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Y HliIliI 3K0J10rHH LJeJ10BeKa H rHrHeHhI oKpY)f(alOlL(eH cpe,Qbl 11M. A.H. ChlCI1Ha 

PAMH 

B HaCTOJllL(ee OpeMJI BO BceM MHpe BCe B03paCTalOlL(ee BHHMaHHe Y,QenJleTCJI 

nepcneKTHBaM Pa3BHTHJI HaHOTeXHonorHH, TO eCTh TeXHOJlOrHH Hanpaa.neHHoro 

UOJ1)"1eHHJI Ii npHMeHeHHJI semeCTB H MaTepHanOB B ,QHana30He pa3MepOB.ll0 ] 00 Hb. 

MaTepHaJIbl, nonyyeHHbJe C I1cnonb30BaHHeM HaHOTeXHOnOrHH, MorYT HaHTH H Y)f(e 

Haxo.uJlT npl1MeHeHHe B MHKp03JIeKTpOHHKe, 3HepreTI1Ke, XHMl1yeCKOH 

npOMhlwneHHOCTH, onTHKe, CTpOHTenhCTBe, XHMWleCKOH npOMbllllJ1eHHOCTI1, 

HaYYHblX J1CCne,QOBaHH!lX, KOHTpOJIe Ii oxpaHe COCTO!lHH!I OKPY)f(alOmeH Cpe.ubJ [1­

3,8,9, Jl, 16, J7]. YfJHKanhHble CBoHcTBa HaHoMaTepHaJIOB 11 I1X 6H0J10rl1yeCKaJI 

4 

(IKTHBHOCTb MorYT 6blTh HCnOJIh30BaHhl TUlOKe ,QJI!I a,QpecfloH ,QOCraBKH 

JleKapCTBeHHhlx npenapaToB H .oaKUHH, .llJIH 60Ph6hI C Kap,QIWJIOrHyeCKHMI1, 

OHKOnOrHyeCKHM H ,QPYrHMU 3u60JIeB3HH5IMI1, a TUlOKe HHepeKUHJlMH 

[3,8,10,12,13,16J, .QJIH lleJJeH reHHoM H MOlleKYJIlipHOH l1H)f(eHepnl1, YlTYQllleHH5I 

KayeCTBa oKpY)f(alOUleH cpe,Qhl, B napepIOMepHo-KOCMeTI1 ' leCKOJ1. H nl1IlleBOH 

npOMbIWJleHI10CTH H MHorHX HHhIX 06J1aCTJlX [17J. 06'beMhl !IpOH3BO.llCTBa H PhlHOK 

fJaHOMUTepl1UnOB BO BceM MHpe B HaCTOJllL(ee BpeMll CTpeMHTenhHO pa3BI1BUIOTCJI. ITo 

npOrH03Y 06lL(HH 06'heM np0,Qa)f( npOI\YKUHH, nOlTyyeHHOH C HCnOJIh30BaHHeM 

HaHOTeXHOJIOrHH, npeBhlcHT K 2015 r. 10 rpHJIJIHOHOB .llOJIJlapOB CilIA [11]. 

ITPOH3BOllCTBO TOJlhKO OnHoro BH,Qa HaHoMaTepHaJlOB, TaKOro KaK yrnep0.llHbJe 

HaHorpy6KH, COCTaBJI5IBlllee B 2003 r. BO BeeM Ml1pe TOJI.bKO 3 TOHHbI, MO)f(eT 

,QOCTHLJb B 2008 r. 120 T (r.e. B03paCTeT R 40 pa3 3a 5 JIeT). bblCrpO pa3BHBaeTCJI 

npoH3Bo.uCTBO HeKoTophlX BH,QOB HaHoM3TepHaJlOB H B POCCHI1cKOH <pe,QepuuHH [1]. 

B xO,Qe nOJlHOrO llHl(JJa HX 060pOTa, BK.llO<£aJOlL(ero npOH3BOnCTBO, npHMeHeHHe H 

YTHJIH3aUHJO HaHOMarepHaJIbl, ,QU)I<e He npe,QHa3HUQeHHhle Henocpell;CTBeHHO ,QlTli 

HCnOJI.b30BaHH!I B Me.uHUHHC, nHTaHHH H 6blTy, 6Y.llYT C HeH36e)i(HOCThlO nocTynuTb 

B cpe,Qy 0611TaHHJI H nonall.UTb B opraH113M yeJIOBeKU. BCJIe,llCTBl1e Dcero 3Toro 

CTeneHb 3Kcn0311UHI1 yeJIOBeKa PaJJIl1.'lHhIMH HaHOMUTepHaJJaMH B 6J1H)f(aHllleC 

BpeMJl6Y.lleT HeI136e)KHO YBeJlHYHBaThCJI [11,21,22,27]. 

ITOCKOJlbKY BeUleCTBO B BH,Qe .H3HOQaCTHll 11 HaHOMaTepHarlOB 06lTanueT 

CBoHcTBaMH, yaOTO pH,llHKalThHO OTJII1' lHhlMH OT HX aHaJIOrOB B rjJopMe 

MaKpocKonJiyeCKHX ,UHcnepcHH HJ1H CnlTOWHbIX qJa3, HUHoMUTepHUJIbl npe,QcTaBJI!lIOT 

C060H npHHllHMlaJlhHO HOBblH ¢aKTop, B03.lleHCTBYIOUlHH Ha opraHH3M 11 cpe,lly ero 

06HTaHWl. ::JTO CTaBHT Ha nOBecTKy ,QWI pa3pa60TKy MeTO,QOB oueHKH pHCKa 

B03MO)i(HOrO HeraTI1BHOrO B03.lleHCTBHll HaHOMaTepHaJIOB Ha 3.ll0pOBbe yeJIOBeKa H 

0prUHH3aUI1IO KOHrpOJl.Jl 3U HX 060pOTOM [11,21,22]. 3u py6e)i(OM npo6neMa 

6e30nacHocTH HaHoMaTepHarlOB B HaCTOllUlee BpeMH lllHpOKO HCCJ1e,QyeTc!I B CWA 

(Food and Drag Administration), EBpOCOIOJe, a T310Ke B p!l,Qe Me)K,QYHap0.QllbIX 

OpraI1H3al(HH~ (B03, ILSI) [25]. B POCCIlH Heo6xoJlHMOCTb Pa30ePTbIBaHHll pa60T no 

np06neMe oueHKH 6e30nacHocTH HaHOMaTep HUJlOB 050CHOBWBaeTCH B 
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I1oCTaHoBnemll1 fnaBHOrO rocy.napCTBeHHOro CaHHTapHOro BpaLla POCCI1HCKOH 

ClJe.nepaUI1H N~ 54 OT 23.07.2007 «0 Ha.n30pe 3a npo.nyKuHei:i, nOJlyyeHHOH C 

Hcnonb30BaHHeM HaHoTexHon,on1il H co ep)l(allleH 

HHq)OpMaUl1oHHoM mlCbMe PocnoTpe6HaJ.\30pa «0 HalJ,30pe 3a rrpOH3110D,CTBOM H 

060pOTOM rrpo.nyKuHH, cOD,ep)l(aWeH HaHoMaTepHaJlbl» [4,5]. 

nponyKllHeH HaHOTeXHOJlOrHH., paccMal1l~lBaeMOH CHCTeMa 

ueJleHanpaBJleHHoro MaHHnyJlHpOBaHHIl BellleCTBOM Ha HaHOlllKa.1Je pa3MepoB [IIJ, 

IIBJlJlIOTCll pa3Jl11 LIHbie MaTepl1aJlbI H npenapaTbl, COllep)l(alllHe HaHOyaCTHUbl. nOil 

HaHoyaCTHuaMH B HaCTOJlmee BpeMJl 60nbIlJHHCTBOM aBTopOB nOHHMalOTCll 

BblCOKOD,HCnepCHble yaCTHUbl paJMepOM MeHee 100 HM XOTll 6bl II OilHOM H3MepeHHH 

C 3a.naHHoH Cl1lyKrypOH H cBoiicTBaMH. KnaccHqJHKaUml HaHo'{aCTHU MO)J(eT 6blTb 

nOCTpoeHa, Bo-nepBblx, Ha xapaKTepHCTHKe HX cjJOPMbl. B 3TOM cJlyLrae pa3iUILIaloT 

TOLle'IHb/e HaHOyaCTHUbI (c pa3MepoM MeHee 100 B JlI060M H3MepeHHH), JlI1HeHHble 

(npOnI)J(eHHbTe) 06'beKTbI, TaKr1e KaK HaH0l1ly6KH yrnepOJla, HaHoBonOKHa, HaHO­

HI1TIf, Hal1oepHJlaMeHTbl, 06J1allmOIllHe O,nHHM npOTIl))(eHHbJM MaKpOCKOnHYeCKHM 

H3MepeHHeM (,nnHHOH), .1lBYMepl1ble 06'beKThl (nJleHKH HaHoMerpoBOH TOJlmHHbl) 1'1, 

l1aKoHeu, TpexMepHble 06beKThI C TOHKOH (<ppaKTaJ1bI10H.) cl1lyKTYPOH B HaHO­

MClTJOBOM ,nHana' OHe (HaIWnel1), l1aHOKOMn03HTbl H .np. [11}. BTOPOH THn 

KJIaCcHcjJHKaUHH OCHOBaH Ha XHMH'leeKOM COCTaBe H BKJIIOy:aer Hal10yaCTHUbi 

yrJlepo.na (<pYJIJlepeHbI, Ha110l1ly6KH, rparpeH), l1aHOyaCTHUbl 3JleMeHTapHblx 

(npocTbIX) BellleCTB, 6HHapHblx coe.nHHeHHH (OKHCJlOB, CYJlb<pH,nOS, HHl1lH.nOB H 

np.), CJlO))(HbIX (TpOHHbIX H 6onee) XHMH'leCKHX coeilHHeHHH, l1aI10'IaCTHUbl 

OpraI1H'IeCKHx nOJlHMepOS H 6HOJlOrH'lecKHx MaKpoMoJleKyJl [J I]. TpeTI1H THn 

KJIaCcH<pHKauHH OCHOBal1 l1a nYTH nOJIyy:eHHJI BellleCTB B HaHo<popMe. 3ro, BO­

nepBblX, «HI1CXO,nllUlHH» nYTb, TO eCTb nOJlyyeHHe HaI-IO'laCTHU nyTeM CBepXTOHKoro 

nOMOJla nellleCTS B qJOpMe CnJlOIlJHblX qJa3 HJlH MaKpo.nHcnepCHH. BO-STOPblX, :no 

(BOCXOJ\Il111Hi:j» nYTh, COCTOJlmHH B MOJIeryJTllpHOH KOH.neHeaUHH HaHO'laCTHU H3 

paCTsopOB HJlH 1'13 raJOSOH rpaJhl, HaCblllleHHOH napa lH BellleCTB no.n B03,neiicTSHeM 

3J1eKTpH'leCKOrO paJplllla, JlaJepHoro H3J1yyeHHIl, BbiCOKOTeMneparypl10H nJla3Mbi 

[11] If lip. 
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Pa3pa6aTblBa!! nYTH H no,nxo,nbl K oueHKe 6e:lOnacHocTH HaHOMaT PHaJIOS, B 

nepsylO oYepe!1.b, Heo6xO!1.HMO pac~"'JOTpeTb OC06CHHOCTH HX CpH3HKO-XHMHLlecKI1x 

CBOnCTB H 6HOJIOrH'lecKoro .neHcTllHIl, KOTopbre OTJlH'laIOT HX OT aHaJ10rOB Toro ))(e 

XHMHyeCKoro COCTaBa B BH,ne CnJlOWHblX qJaJ MaKpocKonHLlecKHx ,nHcnepcl·IH. no 

.naHHbIM JlHTeparypbl, MO)l(HO Sbl,neJlHTb cJlenYIOlllHii pll,ll <pH3HKO-XHMHLleCKHX 

oco5eHHocTeH nOBe.neHflJl BellleCTB B HaHopaJMepHOM COCTOilHHH [J 1,21,27). 

