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Noaapu3anua HOYHbIX CHY-OHY
aTMOC(l)epHKOB: OonbIT IpDHMECHCHHA
KPpHTEPpHEB CTATHCTHKH

IIpeomem u yenw padomer. Teuk-ammochepuru (HOUHBLE HUSKOUACMOMHbIE AMMOCHEPUKU), HAPSAOY C PAOUONPOCEEUUBAHUEM
sonHamu paouocmanyuil ouens nuskux yacmom (OHY), ucnonvsyiomes 0ns usyuenus Hudicell uonocgepot. [pedckazanus ume-
roujeticst aHAIUMUYecKoll Mmeopuy OMHOCUMENbHO NONAPUIAYUY MAKUX AMMOCHEPUKOE U HAKONLEHHbI IKCNEPUMEHINANbHBIU
mamepuan onucsl8aom 1egylo JIUNMULECKYIO NOAPU3AYUIO KAK XAPAKMEPHbII NPUZHAK MEUK-AMMOCPEPUKOS 8 UX KX60CMO-
sou» wacmu. Hanuuue 2opuzonmanshoil cocmagusiioweil 2eoMazHumHo20 nojis 6 001acmu OmpadiceHus meuK-ammoc@hepura 8
HUdICHell UOHOCGhepe OONICHO NPUBOOUNb 8 PAMKAX MEOPUU K HEG3AUMHOCMU PACAPOCMPAHEHUsl 8 HANPABILEHUSX K80CMOK—3d-
nao» u «3anad—eocmox». Llens pabomei cocmosina 6 mom, umobvl onpedenums NOAIPUIAYUIO MBUK-AMMOCHEPUKO8 NO mpeX-
KOMNOHEHMHbIM 3aNUCSIM U CIMAMUCIMUYECKU OYEHUMb HYIIe8YI0 2UNOme3y 8 OMHOUWEHUU 08YX NOJAPUIAYUOHHBIX NAPAMEMPO8
MBUK-amMMOChepuros.

Memoovt u memooonozusn pabomut. Ha mamepuane maccusa sxcnepumenmanvuuix 3anuceii uz ~300 meux-ammocgepuxos,
00CmamoyHo2o no obvemy O CIMamucmu4eckoll 0opabomKuy, u3yyanacs NOIAPUIAYUsL Osl PA3TUYHBIX YYACHKO8 BPEMEHHOU
Gopmbl ammochepuros.

Pesynomamat pa6omout. Onpedenenvl u NPOAHAIU3UPOSaHsl 05t nepeoil (hyHOaMeHmanbHol) 2apMOHUKY 06e XapaKmepuc-
MUKU ROIAPUZAYUU MBUK-AIMMOCHEPUKOB, NONAPUIAYUOHHOE OMHOWEHUE U PAZHOCIb (a3, 8 3A6UCUMOCIU OM Napamempa,
mooicoecmeenno2o yeny naoenus uznydenus. Obnapysiceno pasnuyue Meicoy nospu3ayUuoOHHbIMU OMHOUEHUAMU N0 OAHHbIM
OJ151 OKOJLOIKEAMOPUATLHBIX MPACC PACAPOCMPAHEHU. MBUK-AMMOCHEPUKO8 U OJisi MBUK-AMMOCPHEPUKO8, PACHPOCMPAHIIO-
wuxcs @He 0bnaAcCmuU 2eOMASHUMHO20 IKEAMOPA, 20€ 8bINOIHAEMCSL YCI06Ue K8AZUNPOOOIbHO20 PACPOCMPAHEHUS U3TYYeHUs.
OMHOCUMETLHO 2COMASHUMHO2O0 NOJISL.

3axntouenue. Ilokazano, 4mo He63aUMHOCMb PACIPOCMPAHEHUS] MBUK-AMMOCHEPUKOE 8 HANPABIEHUSX K80CMOK—3ANa0» u
«3anao0—8oCMOK» OMHOCUMEIbHO 2COMACHUIMHO20 MEPUOUAHA NPOABIAEMCS CIMAMUCIUYECKU KaK 3HAYUMbLE PA3TUYUSL 8 BelU-
yunax pasnocmu gasz npu yenax nadenus uznyyenus 40...60°, umo coomnocumes ¢ obnacmeio nepexooa om 201068HOU YaAcmu K
meny ammocgepura 60 epemenHol hopme meux-ammocgepuros. Mn. 6. bubnuoep.: 12 nass.

Knrouesvie cnosa: ceepxnusxue yacmomsot (CHY), ouens nuskue uacmomot (OHY), duaenocmuxa nudichei uonocepor, CHI—
OHY paouosonnsl, meuk-ammocghepuxu, 10Kayus MOTHU.

DJIEKTPOMAarHUTHOE UMITYJILCHOE U3JIyYCHHE, BO3-
OyXIaeMoe TPO30BBIMHU pa3psiiaMi, UMEET Mak-
CHMYM CIEKTPAIbHOM IUIOTHOCTH B JHANa3oHax
ceepxamskux (CHY, 3...3000 I'm) u oyeHb HU3-
kux yactor (OHY, 3...30 x['w). [Tonocte 3ems—
HOHOC(epa CIY)KUT BOJIHOBOIOM JIJISI DJICKTpOMar-
HHUTHBIX BOJIH B JIaHHBIX YaCTOTHBIX JHAla30HaX.
B HOYHOE BpeMsi 4acToO HAOIIOMAFOTCS TaK Ha3bl-
BacMbIe TBUK-aTMOC(EPHKH, Wi TBUKU. Hapsmay
¢ paauomnpocBeunBanueM BoixHamu OHY-panuo-

20

CTaHLMH, UCIONB30BaHUE ITHX MPHPOAHBIX CHUT-
HJIOB IO3BOJIAET M3ydYaTb 00MacTb MOHOC(hEpb
Ha BbIcoTax 60...90 kM C HU3KOW KOHIIEHTpamuen
snexrponos (10°...10° M~3).

TBUKM OTIMYAIOTCA OT OOBIYHBIX arMocdepu-
KOB, PETUCTPUPYEMBIX B JHEBHOE BpeMs, OOJb-
et gurenbrocThio (100...150 mc). AMmumutyn-
HBI CIEKTP TBHKA MMEET CIOXKHYIO CTPYKTYpY,
00yCJIOBJICHHYIO MOJAIbHONW HHTEp(epeHIIneH,
0COOCHHO TIpW JaJBHOCTH J0 HCTOYHUKA MEHEe
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3000 kM. Ha cmekrporpaMMe TBHKa MOKHO Ha-
OJFONIATH PSAJ] OTAENBHBIX TAPMOHUK, MTHOBEHHBIE
YaCTOThl KOTOPBIX CIAJal0T OT Hayaja CHIHAJA,
ACHMITOTUYECKU TPHONMKASCh K TPeNesIbHBIM
94acToTaM. JTH NpPEAeIbHbIE YaCTOTBHI COOTBETCT-
BYIOT 4acTOTaM OTCEUKU BOJIHOBOAA s (hyHIa-
MEHTAIBHOM MobI (IIEPBOTO TOPSIKA) H MO BEIC-
niero nopsiuka. YactotHasi AucniepcHs TapMOHUK
TBHKA CBSI3aHA C YMCHBIICHHEM TPYIIOBOH CKO-
POCTH pacipOCTpaHCHUS PU TPUOIMKSHUH Yac-
TOTBI BOJIHBI K 4YaCTOTE OTCEYKH BOJIHOBOJIA.

