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[Mpeavcnosue

MeToibl U ammaparypa, MO3BOJISONINE B PEKUME PeabHOTO BpeMeHH 0becIie-
YUBATH KAYECTBEHHYIO W KOJMYECTBEHHYIO OTEHKY HAJMYUs Ha MOBEPXHOCTH
O00'bEKTOB CJIEJIOB CJIOXKHBIX XUMHIECKUX COEIMHEHUH, K KOTOPBIM OTHOCSITCS,
B YACTHOCTHU, B3PBIBYATHIC, OTPABJISAIONINE, HAPKOTHIECKUE U TOKCUIHBIE BE-
IMECTBA TIPOMBIIIJIEHHOTO TPOUCXOKICHUST, HEOOXOUMBI JIJIs TITUPOKOTO KPyTa
MPUJIOYKEHW I, B TOM YHCJIe JjIsi 0DecrieveHusl HAIMOHAIBHON CUCTEMBI KOM-
MJIEKCHON 6e30TIacHOCTH.

Cy1ecTByolIme JIOKAJIbHbIE CPEJICTBA OOHAPYYKEHUST OITACHBIX XUMUIECKIX
coeJlMHeHu il (HAIpUMeEp, CIIEKTPOMETPUsI MOHHOM MOJIBUKHOCTH) MOTYT IPE/I-
CTaBJIATH COOOM 3HAUUTEbHBIA PUCK JJIsI IPUMEHSIIONUX UX JINIL. bBojee To-
ro, 9acTo cam JIOCTYI K TIOJIO3PUTENTHHOMY OOBEKTY HEBO3MOXKEH U3-3a €ro
dusnueckoii HemocTymHOCTH. Takue cpejcTBa, Kak MPaBUJIO, SIBJISTFOTCS IIPO-
600TOOPHBIMI U, CJIEJOBATEIBHO, TPEOYIOT 3aMETHBIX 3aTpaT BPEMEHU JIJist
poBeeHnsT aHa/m3a. 1lo 9TuM U ApyruM mpuarmHaM pas3paboTKa U CO3IaHue
JIUCTAHITHOHHBIX METOJIOB KOHTPOJIS CJIEJOB XUMUYECKUX BEIECTB Ha TOBEPX-
HOCTU TeJI, & TaKKe MOPTATHBHOI ammaparypbl, paboTaioneil B peKuMe pe-
AJILHOTO BPEMEHU W COYeTAoNIeil B cebe BHICOKYIO MOOMIBHOCTE, Ype3BhIYailHo
AKTyaJbHBI.

Hanmuune qucTaHIMOHHBIX METOJIOB MO3BOJUT OMEPATHBHO O0OHAPYYKUBATDH
MeCTa 3aparyKeHUsl, CHUXKasl TeM CaMbIM PHUCK OIACHOIO BO3JIEHCTBUSI XUMUIE-
ckux (GakTopoB, Oojiee OBICTPO U TOYHO ONEHUBATH F(PDEKTUBHOCTH BBIOpAH-
HBIX CHOCOOOB JIMKBUJIAINN 3apaykKeHUsl TOKCUIHBIMU BEIECTBAMU TTPOMBIITI-
aennoro npoucxoxaenus (TICs, toxic industrial chemicals), a Takxke o6e3Bpe-
JKUBaHUs U yjpajenus orpasistomux semects (OB, CWAs, chemical warfare
agents). Curemyer 0XKHJIATb, YTO HCIOIB30BAHME JUCTAHIIMOHHBIX METO/IOB
KOHTPOJISI TOBEPXHOCTH OObEKTOB MPUBEJIET K CHUYKEHIIO NCTIOTH30BAHUS BPEJI-
HBIX MATEPHAaJIOB, a TaKyKe K YJIYUIIEeHHI0 aJlbTeéPHATHBHBIX 00e33aparKimBaro-
X CPEJICTB U MPOIEccoB. JIMCTAHIIMOHHBIE METO/IBI CMOTYT ChIMPATH HEOTIEHH-
MYIO POJIb IIPU KOHTPOJIE HAJIMUIUSI ONTACHBIX 3arpsi3HEHNIT Ha MOBEPXHOCTH TeJI,
HAXOJIAIIIXCST B TPY/AHOJOCTYITHBIX MecTaX. Heb3st He OTMETHTDh BarKHeHIee
3HAUEHNE JIMCTAHIIMOHHBIX METOJ0B OOHAPYYKEHUsI M JIOCMOTpA MPU HAJHIHH
TEPPOPUCTUIECKUX YIPO3 ¢ npuMeHeHneM B3pbiBuarbix (BB) u orpasistonmumx
BEIECTB, a Takyke B 6opuhe ¢ He3akoHHBIM 0boporom Hapkotukos (HB).

Cunraercss OOIMENPUHATHIM, YTO HAMOOJBITUMI BO3MOYKHOCTSIMUA B Pellie-
Hrn 11pobsteMbl ObicTporo standoff obHapy:keHusi (OmepaTop ¥ ammaparypa
HAXOJISITCsT Ha 0E30IIaCHOM PACCTOSIHUU OT UCCIIEYeMOro OObeKTa) U WJIEeHTH-
dpuKarum cae10B XUMUIECKIX COSJIMHEHN B MHOTOKOMITOHEHTHOMN cpejie obJra-
JTAIOT METOJIBI ONTHYECKONH CIIEKTPOCKOTIHH.
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B nocieinee Bpemst Hanbojiee MHTEHCUBHO PA3BUBAJINCH METO/IbI 1 allllapa-
Typa Jjis JIMCTAHIIMOHHOTO OOHAPYKEHUS OMACHBIX XUMHWYECKUX COEIUHEHMIT
B Ta30BO# draze, HAIIPUMED, XOPOIIO U3BECTHBIE JUIapHBIE cucTeMbl. [loMumo
TPAJIUINOHHBIX 3aJa4, CBA3aHHBIX C IKOJOTMIECCKUM MOHUTOPUHIOM BO3JIYIII-
HOH CpeJibl U KOHTPOJIEM aBAPHUIHBIX BHIOPOCOB B aTMocdepy BOJM3U OTACHBIX
XUMHUYIECKUX IIPOMU3BOJICTB, B IIOCJeJHEee BpeMsd JINJapHbIe CHUCTEMbl aKTHUBHO
pa3pabaThIBAIOTCS IPUMEHUTETHLHO K PEIIEHUI0 AHTUTEPPOPUCTHICCKUX 3aJ1aM,
B 9aCTHOCTH, JIJIgd OIIEePpaTUBHOI'O O6Hapy}KeHI/IH TOKCUYHBIX XNUMHNYECKUX BeE-
IECTB B MeCTax CKOILJICHUsI HACEJeHUs. B CBA3UM € 9TUM B KHHUIE€ KPATKO
3aTPOHYT BOIPOC O MPUHIMIIAX PAOOTHI JUJIAPOB JudHepeHInaabHOTO OO
IIEHUST, KOTOPBIE MPEJICTABISIOT o060l Hanbojiee MepCreKTUBHBI UHCTPYMEHT
JIJIsT MICCITeOBAHUST aTMOChEPBI M KOHTPOJIA ee 3arpss3uennii. [Ipn sTom ocoboe
BHUMAHUE YJIEJSIETCS TPACCOBBIM Ia30aHAIU3ATOPaAM Ha OCHOBE IOJIYITPOBOJI-
HUKOBBIX KBAHTOBO-KACKAIHBIX JIA3€POB, INPEJICTABJISAIONINX WHTEPEC st 00-
HAPY2KEHUST OTPABJISAIONINX U TOKCHUYHBIX BEIIECTB B aTMocdepe 3aMKHYTHIX
TTOMETIEHUNA.

