Ha npaBax pykonucu

Ky3oBHukoBa JlrogamMuia BiaagumupoBHa

PA3ZPABOTKA KOMIVIEKCA 1 UCCJIIEJOBAHUE METOA
JAACTAHIIMOHHOI'O OBHAPYKEHUA U UIEHTUOUKALINN
CJIEJOB B3PbIBYATBIX BEIHIECTB HA IIOBEPXHOCTH OBFBEKTOB
IPU BO3JEMCTBUU JA3ZEPHOI'O U3JTIYUEHUA UK-JTUAITA3Z0OHA

Crnennanbaocts 05.11.13 — [TpubGopsl 1 METOIBI KOHTPOJISI IPUPOJTHON CPEIbI,

BEIIECTB, MATEPUAIIOB U U3ACITUN

ABTOPE®EPAT
JUCCEPTALMU HA COUCKAHUE YYCHOMN CTEIICHU

KaHIuJaTa TCXHUICCKHUX HAYK

Tomck 2018



PabGora BbmonHena B denepaqbHOM TOCYJapCTBEHHOM  OIOIKETHOM
yUpeKIeHUN Hayku WHCTUTYTE MpoOJIeM XHUMHKO-DHEPTeTUYCCKUX TEXHOJIOTHMA
Cubupckoro otnenenus Poccuiickoii akagemun Hayk (UTIXOT CO PAH).

Hayunsrit pykoBoautens:  BopoxkmoB Ajsiekcanap bopucoBud, 10kTop Pusmko-
MaTeMaTU4YeCKHUX Hayk, mpodeccop

Odunmanbubie MakcuMoB EBrenmii MuxaiijoBuy, JIOKTOP

ONITOHEHTHI: TEXHUYECKUX HayK, DenepanibHOE TrOCyAapCTBEHHOE
Ka3eHHOe yupexaecHue «BorckoBas dyactb 35533y,
CTapIIMi HAy4YHBIA COTPYIHUK

I'py3nos Baagumup MarsBeeBuy, IIOKTOP
TEXHUYECKUX Hayk, DenepanbHOE TOCYJapCTBEHHOE
OIO/1KETHOE YUpEKICHHUE HayKH NuctutyT
HedTerazoBou reoJIOTuu U reopu3uku
uM. A.A. Tpohumyka Cubupckoro OTJICJICHUS
Poccuiickoit akagemuun Hayk (MHIT CO PAH),
TJIaBHBIA HAay4YHBIA COTPYIHUK JIaOOpaTOPUM TMOJIEBBIX
AHAJIMTUYECKUX U U3MEPUTEIbHBIX TEXHOJIOTUI

Benymas opranuzanus: denepanbHOE roCy1apCTBEHHOE OI0/KETHOE
yupexaeHue Hayku WHCTUTYT onTuku arMmocdepsl
uM. B.E. 3yeBa Cubupckoro otaenenus Poccuiickoit
axkanemuu Hayk (MOA CO PAH)

3ammura cocroutcs 25 gekabps 2018 1. B 1500 Ha 3acemaHumn
nucceptannoHHoro coseta [ 212.269.09 nmpu ®PI'AOY BO «HamnumoHanbHbIM
UCCIIeI0OBATENhCKUM TOMCKUI OJIUTEXHUYECKUN YHUBEPCUTET» 10 ajapecy: 634028,
r. Tomck, yn. CaBunbix 7, aya. 215.

C nuccepranuel MOXHO O3HaKOMHThC B OumOmmoreke DPIAOY BO
«HanroHanpHbIN UCCIE0BATEIBCKUA TOMCKHM MOJMTEXHUYECKUN YHUBEPCUTET T10
agpecy: 634034, r.Tomck, yn. bemmnckoro, 53a wm Ha  caiiTe
http://portal.tpu.ru/council/916/worklist.

ABTOpedepaT pa3zociaH «_ » 2018 r.

VYuéHblil CEKpeTaphb

JTUCCEPTALMOHHOTO COBETA,
KaHIUJAT TEXHUYECKUX HAYK, JTOLIEHT [IleBeneBa Enena AnekcanapoBHa


http://www.sbras.ru/
http://www.ras.ru/
http://www.ras.ru/

OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTh JHCCEPTAMOHHOW padoTsl. [Ipobiema omnepaTUBHOTO
oOHapyxxenust u uneHtudukanmu BB u BY sBngercs noctatoyHo akTyajabHOM.
BoJBIIMHCTBO M3 CYIIECTBYIOIIMX HA CETONHAIIHHMA JI€Hb METOIOB U CPEACTB
oOHapyxkenust BB  TpeOyroT HemocpeicTBEHHOr0 KOHTakKTa €  OOBEKTOM
UCCIICOBAHUs, 4YTO HE BCErJa SBISETCA BO3MOXKHBIM. B CBA3M € 3TUM
JTUCTAHIIMOHHOMY  JIETEKTUPOBAHUIO CJEeIOB  (TBEpJBIX 4YACTUI]) U IMapoB,
HAXOJSAIIUXCS B TEX WJIM HMHBIX KOJMYECTBAaX BOIM3M WM Ha TMoBepxHOocTH BY,
YAENSAETCA IMOBBIIIEHHOE BHUMAHHE .

CeronHss NPUHLMIIHAIBHON BO3MOYKHOCTBIO JUCTAHUMOHHBIX HW3MEPEHHI
(6omee 10 M) obmamaroT TOJNBKO ONTHYECKHE (Ja3epHBIE) METOJBI OOHApPYKEHUS
MapoB U CJIEIOB KOHJEeHCUpOBaHHOTO BB, mosToMy MMEeHHO OHU B OOJbIIEH CTEEHU
BBI3BIBAIOT HUCCIENOBaTENbCKU MHTepec. [IpuMeHenne cpeAacTB uisi oOHapyKEeHHUs
BB B napoBoil ¢aze Ha 0a3e ONTHYECKMX METOJIOB KpailHE OCJIOXKHEHO HU3KUM
YpOBHEM KOHIEeHTpauuu napoB BB B arMocdepe BBUAY HX HU3KOW JIETYy4eCTH.
[TooTomMy HaumOONBIMIMIA  HHTEpPEC MPEACTABISAIOT JAMCTAHLIMOHHBIE  METObI
OoOHapyXEeHHsI CIIEJOBBIX KOJIMYECTB KOHJeHCUpoBaHHOro BB Ha mnoBepxHocTu
pa3IYHbIX OOBEKTOB U Ha TEJIE YEJIOBEKA.

OpHUM W3 HOBBIX, IEPCIEKTUBHBIX U MEHEE U3YUYECHHBIX ONTHYECKUX METOJOB
ABJIIETCS METOJl aKTMBHOIO (POPMHUPOBAHUS CHEKTpabHbIX H300paxkeHuit (ADOCH),
MO3BOJISIOIINN JTUCTAHIMOHHO OOHAPYKUBATh CJIEI0BbIE KOJIMYECTBA BEIIECTB.

ABTOMaTH3a1Ms Mpoliecca perucTpauuu u naeHTudukanuu tuna BB no3sonur
COKpaTUTh BpeMs MPOBEACHHS JOCMOTpPAa U CHU3ZUT TPEOOBAHMS, MPEABIBISIEMbIE K
omnepaTopy.

Heabo auccepTanuOHHONW PpadoThl ABISETCS pa3pabOTKa KOMIUIEKCA U
MCCJIEIOBAHUE METO/A AUCTAHIIMOHHOTO OOHApYKEHMSI U WACHTHU(PUKALMU CIEI0B
B3pBHIBUATHIX BEILECTB Ha IOBEPXHOCTH OOBEKTOB MPU BO3JIEHUCTBUHU JIA3E€PHOTO
u3nyuenus: MK-nnanasona.

JUis AOCTMKEHMS TOCTaBJIEHHOW 1€ HEOOXOAMMO PpEUIMTh CIEIyIOoIINe
3aJa4m:

— IIPOAHAJIU3UPOBATH CYLIECTBYIOIIUE METOABl U TEXHUYECKUE CPEACTBA IS
oOHapy>xeHus cienoBbix koiumdects BB. [IpoBectu aHanmus nmpuMEeHMMOCTH METOJa
A®CU nns nUCTaHIIMOHHOTO OOHApY>KEHHUS CJENOB KOHJeHCHpoBaHHBIX BB Ha
NOBEPXHOCTH;

— ONpeNeNuTh HEOOXOAMMBbIE TEXHMUYECKHE XapaKTEPUCTHKU OO0O0pYIOBaHUS
IUISl CO3JJaHUsI KOMILIEKCa;

— aBTOMAaTU3HMpPOBaTh pabOTy amnmaparypbl KOMILUIEKCA JUCTAaHLUOHHOTO
oOHapyxeHus 1 uaeHTudukanuu cienos BB;

— DKCHEPUMEHTAIbHO OLEHUTh 3(DPEeKTUBHOCTL OOHapyxeHus cienoB BB B
pEaIbHBIX YCIOBHSIX U MOATBEPAUTH TEXHUUYECKUE XapaKTEPUCTUKU pa3padOTaHHOTO
KOMIUIEKCA;

— pa3paboTarh MPaKTUUYECKHE PEKOMEHAALNHU M0 YIYYIICHUIO XapaKTEePUCTUK
KOMIUIEKCA.



