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Jlan aHAMM3 PasBUTHA JHIAPHBIX U IPOKEKTOPHBIX CPEACTB I MeTOIOB HCCJeJOBAaHHI aTMocdepbl, CO3JaH-
HBIX B MHctuTyTe omtukm atMocdepst uM. B.E. 3yea CO PAH, 3a nociegnme rogsl. IlpesacraBieHb! ocHOBHBIE
pesyJIbTaThbl, IIOJSy4eHHbIe ¢ IIOMOIIbI0 Pa3paGOTaHHBIX NPHOOPOB U METOAUK.

Kniouesvie crosa: magap, armocdepa, paccesiHue, aapo3oJib, rasosblie nmpumecy; lidar, atmosphere, scattering,

aerosol, gas impurities.

BBeaenne

JlMcTaHIINOHHBIE METOAbI W3YyYeHUs aTrMocgepsl
OYeHb aKTYaJbHBI B HACTOsIIEe BpeMs. DTO 00y CIOBIIH-
BaeT pa3BUTHE JA3ePHBIX W ONTHYECKUX TEXHOJOTHUI ee
30HANpOBaHNA. JlazepHble METOBI, peaan3yeMble C II0-
MoMIbIO JHAapoB (JazepHbIX JOKaTOPOB), OCHOBBIBAIOT-
¢S Ha B3aMMOJIENICTBUN ONTHYECKUX UMITYJIBCOB C aTMO-
chepupiMu  o6pasoBanusMu. OHEH  pa3pabaTbIBAIOTCS
€O BpeMeHH MoJIydeHus JasepHoii rexepaiun (1960 r.)
7 TOKa3aan cBOIO 3(p@eKTHBHOCTD TPH MCCJIeJOBAHUN
npoduieil MeTeopoNIornIeckux BeinunH (TeMieparypa,
BJIJKHOCTD, BETEP) U COJEePIKAHHSI a9PO30JbHBIX YACTHI]
7 Ta30BBIX TIpUMeceii B aTMocdepe /10 BBICOT Me30Tay3bl
(80—100 M) [1]. JlasepHbIe METOABI MO3BOJSIOT TIOJIY-
4yaTh JaHHble 06 aTMOCcdEpPe ¢ BHICOKUM MPOCTPAHCTBEH-
HBIM pa3pellieHneM, COOTBETCTBYIOIIUM MUKPOMACIITa6-
HBIM OCOGEHHOCTSIM, ¥ IIPH BPEMEHHBIX DeaTH3aIIIX
OT JloJieil CEeKyH/T 10 MHOTOJIETHUX PSI/IOB.
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Onruueckue (HeJasepHble) METO/bl 30H/UPOBAHUA
IIpe/ICTaBJeHbI, IpeX/e BCero, MpoXeKTOPHBIMI MeTo-
JUKaMH, BOMIEJNINMHU B IPAKTHKY B IE€pPBOil TOJOBIHE
XX B. [2]. JlocTH:KeHUSIME TPOKEKTOPHOTO 30HAMPO-
BaHMS cJle[lyeT CUUTATh IMOJy4YeHUe IIePBLIX CBeJeHUI
0 BBICOTHOM paclipe/iejleHUH B3BellleHHbIX YacTUIl U CO3-
JlaHNe MOJIeJbHBIX MpeJCTaBJIeHn! 0 6e306Ja4HOi TPO-
nocdepe u HIDKHEN cTpaTocdepe.

CerofiHg J1a3epHO-ONTHYECKOE 30HIAMPOBAHWE —
OZIHO M3 BeAyLIUX HalpaB/eHUil uccienoBanuii B Mu-
cruryte ontuku armocdepnl uM. B.E. 3yesa (ITOA)
CO PAH. Paspa6otanbl 06pa3siibl JHIapOB Pa3JINTHOTO
Ha3HAYeHHs JJiI KOCMHYECKOTO, CaMOJIeTHOTO, Kopa-
6eJIbHOTO, MOGUJIBHOTO, CTAllMOHAPHOTO U CETEBOTO Pa3-
Memenuit [3—5]. Ilomyumanm cyimecTBeHHOe pasBUTHE
TEXHOJIOTHH peNIeHUsT OOpaTHBIX 3a/7a4 BOCCTaHOBJIE-
HIS MUKPOPU3NIeCKIX 1 KOHIIEHTPAIINMOHHBIX XapaKTe-
pHUCTHK aTMOc(epHBIX o6pa3oBaHMil, 0OHAPYKEHII pa-
Hee HeJJOCTYIHBIX ITpIMeceii.
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B macrosmeit paéoTe OITMCBIBAaIOTCA HOBbIE JIHJap-
HbI€ peajan3anun n JINJapHO-OIITUYECKNEe METO/bl, a TaK
JKe pe3yJbTaTbl X IIPpUMEHEHNA.

1. JIugapubie U3MePEeHHsT TEMIIEPATYPbI
atMoc@epsl Ha ocHOBe 3P PeKTa
CIIOHTAHHOTO KOMOMHAIHOHHOTO

paccesiHust

Wjea usMepeHust TeMnepatypbl arMocdepsl ¢ T0-
Motbio 3pdeKTa CTOHTAHHOTO KOMOWHAIIMOHHOTO pac-
cesana (CKP) ocHoBaHa Ha MCIIOJIB30BaHUH TEMIIEPa-
TYPHOH 3aBUCHMOCTH OTHOIIEHUS WHTEHCUBHOCTEN
ONITHMAJIbHON KOMOUHAIMH TeMIIEPATY PHO-IYBCTBUTEIb-
HBIX JIMHHI BpalaTeJIbHOTO ClIeKTpa KOMOMHAIIMOHHOIO
paccesHUsI Ha MOJIEKYJIaX a30Ta i Kucaopoa. st mpo-
CTOTBI M3JI0JKEHHSI MPOMLTIOCTPUPYEM CYTh MOAX0/a Ha
[pUMepe BPAIIaTeJIbHOTO CIIEKTPa KOMOMHAIIMOHHOTO
paccesdHUsI Ha MOJIEKYJIaX a30Ta.

Jlist peanu3ariiyi METOAMKHU BBIAEJSIOTCS YeThIpe
yYacTKa YHCTO BPAIIaTeJbHOTO CHEKTPa KOMOWHAIIOH-
HOTO PACCEesTHUS, YYBCTBUTEIbHBIE K TeMiepaType. Jlu-
HUHU ¢ OTPHUIATENbHOI 3aBUCUMOCTHIO WHTEHCUBHOCTH OT
TEMIIEPaTypPbl OObEJUHAIOTCS B OJHOM CHEKTPATbHOM
KaHaJse, a ¢ MOJIOXKUTENbHON 3aBUCUMOCTBIO — B JPYTOM
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Puc. 1. VHcTpyMeHTambHAS (DYHKINSA HOMIXPOMATOpa U OrH6aro-

TIIIIe YHCTO BPAIATETBHOTO CIIEKTPA KOMOMHAIIMOHHOTO PACCESTHIS

Ha MoJstekyJax azora s Temuepatypbl 220 u 320 K. Cnekrpbl

KICJIOPO/Ja /IS TIPOCTOTHI OIYIIEeHbl. PHCYHOK 3alMCTBOBAH
us [3]

Kax cienyer 3 mugapHOTo ypaBHeHHS 1 3 dek-

ta CKP [6], orHOomeHnne curHajioB R = m

[+]

CIEKTPAJbHBIX KaHATaX, 0ObeJMHSIONINX JTHHUHU C TIPO-
TUBOTIOJIOKHO 3aBUCUMOCTBIO OT TeMIIepaTyphbl, HAKOT-
JIEHHBIX B TeueHHe BpeMeHU Af, He0OXOIUMOTO [k
JIOCTIKEHNST TpeGyeMbIX CTATUCTHYECKUX XapaKTepu-
CTHUK CHTHAJIOB, He COJIEPKUT KOMIIOHEHTOB allllapaTHOI
QyHKINU TU1apa, KOTOPble 3aBUCAT OT PACCTOSIHUS, UTO
JleaeT yA0OHBIM €ro MpUMeHeHue JJis U3MepeHHs TeM-
nepaTyphl Bo3ayxa.

TeMilepaTypHas 4yBCTBUTEIbHOCTh (KPyTH3HA) OT-
Homennss R(T) ompe/esercst TeMepaTypHOH 3aBHCH-
MocTbIo (pHC. 2) 1 HHTEHCUBHOCTBIO BBIAEISIEMbIX CIIEK-

B JBYX

TpaJbHBIX TUHUI. BpeMs HakoIIeHUs CUTHaJIa 3aBUCHT
oT obmiefi HTEHCHBHOCTH JIMHHUI BBIOPAHHOTO yYacTKa
CIEeKTPA.
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Puc. 2. 3aBUCHMOCTb OTHOLIEHMS CUTHAJIOB OT TeMIIepaTyphl
Bo3ayxa. PucyHok 3amMcrBoBaH u3 [3]

CriekTpockonnyeckas 3a7aya BBIJeJeHNS TyBCTBH-
TeJbHBIX K TeMIlepaType JIHHU YHCTO BpaIlaTeJbHOTO
criektpa CKP Ha MosexkyJlax azoTa U KHUCJIOPOJa MOXKET
OBITh pellleHa PA3JUIHBIMI WHCTPYMEHTATHHBIMU Me-
togamu. Ho B IleloM cymecTByeT TOJIBKO /[Ba THIIA
JIUCTIEPTUPYIONIUX 3JIEMEHTOB, CIOCOGHBIX OGECIIeYUTh
CIEeKTpaJbHOEe pa3pelleHne, HeoOXOJAUMOe [JIS BBITIOJ-
HEHUS [OCTABJIEHHBIX HaMU 3aja4: AudpakimoHHbE
peIIeTKN U HHTepdepeHIIMOHHbIE (DIIbTPHI.

Kak 6pL10 TIOKa3aHo paHee [3], ucmosb3oBaHme
CYMMBI CTOKCOBOIl U aHTHCTOKCOBOI BeTBell 4HCTO Bpa-
mateabHbIX cliekTpoB CKP 1mosBosisieT 1mosy4uTh BbI-
UTphI B curHaie B 2,24 u 2,86 pa3s B KaHalax 7
U n[4] 0 CPABHEHUIO C HCIIOJb30BAHUEM TOJIBKO AHTH-
CTOKCOBOIT BeTBH. Hackosbko HaM M3BeCTHO, OJHOBpeE-
MeHHOe BBIJIeJIeHe CTOKCOBOIT I aHTUCTOKCOBOI BeTBeit
C TIOMOTIBIO TOJIXpPOMATOpa Ha OCHOBe (PUJIBTPOB IIO-
Ka HUKeM He peasi30BaHoO.

Ha puc. 3 (1. BKJIagKa) npeicraBieH pa3pabo-
tauublii B OA CO PAH anbTepHAaTUBHBIII HHCTPYMEH-
TAJbHBII TIOJXOJ, OCYIIEeCTBJIEHHBIN Ha 6a3e JBOHHOTO
MoJITXpoMaTopa ¢ JuMPAKIMOHHBIMEI PelleTKaMi U BO-
JIOKOHHO-ONTUYECKOIT lepeiadeil ONTHYECKUX CUTHAJIOB.

[IBoiiHoll oIMXpoMAaTOp M103BOJISIET PELIUTH 3aJauy
OTHOBPEMEHHOTO BbIJIeJIeHNS YeThIpeX NWHMOPMATIHBHBIX
ydacTkoB crieKkTpoB CKP 1o o6e cTOpoHBI OT JTHHAN BO3-
6y KIatolIero N3IydeHms, obecrieynBasl IIp1 3TOM Heob-
XOIUMBIH YpOBEHDb TOJABJEHUS JUHUN HECMEIIEHHOTO
paccesnus (10°—10'"), B 3aBucuMoctn oT THIA TIPEMe-
HIeMbIX IU@PAKIIMOHHBIX PEIeTOK.

Omnrudeckuii curHai, co6paHHbIil TPUEMHBIM TeJie-
CKOIIOM JIHJapa, MPOXOIUT MO0 MOHOBOJIOKOHHOMY CBe-
TOBOZY, IUAMeTP KOTOPOTO COOTBETCTBYET IHAMETPYy
moJieBoil quadparMel JUAapa, U IOCTYIAeT BO BXOJHOI
CBETOBOJHBII 6JI0K TIepBoro mosmxpoMaropa (puc. 3).
[IaTp omTmYecKMX BOJIOKOH, PACIIOJOKEHHBIX BJOJb
JIMHUH JNCIIEPCUN TIepPBOTO MOJIMXpoMaTopa, IpegHa-
3HAYEHbI [T BbIIEJEHUST JUHUHU YOPYTOTO PacCesHUs
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1 9eThIpeX MH(POPMATHBHBIX YIACTKOB YHCTO BpaIlaTeIhb-
Horo cunekrpa CKP — aByX B CTOKCOBOIl BeTBU U JBYX
B AHTUCTOKCOBOIl. lleHTpanbHBINI CBETOBOJ B JUHUU
CBETOBO/IOB COBMeIIIEH € N300paskeHneM TOPIIa BXO[HOTO
CBETOBOJIA HA [IJIMHE BOJIHBI A YIPYTOrO pPaCCESHUSI.
BoigereHHBII ONITHYECKUH CUTHAT YIIPYTOTO PACCESTHUS
TOCTYMAeT 10 ONTHYECKOMY BOJIOKHY Ha (DOTOIETEKTOD.

