
I 
Te.MamulfeclCuii UOMep no MamepUl1JlaM nAeUYMa HaYlfuoeo C06ema no 3ICOJlOeUU lfeJI06eICa U eueueue 


oICPY3ICalOlU,eii cpeiJbl PAMH u Muu3iJpa6COUJJt136UmUR PoccuiicICoii C/JeiJepau,uu: 

"C06pe.MeUUble np06J1eMbl eueueUbi eopoiJa, MemoiJOJlOeUR u nymu peUleuUR" (npoooJl3ICeuue) 


IIpo6JIeMHaSl CTaTbSl 

'l:> KOJlJlEKTI1B ABTOPOB, 2007 

YllK 614.3 

r. r. OHUJ«eHlW, A. H. ApttalW6, B. B. EeccoHo6, E. r. EOIcumbKo, A. JI. rUHlJ.6ypz, H. B. r.MOUJUHCICUU, 
A. H. fpuzopbe6, H. rJ>. H3Mepo6, M. n. KupnUttHUlW6, E. C. HapOaUlI,ICUU4

, B. H. ilo/CP06CKUU, A. H. ilomano6, 
10. A. PaxMaHuH, B. A. TymeJIbHH, C. A. XOmUMtteHKo, K. B. IHaumaH, C. A. IHe6eJ1e6a 

METO,I1;HQECKHE nO,I1;XO,I1;bI K OUEHKE JiE30IIACHOCTH HAHOMATEPHAJIOB 

<l>ellepaJIbHaSl cJlY)l(6a no Ha.ll30PY B c4Jcpc 3aUH1Tbi npaB nOTpcol1TeJlcfr 11 OJlaronoJ1Y'lI1Sl '1CJlOBCKa, rY HI1I1 5110MClll1lJ,I1HCKofr XI1MI1I1 
11M. B. H, OpeXOBI1'1a PAMH, rY HI1I1 nl1TaHI1f1 PAMH, fY HI1I1 3nl1neMI10Jl0fl111 11 MI1KP00I10Jl0fJ111 11M. nO'leTHOrO aKa.lleMI1Ka 
H. <1>. faMaJIeH PAMH, focynapcTBeHHhlH HaY'lHhIH UeHTp P<I> I1HCTH1)'T MeJlHKO-6110J10fl1'1eCK\oIX npo6J1eM PAH, fY HI1I1 MCnl1UI1Hhl 
Tpyna PAMH, MfY 11M, M, B. J10MoHocOBa, <l>fYH UHHI1 3nl111CMI10Jl0rl1l1 PocnoTpe5Ha.ll30pa, <l>rYH <l>cllcpa;1hHhlH Hay"lHblH UCHTp 
rl1f11CHbl 11M. <1>. <1>. 3pl1CMaHa PocnoTpc6Ha.ll30pa, rY HI1I1 3KOllOrl111 '1eJlOBeKa 11 rl1f11eHhl OKp~alOweH cpellbl 11M, A. H. CblCI1Ha 
PAMH. MOCKBa 

B HaCTO$llliee BpeWl' BO BCeM MHpe BCe 60JTbIliee 

BHHMam1e YJIemleTC$I nepCneKTHBaM pa3BHTH$I HaHO

TeXHOJTOrHH, T. e. TeXHOJTOrHH HanpaBJTeHHOrO nOJTY

lIeHH$I H npHMeHeHHH BemeCTB H MaTepHaJTOB B JIHa

na30He pa3MepOB JIO 100 HM. MaTepHaJTbI, nOJTyqeH

Hble C HCnOJTb30BaHHeM HaHOTeXHOJIOrHH, MOryr HaH

TH H Y?Ke HaXOJIHT npHMeHeHHe B MHKp03JTeKTpOHHKe, 

3HepreTHKe, XHMHqeCKOH npOMblllIJTeHHOCTH, onTHKe, 

CTPOHTeJTbCTBe, XHMHqeCKOH npOMbIWJTeHHOCTH, Ha

yqHbIX HCC}IeJIOBaHH$lX, KOHTpOJTe H oxpaHe COCTOH

HHH OKpY?KaIOmeH CpeJIbl [1-3, 8,9,11,16,17]. YHH

KaJTbHbie CBOHCTBa HaHOMaTepHaJTOB H HX 6HOJTOrHqe

CKaH aKTHBHOCTb MOryr 6biTb HCnOJTb30BaHbi TalOKe 

Jl1TH anpeCHOH JIOCTaBKH JTeKapCTBeHHbiX npenapaTOB 

H BaKUHH, JIM 60Pb6bI C OHKOJTOmqeCKHMH, KapJIHO

JTOrHqeCKHMH H JIpynfMH 3a60JTeBaHHHMH, a TalOKe 

HHcpeKUH$lMH [3, 8, 10, 13, 16], JIJTH ueJTeH reHHOH H 

MOJTeKYJTHpHOH HH)I(eHepHH, YJTY'-lIlieHHH Ka'-leCTBa OK

PY?KaIOmeH CpeJIbI, B napCPIOMepHo-KOCMeTHqeCKOH H 

nHmeBoH npOMb[llIJTeHHOCTH H MHorHX HHbiX 06JTac

THX [17]. 06beMbI npOH3BOJICTBa H PbIHOK HaHOMaTe

PHaJTOB BO BceM MHpe B HaCTO$lmee BpeM$I crpeMH

TeJTbHO pacTyr. no np0rH03Y 06mHH 06beM npOJIa)l( 

npOJIyKUHH, nOJTyqeHHOH C HcnOJTb30BaHHeM HaHO

TeXHOJTOrHH, npeBbiCHT K 2015 r. 10 TpH JIO;lJTapOB 

CiliA [11]. npOH3BOJICTBO TO;lbKO OJIHOro TaKoro BH

JIa HaHoMaTepHaJTOB, KaK yrJTepOJIHbie HaHoTpy6KH, 

COCTaBJTHBWee B 2003 r. BO BceM MHpe TOJTbKO 3 T, MO

)!{eT JIOCTH% B 2008 r. 120 T (T. e. B03pacTeT B 40 pa3 

3a 5 neT). EblCTPO pa3BHBaeTCH npOH3BOJICTBO HeKO

TOpbIX BH)lOB HaHOMaTepHcUIOB H B POCCHHCKOH <Jle

JIepaUHH [1]. B XOJIe nonHoro UHKJTa HX 060poTa, 

BKJTIOqaIOmero npOH3BOJICTBO, npHMeHeHHe H yrHJTH

3auHIO, HaHoMaTepHaJTbI, JIa)!{e He npeJIHa3HaqeHHble 

HenOCpeJICTBeHHO Jl1TH Hcnonb30BaHHH B MeJIHUHHe, 

nHTaHHH H 6bITY, 6YJIYT C HeH36e)l(HOCTbIO nocTynaTb 

B cpeJIY 06HTaHHH H nonanaTb B opraHH3M qenOBeKa. 

BCneJICTBHe Bcero :=noro CTeneHb 3Kcn03HUHH tleJTO-

BeKa pa3J1H'-lHbIMH HaHOMaTepHaJTaMH B 6JTH)I(aHWee 

BpeM$I 6YJIeT HeH36e)l(HO yBeJTH'-lHBaTbC$I [II, 21, 23, 
27]. 

nOCKOJTbKy BemeCTBO B BH)le HaHO'-laCTHU H HaHO

MaTepHaJTOB 06naJIaeT CBoHcTBaMH, qaCTO panHKaJTbHO 

OTnH'-lHbIMH OT HX aHaJTOrOB B cpopMe MaKpOCKOnHqe

CKHX JIHCnepCHH HnH CTIlTOWHblX cpa3, HaHOMaTepHa

nb[ npeJICTa8J1HIOT C060H npHHUHnHaJTbHO HOBbIH 

cpaKTop, B03JIeHcTBYIOmHH Ha opraHH3M H cpeJIY ero 

06HTaHH$I. 3TO CTaBHT Ha nOBeCTKy JIHH pa3pa60TKy 

MeTOJIOB oueHKH pHCKa B03MO)l(HOrO HeraTHBHoro 

B03JIeHCTBHH HaHoMaTepHaJTOB Ha 3JIOpOBbe qe;10BeKa 

H opraHH3aUHIO KOHTpomI 3a HX 060POTOM [] 1, 21, 
23]. 3a py6e)l(oM np06neMa 6e30nacHocTH HaHOMaTe

PHaJTOB B HaCTOHmee BpeM$I WHPOKO HCCneJIyeTcH B 

CIIlA (Food and Drug Administration), EBpocoI03e, a 

TalOKe B pHJIe Me)l(JlYHapOJIHbIX opraHH3aUHH (B03, 

Me)l(JlYHapOJIHbIH HHCTHTyr HayK 0 )l(H3HH ILSI) [26]. 
B POCCHH He06xoJIHMOCTb pa3BepTbIBaHH$I pa60T no 

