
oT3brB oor4rlr{AJTbHOIO OInOHEHTA
Ha Al4cceprarl4o Cunnnoft IOrutu EsreHregHrr <MurpoaHarr4Tr4qecKlre recr-cpe.qcrBa Ha

ocHoBe HaHocrpyKTypI{poBaHHbIX opraHo-HeopraHr4qecxux rz6puAHbrx rrJreHoxy Ha

coLIcKaHI{e yueuofi creIIeHI{ Aoloopa xrrMraqecKr{x HayK rro c[erlr4lrrbHocrpr

| .4.2. Ana"rruru.recKiur xlrMr4lr

Arcrya.rrrnocrr pa6orrr. PerueHue aHilrr4Tr4qecKnx 3aAaq, cBr3aHHbrx c onpeAeJre-

HLIOM HI{3KI'IX KoHIIeHTpa\uit MtuIhIX opraHl4qecKl4x MoJIeIryJr B r,rHTepecax MeAI{IIr,rHbr,

@apuaqenrraKl{ rt oKoJrorrzu rpe6yer BceMepHoro pacrunpetnfl upr4MerureMbrx cpeAcrB r43-

MepeHI'It rI I4){ OpneHTaIIUn Ha BO3MO)KHOCTI4 IIpUrMeHeHprfl B]lfre cTarluoHapHoft xuuvr.recroft

na6oparopw, Y [ocreJrl{ 6olrnoro r'rJrpr rro Mecry or6opa npo6. [awuas KoHue[rlr{lr, [oJry-
qpIBIIIatr Ha3BaHI{e point-of-care ulrvpoint-on-site testing, rpeAbrBrser oco6rre rpe6onauu.a

K OTI€paIII4OHHbIM n aH8urLrTvrqecKLIM xapaKrepIzcTLIKaM pa:pa6aruBaeMbrx ycrpoftcrn,

BKJIIoqiu [oBbIIrIeHHyIo ycroft.rzsocrr crlrHuula, Bo3MoxHocrpr ero r,rcMepeHllr B pa3rl4q-

HbIx ycJroBr4flx 3Kcruryararlvrkr u3I.errvfi, Ha4exuocrb rroJry.raeMofi znSopuaqrzu. flocle4-
Hee flpeAlloJlaraer AocrIlDKeHI{e BhrcoKoit uz1vpneJlbgocrr{ orKJrkrKa B cJro)KHbrx fro cocra-

By cpeAax 3a cqeT l4c[oJrb3oBaHr4s cnETerr{qecKr4x 14 npr{poAHbrx peueuropoB, (Gnr,lcaH-

HbIx> B aAarITIlpoBaHHbIe noA Hr,rx Maqpltrlbr Ha [oBepxHocrr.{ upeo6pasoBareJrr cr4rHiura.

Hecuorpx sa olunne peurenrafi, cB{3aHHbrx c Aocrpr}KeHueM yKa3aHHbrx xapaKTepvrcrvrK, vr

[pI4MepbI t4x ycnemHofi pea-nzsarJkrkr B KoMMepqecKr.rx ycrpoftcrnax, MeroAororr4qecKr,re r4

HafrHble npo6leurr SopnaHponaHrlt peqelropHbrx cJroeB ra o6ecneqeHr4r eAr.rHcrBa rexHo-

JIortHecKIrx peueuzfi B MaccoBoM rlpot43BoAcrBe AJrr pa3Jil4EHbrx aHaJrr4ToB AiLJreKr,r or pul3-

pellreHllr. ZcuonrgoBaHl4e c6opxu rpe6yeurrx xoH$urypa\uir peqenropoB, BcrroMorareJrb-

HbrX I,I MaTpLIqHbIx KOMTIOHeHToB qyBcTBIlTeJIbHhIX cJIoeB B oAHocTaAvIfinOu gJIeK{poXI,IMLr-

qecKoM npoqecce c yqacTueM SreKTpoKaTaJ[rTrrqecKr,rx HeopraHlrqecKr{x KoMrroHeHToB Lr

cneqr,rQu.recKplx opraHVrIecKVX peuerrropoB, rBJrrroqeecr rleJrbro [peAcraBJreunofi 4zc-

cepra;{lzu,6esycronno aKmyonbHo rlaK c meopemuqecxufi ToqKr,r 3peHzr (nrrrnneHne Me-

xaHV3MoB Soprraraponanvls. ru6pIa4Hux cJroeB c roqKr{ 3peHr4rr AocrurKeHr4rr KoHeqnbrx xa-

paKTepucrur ycrpoftctn), rar v c npoKmuqecxort (cosAaHr,re BbrcoKoqyBcrBr4TeJrbHbrx r4 ce-
I

JreKrr{BHbrx cpeAcrB r{3MepeHrr.f, Ha ocHoBe [peAJroxeHHbrx [poroKoJron c6opr<n noBepx-

HocrHbrx croen).



fiucoepraqnr IO.E. Cnnr,ruofi I,I3JroxeHa Lra 396 crp. TeKcra Marrr,rHHoft nepcrxu, co-

Ae?xl4r 139 pacyuKoB I4 25 ra6tu4 Ir rpl,IJroxeuLrfl,. Oua sKlroqaer BBeAeHLre, o6sop Jrr4Te-

paTypbl' [IecTb coAepxareJlbHblx rJIaB c co6crneHHbIMI{ sKcuepIIMeHTaJrbHbIMI,I pe3yJlbTa-

TaMu' BbIBoAhI I4 crII4coK Ill4rnpyeMofi lzreparypr us 329 fin6lnorpa$uvecrnx ouucanafi
pa6or oreqecrBeHHbrx ra aapy6exubrx arropoB.