OcrasbHbBIe YeThIpe CBETOBO/A COJEPSKAT CUTHAJBI
nHMOPMaTHBHBIX y4acTkoB crnekrpa CKP, kotopsie,
B ITIPUHIUIIE, TaKKe MOTJIH Obl ObITh OTHPABJEHbI Ha
doronpuemunku. OxHaxko ypoBeHb AuddysHoro doHa
OT MOIIHOIl JTMHUU HECMENIEHHOTO PACCesTHUs, OIpe/e-
JisleMbIfi KOHTPAcTOM Iu(PaKIIMOHHON KapTUHBI, KOTO-
pBIii TO3BOJIAET 06ecneynTh AM(PAKINOHHAS PEIIeTKa,
OOBIYHO COCTaBJsIeT 4—6 TOPSAKOB B 3aBUCHMOCTH OT
TEXHOJIOTHN W3TOTOBJEHUSA peIIeTKH. JTOH BeTNIMHBI
HEe/I0CTATOYHO, W /I JIOTIOJTHUTEJBHOTO II0/IaBJICHUS
¢oHa HECMeIIEeHHOTO paccesHNs WNCHOIb3yeTcs BTOPOit
MOJITXPOMATOP.

Ha ocHoBe mpeI0;KeHHOTO MPUHIUIIA HaMU ObLIa
Co3/1aHa cepHs CHEeKTPAIBHBIX IPHGOPOB, KOTOPAsd B Te-
YeHHEe HECKOJIbKUX JIeT TPOXO/NJIa UCIBITAHUS Ha Jeii-
CTBYIOIINX JHIAPHBIX cUcTeMaxX EBpomefickoil mmmap-
noit ceru EARLINET (European Research Lidar Net-
work). [laHHble JUAADHBIX U3MEPEHUH BEPTHKAJIHLHOTO
pacIipeieJieHusI TeMIIepaTypbl aTMOCc(depbl, TOTy4YeHHbIE
C WUCTIOJIb30BAHMEM JBOIHOTO MOHOXPOMATOpPa, CPaBHI-
BaJIICh C JAHHBIMU PAJMO30HIUPOBaHU. Pe3ysbTaTbl
CpaBHEHNS TIOKA3aJN BBICOKHN yPOBEHb COBIAJEHNUSI
JAHHBIX. VICIbITaHUS TPOJIEMOHCTPUPOBAJIH, YTO BHE 3a-
BHCHMOCTH OT WCHOJIb3yeMOH JIJIITHBI BOJTHBI 30HINPYIO-
IIETO M3JIyYeHUsI TIpUMeHeHNe IBONHOTO MOHOXPOMATO-
pa obecrneuynBaeT BBICOKHE MeTPOJIOTHYECKHE KadecTBa
CUCTeMbI M3MePEHUsI TeMIEPATypbl Jake B ONTHYECKH
IIJIOTHBIX a3PO30JbHBIX 00pa3oBaHIAX. Pe3ybTaThl He-
KOTOPBIX HCIbITaHUil mpuBoasTest Ha puc. 4 (11B. BKIa-
Ka). BumaHo, 4T0 MpOQIIN TeMIepaTyphl, MOJyYeHHbIE
CHHXPOHHO JUJaPOM I PaJN030H/IOM, TIOYTH COBIAJAIOT
(otmmuna — B mpefesnax ommMGOK u3MepeHHil 1o Beeit
Tpacce 30HUPOBAHNS, BKJIOYAs GJIMKHIO 30HY JIHjIapa).

B MHOrOYNC/IEHHBIX 9KCIIEPIMEHTaxX OBLIO MOoKa3a-
HO, YTO IpHUMeHeHHe [BOIHOTO IOJUXpoMaTopa B JH-
JAapHOM MeTo/le M3MepPeHHUsl TeMIepaTyphbl arMocgepsl
103BOJITeT 00eCHeynTh HeOOXOAUMYI0 CTaGUIBHOCTD
CTIEKTPAJbHBIX XapaKTEePUCTHK IIPU BBIJETE€HUH y4YacT-
KOB YHCTO BpalfaTeabHbIX cekTpoB CKP u rapanTupo-
BaTbh TIOCTOSTHCTBO METPOJIOTHUECKUX XapakTepucTuk CKP
Juapa A u3MepeHud TeMieparypbl. CpaBHeHUS JIH-
JMApHBIX U3MEpeHUil ¢ paJMo30HIOBBIMH JIOKA3BIBAIOT,
yro CKP smmap Mo)keT yCHeImHO BBICTYIIATh B KauecTBe
aJbTEPHATUBHOTO CPEICTBA KOHTPOJS BePTUKAJIBLHOTO
pacIipesieJieHus TeMIepaTypbl aTMocdepsl.

2. JlupapHblii CIEKTPOCKONUYECKUIH
razoaHaJmu3 aTMocgepbl

2.1. Hamepenue o30Ha 8 gepxHeil
mponocgepe — cmpamocgpepe

Hawub6oee YyBCTBUTEJDbHBIM Cpean MeTOJd0B, HC-
TI0JIb3YEeMDbIX [IJIA ollpe/ieJieH1A TPOCTPaHCTBEHHOTO pac-
npeaejeHnd KOHIEHTpalun KaKoro-m6o aTMOCCbepHOI‘O

rasa, gBJsgeTcsa MeToA uddepeHINaTbHOTO MOTIOoNe-
g (M/II1). B HacTosmee BpeMs IngapHOe 30HANPOBa-
HIU€e MaJIBIX Ta30BbIX COCTABJIIONINX aTMOC(ephbl, B TOM
yrucie u o3ona, mo MJ/III peanmzoBano Ha TpaKTH-
ke [5, 7, 8]. B Tomcke na Cubupckoii jugapHOil cTaH-
unu [ 5] cozgana JupapHas ciucteMa Ui U3MEPEHUs Bep-
THKaJbHOIro pacipejenenus o3zona (BPO) B Bepxueii
Tponiocepe — crpartocpepe B BBICOTHOM [JHAlla3oHe
~5—45 kM Ha mmHax BoH A = 0,299,/0,341 u 0,308/
0,353 MkM. OHa TO03BOJISIET BBIABIATD HU3MEHUYUBOCTD
BPO B Bepxueii Tponocdepe — cTparocdepe, T7e 030H
UTPaeT poJib MACCHBHOTO Tpaccepa IUPKYJSIHOHHBIX
MIPOIECCOB, W BBIle Besomaysbl (~26 KM), rie moBe/e-
HUe o30H0CDepDI onpeiesisieTcs (POTOXUMITIECKUMU TTPO-
meccaMu. TeXHWUeCKWe XapaKTePUCTUKW W TPUHITUTIBI
paboThI CHCTEMBI MOAPOOHO omucaHbl B pabote [9].

Harypnbie akcnepumenTbl B ToMcke mnokasasi,
yro npu pa6ore Ha giamHax BoaH 0,308/0,353 MKM
MaKCHUMaJIbHASI BBICOTA MOTOJKA 30HAMPOBAHUS JTOCTH-
raet ~40-45 kM (030HOBBIIT MakcumyM B ToMcke pactio-
JIO)KEH B BBICOTHOM HHTepBaje 19—21 KM), HUKHAA
rpanuiia coctaiser 15 kM. IlomepeMeHHOe 30HANPOBA-
HUEe O030HA JUJAPHBIM KOMILIEKCOM Ha TapaxX JJIiH
BoaH 0,299,/0,341 u 0,308,/0,353 MKM I03BOJISIET OX-
BaTUTH AMAIIA30H BBICOT OT ~5 J0 ~45 KM.

Brio mpoBesieno comoctaBienus npoduneit BPO,
BOCCTAHOBJIEHHBIX W3 M3MePEeHUll CO3/JTaHHO JTHIapHOi
cucreMoil 1 030HOBbIX mpoduieii TAST (MetOp), MLS
(AURA) B BepxHeii Tponocdepe — HuxkHeil crparocde-
pe u B ctparocdepe. Ha puc. 5 npusesien HanboJiee 1mo-
Ka3aTe/lbHbIl MPUMEP COIOCTABJIEHUS [JS CEPUU JIH-
JIapHBIX U CIIyTHUKOBBIX M3MepeHuii B 2017 u 2018 rr.
CilenyeT OTMETHTb, 4YTO JUAAapHas cucTeMa paboTaer
B peXNMe HaKOIJIEHNS HUMIYJIbCOB (OTOTOKA, TIPO-
CTPaHCTBEHHOE pa3pellieHre MPHU ITOM, KaK IIPaBUJIO,
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Puc. 5. BoccraHoBienHbie Tpodumin o3oHa B crpaTocdepe
u BepxHeil Tporocgepe — crpaTocdeps! a1 24 Hosa6ps 2017 T.
u npoduu cnytHukoB AURA u MetOp
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coctaBnger 100 M. IIpodunanp IASI 6omee rragkuii u He
JlaeT JfeTasbHOro npejcrasienusa o BPO, B otimune ot
JUAApHBIX u3MepeHUil. OTKJIOHEHHS 006YyCJIOBJIEHBI
pasHuleil B IPOCTPAHCTBEHHBIX pa3pelleHUAX JIgapa
(100 M), cuyrauka AURA (1,3 kM u GoJibliie) u cryT-
nuka MetOp (150 M u GoJbliie) 1, cjeI0BaTEIbHO,
6OJIBIIUM  KOJIMYeCTBOM Touek, dopmupyomux BPO,
y Jjlapa, 4To Takyke BJNSeT Ha IIOBeJleHHe KPHUBOIi
BoccTaHoBIeHHoro BPO. Xopomiee cormnacue npodueit
BPO moarBepskmaer 3pdeKTHBHOCTD HMCIOJb30BAHNUSA
aByx map jumH BoH 0,299,0,341 u 0,308,/0,353 MKkM
JUISL 30HIMPOBAHIS 030HA.

2.2. Hamepenue 2a3o8 Ha ocHoge
mexHoOI02UU nApamempuuecKoil
eenepauuu ceema

J171s1 HaTypHBIX M3MepeHMii ra30BOT0 COCTaBa aTMOC-
depnl B clieKTpaJIbHBIX Anana3zoHax 3—4 u 1,8—2,5 MM
HaMHU co3/laHa yHHUBepcaJibHas JIJIapHas CUCTeMa Ha
OCHOBE TEeXHOJIOTUU IapaMeTpudecKoii reHepaluu cBe-
ta. Ee 6JoK-cxeMa mpuBefieHa Ha puc. 6.

B xkadecTBe 3ajalollero TeHepaTOpa BBICTYIMAET
Nd:YAG-nazep Mmozemun LQS529B, o6ecneunBaroniuii
TeHepaInio JIa3epHbIX UMIYJIbCOB JINTeIbHOCTbIO 10—
13 HC ¢ aHeprueit B ummyJabce 350 M’k mpu dacTtoTe
noBropenust 10 I'mua A = 1,064 MKM.

[Tpeo6pasoBaresb W3JIyYeHUsT BKJIOYaeT: 1) 3a-
JIAIONINI  Y3KOMOJOCHBIN TapaMeTpruecKnuil TeHepaTop
Ha kpucrawiax KTP ¢ nakaukoil ussyuyenuem 2-it rap-
MOHUKH ¢ A = 0,532 MKM; OH Tpe/JHa3HAYeH JJis TeHe-
paluy  MaJIOMOIIIHOTO M3JIy4YeHNsI HaKauKd C Tepe-
cTpamBaeMoil JJmHOI BoJTHBI B obJactax 0,785—0,840
1 0,710—0,755 MxM (CHTHAIBHASI BOTHA Agignal),  TAKIKE
1,45—1,65 1 1,800—2,128 MM (x0/10CcTast BOMHA Aigler);
2) mapaMeTpudeckuii reHepaTop Ha kpucramiax KTA
¢ Hakaukoil umsnyuennmeM ¢ A = 1,064 mxMm; 3) mapa-
MeTpudeckuil reHeparop Ha kpucraanax KTA mua re-
Hepaluy ¥ YCUJIeHHUs] U3JIy4YeHUs C IlepecTpanBaeMoii
JUTHHOH BOJHBI B o6jacTi 3—4 MKM U ITUPHWHON JMHUN

<2 eml; 4) MomHbIT mapaMeTpudeckuil reHepaTop Ha
kpucramnax KTP, mpennaznaueHHBI A/ TeHepaluu
U YCUJEHUSI U3JIy4yeHHs C TepecTpamBaeMoul IJIUHOI
BoHBI B objactu 1,8—2,5 MKM ¥ IMWUPUHONW JWHUH
<2 e, KoHeTpykims mpeo6pasoBaTesisi IIpeycMat-
pUBaeT BO3MOKHOCTh YCTAHOBKH Y3KOIIOJOCHOTO WH-
JKEKIIMOHHOTO JIa3ePHOTO ANOJA C ONTHYECKIMHU M30JIsI-
TOpaMu [IJIsl TeHepalluy M3JydeHUsI ¢ MUPUHONW JTMHUH
menee 0,1 cm .

B xoje mpoBeleHHs IKCIIEPHMEHTOB IO OIpe/e-
JIEHUIO 9HEPTeTHUECKUX XapaKTePUCTUK Ja3epHON cuc-
TEMbI MaKCHUMAaJIbHASI SHEPTUSI UMITyJbca B JHAlla30oHe
IIUH BOJH 3—4 MKM jgocturana 9 m/[)k, B aumamasoHe
il BoaH 1,8—2,5 MM — 23 mM/Ix [3].

[TepecTpoiika ATWHBI BOJHBI 06eCTeunBaeTca MO-
BopotoM kpuctaioB KTP u KTA ¢ momomipio Tpex
aBTOMATU3MPOBAHHBIX MTATOBBIX ABUTaTeseii. /[ KoH-
TPOJIT A BBIXOAHOTO W3JIYYeHUS WCIOTH3YeTCS CIIeK-
tpoMeTp S100-2048; c ero moMOIIbIO OIpeeseTcs
JUIMHA BOJIHBI TeHePALUH Agigyal TAPAMETPUYECKOTO Te-
Heparopa 1. Ilepen HampaBieHHeM WU3JIydeHHs BIOJb
Tpacchl 30HAMPOBAHUS YaCTh BBIXOJHOTO W3JIyUeHUS
OTBOJUTCS ILJIACTHUHOI, m3rotoBieHHoil u3 CaF,, maa
PETHUCTPAIIH OTTOPHOTO cUTHaJA. Jla3epHbIil My4oK pac-
HIUPSIETCST 3€PKAJIBHBIM KOJIMIMATOPOM U TO3BOJISIET
YMEHBIIUTD YTOJ PACXOUMOCTH U3TydeHusd a0 1 Mpas.

