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Mertoj sasepHoii dparmenTauy,/ TazepHo-uHAyIEpoBanHoil (uryopectenuu (JID,/ JIN D) XOpoIIo U3BECTEH
cBoeil a(pHeKTUBHOCTDIO 111 OOHAPYKEHUST CJIOKHBIX XMMHYECKUX COeJUHeHUil 1o curHajgaM (uyopecieHInn ux
XapaKTepucTuieckux (pparMeHToB. JTOT MeTOJ IHPUMEHSIOT, HallpuMep, IS U3MepeHUs JOKAJbHOTO COZep KaHHs
A30THCTON KHUCJIOTHI U THIPOKCUJIbHBIX PAJMKATIOB B arMocdepe, BU3YaJU3alluil IPOMEXKYTOUHBIX CTAJMil Ipolec-
COB TOpEHUS, IUCTAHIOHHOIO OGHADY’KEHUS Bel[eCTB B ra3000pa3HOM COCTOSIHHU B aTMocdepe U KOHIEHCHPO-
BAHHOM COCTOSIHMM Ha IIOBEPXHOCTSIX U /p. BrepBble mpejcraB/ieHbl pe3y/IbTaTbl dKCIepUMEHTAJIbHOIO HCC/Ie[0Ba-
HUS BO3MOXKHOCTH JMCTaHIIMOHHOTO Bo36yskaeHus JIM®D xapaxrepucrimueckux ¢orodparMeHTOB BelllecTBa B aspo-
30JIbHOM cOCTOsSIHUM B atMocdepe. Vccaenyemoe BemectBo — ¢ocdopoprannueckoe coeuHeHne tpustuidocdar
(TO®). TlokazaHo, YTO CUHXPOHU3MPOBAHHOE ABYXUMIYJbCHOE Ja3ePHOE BO3/EHCTBIE Ha a3pO30JbHbIE YaCTHI[bI
TO® u ux PO-pparmentsr (Mosiexy bl okcuza docdopa) No3BoJsIeT TPUMEPHO B CeMb Pa3 MOBBICUTH 3 deKTuB-
Hocth JID/JIND 1o cpaBHEHWIO C OTHOMMITYIbCHBIM JIa3€PHBIM BO3/IeliCTBIIEM. Y CTaHOBJEHO, UTO 06pa30BaHUE
PO-¢pparmentoB TOD B a9p030JbHOM COCTOSTHUU I0J] AeHCTBUEM JIa3epPHOTO U3JIyUeHHs € JJUHOI BOJHBI 266 HM
uMeeT CHaJAIUI 9KCIIOHEHIMAIbHBIN XapakTep ¢ mocTosHHOI BpeMenu 192,6 +20,2 He. ITo xapakrepy BpeMeH-
HOUl 3aBHUCHMOCTH 00pa3oBaHUA (HOoTOPPArMeHTOB IMOJyYeHHbIe Pe3yJIbTaThl IPUHIMINATIBHO OTIUYAIOTCS OT IO0-
JIOGHBIX U3MEPeHUil IS IPYTUX COeIMHEHMI B Ta3000pa3HOM U KOHJEHCHPOBAHHOM COCTOSHHSIX.

Kntouesvie caosa: opranodocdatsl, asapososib, JazepHad ¢pparMenraims, okcus ¢ocdopa, PO-pparmentsr,
Ja3epHO-MHAyIMpoBaHHas (Jryopectennus; organophosphates, aerosol, laser fragmentation, phosphorus oxide,

PO-fragments, laser-induced fluorescence.