Beederuue coAepxflrr o6ocuosanlle aKry€rJrbHocrr.r npoBeAeHHoro uccJreAoBagr4r,

cSopuylupoBaHHyro IIeJIb LI 3alaqr4pa6orrr, [oJroxeHr.rr, cocraBJrf,rorqne HayqHyro HoBH3-

IIy' TeOpeTI'IqeCKyIO I4 npaKtnqeOKylo 3HaqI4MOCTb, IOJIOXOHLUI, BbIHOCI4MII9 Ha 3alqr4Ty.

cBeAeHI4t o ruqHoM BKJraAe aBTopa H anpo6aql4v [oJryqeHHrrx p$yJrbraroe ua rouQepeH-

uu{x pasrt4qHoro ypoBHrr. Taxxe onr4caHa o6rqar crpyrcrypa Ar{cceprarlr{t4.

lnada 1 <O6sop JII4TeparypbI) coAepxr4T 3Haqr,rremnrrfi o6reu rau6oprr.raq vwr, rro-

cBtIrIeHHbIfi nolyueHlaro ru6puAHbIX uorpuruft AJr.rr petue14fl 3a1aq^. orHocf,rrluxcs r 6uo-

anzuturzqecr<ofi xr4Mr4vr 14 ee pa3AeJraM, cB.rBaHHhrM c 6raocencopzr<ofi v Macc-

creKtpoMetpneit. Anrop KoHlleHrpr4pyercfl Ha KJlaccld$rarcaquu cyqecrByrcrqrax MeroAoJro-

n{qecKl{x peruenufi s oflnagru SoplanpoeaHlzll noBepxHocrHbrx cJroeB B coorBercrBLru c

npzpo4ofi HaHocI4MBIx rn6pz4nblx rroKpblruir u rexHoJrorr4efi raroro :rraHeceutra. llonrrrr<a

oxBaTI4Tb MaKcI'IMaJIbHo lllupoxufi xpyr rexHoJIorHqecKHX peuenufi noxBilrrbHa, Ho oHa

[pzBeJIa K HeKoropofi QparueHTapnocrn orrucanprs - cJIt4IrrKOM pa^:noo6pasHrrff MarepLriur c

TPYaona roAAaercfl o6o6uenprro. Xors nu6op qr,rrnpyeMbrx rrcroqHr4KoB e rro6o1a cJrfrae

ocraercf, Ha ycMorpeHl4e coucKareJlr, Mo)KHo 6rrro 6rr peroueHAoBarb pacmnpr4T6 o11r4ca-

HI4e MeTOAOB gJIeIqpOXI4MI{qeCKOrO COOCa)KI:eH.Wfl, yqI{TbIBar, qTo I4MeHHO OHI,I COCTaBJITIOT

ocHoBy co6crseHHblx pe3yJl6TaroB, [peAcraBJreHHbrx B Ar4cceprar\uvr. TarNe Heo6xo4rzuo

HeroqHooru nepeBoAa ptAa aHHluitct<vtx repMr,rHoB 14 racrroJrb3oBaHr4e anrnnficr<r,rx HaA[u-

ceft Ha pLIcyHKax I,I B ypaBHeHvrIX pear<qraft. Teu se Menee, Jrr4Teparypurrfi o6sop Bbr[oJrHrr-

er cBolo HIaBHyro $yHxqzro - Aaer rlpeAcraBJreHr,re o unoroo6pa3r4v MeroAoB, r{cnoJr6ye-

MbIX.qr.fl Sopnazpona]fiLrfr lryBcrBVTeJIbHoro cJror aHaJrr4TlrqecKr4x ycrpoficrB, H o6ocuonrr-

raer err6op Ha[paBJreH r4s, vrccureroBaHrar aBTopa.

B lnuee 2 <Metolbr co3AaHI4t rt xapaKTepr4crtrKn OHf rrJreHox>) cHaq{ua qacrr4qHo

[oBTop.fiercs. Marepvar BseAeuns c o6ocnosaHraevr rrr6opa HanpaBJrenprs, r4ccrreAoBaHr{t

(orurocraAwfisstit cLIHTe3 SynrqzoHturbHBrx opraHo-HeopraHnqecxrax (OHf) nnenor) 14 ra-
etct o6qee onucaHlle npeKypcopoB Kariurr4Tr4qecKrax qacrrarl MeraJrJroB, caMr/rx uoxprnrafi,

SepueHroB, B HIIX BKrIoqaeMbIX, MeroAoB I,rccJreAoBaHr,ur noryqaeMbrx IrJreHox. Bonpexra



olKI4AaHI'I{u, ftaBa 2 - se sKcnepl,IMeHTarbHas qacrE, a cKopee BBoAHat co6crseHg6rx prc-

cJIeAoBaHLIft, n roropoit llaua xapaKrepucrl4Ka Szeuuecrprx MeroAoB zccJreAoBa1vrs., Ho oA-

HoBpeMeHHo - pe3ynBf,arhl I,I3yqeHI,It OHI- Pe:ynrrarbr rrpeAcraBJreHHbre B rJraBe, o6ocuo-

BbIBaIor Bbl6op olHocraAl4ftnoro cltoco6a ocaxAeHr,rr OHf r4 [oKa3brBaror paruoo6pa:ue

loryqaeMbrx TIJIeHoK c roqKl4 3peHv{ cocraBa 14 Kpyra aHaJrr4ToB. Tarxe npr4cyrcrByror pe-

3yJlbrarbr coBMecrHoro ucrloJlb3oBaHr4r MeroAoB SJreKTpoxr4Muu v Macc-c[eKTpoMerpr{I4

AJII KoHTpoJIt cocraBa, yctoftuplBocrrr norprrrnfi, qro npeAcraBJrfrercfl. He iryrrrrr[M peue-

HpIeM c roqKI,I 3peHLIrI Jron4KLI rrpeAcraBJrenns.. flpucyrcrByrcT HeroqHocrr,r repMr4HoJrorila

I{ I,IHTep[peTAWVr pe3yJIbTaTOB, UoryrreHHbrx c [oMorqbro BoJrbTaMnepoMerpr,rqecKnx MeTo-

AOB.

fnaep 3 nueet Aocraroquo AJII,IHHoe Ha3BaHr4e: <<Ognocra4uirrt:,y1it MeroA $oplaupo-

Ba}Jnfl, sJIeI$poaKfl,IBHbIx OHf: or B3al,IMoAefrcrsuir B MHoroKoMrroHeHTHoM pacrBope cr4H-

Te3a Ao apxl4TeKrypu ruopHgnoft nnenKl{ Ha rroBepxHocrr.r gJrercrpoAD). {e Sarro n nefi

paccMorpeHbr B ocHoBHoM rIJIeHKr,r Ha ocHoBe ruroKo3ooKcr44a3b1 uaQraoHa r4 HaHoqacrr4rl

nanrral.ur.} ftasa HaqllHaerct c reoperl4qecKoro paccMorpenul SarropoB B [oJrb3y sH6o-

pa oAHocraglafinoro nporoKoJra HaHece$vfl Qepnaeura. llpzueru4TeJrbHo K oKcr{AopeAyroa-