Bo-nepflblx, Y0eJIUlIeHUe X1WUlIeCK020 nOmeHljUaJlQ BeilleCTa l1a Me)l(<pa3HoH 

rpaH~rue BbJCOKOH KpHBH3Hbl. bonbwaJl KpHBH3Ha nOBepxHocTH HaHO'IaCTHU H 

H3MeHeHHe TOnOJIOrHH CBIl3H aTOMOS Ha nOBepXHOCTH npHBOIlHT K H3MeHeHHIO HX 

XHMHyeCKHX nOTeHUHaJIOB. BCJle,llcTl:lI1e :noro CYllleCTseHHO H3MeH!leTCIl 

paCTBopHMOCTb, peaKUHOHHall H KaTaJ1HTHLleCKlliI cnoc06HOCTb lIaHOY3CTHU H HX 

KOMnOHeHTOB. 

Bo-ernopbIX, 601lbUlaJ/ yoeJ1bHaJ/ noeepXHocmb HQHOMQmepUQ!70a. OyeHb 

BhICOKall y.neJIbHall nosepXHOCTb (B paCyeTe Ha egHHHUY MaCChi) HaHOMaTepHaJIOB 

YBeJlH'lHBaCT HX a.ncop6UH0l1l1ylO eM KOCTb, XHMH'{eCKY~ peaKuHoHHylO 

cnoc06HOCTb H KaTaJ1HTHy:ecKHe CsoHCTBa. 3TO MO)l(er npHBo.nHTb, B YaCTHOCTH, K 

YBeJlHyeHHIO npo,nyKUHH cB060nHblx paJ\HKaJ10B 11 aKTHBHblX rpOPM KUC:IopO.1la ~1 

llaJlee K nOBpelK1leHHIO 6HOJIOfH'{eCKHX Cl1lYKTYP (JlHnH.!lbI, 6eJll<JI, HyKJIeHHOBble 

KHCJlOTbI, II YaCTHOCTH, ,lJ,HK). 

B-mpembUX, He60llbUlue pG3Mepbl U P03HOo6po31.1e ¢OPM H01Wl/Qcmllll. 

HaHOyaCTHUbI BCJle,nCTBHe CBOHX He60JlbWHX paJMepOB MOryT CBJl3hlBaThCIl C 

I1YKJIeHHOBblMI1 K~1CJlOTaMH (BbI3bIBall, HanpHMep. 06paJOBaHHe a.n.a:yKTOS .lJ:HK), 

6eJlKaMH, BClTJaHBaTbCJl B MeM6paHbl, npOHHKaTb B K"leTOLIHble OpraHeJlJlbl 1'1, TeM 

caMblM, H3MeHIlTb epyHKUHH 6HOCl1lYKT)'p. npH 3TOM HaHO'IaCTHUbl MoryT He 

Bbl3bIBaTb IIMMYHHblH OTBer H He 3J1HMHHHpOllaTbCIl 3allll1Tl1blMH CHCTeMaMH 

opraHH3Ma. [[poueCCbl nepeHoca l1aHo'{aCTHU B OKpy)l(alOlllei1 cpene C B03.nYWHbIMH 

H BO,llHblMH nOTOKaMH, HX HaKonneHHe B nOYBe, .nOHHbIX OTJlOlKeHI1RX MoryT TaK))(e 

311aYHTeJlbHO OTJlH'laTbCJI OT nOSe,ueHI1R 'JaCTHU seweCTB 60Jlee Kpynl1oro pa3Mepa. 

B-lIernfJepmbIX, flbICOKaJ/ QOCOP6Z{UOHHaJI OKmuflHOClnb. J;!J-3a CBoeH 

BblCOKOpaJBHTOH nOBepXHOCTH HaH04aeTHUbl 06na,nalOT CSOHCTBaMH 
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nblCOK03<jJepeKTHBHbIX aJlCOp6eHTOB, TO eCTb, CnOC06Hbl nOrJIOmaTb Ha eJlHHHUY 

CBoeA MaCCbl BO MliQfO pa3 60Jlbllie aJlCOp6HpyeMbix BeWeCTB, 'leM 

MaKpOCK0J1H4eCKl1e Jll1cnepCI1H. B03MO)l(Ha, B 'l<lCTHOCnl, ailCop5UI151 fla 

HaHO'IaCTHUax pa1J1H4Hb1X KOHTaMHHaHTOB 11 06JIer4eHI1e IIX TpaHcnopra nHyTpb 

KJIeTKH, 'ITO pe3KO yBeml'H1BaeT TOKCH<IHOCTb nOCJleilIiI1X. MHOrHe HaliOMaTepHaJIbJ 

06J1aJlaJOT rl1ilpoep06HblMl1 cBoAcTBaMH HnJl 51BJUlIOTC5I 3JleKrpH4eCKH 3ap5I)I(eHHbIMI1, 

'ITO YCHJlI1BaeT KaK npoueCCbl atlCOp6UHH Ha HJ.!X PaJJll1'lHblX TOKCHKaHTOB, TaK H HX 

cnoc06HOCTb npOHHKaTb 4epe3 5apbcpbl opraHH3Ma. 

B-nRmbIX, eblCOKG.fI cnoc06HOCJnb K GKKyMyJlJllJUU. B03MO)l(HO, 'ITO 113-3a 

MaJIOrO pa3Mepa HaHO'"laCTHUbl He pacn03HalOTC.sI 3awHTHblMH CHCTeMaMH 

opraHI.13Ma, He nOilBepralOTC5I 5HOTpaHc<jJopMaUHH H He BblBOD.51TCJI H3 opraHH3Ma. 

31'0 BeileT K HaKOnJleHlilO HaHOMaTepl1aJ10B B paCnlTenbHblX, )l(HBOTHbIX 

opraHH3Max, a TaK)I(e MHKpOOpraHI13MaX, nepella4e no Ill1weBOf1 uenH, 41'0, TeM 

caMblM, yBenl1'lHBaeT fiX nocrynneHl1e B opr3HH3M 'lenOBeKa. 

TaKHM 05pa10M, Bce 3TH <jJaKTOpbJ CBHileTenbcTByeT 0 TOM, 41'0 

HaHOM3TepHaJIbi MoryT 06nail3Tb COBepllieHHO I1HblMH epH3HKO-XHMH4eCKHMH 

CnOHCTJ3aMl1 H 6HOJlOfJ14eCKHM (B TOM 4Hcne TOKCH4eCKHM) ileilcTBHeM, '1eM 

BemeCTBa B 05bl\lHOM <pH3l1KO-XHMH'leCKOM COCTO.slHHH, H no:noMy OHH ,aOJl)l(Hbl BO 

Bcex CJlY43J1X 5bITb OTHeCeHbJ K HOBblM BHilaM MaTepHaITOB H npOJlyKUHI1, 

xapaKTepl1CTHKa nOTeHUHaJlbHOrO pnCK3 KOTOpblX ll.nJl 3ilOpOBbil 4eJlOBeKa H 

COCT05lHH5I cpe.n.bl 051naHlUi 130 Bcex cny43ilx lIBnJleTC5I 05naTeJIbHoH. 

Bce BblweH3,10)l(eHHOe n03BOilJleT 3aKJIIO'iI1Tb, 41'0 npH oueHKe 6e30n3CHOCTH 

liaHOMaTepl1aJIOB B nepBylO O'"lepenb cneilyeT Y411TblBaTb HX B0311.eHCTBHe Ha TaKHe 

Ba)l(HeHWHe 5HOJIOrH'"IeCKl1e xapaKTcpHCTHKH, KaK npOHHuaeMOCTb 6HOMeM6paH, 

reHOTOKCl1.'IHOCTb, aKTHBHOCTb OKl1.CJlHTeJIbHO-BOCCTaHOBI1TenbH blX npoueCCOB, 

BKJlIOLJaJl nepeKHCHoe OKHCJIeHl1.e JIHnH.llOB, 6HOTpaH<jJopMaUl1.Jl H 3JIHMlmanH5I 113 

OpraHl13Ma, 

C ,apyroH CTOpOHbl, cywecTBylOwaJl n HaCT05lWee BpeMJl MeTOilOJ10flfJl oueHKH 

pHCK3 OCHOBbIBaeTC.sI Ha nOJIHOH TOKCl1.KOnOfl1.'lecKol:'! oueHKe Ka)l(,IlOrO KOHKpeTHoro 

BemCCTBa, onpeneneHHH 3aBI1CHMOCTH «.n.03a-3epqJeKT», ,IlaHHblX 0 CO.llep)KaHliH 
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aeUleCTB3 B 06beKTaX OKPY)I(alOmeA Cpe.llbl 11 fJl1weBblX npO.llYKTax, paC'IeTe 

HarpY3KH lia HaCeJleHHe, 41'0 n03nOJ1,1leT paCC\jHTaTb B03MO)l(Hble HMeHlWI1CC5I pllCKI1 

[6,7]. O.IJ.HaKO JlJJ)l HaHOMaTepHaJIOB B CBJl3H C oc06eHHOCT5IMH !-LX CTpoeHH5I: H 

nOlle.llelil1J1 .llaHHaJl MeTO.llonOrH5I MO)l(eT 6blTb npHMeHI1Ma OrpaHJ1'leHHO (HnH 

HenpHMeHHMa) B CB5I3H co Cne.llyEOwllMH npwlllllaMH [J 1,15,21,22,26]: 

_ mOKCU'IHocmb HGHO'lQcmU/ He MO)l(eT 5blTb BblBe.n.eHa no cpaBHeHHIO C 

aHaJIOraMH B MaKpo.n.HcneCHoH epopMe HJUi B BI1.n.e cnnOWHblX <PaJ, TaK KaK 

TO/<CI1KonOrH4eCKl1e CBOHCTBa HaHOMaTepH<lJ10B .sIBJIJIIOTC5I pe3ynbTaToM He TonbKO 

I'lX XltMI14eCKOro COCTaB3, HO H paJHo06paJH5I IIX .llpymx oc05elHIOCTCH., TaKI1X KaK 

nOBepXHOCTHble xapaKTepl1CTJtKl1., paJMep, epopMa, COCTaB, XHMH4eCKa51 

peaKTHBHOCTb Ii .n.p.; 

_ UMeIOU{UeCfI mOKCUKOnOZU'IeCKUe MemoOo.no?Uu OCHOB3libl Ira onpe.n.eneHHI1 

TOKCH'IHOCTH nellieCTBa OTHOCHTeJlbHO MaCC0J30rl KOHueHTpaWIH, '"ITO He npHeMJleMO 

.llJl51 HaHOMaTepHaJIOB, ll.n51 KOTOpblX OCHOJ3HbIMI1 onpe.lleJ151IOUlHMH cBoAcTBaMH 

MOryT 6blTb BeJIWIHHa nnOmCI.ll1I nonepXHOCTI1 HJIH 'IHCJlO HaH04aCTHU; 

_ omcymcmBylOm CmGHOapmU30eaHHhle UHOUKGmOpbl HaHOTOKC11.4HOCTH, 

KOTopble 1l0JIlKHbI 05Jl3aTCJJbHO Y41HblBaTb BKJla.n. TaKl1.X xapaKTepl1CTHK, KaK 

nOBepXHOCTHble CBOHCTBa, paJMCp, epopMa, COCTaB, XHM11.4eCKa51 peaKTl1.BHOCTb 

COCTaBn5llOWHX I1X 'laCTHU; 

_ omcymcmeylOm HGOe:JICHble OGHHble 06 0pZGHGX.-MuweHfIX ileHcTBH.sI 

KOHKpeTHblX HaHOMaTepl1aJ10B; 

_ Memoobl 6 blJUJJIeHUfI, uoeHmu<jJUKGtjUU H KOITH4eCTBeHHoro onpeneneHH5I 

HaHOMaTepHanOB B 05beKTaX OKpY)I(aJOweH Cpe.llbJ, nHlllellblX npOJlyKTaX H. 

