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BBEJAEHHUE

[lonyuenue wHpOPMAIUU O COJACP)KAHUU OPTaHMUYECKUX TOKCHKAHTOB B
00BEKTaX OKpYyXKaromel cpeabl (BO3Ayxe, BOAE, MOYBE, JOHHBIX OTJIOXKECHHUH H IIp.)
SBIISICTCSl aKTyaldbHOW W TIO3BOJSET aJIEKBATHO OIIGHWBATH CTENEHb TEXHOTCHHOMN
Harpy3Kd Ha OKPYKaIOIIyI0 Cpely, a TakKe BEPOSITHOCTh PHCKA HEOJIaromnpusITHOTO
BO3/ICIICTBHE Ha HACEJIICHHUE B PE3YNIbTaTe MHTEHCUBHOW XO3SIIICTBEHHOHN JMESTEIHHOCTH.
Jis perieHust ATOM 3a7a49i B aHATUTUISCKOM MPAKTHUKE TPUMEHUMBI CEHCOPHI.

Panpire, kak mpaBWIIO, TMPU TPOBEACHUHM aHaIN3a B OOBEKTE OMNPEICISIIOT
COJIep’)KaHUE MHOXKECTBA €ro OTAETbHBIX KOMIIOHEHTOB, a 3aTeéM W3 TOJTYYCHHBIX
JaHHBIX BBIBOASAT CYMMAapHBIH pe3ydbTUPYIOUMI Toka3aTenb. [Ipu TakoMm momxoje
o01uii «00pas» aHATU3UPYEMOTO 00BEKTAa YCTAHOBUTH JOBOJIBHO TPYIHO.

[IpocTeiimum cnocoOOM pelieHus 3TOM MPOOJIEMBbl SIBIISIETCSI MCIOJIb30BAHUE
MHO2OKAHANbHBIX CUCTEM CEHCOPOB (OOBEIUHEHUE OTACTBHBIX CEHCOPOB B MACCHB) IS
OTPEICTICHUSI COCTOSIHUS O0BEKTA.

[lenpto HacTosed paboOTHI sBIsiETCs ompenaeneHue ankmaanetatoB C,-Cs ¢

IMPUMCHCHHUCM MyHBTHCCHCOPHOfI CHUCTCMbI ((C-)JICKTpOHHBIﬁ HOC».



OJEKTPOHHBIN HOC»

«ONIEKTPOHHBIM HOCOM» TIPUHATO HA3bIBaTh MYJIBTUCEHCOPHYIO CHCTEMY
pacro3HaBaHMsl KOMIIOHEHTOB T'a30BbIX cMeceil. K HuM oTHOCsTCS puOopsl, padoTaromye
Ha pa3IMYHBIX (U3MYECKUX MpHUHUMNAX. B oTiauuue OT TpagulMOHHBIX CEHCOPHBIX
cucTeM, TPeOYIOMIMX BBICOKOCEICKTUBHBIX UYBCTBUTENIBHBIX 3JIEMEHTOB, «3JIEKTPOHHBIN
HOC» HCIIOJNIB3yeT HaOOp HU3KOCEJIEKTUBHBIX CEHCOPOB. BO3MOXKHOCTD peanu3ali CUCTEM
TUNIA <QJIEKTPOHHBIA HOC» ONHPAETCS HA Pa3BUThIE COBPEMEHHBIE CpEICTBA
BBIUMCIIUTEILHOM TEXHUKU U METOJIbI 00pabOTKM MHOTOMapaMeTpruiecKkoil nHpopMaIum.