3aM ocHoBnofi o6rerr paccMorpe$vs, - cBr3b MexAy npoqeccaMhr c Wacrr4eM Kr4cJropoAa

KaK [pI{poAHoIo aKIIe[Topa sJIeKTpoHoB LI [epoKcl4Aa BoAopoAa KaK [poAyKTa pearugu (n

HeKoropblx cJlyqailx novMeHoBaHHoro KaK rrpoMeNyrouuufi). Orno,u nepoKcr4Aa BoAopoAa

I,I3 rIoJII4MepHoro cJIofl paccMarpl4Baercr KaK 6raro, [ocKoJrbr(y coxpaH.rrer aKrr4BHocrb

QepnaeHtoB'B cocraBe cJlot. OAuar<o Bo MHou4x gJreropoxr4Mr,rqecKr4x ceHcopax crrfHilJr rro-

JlyqaloT oT rIepoKcI,IAa BoAopoAa, KoHTarcupyrcqefo c sneKrpoAoM, To ecTb ero oTBoA r,t3

rlpl43JleKTpoAHoro flpocTpaHcrna 6yAer cHl4xarb Berl4qr,rHy perucrpr4pyeMoro roKa. B cxe-

uax 3.1-3.4 ne y.rutnBaerct Bo3MoxHocrb KoHTpoJrrrpoBarb npoqecchr Ha gneKrpoAe, Me-

H.flf,t ero noTeHIII{an. PasAelzrb npoqeccbr c yqacTneM rrepoKcr,rAa BoAopoAa, Kr,rcJropofta pr

nc[oJlrcyeMbrx KarirJII4TI,IqecKI,IX qacrr4rl MeriurJroB c rroMorrlb ro cneqz$vqecKoro LtHcr"py-

MeHTapI,IrI grelcrpoxlIMl4n fipeAcraBJlterct Bo3Mor(HbrM. Anrop no4po6uo paccMarprrBaer

sgaI,IN,IoAeficrBI4t MexAy KoMrIoHeHTaMI4 pacrBopa AJrr oca)KAenr{r OHII pa3rr{qHbre Bapr,r-

aHTbr KoM[JreKcoo6pasonauwl I4oHoB nurlra4lzs. vt vrx BgavnaoAeficrsrae c $ynrcqr4oHaJrbHbr-

Mr4 lpy[naMu HrroKo3ooKcvAa3rr. flpe,qnaraeurrfi B r,rrore MexaHr,r3M $opuzponaHlrrr frJre-

nor OHf BKJrroqaer [ocJleAoBareJrbnoe oca]r(AeHr,re qacruu rtaJrJraALrA, SepueHra c aAcop-

6nponaHHbrMra rroHaMr4 rruurJraAwfl, vr HaqvroHa. nocroftHoe ocaxAeHne cB.rBaHo c pa3ruq-



Hofi cKopocrblo LIX AocraBKI4 K oJIeKTpo4y. Taroe o6r.rcHeHr4e rrpeAcraBJrrercr y[porueH-
HbrM, [ocKoJIbKy He yqLITbIBaer MHoflrx QarcropoB, BKJIIoqar SJrelqpocrarnqecKr,Ie B3ar{Mo-
geftctowa, MI4rpaIII4oHHhIe rrpoqeccbl, pa3rr4rrufl n o6reuubrx KoHrleHTparlurx [pe(ypco-
poa' floueMy He Moxer rlpoucxoAprrb krx coBMecrHoe ocaxAeHr{e H rroqeMy rrpor4cxoAr.rr B

rofi xe cllcreMe ocax(AeHpIe na0IaoHa, gJleKTpoxr,rMr4qecK[ r4HeprHoro 14 orpl{rlareJlbHo 3a-
ptxeHHoro' ocraerc'fl He B[oJrHe IIoruITHhrM. K vzcny HecoMHeHHoro AocroraHcrBa pa6o6r
orHocI'ITOt LICnOJIb3OBaHI'ne 0A6r o[TI4qeCKOrO Mr4KpO3OHAa AJrr orIeHKLr KoHrleHTpauw,r Kr4c-

JIopoAa' Stor [pLIeM no3BoJlter HerlocpeAcrBeHHo orleHzBarb npo6zru KoHrIeHTparIr4r4
gToro cy6crpara B IrJIeHKe, coorHocr ero c ToKaMr.r, perr{crpr,rpyeMbrMr4 Ha gJreKrpoAe,

apefiSou ctrrHiura tr BpeMeHeM xr43Hr4 ceHcopoB.

cle4yroqafl, qacrb ftaerr 3 nocraqeHa Bo[pocaM Boc[porr3BoAr,rMocrr,r HaHe ce'prfl
lJreHoK olrl- Maccy nol(pblTl{fl oueHI,IBuuII4 c [oMorqbro gJreKTpoxr,rMrlqecKoro [6e3oKBap-
rleBoro Mr,rKpoB3BerrrlrBaHrrrr IIo ypaBHeuno 3ayep6pex. Hyxno orMerurb, rrro oHo He,rlaer

EoKa3areJlt ocaxAaeluofi Maccbl noKpblTlzt, nocKoJrBr(y He yqurbrBaer Br3Ko-gJracrzqHbrx

csoficrs cpeAbr B npI4SreIopoAHoM [pocrpaHcrae. llpzeoAr.rMbre 3naqeHprrr r.rMeror [oJryKo-

rldqecrBeHHrtfi xapaKep. K roMy xe oHI4 orHocrrc.fl r raHoft noAJroxKe (sororue nos6yx-

AarcIql4e SJIOKTpOAbI), nOetOUy IeTepOreHHbIe peaKIIIzkI MOryT OTJII4qaTbc.f, OT O[r4CaHHbrX

paHee AJrt yFlepoAHhrx rrelrarHbrx gJreKTpoAoB, rroKphrrhr oKcr.rAoM rpa$eua.

fnaea y' <<Kffo'reBbre [apaMerphr, BJrrrrrorrlkre Ha gJrercpoxr{Muqecrulfi orrsrzx OHf
nauo6uoceHcopoB> coAepxl4T pe3yJlbrarbr BoJrbraMnepoMerpurqecKr,rx u3MepeHr{fr rar oc-
HoBbI l43MepeHI/uI cLIIHaJIa 3JIeICTpoXI4MI4qecKHX 6Iaocencopos. 3to BnoJrHe cnpaBeAJrr4Bo.