ILI/ICT&HL[I/IOHHLIG MeTOJbI OIITUYEeCKOI'O O6Hapy}KeHI/IH MoryT 6I)ITI) IIaCCUB-
HBIMU U AKTUBHBIMU. YCTPOUCTBA, PEATU3YIONINe TACCUBHBIN METOJ JIeTEKTHU-
pOBaHUsl, HA3BIBAIOT TAHOPAMHBIMHU (PYPhE-CIEKTPOPATMOMETPAMU, WU CIIEK-
TpoMeTpaMu u3o0pakenuii. B HacTosilliee BpeMsi UMEIOTCS KOMMeEpYecKue 00-
pasipl naccuBHbIX npubopos (Imaging Systems, SI), koropble paboTaloT B BU-
JIIMOM JTHAITA30HE JIJIMH BOJTH, U3Mepsisi CIIEKTPAJIbHBIN COCTAB OTPaYKEHHOTO
OT OOBEKTOB COJIHEUYHOIO W3JIYyUEHHUsl, & TaK»Ke CIEKTPOMETPHI H300pasKeHwmil
Ha ocHoBe MaTpudHbix DIV, mo3BosIsIONINE TPOBOUTH CIEKTPAJIBHBIC U3Me-
perusi B cpegneM WK (remioBom) jmanasoHe ¢ HPOCTPAHCTBEHHON IPUBSI3-
koii. [laccuBHBII MeTOJ, HAIlleI TIPUMEHEHNE B TAKUX O0JIACTSX, KAK KapTHPO-
BaHne 00bLEKTOB 3eMHOI MOBEPXHOCTU, XUMUIECKUN MOHUTOPUHI aTMOCHEPHI,
[TOVICK MECTOPOXK IEHWIT, N3y IeHNEe COCTOSIHUSI TI0YB, OIIPejieJIeHe THITa 1 COCTO-
SIHUST PACTUTEJIHHOTO MTOKPoBa 1 T.j1. OJHAKO OTHOCUTEIbHO HU3KHUE 3HAUCHUS
CIHEKTPaJIbHOI'O pa3penieHnd U TyBCTBUTE/ILHOCTU, BJIMAHNE BHEIITHUX yCJIOBI/Iﬁ
U TEMIIEPATYPHOIO KOHTPACTA MEXKJIy aHAJTHM3UPYEMbIM 0OBEKTOM U (POHOM HE
MO3BOJIAIOT B IOJIHOW Mepe YJAOBJIETBOPUTDH YCIOBUAM JJIl OCYIIECTBIICHUS JIN-
CTAHIIMOHHOT'O KOHTPOJISI CJIEJIOB XUMUIECKUX COEJIMHEHUI HA TIOBEPXHOCTU TEJT
C IIOMOIIIHIO ITaCCUBHLIX METOJ/I0B.

C 11eJ1bI0 IPEO/IoJIEHU s HEJOCTATKOB, IPUCYIIINX TACCUBHBIM METO/AM, B IT0-
ciaeaHee BpeMd MOIIMHOE DPa3BUTHUE NOJTYYIUJIN aKTHUBHBIE METO/Ibl JETEKTUPO-
BaHUs CJIEJIOB CJIOKHBIX OPTaHUYECKUX COEJIMHEHUI Ha MOBEPXHOCTH TeJI, KO-
TOpBIE IOJIPA3yMEBaIOT JOMOJHUTETFHOE BO3JIEHCTBIHE HA OOBEKT JIA3€PHOIO
uzsydenusi. [Ipu sToM ycranoBjieHO, 9TO B OOJIBINIMHCTBE CIydaeB bojee rep-
CIIEKTHBHBIM $IBJISIETCsI TOJIXOJ], CBSA3AHHBINA C JUCTAHIMOHHBIM (standoff) o6-
HapyzKEeHUEM HaXOJIAIIUXCA B KOHACHCUPOBAHHOM COCTOAHUN Ha IMOBEPXHOCTU
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res ciiegos BB, HB, OB u croiikux TICs, a He jeTeKTUpOBaHUE MMAPOB TUX
BEIIIECTB BBUJIy UX UPE3BBIYANHO MAaJOro JIABICHUS.

Cpeu Jta3epHBIX METOJIOB JIeTEKTUPOBAHMUST CJIEIOBBIX KOJUIECTB BEIECTRA
HA ITOBEPXHOCTU TeJI HAMOOJIbIIEE PACIPOCTPAHEHUE HA CETOJHSAINIHUN JIeHb
MOy IUJIM TaKhe, KakK JIa3epHasl CIEKTPOCKONMS KOMOWHAITMOHHOTO PAaCcCesi-
uust (Raman Spectroscopy); CleKTPOCKOIIMsI JIa3ePHO-UH/Y IUPOBAHHOTO TIPO-
6ost (Laser-Induced Breakdown Spectroscopy, LIBS); nazepHo-unyupoBaH-
Hasi duryopectienimsi npu dborodparmentaiiu Monekysn BB (Photofragment-
ation — Laser-Induced Fluorescence, PF-LIF), criekTpocKorusi KOrepeHTHOro
AHTHCTOKCOBa KoMbuuarmonunoro paccesiaust csera (CARS), mndpakpacuas
nasepHasi criekrpockonusi (InfraRed Spectroscopy), a Takyke aKTUBHBINA WH-
dpakpacHbIil ClIEKTpabHbBI UMUKIHT, TO €CTh (POPMUPOBAHUE CIIEKTPAJIb-
HBIX M300paKeHuil B ClIeKTPe PacCesiHHOrO MJIM TeIIOBOro usiydenus (Active
IR Spectral Imaging) npu o6y ueHnr 00BHEKTA JTA3CPHBIM U3JIY ICHUEM CPEeIHe-
ro K nwmanasona.

[TepeunciieHHBIE METOJIBI JIOMIOJHEHBI TEXHOJIOTHSIMEI MUMITYJIbCHOM Teparep-
1oBo#i criekTpockonu u uMmuipkunra ( Terahertz Spectroscopy and Imaging),
KOTOpbIE MMEIOT OTPDOMHBIN TOTEHIMA JIsi ITPUMEHEHUl B CIEKTPOCKOIUN
XUMHAYIECKUX ¥ OUOJIOTHIECKIX O0BEKTOB. Y HUKAJIHLHOE CBOMCTBO 9TOIO U3JIy e~
HUSsI, CBSI3aHHOE C OECIIPEIISITCTBEHHBIM TIPOHUKHOBEHUEM CKBO3b OJICXK /1y, OyMa-
Iy, JIePeBo, IJIACTMACCY, KEPAMUKY U JIPyTHe MaTepUaJibl, OTKPBIBAET MIHPOKHE
BO3MOYKHOCTH JIJIsi IIPUMEHEHUs] TEXHUKHU UMITYJIbCHOM T€pareprioBoii CleKTpo-
CKOTIMM W WMUPKUHTA B 00JaCTH obecreveHnst 0e30IMacHOCTH, B TaCTHOCTH
JIJISE BBISIBJICHUST T€PPOPUCTOB-CMEPTHUKOB IPU OOJIBITIOM CKOILJIEHUU JIFOJIEH.
Pemmaroriiee 3Havenme 37ech nMeer GE3BPEIHBIN XapaKTep BO3AEHCTBUST 3TOIO
U3JIyIeHUsT HA OUOJIOrTIeCKrue 00bEKTHI.

