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O6HOpyxeHHe BSpblSMCITblX BeiUeCTB (BB)

6TC8 COCTOBHOH MOCTbK) M6p HO npeAOTBpCiLUeHHiO

TepQKTOB, B CTOTbe pOCCMOTpeHO COCTOflHMe pO3~

pa6oTOK o6HapyxHTeneM BB: ra3oaHcmnTHHea<nx,

c ncnonb3OBOHneM HeMTpoHHoro o6nyMeHn?i/ FOM-

Ma-aKTHBauHOHHoro OHa/iHsa, HO ocHoee ^flepHo-

ro KBOApynonbHoro pesoHanca {9IKP} M oniHMec-

KoK cneKipocKonHH. Bonbmee BHMMOHHe yfleneHo

OTeLteCTBeHHb!M pa6oTQM, COOTBeTCTBV»iilHM MH-

poBOMy ypOBHK). K Hanany 1990-x TOAOB cym,e-

soften 6bm COSAOH noaKTHMecKH no eceM nepeMHC-

neHHWM MeTOflOM, B MQCTHOCTH, BnepBbie Dbinn pas-

paOOTaHbi CpHSHKO-TeXHHMeCKHe OCHOBbi pflflO KnKD-

Mesbsx TexHonorHM rasoaHariHTHMecKnx oDHOpyxH-

TeneS: enxpesoS A^craHunoHHbifi oi6op npoD,

ObicTpoe pasAeneHne CMGCH BeuaecTB HG

nHnnapHbix KonoHKQx, cneKipoMeTpHfl

HOHHO^ nOABHXHOCTH. riOJiyMeHb! TOK>Ke SHQMHMbie

npn6opocrpoeHHfl pesynbTaTbi no 3KcnpeccHO-

3neiv\eHTHOAAy QHanHsy c o6nyMeHHeM KOHTPO-

xe OTHO-

CHTCR H K M6TOAV ^KP. Ho JIOSepHOM

6binn nonyneHbi nepewe 3KcnepnMeHTanbHbie

no onroaKycTHKe v\M no

M6TOAQM o6HQpy>KeHM$l, nOflTBepXAQlOLUHe

BOSMOKHOCTb CO3AQHHfl flHCTOH"

UMOHHblX M6TOAOB o6HQpyxe'HH>l.

Hi

nepsbiMH rasoaHOJinTHMecKHMH o6no-

BB B ncmane 1970-x POAOB. 6binn 30

py6e>KHbie rasosbie xpoMaiorpacbb!. Roper o6nc-

py^eHHfl nopoe TpHHHTpOTonyona (THT) 6b\n H^

AOCTGTOMHbiM A^^ npQKTHKM (HO ypOBHe 10"i2 r/CM'J

HO mOBHbiM HeAOCTQTKOM 6blJ1O HeBblCOKOe 6b!CT-

pOASHCTBHe ~" HO ypOBHe HeCKOJlbKHX MMHVT. Flesi-

Sbie oieMecTBeHHbie paooTbs 6bmn HanpoBJieHb! H0

pe3Koe vBenHMeHne 6biCTpoAeHCTBM«i H noHMX?*-

Hue noporoB o6Hapy>KeHH>!.

rinfl Dbiciporo pG3AeneHHfl seuaecTB so Bpe^,«

10-40 ceKyHA 6binM BnepBbie npeA^o>KeHbi nor,-*--

KO.HOHKH []], Koiopbie

.neHne/v\n em,e

xapaKiepHCTHK nopTQTMBHbix
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HA

xpoMaTorpa<f>os: noHHxeHne reMnepaiyp

neHMfl seLuecTB, MTO CHMxaei 3Hepronorpe6neHHe;

Gia6y(O SOBHCHMOCrb 34>4>eKTHBHOCrM OT nOTOKd

H6p63 KOJIOHKy, HTO CHHXO6T Tpe6oBOHHfl K CTCi6H-

nnsauMM noroKo; OTHocMie/ibHo 6onbLuoH o6teM

npo6bl/ H6o6xOAMMbi

pOBaHHfl pa3Ae/ieHHbix

B Hcmane 1 980-x COAOB A/IS* c6opa H AOCTOBKM

napos BB c noeepxHocrH o6cneflyeMbix o6"beKTos

B npn6op ncnonb3OBcmn npflMoe BcacuBOHHe BOS-

Ayxa. TCIKOM oi6op npo6 94>c|5eKTHBeH npn Majibix

POCCTO51HH51X (HeCKOflbKO MMJlJIMMeTpOB) M6>KAy

o6b6KTOM H BcacbiBaouJiHM naTpy6xoM. 3ro npn-

SOAHT K ManoM nnomaAH OAHOKpaTHoro c6opa npo-

6bi - 4>aKTHH6CKH B npeRenQX fionepeMHoro ceqe-

HH« narpy6KQ H K HeBbicoKOH CKOPOCTH o6cneflO-

BaHMa o6t>eKTOB. B 1 98 1 roAy snepsbie 6bm npeA-

noX6H OTeHeCTBeHHblH SHXpeBOH AHCTOHUHOHHblM

cnoco6 c6opa H TpancnopTHpoBKH npo6bi [2], snoc-

neflCTBMM Aeia/ibHO HccneAOBaHHbiH H ycneniHo pe-

ann3OBQHHbiM [3]. PPM AHQMerpe BHxpeo6pa3yfO-

atero annapaia 4 - 7 CM 3cf)4>eKTHBHbiM 3a6op npo-

6b! BO3MO>KeH C AHCTOH14HH 1 5 ~ 20 CM AO o6b6K-

ro. flpH 3TOM yee/iHMHBaeTcq B 20 H 6onee pas

-nomaAb OAHOKpaTHoro c6opa npo6bi no cpaBHe-

^HsO C npflMbiM BCOCblBQHHeM, HTO ROSBOJlfieT 3HQ-

MTe/lbHO HOBbiCHTb CKOpOCTb o6cJieAOBQHM?i o6"b6K-

K cepeAHHe 1 980-x TOAOB A/ifl noHMxeHM5i no-

5i BB 6bi/iH pa3pa6oTOHbi cno-

6blCTpOrO KOH14eHTpHpOBQHH5?