[Ipunuun paboTel Mpubopa 3aKIHOYAECTCS B U3MEPEHUHU DJIEKTPONPOBOJHOCTH
CEHCOPOB MPY WX B3aUMOCICTBUM ¢ MapaMu JETy4uX BellecTB. B pe3ynbrate ancopounu
MOJIEKYJ HMCCIIEAYEMOrO BEIIECTBA AJEKTPOIPOBOAHOCTh YYBCTBUTEIBHBIX MaTEpUAJIOB
CEHCOpPOB yBenuuMBaeTca. Kaxaplil CEeHCOp HE SBISIETCA CTPOrO CEJIEKTUBHBIM 110
OTHOILIEHUIO K KakoMy-l1nbo razy. OJHako BeIUMYMHA OTKJIMKA Ka)KJIOro CeHcopa U3
Habopa Ha pasHble ra3bl JODKHA OBITh MHIMBUAYalbHAa. MaremaTuueckass oOpaboTKa
JAHHBIX CEHCOPHOI'0 MacCHBa MO3BOJISIET CPOPMHUPOBATH YHUKAIBHBIN XUMUYECKHIA 00pa3
aHanmu3upyemoro BemiecTBa. CeHCOpHBbIH MaccMB OOBIYHO BKIIOYaeT oT 8 1o 64
AIIEMEHTOB. YHHKaJIbHBIA 00pa3 3amaxa BellecTBa 0Opa3yercsl 3a CUET UCHOJIb30BAHUS
OTJIMYAOIINXCS APYT OT APYra 4YyBCTBUTEIBHBIX 3JIEMEHTOB CEHCOPOB, M3TOTOBJIEHHBIX C
MIPUMEHEHUEM HaHOTEXHOJIOTUM.

Pacnio3HaBanue BeliecTB MPOM3BOJIUTCS TMocie «o0ydeHus» npudopa. OdydeHue
npubopa OCYIIECTBISICTCSI B pPe3yibTaTe 3allCH OTKJIMKA CEHCOPHOIO MaccuBa MpU
IIPOKAYKE 4YEpe3 HEro ras3a, COAEpKallero mnapbl WHIMBHAYAJILHOro BenlectBa. llpwu
MOCJeIOBATEIbHON MPOKayKe 4epe3 MpUOOp MapoB pa3iIMyYHBIX BEHIECTB (POPMHUPYETCS
OMOIMOTEKA OTKIMKOB, XPAHSIIASACS B MaMSATH BBIYUCIUTEIEHOTO YCTPOMCTBA, BXOASILETO
B coctaB mnpubopa. Pacro3HaBaHue OCYIIECTBISIETCS IyTeM CpPaBHEHHSI OTKIMKA OT
AHAJIM3MPYEMOIO Ta3a C OTKJIMKAMM OT WHIMBUIYaJbHBIX BEIIECTB, MUMEIOLIUXCS B
OMONMHMOTEKE OTKIMKOB. B cilydae HaxoKIeHHs] MOXO0XKEro OTKIMKAa WA KOMOMHAIWU
OTKJIMKOB, MPUOOp BBIAAET CUTHAJI O HAJIMYMU B aHAIM3MPYEMOM Ta3e MapoB JTAHHOIO

BCIICCTBA UJIN Ha60pa BCIICCTB.



JKCIIEPUMEHTAJIBHASA YACTD

B kadectBe 00BEKTOB wucciemoBaHusi BbIOpaHbl ankwianerathl C,-Cs (3THII-,
H.OyTUJI W H.IEHTWJIALETaThl), IPUCYTCTBYIOIIME B TA30BBIX BBIOpOCAX MPEANPHUSATHI 1O
MPOM3BOJICTBY JIAKOB, KPACOK, (papMalleBTUUECKUX MpenapaToB. Bee npenaparbl aHaIuTOB
OBLIM KBUTH(PHUKAIIUHU «JISI XpOMaTOTpapum.

B pabote ncnonb30Banu KBapUEBbIE PpE30HATOPHI C CEPEOPSHBIMU IIEKTPOAAMU
AUaMeTpoM 5 MM U TomuHou 0,3 MM ¢ HOMUHAJILHOW PE30HAHCHOM YacTOTOM KoJieOaHUM
8—10 MI'u. Kpucramisl kBapiia, UCTIOJIb3yEMbIE B IHE30IEKTPUUECKUX CEHCOPaX, 0OBIYHO
MIPEJICTABIISIIOT COOOM MTACTUHKH WK TUCKHU auaMeTpoM ot 1 1o 1.5 cm u tonmtuHoi 0.1—
0.3 MM. MeTtainueckue 31eKTpo/ibl (HampuMmep, 30J0ThIe WK CepeOpsiHbIE) C
MPUCOETMHEHHBIMU BBIBOJIAMH PAcIoaraloT Ha MOBEPXHOCTH, KaK 3TO IMOKa3aHO Ha puc. 1.

