«Omntnka atmMocdepnt u okeana», 32, Ne 9 (2019)
DOI: 10.15372,/A0020190906

YK 551.510.42

JI&BC])HOC U OIITUYECKOE€ 30HAUPOBAHUE aTMOC(l)epI)I

I'.T. Marsuenxo, II.A. Ba6ymkun, C.M. Bo6posuukos, A.I'. BopoBoi,
[.A. boukoBckuii, B.II. I'amuneiickuii, A.U. I'pumun, C.W. [dourwmii,
A.U. Emmzapos, /[.B. Kokapes, A.B. Konomounkun, A.B. Kpioukos,

H.B. KycroBa, A.B. Hes3opos, B.H. Mapuues, A.M. Mopo30B,
B.K. Omiakos, O.A. PomanoBckuii, A.fI. CyxaHos,
I.A. Tpudonos, C.B. fdxosaes, C.A. Caj0oBHHUKOB,
A.A. HeB3opos, O.B. XapueHnko*

Hucmumym onmuxu ammocgepvr um. B.E. 3yesa CO PAH
634055, 2. Tomuck, ni. Axademuxa 3yesa, 1

[Mocrynuna B pepaximio 2.04.2019 r.

Jlan ananm3 pasBUTHA JUJAPHBIX U IMPOXXEKTOPHBIX CPEJCTB M METOJ0B HCCJAETOBAHHUA aTMOC(ephl, CO3/aH-
HpIX B MHCcTHTyTe onmtukm armMocdeps! uM. B.E. 3yea CO PAH, 3a nociegnne rogpl. IlpesacraBieHbl OCHOBHbBIE
pe3yJIbTaThbl, NOJIy4eHHBbIE C IOMOIILI0 Pa3paGOTAHHBIX NPHOOPOB U METOAUK.
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Bseaenune

JlucTaHIIMOHHBIE METO/bl U3yuYeHusi arMocdeps
OYeHb AKTYaJbHbBI B HACTOsIIIEE BPeMsi. ITO 06YCJIOBJIH-
BaeT pa3BUTHE JIa3ePHBIX U ONTUYECKUX TEXHOJIOTUI ee
30HUpOBanusl. JlazepHbie METO/IbI, peajn3yeMble C I0-
MOIIBIO UAAPOB (JIa3epHBIX JIOKATOPOB), OCHOBBIBAIOT-
CS Ha B3aMMOJIEHCTBIM ONTHYECKUX MMITYJIbCOB C aTMO-
chepupiMu  o6pasoBanusiMu. O paszpabaThIBAIOTCS
€O BpeMeHH nojydenus Jjasephoii renepamnn (1960 r.)
n ToKa3aau cBoio 3(h(PEKTUBHOCTD HPU HCCIEAOBAHUN
npoduieil MeTeoposorndeckux Besnunt (TeMieparypa,
BJIQYKHOCTD, BETEP) M COJAEPKAHMUS a9PO30JIbHBIX YACTUI]
U Ta30BBIX puMeceil B arMocdepe 0 BBICOT Me30Tay3bl
(80—100 M) [1]. JlazepHble METOABI MO3BOJISIOT IOJIY-
4aTh JAaHHBIE 06 aTMocdepe ¢ BBICOKUM TTPOCTPAHCTBEH-
HBIM PaspelieHreM, COOTBETCTBYIONIMM MUKPOMACIITa6-
HBIM OCOGEHHOCTSIM, W TIPH BPEMEHHBIX PeATU3AIIIX
OT JIOJIENl CEKYH/I JI0 MHOTOJIETHUX PSIJIOB.
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OnTuueckne (Hema3epHbIe) METOAbI 30HIPOBAHNI
MIPE/ICTABJIEHDBI, MPEXK/E BCETO, MPOKEKTOPHBIMU METO-
UKaMU, BOUIEJIINMA B MPAKTUKY B IIEPBOU IIOJIOBUHE
XX B. [2]. JocTimkeHUSIME TPOKEKTOPHOTO 30HAMPO-
BaHUsI CJIElyeT CYUTATHh IOJy4YeHUE IEePBbIX CBEICHUN
0 BBICOTHOM pACIIpe/IeJICHUN B3BEIIEHHDIX YACTHIL U CO3-
JlaHUe MOJICJIbHBIX MpPEJCTaBJeHH 0 6e306JIa4HOi TPO-
nocdepe u HIKHEN cTpaTocdepe.

Cerojiast JIa3epHO-ONTHYECKOE 30HANPOBAHUE —
OIHO M3 BeAyLIUX HalnpasjeHuil uccaenoBanuii B Mn-
cruryre ontuku armocdepnr uMm. B.E. 3yesa (MTOA)
CO PAH. Paspa6oranbl 06pasiibl JHIAPOB PA3JIUTHOTO
HA3HAYEHHs /I KOCMUYECKOrO, CaMOJIETHOTO, KOpa-
6eTbHOTO, MOOMJIBHOTO, CTAIIMOHAPHOTO M CETEBOTO pa3-
Mmemienuit [3—5]. Ilosyumaum cyiecTBeHHOE pasBUTHE
TEXHOJIOTHH PelIeHusT OOpaTHBIX 3a/1a4 BOCCTAHOBJIE-
HUS MUKPO(U3MUIECKIX U KOHIIEHTPAIIMOHHBIX XapaKTe-
puctuk arMochepHbIX 06pasoBaHmil, OGHAPYKEHIS Pa-
Hee HeIOCTYIIHBIX IpuMeceii.
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B macrosmeit paéoTe OITMCBIBAaIOTCA HOBbIE JIHJap-
HbI€ peajan3anu n JINJapHO-OIITUYECKNEe METO/Ibl, a TaK
JKeé pe3yJbTaTbl X IIPpUMEHEHNA.

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

paccesiHust

Wnea usMepeHust TeMnepatypbl arMocdepsl ¢ T0-
Motbio 3(pdeKTa CTOHTAHHOTO KOMOUHAIIMOHHOTO pac-
cesana (CKP) ocHoBaHa Ha HCIIOJIB30BaHUH TEMIIEPa-
TYPHOU 3aBUCHMOCTH OTHOIIEHUS WHTEHCHBHOCTEN
ONITHMAJIbHON KOMOUHAIMY TeMIIEPATY PHO-1YBCTBUTEIb-
HBIX JIMHHI BpalaTeJIbHOTO ClIeKTpa KOMOMHAIIMOHHOIO
paccesHUsI Ha MOJIEKYJIaX a30Ta U Kucaopoa. st mpo-
CTOTBI M3JI0JKEHISI MPOILIIOCTPUPYEM CYTh MOAX0/a Ha
[pUMepe BPAIIaTeJIbHOTO CIIEKTPa KOMOMHAIIMOHHOTO
paccesdHUsI Ha MOJIEKYJIaX a30Ta.

Jlist peanu3ariiy METOIMKHU BBIAEJSIOTCS YeThIpe
yYacTKa YHCTO BPAIIaTeJbHOTO CHEKTPa KOMOWHAIIOH-
HOTO PACCEesTHUS, YYBCTBUTEIbHBIE K TeMiepaType. Jlu-
HUHU ¢ OTPUIATENbHOI 3aBUCUMOCTHIO WHTEHCUBHOCTH OT
TEMIIEPaTypPbl OObEJUHAIOTCS B OJHOM CHEKTPATbHOM
KaHaJse, a ¢ MOJIOXKUTENbHON 3aBUCUMOCTBIO — B JPYTOM
(puc. 1).
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Puc. 1. VHCcTpyMeHTambHAS (DYHKINSA HOMIXPOMATOPa U OTU6At0-

TIIIIe YHCTO BPAIATETBHOTO CIIEKTPA KOMOMHAIIMOHHOTO PACCESTHIS

Ha MoJsekyJax azora s Temuepatypbl 220 u 320 K. Cnekrpbl

KICJIOPO/Ia /LIS TIPOCTOTHI OIYIIEHBbI. PICYHOK 3alMCTBOBAH
us [3]

Kax cienyer 3 mugapHOTo ypaBHeHHS 11 3 dek-

ta CKP [6], orHOomeHnne curHajioB R = h

[+]

CIEKTPAJbHBIX KaHATaX, 0ObeMHSIONINX JHHUHU C TIPO-
TUBOTIOJIOKHO 3aBUCUMOCTBIO OT TeMIIepaTypbl, HAKOT-
JIEHHBIX B TeueHHe BpeMeHU Atf, He0OXOIUMOTO [IJIs
JIOCTIKEHNST TpeGyeMbIX CTATUCTHYECKUX XapaKTepu-
CTHUK CHTHAJIOB, He COJIEPKUT KOMIIOHEHTOB allllapaTHOI
QyHKINN TU1apa, KOTOPbIe 3aBUCAT OT PACCTOSIHUS, UTO
JleaeT yA0OHBIM €ro MpUMeHeHHe /i U3MepeHus TeM-
nepaTyphbl Bo3ayxa.

TeMilepaTypHas 4yBCTBUTEIbHOCTh (KPyTHU3HA) OT-
Homennss R(T) ompe/essercst TeMepaTypHOH 3aBUCH-
MocTbIo (pHc. 2) 1 HHTEHCUBHOCTBIO BBIAEISIEMbIX CIIEK-

B JBYX

TpaJIbHBIX JTUHUI. BpeMs HakoIIeHHS CUTHaJIa 3aBUCHT
oT ofmiefi MHTEHCHBHOCTH JIMHHUH BBIOPAHHOTO yYacTKa
CIEeKTPA.
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Puc. 2. 3aBUCHMOCTb OTHOLIEHMS CUTHAJIOB OT TeMIIepaTyphl
Bo3ayxa. PucyHok 3amMcrBoBaH u3 [3]

CriekTpocKonnyeckas 3a7aya BBIJeJeHNUS TyBCTBU-
TeJbHBIX K TeMIepaType JIHHU YUCTO BpaIlaTeJbHOTO
criekTpa CKP Ha MosekyJlax azoTra U KHUCJIOPOJa MOXKET
OBITh pellleHa PA3JUIHBIMI WHCTPYMEHTATHHBIMU Me-
togamu. Ho B IjeloM cymecTByeT TOJIBKO /[Ba THIIA
JIICTIEPTUPYIONINX 3JIEMEHTOB, CIIOCOOHBIX 0GeCIeYnTh
CIEeKTpaJbHOE pa3pelieHne, HeoOXOAUMOe [JIS BBITIOJ-
HEHUS [OCTABJIEHHBIX HaMU 3aja4: AudpakioHHbE
peIIeTKN U HHTepdepeHITMOHHbIE (DILIBTPHI.

Kak 6pL10 TIOKa3aHo paHee [3], ucmosb3oBaHme
CYMMBI CTOKCOBOIl U aHTHCTOKCOBOI BeTBell 4HCTO Bpa-
mateabHbIX cliekTpoB CKP 1nosBosisieT Mmosyd4uTh BbI-
UTpBIN B curHate B 2,24 u 2,86 pa3 B KaHalax 7|
U n[4] 0 CPABHEHUIO C HCIIOJb30BAHUEM TOJIBKO AHTH-
CTOKCOBOIT BeTBH. Hackosbko HaM M3BECTHO, OJHOBpeE-
MeHHOe BBIJIeJIeHIe CTOKCOBOIl I aHTUCTOKCOBOI BeTBeit
C TIOMOTIBIO TOJIXpPOMATOpa Ha OCHOBe (DUIBTPOB IIO-
Ka HUKeM He peasH30BaHoO.

Ha puc. 3 (1B. BKJIagKa) npeicraBieH paspabo-
tauublil B OA CO PAH anbpTepHATUBHBIII MHCTPYMEH-
TAJbHBII TIOJXO/, OCYIIEeCTBJIEHHBIN Ha 6a3e JBOHHOTO
MoJITXpoMaTopa ¢ JuMPAKIMOHHBIMEI PelleTKaMi U BO-
JIOKOHHO-ONTUYECKOIT llepeiadeil ONTHYECKUX CUTHAJIOB.

[IBoiiHoll oIXpoOMAaTOP 1103BOJISIET PELIUTH 3aJa4y
OTHOBPEMEHHOTO BbIJIeJIeHNS YeThIpeX NWHMOPMATIHBHBIX
ydacTkoB criekTpoB CKP 1o o6e cTOpoHBI OT JTHHAN BO3-
6y KIarolIero N3IydeHms, obecrieynBasl IIpN 3TOM Heob-
XOIUMBIH YpOBEHDb TOJABJIE€HUS JUHUN HECMEIIEHHOTO
paccesnus (10°—10'"), B 3aBucuMoctu oT THIA TIpEMe-
HIeMbIX IuQPAKIIMOHHBIX PEIeTOK.

