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Omnruko-akycruuecknii (OA) MeTO/ MIHPOKO MPUMEHSIETCS TP HCCJIE0BAHUI TOTTOMEHNS ONTHYECKOTO H3-
JIy4eHHs Pa3iInYHBIME cpefaMH. Kak IpaBmiio, IpeArosaraeTcs, 4TO IOJIe3HBII cUTHAT opMUpyeTcs IPH pesak-
canuy KoJe6aTelbHO-BO36YKAEHHBIX MOJIEKYJ ¢ OOIINM XapaKTepHbIM BpeMeHeM Tyr. PaccMOTpeHa KHHeTHKa Tell-
qnoBbifiesieHnsa B OA-sueiike IpU TIOIJIONIEHUN JIa3epPHOTO UMIIYJIbCa B CMeCH JBYX MOJIEKYJSPHBIX Ta30B C ABYM:S
He3aBHCUMBIMI KaHaJTaMH KoJe6aTeJbHO-TIOCTYMATeTbHOH pelaKcallili ¢ CH/JIbHO Pa3JHYaloNIMIICS BpeMeHaMI.
IIpuBenen npumep pacueroB KMHeTHKHU TeljoBblgesneHus A1 cMecu H,O u CO, 1pu norJoeHu MOHOUMILYJIbCA
naaydenns CO,-Tasepa Ipu BapHalUsAX KOHIEHTPALUil Ta3oB. Y CTaHOBJEHO, YTO IIPH HHTepIpeTalluy pe3yJIbTa-
ToB OA-u3MepeHUil HEOOXOAUMO YUUTHIBATH COOTHOIIEHUE MEXIY JIUTEeIbHOCTbIO UMIIy/Ibca BO30OYXAAIOINIEro Ja-
3epHOro U3JIyueHUs U XapaKTepPHbIMHU BpeMeHaMU KoJle6aTebHO-IIOCTYNATeIbHOIl pelakcalluil B HCCJIeyeMoll cMe-
cu rasoB. I[losyyeHHble pe3y/bTaTbl IPUMMEHUMbI [JIS1 OLLEHKU [OTepb JIa3epHOIO M3JydYeHUs M M3MeHeHH:d ONTHYe-
CKUX XapaKTepPUCTHK MHOTOKOMIIOHEHTHON Ta30Boii cpeibl (B TOM duc/e BO3AyXa) B KaHale PACHPOCTPaHEHUS
MOIIIHOTO JIa3epPHOrO MMILY./IbCa.

Knwouesvie cnosa: razoaHanns, IIUTETbHOCTb UMITYJIbCA U3IyUeHHsI, OMTUKO-aKyCTHYECKUil CUTHAJ, MOJIEKY-
ngproe moryorenne, VT-perakcarss, COy-a3ep; gas analysis, laser pulse duration, photoacoustic signal, mo-

lecular absorption, VT relaxation, CO, laser.

BBeaeunne

VmMnyibcHbIE Jia3epbl IHPOKO MPUMEHSIOTCS IS
aHa/nM3a BellecTB 1 06BEKTOB OKpY:Kaioleil cpeapt [1—
3]. [nga pemteHust 3a/1a4, CBSI3aHHBIX C TOTJIONIEHHEM
ONTHYECKOTO W3JIyYEHUS Pa3JTUIHBIMEU CpPedaMU, pac-
npocTpaneH ontnko-akyctuaeckuii (OA) merton [3—7],
B KOTOPOM DPErHCTPUPYEMBIN CHTHA MTPOHOPIHOHATIEH
K03(bUIMEHTY TIOTJIONEHIST UCCJIEyeEMOTO BEIecTBa.
[Tportece renepanun OA-curHasa TP BO3GYKIACHUU
UCCJIEyEMOro BellleCTBa JJa3ePHbIM UMITYJIbCOM XOPOIIIO
omucaH B mutepatype [4, 5, 8, 9]. OcHoBHOe BHUMaHUE
IIPU 9TOM Y/IJIIETCS MIMEHHO TeHepPaIlii aKyCTUYeCKOro
curnama [10—13]. TIIpeo6pa3oBaHue MOTJIOIMIEHHOM
SHEPIHUU JTa3ePHOTO U3JIyYEHUS B KMHETHYECKYIO HEp-
TUI0 MOJIEKYJ U BO3HUKHOBEHHE TEIIOBOTO CHUTHAJA
Ha I[epPBOHAYATbHOM 3Talle MPOUCXOAAT Oiarogaps
K0J1e6aTeIbHO-TTOCTYIATEIbHOI peakcaiuu ¢ o6IuM
XapaKTePHBIM BPEMEHEM TyT.