3a moc/ielHee BpeMsl W3J[aHO0 MHOIO HAayIHO-TEXHUUIECKO JINTepaTyphl 110
BOIIPOCY JUCTAHIIMOHHOTO XUMUYIECKOTO aHa 38 IOBEPXHOCTH TeJI, paspabora-
HBI METOJIbl ABTOMATH3UPOBAHHON 00pabOTKM PE3y/IhTaTOB U3MEPEHUNl B MHO-
POKOMITOHEHTHOI CpeJie, CO3/IaHbl Jla3epHble NH(MOPMAIIMOHHO- U3MEPUTE/IbHBIE
KOMILJIEKChI, KOTOPBIE YCIEINTHO alpoOMpPOBAHBI Ha IPAKTHUKE, ITOKA3aB XOPO-
e pe3ysbTaThbl. 1TeM He MeHee, HECMOTPsl Ha WHTEHCHUBHBIE PAOOTHI B IIe-
PEUUC/IEHHBIX HAIPABJIEHUSX, CIEJIyeT OTMETHTh, UYTO B HACTOSIIEE BPEMsi HA
PBIHKE OTCYTCTBYET KOMMEpYecKoe OOOpY/I0BaHWE, B IOJHONH Mepe OTBEYA0-
mee TpeboBaHusM standoff meTeKTUpPOBAHUS CJIEJIOBBIX KOJUYECTB BEIIECTBA
Ha ITOBEPXHOCTH TEJI, a CBSI3aHHAsT ¢ 3TUM IIPODOJIeMa elle HAXOMUTCS B CTaJINN
pa3paboOTKH.

JlasibHeiinee pa3BUTHE BCeX MOPTATUBHBIX MWHMOPMAIMOHHO-U3MEPUTE b
HBIX KOMILIEKCOB standoff merekrupoBanus ciiesioBbix octarkoB BB, OB, TICs
u HB Ha moBepxHOCTH TeJI HEIMOCPEJCTBEHHO CBS3aHO C CO3JAHUEM KOMIIAKT-
HBIX JIa3epOB, 00JIaJAOIINX TOBBIEHHBIMI KCILIyaTAIlHOHHBIME [IapaMeTpa-
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MU IIPH KOMHATHON TeMmIlepaType, paciiupeHneM Jinara30Ha JJINH BOJIH IeHe-
pamuu u obyractu mepectpoiiku. llo-mpexkHeMy ocTaeTcsi aKTyaJbHBIM BOIIPOC,
CBABAHHBIN C CO3J[AHUEM HEJOPOIHUX, OOJIAJIAIONINX BBICOKON YyBCTBUTEIBHO-
CTBIO HEOXJIAXKJIAEMbBIX (DOTOIPUEMHBIX YCTPOHCTB, a TakxkKe 3(DPEKTUBHBIX
OIITUYECKUX CUCTEM /I cOopa maiydenus. Hakowner, mnpejicTouT ere 60Jb-
mas paboTa 0 CO3/IAHUIO HAJEXKHBIX aJTOPUTMOB DPACIO3HABAHUS ONACHDBIX
BEIEeCTB B MHOTOKOMIIOHEHTHBIX CpeJlaX IMPYU HAJUIUN TaK HA3bIBAEMBIX UHTEP-
depenToB, TO €CTh BEIlIecTB, 00JIa/IA0NUX TOXOXKUMH CIIEKTPAMU TOTIONIEHIS
U, TAKUM 00DPa30M, 3aTPYIHSIONINX UX OOHADYKEHUE, a TAKYKe CBsS3aHHAsi C
TUM JIeATeIbHOCTD, HAlIpABJIECHHAs Ha paciiupeHne OMOJNOTEKH CIEKTPOB Jie-
TEKTUPYEMbIX XUMUYIECKUX COEJIUHEHUI U BO3MOXKHBIX MHTepdepeHToB. Pas-
BUTHE IEPEUNC/IEHHBIX HAIpaB/JeHuil 1mo3BoauT Oosiee 3hHEeKTUBHO MCKATH U
HOBBIE ITOJIXO/bI K CO3/IAHUI0 KOMOMHUPOBAHHBIX CHCTEM, OCHOBAHHBIX Ha IPU-
MEHEHUHU OPTOTOHAJBLHBIX TEXHOJIOTUA.

Hesibto MaHHOM KHUTH SIBJISIETCS ODODIEHUE U CUCTEMATU3AIUS PE3YJIbTa-
TOB paboT 10 JUCTAHIIMOHHOMY JIETEKTUPOBAHUIO CJIEJOB CJIOXKHBIX XUMUYe-
ckux coepqunenuii B sujie BB, OB, TICs u HB na nosepxuocru Tes. B xnure
UBJIATAIOTCS OCHOBHBIE TTPUHITUIIBI HANOOJIEE TTPOJIBUHYTHIX U IIEPCIEKTUBHBIX,
Ha HaIll B3IVIs, TEXHOJIOI Ui, yCTPOHCTBO COOTBETCTBYIONIMX TPUOOPOB, 00CY K-
JIAIOTCST BO3MOXKHBIE O0JIACTU UX MPUMEHEHUsl, PUBOJIATCS MHOTOUYUCIEHHBIC
[IPUMEPBI TPAKTHYECKON peasin3anui pa3paboToK, IPOBOJUTCH aHAJM3 OCHOB-
HBIX [1pO0JIEM, KOTOPBIE erre TPeOYIOT CBOEro PEIeHus], a TAKXKE ITePCIEeKTUBBI
pa3BUTHsI HAIPABJIEHMHsI, CBS3aHHOIO C JIUCTAHIMOHHBIM (standoff) nerexru-
poBaHUEM CJIEJOB ONMACHBIX XUMHUYECKUX BEIIECTB HA IMOBEPXHOCTH TEJ IPU
X 30HINPOBAHUN JIA3ePHBIM n3aydeHueM. OTMeTaeTcst BO3PACTAIOINIEE BHU-
MaHpe, TPOsBIIeMOe K KBAHTOBO-KACKAIHBLIM Jia3epaM KaK K KOMITAKTHBIM
UCTOYHUKAM H3JIy4YeHHs B CpejHeM HHPPaKPaCHOM U TepareproBOM Jiualla-
30HaX CIIEKTPA.