Hay4ynasi HoOBU3Ha pad0ThI 3aKJII0YAETCH B CJIeAYIONIEM:

1. BmepBbie peanuzoBaH Meroag ADPCHU B HU3MEpPUTENBHOM KOMIUIEKCE C
UCIIOJIb30BaHUEM epecTpanuBaeMoro CO,-nazepa u HEOXJIaXkK/1aeMOon
MHUKpPOOOJIOMETPUYECKON KaMepbl, TMO3BOJSIOMIMA TUCTAHIIMOHHO U  CKPBITHO
JETEKTUPOBATh Cle/lbl KOHIACHCUPOBAHHBIX BB ¢ MOBEpXHOCTHOW KOHIIEHTpaIlUEH:
0,2 Mr/cm> — g okroreHa; 0,9 Mr/cm? — I rexkcorena; 0,35 Mr/cm? — mias THT u
0,5 Mr/cMm? — g TOHa.

2. BmepBple BbIMOTHEHAa O00paOOTKAa THUIEPCHEKTPATBHBIX JAaHHBIX IS
unentTudukanun BB, 3akmodaromniascs B HCHOJIB30BAHUHM METO/Ia MHHHMAIBHOTO
PAcCTOSIHUSL M METOJIa CIIEKTPATIBHOTO YIJIA.

3. PazpabGorana wMeTomWka  AWCTAHIIMOHHOTO  OOHApYXEHUS  CIIEIOB
KoHJeHcupoBaHHbIX BB Merogom A®CH ¢ yuerom tuna BB u noanoxku, ycioBHii
OKpPYXKaIoIlel Cpeibl U TapaMEeTPOB U3MEPUTETHLHOTO KOMILIEKCA.

IIpakTHyeckasi 3HAYMMOCTb PadOTHI:

1. Pa3paboTaHHBIN U3MEPUTETHHBIN KOMIUIEKC 00ECIIeYnBAET JUCTAHIIMOHHOE
oOHapyxkeHne u wujaeHTudukanuio BB Ha MNOBEpXHOCTH Ten €O CIEAYIOMIUMHU
XapaKTEepUCTUKAMU: BepOsTHOCTh oOHapyxeHuss BB Oonee 88,7 %, mnpenen
oGHapyxennss BB menee 0,84 mr/cm’, Bpems oGHAapyXeHHS He 6oiee 6 MuH,
aucTaHIus oOHapykenus He meHee 0,5 M.

2. Pazpaborano IIO, mo3Bomstoniee  aBTOMATU3UPOBATh  MPOIECCHI
YVIOpaBJICHUS] XapakTepucTukamu nepectpanBaemoro CO,-nazepa (CBHIETEIBCTBO O
roCyJlapCTBEHHON peructpanuu nporpammbl s OBM  Ne  2015613911),
perucrpauud W OO0paOOTKM TMIEPCIEKTPAIBHOIO Ky0a JaHHBIX, a TaKxKe
uneHtudukauu tuna BB 1 BbIBOJIa MOJIyYEHHBIX PE3YJIbTATOB O HAJIIMYUU CJIEIOB
BB.

3. Coznmana cobctBeHHas OmnOnmmoreka MK-ciekTpoB MOTIIOMIEHHS CIEAOBBIX
KonudecTB pealbHbIXx BB (oktoren, rexcoren, THT, TOH) ¢ BO3MOXHOCTBIO €€
JOTIOJIHEHMUSI.

JI0CTOBEPHOCTh Pe3yJIbTATOB JHCCEPTALIMM, TIOJYYCHHBIX B padore,
obOecrieunBaeTcsi  NPUMEHEHHEM  COBPEMEHHBIX  METOJOB  HCCIEIOBAaHMS,
CEepTU(PUIIMPOBAHHON HM3MEPUTEIILHON aImapaTypbl, COBPEMEHHBIX MPOTPAMMHBIX
CPEICTB, a TaKXe OOJBIITUM O0O0BEMOM IMOTYYEHHBIX SKCIEPUMEHTAIBHBIX JTaHHBIX.
JIOCTOBEpHOCTh PE3YNHTATOB OOHAPYKEHHS YAOBIECTBOPUTEIIBHO TOJATBEPIKIACTCS
COOTBETCTBHEM PACUYETHBIX U SKCIIEPUMEHTAJIbHBIX JaHHBIX.

IMon10keHus1, BHLIHOCUMBbIE HA 3ALIUTY:

1. Meron A®CHU mjisi DUCTAaHIIMOHHOTO OOHAPYXKEHHS M HACHTU(DUKAIUU
cinenoB BB, ocHoBaHHBINM Ha (pOpMUPOBaHUM M aHAIM3E HAOOpa MPOCTPAHCTBEHHO-
CHEKTPaJIbHBIX HM300paXeHUIl (TUMEepPNEKTpaIbHbI KyO HaHHBIX), MOJYy4aeMoro B
pe3ynibTaTe PerucTpaud MHOTORJIEMEHTHBIM MPUEMHUKOM TU(DPY3HO paccessHHOro
HCCIICTyEeMON TOBEPXHOCTHIO HW3IydeHHs] TIpH €€ OOJy4eHHH TepecTpanBacMbIM
HWCTOYHHUKOM JIA3€PHOT0 U3JIYYEHHUS C Y3KOU MOJIOCON FEHEPALUH.

2. ONTUKO-3JIEKTPOHHBIA KOMIUIEKC AWCTAHIIMOHHOTO OOHAPYKEHHS CIIECIOB
BB, peanuszoBanubii Ha ocHoBe Meroga A®CHU ¢  HCHOJIB30BAaHHEM



nepectpanBaemoro  COj,-mazepa ¥ MHKpPOOOJOMETPHMYECKOW  KaMmephl ¢
MHOT'03JIEMEHTHON MATPULIEH.

3. ABTOMAaTH3aIMA MPOLIECCOB perucTpanuu u 00paboTKH
TUIEPCIIEKTPAIBHOTO Ky0a JaHHBIX, a Takke uaeHThudukauus tuna BB u BbiBOA
MOJIYYCHHBIX Pe3yJbTaTOB O HAJIM4YUU ciieoB BB.

4. OCHOBHBIE  TEXHUYECKHE  XAPAKTEPUCTHUKUA  ONTHUKO-AJIEKTPOHHOTO
KOMILJIEKCa 10 OOHapyKeHuto ciieoB BB.

Hy6aukannu. OCHOBHBIE PE3YIbTAThl JUCCEPTALIMOHHONW pabOThI U3TI0KEHBI B
11 wHayuHbIX TpyJdax, H3 KOTOpbIX 4 CTaTbl OMYyOJIMKOBaHBI B IKypHAIax
pekoMenayemMbix BAK M 0IHO CBHIETENBCTBO O TOCYJApPCTBEHHOW PETUCTPALMH
nporpammsl st OBM.

Anpo0auus pe3yabTaTOB HUCCICI0BAHUM.

OCHOBHBIE TIOJIOKEHUS M HAy4YHbIE PE3yJIbTaThl JMCCEPTALMOHHON pPadOTHhI
JIOKJIa/IIBAJIUCH U MOTY4YnIu nosioxkuTenbHyto onieHky Ha XI| u Xl Beepoccuiickoit
Hay4YHO-TEXHUYECKOU KoHPepeHuus «M3mepeHus, aBromaTu3anus U MOJEIUPOBaHUE
B TMPOMBIIUICHHOCTH W HayuyHbIX wuccienoBanusx HNAMII-2014, MAMII-2017»
(r. buiick, 2014, 2017), V wu VIl Bcepoccuiickoii HayYHO-TEXHHUYCCKOM
KOH(MEpEeHIIMH MOJIOAbIX yueHbIX «llepcrnekTuBbl CcO37aHus W MPUMEHEHUs
KOHIIeHCH]ﬁOBaHHBIX BBICOKOHEPreTHYECKMX MaTepuanoB» (T. buiick, 2014, 2018),

16™ u 17" International Conference and Seminar on Micro/Nanotechnologies and

Electronic Devices «<EDM 2015» u «<EDM 2016» (Erlagol, Altai, 2015, 2016), The
6th International Symposium on Energetic Materials and their Applications
(ISEM2017) (Tohoku University, Sendai, Miyagi Prefecture, Japan, 2017).

JInuHblii BKJIAJ aBTOpPAa 3aKIIOYANICS B aHAIU3€ JIMTEPATyPHBIX JAHHBIX,
BBIOOpE OO0OpYJOBaHMS M CO3JaHUM KOMILIeKca, paspadbotke I1O, mpoBeneHuun
AKCIIEPUMEHTOB, O0OpabOTKEe TMOJYYEHHbIX JaHHBIX. JlHuccepTaHT mIpUHUMAI
HEMOCPEJICTBEHHOE YyYacTHEe B TIOJIFOTOBKE IyOJIMKAIMi, HAay4YHBIX CTaTed W
JOKJIAJI0B HAa KOH(PEPECHITUSX.

O0bém m cTpyKTypa auccepramuu. Juccepranus COCTOUT W3 BBEICHUS,
YeThIpeX IJ1aB, 3aKJIFOUCHHUS, CIIMCKA JIUTEpaTyphl U NMpUiIoxKeHui. Pabota nznoxena
Ha 133 cTpaHMIIaX MAIIMHOMUCHOTO TEKCTa, BKiro4as 4 taOnuiel U 84 pucyHKa.
Cnucok nmurepaTypsl BKIro4daeT 118 ucTouYHMKOB.