Beegenue

Meron masepHoii (parMeHTaIN/ TA3ePHO-UH/TY-
upoBauHoii duryopecueniun (JID,/JIND) 1103BoJsgeT
O6HAPY:KIBATDb CJOXKHBIE MHOTOATOMHBIE COEIMHEHUS
10 CUTHATAM (PJIyOpPEecIeHIN UX XapaKTePUCTUIeCKUX
dorodparmenToB. B kadecTBe Takux ¢HparMeHTOB
OOBIYHO BBIOMPAIOT MOJIEKYJBI, BXOASAINE B (DYHKIINO-
HaJIbHBIE TPYIINbl HCXOJHBIX COeJUMHEHHH. BakHbIM
IIPENMYIIIECTBOM MeTO/a SIBJISETCS TO, YTO MOYKHO IO-
nobpatb  (dparMeHTbl, 06IMue [Js  [EJIOT0  KJacca
CTIO;KHBIX OpraHWYecKUX coenHenuii. Hanpumep, ais
BCceX HUTPOCOEIUHEHUN OOUMM XapaKTePUCTUIECKUM
¢parMeHTOM MOKET CJIY:KUTh MOJIEKyJa OKCHAA a30Ta
NO [1—-10], a mna opranodocdatoB — MoJjeKyIa
okcuga ¢ocpopa PO [11—13]. XoTa ¢ TmoOMOIIbIO
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JI®/JIND-MeToa HEBO3MOKHO TPOBECTH OTHO3HAY-
HyI0 HJIeHTHMUKAINIO0 HCXOTHOTO COEIMHEHUs, oOHa-
py’KeHHe XapaKTepUCTHYeCKUX (parMeHTOB (YHKIINO-
HAJIBHBIX TPYII B COCTaBe IPOAYKTOB (POTOJIM3A IIO-
3BOJIIET JIOCTOBEPHO OTHECTH ero K KOHKPETHOMY
KJIaccy.

Mertoa JID,/JIND nokaszan cBoio 3h¢eKTHBHOCTD
I W3MepeHHs JIOKAJIBHOTO COJep KaHUSA a30THCTOH
KHUCJOTBl U THAPOKCHJIBHBIX pAJHUKAIOB B aTMocde-
pe [14—16], Buzyanmmsanuum TPOMEKYTOUHBIX CTAIMI
MPOIIeCCOB TopeHnss H TIazMoo6GpasoBanus [17—23],
MUCTAHIIOHHOTO OOHAPYKEHUSI CBEPXHU3KNX KOHIIEH-
Tpaluil OpTaHWYECKUX COeAWHEHWH B Ta3000pa3HOM
cocrogunun B atMocepe [7, 10]. 3BectHOo 0 mpuMe-
HEHUN MeToja /I 0OGHAPY’KEeHNSA BellleCTB B KaIleJbHO-
SKHJIKOM cocTosgHuu [12] wam B Bujle TBEPbIX YaCTHUIL
MUKpPOHHOTO pas3Mepa [, 6, 24] Ha TIOBEPXHOCTSX.
OpmHako 10 CUX TOp He HCCJeJoBaHa BO3MOKHOCTD €ro
MCTIOJIb30BAHNS [T BBIABJIEHIS BENIECTB B a3PO30IbHOM
cocTossHNN. B Hacrtogmieit paboTe BIlepBBIe IIpeCTaB-
JIEHDBI Pe3yJIbTAThl KCIIEPUMEHTOB MO [UCTAHITHOHHOMY
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JazepHOMY BO30yskIeHmo (uayopecuenimu PO-doto-
dparmMenToB opranodocdaTa B aIpO30JTHHOM COCTO-
STHUN.

B xoge npeiBapuTEIbHBIX HKCIIEPHMEHTOB aBTOPA-
MH GbLIO YCTAHOBJEHO, UTO TIPH UCIIOTb30BAHUH OJIHO-
ro Jasepa I ¢parMeHTAIlMH U Bo30y:KAeHUS ¢par-
MeHTOB o61as addextusHocts Tporecca JID,/JIND
B HECKOJIbKO pa3 HIDKe, YeM B CJydae CHHXPOHU3UPO-
BAaHHOTO [[ByXUMIIYJIBCHOTO JIa3epPHOTO BO3/EHCTBUS.

[lesp paGoThl — ompejesieHne JHHAMUYECKUX Xa-
PAKTEPHCTHK Ja3epHOil (parMeHTall a’PO30JIbHBIX
yacTuil opraHodocdara.

