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IMoapoGHO onucaHa pazpaboTaHHass HAMU U YCOBEPIIIEHCTBOBaHHAsI HA OCHOBE MHOT'OJIETHUX U3MEPEHUit
napaMeTpoB MOHOC(HEphl M HEHTpaJIbHOM aTMOC(HEpbl METOIMKA OIPEACICHUS TeMIIepaTypbl HUKHEM Tep-
Mocdepbl. ChopMyIrpoBaHbl TPEOOBaHUS K IIPOBEISHUIO U3MEPEHMI METOJOM, OCHOBAHHBIM Ha pe30-
HAHCHOM pacCesIHUM MNPOOHBIX PAaIMOBOJH MCKYCCTBEHHBIMU MEPUOIMYECKUMM HEOIHOPOTHOCTSIMU
noHochepHOoit m1azMbl. OGO0CHOBAHBI OCHOBHBIE TPEOOBAHMSI K PETUCTPALIMKM CUTHAJIOB, PACCESTHHBIX HE-
OIHOPOTHOCTSIMU, U 06paboTKe naHHbIX. [ToKka3zaHo, YTO HYXKHMIA IIPEe)T OIpeaesIiCHUsT TeMIIepaTyphl 110
BBICOTE OIpaHMYEH YPOBHEM TypOOIlay3bl, BEPXHUI — YCJIOBUEM BBIIIOJIHEHUSI TEILIOBOIO PAaBHOBECHUSI.
IMpuBeneHb IpUMEpPHl BLICOTHO-BPEMEHHBIX Bapualivii Temrepatypbl Ha Beicotax 90—130 kM. IIpencras-
JIEHBI HOBbIE JJAHHbIE, ITOJIyYeHHBIE B pe3yibTaTe sKcnepuMeHToB Ha creHae CYPA (56.15° N; 46.11° E) B
centsiope 2021 r. BoicoTHOE 1 BpeMeHHOe pa3pelieHye nopsiaka 1 KM u 15 ¢, cooTBEeTCTBEHHO, TTO3BOJISTIOT
M3y4aTh KaK OBICTPBIE, TAaK U MEIJICHHbIE ITPOLIECCHl B HUXKHEM TepMocdepe. [IponeMoHcTpupoBaHa 60JIb-
111asi U3MEHYMBOCTh TeMIiepaTyphbl Ha BbIicoTax 90—130 KM B TeUeHME CYTOK M OTO THSI KO THIO, OOYCJIOBIEH-
Hasl pacIpocTpaHeHueM aTMOCGhEPHBIX BOJIH C mepuogamMu oT 5—10 MUH 10 HeCKOJIbKUX yacoB. O6cyxaa-
IOTCSI OCOOEHHOCTH CIIAXXMBAHUSI BLICOTHOTO MPOGUIIS O BHICOTE ¥ BO BPEMEHMU, BIIMSIHUE Ha pe3y/IbTar
OIpeiesIeHUsI TeMIIepaTyphbl UCITOIb30BaHMUS PeaIbHOIO U MOACIBLHOTO Npoduieil 3JIeKTPOHHO KOHILIEH-
TpalMu, a TaKKe BIUsIHAE criopaguueckoro ciios E, atMochepHoit TypOyIeHTHOCTH U IPYTUX MPUPOTHBIX
dakTopoB. BrimonHeHO comocTaBieHne Ipoduieit TeMirepaTypbl ¢ Momenabio MSIS-E-90 n maHHBIMUI

CIYTHUKOBBIX U3MEPEHUIA.

Karoueswie cnosa: armochepa 3emin, noHocdepa, UCKYCCTBEHHBIE MEPUOINYECKHE HEOTHOPOIHOCTH,
TeMIlepaTypa, BHyTpEHHIE TPaBUTALIMOHHBIE BOJIHEI.
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1. BBEAEHUME

O06acTh HIKHEN TepMocdepbl, KOTOpast OXBaThI-
BaeT BBICOTHI 2 = 90—150 KM, SIBJISIETCSI TPOMEXYTOU-
HOM Mexay Me3ocdepoil 1 BepxHeil TepMochepoii.
CBeneHus O TeMIlepaType CyIIeCTBEHHBI JJIs ycTa-
HOBJIEHUSI 3aKOHOMEPHOCTE U pOJI AUHAMUYECKUX
¢dakTOopoB B (OpMHUPOBAHUU TEIJIOBOTO peXrma
HVDXKHER TepMocdepbl, a Takxke s pa3BUTUS U YCO-
BepIlIEHCTBOBaHUSI Mojeseil atmocdepbl. Pacmnpo-
CTpaHeHUue aTMOC(MEPHBIX BOJH Pa3HbIX MPOCTPaH-
CTBEHHO-BPEMEHHBIX MacIlITa00B, TOPU3OHTAIbHbIE
U BepPTUKAIbHbIE ABUXEHUS HEUTpaJbHOM cpelbl U
HoHOC(HEPHOI TIIa3Mbl, pa3BuTasl TypOYJeHTHOCTb,
CyIIECTBYIOIIAsi HUXE YPOBHS TypOOMay3bl, OKa3blBa-
IOT BIMSIHUE Ha TeMmIiepaTypy HWXHeEH TepMocdhephl.
Bapuaiiuu temniepaTyphbl, B CBOIO Ouepelb, BIUSIOT Ha
CKOPOCTh XMMHUYECKUX peakiuii. K HacTosiiemy Bpe-
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MEHU ITOJIy4eHO MHOIO CBEICHHWI O pachpencieHUn
TeMItepaTypsl B Me3ocdepe (60—90 kM), B TO BpeMs
KaK JaHHBIX O BHICOTHO-BPEMEHHBIX BAPUALIUSIX TEM-
IepaTyphl HIKHE TepMocdepbl HEIOCTATOYHO.

Hcnonp3oBaHmne pa3HBIX METOIOB M3MEPEHMIA Ma-
€T BO3MOXKHOCTD TTOJTYYUTh CBEICHUS O TeMIIepaType
obyiactu Me3zochepbl U HUXKHel Tepmocdepnl. Ha-
puMep, TPUMEHEHHE MeToa ITaJaroInuxX cdep ¢ Me-
TEOPOJIOTUYECKUX paKeT II03BOJMIIO YCTAaHOBUTH
3HAYNUTEJbHYI0 M3MEHYMBOCTb TEMIIEPATyPHI BBIIIIE
ypoBHS Me3011ay3Hl [ 1—3]. PakeTHbIC M3MepeHNS SIB-
JIAIOTCA SIMU30JNYCCKMMU U PECAKO JAa0OT CBEACHUSA O
TeMIieparype Ha BeicoTax 4 > 90 kM. Bosbiioit mac-
CUB TaHHBIX O TeMIleparype Ha BbicoTax 80—100 kM
OBUT TTOJTy4YeH B MCCIIEIOBAHUSX PATHOOTPAKEHU OT
MeTeOopHBIX cinenoB [4]. K coxaneHno, 3TOT XOPOIIIo
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pPa3BUTBIN U JOCTYITHBIM METOM MPaKTUUECKU HEMTPU-
MeHUM T1pu A > 100 kM.

B nccnepoBanmsax oomact Me3ocdepbl M HIDKHEH
TepMochepbl YCTAHOBJIEHBI 3HAYUTEIbHBIE CYTOYHAS
M Ce30HHas M3MEHYMBOCTU BBICOTHOTO HPOMUIIS
temriepatypsl [5—8]. IlomyueHo, HarmpuMep, YTO Ha
OMHOI BBICOTE BapualluM TeMIlepaTypbl MOTYT J0-
cruratb 50 K 1 6osee. YTBepknaeTcs, 4TO TaKUe Ba-
pUaly MOTYT OBITh O0YCJIOBJICHBI PACTIPOCTPAHEHU -
€M BHYTPEHHUX TI'paBUTALlMOHHBIX BOJH [5]. Bojb-
II0Ii 00beM MaHHBIX II0 TeMIlepaType B Me3ocdepe
MMOJIy4YeH Ha OCHOBE M3MEPEHMI CBEUYCHMS HOYHOIO
HeOa B pa3HbIX aTMOchepHbIX TuHUSIX [1, 7—9]. B Te-
YeHNEe HECKOIBKUX JIECATWICTUII aKTUBHO pa3BUBa-
€TCSI METOM, OCHOBAHHBII Ha JJa36pHOM 30HAUPOBA-
Huu atMocdepsnl. B padote [8] 3a 417 Houeit HabIIO-
meHuit B nepuod ¢ 1990 mo 1999 rr. mpuBemeHbI
pe3yabTaThl U3MEPEHUI TeMIlepaTypbl Ha BBICOTaX
80—110 xm muaapom B @opt-KomnmnHz, USA (41° N;
105° E). B pa6ote [10] 06cy:knatoTcst BLICOTHBIE ITPO-
b TeMIIepaTyphsl 0KoJio ropoaa Andenes, Norway
(69° N; 16° E), nonyyeHHBIE C [IOMOILBIO HATPHUEBOTO
JIMgapa B TaKOM XXe Jualla30He BBICOT. Pe3yibTarhl
M3MEPEHMI TeMIIepaTyphsl Ha BeIcoTax 92—120 kM Ha
panape HekorepeHTHoro paccessHusi EISCAT, Nor-
way (67.85° N; 20.43° E) npuBeneHsl B pabotax [ 11—13].
B Monorpadum [9] nmpuBemeHbsl mOoOpoOOHBIE CBEOe-
HHUSI 0 METOIaX U pe3yabTaTaxX UCCICAOBAaHUS BepX-
Hell aTMocgephl Ha OCHOBEe M3MepeHMsT aTMocdep-
HBIX SMUCCHUI, B YACTHOCTU 3MUCCUM THUAPOKCHIIA.
Bce monydeHHBIEe JaHHBIE MOATBEPXKIAIOT 3HAYNTEIb-
HYIO U3MEHYUBOCTh TeMIIepaTyphl B Me30ocdepe 1 B 00-
JIacTu Me3onay3bl. B mocnenHue rombl 00IbIIOe KO-
YeCTBO JAaHHBIX 0 Me3ocdepe U HIDKHel Tepmocdepe
MOJIy4eHO C IIOMOIIbI0 anraparyphl npoekta SABER,
pasmenieHHoI Ha ciiyTHrKe TIMED [14] u criyTHUKe
Aura [15]. Tem He meHee w1t BeicoT 100—130 kM cy-
IieCcTBYeT ACULUT DKCICPUMEHTAJIbHBIX TaHHBIX.
Hcronb3yemMblit HAMM METOI, OCHOBAHHBIA Ha CO-
3MaHUU MCKYCCTBEHHBIX TePUOANYECKUX HEOTHO-
ponHocteit (MITH) noHochepHOi IU1a3Mbl, MOXKET
BOCIIOJIHUTh HEIOCTAaTOK CBEIEHUII O TeMIepaType
HUKHei TepMocdepsl [16]. Kak Mbl oTMeyanun B
npenbiayiux padorax [17—19], HecMoTpst Ha TO, YTO
B METOZE MCIIOJIb3YETCS BO3IEIICTBUE Ha MOHOChEPY
MOIIIHBIM KOPOTKOBOJIHOBBIM PagUOU3IydYeHUEM C
CO3JaHUEM HEOTHOPOMHOCTEH IUIa3Mbl, U3MEPCHUE
TeMIIepaTypbl aTMOC(EPHI IIPOMCXOANT HA CTAIUM UX
penakcanuu, T.€. B €CTECTBEHHOI M YK€ HEBO3MY-
ILIEHHOM cpene.