npo6w. HaH6ojiee npoAyKTHBHon OKQSO-

nnocKoro KOHueHTparopa H3 Me-

ceroK, o6ecneMHBaiOLua« swcoKyto 3cf>

4>eKTHBHOCTb KOHUeHTpHpOBOHHfl H MMHHMyM OC-

TOTOHHOH nOM^TM npH np^MOM 6b!CTpOM OBOAG

npo6bl. Oco6eHHOCTH CXeMbl KOHUeHTpHpOBQHHfl:

34>CJ5eKTMBHOCTb KOHUeHTpMpOBaHMfl ~ 100 pd3 H

6bicrpbiM BBOA npo6bi B xpoMarorpacj? sa speMfl He

6onee 0,5 c.

HepeMHC/ieHHbie rexHonorHH 6bmn ncnoribsoBa-

Hbl npH CO3AOHHH nOpTOTMBHblX 3KCnpeCCHbiX XpO-

MQTorpQc})HMecKHX o6HapyxHTeneH cepHH 3XO c

HHeptHbiM rasoM-HocHreneM. ilepsbiH 6a3OBbiM 06-

HapyxHienb 9XO-M H3 3TOM cepwH COSAOH B

1988 rc>Ay. Ero pa3pa6aTbiBaJiH nepBOHananbHO KOK

nepeHocHOH paHueswH MHHOMCKQTenb, flopor 06-

HapyxeHH^ napOB THT - 1Q"14 r/CM3c npeABapn-

T6J1bHblM KOHMeHTpHpOBOHHeM, Bp6

MKOM - HGCKO/lbKO

cma/iMsa npo6 - 10-20 c. Flepsbie o6pa3ubi

npn6opa coAepxann BCipoenHbie MHKponpouec-

cop v\e o6ecneMeHHe AJIH ynpasne-

po6oTbi npn6opa. FIocneAytoiJUHe

HTep4>e^coM CBJISH c nep-

KOMnbioiepOM H CO3AQHHOH nporpaM-

MOH Cop6ai 6.1 RTW ynpasneHHyi pexHMQMH pa-

6oTbl npn6opa H aBTOMaTMSHpOBOHHOH HAeHTHCJ)H-

KCIUHM BB. B 1995 roAy xpoMaiorpacj? 3XO-M 6bin

npMH^T MBfl POCCHH HQ soopyxGHHe H OAHOBpe-

MGHHO saperHCipHpOBOH B FocyAQpCTseHHOM pe-

CpGACTB H3Mep6HMM KQK nOJIGBOH aHCinHTH-

npn6op. Ha pHc. 1 npuseASH npHMep

QHOJlHSa CM6CH H3OM6pOB THT 3O Bp6M51 H6 6<D-

nee 25 c.

HyxHO OTMerHTb, HTO K 1988 roAy nopan/ieJibHo

C OTeMeCTBGHHOH pO3pa6oTKOH 3XOM 6bm CO-

3AQH QMepHKQHCKHH o6HapyxHTenb Egis-3000, QHQ-

2,4,6-THT

u is &a 11

. /. XpOMQTOrpdMMQ H3OM6pOB TpMHMTpOTOnyOSia
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no HdSHcmeHMio, HO pesKo ycrynaiomMH

no noTpe6nTenbCKHM xapaKTepHCTHKOM. TQK, sec

npn6opa 100 KF, 3HepronoTpe6neHne 1 KBi, Arm

cpasHeHHfl: sec 3XO-M 9 KF, a noTpe6.neHne

40 BT.

BosMOXHOCib noHMxenns nopora o6Hapy>i<eKH5:i

napoB THT npn6opOM 3XO-M AO pexopAHoro HG

ceroAHfl SHOMeHHfl 10"15 r/CM3 6bi/ia noKascma ny-

T6M yBennMeHMfl AHOMeipa KOHueHTpaiopa c 7,5

MM AO 40 MM C npHMeHeHHGM nOBTOpHOPO KOH-

neHTpHpOBOHH?! HpH BBOA6 Hpo6bi 8 npn6op. flo-

BTOpHOe KOHUeHTDHpOBGHHe, C OflHOJ/i CTODOHbi,

yseni-mHsaeT speMfi BBOAQ npo6bi no

ceKVHfl, HO c MpyroW - ooecneMHsaei

TenbHOCTb BBOAHMOki HpObbi, MTO H6BO3MO>KHO Cfl6-

noTb npH npflMOM cteMe npo6bi c KOHueHTpaiopa

yseriHMeHHoro AHaMeipo, y KOTOporo ODLGM yA©p-

MCHBQHHa SHQMHTerihHO 6onbLUe no CDQBHeHHHD C

KOHUeHTpCiTOpOM MOnOTO AHOMeTDQ.