AHan3 TBUKOB MOXXHO IPUBJICYb JUIS OLICHKH
SNIEKTPOHHOW KOHIICHTPAIUN B OKPECTHOCTH CIIOS
HWKHEH aTMOCQepsl, TIie MPOUCXOITUT UX OTpaXKe-
HHE; METOJl TaKOi OLEHKH IO IBYM IEPBBIM Tap-
MOHHMKaM TBHKa TpuBesneH B [1, 2]. B [3, 4] a¢-
(eKTUBHAsI BBICOTA BOJHOBOJA 3eMiisi—HMOHOC(e-
pa BIOJIb TPAcChl PACIIPOCTPAHCHUS U ATBHOCTD
JI0 MICTOYHUKA OMPEICISITNCH HA OCHOBE aHAJIN3a
HECKOJIbKAX TapMOHHUK TBHKA, HCCIE0BANIACch 3a-
BUCHMOCTh YHMCJIa HAOIIOMaEMbIX TaPMOHHUK OT
JaTbHOCTH 10 MCTOYHMKOB. Ha ocHOBe aHanu3a
9KCTIEPUMEHTANIBHBIX JAHHBIX paHee HaMH ObLTH
M3y4YeHbl Bapranuu 3(p(eKTUBHON BBICOTHI OTpa-
JKSHUS JIUTsl pa3HbIX MOJ M KOJIMYecTBa HaOmrona-
€MBIX TapMOHUK, XapaKTEePU3YIOIIUX 3aTyXaHUe B
noHocdepe, a TakKe UX 3aBUCUMOCTh OT JIOKaJIb-
HOTO BPEMEHHM HOYM Ha OCHOBE YCOBEPIICHCTBO-
BAaHHOTO OJHOMO3UITMOHHOTO MeTona [1] ompene-
JICHUSI TAIIbHOCTHU JI0 UCTOYHHKA MO DKCIICPUMEH-
TaJBbHBIM 3aITHUCSIM TBUKOB.

JaHHBIN anTOpUTM ONpeieNIeHUs TaTbHOCTH JI0
nctoununka D 1 3peKTHBHOMN BBICOTHI OTPaXKCHUS
h 6611 yrcIeHHO MPOTECTUPOBAH B [5] mpu momo-
M MOJICNIbHBIX TBHKOB. [Toka3zaHo, 4TO TOYHOCTH
onpenencHus 3P(PEKTUBHBIX BBICOT OTPAKCHUS
(mo ypoBHIO TOBepHTENIbHOM BeposTHOCTH 95 %)
10,8 KM, TOYHOCTH OIICHKH JTAILHOCTH JIO UCTOY-
HHKa TBUKA [TPU 3TOM JIS)KHUT 0 pa3Mepy B Mpese-
JlaX HECKOJBbKHUX MPOLCHTOB OT AaJbHOCTH.

PacnipoctpaneHne BOJNH BOJM3M KPUTHYECKUX
YacTOT BOJHOBOJA, OOpa3yIoNIMX «XBOCTOBYHO»
4acTh TBUKA, OBIIIO OOBSCHEHO C yUETOM MarHUTO-
AKTHBHBIX CBOMCTB HOHOC(hepHO# t1asmel [6]. TTo-
JSPHU3AIMSL TOJsE B «XBOCTOBOW» YacTH TBUKOB
Onu3Kka K JIGBOM KPYTrOBOM, YTO CBSI3aHO C aHH-
3orponueit nonocdepsr [7]. Tlonspusanusi TBuKa
MEHSIETCS OT Havaja K KOHILY €ro BpeMEHHOM (op-
Mol [8, 9]. Mexanusm otpakennss CHU-OHY u3-
Jy4YeHUs! B HIOKHEH HoHOCc(hepe U BeIMYMHA 3aTy-
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XaHHS B HOHOC(EPHOM CII0€ OKA3bIBAIOT BIMSHHE
Ha NOJIIPU3AIMIO, a TAaKXKe HA CHEKTPAIBHBIN CO-
CTaB TBUKA. AHAJIN3 3TUX JAHHBIX, CJIEJOBATENb-
HO, MOXET CIIY>KUTh HHCTPYMEHTOM JIJISl PEIICHUSI
00paTHOI1 3a71auy MO YCTaHOBJICHHIO MapaMeTPOB
HOHOC(EpBl, YCPETHEHHBIX BIOJIb TPACChl TBHKA.
Ha skcnepumeHTansHOM Marepuane Oblia mpose-
MOHCTPHPOBaHA HEB3aHMHOCTH IIPU PacrpocTpa-
HEHWW B HANPABJICHUSAX «BOCTOK—3amag» U «3a-
NaJ—BOCTOK» y MOJSIPU3ALMOHHBIX XapaKTepHc-
THK TBUKOB [8]. MexaHu3M, BBI3bIBAIOLIMN TAKOH
a¢dekT, ObIT MoKa3aH KaK pe3yibTar HAIWYHs B
T€OMarHUTHOM TOJIE TOPU3OHTAJIBHOW COCTaBIIS-
IOIIeil Ha BBICOTAX OTPAXEHMS TBHK-aTMOCHEpH-
koB [6]. OcHOBHas 4acTh reoua OXBaueHa paspa-
OOTaHHBIMU paHee TEOPUSIMH PaCIpPOCTPAaHCHUS
TBHKA, OJJHAKO B 00JIACTH OKOJIO DKBATOpa HE BBI-
HOJTHSETCSl HEOOXOIMMOE ISl ATUX TEOPHH yCIIo-
BHE KBa3WUIPOAOIBHOTO PACIPOCTPAHEHHS BOJH.
Ha wmarepmane mocTaro4Ho KpyITHOTO MacCHBa
IKCIICPUMEHTAJIBHBIX 3aMUCEH TBHKOB M3y4aach
HOJIIPU3AIMS JJIsl PA3JIMYHBIX YYaCTKOB BPEMEH-
HO# ¢opmbl TBHKa [9]. Beu1 momyuen amroputm
OIIpE/ICJICHHs MTOISAPHU3ALMH, KOTOPBIH MO3BOJISIET
CpaBHUBATh JAaHHBIC 110 TBHKAaM Pa3HON JUTUTEINb-
HOCTH, Haims [ Kakaoro napy sHauenwmii [h, D].
Ienu nacTosmeit paboThI COCTOSITA B TOM, YTOOBI
MaKCHMAaJILHO TIOJTHO MPECTaBUTh STOT MaTepHral
U YCTaHOBHUTh YPOBECHb JOCTOBEPHOCTH BBISBIICH-
HOTO 3(h(ekTa HeB3aMMHOCTH «BOCTOK—3araa» U
«3araji—BOCTOK», CTATHCTUYECKHU OIICHUB HYyJe-
BYIO THITOTE3Y B OTHOIICHNH IBYX MOISAPHU3AIHOH-
HBIX MapaMeTPOB TBHKOB C MPOTHBOIOIOKHBIMU
a3uMyTaMH TPUXO/IA.