IJKcrepuMeHT

IKCIIEPUMEHTBI 110  JIa3ePHOMY  BO3OY KIEHUIO
dayopectieniiun PO-dotodpparMeHTOB a9po30ssa opra-
HodocaTa Ha AuUCTAHIME 8,5 M MPOBOJIINCDH MO CXe-
Me, IpejcTaBiaeHHON Ha puc. 1. [lng co3gaHmus asaposo-
JISI UCTIOJIb30BAJICS TTHEBMATUYECKUN a3PO30JIbHBIN Te-
uepaTop I'A C21 basic (OMRON Healthcare Co., Ltd.)
¢ mpousBoguTebHOCTBIO 0,26 + 0,2 Mir/MuH, BbIpaba-
TBIBAIOIINN YaCTHUIIBI CPEIHUM pa3MepoM OT 2,5 10
4,5 MkM. [leHepaTop yCTaHABIMBAJICSI BHYTPb aapo-
3ompHON Kamepbl (koHteliHepa) (AK) o6bemom 50 .
[lns BBOJA W BBIBOJIA JIa3ePHOTO U3JIy4YeHHs B Tepej-
Hefl M 3aJiHell CTeHKaX KOHTelfHepa c/ieJlaHbl OTBep-
CTHsI, KOTOpble CHAGKEHbI 3arJIyNIKaMu [IJIsl M30JISTIUN
BHYTpeHHeTo o0beMa KoOHTeifHepa OT OKpysKamolmeit
cpeapl BO BpeMsI IOATOTOBKH 3KCIEPUMEHTa M CO37a-
HUS HeoGXOAUMOIl KOHIeHTpaluu asposodis. s 1e-
peMelnBaHisg a’po30Jisl 110 00beMy KOHTeiiHepa wHc-
MIOJIb30BAJICSI TIPSIMOTOYHBIN BeHTUIATOP. McciaemyeMoe
BentectBo — tpustmiapocdar (TIMD) ¢ yncToToii BbIIIE
99,8% (Sigma-Aldrich).

[Ipu ycroBUH paBHOMEDPHOTO ITI€peMEITNBAHUS a3-
po30s 1Mo o6beMy KOHTeilHepa KOHIIEHTDPALUS a3po-

“
K komnpeccopy

- 8,0 M

30/bHBIX vYactull TID C,, co3maBaeMas 3a BpeMd t
paboThl TeHepaTopa, OIleHNBaIaCh Kak

Ca = Oprant/ Vk,

rae Q = 0,26 +0,2 MJI/MUH — TIPOU3BOANUTEIBHOCTD Te-
Heparopa a’spo30Js; pragp = 1,071 r/ cM® — IJIOTHOCTH
TOD; Vg = 50 1 — 06beM a3p030JbHOIT KaMepbl.

dna  ¢parmentaimun  TOD  ucnoab3oBajcs
Nd:YAG-nazep Q-Smart 850 (LUMIBIRD). Bos6y-
sxnenne dayopectiennn PO-dparmernto TOD mpo-
BoamIock ¢ momompio KrF-masepa LF-200 (MICD CO
PAH) [25] ¢ anuHON BOJHBI M3JIydeHHs] BOJU3N KaHTa
BerBu P, mosockl A’S' (v = 0) — X155 (0" = 0)
Mosekynbl PO [26]. IlapaMeTpbl J1a3epoB IpHBeIeHBI
B TabJulIle.

[IpocTpaHCcTBeHHOE CBefleHne Ja3epHBIX ITYIKOB
B 06beMe a3p030JbHOI KaMepbl OCYMIECTBJISIOCH TTOBO-
porabiMu 3epkaramu 31, 32 u 33; mojaaep:KaHue 3a-
JAaHHON TUJIOTHOCTH JHEPTUUM JIA3€PHOTO H3JIy4eHUs
B a’pO30JIbHOII KaMepe — TlepecTpanBaeMbIMU [IBYX-
JIMH30BBIMU onTHYeckuMu cucreMamu JI1—JI12 n JI3—
JI4. Jlns cnexrpanbHoil cenexkuun uanaydeHus KrF-
Jlazepa OT CIIOHTAHHOTO WM3JyYeHUs U3 Ta30Pa3psIHOTO
TIPOMEKYTKA HCIOJb30BAJICS BYXIIPU3MEHHBINT MOHO-
xpomatop /[[1—IT1—I12—/12. Tlpuem omnTHYecKoro OT-
KJIMKa Ha Jla3epHOe BO3JENCTBHE HA COJEPKIMOE KIOBe-
TBI OCYIIECTBIISJICS C TOMOIIBIO 3ePKATBbHON ONTHYECKOi
cucteMbl 34—35; CIEKTpaTbHOE BBIJEIeHNE TTOJOCHI
duayopectieniiun PO-dparmenToB 1 $HoTONETEKTHPOBA-
Hue — audpakinoHHbIM criekTpoMerpoM Shamrock SR-
500i (Andor Technology Ltd.) u cTpo6upyemoii I13C-
KaMepoii ¢ ycuureneM aproctu iStar DH-712 (Andor
Technology Ltd.) (ITU na puc. 1). Jlag gomosHu-
TEJTHHOTO TO/ABJIEHUs TTOMEXHU HECMEeNIeHHOTO pacces-
HUS W BbIIEJIEHUS CUTHAJIOB (PJIYOPECIeHIINN MOJEKYT
PO mpenycMoTpeHa ycTaHOBKA Tiepe/] BXOJHON IIeJbIo

i Al KrF-naszep
(sonanpyionii)