np06JTeMe oueHKH 6e30nacHocTH HaHOMaTepHaJTOB 

060cHoBblBaeTcH B nOCTaHOBneHHH fJTaBHOrO rocy

JIapCTBeHHoro caHHTapHoro Bpa'-la POCCHHCKOH <JleJIe

paUHH N2 54 OT 23.07.07 "0 Han30pe 3a npOJIYKUHeH, 

nonyqeHHOH C HCnOJTb30BaHHeM HaHoTexHonorHH H 

cOJIep)l(ameH HaHoMaTepHaJTbr" H HHcpopMauHoHHoM 

nHCbMe Pocnorpe6Han30pa "0 Ha)l30pe 3a npOH3BOJI

CTBOM H 060POTOM npOJIYKUHH, cOJIep)!{ameH HaHOMa

TepHaJTbr" [4, 5]. 
npOJIYKUHeH HaHOTeXHOJTOrHH, paccMaTpHBaeMoH 

KaK CHCTeMa ueJTeHanpaBJleHHoro MaHHnyJTHpOBaHHH 

BemeCTBOM Ha HaHOWKaJTe pa3MepoB [11], HBJTHIOTCH 

pa3JTH'-lHble MaTepHaJTbi H npenapaTbI, cOJIep)l(amHe 

HaHOqaCTHUbl. nOJI HaHOqaCTHuaMH B HaCTOHmee 

BpeMH 60JTbWHHCTBO aBTopoB nOHHMaIOT BbiCOKOJIHC

nepcHbie '-laCTHUbl pa3MepoM MeHee 100 HM XOTH 6bl 

B OJIHOM H3MepeHHH C 3anaHHoH CTPYKTYPOH H CBOH

CTBaMH. KrraCCl1(imKaUHH HaHO'IaCTHU MO)l(eT 6blTb 

nocrpoeHa, Bo-nepBbIx, Ha xapaKTepHcTHKe HX cpop

-3 

http:23.07.07
I_Gmoshinskiy
Pencil

I_Gmoshinskiy
Pencil

I_Gmoshinskiy
Pencil



Mbl. B 3TOM CJIyqae pa3JII1lJ.aIOT TOlJ.elJ.Hbie HaHOlJ.aCTI1

UbI (pa3MepOM MeHee 100 HM B JII060M 113MepeHI1I1), 

JII1HettHbie (npOT5DKeHHbIe) 06beKTbI, TaKHe KaK Ha

HOTPy6KI1 yrJIepOJl.a, HaHOBOo10KHa, HaHOHI1TH, HaHO

qll1JIaMeHTbI, 06JIanaIOLUI1e OJl.HHM npOT5DKeHHbIM 

MaKpOCKOm1lJ.eCKI1M 113MepeHI1eM (Jl.J1I1HOtt), Jl.BYMep

Hble 06beKTbI (nJIeHKI1 HaHOMeTpoBott TOJILUI1HbI) 11, 

HaKOHeu, TpeXMepHbie 06beKTbi C TOHKOtt (<ppaKTaJIb

HOtt) CTPYKTYPOH B HaHOMeTpOBOM Jl.l1ana30He (HaHO

neHbI, HaHOKOMn03l1TbI I1 T. n.) [11]. BTOPOH Tl1n 

KJIaCCI1<pI1KaUI1I1 OCHOBaH Ha XI1MI1lJ.eCKOM COCTaBe 11 

BKJII04aeT HaHO'IaCTI1UbI YfJIep0Jl.a (<pYJIJIepeHbI, Ha

HOTPy6KI1, rpa<peH), HaHOlJ.aCTI1UbI 3JIeMeHTapHbIX 

(npocTbIX) BeLUeCTB, 6l1HapHblx coeJl,I1HeHYIH (OKH

CJIOB, CYo1b<PHJl,OB, HHTPH)lOB 11 Jl,p.), CJIO)l(HbIX (Tpott

HbIX H 60JIee) XHMI1'leCKHX COe)lI-IHeHHH, HaH04aCTI1

UbI OpraHHlJ.eCKHX nOJII1MepOB H 6HOJ10rl1lJ.eCKHX MaK

pOMOJIeKYJI [11]. TpeTI1H THn KJIaCcH<pHKaUI1H OCHO

BaH Ha nYTH nOo1yqeHHH BeLUeCTB B HaHo<popMe. 3TO, 

Bo-nepBbIX, "HHCXOMLUHH" nyTb, T. e. nOJIyqcHHC Ha

HOlJ.aCUIU nYTeM CBepXTOHKoro nOMOJIa BeLUeCTB B 

<pOPMC CnJIOWHbIX <pa3 HJII1 MaKpOJl.HCncpCHH. BO-BTO

PbIX, 3TO "BOCXOJl,HLUHtt" nYTb, COCTOHLUHtt B MOJIeKY

J1HPHOtt KOH)l,eHCaUI1H HaHOlJ.aCTI1U H3 paCTBopOB HJII1 

113 ra30BOH <pa3bI, HaCblLUeHHOH napaMl1 BCLUeCTB nO)l 

B03Jl,eHCTBl1eM 3JIeKTpWlcCKOro pa3pHJl,a, ola3cpHoro 

H3JIYlJ.CHHH, BbICOKOTelvtncpaTYpHoti nJIa3MbI H )lP [11]. 
Pa3pa6aTblBaH nYTl1 11 nO)lXOJl,bl K oueHKe 6e30nac

HOCTH HaHOMaTCpl1<tJ10B, B ncpBYIO 04epeJl,b Heo6xo

)ll1MO paccMoTpeTb oc06eHHOCTl1 HX <p11311KO-XI1Ml1lJ.e

CKI1X cBOttcTB 11 6HOJI0fl1lJ.eCKOrO )lettcTBl15!, KOTopble 

OTJ1t1lJ.aIOT I1X OT aHaJIOrOB Toro )l(e Xl1M114CCKOfO co

CTaBa B Bl1Jl.e CnJIOWHbIX <pa3 MaKpoCKOnH'IeCKI1X Jl,l1C

nepCl1H. Do Jl.aHHbIM JIl1TepaTypbI, MO)l(HO BbI,UemfTb 

cJ1eJl,YIOLUl1~1 p5!Jl, <p113I1KO-Xl1MHlJ.eCKI1X OC06CHHocTett 

nOBeJl,eHl15! BeLUeCTB B HaHopa3MepHOM COCTOHHl1l1 

[11,21,27]. 
Bo-nepBblx, YBeJIl1'IeHl1e Xl1MI1lJ.eCKOfO nOTeHUl1a

J1a BemeCTB Ha Me)l(<pa3HoH rpaHl1ue BbICOKOH KPl1

Bl13Hbl. bOJIbWM KpHBl13Ha nOBepXHOCTI1 HaHOlJ.aCTI1U 

11 113MCHeHl1e TonOo10rHH CBH311 aTOMOB Ha nOBepXHO

CTl1 npl1BOJl,l1T K 113MeHeHl1IO I1X Xl1MI1lJ.eCKl1X nOTeH

Ul1aJIOB. BCJIeJl,CTBI1C 3TOro CYLUeCTBeHHO 113MeHHeTCH 

paCTBOpI1MOCTb, peaKU110HHaH 11 KaTaJIl1TI1lJ.eCKaH 

cnoco6HOCTb HaHOlJ.aCTI1U 11 I1X KOMnOHeHTOB. 

BO-BTOPbIX, 60JIbWaH YJl,eJIbHaH nOBepXHOCTb Ha

HOMaTepl1aJIOB. OlJ.eHb BblCOKaH yneJIbHaH nOBepx

HOCTb (B paClJ.eTe Ha enl1HI1UY MaCCbI) HaHOMaTepl1a

JIOB YBeJ111lJ.HBaeT l1X aLI.COp6UI10HHYIO CMKOCTb, XI1MI1

lJ.eCKYIO peaKuHOHHYIO cnoc06HOCTb 11 KaTaJ111TI1lJ.e

CKl1e CBoMCTBa. 3TO MO)l(eT npI1BOJl,I1Tb, B lJ.aCTHOCTl1, 

K YBeJII1lJ.eHI1IO np0Jl.YKUI1I1 CBo60Jl,HbIX panl1KaJIOB H 

aKTI1BHbIX <pOPM KI1CJIOp0Jl,a 11 Jl.aJIee K nOBpe)l()l,eHl1IO 

6110J10fl1lJ.eCKI1X CTpYKTYP (JIl1mlJl,bI, 6eJ1KI1, HYKJIel1

HOBbIe KI1CJIOTbI, B lJ.aCTHOCTI1 .1lHK). 

B-TpeTbI1X, He6oJIbWl1e pa3MepbI 11 pa3HOo6pa3l1e 

<pOPM HaHOI.JaCTI1U. HaHOlJ.aCTI1Ubl BCJIeJl,CTBl1e CBOI1X 

He6oflbWl1X pa3MepOB MOfYT CBH3bIBaTbCH C HYKJIel1

HOBblMI1 KI1CJIOTaMI1 (BbI3bIBaH, Hanpl1Mep, 06pa30Ba

Hl1e aLI.IlYKTOB .1lHK), 6eJIKaMI1, BCTpal1BaTbCH B MeM

6paHbI, npOHI1KaTb B KJIeTOlJ.Hble OpraHeJIJIbI 11 TeM ca

MbIM 113MeHHTb <PYHKUl1lf 6110CTpYKTYP. Dpl1 3TOM Ha-

HOI.JaCTI1Ubl MorYT He BbI3bIBaTb HMMYHHblM OTBeT 11 He 

3JII1MHHI1pOBaTbCH 3aLUI1THblMH CI1CTeMaMH OpraHl13

Ma. DpoueCCbl nepenoca HaHOI.JaCTHU B OKpY)I(aIOLUeti 

cpeJl,e C B03Jl.YlllHbIMI1 11 BOJl,HbIMH nOTOKaMH, I1X Ha

KOnJIeHHe B nOI.JBe, Jl,OHHbIX OTJIO)KeHHHX MOrYT TaK)l(e 

3Ha'Il1TeJIbHO OTJIl1lJ.aTbCH OT nOBeneHHH lJ.aCTI1U Be

llleCTB 60JIee KpynHoro pa3Mepa. 

B-'IeTBepTbIX, BbICOKaH aLI.COp6UHOHHRR aKTHB

HOCTb. 1'13-3a CBoeM BbiCOKopa3BHTOH nOBepXHOCTI1 

HaHOlJ.aCTI1UbI 06JIaLI.aIOT CBOMCTBaMI1 BbiCOK03<p<peK

Tl1BHbIX aLI.COp6eHTOB, T. e. cnoc06Hbi nomoruaTb Ha 

eJl,I1HI1UY CBoeH MaCCbI BO MHOro pa3 60J1bllle aucop

611PyeMblx BemeCTB, lJ.eM MaKpOCKOnl1I.JeCKl1e IUl.cnep

CI1I1. B03MO)l(Ha, B 'IaCTlIOCTH, anCOp6Ul1H Ha HaiiO"la

CTl1uaX pa3JII1lJ.HbIX KOHTaMI1HaHTOB H 06J1erlJ.emie HX 

TpaHcnopTa BHYTPb KJIeTKI1, 'ITO pe3KO YBeml. ' ll1BaeT 

TOKCH'IHOCTb nOCJIeJl,HI1X. MHOrl1e HaHOMaTepl1aJIbI 

0601aLI.aIOT rl1Jl,pO<po6HbIMI1 CBOMCTBaMH HJII1 HBJIHIOTCH 

3JIeKTpl1'IeCKI1 3ap}[)l(eHHbIMI1, 'ITO YCl1JII1BaeT KaK 

npoueCCbl aLI.cop6UI1I1 Ha Hl1X pa3JIl1'IHbIX TOKCI1KaH

TOB, TaK 11 l1X cnoco6HOCTb npOHHKaTb lJ.epe3 6apbepbl 

OpraH113Ma. 

B-nHTbIX, BbiCOKaH cnoco6HOCTb K aKKYMYJ1HUI-U1. 

B03MO)l(HO, 'ITO 113-3a MaJIOro pa3Mepa HaHO'laCTI1Ubi 

He pacn03HaIOTCH 3aLUl1THbIMl1 CI1CTeMaMI1 OpraHl13

Ma, He nOJl,BepraIOTCH 6HOTpaHC<popMaUHH 11 He BbI

BOJl.5ITCH 113 OpraH113Ma. 3TO BeJl,eT K HaKOnJIemlIO Ha

HOMaTepl1aJIOB B pacTHTeJ1bHb1X, )l(I1BOTHbiX OpraHl13

Max, a TaK)Ke MI1KpOOpraHH3Max, nepeJl,alJ.e no nl1111e

BOM uenl1, 'ITO TeM caMbiM YBeJ111I.JI1BaeT HX noclynJ1C

mle B opraH113M lJ.eJ10BeKa. 

TaKI1M 06pa30M, Bce 3TH <paKTOPbl CBI1Jl,eTeJ1bCTBY

lOT 0 TOM, lJ.TO HaHOMaTepl1aJIbi MOfYT 06JIa)l.aTb COBep

weHHO HHblMI1 <p113I1KO-XI1MH'IeCKI1MI1 CBot1cTBaMI1 H 

6110;10rl1'IeCKl1M (B TOM 'Il1CJ1e TOKC114eCKI1M) Jl,ettcT

Bl1eM, 'IeM BeLUeCTBa B 06blI.JHOM <pH3I1KO-XHM114e

CKOM COCTOHHI1I1, 11 n03TOMY OHI1 Jl,OJI)KHbI BO Bcex 

CJ1Y'IaHX 6bITb OTHeceHbI K HOBbIM BI1Jl,aM MaTepl1aJIOB 

11 npOJl.yKUl1l1, xapaKTepl1CTI1Ka rrOTeHUl1aJIbHOro PHC

Ka KOTOpbJX)l,JIH 3Jl,0POBbH 'IeJIOBeKa 11 COCTOHHI1H cpe

Jl,bI 06HTaHHH BO Bcex CJ1YlJ.aHX HBJ1HeTCH 06H3aTeJ1b

HOtt. 