TeopeTrueckue MPeaIochbUIKM MeToAa U pa3pado-
TaHHBIE HA €T0 OCHOBE CIIOCOOKI OIPENeJICHUS pas3ind-
HBIX NAPaMETPOB HEUTPATTbHOM U MIOHU30BAHHOI KOM-
TMOHEHT MOHOC(MEPhl U HEUTPATBHOU aTMOChEepbI MOo-
JIpOGHO omucaHbl B MOHOrpaduu [16]. 3a mporeaiie
ronel MeTomoM MITH ymanock moaydmTs O0JIBIION 00h-
€M CBEICHUI O BBICOTHO-BPEMEHHbBIX BapUaLIUsIX TEM-
repaTyphl U IJIOTHOCTA HEUTpajJbHOII KOMIIOHEHTHI
B HIXHEN TepMocdepe, CKOPOCTSIX PEeryaspHOIo
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BEPTUKAIBHOTO ABMKEHUS CPEIbl, ITapaMeTpax Typ-
OyJIEHTHOCTU U YPOBHE TypOoMay3bl, XapaKTepUCTH-
kax cnopagauueckoro cios E (ganee — cnoii E,) [20—25].
AHaJIN3 3TUX TaHHBIX TTO3BOJIMII YCOBEPIIIEHCTBOBATh
METOIVKY W3MEpPEeHUSI TeMIIepaTyphbl, BBISICHUTH W
c(opMyJIMPOBaTh OrpaHUUYCHMUST, KOTOPbIE HAKJIAIbI-
BalOT Ha Hee TpOolIecChl B HIDKHEW noHocdepe.

B pabote mpuBOASITCS M OOCYXIAIOTCSI KaK pe-
3yJILTAaThl U3MepeHUit Temmeparypsl B 2006—2018 .
Ha BeicoTax 90—120 KM, TaK ¥ HOBbIE JaHHbIC, IOJTY-
YyeHHble B HEJABHMUX B3KCIIEpUMEHTaX Ha CTeHe
CYPA (56.15° N; 46.11° E) B centsidbpe 2021 r.

2. METO U3MEPEHUSA TEMIIEPATYPbI
HA OCHOBE CO3JAHUMA UITH

Meton wucciaenoBaHusi Me3ocdepbl U HUXKHeH
TepMochepbl Ha OCHOBE CO3MaHUsI MCKYCCTBEHHBIX
MePUOANYECKUX HEOTHOPOMHOCTE U PE30HAHCHOM
paccesiHUM Ha HUX MPOOHBIX PaIMOBOJIH MOAPOOHO
HU3J10XeH B MoHorpaduu [16]. IIpuMepsl onpeaese-
HUSI XapaKTePUCTUK HEUTpalbHOU KOMITOHEHTHI
noHocdephl coaepxkarcst B padborax [17—25].

Ocnoevt memooa cozoanuss UITH
0451 u3MepeHuss memnepamypol

IMpuHLMT co3maHuss HEOTHOPOAHOCTE OCHOBaH
Ha BO3AeiCTBUM Ha MOHOC(hEpYy U3IydeHUEM CUH-
¢a3zHo padorarmux mepegarunkoB creHma CYPA B
3€HUT MOIIIHOI PagrMOBOJIHEI HA YaCTOTE HIMXKE KPH-
T4eckKoil yactoThl F-ciosi. B moJjie cTosiueii BOJHBI,
oOpasyolieiics Ipu OTpPaXeHUU OT MOHOCHEPHI
MOILIHOM paguOBOJHbBI, 34 IEPUO BpEMEHU OT J0Jeii
JI0 JECITKOB MC (POpMHUPYIOTCSI HEOTHOPOIHOCTH
TeMIIepaTypbl M KOHIICHTpAllUM 3JIEKTPOHOB, 00pa-
3yt CTPYKTYypy (“pemmerky”) KBa3uIlepHOINYECKUX
TUIa3MEeHHBIX HeonHopoaHocTeit. Ilo okoHYaHUU
BO3ACUCTBUSI Ha MOHOC(Epy HEOTHOPOIHOCTU pa3-
pymaimrcsa (pelakcupyior). MHorue mnapaMeTphl
HEWTpaJbHOW W MOHU30BAHHOW KOMIIOHEHT CpEIbI
OIPENEIIIIOTCS Ha CTaguM pejlaKcalliyi HEOTHOPOIHO-
CTei MO M3MEPEHHBIM XapaKTepUCTUKAM PaCCesTHHBIX
VMU CUTHAJIOB IIPYU 30HAMPOBAHNM HEOTHOPOTHOCTE
NpoOHBIMU pagroBonrHaMu. [lociaenHue N3Ty4aroTcs: B
UMIYJbCHOM pEeXHME TakXke IlepeaaTyMKaMy Ha-
IPEBHOTO CTEHJa IIOCJIE OKOHYAHWS HarpeBa; IIpU
5TOM MOIITHOCTbh M3JIy4eHUSI B UMITYJIbCHOM PEXIME
Majla 1 He OKa3bIBaeT BO3MYIIAIOIIETO BIAMSHUS Ha
noHochepHyo ImaasmMy. OTMETUM, 4YTO paccesiHUe
MPOOHBIX PAIMOBOJIH KBa3UIIEPUOINYECCKOM CTPYK-
TYpOii BO3HMKAET IMPU BBHIMOJIHEHWHU YCIOBUS 00par-
Horo paccestHust bparra—Bynbda, oquH 13 BapuaH-
TOB pea3allii KOTOPOTO B SKCIIEPUMEHTE IIPEAIIO-
JlaraeT MCHoJIb30BaHNWE PAAWOBOJH OOHOW U TOM Xe
YaCTOTHI 1 TTOJISIpU3alii1 U I CO3MaHUs, U IJIsI 30H-
JUPOBAaHUS HEOMHOPOAHOCTEN [ 16, 25].

Ha BreIcoTax E-ciost (BeIcoTax HIDKHEI TepMocde-
pb1) nporuecc penakcauu UITH mocie npekpaiieHus
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BO3IEHCTBUS HA MIOHOC(hEPY ITPOMCXOANT IO ICHCTBH -
eM aMOuTToNspHO mruddysun [ 16] u onpenesnsercs Ko-
sbhdumentom mbdysuu D =k, (T, +T;)/Mv,, u
MPOCTPAHCTBEHHBIM TMEPUOIOM HEOTHOPOIHOCTEI.
Koadpduument muddy3nn 3aBUCUT OT 3JIEKTPOH-
HOM, T,, U NOHHOM, T}, HEBO3MYIIIEHHBIX ((POHOBBIX)
TeMIIepaTyp, YaCTOThI COyIapeHUil NIOHOB C MOJIEKY-
JlaMu, V;,, U Maccbl UOHOB M;; kp — MOCTOsIHHasI
boneiimana. B cpemHemmpoTHO moHOCchepe HIKE
130 XM MOXHO TIpUHSITH, YTO TeMIIepaTypa HEM-
TpaJbHOII KOMIIOHEHTHI I TEMIIEPaTypPhl 3JICKTPOHOB
Y MOHOB paBHbl, T.€. T, = T; = T. B aTOM ciiy4dae pe-
Jlakcalysl HEOTHOPOIHOCTEM MPOUCXOOUT C Xapak-
TePHBIM BpeMeHEM

1= 1 _ MV, _ My,
K’D  ky(T,+T)K> 2k, TK*>

rme K = 2k — BOTHOBOE YMCJIO CTOSTUCI BOJIHEBI, kK =
= 27tn /A, — BOJIHOBOE YMCJIO MOIIIHOM (MPpOGHOIA) pa-
JIVOBOJIHEI B cpelle, n — MoKa3aTellb IIPEIOMICHMUS.
YacToTa coygapeHUii MpOoITopIUOHAIbHA IIOTHOCTHU
p atMocdepsr: v,,, = Bp / M, tne M — cpenHas Macca
MOJIEKYl M, Kak B [26], ©npuHATO 3HayeHUE

B=0.38- 10" em’ ¢ ®opmyna (1) saBasieTcst oc-
HOBHOM IS OIIpeNeNIEeHUs] TeMIIEpaTyphl HIDKHE
TepMmocdepsl T Mo M3MEepeHUSIM BpeMEHM pejlakca-
UMY T HepUOANYECKUX TUIa3MEHHBIX HEOTHOPOIHO-
creit [16].

B nipennonoxeHnun, 4to atMocdepa SIBASIETCS JI0-
KaJIbHO M30TEPMMYECKON B IIpeaesiax HeKOTOPOro
HeOOJILIIIOTO BEICOTHOTO MHTEpBaJia, BpeMsI pelaKca-
muu UITH BeipaxaeTcss COOTHOIIEHUEM

(h) =Bp—(h)(%j )

2K* (h) kyT

3aBUCUMOCTb BpEMEHU peJlaKCalliU OT BBICOTHI A
OIpenesnsieTcs 3aBUCUMOCTBIO P(#) cormtacHO hopMyIie

P () = p () exp ("), G

e 4 u hy, — Tekyilasg W HavyajbHas BbICOTbl, H =
=kT/Mg — BbICOTA OMHOPOMHOI aTMocdephl, g —
YCKOpEeHUE CBOOOMHOTO MameHusi. M3mepsist BBICOT-
HYI0 3aBUCUMOCTb T(h) W mpeadrnoJiarasi, 4To B He-
OOJIBIIIOM MHTEpBaJie BLICOT 7'= const, MOXXHO HANTH
BBICOTY OOTHOPOIHOM atMocdepnl H, a 3aTeM TeMIie-
patypy T onpenenuth no GpopMyie

T = MgH /kp. 4)

MmMeHHO Takoii oaxon peain3oBaH B U3MEPEHU -
SIX TeMITepaTypbl MeTojioM co3naHust UTTH.

