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SESSION 6

Disadvantages with DOAS: 1.Atmospheric turbulence induce intensity variations in the spectra. 2. Only a
limited number of molecules have suitable absorptions in UV and visible region. 3. Rain, snow, fog and clouds
make measurements impossible due to the strong attenuation in the UV-Visible region

In our research we used a modernized version of the gas analyzer DOAS-M1. The system consisted of a
spectrometer with a photodiode array, a coaxial telescope, and an analyzer. A 150-W Xe arc lamp was em-
ployed as the light source. For recording the spectra, a monochrometer with a holographic grating and a photo-
diode array was adopted. The concentrations of the species in the atmosphere were extracted from the measured
spectra by evaluating the measured spectra. The measured spectra were evaluated by using a least-squares
method to obtain the average mixing ratio of several species in the atmosphere.

DOAS systems can also measure concentrations of many different trace gases, most of them involved in
photochemical smog formation; O;, NO,, HCHO, HONO, H,0, NO,, SO,, BrO, 10, OIO, and several aromatic
hydrocarbons. A number of air pollutants concentration: CS,, NO,, O,, etc were trace measured with Xe lamp
gas-analyzer, operating in UV spectral region. Minimally detected concentration is few ppb on pathlength 400
m with 2 min accumulation time. The results of the test measurements of pollutants near South sq., Tomsk are
presented.

V|3Me|39Hl/Ie I-(OHLI,eHTpaLl,l/Iﬁ aTMOC(beprIX A30B TPaCcCoBbIM
ra3oaHa/in3aTopoM Ha OCHOBE Xe-namnbl

CmupHos C.C., l'eviko .11

HauuoHanbHbIi uccnegoBaTenbcKuii TOMCKMIA rocyfapcTBeHHbI yHUBepcuTeT, ToMcK, Poccun
WMHCTUTYT MOHUTOPUHIA KMMaTUYeCKUX U 3Konoruueckux cuctem CO PAH, Tomck, Poccus
E-mail: smirnov@imces.ru

MOMOIIIBIO TPACCOBOTO razoaHain3zaropa B Y® o0nacTu criekTpa MpoBe/ieHb! JTUTEIbHbIC N3MEPEHUS

KOHIICHTpAIUH psija 3arpsasHsomux atmocdepy razos: O,, NO,, O,, CH,O u ap., o0CcyxnaroTcs moiy-

YeHHbIE pe3ynbTaThl. [IpHHIUI paboThl razoaHaaM3aTopa OCHOBaH Ha Merone MuddepeHInanbHONR
ONTHUYCCKON a6COp6[H/IOHHOI71 CIICKTPOCKOITNH. B kauecTBe ncTouHNKa H3JIYYCHU UCII0JIb30BaHa AyroBas KCe-
HOHOBa# J1aMIia BBICOKOT'O JaBJICHHUA.

Yucrora arMochepHOro Bo3myxa - O{H U3 BAXKHEHIINX ITOKa3aTesiel IKOJIOrHYECKOr0 COCTOSIHHS OKpyKa-
I011Ie# cpeibl. B HacTosiIIee BpeMsi cpeiv KITaCCHUECKUX METOIOB (OCHOBAHHBIX Ha 3a00pe Mpo0) /UIsl H3MEpEeHUs!
MaJIbIX KOHLIEHTpAIIW#i 3arpsI3HSIOIINX Ta30B B arMOc(epe, IHUPOKOe pacpoOCTpaHeHUE HAXOAT U COBPEMEHHbIE
OeckoHTakTHBIe MeToAbl. OJMH U3 TaKMX METONOB - MeTOJ An(pepeHInaIbHON ONTHIECKOH abCopOIMOHHOI
cnekrpockoruu (JIOAC). ITepBbie u3mMepenus ¢ ucrnons3oBanreM npuHimoB JJOAC ObLIH MPOBEICHBI B KOHIIE
1970-x rogoB. C Tex mop 3TOT MeToA Bce 0ojee IMUPOKO UCTIONB3YeTCsl KaK B HAyYHBIX MCCIIEIOBAHUSX, TaK U B
TIPUKITATHBIX pa60Tax, CBA3AaHHBIX C MOHUTOPHWHI'OM I'a30BbIX 3arp;13HeHm71 aTMOC(bepLI.