HanHMHe B npn6ope HHepTHoro rasa-HocwTenfl

cosflaei Heyflo6cT3a B nonesbix paooiax, jj/î i sa-

MGHb! HHSpTHOrO rO3Q HO OMHmeHHblPl BOSAyX DblflH

3AQH o6HOpy>KHTejib 3XO-B c BOSAYXOAA B

else rasa-Hoa/iieim OTcyicTBHe 6anriOHa c roso-

HOCHieneM nosBonnno oflHOBpeMeHHO yMeHbLDMTb

ra6apHTbi npMDopa H sec (np 7 KH. Hopor o6Hapyxe-

HH>I nopOB THF coxpaHMncfl HO yposHe 10"u ~/CM\H 3Hfl npn6opa c BHxpeBWM npo6ooT6op-

HHKOM npneeASH HO pnc.2 cnpaea, a MOMS NT 06-

cneAOBOHH^ aBTOMo6.np.5i - aieea.

Ha 6ase 3XO-B B 2007 POAV pa3pa6oiaH 06-

HapyxHTe/ib //LUnHHaT-Ml'/ c BOSAVXOM B Kcme-

CTse rasa-HocMien?! H BcrpoenHbiM nepcoHanbHbiw

KOMnbKjTepOM.

Bo3MO>KHOCTb ROHMXeHHfl nOpOTQ O^HQpyXCeHMII

napos THT xpoMaTorpa6oM 3XO-B AO 10"15 T/CM

6biJia noKasoHa nyreM npMMeHeHH^ BbicoKoceneK

THBHOTO AeieKiopa - cneKipOMeipa npnpau4eHn«

HOHHOH nOABHXHOCTH [6j.

no

CpOBHSHUKD C APyTHMM QHGflHTHHeCKMMM M6TOAO"

AAH o6naAaeT yHHKanbHbiMH BOSMOXHOCTJJMM, co

M6TQ?) BblCOKVK) HyBCTBHTe^bHOCTb H HHCDOpMOTHn

HOCTb XHMHMeCKOFO OHQnHSa, MTO MOX6T 6biTb w:

peiiienbi TDH : n,n>i OMHCTKH Bosflyxa

pa6oTGH3LiJ,He B npHCVTCTBHH KHCflODOAa BO3AVXO;

COSAQH HOBbM noHHsauHOHHbii/i AsieKiop nepecrpa-

H ceneKTHBHOCTH [5], Ho OCHOBB BTHX pe-

B HOMane 2000-x TOAOB B KTH F3n CO

PAH (r. HoBocMOHpcKj HO saweny 3XO-M 6bm co-

nonbSOBGHO npw COSAOHHH

\bm B npn6op H ner- naDaiypbi Ann o6Hapy>KeHH>i BB c HMSKMM

[4l; cosjiaHbs (IKK, HGM AOXHWX o6HapyxeHHH. Hnxe npneefleHC

KOfl XapaKTepHCTHKCJ MQCC-CneKTpOMeTDHH,

TOBneHHQv! A.J1. /ViGKQCeM [7].

B MQCC-CneKTpOMeTpHM MCnOJlbSyKjTC?! p'

Hbie Meioflb! HOHHSOUHH npo6bi, OAHQKO ;
CH6 XQpCiKTepHCTHK^

rs-



HA CJIYMCBI nPABOOXPAHHTUIbHWX

BemecTB npofleMOHCTpHpOBOHbi sapy-

6exHbiMH HconeflOBOTenjiMH B KOHue 1 970-x FOAOB

C nOMOLUbND pQSJIMMHblX M6TOflOB HOHH3ai4HH npH

QTMoc4>epHOM flQBJieHHH (MAfl). OreMecTBeHHbie

Macc-cneicrpoMeTpHH c HAfl HQMO-

B 1980-x roAax B MAP] PAH (CaHKT-DeTep-

6ypr), HHBnXO PAH (MOCKBO), OMfTM CO PAH

(r. HoBocH6npCK). Bbin OTKPWT HOBbifi MeroA cma-

nn3a HenejyMHx coenHHeHHM SPMAJ],, H3o6peieH

BpeMflnpo/ieTHbiH MOCc-cneKipoMerp c oproroHajib-

HbiM BBOflOM H snepBbie ocytnecTBrieH TQHA6M

"cneKipoMeip npnpaiMeHHfl HOHHOH noABHXHOCTH

- Macc-cneicrpoMeTp" c BOSMOxnocrbto npeflsa-

pme/ibHoro pasAeneHHfl HOHOB HO Bxofle.

HO BbicoKyio MyBCTBHienbHOCTb, npo-

B Jia6oparopHbix

M6TOA MOCC-CneKTDOMeTpHH HOKO

ne npHMei-mtoT A/I^ o6Hapy>KeHHJj BB B no-

nesbix ycnoBMj?x. OcnoBHwe npMHMHbi:

HO 6onbiuHe pasMepw H sec npndopoB,

nOpTOTHBHOCTb, BblCOKOfl CTOHMOCTb, CflOX-

. Cnoco6 pasAeneHHfl HOHOB B

rase no npHpameHHio HOHHOM HOABHXHOCTH c no-

3HQKonepeMeHHoro HecMMMerpuHHoro no

Bnepsbie MHHHariopMsauMfi Macc-cneKipoMerpa

c MAfl 6bina npeACTasneHa B 2004 roAy [8]. B

npn6ope 6bm npHMeneH HCTOMHHK HOHOB c HMS-

<OH rOSOBOH HOrpySKOH M MMHHOTKDpHblH MOCC-QHa-

n,i3QTop MOHononbHoro Tuna, coxpaH?itou4HM pa-

f»TOCnOCO6HOCTb AO OTHOCHTe/lbHO BblCOKOfO AQB-

flcHHfl lO'̂ op, HTO no3Bonn/io ncnonb3OBOTb KOM-

'?o<THbie BQKyyMHbie HOCOCW. B pesynbiare o6ma«

vocca 9KcnepMMeHTa/ibHoro o6pa3ua c saKyy.M-

rtOH CHCT6MOH COCTOBM/ia OKOflO 25 Kl", O pO3M6-

|u 185x lOOx70AAM.
8 OTJ1HHH6 OT 3QAOH o6HOpy>KeHH5:l BB, fln^ HA6H-

Tpe6yeTOi yHMBepcanbHa^ annaparypa HO

NiOSe XpOMQTO'MQCC-CneKTpOMeTpHH C 3/ieKTpOH-

6asaM

DOCCHI/iCKHH Mo6HflbHblH XpOMQTO-

(MXMC), oiBeMOf

, pa3pa6oTQH B 2002 rc>Ay B KTM

AH. npn6op o6naAQ6T npaKTHnecKH BCGMH

xHOCTflMM na6opaTopHbix OHonoroB,

OH ipaHcnopTa6eneH/ ycroHMHs K

-v'CTBHflM M OpMeHTHpOBOH HO 6b!CTpbiH QHQ-

le.aos opraHHMecKHX BeiueciB B pasnHMHbix

icTax B nonesbix VOIOBHJIX. B 2002 roAy npn-

ocTosjieH HO cHa6>KeHHe B MnHo6opOHbi Poc-

r,epTncj)HMnpoBaH B foccTaHAapTe POCCHH.

noxen M.fl. TopiuKOBbiM (r. HoBOCH6npCK) B 1980

rOAy [9]. flpMdop, OCHOBOHHblH HQ 3TOM npHHLlH-

ne, H3o6peTaTenb Hassan rasoaHa/iHsaiopoM MOHH-

SaUHOHHblM (PAH). BblCOKMH HHTepeC K 9TOMy M6-

B POCCHH H 3a py6exoM npHBe/i K

APyrnM ero HOHMeHOBanHflM.

, orpaxafOLuee cpnsMMecxyto cyib, a

HO: cneKipoMeipHfl npHpameHM« HOHHOH n

HOCTH (Cni/in), npeanoxn/1 M.A. Byp^Kos, Aera.n b-

HO McaieflOBOBLUHfi 3TOT cnoco6. Ha ceroAHs Me-

TOA CflMri peannsoBOH B p^A© noprarHBHbix oie-

MecTBenHbix npn6opOB c noporoM oSnapyxenMa

napes THT 10'13 r/CM3: LLJEJlbO-flQ HwioT-M

(MocKsa), MO-2M (r. Hoeocn6npc4 KPOH-BB, KO-

Topbie HcnojibsytOTCH B pa6ore pas/innnbix cneu-

c/iyx6.

B Hana/ie 2000-x TOAOB npeflnoxeH HOBWH BQ~

PHOHT CnHfl C SOMKHyiblM TOSOBblM KOHTypOM k!

OMHU46HHbiM BO3AyxoM B KOMecTBe rasa-HOCHTen^

[6]. TOKO^ cxeMa CnHn o6ecneMHBaer nymuHH

na ceroflHfl nopor o6napyxeHMfl THT - 2*1 0"M r/CM3

cpeAH HssecTHbix cneicrpoMeTpHMecKHx no HOABHX-

HOCTH o6HapyxHTeneH c BpeMeneM OTK/IMKO ne-

CKO/lbKO

nOArOTOBJieH COBM6CTHO

C BJ. THTOBblMJ. BspblBHOTbie BeLUeCTBO COCTO51T B

OCHOBHOM H3 3/ieM6HTOB: H, C, O H N. Ko/1HM6-

CTB6HHOe COOTHOLLieHMe 3THX XHMHMeCKMX 3J16MeH-

TOB flBrweTCfl nepcona/ibHOH xapaKTepncTHKOM BB

H, KOK npasH/io, oTnuMaercfl OT cooTHOiuenHH BTHX

3neMenTOB B MacKHpytomen cpeAe. Ha onpeflene-

HHH OTHOLJJeHHH 'C/O, C/H, N/H B KOHTpO/lMpye-

MOM o6teMe cipo^T anropHTMbi o6napyxeHHy? H

BB. SfieMeHTHbiH ana/ins npoeo-

o6nyMeHHeM KOHTponnpyeMoro o6c.eKTa neMT-

POHOMH H perMCTpaHHePi BOSHHKOfOLUHX npH 3TOM

npOAVKTOB «ASpHblX peOKUHH - raMMO-KBOHTOB v\X HeMTpOHOB.

flo 1980-x FOAOB B KaMecrse MCTOMHMKQ HGHT-

pOHoe B o6HapyxMTe/i?ix BB McnonbSOBanca HSO-

Ton KanHcj>opHHa 252Cf . flpn STOM perncrpnpoBa-

o6paTHOpacceflHHbie HeHipoHbi H raMMa-n3-

peaKUHH paAHOunoHHoro saxsaia (n,j] HO

asora. K HeAociaiKaM MeroAOB c HSOTOH-
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HbiM HCTOMHHKOM CJieflyei OTHeCTM HH3KHM y

B6Hb OTHOLUeKHH CHrHan/LUVM H3~3C1

raMMQ-HsnyMeHMM peaKUMM Heynpyroro

(/IJIT) H (n'li/ a TQKXe HdnMMMe nOCTOHHHO H3J1V-

HQKDLUerO pdAHOGKTMBHOrO MCTOHHHKQ HeMTpOHOB,

Tpe6yrom,ero opraHHsauHH cneuHdnbHbix Mep pa-

AHQUHOHHOH 6e3onacHOCTH.