ABTOp BBIpazkaeT MCKpeHHOI 6arogapHocTh mpodeccopy M. 3BepeBy
u JIoOKTOpY TexHmueckux Hayk E.V. MakcuMmoBy 3a BHEUMAaTe/bHOE 1IPOYTEHUE
PYKOIINCH U CJIeJIAHHbIE 3aMeTaHusl.
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OBLUME BOTPOCHI,

CBA3AHHbIE C OBHAPY>XEHNEM

CJ1IEQOB B3PbIBHATbIX BELLIECTB

HA NMOBEPXHOCTU YOAJIEHHBIX OBbEKTOB

|.1. Beepenue

B nocnemnee jecaruierre, Mo BIOJHE MOHSITHBIM IIPUIHHAM, CYIIECTBEHHO
BO3POCJIO KOJTUYIECTB PADOT, IMOCBAIIEHHBIX OOHAPYKEHUIO U UICHTU(MDUKAIII
CJIEJIOBBIX KOIMYIECTB B3pbiBYaThiX BemecTs (BB). B ocnoBHOM 911 paboTh! mo-
CBAMNIEHDI PA3BUTUIO METOJIOB XUMUIECKOI0 aHaJIn3a BellecTBa B ra3oBoil dase.
B kauecTBe IpUMEPOB MOYKHO IPUBECTH KJIACCUYECKYIO Xpomarorpaduio |1, 2|
U CIIEKTPOMETPHIO MOHHO#H mojBrzkHOCTH (3, 4|. AHasm3 BelecTBa ¢ IOMOIIBIO
9TUX METOJIOB HOCUT JIOKAJBHBIN (point) Xapakrep, COCTOSAIINI U3 HECKO/Ib-
KUX CTaJIil, KOTOPbIE BKJIOYAIOT B ¢eOsi 0TOOP MPOOBLI U IIEPEHOC €€ K MEeCTY
[POBeJIeHns uccyieioBanuit [5].

Yro KacaeTcs JUCTAHIIMOHHOIO JIETEKTUPOBAHUSI CIIEJOBLIX KouuecTs BB,
TO €ro IMPOBeJICHIE B ra30Boil (rase 3aTPyIHEHO B CUJLY IPE3BBIYANHO HU3KOTO
JIABJIEHUS T1apOB OOJILIMMHCTBA U3BeCTHLIX BB 1pu KoMHATHOI TeMueparype
[5, 6] (puc. 1.1). Hamnpumep, paBHOBECHOE JaBJIeHHE 11aPOB IIPH TEMIIEPAType
25 °C gas TNT cocrasisier 9 ppb (~ 1,7 - 1072 Tla), a gia RDX — 6 ppt
(~ 4-107% ITa) [5, 8]. Ilpu sToM HecjIOKHbIC IpHEMbI yKpbITHs BB myTem
HNOMEIEHNsT WX, HAIPUMEP, B IUIACTHKOBYIO YIAKOBKY, YMEHBIIAIOT JIABJICHIEC
[IapOB ellle Ha TPH TopsijKa |9].

B 10 xe Bpemsi m3BectHo, uTO OOBIIMHCTBO BB aBsiorcs mocraTodHo
CIPUIAITYUBBIME» K MaTepHaJaM ¢ BHICOKUM 3HAYEHUEM TIOBEPXHOCTHON SHEp-
MM, TAKUX, HAIPUMEP, KAK METAJIIbI U UX OKUCJIbI, T.€. OKA3LIBAIOTCA CHJILHO
CBSABAHHBIMU C MOJIOXKKOM cuyiaMu ajre3uu. 11osromy jraxke Ipu akKypaTHOM
0OpaIleHnN CO B3PhIBYATHLIMA BEIMIECTBAMI TPY/IHO N30eKaTh MepeHoca YacTHIL
BB na 10BepXHOCTH JBEPHBIX PYYEK, 00YBb, MEIIEXOAHbIE JTOPOXKKH, MOBEPX-
HOCTH TPAHCHOPTHBIX CPEJACTB U T.I. Hampumep, komudectso BB, ocrasiisie-
MBIX OTIIEYATKOM HAJbIA Ha IMOBEPXHOCTU MPEJIMETOB, COCTABJISECT BEJIMIUHY
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~ 10 mkr [10]. dus cpaBrenus ykaxkem, uto B ciaydae RDX, ussecraoro xax
TEKCOTEH, TOJIbKO OJIHO 36PHO Pa3MepoM H MKM, umMesi Maccy ~ 90 mr, comaepKuT
~ 300 MULTMAPIOB MOJIEKYJI, TO €CTh CTOJBKO YK€, CKOJTBKO WX COJEPKUTCH B
ra3006pa3HOM COCTOSTHUM B 1 JiUTpe BO3J/yXa IPH HOPMAJbHBIX ycioBusix [5].
Takum 06pa3oM, BOZMOXKHOCTL OOHApPYKEHHS CJIEI0BLIX KoaudecrB BB man-
HOTO BHJa, 0a3UpyIomascd Ha JIMCTAHIIMOHHOM 30H/UPOBAHUU IOBEPXHOCTH
UCCIIE/lyeMOro O0beKTa, SIBJIIETCS BIIOJHE peajibHOi. A Tak Kak u3baBUTH-
¢t or vactul], BB, «upuanmimuxy K MOBEPXHOCTH, YPEe3BBIYAiiHO TPY/IHO, TO
OIIMCAaHHBIE BBIIIE OOCTOSITE/IbCTBA [IPUBEJIM UCCIEI0BATE/EH K MBICJI O TOM,
9TO TOJXOJ, CBSIBAHHBIN C JIMCTAHIIMOHHBIM OOHAPYZKEHUEM Ha MOBEPXHOCTH
peMeToB ocTaTkoB BB B Bujie TBepbIX YacTHIl, JIOMKEH OKa3aTbCst Oojiee
npoyKTuBHbIM |11].

Puc. 1.1. Kounenrparus
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MonekynspHbii BEC

B smreparype pazsimyaior JiBa M0JX0/a K JUCTAHIIMOHHOMY JIETEKTUPOBaA-
uuto BB. Tlepssbrit u3 aHux nomyawi Hazsanue standoff nerekTupoBaHue, KOTjia
OCYIIECTBJIAIONINE JIOCMOTD JINIA U 000pPY/IOBAHNE HAXO/ATCH Ha 0e30I1acHOM
paccrostuum or Mecra jocmorpa (10-100 m) [6, 12]. Takoit MeTos jerekTHpO-
BaHWs CJIE/IYeT OTJINIaTh OT JPYTrOro BUJIA JUCTAHIIMOHHOIO obHapyKenusa BB,
KoryIa Ha, 0E30MIACHOM PACCTOSHUM HAXOAUTCS TOJBKO OIEPATOP: TaK HA3bIBa-
emoe remote perektuposanue [7|. B nociemmem ciaydae poGorusmpoBaHHasi
mwiaTdopMa ¢ 000PY/I0BAHNEM PACIOJIAraeTCsi B HEMOCPEJCTBEHHON OJIn30CTH
OT TOJO3PUTEIBHOIO 00beKTa. Kak MpaBujio, u B TOM U B JIDYTOM CJIydasix
JIETEKTUPOBAHNE TPOUCXOIUT OECKOHTAKTHBIM 00paszoM. B To ke Bpems npu
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JIOKAJILHOM aHaJIN3e UCC/IEIOBAHNE HEM3BECTHOT'O BEIECTBA HOCUT KOHTAKTHBII
b0 GiM3Kuil K HeMy Xapakrep (near contact).