Ha puc.1 mpuBenena npuHIUIMATBHAS cXeMa, HIUTIOCTpUpytomas peanusamnuto merona JJOAC. Uznyye-
HHE OT UCTOYHHUKA MPOXOAUT CKBO3b OCIAOISIONIMN CJI0i aTMOcdephl U ero CreKTp, Nocie HOPMUPOBKH Ha
CIICKTP M3JIyUYCHHS aHATH3UPYETCs U 00padarsiBaeTcsi. C MCHONb30BaHKEM 0a3bl CIIEKTPAIbHBIX JaHHBIX Ta30B
yAaeTcst BOCCTAHOBUTH MX MHTEIPAJIbHYIO IO TPACCE KOHIIEHTPALIUIO.

Mlomapsariee
| TypiaIcaTeeTs,
DA CHATHRDE |
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Puc. 1. OcnabneHue ONTUYECKOr0 U3MTy4YeHUA.
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MaremMaTn4ecku UHTEHCUBHOCTD MPUHSITOTO M3IyYCHUs HA 3a/IaHHOM JUTHHE BOJHBI OMUCHIBACTCS YPaB-
HenueM (1). J
1(A) = A(D) - 1)(A) - exp{-L(Y, 0 (A)C,; + G (A)C.p, +0, (DC, )} (1)

Jj=1

rae A (A) — CIeKTpanbHas 9yBCTBUTEIBLHOCTS, 1, () — HCXOIHAs MHTEHCHBHOCTB, 0; (M) — CCUEHHE CETIEK-
THBHOTO IIOTTIOIIEHHUS Ta3aMH Oy, (M), O, (M) — ceuenus paccestnust Mu u Pasest, cooTBeTCTBEHHO, C;— KOHIEH-
Tpanws j-10 rasa, Cy,, Cy,,— KOHIEHTPALMH a3PO30JIbHBIX U MOJIEKYIISPHBIX paccenBarene [1].

D¢ dexTuBHOCTH paccesHus Paness 1 Mu U3MEHSIOTCS TUIABHO C JUIMHHOM BOJIHBL, X CHIEKTPaJIbHbIC 3aBHU-
CHUMOCTH MOKHO TIPE/ICTaBUTh B BUJIE MTOJIMHOMA MaJIoro rnopsijika. [lonepednoe cedeHue nomomieH s ra3amu,
MOXeT OBITh pa3AesieHo Ha BRICOKOYACTOTHYIO (I depeHnnanbHy0) H HI3KOYaCTOTHYIO YacTH:
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M) =0,M)+a;M), (2)
r1e oy (A), ¢’; (A) — HU3KOYACTOTHAS M BBICOKOYACTOTHAS YACTH, COOTBETCTBEHHO.
IMoncraBum Beipakenue (2) B hopmysty (1), mpu 3T0M, HU3KOYACTOTHYIO YaCTh BKIFOYMM B TIOJIMHOM:

I(A)= A(A)-1,(A) - exp {—LZ o, (AC,+ Y b1} (3)

b 4
rae Z A MIOJIMHOM p-TO MOPSAKA.
P
[Mponorapupmupyem ypasHenue (3) u BKI0o4uM 3P (HEKTHBHOCTH PACCEUBAHMS B TIOIMHOM, MOJTYYUM BBI-
paxenue (4), 3aBUCSIIUE OT ONTHYESCKON ITyOWHBI, TIOIMHOMA p-TIOPs/IKa, KOHIIEHTPAL[MK U JUTMHBI aTMocdep-

HOM Tpacchl. z .
P In(I(A)/1,(A) ==L-Y 6", (AC, + b7 ()
J=1 p
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*ap o
rae 25,4 nonnmom P-TO NOPsIIIKA, C BKIIIOYEHHOH 3()(DEeKTHBHOCTHIO PACCENBAHUSI.
P
VYpaBHeHue (4) MOXKHO MPEICTABUTH B TUCKPETHOM BUJIE!

J *
Sy =IO /1y ) ==Le £6",00)C; +ShM" k= 1,n(5)
J= y4

31ech 7 — YHUCII0 AUCKPETHBIX OTCUCTOB CHTHAMA.