Bce BblWe113J10)l(eHHOe rr03BOJIHeT 3aKJII04HTb, 4TO 

npH oueHKe 6e30naCHOCTI1 HaHOMaTepYla;10B B rrepBYIO 

OlJ.epeJl,b CJIeJl,YCT Y'II1TbIBaTb I1X B03Jl,eHCTBl1e Ha TaKl1e 

Ba)l(HeMllll1e 6110J10mI.JeCKl1e xapaKTepl1CTI1KI1, KaK 

rrpOHl1uaeMOCTb 6110MeM6paH, reHOTOKCH'IHOCTb, aK

TI1BHOCTb OKI1CJII1TeJIbHO-BOCCTaHOBI1TeJ1bHblX npo

ueCCOB, BKJlIO'IM nepeKI1CHOe OKI1C;leHl1e JIl1rrl1)l,OB, 

6110TpaH<popMaUI1H 11 3J1HMl1HaUI1H H3 OpraHl13Ma. 

C Jl,PyroM CTOPOHbI, CYLUeCTBYIOlllaH B HaCTOHLUee 

BpeMH MeTOJl,O;10fl1H OUCHKH pl1CKa OCHOBbIBaeTCH Ha 

nOJ1Hott TOKCI1KOJIOrl1'IecKoti oueHKe Ka)K)l,oro KOH

KpeTHoro BeLUeCTBa, orrpeJl.eJIeHI1I1 3aBI1CI1MOCTl1 Jl,03a 

- 3<p<peKT, Jl.aHHbIX 0 cOJl.cp)l(aHHI1 BelL(eCTBa B 06beK

Tax OKp)')KaIOLUeM CpeJl,bI 11 ITl1lL(eBbIX rrp0Jl.YKTax, pac

'IeTe HarpY3KM Ha HaCeJIeHl1e, 'fTO n03B0J1HeT paCC'IH

TaTb B03MO)l(Hble I1MeIOlllHeCH PI1CKI1 [6, 7]. OJl.HaKO 

Jl,JIH HaHOMaTepl1aJIOB B CBH3H C oc06eHHocTHMH HX 

CTpOeHl1H H rrOBeJl,eHI1H Jl,aHHaH MeTOllOJ10rHH MO)l(eT 

6bITb npl1MeHI1Ma orpaHl1'feHHO (11;111 HerrpHMeHHMa) 

j 
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B CB5I3l1 co CJIeJJ.YIOWl1Ml1 rrpl1'Il1HaMl1 [11,15,21,23, 
25]: 

TOKCl1'-IHOCTb HaHO'IaCTl1U He MO)f(eT 6bITb BbIBeJJ.e

Ha rro cpaBHeHl110 C aHaJIOraMl1 B MaKpOJJ.l1CrrepCHoH 

cjJopMe l1JIl1 B Bl1JJ.e CrrJIOWHbIX cjJa3, TaK KaK TOKCl1KO

JIO[l1'IeCKl1e CBOHCTBa HaHOMaTepl1aJIOB 5IBJI5IIOTCH pe

3YJIbTaTOM He TOJIbKO l1X Xl1Ml1'IeCKoro COCTaBa, HO l1 

pa3H006pa3l1H l1X JJ.pyrl1X oc06eHHOCTeH, TaKl1X KaK 

nOBepXHOCTHble xapaKTepl1CTl1Kl1, pa3Mep, cjJopMa, CO

CTaB, Xl1Ml1'IeCKa5I peaKTl1BHOCTb l1 JJ.p.; 

l1MeIOWl1eCH TOKCl1KOJIOrl1'IeCKl1e MeTOJJ.OJIOrl1l1 

OCHOBaHbI Ha onpeJJ.eJIeHI1I1 TOKCI1'IHOCTl1 BeweCTBa 

OTHOCI1TeJIbHO MaCCOBOH KOHueHTpaUI1l1, 'ITO He rrp"

eMJICMO JJ.JIH HaHOMaTepl1aJIOB, JJ.JI5I KOTOPblX OCHOB

HbIMl1 onpeJJ.eJIHIOWl1MI1 CBOHCTBaMl1 MOI)'T 6blTb Be

JIl1'Il1Ha rrJIOW3JJ.11 nOBepXHOCTI1 I1JII1 'Il1CJIO HaHO'Ia

CTI1U; 

OTCYTCTBYIOT CTaHJJ.apTI130B3HHble I1HJJ.I1KaTOpbl Ha

HOTOKCl1'IHOCTl1, KOTopble JJ.OJl)f(HbI 06H3aTeJIbHO Y'Il1

TbIBaTb BKJI3JJ. TaKl1X xapaKTepl1CTl1K, KaK nOBepXHOCT

Hble CBOHCTBa, pa3Mep, cjJopMa, COCTaB, XI1Ml1'IeCKa5I 

peaKTl1BHOCTb COCTaBJIHIOWl1X I1X 'IaCTl1U; 

OTCYTCTBYIOT H3JJ.e)f(HbIe JJ.aHHbIe 06 opraHaX-Ml1

WeH5IX JJ.eHCTBl1H KOHKpeTHbIX HaHOMaTepl1aJIOB; 

MeTOJJ.bl BbIHBJIeHl15I, l1JJ.eHTl1cjJI1KaUl1l1 11 KOJIl1'-IeCT

BeHHoro onpeJJ.eJIeHI15I HaHOMaTepl1aJIOB B 06beKTax 

oKp~alOweH cpeJJ.bI, nl1weBbIX rrp0JJ.YKTax 11 6l1ocpe

JJ.ax, KOTopble MOfJIl1 6bl JJ.OCTOBepHO OTJIl1'Il1Tb l1X OT 

Xl1MI1'IeCKl1X aHaJIOrOB B MaKpoJJ.l1CrrepCHoH cjJopMe, 

HeJJ.OCTaTO'IHO pa3pa60TaHhI; 

OTCYTCTBYIOT l1JIl1 HeJJ.OCTyrrHbI HOBbIe 6a3hl JJ.aHHhIX 

l1 MaTeMaTl1'IeCKl1e MOJJ.eJII1, Orrl1palOWl1eCH Ha JJ.OCTl1

)f(CHI15I 6110l1HcjJopMaTI1KI1 11 3KCrrep"MeHTaJIbHble 

JJ.aHHbIe no TOKCl1'IHOCTI1 OTJJ.eJIbHbIX HaHOMaTep"a

JiOB. 

HeCMOTp5I Ha TO 'ITO HaHOMaTepl1aJIbi I1CrrOJIb3YIOT

CH JJ.OCTaTO'IHO JJ.JIl1TeJIbHOe BpeM5I, HI1 OJJ.I1H Bl1JJ. Ha

HOMaTepl1aJIOB He 6bIJ1 113yqeH B rrOJIHOM 06beMe C 

TO'IKI1 3peHI15I 6e30rraCHOCTI1. HeMHOrO'Il1CJIeHHble 

I1CCJIeJJ.OBaHI15I ITO oueHKe 6e30rraCHOCTl1 HaHOMaTe

P"aJIOB He IT03BOJ15IIOT TO'IHO OLreHI1Tb I1X rrOTeHUI1

aJIbHble P"CKl1. 

OJJ.HI1M 113 OCHOBHblX BorrpOCOB HBJIHeTCH HaJIl1'H1e 

BblCOKO'IYBCTBI1TeJIbHbIX MeTOJJ.OB 06HapY)f(eHI15I, 

l1JJ.eHTl1cjJI1KaUl1li 11 KOJIl1l!eCTBeHHoro orrpeJJ.eJIeHI1H 

HaHOMaTepl1aJIOB B 06beKTaX OKPY)f(alOweH cpeJJ.bl, 

rrl1weBbIX rrp0JJ.YKTax 11 6110JI0[l1lleCKI1X cpeJJ.ax. flpl1 

3TOM JJ.OJI)f(Hbl I1CrrOJIb30BaTbC5I MeToJJ.bl OueHKI1, 06

JI3JJ.alOWl1e cITeUl1cjJl1'IHOCTbIO, rr03BOJI5IIOWeH, liTO 

O'IeHb Ba)f(HO, OTJII1'II1Tb HaHOMaTep"aJIbl OT I1X XI1MI1

'IeCKI1X aHaJIoroB B BI1JJ.e CrrJIOUIHbIX cjJa3 I1JII1 MaKpo

CKOrrl1'IeCKl1X JJ.I1CrrepCI1H. flepe'IeHb I1CrrOJIb3yeMblx 

MeTOJJ.OB rrpenCTaBJIeH B Ta6JIl1lle. 

XI1Ml1'IeCKI1H COCTaB HaHOMaTep"aJIOB MO)f(eT 6bITb 

onpeJJ.eJIeH C I1CrrOJIb30BaHl1eM MeTOJJ.OB 3JIeMeHTHoro 

aHaJIl13a, TpaJJ.I1UI10HHO npl1MeH5IeMbIX B TOKCI1KOJIO

rl1'IeCKI1X I1CCJIeJJ.OBaHI15IX. 113 HI1X aTOMHO-3MI1CCI1

OHHaH cneKrpOMeTp"5I C I1HJJ.YKTI1BHO CB5I3aHHOH 

rrJIa3MOH 5IBJI5IeTC5I Hal160JIee COBpeMeHHbIM, yHI1Bep

CaJIbHblM 11 BbICOKO 'IYBCTBI1TeJIbHbIM MeTOJJ.OM, rro

3BOJUIIOIlll1M npOBOJJ.I1Tb orrpeJJ.eJIeHl1e 60JIhUIOro 'II1C

JIa XI1MI1'IeCKI1X 3JIeMeHTOB B 06pa3ue. HeJJ.OCTaTKOM 

MeTOJJ.a 5IBJI5IeTCH O'IeHh BbICOKa5I CJIO)f(HOCTb 11 CTOI1

MOCTb rrpI1MeH5IeMOH arrrrapaTYpbl, KOTOpa5I MO)f(eT 

6blTb JJ.OCTyrrHa TO;1hKO Hal160JIee KpyrrHblM I1CCJIeJJ.o

BaTeJIbCKI1M ueHrpaM. B Ka'IeCTBe PYT"HHhIX MeTOJJ.OB 

aHaJIl13a, 06JI3JJ.aIOWI1X JJ.OCTaTO'IHOH 'IYBCTBI1TeJIbHO

CTblO JJ.JIH orrpeJJ.eJIeHI15I XI1MI1'IeCKOrO COCTaBa OTJJ.eJIb

HblX HaHOMaTep"aJIOB 11 I1X OTJJ.eJlhHbIX cjJpaKUI1H, MO

ryT 6blTb I1CrrOJIb30BaHbI aTOMHo-a6cop6ul10HHaH 

MCTO,llhl, npHMCHJlCMLIC )lJUI xapaKTcpHcTHKH l\lH3HKo-XHMH'fCCKIiX cBoiicTB HaHoMaTCpHaJlOB 

rrOKa3aTeJlb PCKoMeHllyeMh!fi MeTOIl onpelle,leHH5! 