6HOCpe.llax, KOTOpbJe MornH 6bl .n.OCTOBepHO OTIlII'IHTb IlX OT XIIMH'IeCKHX aHaJIOrOB 

B MaKpo.n.HcnepCHoM epopMe, HeJlOCTaTO'iHO paJpa60TaHbl; 

_ omcymcm6ylOm WlU Heoocmymlbl Hoable 6G3bl OGHHblX 11. MaTCM3TH4eCKHe 

MOL\eJII1, Onl1palOUlHeCJl Ha .llOCTH)I(eHHJl 6H0l1HepOpM3THKH It Ha 3KcnepHMeHTaJIbHble 

.113l-1Hble no TOKCH'lHOCTH. OT.n.enbHblX HaHOM3TepHaJlOB. 

HeCMOTp.sl Ha TO, '"ITO HaHOMaTepHaJlbl HcnoJlb3yEOTC5I .llOCTaTO'IHO .llJIHTenbHoe 

BpeMJl, HI1 O.llHH B11.n. He 6bIJI H3y'leH B nonHOM 06beMe 6e30naCHOCT cDaKTI1'"1eCKH, 
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C 6e30naCHOCTIi HaHOMUTpH3JlOB	 He rr03BOiIJllOT TO'-lHO OUeHI1Tb HX nOTeHUl1aJJbHbTe 

pHCKU. 

OnHHM H3 OCHOBHblX BonpOCOB JlBnJleTCJI HaJJH'll1e BbICOKO'-lYBCTBIiTenbllbIX 

rttCTOJlOB 06HapyIKeHItH, IttXCJlTHlf!HKau,HH H KOJIH'-ICCTBeJUwro orrpeJleneJlHll 

HaHOMaTepHaJIOB B 06beKTaX oKpY)J(aKlllleH Cpenbl, rrHweBblX rrponyl<TaX H 

6IiOJIOrl1'-1eCKI1X cpetXax. ITPIi	 3TOM nOJI)J(HbJ HCrrOJIb30BaTbCJI MeTOnbl oueHKH, 

06iIanaKll.lUle crreuH<jJIi'-lHOCTbKl, rr03BOJTJlKlllleH, '-ITO O'-leHb Ba)J(HO, OTnli'IHTb HaHO­

MaTepHaJIbl OT HX XHMH'-IeCKI1X aH3JlorOB B BHne CrrJIOWHblX <jJ33 HlIH 

MaKpOCKorrHlfeCKHX JlHCrrepCHH. ITepe'-leHb IiCnOJTb3yeMblx MeTonOB rrpenCTaBneH B 

Ta6iI. 

MeTonbJ, npl1MeHJleMble nJlJl xapaKTepliCTHKI1 <jJ113liKO-XHMI1QeCKI1X CBOHCTB 

HaHOMaTe liaJJOB 

nOKaJaTCllb PCKOMCH.ll. CMblH MCTO.ll on ·.ll~CHU~ 

XHMIf~CCKHH COCTaD ~aCTHU ATOMHO-3MHCCHOlfHaJI cncKTpOMCTpllJl C HHj),)'KT1<DHO cB.3aHHoH 

Ma3MOH 

AToMHo-a6cop6I.(ltOHHa~CnCKTp<Xj>oToMC-rpftJI 

I1HBCpcHOHllaJI BOJlbTaMncpoMCTpftJI 

<1>a30BbIH COCTaB ~aCTl1U MaCC-CnCKTpDMCTpIUl BblCOKoro pa3peWCHHJI C Jla3CpHOH 

HOHHJa/.1HCH H .llCCOpOUIICH H8 MlIlplll\C (MALDI) 

PCHTTClfO)MHCCHOHHaJI cnclITpOMCTpftJl. 

PCHTreHOBCKaJI cPoTOJnCKTpDHHaJI cncKTpocKOnftJI (ESCA) 

raMMa-pe30HaHCHaJI Mccc6ayJpOBCKaJI cncKTpoMcTPHR 

CnCKTpOcKonHR JJlCKlp0HHOro n8paManliITHoro PC30HaHca 

CnCKrpOCKO~RD,CpHOro Man-tlITlloro pe30HaHc8 

PacnpCJ(e.~CHHC 'laCTHU HO pa3MCpaM flaJepHil>l KOppeJlHUHOHUaJI cncKTpOMCTpHJI 

<1>OPM8	 HaHO'laCTl1U CK8HHpYlOwaR l)'HHcnbHaR MHKpoCKonHR 

ATOMHO~I\JlOBil>lMHKpoCKonH" 

DpOCBC'U1a81OIl(aJI H CK8HHpylOIl(aJl paCTpOBil>l JJlCKTpOHHaJI 

MHKpocKOnHJI 

OnpC.llcnCHHC YllcnbHOH nooepXHocnl MCTO.ll BET (H3OTCpMbl a.nCOp6UHH HHCfYIlfb'" raJoB) H renHca.. 

OUCHKa BJaHMO.llCHCTB'{J\ C nHKHOMCTpHR 

6HOJlOrn~CCKHMH MaK]JOMOJlCKyJlaMH ATOMHO-CHJ10BaJI M1fKpOCKOnH" 

(H)'l(nCHHOBblMH KH~OT8MJ{. 6enK8MH, CKaHHpylOlUaJl H npocBc<IHa81OIUa. )ncKTpOuHa" MHKpOCKOnHJI 

nHnHJl.3MH H 6HonorwiccKHM CBCTOOnTH~CCKaR q.llyopeCUClfTl\aJl "H'KpocKonHR 

MCM6p8H8MH), B03MOJKIIOCTb CaCToomH<ICCKaJl Kon(!JOK3JlbHa. MHKpOCKOHHR 

npOHlfKHOBCHHR 'lepC1 oHOnOrH'{CCKHC CnCKTpOMCTpHR .llCnOJlRpH38 L.(H H q.nyopccuc1lUHH 

6apbCpbl CnCKrpOMeTpHR KJlyroBoro .llHXpOH3Ma 

CncKJ1lo<PllyoPHMCTPHR 

.ilMP- II ::mp-cnCKTPOMCTpHR 

M8cc-cncKJ1l0MCTpIIR 

Mcro.ll pal1,l108lCTHBnbl" HTlJJ,lfK8TOPOB 

AUaIlUTII'lCCKOC YJlbTPaUcuTPH<pyrHpoB8uHC 

)l(]l1IKOCTHaJI xpoMaTOrparpHR Bb'COKoro pa3peWCHlIR 

XI1MH'leCKIiH COCTaB HaHOMaTepHaJIOB MO)J(eT 6bITb OnpeneiIeH 

j\cnOiIb30BaHHeM MeTonOB 3iIeMeHTHOrO 3 HaJIH3a, TPanlil,\liOHHO npHMeHJleMbJX B 

1'OKCHKOiIOrli'-leCKIiX HCCne,uOBaHI1J1X. 113 HHX aTOMHO-3MI1CCI10HHaJl CfTeKTPOMeTpJUl 

C HHnYKTIiBHO CBll.3aHHoi1 nnaJMOH JlBJUleTCiI Hal160iIee COBpeMeHHbIM, 

YHHBePCaJIbHblM Ii BblCOKO cJyBcTBHTenbHblM MeTOnOM, rr03BOJ)Jl'lOlllHM npoBonHTb 

onpe,ueneHHe 60nbWOrO '-IHCna XIiMH'-IeCKI1X 3iIeMeHTOB B 06pa3Ue. HenOCTaTKOM 

MeTOna JlBJIll.eTCiI O'-leHb BblCOKaJl CnO)J(HOCTb H CTOI1MOCTb npliMeHxeMOH 

annapaTypbI, KOTOpall. MO)J(eT 6bJTb nOCTynHa TOnbKO HaH60nee KpynHbIM 

HCCJIenOBaTeJIbCKI1M u,eHrpaM. B Ka'leCTBe PYTHHHblX MeTOnOB aHaJlli3a, 

o6nanalOlllHX nOCTUTO'-lHOH '-IYBCTBI1TeJIbHOCTblO nJIJI orrpe,ueJIeHIiJl XHMl1cJeCKOrO 

COCTaBa OT.nenbHbJX HaHOMUTepHaJIOB 11 HX OTneJIbHblX eppaKUIiH, MOryr 6blTb 

HCnOnb30BaHbI aTOMHO-a6cop6u110HHaJI cneKTpOepOTOMeTpHJI 11 I1HBepCI10HHaX 

BOnbTUMnepOMeTpHIL 

TIOMHMO 06111ero XHMl1lfeCKoro COCTaBa npH xapaKTepHCTI1Ke 

HaHOMaTepH3JlOB ,uOJI)J(eH 6bITb OnpeaeJIeH I1X epa30BbII1 cocraB, T.e. pacnpeneJIeHHe 

KOMfTOHeHTOB (epa3) Me)J(ay PaJJIHY:libIMH y'-lacTKaMI1 H CJIOJlMI1 HaHOQaCTHU. 

I-bY'leHHe TaKoro pacnpeaeneHIiJl n03BOJUleT onpeneiIHTb reTeporeHHOCTb 

CTpylITypbI BXO.MlUHX B TecTHpyeMblH M3TepMaJJ '-IaCTIiU, QTO oco6eHHO Ba)J(HO npl1 

1i3Y'-leHI1H HCKyccTBeHHO CKOHCTpYlipOBaHHbJX HaHO'-laCTHI,\. yb lfliCJIa nonXonOB, 

o6n UnaKllllHX BblCOKOH '-IYBCTBHTeJIbHOCTblO 11 

cnoco6HOCTbKl, .nJIJI pel.lJeHHJI nOCTaBneHHOfi 3aaay.H cnenyeT yKaJaTb Ha MeTOnbI 

Macc-cneKTpOMeTpHH C JIa3epHOH HOHH3aUHefi H .neCOp6I,\HeH Ha MaTpI1u,e (MALDI), 

peHTreHO:JMHCCHOHHoi1 cneKTpOMeTpHH Ii peHTreHOBCKOH epOT03iIeKTpOHHOH 

cneKTpOCKonHH (ESCA). ECiIli nepBblH H3 3THX MeTo,uOB Hali60JIee yHHBepCaJJeH Ii 

npHMeHHM K xapaKTepliCTI1Ke <jJa30Boro COCTaBa npaKTH'leCKIi nlO6blx '-IaCTI1U, TO 

nOCJIenHHe ,uBa MeTo,ua HaH60JIee 3<jJ<jJeKTI1BHbJ npH aHaJJH3e COCTaBa <jJaJ, 

COnep)J(alllHX aTOMbl TJl)J(eJIbIX 3iIeMeHTOB. ITOMHMO 3Toro raMMa-pe30HaHCHalI 

Mecc6ay3poBCKall. cneKTpOCKOnHJI MO)J(eT Hcnonb30BaTbCll. rrpH onpeneJIeHHI1 

XHMHy.eCKoro OKpY)J(eHIiJl HeKOTopblX aTOMOB, HMelOlllHX lI,uepHbJe nOnOCb! 

nornOllleHHlI WfJl raMMa-JIy'-leH, Hanpl1Mep, aTOMOB )J(eJIe3a. CneKTpOCKOfTl1ll. 
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JtJlepHOrO MUrHI1THOrO pe30HaHCa (5IMP) MO)KeT 6blTb HCnOJlb300aH8 .nJlJl H3yt.teHIUI 

- lJeqJOpMbl XHMHcleCKOH COJl311 aTOMOO BOnOpO.lla, H30Tona H HeKOTopblX npyrHX 

3JleMeHTOB, BXOllJlUlHX B COCTaD HaHOt.taCTI1U. CncwrpOCKOnl1J1 :lneKTpOHHoro 

napaMarHHTHoro pe30HaHca ( OP) n03BOnJleT oueHHTb HaJI Ht.tHe B COCTaoe 

TecTHpyeMblx HaHOMaTepHaJlOO napaMarHHTHblX claCTHU C HecnapeHHblMH 

3neKTPOHaMH (cDo60.llHb1X panHKanOB) H npOaHaJlH3HpOBaTb OC06CHHOCTH HX 

XHMH'leCKOrO OKpY)l(eHliJt. Bce nepe'lHCJleHHble MeTOnbl .nnJl cBoei1 peaJIH3aUHH 

Tpe6y!OT CJlO>KHoro annapaTypHoro o¢opMneHHJI. 