(1)

Ocobennocmu uzmepenuii memnepamypot

st usMepeHust TeMITepaTyphl U IPYyTUX MTapaMeTPOB
noHochephl U HEHWTpaIbHOI aTMOocdepbl HEOTHOPOI -
HOCTU CO3[AIOTCSI M3JIydeHUEM MOIIHOM BOJIHBI He-

OOBIKHOBEHHOM MOJISIPU3ALIIHN, 1711 TOTO YTOOBI MCKITIO-
YUTh BAMSHHUE HAa PacCeSTHHBINA CUTHAI HEOTHOPOMTHO-
CTeli, BBITSHYTBIX BHOJb TI€OMArHUTHOIO IIOJ,
KOTOpble BO3HUKAIOT B 00JIACTU B3aMMOIEHCTBUS
MOIITHOW OOBIKHOBEHHOI BOJHBI C MOHOC(hEPHON
ia3moii [27]. HarpeBHas (co3garoiiast HEOTHOPOI -
HOCTH) 1 IIpOOHAas (30HAUPYIOIIAsl) paglOBOIHBI U3-
JIyJaroTCsl Ha 4YacToTax, oTpaxarommxcs B F-cioe
noHocdepnl. Kak mpaBuiio, UCIIOIB3YIOTCS YaCTOTHI
B quamnasoHe 4.30—5.65 MI11, 4To 00yC/I0BIEHO 0CO-
OCHHOCTSIMM NPHUEMHOM aHTECHHBI amnmnapaTypHOTIO
KOMIUIEKCa IS TIpreMa U perucTpaluuy noHocdep-
HBIX CUTHAJIOB. Bo3nmeiicTBre Ha moHOochepy OOBITHO
MPOMCXOMOUT B TeueHue 2—3 ¢ ¢ mepuoaoM B 15 c.
DTOro BpeMeHHU 0oJiee YeM JOCTAaTOYHO JJIs 00pa30-
BaHUS IEPUOINYECKUX HEOTHOPOIHOCTE! TeMIiepa-
TYpPBI ¥ KOHLICHTPALIUM 3JIEKTPOHOB, ITOCJIE YeTO CTCH
CYPA mepeBoauTcs B peXVM HMITYJIbCHOM AMArHO-
CTUKM, U3JTy4dasl IPOOHBIE BOJHBI TOI K€ YaCTOThI U
MOJISIPU3aINU C YacToToM rmoBTopeHms B 50 ITI.

ITpueM paccesiHHBIX CUTHAJIOB OCYIIECTBIISIETCS
AHTEHHOM CHUCTEMOM U TIPUEMHMKAMU YCTAHOBKU
YACTUYHBIX OTPAXKEHUI, PaCITOJIOXKEHHOM Ha paccTo-
SHUU 1 KM OT HarpeBHOTO CTeHaa. Pernctpupyrorcs
KBaJpaTypHble KOMIIOHEHTBI paCCEIHHOrO CUTHaJIa,
10 KOTOPBIM CTaHIAPTHBLIM 00pa30M OIPEICISTIOTCS
ero amminTyaa u asa. PaccestHHbIE CUTHAJIBI perv-
crpupytorcs ¢ marom 0.7 wiu 1.4 KM 1o BEICOTE, B
nocjenHue roabl — ¢ maroM 0.15 KM ¢ BpeMeHHBIM
pas3pemeHueM B 15 c.

AMIUINTYJa M BpeMsl pejlakcallud PacCcessHHOTO
CUTHaJIa MOJABEPKEHbI ObICTPHIM BpEMEHHBIM Bapua-
LIUSIM B TEYSHME TTOC/ICA0BATEIbHBIX U3MEPEHUI, T.€.
kaxnaeie 15 c¢. Ha puc. la npuBeneH npuMep perv-
CTpaly pacCesTHHOIO CUTHAJIa B peajlbHOM BpEMEHU
B Mepuoj pejakcaluy HEOIHOPOAHOCTE. Tak BbI-
IJISASIT paccesiHHbIE HEOMHOPOAHOCTSIMU B HUKHEM
HoHocdepe CUTHAJIbl Ha MOHUTOpPE PEerucTpUupyro-
IIEr0 KOMIIbIOTEpPA B COCTaBe MPUEMHOMI amnmapary-
pul. Ha puc. 16 mokasaHbl BBICOTHBIE TPOMUIN aM-
IUTATYIBI 1 BpEMEHM peslaKcallii pacCesIHHOIO CUT-
HaJla B 3aBUCHMMOCTHU OT JIEMCTBYIOIIE BBICOTHI /4 3a
30-MUHYTHBIN TiIepuon uamepeHuii. Kaxnwiii mpo-
¢uIb moJiydeH 3a 15-ceKyHIHBIN ceaHC U3MEepEeHUIA,
XOTSI B PEaJIbHOCTM HEOTHOPOMTHOCTH Ha BBICOTax
90—130 KM pesakCUpyIOT 3a BpeMsi, He MpeBbIlIal0-
mee, Kak nmpasuio, 1.5—2.0 c. Bpemsa ongHoro ceaHca
n3MEpeHmnit, paBHoe 15 c, ompenenseT BpeMeHHOE
pas3pelnieHue MeToja. YcpeaHeHHbIe 3a 30-MUHYT-
HbI TIepuoa MPodUJIN XapaKTepuCTUK CUTHaja Mo-
Ka3aHBl XUPHBIMUA JUHUSMU. B maHHOM mpuMepe
I PY3MOHHOMY 3aKOHY pejlakcallui HEeOTHOPOI-
Hocreili (1), KoTopkhlit cipaBeninuB B E-cioe noHo-
chepnl, orBeyaeT nHTepBas BeicoT 100—120 kM. Ha
BeIicoTax A < 100 kM aTMocdepHast TypOyJIEHTHOCTh
paspyliaeT HEOIHOPOIHOCTHU ObICTpee, UeM aMOUTIO-
JsipHas uddys3us, B pe3yIbTare Yero BpeMsi peakca-
LIMK PaCcCEeSTHHOTO CUTHAJIa B CPeIHEM YMEHBIIIAETCS 10
cpaBHEeHMIO ¢ MM PY3MOHHBIM BpeMeHEeM, OOHAPYKI-
Bas IIpU 3TOM 3HAYUTEJbHBIA pa30pOC MTHOBEHHBIX

XUMHNYECKAS ®U3NKA tom 42 Ne 10 2023
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Puc. 1. a — IpuMep anmapatypHO perucTpaliy B pealbHOM BpEMEHU CUTHAJIa, PACCESIHHOTO HEOMHOPOIHOCTSIMU; O — BbI-
COTHBIE MPOGUIIN aMIUTUTYAbI A, BpeMeHU penakcauuu T, noaydeHHsle 10.08.2015 B ceancax 19:09—19:39 (nieBast maHenb) u
19:09—19:39 (npaBast naHesb); Kaxnasi KpuBasl ToyyueHa 3a 15-cekyHaHblii ceaHc peructpauuu MITH, a criiomHbMu Kup-
HBIMM KPMBBIMHM ITOKa3aHbBI yepeaHeHHbIE 3a 30 MUH TIPpOMMIN aMIUIMTYIbI 1 BpEMEHU pelaKCallvn.

3HaueHuii. Ha BeIcOTE /1 = 95 KM JTOKaIbHBII pPOCT aM-
TUIUTYbI U BPEMEHU peJlakcaliiv oOycyioByieH ciioeM E,,
oOpazoBaBiMMcs Huxke makcumyma E-ciiosi. Ha me-
30c(epHBIX BbIcOTaxX 60—85 KM aMIUIUTYIa U BpeMst
penakcaluyu U3MEHSIIOTCS C POCTOM BBICOTHI B TOJI-
HOM COOTBETCTBUM C TEMIIEPATYPHOI 3aBUCUMOCThBIO
Ko3(hdUIIMeHTa OTIUIIaHUS 2JIEKTPOHOB B D-001a-
ctu [16]. Pesynbratel M3MEpeHUI XapaKTEPUCTUK
paccestHHOTO CUTHaJla, MOAOOHbBIC MMPUBEACHHBIM Ha
puc. 1, cayxaT OCHOBOIA ISl MOCEAYIOIIEro Onpeae-
JIEeHUs IMapaMeTpoB MOHOC(HEpbl U HelTpaIbHOI aT-
Mocdepsr [16, 25].

Memooduka pactema memnepamypol no uzmepeHHOMY
epemenu peaaxcayuu UITH

Bpewms penakcaiyu T curHaia, pacCesTHHOTO HEOM -
HOPOTHOCTSIMU, OIpeAeIISICTCS 0 YMEHBIIEHUIO aM-
TUIMTYIBI CUTHAJA B e pa3. Ha Kaxnoii BEIcOTe 3aBUCH-

XUMUNYECKAA ®U3NUKA Ttom42 Ne 10 2023

MOCTb aMITUIATYIbI PACCESTHHOTO CUTHAJIA OT BPEMEHMU,
A(f), anlmpoKCUMUPYETCs JUHEHHON (yHKIIMENH BUaa
In A(¥) =1InA, — t/t. Janee B onipeneaeHHOM MOCIEeN0-
BaTEJIbHOCTU TIPOBOJIUTCS 00pabOTKa ITOJy4eHHOTO
MaccuBa JaHHbIX. Ha HauaibHOM aTarne BhIOMparoTcs
CeaHChl UBMEPEHUI1 B TMAINa30He BLICOT BHILIE YPOB-
HsI TypOOMay3bl 10 BBICOTHI, [l HAUMHAET HapylllaTb-
cs1 1 DY3MOHHBIIN PeKUM pelaKcallui, a TaKKe Uc-
KJIIOYalOTCs TIepUOAbl BPEMEHU, KOrda CyIIeCTBYeT
cioit E, (cM. Huxke). TakuM obGpa3oM, IJist Kaxkaoro
BBIOPAHHOTO ceaHCa BBITIOJHSIETCS pacueT BpeMeHU
penakcauuu T(/4,f) B 3aBUCUMOCTH OT AEHCTBYIOLICH
BBICOTHI /4 ¥ BpeMeHU f. JIJIsT yMeHbIIeHUsT BIUSHUS
MEeJIKOMACIITAOHBIX ¥ KPATKOBPEMEHHBIX (DITYKTYALIUIA
MPOBOIUTCS YyCpeTHeHNE (CIIaXKUBAHUE) 3aBUCUMOCTU
T(h,f) mo BpeMeHU U BbicoTe. Kak npasuiio, nuana3oH
YCpemHEeHMsI 110 BEICOTE COCTaBIIsIeT 1—4 KM, YTOOBI BBI-
MOJIHSUIOCH M30TepMUYecKoe ImpuomokeHne. Crimaxu-
BaHME 10 BpeMeHU OObIMHO ITPOBOAMUTCS 32 MHTEPBAI
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Puc. 2. [TpuMephl pealbHBIX BEICOTHBIX ITpoduIeit 3JIeKTpOHHOI KOHIeHTpaunu, n3mepseMbix metogoMm MITH B omHOM ce-
aHce ¢ u3MepeHueM temreparypsl, 1ist 24.09.2007 (a) u 04.10.2006 (6).

oT 3 mo 5 muH. Tak KaK B BeIpaxeHue (1) BXoouT mo-
Kaszarejb IIpeJIOMJICHUs #, TO HeEOOXOOIUMO 3HaHUE
BBICOTHOTO TIPOMIIIS 2JIEKTPOHHOMN KOHIIEHTPAIINU
N(z), Toe 7 — UCTUHHAs BHICOTA.

