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BCTYIMJIEHUE

B 2001 rogy MHe MmOCYaCTIMBWIOCH HOCETUTH Jiaboparopuio Puuapma Cmoiniu
B YHuBepcurete Paiica, B KoTOpoil s1 paboTtan B cocTaBe HaydHOH rpymmsl. B mabo-
paTopuH TPOBOIIIN 3aMePhl BHIOPOCOB B aTMOC(EPy OTHOCIOWHBIX YTICPOIHBIX
HAHOTPYOOK B TIpoliecce WX MPOU3BOJCTBA U 00padoTku. BriepBrie ObLTH OMyOIHKO-
BaHBI JJAHHBIC O BO3MOKHOM HMHTAISIIHOHHOM BO3JEHCTBUH 3TOr0 MaTepuaia. [ as-
HOE MOE BOCIOMUHAHUE — OIPOMHBII 3HTy3Ma3M Puuapna B co3gaHUM HOBOTO
MHHOBAIIMOHHOTO MaTepuaia Hapsay ¢ PaBHOAYIIHBIM OTHOIICHHEM WICHOB HCCIIC-
JOBATEIHCKON TPYIIBI K BO3JCHCTBHIO HAHOYACTHUIl HAa MX 370POBBE. A OHO OBLIO
3HAUUTEIBHBIM: B JA00PATOPHU MOXKHO OBLIO MPOBECTH MANBLEM I10 JF000H MoBepX-
HOCTH, ¥ OH CTAHOBHIJICS YCPHBIM.

YraepoaHble HAHOTPYOKH CTaIU OJIMLETBOPEHHEM TON HAMPSKEHHOCTH, KOTOpast
BO3HMKJIA MCXKIY JKCIAaHUEM CO3/1aBaTh HOBbIC HAHOMATCPHAJIBI U CTPEMIICHHEM H3-
0exaTh BO3MOYKHBIC HOBBIE pUCKH. CBOWCTBA YIIIEPOAHBIX HAHOTPYOOK CHIIBHO OT-
JUYAIOTCS OT CBOMCTB KOHCTPYKLIMOHHBIX MaTepUaIoOB, ¢ KOTOPBIMHU paboTanu 10
UX OTKPBITHS: OHU MPOYHBIC, JIETKHE, XOPOIIO MPOBOJAT TEILIO U AIICKTPHIECTBO,
K TOMY K€ UX MOYXHO KOMOWHHPOBATh C pyruMu Marepuanamu. CIeKTp uX mpume-
HEHUS IHPOK: OT 6aTapel ¢ TydInMH XapaKTepUCTUKAMHU, O0JIee MPOYHBIX MaTe-
pHANOB M MPO3PauyHBIX MPOBOIHUKOB JO MPETapaToB MPOTUB JTy4eBOil O0Ie3HU.
OnHaKo MMEIOTCS MPEANOI0KEHUS, UTO MPU ONPEACICHHBIX YCIOBUSIX YIIEpO-
HBIE HAHOTPYOKH MOTYT 0Ka3aThCsI BPEIHBIMH TSI JIIOJCH M OKPY’KAIOMEH CPEeIbI.
[TosToMy ycneuHoe BHEAPEHHE 3TOr0 MaTepuajna B HNPOMBIIUICHHOCTh B 3HAYU-
TEJIFHON CTENeHH OyJeT 3aBHUCETh OT ONpeNeNICHHUS MOTCHIHATBHBIX PUCKOB TOKCHU-
YEeCKOTO BO3/ICHCTBUS M UX YCTPAHCHHUS.

CTOoUT OTMETHTH, UTO YIJIEPOIHBIC HAHOTPYOKH — JIUIIL OFWH U3 OECUMCICHHBIX
HOBBIX HCKYCCTBEHHO CO3JaHHBIX HaHOMAaTepHaioB. M XOTS BO MHOTHX CIydJasx
TPYAHOCTH ITOUCKA KOMIPOMHUCCA MEXY KOMMEPUYECKOH BBITOJON U PUCKAMU MOT'YT
OBITH HE CTOJIb OYCBHIHBIMH, OT BEIOOpA MPHOPUTETA 3aBUCHUT OyAyIlee BCEX HOBBIX
MaTepHAJIOB.

s Hanmcanust KHUTH «HaHOTEXHOIOTHH M DKOJIOTHS: PUCKH, HOPMAaTHBHO-TIPa-
BOBOE€ pEryjupoBaHue U ynpasieHue» Mnatbro Xamnry u [ailane boymen yananochk
00BEMHUTh MHOTUX M3BECTHBIX aBTOPOB, KAXKABIH M3 KOTOPBHIX MMEET COOCTBECHHOE
MHEHHUE O MEPCHEKTUBAX Pa3BUTUS C(epbl HAHOTEXHOJIOTHIH, U MOKa3aTh C Pa3HBIX
CTOPOH HEOMNPEAEICHHOCTH, ¢ KOTOPBIMH CTAaJIKUBAKOTCA MPEACTaBUTENN 3TOH 00-
nactu. OO003HAYMB MPOOJIEMBI, CTOSIIME TEPEl YYCHBIMH U IIPOU3BOIUTEISIMHU,
a TaKk)Ke HEKOTOPHIC BO3MOXKHBIC BapHUAHTHI YIIPABICHUS PUCKAMH, aBTOPHI TPEIIIO-
JKFUTH ITyTH MAaKCUMAaJIbHO O€30MacHOTO MCIIOIB30BAHIS HAHOMATCPHAIIOB.
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C MoOMeHTa MOero IepBoro mnocemieHus jigadopatopun Puyapga Cmomnnu B 00-
JIACTU HAHOTEXHOJIOTUH MPOU3O0IIUIA 3aMeTHbIe H3MeHeHus. Eciiu sHTy3ua3M B mpak-
TUYECKOM MPUMEHEHUHU YTJIEPOJHBIX HAHOTPYOOK B IIOJHOW Mepe COXpaHWICSH, TO
METOJbl PadOThl ¢ HUMHU KapIWHAIBHO HW3MEHWINCH, BCE OMEPAIMH BbIMOIHAIOTCS
ropaszo CTpoke. Y3HaB O BO3MOXKHBIX PHUCKax, Hay4Has rpynna Puuapma Cmoiu
BOCIIOJIb30BaJlach PEKOMEHJAMAMU O 0€30MacHbIX METOJax PadOoThl, YTO MO3BOJIH-
JIO CHU3UTh MOTEHIMAIBLHO BPEIHOE BO3ACHUCTBUE YIIEPOIHBIX HAHOTPYOOK Ha 3/10-
POBbE.

Haneroch, 5Ta KHHMra 3acTaBUT 3ayMaThCsi O COOCTBEHHOM 3/0POBBE BCEX JIIO-
Jiel, 4bs )KM3Hb U padoTa CBSI3aHBI C HAHOTEXHOJIOTUSMHU, U TO3BOJHUT CEPHE3HO
OTHOCHUTBHCS K TeXHHMKe OezonmacHocTH. KoHeuHo, U3 Hee BBl He Y3HaeTe BCEro, 4To
clefyeT 3HaTh 0 Oe3omacHoi paboTe ¢ HaHOMAaTepUaNnaMu: Takas 3ajada Al OJHOM
KHUTH TPECTaBISETCS HEBO3ZMOXKHOM, 0COOEHHO €CIIM YYECTh HEIOCTATOK HaYYHBIX
UCCIIEZIOBaHUI B 00JIACTH TOKCHYHOCTH HaHOMarepuaioB. Ho sTa KHUra, HECOM-
HEHHO, TOMOXKET MCCIICJIOBATENISAM, TPOU3BOJAUTENSAM U MOTPEOUTEISIM 3TUX MATEPH-
aJIOB NPUHATH HEOOXOAMMbIE MEpPbI, KOTOPbIE TIOMOTYT 3HAYUTEIBHO CHU3UThH BEPO-
STHOCTb BPETHOT'O BO3ICUCTBUS HA JIFOJICH M OKPYIKAIOIIYIO CPELy.