3lHX HeAOCTdTKOB JlHLUeH M6TOA C MMnynbCHWM

reHepQTOpOM HGHTPOHOB, B KOTOPOM ocyiuecTBnfl-

eTCfl pasfleribha^ perHcrpaunn oSpaiHopacceflHHbtx

H6HTPOHOB V\B pGOKUUM {n,H j] H (n,*$.

3a CM6T 3TOTO SHdHHTefibHO

pa6oTbi c MMnyma-ibiM o6ny~

M 6b!flH HdMdTbi B HdMOJie 1 980-X

TOAOB B HoBocn6npCKe (HIT CO AH CCCP) H

pflA© npeAnpn^THH B MocKse. B cepeAHHe 1980-x

TOAOB 6bmM COSAOHU 3KcnepH/v\eHTaribHbie o6pas-

Ubi BbicoKOMacroTHorc AeHTepM^-TpHTHeBoro mi)

reHepaiopa neSipoHOB c ROTOKOM 1 Oe H/C B" HM-

nynbce, MQCTOTOM noBTopeHi-ia HMnynbcoB AO 2 Kfu.

H BHeprnew HeHipoHoe 14 M3& iBHHH^fr, MOCK-

BO) H nepBbiM AeficTByioiiiHM oieMecTBeHHbiH MG-

KeT ooHapyxHTena BB B rpyHie {HfF CO AH

CCCP). MaKeT o6ecneMHBan npeflsapnienbHoe 06-

Hdpyxenne BB so 1 c no dHOMcmbHOMy coAepxa-

HHK) BOAOpofla c onpeAeneHHeM KOOpAHHOTbi BB

HO o 6 en e Ay GMOM nnoiuaAKe AHOMeipoM 0,8 M H

nocneAyiomee yroMHen'/ie Ho.nHMHa BB so 300 c

no o6HdpyxeHH'rO JIHHMH nsny'MeHtifl OSOTQ B pedK-

\\WA {0,7). S/lcnbiTdHUH MOKeid npoAeMOHcrpupOBa-

JIH BOSMOXHOCTb o6ndpv>KeH'/i?i MUHW TS-2.5 {MOC-

cd BB 2,5 KP) B rpyHie HO rjiy6nHe AO 15 CM.

B cepeAHHe 1 990-x TOAOB 0HpMOH PAT9K 6bino

CO3AQHQ dHcmors'iMHcm no npnH'anny Ae^ciBHa ore-

HecTBeHHa>i He'/.TpoHHd^ ycTOHOBKa YBH-SlO

KOHTpojiM aBMd6aro>i<a. Cpeflnee BpeMfl

xeHHa 150 r BB POBHO 20 c,

B KOHue 1 990-x TOAOB B pesynbTaTe

Hbix pa6oy KTH r3ll CO PAH c cpwpMoPi BSA

\repMaHHfl) Obind cosfldHa annapaTypa NIGAS [iOi

onpeAeneHHfi B norieebix H ciauHOHaDHbix yc-

ix BB H oTpaBn?iK3LJ4Hx setuecTB B opTH/ine-

HapflAax nepeA HX yHHMTo>KeHneM. KOH-

n3M8pi/rrenbHO!/i cxeMbi H np

oDHapy

BB pu3po6oTaHb! KTH FSn CO PAH.

flu?) NIGAS XapQKTepHO BblCOKOfl 3<±>4)eKTHBHOCTb

HAeHTHcpiiKauHH THT, reKcareHa n ooesbix OTDQB-

n>iK3Lunx BeiuecTB no OTHocmenbHOMy conepxa-

HHHD B HHX osoTQ H BOAOpoflo. oHHOfl annapaiy-

pa paccHHTCiHa HO ananHs coAepxHMoro CHap8~

AOB pasnHHHbix KonwopOB: 76, 122, 125, !52 MM.

H3MepeHn?i 300 c. Anna perry pa NIGAS HC-

B eeponeRcKMX cipaHax npn yHHmo-

XGHMH o6HdpyXHBd€Mb!X Hepd3OpBdBLL!HXC?i CHQ-

P^AOB BpeMGH flepBOM MHDOBOR BOHHbl.

Pa3BMTH6M OTMeHGHHOrO BbiLUe

M6TOAO o6HdpyxeHH<i ^BnflHDTC?! MSTOAbl C

" HeMTpOHdMH (MMH), B KOTOpblX

perHCTpdLiMJi conyrcTByHDiiiHx nponyKTOB (CH)

pedKUHH B HCTOMHHKQX H6MTpOHOB. TaK,

npw pacnaA© 252Cf HdpaAV c Hei/iTpoHOM OAHOBpe-

M6HHO OC3o6oXAOeTC?! H rdMMQ-KBOHT, Q B flT-

He^TpOHHOM reHepaiope BbiAen^eTC^ anb0a-Mdc-

Tnua 4He. O6a CR neTHT B npoTHBononoxnyK) OT

neHTpoHa ciopoHy. Ho perMcipdUHH CD onpeAe-

ri9,\Q~C9< MOMGHT HsnyHeHHfl M HdRpOBneHHe Bbme-

TCl H6MTDOHO H HO 3THM AQHHblM - npOCTpOHCTBeH-

Hoe pdcnpeAeneHHe XH^HHCCKHX aneMGHTOB. 3ne-

M6HTHblM COCTQB B M6TOAQX M6H6HWX H6MTPOHOB

onpeMenaeTCfi TonbKO no flAepHbiM peaKu,HflM neyn-

pyroro pacceflHH?) \n,n y). 3KcnepHMeHTdnbHoe yc-

TpoPiCTBO 5\T\9( ODHODyxeHHfl BB HO MMH C H30-

TOnHblM HCTOMHHKOM HeHTpOHOB Hd 2D2Cf 6biflO

COSflQHO B KOHLJ,e i 990~X POAOB B PaAHeBOM HH^

cTHTyre MM. B.T. XnonnHd (CaHKT-fleTepGypr). Bbino

nOKOSOHO BOSMOXHOCTb ODHQpV^KeHMJi BB MdCCO.'