Meton cozmanuss WMIIH mno3BossieT M3MEpUTh
npodmis N(z) HETTOCPEACTBEHHO B 3TOM K€ CEaHCe
usMmepeHuit [28, 29]. Ha puc. 2 nokazaHbl IIpUMeEPbI
peabHBIX BBICOTHBIX MpOoduieii 3JIEKTPOHHON KOH-
HeHTpauuu N(z), uamepsiemoix metogom MITH B on-
HOM ceaHCE€ C WU3MEpPEeHHMEM TeMIepaTyphl, s
24.09.2007 — puc. 2a n 04.10.2006 — puc. 26. Ha
puc. 2a BuaeH cioii E; Ha BbicoTe 101 kM, Ha puc. 26
cnoii E; npucyrctByeT Ha BbicoTe 100 KM. DTO BUIHO
M0 YBEJIIMYECHUIO aMIUIMTYIbl PACCESTHHOTO CUTHaJa.
HMcrnionb3oBaHue peaabHbIX npodueid N(Z) mMo3Bo-
JISIET OINpEIeIUTh TeMIlepaTypy C BBICOKOM TOYHO-
cthio. Eciiu Ke Takoii BO3BMOXHOCTH HET, TO IIPUXO-
JINTCSI UCTIOJIb30BaTh KAKOM-I11M00 MOIEIbHEINA IIPO-
¢unb. YacTo MCIIONB3yeTCsT PO IIb SJIEKTPOHHOMI
KOHIIEHTPALlUM, PAaCCYUTAHHBII COINIACHO MOMACIU
IRI 1 cKoppeKTUpOBAaHHBIN MO JaHHBIM MECTHOIO
nono3oHaa CADI [30]. C yyeToMm BBIOpAaHHOTIO IIPO-
dunsa N(z) onpeneisieTcs: KoadOULIMEHT IpeioMie-
HMS BOJIHBI HA KaXXIOM BBICOTE B MCCJIEAYEMOM BbI-
coTHOM auara3oHe. OMHOBPEMEHHO C 3TUM IPOBO-
JIUTCS pacyeT UCTUHHBIX BBICOT Z, COOTBETCTBYIOIINX
JIEACTBYIOIIMM BbicoTaM /. [lanee, HaUMHasI ¢ HEKO-
TOPOIi1 BBICOTHI /1), VTSI YETHIPEX MOCIEIOBATEILHO BbI-
OpaHHBIX BBICOT IIPUMEHSIETCS Ipolieypa JIMHEWHOM
perpeccun K yHkumu In(tn?) = —bz +a, (b =1/H), B
Mpoliecce KOTOPOM pacCUUThIBaeTCsI KO3(PGUILIMESHT
JIMHeliHoM perpeccuu b = 1/H, KOTOpHBIii 1aeT BEJIU-
YUHY BBICOTHI H 0OmMHOpPOOHOM aTMOChEPHL.

Ha koHeuyHOM 3Tare pacCUuThIBacTCS TeMIIepaTy-
pa HUXHell TepMocdepbl cornacHo ¢opmyne (4).
ITonyyeHHOE 3HaueHue 7 OTHOCST K CepeauHe aua-
nazoHa Ah = h — h,. 3aTeM Opoueaypa NOBTOPSIETCS
CO CMellleHreM Ha OAUH IIar Mo BBICOTE, ITOKa He Oy-
JIeT MIPOIeH BeCh JOCTYITHBIN BEICOTHBIM TUAITa30H.
PaccunteiBaeTca Takke Ko3(pPUIIMEHT AeTepMUHA-

uuu R?, KOTOpBIN MOKAa3bIBAET, HACKOJILKO MOIENb
JIMHEMHOI perpeccum COOTBETCTBYET JAaHHBIM, Ha
KOTOpPBIX OHa TTocTpoeHa. Ha puc. 3 mpuBeneHbl mpu-
Mepbl TTIPUMEHEHUsT MpoLieaypbl JUHEHHOU perpec-
cuu 1714 yHKUMK In(Tr?) B 3aBUCUMOCTH OT BBICOTHI.
PucyHok 3a oTHOcHUTCS K yCpeIHEHUIO MaHHBIX MO
BbICOTE B Auaria3zoHe, paBHoMm 4 kM. Ha puc. 36 B ka-
yecTBe MpuMepa MoKa3aHO NTpUMEHEeHUE JMHEeHHOM
perpeccuu ISl BCEro Auara3oHa BbICOT.

Bauanue ammocghepnoii mypoysenmnocmu
U cnopaouuecKux c10e6 UOHU3AUUN HA PeAaKcauulo
PACCEeSAHHO020 CUCHAAA

OnucaHHas B TIpeablAylleM pasiesie MeTOd0JI0-
TYsl onpeaeseHusl TeMIepaTypbl UCIOJIb3YEeTCs B OT-
cyTrcTBUe ciosl E;, BeIpaxkeHHOI atMochepHOt Typ-
OyJIEHTHOCTU W YaCTUYHBIX OTPaXeHUI, KOTOpHIE,
Kak IIpaBuJjIo, HabIomaroTcs Ha BeicoTax 60—95 kM u
MPENCTaBISIIOT CO0OI paccessHUe MPOOHBIX paaro-
BOJH €CTeCTBEHHBIMU HEOIHOPOTHOCTSIMU BJIeK-
TPOHHOM KOHILIEHTpaluu. YacTuyHble OTpakKeHWUsl
YMEHBIIAIOT COOTHOIIIEHNE CUTHAJI/IITYM U TIPUBOIST
K YBEJIMYEHUIO pa3dpoca 3HAYCHUI aMIUIUTYIbl U,
COOTBETCTBEHHO, BpeMeHu penakcauuu UITH. B pe-
3y/JbTaTe MOTPEIIHOCTh M3MEPEHUs TeMIEepaTypbl
pacrer. CrnaauTh BIAMSIHUE YACTUYHBIX OTpaKeHMI
MOXHO, UCTOJb3ysl yCpeaHeHue (ChIaXuBaHUE) T10
BPEMEHM IIOJIyYEHHBIX BBICOTHBIX Mpoduieii T(/4).
Ho, xak mpaBujio, ceaHChl ¢ YaCTUYHBIMU OTpaxke-
HHUSIMU UCKITIOUAIOTCS U3 00pabOoTKU.

Bnusinue cios E, 3akimouaercsi B poCcTe BpeMEHU
peJlakcalliu T Ha BbICOTaX 3TOrO CJIOS, YTO BUAHO Ha
npaBbIx MaHessx puc. 16. ComtacHo dopmyie (1),
BEJIMUYMHA T MPOIOpLHUOHATIbHA Macce UOHOB M,. B
cnoe E, npucyTCTBYIOT CpaBHUTENBHO JIETKUE TOJI0-
JKUTEJbHbIE UOHBI METAJUIOB C aTOMHBIMU Maccamu
Na (23 a.e.m.), Mg (24), 6AU3KMMU K MaccaM OCHOB-

HbIX arMocdepHbIX HoHoB NO*(30) u O; (32), u 6onee

XUMHNYECKAS ®U3NKA tom 42 Ne 10 2023
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IUISI CKOJIB3SIIIETO Aralia3oHa yCpeaHeHUs 1o BeicoTe, paBHOro 4 kM, 04.10.2007; 6 — To ke camoe IJIsl Bcero auara3oHa Hc-

cJieAyeMbIX BBICOT Iipu 1mare ycpenneHwust 0.75 km 02.09.2021.

Tspxesbie noHbl K (39), Ca*(40), Fe*(56) [31—33]. Xo-
TSI Kb He SIBJISIETCS METaJJIOM, HO IIpU 00pa3o-
BaHuu cnos E; mposBisieT cedsi aHATOTMYHO MOHAM
meTtaminoB [31—33]. B pe3yabprare ¢ pocTOM MAaccChl
VOHOB Ha BbIcOoTax ciios E; Bpems penakcauuu UITH
pacTeT, 1 Ipoleaypa perpecCcuu, a CjIeIoM U IIpolie-
Jiypa ompenejeHUuss TeMIlepaTypbl, JalOT MEHee H0-
CTOBEpHBIE Pe3yJIbTaThl.

AtMocdepHasg TypOyIeHTHOCTb BIAUSET Ha HEOI -
HOPOIHOCTH IPOTUBOIIOJOXHBIM 00pa3zoMm. B mpo-
necce penakcauuu WMITH oHa paspyiiaer HeomHO-
pOTHOCTHU OBICTpee, YeM aMonmoisIpHas Tuddy3us,
U BpeMsl pejlakcallui MpU 3TOM YMEHbBIIAeTCsl IO
cpaBHEHUIO ¢ TU(PPY3UOHHBIM BpEMEHEM. DTO TIPU-
BOIUT K OTKJIOHEHUIO 3aBUCUMOCTH BPEMEHM pejlaK-
callMy OT BKCITOHEHILIMAJbHOTO 3aKOHA Ha BBICOTAX,
OJIM3KUX K TypOOIIay3e, M KaXKyIIeMyCsI pOCTY TeMIIe-
patypbl. CeaHCHl U3MEPEHUI C BIUSTHUEM yKa3aH-
HBIX (haKTOPOB, KaK MPaBUJIO, UCKITIOYAIOTCS U3 aHa-
JIM3a U OIpenesieHUusT TeMiieparypbl. OmHakKo Hpu
KPaTKOBPEMEHHOM BIIMSIHUU CJIa00M TypOYyJIeHTHO-
CTHU ObIBaeT JOCTATOYHO YBEJIUYUTh MHTEPBaJ yCpe/l-
HEHMsI TaHHBIX.

I'paHu1IbI AUaIa30HA BHICOT U3MEPEHMS TeMIIepa-
TYPBI ONIPEIEIISTIOTCSI U3 YCIOBUIA BHITIOJIHEHUS YCIIO-
BUIl TEIUIOBOro paBHoBecus, T.e. ipu 1, = T, = T
(BepxHsisi TpaHU1Ia), U MUHUMAJIbHOTO BIUSIHUS TYp-
OyJICHTHOCTM (HIKHSISI TpaHWUIIA), OMpPEeIessieMOro
ypOBHEM TypOomnay3bl. 13 MHOTOJIETHUX KCCIIEI0Ba -
Hut moHochepsl MetogoMm co3ganust UITH cnemyer,
YTO BEpXHsIsSl TpaHMIAa HaXogUTcs Ha BbicoTax 120—
130 XM, a ypoBeHb TypOOIay3bl BApbUPYET B MHTEP-
Base BeIcOT 85—112 xMm [21, 25, 34].