Duopio Mbaiinapo
12 wons 2009 200a
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OnbIT NOKa3bIBAET, YTO TOJIBKO IOCIIE PAJla HECUACTHBIX CIIy4yaeB, CBA3aHHBIX C HO-
BBIMHM TEXHOJIOTHSIMH, MHPOBOE COOOIIECTBO IMEPEeCMaTPUBAET CBOM IPEIIECTBY-
foue JeiictBusa. B coBpemMeHHOM oOuIecTBE MOJAXOA K BHEAPEHHIO TEXHOJIOTHU
HOBBIX MaTEpUAJIOB JIOJDKEH OBbITh 0oJiee pallMOHAJIbHBIM U OCHOBBIBATHCS Ha Mpe-
BapUTEIbHOM BCECTOPOHHEM HM3yYEHMM MX CBOMCTB. DTa KHUI'a BO MHOIOM HallM-
caHa C TOYKH 3pEHMs BbIOOpa B MOJOOHBIX CIIy4asX CBOCBPEMEHHbBIX 00OCHOBAHHBIX
pewenuil. [Ipenmerom obcyXaeHUs SBIISETCS BO3JIEHCTBHE MPOIYKTOB HAHOTEXHO-
JIOTUM Ha cpely OOMTaHHUS 4YelOBeKa, B MEPBYIO ouepellb — Ha 310poBbe. B Heil
OCBCIICHBl TEXHOJOIMYCCKUEC ACHEKTHI (T. €. TOKCHKOJIOTUS HAHOOOBEKTOB), BOII-
POCHI MPABOBOTO PEryJUPOBaHUsS (HApUMEp, MYTH PELICHUS MPABOBBIX BOINPOCOB
B CIIA u EBpormeiickoM coro3e), a Takke MyTH ymnpaBieHus puckamu. bonbiioe
BHUMaHHE YJelseTcs MPaKTUYeCKUM BOIpocaM: B paszesie 00 yrnpaBlIeHUH PUCKaMU
BbI HaliZieTe HECKOJIBKO THUIIOBBIX IIPUMEPOB.

ABTOpBI YKa3bIBalOT Ha HEOCTATOK aKTyaJIbHBIX JaHHBIX B 0003HAYEHHOM BOII-
poce, OTOMY B IOJHOW Mepe NPUHUMATh PalMOHAIbHBIE PEIICHUs MOKa He yJa-
ercs. OHAKO OTJeNIbHBIE N300peTaTeNny U KOMIIAaHUU BCE paBHO OyIyT IpeiJiarath
KOMMEPYECKYI0 NPOAYKIHUIO ¢ HaHOMaTepHajlaMH, He JOXKHAAsiCh (OPMHUPOBAHUS
HOpPMaTHBHO-NIPaBoBOi 0a3bl. Takas mpobiema OTCYTCTBYET B TPaIUIMOHHBIX OT-
pacisix MpOMBILUIEHHOCTH, I'JIe OCHOBA PEryJIUPOBaHUS y)KE CO3/IaHa.

OCTOPOXKHOCTb, KOTOPYIO HPOSBIIIOT K HaHOMaTepuallaM, OCHOBaHA Ha OIIBITE
npouubix nokoneHuit: eme 2000 et nazan rpeku CtpaboH u [Tnuuuit Craprmii
B CBOMX paboTax yKasbIBaJId Ha OMACHOCTH acOecTa /i 310poBbsi. OIHAKO 3HAHUH O
MOTEHIIMAJILHOM BpeJie STOr0 MaTepualla 0Ka3aloch HEJOCTATOYHO IJIs IPeIoTBpa-
LICHUS TSDKETBbIX 3a00JIeBaHUM, BBI3BaHHBIX Bo3JAeicTBHEM aM(puO0I0BOro acoecra,
KOTOPOMY YJIEJISJIM MOBBIIIEHHOE BHUMaHUE BO BTOpoi mosnoBuHe XX Beka. DakTH-
YeCKH OLIEHKa PUCKAa — OTHOCUTEIIbHO HOBOE HAIpPaBJICHHE B PETyJIUPOBAHHM TEX-
HUYECKHUX MPOLECCOB, KOTOPHIM B 1975 roay mepBbIM 3aHAJIOCH aMEPHKAHCKOE
VYmpaeneHue 1o oxpaHe OKpyskaroled cpeasl. HecrmocoOHOCTh (MM HEXKeJIaHUe)
CBOEBPEMEHHO BOCIIOJIb30BATHCSI UMEIONIMMHU 3HAHUSMH MEIIaeT YCTOHYUBOMY pas3-
BUTHUIO SKOHOMHUKH, Oa3upylomiencs, Kak cuuTaeTcs, Ha 3HaHuAX. Jlo nzobpereHus
KHUTOIEYaTaH!s 3HAHUS TEXHOJIOTUH TPOLIECCOB MIIM CBOWCTB KaKOTO-THO0 MaTepH-
ajna JIeHCTBUTEIbHO OBLIM PEIKUM TOBAPOM, OHM MEPENaBaIiCh OT MOKOJCHUS K I10-
KOJICHUIO B yCTHOU (opme. B HacTosimiee Bpems CUTyalusl KapAUHAIBHBIM 00pa3oM
M3MEHWIACh: (PaKTHUUECKH JII0OOW YeJIOBEK MOXKET IMONYyYUTh JOCTYN K HAYYHOH U
TeXHUYecKol nureparype yepe3 MurtepHeT. OgHaKo, Kak 3TO HH MapaJoKCalIbHO,
0OBIYHO MPHUBOAMMBIE LUTATHl M3 0a30BOM HAy4yHOW JHUTEpaTyphl Bce Ooublie U
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0oJIBIIIE CBUICTEILCTBYIOT O TOM, UTO B HAIIIM JTHU MCCIICJIOBATENIN HE UHTEPECYIOTCS
AQHAJIOTMYHBIMU UCCIEOBAHUAMU JIPYTUX HAYUYHBIX TPYIII, U, KaK IPaBUIO, MEHBIIIE
3HAIOT HE TOJILKO 00 YK€ M3BECTHBIX OTKPBITHSIX, HO JJAXKE O COBPEMEHHOM COCTOSI-
HUM HayKH B LEJIOM. DTy MpoOiieMy Takke He0OXOAMMO pelaTh, TaK KaKk B MPOTHUB-
HOM Clly4ae OHa CTAaHET peaJIbHbIM MPEMSITCTBHEM MJII OTBETCTBEHHOTO DPAa3BUTHS
nepeoBeix TexHosnoruit B XXI Beke.