XI1MI1'1CCKHH COCTaB '1aCTI1U HJlHOMJlTCPI13;lJl 

<P1l30Bb1H cocnlB 'IaCTI1U HJlHOMJlTCpmlJla 

PIlCnpC.llCJlCHHC 'IaCTI1U HaHoMaTcpmwoB no pa3MCpJlM 

<PopMa HaHO'laCTI1U 

OnpC.llCJlCHI1C Y.llCJ1hHOH nOBcpxHOCTIf 

OucHKa B3alfMO.llcikTBWI C 6If0J10rlf'leCKIf~11 MaKpoMo
JlCKYJlaMIf (HYK!lCI1HOBhIMI1 KI1CJlOTaMIf, 6cJ1KaMIf, Jllf
nlf.llllMIf 1161fo;10r1f'IeCKIfM MCM6paHaMIf), B03MO)!(HOCTh 
npoHIfKHOBCHIfS! '1CPC3 6lfoJlOrlf'JecKI1c 6aphcphI 

ATO~HO-3~IfCCI10HHruI cncKTpoMCTPlfli C IfH.llYKTIfBHO CB1I3JlHHoit nJla3Moit 

AToMHo-a6cop6UHoHHali CllCKTPO<pOTOMCTPIf$l 

i1HBcpclfoHHaH BOJlhTJlMnCpOMcTPIfH 

MJlcc-CnCKTpOMCTPIfH BhICOKoro pa3pcwcHHH C Jla3CpHOH 110Hlf3JlUI1CH If .llccop6
11l1CH Ha MaTpl1UC (MALDI) 

PCHTreHo3MHcclfoHHaH CnCKTpOMCTPH$l 

PCHTreHoBcKrui <pOT03JlCKTpOHHaH CllCKTpocKonlfS! (ESCA) 

raMMa-pc30HaHcHIlH Mecc6aY3pOBCKa$l CnCKTpOMCTPHH 

CllCKTpOCKOnl1H 3J1CKTpOHHOro n3pa~!arHI1THOrO PC30H3HC3 

ClleKTpocKOlll1H S!.llepHOrO M3rHifTHOrO pe30HaHca 

Jla3epml1l KOPPCJ1HUIfOHH3$l cneKTpoMcTPIfH 

CKaHIfPYlOlwm TYHHCJ1hH3$l MIfKpocKonHH 

ATOMHO-CI1JlOBJlH MI1KpOCKOnlfH 

npOCBe'lI1SalOlilrui 11 cKaHIfPYlOwaH pacTPoB<lH 3JlCKTPOHH3H ~IfKpOCKOnI1H. 

MCTO.ll "BET" (1f30TepMhl ll.llcop6ul1l1 I1HCPTHhlX ra30B) If rCJlIfCS<lS! nl1KHOMCTPlf$l 

ATOMHO-CI1JlOBIlH MI1KpOCKOnlfH 

CK3HHPYIOwaH If npOCSC'IIfBaI01ll3S! 3JleKTpOHHaH MI1KpOCKOnlfH 

CBCTOOnTIf'lCCK3H cpmoopccueHTHaH MIfKpOCKOnl1$l 

CBCTOOnTlf'lCCKaH KOH<poK3.lJhHali MHKpOCKonlfH 

CncKTpoMCTPHH .llcnOJlHpl133UI1I1 cpJlloOpeCucHUlf1f 

CnCKTpOMCTPlfli KPyroBoro .lllfXpOlf3Ma 

CllCKTpo<pmoopIfMCTPI1H 

51MP- 11 3np-cncKTpOMCTPI1H 

Macc-CnCKTpOMcTPIfH 

MCTO.ll pll.llIfOaKTI1BHbIX 1fH.llI1KaTOpOB 

AHa.lI1TI1'ICCKOe YJlbTPaueHTPI1<PympoBaHI1C 

)i(H.llKOCTHaS! xpoMaTorpa<pIfH BhlCOKoro pa3pcrucHlf1i 
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crreKTpO¢>OTOMerpHH H HHBepCHOHHaH BOJIbTaMrrepO

MerpHH. 

llOMHMO 06LUero XHMH'IecKoro COCTaBa rrpH xa

paKTepHCTHKe HaHOMaTepHaJIOB 1l0JI)I(eH 6bITb orrpe

lleJIeH HX ¢>a30Bbln COCTaB, T. e. paCnpe,lleJIeHHe KOM

nOHeHTOB (¢>a3) Me)l(JlY pa3JIH'IHbIMH Y'IaCTKaMH H 

CJIOHMH HaHO'IaCTHU. y!3yqeHHe TaKOrO paCrrpe,lleJIe

HI1H n03BOJIHeT orrpe,lleJIHTb reTepOreHHOCTb CTPYKTY

PbI BXO,llHLUHX B TecTHPyeMbIn MaTepHaJI 'laCTHU, 'ITO 

OC06eHHO Ba)l(HO npH H3Y'leHHH HCKYCCTBeHHO CKOH

CTPYHpOBaHHbIX HaHO'laCTHU. vb 'lHCJIa MeTOllOB, 06

JIMaIOlUHX HaH60JIee BbICOKOn 'lYBcTBHTeJIbHOCTblO H 

pa3pewalOlUen cnoc06HoCTbIO, llJI}! peWeHH}! nOCTaB

JIeHHOn 3aJIa'lH CJIellyeT YKa3aTb Ha MeTOllbI Macc

cneKTpoMerpHH C JIa3epHOn HOHH3aUI1en H llecop6UH

en Ha MaTpHue (MALDI), peHTreH03MHcCHOHHOn 

crreKrpoMerpHH H peHTreHoBCKOn ¢>oT03JIeKTpOHHOn 

crreKrpocKonHH (ESCA). ECJIH nepBbIn H3 3TWX MeTO

,llOB Hal160JIee YHHBepCaJIeH H npHMeHHM K xapaKTe

pHcTHKe ¢>a30Boro COCTaBa npaKTH'leCKH JII06bIX 'lac

mu, TO rrOCJIe,llHHe llBa MeTO,lla HaH60JIee 3¢>¢>eKTI1B

HbI rrpl1 aHaJII13e COCTaBa ¢>a3, COllep)l(aLUI1X aTOMbI T}!

)l(eJIbIX 3JIeMeHTOB. llOMHMO :noro raMMa-pe30HaHC

HaH Mecc6aY3pOBCKaH cneKTpOCKOrrH}! MO)l(eT HC

nOJIb30BaTbC}! npH onpelleJIeHHH XHMH'leCKOrO OKPY

)l(eHHH HeKOTopbIX aTOMOB, HMeIOlUHX 5I)],epHbIe rrOJIO

CbI nornOLUeHHH llJIH raMMa-JIyqen, Hanpl1Mep aTOMOB 

)l(eJIe3a. CneKTpOCKonHH 5I)],epHoro MarHHTHoro pe30

HaHca (SIMP) MO)l(eT 6bITb HCrrOJIb30BaHa ,ll.H}! H3yqe

HH}! ¢>OPMbl XHMH'leCKOn CBH3H aTOMOB BO,ll0p0,lla, 

H30Tona BC 11 HeKOTopbIX ,llPYrHX 3JIeMeHTOB, BXO,ll}!

lUHX B COCTaB HaHO'laCTHU. CneKTpOCKOnH}! 3JIeK

rpOHHoro napaMarHHTHoro pe30HaHca (3llP) rr03BO

JI}!er oueHHTb HaJIH'lHe B COCTaBe TecTHpyeMblX HaHO

MaTepl1aJIOB rrapaMarHHTHbIX 'lacnu~ C HecnapeHHbl

MH 3JIeKTpOHaMH (cB060,llHblX PaJIHKaJIOB) H npoaHa

JIH3HpOBaTb oc06eHHOCTH HX XHMH'leCKOrO OKPY)I(e

HH5I. Bce nepe'IHCJIeHHble MeTO,llbI llJI}! peaJIH3aUHH 

rpe6YIOT CJIO)l(HOrO almapaTHoro o¢>opMJIeHHH. 

CJIellYIOlUen Ba)l(HOn xapaKTepHCTHKOH HBJI}!eTC}! 

pacnpe,lleJIeHHe 'laCTHU no pa3MepaM. OHO MO)l(eT 

6blTb npOaHaJIH3HpOBaHO C HCnOJIb30BaHHeM MeTO,lla 

JIa3epHOH KOppeJI}!UHOHHOH cneKrpOMerpHl·L llPHH

UHn MeTOlla OCHOBaH Ha HCnOJIb30BaHHH 3¢>¢>eKTa He

lIHHenHOro (KOM6HHaUHOHHoro) paCCe5IHH5I JIa3epHO

ro H3JIyqeHH5I Ha YJIbrpaBbICOKO,llHCnepCHbIX 'laCTH

uax, paCrrpelleJIeHHblX B 06'beMe OnTH'leCKH np03pa'l

HOH Cpe,llbI (BO,llbI HJIH OpraHH'leCKOrO paCTBOpHTeJI5I). 

C nOMOLUblO ,llaHHOrO MeTO,lla MO)l(HO C BbICOKOH cne

UH¢>H'lHOCrblO nO,llrBep,llHTb, 'ITO TecTHPyeMblH MaTe

pHaJI COllep)l(HT 'laCTHUbI, HaXO,ll}!lUHeC5I B llHana30He 

JIHHenHbIX palMepOB or 1 110 100 HM, T. e. HaHO'la

CTHUbl. 

MeTOllaMH oueHKH ¢>OPMbI HaHO'laCTHU }!BJI}!IOTC5I 

3JIeKTpOHHaH MHKpOCKOnH5I (KaK npOCBe'lHBaIOWaH, 

raK H CKaHHPYIOLUa5I), CKaHHpYIOLUa5I ryHHeJIbHa5I H 

aTOMHO-CHJIOBaH MHKpOCKOnH5I. 3JIeKrpOHHO-MHKPO

CKOnH'leCKOe HCCJIellOBaHHe n03BOJI5Ier HerrocpellCT

BeHHO Ha6JIIO,llaTb 'laCTHUbI OnpelleJIeHHOn ¢>OPMbI, 

HaXO,!l}!LUHeC}! B COCTaBe 06pa3UOB (Ha YJIbrpaTOHKHX 

cpe3ax) HJIH Mcop6HpOBaHHble Ha pa3JIH'lHbIX no

BepXHOCT5IX. He,llOCraTKOM MerOlla 5IBJI5IeTC5I CJIO)l(
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HOCTb ero annapaTHoro o¢>opMJIeHHH H OT'laCTH He

1l0CTaTO'lHaH pa3pewalOlUaH crroc06HOCTb. llOMHMO 

3Toro, 3JIeKTpOHHa5I MHKpOCKonHH rpY,llHO npHMeHH

Ma K 06'beKTaM, COllep)l(alUHM lIerKHe arOMbl (TaKHM, 

KaK 6HOJIOrH'leCKHe 06'beKTbI), 6e3 HX .110rrOJIHHTeJIb

Horo KOHTpaCTHpOBaHH5I TH)I(eJIbIMH 3JIeMeHTaMH (KaK 

npaBHJIO, COe,llHHeHH}!MH OCMH}!), 'ITO MO)KeT nOBJIH

HTb Ha CTPYKTYPY aHaJIH3HPyeMbix nperrapaTOB H 

}!BHTbCH nOTeHUHaJIbHbIM HCTO'lHHKOM apre¢>aKTOB. B 

OTJIH'lHe OT 3Toro CKaHHpYIOLUa}! TYHHeJIbHM MHKpO

CKonHH (CTM) n03BOJIHeT HCCJIe,llOBaTb CTPYKTYPY Ha

HO'laCTHU, HaHeceHHbIX Ha nOBepXHOCTH pa3JIH'lHbIX 

THrrOB, HerrOCpe,llCTBeHHO C pa3pewalOLUen crroc06HO

CTblO MeHee 1 HM, T. e. 6JIH3KO K llHarra30HY MOJIeKY

JI}!PHbIX H aTOMHbIX pa3MepOB. llpHHUHn CTM COCTO

HT B CKaHHpOBaHHH nOBepXHOCTH 06pa3ua TOKonpo

BO,ll5IlUHM ocrpHeM, Ha KOTopoe nOllaH 3JIeKTpH'le

CKHn rrOTeHUHaJI. B03HHKaIOLUHn npH 3TOM rYHHeJIb

Hbln rOK 3JIeKrpOHOB ¢>HKcHPyeTC5I 'lYBcTBHTeJIbHOH 

3JIeKTpOHHOn cxeMOn. BeJIH'lHHa rYHHeJIbHOrO TOKa 

3aBHCHT OT paCCT05IHH5I OT OCTPH5I .110 06pa3ua, T. e. 