OCHOBHOE COIEP KXAHUE PABOTHBI

Bo BBemeHuMm O00OCHOBaHa aKTyallbHOCTh HCCIICIOBAHUN, COCTOSTHUE
po0JeMbl, CHOPMYITHUPOBAHBI 11€Th PAOOTHI U 3a7a49M UCCIICIOBAHUN, TIPEICTABIICHBI
WCIIOJIb3yeMbI€ METOJbl HWCCJICAOBAHHS W OMNpPEACNICHbl OCHOBHBIC TIOJIOKEHHS,
BBIHOCHMBIC Ha 3aIUTY.

B mepBoii rjaBe BBITIOJHEH 0030p ONTHYECKUX METOJOB JIHUCTAHIIMOHHOTO
oOHapyxxennsi BB B Bume ciemoB W HMMEIONIUXCS CPEICTB OuUarHocTuku BB.
BBIICHEHO, YTO BCE YCTAaHOBKH, CYIISCTBYIOIIME HA CETOMHSAIIHANA MOMCHT,
HAXOJSATCS B BUJIC SKCIICPUMEHTAJILHBIX 00pa3IloB.

OnpeneneHo, 4YTO CpeAW CYIICCTBYIOIIMX METOAOB JIHCTAHIIMOHHOTO
oOHapyxennss BB, HamOoJiee  TIePCICKTUBHBIMH  SIBJISIFOTCS  METO/IBI
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bOTOTEepMUYECKON  CIEKTPOCKONMMA W METOJ, aKTUBHOTO  (OPMHUPOBAHUS
CHeKTpabHbIX n300pakeHuit (ADCH), mockonbKy pa3paboTaHHBIC HAa WX OCHOBE
KOMIUJIEKCHI  00J1a/Ial0oT  CIAEAYIOIMIMMH OCHOBHBIMH JIOCTOMHCTBaAMH: peaibHasl
JUCTAaHIIMOHHOCTh M HEpa3pylIAlOIIMA  XapakTep HCCIEIOBAHUS;  CKPBITOE
CKaHMpOBaHUe; O€30MacCHOCTh IS JIoAe W Oaraxka; CKaHHpOBaHUE OOJIBIION
IPOCTPAaHCTBEHHOM 001aCTH; UACHTU(UKALIMS IIUPOKOTO KIIACCa OMACHBIX BEIIECTB.

Ha ocHOBaHMM MpOBEIECHHOTO aHaNMW3a, M JETEKTUPOBAHMS CIIEIOBBIX
konudyecTB BB mpenmnaraercs pa3paboTka ONTHKO-3JIEKTPOHHOTO H3MEPUTEIHHOTO
komruiekca Ha ©Oaze Meroga ADCHU ¢ ucnonb30BaHUEM TEPECTPAUBAEMOTO
WMCTOYHUKA JIA3€PHOTO U3IIYYECHUS.

Bropasi riiaBa mocBsilieHa TEOPETUYECKUM METOJaM HCCJIEAOBAaHUS OCHOB
Metoga ADCHU ¢ nenpro co3ganus padoToCIOCOOHOT0 U3MEPUTEIBLHOTO KOMILIEKCA.

[IpoBeneH 0030p CHEKTpaIbHBIX 00JacCTed MPUTOIHBIX JJIsl AUCTAHIIUOHHOTO
uccienoBanust u BeiOpana MK-o6nacte B guanazone ot 8 mo 14 MKM B KauecTBe
paboueit, HCXOAs U3 CIEKTpalbHbIX ocoOeHHOcTe BB u okxoH mpo3padHocTu
aTMocdepbl, 6€30MaCHOCTH JIJIsl 4eJIOBEKA U BO3MOKHOCTH CKPBITHOTO JOCMOTPA.

Jns uccneoBaHWST — TEXHUYECKHMX — XapaKTEPUCTHUK  pa3paboOTaHHOTO
U3MEpPUTETHLHOTO KOMILIEKca ObUT BBIOpaH MEpeueHb BEHIECTB: MO (pa3e BelecTBa u
YyBCTBUTEJIBHOCTH K JIa3€pPHOMY H3JIy4YeHUIO — rekcoreH, okrtoren, THT u TOH, a
JUISl TECTUPOBAHUS JIOKHBIX CpaOaThIBaHUW U CENEKTHUBHOCTU — MBLIO, CaxapHas
nyapa u okeup amomuaus (Al,O3).

B KaueCcTBe MOJIOMKEK BBIOpaHBI MaTepuallbl, MO-pa3HOMY
B3aMMO/JICUCTBYIOIME C JIA3€PHBIM H3JIYYEHUEM U BHOCSIIUE PaA3JIUYHYIO TI0
MHTEHCUBHOCTU IIIYMOBYIO COCTAaBJISIFOLIYI0O — HUCKYCCTBEHHAs KOXKa, CTEKJIO U
danepa.

BreimonneHn o0030p METOJOB U CPEIACTB TMOJIyYEHHUS TECTOBBIX OO0pa3lioB
(momyiokka + HCCIEIyeMOE BEIIECTBO) C HW3BECTHBIMU MOBEPXHOCTHBIMHU
KOHIICHTPALUSIMH. Hns CO3J1aHUs TECTOBBIX o0pasioB BBIOpaHbI
MUKpPOIUIIETUPOBAHNE W B3BEUIMBAHUE, KOTOPbIE HMEIOT NPEUMYIIECTBO B
OTCYTCTBUHU JIOPOTOCTOSIIIETO 000PYOBAHUS U IPOCTOTE U3TOTOBIIEHUS 00Pa3IIOB.

Taxke mnpoaHaNM3UPOBAHBI METOJAbI  OOpabOTKM W WIAEHTU(DUKAIIUU
TUNEPCIICKTPAIbHBIX ~ JaHHBIX.  OOocHOBaHa  HEOOXOIMMOCTH  OOpPabOTKH
CHEKTPaJIbHBIX HM300paKEHUI: YMEHBIIIEHUE CHEKJI-IIyMa, BBIYUTAHHE (POHOBOTO
M300paKEHUs, KOMIICHCAIIMIO MOIIHOCTA W3IY4YeHUs, HACHTU(DUKALHUIO 00JIaCTH
JIA3€pHOTO BO3JCHCTBHUS.

BriOpaHbl 1Ba MOMMKCEIBHBIX METOJa aHaIW3a THUIEPCIEKTPATbHBIX JaHHBIX
KaK HamOoJiee MPOCThIC U OBICTPOACHCTBEHHBIE — METOJ MUHUMAJILHOTO PACCTOSHUS

(1):

k.
r= Z(fnk_fijk)z (1)
k=1

U METO/]I CTIEKTpaJbHOTO yriaa (2):
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rae ( f,) — sranonnsiit crektp, ( fij ) — BexTOp 3Ha4CHMI SAPKOCTH MUKCENst CHUMKA,

N

k — oO11ee 4iCciio UCTOIb3yEeMbIX KaHAaJIOB.

Tperbsi r1jaBa TMOCBSIIEHa BBIOOPY HEOOXOAUMOTO  OOOpYAOBaHMUS,
ONTHUYECKHUX BJIEMEHTOB U CO3JaHUIO ONTUKO-3JIEKTPOHHOTO KOMILIEKCA.

OrnpeienieH cocTaB U CTPYKTYpa TEXHUUYECKUX CPEICTB KOMILIEKCA, MPOAyMaHa
M BbINIOJHEHA aBToMatu3anus. CTPYKTypHasi CXeMa H3MEPUTEIHHOTO KOMILIEKCa
MpUBEJICHA HA PUCYHKE 1.

HK-Dypre
K | CITEKTPOMETP
H3mepurers
MOIIHOCTH
I'cc
:| CO2 nazep I
|| IMpKyauOHHbIIH
OXJIagUTENhb Ob6pa3zer co
cnenamMu BB

Pucynok 1 — CTpykTypHasi cxema U3MEPUTEIBHOTO KOMILIEKCa

B pa3zpabGoTtaHHbBIN ONTHKO-3JIEKTPOHHBIM KOMIUIEKC BOIILIH:

— uctounuk nazepHoro usnydenus (COp-nazep) LCD-5WGT, neobxoammbiii
JUTSL OOJTydEeHUS UCCIIeTyEMOM TTOBEPXHOCTH.

— cepBoperynsaTop MR-J2S-10 CL coBMECTHO cO BCTPOCHHBIM B H3JIydaTellb
cepeomoTopoM  Mitsubishi  Electric HC-MFS053, npenna3zHauyeHHBIA IS
MEePECTPONKH JJIMHBI BOJIHBI Jiazepa B Auana3zone ot 9,2 no 10,8 Mkm.

— mupkyssimuoHHbI  oxmaautenb LAUDA WK 2200, obGecnieunBaromiuii
MPUHYAUTEIHLHOE OXJIAXKIECHUE U3TyYaTeNsl U UCTOYHUKA TTUTAHUS.

— reHepatop curHaioB cnenuaibHo ¢Gopmbl ['CC-40, mno3BossArOmIMiA
yOPaBJIsATh FeHEepalue N3TydeHUs.

— uamepuresib MoitHocTu UP19K-30H-H5-DO0 dupmer Gentec-EO, cnyxarnuit
JUISl UBMEPEHUSI MOIITHOCTH UCTOYHUKA.