1. ba3a nanHbIX 1 MeTOAbI 00padoTku. bank
IKCIICPUMEHTAJBHBIX 3aliceld TBUKOB OBLI Ha-
KxorieH B sHBape — ampene 1991 r. Ha Oopry
HAyYHO-HCCIIEIOBATEIECKOTO CyIHAa «AKaIeMHK
Bepnanckuit» B akBaTOpUAX ATIAHTUYCCKOTO U
Wunuiickoro okeanoB [7]. CurHaibl TpeX KOMIIO-
HEHT TOJIs (JJBe TOPU30HTAJbHBIC MAarHUTHBIC U
BEPTHKAJIbHAs AJIEKTPUYECKas) C BBIXOJA aHTCH-
HBIX YCHJINTEJIeH MOIaBaIMCh Ha (PHIIBTPHI C TIOJIO-
coii nporyckanus 0,3...13 k['1; mo yposHio —3 n1b
u ¢ ociabnenueM —36 nb Ha OKTaBy 3a npeierIaMu
paboueii monoce! yactor. [locne punprpanmu cur-
HaJlbl CHHXPOHHO OLM(POBBIBAINCH 12-pa3psia-
HBIMH aHAJIOTO-IU(POBEIMU TPEOOpa3oBaTEISIMU
¢ gactoroit auckperm3aruu 100 k['m. BomHOBBIC
(dhopmbl unTenbHOCTHIO 40,96 MC HaKarIMBaIKHCh
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1O.B. I'opuwinss

Ha JKECTKOM JIUCKe KoMmmbioTepa. Kaxkmas cepus
u3Mepenuii Bmodana ot 10 go 16 3amwucei, npu-
HATBIX B TeueHue 10—15-MUHYTHOTO IMPOMEKyTKa
BPEMECHHU.

B mnockom O0eCKOHEYHOM BOJIHOBOJIE C UJICaITb-
HO MPOBOJISIIIIUMH TPAHUIIAMHU 3aBUCUMOCTh MTHO-
BeHHoi uactotsl f, (7) p-if rapMonyKu OT Bpemenu
OTMCHIBACTCS CIICAYIOIIUM COOTHOIICHHEM:

f
fo(0)= —— &)
\/1—(1+cr/ D)~
IJie BpeMsl 7 OTCUUTHIBAETCS OT MOMEHTa MPUXO-
na arMocgepurka B Touky HaOmroaenusi; D — nanb-
HOCTBh /10 WCTOYHMKA; KPUTHYECKas dacToTra P-i
monsl (p =1, 2, 3, ...) onpexnensiercs dddexTus-
HOM BBICOTOM BosHOBOAA h: fcp = ¢cp/2h; ¢ — cko-
POCTB CBETa B BaKyyMe.

B pesynwrare ananmza ancaMmOnst JaHHBIX ObI-
JM TOJy4YeHbI 3HAYCHHs YCPEAHEHHBIX BBICOT h
(83...94 xm) u D (330...4000 xm). IToxHoE uncio
00paboTaHHBIX TBUKOB cocTaBmio 279 B 20-Tu ce-
PUSX U3MEPECHUM.

2. IMoasipu3aliMOHHBIA AHAJIU3 10JISI TBUKOB.
Teopust popmupoBanus tBuka [10] paspaborana
AQHAJMTUYEeCKH B TPHONVKEHUH KBa3UIPOIOJIb-
HOTO paclpoCTPaHEHHsI PAAHOBOIH OTHOCHTENb-
HO TE€OMAarHUTHOTO IOJIS, HIPUYEM IoJie HPUHH-
MaJloCh KaK HOPMaJbHOE K 36MHOI TIOBEPXHOCTH.
OHa 1npeacKa3bIBacT JICBYI0 KPYTOBYIO MOJISIpH3a-
[IUI0 «XBOCTOBOW» YacTH TBUKa M NpeoOiaganne
JIEBOM KPYTOBOM MOJISPU3ALUU HA BCEM IPOTSIKE-
HHU TBUKA.

B kBasmimydeBoll TpakTOBKE (OPMHPOBAHUS
TBHKA 32 CYET MHOTOKPAaTHOTO OTPaKEHUS OT Tpa-
HHII BOJTHOBOJIa HaYaJIbHAS YaCTh TBUKA (POPMUPY-
€TCsl TaK Ha3bIBAEMOU «IIPSAMOM BOJIHOW», MAYILEN
BJIOJIb 3€MHO# MOBEPXHOCTH (1O Iyre OOJIBIIOro
Kpyra B MpuOIIKeHnN cepruueckoi 3emiun audo
M0 MPSIMOM B MPHOIMKEHUH TJIOCKOTO BOJHOBO-
na). Cnenyromne MOMEHTBI BPEMEHH B BOJHOBOM
(dopme TBHKA IpEACTAaBICHB! H3Ty4YECHHEM, HCIIBI-
taBmuM 1, 2, 3, ..., N OTpaXeHUH OT BEpXHEH Ipa-
HUIIBI BOJIHOBOJA. YTONI MaJCHUS HM3IyueHHs Ha
PAacIoIOKEHHBIN Ha 3eMHOI OBEPXHOCTH IPUEM-
HUK MEHSIETCSI OT MOYTH KacaTeJbHOI0 K 3eMHOHI
HOBEPXHOCTH JI0 ITOYTH BEPTHKAIBLHOTO MaICHUS.

Jlns obmact 9acToT, K KOTOPOW OTHOCHUTCS
nepBasi rapMOHUKA TBUKA, B IPAKTUYECKOM CMBIC-
Jie JJOCTaTOYHO MOTPEeOOBaTh BBHITOTHEHUS YCIIO-
BUS JUIS YTJIOB M TapaMeTpoB HUXKHEH HoHOChepbl

22

B o0Jyract OTpaXCHHUA TBHUKa.
sin(¢)/2cos(¢) << |(0* — w - ivw) | @ -y |. (2)

31ech ¢— yroi Mex,ly TeOMarHUTHBIM TOJIeM U
BEPTHUKAJIBLIO HA BBICOTE OTpakeHHs (I TBUKOB
~90 kM), @ — TeKyllas yIJIoBas 4acTOTa TBHKA,
@y — THPOYACTOTA BIEKTPOHOB, TAKXKe B3ATAas Ha
BBICOTE 00J1aCTH OTPaKEHNUS, (W — INTA3MEHHAs yac-
TOTa, 3aBUCAMIAS OT KOHIIEHTPAIMH CBOOOIHBIX
ANIEKTPOHOB Ha 3TOW BBICOTE, V — YaCTOTa CTOJIK-
HOBCHHMI CBOOOIHBIX 3JICKTPOHOB C HEHTpasb-
HBIM MOJIEKYJTaMH, B CBOIO O4Yepelb SBISIOMIAsCS
(yHKIHMEH KOHIEHTpPAIMU SJIEKTPOHOB, | — MHU-
Masi eIMHUIIA.

JIsl HOYHBIX YCJIOBHUH BBIMOJHSIOTCS COOTHO-
HICHUS] @ << V << (W — TMOCKOJBKY THPOYacTOTa
3MeKTpoHOB Topsiika 1 MI', oTHomeHue @y /v
HOYBIO Ha Takux BbicoTax paBHo 20...70, a oc-
HOBHAsl 4acTOTHass 00JacTh TBUKA HAXOAMTCS Ha
1,5...20,0 x['u. B peanbHBIX HOYHBIX YCIOBHAX
COOTHOIIEHHS TUTa3MEHHOW YacTOTHI, THpoYac-
TOTBl ¥ YaCTOTHI MOJSI TBUKA MPHUBOIAT K BEJIH-
yrHe Tokasaresst npeaomienus 3...7 [10], orue-
ro BbIIICyKa3aHHOe ycioBue (2) mpeoOpasyercs
Kk sin’(¢)/2cos(¢) << 9...49.

