NONOKUTh TAKOTO CIIEHApHsl PasBUTHsI COOBITHH. —
Ipun. peo.
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toMo6uu u Gosibliie tyTeniectByior. Ha pucynke 11.3 nmokaszana cTpykrypa
OCHOBHBIX BHUJIOB TOILINBA, KOTOPbIE TOTPEOISAIOTCS B HACTOSIIIIEE BPEMS.
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Puc. 11.2. Cupoc Ha UCKONaeMble HCTOYHUKK SHEPTUH U UX noTtpebieHue

brnomacca
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Puc. 11.3. Bosee nosoBuHbl M0oTpe6JIseMOTO TOIIMBA — 3TO UCKOIIAEMbIE PECYPCHI

NPOBJIEMA TEPABATTA

ITOT TepMUH 06PAa3HO ONKCBHIBAET MTPOOJEMbI COBPEMEHHON AHEpPreTH-
234 k1. B mepecuere Ha HedTh 4eS0BEUECTBO €XKelIHEBHO moTpelsierT 6oJiee



IMABA 11 OHepretuka

210 maH Gappeneii HepTH, U3 KOTOPBIX OKOJIO TPETHU IIPUXO/UTCS HA CaMy
HedTh, a OCTaNbHAS YACTh — HA YTrOJib, Ta3, S/epPHOE TOILIMBO, GuoMaccy
U TUAPOPECYPChl. 3a UCKIIOYEHNEM THAPOPECYPCOB OCHOBHAS YACTh TO-
IJIMBA — 3TO HEBO30OHOBJIIEMble MCTOUYHUKM dHEpPruu. biarococrosiHue
B XX B. 6bLIO cBsi3aHO C noTpebieHueM HedT. UTO Ke cTaHeT OCHOBOI
aHepreTnkn B XXI B.?

ITo cambiM ckpomubIM otieHKaM, B 2050 r. yesioBeuecTBy 1OTpebyeTcs
BIBOE GOJIbIIE SHEPrHU, YeM cerofns (a ecim ydecTb HEKOTOPbIE JOMOJI-
HUTEJIbHBIE (DAKTOPBI, TO Ja’Ke BYETBEPO). ITO 3HAYMT, UTO €XKErOJHO
6yner Tparutbest 10—15 tepasart.

Q TepaBaTt — 3T0 MMINMOH MUNNUOHOB BATT (TO ecTb 10™ BaTT), YTO NPUBAM3NTENBHO
COOTBETCTBYET MUNIMOHY Bappeneii HedpTu.

B nacrosinee BpeMs HeT HUKAKUX BO3MOXKHOCTEH /14 yAOBJIETBO-
pPEHUsI CTOJIb BBICOKUX MOTpebHOCTel uesnoBevecTBa. [lorpebienue Hed-
TH, Ta3a U YIJIS COCTABUT JIUIIb MaJIyIO JIOJII0 OT OOGIIEro MoTpe6seHus
aHepruu. /|78 yaoBJIETBOpEHUS MOBBINIEHHOTO CIIpoca MOTpebyeTcst uc-
MOJTb30BaTh HOBBIE MCTOYHWKY SHEPTHHM HAa OCHOBE SIEPHOTO pacraja |
CUHTE3a, TU/[POIHEPTETUKU U HOBBIX BO30OOHOBJISIEMBIX UCTOUHUKOB 3HEP-
run. CMOMKeT I 4YeJI0OBEYeCTBO OBJIAZETbh STUMU HOBBIMU MCTOYHUKAMU
B Oumkaiime 1ecaTuaeTns ?

JOOEKTNBHOCTb

[To muennto Jitmopu Jlosure (Amory Lovins) uz Uuctutyta Poku
Maywuraitn (CIITA), pemnuth sHepreTuveckue MpoOGIeMbl MOKHO € MO-
MOTIbI0 TOBBIITEHNS 3(PPEKTUBHOCTH MPOU3BOJCTBA M HCIOTb30BAHUS
HOBBIX MatepuajoB. Hampumep, ecau nenatb aBTOMOOUIN U3 KOMITO3U-
TOB, TO UX MacCa YMEHbBIIUTCS, ¥ NOTpe6IeHe SHEPTUN CHU3UTCS. Takue
aBTOMOOUJIM MOTJIA GObl J1aTh 10 69% 5KOHOMEU MOTPEOJISIEMOTO TOILINBA.
Ncnonb3oBanne 6osiee MPOYHBIX KOMIIO3WTHBIX MaTEpPUAJOB TaKKe II0-
3BOJINJIO ObI CO3/IaBATh KOHCTPYKTHBHO WHbBIE TPY30BUKU 1 MUKPOABTOOY-
CBI T TIOJIYYUTD HKOHOMUIO TOTJIMBA 10 65%.

Komnanun Boeing u Airbus mocrurim samerHOro mporpecca B IpH-
MeHEeHWN HOBBIX MaTepuasioB. Hampumep, HOBbINI camosier Boeing 787
Dreamliner cipoeKTHpPOBaH Ha OCHOBE KOMIO3WTHBIX MATEPHAJIOB, I10-
3BoJIAIONINX 60siee 3 HEKTUBHO MCIOJIb30BATh TOILINUBO.

Hesbas sim MpHOCTAHOBUTDL POCT MOTPEOIEHUST JHEPTUN U YOBJIETBO-
PUTHCS TEKYIIUMU MOTPEOHOCTSIME? BOJIBIIMHCTBO 9KCIEPTOB CYUTAIOT,
YTO JlaKe MIPU COBPEMEHHOM yPOBHE MOTPEOJIEHIST HCKOIIAEMbIX PECYPCOB
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YEJIOBEYECTBY HAJOJITO HE XBATUT UMEIOIUXCA 3allaCOB 6I/IOMaCCbI, YTOOBI
IIPOKOPMUTHCA U OTOIUTH CBOU JKMJIMIIA.

AnbTepHaTUBHbIE BUAbI IHEPrUK

[IpasutennctBo CHIA yaensieT mpucTagbHOe BHUMAaHNE HMCIIOJIb30Ba-
HUIO BOJIOpO/Ia B KadecTBe TomumBa. O[HAKO 4TOOBI CXKUTATh BOAOPO/I,
€ro cHavasla Hy>KHO HOJIYYUTD.

I'pynna mccsemoBaresneii mos pyKoBojacTBOM mpodeccopa Manopa-
HbssHa Mucpsl (Manoranjan Misra) us Yuusepcutera mrata HeBaja
B Puno (CIIIA) ucnosib3yer MacCUBbl HAHOTPYOOK Ha OCHOBE AMOKCUJA
TUTaHA 75 TeHepaIni BOOPO/Ia HA OCHOBE PACIIEIJIEHNS BOJBI C TOMO-
IIbI0 COJTHEYHOTO cBeTa. Eciu aTOT mpollece yaacTes mepeHecT Ha 6oJiee
KPYIHBII TTPOMBIIIIEHHbIH MacmTab, TO OH MOXKET CTaThb OCHOBOWM JJISt
MOJIyY€eHUsT BOAOPO/Ia M3 BOJIBI.

[Ipu ncmosb30BaHNT HOBOTO METO/[a MOJIEKYJIBI BOJBI PACIIETIISAIOTCS
ropaszio apdexTuBHee. B HacTosIee BpeMst n3y4aioTcd pa3JndyHble MaTe-
pHaJibl, TIOJy4YeHHbIE HA OCHOBE yIJIEPOJHBbIX HAHOTPYOOK, YTOOBI HOBbI-
cuTh 9¢PEKTUBHOCTD TIPOIECCa PACIIEIJIEHUsS] BOJbI C HMCIOJIb30BAHUEM
6ecIlIaTHON COJTHEYHON SHEPTUU.

B meroze Mucpbl okosio 1 TpaH HaHOTPYOOK TIOMeNaeTcs Ha ILIO-
n[aJiKe U3 JAMOKCU/Ia TUTaHa BEJUYUHON ¢ HOTOTh. [losmydeHHbIi BogOpOL
yAaeTcs COXPAHATh B CHCTeMaxX HAHOPa3MEPHBIX MO THTaHA M YIJIEPO.I-
HbIX HaHOTPYOOK. Takoii HanoMaTepuas crocoGeH COXPAHSATb BOJOPO/L
JUIST TIOCJIE/TYIOIETO MCIIOJIb30BAHUS B JBUTATEJISIX AaBTOMOGUJIEI.

B maiickom nomepe xypuana Physical Review Letters rpymma yue-
ubix 13 Hanmonanbroii naGoparopuu Jloc-Amnamoc (CIIIA) nojenunnach
cBouM OoTKpbiTHeM. OHM OGHAPYKUJIM, YTO OJUH (DOTOH MOKET TeHepH-
poOBaTh TPU CBOOOHBIX 3JEKTPOHA B KBAHTOBOI TOYKe. B cOBpeMeHHBIX
coJiHeuHbIX (oToaeMeHTax OJAuH (POTOH CIIOCO6EH TEHEPUPOBATH TOJIBKO
OJIVH 3JIEKTPOH, a OCTaJbHas SHEPTUs paccenBaeTcs B Buje Temaa. Takum
06pa3oM, HOBBIIl MeTO/l TIO3BOJIUT TIOBBICUTH 3(PPEKTUBHOCTD COJHEUHBIX
doroanementon ¢ 20—30 10 65%.

ALNEPHAS JHEPIUA

Kak nacuer sneprum, mosrygaeMoii Ha OCHOBe giepHoro pacmaga? Jlas
peleHus: «<po6eMbl TEPABATT» HYJKHO IMOCTPOUTb OY€Hb MHOTO HOBBIX
aTOMHBIX dJIeKTpocTaHIuil. [IpruuyeM 370 AOKHBI OBITH 3JEKTPOCTAHITIH-
6pujiepbl, TIOCKOJIbKY UMeoNerocs: ypana 6y1eT HeloCTaTOuHO JIJIS TIOJTy-
YeHHsT MHOTHUX TepaBaTT sHepruu. CKOJIbKO HYKHO TOCTPOUTH OPHIEPOB
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norpebyercst TocTpouThb 10 ThIC. ATOMHBIX 3JETPOCTAHINI C MOIHOCTHIO
1 ruraBaTT. ITO 3HAYUT, YTO B TeUeHHUE 27 JIeT Ka’K/IbIN JE€Hb JOIKHA BBO-
JIUThCSI B CTPOIl HOBasl aTOMHAs 3JIEKTPOCTAHIINS. Bpsia jin yeoBedecTBO
CMOXKET OCHJIUTD Takylo 3ajady B Ommkaiimume S0 uan paxke 100 ser.

BepositHo, Hambosiee MepCIEKTUBHBIM SBJISIETCS CO3/IaHIE PEAKTOPOB
Ha OCHOBe siiepHOro cuHTe3a. Ecau oHu OyAyT CO3[aHbl, TO, HECOMHEH-
HO, HAYHYT WCIOJb30BaThbcsA. OMHAKO, O COBPEMEHHBIM OIlEHKaM, WX
CTOUMOCTD Oy/IeT YPE3BbIYATHO BBICOKA.

Kpome Toro, mcro/ib3oBaHue si€PHBIX PEAKTOPOB BCEX THIIOB CBS-
3aHO C OTPOMHOI1 OMACHOCTBIO /IS OKPYJKAIOIIEN CPebl, MpeKe BCETO
M3-32 HAIMYUS PAJANOAKTUBHBIX OTXOOB.

YHuKaIbHbIE CBONCTBA HAHOMATEPUAJIOB MOTYT TIPUTOAUTHCS IS Tepe-
JTaull W PACIPEIeTEHIS SHEPTH, BBIPAOOTAHHOW aTOMHOH 3I€KTPOCTAHIIHEH.
Ha pucynxe 11.4 mokazana cxeMa TUITHYHON aTOMHOU 3JEKTPOCTAHITN U €€
KOMIIOHEHTOB, B OCHOBE KOTOPBIX MOT'YT HMCIIOJIb30BAThCS HAHOTEXHOJIOTUN.

FTEOTEPMAJIbHAA JHEPIUA

l'eoTepmasbHast aHEPTHs TEHEPUPYETCS 32 CUET MCIOJIb30BAHUS TIO/-
3eMHBIX TETIOBBIX TTOTOKOB, KOTOPbIE MOJHUMAIOTCS K TIOBEPXHOCTHU 3€M-
Ju ¢ Bojiod u mapom. [lpesicraBbre cebe mapuaky ¢ ropsuuMu KaMHSIMHU,
HA KOTOPBIE JILIOT BOY.

UTto6bI BOCIIOJIb30BATHCS 9TOIl 9Heprueil, B 30HAX C TePMaJbHBIMU
MO/I3EMHBIMI BOJIAMU CBEPJIAT CKBAJKIHBI, MO0 KOTOPBIM HaTpeTble I'PYH-
TOBBIE BOJIBI TIOCTYIAIOT HA TIOBEPXHOCTD. [l N3BJIEUEHNS 3TOH SHEPTHH
B IIPOMBIIIIEHHOM Maciitabe Tpebyercss MpoOypUTh KaK MOKHO GOJIbIIe
CKBaXKUH, YTO CYIIECTBEHHO IOBBIIIAET CTOMMOCTb TaKOIl HEPTUH.

[To manubiM BceMupHOTo reoTepMajibHOTO KOHTPECCA, 110 COCTOSTHUIO
Ha 2005 r. 72 cTpaHbl UCIOJb30BAJN OKOJO 16 THraBaTT reoTepMasbHOM
aHEepruu i 060TpeBa JKUJIUI, PACTAIIMBAHUS CHera, o6orpeBa Jeuyeb-
HUIl U TapHUKOB, a 24 CTpaHbl — OKOJIO 9 TUTaBaTT [AJSd BBIPAOGOTKH
aJleKTpuyeckoil aHepruu. PelikbsaBuk, crosuia Vcenananu, 1mMOJHOCTBIO
OTAIJINBAETCSl 32 CYET TEeOTEPMAJBHOI JHEPTUU BYJIKAHUYECKUX TMOPOJL
Cpenneatsiantuueckoro xpebra, Kotopblii nepecekaer Wcnangwio. [lis
ATOTO K CHCTEME OTOIJIEHUS TO/IKJII0YEHbI M0/[3eMHbIE Pe3epByapbl C Iro-
psueit Bogoii ¢ temnepatypoit 80—100 °C. A a1 BbIpaGOTKY 2JeKTpUye-
CKOW 2HEPTUH WCTIONb3YIOTCS pe3epByaphl ¢ TeMmepartypoii okosno 180 °C
u Boie. Takue pe3epByapbl OObIYHO HAXOSATCS BOJM3KU BYJKAHOB U CO-
JlepsKaT ropsiuuil map BHYTPU PAaCKaJeHHBIX TOPHBIX Mopoia. Biaromaps
HaHOMarepHuasiaM yueHble U WHXKEHEPbI MOTYT NOBBICUTH 3P PEKTUBHOCTD
repelauid reoTepMaJbHON 1 3JIEKTPUIECKON SHEPTUH.
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COJIHEYHAS JHEPT U

Bsrasnure na Coanne na puc. 11.5 (MenocpecTBeHHO Ha HEro JIyd-
1Ie He CMOTPETh, YTOObI He IOBPEAUTD 3PEHKE) M CPABHHUTE €r0 OIPOMHbBIE
pasMepbl ¢ TOPa3/[0 MEHBIIUMU pazMepaMu 3eMJIN.

ConHue Q

3emns

Puc. 11.5. CounHlle exxe/IHEBHO reHepupyeT ropas/io 6oJibllle SHEPTUH, YeM MOXKeT
UCIIOJIb30BATh Y€JI0BEYECTBO

CKObKO TepaBaTT COJHEYHON SHEPTUU IOCTYMaeT Ha 3eMJIo exxe-
nueBHO? OxoJio 165 ThIC. TEpaBaTT, YTO TOPa3io OOJIbIINE, YeM HEOOXO/IU-
Mble yesoBeuecTBY 10 TepaBarT. OcTaercss TOJbKO HAUTH TaKhe CHOCOOBI
UX TOJy4eHUsI, YTOObI 3Ty SHEPrUI0 MOKHO ObLIO MUCIOJb30BATh BMECTO
HedTH, Tasa u yrid.
Bosmoskno au at0? U ga, u "Her. B 2006 r. CIIIA wncnoab3oBain
oKoJI0 3 TepaBaTT. UTOGBI y/IOBJIETBOPUTh BCE IHEPreTUYECKUE MOTPEs-
HOCTH YeJIOBEUECTBA, COJHEYHBIMH GaTapesMy IPHIILIOCh Obl MTOJTHOCTHIO
MOKPBITh TEPPUTOPUIO HECKOJbKUX MITaToB: Texaca, Okiaaxombl, Kanza-
ca, Komopano n Hpio-Mekcuko, HO 9TO HEMPAKTUYHO. 239
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Uro siasiercss HanGoJibinell Tpo6ieMoit TP TIOJYyYeHUH U UCIIOJIb30-
BaHWUW COJTHEUHOU aHepruu? [leso B TOM, UTO COJHEYHBIN CBET He BCET/a
OJIMHAKOBO OCBEINAeT MOBepXHOCTh 3emun. Heob6xoauMo HaiiTu criocob
COXpaHEHUST COJTHEYHON SHEPTUM [IJIsI €€ KCIIOJb30BaHUS B TEMHOE WU
NacMypHOe BpeMsi CYTOK.

CosiHeuHast sHeprusi — HauboJjiee MePCHEKTUBHBIN aJlbTePHATHBHbBIIM
WCTOYHUK dHepTuu A5 10KHBIX mTaToB CIHIA. C ee TTOMOMIBIO MOKHO
6bL710 OBl Y/IOBJIETBOPUTH TOTPEOGHOCTH B AJEKTPOIHEPTUU B Maciitabax
Bceil crpanbl. OnHako IIpaBurtenbctBo CIITA exxeroHO BBIJESET MeHee
100 MJIH [OTapOB HA MCCJAEIOBAHUS CIIOCOO0B TOJTYYEHUS] COJHEUHOM
sHepruu. [lns yIOBIETBOPEHUS PACTYNIMX 3HEPTETUYECKUX TOTPEeGHO-
CTell MPaBUTENBCTBY HYKHO WHBECTHPOBATH OGOJBINNE CPENCTBA B ITOT
u Apyrue BO30GHOBJIsIEMble ICTOUHUKH SHEPTHUH.

NPUPOAHBIA A3

MoKHO /T WCHOJIB30BATh APYTHE XUMUYECKUE BU/BI TOIJINBA, Ha-
mpuMep TMPUPOAHbIN ra3? K coskaseHuio, 9TO CBI3aHO C TMPOOJIEMON ITOo-
BBINIIEHUS] YPOBHS YTJIEKUCJOTO Ta3a U CTOMMOCTBIO JOOBIUM, [NOCTABKU
U pacrpe/eieHus: npupojaHoro rasza. B utose 2005 r. B kypHasie Scien-
tific American 8 cratbe Can We Bury Global Warming? («MoxHo
JI TIOXOPOHUTH raobanbHoe moremnenue?») PoGepr X. Cokonos (Ro-
bert H. Socolow) npuses oneHky, cornacHo Kotopoil Yuuabam Ilekcrmp
C KaXbIM MUJJIMOHOM BJIBIXaeMBIX MOJIEKyJ morjotman 280 MosexyJ
yrJiekucioro rasa, a M — 380.

Celiuac usyuaercsi BO3MOKHOCTb cexeecmpayuu yziepoda (carbon
sequestration), TO eCTb COXPAHEHUs YIJIEKUCIOrO rasa IMoj| 3eMiell uiu
B TJIyOMHAaxX OKeaHa BMECTO BbIGpoca ero B atMocdepy. ATbTepHATHBHBIE
c1oco6bl TIOJIyYeHUsT SHEPrUK JOJKHbI OCHOBBIBAThCS Ha 6oJiee apdek-
TUBHOM WCIOJb30BAHUN HMCKOMAEMBbIX BH/IOB TOILIMBA M 3aMelleHnd HX
JIPYTUMU BO30GHOBJISIEMBIMU UCTOUHUKAMU SHEPIHU.

IKOJIOTHYECKH YHCTOE UCIIOJb30BAHME YIS — OJHO U3 MEepPCHeKTHB-
HBIX HAMPABJEHUN, HO JIJIST TOTO € TIOMOIIBIO0 HAHOTEXHOJOTHH TIPUIETCS
PENTiTh MPOOIEMbI CEKBECTPAINH YIIEPOAA M CHIKEHUST CTOUMOCTH HC-
MOJIb30BAHUS YTJIsI.

«YMHBIE>» 3HEPTOCETH

[ns co3manmsa momctuHe <«yMHBIX» aHeprocereit CIIIA m gpyrme
[IPOMBIILIEHHO Pa3BUTbIE CTPAHbI CTPEMSTCS YIAYUYIIUTD CBOMCTBA 3JIEK-
TpUUecKnX Kabemeil. OHN MBITAOTCS KapAMHATHBHO U3MEHHUTH CIIOCOOBI
XpaHeHUs] W Iepejaydl SHEPTHHM Ha OCHOBE CBEPXIIPOBOISIINX Kale-
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Jieit, B KOTOPBIX MPAKTHYECKN HeT ToTepb dHeprun. CMOJLIN Ha3biBaeT
TaKyl0 CUCTEMY PACNPedeNeHHOU Cembvlo 2eHePUPOSAHUsL U XPAHEHUS.
anexmposnepzuu (distributed storage and generation grid). Bce-
MHpHAsi 9HepreTuveckasi CeTh JOJIKHA MepeiiTH OT TPAHCIOPTHPOBKH
TPaMIIMOHHOr0 MaccuBHoro Tormsa (yris, HedtH, rasa m T. a.) K
nepeziaue HeBeCOMOIl aHepruu (3IEKTPUYECKOTO TOKA 10 MPOBOJIAM).
Ha pucynxke 11.6 mnpejcraBieHa cxeMa BO3MOXHOTO YJIYYIIIEHUST CUCTe-
MBI JIOCTaBKU 9HEPTUH.

[ neKTpuyeckas sHeprvs ]

[FeHepmpOBaHme] [ [HocraBka ] [I‘IOTpe6neHV|e] [ XpaHeHune j
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CTPYKTYpa

Puc. 11.6. Tlepenavy sHeprun MOXHO cliesiaTb ropasno 6osee apeKTuBHON 3a cyeT
YCOBEPUICHCTBOBAHISI METO/I0B H MATEPUAJIOB

Hanomatepuasibl, HapuMep yriepo/iHble HAHOTPYOKH, IPEICTABJIS-
10T co60ii OJMH W3 BapUAHTOB, TMOBbINANINX 3(HHEKTUBHOCTD CUCTEMBI
nepefayun sJeKTpUuecKoi sHepruu. /leso B TOM, 4TO IPOBOJUMOCTD YTJie-
pPOJMHBIX HAaHOTPYOOK B 6 pa3 BbIlE MPOBOAMMOCTA MeAn. K ToMy ke
OHU WMEIOT TOPa3Z0 MEHBLITHH pa3Mep, UYTO OCOOEHHO BAKHO B MECTaX,
r7e noj3eMHble KOMMYHUKAIUM y3Ke TePeroJHeHbl MeJHbIMU ITPOBOJIA-
MU, HampuMep B IOJ3eMHBIX KoMMyHuKaiusax Hpio-Mopka, Kotopbie
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yiKe B IIYTKY Ha3bIBAIOT HAMGOIbIINMU 3ajieskamMu Meau B Mupe. Kabenun
Ha OCHOBE YTJIEPOJHBIX HAHOTPYOOK BIIOJIHE MOTYT Pa3MECTUTHCS B yiKe
CYNIECTBYIOIINX II0/I3¢MHBIX KOMMYHHUKAIUSAX, W [JIs1 HUX He TPUIETCS
PBITb HOBbIE TYHHEJIH.

CoBpeMeHHas HeproceTb y’ke 3aMeTHO ycTrapesna. Ee ocHOBHbBIE KOM-
MOHEHTHI MMeIOT Bo3pacT oT 15 10 20 jeT. dHeproceTh AOKHA 06J1a1aTh
HOJIOXKUTENbHBIMU CBOlicTBaMK VIHTEpHETA, TO €CTh ObITh HA/EXKHON, 3a-
MIMIIEHHONH OT aTak 3JI0YMBINIJIEHHUKOB, a TaK)Ke COXPAHSTb 9HEPTHIO
(HanpuMmep, B GaTapesix, MEXaHHYECKHX aKKyMYyJsATOPaX, BOIOPOHBIX
aJIeMEHTax U T. II.).

Bo Bpemsi «3areMHeHust» (aBapuy 9HEPrOCHCTEMBI, KOTOPasi MMeJa
Mecto Bo MHorux mratax Cesepo-Bocroka CIHA u Kanane 14 asrycra
2003 r.) OrpoMHOE KOJIMYECTBO J0/ell 0CTaBagoCh Ge3 IeKTPOIHEPrU
B TeueHune Hegean'. B orcyTcTBue a(p(PeKTUBHBIX aabTepPHATUBHBIX JIN-
HUH Tlepefiada W pacipezieJieHre 9HePTUU ObLJIN TOJHOCTHIO Pa3pyIIeHbl.
UYToO6bI MCKJIIOUUTD PErYJISIPHOE IOSIBICHUE <«3aTeMHEHUI» B IIPOMbIII-
JIEHHO Pa3BUTBHIX cTpaHax (Kortopble y:ke 3adukcupoBanbl B Mrtasum,
Besauko6purannu, Kanage n CKaHAWHABCKUX CTpaHaxX), HYKHO PeIln-
TEJHbHO U3MEHUTDh CUCTEMY Tepe/laud W PaclpelieseHusT dJIeKTPUIeCKOn
9HEpPTrHui.

é «3aTeMHEHME» — 9TO MACLLUTA6HAsA aBaPUsi SHEPTOCUCTEMbI, KOTOPAs ABNAETCS PE3YSb-
TaTOM HEC6anaHcMPOBAHHOCTI CMPOCA Ha ANIEKTPUYECKYIO SHEPTUI0 1 ee NOTPeBeHNs.

Bosbiioe 3HaueHue [l MCKIIIOUEHUST «3aTeMHEHMil» MMeeT JIOKaJlb-
HOe reHepHpoBaHUe 3JeKTposHepruu. He npuHIUNMaIbHO, KaK UMEHHO
oHa reHepupyercs (3a cyeT COHEYHOM, sAEpPHOIl, TeoTepMaIbHON MM
APYTMX BH/OB 9HEPIUH), HO OYEeHb BAJKHO HCIOJIb30BaTh BCE MECTHBIE
UCTOYHUKI.

HagesxxHocTb sHEproceTu MOKHO IOBBICUTb C IIOMOIIbIO HaHOMATe-
pajioB U HaHOTeXHOJIOTUH. /[OCTOMHCTBOM <«YMHOW» 3HEProceTu SIBJIS-
eTcs TO, YTO KaXK/JDbIil ee 9JIeMeHT UIpaeT aKTMBHYIO, a He IIaCCHUBHYIO
pPOJIb.

B rtabmuie 11.2 npuBeneHa cpaBHHUTEIbHAsT XapaKTEPUCTHKA COBpe-
MEHHOIl 9HEProceTH M «YMHOIi» sHeprocetu GyayIiero.

! CaMoe u3BeCTHOE OTKJIIo4YeHHe Takoro Maciuraba B Poccum — B Mae

2005 r. B Mockse Ha nosnusa. [IpaBga va /lanbHeM BocToke Takme OTKJIIOUYEHUS
10 TIOCJIEJTHETO BPeMEHU ObLTN OOBIYHBIM geioM. — IIpum. ped.
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Ta6auua 11.2. CoBpeMeHHasl SHEPTOCETh MEHee BOCIPUUMUYNBA
K U3MEHEHUSIM, YeM «yMHAasi» 9HEPTOCeTh

Aueprocers XX B. «¥YMHasi» 3HEprocerb
DJIeKTPOMeXaHNIeCcKast Indposas
OHOHANpaBIeHHAS JIByHaInpaBIeHHAS
[lenTpasn3oBanHOe reHepUPOBaHHE Pacrnipesiesiennoe renepupoBaHue
PagmanpHas Tonorpadus CerteBast Tonorpadus
HeckoJsbko ceHcopoB WurerpupoBaHHble MOHUTOPDI I CEHCOPBI
«Cuenas» (6e3 caMOKOHTPOJISI) C caMOKOHTpPOJIEM
PyuHOe BoccTaHOBIIEHNE CaMoBOCCTaHOBIIEHHE

Ysa3BuMast K «3aTeMHEHUSAM» U COOSIM ApnantuBHag 3amuTa U U30JINS

Pyunas npoBepka 060py10BaHus Y masneHHblii MOHUTOPUHT 060PY/I0BAHNUS

Peaknus na aBapuu 1o tesaedony ABTOMaTHYeCKHe CHCTEMbI IPUHATUS Pe-
U KOJIIEKTUBHOE IIPUHATHE PelleHnil | MIeHHii, Ha/leXKHOCTb IPOrHO30B

Cua6blii KOHTPOJIb TIepejaun sHepruu | BeceoGbeMimoniii KOHTPOJIb Tepeadn

Heprun
Cua6blii KOHTPOJIb TEKYIUX PAcXo0B | BceoGbeMionnii KOHTPOIb TEKYIIX
pacxo/10B
Orpanunuennbiii Boi6op 1151 notpebu- | [lupokuit Bbi6op st norpebureseit

Tesen

XPAHEHUE

UYestoBeuecTBY HYKHO M03a00TUTBCS Takxke 06 3(h(PHeKTUBHOM XpaHe-
HUU 2JIEKTPUYECTBA. EcCau JOMOBIA/ENbIbI PACCUUTHIBAIOT HA UCIOJIb-
30BaHME TOJIbKO COJTHEYHOW HHEPruu, TO UM HPUJETCS 103a60TUTHCS O
HAJIe)KHOM XPaHWJINIIE, KOTOPOe CHOCOOHO YIep:KUBATh IHEPTHUIO XOTS
Obl B TeueHue HeJesqu. B macMypHble JHU Takas CUCTeMa JIOJKHA TIpe-
JIOCTABUTb JJOCTATOYHO IHEPrUU JJisi HOPMAJbHOTO (DyHKIIMOHUPOBAHUS
noMa. B Hacrosiiiiee BpeMsi JIJist 9TOTO UCIOJIb3YIOTCSI JUTHEBbIE GaTapen,
HO OHM 3aHUMAIOT GOJIBIIYIO TeppuTopHio (II0YTH KakK caM JIOM) U CTOST
okoJsio 50—60 Thic. mosnapoB. /[l MIMPOKOrO paclpOCTPaHEHUs TaKUX
6aTapeil B IOMaNTHIX XO3SHCTBAX OHM JIOJKHBI UMETh pa3Mep He 6oJIblie
CTUPAJbHON MAIIWHBI, a cTOMMOCTE — He BbIme 1000 gosmapos.

Kak ycoBepireHcTBOBAaTh BO3MOKHOCTH XpaHeHUs sHeprun? OTBeTOM
OIATb MOXET CTaThb CO3JlaHue «yMHOI» sHeprocetu. Ilo MHeHuio cre-
nuaauctoB HaruoHanbHOW Ja60opatopuy HEPreTUYecKuX TEeXHOJIOTHI
CHIA, tunuyHasi «yMHasi» 9HEProceTb JOJKHA 06JIaJlaTh CEMbIO OCHOB-
HBIMH XapaKTEPUCTUKAMU, KOTOpbIe Mepeyncyienbl B Tabm. 11.3.
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Ta6smua 11.3. OcHOBHBIE XapaKTEPUCTUKN «YMHOIT» 9HEProceTH
Ne | Xapakrepucruka Omnucanue cBOiicTB
1 | CamoBoccTaHOB- Crioco6HOCTb GBICTPO O6HAPYKUBATh, AHAIU3NPOBATH
JieHne c60m, pearnpoBaTh HA HUX U BOCCTAHABIMBATHCS MOCTE
c60€eB 1 aBapwuii
2 | Yuacrue norpe6u- | CriocoGHOCTb MCIIOJIb30BaTh 060PY/IOBAHUE U TIOBEJIE-
TeJIs HHE NOTPEOUTENSI B CTPYKTYpe U (PYHKIIMOHUPOBAHUI
9HEPTOCETN
3 | Ycroituusoctb Ocnabnenne Gpu3ndecKux U KOMIIbIOTEPHbBIX aTak
K aTakam U CITIOCOGHOCTD MPOTHBOCTOSITD MM
4 | IloBbImreHHOE Ka- Y noBeTBOpeHUe MOBBINIEHHBIX TPeOGOBaHHI OTpeOuTe-
4eCTBO HHEPTUH Jiell K Ka4ecTBY dHEpPTruu
5 | Bapuanrsr renepu- | CiocoGHOCTD UCMOIB30BATh PA3HBIE JOKATbHBIE HCTOY-
poBaHust 9HEPruM | HUKU dHepruu (HanpuMep BO30GHOBJISIEMbIE)
6 | Koukypenrocmno- Crioco6HOCTD BbIIEPKATh PBIHOYHYIO KOHKYDEHIINIO
COGHOCTD
7 | Onrumusanus C110cO6HOCTD OCYIIECTBIISITh MOHUTOPUHT SHEPTOCETH
JUTST TIOCTOSTHHON ONTHMU3AIlIH OCHOBHBIX CPEJICTB
U MUHUMH3AINH PACXOI0B

YrnepoaHble HAHOTPY6KK

244

WNmxeHepbl Tak yBJIEYEHBI YIIEPOJAHBIMI HAHOTPYOKAMU, TIOTOMY YTO
3T TPYOKM SIBJISIOTCS CaMbIMU ITPOYHBIMH MarepuajiaMu Bo BceseHHOT.
Hu onuH ajieMeHT B MEPUOAMYECKON cucTeMe He 006JIaJlaeT TaKOH Mpoy-
HOCThIO. B0O3MOKHO, 3TO cMesioe yTBep:K/eHue Oy/IeT ONPOBEPrHYTO HO-
BBIMHM OTKPBITUSIMM YY€HbIX, 32 KOTOPble He rpex gaThb HobesaeBcKyio
MPEMMUIO.

Ecmu npodeccop CMosmn 1pas, TO CYIIECTBYIOT THICSYM HOBBIX CIIO-
co60B HCIOJb30BAHUST MAaTEPHAJIOB HA OCHOBE YTJIEPOJHBIX HAHOTPYOOK.
Baarogapst cBonM yaAMBUTEIbHBIM 3JIEKTPUYECKUM CBOHMCTBAM YTJI€PO/IHBIE
HaHOTPYOKU CMOTYT 3aMEHWTb METAJIMYECKUE MATepUajibl B JEKTPUIe-
CKUX CXeMaX, TIOCKOJBbKY TPOBOJAT TOK Jyuie Mean. Ha ocHoBe moury-
MPOBOJSINIIMX CBOWCTB YTJEPOAHBIX HAHOTPYOOK OYAyT CO3/IaHbI HOBBIE
KOMIIBIOTEPBI. YTJIEPO/IHbIe HAHOTPYOKM 06Ja/1ai0T TEIJIOMPOBOIHOCTHIO
anMasa, XMMUYECKMMH CBOWCTBA YIJIepo/la M CTPYKTYPHBIM COBEpIIIEH-
cteoMm /IHK. NMeHHO T03TOMYy UX HA3bIBAIOT CAMBIM YHUBEPCATHHBIM
VH>KEeHEPHBIM MaTePUAIOM.

ToHKyi0 HAHOIIACTUHKY Tpadura JIerko CBEPHYTb B HAHOTPYOKY.
[Ipu 3TOM MOKHO HACTOJIBKO TOYHO COEIUHUTH ATOMbI, YTO IOJYUUTCS
a6CoOTHO uaeanbHblil muanHAp (KoTopbiil mokasan B raase 1). Hano-
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TPyOKa TIPOBOJMT JIEKTPUUYECKHIT TOK Jydllle, YeM Me/lb, HO UMeeT Ha-
HOMETpOBbIT AuameTp u anuHy 10 12 cm. Takoe BosokHO B 10—100 pas
MpoYHee BOJIOKHA U3 CTaJIM, KeBJapa Win JIo60To JPYroro U3BECTHOTO
MaTepuaJa.

[llenoTka TakWX BOJOKOH Maccoil 1 T TOXo3ka Ha OOBIYHOE TISITHO
caxn. B 2004 r. ato «marHo» cromsno okoso 1000 mossapo, a Temepb
komnanus Carbon Nanotechnologies Inc. 8 Xbiocrone (CIIIA) npojaer
yrjiepo/iHbie HaHOTPYOKH 10 1ieHe 375 joJuiapoB 3a rpamm. llpeamosia-
raeTcsi, YTO HBIHEIIHSS I[eHa OYeHb CKOPO YMEHBIIUTHCS B JIECATKH Thi-
cs4 pas.

Ha ocHoBe yryiepoJHBIX HAHOTPYOOK YUeHBIE CTPEMSTCS CO3/1aTh
KBAHTOBDBIN MTPOBOJI, KOTOPbIi OyJeT 001a/1aTh 3J€KTPHYECKON MTPOBOJIHU-
Moctbio B 10 pa3 Gouibilie, ueM y Me/u, BeCUThb B 6 pa3 MeHbIle CTaJu
u o6saath GOJbIIel MPOYHOCTHIO U MEHBIIUM TEILIOBBIM PACIIUPEHUEM.

[lo muenuto npodeccopa Cmosiu, yrjaepojHbie HAHOTPYOKH MOJK-
HO Pa3MeCTUTb OJHY PS/IOM C JPYroil ¥ NapaJsiieJbHO NPOBOAMUTH TOK
C TJIOTHOCTBIO GOJIbIell, 4eM MOTYT O00ecleYuTb COBPEMEHHbBIE JIMHUH
anekTponepenaun. IIpu 9TOM HOBbIE JUHUM OYAYT TOPA3J0 Jerde, yeM
HBIHEIIHUE, CO3JIaHHbIE HA OCHOBe Meau W amoMuHus. [IpeBocxonHbre
9JIEKTPUYECKUE U TEIJIOBbIE CBOMCTBA YIJIEPOIHBIX HAHOTPYOOK TI03BO-
JISIT CHUBUTb YPOBEHD TOTEPDb TP TAKOU Tiepejiade 3JEKTPOIHEPTUU. ITO
MO3BOJIUT PAJMKAIbHBIM 06PAa30M yCOBEPIIEHCTBOBATh CUCTEMY AJIEKTPO-
CHaGKeHuUs.

KioueBbIM (hakTOpOM pas3BUTHS JAHHOH TEXHOJOTUN SIBJSETCS yBe-
JINYEHWe JITMHDI YIIePOHON HAHOTPYOKH, W YUeHbIe YiKe TBITAI0TCS Hall-
TH CIIOCOObI MAKCUMAJIBHOTO YBEJIUUEHUS JJIMHBI HOBOTO BOJIOKHA.

Nrak, navanbHast npo6yeMa TOMCKA HOBBIX CIIOCOO0B TIOJYyUEHUST UC-
XOJ/IHOTO Marepuasa pelieHa. YuyeHble W WHXKEHEPbl HAYYWJIUCH JIEaTh
yTJIEPOJHbIE HAHOTPYOKU B OTPOMHOM KOJIMYECTBE, U TeIepb UM Tpe[-
CTOUT HAMTH CIOCOOBI yAYUIIeHUs UX MapaMeTpoB.

byaywme nccnenosaHus

Haun6oapimas npobiaema OMKalIMX AeCATHIETHH — 3ajada reHe-
PUPOBaHMS M PpaclpejesieHuss sHepruu, pocrarounonn mias 10 mozgeit
minanetsl. /lo 2050 r. yenoBevecTBY noTpebyercs HaliTH CIIOCOOBI TeHepH-
poBaHUS JOTMOMHUTETbHBIX 10 TepaBaTT 3KOJOTHYECKH YNCTOH SHEPTHH
exxerofiHo. [l BceoOIero MpoIBETaHUs HOBAasi SHEPTUS JOJIKHA ObITh
JlellIeBOM, NIMPOKO PACIPOCTPAHEHHON U [IOCTYITHOH, YTO HEBO3MOKHO
C TIOMONIbIO UMEIONIUXCS B HACTOSIIIIEE BPEMSI TEXHOJIOTHUIA.
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Ha atom myTn 4yenoBeuecTBY TPUIETCS MPEOAOJETH €Ile MHOMKECTBO
npersitctBuii. MccienoBanust HOBbIX KICTOUHUKOB SHEPTUU TPEOYIOT 60JIb-
ntero punancuposanus. I[Ipodeccop Cmosn npeiarans B3uMaTh HaJIOT
B 10% Ha KaxAblii ramion HedTenpoayktoB, motpebisembix B CIITA.
TosbKo 3TO TO3BOIMJIIO OBl AaKKyMyJMpoBaTh oKoso 10 Mipa mossapos
JIOTIOJTHUTETHHOTO (DUHAHCUPOBAHUSI Ha MCCJAEJIOBAaHUSI HOBBIX BU/IOB
suepruu. CIITA uHBeCTUPYIOT OTPOMHBIE CPE/ICTBA B UMIIOPT, TPOU3BO/I-
CTBO ¥ pacipejie/ieHle SHEPTUH, HO HE B MCCJEIOBAHUS HOBBIX €e UCTOY-
HUKOB. BoJiee KpyIiHble MHBECTUIIUH [TO3BOJIUJIN JU Obl HAUTH U PA3BUTDH
HOBBIE TEXHOJIOTUW U PENIUTh MHOTHE SHepreTH4ecKue NpPo6JeMbl yiKe
K 2020 r.

B 6mokaiinime 50 Jser sHepreTHvecKuil JaHmadT IIAHETHI U3Me-
HUTCS CaMbIM JpaMaTudecKuM oOpa3om. HoBble TEXHOJIOTUU OTKPOIOT
HOBbIE BO3MOXKHOCTHU. JIMIepCTBO Oy/IeT ONPEIEsIThCS CTEIIEHbIO OCBOE-
HUSI HOBBIX MCTOYHUKOB 3Hepruu. B Hacrosiiiiee BpeMsi OCHOBHbIE YCUJIUS
CIHIA cocpefoTo4eHbl HA UCIIOIb30BAaHUU He(TH, Ta3a 1 BOJOPOIA, XOTS
B Gumkaiiniee BpeMs, mocie momnucanus npesugentom CHIA [xopa-
xkeM Y. Bymem B 2005 T. Tak Ha3bIBAEMOrO HEPreTHYECKOro OUJLIS,
BCe MOKET U3MEHUTBCSI PeluTebHbiM o6pa3doM. Camast KpynHasi B Mupe
HedTerazoBasi SHEPreTUUECKask OTPAC/b B MPOIEHTHOM OTHOIIEHUU TPa-
TUT MEHbIIIE JIEHEI HA HAay4HbIE MCCJIEe0BAHUS, Y€M OCTAJIbHBIE OTPACIIHU.
YuurpiBasg 3Hauenue Mpo6IEeMbl, OYEBUIHO, YTO HTOT IMOJAXOJ SIBJSETCS
YPE3BBIYAIHO OJIM30PYKUM.

WuBecTuuuu

246

Ortkyna Gepercst MHTeNIEKTyanbHast co6cTBeHHOCTL? OTKyma MOryT
MOSIBUTBCS pelieHus OyIynnX sHepreTmdeckux mnpobaem? Kro Oyner
BJIAJIETh DHEPTETHYECKUME TEXHOJOTHAME B Oyayiiem? Y Koro OyayT
MOKyTaTh SHepruio? BcKope 4esl0BeYeCTBO TOYYUT OTBETHI HA BCE ITU
BOTIPOCHI.

MUHKCTEPCTBO 9HEPTeTUKU €3KEroJHO TPaTuT oKoJao 10 MiH JroJita-
POB Ha HCCIeOBAaHUS B 06jacTu HaHoTexHoJorui!. OaHaKko aT0 pUHAH-
CUPOBaHME HYKHO 3HAUNTEJNbHO YBEeJMUUTh. HekoTopble sHepreTHyecKie
KOMITAHUHU 3aMHTEPECOBAHBI B TAKUX MCCIeA0BaHUAX. Hampumep, xoMrma-

! B Poccun Bce puHaHCHpOBaHue MePCHEKTUBHBIX TTPOEKTOB B cdepe Ha-
HOTeXHOJIOTU# ocyiectBiasiercss [ocynapctBenHolt kopropaimeil «Poccuiickas
KOpIiopanus HaHOTeXHoJIoruii». O6emantplii 06beM (PUHAHCHPOBAHUS CO CTOPO-
HBI TOCYyIapcTBa — 5 MIAPA A0IapoB. — Ilpun. ped.



IMABA 11 OHepretuka

uust Halliburton yske Ha mpoTsskeHnM HECKOJBKUX TTOCJTEIHUX JIET BEJET
AKTUBHBIE MCCJIEOBAHUS B 9TOM HAIPaBJIEHUN.

Opnako OGosbmnHCTBO sHeprernyeckux kommanuit CIIA eme He
MEePEKTIOUNJIOCh HA aKTHBHbIE HMCCJIEeOBaHUS HaHOTeXHoJoThi. OHU He
CYMTAIOT HAHOTEXHOJIOTHH YCJIOBHEM CBOEro OyIyIero JI0JTOBpPEMEeH-
HOTO TpoiBeTaHus. HeKoTopble KpyINHbIE dHEPTETUYECKHUE KOPIOPAIINH
npuoOpeTaioT HeGOJbINE KOMIAHUHU, CO3AIONIUe COJIHEYHble Oarapen,
4yTOObI MOJATOTOBUTHCS K TIPSAAYNIUM U3MeHeHUsiM. B Hacrosiiiee Bpemsi
CO3/1a10TCs BbICOKOI(D(PEKTUBHbBIE U J0JTOBEYHbIE TUOPU/IHbIE COJHEYHbIE
6aTapen, KOTOpPbIE YOBJETBOPSIOT MOBBIIIEHHBIM 3KOJOTHYECKUM TPe6o-
BaHUSIM.

UccnenoBanust crioco60B TOJYyYEHHUsT COJTHEYHON 3HEPruu 0COGEHHO
WHTEHCUBHO BeAyTcsa B EBporme. /le0 B TOM, UTO eBpOTENCKUE CTPAHBI
UHBECTUPYIOT OTPOMHBIE CPEJICTBA B HCCJIEIOBAHUS, CBSI3AHHBIE C ITOWC-
KOM aJbTEePHATUBHBIX MCTOUYHWKOB sHepruu. B 2003 r. mpaBuTesbCTBO
Anonnn o6bsaBuI0 06 MHBecTUpoBaHUK S0 MJIH JOJIAPOB B POrPaMMy
HAyYHBIX UCCJIEOBaHNI B 06/1aCTH HAHOTEXHOJIOTHI M UX MPUMEHEHUS B
sHepretuke. [IpaBurenbcrBo CIITA u MHOTMX APYyrux CTpaH, 0COOEHHO B
A3uu, CTPeMSTCS NMEePeXBATUTh WHUIMATUBY U OOECIEYUTh JUAUPYIOIIEee
MOJIOJKEHNE B 9HEpPreTuke OYIyIero.

JHepreTuka byaywiero

Hedrb ocranercss ofHUM U3 OCHOBHBIX MCTOYHUKOB 3HEpPruu B GJiu-
xaitmue 50—100 ser. Muorue 3amacer HedTH ellle Ja’ke He Pa3BeaHBI,
HO UX pa3Be/ika u Jo6br4a norpedyer OrpoMHbIX cpeicTB. OTKpbiTHE
HAHOTEXHOJIOTUI CMOMKET TIOBJUSATH MPAKTUYECKN HA BCe 06JaCTU HAYKH
u TexHuku. [1o Mepe OTKPBITHSI HAaHOMACIITAOHBIX CBOWCTB MOSBSTCS HO-
BbIe O0JIACTH WCCJeOBaHUM, a Hambosee BaKHOW OTPAC]bIO, BEPOSITHO,
CTaHEeT 9HEepPreThKA.

[TpaButenpctBo CIIIA ¢ KakABIM TOAOM yBeMWuuBaeT (PUHAHCHUPO-
BaHue wucciaefoBaHuil B obsactu HaHorexHosoruit. OmHaxko u3 1 mMiapa
JIOJIApOB 0611er0 (DUHAHCUPOBAaHUS TOIBKO 10 MJTH TPUXOAWUTCS HA WC-
ciaemoBaHus B o6sactu aHepreTnku. MmunucrepctBo sHepretukn CIHIA
HEJI0CTATOYHO IMieApo (PMHAHCUPYET TaKue MCCJENOBaHUs, XOTs B Oymay-
eM TIAHUPYETCS YBEJUINTh WHBECTUITIN.