Nd:YAG-nasep |
(pparmenTnpyonii)

IK

[11 I:

Puc. 1. CxeMa 3KCIepHMeHTOB IO JUCTAaHIIHOHHOMY Ja3epHOMY Bo30y:kJeHHIO (uryopecueniu PO-doTodparMeHToB aspo3os

TO®D: /11 u 12 — guacdparmsr; 111 u 112 — gucnepcuonnble kBapieBble npusMbl; 31, 32 u 33 — Hampas.fionue 3epKata; 34

n 35 — 3epkajia mpueMHOro ob6bexTuBa; JI1, JI2, JI3 u JI4 — xBapresble guH3B; AK — aspososbHag kamepa; 'A — reHeparop

asposons; IIJIM — morsotutens TasepHOro usmydeHus; @ — uHTepdepeHINOHHDIH cBeToduabTp; 1M1 — mpueMHUK u3mydeHNs;
'l — renepatop ummnyabcos; IIK — nepcoHabHbBIH KOMIIBIOTED
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Texuuvyeckue XapaKTEePUCTHKH JIa3€POB

3HaveHne
Tapaverp Nd:YAG-mazep KrF-nmazep

Q-Smart 850 LF-200

(LUMIBIRD) |[(1C3 CO PAH)
[l1mHA BOSTHBI M3Ty4eHUusd, HM 266 247,78
MaxkcumanbHas sHeprus B UMIyJbce, M/l 100 100
[[Iupuna JTUHUN U3TYIEHUS, TIM 30 B
Yacrora moBTOpeHMS UMILYJIbCOB, 11 10 10
JImuTeTbHOCTD UMITyJibca u3tyuenus (tgs), HC 5 30
PacxoaumocTb myuka, Mpaj <0,5 1
Pasmep myuka Ha BbIXO[e€ Jlazepa, MM 29 18 x9

crnekrporpada KpaeBOro [IMHHOBOJHOBOTO (UIbTPa
(®) LP02-248RS-25 (Semrock Inc).

PesynpraTbl (HOTO/IETEKTHPOBAHUS TI€PeLaBAJIIICh
B cucteMy c6opa, o6paboOTKH W XpaHeHHs uHpopMa-
I[IH, TTOCTPOEHHYI0 Ha Ga3e MePCOHATBHOTO KOMIIbIOTE-
pa (ITIK). Jlasepbl U HPHEMHUK U3JTyYEHUSA CHUHXPOHHU-
POBAJIUCH JBYXKAHAJIBHBIM Te€HEPATOPOM HMILYJIbCOB
(I'M) PG-872 (Digit-EL).

Bce maMmepeHnst IpoBOAWINCH TP HOPMAJIbHOM
aTMoc(epHOM JIaBJIEHNN U TeMIlepaType OKpy:Karolleil
cpeanpr 25°C. VX pesyJsbTaThl IpeACTaBIEHBI B CJle-
JylollleM paszjeie.

PesyabraTsl 1 06Cy:K/1eHHE

Ha puc. 2 mpuBe/ieHbl pe3yJbTaTbl PerUCTPAIIIN
OTITUYECKUX OTKJIMKOB OT YacTUI[ aspo3ossa TID KoH-
menrparein 6,0 +0,7 Mr/J1 mpu BO3IEHCTBUU OT/EJIb-
HO (parMeHTHPYONNM W 30HAUPYIONNUM Ja3epHbIM
U3TydeHrneM, a TakyKe TIPU UX OJHOBPeMEHHOM BO3[eli-
ctBun. IlnotHocTh  sHepruum  (parMeHTHPYIONIETO
U 30HIUPYIONIETO UMITYJbCOB W3JyUYeHUs COCTABUJIA
~670 1 ~380 M/Ix/ cM? COOTBETCTBEHHO. BuaHO, 4TO
IpH  WCHOJb30BAHUH  30HANPYIONIETO  U3JTyYeHHS
U CHHXPOHU3NPOBAHHOM [IBYXUMMYJbCHOM BO3IEHCT-
BUH B BBIJIEJIEHHOM CIIEKTPAJbHOM [uamna3one 253—
256 uM o6Hapyskusaercss y(0, 1)-mosmoca ¢JryopeciieH-