ABTOpPBI KHUTH TIOJIHUMAIOT TJIABHBIM BOMPOC: KaK MaKCUMaJIbHO HCIOJIb30BATh
MpEeUMyIlleCTBa HAHOTEXHOJIOTUN U MPU 3TOM MHUHUMH3UPOBATH PUCKH JJIS 3/10-
poBbs noaei? Jlyis oTBeTa Ha STOT BOIMPOC aBTOPBI MPEJOCTABISAIOT OOJIBIION
00beM MHPOpPMALIMK U PE3YJIbTaTOB MPOBEIEHHBIX HCCIIEIOBaHUM, KOTOPBIE MOTYT
0Ka3aThCsl MOJIE3HBIMU JIJISI YaCTHBIX M FOCYAapCTBEHHBIX KOMIIAHUM, OPTaHOB TOCY-
JIApCTBEHHOI'O YIIPaBJICHMS M JAPYTUX OpraHU3alUil, y4acTBYIOIIMX B CTPAXOBAHUH,
pa3padoTke HOPMATHBHO-TIPABOBOM 0a3bl U 3aIUTE CBOETO MEPCOHANa OT HEOIpaB-
JIAHHBIX PUCKOB. DTa KHUTA TaKKe CTaHET BaKHOW BEXOH Ha MYTH pa3BUTHS Teope-
TUYECKHUX OCHOB 3TOI'0 HAIPABJICHUSI.

JDicepemu Pamcoen
Cenmsabpwv 2009 200a



NMPEAUCITIOBUE

MaTbto Xann, JanaHa BoymeH un LWteddun dpugpuxc

CyLIecTBYIOT PUCKHU, CBSA3aHHBIE C IPOAYKTaMH, B COCTaB KOTOPBIX BXOJAT HAHO-
MaTepuaisl, U MPoLeccaM UX NMPOU3BOACTBA, PACIPOCTPAHEHUS U YTUIM3ALUU.
XOTs HOBBIE CXEMBbl YIPaBJIEHUS, CTPATErUN CHUXKEHUS PUCKOB, a TaKXKe IpaBo-
BO€ PEryJIMPOBAHUE M103BOJIAT B 3HAUUTEIBbHON CTEIIEHU UX COKPATUTh, B PEIKHUX
CIIyJasX yOaeTcs MONHOCTBIO WX M30ekaTh. TeXHONIOrHYecKre AOCTHKCHHS Ha-
e SMOXHU, OT CO3TAHHS aBTOMOOWIS 10, HampuMep, OMOTEXHOJIOTHH, B 3TOM
OTHOLLIEHUM HHUYEM HE OTJIMYAIOTCS OT NPEeNLIECTBYIOIIUX MpennoxeHuil. Bee
OHM IIOCTYHIAIOT Ha MPUJIABKU B BHUJE CBOEIO poja yHAaKOBOK, COIEP)KAILUX Ha-
PALY C BBITOJaMH, IPEITI0KEHHBIMA MOKYTIATEII0, YHUKAIBHEIH HA00Op PHCKOB.

Koneuno, npoepecc nuxoeda ne bvisaem Oecniamuvim: 3a He20 8ce20d NPuxo-
Oumcs naamums'. Pa3mep «OIUIaThD» 3a IPOrPecc B BHJE HOBBIX TEXHOIOTHIl M HX
MPOTYKTOB OOBIYHO OTPENENSICTCS MPENEIbHBIM PHUCKOM, Ha KOTOPBIH MBI TOTOBBI
MIONTH, B TO BPEeMs KaK caM IIPelesl BOCIIPHUATHS HOBOH TEXHOJIOTHH (POPMHUPYETCSI
obmrecTBoM. XOTS 3TOT MPOIIECC ¢ TCUCHUEM BPEMEHH M B Pa3HBIX CTpaHax IpeTep-
IeBaeT U3MCHEHHS, [0 CYTH OH MPEAOCTABIICT CIOKHOE IIePEIUIETCHNE O0IIECTBEH-
HBIX OTHOILEHWH, a TaKkKe KyJIbTYypbl, SKOHOMHUKH, HMOJUTHKH, UCTOPUM U HAYKH.
C TOYKM 3peHHs] BO3MOKHOI'O PUCKA, TO, YTO I OAHUX JIFOAEH SIBIIAETCS IIpUeMIIe-
MBIM, JIJISl BCEX OCTaJIbHBIX MOXKET OKa3aTbCsl COBEPILEHHO HEMOAXOISAIIHM.

Hexotopble moporoBble 3Hau€HUs] BO3JAEHCTBUS PA3JIMYHBIX MaTepHalioB, OCO-
OEHHO Te 3HaYEeHUs, KOTOPbIE MOXHO MOJYUYHUTh CIIYCTs JJIMTEIbHOE BPEMsI IKCIIOHU-
poBaHMs MaTepuana Ha 4elloBeKa, MOTI'YT OKa3aTbCs TOYHBIMH M XOPOIIO H3BECT-
HeIMU. Takue npenenbHbe 3HAUEHUS MOYKHO BHECTH B COJEPKaHHE 3aKOHOAATENb-
HBIX aKTOB, PETYJUPYIOIIUX IOKYMEHTOB (IOCYJapCTBEHHBIX MJIM YaCTHBIX) WM
CTaHJapToB. Jpyrue noporopble 3Ha4€HHs, OCOOCHHO T€, KOTOPbIE €Ille HAaXOASTCs
Ha CTaJUM HU3Yy4EHHUs, MOTYT OBbITh, KaK 3TO HHU yIMUBUTEIILHO, HETOYHBIMH U MOCTO-
SHHO MEHSIOIIMMUCS. B cuTyalusx, OTHOCSILUXCA KO BTOPOH KaTeropuu, CIMILIKOM
MaJto HH(POPMAIIH, YTOOI B IIOJIHON MEpe OLIEHHUTH PealbHBIC PUCKU WU JaXKe BBI-
rofpl sl 00IIEeCTBa, MOITOMY IMOATOTOBKA PEIICHHS O MalbHEUIIeH cyan0e 3Toro
HAIpaBIICHUS, CKOpee BCero, OymeT Bce OoJiee 3aImyTaHHOH U CIIOKHO.

B ocHoBe auckyccuil 0 pa3sBUTHMH HAaHOTEXHOJIOTUH JIEKUT TECHas B3aUMOCBS3b
BBITOJ] OT HOBO# c(hepbl dKOHOMHUKH U HEM30EKHBIX pUcKoB. KoHeUHO, KaxIas 3anH-
TEepPEeCOBaHHAs CTOPOHA MO-CBOEMY OTHOCHUTCS K 3THM BBIFOJIaM U PUCKaM U, UCXOAS
U3 CBOMX MHTEPECOB, INIAHUPYET AajbHEHIIyI0 padoTy. JlaHHas KHHUTa HE TOIBKO 00-
palaeT BHUMaHUE YUTaTeNell Ha CyIeCTBOBAHNE OTEHIIMAJIbHBIX PUCKOB BPEIHOIO
BO3/ICHCTBUS HAHOMATEPHUAJIOB Ha 37J0POBbE U OKPYIKAIOLIYIO CPEeay, HO U 3HAKOMMT

ut. no: Inherit the Wind. 1960, Stanley Kramer Productions.
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UX CO CTPaTerusiMH yNpaBJICHUS PUCKAMU, KOTOPBIMH YK€ YCIEIIHO MOJIb3YIOTCS He-
KOTOpBIE OpPraHU3aIIH.