OtMmeTtuMm, uto Meton co3nanust MITH no3BolisieT
OIpeleNsiTh TEMITEPATypy C OTHOCHUTEIBHO HEOOJIb-
1I0M TTorpelHocThio. HanpuMmep, B paborax [16, 35]

XUMUYECKAA ®U3UKA Ne 10
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MoKa3aHO, YTO HapyllleHHe TEeIJIOBOTO PaBHOBECHS
JlaeT TIOTPEITHOCTh OIPeNeICHUST TeMIIepaTyphl, He
npeBbimamInyo 5%, npu otHomeunuu 7,/T, = 1.1.
He3HaunTenbHYIO MOTPENIHOCTh HaeT WM3MEHEHHE
MOJIEKYJISIPHOTO ¥ HIOHHOTO COCTaBOB C POCTOM BBI-
cotbl [35]. IlorpeurHocTh onpeneaeHus1 OeiiCTBYIO-
1Ieit BLICOTBI /4 00YCIOBJICHA IINTEIBHOCTHIO 30HIN -
PYIOIIETO MMITYJTbCA, OTHOIICHWEM CUTHAI/IIYM M
IPYTUMU TEXHUUYECKUMM XapaKTEPUCTUKAMHU yCTa-
HOBKH. YCTaHOBJICHO, YTO TSI MICTIOJIB3yeMOIA ariia-
paTypbl 3Ta IIOTPELIHOCTh He IpeBbiaeT 1 kM [16].
IlepecueT 4 B UICTUHHYIO BBICOTY YBEJIUYMBAET 3TY
MOTPEITHOCTh IIPUMEPHO BIBOE, UTO COCTABIISIET 10~
JIu TipolieHTa. B mepuonbl BICOKOW BOJHOBOM ak-
TUBHOCTU MOTPELIHOCTD OMpeaeeHUsI TeMIIepaTypbl
MOXKeT Bo3pacTath 10 10% [36].

3. PE3BVIIBTATBI USMEPEHUA
TEMIIEPATYPbI

Ha ocHOBe MHOTOJIETHUX U3MEPEHUI TTOJIy4eHO,
4TO B 1IeJIoM Ha BbicoTax 90—120 kM TeMmeparypa u3-
MeHsitachk ot 100 oo 300 K, nHorna Bo3pacTtast o 350 K.
B psime ceaHCOB moiTydeHbI 3HAYEHMSI TEMIIEPATyphI
Hmxke 100 K. Perucrpanms paccesTHHOro curHaia c
BBICOKHUM BpeMeHHb’IM N BBICOTHBIM Pa3pCIICHUEM
noKasajia, 4To npoGuid TeMrnepaTypbl Ha BbICOTaX
HWKHEN TepMocdephl OTIIMYAIOTCS OOJILITAM pPa3HO-
obpazueM popmrl [23, 24, 37].

OcHoenbie 0cobennocmu 8bL1COMHO20 NPoPuis
memnepamypuot

ITpuMepbl XapaKTEepHBIX BBICOTHBIX Mpoduiieit
TeMITepaTyphl B 3aBUCHMOCTHA OT UCTUHHOM BBICOTHI Z,
TOJIyYeHHBIEC B Pa3HBIC TOABI B 9KCTIEPUMEHTAX METO-
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Puc. 4. TIpriMepbl XapaKTepHBIX BRICOTHBIX MPpOodMIei TeMepaTypbl ¢ MUHUMyMaMi M MAKCHUMyMaMM 1o usMepeHusiM 2006
u 2007 IT., ycpemHeHHEBIe T10 MHTEpBaJly BPpEMEHHU B 5 MMH M IMANa30Hy CIIAXXUBAHUS B 4 KM.

noMm MTTH, mokaszansl puc. 4 m 5. Ha puc. 4 mpuBene-
HBI IPOUIN, yCpeTHEHHbBIE TT0 MHTEPBAJTy BpEMEHU
B 5 MUH U Auaria30Hy CKOJIb3SIIETO CIJIAXKUBAHUS B
4 kM. D10 TIpoUIn, MOJYYEHHBbIE B M3MEPEHUSIX
2006, 2007 u 2014 rr., ¢ BeIpaXkeHHBIMA MUHUMYyMa-
MU W MakcMMyMaMu Temmeparypbl. st pacuyeta
npodwieil TemriepaTypbl, MTOKa3aHHBIX Ha puc. 4,
HUCMOJIb30BAIMCH peaibHble 3HAYEHUS 3JIEKTPOHHOM
KOHILIEHTpaluuu, namepeHHsle Metogom MITH, co-
IJIaCHO METOJIMKE, TTOAPOOHO U3JIOXKEHHOM B paboTax
[28, 29]. Ha puc. 5 npuBeaeHbl BLICOTHBIE TIPOGUIN
temmepatypsl 3a 02.09.2021 ¢ nmanazoHOM CriIaxu-
BaHUSI BpeMEHM pejrakcanuu 1mo BeicoTe B 0.75 KM;
KaXXIbIii TPUBEACHHBIN MPOGMUIb TAKXKe MOJTy4deH 3a
CeaHC U3MEPEeHUI JUIUTETLHOCTHIO 15 ¢. MOXHO Bble-
JINTh HECKOJBKO XapaKTepHBIX TUMNOB Ipoduisa 1(z7).
IlepBblii TUN MPEACTABISIOT CPABHUTEIBHO TJadKHe
npodwin ¢ MUHUMYMOM WJIM MaKCUMYMOM TeMIIe-
paTypbl Ha HEKOTOPOM BbicoTe. Takue poduau mo-
KazaHbl Ha puc. 4. B pabore [38] moka3aHo, 4TO OT-
pULIATENbHBIA TPAIUEHT TeMIIepaTypbl MOXET CIIy-
KUTh MPUYUHOM BO3HUKHOBEHUS
TUAPONMHAMWYECKON HeyctomumBocThu. JlocTraTou-

HBIM YCJIOBHUEM €€ Pa3BUTUS SIBJISIETCSI BBIMOJHEHUE
kputepust dT/dz < < —(10—15) K/xm.

OrpuLaTeIbHbIe TEMIEpaTypHBIE TPaINeHTHI HEOI -
HOKpPAaTHO HaOJIIONAIMCh B 9KCIIEPUMEHTAaX, JOCTUTas,
a MHorJa U mnpesbiiias BeanunHy B —20 K/kM. B no-
cleayolIe MOMEHThBI BpeMEeHM HaGII0IalIuCh BO3-
MYIIEHUSI aTMOC(MEPHBIX MapaMeTpoB, IPOSIBISIIO-
1uMecsi B BUJE MX BBICOTHO-BPEMEHHBIX Bapualuit
[38]. TakuMm ycIoBUSIM OTBEYAIOT, HAIIpUMeED, y4acT-
KM nipoduJieit, mpuBeaeHHBIX Ha puc. 4. YepemoBanue
MUHUMYMOB U MaKCMMYMOB Ha TTpOUISIX 00yCIIOBIe-
HO pacIpocTpaHeHUeM aTMOC(hEepHBIX BOJH B BUIE
aKyCTUKO-TPaBUTAILIMOHHBIX U BHYTPEHHUX TpaBUTA-
mmoHHbBIX BoJH (BI'B) [25, 37]. B pe3ynbrare Habt0-
JIal0TCd KBa3UIIepUOANYECKIE N3MEHEHUS TeMIlepa-
TYPBI C POCTOM BBICOTHI C XapaKTEPHBIM MEPUOIOM B
4—12 kM.

Bonblnylo Tpymmy cOCTaBISIOT HeperyJsipHbIe
Mpod Ui TeMIiepaTypbl, IpUMepbl KOTOPBIX MPUBE-
IeHbl B padotax [20, 37, 38]. AHanornuHble IIpoGuIn
nokazaHbl Ha puc. 5 (KpuBbie /). OHU TIOJIyYEeHBI C
KCIIOJIb30BAHUEM BBICOTHOTO TIPOMUIIST 3JEKTPOH-
HOM KOHIEHTpalUM, PACCUUTAHHOIO COITIACHO MO-
nenu IRI-2016 [30] KOHKpeTHO IJIsk BpeMEHHU IIPOBe-
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Puc. 5. BeicoTHble TIpodwiin TemMIiepaTyphbl, roiydeHHbIe B akcniepuMeHTe 02.09.2021 (kpuBbie /) nruana3oHOM CIIaXkWBaHUSI
o BeicoTe B (.75 KM; KaXIIblii IIpoGhIIb ITOJyYeH 3a CeaHC M3MEPEeHUI ITUTEIbHOCTBIO 15 ¢. KpuBbIMU 2 moKa3aHbI TPOMUIIH,
paccuutaHHble comtacHo Moaeau MSIS-E-90 aist kaxknoro KOHKpeTHOTO ceaHca U3MEPEHUIA.
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BricoTa, KM
115

BAXMETBEBA u np.

110 |-

105 |

100

95

90

85 1 1
130 150 170 190

210
Temneparypa, K

1 1 1 1
230 250 270 290

Puc. 6. CpaBHeHUE BBICOTHBIX ITpod et TeMmeparypsl, monydyeHHbIX MeTogoM UTTH (kpuBast 1), u3aMepeHHBIX arinapaTypoit
cryTHUKa Aura MLS (kpusas 2), annapatypoit SABER cnyrhuka TIMED (kpuBast 3) ¢ MoieIbHBIM TTpoduiieM, paccunTaH-

HbIM cortacHo MSIS-E-90 (kpuBas 4).

neHus usmepeHuii. KpusbiMu 2 mokaszaHbl TIpOGUIN
TeMIIepaTypbl, pacCUYUTaHHbICE COMIACHO MOACIU
MSIS-E-90 [39] mns Kaxgoro ceaHca WU3MEpPEHUIA.
Mopens MSIS-E-90 gaBasgercsa omHOI U3 4acTO WC-
MOJIb3YEMBIX MMIUPUUYECKUX MOIEJEN, OMNUChIBalO-
1IMX TJ100ajbHOE pachpeaeieHre aTMOC(epHbIX Ta-
paMeTpoB, C MOMOIIbIO KOTOPOUM PaCCUUTHIBAIOTCS
napamMeTpbl aTMoc(epbl OT MOBEPXHOCTU 3EMJIU IO
BBICOT 3K30c(depbl. OHa OCHOBaHA Ha CIIEKTPOMET-
pUYECKUX U3MEPEHUSIX TeMIepaTypbl Ha pakeTax u
CIYTHUKAaX U JAHHBIX paiapoB HEKOT€PEHTHOTO pac-
cestHus. B ienoMm usmepennnie MetogoM MITH mpo-
¢bwIm TeMIieparypbl OTINYAIOTCS OT MOAEbHbIX, TPU-
YyeM Ha HEKOTOPBIX BBICOTAX OTJINYMS MOTYT IOCTUTATh
100 K. ITpu morpeunrHocTy u3MepeHuit TeMrepaTyphbl,
He TipeBblatonieit 5S—10%, MOXHO yTBepKIaTh, 4TO
TakKasl pa3Hu1la MEXIY MOJIeJIbHBIM 1 pealbHbIM ITPO-
¢unssMu 00ycIIOBIIeHA BIMSIHUEM IIPUPOMTHBIX (haK-
TOPOB.