50 - EE DparMeHTHPYIONEe H3IyUYeHHe
(266 um, 670 MLk cv®);
B SoHjupyiolliee H3JTy4YeHne
40 b (247,78 1M, 380 m/bx/em?);
S [ByximnysibcHoe JazepHoe BodjeiicTeie
£30F
c20f
10
0 __ﬂ-_“hm

253 254 255 256
JlmiHa BOJHBI, HM

Puc. 2. Tloaoca y(0, 1) cmekrpa JIND PO-pparMeHToB as-
posonst TOD (6,0+0,7 Mr/1) mpu ABYXUMITYJIbCHOM Ja-
3ePHOM BO3/IEHCTBUM U [IPU BO3AEICTBUN OT/eNbHO (hparMeH-
TUPYIOIUM U 30HAMPYIOIIMM HMMIIYJIbCHBIM — U3JydeHHEM

uun MoJiekysasl PO, coBmajaionias ¢ pacyeTHBIM IIO-
nokerneM [26]. CurHas, WHTErpUpPOBAHHBIN IO Bceii
v(0, 1)-mosoce  aryopecrieHnu B uHTepBame 253—
256 HM, TIpu ABYXUMITYyJILCHOM BO3/elICTBUU OKa3ascs
MPUMEPHO B ceMb pa3 GoJibllle, 4eM TIpU BO3/efCTBUU
TOJIbKO 30HUPYIONINM H3JTyYeHUEM.

YBennyeHne curHaja TP OJHOBPEMEHHOM BO3-
neficTBUN (pparMeHTHPYIONIETO U 30HAUPYIONIETO UM-
MyJIbCOB O6YCJIOBIEHO KPATHLIM YBeJIWYeHUEeM CyMMap-
HOIi 3HEPTUN Jla3epHOTO N3IydeHNA. OAHAKO M3BECTHO,
YTO [IICCOIMAITAS MHOTOATOMHBIX MOJIEKYJ Jake IIpH
JIOCTATOYHO OGOJIbIION SHEPruu BO3OYXKIAEHUS MOXKeT
HACTyIaTh He cpa3dy, TaK Kak Ha IlepepaclpejeeHre
9HEPruu Mo KosebaTeJbHBIM MoJaM TpeGyeTcsl HEKOTO-
poe BpeMsl, U TOTJa UX CpeJHee BpeMs KM3HU TOBbI-
maetest 1o ~ 10— 107 ¢ [27]. C memsio oTIpe/IeTeH s
IUHAMIYECKUX  XapaKTepHCTHK o6pasoBaumsa PO-
¢parMeHTOB U3 a3p030JbHBIX yactul] TOMD 6bL1a 1Mpo-
Be/leHa cepusl 3KCIIEPUMEHTOB TI0 PETHCTPAINN UX
ryopectieHIIN TIpU pa3HbIX 3aJiepKKaxX MexkIy dpar-
MEHTUPYIOIIUM U 30HAUPYIOUMM MMITYJIbCAMU.

[ng obecniedeHns [TOCTOBEPHOCTH IOJYYaeMBIX
pe3yIbTaTOB HEOOXOANMO ObLTO0 y6eAuThcs B CTaOMIIb-
HOCTH CO3/1aBaeMOil KOHILIEHTPAIMH YACTHUIl a3PO30JII
B a9pO30JIbHON KaMepe. YpoBeHb (QIyKTyanuii KOH-
IEHTpAI[ OIleHUBAJICA IO pe3yJbTaTaM o6pPabOTKI
curnanoB JIM®D PO-¢pparmentoB TOD, 3aperucrt-
PUPOBaHHBIX B peXuMe cvyera (POTOHOB B JECATU TO-
CJIeJOBATEbHBIX CepUsIX HAKOIIEHUsS] CUTHAJOB TIO
100 masepHbIM uMmyabcaM (puc. 3). B mpeanosoxe-
HUW IyaCCOHOBCKOH CTATHCTHKHU pacrpejeieHust ¢poto-
OTCYETOB PACCUYMTAaHA TIOTPENTHOCTh PEe3yJIbTaTOB M3Me-
pPeHust mpu J0oBepuTeNbHON BepostHocTH 95%. Ycra-
HOBJIEHO, YTO OTHOCHUTEJIbHAs IIOTPENTHOCTb KasKJOTO
u3MepeHus: He TpeBbIaeT 5%.