Ecnu BeIOpaTh Hanbosee 4acTo MUTUPYEMOE ONpEAEIeHUE, IPU U3YUEHUH HAHO-
TEXHOJOTUI pacCMaTPUBAIOTCS SIBICHUsI, BO3HHUKAIOIIUE Ojarogapsi HOBBIM CBOIi-
CTBAaM HCCIIETyeMbIX MaTepHaIOB, KOTOPbIE UMEIOT pa3Mmep, paBHbiil 1-100 HM, X0Ts
61 B onHoM HanpasieHud (National Nanotechnology Initiative, 2001). [{nsa cpaBHe-
HUSL: JMaMETp BUpyca OOBIYHOrO rpummna cocTaBiseT 40 HM, a AUaMETp 4YeIoBedec-
KOro Bojoca 6Oomnbire ero npumepro B 1000 pas. Ilpu yMeHbIIEHUN pa3MepoB Be-
IIECTB 10 HAHOJMAMAa30HA UX CBOWCTBA 3HAYMTENIBHO MEHSIOTCS MO CPABHEHUIO CO
CBONCTBAMHU OOBEMHBIX MATEPUAIOB: HANpPHMEp, YIJIEPOJHbIC HAHOTPYOKU AUaMeT-
pom 10 100 HM U AJIMHOM 10 HECKONBKUX MHKPOMETPOB 00JIaaI0T MIPOUYHOCTHIO HA
pacTspKEHHE BO MHOTO pa3 Oouibllle, 4eM Yy CTaIM; HAaHOYACTHI(bl TUTAHA O0Jafal0T
HOBBIMHU (DOTOKATATUTUIECKUMH CBOMCTBAMHU; U3MEHSS pa3Mep KBAaHTOBBIX TOUYEK,
MOXHO «HACTPAUBAThY UX (IIyOPECLEHIIUIO.

3a mocieaHMe ABa JCCATUICTUS (BPEMEHHON OTPE30K, KOTOPhIE MHOTUE CUUTAIOT
«TIEPUOJIOM MJIa[ICHYECTBA» HAHOTEXHOJIOTUHU) B 00JIACTH HAHOTEXHOJOTUU YAAJIOCh
JOOUTHCSI HEKOTOPBIX 3aCIyKHBAIOIIMX BHUMAHMS JOCTIKCHUH, BaKHBIX JUIS Hay-
K{, TEXHUKU U MPOMBIIIICHHOCTH. OTU JOCTIDKEHHSI MOKHO CPAaBHHUTH C JIyUIIUMH
n300pETEHUSIMH NIPOMBIIITICHHON peBoutoly. [10 MHEHHIO aHATUTHKOB, MBI HAXO-
JIUMCsI Ha TIMKE Pa3BUTHUS «HAHOPEBOMIOIMKW» (cM., Hapumep, Merkle, 2000; Drex-
ler, Peterson and Pergamit, 2003; Sparrow, 2008). DTa peBOIIOIMS «pa3pasmiach»
WIN «BO3HUKIIA» (B 3aBUCUMOCTU OT TOUKHU 3PEHHUS) KaK PE3yNbTaT CO3/AAaHHS HOBBIX
MHCTPYMEHTOB U IOCJIETYIONIET0 00bEJMHEHNS MIUPOKUX BO3MOXKHOCTEH ISl BU3Yya-
JM3aLUU UCCIIETyEMBIX MaTEpPHAIOB U YIPABICHUS UMHU Ha MOJICKYJSIPHOM YpPOBHE,
a Taxoke Onarofapsi KpyMHBIM WHBECTHUIMSAM TOCYAAPCTBEHHOTO M YAaCTHOTO CEKTO-
POB B HAHOTEXHOJIOTHYECKUE ITPOTPAMMBI.

Y4uuThIBas YCTOMUMBBIC TEMIBI Iporpecca, TPYJHO TOUHO MPEACKA3aTh, KaKHe
MHHOBALMH B c(hepe HAHOTEXHOJIOTUH MOABATCS B Onmkaiimue roasl. OgHAKO, €CIIH
CYIWUTh MO PE3yJNbTaTaM OOCYXIEHHS BO3MOKHOCTH HCIIOIB30BAHUS KOCMHYECKUX
mudros (Appell, 2002; Pugno, 2006) n HanocOopuIHKOB, MeHAIOMMX dopmy (Crich-
ton, 2002), OTCYTCTBHE YETKOM TPACKTOPHM PA3BUTHUS B 3TOM HAIPABICHHH, KO-
HEYHO, HE SBJISIETCS OTPaHMYCHHEM JIJIsl BOOOpaKeHUsI TBOPUECKUX Jitojieit. Jlist sro-
003HATEIBbHBIX YUTATENEeH, KOTOPbIE XOTAT MO3HAKOMHUTLCS ¢ Oosee mparMaTUIHOM
MEPCIIEKTUBOM HaHOTEXHOJIOTHH, Poko (Roco, 2004) mokasbIBaeT YeThIpe MOKOICHHUS
CTPYKTYp M YCTPONCTB, Ub€ MOSIBJICHNE YACTUYHO COBMAJIACT C MOSBICHUEM HAy4YHO-
TEXHUUECKUX BO3MOKHOCTEH, KOTOPBIE HEOOXOIUMBI IS UX (PaKTHUECKOTO MPOU3-
BOJICTBA.

Hecmotpst Ha mporpecc B Hayke M TEXHHUKE, OMUH (DAaKT OCTAETCSI HEM3MECHHBIM:
B IPONUIOM OOIIECTBO YCBOMJIO HECKOJBKO TSDKEIBIX M XOPOIIO 3aIIOMHMBIINXCS
YPOKOB, KOTOpBIC OBLIN CBS3aHBI C NMEPCHEKTHBAMH HOBBIX TexHonorui. Takue ypo-
K ObITH OOYCIIOBJICHBI TOSIBICHHMEM HOBBIX KJIACCOB XMMHUECKHX BEIIECTB HIIH
MaTepHaNoB, OHH JaBAINCh CPABHUTEIBHO YaCTO M YCBaMBAINUCH goporo. [Ipumepos
MHoro: 3 dexkTuBHbIC 1st 00pHOBI ¢ OOJIE3HIMH, BBI3bIBAEMBIMU HacekoMbImH, JIJIT
U MONO0HBIE €My TECTHIMABI OKa3ald HENpEeIBUACHHOE BPEIHOE BO3JCHCTBOE HA
BOCIIPOM3BO/ICTBO TIEPHATHIX XUIIHUKOB; oxJaxaatomme xiaoppropyriepoasl (CFC)
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CUUTANNCh OE30IACHBIMH, XOTSI 3TH BEINECTBA Pa3pyIIadM 3aIIUTHBIM O30HOBBIH
cioi 3eMiM; U HaKOHell, acOecT, MPOBO3IIIAIICHHbIH B CBOE BPEMS 4yA0M MIPUPOABI,
KOTOPBIH MOXKHO HCIOJb30BaTh MOYTU B JIIOOOM MPOAYKTE, OT CTPOUTEIBHBIX Ma-
TEpUalioB U 10 aBTOMOOWIBHBIX 3JIEMEHTOB, B KOHEUHOM CHETE CTal CHHOHHMOM
XPOHUYECKUX 3a00JI€BAHUI AbIXaTENbHBIX MyTeH U KOJUICKTUBHBIX CYACOHBIX HCKOB
(rnaBa 2).