[IpuemHuasi dacTb Jujapa COCTOUT W3 TeJleCKOMa
Kaccerpena (¢dokycroe paccrosiine — 118 Mm), Koto-
peIii  poKycupyeT obpaTHOpaccesTHHOe U3 aTMocgepbl
Jla3epHOe W3Jy4YeHHe Ha YYBCTBHUTEJIbHYIO ILJIOIMIA/-
ky (300 mxMm) Tepmooxmaxgaemoro InAs/InAsSbP
¢oroanona. CurHambl oIdPOBBIBAIOTCSI € MOMOIIBIO
8-6utHOTO  aHaNOrO-IM(POBOTO  Tpeobpa3oBaTesis,
06eCTIeynBaIoOIIero YacTOTy AWCKPETU3AINi TI0 BCEM
kaHajgaM 1 I'BbI6./c U BapbUPyeMYIo IOJIOCY IPOIYC-
KaHug BILIOTH 70 200 MTTr.

C ucrosb30BaHNEM JIUAAPHOI CHUCTEMBI dKCHEPU-
MEHTATBHO 3aPETUCTPUPOBAHBI 9XOCUTHATBI B YCIOBUAX
peasibHoii arMocdepbt (puc. 7) mpu AUCKPETHOH mepe-
CTpoiiKke [JIMHBI BOJIHBI B auama3oHax 3—4 u 1,8—
2,5 MKM.

M
| Y
E. — ‘q
J '":I 1,064 MEM —— %
/', f 5 CHeKTpOMeTp = A /2
\ /
IIIIr \ ' \".I # f
i | [ 0 S D | .
[\ \ y/ 7 Keapuesstii
/ l\ |' \ potatop
/ | \ 0,78..0,84 MrmM |
( ||| 0.710.0.755 1,45..1,65 MM™| () 539 pgeny - 7
I 1,8..2,128 MEM lenepaipia
MEN V1% e o
= = NI 1t }I—]—, — \IJ{? — r—|<ﬂ.,% i —r— 2-if rapMOHIKH
KTA/KTP A/2 KTP

Omnopusrii
CHIHAT

Jhimapnsrii
CHIHAT

Puc. 6. Ilpeo6pasoBaHue Ja3epHOrO HM3TydYeHHSI B JMIAPHOII cHcTeMe 719 HAaTYPHBIX H3MepeHHIl ra30BOr0 cocTaBa aTMocdepbl
B CIIEKTPAJbHBIX AManazoHaX 3—4 u 1,8—2,5 MkM
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Puc. 7. Tunmynblii Ha6op 9XOCUTHATIOB HAa AUCKPETHBIX JTUHUAX nsiaydeHus [II'C-1umpapHoil cicTeMbl B CIIEKTPAJbHBIX AHANAa30HAX:
a — 3—4 MxM; 6 — 1,8—2,5 MKM

Ha puc. 7, a mokasaHo, 4To JHaap, paboTaiouuii
B nara3oHe crekTpa 3—4 MKM, TI03BOJISIET PETHCTPHPO-
BaThb o6paTHOpaccessHHOe B atMocdepe H3IyueHIe Ha
Tpaccax 1 KM B obJiacTi criekTpa 3—3,7 MKM U Ha Tpac-
cax 70 0,5 kM B ob6jacTu criekTpa 3,7—4 MKM. YMeHb-
TIeHNe JaJTbHOCTH 30HANPOBAHNS HA 3TOM YYacTKe CIeK-
Tpa O6BSACHSAETCS PE3KNM CIIAJIOM SHEPTHH B MMITYJIbCe
BBIXO/IHOTO W3JIydeHUs Juaapa. /laTbHOCTb 30HAMPO-
BaHUS MOKHO YBEJIWYHUTh MYyTeM yBeJUYEHUS 3HEepPTUn
B HMITyJIbCe BBIXOJHOTO W3Jy4YeHUS JHJapa 3a CYET
MOJIePHU3AINN JIa3ePHON CUCTEMbI, B YaCTHOCTH C TIO-
MOIIBIO JIOTIOJHUTETBHOTO KacKaZa HETMHENHBIX Kpu-
CTAJJIOB, 06ECTeYNBAIONINX TIapaMeTPHUYecKylo TeHepa-
o cBeta. Puc. 7, 6 IEMOHCTPUPYET, UTO Juaap, pa6o-
Talomuil B Auana3oHe cuekrpa 1,8—2,5 MKM, 1M03BOJIsET
PETUCTPUpPOBaTh o6paTHOpaccesiHHOe B artMocdepe U3-
JiydyeHue Ha TpaccaxX 1 KM Bo Bceil 06JacTu IepecTpoii-
KU JIa3€PHOTO U3JTyYeHUs.

IKCIEPUMEHTATBHO 3apPEeruCTPUPOBAHHBIE HXOCHUT-
HaJIbl JOKa3bIBAIOT BO3MO’KHOCTH JMCTAHIIOHHOIO Ta-
30aHaTM3a aTtMocdepbl € WCIOJb30BaHUEM pa3pabo-
TaHHOW JIMJAPHOU CHUCTEMbl B [Ualla30HaX JJIMH BOJH
1,8—2,5 n 3—4 MKM.

PacueTsr un wmcseHHOe MojenupoBanue [5, 10—12]
noATBepkAaoT, 4yTo co3nanHas B MOA CO PAH mu-
JlapHasg CUCTeMa MOKeT TPUMEHSATbCA I oOHapysKe-
HUSI W MOHHUTOPWHTA MAaJbIX Ta30BBIX COCTABJISIONIIX
atMocdepbl B KOHIIEHTPAIAX OT (POHOBBIX U BBIIIE
B CIIEKTpalbHbIX auamazoHax 3—4 mxm (H,CO, C,H,,
HBr, HCl, NO,, N,O, HCN, C,H; CHy) u 1,8—
2,5 MKM (Hz()7 CO2)

3. MoaesupoBaHue KOCMHYECKOTO
JUapa sl onpe/eieHHsT COIeP KaHus
NMapHUKOBBIX Ta30B

3a mocJie/IHIe HECKOJIBKO JIECSTKOB JIET CUJIBHO BO3-
pocJia KOHIIEHTpaI(isl MapHUKOBBIX T'a30B, B YaCTHOCTH
CO,, N,O u CHy. B Hacrosiiee BpeMsi OTHOCUTEJIbHOE
coJlep;kaHne, HApHUMep, YTJIEKHUCJIOTO Ta3a JOCTHTAeT
yke 400—410 ppm, Torma kax B 2000 r. oHO cocTaB-
asgno 360 ppm [13—16]. B xonre 1970-x u Havaje
1980-X rT. CKOPOCTD yBeJNUeHUs KOHIIEHTPAIIMY MeTaHa
B arMocdepe 6bLTa MakcuMaibHOit — 1% B Tog. OnHaKO

¢ Hadasa 1990-x Ir. oHa 3HAYUTEJBHO YMEHbBIIUJIACD,
u B 1999—2005 rr., B mepuo/ aefictBusi Knorckoro mpo-
TokoJsa, pocT konuleHTparmu CH, B atmocdepe daktu-
yecku Tmpekparuics. HecMoTpst Ha 3T0 Habsoqaercs
3HAYUTEJbHAS MeKT0/[0Bast M3MEHUYNBOCTD KOHIIEHTPAINT
MeTaHa, IIPUYNHBI KOTOPOIl HEJIOCTAaTOUYHO SICHBI [ 17].

Yceumug MHUPOBOTO COOOIIECTBa HaIpaBJeHbI Ha
rro6abHOE WM3yYeHNe CTOKOB M HCTOKOB Ta30B, [afo-
MUX BKJIAJ B MApPHUKOBLIH addekt. s atoro cosma-
IOTCS CPEJICTBAa TTACCUBHOTO W aKTHBHOTO HAaGJIIOIEHNUS.
DyHKIMOHNPYIONad ceifdac gabopaTopus MaCCHBHOTO
sopgupoBanua OCO-2 (Orbiting Carbon Observa-
tory-2) Mo3BOJISIET M3MEPSATH CPEJHION KOHIIEHTPAIHIO
YTJIEKUCJIOTO Ta3a ¢ morpenrHocTbio mopsiaka 0,3% [18].
Takske TIAaHUPYIOTCS pa3pabGoOTKa aKTUBHBIX JHIAPHBIX
METO/IOB, CO3J[aHUe CAMOJIETHBIX W KOCMHYECKUX JIM/a-
poB [19—21]. Hambosee u3BecTHBIE M3 HHUX: IMPOEKT
kocMmyeckoro Jupapa muccuun Merlin (MEthane Re-
mote sensing Lidar missioN) [22], mHUIUMpOBaHHbIIT
DLR (German Space Administration) u CNES (French
Space Agency), U TIPOeKTbI JuaapoB muccuu A-Scope
(Advanced Space Carbon and Climate Observation
of Planet Earth) [23, 24], unnnuupoBaHuble eBpomeii-
CKUM KocMmueckuM areHtctBoM ESA. Kuraiickas Ha-
poaHas pecmy6JIHKa TaKKe Havyasa UCCIeJOBAaHNUS B 3TOM
HampaByeHuu [21].

Jugap Merlin mpeamnosiaraer BO3MOMKHOCTD H3Me-
peHus cpeaHeil KOHIEHTpAIlMUd MeTaHa €O CJIydailHON
MOTPENTHOCTBIO Hopsiika 27 ppb 1 cucreMaTnyeckoii
3 ppb co cnyrauka ¢ op6utoii 500 KM; sHEPTUS UM-
myabcoB — 9,5 Mk, gacrora smazepa — 20 I, pasmep
Tejeckona — 69 cM, AauHbl BoaH on u off — 1,64556
u 1,64583 MKM COOTBETCTBEHHO, IIpPe/II0JIaraeMoe pa3-
perrenne usMepeHuii — 50 kM. /laTa 3amycka Jmaapa
HEOJTHOKpaTHO TepeHocuaach. Ceildac OH OPUEHTHPO-
BOYHO 3arianupoBad Ha 2021—2022 rr. [22].

ITo omeHKaM pa3/IMYHBIX ABTOPOB, KOCMHUYECKUE
Juaapel T03BoAT u3MepsaTbh CO; ¢ ommbKoil mopsaKa
0,2—0,4% upu paspemenun 50—60 kM, Ipejnoarae-
Mbie op6utbl — ot 400 1o 800 kM [19, 21—24]. B kaue-
CTBe MICTOYHUKOB M3JIyYeHUsI PACCMaTPUBAIOTCS TBEPJO-
TeJIbHBII apOueBblil Jasep mbo Nd:Yag-masep ¢ onrTu-
KO-TIapaMeTPUYECKUM OCITHJLISITOPOM, TIPe/oJaraeMble
UIMHBL BoH on u off — ~1,51 MrM.

730 Marsuenxko I'.T'., Ba6ymxkun I1.A., Bo6posnukos C.M. u ap.



B mammx pa6ortax [25—29] mpoBelieHbI OIIEHKH
BO3MOKHOCTel BOCCTAHOBJIEHUS KOHIEHTPAIUU VTJie-
KHUCJIOTOo Ta3a U MeTaHa Ipu 3oHaupoBanuu IPDA-nmmga-
pPOM ¢ TIPHEMHUKOM IIPSIMOTO JIeTEKTUPOBAHUS U TeTe-
POJIMHHBIM TIPUEMHUKOM KaK ¢ 60pTa KOCMHYECKOi
mw1atgopMbl, Tak 1 €O cTPaToc(epHBIX U TPOTOChHEPHBIX
BBICOT. B KauyecTBe MeTO/IOB pellleHIsI 06PATHBIX 3a/1a4
OBLTH PACCMOTPEHBI He[pOHHDBIE CETH M CIIEIHATN3HPO-
BaHHBIE AJTOPUTMBI, BKIOYas TeHeTtmueckuii. [Ipose-
JIEHO TIpSIMOe MOJIeTMPOBaHNE C YYEeTOM Ppa3THIHBIX
arMocdepubix curyauuil (B paborax 3apyGesKHbIX aB-
TOPOB PAaCcCMAaTPUBAETCS B OCHOBHOM (PUKCHPOBAHHBIIH
rasoBblil TPOUIb).

[Ipu TpsaMoM [eTeKTHPOBAHUH C IapaMeTpaMu
CHUCTeMbI, YKa3aHHBIMU B TabJs. 1, u opOUTOil CIIyTHHKA
450 KM BO3MOKHO BOCCTAHOBJIEHHE OTHOCHUTEJbHOI
cpeqHell KOHIIEHTPAIUU YTJIEKICJIOTO Ta3a C OINOKOI
0,16%, uro cocrasister mopsiaka 0,6—0,7 ppm. IIpsamoe
JIeTEKTIPOBaHNe TpeATiosaraeT WCIOIb30BaHe WM-
myabcoB ¢ aHeprueit SO M/[’k, MpueMHHUKA IHAMETPOM
1 M, gacrotsl udmaydaress S0 ' u nakomrenus 400 nM-
TyJIbCOB TIpHU paspemennn 60 kM. 30HAUPOBAHNE C BbI-
cotr 23 m 10 KM TpU TaKUX >Ke TapaMeTpaxX CUCTEMbI
nmaet om6ky 0,31 u 0,125 ppm cootBeTcTBeHHO. -
MOJIb30BaHIEe HEIPOHHOII CeTH WM TeHEeTHYECKOTO asl-
TOPUTMA TI03BOJISIET BOCCTAHOBHUTD IPO(UIb OTHOCHTEb-
Hoit konneHtparun CO,. Hamm pacyersl MoKa3bIBaloT,
YTO MaKCHMaJbHAs ONMMOKAa BOCCTAHOBJEHUS OKUIAETCS
y TMOBEPXHOCTH 3eMJIM — TOPSAAKa 2 ppm Ha BBICOTAX
ot 0 1o 500 M, a 3aTeM oHa yMmeHbinaetrcs 10 0,6 ppm
Ha BBICOTaxX /0 2 KM. Douiblllee 3HaUYeHMe OMMUOKN Ha
MaJbIX BBICOTaX OOYCJOBJEHO HMIMPOKUM IUAMA30HOM
u3MeHunBocTH KoHIleHTpanuun CO, Yy TOBEPXHOCTH.