Omnrudyeckuil curHai, co6paHHbIil TPUEMHBIM TeJie-
CKOIIOM JIHJapa, MPOXOIUT MO MOHOBOJIOKOHHOMY CBe-
TOBOZY, IUAMeTP KOTOPOTO COOTBETCTBYET IHAMETPYy
moJieBoil quadparMel JUAapa, 1 IOCTYNaeT BO BXOJHOI
CBETOBOJHBII 6JI0K TIepBoro mosjmxpomaropa (puc. 3).
[IaTp omTmYecKMX BOJIOKOH, PACIOJOKEHHBIX BIOJb
JIMHUH [UCTIEPCUN TIePBOTO MOJIMXpoMaTopa, IIpegHa-
3HaueHB! /I BbIIeJeHUS JUHUHN YIPYTOTO pacCcesHus
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1 9eThIpeX MH(POPMATHBHBIX YIACTKOB YHCTO BpaIlaTeIb-
Horo cunekrpa CKP — aByX B CTOKCOBOIl BETBH U JBYX
B AHTUCTOKCOBOI. lleHTpasbHBINI CBETOBOJ B JUHUU
CBETOBO/IOB COBMeIIEH € N300PaskeHNeM TOPIIa BXO[HOTO
CBETOBOJIA HA [IJIMHE BOJIHBI A YIPYTOrO PaCCESHUSI.
BoigereHHBII ONTHYECKUH CUTHAT YIIPYTOTO PACCESTHUS
TOCTYMAeT 10 ONTHYECKOMY BOJIOKHY Ha (DOTOIETEKTOD.

OcrasbHbBIe YeThIpe CBETOBO/A COJAEPSKAT CUTHAJIBI
nHMOPMATHBHBIX y4acTkoB crmekrpa CKP, kotopsie,
B IIPUHIUIIE, TaKKe MOTJIM Obl ObITh OTHPABJEHbI Ha
¢oronpuemunxu. OpHaxko ypoBeHb AuddysHoro doHa
OT MOIIHOIl JTMHUU HECMENIEHHOTO pPacCesHUs, Ompe/e-
JileMbIfi KOHTPAcTOM Iu(PaKIIMOHHON KapTUHBI, KOTO-
pBIii TO3BOJIAET 06ecneynTh AMPAKIINOHHAS PeIIeTKa,
OOBIYHO COCTaBJIsIET 4—06 TOPSIKOB B 3aBUCUMOCTH OT
TEXHOJIOTHH W3TOTOBJEHNS pelleTKH. JTOi BeTHIMHBI
HEe/I0OCTATOYHO, W /I JIOTIOJTHUTEJBHOTO II0/IaBJIeHUS
¢oHa HeCMeIIeHHOTO paccesdHHs WCHOIb3yeTcsl BTOPOit
HOJIIIXPOMATOP.

Ha ocHoBe mpe/Io;KEHHOTO MPUHIIUIIA HaMU GbLIa
CO3/1aHa cepHs CHeKTPAIBHBIX IPHGOPOB, KOTOPAsd B Te-
YeHHEe HECKOJIbKUX JIeT TPOXO/NJIA UCIBITAHUS Ha Jeii-
CTBYIOIINX JHJAPHBIX cUcTeMaxX EBpomefickoil mmmap-
noit ceru EARLINET (European Research Lidar Net-
work). [laHHble JUAADHBIX U3MEPEHUH BEPTHKAIHLHOTO
pacIipeie/IeHusI TeMIIepaTypbl aTMOcdepbl, TOTyYeHHbIe
C WUCTIOJIb30BAHMEM JBOIHOTO MOHOXPOMATOpPAa, CPaBHH-
BaJNCh C JAHHBIMU PAJMO30HIUPOBaHU. Pe3ysbTaTbl
CpaBHEHNS TIOKA3aJN BBICOKHN yPOBEHb COBIAJEHNUSI
JAHHBIX. VICIbITaHS TTPOIEMOHCTPUPOBAJIH, YTO BHE 3a-
BHCHMOCTH OT WCHOJIb3yeMOH JIJIITHBI BOJTHBI 30HINPYIO-
II[EeTO M3JIy4YeHUsI TIpUMeHeHe IBONHOTO MOHOXPOMATO-
pa obecrneunBaeT BBICOKHE MeTPOJIOTHYECKHE KadecTBa
CUCTeMbI M3MePEHUsI TeMIEPATypbl Jake B ONTHYECKH
IIJIOTHBIX a3PO30JbHBIX 06pa3oBaHIAX. Pe3ybTaThl He-
KOTOPBIX HCIbITaHUl puBozsites Ha puc. 4 (1B, BKIaj-
Ka). BumaHo, 4T0 MpOQIIN TeMIepaTyphl, MOJyYeHHbIE
CHHXPOHHO JUJaPOM I PaJN030H/IOM, TIOYTH COBIAJAIOT
(otmmung — B mpefenax ommMGOK U3MepeHHil 1o Beeit
Tpacce 30HUPOBAHNS, BKJIOYAs GIIMKHIO 30HY JIHjIapa).

B MHOrOYNC/IEeHHBIX 9KCIIEPIMEHTaxX OBLIO MOoKa3a-
HO, YTO IpHUMeHeHHe [BOIHOTO IOJUXpoMaTopa B JH-
JApHOM MeToj/le M3MepPEHHUs TeMIepaTyphl arMocgepsl
103BOJITeT 00ecHeynTh HeOOXOAUMYI0 CTaGUIBHOCTD
CTIEKTPAJbHBIX XapaKTEePHUCTHK TIPU BBIJEJTEHUH yYacT-
KOB YHCTO BpalfaTeabHbIX cekTpoB CKP u rapanTupo-
BaTbh TIOCTOSTHCTBO METPOJIOTMUECKHX XapakTepucTuk CKP
Juapa A u3MepeHud TeMieparypbl. CpaBHeHUS JIH-
JMApHBIX U3MepeHUil ¢ paJlo30HIOBBIMH IOKA3BIBAIOT,
yro CKP smmap Mo)keT yCHeImHO BBICTYIIATh B KauecTBe
aJbTEPHATUBHOTO CPEICTBA KOHTPOJS BePTUKAJIBLHOTO
pacIipesie/ieHus TeMIepaTypbl aTMocepsl.

2. JlupapHblii CIEKTPOCKONUYECKUIH
razoaHaJmu3 aTMocgepbl

2.1. Hamepenue o30Ha 8 gepxheil
mponocgepe — cmpamocepepe

Hawub6oee YyBCTBUTEJDbHBIM Cpean MeTOJ0B, HC-
TI0JIb3YEMDbIX [IJIA ollpe/ieJieH1A TPOCTPaHCTBEHHOTO pac-
npeaejeHnd KOHIEHTpalun KaKoTo-Jn60o aTMOCCbepHOI‘O

rasa, gBJsgeTcsa MeTod AuddepeHINATHHOTO MOTJIOoNe-
g (M/II1). B HacTosmee BpeMs IngapHOe 30HANPOBa-
HIU€e MaJIBIX Ta30BbIX COCTABJIIONINX aTMOC(ephbl, B TOM
yrucie m o3oHa, mo MJIII peanm3oBano Ha MpaKTH-
ke [5, 7, 8]. B Tomcke na Cubupckoii JugapHoil cTaH-
uuu [ 5] cozgana JupapHas cucteMa Ui U3MEPeHUs Bep-
THKaJbHOIro pacipejenenus o3zona (BPO) B Bepxueii
Tponiocepe — crpartocpepe B BBICOTHOM [HAlla3oHe
~5—45 kM Ha mmHax BoH A= 0,299,/0,341 u 0,308/
0,353 MkM. OHa TO3BOJISIET BBIABIATHD HU3MEHUYUBOCTD
BPO B Bepxueii Tponocdepe — cTparocdepe, Te 030H
UTPaeT PoJib MACCHBHOTO Tpaccepa IUPKYJSIHOHHBIX
IPOIECCOB, W BBIIe Besomaysbl (~26 kM), re moBe/e-
HUe o30H0CDepDI onpeiesisieTcs (GOTOXUMITIECKUMU TTPO-
mmeccaMu. TeXHWUeCKWe XapaKTePUCTUKW W TPUHITUTIBI
paboThI CHCTEMBI OAPOOGHO omucaHbl B pabote [9].

HatypHuble sKkcmepuMeHTBI B ToMCKe MOKAa3aJH,
yro npu pa6ore Ha giamHax BoaH 0,308/0,353 MKM
MaKCHUMaJIbHASI BBICOTA IMOTOJKA 30HAMPOBAHUS TOCTH-
raet ~40-45 kM (030HOBBIIT MakcuMmyM B ToMcke pactio-
JIO)KEH B BBICOTHOM uHTepBaje 19—21 KM), HUIKHSIS
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.

Brino mpoBezieno comoctaBienus npoduneit BPO,
BOCCTAHOBJIEHHBIX W3 M3MePEeHUIl CO3/ITaHHO JTHIapHOi
cucreMoil 1 030HOBbIX mpoduiieii IAST (MetOp), MLS
(AURA) B BepxHeii Tponocepe — HuzxkHeil crpatocde-
pe u B ctpartocdepe. Ha puc. 5 npusesien HanboJiee 1mo-
Ka3aTeNbHbIl MPUMEP COIOCTABJIEHUS [JIS CEPUU JIH-
JIapHBIX U CIIyTHUKOBBIX M3MepeHuit B 2017 u 2018 rr.
CiienyeT OTMETHTb, 4YTO JUAAapHas cucTeMa paboTaer
B peXNMe HaKOIJIEHNS HUMIYJIbCOB (OTOTOKA, TIPO-
CTPAHCTBEHHOE pa3pelieHre MPH 9TOM, KaK IIPaBUJIO,

Y4
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Puc. 5. BoccraHoBieHHble Tpoduin o3oHa B crpatocdepe
u BepxHeii Tporocdepe — crpaTocdeps! a1 24 Hosa6ps 2017 .
u npoduu ciytHukoB AURA u MetOp
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coctaBnger 100 M. IIpodunas IASI 6omee rragkuii u He
JlaeT JeTasbHOro npejcrasieHusa o BPO, B otimmune ot
JUAApHBIX u3MepeHUil. OTKJIOHEHHS 06YyCJIOBJIEHBI
pasHuleil B IPOCTPAHCTBEHHBIX pa3pelleHHAX JIgapa
(100 M), cuyrauka AURA (1,3 kM u GoJibliie) u cyT-
nuka MetOp (150 M u Goublie) 1, cjeI0BaTeIbHO,
6OJIBIIUM  KOJIMYECTBOM Touek, dopmupyomux BPO,
y Jijlapa, 4To Takyke BJNSET Ha IIOBeJleHHe KPHUBOIi
BoccTaHoBeHHoro BPO. Xopomiee corsnacue npodueit
BPO moarBepskmaer 3pdeKTHBHOCTD HMCIOIb30BAHNUSA
aByx map jumH BoH 0,299,/0,341 u 0,308,/0,353 MKkM
JUIST 30HIMPOBAHMS 030HA.

2.2. Hamepenue 2a3o8 Ha ocHoge
mexHoI02UU naApamempuuecKoil
eenepauuu ceema

J171s1 HaTypHBIX M3MepeHii Ta30BOT0 COCTaBa aTMOC-
¢epbl B clieKTpaJIbHBIX Ananazonax 3—4 u 1,8—2,5 MkM
HaMHU co3JlaHa yHHUBepcaJbHas JJIapHas CUCTeMa Ha
OCHOBe TEeXHOJIOTUU IapaMeTpuyeckoil reHepaluu cBe-
ta. Ee 6JoK-cxeMa TipuBefieHa Ha puc. 6.

B xkadecTBe 3ajalollero TeHepaTOpa BBICTYIAET
Nd:YAG-nazep Mmozemun LQS529B, o6ecneunBaroniuii
TeHepalnio JIa3epHbIX UMIYJIbCOB JINTeNbHOCTbIO 10—
13 Hc ¢ asHeprueil B mMmysabce 350 M/[k 1pu yacToTe
noBropenus 10 I'mua L = 1,064 MkM.

[Tpeo6pasoBaresb W3JIyYeHUsT BKJIOYaeT: 1) 3a-
JIAIONINI  Y3KOMOJJOCHBIN TTapaMeTpUuecKuil TeHepaTop
Ha kpucrawiax KTP ¢ nakaukoil ussyueHuem 2-it rap-
MOHUKH ¢ A = 0,532 MKM; OH Tpe/JlHa3HAUEH JJIs TeHe-
paluu  MaJIOMOIIHOTO M3JIy4YeHNs 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 Aidler);
2) nmapaMeTpuyYecKkuii reHeparop Ha Kpucraiax KTA
¢ Hakaukoil wmsnyuennmeM ¢ A = 1,064 mxM; 3) mapa-
MeTpudeckuil reHeparop Ha kpucramnax KTA nmua re-
Hepaluy ¥ YCUJIeHHUs] U3JIy4YeHUs C IlepecTpanBaeMoii
JUTMHOH BOJHBI B o6jacTi 3—4 MKM U IMUPHWHON JMHUN

<2 eml; 4) MomHbIl mapaMeTpudeckuil reHepaTop Ha
kpucramnax KTP, mpennaznaueHHbBI A/ TeHepaluu
U YCUJEHUsI U3JIy4yeHHs C IepecTpamBaeMoul JJIUHOM
BoHBI B objactu 1,8—2,5 MKM ¥ IMWUPUHONW JWHUH
<2 e, KoHeTpykims Tpeo6pasoBaTesisi IIpeycMart-
pUBaeT BO3MOKHOCTh YCTAHOBKH Y3KOIIOJOCHOTO WH-
JKEKIIMOHHOTO JIa3€PHOTO ANOA C ONTHYECKIMHU M30JIsI-
TOpaMu /ISl TeHePaIluy M3JyUeHUsI ¢ MUPUHONW JTMHUH
menee 0,1 cm.