Kak y:ke HEOJHOKpaTHO yIIOMUHAJIOCH BbIle, Jaypear HobemneBckoii
npemun Puuapa Cmouin, o6pa3HO roBOpsi, SIBJSICA YEMIMOHOM HHU-
IIMaTUB B BapHaHTaX ajbTEPHATHUBHBIX HCTOYHUKOB sHepruu. OH ObLT
y6ex/eH, YTO HOBble MaTepuajbl OyJAyT MMETb KPUTHUYECKOe 3HaueHUe
JUIST pelieHust OyIyIUX SHEPreTHYecKuX MpolseM uejoBedectBa. Eie
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o cBoett cMeptu B 2005 T. oH mpezackasbiBai, uro K 2050 r. am1sa ymo-
BJIETBOPEHUSI SHEPTETHUYECKUX TTOTPEOHOCTEl desoBeuecTBa MmoTpedyeTcst
reHepupoBarb BABoe 6ojibliie sHepruu. CMOJIU cuuTasi, 4yTo 3eMJs Ky-
MaeTcs B 9HEPTUU: COJTHEYHOU, S1epHOM U reoTepMasibHON. Takke OH TO-
BOPIJI, UTO YEJOBEYECTBO... €llle, K COXKaJeHnIo, He 06J1aJJaeT TOCTATOYHO
3(PHEKTUBHBIME TEXHOJIOTUSIME [IJIsl €€ TeHEPUPOBAHUsI, PaCIpeeeHust
U COXPaHEHHUS.

KOHTPOJIbHBIE BOIPOCHI

1. TeorepmasibHble MCTOYHUKU C TemiepaTypoii 6onee 180 °C ucnosb-
3YIOTCS JIJIST BCEX TEPEYNCTEHHBIX HIDKe TTPUMEHEHWH, 32 MUCKIIoYe-
HUEM:

(a) nozmorpesa 10J10B;

(6) o6orpesa xuauil;

(B) MBITbSI U CYIIKH aBTOMOOUJIEIH;

() 10KaIbHOTO HHEPrOCHAGKEHNSA TOPOIOB.

2. B 2003 r. 6610 06bsiBIeHO 06 mHBecTHpoBannn S50 MIH JOJIapoB
B TIPOTPAMMy HAYYHBIX HMCCIEIOBAHUN B 06JACTH HAHOTEXHOJIOTHI
U UX IpUMeHeHUs B sHepreTHke IIpaBUTEIbCTBOM:

(a) IOAP;

(6) Kanagwr;
(B) Tepmanumu;
(r) Snonumn.

3. O6uM 3HaMeHaTeJseM /IJIs KPYITHBIX TPo6JieM YeIoBeYecTBa B Oy ay-
LIEM SBJILETCS HELOCTATOK:

(a) mpaa;

(6) sneprum;
(B) OKeaHOB;
(r) Hamoros.

4. UYrto m3 MepeYncJeHHOTO He BXOAWT B MepedeHb HamboJiee BayKHBIX
npobJieM Yei0BevecTBa’?

(a) HeOCTATOK SHEPIHN;
(6) HeTOCTATOK BOJDI;
(B) nepenacenenue;

248 (r) Hamuuue xpamna.



10.

IMABA 11 OJHepreTnka

o 2050 r. yesoBeuecTBy moTpe6yeTcs HAUTH CITOCOOBI TeHEPUPOBA-
HUS JJOTIOTHUTETHbHON 3KOJOTHYECKN YNCTOH 9HEPTUH B pasMepe:

(a) 3 repaBarra;
(6) 6 Tepasarr;

(B) 10 Tepasarr;
(r) 15 Tepasarr.

B GousbinuHcTBe my6auKaIyii 0 HeTIHOM KPHU3HUCe MPEJIITOJIAraeTcs,
YTO MUK MUPOBOU J06bIYM HedTH OyJAeT JOCTUTHYT:

(a) B 2006 r.;
(6) 82010 T.;
(8) 82100 r.;
(r) B 2400 .

ExenneBHo Ha 3eMuio TocTymaeT okosio 165 Thic. TepaBaTT 3HEp-
IUH OT:

(a) Connna;

(6) Jlyusr,

(B) dunocodckoro kamus;
(r) mpupogHoro rasa.

Kaxkoit marepuas o6saJjaeT 3JJeKTPUUECKON IIPOBOANMOCTBIO, B 10 pa3s
6oJibllieit, 4eM y Meju, BecuT B 6 pa3 MeHblle ctanu u 00Jajaer
6OJIbIIEN TIPOYHOCTHIO?

(a) KBaHTOBBIE IPOBOA;
(6) HaHOKpHCTAJLIBI;

(8) dyanepensr;

(r) KocMHUuYecKUe TOUKHU.

[To muenuto Puuapna Cmouan, k 2050 r. A1 yI0BIETBOPEHUS dHEP-
TeTUYECKNX TTOTPEeOHOCTEN YesoBedecTBa NOTpedyeTcs TeHepupoBaTh
SHEpPTUH:

(a) cTOJIBKO 3Ke, Kak U ceffyac;
(6) B 2 pasa Gombiue;
(B) B 3 pasa Goubiue;
(r) B 4 pasa GoJblie.

Tepasarr (10'? BaTT) NpUOIM3UTENBHO SKBUBAJIECHTEH:

(a) 1 corne Gappesneit HedTH;

(6) 1 thicsue Gappeneii HedTH;
(B) 10 Thicsruam Gappeseil HedTH;
(r) 1 Mmumony Gappeseii HedTH.
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buosornueckue CEHCOPBI ABJIAIOTCA BaXXHBIMU MHCTPYMEHTaMH, KO-
TOPbIE MTO3BOJIAIOT I/II[eHTI/I(l)I/IL[I/IpOBaTb BCE€ NIEPCUNCJIEHHOE HUIKE, 3a
NCKJ/IIOYEHUEM

(a) TOKCMYHPIX XUMUKATOB;

(6) MuHepasos;

(B) 6moNOTMYECKIX OOBEKTOB,;

(r) 3arpsisHEHMsI OKpY>KatoIel cpepl.

CBeTOYYBCTBUTENbHBIN €011 HAa KPEeMHHEBOH IOJJIOXKKE, 3aTBep/e-
BAIOIIUH IO BO3IeIICTBUEM CBETA, HA3BIBAETCH:

(a) nmunyuxoi;

(6) rpasbio;

(B) doropesncrom;
(r) doromesucrom.

Ecnu nenath aBToMOOUIM M3 KOMIIO3UTOB, TO UX MacCa yMEHbIITUTCS,
u noTpebJieHre SHEPTUK CHU3UTCS HA:

(a) 37%;
(6) 52%;
(B) 69%;
(r) 81%.

OcHoBHOI TTPO6IEMOIT TTPU TEHEPUPOBAHUU COJTHEYHON SHEPTHH SIB-
JISieTcs:

(a) HOYHOE BpeMs CYTOK;
(6) nHeBHOE BpeMs CYTOK;
(B) cy66oTa;

(r) BocKpeceHbe.

CoxpaHeHue yrJeKUCJI0ro rasa moj 3emieill uin B riayOuHaxX oKeaHa
BMECTO OTKPBITOTO BbIOpOCA ero B arMocepy Ha3bIBAETCS:

(a) mepepaborkoii B Gymary;
(6) KonmupoBanueM;

(B) ouepHeHmeM;

(r) cexBecrpanueii.



10.

11.

TECT K HACTW 1l

YraeponHas HaHOTPYOKa IpovHee:

(a) cramm;

(6) menn;

(B) KeBTapa;

(r) Bcex IepevncIeHHbIX BbIIE MATEPUAJIOB.

HaHOHOKpI)ITI/IH TEHHUCHbBIX MAYNKOB:

(a) yIy4mmaoT uX OTCKOK;

(6) peoXpaHIOT OT YAApPOB;

(B) NOBBINIAIOT TEPMETUYHOCTD;

(r) ymnpomaior mouck B cjiydyae TOTEpH.

IKCTPEMAJLHBIH yIbTPadUOTIETOBBIN CBET UMEET JIJINHY BOJIHBI:
(a) 1-5 uMm;

(6) 10—15 nMm;

(8) 50—100 mm;

(r) 193—248 M.

MaccuBbl HaHOTPYOOK HAa OCHOBE JUOKCH/A THTAaHA TPU PaciierLie-
HUU BOJBI C TIOMOIIBIO COJHEYHOTO CBETA MCIOIb3YIOTCS [IJIST TEHEPH-
POBaHMS:

(a) meona;
(6) namnaaus;
(B) BOgOPOAA;
(r) cepsr.

]_IJIH OIlpe/iesyIEHNA YPOBHA I'VJIIOKO3bl B TEYEHUE BCETO [HA UCIIOJIb3Y-
€TCA CEHCOP Ha OCHOBE!

(a) 6ensona;

(6) sH3MMa OKCH/A3 TJIIOKO3bI;
(B) amoMuHus;

(r) okucu asora.

KBaHTOBast TOYKa OrpaHMYMBAET SJEKTPOHDI:

(a) B BOZIE;

(6) moHUMKAX;

(B) HaHOOGIACTH TPOBOAHMKA WU HOJYIPOBOAHUKA;
(r) B HyJIb-TIPOCTPAHCTBE.

251
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12.

13.

14.

15.

16.

17.

A66pesuarypa HIIOM osnauvaert:

(a) HOBBIIi 1IEHTPAIM30BAHHbBII 5JEKTPOHHbI MOHUTOPUHT;
(6) HOBBII HETUKOM 2TEKTPOPUINIECKII METO/I;

(B) HanmoHaIbHbI LEHTP SJEKTPHIECKOT0 O6CTY>KUBAHNS;
(r) HanpoHa IbHBIA HEHTP 3I€KTPOHHO MUKPOCKOIIUH.

Hanoxkomba MOKHO IIPUMEHATH B KadeCTBe KOHTeﬁHepa*YCHHHTGHH
I/IH(i)paKpaCHbIX CUT'HaJIOB [IJId TECTUPOBAHUA:

(a) mosteky;

(6) TeKTOHUKHU TLINUT;

(B) 06pyyaIbHBIX KOJEIL;
(T) ruUMHacTUYeCKUX KOJell.

BcemupHasg smepreTmuecKad ceTb JOJIKHA TEPEHTH OT TPAHCIOPTH-
POBKH TpajniinoHHoro Tommmsa (yriist, HedTH, Tasa u T. 1.) K Tepe-
Jage:

(a) KpUOreHHOTO HOCUTEJIS,
(6) Betpa;

(B) pyuHoro Tpyna;

(r) sueprum.

KOHLII)I KaHaJjia 77-TuIlla Ha3bIBAIOTCA MCTOYHNKOM!

(a) 1 nepeHoCcYnKoOM;
(6) Mackoii;

(B) dporopesucrom;
(r) crokom.

UTo W3 mepevymncJeHHOTO He BXOJIUT B INepedyeHb Hanbosee BasKHBIX
mpo6JeM yesoBevYecTBa?

(a) nepenacesenue;

(6) HemOCTATOK SHEPTUM;

(B) HeIOCTATOK TIUIIIH;

(T) ciexenue 3a MOCJEHUMHI TEHICHIIUSIMEI MOJBI.

Yunapam llekcnup ¢ KaKAbIM MUJIJIMOHOM BbIXAE€MbIX MOJEKYJI I10-
rioman mpuMepHo 280 MOJEKyJ YTJEKHCJIOTO Tasza, a MbI Temepb
MOTJIONaeM TPUMEPHO:

(a) 220 moseky;
(6) 310 mMoneky.r;
(B) 380 mMoneky.;
(r) 460 Moseky.1.



18.

19.

20.

21.

22.

23.

TECT K HACTW 1l

[mna BosHbl e Bpoitas — ato Mepa:

(a) AIMHBI IPUIMBHON BOJIHBL;

(6) KOMYECTBEHHOTO COOTHONIEHNST MEK/TY BOJTHOBBIME U KOPIYCKY-
JISPHBIMU CBOWCTBAMK YaCTHULL;

(B) HOBOI MO/IHOIT TIPUYECKH;

(r) pusbl GyT60MBHOTO TIOJIS.

TepaBart — 370!

(a) 106 BatT;
(6) 10° BarT;
() 10" BarT;
(r) 102 Barr.

CekBecTpaliusi yriepoja — 3To:

(a) orpanka anMasa;

(6) coxpaHeHne YIJIEKHCIOrO Ta3a I10J 3eMieil Wi B IIyOnHax
OKeaHa;

(B) coxpaHeHue yrjis Ha 3uUMY;

(r) Bbimyck yriepoja B arMocdepy.

I/ICCJICI[OBB.HI/IH HaHOWMHCTPYMEHTOB, KOTOpPbIE ITOMOIJIN Obl aHAIN3N-
poBaTb KJIETOYHbIE ITPOLECCHI, BbBIITOJHAEMbIE OT/AEJbHbIMUI O1O0JI0r -
YECKUMU MOJIEKYJIaMU WU KJETKaMH, Ha3bIBalOT:

(a) ¢anracrukoii;

(6) nmrorpaduei;

(B) KJIETOUHOI MHIKEHEPHEil;
() KBaHTOBOH ONTHKOIA.

«3aTeMHEeHNsT», WIN MacIITAOHbIe aBapUH HEPTOCUCTEMBI, SIBJISIOTCS
pe3yJIbTaTOM:

(a) 6ecmabaninbIX CTYJEHYECKUX BEYEPHHOK;

(6) Hec6amaHCUPOBAHHOTO CIIPOCA M TIPEJJIOKEHUS 3IEKTPUYECKON
SHEPIUH;

(B) 5IEKTPOTEXHUKHM, OCTABJEHHON BO BKJIIOYEHHOM COCTOSIHUN;

(r) naoxoro KauecTBa JIaMIIOYeK.

MaTepI/IaJII)I, KOTOpbIE€ CO3/1al0TCA Ha OCHOBE€ BHEAPEHNA HaHOYACTUIL
CUJIUKATHON TJIMHBI B IJIACTMACCHI WU KepaMHUKy, Ha3bIBalOTCA:

(a) HAHOTIEHOILIACTAMU;

(6) HAHOKOJIbIIAMU;

(B) HaHoTpYOKaMMU;

(r) HAHOKOMIIO3UTAMH. 253
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24.

25.

26.

27.

28.

29.

OFpOMHOG KOJIMYECTBO MUKPOCKOIINMYECKUX TPAaH3UCTOPOB oépasyeT:

(a) Mukpouwu,;

(6) crox;

(B) MaTepPUMHCKYIO ILIATY;
(r) ucTouHuK.

B 2006 r. CIITA ucnoJsib3oBaau sHEPTUU OKOJIO:

(a) 400 xusmoBaTT;
(6) 850 xku0BarT;
(B) 3 repasarr;
(r) 10 repasartr.

Ipynna uccnenosareseit n3 Yuuepcurera mrata Hesaga B Puno
(CIIIA) ucnonb3yer MacCHMBBI HAHOTPYOOK Ha OCHOBE AMOKCH/A THU-
TaHa:

(a) 11a reHepupoBaHMS BOAOPOJA Ha OCHOBE PaCHIEIJIEHHS BOJIbI
C IIOMOIIBIO COJTHEYHOI'O CBETa;

(6) nuda cospanug Gosiee JOJNTOBEYHON KOCMETUKU;

(B) /st IPOMBILIIEHHBIX M3MeJIbYKTENel;

(r) a1 TpOUYHBIX KOJIeC.

HanorexHonoruu MoryT NOBBICUTH 3(DMEKTUBHOCTD COTHEYHBIX (HO-
ToasieMenToB ¢ 20—30% o:

(a) 40%;
(6) 55%;
(B) 65%;
(r) 70%.

[Tox3eMHbIE KOMMYHUKAIIMKA KAaKOTO TOPOJA YK€ HACTOJIBKO Tiepe-
MOJTHEHbBI MEJIHBIMU TTPOBOJIAMHE, UTO UX YK€ B IYTKY HA3bIBAIOT HAU-
6OJIBIINMU 3aJIesKaMu MeId B Mupe?

(a) ATmaHThI;

(6) XprocToHa;

(8) Hpio-Mopka;

(r) Can-®Dpannucko.

BapuanT surtorpacdum, B KOTOPOM BCe OIEPAIlUU BBIMOJTHSIIOTCS
B JKMJIKOCTH, KyJa IOTPY’KEHa ONTHYeCKas CHCTeMa U IIOJJIOKKA,
Ha3bIBaeTCA:

(a) 6MOMUMETHUKOI;

(6) KBaHTOBOH MEXaHUKOI;

(B) HaHOHAGIOIEHUEM;

(r) ummepcroHHoOl JTorpadueii.



TECT K HACTW 1l

30. KpacHble KOJUTOMIHBIE PACTBOPBI 30J0Ta O6GJAAIOT TOBBINIEHHOM
onTHYeCKol abcopOinell, BbI3BAHHON CHJIbHBIM B3anMOJEHCTBHEM
CBETA U 3JIEKTPOHOB 3TOrO METAJLIa, U NPUMEHSIIOTCS:

(a) /15 OKpaIIMBaHUS OMUIOPOB;
(6) B cBeuax;

(B) B Tectax Ha GEPEMEHHOCTD;

(r) a1 OKpacku KOBPOB.

31. Cosmannoe yuenbiMu u3 Y HmBepcuTera mrata Mannnoiic B [llammaiin-
Vp6ane (CIIIA) ycTpoilcTBO, KOTOpOE COCOGHO paboTaTh ¢ 4acTo-
toi1 600 I'T1, HasbiBaeTcs:

(a) poraTkoii;

(6) 6GUIIONAPHBIM TPAHZUCTOPOM;
(B) HOYTOYKOM;

(r) BHEZOPOKHBIM MOTOLUKJIOM.

32. Hacenenune 3emsu B 2050 T. MOKET JOCTUTHYTb BEJTHUYUHBI:

(a) Toii xe, uTO U ceifuac;
(6) 6—7 MIApPJ YeNoBeK;
(B) 8—10 Mapx yenoBex;
(r) 11—12 mupp 4enoBeK.

33. B coBpeMeHHDBIX COJMHEYHBIX (POTOITEMEHTAX OJMH (HOTOH CIOCOOEH
reHepHpPOBATh TOJIBKO O/INH 3JIEKTPOH, a OCTATIbHAS SHEPIHs pacCen-
BAeTCsl B BUJIE:

(a) mBera;
(6) nenor;
(B) conu;
(r) Tema.

34. Ecau genaTh aBTOMOGUIN 13 KOMIIO3UTOB, TO HX MACCa yMEHbIIHTCS,
1 IoTpe6ieHre SHePrul CHU3UTCS HPUMEPHO Ha:
(a) 20%;
(6) 40%;
(8) 50%;
(r) 70%.

35. AMepHuKaHI[bI COCTABJSIOT BCETO 5% HaceJeHUsT 3eMJI, HO U3 BCei
paCXOﬂyeMOﬁ yeJjsioBeyeCTBOM 9HEPTHUn I/ICHOJIbsyIOT OKOJIO:
(a) 5%;
(6) 15%;
(B) 25%;
(r) 40%. 255
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37.

38.

39.
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ﬂJIH CO3IaHusA HaHOMaTepuaJjioB OOBITHO HCIIOJIb3YIOTCA BCE IIEpE-
YMCJIEHHbIe HMKE MeTOAbl, 3a MCKJIIOUYEHUEM:

(a) xonzgencanuu B atMocepe NHEPTHOTO Iasa;
(6) 5MEKTPOINTHYECKOTO OCaAXKIEHNS;

(B) mutndukanyun (okaMeHeHus);

(r) cuHTe3a Ha OCHOBE TIEPEX0/a 30Jb—Teb.

CBeTOYYBCTBUTEMbHBIN €01 Ha KPEMHUEBOHW TO/JIOXKKE, 3aTBep/e-
BAIOIIUI 10/ BO3/IEIICTBUEM CBETA, HA3BIBAETC:

(a) poropesucrom;

(6) mackapajoMm;

(B) pacrBopureneM;

(r) BBICOKOIIPOM3BOUTENBHBIM HJIEMEHTOM.

Onrnyeckue CBOKMCTBA 30JI0TBIX HAHOOOO0JI0YEK MOYKHO H3MEHSThb
C IIOMONIbBIO:

(a) KpOLIEYHOTO MEepPeKII0YaTe s

(6) pasmepa gapa U TOJIUHBI €T0 30J0TOTO HOKPBITHS;
(B) MUHMATIOPHBIX TEXHUKOB;

(r) 3amMeHOI 30J10Ta TIEHOILIACTOM.

ExenneBHO Ha 3eMiIio MOCTyIIAeT COJHEYHOW 3HEPTUM OKOJIO:

(a) 10 TbIC. TepaBarT;
(6) 50 TpIC. TepaBarr;
(B) 138 TpIC. TepaBarr;
(r) 165 ThIC. Tepasarr.

[Ipu KOMHATHOII TeMIepaType B pe3yJbTarte Peakinu MeX1Iy HaHO-
YacTUI[AMM KBaplla B BOJHOM pPacTBOpE TOJMMEPOB U COJieH MOTYT
06pa30BbIBATHCS

(a) MUKPOKAIICYJIBI ¢ MOMOIIBIO CaMOCOOPKH;
(6) YaCcTHYKU JbIA;

(B) MOpCKHE 3BE3/Ibl;

(1) KesaTWHOOMO6HAS 3aMa3Ka.
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bu3Hec 1 MHBECTULIUM

HanorexHosioruu — 3T0 MeuTa COBpeMeHHbIX MapkeroJioros. Celiuac
OHM TBITAIOTCS CBSI3aTh BCE BOKPYT CO CJIOBOM «HAHO». Hamnpumep, maxe
mpourpbiBareb Kommannn Apple HaseBaercsa iPod nano. Tommusoi ¢
KapaHJall U JJIUHOI BCero uyTb MeHee 9 cM, OH 06JIAJIAET MOPTATUBHOIM
CUCTEMOI BOCIIPOM3BE/IEHNST 3BYKOBbIX (haiiyioB, IBETHBIM JHcILieeM, 6a-
Tapeeil co BpeMeHeM paboThl 10 14 yacoB, MaMsThIO [Jisl XpaHeHus1 6oJiee
1000 meceH, ayaMOKHUT U TOAKACTOB. IJTOT TjIeep croco6eH Ha MHOTOE,
HO OH COBCEM H€ COEPIKUT HAHOYACTHI], 4 €r0 MeJbYailiine KOMIIOHEHTBI
uMeioT pasmep 6osee 100 HM.

[leiicTBuTENIBHO, B HACTOSIIEE BPEMSI MHOTHE KOMIIAHUU BCYE UCIIOJIb-
3YIOT IPUCTABKY «HAHO-» B HA3BAaHUSX CBOMX MPOJAYKTOB. [loToMy momyac
TPYJHO OTJAeaUTh 3epHa (peasbHble HAHOTEXHOJOTHYECKUE TPOAYKTHI U
TeXHOJIoTHK) OT TieBes (OOBIYHBIX MPOAYKTOB, KOTOPbIE Ha3BaHbl HOBO-
MOJZIHBIM CJIOBEYKOM). HeKoTopble KOMIaHNN pa3bpachlBAOTCS TEPMIHOM
«HaHO», KaK KoHdeTTu, HO 6e3 BKJIAJBIBAHUS KAKOrO-THO0 PeaybHOTO
CMbICJIa B 9TO Ha3BaHHE.

B cBoe BpeMmsi MHOTOOOGeIaONE GUOTEXHOJIOTHH CTAJIU OTPOMHBIM
6yiaroM JIjisi MHOTMX HMHBECTUI[MOHHBIX KOMITAHWU, KOTOPbIE MOCIEIIN-
JIN BJIOKUTb CBOM CPEACTBA B TOKYIKY aKIMil ObICTpOpacTyIux Ouo-
TEXHOJOTMYECKUX KOMIauuii. JlagyT i Takyio ’Ke BBITOJY HHBECTOPaM
HEOKpeIIne HAHOTEXHOJOTUU 1 HAHONPOAYKTbI? CMeeM Ha/lesAThCsl, UTO
na. B ocHoBe 6GOJBIIMHCTBA TAaKUX MPOEKTOB JIESKUT PACIIMPEHUE KPyra
aKIMOHEPOB, a peasibHas BBITO/Ia U POCT KOMIIAHUN JOCTUTAIOTCS 32 CYET
MPOJIa’KU TIATEHTOB U JIMIEH3UI Ha HOBbIE KOMMEPUYECKHE METO/IbI U MPU-
JIOJKEHUS.

MHorue BeHuypHbie (DUPMbI, KOTOPbIE YCHEINTHO WHBECTUPOBATN OUO-
TEXHOJIOIMH, HaIlpuMep Takue MOHCTPbhI, Kak Genentech m MedImmune,
MPOJIBUHYJIMCH Jajieko Brepen. Temepb B cdepe HAHOTEXHOJIOTUI OHU
UIIYT HOBBIE TPOAYKTHI, CKa)KeM, HaHOMATePUAJIbI JIJIs PaCIO3HABAHUS
GeJIKOB U BUPYCOB, U CTPEMSATCS TOJYYUTH HOBbIe NPHObLIN (C yuerom
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BO3BpaTa I/IHBGCTI/H_[I/HL/,I)y a He IIPOCTO MIPOBECTU HMIYMHYIO MAapKETUHIOBYIO
KaMIIaHWIO BOKPYI' HOBOMOJHOTO TE€pMHUHA. Peanvnuvie HaHOTEXHOJIOTUMN
BHE/JIPAIOTCA BO MHOIrue IIlepeaoBble TEXHOJIOIrnn, KOTOPbIE CIIOCOOHBI
YJAYULIUTD IIPOAYKTbI, CEPBUCHI N IIPOIECChl BO BCEX OTPACJAX ITPOMDIIII-
JIEHHOCTN.

WUrpoku

260

IMoutn 50% kKoMmMmaHuit B peectpe-mHAeKce Dow Jones, KOTOPBIii
oxBatbrBaeT 30 kpymueimux xommanuii CIIA, mcnoab3yioT win cosma-
foT HauompoaykThi'. Cpean uux Intel, IBM, Hewlett-Packard, DuPont,
General Electric, Motorola, Sony, Siemens, Xerox u MHOTHE JIpyTHe.

MHoO3KecTBO IpyTUX KOMNAHUI, paboTaioIux B 06JACTH HAHOTEXHO-
joruii (B HaHOAJEKTPOHUKE, HaHOMarepuajaaX U OMOHAHOTEXHOJOIHSX ),
CIIOCOOHBI JIOCTHYb TAaKUX PE3YJIbTATOB, KOTOPbIE CMOTYT CYI[ECTBEHHO
TIOBJUATDH Ha BBIMYCKAEMYIO TTPOAYKIINIO W CMEXHBIE OTPACTN B TIEJIOM.

YuutpiBag orpoMHoe KoamdectBo kKomnanuit B8 CIHIA n apyrux crpa-
Hax (ux ymcsno yxe nepeBainio 3a 350), KOTOpble BEAyT WHTEHCHBHbBIE
WCCJIe/IOBAHNS C TIPUIlEJOM Ha Oy/ylliee BHeJIpEHHE, MOXKHO TPEIII0JI0-
JKUTD, YTO TIOJy4YEeHHbIE MMU HAHOTEXHOJIOTUU TIOBJUSIOT Ha BCIO HAIIY
’Ku3Hb. HoBble MaTepwasbl, IO pasMepaM CpPaBHHUMBIE C BHUpPycCaMH, OT-
KPBIBAIOT COBEPIIEHHO HOBBIE BO3MOKHOCTH. CaMOJIEThI, MOe3/a, aBTOMO-
6wim, GUOJIOrMYecKne CEHCOPbI, MeANKAMEHThI, KOMIIbIOTEPHI, KPACKU U
MOKPBITUST — BCE 3TO HAXOJUTCS Ha TpeOGHE TEXHOJOIMYECKOTO IyHAMH,
0 pasMepax KOTOPOTO CETOMHST MbI MOXKEM TOJIbKO JOTrabIBaTbCs. MHO-
rue KpymHble KoMrnaHuu (B TECHOM COTPY/HUYECTBE CO CBOMMHU IIPaBH-
TEJBCTBAMU) TPATAT OIPOMHbIE J€HbIM Ha HAHOTEXHOJOIMYECKUE HCCJIe-
JIOBaHUd, 4TOOBI HE OCTATHCSI JAJEKO MO03aJM B ITOM TEXHOJOTUUECKON
TOHKE.

[To mexoropuiM orenkaM, B 2004 r. Ha uccjae0BaHUS HAaHOTEXHOJIO-
THi TTPaBUTEIBCTBAMU PA3HbBIX CTPaH ObLIO oTpaveHo 6osee 1 Mapa 10J-
gapos CIIIA. B 2006 r. ata mudpa npesbicusna 2 Mapj gosnapos CIITA,
MpUYeM CTOJBKO K€ Ha TOJ0OHBIE WCCTIETOBAHWS MOTPATHIN YACTHBIE
xommanuu. B 2006 r. B cBoem o6Gpamennn k Hanmn [Dropmx Y. Bym
OTMETUJI BBICOKHIT mpuoputer HaHotexHoJsioruii B OGiokere CIIA.
B 2007 r. B pamkax HarmoHasbHOM HAHOTEXHOJOTUYECKON MHUIIMATUBBI
(National Nanotechnology Initiative — NNTI) B CIITA Bbie/ i1 OKOJIO

! B Poccun Bce 3HaumTesIbHO Mpolie. 3a pa3BUTHE HAHOTEXHOJIOTUN B3si-
JIOCh Tocymapcrso. — Ipum. peo.
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1,275 Mupa poanapos, KoTopbie Obuin pacipesesenbl Meskay 10 mpasu-
TEJIbCTBEHHBIMU AreHTCTBAMH.

B Hacrosiee BpeMst B pasHbIX o6jactsax gesreabHocTn (Hampumep,
nrdopMaruke, GHOJOIMK U MaTePUATOBEACHUN) YiKe MPOCIEKUBAIOTCS
CTONKIE HAHOTEXHOJIOTUYECKIE CBS3H.

Takue kommanuu, kak Dow Chemical, ChevronTexaco, NEC, DuPont,
ExxonMobil w Mitsubishi Electric, meapo wHBeCTHPYIOT B HAaHOTEXHOJIO-
rudyeckue crapraibl (To eCTb HEAaBHO CO3aHHble  OYPHO Pa3BUBAIONINECS
(UPMBI, KOTOPbHIE YACTO OCHOBBIBAIOTCS TPEIOaBaTE/ISIMI YHUBEPCUTETORB)
u (unmn) oGbeMHAIOT CBOM YCHIMS € APYrUMHU KoMmmaHusmu. Hampumep,
kommanust Dow Chemical (¢ eskerogupiM 06beMOM HPOAAXK OKOJIO 33 MIp/
nosnapo CIIA u kymenramu Gosiee yeM B 180 crpaHax Mupa) o6GbeiMHIIA
cBon ycuyms ¢ Komnanueii Starpharma (MenbGypH, ABcTpaius) U KOMIa-
nueit Dendritic NanoTechnologies, Inc. (DNT) a1 cosmanust HAaHOITPOILYK-
TOB C TIOMOII[BIO HAHOMACHITAGHBIX TIOJIUMEPOB. JTH BJUBAHUS TIO/ICTETHYJIH
IIPOIIeCC TIOJYYEHUs] TIATEHTOB HA JIEHIPUMEPbI — THUIIBI HAHOCTPYKTYP C
Pa3BETBJIEHHBIM JPEBOBUIHBIM (D3NUECKUM CTPOEHUEM, KOTOPOE TTI03BOJISIET
JIOCTaBJISATD JIEKApCTBA B HY>KHOE MECTO OPraHm3Ma.

Komnanusi DNT noayuywmna 6osee 30 maTeHTOB Ha JIeHPUMEPbI
U Tmpojasia JUlEeH3un Ha JeHapumepbl 6osee 200 tumnos apyrum dap-
MAaIEBTUYECKUM, JMArHOCTHYECKUM U OUOTEXHOJOTMYECKUM KOMIIAHUSIM.
B nacrosiiiee Bpemss DNT paspabarbiBaer mpolyKThl [t paboTbl ¢ 6eJ-
KaMHU U aHTHUTEJaMH, CO3/[aHUS IMTPOTHBOBOCIAIUTENbHBIX CPEJCTB, Iie-
JIEBOH [TOCTABKM JIEKAPCTB TIOCPEJCTBOM OEJIKOB M YJYUIIEHUS METO/I0B
JMUAaTHOCTUKHU C TIOMOTIHI0 MAarHUTOPE30HAHCHON BU3YaJN3aIlNN.

B 2004 r. Starpharma crasa mepBoit KoMmaHue, KOTopast HavaIa KJIu-
HUYECKUE MCIBbITAHUS HOBBIX MEJIMKAMEHTOB HA OCHOBE JIEH/[PUMEPOB JIJIst
60pb0ObI ¢ BupycoM ummynogedurmra (human immunodeficiency virus —
HIV). 9Tu ucnbitanust TPOBOJUIKCH MO/ HaGIOAeHneM AMUHUCTPAIIK
10 KOHTPOJIIO TipoaykToB nuranus u jekapcers (Food and Drug Adminis-
tration — FDA) MuHucTepCTBa 3/[PABOOXPAHEHUS U COLMATBHBIX CJTYKO
CHIA. B pesysbraTe GbLI CO3/[aH YPE3BBIYANHO aKTYaJIbHBIM GAKTEPUIIUI-
HBII TeJsb, KOTOPBII MpensaTcTByeT pacnpoctpaneHuio Bupyca HIV. Kowm-
nanuss Dow Chemical Takske IOCTEIIEHHO CMECTHJIA CBOM KOMMEPUYECKHUE
MHTEpeChl B 06J1aCTh CO3JaHNUS MeINKAMEHTOB Ha OCHOBE JIEH/IPUMEPOB.

CTAPTANbDI

PriHOK HAHOTEXHOJIOTUI BCe ellle HAXOJAUTCS B CTAUU CTAHOBJIEHUS,
HO y’Ke MOSBUJIKCH [IOCTATOYHO OKpEIIIne KOMIIAaHUU, KOTOpble Ipela-
rafoT TOTOBbIE TEXHOJIOTUHM M MPOJYKTbI. MHOTHE Takue KOMIAHUN ObLIH
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00pa30BaHbl CAMUMU YYE€HbIMH HA OCHOBE BBITIOJHEHHBIX MU HAYUHBIX
UCCTAEeTOBAHWI. JTUM YYeHBIM HUKOT/Ia paHee He MPUXOANIOCH COCTaB-
JATh 6usHec-man. Ot/esnbHblEe KOMIAHUU MPUOEraloT K yCJAyraM MHpo-
(peccronanos B cepe ynpasieHus 6u3HECOM, YTOOBI CO3/1aTh HA/IEKHYIO
6u3Hec-Mo/ieTh. BTOCIe/ICTBUN OHM OCYIIECTBJISIOT OTIePAaTUBHOE PYKO-
BOJICTBO /ISl TIOJIIEPKAHMST YCTOMYMUBOTO pasBuTusi Komnanuu. HauboJiee
VCHENTHbIe CTapTaIlbl ¢ HavaJla CBOETO CYIECTBOBAHUS UMEIN KadyeCTBEH-
HbII OM3HEC-TIaH M CTPOTO NpuAepKuBaanuch ero. OHH IJIAHHPOBAJIN
CBO€ pa3BUTHE B COOTBETCTBUU C JABHO ITPOBEPEHHBIMU HAJIEKHBIMHU Me-
TomamMu, 6e3 TepeolleHEHHbIX U HeJTOCTHKUMBIX OKUIAHUM.

B 2007 r. B 610;xeTe CHIA 651710 TpeycMoTpeHo okosto 1,2 Mupa goJ-
JIapOB Ha HCCJIe/IOBaHUA HaHOTeXHoJoruil B pamkax HanuoHnanabHOI Ha-
HoTtexHojormyeckoil  mannmarubl (National Nanotechnology Initia-
tive — NNI). B nenom, ¢ 2001 r. CIIIA moutn BTpoe yBEINYNIN €Ke-
TO/IHbIE ACCUTHOBAHWS HAa WCCJAEJOBAHUS HAHOTEXHOJOTUW W TOTPATHIN
Ha 3TH LeJu OKoJsio 6,5 Mapj jaosnapoB. O HAKO, TIO OIeHKAM HAay4YHO-
nccseoBaresbekoil komnanun NanoMat (Kapocpys, Tepmanusi), ToJib-
ko B 2004 T. cymMMapHas CTOMMOCTD BBIYIIEHHON Ha OCHOBE HAHOYACTHUII
WM HAHOMATEPUAJIOB MPOAYKIIUU TIPeBbIcHIA 26,5 M/ A0JIAPOB.

B Hacrogiiee BpeMd K IPOAYKTaM Ha OCHOBE HAHOTEXHOJIOTMH OT-
HOCSATCSI HAHOKATAIM3aTOPbI, HAHOKOMIIOHEHTBI JJISI CMEIIeHUsI KPacoK,
COJTHITE3AIUTHBIE KPEMbI C HAHOYACTUIIAMU OKCHUJIA IITHKA, NU3HOCOCTONKUE
MOKPBITUS JJIT OYKOB, aHTUAIT€3MOHHbIE TTOKPBITHUS JJIs1 OKOH M JIOOOBBIX
CTEKOJI, aHTH(PUKIIMOHHbBIE CMA3KW /IJISI TTPOMBITILIEHHBIX WHCTPYMEHTOB
u MexaHu3MoB. B tabmmie 12.1 mepeunciaeHbl HEKOTOPbIE COBPEMEHHBIE
HAHOTEXHOJIOTUYECKEe KOMITAHNY W BBITyCKaeMas UMU TPOTyKITHS.

Ta6amua 12.1. HaHonpoayKiusi, BbIyCKaeMas COBPEMEHHBIME KOMIIAHUSMHE

Komnanus IIpoayxius

Acadia Research Corp. Wnentndukanns reHoB, MOJEKYISIPHAs XapaKTepu-
cTukKa 3a60JeBaHuii

Altair Nanotechnolo- Hanomarepuanbl Ha ocHOBe THTaHATa JUTHS ST pep-

gies Inc. POMArHUTHBIX TITTIHHEEH

Applied Nanofluores- Onrnyeckne HAHOUHCTPYMEHTBI [IJIST U3YYEHUST Ha-

cence, LLC HOTPY6OK

Arryx, Inc. HanornuHIeTs! /Jisi MaHUITYJINPOBAHUS HAHOYACTHU-
namu

California Molecular MHTesIekTyaibHasi COGCTBEHHOCTD B 00JIACTH MO.JIe-

Electronics Corp. KYJISIPHOH 3IeKTPOHUKN
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KoMmanus

IIpoayxuus

Carbon Nanotechnolo-
gies, Inc.

KomMepueckoe TIpOU3BOACTBO YIJIEPOHBIX HAHOTPY-
6OK

Cima Nanotech, Inc.

Meskne, cBepXMeJIKie 1 HAHOPa3MEePHbIE TTOPOIIKI

Dendritech, Inc.

IIpomnsBoscTBO JeHAPUMEPOB

Dendritic NanoTechnolo-
gies, Inc.

[IpousBo/ICTBO JIeHIpUMEPOB, UMEIONTNI UPOKUI
JManasoH npuMeHenus (HampuMmep B KauyecTBe Meu-
KaMEeHTOB)

EnviroSystems

[lesnndunmpyionyie HAaHOAMYJIbLCUH AT GOJBHUIL

eSpin Technologies, Inc.

HpOI/ISBOJICTBO TIOJINMMEPHBIX HAHOBOJIOKOH

Front Edge

CBCPXTOHKI/IG AKKYMYJIATOPbDI

Hysitron

Hay‘{HO-I/ICCJIeI_IOBaTGJII)CKI/IC " TIPOMBINIJIECHHBIC WH-
CTPYMEHTBI AJId U3MEePEeHNA HaHOMAaCIHITAaOHBIX Xapak-
TEPUCTUK: TTPOYHOCTHU, YIPYTOCTU, TPEHUA, N3HOCA

n ajare3suun

Intematix Corp.

3]IeKTpOHHI)Ie MaTepuaJibl; KaTaJlInu3aTopbl A1 MeM-
6paH TOILJIMBHBIX 3JIEMEHTOB

Kereos Inc.

Hanowacruupl s Budyanusanuu 6osie3Heil u tepa-
1IeBTHYECKOI'0 JIeueHust

Lumera

HO]II/IMeprIe MaTepuaJbl

Mecular Electronics
Corp.

9HeKTpOHHbI€ 1 ONTOSJIEKTPOHHbBIE TTPUTOKEHUA

Molecular Imprints

I/IHCprMeHTbI [UIA HaHOoIledaTu B IIOJYIIPOBOJIHUKO-
BOI 1 BJIGKTpOHHOﬁ TIPOMBINIJIECHHOCTH

NanoDynamics

Hanouacrutisr cepebpa, Mean, HUKEJST; HAHOOKCH/IBI;
YIJIepPO/IHbIE HAHOCTPYKTYPbI

NanoElectronics

HoBrbie HaHoOMaTepuaJbl I 3JIEMEHTOB 3JIEKTPOCXEM

NanoGram Corp.

XuMnuueckue COeMHEHUA A KOMIIbIOTEPHbIX YHUIIOB

Nanohorizons

ITpOU3BOACTBO TOHKOILIEHOUHBIX HAHOCTPYKTYD Ha
ocrose Junensun (Yuupepcurera mrata Ilencuibsa-
nug, CHIA)

NanolInk Inc.

O6HapyskeHe cuGUPCKOil SI3BbI

NanoOpto

HanocTpyKTypbl /11 ONTUYECKUX CUCTEM

Nanophase Technologies

IToproroBka n KOMMeEpYEeCKOe IMPOU3BOACTBO HAHOIIO-
POIIKOB OKCHUJI0B METaJIJIOB

Nanopoint

Busyanusaiiust BHyTPEHHUX KOMIIOHEHTOB OHOJIOTHYE-
CKHX KJETOK ¢ paspemienueM okoso 50 uM (B undpa-
KPacHOM, BUAUMOM U yJIbTPadUONETOBOM [JHAlla30He)
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Ta6mmua 12.1. Ipogomkenne

Komnanus Ipoaykuus

Nanoproducts, Inc. HanomaciitaGHbie TOPOIIKH, UCIEPCUH U ITPOYKTbI
Ha UX OCHOBE

NanoSpectra Biosci- HewnnBasuBHast tepanusi Ha OCHOBE HAHOOOOJIOUEK

ences, Inc.

Nanosphere AHanu3s u o6HapyXeHIe HyKJIeHHOBBIX KHCJIOT
u 6eJIKOB

Nanosys, Inc. I'i6kue TOHKOIIEHOYHbIE KOMIIOHEHTDI /7S 3JIEKTPO-
HUKYM, GHOMETApUAIOB U COJHEYHBbIX Garapeii

Nano-Tex HanorexHosmornyeckue TKaHU U TOKPBITHS

Nanotherapeutics, Inc. IlesneBasg gocraBKa MeAMKAMEHTOB C IIOMOIIbIO HAHO-
YaCTHIL

Neo-Photonics Corp. HanomacirraGubie onTHYecKre KOMITIOHEHTHI

Novation Environmental | Ouncrka Bogs! HaHOMACIITAGHBIME (DIUIBTPAMI HA

Technologies OCHOBE Hojia

Ntera DJIeKTPOHHbIe YepHIIa U nudpoBas 6ymara

HAHOMPOBOJA

Kommanust Nanosys, Inc. (ITano-Anbro, Kammdopuus, CIITA) wuc-
MOJIB3YET TEXHOJIOTUIO CO3/IaHUST HAHOTIPOBOIOB, padpaboTtanuyio Yapib-
3oM M. Jlu6epom (Charles M. Lieber), npodeccopom xumun Tapsapi-
CKOTO yHUBepcuteTa. HaHompoBo/a fesaiorest u3 Marepuasa, UCHoJb3ye-
MOTO JIJISl TOJIYTIPOBOJIHUKOBBIX JIa3€POB, M TO3BOJISIOT OOHADPY KUBATDH
OT/IeJIbHBIE MOJIEKYJTbI. [10 ONTHYEeCKUM CBOMCTBAM OHU O6JIATAI0OT 3aMeT-
HBIMU TIPEUMYTIECTBAMU TI0 CPABHEHWIO C YTJIEPOIHBIMU HAHOTPYOKAMH.

Kak y:xe onucpiBajoch B rjaBe 9, HAHOIPOBOJA MMEIOT OTPOMHBIH
NOTEHIINAT TIPUMEHEHNsT B 3JEKTPOHUKe U ceHcopax. U aror ¢akr He
ynyctuan naBectopbl. B Hos6pe 2005 r. kommanus Nanosys, Inc. o6bs-
BUJIA, YTO €l yaJoCh TPOJATh aKIMK Ha cyMMy 6osiee 40 MJTH JI0JITapOB.
Kommanns miaHupoBaia NCTOIb30BATh 3TH CPEACTBA IS TTPOIOJIKEHIS
UCCJIEIOBAaHWH W MacCOBOTO TMPOU3BO/ICTBA TIPOLYKTOB C MCITOJb30BAHUEM
Pa3pabOTaHHBIX €10 OPTAHUYECKUX HAHOCTPYKTYP.

ITpousBoscTBeHHbIE TIaHbl KOMIaHUK Nanosys, Inc. BKIOYaIu BbI-
NYCK YUIOB JIJISI XMMUYECKOTO aHaju3a B (hapMareBTHYECKOU TPOMBIIII-
JIEHHOCTHU, TOIJIUBHBIX 9JIEMEHTOB JIJIsI MOPTATUBHOI 3JEKTPOHUKH, Ha-
HOCTPYKTYP [JIsI KOMIBIOTEPHBIX UCIJIEEB W CJIOKHBIX aHTEHH, SHEp-
TOHE3aBUCUMOW TaMSITH /sl 3JIEKTPOHHBIX YCTPOUCTB M TBEPAOTENBHBIX
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OMTUYECKUX yCcTpolicTB. PocT puHancupoBaHms 3a HECKOIbKO MOCTETHIX
JeT mokasaH Ha puc. 12.1. Kommanms mosyumiaa HECKOJbKO MUJJINO-
HOB [IOJIJIAPOB B BHUJE HCCJEI0BATENbCKUX TPAHTOB, KOHTPAKTOB U IPO-
exktoB. HemaBuo Nanosys, Inc. BMecte ¢ simoHCKo# Kommanueir Sharp
Corporation monyuynia puHaHCHPOBaHUE HA MHOTOJIETHUE UCCJIE/JOBAHMS
JCILIEEB C UCIIOJIb30BAHUEM HAHOTEXHOJIOTHIA.
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Puc. 12.1. Komnanus Nanosys, Inc. — ucropust ycrexa B 06J1acTu
HAHOTEXHOJIOTHI1 C PeaJbHBIMU IIPOJAYKTAMH U MPUJINYHBIM (PMHAHCHPOBAHUEM

Komnanust Nanosys, Inc. obsazaer onHoit n3 cambx 60raTbiX KOJ-
JIEKITUIT HAHOTEXHOJIOTHI, KOTOpBIe 3ammuiieHsl 60see yeM 400 mateHTaMu
U TMPUMEHSIIOTCS BO MHOTUX OTPACJAX; MO MHEHWIO PeJaKkIid >KypHaia
Journal of Nanotechnology Law and Business, B 2005 r. ona nHaxomau-
JIach B JIECATKE JIYYITNX HAHOTEXHOJOTUYECKIX KOMIAHUIL.

KITETO4YHAS TEPATNNA

Kaxk y:xe onmcbiBasioch B r/1aBe 7, GyJepeHbl MOKHO UCIIOJb30BaTh
JIUIS IOCTaBKH TEPATEeBTUYECKUX MEINKAMEHTOB K 33/[aHHOMY MECTY Jie-
YeHust, 4TOObI MUHUMHU3UPOBATH M0O0UHbIE adderTbr. OHU MOTYT OBbITH
clieJIaHbl TaKUM 06pa3oM, 9YTOObI TOYHO COOTBETCTBOBATD CHEIU(ITYECKITM
MOBEPXHOCTHBIM pelenTopaM KjeTKu. DyJsiepeHbl MOTYT JelCTBOBATD,
KaK «IIlepexBaTYuKu» 0oJie3Hell, TO eCTb AaHAJIOTHYHO UMMYHHOII cucTeMe.
C noMmoripio Takux MeauKaMeHTOB mpe/nonaraercd jgeuntb CIIN/I, pak,
ApTPUT U MHOTHE JIpyTrre GOJIe3HN.