— HK-®dypore cnexkrpomerp «Uuppamom DT-801» HeoOXomumbiid s
OTpEeICJICHHS JJIMHBI BOJIHBI JIA3€PHOTO U3ITYUYEHUS.
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— 1Qepenaronias ONTHYECKAash CUCTEMA, pasfeistomas IMOTOK JIa3epHOro
U3IIyYEHUS U1l U3MEPEHHUS] MTApaMETPOB CaAMOT0 M3JTyUYECHHS U PACCEMBAIONIAs €r0 Ha
00BEKT perucTpaluu.

— MK-nipuéMHHK — HeoXJiaxkjaeMasi MUKpoOosiomeTprudeckas kamepa Gobi-384
JUTSL pETUCTpALIMK U300pakeHUs TI0JICBEUEHHOM J1a3€pOM MTOBEPXHOCTH.

M3nyuenue mnepectpauBaemoro HMK-mazepa LCD-SWGT  pasnpensercs
CBETOJICTUTEIbHBIMUA IUIACTUHAMU [UJII OLIEHKM XapaKTEpUCTHK HW3IYYEHHUS U
paccenBaeTcs JUMH30M IS MOJCBETKU O0BEKTA CO CJIEIaMH MCCIENYEMOIO BEUIECTBA
Ha MOBEPXHOCTH. PaccessHHOE TOBEPXHOCTBIO U3IIYyYEHHE PETUCTPUPYETCS KAMEPOIl.

Jlazep mepecTtpaumBaeTcs B JAHMana3zoHE, COAEPKAILEM I0JOCHl MOTJIOLIEHUS
u3BecTHbIX BB. IlomyueHHble AaHHBIE aHATU3UPYIOTCA BBHIOPAHHBIMU METOJAMHU.
Oranonnsle HWK-cnextpsr BB, wucnonb3dyemble Tmpu  aHaau3e pe3ysbTaTOB
oOHapyxeHHsl, ObUTH COOpaHbI B OMOINOTEKY.

[1O nmns aBTOMAaTH3alMU U3MEPUTEIBHOTO KOMILIEKCa ¢ ucnosibzoBanueM 1K
pa3paboTaHo B cpejie nmporpaMMmupoBanus Python u cocTout u3 Tpex Moaye.

1) Monyns  ompeneneHUs — XapaKTEPHCTHK  JIA3€pHOTO  HM3IYYCHUS,
HEOOXOAUMBINA JUIsl HENPEPHIBHOTO WM MEPUOAMYECKOIO KOHTPOJSI KOPPEKTHOU
paboThl J1a3epa B aBTOMAaTUYECKOM pEXUME (OpMUPYET KaIMOpPOBOYHBIN (aiin c
napamMeTpaMu  Ja3epHOro  M3IydeHus (KOd(PPUIMEHT 3amoJIHeHUs CHUTHaJIa
yIIPaBJICHUS, MOIIHOCTh U3JTyYCHUs, TMHA BOJHBI JIMHUHN H3JTydCHUs).

[IpoBeneHHbIE U3MEPEHHUSI BBISIBUIN 56 paOouux JJIMH BOJH.

2) Monyns aBTOMATHYECKOH pErHCTPallid CHEKTPAIBHBIX W300paKeHUi
MIO/ICBEYMBAEMOIl MOBEPXHOCTH (POpMUPYET JABa THUNEPKyOa «AKTUBHOIO» H
«IACCUBHOTO» KAJIPOB, COAEpKaMX 56 CIEKTpaIbHBIX KaHAJIOB B Ixana3zoHe ot 9,18
10 10,81 MkM.

3) Monyns 00OpaOOTKM W WHTEPHPETANMU THIIEPCIICKTPAIBHBIX JTAHHBIX
OCYIIECTBIISIOLIUI: ONpe/eIeHne 00JaCTH JIa3epHOTO BO3JACHCTBUS C IMOJIyYEHHUEM
PA3HOCTHBIX U300PKEHUNM «aKTUBHOTO» M «IAaCCHBHOT0» KaJpOB U BBIJCICHUEM
nepeceyeHusi o0JacTU JIa3epHOro MSATHA HA BCEX JUIMHAX BOJIH MPU CPAaBHEHUU C
MOPOTOBBIM 3HaUYC€HUEM (COOCTBEHHBIN IIyM KaMephl). DKCIIEPUMEHTAILHO BBISIBJICHO
MaKCHUMaJIbHOE 3HaYEHUE CPEIHEKBAAPATUUECKOrO OTKJIOHEHUS 3HAYEHUN TEIUIOBBIX
myMoB paBHoe 150 OTH. el1. ApKOCTH.

[lomaBnenue cHeKJI-IymMa OCYIIECTBIACTCS MEIWAHHOW (QUIbTpaluei ¢
00JacThIO0 CriaxkuBaHusA 8x8 mukceneil. B Xoge »KCIEpUMEHTOB W TMPU pacyeTe
CHEKTPaJIbHOM IUIOTHOCTM MOIIHOCTU IIymMa ImyTeM mpeoOpazoBanus @Dypbe
BBISIBJICHO, UTO (DUIIBTPAIUS CHUYKAET BHICOKOYACTOTHYIO COCTABJISIONLYI0 MOLUTHOCTH
mryma B 40 pas.

Monynb peanuszyeT JABa MeTola HWIASHTU(UKAIMU BEUIECTB — METOJ
CHEKTPaJbHOIrO yria W METOJ MHUHUMAJIBHOIO pacCTOSHUA. J{OMOJHUTEIBHO
peanu3oBaHa Tpaduueckas wHAMKAIUSA ¢dakTa oOHapyxkeHus cienoB BB  Ha
HCCIIEAYEMOM MTOBEPXHOCTH.

Kaxnapii w3 BbIIE ONUCAHHBIX MOJYJEM MOXKET BBINOJHATHCH, Kak
CaMOCTOATEIbHAS [TPOrpaMMa, Tak U B COCTaBE €AMHOTO MPOTPAMMHOI0 KOMILIEKCA.



Jlns  mpoBepkd  pabOTOCHOCOOHOCTH  M3MEPUTEIBHOTO  KOMIUIEKCA U
OMpEEICHUS] €r0 XapaKTEPUCTUK ObUIM M3TOTOBIIEHBI TECTOBBIE O0OpAa3lbl U3 paHee
BBIOpAHHBIX aHAM3UPYEMbBIX BEIIECTB U Pa3/eiieHbl HA TPU IPYIIbI B 32aBUCUMOCTHU
OT MaTE€pPHUaAIOB-TIOJIOKEK.

OOpa3ipl mepBoOi Trpymninbl ObUIM BBIMOJTHEHBl HAa TMOJIOKKE M3 CTEKIA.
Buemnuii Bug 00pa3ioB mpejacTaBieH Ha pucyHke 2. OOpasibl puUCYHOK 2 a-r
U3TOTABIMBAINCH CIHOCOOOM MHUKDONUIIETUPOBAHMS, a OCTAJIbHBIE METOJIOM
B3BCIITUBAHMUSI.

a — obpazer; Nel-1 (okToreH); 6 — obpaser Nel-2 (rekcoreH); B — oopaserr Nel-3
(THT); r — obpazen; Nel-4 (TOH); 1 — obpazen Nel-5 (caxapHas myapa); € — oopaserlt
Nel-6 (Al,O3); x — obpaser; Nel-7 (MbLIO)

Pucynok 2 — IlepBas rpymniia TeCTOBbIX 00pa3lioB Ha CTEKJIE

B o6pasue Nel-1 cneasl okToreHa copMHUpOBAIUCH B BUAE TPEX KOJEIl C
MOBEPXHOCTHOM KOHIeHTpauuei — 1,7, 1,2 u 0,85 Mr/cm® cootBercTBeHHO. Criesl
rekcoreHa B oOpasue Nel-2 mpencraBistoT coOOW Tpu MATHA, MOBEPXHOCTHAs
KOHIIeHTparus kotopsix 1, 0,64 u 0,8 Mr/em?, Oo6pazer Nel-3 mpeacraBisier co0oit
nBa copmupoBasimmxcs nsatHa THT ¢ moBepxHocTHOW KoHieHTparuend — 0,64 u
0,78 mr/cm® cooTBercTBeHHO. O6paser;y Nel-4 mpeicTaBasier deThipe  GIM3KO
pacnosioxxeHHbIx msaTHa TOHa ¢ noBepxHocTHOU KoHUeHTpauueit — 1,1, 1,3, 0,85 u
0,75 mr/cm® cootBeTcTBeHHO. O6pasenr Nel-5 — paBHOMEPHO pacHpene/ieHHAs IO
MOBEPXHOCTU MPEIMETHOrO0 CTEKJIa caxapHas MyaApa CO CPEIHEW MOBEPXHOCTHOM
KOHIIeHTpaluen 2,6 Mr/cM>. Oo6pa3zer Nel-6 — pacnipeneneHHbIN 10 CEPEIUHBI CTEKIIA
Al,O3 co cpenHell MOBEpXHOCTHOW KOHIEeHTpanuen 1,9 Mr/cM>. O6pazen; Nel-7 —
pacrpesieIeHHOe MO TOBEPXHOCTH CTEKJIa MbBLJIO C HECKOJbKUMU KPYIMHBIMU
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gacturamu. CpemHsisi TOBEPXHOCTHAsI KOHIICHTpanus 0e3 ydeTa KPYIMHBIX YaCTHII
cocraBuia 2,1 Mr/cMm>.