B xoje mpoBeleHUs IKCIIEPHMEHTOB IO OIpPe/e-
JIEHUIO 9HEPTeTHUeCKUX XapaKTePUCTUK JIa3epHOH cuc-
TEMbl MaKCHUMAaJIbHASI SHEPTUS UMITyJbca B JUAlla3oHe
IMUH BOJMH 3—4 MKM jgocturana 9 m/[)k, B aumamasoHe
il BoaH 1,8—2,5 MM — 23 M/ [3].

[TepecTpoiika ATWHBI BOJHBI 06eCTeYnBaeTCA TO-
BopotoM kpuctaioB KTP u KTA ¢ momomipio Tpex
aBTOMATU3NPOBAHHBIX MTATOBBIX ABUTaTeseii. /[ KoH-
TPOJIT A BBIXOJHOTO W3JIYYeHUS WCIOTH3YEeTCS CIIeK-
tpoMerp S100-2048; c ero ToMOIbIO OIpeeseTcs
JUIMHA BOJIHBI TeHePalUH Agigyal TAPAMETPUYECKOTO Te-
Heparopa 1. Ilepen HampaBieHHeM WU3JIydeHUs BIOJb
TpPacchl 30HAMPOBAHUS YACTh BBIXOJHOTO W3JIyUeHUS
OTBOJUTCS ILJIACTHUHOII, m3rotoBieHHoil u3 CaF,, maa
PETUCTPAIIH OMTOPHOTO cUTHaJA. Jla3epHbIil My4oK pac-
HIUPSIETCST 3€PKAJIBHBIM KOJIMMATOPOM U MO3BOJISIET
YMEHBIIUTD YTOJ PACXOUMOCTH U3TydeHusd a0 1 Mpas.

[Ipuemnuas dacTb Jujapa COCTOUT W3 TeJleCKOMa
Kaccerpena (¢dokychoe paccrosinne — 118 mMm), Koto-
poIii  pokycupyeT obpaTHOpaccesTHHOe U3 aTMocgepbl
Jla3epHOe W3Jy4YeHHe Ha YYyBCTBHUTEJIbHYIO ILIOIMIA/-
ky (300 mxm) Ttepmooxsaskgaemoro InAs/InAsSbP
¢oroanona. CurHambl oIUdPOBBIBAIOTCS € MOMOIIBIO
8-6utHOTO  aHaNOrO-IMHQPOBOTO  Tpeobpa3oBaTess,
06eCcTIeynBaIoONIero YacToTy AWCKPEeTU3aIui TI0 BCeM
kaHajgaM 1 I'BbI6./c U BapbUpPyeMyio IMOJIOCY MPOIMyC-
KaHuA BIIOTh g0 200 MTTI.

C ucrnosb30BaHNEM JUAAPHOI CHUCTEMBI dKCHEPU-
MEHTATBHO 3aPETUCTPUPOBAHBI 9XOCUTHATBI B YCIOBUAX
peasibHoii arMocdepbt (puc. 7) mpHu AUCKPETHOH mepe-
CTpoiiKke [JIMHBI BOJIHBI B auama3zoHax 3—4 u 1,8—
2,5 MKM.

Y é Yt ﬁ
) 1,064 MxM ——
% CrexrpoMerp = /2
/
4 7
ﬁ S S KBapuieBbrii
# 7 =)
poraTop
o 0,78...0,84 Mxm ¢
~ 0,710..0,755 MkM 1'/“)""1'F’:) MEMT(0 532 MKM
2 1,8..2,128 MKkM [Fenepars
3..4 MKM B — 1 —r— LT
== U e AN L
2,128..2,55 MxM”|
KTA/KTP A/2 KTP
U
OmnopHbIii
CUTHAJ
JIngapHbIii
CHUTHA

Puc. 6. Ilpeo6pasoBaHue Ja3epHOTO HM3TyYeHHSI B JHUIAPHOII cHcTeMe 719 HAaTYPHBIX H3MepeHHIl ra30oBOTO cocTaBa aTMocdepbl
B CIIEKTPAJbHbIX AManazoHaxX 3—4 u 1,8—2,5 MKkM
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Puc. 7. Tunmynblii Ha6op 9XOCUTHATIOB HA AUCKPETHBIX JUHUAX naiaydeHus [II'C-1uaapHoil cicTeMbl B CIIEKTPAJbHBIX AHANAa30HAX:
a — 3—4 MxM; 6 — 1,8—2,5 MKM

Ha puc. 7, a mokazaHo, 4To Jmgap, paboTaiouuii
B nara3oHe crekTpa 3—4 MKM, T03BOJISIET PETHCTPHPO-
BaThb o6paTHOpaccessHHOe B atMocdepe U3IydeHIe 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 30HANPOBAHUS HA 3TOM YYacTKe CIeK-
Tpa O6BSACHSAETCS PE3KNM CIIAJIOM SHEPTHH B HMITYJIbCE
BBIXO/IHOTO W3JIydeHUs Juaapa. /laTbHOCTb 30HAMPO-
BaHUS MOKHO YBEJIWYHUTh MYyTeM yBeJUYEHUS 3HEPTUn
B HMITyJIbCe BBIXOJHOTO W3Jy4YeHUS JHJapa 3a CYET
MOJIePHU3AINN JIa3ePHON CHCTEMbI, B YaCTHOCTU C TIO-
MOIIBIO JIOTIOJHUTETBHOTO KacKaZa HETMHEHHBIX Kpu-
CTAJJIOB, O06ECTIeYNBAIOIINX TIapaMeTPHUYecKylo TeHepa-
U0 cBeta. Puc. 7, 6 IEMOHCTpUPYET, UTO Juaap, pabo-
Talomuil B Auana3oHe cuekrpa 1,8—2,5 MKM, 1M03BOJIsET
PETUCTPUPOBaTh o6paTHOpaccesiHHOe B atMocdepe u3-
JiydyeHue Ha TpaccaxX 1 KM Bo Bceil o6JiacTu IiepecTpoii-
KU JIa3ePHOTO U3JTyYeHHUs .

IKCIEPUMEHTATBHO 3apPEeruCTPUPOBAHHBIE HXOCHUT-
HaJIbl JOKA3bIBAIOT BO3MO’KHOCTH JHMCTAHIIOHHOIO Ta-
30aHaIM3a aTtMocdepbl € WCIOJb30BaHUEM pa3pabo-
TAHHOW JIMJJAPHOU CHUCTEMbl B [UaNa3oHaX JJIMH BOJH
1,8—2,5 1 3—4 MKM.

PacueTs! u vmcgeHHOe MojenupoBanue [5, 10—12]
noATBep:kAaoT, 4yTo co3nanHas B MOA CO PAH mu-
JlapHasg CUCTeMa MOKeT TPUMEHSATbCI I oOHapysKe-
HUSI W MOHHUTOPWHTA MAaJbIX Ta30BBIX COCTABJISIONIIX
atMocdepbl B KOHIIEHTPAIIAX OT (POHOBBIX U BBIIIE
B CIIEKTpanbHbIX auamazoHax 3—4 mxm (H,CO, C,H,,
HBr, HCIl, NO,, N,O, HCN, C,Hs; CHy) u 1,8—
2,5 MKM (Hz()7 CO2)

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

3a mocJie/IHIEe HECKOJIBKO JIECSTKOB JIET CUJIBHO BO3-
pocJia KOHIIEHTpAIisl TapHUKOBBIX T'a30B, B YaCTHOCTH
CO,, N,O u CHy. B Hacrosiee BpeMsi OTHOCUTEJIbHOE
coJlep;kaHne, HANpHUMep, YTJEKHUCJIOTO 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 KOHIIEHTPAIIME MeTaHa
B arMocdepe 6bLTa MakcuMaibHOit — 1% B Tog. OnHaKOo

¢ Hadasa 1990-x Ir. oHa 3HAUUTEJBHO YMEHbBIINJIACD,
u B 1999—2005 rr., B mepuo/ aefictBuss Knorckoro mpo-
TOKOJIa, pocT KouteHTpaimun CHy B atMocdepe daxTi-
yecku Tmpekparuics. HecMoTpss Ha 3T0 Habsoqaercs
3HAYNTEIbHASA MEKT0/I0Bas N3MEHYNBOCTD KOHIIEHTPAITHH
MeTaHa, IIPUYNHBI KOTOPOIl HEJIOCTAaTOUYHO SICHBI [ 17].

Yceumusg MHUPOBOTO COOOIIECTBa HaIlpaBJeHbI Ha
rro6abHOE WM3yYeHNe CTOKOB WM HCTOKOB Ta3oB, [afo-
WX BKJAJA B MApHUKOBLIH addekt. [asa atoro cosma-
I0TCSI CPEJICTBA TMACCHBHOTO M aKTHBHOTO HAGJIOJEHUS.
DyHKIMOHUPYoNIas cefiyac 1abopatopust MacCHBHOTO
sopgupoBanusa OCO-2 (Orbiting Carbon Observa-
tory-2) Mo3BOJISIET M3MEPATH CPEJHION KOHIIEHTPAIHIO
YTJIEKUCJIOTO Ta3a ¢ morpenrnocTbio mopsiaka 0,3% [18].
Takske TWIAHUPYIOTCS Pa3pabGoOTKa aKTUBHBIX JIHIAPHBIX
METOJ/IOB, CO3JIaHUE CAMOJIETHBIX W KOCMHYECKHUX JIM/a-
poB [19—21]. Haumbosiee u3BeCTHBIe M3 HUX: TPOEKT
KocMudeckoro Jjugapa muccuu Merlin (MEthane Re-
mote sensing Lidar missioN) [22], uHUIMMpOBaHHbIIT
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], unnnuupoBaHHble eBpomeii-
CcKUM KocMmueckuM areHtctBoM ESA. Kuraiickas Ha-
poaHas pecmy6JIHKa TaKKe Havyasa UCCIeJOBAaHNUS B 3TOM
HanpaByeHuu [21].

Jlugap Merlin mpeamnosiaraer BO3MOKHOCTDh HM3Me-
peHus cpejaHeil KOHIEHTpAIlMd MeTaHa €O CJIydailHOMN
MOTPENTHOCTBIO Hopsiika 27 ppb 1 cucreMaTnyeckoii
3 ppb co cnyrtHuka ¢ op6utoii 500 KM; sHEPTUS UM-
myabcoB — 9,5 Mk, wacrora snazepa — 20 I, pasmep
Tejeckona — 69 cM, AauHbI BoaH on u off — 1,64556
u 1,64583 MKM COOTBETCTBEHHO, IIpPe/IIoJaraeMoe pas-
pemmenne u3Mepennii — 50 kM. /[lata 3amycka Jmpapa
HEOJTHOKpaTHO TepeHocuaach. Ceifidac OH OPUEHTHPO-
BOYHO 3ariaHupoBaH Ha 2021—2022 rr. [22].

ITo omleHKaM pa3/IMYHBIX ABTOPOB, KOCMHUYECKUE
suaapsl m03BoaAT u3MepsaTb CO; ¢ ommbKoil mMopsiaKa
0,2—0,4% upu paspemenun 50—60 kM, Ipejnoarae-
Mbie op6utsl — ot 400 1o 800 kM [19, 21—24]. B kaue-
CTBe MICTOYHUKOB M3JIyYeHUSI PACCMaTPUBAIOTCS TBEPJIO-
TeJIbHBII apOueBblil Jasep mbo Nd:Yag-masep ¢ onrTu-
KO-TIapaMeTPUYECKUM OCITHJLISITOPOM, TIpe/oJaraeMble
UIMHBL BoH on u off — ~1,51 MrM.
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B mammx pabortax [25—29] mpoBelieHbI OIIEHKH
BO3MOKHOCTEl BOCCTAHOBJIEHUS KOHIEHTPAIUU VTJie-
KHUCJIOTo Ta3a U MeTaHa Ipu 3oHaupoBanuu IPDA-mmga-
pPOM ¢ TIPHEMHUKOM IIPSIMOTO JIeTEKTUPOBAHUS U TeTe-
DOJIMHHBIM TIPUEMHUKOM KaK ¢ 60pTa KOCMHYECKOi
mw1atopMbl, Tak 1 €O cTPaTOC(ePHBIX U TPOIOCHEPHBIX
BBICOT. B KauyecTBe MeTO/IOB pellleHIsI 06PATHBIX 3a/1a4
OBLTH PACCMOTPEHBI HeflpOHHDBIE CETH M CIEI[HATN3HPO-
BaHHBIe AJTOPUTMBI, BKJIOYas TeHermueckuii. [Ipome-
JIEHO TIpSIMOe MOJIeTMPOBaHNE C YYEeTOM Ppa3THIHBIX
arMocdepHbix curyanuil (B paborax 3apyGesKHbIX aB-
TOPOB PAcCMATPUBAETCS B OCHOBHOM (PUKCHPOBAHHBIIH
ra3oBblii TPOUIIb).

