
aCCOUl1l1POBClHHblX COCT05lHH5IX BemeCTBa. B .uaHHOM KOHTeKCTe CJle.n;yeT OTMerHTb 

cyLl.(eCTBeHHylO pa3HHUY Me)l(.n;y KOJlJTeKTHBH3HpOBaHHbiM nOBe.n;eHHeM ::WeKTpOHOB 

B COCTane aCCOUH,~pOBaHliOH BO.n;hl H HaHOLlaCTHU HHOii npHpOAbl (yrJTepO.lll'Iall, 

CHnHKaTHCl5l, Ha OCHOBe .n;ByMepHbIX CTpyKTyp MeTaJTJTOB H .up.). 8 OCHOBe 

pa3nWlHoro nOBe.n;eHI151 YKa3aHHblx MaTepl1aJ10B H cTpyKTYPHpOnaHI-IOH BOAbJ 

HaXOAJlTCll pa3 HLJHJI B napaMerpax peweToK 3THX MaTepHanoB H napaMe1pax 

BonHOBblX naKeTOB, a T3K;[(e HX .n;HHaMIf'-leCKlfMH xapaKTepl1CTHKaMH. )locTaTOLTHO 

O'-lenH.!l-HO, LiTO BBe.n;e~lHe TaKHX 6HOaKrl1BHhiX HalfOlJaCTlfU B opraHH3M (B TOM '1licne 

11 nplf HeKOHTaKTHOM neMCTBlfH 'Jere3 rBMeHelHfll B COCTaBe 6HOnOrlfLJeCKOH 

)l(11.n;KOCTH) 6Y.!l-eT Bb13bIBaTb paccornaCOBaHlfe pe30HaHCHbIX COCTOll~lHH 6l10CHCTeM
 

H BJlWlTh Ha J1X ;KI1JHeCnoc06HOCTb.
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9. lllM3JlbraY3eH H.I1. OpraHH3M KaK ueJl0e B HHnHBH.n;yaJJbHOM H 

HCTOpl1'-leCKOM PaJBI-lTIIJ-l.-M.: HayKa, 1982.-383c. 

HAH01.JACTlIll,hI, HAHOIlPEIlAPAThI 11 

fEMAT03Hll,E<1>AJIWlECKHH :bAPhEP 

EOpHCOB H.M. 

focynapcTBeHHblH HaylJHblH ueH1p - I1HCTI1TYT 6110<jJH3HKH cDM6A POCCHH 

feMaT03Hue<jJanHlJeCKHH 6apbep (f3E), 06pa30BaHHblii nOnonllllTeJlbHblM 

cnoeM rJlHaJlbHb'X KJTeTOK B KarlHJIJlJIpaX ronOBHoro M03ra, JalllHlllaeT M03r 0'1' 

npOHHKHOBeHHJI 'IY)I(epo.n;HbTX Bew,eCTB, BBe.n;eHHbIX B KpOBb. O.n;HH 113 nyTeH 

I1peOnOneHHJl f3E rlO.n;CKa:JbIB3lOT HaHOTeXHOJlOmH. HOBaJl orpacm <jJapMaKOJlOrHl1 

HaHo<jJap-MaKOJlOrHil 3aHI1MaerCJI rlOI1CKOM, 113)"IeITHeM 11 cliHTe30M 

JleKapCTBeHHblX <jJOpM, npenCraBn5lJOw,I1X C060H MonEKyJlbi/KnacrpepbI MOJleKYJl 

neKapCTBeHHoro areHTa, «ynaKoBaHHble» B «KancyJly» 113 nByMepHoll 

HaHOC1pyKTypbl. ECJ1I1 TaKaJl 060nOlJKa JlBJllleTCJI XI1MH'-leCKJI HeH1paITbHOii, TO OHa 

CrlOC06Ha nepeHOCI1Th JleKapCTBeHHO Bew,ecTI30-«HaLlHHKY» 6e3 paCTBOpeHI151 

MoneKyJI JleKapCTBa B KpOBOTOKe [Malik, 2007]. B HaCTOJllllee speMJI 110K33aHO, '-lTO 

pJln HaHO'laCTHU MO)l(eT npoHHKaTb y.epe3 f3E. K TaKI1M lJaCTI1UClM OTHOC5ITC5I 

TBep.llhle JIl1rlHJlHble HaHO'-laCTHubl [Brioschi, 2007; Kuo, 2007], nOJIH3CTepbT B 