Koneuno, n3 Bcex moaxo10B K 0OHapykeHuto cienoB BB standoff merexru-
POBAHUE SIBJISIETCS TIPEJIIOUTUTE/IHHBIM, HO U 00JIee CJIOKHBIM B ILJIAHE TTPAKTH-
YeCKOr0 OCyIrecTBienud. [Ipu 5ToM HAMOOJBITUMUI BO3MOXKHOCTSIMHU B peIllre-
HUU 1IpobsteMbl standoff merekTupoBaHUsS M WICHTU(MUKAIINA OCTATKOB CJIEJIOB
KaK M3BECTHBIX, TAK U HOBBIX THIIOB BB, IprcyTcTBYOMIX Ha IOBEPXHOCTH TEJ
B MHOIOKOMIIOHEHTHOIH cpejie, 00J1a/1al0T MeTOIbl JIa3epHOi crieKTpockonuu |6,
14]. CymmecTByer MHOYKECTBO JIA3EPHBIX METOJIOB, KOTOpPbIe pa3pabaTbiBaroT-
¢ I perrienust 00Cy K 1aeMoil TpodIeMbl. BOJIBITMHCTBO M3 HUX HAIILIO CBOE
OTpazkeHue B OIlyOJIMKOBAHHBIX 3a TOC/IeJHee BpeMsi 0030pHBIX paborax [5, 6,
13-20].

|.2. CnekTpanbHble 0cobeHHOCTN MoneKy,
npuHagnexawmx kK knaccy BB

BspeiBuarsie BeecTBa 1Mo/Ipasie/siioT Ha JiBa KJIacca: COJEPIKAIINE XOTs ObI
OJIHY HUTPO/HUTPATHYIO I'PYIIITY WX HE NMEIOIINe HI OHON U3 HuX. B mocie-
HeM ciaydae BB npunajiexxkar k nepokcugam (manpumep, TATP — rpuaneron
TPHUIIEPOKCH/T), HepXjaopaTaM min asujaM. Hambosee MIUPOKO IpescTaBiieH
kiacc azorcogepxkanmx BB (TNT — rpunurporonyon, RDX — nuksiorpume-
tusterrpunuTpamut, PETN — nentaspurpurtos TerpanuTpar u jip.), B COCTAB
KOTOPBIX TIOMUMO a30Ta BXOJSIT BOJOPOJ, yIJIepos u kuciaopo |5, 6, 14]. O6-
UM cBoiicTBOM Takux BB sBiisieTcst cyiecTBeHHOE 1IPEBBIIIIEHUE COJIEPXKAHUA
B UX MOJIEKYJIaX a30Ta U KUCJIOPOJIA MO0 CPABHEHUIO C KOJUYECTBOM YTJIEPOJIA
u Bojoposa |5, 6, 14]. Ilpu sToM OTHOCHTENIbHOE COjlepYKAHUE B HUX a30Ta B
HECKOJIBKO Da3 0oJibille, YeM Jjig OOBIYHBIX MATEPHAJIOB, TAKUX, HAIIPUMED,
KaK IIeJIK, OJNypeTan, HeilJIon u T.11.

Kak 0b1710 oT™MedeHO Bbllle, MOJEKYJIbI a3oTcojepxkaimx BB Bkioyaor B
cebst 6o HuTpo- (NO3), 6o nurparubie (NOg) rpynmbsl. Hacrors: kosieba-
HUI 9TUX TPYII 3aBUCAT OT THIIA aTOMa, K KOTOPOMY TI'PyIIa MPUCOETUHEHA
B Mosiekyjie BB, a cedeHue moryionieHust Ha 3TUX 9acTOTaX JOCTATOYHO BEJIU-
k0. Hampumep, Tunmaroe nmuKoBoe 3HAYCHUE BEJIMIUHDBI CEUCHUST MTOTJIONICHUST
JIst BaJieHTHBIX Kosiebanuii rpymibl NOo B obmenssectHbix BB nHaxomurest B
npesenax o, = (1-10) x 10° em? /Monb (st ommoit Mosexyster ~ 10717 em?) [5].

B YO u BumauMom gmara3oHax CIEKTpbI moryiomenus BB xapaxkrepusy-
IOTCA HAJIUYIUEM ITHPOKUX IMOI0C 06€3 KaKUX-TM00 XapaKTEPHBIX OCOOEHHOCTEI.
B 0 e Bpemsi B cpejmeit nndpakpacHoit obsracta or 2500 cm ! (4 MrMm) 110
1100 em™! (9 MKM) Kome6aTebHO-BpaIATe/IbHbBIE CIIEKTPBI TOTJIOMEHHs MOJTe-
ky1 BB ob/rajaior BbIcOKOil criennuaHOCTBIO, OpeIessseMoil nX cuMMeTpueit
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U XUMHYIECKUM COCTABOM, UTO IO3BOJISIET C BBICOKOW TOYHOCTBHIO OTHOCUTDL OT-
Jle/IbHBIE CIIEKTPaJIbHBIE JIMHUN K BIIOJIHE OIPEIEIEHHOMY XUMUIECKOMY COEJIH-
Henuio [21]. Vmenno B a1o0il 061acTH CreKTpa HAXOAATC (DyH/IAMEHTAJIbHbIE
KoJiebaTeIbHO-BpalllaTe/IbHbIe TIePEX0Ibl MOJIEKYJI MPAKTHICCKH BCEX H3BECT-
HeIX BB.

Kazamocs 6v1, 10 110 9T0M TpranHe MeToabl MK 1a3epHoit crieKTpocKommnn
JIOJIZKHBI TIPEJICTAB/ISITh HAMOOIBIIIA TPAKTUIECKU WHTEpeC Jjid oOHapyKe-
Hust u upenTudukanmn BB. OqHako, kKak Oyjer MoKa3saHo HUzKe, OOJIBIITTHCTBO
13 00CYKIaeMbIX B paboTe METOI0B IOCTPOEHO Ha, MPUHIIUINAILHO UHBIX 10JI-
xojax. [lpwannoit sToro siisoch orcyrcrBue B cpemgnem WK jnmamasomne
CIIEKTPa IePecTPanBaEMBbIX JIA3ePHBIX HCTOYHUKOB CBETa JIOCTATOYHON MOIII-
Hoctu. CuHTyanusi U3MEHIUJIACH C IMOsIBJIEHHEeM KBAHTOBO-KACKAJIHBIX JIA3€POB
(KKJI): B mociieinee Bpemsi 6bICTPO PA3BUBAIOTCS HOBbIE HAIIPABJICHUS JIACTAH-
IMOHHOTO OOHApyKeHusd cie/10B BB Ha moBepxHOCTH 00BHEKTOB, UCIIOIL3YIOIINE
meroiel UK ntazepnoii criekrpockornmu ¢ npumenennem KKJT [18-20].