ITo cytu (5) mpencrasnsier coboil crcTEMy JITMHEHHBIX ypaBHEHHH, KOTOPYIO MOXKHO TIE€penucarb B Ma-
TPUYIHOM BHJIE U MCIOIB30BATh TOT WJIM MHOW YUCIICHHBIN METO/, 00€CTIeUNBAIOIINH JIYUIIYyI0 YCTOWIHBOCTS,
HampuMep METoJ peryispusannu Tuxonosa [2].

B Hammx mccienoBaHMAX MBI HCIONB30BAIN MOACPHU3MPOBAHHBIA BapuaHT razoananusaropa JJOAC-
M1. Ha puc.2. npuBeneHa cxema-auarpaMmma ycTpoictsa. J{is paboTsl Ha aTMOc(epHOi Tpacce UCTIONB3yeTCs
TEJIECKOII, B KOTOPOM COBMEIICHBI ITEPEAAIOIINI M IPUEMHBIN KaHAJIBI.

Teneckon KpemuTcs Ha YCTPOMCTBE, KCEHOHO-
Bag jamma 1, MomrHocThio 150 Bt, momermaercs
BOMHM3M (POKyca IIaBHOTO cepruvecKoro 3epkana 4,
(dbopMupyeTcs KOJbLIEBOW MYYOK HW3IyuUeHHs, Ha-
MPaBJSIEMBIi TT0 aTMOC(EpHOM Tpacce Ha peTpoped-
aextop 7. BHyTpeHHee Koibllo c(hepruuecKoro 3epka-
Jla MCIOJB3YeTCs Il IPHeMa OTPaXKEHHOTO PEeTpo-
peduiekropom mznyueHus [3]. C MOMOIIBIO BTOPUY-
HOIro IOBOPOTHOTO 3€pKajia 3 MPUHATOC U3ITy4YCHHE Puc.2. CxeMa-nMarpaMMa yc'rpoﬁ(;TBa_
HanpaBJIAeTCs Yepe3 LEHTPalbHOE OTBEPCTHE B ce- 1 - Xe namna; 2 — nnocKkoe NOBOPOTHOE 3epKaro.
pUYECKOM 3epKajie Ha BXOAHYIO alepTypy ONTHKO-
BonokoHHOTO cBeToBOoAa (OBC) 5. o onTHueckoMy BOJIOKOHHOMY KaOeJo CBETOBOE M3TyUeHHE ITONa1aeT Ha
BXOJIHYIO II€Jb MOHOXpoMaropa. B IiockoMm mojie M300pa)KeHUsl yCTaHaBIMBAETCs JMHEHKa (oToanoos,
CHTHAJI C KOTOPOU OIM()POBBIBACTCS U MOCTYIAET B KOMIIBIOTED LISl alibHEel el 00paboTKy.

[11aBHO U3MEHSIOIUECS C JJIMHON BOIHBI H3MeE-
aln 22 2h asl m e M I8 Ly M Xa
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B HEHUsSI B CIIEKTPE, BBI3BAHHBIC TIOTMIOIIEHIEM U pac-
N P — i aEaET e
e - o L reramms i) CesHHEM W3IIyUeHHsT aTMOC(EepHBIM a’po30ieM, a
q  BMEE ) Y TaKk)K€ MOJIEKYJSIDHBIM DPAacCEsSHHEM CBETa aTMOC-
= GEEL]E -
7 e o S (hepHBIMHU Ta3aMHU HCKITIOYAIOTCS U3 PACCMOTPEHUS U
= - s N
g wmeml e HE BIUSIOT Ha Pe3yNbTaThl u3MepeHuid. TakuM o0Opa-
£ T"";;‘lf ] 30M, B OCHOBE METO/Ia JIGXKHT pa3ieicHrue CIIEKTpa Ha
127 - IUTABHO MEHSIOUIYIOCS 0,y (A) 1 quddepeHnnanbHy o
\\ 'j0
g dowom ’ =R actu ¢’; (V). Jludbdepenrmanbaas 4acTh CpaBHUBA
S ok | / \\H qactu ¢ ; (A). JAuddepennnansaas 4acTh CpaBHHUBA-
3 "::j:: P . €TCs CO CIEKTpaMH IOIVIOLIECHHUS TIa30BBIX KOMIIO-
1] - s
S eamrn =" P HEHT.
2 HEDIS
e i , J1s TOoro 4TOOBI IPOBECTH ATO CPaBHEHHUE, He-
LMEOIS i)
& Bl Aot i ||]!= L 00XOAMMO TIPOBECTH TY)KE OIEPALHIO IO pa3iene-
| S JeM 1Y T I
1 cmn Rl mrll [P HUIO CTIEKTpPa Ha IUIABHO MEHSIOILYIOCS 0, (A) 1 mud-
B S ¥ 5
AtE0ie | (epeHanbHyI0 9acTh ¢ (A) I HHAUBUIYaTEHOTO ;
L1 2 H |
SIS e CIIEKTpa TOTJIOMICHHSI KaKIOro Tra3a. B kauecTse @)
[ mpuMepa Ha puc.3 MPeICcTaBICHO BhIIeNeHUE AUD- (N
(hepeHIaTFHON YacTH W3 HHIUBUIYaIHbHOTO CTICKT- m
Puc.3. PasgeneHuns cnekTpa noroLueHuns o3oHa (03).
pa moromienus o30Ha (O;). 0