CnenYloUleii Ba)l(HOH xapalrrepHCTHKOH JlBJlJleTCJI pacnpeneJIeHHe 'IaCTHU no 

paJMepaM. OHO MQ)KeT 6blTb npOaHaJlH3HpOBaHO C HCnOJlb30BaHHeM MeTo.na 

JIaJepHoi1 KOppeJUlUHOHHOH cneKTpOMeTpHH. OpHHUHn MeTOlla OCHOBaH HU 

Hcnonb30B8HHH 3¢¢eKTa HemlHeHHoro (KOM6HHUUHOHHOro) pacceHBaHHJI 

JlaJepHoro H3JlY'leHHJI Ha YJlbTpUBbICOKO.llHCnepCHbIX llaCTHuax, pacnpeneneHHblX 0 

06beMe OnTH'leCKH np03pa'lHOH cpellbl (Bonbi HJlH OpraHH'leCKOrO paCTBOpItTeJIJI). C 

nOMOUlb!O .naHHoro MeTOna MO)I(HO C BblCOKOH cneUlH!lWIHOCTb!O no.nToepnHTb, 'ITO 

TecTHpyeMbl11 MaTepHal1 COnep)l(HT t.taCTHUbl, HaXO,llJlUIHeCJI B .nHanaJOHe JlI1Hei1HblX 

pa' MepOB HaHO'laCTHUbl 1-100 HM, 'I.e. HaHot.taCTHUbl. 

MeTonar..U\ oueHKH ¢OPMbl HaHO'IaCTHU llBJUl!OTCJI 3JleKTPoHHall MHKpOCKOnHJI 

(KaK npocoe'1I10a!OUlall, TaK H cKaHHpY!OlllaJI), cKaHHpYIOUlall TyHHeJlbHUJI H aTOMHO­

CHJlOOall MHKpocKonHll. 3J1eKTpOHHO-MliKpOCKOnl-l'leCKOe HCCJle.nooaHHe n0300JllleT 

HenOCpenCTl\eHHO Ha6JI!OnaTb 'laCTI1Ubl onpeneJleHHOH ¢OPMbl, HaXO.l\lllUHeCll 0 

COCTaBe 06paJUOB (Ha yJlbTpaToHKHx cpe3ax) HJIH ancop6HpoBaHHble Ha Pa3J1H'lHbIX 

nooepxHocTJtX. HellOCTaTKOM MeTOlla JlBJIlleTCJI CJlO)KHOCTb ero annupaTypHoro 

O¢OpMJIeHlUI H, OT'laCTli, HenOCTaTO'IHaJl paJpeWalOLUall cnocooHoCTb. 3JleKTpOHHall 

MHKpOCKOnJ1J1 TpynHo npHMeHHMa K 06beKTaM, conep)KaU\HM nerKHe aTOMbl 

(6HoJJorH'leCKHe 06beKTbl), 6e3 HX ,lJ.OnOJlHHTe.nbHoro KOHTpaCTHpoBaHHll Tll)l(enblMH 

3JleMeHTaM H (KaK npaBHno, coe.nHHeHHJlMH OCMHll), clTO MO)l(CT nOBJJHllTh Ha 

CrpyKTyPY aHaJlH3HpyeMblx npenapaTOB H JlBUTbC}) nOTeHUHaJlbHblM HCTO'lHHKOM 

apTe¢aKTOB. 
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B OTJlH'lHe OT :noroy CKaHltpYLOLUaJl TyHHeJJbl:laJI MHKpOCKOnl1.11 (CTM) 

n0300JIJleT HCCJIeLlOnaTb CTpYKTypy HClHO'laCTHU, HaHecemlblX Ha nOBepXHOCHI 

pa3JHI 'IHbIX THnOB, HenocpellCTBeHHO C paJpewa!OLUe~1 cnoc06HOCTbi0 MeHee 1 liM, 

T.H. 6J1H3KO K .QHana30HY MoneKynJlpHbLX H aTOMHblX paJMepOB. OpHHUHn CTM 

COCTOHT B CKUHHpooaHHH nooepXHOCTH 06paJUU TOKOnponO.D:JlLUHM OCTpHeM, Ha 

KOTOpoe nOnaH 3neKTpH"ieCKHH nOTeHUHaJl. B03HHKaJOUlHH npH 3TOM TyHHemHblH 

TOK 3neKTpOHOB ¢HKCHpyeTCJI 'lYBCTBHTenbHOH 3JJeKTpOHHoH cxeMoH. BeJJH'lHHa 

TyHHeJIbHOrO TaKa 3aBHCHT OT paCCTOJlHHll 01' OCTpH.ll .ll0 06paJua, TO eCTb 

¢aKTH'leCKH 01' ero peme¢a B HaHO,llHanaJOHe paJMepOB. AnnapaTypHOe 

O¢OpMJJeHHe CTM llBJJlleTCJI nOCTaTOL1HO npOCTblM H KOMnaKTHbIM, 'ITO .neJIaeT nOT 

MeTon nOTeHllHaJlbHO O'leHb WHpOKO npHMeHHMbIM. Ero Of1)aHH'lCllHll CBJl3aHbl, 

rJJaBHblM 06paJOM, C He06xo.nHMOCTb!O CKaHHpooaHHll HMeHHO MeTaJlnH'leCKHX HnH 

nonynpODO.llHHKOnblx nOBepXHOCTeH, 06na.na!OiUHX 3J1eKTpOHHOH H (HnH) llblpO'lHOH 

npOBOI\l.IMOCTblO. I1pHMeHe~IHe )l(e eTM .llJUl CK3HHpOB3HH.ll ,llH3J1eKTPHyeCKHX 

nonepXHOCT6i BCTpe'laeT 3Ha'lHTeJJbHbie MeTO.D:H'leCKHe Tpy.uHOCTH. 

3Toro HCllocTaTKa JlHWeH MeTO aTOMHO-CI1 10BOH MIIKpOCKon.HH (ACM), npH 

KOTOpOM B XOlle CKaHHpOBaHHll nOBepXHOCTH OCTpHeM perHcTpHpyeTCJl He TOK, a 

cHJla npHTJI)KeHHJt OCTpH.ll K HepOBHOCTliM nooepXHOCTH, onpe.uenJleMaJl 

Me)l(MOJIeKYJIllpHbIMH B3aHMo.neHCTl:nIIlM~1 BaH-Aep-BaaJIbca. ACM npl1MeHHMa npH 

xapaKTepHcTHKe n!06blX BH.nOB HaHOMaTepHaJlOB, B TOM '!HCJle n H3JIeKTpHKOB, 

OLlHaKO ee paJpel.UalOLUaJl cnoc06HOCTb no cpaOHeHHIO C CTM cyLUecTeeHHO 

MeHbwe. B HaCTOJlUlee BpeMll npellnpHHHMa!OTCJI nonblTKH C03naTb yHHBepcaJlbHble 

npH60pbl, cnoco6Hble pa60TaTb KaK Ha npHHUHne CTM, TaK H ACM. 

Kpl1TH'leCKH Ba)KHOH xapaKTepHCTHKOH HaHOMaTepHaJ10B, OTnU'lalOLUcii HX OT 

BeUleCTB Tpa.nHUHOHI-lOH ,a;HcnepCHOCTH, llBJ1J1eTCJI HaJ1H'IHe OLleHb BblCOKOH 

YllenbHOH Me)K<jJa3HOII nOBepXHOCTH. OpH ee l<OJlH'leCTBeIiHOH oueHKe MOryT 

npHMeHJlTbCli MCTO.llbl reJll1eBOH nHKHOMeTpHH H BET. TIoCJle.nHHH nonxo.n COCTOHT 

o nocTpoeHHH H30TepMbI allcop6uHH HeKoTopblX HHepTHbix raJOB (reJIHiI, Heoli) Ha 

llblCOKOpaJOHTOH nonepxHocTH 'laCTHU B COCTaBe TecTHpyeMblx HaHoMaTepmlJ!OB. 
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4yacTBHTeJlbHOCTb H CneUlHIlH4HOCTb paCCMaTpHBaeMblX MeTOLlOB a.L\eKBaTHa 3a.L\aLle 

H3y4eHHlI nOaepXHOCTHblX CBOllCTB BeU\eCTBa B BliAe HaHO'IC!CTl1U, 

3aKJlJ{)'II1TeJlbHbIM :3TanOM ¢HJI1KO-XI1MII4ecKoi1 xapaJ<Tepl1CTflKl1 

HaHOMaTepI1aJJOB, HenocpeLlCTBeHHO npe.L\WeCTBYJ{)WI1M I1X 6HOJIOrH LleCKOMY 

TeCntpOBaHHIO, lIBJllIeTC51 Ol.\eHKa I1X B3aHMO.L\ei1cTBHJI C 6HOJlOrH4eCKHMH 

MaKpoMoJleKyJlaMH (HYKJIef1HOBble KHCJlOTbJ, 6eJlKH, JlHnHLlbl H 6HOJlOrWleCKI1e 

MeM6paHbT) H B03MO)J(HOCTI1 npOHHKHOBeHHlI ,iepe3 6HOJ10J'HLfeGKHe 6apbepbI. 

HenOCpe,llCTBeBHO CBJl3blBaHHC HaH04aCTHU C 6HOJlOrI14eCKI1MH MaKpOMOJleKyJlaMH, 

anCOp6HpOBaHHbJMH Ha Pa.JJlH4HblX nOBepXHOCTlIX, MO)J(HO Ha6J1J{)LlaTb C nOMOU\bJ{) 

IJblWeYKaJaHHbJX MeTOnOB 3J1eKTpOlllWH MI1KpOCKOnHI1, CTM H ACM, CJleAYeT, 

O.L\HaKO, Y4HTblBaTb MOAeJIbHblH XapaKTep TaKHX HCCJle.nOaaHHH H C OCTOpOJKHOCTbJ{) 

3KCrpanOJlHpOBaTb nOJlY'laeMble pe3YJlbTaTbl Ha cJlYLlall BJaHMO.L\eHCTBHlI 

HaHO'laCTI1U C 6110JIOrl1'leCKHMH 06beKTaMH. 