|.3. OcobenHocTn standoff cnekTpockonum

Sajaua, cBsi3aHHas ¢ co3jaHueM standoff CEHCOPHBIX YCTpOMCTB, KakK yiKe
OBLIO OTMEYEHO, SBJAETCA Hambojee CJIOKHON B mpobsieMe OOHAPYIKEHUS
nieHTHUKAINN CIe0BbIX KommiecTB BB BBuy npeabaBisgeMbix K HUM Tpe-
6oBanusiM. llepednciium JIUIIL OCHOBHBIE U3 HUX:

— BBICOKAsl TyBCTBHTEJILHOCTD JeTekTuposanus (~ 10-100 ur) [21];

— BBICOKAsI CEJIEKTHBHOCTD aHa/IN3a,;

— HU3Kas BEPOATHOCTH JIO¥KHOTO cpabarbsanusa (~ 1070) [21];

— obHapyKeHne u HAeHTH(dUKALNA HECKOILKIX BB B MHOrOKOMITOHEHTHOM
CMeCH;

— JasbHOCTh obHapykenus (~ 10-100 M, B 3aBUCHMOCTH OT perraeMoii
sajaqn) [4];

— OIEPATHBHBI KOHTPOJIb B PE’KUME PEATBHOIO BPEMEHH;

— 6e30IaCHOCTD JIA3€PHOIO U3JIy9eHHs JIsl TJ1a3 U KOKHOI'O II0OKPOBA,

— CKpPBITHBI (IIpH HEOOXOJAMMOCTH) XapaKTep JI0CMOTPA.

Cneyer cpasy oTMeTuTb, 9To standoff ceHcopHble yCcTpoiicTBa, KOTOPBIE
OBl B IOJTHOI Mepe YJIOBJETBOPSIA IEePEYINCIeHHBIM BBIIIe TPeOOBAHUSIM, JI0
CHUX MOP OTCYTCTBYIOT. B ¢BsI3M ¢ 9TUM paszpaboTka HOBBIX METOJIOB OOHAPYKe-
HUsI CJIeJIOBBIX KosimdecTs BB 1 coBepIieHCTBOBaHME U3BECTHBIX IMO-ITPEIKHEMY
OCTAIOTCST AKTYAJHHBIMU.

Standoff nerekrTupoBaHme, 10 BCEll BUIUMOCTH, SBJISICTCS OJHUM U3 Ca-
MBIX BOCTPEOOBAHHBIX METOJOB obHapy:keHust cienos BB [4, 5|. Ounako ero
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Puc. 1.2. IIponyckanue armocdepsl, paccaurannoe ¢ momomnio nporpaMvmbl MODTRAN
[IPU CJIEIYIONINX YCIOBUAX: CyDOapKTUYIECKOE JIETO, YCJOBHUSI UUCTON aTMO-
cepnr (MeTeoposornteckas JAJIbHOCTD BHIAAMOCTH — 23 KM), BBICOTA —
1 kM [4]

OCYIIECTBJIEHHE COMPSAKEHO C PIOM TPYIHOCTEH. Bo-1epBbIX, HHTEHCUBHOCTH
JIA3ePHOr0O UBJIYYEHUsI, TONaJIAloINas Ha IMPUEMHUK, YMEHBINACTCS KaK KBaJl-
paT pacCcTostHust 10 00bEKTa. DTO, B CBOIO OYEPE/Ib, IPEIbSIBIIAET IHOBDIIIEHHBIC
TpeboBaHUs K MOITHOCTH UCTOIHUKA U3/IyICHUS U TyBCTBUTEILHOCTH J€TEKTO-
pa. Bo-BropbIx, /st OOMBIIIX PAacCTOSHUN HEOOXOANMO YUUTHIBATH PeaIbHOE
cocTosinne arMocepbl U CBA3AHHBIE ¢ HUM 3aBUCHMOCTH ITOTJIOIICHUST W PAC-
CesiHUSI CBETa OT JJIMHBI BOJIHBI JIA3EPHOI'O M3JIyUEHUs, a TaK»Ke HaJIuIue B Hel
«oKoH» npospadnoctu (puc. 1.2). Kpowme toro, standoff texuosnorusi Hak/a-
JBIBAET JIOTOJHATEIbHbIE OIPAHMYEHUs Ha BBIOOD JJIMHBI BOJHBI U ILJIOTHOCTH
MOIITHOCTU BO3/AEHICTBYIOIIErO HA MUIIEHDb JIA3EPHOTO U3JIYIEeHUA: OHO JOJIZKHO
OBITH OE30MMaCHbBIM I IVIa3 U KOYKHOT'O ITOKPOBA.

CunTaercst yCTAHOBJIEHHBIM, UTO JIJIsi 0OecriedeHnsi 0e30IacHOr0 pUMeHe-
nusa standoff nerekrupoBanusa BB jist Takux npuiiokeHuil, kKak obHapyKeHne
TEePPOPHUCTOB-CAMOYOUHI] MJIM MMEPEBO3UMBIX Ha TPAHCIIOPTE B3PBIBHBIX YCT-
poiicts, paccrosiausi or 10 g0 100 M SIBJISIOTCS BHOJIHE JIOCTATOYHBIME |4,
5, 23, 24|. Meron standoff jneTeKTUpOBaHWs MOYXKET OKa3aThCsl KpaitHe -
dEKTUBHBIM B MeCcTaX OOJIBIIONO CKOIIEHHS JIIOJIEH, HAallpUMeED, B aspolopTax,
JKEJIE3HOJIOPOYKHBIX BOK3aJIaX, CTAHIUSIX METPO, KMHOTearpax u .. (puc. 1.3).
BaxkHBIM JIOCTOMHCTBOM 3TOW TEXHOJIOIUU SIBJISIETCS] OTCYTCTBUE ITPOMEXKYTOU-
HBIX CTaUH, CBABAHHBLIX C OTOOPOM MPOOBI U ee TPAHCIOPTUPOBKOH K TyB-
CTBUTEJILHOMY JIATUUKY, 9TO CYIIECTBEHHO COKPAIaeT BpeMsi JIOCMOTpPa IO
CPaBHEHUIO C JIOKAJIBHBIM aHAJU30M M JIEJIAeT BO3MOXKHBIM €I'0 OCYIIECTBJIE-
HIE B PEXKUME PeailbHOrO BPEMEHH.
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Puc. 1.3. IIpumepnbt BO3MOXKHOrO nipuMenenust standoff Merojia JeTeKTUPOBAHUS U UJI€H-
tudukanun cregos BB Ha noBepxHOCTH 06BEKTOB: @) KOHTPOJILHO-IIPOILYCK-
HbIE IYHKTbI IpeanpusaTuil u yupexjaenuii [17]; 6) obbeauHeHHAs! B OIHY
cucTeMy MyJIbTU-TIOPTaJbHAs KOH(UIYPAIUs TPOIYCKHBIX IIYHKTOB O3B0~
JIsleT B peabHOM MacmTabe BpeMeHu ocymecTBaaTh 100%-Hblii CKpUHUHT
npoxoaAmux depes Hux naccaxkupos (Cascade Technologies Inc., UK)

ITo CyHnieCTBy BCE€ paccMaTpHuBa€MbI€ CIICKTPOMETPHUYCCKUE METOJIbl MOXK-
HO OTHECTH K JIMJapPHBIM METO/aM HCCIeJOBaHMA O6’beKTa, TaK KaK IIOJIy-
qJeHue HH(bOpMaHHH 06 YAaJICHHBIX 00beKTax ¢ IIOMOIIBIO aKTUBHBIX JIa3€p-
HBIX CHCTEM OCYIIECTBJIACTCHA IIYTEM DPETucCTpaliin OTKJ/IMKa B BUJIE OTPazKeH-
HOFO/paCCEHHHOFO nJIn UCITYIIEeHHOI'O 00 HLEKTOM N3JTydICHUA.