[Ipu TpsaMoOM [eTeKTHPOBAHWHN C IapaMeTpaMu
CHUCTeMbI, YKa3aHHBIMU B TabJs. 1, u opOuTOil CIIyTHHKA
450 KM BO3MOKHO BOCCTAHOBJIEHHE OTHOCHUTEJbHOI
cpeHell KOHIIEHTPAIIUU 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-
yJIbCOB TIpHU paspemiennn 60 kM. 30HAUPOBAHNE C BbI-
cor 23 m 10 KM TpH TaKUX Ke TapaMeTpaxX CHCTEMbI
nmaet om6ky 0,31 u 0,125 ppm cootBeTcTBeHHO. -
MOJIb30BaHNEe HEPOHHOII CeTH WM TeHEeTHYECKOTO asl-
TOPUTMA TI03BOJISIET BOCCTAHOBHUTD PO(UID OTHOCHTEb-
Hoit konneHtparmn CO,. Hamm pacyersl MoKa3bIBaloT,
YTO MaKCHMaJbHAs OMMNOKA BOCCTAHOBJEHUS OKUIAETCS
y TMOBEPXHOCTH 3eMJIM — TOPSAAKa 2 ppm Ha BBICOTAX
ot 0 1o 500 M, a 3aTeM oHa yMmeHbinaetrcs 10 0,6 ppm
Ha BBICOTax /0 2 KM. DoJiblllee 3HaUYeHMe OMMUOKN Ha
MaJbIX BBICOTaX OOYCJOBJEHO HIMPOKUM IUAMA30HOM
u3MeHunBocTH KoHIleHTpanuun CO, Yy TOBEPXHOCTH.

Ta6auma 1
TexHuyeckue napaMeTpbl JHIAPHOH CHCTEMBI

[Tapamerp 3HaveHue
Jliunsl BoaH (on, off), MxM 117,557722(128%
BpeMms Mexxay uMIryabcaMu, Mc 0,1-0,2
JlTuTeIbHOCTD UMITYJIbCa, HC 30
PacxoanMoCTb JTa3epHOTO MydYKa, Mpaj 0,1
KBanroBas adpekTHBHOCTD IPUEMHIKA 0,8
Temmneparypa T, K 290
Comnporusienust ¢ o06patHoil cBI3bi0 Rr, MQ 1
[Tosoca nponyckanusg, MI'n 3
[110THOCTh TEMHOBOTO ToKa ip, GA /T’ 160
Boicora, kM 450
CKOpPOCTD CIyTHHKA, KM/ C 7,64
[Mupuna npomyckanus GpUIbTPA, HM 1
Koaddunuenr orpaxkenus, CTp‘1 0,08
IddexTrBHAI BBICOTA OTPAKEHUS, M <50

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

Haja ¢ y4eToM 06pabGoOTKH KBaJpaTa CyMMBI KOMILIEKC-
HBIX cocTaBaomux MDypbe-ipeobpa3oBaHusd, pacipe/e-
JIEHHOTO TI0 3KCIOHEHIHAJbHOMY 3aKoHy. B Hammx
pacueTax HeoOXOANMO HCIOJIb30BaTh IHEPTUI0 UMITYJIb-
coB 0,2 m/[:)x, mpeznesbnyio yactoty 7500 I't, pasmep
testeckona 0,5 M, 4TO JlaeT CPEIHIOI0 OMUOKY TOPSIAKA
1,44 ppm (0,35%) npu paspemenun 60 kM. YBeaude-
uue sHeprun g0 0,4 M/[’K He3HAUUTEJBbHO CHUXKAET
omn6ky, xo 1,37 ppm.

BrimosrHeHHOE HAMU TIPSIMOE YHCJIeHHOe MOJEeJNPO-
BaHWe, a TakK ke pellleHne o6paTHOIl 3a7a4ll € MUCTOJIb-
30BaHUHEM HEHPOHHBIX CeTell W TCeBAOOOPATHBIX MaT-
PHUIl [JIsT 30HIUPOBAHMSA MeTaHa TOKa3bIBAIOT IPHMep-
HO Te Ke TOTPENIHOCTH U3MepPeHuil, YTO IPUBOIATCS
B paboTax 3apy6eKHBIX aBTOPOB, TOCBSIIEHHBIX JTUAAPY
Merlin. MpI paccMaTpuBajii BO3MOMKHOCTH 30HUPO-
BaHUs Ha JJMHAX BOJH Jumgapa Merlin, a Takke Ha
JUIMHAX BoJIH B paiione 1,61 MmxM. [l 3oHaMpOBaHMS
CH; wnamm O6butn BBIOpaHBI AJUHBI BoJaH 1,65095
n 1,65086 MKM. ITH JUHUN BOJH HAXOMATCI B JIMHNAN
¥ B KpbLIe JUHUHU MOTJIOIIEHNsS MeTaHa, TJ€ BINSHUE
MOTJIONEHUsT BOJSHOTO MMapa U YTJEKHCJIOro rasa He
CTOJIb 3HauyuTeAbHO. OMMOKY ONpeaeeHnsa KOHIIeHTpa-
1Y, TOJyYeHHbIe TIPU MOJETUPOBAHUU CHCTEM C pa3-
JIMYHBIMU TIapaMeTpaMH, MpuBeJeHBI B TabI. 2.

Takum o6pa3oM, Ha JJTMHAX BOJH 30HIUPOBAHUI
1,65086 1 1,65095 MKM BO3MOKHO JOCTU’KEHIE YPOB-
Hst omm6ku 25 ppb npu sHeprun 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 30HAMPOBaHusg atMocdepsl ¢ 1986 r. mpoBoauTCS
MOHUTOPUHT cpe/iHelt atMocdepbl. OHON U3 TJIaBHBIX
3a/1a4 3TOTO MOHUTOPUHTA SIBJISIETCST OTCJIEKIBAHIE TIPO-
CTPAHCTBEHHO-BPEMEHHOIT AMHAMIKH a3p030JisI KaK BaK-
HOWl KJMMatoo6pasyioliell KOMIIOHEHTBI aTMocdephl.
XopoIIo W3BeCTHO, YTO OCHOBHOE a3p030JbHOEe HAIOJI-
HeHHe cpeJHeill aTMocdephl B IepHOIbI aKTHBHOI BYJ-
KaHW4YeCKOH /JesdTeJbHOCTH OIpefeseTcs NMPOAYKTaMu
BYJIKAHHYECKUX BBIGPOCOB (9pyNTUBHBIN a3p030Jib),
a B CIIOKOITHbIE TIEPUOJIBI — 3aHOCAMU a3PO30JISI U3 TPO-
nocepst B crpatocdepy (doHOBBII aspo3on). 3Ha-
YUTEJTHHO MEHBIINH BKJAJ B a3PO30JbHYI0 KOMIIOHEHTY
cpenHeil atMocdepbl BHOCAT TaK Ha3bIBaeMble IIOJISP-
Hble cTpaTocdepHble I Me3ocdepHble ob6maka. VHTepec
K Ha3BaHHBIM o6JaKaM BBI3BaH TeM, UYTO OHH CJa6o
n3y4eHbl, B TOM uncye B 3amaanoit Cuéupu, moCKOJIbKY
KpaiiHe pe/iko IOSBJIAIOTCA B cpeJHell aTMocepe aToro
pernoHa. B HacTodmeM pasjene OINCHIBAIOTCA YHH-
KaJIbHble CJAy4Yaul JUAApHBIX HAGJIONEHM YKa3aHHBIX
00.JTaKOB.

[onapubie crpatocdepubie obaaka (IICO) o6pa-
3yloTCa TIpU KpaiiHe HHM3KHMX TeMrepaTypax (HuKe
195 K) 1 MOTyT cOCTOATH M3 YaCTHI[ TPUTHApaTa a3oT-
HOM KUCJIOTBI, TPOIHOTO coeanterus (MOJIeKyIbl a30THOI
U CepHOil KUCIOThI M BOAbI) U Jibla. [lo pesysbraram
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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
[luamerp TesiecKola MPUEMHOI CUCTEMBI, M 1 1 0,68 0,68
Paspemnienne aumapa, KM 15 15 54 54
Yacrora ummy.bcos, ' 50 50 20 20
KosmyecTBO UMILY/JIbCOB HAKOILTEHUS 100 100 144 144
Omrn6ka ornpe/eseHIs cpelHell OTHOCHTEeTbHOM 3 10 27 25

KOHIleHTpaluu, ppb

JUAPHBIX U3MepeHUil cTpaTu(UKAIUN a3PO30Jisd, BbI-
pakeHHOI 4epe3 OTHOIIEHWe paccesHHs R Ha JIHHe
BomHbI 0,532 MkM, B saBape 2010 r. 6pLIH 06HApY Ke-
HO TIOSABJIEHIE PACCEMBAIONINX CJIOEB B 06JACTH BBICOT
15—20 kM (puc. 8, uB. BKaagka). IIpu aTOM CHHXPOH-
Hble U3MepeHus, MpoBouMble co cinyTHuka AURA, 1o-
Ka3aJi, 4To TeMIIepaTypa B 9TOM JMala30He BBICOT MPH-
MepHo Ha 5—7 °C mpeBbiiiana opor o6pasoBanus [1CO.

[l BbISICHEHUSI TIPUPOABI 0OPA30BaHUS paccel-
BAIOINX CJI0OEB HAMU OBLT BBITTOJTHEH TPAeKTOPHBII aHa-
JIN3 TepeHoca BO3AYIIHBIX Macc I WHTEPBAJa BBICOT
15—25 kM. Kak mokasas pacyer o6paTHBIX TPaeKTOPHi
TepeHoca, OHM MPOXOUJIN B HAPABIEHNN C 3amajia Ha
BOCTOK BOKpPYT CeBepHOTO MOJIoca HaJl PETHOHAMHU Ce-
BepHoii CkaHnuHaBuu u 10:;xkHee HoBoit 3emun. Munu-
ManbHag Temmeparypa 190 K 6puia 3apernctpupoBaHa
okosio Hopoii 3emsin 3a JieHb [0 IOSBJEHHS pacceu-
Batomero cios, 18 auBapga. TakuMm o6pasoM, OBLIO yc-
taHoBieno, uro IICO o6pa3oBaiiich B apKTHYECKOM
pernoHe 1 OBLIN IIPHHECEHBI K TOMCKY.

Crenytoumit penkuit caydaii nabmogenuit [1CO
Hax TomckoMm oTtHocuTcst K gHBapio 2016 r. B nauase
TpeTbeil [eKaJpl MecsIia CTPYKTypa aspo3ois uMeJia
tunnyHoe oHoBoe pactpezeseHne. C 26 nmo 30 sHBa-
pst HAGJIIOATIICh a3PO30JIbHBIE CJION C BBIPasKEHHBIMU
MaKCMMyMaMH Ha BblcoTax oT 15 mo 25—30 kM (puc. 9,
1B. BKJaagka). ITo xoxy HaGaofeHnil CHHXPOHHO IIPO-
BOJWJINCH JUJApHBIe BePTUKATbHbIE M3MEPEHUS TeMITe-
parypbl, TpodUIN KOTOPBIX MpPUBEAEHBI Ha puc. 9, 6.
Ha pucyHke 4eTKo BUIHO OTpUIIATETbHOE OTKJIOHEHUE
TeMIepaTypbl, OJHOBPEMEHHO W3MEpeHHOH JIuaapoM,
paauo3ongoM u ciyTHUKOM AURA, 0T cpenHeMecs4HO-
TO 3HAUYeHUd HUKe Topora o6pasoBanusa 4actuil [1CO.
Hauaso o6pasoBanus aspososss [ICO 3aMeTHO Ha Tpa-
duke 25 auBapa 2016 r. Ha BbicoTe 20 KM ¢ pa3BUTHEM
B TocJeqyionue JHU. B 3THX HAGIIONEHUIX BIepBbIe
6b110 06HapykeHo, 4To [ICO TOABJIAIOTCS HE TOJBKO
B pe3yJibTaTe 3aHOCAa €O CTOPOHbI CKaHAMHABUM, KaK
3To 06br4HO TIporcXoauT (CKaHIMHABHIO MPUHATO CUH-
TaTh peruonoM o6pasosanus [ICO). Ouu MoryT o6paso-
BBIBATHCS U HETIOCPEICTBEHHO HaJl 3amaaHoit Cubupsio.

[TpuMep MuaapHBIX HabMOAeHHH cepe6pucThix (Me-
30cepHbIX ) 06/1aK0B TToKa3aH Ha puc. 10 (11B. BKIagKa).
BpLn 3aperncTpupoBaH YHUKAJIBHBIN Caydail 3aBUCAHUS
o6nakoB Hajx ToMmckoM B TeueHuu Bcero Jera 2008 r.
O6aka UMeJu YCTOIYUBYIO [IBYXCJIONHYIO CTPYKTYPY
C BBICOTAMHU JIOKAJH3AIl[MHN I[eHTpa CJIOeB OKOJo 78
n 88 kM. Illupuna cyioeB cocTaBjsijla IPUMEPHO 3 KM.