I

Ha nprauepe ocaxAaeMhlx qacrull rraJuraAvfl 14 cepelpa cperranrr ua6mo4 elvrs., cBr3brBaro-

rql{e QopMy I'I noJIoxeHLIe uI4KoB BoccraHoBJreHLr{ Kr4cnopoAa Ha BoJrbraMrreporpaMMax c

npzpo4ofi Mer€uIJIa LrycnroBprflMl4 ero ocaxAeHl,r.f,. Orrvre.raercs.3aBvrcr4Mocrb roKoB Boccra-

HOBJIeHI'I,I KI4CJIOpO.qa OT pul3Mepa qacrprll MeraJrJra r,r ycJroBptia wx SJreKTpoJrr4Tr{qecKoro

ocaxAeHLIrI. launwft $arcr B ueJIoM AocraroqHo xopoIuo r43BecreH, nogroMy ero He crot4T

orHocLITb K HoBoMy cnocody KoHTpoJIt Bocnpol43BoArlMocrr{ cr4HTe3a OHII re14 6onee qro

B paoore He yqurblBalorcfl BJII4IIHITe BHeIIIHr,rx Qarropoa Ha pacrBopt4Mocrb Kr4cJropoAa.

Ynournyrafl gaBvrQnMocrb roKa v noreHIII,ItuI a rrvrKa or cKopocrt4 cKaHupoBagr,r.fl troregrlr4a-

na - SyH4aMeHTzurbHoe csofictso ueo6parnMhrx rr[rKoB B rrocrorHHoroKoBofi so6rara[epo-

Mtpnv, ero o[I4caHue - npvBbIqHhrf eleueut oireKTpoxvMr{qecKr,rx r4ccJreAoBaHr,rf. [anee



lpoBoAl4Tct aHaJII43 cI4frtrtLJIoB, [oIyqeHHbIX Ha MoAI,IOuqupoBaHHbIx OHf gJrerCIpoAaX rrpr4

rIporeKaHI'Ir4peaKrlufr oKpIciIeHLUI cy6crparoa $epuenroB - oKcrrAopeAyKTEr3.

cna'iana paccMorpeHhl KaroAHbIe c[rHaJrhr, rAe orrpeAeJr.rrrcqr4M .flBnrrercf, ceJreK-

TI'IBHOCTb BOCCTaHOBT9HUfl rIepoKcI,IAa BOAOpOAa OTHOCT{TeJrbHO aHaJron4qHoro npoqecca c

yqacrl'IeM KI4cJIopoAa. llocnonbxy [epoKcI{A BoAopoAa cuoco6eH K aJrbrepHarrdBHoMy xrr-
MZqecKoMy AI4CnpO[OpqProHlIpoBaHI4IO Ha qaoTr,rqax MeriurJroB, B KaqecrBe cBoero AoIIoJr-

HI4TeJIbHoro KoHTpoJIt I4crIoJIb3oBuru ormcaHHbrft Bbrrrre orlTuqecKl4ft urEnpoceHcop Ha KIIo-

JIopoA. ConocranJleHze AaHHbrx o KoHIIeHTpa:lozrv Kt'rcJropoAa vr o BoJrETaMlepoMerpprqe-

cKI'IX CI'I|HaJIaX nOATBepAI4JILI npeArIOJIOXeHr,rff o puBrr,rrrHoM [oBeAeHr,rr4 KaTiLJrr{3aTOpOB

(nanovacrplllbl MerilIJroB H 6epluucrar na:ypr). Brrno4 o ueo6xogr{Mocrr,r KoHTpoJrr{poBarb

KoHUeHTpaIILIIo KI,IcJropoAa n npo6e, oco6enso rrpr4 Hr.r3Kr.rx KoHrlegrparlurx 11epoKcr4Aa Bo-

AopoAa (crp.l79), He rlpeAcraBIrflercfl. o6.sgaremHhrM, oco6enuo AJrr orpeAeJreHr4{ HrroKo-

3bI' KaK npaBLIJIO, npeAIIOJIararcqeIO AOCTaTOTIHO BBICOKI{O KOHII€HTpAIJkILI AHaJryrTA s 6raO-

JrorraqecKlrx npo6ax.

AgoAsrte cI4rHaJIbr B Tex )Ke cl,IcreMax Qepmenr - Mer€urJr r,rccJreAoBiurr,r Ha creKJro-

yDIepoAHoM SJIeKTpoAe. YctaHoBJIeHo Bnrprfl:ave Kr4cJropoAa Ha roKr4 oKr4cJrennfl [epoKcr4Aa

BoAopoAa, orHeceHHoe K fipoqeccaM BoccraHoBrreHvrs. oKcHAoB fiailila4nfl. llpe4noxena

cxeMa I,rcMepeHzrl curuara c rrpe'4Baprareruroft rroJrffpLBarluefi elerrpoAa B raro4Hoft o6na-

cTI{ rIoreHIII,IaJIoB u rlocJleAyroqefi pen4crpauueft rora, cB-f,3aHHoro c oKprcireHr{eM IIepoK-

cI,IAa BoAopoAa. HenolflsrHa rpaKToBKa repMr{Ha ((npaBuJrbHocrb) rrpprMeHr,rreJrbHo K pe-

3yJlbraraM aMrepoMeTpl4llecKoro I43MepeHIiuI crIrHaJIa (pnc. 4.14). B nocle4yrorleM rpeA-

noxeHnrrft,npoToKoJI PI3MepeHI4rI c ilpe.{BapIarelrnofi raro4nofi noJrrpr'Barlzefi eterrpo4a

6rrn racnoJrb3oBan rrpll LIccJIeAoBaHr4r4 BrrLrfl:nprfl Apyr[x KoMnoHeHToB nJreHKr4. HaAo orMe-

Tvnb, qro aBTop orKa3blBaerc.f, or oAHocraAr4finocru KaK DraBnoro KoHKypeHTHoro npe-

I4MyIIIeCTBa I,I DIaBHOft reUrr VCCJIeAOBa]giVT[. Vt HaHOCZT BCe-TaK[ ABa CJIO' - CHaqara HaHO-

qacrl,Iq rraJrJraLvs., 3areM OHI- 3auena naSzoHa Ha iurbrrzrHar r{ rroJrr{nr4ppoJr xapaKrepr4-

crI4KI,I cvrnalra Ha [epoKct4A BoAopoAa yxyArrrarorcs. AsalorusHhrM o6pasou prccJreAoBaHo