500 r B TeMeHne 5-15 MHH c BepoaTHOCTbrO 99 %

npn 1 % jioxHbix o6ndpyxeHMM.

TOM xe 6bin cosAdH OAHH MS nepBbix

HWX MdKeTOB o6HopyxMTer,efi c 'M

TpoHdMM - onnapdTypo SENNA c

HGHTPOHOB Hf-27, o6ecneMMBaHDmdfl 06

100 r cKpbuoro BB 3d HecKOJibKo AC-

CflTKOB C6KyHA M noCneAVKDLUyiO MAeHTM^MKOUMfO

BB B cpeAHew so 3 MHH.

Ana 06-

BB npeAnoxeH 30 py6e>KOM B

1980-X TOflOB M COCTOMT 8 o6nyM6HMM

DyeMOH 3OHbi rdMMd-KBdHTdMM

npM BTOM oDteKT noMeuj,aeTc>i MBXAV

neM H neieKTopOM. FlosAnee o

cneAOBajenflMH npeAnoxen OAHOCTOPOHHMH A

ryn K o6b6<Ty (n,n% o6HdpyxeHHH BB B rpyHTe!

o6nyMeHH6M KOHTponnpyeMOM SOHW raMMQ-KBO

TOMH c 3Hepmei/i Donee 31 MB& [1 1 j. Ana MAe

THcpnKdu,HH BB HcnonbsveTCsi perHcrpauH?! nponv

TOB pacnaAQ KOPOTKOXHBYLUHX HSOTOROB oopa '

iiiHX nepHOAw nonypdcndAO o
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20,2 H 1 1,0 MC. STH nsoionbt pox-

B peay/ibTOTe cjxyroflAepHwx peoKunn HO

Q3OT6 '4N H yrnepoAe 13C {npnMecb Hsoiona 13C B

yrnepoAe paBHa 1,107 %), cocraBna-

ocHOsy 6onbUJMHCTBa BB, npH MX o6nyMe-

HHH rOMMa-KBOHTCIMM C 3Hepl~HeM, 6of!bLLJeH ROpO-

rosoro 3HOMeHMfl En, pasHoro 24 MsB H 31 MsB

Bw6op 3TMX sAepHbix peoKUHM o6ecneHMBaeT

BbicoKyio ceneKTHBHocjb o6HapyxeHHfl BB, T, K. npn

o6nyH6HHH Jiio6bix Apyrnx XHMHMGCKHX sneMemroB

roMMa-KBaHTCiMM c aneprneH MeHbiue 1 00 K/bB He

o6pa3yKDTCs ApyrHe Hsoronw c nepMOAOM nony-

pacnaAa B AHanasone OT 1 AO 100 MC. l/hoTonw

'^B H 12N npH pacnaAe HcnycraioT 3neKTpoHbi H

nosHTpOHbi c MOKCMMcmbHOH 3HeprHePi ~ 13 MaB

H -1 7 M3B, KOTOpwe, ABHrajiCb B BemecrBe, B CBOSO

OMepeAb McnycKatoT ropMosHbie raAAMa-KBOHTbi. BTH

raMMO-KBOHTb! MOH/T 6blTb SaperHCTpMpOBQHb! A©-

. MGTOA Moxei 6biTb HcnonbsoBOH ppx 06-

BB B rpyHie, TAG BB MMetoi BWCOKHM

KOHipacr no coAepxaHHKD asora H yrnepoAQ- TQK,

-3 Tpoinne, reKcareHe, OKTorene, T9He, TeipMne

C3OT H yrnepoA cocTasri^ioT no Macce 1 7-38 % H

24-50 % cooTBeicTseHHO, B TO speM^ KOK B eepx-

He.M cnoe rpyHTa HX KOHueHTpaunsi cyuaecrBeHHO

weHbme 1%. ,0/ifl HCKJitoMeHH^ seuuecTB-noMex B

9v1fle OSOTHblX yAo6p6HHH H OpraHMMGCKHX CO6AH-

-leHMH npeflnoxeHO AononHHTenbHoe o6nyM6HHe

lOflOSpHTeJlbHOrO yMQCTKa raMMa-KBOHTOMH C3H6p-

MePt B AHanasoHe OT 18 AO 23 MsB.

B KonecTBe HCTOHHHKO BbicoKOsnepreTHMecKoro

-"OMMa-n3/iyHeHMJi MOXBT 6biTb McnojibsoBOHO Top-

O3Hoe HsnyneHMe 3/ieKTpoHOB, ycKOpeHHbix B yc-

«)UHTene Tuna MHKpoTpoHa. Flo pacMeTaMOBTo-

Ip8 [1 1], ooHapyxHTenb MOXBT o6ecneMHTb 06-

^.a'}yxeHne BB Maccoti ne Menee 40 r B rpyHTe

|g --ny6nHe AO 0,5 M sa epeM5i 5-20 MC c sepo?rr-

fecTbto He Menee 99,6 % H o6cneAO8OHne MGCT-

^CTH CO CKOpOCTbiO H6 M6H6e 8 M2/MMH.