Ha nporpammupyemMoi  JOTMYECKOM  HMHTETPAJIBHOM  CXEeME€  pealn30BaH
MHOTOKaHAIBHBIA (TIOJepKUBaeT padoTy 10 50 KaHAIOB) 4YacCTOTOMEp, YIpaBICHHUE
paboToii cuctembl ocyecTBIsLI DBM.

Iloocomoexka nve3ocencopa. PactBop copOeHTa paBHOMEPHO paclpenessii
MUKPOIINPUIIEM 10 TOBEPXHOCTH METAUIMYECKUX AJIEKTPOAOB, HE 3arparupas
nepudepuiiible yJyacTKH Ibe30kBapa. CBOOOJHBIN PacTBOPUTEIND YIANISIH OMEIICHUEM
ceHcopa B CyIIMIbHEIH mkad npu Temmneparype 50-70 °C.

Omoéop npobwi. 1lpu TNpoBENEHUH OINpPECICHU MNPUMEHSUIM METOoZ 0TOOopa
PaBHOBECHOW MTAapOBOH (a3bl.

Tonyuenue u oopabomka anarumuyeckoeo cuenana. CHxeHue padbodeld yacToThl
KoJIeOaHUW (aHAJMTUYECKUM CUTHAl) MBE30CEHCOPOB PACCUUTHIBAIM MO YpPaBHEHUIO
3ayspopest:

Af=-2,3-10° - f>Am/A,
rie Am - macca, T; fy - pe3oHaHcHas yactora mbe3oceHcopa, MI'm; Af - u3meHeHue
4acTOTHI ceHcopa, Iy A - IUT0Mma b TOBEPXHOCTH JIIEKTPOIOB CEHCOPA, CM.
[locne BBeneHUsSI Kaxa0W NMPOObl (PUKCUPOBAIM PE30OHAHCHYIO YaCTOTY Ka)JIO0ro
CEHCOpa M BBIYUCIISIIA OTHOCUTENbHBIN CABUT YacTOThI Af, IO ypaBHEHHUIO:
Afa =f1 - f2
rae f u f; - yacToThl KONIEOaHMIT ceHcopa 70 1 Tocye aHanu3a, [11.
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PE3YJIBTATBI U UX OBCYXKXJAEHUE

[lpu co3gaHuMM MYJIBTHCEHCOPDHOW CHCTEMBbl B KadecTBe 0a30BOi ObLIa
UCIIONIb30BaHA MHOTOYPOBHEBass HEWPOHHAsT CEMHOTHYECKas MOJEib, OMHMCHIBAIOIIAs
MeXaHU3M paboThl OOOHSTEIBHOW JYKOBHUIIBI 4YenoBeka. (CoriacHO dTOM MoJen,
(GYHKIIMOHATIbHASL CTPYKTypa OOOHSTETBHON CHCTEMBI COCTOMT W3 CIEAYIOINX TPex
ypOBHeii B3aumoeicTrs. Ha mepBom ypoBHE MPOUCXOIUT cOOp MEPBUYHON HH(MOpMALIUN
00 aHanM3upyeMOM OOBEKTE OOOHSATENBHBIMHU perentopamu. Kaxiaplii Takoil peuentop
pearupyer Ha pa3IpaXHTellb YCIOBHONW OOOHSTENBHOW Cpenbl, W 3areM (OPMUPYET
BBIXO/IHOW CHTHAJ B 3aBUCHMOCTH OT YYyBCTBUTEIBHOCTH K KaKOMY-TO KOMITIOHEHTy. Ha
BTOPOM YPOBHE IMPOHMCXOAUT COOp CHTHAIOB OTICIBHBIX PEIENTOPOB B 3aBHCUMOCTH OT
KOHIICHTPAIIMN TPYIIBl aHAJMTOB B HCCIEIyeMOW Cpele M IMOopora YyBCTBUTEIHHOCTH
OOOHSTEIBHOTO PEIenTopa.

B BbIOpaHHOW MOAENM KIHOYEBOW CTPYKTYpOM, B KOTOPOM MPOUCXOIUT COOp
CHTHAJIOB PELIENTOPOB, CIY)KUT OOOHATENBHBIA KiIyOouek. Ha TpeTrheM ypoBHE Mojenu
OCYIIIECTBIISICTCS  CJIO)KHOE B3aWMOJICHCTBHE MEXIy HEHpoHaMH (BO30YXIEHUE W
TOPMOXKEHHE COOTBETCTBYIOIIMX KIIETOK, a TAaKKe OpraHu3amus OOpaTHBIX CBs3eil), B
pe3yJIbTaTe Yero HEUPOHBI MPUXOIAT B COCTOSIHUE BO3OYKICHHUS FITH TTOKOSI.