Uto0BI UMETh BO3MOXKHOCTh COMIOCTABUTH TBH-
KM pa3HOW UIMTEIHHOCTH, MBI COOTHECIH pa3-
HBIE BO BPEMEHHU YYACTKH 3aIUCEl C YIIIoM maje-
HUS U3Iy4eHus O B TOUKe MpreMa. JTO CBSI3bIBAET
MPUMEHEHHBIH TOIXO0J C UCIOJIB3YEMBIM B METO-
ne MooB [11] s BOTHOBOIHOTO pacmpocTpaHe-
Hust CHU-OHUY BonH. B 370i1 TpakroBke O ecTh
JIeHiCTBUTEIbHASI YaCTh KOMITIEKCHOTO yTJIa Taje-
HUS — CIICU(QHYECKON BETUINHBI, XapaKTEPU3YIO-
el OPSIKOBBIA HOMep Moxa (reomeTpus 3aja-
4y mpezcTaBieHa Ha puc. 1). Toraa s N-ro moga
CBSI3b JaJbHOCTH 10 HICTOYHUKA TBUKa D, Bpemenu
T, 33J€P’KKH OT Hadaja TBHUKA U yria 6, BeIpaxa-
10T Kak Sin@, = 1/(1 + cz,/ D), rae ¢ — ckopocTh
CBETa B BaKyyMe.

PaccmotpeB cootHomenus napameTrpoB D, 7, u
6, nas cepuueckoro ciydasi, Mbl MOXKEM IIOJTY-
YUTH AHAJIOTHYHYIO CBA3b. PacueTsl mokasanu, ams
JTAHHOTO HAa0Opa TBUKOB pasiuuus GOpMYI CBS3H
6(7) u yacroruoii aucnepcun (1) 3aMETHHI B Ha-
YalbHOM YacTH TBUKOB — NIPU BPEMEHax 7, MCHee
0,5...1,5 mc.

Y4uTBIBas, 4TO OCIIE0BATENbHBIC TyYH C YIIIa-
M 6, (puc. 1) mpuXoAST B JOCTATOYHO y3KOM JHa-
Ma30HE YTIOB, MBI paccMaTpUBaeM BBIJIEICHHBIN
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WHTEpBaJl CHTHaJla OT YNAJICHHOTO HMITYJIbCHO-
r0 UCTOYHMKA (MOJHMH) KakK BOIHY BpuinirosHa ¢
YIJIOM TaZIeHHsT, COOTBETCTBYIOIINM IIEHTPATEHOM
4acTH BEIOPAHHOTO OTpeE3Ka.

ConoctaBuM 6 ¢ OIpEIEICHHBIM MOMEHTOM
aHAJTM3UPYEMOT0 OTpe3Ka TBHKA. J[ys 1enei crek-
TPATbHOTO aHAIM3a HEOOXOAMM OTPE30K OOJIBIION
JUTMHBI, OXBaTBIBAFOIIUI XOTSI ObI HECKOIIBKO «ITy-
yei», HO JOCTATOYHO KOPOTKHM ISl pa3peuieHus
o yriry. Kak KOMIpOMHCC MBI BRIOpAITH JJTHHY OT-
pe3ka B 5 «aydeii». J[MUTENBHOCTh JAHHOTO OT-
pe3ka AT5(6) cocraBut

AT5(9)=E><
C
3
1 6hY 1 4nhY )
— |+l | ——— +I
tgd D tgd D

3aBUCHMOCTh MapaMeTpoB MOJSPU3ALMU OIS
TBHKA OT yIJla MaJICHUS Mbl PACCUUTAIHU C IIATOM
B 5°.

Ilpenen cuHu3y mns 6 3amaer UIMHA 3alHCEH
TBUKa (B HameM ciaydae 40 MC) U IalXbHOCTH 10
HMCTOYHHUKOB. MBI MONy4aad MUHUMAJIbHBIE YTIIBI
nageHus 10...15°. BepxHuil mpeaen BbITEKaeT U3
(3) u paBeH 6, = arctg(D / 4h). Dto 3Ha4yeHue HEe
npeBocxomuT 75°. K oTpeskam 3ammcH, CormocTag-
JIECHHBIM HCKOMOMY YIUIy, IPUMEHSUIacCh IIPOLENY-
pa yMHOXXEHHSI Ha OKHO XAMMHHTA U 3aTeM ObI-
cTpoe npeodOpazopanue dypoe. Ha uacrore, cBsi-
3aHHOU ¢ MckoMBIM yriioMm Kak f(6) = ¢/2hcosé,
MBI BBIYHCISUIA TOJIAPU3ALMOHHBIE XapaKTepHuc-
TUKA — I 1 pa3HocTs a3 . OtmernM, 4To mep-
Basi M3 HUX — MOJIIPU3AIIMOHHOE OTHOIICHUE (KITH
OTHOIIICHUE AMIUIUTYI) I MOXET ObITh MEHbIIE
€IMHUIIBI, KOT/Ia TIONepevHas aMILTUTyJa MEHbIIIe
MIPOJOJIBHOM ¥ IPEBPAIAETCS B JUIMHY MaJIOH 10~
JyOCH JIIMIICA MoJspu3anuu u3nydeHusd. Korma
K€ AIUIUIIC MOISIPU3ALUU OPUEHTHPOBAH MOIEPEK
HaIlpaBJICHMsI NIEpelaud SHEPrUM BOJIHOM, 3a/laH-
HOTO BekTOopoM IlofiHTHHTa, MBI BUIUM I > 1. Kak
JICBOTIONIIPU30BAHHYIO MBI PUHUMAIN MOJY, TO-
PU30HTAJIBHBIE COCTABIIAIOLINE 3JEKTPUIECKOTO U
MarHuTHOTO BEKTOpa KOTOPOHl BpaIialoTcs BOKPYT
TEOMAarHUTHBIX CUJIOBBIX JIMHUM B TOM € HaIllpaB-
JICHUH, YTO U HOJIOKUTENBHO 3aPSKEHHBIE HOHBIL.
B cucreme xoopnuHart, cBsI3aHHOW ¢ HaOmomaTe-
JIeM, 3TO COOTBETCTBYET B IOKHOM TMONyIIApUU
MpaBoi, a B CEBEPHOM MarHUTHOM IMOJNyIIApUU
JIEBOM KPYroBOW MOJspU3alUsAM. BplunciieHHbIE
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Puc. 1. JIydeBast TpakTOBKa paclpOCTpaHEHHs IO B ILIO-
CKOM BOJIHOBOJIE 3eMIIsI—HOHOC(hepa

3HauUeHHUA OTOPAKOBBIBAJKCH, €CIU Ui JaHHOTO
y4YacTKa TBHKA IEpBas BOJHOBAs MOJA HA 4acTo-
TE€ OTCEYKH BOJTHOBOJIA HE MTPEBHIIIAIIA BIBOE IIIYM.

B HayasbHO¥ 4acTH TBUKA BILIOTH 10 yria 63,5°
[10] nomsipusanms moss JMHEWHA, U M3Iy4YeHHE
pacnpocTtpasseTcs B BUAE kBa3u-1M- u kBa3u-TE-
MOJI BOJTHOBO/IA.

[Monsipu3anus Mol 2-T0 MOPSIKA U Ooiee BbI-
COKOYACTOTHBIX MOJI OCTAeTCs DIUIMITHYCCKOH C
npeoOamanueM JieBoi KpyroBoi. bosiee mompo0-
HO€ PacCMOTpEHHE MOJIApHU3aKi MOoAbI 1-ro mo-
PSAKa IPUBENIEHO HHXKE.