Bropoii u nocreauuii pa3 cepebpuctbie obaaka HabIIO-
Januch B Tedenne Houn 4 miona 2011 r. (puc. 11, us.
BKJIaJKa) Ha BbicoTe 80 KM ¢ IIMPHHOIN CJIOS OKOJIO
1 kM. B mocrenytomue g HabTI0IeHAI B MfoJie 061aKa
He PerucTPUPOBATUCE.

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 60JIbIIOI Hay4HbIiT nHTepec. B pac-
MOPSIKEHUN YUYEeHBIX UMeeTcsl OGIIUPHBIN KJIacc PasHo-
06pa3HBIX METOJOB WCCJIEJOBAHUS U IPHOOPOB, YTO
TO3BOJISIET AHAIM3MPOBATDh IMMUPOKMH CIIEKTP JaHHBIX.
[MosBuUBIMIMECa B TOCTETHUE TOABI JHUAApHBIE METOJIBI
JTal0T BO3MOXKHOCTb He TOJBKO TOJIy4YaTh JIOKAJIbHBIE
JIaHHbIE O XAPAKTePUCTUKAX a9PO30Jis, HO U OI[eHUBAThH
TIPOCTPAHCTBEHHO-BPEMEHHYIO M3MEHYMBOCTH TapaMeT-
POB a3P030JIbHOIT KOMIIOHEHTBI B IMINPOKHUX JAMANIA30HaX.
B stoM pasiene NPUBOAATCS Pe3yJIbTAThl JUAAPHBIX
Ha6JIIO/IeHNil  a9pPO30JIbHOII KOMIOHEHTBI aTMOC(hepHI,
B ToM uucje o6sakoB, B [ICA, mpoBeleHHBIX BOJU3H
r. ToMmcka ocenbio 2018 r. B pa3/MuHbIX MOTOJHBIX YC-
JIOBUSIX.

B skcmepuMmenTax wucmoJb3oBasicd Juaap, 06Ja-
JAIONINi CAeYIONMME OCHOBHBIMHU TapaMeTpaMu: pa-
6odast IIMHA BOJIHBI — 532 HM, SHEPTHsl B UMITYJbCE —
50—70 M/I>x, AnuTEeaBHOCTD MMITyJIbca — 15 He, yactoTta
noBroperust — 30 ', ¢goronpuemuuxk MIY-84, nua-
MeTp npueMHoii aneptypsl — 0,15 M. [Tosyyaembre gan-
Hble HAKAIUTHBAJINCH U yepeAHuch 1o 100 nMmyibcam.
[lna BoccTaHOBIEeHNS Tpodpis KoadduimenTa paccesi-
HUS aTMocepbl HUCMOJb30BANCA aJroputM Kierra—
Depuanga [30, 31] ara gByxdasHoil cucTeMbl paccen-
Bateseii. [loTeHiman sugapa 1mo3BoJis HOJy4aTh JlaH-
Hble Ha PACCTOSTHUAX 110 3 KM.

AtMocdepHble YCIOBUSI BO BPeMsI UCCJET0BAHUIA
MOJKHO Pa3/eJINTh Ha TPH THIIA:

— caborpaJeHTHOe 6apuvecKoe TOoJe;

— aHTHUIUKJIOHAJIbHAS TIOTO/A;

— IUKJOHAJbHbIE YCIOBUS.
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Ha puc. 12 (uB. BKIagKa) IpeJcTaBjieH BPeMeH-
Hoil xoa nnpoduiigd koaddulleHTa paccesiHus s HOY-
HBIX YCJOBHUI CJAGOTPAINEeHTHOTO 6apUYecKOTO MOJIS.
Bugno, uto koaddunueHt paccesHus cjaabo U3MeHS-
eTcs C BBICOTOH, 3a HCKJIIOYEHWeM 06JaYHOTO CJI0S Ha
BbicoTax 1,5—1,8 kM.

Ciroit 06/1ak0B MOKeT 06pa3oBaThcsl B pe3yJIbTare
KOHJIEHCAIINU BO/ISTHOTO MTapa IPU YBeJIUYeHUN abCOTI0T-
HOI BJIAKHOCTHU BO3yXa WJIH TIOHIKEHUHN €T0 TeMIlepa-
Typbl. Yalie Bcero B cBo6o/IHOI aTMocdepe IeiicTBYIOT
o6a daxrtopa. V3MeHenme Gu3NIeCKNX XapaKTePUCTUK
BO3/IyXa MOJKET MPONCXOIUTHb JTHOO B Pe3yJbTaTe KOH-
BeKITNY 60Jiee TETIBIX YIACTKOB BO3IYNIHBIX MacC M WX
anabaTUYecKOTO PACIINPEHUS U OXJaXKIeHus, JTu60
B pe3yJbTaTe aJIBEKIINU BO3AyXa, TIPUBOIAIIEH BOAIHOM
map B 6oJiee X0JIOIHbIe 06acTu atMocdepbl, HalpUMep,
B XoJoAHbIi dpoHT. Hambosee BepoATHBI MeXaHU3M
o6pa3oBanus o61aka Ha puc. 12 — a[BeKTUBHbBIN, 0 YeM
CBU/IETEJTBCTBYET OTCYTCTBHEM Ha PUCYHKe BCILIBIBAIO-
X YYaCTKOB HATPETOTo Bo3AyXa (TepMUKOB), a TaKske
TOT (baKT, YTO BO BpeMsI 30HANPOBAHUS CTOSIA JOBOJID-
HO XOJIOIHASI YCTOWYMBAS TOTO/la C HEBHOI TeMIepa-
Typoit okoso 5—7 °C.

Puc. 12 u 13 (uB. BKJIaJaKa) 3aMETHO OTJHYAIOTCH.
Puc. 13, Ha KOTOpPOM IMOKa3aH BpeMeHHOI X0/ TMpodu-
Jeil 06beMHOTO K03 PUINIEHTa pACCeSHUS I aHTH-
IINKJTOHAJbHBIX MOTOHBIX YCJOBUIl, MOXKHO YCJOBHO
pasneuTh Ha TpU 4YacTu. K mMepBoil OTHOCUTCS MHTEp-
Ban BpeMeHu oT 20:00 go 23:00, xorga NPOMCXOIUT
3apoK/ieHle W pa3BUTHe OOGJAYHOTO CJIOSI HAa BBICOTE
okoJio 1,5 kM. B ormmmume ot puc. 12, obsako dopmu-
pyeTcsl ¢ TIOMOIIbI0 KOHBEKTHBHOTO MeXanu3Ma. Ha uH-
tepBaje a0 21:00 oTueTMBO BUAHBI (POPMUPYIOIINECST
BO/IU3M 3eMHOIl TOBEDXHOCTH M TIOCTENIEHHO MO/HU-
Marolrecsl TEILIOBbIe sST9eiikU, IIpeCTaBJAoMNe co60it
3aMKHYTbIe OOJIACTH C TIOBBILMIEHHOW KOHIlEHTpaIueit
pacceuBatomux yactuil. /lanee, no 23:00, npoucxogur
moabeM 3THX o6iacreit 1o ypous 1,3—1,5 kM, aaua-
6aTHyecKoe OXJa)KJeHWe BO3AYITHBIX MacC M WX KOH-
JleHcalusi, To ecTb 06pa3oBaHie 06JAYHOTO CJIOS.

Ko Bropoii wactu cieayeT OTHeCTH BpeMeHHOI
unTepBat ot 23:00 mo 03:00 — dasa paszButus obyaka:
BBICOTA OGJIAKOB W KOHIIEHTPAITNA YACTHIl B OOJaUHOM
cJioe TocTosiHHA. B momo6iaynoM cioe atMocdepbl, Ha
BBICOTaX 70 1 KM, TPOUCXOJAT MPOIlECCHl MepecTpoe-
HUSI a9PO30JIbHBIX cJioeB 10 BbicoTe. Halsmomaercs
TakKe IOCTENleHHOe HAIlOoJHEeHNe TMOJ06JaYHOTO CJIOS
a’po30JIeM, B TOM YIHCJIE 32 CUET OOJTaYHBIX YACTHUII.

K Tpetpeit wactu puc. 13 oTHocUTCS BpeMeHHOI
npomexyTok nocsae 03:00. Yixe ¢ 2:00 3aMeTHO yMeHb-
IIeHNe IJIOTHOCTH OGJIAYHOTO CJIOSl, a 3aTeM CJeIyeT
cTaaus pas3pyinenus objsaka. BykBaabHO 3a yac o6Jau-
HBII CJIOI Mcye3aeT, a coflepKaluiicss B HEM a’3po30Jib
MOCTENIEHHO OceJlaeT B TIPU3EMHBIN cJoll aTMocdepsl.

Puc. 14 (11B. BKJIaJKa) 1eMOHCTPUPYET BPeMeHHOI
X0/l BBICOTHBIX Ipoduseil koaddummenta paccesHns
TP IIUKJIOHAJIBHOI TIoTo/ie. BuHO, 4TO 06IaUHbIN CJI0i
B YCJOBUSAX IIMKJIOHA 06pa3yeTcsl B HEMOCPeICTBEHHOI
6/TM30CTH OT 3€MHOIl NMOBEPXHOCTH, Ha BBICOTE OKOJIO
500 M. A3p030/ib BpeMeHaMU «3a6pachIBaeTCsI» Ha BbI-
corbl 1—1,5 KM, oaHaKO OOGJIAUHBIN CJIOH Ha 3THUX BBI-
cotax He ob6pasyercda. Kak mpaBmio, IUKJIOHTYECKHE
o6J1aKa COTIPOBOSKIAIOTCS BETPOM W OCAAKAMH.

CJIeL[yeT OTMETHUTDH, YTO I[BETOBOE IIpe/CTaBJICHUE
IIPpOUCXOJAIINX B aTMOC(I)epe IIpOIECCOB HarJIAJAHO [€e-
MOHCTPHUPYET BO3IMOKHOCTHU JTUJAPHOTO METO/Ja.

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 PAJUAIlMOHHBIH OIO/KET U, CJieJoBa-
TeJIbHO, Ha KauMart. (3mech HoJ IMepucTbiMUu 06/ IaKaMu
MBI TIOHUMaeM JioOble 06J1aKa, COCTOSIIINE U3 JIeSTHBIX
KpucTaaioB). HemocTaTok 3HaHUT O paJHalliOHHBIX
XapaKTePUCTUKAX MEePUCTHIX 00aKOB SIBJISIETCSI OIHUM
13 OCHOBHBIX HCTOYHUKOB HEOIPEIEJEHHOCTH B COBPE-
MEHHBIX YHCJEHHBIX MOJEIX PAIUAIMOHHOTO GajiaHca
3emnu. Vcmosib30BaHe KOPPEKTHBIX PaHAIlMOHHBIX
XapaKTEPUCTUK MEPUCTBIX OOJAKOB MOTJIO ObI CYIIeCT-
BEHHO YJIYUIIUTb CYIIECTBYIOIIUE YHUCJEHHbIE MOJeNn
JTOJITOCPOYHOTO TIPOTHO3a TOTO/BI U TJI06AJIBHOTO H3Me-
HeHHUs KjamMarta. KpoMe Toro, 3HaHHMe KOHIIEHTPAIUU
JIeITHBIX KPUCTAJIOB, a TakXKe TaKUX X MUKPODU3N-
YeCKIX XapaKTePUCTHK, Kak pa3Mep u ¢dopMa, HE0OXO-
MO [IJIsT TIOHUMAHWSI TPOIECCOB, TIPOTEKAMOIINX B aT-
Mocdepe 3eMin, KOTOpble TPUBOIAT K BOSHUKHOBEHUIO,
9BOJIIOIMU U pachajy IepucTbix 06jakoB. Cpean pas-
JIMYHBIX METOJIOB, UCIIOJIb3YEMBIX JIJISI H3YYeHUsT Paua-
IUOHHBIX ¥ MUKPO(MU3MYECKNX XaPaKTEPUCTUK TePH-
CTBIX 006JIAKOB, Ba)KHYIO POJIb HTPAOT JUAAPHDBIE METO-
oI [4].

J11s1 IepucThIX 06JIaKOB ¢ HEGOBINON OMTUIECKOH
TOJIIEH, KOrJa MTPUMEHMMO NPHO/IKEHNe OIHOKpAT-
HOTO PACCESTHUSI CBETa, TaKhe OITHYECKUE XapaKTepH-
CTHKH, KaK KO3(hQUINMEHT pacCessHUs U IKCTHHKIIH,
OTIpeNIeISAI0TCS KaK MpOu3Be/leHNe KOHIIEHTPAIUU KpPH-
CTJIJIOB Ha MATPUIYy PacCesHUsI CBeTa Ha OJHOM KpH-
CTaJle, T/le MaTPUIlA YCPeIHIeTCsI o padMepaM, dopme
U TPOCTPAHCTBEHHOI OPHEHTAIINN KPUCTAJLIOB, BCTpe-
yatonuxcs B obyake. Ecin o6aka 30HAUPYOTCS A~
pamum, To MaTpHUIla PACCESTHIST — 3TO MaTpHUila 06paTHO-
TO paccesiHUs, KOTOpas MPUHUMaeT HauboJjiee IMPOCTOi
BH/I B CJIydae XaOTHIEeCKOIl OpUEHTAII 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, OOBIYHO TIpeHeOpEeKNMO MaJsl, U MaTpHUIa
06paTHOTO PacCesTHUST OTIpeNIeIsAeTCs IByMs JieMeHTa-
Mu: My — cedeHne 06paTHOTO PaCCESHUS OHOTO Xao-
TUYeCKN OPHUEHTHPOBAHHOTO KPHUCTAJLIA, YCPeTHEHHOe
Mo aHcaMOJI0 KPUCTAIOB, U My, — 3JeMeHT, ompe/e-
JISTIONINI TTOJISIPU3AIII0 PACCESTHHOTO CBeTa.