KOCBeHHble, HO 60Jlee HaLleJKHble nOLlXO.L\bl CB513aHbI C perHCrpal.\HeH 

H3MeHeHHH B CTpyKTYpe 6HOJlOrH4eCKHX MaKpOMOJleKyJl, rrpOHCXOLl}lWHX nOll 

BOJAeHCTBHeM HaHOLlaCTHU, B3aHMO.L\eHCTBYll C 6eJlKaMH, OHH MoryT 113MeHJlTb I1X 

KOH¢opMaUHJ{) (rpeTl1'lHyJ{) crpyKTYPY), 'lTO MO)l(eT 6bJTb 3aper11CTj1HpOBaHO C 

HCnOJlb30BaHHeM MeTOnOa T-lHCnepCHH onTH4eCKoro BpaweHHll, cneKTpOCKOnH(1 

KpyroBoro llHXpOHJMa, .L\H¢¢epeHUHaJJbHOH CKUHl1pYlOweii KaJlOpHMeTpI1H, 

cneKrpO¢JlyopI1MerpHI1. llpl1 BcrpaHIJalIHH HUHO'laCTHU B 6HOMeM6pUHbl MOJKeT 

npeTepneBaTb H3MeHeHHe nOKaJaTeJlb nOnBI1)J(HOCTH JlHnHLlHOro 6I1CJlOJl, 'ITO MOJKeT 

6blTb Ja¢HKCl1pOBaHO C HCnOJlb30BaHI1eM 3¢¢eKTa llenOJlllpH3a.I1HH ¢JlyopecueHUHI1 

BCTj1aHBaeMbJX B MeM6pllllbl q)JlyopecueHTHblX 30HAOB, HaKOHeu, C HCnOJlb30BaHI1eM 

MeTonOB aHaJJI1TI14eCKOro UeHTpl1¢yntpOBaHl1l1, pamlOaKTI1BHblX HHnI1KaTopOB, 

BbJCOK03¢¢eJITI1IJHOH JKHnKOCTHOH xpOMaTorpa¢HH MO)J(HO onpeLle,JlJlTb 

B3aHMOLleHCTBHe HUH04UCTI1U C lUHpOKHM KpyroM 6HOJlOrH4eCKI1X MOJleKyJI 11 

CTpyKTYP, B TOM 'lIlCJle C HYKJlel1HOBblMI1 KHCJIOTaMH, HyJ(JleOnpOTeHliaMH, 

MeM6paHaMI1. I13MeHeHl1e COCT<lBa 11 CTj1YKTYpbl II<lHO'laCTHU B pe3YJlbTaTe 

B3aHMO.L\eHCTBI111 C 6110JlOrH4eCKHM 06beKTaMI1, B CBOJ{) 04epe.L\b, MO)lCeT 6blTb 
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oxapaKTepH30aaHO C nOMOWblO Macc-cneKTj10MerpI1H, 5lMP- 11 3flP­

cnelnpOCKonHH. 

TaKHM 06paJOM, HCnOJlb30aaHHe 4aCTH Bblwenepe4HCJleHHblX MeTOnOB 

n03BOJIlIeT H3Y4HTb 3aKOHOMepHOCTft B3al1MOlleHCTaHli HaH04aCTHU C 

6U0J10rI14eCKI1MI1 06beKTaMH B Lll1anaJOHe OT MOJleKYJlbl T-l0 KJleTKH 11 Te 113MeHeHHJI 

CBOHCTB HaHOMaTepHClJIOB, KOTOpblMH 3TO B3aI1MOLlei1cTBHe MO)J(eT conpOBO)J(.L\aTbCli. 

)lpyrall rpynna MeTO.L\OB nOJBOJllleT oxapaKTepl130BaTb HapYllleHI1J1 B CTj1yKTYpe 

c06cTBeHHO 6110JlOrH4eCKHX MaKpOMOJleKyJl, Ha,llMOJleKymrpHblx KOMnJIeKCOB, 

MeM6paH 11 KJleTO'lHbIX opraHeJ1J1, KOTopble MOryT B03HHKaTb no.L\ BJlMHl1eM 

HaHOMaTepH3.J10B. Pe3YJlbTaTbJ, nOJIy'laeMbJe C nOMOWblO BbiweYKaJaHHhlX 

nOLlxonOB, llBJ1l1J{)TC.51 B3al1MHO LlOnOJIlflllOU\I1MI1, 11 nepe4HCJleHHble MeTOnbJ CJlC.ll,yeT 

}\CrrOJlb30BaTb B KOMnJleKCe npH aHClJIl13e nOTeHUHaJJbHblX onacHocrei1, CBil3aHHblX C 

6HOJlorl1'leCKI1MI1 3¢¢eKTaMH HaHOMaTepl1aJJoa. 

BTOPbIM OnpeLleJllllOWHM MOMeHTOM B oueHKe pHCKa lIBJlJleTCiI YCTaHOBJleHHe 

B03MOlKHOH TOKC1PIHOCTH HaHOMaTepHaJIOB. I1MeJ{)weeC51 B HaCTOliLUee BpeMJl 

He3Ha411TeJlbHOe KOJll14eCTBO I1CCJ1eLlOBaflHH B 3TOM HanpaBJleHHI1 YKaJblBaeT Ha TO, 

LITO HaHOMaTepU3.Jlbl MoryT 6bITb TOKCI14flbIMH, TOr.L\a KaK HX 3KBI1BClJIeHT B 06bl4BOii 

¢opMe B 3TOH )J(e KOHueHrpaUHH 6e30naceH. flOKaJaHO, 'ITO naJKe OnHOKpaTHaJI 

l1HrClJlllUH51 ymepollHblX HaH0Tj1y6oK [24] 11 HaH04aCTI1U HeKoTopblX .L\pyrl1x THOOB 

[14,20,28] Bbl3blBaeT y 3KCnepl1MeHTaJJbHblX )J(HBOTHbIX BocnallHTeJlbl1blH npouecc B 

JlerolJHOH TKaHI1 C oocJ1enYJ{)wI1M HeKpo30M KJleTOK H paJBI1Tl1eM cjJl16p03a, 'ITO, 

B03MO)J(HO, cnoc06Ho npl1BeCTI1 K KaHueporeHe3y. HaHoMaTepHClJIbl 06J1analOT 

HeHpOTOKCl1lfHOCTbJ{), TOM 4I1CJle, nO-BI1.L\I1MOMY, 3a C4eT npOXOJK,UeHHJI 4epe3 

reMaT03Hue¢anH4eCKHH 6apbep [23], BbJ3bIBUli OKI1CJlI1TeJlbHblH cTpecc B KJleTKaX 

M03ra; KapLlHOTOKCI14HOCTb 11 renaTOTOKCH4HOCTb HaHoMaTepHClJIOB TaKJKe 

OI1peAeJllleTCJI paJBHTHeM OKI1CJlI1TeJlbHOrO crpecca H BocnarTl1TeJlbHOH peaKUHH 

[29], 41'0 npHBOLlI1T K anonT03y H HeKp03y KJleTOK.; lIMeIOTC51 OT.ll,eJlbHble CBe.L\eHHlI, 

'11'0 HaH04aCTHUbl MoryT He6J1aronpl1l1THO BJlWlTb Ha CI1CTeMY CBepTblBaHl1l1 KpOBH 

[18]. B OTHoweHHH reHOTOKCI14HOCTH, TepaToreHHocTH, 3M6pHOTOKCI14HOCTI1, 
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MyTareHHOCTH, KaIiuepOreHHOCHI, aJlJlepreHHOCHI, BJlHllHHll Ha ropMOHaJlbHblii 11 

IlMMYHHbIH cTaTyc ,llOCTOBepHble AaHHbie B JlI1TepaType OTCYTCTByIOT. 

C .llpyroH CTOpOHbl, B JlHTepaType paCCMaTPI-lBaeTCll B03MOiKHOCTb 

UpHMeHeHlU1 HaHOMaTepHaJlOB B Ka'ieCTBe C let-THBHhIX nepeHOC'iHKOB eKapCTB K 

Oprali<IM H TKal-HIM H I1CnOJlb30BaHHe HeKOTOpblX HYTPl1eHTOIl (rnaBHbIM 06pa30M 

)f\HpOpaCTBOpI1MbIX BIITaMHHOB, MaKpO- H MHKpO:meMeUTOB, 6HOJlOfH'ieCKII 

aKTI1BHbIX BeWeCTB) B BH,lle HaHO'iaCTHU HJJI1 B KOMnJleKCe C HHepTHblMI1 

HaHOMaTepl1aJ1aWI - HOCHTeSlllMH C ueJlblO 060raWeHHll nHWeB~IX npO.llYKTOB ,llJlll 

npoqH1 aKTHKI1 aJlHMeHTapHO 3aBHCHMbiX COCTOllHHH y HaCe eHHll [11,17]. O,llHaKO 

3cPcjJeKTHBHoCTb I1cnonb30BaHHll B rIHTaHI1H lleJlOBeKa npO,llyKToB, CO.llep)KaWIIX 

HaHOllaCTHUbI nl1WeBblX lleweCTB, B HaCTOllwee Bpe~'1ll npalrfH'ieCKH He H3Y'ieHa, a 

MeTaOOJlH3M HaHOMaTepl1aJ10B - HOCllTeJleH HeI13BeCTeH, 'iTO, C O,lllWH CTOpOl-lbI, 

OOYCJlOBJII1BaeT He06xoJlltMOCTb oueHKU 6110.ll0crynHocTI1 11 YCBOlieMOCTH TaKI1X 

KOMnOHeHTOB, a, C npyroH - oueHKU IIX 6e30naCHOCTIL 

TaKflM 06paJOM, cPaKTl-I'leCKH B HaCTOllli.\ee BpeMll TOKCI1'iHO Tb PaJJlH'IHbIX 

HaHOMaTepHaJlOB H3y'ieHa KpaHHt: He,llOCTaTO'iHO, B TO 1 llUCile HeT .llaHHbIX no 

MeTa60ml3My H MexaHH3MY HX .lleHCTBHll, He onpeneneHbl KpHTHlleCKHe opraHbl Ii 

CHCTeMbl. 0606wall HMel-OWHeCll JlHTeparypHble llaHHble, CJleAyeT 06paTl-ITb 

BHHMaHI1e Ha nBa cjJana. Bo-nepBblx, 13 60JlhWHHCTBe npOBe,lleHHhlx HCCJle1l0B3HI1li 

YKa3b1B3eTcll Ha TO, lITO OnpeAeJUllOWHM B TOKCII'iHOCTH HaHOMaTepH3JlOB llBJl.lleTCH 

pa3RIITHe OKHCJlHTeJJbHoro CTpecca 11 nOBpe)K eHH.ll J(HK, 'iTO ~lOiKeT npHBOllHTb K 

BOCnamlTeJlbHOH peaKUHH, anonT03Y H HeKp03Y KJleTKH. npH 3TOM, B03MOiKHO, lITO 

Ha nepBblii n 3H BbIXO,llHT He KonH'leCTBO nOCTYl1HBWHX HaHOMarepHaJlOB, a 

nJlOli.\aLlb HX 1l0BepXHOCTH, KOTopall H 6y,lleT onpetl llTb HX peaKUHoHHyl-O 

CUOC06HOCTb. KpOMe Toro, HeJlb3H flCKJlIO'iaTb H H3J1114Hll .o.pyrHx MexaHH3MOB, 

CBll3ClHHhIX, B 'iClCHIOCTH, C nOBpeiK.llalOWIt I neHCTBHeM HaHOMaTepHaJlOB fla 

KJleTO'lHhle MeM6p3Hbl H OpraHeJlnbl, YC~lJlelmeM TPaHcnopTa nOTeHJlHaJlhHO 

TOKCH'!HbIX KOMnOHeHTOB 'iepe3 6apbepbI opraHH3Ma, a TClKiKe e03MO)KHOH 

reHOTOKCH 'fHOCTbI-O H aJlneprH3HpylOWliM ,lleHCTBHeM. 
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BO-BTOpbIX, npHHUHnHaJlbHO BaiKHOH xapaKTepHCTHKOH, KOTOpyl-O cilenyeT 