BITII'Id,Iii? Ha CI{IHaJI KOJILTqeCTBa I1,tvtWtO':1IJrr/I3yeMOrO Qep\AeHra, AeMoHcTpr,rpyrcqee .f,eHrrfi

MaKcpIMyM orKJIuKa. flynenue, AocraroqHo r43BecrHoe r4 orHocr4Moe K z3MeHeHr,rrc upoHr4-

IIaeMocrLI cJlot AJII KI,IcJIopoAa Ir orpaH[rreHHBrM ero MacconepeHocona. 34ecr B KaqecrBe

[pEtILIHbI HeperyJltpHoro I43MeHeHr4r crrrHilra yKa3brBaercfl, pa3nwrr4e B oqI,IcTKe rrpellapa-

ron $epvrerira. B IIeJIoM B pe3yJlbrare paccMorpeHr.ur ncex QarropoB orrpe,qeJuercr o6uee



BJII'IflHI'Ie roJIIqLIHbr rrneHKI'I OHII ycJIoBI{fi ee ocaxtAe:n:ar kr qrlcJra cTaginfi Ha rrapaMeTpbr

OTKJII4Ka Ha rlepoKcllA BoAopoAa I4 rJrloKosy. YctanoBJreHbr orrTr4MaJrbHbre ycJroBut c'opxu

rroBepxHocTHoro cJror 6uoceucopon.

B saKrro.IeHLIe arrop [poI,I3BeJr cpaBHeHrle paspadoraHHbrx ceHcopoB Ha ocHoBe Ha-

Hoqacrvu ilaJrlrarvfl (6ec$epuenrnrrx) u 6uoceHcopoB c AorroJrHprreJrbHbrM BKJrroqeHrreM B

cocraB cJlot oKcI4AopeAyKTa.s. CpaeneHl4to [oBepraJrr4cb crpyrcrypa uoBepxHocrHoro cJrot

lao4zQrzraropa (no AaHHbrM cKaHllpyloqefi ererrponnofi Mr'rKpocKonwu), a raKxe cr4rHaJrbr

ceHcopoB Ha [epoKcI{A BoAopoAa (c nxruoqeHlreM nepoKcr{Aa3br r4 rarana:rr). Onpe4eleurr

ycJIoBI{.t noBbrlrreHHrl aKrI,IBHocrr,r Kariurasu, o6uvHo AocraroqHo u[groft Lrg{a crepr4qe-

crurx QarropoB, BbrtBJIeHo pa3rwrtilre B [oBeAeHuuupadou[x ycJroBprfi SynxqnomkrpoBalprfl

ceHcopoB, noryqeHurlx [pI4 greKTpox[Mr4qecKoM $opuuponanvrvt OHf u nocnofinou

HAHECEHI/IT4 KOMNOHCHTOB,

lnada 5 <<llpznreHenue npI4HIILrroB opraHlr3arrvr4 OHf rrJreHoK Arr H3yqenvs ak
cop6qnonHo-gecop6qlloHHblx rsarauo4eficrsHft B crrcreMax HeopraHr.rqecxar Mr{[reHb -
opraHldqecxa.fl bIaoNaoJIeKyJIa) MeroAoM SALDI-MS nsyuaer rpoqeccbr a4cop6qraw u Ae-

cop6qzH pflra MaJrbrx MoJIeKyJI Ha floBepxHocrlr HaHoqacrr4q 6raropo4Hbrx MeraJrJroB c rro-

MoIrIbrc Macc-c[eKTpoMerpI,II4. MnureHz-gMrtrrepbr c ocaxAeHHbrMlr oJreKTponr4Tr4qecKr4

HaHoqacrI4IIaMI,I cepe6pa u nurJrarvr AonoJIHI{TeJrbHo xapaKTeprcoBilrI4 c rroMorrlbro cKa-

Hlrpyrcueft ererrponsofi MI4KpocKonIaH. OxapaKrepr,r3oBaHbr Macc-crreKrpbr, floryqeHHbre c

rroBepxHocrl{ MI4IueHefi ua ocHoBe HaHoqacrI4II rrturJraAr4r ra cepe6pa, ycJroBrar [oryqeHut

rrLrKoB KiurxeBbrx aAAyrcroB. 3axruo.r[rerurrrfi BbrBoA o Brrvntnvrv aAcop6qnouHbrx

ceoficrs grelctpoocax(AeHHblx qacrull MeTaJIJIoB B cocraBe uuruenefi gMIzTTepoB uroHoB r{ B
t

cocraBe OHf cJroeB nsaBvIcvlMocrr cIlrHaIIoB or rlpllpoAhr auaJrkrra.

lnaea 6 <<Aupo6a\vs. 14 rrprzMeHeHr4e MkrKpoanarvrrvv'ecKnx recr-cr{creM Ha ocHoBe

OHf [JreHop) paccMarplrBaer ABa rrmra anaJrr4TuqecKrrx ycrpoficrs - co6creeHHo oJIeKTpo-

xr,rMprrre cKr,re 6no cenc opbr I,I IroAJIonKIa AJII Macc- cneKrp oMerplal{.

Arrop roBopr4T o MoAyJrbHoM [oAxoAe n $opur4poBaHr4ro qyBcrBr,rreJrbHoro cJlot

6uoceucopa, KorAa HecKoJrrKo Seprraeuros zN{r.{o6lurlr3yror Ha oAHoM HocrITeJIe - npeo6pa-

3oBareJre cvrr:aaila.lIoAxoA LrJrJrrocrpr{pyer c6opr<a cJroeB ffrloKo3ooKcl4Aa3hl 14 JIaIoaroKcI4-

Aa3br B Marpnrle na$uona B uprrcyrcrBllu HaHoqacrIaII rraJrJlaAut. I4suepeHple BKrloqaer

KaroAHyro noJr{pu3arlr{ro gJrercrpoAa AJrt noJryqeHuJl aIoI{BHrIx Qoptt MeTaJIJII{qecKoro Ka-

TirJrr,r3aropa,u [ocJreAyroqee r{3MepeHr{e aHoAHoro roro nepoKcr4Ila BoAopoAa. Ecnn o[pe-