Opnako npoBesienHble Hamu B 2013—2019 rr. BBI-
YHCJeHNs] MaTpuI] 06paTHOTO pacCesTHUsI AJIsA TpocTeii-
TITITX MOJIETbHBIX (POPM KPHUCTAJIOB B BUJIe TeKCATOHAb-
HBIX ILIACTUHOK, cToJ6uKoB, bullet-rosettes, droxtals
u p. [33—38] mokazanu, 4T0 06BIYHO M3MepsieMble TTPH
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JUAPHBIX HUCCIEOBAHUAX BEJHYNHBI, TaKue KaK JIin-
JlapHOe, CTIeKTPaIbHOE U JEMOIIPH3aINOHHOe OTHOIIIe-
HUe, TUIOXO COTJIACYIOTCS ¢ TEOPETHUECKNMHU pe3yJIbTaTa-
MHU. DTO JJaeT OCHOBaHHUE CUYUTATh, YTO B PeasbHBIX Tie-
pHUCTBIX o6JIaKax MoZaBJsgiolNiee GOJBITHHCTBO — 6oJiee
cI0kHBIe (DOPMBI KPUCTAJLIOB THIIA (DPAKTAIOB, arpera-
TOB M3 FeKCarOHAJIbHBIX CTOJOMKOB WU MJIACTHHOK U JIP.

B aToM pasnesre MBI IPUBOIUM pe3yJIbTaThl pacye-
TOB MaTPHUIl OOPATHOTO PACCESTHUS JIS JIEASHOTO arpe-
raTa, COCTOSIINEro0 U3 BOCBMH Te€KCAarOHAJIbHBIX CTOJIOH-
koB (puc. 15). ITOT arperar HWCIOJb30BAJICA B paboTax
aMepUKaHCKUX aBTOpoB [39]; oHM paccuuThIBATM MAaT-
PUITbI PACcCeTHUS MO/l MPOM3BOJIBHBIMU YTJIAMU CBOUM
asroputMoM IGOM, KOTOPBIii, KaK OKa3ajaoch, HEPH-
MeHHUM K HallpaBJIeHUIO paccesTHUd Ha3al. MbI IpoBesn
pacueTbl HAIIMM AJTOPUTMOM MeToja (hU3UvecKoii or-
tuku [33, 35], KOTOPBIl OUHAKOBO MPUMEHNM KO BCEM
HalpaBJEeHUSM PaCCesTHHA.

Puc. 15. ArperaT, COCTOSIINHA U3 BOCBMU TeKCATOHAJIbHBIX
cron6ukos (cron6uKk 6 He BHIEH Ha PUCYHKe MPH JaHHOM
opueHTalun arperara). Bee reoMerpudeckue mapamMerpbl CToJ-
6UKOB IIpHUBeJeHbI B Tabl. 4; o, B, y— yIabl Jilepa, onpeje-
JISTIOTIIEe OPUEHTAIIIO YaCTHIB B IPOCTPAHCTBE

DJIeMeHThl MaTpUIbI 06paTHOTO paccesdHns My,
u My, 3aBHUCAT OT JJIMHBI BOJHBI 30HAUPYIOUIETO M3JIY-
YeHHs W OT pa3MepoB KpucTawioB. B pabore [37] Mbr
MTOKa3aJIi, YTO 3aBHCHMOCTb OT pa3Mepa YaCTHUIIbI [
npocrefimux $GopM KpucTaioB (rekcaroHaabHbIE CTOJI-
OUKN ¥ TIACTHHKHU, APOKCTAJLIBI M [P.) MOXKHO C XOPO-
niefl TOYHOCTBIO HKCTPATIOIHNPOBATD CTEIEHHBIMU 3aKO-
Hamu. OHAKO BOMPOC O 3aBUCUMOCTH MaTPHI] 06paTHO-
TO paccesHHsS OT Pa3MepPOB [JIs JIeJSTHBIX KPHCTAJIIOB
MIPOU3BOJIBHBIX (POPM OCTABAJICS OTKPBITHIM.

MBI TIpoBeIH PacyeThl AJs Pa3JIuIHbIX pa3MepoB
XaO0TUYEeCKU OPUEHTHPOBAHHOTO arperaTa, MpecTaBIeH-
HOTO Ha puc. 15, HaIMM MeToJoM (PU3MYECKOI ONTUKH.
PesysbTaThl pacyeToB JJI YETBIPEX PA3MEPOB arperaToB
7 I ABYX TUOWYHBIX IS JUAapoB AjauH BosaH 0,355
n 1,064 MM mokaszanbl Ha puc. 16. OtmeTnm, yTO pas-
Mep arperata [ (cM. puc. 15) ompegensics Kak MaKCH-

MaJbHO PACCTOSTHUE MKy IByMs TOYKaMU Ha MOBepX-
HocTH arperata. /lyjg arperata ¢ TapaMeTpaMn W3
Taba. 3 OH oKazajcsa paBHBIM 398 MKM. 3aTeM INpOmM3-
BOJIbHBIE pa3Mephbl arperara ONpeeJs/INCh IIPOCTHIM
MacuITabupoBaHueM BeJmdnHbI [ = 398 MKM.
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Puc. 16. DieMeHTbI MATPUIbl OOPATHOTO PacCesTHUs 1JIsl ABYX
JUTUH BOJIH KaK (PYHKIUH pa3Mepa JIeISIHBIX arperaTton

Ha puc. 16 BuziHO, 4TO pe3yJ/ibTaTbl pPacueToB B JIO-
rapudmMryeckoM Macurtabe XOpPOIIO 3KCTPATIOJNPYIOT-
cs TIpSIMBIME JIMHUSIMU, 9TO COOTBETCTBYET BBIIIEYTIO-
MSHYTBIM CTEeTIeHHBIM 3akoHaM. TakmM o6pa3oM, MBI
TMOJIYYIJIN BaKHBIN pe3yJbTaT — 3aBHCHUMOCTb MaTpUI]
06paTHOTO paccesHUA 0T pa3MepoOB KPUCTAJJIOB OIMCHI-
BaeTCs CTENEHHBIMH 3aKOHAMM KaK [IJIS JIEASTHBIX KpH-
CTAJLJIOB TIPOCTBIX (hOPM, TUIIA TEKCATOHAJIBHBIX CTOJIOM-
KOB W TJIACTUHOK, TaK W [ arperatoB 6oJiee CJIOXK-
HBIX (DOpM.

B peampHOM TepmcToM o6Jake pa3Mephl KPHICTAJ-
JIOB [ CYIECTBEHHO BapbUPYIOTCS, a pacrpe/ieJieHne mo
pasMepaM OOBIYHO TOMYUHSIETCS FaMMa-paclipe/eJIeHIIO:

RV I
p(D) = lexp l_] I lexp| —— |dI. 1)
‘modal e modal

3nech lpin M lpaxy — MHHEMAJIbHBIH M MaKCUMAaJIbHbBIN
pasMep arperaToB, BCTPEUAONINXCS B o6aake. XapakTe-
PHCTHKON pa3MepoB KPICTAJIIOB B 3TOM O6JIaKe SIBIISIET-
Cs1 MOJAJIBHBIN pasMep Inodal, COOTBETCTBYIOIIMH Mak-
cumymy dynkimn (2).

IIpn u3MeHeHHU COCTOSHUSI aTMocdepbl Kak MO-
JIATBHBIA pa3Mep, Tak U JOOble ONTHYECKNE XapaKTe-
puCTHKHI 06/1aka 6yayT MeHsIThest. [[0aToMy BaskHO Ofle-
HUTH, HACKOJBKO TaKie W3MepsieMble B JUIAPHBIX HC-
CTETOBAHUSAX BEJINYMHDI, KaK JUIAPHOE, CIEKTPATbHOE
U [eNOoJISIPU3AIMOHHOE 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 JJISI MaTPUIIbI 06paT-
Horo paccestuus (cm. puc. 16).

Ha puc. 17 mokasaHa 3aBUCHMOCTb CeYeHHS 06-
paTHOTO PACCESTHUS [T TEPUCTBIX OOJAKOB, COCTOSI-
IMNX U3 JeISHBIX arperatoB, OT MOJAJBHOTO pasMepa
KPHCTAJLIOB.

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



Ta6auima 3

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

Ne | [Tmamerp D, MKM Jlnmuna [, 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 KOOPIMHATHI LIEHTPOB CTOJOHKOB.
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Puc. 17. Ceuenne 06paTHOTO paccesdHUS OJHOTO KPHCTAJIA
Kak (YHKIMA MOJATbHOTO pa3Mepa KPUCTALIOB B ob6Jake
g L = 0,355 MM (HmwkHasa auausg) u 1,064 Mxm (BepxHss)

Mo:KHO BHJIETH, YTO 3aBUCUMOCTb CeUeHHs o6pat-
HOTO paccesHnsa OT MOJAJbHOTO pa3Mepa YacTHIl B 006-
JlaKe CTAHOBUTCS Y:Ke 6ojiee CJIOKHON, ueM aHAJIUTH-
yecKas CTelleHHas 3aBHCUMOCTDb. ITO IOKa3bIBaeT He0O-
XOJMIMOCTD TIPE/ICTABJIEHNS] PE3Y/IbTATOB IS IPAKTHYe-
CKOTO TICIIOJb30BAHNS B BHUe IPA(PUKOB UM TPOMO3/I-
KNX TabJImIl.

ITpakTtimaecknil nHTepec OOBIYHO IIPECTABJSET He
cedeHne oOPATHOTO paccedHUs, a JUJAapHOe OTHOTIe-
HHe, KOTOPOe OIpejesisieTcss Kak oTHomenue M/ 2S,
rie S — TIonaab TeOMeTPUUECKOH TTPOEKIINN KPUCTaJI-
Jla Ha ILJIOCKOCTh, yCpeAHeHHOe corjacHo 3akoHy (1).
Paccuntannoe TakuM 06pa3oM JUAapHOE OTHOIIEeHNe KaK
QYHKIINI MOTAJIBHOTO pa3dMepa ToKa3aHo Ha puc. 18.

Ha npakTuke juapHoe OTHOIIEHUE SIBJSETCS JIOC-
TATOYHO CTAOUIbHOI BEMUYMHON, KOTOpOEe MPUHUMAET
3HaueHusa Mexay 20 u 30. Ha puc. 18 teoperuueckoe
3HAUYEHUE JUJIAPHOTO OTHONIEHUSA SIBHO 3aHIKEHO. JTO
JIOKa3bIBAET, YTO B PACCMOTPEHHON HaMU MOJEJU arpe-
TaToB BKJA/ TaK HA3bIBAEMOTO YTOJKOBOTO OTPAasKEHUSI,
KOoTOpoe o6pasyeTcs 3a CYeT [ByrpaHHOTo yrja B 90°
MesKIy TpaHsaMH, 3aBbiiieH. CilelloBaTeIbHO, peabHast
¢opMa efSTHBIX arperaToB JOJKHA OBITh Gojiee CJIOXK-
HOI, YeM COBOKYIHOCTb T'eKCarOHAJbHBIX CTOJOWKOB.
B mosp3y aToro BbIBOJA TOBOPST TaKKe PACCUYNTAHHBIE
HaMU 3HAYeHHS JIMHEITHOTO JIeNOoJITPU3allMOHHOTO OTHO-
menus 8= (M —My)/ (M + M>,,), KOTOpBIe JexKaT

JIaaepHoe " ONITUYECKO€ 30HAHMPOBaHHE aTMOC(l)epb[

10 -

JI UJaapHOE€ OTHOIIEHUEe

| | | s |
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0 s

Puc. 18. JluzapHoe oTHolleHHe Kak (YHKIUSI MOJAAJbHOIO
pasMepa KpucTaioB B o6make aag A = 0,355 MM (HUKHSAS
munus) u 1,064 MM (BepxHss)

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

B sakmodeHme mog4epKHEM, YTO pa3pabOTaHHBIN
HaMH MeTo/ (PpU3WYeCKOHl ONTHKH SBJSETCS MOIIHBIM
YICJIEHHBIM Me/IOM, TIO3BOJIAIONIM PACCUNTBIBATD Pac-
cesdHME CBeTa Ha JIEJHBIX KPHUCTAJLJIAX HEePUCTBIX 06-
JIAKOB, TOT/Ja KaK CTaHAapTHbIe METOABI pacdeTa, OCHO-
BaHHble Ha pellleHny ypaBHeHHHl MakcBesia, TpeGyoT
HEOTIPaB/IaHHO GOJIBIINX BBIYUCJIUTENbHBIX MOIIHOCTEI.
B nocsreaue 10 sieT HaM yJaI0Ch YUCJAEHHO PACCUNTATD
BCe OCHOBHbBIE XapPaKTEPUCTHKU PACCESHUSI CBeTa IS
mpocTefimux ¢GopM JeAFHBIX KpucTaairoB. [lepexon
K 60JIee CJIOKHBIM (hopMaM 4YacTHUI] Tpe6yeT yBeTMIeHIs
BpeMeHH pacyeToB M ONTHMHU3AINU BLIYUCJIUTEIbHBIX
aJITOPUTMOB. 3/1eCh MBI IPOIEMOHCTPUPOBANIN yCIIEITHOe
IIpeo/ioJieHIe BBIIEYKAa3aHHBIX TPY/IHOCTell Ha mpuMepe
arperata M3 BOCbMH TeKCAarOHAJIbHBIX CTOJOHKOB.