* Ompra IOpbeBna Hukudoposa (nik@iao.ru); IOpwmii
Huxomnaesuu Ilonomapes (yupon@iao.ru).
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[IpencraBaster mHTEpec GoJiee TeTaabHOE HCCIEN0-
BaHNUeE TETIOBBIIEJIEHHS B CMECH Ta30B, B KOTOPOIl IpH-
CYTCTBYIOT HECKOJBKO TIOTJIOIMAIONINX Ja3epHoe WU3JIy-
YeHNe KOMITIOHEHTOB. XapaKTepHBIM IIPUMEPOM TaKoii
CpeJibl SIBJIgeTCs, HampuMep, aTMochepHBIil BO3IyX, Tak
KaK CIIeKTPbI TIOTJIONIEHNSI €ro COCTABJIIONINX —Tie-
PEKpBIBAIOTCSI BO MHOTHX JAuana3oHaX. HambGosiee 06-
muii moaxon K omucanuio dopmupoBanuss OA-curnaia
B MHOTOYDOBHEBOII cpefie TpeayoxkeH B [14], omHako
TaKoil TOAX0/ JOBOJBHO CJOXKEH B peaH3allid U Tpe-
6yeT 3HAHWSI MHOTUX IIapaMeTpoB, TO3TOMY TIpU pelle-
Hun 3agad OA-razoaHaqm3a, KaK MPABUJIO, OTPaHIYIN-
BafoTcst 6oJiee TPOCTBIMU MOJIEJISIMU.

Ilesp Hacrosieil pa6oTbl — ONHCAHUE KUHETHKU
TerioBbIlesieHns B OA-gdelike TpHU TOTJIONIEHUH Jia-
3€PHOTO UMITYJIbCA [ByMsI Ta3aMi, UMEIOINMU He3aBH-
cUMble KaHaJbl KosebarejabHo-mocTymareabHoit (VT)
pelakcanuy ¢ CHJIbHO PasJIMYalolUMUCS BpeMeHaMH.
Takag cuTyaius BIOJHe peajbHAa B aTMOC(EpPHBIX HC-
CJIeTOBAaHUAX, HANIPUMep TPH TIOTJIONEHIH W3JIydeHs
COy-na3epa, Tak Kak IPHUCYTCTBYIONINE B BO3yXe yT-
JIEKUCJBII Ta3 W BOAAHON Tap MOTJIOMAIOT Ja3epHOe
usjaydyeHue U ux BpeMeHa VT-pesakcanuu oTIM4aioTCs
6oee uem B 100 pas [15].

817



AHan3 KHHEeTHKH TEIJIOBbIECJICHUA

[Tornomenne MK-usnydyeHus: MosieKyJaaMH IIPUBO-
IUT K BO3OYKIEHWIO WX KOJIe6aTeTbHO-BpallaTeJbHBIX
ypoBHeil B OCHOBHOM 3JIEKTPOHHOM COCTOSHUH. /[l
omncaHug BosHuKamomero OA-curHajza 4acTo IIpuMe-
HAeTCs ABYXYpPOBHeBasg Mojeflb U IpeJIosaraercs, 4To
BO30Y:K/eHUe SIBJISETCS CJa6bIM, TaK 4TO M3MeHEeHUeM
KOHIIEHTPAIIUN  HEBO3OYKAEHHBIX MOJIEKYJT MOKHO
npene6peub. Ilpu 3ToM ypaBHeHHe [JS1 IJIOTHOCTH
BO36Y:x1eHHBIX Mosekyn N B sueiike uMeet Buj [5]:

. ) .
dN" _ka It N (1)

dt hvid Toib,

rge I(t) — MHTEHCUBHOCTH BO30YIKIAIOLIETO ONTHYE-
CKOTO W3JIydeHusi; fiv — SHEprusl KBaHTA; @ — PAJUYC
nyuka; kB — koahdUIMEHT MOTJOIEHUsT UCCIeayeMO-
rO Ta3a; Ty, — XapaKTepHOe BPEeMs peslaKcallii KoJe-
GaresbHOTO BO3GYskAeHUd, 1/ty, = 1/tyr + 1/14 =
= wyr + Wq, Wyr — BEPOATHOCTb KOJIEGATETHHO-TIO-
crymatesnboil (VT) penakcauuu, npusoaduieil kK Bo3-
HUKHOBeHNI0 OA-CHTHaJa, @y — BEPOITHOCTb PesaK-
caluy 3a CYeT JPYruX MeXaHH3MOB JIe3aKTHUBAIMU KO-
Jle6aTeJIbHOTO YPOBHA.

ITpu BO3GYK/JIEHUU MPSIMOYTOJBHBIM UMITYJIBCOM
JUTHTETbHOCThIo T, N3MeHeHe KOHIIEHTPAI[HN BO36Y K-
JIEHHBIX MOJIEKYJI OIHCBIBAETCS] BBIPASKEHITEM
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Jlumb 4gacThb KoJie6aTeabHO-BO30Y KICHHBIX MOJe-
KyJI, ompefesseMas BEPOSITHOCTBIO KoJebGaTeIbHO-II0-
CTyHaTeJTbHOIl peslaKcalliil w@yt, O6ecledynBaeT BBIe-
JleHWe Teljla B o6beMe Ta3a, MOITOMY ILIOTHOCTH Tell-
JIOBBIX NCTOYHUKOB OTIpe/iesIsieTCS COOTHOIIeHNEeM

H = N* s Wy - hV, (3)

n ee MaKCUMyM Haé]HOL[ZleTCFI B MOMEHT OKOHYaHUA
NMITyJIbCa U3JTyYEeHNA.

Pesyabratel 1 00CyKaeHHe

Kunetnka TemyioBbI/IeTeHUS MOKET MEHATHCI B 3a-
BHUCHUMOCTH OT COOTHOIIEHMS JJIUTETbHOCTH WMIYJIbCa
n3aydyeHuss u BpeMeH VT-perakcalliyl IOTJIONIAIONUX
ra3oB B HccieayeMoM obpasiie. B cMecn 2 morJomniato-
IMUX Ta30B C HE3aBUCUMBIMH KaHasamu VT-pesakca-
1[I cyMMapHoe TelioBbiiesenne H o6yc/ioBIeHO BKJIa-
namMu Kaxkjgoro u3 raszoB: H = H; + H,. Ha puc. 1
npezactabaen Bkaag (A) rasa ¢ Gomee GbicTpoii VT-
penakcaiueii B cyMMapHOe TeTLTOBBIIe/IeHTe

H,

A=—"F— 4
H1+H2 ()

B 3aBHCHMOCTH OT COOTHOIIEHNUS MeXX/Ty JAJINTeJbHOCTDIO
UMILyJIbCa U3JIy4eHus U BpeMeHeM VT-pesakcaiuu rasa

¢ 6oJiee MeIJIEHHBIM TEILTOBBIEIEHIEM Ty I HECKOJIb-
KUX COOTHOIIEHUIH Mekay BpeMeHamu VT-penakcanuun
oboux TasoB 1{/1,. B pacuerax mpeamnoJarajoch, 4To
XapaKTepHOe BpeMsI APYTUX MeXaHU3MOB [€3aKTHBAIINN
KoJie6aTeTbHOTO BO3OYKIeHUSA I 060MX Ta30B He
pasnuuaercs u B 100 Gosbie, yeM 1y, a Koaduinen-
TBI MIOTJIONIEHUs Ta30B By = 1 yci. exu ky - 0,1 yco. ex.
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Puc. 1. [lona rasa ¢ 6osee 6bicTpoii VT-penakcaiueii B cyM-

MapHOM TerioBbIZesieHnn B OA-sgueiike B cMecH JBYX IIOTJIO-

HIAIOIMUX Ta30B ¢ Pa3aMyHbIME BpeMeHamu VT-perakcanuu;

tq = 1007, ki/ky =10, 1/ =2 (1), 5 (2), 10 (3), 20 (4),
100 (5)