Ta6auma 1
TexHuyeckue napaMeTpbl JHAAPHONH CHCTEMBI

[Tapamerp 3HaveHue
Jliunsl BoaH (on, off), MxM 117,557722(128%
BpeMms Mexxay uMIryabcaMu, Mc 0,1-0,2
JLmuTeIbHOCTD UMITYJIbCA, HC 30
PacxoanMoCTb JTa3epHOTO MydYKa, Mpaj 0,1
KBanroBas apekTBHOCTD IPUEMHIKA 0,8
Temmneparypa T, K 290
Comnporusienust ¢ 06patHoil cBI3bi0 Rr, MQ 1
[Tosoca nponyckanusg, MI'i 3
I[110THOCTH TEMHOBOTO ToKa ip, GA /T’ 160
Boicora, kM 450
CKOpPOCTD CIyTHHKA, KM/ C 7,64
[Mupuna npormyckanus GpUIbTPa, HM 1
Koaddunuenr orpakenus, CTp‘1 0,08
IddexTrBHAL BBICOTA OTPAKEHUS, M <50

Wcnosb3oBanne reTepoJUHHOTO IIpHeMa IIpU TexX
JKe IlapaMeTpax CHCTeMbl JaeT BO3MOKHOCTb CHU3HTDH
Tpe6OBAHNSA K TeXHIMYECKUM XapaKTePHCTHKAM JHJap-
HOli cucreMbl (MOLIHOCTU M3JyYaTeJsd U pa3Mepy IpH-
eMHIKa). K cokaleHHI0, OTHOIIEHHE CUTHAJI-NIYM TIPU
HEKOI'epEHTHOM IIplieMe BO MHOI'OM 3aBUCUT OT BO3MOJXK-
HOCTH OODAaGOTKHU OTJEJbHBIX CIIEKJIOB M KOJIMYeCTBA
UMILYJIbCOB HAKOILIEHUs, TaK KaK OJHA U3 aAJUTHBHBIX
COCTaBJIIOIUX IIyMa IIPOIOPLUOHAJIBHA YPOBHIO CHI-

Haja ¢ y4eToM 06pabGoOTKH KBaJpaTa CyMMBI KOMILIEKC-
HBIX cocTaBaomux MDypbe-peobpa3oBaHusd, pacipe/e-
JIEHHOTO TI0 3KCIOHEHIHAJbHOMY 3aKoHy. B Hammx
pacueTax HeoOXOANMO HCIOJIb30BaTh HEPTUI0 UMITYJIb-
coB 0,2 M/[:)x, mpeznesbnyio yactoty 7500 I't, pasmep
teseckona 0,5 M, 4TO JlaeT CPEIHIOI0 OMIUOKY TOPSIAKA
1,44 ppm (0,35%) npu paspemenun 60 kM. YBeande-
uue sHeprun g0 0,4 M/[’K He3HAUUTEIBbHO CHUXKAET
omno6ky, no 1,37 ppm.

BbImoTHEHHOE HAMU TIPSIMO€ YHCJIEHHOE MOJIETHPO-
BaHWe, a TakK ke pellleHne o6paTHOIl 3a7a4ll ¢ MUCTOJIb-
30BaHHEM HEHPOHHDBIX CeTell U TCeBAOOOPATHBIX MaT-
PUIl [T 30HIUPOBAHMUS MeTaHa ITOKa3bIBAIOT IPHMep-
HO Te Ke TOTPENIHOCTH W3MepPeHHil, YTO IPUBOIATCS
B paboTax 3apy6eKHBIX aBTOPOB, TOCBSIIIEHHBIX JTUAAPY
Merlin. MpI paccMaTpuBajii BO3MOMKHOCTH 30HUPO-
BaHUs Ha JJMHAX BOJH Jjumgapa Merlin, a Takke Ha
JUIMHAX BoJIH B paiione 1,61 MmxMm. [lnsg 3oHaMpOBaHMS
CH; wnamm O6butn BBIOpaHBI AJUHBI BoJaH 1,65095
n 1,65086 MKM. 9T JUHUN BOJH HAXOMATCI B JIMHNN
U B KpbLIe JUHUHN TOTJIOINEHNST MeTaHa, T/e BJINSHIe
MOTJIONeHUsT BOJSHOTO MMapa U YTJEKHCJIOro rasa He
CTOJIb 3HayuTeAbHO. OMMOKK ONMpeaeeHnsa KOHIIeHTpa-
1UY, TOJyYeHHbIe IIPU MOJETUPOBAHUU CHCTEM C pa3-
JIMYHBIMU TIapaMeTpaMH, MpUBeJeHBI B TabI. 2.

TakuM o6pa3oM, Ha JJTMHAX BOJIH 30HIUPOBAHUI
1,65086 1 1,65095 MKM BO3MOKHO JOCTU’KEHIE YPOB-
Hst omm6ku 25 ppb npu sHeprum mzaydaresas 9 m/Lxk,
yacrore 20 I', nuamerpe Tesneckoma 0,68 M u paspe-
IIeHNN 54 KM.

4. Jlugapubie HAOIIOAEHHS MOJSIPHBIX
ctpatocgepHbIx U Me30c]epHbIX
o06s1akoB Hax ToMckom

Ha smpapHOM KOMILTEKCe MaJIOH CTAHI[HHM BBICOT-
HOTO 30HAMpPOBaHusg atMocdepsl ¢ 1986 r. mpoBoauTCS
MOHUTODPUHT cpe/iHell atMocdepbl. OHON U3 TJIaBHBIX
3a/1a4 3TOTO MOHUTOPUHTA SIBJISIETCST OTCJIEKIBAHIE TIPO-
CTPAHCTBEHHO-BPEMEHHOIT ANHAMUKU a3P030JIsT KaK BasK-
HOWl KJmMaroo6pasyiomieil KOMIIOHEHTBI aTMocdephl.
Xopo1Io W3BecTHO, YTO OCHOBHOE a3p030JbHOEe HAIO0JI-
HeHHe cpejHeill aTMocdephl B IepHoIbl aKTHBHOI BYJI-
KaHM4YeCKOH /esdTeJbHOCTH OIpefeseTcs NMPOAYKTaMU
BYJIKQHHYECKUX BBIGPOCOB (9pyNTUBHBIN a3p030Jib),
a B CIIOKOITHbIe TIEPUOJIbI — 3aHOCAMU a3pPO30JIsI U3 TPO-
nocepst B crpatocdepy (doHOBBII aspo3on). 3Ha-
YUTEJTHHO MEHBIINI BKJAJ B a3PO30JbHYI0 KOMIIOHEHTY
cpenHeil atMocdepbl BHOCAT TaK Ha3bIBaeMble IIOJISP-
Hble cTpaTocdepHble I Me3docdepHble obmaka. VHTEpec
K Ha3BaHHBIM o6JaKaM BBI3BaH TeM, YTO OHH CJabo
n3y4eHbl, B TOM uncye B 3amaauoit Cuéupu, TOCKOJIbKY
KpaiiHe pe/iko IOSABJIAIOTCA B cpeJHeil aTMocepe aToro
pernoHa. B HacTodmeM pasjene OINCHIBAIOTCA YHH-
KaJibHble CJAy4Yal JUJApHBIX HAGJIONEHMT YKa3aHHBIX
00.JTaKOB.

[onapubie crparocdepubie obmaka (IICO) obpa-
3ylOTC TIpU KpaiiHe HHM3KHMX TeMiepaTypax (HuKe
195 K) 1 MOTyT cOCTOATH M3 YaCTHI[ TPUTHApaTa a3oT-
HOM KUCJIOTBI, TPOIHOTO coeanterus (MOJeKyIbl a30THOI
U CepHOil KUCIOThI M BOAbI) U Jbda. [lo pesyibraram

JlazepHoe u onTHYecKoe 30HANPOBaHHE aTMOChepsI 731



Ta6bauima 2

ITapameTpbl MoeMIpOBaHUS JHIAPHOI CHCTEMbI

TTapamerp Cucrema 1 |Cucrema 2 Céﬁz(;ﬁif Cucrema 4

JlmMHa BOJIHBI, 0N, MKM 1,65095 1,64555 1,64555 1,65095
JlmmHa BouHb, off, MKM 1,65086 1,64583 1,64583 1,65086
OHeprus B uMiryabce, M/IK 25 25 9 9
[luameTrp TesiecKola MPUEMHOI CUCTEMBI, M 1 1 0,68 0,68
Paspemnienne augapa, KM 15 15 54 54
Yacrora umimy.bcos, ' 50 50 20 20
KosmyecTBO UMILY/JIbCOB HAKOILTEHUS 100 100 144 144
Omrn6ka orpe/eseHIs cpelHell OTHOCUTEeTbHOM 8 10 27 25

KOHIleHTpaiuu, ppb

JUAPHBIX U3MepeHUil cTpaTHu(UKAIUN a3PO30Jisd, BbI-
paKeHHOI uYepe3 OTHOIIEHWE paccednus R Ha JmHe
BomHbI 0,532 MM, B sgaBape 2010 r. 6pL1H 06HApY Ke-
HO TIOSIBJIEHNE PACCENBAIOIMINX CJIOEB B OOJACTH BBICOT
15—20 kM (puc. 8, 1B. BKaagka). IIpu aTOM CHHXPOH-
Hble U3MepeHus, MpoBonMble co cinyTHuka AURA, 1o-
Ka3aJi, 4To TeMIIepaTypa B 9TOM JMalla30He BBICOT MIPH-
MepHo Ha 5—7 °C mpeBbiiiana opor o6pasoBanus [1CO.

[l BbISICHEHUSI TIPUPOABI 0OPA30BaHUS paccem-
BAIOMINX CJIOEB HAMU OBLT BBITTOJIHEH TPAEKTOPHBIIH aHa-
JIN3 TlepeHoca BO3AYIIHBIX Macc I WHTePBaJa BBICOT
15—25 kM. Kak mokasas pacyer o6paTHBIX TPaeKTOPHi
TepeHoca, OHU TMPOXO/IUJIN B HAMTPABJEHUN C 3alajla Ha
BOCTOK BOKpYT CeBepHOTo MOJIoca HaJl PETHOHAMHU Ce-
BepHoii CkaHnuHaBuu u 10:;xkHee HoBoit 3emun. Munu-
MmambHag Temmeparypa 190 K 6puia 3apernctpmpoBaHa
okosio Hopoii 3emsin 3a JieHb [0 IOSBJEHHS pacceu-
Batomiero cios, 18 auBapga. TakuMm o6pasoM, OBLIO yc-
taHoBieno, uro IICO o6pa3oBaiich B apKTHUECKOM
pernoHe 1 OBLIN IIPHHECEHBI K TOMCKY.

Crenytoumnit penkuit caydaii nabmogenuit [1CO
Hax TomckoMm oTtHocuTcst K gHBapio 2016 r. B nauase
TpeTbeil [eKaJbl MecsIia CTPYKTypa aspo3ois uMeJa
tunnyHoe oHoBoe pactpezeseHne. C 26 nmo 30 sHBa-
psT HAGIIOATIICh a3PO30JIbHBIE CJIOW C BBIPA’KEHHBIMU
MaKCMMyMaMH Ha BblcoTax oT 15 mo 25—30 kM (puc. 9,
1B. BKJAagka). ITo xoxy HaG/aomeHuil CHHXPOHHO IIPO-
BOJWJINCH JIUJAPHBIe BePTUKATbHbIE U3MEPEHUS TeMITe-
parypbl, TTpodUIN KOTOPBIX MpPUBEJEHbI Ha puc. 9, 6.
Ha pucyHke 4eTKo BUIHO OTpHUIIATETbHOE OTKJIOHEHUE
TeMIepaTyphbl, OJHOBPEMEHHO W3MEpPeHHOH JInuaapoM,
paauo3onjoM u ciyTHUKOM AURA, 0T cpenHeMecs4HO-
TO 3HAUYeHUd HUKe Topora o6pasoBanusa dactuil [1CO.
Hauaso o6pasoBanus aspososss [ICO 3aMeTHO Ha Tpa-
duke 25 auBapa 2016 r. Ha BbicoTe 20 KM ¢ pa3BUTHEM
B TocJeqyionue AHU. B 3TNX HAGIIONEHUIX BIlepBbIe
66110 o6HapyskeHo, uTo IICO TOSABMASIOTCS HE TOJBKO
B pe3yJibTaTe 3aHOCAa €O CTOPOHbI CKaHAMHABUH, KaK
3T0 06b1YHO TIporcXoauT (CKaHIMHABHIO MIPUHATO CUH-
TaTh peruotoM o6pasoBanus [ICO). Ouu MoryT o6paso-
BBIBAThCS I HETIOCPEICTBEHHO HaJl 3amaaHoit Cubupsio.

[TpuMep MuaapHBIX HabMOAeHHH cepe6pucThix (Me-
30cepHbIX ) 061aK0B TToka3aH Ha puc. 10 (11B. BKIagKa).
BoLn 3aperncTpupoBaH YHUKAJIBHBIN Caydail 3aBUCAHU
o6akoB Hajx ToMmckoM B TeueHuu Bcero Jera 2008 r.
O6aka UMeJu YCTOIYUBYIO [BYXCJIONHYIO CTPYKTYPY
C BBICOTAMHU JIOKAJH3AIlMH I[eHTpa CJI0eB OKOJo 78
n 88 kM. Illupuna cjioeB cocrapjsijla IPUMEPHO 3 KM.