1.4. IIpobaema urnmeppepenius KorebamenbHo-6paamentHolT CNeKmpos MOAEKYA @

|.4. Tpobnema nHtepdpepeHLmm
konebartesibHO-BpaLLaTesbHbIX CMIEKTPOB MOJEKY

st BoIcOKOUyBCTBUTEIHLHOTO standoff merekTupoBanmst mosekyn1 BB kaxk B
ra3oBoii daze, TaK U B BHE MHKPOYACTHI] Ha IMOBEPXHOCTH MATEPUAJIOB MO-
ryT OBITH MPUMEHEHLI METOJIbI JIA3EPHOr0 CIEKTPAJbHOIO aHAIU3a BBICOKOTO
pasperrennst. Heobxoanmble 1yBCTBUTEIBHOCTD, CEJIEKTHBHOCTH U TOYHOCTH
aHaJIM3a B 9TOM C/Iydae Peajnu3yloTcs 33 CUET BHICOKOTOTHOIO U3MEPEHHS Be-
JIMIUHBI PE30HAHCHOI'O ITOIJIONMIEHUs JIA3€PHOI0 U3JIy4YeHUs] BHYTPU KOHTYPa
OTJIeJIbHBIX JIHUI KostebaTesbHo-Bpaaretbubix (KB) crekrpos mosekyr.
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OnunHa BOMHbI, MKM

Puc. 1.4. Undpaxpacusle cuekrpbl Tpunepekucu anerona (TATP) u rpunurporomry-
ona (TNT), napos Boabl M 3TaHOA, WUIOCTpUpYOIIUe mepekpbitne KB-
CIIEKTPOB IOIVIOMIEHUS JETEKTUPYEMbIX BEI[ECTB U MEMIAIONIUX [IPOBEICHUIO
aHasn3a rasos [7)

B ananuze cienosbix konnentparuiit BB B pea/ibHbIX ycmoBusx cyiecTBeH-
HOIT OKasbIBaeTcs mpobsiema uuTepdepeniyu (nepekpbitust) KB-crekTpos mo-
I[JIOIIEHMsI JIETEKTUPYEMOI0 BeIecTBa U Meraromux ra3os (15, 21, 26|. Wurep-
depennnsa KB-clleKTpoB MacKupyeT aHaJIM3UPyeMblil OOLEKT U CyIIEeCTBEHHO
BJIASICT Ha TAKYIO BaXKHEHIIYIO XapaKTEPUCTUKY cencopa BB, kak BepoaTHOCTD
noxkHoit Tpesoru (false alarm) 21, 26]. Ilpu standoff anamuse nogobHbIe Orpa-
HUYCHNS BOSHUKAIOT HpaKTHdecKn Bo BeceM MK nuamasone, 10CTATOYHO ILIOTHO
3aIlOTHEHHBIM C1a0biMu TToj10camu rortoriernss HoO, COs n HEKOTOPBIX JIpy-
rux arMocdepHbIx ra3os (puc. 1.4).

KommuecTBenHoe BOCCTAHOBJICHHE KOHIICHTPAIMIT aHAJIM3UPYEMbIX Ia30B B
3TOM CJIy4ae OCYLIECTBISIOT, KAK IIPABUJIO, 110 JTAHHBIM MYJILTUCIEKTPAIbLHBIX
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U3MepeHuil ¢ mpuMenenneM 0a3bl JAHHBIX CHEKTPAJBHBIX JUHUN, HAIPUIMED,
HITRAN [27]. PaccMOTpeHUIO 9TOrO CIENUATIBHOIO BOIIPOCA, KOTOPbI Mpe/I-
CTaBJIsIeT COOOI CKOpee MaTeMATUIeCKYIO ITPODJIeMY, TTOCBAIIEHO 3HATUTEIHLHOE
qucsio pabor [21, 26, 28-35|, nosromy MbI He OyjleM HA HEM OCTAHABJIMUBATHCS.
OTMeTnM JIAIIb, YTO aHAJIN3 B3AMMHOI'O PACITOJIOXKEHUSI U XapaKTEePUCTUK JIU-
nuit B KB nosocax jlereKTupyeMbIx BEIeCcTB W MEINIaoNnX Ia30B MT03BOJIAET
3apaHee OIEHUTh BJIUSHUE MHTEPMEPEHINN B PA3JUIHBIX OOJIACTAX CIEKTPA
U HACTPOUTDH AHAJIMTUYIECKUN pubop Ha paboTy B Hambojee OJIAronpusiTHOM
juanaszone. lloceHee ¢Tajio BO3MOXKHBIM OJ1aro/iapsi MOsIBJIEHUIO MEPECTpa-
UBaeMbIX KBaHTOBO-KackaIHbIX Jasepos (KKJI) ¢ y3koii mumpuHoii juHum re-
neparuu. [IpuMenenne 3TuX J1a3epoB JlejlaeT TPAKTUIECKN HEOTDAHUIEHHBIMI
BO3MOXKHOCTH BBIOOpa pabodeil crmekTpaabHoi obmacTn BO BceM cpemrem MK
Jmanasone 36, 37).

[.5. Jlazepbl 1 npueMHUKM n3nyyenms
1.5.1. JIazepsl

[Ipu mcronb3oBaHUN J1a3€POB B KAYECTBE MCTOYHUKOB IIEPECTPAMBAEMOTO MO-
HOXPOMATUYIECKOIO U3JIyUeHUsl JIJisi 1eJieil CleKTpaJibHOro aHanmsa B standoff
peXKuMe JIOMAHUPYIONUMU SBISIOTCS CIIEKTPAJIbHBIE XapAKTEPUCTUKA MX W3-
JIYyUEHU S, BaXKHEUIIIUMU U3 KOTOPBIX SBJSIOTCS CJIETYIONIHE:

— paboTa B CHEKTPAJILHOM JIHANa30He, IJIe PeATU3y0TCs HAMILY YIlIe yCJI0-
BUs JICTEKTUPOBAHUS NCCJIC/yEMbIX XUMUIECKUX COCMHEHHI (KaK OTMe-
JaJIoCh BBIIE, 9TO MOYTH BCs cpejss dacTh UK nuanasona or 4 MM
70 11 MKM);

— IOIa/IAHNe JITTUHBI BOJIHBI JIA3EPHOIO N3JIyICHHs B «OKHAY [PO3PATHOCTH
aTrMocepsl Jyist obecrievdeHrsl JIETEKTUPOBAHNS HA YJIAJEHHOM PaCcCTOsI-
nuu (puc. 1.2);