[Nonsipuzanys TBUKOB UMEET OTIAMYMS ATl TBH-
KOB, Tpormreamux 6omnee 1,5 MM oT ncTouHuka, u
TBHKOB C OJM3KHX PAcCTOSHUN. DTO MOXKET OBITh
CJIC/ICTBUEM Pa3IM4Mi B 3aTyXaHUH MOJI TBUKA Jie-
BOH M NPaBOM NOJISPU3ALUN.

Pesynbrar BBIUMCICHHH MpeACTaBIseT COOOH
280-ctpounyro Tabnuiy ¢ 30 cronbuamu. st ni-
JFOCTpAIMU Ha puc. 2 U 3 MPUBEACH PSAJ Xapak-
TEPHBIX MPUMEPOB TOTO, KAKHE XapaKTEPUCTUKU
MIOJISIPU3AIMK HAOIIONAIOTCS OIM3 «XBOCTa» TBH-
ka (0(r)=15°), B obmacTd SAPKO BBIPAKEHHOMN
AeBoduIMITHYeCKOM monspuzanuu  (0(7) = 25°,
35°), B oOnacTu CHJIBHBIX BapHalMil MOJSIpH3a-
uun (6(7)=45°) ¥ B TOJOBHOW YacTH TBUKOB
(6(7) =55°, 65°). XapaKTepHUCTHKH TOJIAPU3ALIAN
MPUBEICHBl B 3aBHCUMOCTH OT TEOMAarHHUTHOTO
a3UMyTa, KOTOPBIH JJISl K&KAO0TO OTJENBLHOTO TBH-
Ka BBIYHCIISIICS Yepe3 a3uMYT TPacChl €r0 pacipo-
CTpaHEHUS U HaIlPaBJIEHUE T€OMAarHUTHOTO OIS B
TOYKE MpueMa (MECTOHAXOKICHHS Cy/IHA) Ha JaTy
npuema. [lonspu3anroHHbIE OTHOIICHHUS ONU3KU
K 1 (ciyuaii jeBoi KpyroBoW MOJISIPU3AIMHN) IS
MaJtbix yriioB 15...35°, 94To COOTBETCTBYET «XBOC-
TOBBIM» YacTSIM TBHKOB. Tak e Ul pa3HOCTH
¢a3 Ha yrmax magenust 20...35° 3nauenus Onuz-
KU MeXay coboii n HaxoasTcst BOmm3u 90°. Bkyre
C OTKJIOHCHHSIMU Pa3HOCTH (pa3 OT mpsSMOro yria
3TO OIMCHIBAET CIIy4aill JIEBOM SJUIMIITHYECKOM 1O-
JSIpU3aIH B KXBOCTOBOW» YacTH TBHKA.
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Puc. 2. OTHOUICHUE aMIUTUTY/ JUIs TBUKOB C JIalbHOCTBIO UCTOYHMKA >1,5 MM Ui HEKOTOpHIX yrioB maneHus 6: a — 15°;
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Puc. 3. PazHocTb (a3 A5t TBUKOB € JabHOCTHIO HCTOYHUKA >1,5 MM /U151 HEKOTOpBIX yriioB maaeHus 6: a — 15°; 6 — 25°; 6 — 35°;
2—45° 0 —55°% e —65°

Ha Bcex rpadukax oOpamaroT Ha ceOs BHH-  TBHUKHA C 3aMETHO OTIMYAIONIMMUCS IMapameTpa-
MaHHE CEKTOPbl a3MMYTOB BOJIM3M HANpaBACHHM MU HOJsSpu3anud. [IpaBo- W JIEBONOJISPU30BaH-
«BOCTOK—3aIla/(» 1 «3anaJ—BOCTOK», 0OCOOCHHO /UII ~ HbIC KPYTOBBIC BOJIHBI ITPUCYTCTBYIOT B 1-ii Mojze
yoioB nagenus 40...60°. 3mech coCpefOTOYEHbI  TBHKA B PA3JIMYHBIX COOTHONICHHUSX. Y YaCTH TBU-
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KOB C JTAJIBHOCTSIMHU O MCTOYHUKOB Oosiee 1,5 MM
Ha YYacTKe 103aJf TOJIOBHOW YacTH JOCTHUTAETCS
TIOYTH JIMHEHHAs mosspu3anus 1-if Monbl curaana
(T. e. monst MpaBo- M JICBOMOJSIPU30BAHHBIX BOJH
MpPUMEPHO paBHa). B psije ciayvaeB HabmomaeTcs
MIOJTHOE TTpeo0aiaHue MPaBOi KPYTOBOH MOISIPH-
3aruu (96 % o sHepruu). OTHONMICHHE AMITTHTY/]
OJIM3KO €NMWHUIIS, a PA3HOCTH (a3 Torma OIm3Ka K
—90°. Eciu npuBecTH Ha aHAIOTUYHBIX Tpadukax
TIOJIHBIN aHCaMOJIb TBUKOB, KapTHHA OYIET CXOI-
HOM, OJTHAKO YYaCTKOB C PE3KO BBIPAKCHHOMW JIH-
HEHHOU MoIisIpr3aIyen y «OIu3KuX» TBUKOB IIPaK-
TUYECKH HET.

3. TecTHpoBaHWe CTATHCTHYECKUX THIO-
Te3 HA MaTepuaJie MapaMeTPoOB MOJSIPH3ALNH
CHY-OHMY noast TBUKOB. J1J1g TpOsSICHEHUS Kap-
TUHBI TOJSIPU3AIUN 00pPaTUMCS K COOTHOIICHHUIO
(2). Bech MaccHB 1aHHBIX ObLT pa3/esieH Ha TBHKH
MIPUIKBATOPHATBHON 30HBI M TBUKH, MECTO TIpHe-
Ma KOTOPBIX JIEYKAIO BHE YKBaTOPHAIHHBIX T€OMar-
HUTHBIX IIUPOT. TOUHEE, YUUTHIBAJIOCH, BBIIOIHSI-
eTCs JIM YCIIOBHE KBAa3UIPOAOILHOTO pacpocTpa-
HEHHs Ha BeIcoTax oTpaxenus (mpumepro 90 km).
OKOJIOTIONSIPHEIE W CPEeHUE T€OMAarHUTHBIC IIH-
POTHI OXBaTBHIBAIOTCS TaKUM MpHOMmKeHneM. B
cily4ae MPHUIKBATOPHAIBHOW 30HBI, KOTJA YTOI
MEXy CUJIOBBIMHM JIMHMSMHU MarHUTHOTO IIOJIs
3eMid W BEpTHKaNbIO >75°, mpuOImkeHHe KBa-
3UIMPOOIBHOTO PACTIPOCTPAHCHUS HE BBITIONHS-
etcs. [lonspruszanioHHBIE OTHOIIICHUS ITPUBEICHBI
Ha puc. 4 u 5, TIe BHOBH BBIOpaHBI XapaKTepHBIC
ciIy4ad Ui psijia yrioB maaeHus. lpaduku mms
pasHocTH (a3 omyIeHsl, TaKk KaKk OHW HE BHOCST
JOTIOJTHUTENBHBIX AeTaleH.