W3 puc. 1 BUIHO, Y4TO BKJAJIBI TA30B B CyMMapHOe
TETIOBBbI/IeJIEeHIe  COOTBETCTBYIOT —COOTHOIIEHUIO WX
koaddurmentos nornomenns  (ky/(ky + ky) = 0,09),
TOJIBKO €CJIN  JITUTEJBHOCTh WMITYJIbCOB HM3JIy4eHUs
60JIbITIe BpeMeH pesakcaImi o6omx Ta3oB. [[1a 6oJiee
KOPOTKUX WUMITYJbCOB BKJAJ Ta3a €O CJAOBIM TMOTJIO-
meHueM, Ho ¢ Gojee 6bicTpoit VT-pesakcaiieii MOXKeT
JIOMUHUPOBATh B CyMMapHOM TeTLIOBBI/Ie/IeHIH.

Ha puc. 2 mpezacraB/ieHa KHHETHKA TeTIOBBIIE]E-
Hug B OA-gueiike, 3al0JHEHHON CMeCblO JBYX IOIJIO-
maonmx ra3oB. Bpema VT-penakcamum t; mnepsoro
rasza B IBa pa3a 6oJblle IUTEJbHOCTH UMIYJIbCa, Bpe-
M VT-penakcaiuu 1, BTOPOTO Ta3a B IATh pa3 MeHb-
1Ie [JIUTeTbHOCTH UMITYJIbCa U3JIydeHus. XapaKTepHoe
BpeMs IS IPYTHX MEXaHW3MOB [e3aKTHBAIINH KoJe-
6aTesbHOTO BO3OYKIEHUS Tq A 060MX Ta30B J0CTa-
TOYHO BEJTMKO U BCS TIOTJIOIIEHHAST ONITHYECKAsT SHePTHs
npeoGpasyercsi B Toje3HbIN curHaa. KoadduimeHTs
MOTJIONEHUsI Ta30B Ry M Ry PaBHBI WJIN OTHOCSATCS Kak
1:5 m 5:1. U3 puc. 2 BUAHO, 4YTO MaKCHMaJbHOE 3HA-
YeHne CHUTHAJIa OOYCJIOBJIEHO B OCHOBHOM MOTJIOIIEHN-
eM rasza ¢ 6ojiee 6picTpoit VT-penmakcammeii, a BKJIaj
MeJ/IJIEHHO PeJIAKCUPYIOINIero Ta3a JOMUHUPYeT JIUIIb
Ha BpeMeHaX, Ha MOPS/IOK ITIpeBbIIaoiux BpeMs VT-
peJakcanuu rasa ¢ ObICTPON pesaKkcaliueit.

B armMocdepHBIX HCCIeIOBAHUSX B IIPOIIECCAX TMO-
TJIoIeHnsT 3Heprun uMmyJbca usmyderns COj-yaszepa
1 TIocJeiyIollell TeHepaIli TeIJIOBBIX HMITYJIbCOB MO-
TYT y4acTBOBATh IATh atMocdepHBIX razoB: H,O, NHj,
CO,, Ny u O,. B 3aBucuMocTu OT JUHUU TeHEpAINH
Jlazepa TepBble TPU MOTYT TIOTJIOMIATD JIa3epHOe WU3JIY-
yeHue; BpeMs KoJiebarenbHoil penakcamuun H,O m NHs

818 Huxudgoposa 0.10., Ilonomapes 10.H.



H(t), yenu. en.
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Puc. 2. Kunernka rensoBbienenuss B OA-sveiike B cMecH [BYX MOIVIONAIONIMX Ta30B C pasiauyaomuMmucs BpemeHamu VT-
perakcauuu: { — 1y = 1 Mkc, Ry = 1; 2 — 1, = 0,1 Mxc, ky =1 (a), 5 (6), 0,2 (¢)

mpu cTosKHOBeHUsAX ¢ Ny 1 Oy B aTMOchepHBIX yCJI0-
Busix < 100 uc. CO, npu croskHOBeHHSIX ¢ Ny Tepe-
aeT KosebaTeTbHOE BO3OYKIeHHE MoseKysae Ny, pe-
JIaKCaIlusl KOTOPOW 3HAuUTeJbHO MemayeHHee [15].
B stoMm ciayuae npu norsomenun usnydenus: COp-ya-
3epa ¢ gactotoii Momysaruu 1 k[ ¥ CKBasKHOCTBIO S
(r.e. pmuresbHOCTb uMITyJibca ~ 200 MKC) Win Jiasep-
HOro MoHouMITyJibca cMechbio 1% HyO u 500 ppm CO,
TemJIoBbIlesieHne B Ny, 06YCJIOBJIEHHOE IIOTJIONIEHIEM
BOJSHBIM TIapOM, NPOUCXOAUT C XapaKTePHBIM BpeMe-
HeM t ~ 0,1 MKc, a TIOTJIOIIeHNEeM YTJIEKICJAbIM Ta30M —
co BpeMeHeM 1 ~ 0,7 Mc niau Mezasientee [15].