Bropoit u mocienuuii pas cepe6puctbie o6raka HabJIIO-
Januch B Tedenne Houn 4 miona 2011 r. (puc. 11, us.
BKJIaJiKa) Ha BbicoTe 80 KM ¢ IIMPHHOIN CJIOS OKOJIO
1 kM. B mocienytomue g1 HaGTI0IeHAIT B MToJie 061aKa
He PEerucTPUPOBANUCE.

5. Jlugapubie HaOIIOAEHUS
a3p030JIbHBIX 00pa30BaHMIA
B IIOIPAHHYHOM CJIO€ aTMOC(epbI
U UX B3auMO/IeiicTBUS
¢ 00JIaYHBIMHU CJIOSMH

Dusnka B3anMoieficTBus 1 TpaHcGHOPMAIIUU a3PO-
307151 B TIorpaHuvHoM cjioe atMocdepsl (ITCA) Bbi3bIBaeT
B HacTosIee BpeMs 60JIbIIOIl Hay4HbIiT nHTepec. B pac-
MOPSIKEHUN YUE€HBIX UMeeTCsl OGIIUPHBIN KJIacc pasHo-
06pa3HbIX METOJOB WCCJIEeJOBAHUS W IPHOOPOB, YTO
TO3BOJISIET AHAIM3MPOBATh IMUPOKMH CIIEKTP JaHHBIX.
[MosBuBIMIMECA B TOCTETHUE TOABI JUAAPHBIE METOJBI
JTal0T BO3MOXKHOCTb He TOJBKO TIOJIy4YaTh JIOKAJIbHBIE
JIaHHbIE O XaPAKTePUCTUKAX a9P030JisA, HO U OI[eHUBATDH
TIPOCTPAHCTBEHHO-BPEMEHHYIO M3MEHYMBOCTH TapaMeT-
POB a3P030JIbHOIT KOMIIOHEHTBI B IMIUPOKHUX JAUANIA30HaX.
B stoM pasgene TPUBOAATCS Pe3yJIbTAThl JIUAAPHBIX
Ha6JIIO/IeHNil a9pPO30JIbHOII KOMIOHEHTBI aTMOCdepHI,
B ToM uucje o6sakoB, B [ICA, mpoBeleHHBIX BOJU3H
r. ToMmcka ocenbio 2018 r. B pa3/MuHbIX MOTOJHBIX YC-
JIOBUSIX.

B skcnepmMeHTaxX WHCIOTIB30BAJICSA JHAAp, 067a-
JAIONINI CAeYIONMME OCHOBHBIMHU TapaMeTpaMu: pa-
6odast IJIMHA BOJIHBI — 532 HM, SHEPTHsl B UMITYJbCE —
50—70 M/I)x, AnuTEaBHOCTD MMITyJIbca — 15 He, yactoTta
noBroperust — 30 ', ¢goronpuemuuxk MIY-84, nua-
MeTp npueMHoii aneptypsl — 0,15 M. [Tosyyaembre gan-
Hble HAKAIUTHBAJINCH U yepeAHsch 1o 100 nMImyibcam.
[lna BoccTaHOBIEeHNS Tpodpisg KoadduimenTa paccesi-
HUS aTMocepbl HUCHOJb30BaNCAd aJroputM Kierrta—
Depuanga [30, 31] ana aByxdasHoil cucTeMbl paccen-
Baresieil. [loTeHIman Jugapa MO3BOJI TMOIYIaTh JaH-
Hble Ha PACCTOSTHUAX 110 3 KM.

AtMocdepHble YCIOBUST BO BPeMsI UCCJIeT0BAHUIA
MOJKHO Pa3/eJINTh HA TPH THIIA:

— ciaborpaJieHTHOe 6apuiecKoe T0JE;

— aHTHUIUKJIOHAJIbHAS TOTO/A;

— IUKJOHAJIbHbIE YCIOBUS.
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Ha puc. 12 (uB. BKJIamKa) TpeJcTaBjieH BPeMeH-
Hoil xoa npoduiigd koadduIleHTa paccesiHus 1Jis HOY-
HBIX YCJOBHUI CJaGOTPAINeHTHOTO 6apUyecKOTO MOJIS.
Bugno, uto koaddunueHt paccesHus cjaabo U3MeHS-
€TCcd ¢ BBICOTOM, 3a WCKIIOYEHWEM O0JAYHOTO CJIOSI Ha
BbicoTax 1,5—1,8 kM.

Croit 06;1aK0B MOKeT 06pa3oBaThcd B pe3yJbTaTe
KOHJIEHCAIINU BOJSHOTO MTapa IIPU YBeJIUYeHUN abCOTI0T-
HOI BJIAKHOCTHU BO3yXa WJIH TIOHIKEHUN €T0 TeMIlepa-
Typbl. Yalie Bcero B cBo6o/iHOI aTMocdepe neiicTBYIOT
o6a daxrtopa. 3MeHenme GuU3NIeCKIX XapaKTePUCTUK
BO3/[yXa MOKET MPONCXOJIUTHb JHOO B pe3yJbTaTe KOH-
BeKITNY 60Jiee TETIBIX YIACTKOB BO3IYNIHBIX MacC M WX
aanabaTUYecKOTO0 PACIINPEHUS U OXJaXKIeHus, JTu60
B pe3yJbTaTe aJIBeKIINU BO3AyXa, TIPUBOIAIIEH BOAIHOM
map B 6oJiee X0JI0OIHbIe 06acTu atMocdepbl, HalpIMep,
B XoJoAHbIi ¢GpoHT. Hambosee BepoATHBI MeXaHU3M
o6pa3oBanus o61aka Ha puc. 12 — a/[BeKTUBHbBIN, O 4YeM
CBU/IETEJTBCTBYET OTCYTCTBHEM Ha PHUCYHKe BCILIBIBAIO-
IUX YYaCTKOB HATPETOTo Bo3AyXa (TepMUKOB), a TaKske
TOT (baKT, YTO BO BpeMsI 30HANPOBAHUS CTOSIA JJOBOJID-
HO XOJIOIHASI YCTOWYMBAs TOTO/a C [HEBHOIH TeMIepa-
Typoit okoso 5—7 °C.

Puc. 12 u 13 (11B. BKJIaJKa) 3aMeTHO OTJIUYAIOTC.
Puc. 13, Ha KOTOpPOM TMOKa3aH BpeMeHHOI X0/ Mpodu-
Jeil 06beMHOTO K03 UINIeHTa paCCesTHUS [T aHTH-
IINKJTOHAJbHBIX MOTOHBIX YCJOBUIl, MOXKHO YCJIOBHO
pa3neuTh Ha TpU 4YacTu. K mMepBoil OTHOCUTCS HMHTEp-
Ban BpeMeHu oT 20:00 go 23:00, xorja NPOMCXOIUT
3apok/leHne W pa3BUTHe OOGJAYHOTO CJIOSI HAa BBICOTE
okoJio 1,5 kM. B ormmmume ot puc. 12, obmako dopmu-
pyeTcsl ¢ TIOMOIIbI0 KOHBEKTHBHOTO MeXanu3Ma. Ha uH-
TepBaje n0 21:00 oTueTMBO BUAHBI (POPMUPYIOIINECST
BO/IU3M 3eMHOIl TOBEDXHOCTH M TIOCTENIEHHO MO/HU-
MaloIrecsl TeTIOBbIe STYeiKU, TpeCTaBJIoN e co6oii
3aMKHYTbIe OO0JIACTH C TIOBBINIEHHOW KOHIlEHTpaIueit
pacceuBatomux yactuil. /lamnee, no 23:00, npoucxogur
noJabeM 3THX o6iacreit 1o ypous 1,3—1,5 kM, aaua-
6aTHyeckoe OXJaKJeHWe BO3AYIIHBIX MacC M WX KOH-
JleHcallusi, To ecTb 06pa3oBaHie 06JAYHOTO CJIOS.

Ko Bropoii wactu cieayeT OTHeCTH BpeMeHHOI
unTepBat ot 23:00 mo 03:00 — dasa pazButus obyaka:
BBICOTA OGJIAKOB M KOHIIEHTPAITHA YaCTHIl B OOJaUHOM
cJioe TocTosiHHA. B momo6iaynoM cioe atMocdepbl, Ha
BBICOTaX 70 1 KM, TPOMCXOIAT MPOIECCH MEpecTpoe-
HUST a3PO30JIbHBIX CJIOeB MO BbicoTe. HabuonaeTcst
TakKe IOCTENleHHOe HAIOJHEHNe IMOJ06JaYHOTO CJIOS
a’po30JieM, B TOM YIHCJIE 3a CUET OOJTaYHBIX YACTHII.

K Tperbeit yactu puc. 13 oTHOCHTCS BpeMeHHOI
npomexyTok nocsae 03:00. Yixe ¢ 2:00 3aMeTHO yMeHb-
IIeHNe IJIOTHOCTH OGJIAYHOTO CJIOSl, a 3aTeM CJeIyeT
cTaaus pas3pyinenus objsaka. BykBajabHO 3a yac o6Jsau-
HBIIl CJION McYe3aer, a coJep:Kaluiics B HEM a’3pO30JIb
MIOCTEIIeHHO oce/laeT B IIPHU3eMHbIH cJoit aTMocdephl.

Puc. 14 (11B. BKJIagKa) 1eMOHCTPUPYET BPeMEHHOI
X0/l BBICOTHBIX Ipoduseil koaddummenTa paccesHns
TP IIUKJIOHAJIBHOM TIoTo/ie. BUHO, 4TO 06IaUHBIH CJI0i
B YCJOBUSAX IIMKJIOHA 00pasyercsl B HEMOCPeICTBEHHOI
6/TM30CTH OT 3€MHOI MMOBEPXHOCTH, Ha BBICOTE OKOJIO
500 M. A3p030sib BpeMeHaMu «3a6pachIBaeTCsI» Ha BbI-
corbl 1—1,5 KM, oaHAaKO OOGJIAUHBIN CJIO Ha 3THUX BBI-
cotax He o6pasyercda. Kak TpaBmio, NMUKIOHIYIECKITE
06J1aKa COTTPOBOXK/IAIOTCS BETPOM U OCAIKAMM.

CJIeL[yeT OTMETHUTDH, YTO I[BETOBOE IIpe/CTaBJICHUE
IIPpOUCXOJAIINX B aTMocd)epe IIpOIECCOB HarJIAJAHO [€e-
MOHCTPHUPYET BO3IMOKHOCTHU JINJAPHOTO METO/Jia.

6. Pacuer onTtuyeckux xapaKkTepHCTHK
MEePUCTBIX 00JIAKOB, COCTOSIIIUX
U3 arperaToB JeJSIHbIX KPHCTAJJIOB

ITepucTbie o61aka MOKPHIBAIOT 0K0J10 30% MOBEPX-
HOCTH 3eMJIi, MO3TOMY OHHU CYIIECTBEHHBIM 06pa3oM
BJUSIIOT Ha ee PAJUAIlMOHHBII OIO/KET U, CJeJoBa-
TesIbHO, Ha KauMart. (3mech MoJ mepucTbiMu 06/ IaKaMu
MBI IOHUMaeM Jio6ble 06J1aKa, COCTOSIIINE U3 JIeISTHBIX
KpucTaamoB). HemocTaTok 3HaHW O paJHalliOHHBIX
XapaKTePUCTUKAX MEePUCTHIX 00JAKOB SIBJISIETCSI OIHUM
13 OCHOBHBIX HCTOYHUKOB HEOIPEIEJEHHOCTH B COBPE-
MEHHBIX YHCJEHHBIX MOJESIX PAIUAIOHHOTO GajiaHca
3emsu. Vcmosib30BaHe KOPPEKTHBIX PaHAIlMOHHBIX
XapaKTEPUCTUK TEPUCTBIX OOJAKOB MOTJIO ObI CYIIeCT-
BEHHO YJIYUIIUTb CYIIECTBYIOIIUE YNUCJEHHbIE MOJeNn
JTOJITOCPOYHOTO TIPOTHO3a TOTO/BI U TJI06AJIBHOTO U3Me-
HeHHUs KjamMarta. KpoMe Toro, 3HaHHMe KOHIIEHTPAIUU
JIeITHBIX KPUCTAJIOB, a TaKXKe TaKUX X MUKPODU3N-
YeCKIX XapaKTePHUCTHK, Kak pa3Mep u ¢opMa, HE0OXO-
MO [IJIsI TIOHUMAHWSI TTPOIECCOB, TIPOTEKAMIINX B aT-
Mocdepe 3eMin, KOTOpble TPUBOIAT K BO3HUKHOBEHUIO,
9BOJIIOIMU M pachajy IepucTbix 06jakoB. Cpean pas-
JIMYHBIX METOJIOB, UCIIOJIb3YEMBIX JIJISI H3YYeHUsT Paua-
IUOHHBIX ¥ MUKPO(MU3MYECKIX XaPAKTEPUCTUK IePH-
CTBIX 006JIAKOB, Ba)KHYIO POJIb HTPAIOT JUAAPHbBIE METO-
el [4].