B macrosmee Bpemst uyBcTBHUTeabHBIe MuKpounnbl ¢ /IHK wmoryr
(bUKCHPOBATh peaKIuu MeXIY aHTHOMOTHKAMU W 1eJI€BbIMUA OpraHu3Ma-

265



N7
K>
O3S

266

YACTb IV byayuiee

Mu. C TIOMOIIBI0 HAHOTPYOOK 3T OMOUUIIBl BRITOTHAIOT B 100 ThIC. pas
60JIbIlle XMMUYECKUX TECTOB € TOpas/io GOJbIIEN YyBCTBUTENbHOCTDIO.

HAHOCTPYHAS TEXHIKA

C moMonIpIo cBEPXMANbIX HAHOTPYOOK B MEAUITMHCKUX IETSAX MOXKHO
6e360.1e30eHH0 (HECOMHEHHBIN TTI0C) MPOHU3BIBATh KOKY Ye/J0BeKa. ITO
0COGEHHO BAKHO JIJIsI MAIUEHTOB, KOTOPHIM HEOOXOUMO HECKOJIBKO pa3s
B JIeHb JleJIaTh aHaau3bl KpoBu (HampuMep GoIbHBIX quabeToM Tuima I1).

Komnanust TheraFuse, Inc. paspabarbiBaeT U CO3[a€T CHCTEMbI BBE-
JIEHUSI B TEJIO YeJOBEKA M JIOCTaBKM B 33J[aHHOE MecTO apMmaileBTuye-
cknx u 6uosiornveckux xugkocreii. C 2001 r. ata KOMIIaHUS YCIIEITHO
CO3/IaeT CUCTEMBI /IS TOUHOTO U3MEPEHMS KPOIIeYHbIX 00BEMOB TIPU BBe-
JEHUN KMIKUX MeAnKaMeHToB (HampuMmep, 4acTto TpeGyeTcss 04eHb TOUHO
orpeiesiuTh 00beM MeAMKAMEHTOB, KOTOPbIE BBOJSATCS BHYTPUBEHHO HO-
BOPOSK/IEHHBIM MallMeHTaM ¢ MOMOIIbI0 MHbeKIWii). B Hacrosamee Bpems
CIEIUAJUCThI KOMIAHUKA CTPEMSITCS CO3[aTh il [UAaGETHKOB CIIeIHaTb-
HYIO HaKJaJKy Ha Koxky. C ee IOMOIIBIO [leJlaeTcsl aHaIu3 KPOBHU U 1IPO-
BepsSIeTCS YPOBEHb COJEPIKAHUS TJIIOKO3bI, a 3aTeM TpU HEeOOXOJAUMOCTU
MPOU3BOJIUTCS UHDBEKIUS UHCYyJInHA. TakuM o6pa3oM, MPOLEecc JieueHust
Jquabera 3HAYUTEJNBHO YIIPOIIAETCS, 0OCOOEHHO IS JIeTel.

BMOJTOTMHECKWE YIPO3bl

HanorexHonoruu 1mo3BOJISIOT CO3/1aThb HEBEPOSTHO YYBCTBUTEIHHBIE
cUCTeMbI /i oOHapysKeHus OMOJOTMYecKuX yrpo3. Hampumep, crmopbr
cUOUPCKON SI3BbI MOJKHO BBISIBJISAATH M 00pabaThiBaTh C MOMOIIBIO CIIEIU-
AJIbHBIX HAHOTEXHOJOTUYECKUX METOJ0B, KOTOPBIE CIIOCOOHBI PaCIO3HA-
BaTh MOBEPXHOCTb crop. [IpeskHue TpyJoeMKUe U JJIUTENbHBIE METO/IbI
6bLIM OCHOBaHBI HAa pacKaJbIBaHUu criopel u ananmuse ee JHK.

Kommnanust Nanolnk, Inc. (Hukaro, CIIIA) nosyuyuiaa JUIEH3UIO Ha
UCTIOJIb30BAHIE TEXHOJOTUN UAEHTH(UKAINN CIIOp CUOMPCKON SI3BBI C
MOMOIIIBIO CBEPXMAJION «PYUKU», KOTOpPas MOXKET PUCOBATH y30PhI U3 Ha-
HonuHUH. [IporpaMMupys ¢ TOMOIIBIO KOMITbIOTEPA Y30p, CHEIUPUIHBIIT
JUIST YHUKAQJIbHBIX YEPT MOBEPXHOCTHU CIIOPBI, MOKHO OOHAPYKUBATh Y30-
PbI, KOTOpPbIE CBSI3BIBAIOTCS CO CIOPOi. IMEHHO 3TOT NMPUHIIMIT JIEKUT
B ocHOBe TexHosorun komnanuu Nanolnk, Inc.

KOMIbIOTEPHI

KoMmmanmn — mpousBoOAMTENN KOMIIBIOTEPOB M YHIIOB OBLIN OXHUME
13 TIEePBbIX 9HTY3WACTOB UCIIOTb30BAHNA HAHOTEXHOJIOTUHN U SBJISIOTCS UX
HanboJIee IIePbIMI HCCIEA0BATETSIMU.
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HecomueHHO, 4TO0 HOYTOYKHM M KapMaHHbIE KOMIBIOTEPHI € MCHOJIb30-
BaHWEM HAHOTEXHOJIOTHIA CTaHYT paboTarth elre Jyuiine. VX akKyMyJIsTopb!
C yIJIEPOJHBIME HAHOTPYOKAaMU U HAHOYACTUIAMU JUTUS OyayT ObicTpee
3apsLKaThbes, JoJblile paboTaTb U 60JIblIe KOHIEHTPHPOBATh SHEPIHIO.

ITockosbKy HAHOTPYOKM — 3TO caMble JIydllle W3 M3BECTHBIX MPO-
BO/IHHKOB 3JIEKTPHYECKOTO TOKA, UX MOXKHO HCIIOJb30BaTh JIUIsT HanboJiee
3 @eKTHBHOrO NPeoOpa30BaHUs SHEPIHHM TOPMOKEHHS AaBTOMOOIIS B
IHEPIHIO 3apsi/ia ero akKKyMyJasITopoB. IIpeamosiaraercs, 4To yriaepoaHble
HAaHOTPYOKHU MOTYT CTaTh IIPEKPACHBIM MATEePHAJIOM /IS COXPAHEHUsI BO-
JI0pOJla B TOILUIMBHBIX 3JIeMEHTAaX aBTOMOOWJeH-Tu6puzsoB. B TakoMm ciy-
Yyae MCKOIlaeMble BH/Ibl TOILJIMBA ¥ CBSI3aHHBIE C HUMH IPOGJIEMBI Iepe-
CTaQHYT OBITb HEOTHEMJIEMOIl YacTbIO TPaHCIOPTa Gy IyIIero.

MoXHO TIpeANoNIOKUTD, YTO KPEMHUEBble YHIbI B OJIsKaiilime
5—10 ner cranyt emnte 6osee ObicTpbiMu U addexTuBHbIMU. [losytpo-
BO/IHUKOBAsI IMPOMBIIIJIEHHOCTb WHBECTUPOBAJIA MUJIMAPABI I0JJIAPOB
B IIPOM3BOJICTBO KPEMHHEBOH 2JIeKTPOHMKHU. [loToMy HaHOUMIBI CTaHyT
9KOHOMMYECKH 6oJiee BBITO[HBIMH JIMIIb IT0CJIe NcYepHaHns (PU3MIECKUX
BO3MOXKHOCTEH KPEMHHUEBOH 3JeKTPOHUKI. KpoMe Toro, yueHbIM 1 nHxKe-
HepaM TIPUETCS] HEMAJO TOTPYANTHCS, YTOOBI OTKPBITH CIIOCOOBI CaMO-
cOOPKYM HAHOTPYOOK B 33JJaHHYIO CTPYKTYPY 2JEKTPOCXEMBI.

ACCEMBJIEPHI

Ipuk Ipekcnep (Eric Drexler), nuoHep B 06acTH HaHOTEXHOJIO-
ruii u riasa MHcetutyra @opceaiit B [ano-Anbro (Kamudopuus, CIITA),
npeyioRuI ugeto accemoaepa (umu c6opiuka). Accembiaep — 9TO Ha-
HOMacHITabHbI POGOT, KOTOPBIN 3arporpaMMUPOBaH Ha COOPKY aTOMOB
B HAHOPa3MepHble KOMIIOHEHTHI M MeXaHU3Mbl, HATIPUMep pPbIYaru, Ie-
crepeHku u T. 1. Kak yske ynoMuHajsoch B TJiaBe 3, aTa ujest OJKe K
danracTuke, yeM K peasbHocTH. HO ecomm oHa Oy/ieT peajn3oBaHa Jaxe
B HE3HAUUTEJbHOI CTEIEeHU, TO y YUYEHbIX U HUHKEHEPOB IOSBUTCS BO3-
MOJKHOCTD CO3/IaBATh COBEPIEHHO HOBBIE MaTepuasbl. HampuMep, Takue
HAaHOPOGOTHI MOTJIM OBl HE TOJBKO COOMPATD MbLTh U TPSI3b, HO U KOHCTPY-
UPOBATH JJEMEHTBI HJIEKTPOCXEM U KOMITBIOTEPOB M3 OT/ETHHBIX ATOMOB.
IToka 06 9TOM MOKHO TOJBKO MEUTATh...

I'pynna NanoBusiness Alliance

YdeHble U WHKEHEPBI MO OMpPe/eIEHII0 He 3aHUMAOTCS OGU3HECOM.
Kak npaBuiio, 3T0 TajaHT/IUBBIE JIOAM, KOTOPbIE HAIIPABJISIOT CBOU YCH-
JIUS HA pellleHne HEBEPOSITHO CJIOXKHBIX HAYYHBIX U WHIKEHEPHBIX 33a/1a4. 267
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[MoToMy msis peanmsartiii CBOUX OTKPBITHI WM HY’KHA TTOMOIIH CO CTOPO-
HBI OIBITHBIX OPraHU3aTOPOB O6uU3Heca. A MeHe/pKepaM U aHTpelpeHepam
HEOOXOMMO ITy6OKOe MOHUMAHUE CJAOMKHBIX JIeTalell HOBbIX HAHOTEXHO-
jgoruii. Jlyist opraHusanuu B3auMoeicTBusl aTux AByX rpynn B 2004 .
ycuusaMu Hambosiee KPYMHBIX KOMIAaHWH, YHUBEPCUTETOB, CTApPTAIOB
U JIpyruX opraHusaiuii 6puia cozmana rpynna NanoBusiness Alliance.
B wnacrogmee Bpems ona nHacumThiBaeT 200 u1eHOB, KOTOpBIE B CKO-
poM OyaylieM HaJeOTCs U3BJeYb 3HAYUTENbHYIO (PUHAHCOBYIO BBITOLY.
Haumonanbubrii Hayunsiii pong CIITA (National Science Foundation —
NSF) nporuosupyer, uto B 2015 I. PBIHOK HAHOTEXHOJOTHUII JOCTUTHET
Beuunnbl 1 TpaH gosiapoB. Unenst Tpymnmbl NanoBusiness Alliance
VUYUTHIBAIOT 9TOT (DAKT W OYEeHb HAAEIOTCS CTAaThb OJHUMH W3 JIUJEPOB
JTAaHHOTO PBIHKA.

Ion Mapaok (Sean Murdock), MCIIOMHUTEIBHBIA AUPEKTOP TPYIIIbI
NanoBusiness Alliance, Ha 3acefanny NCCIEL0BATEIBCKOTO TTOJKOMUTETA
Cosera no Hayke npu Ilanate npezacraButeneit Konrpecca CIIIA B utone
2005 r. 3asBui, uto uiaensl rpymnmbl NanoBusiness Alliance cunraior Ha-
HOTEXHOJIOTUU OJHUM U3 KJIOUEBBIX ACIEKTOB 3KOHOMUYECKOTO POCTa
1 ToBbIeHNS KadecTBa Ku3um B XXI B. O mpusBan [IpaButennpcTBo
CIIIA crath 06pa3siioM B KOMMEPIHAIN3AIUN HAHOTEXHOJOTUYECKUX WMH-
HOBAIHIA.

Komnanusi Lux Research/Capital — opna u3 Hay4YHO-HCCIIER0BA-
TEJTHCKUX WHBECTHIIMOHHBIX KOMMAHUI, KOTOPash OYeHb CEPbe3HO OTHO-
CUTCS K ONMMCAaHHBIM BbITIe nepcrnekTrBaM. OHa 6bl1a ocHoBana B 2000 r.
u ¢ TeX mop (OKycUpyeT cBOe BHUMaHWe HA TEHAEHINSX PAa3BUTUSI Ha-
HOTEXHOJIOTHII, MMOMCKe HOBBIX UjIeil U MPOLYyKTOB.

Jrta ¥ MHOrHMe JpPyrue WHBECTUI[MOHHbIE KOMIAHUU CUYMTAIOT, YTO
pa3BUTHE HAHOTEXHOJIOTUI MOKHO CPaBHUTDH C <«30JIOTOW JIMXOPAIKON»,
uMeBIneii Mecto B Kamidopuun 6GoJiee Beka Ha3aJl, TOJIHKO HBIHEIHSS
JIUXOPaZKa OT UCIOJIb30BAHUS HAHOTEXHOJIOTUI MOKET MPUHECTH Topas-
110 6OJIBITIE BBITO/I, YeM TIOMCK 30JI0TOTO TecKa B BogoeMax Kamudopuun.
OnHaKO, KaK M BO BCSIKOM CMEJIOM HAaYMHAHUU, HUKTO HE MOMKET HaBep-
HSKa CIIPOTHO3MPOBATH YCHEX WJU I[POBAJ ouepenHoro craprama. He-
CMOTPSI Ha IMOTPSCAIONINI MPOrpecc B Jiejie CO3/[aHus HAHOMACIITaGHbIX
TPaH3WCTOPOB M 3JIEKTPOCXEM HA OCHOBE HAHOTPYOOK, X KOMMEpUECKoe
pUMeHEHNE MOKET OCYTIECTBUTHCS TOJBKO CIYCTS MHOTHE TOBI.

HamoTtexHonornu mo ompeeneHnio SBISIOTCS MYJIbTUAUCITUTIITHAD-
HbIM 3aHsitueM. B 3TOM [ejie OJMH-/[Ba /la’ke CaMbIX TAJAHTJIUBBIX yue-
HBIX BPSiJI JIU MOTYT CJIeJIaTh 3aMETHbBII MPOPBIB 6€3 XUMUKOB, (PU3UKOB,
6HO0JIOTOB, MaTepPHAJIOBENOB, MeAUKOB. VM He o6oiTHCH 6€3 IOMOIIU
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KOMIIBIOTEPIIMKOB, KOTOPbIE CIOCOOHBI CMOEJUPOBATH CJIOKHEHINe
(pusmKO-XUMIYECKUe B3aUMOMENCTBHUS HA CBEPXMOIMHBIX KOMITbIOTEPAX.
HmenHO Takoe TecHOe B3aWMOJENCTBHE CTAHET 3aJ0TOM YCIIEITHOTO Pa3-
BUTUS HAHOTEXHOJIOTUIA. JleficTBUTENbHO, MHOTHE GM3HECMEHBI, YYeHbIe
1 MHKEHEePbl OUeHb PAaCCYUTBIBAIOT HA MPOAYKTUBHOCTb TAKOTO B3aMMO-
JIeCTBHUS.

BHenpenue

Wcroprg yuuT HAC TOMY, YTO TPOTPecCc HAyKW W TEXHOJIOTHH BceTaa
ONUPAJICS Ha 3BOJIOIII0 MHCTPYMEHTOB. MHOTHE CIIeIMaJNuCThbI CBS3bIBA-
10T NTOTEHIIMAJbHBIN yCIleX HAHOTEXHOJOTHII C OTPOMHBIMU WHBECTUIMSIMU
1 TIPOrPeccoM B 00JIACTH IPOCTBIX, 6oJiee TOYHBIX U HA/IEeKHBIX HAHOMH-
CTPYMEHTOB.

[ns pa3BuUTHSA W KOMMEPIMATN3ANNY HAHOWHCTPYMEHTOB OOJIBbITIOE
3HAYEHNEe WMeeT KOOTepals HayYHO-MCCIE0BATETbCKUX KOJIEKTHBOB
YHUBEPCUTETOB, KOMIIAHUI ¥ HAIIMOHAJIbHBIX jlaboparopuii. Ecau gopo-
rOCTOSIIIE HAYYHbIE YCTAHOBKU (HApUMep, YCKOPUTENH 3JeMEHTAPHbBIX
YACTHI[ U CBSI3aHHbIE ¢ HUMU HMCTOYHUKU CHHXPOTPOHHOTO W3JIYYEHWs )
OyyT JOCTYIHBI JJIsl IMUPOKOTO KPyra HCCJe[0BarTeseil, MepCreKTHBE
KOMMEPIMAJIU3AINNN HAYYHBIX OTKPBITHI CTaHYT TOpasio 6oJiee peasb-
HBIMH.

HoBble crenmamnaupoBaHHble WHCTPYMEHTBI J3yT BO3MOKHOCTD
CHeluaIncTaM HaOM0AaTh 32 HAHOYACTHIIAMU ¥ MAHUIYJIUPOBATh MU Ha
HaHoMacHuITaGHOM ypoBHe. lIHBecTopaM HEOOXOAWMO Y/ENUTb TOJIKHOE
BHUMaHue CHAGXKEHUIO YYEHBIX U MHKEHEPOB MHCTPYMEHTAMM, KOTOpbIE
MO3BOJISIT C/IEJIaTh OTKPBITHS B (pU3nKe, XUMUU U OGUOJIOTHUA HAHOMUPA.
UeM panbliiie GyAyT cleJaHbI WHBECTUIIMH B WHCTPYMEHTApHii, TeM Obl-
cTpee M BeposiTHee Oy/eT TOJy4YeHa BBITOAAa OT HOBBIX OTKPBITHI B 00-
JIACTH HaHOTEXHOJIOTHI.

Ha 4to cnepyet 06paTuTh BHUMaHWE B NepByo 04epenb

Cpe,l[I/I HOBbBIX HHCTPYMEHTOB CJielyeT YIIOMAHYTb MaHUIIYJIATOPbI
HaHOYaCTuIll " HaHOpréOK, OJIMKHEIIOIbHBII ONTHYECKUHA MUKPOCKOIT
1 aTOMHO-CUJIOBOK MUKPOCKOII.

MAHUNYJIUPOBAHUE OTAENbHLIMUA MONEKYJIAMU

I/IHCprMEHTbI AJIA MaHUITYJIUPOBaHUA OTAEC/JIbHBIMU MOJIEKYJIaM1
U HCCJIeJOBaHUA UX CBOIICTB UMEIOT OTPOMHO€ 3HadYeHue [JiAd OIlpe/e-
JIEHUA ITapaMEeTpPOB HaHOMAaTEPHUAJIOB. Kak YK€ roBOpUJIOCH B IJlaBaX S5
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u 6, 6MOJIOTUST ¥ MEJUIIMHA MOJTYyYaT OTPOMHBIH UMITYJIbC PA3BUTHUS, €CJIU
ydeHble U WHIKEHEePbl HAy4aTCsl YIPABJSTh MOJEKYISPHBIMU XUMUYECKU-
MU 1 (HPU3NUECKUMU PEAKIIUIMH Ha HaHoMacmTabHoM ypoBHe. Takum 06-
pa3oM, MOKHO Oy/IeT CO3/1aBaTh CIEUAJIbHbBIE TTOJUMEPDI, a/[COPOEHTHI
u Karajusatopbl (HampuMep GEJKH M SH3MMbI) M HACTPAaWBaTh UX JIJIsI
crieruduIecKrX MOTPEeGHOCTEN OT/IETbHBIX MAIUEHTOB.
[Ipeskie m3aMepeHUsT MOJIEKYJISPHBIX CBOMCTB HOCUJIH yCPEIHEHHDIN
XapakTep, MOCKOJIbKY y4YeHble HEe UMeNU BO3MOXKHOCTU UCCJIEI0BATH IIO-
Be/IEHHE OT/IEJTbHBIX MOJIEKYJ. XOTs YCpPEeJIHEHHbIE XapaKTEePUCTUKHU He
YTPATUJIU CBOErO 3HAYEHUSI, UX HEJOCTATOYHO [/ TIOHUMAHHUS TOHKUX
JleTaselt TTOBeJIeHUsT MOJIEKY .
HekoTopble mepevnciieHHble HUKE WHCTPYMEHTBI W METO/IbI UCCJIEI0-
BaHUSI Telepb TMO3BOJIAIOT MOJYYUTh HOBBIE CBEJEHHS O TOBEJIEHUU OT-
JIETTHHBIX MOJIEKY.JT:
® VHUKAJbHbBIE JJIEKTPUUYECKUE U MEXaHWUYECKUEe CBOICTBA YTJIEPOJI-
HBIX HAHOTPYOOK ObLIN OIIPEJETEHbI C MOMOIIbI0 M3MEPEHUN OT-
JIeTbHBIX HaHOTPYOOK;

® CTAJM BO3MOXKHBIMH TOYHBIE W3MEPEHUs IepeMelleHnil MOJIeKyJ
(HampuMep, ygaeTcs paclio3HABATh AHTUTENA M AHTUTEHbI, a TAKIKE
komiieMenTapubie Hutn [THK);
® y/1aJI0Ch BBISIBUTD TIPUPOJIHBIE MOJIEKYJISIPHBIE MEXAHU3MbI-MOTOPBI,
oTBeTcTBeHHbIe 3a TpaHckpumimioo JIHK, kierounbrii tpancmopt
U COKpAIlleHNe MBIIIIII;

® OINTHYECKHE TTHHIETHI TO3BOJISIOT HEITOCPEICTBEHHO U3MEPSITH CBOIA-
CTBa MOJIEKYJT M MaHWITYJIUPOBATH JMHAMUKOW M KOHMUTYpaImei
cBepTKHU GesKa.

HOBBIE 1 YITY4LEHHBIE NHCTPYMEHTHI

Ydyenble 1 MH)KeHepbl YHUBEPCUTETOB U HayYHO-UCCJEJ0BATEIbCKUX
Jaboparopuil M306pETAlOT U3MEPHUTENIbHbIE WHCTPYMEHTbI W MAHUITYJIs-
TOPBI, & PYKOBOJUTE/H [IPOMbIIIJIEHHBIX IIPEeANPUITUI BHUMATEJIbHO Ha-
6JIIO/IAIOT 32 TIPOTPEeCccOM B ATOM 06JACTH M CTPEMSITCSI MHBECTHPOBATDH
OTPOMHBIE CPEZICTBA B KOMMEPIMATU3AINI0 HamboJee TMepCleKTHBHBIX
UHCTPYMEHTOB.

Hanpumep, B pesysbrarte B3aMMOBBITOJHOTO COTPYAHUYECTBA Y HU-
Bepcutera Bammurron B Cenr-Jlyuce (mrar Muccypu, CIIA) u kom-
nanun Zyvex Corporation yaanoch cO37aTb HOBBIH WHCTPYMEHT [IJIS
MaHWITYIUPOBAHUS HAHOMACHITAOHBIMU OOGBEKTAaMH W OJHOBPEMEHHOMI
UX BHU3yaJU3alliu. JTOT MHCTPYMEHT II03BOJISIET PAaCTATHUBATb, CTHOATD,
CKPY4YMBaTh ¥ CBOPAYMBATh YIJIEPOJHbIE HAHOTPYOKH B TPEXMEPHbIE KOH-
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uryparuu. /leieBbiii MaHUIYJATOP CHOCOGEH C BBICOKOW TOYHOCTHIO
BBIMOJIHATD OIEPAIUHU TI0 MEePEMEIEeHNI0 U cO0OPKe HAHOKOMITIOHEHTOB.

Kommnanus EnviroSystems B Can-Xoce (mrar Kamudopuus, CIITA)
co3/la7ia HaHOpa3MepHoe JIe3MH(MUIUPYIOIIee BEIECTBO C YJIyYIIEHHBIMU
XapaKTepUCTUKaMHU. B oTinume OT TpaJMIIMOHHBIX OTOENTMBAIONINX [I€-
3UHOUIMPYIOMUX BeriecTB, npoayKT EcoTru®, cozmannbiii kKoMmanwue,
He OKa3bIBAeT Pa3pa’kafollero Wi KOPPO3MOHHOTO naelicTBusd. [loaTomy
OH MOJKET HCHOJIb30BAThCsl B OOJbHUIAX 0€3 CIIEIUAJbHBIX PeLyIpe-
JIUTETbHBIX MapKepoB ATeHTCTBaA MO0 3amnuTe okpyskatomeii cpeabr CIITA.
B nacrosimee Bpemsi npoaykt EcoTru® siBisieTcsi e[MHCTBEHHBIM Hepas-
JIPAKAONIMM U HEKOPPO3WOHHBIM Je3WH(UIMPYIONIMM BeIeCTBOM Ha
DBIHKE.

B EcoTru® ucmomb3yioTcd HAHOYACTUIIBI, KOTOPbIe HACTOTBKO MAJIbI,
YTO MOTYT MPOHUKATH BHYTPb OGAKTEPUil M PA3PyIlaTh UX U3HYTPU. ITU
HAHOYACTHIIBI JIEHICTBYIOT KaK BBICOKOTOYHOE <«YMHOE€» OpYKHe, KOTO-
pOe TOopaskaeT TOJAbKO GAaKTepuu W MUKPOOBI, HO HE BJIUSIET HA KJETKH
YyeJOBeKa U JKUBOTHBIX. KpoMe TOTO, OHM He SBJISIOTCS TOKCUYHBIMU.
[eiictBurenpro, EcoTru® mmpoko pekaamMupyercs 71 NCTIOb30BaHUS B
6OJIbHUIIAX, TTOJUKJNHUKAX, JJa00OPAaTOPUSX U T. II., TIOCKOJbKY 06Ja1aeT
[IE€PEYNCIEHHBIMI HIKE XapaKTePUCTUKAMU:

e 100-mrportenTHast 3¢ HEKTUBHOCTH TPOTUB BUPyca UMMYHO1eUITN-
Ta YesoBeKa, CTAUIOKOKKA, KUIIEYHON TAJOYKU M MHOTHX [IPY-
TMX BUPYCOB U GaKTepui;
3a 5 MUHYT y6uBaeT 6anminy TyOepKyJIesa;

JUISI €r0 UCIOJIb30BaHUST He TPeOyeTcs 3alIMTHOM SKUIUPOBKHY;
He 06J1a/laeT TOKCUYHBbIM 3 derTom;

He BOCILIAMEHSIETCS

BBITIOJIHSIET OJJTHOBPEMEHHO OYKMCTKY U JIe3UHMEKINIO.

[Ipoxykr EcoTru® mpekpacHo o4wiaer u Je3nH(GUIUPYET TTOBEPX-
HOCTH METAJLJIOB, TJIACTUKOB, CHHTETUYECKUX BEIIECTB, PE3UHDI, CTEKJIA U
OKpalleHHbIX noBepxHocTeil. [I0CKobKY 3TOT MPOAYKT He 00J1a/1aeT KOp-
PO3HMOHHBIM IEHCTBHEM, OH MOYKET MCIIOJIb30BATHCS [JISI OYNCTKH J€/IH-
kaTHOrO o6opynoBanusi. [Ipu ucnonbpzoBanuu EcoTru® B kauectBe mpej-
oTlepallMOHHOTO aHTucenTuka B Adpuke jus Jjedenus 500 marmeHToB
3a(pUKCUpPOBAHO OTCYTCTBUE KAKUX-THOO0 MOCIEOTIEPAITMOHHBIX HH(EKITHIT
n ocsoxuennit B 100% caydaeB. XoTs1 10 MACCOBOTO MCIHOJIb30BAHUST OH
JIOJKEH ellle TTPOUTH TIIAaTeJbHOe TeCTUPOBAHWE, TPeIBAPUTETbHBIE pe-
3yJIbTAThl YK€ MPUBJIEKJIU TPUCTATbHOE BHUMAHUE MEIUKOB.

N3MeHNB HECKOJIBKO MOJIEKYJI B CTAHAPTHOM ITPOMBIIIJIEHHOM JI€31H-
unupytonieM cpejcTse, crenaaucTel KoMianuu EnviroSystems cMoru
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YACTb IV byayuiee

CO371aTh COBEPINEHHO HOBOE aHTHOaKTepHaTbHOEe cpeAcTBo. Kak BuamTe,
npeo6pa3oBaHue TPAAUIMOHHBIX MPOJYKTOB HA HAHOMACIITAOHOM YPOB-
HE TI03BOJISIET CO3/IaBaTh HEOOBIUANHO TI0JIE3HbIE TPOIYKTbI C COBEPIIIEH-
HO HOBBIMHU CBOICTBaMH.

JlokanbHble LeHTPbl HAHOTEXHONOI UK

MHorne JaTbHOBU/HBIE TIOJTUTHKH, PEKTOPbI YHUBEPCUTETOB W TJIABBI
KOMITAaHWI TOHUMAIOT 3HAUYeHWe JUIEePCTBa B HAHOTEXHOJOTUYECKOH OT-
pacam u CTPeMSTCS CTaThb OCHOBATEISIMU HOBOM HAHOTEXHOJOTHYECKON
Cunukonosoit goaunbl. B Ocrune (inrar Texac, CIITA) na 6ase Yuusep-
cutera mrara Texac u B Xbioctone (mmratr Texac, CIIIA) Ha 6aze YHH-
BepcuteTa Paiic y:ke co3/JaHO HeCKOJIbKO YCIEIIHbIX CTapTanoB, KOTOPbIe
paboraioT B 06JIacTH Pa3BUTUS HAHOTEXHOJIOTHI.

Eie ofimH KpymHBIA 1EHTP HAHOTEXHOJIOTHIT pacrnosaraercst B Onba-
mu (mrrat Heio-Vopk, CIIA), re cocpesoTodeHo oKouo 2,75 MIp/ dact-
HBIX WHBECTUIIMI, HAIPABJIEHHBIX Ha MCCAEIOBAHWS HAHOTEXHOJOTUN 1
UX TpUMEHeHUe B TMOJIYNPOBOAHMUKOBON TeXHUKe [ CO3/aHUs] HOBBIX
HaHOMATEepPUAJIOB U T. TI.

Hanpumep, nugepaanackuit xonaauur ASML (szlep B o6Jactu
UMMEpPCHOHHOIT snrtorpacdun) u kommauuss IBM COBMECTHO BJIOXKIIH
400 MIH 1OJIAPOB B CO3/laHKE HOBOTO HAYYHO-MCCIEI0BATEIBLCKOTO IEH-
tpa B Onbanu. ITo Oy/eT MEepBbIii KPYIHBI HeeBpoHeicKuil dpunan
ASML. B 2002 r. ananoruunbiii ientp B Os6aHn MOCTPOMIA KOMITAHUS
SEMATECH International, siBaistioniasicst oHO# U3 BeyNUX KOMIAHUIT
B 06JIaCTH TTOJYIPOBOAHUKOBON TeXHUKH. OHa BJIOXWJIA B 3TOT MPOEKT
okos10 400 MTH J0/IapOB, a BJIACTHU MITaTa BHECJU BKJIAJ B pa3Mepe OKO-
JIO 75 MJIH JIOJIIAPOB.

MexayHapoaHble yeunus
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Hanorexnosiornun — 3710 He ovepejHas 3a6aBa yyeHbIX M HE HAy4IHAS
anTactuka. B Hacrosiniee BpeMsi OHM SIBJSIOTCS 06JIACTBIO IIE/[PBIX WH-
BECTHUIINH CO CTOPOHBI KPYMHENIINX KOMIAHUH U XOJJUHTOB BCETO MUPA.

YCUNUSA EBPONENCKOr0 COHO3A

B 2004 r. kpymHbIe eBporeiickue Kommanuu, B dactHoct Philips,
Nokia, Ericsson, AMD u IBM, npuHsiin pelieHre O €KeroJHOM HHBe-
CTHPOBAaHUU He MeHee 6 MJIPJ /J0JIJIAPOB HA TE€PEX0/] OT MUKPO- K HaHO-
TEXHOJIOTHAM, 4yTo6bl EBpoma 1 B 6yyIieM ocTaBajJach TEXHOJIOTHYECKUM
gugepoM. B 2004 r. 6bu1 cosgan EBporeiickuil coBeniaTeabHbI COBET
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B ob6nactn wHanosmektponuknu (European Nano-Electronics Initiative
Advisory Council), kotopbiii chopMyIUpPOBaT OCHOBHBIE HAYYHO-
UCCJIE/IOBATENbCKHE TIEJIH.
® [OJ/IEPIKKA €BPONEHCKUX WUCCJEOBAHUI M WHBECTUIIMM B HAHO-
3JIEKTPOHUKY;
® YCKOPEHHE WHHOBAIUI M WCIOJb30BAaHUS HAYYHO-MCCJIE0BATETh-
CKUX TEXHOJOTHIL;
e noBbiiienre 3HGHEKTUBHOCTH U KOHKYPEHTOCIIOCOOHOCTU €BPOIeki-
CKOHl HAHO3JIEKTPOHUKH;
® ycTpaHeHUue TPENSATCTBUN /I KOOP/WMHAIIMY W YCKOPEHUS BBIXO/Ia
Ha PBIHOK HOBBIX TEXHOJIOTHIA;
¢ c6aTaHCHPOBAHHOE PAa3BUTHE WHHOBAIMN ¥ IJIAHUPOBAHUS C CO-
TJTacCOBaHMEM HOBBIX TEXHOJOTMH W PETYJIATOPHOH TMOMUTHKN EB-
pPOCoI033;
® [OBbBILIIEHNE TIPUBJEKATEJbHOCTH EBpOCOO3a IS HAYKU U IIPO-
MBINIJIEHHOCTH;
® TOBBINNIEHNE YPOBHS BOCHPUATHS, MOHUMAHUS W MPU3HAHWUS HaHO-
TeXHOJIOTUI B 0OIIeCTBe.
TosbKO BpeMs pacCTaBUT BCe TT0 CBOMM MeCTaM U TOKa)KeT, HACKOJIb-
KO TPaBUJIbHBIMU ObLIM T€ WU MHbBIE PENIEHUs] MOJTUTUKOB.

MPOTPAMMbI PA3BUTIS BUOTEXHOJIOMNIA N HAHOTEXHOMOT WA

B pamrax espomeiickoii mporpammbel Network of Excellence B xoH-
copiimyMe Nano2Life okosno 200 yuvenbix, 23 opranusanuit u 12 crpan
OObEITHUIIN CBOM YCHUJIUSI C MPOMBINIEHHBIMA HapTHEPAMU JIJIST OTpe/ie-
JIEHUS TTHPOKOTO KPyTra PEeTMOHATbHBIX IEHTPOB, ANCIUILINH, KBATH(U-
KallMd W ONbITa [JIs1 PelIeHus] HAaHOTeXHOJIOTHYecKnX 3azad. KoHcop-
muym Nano2Life ¢yuknmonupyer ¢ 2004 1., ¥ MIaHUPOBATIOCH, YTO HA
ero ocHoBe 6yzer co3nan EBponefickuii MHCTUTYT GHOHAHOTEXHOJOTHUIA.
Onna w3 ero OCHOBHBIX IleJlell — TOAJIepKKa COBMECTHBIX Hay4HO-
MCCJIE/IOBATEIBCKUX MPOEKTOB [/ BBITIOJHEHWS YEThIPEX OCHOBHBIX 3a-
nad: (PYHKIIMOHUPOBaHMS, OOGHAPYKEHUSI, WHTErpaluil HAHOYCTPOICTB
u ynpasienuss umu. Hauunas c anpess 2004 r. 6bLIO CO3/IaHO OKOJIO
30 HayyHO-UCCIEOBATENBCKUX TTPOEKTOB, a 20 13 HUX yKe (puHAHCUPY-
erca EBporeiickuM coo3oM.

B koncopimyme Nano2Life yyactBytor oprannsannu u3 /lanun, Iep-
Manuu, I'pennn, @pannun, MIBenuu, Mspanasa, ABCTpuM U MHOTUX JIpY-
IUX cTpaH. B ero gesrteqbHOCTH Takye cOOMPAIOTCS MPUHSITH aKTUBHOE
ydJacTrie MHOTHE M3BECTHbIE TPOMBINIIEHHbIe KOMIAHUKW W HEeaBHO BO3-
HUKIINE CTApTallbl.
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lMporHo3bl Ha 6yayuiee

Kommanus Lux Research B cBoem oruere The Truth about Nanotech
Tools (IlpaBga O HaHOTEXHOJOTMYECKMX HMHCTPYMEHTAX) HOABITOMKK/IA
MHeHHsT pyKoBojuteseit 6osee 20 BeaylnuX KOMIAHUN — MPOU3BOJU-
TeJell HAaHOTeXHOJOTUYeCKUX MHCTPYMEHTOB, a Takxke 49 kopropalui,
yHuBepcuretoB u crapranos CIIIA, sBasiomuxcs augepaMu B 06J1acTH
HCCIe0BaHNsT HAHOTEXHOJIOTHII.

Nx uHTEPBBIO ObLIN TMPOAHATM3UPOBAHBI CHEMATUCTAMU B 00JaCTU
HAHOTEXHOJIOTUN W MPEJCTaBJeHbl B rpadMuecKoOM BHJIE, KAK [MOKA3aHO
Ha puc. 12.2.

YACTb IV byayuiee

HaHoTexHonornyeckas Lenoyka cosgaHna CTOMMoCTun

MpomeXKyTouHbI MpoayKTbl Ha OCHOBE
HaHomaTepuansl POMEXYTOUHbIE poay .
HaHOMPOAYKTbI HaHOTEXHOJOrNi
HaHomacuiTabHble MpomeXKyTouHble
s o B TERTTIE [oTOBbIE 3AENNA
PYKTYP PORYy Ha ocHoBe
HeobpaboTaHHOM HaHOMaCLWITabHbIMU .
HaHOTEXHOMOT M
BUge KOMMOHEHTaMM
HaHouactuubl, MOKpPbITUA, TKAHW, UMb, ABTOMOGM, CAMONIETBI,
HaHOTPY6KN, ONTUYECKNE KOMMOHEHTBI,  KOMIMbIOTEPbI, BbITOBAsA TEXHIIKA,
KBaHTOBbIE TOUKY, opToneaunyeckune matepmanbl, MeAVIKaMeHTbl, eaa,
dynnepeHbl, feHAPYMEPDI, NPOBOJA C CYNePrioKPbITUEM  MNACTKOBbIE KOHTENHEPDI,
HaHOMOPWCTble MaTepuasbl T NpUCNocobeHVis U T. M.
nTn
HaHoWHCTpymeHTbI

\\’ O60pyaoBaHve 1 MPOrpaMMHoe obecneyeHve J
OJ18 BU3yanv3aLym, MOAEeIMPOBaHUA BELLECTBa

B HaHOMacLUTabe 1 MaHMMYyNIMPOBaHUA UM

ATOMHble CUoBble MUKpOCKOnblI, o6opy,q03aH|/|e
anAa HaHOﬂI/ITOFpa(bI/II/I, moagennpoBsaHne Metogos
MOJ'IEKyJ'IﬂpHOIZ AVNHaMUKN

Puc. 12.2. HaHoTeXHOJOTHN SBJSIOTCS Pe3yJabTaToOM B3anMojelicTBus
MHOTHUX JAWUCIUIINH

B 2005 r. pbIHOK HAHOTEXHOJOTMYECKUX WHCTPYMEHTOB COCTOSLI W3
WHCIEKIIMOHHBIX 06pa3ioB. OHU CTaju pPe3yJIbTaTOM IEPBbIX JET pas-
BUTHUS HAHOTEXHOJIOTUYECKOTO OyMa, KOTJia IPUMEPHO B OJHO W TO 3Ke

274 BpeMs HAYAIW MOSBJISTHCS MEPBble HAHOTEXHOJOTHYECKUE TIEHTPHI.
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B oruere komnanuu Lux Research mokasano, uto B HacTosInee BpeMs
JOCTYTIHBI GoJiee JienieBble W 3¢ PeKTUBHBIE WHCTPYMEHTBI /IS KOHTPOJIS
KadecTBa HOBbIX HAHOMATEPHUAIOB, HO IIPOM3BOJAUTENN HAHOIPOLYKTOB Ya-
CTO JIOBOJIbCTBYIOTCA CKaHUPYIOIIUMU 30H/J0BbBIMM MUKPOCKOIIAMU U 3JICK-
TPOHHBIMU MUKpOCKonamMu. Tenepb pbIHOK IPaKTUYeCKU HACBITUIICS, U KO-
JINYECTBO HOBBIX UCCJIENOBATEIbCKUX UHCTPYMEHTOB BCKODE YMEHbIIUTCS.

BaxHO TOYePKHYTH, YTO JJIsT OYAYIIETO PA3BUTUSI HAHOHAYKW U Ha-
HOTEXHOJIOTHH HeoO6X0IUMO pa3pabaTbiBaTh, CO3/1aBaThb W MCIIOJIb30BATDH
UHCTPYMEHTBL C YAYYULeHHbIMU BO3MOKHOCTAMH. TOMbKO pacuupss BO3-
MOXHOCTH HAHOMHCTPYMEHTOB, MOXHO JJOOUTDHCSI HOBBIX YCIIEXOB B 3/[pa-
BOOXpaHEHUH, 2JeKTPOHUKe, OXpaHe OKpysKalolleil cpe/ibl 1 yIIPOUHEeHNH
HaIllMOHATBHON 6€30MacHOCTH.

Y10 CTOMUT NOCMOTpETH

B mporpamMax Tesjemepenad 4acTo MOXKHO YBUIETH PeKJIaMHBIE PY-
OPHUKH B CTIJIE <YTO CTOUT IOCMOTpeThby. HaHoTexHOoJOTNN — 3TO UMEH-
HO TO, <4TO CTOMT IIOCMOTPETb» B HayKe W TexHuKe Oymayiero. Oxuaa-
€TCsl 3HAYNTEJIbHBIN MPOrpecc HAaHOTEXHOJIOTH B GJMKalIeM GyayIieM.
Bo-miepBbix, B 2015 r. 10X0bI OT UCMOJIH30BAHNS HAHOTEXHOJOTHII TIpe-
BoicaT 1 TpaH gosnapos CIIIA. Bo-BTopbIxX, B Oy/aylieM HAHOTEXHOJIOTHH
MPOHUKHYT TPAKTUYECKH BO BCe 00JIACTU JKM3HU, HAYMHAS OT MPEIMETOB
JINYHOTO M0JIb30BaHus (KocMeTnKa, oiesk/ia U T. 11.) U 3aKaHuYUBas Meji-
KaMeHTaMH, TOIJIMBHBIMU 3JIeMEHTaMHM ¥ HOBBIMH CIIOCOGAaMU Iepeaavn
SHEPTUH.

HexoTopble aKCIEpPTbI paccMaTpPUBAIOT HAHOMATEPHAIbl KaK OCHOB-
HyI0 o6JjacTb mHBecTuiMit B Oimxkaiinme 10 jer. MeauiimHa Kaskercs
HanboJiee MPUBJIEKATEIbHON 00JIaCThIO, HO CAOKHOCTH, CBSI3aHHBIE C pe-
ryJaaTopHoil noautukoil FDA, MoryT 3amensuTb BHeJpeHHWE HOBBIX Ha-
HorexHosoruii B Memuiue. OaQHAKO 3aMaHYMBbIE CBOMCTBA HaHOMAaTe-
PUATIOB B COCTOSTHMM KOMIIEHCHPOBATH BCE HENMPUSTHOCTH U CJOKHOCTH,
CBSI3aHHbBIE C UX BHEIPEHHEM.

KOHTPOJIbHBIE BONMPOCHI

1. CKoJbKO IIPOIEHTOB KOMIAHUI B peectpe-unHgexce Dow Jones mc-
MOTH3YIOT WU CO3AI0T HAHOTPOAYKTHI?

(2) 25%;
(6) 40%;
(B) 50%;
(r) 62%.
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YACTb IV byayuiee

2.

Komnanun, pa6oraromiue B 06JacTi HaHOTEXHOJIOTHi, (HOKycupyior
CBOM yCU/INS B HAHOIJIEKTPOHHKe, HaHOMaTepuaiax, a TakxKe:

(a) nepepabotrke Hedry;
(6) Mopckoii reonorumu;

(B) 6MOHAHOTEXHOJIOTHUAX;
(1) mueTHYecKUX HANUTKAX.

Opraamsamnu u3 lanuu, [epmanuu, I'penuu, @paniuu, [Berun,
N3paunss, ABCTpun yyacTBYIOT B MCCJIEJOBAHUSX HAHOTEXHOJOIHH
B paMKaxX KOHCOPIIUyMa!

(a) NanoNow;

(6) Nano or Bust;

(B) Living the Nano Life;
(r) Nano2Life.

Kaxkoil n3 nepedncjeHHBIX HUXKE MPOJYKTOB HCIOIb3yeT IIPUCTaBKY
«HaHO-» B KauecTBe MapKETHHIOBOIO IIpueMa?

(a) cynmeprkeBaTe/ibHAsA PE3MHKA ¢ HAHOIY3bIPbKaMu;
(6) manocandeTku A1 KOKTENns;

(B) npourpsiBarens iPod nano;

(T) HAHOKOJBIIA B HOC.

B 2015 r. goxXoapl OT HCMIOTb30BAaHNA HAHOTEXHOJOTHI TIPEBBICAT:

(a) 100 mmn gonn. CIIIA;
(6) 500 mana gomr. CIIIA;
(8) 800 muH monn. CIIIA;
(r) 1 tpan gonn. CIITA.

B 2005 r. pBIHOK HAHOTEXHOJOTUYECKUX WHCTPYMEHTOB COCTOST
B OCHOBHOM U3:

(a) cTOMATO/MIOTNYECKUX MHCTPYMEHTOR;
(6) IMArHOCTUYECKUX MHCTPYMEHTOB;
(B) TOCTEPOB;

() KpomureyHbIx POGOTOB.

Ckoupko uieHoB HacuuTbiBaeT Tpymna NanoBusiness Alliance?

(a) 100;
(6) 165;
(8) 200;
(r) 231.
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HaHOHpOBO[Ia, KOTOpbIE CIIOCOOHBI OéH&py)KI/IBaTb OoTAeJIbHbIE MOJIe-
KyJIbl, UMEIOT 6OJIBIIION IIOoTeHIMaJ IIPUMEHEHMA:

(a) B omTHUECKUX CeHCOpax;
(6) B Kpemax IPOTUB CTAPEHUSI;
(B) B Kerusax as GOyJIMHTA;

(r) B cracaresbHBIX JKUJIETaX.

WuBecTopbl CcTpeMATCS HAUTH CHOCOOBI:

(a) cumkenus npudbLIei;

(6) cosmaHus HAHOTEXHOJOTHYECKUX TIPOAYKTOB;
(B) nosropenust kpusuca ¢ Internet-kommnanusmu;
(r) yaydiieHus nutaHus Ha aBuapeiicax.

HaHOI/IHCprMeHTbI IIOMOrarloT Y4Y€HbIM CO3JaBaTb M MCIIOJIb30BaThb
KpolieYyHbIe:

(a) axkryaropsr;
(6) xKypcopsr;

(B) kapGoHATOPBHI;
(r) uHHOBaIIMM.
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HaHOTOKCMYHOCTbL U 00LLECTBO
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Yo6utictBeHHbIE OpTaHU3Mbl, opyskue CymaHOTO THS, YUeHbIe-MOHCTPHI
U BBIIIE/IINE U3-TI0/ UX KOHTPOJIS N300PETEHHST YaCTO CTAHOBITCS TEMOIT
Hay4YHO-(PaHTACTUYECKUX MPOU3BeJeHMIT. VX MOKHO BCTPETUTh B KOMMK-
cax, KHUTaX, pUIbMaxX U KOMIbIOTEpHbIX urpax. [lopoit gaske kaxercs,
YTO BCE Ha CBETE CIIOCOOHO PaspyiuTh Mup!

B pesysnbrare moau TPUBBIKIM HUCKATh «TEMHYIO CTOPOHY» JIO00
HOBOH TexHOJIOTUU. Bce m Bcs mMoaBepraeTcsl COMHEHUIO U YacTO COIPO-
BOXK/IAETCSI UICKOBBIMU 3asIBJIEHUSIMU B CYJl — OT OY€Hb ropsiuero Kode /10
OIIACHBIX MEANKaMEHTOB.