B xome wuccienoBaHuS IUHAMUKE 00pa30BaHUS
PO-¢dparmenTtoB aspozong TOD 3amepkka MeXKIy
UMITyJIbcaMil  (DparMeHTUPYIOIETO W 30HAUPYIOUIETO
JIa3epPHOTO M3JIy4YeHUs TOCTeOBATENbHO W3MEHSIach
oT 40 HC 10 2 MKC ¢ nepeMeHHbIM maroM. IIpu kax-
ot 3aJepsKKe TPOBOANJIOCH HAKOIUIEHHe CHTHATa MO
100 naszepubiM umiyabcaM. /g yBeJudeHUs HHTEH-
CUBHOCTH ONTHYECKUX OTKJUKOB CHTHAT WHTETPHPO-
Bajica mo Beelt y(0, 1)-mosoce dayopeciieHny B UH-
TepBaJjie JIMH BoJaH 253—256 uM (cM. puc. 2).

Ha puc. 4 npexacraBieHa 3aBUCUMOCTb WHTEHCUB-
HocTH ayopectieHnnn PO-¢pparMeHTOB OT 3a/lep:KKu
30HMPYIONIETO MMITYyJIbCa OTHOCUTETBHO (hparMeHTHpY-
omero. BpeMeHHag Heollpee/eHHOCTh MHTEHCHBHOCTH

JIByxummy.ibcHasi a3epHas (pparmenTanusi/ JazepHo-UHAYIUPOBaHHas (ayopecieHus aspo3o.s opranopocdara 611
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TO® (6,0+0,7 Mvr/1) mia 10 mociegoBaTeJbHBIX —Cepuit
HaKoIUIeHHs curHajoB 1o 100 azepHbIM IMIyJIbcaM

1000 y = 127,59248 + 817,86412 exp(—x./192,63441)
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Puc. 4. 3aBucumoctb uHTeHcHBHOCTH yopecteHnu PO-

(dparmenToB asposzonas TIOD (6,0 £0,7 Mr/J1) 0Opu CUHXPO-

HIBUPOBAHHOM [JBYXYacTOTHOM HMIIYJIbCHOM BO3eiCTBUI

OT BPEMEeHHOH 3a/epKKU 30HIUPYIONIEro MMIYJbCa OTHOCHU-

TeJbHO (PpParMeHTHPYIOIIEr0; KPUBAsS COOTBETCTBYET aIlIpoO-
KCUMAIIII

JINMD cBg3ana ¢ BpeMeHHOI HeCTaGUJIBHOCTBIO TI0JIO-
JKEHNIsl HMMITYJIbCOB TeHepalun (BpeMeHHBIM [KUTTe-
pom) soHaupyioiiero KrF-masepa, KoTopas cocTaBJisieT
+ 20 Hc.

Besnunna BpeMeHHOTO [KUTTepa M JJIUTETHHOCTH
UMITYJIbCOB YYUTHIBAJINCH IPU BHI6OPE HAYAIBHOTO 3HA-
yeHnd 3azep:xku. IIpu sagep:xke 40 HC ynanoch moJs-
HOCTBIO UCKJIIOYUTH BpeMeHHOe IepeKpbiTre (parMeH-
TUPYIONINX ¥ 30HAMPYIONINX HMITYJbCOB MEXIY COOOit
U TeM CaMbIM HCKIIOYUTH BJIUSHUE YBEJIMYEHUS CyM-
MapHOIl 3HEPTUH JIa3epPHOTO M3JIyYeHHs HAa BPeMEHHYIO
3aBUCHMOCTb 06pa30BaHus (pparMeHTOB.

Puc. 4 Takske TOKa3bIBaeT, 4TO TOJyYeHHBIE IKC-
TepruMeHTATbHbIe JaHHBIE C JOCTATOYHO BBICOKOI TOU-
HOCTBIO allMPOKCUMUPYIOTCS 9KCHOHEHIINATBHON (DYHK-
nueir ¢ TocTosHHOI BpeMenu 1t = 192,6 +20,2 Hc.
Mo:xHO yTBep:KAaTh, YTO XapakTep HabJrogaeMoil 3a-
BHUCUMOCTH OGYCJIOBJIEH HMCKJIIOYATENBHO WHEPIIMOHHO-
CTBIO TIpollecca (pparMeHTaINM, a He BpeMeHeM >KM3HU
PO-¢pparmenTos.