[Tomyoxkkoil Bo BTOpOHM Tpymme oOpas3IoB CIIy)KWJia MCKYCCTBEHHAs KOXa.
Bremnuii Bua TECTOBBIX 00pa3lioB BTOPOM TpyMIbl MpHBEJAEH Ha pucyHke 3. Bcee
00pasibl ObUIM N3rOTOBJIEHBI METOIOM B3BELIMBAHMS.

a — obpazer] Ne2-1 (okToreH); 6 — obpazer No2-2 (rekcoreH); B — oopaserr Ne2-3
(THT); r — obpazen Ne2-4 (TOH); 1 — obpazen No2-5 (caxapHas myapa); € — oopaselt
Ne2-6 (Al,O3); x — obpazer; Ne2-7 (MbLIO)

Pucynok 3 — Bropas rpynna TecToBbIX 00pa3iioB Ha MOJI0KKE U3 UCKYCCTBEHHOM
KOXH

OOpas1sl BBITIOHEHBI B BUIe OyKB. [loBepXHOCTHAs KOHIIEHTpaIlMs OKTOT€HA
Ha obpasie Ne2-1 (6ykBa «H») cocraBmma 2,4 mr/cM®, TekcoreHa Ha obpasie Ne2-2
(6ykBa «R») — 2,85 mr/cm®, THT na o6pasue Ne2-3 (6ykBa «T») — 3,2 mr/cm®, TDOHa
Ha oOpasue Ne2-4 (GykBa «P») — 2,3 Mr/cM®, caxapHoil myapsl Ha o6pasie Ne2-5
(6ykBa «S») — 3 mr/cm?, Al,O3 Ha 06pasie Ne2-6 (GykBa «A») — 2,5 mr/cm®, MbLIa Ha
o6pasie Ne2-7 (6yksbI «M») — 2 Mr/cm?.

Tpetbs rpynmna. [Togioxka — danepa.

Bce 00pasmpl TpeTheil Tpymnmbl H3TOTaBIMBAINCH CIIOCOOOM B3BEIIMBAHMSL.
N3roToBieHHble Ha MOJI0KKE U3 PaHepbl 00pa3ibl ObUIA BHITIOJHEHBI B BUAEC OYKB,
KaK U 00pa3lbl BTOpOM rpyIiibl. BHeMHUN B TECTOBBIX 00pa3IOB TPETHEHl IPyIIIbI
MIPUBENICH HA PUCYHKE 4.

[ToBepxHOCTHAs KOHIIEHTpalusi OKToreHa Ha obOpasue Ne3-1 cocraBuiia
2,6 MF/CMZ, rekcoreHa Ha oOpasme Ne3-2 — 3 MF/CMZ, THT Ha o6pasue Ne3-3 —
2,1 mr/cm®, TOHa Ha o6pasie Ne3-4 — 2.8 mr/cM®, caxapHOi myapbl Ha 06pasie Ne3-
5 — 3,54 mr/cm?, AI203 Ha obpasme Ne3-6 — 2,57 MF/CMZ, MbLTa Ha oOpa3sme Ne3-7 —
2,9 mMr/em?.
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a — obpasen; Ne3-1 (okToren); 6 — oopazer] Ne3-2 (rekcoreH); B — oopazer Ne3-3
(THT); r — obpazer; Ne3-4 (TOH); n — obpazen Ne3-5 (caxapHas myapa); € — oOpaszen
Ne3-6 (Al,O3); sx — odpaser; Ne3-7 (MbLIO)

PucyHok 4 — TpeTbs rpynma TeCTOBBIX 00pa3I0B Ha MOJJIOKKE U3 (haHephI

B kadecTBe KOHTPOJIBHBIX OOpa3lOB, HEOOXOIUMBIX [IJIsi BBISIBICHUS
JIO’KHOTIOJIOKHUTEIIBHBIX Cpa0aThIBaHHWM, BBIOpAHBI YHCTHIC TOJIOKKHA 0€3 KaKux-
OO0 CICIOBBIX KOJUUECCTB BEIICCTB.

JIst DKCIIepUMEHTAIbHOTO HWCCIICAOBaHMsI OOHAPYKECHHS W WIACHTU(UKAITUU
BB paspaborana criemyromas METOUKA BBITIOTHEHHS H3MEPEHUH.

1. [IpeaBaputenbHas TpoBepka pPabOTOCTIOCOOHOCTH OINTHUKO-3JIEKTPOHHOTO
KOMIUIeKca (YyCTaHOBJICHHE pa0OUYMX IJIMH BOJH U MOITHOCTH JIA3€PHOTO M3ITyUYCHUS
Ha KaXJO0W JJIMHE BOJHBI MPU MOMOIIM CO3JaHHOW IMpOrpaMMbl aBTOMAaTHUYECKOTO
onpeneneHus xapakrepuctuk CO,-nazepa).

2. YcTaHOBKa TECTOBOTO o0Opas3iia B 00JacTH BO3JCHCTBUS  JIa3€PHOTO
W3IIyYEHUS.

3. Peructpamusi TUNEpCneKTpalbHOTO KyOa MaHHBIX Ha 56 JIIuHAX BOJH
JIA3€pPHOTO U3ITyYCHUSI.

4. O6paboTKa 1 aHAJIHM3 3aPETUCTPUPOBAHHOTO CIIEKTPATLHOTO TUTIEPKYOa.

5. Beigaua pe3ynbTaToB B BHJIE 3apETUCTPUPOBAHHOTO  CHEKTPAIBLHOIO
M300pakKeHUsl ¢ BBIACICHUEM I[BETOM HAcHTUdUIIMpoBaHHOTO BUa BB (Oemnbrit nBeT
—OKTOT€H, KpacHbI — rekcoreH, 3enenbiii — THT, cunnit — TOH, guonetoBsiil — Bua
BB HeomnpeneneH) U KOJTUYECTBOM 3aHUMAEMBIX UM IMUKCEIICH.

6. [ToBTOpeHME MEHCTBUI C MyHKTA 2 1O IMYHKT 5 JUIS Pa3IUYHBIX TECTOBBIX
00pasIioB.

B 4erBeproii TryIaBe PSAJAOM  DKCIEPUMEHTOB Obla TMOATBEPXkKACHA
BO3MOKHOCTh HCIIOJIb30BaHUSI Pa3pa0OTaHHOTO HM3MEPHUTEIIBHOTO KOMIUICKCA IS
MIPOBE/ICHMS TUCTAHIIMOHHON aBTOMAaTHYeCKOU uaeHTudukaiuu cienos BB.
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HccnenoBanne pabOTOCTIOCOOHOCTH KOMIUIEKCa W OMNPEIENICHHE  €ro
XapakTepucTHK mnpoBogwiock Ha 30 TectoBeX oOpasnax. IlomHbld 1K
UCCIIEZIOBAaHUS C KaXAbIM 00pa3loM BbIIONHsUICS 1o 20 pa3 ¢ HM3MEHEHHEM
IPOCTPAHCTBEHHOT'O IMOJIOKEHHUs 00pa3lia OTHOCUTEIBHO HCCleAyeMoil cueHbl. Bee
TECTOBBIE 00Pa3Ilbl PACIONAraIUCh Ha paccTostHUU 0,5 M OT NpuéMHUKA U3ITyYEHUSI.

[Tpu cpaBHEHHMHU MOIYYEHHBIX CHEKTPOB C ATAJIOHHBIM M3 OMOIMOTEKH, OBLIO
AKCIIEPUMEHTAJIBHO MOJ00paHO NOPOrOBOE 3HAYEHHE, HMXKE KOTOPOTO BELIECTBO
UACHTU(PUIIUPYETCS KaKk B3pBIBUATOE. YCTAaHOBJIEHO, YTO TPHU OTKIOHEHHUU
MOJIYYEHHOT0 CHEKTpa OT ATaJOHHOrO MeHee yeM Ha 20%, mukcenb M300pa)KeHUs
npuHuMaeTcs kak BB u okpammBaeTcss B COOTBETCTBYIOIIMIA 1BeT. B ciywae, ecnu
ITOJYYEHHBIA CIIEKTP COOTBETCTBYET HECKOJIBKMM JTAJIOHHBIM cniektpaMm BB, To BB
oOHapyXeHO, HO HE UICHTU(UITUPOBAHO.