¢>aKTH'leCKH OT ero peJIbe¢>a B HaHOllHana30He pa3Me

pOB. ArrrrapaTypHoe o¢>opMJIeHl1e CTM 5IBJI5IeTC5I ,llOC

TaTO'lHO rrpOCTbIM H KOMrraKTHbIM, 'lTO ,lleJIaeT 3TOT 

MeTO,ll nOTeHUHaJIbHO O'leHb WHPOKO rrpHMeHHMbIM. 

Ero OrpaHH'leHH5I CB}!3aHbI rnaBHblM 06palOM C He06

XO,llHMOCTbIO CKaHHpOBaHH5I HMeHHO MeTaJIJIH'IeCKHX 

HJIH rrOJIynpoBollHHKOBblX nOBepXHOCTeH, 06JIaJIalO

LUHX 3JIeKrpOHHOH H (HJIH) llblPO'lHOH rrpOBO,llHMO

CTblO. llpHMeHeHHe )l(e CTM ,U;1}! CKaHHpOBaHH5I llH

3JIeKrpl1'leCKHX rrOBepXHOCTeH Bcrpe'laeT 3Ha'IHTeJIb

Hble MeTO,llH'leCKHe rpYllHOCTH. 

3Toro He,llOCTarKa JIHWeH MeTOll aTOMHO-CI1JIOBOH 

MHKpOCKonHH (ACM), rrpH KOTOPOM B XOlle CKaHHpo

BaHH}! rrOBepXHOCTH ocrpHeM perHcrpHPyeTC5I He TOK, 

a CHJIa npHT5I)I(eHH5I OCTpH5I K HepOBHOCT5IM nOBepx

HOCTH, onpelleJI}!eMaH Me)l(MOJIeKYJIHpHbIMH B3aHMO

,lleHCTBHHMH BaH-llep-BaaJIbca. ACM npHMeHHMa 

rrpH xapaKTepHcTHKe JII06bIX BH,llOB HaHoMaTepHaJIOB, 

B TOM 'lHCJIe llH3JIeKTpHKOB, OllHaKO ee pa3pellialOLUaH 

cnoc06HOCTb no cpaBHeHHIO C CTM CYlUecTBeHHO 

MeHbllle. B HaCTO}!LUee BpeM5I npe,llnpHHHMaIOTCH no

nbITKH c03llaTb YHI1BepCaJIbHbie npH60pbI, cnoc06Hble 

pa60Tarb KaK Ha npHHUHne CTM, TaK H ACM. 

KpHTH'leCKH Ba)l(HOH xapaKTepHCTHKOH HaHOMaTe

PHaJIOB, OTJIH'IaIOLUeH HX OT BeLUeCTB TPaJIHUHOHHOH 

,llHCnepCHoCTH, 5IBJIHeTCH HaJIH'IHe O'leHb BbICOKOH 

Y,lleJIbHOH Me)l(¢>a3HOH nOBepxHOCTH. llPH ee KOJIM'le

CTBeHHoH oueHKe Mory! npHMeHHTbCH MeTO,llbI reJIMe

BOH nHKHoMerpHH H "BET". llocJIellHI1H nO,llXOI{ co

CTOHT B nocrpoeHHM H30TepMbI aJICOp6UHI1 HeKOTO

pbIX HHepTHbIX ra30B (reJIHn, HeoH) Ha BbIcoKopa3BH

TOM nOBepxHocTH 'laCTHU B COCTaBe TeCTl1pyeMblx Ha

HOMaTepMaJlOB. qYBcTBHTeJIbHOCTb 11 cneUl1qm'lHOCTb 

paccMarpHBaeMblx MeTO,llOB aJIeKBaTHa 3an:a'le 113yqe

HH5I nOBepxHocTHbIX CBOHCTB BeLUeCTBa B BM,Ite HaHO

'laCTHU. 

3aKJIIO'lHTeJIbHbIM 3TanOM ¢>H3I1KO-XI1Ml1tIeCKOM 

xapaKTepHcTHKH HaHoMaTepmuIOB, HenocpeI{CrBeHHo 

npellwecTByroLUHM HX 6HOJIOfM'leCKoMY reCTl1pOBa

HHIO, HBJIHeTCH oueHKa HX B3aHMolleHCTBI1H C 6HOJIO

rH'leCKHMH MaKpOMOJIeKYJIaMI1 (HYKJIel1HOBble KHCJIO
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TbI, 6eJIKl1, JIl1nl1llbI 11 6I10JIOrWleCKl1e MeM6paHbI) 11 

B03MO)f(HOCTI1 npOHI1KHOBeHI151 'Iepe3 6I1oJIOm'IeCKI1e 

6apbepbl. HenOCpellCTBeHHO CB5I3bIBaHl1e HaHO'IaCTl1U 

C 6110JIOm'IeCKl1Ml1 MaKpOMOJIeK)'JIaMl1, a)),cop611po

BaHHblMl1 Ha pa3JIl1'IHbIX nOBepXHOCT5IX, MO)f(HO Ha

6mOllaTb C nOMOlUblO BbIWeYKa3aHHbIX MeT01l0B 3JIeK

TPOHHOH Ml1KpOCKOnI1l1, CTM 11 ACM. CJIellyeT, 01l

HaKO, Y'IHTbIBaTb MOlleJIbHbIH XapaKTep TaKl1X I1CCJIe

1l0BaHl1H 11 C OCTOPO)f(HOCTblO 3KCTpanOJIl1pOBaTb no

JIYLJaeMbie pe3YJIbTaTbI Ha CJIYtJaH B3al1MOlleHCTBl151 Ha

HO'IaCTl1U C 6110JIOm'IeCKHMl1 06beKTaMl1. KocBeH

HbIe, HO 60JIee Ha)),e)f(HbIe nOllXOllbI CB5I3aHbI C perl1

CTpaUl1eH I13MeHeHHH B CTpYKType 6110JIOm'IeCKl1X 

MaKpOMOJIeKYJI, npol1CX01l5llUI1X nOll B031leHCTBl1eM 

HaHO'IaCTl1U. B3al1MOlleHCTBY5I C 6eJIKaMl1, OHI1 MorYT 

113MeH5ITb l1X KOH<popMaUI1IO (TpeTl1'IHYIO CTPYKTYPY), 

'ITO MO)f(eT 6bITb 3apemCTpI1pOBaHO C l1CnOJIb30BaHl1

eM MeT01l0B 1ll1cnepCI111 OnTI1'IeCKOrO BpalUeHI151, 

cneKTpOCKOnl1I1 KpyroBoro 1lI1Xp0I13Ma, 1l11<p<pepeHUl1

aJIbHOH CKaHI1PYlOlUeH KaJIOpI1MeTpI1I1, cneKTpo<pJIYO

pl1MeTpl1l1. ITPl1 BCTpal1BaHl1I1 HaHO'IaCTI1U B 6110MeM

6paHbI MO)f(eT npeTepneBaTb I13MeHeHI1e nOKa3aTeJIb 

nOllBl1)f(HOCTl1 JII1nl11lHoro 6I1CJI05l, 'ITO MO)f(eT 6bITb 

3a<pl1KCl1pOBaHO C I1CnOJIb30BaHI1eM 3<p<peKTa llenOJI5I

PI13aUl1l1 <pJIIOOpeCueHUI1I1 BCTpaI1BaeMbIX B MeM6pa

HbI <pJIlOopecueHTHbIX 30HllOB. HaKOHeu, C l1CnOJIb30

BaHI1eM MeT01l0B aHaJIl1TI1'IeCKOrO UeHTpI1<PympoBa

HI151, pa)),110aKTI1BHbIX I1Hlll1KaTOpOB, BbICOK03<p<peK

TI1BHOH )f(l1llKOCTHOH xpOMaTorpa<pI1I1 MO)f(HO onpelle

JI5ITb B3aI1MOlleHCTBI1e HaHO'IaCTl1U C WI1POKI1M KPY

rOM 6I10JIOm'IeCKI1X MOJIeKYJI 11 CTpYKTYP, B TOM 'II1CJIe 

C HYKJIel1HOBbIMI1 KI1CJIOTaMI1, HYKJIeOnpOTeI1HaMI1, 

MeM6paHaMl1. 113MeHeHI1e COCTaBa 11 CTPYKTYPbI Ha

HO'IaCTl1U B pe3YJIbTaTe B3aI1MOlleHCTBI151 C 6I1oJIorI1

'IeCKI1M 06beKTaMI1 B CBOIO O'lepellb MO)f(eT 6bITb oxa

paKTepI130BaHO C nOMOlUblO Macc-cneKTpOMeTpI1I1, 

51MP- 11 3IIP-cneKTpOCKonI1I1. 

TaKl1M 06pa30M, I1CnOJIb30BaHI1e 'IaCTI1 BbIwene

pe'II1CJIeHHbIX MeT01l0B n03BOJI5leT I13Y'II1Tb 3aKOHO

MepHOCTl1 B3aI1MOlleHCTBI15I HaHO'IaCTI1U C 6I1oJIom'Ie

CKl1Ml1 06beKTaMl1 B 1lI1ana30He OT MOJIeK)'JIbI 110 KJIeT

Kl1 11 Te I13MeHeHI151 CBOHCTB HaHOMaTepI1aJIOB, KOTO

pbIMI1 3TO B3aI1MOlleHCTBI1e MO)f(eT COnpOBO)l(JlaTbC5I. 

)],Pyra51 rpynna MeT01l0B n03BOJI5IeT oxapaKTepI130BaTb 

HapyweHI15I B cTpYKTYPe c06CTBeHHO 6I10JIOm'IeCKI1X 

MaKpOMOJIeKYJI, Ha)),MOJIeKYJI5IpHbIX KOMnJIeKCOB, MeM

6paH 11 KJIeTO'IHbIX OpraHeJIJI, KOTopbIe MorYT B03HI1

KaTb nOll BJIl151HI1eM HaHOMaTepI1aJIOB. TeM caMbIM pe

3YJIbTaTbI, nOJIY'IeHHbIe C nOMOlUblO BbIweYKa3aHHbIX 

nOllX01l0B, 51BJI5IIOTC5I B3aI1MHO 1l0nOJIH5IlOlUI1MI1, 11 ne

pe'II1CJIeHHbIe MeTOllbI CJIellyeT I1CnOJIb30BaTb B KOM

nJIeKCe npl1 aHaJII13e nOTeHUI1aJIbHbIX onaCHOCTeH, 

CB5I3aHHbIX C 6I10JIOrI1'IeCKI1MI1 3<p<peKTaMI1 HaHOMa

TepI1aJIOB. 