— JIocTaTOYHAasT MOIHOCTH u3iydenns (6osee 0,1 Br) u Huskue mrymst, obec-
HEeYMBAIOIIIE HU3KUE TIOPOru OOHAPYKEHHUs! CJIeJIOBbIX KoimdecTs BB;

— OJIHOMOJIOBBINl COCTAB M3JIyUEeHHs! C Y3KOH NIMPHHOI JINHUKM IeHEepAaIi
(meree ~ 1 cv™ 1), mo3BOMATOMIEH TOMYYIaTh MOTHOE pa3perieHne Crek-
TPaJIbHBIX OCOOEHHOCTE! MCCIeyeMBbIX O0BEKTOB;

— IMpOKasi [I0JI0CA IIABHOI IePeCcTPOiiKY J1a3epa, 00eCIeTHBAIOIIAST JeTEK-
TUPOBAHKE UCCIIEyEMOIO BEIeCTBa B PEATbHBIX YCJIOBHIX MHOIOKOMIIO-
nentHoit cpespt (> 300 emb);

— Ka4eCcTBO U CKOPOCTH II€PECTPOIKH OINTHYECKOI 4acTOThl, 06eCeqrnBao-
IMe BOCIPOM3BO/IMMOE CKAHUPOBAHUE B BHIODAHHOM CHEKTPAJIBHOM JiHa-
[IA30HE;

— CTabWILHOCTD ¥ BOCIPOU3BOMMOCTD [IADAMETPOB U3JLY YeHHUsI.



1.5. Jlazepvl u npuemMHUKY USAYUEHUA \9

B HejaBHEM IpOILIOM Ta30Bble JIa3ephl HU3KOIO JABJIEHWST Ha YTJIEKUC-
aom rase u okucu yrrepoga (COg u CO) 6blIM OCHOBHBIMU HCTOUHUKAMM
siazepuoro manydenud B cpegneM VK nmanaszome. Hwu ognn u3 nux me sB-
JISIETCST B TIOJTHOM CMBICJIE CJIOBa nepecTpanBaeMbiM. OHU Te€HEpUPYIOT MHO-
JKECTBO JIMCKPETHBIX JuHuil B Juanaszonax 9-11,5 MM (12C0O9 u 13CO4 snaze-
pbl) u 5,0-7,5 mxm (CO s1a3epsl), nonajamomux B 06J1acTb HyHIAMEHTATBHBIX
KOJIe6aTEIbHO-BPAIATe IbHBIX [IEPEX0/I0B MOJIEKYJI psija ussecTHbix BB (TNT,
RDX, PETN u sp.) [21]. DT AuHEN pACTONOKeHb Ha PAcCTOAHEE ~ 1 cM !
Jpyr oT jpyra. [IpumeHeHre TaKuX J1a3€pPOB /Il JIETEKTUPOBAHUS CJIEIOBBIX
kosmvects BB siBiistercst abdexTuBHbIM Jist GOIBITHX (TSZKENbIX) MOJIEKYJI C
XapaKTePHBIMHU J[JIsi HUX MTUPOKUMHE TTOJIOCAMU TTOTJIONIEHUS B YKA3AHHBIX 0018~
CTSIX CclleKTpa. B cirydae ke JIerKuX MOJIEKYJI, 00JIaIaf0IIX PESKUMU U Y3KIMHE
JINHUSIMU TIOTJIOIICHUSI, BCE 3aBUCUT OT COBIAJICHUS JIJIMHBI BOJHBI JIA3EPHOTO
U3JIyIeHNsT C [TOJIOYKEHUEeM JIMHUN TTOTJIONIEHUs aHAIu3upyeMoro rasa. K coxka-
JIEHUIO, HEBO3MOXKHOCTDb OCYIIECTBJIEHUSI ILIABHOM MEPECTPONKN OIPAHMINBAET
cenektuBHoCcTh MK criekrpockornmu ¢ npumenernem COo- u CO-jtazepos mnpu
nerekruposannn BB. Dtoro moxno usbexkarb, npumensss COo-azep BbICO-
KOO JIABJICHUS, B KOTOPOM YINUPEHUE JABJICHUEM IIPUBOJIUT K MEPEKPBITUIO
OTJIeJIbHBIX JIMHUI T'eHepali, 9TO JIeaeT BO3MOYKHBIM ILIABHYIO IT€PECTPOii-
Ky B obsiactu jymH BostH 9-11 MM [38]. Ozmako 910 Jenaer rpoMo3IKoil u
CJIO?KHOI BCIO CUCTEMY JICTCKTUPOBAHMUSI.

Jlnst mereKTupoBaHUS MOJIEKYJI, YbH XapPAKTEPHBIE IMOJOCHI MOTJIONECHUST
HE TEePEeKPBIBAIOTCS ¢ JIMHUSIMU TeHepallui yIOMSIHYTBIX BBIIIE JIa3€POB, HC-
MOJIB3YIOTCs JIDYTHe UCTOYHUKU W3JyueHusi. Harpumep, HENpepbiBHO Iepe-
cTpamBaeMble DAMaHOBCKUE «CImH-Diui»-aasepsl [39-41|, napamerpudueckue
reHepaTophl CBeTa Ha Kpucrajax Huobara jurust [42-44| u noaynpoBoHIKO-
BbIC J1asepsl |45, 46].

Tpaaunnonnbie MOIYyITPOBOJHUKOBBIE JIa3€Pbl OOBITHO PabOTAIOT B OJIMK-
HeM MH(MPAKPACHOM JHAIa30He creKTpa. [[osroMy ux npumMeHneHue mo3BosisieT
PErucTpPUpPOBATDH TOJBKO cjiabble 00ePTOHBI KO1ebaTe/IbHO-BpaIaTe/TIbHBIX Py H-
JIAMEHTAJIBHBIX 110JIOC Torionienusi. dyBcrBuresibHOCTE MeToma UK criekTpo-
CKOIIUU B 9TOM CJIyUae HEJIOCTATOUHA. DTO CBSI3AHO KaK C OTHOCUTEIHHO MaJIoi
U3JTIy 9aeMOil TTOJTY TPOBOIHIKOBBIMU JIA3€PAMEI MOITHOCTHIO U3JIyI€HUS B OJTHK-
Hem VK amamasone crmekrpa, Tak U CJIa0BIM TIOIJIOIIEHUEM MOJIEKYJI B obJia-
¢t 0OEPTOHOB OCHOBHOI T10JIOCHI TIOTJIONIEeHUst. Hampumep, rnepectpanBaeMblit
IOJIY IPOBOJIHUKOBBII J1a3ep ¢ pacipe/ieJieHHol o0paTHoOi ¢Bsi3bio (1,55 MKM)
MPUMEHSIETCS B aKyCTOOIITHIECKUX CEHCOPHBIX YCTPOMCTBAX, UCIOIb3yEMbIX B
arpoTexHUKe JjIs OOHApyKEeHUsI aMMHUaka. lIpu 9TOM ero 4yBCTBUTEIBHOCTH
cocrasysier 40 ppb o cpasuenuto ¢ 20 ppt, XapakTepHO# Jijist yCTPOUCTB, UC-
nosib3ytomux jazep na COq [47, 48].