B nepuopa ¢ 10 SIuBaps no 31 Mapra 2014 rona 6611 IpOBEICHB! U3MEPEHHsT KOHIICHTPAIIMU 030Ha, OKHC-
JIOB a30Ta U Cephl U JIp. Ta30B B paiioHe mi. FOxxHas . Tomck. J{nuHa cBeToBOrO IMyTH (TyAa U 0OPaTHO) COCTaB-
nsina 484 M. JlaHHBIE O MTOTOHBIX YCIOBHUAX OpajHCh C YABTPa3BYKOBOW METEOCTAHIIMH YCTAHOBICHHOH B 15

COAEPXAHME »
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SESSION 6

MeTpax OT MeCTa NpOBeJeHUs u3MepeHuil. Msmepe-

HUS TIPOBOIIMIINCE B CpeiHeM ynsTpaduonere (202 — [—rrema e
355 HM), YTO MO3BOJSUIO MPOBOAMTH CYTOUHBIE H -
JTHEBHBIC U3MEPEHUS [UIS PAa Ta30BBIX IPUMECEH B
armocgepe — CH,O, NOy, O,, SO,, C;H,, C(H(O,
C,H0, CS,.

CreneHp 3arps3HeHHs aTMOC(EpPHOTO BO3AyXa ) ) . ]
CHJILHO KOJIEONIETCSI BO BPEMEHH M B IIPOCTPAHCTBE, l e
mpuyeM KoJeOaHWs 3TH CBA3aHHBI KaK ¢ 0COOEHHO- e - l -
CTSAMH UCTOYHUKOB MOCTYIICHUS B BO3/LyX 3arpsi3Hs- '
IOIINX €T0 BEIIECTB, TAK U C BIUSHUEM METEOPOJIO- et e
THYECKUX U TOMOrpaduIecKux pakToposB. At

Ha puc.4 nmpuBenen rpaguk BpeMEeHHOTO XOAa
o30Ha (O3) 33 IEPHOI NPOBEICHHS H3MEpeHuii. B Puc.5. BpeMeHHOM X0 KOHLEHTpaLMK AnOKCHAA cepbl.
nnTepsaiie Bpemenu ¢ 3:00 Houu g0 17:00 qHs 32 BECh IePHO U3MEPEHHI, 3aMEUE€HO MPEBBINIEHUE CPETHECY-
tounoit [TIK. C 14:00 g0 16:00 B 90% ciyyasx npeBbIIIIEHHE COCTABIISIO Oojiee ueM B 2 pasa.

Ha puc.5 npuBenen rpaguk BpeMeHHOro xoaa auokcuaa cepsl (SO,). 3ameueno, uyro 60% Bcex u3mepe-
HUH 3HAUEHUE KOHIIEHTpaIlMi TUOKCUIA cepbl MpeBbiiaeT cpeaHecytounyto [1JIK B 1,2 pa3za. JleranbHbii Me-
XaHU3M TpaHCopMaluK COSMHEHHUH cepbl B Tporocdepe 10 HACTOSIIEro BpeMeH! He yctaHoBieH. Han6o-
JICC BCPOATHBIM MPEACTABIIACTCA ITPOTCKAHUEC peaKLII/Iﬁ OKHCJICHHUSA C YUYaCTUEM CBO60[[HI>IX paauKaioB:

H,S + OH- — H,0 + HS,
HS + 0, — OH- + SO,
SO + HO, — SO, + OH.