Y'iItTbleaTb npH oueHKe B03MOiKHoro TOKCH'ieCKOrO tleikTBHll HaHOMaTepHaJlOB, 

lIBJllleTCli HX HepaCTBOpHMOCTb B l3o.o.e H 6HonOrH'ieCKHX cpenax. ):(ei·"tCTBHTenbHO, 

!CaK TonbKO HaHOLlaCTHUbl paCTBopllIOTCH, Bce 3cjJcjJeKTbl, CB1l3aHHble C HaJlHl(HeM Y 

HItX BbICOKOpa3BHTOH noeepXHOCTl1 H C paJJlII'iflblMH rerepOcPaJHO npOTeKaIOli.\HMH 

npouecca~1I1 yTp3'iHaaI-OTCll, H no cBoeMy TOKCI1'ieCKoMy ,lleHCTBHIO 

BO,llopaCTBopHMhli'i HaHOMaTepHaJI HHlleM He 6Y,ller OTJ1WJaThCli OT ero aHaJlOra B 

MaKpO-tlHCnepCHOH cjJopMe. nO:noMy YiKe HCl nepllOM 3Tane OUefJKH 6e30naCHOCTI1 

HaHOMaTepHaJlOB O,llHOH H3 BaiKHeHWHX xapaKTepHCTHK llBillleTCH HepaCTBOpHMOCTb 

B BonHblX cpe.o.ax npH cPH3HonorHLleCKHX 3Ha'IemlHX pH, HOHHOII CHilhl 11 

Te~tnepaTYPbl. 

Ewe onHo~1 113iKHO~1 Xap3KTepHC1l1KOH fJaHO'I3CTHU llBJIlleTCli nOK33aTe b HX 

cjJOPMb! _ «acneKTHoe OTHoweliHe», T.e. OTHoweHHe A HHbl 'JaCTHU K HX 

1HHHMaJIbHOMY ilHH6iHOMY paJMepy [21). ITo aHaJIorHI1 C TaKHMH 06beKT3MH B 

MaKpO.D.HCnepCHoH cjJopMe, KaK BO:lOKHa ac6ecTa, MO)KHO npe.o.nOJlOiKHTb, 'iTO 

JlfIHeHHO npOTlIiKeHHble HaHOCTPYKTYpbI, TaKHe KaK yrneponHble HaHOTpy61HI, MoryT 

06ila,llaTb 60JlbWeH nOTeHUHaJlbHOH TOKCH4HOCTbl-O, lreM 3HaJlOrH ' IHble no cOCTaey 

'iaCTHUbl, 06na,UalOlllHe MeHee BblpaiKeHHOH 3 KcueHTpWI HOCTblO cPOPMbl. 

CnenYI-OWHM a3iKHeHWHM 3TanOM HBJ111eTCll oueHKa nocrynneHHll, 

pacnpe.o.eJleHHll H ebIBeJJ, HlliI. HaHOMaTepHaJIOB H3 OprarlH3Ma. B HaCTOHl1lee BpeMll 

C4I1TaeTCll, lITO CyU.leCTByeT TpH OCHOBHblX nyTH nOCTYIl_leHHJI HaliOMaTepH3J10B B 

OpraHI13M 'ieJlOeeKa: HHraJIllUHOHHbl~l, 'iepe3 KO)f()' H nepOpaJIbHO [19,20,23,24]. 

Bonpoc 0 B03MOiKHblX nyTllx nocrynJleHI{ll HaHOLlaCTHU Pa3ilH4HOH npHponbI B 

OpraHH3M, HX npOxOiKL!eHHll 'iepe3 6110nofll ' lecKHe 6apbepbI, pacnpetleJleHHll H 

HaKOnJleHHlI B paJnH'IHbiX opICIHax H TKaHllX B HaCTOlllllee llpeMll HHTCHCHBHO 

HaH04aCTHuaMH,3Kcn03~IUHI1HCcnenyercll [11,21,22]. B 

C nepiKaulHMHclI B B03.o.yxe, BO,lle, a TaK)Ke BXOllllWHMH B COCT3B MaTepHaJIOB 

0AeiKAbl, napqlIOMepHO-KOCMeTH'IeCKHx cpellcTl:I, npenapaToB 6blTOBOH XHMHH 

B03MOiKHO HX npoHHKHOReHHe B Opr3HI13M 4epe3 HenoBpeiKL\CHHYfO KO)f()'. 
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B JlIHepuT)'pe puCCMaTjJHB3eTCR HeCKOnbKO nyTeH TaKOro nOCT)'nneHHll, 

BKnto'lall TpaHC3nHnepManbHblH nepeHOC H npOH~IKHOl3eHHe no BOnOC!lHbIM 

eponnHKyJ1aM. TIpoHHKalOllJ,He yepe3 KO)l(y HaHOY3CTHUbf MoryT 06Hapy)KHBaTbC!l B 

nHMepe, nocT)'nan, B CHcTeMHyto UHpKyn!lUHto H B ,aanbHei'tweM HaKannHBaTbCll DO 

DHyTpeHHHX opraHax, BKllto'lall nerKHe, n04KH, cene3eHKY, cepnue, ronOBHOH M03r. 

80 MHorOM aHaJlOrH4HOe pacnpeneneH He OTMeyaeTCll npH HHraJlllWlOHHOM nYTH 

3Kcn03H UHH HaH04aCTHUa/lol\1. npH 3TOM B03MO)f(Ha I1X a6cop6UHll B aJlbBeOnax C 

llaJlbHeHUlHM npOHHKHOBeHHeM B KpOBOTOK. HMetoTcll llaHHble, 'ITO npH HHran!lUHH 

HaHOyaCTHU OHll MOryT npOHHKaTb B ronODHOH M03r HenOCpe,Il,CTBeHHO nyTeM 

pacnpOCT]JaHeHHR no XOllY 060HllTeJ1bHoro HepBa, MHHy!l CHcTeMHyto UHpKynllUHto 

[23J. liTO )f(e KacaeTCR nocTynneHHll H3HOyaCTHU B M03r H3 KpOBH, TO KpHTHYeCKH 

lla)l(HblM npellCTaBllileTCR HX cnoc06HOCTb npOHHKaTb Yepe3 reMaTO­

:mueepaJlHyeCKI1H 6apbep, KOTopall B HaCTOSlUlee BpeMSl HHTeHCHBHO HCCne,Il,yeTcll 

[23]. 

'Y nBnneTC" .D.JI!l)KenynOYHO-KHWe'lH'o IH~ TnaKT n n n BXO,Il,HbIMH BopOTaMH 

HaHOyaCTHU, B nepBylO OYepe,Il,b, rJpH llX npHeMe B COCTaBe nHllJ,H, H neKapCTBeHHblX 

cpenCTB. MecTOM a6COpOUI1H HaH04aCTHU llBnlleTCll TOHKall KHUlKa. 3neKT]J0~IHO­

MHKpOCKonWleCKHMH MeTOnaMI1 nOKa:JaHO, "ITO HaHOyaCTHUbI cnOC06HbJ 

npeonOneBaTb 3nl1TenHaJlbH blH 6apbep CJlH3HCTOH 060JIOYKI1 KHWKH no MexaHH3MY 

3H.nOUHT03a, nocT)'n3!l npH 3TOM B nHMepy. B03MO)l(HO, YTO KaKoe-TO KOnHyeCTBO 

Y3CTHU MO)l(eT llcaCbIBaTbCSl H3 npOCBeTa KHWKH H Henocpe.nCTBeHHO B KpOBb 

BOpOTtJOH BeHbI H .naJlee HaKannHBaTbC!l neyeHbto [ll]. 

BblBe.neHHe HaHOyaCTHU H3 opraHH3Ma, no COl3peMeHHblM npellCTaBneHHRM, 

B03MO)l(HO C KaJlOM, MOYOK, rpy.nHbIM MonOKOM, BblnbTxaeMblM B03.nYXOM H nOTOM. 

OTHOCHTenbHaR POilb Bcex 3THX nyreH B 06llJ,eM npouecce Knl1peHCa HaHOyaCTI1U 

llCCJle.nOBaHa nOKa He,Il,OCTaTOYHO [11,21-23]. 

TaKHM 06pa:JOM, oueHKa 6e30nacHocTH HaHoMaTepl1aJlOB .nOll)f(Ha BKJltoyaTb 

cJJe.nYlOu(l1e OCTIOBUble finoKH: 

- MeTO,Il,bl 06Hapy)f(eHHll, HneHTHepl1KauHH H KOill14eCTBeHHoro onpe.ueJleHHH 

HaHOMaTepl1aJlOB B 06beKTax oKpY)l(atollJ,eH Cpenbl, nHli.(eBblX npo.nyKTax H 
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eCKHX cpe1.\ax n03D0J11l10llJ,He OTJ1HLIHTb H3HoMaTepHaJlbl OT HX aHaJlOrOB B 
611011orIl4, , 

TpMlI1UHOI-1HOH, T.e. MaKpo,Ul1cnepCHOH- epopMe; 

_ H3yyeHHe B3al1MoneHcTBw!. HaHOMaTepHaJlOB C nHnH1l3Mlt, 6eJ1KaMI1, 

fnHK PHK, KJ1eT04HbJe MeM6paHbl, pH60cOMbl,
MHYK11eHHOBbIMI1 KHcnoTa 11 \M , 

epepMeHTbl, UllTOXPOMbl P-4S0) B CHCTeMax in vitro; 

B 
_ H3yyeHHe MexaHH3MOB npoHHKHoBeHHll HaHOMaTepHaJlO

6HoMeM6paHbl, CBll3bIBaHHR C MeM6paHHblMl1 peuenTopaMH B CHCTeMe in vitro; 

_ H3yye He H3MeHeHJ.i.Sl xapaKTepHcTHK HaHOyaCTHU B COCTaBe MonenbHblX
H


CHcreM, BOCOp0I13BOnRllJ,HX pa3nHYHble cpenh) opraHI13Ma ()I(eJlynOYHOe H KI1WeYHoe
 

CO,L\ep)l(HMoe, KpOBb, nl1M<!Ja, )f(enYb, MOya H T.n.);
 

_ onpe.neneHl1e napaMeTpOB oCT]Joii, nOlloCTpOH H XpoHH4ecKoH TOKCHYHOCTH,
 

renaToToKCHYHOCTb, l<apnHO ­
(HdipOTOKC H4HOCTb, opraHOTOKCHYHOCTH 

blX 
TOKCHYHOCTb, l1MMyHOTOKCHYHOCTb, He<!JpoTOKCI1YHOCTb 11 np.) 11 OT,L\aJleHfl 

3<!JepeKTOB (MyTareHHocTb, 3M6p110TOKCH4HOCTb, TepaToreHHocTb, 

KaHueporeHHocTb), a TaK)l(e pacnpeneneHHll HaHoMaTepHanoB no opraHaM H TKaHl'lM; 

_ onpe.ueneHHe napaMeTpoB 1 Ii n epa3bI MeTa60nH3Ma KceH06HoTHKOB H 

Cl1CTeMbI aHTI10KCBllaHTHoH 3allJ,l1Tb);
 

3KcnpeccHto
 reHOB, 
BJlIiRHl111 HaHOMaTepl1aJlOB 

Mera60nOMHbIH npoepHJlH, 
reHOTOKCHYHOCTh, 

nporeOMHhlHanOOT03, 

nOTeHUHaJlbHYIO annepreHHOCTb; 

_ H3yyeHHe B MO,L\ellilX in vitro BbDKl1BaeMOCTH Op06HoTH'lecKHx 

Ml1KpoopraHH3MoB HOpMaJlbHOH MHKpOepJlOphl )I(enynOYHO-KHIlIeYHoro TpaKTa B 

npHcyTcTBHH HaHOMaTepHaJlOB, npolleccoB BcaCbIBaHHH H3HoMaTepHaJlOB B 

)Keny.uOYHO-KHweYHOM TpaKTe Ha MO,Il,enRX in situ H in vivo H onpeneJleHl1e 13nHRHHH 

HaHoMaTepHaJlOB Ha MHKp06HolleH03 )f(enY,lI,OYflO-KHIlIeYHOrO TpaKT3. 

l1TaK nOJlHaR CHCTeMa OUeHKI1 pl1CKa HaHoMaTepHaJlOB BKJl104aeT 06Wl1pHblH, 
KOMnJleKC epH3HKO-XHMHyeCKHX, 6110XHMHLlecKHx, MoneKYMlpflo-6HOnOrH leCKHx, 

TOKCHKOnOrHyeCKHX TeCTOB H cneIlBaJlbHblX HccneAoB3HHI1, n03BonJlIOllJ,HX 

npOBeCTH BcecTopoHHtoto oueHKy HX B03neHcTBHll Ha 6Ho110rwlecKHe 06beKTbi. 