AeJreHI4e OpraHr4qecKr{x cy6crparoB oepMeHToB r.r [epoKcr,rAa BoAopoAa B 3HaqzTeJrbHofi

crerleHl4 ucnoJlByer I4H$opMaIIruo o6 onrnnailrbHoM cocraBe rroKpblTr4rl, rroJlyqeHHylo I{3

rlpeAblAylqnx DIaB, orIpeAeJIeHI4e rJryrapoBoro aJrbAer[Aa y[oMr{Haerc.f, BrrepBue. K coxa-

JI9HI{IO, He rIpI4BoAI4Tct MexaHr,r3M ero oKtrcJrenkrfl,, Ho caM Saxr o$HapyNeq1rfl cr4rHaJra,

[ycrb 6er xonrpoJlt ero ceJIeKTI,IBHoerI4, 3acJlyxr4Baer BHHMaHur. IlonyrreHHble MoAyJIb-

nrre 6HoceHcopbr rrpoIuJII4 anpo6aquro Ha npr4Mepe onpeAeJreHLrfl anaJrvrroB B KyJrbrypiurb-

Hoft cpe4e, coAepxaqefi Apoxxeeofi orcrpaKT r4 rJrroKo3y. Taxxe [peAJroxeHrr oprlrurHnJrb-

Hhre MeroAI,IKn eJreKTpoxl,IMuqecroro npoSrrrrr4poBaHnfl .Upoxxefi. [pyroft s$Qerrnufi

npuMep I,IcnoJIb3oBaHus. pa.epa6otaHHblx [oAXo.qoB - HeKoBzr[eHTHaf, uvltolutusaur,rr Ko-

Qarropa AJIf, noBbrIrreHI,IlI eQ$errunHocrr,r 6raonerrpoKariurr43a B [pr,roJreKTpoAHoM cJroe.

Oua pealu3oBaHa 4na @Ar{, roQarcropa urroKo3ooKcu$a3bt r{ ero oJreMeHTa nrorrauQnaBr4Ha.

I4:oauo6uttr4saI\r4s ro$arropa rlo3BoJrr4Jra floryquTr QeplaeHrarueHrrfi flpouecc c prcrroJrb3o-

BaHI4eM ang0ePuelrroB, roryqaeMblx yAuueHnena ro$aKTopa rrc KoMMepqecKr4x rrpeuapa-

TOB.

Brcpax qacr6 DIaBbr orll'IchrBaer MeroAbr Macc-cneKrpoMerpr4qecKoro onpeAeJreHr,rt

M{IJIbIX MOJIeKyJI C I4C[OJIb3OBaHI{eM SrerffOpOCaXAeHHBrX nJreHOK HaHOqaCTLT\ fi8-JrJraI.r4fl u

cep e6pa. O6rerrrt ananfi43a - )KlapHbre KucJrorbr, pacrr4TeJrbHbre MacJra, MoJroKo.

3ut<tttoqeaue rvccepraq.uu coAep)Kr{T o6o6uleHne [peAJroxreHHhrx HoBhrx rroAXoAoB

K cI,IHTe3y HaHopa3MepHbIX OHII nau6olee roJIHo Bbrpaxaroqeecr n $opuynprpoBKe HoBo-

ro HarIpaBIreHLrs. - (GayrrHo o6ocHoBaHHoM rroAxoAe r 4rasaftny Mr4Kpo-r,BMepr,rreJrbHbrx

Tecr-cl{creM Ha ocHoBe caMoopraHr43yrorqrlxcs OHf rrJreHoK nyreM HanpaBneHHoro rBMe-

HeHI{rI I4x crpyl(ryprr u ceoftcrB no.q rpe6onanua anaJrLrrrlqecrofi 3aAarrr,r). BoguoNHoo cJre-

AoBaJIo 6oree uo4po6Ho paccMorperb [epc[eKrr4Bbr yKz*aHHoro HanpaBneHr4r, Koropoe

c$opuyrrzpoBaHo oqeHb KparKo u o6reraeuo.

Borcodot rlo Allcceprarrr4pr JlofvqHbr, cJreAyror Lts [peAcraBJreHHoro oKc[eprrMeH-

TilJrbHoro Marepr4aJra r4 orpaxaror o6ulyro Jrorr,rKy r4ccJreAoBaHr4rr.

Xaparrepv3ys. Eucceprallruo IO.A. Cvum:noit B ueJroM, neo6xo4nMo orMerr4Tb, qro

9To 3aKoHqeHHoe I{ccneAoBaHHe, xapaKrepr43yroqeecr Buyrpennefi lornrofi, 3aBeprrreHHo-

cTblo, [peeMcrBeHHocTbto [peAcraBJleHHbrx AaHHbrx, KoTopiu orKpbrBaer HoBbIe Bo3Mox(-

Hocrl{ B qacrlr co3AaHVrI aHiull4Tr4qecKr4x ycrpoficrs Ha ocHoBe rra6pu4Hbrx opr.aHo-

HeopraHI4rIecKLIx TIJIeHoK c BKJIIoqeHI4eM HaHopa3MepHbrx oJreMerrroB - 6naropo4Hbrx Me-



TturJIoB, QeprraenroB I4 BcnoMorareJlbubrx pearcIrroB. K qucry ocHoBHbIX noJIoxeHI,Ifi. co-
craBJItIoIqHx HayqHylo I4 [paKTI4qecKyIo HoBI'I3Iry, orHocf,Tc.{:

- ycraHoBJIeHLIe o6qzx 3aKoHoMepuocrefi SopuuponaHr4r rrJreHorc OHf B 3aBr4ctr-

MocTlI or qoBoKyIIHocrI4 3KcrIepI4MeHTiLJIbHhIX $aKropoB rroJrfreHtrfl, Lr nprrpoAhr KoMrro-

HEII'TOB;

- co3AaHI4e HoBoro rIoAXoAa x c6opre [JIeHoK OHf n atalrvrrarqecKr4x ycrpoficre Ha

I4x ocHoBe tryTeM oAHocraAl4fiuoro cI4HTe3a (snerrpoxr4MrlqecKoro ociDKAenur) na noBepx-

HocrLI npoBoAtlrlefi noAloxrra (enertpoAa, MnrrreHr{ B Macc-cneKqpoMerprzn)

- HOBbIe nOAXOAbI K aHaJII,I3y CTpyrcrypbr r4 COCTaBa UOBepXHOCTHbTX nJreHOK B COCTa-