ITpu reHepannu jgasepa Ha juaun 10R(20) u yka-
3aHHBIX KOHIIEHTPAITIAX Ta30B TIOTJIONIEHNE BOSHBIM
mapoM (k~6-10"% cm!-arM™!) mpumepro B mectb
pa3 Goublile TIOTJIOLIEHUS yIJeKucabiM rasom (k ~
~2-103 em'-arm!), oamako TemoBbIeTeHNE, 00y-
cioBieHHOoe ToromenneM H,O, K KOHIy HMITyJIbca
usstydenus g guHun 10R(20) npeBoCcXOAUT BKJIA
CO, B 25 pa3. Jlna qunun renepannm nasepa 10R(18),
Ha KOTOPOH Koa((PUIMEHT TOTJIONEeHN BOAJHBIM Ta-
poMm moutu B 100 pas menbine, yeM Ha jguHun 10R(20),
a koaddunuent morsomenus CO, TOT ke, HOTJOIIe-
uue H,O B 15—16 pa3 menbie, a Bkiaag H,O B Tem-
JIoBBIZIesIeHe MeHbIle Bkiaaga CO, jgumb B 2,5 pasa.

Jlnst 6omee BaaskHoit cmecu 3% H,O u 400 ppm
CO; B N, (KOHIEHTpamnuu BOJAAHOTO Mapa W YIJIEKH-
CJIOTO Ta3a COOTBETCTBYIOT aTMOC(HEPHOMY BO3IyXY TIpH
temmneparype 30 °C u oTHOCHTeJbHOI BaskHOCTH 70%)
Bkman H,O B MakcuMaibHOe 3HaueHUe TeIIOBbIJeTe-
HUS TPH TIOTJIOMIEHNH W3Jy4YeHWs Jiadepa Ha JIHHUU
10R(20) asisercss momuuupyiomuM (gonss CO, uuib
okoJio 1%), a Ha aunnu 10R(18) BKJIaabI 060MX ra3oB
TPUOIU3UTETHHO PABHBI.

Ha puc. 3 mpencraBieHa [0 BOASHOTO Tiapa
B CyMMapHOM TeluioBblesenun cmecn 1% H,O
1 500 ppm CO; B N3 B 3aBUCHMOCTH OT AJUTETHHOCTH
UMIYJIbCa W3JyU4eHUs I BYX [IJIUH BOJH, COOTBET-
crByomux JuHuaM redepanuun CO,-nasepa 10R(18)

u 10R(20). BuaHo, 4TO mpU [JUTETLHOCTU UMILYJIbCA
u3aydeHus MeHbIne 0,5 Mc BKJIaJ BOJSHOTO Mapa B CyM-
MapHoe TertoBbiesenHe 6osee 90% na muaun 10R(20),
rae norsonienne HyO gomunupyer, u mpesocxoaut 10%
Ha suann 10R(18), x0T 06yC/I0BIEHHOE UM TIOTJIONIE-
Hue B 16 pa3 MeHblile IOIJIOIIEHUST YTJIEKUCIbIM I'a30M.
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Puc. 3. [ons H,O B cyMMapHOM TeIIOBBIIETEHUN CMeCH
1% H,O u 500 ppm CO; B Ny B 3aBHCHMOCTH OT J[JTUTEJTHHO-
CTU HUMILyJIbca BO30OYXKAAIONIETO M3JIyYeHUS IS ABYX [JIUH

BOJH, COOTBETCTBYIONUX JHHUsAM reHeparun CO,-Tazepa
10R(18) (1) u 10R(20) (2)