O)IHI/IM U3 OCHOBHBIX UCTOYHHUKOB JHUOKCHAA a30Ta (NOZ) SABJISIFOTCA ABUT'aTCJIM BHYTPECHHETO CropaHusd,
TOIIKHA MTPOMBINUICHHBIX KOTJIOB, IMCYH. Brixnonnasie rasbl, COACpKAIINC peaKI_[I/IOHHOCHOCO6HLIe OJ'Ie(bI/IHOBLIC
YIIICBOAOPOABI U OKCUABI a30Ta, MOT'YT ITOJ Z[eﬁCTBHeM COJTHEYHOI paananuvun BCTyNaThb B q)OTOXI/IMI/I‘{ECKI/Ie
pcakunu B aTMOC(l)epe, OPUBOAAIINEC K 06pa3OBaHI/IIO TOKCHUYHOI'0 CMOra, Fy6I/ITeJ'ILHOFO JJIA paCTeHI/Iﬁ U KOH-
CTPYKIMOHHBIX MAaT€PUAJIOB U BPECAHOT'O IJIs1 )KMBBIX OPTaHU3MOB.

Okucnenue OKCHa a30Ta MPOUCXOAUT TAKKE TPU BSaHMOﬂeﬁCTBHH C O30HOM:

NO + O;— NO, + O,.
[Tox nelcTBHEM COTHEYHOTO M3ITyUCHHUS IPOUCXOINUT 00paTHas peakiys 4acTh ANOKCH/IA a30Ta pa3Jara-
eTcs ¢ 00pa3oBaHMEM OKCHJIa a30Ta U aToMa KHCIIOpo/ia:
NO,—-»NO+O".
AToMapHBIii KHCIIOPOJ TMPUBOIUT K 00pa3oBaHHI0 B arMoc(epe 030Ha. B pesysibrare B3aumoneiicTBus
JUOKCHUAa a30Ta C THAPOKCHUIIbHBIM paJuKaJIOM IMIPOUCXOAUT 06p3.30BaHI/Ie a30THOM KHCJIOTHI:

NO, + OH — HNO,.

OO0pa3oBaHue a30THOM KUCIIOTHI O BBILIETPHBE-

LSRR T AT SRTR I PR RE LT ]

or _-’-'*"'I_‘ I e JCHHOM PEaKkLUM SBIACTCS BaXKHOI 9acThiO aTMocC-
= A (epHOrO 1MKIA coenuHenuii azota. Oxono 44% HNO,
= _;'x B Tporocdepe oOpasyercst B pe3y/ibTaTe UMEHHO 3TOMN
g e, peakuuu [4].

*r st Ananusupys rpaduk 6, MOXXHO HaOIIONATh aH-

Cph

TUKOPPEISLUIO KOHLEHTPALMI IUOKCHIA a30Ta U
030Ha, YTO COOTBETCTBYET CJICAYIOIIUM PACCYXIe-
HUSAM: OAHUM U3 OCHOBHBIX HCTOYHHNKOB O30HA SBJIA-
10Tcs arMocdepHbie Goroxumuueckue peakiun. C
i e s 9:00 o 21:00 nabmronanach BBICOKAs HWHTEHCHB-

Speirvn, fae.its] HOCTh COJTHEUHOW pajMaluu, B pe3ylibrare o0pa3o-
BBIBAJIUCHh BBHICOKHME KOHIICHTPAIMK 030HA (C MHKOM
10 37ppb B 14:00). C 21:00 10 yacy HOYHM MPOUCXO-
JIATA OKHUCITUTENBHBIC TIPOIIECCHI ¢ 00pa3oBaHueM auokcua a3ora (¢ mukom 10 30 ppb B 21:00). [Tockonbky ¢
Yacy HOYH M JI0 PAHHETO yTpa HHTEHCUBHOCTh aBTOTPAHCIIOPTAa MHHUMAJIbHA, B PE3YJIBTATEe MPOUCXOAUT CHH-
JKCHHE KOHIICHTPAIIUH JHUOKCHIA a30Ta IO MUHUMAJIBHO JICTEKTUPYEMbIX 3HAYCHUIA.