Habnromarorcss Tpu 3aMEeTHBIX OCOOEHHOCTH.
OTHOIIEHUA aMIUTUTYI B cpenHeMm Onmuskm k 1.
OpHaKo MCKITIOYEHNE COCTABIISIOT JBA Y3KHX CEK-
topa 0113 90° 1 270°, KaXKIbIi U3 KOTOPBIX HE IIpe-
Bhimaet +10°. B Hux HaOmomaeTcs psiji TBUKOB C
PE3KO BBIPAXXEHHBIM HaJIU4YHUEM IIPABOU KPYTrOBOM
MOJIIPU3AIlMM B COCTaBE CHTHAJIA — C MOJspH3a-
LHUEH, HEPEAKO TOXOASAIIECH 10 MOUTH IMHEHHOM Ha
BCEM MPOTSHKEHUH. B 0071aCTSIX BHE OKpECTHOCTEH
TeOMarHUTHOTO 3KBAaTOpa 100aBISAETCS TPEThS Xa-
pakTepHas 0cobeHHOCTh: mupokuii (+30°) cexrop
BOKpyT azumyTa 90°, r1e, HaNPOTUB, HAOTIONAIOT-
Csl TBUKH C OTHOIICHUEM aMILTUTYl MeHee 1, mpu-
4yeM 3TOT 3(PPEKT NpOosIBISETCS TEM CHUIIbHEE, YeM
ommke azumyT K 90°. B obmactm yrimoB mageHus
55...65° oTHOIIIEHHE AMILIUTY/ B CPEIHEM JIOCTH-
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raet 0,4...0,5. Ilpu 3TOM pa3HOCTH (a3 ocTaeTcs
MOJIOKUTEIbHOU. Baanu OT MCTOYHHKOB TBUKOB
YacTOTHAs JWCIIEPCHS TPOSBISETCS Ha JOCTATOY-
HO JUTUTEIIFHOM OTpe3Ke BPEMEHHOM (OPMBI TBH-
Ka U 3QQEKThl MOATAIOTCS pa3pelieHuto. MoxHO
MIPEIONIOKHTD, YTO () (EKT, BHIPAKSHHBIN WHBIM
OTIIMYHEM OT «CTaHAApPTHOI» KapTHHBI pacrpo-
CTpaHEHUs U MOJIIPU3AINH TBUKOB, BEI3BaH UHBIM
MEXaHU3MOM, CHIeU(UIESCKAM IS 00TaCTH Cpeji-
HUX T€OMarHUTHBIX IUPOT, JINOO OOIIUM ISl BCEX
oOnacTel, rne M3JIyuYeHHe «XBOCTOBOH» 4YacTH
TBHKa MOXXHO CUHTATh KBa3UIPOJOIHHBIM K CHIIO-
BBIM JIHHUSIM.

BeinonHuM npoBepKy HYJIEBOM TUMOTE3HI, T. €.
TUIIOTE3bI O TOM, YTO CTaTHCTHUYECKUE pacIpesie-
JICHUS! OJMHAKOBEI JJISl IONAPU3ALMOHHBIX Xapak-
TEPUCTUK TBHKOB BHE 3aBUCHMOCTH OT HalpaBJe-
HUS pacrpoCTpPaHEHUsI.

Jlnst cpaBHEHUS M3 OOIET0 MacCHBa OTOOPaHBI
TBUKH B JIByX CEKTOpaX reOMarHUTHOTO a3uMyTa
npuxona — Bocroynoro (60...120°) u 3amagHOrO
(240...300°). dnst monsipu3allMOHHOTO OTHOILIE-
HUS U pa3HOCTH (a3 Ha yIaxX MajeHus U3Iyde-
Hus 10...75° BBIYUCIICHBI BENHYUHBI t-KpUTEpHs
CThIO/IEHTa C COOTBETCTBYIOIINM HYHCIOM CTeTe-
Heit cBobonsl N; + N, — 2. Jlnist aToro 6butH orpe-
JIeTICHBI CPEIHNE 3HAYCHHSI M U CTaHAApPTHBIC OT-
KJIOHEHHMsI S JUIs IByX HaOOpOB TBHKOB Ka)IIOTO
CEeKTOpa, rAe uucio oopasuos N; paznnuHo Ha paz-
HBIX yIWIaxX M, Kak npasuio, 6omsire 20, HO HUTIE
He mpeBbiaeT 65. JloBepuTensHbIe Ipenebl IS
cpenHux 3HadeHu# ' m V¥ ompenmensioTcs depes
BBIOOpOYHbBIC 3HAYCHMS Kak M;tt;s;/ \/ﬁ ,
rae t, — p-npoueHTHoe 3HaYeHue t-pacnpenene-
Hus CThIOZIEHTa CO cTeneHbio cBoboas! N;, Tor-
na 5%-e¢ JnOBepUTENbHBIC HHTEPBAJIBI COCTABSIT
Im, =2s; /{N;j =1; m; +2s; /{/N; —1[. Tak xak
N; HEBEJTMKH, UCIIOIB3YIOTCSI HECMEIICHHBIE OLIEH-
ku. B To ke Bpems uucino N; Henocrarouno (<100)
JUTSL Oy YEHHST HaJIeKHBIX OLEHOK JIUCIICPCHI O
110 BBIGOPOYHBIM 3HAYCHISIM S2. [103TOMY T10JIE3HO
BOCIIONB30BaThCs {-pacnpenenenueM CThrOIeHTa
JUTSL TIPOBEPKH HYJIEBOW THIIOTE3BI O COBITAJCHUH
MaTeMaTUIeCKuX OXKuaanuit <r>wu <V > mist Boc-
TOYHOTO M 3aIaJHOTO CEKTOPOB a3MMYTa, Kak 00-
Jiee TOYHBIM METOJIOM B 3TUX YCIIOBHSX, YEM METOT
CTaH/IapPTHBIX OIMOOK. BRIOOpKH MOXKHO CUUTaTh
HEe3aBUCHMBIMH. Pe3ynbrarTel mokazaHsl Ha puc. 6.
31ech ke CIUIOIIHOW JIMHWEW MpHUBE/ICHbl 3Haye-
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poix yrioB manenus 0: a — 15°; 6 — 30°; ¢ — 40°; 2 — 55°; 0 — 65°; ¢ — 75°
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Puc. 5 OTHOI.HCHI/IS{ aMl'IJ'II/ITyZ[ JUIA TBUKOB BHE SKBaTopHaHLHOﬁ 30HBI T€COMAarHUTHBIX LLII/IpOT, JJIs HeKOTOpLIX yFJIOB maacHust 9:
a—15° 6-30° 6—40° 2—55° 0 —65° e—75°

HUA JaHHOTO Kputepus st 1%-ro ypoBHs 3Ha- JIsi BHEAKBATOPHATILHOM 00JIACTH BBICOKO3HA-
YUMOCTH (3HAYMMBbIC PA3IMYuUs), IITPUXOBAs M-  YUMBIC PA3IMYUsl HAOMIONAIOTCS JUIs TOJSpHU-
Hust — uist 0,1%-ro ypoBHSI 3HAUMMOCTH (BBICOKO-  3aI[MOHHOTO OTHOIneHus npu yrmax 10...75°
3HAYUMBbIC PA3TTHYHMS). T. €. IPAKTUYECKH Ha BCEM MPOTSHKEHUH TBHUKOB.
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Puc. 6. 3nauenust t-kpurepusi CTbIOICHTA 1JIsl CEKTOPOB T'e0-
MarHUTHOTO a3UMyTa TBUKOB — BocTouHOro (60...120°) u 3a-
nanuoro (240...300°) — B6iaKM3K reOMardHuTHOrO 3KBaropa (a)
¥ BHE T€OMarHUTHOTO 3KBatopa (6). TpeyroabHUKH — HOJSIPU-
3alIMOHHOE OTHOIICHHE, KPECThI — Pa3HOCTH (a3