KOMrlneKce C OJlHrOnenTH.n;aMH [Tosi, 2007], HaHOKarlcynbl H3 rlOnI13TI1J1eHrJll1KOJl5l

nOnl1MOJlOlJHOH KHcnOThl [Gao, 2007]. HaHOl.faCTHUbl 

nOJlli(MernnoKClInOJi WHJleHrnI1KOJlb-UHaHOaKpl1naT-KO-reKCaneUJ-lJl UHaHoa KTI1 naTa) 

MoryT npoxonlfTb f3E, I1CrlOnb3YJI MeXaHl13M 3HnOUHT03a [Kim, 2007a,b]. 

HaHOLlaCTl1I.lb[, npOHHKafOllll1e lJepe3 f3E, M01)'T CJIY)l(l1Tb Ba)l(HblM 

TepaneBTI1y.ecKHM I1JIH JlHarHOCTHlJeCKHM areHTOM. TaK, HaHOy.aCTI1Ubl OKCH.lla 

)[(ene3a npeL\HaJHa'leHbI CJlY)l(HTb MeTKOH rlpH 7IMP-ToMorpa<jJHl1 .n;BH)I(eHI1JI 

MaKpo<jJaroB ronoBHoro M03ra [Petry, 2007]. L{JlJl Jll1arHOCTHKH <jJapMaKoKHHeTHKH 

CaMI1X HaHO'laCTHI.l MO)l(HO npl1MCHJlTb pa.n;J-lOaKTHBHble MeTRl1 BHy1pH HaHOKancyn 

(B <IaCTHOCTH, 99mTc 11 1KHRe) [Ballot, 2007]. 
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BMeCTe C TeM, cYl.l.\eCTBYIOT ,C1aHHbJe, YKaJbl6alOU\He Ha HeHpOTOKCI1'IHOCTb 

HeKOTopblX HaHO'i3CTHl.(. B 'IaCTHOCTI1, HaHO'laCTHUbl MenUlJl08 (Cu, Ag or Al, 

n l1a MerpOM OKOJlO 50-60 HM) cnoc06Hbl Bb13bl6aTb yxynweHHe KorHHTHBHbJX 

cnoc06HocTeH, a Tal()l(e 113MeHeHI111 KJleTOK ron08110ro M03ra y 3nopOBbiX )!01BOTl1bIX 

11 yCyry6J1llTb rraTOJlOfHlO rOJlOBHOro M03ra, 8bl3BaHHylO 06weii rurrepTepMHeii 

[Sharma, 2007). 

Dp06J1eMa 06eCneyeHI111 6e30naCHOCTH npl1 TepaneBTl1yeCKOM H 

nHafHOCntyeCKOM rrpl1MeHeHHI1 HaHO'laCTHlJ" npHHHKalOllll1X 'Iepe3 f313, rpe6yeT 

COBMeCTHblX YCI1J1I1H <pH3I1KOB, XHMHKOB, KJleTOYHhlX 6110JlOrOB, HeHp0<p113HOJlOrOB 11 

TOKCHKOJlOrOB. 06.rianaJI 3Ha'IHTCJlbHbIM onblTOM HCCJle)j.oBareJlbCKOH pa60Tbl 8 

06J1aCTJ1 TOKCHKOJlOnm :lKcrpeMaJJbHblX cPH3J1KO-XI1Ml1yeCKHX areHTOB (B claCTHOCTJ1, 

pan J10H:yKJII1.ll0B, a TalOKe HOHI13HpYlOlllero J13J1y'leHJ1Jl, J1cnycKaeMoro J1MI1), 

COrpynHHKH fHIJ:-l1£<P MoryT CO,llCiicTBOBaTb pellleHl110 :nOH np06J1eMbl. 
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yrJIEPO)J,HbIE HAHOTPYI>KJil KAK HAI1IiOJlEE If3BECTHbiE 

HAHOMATE'PJilAJIbI If B03MOJKHbIE OIIACHOCTI1 

HAHOTEXHOJIOfl1I1 H HAHOMATEPI1AJIOB 

)lbllYKOB D.H.
 