J11s1 IepucThIX 06JIaKOB ¢ HEGOIBINON OMTUIECKOM
ToOJIIEl, KOrJa MPUMEHUMO NPHUO/IKEHNe OIHOKpaT-
HOTO PACCESTHUSI CBETa, TaKhe OITHYECKUE XapaKTepiH-
CTHKH, KaK KO3(h@UIMEHT pacCestHUs U IKCTHHKIIH,
OTIPeNIeJISAI0TCS KaK MpOu3Be/leHNe KOHIIEHTPAIUN KpPH-
CTAJIJIOB Ha MATPUIY PacCesTHUsI CBeTa Ha OJHOM KpH-
CTaJlje, T/le MaTPUIA YCPEIHSIEeTCs o padMepaM, dopme
U TPOCTPAHCTBEHHOI OPHMEHTAIINN KPUCTAJLIOB, BCTpe-
yatonuxcsl B obyake. Ecii o6aka 30HANPYOTCS A~
pamu, ToO MaTpHUIla PACCESTHUST — 3TO MaTpHila 06paTHO-
TO paccesiHHs, KOTOpas MPUHUMaeT HauboJjiee IPOCTOi
BU/I B CJIydae XaOTHIEeCKOIl OpUEHTAIIH KPUCTAJLIOB [4]:

My, 0O 0 My,
10 My 0 0

M=l 0 _My, 0
My 0 0 My -2My

Kaxk mokasbiBatoT sKcriepuMeHTaTIbHbIe JaHHbIe [32],
aneMeHT M, 0OBIYHO TIpeHeOpEeKNMO MaJsl, U MaTpHUIa
06paTHOTO PacCesTHUsT OTIpeNIesIsAeTCs IByMs JieMeHTa-
Mu: My — cedeHne 06paTHOTO PACCESHUS OHOTO Xao-
TUYeCKN OPHUEHTHPOBAHHOTO KPHUCTALIA, YCPeTHEHHOe
Mo aHcaMOJI0 KPHUCTAIOB, U My, — 3JeMeHT, ompe/e-
JISTIONIHI TTOJISIPU3AIII0 PACCESTHHOTO CBeTa.

Opnako npoBesenHble Hamu B 2013—2019 rr. BBI-
YHCJIeHNs] MaTpUI] 06paTHOTO pacCesTHUsI A MpocTeii-
TITIX MOJIEMBHBIX (POPM KPHUCTAJIIOB B BUJIe TeKCATOHAb-
HBIX ILIACTUHOK, cToJI6uKoB, bullet-rosettes, droxtals
u p. [33—38] mokazanu, 4T0 06BIYHO M3MepsieMble TTPH
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JUAPHBIX HUCCJIEOBAHUAX BEJHYNHBI, TaKue KaK JIin-
JlapHOe, CTeKTPaTbHOE U JEMOIIPH3alNOHHOe OTHOIIIe-
HHUe, TUIOXO COTJIACYIOTCS ¢ TEOPETHUECKNMHU pe3yJIbTaTa-
MHU. DTO JJaeT OCHOBaHHE CUYUTATh, YTO B PeabHBIX Tie-
pPHUCTBIX O6JIaKax MoZaBJsgioliee GOJIBITHHCTBO — 6oJiee
cI0kHBIe (DOPMBI KPUCTAJLIOB THIIA (PPAKTAIOB, arpera-
TOB M3 FeKCarOHAJIbHBIX CTOJOMKOB UJIU MJIACTHHOK U JIP.

B aToM pasnesre MBI IPUBOIUM pe3yJIbTaThl pacye-
TOB MaTPHUIl OO6PATHOTO PACCESTHHS [JISI JIEASHOTO arpe-
raTa, COCTOSIINEro U3 BOCBMH Te€KCAarOHAJbHBIX CTOJIOH-
koB (puc. 15). ITOT arperar HWCIOJIb30BAJICA B paboTax
aMepUKaHCKUX aBTopoB [39]; oHM paccuuThIBATM MAaT-
PUIBI PAcCeTHUS 1O/l MPOM3BOIBHBIMU YTJIAMU CBOUM
asroputMoM IGOM, KOTOPBIii, KaK OKa3ajaoCh, HEPH-
MeHHUM K HallpaBJIeHUIO paccesTHUd Ha3al. MbI IpoBesn
pacueTbl HAIIMM aJTOPUTMOM MeToja (PU3UYecKoil oIr-
tuku [33, 35], KOTOPBIIl OUHAKOBO MPUMEHNM KO BCEM
HalpaBJEeHUSM PaCCesTHHA.

Puc. 15. ArperaT, COCTOSIINHA U3 BOCBMU TeKCATOHAJIbHBIX
cron6ukos (cron6uKk 6 He BHIEH HAa PHUCYHKe MPH JaHHOM
opueHTalun arperara). Bee reoMerpudeckue mapamMerpbl CToJ-
6UKOB IIpUBe/JeHbI B Tabl. 4; a, B, y— yIibl Jiliepa, onpeje-
JISTIOTIIe OPUEHTAIIIO YaCTHIB B IPOCTPAHCTBE

DJIeMeHTbl MaTpUIbI 06paTHOTO paccesdHns My,
u My, 3aBHUCAT OT JJINHBI BOJHBI 30HANPYIONIETO M3JIY-
YeHHsa W OT pa3MepoB KpucTaanioB. B pabore [37] Mbr
MTOKa3aJIi, YTO 3aBHCHMOCTb OT pa3Mepa YaCTHUIIbI JJIS
npocrefimux $hopM kpucTa/ioB (rekcaroHagbHbIE CTOJI-
OWKN ¥ TIACTHHKHU, APOKCTAJLIBI M [P.) MOKHO C XOPO-
niefl TOYHOCTHIO HKCTPATOINPOBATD CTEIEHHBIMU 3aKO-
Hamu. OHAKO BOMPOC O 3aBUCUMOCTH MaTpPHI[ 06paTHO-
TO paccesHHs OT Pa3MepoOB [JIs JIeJTHBIX KPHUCTAJLIOB
MIPOU3BOJIBHBIX (POPM OCTABAJICS OTKPBITHIM.

MBI TIpoBeIH pacyeThl AJs Pa3IuIHbIX pa3MepoB
XaO0TUYEeCKN OPUEHTHPOBAHHOTO arperaTa, MpecTaBIeH-
HOTO Ha puc. 15, HaIMM MeToJoM (PU3MYECKOI ONTUKH.
PesysbTaThl pacyeToB JJI YeTBIPEX PAa3MEPOB arperaToB
7 I ABYX TUMWYHBIX IS JUAapoB AjauH BosaH 0,355
u 1,064 MM mokaszanbl Ha puc. 16. Otmernm, yTO pas-
Mep arperata [ (cM. puc. 15) ompezensics Kak MaKCH-

MaJbHO PACCTOSTHUE MeXKIy IByMs TOYKaMU Ha MOBEpX-
HocTH arperata. /lyjig arperata ¢ TapaMeTpaMn Wu3
Taba. 3 OH oKazajcsd paBHBIM 398 MKM. 3aTeM IpOm3-
BOJIbHBIE pa3Mephbl arperara ONpeeJs/INCh IIPOCTHIM
MacuITabupoBaHueM BeJmunHbI [ = 398 MKM.
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Puc. 16. DieMeHTbI MATPUIbl OOPATHOTO PacCesTHUs sl ABYX
JUTUH BOJIH KaK (PYHKIUH pa3Mepa JIeISIHBbIX arperaTton

Ha puc. 16 BuziHO, 4TO pe3yJ/ibTaTbl pacueToB B JIO-
rapudmMrgeckoM Macurtabe XOpPOIIO 3KCTPATIOJNPYIOT-
cA TIPSAMBIME JIMHUSIMU, 9TO COOTBETCTBYET BBIIIEYTIO-
MSHYTBIM CTeTIeHHBIM 3akoHaM. TakmM o6pa3oM, MBI
TIOJIyUMJIN BAJKHBIN Pe3yJbTaT — 3aBUCHMOCTb MATPHIL
06paTHOTO paccesHUA OT pa3MepoOB KPUCTAJIOB OIMCHI-
BaeTcs CTENEHHBIMH 3aKOHAMM KaK [IJISl JIEJSTHBIX KpH-
CTAJLJIOB TIPOCTBIX (hOPM, TUIIA TEKCATOHAJIBHBIX CTOJIOM-
KOB W TJIACTUHOK, TaK W [ arperatoB 6oJiee CJIOXK-
HBIX (DOpM.

B peampHOM TepncTtoM o6jake pa3Mephl KPHICTAaJ-
JIOB [ CYIIECTBEHHO BapbUPYIOTCS, a pachpe/ieJieHne mo
pasMepaM OOBIYHO MOMAYMHSIETCS FaMMa-paclipe/iesIeHUIO:

ln\:AX
p(D) = lexp l_lj I lexp = dl. @))
l .

‘modal modal

3nech lpin M lpaxy — MHHEMAJIbHBIH M MaKCUMAaJIbHbBIN
pasMep arperatoB, BCTpevaomuxcs B o61ake. Xapakre-
PUCTHKOII pa3MepoB KPHUCTAJJIOB B 3TOM 0O0JIaKe SIBJISET-
Cs1 MOJAJIBHBIN pasMep lnodal, COOTBETCTBYIOIIMH Mak-
cumymy dynkimn (2).

IIpn u3MeHeHHU COCTOSIHUSI aTMocdepbl Kak MO-
JATBHBIA pa3Mep, Tak U JOOble ONTHYECKIE XapaKTe-
pucTHKE 06saka 6yayT MeHsAThcs. [[oaToMy BaxKHO olle-
HUTH, HACKOJBKO TaKie W3MepsieMble B JUIAPHBIX HC-
CJTEOBAHUSAX BEJINYMHDI, KaK JUIAPHOE, CIEKTPATbHOE
U [JeNOJISIPU3AIMOHHOE OTHOIIEHHS, GYAyT MEHSITBCS
IIPU U3MEHEHUH COCTOSIHUS aTMOC(epBI, T.€. MOJAJIbHO-
ro paaMepa. OTBeTbI Ha 3TH BOIPOCHI JAIOT IIPUBE/IEH-
Hble HIDKE pe3yJbTaThl pacyeToB, INOJIyYeHHBIE C HUC-
[I0JIb30BAHIEM CTENIEHHOTO 3aKOHA /IS MaTPUIIbI 06pat-
Horo paccestius (cm. puc. 16).

Ha puc. 17 mokasaHa 3aBUCHMOCTb Ce4eHHS 06-
paTHOTO PACCESTHUS [T TIEPUCTBIX OOJAKOB, COCTOSI-
IMNX U3 JeISHBIX arperatoB, OT MOJAJBHOTO pasMepa
KPHUCTAJLIOB.
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Ta6auma 3

T'eoMeTpuyeckne mapaMeTpbl FeKCaroHaJbHBIX CTOJIOUKOB, 00Pa3ylOMUX arperar Ha puc. 13

Ne | [Tuamerp D, MKM Jlnuna [, MKM | Y | B | o | X Y z

1 92 158 23 50 -54 0 0 0

2 80 124 16 81 156 15,808 107,189 -60,108
3 56 78 5 57 94  -26,691 73,005 49

4 96 126 13 76 130 -88 -39,19 11,643
5 106 144 11 29 -21 106,532 33,08 27,801
6 38 54 8 62 -164 35,923 -51,5 -37,533
7 68 102 29 41 60 40,11 -57,227 112,5

8 86 138 19 23 122 -9,7524 -132,57 57,131

[IpumMevaHue. X, Y, Z — AeKAPTOBBI KOOPAMHATHI IIEHTPOB CTOJOHKOB.
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Puc. 17. Ceuenue 06paTHOTO paccesHHUS OHOTO KPHCTAJIA
Kak (YHKIMS MOJATbHOTO pa3Mepa KPUCTALIOB B ob6Jake
g & = 0,355 mxm (amknasa guausg) u 1,064 mxm (BepxHss)

MoO:KHO BHJIETH, YTO 3aBUCUMOCTb CeUeHHUS 06pat-
HOTO paccesHnsa OT MOJAJbHOTO pa3Mepa YacTHIl B 00-
JlaKe CTAHOBUTCS Y:Ke 6ojiee CJIOKHON, UeM aHAJIUTH-
yecKas CTelleHHas 3aBUCUMOCTb. ITO IOKa3bIBaeT HeoO-
XOJMIMOCTD TIPE/ICTABJIEHHS] PE3Y/IbTATOB [JIS MIPAKTHYe-
CKOTO TICIIOJb30BAHNS B BHe IPAPUKOB UJIH TPOMO3/I-
KHX TabJImIl.

ITpakTiaecknil nHTepec OOBIYHO IIPE/CTABJAET He
cedeHne oOPATHOTO paccedHUs, a JUJAapHOe OTHOIIe-
HHe, KOTOPOe OIIpefesisieTcss Kak oTHomenue M/ 2S,
rie S — TIomaab TeOMeTPUUECKOH TTPOEKIINN KPHUCTaJI-
Jla Ha ILIOCKOCTh, yCpeAHeHHOe coraacHo 3akoHy (1).
Paccuntannoe TakuM o6pa3oM JUAapHOE OTHOIIEeHNEe KaK
QYHKIINI MOTAJIBHOTO pa3dMepa ToKa3aHo Ha puc. 18.

Ha npakTuke juapHoe OTHOIIEHUE SIBJSETCS JI0C-
TATOYHO CTAOUIbHOI BEMUIMHON, KOTOpOe NMPUHUMAET
3HaueHus Mexay 20 u 30. Ha puc. 18 teoperuueckoe
3HAUEHUe JUJIAPHOTO OTHOUIEHUS SIBHO 3aHIDKEHO. JTO
JIOKa3bIBAET, YTO B PACCMOTPEHHON HaMU MOJEJN arpe-
TaToB BKJA/ TaK HA3bIBAEMOTO YTOJKOBOTO OTPAsKEHUSI,
KOTOpoe o6pasyeTcs 3a CYeT [ByTrpaHHOTO yrja B 90°
MesKIy TpaHsaMH, 3aBbiiieH. CilelloBaTeIbHO, peabHAast
¢opMa eJSTHBIX arperaToB JOJKHA OBITh Gojiee CJIOK-
HOI, YeM COBOKYIMHOCTb T'eKCarOHAJbHBIX CTOJOWKOB.
B mosp3y aToro BBIBOJA TOBOPST TaKKe PACCUYNTAHHBIE
HaMU 3HAYeHHS JIMHEITHOTO JeMoJIIPU3allnOHHOTO OTHO-
menus 8= (M —My)/ (M + M>,,), KOTOpBIE JexKaT

JIaaepnoe " ONITUYECKO€ 30HAHMPOBaHHE aTMOC(l)epb[
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Puc. 18. JlujapHoe oTHoIIeHHe KakK (YHKIHS MOJAJIbHOIO

pasMepa KpucTaioB B ob6make jiag A = 0,355 MM (HUKHSAS
munus) u 1,064 MM (BepxHss)

B uHTepBasie 0,2—0,3, Torma kKak sKcliepUMeHTaJbHbIE
JlaHHBIe motraaloT B uHTepBaa 0,3—0,5.