IMoxamyii, caMbIM HHTEPECHBIM SBISCTCS TOT (haKkT, YTO OMHCAHHBIE COOBITUS
MPOU30ILIM OTHOCUTENBHO HEJABHO, TOTOMY HX MOCIEICTBUS MO-NIPEKHEMY OLIy-
AI0TCSI B o0miecTBe. MOXKET MOKa3aThCsl, 4YTO B OTIHMYUE OT MPEABIIYIIUX MOKOJIe-
HHUM y COBpPEMEHHOro o0IecTBa chopMUpoBajics YCIOBHBIM pedrekc: oOLecTBO
CTABUT I1OJl COMHEHHUE HE TOJIKO MOTEHIUAIBHBIC PUCKH HOBBIX TEXHOJIOTHI, HO U
PHCKH, CYIIHOCTh KOTOPBIX COBPEMECHHAsI HayKa MOKA HE MOHUMAET. MBI cTanu 4yB-
CTBUTEJIBHBI K COI[MAJbHBIM PUCKAaM, U XOTSI BHOBb BO3ZHHUKINAS UYBCTBUTEIBHOCTD
COIIPOBOXK/IACTCS, OMPABAAHHO WM HET, ONPEACICHHBIM [IMHU3MOM, OHA CIOCOOCT-
BYCT HOSIBICHUIO onacenuil 8 omuoweHuy mexnuxu. Bo3aMoxxHo, 3T0 HeoOXxoanmast
Mepa, TOCKOJIBKY OHA 3aCTaBISIET MPEICTaBUTENCH HAyKu Oojiee OTBETCTBEHHO OTHO-
CHUTBCS K BOTIIPOCaM O€30MacHOCTH.

OpHako ObLT0 ObI 0THOOOKO B 3TOM OOCYKJICHUU PACCMAaTPUBATh TOJIBKO TE MPH-
MEpBI UM ACHEKThI TEXHOJIOTHH, KOTOPbIE UMEITH HETaTUBHBIC, XOTS U HEeNpeJHAME-
pEHHBIE, MOCIECTBUS A obmiecTBa. KoHEUHO, HA MPOTSHKEHUH MPOIUIOTO CTOJIe-
TUSI OBLIM BBISBJICHBI MHOTHE MOTEHI[HAIBHBIE OMACHOCTH HOBBIX HANpaBICHUil, HO
OJTHOBPEMEHHO OBLIH MPOAEMOHCTPUPOBAHBI U MOPA3UTEIbHBIE JOCTHXCHUS, KOTO-
pBIC TOMOIJIM CIIPABUTHLCSI C CAMBIMHU CEPbE3HBIMHU NPOOJIEMaMH yeloBedecTBa. ToT
ke AT, HanpuMep, O3BOJIUI CHACTH JKU3HU MUJIJTMOHOB JIIOJIEN B Pa3BUBAIOIIMXCS
CTpaHax, CTPAJAIOUINX OT Mansipuu. [1ooXuTeIbHBIE PE3yNbTaTHl HTHOPUPOBATH
HeNb3s. MOXXKHO JH OBUIO CNIACTH JKU3HM 3THUX JI0AeH 6e3 KaTacTpopHuecKux Imo-
CJIEICTBUI TSI 5KOCUCTEMBI? MOTYT I COBPEMEHHBIE MAaTEPHUAIIBI OBITH CO3/aHBI
6e3 ymep6a s 310pOBbsl MUJUTHOHOB PaOOTHHUKOB, KOTOPBIE MX MPon3BoasaT? Pasy-
MEETCsI, TAKHE BOTIPOCHI HY’KHO 337aBaTh IPHU B3BEIIMBAHUU MOTECHIMATIBHBIX BBITOJ
U PHCKOB, CBS3aHHBIX C JI000H HOBOI TEXHOIOTHEH.

Kaknmu 05l 3aMedaTeIbHBIME HU OBIIH MOCIEAHNE TOCTIKCHUS B 00J1aCTH HAHO-
TEXHOJIOTHH, TT0-CBOEMY 3aMeYaTeNbHa U AKTHBHAS MO3UIMSI MUPOBOH OOIIECTBEH-
HOCTU K BO3HMKawoluM puckam EHS, mpuuem He TONBKO K YK€ U3BECTHBIM, HO U
TEM, KOTOpBIC TIOKa HEOUCBHAHBI. He TOMbKO Ha MEXIyHapOJHOM YPOBHE, HO M Ha
YPOBHE OTAEIBHBIX TOCYJApCTB MPOBOIST UCCICIOBAHKS U PEATU3YIOT HAIMOHAIb-
HBIC HAHOTEXHOJIOTMYECKNE MPOTPAaMMBbI, B TOM YHCJIC BB ACHBTU Ha U3yUCHHE
MOTCHIMATBHBIX PUCKOB. XOTS aJCKBATHOCTH, 3(P(HEKTHBHOCTE M JECTUTHUMHOCTD
MHOTHX U3 3THX MEpPONPHATHI MOpOil CTaBATCS MOJ COMHEHHE (CM., HampuMep,
Powell and Colin, 2008; Friends of the Earth Australia, 2009), Takoii moaxoj, TeMm
HE MEHEe, B 3HAUUTEIBHON CTETEHH OTIMYACTCS OT OIbITA MPOUUIBIX JACCATHICTHH,
KOTJIa OCHOBHOE BHHMAHHWE YJENISIIOCH TOJNBKO PAa3BUTHIO HOBOW oTpaciu. Hapsimy
C TOCYAapCTBCHHBIMU MPOTpaMMaMH, CBOW WHHUIMATHUBEI 110 YIPABICHUIO PUCKAMHU
B 00JIaCTH HAHOTEXHOJIOTUHU TAaKXKe Pa3pabaThIBAIOT OTACIBHBIC KOPIOPALIUH, HEKOM-
MEpYeCKHe OpPTraHu3aIllMH U HAYYHO-HCCIIEIOBATEILCKUE YUPCKACHHU. X 0TS 3Ta JAes-
TEJIFHOCTH HE SBJISICTCS B MOJTHOM Mepe BceoOIell, HeKOTOphIe U3 TAKUX MHUIINATHB
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JEMOHCTPUPYIOT IPU3HAHUE OTPACIBIO TOTO (haKTa, YTO, KOTAA peub UJET O PUCKAX
HOBBIX TEXHOJOTHWH U MPOAYKTOB, KOMIIAHUHM, JIEHCTBYIOILINE PAllMOHANBHO, MOTYT
AKTHUBHO COTPYJHMYATh JPYT C APYrOM, a HE OTPAHHUYUBATHCS JIUIIb OTBETHBIMU
neiictBusiMu. TOproBele OpraHU3allMU, MEXAYHAPOAHBIE KOMHUTETHI CTaHAAPTOB U
MOCTABIIUKY NPO(ECCHOHATBHBIX YCIYT TaKKe CTall y4acTBOBAaTh B OOCYKIACHUU
HaHOTeXHoJornueckux puckos EHS u momyuenunm wuHpopMamuu o MeTogax uX
CHIDKCHUSL.