KuHeTnka TemsioBbl/ie/ieHHs B sueiike MOXKeT BJIM-
a1b Ha (opMy peructpupyemoro OA-curHama # ero
MaKCUMaJIbHOe 3HaueHHe. IJTO BJIUSIHHME MOJKeT OKa-
3aTbCS CYIIECTBEHHBIM TIPH TPOBeJEHNN aGCOMOTHBIX
n3MepeHNnil, KoT[a TpeABapUTeJbHO CHTHAT Kaanbpy-
eTcd 0 BeJMYIHE TIOTJIONIEHNS Ta3a ¢ M3BeCTHOH KOH-
LeHTpaIelf, a 3aTeM oOIpejesseTcss KOHI[EHTPAITH
3TOTO Ta3a B AHAJTM3UPYEMBIX CMeCdX, T/le TPHUCYTCT-
BYIOT [IpyTHe TNOTJIOUIAIoNe KOMIIOHEHTDI.

Ha puc. 4 mpezacraBjeHbl TeluioBbeenne Hy,
06ycJI0BJIEHHOE TIOTJIONEHNEM HCCIeyeMoro Ta3a ¢ Koad-
(unuenToM TOTJIONEHNsT Ry, B 3aBUCHUMOCTH OT €r0

Kunertuka TEIJIOBbIAEJICHUS IIPU ITOIVIOIE€HUH JIa3€epPHOTI0 UMITyJIbCa 6HHapH0ﬁ CM€ECbIO MOJIEKYJISIPDHBIX Ira30B... 819



KOHIIEHTPAIlUU C€; M CyMMapHOe TeIIOBbIIeJIeHue
H{ + H,, o6ycjioBleHHOe TOTJIOIMEeHNEM HCCTIeTyeMOTOo
rasa u GbICTPo pesakcupymomero rasza (k- ¢y = 0,02).
IIpu pacderax mpearnoaragoch, 4To BpeMeHa peJaKca-
muu ra3oB 1y = 1 Mc 1 15 = 1 MKc, a 1qg = 10 Mc.

0,05
0,04
= 0,03
5
770,02
T
0,01 o0 V¥V V- V-V V¥
b voaov L/ A o S
o® - A P AADAAASALS
0,00 g%@%A‘%%%eAVAQ Al‘vé-vA-»%AvA'-v e
0,0 0,5 1,0 1,5 2,0
k1-C1

Puc. 4. Temnosbigenenne Hy, o6ycioBIeHHOE TOJBKO HCCTIE-
nyembiM razoM (¢ K03 UIMeHTOM NOTIoeHns Ry U KOHIeH-
Tpaiuei ¢() — CBeTJble CUMBOJIBI; CYMMapHOe TeILTOBbIIeeHIe
H, + H,, 00ycJ0oBJIeHHOe IOIJIONIEHNeM WCCIeLyeMOro rasa
u Gbictpo penakcupyiomiero raza (Ry-c; = 0,02) — rteMHble
cuMBOJIBI. J[UTeNbHOCTD UMy Ibca usaydenus 1, = 200 (1),
20 (2), 2 3 um 0,5mMkc (4); 7 =1mMc, =1 MKc,
14 = 10 Mc

s puc. 4 BH/IHO, YTO B 3aBUCHUMOCTH OT JAJUTEJIb-
HOCTH UMITyJIbCa U3JTyYE€HUA L[OMI/IHI/IpyIOLL[I/Iﬁ BKJIa[g
B CyMMapHO€ TeIlJIOBbI/Ie/IeHnEe OéyCJIOBJIeH IIOTJIO-
ImeHneM rasa, BpeMA peJaKcallil KOTOPOTO COIIoCTa-
BUMO C [JIUTEJBbHOCTBIO WMITyJbCa BO36y>KZIaIOH.IeI‘O
N3JIydeHusd.

3akouenue

BoinosiHeHHBIN aHA/IN3 KUHETUKU TeHepaly Tell-
JIOBBI/IeJIeHUsT TIPY TIOTJIONEHIH MMITYJIbCHOTO JIa3epHO-
TO U3JIy4YeHHS CMeChbI0 MOJIEKYJISIPDHBIX T'a30B € Pa3Jny-
HBIMU BpeMEHAMH peJlaKCcallui TMOoKa3al HeoOXO0MMOCTh
ydeTa COOTHOUIEHUS MeXK1y [JIUTEJbHOCTbIO HMMITYJbCa
U3TyYeHUs W XapaKTepHBIMI BpeMeHaMH KosebaTelb-
HO-IIOCTYIIaTeIbHON peslaKCalluil IIOIJIOIIAIONINX KOM-
TTIOHEHT CMeCH.