7. 3onaupoBanue GpeMTOCEKYHIHBIMU
Jla3epHBIMH UMILYJIbCaMH

B HacTosiiee BpeMs IOJYYHJIHM Pa3BUTHE METOJbI
U TeXHUKA 30HAUPOBaHUA aTMOcQepbl MOIIHBIMI (eM-
tocekyHaubiMu (DC) ummyabcamu [40—42]. [lnsa soH-
JUpOoBatus arMocdepbl HCIOJIb3y€eTC U3JIydeHHe Cymep-
koutuHyyma (CK) — smmapa «Gemoro csera». CK —
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pesyabraT ¢uaaMeHTanun MourHoro OC wuMIyJbCa,
nepepacrpesieJieHie 9HEPTUH WMITYJIbca B IIHPOKOM
CIeKTpaabHOM [auamna3one. [IpuMeHenne (eMToCEKYH/I-
HBIX JIUJAPOB 06y CJIOBIIO HEOGXOAUMOCTD B MOIU(IKa-
1IUN ypaBHEHUs 30HANpoBaHud [43, 44] u, Kak cief-
CTBHE, TOTPEGHOCTD B HHMOPMAIIMU O XaPAKTEPUCTUKAX
BHYTpHATMOC(EPHOTO UCTOYHUKA 30HIUPYIONIETO M3JIY-
YeHUs: TIOJIOKEHNN Ha Tpacce 30HANPOBAHUS, CEYEHUN,
cnekTpajabHoM cocTaBe CK, MOLIHOCTH, YTIJI0BOII pacxo-
qumocti. [lomo6Hy0 MHGOPMAII0O MOXHO IOJYIHATDH
73 9KCIepUMEHTANbHBIX JaHHBIX. B pesyJabraTe chop-
MUPOBAJIOCh HOBOe HalpaBieHne B (PeMTOCEKYHIHOM
arMocepHOIl ONTUKe, CBS3AHHOE C PA3BUTHEM METOJIOB
yJaJeHHOTO TTO3WITMOHNPOBAHNS HeJnHeliHoro ¢GoKyca,
VIIpaBJIeHHEM TIOJI0KEHHEM 30HBbI (DUIAMEHTAIUN U ee
MPOTSIKEHHOCTH, OIIpe/leJieHueM IIPOCTPAHCTBEHHO-BPe-
MEHHBIX, CIEKTPAJIBHBIX ¥ 3JHEPreTHYecKNX XapakTe-
puctnk CK B 30He dummaMeHTarmmu, paccMaTpuBaeMoit
KaK MCTOYHUK BHYTPHUATMOC(EPHOTO MMIUPOKOCTEKTPATD-
Horo CK-usnyuenust («Gesblii azep»).

B NMOA CO PAH Ha xoHTpoJipyeMoil Tpacce GbI-
JIN TIPOBeJIEHDI SKCTIEPHMEHTDI TI0 YIIPABJIEHWIO TTOJIOKe-
HUeM Havyaja U JAJUHON 30HBI PuaaMenTtanun [45—47].
IIponemoncTpupoBaHa BbIcOKast 3(peKTUBHOCTD YIIpaB-
JIeHWs] 3TUMU TapaMeTpaMH NyTeM BapbUPOBAHUS Ha-
YaJTbHOTO CeYeHUsT M (DOKYCHPOBKU JIa3epHOTO ITyYKa,
YTO TIO3BOJIMJIO TlepeMenIaTh 06JacTh (pIIaMeHTaIlH 10
Bcell aymHe onrrdeckoit Tpacehr (150 M).

DKCMEePUMEHTATBHO YCTAHOBIEHO, UTO IPU MHOKe-
CTBEHHOI (pUIaMeHTAIlnu TocJe 3aBeplieHnss caModo-
KycupoBku KU a3epHbIii My4oK C:KUMAETCS B TJI06AID-
HBIlT ¢okyc. BHyTpH IeHTpanbHON 30HBI AMAMETPOM
B 3—5 pa3 MeHbllle HAUAJIbHOTO 3HAYeHUs] CJIydallHbIM
o6pasoM ¢opMUpyeTcsT «HaKeTy» MOCThUIAMEHTAIINOH-
HbIX KaHatoB (ITMK), oKpyKEeHHBIX OpeoiaMi — KOHHU-
YeCKIM pacipe/iesieHreM nHTeHCHBHOCTH. Ha ymamernn
mopgaaka 10 M ot rao6anpHOTO PoKyca HaumHaAEeT Hop-
MHIPpOBaTbcA 00Iasg KOJbIEBasd CTPYKTYpPa, OKpysKafo-
miag maker [TDK. Ona dbopmupyercss mnpu Jgio60M Ko-
JimyecTBe U J00oii KoHburyparmun (GuiaMeHToB B II0-
mepevHoM cedeHun mydyka. Ha puc. 19 mpeacraBieHbI
3HaYeHUs] TONEPEYHOrO CeYeHUs HJIeMEHTOB (pimaMeH-
THPOBAHHOTO MMITYJIbCA.

3aperucTpupoBaHHblil criekTp usiaydeHusd B [IOK
COOTBETCTBYET ONNCAHUAM cHekTpa wusiaydeHuss CK
(puc. 20). Ho ecTb 0cOGEHHOCTD: B HayaJe 30HbI (ra-
MeHTallui, B BUANMON o6iactu criekTpa (aHTHCTOKCO-
BOH MO OTHOIIEHWIO K JIa3ePHON mJMHe BOJHBI) (op-
MupyeTcs uanydenne KoHmueckoit amuccun CK ¢ yeTko
BBIPAJKEHHON 3aBUCHMOCTBIO OT JIJIMHBI BOJIHBI yTJIa pac-
xoanuMocTi (3HaueHUs — TOPSAKa HECKOJbKUX MHUKPO-
paauaH). B yzaeHHBIX OT 30HBI (PUIaAMEHTAINH TOUYKaX
n3nyuennie CK cocpegoroyeno B IIDOK ¢ pacxomgumo-
CTBIO TIOPSIIKA JIeCATKA MUKPOPAIUaH.

TakuM o6pa3oM, 3KCIIePHMEHTATHHO YCTAHOBJIEHO
1 TeopeTHmYecKH OGOCHOBAHO, YTO B pe3yJbTaTe CaMo-
(OKYCHPOBKI CBEPXKOPOTKUX WMIYJIbCOB, MOIIHOCTD
KoTOpbIX P, IpeBblllaeT KpUTUYecKyo P, [ Takoii
cpeabr (s Bozayxa m A = 0,8 Mmrm: P, ~ 3+4 T'Br),
Ha OIpeJIeJIEHHOM PACCTOSTHUH OT MCTOYHUKA B TIPOTSI-
sKeHHOU 30He (IJIMHON B AeCATKH METPOB) B CeYeHUN
UMIYJIbca MPOUCXOIUT MHOKECTBEHHAS (PUIaMeHTaIns

307 o nok
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Puc. 19. Paguycel ceueHnil seMeHTOB (puIaMeHTHPOBAHHOTO
umiyabca. HauanbHoe 3HaueHue auamerpa mmyuka 2,5 cM. Ilps-
Mas JUHHSA — I0Jo)KeHne 061acTH (pUIaMeHTalluy; KpyTJIble
CHMBOJIBI — 3HAUeHMsS pajiyca Ja3epHOTo IyuyKa A0 M Ioc/e
30HBI (pHUIaAMEHTaIUy; YepHo-OeJble CHMBOJBI — 3HAUEHUST
paanyca mocTdUIaAMEeHTAIIOHHOIO KaHAa; TPeyTOJbHUKH —
paguycsl opeosa, okpy:xaiomero IIOK. Sueprus srasepHoro
umnyabca 30 m/x
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Puc. 20. CriekTpbl U3JIyYeHHs, 3aPeTUCTPUPOBAHHbBIE B Havase
3oubl punamentannn (konndeckas smuccus CK, sHeprust um-
myabca 20 Mk, mautenpHocth S50 (pe, HavasbHOE ceueHUe
2,5 em) (1), B mocTpuIaMeHTAIHOHHOM KaHajle B TOUYKe Tpac-
cbl 100 M (HavasTbHBIE 3HaYeHUsT UMITYJIbca: sHeprusa 30 MK,
narensHocTh S0 de, ceuenne 2,5 em) (2) v TUAAPHDBIA CHTHAT
0T 06J1aKa MCKYCCTBEHHOTO a3po3oJs (3) [47]

u ¢opmupytorca [TDK. B navase 30HbI pumaMeHTAITIN
HaGJI0ZlaeTcsl Tepepaciipe/ieJieHne SHEPruu HMITYJIbca
10 IIUPOKOMY CIIEKTPAJIbHOMY [Hana3oHy (B HECKOIbKO
CHEKTPAJIbHBIX OKTAB OTHOCHTEJIBHO JIA3€PHOU [IJIITHBI
BOJIHBI) B BH/Ie FeHepallu KOHUYECKOH aMUCcCHu cymep-
kouturyyma (K9 CK). Ilo pasHbIM OlleHKaM, B BHU/H-
Mol obsmactu crektpa K3 CK cocpemorouero 3—5%
ucxojHoii sHepruu umiyJabca. B IIOK Takke ckoH-
LeHTpUpoBaHo usiaydenue CK, Ho Ipu 3TOM coueTarorcs
cpaBHUMast ¢ P, BbICOKas MOIIHOCTb (mopsaka Tura-
BaTT) M MUHUMAJbHAS PACXOANMOCTh W3JaydeHus. [lo-
cJie TIPOXOXKIEeHUs TJI06aIbHOTO (DOKyca PACXOIMMOCTD
otneababix [TDK — 10—20 mkpazg, «makera» [IOK —
90—100 mxpan, myuka B 1ieoM — 200 mxpazn. Pacxoan-
MOCTb H3JIyueHUsI B Buje KoHuuyeckoil smuccuu CK us
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obnactn puIaMeHTAINN — CUCTEMBI I[BETHBIX KOJeI[ —
HECKOJIbKO MUJIIMPAIUAH.

Ecau gonyctuTh, 4TO B 3TOM cJjly4ae C y4eTOM MH-
HuMasibHOI pacxoauMocT IIMDK B cedennn umirysbca
peau3yloTcs ycJaoBUsA JJIS1 PACIPOCTPaHEHUs H3JIyde-
HUS B peXUMe CaMOKAHAJIHPOBAHUSI, TO MOITHOCTb W3-
JIydeHUsI B KaHase OJIKHA ObITh He MeHee KPUTHYECKOU
(Heckombko ruraBaTT). VIMEHHO TaKOW ypOBEHb MOLI-
HOCTH 3a(pUKCUPOBAH B 3KCIIEPHMEHTe: MHTEHCHBHOCTD
B [I®K nocratouna a1 GopMUPOBaHUS MHOKECTBEH-
HOH (puylaMeHTal B OMTUYECKUX dJeMeHTaxX Ha JHC-
TaHIUAX, 3HAYUTEJBHO TTPEBOCXOANNX MPOTIKEHHOCTD
obnacti (puraMeHTaIU.

[Tocsie 3aBepiieHus: caMoOKYCUPOBKU Ha JJINHE
BOJIHBI M3JIy49eHNUS Jladepa B 30He To6aabHOTO (bokyca
B CEUEHUU «CXKATOTO» B 3—5 Pa3 UMILYJIbCa pealn3yercs
MOIIHOCTD < P,,.