HanortexHomornu ye He OrpaHUYMBAIOTCS MacmTabamu JadopaTopuii. Hanompo-
M3BOZICTBO B IIPOMBIIUICHHBIX MacIITabax SBISICTCS] pealbHOCTHIO BO BCceM mupe. Taxk,
B Adpuke peanusyercsi nporpamma South African Nanotechnology Initiative (SANi,
2009), oqHa U3 33724 KOTOPOM — CHHTE3 HAHOPA3MEPHIX YACTHIL JIJISI UX MPUMEHEHUS
B COJIHCYHBIX 3JIEMCHTAX, KaTaJl3e, TOIIMBHBIX AJICMCHTaX M KOMIO3UIIMOHHBIX Ma-
TepHanax. A3HaTCKUe KOMIIAHHY TOHHAMU MOTy4aroT (DyUIepeHbl U HAHOYACTULIBI Ce-
pebpa. B ABcTpanuy HaHOTEXHOJIOTH IMPOU3BOIAT PA3IHIHBIC MPOIYKTHI, HAUMHAS
C HAHOYACTHUI] OKCHOB METAJUIOB JUIsl CONHIIE3AIUTHBIX TOBEPXHOCTEH U 3aKaHUINBAsI
TaKUM IIMPOKUM KJIACCOM MaTepHajioB, KaK ACHApUMEpPbL. Pa3BuBaroascst MpOMBIIII-
nenHocts CeBepHoit Amepuku u EBponeiickoro coro3a yCTOHYMBO pa3BUBAETCS U Bbl-
MyCKaeT KakK IOJYIPOBOJHUKOBEIC KBAHTOBBIC TOUKH, TaK M HAHOYACTHUIIBI OKCHJIOB
METaJUIOB, YIIIEpOAHbIe HAHOTPYOKH. B nocnennee Bpems B KOxHON AMepuke NOsIBU-
Jlach LIMPOKasi CeTh I'OCYAAPCTBEHHBIX M OTPACEBBIX LEHTPOB MOJJIEPKKU HCCIE0-
BaHMI B 00J1aCTH HAHOTEXHONOTHH. CHENHaINCTHl ATUX IEHTPOB aKTUBHO COTPY/IHHU-
qaloT ¢ nmaptHepamu u3 Muaun, Adpuku u EBponelickoro corosa.

B 3axiroueHne X049y OTMETHTB, YTO OCHOBHOH BOIPOC (POPMYIUPYETCS TaK: 1o-
uemy, NOIYYas 6ce NPeuMywecmaeda HAHOMeXHON02Ul U NOOOEPAUCUBAsL UX pa3eumue,
Mbl OOHOBPEMEHHO MUHUMUSUDYEM 3a4ACMmYI0 NJIOX0 NOHAMHbIE NOMEHYUANbHbIE
pucku? B nocienyromuyx riaBax 3Tod KHUTM HOCTaBJIEHHBIA BOIIPOC aHAU3UPYETCS
C TOYKH 3pEHUS OTBITA, HAKOTUICHHOTO MPEACTABUTEISIMU HAyIHBIX KPYTOB, TPOodCo-
1030B, Kopnopauui, Bxoaamux B Fortune 500, npeanpunumarenel, CTpaxoBILIUKOB,
PYKOBOAMTENIEH HAHOTEXHOJIOTMYECKUX MPEANPUATUH U OTBETCTBEHHBIX IKCIIEPTOB
1o 6e30MacHOCTH MPOAYKTOB, & TAKXKE HKCIIEPTOB B 0OJIACTH IKOJIOTHUECKOTO IIpaBa.
HTorom 3Toi pabOThl CTAnO BCECTOPOHHEE OOCYKIACHUE CUTYAIlUH, BO3HUKAIONICH
B 00JacTu HaHOTexHoJoruueckux puckoB EHS, a Taxke npakTuueckux crpaTrerui,
pa3paboTaHHBIX [UIS WX YNPaBICHUS HAa NPEANPHUATHAX PAa3IHIHOrO MacmTada H
CJIOKHOCTH.
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PASLEN |
PUCKU

[maBa 1

NMPOBEOEHUE TOKCUKOJIOMMYECKUX
WCCNEOQOBAHWA C UCNOJIb3OBAHUEM
HAHOMATEPWUAIIOB

AHHeT CaHTtamapusa, Kpuctu Canec

1.1. BBeaeHue

[Tonarator, 4TO MCHOJB30BAHWE HAHOMATEPUAIOB IO3BOJUT B 3HAYUTEIBHOH CTe-
MICHN YIIyYIIATh KA4ECTBO MOTPEOUTEILCKUX M IPOMBIIUICHHBIX TOBAapoOB, oOecrie-
YUTh MOTPEOHOCTb B HEPrUM, YBEIUUNUTh MAcIITAaObl IPUMEHEHHs CUCTeM Oe3omac-
HOCTH ¥ JIOOUTHCSI YCIIEXOB B 00JIACTU MEIUIMHBL. DTHU MEPCICKTUBBI 00YCIOBIICHBI
VHHUKAJIbHBIMU (PU3MYCCKUMH CBOHCTBaMH (HAIpUMEp, MATHUTHBIMH, ONITHYCCKIMU,
MEXaHUYECKUMHU WM JIEKTPUUECKUMH) BELECTB, pa3Mep KOTOPbIX, KaK MPaBUIIo, He
npesbinaer 100 HM, ¥ mapamMeTpaMyu KBaHTOBOM MEXaHUKH, KOTOPbIe C U3MEHEHUEM
pa3mepa MaTepuasioB ¢ pazMepoM 1-100 HM MOryT MEHATbCA Kak IJIaBHO, TaK H
pe3ko. OgHaKo Ui MPaBUIBLHON OLIEHKH 0€30MacHOCTH XUMUYECKUX BEILECTB, MaTe-
pHAIOB M MPOAYKTOB, KOTOPbIE MOTYT OBITh pa3padoTaHbl HOBBIMH METOAAMH, He-
00X0MMO MpeABAPUTEIBHO HACHTHU(PHUIMPOBATh MX MOTEHLHATbHbIE PHUCKH IS
3I0pOBbsl. YPOBEHb OINACHOCTH M BO3MOXKHOTO BO3JACHCTBUA (3KCIOHUPOBAHHE)
BapbUpYyeTCsl B LIMPOKHUX MpejesiaX, KOTOPBIA 3aBUCUT OT Kjacca HaHOMaTepualla
WIA TPOJYKTa, COAEPIKAILIEro paccMaTpUBaeMoe BEIIeCTBO. PUCKH Ui 340pOBbs
JOACH W AJIS OKPY’KAIOLIel Cpellbl ONPEeAESIOTCS COrJIaCHO YCIOBUSAM, B KOTOPBIX
HaXOAUTCS OOBEKT, M BO3MOXKHBIM IyTAM BO3JEHCTBHA CO CTOPOHBI HAaHOMATEpHa-
n0B. [TockonbKy HENpephIBHO pa3padaThIBAIOTCS BCE HOBBIE W HOBBIC HAaHOMATEpH-
aJbl, HEOOXOAUMO UMETh 0a30BYI0 CXEMY OLIGHKHM TaKMX BEILECTB Ha BO3MOXKHYIO
TOKCHUYHOCTh M YPOBHb BO3JICHCTBHS, a TaloKe U MOTy4YeHUs: HH(opMaum, nosues-
HOW MNpH JanbHEHIIEeM MNPOBEACHUU OICHKH O€30MacHOCTH M TOTEHIMAJIbHOTO
pHCKa.