CpencrBa MaccoBoil MH(OPMAIUN € TOTOBHOCTBIO TUPAKUPYIOT 3TH
coobuiennud, u aob6oe (axke caMoe He3HauUTeJbHOe) COOBITHE YacTO CTa-
HOBUTCS TPOMKHUM cKaHZanoM. HeyamBurenbHO, 4TO TOSBJEHUE JIOOOM
HOBOHM TEXHOJOTMM COTPOBOXKIAETCS KaK BOCXWINEHUEM, TaK W CKel-
CHCOM.

HemaBaue ucciaemoBaHus IIOKa3aad, 4TO HAHOTEXHOJIOTUHM B I[€JIOM
MO3UTUBHO BOCIIPUHUMAIOTCS 001ecTBOM. XOTs MHOTHE He 06J1aal0T J10-
CTAaTOYHBIMHU 3HAHUAMU O HHUX, HO OOJIBIIMHCTBO BCE K€ OKHAIOT I10-
JIOKUTEJIbHBIX Pe3yJabTaTOB WX NPUMEHEHWs. B mpomuwioM mnosiBieHne
HOBBIX MAaTEPHAJIOB TaKKe COMPOBOXKIAJOCH MO3UTUBHBIM BOCIIPUATHEM,
U HEraTMBHOE OTHOIIEHUE MOSIBJISIOCH TOPA3/I0 MO3Ke, KOrja oOHapyKu-
Ba/IMCh HeNpeaBueHHbIe TocaeAcTBUs. JITo6oe OTKphITHE — 3TO BCETa
MaJKa O JIBYX KOHI[aX: OHO MOKET HECTH IIPOTPECC U, €CJIU HEIOCTATOUHO
XOpOIII0 M3YYEeHO, OTKPBITh AIuK [laHmopbl ¢ HelpejcKazyeMbIMH TIO-
CJIEICTBUSIMI.

Ecnau oTkpbITHE HeceT KaKue-TO MPENMYIIECTBA, TO 3TO HE O3HAYAET,
4T0 OHO a6coI0THO Ge3BpeaHo. CoBceM HeJaBHO MbI BOCXHUIIAINCH CBOI-
crBamu acOecta, TamugoMuga (TPAaHKBUIN3AaTOPA C BPEAHBIM ITOGOYHBIM
neiicreuem), dpeorom, AT u 1. a. W TOJIBKO T0CTE BO3HUKHOBEHHSI
60JIbIIUX TPO6JIEM B CBSI3U C UX MCIIOJb30BAHUEM MPUIILIO OCO3HAHUE T10-
TEHIINATBHBIX OTIACHOCTEHN, COMPOBOKIAIONINX BCIKOE HOBOE OTKPBITHE.
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HekoTopble KPUTHKU-CKENTUKA CYUTAIOT, YTO TEXHOJOTHH, KOTOPBIE
cMoryT u36aBUTh HAC OT PaKa WM PENIuTh TJ06ATbHbIE SHEPTETHYECKITE
po6JieMbl, OJJHOBPEMEHHO OYAYyT B COCTOSIHUM TOTYOUTb KU3Hb HA Ha-
meii 1manere. OHU NPOTECTYIOT TPOTHB Pa3BUTUSI OMOJOTMYECKUX Ha-
HotexHosoruii. Ha caMoM [iefie HUKTO U3 3[PaBOMBICSIINX YUEHbIX He
xouer rubesu vejaoBevyecTBa. M TOJbKO BpeMs MOKAXKET, KAKUE BBITO/IbI
1 yTPO3bI MOXKET TIPUHECTU BHEPEHNE HAHOTEXHOJIOTHIA.

Buan [Ixoii (Bill Joy), oaun u3 ocHoBaTeseii 1 BeAyIUX CIIEINATIN-
ctoB KoMmanuu Sun Microsystems, B ampesne 2000 r. B cratee Why the
Future Doesn’t Need Us («Ilouemy Gy/yliiee B HaC He HYKIAeTCsi?»),
ony6imKoBaHHON B kypHase Wired, 3asiBiJI, 4TO TEKYIHE TEMIIbI TE€X-
HOJIOTHYECKOT0 IIporpecca HeCyT peasbHyI0 yrpo3y OyaylieMy desoBe-
yectBa. Cpeau OCHOBHBIX YTPO3 OH BUJWUT T€HETUYECKYIO WHKEHEPUIO,
HAHOTEXHOJIOTHU U POOOTOTEXHUKY .

XO0Ts1 HUKTO U3 CMEPTHBIX He 00JIajIaeT JapoM IIpe/IBUIEHNsI, HO BCe
JKe CIleHapUU KPYIIEHHS MUPA HPEICTABJSIOTCS SIBHO ITIPEYBEJNYEHHbI-
mu. KoHeuno, Jio6oe Hay4YHOe OTKPbITHE MOKET OBbIThb HCIOJb30BAHO B
naryGHBIX TIeJisIX, HO M3-32 9TOTO BCe K€ He CJIe/lyeT OTKA3bIBAThCS OT
MOJIE3HBIX OTKPBLITHH. B TeCHOM MeXIyHapOJHOM COTDYIHUYECTBE Ue-
JIOBEYECTBO [IOJDKHO yeNsTh GOJiblile BHUMAHUS UX HU3YYEHUIO, OIEHKE
u cranzaprusaiui. S0 JeT Ha3aJ Ka3ajochb, 4To rubesb 4yeJoBeYecTBa B
pesyJibTate siZIEPHOIT BOIHBI HeM30e)KHa, HO MBI €ellle CYIIECTBYeM, XOTs
PHCK TIO-TIPEKHEMY BBICOK.

Ham Hy:KHO THIATETHHO M3y4YaTh BCE TMOTEHITHMAIbHBIE TTPOGIEMBI JIIO-
60l HOBOIl TEXHOJOTHU W TIPOJBUTATLCSI BIEpe/l ¢ GOJIBIION OCTOPOXK-
HOCTbIO. OHOBPEMEHHO CJie/lyeT MPHU3HATh, YTO MPOTPECC JIOCTUTAETCS
TOJIBKO 32 CYET BBIXO/IA 32 HPUBBIYHbIE PAMKU.

HaHoTexHonoruu v obLyecTso

NupycrpuaabHblii BeK IMPUHEC YeJOBEYECTBY MHOKECTBO HOBBIX OT-
KPBITHIA, MaTepuasIoB U MpoJayKToB. Ha cMeHy ToBapam u3 jepeBa u 6y-
Maru IIpUILIN IJIACTUKOBbBIE IPOAYKThI HA OCHOBE yIJIEBOJOPO/OB. IIpex-
Hue GyMasKHbIe POYKTOBbIe KOHTEHHEPHI MOCTENEHHO ObLIH BLITECHEHDI
60s1ee yIOOHBIMU IJIACTHKOBBIME, KOTODbIE HE IIPOMOKAIOT U COXPAHSIOT
dopmy.

B XXI B. HayKa M TeXHMKa JAEMOHCTPUPYIOT IMOTPSICAIONIUE TEMIIbI
pocta. OfHAKO YacTo 3a KaJpOM OCTaeTcs TOT (haKT, YTO Pa3BUTHE TO-
poil omepeskaeT OCO3HaHNE WX BJANSHUS Ha o0mectBo. HoBMHKH BechbMa
MIPUBJIEKATEIbHDI, U BCE XOTAT HAXOAUTHCS Ha MePeJ0BOI JUHIHN HAYYHO-
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TEXHUYECKOro Iporpecca. Majo KTO JyMaeT O IOTEHIUAJbHO BPEJHOM
BJIUSIHUY JII06OI «KpyToit» HoBUHKU. [lopoii Bce «HOBOe M ycOBepIleH-
CTBOBAHHOE» BOCIPUHUMAETCSI KaK <JIydlees!

B koneuHoM wuTore, 3a Takyio GECIIEYHOCTb NPUXOJUTCS PACILIAyu-
Barbcsi. Hanpumep, Bo3iyX, Bofa U 1OYBa 3arpsI3HSIOTCS CMECbIO Bpe/l-
HBIX BellecTB. MHOrue CTpaHbl MHUpa BbIHYK/EHbl TPATUTb OTPOMHbBIE
CPe/ICTBA Ha 3allUTy OKpYy:Kaollell cpeabl OT 3arpsI3HEHUS, KOHTPOJIb
JIeITeTbHOCTU TTPOMBITIIEHHBIX MPEANPUITHI W PACIPOCTPAHEHUEe CPen
HaceJIeHUsl 3HaHWI 0 HOBBIX yrpo3ax. Ha Bce ato TpeGyercs Bpems. Mej-
JIEHHO, HO HEeU36eXXHO IPUXOAUT OCO3HAHUE, YTO CYAbOy 3eMJH HeJb3s
CJIETIO ZI0BepsITh HEOCTOPOKHBIM U HeJaTbHOBUIHBIM PYKOBOJUTESIM.

C mosgBieHreM HAHOTEXHOJIOTHI Bce OOJIbITIee YHMCJI0 YUYEHBIX, TOJIH-
TUKOB M OOIECTBEHHBIX /leATesell MbITAlOTCS CIPOTHO3MPOBATh BpPEIHOE
BJIUSIHUE HOBBIX TeXHOJIOTHiI Ha o6miectBo. Bce otkpbitus B obmaactu
HAHOTEXHOJIOTUI KAJKYTCS UYJIECHBIMH M MHOTOOGEIIAIONIMMU, HO OIIbIT
MPOIILJIOTO YYUT HAC, YTO HEKOTOPbIE YTPO3bl MOKHO U HY>KHO BBISIBJISITDH
Ha CaMbIX DaHHUX CTA/MSIX.

PacTBopuMOCTb U TOKCUYHOCTb
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B paHHUX OIleHKaxX PUCKOB OT IPUMEHEHUS] HOBbIX HAHOTEXHOJIOTUI
60JTbIIIOE BHUMAHME Y/IE/SJI0Ch PACTBOPUMOCTH HaHovacTHil. /lesio B ToM,
YTO JIETKOPACTBOPUMbBIE MOJIEKYJIBI MOTYT IPOHHMKATh B OGHOJIOTMYECKUE
CHCTEMBI U PACHIPOCTPAHSITHCS B OKPYIKAIOIIEN cpejie.

B rmase 1 mbr yxe nosnaxkommmuch ¢ dysnepenom C,. C mMomen-
Ta OTKPBITHUSI 3TOU MOJieKyJsibl B 1985 r. ObLIO U3BECTHO, YTO MOJIEKYJIbI
ymnrepera MorytT o6pa3oBbIBaTh HAHOMACHITAOHBIE KJIACTEPDBI, KOTOPBIE
OuYeHb aKTUBHBI B BOJIHOI cpesie. PacTBopuMble B Bojie KJacTepbl QyJiie-
peHa MPOJEMOHCTPUPOBAIU CBOKO UUMOMOKCUUHOCMb (KJIETOUHYIO TOK-
CUYHOCThH, TO €CTh CMOCOGHOCTH OTPABJATH U yOUBATh KJIETKHU) M CTAJIH
MPUYUHON MOBPEXK/IEHUS TKaHENH MO3Ta Pbi0.

Opnaxo yuensre Yuusepcutera Paiic, Buxu Koasun (Vicki Colvin),
Jixennaudep Yacr (Jennifer West) u Ixxo Xbros (Joe Hughes), o6Hapy-
JKUJIU, YTO IUTOTOKCMYHOCTb MOKHO CHU3UTD 32 CUET IIPUCOEIMHEHNS He-
60JTBIINX MOJIEKYJISIPHBIX (PPArMEHTOB K TIOBEPXHOCTH yJiepeHa. ITOT
IPOIleCC HA3bIBaeTCs (PyHKyuonaruzayuel. TOKCUIHOCTD TAaKUX (DYHK-
IIMOHAIM30BaHHBIX MOJIEKys 6blta Ha 50% MeHbIle, YeM B aHAJTOTHYHBIX
OIbITaX Ha pbi6ax NPHU KOHIlEHTpaluu okojo 20 yacrteil Ha MuUsIUap/.
Ha pucynke 13.1 mokasana cxeMma cBg3eil Mexay (DYHKIIMOHAIU3AIUEH
U TOKCUYHOCTBIO.
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(DyHKLl,I/IOHaJ'IbHOCTb
o

AnoBuTbIN HeapgoButbin

(DYHKLJ,I/IOHaanV WMHHOCW

Puc. 13.1. C pocroM QyHKIMOHAIN3AINKE HAHOTOKCUYHOCTD Ma/1aeT

Metox QpyHKIIMOHATM3AINN YCUIUBAETCS, €CJN K TIOBEPXHOCTH (yJI-
JlepeHa 106aBJsiTh Bee OoJibiiie U GoJibliie (hparMeHTOB MOJIEKYJI. ITOT
AKCIEPUMEHT JIeMOHCTPUPYET, UYTO TOKCUIHOCTb HAHOYACTUI[ MOKHO 3a-
METHO CHU3UTDH JIOBOJIBHO MPOCTBIMU METO/IaMMU.

OnHakKo /Uil CHIPKEHHST PHCKA TOKCHYHOCTH HAHOYACTUI[ HEOOXO0IUMO
YETKO TOHUMATh OCOOEHHOCTU CTPOEHUSI WX IMOBEPXHOCTH M CBOICTBA.
Koneuno, cnoco6 n3MeHEHUsI CBOWCTB MOBEPXHOCTU OJHWX HAHOYACTUI]
MOJKET OKa3aThCA HEIOCTATOYHO 3(PPEKTUBHBIM AJI APYTUX YACTHII, Ma-
TEPUAJIOB, YCTPOUCTB U TPOIeCCOB. UTOOBI TIOJHOCTHIO UCIIOJIb30BATDH TI0-
TEHIMAJT HAHOYACTHI[ B KOHKPETHOM HMPUJIOMKEHUH, MOTYT IIOTPe6OBaThCS
u3MeHeHust Apyroro poja (Hampumep, MeXaHMYECKHX, PEaKTHBHBIX WJIH
9JIEKTPOMATHUTHBIX CBOWCTB).

B3AMMOAEACTBUA HA KJIETOYHOM YPOBHE

N3yuenne MexaHm3sMa TOKCHKOJIOTMYECKOTO BJIUSIHUSA MCKYCCTBEHHO
MIOJIyYeHHBIX HAHOUYACTHUI[ B JKUJKOW cpelie — IieJb HCCAeOBaHUN BO
MHOTHX 06JIACTSIX HAHOHAYKU. TOKCUYHOCTH aspo30Jsieil IS [[bIXaTesb-
HOW CUCTEMDbI JKMBBIX OPTaHU3MOB IMPOKO M3BECTHA YYEHbIM, HO OYEHb
MaJIo u3yvyeHa TOKCUYHOCTb HAaHOYACTUI] B KUIAKOU Cpejie. 281
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Yd4enble CTpeMATCS BBIACHUTb, KaK WCHOJb30BaTh MOBEPXHOCTHBIE
TOKPBITHS [IJTST CHUKEHMS TOKCHYHOCTH HAHOUYACTHUI[. DKCIIEPUMEHTBI 10-
KasaJy, 4TO MOJIEKYJIbl (yJiepeHa B pacTBOpaxX C KOHIEHTpAIUel OKO-
J0 100 yacreii Ha MULIMOH O6PA3yIOT CKOIUIEHUsT ¢ TuApoduIbHON (10
€cTb CIOCOOHON K PACTBOPEHUIO B BOJE) MOBEPXHOCTBIO. DTOT Pe3yJIbTaT
O4YeHb BaXKEH, TaK Kak caM 1o cebe ysuiepeH sABJseTCsS THAPO(POOGHBIM
(TO ecTh BOJOOTTANIKUBAIONIMM ¥ ILJIOXO pacTBopuMbiM). Takas KJacre-
pusaiust gyiepeHa u ero nocaeayomas pacTBOPUMOCTb UMeeT 6OJIbINoe
3HA4YeHUE, MOCKOJbKY KJACTepbl JIETKO PAaCTBOPSIIOTCS W PACIPOCTPAHS-
I0TCSI B €CTECTBEHHBIX BOJIOEMax.

Hexoropble gpyriue HaHOYACTHIIBI MOTYT UTPATh POJIb GAKTEPHIIH/IOB,
TO €CTb areHTOB IPOTHB TPAMIIOJOXKHUTEJIbHBIX ¥ TPaMOTPHUIIATENbHbIX
6axrepuii. OHN MOTYT WCIIOB30BAThCSA KaK [Je3WH(MUINPYIONNE Belle-
cTBa B GOJNBHUIAX, TOCKOJBKY JIETKO MEPEHOCSTCS B BO3AYINHOW cpejie
U IIPOHHUKAIOT CKBO3b MeMOPaHBI.

OBPA30BAHIE NPON3BOAHBIX XUMWYECKIX BELLECTB

Ha TokcuyHOCTb HAHOYACTHUI[ BJIMSET He TOJBKO WX pas3Mep, HO
u apyrue GakTopbl: XUMIUYECKHUI COCTaB, TOBEPXHOCTHLIN 3aps, opMa,
CTPYKTypa M T. 1.

B akcnepumMenTax ¢ gysiepeHoM Oblia OTMEYEHA UX IIUTOTOKCUYHOCTD
MIpU KOHIIeHTpaIun okoJio 20 Jacteil Ha MUJAIUAP/. ITO JOCTATOYHO BbI-
COKO€ 3HAaYeHUE 10 CPABHEHUIO C J[PYTUMM ITUTOTOKCUYHBIMU XUMKIKATA-
Mu. OIHAKO TOKCUYHOCTDb (PyJjylepeHa CBsi3aHa M C JIPYTUMU SIBJIEHUSIMU,
HarpuMep o6pa3oBaHNEM TTPOU3BOAHBIX XUMUYECKUX BETECTB.

é O6pa3oBaHue NPOM3BOAHBIX XUMUYECKWUX BeLLeCTB, W AepuBatusaumus (derivatiza-
tion), — 3710 ABNIEHWE NPE0O6PA30BAHUA XUMUYECKOrO COBLNHEHNS B MPOU3BOAHBIA NPO-
JYKT C aHanornyHon XMMm4ecKoi CTpyKTypoiA.

[TpousBoaHble XUMUYECKUE POALYKTHI TOSBJISAIOTCS B PE3YJIbTaTe He-
KOTOPOU XMMHYeCKOH peakiuu. [Ipm aToM mcxojHOe BeliectBo A mpe-
BpalaeTcs B BellecTBO B ¢ ApyTruMuU CBOHCTBAMU: PEAKTHUBHOCTBIO, TEM-
nepaTypoil KUTIeHUsT ¥ TIJIaBJIEHUS, PACTBOPUMOCTBIO U XMMUYECKUM CO-
craBoM. C moMmoItnbio 06pa3oBaHus MPOU3BOIHBIX XUMHYECKUX BEIIECTB
MOKHO H3MEHSTb HEKeJaTeJbHble CBOICTBA HAHOYACTHUI[, HAIPUMED UX
TOKCHYHOCTb.

Tokcuunocts QysnepeHa BAMSeT Ha KJIETOYHble MeMOpPaHbl U3-3a
MPUCYTCTBUSI CBOOOJIHBIX PAJIUKANOB. JKCIIEPUMEHTBI IMOKA3bIBAIOT, 4TO
3TO BJUSIHUE MOXXHO CHU3UTH, UCIOJb3Ys TPOU3BOHbIE XUMUYECKHE Be-
IEeCTBA, MOJyYeHHbIE C TIOMOIIbI0 yJiepeHa.
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AHanorn4yuble HCCAeJOBaHUSA BeAyTCSA C HaHOYACTHLAMHU OKCH/OB
KBapIla, TUTAHA M ’KeJie3a C TIeJbI0 BBISIBJEHHS CIIOCOO0B CHIKEHUS WX
TOKCUYHOI'O BJIMSHHS Ha OKPYXKAMOILYIO CPELy.

MOBUIbHOCTD

Eme omuH r/106a/bHBIH PUCK TIPUMEHEHWS] HAHOTEXHOJIOTUI CBSI3aH
C YPE3BBIYAIHO BBICOKOI MOOMJIBHOCTBIO HaHOYAcTUI[. bBJiarogapsi cBo-
UM CBEPXMAJIBIM Pa3MepaM HAHOUACTHUI[bI MOTYT ITPOHUKATH ITPAKTUUYECKH
Bo Bce. IlpeacraBbre cebGe HAHOIBLIb, PACIIPOCTPaHEHNE KOTOPOH HEBO3-
MOKHO OCTAaHOBWTb HUKAKMMU CPEICTBAMU. JTO JIA€T TPEUMYIIECTBA B
60pb6e ¢ 60NE3HIMHU W BUPYyCaM#, HO MOKET BBbI3BaThb GOJbIUe TpobJie-
MBI TIPH 3aIATE OKPYIKAIOMIEH Cpe/Ibl.

B rsiaBe 7 yike ynmoMuHaMCh CrocOObI 3alUThl OKPYIKAIOIIEH CPebl
C TIOMOIIbI0 HAaHOYACTHUIL JKejte3a. Ho mpexe 4eM MIMPOKO MCIO0JIb30BaTh
UX, HYXHO HAYYUTHCS BOCCTAHABJIWBATDL HAHOYACTHUI[BI JKeJe3a MOC/e
OYNCTKHA TOKCUYHBIX OTXO/OB.

Opmnako »To0 He Bcerna Heo6xomaumo. Yskan Beiicaup (Wei-xian
Zhang) u3 Yuusepcutera JIuxaii 3asiBJseT, 4TO KEJE30 YK€ MPHUCYT-
CTBYET B OKPYKaloIIell cpesie, a MOTOMY HAHOYACTHIIBI JKejie3a He HYKHO
BOCCTaHaB/IUBAaTh. HaHOYACTHUIIBI C IPYTUM XUMUYECKUM COCTABOM MOTYT
UMETh Pa3HyI0 PEAKTUBHOCTb B 3aBHCUMOCTH OT YCJOBHI WX NpUMeEHe-
Hus. HecMoTps Ha kakymryiocss 6€30MacHOCTb, UX MOTEHIUATBHYIO TOK-
CUYHOCTb HEOOXOAMMO OYEHD TIATEIBHO ITPOBEPSTH.

[Ipu oreHKe MOTEHNIMAIBHBIX YTPO3, KOTOPbIE HECYT HOBbIE HAHOTEX-
HOJIOTUH, CJIEyeT YYUTbIBATh GOTaThblil OIBIT, MOJYYEHHBINH IIyTeM HPOO
u oumbok npu ucnosbzopaunu /AT u apyrux «uynoneicTBEHHBIX» XU-
MHUKATOB TIPOIILIOTO.

MeXxayHapoaHbIi# COBET N0 HAHOTEXHONOrUAM

Hepnasro B Yuusepcutrere Paiic (CIITA) 611 ocHoBaH MexayHapo/1-
Hblii coBer no HanorexHosorusm (International Council on Nanotech-
nology — ICON?"), sanuMaiomuiicss OLEHKOH, 0OCY>KIAECHHEM M IIPUHS-
THEM Mep 110 CHUKEHUIO PUCKA JIJIST 3JI0POBbSI U OKPYJKAIOIIEN CPeJbl OT
UCIIOJTb30BAHUS] HOBBIX HAHOTEXHOJIOTU. [[JIs1 BBITTOJTHEHUS 3TONH MUCCUU
ICON corpyaHuyaer ¢ y4eHbIMU, HMHXKEHEpaMU, HPOMbIIIJIEHHUKAMU U
MPeICTAaBUTENSIMEI OOIIECTBEHHBIX OpraHu3aiuil, paboTaoimux B 06JacTH
OXpaHbl OKpyXKafolel cpembl. Kak yske ymomMmHagoch B TJaBe 7, die-

! K coxanenmo, npezcrasuresn Poccun B Hero He Bxopar. — Ilpum. ped.
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Hbl [CON axTUBHO HCCAEAYIOT TPOIECCH B3aUMOJAENCTBUSI HAHOYACTHUII
¢ KJIEeTKaMHi, pa3pabaThlBAIOT CTAHAAPTHI U TEPMUHOJOIHMIO, a TaKyKe BbI-
MOJTHAIOT aHAJIN3 BOCIIPHUATHS OOIIECTBOM MOTEHITHAIbHBIX PHCKOB.

BA3A AAHHbIX HAHOMATEPUANOB

Kom6unupys nocrynubsie nadopmainonubsie pecypcbl, ICON ob6pa-
3yeT eqnHyI0 NHGOPMAITMOHHYIO CETh HAYYHO-MCCJIEN0BATENbCKIX MPO-
€KTOB C IIEHTPAJbHBIM DPEINO3UTAPUEM [IAHHBIX. YUeHble YHUBEPCUTETA
Paiic coBmecTHO ¢ coTpyaHukamum MunHuncTepcTBa sHepretuku um Ha-
1nuoHa bHO# na6oparopun Oyk-Pumpx cospanu enunyio 6a3y JaHHBIX
0 BJMSIHUM HAaHOMATEPHWAJOB HA OKPY’KAIOIIYIO CPely M 3/[0POBbE JIIO-
nefi. B asrycre 2005 . 6blLa 3amylieH KaTtajor HAYYHOH JUTEPaTypbl
(http://icon.rice.edu/research.cfm), KOTOpBI MO3BOJSET y4EHBIM M
MOJIMTUKAM [OJIyYaTh CaMYIO CBEXYIO MH(OPMAIMIO O TMOTEHIUAJbHOI
OTIACHOCTU HAHOMATEPUAJIOB U HAHOTEXHOJIOTHUI.

Uepes WurepHer /106001 >KeNAIOMUN MOXKET MOJYYUTh CBOOO/-
HBIl JIOCTYNl K 3TOH 6a3e MAaHHBIX IMOj 3Tu0i KoHCysbTaTUBHOTO CO-
Bera B oGsactu HanorexHosoruii (Consultative Board for Advancing
Nanotechnology — CBAN). TakuMm 06pa3oM, He TOJIBKO yYe€HbIE, HO M
JII0603HATEIbHBIE TIOCETUTENU CO BCETO MUPA MOTYT B UHTEPAKTUBHOM pe-
JKUME COCTaBJISITh 3aMPOCHI U TOJIy4YaTh MH(MOPMAIHMIO O MOTEHI[UATbHBIX
OTACHOCTSIX MPUMEHEHNsT HAHOTEXHOJIOTHUH.

g mmpoxoit ob6mectBenHoctn [CON 1taHuMpyer nepuoanyecKu
BBIITYCKATh TPECC-PEU3bI, MOCBAIEHHbIe HAanboJiee BAXKHBIM HAYYHBIM
pesyJabTataM u myOaukaiusiM. Kpome TOro, pery/sipHo oOHapOAYIOTCS
OTYEThI O BBITOJHEHHBIX UCCJIEOBAHUSIX B OTHOIIEHUU BPEIHOIO BO3JIEN-
CTBUSI HAHOMATEPHUAJIOB HA OKPYIKAIOIIYIO CPe/ly U 3/I0POBbe Jio/ieid, Oy ib
TO KBAaHTOBbBIE TOUKHU M3 CEJIEHU/A KAJMUS WU 4TO-TMOO0 WHOE.

OcnoBHas neab ICON — co3garb JOCTYNHBIN 1 BceX GaHK JaH-
HBIX C ONUCAHUEM TOCJAEHUX JOCTUXKEHWN B U3yUYeHUN HAHOTEXHOJIOTUI
U UX BAUSHUSA HA OKPYKAIONIYIO Cpely. JTO JACT BO3MOKHOCTbh HAWIYY-
M 06pa3oM OpraHu30BaTh BHEAPEHUE MHHOBAIUM, pa3pabGoOTKy U IpU-
MeHEeHUEe CTAH/]APTOB U TIPABULII.

YcToi4nBOE pa3BuTHe
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B pamkax HanmonanbHO#M HAaHOTEXHOJIOTUYECKON MHUIIMATUBDI (NND)
pa3paboTaH TJIaH YCTONYMBOTO PA3BUTHA HAHOTEXHOJOTUN W OIEHKN WX
BJUSHUS B OXpaHe OKPYXKAIOINIEH Cpeabl, 3APaBOOXPAHEHNN, IOPUCIIPY-
JICHITY, 9TUKE U JAPYTUX aclieKTax oOIIecTBeHHON! ku3Hu. MHTeHcuBHbIE
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MCCJIE/IOBAHNS TaKOTO BJNSHUS BEAYTCS C yIETOM BCEX BO3MOKHBIX TIpe-
UMYIIECTB U HEJOCTATKOB HOBBIX HAYUHBIX OTKPBITHII M UX [PUMEHEHUS
Ha TPaKTHUKE.

[IpaBuTebCTBEHHDbIE M YACTHBIE HAYYHO-UCCJIEI0BATETHCKUE OPraHu-
3aI[Uy TeCHO coTpyaHN4YaoT B pamMkax NNI mis ¢popMmymmpoBanus pery-
JISTOPHOMN TIOJTUTUKU B OTHONIEHWH MPOM3BOJICTBA W MCIIOJTb30BAHUS Ha-
HoMaTepuasioB. [lpu ob6Hapy:keHUM TPOGETOB B MPABHJIAX HEOOXOIMMO
HPUHUMATD HEOTJIOXKHbIE MEPBI JJIsl X YCTPAHEHUSI.

NPAKTHYECKMI ONbIT

Hauumonanbublii uHetutyT oxpatbl Tpysa CIIIA (National Institute
of Occupational Safety and Health) mranupyer nmogaroroBurs u Bbimy-
CTHUTDb JOKYMEHT ¢ 0030pOM TIPAKTUYECKOTO OMbITa PAbOThl C HaHOMATeE-
pHaIaMH.

Kak yxe ymomMumHajgOCh B TJIaBe 2, yUeHble W WHXKEHEPBI CTPEMSIT-
Cs1 CO3J]aTh HOBble CTAHAAPTbI M3MepeHMil Ha HaHOMACHITaGHOM YpPOBHeE,
KOTOPbIE HO3BOJISAT HAJEKHO CPaBHMBATL PE3yJIbTaTbl UX PabOThl. Y1O-
MSHYTBIH JOKYMEHT ¢ 0630POM MPAKTHYECKOTO OTIbITa PAbOThI ¢ HAHOMA-
TepUuaJaMu IaCT BO3MOKHOCTD TIOBBICUTH G€30MACHOCTb TPYy/a B 00JACTH
HaHOoTexXHoJormii. CHenuaaucTbl HA/EIOTCS, YTO HETATHMBHOE OTHOIIEHWE
o01ecTBa K HAHOTEXHOJIOTUSIM 3HAYUTEbHO YMEHBIIUTCS TTOCJe BBIXO/A
3TOTO OTYETa, B KOTOPOM IOABITOXKEH IIPOJOJIKUTENbHBIN ONBIT MCHOJIb-
30BaHUsI HAHOTEXHOJIOTHI B Pa3HbIX 00JIACTSX JesITeJbHOCTH.

OTHOLUEHUE OBLYECTBA

[as c6amaHCHPOBAHHOTO Pa3BUTHS HAHOTEXHOJOTUN HE0OX0IUMO,
4TOGBI TIPABUTENBCTBA CTPAH MUPA Y/IESIN JTOJKHOE BHUMAHNE PEAKITN
obmiectBa. Huke mepeunciensl HanboJiee BayKHbIE acIEKThI OONIECTBEH-
HOW JKU3HH, OIpeIe/Isollie OTHOIIEHe 00IIecTBa K HAaHOTEXHOJIOTHSIM:
JIOCTYH K TIPEMMYTIECTBAM HAHOTEXHOJOTHIA;

BJIMSTHIE Ha 3aHSTOCTD;

HOBbBIE METOJbI JIEUeHNST U MeUKAMEHTHI;

BJIMSIHIIE HA IIPOM3BO/ICTBO;

BJIUSHUE HA 3/I0POBbE W OKPYIKAIOIIYIO CPEIY;
HENPUKOCHOBEHHOCTD JINUHOCTH M 4acTHOIT co6cTBeHHOCTH ([0CTYyIN
K JINYHOIT MH(OPMAIUK ¢ TIOMOIIbI0 HAHOCEHCOPOB ).

OTBeTCTBEHHOE Pa3BUTHE HAHOTEXHOJIOTUN 03HAYAET, YTO IPABUTEH-
CTBO [IOJUKHO YCTAHOBHUTH KaHasbl oOMeHa uHgopMaiiueil ¢ o6uecTBoM
¢ nomornbio NNI. HactoposkenHoe ke OTHOIIeHHE K HAHOTEXHOJIOTUIM
OOBSICHSETCST OTYACTH T€M, YTO BO MHOTHX HAYYHO-(PAHTACTHUECKUX TIPO-
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M3BEIEHNAX OMUCHIBAIOTCA OTPHUIIATEIbHBIE TTOCTEACTBHUS HEKOHTPOJINPY-
€MOTO Pa3BUTHS HOBBIX TeXHOJOTHH. OTKPBITHIN AOCTYT K WHMOPMAIIUN
MO3BOJIUT OOGIIECTBY ¥ ITIPABUTEJIbCTBAM IIPUHUMATDL MPaBUJIbHBIE pellie-
HUS U 3QJI0KUTh HAJIe’KHbIE OCHOBBI B3aUMHOTO JIOBEPUS.

B namem 6ypHO pasBuBaioONEMCS MHUPE MBI TIPOCTO TI€PETPY KEHBI
nndopmaleil: MHEHUSIMU, JAHHBIMU U UIedMU. B MJIOTHOM TOTOKe WH-
dgopMaru 9acTo TPYAHO OTIWYUTH TPABAY OT UMUTAIIUU, OCHOBAHHOW
Ha cayxXaxX u gombiciax. [loHnMaHWe W BOCHPUATHE HOBBIX TEXHOJIOTHI
SIBJISTIOTCST KJIIOYEBBIMU (PAKTOPAMK YCIEITHOTO BHEJPEHUS] HOBBIX METO-
JIOB I MAaTepUaJIOB B MTOBCEJIHEBHYIO >KU3HD.

NOCTENEHHOE BHEAPEHUE

Z[O TOTO KaK IIPaBUTEJIbCTBO OKOHYATEJIbHO «PAaCCTAaBUT BCE IO CBOUM
MeCTaM» B OTHOLIECHUU IIPUMEHCHUA HaHOTEXHOJIOFI/IfI, HBOéXO[[I/IMO IIpo-
nmarangupoBaTb n1deéHoe U nocmeneHnoe BHeApeHue nxX B IoBCeIHEBHYIO
JKU3Hb. JTO He 3HAYUT, YTO HYXXHO TOPMO3UTHb HX IIPOHUKHOBEHUE B
Hallly JKW3Hb, Ha/0 JHIIb BHUMATEJ/JIbHO CJIEIUTb 3a BCEMU aCIIE€KTaMU
9TOro mpoliecca. Hpemzle YeM HCIOJIb30BaTb HAHOTEXHOJIOTUU B IIPOU3-
BOACTBE, HYXHO Y4Y€CTb BCE DUCKU, HalTH CIIOCOOBI UX YCTpaHEHUA [JIA
MIOBBIIIEHNST OE30IMACHOCTH Tpyda, a TaKiKe CO3/[aTb HOBbIE CTaHAapPTbI
6e30I1acHOTO IIPpON3BO/JICTBA U MCHOJb30BaHUA HAHOHIPOAYKTOB BO BCEX
OTpacCjiAaAX A€ATEJIbHOCTH Y€JI0OBEKA.

Oxkpyxaiowiaa cpeaa, 3apaBooxpaHeHue 1 6e30nacHOCTDb
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B pamkax uannuatusbl NNI npustaraer akTUBHbIE YCUIIHS JUJIST OLICH-
KU BJIWSHUS HAHOTEXHOJIOTHH Ha OKPY KAIOIMIYIO CPedy, 3paBoOXpaHe-
Hue u 6Ge3onacHocTb. Macmitab 3THX MCCAEIOBAHUN YBEJIUYMBAETCS C
MOSIBJIEHNEM HOBBIX HAHOYACTUI[, HAHOCTPYKTYpP, HAHOMATepUAJIOB U Ha-
HOTIPO/IYKTOB.
Cpenn npuoputetHbix poekToB NNI B 3TOM HampaBJ/ieHUN cjeryer
OTMETHTD:
® y3yuYeHNe MOTEHINATbHBIX PUCKOB HAHOMATEPUAJOB IS 3/I0POBDS;
® yHTerpaiuio ycuianit HalmoHamapbHOTO WHCTUTYTA 3alIUTBl OKPY-
skatomieit cpeapt CIITA, HannoHaabHOrO MHCTUTYTAQ OXPaHbI TPY-
na CITA, Yupassenus no oxpaHe okpy:kawomnieil cpeabr CIIIA,
MunncrepcrBa o6oponbl CHIA, Munncrepcta snepretnku CIIIA
un HamwmonambHoro Hayunoro hoH/a;
® Co3/aHVEe HOBBIX CTAHAAPTOB COBMecTHO ¢ HarmoHaabHBIM WHCTH-
tyToM cranaaptoB CIIIA;
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e o6Men nHopMarmeit Mmesxkay uienamu NNI;

® ompesiesieHre U PAHXKUPOBAHNE IPUOPUTETOB B HAYYHO-MCCJIE0BA-
TeJTbCKON AeSTeTbHOCTU JAJST TPUHSATHS PElleHUN B PeryasiTOPHON
MOJIUTHKE;

® [IO//IEP>KKY TECHOI0 COTPYAHUYECTBA IIPABUTEJbCTBEHHBIX, KOM-
MepUYECKNX M HAYYHBIX OPTaHU3aINH.

BrimotHenne aTuxX 3amad Koopawaupyercss Paboueil rpymmoii mo uc-
CJIe[IOBAHUIO BJUSHIS HAHOTEXHOJOTUN HA OKPYIKAOIIYI0 Cpely U 3[0PO-
Boe (Nanotechnology Environmental and Health Implications Working
Group — NEHIWG) B TecHoii Koolepanuy ¢ ApyruMi HAaHOTEXHOJIOTU-
YECKUMU ¥ PETyJATOPHBIMU areHTcTBamMu. OjiHa W3 1ieseli aToi paboueit
TPYNObl — MU3YYUTH BECh KM3HEHHBIN ITMKJ HAHOMATEePHAJIOB M OIEHUTDH
CTeTeHb X BIANSHUSA HA OKPY’KAONIYIO CPeTy.

TEKVLLUWE UCCNEAOBAHUA B PAMKAX NNI

B 2004 r. na duHaHCHMpOBaHNE HAYYHO-TEXHUYECKON JESTENTbHOCTU
B 06JIaCTH 3/[paBOOXPAHEHMS] M OXPAHbI OKPY’KAIOIIei cpe/lbl B paMKax
NNTI 6110 Bhizeneno 105,8 mun gommapos CIIIA, win okoio 11% ot
o6mtero ¢unancuposanusi NNI. B 2006 r. B pamkax elie OIHON TPo-
rpaMmbl, OObeNUHUBIIENH ycuiust 23 MPABUTEIbCTBEHHBIX WHCTUTYTOB
CHIA, 6b110 Tak:ke BbegeHO 39 MJIH JIOJJIAPOB IS M3YUYE€HUs] BIAUSHUS
HAHOTEXHOJIOTUI Ha OKPYKAIOIIYIO CPEJy U 3/J0POBBE.

15 olleHKM BJIMSHMS MCKYCCTBEHHBIX HAHOYACTHI[ CHayasja ObLIH
HPeJIPUHSATHI MOMBITKE U3YYNUTh, KAKOE BO3/ECTBIE OKA3bIBAIOT HAHO-
YACTHIIBI €CTECTBEHHOTO MPOUCXOKIeHUsi. K HUM, B YaCTHOCTH, OTHO-
CATCSI IECOYHAST MbLIb B MYCTBIHAX, BYJKAHUYECKUN TIETe, JIbIM JIECHBIX
MoKapoB, GakTepuu U BUpPYycbl. KpoMe TOro, TpaJUIMOHHBIE MTPOMBIIII-
JIEHHBIE TIPOIECCHl TaKKe SABJSIOTCS UCTOYHMKaMK HaHouactull (910, Ha-
pUMep, Ca)ka OT MPOJYKTOB CrOPaHUsI, BBIXJIOIHbBIE Ta3bl, JETy4yue Kpa-
CKHU U TIapbl CBAPOYHOIO MIPUIIOS).

Puck ucrosib30BaHusl HAHOYACTUI[ TIPSIMO MPONOPIIMOHATIEH YPOBHIO
TOKCUYHOCTH U JIINTEJbHOCTH UX BO3IEHCTBUS:

PUCK = TOKCUYHOCTbD x JJIUTEJAbBHOCTb BO3/JEMCTBU.

Hamnpumep, ecin TOKCMYHOCTb HAHOYACTHUI[ HEBEJMKA, a BPeMS BO3-
JeiicTBrst OrpoMHO (CKaskeM, HECKOJIbKO JIeT), TO PHCK Takxe Oyer
3HAUUTETHHBIM. UeM 6oJibllle TOKCUYHOCTb, TeM GOJIbllle PUCK, ¥ HA000-
POT — 4YeM MeHbIlle TOKCUIHOCTH, TeM MeHbIlle PUCK. AHAJOTHYHO YeM
6oJIbllle JIJTUTEJbHOCTh BO3AEHCTBHSA, TeM OOJbIlle PUCK, a YeM MeHbIIe
JUIATEBHOCTD BO3EHCTBUS, TEM MEHbIIE PUCK.
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B macrosmiee BpeMs PUCK BO3AENHCTBUSA MCKYCCTBEHHBIX HAHOYACTHUIT
(HampuMep yTIepOAHBIX HAHOTPYGOK) OrpaHMYMBAETCS TOJBKO COTPY/I-
HUKAMM HAay4YHO-UCCJIE0BATETbCKUX JIAG0OPATOPUIl, B KOTOPBIX OHU CO3-
Jaored uan usyvyaorcd. ONHAKO 3Ta CUTyallusl MOXKeT U3MEHUTBHCS YyKe
B OJsimKaiiliiee BpeMs, W YeJOBEYECTBO JOJKHO OBITb TOTOBO K TaKUM
nepeMeHaM.

OLIEHKA PUCKA

[Tpodeccop Mapk Busuep (Mark Wiesner) us YHusepcurera [[piok
yiKe ceifyac THIATEeJbHO M3Yy4aeT TOKCHYHOCTb PA3JIMYHbIX HAaHOMaTepua-
JoB. B HacTodIee BpeMsi yueHble JAaHHOTO YHUBEPCUTETA BBITIOJTHSIOT
CPABHHUTENbHBIH aHAIN3 TISATH HAHOMATEPUAJIOB: OJHOCTOMHBIX YIIe€pPOJI-
HBIX HAaHOTPYOOK, (hy/LiepeHoB, KBAHTOBBIX TOYEK, HAHOYACTUI] ATIOMOK-
caHa W JauoKcuaa tutana. VcciemoBanue TOCBSIEHO PUCKaM, KOTOPBIE
BO3HMKAIOT HA CTAJUU IPOU3BOJICTBA ITUX HAHOMATEPUAJIOB, a HE pU-
CKaM, CBSI3aHHBIM C UX UCIIOJIb30BAHUEM.

Tectupyrorcs MCXOHBIE MaTEPUATBI, TOTOBAS TIPOAYKIUS U TPOMBIIII-
JIEHHbIE OTXOJIbI, MOJYYeHHbIe TP Pa3HbIX TEMIEPATypaX U JaBJIEHUHU.
Ceenienust 06 UX CBOHCTBAX 3aKJabIBAIOTCS B 0a3y JAaHHBIX U 3aTeM
[I0/IBEPraloTCs CPABHUTEIbHOMY aHAIU3Y sl ONPEeNeHUsT OTHOCUTEb-
HOTO PUCKA B CBSI3U C JIETYYECTbIO, BOCILIAMEHSIEMOCTbIO, TOKCUYHOCTHIO
1 MOOGUJIbHOCTBIO.

PesybTarsl sKCIIepMEHTOB TTOKA3aJ1, YTO PUCK IPOM3BOICTBA TIepe-
YHCJIEHHBIX BBINIE HAHOMATEPUAJOB CPABHUM C PHUCKaMU IIPOU3BOJICTBA
MHOTHUX CTaHIAapTHBIX MaTepmanoB. Ha pucynke 13.2 B rpadudeckom
BU/I€ TIPEJCTABIEHbI PE3YJIbTAThI ITOTO AHAIU3A.

Takomy ke aHanu3dy cJjeayeT TMOJABEPTHYTb KOCMETHKY W COJIHIIE3a-
MIUTHBIE KPEMbI C HAHOYACTHUIIAMU, MTOCKOJIbBKY WX WCIIOJIb30BAaHUE CBSI3a-
HO C JIJIUTEJbHBIM BpEMEHEM BO3/IEHICTBUS.

Anasornunbie uccaeoBanud B pamkax NNI os:KHBI TOMOYb paso-
6parbCsi B MpoIleccax, MPOUCXO/ANUX B HAHOMATEpUAJax Ha KJIETOUHOM
U MOJIEKYJISIPHOM YPOBHE, C IIOMOIIbIO KCIIEPUMEHTOB iR DIV0 U N Vitro;
PaCIIUPUTH TIPEJCTABIEHUS O B3aUMO/IEHCTBUN HAHOMATEPHUAJIOB C OKPY-
JKarollell cpeioi; oNpeJesnTb MOTeHIMaJbHble PUCKU JJIS1 OKPYsKaloIlen
Cpelibl U 3/I0POBbS JIIO/IEell; BbIPaboTaTh METObI KOHTPOJIS 32 MCIOJIb30-
BaHWEM HAHOMATEPUAJOB M CTaHAAPTHbIE METOAbI 6e30MacHOi paboTh
C HUMU,

TecHoe cOTpyAHUYECTBO BCEX NEPEYUCIEHHBIX BBINIE WHCTHUTY-
toB (NNI, NIOSH, NEHIWG u T. 1.) T03BOJHUT TOJABITOXUTb Ha-
KOILJIEHHBIN OTBIT U BbIPA6GOTATL €/UMHbIE TpaBUJa M HOPMbI Ge3orac-
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HOCTH Tpylda Tpu paboTe ¢ HAHOMaTepwaaaMu IS Tepefayn WX
Hay4YHO-UCCJIEI0BATENbCKUM, TIPOMBINIJIEHHBIM 1 OOIIECTBEHHBIM OpPTa-
HU3AIUSIM.

CpaBHUTENbHbIN aHaNM3 puUcka

—_
o
o

80 : | B BennunHa pucka | ]

OTHOCUTENbHAA WKana pucka

Puc. 13.2. Puck 1npu npousBo/cTBe HaHOMaTepuaaoB He IpeBbllIaeT PUCKa
TIpU TIPOU3BO/ICTBE MHOTUX CTAHJAPTHBIX MaTepHATIOB

PacnpocTpaHeHue uHdhopmaLmu

s ycmemHoTo mpezicTaBgeHUs HOBBIX JOCTIDKEHWH B 006JacTH Ha-
HOTEXHOJIOTHI BCIO MyOJUYHO PacCHpoCTpaHsgeMyio HWH(GOPMAIM0 He00-
XO/IUMO TIoJjaBaTh 4eTKo chopmyanpoBannoii. Konkpernbie cBefienust 06
OTKPBITUSAX, TEXHOJIOTUAX U UX MPUKJIATHOM 3HAYECHUN HAJIO OTAEJISTD OT
MapKeTHHTOBBIX YJOBOK M IpuykpamuBaHuii. He ciaexyer mpeysenunyu-
BaTh 3HaueHUEe HAHOTEXHOJIOTWH U IpeBpaliaTb WX ONUCaHHWE B HAYYHO-
(panTacTnyeckoe mponsBesenne. PeanbHble JOCTIKEHWST HAYKW U TEXHU-
K caMU 10 ce6e HACTOJIbKO YIMBHUTEIbHbBI, YTO HE CTOUT BHOCHUTDH IyTa-
HUIY U3JTUITHUMA JOMBICTAMU.

HaHoTexHOJOTHN U HAHOTMPOAYKTHI HYKHO MPEJCTABJIATh C TOU Ke
CTENIEHbI0 KOHKPETHOCTH WX MPAKTUUYECKOro IpeJHa3HAauYeHUs, Kak,
HarpuMep, TejaedoH, KOMIbIOTED WAW BakiuHy. OO6bIBaTessM CKyu-
HO BHUKATh B TOJAPOOHOCTH (DYHKIMOHWPOBAHUSA HOBBIX MPOAYKTOB.
Hao6opor, onu, kak nepcoHaxk msBecTHoro duibma «/[xxeppu Mary-
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aitep» (Jerry Maguire), npocsar: «ITokaxu mue aenbru!» («Show me
the money!»). JltoasM MHTEpPECHO 3HATh, KaK HOBble HAHOTEXHOJOTUU
U HAHONPOJYKThI yJIyYIIAaT WX KU3Hb, & He KaK OHU ObLIU MOJTYyIeHbI
U KaK YCTPOEHBI.