[Ipu ucnosb30BaHNK UMITYJIbCHOTO U3JIyYeHUS Iie-
Jilecoo6pa3Ho YUYUTHIBATH COOTHOIIEHIE MEK/Y JJIUTETh-
HOCTBIO BO30YKIAIONIET0 UMITYJIbCA U XapaKTepHBIMU
BpeMeHaMH  KoJieGaTeTbHO-TIOCTYIIATeJbHON — peslaKkca-
LIUU TOIJIOUIAIONUX Ta30B /I IIPaBUJIbHOW OLEeHKU
KOHIIEHTpAIUil MOJEKYJ B HCCIeayeMoM o06pasile Oll-
THUKO-aKyCTUYeCKUMH Ta3oaHajauszaropamMu. B artom
clydyae BJIMSHHE Ka)KJOIO0 U3 Ia3oB JOJKHO YYHUTHI-
BaTbCs NMPH KaJINOPOBKE W OIleHKEe MOTPEITHOCTH IM3Me-
peHuii.

MDunaHcupoBanue. PaGora BbITIOTHEHA B paMKax
rocynapctBerHoro 3ajganusg MOA CO PAH

820

10.

11.

12.

Cnucok JurepaTypbl

Hemey B.M., Ilacmop A.A. Jlazepbl B aHaJIUTHKe: BO3-
MOKHOCTH 1 TIEPCIIEKTUBBI PA3BUTUS UMITYJIbCHBIX JA3€POB
YJIbTPAKOPOTKOrO JuanazoHa // Xumudeckas (HH3HKA.
2017. T. 36, Ne 2. C. 70—74. DOI: 10.7868,/S0207401X
17020157.

Hongda Li., Konosanoe H.H., Ilanuenxo FO.H., Ily-
yuxun A.B., Awndpees M.B., Bo6p06HuK06 C.M. Um-
myabcHbIE CO,-Tasep ¢ HAKAYKON NMPOAOJBHBIM Pa3psiioM
B IepeMeHHOM MarHutHoM moJe // Omnrtuka armocd.
u okeana. 2023. T. 36, Ne 11. C. 953—957. DOI: 10.15372/
A0020231112; Hongda Li, Konovalov I.N., Panchen-
ko Yu.N., Puchikin A.V., Andreev M.V., Bobroo-
nikov S.M. Pulsed CO; laser pumped by a longitudinal
discharge in an alternating magnetic field // Atmos.
Ocean. Opt. 2024. V. 37, N 1. P. 118—122.

Gao R., Liu Ya., Qi S., Song L., Meng J., Liu Ch.
Influence mechanism of the temporal duration of laser
irradiation on photoacoustic technique: A review //
J. Biomed. Opt. 2024. V. 29, N S1. P. S11530-1—S1 1530-
19. DOI: 10.1117,/1.JB0O.29.S1.S11530.

Kosunues B.1., Benos M.JI., I'opoonuuee B.A., Dedo-
mos FO.B. JlasepHbIil ONTHKO-aKyCTHYeCKUl Ta30aHATIN3
MHOTOKOMIIOHEHTHBIX Ta30BbIX cMeceil. M.: 3a-Bo MITY
uM. H.3. Baymana, 2003. 352 c.

Ilonomapes FO.H., Azees¢ b.I., 3uzpucm M.B., Kanu-
manoe B.A., Kypmya /I., Huxugoposa O.IO. Jlazepuas
OTNITUKO-aKyCTHUECKAsT CIEKTPOCKOINS MEKMOIEKYISIPHBIX
B3auMojeiictBuil B rasax / mox ped. JI.H. CuHuIBbI.
Tomck: PACKO, 2000. 200 c.

Mitrayana D., Nikita J.G., Wasono M.A.J., Satria-
wan M. CQO; laser photoacoustic spectrometer for meas-
uring ethylene, acetone, and ammonia in the breath
of patients with renal disease // Sens. Bio-Sens. Res.
2020. V.30, N 100387. DOI: 10.1010/j.sbsr.2020.
100387.