B nepBoii cepun ObuTa IpoOaHaIU3UPOBaAHA MEpBas IpyIa TECTOBBIX 00pa3IoB
Ha MOJUI0KKE U3 cTeksa. Pe3ynbTaTsl HASCHTU(PUKAIIMY METOOM CIEKTPAIBLHOTO yIiia

IpCaACTaBJICHBI HA PHUCYHKC 5, a MCTOAOM MHUHHUMAJIBHOT'O PACCTOSAHUA HA PUCYHKC 6.
. { ‘RDX

‘PETN

Unknown

B r
a — obpazer; Nel-1 (okToreH); 6 — obpazer Nel-2 (rekcoreH); B — oopaserr Nel-3
(THT); r — o6pazer; Nel-4 (TOH)

PucyHok 5 — Pe3ynbraT aHainm3a TECTOBBIX 00pa3I0B MEPBOM IPYIIHI METOIOM

CIICKTPAJIbHOT'O yTJIa
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a — obpaszer; Nel-1 (okrtoren); 6 — obpazer; Nel-2 (rexcoren); B — oopazen Nel-3
(THT); r — obpazer; Nel-4 (TOH)
Pucynok 6 — Pe3ynprar aHanm3a TeCTOBBIX 00pa3IOB MEPBOM IPYMIIHI METOIOM
MHUHUMAJIEHOTO PACCTOSTHHS

B nanHoil cepum ombiToB cieabl oktoreHa (Nel-1) Obuin 0OHaApy»KEHBI C
BEpOATHOCTHIO 95 %. B ciydae ¢ rekcoreHom (Nel-2) BBISIBIEHO MECTO HAaHECEHUS
cnenoB B 90 % ciywaes, n3 xotopeix B 11 % ciydaeB He ompenenen tun BB.
Mectononoxkeane THT (Nel-3) m TDOHa (Nel-4) 6wumio ompeaeneno ¢ 95 %
BEPOSITHOCTHIO.

Taxke Obuta TpoBelleHAa HACHTU(UKAIMSA CIIEIOB BEIIECTB HE 00JIaJaromux
B3pPBIBHOM  crocoOHOCThIO  (0Opasiel  Nel-5-Nel-7), mokasaBmiasi OTCYTCTBHE
JIO’KHOTOJIOKHUTENBHBIX CpadaThIBAHUN.

Bropas cepusi skcriepMeHTOB MPOBOAMIIACH HA TIOJIJIOKKE M3 UCKYCCTBEHHOMN

KOXHU.
Pesynbrarel 00pabOTKH 3aperuCTPUPOBAHHBIX OOpA3IOB ABYMS METOJaMU

CpaBHEHUS IPEICTABJICHBl HA PUCYHKE 7 U 8 COOTBETCTBEHHO.
HMX

a — obpazen; Ne2-1 (oktoreHn); 6 — oopazer; Ne2-2 (rekcoreH); B — oopazer Ne2-3
(THT); r — obpazen; Ne2-4 (TOH)
PucyHok 7 — Pe3ynbraT aHanm3a TeCTOBBIX 00pa3Ii0B BTOPOUl TPyl METOAOM
CIIEKTPaJIbHOTO yTia
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B T

a — obpazer] Ne2-1 (okToreH); 6 — obpazer Ne2-2 (rekcoreH); B — oopaserr Ne2-3
(THT); r — obpazer; Ne2-4 (TOH)
Pucynok 8 — Pe3ynbprar aHanm3a TeCTOBBIX 00pa3I0B BTOPOH TPYIIITEI METOIOM
MUHUMAJIBHOTO PACCTOSTHHSI

Oo0paser ¢ okrorenoM (Ne2-1) 6bu1 0OHapyxeH B 90 % ciydaeB, a FeKCOreH
(Ne2-2) — B 85 %. B oakcmepumentax ¢ oOpasmom THT (Ne2-3) BB BepHO
UICHTH(PHUIIMPOBAHO U Jokamu3oBaHo ¢ 90 % BeposTHOCTHIO. OOpazenr TOHa (No2-4)
oOHapyxeH B 85 % 3KCIEPUMEHTOB, U3 KOTOPHIX HE UJIeHTU(ULIMpoBaH B 18 %.

Kak 1 B 3kcniepuMeHTax ¢ NepBOM IpymHIon, pe3yabTaThl 00padOTKH 00pa3loB
No2-5-No2-7 He nanu J0KHOMOJIOKUTEIIBHBIX CpadaThIBAHUM.

TpeTbsi cepusi SKCIIEPUMEHTOB MPOBOIMIACH C OOpa3laMu Ha TMOMJIOKKE H3
(daHepsbl.

Pe3ynbTaThl 00paOOTKH 3aperuCTPUPOBAHHBIX OOPaA3IOB JBYMS METOJaMHU
cpaBHEHUs TpeicTaBieHbl Ha pucyHke 9 n 10 cooTBETCTBEHHO.
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a — oopaserr Ne3-1 (okToren); 6 — oopaser; Ne3-2 (rekcoren); B — oopasery Ne3-3
(THT); r — obpazer; Ne3-4 (TOH); n — obpazer; Ne3-5 (caxapHas myapa)
Pucynok 9 — Pe3ynbrar aHanm3a TeCTOBBIX 00pa3IOB TPEThEH IPYIIIBI METOIOM
CHEKTPAIBLHOTO yTiia

a — obopaser Ne3-1 (oktoren); 6 — oopaser; Ne3-2 (rexcoren); B — oOpaser; Ne3-3
(THT); r — o6pazer Ne3-4 (TOH), o — obpazen Ne3-5 (caxapHas myapa)
Pucynox 10 — Pe3synpTaT aHaiM3a T€CTOBBIX 00PA3I[0B TPETHEH IPYIIIBI METOI0M
MUHUMAJIBHOTO PACCTOSTHHSI

Mecrononoxenne oOpasioB okToreHa (Ne3-1) u  rekcorena (Ne3-2)
obHapyxxeno B 90 um 85 % odkcmepuMeHTOB, HM3 KOTOpeix Bujx BB  He
unaeHtnduuuposad B 6 % u 18 % coorBercrBenHo. B skcniepumentax ¢ THT (Ne3-3)
u TOHom (Ne3-4) mecTomnosioxkeHue Jokaan3oBaHo ¢ 85 u 80 % BeposATHOCTHIO, W3
kotopbix Bujg BB He wuaentupuuupoBan B 12 um 19 % skcnepumeHTOB
COOTBETCTBEHHO.

B »skcnepuMeHTax ¢ B3pbIBOOE30MacHBIMM  BeliecTBamMu obOpaser; Ne3-5
(caxapnas myapa) ObLT OMMOOYHO MASHTU(PUIIMPOBAH Kak TpoTuid B 10 % ciydaes.
Ha octanbubix o6pazuax Ne3-6 u Ne3-7 noxHbie TPEBOT'H OTCYTCTBOBAIH.

Paznuure B KoinMyecTBE OOHAPY)KEHHBIX MHKCENEHd ABYMs METOJaMH He
rpeBbicuiio 10 %.
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Kak cnexyer u3 pe3yapTaToB SKCIEPUMEHTOB U aHAJIM3a PUCYHKOB Pa3JIMYHBIN
ypoBeHb sipkoctu IIM He mnoBnuser Ha pe3ynbTaThl JETEKTUPOBAHUA. ITO
OOBSCHSIETCS] BBIIIOJIHEHUEM HOPMHUPOBKU SIPKOCTH IHKCENIEH BCEX CHEKTPaJIbHBIX
N300pakKeHM, BXOJAIIMX B TUIIEPKYO JTaHHBIX.

B 3axitounTenbHON YacTH IJ1aBbl KOHKPETU3UPOBAaHbI OCHOBHBIE TEXHUUECKHE
XapaKTePUCTUKH, NPEIbSIBISIEMbIE K HW3MEPUTEIBHOMY KOMIUIEKCY B 3ajayax
JUCTAHLIMOHHOTO  30HIMPOBAHMS, U MPENJIOKEHbl PEKOMEHJAMM 10  HX
ONTHMH3ALINH.

1. BeposatHocts  obHapyxkenuss (P) — mapamerp, XapaKTepU3YIOUIHiA
OTHOIIIEHWE 4YHUCJIAa BEPHBIX cpadaTbiBaHUK K OOLmEeMy YHCITy HPOBOJUMBIX
A3MEPECHUM.

Ha ocHOBe 5KCHepMMEHTANbHBIX [aHHBIX OblIa OIpeleieHa BEPOSTHOCTD
OoOHapyKEHHsI CIEAOBBIX KOJMYECTB UCKOMBIX BB, pe3ynbratsl KOTOpOil IpUBEACHBI
B Tabmune 1.

Tabmuua 1 — BepositHocTh oOHapyxkeHuss BB Ha 0aze paspaboranHOro
U3MEPUTETHFHOTO KOMIUIEKCA.
BB P,
o Oxkroren, % | I'ekcoren, % | THT, % | TOH, % L

OJJIO’KKa o6Hap.» /0
Crekiio 95 90 95 95 94
HckyccTBEeHHAs KokKa 90 85 90 85 87
danepa 90 85 85 80 85
Pep. o6map.» Y0 92 87 90 86,7 89

Camast BbICOKasi BEpOSITHOCTh OOHapyxeHuss BB Ha mojyoxke u3 crekia, npu
9TOM caMmbiM OOHapyxuBaeMbiM BB siBnsiercss oktoren. B cpemHem BeposITHOCTH
obnapyxenust BB cocraBumna 89 %.

2. BepositTHocTh  uaeHTH(UKAIMK — TapamMeTp, XapaKTepU3YIOIIHMA
OTHOIIEHUE YKCIIa BEPHBIX UACHTU(DUKAINI K 00IIIEMYy YHUCITy BEPHBIX OOHAPYKEHUH.

CocraBnena Ttabnuia 2 BeposiTHOCTH uaeHTHduKanmu Tuna BB B ciydae
NOATBEpXkKACHUST (pakTa OOHApyKeHHs Ha 0a3e pa3pabOTaHHOTO H3MEPHUTEIBHOTO
KOMILIEKCA.