YHUKaIbHOCTh HOBBIX CBOWCTB HAaHOMATEpHAJIOB OOBSICHIETCS BIMSIHUEM UX pa3-
Mepa, DIIEKTPOHHON KOH(UTypaluei, 3aBUCAILEH OT CTPYKTYpPbI, U OOJBIINM COOT-
HOIIEHHEM IO TIOBEPXHOCTH U 00beMa M0 CpaBHEHUIO ¢ OoJiee KPYMHBIMH 110
pa3Mepy XMMHUYECKUMH BellecTBaMHU M MarepuanamMd. OCHOBHOW XapaKTEepUCTUKON
HaHOMATEePUAJIOB SABISIETCS UX Pa3Mep, BEIUYHMHA KOTOPOTO HAXOIUTCA B MEPEXOj-
HOIi 00J71aCTH OT Pa3MEPOB OTACIBHBIX ATOMOB HJIM MOJEKYJ 10 pa3MepoB 00BEMHBIX
matepuasioB (Nel et al., 2006). C TOYKH 3peHHs] TOKCUKOJIOTHH M O€30MacHOCTH IS
3I0POBbsI, K YMCIY Ba)KHBIX XapaKTEPUCTHUK MaTepuana OTHOCATCS €ro pasmep U
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yZenbHasl IIOMaab MOBepXHOCTH. C yMEHBIICHUEM Pa3MepOB YACTUI[ UX Y/AENbHAas
IUIONIA (b IIOBEPXHOCTH BO3PACTAET, B PE3YJILTATE UETO YBEIUUUBACTCS OIS OBEPX-
HOCTHBIX aTOMOB WJIM MOJIeKyJd. Takue aTOMbl MM MOJIEKYJbl MOTYT OBITh XHMHU-
YEeCKU MM OMOJOTMYECKU aKTUBHBIMH U MOTYT YCHJIHTbH 3((EKTbI, OTPULATEIBHO
BIMAIONINE Ha 370poBbe. [lpyrue mapameTpsl, Takue Kak (opma, CBOICTa MOBEpX-
HOCTH, CTENECHb arperalyuu U pacTBOPUMOCTb, TAKXKE BIUSIOT Ha (PU3UKO-XHMUYEC-
KM€ XapaKTepUCTUKU M CBOMcTBa HaHOMaTepuana. Bce o0o3HaueHHBIE (DAKTOPEI
IPUBOJST K YCUJIEGHHIO WM OCNAOJICHUIO JIOOBIX 3((EKTOB, CBSI3aHHBIX C pa3Me-
paMu M3y4aeMbIX BEIECTB.

BrieuaTnsromue ¢ TOUKH 3peHust (PU3NKO-XUMHUUECKUX MapaMEeTPOB HOBBIC CBOM-
CTBa HAHOMATEPUAJIOB TAKXKE BBI3BIBAIOT 00ECIOKOEHHOCTh MOTEHIMAIBHO OTPHIIA-
TEJIbHBIMH BO3/ICHCTBUSIMU Ha Ouosiormueckue cucteMsl. Ilo pesynbpraTaM uccieno-
BaHMH OBUIO BBICKA3aHO IPENOJIOKEHUE, YTO OTAENbHBIE HAHOMATEPHAIbl MOTYT
BJIMATH HA OMOJIOTHYECKUE CBOWCTBA Ha KJICTOUHOM (HampHMep, MeMOpaHbl) U cyO-
kjetouHoM (Hampumep, nporeunsl, JJHK) ypoBrsx. Taxike UMEIOTCS OaceHus, 4To
HEKOTOPbIC HAHOYACTHUIIBI CTIOCOOHBI JIETKO IEpeMEIIaThCs 10 OPraHu3My, HaKaIulu-
BaThCA B OPraHAX-MUILICHSX, MPOHUKATh Yepe3 KICTOUHbIE MEMOpAHbI, OCTABATHCS
B MUTOXOHJPHSX, KaTaIU3UPOBATh OTBETHBIC PCAKIIUHU, BPCAHBIC AJISI OPraHU3Ma, B
JACTHOCTU BOCHAJIUTENBHBIC MPOLECCHl WX MPOU3BOJICTBO aKTUBHBIX (OpM KHCTO-
poaa. OAHAKO BO MHOTHX CJIy4yasiX HAHOMATEpHAJIbl MOTYT SIBISTHCSI KOMIOHCHTAMHU
Oonee KPYMHBIX MPOAYKTOB, TAKMX KaK HAHOKOMIIO3UTHI, HJIM BXOJUTh B COCTaB IO-
KPBITUH, MaTpPUI], TOSTOMY B 3TOM CIIy4ae UX HEMOCPEACTBECHHOE BO3ACHCTBHE MO-
JKET OKa3aThCs MPEeHeOpeKUTENbHO ManbiM. [1o Mepe Toro kak 06JacTh HAHOTEXHO-
JIOTUi MPOJIOIKACT Pa3BUBATHCS U CO3/AIOTCS HOBBIE HAHOMATEPUAIIbl, HEOOXOIMO
YUUTHIBATh M MPABIWIIBHO OLIEHUBATH MOCIEACTBUS MX BIUSHUS HA 37J0POBBE JIOJCH
U OKpY’Kalollyto cpeny. st aToro TpedyeTcst IpoBeieHne THIATENbHBIX HCCIEJ0Ba-
HHUM TOKCHKOJIOTHUECKHUX IapaMeTpOB M SKCIOHHPOBAHMS 3THX MarepuasnoB. B Ha-
CTOSIIIIeEe BPEeMs MPOBOAUTCS PSA UCCIECAOBAHMIN 1O OI[EHKE MHOTHX IPEICKA3aHHBIX
CBOUCTB U 3()(EKTOB, CBA3AHHBIX C HAHOMATEpHAIaMU, KOTOPbIE UMEIOT MECTO NPH
UX MPOHUKHOBEHHM uepe3 OMoJorndyeckue MeMOpaHbl (HampuMep, B JICTKHE, KOXKY,
MHUIIEBAPUTENBHBIN TPAKT), BBI3bIBAsI KJICTOUHYIO TOKCHYHOCTD, a TAKXKe IPH CUCTe-
MaTUYHOM HX PAclpeICICHUN B OpraHaxX M TKaHSIX.