C nomomIpio ra3oaHaiM3aropa Ha OCHOBE KCEHOHOBOH JIaMIIbI TIPOBEAEH PsiJl AJIMTEIbHBIX MapauleIbHbIX
U3MEPCHUH 3arps3HAIONINX BEIecTB, TakuXx Kak O, SO,, NOy u np. [IpoBeneH aHam3 BO3MOXHBIX TpaHchopma-
LM TaHHBIX ra3oB. 13 aHann3a pe3ysisraroB M3MepeHuid ObUIN BBISIBICHBI HEKOTOpBIe 0coOeHHOCTH: -60% Beex
W3MEpEeHNH, 3HaYeHHEe KOHLICHTPaLINii IMOKCH 1A cepbl peBbiaet cpeanecyrounyto ITJIK B 1,2 paza; -nuis o30Ha
¢ 14:00 o 16:00 nust B 90% Bcex THEBHBIX U3MEPEHHIA 3aMeUeHO MpeBblieHue cpeanecytounoi [TJ1K B 2 pasa;

« CONTENTS
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Application of ENPEMF method to engineering,
geocryological studies and soil dynamics monitoring

Malyshkov S.Yu., Gordeev V.F., Malyshkov Yu.P., Polivach V.I.

Institute of Monitoring of Climatic and Ecological Systems SB RAS, Tomsk, Russia
E-mail: msergey@imces.ru

and technogenic impact onto surface as well as to assess a subgrade bearing value and to monitor

these structures’ state. Rules and regulations for geological survey for cold-weather building dictate
necessity to forecast spatiotemporal variability of engineering and geocryological conditions of the territory
under study in order to provide structure stability. In general, projected forecast time is determined by expected
life of the built objects since changes of environmental conditions will occur and influence these objects during
all period. Usually changes caused by environmental factors are very slow. However there are short-time un-
predictable climate variations and technogenic geocryological changes that is impossible to take into account
in long-term forecast but they are of serious hazard to constructions built on permafrost. Therefore a necessity
arises to monitor soil state dynamics especially at industrial sites of high-risk facilities.

Method of Earth Natural Pulsed ElectroMagnetic Field (ENPEMF) allows one to determine all fault lines
in natural rock including snaps, fractures, karst crack zones, permafrost, other inhomogeneities, as well as to
monitor their dynamics in order to assess risks for constructions. The radiowave methods applied are based on
electromagnetic emission, i.e. ability of dielectric materials to produce electromagnetic signals under external
impact [1]. Electromagnetic emission appears in process of charges formation and relaxation on cracks when
rock strain is changed. Rock strain arises under both material-dielectric troubles and break of electrolyte-filled
capillars. In rocks, sources of natural electromagnetic fields are the following: soil structure inhomogeneities,
occurrence of objects with different strain, cracks and microcracks. Mechanic-to-electric energy conversion
under the effect of strain waves from the mantle, tides, microseisms, winds, and technological loads produces
pulsed EM fields which make up the natural lithospheric EM background. According to long-term measure-
ments in different areas, lithospheric ENPEMF responses have well-defined diurnal and seasonal rhythms be-
cause crustal strain waves are associated with Earth’s rotation about its axis and about the Sun [2]. The diurnal
cycles depend on the calendar dates, geographic coordinates, and geophysical properties [3]. Typical diurnal
variations respond to changes in crustal rthythms, for instance, when a consolidated domain of several inter-
locked fault blocks forms during earthquake nucleation or when stress and strain change rapidly. Thus, EN-
PEMF measurements can provide a universal tool for geophysical surveys and geodynamic monitoring or for
any other application in geosciences.

The ENPEMEF parameters are recorded with Multichannel Geophysical Recorder (MGR-01) using the
patented procedure. The MGR-01 instruments are certified and registered in the State register of measuring
equipment [4].

‘ ’ 4 hen designing and exploiter engineering structures, it is necessary to account for climate dynamics
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