OBPA30BAHUE

HamnorexHosiornu comnpuiacamTcs ¢ OOIIeCTBOM B TaKuX OOGJACTIX
JIeSITeTHbHOCTH, KaK HayKa, TEXHWKA, 9KOHOMUKA, KyJbTypa, 9THUKA, Mpa-
BO, HallMOHa/bHAasI 6€3011aCHOCTh M, KOHEYHO, 0Opa3oBaHue.
ITosiBieHHE HOBBIX METOJIOB CO3JAHUSI MATEPUAJIOB M KOMIIOHEHTOB
B CTHJIE «CHM3Y BBepX» (HauMmHas ¢ HAHOMACITaGHOTO YPOBHS) HEM30€K-
HO CKasKeTcsl Ha 00pa30BaTeJbHbIX METOIUKAX 1 TpeboBaHusX. B Hux He-
00X0/IuMO OY/IET y4ecTb OrPOMHbBIN 06beM HAYUYHOU U TEXHOJOTMYECKOI
uH(oOpMaIu, HOBbIE PETYJSTOPHBIE W ATHUECKUE HOPMBI.
B xkonrekcre moBbimenusi addexktnBHOCTH 06pa3oBaHUS B paMKax
NNI npeanosaraercss pemiarb cjaeyomine 3a1aun:
e crioco6cTBOBaTh 00MeHy MH(MOPMAIIUU MEXK/Y PAa3HBIMU JIUCITUATLIH-
HaMU,

® CC/Ie0BATh BOCIPHATHE HAHOTEXHOJIOIHI OOIECTBOM;

® LCC/Ie[IOBATh BJUSIHUE HAHOTEXHOJIOTUN HA OKPYSKAIONIYIO CPE.y,
CTaH/IAPTBI JKU3HU M KOHKYPEHTOCIIOCOGHOCTD;

® BOBJIEKATH CTY/IEHTOB KOJIIE/KEH ¥ YHUBEPCUTETOB B MPOIECC
UCCJIeIOBAaHNsT HAHOTEXHOJIOTHI B Pa3HBIX OTPAC/SIX JIesITesb-
HOCTI.

TosibkO yuuThIBasi BCe BO3MOKHbIE HANPABJEHUS PA3BUTUSI HAHOTEX-
HOJIOTHII, YeJI0BEUECTBO CMOKET JOOUTHCS PellleHrs MOCTaBAeHHBbIX 3a1a4
U TIPEOJI0JIETh TPYAHOCTU Ha 3TOM IIyTH. Takue mpesoCcTOpPOSKHOCTH TO-
3BOJISIT MCIIOJIb30BaTh JOCTUKEHUSI HAHOTEXHOJIOTHI HaumboJsee Oe3orac-
HBIM U XOPOIIO ITPOAYMaHHBIM CIIOCOOOM.

MexayHapoaHoe COTPYAHUYECTBO
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CoBeplilleHHO 0YEBUHO, YTO UCCAEI0OBAHNUS B TaKO# Ba)KHOI 06J1acTH,
KaK HaHOTEXHOJIOTHH, TPeOYIOT MaKCHUMAaJbHBIX YCHJINN BCETO MUPOBOTO
coobuectBa. UYroObl n3besxkarb OMIMOOK M HEJONOHHMMAHUSI, HYKHO Ha-
JIAJIUTh OTKPBITBI 0OMeH nH(oOpMalueil 1 OTKPOBEHHYIO JAMCKYCCHUIO IO
BOIIPOCAM 3HEPreTUKH, OXPAHbI OKPY’KAIOIIEN CPe/Ibl, 3APAaBOOXPAHEHUS
1 6e30IaCHOCTU. Y CIEINIHON COBMECTHON paboTe B 3TUX HAIPABIEHHUSIX
6yzeT crnoco6CTBOBaTh pa3BUTHE HH(MOPMAIIMOHHBIX TEXHOJIOTUI, HC-
MOJIb30BAHMST PECYPCOB U YIIPaBJIEHUS OGU3HECOM.
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HexoTopnbie cTpaHbl y:Ke aKTUBHO HAYalId CO3/IaBaTh HAYYIHO-
UCCJIEZIOBATENBCKIE ATIbSHCDI C OOIMMU MHTEPECAMU B HAHOTEXHOJIOTHSIX.
B 2005 r. Kanaza uaBecTrpoBaia 5,5 MJIH J0/JIApOB B cOBMecTHbIe ¢ MH-
Jueil MPOEKThI, TIOCBSIEHHbIE GMOTEXHOJIOTUSIM 1 HAHOTEXHOJIOTUSIM.

B 2000 r. Hammonanbubiii nHayunsiit dong CIIA oxasan dunanco-
BYIO TOMOIIb OPTAaHM3aTOPOM MEXAYHAapOJHOH paboueil BCTpeyn Mpe.-
craBuTesieii 25 cTpaH Mupa u EBpomeiickoro cofo3a. B pesyabrarte 3Toi
BcTpeun OblLaa OmyGJUKOBaHA COBMECTHAs JEKJApalusi O HaMepeHUsX
y4acTBOBaTb B COBMECTHBIX UCCJIEOBAHUSX U BCSIYECKU MOJJIEPIKUBATH
pa3BUTHE HAHOTEXHOJIOTHII.

B auBape 2006 r. B Maitamu (mrrar Miopuga, CIITA) npomren nep-
BBIN MEKIyHAPOJHBIH CHUMIIO3MyM MO HAaHOTOKCHMKOJOTHH. [Iporpamma
BKJIIOYAJIA TIPE3eHTANT W JUCKYCCUU MO TOBOAY TOKCUYHOCTU HAHOMA-
TEPUATOB M AHTUOKCHUJIAHTOB, CIeln(UUYEeCKON peakiuu TKaHell Ha uX
BO3/IefiCTBIE, OOHAPYKEHUSI U OYMCTKY HAHOYACTHII.

Ycnex BCAKOTO HOBOTO HAYMHAHUS U MEXKIYHAPOJHBIX UCCJIE/I0Ba-
HUH, B TOM 4ucjie B 06JACTH HAHOTEXHOJOTHI, 3aBUCUT OT YETKOTO W
KOHKPETHOTO TLTAaHWPOBAHUS BceX AeiicTBuil. CreruasnctaM TPeacTOUT
BBITIOJTHUTH OTPOMHYIO PabOTy IO COTJIACOBAHUWIO WHTEPECOB, TIPEO0JIe-
HUIO TTPENATCTBUNA U KOOPAMHALIMKU YCUJIUH.

PUcKu U BbIrofpl

Hexoropble KPUTHUKHM CYUTAIOT, YTO MOJEKYJSpHas WHXKEHEPUS MO-
JKET OKaszaThb HelpejcKasyeMoe BiusiHne Ha oOmiectBo (ciemayer orme-
TUTDb, YTO y4YeHble BOCIPUHUMAIOT M PACCMATPUBAIOT TAaKWe 3asBICHUS
KaK HayuHyto (haHTaCTHKY).

[TeccumucTbl  yTBEPXKJAIOT, UTO TMOSBJAEHHE KPOIIEYHBIX HAHO-
YCTPOUCTB U HOBBIX BUJIOB HAHOOPYXKUS CMOXKET BBI3BAaTb 3KOHOMMYE-
CKUIl KPUBUC W HAHECTH HETOTPABUMBIN yIep6 OKpy:Kalollell cpejie.

Kpowme Toro, mioxoe IJIaHUPOBAHNE W HEJOCTATOUHBIN KOHTPOJIb MO-
JKeT BBI3BATDH TIOBBIMMEHHBLIH CHPOC HA HAHOMPOAYKTBI, W 3TO TPUBEIET
K B3PBIBHOMY POCTY TEHEBOW 3KOHOMUKH.

OmHako Bce 9TH TEeCCUMUCTUYECKUE OIEHKNW B PABHOW CTENEHW MOXK-
HO OTHECTH K JII060MY BUJY JlesTeqbHOCTH. [losBeHre HaHOTEXHOJIOT T
CBSI3aHO CO BCEMH HW3BECTHBIMH PHCKAMU, KaK ObLIO ¢ JI060i ApyTroii
HOBOI TE€XHOJIOTHEHN B TIPOIILJIOM.

Hecmotps Ha Bce MPENSTCTBHSA W HEJOCTATKH, /IS B3BEIIEHHOH OTleH-
KU POJIM M MeCTa HAHOTEXHOJIOTHH B HAIlleM MUpe HYKHO yUUTBIBATbh UX
OTPOMHbBIE MTPEUMYIIECTBA U BBITOBI: 201
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® [[eJIeBas JOCTaBKa MeINKAMEHTOB,;
® UarHOCTHKa GOJIe3HeH ¢ MOMOIIBIO «Ia00PATOPHUI-HA-YHIIIE;

® jleyeHNe TeHeTHYeCKUX 3a00JeBaHN;

® HAHO3JEKTPOHUKA;

® HAHOKOMIIO3UTHI;

® HAaHOCEHCOPHI;

® ONTUYECKNE MACCHBHI,

® TOILIUBHBIE JIEMEHTDHL;

® >pdexTuBHAS reHepalus U Mepeaya SHEPTUN.

Bonesnu pocra Bcerpa mpunocsat auckomdoprt u HeygoO6cTBa. Ha-
HOTEXHOJIOTUN 00JIaZAI0T OTPOMHBIM TIOTEHIHaJOM nob6pa u 3ma. /[leit-
CTBUTEJbHO, BMECTE CO CIUCKOM BBITO/l OT IPUMEHEHUST HAHOTEXHOJIOT Ul
HY’KHO BCEr/la UMETb 0/l PYKOU U CIIUCOK COIYTCTBYIOIIUX HEAOCTATKOB.
[pocrerx permiennit vHer. Tonbko u3yueHue, oOCyKIAEHUE U THIATENbHOE
IJIAHUPOBaHKME BCeX JENCTBUI MO3BOJIUT IPEIOTBPATUTD MOTEHIINATbHBIE
YTPO3BI.

Hanorexnosoruu ycrenrHo pa3BUBaOTCSA B HanpaBjieHUU 3(hdeKTHB-
HOTO U HEJIOPOTOTO TIPOU3BO/ICTBA MHOKECTBA HOBBIX MTPOIYKTOB, KOTOPbIE
U3MEHSIT MHOTHME acIeKThbl Haliel xu3uu. O[HAKO IUPOKOE PaCIPOCTpa-
HeHue HAHOTEXHOJIOTHI MOKET CTaTh TAKUM OYPHBIM, U4TO Y YeJIOBEUECTBA
He Oy/IeT BpEMEHU JIJIsI PEarnpoBaHusl Ha BO3MOYKHbBIE TTOCJE/[CTBUS, €CJIH
06 3TOM He 1M03a60TUTHCST 3a6IaTOBPEMEHHO.

KOHTPOJIbHBIE BOIPOCHI

1. HanorexHomorun 3aTparuBaroT:

(a) 5KOHOMUKY;

(6) aruky;

(B) KyJIBTYDY;

(1) BCe ykaszaHHbIe Bbilie 06/1aCTH.

2. Hammonanbubrit nHcTHTYT OoXpanbl TpyAa CIIIA mianupyer moaroro-
BUTb U BBIIIYCTUTD:

(a) mmcroBry K HanmoHasbHOMY JHIO HAHOTEXHOJIOTHIA;

(6) mokyMeHT ¢ 0630pOM IIPAKTUYECKOTO OIbITa PaboOThl ¢ HAHOMA-
TepuajiaMu;

(B) 1epeyenpb croco6oB MOMyYeHHsT HAHOTPYOOK;

(r) mpu3 3a JyUIIyI0 M€ OXPaHbl OKPY KAIOMIEH CPeJIbl.
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B oxmnoM wuccrenoBanmm Ha pbibaxX HeYHKIMOHAIU3MPOBAHHDIE
dynnepersl TPOAEMOHCTPUPOBAIIN:

(a) BiMsIHUE HA OKPYIKAIOILYIO CPELY;
(6) BBICOKYIO CTOUMOCTb;

(B) JUIIKOCTD;

(r) apkwuii cunmii 1BeT.

HanorexHosornu nMeior OI‘pOMHbIﬁ IIoTeHIuaJa OéH_IeCTBeHHOIL/JI I10JIb-
3bl 1 BO3MOJXHOTO!:

(a) pucka;

(6) yxymuenus;

(B) HUPKOBOIO HPEICTABIEHNUS;

(r) yJaydiieHns: NKOJIbHBIX 00€/10B.

3a cyer mpHUCOeAMHEHUS HEGOJBIINX MOJEKYJISPHBIX (parMeHToB
K II0BepXHOCTU (DyJIepeHa IUTOTOKCUYHOCTD MOXKHO!

(a) moBBICHTD;

(6) cHU3UTD, B 3aBUCUMOCTU OT cTeneHu (PpyKIMOHATU3AINN;
(B) 0CTaBUTH HEM3MEHHOI;

(r) yasouts.

OtHolleHue OéH.[GCTBa K HAaHOTEXHOJIOTUAM ONPEAEIAECTCA BCEMU I1€-
pEYUC/IEHHBIMU HUKE aCIIEKTaM1 06H.IeCTB€HHOI>i JKU3HU, KpOME:

(a) BaUAHUA Ha 3aHATOCTD;

(6) BO3MOKHOCTH II0JIyYeHHsI HOBBIX aJMa30B;

(B) HEPUKOCHOBEHHOCTH JIMYHOCTU M YACTHOH COOCTBEHHOCTH;

(r) BO3MOKHOCTH HM306peTeHNs HOBBIX METOJ0B JeYeHHs M Me/u-
KaMeHTOB.

Kakast cTpyKTypa 3aHMMaeTcsl MCCJIeJOBAHUAMH yCTOHYNBOTO W OT-
BETCTBEHHOTO PA3BUTHS HAHOTEXHOJOTHH U OIEHKU WX BJIUSHUS B
HECKOJIbKUX 00JIACTSIX, BKJIOUAsT OXPAHY OKPYXKAIOIIel cpeibl, 3/ipa-
BOOXpaHeHWe, IOPUCIPY/IEHINIO U T. 1.7

(a) INN;
(6) NNF;
(B) NNI;
(r) NTA.
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8. Crangaprusanus u3aMepeHuii Ha HaHOMACIITAGHOM YPOBHE MTO3BOJIUT
CpaBHUBATD:

(a) moKasaHMsI BECOB B Pa3HbIX MarasmHax;
(6) dyuTbI U MeTpPHI;

(B) M310M U OpemKy;

() pe3ybTaThl PasHbIX UCC/IEA0OBAHMUI.

9. UYrto 1mo3BOUT OCBOUTH OTPOMHBIN 06bEM HOBOI HAYYHOU U TEXHOJIO-
rudecknii THGOPMAINH U € ee TTOMOIIbI0 YCTPAHUTD MOTEHIINATbHBIE
MPEISATCTBHS HA MYTH Pa3BUTUS HAHOTEXHOJIOTHIA?

(a) pexoMeH/LyeMbIil CTUJIb OEK/Ib;

(6) paBHOmyHIHE O6IIECTBEHHOCTH;

(B) o6pasoBanue;

(r) yBesmuenue maom@amu pabourx MoMeIeHuil.

10. CHizKeHMe IUTOTOKCUYHOCTH 3a cueT (PYyHKIIMOHATU3AIUN OYIET CII0-
co6CTBOBATh BHEAPEHNIO WHHOBAIMH BO BCEX MEPEUYHMCIEHHBIX HIUKE
006J1aCTSIX, KPOME:

(a) cBssy;

(6) OUUCTKU BOJDL;

(B) BOCIIUTAHUS [eTeft;
(T) MeaUTIUHEL.



Inasa 14

Y10 ganbiue?

Cy66ota. Uayr mocieqHue MpUTOTOBJEHUST K €KEHENeJTbHON Beue-
putike. Hajo BcioMHuTh, Kakasi KapTuHa Obljia HAa CTEHE B IIPOIILIbII Pas.
lopubie ckaoHbl Acriena, Mopckoe aHO BO6au3u bogbioro BapbepHoro
puda mmm ornm nounoro Heio-Vopka? Biarogaps HaHOTEXHONOTHAM I
ycuexaM aJaliTUBHON OINTHUKHU € IIOMOILIBIO BCEr0 HECKOJbKUX Ha)KaTHii
KJIABHIII HA CTeHE MOSBUTCS J060e U3 3TUX U300PAKEHUl, YCTaHOBUTCS
COOTBETCTBYIOIIAST eMy TeMIepaTypa W YpOBeHb ocBeleHus. Kyma Tam
HPEKHUM OyMaKHbIM 000SIM U JIIOCTPaM C JIaMIIOuKaMu!

[IpocmaTpuBasi moctyiHble U300paskeHusi, HA CEKYHJY CTOUT MPH-
OCTAHOBUTHCS, YTOOBI ellle pa3 BCIOMHUTH MaMSTHblE MOMEHTBI JKM3HHU,
HalIpUMEp CMEINIHYI0 MOPJAIIKY MJAJIIIEr0 GPATUIIKU C MPa3HOBAHUS
ero siHsg poxaenus. I[loxxanyil, ctouT BbIOpaTh BUJ C OCJENMHUTENbHO Ge-
JIbIM TIECUAHBIM TIdKeM Ha ['aBaiisix. Beab roctu mpupyT B JETKON JieT-
Hell ofiek/le, U TaKOU uHTEpbep OyJeT KaK HeIb3sl KCTaTH.

A urto ¢ My3bikoii? IIpokpyTuM 3HAKOMbBIE U JHIOOMMbIE MEJIOIUU:
J’Ka3, pok, 60HTO.. O6beMHbBIN 3BYK M3 HAHOMOKPBITUS HA CTEHAX CO3-
JlacT norpscamonuii apeKT 3ByuyaHnus peajbHbIX WHCTPYMEHTOB.

HeBosibHO TPUXOAWT MBICAL O TOM, HACKOJIBKO OBICTPO HAHOTEXHO-
JIOTUM TIPOHUKJIW B HAITy MOBCETHEBHYIO KU3HDL. lIporpecc HeymMomM:
KaykeTcd, ellfe BYepa JIIOAN MePeBUTANINCH Ha JIOMAIIX, a CETOTHS YKe
He MBICJIAT IyTelecTBusi 6e3 PEaKTUBHBIX JIaliHePOB!

lepcneKkTMBbl HAHOTEXHONOM MK

HanorexHosorn, OCHOBaHHble Ha OHOJIOTMYECKMX M XUMHUYECKUX
IPUHIUIAX I0AaTOMHOTO KOHCTPYUPOBAHHUSI, IIO3BOJISIIOT CO3/1aBaTh (PYHK-
IIMOHAJIbHBIE yCTpoiicTBa ¢ pagMepamu B anamazone 1—100 um. B opra-
HUYECKOW XVMUU yKe B TeueHHe MHOTHUX JIET CO3/Ial0T HAHOCTPYKTYPHI C
MOMOIIBI0 XMMUYECKOTO cuHTe3a. Ho TOJbKO B mocjie/iHee JeCsATUIETHE
6marojiaps ycrexaMm B 006J1aCTU MUKPOCKOIIMH TIOBEPXHOCTH, MPOU3BOJI-
CTBa KPEMHUEBBIX CTPYKTYp, OuMoxuMuu, HuUanvyeckoil XuMuu u uHdop-
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MaTUKW yAAJ0Ch TIOTYYUTHb BBIJAIONINECS Pe3yJabTaThl B MPOM3BOJICTBE
CTPYKTYD Ha aTOMapHOM YDOBHE ¥ MaHWITYJIUPOBAHUU UMU.

HaHoTexXHOIOTNN TPUBIEKAOT MPHUCTATbHOE BHUMAHUE YUYEHBIX, T10-
TOMY 4TO GJarojjapsi UM CTAaHOBUTCS BO3MOXKHBIM U3 OT/EJbHBIX aTOMOB
€03/1aBaTh HOBbIE MOJIEKYJIbI M Jla’ke MaTepuasbl, UMEIOIHe OIPOMHOE
3HaueHue 11 061IecTBa M OKa3biBafolee BAMSHIE HA Hero. CTpeMuTe b-
HOEe Pa3BHTHe HAHOTEXHOJIOTUI M o6JacTeill MX MPUMEHEeHUs J1eMOHCTPH-
PyeT O4eBUIHBIN (DAKT: HAHOTEXHOJOTUH CTAHOBATCS OJHUMH M3 OCHOB-
HbIX TexHosoruit XXI B.

C pasBuTHeM MHUKPO- M HAaHOTEXHOJIOTHI TO, YTO TIPEXK/E CUUTATOCDH
HayyHO (paHTacTUKOM, cTaHOBUTCA Haykoi. 100 jerT Ha3as HEBO3MOXKHO
6BLJIO /Taske TIPe/ICKa3aTh MOgBJIeHNe MOOUJILHBIX TesedoHOB, HO 6Jaro-
Japs ycrmexaM MHKPO2JIEKTPOHUKH OHHU Telepb Tak JKe JOCTYIHBI U TIpH-
BBIYHBI, KaK XOT-Z0TU. MoxkeTe J BbI ceOe MPeICTaBUTh COBPEMEHHYTO
JKU3HDb 6e3 MUKPOBOJIHOBKH, KOMIIbloTepa 1 HTepHETA?

Uro xe npousonwio? Hey:xenu monu cramnm ymHee? Ckopee Bcero,
Her. IIpocro mo6ble ycrexy HayKd M TeXHUKH OObIYHO OCHOBaHBI Ha
IPEKHNX OTKPBITUAX. TakuM o6pa3oM, B TeueHHE MHOTUX JIeT HaKallJIu-
BaeTcs M3yMJEHNe OT HOBBIX HAYYHBIX pe3yabTaTtoB: «Orol» B kakoii-to
MOMEHT OHU BHE3AITHO JIAI0T COBEPIIEHHO HOBOE BU/EHUE SIBJEHWIl TIpU-
pozabl: «Bor ato ma, cMorpute, uTO 5 Hamen!s YdueHble M WHKEHEPHI Ha-
XO/ISITCST B IIOCTOSTHHOM TIOMCKE: KOT/ZIa OHI OOHAPY’KUBAIOT OTBET HA OJNH
BOIIPOC, HEM30€KHO BO3HUKAET HECKOJIbKO HOBBIX. Ilocse oTkpbITHS MO-
JIEKYJIbI (pyJisiepeHa oKa3anach peaJbHOCTHIO Ujiesd YIIPOYHEHUs MaTepua-
JIOB W TOYEYHON [OCTAaBKM MEANKAMEHTOB B 33J[aHHOE MECTO OpTaHu3Ma
C TIOMOTIBIO OTJENbHBIX MOJEKYJ U aToMOB. K BceoOleMy M3yMJIECHHIO
CTaJIO SICHO, YTO HAHOMACINTAOHBII MHUD HE TOJBKO YpPEe3BBIYANIHO Mal —
OH c1IocOGEH IPHUBECTH PEBOJIOIMOHHDbIC N3MEHEHHS B HAILY SKU3HD!

B teuenue nocsesHero fecsITHIETUsI yUeHble I HHKeHepbl HayUYUINCh
JleaTb MeTalIbl 6oJiee TTPOYHBIMU W THOKUMHU C TIOMOIIBIO HAaHOMATe-
pranoB. ABHacTpouTesin 0OHAPYXKIJIN, YTO CAMOJIETBI MOTYT OBITh 60Jiee
JIETKUMHU M SKOHOMHUYHBIME OJIarofiaps MCHOJb30BAaHUIO METaJTHYeCKUX
CIJIABOB ¥ HAHOKOMITO3UTOB C HAHOYACTHIIAMH.

MpoayKTbl N PbIHKK
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HanorexHosoruu Haxo[sTCsl Ha CTbIKE MHOTMX HAyYHbIX U WHIKe-
HEPHBIX JUCIUILIMH, TO3TOMY CIIOCOObI UX MCIOJIb30BAHUS UPE3BbIUANHO
pasHoo6pa3ubl. B Tabsuie 14.1 mepevncienbl HEKOTOpPble 06J1aCcTU Jes-
TEJBbHOCTH, B KOTOPBIX OKUJAETCS TMPUMeHeHNe HAHOTeXHOJOTUil B 6Jn-
JKaifeM 6yaymem.
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Ta6auua 14.1. Iloreniuaibibie 06JacTd IPUMEHEHHs] HAHOTEXHOJIOI Ui

CKHe TOBapbl

O6aactb Metoj «cHU3Y BBEpX» Mertoj «cBepxy BHU3»
KocmonasTika IToxpbiTusa U MaTepuasbl s Martepuasbt /1S iBUTATEIIA
3JIEMEHTOB (PIO3eJIsKa U COoTest U COJIHEYHBIX HaHeseit
ApromoGue- AHTHKOPPO3WOHHDBIE TIOKPBITHUS, DJIEKTPO/IbI /LIS CBUHILO-
CTpOeHIe OKHa, TOKPBIIIKH, BOCILIAMEHNU- BBbIX aKKyMYJISITOPOB
Tem
[MorpebuTresn- CropTuBHOE CHapsKeHne, Ha- Komnonents! ayanocucreM

CTOJIbHbIE U IMOPTAaTUBHbIE KOM-
IIbIOTEPDI, TEJIEBU30PbI, KOCME-
THUKa

Boopyskenne

BpoHns, Goerpuriacbl U IOKPBITHS
JUISL CTBOJIOB

KowMionenTs! Burareieit

Oxpana okpy-
JKaloleit cpe/ibl

CpezncTBa c60pa 3arpsi3HSIONINX
BEIIECTB, OYUCTKH BOJIbI M BO3JLY-
Xa, KepaMuyecKne MeMOpPaHbl

MarepuaJsbl 175 CONMHEY-
HbIX ITaHeJsel

[Ipombmiennbie | BesomacHble ass okpysKatomiei AHTUKOPPO3MOHHbBIE
MOKPBITHUS cpenbl HOKpbITHA (3aMeHuTe M MTOKPBITHUS
XpoMa, KagMus U Gepusims),
MATHUTHBIE TIOKPBITHSI
Meauumna ITokphITHs 7151 IMILJIAHTAHTOB, Cencopnl, «Ja6oparopun-
AHTUMUKPOOHDIE TTOKPBITHUST Ha-YnIe»
DHepreTuKa KoMmoHeHTBI s1epHbIX peakTo- [TokpeITus n Marepuabl

POB, Kabesu [Jist JMHUNA 9JIEKTPO-
nepegayn

JIIST KOHTEHHePOB C Pajro-
AKTUBHBIMH OTXOJaMH U
OTXOJIaMH CXKUTAHUS UC-

KOITaeMOoro ToIlJInBa

NYTb OT HAVKYW 10 PbIHKA

ITo nexkoropeiM onerkaM, B 2006 T. okomo 460 yacTHBIX KOMIIAHWII,

6osee 100 muBectopoB u okosio 300 HayuyHO-MCCJEIOBATETHCKUX OPTa-
HU3AIUI ¥ TOCyIapCTBEHHBIX YUPEXK/EHWH 3aHUMANCh BHEPEHIEM Ha-
HOTexHoJioruii. MHOTrMe M3 HUX YCIEIIHO /I0BEJU CBOM Hay4YHbIE HCCJIe-
JIOBAHUS J0 CTAUH TMPOMBINLIEHHOTO MMPUMEHEHN, YTO TIOITBEP KIAEeTCS
GOJIBIIIUM KOJIMYECTBOM MATEHTOB, KOTOPbIe OHU 0(POPMUJIU HA CBOU U30-
6pereHus.

CormacHo gaHHBIM EBporeiickoro mnateHTHOro 6i0po B MioHXeHe
(Tepmanus), 3a nepuog ¢ 1981 no 1998 r. KonMueCcTBO €KeroHO 0hOpPM-
JISIeMbIX IIaTEHTOB Ha HAHOTEXHOJOruM Bblpocsao ¢ 28 jo 180, yto coot-
BETCTBYET €5KET0/[HOMY TPUPOCTY 0K0J0 7%. B CIITA teMmbl pocta dncaa
MaTeHToB Ha HaHoTexHoJjoruu B nepuoa ¢ 1999 mo 2003 r. cocraBuim
28% B rojI, a UX KOJIMYECTBO BBIPOCJIO ¢ 479 mo 1011.
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OpanM n3 BaxkKHEHMX (haKTOPOB OBICTPOTO BHEAPEHUSI HAHOTEX-
HOJIOTHI SIBJISIE€TCSI TOTEHI[MAJbHAS BBITOJA OT WX MPUMEHEHUS B IIPO-
MBIIILJIEHHOCTH ¥ Ha MOTPeOUTENbCKOM pbiHKe. OAHAKO ITIPeCKa3bIBATh
cyb0y HOBBIX TEXHOJIOTUH — JIOBOJIbHOE PUCKOBaHHOe [eio. MHorue
MapKeTOJIOTH BEPST B CBeTJIoe Oyayliee HAHOTEXHOJOTUH, HO Majo KTO
13 HUX MOKET TOYHO TPeICcKa3aTh, KOTJA U TAe OHU TOABIATCS W KaKyIo
JaTyT KOMMEPUYECKYIO TPUOBLIb.

HexoTtopble aHAIWTUKKA CKJOHHBI CYUTATh, YTO MUK MHTEHCHBHOCTH
HAyYHBbIX WCCJE/J0BaHMiI HaHoTexHoJoruil 6yner pocturHyt B 2010 r.,
a UX KpymnHoMacmTabHoe BHEJPEHUE COCTOUTCS npuMepHo B 2015 T.

ITo HekoTopbiM orenkam, B 2001 r. Ha uccaeoBaHUS U BHEJPEHUE
HaHTEXHOJIOTHI ObLIO 3aTpadeHo okosio 50 mupa postapoB. B 2000 r.
Hammonanpuerit nayunsiii pong CHIA cmporrosmposas, uto B 2015 T.
PBIHOK HAHOIPO/YKTOB M HAHOTEXHOJOIHI JIOCTUTHET BEJIUMYUHBI 1 TPJH
JOJLIAPOB. A aHaauTHKU areHrcTBa Lux Research B 2005 r. mpejickasa-
Jiu, 4To 3(dEKT OT BHEPEHNUST HAHOIPOYKTOB U HAHOTEXHOJIOTUI Oy/1eT
paBHbBIM 2,6 TPJH J0JIAPOB.

JIUAEPLI PbIHKA

OrneHnBasi pa3BUTHE HAHOTEXHOJIOTHUI M MPOIECC MX BHEAPEHUS, BajK-
HO OTIPEJIeIUTh 00JIACTU TTPOMBIIIIEHHOCTH, B KOTOPBIX HAHOTEXHOJIOTHH
6yayT BHeAPSTLCS 0cobeHHO ObicTpo U addekruBHo. [lo MHeHHI0O Mu-
xanaa Poko (Mihail Roco), crapiiero anaautika B 00JacTH HAHOTEXHO-
Joruii, corpyaanka Harmonasbnoro Hayunoro gonga CIHIA, mambosee
NepPCIeKTUBHBIMU Oy/IyT BBIYUCJIUTENbHAS TEXHWKA 1 (DapMaKoJoTus.
WNHTepecHo, 4T0 MHOTHE JPYTHe aHATUTUKU CAETaJN OCHOBHBIE CTABKU
Ha MEeJUINHY.

B nacrosiiee BpeMs Ha pbIHKe y:Ke IpHUCyTcTBYeT okoso 400 HaHo-
TEXHOJOTHYECKUX TPOAYKTOB, OGOJBITMHCTBO M3 KOTOPBIX OTHOCSITCS K
KOCMETHKe, OKPBITHIM, TKAHSIM, CEHCOpPaM U JAuciiiesM. MHoOrue u3 HUX
CTJIN HEOTHEMJIEMOI YACThI0 TEHHUCHBIX PAKETOK U MsTYell, aBTOMOOUTb-
HBIX 6aMIIepPOB, COJTHIIE3ANUTHBIX KPEMOB U OYKOB, CIIOPTHBHBIX MITAHOB
U KYyPTOK.

Hamumonanpubiii Hayunbrii dong CIIA nporuosupyer, urto 6.a-
rojiaps OGOJIBIIIUM WHBECTHIIMSIM Ha PAaHHUX 3Talax Pa3BUTHS MHOTHUX
HAHOTEXHOJIOTUH COOTBETCTBYIONME UM PBIHOYHBIE TPOJAYKTBI MOTYT
MOSIBUTBCA TOPa3Z0 paHbIle, 4eM TIpejcKa3biBaercs. Ha ocHoBe mo-
JIy4EHHOT'O OIBbITA YYEHBIM U UHXKEHEePAMU YJIaCTCs Pa3peliuTb MHOTUE
npo6JieMBl ellle Ha HAaYaJbHBbIX CTAAUSAX U ObICTPO BHEJAPUTH HOBbBIE TEX-
HOJIOTUH.
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MaTeHTbl

IIpu cocraBjieHMM NMATEHTOB BA)KHO OIEHUTb HOBU3HY 3alllUIIaeMOii
WJIeN U BBIJIEJUTD ee CPeu OuepeHbIX BapMaHTOB MPONLIbIX uaenr. Ha-
HOTEXHOJIOTUU He SBJg0TCS HcKaoueHneM. He Tombko KoMMepueckue
KOMIIAaHUM, HO U MHOTHME YHWBEPCUTETBI, OCOOEHHO 3a TIOCJe[HUE J[Ba
JECSITUJIETHSI, OCO3HAIN OOJIbIIIOE 3HAUYEHHUE ITaTEeHTOB.

-é‘ MaTteHT — 370 OhULManbHbIA JOKYMEHT, YAOCTOBEPAIOLWIMA UCKNHO4YMTENbHOE NPaBo,

aBTOPCTBO 1 NpUOPUTET M300PETEHNS, NONE3HOA MOAENN UMW MPOMbILLIEHHOTO 06-
pasua. Cpok feiAcTBMs nateHTa 3aBMCUT OT 06beKTa NaTteHToBaHus (06bi4HO OT 10 o
25 neT). MNaTeHT BbIAAGTCA rOCYAAPCTBEHHLIM OPraHOM MCMONHUTENLHOIA BNACTM MO WH-
TeNneKTyanbHoi COBCTBEHHOCTU, Hanpumep, B Poccuiickoint deaepaLium Takum opraHom
aBnseTcs PenepanbHas cnyx6a no UHTENNeKTyanbHoit CO6CTBEHHOCTM, NaTeHTaM U TO-
BapHbIM 3HaKam (PocnarteHT).

WNHTeHCUBHOCTD TOJYUYEHUST TIATEHTOB B TOW MJIU WHON 06JIACTH MO-
JKET CJIYKUTh WHAMKATOPOM TeKylieil m Oyaymieil akruBHoctu. Hampu-
Mep, OKoJI0 1/4 Bcex MaTeHTOB B 06GJIACTH HAHOTEXHOJIOTHIA MOCBSIIIEHO
HOBBIM MHCTPYMEHTaM. JTO YKa3bIBAET HA TO, YTO HAHOTEXHOJIOTUU HAXO-
JISITCSL B CTA/IUU PA3BUTHUSI, KOTJA BAXKHO CO3/aTh XOPOIINE UHCTPYMEHTDI
U METO/bl IPOU3BO/ICTBA HAHOCTPYKTYP.

B arom oTHOomeHnn HamboJjiee MPOTPECCUBHBIMU 00JACTSIMU SIBJISIOT-
cs undopmaruka, xumus u gapmakosorusi. Hanpumep, B undopmaruke
3TO YCTPOICTBA XpaHEHUS JAHHBIX BBICOKOW €MKOCTH, TIIIOCKUE JTUCILIEN,
97IEKTPOHHAsE OyMara u MHOTOe Jipyroe. BoJsibiiioe 3HaveHue JIJIs1 pa3BUTHUS
uH(pOPMATUKK TaKKe UMEIT MeTO/bl 06paboTKU, Hepefayu U XPaHEeHUs
uHdopMalun Ha HAaHOMACIITAGHOM YPOBHE.

B xumuu u dapmakosoruu GOJBITUHCTBO MATEHTOB OTHOCUTCSI K Me-
TOJIaM TOYEYHOI JIOCTaBKH JIEKAPCTB, JAMATHOCTUKYM U JIEYEHUS paKa U
JIPYTUX ONacHbIX 3abosieBaHuii. PacTeT KOJUYECTBO MATEHTOB B JIPYTUX
06J1aCcTSIX, HAIIPUMEP CTPOUTEJNBCTBE, a9POKOCMUYECKON OTPAC/U, HO UX
JIOJIsl BCe ellle He O4YeHb Bejauka. lIpemoJsiaraercsi, 4TO MacCOBBIN BbI-
X0/l HAHOTEXHOJIOTUN U HAHONPOJAYKTOB HA PBIHOK CHAYaJia COCTOUTCS B
YKa3aHHbBIX BbIlie o6jacTsax: undopmaruke u ¢dapmakosoruu. Mmenno
Takagd TeHAeHIUS HaOI0Aalach B mocjaeaaue 25 Jer.

KnioueBble NpunoXeHus

Hanomatepunanabl 061a1ai0T YHUKATHHBIMA XUMUYECKUMU ¥ (pusmye-
CKUMU CBOWCTBAMH, KOTOPbIE MOKHO YCIEITHO WCIOIb30BATD IJISI OTPOM-
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HOrO YUCJIa Pa3HOOOPA3HbIX HMpUIoKeHuil. Huke nepeuncieHbl HEKOTO-
pble Han6oJIee MepPCIeKTUBHbIE IPUMEHEHNS] HAaHOTEXHOIOT L 1 HAHOIIPO-
JIYKTOB, KOTOPBIE OKAKYT 3HAYNTETbHOE BJIUSHIE B TEPUOJ C HACTOSIIETO
BpeMenu u 10 2015 r.

WHCTPYMEHTDI

K HuM oTHOCSATCST pasHble, HO CBSI3AHHbBIE TIPUCTIOCOOJIEHHS U YCTPOIi-
CTBA /I aHa/n3a, CUHTEe3a, 06pa0OTKU HAHOYACTHIl U YIIPABJIEHUS UM,
Hawu6osiee coBepiiieHHble MHCTPYMEHTBI MO3BOJISIOT OY€Hb TOYHO HM3Me-
PSATH CBOIICTBA M TIapaMeTpbl HAHOMACHITAOGHBIX CTPYKTYP.

151 co3taHusT HOBBIX HAHOCTPYKTYP M MX U3MeEpeHUsl y:Ke IpUMeHsI-
IOTCSI aTOMHbIE CUJIOBble MUKPOCKOIIbI, CKAaHUPYIOINEe 30HZ0Bble MUKPO-
CKOTIbI, HAHOMAHUIYJIATOPbI, ONTUYECKUE MHUHIETbI U APYTHe WHCTPY-
MEHTDI.

B 6mukaiiiiiee BpeMsi pa3BUTHE 3TUX UHCTPYMEHTOB CTAeT OCHOBHBIM
KaTaJu3aTOPOM TPOTrpecca HAaHOTEXHOJIOTUH.

NnPOK3B0OACTBO

HoBble MHCTPYMEHTBI /IJisi PE3KH HAa OCHOBE HAHOYACTHIl BoJbdpaMa
n KapOmuaa ThTaHa 006/afafoT ropasgo OOoJbIIeld MPOYHOCTHIO, M3HOCO-
CTOMKOCTBIO ¥ KOPPO3MOHHOU CTOWKOCTBIO, 4yeM uX 6oJiee KPYITHbIE aHa-
gorn. OHM TO3BOJISIIOT BBITIOJHUTH paboTy ObICTpee, a nmoToMy 6osee ad-
(peKTUBHBI 1 3KOHOMUYHBDI.

Jlist yMmeHbIlleHUsT pa3MepoB 3JIEKTPOHHBIX YCTPOMCTB UCIIOJb3YIOT-
¢S HaHOKpHCTaJIMYeCKue Marepuasbl ajst cBepa (¢ auaMeTpoM MeHee
100 MKM), KOTOpbIE ITIO3BOJISAIOT MOJIydYaTh (0Jee TOYHbIE OYEPTAHUS U
06J1a7a10T GOJIbIIEll M3HOCOCTOMKOCTBIO, Ye€M CBepJa M3 TPALUIIHOHHBIX
MaTepUaJIOB.

[l MUHMATIOPHBIX CBEPJI TaK)Ke MPUMEHSIOTCS KapOWHblE U aJj-
MasHble TOKPBITHS, KOTOPbIE XOPOIIO cebsl 3apeKoMeHI0Baau B OoJiee
KPYIIHBIX CBepJiaX B HedTerazoBoil MPOMBIILIEHHOCTH.

BUONHXXEHEPUA

HekoTopble aHATUTUKYA CYUTAIOT, YTO HAHOMEIWIINHA U PYTHE CBsI-
3aHHbIe ¢ Heil o6macti Ha 80% M3MEHAT COCTOSTHIE GHOJIOTHYECKUX HAYK
k 2015 1.

é BbuonHxeHnepus — 310 061acTb JEATENbHOCTY, B KOTOPOIA METOAbI GUONOTM U TEXHUKN
NCNONb3YIOTCA ANA AOCTVXKEHUS 06X LieNeid, Hanpumep AMarHOCTUKN 1 NeYeHns 3a-
605168BaHNIA.
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é buonoruyeckas UHXeHepus — 370 HayKa O NPUMEHEHUN UHXEHEPHbIX U TeXHUYECKUX
3HaHWA B MeLULMHE 1 B1ONOrumn, HanpuMep 415 CO34aHNA UCKYCCTBEHHbIX OPraHoB (KO-
CTEM, CyXOXXWMNiA, KNanaHos u T. 1n.).

Ecnu nmporpecc pa3BuTHS HAHOTEXHOJOTHI MTPOJIOJIKUTCS B TEKYIIUX
TeMITaX, TO B 00JIACTH 3/[pPaBOOXPAHEHNUST OTKPOIOTCS HEBH/IAHHBIE TIPEK/IE
nepcreKkTuBbl. B riiaBax 5 u 6 yske OIMUCBHIBAIMCH HOBbIE METO/IbI IUArHO-
CTUKHU OIACHBIX 3a60JIeBaHUIl.

ITo wexkoTtopbiM o1reHkam, B 2002 T. pPBIHOK HAHOTEXHOJOTHM
B OMOJIOTMYECKUX HayKaxX ObLI paBeH NMPUMEPHO 8 MJpPJ J0JIapoB, B
2006 r. — 30 mupa. [Ipennonaraercs, yto k 2010 T. OH TOCTUTHET BeJH-
yuabl 104 Mapa possapos. B 2002 1. 310l 1eATeTbHOCTHIO 3aHUMAJNCH
600 xommanmit, a k 2010 r. ux yncao MoxeT gocturayTh 3000.

Opnnako cJjefyer HAIOMHUTb, YTO TPOrPECC HAHOTEXHOJOTHH YCUIH-
BaeT 3HAYEHUE COMYTCTBYIONUX IOPUINYECKUX M ITUYECKUX (DAKTOPOB.
Kak u B XoJe BHeJpeHMS] TeHEeTUYeCKU MOJU(UIIMPOBAHHBIX OPTaHU3-
MoB (TMO), o6iiecTBEHHOE MHEHHE OKasKeT CYIIeCTBEHHOE BJIMSHUE W
Ha BHeJpEeHUEe HAHOTEXHOJIOTWi. VIMEHHO 10 9TO# MpUYMHE MHOTHE WC-
cJIeIoBaTe Il HAHOTEXHOJIOTHN YIESI0T O0JIbIIOe BHUMAHUE BOBJIEUEHUIO
0OGIIIeCTBEHHOCTH B TIPOIIECC OIIEHKU PUCKOB HAHOTEXHOJIOTHIA U IPUHSTUS
peIIeHni o UX YCTPAaHEHUIO.

MEAULWNHCKNE UMMITAHTAHTbI

B nacrosmiee BpeMA MHOTHME MeAUIMHCKUE HNMIIJIaHTaHTbI (HaHpI/I*
MeEp, 3aMEHUTeJJIn KOCTell 1 CepAEYHbIX KJIaHaHOB) N3roTaB/JaMBalOT U3
TUTAHOBBIX CILIAaBOB, H&p)K&BBIOH.[GfI CTaJI1 M CIIeHaJIbHbIX ILJIacTMacCC,
HallpuMep Ha OCHOBE€ IIOJIM3THJICHA. ITHU CILIaBbl U ILJIACTMACCHI UCIIOJIb-
3YyIOT, IOCKOJIbKY OHU ABJIAIOTCA 6uU0I02UMECKU COBMECTNUMBIMU. OpTO-
negudecKue MMILJIaHTaHTbI (I/ICKYCCTBGHHbIe KOCTI/I) OéJ’IB.,Z[B.IOT BBICOKO#1
IIJIOTHOCTBIO 1 HE UMEIOT II0P.

Q buonoruyecku coBMECTUMbIE MaTepuanbl (Hanpumep, Cnjiasbl TUTAHA, 30510Ta U He-
pXXasetoLas cTanb, NAacTMAcChbl) He BCTYNAKT B PEAKLMIO C TKAHAMWU OpraHu3ma v He
BbI3bIBAOT UMMYHHON PEaKLm opraHusma.

Urto6bl MMIJIAHTAHT JEHCTBOBAJ KaK HaTypajbHas KOCTb, OKpPY-
JKaollasl TKaHb J0JUKHA MMETb BO3MOXKHOCTb IIPOpPAcTaTb B Hero. JTO
IpUJaeT UMILIAHTAHTY HEOOXOAUMYIO TIPOYHOCTD. [10CKOJIbKY OObIYHBIE
MaTepuaJbl UMIJIAHTAHTOB OYEHb MPOYHDBI, TKAHW YeJOBEKA HE MOTYT
B [IOCTATOYHOH CTeNeHW TIPOHWKATh B HUX, W 3(P(EeKTUBHOCTD UX WC-
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MOJTb30BaHNA TajaeT. KpoMme TOro, MMMIJIAHTAHTBI M3 IJIACTMACC J0-
BOJIBHO GbicTpo usHammuBaoTcst (ipumepHo 3a 10 JieT), u [y ux 3aMe-
HBbI HeOOXOAMMO YacTO TPOBOINTDL OYeHb OOpeMeHUTeJbHbIe, CJI0KHbIE
U JIOporue XuUpypruueckue omnepanuu. MHOrUM manueHTaM 3TO He II0
KapMaHy.

Creranuctbl B 0067acTH OGUOUHIKEHEPUHM TIOCTOSIHHO HUIYT HOBBIE
HAHOMATEPHAJbI, KOTOPble MOXXHO ObLIO ObI UCIIOJb30BATH B KAUecTBe
MeIUIMHCKIX MMIIAHTaHTOB. HanpuMmep, HAHOKPUCTALIBI OKCUAA TIHP-
KOHUST 06J1aZIaf0T BBICOKON TBEPAOCTHIO, M3HOCOCTOWKOCTBIO, KOPPO3HOH-
HOUl CcTOHKOCTBIO (/1€J10 B TOM, 4TO GUOJIOTMYECKUE JKUKOCTH BbI3bIBAIOT
KOPPO3uI0) 1 GHOJIOTHYECKON cOBMeCTUMOCTBIO. KepaMnyeckie HaHOMA-
TepUaibl MOXKHO CZeJIaTh TOPUCTBIMHU C TIOMOIIBIO MepeXojia 30Jb-TeJb,
KOTOPBIH y>ke yHoMuHaJcs B ri1aBe 8. B Bume asporesid Takne MaTepuasbl
MOTYT BbIIepXKnBaTh Harpy3ky, B 100 pas mpesblmaoniyio uxX Bec, 4TO
CYNIECTBEHHO TOBBIIIaeT 3(PeKTUBHOCTb U CHUXKAET CTOMMOCTD MMILJIaH-
TAaHTOB Ha uX ocHoBe. HanoMarepumasbl Ha OCHOBe KapOuja KpeMHHS,
o6srajjaloniyie MaJbIM BECOM, BBICOKOH IIPOYHOCTBIO M TBEPAOCTHIO, OHO-
JIOTHYECKOH COBMECTHMOCTBIO, M3HOCOCTONKOCTHIO M KOPPO3MOHHON CTOM-
KOCTBIO, MOKHO HCIIOJTb30BaTh [JIs1 CO3JAHMUS HWCKYCCTBEHHOTO KJalaHa
cepara.