Momnooxkcun ¢gocdopa — HecTabuIbHOE PaJANKATD-
HOe coeJVHEHHe U B YCJIOBHAX peasbHOII arMocdepsl
aKTHBHO BCTYIaeT B PEaKIHUI0 C MOJIEKY/JIIDHBIM KH-
CJIOPOZIOM:

PO+02—>P02+O, (1)
PO + 02 b PO3 (2)

B [28] ompeneneno, uro peakumu (1) m (2) mmeror
XapakTep IICeBONEPBOTO MOPSAKA C KOHCTAHTAMHI CKO-
poctu (1,2+40,2)-107" em®- mosex.™ - ¢!, TIpu xoHeH-
Tpamu  atMocdepHOro Kuciaopoga ~ 5,64 -108 em
XapaKTepUCTHUECKOe BpEMSI PAcCMATPUBAEMBIX peak-
nuit cocraByigeT ~ 15 HC, YTO NPUMEPHO Ha TOPSIOK
MeHbITIE T.

B cBg31 ¢ 0TCYyTCTBIEM TOCTOBEPHBIX IKCIIEPUMEH-
TAJbHBIX JAHHBIX MOYKHO TPEATONOXKUTh, YTO OJHUM
U3 MeXaHH3MOB 06pa30BaHUSA MOJEKYJ MOHOOKCH[A
docdopa B pesysbrate doTodpparMeHTAIII OpPraHo-
docdatoB siBisTIOTCS BTOPUYHDBIE (POTOXUMUYECKHE Pe-
akiun P-dpparmentos (atomos ¢docdopa) ¢ armocdep-
HBIM KucjaopogoM. OmHako, corsiacHo [29], KOHCTaHTBI
cxopocTell Takux peakuuii cocrasigior (2,06 +0,09) x
x 107! eM® - Mostex.™ -c’l, UM B IlepecdyeTe Ha Xapak-
TEPUCTHYEeCKOe BpeMs ~ 9 HC, YTO MeHbIlle T MPIMEPHO
B 20 pa3. ITO 3HAYUT, YTO XaPAKTEPUCTHUUECKOE BPEMS T
00YCJIOBJIEHO TJIaBHBIM 06pa3oM BHYTPHUMOJIEKYJISPHBI-
Mu TporneccaMu B TO® u ompezgenser BpeMs ¢oTo-
dparMeHTaINN B 33JJaHHBIX YCJIOBUIX.

W3 3aBucumocTtH, NpuBeJeHHONW HA puc. 4, Takxke
BU/IHO, YTO TIPW MUHUMAJIBHON 3a/ep:kKe (parMeHTH-
pYIOIIETO U 30HAMPYIOIIETO WMITYJIbCOB [OCTUTAETCS
MakcuMasibHasg 3ddexTuBHOCTD mporecca JID,/JIND
aspososst TOD, kotopasi MIPUMEPHO B CEMb Pa3 BBIIIIE,
YeM TIPU OJHOUMITYJIbCHOM JIa3ePHOM BO3/I€HCTBUN.

3akaoueHue

[lo pesysnbraTaM IpPOBEJeHHOTO MCCJIEJOBAHNS
MOXHO c[JelaTb BBIBOJ[, 4YTO CHHXPOHHU3NPOBAaHHOE
JBYXUMIIyJIbCHOE JIa3epHOe BO3/eficTBHE Ha a3po30JIb-
Hble dYacTHIBI opraHodocdaroB m ux PO-dpparmen-
TBI TIO3BOJISIET TOBBICUTDH 3derTnBHOCTD JID,/ JIND.
Ha mpumepe asposzonst TOD mokaszaHo, UTO MpU BO3-
JleficTBuN  (PParMeHTHPYIONETr0 U 30HJUPYIOIETO NM-
IIyJIbCOB ¢ MUHUMAJIbHOIT 33/1€P3KKOil MOSKHO IIOBBICUTD
addexrusnocts JID,/JIND npuMepHo B ceMb pa3 Iio
CPaBHEHHIO C OJHOMMITYJIbCHBIM JIa3€PHBIM BO3/EHCT-
BHEM.

YcranosseHo, 4to obpasoBanme PO-dparmMeHTOB
TO®d B asp030JbHOM COCTOSHHM IIOZ JeHCTBHEM JIa-
3€pHOTO M3JIY4YeHUS C JJMHON BOJHBI 266 HM HMeeT
cnajfaomuil KCIOHEeHNINAIbHBIN XapaKTep € IIOCTOSH-
Hoit Bpemenu 192,6 + 20,2 Hc.