B sakmodeHmne mogyepkHEM, YTO pa3pabOTaHHBIN
HaMH MeTo/l (PU3WYeCKOHl ONTHKH SBJSETCS MOIIHBIM
YICJIEHHBIM Me/IOM, TIO3BOJIAIONIIM PAaCCUNTBIBATD Pac-
cesdHMe CBeTa Ha JIeJSHBbIX KPHUCTALIAX HEePUCTBIX 06-
JIAKOB, TOT/Ia KaK CTaHJapTHbIe MeTOJbl pacueTa, OCHO-
BaHHble Ha pellleHny ypaBHeHHHl MakcBesia, TpeGyoT
HEOTIPaB/IaHHO GOJIBIINX BBIYUCJIUTENbHBIX MOIIHOCTEI.
B nocsreaue 10 sieT HaM yaI0Ch YUCJAEHHO PACCUNTATD
BCe OCHOBHbBIE XapPaKTEPUCTHKU DACCESHUSI CBeTa IS
mpocTefimnx QGopM JeAFHBIX KpucTaaroB. [lepexon
K 60JIee CJIOKHBIM (hopMaM 4YacTHUI] Tpe6yeT yBeTMIeHIs
BpeMeHH pacyeToB I ONTHMHU3AINN BLIYUCIUTEIbHBIX
aJITOPUTMOB. 3/1eCh MBI IPOIEMOHCTPUPOBANIN yCIIeITHOe
IIpeo/ioJieHIe BhIIEYKa3aHHBIX TPY/IHOCTell Ha mpuMepe
arperata M3 BOCbMH T'eKCArOHAJIbHBIX CTOJOHKOB.

7. 3onaupoBanue GpeMTOCEKYHIHBIMU
Jla3epHBIMH UMILYJIbCaMH

B Hacrosiiiee BpeMsI IIOJyYWIN pPa3BUTHE METOIBI
U TeXHHUKa 30HANPOBaHMS aTMocgepbl MOUIHBIMH (DeM-
tocekyHaubiMu (DC) ummyabcamu [40—42]. [lnsa s0H-
JIPOBaHUsT aTMOC(EPDI MCIIOMb3YETCA U3IYIeHHE CYTIep-
koutuHyyma (CK) — smmapa «Gemoro csera». CK —
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pesyabraT ¢uaaMeHTanun MourHoro OC wuMIysbCa,
mepepacrnpesieJieHie 9HEPTUH WMITYyJIbca B IIHPOKOM
CIeKTpaJbHOM [auamna3one. [IpuMeHenne (eMToCEKyH/I-
HBIX JIUJAPOB 06y CJIOBIIO HEOOGXOAUMOCTD B MOIU(ITKa-
1M ypaBHeHUs 30HANpoBaHud [43, 44] u, kak cief-
CTBHE, TOTPEGHOCTD B HHMOPMAIIMU O XaPAKTEPUCTUKAX
BHYTpPHATMOC(EPHOTO UCTOYHUKA 30HIUPYIONIETO M3JIY-
YeHU: TIOJIOKEHUN Ha Tpacce 30HANPOBAHUS, CEYEHUN,
crekTpajibHoM cocTaBe CK, MoLIHOCTH, YTIJI0BOII pacxo-
quMocti. [lomo6Hy0 MHGOpPMAII0O MOXKHO IOJYIATDH
13 9KCIepUMEeHTANbHBIX JaHHBIX. B pesyabraTte cdop-
MUPOBATIOCh HOBOe HampaBieHne B (PeMTOCEKYHIHOM
arMocdepHOil ONTUKe, CBI3AHHOE C PA3BUTHEM METOJIOB
yJaJeHHOTO TTO3WITMOHNPOBAHNS HeJnHeliHoro Gokyca,
VIIpaBJIeHHEM TIOJI0KEHHEM 30HBbI (DUIAMEHTAIUN U ee
MPOTSIKEHHOCTH, OIpe/ieJieHueM IIPOCTPAHCTBEHHO-Bpe-
MEHHBIX, CIEKTPAJIBHBIX ¥ 3JHEPreTHYecKNX XapakTe-
puctnk CK B 30He dummaMeHTarmmu, paccMaTpuBaeMoit
KaK MCTOYHUK BHYTpHATMOC(EPHOTO MMIPOKOCTEKTPATD-
Horo CK-usnyuenus («Gesblil azep»).

B MOA CO PAH Ha xoHTpoJpyeMoil Tpacce GbI-
JIN TIPOBeJIEHDI IKCTIEPHMEHTDI TI0 YIIPABJIEHWIO TOJIOKe-
HUEeM HavaJa W AJUHON 30HBI PuaamMenTanuu [45—47].
IIponemoncTpupoBaHa BbicOKast 3(peKTUBHOCTD YIIpaB-
JIeHUS] 3TUMU TapaMeTpaMH MyTeM BapbUPOBaHUS Ha-
YaJTbHOTO CeYeHUsI M (DOKYCHPOBKU JIa3epHOTO ITyYKa,
YTO TIO3BOJIMJIO TlepeMemIaTh 06JacTb (pIIaMeHTaIlH 0
Bcell aymHe onrrdeckoit Tpacchr (150 M).

IKCMEePUMEHTATBHO YCTAHOBIEHO, UTO IPU MHOKe-
CTBEHHOI (pUIaMeHTAIln! TocJe 3aBeplieHnss caModo-
KycupoBku KU ma3epHbIii MyYoK C:KUMAETCS B TJI06AID-
HbIll ¢dokyc. BHyTpH IeHTpanbHON 30HBI AMAMETPOM
B 3—5 pa3 MeHbllle HAUQJIbHOTO 3HAYEHUS] CJIydallHbIM
o6pazoM ¢opMUpYyeTcsT «HaKeTy» MOCThUIAMEHTAIINOH-
HbIX KaHatoB (ITMK), oKpyKEeHHBIX OpeoiaMi — KOHHU-
YeCcKIM pacipe/iesieHreM nHTeHCHBHOCTH. Ha ymamerun
mopgaaka 10 M ot rao6anpHOTO PoKyca HaumHaAEeT Hop-
MHIPOBaTbcA 00Iasg KOJbIeBasd CTPYKTYpPa, OKpysKafo-
mag maker [IDK. Ona dbopmupyercs mnpu Jio60oM Ko-
JmyecTBe U J00oii KoHburyparmun (GuiaMeHToB B II0-
mepevHoM ceveHun myyka. Ha puc. 19 mpeacraBieHbI
3HaYeHUs] TONEPEYHOrO CeYeHUs 3JIeMEHTOB (piiaMeH-
THPOBAHHOTO UMITYJIbCA.

3aperucTpupoBaHHblil criekTp usiaydeHusd B [IOK
COOTBETCTBYET OMNCAHUAM cHekTpa wusiaydeHunss CK
(puc. 20). Ho ecTb 0cOGEHHOCTD: B HayaJe 30HbI (ia-
MEeHTallui, B BUANMON o6iactu crekTpa (aHTHCTOKCO-
BOH IO OTHOIIEHWIO K JIa3ePHON JMHE BOJHBI) (Hop-
MupyeTcs uanydenne KoHmueckoil amuccun CK ¢ yeTko
BBIPAJKEHHOI 3aBUCHMOCTBIO OT JIJIMHBI BOJIHBI yTJIa pac-
xoanuMocTi (3HaueHUs — TOPSKa HECKOJbKUX MHUKPO-
paauaH). B yzaeHHBIX OT 30HBI (PUTaAMEHTAINH TOUYKAX
n3nyuennie CK cocpegoroyeno B IIDK ¢ pacxogumo-
CTBIO TIOPSIIKA JIeCSATKA MUKPOPAIUaH.

TaxuM o6pa3oM, 3KCIIePHMEHTATHHO YCTAaHOBIEHO
1 TeopeTHmYecKN OGOCHOBAHO, YTO B pe3yJbTaTe CaMo-
(OKYCHPOBKI CBEPXKOPOTKUX WMIYJIbCOB, MOIIHOCTD
KoTopbIX P, IpeBblllaeT KpUTUYecKyo P, [ Takoii
cpeabr (mns Bozayxa m A = 0,8 Mmrm: P, ~ 3+4 T'Br),
Ha OIpeJIeJIEHHOM PACCTOSTHUH OT UCTOYHUKA B TIPOTSI-
sKeHHOU 30He ([IJIMHON B AeCATKH METPOB) B CeYeHUU
UMIYJIbCa MPOUCXOIUT MHOKECTBEHHAS (PUIaMeHTAINs

el —&— [1DK )
| —&— Opeon ®
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Puc. 19. Paguycel ceueHnil seMeHTOB (puIaMeHTHPOBAHHOTO
nmiyabca. HauanbHoe 3HaueHue auamerpa mmyuka 2,5 cM. Ilps-
Mas JUHHSA — IoJo)KeHne 061acTH (pUIaMeHTalluy; KpYTJIble
CHMBOJIBI — 3HAUeHMs pajiyca Ja3epHOTO IyuyKa A0 M Ioc/e
30HBI (pUIaMeHTaIuy; dYepHO-OeJble CHMBOJBI — 3HAUEHUT
pajanyca HocTdUIaAMeHTAIHOHHOIO KaHATa; TPeyTOJbHUKH —
paauycsl opeosa, okpyxaiomero IIOK. Sueprus srasepHoro
umnyabca 30 mx

en.
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Puc. 20. CriekTpbl U3/ TyYeHNs], 3aperucTPUPOBAHHbIE B HavaJe
3oubl punamentannn (konndeckas smuccus CK, sHeprust um-
nyabca 20 Mk, mautenpHocth S50 (pe, HavasbHOE ceueHUe
2,5 em) (1), B mocTpuIaMeHTAIHOHHOM KaHajle B TOYKe Tpac-
cbl 100 M (HavaTbHBIE 3HaYeHUsT UMITYJIbca: sHeprua 30 MK,
narenbHocTh S0 de, ceuenne 2,5 em) (2) v TUAAPHDBIA CHTHAT
OT 06J1aKa MCKYCCTBEHHOTO a3po3os (3) [47]

u ¢opmupytorca [TDK. B navase 30HbI pumaMeHTAITIN
HaGJI0ZlaeTCsl Tepepaciipe/ieJieHe SHEPrun HMITYJIbca
10 IIUPOKOMY CIIEKTPAJIbHOMY [Hara3oHy (B HECKOIbKO
CHEKTPAJIbHBIX OKTAB OTHOCHTEJIBHO JIA3€PHOMN [IJIIHBI
BOJIHBI) B BH/Ie FeHepallul KOHUYECKOH aMuccuu cymnep-
kouturyyma (K9 CK). Ilo pasHbIM OlleHKaM, B BU/H-
Moit o6mactu crektpa KO CK cocpemorodeHo 3—5%
ucxojHoii sHepruu umiyJabca. B IIOK Takke ckoH-
LeHTpUpoBaHo usiaydenue CK, HoO Ipu 3TOM coueTarorcs
cpaBHUMast ¢ P, BbICOKas MoIIHOCTb (mopsaka Tura-
BaTT) M MUHUMAJbHAS PACXOANMOCTH H3JaydeHus. [lo-
cJIe TIPOXOXKIEeHUS TJI06aIbHOTO (DOKyca PACcXOIIMMOCTD
otneababix [TDK — 10—20 mxpaza, «makera» [IOK —
90—100 mxpan, myuka B 1iesioM — 200 mMxpazn. Pacxoan-
MOCTb H3JIyueHUsI B BuJe KoHHuyeckoil smuccuu CK us
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obnactn puIaMeHTAlNN — CUCTEMBI I[BETHBIX KOJeI[ —
HECKOJIbKO MUJIIMPAIUAH.

Ecau gonyctuThb, 4TO B 3TOM cJjly4ae ¢ y4eTOM MH-
HuMasbHOI pacxoauMocT [IMDK B cedennn umirysbca
peau3yloTcs ycJaoBUsA JJIS1 PACIPOCTPaHEHUs HM3JIyde-
HUS B pekXUMe CaMOKAHAJIMPOBAHUSI, TO MOITHOCTb W3-
JIy4eHUsI B KaHase JOJIKHA ObITh He MeHee KPUTHYECKOU
(Heckombko ruraBaTT). VIMEHHO TaKOW ypOBEHb MOLI-
HOCTH 3a(pUKCHPOBAH B 3KCIIEPIMEHTe: MHTEHCHBHOCTD
B [I®OK gocratouna a1 GopMIPOBaHUS MHOKEeCTBEH-
HOHl (pmylaMeHTaliu B OMTUYECKUX dJeMeHTaxX Ha JHC-
TAHIUAX, 3HAYUTEJBHO TTPEBOCXOANNX MPOTIXKEHHOCTD
obnactu (puraMeHTaIUH.

[Tocsie 3aBepiieHus: caModOKYCUPOBKU Ha [JINHE
BOJIHBI M3JIy49eHNUS Jladepa B 30He To6aabHOTO (hokyca
B CEUEHUU «CXKATOTO» B 3—5 pa3 UMILYJIbCA pealn3yercs
MOIIHOCTD < P,,.