Be SJIeKTpOXLIMHTIeCKI{X CeHCOpOB, CBfl3aHHbIe C QOBMoCTHbIM paCCMOTpeHI4eM AaHHbrX

Macc-cleKrpoMeTpl4t4, cKaHupyloqeft slerrponsoft MlrKpocKorrvrv 14 BoJrbraMlepoMeTpr4r4;

- opurHHaJIbHbIe rIoAXoAbI K oIIeHKe COCTOf,Hr,rr OKCr4AOpeAyrCra3 B CJrOe C UCnOIb3O-

BaHI,IeM OAHOBpeMeHHOTO O[peAeJIeHI4lI Cr4rHaJra Ha nepOKCLrA BOAOpOAA V CVrrIJaJrA Ha Kr4C-

JropoA c onfzqe cKoro r4roJrbqaroro Mr4Kp o c encopa;

- opuruHiulbHbre noAXoAbI K gJreropoxlrMra.recKofi oueHKe MuKpo6HBrx coo6rqecrn no

6uo ceucopHoft orIeHKe o cHoBHbrx KoMnoHeHToB KyJrbryp nirbHBrx xr,rAKo crefi .

Co.reraHl4e coBpeMeHHbIx MeroAoB Marepr,rturoBeAeHr.rrr I4 3JleKrpoxvrMr4r4 - caMafl

cI4IIbHafl. CTOpOHa IIpOBeAeHHOIO HCCJT9 OBaIJWA, KOTOpar BbrAeJr.rreT ee CpeAr,r aHaJrorurrrHhrx

pa6or, flpoBoArrMbrx B qacrr,r r{cnoJrb3oBaHr4r HaHopa3MepHbrx qacrr,rq 6naropo4u6rx Mera;r-

JroB B cocraBe gneKTpoxuMr.rqecKlrx ceHcopoB n 6zoceHcopoB. HecouHenHo, rrp.f,Moit asa-

Jrr43 npoAyKToB Aelpara:qlav [oBepxHocrHoro cJror B cryqae nc[oJrb3oBaHvrx nalpvoHa vr

6epnzncroit nasypu Aaer LrccJreAoBareJrro apryMeHTrr, He AocrynHble, r{cxoAr ucKJrroqr4-

TeJrbHo r43 TpaAuuLIoHHbrx [oAXoAoB SJIeKrpoxI4MLtI4.

Buecre c reM, K Ar{cceprarl4r4 r4Meercr prA 3aMeqalnuir uo Qopue n cyulecrBy [peA-

craBJreHHbrx pe3yrbraroB :

- Hecuorp fr Ha r;;aJrurlr4e onpeAeJreHHbrx o6unx MoMeHToB, cB-t3brBurrolql4x rrpvMeHe-

Hr,re Hanoqacrvr\ MeraJrJroB B gKcnepvMeHTax rro gJreKTpoxr4MLIqecKIaM ceHcopav' vr 6zocen-

copaM, c oAsoft cropoHbr, H Macc-cfleKrpoMerpvrv\ g Apyrofi, ux o6re4zHeHlle B paMKax

Ar4cceprauv[ [peAcraBrrerc.s HeAocraroqHo apryMeHTHpoBaHHbIM. 3ro parnrte c roqKI,I

3peHr4rr SyH4alaenrrurbHbrx ocHoB MeroAbr, Koropbre MoryT [peKpacHo cocyulecrnonarr (n

cor,rcKareirr y6e4rreJrbHo rroKa3aJr rrpeuMyrrlecrBa raKoro no4xo4a), Ho oHI4 6a:rapyrorcfl.Ha

a6comorno ptt3Hbrx [pllHur4rrax,vrvrx onrr4Mr,r3aur{Jr rlpoucxoArlT rlo pa3HbIM 3aKoHaM.



- I4cnolrgoBaHl'Ie raJlbBaHocrarIatlecKofi [oJltpr*au vu ArrfrocaxAeHurf, floBepxHocr-
HBrx cJIoeB LlcKlroqaer 6orarrrft uncrpyMernapafioJrer(rpoxzMr4 vr vrs BosMoxnocrefi B.rvrflTb
Ha cocraB noBepxHocrHoro cJlot. Msorze Borlpochr, rloAH.f,Tbre r.r pelreHHbre c [pr4MeHeHr4-

eM Mao0-ClleKrpoMerpuu 14 MIIKpOCeHCOpa Ha Kr,rcJropoA, Moryr 6rrTt, IlporcHeHbr npoIIIe c
I4ctIoJIB3oBtrrueM KraccuqecKl4x MeroAoB gJrerffpoxr.rMr,ru. K nzna orHoc.fiTc, [prrpoAhr gJreK-

TpoAHbrx peaxqvtft, BKJTaA MacconepeHoca, ycTaHoBJIeHI4e 3aBl4crauocrefi MeXAy [apaMeT-
paMn srel(rporrl3a u pa3MepHBrM cocraBoM qacrr4rl. Taxxe ocraerc.fi He[orurrbrM, KaK [po_
LrcxoArrr ocaxAeHpre B [oBepxHocrHoM cloe Ha$uoua.

- 3na'rurenbHat qacrb SJleKTpoxuMr,rqecKprx uccJreAoBauufi 6una[poBeAeHa Ha KoM-
MepqecKl4x gJlelqpoAax DropSens, coAep)KaIqkIX rr,roAzsuqnpyroqzft crofi oxcz^a rpaSeua.
9ror Oarcr, KaK rr cnoco6nocrb oKcIdAa rpaSeua BoccraHaBJrrrBarbc.fi B ycJroBrrrrx raroAHoft
noJlf,plrcaqrIl4' HI'IKaK He orMeqeHbr B o6cyx4eul,Irl pe3yJrbraroB. Bnaecre c reM, p€r3Jrr4qHafl

crelreHb BoccraHoBLreELrs oKcI'IAa rpa$ena, B ToM qrIcJIe, B [purcyrcrBuv rpe{ypcopoB Me-
TTUIJIOB, MO)KET OKTI3bIBATb BTTZfTIHT4E HA SOPUUPOBAHI.IE OHf;

- coircrateJr6 Hacroftqzso [poABlIraer rzAero oAHocraAr4fiHoro [oryqeHLrrr uo4rasu-
Ill4pylouero rloKpbrrnfl B yciroBt4f,x raJrrBaHocrarvqecr<ofi noJrf,plr3arlvr4 gJreropoAa KaK

rJIaBHoe or:[FII4e IlpeAJlal'aeMoro rIoAXoAa or cyrqecrByroulr4x. OAnaxo gro He coBceM Bep-