B03Hl1KaeT BonpoC, BO Bcex nH cnyyallX HMee-rCll He06xo,L\HMOCTb B npoBe.neHHB 
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"('!IKOrO WIlpOKOMaCWTa6HorO I1CCne./lOnaHIHI? ::na np06JleMa OC06eHHO aKTyanbHa B 

CBeTe TOrO, 'ITO HOMeHKnaTypa C03./laBaeMb1X HOBblX HaHOMaTepHaJlOB 11 npO)lyKTOB 

HaHOTeXHOnorHH B 0603pl1MOM 6Y)ly/J.leM 6YlleT np0)lOJDKaTb 6bJCTPO paCWHpllTbCli. 

COrnaCHO MeTO.uOnOnlH Ol(eHKI1 pl1CKa MO)KHO c<jJOp"ryJlHpOBaTb YCJIOBI1J1, B 

COOTBeTCTBHH: C KOTOPblMI1 TOT 111111 HOBblH M3Tepl1an MO)KeT 6blTb OTHeCeH K rpynne 

npOJlYKUHH c HH3KOH, CpellHeH ~InH BblCOKOH nOTeHl(}laJIbHOH OnaCHOCTb}Q (HI13KI1Ir, 

Cpe)lHI1H 111111 BblCOIG1H npl10pHTeT B HCClIe.uOBaHl1llX). B ClIY4ae OTHeCeHHll 

H3HOMaTepl1aJ1a K rpynne 06beKTOB C HH3KOfi nOTeHUl1aJ1bHOfi OnaCHOCTblO, OH 

oueHHBaeTCll no I1MelOlllHMCll nOKaJaTenllM .uJlll COCTaBnll}Q/J.lI1X ero KOMnOHeHTOB B 

rpa)lI1UI10HHOIr ¢opMe (MaKpO)lHCnepCH311 HJlH B BI1)le cnllOWHblX <jJaJ), a 

HCCne)lOBaHHH no cneUl1<jJl1"leCKoMy 6H01l0rH4eCKOMY )lei1cTBI1IO KOMnOHeHTOB B 

BI1)le HaHO'JaCTHU He Tpe6yeTCli. Cpe.uHI1H ypoBeJ-lb nOTeHUl1anbHOH OnaCHOCTH 

03Ha'laeT, 'ITO He06xo,l:\HMa 06WeTOKCHKOJlOrl1'1eCK311 oueHKa MaTepl1aJI3 H, npH 

He06xo.uHMOCTH, npOBelleHHe HeKOTopblX BH.uOB CneUHaJlbHbJX HCClIe)lOBaHI1H. 

HaKOHeu, npH BbICOKOM ypoBHe nOTeHUH3JlbHOH onaCHOCTI1 npOBO,llHTCll nOllHblH 

KOMnJleKC He06xo,llHMblX I1CClIe,llOBaHHH. 

AnropHTM OueHKI1 ypOBHll nOTel-lUHaJlbHOH onaCHOCTH OCHOBblBaerCll Hn 

¢YH./laMeHTaJIbHblX X3paKTepHCTHKax TeCTftpyeMoro MaTepHaJIa 11 npe.LICT3BlIlleT 

C060H CJleJlY}Qwee. 

I) flPOH3BO.LII1TCll 1111 HaHOMaTepl1aJI B 06beMe 601lbweM, 4eM 1 T B rOll, 

06paJy}QTCll 1111 a3P0301lft B xO.LIe np0I13BO)lCTBa; B03MO)KH3 m~ npRMali 3KCn0311l(l1ll 

MaTepl1aJlOM Ha nepCOHaJl np0I13BO.LICTBa, nOTpe6l1Tenei1 nponyKUWI1, HaCellel1HJ1? 

EClIH HeT (no BceM nyHKTaM) - :no HH3KlfH. ypoBeHb nOTCHI.\HaJlbHOH 

onaCHOCTH. 

ECJUt Aa (XOTR 6bl ITO onHoMy 113 nyHKTOB), TO nepeX01l K 2). 

2) PaCTBOpl1M 1111 MaTepl1aJl B Bone? 

ECJlH HeT - nepexon K 3). 

ECJ1H na - )TO HH3KHH ypoBellb nOTCHI.\HaJlhHOH onaCHOCTII. 

3) 5fBJlil.eTCll liB OTHOWel1l1e MaKCI1M3JlhHOro JIHHeHHoro pa3Mepa \IaCTHUhl K 

MHHI1MaJlbHOMY (acneKTHOe OTHOWeHl1e) 60JIbWHM, '1eM 1: 100? 
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ECJl!"l HeT - nepeXO)l K 5). 

EClIl1 )la - nepexo.u K 4).
 

4) flpeaocxoJJ,HT JlH MaKCHMaJlbHall pa:lMepHOCTb (.unHHa) \13CTI1U 5 MKH?
 

ECJlH HeT - 3TO CPC,llHlfH ypOBCll.b nOTelll.\HaJlbHOn onaCIl.OCTH.
 

ECJlH )la - nepexo,ll K 6). 

5) DpeBOCxOAltT J1l1 MI1HHMaJlbHall paJMepHocTb (J1I·laMeTp) l.JaCHIU 100 HM?
 

ECJlIt Her - nepexOll K 6).
 

ECJUl .lIa - )TO cpeLUIHH ypoBeHb nOTeHuHllJlbHOH onaCIIOCTIf.
 

6) I1MelOTcli fIH ,llaHHble 0 TOKCHl.JHOCTH, 6HOllOrHl.JeCKHX 3¢<jJeKTaX, 

cnoc06HOCTH Bbl3blBaTb OKI1cJ1HTeJlbHblH crpecc, reHeTl14eCKl1e, 3H)lOKpI1HHble 

HapyweHHlI, aJlJleprH3aUI11O y ,llaHHOro BH.ua HaHOMaTepl1aJ10a? 

EcnH HMe}QTClillaHHble 06 OTCyTCTBI1H Bcex yJ<a:laHHbIX J<jJ¢eKTOB - nepeXO)l K 

7). 
ECJlH I1MelOTCli .uaHHble 0 HaJlWIHI1 XOTll 6bl O,llHorO 3<jJc\:>eKTa HJfH Aal1Hble no 

BceM 3¢¢eKT3M OTCYTCTBylOT - JTO BbICOKH" ypoBellb nOTenUHaJlbHOH 

onaCHOCTlI. 

7) .I1MelOTclI lIH naHHble 0 B03MO)KHOCTH HaKOnneHl1l1 HaHoMaTeparra B cpe)le 

061naHHlI H opraHI13MaX )KI1BOTHblX 11 pacTeHHH HJ1H 0 BOOl:l<1()jKI10CTI1 nepeHoca Ha 

.uanbHHe paCCTOllHI1Jl. H (I1JlI1) nepena'll1 no nl1weBblM uenllM? 

ECJlIt I1MelOTCli naHHble 06 OTcyTCTBHH 3¢¢eKTa - JTO CpCnHIIH: ypOBeHb 

nOTCHllHaJlhllofi onaCIIOCTlf, 

ECJlH I1MelOTClI naHHble 0 HartH'IHI1 3¢q)eKT3 1111H naHHble OTcyTCTBy}QT - 3TO 

BhlCOICHH ypoBeHb nOTeHI.\HaJlbllOH onaCHOCTH. 

l1MeHHo TaKO}[ I1HTerpaJlbHblH nOAXO,ll n03BOJllleT OTBeTI1Tb Ha Bce Bonpoebl 

OTHOCHTeJ1bl10 6e30nacHocTI1 TorO I1nl1 HHoro BI1.ua HaHOMaTepl1aJlOB. BMeCTe C TeM, 

B03fv\0)KHO, "ITO nOBeneHHe C3MI1X HaHOM3TepHaJIOB MO)KeT pa3nl1'IaTbClI C I1X 

nOBeAeHHeM B COCTaae nponyKul1H (n3P¢IOMepHO-KOCMeTH'leCK3R nponyKuHlI, 

neKapCTBeHHble npenapaTbl, nl1weBble nponyKTbl, ynaKOBOYHble MaTepl1aJIbJ, 

cpe.uCTB3 3al.UHTbl paCTeHHH, ne3Cpe,L(CTB3 11 .up.) acne,nCTBlle npH06peTeHHll HOBbIX 

BoilcTB. fI03TOMy npH oueHKe 6e30naCBOCTl1 np0.lIYKUI1.H, CO)lep)Kal.Uei:l 
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rraHOMaTepl1aJ1bl, c.nenyeT CKOHl.\eHTpl1pOBaTb BI-lI1MaHl1e Ha npHopl-neTHblX opraHax 

"-111we 1-l51 X H O)l{HnaeMbiX 6HOJlOrWleCKI1X JqJQJeKTax B 3aBHCI1MOCTH OT nyT 

nocTynJleHH5I. Tal<, KO)l{a HMeeT rrpl1opHTeTHoe 3Ha4eHHe npH HcnOflb30BaHHI1 

napQJJOMepHo-KOCMeTI14eCI<OH H x03JdlcTseHHo-6bIToI30H. npOllYKl.\I1H; )!(eJlYil04}l0~ 

KHllJe4flbi it TpaJ.{T - S Cflyyae HaJlHYll51 HaHOMaTepH<illOB B nHll.\e, JleKapCTBeHHblx 

Cpe.D,CTBaX; nerKHe nOilBepraEOTCJl B03.D,eHCTBI1EO, B rrepBylO Oyepe.D,b, pa3J1I1'lHbIMH 

a3p030Jl5lMH B B031lyxe pa60'leH 30HbI H aTMocQJepHoM B03nyxe; KpOBb - npn 

napeHTepaJ1bflOM BBeneHI1H JleKapCTBeHHblX Cpe.D,CTB. Bo Bcex 3TI1X cJlyya5lx 

Heo6xonl1MO Y'lHTblBaTb cneUH¢H'leCKHe oco6eHHocTH nOBeneHH5I HaHOMaTepl1aJ10B 

B 3aBHCHMOCTH OT MaTpHUbl, a TaK)Ke Sep05lTHbre nYTH HX MO.D,HQJHKaUI1H Ii 

6HoTpaHcQJopMauHH B opraHH3Me. 