Tabmuua 2 — BepostHocts wuaeHtudukanuu Ttuna BB B cioywae
NOATBEpkKACHUST (pakTa OOHApyKeHHs Ha 0a3ze pa3pabOTaHHOTO HM3MEPHUTEIHHOIO
KOMILIEKCA.

o BB Oxkroren, % | I'ekcoren, % | THT, % | TOH, % P°p‘0
OJIJIOKKA wient.> /0
Crexiio 100 89 100 95 96
HckyccTBEHHAs KOXa 100 88 100 82 92
Panepa 94 82 88 81 86
Pep. mnenr %0 98 86 96 86 91

16



Jlyumme Bcex ObUT WASHTU(GUIIUPOBAH OKTOTE€H. B cpemHeM BEpOSTHOCTH
UACHTU(UKALMY B cllydae 0OHapyxkeHusi coctaBuia 91 %.

3. [lpenen oOHapyKeHUSI (Cmin) H3MEPUTEIHLHOIO KOMILIEKCA JTUCTAHIIMOHHOTO
oOHapyxxenust BB — 3To MuHMMalibHasi MOBEpXHOCTHAs KoHIeHTpalus BB, koTopas
IIPU B3aUMOJICHCTBUU C JIA3EPHBIM U3JIYYEHUEM BBI3BIBACT OTKIMK, JOCTATOYHBIN IS
pPEruCTpallid W M3BIICYEHUS U3 HEro MH(OpMAIMU O HAJIWYUHU CIIEOB HCKOMOTO
BEILIECTBA.

bbim mpoBeeH TEOpPETHYECKH pacueT mpenesia OOHApY>KEHHs OKTOIeHa,
KOTOPBIW JIJTA TAHHOM KOMIIOHOBKH KOMIUIEKca coctaBui 0,2 Mr/cM®.

DKCIEpUMEHTAILHO Tpeesl OOHAPYKEHUS UCCIEAOBAJICS HA CleaX YeThIpeX
BB. Cuenosbie konuuectBa BB Ha CTEKISHHOM TMOJJIOKKE W TOMJIOKKE W3
HMCKYCCTBEHHOM KOXM OBUIM HAHECEHbI METOJOM MUKPOIMIETUPOBAHUS C IIaroM
10 mxn. Hanectn BB MeTooM MUKpOTHMIETHPOBAaHMS Ha TOJIOKKY U3 (paHEephl He
ynanochk. [loaTomy 11st JaHHBIX 00Pa3I0B MPUMEHSIICS METO/T B3BEIIIMBAHU.

Pe3ynbpTaThl 9KCIEPUMEHTOB MPEJCTaBICHBI B TA0IHIIE 3.

Tabmuma 3 — Ilpemen oOHapyxkenus BB nHa 0a3e paspaboranHoro
HU3MEPUTEIHLHOTO KOMILIEKCA

BB | Okroren, | I'ekcorewn, THT, TOH, Crins

[Tommoxka Mr/cM’ Mr/cm? Mr/cm? Mr/cm? Mr/cm®
Crexiio 0,2 0,44 0,35 0,5 0,37
HckyccTBeHHas Koxka 0,7 0,9 0,7 0,85 0,79
danepa 1,4 1,3 1,2 1,5 1,35
Crmin, MI/CM® 0,77 0,88 0,75 0,95 0,84

Campiii Masiblii Tipeses OOHapyXEHUsI Ha TOJJIOKKE M3 CTEKJIa, KOTOPHIA B
cpemneM coctasmi 0,37 Mr/cM®, TIpH 9TOM U3 Bcex BB OKTOreH HaeHTH(HIIIPOBAICS
C TOBEPXHOCTHOHM KOHIEHTpammeil pasHoi 0,2 mr/cm’. B cpemmeM mpenmen
o6Hapyxerust BB cocrasui 0,84 mr/cm®.

YMeHbIINTD Npeaen o0Hapy)eHUs BO3MOXKHO MmyTeM 3ameHbl MK-kamepsbl Ha
Kamepy c Oosiee BBICOKMM pa3peuieHueM U 0ojiee BBICOKOM YYyBCTBHUTEIBHOCTBIO,
CHWKEHUS IIIYMOB KaMephl 3a CUET OXJIAXKIAEHUS, U3TOTOBJIEHUSI TECTOBBIX 00pa3lioB
C MEHBIIIEH MOBEPXHOCTHON KOHIIEHTpAIIMEH, a TaKKe MPUMEHEHHUs CyONMKCETbHBIX
AITOPUTMOB aHAJIN3a TUIIEPCIEKTPATBHBIX JAHHBIX.

4. CeneKTUBHOCTh  (M30MPATEbHOCTE) — BO3MOXXHOCTb  BBIJICIICHUS U
UJEeHTU(UKAITMN KaKOTO-TO BEIIECTBA B IPUCYTCTBUU JIPYTHUX.
[IpoBeneHbl  SKCINEPUMEHTAIbHBIE  UCCICAOBAHUS IO  OMNPEICICHUIO

CEJICKTUBHOCTU M3MEPUTEIBLHOr0 KomIuiekca. BemiectBa (oktoreH, rekcoreH, THT,
TOH, caxapnas nyapa, Al,Oz, MbUT0) ObUTM OJTHOBPEMEHHO HAHECEHBI HA TPU BHUIA
nomioxkek. CXeMbl HAaHECEHMs BEIIECTB M MX PACIIOJIOKEHHE B CLEHE, a TaKXKe
BHEIIHUN BUJ MOJYYEHHBIX OOpa3lOB, HAHECEHHBIX HA Pa3jIMYHbIC MOBEPXHOCTH,
IIpEACTABIIECHBI HA pUCYHKE 11.
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a — cXeMa HaHECEHUS BENIECTB; O — MOJJI0KKA — CTEKJIO; B — ITOJIJIOJKKA —
HMCKYCCTBEHHAs KOXa; I' — MOJIJI0KKa — haHepa
Pucynok 11 — Cxema HaHeCEHMS M BHEIIHUMA BU 0OPA3IOB IS POBEPKHU
CEJICKTUBHOCTH U3MEPUTEIBLHOTO KOMILJIEKCa

PGSYJII)TaTBI OKCIICPUMCHTAJIBHOI'O UCCIICAOBAHUA IIPU 06pa6OTKC PE3YyJIbTAaTOB
ACTCKTUPOBAHUA ABYMA MCTOAAMU aHAJIN3ad IIPCACTABJICHBI Ha PUCYHKAX 12u13.

B
a — TIOJITIOKKA — CTEKJI0; O — MOIJI0KKA — MCKYCCTBEHHAs KOXa;
B — NOJJIOKKa — (paHepa,
Pucynox 12 — Pe3ynpTaT aHaym3a TECTOBBIX 00Pa31l0B METOIOM CIIEKTPAIHLHOTO YIJia

a — TO/IJIOKKA — CTEKJIO; O — MOJIOKKA — HCKYCCTBEHHAs KOXKa,
B — NO/JIOKKa — (paHepa,
Pucynox 13 — Pe3ynbTaT aHa)M3a TECTOBBIX 00Pa3II0B METOI0M MUHUMAJILHOTO
paccTosHUS
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KomMrieke mokasas J0CTaTOYHO BBICOKYIO CEJIEKTHBHOCTb CEJIEKTHBHOCTH MPU
KJ1accu(UKAIMU B3PhIBYATHIX U B3PHIBOOE30MACHBIX BEIIECTB.

JlanbHOCTh OOHapyx eHusi (AUCTAaHIIMOHHOCTh) — MaKCHMaJIbHOE PACCTOSIHUE,
Ha KOTOPOM C MOMOIIBI0 KOMILJIEKCA MOXKHO OOHApY>KUTh M HACHTHU(PUIUPOBATH
00BEKT (11eJb) U OINPEACIIUTh €r0 KOOPAUHATHI C TPeOyeMOM TOYHOCTHIO.

B cBsi3u ¢ Mcnonb30BaHUEM MOMMKCEIBLHOTO aHAIM3a TUIEpPKyda TOCTOBEpHOE
oOHapyxeHMe M WJEeHTU(UKAIMA BellecTBa pa3padOTaHHBIM H3MEPUTEIbHBIM
KOMILIEKCOM BO3MOJKHBI B Cllydae, €CJId BEIIECTBO 3aHMMAET KaK MUHHUMYM OJHH
nukcenb. Ha pucynke 14 mnpencrtaBieH rpaduk 3aBUCHUMOCTH MHMHHUMAaIbHOU

IomaagM  00bEeKTa,  MPOELHHPYEMOr0  Ha  OJUH  [HKCEIb  MaTpPHULBI
MHUKPOOOIOMETPUYECKON KaMepbl, OT PACCTOSHUA.