HO - qacrb BecbMa I4HTepeCHbIx pe3yJlbraroB rroJryqeHa B AByXCTaAT4fiUOU pexr{Me HaHece-

HI'I{ HaHoqacrl'Iq ilailJra4Lrfl Iz Sepueura, TaK)Ke K AByxcraArafiHonay [poroKoJry orHoc{Tc,
Bce npeAJlaraloUl4ect M9TOAI4KII I43MepeHLIrI cI{rHaJIa c [pelBapr,nenrnofi raroAsofi rroJur-

puzaryweir eJreKTp oAoB ;

- Brrgrreaer Bo3ptDKeHZe HeKoropar repMr{HoJroruir, r.rc[oJr63yeMa,rr aBTopou. Bce-

TaKI4 HaHOgiIeKrpOA - 3TO SJIeIOpOA HaHOpa3MepoB, a He SJreKTpoA, COAepX{arywft HaHopa3-

MepHbIe uo4t'I0rarcaropu. TepuI4HbI (HaHo6raosrerrpo4>>, <<6rzoHaHogJreKTpoA)) He r,Meror

npaBa Ha cyqecrBoBaHl'Ie. MetoA LbL (layer-by-layer) npelroiraraer rocJrofiHyro c6oprcy

rIporlIBorIoJIo)KHO 3apf,XeHHbrx [oJrr43rercrporr,rroB, a He [pocro [ocJreAoBareJrbHoe HaHe-

ceHr4e pacrBop oB peareHroB c BBrcyrrr4BaHv eM (drop - casting).

- HecrolrKo pit3. rloBTopferct re3r,rc o roM, .rro 6oree DraAKUr rroBepxHocrr (ueur-
uat uepoxoratoc$) - xoporuo. Ha cauoM AeJIe, sro He coBceM TaK, B BoJrbraM[epoMer-

pLru Ha MaKpo9JrelqpoAax cI{rHaJIbr yopeArurrorcr, yBeJrvqeHr4e rrrepoxoBarocrr.{ yBerr,rqt4-

BaIOT yAeJIbHyIO ruIOIrIaAb nOBepXHOCTVT V perlrcrpr4pyeMbre roKr4, cHlrxaer ra4poSo6-



HocTb rroBepxHocrl4 yDlepoAHbrx MarepnaJroB' sro cnoco6crByer HaHeceHr4ro cyc[eH3l4r
MoAr4or4KaTOpOB.

- I4Meercs BecbMa 3HaqHTeJIbHoe qLrcJro Tex'uqecK'rx HeroqHocreft.
noJr* oBaH Uq awnuiacKnx ua$nuc efi r,r repMLr HOB, O,,eqaror< s raonuuax.

rroMapoK, r{c-

YxasaHHrre 3aMeqaHnfr He cHI{XaIor o6qefi [oJroxr.rreJ6HOfi OqeHKr.r pa6orrr. oua
npoIIrJIa yc''em'yro aupo6aqzro Ha MHoroqI4cJIeHHhrx ronsepeu Lrvrfrx,EoJryqeHHbre p.,yirb-
rarrr onyolnKoBaHbr B TonoBbrx xypHtulax n ,,oirHocrbrc HarIrJrI4 oTpiDKeHr/re n anropeQe-
paTe.

luccepraul{'I coorBercrByer [ac[opry crrequzurbuocrz I .4.2. Ananr4TrrqecKaf, xr4-
M,'I corJracho n' 2' MeroArr xrrMlrqecKoro aHaJrr{3 a, n. 3.Auarzrz.recKr4e npz6oprr, n. 10.
AnarIzs opraurrqecKr/rx BerrlecrB Lr Marepr4€uroB.

Ha ocnosa;Ffuu BbTIIIeLBJTOXeHHOTO cqr4Tulro, qro Ar4CCeprarJuflcllj,Iranoft Ionnn Es-
reHbeBHbr tBJlterct 3aKoHrIeHHofi nay'ruo-rnanu@zraqzouHofi palwoft,n xoropoft coAep-
)K*rc'fi peIrIeHI'Ie uayvnoft 3afta.,u' csxsa'Hofi c pa^spadorxofi Hosrrx rIoAxoAoB K KoHcrpyl4-
poBaHI'Irc SJIeKIpoxI4MLIqecKIzx ceHcopoB I'I co3AaHI4Io recr-ycrpoficre Ha ocHoBe rw6pug-
HhIx opraHo-HeopraHzqecKlzx MareprraJlos. llo o6reuy BhrloJrHeHHbrx r4ccJreAonaH'fi, cso-
eft arryamuocrl'I, uayuHofi HonIlBrIe I4 [paKTzvecrofi sHaqu'rocrt4 4l{cceprarlurr coorner-
crByer rpe6oeaHurM r''. 9-14 dIonoxeHLIrI o rrpr4cyxAe*Lrv yqeH'rx crene'efi>>, yrBep-
x4eHuoro lloctanonneHPleM llpaaurelbcrBa Poccnficxoff @e4eparlr4rr or 24.09.2013 x,I

'Ilb842 u 'r' 2'l'2'5 <<llonoxeunfl o rtpvcy]KK'".rvyvdnrrx creneuefi r @e4epanbHoM rocy-
AapcrBeHHona 6roANerHoM yqpexAeHnn Hayr<il <<r4ucruryr o6rqefi z HeopraHr,rqecrcofi xz-
Muu uM' H'c' KypuaKoBa Poccvficrofi Ar<aAenauz Hayr> or 1l vras 2022 r, upeA.",rBrrre-
MbIM K Al4cceprallLrflM Ha concKaHl'Ie yuenofi creneHrl AoKropa HayK. Aerop A1aceprar\vu,
cuttu."alonpls EsreHresua' 3acJlyxl{Baer rrpucyxAeHr4r creleHr,r AoKropa HayK ro c,,euu-
nJrbHocrr,r | .4.2. Anaru^tu'recKa, xLrMkrs.

OQzqualrnrrft onuoHeHT

3 are4yro rqnfi r<aS e4p oir aswwrru.re c rofi xr4Mvrw.
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CneAenns o6 oenqnaJrbHoM orrrroHeHTe
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