, aeCTBeHHbiM OrpOHHMeHHeM A^>^ CO3AOHH51 H

' IKTMHeCKOrO npHMeHGHH^ TOKMX JlBJlfllOTOJ 6o/lb-

p€ ^aoapHTbi H sec OKono 2 TOHH, noTpe6n^eMaa

* ;HOCTb 20 KBT. Ho BbiCOKHe HQAeXHOCTb M CKQ-

ffi:- fo o6HQpyxeHH51 TOBODflT B nO/lbSV COSAOHHfl

nepeABHXHoro o6HapyxnTeflfl AJI^ uenen

%»-•«-! HTO PHOTO pasMHHMpoBaHM^ B noneebix ycno-

:--._«**•/ ^sn^ flflfl CTOMHOHOpHblX CHCT6M KOHTpOfl^ 6a~

rpysOBbiX KOHTefiHepOB.

KBOApynonbHoro pe-

14N, MOXHO Ha6nKDAOTb AO Tpex $KP HOC-

flflep co cnHHOM 3/2, KOK y xnopa,

3OKaHca (S1KP) OCHOBOH HQ perncrpai4nn peso-

HOHCHOrO nomOLUeHH?! 3JieKTpOMarHHTHOH 3HepFHH

flApQMH QTOMOB C 3/ieKTpHMeCKMM KBOApynOnbHbiM

MOM6HTOM [12]. 3TO MOryT 6blTb 5?APO O3OTO, XJ1O-

pa, HOTpHfl, KOJ1H55. HaCTOTb! HOrnOLUeHMJI 3OBHC3T

OT BenHMHHbl CnHHQ flApa H OT BeJIMHHHbl H CJ>OpMbI

sneKTpHMecKoro noniR B Meare pacno-

3Apa. FpaAHeHT coSAaeTC^ sneicrpOHHOH

o6onoMKoPi MOJieKynw. flji^ «Aep co cnnHOM 1, KOK

y asoT

TOT. fl

CTsyeT OAHQ pesoHOHCHCm MQCTOTO. TQKHM o6pa-

SOM, no cneKTpy 51KP «Aep OTOMOB MOXHO onpe-

AenHTb ™n seiuecTBa, B TOM MHcne BB.

OTeHecTBeHHbie pa6oTbi no HcaieAosaHHio Me-

TOAOB $KP %ns\l BB HaManncb B cepe-

1970-x TOAOB B Ka/iHHMHrpdACKOM rocyHH-

H B HoBOCM6HpacoM aKOAeMropoAKe.

HepBbie oTenecTBeNHbie HcaieAOBaHHfl 6a3npoBa-

riMCb HO 3apy6exHbix AQHHbix no cneKTpaM 3KP BB

H 6binn nocBBLueHbi B OCHOBHOM BOSMOXHOCTH co-

3AaHna annapaTypbi o6napyxeHHR MHH B rpyHTe c

OAHOcropOHHHM AOCTynoM K o6i>eKTy (cxeMa no-

KonbHoro ^KP). B KOHue 1980-x TOAOB noA pyKO-

BOACTBOM B.C. rpeMHLUKHHO (KaJlHHHHrpOACKHH TO-

cyHHsepcuTeT) snepsbie 6bina ycneiiino npOASMOH-

CTpHpOBOHQ BOSMOXHOCTb o6HQpyxeHM3 M6TOAOM

S1KP npoTHBOTOHKOBbix MHH TS-2.5, TS-6 H TM-2F1,

CHapnxeHHbix reKCOTonoM (80% - THT, 20% -

reKcarena) [13]. An^ npfiMoro $KP 6bino onpeAe-

[13], MTO npH pasMemeHHH o6"beKTa MexAy

H npneMHHKOM MHHHManbHO o6na-

MQCCO reKcarena (MOCTOTO ÎKP 5192

) M oKTorena (HacroTQ $KP 5300 Kfu) COCTOBJI?I-

10 r, BpeMfl o6napyxeHH^ 10 c H Macca o6Ha-

MoxeT 6biTb OKOHO 70 KF.

n MyBCTBHTenbHoro AeTeKTHpoBOHHfl CHmanoB

asoTO B cocTOse NO2 - rpynn MoneKyn BB

OTeHecTBeHHbiMH yneHbfMH napannenbHO c sapy-

6eXHb!MH pO3po6oTOH M6TOA KpOCCpeJlOKCaUHOH-

HOFO $KP, KOTOpblH OOeCneHMBOeT BOSMOXHOCTb

o6HapyxeHns H MAeHTM<J3HKaiiMM reKcarena, T3H

H THT c MQCCO^ 1 0 r sa 10 c [14].

HepHOA c 2000 TOAOB xapaKTepen

HblMH OTeMeCTBeHHbiMH pO3pa6oTKOMH

TexHHMecKHx peiueHMM $KP o6HapyxHTeneM. FlpeA-

noxeHQ 6bicTpoAeHCTBytOLuaH CficreMa np^Moro

9IKP A/15? AHCTQHUHOHHoro o6napyxeHH5i BB 10 r

(reKcarena, oKTorena) HO rny6nHe 45 CM B rpyHTe,

6araxe TOJILUHHOM 45 CM H HQ nenTe,
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CO CKOpOCTbHD 20 CM/C [15j. BpGMfl peOKUHH CHC~

TeMbi HecKoribKO ceKYHH. Flo oiieHKe QBTopoe, MQCCQ

o6Hapyxkrrerifl Arm pasMeuaeHHs ero HO OBTGMO-

on.ne Moxer 6biTb He 6onee 20 KF. PaspaDoTciH

DflA npH6MOB HfleHTHCJSMKCiUMM BB HO 4>OH,e DG3-

noMex H npeflnoxena cxeMa >1KP o6napy-

BB,. HOPKOTHKOB H MeiannoB. CKpuibix FIOA

[16].

fOTCfi nepCneKTMBHblMM AUCraHUMOHHblMM M6TOACh

MH o6Hapyxenna cneAoe BB. B POCCHH 310 HQ-

ceMMac HHieHCHBHo HccneflveTCP,. ilpo-

cxe.Mbi cneKipocKonnn Arm o6Ha-

fl KOK HenocpeACTBeHHo MoneKyn BB, TOK n

s HX pasnoxeHHR B ecrecTBeHHbix ycno-

BMflX HI1H C HHHUHQUHeH HOSepHblM HSJiyMeHMeM.