OO6parmraer Ha cebs BHUMaHUE HHOHM XapakTep cTa-
THCTUYCCKHUX Pa3luduil Ay pasHocTH ¢as. Kak B
00JIacTH DKBATOPa, TaK M BHE €€ TOJBKO B Y3KOM
nuana3oHe yrioB nanenus 45...60° mabmonaror-
Csl 3HAUUMBIE WJIN JaKe BBICOKO3HAYMMBIE Pa3iv-
yust (Ha Kpasix JMarna3oHa OHH MOTYT ObITh TaK Ha-
3BIBAEMBIMH TIOYTH 3HAYUMBIMHA, ¢ 5%-M ypoBHEM
3HAYMMOCTH). DTO TPOSIBISIETCS] MPUCYTCTBHEM
psiia TBUKOB, Ha MPOTSXKCHUU BPEMEHHOW (POPMBI
KOTOPBIX Pa3HOCTh (a3 MEHsET 3HaK JJIsl TIepBOH
TFapMOHHMKH M B Ha4aJbHOM 4acTH KOTOPBIX OHA,
Kak MpaBWJIO, OTpPHUIATEbHA. XapakTepHble (-
(hextuBHBIE yiIbl TaneHus 45...50° MoxxHO corto-
CTaBHTh CO CIIy4aeM IMOJHOTO BHYTPEHHETO OTpa-
xeHusi. COMoCcTaBUB € TEOPETHUECKUMHU TIPEJICKaA-
3aHUSMH ToNsgpu3anuu TBUKoB [10], MoxkHO mpe-
MOJIOKUTH, YTO B JaHHOM 3¢ dekTe mposBiseTcs
BJIMSIHUE TOPH30HTAIBHON COCTABISIONICH Teo-
MarHUTHOTO TIOJIS.

Bo Bcex o0macTsIX opueHTAH T€OMarHUTHO-
TO MOJISi Cpely TBUKOB MOXHO OOHapyXHTb TaK-
e 3aIllMCH, KaK MMPaBUJIO, POU3BEACHHBIE B MO-
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MEHT, ONH3KUi 3ape IO MECTHOMY BpEMEHH U TIPH
KpaifHe HU3KoH 3(pPEeKTUBHOI BBICOTE OTPaKEHUS
(83...86 k). B Hux HabmomaeTcs eBast /UTUIITH-
4yeckas MOoJIspu3anus epBOi MOJBI ¢ KpailHE BbI-
TSHYTBIM 3JUIMIICOM MOJIIpU3aLuH, T. €. IpuOIn-
JKAIOLIAsACA K IMHEWHON. DTHU 3alllCH MOTYT COOT-
BETCTBOBATh KapTHHE IMEPECTPOUKH HOHOChEpHI
OT JIHEBHOM K HOYHOM CTPYKType M CMECH Mexa-
HHU3MOB OTPaKECHHUsI, MPUCYIIMX HOUH (3a CUeT reo-
MarHMTHOTO T0JIsI) U THIO (32 CYET BBICOKHX KO-
¢unmenToB noreps B obnactu orpaxenuss CHU-
OHU panuoBoiH). JlocTatouHo OObIIas ATHHA U
BBICOKAs JIOJISl CIIEKTPAbHOW SHEPTUH, COCPENo-
TOYEHHOIN B HECKOJNBKHUX TapMOHHKAX, CONMKAIOT
nmanasle CHU-OHY armocdeprku ¢ TBUKaMu, Tak
YTO OHH KJIACCUPHUIMPYIOTCS KaK TBHUK-aTMocde-
puku. Ctporo roBops, Takas rpymnmna npeacTasis-
€T He COOCTBEHHO TBWKH, SBISISICH TEPEXOTHBIM
Clly4aeM OT JTHEBHBIX aTMOC(EpPHKOB K TBHKaM,
HanoAo0We CHUTyaluu, KOTOopas MOABISAETCS HpH
COJIHEYHBIX 3aTMeHusX [12]. Bo3amMokHO, UX mpu-
CYTCTBHE OCJIOXKHSIET BBISIBIEHUE MOJISIpU3alIH-
OHHOW HEB3aMMHOCTH B 00LIel KapTHHE HOYHBIX
TBUKOB.

MexaHu3M, BBI3BIBAIOIIUN BBICOKO3HAYUMBIE
pasnuuus B BENTUYWHAX TOISIPU3AIMOHHOTO OTHO-
IIeHHd I, UMeeT, BUANMO, UHYIO TIPUPOAY U JOJ-
JEH OBITb PacCMOTPEH 0Cc000.

[IpeacraBieHHble B 3TOM Nozapasaene Habmoze-
HUS HaJl OCOOEHHOCTSIMH TIOJNSIPU3AIUH TBHUKOB B
pasHBIX 00IACTAX MOTYT IOMOYb B JaNbHEHIIEM
IpH pa3paboTKe TEOPUH PACTIPOCTPAHEHHS TBUKOB
B OKOJIODKBAaTOPHAIILHBIX palilOHaX, T/ He coOIto-
JlaeTcsl yCIOBHE KBa3UIPOJOIBHOTO paclpocTpa-
HEHUS PaJroBOJIH.

BeiBonbl. Mccnenorana momsipuzanus CHY-
OHY curaanoB B BOIHOBOAE 3emMisi-HOHOCGhepa
C TIOMOIIBIO TPEXKOMIIOHEHTHBIX 3aIHCed TBH-
KOB JUIsS TIEPBOIl rapMOHHUKH (COOTBETCTBYIOIICH
Mozie 1-ro mopsiika) BOJIb BCell BpeMEeHHO# (op-
MBIl CUTHaJIa, JUI Yero ONpeessuIuCh MoJspu3a-
LMOHHOE OTHOILICHUE (OTHOLICHUE aMILIUTY] I0-
MEPEYHON U MPOAOIBHOM MAarHUTHON KOMIIOHEH-
TBI CUTHAJIA) U UX pa3HOCTh (a3. Ha yriax mane-
aus 15...35° Habmrogaercs JieBas DJUTHIITHYECKAs
MOJISIpU3alys TBUKA, YTO XOPOIIO COINIACyeTcs ¢
TEOpHEH, OMHMCHIBAIOUICH OCOOEHHOCTH pAaCIpO-
CcTpaHeHUs arMoc(eprka Mpu HOYHOM Tpoduie
noHOC(hepsl MOA aHW3O0TPOITHOW HIDKHEH HOHO-
ctepoii. Ilokazano, uro 3¢ddexkT HeB3auMHOCTH
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OpU PacrpoCTPaHCHUH «BOCTOK—3amamy W «3a-
[aJ—-BOCTOK» OTHOCHTEIIbHO T'€OMarHUTHOTO Me-
puIuaHa HaONIOMACTCs KaK 3HAUUMbIE U JIaXKe
BBICOKO3HAYMMBIC PaszinyMsi B pa3HOCTH (a3 Ipu
yrnax nanenus uzinydenus 40...60°. J{ns TBukoB
BHE 00JIaCTH r€OMarHUTHOTO SKBaTopa Takxke 00-
Hapy>kKeHbI HHbIE 0COOCHHOCTH, @ UMEHHO TIPH Te-
OMarHWTHBIX A3UMYTaxX pACIPOCTPAHEHHS IPHU-
MepHO 60...120° BenHYMHBI TONSAPU3ALUOHHOTO

otHoteHus cocrapysiior I =0,3...0,7, yTo npuso-
JUT K BBICOKO3HAYMMBIM Pa3IHUMsIM JJIsl HarpaB-
JIEHWH «3aMaJi—-BOCTOK» M «BOCTOK—3amany, Mpu
yrax magenus 15...70°. Ilonsipuzanms TBUKOB
pa3nuyaeTcsi B OKPECTHOCTH I'€OMarHUTHOTO 3K-
BaTOpa M B CPEIHUX I'€OMAarHUTHBIX MIMPOTaX, Ha
KOTOPBIX BBIMOJHSIETCSl YCJIOBHE KBa3HITPOJOIb-
HOTO PAaclpOCTPaHEHUs U3ITYUYCHUs] TBUKOB BIOJb
T€OMAarHUTHOTO TOJIS.
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POLARISATION OF NIGHT-TIME ELF-VLF
ATMOSPHERICS AS STATISTICALLY APPROACHED