Ha puc. 6 npeacraBieHO CpaBHEHHE BBICOTHBIX
npodwieii TeMIlepaTypbl, ITOJIydeHHBIX METOAOM
WITH (xpuBas [), n3aMepeHHBIX allnapaTypoil CIIyT-
Huka Aura MLS (kpuBas 2), ammaparypoiit SABER
cnytHuka TIMED (kpuBast 3) ¢ MOaenbHBIM IIpOGhu-
JieM, paccuuTaHHbIM coriacHo MSIS-E-90 (kpuBas 4)
JUISI ceaHca u3MepeHuii okoso 13 ¥ MCK 02.09.2021.
Hannsbie ammapatypsl SABER [14] B3sThI 1151 MyHKTa
¢ KoopauHaTaMu 55.46° N; 44.92° E, naHHbIe arnma-
parypel Aura [15] — ¢ koopmmHatamu 56.85° N;
60.62° E. BugHo, 4to mpoduiu, ToJydYeHHBIC pa3-
HBIMU METOJAMU JJisl OJIM3KUX MO IIUPOTE MYHKTOB,
B 1LIEJIOM 3aMETHO Pa3IndaloTCs, XOTsI 0011as TeHACH-
LUST UBMEHEHMSI IO BEICOTEe coXpaHeHa. Temrepartyp-
HBIM Tpodnib, TTonydeHHBII MeTonoM MITH, Ha BEI-
corax Oonbme 97 KM 1 MeHbIne 112 KM 3aHMMaeT
MPOMEXYTOYHOE IIOJIOKEHHE MEXIY NPOGUISMHU,

MOJIYYEHHBIMU TI0 CITYyTHUKOBBIM HaHHBIM. I[1y0Go-
KU MUHUMYM TemnepaTypsbl o fTaHHbIM SABER ot-
BeuyaeT BbicoTe B 100 KM, a MOJy4YeHHBI METOAOM
WIIH coBunyT BHU3 Ha 3 KM. Ha HEKOTOpPHIX BHICO-
TaXx 3HAYEeHUsI TeMIlepaTypbl y pasHbIX Mpoduieit
0113Kku. 71 Toro 4tobbl cienaTh BHIBOI O TIPUYMHE
TaKWX pa3januuii, aBTOPHI TUNIAHUPYIOT MPOBECTU T10-
nobHOe cpaBHEHUE IM0 Bcelt uMmerolieiics 6a3e naH-
HBIX 10 ONPEJEICHUIO TEMITEpPaTyphl, chOPMUPOBaH-
HOIT mo n3MmepeHusM metogom UITH

OmHUM M3 BaXXHEWINNUX MPUPOIHBLIX (PAKTOPOB,
ONpEeAeISIONIMX Bapualluyd TeMIepaTypbl, SBISETCS
BJIMSTHUE aTMOC(EPHBIX BOJIH, PACIIPOCTPAHSIOIINX -
cs1 B Me3ocdepe U HIKHEN TepMocdepe, Ha UTO yKa-
3bIBAlOT MHOTHE MyOJIMKAILIUMY MO U3MEPEHUIO TEMITC-
paTypbl Me3ocdhepbl U HUXKHEe Tepmocdepsl [1—10,
40—42]. MenkoMaciuTaOHble IBMXKCHUSI CPEIbl TaK-
JKe BIUSIIOT Ha paclpeaeneHue temmeparypbl. Ha-
mpuMep, Ha puc. 53a 02.09.2021 B ceancax 16:42":45”
B guamna3oHe BbeICOT 102—118 kM TeMmmiepaTypa u3mMe-
HSIETCSI C POCTOM BBICOTHI C KBa3UIEPUOIOM (Mac-
mTaboM MO BBICOTE), paBHBIM 2—4 KM, a B CeaHCE
16:43”:15” Ha BbIcoTax 107—114 kM — ¢ MacmTaboM
nopsinka 1 kM. BeposiTHO, Takiie BEICOTHBIE M3MEHE-
HUS TEMIIEPATYPhI CBSI3aHbI C pa3BUTUEM HEPETYJISIP-
HOI CTPYKTYpbl BEPTUKAJIbHOIO BeTpa (BepTUKAab-
HBIX IBUXKEHUI HEUTpaJIbHOM KOMITOHEHTHI). Ha BbI-
coTax HUXXKHEe noHocdepsl BILIOTh 10 130 KM nmia3zma
KaK MaccuBHasl MpUMECh YBJIEKAeTCsl ABUXEHUEM
HeliTpajabHOro rasa [43] U CKOpOCTb I1a3Mbl COBMA-
JlaeT CO CKOPOCTbIO HelTpaibHOI cpenbl. B cBolo
oyepeb, CKOPOCTb ILJIa3Mbl OIPENeIsieTCs] METOI0M
MITH mo usmepenuio daspl CUTHaNIA, PACCETHHOTO
HeonHoponHocTaMu [16, 18]. B paborax [44, 45] 1i0-
Ka3aHo, YTO BBICOTHBIE TTPOMPUIN CKOPOCTU U TEMIIE-
paTypbl, U3BMEPEHHbIE B ONTHOM CE€aHCEe, YaCTO HEPEry-
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JIAPHBI, Y XapaKTep UX U3MEHEHU C BBICOTOI MOXKET
OBITh KaK OIMHAKOBBLIM, TaK M IIPOTUBOIIOJOXHbBIM, a
MEePUOALI BapHUalldii IO BBICOTE OOOMX ITapaMeTPOB
om3ku. 3a 02.09.2021 gaHHBIE 0 BEPTUKAIIBHOMN CKO-
POCTH OTCYTCTBYIOT IO TEXHUYECKUM IIPUYMHAM, O -
HAKO HAa OCHOBAHUU OBICTPOIl B TeYEHWE MUHYTHI
CMeHBI TeMIIepaTypPHbIX Npoduiieil MOXHO IIpeaIio-
JIOXHUTb, YTO B 3TOT INEPHOI BpEMEHU HOIKEH OBLI
IIPOMCXONUTh MHTEHCHUBHBII BEepPTUKAJIbHBIN IIepe-
HoC [18].

Britire mpu o6¢y>kneHUM puic. 4 MBI OTMEUYATA BO3-
MOKHOCTB Pa3BUTHS TUAPOIMHAMUYECKUX HEYCTOM -
YUBOCTEHM MPU OTPHUIATEIbHBIX TpagueHTaX TeMIIe-
paTypbl, TipeBbiaonuxX mo BeauurnHe 10—15 K/km.
Ha puc. 5 B ceance 16:41”:45” remnieparypa B HIXKHEN
JIMHEeWHOM YacTu nmpoduiisi yMeHbIIagach ¢ pOCTOM
BBICOTHI TIpu TpamueHte 70 K/KM, a 4epe3 MHUHYTY
npodniab TeMIepaTypsbl TpaHCHOPMHUPOBAJICS B I10-
Ka3aHHBIA Ha puc. 5 B ceance 16:42:45”. Ilepenan
TeMIlepaTyp Ha COCENHMX BbICOTax gocTturanx 100—
150 K. DT1oT TIpIMEp MOXHO CYWTATh HEOOBIMHBIM
TOJIBKO TI0 BeJIMYMHE TpaJUeHTa U Mepenamy TeMrepa-
TYp, B OCTAJIbHOM OH TUITYEH IIJIsI pa3BUTHST HEYCTOM -
YUBOCTEM Cpenbl ITPY BHITTIOJTHEHWU YCIIOBHS IS ee
BO3HUKHOBeHUsI [38, 42, 44, 45].

Ilposnesaenue 60an06bix 08UNICEHUI 80 BDEMEHHBIX
8aAPUAUUAX PACCESAHHO20 CUSHAAA U MeMNePamypol
HuMcHell mepmocghepol