RpoAyKTbi pasnoxeHHR TOKHX BB, KaKTpoTHn, reK-

careH, Moryr coAepxaib NO, NO0/ N9O.» CO,

CO9, a BB QMMHaM'HO-ceri'/iTpflHoi?! rpynnw — NH.,,

HDHMeM KOHUeHTpOUHH OpOflyKTOB pOSJIOXeHMfl [1 7]

MoryT SHQMHTenbHo npeBbiiiiaib KonueHTpauHH na-

pos COMHX BB B HccneAyeMOM ooteMe,

LUHpOKHH nepeMBHb 3Cf>cbeKTOB

CTBOM, BKJKOMOH nornOLU6HHe C HCROnbSOBQHUeM

AHOHHOH nasepHOH cneKipocKonHH (flJIC), norno-

c reHepauneti aKyciHHecKoro

B TOM Mwcne n

cbnyopecaeHUHHD (JIHO) H

OHHoe pacce^HHe (KP). OCHOBHO^ npo6neMO cneK-

TpocKonHH - 3TO ceneKUHH uenesbix Bem,ecTB s

CMecu semecTB-noMex.

fiepsbie H3MepeHn?i HK-cneKipos nornoiiieHH?!

napos BB B cepeA^ne 1990-x TOAOB H cneKipoe

KP BB B HOMa^e 1990-x [18] nposeAeHbi sa py6e-

>KOM. PoccnRcKHMH HCcneflOBaTeriHMH nonyMeHbi

cneKipb! nasepHO-HHflyuHpoBaHHOM 6nyopecu,eH-

THT H AHHMTpOTOfiyono (AHT) [1 9],

M OBTOPOB MOA CO PAH, HJ1O CQ

PAH H Cn6npcs<oro ^nnHona OKY HF1O "CTnC*

MBfl POCCHH HO naDopaiopHOH ycrGHOBKe 6bina no-

KosaHa BO3MO>KHocTb o6Hapy>KeHHfl HacbiU4eHHbix na-

pOB TH r M6TOAOM OnTHKO-OKyCTHMeCKOH CneKTpOCKO-

HHH C DQCCTDflHMfl B H6CKOnbKO M6TpOB [20]. Flo OU6H-

Ke 3apy6e>KHbix HcaieAOBareneti, HcnonbsoeOHMe pe-

3OHOHCHOTO KOMbHHOUHOHHOrO DQCCeflHHfl (PKP) flOeT

BO3MO>KHOCTb CO3AQHH5J nODTOTHBHOrO HeKOHTOKT-

Horo oonapyxnTenfi [21] c noporoM

THT 2 HP B KOHTporiHpyeMOM o6c.eMe

H PKP cneicroB HO AHHHe BOJIHW 785

so 20 c

B A^QftHO-nasepHQH cneKipocKonnn (J3J1C) B

6jiH>KHeM HK-A^anasoHe noKasoHa BOSMOKHOCTD

o6HOpy>KeHM5:! THT v\a HO ypOBHe GAH-

HHLJ, pot no perncipauHH NO2 [221 HO PQCCTOHHHH

B HecKonbKO nec^TKos MerpoB npH BpeMenn HO-

cHrHana 20 c H 6onee.

H oDHOAexHBasoLUMM 3KcnepHM6HTanbHWM

pesynbToi no nasepHO-HHAyuMpOBQHHOH 4>nyopec-

[23] HG AnwHe BonHbi 247,85 HM ADM 4>par-

HHTpoapoMaiMMecKHX MoneKyn BB c 06-

MoneKyn NO H ORHOBpeMeHHOH HHH-

4>nyopecLieHi4HH MoneKyn NO TGM xe

eM.. riopor o6HaDyxeHi/tq napos THT HO

ypOBHe 10 ppt npw BpeMeHH o6napyx:eHHfl ne-

CKonbKO AecflTKOB ceKyHA c paccTOflHM.q 5 M. B nep-

cneKTHse, KQK OTMeMaeica B paooie [24], Moxet

6biTb AOCTHrHyr nopor o6HapyxeHn?i napos THT 1 ppt

npn BpeMeHH oOHapyxeHH^ 1 0 c.

MeTOAb! OHTHMeCKOH CneKTpOCKOnMH flBnflSOTCfl

nepcneKTHBHbiMH A"is COSAGHHW AHCTGHUHOHHUX

o6HapyxnreneM. HcnonbSOBQHHe ninpOKoro nepen-

HH onTHKo-cneKTpocKonHMecKHx 34>0eKTOB Teope-

THM6CKH nOSBOJlflei RpOrHOSHpOBOTb AHCTOHUHOH^

Hoe ooHapyxenne napos BB HO ypOBHe 10"14 r/cv,

H MeHbUje. C no?iBneHneM HOBOM nasepHO-onr/i-

TexHHKH HsnyMeHM^ n npne/sAG A.eTanbHO HO

OKTepHCTL-IKH 3THX 3C|)4)eKTOB H 8 6nM-

epeMfl MOXHO oxnAaib COSAGHHSR nepswx

Asiop Bbipaxaei SnaroAapHOcrb K3.H. HOHO-

Mapesy, A.l/l. KapanysHKOBy, A.B. BopoxuoBy 30
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