~ 1,6

s

(8]

ds

- 1,4 /
1,2

X .

yd

0,6 /

0,4 /

0,2
0 M

0 2 4 6 8 10
l,m
Pucynok 14 — 3aBucMMOCTh MUHUMAJIBHOM ITOIIAAN O0BEKTA, IPOCIIUPYEMOT0 Ha
OJINH MTUKCEJIb MaTPUIIbI, OT PACCTOSTHUS 10 HETO

JIns  ngaHHOM  KOMIIOHOBKM  M3MEPUTEINBHOM  YCTAHOBKM  PaCCTOSHUE
oOHapyxeHust coctaBimsier 0,5 M ¢ MUHUManbHOM IUIOHIAABID  OOBEKTA,
MIPUXOJSIIETOCA HA OUH MUKCEN, paBHOM 1,3 MM,

Juctanuuio  oOHapyXeHUsT  BO3MOXKHO  YBEJIIMYUThb IyTEM  3aMEHbI
MHUKPOOOJIOMETPUUECKON KaMephbl Ha 00Jiee YyBCTBUTENbHYIO, a TAK)K€ MPUMEHEHUS
CyOIUKCENBHBIX AITOPUTMOB 00PaOOTKH.

5. Bpems oOHapykeHus (9KCIPECCHOCTH ).

Bpewmsi oOHapy»eHUsI COCTOMT U3 BPEMEHH 3aTPayMBaE€MOro Ha PErHCTpaIfio
JAHHBIX THTEPKyOa U BpEMEHHU ero 00pabOTKH U aHaIH3a.

Bpewms peructpanuu IaHHBIX Ha BceX 56 AIuMHaX BOJH COCTaBIsieT HE Oosee
S MuH. bonpmias [IIUTENbHOCTh PETUCTPAIMM TEMJIOBU3MOHHBIX HU300paKeHUN
BbI3BaHa OCOOEHHOCTBHIO TMPOILIECCOB MepecTporku wucnoiaszyemoro CO,-nazepa.
Bpemst ananusza gaHHbIX runepky0a Ha Bcex 56 JIMHaX BOJIH COCTaBII€T He Oolee
1 MuH. Bpems peructpanuu U MACHTHPUKALMKA BEIIECTB MOXET ObITh YMEHBIIEHO
nyTeM ONTHMHU3AIMU Mpolecca U3MEepeHus, ucnoiab3oBanus Habopa CO,-na3epos, B
TOM 4YHUCJE€ C (PUKCUPOBAaHHBIMM JUIMHAMHM BOJH H3JIYYCHHs, a TaKXKe 3a CYET

19



WCIIOJIB30BaHUsI 0OJie€ MOIIHBIX KOMIBIOTEPOB, ONTUMHU3AIMKM aNTOPUTMA H
UCIIOJIb30BAHUU JAPYTOrO S3bIKA IPOrPAMMHUPOBAHUS.

6. YpoBeHb aBTOMaTH3aLIUNA KOMILIEKCA.

Pa3paboTaHHbIil ONTHUKO-3JEKTPOHHBIA KOMIUIEKC aBTOMAaTHU3UpPOBAH M HE
TpeOyeT B yIpaBJIE€HUU OCOOBIX YMEHMM, HABBIKOB M KBaJIU(UKAIIMK OT MepcoHaa.
[IpucyrcTByeT BO3MOXKHOCTH JOOaBJIEHUSI B OMOIMOTEKY CIIEKTPOB JPYTUX BEIIECTB,
B TOM UYHCJI€ B3PhIBYATHIX, OMACHBIX U HAPKOTUYECKUX.

OCHOBHBIE PE3YJBTATBI PABOTbBI

1. ITpoBeneHo TeopeTUyeckoe uccieoBaHue npuMmeHumoctu meroga ADPCU
JUIsl IUCTAHIIMOHHOTO OOHapyxeHusi cienoB BB. IlpoananusupoBana u BbIOpaHa
pabouas obmactb WMK-cnekrpa B aumanmasone 8-14 wMmxm.  HcecnemoBaHo
B3aMMOJICUCTBHE JIA3€PHOTO M3JIYUYEHHUsI C OMBITHBIM oOpasinoM. Ha ocHoBe ananmuza
METOJIOB 00pa0OTKU THUIEPCHEKTPAIbHBIX JaHHBIX BBIOpAHBI JIBa IMOMUKCEIbHBIX
METOJla — METOJl CIHEKTPaJIbHOTO yria W METOJ MHHUMAJIBHOTO PaCCTOSIHUS,
3aKJIIOYAIOIIMECS B CPABHEHUM 3aPETUCTPUPOBAHHBIX U ATAJIOHHBIX CIIEKTPOB.

2. YCTaHOBJICHBI ONITUMAJIBHBIC ITApaMETPhI almapaTypsl HCCIICIOBAHUS (J1a3ep
— CO; ¢ BY nakaukoit u nud@dy3HbiM oxiaxaeHueM, MOIIHOCThI0 10 10 Bt, u
MMEIOIINN BO3MOKHOCTh IPOTPAMMHOM MEPECTPOMKH JUIMHBI BOJIHBI B JUANIa30HE §-
14 mxm, HUK-nmpuéMHUK — HeoxjJaxkaaemas MHUKpOOOJOMETpUUYecKas Kamepa C
MaTpuile Ha OCHOBE aMOpP(HOro KpeMHHUs1), BIOpaHO 000py/I0BaHUE U pa3padoTaH
U3MEpUTEIbHBIM  KOMIUIEKC Ha 0aze mepectpauBaemoro (COp-mazepa u
MHUKPOOOJIOMETPUUECKON KaMepPhl C MHOTOJIEMEHTHON MaTPUIICH.

3. BrimosHeHa aBTOMAaTH3aIMs U3MEPHUTEIILHOTO KOMIUIEKCA JUCTAHIIMOHHOTO
oOHapyxeHus U uaeHTuuKauu cienoB BB, mo3Bosstonas ynpasiste nporeccaMmu
rE€HEepalyy JIa3epHOr0 H3JIYYEHHsS Ha KaXKIOW JUIMHE BOJIHBI C OJHOBPEMEHHBIM
U3MEPEHUEM €r0 XapaKTepUCTUK (KOA(hOUIIMEHT 3alloJTHEHHs] CUTHAJa yIpaBJICHHUS,
MOITHOCTh HW3JIYY€HHUsI, JJIMHA BOJIHBl JIMHUM W3JIy4YEHUs), aBTOMATHUYECKU JJIsi
KaXJIOW JJIMHBI BOJHBI PETHUCTPUPOBATH CIEKTpaJIbHbIE H300paKEHUS; a TaKKe
00pabaTbiBaTh TUNEPCHEKTPAIbHbIE JaHHbIE W BHIJABaTh 3aKIIOYEHUE O HAJTUYUU
CJI€ZIOB UICKOMBIX BEILIECTB Ha UCCIEAYEMOM MOBEPXHOCTH.

4. ITpoBeaeHa cepusi OSKCIEPUMEHTAIBHBIX UCCIEAOBAHUM IO MPOBEPKE

PaboTOCTIOCOOHOCTH U OTPEICTICHUIO XapaKTePUCTUK Pa3pab0OTaHHOIO KOMILJIEKCa Ha
CHEIUaIbHO TMOATOTOBJICHHBIX O0pa3liax CIEIOBbIX KOJUYECTB B3PHIBYATHIX M
B3PBIBOOE30TIACHBIX BEMIECTB C WM3BECTHBIMHU IMapaMeTpamMu. Y CTaHOBJIEHO, YTO B
cpeaHeM BeposITHOCTh oOHapykeHuss BB cocraBuna 88,7 %, npenen oOHapyx)eHUs
BB cocrasun 0,84 wmr/cm’. KoMIUIEKC MOKa3ad BBICOKYKO CENCKTUBHOCTb IIPH
pa3/esieHnH B3phIBUATHIX OT HE B3phIBUATHIX BemlecTB. OOIee BpeMs 0OHaAPYKEHUS C
WCIIOJIb30BaHWEM BceX 56 IMH BOJH HE TpeBblmaer 6 wMuH. Jlucranmus
oOHapyxenust — 0,5 M Ipu MUHUMAJIBLHOW TUIOMIAAM OOBEKTA, MPUXOAIIETOCS Ha
OJIMH TIUKCeIb, paBHOM 0,013 cM?.

5. [Ipenyoxenbl peKOMEHJAUU TI0 BO3MOKHOCTH YIYUYIICHUSI XapaKTePUCTUK
U3MEPUTENBHOTO KOMILUIEKCA MPOrPaAMMHO-aJITOPUTMUUYECKMMHA W amnllapaTypHbIMU
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cnocobamu (3ameHa MK-kamepel Ha kamepy ¢ 0ojiee BBICOKMM pa3pelIeHUEeM, C
0ojiee BBICOKOW YYBCTBHUTEIBHOCTBIO; HCIIOJIB30BAaHHE O0Jee JIMHHO(POKYCHOIO
OOBEKTMBA; CHIKEHHUS IIYMOB KaMEpbl 3a CUET OXJAXIEHHUS; MHCIIOJIb30BaHUE
KBAHTOBO-KacKaJHOro Jjasepa wuiu Habopa COjp-na3epoB, B TOM UHCIE C
(PUKCHPOBAHHBIMH JJMHAMHU BOJIH U3JIyUYEHHUS; U3TOTOBJICHUSI TECTOBBIX MHILEHEH C
MEHBIIEH  IOBEPXHOCTHOM  KOHIIEHTpallMeW; TNPUMEHEHHE  CYOIMKCEJIbHBIX
QITOPUTMOB  00pabOTKH;  MCHOJb30BaHHE 0OOJE€  MOIIHBIX  KOMIBbIOTEPOB;
ornrumm3anms anropurma [10; ucmonb30BaHue qPYroro s3bpIka IPOTPaAaMMHUPOBAHUS).
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