MemuiHCKIe WMILJIAHTAHTBI HAa OCHOBE HAHOKEPAMHUKH OCOGEHHO
IPUTOSITCS JIOJSIM IPEKJIOHHOTO BO3PACTa, KOTOPbIE CTPAJAIOT OT OCTEO-
nopo3sa (11 KOTOPbIM TPeGYeTCst IINTENBHOE BPEMsI TSI 3aJIeYNBAHHSI CJIO-
MaHHbBIX KOCTeii).

KOMNbHOTEPbI U 3NIEKTPOHUKA

B rmaBax 9 u 10 y:ke TOBOPUIIOCH, YTO HAHOTEXHOJOTHH 06eCIIeqnBa-
10T Maccy BO3MOXKHOCTell B 06J1aCTU BBIYUCIUTETHHON TEXHUKHU, JEKTPO-
HUKH, CEHCOPOB M cBs3u. Kakoe BMsiHME HA PAa3BUTHE BBIYHCJIUTENbHOM
TEXHUKU OKa)XyT HaHoTexHoJjoruu? UTo mpousoiiser, Korjga HOsIBATCS
60Jiee MotTHbIE U 3(PPeKTUBHBIE KOMITbIOTEPBI? Kak gaieko MOXKeT 3aiiTu
nporpecc? HekoTopbie aHATUTUKU CYUTAIOT, YTO HEBEPOSITHASI BHIYMCJIU-
TeJIbHAST MOIIlb HOBbIX KOMIIBIOTEPOB MPUBEJET K OIPOMHBIM M3MEHEHUSIM
He TOJbKO B WH(MOpMaTHKe, HO U B MeJIUINHE, SHEPTETUKE U TPAHCIOP-
Te. BriosiHe BO3MOXKHO, Y4TO TPaHb MEXK/Y 2JIEKTPOHHBIM U Y€J0BEYECKUM
pasyMoM ITOCTETIEHHO cOTpeTcs A0 MUHUMyMa. CKaskeM, MOTYT MOSIBUTD-
CsI UMILJIAHTUPYEMbIe OMePAIlMOHHbIE CUCTEMBI, HATIPUMED, I yCUIEHS
MMMYHHOI 3allMTbl OpraHu3Ma.

Crenuanuctbl B 061aCTU 3JIEKTPOHUKH JJABHO COCPEJIOTOUYMBAIOT CBOU
YCUJIUS HA MUHHMATIOPU3AIMK 3JEKTPOHHBIX YCTPOWCTB M UX KOMITOHEH-
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TOB: TPAaH3WCTOPOB, PE3NCTOPOB M KOH/JEHCATOPOB. YMEHbINEHNE pa3Me-
POB W VIUIOTHEHHE KOMIIOHEHTOB 3JIEKTPOHHBIX CXEM COTPOBOXKIAETCS
yBeINYeHNeM WX BBIYUCIUTETHHON MonTHOCTH U adderTuBHOCTH. Bophba
3a yBelnYeHre KOHTPOJUPYEMOH YaCTH PBIHKA, HOBBIE TPOAYKTHI U Ma-
TEHTBbI BEJIETCS OKECTOYEHHO, TIOCTOSIHHO U HeycTanHo. B Bek undoOp-
MalMu KaXkJas KoMmaHus, paboraioinas B cdepe JeKTPOHUKH, XOUeT
CTaTh JINJEPOM U KOHTPOJUPOBATH CaMble TIOCJEHNE JTOCTHKEHIS HAYKH
U TEXHUKH.

OaHako IS pelieHns MOCTABJIEHHBIX CBepX3ajad Tpebyercs Haii-
TH COCOOBI TPOU3BO/ICTBA HAHOCTPYKTYP, KOTOPBIE MO3BOJISAT U36EKATDH
M30bITOYHOTO PACCESTHUS SHEPIHU B BUJIE TEILTA, TOBBICIT HAJEKHOCTD
n obecrievar yCToiunBoe aHeprocHabKeHre KPOIUIEYHbBIX JIEKTPOCXEM.

CoBpeMeHHbIe KOMIIBIOTEPDI BBIOJHSIOT BBIYUCIEHUSI B MOCJE0BA-
TeJIbHOM peskuMe (OZHO BBIYKMCIECHHE 32 APYTUM), a KBAHTOBBIE KOMIIBIO-
Tepbl GYIYNIETO CHOCOOHBI BBIMOJHATH OJHOBPEMEHHO HECKOJBKO BbI-
uncjeHnii B napasiesbHoM pexxume (cm. riasy 10.) Hanpumep, utoGbr
PA3JIOKUTD HA TPOCThie MHOKUTETH Yrcao u3 400 1udp, o6brYHOMY KOM-
HBIOTEPY TOTPEGYIOTCS MUJIINAP/BI JIET, & KBAHTOBOMY KOMIIBIOTEPY —
BCETO HECKOJBKO MUHYT.

3ajaua pasyioKeHUsl YKMCJIa HA €ro MPOCTble MHOMKHUTEH, 3HAKOMAs
HAM ellle U3 TTKOJBHOTO Kypca MaTeMAaTHKU, MMeeT OTPOMHOE MPaKTHYe-
CKOe 3HavyeHue. AJTOPUTMBI PA3JOKEHUST HA TPOCTbIe MHOKUTENU HUC-
MOJIb3YIOTCS B cucrteMax mudppoBaHus. A 3HAYHUT, €CJIU KAKOMY-TO 3JI0-
YMBIIIJIEHHUKY YJACTCSI CO3/IaTh KBAHTOBBIN KOMIIBIOTEP, TO OH CMOXKET
OBICTPO B3JIOMATh MHOTHE CHCTEMBbI IMUMPOBAHUS, YTO MOXET HAHECTH
OTPOMHBIH ylIep6 KOMMEPUECKOl u HalmoHaabHOIl Ge3omacuoctu. Ilo
aroit mpumunHe areHTcTBO DAPRA u umuctutytr NIST B CIIIA Benyt un-
TEHCUBHBIE MCCIE0BAHUST KBAHTOBBIX BBIYUCTIEHUI.

MHuorue BeiyIue HAyYHO-UCCTEA0BATENbCKUE OPTAHU3AIMY, BKIIOYAS
Oxcdopackuii ynusepeuter (Bemuko6puranus), Yuusepcurer MHcOpy-
ka (ABctpusa), Maccauycercknii texnomorndeckuii mncruryt (CIITA),
Kanudopuuiickuit trexunomornueckuii uncruryr (CIHIA) u Craudopa-
ckmii yausepcuter (CIITA), uMeOT B CBOEM IUTare Hay4YHbIE TPYIIIbI,
KOTOpBIE 3aHUMAIOTCS U3y4YeHNEM OCHOB KBAHTOBBIX Bbruucienuii. Takue
KoMMepueckne Kommanuu, kak Microsoft m IBM, a Takske HeKOTOpbIE
PABUTETHCTBEHHBIE OPraHU3AIMH, HANPUMep APrOHHCKAS HAIMOHAJb-
Hast maboparopus CIIA, mpunaraior ycwinst st M3y4eHus] KBAHTOBBIX
BbIYUCJIEHUH.

HanoMaTtepuasbl TO3BOJIST MPEOIOJETh MHOTHE TPAJAUITHOHHBIE TEX-
Huveckne 6apbepbl W 06GECIeYnTb YCJOBUS [Jisi Gojiee BBICOKOI IpOY-
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HOCTH, YUCTOTDI, TEIJIONPOBOAHOCTU U AJOJTOBEYHOCTU KOMIIOHEHTOB Ha-
HOSJIEKTPOHHBIX CUCTEM.

CBA3b

Hapsaay ¢ MuHuaTiopusaiyeii KOMIBIOTEPOB U UX KOMIIOHEHTOB
MPOMCXOAUT MUHUATIOPU3AIUs GECIPOBOJHBIX KOMMYHUKAIIMOHHBIX
ycTpoiictB. PasMmepbl 6ecripOBOJHBIX CPEJCTB CBS3U YMEHBINAOTCS, a
caM¥ OHM TIOCTETIEHHO CTAHOBSITCS HEOTHEMJIEMBIMHU COCTABHBIMU YACTSI-
MU JPYTUX BJIEKTPOHHBIX cxeM u ycrpoiicts. Oanako anteHHbl (Ha-
npuMep B MOOUJIBbHBIX Tese)OHaX) U CEHCOPBI BCe Ke MMEKT J0BOJIb-
HO GOJIbIIIE Pa3Mepbl IO CPABHEHUIO C JPYTUMH KOMIIOHEHTAMU U $IB-
JISTIOTCST OTPaHUYMBAIONIMM (PAKTOPOM JajibHENIIell MUHUATIOPU3AITT
37IeKTPOHHBIX cxeM. C MOMOIIbI0 HAHOMATEPUAJIOB M HAHOTEXHOJIOTHIA
yueHble W WHKEHEPHl B CKOPOM BPEMEHU CMOTYT CIPABUTHCS W C ITOH
po6IEMOI.

ONTHUKA

O6pa6otka ontnyeckoii WH(OpMaUM HA HAHOMACHITAOHOM YPOB-
He SIBJISIETCS CJIOJKHEWIIell nmpo6eMoil B HEKOTOPbIX 00JacTIX HayKu
u texuuku. Cpenu HamboJiee aKTYaJbHBIX IPUMEHEHWI CJelyeT YIio-
MSAHYTh ONTUYECKHE HAHOYCTPONCTBA, JUTOTPAPUIO C YIABTPAKOPOTKOMH
JUTMHON BOJIHBI, BU3yaJH3alldi0 HAHOCTPYKTYP, a TaKKe ONTHYECKUil
MOHUTOPUHT HAHOTPOIECCOB B OMOJOTMUYECKUX MaTepUaIax Ha KJIETOY-
HOM ¥ MOJIEKYJIIPHOM ypoBHe. B riaBax 5 u 6 yke ynmoMuHaJIoCh 06
UCTHOJIb30BAHUH ONTUYECKUX HAHOYCTPOUCTB B OMOJOTUYECKUX U MEJU-
IIUHCKUX I[EJISAX.

ONCNIEN

PaspemeHHe TEJIEBU30POB U AUCILJIIEEB OIIPEAE/IAECTCA PasMEPOM ITMK-
ceﬂeﬁ, U3 KOTOPbIX (bOpMI/IpyeTCH I/I306pa>KeHI/Ie Ha 3KpaHe: 4eM MeHblile
IINKCeJ/Ib, TEM 60JIb1IIE pa3penieHue.

-é‘ Mukcenb — 370 HaUMEHbLUNA SNEMEHT ABYXMEPHOro LM poBOro n3obpaxeHns. OH
npescTasnsaeT co60i HefeNMbIA 06LEKT NPAMOYTONbHON (06bIYHO KBagpaTHom) op-
Mbl, 0611afaOLLNIA ONPeAeneHHbIM LIBETOM.

[l1s1 moBbITIeHNs pa3pelieHns AUCIJIeeB YYeHble W WHXKEHEPDI TIbITa-
IOTCSI WCTIOJTb30BATh HOBble HAHOMATEPHUAIbl HA OCHOBE CEeeHNIa ITIMHKA,
cynmbduga 1muHKA, cynabduma KaAMUS W TeJTypHUAa CBUHIA, MOJTydeH-
Hble C MOMOMIBIO Tepexofia 30b-Teab. C WX TOMOIIBIO MPEAIOJATaAeTCs
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HE TOJIbKO MOBBICUTH Pa3pelleHne, HO M COKPATHTh CTOMMOCTD JMCILIECEB
g tenesugenus soicokoit werkoct HDTV (high-definition television)
¥ KOMIIBIOTEPHOW TEXHUKH.

[LocKonaHeAbHble UCIIEH COCTABJISIIOT 3HAYMTENbHYIO YacThb PbIH-
Ka MOPTaTUBHBIX KOMIIbIOTEPOB. Beylue mM0o3uIMN B MCCIEA0BAHUAX U
NPOU3BO/ICTBE TAKMX JUCILIEEB 3aHUMAIOT ANOHCKME KOMIAHMU. 3a CyeT
MCIOJIb30BAHUSA HAHOYACTHI] OHU CTPEMSATCS YJAYYIIUTh pa3perieHne Juc-
IJIeeB U CHU3UTH MPOM3BOJCTBEHHBIE 3aTpaThl. KpoMe TOro, 3amedeHo,
4TO NPUMEHEHHE HAHOMATEPUAJIOB IO3BOJSET CYIIECTBEHHO ITOBBICHTDH
SAPKOCTh M KOHTPACTHOCTD ILIOCKOIIAHENbHBIX JUCILICEB.

DJIEKTPOXPOMHBIE YCTPOIiCTBAa OCHOBAHbI Ha MaTepuajax, ONTHYECKHE
CBOIICTBAa KOTOPBIX MEHSIOTCS IIPH HPOXOMKIEHUH 3JEKTPHYECKOTO0 TOKA
WU TPUJIOKEHNH 9JIEKTPOMATHUTHOTO MOJIS.

-é‘ INeKTPOXPOMHOCTL — CNOCOOHOCTb MaTepmana U3MeHsTb ONTUYECKNE CBOWCTBA NOJ
HanpspkeHneM. Takoi cnoco6HOCTbI0 0611aJa0T OKCUABI BONTb(pama.

OG6paruMas 51eKTpOXpPOMHOCTD (TO ecTh 06paTUMOE M3MEHEHNE OITH-
YECKMX CBOIWCTB) JOCTHIaeTCs € TOMOIIBIO ABOWHOTO MHKEKTHPOBAHUS
3apsiKeHHbIX yacTull (MOHOB MJIM HIEKTPOHOB) B HAHOKPUCTALIBI OKCH/IA
Bostbhpama. Marepuasbl, obJaamolme 06paTuMoil 3J1eKTPOXPOMHOCTBIO,
ysKe MCIOJb3YIOTCS B KAYeCTBe TIOKPBITUS JJIs OTITHYECKUX JUCTIIEEB NH-
(popmarmonnsIx Ta6I10.

-é‘ YKUAKOKPUCTANNUYECKUI QUCTINEH — 3TO NNOCKONAHESbHbIA MOHUTOP HA OCHOBE XWJ-
KUX KpUCTannos. Kaxablil MUKCENb Takoro AUCNes COCTOUT U3 CNOst MOMEKYN MeXiy
IBYMS NIPO3PayHbIMU 3NEKTPOAAMU U [ABYX NONAPU3ALMOHHBIX PUILTPOB. B 0TCYTCTBME
XNIKNX KPUCTANIOB CBET, NPONYCKaeMblil NepBbIM (UILTPOM, NPAKTUYECKN NOMHOCTbIO
6NOKMPYETCA BTOPLIM. [1pK OTCYTCTBUM HANPSHKEHUSA MOMEKYbl BbICTPAMBAIOTCA B BUH-
TOBYIO CTPYKTYpPY, U CBET NpOXoauT 683 NoTepb, a Npu [0CTaTOMHON BENUYUHE NONs
MOMEKYNbl CTAHOBATCS MPAKTUYECKM NapannensHo, YTo NPUBOAUT K HENpo3pa’yHOCTU

CTPYKTYPl.

DJIEKTPOXPOMHBIE JMCILIEN BHENIHE HOXO0KU Ha SKUIKOKPUCTAJLINYe-
CKHE, KOTOPble IIMPOKO HCIOJb3YIOTCSI B HACTOsIIIee BPEeMsI B KOMIIbIOTE-
pax, KaJbKyJ/sATOpaxX U HapyYHBIX Yacax.

ITockosbKy paspernienne, SPKOCTb ¥ KOHTPACT 2JIEKTPOXPOMHBIX [IHC-
IJeeB B 3HAYUTETHHON CTENEHN 3aBUCUT OT pa3Mepa HAHOUYACTHII, Ha-
HOYACTHUIIBI SIBJSIOTCS BeCbMa IEPCIIEKTUBHBIMU MaTephaTaMu ISl 3THX
YCTPOHCTB.
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MATEPUANBI

Kak ysxe ynoMmuHaa0Ch B I1aBe 8, HAHOKPHUCTAJJINYECKIE MaTepua-
JIBI, CO3[IJaHHbBIE C TOMOIIBIO TIEPEX0/ia 30JIb-TeJb, HA3BIBAIOTCI dIPO-
eeasimu. OHU UMEIOT OYEeHb IOPUCTYIO CTPYKTYPY, KOTOpasi B COTHHU
pas Jierde CIJIONIHOTO aHajora. TpexMmepHas ceTb IIOp, KOTOpble 3a-
MOJTHEHBI TTy3bIpbKaMU BO3AyXa WU JI060TO PYroro ra3a, MOXKeT Huc-
MOJTb30BATHCS B KAa4eCTBE NMPEKPACHOTO TEIJIOW30JATOPA B IOMAX WA
oducax.

C ux TOMOIIbI0 MOXKHO CYIIECTBEHHO CHU3HUTDH 3aTpaTbl Ha 000TpeEB
WIN OXJIAKIEeHNe U TaKuM oOpa3oM AOOUTBHCS 3HAYNUTETbHON 9KOHOMUU
sHepropecypcoB. Pa3pabarbIBaroTCsl IPOEKTDI CO3/[aHUST «YMHBIX» CTEKOJI
Ha WX OCHOBE, KOTOPbIE MOTYT TEMHETb B OUEHb CBETJIOE BpeEMs CYTOK
(Kak caMOHACTPAMBAIONIUECS CTEKJIA COJTHIIE3AIUTHBIX OYKOB) U, Ha060-
POT, CTAaHOBUTBCS GoJiee TTPO3PAYHBIMU B MACMYPHYIO MOTO/TY.

KEPAMUKA

Kepamnyeckne MaTepuasbl 0ObIYHO XapaKTePU3YIOTCS BBICOKON TBEP-
JIOCTBIO M XPYIIKOCTBIO, a MOTOMY TPYJHO TojjaTcs ob6paborke. M3-3a
3TOTO WHXKEeHepaM C TPYJOM yAaeTcs WCIOJb30BaTh WX ITPEBOCXOTHBIE
kauectBa. OpHako 6GJarofapsi yMEHbIIEHUIO pa3Mepa 3epHa oO6paboTKa
CYIIECTBEHHO YIPOIIAETCS, ¥ IOIMYJASIPHOCTh KEPAMUYECKUX MATEPUAJIOB
pacrTer.

Kepamnka Ha ocHOBe JBYOKHCH ITMPKOHHS cnoco6Ha JedopMupo-
BaTbest 10 300% CBoOell MCXO/HOIl JUIMHBI U TOTOMY Ha3bIBAETCSI CBEPX-
maacTuIHOi. UTOObI 1eMOHCTPUPOBATH TaKWe CBOMCTBa, 3Ta KepaMHKa
JIOJKHA COMIEPKATh HAHOKPUCTAJLINIEeCKNe 3epHa. HekoTopble HAHOKPH-
crajumndeckie Marepuaabl (HuTpug kpemumst Si N, 1 KapOuJ KpeMHI
SiC) yske UCHOIb3YIOTCS B aBTOMOGUIECTPOCHNH, HAIIPUMED IS BBICOKO-
MPOYHBIX TPYKUH, MAPUKOMONIMITHUKOB U ToJKaTesell KiaanaHos. llo-
MHUMO TIPEKPACHBIX (PU3NYECKUX, XUMUUYECKUX W MEXaHMYECKUX CBOWCTB,
oHM 06JIAZIAIOT XOPOIIEH CIOCOOHOCTHIO K (hDOPMOU3MEHEHHIO, TepMUYe-
CKOW M CTaHOYHOH 06paboTKe.

-é‘ CnekaHue (sintering) — 3T0 NPOLECC NONYYeHU TBEPAbIX MATepUanos U n3nenun u3
NOPOLLIKOO6PA3HBIX MW MbINEBbIX CMECEN NPKU TeMnepaType, KOTopas HUXe Temnepary-
Pbl NNABNEHMS.

Hanokpucraainyeckre MaTepUaibl MOKHO CKUMATh U CIIEKATh B Pa3-
HOOGpasHble (GOpMBbI TP Topasjo 6Gojiee HU3KUX TEMIEpaTrypax, 4YeM
0OBIYHO TPeOyeTCs ISl CKUMAHUS U CIIEKAHUST CILIONTHBIX AHAJIOTOB.
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B HacTos1ee BpeMd yueHble U MHXKEHEPbl yiKe HAYUYUJIUCH JleslaTh Ha
WX OCHOBE MHOKECTBO W3JIeUi I MeJUIMHCKuX Ilesneii. Hampumep,
B JmOHNKN U3TrOTOBJAIOT 3yOHBIE TIPOTE3bI, KOTOPbIE Jierye, KoM@opTHee
n yro6Hee, 4eM MPOTe3bl U3 JPYTUX MATEPHUATIOB.

OXPAHA OKPY)XAIOLLEN CPE[bI

Y:>ke ynoMuHaBIIHECS HAHOKPUCTALINIECKUE MAaTePUaTbl UMEIOT TO-
pasmo GOIBLIYI0 MOBEPXHOCTH (COCPEOTOYEHHYI0 HA IPaHHMIAX 3€PeH),
4yeM WX CILIOIIHBbIE aHAJOTU. bBiarogaps 3ToMy HAHOKPHUCTAJLIMYECKUE
MaTepuaybl 06JIAJIAI0T TOBBIIIEHHON XUMUYECKON 1 (PU3MUECKON aKTUB-
HOCTBIO. DTH KauecTBa HAHOMATEPHAJIOB MOKHO UCIIOJb30BaTh [JISI CO3/1a-
HusA 3(PPEeKTUBHBIX KAaTAIN3aTOPOB, KOTOPbIE MOTYT PEarnpoBaTh C TaKu-
MU TOKCUYHBIMU Ta3aMW, KaK OKCHUIBI a30Ta U yTJepPO/a, B aBTOMOOUISX
U TEIUIOBBIX JJIEKTPOCTAHIMSAX. TakumM 06pa3oM, HAHOKPHUCTALIMYECKIE
MaTepuaJibl MOTYT OKa3aThb 3aMETHYIO TIOMOIb B OXpaHe OKpYsKarouleil
cpelbl OT 3arpsi3HEHUsI, BbI3BAHHOTO CKUTAHHEM HMCKOIAEMbIX BUIOB TO-
ILJINBA.

BATAPEWN BbICOKOW EMKOCTU

OO6bruHble GaTaper W TIOBTOPHO 3apsiKaeMble aKKyMYJISITOPBI IIH-
POKO HCIIOJIb3YIOTCS B HAaIleil JKU3HHU: B aBTOMOOWJISIX, KOMIIbIOTEPAX,
MOGUJIBHBIX TesedoHaX, yacax n urpymkax. K coxanenuio, nx eMKOCTb
(M 10JITOBEYHOCTD) HEJOCTATOYHO BEJINKA, U WX IPUXOJUTCS 4aCTO 3a-
PSIKaTh.

[lopuctble HAHOKPUCTALTMYECKHE MATEPHAJDbI CIIOCOOHBI XPAHHUTD
9IEKTPUYECKYI0 HEPTUIO C ropasfo GoJbllell MIOTHOCTBIO, MOITOMY B
OynyieM Gatapen M aKKyMyJISITOPbl HA X OCHOBE CMOTyT paborarb 6e3
HO/I3aPSIIKKA TOPA3/I0 JI0JIbIIIE.

CEHCOPbI

UyBCTBUTENBHOCTH CEHCOPOB 3JIEKTPUUYECKOTO COTMPOTUBJIEHNS, XM~
YeCKOU aKTUBHOCTHM, MATHUTHON TPOHUIIAEMOCTH, TeTa W APYyTuX (husu-
YeCKX W XUMUYECKUX CBONCTB BO MHOTOM 3aBUCUT OT MUKPOCKOIIIYE-
CKOIl cTpyKTypbI (3epHucroctn) marepuana. Hanpumep, B ceHCOpe OKKCH
yrJjepoja it o6Hapy KEHUS 3TOTO ra3a MCIOJb3yeTCs OKCU/l ITMPKOHMS.
Peaxinsg B3amMojieiicTBUS MOJIEKYJ OKCHIA IUPKOHUS C MOJIEKYJIaMu
OKWICH yTJIepO/ia BBI3BIBAET U3MEHEHNE TTPOBOIMMOCTH.

[ToaToMy A71sT TIOBBITIIEHNST YYBCTBUTEIBHOCTH CEHCOPOB YUEHbIE W MH-
JKeHepBI CTPEMSTCS UCIMOIb30BaTh MAaTEPUAILI C MEHBIITIM Pa3MepoM 3ep-
Ha. Hanokpucraniudyeckue ceHcopbl 06J1aJIal0T TOBBINIEHHON YyBCTBU-
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TEJIbHOCTDBIO N YK€ UCHOJIb3YIOTCA B AETEKTOPAX /[bIMa, JaTUYNKaX Oéﬂeﬂe*
HEHUA IIOBEPXHOCTU CaMOJIETa U q)yHKHI/IOHI/IPOBaHI/IH JIBUTaTEJIEl.

ABTOMOBMIH

JlBuraresu cOBpPeMEHHBIX aBTOMOOUJIEH COKUTAIOT OTPOMHOE KOJIU-
YeCTBO TOIJIMBA, W BBIXJONHBIE Ta3bl SIBJASIOTCS OJHUM U3 OCHOBHBIX
UCTOYHUKOB 3arpsi3HeHHs OKpY:Kaloleil cpenbl. HaHorexHoMOTHU CIIO-
CcOOHBI penuTh 3Tu 1pobaeMbl 6e3 yiepba /Jjsi TEMIIOB Pa3BUTHS aB-
tomMo6uabHOi orpacsu. llpeanomaraercs, uro B 2015 T. [0Js1 MCIOJb-
30BaHUSI HAHOTEXHOJIOTUH W HAHOMATEPHAJIOB B aBTOMOOUJIECTPOEHUH
nocturHeT 60%.

B03MOXHOCTD MAaHUITYJUPOBAHUS ATOMAaMU M MOJIEKYJaMU OTKPBI-
BaeT GOJIbIIINE MEPCIEKTUBLI B aBTOMOOUIecTpoennu. HampuMep, HaHO-
KPHUCTAJLIbHAS CBEYa 3a’KUTaHUsI C HAHOJJIEKTPoAaMu 06/1a1aet GoJiblieit
BKOHOMUYHOCTBIO (TOIIMBO cskuraercss 3¢ @eKTuBHee), MPOYHOCTHIO,
U3HOCOCTOIKOCTHIO U JIOJTOBEYHOCTBIO, YeM OObIYHAS CBeya 3a’KUTaHUS
c OOBIYHBIMU 3JIEKTPOJaMu. BoJjiee coBepilieHHbIe CBEYM 3a’KUTAHUS HA
OCHOBe OOBIYHBIX MATEPUAJIOB CO3/IAI0T OUYE€Hb MOIIHbIE HCKPBI, KOTOPbIE
croco6eTByoT 6osiee 3PEKTUBHOMY CKUTAHWIO TOTLJIMBA, HO OOJAAIoOT
OYeHb HU3KOW KOPPO3UOHHON CTOHKOCTbHIO. Y CTAaHOBJIEHO, YTO CBEYM 3a-
JKUTAHUSI HA OCHOBE HAHOMATEPHUAJIOB MOTYT PabOTaThb TOPA3/0 /OJbIIIE.

Kpome Toro, yueHbie u WHKEHEPBI CTPEMSTCS TOBBICUTb 3(dEKTHB-
HOCTb CKUTQHMS TOILIMBA B aBTOMOOWMJISX C JIM3EJbHBIMU JIBUTATEISIMU
3a CYeT UCIOJb30BAHUS TIOKPBITUI ITMJIUHIPOB HA OCHOBE HAHOKPHUCTAJ-
Jmueckoil kepamuku. KoMmmoautHbie MaTepuasibl Ha 6a3e HAHOTPYOOK TI0-
3BOJISIT CHU3UTb BEC U MOBBICUTH 3(D(EKTUBHOCTD CUCTEM TOPMOKEHUS.
Crekjia ¥ KpbLIbsi HA OCHOBE YTJIEPOJAHBIX HAHOTPYOOK OYAyT TOPA3/0
npovyHee 6e3 YBEJNYEHUS MaCChI.

B 1iesiom B aBTOMOGMIIECTPOEHNY OYAYT 3aMETHBI IIPEUMYIIECTBA BHE-
JIPEHUsT HAHOTEXHOJIOTHIA, TMOCKOJbKY MHOTHE KOMIIOHEHTBI aBTOMOOWJIS
CTaHyT ropas/io Jierue, MpovHee, JoJroBevyHee u 3 dekTrBHEE, A 3aTPATHI
Ha UX [POM3BOACTBO CHU3ATCS. [0 HEKOTOPBIM OllEHKAM, B CJEIYIOIEM
JIECSITUIETUN  KOHKYPEHTOCIOCOOHOCTh B aBTOMOOUJIBHOI ITPOMBIIILIEH-
HOCTU OyJIeT BO MHOIOM 3aBUCETh OT MCIIOJb30BAHUS HAHOTEXHOJIOTHUIL
U HAaHOMAaTEepPUaJIOB.

OPYXHE

B coBpeMeHHOM OTHECTPEJHLHOM M PAKETHOM OPYKHH HCIOJIb3YeTCs
XUMHUYECKAsi SHEPTUST CKUTAHUST XMMUIECKUX BellecTB. Biaroxaps atomy
CKOPOCTD TIyJib, CHAPSIIOB W pakKeT JocTuraer npuMepHo 2 km/c. Ilep-
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CHEKTUBHBIE 3JIEKTPOMATHUTHBIE CUCTEMbI, B KOTOPBIX CHAPS/IbI YCKOPSI-
I0TCSI 3JIEKTPOMATHUTHBIM [0JIEM, CIOCOOHBI PAa30THATH CHAPSI /10 CKO-
poctu 10 x¥m/c. TToHSTHO, YTO CHApSI ¢ GOMBIIEH CKOPOCTBIO 00IAIAeT
60JIbIIIell KWHETHYECKON SHEPrueil U pa3pyunTeabHoil cnoco6uoctbio. 1o
ATON TPUYNHE KOHCTPYKTOPBI OPYKUS y/AEJSIOT OTPOMHOE BHUMaHUE Ta-
KUM 3JIEKTPOMATHUTHBIM TTYIIKAM.

DJIEKTPOMArHUTHbBIE TTYHIKU JOJIKHBI 00J1aJIaTh JOCTATOYHO XOPOIIei
[IPOYHOCTHIO U U3HOCOCTOMKOCTBIO, a PEJIbChI JIJISI PA3rOHA CHAPSIJIOB —
XOPOIIEl 3TEKTPONPOBOAHOCTbIO. Me/b SBJISIETCS OTJUYHBIM TTPOBOIHU-
KOM, HO o6jafiaeT ¢jaboii M3HOCOCTONKOCTbIO U KOPPO3HOHHOII CTOIKO-
CTBIO.

[lns petierust 910l Mpo6JIeMbl yueHble U WHKEHEPDI MBITAIOTCS MTPUMe-
HUTH HOBbIE HAHOMATEpHUaJbl. B HacTosIee BpeMsi BelyTCsI MHTEHCUBHDIE
UCCJIE/IOBAHKST KOMIO3UTHBIX HAHOMATEPHAJIOB HA OCHOBE BoJibdpama,
Mean u aubopuaa TUTaHa. Takue KOMIO3UThI 006J1aal0T HEOOXOUMOi
MIPOYHOCTBIO, TBEP/OCTHIO, 3JIEKTPOIIPOBOHOCTHIO, W3HOCOCTONKOCTHIO
U KOPPO3WOHHOW CTO#KOCThIO. Ilpeamnosaraercss, 4TO WCIIOJb30BAHUE
MOIOGHBIX KOMIIO3UTOB MO3BOJIMT IOBBICUTH 3(PPEKTUBHOCTD W TEMIT
cTpesib0bl, a TAaK)Ke CIKOHOMUTH JIEHbIU HAJOronIaTeabuukoB. OHoBpe-
MEHHO C 3TUM U3Y4aeTCsl BO3MOXKHOCTb UCIIOJIb30BaHUSI HAHOMATEPUAJIOB
Ha OCHOBE YTJIEPOJHBIX HAHOTPYOOK, KOTOpPbIE O6JAJAIOT elie GOJbleil
AJIEKTPOIIPOBOHOCTHIO U U3HOCOCTONKOCTBIO.

MEHETPATOPbI C BbICOKOW KWHETUYECKOW 3HEPTUEN

[lns 60pbObBI ¢ GPOHUPOBAHHOIN TEXHUKOW MPOTUBHUKA B MuHuUCTEp-
crBe o6oponbl CIITA 1aHupyeTcst NCHOIb30BaTh CIIEIHATbHbBIE CHAPSI/IBI
U 1IyJIM, TaK Ha3bIBaeMble TEHETPATOPHI C BBICOKOI KMHETUYECKON dHEp-
rueil Ha ocHoBe ypaHa. OHU SBJSIOTCSI HENPEB30OHeHHBIMUI CPelCTBaMU
IIPOHNKHOBEHHS CKBO3b JTI06YI0 GPOHIO, HO XapaKTepu3yIOTCs MOBbIIIEH-
HON pajinoakTuBHOCTBIO. OHAKO CHApSAbl Ha OCHOBE HAHOKPHUCTAJLIM-
YeCKUX CIJIABOB BOJIb(hpaMa MOTYT BCKOpPE 3aMEHUTb ypPaHOBbBIE TIEHETPA-
TOPBI U MCKJIIOYUTD PUCK, CBSI3AHHDII C PAJAMOAKTUBHOCTBIO U TOKCHUYHO-
CTBIO YPAHOBBIX CHAPSIZIOB U TIYJIb.

MOLLHBIE MATHUTBI

I PexTUBHOCTD MarHUTOB CBS3aHA C Pa3MEpPoOM 3epHa U CyMMap-
HOIl IIOBEPXHOCTU MaTepuasa, U3 KOTOpOro chejaH MarHut. Hanoxpu-
CTAJ/IMYECKHe MarHUTbl M3 WUTTPUs/caMapusi/KobGanbTa 006JaaioT I10-
BBIIIEHHBIMM MAarHUTHBIMM CBONCTBaMM BBUY UX OGOJIBINOI CyMMapHOIi
noBepxHocTtu. Ha ocHOBe TaknX MarHUTOB MOKHO Oy/leT co3faBaTh GoJiee
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TUXOXO/HbIE IIO/IBOJHbIE JIOJKHU, T€HEPaTOPbl [IEPEMEHHOIO TOKA, 3JIEK-
TPOJIBUTATEJIM, CBEPXUYYBCTBUTEJbHbIE aAHATUTUYECKUE WHCTPYMEHTDI,
BKJII0Yasi MAarHUTHO-PE30HAHCHBbIE TOMOTIPA(bI.

NMNA3MEHHBIE TEJTEB30PbI 11 3KPAHbI

[IpousBoauTen IUCIIEEB CTPEMSATCS CO3[aTh 6O0Jiee [elIeBbIE aJTb-
TepHATUBHBIE BAPUAHTHI IS YKe UMEIONTIXCS KIUAKOKPUCTALINIECKITX 1
Ia3MeHHbIX AuciiieeB. Kommanus Motorola yske o6bsiBuIa 0 cO3MaHuN
epBOro paGoTaloNIero MPOTOTUIA HAHOIMUCCUMOHHOTO auciies (nano-
emissive display — NED). ToHkwuii, Kak IJIMTKa IHOKOJaja, AUCILIEH
CTaHeT OCHOBOIl GYyIero HACTEHHOTO TeJeBM30pa C AMATOHAJIBIO dKpa-
Ha 42 mroiiMa, 06JaJaroulero TaKUM jKe KauyecTBOM M300PaKeHUs, UTO
U SKUJKOKPUCTAINIECKUN TUCTLIEH.

B nanosMuccumonHoM auciiiee uzoOpaskenue GOPMUPYETCS C TOMO-
1[bIO 9JEKTPOHOB, KOTOPbIE YCKOPsioTcst HanmpsikerueM 5—10 B (B sxua-
KOoKpucrammyeckoM auciiee — 5000 B). Bmecto aeKTpOHHO-TY4€eBOI
TPYOKM M KPOIIEYHBIX MOJTYITPOBOJHUKOBBIX CBETOINO/IOB B HAHOAMICCHU-
WOHHOM JIMCILIee MCTob3yeTcs gocdopeciupyiomnias miacTiHa, KoTopast
101 IEfiCTBUEM HAIIPSIIKEHUS CO3/1aeT N300PAsKEHNE C TOPa3/l0 MEHbITUMU
3aTparamu sHepruu. VHTepPecHO, YTO 9Ta TEXHOJIOTHUS TI03BOJISIET CO3/a-
BaTh 9KPAHbI IPOU3BOJIBHO GOJIBIIOTO pa3Mepa, 4To ObLIO OYEHb TPY/IHO
U BooOIIle HEBO3MOXKHO /IOCTUYDb C ITOMOIIBIO MPEKHUX TEXHOJOTHIA.

PA3BJIEYEHUA

HamotexHonornm mocTemeHHO TPOHUKAIOT BO Bce cdepbl KU3HU.
B rta6suie 14.2 nepeunciieHbl HEKOTOPbIE TIPOAYKTbI U MATE€PUAJIbI, CO3-
JIaHHbIE HA OCHOBE HAHOTEXHOJIOTHI MM HAHOMATEepPUAJIOB U IOIABIINE B
CITMICOK JIECSATU CaMbIX TOIYJSIPHbIX HaHONPoAyKTOoB B 2005 r., 1o MHe-
Huto xKypuana Forbes.

TaGauua 14.2. [Jecsatb HAHONPOAYKTOB CaMbIX TOMYAsIpHbIX B 2005 T.

Ipoayxr Komnanus
1 | iPod Nano c¢ unmom mamsitu NAND 4 T6 Apple Computer
2 | Canola Active — mosbimiaer abcop6uuio ¢purtoxu- | Nutralease/Shemen
MHUKATOB U CHU)KAeT YPOBEHDb XOJleCTepUHa
JKesarenbnast pesunka Choco’la O’Lala Foods
Antnokcumantabrit kpem Fullerene C-60 Zelen
Beiic6osbHas Gura Easton Stealth Ha ocHoBe Easton Sports & Zyvex

YTJIEPOJHBIX HAHOTPYOOK
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IIpoayxr Komnanusa
6 | BogootrankuBaionias u rps3eycToiYnBasi TKAaHb Nanotex
Ha OCHOBE HAHOBOJIOKOH
Anrtubakrepuanbibie Hocku Arctic Shield ARC Outdoor
8 | BogoorrankuBaromnias u mpoyHas Kpacka Nano- Behr Paints
GuardPaint
Camoounmaionieecst mokpbite Activ Glass Pilkington
10 | Ouncrurenp Bo3ayxa NanoBreeze Air Purifier NanoTwin Technologies

OfEXOA

B rnase 3 yske ynomuHanoch 06 ycrexax y4eHbIX U HHKEHEPOB B CO3-
JJaHUU HOBBIX TKaHeil Ha ocHOBe HaHoTexHoJoruil. CrenuaaucTbl HeMell-
koif komnannu Franz Ziener GmbH & Company mayuminch cosgaBartb
BETPO3AIUTHDIC U BOJAOHEIPOHUIIAeMbIe TKAHU C UCIOJIb30BaHUEM HAHO-
BOJIOKOH. ClIMTas U3 3TOH TKaHU OJeXx/1a [IPOIlyCKaeT BJary U3HyTpH, HO
3allUIAeT OT BHEIIHETro BO3/efCTBUS BeTpa, A0/ U TPS3H.

CNOPTUBHbIH UHBEHTAPD

C momenra usobperenus B llormanaun B XV B. Toab( MOCTENIEHHO
M3 TPOCTON WTPBI TIPEBPATUJICS B UPE3BBIUANTHO MOMYJISAPHBIH BUI CHOP-
Ta, B KOTOPOM aKTHBHO WCHOJB3YIOTCS BCE TIOCJTEIHNE TEXHUUECKNE JI0-
ctikenus. B 2004 T. Ha ocHOBe HAHOTEXHOJIOTMIT M HAaHOKOMIIO3UTOB
TUTaHA CIENMUATNCTBI KoMmanun Wilson cosmaam HOBbIE BHU/BI KJIOIIEK
st tonbda FwC, Pid> u Staff PdS/DdS. 91tu kiaomikn craim mpodHee
U Jierde, a MOTOMY ITI03BOJISTIOT BBITOJIHATE GoJiee SHEPTUYHbIE W TOYHBIE
yIapbl.

Kpome toro, B kommanun Wilson cosgann Ms4 ayist Tosibha HOBOTO
suga PhD (Pan Head Dimple), kotopsiii uMeer GoJiee KPYIHbIE U TTOYTH
Ha 50% Menee rury6oKue aMKK Ha noBepxHoctu (puc. 14.1), yeM B 06bI4-
HOM Msi9e I ToJbda. ITO TMO3BOJSIET JOOUTHCS GOJbINEH JaTbHOCTH
U yCTOWYMBOCTH I0JIeTa MsYa.

B HEKOTOPBIX COBpPEMEHHBIX TEHHUCHBIX PAKeTKaX M YAOYKAX JJIS 1MO-
BBINIEHNWS] TIPOYHOCTH W THOKOCTH YK€ MCIOIb3YIOTCS HAHOYACTHUIIBI WK
HaHOTPYOKHU. TIpOM3BOAMTENN CIIOPTUBHBIX BEJTOCUTIEOB, JBDK U KOHb-
KOB TaKKe HAXOAT MYTH YJIYYIIeHUsT TapaMeTPOB ¢ TIOMOIIbI0 HAHOTEX-
HOJIOTHH ¥ HaHoMarepuayoB. [T 3TOr0 KOMMaHusi Zyvex IMOCTaBJISIET
MHOTHM ITPOM3BO/IUTENSIM CIIOPTUBHOTO WHBEHTApPs CIIEI[MAJIbHbIE YTJie-
PO/IHBIE HAHOTPYOKMU.
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Oc,

Puc. 14.1. Hosbie Msun st rennuca (cmesa) u ans roangda (crmpasa),
coszannble komnanueii Wilson na ocHoBe HaHOTEXHOJIOTHIA

MY3bIKAJIbHBIE LEHTPbI

YrieposHble HAHOTPYOK! MOTYT UCIOJIb30BATbCS U JIJIs1 KAueCTBEHHO-
TO Ipoc/ymuBanus My3biku. [loBbleHHast IOPUCTOCTD U IIPOBOJUMOCTD
YIJIEPOIHBIX HAHOTPYOOK MOXKeT 00eCIeUnTh y/IydlleHHbIe KauecTBa aKy-
CTUYECKUX KOJIOHOK. IHekoropble uccienoBaTey IbITAIOTCS HAUTH CIIO-
co6bl MX TIPUMEHEHMs B CHElMaJbHBIX TUTApax M BUOJOHYEJSX, YTOOBI
MOBBICUTD KAYeCTBO 3ByUaHUSI 1 IPOYHOCTb WHCTPYMEHTA M CHU3UTH BeC.
Krto 3Haer, MoxeT ObITb, CKOPO Mbl CTAaHEM CBHJIETEJISIMU IIOSIBJICHUS CO-
BEPILEHHO HOBBIX MY3bIKAJbHbIX UHCTPYMEHTOB!

KOCMETUKA

O npuMeHeHNN HAHOTEXHOJIOTHI U HAHOMATEPHUATIOB B KOCMETHKE YKe
roBopusioch Boie. Creyer OTMETHTh U HEKOTOPbBIE JAPYTHE MPOAYKTHI,
HATIPUMeED KPeMbI /sl KOKU. B OHOM M3 TaKUX KPEMOB HCIOJb3YIOT-
Cs1 TIOJTMMEPHbIE HAHOKATICYJIbl pasMepoM okoJio 200 uM. OHu crocoGHbI
BIIUTHIBATD, KAK ry0Ka, TOJIe3Hble BENeCTBA, HAIPUMEP BUTAMUH A, U OT-
JlaBaTh WX, PACTBOPSACH 1O/ KOXKEN.

Kommanus L’Oréal, xkak m MHOTHE Apyrre KOCMETHYECKUE KOMIIa-
nun (Hanpumep, Dior, Estée Lauder, Johnson & Johnson), ucnomnbsyer



IMIABA 14 Y10 panblue?

B CBOMX HOBBIX KpeMaX aHaJOrMYHble HAHOTEXHOJOTUU [JIs JOCTABKH
MUTATETbHBIX BEIIECTB MO/ MOBEPXHOCTHBIN CJION KOXKH.

Eme oxHoil 061aCThI0 MCIIOJIb30BAHUS HAHOTEXHOJIOTMI B KOCMETH-
Ke SBJAIOTCS CPEJCTBA 3alUTBI OT COJTHEYHOTO u3aydeHusd. B cosmige-
3alUTHOM KpeMe MHOTMX KOMHIaHuii mpucyTtcrByer moporrnok Z-COTE®
komnann BASF, KoTopbIii co3/laH Ha OCHOBE HAHOYACTHUIl CBEPXYHMCTO-
ro oxkcuja muHKa. /leo B TOM, 4TO KpeM Ha OCHOBE OOBIYHBIX YACTHII
IIMHKA BHEITHE HAIOMUHAET 6esyi0 Ma3b, YTO BBITJISANT HE OYEHb TNPU-
BJIEKaTebHO Ha TIsiKe. KpeMmbl Ha OCHOBE HAHOYACTHUI] OKCHIA ITMHKA
MOTJIOTIAIOT OTACHOE YJIbTPahoJeTOBOE N3IyUeHre, HO TTOJHOCTBIO TIPO-
MYCKAIOT BUJUMBIN CBET, MOTOMY TaKHe KPeMbl aOCOJIOTHO ITPO3PAYHBI
U He UMEIOT I[BeTa.

AJPOKOCMUYECKAA OTPACIIb

ABHACTPOUTENH CTPEMSITCST CO3/IaBaTh GoJiee TPOYHbIE, JIETKUEe U J10JI-
roBeuHbie caMoJsieTbl. Oco60e BHUMAHUE YJIESIeTCsT METOaM TTOBBINIEHUST
YCTAJOCTHON TMPOYHOCTU MaTePUAIOB. 3aMeueHO, UYTO yCTATOCTHAS MPOU-
HOCTD TIOBBIIIAETCSI ¢ YMEHbIIIEHINEM pa3Mepa 3epHa B CJOMKHBIX aBUAIN-
OHHBIX CIJIaBaX.

Kak m3BecTHO, HaHOMaTepHaJsbl COJEp:KaT 3epHA YPEe3BbIYANHO Ma-
JBIX pa3MepoB. [1o HEKOTOPBIM OlleHKaM, TPUMEHEHHe TAKUX HAHOMA-
teprasioB 1mo3BosuT Ha 200—300% MOBBICUTD yCTATOCTHYIO MPOYHOCTD U
pecypc aBUAITMOHHBIX MATEPUATIOB M KOMIIOHEHTOB. B4JsbIas mpovHOCTD
U MEeHbIINil BeC HAHOMATEPUATIOB YBEJMYAT CPOK CJY3KObI, CKOPOCTb
1 3 HEKTUBHOCTD HOBBIX CAMOJIETOB.

HaHoMarepuasibl SIBJISIOTCS TPEKPACHBIMI KaHM/ATaMK TSI MCIIOJTb-
30BaHUsI B HOBBIX TUINAX JIBUTaTesel, comea U OOUIMBKU KOCMHYECKHX
aTTapaToB.

KOCMWYECKWNE ANMNAPATbI

VickyccTBeHHbBIE CIIyTHUKU IIMUPOKO HUCIOJIB3YIOTCS IS KOMMepue-
CKUX 1 0GOPOHHBIX 1iesieii. /115t KoppeKuuy niM M3MeHeHUsT TPAeKTOPUN
MoJIeTa BpeMsi OT BpeMeHHU TpeOyeTcsl BKJIIOUATh PEAKTUBHbIE JBUTATEJH,
MO3TOMY TPOIOJIKUTENBHOCTD PAGOTHI CITyTHUKOB 3aBUCHUT OT KOJMYECTBA
PaKeTHOTO TOTNBA U 9(P(EKTUBHOCTH €T0 MCoab30BaHuss. OKOIO TpeTH
TOIUINBA CITYTHUKA PACXOYETCs BIYCTYIO M3-32 U3HOCA BOCILIAMEHUTEJISI
u HeaddeKTUBHOCTH cropaHusi. B OymayineM st uaroroBjienus 6oJiee
CTOWKMX WM TIPOYHBIX BOCILIAMEHUTEJEl IIpe/nosaraeTcsi 3aJelicTBOBaTh
HAHOKPUCTAJINUECKHE KOMIIO3UThI Ha OCHOBe BOJib)pama, THTAHA U [JIU-
6opuia Mesu.
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OMTO3TEKTPOHHbIE YCTPONCTBA

O1T02/IEKTPOHUKA HA OCHOBE HAHOCTPYKTYP BCKOpE OY/ET UCIOJIb30-
BaTbCA JIJIS1 OCYLIECTBJICHUS CBSI3KM M CO3JlaHUsI CEHCOPOB (Hampumep ceH-
copoB MH(pPaKpacHOro uaaydeHns). /st CBI3U CO CIyTHUKAMHU TIPE/ITIO-
Jlaraetcsi TMPUMEHSITh OITO3JIEKTPOHHBIE YCTPOWCTBA MEHBINETO pa3Mepa
M Macchbl, HO C 6OJIbIIEH YAaCTOTHOMN IIOJIOCOW TPOMYCKAHUS ONTUYECKUX
CUTHAJIOB.