B HmxHeit TepMocdepe pacopocTpaHSIOTCS aT-
MochepHbI€ BOJHBI Pa3HbIX IPOCTPAHCTBEHHO-BpE-
MEHHEBIX MacITaboB, a TAKXKe CYILIECTBYET pa3BUTasI
TypOyJIeHTHOCTh. [Opr30HTaIbHBIE U BEpTUKAIbHBIE
IBWDKEHUSI HEWTpadbHOM cpenbl M MOHOChEpPHOI
IUIa3Mbl BJIMSIOT Ha BapUalliM TeMIIEpaTyphl HIK-
Hell TepMocdepbl BO BpEMEHH, UTO IIOATBEPXKIAETCS
MHOTUMU UCCISIOBAaHUSIMU 3TOM 0071aCTH BBICOT [3,
5,9,40, 41, 44]. MHoroJiIeTHHE UCCJICAOBAaHNS NOHO-
chepnl meronoMm MITH nmokazanu, 4to BpeMsI penak-
calliM pacCestTHHOTO curHaia hayKTyupyeT Mo BbICOTE
¥ BO BpeMeHU. [IpuMep Bapmaliuii BpeMEHU peJlakca-
LIMM PaCcCEsTHHOIO CUTHaja T(Z,f) B MOCIepPacCBETHBIE
yachel 13.08.2015 npuseneH Ha puc. 7 mis Beicot 100.8,
105 1 112 xM. BugHo, 4TO 3HaYeHUS T YMEHBIIIAIOTCS
C POCTOM BBICOTBI, UTO oIpenesieTcs anudoy3noH-
HBIM XapakTepoM penakcauun MITTH. BungHo takke
BJIMSIHUE aTMOC(EPHBIX BOJH C IIEPUOAOM OT 15—
20 MuH 10 2 4 v 6oJiee. PocT Be1MUMHBI T 32 MHTEpBaJ
BpeMeHu oT 06:15 mo 06:45 u 3a uaTepBan 07:50—
08:40 Ha BbIcoTax 105—112 KM 0OyCIOBJIEH BIUSIHUEM
ciost E,, o6pa3oBaBLIerocst B CTOpOHE OT ITyHKTA Ha-
OnoneHUsT M TIePEeCEeKaBIIero auarpaMMy HampaB-
JICHHHOCTHU TIpUEeMHOI1 aHTeHHBI. EcTecTBEHHO cuM-
TaTh, YTO BOJIHOOOpa3HbIC BapHallMd BPEMEHU pe-
JJaKcalluM JOJDKHBI TIPOSIBIISITBCSI W B BapUalMsIX
Temreparypbl. Ha puc. 8 mokazaHbl 3aBUCUMOCTU
TeMIlepaTypbl OT BpeMeHM (KpuBbie /) Ha BBICOTax
100 (a, ) u 105 xm (6, ), TIOJIy4YeHHBIE B U3MEPEHMSIX
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02.09.2021 (puc. 8a u 6) u 25.10.2018 (puc. 8s u ¢e).
JIuHusMU 2 Ha KaXXKJIOM pUCYHKeE TT0Ka3aHbl OJIUHO-
MUaIbHbIE TPEHIIBI IIIeCTOro nopsiaka. Vcronb3oBa-
HHUE TPEHOOB IIPEACTABIICT COOOI IIpOCTEeHIINIA
MPUOIUXKEHHBIM Croco0 OLIEHKU MEPUOIOB KBa3u-
BOJIHOBBIX IBMKeHUI. [Iponycku B mHaHHBIX OO0y-
CJIOBJICHBI IIPUOIIDKEHHUEM YPOBHS TypOoItay3bl K
Boicote 100 kM (puc. 8@ 1 76) M MOSIBJIEHUEM aHO-
MajlbHO HU3KMX 3HAYCHUI BpPEeMEHM peJlaKCalluu,
OOYCIIOBIEHHBIX aTMOC(HEpHOM TYpOYICHTHOCTHIO,
KOTOpbBIE MPU pacyeTe TeMIlepaTyphbl UCKIIIOUAIUCE.
Kaxknast Touka Ha puc. 8a, 6 IToJIydeHa IIyTeEM YCpelI-
HEHMSI BpEeMEHM pejlakcaluy (TeMIlepaTyphl) 3a IIsI-
TUTUMUHYTHBIM UHTEPBaJI, B TO BpeMsl KaK JIaHHbIE,
MpeACcTaBIICHHBIC Ha PUC. 8¢, 2, TIOJIyYeHBI IIPU IBYX-
MUHYTHOM ycpenHeHuun. Ha puc. 8 Hapsamy ¢ Tunmag-
HBIMU BapuauusmMu teMriepatypbl B 20—50 K BumHbI
DIyOOKMe ee BapHallii, JOCTUTAIOIINE B OTIC/IbHEIC
MmoMeHTHI BpeMmeHu 150 K. ITpu aToM cpennue (Kak u
MeauaHHbIe) 3HadyeHus TemmepaTypbl 18.10.2018 u

02.09.2021 cocrasunu (T') = 175 K Ha BbicoTe 100 KM.
Ha Bricote 105 kM cpenHue 3HaYeHUs TeMIIepaTyphl 3a-
METHO pa3TNYaJINCh U ObLITA PAaBHBI (T ) ~1931 180 K B
n3mepeHusx 18.10.2018 1 02.09.2021 cooTBETCTBEHHO.

B paborte [46] Ha OCHOBEe OTHOBPEMEHHBIX M3ME-
pPEHUIT BEepTUKAJIBHOM CKOPOCTU ILIa3Mbl, TeMIlepa-
TYPBI U TJIOTHOCTU HEUTpaJIbHOI aTMOC(EpPhl Ha BBICO-
Tax 80—110 KM MpoBeaeHO MOAEIMPOBaHKE XapaKTepH -
ctuk BI'B Ha ocHOBe TMHEITHO TeOprI X CBOOOITHOTO
pacrpocTpaHeHUsT B Oe3rpaHUYHON M30TEPMUYECKOM
HeBO3MyIlIeHHOI atMocdepe. OHO TToKa3ajo, 4To pac-
CUUTAHHBbIE HA OCHOBE MOJISIPU3ALIMOHHBIX COOTHO-
LIEHUIA IJISI HU3KOYACTOTHBIX BOJIH 110 U3MEPEHHbBIM
aMIUIUTYyJaM BEPTUKAJIbHON CKOPOCTU OTHOCUTEJb-
Hble aMIUIMTYAbl Bapuallyii TeMnepaTypbl 1 IJIOTHO-
CTU aTMocdepbl XOPOILIO COOTBETCTBYIOT U3MEPEHU-
SIM JJ1s1 BOJIH ¢ TtiepuogaMu B 15—30 muH. ConocTaB-
JieHue OoJjiee IMTEIbHBIX TNEpUOAOB BOJHOBBIX
NBVKEHUI, TIOCTOSIHHO HabJirofalolmuxcs B Bapua-
LIMSIX TEMIIEPATYPhI, C BBIBOJAMU TEOPUU TPEOYeET pe-
1IeHus1 6oJiee CIOXHOM 3a1auu C y4YeTOM HEeU30Tep-
MUWYHOCTU U TOPU3OHTAIBHBIX IBUXEHUN CPEABI.

4. BAPUAIIMY TEMITIEPATYPbBI HVKHEW
TEPMOC®EPBI BO BPEMS PASHBIX
INPUPOJHBIX ABJIEHNU

Ilo pesynbraTtam wuccienoBaHUil TeMIEpaTypbl
HIDKHEN TepMocdepbl MeTogoM co3nanus UITH ot-
METHM XapaKTepHble OCOOEHHOCTU €€ U3MEHEHUs B
pa3HBIX YCIOBUSIX.

Ce3zonno-cymoumole sapuauuu memnepamypul

Jo 2002 r. u3MepeHunsT TEMIIEpaTyphl, KaK ITpaBU-
JIO, TIPOBOAMJIMCH B 3UMHHE, OCEHHUE M BECEHHUE
Mecsnbl no 15—20 mHeit Kaxabiii Mecsi. B mmocneny-
fomue roasl Ha cteHae CYPA ymaBamoch opraHnm3o-
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Puc. 7. i3MeHeHUe BpeMeHU peJlakcalliid PacCesTHHOTO CUTHasa (T) BO BpeMeHM ISl TpeX BhIcoT: 100 KM (TpeyrobHUKN),

105 kM (kBaapathl) 1 112 xm (kpyxku) mis 13.08.2015.

BaTh NPEUMYIIECTBEHHO JIETHME U OCEHHME DKCIIE-
PUMEHTHI, CBsI3aHHbIe ¢ co3ganueM MITH, B teuenne
HECKOJbKUX NHel B Mecsl. OCHOBHOII BBIBOJI, Clle-
IYIOIIWIA U3 TTOJYyYeHHBIX 32 3TO BpeMsl JaHHBIX, 3a-
KIIIOYAETCS B U3BMEHUYMBOCTH TEMIIEPATypPhl OTO THS
KO JHIO M B TeUYCHUE MIHSI, YTO XOPOIIO BUIHO U3
puc. 4, 5, 8. U3MeHUYMBOCTb TeMIepaTypbl 0OYCIOB-
JIeHa M3MEHEHUEM COCTOSHUSI aTMOC(Ephl 1 MOHO-
cepsl, pa3HBIMU YCIOBUSIMU LTSI pACIPOCTPAHEHUSI
aTMocdepHbIX BOJIH, U3MEHEHUEM YPOBHS TypOoma-
y3bl. DTHUM, Ha HaIll B3IJI51I, B OCHOBHOM OOBSICHSIIOT-
Csl pas3iMuMsl B pe3ysbTaTax U3MEpPEeHUs TeMIlepaTy-
pbBI B pa3HBIX HAOMIOOATEIbHBIX ITyHKTaX. CyIleCTBY-
0T pas3muus B IPOGUISX TeMIepaTyphl B pa3HbIE
ce30HbI rona. I1o pesyiabraTaM U3MepeHuid OCEHbIO 1
3uMmoit 1990—1991 rr. oTMeyascs pocT TeMrepaTypbl
Ha BbIcoTax A < 100 kM [47]. YacTUIHO 3TO CBI3aHO C
MPOSIBJICHUEM TYPOYJIEHTHOCTU, YACTUYHO — C Bapu-
auusIM1 aTMOC(hEPHBIX 1 MIOHOC(hEPHBIX ITapaMeTPOB
(maBiaeHMs, MOJIEKYISIPHOIO M MIOHHOTO COCTaBa, 4a-
CTOThI COynapeHUii MOHOB C HelTpajamMu u np.). B
WHOIUBUAYATbLHBIX U3MEPEHUSIX B pa3HbIe THU Ha Of-
HOI 1 TO¥ XK€ BBICOTE pa3dpoC 3HAUCHMIT TeMIIepaTy-
poI MoxkeT nocturaTth 50—100 K.

3axoono-6ocxodnste s6.4eHUs, COAHEHHOE 3aMMEHUe

3HaYUTEeNbHBIC BapyalluM TEMIIEpaTypbl UMEIOT
MECTO TPU 3aXOAHO-BOCXOIHOI MEepecTpOiiKe MOHO-
chepbl 1 BO BpeMsl COJIHEUHBIX 3aTMeHUIl. B mioHe
2000 r., B aBrycre 2001 m 2015 rT. OBIIIM TPOBEACHBI
n3mepenust MmerogoM MITH ¢ 19 4 Beuepa 10 6 4 yTpa
cienytoero nHs. Oco6eHHOCTH aKTUBHOM 3aX0IHO-
BOCXOJHOM MEpecTpOiKU AMHAMHYECKOTO pexXuma
HoHOChEpPhl OTpakeHbl B M3MEHEHMU BBICOTHBIX
npoduiieii BepTUKAJIbHON cKopocth [18, 21—24].
BomrHooOpa3HEIiT XapakTep BBICOTHBIX Npoduiieii

TeMITepaTypbl 1 BEPTUKAILHOM CKOPOCTU C IIEPUO-
JIOM TIO BBICOTE mopsinka 12—15 kM Bo BpeMs 3axona
1 Bocxona CoJjiHIIa CBSI3aH, KaK IMIPUHSTO CUUTATh, C
reHepanueii BI'B mpu mpoxoXaeHWsl COJTHEYHOTO
TepMHUHATOpa 4Yepe3 MyHKT HaOmoneHus [48]. Ilo-
JIOoOHBIC U3MEHEHUSI B HUXKHEN TepMocdepe mpouc-
XOIAT M BO BpeMs 3atMeHuii CoJiHIIa, KOrma MOHO-
chepa HaxoOUTCS B COCTOSTHUU cymepek [27].

leomaenumnas akmuenocmeo

CpaBHeHYeE pe3yIbTATOB U3MEPEHUI B IEPUOILI C
pa3HOM reOMarHMTHOM aKTUBHOCTBIO 110KAa3aJ10, YTO
B OTHOCHUTEJIbHO CIIOKOWHBIE THU MPU 3HAYCHUSX
reoMarHuTHoro uHaekca K, < 3 pa3bpoc 3HaYeHMii
TeMIIEpaTypbl OTHOCUTEIILHO CPEIHETO 3HAUCHUS Ha
BoicoTtax 102—104 kM cocrasisi ot 10 mo 20%, a B
nnu ¢ K, = 4.5 on yeamuusaics 1o 40% [36]. B Bo3-
MYIIIEHHBIE THU UMeJIa MECTO 3HAUNTEIbHAs U3MEH-
YUBOCTb TEMIIEPATYPhI B TCUCHUE THSI.