BTOPbIM onpelleJI5IlOlUI1M MOMeHTOM B oueHKe pI1C

Ka 51BJI5IeTC5I YCTaHOBJIeHI1e B03MO)f(HOH TOKCI1'IHOCTI1 

HaHOMaTepI1aJIOB. I1MelOlUI1eC5I B HaCT05llUee BpeM5I 

He3Ha'II1TeJIbHOe KOJII1'IeCTBO I1CCJIe1l0BaHI1H B 3TOM 

HanpaBJIeHI1I1 YKa3bIBaeT Ha TO, 'ITO HaHOMaTepI1aJIbI 

MOfYT 6bITb TOKCI1'IHbIMI1, TOrlla KaK I1X 3KBI1BaJIeHT B 

06bI'IHOH <popMe B 3TOH )f(e KOHueHTpaUI1I1 6e30na

ceH. TaK, nOKa3aHO, 'ITO lla)f(e 01lHOKpaTHa51 I1HraJI5I

UI151 yrJIepOllHbIX HaHoTPy60K [24] 11 HaHO'IaCTl1U He

KOTOPbIX llPymx Tl1nOB [14, 20, 28] BbI3bIBaeT Y 3KC

nepI1MeHTaJIbHbIX )f(I1BOTHbIX BOCnaJIl1TeJIbHbIH npo

uecc B JIerO'IHOH TKaHI1 C nOCJIellYlOlUI1M HeKp030M 

KJIeTOK 11 pa3BI1THeM <p116p03a, 'ITO, B03MO)f(HO, cno

C06HO npl1BeCTI1 K KaHueporeHe3Y. HaHOMaTepI1aJIbl 

06JIa)),a1OT HeHpOTOKCH'IHOCTblO, TOM 'Il1CJIe, nO-Bl1lll1

MOMY, 3a C'IeT npOXO)l(JleHl151 'Iepe3 reMaT03Hue<paJIl1

'IeCKl1H 6apbep [22], BbI3bIBa51 OKl1CJIl1TeJIbHbIH CTpecc 

B KJIeTKaX M03ra; KapllI10TOKCI1'IHOCTb 11 renaTOTOK

Cl1LIHOCTb HaHOMaTepI1aJIOB TaK)f(e onpelleJI5IeTC5I pa3

Bl1Tl1eM OKI1CJII1TeJIbHOrO CTpecca 11 BOCnaJIl1TeJIbHOH 

peaKUI1l1 [29], LITO npI1BOlll1T K anonT03Y 11 HeKp03Y 

KJIeTOK; I1MeIOTC5I CBelleHI15I, LITO HaHO'IaCTl1UbI MOfYT 

He6JIarOnpH5ITHO BJIl151Tb Ha CI1CTeMY CBepTbIBaHl151 

KpOBI1 [19]. B OTHOWeHl1l1 reHOTOKCl1'IHOCTl1, TepaTO

reHHOCTl1, 3M6pI10TOKCI1'IHOCTl1, MYTareHHOCTl1, KaH

ueporeHHOCTl1, aJIJIepreHHOCTI1, BJII151HI15I Ha ropMO

HaJIbHbIH 11 I1MMYHHbIH CTaTYC, 1l0CTOBepHbIe llaHHbIe 

B JII1TepaType OTCYTCTBYIOT. 

C llPyroH CTOPOHbI, B JII1TepaType paCCMaTpl1BaeTC5I 

B03MO)f(HOCTb npI1MeHeHI151 HaHOMaTepI1aJIOB B Ka'Ie

CTBe CeJIeKTl1BHbIX nepeHOC'II1KOB JIeKapCTB K opraHaM 

11 TKaH5IM 11 I1CnOJIb30BaHI1e HeKOTopbIX HyTpl1eHTOB 

(maBHbIM 06pa30M )f(l1pOpaCTBOpI1MbIX BI1TaMl1HOB, 

MaKpo- 11 MI1Kp03JIeMeHTOB, 6I10JIOrI1'IeCKl1 aKTl1BHbIX 

BelUeCTB) B BI1lle HaHO'IaCTI1U I1JII1 B KOMnJIeKCe C 

I1HepTHbIMI1 HaHOMaTepI1aJIaMI1- HOCI1TeJI5IMI1 C ueJIblO 

060ralUeHI151 nI1meBbIX npOllYKTOB .rom np0<pI1JIaKTl1

KI1 aJII1MeHTapH03aBl1CI1MbIX COCT05lHI1H y HaCeJIeHI151 

[11, 17]. 01lHaKo 3<p<peKTl1BHOCTb I1CnOJIb30BaHI151 B 

nl1TaHI1I1 'IeJIOBeKa npOllYKTOB, COllep)f(amI1X HaHO'Ia

CTI1UbI nl1lUeBbIX BelUeCTB, B HaCT05llUee BpeM51 npaK

Tl1'IeCKl1 He I13yqeHa, a MeTa60JII13M HaHOMaTepI1aJIOB

HOCI1TeJIeH HeI13BeCTeH, 'ITO, C 01lHOH CTOPOHbI, 06y

CJIOBJII1BaeT He06xollI1MOCTb OueHKI1 61101l0cTynHOCTl1 

11 YCB05leMOCTI1 TaKI1X KOMnOHeHTOB, a, C llPyroH CTO

POHbI, OueHKI1 I1X 6e30naCHOCTI1. 

TaKI1M 06pa30M, <paKTI1'IeCKI1 B HaCT05llUee BpeM5I 

TOKCI1'IHOCTb pa3JII1'IHbIX HaHOMaTepI1aJIOB I13yqeHa 

KpaHHe He1l0CTaTO'IHO, B TOM 'II1CJIe HeT llaHHbIX no 

MeTa60JII13MY 11 MeXaHI13MY I1X llei1:cTBI15I, He Ofwelle

JIeHbI KpI1Tl1'IeCKI1e opraHbI 11 CI1CTeMbl. 0606lUa51 

I1MelOlUI1eC5I llaHHbIe JII1TepaTypbI, CJIellyeT 06paTI1Tb 

BHI1MaHI1e Ha llBa <paKTa. Bo-nepBbIX, B 60JIbWI1HCTBe 

npOBelleHHbIX I1CCJIe1l0BaHI1H YKa3bIBaeTC5I, 'ITO onpe

lleJI5IlOlUI1M B TOKCI1'IHOCTI1 HaHOMaTepl1aJIOB 51BJI5IIOT

C5I pa3BI1TI1e OKI1CJII1TeJIbHOrO cTpecca 11 nOBpe)l(JleHl151 

)],HK, 'ITO MO)f(eT npl1BOllI1Tb K BOCnaJII1TeJIbHOH pe

aKUI1I1, anonT03Y 11 HeKp03Y KJIeTKI1. IIpI1 3TOM B03

MO)f(HO, 'ITO Ha nepBbIH nJIaH BbIXOllI1T He KOJII1'IeCTBO 

nocTynI1BWI1X HaHOMaTepI1aJIOB, a nJIOlUa)),b I1X no

BepXHOCTI1, KOTOpa51 11 6YlleT onpelleJI5lTb I1X peaKUI1

OHHYIO cnoc06HOCTb. KpOMe Toro, HeJIb351 I1CKJIIO'IaTb 

11 HaJII1'II151 llpyrI1X MeXaHI13MOB, CB5I3aHHbIX, B 'IaCT

HOCTI1, C nOBpe)l(JlalOlUI1M llei1:cTBI1eM HaHOMaTepI1a

JIOB Ha KJIeTO'IHbIe MeM6paHbI 11 OpraHeJIJIbI, YCl1JIeHI1

eM TpaHcnopTa nOTeHUI1aJIbHO TOKCI1'IHbIX KOMno

HeHTOB 'Iepe3 6apbepbI OpraHI13Ma, a TaK)f(e B03MO)f(

HOH reHOTOKCI1'IHOCTblO 11 aJIJIepm3I1pylOlUI1M lleHCT

BI1eM. 

~ 
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BO-BTOPbIX, rrpHHIurmraJIbHO BaX(HOH XapaKTepH

CTHKOH, KOTOpyIO CJIe.ll.yeT yqHTbIBaTb rrpH o11eHKe 

B03MO)l(HOrO TOKCHqeCKOrO .ll.eHCTBHH HaHOMaTepHa

JIOB, HBJIHeTCH HX HepaCTBOpHMOCTb B BO.ll.e H 6HOJIO

mqeCKHX cpe.ll.ax. ,UeHCTBHTeJIbHO, KaK TOJIhKO HaHO

l.{aCTH11bI paCTBOpHIOTCH BCe 3q,q,eKTbI, CBH3aHHble C 

HaJIHqHeM y HHX BhICOKOpa3BHTOH rrOBepXHOCTH H C 

pa3JIHI.{HbIMH reTepOq,a3HO rrpoTeKaIOllIHMH rrpo11ec

CaMH YTpaI.{HBaIOTCH, H rro CBoeMY TOKCHl.{eCKOMY .ll.eH

CTBHIO BO.ll.OpaCTBopHMbIH HaHOMaTepHaJI HHqeM He 

6Y.ll.eT OTJIHl.{aTbCH OT ero aHaJIOra B MaKpO.ll.HCrrepCHoH 

q,opMe. fi03TOMY Y)Ke Ha rrepBOM ::narre 011eHKH 6e30

rraCHOCTH HaHOMaTepHaJIOB O.ll.HOH H3 Ba)KHeHWHX xa

paKTepHCTHK HBJIHeTCH HepaCTBopHMOCTb B BO.ll.HbIX 

cpe.ll.ax rrpH q,H3HOJIOml.{eCKHX 3Hal.{eHHHX pH, HOH

HOH CHJIbI H TeMrrepaTypbI. 

EllIe O.ll.HOH Ba:)!(HOH xapaKTepHcTHKOH HaHOl.{aCTH11 

HBJISleTCH rrOKa3aTeJIb HX q,OPMbI, TaK Ha3hlBaeMoe ac

neKTHoe OTHoweHHe, T. e. OTHoweHHe .ll.JIHHhI qaCTH11 

K HX MHHHMaJIbHOMY JIHHeHHoMY pa3Mepy [21]. fio 

aHaJIOmH C TaKHMH 06beKTaMH B MaKpO.ll.HcrrepCHoH 

q,opMe KaK BOJIOKHa ac6eCTa MO)KHO rrpe.ll.nOJIO)KHTh, 

I.{TO JIHHeHHO rrpOTH)KeHHhle HaHOCTpYKTYPbI, TaKHe 

KaK yrnep0.ll.Hhle HaHoTPy6KH, MOrYT 06JIaAaTb 60JIb

weH rrOTeH11HaJIbHOH TOKCHqHOCThIO, l.{eM aHaJIOmq

Hble no COCTaBY l.{aCTH11bI, 06JIaAaIOllIHe MeHee Bblpa

)KeHHOH 3KC11eHTpHI.{HOCThIO q,OPMbI. 