Oco6oro B!HIMaHH5I Tpe6yeT p33pa60TKa CHCTeMbl MepOnpH5ITHii no 

o6ecne'leHHIO 6e30nacHocTH HcnoJlb3yeMbix HaHoTexHoflorHH 11 CHI1)!(eHHIO 

He6Jla,OnpH5ITHbIX BJlH5IHHH HaHoMaTepHaJlOB Ha 3nopoBbe pa6oTHHKOB, 

HenOcpeJlCTBeHHO 3aHRTblX B HX npOH3BOJlCTBe, HJlH KOHTaKTHpYIOll.\HX C HHMH B 

np0l.\ecce npoH3BoAcTBa ApyroH nponyKUHH. 

JIHTepaTypa. 

I. AJIQJHMOB M.B.,. P33YMOB B.w. nOKJ1an pa60'leii rpynnbl <d1HJlycTpI1J1 

HaHOCI1CTeM H lIaHOMaTepl1aJ10B».- II POCCI1HCKl1e HaHOTeXHOJlOrHH.-2007.-T.2, NQ 1­

2.-C. 12-25 

2. Ap'laKOB A.H., HBaHoB IO.n., ITnellJaKOBa T.O. 11 Ap .. ATOMHO-CHJlOBR5I 

MHKpOCKOnH5I nJl51 MenHuHHCKOH .D,HarHOCTHKI111 <PH3HKOXI1MIiJi 

yflbTpa,UHcnepcHblx(HaHo-) cr1CTeM. MaTepHaJlbl VII BcepoccHHcKoH KOHQJepeHUHH.­

MocKBa.-2005- C. 233. 

3. Ap'laKoB A.I1. OrrTHKo-6HoceHcopHble 6HOYHDbl nJUI nHarHOCTHKli ,enaTHTOB 

B H CII <llH3HKOXI1MHR ynbTpallHcrrepCHblx (HaHo-) clicTeMl1 MaTepHaJlbI VII 

BcepoccHHcKoH 1<0HQJepeHUHH.- MocKBa.- 2005.- C 270. 

4. «0 Han30pe 3a nponyKUHeH, nOJlyyeHHOH C HCrrOJlb30BaHHeM HaHoTeX~lOnO<HH 

H conep)!(all.\eH HaHoMaTepHaJ1bl». nOCTllHOBJleHHe fJlaBHorO rocYJlapCTBeHHoro 

caHHTapllOro Bpa4a POCCHHCKOH <llenepaUHH N2 54 OT 23.07.2007 r. 

22 

5. «0 Ha.D,30pe 3a npoH3BoACTBOM J1 060pOTOM nponyKuHH) conep)l{[]ll.\eH 

HaHor..taTepl1aJlbl». I1HQJopMaulioHHoe nHCbMO PoCnOTpe6H3Jl30pa NQ 0100/4502-07­

02 OT 02.05.2007 r. 

6. OCHOBbl oueHKH pHcKa nJl51 3AOPOBb51 HaCeJleHH5I npH B03neHcTBHH 

XHMHl.JeCKHX BeJUeCTB, 3arp5l3H5IIOll.\HX oKpy)!(aIOJUYEO cpeAY· I OllHll.\el-!I(Q f.r., 

HOBIiKOB CM., PaXMaHHH IO.A. H np. - M.: HHH 3 l Iu roc, 2002. - 408 C. 

7. PYKOBOllCTBO no oueHKe pHcKa }J,JlJ:[ 3.D,OpOBb51 HaCeJleHHJI I1pH B03neHcTBHl1 

XIlMH4ecKHX Bell.\eCTB, 3arp5l3H5IIOWHX oKpy)!(aEOWYJO cpeny. P 2.l.1 0.1920-04. I 

PaxMaHHH IO.A., HOBliKOB CM., lliawHHa T.A. H np. - M.: <De.D,epaJlbHbIH ueHTp 

roccaH3nJi nHa1l30pa M HH3llpaBa POCCHH, 2004. - 142 C. 

8. 4e'leT1<HH B.P., TIpoKoneHKo )l.B., MaKapoB A.A., 3RCenaTeJleB A.C. 

DHOYHnbl )],JUl: MeJlHUHflCKOH nl1anlocTHKHl1 POCcHHcKHe HaHOTeXHOJlOrl:1H .-2006. -T. 

I,NQ 1 .-C.13-27 

9. Bonn P.l,. Kreyling W. Toxicological hazards of inhaled nanoparticles­

potential implications for drug deliveryll J Nanosci. Nanotechno1.- 2004.- VA, No 4.­

P.521-531. 

10. Borm PJ.A., Robbins D., Haubold S., et a1. The potential risks of 

nanomatenals: a review carried out for ECETOCII Particle and Fibre Toxicology.­

2006.- V.3, No. Il.-P. 1-35 

II. Cherukuri P., Gannon C.J., Leeuw T.K., et a1. Mammalian pharmacokinetics of 

carbon nanotubes using intrinsic near-infrared fluorescencell PNAS.- 2006.-V.l 03, 

No. 50.-P. 18882-18886. 

12. Ebbesen M, Jensen T.G. Nanomedicine: techniques, potentials, and ethical 

implicationsl/ Journal of Biomedicine and Biotechnology .- 2006 .-No1.- Article 

ID51516.-P.l-II 

13. Gurgueira S.A., Lawrence 1., Coull B.!I: Rapid increases in the steady-state 

concentration of reactive oxygen species in the lungs and heart after particulate air 

pollution inhalation'!l Environ Health Perspect- 2002.-V. 110, No 7.-P.749-755. 

14. Kreuter J. Nanoparticles and microparticles for drug and vaccine deliveryll 

J.Anat- 1996.-V.189, No 8.- P. 503-505 

23 



15. Maynard AD. Nanotechnology: The Next Big Thing, or Much Ado about 

Nothing?// Ann. Occup. Hyg.. - 2007.-V. 51, No. 1.- P. 1-12. 

16. Nemmar A., Hoylaerts M.F., Hoet P.H., et al.Ultrafine particles affect 

experimental thrombosis in ,In in vivo hamster model.// Am J.Respir. Crit. Care. 

Med.-2002.-V 166,N 10.-P.998-1004. 

17. Nemmar A., Vanbilloen H., Hoylaerts M.F., et al. Passage of intratracheally 

instilled ultrafine particles from the lung into the systemic circulation in 

hamster//Am.1. Respir. Crit. Care. Med.- 2001.-V. 164, N 12.-P. 1665-1668. 

18. Nurkiewicz T.R., Porter D.W., Barger M., et al.: Systemic microvascular 

dysfunction and int1ammatiOll after pulmonary particulate matter exposure/I. Environ. 

Health Perspect.- 2006.- V.l14, N05.-PAI2- 419 

19. Oberdorster G., Maynard A.. Donaldson K., et al. Principles for characterizing 

the potential human health effects from exposure to nanomaterials: elements of a 

screening strategy// Particle and Fibre Toxicology.- 2005.- V.2, No 1.- P.8A3 

20. Oberdorster G., Oberdorsler E., Oberdorster J. Nanotoxicology: an emerging 

discipline evolving from studies of ultrafme particles.!/ Environ. Health Perspect­

2005.-V.I13, No 8.-P.823-839. 

21. Oberdorster G., Sharp Z., Elder A.P., et al. Translocation of inhaled ultrafme 

particles to the brain.!/ InhaLToxicol.- 2004.-Y. 16, N04.- P. 437-445. 

22. Shvedova A.A., Kisin E.R., Mercer R., et al. Unusual inflammator y and 

fibrogenic pulmonary responses to single-walled carbon nanotubes in mice/I. Am. 

l.Physiol. Lung Cell. Mol. Physiol.- 2005.-V 289, N 5.-P.L698-L708. 

23. Warheit D.B., Reed K.. L, Webb T.R: Pulmonary toxicity studies in rats with 

triethoxyoctylsilane (OTES)-coated, pigment grade titanium dioxide particles: 

bridging studies to predict inhalation hazard /1. Exp. Lung Res.- 2003.-V. 29, N06.-P. 

593-606. 

24. Zhou Y.M., Zhong c.Y., Kennedy I.M., et al. Oxidative stress and NF kappa B 

activation in the lungs of rats: a synergistic interaction between soot and iron 

particles// Toxicol. Appl. Phannacol.- 2003.- V.f90, No 2.-P.157-169. 

25. Thomas K.,Aguar P.,Kawasaki H.,et al. Research strategies for safety 

24 

llation of Nanomaterials. Part VIlJ. International efforts to develop risk-based 
eva l 

" ty evaluations for nanomaterials./f-ToxicoI.Sci.-2006.-V.92, No 1.-P.23-32.
sale
 
26.. Thomas K.,Sayre P. Research strategies for safety evaluation of Nanomaterials.
 

part 1. Evaluation of human health applications of exposure to nanoscale materials//
 

ToxicoI.Sci.-2005.-V.87. No 2.-P.316-321.
 

27. Holsapple M.P.,Farland W.H., Landry T.D., et al. Research strategies for safety 

evaluation of Nanomaterials. Part 11.Toxicological and safety evaluation of 

nanomaterials, current challenges and data needs.!/ Toxicol.Sci.-2005.-V.88, Nol.­

P.12-17. 

28. Balshaw D.M.,Philbert M.,Suk W.A. Research strategies for safety evaluation 

of anomaterials. Part III. Nanoscale technologies for assessing risk and improving 

public health.!/ Toxicol.Sci.-2005.-V.88, No2.-P298-306 

29. Tsuji 1.S.,Maynard A.D.,Howard P.c., et a1. . Research strategies for safety 

evaluation of Nanomaterials. Part IY. Risk assessment of nanoparticles// Toxi­

col.Sci.-2006.-V.89, Nol.-PA2-50 

KJIIO'4EBhIE npOEJIEMhl HAHOTOKClIKOJIOnrn 

I1nblclll JI.A., ConoBbeB 8.10.
 

cprYTI rHU -I1HCTHTyT 6110¢1cI3HKH, r. MocKBa
 

B Hay'moe co06111ecTBo B nocnellHee lleCRTHJ1eTHe np0l..fHO BOllJnH HOBbIe 

nOH5ITl151 c l..faCTliueH HQHO-. B JlIuepaType cyw.eCTBylOT HecKonbKO Bapl1aHTOB 

onpelleneHI1R :noro nOllRTHR. Ho rnaBHoe - OHO KacaeTcH TexHonorHi1:, 

npoH3BOWllllHX npo.o.yKUHIO pa:JMepbl KOTOpOH. He 60nee J00 HaHOMeTpOB (1 HM = 

loA'= 10'9 M). 

TInalmpyeMoe 6ypHoe pa3BI1THe HaHOTexHonofHH B Halllei1: cTpaHe CTaBI1T 

cBoeH uemlO BbIH.TH Ha MHpOBOH pblHOK HaHonpollyKTOB 11 11311en1iH H3 HI1X YlKe B 

6J1l1JKaHllllle rOllbl. I1pI1HHTa nporpaMMa PaJBI1T:!1H HaHoTeXHoJl0rl1H B POCCI1H, 

1<0TOpa51 npellnonaraeT c0311aHl1e cneUHaJJH311pOBaHllblX UeHTpOB no 

HaHOTeXHOJlOrl1HM 11 yCKopeHHoMy BHellpeHHIO HaHOTeXHOJIOrl1l..feCK}{X npoli3BOllCTB 

B fJpal<Tl1'1.eCKYIO lleHTen bHOCTb. 
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