IMpodmmm Temmeparypbl ¢ TIIYOOKMM MUHUMY-
MOM IToKa3aHbl Ha puc. 4 (04.04.2006, ceancsr 12:05,
12:14) u puc. 5 (02.09.2021, ceancer 16:13:30”,
16:167:00”, 16:417:45”, 16:48":45”, 16:56”:15”). Bepo-
SITHO, X MOXHO KBalu(dUUMpOBaTh KaK TeMIlepa-
TypHblE MHBEepCUM. TeMIepaTypHble UHBEPCUM Ha-
OJrromannch TMAapaMu B Me3ocdepe Ha BeicoTax oT 70
10 90 kM [49]. Bo3MOXHO, MHBEPCUU MOTYT 00pa3o-
BaThCsl M Ha BhIcOTax /1 > 100 KM B HUXKHEN TepMO-
cdepe [50]. OTpuniatesbHbIe TPaTUEHTHI TEMIIEPATY-
pbl Ha HIDKHUX BETBSIX 3TUX Mpouiieii IIpeBhIIIaIn
angrabaTUYECKU TPaJUeHT, YTO SIBJISIETCSI YCIIOBUEM
pa3BuTus HeyctoiiumBocTeil. [lomoOHBIE TeMIlepa-
TYpPHBIE IIPOGUIN MOTYT CO3IaBaThCsl, KOTAAa BO3HU-
KaeT MOTOK Teria BBEPX M3 O0JaCTU AUCCHUITALINU
BI'B, uTo MOXeT cITocoOOCTBOBATH IMMOBBIIIICHWIO TEM -

XUMUYECKAST ®U3UKA Ne 10

TOM 42 2023



BIVAHUE MPUPOJHBLIX ®PAKTOPOB HA TEMITEPATYPY HUXHEW TEPMOC®EPHI 61

Temmepatypa, K
350 - paryp

300
250
200
150
100

50 : : : : :

a

08:52 09:36 10:19 11:02 11:45
350
300
250
200
150 -
100 |

50 ' ' ' ' '

12:28

13:12
0

13:55 14:38 15:21 16:04 16:48

08:52 09:36 10:19 11:02 11:45

L,ﬂ l

280

230

180

130

80

12:28

I‘” ' ' ‘ ‘AA"

13:12 13:55 14:38 15:21 16:04 16:48

6
L

/ ﬂul |

Wil

—@
*—

09:50

10.12

10.35 10.57

330
280

230

180

130

80 | | | |

11.20

11:42 12.05 12.27 12.50

09:50  10:12  10:33  10:55

11:16

11:38  12:00  12:21  12:43

Bpewms, 4:MuH

13:04

Puc. 8. BpemeHHBIe Bapualuu Temieparypsl Ha Beicotax 100 (a) u 105 kM (6) mist 02.09.2021 u m1st Tex ke BbicoT 26.10.2018 (6
U 2), TIoJTydeHHbIe B akcniepuMeHTe (kpuBble /). KpuBbie 2 — momnHOMUAaIbHBIE TPEHIBI IIECTOTO MOPSIIKA.

nepaTrypbl B HUXKHE 9acTu mpoduiis. DTo, BEposIT-
HO, SIBJISICTCSI CJIGACTBUEM CYIIIECTBOBAHUSI MOJIEKY-
JISIPHBIX WJIM MIOHHBIX CJIOEB, KOTOPHEIE BpeMsI OT Bpe-
MEHH HabIrogaoTcd Ha 3TuX BeicoTax [50, 51].
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W, HakoHel1, 60JIpIIIOE 3HAYCHIE UMEET TTPABUITb-
HOE 3aJaH1e BBICOTHOTO TTPOGUIIS SJIEKTPOHHOI KOH-
HEeHTPALINHU, KOTOPHII UTpaeT KITIIOYEBYIO POJIb B METO-
IIKe OTIpeneIcHUs TeMITepaTypsl. Bo3MOXHOCTD W3-
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MEpEHMsI 3JCKTPOHHOM KOHIIEHTpAallUM B OIXHOM
ceaHce C TeMIIepaTypoil TO3BOJISIET TTOIYUYUTh Peali-
CTUYHBII TIpOpMIb TeMIIepaTypbl ¢ MUHUMAJIbHOI
MIOrPEeIIHOCThIO u3MepeHuit [16]. HMcnonb3oBaHue
MOJIeJIbHOTO MPOGUIISI SJIEKTPOHHOI KOHIIEHTpaIlun
YacTO YBEJIMUYMBAET ITOTPEITHOCTb.

5. 3AK/TIOYEHUE

ITonpoGHO ommcaHa pa3paboTaHHasT U YCOBEp-
IIECHCTBOBAHHAsI HAMMY HA OCHOBE MHOTOJIETHMX M3-
MEpPEHUI TmapaMeTpoB MOHOChEPhl U HEUTpaJTbHOMN
arMoc(epbl METOIMKA OIPEACICHUS TeMIIepaTyphl
HIKHel Tepmocdepnl. ChopmympoBaHbl TpeboOBa-
HUS K TIPOBEASHUIO U3MEPEHUIT METOIOM, OCHOBaH-
HbIM Ha co3gaHuu WIIH. IlpuBeneHbl OCHOBHBIC
OCOOEHHOCTHU PEerucTpalry CUTHAJIOB, pacCEeSHHBIX
HEOITHOPOIHOCTSIMU, 1 00paboTKM naHHBIX. [Toka3za-
HO, YTO HVKHUI IIpeaesT oIpeaeieHUs TeMITepaTyphl
10 BBICOTE OTpaHUYEH YPOBHEM TypOoIlay3bl, BEpX-
HUIA — YCJIOBHEM BBITIOJIHEHUS TEIIOBOTO PaBHOBE-
cus. IlpuBeneHBI IIPUMEPHI BBHICOTHO-BPEMEHHBIX
Bapualuii TeMIlepatypbl. BeICOTHOe M BpeMeHHOe
paspelieHue mopsiaka 1 KM 1 15 ¢, COOTBETCTBEHHO,
MO3BOJISIOT U3yYaTh KaK ObICTPbIE, TaAK U MEIJICHHbIE
IpoLecCh B HIDKHel Tepmocdepe. I[IponemoHcTpu-
poBaHa OoJibllIasi MU3MEHUYMBOCTb TeMIepaTypbl Ha
BbicoTax 90—130 KM B TedeHUE CYTOK U OTO IHS KO
IIHIO, OOYCJIOBJIEHHAasI pacHpOCTpaHEHUEM aTMO-
cepHBIX BOJIH C IepHUOJaMU, COCTABISIIOIIMMU OT
5—10 MMH 1O HECKOJBKMX YaCOB.

ITokazaHo, 4TO BepTUKaJIbHbIE MPOMPUIN TeMIIe-
paTypbl 00J1a1al0T OOJBIIUM pa3HooOpasueM. [Tomy-
YyeHBI TJTafKnue MOHOTOHHBIE Npoduian, npoduin ¢
TeMIIepaTypHbBIM MUHUMYMOM M MaKCUMYMOM, a
Takxke NpoGUIn C HEPETYISIPHBIM U3MEHEHUEM TeM-
MepaTypbl ¢ pOCTOM BbICOTh. Ha OCHOBaHMM Halux
WICCJIEIOBAaHUN cAelaH BBIBOI O TOM, YTO HEPETYJISIp-
HOCTb ITpo Uit MOXET OBITh CBsI3aHa C TIpolleccamu,
MPOUCXOASIIMMU B HUXHEN TepMmochepe U Me30-
chepe. Takumu 1poleccamMu SIBISIIOTCSI: aTMocdep-
Hasl TypOyJE€HTHOCTb, BIUSIOIIAs Ha TeMIlepaTypy
HIDXKE YPOBHS TypOOIay3bl, HAXOISIIErocsi Ha BBICO-
Tax 85—110 kM; aTMochepHbIe BOJIHBI, B TOM YMCJIE
BI'B ¢ BepTuKaibHBIM MacIITa00M BOJHBI 4—15 KM,
U TUAPOJMHAMUYECKUE HEYCTOMYMBOCTU CPEIBI.

INomygennble ipod M TeMnepaTypbl B OOJIBIITMH-
CTBE CJIy4aeB OTJIMYAIMCH OT SMIUPUYECKUX ITpodu-
JIeil, paccuMTaHHBIX corinacHo Momenu MSIS-E-90.
OnHo U3 IIPUIMH 3TOTO SIBJISIETCS YCPEIHEHHEBIHM Xa-
pakTep MOIEIU, B KOTOPOUM HEBO3MOXHO YYeCTh
OBICTpEIC 1 MEJIKOMACIITaOHbIe BapUallii apaMeT-
poB atMocdepsl. Jpyrasg npuynHa pa3Iaauii — 1c-
MOJIb30BaHME peaJIbHOTO ITPOoGIIS 3IEKTPOHHOI KOH-
LIEHTPALUK IIPU OIIpeaeICHIN TeMIIEpaTypbl METOIOM
MITH, BKITIOYAIOIIETo MEJIKOMACIIITAOHBIC N3MEHEHUS
pEaIbHOTO BBICOTHOTO ITPOGWIS 3JEKTPOHHOM KOH-
HeHTpanuu. B 11eToM pe3yiabTaThl M3MEepeHUIA TeMIIe-
parypsl MetogoM MITH Ha BricoTax 90—130 kM maiot

CJIOXHYIO KapTUHY €€ BbICOTHO-BPEMEHHBIX Bapua-
LM, OTpaxarollylo TIPOLIECCHI, MPOUCXOASIILINE B
noHocdepe U HelTpajbHOUM aTMocdepe.

Pa6oTa BeImosrHeHa ipu (pUHAHCOBOI TTOAAEPXK-
ke PoccuiickuM HaydYHbIM (OHIOM IIO IIPOEKTY
Ne 20-17-00050. Crenn CYPA momnepxuBaetcsi B
paboyeM COCTOSTHMU B paMKax BbITIOJTHEHUS TIPOEKTa
Ne FSWR-2023-0038 no 6a30Boii 4yacTu Troc3agaHusl
MuHucTepcTBa 00pa3zoBaHus U Hayku Poccuiickoit
Denepaunn.
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