B xone nanbHeiineit paGoThl IIAHUPYETCS pac-
IMIIPUTh HOMEHKJIATYPY HCCIIeyeMbIX opraHodocdaTos
U U3YyYUTb JUHAMHIYECKUEe 3aKOHOMEPHOCTH 06pa3oBa-
Hug nx PO-parMeHTOB He TOJBKO B a3pPO30JHHOM, HO
7 B KalleJbHO-KUIKOM COCTOSTHHUHM Ha Pa3JMYHBIX T0-
BepxHocTax. /[lng Bosbyxaenus duyopecteniun PO-
(¢ parMeHTOB IIaHUpPYeTCA IepeXo] OT HCHOIb30BAHI
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skcuMepHoro KrF-yjasepa k TBepaoTe/sbHOMY Iiepe-
crpanBaeMoMy Ti:Sapphire-na3epy ¢ BHemHUM reHe-
paTopoM TpeTbell TapMOHWKH. 3a CUeT YMeHbBITeHW
JTUTEJbHOCTU MMITYJThCa 30HIUPYIONIETO U3IYIeHUs 10
7 HC M BpeMeHHOro [kuirepa Ao ~ 1,5 Hc ynactes
YTOUYHUTH 3aBucuMoctu wuHTeHcuBHOCcTH JIMID PO-
(¢parMeHTOB OT 3aJep:KKN MeXAy (DparMeHTHPYOIINM
7 30HAUPYIOMNUM WMITYThCAMU.

Kpome Toro, cokpaiiierme AIUTETHHOCTH UMITYJIb-
COB U BPEMEHHOTO [KUTTEPA MPH TeX Ke JHepreTude-
CKUX TIapaMeTpaxX 30HAMPYIOIIETO Ja3epHOTO M3JIyde-
HUSI TO3BOJIUT KPAaTHO CHU3UTDH BJHUSIHUE 0OPATHOTO
paccesaust atMocdepbl Ha COOTHOIIEHHE CHTHAJ/ TIyM
3a CYeT YMEHBINEHUs TUTETBHOCTH CTPOO-MMITYJIbCOB
doromeTekTopa. ITO CBI3aHO C TeM, YTO B YCJIOBUSIX
peagbHOIl aTMocdepbl 3a CYET CTOJTKHOBUTENBHOTO
TYIIEHNSA a30TOM W KUCJIOPOJIOM PAIUAIIOHHOE BpPeMS
JKU3HHU  3JIEKTPOHHO-BO36Yy:KaAeHHBIX PO-(dparmMeHTOB
B cocTtostHnm A°L* cokpaimaercs ¢ ~ 10 1o ~ 1 HC U g
MIHHMU3AIUI CHTHATAa IIOMEXH OGPATHOTO paCCesHUS
atMocepbl  cTpobupoBaHie (GoToJeTeKTOpa JIOIKHO
OCYTIECTBJIATBCS UMITYJIbCAMH  [ITUTETBHOCTBIO  KaK
MOXHO 60Jiee GJM3KON K JJIUTETHHOCTH 30HANPYIOMNX
JIa3epHBIX MMITYJIbCOB.

@unancuposanue. VccreoBanne BBIIOJHEHO TIPH
noguepsxkke PH® (rpant Ne 20-79-10297, https://
rscf.ru/project,/20-79-10297 /).
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induced fluorescence of an organophosphate aerosol.

The laser fragmentation/laser-induced fluorescence (LF/LIF) method is well known for its efficiency in
detecting complex chemical compounds based on the fluorescence of their characteristic fragments. The method
is applied, for example, to measuring the local content of nitrous acid and hydroxyl radicals in the atmosphere,
visualization of intermediate stages of combustion processes, remote detection of substances in the gaseous state
in the atmosphere and condensed state on surfaces, etc. We present for the first time the results of the experi-
mental study of a possibility of remote excitation of LIF of characteristic photofragments of a substance in an
aerosol state in the atmosphere. The organophosphorus compound triethyl phosphate (TEP) was used as the test
substance. It has been shown that synchronized two-pulse laser irradiation of TEP aerosol particles and their
PO-fragments (phosphorus oxide molecules) makes it possible to increase the efficiency of the LF/LIF process
by approximately seven times compared to single-pulse laser exposure. It has been established that the process
of formation of PO-fragments of TEP aerosol under the laser irradiation at a wavelength of 266 nm has a de-
caying exponential character with a characteristic time of 192.6 + 20.2 ns. In terms of the nature of the time
dependence of the formation of photofragments, the results obtained are fundamentally different from similar
measurements for other compounds in gaseous and condensed states and motivate further research that will con-

tribute to the development of the LF/LIF method.
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