B »5T0ii raBe KpaTko omuchIBacTCS (pOpMHUpYIOLIAscs B HACTOsIIEEe BpeMsl 00-
JIaCTh HAHOTOKCHKOJIOTUH U OOBSICHSCTCS, TOYEMy HaHOMAaTEepHAaJIbl BBI3BIBAIOT OMa-
CCHHUS, Kakue (PU3NKO-XMMHUUCCKUE XapaKTCPHUCTUKH HAHOMATEPHAIOB MOTYT BIHSTh
Ha TOKCHKOJOTWYECKUIl MOTEHIIMAN, a TAK)KE BONPOCH! JOMYCTHUMBIX KOHLICHTPALUii,
KOTOpBIC, BIIOJIHE BEPOSATHO, MOTPEOYyETCsl yUecTh MpU pa3pabOTKE METOI0B TOKCHU-
KOJIOTHUCCKHX HCCclenoBaHui. Jlanee B 0000IIEHHOM BHEC TPUBOISITCS PE3YIbTaThI
00CYX/ICHHSI METO/IOJIOTHH OTPEICIICHHS PUCKOB, KOTOpasi B HACTOSAIIEE BPeMs MpH-
MEHSETCSI AJIsl OLIEHKH OEe30MacHOCTH XMMUYECKHX BEIIECTB, pa3pabaThIBACMbIX JUIS
MOTPEOUTENBCKUX TOBApOB (MPOAYKTHI MHUTAHMS, MHIIEBLIE yNIAKOBOYHBIC MaTEpH-
aIIbl, IPEAMETHI INYHON TUTHEHBI, IECTHUIIU/IBL, JIEKapCTBA, a TAKKE PH MPOBEICHUN
MEIUIMHCKUX JUArHOCTHK). PaccMOTpeH BOIpoc 0 TOM, Kak MOAW(DUIMPOBATH yiKe
CYILECTBYIOIIUE MOAXOABI K OIMpPE/IENICHUIO PUCKOB K MpoOiieMaM HaHOMAaTepHaJIOB.
Taxoke mpuBesIeH 0030p TOKCHKOJIOTHYSCKUX MCCIIeIOBAHUH, KOTOPhIE MOTYT HOTpe-
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0oBaThCS TPU OLIEHKE OMACHOCTH HAHOMATEPHAJIOB, MPEIIararoTcs OOIIUE CXEMbI
MIPOBEACHUS TaKoW OLEHKH. W HaKoHel, paccKa3blBaeTCsl O HEKOTOPBIX OrpaHHyYe-
HUSIX, C KOTOPBIMHU CTaJIKMBAIOTCS yUeHbIE, IPAKTUKH U TEOPETHKH, PETyIUpPYIOIINe
OpraHbl U MEPCOHAN MPOMBIIUIEHHBIX MPEANPUATHI MPHU OLIGHKE PUCKOB JJIS 3110-
POBBSI JIIOZICH U OKpY’KAIOLIeH cpelibl, BOZHUKAIOUIMX IPU MCIOJIb30BAHUU HaHOMa-
TepHasoB.

1.2. HaHoTOKCUKONOIrUA

OreHka 0€30MacHOCTH HAHOMATEPHAJIOB CKOpEe BCEro MOTPeOYeT MEKTUCIIMILIH-
HApHOTO MOAX0/Ia TOKCUKOJIOTOB U TIPUBJICUCHHSI SKCIIEPTOB 10 MATEPHAIOBEICHHUIO,
XUMUH, (U3HKE, OMOTEXHOJOTHH, HHXHHUPHHTY, a TaKXKe pyrux odmacteid. Tounas
HUACHTH(HUKAIUS TOTO, YTO UMEHHO OTHOCHTCS K KaTerOpHH HAaHOPa3MEPHBIX MaTe-
pHaIoB, SIBJISIETCS TPYAHOM 3a7adeii, 3TOT BONPOC aKTUBHO OOCYKIAeTCs B HAYUHOM
COO0O0IIECTBE, a TAKXKE MPEICTABUTEISIMH PEryJIHPYIONIUX OPraHOB M areHTCTB, yCTa-
HABJIMBAIONIUX CTaHAApThl. OHAKO OOBIYHO CUHUTACTCS, YTO K HAHOMATepHajiaM MO-
YT OTHOCHTBCS CTPYKTYPBI, YCTPOHCTBA M CHCTEMBI, 00J1a/1af0Iie HOBBIMH CBOWCT-
BaMH M (PYHKLHMSAMHU, KOTOpPBIE BO3HHUKAIOT Onarojapsi ux pasMepy nopsaaka 1-100 am.
Hepenko B xo/ie 3TUX 00CYICHHI BbICKa3bIBAIOTCS OMACEHUs, CBSI3aHHBIE C MTOTCH-
[IHAJIEHO OTPHIIATEIIHBIM BIIMSHUEM DTHX BEIICCTB Ha 3I0POBBE JFO/ICH, YTO 00BsIC-
HSCTCSI MX TMOBBIIICHHOW aKTHBHOCTBIO (HAIPUMEP, XUMHUCCKOW M MarHUTHO¥),
a TaK)Ke C BO3MOXKHOCTBIO TOKCHYECKOT'O BO3JCHCTBHUS MPH MOCTOSHHON pabote ¢
HUMH. DU3UKO-XMMHUYECKHE CBOMCTBA HAHOMATEPHAIOB MOTYT BJMSTH Ha KIETOY-
HBIA 3aXBaT, CBSA3bIBAHHE OCJIKOB, TPAHCIIOKAI[MIO OT MECTa BXOJa 0 MECTa-MH-
IIICHH, a TaK)Ke Ha NOoTeHIMan nospexaenus Tkaneit (Oberdorster et al., 2005a). Teo-
PETHUYECKHU Tpe/icKa3aHHas BO3MOKHOCTh HAHOMATEPHAJIOB B3aUMOJICHCTBOBAThH C
OMONOrMYCCKUMH O0BEKTaMH, BBI3bIBAS W3MCHCHHS B HHX, MOPOXKIACT MOBBIIICH-
HBIH WHTEpPEC K HAyYHBIM ACIEKTaM 3TOW MpPOOJeMbI, 0COOCHHO TOKCHKOIOTHYEC-
KHM, CO CTOPOHBI PETYJUPYIOIIUX OPraHoB. BbUTH OMyOJIMKOBAaHBI CTAThH, MOCBS-
IIIEHHBIC pPEe3yJIbTaTaM HMCCICIOBAHMKA PAa3IUYHBIX ACMEKTOB 370POBbS, BO3HUKAIO-
[Me B MPOIECCe HOBBIX Pa3pabOTOK W MPH HCIOJBb30BAHHH HAHOMATEPHUAIOB
(Warheit et al., 2004, 2007a; Lam et al., 2004, Shvedova et al., 2003, 2008, 2009;
Monteiro-Riviere et al., 2005, 2008; Sayes et al., 2004, 2007; Gopee et al., 2007;
Park et al., 2007; Baker et al., 2008; Hagens et al., 2007; Ji et al., 2007; Helland
et al., 2007; Ryman-Rasmussen et al., 2007; Park et al., 2008; Poland et al., 2008;
Takagi et al., 2008; Zhang and Monteiro-Riviere, 2008; Guo et al., 2009; Nygaard
et al., 2009).

[Tpu U3y4eHUr TOKCHKOJIOTHYECKOTO PO(UIIS HAHOMATEPUATIOB («HAHOTOKCHKO-
JIOTHSDY) MOXKHO TOJYYUTh JaHHBIC, KOTOPBIC B OY/YIIEM MO3BOJIAT aCKBATHO Olle-
HUBATh 0OC30MACHOCTh U PUCK ISl AHAJOTMYHBIX HOBBIX BEIIECTB. TEOPETHUECCKH
Omaromapst MajJbIM pa3MepaM HAaHOYACTHUIIBI CIIOCOOHBI HAKAIUIMBATHCS B JIBIXATEIIb-
HBIX MyTSAX W KEITYJIOUHO-KUIICUHOM TPAKTe, MPOHUKATh Yepe3 KOXKHBIN ITOKPOB, a
3aTeM — B TKaHH U Opranbl. BMecTe ¢ TeM yiKe HMEIOIUeCs JaHHbBIC TOITBEPIKIAI0T
BBIBOJIBI O TOM, YTO JICTKUE, YKy JOYHO-KUIICUHBIH TPAKT U KOXKA SBJISIFOTCSI CBOETO
pOJa IUTOM M HaJSKHO 3AIIUINAI0T OPraHU3M MPU CUCTEMATHICCKOM BO3JCHCTBUM