Azeee¢ B.I., Canoxnukosa B.A., TI'pyzdes A.H., Cas-
uyx /I.A. XpOHOJOTUN Ta30BBIX COCTABJSIONIUX B JpeBe-
CHBIX KOJIBIAX CIHJIOB JHCTBEHHbIX JepeBbeB // OmTuka
atMocd. m okeana. 2023. T. 36, Ne 7. C. 602—609. DOI:
10.15372/A0020230710; Ageev B.G.,  Sapozhniko-
va V.A., Gruzdev A.N., Savchuk D.A. Chronologies
of gas components in deciduous tree rings // Atmos.
Ocean. Opt. 2023. V. 36, N 6. P. 816—823.

bypenun A.B. Teopernueckuil aHaniu3 rasoBoil sdeiiku
PaIMOCIIEKTPOCKOIIA € aKyCTHIeCKUM JerekropoM /,/ 3B.
By30B. Pagnmodus. 1974. T. XVII, Ne 9. C. 1291—-1303.
Bepewazuna JI.H., Kapoe B.11., Illunos IH., Illme-
na B.H. Oco6eHHOCTH HMITYyJbCHOTO ONTHKO-aKyCTHYe-
ckoro addexra B rasax // Kypu. Teop. dus. 1984.
T. 54, Ne 2. C. 342—347.

Cotterell M.I., Ward G.P., Hibbins A.P., Haywood J.M.,
Wilson A., Langridge J.M. Optimizing the perform-
ance of aerosol photoacoustic cells using a finite element
model. Part 1: Method validation and application to
single-resonator multipass cells // Aerosol Sci. Tech.
2019. V.53, N 10. P.1107—1127. DOI: 10.1080/
02786826.2019.1650161.

Liu X., Wu H., Dong L. Methodology and applications
of acousto-electric analogy in photoacoustic cell design
for trace gas analysis // Photoacoustics. 2023. V. 30.
P. 100475. DOI: 10.1016,/j.pacs.2023.100475.
IIpomacesun A.E. YTouHeHIe HEKOTOPBIX aHATUTHYECKUX
pelleHnit IS OMTHKO-aKyCTHYECKOTO CUTHAJMA B JKHIKO-

Hukudoposa 0O.10., [Tonomaper 10.H.



crsix u razax // Onruka armocd. u okeana. 2010. T. 23,
Ne 11. C. 1021—-1026.

13. Kypax A.H., Ionaskun /[.A., Tuxomupos b.A. T'enepa-

ST CUTHAJA ONTUKO-aKyCTUYIECKOTO [EeTEKTOpa B CMeECSIX
TOTJIOIIAONETo Ta3za ¢ BomopoaoM // Omruka atMocd.
n okeana. 2022. T.35 Ne9. C.730-734. DOI:
10.15372/A0020220906.

14.

15.

Bauer H.-J. Son et lumiere or the optoacoustic effect in
multilevel systems // J. Chem. Phys. 1972. V. 57, N 8.
P. 3130—3145.

Rooth R.A., Verhage A.J.L., Wouters L.W. Photo-
acoustic measurement of ammonia in the atmosphere: In-
fluence of water vapor and carbon dioxide // Appl.
Opt. 1990. V. 29, N 25. P. 3643—3653.

O.Yu. Nikiforova, Yu.N. Ponomarev. Kinetics of heat release at absorption of laser pulse by binary
mixture of molecular gases with different vibrational-translational relaxation times.

The photoacoustic (PA) method is widely used in studies of the absorption of optical radiation by various
media. As a rule, it is assumed that the PA signal is formed due to the relaxation of vibrationally excited mole-
cules with a common characteristic time tyr. The kinetics of heat release in a PA cell at absorption of a laser
radiation pulse in a mixture of two molecular gases with two independent channels of vibrational-translational
relaxation with very different times is considered. An example of calculations of the kinetics of heat release for
a mixture of H,O and CO, at absorption of a CO, laser radiation pulse and variations in gas concentrations is
presented. It is shown that it is necessary to take into account the relationship between the laser pulse duration
and the characteristic times of vibrational-translational relaxation in the gas mixture under study.

Kunertuka TEIJIOBbIAEJICHUS IIPU ITOIVIOIE€HUH JIa3€epPHOTI0 UMITyJIbCa 6HHapH0ﬁ CM€ECbIO MOJIEKYJISIPDHBIX Ira30B... 821