Subject and Purpose. The tweek-atmospherics (night-time low-frequency atmospherics) are used, along with the radioscopy
by VLF radio stations, for studying the lower ionosphere. The available analytical theory regarding polarization of these atmo-
spherics predicts that the left elliptical polarization is a characteristic feature of tweek-atmospherics in their “tail” section, which
is supported by the previous experimental measurements. According to the theory, the horizontal geomagnetic field component
in the reflection layer of the lower ionosphere can lead to non-reciprocity of the “east—west” and “west-east” propagation. The
study aim is to determine the polarization of the tweek-atmospherics by three-component records and statistically estimate the
null hypothesis regarding two polarization parameters of tweek-atmospherics.

Methods and Methodology. An array of about 300 experimental tweek-atmospheric records is available, which is large
enough to secure statistical processing and enables studying polarization of various sections of time waveforms of atmospherics.

Results. For the first (fundamental) harmonic, the two polarization characteristics (polarization ratio and phase difference) of
tweek-atmospherics were obtained and analyzed depending on the parameter identical to the incidence angle. A difference has
been found in polarization ratio values of near-equatorial tweek-atmospherics and tweek-atmospherics propagating outside the
geomagnetic equator area, where the quasi-longitudinal wave propagation with reference to the geomagnetic field takes place.

Conclusion. The non-reciprocity of the tweek-atmospheric propagation in the “east—-west” and “west—east” directions with
respect to the geomagnetic field shows itself in statistical terms as significant variations in the phase difference at the incidence
angles within 40...60°.

Key words: extra low frequencies, very low frequencies, lower ionosphere diagnostics, ELF-VLF radio waves, tweek-atmospher-
ics, lightning location.

10.B. I'opiwna

IPE im. O.4. YcukoBa HAH VYkpainu
12, Byn. Akan. Ilpockypu, Xapkis, 61085, Vkpaina

MOJIAPU3ALIISL HOYHUX CHY-OHY
ATMOC®EPUKIB: CITPOBA BXUTKY KPUTEPIIB CTATUCTUKU

Ipeamer i Mera po6oTu. Tik-arMochepuku (HiuHI HU3BKOYACTOTHI aTMOC(EPHKH), MOPSJ i3 paaionpOCBiuyBaHHAM XBHIISMHE
pamiocraHniiii ayxe Hu3bKuX yacToT (JJHY), BUKOPHCTOBYIOTHCS [JIsl BUBYCHHS HIKHBOT ioHOC(hepu. [lepenGaueHHs HassBHOT
aHaITHYHOI Teopii 100 HoJsIpU3aLii TakuX aTMOCHEpPHKIB 1| HAKOMUYEHHUH eKCIePUMEHTAIbHUI Marepiaj OMHCYIOThH JiBY
SNNTUYHY TOJSIPH3ALIIO SIK XapaKTepHy O3HAKy TBIK-aTMOC(EpHKIB B X «XBOCTOBii» wacTuHi. HasBHICTH rOpH30HTAIBHOT
CKJIaI0BOT F€OMAarHiTHOTO MoJsi B 00MacTi BifA3epKaIeHHs TBIK-aTMOC(EPHUKIB y HIKHIH i0HOC(epi MOBUHHA MPU3BOIUTH B
paMKax Teopii 10 HeB3a€MHOCTI HOIIUPEHHs y HAMPSAMKAX «CXif—-3axig» Ta «3axig—cxia». Mera poboTH mossiraia B TOMy, 1100
BU3HAYUTHU MOJSIPH3ALIIO TBIK-aTMOC(EPHUKIB 32 TPHKOMIIOHEHTHHMH 3alHCaMH Ta CTAaTUCTUYHO OLHUTH HYJIbOBY TilOTE3y
II0ZI0 JIBOX MOJSIPU3aLiHHNX TapaMeTpiB TBIK-aTMOCHEPHKIB.

Metoau i meroxosorisi podorn. Ha marepiani MacuBy eKCIEpUMEHTAIbHUX 3alHUCiB, 110 MicTuTh Onu3bko 300 TBik-aT-
MOC(HEPHKIB 1 € TOCUTh BETHKHUM Ul CTaTUCTUYHOI OOpPOOKH, BUBYAJACS MOJSIPH3ALlisl ISl Pi3HUX IUSIHOK 4acoBoi (opMu
aTMoc(hepHKiB.

Pesynbraru po6oTu. by BU3HAYeHi Ta MpoaHarizoBaHi 1ust nepuioi (GpyHIaMeHTalbHOT) TapMOHIKHM JIBi XapaKTEPUCTHKH
nossipu3anii TBik-aTMOoCc(epuKiB, MoMsipH3aLifiHe BIAHOIICHHS 1 Pi3HUL (a3, B 3aJIeKHOCTI BiJ mapaMerpa, TOTOXKHOTO KyTy
MaJaiHHs BUIIPOMIiHIOBaHH:. BUsIBICHO BIIMIHHICTh MK MONISPU3ALifHUMU BiIHOIICHHSIMH CTOCOBHO JIaHUX JJIsl HABKOJIOCKBa-
TOpialbHUX TPAC MOIIMPEHHS TBIK-aTMOC(HEPHKIB 1 ISl TBIK-aTMOC(EPHUKIB, 10 MOIIKPIOIOTHCS 032 00IACTI0 T€OMarHiTHOTO
eKBATOPA, I¢ BUKOHYETHCSI yMOBA KBA3iIIO30BKHBOTO MOMIMPEHHS BUIPOMIHIOBaHHI {010 T€OMArHiTHOTO OIS

BucHoBok. [Toka3aHo, 1110 HEB3a€MHICTh NOIIMPEHHS TBIK-aTMOC(HEPHUKIB Y HANPsAMKAX «CXiA—3axim» i «3axig—cxim» o0
reOMarHiTHOTrO MepH/iaHa BUSIBISETHCS CTATHCTUYHO SIK 3HAYYLI BiAMIHHOCTI y BeJIMYMHAX Pi3HULI (a3 mpu KyTax HaaiHHI
BunpomintoBanus 40...60°, siki MaroTh Miclie MiXK TOJIOBHOIO YaCTHHOIO Ta TLIOM TBiK-aTMOC(HEpHKIB.

Kniouosi cnosa: naonusexi vacmomu (HHY), oyoce nuszvki uacmomu (JJHY), meix-ammocepuxu, HHY-JTHY padioxsuni,
OdlacHocmuKa HUNCHbLOI I0HOCepu, ToKayis OIUCKABOK.
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