B pesysbrare 3KCIIepUMEHTAJbHOTO U TeopeThie-
CKOTO HCCJTeT0oBaHUSA (uIaMeHTa (PeMTOCEKYHTHBIX
JIa3epHBIX MMITYJIbCOB Pa3paboTaHbl U OIMPOGOBAHBI Me-
TOJUKU Y/aJeHHOTO YIPaBJeHUd TMOJOKeHIeM 30HbI
¢unamenrtanuu B atMmocgepe. IlosyueHbl pe3yJbTaThl,
dopMasm3yIioniye 1 N3BeCTHBIX HAYATbHBIX 3HAYEHI
UMILyJIbCa TapaMeTpbl B ypaBHEHUH JHUAAPHOTO 30H/N-
POBAHUS: pacMoJiosKeHre BHYTpHAaTMOC(HEpPHOTO WCTOY-
HUKA IIMPOKOCIEKTPATIbHOTO U3JIyYeHHs] OTHOCUTEIbHO
mepefaTinka, OObeKTa WUCCIEJOBAHUA W TIPUEMHUKA;
MOIITHOCTD, TOIlepeyHoe cedeHue U YTIJIOBYIO PacXo/u-
MOCTDb WM3Jy4eHUsT OTJIeTbHBIX 3JeMeHTOB (puIaMeHTH-
POBAHHOTO UMITYJIbCA.

[IpuMeHeHre MOJYUYeHHBIX PE3yJIbTATOB TTO3BOJIUT
OCYIIECTBJISITh y/IaJleHHOE MTO3UIMOHUPOBAHIE MOIIHOTO
deMTOCeKyHIHOTO UMMYJibca, (OPMHUPOBATH Ha 3aaH-
HOM y4YacTKe Tpacchl 30HIUPOBAHUSI BbICOKOMHTEHCHB-
HBITT BHYTpHATMOC(hEPHBII KOPOTKOUMMYJIbCHBII TITHPO-
KOCIEKTPAJIbHBII NCTOYHUK M3JIyUYeHUsT ¢ MUHUMAJIbHOM
pacxoauMocTblo. IIpocTpaHcTBeHHO-BpeMeHHbIe 1 3Hep-
reTHYeCcKre XapaKTePUCTUKM 3TOTO UCTOYHUKA 06ecre-
4yaT BbICOKUE 3HAUEHUs JATbHOCTH 30HIUPOBAHMS aTMO-
cepbl HPeMTOCEKYHIHBIMU JTHIAPHBIMUA CUCTEMAMH.

8. Onruyeckoe (IMpPOKEKTOPHOE)
30HIUPOBaHHE aTMOC(EpPBI

Onruveckne MeTOJbI 30HAMPOBAHUSA aTMOCGhEpDI
OCHOBAaHBI Ha pe3yJbTaTaX B3aNMOJAENCTBUS OINTHYE-
CKOTO U3JIy4YeHUs ¢ aTMOC(epHBIMU YacTullaMu. Hosb-
I0if [nanas3oH pa3MepoB atMOchepHBIX YaCTHI[ TIPHBO-
AT K HeOOXOJMMOCTH WUCIIOJb30BaHUS [ pelleHus
3aJlauu OIIEHKU X paclpe/ieIeHns Mo pa3MepaM ITUpo-
KOCIIEKTPAJbHOTO ONTHYECKOTO M3JjydeHus. /s atoro
B MOA CO PAH 6buio co3gaHa ycTaHOBKa IPOKEK-
TOPHOTO 30HIMPOBAHUA ONTHYECKOTO COCTOSTHUS aTMO-
chepor «CBETJIAYOK», paboraiomasi B ABYX pesKH-
Max TeHepaluyn n3aydeHnss (HermpepbIBHOM M MMITYJIbC-
HoM). Ee TexHMYecKHe XapaKTePUCTUKM IIPUBEEHDI
B Taba. 4. OcHOBa yCTAaHOBKH — KOPOTKOIYTOBad Kce-
HOHOBag JlaMIla CBepXBbicOKoro maBiaeHus J[Kca-
4000 (puc. 21, uB. BKIaaKa).

VcnpITaHusa CO3/JaHHOM CIIeIHaTM3uPOBaHHON MPo-
JKeKTOPHOI YCTAaHOBKH TOKA3aJI ee BBICOKYIO addek-
TUBHOCTh B 4YacTH TIpeoOpa3oBaHUS 3JIEKTPHUECKOI

9Hepruu B cBeToByIo [49—51]. W3 smTepaTypHBIX HC-
TOYHUKOB CJIEJyeT, YTO IPOKEKTOPHOE 30H/NPOBAHNE
Ha COBpeMeHHOIl ajileMeHTHOI 6a3e BO3MOXKHO Ha BBICO-
tax g0 70 kM [2].

Ta6aunma 4

Texunyeckue xapaktepuctuku ycraHoBku «CBETJ/IAYOK»

XapakTepucTuka 3HaveHne

[uamerp 3epkana, ¢pOpMUPYIOLIEr0 U3TyUeHIe, MM 470
MoIIHOCTh ONTHYECKOTO U3JTyUeHHsT 12

B HellpepbIBHOM peskuMe U3JaydeHus, kBr ’
Yacrora cJjie[oBaHUsI UMITYJIbCOB ONTHYECKOTO 2295
usnyuenusd, ' :
MOIIHOCTh ONTUYECKOTO U3JTYUYEeHUSI B UMILYJTbCHOM 418
peskuMe u3iyueHus, KB ’
YrioBasg pacXoAMMOCTb U3JIyYeHHS, TPajl 0,5+5

Ha puc. 22 (uB. BKJIaJKa) MPEACTaBIEH Pe3yabTaT
B3aMMO/IeICTBISA IMNPOKOCTIEKTPATHHOTO Y3KOHAIIPaB-
JIEHHOTO OIITHYeCKOT0 U3JIy4eHNs ¢ aTMOC(hepHBIME Yac-
TUI[AMH B Pa3HBIX aTMOC(EPHBIX YCIOBUIX.

AHayn3 pe3yJbTaTOB HAOIOJEHUN, BBITOJHEHHDBIX
B PEaJbHBIX aTMOC(EPHBIX YCJIOBUSAX C IIOMOIIBIO CO3-
JTAaHHOII TTPOKEKTOPHOI YCTAaHOBKH, CBHU/ETEIBCTBYET 00
acdekTUBHOCTH HCCae0BaHUS (DPU3NIECKUX CBOWCTB
aTrMocdepsl ¢ HCHOTb30BAHUEM ITHPOKOCHEKTPAIBLHOTO
OTITHYECKOTO M3Jy4YeHNs, C(OPMHIPOBAHHOTO B Y3KOM
VIJIOBOM JIHalla30He.

3akouenue

[TpoBeneHHbIIT aHATI3 Pa3BUTUS JUJAPHBIX TEXHO-
noruit B MOA CO PAH noka3an ux mmpokue BO3MOX-
HOCTHU, B YACTHOCTH, BIIePBbIe OCYIIECTBJIEHO JHIapHOe
u3MepeHne TPoUII TeMIepaTypbl B Tpomocdepe Ha
OCHOBE O/THOBPEMEHHOTO /IeTEKTHPOBAHUS CTOKCOBOI
W aHTHCTOKCOBOW BeTBell YMCTO BpallaTeJbHBIX CIeK-
TPOB CIHOHTAHHOTO KOMOWHAIIMOHHOTO paccesHUsT Ha
MoJleKyJIaX a3oTa Wiu Kucjopoga. Takoil moaxon mep-
CIIEKTUBEH /I 3aMeHbl a3POJIOTUYECKOTO 30H/IUPOBA-
HUS 9TOTO TTapaMeTpa.

Passutne Metoga A depeHITNATHHOTO MOTJIONIe-
HUS TIO3BOJIIJIO CO3/IaTh [[Be YHUKAJIbHBIE JHIapHbIE
CUCTEMBI [Tl M3Y4YeHUs Ta30BOTO COCTaBa aTMOcQephl.
Opana W3 HUX TpeJHA3HAYeHA [IJIS OTpe/ieJIeHUus] KOH-
LeHTpaI 030Ha B Tpomocdepe u crpatocdepe B 06-
sgact BbicoT 3—50 kM. Ee ¢dusuveckoil ocHOBoil sBIS-
€Tcd HCIOJb30BaHUe JIa3epoB ¢ HaGOpPOM TMap JJTHH
BoaH s soHgupoBaHua 0,299,0,341 (tponocdepa)
n 0,308/0,353 mxm (cTparocdepa). IosiBieHune Tako-
ro Jugapa o6ecrednio KOJInIeCTBEHHbIE UCCJIeT0BAHIS
TpornocTpaTochepHoro o6MeHa, UMEIOIET0 MHOTO He-
omnpejiesleHHOCTell. BTopag JsmaapHas cucreMa opueH-
THPOBAaHA HA U3Yy4yeHHe IMUPOKOT0 KPYyTa Ta3oBbIX INPHU-
Meceii B HIDKHell aTMocdepe, IMeIONX TI0J0ChI MOTJI0-
meHnd B uHTepBayax nH BoJH 1,8—2,5 n 3—4 MKM.
[IponeMoHCTpUpPOBaHA BO3MOXKHOCTD OIpe/ieIeHNsT CJie-
AYIOIUX MaJIbIX Ta30BbIX COCTABJILIONIUX B KOHIIEHTpA-
nusax ot ¢poroBbix u Beime: Hy,CO,, CyH,, HBr, HCI,
NOQ, NQO, HCN, CQH(;, CH/,, COz, Hzo [_[aJIbHefI*
MM pa3BuTHeM MeToa AnddepeHInaIbHOr0 MOoTI0-
MeHNs SBJIETCA Olpe/leienre Tpe6OBaHWIl K JTHIapHOi
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cucreMe, pasMelaeMoii Ha GOpPTY KOCMHIYECKOM Tjat-
¢opMbl, A4 TI06aTHHOTO OTpeIesIeHNsT 06IIero coaep-
JKaHWs TTAapHUKOBBIX Ta30B B BO3/[yXe Ha Halleil Ta-
Here. Bpi6paHbl CcrieKTpajibHbIE AMAMa30HbI U 3aaHbI
mapaMeTpbl Y3JI0B KOCMHUYECKOTO JnJapa JJs 30H/H-
POBaHUs YTJIEKICJIOTO Ta3a U MeTaHa.

C moMolibio JHIAPOB, PabOTAONIUX B MOHHTO-
pUHTOBBI peskuM Ha CUOUPCKON JUTAPHON CTaHIUH,
TIPOBOJIJINCH UCCJEIOBAHUS JOCTATOYHO PEIKUX [T
ToMcka TOJAPHBIX CTpaTochEpHBIX U Cepe6PHUCTHIX
(Me30cepHBIX) 06/1aKOB, COCTOSNIMX W3 TPUTHIPaTa
a30THOI KUCJIOTHI W JibJla. DBLIO BBIABIEHO JBa MeXa-
HU3Ma uX mosBieHus (Bbicora 20—25 KM): mepBbiii
06yCJIOBJIEH 3aHOCOM 00JIaKOB €O cTOpoHbl CKaH/IMHA-
Buu (TpaMIIMOHHOE MeCTO 06pa3oBaHUs TaKuX o6Ja-
KOB), BTOpOii — HMX o6pasoBaHueM Haj 3amajgHoii Cu-
O6UphIO TIpU TOHIKEHUU TeMrepaTypbl Hinke 195 K.
CepebpucTble 06JaKa HaGMIOAAIICH 32 ITOCTeAHUE Je-
cath JeT aBa pa3a, B 2008 m 2011 rr., Ha BBICOTaxX 78
n 88 KM.

ITponoskeHbl paGoOThI MO TEOPETHYECKOMY OIHCA-
HUIO PacCessHUs ONTHYeCKUX MOTOKOB HAa KPUCTAJLIHYe-
CKHUX YaCTHIaX MEPUCTHIX 00/1akoB. VcIbpiTaHa MOJE b
arperatoB, 006pa30BaHHBIX U3 BOCBMH T'eKCarOHAJBHBIX
cTo6uKOB. CpaBHEHHE C HKCHEPUMEHTATbHBIMU JIaH-
HBIMHU TIOKa3aJI0 He OYeHb XOpolllee COBIAJEHNe, YTO
UHUIHUPYET co3/laHue 6ojiee CJIOKHBIX Mojeseil arpe-
THPOBAHHBIX YACTHUII.

[IpuMeHUTETPHO K JTa3epPHOMY 30HIAWPOBAHUIO aT-
Mocdepbl (PeMTOCEeKYHIHBIMU WUMITYJIbCAMU U3Y4YeHbI
Tpoiiecchl 06Pa30BaHUsA MOCTMOUIAMEHTAIIMOHHBIX CBe-
TOBBIX KaHayoB. [TokazaHo, 4To 2T KaHAIBI HECYT U3-
JIydeHue ¢ MaJoil pacXoAnMocCTbIo (OKOJIO JecITKa MUK-
popajinaH) U IIHUPOKUM CHEKTPaJbHBIM COCTaBOM. TeM
caMBIM 06OCHOBBIBAeTCS TIEPCIIEKTUBHOCTh MHOTOYAC-
TOTHOTO JIa3¢PHOTO 30HAMPOBAaHUS aTMocdepbl (eMTo-
CEeKYHIHBIM W3JIydeHneM ¢ oOpa3oBaHneM TMoCT(uia-
MEHTAIMOHHBIX KAaHAJIOB.

Hawubosiee MHTEPECHBIM PE3YJIBTATOM IIPOKEKTOP-
HOTO 30HJIMPOBaHUSA arMocdepbl cTajo OOHApyKeHUe
B aTMocdepe cJioeB, 06pa30BaHHBIX KPUCTAJLTHYECKIMI
YaCcTUI[AMU U TIPOSIBJISIIONIMMU CBOUCTBO 3epPKaJIbHOTO
oTpaskeHUsi. MeTeoposioTHYeCKUe YCI0BUs (HOPMUPOBa-
HUS TaKUX CJIOEB IMIPEJCTONT ellle YTOYHUTD.
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received with the use of these means are presented.

Marsuenko I'.T., Ba6ymxkun I1.A., BoGpounkos C.M. u ap.
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