PykoBoACTBYSICH BBIOpaHHOW MOJENBIO, HAMH ObLTa CO37]aHa MYJIBTHCCHCOPHAs
CHCTeMa <«OJICKTPOHHBIM HOC», B KOTOPOW B KAauyeCTBE pELENTOPOB HCIOIH30BAHBI
ME30PE30HAHCHBIC CEHCOPBI (nepsvitl ypogenv). Takoil BBIOOpP OOYCIOBIEH TEM, YTO
MHE30KBAPIIEBBIE PE30HATOPHI YK€ MHOTO JIET YCIICIIHO TPUMEHSIOTCS IJISi PEIICHHUS
Pa3TUYHBIX aHAJTUTHYECKHX 3a/1a4.

Jlanee cUTHAIBI MEE30CEHCOPOB, 3aBUCSIINE OT YyBCTBUTEIBHOCTH K aHAJIUTAM U
UX COJICPKAHUIO B HCCIEIyeMOM OOBEKTE, TPYIITUPYIOTCS CUCTEMOW cOopa M Tepenadn
uHopMarmu (6mopoti yposenv). TpeTruii ypoBEHb B <«AJIEKTPOHHOM HOCE» IPEICTaBIICH
MHOTrocloHON HelponHoit cereto (MHC) ¢ oOydeHwem 10 METOAy OOpaTHOTO
pacmpocTpaHeHus OMMOKHW. TeXHHWYeCKHue TmapaMeTpbl pa3paboTaHHOH  CHUCTEMBI
npuBeieHb! B Ta0mmIe 1.

[TockoNmbKYy  TPaIWIIMOHHO  «JJEKTPOHHBIA  HOC»  COCTOMT W3  Habopa
cmabOCeNeKTUBHBIX ~ CEHCOpOB, TO HamMu OBbII  COCTaBIeH HabOp  CEHCOpOB,

MOIII/I(I)I/IL[I/IpOBaHHBIX COp6eHTaMI/I pa3J'IH‘IHOﬁ 9YBCTBUTCIIBHOCTU II0 OTHOIICHUIO K
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n3yyaeMbiM aHanutaM. CKOHCTpyuMpoBaHHas cucreMa ObuUla —anpoOupoBaHa IS
ompenenenus ankunaneratoB C,-Cs B MojensHON cucteme. HanexxHOCTh omnpezeneHui
JIKUJIALIETATOB TPAIMIIMOHHBIMU METOJaMH OCJIOKHEHA BCIICACTBUE UPE3BBIYAHO MAaJIbIX
KOHIIEHTpAllMil aHAJIIMTOB M HEMOCTOSIHCTBA KAYECTBEHHOTO U KOJMYECTBEHHOTO COCTaBa
BBIOPOCOB.

[IpenBapuTenbHble UCCIEIOBAHUS U aHAIHU3 JIUTEPATYPHBIX UCTOUHUKOB MO3BOJIMI
NPEANONOKHUTE alpHOPH TMPUMEHUMOCTh JIJIsl PEIICHHs TIOCTAaBICHHON 3aJadu psija
copOeHTOB-MOIU(PUKATOPOB Mbe30CeHCOpPOoB. Tak st onpeaeneHus ankuianeratoB Cr-Cs
B MOJECJIbHOM CHUCTEME MbE30KBAPLIEBbIE PE30HATOPHI MOIUGPUIIMPOBATIH CIEAYIOIIMMHU
copoentamu: ckBamaH (Ck, 6 wkr), nomumetwihenwicuankon (IIM®C, 15 wkr),
nonuBuHWIOBKIN crupT (IIBC, 10 Mkr), nomuBunminuppoiuaon (I1BIL, 18 mkr), xutozan
(X, 10 wxkr), nomuBuHmiaxigopun (IIBX, 8 wkr). Kpome Toro, Obiia wu3yueHa
qyBCTBUTEIHHOCTh BBHIOPAHHBIX COPOCHTOB IO OTHOIICHUIO K aHAIWTAM C TMPHUMEHEHHUEM
OTAENBHBIX CEHCOPOB, MO PE3yJIbTaTaM KOTOPOM, At (pOPMHUPOBAHUS MYJIBTHCEHCOPHOM
CUCTeMbl OBUIM CO3[aHbl IIECTb CEHCOPOB, MOJIU(PUIIMPOBAHHBIX COPOEHTaAMH,
YyBCTBUTEIBHOCTH KOTOPBIX, 10 pe3yjbTaTaM OHKCIEPUMEHTa pa3IMyaliuch HauOosee
CHJIBHO.