HoBble HAaHOCTPYKTYpHBIE ONTOJIEKTPOHHBIE YCTPONCTBA AafOT BO3-
MOKHOCTb TIepe/laBaTh /[JaHHbIE C MEHbBINUMHU SHEPreTHYECKHMMH 3aTpa-
TaMM, MEHbIIUMHU pa3MepaMHi U MacCOil NPHEMHUKOB M IepelaTuynKOB,
a TaxKke OoJiee BBICOKOU Oe3ormacHocTbio. HoBbie MeToAbl T106aIbHOI
nepe/layy JAHHBIX HAa OCHOBE TAKUX YCTPOWCTB TO3BOJIAT HAGJIIONATH 32
MOBEPXHOCTHIO 3eMJIM, OCYIIECTBJIATh CBSI3b C KOCMUYECKUMU ammapaTa-
MU U MaHUMYJIUPOBATDH MMM,

B npoexte ARTEMIS (Advanced Relay Technology Mission) Es-
pormeiickoro kocmuueckoro areirctsa (European Space Agency — ESA)
6Bl BIIEPBBIE TPOJIEMOHCTPUPOBAHBI BO3MOKHOCTH ONTHYECKOW CBSI3U
MeXK/y CIyTHUKAMHM JJIs repefadn 60sbiioro o6bemMa JanHbix. CiyskObl
nmepefavynd JAaHHBIX YCIENTHO WCMOJIb30BATNCH B €BPOTEHCKONl KocMuye-
ckoit Mmuccun ENVISAT u dpanmysckoit kocmudeckoit muccun SPOT,
HaunHadg ¢ 4 mapta 2003 1.

[lepBast aByHampaBiieHHast OINTHYECKAsl CBs3b ObLIa OPraHU30Ba-
Ha 9 gekabpst 2005 r. Mesxay simonckum crnytHukom OICETS (Optical
Inter-orbit Communications Engineering Test Satellite) u eBpomneiickum
cnytankoM ARTEMIS. Tloske anamormynble uccjaefoBaHUS OBLTH TIPO-
Bezenbl B paMkax kocmmuueckoil muccunm OICETS-KIRARI, B koTopoit
HCII0JIb30BAINCHh 60JIee COBEPIIEHHbIE TBEPAOTEAbHbIE J1a3ephbl. B Hacro-
sdiiee BPeMs 9Ta ONTHYECKas CUCTeMa Iepejadyu AaHHBIX paboTaeT Ha
IIOCTOSIHHOM OCHOBE.

NH®PAKPACHBIE CEHCOPbI

WNudpakpacHbie ceHCOPHI MHMPOKO UCTOJNB3YIOTCS B KOCMUYECKUX HC-
CJIeTOBAHMSX, HAITPUMED B ACTPOHOMUUYECKUX WHCTPYMEHTAX, TPU HaOJIO-
JIleHnsX 3a aTMocepoil M TOBEPXHOCTbIO 3eMJIH, B HaBUTAI[MOHHBIX WH-
CTPYMEHTaX KOCMHYECKUX CHUCTEM M ONTHYECKUX CHCTeMaX Iepeadud JaH-
HBIX. Y COBEpIIEHCTBOBaHNE MH(MPAKPACHBIX CEHCOPOB CTAJI0 BO3MOKHBIM
6J1aro/1apsi pPa3BUTHIO HAHOCTPYKTYP Ha OCHOBE HYJbMEPHBIX KBAHTOBBIX
TOYEK, OJIHOMEPHBIX KBAHTOBBIX MPOBOJIOB M JABYXMEPHBIX KBAHTOBBIX SIM.

[TapameTps! nH(PaKPACHBIX CEHCOPOB 3aBUCAT OT XapaKTEPUCTUK Ha-
HOCTPYKTYP M MOTYT BapbupoBatbcs. MH(pakpacHbie ceHCOPHI ¢ KBAaHTO-
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BBbIMU sIMaMU Ha OCHOBE apCEeHW/Ia TaJIUS YK€ CO3/aHbl CIelUaaucTaMy
[enTpa KOCMUYECKUX MUKDPO3JEKTPOHHBIX TexHOMoTHiT NASA.

KOCMUYECKWNIA NN®T

[ToMUMO KOMITBIOTEPOB, KJIONIEK [/ TOMb(a U KOCMETHKH, HEKOTO-
pble HAHOMATEPUAJIbl MOTYT MCHOJb30BATHCS JIaXKe /IS CO3JAHUS KOCMU-
4eck020 ughma. Tak Ha3bIBAETCS HOBAsi TEXHOJIOTUS JOCTABKU I'PY30B U
MACCAKUPOB C TIOBEPXHOCTH 3eMJIN Ha KOCMHYECKyio opOuTy. B HacTo-
sTee BpeMs He CYTECTBYeT MAaTePHaJoB, MMEIONNX JOCTATOUHYIO TIPOY-
HOCTH [IJTST CO3/ITAHUS TAaKOTO JudTA.

OaHako HEKOTOPbIE aMepUKAHCKUe KoMIanuu, nampuMep Southwest
Nantechnologies (Hopman, mrar Okmnaxoma), Carbon Nanotechnologies
(Xpbiocron) u Liftport Group (Bpemeron, Bamuurron), paGoTtaior Haj
MPOEKTaMU CO3JaHusd KocMudeckoro judrta xk 2018 1.

Nnes kocmuueckoro sudra ve HoBa. B 1895 r. mocne mocenienus
diidenesoii Gainu pycckuii yuenniii Koncrantun [lmosikoBckuit Briep-
Bble BBICKA3aJ U/IEI0 KOHCTPYKITUH «KOCMUYECKOU GAIITHI», COCTOSIIIEN 13
KaTyIIKKA ¢ KaGeJeM, PACTSIHYTBIM [0 BBICOTBI 2e0CMAUUOHAPHOU OpOU-
mol. Jta West MPUIIA eMy B TOJOBY IMOC/]e HAGMIOAEHUST 32 OOBIYHBIMI
JudTaMU, KOTOPbIE TOCTABJIAIN N3YMIECHHBIX 3pUTETEN HA BepIINHYy Jif-
(eneoit 6amnu. Ha pucynke 14.2 nokaszana cxema takoro Jjudra.

[Mucarenb Apryp Kaapk (Arthur Clarke), aBrop 3HameHuTO-
ro Hay4yHo-daHTacTuueckoro pomana «Kocmuueckas oxamccess 2001 r.»
(2001: A Space Odyssey), B kunre «@Douransr pasi» (The Fountains of
Paradise) onmican Gymymiue cnocoGbl JOCTAaBKU TPY30B B KOCMOC 6e3 uc-
MOJTb30BAaHUS PAKET, a TOJBKO C MOMOIIBI0 KocMudeckux judTos. Torma,
B 1979 r., aro 6buia anTacTuyeckast ujesi, HO Telepb, C IMOSIBJIEHUEM
HOBBIX CBEPXIPOYHBIX HAHOMATEPUAJIOB, OHA OYEHb CKOPO MOYKET CTAThb
PEeANbHOCTBHIO.

Jlo u306peTennst yriaepoHbIX HAHOTPYOOK CIEIMATUCTBI A9POKOCMU-
YeCKOH OTpacjv He MMEJH JOCTATOYHO MPOYHBIX MATEPHAJIOB, KOTOPbIE
Morsin GbI BBIZIEPKATh COOCTBEHHBIH BEC TPOCA KOCMHUYECKOTO JudTa u
MEHTPOOEKHYT0 CUTY TION JAelicTBreM Bpamienust 3eman. Waen cozmanus
U PACYeThl KOCMUYIECKHUX JUMOTOB MOTJIU CYIIECTBOBATH TOJBKO B TOJOBAX
n 6J0KHOTaxX (DaHTACTOB.

Ceiiuac yueHble U WH3KEHEPDI y:Ke HAYYHJINCh CKPYYUBATH HAHOTPYO-
K B BOJIOKHA, Kak 1epcTb. C MOMOIIBIO JIETKOH M CBEPXITPOYHON JIEHTDI
Ha OCHOBE YTJIEPOIHBIX HAHOTPYOOK MOKHO CO3aTh TPOC HEOGXOIMMOM
aunnabl (0k010 100 TBIC. KM), KOTOPBI MOr OBl CTaTh OCHOBOI KOCMUYe-
ckoro judra.
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Kabenb
leocTaynoHapHas

opbuTa

KabuHa
[OOCTaBKU rpysa

{
JKBaTop

Puc. 14.2. Kocvuvecknii T MOT 6bI OCTABJISATD IPY3bI
Ha reocTalliOHApHYI0 0pOuTY

FEOCTALINOHAPHASI OPBNTA

leocrarmonaphast op6UTa — 3TO PACIOJIOKEHHAST HAJl AKBATOPOM 3€M-
Jim KpyroBasi op6uTa, Ha KOTOPOW MCKYCCTBEHHbBIN CIyTHUK OOPalaeTcst
BOKDPYT 3eMJId C YIJIOBOH CKOPOCTBIO, PABHOW YIJIOBOI CKOPOCTH Bpallle-
HUST 3eMJIM BOKPYT co6CcTBeHHOI ocu. TakuM o6pa3oM, CIyTHUK TTOCTOSTH-
HO HaXOJUTCS HAJ OJTHON U TOMH ke TOUKOM Ha 3eMHOI nmoBepxHocTu. Ves
HCTIOJb30BAHUS T€OCTAITMOHAPHBIX CITyTHUKOB [IJIST TeJTell CBSI3U BBICKA3bI-
Basach eme Koncrantuaom luomkosckuM. O mpenMyTiecTBax reocTarmo-
HApPHOU OpPOUTBHI 3aTOBOPUJIM IOCJE BBIXOJIA B CBET HAYUYHO-TIOMYJISIPHOI
crarbu Aprypa Knapka B 1945 r., noaromy Ha 3amajie reoctaliuoHapHast
U TE€OCUHXPOHHAs OpOUTHI MHOT/IA Ha3bIBaloTcs «opbutamu Knapkas. [eo-
CTallMOHApHAs OpOWTA WCIOJb3yeTCs [IIS Pa3MeNIeHnsT HMCKYCCTBEHHDIX

316 cryTHUKOB (KOMMYHUKAIIMOHHBIX, TEJETPAHCIAIMOHHbIX U T. IL.).
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3aueM Hy:xeH KocMudecknil qudt? [lo aAByM mpuumHam: aiag yiayd-
IIeHNsT KadecTBa JKU3HW W yJENIeBIeHUST KOCMUYECKUX MoJeToB. B Ha-
cTOsAIIee BPEMSI CTOMMOCTD JOCTaBKM | KT MOJIE3HOTO TPy3a Ha HU3KYIO
OKOJIO3eMHYI0 0opOuTy paBHa OKojo 20 TbIC. [J0JJIapOB, a Ha TeocTa-
IIUOHApHY opbuty — okoJo 40 Tpic. posnapos. llpu ucnonbzoBanun
KoCcMHMYecKoro Jjudra 1eHa AocTaBKu | Kr IIOJIe3HOro Ipysa Ha reocra-
uoHapHyio op6ury Oyzaer He Bbime 400 gotapos. BesesncTue yemnies-
JIEHUS BBIBOJIa CIYTHUKOB TOJIEIeBEIOT W CPeJCTBa CBA3M. bmaromaps
MacCcOBOMY BBIBOJIY OTPOMHBIX COJHEYHBIX OaTtapeil Ha OKOJIO3eMHYIO Op-
6uTy mojeleBeeT IIPOM3BOCTBO AJIbTePHATUBHOW sHepruu. B ycioBusx
HEBECOMOCTU YIIPOCTUTCS M CTaHeT MacCOBBIM IIPOM3BOJICTBO CJIOXKHBIX
(papmarieBTHUECKIX TIPENapaTtoB W POCT BBICOKOYMCTBIX KPHUCTAJJIOB.
CranyT GoJiee [elIeBbIMU TYPHCTHYECKHE IOJETBI B KOCMOC, MEXKILIA-
HEeTHbIe dKCIeANIINN 1 co3fanne 6a3 Ha Jlyne m mmanerax CoJiHEUHOM
CHUCTEMBI.

KAK BCE 3TO OCYLLECTBUTb

Hauny4mum MectoM 6a3mpoBaHusi KOCMUYECKOTO JudTa MOrjaa Obl
6bITh TIaByuas 1natrdopma B TuxoM okeaHe Ha MIMPOTe IKBATOpa. 3/€Ch
NPAKTUYECKN HET CHJIbHBIX BETPOB M Majia BEPOSITHOCTH BO3HUKHOBEHIS
TPOIUYECKUX YParaHoB.

Ha orpomuom mpoctpancTBe Tuxoro okeana miatdopMy KocMuye-
ckoro Judra Bcerja MOKHO Pa3MeCTUTb BHe IyTeil cJe/0BaHHUS MOP-
CKUX U BO3JAYIIHBIX KopabJeii. OMHAKO s TOJHO 6e30TTacHOCTH TMO0-
TpebyeTcs cO3/aTh cHCcTeMy HAGJMIOJeHNs 32 NJIAaBAHUEM W TOJETaMU
BO/M3KM KocMuveckoro jmdra. [lomnMo aTHX oco6eHHOCTEH TpH CO3-
JAHUH KOCMUYECKOro JndTa Heo6X0UMO YUUTBIBATD cjeaylonne Gak-
TOPBI:

® HajMyle KOCMHUYECKOrO MycOpa M3 CTapblX CIIyTHUKOB M UX OC-
KOJIKOB;

MeTeOPUTBI;

KOPPO3HIO B aTMOC(HEPHOM KUCIOPO/IE;

CJIOKHDIE TIOroHble yeaoBus (Ipo3bl, BETPBI U T. I1.);
Hen30esKHbIN PEMOHT OOPBIBOB OT/IEJIbHBIX BOJIOKOH M BCEIl JIEHTBI
Ha BCEM NPOTSKEHUN JTHPTA;

® Kose6aHus U3-32 BETPOB;

® DaMAINIO;

® caboTaX W TEPPOPU3M.

KoMnanuu, 3amHTepecoBaHHbIE B HCCIEIOBAHUIX KOCMOCA C IIOMO-
b0 KOCMUYECKOTO J(Ta, HABEPHSKA YUTYT 3TH OcoGeHHOCTH. BriosHe
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BO3MOKHO, YTO YTE€HHWE MPOTHO3a TIOTOBI Tepesl OTHPaBKON B KOCMUYe-
CKOe TIyTelecTBHe Ha KOCMHYECKOM JU(Te CTAHET TAKUM K€ OOBIYHBIM
JleJIoM, KaK YTeHWe NMPOrHo3a mepejl OTIPAaBKOH Ha MUKHUK.

Mwup HaHoTexHonorui

[Ipu paccMoTpeHun MEpCIEKTHB Pa3BUTHS CHHTE3a U 06pabOTKM Ha-
HOCTPYKTYp Ha Omkaiiiiee Oyayniee, 1o 2020 r., sicHO BUHBI GOJIbIITIE
BO3MOKHOCTH MCIOJb30BAHUST HAHOTEXHOJIOTHI B 00JACTH XUMUK 1 OHO-
JIOTHT.

KoMm6unaiiusi TpajiulinOHHBIX XUMUYECKUX U OHOJOTMUECKUX METO/IOB
cOOPKU «CBEPXY BHU3» C METOJIAMH CAaMOCOOPKH «CHU3Y BBEPX» MMO3BOJIUT
co3aBaTh (PYHKIIMOHAIbHBIE YCTPOWCTBA HA HAHOMACIITAGHOM YDPOBHE.
Baarogapst um ynacrest co3iath cOBepIIeHHO HOBBIE TPO/YKThI I PA3BUTh
TEXHOJIOTHH HOBOTO TIOKOJIEHUS.

K 2015 r. pbIHOK HAHOTEXHOJIOTUYECKUX MPOAYKTOB CTAHET OrPOM-
ubiM. B tabnuite 14.3 nepeunciensl Hanbosiee BeposiTHbie 00JIACTH TIPU-
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MeHEeHUs] HAHOTEXHOJIOTUI B HellaJleKoM Oy yIIeM.

Ta6smua 14.3. IlepcrekrtuBHbie Gyaynme 06JacTH TPUMEHEHST

HAaHOTEXHOJIOTHII

IIpoayxr

Omucanue

Hacrennbie sxpanbt

yjly‘{H_IeHI/Ie TEJIEBUJICHUA U BUICOUTD

Hacrennbie aKyCTU4YE€CKHNE KO-
JIOHKHI

Yiyudmenue 3ByKOBBIX CHUCTEM, TEJICBUCHUS
U BUJICOUTP

ITporpaMmMupyeMast Kpacka

V3menenne mBera n y30pa 110 KOMaH/[ie

[TepenporpaMmmupyemMble KHUTH

W3menenue COEepKaHUA U BU/JIa KHUT 110 KO-
MaH/ie

IToBTOpHO HCHOMB3yeMas OyMara
1 TKaHH

Nsmenenne 1seta u ysopa

CaMoHacTpanBaoImecs: Kpecaa

[Moaronka dopMbl Kpecsa 1moj; GUrypy 4eso-
BeKa

CaMoHacTpamnBaoIuecs Kpacku
JUIST HACTOJIBHBIX HI'D

[Toaronka pasmepa u ¢GOpMbI HTPOBOTO TIOJIS
1o/ JII0OYIO TIOBEPXHOCTD

Hacronbubie urpbi ¢ GoJibInoit
Jeraausanueil

Cosznanne pealbHBIX CTPATETUYECKUX UTP TI0
AQHAJIOTUX C KOMIIBIOTEPHBIMH CTPATerusMn

OKHa U CTeHBbI C U3MEHSIOIeCs
MPO3PAvYHOCTBIO

V3menenne nmpo3pavyHOCTH 1T PETYJINPOBKI
YPOBHS OCBELEHHOCTH U 3KOHOMUU 3HEPIrun

OKHa U CT€HBI C U3MEHSIOIIENCs
dopmoii

M3menenne o6beMa KOMHAT 110 KOMaH/IEe
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IIpoayxr

Omucanne

CTteHbl, KOTOPbIe MOKHO ITPOXO-
JINTh HACKBO3b

M3MeHeHne MeXaHMYECKOH COMPOTUBJISIEMOCTH
CTEH 110 KOMaHjie

[IporpamMmupyemMble KOMHATbBI

W3meHenne KOH(MUIypaluy KBapTUPbI U UHTe-
pbepa 1o KoMaHse

CaMo3aTaunBamIuecss HOXKI

[IpuMeneHre HaHOYACTHII, KOTOPbIe 06Pa3yioT
a0COIOTHO OCTPYIO KPOMKY

[IporpamMmupyembie 3aTBOPBI

OTKpbITHE U 3aKPbITHE 3aTBOPA MO KOMaH/E

CaMoounIamnmecs: BaHHbI

HOKprTI/IH, Ha KOTOpbIE€ HE IIPUJUIIAET I'PA3b

[IporpamMmupyemble rUTHEHUYeE-
CKHe CpeJicTBa

Turnenndeckue cpeacrsa Ajs yJaleHus Ipssu,
JKUPOB U 110Ta 63 HeOOXOAMMOCTH MTpUeMa
yma

[TporpamMmmupyemble cpejcTBa 1o
YXO/y 3a OeXKI0N

anmﬂa 13 MaTepuaJjioB, KOTOpbIe CIIOCOGHBI
ABTOMATUYECKN YyAaJATH I'PA3b

UyscTBUTENbHAS K TEMIepaType
oflesk1a

Opnesx/ia U3 MaTepuagoB, KOTOPbIe CIOCOGHDI
ABTOMATUYECKU MU3MEHSTh TEILIOTPOBO/ISIIIE
CBOHCTBa, HAIPUMEP IMJIOTHOCTD PACIOJIONKE-
HUS BOJIOKOH B 3aBUCHMOCTHU OT BHEIITHEH TeM-
neparypbl

Hapyusnble qacbl 1 TepMOMETPBI
B BUJIe TOHKOIO, KaK Kpacka,
MOKPBITHS

MrHoBeHHOe T0sTyueHne nHdopMaiun; 6oJb-
1Ie He HYJKHO Gy/ieT GOSITbCSI TIOTEPH YacoB

[TporpamMmupyemble JieKapcTBa
BHYTPH OpraHH3Ma

I[osa 1 BpeMsA BBO/la JIEKapCTBa 110 KOMaH/[e

ABTOMaTHYECKHE TOrJIOTUTEN
KoJie6aHull 31aHnil

IIpenoTBpaiienne y>kacHbIX IOCIEJACTBUN 3eM-
JIETPSICEHNN W yParaHOB

Camoco6upalonuecst oJTHOMAC-
mraGHbIe TTPOAYKTBI

TTosHblil UK CaMOCOOPKH — OT YepTeska
K TPOAYKTY

[Tporpammupyemblie (popMbI
U [ITAMIIBI

I[]ISI co3fanus aetaneit u3 Pa3HbIX MaTepua-
JI0B — OT GeToHa A0 ILj1acT™Macc

[TporpamMmupyemble IIpe3eHTalu-
OHHbIE JIOCKU

CrenaHHble CIEIUAJIbHON PYYKON HaINCH
ABTOMATHYECKH CYUTBIBAIOTCS KOMIIBIOTEPOM

CamoauarnoctTupyemble KOH-
CTPYKIIMOHHbIE MaTEePHAJIbI

ABTOMATHYECKU OIIpe/IeJIAIT CBOE COCTOAHUE,
IIPUJIOJKEHHYIO HArpy3Ky, U3HOC U CTPYKTYpP-
HYIO 1I€JIOCTHOCTb

LIyBCTBI/ITeJIbeIG HINHbI

V3mensior ¢popMy U CBOICTBA B COOTBETCTBUN
C HarpysKoil U JJOPOKHBIMU YCJIOBUAMU

YMHBIE GaMIiepbl

Wamensiior dopmy (HampuMep, yBeTHINBAIOT-
Cs1) TP BHE3AITHOM TPUGJIVKEHNH K MPEIsiT-
CTBUIO

[IporpamMmupyemblie TOJOTpPaMMBbl

Busyanusaius no xomanze
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Ta6muua 14.3. Ilpogosskenie

IIpoayxr

Omucanue

KoHTakTHbIe JUH3bI /ST BUPTY-
AJIBHON PeaTbHOCTH

[lng ynyuiieHnss KOMIIbIOTEDHBIX UID U CHCTEM
YIpaBIeHUS

IlonHonenHas BUpTyajsbHas pe-
AJIBHOCTD

Okpy>KeHue, KOTOPOe HIMUTHPYET CUTYAIHIO
JUIS BCEX OPTaHOB YYBCTB: 3PEHU, CIyXa,
OCSI3aHUS U T. II.

Kocmuueckuii gt

ZIOCTaBKa TPY30B B KOCMOC

Kaerounas tepanus

Npentudukanus u geyeHne 3a60ieBaHUN HA
YPOBHE KJIETKH

VMmanTHpyeMble KOMIIbIOTEPbI

Kommbiorep, KOTOpbIil Beerga ¢ To60it

I/IMH]IaHTI/IpyeMbIe TIepeBoAYNKN

ITepeBoumK, KOTOPBIi Beerga ¢ To6Oi

YBJIQKHUTEIb KOKH, YCTPAHS-
IOIUI MOPIIUHBI

ABTOMATHYECKOE CIJIa’KMBAHME MOpHIVH

CaMoHaCTpanBaIONIHIICs CIIOP-
TUBHbI NHBEHTApb

ABTOMatuueckas IIOJATOHKa CIIOPTUBHOI'O CHa-
PSAKEHUA IO CIIOPpTCMEHa

IIpotuBoynapuble 1 aHTHKOPPO-
3HMOHHBIE TIOKPBITHS

[17151 TOBBIIIIEHNsT H3HOCOYCTOHYNBOCTH TPaHC-
MOPTHBIX CPEJICTB, JBUTATEIEN 1 WHCTPYMEH-

TOB

B mnacrosmee BpeMs okoso 4000 koMmMmaHUNt M HAyYHO-UCCJENO-
BaTeJbCKUX OPTAHM3AIMil 3aHUMAIOTCS HAHOTEXHOJOTHSAMHU, BKJIIOYAS
1900 opranmsarmuit B cdepe obcayskuBannsa u okoso 2100 opranusarmuii,
BBIITYCKAIONIMX HOBBbIE TPOAYKTHbI. OOIIUN PBIHOK HAHOTEXHOJOTHUII B
2006 r. ouenusasics npumepuo B 300 mupj posiapos, a B 2015 — yike
B 1000 Mupa mostapos.

Ceituac CIIIA, Anonus, Kurait u l'epManus saHuMaioT Beaylue I110-
3UIUN B HAHOTEXHOJIOTUYECKUX WCCJIeNOBAHUAX. [lo HEKOTOPBIM OIleH-
KaM, 4YMCJIO HAHOTEXHOJOTHYECKUX KoMIaHuii ToabKo B Kutae ¢ 2003 1o
2006 r. Beipocso mo 600. IIprueM TeMIbI pocTa OCTAIOTCS OYEHDb BBICO-
KM,

'no6anpHblil HHTEPEC K HAHOMAaTepUaJIaM U HAHOTEXHOJIOTHSAM CI0CO6-
CTBYET YJIYYIIEHUIO KAayecTBa YiKe CYIIECTBYIONUX MPoAyKToB. [lo Mepe
OTKPBITUSI HOBBIX YIMBUTEJIbHBIX CBOICTB HAHOMATEPUATOB PACTYT UHBE-
CTHUIIMU B Pa3BUTHE TOTEHIIMAJbHO OYEHb BBITOJHBIX HAHOTEXHOJIOTHIA.

XoTsT MHOTHE TIEPCIIEKTUBbBI CETOAHSI BCE eIle OTHOCATCS K 06JacTu
(hanTacTuku, BroJiHE BO3MOYKHO, YTO YK€ 3aBTPa OHU OYAYT NPETBOPEHDI
B peajbHOCTb. B HAHOTEXHOJIOTUSX /1aske KPOIIeYHbIe MIaKKU MOTYT TIPU-
BECTH K OOJIBIIIUM TTPOPbIBAM.



IMIABA 14 Hto panblue?

KOHTPOJIbHBIE BOIPOCHI

1.

Harnumonanphubrit Hayunsiit dony CHIA criporHo3upoBad, 4To PbIHOK
HAHOTIPOJYKTOB M HAHOTEXHOJIOTUIN JOCTUTHET BeJudyuHbl 1 TpJH
JIOJIJIAPOB:

a) B 2007 r.;
6) B 2010 r.;
B) B 2012 .;
r) B 2015 r.

OdurmanbHblil JOKYMEHT, yAOCTOBEPSIIONINN UCKIIOUATEIbHOE Mpa-
BO, aBTOPCTBO W TPHUOPUTET M300pETEHUS, MOJIe3HOH Mojean Ju6o
MIPOMBIIIJIEHHOTO 06pasiia, Ha3bIBAETCH:

a) IPOITyCKOM;
6) TIATEeHTOM;
B) MEHIO;

') 3aBellaHueM.

CornacHo ganubiM EBpomeiickoro matenTHOoro 6iopo B MioHXeHe
(Tepmanus), 3a nepuog ¢ 1981 1o 1998 r. KOJIMYECTBO €3KErOIHO
0OpMIISIEMBIX TIATEHTOB HA HAHOTEXHOJIOIMH BBIPOCJIO C 28:

a) no 80;

6) no 100;
B) no 180;
r) 10 200.

Crenmanuctel Komnanun Wilson coszgann Ha OCHOBE HAHOTEXHOJIO-
rWii 1 HAHOKOMIO3UTOB TUTAHA HOBbIE BUbI KJIONIEK JJIs ToJbda,
KOTOPbIE CTAJIN:

a) CKOJTb3KIMI,

6) 6oJiee MPOYHBIMU M JIETKUMHU, a IIOTOMY TIO3BOJISIOT BBINOJIHATDH
6oJiee 9HEpPrUvHbIE YAAPBbI;

B) 30JI0TBIMU;

) 60JIee MeJIeHHBIMH, TSKEIBIMI 1 TUIOTHBIMH.

CKOJbKO KOMIIAHWH W HAyYHO-MCCIEJOBATEIbLCKIX OpTaHU3aImil
B HACTOSIIEe BpeMS 3aHMMAETCS HAHOTEXHOJIOTUSIMU ?

a) 1200;
6) 2850;
B) 3500;
r) 4000.
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6. Ilporecc mosryueHuss TBep/bIX MaTePUATIOB W M3/ENUN U3 MOPOIIKO-
06pa3HbIX WJIM TBLIEBBIX CMeCell MpU TeMIepaType, KOTOpas HUMKe
TeMIepaTypbl IJIaBJeHUs], Ha3bIBAeTCS:

a) YIJIOTHEHHEM;
6) TLIaBJICHUEM;
B) CIIEKAHWEM;
) TJeHUeM.

7. KoMOuHanust TpajMIMOHHBIX XUMHUYECKUX M OHOJIOTHYECKHX METO-
JIOB COOPKU «CBEPXY BHU3» C METOJAMH CaMOCOOPKM «CHHU3Y BBEPX»
MO3BOJIUT CO3/1aBATh:

a) pyHKI[MOHAJbHBIE YCTPOICTBA Ha HAHOMACIITAGHOM yPOBHE;
6) ayIMOCUCTEMbI ¢ OGHEMHDBIM 3BYKOM;

B) HOBBIE MOJIHBIE CEPHU KYTIATbHUKOB;

) HAHOAJTIOMUHUEBBIE TIOPOIIKH.

8. Hawmnyummm mMecToM 6a3upoBaHHS KOCMUYECKOTo JdTa MOria Obl
ObITH IIaByvast mwiaTdopMa:

a) Ha CeBepHOM MOJIIOCE;

6) Ha renTpabHoil momaan Heio-Vopka;
B) Ha BEPIIMHE TOPbI JBEPECT;

r) B TUXOM OKeaHe Ha IIMPOTE SKBATOPA.

9. CospanmeM MeIUIIMHCKUX MMILJIAHTAHTOB, HAINpUMeEp 3aMeHuTesei
KOCTell WM CepIeTHBbIX KJATIAHOB, 3aHUMAETCS:

a) GHOMHIKEHEePUS;
6) apxeoJiorus;

B) T'€OJIOTHS;

r) saepHasa usnka.

10. YtoObl pasyiokuTh HAa TPOCTbie MHOKHUTenu uucao u3 400 1mudp,
06BIYHOMY KOMIIBIOTEPY HOTPEGYIOTCS MUJIIHAP/BI JIET, & KBAaHTOBO-
MY KOMIIBIOTEDY HECKOJBKO:
a) CeKyH[,
6) MUHYT;
B) 4acCOB;
') JIHE.



TecT K yactu IV

Kaxkas opranusanus mjiaHupyeT co3/aTb JAOCTYIIHBIH [/Is1 BceX OaHK
JAHHBIX C OIMMCAHUEM TOCJEeHUX JOCTUXKEHWI B U3YYeHUN HAHOTEX-
HOJIOTHH ¥ UX BJIUSIHUSI HA OKPY’KAIOLIYIO cpesy?

a) Environmental Protection Agency;

6) National Nanoscience Council;

B) International Council on Nanotechnology;
r) Institute of Higher Learning.

MeuTta COBpEMEHHBIX MapKETOJIOTOB — MHCIOJb30BaTh B PeKJaMe
TEPMUHbI U3:

a) KPHUIITOJIOTHY;

6) HAaHOTEXHOJIOTHH;
B) JIETKOIl aTIeTHKH;
r) okeaHorpadumu.

CaMbIM TIPOYHBIM BENIECTBOM JIO0 OTKPBITHS (DyJjIepeHa CUUTAJICS:

a) CBUHEII,
6) 30J10TO;
B) KPUIITOH;
r) anaMas.

Ha ocHoBe HaHOMacIITaGHbIX JIEHPUMEPOB OBbLT CO3/aH:

a) Tesb IS BOJIOC

6) cMa3Ka;

B) ryOHas moMaja;

r) GaKTepUIHIHBIN TeJib.

HepCHeKTI/IBbI WCIIOJIb30BAaHUST HAHOTEXHOJIOTHI B MMPpaKTUYECKUX I1€-
JIAX CaMbIMM II€PBbIMU OLCHUJIN:

a) co3maTesd YUIIOB;
6) apxeoJory;

B) OKYJIUCTBI;

r) Ipopalsl.

Oduimanbupii  crangapr (9TasoH) eIMHUIBI U3MEPEHHsT MAaCChl
cllesaH:

a) U3 IJIATUHBI;

6) U3 Kejesa;

B) 13 cepelpa;

r) u3 Boabdpama. 323
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ToxcuunocTb yJiiepeHa u APyruX pacTBOPUMBIX B BOJIE XUMUKATOB
CBs3aHa:

a) co crenuaIn3aImes;

6) ¢ 06pa3oBaHHEM IPOU3BOAHBIX XUMUYECKUX BEIECTB;
B) C IOJKUCJIEHUEM;

r) ¢ aucTpubynuei.

KpeMHueBble unibl cranyt emie 6oJiee GbICTPBIMU U 3 (PEKTUBHBIMU
B Omkaiinme:

a) 1—4 roga;
6) 5—10 Jer;
B) 11—-20 xert;
r) 21—40 jer.

Teoperuuecku accembiepsr (HaHoMacuTraGHble POGOTHI) CIOCOGHDI:

a) 3aBOeBaTb MUD;

6) YyIpaBJIATh BEJTOCUIIENOM;

B) co6UpaTh HAHOPa3MEPHbIe KOMIIOHEHTbI 1 MEXaHU3Mbl U3 aTOMOB;
r) flelaTh BUPTYO3HBIX TaHIIOPOB M3 HEMOBOPOT/IMBBIX JIOIEH.

Kommanus TheraFuse, Inc. pazpabaTbiBaeT W CO3/a€T CEIHATBHYTO
HaKJaJKy Ha KOXY JJsI BBEJEHUS W JTOCTAaBKM (papMarieBTHYECKUX
1 GUOJIOTUYECKUX JKUJAKOCTEN /ISl JTeUeHus :

a) BOJOGOSI3HH,

6) mmabera;

B) NTUYBETO IPHIIIIA;
r) SHype3a.

N3o6peraresieM TeXHOJOTUHN CO3aHIS HAHOIIPOBOJIOB SIBJISETCS TIPO-
(eccop xumum 'apBap/ickoro yHusepcurera:

a) Yapabs M. JluGep;
6) lsunuc Yumabsamc;
B) dmsaber Kapazek;
r) Jlappu Boxk.

[Ipexkjie yeM NIMPOKO HMCHOJB30BATH CIMOCOOBI OUUCTKH TOKCHYHBIX
OTXO/IOB Ha OCHOBE HAaHOYACTUIl )KeJse3a, Hy>KHO Hay4YUTbCs UX:

a) pacIpesessiTh;
6) BOCCTAHABJIUBATD;
B) yIIAKOBbIBATb;
) MapKHpPOBaTh.
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14.

15.

16.

17.
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I‘IEJ_CTI/IL[]':)I CUNTAIOTCA HaHOYaCTUIlaMHM, €CJIMN OJHO M3 UX I/ISMepeHI/Iﬁ
MECHbIIIE:

a) 100 mym;
6) 10 MM;

B) 100 mM;
r) 1 oM.

Ecnu 06bekT o6parnaercss BOKPYT 3eMJIH ¢ YTJI0OBOI CKOPOCTHIO, PaB-
HOI1 YTJIOBOH CKOPOCTU BpalieHusi 3eMJii BOKPYT CBOE OCH, ero op-
OuTa Ha3bIBAETCH:

a) HUBKOU OPOUTOIN;

6) raJakTU4ecKoii opouToii;
B) COJIHEYHOIT OPOUTOI;

I') TeoCTalMOHAPHOI OpOUTOIi.

Komnanmu Intel, IBM, Hewlett-Packard, DuPont, General Elec-
tric, Motorola, Sony, Siemens, Xerox o6beinHsIeT UHTEPEC:

a) K CO3/IaHUIO HOBBIX yA00peHui;
6) HaMepeHHOMY OGPYIIEHHIO PBIHKA;
B) HAHOTEXHOJIOTHUSIM;

r) npo6iemMaM Manoro GusHeca.

Mesx/lyHapOoHbI/ COBET 10 HAHOTEXHOJOTUAM COTPYAHUYAET C yue-
HBIMU, WHKE€HEPaMU, TTPOMBIINIIEHHUKAMK ¥ TIPEICTaBUTENSIMU 00IIe-
CTBEHHBIX OPTaHM3allMii 110 oXpaHe OKpy:Kamolleil cpeabl 15 co3ia-
HUS CTAaHIAPTHBIX:

a) IIpUeMoB BejleHus Gu3Heca,
6) KPUCTAJIMYECKUX CTPYKTYD;
B) GJIAHKOB;

') TEPMHHOB.

IIo omenkam HayuyHO-uccJae[oBaTeNbcKONH KoMmanuun NanoMat
(Kapacpya, Tepmanusa), tonpko B 2004 r. GbLaa BbINyIIEHA ITPO-
JIyKIIMsI Ha OCHOBE HAHOYACTHI[ WM HAHOMATEPHUAJIOB, CyMMapHas
CTOMMOCTh KOTOPOIl NMPEeBBICUJIA;

a) 12,2 MIpa KoJ1apos;
6) 22,4 MIpJ JOJIAPOB;
B) 26,5 MJIp/ A0JLIAPOB;
r) 28,4 MIPJ J0JLIAaPOB.
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Hanorpy6ku — 3TO camble Jydllide W3 W3BECTHBIX ITPOBOIHUKOB
3JIEKTPUYECKOTO TOKA, U WX MOXKHO HCIIOJIb30BATh /IS 3apsiia aKKy-
MYJISITOPOB aBToMoOuIs 6iarosnapst Haubosee apdexruBnoMy mpeos-
Pa30BAHNIO:

a) npobera;

6) SHEPTUH TOPMOKEHUSI;
B) BpeMeHN;

I') BBIXJIOIHbIX Ia30B.

Bce nepeuncientble HIKE areHTCTBA COTPY/IHUYAIOT B paMkax Harmo-
HaJIbHOI HaHoTexHosormdeckoin nannuatusbl CIITA, 3a uckIoYeHneM:

a) Hanmonanpruoro nayunoro ¢gonga CIIIA;

6) HanmoHasbHOTO MHCTHTYTaA 3aluThl OKpyskaiomeil cpeapr CIITA;
B) Munucrepcrsa suepreruku CIIIA;

r) MunucrepcrBa akonomuku CIITA.

33.[[8.‘-18. Pa3JIOKEHUA YMCJia Ha €r0 IIPOCTbIE MHOYKUTEIN NUMEET OIrPOM-
HO€ IIpaKTUYeCKOe 3Ha4YeHue, ITOCKOJIbKY aJlrOPUTMbI PA3JIOJKEHUA Ha
IIPOCTbIE MHOKUTEJIN NUCIIOJIb3YIOTCA:

a) B puIbMax y’Kacos;

6) reHepaIn 3JeKTPUYECTBa;
B) pa3BJIeYCHUSX;

r) cucreMax mm@pPOBaHUs.

W3yuenue cBoiicTB 00bEKTa C IIOMOIIBIO TIIATEJBHO BbIIOTHSIEMbIX
HaOIO/IeHIH 1 M3MEPEHN Ha3bIBAECTCS:

a) OYHOI CTaBKOIi;
6) 9KCIIEPUMEHTOM;
B) OMIMOKOII;

r) TuGpuan3aimeii.

Biugnue Ha 3aHITOCTD JIIOJEH, HOBBbIE METObI JeYeHUST U MeIuKa-
MEHTBI, TPOU3BOJICTBO, 3I0POBBE M OKPYSKAIOMNIYIO CPely, HETIPUKOC-
HOBEHHOCTD JTUYHOCTUA 1 YACTHOM COOCTBEHHOCTH — 3TO ACIIEKTHI Ha-
HOTEXHOJIOTUH, AeldCTBYIOIINE Ha:

a) Ce30HHBIEe KOJIeGaHUsT TEMIIEPATYPhI;
6) akageMUYecKuii cTaryc;

B) OGIIECTBO;

I') OLIEHKH B ILIKOJIE.
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B 2004 r. cmenmanucrtel KoMmanuu Wilson cosgajyn HOBble BU/IBI
kmommek s roabda (FwC, Pi5 u Staff Pd5/Dd5) na ocHose:

a) COBETOB OIBITHBIX MIPOKOB B rOIb(;

6) oJIoBa U XKeJe3a;

B) IpeacTaBaeHuii 0 Gojee paccaabIeHHON TEXHUKE yaapa;
') HAHOKOMIIO3UTOB THTaHa.

HaHOCprKTypr C PAa3BETBJIEHHBIM JPEBOBUIHDBIM (l)I/ISI/I‘{eCKI/IM CTpO-
€HHEM, KOTOPOE MO3BOJIAET ITPEKPACHO JOCTABJIATDH JIEKAPCTBA B HY K-
HOE MECTO U JIEUYUTDb 60.71133HI/Iy Ha3bIBAaIOTCA:

a) JeHpuMepaMu;
6) TyJIepeHaMu;
B) JeIPUTaMU;

) IOJIUIIaMH.

[Ipeo6pazoBanne XMMUYECKOTO COEMHEHUS B JAPYTON TTPOU3BO/HBII
MPOJYKT € aHAJOTMYHOU XUMUYECKOU CTPYKTYpPOil U HEMHOTO OTJIU-
YaIOUIMMUCST CBOICTBAMU Ha3bIBAETCS:

a) OKCcHAM3aImeii;

6) BaJIeHTH3aIlell;

B) 06pa3oBaHNEM MPOU3BOHBIX XUMUYECKUX BENIECTB;
I) U30TE€PMHUEIL.

Hammonanpubrit Hayunbsiii ¢poug CIIA cnporHO3WpoBai, 9TO PBIHOK
HaHOIIPO/AYKTOB U HAHOTEXHOJOTMH JOCTUTHET BeJUYMHbI 1 TpJH
JTOJLTApOB:

a) B 2010 r.;
6) B 2015 r.;
B) B 2020 T.;
r) B 2025 T.

Jlonist TONIMBA CIyTHUKA, KOTOPash PacXO/Ayercsl BIIYCTYIO M3-3a W3-
HOCa BOCILIaMeHuTeNs1 U Hea(eKTUBHOCTH CrOPaHUsl TOILIMBA, IIPU-
MEpPHO pPaBHA:

a) 1/4;

6) 1/3;

B) 1/2;

r) 2/3.
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Jlns obecniedeHnst 6€30TIaCHOCTI B BO3/YITHOM IIPOCTPAHCTBE BOIN3N
KOCMUYeCKoro Jjudra OyLyr:

a) ImpuUrIanaTh TypPUCTOB;

6) pacnonaraTbcst o6J1aKa;

B) OrpaHUYeHbl MOJETHI;

) paspelenbl JT06ble MOJIETHI.

Kommanuss Nanolnk, Inc. monyumiaa JUIEH3WI0 HA TEXHOJOTHIO
uAeHTUPUKAIME CIIOp CUOUPCKOIl SI3BbI U M3TOTABJINBAET:

a) CBATAIIMECS B TEMHOTE YePHIIIA;
6) aBTOPYYKH C YePHUJIAMHU;

B) IMAarHOCTHYECKHE YCTPOICTBA;

) KPacKy /ISl IPOJAYKTOB IINTAHHUSI.

ImobambHbIll pruCK TPUMEHEHNST HAHOYACTHUIL CBSI3aH C YPE3BBIYANHO
BBICOKOU UX:

a) MOOWJIBHOCTBIO;

6) 3amaxoM;

B) COIPOTHBJISIEMOCTBIO;
) XPYIKOCTBIO.

Kommanus 1’Oréal ucmosib3yer B CBOMX HOBBIX KpPeMax HAHOTEXHO-
JIOTHM /IS JOCTaBKU T10/1 IIOBEPXHOCTHBIN CJION KOXKH:

a) IMUTaTeJbHBIX BEIIECTB;

6) crop cUOUPCKON S3BBI;

B) 6OTOKCA;

r) dhochopecupyonmux HaHOYACTHUIL.

ﬂJISI H.IHpOKOfI HY6JII/IKI/I HAaHOTEXHOJIOTUN O3HA4YalOT:

a) ycrapeBuine HOBOCTH;

6) TeXHUYeCKask TEPMUHOJIOTHSI;
B) HayuHas (haHTACTHKA;

I') MOJIHOE CJIOBEYKO.

B03MOKHOCTH ONITHYECKOH CBSI3W MEXAY CIYyTHUKAMHU JJIs TTepe/a-
qu 6OJIBIIOr0 06beMa JJAaHHBIX BIIEpBbIe ObLIN MPOJIEMOHCTPUPOBAHBI
B TIPOEKTE:

a) ARTEMIS;
6) ARROW;
B) CALLISTO;
r) ORION.
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TokcuyHOCTD (byﬂﬂepeHa BJIMAET Ha KJIETOYHbIE MeMépaHbI n3-3a
IIPUCYTCTBUA:

a) JIUNUIOB;

6) aMUHOKHCJIOT;

B) a30Ta;

) CBOOOJHBIX PaJUKAJIOB.

Muorue Beaylue Hay4YHO-HCCJENOBATENbCKIE OPTaHU3AINH,
Bkitodast Oxcdopackuii ynusepcurer (BenukoGpurtanus), YHu-
Bepcuter Muc6pyka (ABcrpusi), Maccauycerckuii TeXHOJOrHYE-
ckuit uacturyt (CIIA), KamudopHuiickKuil TeXHOJOIrMIeCKUN WH-
crutyt (CIHIA) u Crandopackuii yausepcurer (CIITA), umeor B
CBOEM IIITaTe HayuYHble TPYIIbI, KOTOPble 3aHMMAIOTCS U3yYeHueM
OCHOB:

a) GpUrypHOro KataHus;,

6) KBAHTOBBIX BBIYMCIICHUIL;

B) aJbIIMHU3MA;

) KOHCTPYUPOBaHust 3P (HEKTUBHBIX MbIIIETOBOK.

WNHBecTuIMOHHbIE KOMIIAHUU CYWTAIOT, YTO Pa3BUTHE HAHOTEXHOJIO-
Uil MOKHO CPaBHUTD:

a) ¢ KpaxoM uHTepHeT-KoMnauuii B 1990-x rr.;

6) ¢ nerenpoii o lasuge u Fonmade;

B) ¢ moroBopkoii «Komeiika py6sb 6epexers;

) ¢ «30J10TOM Muxopaakoii» B Kamudopuuu Gosiee Beka Hasa.

Z[.TIH YCHEeUuIrHoro CTpouTeJbCTBa KOCMHUYECKOTO JII/I(l)Ta CJeayer
Y4uTbIBaTb BCE€ IIE€PEUYUCJTEHHDbIE HUXKE (baKTOPbI, 3a MCKJIOYEe-
HUEM:

a) JlaThl HAaya/a CTPOUTE]IbCTBA;
6) 3alIUTBI OT PaHAIIIL;

B) BUGpALUN;

r) caGoTa’ka U TeppoOpU3Ma.

O,ZIHI/IM N3 OITUMaAJIbHbIX HyTeﬁ HpaBHTeJ’IbCTBeHHOﬁ IIoAZIEPIKKH
Pa3BUTUA HAHOTEXHOJIOTUI SIBJISIETCS:

a) HeorpaHUYeHHOE (PMHAHCUPOBAHMKE;

6) IIPHOCTAaHOBKA BCEX OCTA/bHbBIX MCCJIE0BaHMUII;
B) IIOCTENIEHHOE BHEAPEHNE;

T) crennagbHble HAJOTH Ha GMOYHIIHL.
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39. C nowmomipio HAaHOTPYGOK OMOYHITBI MOTYT BBITTOJHATH XUMHWYECKUE
TecTbl a3 PeKTuBHEE:!

a) B 10 pas;

6) B 1 TbIC. Pas;
B) B 10 ThIC. pas;
r) B 100 TbIC. pa3.