B pesysbrare 3KCIIepUMEHTAJbHOTO U TeOpeThde-
CKOTO HCCJTeoBaHUSA (uIaMeHTaIy (PeMTOCEKYHTHBIX
JIa3epHBIX MMITYJIbCOB Pa3paboTaHbl U OIMPOGOBAHBI Me-
TOJMKU Y/aJIeHHOTO YIIPaBJeHUsd TOJ0KeHIeM 30HbI
¢unamenrtanuu B atMmocdepe. IlosyueHbl pe3yJbTathl,
dopMasm3yIoniye 1 N3BeCTHBIX HAYATbHBIX 3HAYEHIH
UMILyJIbCa IapaMeTpbl B ypaBHEHUH JHUIAPHOTO 30H/N-
POBAHUSA: pacMoJiosKeHre BHYTPHATMOC(HEPHOTO WCTOY-
HUKA HIIMPOKOCIEKTPAJIbHOTO U3JIyYeHHs] OTHOCUTEIbHO
mepelaTinka, OObeKTa WUCCTEeOBAHUSA W TPUEMHUKA;
MOIITHOCTD, TOIlepeyHoe cevdeHue U YTIJIOBYIO PacXo/u-
MOCTDb WM3Jy4eHUsT OTJeTHbHBIX 3JIeMeHTOB (puaaMeHTH-
POBAHHOTO UMITYJIbCA.

[IpuMeHeHMe TOJyYeHHBIX PE3yJILTATOB MO3BOJIUT
OCYIIECTBJISITh yIaJIeHHOE MTO3UIMOHUPOBAHIE MOIIHOTO
deMTOCeKyHIHOTO UMMYJbca, (OPMHUPOBATH Ha 3aJaH-
HOM y4YacTKe Tpacchl 30HIUPOBAHUSI BbICOKOMHTEHCHB-
HBITT BHYTpHATMOC(hEPHBI KOPOTKOUMMYJIbCHBIN TITHPO-
KOCIEKTPAJIbHBII NCTOYHUK M3JIyUYeHUsT ¢ MUHUMAJIbHOM
pacxoauMocTblo. IIpocTpaHCcTBeHHO-BpeMeHHbIe 1 3Hep-
reTHYeCcKe XapaKTePUCTUKHU 3TOTO UCTOYHUKA 0Oecre-
yaT BbICOKUE 3HAUEHUs JATbHOCTH 30HIUPOBAHMS aTMO-
cepbl HPeMTOCEKYHIHBIMU JTHIAPHBIMUA CUCTEMAMH.

8. Onruyeckoe (IMpPOKEKTOPHOE)
30HIUPOBaHHE aTMOC(EpPBI

Onrtuveckne MeTOJbI 30HAMPOBAHUSA aTMOCGhEpDI
OCHOBAaHBI Ha pe3yJbTaTaX B3aNMOJAENCTBUS OITHYE-
CKOTO U3JIy4YeHUs ¢ aTMOC(epHBIMU YacTuIlaMu. Hosb-
I0ii [nanas3oH pa3MepoB atMochepHBIX YaCTHI[ TIPHBO-
AT K HeOOXOJMMOCTH WCIIOJb30BaHUS [T pelleHus
3aJla4U OIIEHKU X paclpe/ieIeHns Mo pa3MepaM ITHpo-
KOCIIEKTPAJbHOTO ONTHYeCKOTO M3JydeHus. /g atoro
B MOA CO PAH 6buio co3gaHa ycTaHOBKa IPOKEK-
TOPHOTO 30HINPOBAHUA ONTHYECKOTO COCTOSTHUS aTMO-
chepor «CBETJIAYOK», paboraiomas B ABYX pesKH-
Max TeHepaluyn n3aydeHnss (HermpepbIBHOM M MMITYJIbC-
HoM). Ee TexHHMYecKHe XapaKTePUCTUKM IIPUBEEHDI
B Taba. 4. OcHOBa yCTaHOBKH — KOPOTKOIYTOBad Kce-
HOHOBag JlaMIla CBepXBbicOKoro maBiaeHus J[Kcd-
4000 (puc. 21, uB. BKIaIKA).

VcnbITaHuSA CO3/JTaHHOM CIIeINaTM3NPOBaHHON MPo-
JKeKTOPHOI YCTAaHOBKH TIOKA3aJ ee BBICOKYIO addek-
TUBHOCTb B 4YacTH TIpeoOpa3oBaHUs 3JIEKTPHUECKOMH

9Hepruu B cBeToByIo [49—51]. V3 smTepaTypHBIX HC-
TOYHUKOB CJIEJyeT, YTO IPOKEKTOPHOE 30H/INPOBAHNE
Ha COBpeMeHHOIl ajileMeHTHOI 6a3e BO3MOXKHO Ha BBICO-
tax 1o 70 kM [2].

Ta6auma 4

Texnnyeckue xapaktepuctuku ycraHoBku «CBETJ/IAYOK»

XapakTepucTuKa 3HaveHne

[uamerp 3epkana, ¢OpMUPYIOLIET0 U3TyUeHHe, MM 470
MoOIIHOCTh ONTHYECKOTO U3JTyUeHHsT 19

B HellpepbIBHOM peskuMe U3JaydeHus1, kBr ’
Yacrora cJjie[oBaHUSI UMITYJIbCOB ONTHYECKOTO 2295
usnyuenusd, ' :
MOIIHOCTh ONTUYECKOTO U3TYUYEeHUSI B UMILYJTbCHOM 418
peskuMe u3iyueHus, KB ’
YrioBasg pacXoAMMOCTb U3JIyYeHHS, TPajl 0,5+5

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

AHaym3 pe3yJbTaTOB HAGIOJEHUN, BBITOJHEHHDBIX
B PEaJbHBIX aTMOC(EPHBIX YCJIOBUSAX C IIOMOIIBIO CO3-
JTAHHOI TTPOKEKTOPHOI YCTAaHOBKH, CBHU/ETEIBCTBYET 00
acdexkTuBHOCTH WCCaeOBaHUS (DU3NIECKUX CBOWCTB
arMocdepsl ¢ HCHOTb30BAHUEM ITHPOKOCHEKTPATBLHOTO
OTITHYECKOTO M3Jy4YeHNs, C(OPMUPOBAHHOTO B Y3KOM
VIJIOBOM JWalla30He.

3akouenue

[TpoBeneHHbIiT aHATI3 Pa3BUTUS JUJAPHBIX TEXHO-
noruit B MOA CO PAH noka3an ux mupokue BO3MOX-
HOCTHU, B YACTHOCTH, BIIePBbIe OCYIIECTBJEHO JHIapHOe
u3MepeHne TPodUId TeMIepaTypbl B Tpomocdepe Ha
OCHOBE O/THOBPEMEHHOTO JIETEKTHPOBAHUS CTOKCOBOI
U AHTHUCTOKCOBOII BeTBeil YICTO BpalllaTeJbHBIX CIIEK-
TPOB CIIOHTAHHOTO KOMOUHAIIMOHHOTO pPACCEesSTHUS Ha
MoOJIeKyJIaX a30Ta WJIn Kucjaopoga. Takoil moaxon mep-
CHEeKTHBEH /I 3aMEHBI a3POJIOTMYECKOTO 30HANPOBA-
HUS 9TOTO TTapaMeTpa.

PasBute Metoga auddepeHINATBHOTO MOTJIONIe-
HUS TIO3BOJIIJIO CO3/IaTh [[Be YHUKAJIbHBIE JHIapHbIe
CUCTEMBI [Tl M3Y4YeHUs Ta30BOTO COCTaBa aTMOCQephI.
OpmHa U3 HUX TIpeJHA3HAYeHA [JISI ONpejeseHus KOH-
LEeHTpaI 030Ha B Tpomnocdepe u crpatocdepe B 06-
sgact BbicoT 3—50 kM. Ee ¢dusuveckoii ocHOBOIl sIBIISI-
eTcs WCIOJb30BaHMe JIa3epoB ¢ HaGoOpOM Tap AJUH
BoJIH i 3oHaupoBanus 0,299,0,341 (tponocdepa)
n 0,308/0,353 mxm (cTparocdepa). IMosBaeHume Tako-
To Jugapa o6ecreunyio KoJIuIecTBeHHbIE HCCIeTOBAHUS
TporocTpaTocepHoro o6MeHa, MMEIONET0 MHOTO He-
ompe/ienenHocTeii. Bropas jmpgapHas cucteMa opueH-
THPOBaHA HAa M3y4YeHHe NIMPOKOTO KPyTa ra3oBBIX MPH-
Meceii B HIDKHell aTMocdepe, IMeIOMNX TI0J0Chl MOTJI0-
meHnd B uHTepBasax nH BoJH 1,8—2,5 n 3—4 MKM.
[TpogeMoHCTpHPOBaHA BO3MOKHOCTD OTIpe/leIeHNUs CJie-
IYIOMINX MAaJIBIX TA30BBIX COCTABJISIONINX B KOHI[EHTPA-
nusax ot ¢poroBbix u Beime: Hy,CO,, CyH,, HBr, HCI,
NOQ, NQO, HCN, CQH(;, CH/,, COz, Hzo [_[aJIbHefI*
MM pa3BuTHeM MeToja AuddepeHInaIbHOr0 MOoTI0-
IeHNs SBJISIETCA Olpe/leienre Tpe6OBaHWIl K JTHIapHOi
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cucreMe, pasMelaeMoif Ha GOpPTY KOCMHIYECKOil TJat-
¢opMbl, A4 TI06aTHHOTO OTpe/IesIeHNsT 06IIero coaep-
JKaHW TTApHUKOBBIX Ta30B B BO3/yXe Ha Halleil Ta-
Here. Bpi6paHbl ClieKTpajibHbIe AMAMa30HbI U 3aaHbI
ImapaMeTpbl Y3J0B KOCMUYECKOTO Jujapa IS 30HAU-
POBaHUs YTJIEKICJIOTO Ta3a U MeTaHa.

C moMolIbio JHIAPOB, PabOTAONIUX B MOHHTO-
PUHTOBBI peskuM Ha CUOUPCKON JUTAPHON CTaHIUH,
TIPOBOJIJINCH WCCJEIOBAHUS JOCTATOYHO PEIKUX [T
ToMcka TOJAPHBIX CTpaTochepHBIX T Cepe6PHUCTHIX
(Me30cepHBIX) 06/1aKOB, COCTOSIIMX W3 TPUTHIPaTa
a30THOI KUCJIOTHI W JibJla. DBLIO BBIABIEHO JBa MeXa-
HU3Ma uX mosBieHus (Bbicora 20—25 KM): mepBbiii
00yCJIOBJIEH 3aHOCOM 06JIAKOB €O CTOpOHbI CKaH/MHA-
Bur (TpaAMIIMOHHOE MecTOo 06pa3oBaHMsl TaKuX o6Ja-
KOB), BTOpOii — HX o6pasoBaHueM Haj 3amagHoii Cu-
6UpbI0 TIpU TOHIDKEHNH TeMreparypbl Hiske 195 K.
CepebpucTble 06JaKa HAGMIOAAINCH 32 TOCTeIHUE Je-
caThb JieT 1Ba pasa, B 2008 u 2011 rr., Ha BbIcOTax 78
n 88 kM.

ITpongomkeHbl paGoTLI 1O TEOPETHYECKOMY OIHCA-
HUIO PACCEeSTHUS ONTUYECKUX MOTOKOB HA KPHUCTAJLIITYe-
CKUX YaCcTUIaX MePHUCThIX 06JaKoB. VcmbITaHa MoJenb
arperatoB, 006pa30BaHHBIX U3 BOCBMHU T'eKCArOHAJbHBIX
cToi6nKoB. CpaBHEHHE € 3KCHEPUMEHTATbHBIMU JIaH-
HBIMHU TIOKa3aJI0 He OYeHb XOpolllee COBIAJEHNUE, YTO
UHUIMUPYET co3/laHue 6ojiee CJIOKHBIX Mojeseil arpe-
THPOBAHHBIX YACTHII.

[IpuMeHUTETPHO K JTa3epPHOMY 30HIANPOBAHUIO aT-
Mocdepbl (PeMTOCeKYHIHBIMU WMITYJIbCAMHI U3Y4YeHbI
Tpoiiecchl 06PA30BaHUA MOCTMOIIAMEHTAIIMOHHDBIX CBe-
TOBBIX KaHayoB. [Tokazano, 4To 2T KaHAIBI HECYT U3-
JIydeHue ¢ MaJoil pacXoAnMocTbio (OKOJIO JecsITKa MUK-
popajinaH) U IIHUPOKUM CHEKTPaJbHBIM COCTaBOM. TeM
caMBIM 0GOCHOBBIBAeTCS TIEPCIIEKTUBHOCTh MHOTOYAC-
TOTHOTO JIa3¢PHOTO 30HAMPOBaHUS aTMocdepsl (eMTo-
CEKYHIHBIM W3JIydeHneM ¢ oOpa3oBaHneM TOCT(uIa-
MEHTAIIMOHHBIX KAaHAJIOB.

HanGoJsiee MHTEPECHBIM Pe3yJIbTATOM IPOKEKTOP-
HOTO 30HJMPOBaHUSA arMocdepbl cTajo OOHapy’KeHUe
B aTMocdepe cJioeB, 06pa30BaHHBIX KPUCTAJLTHYECKIMI
YaCcTUI[AMU U TIPOSBISIONIMMU CBOUCTBO 3epPKAaJIbHOTO
oTpaskeHUsi. MeTeoposioTHYeCKUe YCI0BUsI (hOpMUPOBa-
HUSI TaKUX CJIOEB INIPEJCTONT ellle YTOYHUTD.
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