[lockonbky paHee ObLIO MMOKAa3aHO, YTO C YBEIMUYEHUEM MACChI (TOIIIUHBI IICHKH)
copOeHTa Ha TMOBEPXHOCTU JJIEKTPOJAa YyBCTBUTEIBHOCTH CEHCOpa BO3pPACTaeT 0
HEKOTOPOr0 MaKCHUMAaJIbHOTO 3HAY€HUsl, MOCie KOTOPOro HELenecooOpa3HO yBEIWYMBATH
TOJIIMHY MOKPBITHS. Y CTAaHOBJIEHO, YTO MAKCUMAaJIbHAS! YyBCTBUTEIILHOCTh COCTaBsIeT 1,5
['-M/Mr, a npesen obHapykenus 50 mr/m (<0,5 I1JIK,;), OTHOCHTENBHAS TIOTPEITHOCTD
ornpenaeneHui He npesbimaet 10 %.

B pa3paGotaHHBIX ycIOBHAX BO3MOXKHO TpoBeaeHue 1o 150 ompenenenuit 6e3
OOHOBIICHHSI TyBCTBUTEIBHBIX MOKPBITHI CEHCOPOB. Pe3ybTaThl KOHTPOJIS MPaBUIBHOCTH
OIpeJIEIIEHUI METOJIOM «BBE/ICHO-HAMIEHOY» MPHUBEICHBI B TAOIHUIIE 2.

B Buze 3aximoueHns MOXHO OTMETUTh, YTO CO3JJaHHAs MYJIBTUCEHCOpHAsl CUCTEMaA
npuMeHnMa i onpezeneHus ankuianeratoB C,-Cs HOpMaATBHOTO CTPOEHHSI Ha YpOBHE

nopszaxa 0,5 ITIK, ;.
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Puc.1. YcrpoiicTBO KBapiieBOro pe3oHaTopa

Tab6un.1. Texuuueckue XxapaKTepUCTUKHU pa3padOTAHHOW MYJIbTUCEHCOPHON CUCTEMBI

«NEKTPOHHBIN HOC»

ITapametp

I[I/IaHaBOH MMPUHUMACMbBIX 3HAUCHU M

[Ipenen oOHapyskeHus, HI B Ipode

~2-3

(ompenensieTcst IpUPOION copOeHTa)

YUyBCTBUTENBHOCTS, Fu-CM3/Hr

~4

Bpems ananu3a (cek.)

20...200

I'a3 HOCUTEND

OCYILIEHHBIN BO3AYX

= 3
O6beM aHaIU3UpPyEMO TPoObI, CM

10 -500

(3aBUCHUT OT YCJIOBUH aHAIN3a)

Marepuan 31eKTpoa0B Ag (Au, Pt)
ToO4YHOCTH OTCUETA BPEMEHU aHAIIN3A, C 0,125 -1
[HoTpebasiemas MomHocTh (BT) 50

HMctounuk nuranus, B

220 (MMIYJbCHBIM HCTOYHUK MMUTAETCA

HanpspkeHuem 220 B, a BeIxogHOE

HaIpspbKeHHe cocTaBisieT +5—12 B)

Macca, kr
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Tabn.2. Pe3ynbraTel onpeaenenus coaep:xkanus ankuinaneratoB C,-Cs meTonom

«BBeAcHO-HaMaeHo», n=5, P=0,95

Ananurt BBeneno Haiineno S, %
50 51£6 4
OTunanerar 100 103£10 8
150 15116 3
H.byTunanerar 50 5145 8
100 109+8 6
150 15349 6
H.IlenTunauerar 50 4612 3
75 74+4 4
100 10116 5
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