40. B conHile3amuTHOM KpeMe MHOTUX KOMIIAHUIl MCIIOJIb3yeTCs TIOPO-
mok Z-COTE Ha ocHOBe HaHOYACTHI] CBEPXUYUCTOTO OKCHUIA ITMHKA,
KOTOPBIH BBITYCKAETCS KOMITAHWEH:

a) BASF;

6) ACME;
B) NASA;
r) Intel.



NTOroBbIiN 3K3aMeH

Bce nepeunciennble HUKE 3JEMEHTBI SIBJISIOTCS COCTABHBIME 4aCTs-
mu JITHK, 3a uckiaoueHunem:

a) TyaHUHa;

6) IIMTO3WHA;

B) a/leHUHA;

') THPO3MHA.

Hanuonanpuerii nactutyt oxpanbl Tpyfa CIHIA n Ynpasienue 1o
KOHTPOJIIO IPoAYyKTOB U JekapctB CHIA u3yuaoT Bo3zeiicTBUe MPO-
MBIILJIEHHBIX HAHOYACTHUI[ Ha:

a) KOXy;

6) CHHTETHYECKNEe MaTepuaJibl;
B) reoTepMasibHyI0 aKTHBHOCTD;
) TaTyUPOBKU.

B saBucmMmocTn or THIA MHKaIICYJIUPOBAaHHBIX MOJIEKYJ MEIUKNU MO-
TYyT BJMUATH HaA:

a) CTOMMOCTb MeIMKaMeHTOB;
6) HeO6XOANMOCTD JCYCHMUS;

B) JI03y M THI MeJNKAMEHTa,;
r) paGouyro HarpysKy.

OpranusMbl-yOuiilpl, opyskue Cy[HOTO JHS U OECKOHTPOJIbHbIE Ha-
HOOOTBI MOTYT OBITh 3JIeMEHTaMH IIePeYlCJeHHBIX HIKE BUIOB Jiesi-
TEJbHOCTH, KPOMe:

a) Xy/J0KeCTBEHHOTO (PUIbMa;

6) NuIaHa HAyYHbBIX MCCJIEI0BAHMUI;
B) KOMIIbIOTEPHOM HMIDBI;

) Hay4YHO-(haHTACTUYECKOTO POMaHA.

[Ipucoennuenne MoJeKysT K TIOBEPXHOCTH (PyJjiepeHa HAa3bIBAETC:

a) ToIApU3aIuei;

6) dyHKIMOHAIM3ALNEN;
B) XapaKTepu3sallueii;

r') onTUMHU3almei.



S|

332

10.

11.

‘,.',!‘0 YACTb IV Byaywiee

benxku — »aro:

a) 9JIEMEHTbl HEOPTaHUYECKUX COeMHEHMI;

6) GecliBeTHBIE TILTIONM;

B) IIENIOYKY aMMHOKHCJIOT, CIIOCOOHBIE OOpa30BBIBATD  CJIOKHBIE
CTPYKTYPBbI;

) HOAEJIKU U3 JiepeBa 1 MUHEPAJIOB.

qaCTI/H_[bI CUHNTAIOTCA HaHO4YaCTHUIlaMH, €CJN OJHO N3 UX I/IBMepeHI/Iﬁ
MEHbIIIE:

a) 1

6) 50 cm;
B) 100 MM;
r) 100 um.

Oco0bie cBOMCTBA HaHOYACTUIl IPEUMYIIECTBEHHO CBA3aHbI:

a) ¢ UX pa3MepaMii;
6) TeMIeparypoii;
B) TIJIOTHOCTBIO;

I) 3aIaxoM.

OG6pa3Ho TOBOPsI, COBPEMEHHbBIN MHTEPEC K HAHOTEXHOJIOTHSIM YyTb
TIPOXJIa/IHee, YeM:

a) IJIaMg;
6) BOZA;
B) BeTep;
T) Jem.

Ycerpoiicra ¢ 1000 siueiikamu-ananusatopamu Ha 1 cM? KpEMHUEBOTO
Yulla Ha3bIBAaIOTCA:

a) KapTo(eJbHBIMU YUIICAMHU;
6) PHIGHBIME YUTICAMHE;

B) HIOKOJIAJHBIME GaTOHYMKAMIU;
) «1a60paTOPUAMU-HA-YUIIE> .

Harmmonanbubiit uactutyT oxpanbl Tpyaa CHIA mraampyeTr moaroTo-
BUTDb U BbBIILYCTUTD:

a) JUCTOBKY K HaloHaIbHOMY [IHIO HAHOTEXHOJIOTHIA;

6) mepeveHb Croco60B MOMYYEHNsT HAHOTPYGOK;

B) JJOKYMEHT ¢ 0630POM TPAKTHYECKOTO OINbITa PAGOThI ¢ HAHOMATe-
puasamu;

) MPU3 3a JyYIIylo MJIE OXPaHbl OKPYIKAIOIIEH Cpe/pl.



12.

13.

14.

15.

16.

17.

UTOroBbIiA 3K3AMEH

CumBosoM cepe6pa B [lepronueckoil Tab/amIe S1EMEHTOB SBJISETCS:
a) Si;

6) Ag;

B) Hg;

r) Sr.

HanorexHoJsiornu 1mo3BoJsior co3laBaTb MaTepuaJibl Ha OCHOBE!:

a) OT/IEJIbHBIX aTOMOB U MOJIEKY.T;
6) BOJDI;

B) IIOYBHI;

') KOCMUYECKUX JIydei.

B 1870 r. Meiiep npeasoxun Bapuant cBoeil [lepuogndeckoii Tabn-
1IbI, COJlepsKalei:

a) 28 s1eMeHTOoB;

6) 57 51€MEHTOB;

B) 74 sleMeHTa;

r) 112 snemMeHTOB.

[lo uzobperenusi COBpeMEHHbIX HWHCTPYMEHTOB BU3yaiu3aiuu 00beK-
TOB HAaHOMMPA YueHble MCII0JIb30BaJU BCe NEePEunCJeHHbIe HUXe Me-
TO/bI, 32 UCKJIOYEHUEM:

a) aCTPOJIOTMYECKUX Npe/cKa3aHMmii;
6) PEHTTEHOBCKOTO U3/TyYeHNs;

B) YJIbTPa3BYKOBOIO U3JIy4eHUSI;

r) 6uorncuu TkaHeil.

B cBsa3u ¢ T€M, YTO MbIIIbAK IIPEACTABIAECT 6OJII)HlyIO OITIaCHOCTb JId
310pOBbA Y€JIOBEKA, EPA YoKECTOUMNJIa CTaHAaPThI [IJIA €ro IMpeejib-
HOT'O COJZIEpIKaHuA B MMUTHEBOM BO/Ji€ 10:

a) 1 yacTy Ha MUJLTHAPL;
6) 5 wacreil Ha MULIHAPL;
B) 10 uwacreil Ha MULTHAPA;
r) 50 yacreil Ha MUJLIHAP/I.

benok B OpraHm3Me 4eJjioBEeKa, KOTOpri/JI COCTOUT M3 TpeEX CIinpaJb-
HbIX L[GHCfI n3 aMHWHOKHMCJIOTHBIX OCTAaTKOB, COCTaBJISAAET OCHOBY
COe]lI/IHI/ITeJII)HOIL/,I TKaHN JKNBOTHbIX (CYXO)KI/UII/IH, KOCTH U Xpﬂ]_[II/I)
1 06ecIleuBaeT ee IIPOYHOCTDb, Ha3bIBaA€TCA:

a) TeMOTJIOGUHOM;
6) KOJLIareHoM;

B) aIb6yMIHOM;

r) ¢hakTopoM pocra.

333
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18. OtpuriarenbHo 3apsKeHHble Cy6aTOMHbIE YaCTHI[bI, KOTOPbIE BMeCTe
C TIOJIOKUTENBHO 3apSIKEHHBIM SIIPOM HaXOJATCS B COCTaBe aTOMA,
Ha3bIBAIOTCS:

a) HEHTPHHO;

6) IIPOTOHAMY;
B) 5JIEKTPOHAM;
) KBapKaMu.

19. IIpodeccop Puuyapx Deitnman ObLi:

a) pusuKoM;

6) 610JI0TOM;

B) COIIMOJIOTOM;

') aTOJOrOaHATOMOM.

20. Wcrounuxamu aTMOC(bepHOI'O OKCH/Ia a30Ta ABJIAIOTCA BCE IEPEUNC-
JIECHHbIE€ HHIKE Oé"beKTbI, 3a UCKJIIOYEHUEM:

a) MOJIHUI;

6) TOPHBIX PYYbEB;
B) JIECHBIX MOKAPOB;
I) BYJKAHOB.

21. Hanorexuosorum — 3710:

a) TEXHOJIOrnHM OGHOBJIEHUS JIOKOMOTHBOB;

6) 06JacTh MyJIbTUIMCIUIIMHAPHBIX MCCIEI0BAHMIA;
B) CIIOCOGBI CTATh IUIIEPAKTUBHbIM;

r) aHTaCTHKA.

22. Hawuboblireit npo6eMoil UCIIOb30BAHUS COJHEYHON SHEPTUH SIBJISI-
eTcs:

a) BBICOKAsl HAJI€KHOCTD;

6) HEJOCTATOUHASI MOIIHOCTb;
B) GOJIBIIIOE 3arpsABHEHNE;

) HOYHOE BPEMSI.

23. ®usuka auwkenns mosekysa JHK n PHK depe3 nanokaHasbl uMeeT
6O0JIbIIIOE 3HAUYECHUE [IJI:

a) IJIAHUPOBAHUSA CEMbH;
6) MeTo10B (PUABTPAIMK U TIPOEKTUPOBaHKS MeMOpaH;
B) IIBETa BOJIOC U TJIa3;

334 ') OUUCTKU OKPYsKaIoIIeil cpe/ibl OT TEXHEIHs.



24.

25.

26.

27.

28.

29.

UTOroBbIiA 3K3AMEH

JloJist COBpeMEHHBIX YUeHbIX, KOTOPbIE COTJIACHBI C TEM, UTO TIOBBIIIIE-
HUe YPOBHSI KOHIIEHTPAIUU YIJIEKUCTIOTO rada B atMocdepe BbI3OBET
cepbesnble pobseMbl B Teuenue Ommkaiininx 100 ser, cocrasisier:

a) 24%:
6) 45%;
B) 72%;
r) 99%.

B xemorepanuu JjedeHne HEKOTOPBIMU TOKCHYHBIMU JieKapCTBaMU
MPOBOJIUTCS HA TPAHU MeXKy YHUUYTOKEHHEeM PAaKOBOH OIyXOJIu:

a) ¥ TOBBIIIEHUEM CYeThl;

6) TIOBBINIEHNEM YPOBHSI CTPECCa;

B) YHMYTOKEHHEM CaMOTO MallMeHTa;
) HoTepeil MeJUINHCKON CTPAXOBKH.

AnxuMueil paHbllie Ha3blBaJUCh UCCJEI0BAHUS:

a) JIPeBHUX XUMHUKOB;

6) 6GOTAHUKOB;

B) CHUCTEMHBIX aJIMHHUCTPATOPOB;
I') MaTeMaTHKOB.

KosmuecTBo craTeil 0 HAHOTEXHOJIOTHAM, OMYyGJIMKOBAHHBIX B EPHU-
on ¢ 1990 no 2005 r., yBeauuusocs ¢ 0 z10:

a) 200;

6) 4032;
B) 20 ThIC.;
r) 32 ThbIC.

ITosrynipOBOAHUKOBDIM HAHOKPHCTAI BEIMYMHOH BCETO HECKOJIBKO
HAHOMETPOB Ha3bIBAeTCs:

a) KBaHTOBOH COGAKOI;
6) KBAHTOBOI TOUKOIi;
B) GakTepuei;

r) ame6oii.

[lon diirnep craoxun ciaoBo «IBM» u3 35 aroMoB KceHOHa, a BIIO-
CJIe/ICTBUU U306pet:

a) MaluHy JJisi IPUTOTOBJIEHUST MOPOKEHOTO;

6) aHTHOIMKOBBIN BBITSKHON mKad;

B) IIPOTUBOOGPACTAIONIEE TIOKPHITHE;

I) 9JEKTPUYECKHI MepeKIoyare/ib Ha OCHOBE OJHOTO aToMa. 335



S|

30.

31.

32.

33.

34.

35.
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HanorexHomorn HCIOJIb3YIOT BCe TlepeuncCaeHHble HUKE MHCTPYMEH-
Thbl, 3a UCKJIIOYECHUEM:

a) UHCIEKIMOHHBIX UHCTPYMEHTOB;
6) IPOU3BOJICTBEHHBIX MHCTPYMEHTOB;
B) KyJIMHAPHBIX UHCTPYMEHTOR;

') MHCTPYMEHTOB MOZEJINPOBAHMS.

KauecTBo BOJIbI OIIPEAEJAETCA C YUYETOM MEPEYNC/IICHHbIX HUXKE (baK-
TOPOB, 3a UCKJIOYEHUEM!

a) J0GbIYM U CKMTaHMs MCKOIIAaeMbIX BUAOB TOILINBA;
6) MaccoBoil BHIPYOKH JIECOB;

B) BBIGPOCOB OTXOIOB IIPOU3BO/ICTBA;

I) IPUCYTCTBHS PEYHBIX KaMHEI.

UccnenoBanusi KAKOrO yYeHOTO MOKA3JIU, YTO GOJIbIIAS YacTh Mac-
ChI aTOMa COCPEJ0TOYEHA B €ro sape?

a) dpuecra Pesepdopaa;
6) JLx. k. Tomcona;
B) Tlanca Teiirepa;

r) dphecra XeMHUHTY)sI.

BKCHGPI/IMGHT BHE JKMBOI'O OpraHm3Ma Ha3bIBa€TCA:

a) in centro;
6) in vivo;
B) in livo;
r) in vitro.

BerectBo, croco6Hoe mpu g06aBJIEeHUN B KUAKOCTh H3MEHSITH €€
CMaYMBAOIINE CBOICTBA 3a CUET M3MEHEHUSI MOBEPXHOCTHOTO HATSI-
SKEHNA JKUJAKOCTH, HA3bIBAETCH:

a) HeTAHON IIEHKOIA;

6) TIOBEPXHOCTHO-aKTUBHBIM BEIIECTBOM;
B) MeJsaccoii;

I) IpsA3BIO.

MaTepI/IaJI Ha3bIBACTCA IIUTOTOKCUYHDBIM, €CJIN OH:

a) yOMBaeT KJIeTKH;

6) XOpOIIO pacrerT;

B) COJAEPIKUTCS B IPAHUTE;

) UMeeT CuHe-3eJieHbli 1IBeT.



UTOroBbIiA 3K3AMEH

36. Kakoil pycckuii y4eHbIH MPEeTOXKUT KOHCTPYKIIUIO «KOCMIYECKOTO
gudray, COCTOSIIIETO U3 KATYIIKU C KabesjeM, PACTSIHYTBIM /IO BBICO-
TbI T€OCTAIIMOHAPHON OPOUTHI?

a) Crus CMmouiuy;

6) Koucrantun 1{1onKOBCKUI;
B) IToab Kapajek;

r) Muxaun BapblIHUKOB.

37. [lna onenkn ckopoctu u 3P@PEKTUBHOCTU JBUIKEHUS HAHOYACTHIL
B BOJI€ U II0YBE OYEHDb BAYKHO OINPEIEIUTh:

a) UX ONTHYeCKNe CBOWCTBA;

6) c1oco6Gbl TPAHCIIOPTUPOBKY;

B) COJIEHOCTb BOJIBI;

) CTOMMOCTb YCTPAHEHHsI 3arpsi3HEHMSI.

38. Takue TsKesble MeETaJlJIbl, KaK CBUHEI[ U PTYTb, IIOCJIE OKUCJIECHUA
C IIOMOILIbBIO Kejle3a CTAaHOBATCA HEPACTBOPUMbBIMHU, a TaKiKe:

a) 3eJIeHbIMT;

6) PaanOaKTHBHBIMM;

B) OILIOJOTBOPSAIONIMMI;

r) 3a6JJOKNPOBAaHHBIMU B IIOYBE.

39. B HacCToAlIlee BpeEMA HaceJieHue 3eMun HpI/I6JII/ISI/ITeJIbHO COCTaBJIACT:

a) 3 Mapa;
6) 4 Mapx;
B) 5 MIPZ;
r) 6,5 MIp/.

40. Heckosbko KopoTKuX pparmMenToB Mosekybl JIHK, pacmosnosxkeHHbIX
0co6bIM 06pa3oM Ha MOBepxXHOCTH, HazbiBaioTcs JJHK-uunom, win:

a) IIOKOJIaHBIM YHIIOM;
6) KpeMHUEBBIM YHIIOM;
B) GUOYUIIOM;
') HEOUNIIOM.

41. TlepBas nByHampaBJjieHHas ONTHYECKasl CBsI3b OblIa OpPraHM30BaHA
9 nexabpst 2005 r. mexxay dpaniysckuM crytHukoM ARTEMIS:

a) u poccuiickuM crnytHukoM VVP;

6) anonckuM cinytaukom OICETS;

B) kutaiickum ciyraukom GREAT WALL;

r) unauiickum cnyrankoMm RADGE KAPOOR. 337
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43.
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45.

46.

47.
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Cpezm YacCTull, COCTaBJAIOIINX aTOM, 3apdA/da HE UMEIOT!:

a) AJIEKTPOHDI;
6) IPOTOHBL;
B) HEHTPOHBI;
) KBapKHu.

Ornitnueckoe yBelndeHre — 3TO BEJIUYNHA, HA KOTOPYIO CTaHeT 60JIb-
1re n306paskeHue:

a) B CTETOCKOIIE;
6) MHKPOCKOIIE;
B) THPOCKOIIE;
) albTUMETpeE.

O6umii ppiHOK HaHoTexHoJoruii B 2006 r. OlleHWBAJICS TPUMEPHO
B 300 mapx gostapos CIIIA, a B 2015 T. oH JOCTUTHET:

a) 385 mupx;
6) 500 mupg;
B) 700 Mupz;
r) 1000 map.

[TepBbIM YesIOBEKOM, KOTOPbBIN yBUEA 6AKTEPUIO, ObLI:

a) Anexcanap DJeMUHT;
6) Jleonapzao aa Bunumu;
B) AHtoHM BaH JIeBEHIYK;
r) Ixxon Bepromm.

NckyceTBeHHDBIH CIYTHUK HA T€OCTAllMOHAPHON OpOUTEe HAXO/IUTCS:

a) TOJIbKO B Hay4HO-(haHTACTHYECKUX MPOM3BEICHUSX;

6) HaJ Pa3sHBIMU TOYKAMU Ha 3€MHON IIOBEPXHOCTH;

B) Hag CeBepHBIM MOJIOCOM;

I') HOCTOSIHHO HaJl OJHON U TOM K€ TOUKOW Ha 3eMHOI HOBEPXHOCTH.

Jl1s1 HabmoieHust in Vivo MOJIEKYJISIPHBIX MTPOILECCOB BHYTPH JKUBbBIX
OpPTaHU3MOB HCIOJIb3YETCS:

a) MyTareHHasl BU3YaJM3allMsI;

6) MOJIEKY.IApHAs BU3ya/M3allus;

B) METEOPOJIOTHYECKAsT BU3YalIn3allts;
) KOCMUYECKast BU3ya Iu3allysl.



UTOroBbIiA 3K3AMEH

48. KOMHaHI/Ieﬁ, ClleIIMaJInCTbI KOTOpOﬁ CO3JaJin Ha OCHOBE HaHOTEXHO-
JIOTHII 1 HAaHOKOMIIO3UTOB TUTAHA HOBBIE BUABI KJIIOIIEK IS rom;cba,
ABJIAECTCA:

a) Head;
6) Nike;
B) Wilson;
r) Everlast.

49. [[JIH OTKPbITHUA M HCCJAECJOBaHHA HOBDIX q)I/ISI/I‘IeCKI/IX, XUMHIYECKUX
1 OMOJIOTUYECKUX SIBJIEHUI B HaHOMUDPE Y4YE€HbIM H606XO[II/IMI:>II

a) BBICOKOTEXHOJIOTMYHBIE HHCTPYMEHTBI;
6) Go.bine kKode;

B) GOJIbIIAs JTUTENBHOCTD OTITYCKA;

I') BBIXOJIHbIE MO MATHHIIAM,

30. Croco6HOoCTh MaTepHaia U3MEHSTh OITHYECKHE CBOICTBA NPHU IIPH-
JIOJKEHUH 3JIEKTPUYECKOTO HANPSIKEHUST HA3bIBAETCS:

a) BBICOKOI PBIHOYHOI CTOMMOCTBIO;
6) 2IEKTPOXPOMHU3MOM;

B) (GOTOTPOIN3MOM;

) PaJfOaKTHBHOCTDIO.

1. OO6bekTOM, BHYTPU U CHAPYKU KOTOPOTO TIPU OCBENEHUU TeHEPUPY-
I0TCSI CUJIbHbIE 3JIEKTPOMATHUTHBIE KOJeGAHUSI B Juanasone, OJIu3-
KOM K WH(PAKPACHOMY, SIBJISIETCA:

a) yriaepojHas HaHOTPYyOKa;

6) 30J10T0€ O6PYYANBHOE KOJIBIIO;
B) HAaHOBOAOPO/I;

') 30JI0TO€ HAHOKOJIBIO.

52. A66pesnarypa OCYH (SWNT) osnauaer:

a) OPaH)KEeBbIil CTPYYKOBBIN yJIbTPAUyBCTBUTEIbHBIIT HAPIHICC;
6) 0co60 CTOWKMIA U yCTONYMBBIN HAHOIPOBOJ;

B) O/JIHOCJIONHAS yriIepojiHast HAHOTPYOKa,;

') OCHOBHOE CBEPXIIPOYHOE YHUBEPCATbHOE HAHOIOKPDITHE.

93. HaHoTexHOJIOrMr WMEIOT IJIA SHEPTEeTUKH W MeJUIMHbI TaKoe JKe
3HaueHnune, Kak M IIaCTMacCChbl JJIA:

a) HOBBIX Marephajos;

6) KOCMETUKU;

B) TEOPUU CTPYH;

) KOHTEHHEPOB [I/Is1 Mycopa. 339
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I/IH(bpaKpaCHbIe CEHCOPbI MOJKHO HCIIOJIb30BaTb MIPU KOCMUYECKHX
HCCJaeJO0BaHUAX BO BCEX oénacmx, IIEPEUYNCJIEHHbIX HUXKE, KPOME!

a) HaBMTAIlMOHHbBIX MHCTPYMEHTOB;
6) caMO3aTauNBaIOIIMXCS 30H/I0B;

B) ONTHYECKON Mepejavyn JaHHbIX;
r) uccaegoBannii atMmocdepsl.

OO6BEKTBbI CUUTAIOTCS HAHOMACIITAOHBIMU, €CJIH OJ[HU U3 TTapaMeTPOB
WX U3MEPEeHUN HaXOoA4TCd B JAuala3oHe:

a) 1—100 umM;

6) 100—1000 uM;

B) 1000—10000 uMm;

r) 10 000—100 000 uMm.

Harmmonanpbaas HanorexHosornueckast nanimuartnsa CIHIA obecrieun-
BaeT KOOPAWHAIIUIO JESATENbHOCTH B 06JIaCTU:

a) GMOTEXHOJIOTHIA;
6) arpoHOMuU;

B) GUOXUMUN;

I') HAHOTEXHOJIOTHI.

KBanToBble TOUKM MOKHO CO3/1aBaTh C IIOMOIIBIO:

a) apxeoJsIoruy;

6) KamHeaPO6IeHNS;

B) 9JEKTPOHHO-Iy4eBOii tuTorpaduiu;
') KOHJUTEPCKUX METO/I0B.

Bousna ne bpoiing — aTo Mepa BOHOBOU TPUPO/DBI:

a) IPUINBHOI BOJIHBL,

6) ckmanok Ha (are;

B) METeopa;

I) 5JIeMEHTAaPHbIX YaCTHUII.

YHukanbHbIe JJIEKTPUYECKNE U MEXaHUYECKUe CBOIiCTBa HaHOpréOK
yYAaJaoChb NPpOAEMOHCTPUPOBATDH 6J1ar011ap51:

a) TIIATENbHBIM U3MEPEHNSIM,;

6) uepoMy (pHHAHCHPOBAHMIO;

B) YMEJIOMY MapKeTHHTY;

) CYACTIIMBOMY CTEYEHUIO OGCTOSITENBCTB U YIIOPCTBY.



60.

61.

62.

63.

64.

65.

UTOroBbIiA 3K3AMEH

Ha HaHOYACTHUIIbI KeJjie3a B ITOUYBE€ HE OKa3bIBACT BJIWUAHNA.

a) KUCJIOTHOCTH IOYBHI;

6) Temmeparypa TOYBbI;

B) IUTaTe]bHble BEIeCTBa B IIOYBE;

I) BCe TepevncaeHHble Bbie (GaKTophl.

Taxk 06bIYHO TFOBOPAT IO ITOBOAY HUCIIOJIb30BaHUSA HaHOTEXHOJIOTUA:

a) OHM CJIMIIKOM XOPOIIN, 4TOGBI ObITh PaBAON;
6) Jyuiie MeHblle, Ja Jy4Ile;

B) MX CTOUT MCIIOJb30BaTh B HAyKe M TEXHHKE;
) pasyM cusibHee Tpy6oii CHIIbI.

DJIeKTPOHHO-JIy4eBas JTUTOTpadus NCHOIb3YETCS ST CO3/IaHus:

a) HanboJjiee COBEPUICHHBIX PYYEK;

6) BBICOKOKQYECTBEHHBIX PaAMONPUEMHUKOB;
B) KBaHTOBBIX TOYEK;

) asporeJeil.

Marepuas, cocTosiuii u3 AByX MeTawnoB (Kak, HanpuMmep, JaTyHb
13 MeaU U IIMHKa), Ha3bIBAeTCS:

a) cydue;

6) CILIABOM;

B) MIEeaTbHBIM Ta30M;
I') KOMIIOCTOM.

B3Bech oueHb MaJeHbKUX YaCTull, KOTOPbIE€ HE OCAXKIAIOTCA IO/ ﬂeﬁ*
CTBUEM CHWJIbI TAXKECTH B /IPYTOM HEIIPEPbIBHOM MaTepuaJjie, Ha3bIBa-
€TCA:

a) OMJIETOM;

6) KOJLIOMIOM;

B) Pe3yJbTaTOM MIKOJbHOTO SKCIIEPUMEHTA;
') MHEPTHBIM MaTepPHaJIOM.

OCHOBHBIM MIpenMynieCcCTBoOM MeTo/[a AUarHOCTUKMU Ha OCHOBE aHaJI-
3a CJIIOHBI ABJAETCA €ro cjaeayionlasd XapaKTepucTuka:

a) He JINTIKUIL;

6) UHBA3UBHBIII;

B) MOBTOPHO HCIIOJIb3YEMbI;

I') HeMHBa3UBHbII. 3N
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IMpoxykr EcoTru® mpu ucnonb3oBanuu B Adprke B KayecTBe TPE/-
OIIEPAIlNOHHOTO AHTHUCENTHKA IIPOJIeMOHCTPUPOBAJT OTCYTCTBHE Ka-
KUX-T100 MOCJIe0IePAlIOHHBbIX HHQPEKIUI 1 OCTOKHEHUI:

a) y 25% NalueHTos;
6) 50% TanueHToB;
B) 75% MAIlMEHTOB;
r) 100% mainueHToB.

B orymune ot IJIEKTPUYIECKUX BbIYMCJJIUTETDbHDIX yCTpOﬁCTB, B KOTO-
PbIX AJiA HEpeAadn CUIHa/lOB HCIIOJIb3YIOTCA 3aps/ibl, B KBAHTOBbIX
KOMITbIOTEPaX HUCHOJb3YETCS:

a) TeILIo;

6) CIMH WM TOJISPU3AIINS;
B) BeTep;

) KBapKHu.

OnuH 13 TOJYTIPOBOJHUKOBBIX HAHOMACIITAOHBIX OOHEKTOB HA3bIBA-
ercs:

a) KBAHTOBOH 3aIATOM;
6) KBaHTOBOI1 MOYKOII;
B) KBaHTOBOI TOYKOI;
I') KBaHTOBOIl KOUKOil.

Mukpockon, co3faHHblii AHTOHM BaH JIeBEHIYKOM, UMeJ yBeJu-
YeHue:

a) 50-kparHoe;
6) 75-kparHoe;
B) 100-kpatHOE;
r) 200-kparHoe.

IIpu paguaiiioHHON AUarHOCTHKE 3a0JIOKUPOBaHHBbIE OGJIACTH KOH-
TPACTHO BBITJIAAAT Ha (GOHE 30POBBIX TKaHEN M MPOSBISAIOTCS Ha
PEHTreHOBCKUX CHUMKAX:

a) B CBETJIBIX TOHAX;
6) TEMHBIX TOHAX;

B) KPACHbIX TOHAX;

') KOPUYHEBBIX TOHAX.



UTOroBbIiA 3K3AMEH

71. OIII/IH M3 HOBBIX METOAOB JIEUEHUA PaKa OCHOBaH Ha CBOIICTBE Kpo-
IIEYHBIX HAHOOOOJIOUEK:

a) TOTJIONIaTh MOHOOKCH/L a30Ta B JIETKUX;

6) TOBBINIATH HACTPOEHHE IPU TIPOCAYIIUBAHUK TIOMYJISPHBIX Me-
JIOJINIL;

B) IIPOSBJIATH AKTHUBHOCTD 110 OIIPEJENEHHbIM [HSAM U HOYAM,;

) BMECTe ¢ KPOBbIO IIPOHUKATh B PAKOBYIO OITyXOJIb.

72. Apryp Kuapk B xuure «@onranbl past» (The Fountains of Par-
adise) onucan Oyaymue crnocoObl J0CTaBKH TI'PY30B B KOCMOC
6e3 WCIOJb30BAHUSI PAKeT, a TOJbKO C TOMOIIbI0 KOCMUYECKUX
audToB:

a) B 1865 1.;
6) 1979 r.;
B) 1986 T.;
r) 2002 r.

73. Kakue HaHOMHCTPYMEHTDBI I103BOJIAIOT HEIIOCPEACTBEHHO HN3MEPATDH
AUHaMHUYECKNE XapaKTePUCTUKU MOJIEKyJI?

a) rpy6ast cuia;

6) KpOIlIeYHble THCKH;

B) ONTHYECKHE IUHIETDI;

) CBEPXMAJIbIE MIOCKOTYOIbI.

74. C moMomiplo TPOCBEYNBAIONIEN 3JEKTPOHHONH MUKPOCKOIMHUHM MOKHO
paccMarpuBarh OOBEKTBI C yBeJaudeHueM, GOJIbITUM, YeM B OITHYe-
CKOIl MUKPOCKOIIHH:

a) B 500 pas;
6) 1000 pas;
B) 25 000 pas;
r) 100 000 pas.

75. Yuenbimu, otkpbiBiumu B 1951 1. crpykrypy [AHK, asasiorcs:

a) [lx. Yorcon u @. Kpuk;
6) JIxx. IxxeiiMc u D. D661;
B) Y. Busbsamc u I'. Benner;
r) M. Bpaiian u Y. MakkeHHa. 343
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76.

77.

78.

79.

80.

81.

‘,.',!‘0 YACTb IV Byaywiee

CBOWMCTBO JIMH3bI UJIM ONTUYECKON CHUCTEMBI TOKA3bIBATh PasebHO
6JTM3KO PACIIOJIOKEHHbIE OObEKThI HA3BIBAETCS:

a) JIOCTYITHOCTBIO;

6) paspemramouieii cnoco6HOCTHIO;
B) IIPOBOANMOCTHIO;

') IPOYHOCTDHIO.

ToKcHUKOJOTHYECKOE BINSHIE HUCKYCCTBEHHO CO3/1aHHBIX HaHOYaCTUI|
Ha XHUBbI€ OPraHu3Mbl:

a) XOPOIIO U3YYEeHO;

6) Bce ellle SABJSETCI 3aTaIKOIN;
B) OTYACTH HOHATHO;

I) He UMeeT HUKAKOTO 3HaueHUs.

OnHUM M3 Ba)KHEHIINX IPEUMMYyLIEeCTB HAaHOKPHUCTAJLJIOB II0 CPaBHeE-
HUIO ¢ 60Jiee KPYMHBIMU OObEKTaMU SIBJISIETCS TO, UTO:

a) UX JIETKO PACKOJIOTh;

6) MX MOKHO HCIIOJIb30BaTh KaK 3€PKaJIo;

B) MX JIETKO CIIPSATATD;

) OHU UMEIOT GOJIBIIYIO OBEPXHOCTD MPU MAJOM 0GbEME.

ITpocBeunBalonii 3JIEKTPOHHBIH MHMKPOCKOII CIIOCOOEH IIPOCBEYn-
BaTb JOCTATOYHO TOHKHUII o6pasel], Kak:

a) MPOEKTOP CAAI0B;
6) MarHUTHOE 3€PKAJIO;
B) JaMTa AJaInHA;
) [UPKYJIb.

ITocne xene3noro, 6POH30BOr0, MHIYCTPHAJIBHOIO U HH(MOPMAIIOH-
HOTO BEKOB B Oy/yIlieM HaCTYyIIUT:

a) IPA3HBIN BeK;

6) Bex EBpo;

B) MOJIEKYJISIPHbIN BeK;
') BeK 3HAMEHHUTOCTEN.

TyHHeJIbHDIH 2JEeKTPHUECKUIT TOK o6pasyercsl, KOIrJa B CHCTeMe
«o6pasel—urias ¢ IPUIOKEHHOH Pa3HOCTbIO NOTEHIINATIOB!

a) CO3/1aeTcst TIOCTOSTHHO JIeWCTBYIONMI TYHHEb;
6) 2JIEKTPOHBI U3 06pasiia TYHHEIUPYIOT K UIJIe;
B) HUYETO HE MEHSETCS;

) BOOGIIE HUYEro He MPOUCXOANUT.



82.

83.

84.

85.

86.

87.

UTOroBbIiA 3K3AMEH

A66pesuarypa IIHBOOC (CBEN) osHauvaer:

a) Ilenrpasm3oBanHas Hay4Hast 6a3a ONTHMAJIBHBIX U ONMEPATHBHBIX
CPEe/ICTB;

6) lleHTp HAHOTEXHOJIOTMI B GHOJOTMM M OXpaHe OKpy Kaiolleii
cpesbl;

B) IlenTpasbHas HayuHasi GOJIBHUIA [ 0COG0 OTACHBIX CJIyYaes;

r) IIeHTp HOBBIX GHOJOTHYECKUX OOGBEKTOB U OTKPBITHIX CHCTEM.

ASpOBOJII/I " IEHbI ABJAITCA Pa3HOBUAHOCTAMMU:

a) KOJLJIOH/IOB;

6) TeJeit A1 BOJIOC;

B) MeTaMOP(UUECKUX TOPO/I;
r) mosekysn JTHK.

CoBpeMeHHbIe Y/IOYKH JIJIs1 PbIOHOI JIOBJIM 1 TEHHUCHbIE PAKETKH CO-
JlepskaT HaHOYaCTHUIbI U yTJIepOHble HAHOTPYOKH IS

a) JOMOJHUTENbHOI PeKIaMbl;
6) yBeIMYEeHNs MPOIAK;

B) IIPOYHOCTH M TUOKOCTH;

) yJIydlleHus 1Bera.

[IpaButenpctBa CIIIA u Apyrux pasBUTLIX CTPaH MUpa 3aTPaTUIN
MUJIIUAPADI TOJIAPOB HA OYUCTKY TEPPUTOPUN, 3arpSI3HEHHBIX MPO-
MBINIIEHHBIMI OTXO/IaMH, TTOCKOJIbKY:

a) 6osTCcst THeBa n3bupareJiei;

6) He 3HAIOT, Ky/a NOTPATUTh U3JIHIIEK JIeHer;

B) XOTAT CHUBUTH OIACHOCTb /IS KU3HM CO CTOPOHBI TOKCHYHBIX
OTXOJIOB;

I) TOSBU/IKCH HOBbIE CTAHAPTHI.

YeMm Gosbllie KOIMYECTBO (PPArMEHTOB MOJIEKYJI, IIPUCOeINHEHHDIX
K HOBEPXHOCTH (PyJLIepPEeHOB, TeM GOJIbIIe BEPOSITHOCTD CHIDKEHUS:

a) CTOUMOCTH;

6) BBIPA3UTENBHOCTH;
B) BapUATHBHOCTH,
') IIUTOTOKCUYHOCTH.

HOBerHOCTHO*aKTI/IBHOe BEUIECTBO — I9TO TaKO€ BEMIECTBO, IIPpU 10~
6aBJIeHIN KOTOPOI'o B JKHU/IKOCTb U3MEHAETCA €€:

a) 3amax;

6) TOUKa ILJIaBJICHUS,

B) MOBEPXHOCTHOE HATSKEHUE,
I') CTOMMOCTb.
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88.

89.

90.

91.

92.

‘,.',!‘0 YACTb IV Byaywiee

YFHepOlIHbIe HaHOpréKI/I IIpoYyHee CTaJIn:

a) B 20 pas;
6) 50 pas;
B) 70 pas;
r) 100 pas.

SJIGKTPOMOTOP, IIPpUHIUIL ﬂeﬁCTBI/IH KOTOPOIro OCHOBaH Ha HN3Me€EHEe-
HUN (1)0pr1 00beKTa 1o ,lIefICTBHeM IJIEKTPUYIECKOIO 110JId, Ha3bIBa-

€TCA:

a) MOBECHBIM MOTOPOM;

6) IIbE302IEKTPHIECKUM MOTOPOM;
B) IIOJIEBBIM MOTOPOM;

) YCTapeBIINM MOTOPOM.

IKcHepuMeHTHI ¢ TakuMu Mostekynamn, kak JHK n PHK, mokasanm,

4YTO UX IlepeMelleHrne CKBO3b IIOPbI B MeMépaHaX COIIPOBOKIAETCA:

a) DJIEKTPUUECKIM TOKOM;
6) IepeHoCcoM COJIM;

B) IIEPEHOCOM KOJLIATEHA;
r) caMOCOOPKOi.

C nosiBjieHHEM KaKUX HOBBIX CBEDPXIIPOYHDbIX MaTE€PHUAJIOB OYEHD CKO-

PO MOJKET CTaTb PE€aJIbHOCTHIO naesd KOCMUYECKOI'O JII/I(pTa?

a) HAaHOKPHUCTAJLIOB;
6) HaHOTPYGOK;
B) QyIIEePEHOB;

I') HAHOIIOPOIIKOB.

Hanomacmrtab — He IIPOCTO €11e OJHa CTyIIeHbKa Ha IYyTU MUHUATIO-

pu3aluu, 3To:

a) HayuHas paHTACTHKA;
6) aHTUKBapHasl IIEHHOCTD;
B) JIEKAPCTBO /LISl CHUKEHUS BECa;

') Ka4eCTBEHHO HOBBIN YPOBEHb.



93.

94.

9.

96.

97.

UTOroBbIiA 3K3AMEH

Kakoe us TIepevYncJaeHHbIX HUIKE BEIIECTB HanboJjiee 4acto HCIIOJIb3Y-

€TCA B Ka4eCTBE€ Pa/[MOAKTUBHOIO MapKepa?

a) KoGaJIbT;
6) cepa;
B) TaJLINi;

r) poauii.

Hau6ombummii mporpecc B CBSI3W € MCIIOJIb30BAaHUEM HAHOTEXHOJIOTHI

JI0 CUX TIOP ObLT JOCTUTHYT B CO3JaHUM 60jiee COBEPIICHHDIX:

a) KOMIIbIOTEPOB;
6) KUCJIOT;
B) TIOJIUTHUKOB,;

T') BOEHHBIX 6a3.

q)y.TIJIepeHbI, O,ZIHOCJIOfIHbIe yriaepoaHble HaHOTPY6KI/I, HaH00060-
JIOUKH, KBAHTOBblI€ TOYKU U MHUKPOKAIICYJIbl CIIPpAaBEAJMBO Ha3bI-

BaIoT:

a) MOIHBIMU CJIOBEUKAMI;
6) 00beKTaMu, KOTOPbIE HEBO3MOKHO CO3/aTh;
B) CJIMIIKOM CJIOKHBIMU JIJISl IIOHUMAHUST OObEeKTaMU;

') YMHBIMH MaTepuaiaMu.

IIpodeccop Puuapa Cmosnm cumrtas, 4To HOBbIE HAHOMATEPUAJIBI

CTaHyT KJIOYEBBIM (DAKTOPOM PelIeHMUs:

a) SHEPreTHYECKUX MPOBIEM;
6) po6ieM ¢ (pUHAHCHPOBAHUEM;
B) IIpo6IeMbl HAPO{OHACEIEHNS;

I) 3aj1a4 OXPaHbl OKPY’KaoIel cpepl.

HanorexHosornu yacTo Ha3bIBAIOT:

a) MOJIEKYJISIPHOI TPS3bIO;

6) MOJIEKYJISIPHBIM THITHO30M;

B) MOJIEKYJIAPHBIM IIPOU3BOICTBOM;
) MOJIEKYJISAPHOI (bUKIINei.
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98. B banrnagemr, Unanu, Mekcuke, Uniau, Aprentune, TaiiBane u Tau-

JIaHJle OT OTPABJIEHUS] MBIIIBSIKOM, COJEPKAIIUMCS B MUTHEBON BOJIE,
CTPaJIAIOT:

a) or 1 0 5% HaceneHus;

6) ot 10 10 40% HaceseHU;
B) ot 50 10 75% HacejeHus;
r) ot 90 10 95% HaceneHus.

B nazepnoii ckanupyiorelr KOHGDOKAIbHON MIKPOCKOIIUN HUCTOIb3Y-
ercst stazepHblii (yabTpaduoIeTOBbIN) CBET /IS UCCAEI0BAHMUSI:

a) MOPO’KEHOTO;

6) (IyopecIeHTHBIX 06Pa3IoB;

B) arMoc(epbr;

I') CKMYKEHHBIX yTJIEBOAOPOIOB.

[Tpoxykr EcoTru® siBsissercss HETOKCHUYHBIM:
a) aHTUCENTHKOM;

6) MHCTPYMEHTOM [l OOPE3KH BETOK;

B) yioOpeHuem;
I') BUJIOM OJIeK/Ibl U3 XJIOIKA.
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Pycckoda3bl4Hble pecypcbl B UHTEpHETE

e POCHAHO — Poccuifickag Koprmopamusi HaHOTEXHOJOTHH
(http:// http://www.rusnano.com/).
e Poccuiickuii 9JIEKTPOHHBIIT HAHOXYPHAJT (http://www.

nanojournal.ru).

® UHdopMalmoHHO-aHAIUTUYECKUI  [OpTajl 110 HAHOTEXHOJOTHU-
aM n HaHoMmarepuatamM DI'YII BHUMHM wum. A. A. Bousapa
(http://www.nanoportal.ru).

e JKypnan «Poccuiickne nanorexuonorun» (http://www.nanorf.ru).

e Caiir o nanorexnosoruax Ne 1 8 Poccun (http://www.nanonews-
net.ru).

e Hanomerp (http://www.nanometer.ru).

e Odunnanbupiii caiit nmorpebureneii Hanorosapos (http://www.
nanoware.ru).

AHrnossbiuHbie pecypcbl B iHTepHeTe

BU3HEC

e Opranusanus NanoBusiness Alliance (http://www.nanobusi-
ness.org).

e Kypuan Technology Review (http://www.technologyreview.com).

e Mexaynapoanas cerb International Small Technology Network
(http://www.nanoinvestornews.com/index.php).

e Koncyapranmonnast opranusainus Cientifica Business Information
and Consulting (http://www.phantomsnet.com).

e O63opHnas cratbst « Technology Topics for Investors», David J. Rough-
ly (http://www.smallcapmedia.com/pdf/Nanotechfinal.pdf).

Xumus
¢ Ilepuoanueckas rtabmuma anementoB — WebElements (http://
www.webelements.com).
e Ilepuoguueckass Tabiamma sjiaeMeHToB — Environmental Chemis-
try.com  (http://environmentalchemistry.com/yogi/periodic,/
Pb.html).

e Crarps There’s Plenty of Room at the Bottom. Richard Feynman
(http://www.zyvex.com/nanotech/feynman.html).
e I'pymma [Toast AnuBucaroca «Alivisatos Group», University of Cal-
352 ifornia. Berkeley (http://www.cchem.berkeley.edu/~pagrp/).
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CBA3b

Hamnmonanapubiit mHCTUTYT cTangaptoB n texHosornit CIIIA — Na-
tional Institute of Standards and Technology (http://www.nist.
gov/).

Kommnanus NEC Laboratories America (http://www.nec-labs.

com,/).
WCKONAEMbIE BU[ibl TOMJIUBA

O0630p pbIHKa MCKoMaeMbIx BUa0B TommBa « World Petroleum As-
sessment». U.S. Geological Survey (http://greenwood.cr.usgs.
gov/energy/ WorldEnergy /DDS-60).

FTEOTEPMAJIbHBIE UCTOYHUKUN IHEPTUU

Hanmonanbuas na6oparopust Cangus (CIIIA) — Sandia National
Laboratories (http://www.sandia.gov/geothermal).
Uccaeposanust USGS o rekronuke mut (http://geology.er.usgs.
gov/eastern/tectonic.html).

JNEKTPOHUKA

Cratpa <«3akon Mypa» (http://www.intel.com/technology/
silicon/mooreslaw /).

Cratbst IBM, Partners Creating 1,000+ Jobs with $2.7 Billion
in New York Projects (http://www.conway.com/ssinsider/
bbdeal /bd050117.htm).

European Nanoelectronics Initiative Advisory Council (http://
www.cordis.lu/ist/eniac/ ).

Crarpsi Nano-transistor self assembles using biology, New
Scientist (http://www.newscientist.com/article.ns?id=dn4406).
Crarbst DNA Chips. Snapshots of Science & Medicine. (http://
science.education.nih.gov/newsnapshots/TOC_Chips/Chips_
RITN/How_Chips. Work_1,/how_chips_work_1.html).

Crarpst IBM scientists make breakthrough in nanoscale imag-
ing. IBM (http://domino.research.ibm.com,/comm/pr.nsf,/pag-
es/news.20040714_nanoscale.html).

OXPAHA OKPYXXAIOLLEN CPE[bI

O manorexuosorusx Ha caiire Environmental Protection Agency
(http://es.epa.gov/ncer/nano/ ).
Xpanwme gannbix Enviro$en$e (http://es.epa.gov).
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e National Center for Environmental Research (http://es.epa.
gov/ncer/publications/nano/index.html).

e Crarps «Legal Authorities Defi ning Hazardous Substancess.
Environmental Protection Agency Emergency Response Sys-
tem  (http://www.epa.gov/superfund/programs,/er,/hazsubs,/
lauths.htm).

ANbTEPHATUBHbBIE UCTOYHUKW IHEPTUN

e Xpauuauiie nannbix «Energy Efficiency and Renewable Energy».
Department of Energy (http://www.eere.energy.gov).

MATEPWANOBEEHUE

e Karanor Nanovip.com (http://www.nanovip.com/directory/
Materials/index.php).

e Crarpst The Top Ten Nanotech Products of 2003. Forbes.com
(http://www.forbes.com,/2003,/12,/29/cz_jw_1229soapbox.
html).

e Kommnanusa Wilson (http://www.wilsongolf.com).

e Crarbs Nano Republic Award Winners. Larta (http://www.larta.
org/lavox/articlelinks,/2003,/030721_nanoawardwinners.asp).

MEAULUHA

e O630p cocrosgHust Ha"orexHosoruii B Meaunuue: Office of Port-
folio Analysis and Strategic Initiatives (http://nihroadmap.nih.
gov/nanomedicine/index.asp).

e O630p COCTOSIHUSI HAHOTEXHOJIOTHIT B cepe MPOU3BOACTBA TIPO-
aykroB mutanus n jgekapcts: U.S. Food and Drug Administration
Nanotechnology (http://www.fda.gov/nanotechnology).

e Crarpsi Nanocrystal Targeting in vivo. Proceedings of the Na-
tional Academy of Sciences (http://www.pnas.org/cgi/content,/
full /99,/20,/12617).

MUKPOCKONNA
e O63o0p ucropun passurus Murpockomun (http://www.cas.muo-
hio.edu/mbi-ws,/microscopes/index.html).
HAHOTEXHONOIUK
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