CJIe.ll.YIOllIHM Ba)KHeHWHM 3TarroM SlBJISleTCSI 011eH

Ka nOCTyrrJIeHHSI, pacrrpe.ll.eJIeHHSl H BbIBe.ll.eHHSI HaHO

MaTepHaJIOB H3 opraHH3Ma. B HaCTOHllIee BpeMSI CqH

TaeTCSI, I.{TO cymecTByeT TPI1 OCHOBHbIX nYTI1 rrocTyrr

JIeHI1S1 HaHOMaTepl1aJIOB B opraH113M qeJIOBeKa: I1Hra

JISl11110HHbIH, qepe3 KO~ 11 rrepOpaJIhHO (18, 20, 22, 

24]. Borrpoc 0 B03MO)KHbiX nYTHX rrOCTYIlJIeHI1S1 HaHO

l.{aCTI111 pa3JII11.{HOH rrpl1pO.ll.bI B OpraH113M, I1X rrpoxo

)I(Jl.eHHSI l.{epe3 6HOJIOmqeCKHe 6apbepbI, pacrrpe.ll.eJIe

HHSI H HaKOrrJIeHI1H B pa3JIHI.{HhIX opraHax H TKaHHX B 

HaCTOSlllIee BpeMH HHTeHCI1BHO HCCJIe.ll.yeTcSI [11, 12, 

21, 23]. B pe3YJIbTaTe 3KCrr03H111111 HaHOl.{aCTH11aMH, 

CO.ll.ep)KallII1MHCH B B03.ll.yxe, BO.ll.e, a TaK)Ke BXOMllIH

MI1 B COCTaB MaTepHaJIOB O.ll.e}KJl.bI, rrapq,IOMepHo-KoC

MeTl1qeCKHX Cpe.ll.CTB, rrperrapaToB 6bITOBOH XHMI1I1 

B03MO)KHO HX rrpOHHKHOBeHHe B opraHH3M qepe3 He

rrOBpe)l(Jl.eHHYIO KO~. B JIHTepaType paCCMaTpl1BaeTCH 

HeCKOJIbKO rrYTeH TaKoro rrOCTyIlJIeHHSI, BKJIIOqaSl 

TpaHc:mH.ll.epMaJIbHhIH rrepeHOC H rrpOHI1KHOBeHl1e rro 

BOJIOCHHbIM q,OJIJIHKYJIaM. fipoHHKaIOllIl1e l.{epe3 KO)KY 

HaHOl.{aCTH11bI MOfYT 06Hap~HBaTbcSI B JIHMq,e, rro

CTyrraTb B CHCTeMHYIO 11HPKYJIH11HIO H B .ll.aJIbHeHWeM 

HaKaIlJIHBaThCSI BO BHyTpeHHHX opraHax, BKJIIOl.{aSl 

JIerKHe, rrOI.{KI1, CeJIe3eHKY, Cep.ll.11e, rOJIOBHOH M03f. 

Bo MHOroM aHaJIOrl11.{HOe pacrrpe.ll.eJIeHHe OTMel.{aeTCH 

rrpl1 HHraJISl11HOHHOM nYTH 3Kcrr03H11HH HaHOl.{aCTH

11aMH. fipl1 3TOM B03MO)KHa I1X a6cop611HH B aJIbBeO

JIax C .ll.aJIbHeHWHM rrpOHHKHOBeHHeM B KPOBOTOK. 

fiOMHMO 3TOro, HMeIOTCSI .ll.aHHble, 'ITO rrpH HHraJIH

11HI1 HaHOqaCTH11 OHI1 MOfYT rrpOHHKaTh B rOJIOBHOH 

M03r HerrOCpe.ll.CTBeHHO rrYTeM pacrrpOCTpaHeHHSI rro 

XO.ll.Y 060HHTeJIhHOrO HepBa, MHHYH CI1CTeMHYIO 11HP

KYJISl11I1IO [22]. qTO )Ke KacaeTCSI rrOCTyrrJIeHI1.H HaHO

l.{aCTH11 B M03r H3 KPOBH, TO KpHTHqeCKI1 Ba)KHbIM 

rrpe.ll.CTaBJIHeTCSI HX crroc06HOCTb rrpOHHKaTb qepe3 re-

MaTO-3H11eq,aJIHqeCKHH 6apbep, KOTOPaSl B HacTOHmee 

BpeMH HHTeHCHBHO HCCJIe.ll.yeTcSI [22]. 

)KeJIY.ll.OI.{HO-KHweI.{HbIH TpaKT SlBJISleTCSI BXO.ll.HbI

MI1 BopoTaMH .ll.JIH HaHOl.{aCTH11 B rrepBYIO Ol.{epe.ll.h rrpH 

HX rrpHeMe B COCTaBe rrl1mH, a TaK)Ke JleKapCTBeHHbIX 

CpMCTB. MecToM a6cop611HH HaHOqaCTH11 HBJlHeTCH 

TOHKaH KHWKa. 3JIeKTpOHHO-MHKpOCKOnHl.{eCKI1MH 

MeTO.ll.aMH rrOKa3aHO, I.{TO HaHOl.{aCTH11bI cnoc06HhI 

npeO.ll.OJIeBaTh 3nl1TeJIHaJIbHbIH 6apbep CJIH3HCTOH 

060JIOl.{KH KHWKH no MeXaHH3MY 3H.ll.011HTOJa, nocTy

naSI rrpH 3TOM B JIHMq,y. B03MO)KHO, I.{TO KaKoe-TO KO

JIHl.{eCTBO qaCTH11 MO)KeT BcaCbIBaTbCH H3 rrpOCBeTa 

KHWKH H HenOCpe.ll.CTBeHHO B KPOBb BOPOTHOH BeHbI 

H .ll.aJIee HaKarrJIHBaTbCH rreqeHbIO [11]. 
BblBe.ll.eHHe HaHOl.{aCTH11 H3 opraHH3Ma, rro COBpe

MeHHbIM npe.ll.CTaBJIeHI1S1M, B03MO)KHO C KaJIOM, MO

qOH, rpY.ll.HhIM MOJIOKOM, BhI.ll.bIXaeMbIM B03.ll.YXOM H 

rrOTOM. OTHOCI1TeJIbHaSl pOJIb Bcex 3THX rrYTeH B 06

llIeM rrpo11ecce KJIHpeHCa HaHOqaCTH11 HCCJIe.ll.OBaHa 

nOKa He.ll.OCTaTOqHO [11, 21-23]. 

TaKHM 06pa30M, 011eHKa 6e30nacHocTH HaHOMaTe

Pl1aJIOB .ll.OJl)KHa BKJIIOqaTb CJIe.ll.YIOllIHe OCHOBHble 

6JIOKH: 

MeTO.ll.bI 06Hap~eHHSI, H.ll.eHTI1q,I1Ka11HI1 H KOJIH

l.{eCTBeHHoro orrpe.ll.eJIeHHSI HaHOMaTepl1aJIOB B 06beK

Tax oKp~aIOllIeH Cpe.ll.bI, rrHllIeBblx np0.ll.YKTax 11 6110

JIOmqeCKHX Cpe.ll.ax, rr03BOJISlIOllII1e OTJIHI.{HTb HaHO

MaTepl1aJIbI OT I1X aHaJIOrOB B TpaAH11110HHOH, T. e. 

MaKpO.ll.HCrrepCHoH q,opMe; 

H3yqeHHe B3aHMo.ll.eHCTBHSI HaHoMaTepHaJIOB C JII1

nH.ll.aMH, 6eJIKaMH, HYKJIeHHOBbIMI1 KI1CJIOTaMH (,UHK, 

PHK, KJIeTOI.{Hble MeM6paHhI, pH60cOMbI, q,epMeHTbI, 

11HTOXPOMbI P-450) B CHCTeMax irr vitro; 

H3yqeHHe MeXaHI13MOB rrpoHHKHoBeHHSI HaHOMa

TepHaJIOB qepe3 6HoMeM6paHbI, CBSl3bIBaHHSI C MeM

6paHHbIMI1 pe11errTopaMH B CHCTeMe in vitro; 

H3YI.{eHHe H3MeHeHI1H xapaKTepl1CTI1K HaHOqaCTH11 

B COCTaBe MO.ll.eJIbHbIX CHCTeM, BocrrpOH3BO.ll.SlllII1X pa3

JIHI.{HbIe Cpe.ll.bI opraHH3Ma ()KeJIY.ll.OI.{HOe H KHWeqHOe 

CO.ll.ep)KHMOe, KPOBb, JIHMq,a, )KeJIqb, MOqa H .ll.p.); 

orrpe.ll.eJIeHl1e rrapaMeTpOB OCTpOH, rrO.ll.OCTpOH H 

XpOHl1qeCKOH TOKCHI.{HOCTH, opraHOTOKCl1qHOCTH 

(HeHpOTOKCI1I.{HOCTb, rerraTOTOKCHI.{HOCTb, Kap.ll.110

TOKCHqHOCTh, HMMYHOTOKCl1qHOCTb, Heq,poTOKCHq

HOCTh H .ll.p.) 11 OT.ll.aJIeHHbIX 3q,q,eKToB (MYTareHHocTb, 

3M6pHOTOKCI1I.{HOCTb. TepaToreHHocTb, KaH11eporeH

HOCTh), a TaK)Ke pacnpe.ll.eJIeHI1.H HaHoMaTepHaJIOB no 

opraHaM H TKaHHM; 

orrpe.ll.eJIeHl1e napaMeTpOB I H II q,a3bI Mern6oJIH3

Ma KceH06HOTHKOB H CHCTeMbI aHTI10KCH.ll.aHTH0I1 3a

llIHThI; 

H3yqeHHe BJIHSlHHH HaHOMaTepHaJIOB Ha 3Kcnpec

CHIO reHOB, reHOTOKCI1QHOCTh, arrorrT03, npOTeOMHbIH 

H MeTa60JIOMHbIH rrpoq,HJII1, rrOTeH11HaJIbHyro aJIJIep

reHHocTb; 

H3yqeHI1e B MO.ll.eJIHX in vitro Bbl)KHBaeMOCTH npo

6HOTHqeCKHX MHKpoopraHH3MOB HOPMaJIbHOH MHK

POq,JIOPbI )KeJIY.ll.OI.{HO-KI1WeQHoro rpaKTa B npHCYTCT

BHH HaHOMaTepl1aJIOB, rrp011eCCOB BcaCbIBaHHH HaHO

MaTepHaJIOB B )KeJIY,lwqHO-KHWeI.{HOM rpaKTe Ha MO

.ll.eJIHX irr situ H in vivo H orrpe.ll.eJIeHHe BJIHHHHH HaHO
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I 

MaTepHaJIOB Ha MHKp06HOueH03 )KeJIy.uO'IHO-KHIlle'I

HOro TpaKTa. 

I1TaK, nOJIHaH C11.CTeMa OueHKH pHCKa HaHOMaTe

PHaJIOB BKJIIO'IaeT 06IllHPHbItt KOMnJIeKC ~11.311.KO-X11.
MH'IeCKHX, 6HOX11.MH'IeCKHX, MOJIeKYJIHpHO-6HOJIOr11.