I{HCTHTYT 06l.l.\eH H HeopraHU'1ecKoH XHMI1I1 HM. H.C. KypHaKoB3 PAH, MocKBa
 

Y?J1epOOHble HClHompy6Ku. B nOCJlenHHe ronbl yrneponHble HaHoTpy6KI1 CTaJJl1 

rJla8HOH 3H3MeHHTOCTb!O B MHpe MaTepHaJJoBenel1Hll. TIpHcTaBKa «1·IaHO-» 03HaClaeT 

onHy MHIIJlH3pnHYlO yaCTb Yero-JlI160. cDaKTHyecKl1e HaHoTpy6KH 3TO 

l.tHJIHHnpl1'1'eCKHe MOJleKYJlbl .llliaMeTpoM rrpl1.MepHO OT nOJlOBIlHbl HaHoMeTpa H 

llJlI1HOH ,L\O HeCKOJlbKI1X MHKpOMerpOB. BH3Ya.r:IbflO CrpyKTYPY HaHoTpy60K MO)J(HO 

npe,L\CTaBHTb ce6e TaK: 6epeM rpacPl1TOBylO rrJlOCKOCTb, Bblpe3aeM 11:.1 Hee nOJlocKY J1 

«CKjJeI1BaeM» 113 Hee l.((iJlI1R,L\p. HaHorpy6KH ,[(eMOHCTpHpyIOT lJ,eJlblH cneKrp 

HeQ)KH,L\aHHbIX CBOHCTB. HaHorpy6KI1 MOryT 6blTb rrpOBO,L\HI1KaMI1, nOJlyMeTaJJJlaMI1, 

nOJlyrrpoBonHI1KaMI1 11 ,L\a)l(e CBepXnpOBO,L\HI1KaMH. DPOBO,L\I1MOCTb npOBo,allll.(eH 

HaHorpy6KJ1 He 3aBI1CHT HI1 OT ee ,L\JlHHbl, HH OT ee TOJllllJ1HbI. OHa paBfla KBaHTy 

npOBonl1MOCTli npeneilbHoMy 3HacIeHHIO rrpOBO.llHMOCTI1, OTBe1.falOl.l.\eMY 

cB060nRoMy nepeHOCY 3I1eKTpOHOB no BceH ,L\JlI1He rrpOBO,UIfJ1Ka. HaHorpy6KH 

np0'1'Hble MaTepl1aJlbl. He06blYHble 3JleKTpH1.feCKl1e CBOHCTBa HaHoTpy60K ,L\eJlalOT J1X 

O,L\HI1M 113 OCHOBHblX MaTepBaJJOB HaHO::lJlCKTp0HJ1KH. !-Ia OCH08e HaHOTpy60K 

C03,Ua1OT 3neKTpOHHble yCTpOHCTBa MOJleKyJlllpHoro p33Mepa. Y)J(e C03naHbI 

OIlbITHble 06Pa:JlJ,b! nO.~eH['IX TpaH3J1Cl'OpOB Ha OCROBe HaHOTpy60K: npJ1KJ1a.ubJBaJI 

3aOHpalOll.(ee Hanpll)l(eHUe B HeCKOJlbKO BOIlbT, MO)J(HO J13MeHllTb npOBOnJ1MOCTb 

OnHOCJlOHHblX HaHOTpy60K Ha 5 nopll,L\KoB. Ell.(e O,L\HO npl1MeReJ:ll1e Il 

HaHO:l;leKTp0HHKe - C03)j.aHl1e CTpyKTyp THna MeTaJlJl/noJlynpoBonH HK Ha CTblKe 

,L\IlYx PU3HblX HaHorpy60K. Tor.ua O,L\Ha qaCTb HaHorpy6KI1 MO)J,eT 6blTb 

MeTaJJJlI1'leCKOH, a .upyr811 - nOJlynpoBoLlHI1KOM. C03naHb( 101 onp060BaHbl 

npOTOTl1nbl TOHKHX nJlOCKI1X .uHCnJleeB, pa60Ta10l.l.\HX Ha I...1aTpHlJ,e 113 HaHoTpy60K. 

1[OLl ,L\eHCTBl1eM HanpmKeHHlI, rrpHKJIanbIBaeMoro J( OLlHOMY In KOHU08 HaHorpy6KI1, 

C .upyroro KOHl.(a HcnycKalOT ::lneKTpOHbJ, KOTopble nOn3;J<lIOT Ha 

¢oc¢OpeCl.(HpYIOlUf1l1 3KpaH 11 BbJ3blB<lIOT ero CBe'leHl1e. HaHOTpy6Ku MQ)KeT 
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