'IeCKHX, TOKCHKOJIOm'IeCKHX TeCTOB 11. CneUHaJIbHbIX 

HCCJIe.uOBaHHtt, n03BOAAIOlUHX npOBeCTH BCeCTOpOH

HIOIO OueHKY HX B03.uettcTB11.H Ha 611.OJIOm'IeCKHe 06b

eKTbl. B03HHKaeT BOnpOC, BO BCeX JIH CJIyqaHX HMeeTCSl 

He06xo.uHMOCTb B npOBe.ueH11.11. TaKOrO IllHpOKOMaC

IllTa6HOrO HCCJIe.uOBaHl1JI? STa np06JIeMa OC06eHHO 

aKTYaJIbHa B CBeTe TOro, 'ITO HOMeHKJIaTYpa C03.uaBae

MblX HOBbIX HaHOMaTepHaJIOB 11. npO.uYKTOB HaHOTeX

HOJIOml1 B 0603PHMOM 6y.uYlUeM 6y.ueT npO.uOJl)l(aTb 

6bICTpO paCIllHpHTbCJI. COmaCHO MeTO.uOJIOm11. OueH

KH p11.CKa MO)KHO C~OPMYJIHpOBaTb YCJIOBHJI, B COOT

BeTCTBH11. C KOTOPblM11. TOT HJI11. HOBbII1 MaTep11.aJI MO

)KeT 6blTb OTHeCeH K rpynne npO.uYKU11.H C H11.3KOtt, 

Cpe.uHett 11.JI11. BbICOKOtt nOTeHU11.aJIbHOtt OnaCHOCTblO 

(H11.3KHI1, Cpe.uH11.11 HJIH BbICOK11.11 np11.OpHTeT B 11.CCJIe

.uOBaHHSlX). B CJIyqae OTHeceH11.JI HaHOMaTepHaJIa K 

rpynne 06beKTOB C HH3KOtt nOTeHU11.aJIbHOI1 OnaCHO

CTblO OH oueHHBaeTCJI no 11.MelOlU11.MCJI nOKa3aTeJIHM 

1J.JIJI COCTaBAAlOlU11.X ero KOMnOHeHTOB B Tpa.u11.UHOH

HOI1 ~opMe (MaKpo.u11.cnepCHaH HJIH B BHD.e CnJIOIllHblX 

~a3), a HCCJIe.uOBaHHI1 no CneUH~H'leCKOMY 611.OJIOm

'IeCKOMY .uettcTB11.1O KOMnOHeHTOB B BHD.e HaHO'IaCTHU 

He Tpe6yeTCH. Cpe.uH11.11 ypOBeHb nOTeHU11.aJIbHott 

onaCHOCTH 03Ha'IaeT, 'ITO He06xo.uHMa 06lUeTOKCHKO

JIOm'IeCKa$l oueHKa MaTepHaJIa H npH He06xo.uHMOCTH 

npOBe.ueHHe HeKOTopbIX BHD.OB CneU11.aJIbHbIX HCCJIe

.uOBaHHtt. HaKOHeu, npH BbICOKOM ypOBHe nOTeHUH

aJIbHOI1 onaCHOCTH npOBo.uHTCSl nOJIHbltt KOMnJIeKC 

He06xo.uHMbIX HCCJIe.uOBaHHI1. 

AJIroPHTM oueHKH ypOBHSl nOTeHUHaJIbHott onac

HOCTH OCHOBbIBaeTCJI Ha ~YHD.aMeHTaJIbHbIX xapaKTe

pHCTHKax TecTHpyeMoro MaTepHaJIa H npe.uCTaBJI$leT 

c060tt CJIe.uYlOlUee. 

IT.!. npOH3Bo.uHTCJI JIH HaHOMaTepHaJI B 06beMe 

60JIbIlleM, qeM 1 T/ro.u, 06pa3YIOTc$I JIH a3p030JIH B xo

.ue npOH3Bo.uCTBa, B03MO)KHa JIH np$lMaJl 3Kcn03HUH$I 

MaTepHaJIOM Ha nepCOHaJI npOH3Bo.uCTBa, nOTpe611.Te

JIel1 npo.uyKUHH, HaceJIeHHJI? 

- ECJIH HeT (no BceM nYHKTaM) - 3TO HH3KHtt 

ypOBeHb nOTeHUHaJIbHott onaCHOCTH. 

ECJIH .ua (XOTJI 6bI no O.uHOMY 11.3 nYHKTOB), TO 

nepexo.u K n.2. 

IT.2. PaCTBop11.M JIH MaTepHaJI B Bo.ue? 

ECJI11. HeT - nepexo.u K n.3. 

- ECJIH.ua - 3TO HH3KHI1 ypOBeHb nOTeHUHaJIbHOI1 

onaCHOCTH. 

IT.3. JiBJISleTCSl JIH OTHOIlleH11.e MaKCHMaJIbHOro JIH

Hel1Horo pa3Mepa qaCTHUbI K M11.HHMaJIbHOMY (ac

neKTHoe OTHOIlleHHe) 60JIbIllHM 1: 100? 

ECJI11. HeT - nepexo.u K n.S. 

- ECJIH.ua - nepexo.u K n.4. 

IT.4. ITpeBocxo.u11.T JI11. MaKC11.MaJIbHaH pa3MepHocTb 

(JlJ1HHa) 'IaCTHU 5 MHKpOH? 

ECJIH HeT 3TO cpe.uHHI1 ypOBeHb nOTeHUHaJIb-

Hott onaCHOCTH. 

ECJIH .ua - nepexo.u K n.6. 

n.5. npeBOCXO.uHT JIH MHHHMaJIbHaJl pa3MepHOCTb 

(.u11.aMeTp) 'IaCTHU 100 HM? 

- ECJI11. HeT - nepexo.u K n.6. 

- ECJIH.ua - 3TO cpe.uH11.tt ypoBeHb nOTeHU11.aJIb-

HOtt onaCHOCT11.. 

0.6. I1MelOTCJI JI11. .uaHHble 0 TOKCH'IHOCT11., 611.OJIO

m'IeCK11.X 3~~eKTax, cnoc06HOCT11. BbI3bIBaTb OKHCJI11.

TeJIbHbItt cTpecc, reHeT11.'IeCK11.e, 3H.uOKpHHHble Hapy

IlleHHJI, arurepnnaUHIO Y .uaHHoro BHD.a HaHOMaTep11.a

JIOB? 

- ECJI11. 11.MelOTCJI .uaHHble 06 OTCyrCTB11.11. Bcex 

YKa3aHHbIX 3~~eKToB nepexo.u K n.7. 

- ECJI11. HMelOTCJI .uaHHble 0 HaJI11.'I11.11. XOTJI 6b! o.u

Horo 3~~eKTa HJI11. .uaHHb!e no BceM 3~~eKTaM OTCyr

CTBYIOT - 3TO BbICOK11.tt ypoBeHb nOTeHU11.aJIbHOI1 

onaCHOCT11.. 

n.7. I1MelOTcJI JI11. .uaHHble 0 B03MO)l(HOCT11. HaKon

JIeHHJI HaHOMaTep11.aJIa B cpe.ue 06HTaH11.JI H opraH11.3

Max )l(11.BOTHbIX 11. paCTeHHtt HJIH 0 B03MO)l(HOCTH ne

peHoca Ha .uaJIbH11.e paCCTOJlHHJI 11. (HJIH) nepe.ua'IH no 

nHlUeBbIM uenJlM? 

- ECJIH HMelOTCJI .uaHHble 06 OTCyrCTBHH 3~~eKTa 
- 3TO cpe.uH11.tt ypOBeHb nOTeHU11.aJIbHott onaCHOCTH. 

- ECJIH HMelOTCJI .uaHHble 0 HaJIH'I11.H 3~~eKTa 
HJI11. .uaHHble OTCyrCTBYIOT 3TO BblcoKHtt ypoBeHb 

nOTeHU11.aJIbHOI1 onaCHOCTH. 

I1MeHHo TaKott 11.HTerpaJIbHbltt no.uxo.u n03BOAAeT 

OTBeTHTb Ha Bce Bonpocbl OTHOC11.TeJIbHO 6e30nacHo

CTH TOro HJIH HHoro BH.ua HaHoMaTepHaJIOB. BMecTe C 

TeM B03MO)l(HO, 'ITO nOBe.ueHHe caMHx HaHOMaTepHa

JIOB MO)l(eT pa3JIH'IaTbCJI C HX nOBe.ueHHeM B COCTaBe 

npo.uyKU11.11. (nap~IOMepHO-KOCMeTH'IeCKaJl npo.uYK

UHJI, JIeKapCTBeHHble npenapaTbI, n11.lUeBbre npo.uYK

TbI, ynaKOBO'IHble MaTep11.aJIbI, cpe.uCTBa 3alUHTbI pac

TeH11.I1, .ue3HH~HUHpYIOIU11.e cpe.uCTBa H T . .u.) BCJIe.u

CTB11.e npH06peTeHHJI HOBbIX CBOttCTB. IT03TOMY npH 

oueHKe 6e30naCHOCTH npo.uYKUH11., co.uep)l(alUel1 Ha

HOMaTep11.aJIbI, CJIe.uyeT CKOHueHTp11.pOBaTb BHHMaH11.e 

Ha npHopHTeTHbIX opraHax-M11.IlleHJlX H O)l(HD.aeMbIX 

6HOJIOm'IeCKHX 3~~eKTax B 3aBHCHMOCTH OT nyrH no

CTYnJIeH11.Sl. KO)l(a 11.MeeT npHop11.TeTHoe 3Ha'IeH11.e np11. 

HCnOJIb30BaHH11. na~IOMepHO-KOCMeTHqeCKOI1 H XO

3J1I1CTBeHHO-6bITOBott npo.uyKUHH; )l(eJIy.uOqHO-KH

Ille'IHbltt TpaKT - B CJIyqae HaJIH'IHJI HaHOMaTepHaJIOB 

B n11.lUe, JIeKapCTBeHHbIx cpe.uCTBax; JIerKHe no.uBep

ralOTCJI B03.uettcTB11.1O B nepBylO Oqepe.ub pa3JI11.'IHbIMH 

a3p030JIJlMH B B03.uyxe pa60'Iett 30HbI H aTMoc~epHOM 

B03.uyxe; KPOBb np11. napeHTepaJIbHOM BBe.ueHHH JIe

KapCTBeHHbIx cpe.uCTB. Bo Bcex 3THX CJIyqaJlx He06xo

.u11.MO yqHTbIBaTb CneUl1~I1'IeCKHe oc06eHHOCTI1 nOBe

.ueHHJI HaHOMaTepHaJIOB B 3aBHCHMOCTH OT MaTpHUbI, 

a TalOKe BepOJlTHb!e nyr11. HX Mo.uH~HKaUHH H 6HO

TpaHc~opMaUH11. B opraH11.3Me. 

Oc060ro BH11.MaHHJI Tpe6yeT pa3pa60TKa C11.CTeMbI 

MepOnpHJIT11.11 no 06eCne'IeHHIO 6e30naCHOCT11. HC

nOJIb3yeMbIx HaHOTeXHOJIOml1 11 CHJ1)I(eH11.1O He6JIaro

np11.JlTHbIX BJIHJlH11.tt HaHOMaTepHaJIOB Ha 3.uopOBbe pa

60THHKOB, Henocpe.uCTBeHHO 3aHJITb!X B HX npOH3BO.u

CTBe HJIH KOHTaKTHpYlOlUHX C HHMH B npouecce npo

113Bo.uCTBa .upyrol1 npo.uyKUH11, C arreCTaUl1el1 pa60

'IHX MeCT. 

~ 
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nocrymUla 23.10.07 

Sum mar y. Due to the current intensive development of 
nanotechnology all over the world, there is a considerable 
increase in human exposure to nanoparticles and nanoma
terials and their environmental entry and accumulation. A 
I1umber of the guidelines of the Russian Consumer Surveil
lance Agency emphasize that the potential risk of nanoma
terials to human health and the environment is to be char
acterized since they have quite other physicochemical 
properties and a biological effect that the substances in their 
usual physicochemical state. The paper discusses a ways of 
entering nanoparticles into the body and their potential 
toxicity, as well as the procedure for assessing a risk asso
ciated with the production, use, and recycling of nanopar
ticles and nanomaterials. 
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